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ABST
PAL  A cyclicly-operable molding machine for producing and assembling cope and
      drag mold parts. A rotary turntable which supports four pairs of flask
      sections is repeatedly indexed to move the pairs repeatedly and
      successively in a circular path through four stations, namely, (1) a
      working station where the flask sections are variously and automatically
      handled and in cooperation with a pattern-carrying match plate are filled
      and compacted with foundry sand so as to produce the two mold parts, (2) a
      core-setting station where, if required or desired, a core may be applied
      to one of the formed mold parts, (3) a stripping station wherein the flask
      sections are again variously handled to strip the sections from the mold
      parts and the latter are assembled and then deposited on a bottom board
      which is ejected from the machine, and (4) an idle or dwell station where
      an empty pair of flask sections awaits handling of a preceding pair of
      flask sections at the working station before being returned to such
      station for refilling thereof at the commencement of the next machine
      cycle.
BSUM
PAR  The present invention relates generally to machines for producing sand
      molds for foundry use and has particular reference to a foundry machine
      which is capable of simultaneously producing the cope and drag parts of a
      composite sand mold, the two parts being complete and assembled upon each
      other and ready for a molten metalpouring operation at the time they leave
      the machine.
PAR  Heretofore, in connection with a foundry machine which resorts to the
      simultaneous blowing of the cope and drag parts of a composite sand mold
      by the utilization of a dual-sided, horizontally positioned,
      pattern-carrying, match plate, it has invariably been the practice to
      perform all machine functions at a single working station where various
      flask and match plate movements take place with vertical in-line motions
      under the control of a ram, such movements including, first, bringing a
      pair of cope and drag flask sections into clamping engagement with the
      match plate in order to define above and below the match plate cope and
      drag sand-receiving cavities which are then filled with sand by a
      simultaneous combined blow and compacting operation, second, performing a
      squeeze operation by means of which the sand in both cavities is
      simultaneously and additionally compressed or compacted about the match
      plate so as to produce the cope and drag parts of the composite mold,
      third, separating the flask sections with the mold parts therein in order
      to permit withdrawal of the match plate to an out-of-the-way position,
      fourth, closing the two flask sections on each other in order to assemble
      the mold parts and produce the completed composite mold, fifth, performing
      a push-out or stripping operation by means of which the assembled
      composite mold is pushed bodily from the confining flask sections, and
      last, widely separating the flask sections and then pushing or ejecting
      the completed and assembled mold bodily from the working station and onto
      a bottom board. One molding machine of this general type is illustrated
      and described in U.S. Pat. No. 3,229,336, granted on Jan. 18, 1966 and
      entitled "MATCH PLATE MOLDING MACHINE FOR THE SIMULTANEOUS PRODUCTION OF
      COPE AND DRAG MOLD SECTIONS," the disclosure of such patent being devoid
      of the usual associated mold-ejecting mechanism. Another example of such a
      molding machine is to be found in U.S. Pat. No. 3,648,759, granted on Mar.
      14, 1972 and entitled "MACHINE FOR MAKING SAND MOLDS."
PAR  The present invention is designed as an improvement over such
      single-station match plate molding machines in that it contemplates the
      provision of a multi-station molding or mold-forming machine in which the
      aforementioned stripping and mold-ejecting operation is completely
      divorced from the working station and performed at a separate stripping
      and ejecting station, while an additional station, namely, a core-setting
      station, is provided to the end that, if required or desired, a core may
      be placed between the two mold parts preparatory to performance of the
      stripping and ejecting operation. The provision of these two additional
      stations obviously necessitates transfer of the flask sections from the
      working station where the complemental cope and drag mold parts are
      initially created within the flask sections, to the core-setting station
      and from thence to the stripping station. Thus, in order that the
      flaskhandling instrumentalities at the working station shall not remain
      idle while awaiting performance of the core-setting and stripping
      operations successively at the two other stations, the present machine
      makes provision for the use of plural pairs of cope and drag sand mold
      flask sections, together with transfer means whereby as soon as a given
      pair of flask sections has been operated upon at the working station, such
      sections with the mold parts therein are conducted to the core-setting
      station and a second pair of empty flask sections is moved into the
      working station to be handled thereat while core-setting operations are
      being performed on the first pair of filled flask sections at the
      core-setting station. Similarly, when the second pair of flask sections
      has been operated upon at the working station and core-setting operations
      have been completed at the core-setting station on the first pair of flask
      sections, both pairs of flask sections are conducted by the transfer means
      from such stations, the first pair of flask sections moving to the
      stripping and ejecting station with the core in place and the second pair
      being conducted or moved to the core-setting station while a third pair of
      flask sections is brought by the transfer means into the working station.
      After the three pairs of flask sections have been operated upon at the
      working station, the core-setting station and the stripping and
      mold-ejecting station, all three pairs of flask sections are conducted by
      the transfer means from such stations, the first pair (now empty of
      contents) being conducted to a fourth idle or dwell station to await
      subsequent transfer to the working station, the second pair being
      conducted to the stripping and mold-ejecting station from the core-setting
      station, and the third pair being conducted from the working station to
      the core-setting station while a fourth pair of flask sections is moved
      into the working area from the idle or dwell station where it was
      previously deposited from a preceding machine cycle. The four pairs of
      flasks constitute component parts of the present molding or mold-forming
      machine and, although they are variously handled in an automatic manner at
      the working station and the stripping and mold-ejecting station, they
      never leave the confines of the machine.
PAR  According to the present invention, a convenient transfer means for
      conducting the pairs of flask sections from one station to the next is
      afforded by the use of a rotary turntable on which the pairs of flask
      sections are peripherally or marginally supported so that, upon rotation
      of the turntable about its vertical axis, they are caused to travel in a
      circular path which intersects each of the four aforementioned stations.
      The turntable is capable of being indexed intermittently so that, during
      each dwell period, each pair of flasks is disposed at one of the stations
      for flask-handling or other operations at such one station.
PAR  For convenience of machine design and to improve machine performance,
      although there are only three effective operating stations associated with
      the machine so that the use of only three pairs of flasks on the turntable
      at a 120.degree. peripheral spacing would be adequate for the production
      of successive assembled composite molds by the machine, thus omitting the
      fourth station, it has been found that by providing four pairs of flask
      sections and incorporating the idle or dwell station in the machine,
      better machine performance is attained since the pairs of flask sections
      are not obliged to enter the various stations at a sharp angle.
      Additionally, the existence of the idle or dwell station affords an
      opportunity for the operator to inspect the idle pair of flask sections at
      such station and clean the same if necessary.
PAR  Insofar as the aforementioned additional core setting station is concerned,
      where a single match plate molding machine is concerned in which all
      operations are performed in a common working area, the core setting
      operation presents a difficulty in that the operator mush reach into the
      working area with his hands extending between the drag flask and cope
      flask mold sections in order to position the cores correctly. There is
      thus a definite pinch point which must be guarded against because as soon
      as the cores have been set and the operator removes his hands, the drag
      and cope flask sections close upon each other. This requires that the
      operator must at all times be alert and, lacking such alertness, serious
      accidents may, and do, take place. Where automatic precautionary measures
      are provided for effecting delayed mold closing operations until the
      operator is at a safe distance from the working area, the equipment is not
      only expensive but also it is not always infallible. According to the
      present match plate molding machine, since core setting is performed at a
      separate station remote from the working area, and at a core setting
      station where the flasks are maintained on a carrier at spaced apart
      locations where they are incapable of coming together, there is no "pinch
      point" to create a hazard.
PAR  The provision of a match plate molding machine such as has briefly been
      outlined above, and possessing the stated advantages, constitutes the
      principal object of the invention.
PAR  An additional advantage of the invention resides in the use of a Geneva
      gear drive mechanism for indexing the turntable intermittently, together
      with a locating or leader pin which is mounted on the machine framework
      and is hydraulically and selectively driven into one of a series of pilot
      holes in the turntable and remains therein during each dwell operation of
      the Geneva gear drive mechanism in order to align the flask sections on
      the turntable with the associated flask-handling instrumentalities at the
      working station and the stripping and mold-ejecting station.
PAR  A further and important advantage of the invention resides in the fact
      that, at the stripping and mold-ejecting station, a bottom board is fed
      into this station immediately prior to arrival thereat of the sand-filled
      flask sections from the core-setting station and is handled in such a
      manner that it functions in the manner of a platen during the actual
      stripping operation and receives the assembled and stripped composite mold
      thereon, after which said mold is pushed laterally from the machine with
      the mold resting thereon, this advantage distinguishing the present
      machine from the aforementioned earlier patented machines where the
      pushing device or ejector arm engages the mold itself and pushes it
      laterally from the machine and onto an awaiting bottom board. By
      depositing the assembled and stripped mold on the bottom board and pushing
      the latter from the machine according to the present invention, there is
      no danger of mold part slippage, one upon the other, due either to
      acceleration or deceleration of the pushing device.
PAR  A wide variety of advantages accrues from the fact that transfer of the
      pairs of flask sections from station to station takes place in a closed
      circular path, an obvious advantage residing in the fact that by such an
      arrangement the various operating stations are closely grouped together,
      thereby resulting in compact machine design. Heretofore, except for the
      molding machines which are disclosed in aforementioned U.S. Pat. Nos.
      3,229,336 and 3,648,759, match plate molding operation have involved
      separate sand filling or blowing and compacting operations for the cope
      and drag flask sections. Furthermore, the flask-filling operations
      invariably have been accomplished by a sand-pouring operation. With some
      molding machines, it has been found various to perform certain of the
      flask-handling operations at separate operating stations, but in most
      instances, flask transfer from one station to another has been affected in
      a straight line so that the flask various operating stations cannot be
      regarded as constituting component parts of a single molding machine.
      Furthermore, there has been no simultaneous handling of both the cope and
      drag flask sections at all of the involved stations. Accordingly, the
      simultaneous treatment of the pairs of complemental cope and drag flask
      sections at all of the operating stations involved in the present molding
      machine affords a distinct advantage from the point of view of timesaving.
      Such timesaving is further enhanced by the recycling of empty pairs of
      flask sections from the mold-stripping station back to the main working
      station in an automatic manner.
PAR  Numerous other objects and advantages of the invention, not at this time
      enumerated, will either be pointed out or readily suggest themselves as
      the nature of the invention is better understood from a consideration of
      the following detailed description.
PAR  The invention consists in the several novel features which are hereinafter
      set forth and are more particularly defined by the claims at the
      conclusion hereof.
PAR  In the accompanying eight sheets of drawings forming a part of this
      specification, one illustrative embodiment of the invention is shown.
DRWD
PAR  In these drawings:
PAR  FIG. 1 is a top plan view of a match plate molding or mold-forming machine
      embodying the principles of the present invention, the machine being
      devoid of flasks but with flask positioning being illustrated in dotted
      lines;
PAR  FIG. 2 is a side elevational view of the machine of FIG. 1 with a similar
      dotted line flask disclosure;
PAR  FIG. 3 is an end elevational view of the machine of FIG. 1 with a similar
      dotted line flask disclosure;
PAR  FIG. 4 is a fragmentary side elevational view, somewhat schematic in its
      representation, of the Geneva drive mechanism which is employed in
      connection with the molding machine constituting the present invention;
PAR  FIG. 5 is an end view of one of a series of cope flask sections which are
      employed in connection with the invention;
PAR  FIG. 6 is an end view of the match plate which is employed in connection
      with the invention at the working station;
PAR  FIG. 7 is an end view of one of a series of drag flask sections which are
      employed in connection with the invention;
PAR  FIG. 8 is a side elevational view of an assembled cope flask section and
      drag flask section, such sections being previously illustrated in FIGS. 5
      and 7, respectively;
PAR  FIG. 9 is a top plan view of the structure which is shown in FIG. 8;
PAR  FIG. 9a is an enlarged horizontal sectional view taken on the line 9a--9a
      of FIG. 2 and representing, largely, a plan view of the upper turntable
      spider, the lower turntable spider and the underlying portions of the
      machine being omitted in the interests of clarity;
PAR  FIG. 9b is a side elevational view of the structure of FIG. 9a;
PAR  FIG. 9c is a sectional view taken on the line 9c--9c of FIG. 2 and
      representing, largely, a plan view of the lower turntable spider with the
      underlying portions of the machine omitted;
PAR  FIG. 9d is a side elevational view of the structure of FIG. 9c;
PAR  FIG. 10 is an enlarged detail sectional view taken substantially centrally
      and longitudinally through one of the numerous vents or filter screen
      units which are employed in connection with cope and drag flask sections
      of the machine;
PAR  FIG. 11 is a perspective view of the vent or filter screen unit of FIG. 10;
PAR  FIG. 12 is a sectional view, largely schematic in its representation, taken
      vertically and centrally through the working area or station of the
      machine and illustrating the associated ram assembly, the flask sections
      and the match plate in their normal positions at the commencement of a
      machine cycle;
PAR  FIG. 13 is a schematic sectional view similar to FIG. 12 but illustrating a
      preliminary movement of a certain part of the ram assembly which takes
      place at the commencement of the machine cycle and involves upward
      shifting of the lift sleeve of the assembly together with the associated
      cope upset while the lift plunger of the ram assembly remains stationary;
PAR  FIG. 14 is a schematic sectional view similar to FIG. 13 but illustrating
      an upward lift plunger movement which takes place in order to lift the
      drag flask section against the match plate;
PAR  FIG. 15 is a schematic sectional view similar to FIG. 14 but illustrating
      the drag and cope flask sections in position against the match plate due
      to a further upward movement of the lift plunger of the ram assembly;
PAR  FIG. 16 is a schematic sectional view similar to FIG. 15 but illustrating
      the drag flask section and the cope flask section, both in their fully
      clamped positions and immediately prior to the blow operation whereby
      mold-forming sand is introduced and compacted into both flask sections;
PAR  FIG. 17 is a schematic sectional view similar to FIG. 16 but illustrating
      the blow operation whereby the cope and drag flask sections are filled
      with sand and simultaneously compacted by blowing;
PAR  FIG. 18 is a schematic sectional view similar to FIG. 17 but illustrating
      the positions of the drag and cope flask sections and the parts of the ram
      assembly during the sandsqueezing operation which takes place between
      upper and lower squeeze plates;
PAR  FIG. 19 is a schematic sectional view similar to FIG. 18 but illustrating
      the downward movement of the lift plunger of the ram assembly which takes
      place immediately after the sand-squeezing operation;
PAR  FIG. 20 is a schematic sectional view similar to FIG. 19 but illustrating a
      further downward movement of the lift plunger of the ram assembly which
      takes place in order to restore the cope flask section to its normal
      supported position on the turntable;
PAR  FIG. 21 is a schematic sectional view similar to FIG. 20 but illustrating a
      still further downward movement of the lift plunger of the ram assembly
      which takes place in order to restore both the sand-filled and compacted
      flask sections, and also the match plate, to their respective normal
      supported positions;
PAR  FIG. 22 is a schematic sectional view similar to FIG. 21 but illustrating
      the sand-filled and compacted cope and drag flask sections indexed away
      from and out of the working area or station of the machine, and also
      showing or illustrating new empty cope and drag flask sections being
      indexed into the working station in order to replace the withdrawn flask
      sections;
PAR  FIG. 23 is a schematic sectional view taken vertically through the
      core-applying station of the machine, that is, the station to which the
      sand-filled and compacted cope and drag flask sections that are removed
      from the working area of the machine are indexed, and showing a core in
      position on the lower or drag mold part;
PAR  FIG. 24 is a side elevational view, largely schematic in its
      representation, illustrating the mold-stripping mechanism at the stripping
      station in the normal position which it assumes at the time the
      sand-filled and compacted cope and drag flask sections are indexed into
      respective normal supported positions at the stripping station;
PAR  FIG. 25 is a schematic side elevational view similar FIG. 24 but
      illustrating the preliminary upward movement of a certain mold-closing
      lift bracket into effective lifting engagement with the filled drag flask
      section prior to upward shifting of the latter;
PAR  FIG. 26 is a schematic side elevational view similar to FIG. 25 but
      illustrating a further upward shifting movement of the lift bracket so as
      to bring the filled drag flask section into initial effective lifting
      engagement with the filled cope flask section;
PAR  FIG. 27 is a schematic side elevational view similar to FIG. 26 but
      illustrating a still further upward movement of the lift bracket so as to
      bring the filled drag and cope flask sections into operative relationship
      with respect to a stripping platen which is employed in connection with
      the machine;
PAR  FIG. 28 is a schematic side elevational view similar to FIG. 27 but
      illustrating the actual stripping operation wherein the cope and drag
      flask sections are stripped bodily and in unison from the assembled
      complemental mold parts;
PAR  FIG. 29 is a schematic side elevational view similar to FIG. 28 but
      illustrating a downward movement of the lift bracket preparatory to
      restoring the cope and drag flask sections to their normal
      turntable-supported positions within the stripping station;
PAR  FIG. 30 is a schematic side elevational view similar to FIG. 29 but
      illustrating a further downward movement of the lift bracket which
      restores the cope flask section to its normal turntable-supported position
      at or within the mold-stripping station of the machine;
PAR  FIG. 31 is a schematic side elevational view similar to FIG. 29 but
      illustrating a still further downward movement of the lift bracket which
      restores the drag flask sections to its normal supported position within
      the stripping station of the machine and deposits the assembled composite
      mold on a bottom board;
PAR  FIG. 32 is a side elevational view of the structure of FIG. 31;
PAR  FIG. 33 is a side elevational view of a mold-ejecting mechanism which is
      employed in connection with the present invention and is disposed in the
      vicinity of the mold-stripping station; and
PAR  FIG. 34 is a top plan view of the structure of FIG. 33.
DETD
PAC  BRIEF DESCRIPTION OF THE MACHINE
PAR  Referring now to the drawings in detail and in particular to FIGS. 1 and 2,
      one exemplary form of an automatic molding or mold-forming machine
      embodying the principles of the present invention is designated in its
      entirety by the reference numeral 10. This machine is shown in the
      drawings as being positioned upon the floor 12 or other supporting surface
      of a foundry or similar establishment.
PAR  Briefly, the mold-forming machine of the present invention involves in its
      general organization a fixed machine framework 14 which establishes a
      series of four quadrilaterally disposed areas or stations in the form of a
      main working area or station WS, a core-setting station CS, a
      mold-stripping station SS, and an idle or dwell station DS. The four
      stations are disposed 90.degree. apart circumferentially about the central
      vertical axis of an intermittently indexable or movable turntable 16
      having facilities associated therewith for loosely supporting four pairs
      of flask sections, each pair including an upper or cope flask section 18
      and a lower or drag flask section 20. Such flask sections are illustrated
      in dotted lines in FIGS. 1 to 3, inclusive, in the interests of clarity.
      The turntable 16 is indexable in 90.degree. increments of rotary motion
      and, upon each indexing operation thereof, the pairs of flasks at each
      station are transferred bodily to the next adjacent station in the
      direction of rotation of the turntable, such direction being clockwise as
      viewed in FIG. 1.
PAR  During each turntable indexing operation, a pair of empty cope and drag
      flask sections 18 and 20 is transferred from the idle or dwell station DS
      to the main working station WS where the sections are operated upon by
      automatic flaskhandling mechanism in a cyclic manner to the end that they
      are first brought into operative engagement with a pattern-carrying match
      plate 22 by a clamping operation, the two flask sections are then
      simultaneously filled with prepared molding sand by a blow operation which
      compacts the sand in a preliminary manner in the mold cavities in the cope
      and drag flask sections, the sand in the two flask sections 18 and 20 is
      then further compacted about the pattern on the match plate 22 by a
      squeeze operation, and the flask sections are thereafter separated from
      the match plate 22 by a pattern draw operation in order to release them
      for transfer to the core-setting station CS with the compacted sand
      therein, while leaving the match plate 22 with its associated pattern in
      its normal position at the working station WS. These various automatic
      flask-handling operations which are performed upon the cope and drag flask
      sections 18 and 20 at the working station WS are schematically illustrated
      in FIGS. 12 to 21, inclusive, and will be described in detail subsequently
      when the operation of the machine is set forth.
PAR  At the core-setting station CS, no automatic operations are performed on
      the two sand filled and compacted flask sections 18 and 20, these two
      sections simply remaining in situ on the turntable while a core is
      manually positioned on the compacted sand in the lower drag section 20 as
      shown in FIG. 23, providing, of course, that such a core is required or
      desired. If no core is to be used, the core-setting station CS functions
      in the manner of an idle or dwell station, the filled and compacted cope
      and drag flask sections 18 and 20 merely awaiting a succeeding or second
      turntable-indexing operation before transfer thereof bodily to the
      mold-stripping station SS.
PAR  At the mold-stripping station SS, the separated cope and drag flask
      sections 18 and 20, with the compacted sand therein, are again operated
      upon by automatic handling apparatus in a cyclic manner whereby a bottom
      board 24 (see FIGS. 2 and 24 to 33, inclusive) which underlies the two
      mold sections is caused to move upwardly and, in effect, functions as a
      lifting platen in order to effect closing of the two flask sections upon
      each other with consequent mating of the compacted sand mold parts therein
      to produce the completed composite sand mold which then engages a reaction
      platen 26 in a gentle manner so that further upward movement of the closed
      flask sections strips the flask simultaneously from the assembled and
      board-supported composite sand mold. After this stripping operation, the
      bottom board, upon lowering thereof, carries the assembled mold downwardly
      to an ejecting position within the mold-stripping station SS, while at the
      same time the empty cope and drag flask sections 18 and 20 are restored to
      their normal positions within such station, awaiting transfer to the idle
      or dwell station DS during the next indexing operation of the turntable
      16.
PAR  The automatic flask-handling functions which take place at the stripping
      station SS are schematically illustrated in FIGS. 24 to 32, inclusive, and
      they are correlated with cooperating functions which are performed by a
      bottom board feeding and mold-ejecting mechanism 30, a portion of such
      mechanism appearing in FIG. 1 and the whole mechanism being disclosed in
      detail in FIGS. 34 and 35. This mechanism 30 functions in a cyclic manner
      to feed a single bottom board 24 (see FIG. 2) from a stack S (see FIG. 33)
      of such bottom boards into operative position at the mold-stripping
      station SS during the time that the turntable 16 is being indexed for the
      purpose of bringing a pair of sand-filled and compacted cope and drag
      flask sections 18 and 20 into the stripping station SS, and also to eject
      a board-supported completed mold from the stripping station during the
      next succeeding turntable-indexing operation and conduct the same to a
      region of discharge.
PAR  The successive indexing operations of the turntable which take place four
      times during each machine cycle are effected under the control of an
      hydraulically-powered Geneva mechanism which is designated in its entirety
      by the reference numeral 32 in FIGS. 1, 3 and 4 and is driven by a
      conventional hydraulic Geneva actuator 33.
PAR  The flask-handling operations which take place at the main working station
      WS are effected under the control of an hydraulically-operable ram
      assembly 34 which cooperates with an upper platen assembly 35 (see FIGS. 2
      and 12 to 22, inclusive). The flask-handling operations which take place
      at the stripping station SS are effected under the control of an
      hydraulically-operable primary cylinder 36 (see FIGS. 1, 2 and 24 to 33,
      inclusive), as well as a set of four secondary cylinders 38 which likewise
      are hydraulically operated. The board-impelling operations which take
      place at the mold-stripping station SS are performed under the control of
      an hydraulically-operable ejecting cylinder 40 (see FIGS. 33 and 34).
PAR  The hydraulic circuitry and the associated electrical control circuitry by
      means of which there is effected automatic actuation of the various
      operating or actuating cylinders which perform flask-handling operations
      at the working station WS and the stripping station SS, the Geneva
      actuator 33 which drives the Geneva mechanism for turntableindexing
      purposes, and the ejecting cylinder 40 which pushes the mold-carrying
      bottom boards 24 from the stripping station SS, have not been disclosed or
      illustrated herein since a wide variety of them is capable of performing
      the necessary control functions. It is deemed sufficient for purposes of
      discussion or disclosure herein to point out the sequence of operations
      which is involved during the operation of the machine, as well as
      particular moments in the machine cycle at which such cylinders and other
      hydraulic mechanisms are supplied with motive fluid.
PAC  THE MACHINE FRAMEWORK
PAR  The machine framework 14 appears only in FIGS. 1 to 3, inclusive, and has
      been omitted from the remaining views in the interests of clarity except
      for small fragments of the framework such as various vertical supporting
      standards or posts, stationary flask "rests" or supports and
      platensupporting brackets, etc. which are disposed in the working station
      WS and the mold-stripping station SS for storage of the cope and drag
      flask sections 18 and 20 while they are not actually being handled by the
      aforementioned flask-handling mechanisms. This machine framework 14
      involves in its general organization a pair of relatively massive,
      laterally spaced, side supports 50 and 52 which are in the form of flat
      but thick castings of generally C-shape configuration, thus providing
      upper relatively narrow horizontal legs 54, lower relatively wide
      horizontal legs 56, and vertical connecting bight portions 58. Side bars
      59 extend along the lower edge regions of the lower legs 56 of the side
      supports 50 and 52.
PAR  Extending forwardly from the lower legs 56 of the two side supports is a
      horizontal bottom frame including forwardly converging side bars 60 and a
      lower front end bar 62 between the front ends of the side bars. Similarly,
      extending forwardly from the upper legs 54 of the side supports 50 and 52
      is a horizontal top frame including forwardly converging side bars 64 and
      a top front end bar 66 between the front ends of the last-mentioned side
      bars. The horizontal top frame directly overlies the horizontal bottom
      frame. The opposite ends of the lower front end bar 62 overhang the front
      ends of the forwardly converging side bars 60, and these overhanging
      portions have fixedly secured thereto vertical corner posts 68, the upper
      ends of which are fixedly secured to similarly overhanging end portions of
      the top front end bar 66 of the aforementioned top frame. Upper and lower
      intermediate transverse bars 70 and 72 extend horizontally between and are
      suitably secured to the two corner posts 68. The posts 68, as well as the
      two relatively massive side supports 50 and 52, are mounted on steel floor
      pads 74.
PAR  Mounted on the two side supports 50 and 52 in the upper regions thereof is
      a sand magazine 75 which is supplied with processed foundry sand from a
      hopper 76 through the medium of a conventional shut-off gate mechanism 78.
      The function of the magazine, the hopper, and the gate mechanism will be
      set forth subsequently when the operation of the machine 10 is described
      in detail.
PAC  THE FLASK SECTIONS
PAR  As previously stated, the functioning of the present match plate molding or
      mold-forming machine 10 is predicated upon the provision of four sets or
      pairs of flask sections, each pair including the aforementioned upper or
      cope flask section 18 and the lower or drag flask section 20. These paired
      sections travel in a circular path of movement under the control of the
      indexing movements of the turntable 16. Normally, at the commencement of
      any given machine cycle of operation, the flask sections of each pair are
      disposed at a position of rest at one of the four stations WS, CS, SS and
      DS and in vertically separated or spaced relationship with the cope flask
      section 18 overlying the drag flask section 20. At such time as the
      turntable 16 is actuated for indexing purposes, the thus paired flask
      sections at each station are transferred in an arcuate path of 90.degree.
      extent to the next adjacent or following station with the four pairs of
      flask sections moving in a clockwise direction as viewed in FIG. 1 and as
      previously indicated. As will be set forth in greater detail presently,
      these transfer operations are made possible by the provision of an upper
      turntable spider 80 for supporting the four cope flask sections 18 and a
      lower turntable spider 82 for supporting the four drag flask sections 20.
      These spiders 80 and 82 constitute fixed components of the rotary
      turntable 16. The upper turntable spider 80 serves normally to support the
      four cone flask sections 18 in quadrilaterally and circumferentially
      spaced relationship, while the lower turntable spider 82 similarly serves
      normally to support the four drag flask sections 20 beneath and in
      vertical register with the associated cope flask sections. The specific
      nature of these two spiders 80 and 82 will be described subsequently when
      the character of the turntable 16 as a whole is described and it is deemed
      sufficient at present for a proper understanding of the nature of the two
      flask sections to state that the upper spider 80 embodies four radially
      extending spider arms having provision at their outer ends for supporting
      the associated cope flask sections 18, and the lower spider 82 embodies
      four similar radially extending spider arms having provision at their
      outer or distal ends for supporting the associated drag flask sections 20.
PAC  The Upper Cope Flask Sections
PAR  Referring now to FIGS. 5 and 8 of the drawings, each of the four upper or
      cope flask sections 18 is in the form of a cast metal, box-like and
      generally rectangular structure having opposed end walls 90 and opposed
      side walls 92. These walls 90 and 92 slope upwardly and inwardly at a
      small angle so that each wall is of trapezoidal configuration. The upper
      and lower ends of the upper cope flask sections are open.
PAR  In the upper region of each upper cope flask section 18, each end wall 90
      is provided with a horizontally elongated, laterally extending, suspension
      flange 94. The latter is of appreciable width and in the medial region
      thereof is a bushing-equipped pilot hole 96. The two pilot holes 96 of
      each cope flask section are designed for cooperation with mating leader
      pins on the upper turntable spider 80, and these, as will be made clear
      presently, are for the purpose of insuring proper alignment of the cope
      flask section with the various actuating instrumentalities at the working
      station WS of the machine.
PAR  At positions near the opposite ends of the laterally extending suspension
      flanges 94 of each cope flask section 18 are pairs of vertical bolts 98
      which extend downwardly below the level of the bottom rim of the flask
      section and are encompassed by helical compression springs 100. The upper
      ends of such springs abut against the end regions of the suspension
      flanges 94 and the lower ends of the springs are captured by washers 102
      which bear against boltheads at the lower ends of the bolts. These
      compression springs function in a manner that will be set forth more in
      detail subsequently to separate the match plate 22 from the cope flask
      section 18 during the aforementioned pattern draw operation at the working
      station WS.
PAR  Each cope flask section 18 is further provided with a pair of additional
      bushing-equipped locating or pilot holes 104 and these are provided in
      lateral ears 105, one such ear being provided on one end wall 90 near the
      lower edge thereof and the other ear being similarly provided on the other
      end wall 90 but in offset relationship so that one of these ears appears
      in full lines in FIG. 5 while the other ear appears in dotted lines. The
      two bushing-equipped pilot holes 104 cooperate with upstanding leader pins
      on the associated drag flask section 20 as will become apparent when the
      nature of such flask section is set forth presently.
PAR  The four walls 90 and 92 of each cope flask section 18 are lined with inner
      facings 106 (see FIGS. 5 and 10) of elastomeric or other wear-resistant
      material, such walls being, therefore, of dual thickness. These walls are
      provided with a multiplicity of perforations 107 and each perforation has
      mounted therein a small cup-shaped sand screen unit 108 (see FIGS. 10 and
      11), the bottom wall of which is formed with a series of narrow parallel
      slits 109. The latter are of such small width that, during the blow
      operation of the machine, air may escape through the walls of the cope
      flask sections while the blown and compacted sand remains confined within
      the interior of such sections. This blow operation is performed through
      the open upper rim of each cope flask section 18.
PAC  The Lower Drag Flask Sections
PAR  Referring now to FIGS. 7 and 8 of the drawings, each lower drag flask
      section 20 is in the form of a cast metal, rectangular, box-like structure
      having upper and lower open rims and including a pair of opposed end walls
      110 and a pair of opposed side walls 112. Such end and side walls slope
      upwardly and inwardly to the end that each drag flask section 20 assumes
      the same general tapered appearance as its previously described and
      associated cope flask section 18. The size of the rectangular open upper
      rim of each drag flask section is identical to the size of the rectangular
      open lower rim of the associated superjacent cope flask section 18 so that
      these two rims will mate with each other during the flask-clamping
      operation which will be described hereafter. The four walls 110 and 112 of
      each drag flask section 20 are provided with perforations 114 which are
      similar to the perforations 107 in the walls 90 and 92 of the cope flask
      sections 18. Each perforation 114 has associated therewith one of the
      screen units 108.
PAR  The end walls 110 of each drag flask section 20 are provided with two
      lateral ears 116, there being one such ear on each end wall. These ears
      are laterally offset from each other and have fixedly mounted thereon
      upstanding leader pins 118 which are adapted to register vertically within
      the aforementioned pilot holes 104 in the lateral ear 105 on the lower
      edge portions of the end walls 90 of the cope flask section 18. Additional
      ears 120 on one of the side walls 112 of each drag flask section 20 are
      provided with bushing-equipped holes 122 (see FIG. 9) which are designed
      for cooperation with upstanding pilot pins on the ram 34 in a manner that
      will be made clear when the operation of the machine 10 is set forth.
PAR  Lateral flanges 124 on the end walls 110 of each drag flask section 20 are
      provided with bushing-equipped holes 126, the latter being designed for
      cooperation with depending leader pins on the match plate 22 in order
      properly to align the match plate and the subjacent drag flask section
      during the blow operation as will likewise be set forth subsequently. The
      holes 126 are dual-purpose holes and, in addition to being capable of
      mating engagement with depending leader pins on the match plate 22, they
      are also capable of cooperation with upstanding leader pins which are
      provided on the turntable and determine the normal position of the drag
      flask section while it is supported on the turntable.
PAR  As best shown in FIG. 8, one of the end walls 100 of each drag flask
      section 20 is formed with an outwardly offset or displaced area 128 in
      which there is formed a horizontally elongated rectangular blow opening
      130 through which aerated sand is blown during the blow operation when
      both flask sections 18 and 20 are simultaneously charged with sand. The
      "shaded" circles which appear within the confines of this blow opening 126
      represent an inside view of the various sand screen units 108 which are
      disposed in the far side wall 112 of the illustrated drag flask section.
      An elongated thin bridge strip 132 defines the lower boundary of the blow
      opening 130. It is held in position by screws and thus obviates the
      disadvantage incident to a corresponding thin wall strip in the original
      casting from which the drag flask section is made.
PAC  THE MATCH PLATE AND PATTERN
PAR  The match plate 22 is shown in detail in FIG. 6 of the drawings and its
      functional relationship in the machine is illustrated in FIGS. 12 to 22,
      inclusive. This match plate is sometimes referred to in he foundry
      industry as a pattern plate and is in the form of a flat rectangular plate
      to the upper and lower sides of which there are suitably secured an upper
      or cope pattern part 140 and a lower or drag pattern part 142. The upper
      surface of the match plate 22 is designed for contact with the lower open
      rim of the superjacent box-like cope flask section 18 during the blow and
      squeeze operations of the machine at the working station WS, while the
      lower surface of said match plate is similarly designed for contact with
      the upper open rim of the subjacent box-like drag flask section 20 during
      such blow and squeeze operations. When this sealing relationship is
      attained, the side walls 92 and end walls 90 of the superjacent cope flask
      section 18, in combination with the upper surface of the match plate 22,
      establish a cope flask cavity 144 (see FIG. 16) which, during the blow
      operation, becomes filled and compacted with sand as shown in FIG. 17.
      Additionally, the side walls 112 and end walls 110 of the subjacent drag
      flask section 20, in combination with the lower surface of the match plate
      22, establish a drag flask cavity 146 which likewise is adapted to become
      filled and compacted with sand during the blow operation.
PAR  Four bushing-equipped pilot holes 148 are provided in the four corners of
      the match plate 22 and are designed for cooperation with four upstanding
      pilot pins 150 (see FIG. 2). The latter are provided on a fixed match
      plate supporting bracket 152 (see also FIG. 21) which is mounted on the
      two side supports 50 and 52 of the machine framework and projects into the
      working station WS. This bracket 152 includes a pair of rearwardly and
      horizontally extending parallel arms 154 which are adjacent to the path of
      travel of the flask sections 18 and 20 as the latter move into the working
      station WS, and which are maintained spaced from the side supports 50 and
      52 by means of inwardly extending supporting bars 156.
PAR  Normally, the match plate 22 rests by gravity loosely upon the two parallel
      arms 154 of the supporting bracket 152. It is, however, adapted to be
      lifted vertically from said arms by the subjacent drag flask section 20
      during flask-handling operations at the working station WS under the
      control of the ram 34 as will be described in detail presently.
PAR  The vertically extending pins 158 are fixedly connected to and depend from
      the match plate 22 near the side edges thereof and midway between the end
      edges of the match plate, and they are designed for cooperation with the
      aforementioned bushing-equipped holes 126 in the ears 124 on the sides of
      the subjacent cope flask section 20 for match plate and flask alignment
      purposes as previously set forth.
PAR  Still referring to FIG. 6, and additionally to FIG. 8, the match plate 22
      is provided with a series of four holes 160 near the corners thereof,
      these holes being designed to accommodate and cooperate with the lower
      head-equipped ends of the aforementioned bolts 98 which are carried by the
      superjacent cope flask section 18 at such time as the lower open rim of
      such flask section is brought into engagement with the upper side or
      surface of the match plate during the flask-clamping operation at the
      working station WS of the machine. The diameter of these holes 160 is such
      that the heads of the bolts 98 may pass therethrough while the washers 102
      which are loosely and slidably mounted on the bolts may not pass through
      such holes. Therefore, when flask-clamping operations are in progress, the
      springs 100 which surround the bolts 98 are placed under compression and,
      thereafter, after the sand-compacting or squeeze operation has been
      completed and clamping pressure is relieved during the push-out operation,
      these springs assist in separating the match plate from the bottom side of
      the cope mold part by overcoming any adhesive bond which may exist between
      the match plate and the cope mold part or the cope pattern part 140 and
      said cope mold part.
PAC  THE FLASK-SUPPORTING TURNTABLE AND ITS DRIVE MECHANISM
PAR  As best shown in FIGS. 1 to 3, inclusive, the turntable 16 is supported for
      rotation about a vertical axis in the central region of the machine
      framework from a central supporting pedestal 170 from which there projects
      upwards a rotatable cylindrical column 172. On such column, there is
      fixedly secured a tubular turntable hub 174 having a cylindrical inside
      surface and a square outside surface, the surface presenting four vertical
      planar side surfaces. Secured to these four planar side surfaces of the
      hub 174 by way of Allen head-type bolts 175 or the like are an upper
      series of rectangular hub plates 176 and a lower series of rectangular hub
      plates 177. Such hub plates, in effect, constitute supporting brackets for
      a plurality of radially extending spider arms which constitute components
      of the aforementioned upper and lower turntable spiders 80 and 82. These
      turntable spiders include a series of four radially extending upper arms
      180 and a similar series of four radially extending lower arms 182. The
      latter spider arms are in vertical register with the former arms, or
      stated otherwise, the lower spider arms 182 directly underlie and extend
      parallel to the upper spider arms 185 and are spaced downwardly therefrom
      as clearly shown in FIG. 2. Upper and lower bearing assemblies 184 and 186
      on the machine framework 14 and the pedestal 170, respectively, receive
      the opposite ends of the column 172 and thus maintain the turntable as a
      whole in its erect vertical position. The upper bearing assembly 184 is in
      the form of a ball bearing flange block and is mounted on a plate 188 on
      the central upper portion of the framework 14 of the machine 10.
PAC  The Upper Cope Flask-Supporting Spider
PAR  Referring now to FIG. 9a of the drawings, the four radial spider arms 180
      of the upper turntable spider 80 are identical and, therefore, a
      description of one of them will suffice for them all. Each spider arm 180
      includes one of the aforementioned rectangular hub plates 176 and from
      such hub plate there project radially outwards two parallel side bars 190,
      the inner ends of such side bars being welded to their respective or
      associated hub plate 176. The outer or distal ends of the two side bars
      190 serve to support a generally T-shaped bracket 192 which consists of an
      intermediate leg 194, a long outer T-head 196, and a short inner T-base
      198. Welded or otherwise secured to the opposite ends of the long outer
      T-head 196 and short inner T-base 198 are two supporting plates 200, each
      plate having associated therewith an upstanding leader pin 202. Each
      supporting plate 200 serves normally to support one end of an associated
      cope flask section 18, such section thus having its opposite ends
      effectively resting in chordal fashion on the outer ends of a pair of
      adjacent radially extending upper arms 180 with the main body portion of
      the flask section being disposed in the general plane of the upper
      turntable spider 80 between adjacent upper arms 180 as shown in dotted
      lines at four places in FIG. 1.
PAC  The Lower Drag-Supporting Spider
PAR  Referring now to FIGS. 1, 2 and 9b of the drawings, the lower turntable
      spider 82 is similar to the previously described upper turntable spider 80
      which overlies it, the lower rectangular hub plates 177 serving to support
      the radially extending lower arms 182 of said lower turntable spider 82.
      Said lower arms 182 are similar to the upper spider arms 180 and,
      therefore, in order to avoid needless repetition of description, similar
      reference numerals with a prime suffix are applied herein to the component
      parts of the spider arms 182 which have corresponding counterparts as
      compared to the upper spider arms 180. Otherwise, it is deemed sufficient
      for an understanding of the nature of the lower spider arms 182 to point
      out the differences which exist between these lower spider arms and the
      upper spider arms 180.
PAR  The side bars 190' of the lower spider arms 182 are slightly wider in a
      vertical direction than the upper spider arms 180 and the supporting
      plates 200' which are associated therewith and serve to support the drag
      flask sections 20 are welded along the lower edges of the longer outer
      T-heads 196' and the short inner T-bases 198' instead of along the upper
      edges thereof. This does not change the elevation of the drag flask
      sections 20 when they are supported by the plates 200' in view of the fact
      that the lateral flanges 124 on the end walls 110 of the cope flask
      sections 20 are positioned lower on said end walls than the lateral
      flanges 94 on the end walls 90 of the cope flask sections 18.
PAR  Another difference between the lower spider arms 182 and the upper spider
      arms 180 resides in the fact that the upstanding leader pins 202' on the
      supporting plates 200' of the lower turntable spider 82 are not in
      vertical alignment with the upstanding leader pins 202 on the supporting
      plates 200 of the upper turntable spider 80. The distance between the
      leader pins 202' on adjacent lower spider arms 182 is less than the
      distance between the leader pins 202 on adjacent upper spider arms 180.
      The reason for this is that the leader pins 202' are designed for
      cooperation with the bushing-equipped holes 126 which are provided in the
      lateral flanges 124 on the end walls 110 of the drag flask sections 20 and
      which also cooperate with the downwardly projecting or depending pins 158
      on the match plate 22. Insofar as the leader pins 202' are concerned,
      their spacing must, therefore, be equal to the spacing of the pins 158 on
      the match plate.
PAR  An important difference between the lower turntable spider 82 for
      supporting the drag flask sections 20 and the upper turntable spider 80
      for supporting the cope flask sections 18 resides in the provision of
      pairs of anti-friction wear liners 210 which are disposed in opposed
      relationship on the inner sides of the parallel side bars 190' of the
      lower spider arms 182. These anti-friction wear liners define therebetween
      radially extending guide slots and cooperate in a manner that will be set
      forth subsequently with the aforementioned Geneva mechanism 32 for
      turntableindexing purposes.
PAR  Additional components on the lower turntable spider 82 which are not
      present on the upper spider 80 are a series of four turntable-stabilizing
      and locating sockets 212. The latter are formed in four brackets 214 which
      are fixedly mounted on the outer surfaces of the long outer T-heads of the
      T-shaped brackets 192' at the distal ends of the lower spider arms 182.
      These sockets are thus disposed 90.degree. apart on the turntable and are
      designed for successive cooperation with a vertically slidable,
      hydraulically-operated shot pin 216 (see FIGS. 1 and 2) to stabilize the
      turntable in between indexing operations in a manner that likewise will be
      made clear during a subsequent discussion of the Geneva mechanism 32 and
      the manner in which such mechanism causes turntable-indexing operations.
      The shot pin 216 is spring-biased in such manner that it is urged
      upwardly.
PAC  The Turntable Drive Mechanism
PAR  As previously stated, the turntable 16 is adapted to be periodically
      indexed throughout an angle of 90.degree. under the control of the Geneva
      mechanism 32 and its drive motor or actuator 33. This Geneva actuator 33
      (see FIGS. 1 to 4, inclusive) may be of any conventional construction,
      there being several forms of commercially available actuator units which
      are capable of use in connection with the molding machine 10. One such
      unit is manufactured and sold by HydraPower, Inc. of Wadsworth, Ohio, and
      is designated as "Model No. 150M." Briefly, the Geneva actuator 33
      embodies four hydraulic cylinders 220 which are arranged in opposed pairs,
      each pair controlling the longitudinal siding movement of an internal rack
      (not shown). A central pinion (likewise not shown) meshes with both racks
      and carries a vertical oscillatory output shaft 222 which, in the present
      case, is capable of rotation in opposite directions about an angle of
      90.degree.. The Geneva actuator 33 is mounted on a supporting bracket 224
      which is secured by bolts 225 (see FIG. 4) to the side support 52 in such
      positional relationship that the actuator 33 underlies the peripheral or
      circumferential sweep of the arms 182 of the lower turntable spider 82 as
      clearly shown in FIG. 3 of the drawings. Mounted on the oscillatory output
      shaft 222 is a Geneva drive arm 226, the distal end of which serves to
      support an hydraulic cylinder unit 228 by means of which a spring-biased,
      vertically extending shot pin 230 with a roller 232 is selectively
      projected into and withdrawn from the radially extending confining spaces
      or guide slots which exist between the spaced apart anti-friction wear
      liners 210 of the lower spider arms 182.
PAR  It will be understood, of course, that each 90.degree. turntable indexing
      operation is effected by causing the Geneva drive arm 226 to swing from
      the full-line position in which it is illustrated in FIG. 1, in a
      counterclockwise direction as seen in this view through an angle of
      90.degree. to the end that the shot pin 230 and its roller 232 (which
      normally remain in their upwardly projected, spring-biased position) will
      ride radially inwardly in the associated guide slot which is provided by
      the adjacent pair of anti-friction wear liners 210, thus causing the
      turntable 16 to rotate in a clockwise direction by a simple harmonic
      motion. At the completion of the drive stroke of the drive arm 226 as
      shown in dotted lines in FIG. 1, the turntable 16 will have been indexed
      throughout an angle of exactly 90.degree. thus causing it to shift each
      pair of flask sections 18 and 20 on the turntable 16 from its present
      station to the next adjacent or following station for flask-handling or
      other operations at such latter station. At the completion of each
      turntable-indexing operation, the hydraulic cylinder unit 228 is energized
      to withdraw the shot pin 230 with its roller 232 from the adajcent radial
      guide slot between the wear liners 210 and, during such time as the
      hydraulic cylinder unit 228 remains energized, the hydraulic Geneva
      actuator 33 is actuated in a reverse direction to restore the drive arm
      226 to its full-line normal position as shown in FIG. 1, after which the
      hydraulic cylinder unit 228 is deenergized in order to allow the shot pin
      230 with its associated roller 232 to be projected into the guide slot
      which exists between the anti-friction wear liners 210 of the next
      adjacent lower spider arm 182.
PAR  In order to stabilize the turntable 16 in between indexing operations of
      the Geneva mechanism 32, and thus, insure proper flask section alignment
      with the flask-handling components at the working station WS, the
      aforementioned shot pin 216 is projected at the completion of each
      indexing operation into the socket 212 at the distal end of the adjacent
      lower spider arm 182 where it remains until the commencement of the next
      succeeding indexing operation. As best shown in FIG. 2, the aforementioned
      shot pin 216 is extensible and retractible under the control of a cylinder
      240 which is secured to the outer side of the side support 52 of the
      machine framework 14. Thus, immediately before a given indexing operation
      takes place, the cylinder 240 is energized to retract the roller-equipped
      shot pin 216. This retraction of said shot pin remains effective during
      the entire indexing movement of the turntable 16, after which the cylinder
      240 is deenergized so as to allow the spring-biased shot pin 216 to enter
      the socket 212 at the distal end of the succeeding lower spider arm 182
      which has been brought into vertical alignment with such shot pin.
PAC  THE HYDRAULICALLY-OPERABLE RAM ASSEMBLY
PAR  The hydraulically-operable ram assembly 34 appears in outline in FIG. 2 and
      in detail in FIGS. 12 to 22, inclusive. This ram assembly is supported on
      a platform 242 (see FIG. 2) which extends between the horizontally, spaced
      apart, side bars 59 of the machine framework 14. Such platform supports
      the ram assembly so that it is centered within the working station WS with
      the result that it is properly aligned with the various flask-handling and
      other instrumentalities at this station.
PAR  As shown in FIG. 12 and also subsequent views, the ram assembly 34 embodies
      a vertically extending, central lift plunger 250 on the upper end of which
      there is fixed, mounted or secured a lower drag section squeeze plate 252.
      The lift plunger 250 is surrounded by a fixed, vertically extending,
      cylinder body 254 within which the plunger operates with a vertical
      sliding action. The upper end of the cylinder body 254 is open and the
      lower end is provided with a closure wall 256. As shown in FIG. 12, an oil
      inlet port 258 is formed in the cylinder body 254 in the vicinity of said
      closure wall 256. The lower drag squeeze plate 252 is formed with a
      downwardly extending tubular floating plunger 260 which is surrounded by
      an outer lift sleeve 262. The latter is slidable vertically to a small
      extent relatively to the floating plunger 260 and is provided with an
      upper, vertical, continuous rectangular wall 264 and also an inner,
      horizontal, upwardly facing, ledge-like surface 266 on which the lower
      drag section squeeze plate 252 normally seats or rests as shown in FIGS.
      13 to 17, inclusive. When oil under pressure is supplied to the cylinder
      body 254 through the port 258, the lift plunger 250 together with the
      floating plunger 260 and the lift sleeve raises.
PAR  The upper rectangular wall 264 constitutes a so-called "drag upset" and is
      designed for engagement with the lower open rectangular rim of the
      superjacent drag flask section 20 during flask-closing, sand-squeezing,
      and other mold-forming operations and, therefore, this wall 264 and the
      lift sleeve 262 may be regarded as constituting a lower drag flask section
      extension, and it will sometimes be referred to hereinafter as such. The
      central lift plunger 250 functions to control the absolute movements of
      the lower drag section squeeze plate 252 and the intermediate tubular
      floating plunger 260. The lift sleeve in response to upward movement of
      the lift plunger 250 effectively engages and moves the superjacent drag
      flask section 20 during handling of the various pairs of flask sections at
      the working station WS.
PAR  An upper oil port 267 is formed in the upper region of the lift sleeve 262
      and leads to the upper end of an annular chamber 268 which exists between
      said lift sleeve and the tubular floating plunger 260, and a lower oil
      port 269 is formed in the lower region of the lift sleeve 262 and leads to
      the lower end of said annular chamber 268. The region of the tubular
      floating plunger 260 between the two oil ports 267 and 269 is enlarged in
      order to form a piston 270 which operates in an internal recess 272 in the
      wall of the lift sleeve 262 as well as in the aforementioned chamber 268.
      The ports 267 and 269 are adapted to be connected by flexible oil lines
      (not shown) to a source of oil under pressure with the flow of oil through
      such lines being regulated by suitable control valves (also not shown).
      When oil under pressure is admitted into the lower end of the chamber 268
      via the lower oil port 269 while the upper oil port 267 is in a vented
      condition, the lift sleeve 262, together with the rectangular wall 264
      (drag upset), moves downwards with respect to the tubular floating plunger
      260 and the lift plunger 250, and when oil under pressure is introduced
      into the upper end of the annular chamber 268 by way of the upper oil port
      267 and the lower oil port 269 is in a vented condition, the lift sleeve
      262, together with its upper vertical continuous rectangular wall 264,
      moves upwards with respect to said tubular floating plunger 260 and the
      lift plunger 250.
PAR  The operation of the ram assembly 34, i.e., the specific and relative
      movements of the central lift plunger 250, the drag flask section control
      plunger 260 and the lift sleeve 262, which take place during the machine
      cycle will be described in detail when the operation of the sand
      mold-forming machine 10 is set forth in detail subsequently. However, for
      the present, it is deemed sufficient to state that the admission of oil
      under pressure to the port 258 in the lower end of the stationary cylinder
      body 254 will serve forcibly to slide the lift plunger 250 upwardly, thus
      positively forcing upwards the lower drag squeeze plate 252 and the
      floating plunger 260. Such upward movements of the lift plunger 250 will
      impart upward movement to the aforesaid drag section extension (lift
      sleeve 262 and drag upset or rectangular wall 264) by reason of the column
      of oil which is trapped within the upper end of the chamber 268 between
      the floating plunger 260 and the lift sleeve 262. The admission of oil
      under pressure through the port 269 will force the lift sleeve 262
      downwardly with respect to the tubular floating plunger 260 as previously
      pointed out. It should be borne in mind when the operation of the machine
      is set forth in detail subsequently, that when either oil port 267 or 269
      is employed as an inlet port to admit oil to the chamber 268, the other
      port will function in the manner of an outlet port to allow oil to escape
      from said chamber.
PAR  As shown in FIG. 2 of the drawings, the lift sleeve 262 of the ram assembly
      34 carries a horizontal bar 274 from which there project upwardly a pair
      of pilot or leader pins 276. The latter are designed for cooperation with
      the aforementioned holes 122 which are associated with the superjacent
      drag flask section 20 as shown in dotted lines in FIG. 1. When the leader
      pins 276 are shifted upwards into the holes 122, the superjacent drag
      flask section 20 is held against lateral displacement with respect to the
      ram assembly 34.
PAC  THE UPPER PLATEN ASSEMBLY
PAR  As previously stated, the ram assembly 34 cooperates with the upper platen
      assembly 35 (see FIG. 2) during flask-handling operations at the working
      station WS and particularly during the squeeze operation wherein the lower
      squeeze plate 252 compresses the previously compacted sand in the
      associated cope and drag flask sections as shown in FIGS. 17 and 18 of the
      drawings. This upper platen assembly 35 includes a fixed or stationary
      platen proper or upper squeeze plate 280 which is supported in the upper
      region of the machine framework 14 and normally is encompassed by a
      rectangular cope upset frame 284. The lower rim of said cope upset frame
      is designed for edge-to-edge engagement with the upper rim of the
      subjacent cope flask section 18 during the squeeze operation as shown in
      FIG. 18. The cope upset frame 284 is vertically slidable on a pair of
      vertically extending guide rods 286 (see FIG. 2), and immediately after
      the squeeze operation, two double-acting hydraulic cylinders 288 having
      vertically-slidable plungers 290 associated therewith are adapted to be
      actuated to restore the cope upset frame 284 to its upper retracted
      position as shown in FIGS. 12, 19, 20, 21 and 22. When the cylinders 288
      are reversely or oppositely actuated, the plungers 290 slide downwards
      with the result that the cope upset frame 284 is shifted downwards into
      the position in which it is shown in FIGS. 13 to 17, inclusive.
PAC  THE FLASK-STRIPPING MECHANISM
PAR  The stripping mechanism which is disposed at the mold-stripping station SS
      is illustrated in FIGS. 1, 2, and 24 to 32, inclusive. It is adapted
      effectively to receive in a separated condition a pair of sand-filled and
      compacted cope and drag flask sections 18 and 20 after such pair has been
      moved throughout a 90.degree. arc from the core-setting station CS, to
      bring the two separated flask sections together in order to assemble or
      unite the cope and drag sand mold parts (designated cm and dm in the
      drawings) which are contained in the flask sections 18 and 20,
      respectively, to provide a bottom board support for the assembled mold,
      and finally to push the assembled flask sections bodily as a unit from the
      assembled composite sand mold cm and dm, leaving the latter resting on the
      bottom board.
PAR  During the following discussion of the flask-stripping mechanism at the
      stripping station SS, it should be borne in mind that this mechanism as
      disclosed in FIGS. 24 to 32 is purely schematic in its representation and
      the disclosure of these views does not necessarily correspond to the
      structural details of FIGS. 1 and 2.
PAR  Referring now particularly to FIGS. 1 and 2 of the drawings, the
      flask-stripping mechanism involves in its general organization a pair of
      vertical guide rods 300, the latter being disposed in spaced apart
      relationship transversely of the stripping station SS and also being
      supported at their upper and lower ends by angle brackets 302 and 304
      which are fastened, respectively, to the intermediate transverse bars 72
      and 70 of the machine framework 14. Slidable vertically on the guide rods
      300 is a stripping carriage 306 which comprises a horizontal platform 308.
      The latter is provided at its inner corners with two tubular guide sleeves
      310 which encompass the guide rods 300 and slide vertically thereon. The
      carriage 306 is vertically shiftable under the control of a vertically
      slidable plunger 311 which is associated with the aforementioned
      hydraulically-operable primary stripping cylinder 36. The carriage 306
      further includes or comprises on the upper surface of the platform 308 a
      pair of spaced apart, horizontally extending skids 312, the latter being
      adapted successively to receive thereon the aforementioned bottom boards
      24 (see FIG. 33) as they are fed thereto from the stack S under the
      control of the ejector mechanism 30. The skids 312 serve to maintain the
      boards 24 in an elevated position above the effective level of the
      platform 308. Additionally, the carriage 306 serves to support the
      aforementioned four secondary flask-stripping cylinders 38. The latter
      depend below the platform 308 of the carriage 306 and have
      vertically-slidable stripping plungers 316 which project vertically
      upwardly above the effective level of said platform and which, normally,
      in their retracted position, underlie the effective level of the skids
      312. Upon energization of the secondary cylinders 38, the plungers 316 are
      adapted to be projected upwardly to the position wherein they are
      illustrated in FIGS. 28, 29 and 30 so that the upper or distal ends
      thereof are disposed above the level of the skids 312 for the purpose of
      engaging and raising the superjacent cope flask section 18 for
      flask-stripping operations as will be made clear presently when the
      operation of the machine is described hereafter.
PAR  The carriage 306 is shiftable vertically upwardly on the guide rods 300
      from the lowered position in which it is shown in FIGS. 2 and 24 wherein
      the bottom board 24 is disposed an appreciable distance below the level of
      the superjacent drag flask section 20 which has been brought into position
      at the stripping station SS by the lower turntable spider 82 of the
      turntable 16 in order that such bottom board will pick up the drag flask
      section 20 and force it upwardly against the superjacent cope flask
      section 18 and then carry both flask sections further upwardly so that the
      thus assembled mold parts cm and dm within the two flask sections will be
      projected against the aforementioned stationary reaction platen 26 and
      held there while the plungers 316 of the cylinders 38 perform their
      flask-stripping operation. The platen 26 is fixedly mounted on a bracket
      318 (see FIG. 2) which is suitably mounted on the side bars 64 of the
      machine framework 14. Such vertical movement of the carriage is effected
      under the control of the aforementioned hydraulically-operable primary
      cylinder 36, the latter being fixedly secured to the upper portions of the
      corner posts 68 of the framework 14 by means of a clamping bracket 319.
PAC  THE BOTTOM BOARD FEEDING AND MOLD-EJECTING MECHANISM
PAR  Referring now to FIGS. 1, 33 and 34 of the drawings, the previously
      mentioned bottom board feeding and moldejecting mechanism 30 is in the
      vicinity of the stripping station SS and includes a bottom board
      supporting feed table 320 which is positioned on one side of the machine
      10, and a mold-receiving discharge table 322 on the opposite side of the
      machine, both tables straddling said stripping station of the machine as
      shown in FIGS. 1, 3, 33 and 34. The table 320 is provided with legs 324
      and serves to support a pair of spaced apart, horizontally extending skid
      rails 326 at substantially the same horizontal level as that of the skids
      312 on the platform 308 of the vertically movable carriage 306 when the
      latter is in its lowermost position.
PAR  The table 320 of the mechanism 30 serves to support a stacking frame 328
      for the previously mentioned stack S of bottom boards 24, and also to
      support the hydraulically-operable ejecting cylinder 40. The cylinder 40
      is secured to the outer or far end of the table 320 by a bracket 322 and
      is positioned so that a horizontally extending and slidable pick-off
      plunger 334, which is associated therewith and normally assumes the
      retracted position in which it is shown in FIG. 33, is adapted, when
      extended in successive actuations, to engage the lowermost bottom board 24
      in the stack S and impel the same inwardly along the skid rails 326 and
      ultimately onto the skids 312 on the platform 308 of the carriage 306 at
      the stripping station SS. The outer end of the plunger 334 of the cylinder
      40 carries two spaced apart rollers 335 which ride on two horizontal guide
      rails 336 which are carried by and suspended from the feed table 320. The
      rollers 335, while traveling on the guide rails 336, establish the proper
      level for the plunger 334 so that only the lowermost bottom board 24 in
      the stack S will be engaged at the time the plunger is projected in
      response to actuation of the cylinder 40.
PAR  It is to be noted that during any given projection of the plunger 334, a
      bottom board 24 is pushed from beneath the stack S to a dwell position
      where it remains momentarily on the skid rails 336. Thereafter, during the
      next succeeding projection of the plunger, a second bottom board is pushed
      from beneath the stack so that it engages the first board and causes the
      latter to be pushed forwardly or inwardly onto the aforementioned skids
      312. After the first board has performed its function of raising the
      associated cope and drag flask sections 18 and 20 and the other
      flask-handling operations at the stripping station SS have been completed,
      thus resulting in the positioning of the assembled composite sand mold on
      the first bottom board 24 as shown in FIG. 33, a third bottom board is
      pushed from beneath the stack S and the second board then engages the
      first board and slides the same from the skids 312 onto the discharge
      table 322 which, as previously pointed out, is positioned alongside the
      machine 10. At this point, the second board is positioned on the carriage
      306 in readiness for the similar operations at the station SS. From the
      discharge table 322, the bottom boards 24 with the assembled composite
      sand molds thereon may be manually or otherwise successively removed.
PAC  OPERATION OF THE MACHINE
PAC  General Considerations
PAR  In reciting the operation of the present sand mold-forming machine, since
      the four paired cope and drag mold flask sections 18 and 20 shift
      simultaneously in a circular path throughout an arc of 90.degree. during
      each indexing operation of the turntable 16, with each pair of flask
      sections returning to its original position at the end of a complete
      machine cycle, it will be considered that one complete machine cycle
      involves four such indexing operations with a complete revolution of each
      pair of flask sections taking place about the central vertical axis of the
      turntable. Considerably the machine at the time any given run of composite
      sand molds is to be effected and with four pairs of empty flask sections
      in the machine at the four stations WS, CS, SS and DS, the first quarter
      cycle involves handling of a pair of flask sections at the working station
      SS to the point where the sand blow operation is effected, and then
      further handling of such sections to the point where the completed cope
      and drag sand mold parts are contained in the spider-supported cope and
      the drag flask sections 18 and 20, followed by the shifting of the pair of
      sand-filled and compacted cope and drag flask sections 18 and 20 from the
      working station WS to the core-setting station CS, the shifting of a
      second pair of initially empty flask sections from the core-setting
      station CS to the stripping section SS, the shifting of a third pair of
      initially empty flask sections from the stripping station SS to the idle
      or dwell station DS, and the shifting of a fourth pair of initially empty
      flask sections from the dwell section DS to the working station WS to
      replace the first pair of flask sections which were transferred in a
      sand-filled and compacted condition from such station to the core-setting
      station CS.
PAR  The second quarter cycle of machine operation involves the production of a
      second pair of mold parts at the working station WS followed by transfer
      thereof to the core-setting station CS; the manual setting of a core at
      the core-setting station by placing the core on the formed drag mold part
      then at such station, and the transfer of the mold parts with the set core
      to the stripping station SS; the transfer of an initially empty pair of
      mold sections from the moldstripping station SS to the dwell station DS;
      and the transfer of an initially empty pair of mold sections from the
      dwell station DS to the working station WS.
PAR  The third quarter cycle of machine operation involves the production of a
      third pair of cope and drag mold parts at the working station WS and their
      transfer to the coresetting station CS: the transfer of the second pair of
      juxtapositioned core-equipped mold parts and their respective separated
      flask sections from the core-setting station to the stripping station; the
      assembly of a pair of mold parts, the placement of the assembled mold on a
      bottom board at the stripping station, the ejection of the bottom board
      and mold from the machine at the stripping station; and the transfer of a
      pair of empty flask sections to the dwell station; and the transfer of a
      pair of empty flask sections from the dwell station DS to the working
      station WS.
PAR  The fourth quarter of the machine cycle involves the production of a fourth
      pair of mold parts at the working station WS and transfer thereof to the
      core-setting station CS; the setting of a core in the juxtapositioned
      third pair of mold parts at the core-setting station and the transfer
      thereof to the stripping station SS; the assembly of the second pair of
      mold parts; the ejection of the second mold on a bottom board at the
      stripping station, and the transfer of the empty flask sections to the
      dwell stations; and the transfer of empty flask sections from the dwell
      station to the working station WS.
PAR  Because the machine commenced its operation with four pairs of empty cope
      and drag flask sections 18 and 20, only two completed composite molds were
      discharged  from the machine at the stripping station Ss during this first
      cycle of operation. However, with filled flask sections remaining at the
      core-setting station CS and with filled flask sections remaining at the
      stripping station at the end of the first complete molding machine cycle,
      the second cycle, as well as all succeeding cycles, will be productive of
      four complete molds, each positioned on a bottom board.
PAC  Turntable-Indexing Operations
PAR  As previously pointed out, turntable indexing operations take place at the
      end of each quarter-cycle of machine operation although the net result
      would be substantially the same if such operations were caused to take
      place at the beginning of each quarter cycle. Such turntable indexing is
      initiated by energizing the hydraulic cylinder unit 228 at the distal end
      of the Geneva drive arm 226 (see FIGS. 1, 2 and 4) in order to project the
      roller-equipped, spring-biased shot pin 230 into the guideway or guide
      slot which exists between the anti-friction wear liners 210 of the
      adjacent lower spider arm 182, after which the Geneva actuator 33 is
      supplied with oil under pressure in order to actuate the same and effect
      swinging movement of the Geneva drive arm 226 in a counterclockwise
      direction and consequent swinging movement of the associated or adjacent
      spider arm 182 in a clockwise direction in the usual manner of
      conventional Geneva drive mechanisms, thus causing the turntable 16 as a
      whole to rotate throughout an angle of 90.degree.. At the end of the
      Geneva arm movement, the cylinder 240 (see FIG. 2) is actuated so as to
      cause the shot pin 216 to be projected upwardly into the adjacent and
      overlying locating socket 212, thus locking the turntable in its indexed
      position. In such position, two adjacent pairs of upper and lower spider
      arms 180 and 182 are in proper position at the working station WS for
      flask-handling movements at such station.
PAC  Machine Functions at the Working Station
PAR  A schematic representation of the various machine functions which take
      place at the working station WS is illustrated in FIGS. 12 to 21,
      inclusive. In these views, substantially all of the machine framework has
      been omitted in the interests of clarity and the representation of the
      cope flask section 18, the drag flask section 20, and the match plate 22
      has been simplified by the omission of such flask or match plate adjuncts
      as the flask-supporting flanges, vents or screen units, blow slots, leader
      pins, and the like. Furthermore, no portions of the flask-supporting
      spider arms 180 and 182 have been shown.
PAR  In the start position of the molding machine 10, all of the components of
      the arm assembly 34 assume the positions in which they are shown in FIG.
      12 and at the commencement of any given machine cycle, oil under pressure
      is admitted to the port 267, thus causing the lift sleeve 262 (lower drag
      flask section extension) to rise relatively to the lower squeeze platen
      252 to the position of FIG. 13. At the same time, the cylinders 288 are
      actuated to lower the rods 290 and cause corresponding movement to the
      cope upset frame 284. The associated cope and drag flask sections 18 and
      20 remain supported, respectively, on the upper and lower turntable
      spiders 80 and 82. Oil under pressure is then admitted to the port 258 at
      the lower end region of the vertically extending cylinder body 254, thus
      driving or forcing the central lift plunger 250 upwardly and causing the
      lift sleeve 262 and said plunger 250 to rise in unison so that the rim of
      the rectangular wall or drag upset 264 forming part of the lift sleeve 262
      (drag flask section extension) engages the lower rim of the superjacent
      flask section 20 as shown in FIG. 14. Continued upward movement of the
      lift sleeve 262 and the plunger 250 in unison raises the superjacent drag
      flask section 20 and brings the upper rim thereof into engagement with the
      lower surface of the match plate 22 as also shown in FIG. 14. As the lift
      plunger 250 and the lift sleeve 262 rise still further, the match plate 22
      is forced upwardly so as to engage the lower rim of the
      turntable-supported superjacent cope flask section 18 as shown in FIG. 15.
      The supply of oil under pressure to the port 258 is continued until the
      lift plunger 250, the lift sleeve 262, the drag flask section 20, the
      match plate 22, and the cope flask section 18 have all moved upwardly to
      bring the upper rim of the cope flask section into engagement with the
      lower rim of the cope upset frame 284 as shown in FIG. 16.
PAR  At this time, the blow operation is initiated by blowing sand
      simultaneously through two distribution heads 350 and 352 (see FIG. 17)
      into the mold cavities in the two flask sections 18 and 20. The
      distribution head 350 extends downwards through the upper squeeze plate
      280, and the distribution head 352 extends laterally through the blow slot
      130 in one of the end walls 110 of the drag flask section 20. The blowing
      of sand is continued until the two mold cavities within the two flask
      sections are filled and the blown sand is compacted in a preliminary
      manner in said flask sections. During the blow operation, the lower drag
      section squeeze plate 252 is located in place by the column of oil in the
      lower interior portion of the cylinder body 254, the lift sleeve 262 is
      located in place or against vertical displacement by the trapping of oil
      under pressure in the upper portion of the chamber 268 and the cope upset
      frame 284 is locked against vertical displacement by locking the plungers
      290 in their down position through the medium of proper operation of the
      double-acting cylinders 288.
PAR  The manner in which sand issuing from the hopper 76 is caused to pass
      through the shut-off gate mechanism 78 and the magazine 75 is not
      illustrated in the drawings, only the distribution heads 350 and 352 being
      disclosed. These sand-feeding instrumentalities are substantially the same
      as corresponding instrumentalities which are shown and described in
      aforementioned U.S. Pat. No. 3,648,759 and reference may be had to such
      patent for a full understanding of such instrumentalities.
PAR  After completion of the blow operation and the cavities in the two flask
      sections have been filled with compacted sand, the oil pressure at the
      port 267 is relieved, while at the same time the oil pressure in the two
      hydraulic cylinders 288 is also relieved. At this time, continued upward
      movement of the lift plunger 250 and the lower squeeze plate 252 causes
      further compacting or compressing of the sand in the drag flask section
      cavity against the match plate 22 which, in turn, further compacts or
      compresses the sand in the cope flask section cavity against the upper
      platen or squeeze plate 280, thereby-effecting the squeeze operation and
      producing completed cope and drag mold parts cm and dm in the mold
      cavities in the drag and cope flask sections. In connection with this
      squeeze operation, it is to be noted that a sprue 354 (see FIGS. 12 to 22,
      inclusive) which establishes the usual sprue passage leading to the upper
      mold part cm is of a telescopic nature in order that it will not be
      pinched between the aforementioned upper pattern part 140 and the upper
      platen or squeeze plate 280.
PAR  The aforementioned squeeze operation is followed by actuation of the
      cylinders 288 so as to move upwards the cope upset frame 284 (see FIG. 19)
      and also to effect a pattern draw operation whereion oil pressure at the
      port 258 is relieved while oil under pressure is supplied to the port 269.
      This has the effect of causing downward retraction of the lift sleeve 262
      with respect to the lower or drag squeeze plate 252 and also causing the
      lift plunger 250 and its associated squeeze plate 252 and tubular floating
      plunger 260 to shift downwardly, thus lowering the two flask sections 18
      and 20, together with the now-completed cope and drag mold parts cm and
      dm, away from the upper platen or squeeze plate 280 as shown in FIG. 19.
PAR  As shown in FIG. 20, continued downward movement of the lift plunger 250
      causes the cope flask section 18 and its contained cope mold part cm to
      come to a position of rest on the adjacent pair of upper spider arms 180
      and assume the position in which it is shown in FIG. 20 while the lower
      drag flask section 20 together with its contained drag mold part dm
      continues to be lowered. Further downward movement of the lift plunger 250
      brings the match plate 22 to a position of rest on the match plate
      supporting bracket 152 as shown in FIG. 20, while still further downward
      movement of the lift plunger brings the drag flask section 20 to a
      position of rest on the adjacent pair of lower spider arms 182 and the
      various flask and ram components assume the positions in which they are
      shown in FIG. 21. It is to be noted that, in this view, the variations
      flask and match plate positions, as well as the condition of the ram
      assembly 34, are identical with the disclosure of FIG. 12 except for the
      fact that in FIG. 12 the flask sections 18 and 20 are empty. However, at
      the completion of the first quarter cycle of machine operation, the cope
      and drag flask sections 18 and 20 with the cope and drag mold parts cm and
      dm therein will be shifted out of the working station WS while an empty
      pair of flask sections will be conducted into such station as shown in
      FIG. 22, this latter view representing the positions of the flask sections
      at approximately 135.degree. in the 360.degree. total machine cycle.
PAC  Machine Functions at the Core-Setting Station
PAR  At the end of the first quarter cycle of machine operation and after the
      mold parts and the flask sections which encompass them have been
      transferred to the core-setting station CS as shown in FIG. 23, no
      automatic flask handling or other operation take place, such station
      constituting, in effect, a dwell area where, if desired, a core such as
      the core 360 may be manually positioned in place on the drag mold part dm
      while the latter's encompassing drag flask section 20 rests on the two
      adjacent lower spider arms 182, it being understood that when the two
      flask sections are disposed at the core-setting station CS, the cope flask
      section 18 is in raised or separated relation with the drag flask section
      20. The only machine function which occurs at this staion CS is a movement
      of the flask sections 18 and 20 into such station at the end of the first
      quarter machine cycle and a movement of these flask sections away from the
      station CS at the commencement of the second quarter cycle of machine
      operation.
PAR  It is to be noted at this point that, unlike a conventional match plate
      molding machine where core setting operations are performed at a main
      working station where vertical flask movements are carried out in the
      performance of the squeeze and other operations, the core setting
      operation of the present machine is carried out at a region remote from
      the working station where the cope and drag flask sections are fixedly
      supported at different levels and are thus incapable of closing upon each
      other so that there will be no danger to the hands of the operator
      incident to closing of the mold flask sections upon each other.
PAC  Machine Functions at the Stripping Station
PAR  Referring now to FIGS. 24 to 32, inclusive, FIG. 24 represents the
      positions of the machine parts at the commencement of the third quarter
      machine cycle. At this time, the bottom board supporting platform 308 of
      the vertically-movable carriage 306 remains in its lowermost position with
      a pre-positioned bottom board 24 resting on the skids 312 while the
      mold-containing flask sections 18 and 20 are disposed in their spaced
      apart positions on the adjacent pairs of upper and lower spider arms 180
      and 182 which support them.
PAR  Flask-handling operation at the mold-stripping station SS are commenced by
      supplying oil under pressure to the primary stripping cylinder 36 so as to
      retract the plunger 311 thereof, thereby raising the platform 308 unti the
      bottom board 24 thereon engages the underneath surface or side of the drag
      pattern part dm as shown in FIG. 25. Continued upward movement of the
      platform 308 causes the drag flask section 20 to be raised by the bottom
      board 24, which at the time functions in the manner of a lifting platen,
      so that the two flask sections 18 and 20 become "closed" on each other and
      the mold parts cm and dm become united or assembled to create the
      completed composite sand mold as shown in FIG. 26. Still further upward
      movement of the platform 308 is a prearranged gentle manner brings the
      upper face of the assembled composite mold into engagement with the
      reaction platen 26 as shown in FIG. 27, upward movement of the two
      abutting flask sections in a gentle manner is required in order to prevent
      the mold from being crushed between the board 24 and the plaen 26, when
      the completed sand mold is in the position shown in FIG. 27 the plunger
      311 of the cylinder 36 is fully retracted.
PAR  With the platform 308 in the position in which it is illustrated in FIG.
      27, the complete composite mold is clamped under very low pressure between
      the bottom board 24 and the reaction platen 26 and, at this time, the four
      secondary stripping cylinders 38 are supplied with oil to extend upwardly
      the plungers 316 thereof as shown in FIG. 28, thus forcing the drag and
      cope flask sections 20 and 18 upwardly and stipping them both from the
      mold. Thereafter, the primary cylinder 36 is actuated to lower the
      platform 308 with the plungers 316 still extended as shown in FIG. 29.
PAR  As soon as the cope flask section 18 reaches the effective level of the
      adjacent pair of spider arms 180 at the mold-stripping station SS, this
      flask section 18 is deposited on such arms and the platform 308, the drag
      flask section 20 and the mold continue downwardly with the four plungers
      316 still extended as shown in FIG. 30. When the drag flask section 18
      reaches the effective level of the adjacent pair of lower spider arms 182,
      this flask section likewise is deposited on such spider arms while the
      platform 308 with the mold thereon continues its downward movement until
      the plunger 311 becomes fully extended and the parts assume the positions
      in which they are shown in FIGS. 31 and 32. At this time, the bottom board
      on the platform 308 has attained the same horizontal level as that of the
      lowermost board of the stack S on the stacking frame 326. At this point in
      the third quarter of the machine cycle, bottom board and mold ejection
      operations take place.
PAC  Mold-Ejecting Operations
PAR  Bottom board and mold-ejection operations are performed while the platform
      308 and the complete composite mold thereon remain in their lowermost
      positions of rest as shown in FIGS. 32 and 34 and immediately prior to
      performance of the turntable-indexing operation which completes this third
      quarter of the machine cycle. Ejection is accomplished by energizing the
      ejection cylinder 40 to project the plunger 334 and thus slide the
      lowermost bottom board 24 and in the stack S along the skid rails 326 to a
      position of rest. During such sliding movement of the bottom board 24, the
      preceding board is pushed forwardly into the mold-stripping station SS in
      order to replace the mold-supporting bottom board on the skids 312 and
      this latter bottom board, together with the mold which is carried thereby,
      is ejected or pushed onto the discharge table 322. A subsequent indexing
      operation of the turntable 16 and its associated spiders 80 and 82 serves
      to transfer the empty flask sections 18 and 20 from the stripping station
      SS to the dwell station DS as heretofore described.
PAC  Machine Functions at the Dwell Station
PAR  The only functions which take place at the dwell station DS are selective
      functions which may be manually performed on the flask sections 18 and 20
      if desired. These may consist of flask section removal for the purpose of
      cleaning or replacement or for inspection of machine parts during the
      dwell period. Otherwise, the postions of the cope and drag flask sections
      18 and 20 on their respective spider arms 180 and 182 are not disturbed
      and these flask sections await a turntable-indexing operation at the end
      of the third quarter of the machine cycle for transfer thereof back to the
      working staton WS in an empty condition.
PAR  It will be understood that during each quarter cycle of machine operation
      as outlined above, the successively described machine functions are not
      the only functions which are performed at the stated times. In each of the
      four stations WS, CS, SS and DS, flask-handling or other operations are
      taking place simultaneously so that a pair of empty flask sections 18 and
      20 enter the working station WS while a completely assembled mold is
      ejected from the stripping station SS.
PAC  The Assembled Mold
PAR  As is the case in connection with conventional match plate molding
      machines, for example, the machines of the aforementioned U.S. Pat. Nos.
      3,229,336 and 3,648,759, the individual cope and drag mold parts cm and dm
      come into existence during the blow operation which is illustrated in FIG.
      17 and are completed by the squeeze operation which is illustrated in FIG.
      18. It is to be noted that at this time, mold section cavities 370 and 372
      (see FIGS. 20 and 21) are established in the cope and drag mold parts cm
      and dm, as also is a sprue channel or gate 374 which leads to the mold
      cavity 370 in the cope mold part cm. In the assembled mold, the two mold
      cavities 270 and 272, in combination with each other, establish a casting
      cavity into which molten metal ultimately is introduced through the sprue
      channel or gate 374.
PAR  The invention is not to be limited to the exact arrangement of parts shown
      in the accompanying drawings or described in this specification, nor to
      the specific order of the heretofore set forth machine functions, since
      various changes in the details of construction and in such order of
      machine functions may be resorted to without departing from the spirit or
      scope of the invention. For example, whereas in describing each quarter
      cycle of machine operation, it has been considered that turntable-indexing
      operations take place near the end of each quarter cycle. If desired, any
      given machine cycle may be considered to commence with an immediate
      indexing operation of the turntable, after which the remainder of the
      cycle will involve the various flask-handling or other operations set
      forth herein. Additionally, whereas the support 152 for the match plate 22
      is shown herein as being a fixed support, under certain circumstances, it
      may be found desirable to provide a shiftable support by means of which
      different patterns may be "shuttled" into and out of position within the
      working station WS. Such a shiftable support may carry two or more
      patterns which are selectively positionable in the working station, either
      under manual or hydraulic control. Still further, it is contemplated that
      under certain circumstances, it may be found desirable to omit the dwell
      or idle stations DS and cause the working station WS, the core-setting
      station CS, and the mold-stripping station SS to assume positions which
      are circumferentially and equally spaced about the vertical axis of the
      turnable 16, in which case the Geneva drive mechanism would be designed to
      impart 120.degree. increments of rotation to the latter. Therefore, only
      insofar as the invention is particularly pointed out in the accompanying
      claims is the same to be limited.
CLMS
STM  Having thus described the invention what we claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. In a cyclicly-operable mold-forming machine for simultaneously producing
      cope and drag mold parts and thereafter assembling them to produce a
      composite mold, in combination, a framework establishing a working station
      where the mold parts are produced and a stripping station where said mold
      parts are assembled, a fixed match plate support located at said working
      station, a pattern-carrying match plate associated with said support,
      upper and lower squeeze plates positioned above and below said support, an
      upper reaction platen and a lower lifting platen located at said stripping
      station, a flask carrier having a pair of upper and lower vertically
      spaced and relatively fixed flask supports, cope and drag flask sections
      normally and removably resting by gravity on said flask supports
      respectively and positioned in spaced apart relation, said carrier being
      movable between a first position at said working station wherein said
      flask supports straddle the match plate support and a second position at
      said stripping station wherein said flask supports are interposed between
      said platens, means located at said working station and operative when the
      carrier is in its first position to lift the match plate and the flask
      sections vertically from their respective supports, to assemble said match
      plate and flask sections to define upper and lower flask cavities on
      opposite sides of the match plate, to introduce sand .Iadd.by air under
      pressure .Iaddend.into such cavities .Iadd.simultaneously while the cope
      flask section is in overlying relation with the drag flask section
      .Iaddend.and .Iadd.then .Iaddend.compress the .[.same.]. .Iadd.sand in
      said cavities in order .Iaddend.to produce cope and drag mold parts within
      the flask sections, and to restore the match plate and also the flask
      sections with the mold parts therein to their normal positions on their
      respective supports, means located at said stripping station and operative
      when the carrier is in its second position to move said flask sections and
      platens relatively to one another so as to lift the flask sections
      vertically from their respective supports, to assemble said flask sections
      upon each other in order to establish the composite mold, to force the
      mold from the flask sections, and to restore the empty flask sections to
      their normal positions on their respective supports, and means for
      successively moving said carrier between said first and second positions.
NUM  2.
PAR  2. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 1 and wherein said carrier is in the form of a rotary turntable
      mounted on said framework midway between said stations, said flask
      supports are eccentrically disposed on and movable bodily with said
      turntable, and said means for successively moving said carrier between its
      first and second positions comprises an intermittent unidirectional
      driving mechanism for the turntable.
NUM  3.
PAR  3. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 1 and wherein said carrier is in the form of a rotary turntable
      mounted on said framework midway between said stations, said flask
      supports are eccentrically disposed on and movable bodily with said
      turntable, said framework further establishes a core-setting station and a
      dwell station, the working, core-setting, stripping and dwell stations are
      quadrilaterally disposed about said turntable, and said means for
      successively moving the carrier is in the form of an indexing mechanism
      which is effective during each actuation thereof to rotate the turntable
      unidirectionally throughout an angle of 90.degree. whereby said flask
      supports, in moving from the working station to the stripping station, are
      caused to dwell at the core-setting station in order to permit a core to
      be inserted between the separated cope and drag mold parts, and in moving
      from the stripping station to the working station are caused to dwell at
      the dwell station.
NUM  4.
PAR  4. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 1 and wherein said carrier is in the form of a rotary turntable
      mounted on said framework, said flask supports are eccentrically disposed
      on and movable bodily with said turntable, said framework further
      establishes a core-setting station, said working station, core-setting
      station and stripping station are circumferentially spaced about said
      turntable, and said means for successively moving the carrier is in the
      form of an indexing mechanism which is effective upon successive
      actuations thereof to move said carrier from the working station to the
      core-setting station, from the core-setting station to the stripping
      station, and from the stripping station back to the working station.
NUM  5.
PAR  5. In a cyclicly-operable mold-forming .[.mechanism.]. .Iadd.machine
      .Iaddend.for simultaneously and successively producing cope and drag mold
      parts and thereafter assembling such parts to produce a composite mold, in
      combination, a framework establishing a working station where the mold
      parts are produced and a stripping station where said mold parts are
      assembled, a match plate support located at said working station, a
      pattern-carrying match plate resting normally on said support, and upper
      and lower squeeze plates above and below said support, an upper reaction
      platen and a lower lifting platen located at said stripping station, a
      rotatable turntable mounted on said framework midway between said
      stations, a plurality of pairs of upper and lower vertically spaced and
      relatively fixed flask supports eccentrically mounted on said turntable in
      circumferentially spaced relationship, cope and drag flask sections
      normally resting by gravity respectively on each pair of upper and lower
      supports, means for successively indexing said turntable throughout a
      predetermined degree in order to bring one pair of flask supports into
      vertical register with said match plate at said working station with the
      flask sections thereon straddling said match plate and simultaneously to
      interpose another pair of flask supports between said platens at the
      stripping station, means at said working station and operative in between
      turntable-indexing operations to move said match plate, the flask sections
      which straddle the same, and the squeeze plates relatively to one another
      and in such manner as to lift said match plate and flask sections
      vertically from their respective supports, to assemble said match plates
      and flask sections to define upper and lower flask cavities on opposite
      sides of the match plate, to introduce sand .Iadd.by air under pressure
      simultaneously .Iaddend.into such cavities and .Iadd.then
      .Iaddend.compress the .[.same.]. .Iadd.sand .Iaddend.in the cavities to
      produce cope and drag mold parts within the flask sections, and to restore
      the match plate and flask sections with the mold parts therein to their
      normal positions on their respective supports, and means at said stripping
      station and effective in between turntable-indexing operations to move
      said flask sections and platens relatively to one another so as to lift
      the flask sections vertically from their respective supports, to assemble
      the flask sections with the mold parts thereon upon each other and thus
      establish a composite mold, to force the latter from the assembled flask
      sections, and to restore the empty flask sections to their normal
      positions on their respective supports.
NUM  6.
PAR  6. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 5 and wherein the pairs of upper and lower flask supports on the
      turntable are four in number and are disposed on the turntable in
      quadrilateral relationship, the indexing means for the turntable is
      effective during each indexing operation to rotate the turntable
      unidirectionally throughout an angle of 90.degree., and the working
      station and stripping station are disposed on opposite sides of the
      turntable in diametrically opposed relationship.
NUM  7.
PAR  7. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 6 and wherein said turntable comprises a vertically disposed
      column, and vertically spaced upper and lower turntable spiders mounted on
      the column, the spiders include each a series of four radially diverging
      spider arms on which said flask supports are mounted, and each flask
      section extends in chordal fashion on, and bridges the distance between,
      two adjacent spider arms.
NUM  8.
PAR  8. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 7 and wherein each flask support is provided with .Iadd.at least
      one .Iaddend.upstanding leader .[.pins.]. .Iadd.pin .Iaddend.which
      .[.project.]. .Iadd.projects .Iaddend.into .Iadd.a .Iaddend.pilot
      .[.holes.]. .Iadd.hole .Iaddend.in associated relation with the
      .[.corresponding.]. .Iadd.associated .Iaddend.flask .[.sections.].
      .Iadd.section .Iaddend..[.for establishing.]. .Iadd.whereby
      .Iaddend.precise circumferential and radial positioning of the flask
      sections on their respective turntable spiders .Iadd.is
      established.Iaddend..
NUM  9.
PAR  9. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 7 and wherein the means for successively indexing said turntable
      comprises a Geneva drive mechanism which embodies a Geneva actuator
      mounted on said framework adjacent to the periphery of the turntable and
      having a vertically disposed oscillatory output shaft, and a Geneva arm
      having its proximate end fixedly secured to said output shaft and provided
      at its distal end with a retractable and extensible shot pin which is
      adapted, when extended, to be successively engageable with a series of
      elongated radially extending guide slots which are formed in said radially
      diverging spider arms of one of said turntable spiders, and the Geneva
      drive mechanism also embodies means for actuating said shot pin.
NUM  10.
PAR  10. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 9 and wherein the Geneva actuator of the drive mechanism
      underlies the plane of the lower turntable spider, and the guide slots are
      formed in the radially extending arms of said lower turntable spider.
NUM  11.
PAR  11. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 10 and wherein each spider arm of the lower turntable spider
      includes a pair of parallel side bars having anti-friction liners on their
      opposed sides, .Iadd.and .Iaddend.the liners establish the guide slots in
      such spider arms.
NUM  12.
PAR  12. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 10 and including, additionally, means at the distal end of each
      spider arm of the lower turntable spider establishing a turntable
      stabilizing socket, and an hydraulically-operable extensible and
      retractable shot pin movable mounted on the framework and adapted, when
      extended, selectively to enter one of said stabilizing sockets.
NUM  13.
PAR  13. In a cyclicly-operable mold-forming machine for simultaneously
      producing cope and drag mold parts and thereafter assembling them to
      produce a composite mold, in combination, a framework establishing a
      working station where the mold parts are produced and a stripping station
      where the said mold parts are assembled, a match plate support located at
      said working station, a pattern-carrying match plate associated with said
      support, upper and lower squeeze plates positioned above and below said
      support, an upper reaction platen and a lower lifting platen located at
      said stripping station, a flask carrier having a pair of upper and lower
      vertically spaced and relatively fixed flask supports, cope and drag flask
      sections normally resting on said flask supports respectively and
      positioned in spaced apart relation, said carrier being movable between a
      first position wherein said flask supports straddle the match plate
      support and a second position wherein said flask supports are interposed
      between said platens, means located at said working station and operative
      when the carrier is in its first position to establish successive stages
      of relative movement between the match plate, the flask sections, and the
      squeeze plates including a first stage wherein the drag flask section and
      the lower squeeze plate move upwardly so that said drag flask section,
      match plate and cope flask section are lifted successively from their
      respective supports and are assembled upon one another to define cope and
      drag flask cavities into which molding sand is blown
      .Iadd.simultaneously.Iaddend., a second stage wherein the lower squeeze
      plate alone moves upwardly and effectively compresses the sand in said
      cavities against the upper squeeze plate in order to produce cope and drag
      mold parts, and a third stage wherein the lower squeeze plate and said
      flask sections with the mold parts therein move downwardly to restore the
      cope flask section, the match plate and the drag flask section
      successively to their respective supports, .[.and.]. means located at said
      stripping station and operative when the carrier is in its second position
      to establish successive stages of relative movement between the flask
      sections and the platens including a first stage wherein the lifting
      platen moves upwardly so that the drag flask section with its contained
      drag mold part and the cope flask section with its contained cope mold
      part are lifted successively from their respective supports and assembled
      upon each other in order thereby to assemble the composite mold and clamp
      the latter between the lift and reaction platens, a second stage wherein
      the flask sections are moved upwardly to strip the same from the clamped
      mold, and a third stage wherein said lifting platen, flask sections and
      mold move downwardly so as to restore the cope and drag flask sections in
      an empty condition to their respective supports and carry the mold
      downwardly while resting on said lifting platen to a level below the drag
      flask section for lateral ejection from the stripping station.Iadd., and
      means for successively moving the carrier between its first and second
      positions.Iaddend..
NUM  14.
PAR  14. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 13 and wherein said lower lifting platen at the stripping station
      is in the form of a bottom board, and there is provided in the vicinity of
      said stripping station means for pushing said bottom board, together with
      the mold thereon laterally out of the stripping station.
NUM  15.
PAR  15. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 14 and wherein the means at the stripping station for effecting
      relative movement of the flask sections and platens embodies a vertically
      shiftable platform on which the bottom board rests, and the means for
      pushing the bottom board laterally out of the stripping station comprises
      an hydraulically-operable cylinder and plunger assembly positioned
      adjacent to the stripping station and including a plunger engageable with
      said bottom board when the latter is in its terminal lowermost position.
NUM  16.
PAR  16. In a cyclicly-operable mold-forming machine for simultaneously and
      successively producing cope and drag mold parts and thereafter assembling
      such parts to produce a composite mold, in combination, a framework
      including a pair of laterally spaced sides which are generally C-shaped in
      configuration and .[.presents.]. .Iadd.embody .Iaddend.horizontal upper
      and lower legs and vertical connecting bight portions, the region existing
      forwardly of the bight portions and between said upper and lower legs of
      said .[.side supports.]. .Iadd.sides .Iaddend.establishing a working
      station, a pair of laterally spaced vertical corner posts positioned
      forwardly of said .[.side supports.]. .Iadd.sides.Iaddend., an upper frame
      extending between said upper legs and the corner posts, and a lower frame
      extending between said lower legs and the corner posts, the region of said
      framework adjacent to and rearwardly of said corner posts establishing a
      stripping station, the regions on opposite sides of said framework and
      laterally outside the confines thereof establishing a pair of dwell
      stations, said stations being quadrilaterally arranged about a vertical
      axis substantially midway between said working and stripping stations, a
      turntable mounted for rotation about said vertical axis and including a
      central column, an upper spider and a lower spider, each spider including
      a series of four radially extending spider arms, adjacent arms extending
      at a right angle to each other and the arms of the upper spider extending
      parallel to and overlying the arms of the lower spider, a series of four
      cope flask sections normally supported in chordal fashion on said upper
      spider with their ends loosely resting on adjacent spider arms, a series
      of four drag flask sections similarly normally supported in chordal
      fashion on said lower spider and directly underlying the cope flask
      sections whereby the cope and drag flask sections are paired vertically,
      means for indexing said turntable successively through an angle of
      90.degree. whereby successive indexing operations of the turntable will
      cause the paired flask sections to travel in a circular path leading into
      and extending out of said stations, means operative immediately after each
      indexing operation for locking the turntable in a fixed position wherein
      each of said paired flask sections is effectively disposed at one of said
      stations, a match plate support fixedly disposed in said working station,
      a match plate normally resting on said support and adapted to be straddled
      by each pair of flask sections when the latter are disposed at the working
      station, means located at said working station and operative in between
      turntable-indexing operations, first, to lift the match plate and the two
      associated flask sections from their respective supports, then, to
      assemble said flask sections in order to define upper and lower flask
      cavities on opposite sides of the match plate, then, simultaneously to
      .[.introduce.]. .Iadd.blow .Iaddend.molding sand into such cavities.Iadd.,
      .Iaddend..[.and.]. .Iadd.then to .Iaddend.compress the .[.same.].
      .Iadd.sand .Iaddend.in said cavities in order to produce cope and drag
      mold parts, and finally, to restore the match plate and said associated
      flask sections with the mold parts therein to their normal positions on
      their respective supports, and means .Iadd.located .Iaddend.at said
      stripping station and operative in between turntable-indexing operations,
      first, to lift the associated flask sections .[.from.]. .Iadd.with
      .Iaddend.the mold parts therein from their respective supports, then, to
      assemble said flask sections upon each other in order to establish a
      composite mold, then, to force the composite mold from the assembled
      associated flask sections, and finally to restore the empty flask sections
      to their normal positions on their respective supports.
NUM  17.
PAR  17. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim .[.19.]. .Iadd.16 .Iaddend.and wherein each flask support is
      provided with upstanding leader pins which project into pilot holes which
      are associated with the .[.corresponding.]. .Iadd.associated
      .Iaddend.flask .[.sections.]. .Iadd.section .Iaddend..[.for
      establishing.]. whereby precise circumferential and radial positioning of
      the flask sections on their respective turntable spider arms .Iadd.is
      established.Iaddend..
NUM  18.
PAR  18. In a cyclicly-operable mold-forming machine, the combination set forth
      in claim 1 and wherein the cope and drag sections have associated
      respectively therewith cope and drag upsets which are in turn respectively
      associated with and movable relatively to the upper and lower squeeze
      plates.
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ABST
PAL  A device for regulating the driving torque and energy absorption in
      hydraulic energy absorbing means such as employed in aircraft arresting
      mechanisms, consisting in a liquid reservoir housing in which a bladed
      rotor is rotative, said rotor having its blades surrounded by fixed vanes
      of a curvature different from that of the blades of the rotor. A ring is
      mounted above the blades, the ring having an annular groove or channel in
      which a channel-shaped capsule is positioned, the capsule being adjustable
      up or down in the groove, a rotative adjustment ring is mounted on a part
      of the housing and an outer ring carries rods that enter the housing to
      contact with the capsule, and the outer ring has parts engaging in guide
      means on the inner ring, whereby rotative adjustment of the inner ring
      causes raising or lowering of the capsule with respect to the rotor
      blades.
BSUM
PAR  The present invention relates to hydraulic energy absorbing devices and
      especially those used for arresting aircraft, and in which devices liquid
      is pumped around a rotor and stator lattice, and the invention is
      concerned with a means for regulating the driving torque and energy
      absorption.
PAR  In hydraulic energy absorbing devices, the braking torque is substantially
      proportional to the square of the speed of the rotor, and the easiest way
      of regulating the torque at a given number of revolutions is to regulate
      the flow of liquid through the rotor and stator lattice.
PAR  One known method employs the expedient of baffling the flow between the
      rotor and stator lattice by means of a mechanical baffle in the form of a
      ring inserted completely or partially between the rotor and stator, either
      in front of or behind the rotor blades.
PAR  With this method however, it is not possible to vary the torque over the
      whole range, from zero to full torque, due to the fact that the liquid
      reservoir is forced to rotate with the rotor, it being necessary to apply
      energy to the rotor in order to compensate for friction in the liquid and
      between the liquid and the walls of the energy absorbing device. This
      provides a certain torque when the flow is fully baffled and a not
      insignificant moment of inertia upon acceleration.
PAR  This problem is solved by the present invention by reason of the fact that
      the blade lattice of the rotor with a fully choked absorbing device is
      encapsulated, whereby the liquid between the blades behaves as a solid
      body and the liquid in the liquid chamber of the absorbing device is
      practically unaffected by the rotation of the rotor, with the exception of
      negligible energy transmission because of friction between the rotor shaft
      and the liquid. In order to be able to regulate the flow of liquid, the
      rotor blades are either partially or fully exposed, thereby permitting the
      liquid to be pumped around the rotor-stator lattice at a rate of flow
      dependent on the degree to which the blades are exposed.
PAR  This regulating method provides a minimum of energy absorption with a fully
      encapsulated rotor and practically a linear variation of the braking
      .[.gorque.]. .Iadd.torque .Iaddend.as a function of the degree of
      encapsulation, which gives the same torque gradient throughout the entire
      regulating range and facilitates the dimensioning of the regulating
      system. Moreover, with this method there is obtained a minimum moment of
      inertia with a fully encapsulated rotor, which is extremely important when
      using energy absorbing devices of this type with aircraft arresting
      systems. The arrangement is also very suitable for use with absorbing
      devices of the so-called pre-rotating type with which the requirement
      .[.on.]. .Iadd.of .Iaddend.low idling torque is very high.
DRWD
PAR  The invention is illustrated in the accompanying drawing in which the
      FIGURE shows one-half in an external view and the other half in axial
      section.
DETD
PAR  The energy absorbing device includes a liquid reservoir housing 1 within
      which is journalled a shaft 2 which supports at the upper end thereof a
      belt drum 3 and at the lower end blades 4, which are combined to form a
      ring of blades surrounded by stationary guide vanes 5 forming a guide vane
      ring. The blade ring and the guide vanes of the guide vane ring are curved
      in opposite directions. The guide vanes are secured between the lower end
      wall of the reservoir housing 1 and a ring 6 provided with an annular
      recess for receiving an annular, U-shaped capsule 7, the limbs of which
      extend toward the blade ring 4. The capsule is capable of being moved
      axially whereby the blades 4 can be enclosed in the capsule 7 to a greater
      or lesser extent according to the axial position of the capsule.
PAR  The capsule 7 rests on rods 8, which in turn are attached to an axially
      movable ring 9 having guide rollers 10 running in an inclined groove 11
      located in a rotatable operating ring 12. By rotating the ring 12, the
      capsule can be caused to take a certain position, whereupon a quantity of
      liquid is encapsulated and accompanies the movement of the blades and a
      through flow area is formed which provides the desired torque and degree
      of energy absorption.
PAR  The capsule can be operated in many different ways. The ring 12 can be
      rotated if desired by means of an appropriate servo motor.
PAR  The position of the capsule can be controlled during the arrester landing
      sequence of an aircraft by assessing the position of the aircraft or by
      measuring the retardation and speed, the signals being processed in a
      regulating system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control device for regulating the driving torque and energy absorption
      in a hydraulic energy absorbent for aircraft arresting device and the like
      comprising a housing containing the liquid energy absorbent, a rotative
      shaft extending through said housing, said shaft supporting a series of
      radially arranged blades forming a ring adapted to rotate adjacent the
      bottom of said housing, a series of stationary vanes surrounding said
      blade ring within said housing, said blades and said vanes being curved in
      relatively opposite directions, a stationary ring member within said
      housing superposed on said vanes, an annular channel in said ring member
      having an annular recess facing said blades, an annular capsule having a
      generally U-shaped cross section reciprocably accommodated in said recess
      with the legs thereof adapted to slide over and cover said blades, said
      capsule engaging one end of a rod slidably engaging the bottom wall of
      said housing, the other end of said rod extending beyond said bottom wall
      and being connected to an axially adjustable member having guide means
      engaging an inclined groove located in a movable operating member
      connected to the bottom wall of said housing and being effective by
      movement thereof to adjust said rods to raise and lower said capsule over
      said blades whereby to control the torque from zero to maximum without
      liquid removal. .Iadd. 2. A control device for regulating the driving
      torque in a hydraulic device comprising a housing having an inner wall
      containing a liquid, a rotative shaft extending through said housing, said
      shaft supporting a series of radially arranged blades forming a blade ring
      adapted to rotate within said housing, a series of stationary vanes
      surrounding said blade ring and having a side connected to said inner wall
      to said housing, a ring member within said housing connected to a side of
      said stationary vanes remote from said inner wall of said housing, an
      annular channel in said ring member providing an annular recess facing
      said blades, an annular capsule removably accommodated in said recess and
      having legs adapted to slide over and cover said blades, capsule moving
      means with said capsule for moving it into and outside of said recess and
      over said blades whereby said legs are moved into and outside of said
      recess in said ring member and away from and over said blades whereby the
      torque created in said liquid by movement of said blades is varied from a
      maximum to zero without liquid removal. .Iaddend..Iadd. 3. A device as set
      forth in claim 2 wherein said capsule has a generally U-shaped
      cross-section to which said legs are attached. .Iaddend..Iadd. 4. A device
      as set forth in claim 2 wherein said moving means comprise a plurality of
      rods. .Iaddend..Iadd. 5. A device as set forth in claim 2 wherein said
      ring member is stationary and comprises a substantially flat circular
      disc, and said disc is mounted upon said sides of said vanes.
      .Iaddend..Iadd. 6. A device as set forth in claim 2 wherein said blades
      and said vanes are curved in relatively opposite directions. .Iaddend.
      .Iadd. 7. A device as set forth in claim 2 wherein said blade ring is
      disposed adjacent a wall of said housing. .Iaddend..Iadd. 8. A device as
      set forth in claim 7 wherein said wall is the bottom wall of said housing.
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ABST
PAL  Reacting a partial polyol monocarboxylic acid ester with an acidic
      anhydride in the presence of a perfluoroalkyl sulfonic acid catalyst to
      produce specific complete mixed polyol esters, especially synthetic cocoa
      butter, with substantially no ester group rearrangement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for synthesizing complete mixed polyol
      esters, that is, polyol esters having at least two different ester groups
      and no hydroxyl groups. More particularly, this invention relates to a
      process for esterifying partial polyol esters without rearrangement of
      ester groups either by intermolecular or intramolecular acyl group
      exchange. The term "partial polyol ester" is used herein to denote a
      polyol which is partially, that is, incompletely esterified and as a
      consequence contains at least one hydroxyl group.
PAR  In general, this process provides mixed polyol esters with specific ester
      groups at specific polyol hydroxyl sites. Thus, this process is especially
      useful for providing synthetic cocoa butter and closely related oleaginous
      substitutes from inexpensive raw materials such as lard and palm oil.
PAR  Cocoa butter is unusual among naturally occurring fats in that it is
      normally a brittle solid up to 77.degree. F., has a relatively narrow
      melting range and is almost completely liquid at 95.degree. F., or
      slightly below body temperature. These unique melting characteristics make
      cocoa butter suitable for use in confectionery products, especially
      chocolates. Such melting characteristics contribute glossy coatings,
      absence of stickiness and favorable volume changes during confectionery
      product molding.
PAR  Because of these advantageous melting characteristics and because of the
      demand for the properties which cocoa butter imparts to confectionery
      products, large quantities of this expensive commodity are imported even
      when domestic fats which can be used to produce synthetic cocoa butter are
      in plentiful supply at much less than the cost of cocoa butter. For many
      years, therefore, attempts have been made to provide from readily
      available and cheaper fats a product that can be used to replace at least
      part of the cocoa butter in chocolates and other confectionery products
      that normally contain cocoa butter.
PAR  In this search for a synthetic cocoa butter, it has been determined that
      its advantageous physical characteristics are derived from the arrangement
      of the fatty acid substituents in its glycerides. Analytical tests have
      shown that cocoa butter comprises principally
      1-palmitoyl-2-oleoyl-3-stearoyl glycerol, and minor amounts of
      triglycerides having a different order of substitution of the palmitoyl,
      oleoyl and stearoyl groups on the glycerol molecule. Accordingly,
      1-palmitoyl-2-oleoyl-3-stearoyl glycerol would provide the desired cocoa
      butter substitute, were this compound readily available.
PAR  With most esterification procedures, the synthesis of such substantially
      pure specific triglycerides is impossible since substantial ester group
      rearrangement occurs during esterification of specific partial glycerides,
      namely, mono- and diglycerides, the synthesis of which is known in the
      prior art. Thus, acylation of 1,3-diglycerides with oleic acid and a
      conventional acid esterification catalyst provides only a minor proportion
      of triglycerides having an oleoyl group at the 2-position, where this
      group must necessarily occur to provide the desired synthetic cocoa
      butter.
PAR  Feuge, Willich and Guice, the Journal of the American Oil Chemists Society,
      July 1963, pp. 260-264, demonstrate that ester group rearrangement
      ordinarily occurs during the esterification of partial glycerides, and, at
      page 260, point out that hydrochloric, sulfuric and hydrocarbyl sulfonic
      acids, which are widely used as esterification catalysts, cause ester
      group rearrangement. Accordingly, these acid catalysts are not suitable
      for preparing the desired position-specific (i.e., 2-oleoyl) triglycerides
      for use as a cocoa butter substitute. Similarly, ester group rearrangement
      ordinarily occurs during esterification of partial polyol esters other
      than glycerides, e.g., during esterification of partial 1,2-propylene
      glycol esters.
PAR  One known method for synthesizing a cocoa butter substitute comprises
      reacting a diglyceride having palmitoyl and stearoyl groups at the 1- and
      3-positions with oleoyl chloride; see U.S. Pat. 3,012,890. Furthermore, it
      is known in the prior art that, in general, acid chlorides can be used to
      specifically esterify mono- and diglycerides. The use of acid chlorides
      for specific esterifications has many undesirable aspects, however. For
      instance, acid chlorides are very corrosive and their use involves
      handling problems. Besides, hydrochloric acid, a by-product of the
      reaction of an acid chloride with a hydroxyl group, is difficult to remove
      from the oleaginous reaction product, a critical factor inasmuch as the
      product is to be used as a food.
PAR  U.S. Pats. 3,410,881 and 3,337,596 disclose the use of perchloric acid as
      an effective catalyst for preparing a cocoa butter substitute without
      rearrangement of the ester groups. However, perchloric acid is known to be
      explosive and its use in the presence of organic compounds is preferably
      avoided.
PAR  It has now been found that perfluoroalkyl sulfonic acids catalyze the
      esterification of partial polyol esters without ester group rearrangement.
      Gramstad et al., J. Chem. Soc., 4069, 1957, teach the use of
      trifluoromethane sulfonic acid as an esterification catalyst but do not
      suggest that it would be useful in the preparation of triglycerides
      without ester rearrangement. Moreover, the previously noted Feuge et al.,
      article suggests that sulfonic acid esterification catalysts per se cause
      group rearrangement.
PAR  It is therefore an object of this invention to provide an improved process
      for synthesizing specific complete mixed polyol esters, especially
      specific mixed triglycerides. It is a further object to provide a process
      for synthesizing specific complete mixed polyol esters with substantially
      no rearrangement of ester groups either by intermolecular or
      intramolecular exchange. It is a further object herein to provide a
      process for synthesizing specific complete mixed polyol esters without
      using perchloric acid or acid chlorides. Yet another object of this
      invention is to provide a process for the preparation of synthetic cocoa
      butter. These and other objects are obtained herein as will be seen from
      the following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, it has been found that specific complete mixed
      polyol esters, i.e., those with specific ester groups at specific polyol
      hydroxyl sites, can be prepared by esterifying partial polyol esters with
      acid anhydrides in the presence of a catalytic amount of a perfluoroalkyl
      sulfonic acid or perfluoroalkyl sulfonic acid anhydride at temperatures
      from about -30.degree. F. to about 350.degree. F.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The perfluoroalkyl sulfonic acids used herein as the catalyst in the
      position-specific esterification process are those materials more fully
      described in U.S. Pat. 2,732,398, incorporated herein by reference. In
      general terms, these acids can be regarded as derivatives of sulfuric acid
      wherein one of the two hydroxyl groups has been replaced by a fluorocarbon
      group. These perfluoroalkyl sulfonic acids have the generic structural
      formula R.sub.f SO.sub.3 H, wherein R.sub.f is the recognized abbreviation
      for the perfluoroalkyl group. The term "perfluoroalkyl" as used herein has
      the usual connotation of a hydrocarbly moiety wherein every hydrogen atom
      is replaced by a fluorine atom. Also useful as the catalyst herein are the
      perfluoroalkyl sulfonic acid anhydrides of the formula (R.sub.f
      SO.sub.2).sub.2 O formed by the condensation of two moles of the
      aforementioned perfluoroalkyl sulfonic acids. R.sub.f herein represents
      perfluoroalkyl substituents having from 1 to about 30, preferably 1 to 10,
      carbon atoms.
PAR  The perfluoroalkylsulfonic acids suitable for use herein are prepared by
      electrolysis of the corresponding hydrocarbyl alkyl sulfonic acid halides
      in the presence of anhydrous liquid hydrogen fluoride, conversion of the
      resulting perfluoroalkyl sulfonyl halide to its sodium or potassium salt
      by treatment with sodium hydroxide or potassium hydroxide, and
      distillation of the resulting sodium or potassium salt from concentrated
      sulfuric acid to provide the perfluoroalkyl sulfonic acid. In this general
      fashion, perfluoroalkyl, including perfluorocycloalkyl, sulfonic acids
      having substantially any chain length can be prepared. For example, using
      the processes of U.S. Pat. 2,732,398, there can be prepared
      trifluoromethane sulfonic acid, pentafluoroethane sulfonic acid,
      heptafluoropropane sulfonic acid, perfluorodecane sulfonic acid,
      perfluorooctadecane sulfonic acid, perfluorocyclohexane sulfonic acid, and
      the like. In like manner, perfluoroalkane disulfonic acids can be
      prepared. These compounds are of the formula R.sub.f.sup.1 (SO.sub.3
      H).sub.2 wherein R.sub.f.sup.1 is a moiety of the formula
      --(CF.sub.2).sub.n --, where n is an integer, especially 1 to 10. Of these
      there can be mentioned, for example, perfluoro(decane - 1,10 -
      disulfonic)acid and perfluoro(octane-1,8-disulfonic)acid. It is to be
      understood that the term perfluoroalkyl sulfonic acid as used herein also
      encompasses the perfluorocycloalkyl sulfonic acids and perfluoroalkyl
      disulfonic acids, all of which are suitable for use as the catalyst
      herein. Trifluoromethane sulfonic acid, CF.sub.3 SO.sub.3 H, is the
      preferred catalyst in the instant process; (CF.sub.3 SO.sub.2).sub.2 O is
      also preferred.
PAR  The partial polyol esters to be esterified in the manner of this invention
      are derived from polyols selected from the group consisting of (1)
      aliphatic diols where the hydroxyl groups are unsymmetrically substituted
      with respect to the carbon chain, or (2) aliphatic polyols containing at
      least three hydroxyl groups. These diols and polyols are preferably those
      esterified with acyl substituents derived from monocarboxylic acids
      containing from 8 to 22 carbon atoms, although the position-specific
      esterification is independent of this chain length.
PAR  Partial polyol esters derived from aliphatic diols include for example,
      esters derived from 1,2-propylene glycol, 1,2-butanediol and 1,3 -
      butanediol. Partial polyolesters derived from aliphatic polyols containing
      at least three hydroxyl groups include, for example, esters derived from
      glycerin, 1,2,4-butanetriol, erythritol, arabitol, xylitol,
      1,2,6-hexanetriol, sorbitol and mannitol. The ester groups of these
      partial polyol esters include, for example, those derived from caprylic,
      capric, lauric, myristic, palmitic, stearic, oleic, linoleic, linolenic,
      arachidic and behenic acids.
PAR  Partial polyol esters which are preferred for use herein are partial
      glyceride esters including 1- and 2-monoglycerides and 1,2- and
      1,3-diglycerides. The monoglyceride ester groups can be saturated or
      unsaturated. The diglycerides include disaturated, monoacid diglycerides,
      e.g., distearin; disaturated, diacid diglycerides, e.g.,
      1-palmitoyl-3-stearoyl glycerol, diunsaturated, monoacid diglycerides,
      e.g., diolein; diunsaturated, diacid diglycerides, e.g.,
      1-oleoyl-3-palmitoleoyl glycerol; and monounsaturated, monosaturated,
      diacid diglycerides, e.g., 1-palmitoyl-3-palmitoleoyl glycerol. The terms
      "diacid" and "monoacid" are used herein to denote glycerides having two
      different acyl substituents and one kind of acyl substituent respectively.
      The preparation of partial polyol esters for use in the instant process is
      fully described in Mattson and Volpenhein, Journal of Lipid Research, July
      1962, vol. 3, No. 3, pp. 281-296.
PAR  Specific partial carboxylic acid esters of 1,2-propylene glycol can also be
      used in the present process. Most 1-mono-fatty acid esters of
      1,2-propylene glycol, such as 1-propylene glycol mono-stearate, can be
      prepared by reacting 1,2-propylene glycol with a desired fatty acid, such
      as stearic acid, in the presence of a catalyst, such as p-toluene sulfonic
      acid, and in a solvent, such as xylene, and the 1-fatty acid ester
      separated by fractional crystallization, for instance. 2-mono-fatty acid
      esters of 1,2-propylene glycol, such as 2-propylene glycol monobehenate,
      can be prepared by acylation of an appropriately blocked 1,2-propylene
      glycol derivative, such as 1-tetrahydropyranyl propylene glycol, with an
      acid chloride, such as behenoyl chloride, and cleavage of the blocking
      group in the presence of boric acid.
PAR  The symmetrical acidic lipid anhydrides which are preferred for use in
      esterifying the above partial polyol esters have the structural formula:
      ##EQU1##
      wherein each X is a substituent selected from the group consisting of: (1)
      alkyl and alkenyl groups containing from 7 to 21 carbon atoms and having
      the formula
EQU  R--
PA0  (2) residues of alkyl and alkylene half-esters of a dicarboxylic acid
      having the formula
      ##EQU2##
      (3) residues of monoacyl diol half-esters of a dicarboxylic acid having
      the formula
      ##EQU3##
      (4) residues of diacyl glyceride half-esters of a dicarboxylic acid having
      the formula
      ##EQU4##
      and (5) residues of monoacyl derivatives of a primary monohydroxy
      monocarboxylic acid having the formula
      ##EQU5##
      wherein in (1)-(5) above: R is an alkyl or alkenyl group having 7 to 21
      carbon atoms;
PA1  R.sup.1 is an alkylene group having 2 to 4 carbon atoms;
PA1  R.sup.2 is an alkylene group having 0 to 4 carbon atoms;
PA1  R.sup.3 is an alkylene group having 2 to 5 carbon atoms; and
PA1  Z is a group selected from the group of hydrogen and methyl.
PAR  Another class of acid anhydrides suitable for use in the instant process
      are those of the formula
      ##EQU6##
      wherein R is selected from the group consisting of alkyl and alkenyl
      substituents having from 7 to 21 carbon atoms and Y is selected from the
      group consisting of benzoyl, p-nitrobenzoyl and alkyl phosphoryl
      substituents of the formula
      ##EQU7##
      wherein R.sup.4 is a C.sub.1 to C.sub.5 alkyl or phenyl substituent. These
      unsymmetrical acid anhydrides are fully described in U.S. Pat. 3,337,596,
      incorporated herein by reference.
PAR  The acid lipid anhydrides in the present process can be prepared in
      well-known fashion by admixing the corresponding acidic lipid with an
      excess of acetic or propionic anhydride, cooling the reaction product,
      crystallizing the acid lipid anhydride and collecting the desired product
      by filtration. The unsymmetrical anhydrides are prepared as described in
      U.S. Pat. 3,337,596.
PAR  The most effective processes for the formation of acidic lipid anhydrides
      useful in this invention employed metathesis with acetic anhydride either
      at low temperatures, i.e., 32.degree. F. to 140.degree. F., with
      perchloric acid catalysis, or at higher temperature, i.e., 140.degree. F.
      to 300.degree. F., without perchloric acid catalysis, but with evaporation
      of the acetic acid formed in the reaction.
PAR  Acidic lipids for use in preparing the acidic lipid anhydrides by the above
      methods can be derived from a variety of sources, depending on the
      specific acidic lipid involved. The acidic lipids for use herein include
      aliphatic monocarboxylic acids, alkyl half-esters of dicarboxylic acids,
      monoacyl diol half-esters of dicarboxylic acids, diacyl glyceride
      half-esters of dicarboxylic acids, and monoacyl derivatives of primary
      monohydroxy monocarboxylic acids.
PAR  The monocarboxylic acids contain from 8 to 22 carbon atoms and include, for
      example, stearic and oleic acids. They can be readily obtained from
      glycerides by saponification, acidulation and isolation procedures or by
      hydrolysis. The acid desired determines the choice of glyceridic material.
      For example, a technical grade of stearic acid can be obtained from
      hydrogenated soybean oil and a technical grade of oleic acid can be
      obtained from olive oil.
PAR  The alkyl half-esters of dicarboxylic acids are condensation products of
      dicarboxylic acids having from 4 to 6 carbon atoms with straight chain
      fatty alcohols containing 8 to 22 carbon atoms. Useful dicarboxylic acids
      include succinic, glutaric and adipic acids. Useful alcohols include, for
      example, cetyl and octadecyl alcohols. The dicarboxylic acids are
      advantageously condensed with the fatty alcohols in a mutual solvent such
      as dimethylformamide, dimethylacetamide, dioxane, xylene or toluene,
      either with or without the use of a catalyst such as sulfuric acid,
      p-toluene sulfonic acid, hydrogen chloride, zinc chloride, and other such
      catalysts. These preparations are best carried out with reaction
      temperatures in the range of from 175.degree. F. to about 350.degree. F.
      with water being removed under reduced pressure. The desired condensation
      products are isolated by appropriate distillation, and/or washing, and/or
      crystallization treatment if such treatments are required to remove
      solvents, excess reactants and impurities.
PAR  The monoacyl diol half-esters of dicarboxylic acids are the reaction
      products of monoacyl diols and dicarboxylic acid anhydrides. The diols for
      use in preparing these lipids contain from 2 to 6 carbon atoms and can
      contain either primary or secondary hydroxy groups. Useful diols include,
      for example, ethylene glycol, 1,2-propylene glycol, 1,3 - propanediol, 1,4
      - butanediol, 1,3-butanediol and 1,5 - pentanediol. An excess of one of
      these diols is condensed with a straight chain monocarboxylic acid,
      containing 8 to 22 carbon atoms, such as stearic or oleic acid, in the
      presence of an esterification catalyst, such as sulfuric acid, and
      preferably with refluxing with xylene. This condensation reaction yields a
      monoacyl diol which in turn is reacted at a temperature ranging from
      175.degree. F. to 350.degree. F. with the anhydride of a dicarboxylic acid
      containing 4 to 6 carbon atoms such as succinic, glutaric and adipic
      acids, to form the desired lipid.
PAR  The diacyl glyceride half-esters of a dicarboxylic acid are reaction
      products of diacyl glycerides and dicarboxylic acid anhydrides. The diacyl
      glycerides for use in preparing these lipids contain acyl groups derived
      from straight chain monocarboxylic acids containing from 8 to 22 carbon
      atoms, such as stearic and oleic acids, and can be prepared as described
      in the previously referred to Mattson and Volpenhein reference. These
      diacyl glycerides are reacted at a temperature ranging from 175.degree. F.
      to 350.degree. F. with the anhydride of a dicarboxylic acid containing
      from 4 to 6 carbon atoms, such as succinic, glutaric and adipid acids, to
      form the desired lipids.
PAR  The monoacyl derivatives of a primary monohydroxy-monocarboxylic acid are
      reaction products of monocarboxylic acid chlorides containing from 8 to 22
      carbon atoms, such as stearic and oleic acid chlorides, with primary
      monohydroxy-monocarboxylic acids having from 3 to 6 carbon atoms. Suitable
      monohydroxy-monocarboxylic acids include hydracrylic, 4-hydroxybutyric,
      3-hydroxypentanoic, and 6-hydroxyhexanoic acids. The desired lipids can be
      prepared from these acid chlorides and monohydroxy-monocarboxylic acids as
      described in U.S. Pat. 2,251,694.
PAR  The unsymmetrical anhydrides useful herein are prepared by reacting the
      triethylammonium salt of one acid with the acid halide of the other acid
      in the manner fully described in U.S. Pat. 3,337,596.
PAR  As previously explained, the above partial polyol esters are reacted with
      the above acidic lipid anhydrides at a 1:1 mole ratio in the presence of a
      perfluoroalkyl sulfonic acid catalyst. In a preferred mode, an excess of
      the acidic lipid anhydride is employed over that required by the
      stoichiometry of the reaction; a 10% to 100% molar excess is preferred.
      The maximum amount of excess lipid anhydride is not critical and molar
      excesses of 10 to 20 times can be employed, particularly when the
      anhydride is being used as the reaction solvent, as noted below. The molar
      ratio of perfluoroalkyl sulfonic acid on perfluoroalkyl sulfonic acid
      anhydride to acid lipid anhydride should be at least about 0.01 to 1. A
      maximum limit of 0.50 to 1 for this molar ratio is most preferred, for
      economic reasons, but higher ratios are operable.
PAR  The position-specific esterification reaction of this invention takes place
      over a wide range of temperatures and in the presence of a wide variety of
      solvents without ester group rearrangement. Reaction temperatures can
      range from -30.degree. F. to 350.degree. F., with 0.degree. to 212.degree.
      F. being preferred. The reaction can in most cases be carried out at room
      temperature (ca. 70.degree. F.). It is noted that the reaction normally
      occurs at room temperature in a time period ranging from one minute to
      five hours. Thus, the reaction of this invention is very rapid when
      compared with esterification with acid chlordes, which at room temperature
      normally takes from 10 hours to 24 hours for substantial reaction
      completeness.
PAR  In general, the solvent, if any, can be any organic liquid medium which
      will form a phase sufficiently uniform so as to bring the reactants into
      contact. Preferably if it is a liquid, a molar excess of the acid lipid
      anhydride is used as the solvent, this excess being calculated on the
      basis of only one acidic lipid radical of each anhydride molecule
      reacting. Other useful solvents include chlorinated hydrocarbons such as
      chloroform and carbon tetrachloride, aromatic hydrocarbons such as benzene
      and aliphatic esters such as ethyl acetate. Still other useful solvents
      include aromatic heterocyclic bases such as pyridine, tertiary amides such
      as dimethylformamide and dimethylacetamide, heterocyclic oxides such as
      tetrahydrofuran, and fatty acids.
PAR  In the case where monoglycerides are the partial polyol esters, the
      specific solvent used seems to have some effect on whether substantially
      no ester group rearrangement occurs; benzene and pyridine are desirably
      used as solvents in this case.
PAR  Turning now to one specific application of the above described general
      process, that is, a process for preparing synthetic cocoa butter, it has
      been found that certain 1,3-diglycerides can be esterified with oleic acid
      anhydride by the above described general method to provide synthetic cocoa
      butter. This process is illustrated by the following equation:
      ##EQU8##
PAR  Although the stoichiometry of the reaction indicates that at a 1:1 molar
      ratio of acid anhydride:polyol two moles of acid are present, the second
      mole of acid is not involved in the esterification since it is not in the
      anhydride form. Of course, anhydride:polyol mole ratios of less than 1:1
      can be used herein, but this results in proportionate amounts of
      unesterified polyol in the product.
PAR  The 1,3-diglycerides used in this process can be obtained by
      superglycerination of lard or of substantially completely hydrogenated
      palm oil in the presence of triacetin using the method of Baur and Lange,
      Journal of the American Chemical Society, 1951, vol. 73, p. 3926.
PAR  The following example illustrates the preparation of synthetic cocoa butter
      in greater detail but is not to be construed in any way as limiting the
      scope of the invention. Unless otherwise specified, all percentages in the
      following examples are by weight.
PAC  EXAMPLE I
PAC  Synthetic cocoa butter preparation
PAR  Three hundred and four grams of palm oil hydrogenated to an iodine value of
      8 and having an acid value of 0 are reacted with 157 grams of water-washed
      and distilled triacetin in the presence of 26 ml. of sodium methoxide
      catalyst in the form of a xylene suspension (0.09 gm. sodium methoxide per
      ml. xylene) at 195.degree. F. with stirring for 1.5 hours. At this point,
      58 grams of dry glycerol are added; heating and stirring are continued for
      one more hour. The reaction mixture is then allowed to cool with stirring
      and is stored at room temperature for two days.
PAR  Undesirable components are then removed from the reaction mixture by the
      following purification procedure: the solid mass resulting after the
      two-day storage is slurried with 30 ml. of aqueous acetic acid solution
      containing 50% water by volume. The slurry is dissolved in 4 liters of
      ethanol-hexane solution (50% ethanol by volume) and the resulting solution
      cooled to 50.degree. F. This temperature is maintained for a four-hour
      period, during which time crystals are formed. At the end of the four-hour
      period, the crystals are separated by vacuum filtration and recrystallized
      overnight from 3 liters of ethanol-hexane solution (50% ethanol by
      volume). The crystals recovered by filtration are dissolved in one liter
      of ethyl ether and water-washed three times. The ether is removed by
      evaporation and the residue crystallized from 2.5 liters of ethanol-hexane
      solution (50% ethanol by volume) at 50.degree. F. After filtration the
      crystals are air dried to provide the substantially pure product.
PAR  Analysis of the above product shows it to be substantially all
      1,3-diglyceride containing palmitoyl and stearoyl groups. The above
      product has a hydroxyl value of 90-92 as compared to a theoretical value
      of 94.2 for 100% diglyceride and contains less than 0.5% monoglycerides.
      It has a complete melting point of 159.degree. F. to 160.degree. F.
      Analysis for specific acid groups shows the presence of ca. 35% palmitic
      and ca. 65% stearic, and minor amounts of myristic, all by weight with
      each acid group expressed as the corresponding acid.
PAR  Oleic anhydride is prepared by refluxing 100 grams of oleic acid in 300
      grams of acetic anhydride for three hours. The bulk of the distillable
      material present, mostly acetic acid, is then removed at atmospheric
      pressure. The residue is then heated at 355.degree. F. under 1 to 2 mm. Hg
      pressure for 30 minutes to distill the remaining volatile impurities.
PAR  Sixty grams of the 1,3-diglyceride mixture prepared in the foregoing manner
      and comprising about 45% 1-palmitoyl-3-stearoyl glycerol, 42%
      1,3-distearoyl glycerol, about 11% 1,3-dipalmitoyl glycerol, the balance
      being mixed 1,3-diglycerols, were admixed with 250 grams of a 1:1 mixture
      of oleic acid and oleic anhydride prepared as described above. One ml. of
      trifluoromethane sulfonic acid was added to the mixture and the reactants
      were stirred together at room temperature for one hour. An equal volume of
      water was added to the reaction mixture, which was then heated to
      160.degree. F.-212.degree. F. for one hour to hydrolyze excess oleic
      anhydride. The water was removed by filtration and the residue extracted
      five times with equal volumes of methanol to remove traces of free acid.
      The residue was substantially pure triglyceride product.
PAR  The product has an acid value of about 1.8 and a hydroxyl value of about
      2.0, i.e., substantially all triglyceride.
PAR  Analysis for specific acid groups present in the synthetic triglyceride so
      formed shows ca. 22.8% palmitic, 44.0% stearic and 33.0% oleic, all by
      weight with each expressed as the corresponding acid. In comparison, a
      commercially-available, natural cocoa butter contains 25% palmitic, 34%
      stearic, 36% oleic and 3% linoleic, all by weight with each acid group
      expressed as the corresponding acid. Thus, the above synthetic
      triglyceride and cocoa butter contain substantially similar weight
      proportions of each of the same fatty acids.
PAR  Analysis for 2-position fatty acids by the method of Mattson and
      Volpenhein, Journal of Lipid Research, January 1961, vol. 2, No. 2, pp.
      58-64, namely, by hydrolysis of the triglyceride with pancreatic enzyme
      and analysis of the resulting monoglyceride fatty acids, shows that the
      above synthetic triglyceride contains about 90% by weight of oleic acid
      esterified at the 2-position as compared to about 86% by weight of oleic
      acid at the 2-position in the commercially-available cocoa butter. The
      percentages of oleic acid are by weight of all acids at the 2-position,
      the acyl group attached thereto being expressed as the corresponding acid.
      Accordingly, it is seen that substantially no ester group rearrangement
      occurs in this process.
PAR  Further similarity between the above 2-oleoyl triglyceride composition and
      the commercially-available cocoa butter is shown by a comparison of
      consistencies as follows. Samples of the synthetic triglyceride and of
      commercially-available cocoa butter are melted; chilled in ice for five
      minutes; held for one day at 70.degree. F.; held for one week at
      80.degree. F.; and held overnight at 50.degree. F.; and the solids content
      at these various temperatures determined at the end of the period by the
      dilatometric method as described in Fulton, Lutton and Willie, Journal of
      the American Oil Chemists Society, March, 1954, vol. XXXI, No. 3, pp.
      98-103. Comparison of the "melting" curves for the synthetic triglyceride
      and for the commercially-available cocoa butter shows that both of these
      products have similar consistencies over the range of temperatures from
      about 70.degree. F. to about 95.degree. F., that range of temperatures
      over which cocoa butter has its unique melting characteristics.
PAR  In summary, the above synthetic triglyceride has substantially similar
      weight proportions and distribution of fatty acids and substantially
      equivalenet consistency characteristics to a commercially-available cocoa
      butter.
PAR  In the above procedure, the trifluoromethane sulfonic acid is replaced by
      an equivalent amount of trifluoromethane sulfonic anhydride,
      pentafluoroethane, sulfonic anhydride, perfluoroisopropyl sulfonic acid,
      heptafluoropropane sulfonic acid, perfluorooctadecane sulfonic acid,
      perfluorocyclohexane sulfonic acid, perfluorotricosane sulfonic acid, and
      perfluoro(decane-1,10-disulfonic) acid, respectively, and equivalent
      results are secured in that a synthetic cocoa butter is secured with
      little or no ester rearrangement.
PAR  The above procedure is carried out in a solvent amount of dry chloroform
      with equivalent results.
PAR  The above procedure is carried out at 0.degree. F. and 212.degree. F.
      (pressure vessel), respectively, and equivalent results are obtained.
PAR  In the above procedure, the oleic anhydride is replaced by an equivalent
      amount of oleic-benzoic anhydride, oleic-p-nitrobenzoic anhydride and
      oleic-ethylphosphoryl anhydride, respectively, and the synthetic cocoa
      butter 2-oleoyl triglycerides are secured in each instance.
PAR  The above procedure is carried out using mole ratios of perfluoroalkyl
      sulfonic acid and perfluoroalkyl sulfonic anhydrides-to-acidic lipid
      anhydride of 0.01:1 with equivalent results.
PAC  EXAMPLE II
PAC  Esterification of 1,3-dipalmitin with oleic anhydride
PAR  Twenty grams of 1,3-dipalmitin made as described in Example 2 of U.S. Pat.
      2,626,952 and 30 ml. of oleic anhydride made as in Example I herein are
      admixed in 50 ml. of water-washed, distilled and dried chloroform in the
      presence of 1.0 ml. of trifluoromethane sulfonic acid. The reactants are
      stirred at room temperature for three hours.
PAR  The reaction mixture is dissolved in 500 ml. ethyl ether together with 100
      ml. water. The ether phase is water-washed three times, dried and
      evaporated in an inert atmosphere. The residue is crystallized twice from
      acetone at 20.degree. F. and the crystals dried to provide substantially
      pure triglyceride product.
PAR  The product has an acid value of ca. 0.8 and a hydroxyl value of 2.0,
      showing that substantially all the product is triglyceride. The 2-position
      fatty acids are isolated by the pancreatic enzyme procedure of Example I
      and the triglyceride is found to contain 90-95% by weight oleic acid at
      the 2-position, i.e., 1-palmitoyl-2-oleoyl-3-palmitoyl glycerol,
      demonstrating that substantially no existing ester group rearrangement
      occurs during the above esterification reaction.
PAR  In the above procedure the 1,3-dipalmitin is replaced by an equivalent
      amount of 1,3-distearoyl glycerol, 1-palmitoyl-3-stearoyl glycerol,
      1-palmitoyl-3-lauroyl glycerol and 1-behenoyl-3-stearoyl glycerol,
      respectively, and the corresponding 2-oleoyltriglycerides are formed
      without ester group migration.
PAR  In the above procedure the chloroform is replaced by an equivalent amount
      of carbon tetrachloride, benzene and hexane, respectively, and equivalent
      results are secured.
PAR  The above procedure is repeated using an equivalent amount of
      1,2-dipalmitin as the partial glyceride and 1-oleoyldipalmitin is secured,
      demonstrating that essentially no ester group rearrangement occurs with
      the perfluoroalkyl sulfonic acid catalyst herein.
PAC  EXAMPLE III
PAC  Esterification of 1,3-dipalmitin with rapeseed oil fatty acid anhydride
PAR  Rapeseed oil fatty acid anhydride is formed as follows: rapeseed oil is
      hydrolyzed to the corresponding rapeseed oil fatty acids. These fatty
      acids are formed into the corresponding long chain fatty acid anhydrides
      by the anhydride-forming process disclosed in Example I. The anhydrides so
      formed are for the most part mixed anhydrides, that is, each anhydride
      molecule contains two different fatty acid groups. These anhydrides react
      in the same manner as if each molecule contains two identical fatty acid
      groups.
PAR  Two grams of rapeseed oil fatty acid anhydride, 1.5 grams of 1,3-dipalmitin
      prepared as in Example II, 10 ml. purified chloroform and 0.025 ml.
      trifluoromethane sulfonic acid are reacted together with mixing at room
      temperature (ca. 70.degree. C.) for one hour. The reaction product is
      diluted with 100 ml. ethyl ether, water-washed and the solvent evaporated
      in an inert atmosphere. The residue is crystallized three times from 75
      ml. acetone at 20.degree. F. to provide the purified product.
PAR  Thin layer chromatography shows that substantially all the product is
      triglyceride. Analysis of the triglyceride by the pancreatic enzyme
      procedure of Example I and comparison of the 2-position fatty acid
      composition of the triglyceride with the original rapeseed oil fatty acids
      indicates that the palmitic, stearic, oleic, palmitoleic, linoleic,
      linolenic and erucic acid fractions of the rapeseed oil each esterify the
      1,3-dipalmitin at the 2-position with substantially no acyl group
      migration.
PAC  EXAMPLE IV
PAC  Esterification of 2-monostearin
PAR  One-half gram of 2-monostearin made by the process described in Martin,
      Journal of the American Chemical Society, 1953, vol. 75, page 5482, 1.84
      grams oleic anhydride made as in Example I, 10 ml. benzene and 0.01 ml.
      trifluoromethane sulfonic acid are reacted together with mixing at
      70.degree. F. for three hours.
PAR  The reaction mixture is diluted with ethyl ether, water-washed and the
      solvent removed by evaporation. The residue is crystallized twice from 20
      ml. acetone at 20.degree. F. Substantially all the product is
      2-stearoyldiolein; therefore, substantially no existing ester group
      rearrangement occurs during the esterification reactions.
PAR  In the above procedure, the benzene solvent is replaced with an equivalent
      amount of pyridine with equivalent results.
PAR  In the above procedure the trifluoromethane sulfonic acid is replaced by an
      equivalent amount of perfluorooctyl sulfonic anhydride, perfluorodecyl
      sulfonic anhydride, perfluorooctadecyl sulfonic anhydride,
      perfluorocyclohexyl sulfonic anhydride, perfluorocyclopentyl sulfonic
      anhydride, and the corresponding acids of these perfluoroalkyl anhydrides,
      respectively, and equivalent results are secured.
PAC  EXAMPLE V
PAC  Esterification of 1-monstearin with stearoyl propylene glycol succinate
      anhydride
PAR  Forty-four grams (0.1 mole) of stearoyl propylene glycol hydrogen succinate
      are mixed with 30 grams (0.3  mole) of acetic anhydride and heated at
      reflux for one hour. The mixture is then heated at 250.degree. F. to
      265.degree. F. for two hours under a pressure of 2-5 mm. Hg. The residue
      is cooled with recovery of about a 96% yield of stearoyl propylene glycol
      succinate anhdyride (an anhydride having the previously described
      structural formula wherein X is a residue of a monoacyl diol half-ester of
      a dicarboxylic acid).
PAR  Three and six-tenths grams of 1-monostearin (0.01 mole) prepared by the
      process described in Mattson and Volpenhein, Journal of Lipid Research,
      July 1962, vol. 3, No. 3, pp. 283, 284, is dissolved in 144 ml. benzene
      with slight warming. Nineteen grams (0.022 mole) of the above prepared
      stearoyl propylene glycol succinate anhydride is added with stirring. The
      sample is treated with 0.1 ml. trifluoromethane sulfonic acid catalyst and
      stirring continued at 90.degree. F. for one hour.
PAR  The reaction mixture is diluted with 100 ml. water and the mixture shaken
      in a separatory funnel. The washed benzene solution is dried and the
      product isolated by chromatography on a 300 gram silica gel (+5% water)
      column. Elution with one liter of benzene and with one liter of benzene
      containing 2% ethyl ether and 1% acetic acid yields about 11 grams of
      product. Fractional crystallization of the product from 15 volumes of
      acetone at 70.degree. F., 50.degree. F. and 0.degree. F. provides a
      product comprising 90% 1-stearoyl-2,3-di(stearoyl propylene glycol
      succinyl) glycerol having the structural formula
      ##EQU9##
      Substantially no existing ester group rearrangement occurs during the
      above esterification reaction.
PAC  EXAMPLE VI
PAC  Esterification of 1,3-distearin with octadecyl glutarate anhydride
PAR  Octadecyl glutarate anhydride (an anhydride having the previously described
      structural formula wherein X is a residue of an alkyl half-ester of a
      dicarboxylic acid) is prepared the same as the anhydride in Example V but
      with substitution of a molar equivalent of octadecyl hydrogen glutarate
      for the stearoyl propylene glycol hydrogen succinate.
PAR  Six and two-tenths grams distearin prepared as in Example I of U.S. Pat.
      2,626,952 are dissolved in 120 ml. benzene with stirring and slight
      warming. Seven and nine-tenths grams of the above octadecyl glutarate
      anhydride are added; when the reagents are completely dissolved, 0.1 ml.
      of trifluoromethane sulfonic acid is added. The mixture is then stirred at
      room temperature for one hour.
PAR  The reaction mixture is diluted with 100 ml. water and the aqueous layer
      separated and discarded. The benzene layer is washed twice with water,
      dried with five grams sodium sulfate, filtered and evaporated to dryness.
      The residue is crystallized from 200 ml. acetone at 195.degree. F. The
      crystals are recrystallized from 150 ml. acetone at 212.degree. F. to
      provide 95% pure 1,3-distearoyl-2-octadecyl glutaryl glycerol.
      Substantially no existing ester group rearrangement occurs during the
      above esterification reaction.
PAC  EXAMPLE VII
PAC  Esterification of 1,3-distearin with 1,3-distearin-2-succinate anhydride
PAR  1,3-distearin-2-succinate anhydride (an anhydride having the previously
      described structural formula wherein X is a residue of a diacyl glyceride
      half-ester of a dicarboxylic acid) is prepared the same as the anhydride
      in Example V but with substitution of a molar equivalent of
      1,3-distearin-2-hydrogen succinate for the stearoyl propylene glycol
      hydrogen succinate.
PAR  Six and two-tenths grams 1,3-distearin are dissolved in 250 ml. benzene
      with stirring and slight warming. Fifteen grams of the above
      1,3-distearin-2-succinate anhydride are added and dissolved with stirring.
      When the reagents are completely dissolved, 0.2 ml. of trifluoromethane
      sulfonic acid is added and the reaction mixture stirred at 100.degree. F.
      for one hour.
PAR  In order to purify the product, 100 ml. water are added and the aqueous
      phase separated and discarded. The product is further purified by
      treatment with three 30-gram portions of base-form ion exchange resin. The
      benzene solution is evaporated and the residue crystallized from 200 ml.
      acetone at 90.degree. F. to provide pure di(1,3-distearin) succinate.
      Substantially no existing ester group rearrangement occurs during the
      above esterification reaction.
PAR  In the above process the trifluoromethane sulfonic acid is replaced by an
      equivalent amount of pentafluoroethyl sulfonic acid and the reaction is
      carried out at 0.degree. F., 30.degree. F. and 200.degree. F.,
      respectively, with equivalent results.
PAC  EXAMPLE VIII
PAC  Esterification of propylene glycol monooleate with
      stearoyl-4-hydroxybutyric anhydride
PAR  One mole 1,2-propylene glycol is reacted with 0.5 mole oleic acid in one
      liter of xylene in the presence of 0.01 mole of p-toluene sulfonic acid
      catalyst. The sample is refluxed under a moisture trap for two hours,
      poured into ice water, water-washed and solvent-evaporated to provide 70%
      pure propylene glycol monooleate. The impure product is purified with a
      silica gel column to provide about 0.35 mole of substantially pure
      propylene glycol monooleate. The propylene glycol monooleate is present as
      a mixture of isomeric esters with 80% of the oleoyl groups at the primary
      hydroxyl position and 20% at the secondary position of 1,2-propylene
      glycol.
PAR  Stearoly-4-hydroxybutyric anhydride (an anhydride having the previously
      described structural formula wherein X is a residue of a monoacyl
      derivative of a primary monohydroxy monocarboxylic acid) is prepared the
      same as the anhydride in Example V but with substitution of a molar
      equivalent of stearoyl-4-hydroxybutyric acid for the stearoyl propylene
      glycol hydrogen succinate.
PAR  Three and four-tenths grams of the above propylene glycol monooleate are
      dissolved in 100 ml. benzene. Ten grams of the above
      stearoyl-4-hydroxybutyric anhydride are added to the solution and stirred
      with slight warming until dissolution is complete. When the reagents are
      completely dissolved, 0.1 ml. trifluoromethane sulfonic acid is added and
      stirring continued at 70.degree. F. for one hour.
PAR  In order to purify the desired product, the reaction mixture is diluted
      with 100 ml. water and the aqueous phase is separated and discarded. The
      benzene layer is evaporated to dryness and the residue is dissolved in 100
      ml. hexane. The hexane solution is crystallized at 50.degree. F. to yield
      primarily stearoyl-4-hydroxybutyric acid. The filtrate from the 50.degree.
      F. crystallization is evaporated to dryness and this residue is dissolved
      in 200 ml. acetone. The acetone solution on crystallization at 40.degree.
      F. provides oleoyl (stearoyl-4-hydroxybutyryl) propylene glycol. The
      product consists of a mixture of isomeric esters with 80% by weight of the
      oleoyl groups at the primary hydroxyl position and 20% at the secondary
      hydroxyl position of 1,2-propylene glycol. This mixture of isomers results
      from the fact that the propylene glycol monooleate used consists of an
      80-20 mixture of primary and secondary esters respectively. Thus,
      substantially no existing ester group rearrangement occurs during the
      above esterification reaction.
PAC  EXAMPLE IX
PAC  Esterification of 1-propylene glycol mono-behenate with oleic anhydride
PAR  1-propylene glycol monobehenate is made as follows: ethyl lactate (450
      grams, 3.8 moles) is mixed with 1.2 ml. concentrated hydrochloric acid and
      the mixture cooled in an ice bath. Dihydropyran (420 grams, 4.9 moles) is
      added with stirring, after which the sample is allowed to warm to room
      temperature. After three hours, 10 grams of potassium carbonate are added
      and the sample stirred. The product is distilled under reduced pressure
      with collection of 366 grams tetrahydropyranyl ether lactate boiling at
      65.degree. to 70.degree. C. at 1-2 mm. pressure. Tetrahydropyranyl ethyl
      lactate (82 grams, 0.46 mole) is dissolved in 300 ml. tetrahydrofuran and
      the solution is cooled in an acetone-ethanol Dry Ice bath. The THP ethyl
      lactate solution is added slowly to a 10% lithium aluminum hydride
      solution and subsequently the mixture is warmed to room temperature. The
      reactants are diluted with 150 ml. ethanol, followed by two liters of
      water. The sample is then extracted three times with 400 ml. portions of
      benzene. The benzene extracts are dried with sodium sulfate, filtered, and
      the filtrate is distilled with collection of the fraction boiling at
      78-81.degree. C. at 3 mm. pressure. The yield is 28 grams of
      2-tetrahydropyranyl propylene glycol.
PAR  2-tetrahydropyranyl propylene glycol (16.0 grams, 0.1 mole) is
      interesterified with 39 grams methyl behenate using 4 ml. of 40% trimethyl
      benzyl ammonium methoxide as a catalyst. The reactants are stirred in a
      250 ml. flask heated at 60-80.degree. C. under a reduced pressure of 200
      mm. Hg for 6 hours. The reactants are poured into 600 ml. of hexane and
      the hexane solution washed with 400 ml. of 1% potassium bicarbonate
      solution. The washed hexane layer is diluted with 200 ml. ethanol and 75
      grams urea are added to the sample. Adduct formation with urea is
      accomplished by stirring the sample initially at 40.degree. C. and
      allowing the mixture to cool at 25.degree. C. during a two-hour interval.
      The urea adduct is removed by filtration and discarded. The adduction with
      urea is repeated using 60 grams urea. The filtrate from the second urea
      adduction is water-washed three times and the hexane layer is evaporated
      to dryness. The residue is dissolved in 300 ml. hexane the solution is
      crystallized at -18.degree. C. filtration at -18.degree. C. yields 21.3
      grams of 1-behenoyl-2-tetrahydropyranyl propylene glycol.
      1-behenoyl-2-tetrahydropyranyl propylene glycol (8 grams, 0.0165 mole) is
      cleaved by reaction with 11 ml. of 1.6 molar boric acid in trimethyl
      borate. The reactants are heated in a boiling water bath with application
      of vacuum. Heating is continued for 15 minutes with a vacuum of 2-5 mm. Hg
      pressure during the final 10 minutes. The residue is cooled to room
      temperature and dissolved in 200 ml. ethyl ether and water-washed three
      times. The ether phse is dried with sodium sulfate, and evaporated to
      dryness on an evaporator without warming above 30.degree. C. The residue
      is dissolved in 100 ml. petroleum ether and crystallized at 70.degree. F.
      The crystals recovered at 70.degree. F. are recrystallized from 200 ml.
      petroleum ether at 50.degree. F. to yield ca. 5 grams of 1-propylene
      glycol monobehenate.
PAR  Five grams of the above prepared 1-propylene glycol monobehenate are
      dissolved in 100 ml. benzene together with 6 grams oleic anhydride made as
      in Example I. The sample is stirred at room temperature until solution is
      complete. One-tenth ml. trifluoromethane sulfonic acid is added and the
      sample stirred for 30 minutes at room temperature.
PAR  In order to purify the product 100 ml. water are added and the aqueous
      phase separated and discarded. The benzene solution is evaporated to
      dryness and the residue dissolved in 100 ml. acetone. The acetone solution
      is crystallized at 0.degree. F. with recovery of 95% pure
      1-behenoyl-2-oleoyl propylene glycol. Substantially no existing ester
      group rearrangement occurs during the above esterification reaction.
PAC  EXAMPLE X
PAC  Esterification of 1,4-distearoyl erythritol with oleic anhydride
PAR  One mole erythritol is reacted with two moles methyl stearate in one liter
      of dimethylacetamide in the presence of 0.1 mole sodium methoxide
      catalyst. The reaction mixture is heated at 100-120.degree. C. under
      reduced pressure (80-100 mm. Hg) for three hours with slow distillation of
      solvent such that about 400 ml. of solvent is removed in the three-hour
      period. Twenty cc. of 50% by volume aqueous acetic acid are added to the
      sample and this mixture poured into two liters of water. One liter of an
      ethyl acetate-butanol mixture (four parts by volume ethyl acetate to one
      part by volume butanol) is added. The ethyl acetate-butanol layer is
      separated, water-washed twice and treated with 500 grams urea. This
      mixture is stirred at room temperature for two hours. The mixture is then
      filtered and 0.12 mole of 1,4-distearoyl erythritol is recovered from the
      urea adduct by dissolving in acetone and crystallizing at 90.degree. F.
PAR  Six and one-half grams of the above 1,4-distearoyl erythritol are dissolved
      in 200 ml. ethyl acetate with slight warming while stirring. Six and
      six-tenths grams oleic anhydride prepared as in Example I are added,
      followed by 0.1 ml. trifluoromethane sulfonic acid. The reaction mixture
      is stirred at room temperature for one hour.
PAR  In order to purify the product, the reaction mixture is washed three times
      with water and the ethyl acetate solution dried with 15 grams of sodium
      sulfate and filtered. The solution after crystallizing 24 hours yields
      substantially pure 1,4-distearoyl-2,3-dioleoyl erythritol. Substantially
      no existing ester group rearrangement occurs during the above
      esterification reaction.
PAR  The foregoing examples illustrate the use of the perfluoroalkyl sulfonic
      acids and perfluoroalkyl sulfonic anhydrides in the esterification of
      partial polyol esters with acid lipid anhydrides of various types. The
      examples are not intended to be limiting of the types of acid anhydrides
      and types of partial polyol esters useful in the process of this
      invention. As will be seen from the following example, carboxylic acid
      anhydrides having hydrocarbyl substituents from 1 to about 30 carbon atoms
      and aryl substituents such as phenyl, tolyl, xylyl, naphthyl and the like,
      are also suitably employed in conjunction with partial polyol esters of
      all types to provide position-specific esterification reactions.
      Furthermore, the partial polyol esters useful herein are not limited in
      their type and can contain ester groups having from 1 to about 30 carbon
      atoms, and greater. It is to be understood, therefore, that the
      position-specific esterification reaction herein appears to be a general
      one in that it provides for the esterification of all manner of partial
      polyol esters by means of all manner of organic acid anhydrides without
      substantial ester group rearrangement.
PAC  EXAMPLE XI
PAC  Esterification of 1,3-dipropanoyl glyceryl with acetic anhydride
PAR  One mole of 1,3-dipropanol glycerol is admixed with two moles of acetic
      anhydride and dissolved therein with heating and stirring at a temperature
      of about 175.degree. F. 0.5 mole of trifluoromethane sulfonic acid are
      admixed with the reaction solution and the temperature is restored to room
      temperature (70.degree. F.) over a two hour period. The reaction mixture
      is poured into 1 liter of water which serves to hydrolyze the unreacted
      acetic anhydride.
PAR  Excess water is removed by vacuum evaporation at about 90.degree. F. on a
      rotary evaporator, which process also removes much of the acetic acid. The
      resulting residue left after evaporation is dissolved in a 1:1 mixture of
      ethyl alcohol and benzene and a 1.0 M solution of barium chloride is added
      thereto, portionwise, until precipitation of the insoluble barium acetate
      mono-hydrate is complete. The solids are removed by filtration and the
      benzene-alcohol solvent is evaporated on the rotary evaporator under
      vacuum. The resulting triglyceride product is substantially pure
      1-propanoyl-2-acetyl-3-propanoyl glycerol, indicating that the
      esterification occurs without substantial intramolecular or intermolecular
      acyl group rearrangement.
PAR  The above procedure is carried at 0.degree. F. and 212.degree. F.,
      respectively, with substantially equivalent results.
PAR  The procedure is carried at a catalyst-to-anhydride mole ratio of 0.01:1
      with equivalent results.
PAR  The trifluoromethane sulfonic acid used in the above process is replaced by
      an equivalent amount of trifluoromethane sulfonic acid anhydride,
      perfluoro(octane-1,8-disulfonic)acid,
      perfluoro(hexane-1,6-disulfonic)acid, perfluorotricosane sulfonic
      anhydride, perfluorocyclo-hexane sulfonic acid, and perfluorocyclohexane
      sulfonic acid anhydride, respectively, and equivalent results are secured.
PAR  In the above procedure the acetic anhydride is replaced by an equivalent
      amount of benzoic acid anhydride and the reaction product is substantially
      all 1-propanoyl-2-benzoyl-3-propanoyl glycerol, indicating that
      substantially no ester group rearrangement occurs in the process.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing specific complete mixed polyol esters from
      .[.unsymmetrically substituted.]. partial polyol esters with substantially
      no ester group rearrangement comprising esterifying .[.said.]. .Iadd.a
      .Iaddend.partial polyol .[.esters.]. .Iadd.ester .Iaddend.with an acid
      anhydride in the presence of a catalytic amount of a member selected from
      the group consisting of perfluoroalkyl sulfonic acids and perfluoroalkyl
      sulfonic acid anhydrides.Iadd., said partial polyol ester being selected
      from the group consisting of partial polyol esters from aliphatic diols
      having the hydroxyl groups unsymmetrically substituted with respect to the
      carbon chain and partial polyol esters from aliphatic polyols containing
      at least three hydroxyl groups. .Iaddend.
NUM  2.
PAR  2. A process according to claim 1 comprising admixing: (1) a polyol
      selected from the group consisting of aliphatic diols wherein the hydroxyl
      groups are unsymmetrically substituted with respect to the carbon chain
      and aliphatic polyols containing at least three hydroxyl groups, said
      polyols having been partially esterified with a monocarboxylic acid
      containing about 8 to 22 carbon atoms, with (2) a member selected from the
      group consisting of acidic lipid anhydrides of the structural formula
      ##EQU10##
      wherein X is a substituent selected from the group consisting of:
PA2  (i) alkyl and alkenyl groups containing from 7 to 21 carbon atoms and
      having the formula R--
PA2  (ii) residues of alkyl half-esters of a dicarboxylic acid having the
      formula
      ##EQU11##
      (iii) residues of monoacyl diol half-esters of a dicarboxylic acid having
      the formula
      ##EQU12##
      (iv) residues of diacyl glyceride half-esters of a dicarboxylic acid
      having the formula
      ##EQU13##
      and (v) residues of monoacyl derivatives of a primary monohydroxy
      monocarboxylic acid having the formula
      ##EQU14##
      wherein in (i)-(v) above: R is an alkyl or alkenyl group containing 7 to
      21 carbon atoms;
PA3  R.sup.1 is an alkylene group containing 2 to 4 carbon atoms;
PA3  R.sup.2 is an alkylene group containing 0 to 4 carbon atoms;
PA3  R.sup.3 is an alkylene group containing 2 to 5 carbon atoms;
PA3  Z is a substitutent selected from the group of hydrogen and methyl; and
PA3  Y is a substituent selected from the group consisting of benzyl,
      p-nitrobenzyl, and phosphoryl ester; and
PA1  (3) a catalyst selected from the group consisting of perfluoroalkyl
      sulfonic acids and perfluoroalkyl sulfonic acid anhydrides, at a molar
      ratio of said catalyst to acidic lipid anhydride of at least about 0.01 to
      1.
NUM  3.
PAR  3. The process of claim 1 which is carried out at a temperature from
      0.degree. F. to 212.degree. F.
NUM  4.
PAR  4. The process of claim 2 which is carried out using a molar excess of the
      acidic lipid anhydride.
NUM  5.
PAR  5. The process of claim 1 wherein the partial polyol ester is a partial
      glyceride ester.
NUM  6.
PAR  6. The process of claim 1 wherein the partial polyol ester is a
      1,3-diglyceride.
NUM  7.
PAR  7. The process of claim 1 wherein the partial polyol ester is a partial
      ester of 1,2-propylene glycol.
NUM  8.
PAR  8. The process of claim 1 wherein the acid anhydride is symmetrical.
NUM  9.
PAR  9. The process of claim 1 wherein the acid anhydride is an alkyl anhydride
      wherein the alkyl group contains from 7 to about 21 carbon atoms.
NUM  10.
PAR  10. The process of claim 1 wherein the acid anhydride is oleic anhydride.
NUM  11.
PAR  11. The process of claim 1 wherein the partial polyol ester is a
      monoglyceride and the reaction is carried out in an organic solvent
      selected from the group consisting of benzene and pyridine.
NUM  12.
PAR  12. The process of claim 1 wherein the catalyst is a member selected from
      the group consisting of perfluoroalkyl sulfonic acids and perfluoroalkyl
      sulfonic acid anhydrides wherein the perfluoroalkyl substituent contains
      from 1 to about 18 carbon atoms.
NUM  13.
PAR  13. The process of claim 1 wherein the catalyst is a member selected from
      the group consisting of trifluoromethane sulfonic acid and
      trifluoromethane sulfonic acid anhydride.
NUM  14.
PAR  14. A process for preparing a synthetic cocoa butter comprising acylating
      the 2-hydroxyl group of 1-palmitoyl-3-stearoyl glycerol with oleic
      anhydride in the presence of a catalyst selected from the group consisting
      of perfluoroalkyl sulfonic acids and perfluoroalkyl sulfonic acid
      anhydrides, and crystallizing and separating the synthetic cocoa butter
      thus formed.
NUM  15.
PAR  15. The process of claim 14 wherein the catalyst is a member selected from
      the group consisting of trifluoromethane sulfonic acid and
      trifluoromethane sulfonic acid anhydride.
NUM  16.
PAR  16. A process for preparing synthetic cocoa butter comprising: (1) admixing
      substantially completely hydrogenated palm oil with glycerol in the
      presence of triacetin and sodium methoxide catalyst; (2) separating and
      crystallizing the 1,3-diglycerides formed; (3) acylating the 2-hydroxyl
      groups thereof with oleic anhydride in the presence of a catalyst selected
      from the group consisting of perfluoroalkyl sulfonic acids and
      perfluoroalkyl sulfonic acid anhydrides; and (4) crystallizing and
      separating the synthetic cocoa butter thus formed.
NUM  17.
PAR  17. The process of claim 16 wherein the catalyst is a member selected from
      the group consisting of trifluoromethane sulfonic acid and
      trifluoromethane sulfonic acid anhydride.
NUM  18.
PAR  18. The process of claim 16 wherein the catalyst to oleic anhydride molar
      ratio is at least 0.01:1.
NUM  19.
PAR  19. The process of claim 16 which is carried out at from about 0.degree. F.
      to about 212.degree. F.
NUM  20.
PAR  20. The process of claim 16 which is carried out in the presence of a molar
      excess of oleic anhydride.
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ABST
PAL  A means for determining counting efficiency in a liquid scintillation
      system. Pulse amplitudes are accumulated as are the number of pulses
      contributing thereto. The accumulated pulse amplitude sum is divided by
      the accumulated number of pulses to produce an average pulse amplitude for
      the pulses measured. The average pulse amplitude may be correlated to
      average detection efficiency by an ascertainable function. Through average
      efficiency of detection the actual rate of radioactive disintegrations may
      be computed from the count rate measured.
BSUM
PAR  This invention relates to quench correction in a liquid scintillation
      counting system.
PAC  BACKGROUND OF THE INVENTION
PAR  There are currently several commercial methods for determining efficiency
      in a liquid scintillation counting system. One widely used method is
      internal standardization. This technique consists of counting
      scintillations from radioactive events in a liquid sample to be analyzed,
      then adding a known amount of radioactivity in a compatible form. The
      sample with the increased radioactivity is then recounted. The efficiency
      is determined by dividing the count rate increment due to the internal
      standard by the known disintegration rate of the internal standard. Among
      the disadvantages associated with internal standardization is the
      requirement that each sample must be handled twice as well as the
      requirement that it be opened, with the possibility of alteration of
      counting efficiency due to spillage or evaporation. In addition, the
      sample is thereafter altered and cannot be recounted. Furthermore, each
      newly prepared standard solution must be compared to a permanent standard
      for continuity and each sample is subject to possible pipetting errors.
      Moreover, the precision of internal standardization falls off with
      increased color quenching, which is the internal absorption of some of the
      light produced by the scintillations in a colored sample solution.
PAR  An existing alternative to internal standardization is external
      standardization. External standardization requires, for example, an
      external standard of a source of gamma radiation of known radiation
      characteristics. Disintegrations from the liquid sample to be analyzed are
      first counted without the external standard. Thereafter the external
      standard is positioned near the liquid sample. The external standard emits
      gamma rays that induce scintillations by the scintillation fluor in the
      liquid sample. Calibration curves are constructed for each radioactive
      isotope serving as an external standard and for a particular scintillation
      fluor in each solvent system by means of a set of standard samples
      containing known amounts of radioactivity in various concentrations of
      quench covering the useful efficiency range. The count rate produced by
      the external standard in each sample analyzed can then be correlated with
      the efficiency of detection. If a low energy gamma emitter is used as an
      external standard, however, it is necessary to subtract the contribution
      of the sample isotope that falls in the energy range in which the external
      standard is being counted. Also, there is considerable variation in the
      measured count of an external standard depending upon sample vial volume
      and shape, volume of liquid in the sample vial, and position of the
      external standard with respect to the vial.
PAR  Still another method of obtaining efficiency is through the sample channels
      ratio method. Since quenching effects the average photon yield per
      disintegration, the pulse amplitude distribution varies with degree of
      quenching. Two counting energy windows may be positioned, relative to the
      pulse amplitude spectrum, such that the ratio of the net count rates in
      the two windows can be made to vary monotonically with the degree of
      quenching. A calibration curve relating the ratio of the channel net count
      rates to isotope counting efficiency can then be constructed. Because
      sample channels ratio involves the ratio of the counts in two amplitude
      windows, this technique becomes very unreliable for highly quenched
      samples, since very few pulse counts then appear in the upper channel.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention to determine the efficiency of pulse
      detection based on apparent pulse amplitude rather than upon the channels
      ratio.
PAR  It is another object of this invention to determine average detection
      efficiency utilizing the entire spectrum of pulse amplitudes and pulse
      counts. This is in contrast to conventional methods where the precision of
      measurement of efficiency is poor for highly quenched samples and for high
      energy standards.
PAR  It is another object of the invention to determine efficiency using a
      single correlation function involving pulse amplitude for a given
      radioactive source in a given liquid scintillation counting device. A
      single function currently is insufficient where distinct channels
      ratio-efficiency curves must be produced experimentally for each
      radioactive source and solvent system utilized in a detecting device.
PAR  In one broad aspect this invention is a method for determining counting
      efficiency using a liquid scintillation radiation detecting and counting
      apparatus having pulse amplitude accumulative means for pulses generated
      by photodetecting means as a result of scintillations caused by
      radioactive events in a liquid sample containing a known radioactive
      source comprising: passing the aforesaid pulses to said pulse amplitude
      accumulative means to produce a cumulative integral sum of pulse
      amplitudes, counting the number of pulses contributing to the cumulative
      integral sum of pulse amplitudes, dividing the integral sum of pulse
      amplitudes by the number of pulses to ascertain an average pulse
      amplitude, and determining average pulse collection efficiency as a
      function of average pulse amplitude.
PAR  In another aspect this invention is, in a liquid scintillation radiation
      detecting and counting device having a scintillation chamber, at least one
      photodetector in optical communication with said scintillation chamber,
      the improvement comprising an analog to digital converter operatively
      connected to said photodetector, a pulse amplitude cumulative register
      connected to said analog to digital convertor, a pulse count cumulative
      register connected to said analog to digital convertor, and dividing means
      connected to said pulse amplitude cumulative register and to said pulse
      count cumulative register for dividing cumulated pulse amplitudes by
      cumulated pulse counts to produce an average pulse amplitude.
DRWD
PAC  DETAILED DESCRIPTION
PAR  The method and device of this invention are more clearly illustrated in the
      accompanying drawings in which:
PAR  FIG. 1 is a block diagram of a liquid scintillation coincidence counting
      system employing the present invention;
PAR  FIG. 2 is an expanded block diagram of a portion of the liquid
      scintillation system of FIG. 1;
PAR  FIG. 3 is a plot of efficiency versus average pulse amplitude; and,
PAR  FIG. 4 is a plot of efficiency versus weighted average pulse amplitude.
DETD
PAR  Referring now to FIG. 1 there is shown a liquid sample 11 containing a
      known radioactive source of unknown level of radioactivity positioned in a
      scintillation chamber. Photomultiplier tubes PM1 and PM2 are in optical
      communication with the sample 11 in the scintillation chamber. PM1 and PM2
      are both connected to a coincidence detector 12, the output of which is
      connected to a conventional pulse height analyzer 13 and thereafter to a
      pulse count register 14. The part of the system described thus far is a
      conventional arrangement for liquid scintillation coincidence counting. In
      addition, the photomultiplier tubes PM1 and PM2 are both connected to an
      analog to digital converter 15 which is gated by the coincidence detector
      12 so that non-coincident counts do not contribute to the determination of
      efficiency. In a single detector system, all of the single detector output
      pulses are processed by the pulse height analyzer 13 and the analog to
      digital converter 15. A pulse amplitude cumulative register 18 in the form
      of a scaler and a pulse count cumulative register 20 also in the form of a
      scaler, are both connected to outputs of analog to digital converter 15.
      The analog to digital converter 15 processes the pulses from PM1 and PM2
      and generates signals representing pulse amplitudes which are passed to
      register 18 for storage. Of course, register 18 is not reset until after
      the counting cycle for a particular sample is complete. Signals
      representing pulse counts are passed from analog to digital converter 15
      to register 20 for accumulating total pulse count. In the preferred
      embodiment, registers 18 and 20 display a digital representation of
      accumulated pulse amplitude and cumulative pulse counts respectively.
      Alternatively, the registers 18 and 20 need not provide a digital display,
      but may be included merely as a part of the dividing means 17 as long as
      they are not cleared, but only updated to facilitate division in
      determining efficiency for a given sample. The dividing means 17 is
      connected with inputs from both the registers 18 and 20. The dividing
      means 17 divides cumulated pulse amplitudes from register 18 by cumulated
      pulse counts from register 20, to produce an average pulse amplitude which
      is passed to the average pulse amplitude register 19 connected to the
      dividing means 17. To the average pulse register 19 is connected a
      function generator 21. Function generator 21 applies a function to the
      average pulse amplitude to arrive at pulse detection efficiency. This
      resultant pulse detection efficiency, or the inverse thereof, is passed to
      a data output means in the form of a disintegration register 22 connected
      to function generator 21 for determining the rate of radioactive
      disintegrations based on pulse detection efficiency. That is, measured
      counts from register 14 are divided by average pulse detection efficiency
      in order to compute the number of actual radioactive disintegrations in
      the sample 11.
PAR  In one embodiment of the invention, the function applied to the average
      pulse amplitude to obtain the pulse detection efficiency is illustrated in
      FIG. 3. In this embodiment the function generating means 21 is comprised
      of analog components with a voltage response approximating the curve 34 in
      FIG. 3. In such a construction efficiency as a function of average pulse
      amplitude rises sharply at low pulse amplitudes as depicted by the curve
      34. Detection efficiency levels off rapidly at the higher average pulse
      amplitude energy levels. The curve 34 in FIG. 34 in FIG. 3 is a composite
      for both tritium and carbon 14, the radioactive sources most frequently
      used in liquid scintillation counting. There is some difference in the
      correlation of efficiency to average pulse height for the two isotopes, so
      it may be desirable for the liquid scintillation device to operate with
      separate function generating means depending upon the radioactive source
      where maximum accuracy is desired. This would be somewhat similar to
      existing liquid scintillation counting methods since most of these operate
      in distinct modes for different radioisotopes.
PAR  In an alternative arrangement, such as the embodiment illustrated in FIGS.
      1 and 2, the function generating means 21 may be comprised of a linear
      amplifier. In such an arrangement, the function applied to the average
      pulse amplitude is a linear function. While this would normally result in
      an inaccurate determination of efficiency, the situation can be rectified
      by arriving at weighted values of the pulse amplitudes in the analog to
      digital converter 15 through the use of a transfer function F(a). The
      weighted average pulse amplitude values a.sub.1, are then equal to K
      .sup.. F (a), where K is a constant and a is the value of amplitude sums
      of coincident pulses passed to the analog to digital converter 15. The
      weighted pulse amplitude values are passed to register 18 from analog to
      digital converter 15. FIG. 2 illustrates a form of the analog to digital
      converter 15 wherein such weighted values or pulses amplitudes are
      utilized. In the analog to digital converter 15, pulses from PM1 and PM2
      are passed to a summing means 23 which when gated by coincidence detector
      12, adds together the pulse amplitudes of the two coincident pulses. The
      signal from summing means 23 is passed through a plurality of amplitude
      sensitive pulse weighting means each of which is comprised of a pulse
      height analyzer and a function generator, and which together serve to
      apply a transfer function to the pulse amplitude sums. Each of the pulse
      height analyzers 24, 25, 26, 27, and 28 has a distinct pulse amplitude
      window, so that the transfer function parameters vary between ranges of
      pulse amplitude limits, depending upon the window within which a
      particular pulse amplitude sum lies. The pulse amplitude windows cover the
      entire spectrum of pulse amplitude, from threshold coincidence to
      infinity, but do not overlap. The simplest form of function generator is a
      linear amplifier, such as the linear amplifiers 29, 30, 31, 32 and 33
      having respective gains of k.sub.1, k.sub.2, k.sub.3, k.sub.4, and
      k.sub.5. A particular pulse amplitude sum emanating from summing means 23
      will thereby pass through one and only one of the pulse height analyzers
      24 through 28 to reach a function generator. For example, if a pulse
      amplitude sum falls within the pulse window of pulse height analyzer 27,
      the pulse amplitude sum will be passed through pulse height analyzer 27
      and subjected to a gain of k.sub.4 as imposed by function generator 32.
      The pulse amplitude sum, weighted by a factor of k.sub.4, is then passed
      to the pulse amplitude cumulative register 18. The pulse signal indicating
      a coincident pulse count is also passed from summing means 23 through a
      pulse shaping network 16 to the register 20.
PAR  It can be seen that in order to linearize the function applied to the
      average pulse amplitude from register 19 by function generating means 21,
      such as illustrated in FIG. 4, a very low weighting will be applied in the
      analog to digital convertor 15 to large pulse amplitude sums while a much
      higher weighting will be applied to smaller pulse amplitude sums. While
      the function generators 29, 30, 31, 32, and 33 have been described as
      linear amplifiers, linear amplifiers only approximate the appropriate
      weighting which should be applied to the pulse amplitude sums. For greater
      accuracy, function generators producing a more intricate transfer function
      may be utilized to more accurately arrive at the proper weighted
      cumulative integral sum of pulse amplitudes.
PAR  In the embodiment of the invention depicted in FIGS. 1 and 2, coincident
      pulses generated by the photomultiplier tubes PM1 and PM2 as a result of
      scintillations caused by radioactive events in the liquid sample 11 are
      passed to the analog to digital converter 15. If the pulses are in fact
      coincident, the analog to digital converter 15 is gated. The pulse
      amplitude cumulative register 18 increments or initiates the cumulative
      integral sum of pulse amplitudes. The cumulative integral sum of pulse
      amplitudes is continuously available as an input to the dividing means 17
      from the register 18. Similarly, the number of individual pulses occurring
      in coincidence which contribute to the cumulative integral sum of pulse
      amplitudes is initiated or incremented by the pulse count cumulation
      register 20. The pulse count also is continuously supplied as an input to
      the dividing means 17 from the register 20.
PAR  When each of the registers 18 and 20 is updated, the dividing means 17
      performs a mathematical division of the accumulative integral sum of pulse
      amplitudes by the accumulated pulse count of pulses contributing to the
      integral amplitude sum. The quotient obtained is the average pulse
      amplitude of the coincident pulses measured. This average pulse amplitude
      is passed to the average pulse amplitude register 19 connected to the
      dividing means 17. In an alternative mode of operation, no division is
      performed until after a predetermined elapsed time or until a
      predetermined number of counts have been accumulated, after which a single
      operation or mathematical division is performed for a sample to arrive at
      an average pulse amplitude for that sample. In either case, the average
      pulse amplitude is used to determine average pulse collection efficiency
      through the use of function generating means 21 as previously described.
      The function generated by function generating means 21 may be either
      mathematically or empirically derived. If the function is mathematically
      derived and weighted pulse amplitude sums are not used, an appropriate
      function would be typified by the function: E=C.sup.. a.sup.1/2 --b, where
      E is average efficiency of detection, C and b are constants, and a is
      average pulse amplitude. Such a function may be used to approximate the
      curve 34 of FIG. 3 in situations where only actual pulse amplitudes, not
      weighted pulse amplitudes, are derived from analog to digital converter
      15.
PAR  If the function utilized is mathematically derived, the function generating
      means 21 may generate a function that has parameters that vary as between
      ranges of pulse amplitude limits. Such a function generating means would
      not then produce a signal from a single set of components such as is
      possible with the function E=C.times.a.sup.1/2 --b, but rather would be
      constructed more nearly analogous to the system depicted in FIG. 2.
PAR  Where the function is to be empirically derived, the function is determined
      by selecting a plurality of standard liquid samples quenched to varying
      degrees, each sample containing the radioactive source to be used in the
      test samples, but at known levels of radioactivity. The rate of detection
      of radioactive events is measured using the liquid scintillation and
      coincidence counting apparatus of FIG. 1. The average pulse collection
      efficiency is calculated in each instance by dividing the rate of
      detection of radioactive events by the known level of radioactivity. The
      average measured pulse amplitude in each of the standard liquid samples is
      plotted against average efficiency in a two-dimensional coordinate system
      to locate points conforming to the function to be defined. With a
      sufficient number of points located, the function may be defined to
      include the corresponding values of pulse collection efficiency and
      average pulse height for the standard liquid samples. Analog components
      may be selected to approximately generate the function so derived.
PAR  The foregoing description and preferred embodiments of the invention have
      been depicted for illustrative purposes only, and the particular mode of
      operation or embodiment or component used should not be considered
      limiting as to the scope of the invention. For example, a separate average
      pulse amplitude register 19 is not essential to the invention when either
      a disintegration register 22 or an efficiency register is utilized. Also,
      it may be desirable for various of the operating elements to perform
      multiple functions. For example, while the coincidence detector 12, the
      pulse height analyzer 13, and the pulse count register 14 are depicted
      herein as separate units, these devices may easily be combined with the
      analog to digital conversion channel. In such an arrangement, a single
      pulse count register could perform the functions of both of the pulse
      count registers 14 and 20. In addition, the pulse height analyzer 13 could
      be deleted with its effective function being taken over by the properties
      of the analog to digital converter 15.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for determining counting efficiency using a liquid
      scintillation radiation detecting and counting apparatus having .[.pulse
      amplitude accumulative means for pulses generated by photodetecting means
      as a result of.]. .Iadd.photodetecting means responsive to
      .Iaddend.scintillations caused by radioactive events in a liquid sample
      containing a known radioactive source .Iadd.to generate pulses having an
      amplitude spectrum, and pulse amplitude accumulative means,
      .Iaddend.comprising: passing the aforesaid pulses to said pulse amplitude
      accumulative means to produce a cumulative integral sum of pulse
      amplitudes .Iadd.ranging upwardly from a detection threshold,
      .Iaddend.counting the number of pulses contributing to the cumulative
      integral sum of pulse amplitudes, dividing the integral sum of pulse
      amplitudes by the number of pulses to ascertain an average pulse
      amplitude, and determining average pulse collection efficiency as a
      function of said average pulse amplitude.
NUM  2.
PAR  2. The method of claim 1 wherein average pulse collection efficiency is
      determined from an empirically derived function.
NUM  3.
PAR  3. The method of claim 1 wherein average pulse collection efficiency is
      determined from a mathematically derived function using said liquid
      scintillation radiation detecting and counting apparatus.
NUM  4.
PAR  4. The method of claim 3 wherein said mathematically derived function has
      parameters that vary between ranges of pulse amplitude limits.
NUM  5.
PAR  5. The method of claim 1 wherein said function is a linear function, and
      wherein the pulse amplitudes of the pulses passed to said pulse amplitude
      accumulative means are weighted according to a transfer function in
      arriving at the aforesaid cumulative integral sum of pulse amplitudes,
      whereby the aforesaid linear function accurately reflects the actual
      relationship of average pulse collection efficiency to the aforesaid
      average pulse amplitude.
NUM  6.
PAR  6. The method of claim 5 wherein said transfer function has terms that vary
      as between distinct and different pulse amplitude ranges.
NUM  7.
PAR  7. The method of claim 1 further comprising thereafter determining the rate
      of occurrence of disintegrations based on the average pulse collection
      efficiency.
NUM  8.
PAR  8. A method of compensation for quenching of liquified radioactive
      scintillation samples using a liquid scintillation radiation detecting and
      counting apparatus having photodetecting means, a function generating
      means, and a data output means, comprising: detecting scintillations
      caused by radioactive events in a liquified radioactive scintillation
      sample, generating electrical pulses in said photodetecting means
      .Iadd.having an amplitude spectrum .Iaddend.in response to scintillations
      caused by radioactive events in said sample, adding and accumulating the
      pulses .Iadd.ranging upwardly in amplitude from detection threshold
      .Iaddend.to produce an accumulated integral amplitude sum, dividing said
      integral amplitude sum by the number of pulses contributing thereto,
      generating a signal proportional to the resulting quotient representative
      of an average pulse amplitude, passing said average pulse amplitude signal
      to a function generating means to produce a signal representative of
      average pulse collection efficiency, and passing said average pulse
      collection efficiency signal to said data output means.
NUM  9.
PAR  9. In a liquid scintillation radiation detecting and counting device having
      a scintillation chamber, at least one photodetector in optical
      communication with said scintillation chamber .Iadd.and generating pulses
      having an amplitude spectrum, .Iaddend.the improvement comprising: an
      analog to digital converter operatively connected to said photodetector, a
      pulse amplitude cumulative register connected to said analog to digital
      converter .Iadd.and responsive to said pulses having amplitudes above a
      detection threshold, .Iaddend.a pulse count cumulative register connected
      to said analog to digital converter, and dividing means connected to said
      pulse amplitude cumulative register and to said pulse count cumulative
      register for dividing accumulated pulse amplitudes by cumulated pulse
      counts to produce an average pulse amplitude.
NUM  10.
PAR  10. In a liquid scintillation radiation detecting and counting device
      having a scintillation chamber, at least one photodetector in optical
      communication with said scintillation chamber .Iadd.and generating pulses
      having an amplitude spectrum, .Iaddend.the improvement comprising: analog
      to digital converter means operatively connected to said photodetector for
      producing signals representing pulse amplitudes and signals representing
      pulse counts, an accumulative register connected to said analog to digital
      converter for storing the total sum of signals representing .Iadd.all
      .Iaddend.pulse amplitudes .Iadd.in said spectrum above the detection
      threshold, .Iaddend.an accumulative register connected to said analog to
      digital converter for storing the total sum of signals representing pulse
      counts, dividing means connected said accumulative register for pulse
      amplitudes and to said accumulative register for pulse counts for dividing
      cumulated pulse amplitudes by cumulated pulse counts to produce an average
      pulse amplitude, and a function generator operatively connected to said
      dividing means for applying a function to said average pulse amplitude to
      arrive at pulse detection efficiency.
NUM  11.
PAR  11. The improved device of claim 10 wherein said pulse amplitude analog to
      digital converter further comprises amplitude sensitive pulse weighting
      means operative according to a mathematical transfer function with
      parameters that vary between ranges of pulse amplitude limits, and wherein
      said function generator applies a linear function to said average pulse
      amplitude.
NUM  12.
PAR  12. The improved device of claim 10 further comprising a disintegration
      register connected to said function generator for determining the rate of
      radioactive disintegrations based on pulse detection efficiency.
NUM  13.
PAR  13. In a liquid scintillation radiation detecting and coincidence counting
      device having a scintillation chamber, a plurality of photodetectors in
      optical communication with said scintillation chamber .Iadd.and generating
      pulses having an amplitude spectrum, .Iaddend.and a coincidence detector
      connected to said photodetector, the improvement comprising: analog to
      digital converter means operatively connected to said photodetectors  and
      to said coincidence detector for producing .Iadd.first .Iaddend.signals
      representing pulse amplitudes .Iadd.ranging upwardly from threshold
      coincidence .Iaddend.and .Iadd.second .Iaddend.signals representing
      .Iadd.the corresponding .Iaddend.pulse counts, .[.an.]. .Iadd.a first
      .Iaddend.accumulative register connected to said analog to digital
      converter for storing the total sum of .Iadd.said first .Iaddend.signals
      representing .Iadd.the cumulated value of said .Iaddend..[.pulse.].
      amplitudes, .[.an.]. .Iadd.a second .Iaddend.accumulative register
      connected to said analog to digital converter for storing the total sum of
      .Iadd.said second .Iaddend.signals representing .Iadd.the cumulated value
      of said .Iaddend.pulse counts, dividing means connected to said
      .Iadd.first .Iaddend.accumulative register .[.for pulse amplitudes.]. and
      to said .Iadd.second .Iaddend.accumulative register .[.for pulse counts.].
      for dividing .Iadd.said .Iaddend.accumulated pulse amplitudes by
      .Iadd.said .Iaddend.cumulated pulse amplitudes by .Iadd.said
      .Iaddend.cumulated pulse counts to produce an average pulse amplitude, and
      a function generator operatively connected to said dividing means for
      applying a function to said average pulse amplitude to arrive at pulse
      detection efficiency. .Iadd. 14. The improved device of claim 13, wherein
      said first signals produced by said analog to digital converter means
      represent pulse amplitudes ranging from threshold coincidence to infinity.
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ABST
PAL  A tone control circuit is in a receiver adapted to respond to a sequence of
      control tones alternately selected from a first group of tones in a first
      band of frequencies and a second group of tones in a second band of
      frequencies, wherein the two bands are separated by an intermediate band
      and wherein the time duration of the gap between adjacent tones in the
      sequence of tones is substantially zero, the tone control circuit
      including a filter device which is tuned to the frequencies of the control
      tones as they are received, a plurality of AND circuits corresponding in
      number to the control tones and respectively having one input coupled to
      the filter device and another input coupled to the preceding AND circuit
      so that each AND circuit is operative to produce an output only in the
      presence of a tone being passed by the filter and an output signal from
      the preceding AND circuit, the filter device being tuneable either
      manually or electronically via the outlet signals from the AND circuits.
BSUM
PAR  The present invention relates to communication systems, and particularly to
      communication systems for selectively transmitting intelligence from a
      transmitter to at least one selected receiver.
PAR  It is an important object of the present invention to provide in a
      communication system for selectively transmitting intelligence from a
      transmitter to at least one selected receiver, the combination comprising
      a transmitter including a tone-generating circuit for generating tones
      selected from a first group of tones in a first band of frequencies and
      for generating tones selected from a second group of tones in a second
      band of frequencies separate and distinct from the first band of
      frequencies, the tone-generating circuit generating a sequence of tones
      alternately selected from from the first and second groups of tones, a
      transmitter output circuit coupled to the tone-generating circuit for
      transmitting signals corresponding to the sequence of tones and
      corresponding to the intelligence to be transmitted, a receiver including
      an input circuit for receiving the signals from the transmitter, a
      detecting circuit coupled to the input circuit for detecting the sequence
      of tones and the intelligence of the signals, a translating circuit
      coupled to the detecting circuit for translating the intelligence into a
      useable form, an output control circuit coupled to the translating circuit
      and effective in a first condition thereof to render the translating
      circuit inoperative and effective in a second condition thereof to render
      the translating circuit operative, first and second tone control circuits,
      the first tone control circuit being coupled to the detecting circuit and
      to the second tone control circuit and responsive to the application of
      tones from the first group of tones to provide first control signals to
      the second control circuit, the second tone control circuit being coupled
      to the detecting circuit and to the first tone control circuit and
      responsive to the application of the tones from the second group of tones
      to provide second control signals to the first tone control circuit, and
      means for applying an output control signal from the tone control circuits
      to the output control circuit upon the application of the last tone in the
      sequence of tones for actuating the output control circuit from the first
      condition thereof to the second condition thereof, thereby to render the
      translating circuit operative.
PAR  In connection with the foregoing object, it is another object of the
      invention to provide a communication system of the type set forth wherein
      the control tones are in the audio range of frequency, each band of
      frequencies containing at least 10 separate tones with each tone separated
      from the adjacent tones by about 31/3 percent of the frequency thereof
      with instantaneous switching between adjacent tones in the sequence.
PAR  Another object of the invention is to provide a communication system of the
      type set forth wherein the transmitter produces a carrier signal upon
      which the intelligence and the control tones are applied by modulation,
      the preferred type of modulation being frequency modulation.
PAR  Yet another object of the invention is to provide a communication system of
      the type set forth wherein each tone in the sequence of tones has a time
      duration substantially not greater than about 40 milliseconds, and the
      spacing between adjacent tones in the sequence of tones each has a time
      duration as short as possible, whereby to provide for rapid receiver
      turn-on with freedom from false operation.
PAR  Still another object of the invention is to provide an improved receiver
      for use in a communication system of the type set forth.
PAR  In connection with the foregoing object, another object of the invention is
      to provide an improved receiver of the type set forth having therein two
      tone control circuits each having a tapped filter therein adjustable to a
      selected one of a plurality of positions respectively corresponding to a
      selected tone in one of the groups of tones so that upon the application
      of the selected tone thereto, an output is derived therefrom.
PAR  Yet a further object of the invention is to provide an improved receiver of
      the type set forth wherein the tapped filter has a plurality of
      connections thereon, the appropriate connection being electronically
      established thereby to select the response frequency of the tapped filter.
PAR  Still another object is to provide an improved communication system
      compatible with a numbering system (or alphanumeric designation) wherein
      there will be a large shift in frequency between any pair of successive
      digits or letters regardless of the number or letter to be selected, all
      while requiring only a relatively narrow total frequency spectrum.
PAR  A still further object of the invention is to provide a receiver of the
      type set forth wherein the taps selected on the tapped filters, and
      therefore the frequency of response of the filter, are selected and
      determined by the connectors interconnecting the tapped filter and the
      other circuit components of the receiver.
PAR  A further object of the invention is to provide an improved tapped filter
      for use in the receiver of the present invention.
PAR  Further features of the invention pertain to the particular arrangement of
      the elements of the communication system, the receiver therefor, and the
      components circuits and elements thereof, whereby the above-outlined and
      additional operating features thereof are attained.
DRWD
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages thereof will best be
      understood by reference to the following specification taken in connection
      with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of a communication system made in accordance
      with and embodying the principles of the present invention, the
      transmitter and the receiver embodying the system being illustrated in
      block form;
PAR  FIG. 2 is a more detailed schematic and block diagram of the receiver
      forming a part of the communication system of FIG. 1;
PAR  FIGS. 3, 4 and 5, taken together, comprise a schematic electrical diagram
      of the tone control circuits forming a part of the receiver of FIG. 2;
PAR  FIG. 6 is a schematic block diagram of a second form of a receiver made in
      accordance with and embodying the principles of the present invention;
PAR  FIG. 7 is a schematic electrical diagram of the filters and inverter
      forming a part of the receiver illustrated in FIG. 6;
PAR  FIG. 8 is a schematic block diagram of a third form of a receiver made in
      accordance with and embodying the principles of the present invention; and
PAR  FIG. 9 is a schematic electrical diagram of the filters and the NOR circuit
      forming a part of the receiver of FIG. 8.
DETD
PAR  The principles of the present invention are equally applicable to
      communication systems utilizing wire lines, modulated supersonic signals,
      AM radio signals, and FM radio signals. For illustrative purposes, there
      is shown in the drawings a communication system employing FM radio
      signals. Those skilled in the art will readily understand that the various
      principles to be described hereinafter in conjunction with the system
      employing FM radio signals can be readily adjusted to the other types of
      communication systems using other forms of transmission such as those set
      forth above.
PAR  Referring to FIG. 1 of the drawings, there is shown a mobile FM radio
      communication system made in accordance with and embodying the principles
      of the present invention, the system being generally designated by the
      numeral 20. The system 20 includes an FM transmitter 30 and an FM receiver
      100, it being understood that the transmitter 30 and/or the receiver 100
      may be either fixed or mobile, each operating system typically containing
      both a transmitter 30 and a receiver 100.
PAR  The transmitter 100 includes the usual RF oscillator 31, the output of
      which is applied via the conductor 32 to a modulator 40, the modulator 40
      serving to impress audio signals upon the RF carrier provided by the
      oscillator 31 by means of frequency modulation. One of the audio inputs to
      the modulator 40 is derived from a voice input appearing on a conductor 51
      which is applied through an audio amplifier 50 to a conductor 52 serving
      as an audio input to the modulator 40. There also is provided a tone
      sequence generator 60, the output of which is connected to the conductor
      51 and is applied through the audio amplifier 50 and through the conductor
      52 as a second input to the modulator 40. The output of the modulator 40
      appears on the conductor 41 which is coupled to the output circuits 70
      where power amplification is effected, the output from the circuits
      appearing on the conductor 71 that is coupled to a transmitting antenna
      80, all in the usual construction and arrangement.
PAR  The tone sequence generator 60 is of the type that can generate a sequence
      of tones, for example, a sequence of two tones, three tones, ...seven
      tones, etc., the tone sequence being preferably generated automatically
      after being encoded therein. Furthermore, alternate tones in the tone
      sequence are selected from two different groups of tones in two different
      bands of audio frequencies. For example, the first, third, fifth, etc.
      tones would be selected from a first group of tones in a first band of
      frequencies, while the second, fourth, sixth, etc. tones in the sequence
      of tones would be selected from a second group of tones in a second band
      of frequencies separate and distinct from the first band of frequencies.
      Preferably the two bands of frequencies are separated by a substantial
      frequency gap from each other. In an illustrative example of a typical
      system providing 10 tones in each group of tones, the first group of tones
      would have the following frequencies providing 10 different channels:
      1177, 1219, 1261, 1306, 1352, 1400, 1449, 1500, 1533 and 1608; while the
      second group of tones would have the following frequencies providing 10
      different channels: 1980, 2049, 2121, 2196, 2274, 2354, 2437, 2523, 2612
      and 2704. It will be noted that each tone is spaced from the adjacent
      tones in an amount equal to approximately 31/3 percent of the frequency
      thereof, while there are five tones missing between the two groups of
      tones, thus constituting the frequency gap between the nearest adjacent
      tones in the two groups of tones. In a typical illustration, the
      odd-numbered tones in the sequence of tones would be selected from the
      first group of frequencies, while the even-numbered tones in the sequence
      of tones would be selected from the second group of frequencies. Selecting
      one tone from each group of tones to provide a two-tone sequence permits
      100 different codes, while choosing four tones from one group of tones and
      three tones from the other group of tones to provide seven tones can
      provide 10 million different codes. If the frequency groups are reversed
      in sequence an additional 100, or 10 million codes can similarly be
      provided for 227-tone sequences. In the tone sequence generator 60, each
      tone may, for example, have a time duration of  15 to 100 milliseconds, a
      typical time duration being 30 milliseconds, for a seven-tone sequence or
      75 milliseconds for a two-tone sequence, while the time gap between
      adjacent tones in the sequence should be as short as possible; as a
      consequence, for a seven-tone sequence, response times as low as 100
      milliseconds are available, all while providing greater security against
      false activation, as will be explained more fully hereinafter.
PAR  The transmissions from the transmitter 30 are adapted to be received by the
      receiver 100 and more particularly by the antenna 101 thereof which is
      connected by a conductor 102 to the usual RF and IF and detecting circuits
      103-113. The output from the circuits 103-113 appears on a conductor 114
      which applies an input to the audio output circuit 115-117 that in turn
      have the output connected as the input to audio speaker circuits 120-133.
      In accordance with the present invention, no output is obtained from the
      audio speaker circuits 120-133 unless the tone decoder circuits 200-300
      are first operated by a suitable tone sequence, the input to the tone
      decoder circuits being on a conductor 124 and the output therefrom being
      on a conductor 126.
PAR  There is illustrated in FIG. 2 of the drawings, a more complete diagram of
      the radio receiver 100 forming a part of the communication system of the
      present invention. The carrier signal from the transmitter 30 is picked up
      on the antenna 101 and is conveyed by the conductor 102 to the input of a
      radio frequency amplifier 103. The output of the radio frequency amplifier
      103 is supplied by a conductor 104 as one of the inputs to the mixer 105,
      the usual local oscillator 106 being provided and having the output
      thereof connected by a conductor 107 as a second input to the mixer 105.
      The intermediate frequency which is the output of the mixer 105 is applied
      by a conductor 108 as the input to the IF amplifier 109, the output of
      which is transmitted by the conductor 110 to the input of a limiter 111.
      The output of the limiter 111 appears on a conductor 112 and is the input
      to the discriminator 113, the output of the discriminator 113 being an
      audio frequency signal appearing on the conductor 114. The audio signal on
      the conductor 114 is amplified by an audio amplifier 115 and is then
      conveyed by a conductor 116 to an audio output amplifier 117. The output
      from the amplifier 117 is applied to an output transformer 120, and
      specifically to the primary winding 121 thereof, a secondary winding 122
      being provided having one terminal connected by a conductor 123 to one of
      the input terminals of a loudspeaker 125, and the other terminal being
      connected to a conductor 124. The conductors 123 and 124 are also
      connected as an input to the limiter 150 which provides a signal for a
      first tone control circuit 200 and a second tone control circuit 300.
      Before there is any output derived from the loud speaker 125, the tone
      control circuits 200-300 must be activated by a proper sequence of control
      tones, the output then being applied to a control relay 130 including a
      coil 131 to which are connected the conductors 134 and 139, respectively.
      The armature of the relay 130 controls a movable switch contact 132 which
      cooperates with a fixed switch contact 133 connected to the conductor 124.
      A conductor 126 interconnects the other input terminal of the loud speaker
      125 and the switch contact 132. A proper output from the tone control
      circuits 200-300 operates the relay 130 to close the contacts 132-133
      thereby to connect the loudspeaker 125 across the output terminals of the
      transformer secondary winding 122, thus to provide an audio output from
      the receiver 100.
PAR  The first tone control circuit 200 has an input thereto a first control
      tone as the output of the limiter 150 that appears on the conductor 165,
      the input being a series of pulses of essentially square wave form that
      are applied as an input to a tapped filter 201, the output of the tapped
      filter 201 being a sinusoidal wave form appearing on a conductor 209,
      provided that the frequency of the input pulse is that to which the tapped
      filter 201 is tuned. The conductor 209 connects to a rectifier 220 which
      serves to rectify the input and to provide a DC output voltage on a
      conductor 227 that is connected as one input to a Schmidt trigger circuit
      230. Another input to the Schmidt trigger 230 is a suitable bias from a DC
      voltage that is applied on a conductor 155. The output of the Schmidt
      trigger 230 is connected by a conductor 244 to a delay circuit 260, and if
      the DC voltage on the conductor 244 persists for a predetermined period of
      time, an output is derived from the delay circuit 260 upon cessation of
      the first control tone. The output of the circuit 260 appears on a
      conductor 262 that is connected to the input of the monostable
      multivibrator 270. The multivibrator 270 is effective to produce an output
      pulse on a conductor 296 which is applied as one of the inputs to the
      second tone control circuit 300.
PAR  The second tone and control circuit 300 has as one of the inputs thereto a
      second control tone as the output of the limiter 150 that appears on the
      conductor 165, this input being a series of pulses of essentially square
      waveform that are applied as an input to a tapped filter 301, the output
      of the tapped filter 301 being a sinusoidal wave form appearing on a
      conductor 309, provided that the frequency of the input pulses is that to
      which the tapped filter 301 is tuned. The conductor 309 connects to a
      rectifier 320 which serves to rectify the input and to provide a DC
      voltage on a conductor 327 that is connected as one input to a Schmidt
      trigger circuit 330. Another input to the Schmidt trigger circuit 330 is
      the pulse on the conductor 296 from the monostable multivibrator 270
      described above. The output of the Schmidt trigger 330 is connected by a
      conductor 344 to a delay circuit 360, and if the control voltage on the
      conductor 344 persists for a predetermined period of time, an output is
      derived from the delay circuit 360 on a conductor 366 that is connected as
      the input to the control circuits 370 that is sufficient to control 370.
      The output of the control circuits 370 appears on the conductors 134 and
      139 that apply an energizing potential to the relay 130 to connect the
      loudspeaker 125 to the audio output of the receiver 100 after the proper
      sequence of tones has been received. There further is provided a holding
      circuit 335 that has the input connected to the conductor 344 and has the
      output connected by a conductor 298 as one of the inputs to the monostable
      multivibrator 270.
PAR  Referring to FIG. 3 of the drawings, there is illustrated in detail of
      portion of the tone control circuits, and specifically the limiter 150 and
      the two tapped filters 201 and 301. The output from the audio output
      amplifier 117 is coupled via the output transformer 120 and the conductors
      123-124 to the input of the limiter 150, and specifically to the input
      terminals of a transformer 151. More specifically the transformer 151 has
      a primary winding 152 and a secondary winding 153, the terminal of the
      primary winding 152 being connected respectively to the conductors
      123-124. The secondary winding 153 is center tapped and has connected to
      the center-tap one terminal of a limiting resistor 154, the other terminal
      of the resistor 154 being connected to the conductor 155. It will be
      understood that the +DC source circuit of which the conductor 155 is the
      output terminal provides a fixed DC voltage of for example 12 volts
      positive, the value of the voltage being regulated to a stable value as by
      a Zener diode, for example.
PAR  The upper terminal of the secondary winding 153 is connected as an input to
      a transistor 160, and particularly to the base 161 thereof, the collector
      162 being connected as an output to a conductor 165 and through a resistor
      167 to the +12-volt DC conductor 155; and the emitter 163 is connected to
      a conductor 166. The lower terminal of the secondary winding 153 is
      connected by a conductor 168 has an input to a second transistor 170, and
      specifically to the base 171 thereof. The collector 172 is connected by a
      conductor 174 to the +12-volt DC conductor 155, while the emitter 173 is
      connected to the conductor 166. There also is provided in the limiter 150
      a bias circuit in the form of a transistor 180, the base 181 of the
      transistor 180 being connected by a conductor 184 to one terminal of a
      potentiometer 185, the other terminal of the potentiometer 185 being
      connected to the +12-volt conductor 155, the potentiometer being provided
      with the usual arm 186 having one end connected to the conductor 184 and
      the other end contacting an adjusted point on the resistive member of the
      potentiometer 185. The collector 182 is connected to the conductor 166,
      while the emitter 183 is connected by a conductor 187 to one terminal of a
      resistor 188, the other terminal of the resistor 188 being grounded as at
      N.
PAR  The output from the limiter 150 is a train of essentially square waves
      appearing on the conductor 165, the train of square waves being coupled to
      the filter 201 and 301 by the conductor 165.
PAR  Considering now the construction of the tapped filter 201, there is
      provided an input capacitor 208 and an inductor in the form of a coil 202
      having associated therewith a magnetic core 203, at least a portion of the
      core 203 being movable and adjustable, whereby the inductor 202 can be
      slug tuned. The inductor 202 has an input terminal 204 that is connected
      by a conductor 209 to one terminal of a capacitor 205, the other terminal
      of the capacitor 205 being grounded as at N, the output being on the
      conductor 209. As illustrated, the inductor 202 has a plurality of taps
      thereon, and specifically 10 taps that are connected to contacts numbered
      210 through 219. Associated with the contacts is a movable contact arm 206
      which is also grounded via the conductor N. The series of resonance
      impedance of the filter 201 can be readily changed by moving the contact
      arm 206 from one contact to another, whereby to change the frequency at
      which the parallel circuit consisting of the tapped coil 202 and the
      capacitor 205 become series resonant with the capacitor 208. At resonance
      the output from the filter 201 will be a maximum and the output will be
      sinusoidal.
PAR  The construction of the tapped filter 301 is identical to that of the
      tapped filter 201, whereby like reference numerals in the 300 series have
      been applied to like parts thereof, and in the interest of brevity, no
      further description of the tapped filter 301 will be given, except to
      point out that the output therefrom is a sinusoidal wave on the conductor
      309, and that the output will be a maximum when the audio input pulse rate
      is at the frequency to which the output filter 301 is tuned.
PAR  Referring to FIG. 4 of the drawings, there is illustrated the details of
      the construction of the remainder of the first tone control circuit 200.
      The sine wave on the conductor 209 is applied as an input to the rectifier
      220, the rectifier 220 more specifically being a transistor having a base
      221 to which the conductor 209 is connected. The collector 222 of the
      transistor 220 is connected to the +12-volt DC conductor 155, while the
      emitter 223 is connected by a conductor 225 to a voltage divider network
      including resistors 226 and 228 connected in series to ground potential as
      at N, the adjacent terminals of the resistors 226-228 being connected by a
      conductor 227. A filtering capacitor 229 is connected between the
      conductor 225 and the ground potential and in parallel with the series
      resistors 226-228.
PAR  The output from the rectifier 220 is a DC voltage appearing on the
      conductor 227 which is applied as one of the inputs to the Schmidt trigger
      circuit 230, and specifically to a transistor 240 therein, the base 241 of
      the transistor 240 being connected to the conductor 227. The collector 242
      of the transistor 240 is connected via a conductor 244 and a resistor 245
      to the +DC conductor 155, a capacitor 246 being provided in parallel with
      the resistor 245; while the emitter 243 is connected by a conductor 239 to
      a bias transistor 231 and to another transistor 250.
PAR  The bias transistor 231 has the base 232 thereof connected by a
      potentiometer 235 to the +DC conductor 155, the potentiometer 235 being
      provided with a movable contact 237 having one terminal thereof connected
      by a conductor 236 to the base 232 and having the other terminal thereof
      in sliding adjusted engagement with the resistive element of the
      potentiometer 235. The collector 235 is connected to the conductor 239,
      while the emitter 234 is connected through a resistor 238 to ground
      potential as at N.
PAR  The transistor 250 has a base 251 that is connected by a conductor 256 to
      one terminal of a resistor 257 and to one terminal of a resistor 258, the
      other terminal of the resistor 257 being connected to the conductor 244,
      while the other terminal of the resistor 258 is connected to ground
      potential as at N. The collector 252 of the transistor 250 is connected
      via a conductor 254 and a resistor 255 to the +DC conductor 155, while the
      emitter 253 is connected to the conductor 239.
PAR  The output from the Schmidt trigger circuit 230 is a DC voltage appearing
      on the conductor 244 that provides an input to the delay circuit 260 which
      comprises a capacitor 261 and a resistor 263 interconnected by a conductor
      262. More specifically, one terminal of the capacitor 261 is connected to
      the conductor 244 and the other terminal thereof is connected to the
      conductor 262, and one terminal of the resistor 263 is connected to the
      conductor 262 and the other terminal thereof is connected to ground
      potential as at N.
PAR  The output from the delay circuit 260 is a voltage pulse appearing on the
      conductor 262 that is applied as one of the inputs to the monostable
      multivibrator 270, and specifically to the input transistor 280 thereof.
      The transistor 280 has the base 281 thereof connected to the conductor
      262, has the collector 282 thereof connected via a conductor 284 and a
      resistor 285 to the +DC conductor 155, and has the emitter 283 thereof
      connected to a conductor.
PAR  A bias transistor 271 is provided to apply suitable bias to the transistor
      280 and a second transistor 290 in the monostable multivibrator 270. The
      transistor 271 has a base 272 that is connected through a potentiometer
      275 to the +DC conductor 155, the potentiometer 275 having a movable
      contact 277 bearing against the resistive element thereof, which contact
      277 is connected by a conductor 276 to the base of 272. The transistor 271
      also has a collector 273 connected to the conductor 279 and an emitter 274
      connected to the ground conductor N.
PAR  The transistor 290 has the base 291 thereof connected to a conductor 298
      that is in turn connected to the adjacent terminals of resistors 286 and
      299, the other terminal of the resistor 286 being connected to the
      conductor 284 and the other terminal of the resistor 299 being connected
      to the grounded conductor N; the transistor 290 also has a collector 292
      connected via a conductor 296 and a potentiometer 295 to the +DC conductor
      155, and an emitter 293 connected to the conductor 279. The potentiometer
      295 is provided with the usual contact arm 297 in sliding contact with the
      resistive element of the potentiometer 295, the contact arm 297 being
      connected to the conductor 296. The output from the monostable
      multivibrator 270 appears on the conductor 296 as a positive going voltage
      pulse upon the removal of the first control tone from the receiver 100
      provided the first tone has been present for a period longer than a
      minimum delay period determined by the time constants of delay circuit
      260.
PAR  Referring next to FIG. 5 of the drawings, there is illustrated in detail
      the remaining portions of the tone control circuit 300. The sinusoidal
      wave form corresponding to the selected second tone appears on the
      conductor 309 and is applied as an input to the rectifier 320, the
      rectifier 320 being in the form of a transistor having a base 321 to which
      the conductor 309 is connected. The transistor 320 further has a collector
      322 being connected to the +DC conductor 155, and an emitter 323 connected
      via a conductor 325, a resistor 326, a conductor 327 and a resistor 328 to
      the grounded conductor N, a capacitor 329 being connected in parallel with
      the resistors 326 and 328.
PAR  The output from the rectifier 320 appearing on the conductor 327 as +DC
      voltage that is applied as an input to the Schmidt trigger circuit 330
      including a bias transistor 331 and a pair of transistors 340 and 350. The
      bias transistor 331 has a base 332 to which is connected the conductor 296
      carrying the output from the monostable multivibrator 270. The transistor
      331 has a collector 333 connected to a conductor 339 and an emitter 334
      connected by a resistor 338 to the grounded conductor N.
PAR  The transistor 340 has a base 341 to which is connected the conductor 327
      carrying the DC tone rectifier output as an input to the Schmidt trigger
      circuit 330. The transistor 340 has a collector 342 that is connected via
      a conductor 344 and a resistor 345 to the +DC conductor 155, a capacitor
      346 being connected in parallel with the resistor 345; and an emitter 343
      that is connected to the conductor 339.
PAR  The transistor 350 has a base 351 that is connected by a conductor 356 to
      adjacent terminals of two resistors 357 and 358, the other terminal of the
      resistor 357 being connected to the conductor 344 and the other terminal
      of the resistor 358 being connected to the grounded conductor N. The
      transistor 350 also has a collector 352 connected via a conductor 354 and
      a resistor 355 to the +DC conductor 155 and an emitter 353 connected to
      the conductor 339.
PAR  The output from the Schmidt trigger circuit 330 appears on the conductor
      344 as a negative going voltage, the output being applied to the HOLD ON
      circuit 355 and the delay circuit 360. As illustrated, the HOLD ON circuit
      355 is in the form of a diode having one terminal connected to the
      conductor 344 and the other terminal connected to the conductor 348 to
      provide a holding potential for the monostable multivibrator 270.
PAR  The input to the delay circuit 360 is applied to one terminal of the diode
      361. The other terminal of the diode 361 is connected by a conductor 362
      to one terminal of a charging capacitor 363, and one terminal of a
      resistor 364, the other terminal of resistor 364 being connected by a
      conductor 366 to one terminal of a capacitor 365, the other terminal of
      the capacitor 365 being connected to the +DC conductor 155.
PAR  The control circuit 370 contains two transistors 371 and 380, the
      transistor 371 being of the PNP type, whereas all of the other transistors
      described heretofore, and including transistor 380, are of the NPN type.
      The transistor 371 has a base 372 to which is connected the conductor 366,
      the base 372 also being connected through a resistor 375 to the +DC
      conductor 155. The collector of the transistor 371 is connected by a
      conductor 368 to the base 381 of the transistor 380, and the emitter 374
      of the transistor 372 is connected by a conductor 377 to the adjacent
      terminals of a pair of resistors 376 and 378, the other terminal of the
      resistor 376 being connected to the +DC conductor 155 and the other
      terminal of the resistor 378 being connected to the grounded conductor N.
      The collector 382 of the transistor 380 is also connected to the +DC
      conductor 155 through a resistor 379 and is connected by the conductor 367
      to one terminal of the capacitor 363. The emitter 383 of the transistor
      381 is connected by a conductor 384 as the input to a transistor 391.
PAR  The conductor 384 more specifically connects to the base 392 of the
      transistor 391, the transistor 391 controlling the conduction of current
      through the control relay 130 that has been described above, the conductor
      139 being connected to the collector 393 of the transistor 391. The
      emitter 394 of the transistor 391 is connected to ground potential via a
      resistor 399, a conductor 387, and a resistor 385, a capacitor 386 being
      connected in parallel to the resistor 385. The other connection for the
      relay 130, namely the connector 134, is connected to the +DC conductor
      155. Arranged in parallel with the relay 130 is a "push to reset light"
      137 having one terminal connected by a conductor 136 through a switch 135
      to the +DC conductor 155, and having the other terminal connected via a
      conductor 138 to one of the power terminals of a silicon-controlled
      rectifier (SCR) 395, specifically to the power terminals 396 thereof, the
      other power terminal 397 being grounded. A control terminal 398 is
      provided for the SCR 395 and is connected to the conductor 397.
PAR  Considering now the operation of the receiver 100, in order to obtain an
      output from the loudspeaker 125, a two-tone sequence of control tones must
      be applied to the receiver 100, each tone preferably having a time
      duration of at least about 15 milliseconds without any gap therebetween.
      Furthermore, the first tone received must be that to which the tapped
      filter 201 is tuned, and the second tone received must be that to which
      the tapped filter 301 is tuned. Upon the reception of the first tone, an
      audio signal corresponding to the first tone is applied along the
      conductors 123-124 as an input to the limiter 150. The transistors 160-170
      provide in essence a differential amplifier, the total current that can
      flow through the transistors 160-170 being that which flows through the
      transistor 180 which is in turn controlled by the setting of the
      potentiometer 185. The potentiometer 185 is adjusted so that the current
      through the transistor 180 is not sufficient to allow one of the
      transistor 160-170 to be driven to saturation when the other is
      nonconducting. The incoming control tone on the conductors 123-124
      alternately increases the conduction of one of the transistors 160-170 and
      decreases to cut off the conduction of the other, the conduction through
      the conducting transistor 160-170 being limited by the conduction through
      the transistor 180. Therefore the output on the conductor 165 is a square
      wave whenever the amplitude of the incoming audio signal is more than a
      certain minimum determined by the gain of the limiter 150 and the
      adjustment of limiting level by the potentiometer 175. Assuming that the
      amplitude of the first control tone appearing at the input of the limiter
      150 is sufficient to cause limiting a square wave output is provided on
      the conductor 165. It is pointed out that once the limiter 150 operates,
      the filter control band width will be constant if the limiter is
      symmetrical, i.e., if the circuits for the transistors 160 and 170 are
      balanced and symmetrical. An important feature of the limiter 150 resides
      in the fact that with a carefully controlled DC bias potential on the
      conductor 155 such as that provided by a Zener diode supply, there is no
      change of the band width as a result of a change in the amplitude of the
      incoming tone control signal, since above limiting, the voltage level to
      the output tone filters will be constant. When the amplitude of the
      incoming signal is below the limiting level, the band width will narrow;
      however this narrowing portion will be very small. By adjusting the
      limiting level of the limiting amplifier 150 by means of the slider 186,
      the maximum band width can be readily adjusted.
PAR  The series of square wave pulses on the conductor 165 are then applied to
      the tapped filters 201 and 301 and assuming that the control 206 is
      positioned so as to be at resonance for the first tone voltage, the output
      at the conductor 209 will be a sinusoidal wave having a frequency equal to
      that of the first control tone. It is pointed out that the tapped filter
      201 responds to the selected one of the 10 tones in the first group of
      tones that are all disposed in a first band of frequencies extending from
      1,177 cycles per second to 1,608 cycles per second, while the tapped
      filter 301 responds to the elected one of the ten tones in the second
      group of tones that are disposed in a second band of frequencies extending
      from 1,980 cycles per second to 2,704 cycles per second. It is further
      pointed out that when the band width for a single tone is adjusted as a
      percentage of its resonant frequency by slug tuning of the inductors 202
      or 302, as the case may be, the percentage of band width remains constant
      for all other taps. This results from the fact that the frequency of an LC
      circuit varies directly with the number of turns on the coil and because
      the Q also varies in a fashion such as to hold the band width as a
      constant percentage of the particular frequency selected. This results in
      substantial savings in manufacturing costs since a single frequency or
      band width adjustment adjusts the band width for all frequencies. Stating
      the matter in another way, in the resonant circuit such as the tapped
      filter 201, when the capacitance of the capacitors 208 and 205 are held
      constant and the inductance of the inductor 202 is varied, by the tap
      selection, the Q varies proportionately to the number of effective turns
      used in the inductor 202, the resonant frequency varies inversely as the
      number of effective turns in the inductor 202, and the Q varies
      proportionately to the frequency. If the resonant frequency is varied by
      changing the number of effective turns on the inductor 202, the circuit Q
      will remain constant at resonance for each selected frequency, i.e., if
      the turns are doubled, the resonant frequency will be halved while the Q
      will be doubled by the turns increase at the same frequency but halved by
      the frequency change, thereby to leave the Q unchanged. The voltage as a
      percentage of the peak voltage gives a band width which is a predetermined
      percentage of the resonant frequency for any given Q. If Q is held
      constant, as explained above, the band width will remain a constant
      percentage of the resonant frequency as the resonant frequency is varied,
      for example +2 percent preferred channel separation is that wherein the
      spacing between adjacent frequencies is a uniform percentage of resonance,
      the 31/3 percent spacing, for example referred to previously.
PAR  The sinusoidal wave corresponding in frequency to the first control tone is
      applied along the chamber 209 as the input to the rectifier 220, and there
      appears as the output from the rectifier 220 a positive going voltage on
      the conductor 227 that is applied as an input to the Schmidt trigger
      circuit 230.
PAR  Before the application of the input along the conductor 227 to the Schmidt
      trigger circuit 230, the bias transistor 231 is conducting to establish a
      bias on the emitters of the transistor 240 and 250, the amount of bias
      being adjustable by means of the potentiometer 235, whereby the
      potentiometer 235 serves as the band width adjustment for the first
      control tone. Initially the transistor 240 is nonconducting and the
      transistor 250 is conducting. Upon the application of the positive voltage
      along the conductor 227 to the base of the transistor 240, the transistor
      240 begins to conduct and quickly drives the transistor 250 to a
      nonconducting condition, the potential on the conductor 244 that is
      applied to the base 251 of the transistor 250 rapidly dropping. After a
      suitable time delay as determined by the time constant characteristics
      provided by the capacitor 261 and the resistor 263 and upon cessation of
      the first tone, an input is applied to the monostable multivibrator 270
      along the conductor 262.
PAR  Prior to the application of the first control tone to the first control
      circuit 200, the biasing transistor 271 is conducting in an amount
      determined by the adjustment of the potentiometer 275 and applies a bias
      along the conductor 279 which serves to render the transistor 280
      nonconducting and the transistor 290 conducting. Upon the application of
      the first control tone to the receiver 100 the voltage on the conductor
      244 drops as explained above and the capacitor 261 begins to charge at a
      rate determined by the value of the capacitor 261 and the resistor 263. If
      the charge time of the capacitor 261 is sufficient, when the potential on
      the transistor 244 returns to the high potential of the capacitor 261 it
      will supply a voltage to the base 281 of the transistor 280 that will
      exceed the voltage at the collector 273 of the transistor 271. In other
      words, the transistor 281 is rendered conducting by a positive pulse from
      the delay circuit 260 which exceeds the potential on the conductor 279
      that is established by the adjustment of the potentiometer 275, and at the
      same time the transistor 290 is rendered nonconducting, thereby to provide
      a positive pulse output on the conductor 296, the potential on the
      conductor 296 rising to the DC voltage on the conductor 155 (less any
      voltage drop in the potentiometer 295 caused by condution of the second
      tone circuit 300).
PAR  The initial low bias on the conductor 296 is applied to the base 332 of the
      transistor 331 of the Schmidt trigger circuit 330 of the second control
      circuit 300, thereby to render the transistor 331 nonconducting which in
      turn renders the transistor 340 nonconducting and the transistor 350
      nonconducting, whereby the output of the second tone control circuit is
      blocked prior to the reception of the first control tone and for so long
      as the first control tone persists. Upon the removal of the first control
      tone from the input to the first tone control circuit 200, the conditions
      described above in the first control circuit are essentially reversed,
      whereby the high positive potential on the conductor 296 rapidly rises as
      the transistor 290 is blocked and the adjustment of the potentiometer 295
      in effect adjusts the band width of the second tone control circuit 300.
PAR  Upon the removal of the first control tone and the accompanying rise in
      potential on the conductor 296, the transistor 331 begins to conduct, the
      transistor 340 is continued in a nonconducting condition, while the
      transistor 350 begins to conduct. Now the second tone control circuit 300
      is ready to receive the second control tone.
PAR  Assuming now that a proper second control tone is applied to the receiver
      100 and passes through the limiter 150 and the tapped filter 301, there is
      provided on the conductor 309 a sinusoidal wave form having the frequency
      of the second control tone. This input is applied to the rectifier 320
      thereby to produce a positive going output on the conductor 327 that is
      applied to the base of the transistor 340 in the Schmidt trigger circuit
      330.
PAR  As has been described heretofore, at this point in the operation of the
      system, the transistor 340 is nonconducting while the transistor 350 is
      conducting, whereby upon the application of the positive going voltage
      along the conductor 327 to the base 341 of the transistor 340, the
      transistor 340 is rendered conductive. Upon heavy conduction of the
      transistor 340, the heretofore relatively high potential on the conductor
      344 rapidly drops and this drop in potential in the form of a negative
      going voltage is applied to the base of the transistor 350 to render the
      transistor 350 nonconducting, and the signal is also applied as an input
      to the delay circuit 360. The capacitors 363 and 365 now begin to charge
      and after a predetermined time as determined by the time constant
      characteristics of the delay circuit 360 (for example 40 milliseconds), a
      potential is reached on the conductor 366 which will render the transistor
      371 conductive to provide a positive going pulse on the conductor 368. The
      transistor 380 acts as a current amplifier and amplifies the positive
      going pulse applied to the base thereof and in turn applies a positive
      going pulse to the base of the transistor 391. The output from the
      transistor 391 is a positive going pulse that is applied to the gate 398
      of the SCR 395, thereby to cause heavy conduction thereof to light the
      indicating light 137. Heavy conduction of the transistor 391 also operates
      the relay 130 to close the switch contacts 132-133, thus to apply the
      output of the transformer 120 to the loudspeaker 125 via the conductors
      123 and 126. The relay 130 will be energized for a short period determined
      by the time which the transistor 391 is conducting. The relay 130 and the
      lamp 137 could be interchanged in their connection in the circuit if
      desired, depending upon the control requirements. The relay 130 could be
      used for any control purpose desired. Once the SCR 395 is conducting, it
      will remain conducting until the switch 135 is opened, and such conduction
      will maintain the light 137 in the energized condition.
PAR  It is further pointed out that upon receiving the second control tone so as
      to provide the negative going voltage on the conductor 344, a pulse is
      transmitted via the holding circuit 395 and the conductor 298 to the
      monostable vibrator 270 to hold the multivibrator 270 in a condition such
      that the Schmidt trigger circuit 330 will continue to be held in a
      condition to transmit the signals generated by the second control tone. In
      this manner it will be appreciated that the Schmidt trigger 330 also
      serves as an AND circuit wherein the output from the first tone control
      circuit 200 must be applied thereto before the application of the second
      control tone output from the rectifier 320 is effective.
PAR  Further the feedback of the HOLD ON voltage permits the second tone to
      continue for as long as desired, so long as it appears soon enough after
      the first tone period to cause the hold on voltage to be generated,
      thereby controlling the multivibrator 270 in the "on" condition. The
      multivibrator 270 may, for example, be on for only 15 or 20 milliseconds
      in the absence of a HOLD ON voltage. During this period, control tone two
      must be applied, and the filter output must rise to a voltage sufficient
      to produce the HOLD ON voltage.
PAR  An important feature of the tone control circuit of the receiver 100
      resides in the freedom from falsing, i.e., the freedom from operation by
      false and spurious signals that may be applied as an input thereto. The
      freedom from falsing results from several factors. First, by utilizing the
      tone filter circuitry (including the limiter 150, the tapped filters
      201-301, the rectifiers 220-330) having the characteristics as described;
      there positively can be no response to signals that lie out of the filter
      band pass, regardless of the false signal duration or intensity. Second,
      by requiring that subsequent tones in a tone sequence be spaced apart in
      frequency by several tone channels, together with requiring substantially
      instantaneous switching between successive tones, a signal of smoothly
      varying pitch such as might be produced by a heterodyne circuit, a siren
      near a microphone or like source, cannot actuate the tone control
      circuits, this resulting from the fact that the tone control circuits
      require a sudden jump or change in frequency between successive tones.
PAR  It is further pointed out that the described tone control circuit is
      readily adaptable to and compatible with a decimal numbering system, at 10
      different frequencies in each group of tones corresponding to and
      representing the 10 different digits, with successive tones being selected
      alternately from the two groups of tones. If only 10 frequencies were
      utilized (rather than the 20 frequencies of the present system), to
      represent the 10 digits, i.e., with no change or jumping between bands of
      frequencies on successive digits, it would not be possible to utilize
      codes such as 22, 55, etc., in two-tone sequence systems. Although it has
      been suggested that an 11th tone be utilized as a repeat tone in such
      sequence, the frequency spectrum utilized if five channels are to separate
      adjacent tones would be substantially greater than that required for the
      present system, and the circuitry would be substantially more complicated.
      It is pointed out that utilizing this present system wherein alternate
      tones are selected from two groups of tones wherein the groups are
      separate at a minimum gap of five tones, only a 25-channel spectrum is
      required to produce any pair of digits in sequence while still maintaining
      a minimum gap of five channels therebetween.
PAR  Referring now to FIG. 6 of the drawings, there is illustrated a second
      embodiment of the present invention wherein a sequence of four tones is
      required to actuate the receiver, the receiver being designated by the
      numeral 400 and being illustrated in schematic and block diagram form. The
      receiver 400 utilizes the input circuits and components from the antenna
      101 through the limiter 150 and onto the conductor 165, from the receiver
      100, whereby the same reference numerals have been applied to these
      components and the description thereof will not be here repeated in the
      interest of brevity.
PAR  The output of the limiter 150 on the conductor 165 is fed to two-tone
      control circuits, the lower tone control circuit including a special
      tapped filter 401 identified by the legend FILTER #1 of a construction to
      be described hereinafter, the input to the filter 401 being a series of
      square waves and the output thereof appearing on a conductor 409 in the
      form of a sinusoidal wave having a frequency of the selected control tone.
      The conductor 409 connects to a rectifier 440 which serves to rectify the
      input thereto and which has the same construction as the rectifier 220
      described above. The output from the rectifier 440 is a positive voltage
      that is supplied along a conductor 441 as one of the inputs to an AND
      circuit 445. The output from the AND circuit 445 appears on a conductor
      446 that is connected to the input of a Schmidt trigger circuit 450, the
      AND circuit 445 and the Schmidt trigger circuit 450 having the
      construction of the Schmidt trigger circuit 330 described above. The
      output from the Schmidt trigger circuit 450 is connected by a conductor
      451 to a delay circuit 452 of the same construction as the delay circuit
      260, and the output from the delay circuit 452 is connected by a conductor
      453 as one input to a monostable multivibrator 455 of the construction
      described above with respect to the monostable multivibrator 270. The
      output from the multivibrator 455 appears on a conductor 525 that connects
      into the upper tone control channel. Also associated with the lower tone
      control channel is an inverter 460 having an input thereto from a
      conductor 435 and having an output on a conductor 425 that connects as an
      input to the filter 401, and to provide the second input to the AND
      circuit 445.
PAR  The upper tone control channel includes a special tapped filter 501
      identified as FILTER #2 also to be described more fully hereinafter, one
      of the inputs to the filter 501 being from the conductor 525 and another
      being from the conductor 165. The output from the filter 501 appears on a
      conductor 509 connected to a rectifier 540 of the same construction as the
      rectifier 320 described above. The output from the rectifier 540 is on a
      conductor 541 that supplies one input to an AND circuit 545, the output of
      which appears on a conductor 546 connected as an input to a Schmidt
      trigger circuit 550; the AND circuit 545 and the Schmidt trigger circuit
      550 together having the construction of the Schmidt trigger circuit 330
      desccribed above. The output from the Schmidt trigger circuit 550 appears
      on a conductor 551 and is supplied as an input to a delay circuit 552
      having the construction of the delay circuit 260 described above. The
      output from the delay circuit 550 appears on a conductor 553 and is an
      input to a monostable multivibrator 555 having a construction like the
      monostable multivibrator 270.
PAR  The outputs on the conductors 435 and 441 are applied as inputs to an AND
      circuit 560, the output from the AND circuit 560 being on the conductor
      561 that is connected to a Schmidt trigger circuit 565 of the construction
      of the Schmidt trigger circuit 330 described above. The conductor 561 also
      connects to the monostable multivibrator 555, and the conductor 475 also
      connects to the Schmidt trigger circuit 565. The output from the Schmidt
      trigger circuit 565 appears on the conductor 566 and is applied to a delay
      circuit 570 having the construction of the delay circuit 260 described
      above, the output from the delay circuit 570 being on the conductor 571
      connected to a monostable multivibrator 575. The monostable multivibrator
      575 is of the same construction as the monostable multivibrator 270 and is
      connected by a conductor 576 to a combination Schmidt trigger and AND
      circuit 580, of the construction of the circuit 330, the output of which
      is connected to a delay circuit 585 of the construction of the delay
      circuit 260, the output of the delay circuit 585 being on a conductor 586
      connected to an output control circuit 590 having the same construction
      and arrangement as the control circuits 370 described above. The conductor
      576 also connects via a conductor 535 as an input to the filter 501, the
      conductor 541 is also connected as an input to the AND circuit 580 and a
      HOLD ON circuit is provided interconnecting the conductor 581 and a
      monostable multivibrator 575.
PAR  Referring now to FIG. 7 of the drawings, there are illustrated the further
      details of the filters 401 and 501 and the inverter 460. As illustrated,
      the filter 401 includes an inductor in the form of a coil 402 having
      associated therewith a magnetic core 403, at least a portion of the core
      403 being movable and adjustable, whereby the inductor 402 can be slug
      tuned. The inductor 402 has an input terminal 404 that is connected by a
      conductor 409 to one terminal of a capacitor 405, and through a capacitor
      408 to the conductor 165, the other terminal of the capacitor 405 being
      grounded as at N, the output from the filter 401 appearing on the
      conductor 409. The inductor 402 has a plurality of taps thereon, and
      specifically 10 taps that are identified by the numerals 410 through 419.
      Associated with selected ones of the taps are two transistors 420 and 430.
      More specifically, the transistor 420 has a base 421 that is connected to
      one terminal of a resistor 426 by means of a conductor 404, the other
      terminal of the resistor 426 being connected to the conductor 425. The
      transistor 420 has a collector 422 that is connected to the tap 419 on the
      inductor 402, while the emitter 423 is connected to ground potential.
PAR  The transistor 430 has a base 431 that is connected to one terminal of a
      resistor 436, the other terminal of the resistor 436 being connected to
      the conductor 435. The transistor 430 has a collector 432 that is
      connected to the tap 412 on the inductor 402, while the emitter 433 is
      connected to ground potential.
PAR  The tapped filter 501 includes an inductor in the form of a coil 502 having
      associated therewith a magnetic core 503, at least a portion of the core
      503 being movable and adjustable whereby the inductor 502 can be slug
      tuned. The inductor 502 has an input terminal 504 that is connected by a
      conductor 509 to one terminal of a capacitor 505 and through a capacitor
      508 to the conductor 165, the other terminal of the capacitor 505 being
      grounded as at N, the output from the filter 501 appearing on the
      conductor 509. The inductor 502 has a plurality of taps thereon, and
      specifically, 10 taps that are identified by the numerals 510 through 519.
      Associated with the selected ones of the taps are two transistors 520 and
      530. More specifically, the transistor 520 has a base 521 that is
      connected by a conductor 524 to one terminal of a resistor 526, the other
      terminal of the resistor 526 being connected to the conductor 525. The
      transistor 520 has a collector 522 that is connected to the tap 511 on the
      inductor 502, while the emitter 523 is connected to ground potential.
PAR  The transistor 530 has a base 531 that is connected to one terminal of the
      resistor 536, the other terminal of the resistor 536 being connected to
      the conductor 535. The transistor 530 has a collector 532 that is
      connected to the tap 518 on the inductor 502, while the emitter 533 is
      connected to ground potential.
PAR  Associated with the tone control circuits is the inverter 460 that is also
      illustrated in detail in FIG. 7, the inverter being in the form of a
      transistor 470 having a base 471 connected through a resistor 462 to the
      conductor 435. The transistor 470 further has its emitter 473 grounded and
      the collector 472 is connected to the conductor 425 and through a resistor
      461 to the +DC conductor 155.
PAR  Considering now the operation of the receiver 400, in order to obtain an
      output from the loudspeaker 125, a four tone sequence of the proper
      selected control tones must be applied to the receiver 400, each tone
      preferably having a time duration of at least about 40 milliseconds and
      adjacent tones having substantially no gaps therebetween. Furthermore, the
      first and third tones received must be those to which the filter 401 is
      tuned when the transistors 420 and 430, respectively, are conducting, and
      the second and fourth tones received must be those to which the filter 501
      is tuned when the transistors 520 and 530, respectively, are conducting.
      Upon the reception of the first tone, an audio signal corresponding to the
      first tone is applied along the conductors 123-124 as an input to the
      limiter 150, and there appears on the conductor 165 a series of square
      wave forms. The transistor 470 in the inverter 460 is off at this time so
      as to allow the transistor 420 to be conducting and thus to tune the
      filter 401 for reception of the first control tone. Accordingly, the
      output on the conductor 165 is developed across the resonance circuit and
      the output of filter 401 as a sinusoidal wave form appears on the
      conductor 409. The sinusoidal wave form on the conductor 409 is rectified
      by the rectifier 440 and is applied as one of the positive inputs to the
      AND CIRCUIT 445, the other required positive input being applied along the
      conductor 425.
PAR  The output of the AND circuit 445 is a positive voltage which triggers the
      Schmidt trigger 450, thus to cause a negative going voltage to be applied
      along the conductor 451 to the delay circuit 452 which after a
      predetermined time interval cause a trigger pulse to be applied on removal
      of tone to the monostable multivibrator 455. Upon the removal of the first
      tone from the receiver 400, a positive output is derived from the
      multivibrator 455 that is applied along the conductor 525 to select the
      second tone in the filter 501 by rendering the transistor 520 conductive
      in the filter 501 and also to provide one of the necessary positive inputs
      to the AND circuit 545.
PAR  Assuming that the second control tone in the sequence is now received, the
      filter 501 is resonant to the input frequency and thereby develops a
      sinusoidal wave form at conductor 509 of the second control tone frequency
      thereon which is applied to the rectifier 540. The output from the
      rectifier 540 is a positive voltage that provides the second required
      positive input to the AND circuit 545, thereby to cause an output
      therefrom that is applied to the Schmidt trigger circuit 550. The output
      from the AND circuit 545 is fed back along the conductor 546 to the
      multivibrator 455 to hold it in the active condition for the duration of
      the second tone, regardless of the time duration of the second tone. The
      output from the AND circuit 545 also trips the Schmidt trigger circuit 550
      and the output is applied to the delay circuit 552, whereby if the output
      from the Schmidt trigger circuit persists for the predetermined delay
      period, the multivibrator 555 will provide an output on the interruption
      of the second control tone. The output of the multivibrator 555 is applied
      along the conductor 435 to select the proper tone No. 3 in the filter 401
      by rendering the transistor 430 conductive, and the output for the
      multivibrator 555 is also applied along the conductor 435 as a positive
      input to the AND circuit 560 and to the inverter 460. The inverter 460 now
      conducts so as to cause the transistor 420 to cease conduction and thus
      effectively to remove the connection thereof in the filter 401, and at the
      same time positive voltage is removed from the conductor 425 to the AND
      circuit 445 preventing it from operating.
PAR  If the proper third control tone is now received on the conductor 165, the
      filter 401 will pass the third control tone to the rectifier 440 which
      will now apply the third control tone as a positive input to the AND
      circuit 445 (there being no output from circuit 445 since there is now no
      input on conductor 425) and also to provide a second input to the AND
      circuit 560, whereby a potential is applied along the conductor 561 to the
      multivibrator 555 to hold it in the active conduction so long as the third
      tone is received.
PAR  Output of the AND circuit 560 is also applied to the Schmidt trigger
      circuit 565, the output of which is supplied along the conductor 566
      through the delay circuit 570 and the conductor 571 to the multivibrator
      575. Provided that the third tone persists for a time interval, determined
      by the delay circuit 570, upon the release or removal of the third tone,
      the multivibrator 575 causes an output pulse to appear on the output
      conductor 576 which is fed back to select the proper filter for tone No. 4
      along the conductor 535, and this signal is also applied as one of the
      positive inputs to the AND circuit 580.
PAR  Assuming that the proper fourth tone in the sequence of tones is now
      received, there will be an output from the filter 501 and the rectifier
      540 which is applied along the conductor 541 as a second positive input to
      the AND circuit 580, thereby to provide an output therefrom that is fed
      via the conductor 581, the delay circuit 585 and the conductor 586 to the
      output control circuits 590, whereby the circuits 590 are energized if the
      time duration of the fourth tone is longer than the delay provided by the
      delay circuit 585. It is noted that a HOLD ON potential is applied from
      the output of the AND circuit of the conductor 580 along the conductor 581
      to the multivibrator 575 to hold it in the active condition so long as the
      fourth tone is received. The output signal on the conductor 586 is
      operative to cause operation of the circuits 590 in the same manner as the
      control circuits 370 described above, thereby to energize the relay 130
      and to connect the loudspeaker 125 to the output of the transformer 120.
PAR  It is further pointed out that in the receiver 100 of FIG. 2 a fixed bias
      has been applied to the first Schmidt trigger circuit, which circuit is so
      designed that a full output is obtained therefrom whenever the fixed
      voltage bias is exceeded. If the fixed voltage bias is not exceeded, the
      circuit is completely inoperative. The limiter 150 provides a square wave
      as an input to the filters, which square wave is of constant amplitude,
      whereby there is a constant output voltage from the filters for any given
      tone frequency. These features provide a constant frequency bandwidth for
      the limited signal, i.e., the upper and lower frequency that will trip the
      Schmidt trigger circuit is predetermined by the interrelationship between
      the filter curve, the limiting level, and the DC bias level. As explained
      above, the limiting or bias level can be varied to alter the response
      bandwidth. On all other Schmidt triggers the bias is supplied by the
      monostable multivibrator feeding its AND input when it is triggered to the
      "on" condition. These are each shown with a potentiometer similar to 295
      in FIG. 4.
PAR  Referring now to FIGS. 8 and 9 of the drawings, there is illustrated a
      third embodiment of the present invention wherein a sequence of 7 tones is
      required to actuate the receiver, the receiver being designated by the
      numeral 600 and being illustrated in schematic and block diagram form in
      FIG. 8. The receiver 600 utilizes the input circuits and components from
      the antenna 101 through the limiter 150 and onto the conductor 165 from
      the receiver 100, whereby the same reference numerals have been applied to
      these components and the description thereof will not be here repeated in
      the interest of brevity.
PAR  The output of the limiter 150 on the conductor 165 is fed to two-tone
      control circuits, the lower tone control circuit including a special
      tapped filter 601 identified by the legend FILTER #1 of a construction to
      be described hereinafter, the input to the filter 601 being a series of
      square waves and the output thereof appearing on a conductor 609 in the
      form of a sinusoidal wave having the frequency of the selected control
      tone. The conductor 609 connects to a rectifier 670 which serves to
      rectify the input thereto and which has the same construction as the
      rectifier 220 above. The output from the rectifier 670 is a positive
      voltage that is supplied along a conductor 671 as one of the inputs to an
      AND circuit 672. The output from the AND circuit 672 appears on a
      conductor 673 that is connected to the input of a Schmidt trigger circuit
      675, the AND circuit 672 and the Schmidt trigger circuit 675 together
      having the construction of the Schmidt trigger circuit 330 described
      above. The output from the Schmidt trigger circuit 675 is connected by a
      conductor 676 to a delay circuit 680 of the same construction as the delay
      circuit 260, and the output from the delay circuit 680 is connected by a
      conductor 681 as one input to a monostable multivibrator 685 of the
      construction described above with respect to the monostable multivibrator
      270. The output from the multivibrator 675 appears on a conductor 725 that
      connects into the upper tone control channel.
PAR  The upper tone control channel includes a special tapped filter 701
      identified as FILTER #2, also to be described more fully hereinafter, one
      of the inputs to the filter being from the conductor 165 and other inputs
      being from the conductors 725, 735 and 745, to be described more fully
      hereinafter. The output from the filter 701 appears on the conductor 709
      connected to a rectifier 770 of the same construction as the rectifier 320
      described above. The output from the rectifier 770 is on a conductor 771
      that supplies one input to an AND circuit 772, the output of which appears
      on a conductor 773 connected as an input to a Schmidt trigger circuit 775;
      the AND circuit 772 and the Schmidt trigger circuit 775 together having
      the construction of the Schmidt trigger circuit 330 described above. The
      output from the Schmidt trigger circuit 775 appears on a conductor 776 and
      is supplied as an input to a delay circuit 780 having the construction of
      the delay circuit 260 described above. The output from the delay circuit
      780 appears on a conductor 781 and is an input to a monostable
      multivibrator 775 having a construction like the monostable vibrator 270.
PAR  The output from the monostable multivibrator 785 appears on a conductor 635
      and is applied as an input to the filter 601 and as an input to a NOR
      circuit 800. Other inputs to the NOR circuit 800 are applied by the
      conductors 645 and 655, while the output from the NOR circuit 800 appears
      on the conductor 625.
PAR  The outputs on the conductors 635 and 671 are applied as inputs to the
      first of four tone selecting and responding circuit 870, each of which
      includes an AND circuit 872, a Schmidt trigger circuit 875, a delay
      circuit 880 and a monostable multivibrator 885, the AND circuit 872 in
      combination with the Schmidt trigger circuit 875 having the construction
      of the Schmidt trigger 330, the delay circuit 880 having the construction
      of the delay circuit 260 and the monostable multivibrator 885 having the
      construction of the multivibrator 270, all described heretofore.
PAR  More specifically, the inputs on the conductors 635 and 671 are applied as
      inputs to such a tone selecting and responding circuit 870A including an
      AND circuit 872A. The output from the AND circuit 872A appears on a
      conductor 873A which is connected to the input of a Schmidt trigger
      circuit 875A, and also as an input to the monostable multivibrator 785.
      The output from the Schmidt trigger circuit 875A is connected by a
      conductor 876A to a delay circuit 880A, the output of which is applied
      along a conductor 881A as an input to a monostable multivibrator 885A. The
      output of the monostable multivibrator 885A, which is also the output of
      the tone selecting and responding circuit 870A, is applied along the
      conductor 735 as a tone-selecting signal to the filter 701 and as an input
      to the next tone selecting and responding circuit 870B.
PAR  The tone selecting and responding circuit 870B has the same essential
      construction and arrangement as the tone selecting and responding circuit
      870A, and therefore in the interest of brevity will not be repeated, it
      being pointed out that one of the outputs therefrom appears on a conductor
      873B which is a HOLD ON circuit for the multivibrator 885A, and the output
      from the circuit 870B appears on the conductor 645 and is applied as a
      tone-selecting signal to the filter 601 and as the input to the next tone
      selecting and responding circuit 870C.
PAR  The tone selecting and responding circuit 870C likewise has the same
      essential construction and arrangement as the circuit 870A, and therefore
      will not be described in detail, except to point out that one of the
      outputs therefrom is along the conductor 837C to the multivibrator 885B
      serves as a HOLD ON signal therefor, and the output from the circuit 870C
      appears on the conductor 745 and is applied as the signal to the filter
      701 to select control tone No. 6.
PAR  The output from the circuit 870C is applied also as an input to the circuit
      870D which has the same essential construction and arrangement as the
      circuit 870A, it merely being pointed out that one of the outputs thereof
      is a HOLD ON signal appearing on the conductor 873D which is applied to
      the multivibrator 885C, the output of the circuit 870D appearing on the
      conductor 655 and being applied as a signal to the filter 601 to select
      the control tone No. 7.
PAR  The output of the circuit 870D is also applied as one of the inputs to a
      combination Schmidt trigger and AND circuit 980 of the construction of the
      circuit 330 described above, the signal on the conductor 671 also being
      applied thereto. The output from the circuit 980 is applied along a
      conductor 981 to a delay circuit 985 of the same construction as the delay
      circuit 260, the output of the circuit 980 also being applied to the
      multivibrator 885D as a HOLD ON signal therefor. The output of the delay
      circuit 985 is applied along a conductor 986 to an output control circuit
      990 having a same construction and arrangement as the control circuits 370
      described above.
PAR  Referring now to FIG. 9 of the drawings, there are illustrated the further
      details of the filter 601 and 701 and of the NOR circuit 800. As
      illustrated, the filter 601 includes an inductor in the form of a coil 602
      having associated therewith a magnetic core 603, at least a portion of the
      core 603 being movable and adjustable, whereby the inductor 602 can be
      slug tuned. The inductor 602 has an input terminal 604 that is connected
      by a conductor 609 to an output terminal 607 and through a capacitor 608
      to the conductor 165, the other terminal of the capacitor 605 being
      grounded as at N, the output from the filter 601 appearing on the
      conductor 609. The inductor 602 has a plurality of taps thereon, and
      specifically 10 taps that are identified by the numerals 610 through 619,
      each of the taps as illustrated being connected by a suitable conductor to
      a male terminous in a plug 660. Associated with selected ones of the taps
      are four transistors 620, 630, 640 and 650. More specifically, the
      transistor 620 has a base 621 that is connected to one terminal of the
      resistor 626 by means of a conductor 624, the other terminal of the
      resistor 626 being connected to the conductor 625. The transistor 620 has
      a collector 622 which is connected by a conductor 627 to a male terminous
      in a connector 669. The emitter 623 is connected to ground potential.
PAR  The transistors 630, 640 and 650 each have the same construction and
      arrangement as the transistor 620 whereby the various parts thereof and
      the circuit elements connected thereto have had applied thereto like
      reference numerals in the corresponding series of numerals. In order to
      connect the several collectors to selected ones of the taps on the
      inductor 602, a connector 605 has been provided having selected
      connections 666, 667 and 668 which selectively interconnect certain of the
      male termini on the connector 660 to selected male termini on the
      connector 669. As illustrated, the conductor 666 connects the collector
      632 to the tap 610; the conductor 667 connects the connector 662 to the
      tap 616; and the conductor 668 connects both the collector 622 and the
      collector 652 to the same tap 616.
PAR  The tapped filter 701 includes an inductor in the form of a coil 702 having
      associated therewith a magnetic core 703, at least a portion of the core
      703 being movable and adjustable, whereby the conductor 702 can be slug
      tuned. The conductor 702 has an input terminal 704 that is connected by a
      conductor 709 to one terminal of a capacitor 705 and through a capacitor
      708 to the conductor 165, the other terminal of the capacitor 705 being
      grounded as at N, the output from the filter 701 appearing on the
      conductor 709. The inductor 702 has a plurality of taps thereon, and
      specifically 10 taps that are identified by the numerals 710 through 719,
      each of the taps being connected to a male terminous in a connector 750.
      Associated with selected ones of the taps are three transistors 720, 730
      and 740. The transistor 720 has a base 721 that is connected by a
      conductor 724 to one terminal of a resistor 726, the other terminal of the
      resistor 726 being connected to the conductor 725. The transistor 720 has
      a collector 722 that is connected by a conductor 727 to a male terminous
      in a connector 759 and has an emitter 723 connected to ground potential.
PAR  The transistors 730 and 740 have the same construction and essentially the
      same circuit connections as the transistor 720, and accordingly, in the
      interest of brevity, like reference numerals have been applied to like
      parts thereof in the appropriate number series. It is pointed out that
      each of the collectors terminates in a male terminous in the connector
      759. In order to connect the several collectors to the required tap on the
      inductor 702, a connector 755 has been provided having conductors 756, 757
      and 758 therein arranged to connect selected ones of the male termini in
      the connector 750 and 759. More specifically, the conductor 756 connects
      the collector 732 to the tap 711; the conductor 757 connects the collector
      740 to the tap 715; and the conductor 758 connects the collector 722 to
      the tap 719.
PAR  From the above, it will be seen that by suitable selection of connections
      within the conductors 665 and 755, any one of the taps on the inductors
      602 and 702, respectively, can be connected to any one of the
      tone-selecting transistors associated in the respective filters 601 or
      701. In other words, selection of the desired tap is made by a simple wire
      connection, whereby the selection of the desired tone frequency in a tone
      sequence is effected entirely by the conductors or jumper wires 666, 667,
      etc. which connect the two connectors 660-669 and 750-759, respectively.
      Thus the provision of two tapped coils and the connectors suitably wired
      as explained above will permit the selection of any one of 20 million tone
      combinations in a seven-digit tone control circuit of the type illustrated
      by the receiver 600. It will be appreciated that the connection
      arrangement may be provided in the tapped filters in the receivers 100 and
      400, thereby to permit like simple selection of the desired code by means
      of replacing only the connector such as the connectors 665 and 755
      described above.
PAR  Associated with the tone control circuits, and useful in selecting the
      proper tone to be passed by the filters 601 and 701, is the NOR circuit
      800, the NOR circuit as illustrated including three transistors 810, 820
      and 830. The transistor 810 has a base 811 that is connected by a
      conductor 814 to one terminal of a resistor 815, the other terminal of the
      resistor 815 being connected to the conductor 635 which is the third tone
      selector conductor. The transistor 810 also has a collector 812 connected
      to the conductor 625 which is the first tone selector conductor, and has
      an emitter 813 that is grounded as at N. The transistor 820 has a base 821
      connected by a conductor 824 to one terminal of the resistor 825, the
      other terminal of the resistor 825 being connected to the resistor 815
      which is the fifth tone selector conductor. The transistor 820 also has a
      collector 822 connected to the conductor 625 and an emitter 823 connected
      to ground potential. The transistor 830 has a base 831 connected by a
      conductor 834 to one terminal of a resistor 835, the other terminal of the
      resistor 835 being connected to the resistor 655 which is the seventh tone
      selector conductor. The transistor 830 also has a collector 822 connected
      to the conductor 625 and an emitter 833 connected to ground potential. It
      also is pointed out that the conductor 625 is connected by a resistor 836
      to the +12-volt DC conductor 155.
PAR  Considering now the operation of the receiver 600, in order to obtain an
      output from the loud speaker 125, a seven-tone sequence of the proper
      selected control tones must be applied to the receiver 600, each tone
      preferably having a time duration of at least about 25 milliseconds and
      adjacent tones having substantially no gaps therebetween. Furthermore, the
      first and third and fifth and seventh tones received must be those to
      which the filter 601 is tuned when the transistors 620, 630, 640 and 650,
      respectively, are conducting; and the second and fourth and sixth tones
      received must be those to which the filter 701 is tuned when the
      transistors 720, 730 and 740, respectively, are conducting. Upon the
      reception of the first tone, an audio signal corresponding to the first
      tone is applied along the conductors 123-124 as an input to the limiter
      150, and there appears on the conductor 165 a series of square wave forms.
      The transistors in the NOR circuit 800 are all nonconducting, whereby a
      high potential is applied from the conductor 155 via the resistor 836 and
      the conductor 625 to the base 621 of the transistor 620 to the base 621 of
      the transistor 620. As a result, the transistor 620 is conducting thereby
      to connect the associated tap 619 as the effective tap on the inductor 602
      in the filter 601. Assuming that the first control tone is of the proper
      frequency as selected by the transistor 620, an output is developed on the
      conductor 609.[., an output is developed on the conductor 609.]. in a form
      of sinusoidal wave of the frequency of the first control tone. The
      sinusoidal wave on the conductor 609 is rectified by the rectifier 670 and
      is applied as one of the positive inputs to the AND circuit 672, the other
      required positive input being applied from the conductor 625 as explained
      above.
PAR  The output of the AND circuit 672 is a positive voltage which triggers the
      Schmidt trigger circuit 675, thus to cause a negative going voltage to be
      applied along the conductors 676 to the delay circuit 680, which after a
      predetermined time interval is in condition such that the cessation of the
      first control tone causes a trigger pulse to be applied to the monostable
      multivibrator 685. Upon the removal or cessation of the first tone,
      positive output is thus derived from the multivibrator 685 that is applied
      along the conductor 725 to select the second tone in the filter 701 by
      rendering the transistor 720 conductive, and also to provide one of the
      necessary positive inputs to the AND circuit 772.
PAR  Assuming that the second control tone in the sequence is now received and
      the filter 701 is resonant thereat, there is developed a sinusoidal wave
      form on the conductor 709 having a frequency corresponding to that of the
      second control tone, which ouput is then applied to the rectifier 770. The
      output from the rectifier 770 is a positive voltage that is applied along
      the conductor 771 as the second required input to the AND circuit 772,
      thereby to provide an output from the AND circuit 772. The output of the
      AND circuit 772 is applied along the conductor 773 to the multivibrator
      685 to hold it in the active condition for the duration of the second
      tone, regardless of the time duration of the second tone, and the output
      is also applied to the Schmidt trigger circuit 775 to cause an output
      therefrom to appear on the conductor 776 that is applied to the delay
      circuit 780. Assuming that the second control tone persists for a time
      that exceeds the delay time of the circuit 780, then upon cessation of the
      second control tone, the multivibrator 785 is triggered to provide an
      output on the conductor 635. The positive going output on the conductor
      635 is applied to the base of the transistor 630 in the filter 601, thus
      to select the filtering frequency for the third control tone, and the
      output is also applied as one of the two required inputs to the AND
      circuit 872A in the tone selecting and responding circuit 870A.
      Furthermore, the output from the multivibrator 785 is applied to the NOR
      circuit 800, and specifically to the base of the transistor 810 therein,
      thus to cause the heavy conduction thereof and to drop the potential on
      the conductor 625, thereby effectively to remove the transistor 620 by
      causing the transistor to become nonconductive, thus leaving only the
      transistor 630 and that portion of the inductor 602 associated therewith
      as active elements in the filter 601.
PAR  The circuit is now in condition for the reception of the third control
      tone, which if applied at this time and at the proper frequency causes a
      sinusoidal output of a corresponding frequency on the conductor 609. The
      sinusoidal wave for the third tone on the conductor 609 is supplied to the
      rectifier 670 where it is rectified to provide a positive going voltage on
      the conductor 671. Although the positive going voltage on the conductor
      671 is applied to the AND circuit 672, there is no output from the AND
      circuit 672 at this time because the second required positive potential
      thereto has been removed from the conductor 625 by the operation of the
      NOR circuit as described above. The positive going voltage on the
      conductor 671 is however applied as an input to the AND circuit 872A, thus
      to provide a second positive input thereto which causes an output
      therefrom to appear on the conductor 873A. The output on the conductor
      873A is applied to the multivibrator 785 as a HOLD ON potential to hold
      the multivibrator 785 active so long as the third control tone persists.
      The output on the conductor 873A is also applied to the Schmidt trigger
      875A which applies the output therefrom to the delay circuit 880A.
      Assuming that the third control tone persists for a time interval greater
      than the time duration of the delay from 880A, then upon cessation of the
      third control tone, the multivibrator 885A is tripped to provide an output
      on the conductor 735A. The output on the conductor 735A is a positive
      going voltage that is applied as an input to the filter 701, and
      specifically to the base of the transistor 730 to ready the filter 701 for
      reception of the fourth control tone. It is further noted that the
      multivibrator 685 at this time has assumed its normal condition, whereby
      to remove the positive potential from the base of the transistor 720, thus
      to remove this connection to the inductor 702, thus leaving the selection
      by the transistor 730 as the only connection to the inductor 702.
PAR  The circuit is now in condition for reception of the fourth control tone
      which is applied from the limiter 150 as a square wave on the conductor
      165 to the filter 701. Assuming that the fourth tone is of the frequency
      selected by rendering the transistor 730 conducting, an output will be
      obtained on the conductor 709 that will be a sinusoidal wave having the
      frequency of the fourth control tone. This sinusoidal wave will be applied
      along the conductor 709 to the rectifier 770 and the output therefrom will
      be a positive going voltage applied to the conductor 771. Although this
      positive going voltage is applied to the AND circuit 772, there will be no
      output therefrom since the second required output from the multivibrator
      685 is now missing. The positive going voltage on the conductor 771 will
      be applied as a second input to the AND circuit 872B, the first positive
      input being from the multivibrator 885A as described above. There now is
      an output from the AND circuit 872B which appears on the conductor 873B,
      this output being applied back to the multivibrator 885A as a HOLD ON
      potential therefor in order to render this circuit active so long as the
      fourth tone is being received. The conduction from the AND circuit 872B
      also is applied to the Schmidt trigger circuit 875B, the output of which
      is applied to the delay circuit 880B. If the fourth tone persists for a
      time duration that exceeds the delay time of the circuit 880B, then upon
      the cessation of the fourth tone, the multivibrator 885B is tripped to
      provide a positive going output therefrom on the conductor 645. The output
      on the conductor 645 is applied to the filter 601, and specifically to the
      base of the transistor 640 to select tone No. 5, and is applied to the NOR
      circuit 800, and specifically to the base of the transistor 820 to cause
      conduction thereof so as to be sure that the transistor 620 is
      nonconducting, the transistor 630 being rendered nonconducting by the
      return of the multivibrator 785 to the normal condition thereof, whereby
      the only active connection in the filter 602 is that provided by the
      transistor 640 which selects the frequency of the fifth control tone. The
      output on the conductor 645 is also applied as one of the positive inputs
      to the circuit 872C forming a part of the tone selecting and responding
      circuit 870C.
PAR  Assuming that the fifth control tone of proper frequency is now received,
      it will be applied along the conductor 165 to the filter 601 that will
      provide an output on the conductor 609 in the form of a sinusoidal wave
      having a frequency of the fifth control tone. This output is rectified by
      the rectifier 670 to provide a positive voltage on the conductor 671, the
      AND circuits 672 and 872A not responding at this time since neither has
      the second positive voltage applied thereto. The positive going output is
      also applied as the second required input to the AND circuit 872C so as to
      provide an output therefrom on the conductor 873C. This output is applied
      to the multivibrator 885B to hold it in the active condition so long as
      the fifth tone is received, and is also applied as the input to the
      Schmidt trigger circuit 875C, which circuit operates to provide an input
      to the delay circuit 880C. Assuming that the fifth tone persists for a
      time duration greater than the time delay of the circuit 880C, then upon
      cessation of the fifth control tone, the multivibrator 885C operates to
      provide a positive going voltage on the output conductor 745. The positive
      going voltage on the conductor 745 is applied to the filter 701, and
      specifically, to the base of the transistor 740 to render the transistor
      740 conductive, and thus to select the frequency for the sixth control
      tone. It is noted at this time that the multivibrator 885A has returned to
      its normal condition whereby to remove the potential from the conductor
      735 so as to render the transistor 730 nonconducting. The output on the
      conductor 745 is also applied as one of the positive inputs to the AND
      circuit 872D forming a part of the tone selecting and responding circuit
      870D.
PAR  Assuming that the sixth control tone of the proper frequency is now
      received, an output is applied along the conductor 165 to the filter 701
      and there is derived therefrom a sine wave on the conductor 709 having a
      frequency corresponding to that of the sixth control tone. This sine wave
      is rectified by the rectifier 770 and applied to the conductor 771, the
      only AND circuit now in condition to act therefrom being the AND circuit
      872D that now provides an output on the conductor 873D that is applied to
      the Schmidt trigger circuit 875D, the output from the Schmidt trigger
      circuit 875D being applied to the delay circuit 880D. It also is pointed
      out that the output on the conductor 873D is applied as a HOLD ON
      potential to the multivibrator 885C so that it is held in the active
      condition so long as the sixth control tone is received. Assuming that the
      sixth control tone persists for a time duration that exceeds the time
      delay of the circuit 880D, upon cessation of the sixth control tone the
      multivibrator 885D operates to provide a positive voltage on the conductor
      655. The positive voltage on the conductor 655 is applied to the filter
      601, specifically to the base of the transistor 650 to render it
      conducting, and is also applied to the NOR circuit 800 to ensure that the
      transistor 620 is rendered nonconducting by causing the transistor 830 to
      conduct. As a consequence, the only active connection in the filter 601 is
      that provided by the conducting transistor 650. The positive going signal
      on the conductor 655 is also applied as one of the positive required
      inputs to the combined Schmidt trigger and the AND circuit 980.
PAR  Assuming that the seventh control tone of the proper frequency is now
      received, an output is provided on the conductor 165 that is applied to
      the filter 601. Since the transistor 650 is now conducting to select the
      proper seventh control tone frequency, a sine wave output is obtained on
      the conductor 609 having a frequency corresponding to that of the seventh
      control tone. This output is rectified by the rectifier 670 to provide a
      positive voltage on the conductor 671. The only AND circuit now in
      condition to be activated by the application of the positive voltage from
      the conductor 671 is that in the combination Schmidt trigger and AND
      circuit 690 which is now operated to provide an output therefrom on the
      conductor 981. The output on the conductor 981 is applied as the HOLD ON
      potential for the multivibrator 885D, thereby to hold this circuit in the
      active condition so long as the seventh tone persists. The output on the
      conductor 981 is also applied to the delay circuit 985. If the seventh
      tone persists for a time interval that exceeds the time delay of the
      circuit 985, the delay circuit 985 operates to provide an output signal on
      the conductor 986 which will cause operation of the output control circuit
      990. The output signal on the conductor 986 is operative to cause
      operation of the circuit 990 in the same manner as the control circuit 370
      described above, thereby to energize the relay 130 and to connect the loud
      speaker 125 to the output of the transformer 120.
PAR  From the above, it will be seen that there has been provided an improved
      selective calling communication system and improved components therefor
      which will fulfill all of the objects and advantages set forth above.
PAR  Although there have been illustrated and described certain preferred
      embodiments of the invention, it is to be understood that various changes
      and modifications can be made therein without departing from the spirit
      and scope of the invention, and it is intended that all such changes and
      modifications be covered as fall within the scope of the appended claims.
CLMS
STM  What I claim is:  .[.1. A communication system comprising a transmitter
      including a tone-generating circuit for generating tones selected from a
      first group of tones in a first band of frequencies and for generating
      tones selected from a second group of tones in a second band of
      frequencies separate and distinct from said first band of frequencies,
      said first band of frequencies being separated from second band of
      frequencies by a substantial intermediate band of frequencies, said
      tone-generating circuit generating a sequence of tones alternately
      selected from said first and second groups of tones, the time duration of
      the gap between adjacent tones being substantially zero, a transmitter
      output circuit coupled to said tone-generating circuit for transmitting
      signals corresponding to the sequence of tones a receiver including an
      input circuit for receiving the signals from said transmitter, a first
      tone control circuit, a second tone control circuit, said first tone
      control circuit being coupled to said input circuit and to said second
      tone control circuit and responsive to the application of tones from said
      first group of tones to said input circuit to provide first control
      signals to said second tone control circuit, said second tone control
      circuit being coupled to said input circuit and to said first tone control
      circuit and responsive to the application of the tones from said second
      group of tones to said input circuit to provide second control signals to
      said first tone control circuit, one of said tone control circuits
      furnishing an output control signal in response to the application of the
      last tone in the sequence of tones, and an output signal utilization
      circuit coupled to said one tone control circuit for utilizing said output
      control signal therefrom..]. .[.2. The communication system, set forth in
      claim 1, wherein certain of the tones in said second band of frequencies
      are harmonics of certain tones in said first band of frequencies..]. .[.3.
      The communication system set forth in claim 1, wherein said first band of
      frequencies and said second band of frequencies are in the audio range of
      frequencies..]. .[.4. The communication system set forth in claim 1,
      wherein each of said band of frequencies contains at least ten separate
      tones with each tone being separated from adjacent tones by about 31/3
      percent of the frequency thereof..]. .[.5. The communication system set
      forth in claim 1, wherein the frequency of a tone is slightly greater than
      1.035 times the frequency of the next lower tone..]. .[.6. The
      communication system set forth in claim 1, wherein said transmitter
      includes a generator for generating a carrier signal that is modulated by
      the control tones..]. .[.7. The communication system set forth in claim 6,
      wherein the control tones are applied to the carrier signal by frequency
      modulation..]. .[.8. The communication system set forth in claim 1,
      wherein said sequence of tones comprises one tone selected from said first
      groupo of tones and having a time duration not substantially greater than
      40 milliseconds and one tone selected from said second group of tones and
      having a time duration of at least not substantially greater than 40
      milliseconds..]. .[.9. The communication system set forth in claim 1,
      wherein said sequence of tones comprises two tones selected from said
      first group of tones having a time duration not substantially greater than
      40 milliseconds and two tones selected from said second group of tones
      each having a time duration of not substantially greater than 40
      milliseconds..]. .[.10. The communication system set forth in claim 1,
      wherein said sequence of tones comprises four tones selected from said
      first group of tones and each having a time duration not substantially
      greater than 40 milliseconds and three tones selected from said second
      group of tones each having a time duration of not substantially greater
PAR   than 40 milliseconds..]. 11. In a communication system for selectively
      transmitting signals including a sequence of control tones alternately
      selected from a first group of tones in a first band of frequencies and
      from a second group of tones in a second band of frequencies separate and
      distinct from said first band of frequencies, a receiver comprising an
      input circuit for receiving the signals from an associated transmitter, a
      first tone control circuit, a second tone control circuit, means coupling
      said first tone control circuit to said input circuit and to said second
      tone control circuit, said first tone control circuit having a first
      tapped filter therein adjustable to a selected one of a plurality of
      positions respectively corresponding to a selected tone in said first
      group of tones so that upon the application of the selected tone to said
      input circuit there is produced first control signals that are applied to
      said second tone control circuit means coupling said second tone control
      circuit to said input circuit and to said first tone control circuit, said
      second tone control circuit having a second tapped filter therein
      adjustable to a selected one of a plurality of positions respectively
      corresponding to a selected tone in said second group of tones so that
      upon the application of the selected tone to said input circuit there is
      produced second control signals that are applied to said first tone
      control circuit, one of said tone control circuits furnishing an output
      control signal in response to the application of the last tone in the
      sequence of tones, an output signal utilization circuit coupled to said
      one tone control circuit for utilizing said output control signal
PAR   therefrom. 12. The receiver set forth in claim 11, wherein said first
      tapped filter is adjustable to pass a selected tone in a first band of
      frequencies and said second tapped filter is adjustable to pass a selected
      tone in a second band of frequencies, said first band of frequencies being
      separated from said second band of frequencies by a substantial
PAR   intermediate band of frequencies. 13. The receiver set forth in claim 11,
      wherein said first and second tapped filters are adjustable to pass tones
PAR   that are in an audio range of frequencies. 14. The receiver set forth in
      claim 11, wherein each of said tapped filters is adjustable to pass a
      selected one of at least ten separate tones, each tone being separated
      from the adjacent tones by about 31/3 percent of the frequency thereof.
PAR       The receiver set forth in claim 11, and further comprising a holding
      circuit interconnecting said first and second tone control circuits so as
      to accommodate tone duration of any length longer than a delay period
      provided the time gap between adjacent tones in the sequence of tones is
PAR   substantially zero. 16. The receiver set forth in claim 11, wherein said
      first tapped filter has a connection to only one of the taps thereon and
      said second tapped filter has a connection to only a signal tap thereon,
      whereby said receiver is responsive to a sequence of two selected tones.
PAR     . The receiver set forth in claim 11, wherein said first tapped filter
      has connections to two of the taps thereon corresponding to two tones in
      said first group of tones, and said second tapped filter has connections
      to two gaps thereon corresponding to two tones selected from said second
      group of tones, whereby said receiver is responsive to a sequence of four
PAR   control tones. 18. The receiver set forth in claim 11, wherein said first
      tapped filter has connections to four of the taps thereon corresponding to
      four tones selected from said first group of tones, and said second tapped
      filter has connections to three taps thereon corresponding to three tones
      selected from said second group of tones, whereby said receiver is
PAR   responsive to a sequence of seven selected tones. 19. The receiver set
      forth in claim 11, wherein the selection of connections to the taps on
PAR   said tapped filters is made mechanically. 20. The receiver set forth in
      claim 11, wherein the connection to the selected tap on said tapped filter
PAR   is made electronically. 21. The receiver set forth in claim 11, wherein
      the selection of the tones to which the receiver is responsive is made by
      the connectors which connect said tapped filters to the tone receiver
PAR   components. 22. A communication receiver for responding to a sequence of
      first and second control tones, said receiver comprising an input circuit
      for receiving the control tones, a first filter coupled to said input
      circuit and tuned to the frequency of the first control tone and providing
      a signal which has an amplitude dependent upon the frequency of the
      control tone applied thereto, a first electronic switching device coupled
      to said first filter and responsive to a signal from said first filter
      exceeding the threshold of said first switching device to provide a DC
      voltage of fixed value independent of the amount by which the amplitude of
      the signal from said first filter exceeds said threshold level, a first
      delay circuit coupled to said first electronic switching device and
      operative to produce at its output a first control signal only when the
      first control tone has persisted for a predetermined fixed duration, a
      second filter coupled to said input circuit and tuned to the frequency of
      the second control tone and providing a signal which has an amplitude
      dependent upon the frequency of the control tone applied thereto, a second
      electronic switching device coupled to said first delay circuit and to
      said second filter and responsive to both said first control signal and to
      a signal exceeding the threshold level of said second switching device to
      provide a DC voltage of fixed value and independent of the amount by which
      the amplitude of the signal from said second filter exceeds said threshold
      level, a second delay circuit coupled to said second electronic switching
      device and operative to produce at its output a second control signal only
      when the second control tone has persisted for a predetermined fixed
      duration, and a control signal utilization circuit coupled to said second
PAR   delay circuit for utilizing said second control signal. 23. The
      communication receiver set forth in claim 22, wherein each of said
      electronic switching devices is a transistor means having its base coupled
      to the associated filter and having its collector and emitter coupled to
PAR   the associated delay circuit. 24. The communication receiver set forth in
      claim 22, wherein each of said delay circuits includes a capacitor and
      resistor coupled in series across the output of the associated electronic
      switching device, and the output of each delay circuit is the junction of
PAR   the resistor and capacitor. 25. A tone control circuit for use in a
      communication receiver including an input circuit which provides a
      sequence of control tones and including an output signal utilization
      circuit, said tone control circuit comprising filter means coupled to the
      input circuit and having a plurality of control inputs for receiving one
      at a time signals selectively to tune said filter means to predetermined
      frequencies, a plurality of AND circuits corresponding in number to the
      number of control tones in the sequence of control tones and each having
      first and second inputs and an output, control means for providing at the
      output thereof a control signal during reception of the first control tone
      in the sequence of control tones, the output of said control means being
      coupled to one of the control inputs of said filter means and to the first
      input of the first of said AND circuits, said filter means being
      responsive to the application of the control signal from said control
      means to be turned to the frequency of said first control tone, means
      coupling the output of said filter means to the second input of each of
      said AND circuits, said first AND circuit being responsive to the
      application thereto of both the control signal from said control means and
      said first control tone for producing at the output thereof an output
      signal, the output of said first AND circuit and the output of each
      succeeding AND circuit being coupled respectively to the first input of
      the next succeeding AND circuit, means coupling the outputs of said AND
      circuits respectively to the control inputs of said filter means, means
      coupled to said control means for removing the control signal therefrom
      after termination of said first control tone, said second AND circuit and
      each succeeding AND circuit being responsive to the application thereto of
      both the output signal from the next preceding AND circuit and the
      associated control tone in the sequence of control tones from said filter
      means for producing at the output thereof an output signal, said filter
      means sequentially being tuned to the frequencies of the control tones as
      they are received by the input circuit in accordance with the sequential
      application of said output signals to said control inputs, and means
      coupling the output of the last of said AND circuits to the output signal
PAR   utilization circuit of the receiver. 26. The tone control circuit set
      forth in claim 25, and further comprising a plurality of delay circuits
      corresponding in number to the number of control tones in the sequence of
      control tones and coupled respectively between said AND circuits, the last
      of said delay circuits being coupled between the last of said AND circuits
      and said output signal utilization circuit, each of said delay circuits
      being operative to produce an output signal only when the associated
PAR   control tone has persisted for a predetermined duration. 27. A tone
      control circuit for use in a communication receiver including an input
      circuit which provides a sequence of control tones and including an output
      signal utilization circuit, said tone control circuit comprising first
      filter means coupled to the input circuit and having a plurality of
      control inputs for receiving one at a time signals selectively to tune
      said first filter means to predetermined frequencies, second filter means
      coupled to the input circuit and having a plurality of control inputs for
      receiving one at a time signals selectively to tune said second filter
      means to predetermined frequencies, a plurality of AND circuits
      corresponding in number to the number of control tones in the sequence of
      control tones and each having first and second inputs and an output,
      control means for providing at the output thereof a control signal during
      reception of the first control tone in the sequence of control tones, the
      output of said control means being coupled to one of the control inputs of
      said first filter means and to the first input of the first of said AND
      circuits, said first filter means being responsive to the application of
      the control signal from said control means to be tuned to the frequency of
      said first control tone, means coupling the output of said first filter
      means to the second input of said first AND circuit and to the second
      input of each succeeding odd-numbered AND circuit, means coupling the
      output of said second filter means to the second input of said second AND
      circuit and to the second input of each succeeding even-numbered AND
      circuit, said first AND circuit being responsive to the application
      thereto of both the control signal from said control means and said first
      control tone for producing at the output thereof an output signal, the
      output of said first AND circuit and the output of each succeeding AND
      circuit being coupled respectively to the first input of the next
      succeeding AND circuit, means coupling the outputs respectively of said
      first AND circuit and of each succeeding odd-numbered AND circuit
      respectively to the control inputs of said second filter means, means
      coupling the outputs respectively of said second AND circuit and of each
      succeeding even-numbered AND circuit respectively to the control inputs of
      said first filter means, means coupled to said control means for removing
      the control signal therefrom after termination of said first control tone,
      said second AND circuit and each succeeding AND circuit being responsive
      to the application thereto of both the output signal from the next
      preceding AND circuit and the associated control tone in the sequence of
      control tones from the associated filter means for producing at the output
      thereof an output signal, said first and second filter means alternately
      being tuned to the frequencies of the control tones as they are received
      by said input circuit by the sequential application to said control inputs
      of said output signals, and means coupling the output of the last of said
      AND circuits to the output signal utilization circuit of the receiver.
PAR       The tone control circuit set forth in 27 and further comprising a
      first rectifier circuit coupled between said first filter means and the
      second input of each odd-numbered AND circuit, and a second rectifier
      circuit coupled between said second filter means and the second input of
PAR   each even-numbered AND circuit. 29. The tone control circuit set forth in
      claim 27, wherein the output of said third AND circuit and the output of
      each succeeding odd-numbered AND circuit is coupled to said control means
      for removing the control signal therefrom at least during the presence of
      said third control tone and during the presence of each succeeding
PAR   odd-numbered control tone. 30. A tone control circuit for use in a
      communication receiver including an input circuit which provides a
      sequence of control tones and including a DC voltage utilization circuit,
      said tone control circuit comprising filter means coupled to the input
      circuit and having a plurality of control inputs for receiving one at a
      time signals selectively to tune said filter means to predetermined
      frequencies, a plurality of AND circuits corresponding in number to the
      number of control tones in the sequence of control tones and each having
      first and second inputs and an output, control means for providing at the
      output thereof a control signal during reception of the first control tone
      in the sequence of control tones, the output of said control means being
      coupled to one of the control inputs of said filter means and to the first
      input of the first of said AND circuits, said filter means being
      responsive to the application of the control signal from said control
      means to be tuned to the frequency of said first control tone, means
      coupling the output of said filter means to the second input of each of
      said AND circuit, said first AND circuit being responsive to the
      application thereto of both the control signal from said control means and
      said first control tone for producing at the output thereof an output
      signal, a plurality of electronic switching circuits corresponding in
      number to the number of control tones in the sequence of control tones and
      each having an input and output, the output of said first AND circuit
      being coupled to the input of the first of said electronic switching
      circuits and the output of each succeeding one of said AND circuits being
      respectively coupled to the input of the next succeeding one of said
      electronic switching circuits, the output of said first electronic
      switching circuit being coupled to the first input of .[.said first AND
      circuit.]. .Iadd.the second one of said AND circuits .Iaddend.and the
      output of each succeeding one of said electronic switching circuits being
      coupled respectively to the first input of the next succeeding one of said
      AND circuits means coupling the outputs of said electronic switching
      circuits respectively to the control inputs of said filter means, said
      first electronic switching circuit being responsive to the application
      thereto of the output signal from said first AND circuit for producing at
      the output thereof a DC voltage, means coupled to said control means for
      removing the control signal therefrom after termination of said first
      control tone, said second AND circuit and each succeeding AND circuit
      being responsive to the application thereto of both the DC voltage from
      the next preceding electronic switching circuit and the associated control
      tone in the sequence of control tones from said filter means for producing
      at the output thereof an output signal, said second electronic switching
      circuit and each succeeding electronics switching circuit being responsive
      to the application thereto of the output signal from the next preceding
      AND circuit for producing at the output thereof a DC voltage, said filter
      means sequentially being tuned to the frequencies of the control tones as
      they are received by the input circuit in accordance with the sequential
      application of said DC voltages to said control inputs, and means coupling
      the output of the last of said electronic switching circuits to the DC
PAR   voltage utilization circuit of the receiver. 31. A tone control circuit
      for use in a communication receiver including an input circuit which
      provides a sequence of control tones and including a DC voltage
      utilization circuit, said tone control circuit comprising filter means
      coupled to the input circuit and having a plurality of control inputs for
      receiving one at a time signals selectively to tune said filter means
      respectively to predetermined frequencies, a plurality of AND circuits
      corresponding in number to the number of control tones in the sequence of
      control tones and each having first and second inputs and an output,
      control means for providing at the output thereof a control signal during
      reception of the first control tone in the sequence of control tones, the
      output of said control means being coupled to one of the control inputs of
      said filter means and to the first input of the first of said AND
      circuits, said filter means being responsive to the application of the
      control signal from said control means to be tuned to the frequency of
      said first control tone, means coupling the output of said filter means to
      the second input of each of said .[.first.]. AND circuits, said first AND
      circuit being responsive to the applications thereto of both the control
      signal from said control means and said first control tone for producing
      at the output thereof an output signal, a plurality of electronic
      switching circuits corresponding in number to the number of control tones
      in the sequence of control tones and each having an input and output, the
      output of said first AND circuit being coupled to the input of the first
      of said electronic switching circuits and the output of each succeeding
      one of said AND circuits being respectively coupled to the input of the
      next succeeding one of said electronic switching circuits, the output of
      said first electronic switching circuit being coupled to the first input
      of .[.said first AND circuit.]. .Iadd.the second one of said AND circuits
      .Iaddend.and the output of each succeeding one of said electronic
      switching circuits being coupled respectively to the first input of the
      next succeeding one of said AND circuits, means coupling the outputs of
      said electronic switching circuits respectively to the control inputs of
      said filter means, said first electronic switching circuit being
      responsive to the application thereto of the output signal from said first
      AND circuit for producing at the output thereof a DC voltage, means
      coupled to said control means for removing the control signal therefrom
      after termination of said first control tone, said second AND circuit and
      each succeeding AND circuit being responsive to the application thereto of
      both the DC voltage from the next preceding electronic switching circuit
      and the associated control tone in the sequence of control tones from said
      filter means for producing at the output thereof .[.and.]. .Iadd.an
      .Iaddend.output signal, said second electronic switching circuit and each
      succeeding electronic switching circuit being responsive to the
      application thereto of the output signal from the next preceding AND
      circuit for producing at the output thereof a DC voltage, the output of
      said second AND circuit and the output of each succeeding one of said AND
      circuits being coupled respectively to an input of the next preceding one
      of said electronic switching circuits to enable each of said electronic
      switching circuits to continue to produce said DC voltage as long as the
      associated control tone is being applied to the next succeeding one of
      said AND circuits, said filter means sequentially being tuned to the
      frequencies of the control tones as they are received by said input
      circuit in accordance with the sequential application of said output
      signals to said control inputs, and means coupling the output of the last
      of said electronic switching circuits to the DC voltage utilization
PAR   circuit of the receiver. 32. A tone control circuit for use in a
      communication receiver including an input circuit which provides a
      sequence of control tones and including an output signal utilization
      circuit, said tone control circuit comprising first filter means coupled
      to the input circuit and including a first frequency, determining element
      having a plurality of inputs thereto, a plurality of electronic switching
      devices coupled respectively to the inputs of said first
      frequency-determining element, second filter means coupled to the input
      circuit and including a second frequency-determining element having a
      plurality of inputs thereto, a plurality of electronic switching devices
      coupled respectively to the inputs of said second frequency-determining
      element, each of said electronic switching devices being closed by the
      application thereto of a signal to couple in circuit a portion of the
      associated frequency-determining element and thereby tune the associated
      filter means to a predetermined frequency, a plurality of AND circuits
      corresponding in number to the number of control tones in the sequence of
      control tones and each having first and second inputs and an output,
      control means for providing at the output thereof a control signal during
      reception of the first control tone in the sequence of control tones, the
      output of said control means being coupled to one of the control inputs of
      said first filter means and to the first input of the first of said AND
      circuits, said first filter means being responsive to the application of
      the control signal from said control means to be tuned to the frequency of
      said first control tone, means coupling the output of said first filter
      means to the second input of said first AND circuit and to the second
      input of each succeeding odd-numbered AND circuit, means coupling the
      output of said second filter means to the second input of said second AND
      circuit and to the second input of each succeeding even-numbered AND
      circuit, said first AND circuit being responsive to the application
      thereto of both the control signal from said control means and said first
      control tone for producing at the output thereof an output signal, the
      output of said first AND circuit and the output of each succeeding AND
      circuit being coupled respectively to the first input of the next
      succeeding AND circuits, means coupling the outputs respectively of said
      first AND circuit and of each succeeding odd-numbered AND circuit
      respectively to the control inputs of said second filter means, means
      coupling the outputs respectively of said second AND circuit and of each
      succeeding even-numbered AND circuit respectively to the control inputs of
      said first filter means, means coupled to said control means for removing
      the control signal therefrom after termination of said first control tone,
      said second AND circuit and each succeeding AND circuit being responsive
      to the application thereto of both the output signal from the next
      preceding AND circuit and the associated control tone in the sequence of
      control tones from the associated filter means for producing at the output
      thereof an output signal, said first and second filter means alternately
      being tuned to the frequencies of the control tones as they are received
      by said input circuit by the sequential application to said control inputs
      of said output signals, and means coupling the output of the last of said
      AND circuits to the output signal utilization circuit of the receiver.
PAR       The tone control circuit set forth in claim 32, wherein each of said
PAR   frequency-determining elements is a tapped inductor. 34. In a
      communication receiver for receiving signals including intelligence and a
      sequence of control tones, a receiver comprising an input circuit which
      provides the signals including the intelligence and the sequence of
      control tones, a translating circuit coupled to said input circuit for
      translating the intelligence into useful form, an output control circuit
      coupled to said translating circuit and effective in a first condition
      thereof to render said translating circuit inoperative and effective in a
      second condition thereof to render said translating circuit operative,
      filter means coupled to the input circuit and having a plurality of
      control inputs for receiving one at a time signals selectively to tune
      said filter means respectively to predetermined frequency.Iadd.,
      .Iaddend.a plurality of AND circuits corresponding in number to the number
      of control tones in the sequence of control tones and each having first
      and second inputs and an output, control means for providing at the output
      thereof a control signal during reception .Iadd.of the .Iaddend.first
      control tone in the sequence of control tones, the output of said control
      means being coupled to one of the control inputs of said filter means and
      to the first input of the first of said AND circuits, said filter means
      being responsive to the application of the control signal from said
      control means to be tuned to the frequency of said first control tone,
      means coupling the output of said filter means to the second input of each
      of said AND circuits, said first AND circuit being responsive to the
      application thereto of both the control signal from said control means and
      said first control tone for producing at the output thereof an output
      signal, the output of said first AND circuit and the output of each
      succeeding AND circuit being coupled respectively to the first input of
      the next succeeding AND circuit, means coupling the outputs of said AND
      circuits respectively to the control inputs of said filter means, means
      coupled to said control means for removing the control signal therefrom
      after termination of said first control tone, said second AND circuit and
      each succeeding AND circuit being responsive to the application thereto of
      both the output signal from the next preceding AND circuit and the
      associated control tone in the sequence of control tones from said filter
      means for producing at the output thereof an output signal, said filter
      means sequentially being tuned to the frequencies of the control tones as
      they are received by said input circuit in accordance with the sequential
      application of said output signals to said control inputs, and means for
      applying the output signal from the last of said AND circuits to said
      output control circuit for actuating said output control circuit from the
      first condition thereof to the second condition thereof so as to render
PAR   said translating circuit operative. 35. A communication system comprising
      a transmitter including a tone-generating circuit for generating tones
      selected from a first group of tones in a first band of frequencies and
      for generating tones selected from a second group of tones in a second
      band of frequencies separate and distinct from said first band of
      frequencies, said tone-generating circuit generating a sequence of control
      tones alternately selected from said first and second groups of tones, and
      a transmitter output circuit coupled to said tone-generating circuit for
      transmitting signals corresponding to the sequence of control tones to be
      transmitted; and a receiver including an input circuit for receiving the
      signals from said transmitter, filter means coupled to the input circuit
      and having a plurality of control inputs for receiving one at a time
      signals selectively to tune said filter means to predetermined
      frequencies, a plurality of AND circuits corresponding in number to the
      number of control tones in the sequence of control tones and each having
      first and second inputs and an output, control means for providing at the
      output thereof a control signal during reception of the first control tone
      in the sequence of control tones, the output of said control means being
      coupled to one of the control inputs of said filter means and to the first
      input of the first of said AND circuits, said filter means being
      responsive to the application of the control signal from said control
      means to be tuned to the frequency of said first control tone, means
      coupling the output of said filter means to the second input of each of
      said AND circuits, said first AND circuit being responsive to the
      application thereto of both the control signal from said control means and
      said first control tone for producing at the output thereof an input
      signal, the output of said first AND circuit and the output of each
      succeeding AND circuit being coupled respectively to the first input of
      the next succeeding AND circuit, means coupling the outputs of said AND
      circuits respectively to the control inputs of said filter means, means
      coupled to said control means for removing the control signal therefrom
      after termination of said first control tone, said second AND circuit and
      each succeeding AND circuit being responsive to the application thereto of
      both the output signal from the next preceding AND circuit and the
      associated control tone in the sequence of control tones from said filter
      means for producing at the output thereof an output signal, said filter
      means sequentially being tuned to the frequencies of the control tones as
      they are received by said input circuit in accordance with the sequential
      application of said output signals to said control inputs, and an output
      signal utilization circuit coupled to the output of the last of said AND
PAR   circuit for utilizing the output signal therefrom. 36. A tone control
      circuit for use in a communication receiver including an input circuit
      which provides a control tone and including an output signal utilization
      circuit, said tone control circuit comprising filter means coupled to the
      input circuit and including a first frequency-determining element having a
      plurality of taps thereon and a second frequency-determining element, a
      connector plug including first and second and third portions, said first
      portion having a plurality of terminals thereon fixedly coupled
      respectively to the taps on said first frequency-determining element, said
      second portion having a terminal fixedly coupled to said second
      frequency-determining element, said third portion having a plurality of
      first terminals respectively matable with the terminals in said
      .[.first.]. .Iadd.second .Iaddend.portion and having a second terminal
      matable with the terminal in said .[.second.]. .Iadd.first
      .Iaddend.portion, means associated with said third portion connecting said
      first terminal to a selected one of said second terminals, whereby mating
      said third portions with said first and second portions operates to
      connect a selected section of said first frequency-determining element in
      circuit with said second frequency-determining element and thereby tune
      said filter means to the frequency of the control tone, an output circuit
      coupled to said filter means and responsive to the control tone being
      coupled therethrough to provide an output signal, and means coupling the
      output of said output circuit to the output signal utilization circuit of
PAR   the receiver. 37. The tone control circuit set forth in claim 36, wherein
      said first frequency-determining element is an inductor and said second
PAR   frequency-determining element is a capacitor. 38. The tone control circuit
      set forth in claim 36, wherein said first frequency-determining element is
      an inductor and said second frequency-determining element is a capacitor,
      one terminal of said capacitor being fixedly coupled to one terminal of
      said inductor and said connector plug being operative to connect the other
      terminal of said capacitor to a tap on said inductor so as to define a
PAR   parallel resonant circuit. 39. A tone control circuit for use in a
      communication receiver including an input circuit which provides a
      sequence of control tones and including an output signal utilization
      circuit, said tone control circuit comprising filter means coupled to the
      input circuit and including a first frequency-determining element having a
      plurality of taps thereon and a second frequency-determining element, a
      set of electronic switching devices each having a control input and one
      terminal coupled to said second frequency-determining element, a connector
      plug including first and second and third portions, said first
      .[.section.]. .Iadd.portion .Iaddend.having a plurality of terminals
      thereon fixedly coupled respectively to the taps on said first
      frequency-determining element.Iadd., .Iaddend.said second portion having a
      corresponding set of terminals respectively fixedly coupled to the other
      terminals of said electronic switching devices, said third portion having
      a plurality of first terminals respectively matable with the terminals in
      said first portion and a set of second terminals respectively matable with
      the terminals of said .[.first.].  .Iadd.second .Iaddend.portion, means
      associated with said third portion for connecting selected ones of said
      first terminals respectively to selected ones of said second terminals,
      whereby mating said third portion with said first and second portions
      enables said electronic switching devices respectively to couple selected
      sections of said .[.second.]. .Iadd.first .Iaddend.frequency-determining
      element in circuit with said .[.first.]. .Iadd.second
      .Iaddend.frequency-determining element, an output circuit having an input
      coupled to said filter means and having a plurality of outputs
      respectively coupled to the control inputs of said electronic switching
      devices, said electronic switching devices sequentially being closed by
      the application of signals from said output circuit to said control inputs
      sequentially to tune said filter means to the frequencies of the control
      tones as they are received by the input circuit, and means coupling the
      output which is responsive to the last tone in the sequence of control
PAR   tones to the output signal utilization circuit of the receiver. 40. The
      tone control circuit set forth in claim 39, wherein each of said
      electronic switching devices is a transistor means having a base which is
      said control input and a pair of output electrodes in the form of a
      collector and an emitter, one of said output electrodes being coupled to
      the associated tap and the other of said output electrodes being coupled
      to said second frequency determining element. .Iadd. 41. A selective
      receiver for indicating the presence of a predetermined tone grouping in
      tone encoded paging signals comprising electric filter means sequentially
      tunable to pass individual tones of said grouping in a predetermined
      order, means for detecting said tone encoded signals and coupling same to
      the input of said filter means, sequence detector means coupled to the
      output of said filter means and arranged to cause said filter means to
      pass sequentially in said predetermined order the tones of said grouping
      upon the prior passage of preceding tones of said tone grouping, and
      indicator means responsive only to the passage through said filter means
      of the last of the tones of said grouping for indicating said receiver is
      being paged. .Iaddend..Iadd. 42. A selective receiver as in claim 41
      wherein said sequence detector means includes counter means responsive to
      the output of said filter means for counting the number of tones passed
      through said filter means and for actuating said indicator means when a
      number corresponding to the number of tones in said tone grouping is
      counted. .Iaddend..Iadd. 43. A selective receiver as in claim 41 wherein
      said filter means is controllable to selectively pass distinct individual
      tones, and further including sequence control means responsive to said
      sequence detector means for controlling said filter means to sequentially
      pass tones in said predetermined order. .Iaddend. .Iadd. 44. A selective
      receiver as in claim 43 wherein said sequence control means is coupled to
      said filter means to quiescently tune said filter means to pass the first
      tone of said predetermined order and wherein said sequence detector means
      includes counter means responsive to the output of said filter means for
      counting the number of tones passed and for actuating said indicator means
      when all tones of said grouping are counted. .Iaddend..Iadd. 45. A
      selective receiver as in claim 44 wherein said counter means includes
      monostable multivibrator means and register means, each coupled to the
      output of said filter means, said monostable multivibrator means being
      responsive to at least the first tone passed through said filter means for
      operating said sequence control means and causing said filter means to
      tune to the second tone in said grouping, and said register means being
      arranged to be nonresponsive to said first tone pulse and to count the
      remaining tones in said sequence. .Iaddend..Iadd. 46. A selective receiver
      as in claim 45 wherein said counter means includes gate means coupled to
      the outputs of said filter means and of said monostable multivibrator
      means for rendering said register means nonresponsive to said first tone
      of said predetermined order and responsive to all succeeding tones of said
      grouping. .Iaddend..Iadd. 47. A selective receiver according to claim 41
      wherein said sequence control means includes means for successively
      connecting said filter means to different impedance terminals for causing
      said filter means to pass different tones and means for separately
      changing the impedance applied to each terminal for changing the coding of
      said receiver. .Iaddend. .Iadd. 48. A selective receiver according to
      claim 41 wherein said sequence detector means is responsive to the prior
      passage of a tone by said electric filter means to connect said electric
      filter means to a different tuning impedance terminal in said
      predetermined order and wherein said sequence detector means further
      includes an impedance device capable of providing at each of several
      connecting points, greater in number than said tuning impedance terminals,
      a different impedance and connection means for selectively connecting each
      of said tuning impedance terminals to different ones of said connection
      points. .Iaddend..Iadd. 49. A selective receiver for indicating the
      presence of a predetermined frequency grouping in frequency encoded paging
      signals comprising: electric filter means controllable to selectively pass
      individual frequencies of said grouping, means for detecting said
      frequency encoded signals and coupling same to the input of said filter
      means, sequence control means coupled to said filter means for tuning same
      to sequentially pass frequencies in a predetermined order, sequence
      detector means connected to the output of said filter means for detecting
      the passage of the frequencies in said grouping, and indicator means
      responsive only to the last output of said sequence detector means for
      indicating said receiver is being paged, said sequence control means being
      coupled to the output of said filter means for operation in response to
      the outputs thereat. .Iaddend. .Iadd. 50. A selective receiver as in claim
      49 wherein said sequence control means is preset to cause said filter
      means to pass the first frequency in said predetermined order and to pass
      successively the succeeding frequencies in said predetermined order upon
      the passage of their preceding frequency. .Iaddend..Iadd. 51. A selective
      receiver as in claim 50 wherein said sequence control means is constructed
      to return to its preset condition after at least one subsequent frequency
      of a detected encoded frequency grouping fails to pass through said filter
      means. .Iaddend..Iadd. 52. A selective receiver as in claim 50 wherein
      said sequence control means is operable in response to said sequence
      detector means to cause said sequential tuning of said filter means.
      .Iaddend..Iadd. 53. A selective receiver as in claim 52 wherein said
      sequence detector means includes counter means responsive to the output of
      said filter means for counting the number of distinct frequencies passed
      and for actuating said indicator means. .Iaddend..Iadd. 54. A selective
      receiver as in claim 53 wherein said sequence control means is reset by
      said counter means. .Iaddend..Iadd. 55. A selective receiver as in claim
      54 wherein said sequence control means is operable to cause said
      sequential tuning of said filter means in response to said counter means.
      .Iaddend. .Iadd. 56. A selective receiver as in claim 55 wherein said
      counter means includes monostable multivibrator means and register means,
      said monostable multivibrator means being responsive to at least the first
      frequency output of said filter means, for operating said sequence control
      means and causing said filter means to tune to the second frquency of said
      predetermined order, and said counter circuit being arranged to be
      nonresponsive to said first frequency and to count the remaining
      frequencies of said predetermined order. .Iaddend..Iadd. 57. A selective
      receiver as in claim 56 wherein said sequence control circuit is
      controlled and reset by both said monostable multivibrator means and said
      counter circuit means. .Iaddend..Iadd. 58. A selective receiver for
      indicating the presence of a predetermined tone grouping in tone encoded
      paging signals comprising: active electric filter means arranged to have
      its bandpass range tunable in accordance with external circuit means, a
      plurality of external circuit means each arranged to be separately coupled
      to said active filter and to tune its bandpass range to pass different
      tones of said grouping, means for detecting said tone encoded signals and
      for coupling same to the input of said active filter means, sequence
      control means arranged to sequentially connect each of said plurality
      external circuit means to said active filter to cause said active filter
      to sequentially pass tones in a predetermined order, sequence detector
      means connected to the output of said active filter means for detecting
      the passage of the tones in said grouping in said predetermined order and
      indicator means responsive only to the last output of said sequence
      detector means for indicating that said receiver is being paged. .Iaddend.
      .Iadd. 59. A selective receiver as in claim 58 wherein said active filter
      means is constructed to have its bandpass range varied in response to
      externally connected impedance means, and wherein each of said external
      circuit means comprises impedance means for tuning said active filter
      means to pass a distinct tone of said tone grouping. .Iaddend..Iadd. 60. A
      selective receiver as in claim 59 wherein said paging signals are
      sequential tone encoded signals and said predetermined order is the order
      in which said tones occur in said grouping and wherein said sequence
      control means comprises switch means for individually coupling each of
      said impedance means to said active filter means in a sequential manner to
      pass tones in the sequence which the tones occur in said grouping.
      .Iaddend..Iadd. 61. A selective receiver as in claim 60 wherein said
      switch means is coupled to the output of said active filter means and are
      operable in response thereto. .Iaddend..Iadd. 62. A selective receiver as
      in claim 61 wherein said switch means is preset to cause said active
      filter means to pass the first tone of said grouping and to pass the
      succeeding tones of said grouping upon the passage of the preceding tones
      of said grouping. .Iaddend..Iadd. 63. A selective receiver as in claim 62
      wherein said switch means is constructed to return to its preset condition
      after at least one subsequent tone of a detected tone encoded grouping
      fails to pass through said filter means. .Iaddend. .Iadd. 64. A selective
      receiver as in claim 60 wherein said switch means is coupled to said
      sequence detector means and is operable in response thereto to cause said
      sequential tuning of said filter means. .Iaddend..Iadd. 65. A selective
      receiver as in claim 64 wherein said sequence detector means includes
      counter means responsive to the output of said active filter means for
      actuating said indicator means. .Iaddend..Iadd. 66. A selective receiver
      as in claim 65 wherein said switch means is coupled to said counter means
      to be controlled and reset thereby. .Iaddend..Iadd. 67. A selective
      receiver as in claim 66 wherein said counter means includes monostable
      multivibrator means and register means, said monostable multivibrator
      means being responsive to at least the first tone output of said active
      filter means, for operating said sequence control means and for causing
      said active filter means to tune to the second tone in said grouping, and
      said register means being arranged to be nonresponsive to said first tone
      pulse and to count the remaining tones in said grouping. .Iaddend..Iadd.
      68. A selective receiver as in claim 67 wherein said switch means is
      coupled to said monostable multivibrator means and is arranged to switch
      from its preset condition to cause said active filter means to pass the
      second tone of said grouping and wherein said switch means is coupled to
      said register means to cause said active filter means to pass the
      remaining tones in said grouping. .Iaddend. .Iadd. 69. A method of
      receiving and indicating the presence of a predetermined tone grouping in
      tone encoded paging signals comprising detecting said tone encoded paging
      signals, passing said tone encoded signals through an electric filter
      arranged to pass only the first tone of said grouping, thereafter
      sequentially retuning said filter to pass the remaining tones in said
      grouping in the sequence in which they are arranged in said grouping, and
      causing an output indication only upon the passage of all of said tones in
      said grouping through said filter. .Iaddend..Iadd. 70. A method of
      receiving and indicating the presence of a predetermined tone grouping as
      in claim 69 including the step of counting the number of tones passed
      through said filter and causing said indication upon the counting of the
      total number of tones in said grouping. .Iaddend..Iadd. 71. A method of
      receiving and indicating the presence of a predetermined tone grouping as
      in claim 69 wherein said filter comprises an active filter arranged to
      have its bandpass range tuned in accordance with a plurality externally
      connected circuit means, and wherein the sequential retuning of said
      active filter is carried out by sequentially connecting each of said
      plurality of circuit means to said active filter to cause said filter to
      pass tones in the sequence in which they occur in said grouping. .Iaddend.
      .Iadd. 72. A decoder for determining the presence of an n tone grouping in
      tone encoded paging signals, wherein n corresponds to the number of tones
      in said grouping, comprising: an active electric filter arranged to have
      its bandpass tuned in accordance with external impedance means, n
      impedance means each arranged to tune said active filter to pass
      separately the different tones of said tone grouping, n switch means for
      coupling each of said plurality of impedance means to said active filter,
      and gate means arranged to operate said n switch means in response to the
      output of said active filter to cause said active filter to sequentially
      pass tones in the sequence in which the tones are arranged in said
      grouping, counter means coupled to the output of said active filter for
      counting the tones passed through said active filter and providing an
      actuating output only upon the passage through said active filter of n
      tones whereby presence of an actuating output at said counter means
      indicates presence of said predetermined tone grouping. .Iaddend..Iadd.
      73. A decoder as in claim 72 and wherein said n switch means are
      sequentially operated in response to said counter means. .Iaddend..Iadd.
      74. A decoder as in claim 72 wherein said n tone grouping is made up of
      tones selected from m tones and wherein said n impedance means are
      selected from a group of m impedance means each arranged to tune said
      active filter to pass a different one of said m tones and connector means
      for separately connecting selected ones of said m impedance means to said
      n switch means, said selected impedance means being arranged to tune said
      active filter to pass separately the different tones of said tone
      grouping. .Iaddend. .Iadd. 75. A selective receiver for indicating the
      presence of a predetermined modulation grouping in modulation encoded
      paging signals comprising: modulation selection means sequentially
      adjustable to pass individual tones of said grouping in a predetermined
      order, means for detecting said modulation encoded signals and coupling
      same to the input of said modulation selection means, sequence detector
      means coupled to the output of said modulation selection means and
      arranged to cause said modulation selection means to pass sequentially in
      said predetermined order the modulations of said grouping upon the prior
      passage of preceding modulations of said grouping, and indicator means
      responsive to the passage through said modulation selection means of all
      the modulations of said grouping for indicating said receiver is being
      paged.
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ABST
PAL  A diving helmet including a uniquely designed three element structure and
      associated connecting and releasing means for quick bail-out, when, for
      example, the helmet's umbilical cord is damaged, tangled, or cut, to
      permit quick release and removal of the outer hard hat helmet. The system
      includes an inner dry hood with a facial opening framed with an oval,
      tongue-in-groove type seal along with a separate rigid protective outer
      helmet made up of a hat portion or hard casque and a mask portion with
      goggles, the two helmet portions being hingedly connected together (note
      FIG. 2). The hood seal is adapted to match and mate with the goggle mask
      assembly (note FIG. 3) sustaining the umbilical lines, gas regulators,
      window etc. to form a dry enclosure therebetween. Sealing pressure between
      the base of the hard casque and the cushion of oval elastomer of the hood
      fitting inside the mask and goggle assembly is developed by a set of quick
      latches, one on each side of the hard casque which engages the mask and
      goggle assembly on the facial mask portion. The quick latch has an
      eccentric latching groove which simultaneously fits the water tight tongue
      and groove seal causing the seal between the hood and the mask and goggle
      assembly. The quick latch has an eccentric knob for quick release of the
      mask and goggle assembly and the hard casque from sealing engagement with
      the inner hood, the outer helmet then being easily removed from around the
      head of the diver by moving the casque about the hinge connection and away
      from the head (note FIG. 5).
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of the prior copending
      application Ser. No. 409,296, filed Oct. 24, 1973 and entitled "Divers
      Helmet," now abandoned in favor of this application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a protective helmet structure allowing for
      quickly release and bail-out of the helmet, when, for example, the
      umbilical cord is damaged, tangled, or cut. The present invention has been
      found to be particularly useful in the deep diving, hard helmet art, and
      hence will be discussed with particular reference thereto. However, the
      present invention is applicable to other types of helmet devices requiring
      sealing and umbilical cord attachments as well.
PAR  2. Description of the Prior Art
PAR  When an umbilical line is damaged, tangled or cut, there is a necessity for
      the diver whose mask is being supplied by the umbilical cord to release
      the mask. Without releasing the mask, the diver is at the mercy of the
      surface tenders and his gear. To reduce the likelihood of death or great
      injury to the diver, a releasable helmet structure with latches and
      positive seals have been developed in the present invention.
PAR  Several types of releasable diving helmets have been known and used before,
      and typical examples thereof in the hard helmet, diving art are shown in
      U.S. Pat. No. 3,534,408, issued Oct. 20, 1970, to T. B. Fifield; U.S. Pat.
      No. 3,505,677, issued Apr. 14, 1970 to Y. LeMasson, et al.; and U.S. Pat.
      No. 3,680,556, issued Aug. 1, 1972 to B. B. Morgan. Examples of helmets
      having a seal between an inner hood and an outer helmet at facial portions
      thereof are shown in the LeMasson patent supra and U.S. Pat. No.
      3,310,811, issued Mar. 28, 1967 to V. D. Iacono. Jr.; U.S. Pat. No.
      3,740,764, issued June 26, 1973, to I. B. Elstrom, et al.; U.S. Pat. No.
      3,413,972, issued Dec. 3, 1968, to C. L. Depping; and U.S. Pat. No.
      2,569,451, issued Oct. 2, 1951 to J. Browne.
PAR  The Iacono device relates to a gas mask type of enclosure rather than a
      hard hat device.
PAR  The Elfstrom et al., Depping, and Browne devices, although being diving
      devices, also relate to soft helmet structure devices.
PAR  The Fifiend device is a heavy rigid shell device sealing at the neck which
      defines a relatively large sealed area creating buoyancy problems.
PAR  The LeMasson et al. device is also a hard helmeted device of a light
      construction but otherwise would be difficult in a bail-out situation,
      requiring that the helmet be flipped up against a vacuum, it would be
      additionally difficult to pull up the helmet because of the construction
      of the neck piece.
PAR  The Morgan device also fails to disclose an efficient method for umbilical
      cord failure release, requiring quick reaction in order to avoid facial
      squeeze because of the sealing arrangement.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention uses a very simple but highly effective design
      including an inner dry flexible hood preferably of elastic material
      covering all of the diver's head and neck in relatively close proximity
      thereto except for the facial portion thereof and a separate rigid outer
      helmet, the hood and the outer helmet having sealing means about the
      facial area, to maintain a positive seal between the hood and the helmet
      until the diver is prepared to release the helmet from the hood. Latching
      means are provided for quickly releasing the helmet and accompanying
      umbilical cord from the diver's hood. The present invention, while
      utilizing seal means and a diver's helmet uses them in relationship to the
      diver's hood and fastening means to maintain a seal from the environmental
      water even without the presence of regulated gas preventing inrush of
      water to permit the diver time to activate his back-up, life preserving
      system and then at the proper time to release his dependency upon the
      helmet and the umbilical cord.
PAR  In the preferred embodiment the helmet includes a top hat or casque portion
      and a front masked goggle portion which are top hinged together, to permit
      easy pulling away of the other helmet after the helmet and hood seal has
      been released. Additionally the preferred embodiment increases a superior
      main sealing structure between the inner hood and the outer protective
      helmet and a most efficacious latching mechanism.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For further understanding of the nature and objects of the present
      invention, reference should be had to the following detailed description,
      taken in conjunction with the accompanying drawings, in which like parts
      are given like reference numberals and wherein:
PAR  FIG. 1 is an elevated view of the preferred embodiment of the apparatus of
      the present invention showing the helmet in its closed state with the
      umbilical cord breathing mechanism shown in phantom line;
PAR  FIG. 2 is an exploded view of the hood element and the helmet elements of
      the preferred embodiment of the apparatus of the present invention, with
      the latter being shown in its open state and with the breathing mechanism
      shown in phantom line;
PAR  FIG. 3 is a side, partial, cross-sectional view taken along section lines
      3--3 of FIG. 8, showing the helmet-to-hood sealing structure;
PAR  FIG. 4 is a back, elevated, partial view of the preferred embodiment of the
      apparatus of the present invention;
PAR  FIG. 5 is a side view of the preferred embodiment of the apparatus of the
      present invention showing the helmet in its unlocked or open state, with
      the hat portion partially shown and the mask portion partially cut-away;
PAR  FIG. 6 is a side, partial view of the preferred embodiment of the apparatus
      of the present invention showing the latch, with the latch mechanism being
      shown partially in cross-section and partially in phantom lines;
PAR  FIG. 7 is a side, partial view of the preferred embodiment of the apparatus
      of the present invention showing the latch mechanism in an open state,
      with the latch mechanism being shown partially in cross-section and
      partially in phantom line; and
PAR  FIG. 8 is a plan elevated view of the preferred embodiment of the apparatus
      of the present invention showing the helmet in a closed state with the
      breathing mechanism shown in phantom line.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Introduction
PAR  The diving helmet of the preferred embodiment of the present invention may
      be used to supply regulated air and gas to any diver wherein it is
      important that the helmet sealing be maintained in a reliable manner to
      prevent water leakage even where inadequate sealing gas pressure is
      present and to permit quick disconnection of the helmet with its umbilical
      cord in case of an emergency. A particularly important area of application
      of the present invention is in deep diving, hard helmet construction using
      umbilical cords wherein positive seals must be kept at all times on the
      face of the diver with the ability to quickly release the hard helmet.
      However, it should be realized that the present invention could be applied
      to, for example, any application where it is desired to seal the user from
      the outside emvironment and also permit him quick release from the helmet
      by his own action. For example, the protective helmet of the present
      invention with appropriate and obvious modifications could be used as a
      space helmet, an airman's helmet, or a combined soldier's gas
      mask-and-helmet, etc., that is in applications where it is important to
      isolate the user from the exterior fluid ambient, whether the ambient be
      liquid or gaseous.
PAR  In the preferred embodiment of the present invention, the sealing of the
      helmet with the hood is accomplished through inserting a gasket into an
      orifice within the helmet structure, the gasket being cemented to the
      hood. A pressure sealing and lock is then accomplished through a latching
      structure which also permits quick release of the outer helmet through a
      top hinge when the diver at his discretion feels an emergency has arisen
      requiring release from the helmet.
PAC  Structure and Its Method of Use
PAR  As shown generally in FIGS. 1, 2, 5 & 8, the preferred embodiment of the
      diving helmet 10 of the present invention comprises three basic elements,
      an inner flexible hood 1, and an outer protective hard or rigid helmet
      2/3, the latter comprising a top, hat portion or casque 2 and a front,
      mask and goggle portion 3 hingedly connected together.
PAR  Referring particularly to FIGS. 2 and 5, there is shown the inner dry hood
      1 made of flexible, elastic or elastomer material such as for example,
      rubber. A facial opening 14 is framed with a plastic or other relatively
      rigid material to form a tongue seal member 13 around the area which is
      placed in proximity to the facial portions of the diver. Tongue seal
      member 13 is suitable for insertion within sealing groove 34 in the mask 3
      as explained more fully below. The dry hood 1 terminates at the lower neck
      portion of the diver in the elastic, constrictive, elastomer throat 12 for
      forming a water-tight seal around the neck portion of the diver (note FIG.
      5).
PAR  As best seen in FIGS. 1, 2, & 5, the hat and mask portions 2 & 3 of the
      outer protective helmet are hinged together by means of top hinge 23,
      which is a rigid piano type made of Monel or other non-corrosive type of
      material, and which allows the two helmet portions 2/3 to move the total
      of at least 90.degree. with respect to one another. This helmet structure
      allows the entire outer helmet to be easily removed from around the
      diver's head by moving the hat portion 2 up about the hinge connection 23
      an forward along the mask portion 3 away from the head. The diver thus has
      the advantage of a hard rigid outer helmet completely surrouding his head
      for protection, but is still able to quickly and easily remove it, for
      example, for emergency bail-out purposes.
PAR  As can best be seen in FIG. 2, the casque or hat portion 2, which can be
      made of plastic or fiberglass, includes fitting or support straps 24 on
      its interior for fitting the standard-sized helmet to the particular head
      size of the diver. As best seen in FIG. 4, the location of the interior
      straps 24 and therefore the fit of the helmet is controlled by the
      exterior straps 22a & 22b which connect to the ends of the interior straps
      24. The other ends of the exterior adjustment straps 22a & 22b mate with
      the exterior fixed back strap 21 in any suitable manner, a "VELCRO" type
      fastening system being shown for illustrative purposes. The hat portion 2
      also includes opposed ear portions 25 which can house headphones (as shown
      in phantom line in FIG. 2). Along the front edge of the face mask opening
      of the casque 2 is a ledge, ridge or abutment 26 (note FIG. 2) which plays
      an important role in the sealing engagement between the inner dry hood 1
      and the other protective helmet 2/3, as explained more fully below.
PAR  The mask portion 3, as best seen in FIG. 2, includes a sponge rubber ring
      gasket 31 that further supplements the sealing action between the hood 1
      and the helmet 2/3 by engaging, fitting about and being pressed against
      the diver's face (note FIG. 5). The sponge rubber ring gasket 31 also
      serves as comfort padding to adapt the face of the diver and position the
      diver's mouth and nose to breathe life supporting gas within the mask 3
      provided by the breathing and regulating mechanism 5 (shown in phantom
      line) which is connected to the surface by an umbilical cord (not shown)
      up to the surface or in a scuba configuration to tanks straped to the back
      of the diver (not shown). At its front the mask 3 includes a glass window
      or viewing port assembly 32 with standard control 33.
PAR  At its rear the mask 3 has a completely encircling sealing groove 34 which
      cooperates with the tongue or lip 13 of the hood 1 and the ledge or
      abutment 26 of the hat portion 2 to form the major front seal between the
      diver's face and the ambient.
PAR  As shown in close-up detail in FIG. 3, tongue seal 13 includes a
      triangular-shaped rim 13b glued, cemented, or attached by other suitable
      means to the head portion 11 of the dry hood 1 with a curved sealing piece
      13a suitable for insertion into the sealing groove 34 of mask and goggle
      portion 3 of the hard outer helmet. The edge or abutment 26 of the casque
      2 pushes against the back of the triangular wedge 13b driving and securing
      the curved lip 13a into the curved groove 34, producing a strong, tight
      and secure seal. As noted above, the dry hood 1 terminates at the lower
      neck portion of hood 1 in the constricted, sealing throat 12. The
      combination of the neck seal at throat 12 and the main face seal between
      the hood 1 and the mask 3 secured by the hat 2 keeps the diver's head
      fully dry. Moreover, even were there to be some leakage at either the neck
      or the main face seal, the sponge rubber ring gasket 31 provides
      additional, supplemental sealing, further ensuring a liquid and vapor
      tight seal between the diver's face and the interior of the mask 3.
PAR  The present invention procedes from and has grown out of a diver's
      practical experience, who discovered the folly of not being able to
      bail-out of defunct life-supporting diving gear. The invention is directed
      to giving a diver a decent chance to save his own life, when nothing or no
      one else can.
PAR  The latch mechanism 4 is shown in close-up detail in FIG. 6 & 7. Each latch
      4 included a hat portion 4a and a mating mask portion 4b, the latter of
      which includes a stainless steel plate 41 which is attached to the side of
      mask 3 by, for example, two screws. Attached to the plate 41 is a pin 42
      which is triangular in cross-sectioned shape. Plate 41 and triangular pin
      42 are located on each side of mask 3 in such a manner that when hat 2 and
      mask 3 are pivoted together by means of hinge 23, the pointed end of the
      triangular pin 42 forces pivotable levers 41a and 41b outward until it
      enters into and engages the triangular space formed between the levers 41a
      and 41b. An elastic band 46 set in notches in the edges of levers 41a and
      41b and near the operating know 44 forces latch levers 41a and 41b
      together and holds them together against the locking pin 42.
PAR  Rotatably connected to the hat 2 is elliptical shaft 45 which is biased in
      the locking position shown in FIG. 6. Splined or keyed to shaft 45 is an
      elongated control knob 44 with knurling to assist finger gripping. Shaft
      45 and knob 44 are positioned such that when the long axis of both knobs
      44 and elliptical shaft 45 are perpendicular to the elastic band 46 (note
      FIG. 6), lever arms 41a and 41b are positioned to hold pin 42. When the
      long axis of shaft 45 and knob 44 are parallel with the elastic band 46
      (note FIG. 7), lever arms 41a and 41b are forced apart, stretching band 46
      and permitting mask 3 to be withdrawn from contact with hat 2 by
      permitting pin 42 to be disengaged and withdrawn from engagement with
      lever arms 41a and 41b.
PAR  When the helmet and hood assembly 10 is first mounted on the diver, hood 1
      is first placed over his head with the constricted elastic neck portion 12
      forming a water-tight seal around the neck portion of the diver. Then the
      light, hand-held helmet mask portion 3 is placed over the divers face so
      that the tongue or lip 13 fits into the sealing groove 34 of the mask 3,
      and hat portion (note FIG. 5) is pivoted downward to force pin 42 between
      latching arms 41a and 41b with the knob 44 axis biased in its position
      perpendicular to the elastic band 46, thereby engaging pin 42 to secure
      the hat/mask assembly 2, 3. The latching of latch 4 forces ridge 26
      against the base of wedge 13b thereby forcing flexible, curved seal 13a
      and the tip of wedge 13b into sealing engagement with the curved interior
      surface of the groove 34. The curved edge of 13a is self-sealing against
      water incursion because of its shape. The latching of the two parts 4a, 4b
      of latch 4 also forces rubber seal 31 against the face of the diver and
      strap 24 against the hood 11 thereby completing the secure sealing of the
      diver from external water and the covering of the diver's head with a
      protective shell. The light outer protective helmet is comfortably carried
      on the head of the diver by means of the webbing of adjustable interior
      straps 24 and the soft ring gasket 31. Additionally, because the water if
      free to flow up between the hat portion 2 and the hood 1, no helmet
      buoyancy problems are encountered.
PAR  If it is necessary for the diver to disconnect himself from the helmet mask
      combination 2 and 3 with its umbilical cord (not shown), the diver can by
      quarter-turn of his hands in a clock-wise direction rotate control knobs
      44 so that the knobs' long axes are parallel to the bands 46, and thus
      release the latches 4. Then without removing his hands from the latch
      knobs, the diver can lift the hat portion 2 up and the mask 3 forward in
      one sweeping movement which is quick and continuous to throw off the
      entire hat 2 and mask 3 and associated umbilical cord (not shown), and
      instantly be free swimmming on his own power and, if provided, using
      oxygen from back-up tanks strapped to his back (also not shown). It is
      further noted that, because of the top hinge connection between the hat
      and mask portions 2/3, the seal between the helmet and the hood is broken
      along only limited portions at any one time as the hat portion 2 is
      continuously swung up and away.
PAR  Although the system described in detail supra has been found to be most
      satisfactory and preferred, many variations in structure and method are,
      of course, possible. For example, a simple wedge structure for seal 13 may
      be used. Also, the long axis of elliptical shaft 45 and knob 44 may be
      perpendicular to each other. Additionally, knob 42 may be a hemisphere.
      Moreover, lever arms 41a and 41b may be mounted on a plate which is
      mounted on hat 2. Moreover, the materials of construction may be of any
      suitable choice.
PAR  The above, are, of course, merely exemplary of the possible changes or
      variations.
PAR  Because many varying and different embodiments may be made within the scope
      of the inventive concept herein taught and because many modifications may
      be made in the embodiment herein detailed in accordance with the
      descriptive requirements of the law, it should be understood that the
      details herein are to be interpreted as illustrative and not in a limiting
      sense.
CLMS
STM  What is claimed as invention is:
NUM  1.
PAR  1. A diver's helment comprising:
PA1  flexible, elastic, inner hood means for covering all of the diver's head
      and neck in relatively close proximity thereto except for the facial
      portions thereof, said hood means having a facial opening around the area
      which is placed in proximity to the facial portions of the diver and
      having a hood sealing member around said opening, said hood means having a
      constricted neck opening for forming a water-tight seal around the neck
      portion of the diver; and
PA1  a separate, rigid, protective outer helmet having a transparent face plate
      mask portion therein and having a helmet sealing member around said face
      plate mask portion; said outer helmet and said hood being two structurally
      separate elements which can be temporarily joined together during use as a
      diving helmet to form a water-tight seal but which can be relatively
      easily separated for bail-out purposes; said transparent face plate mask
      portion and said facial opening being aligned together and said helmet
      sealing member and said hood sealing member being connected together to
      form a water-tight seal when said protective helmet and said hood are
      joined together; the hood and said transparent face place portion forming
      a dry enclosure around the entire head of the diver when the diving helmet
      is in use to keep the head dry.
NUM  2.
PAR  2. The diving helmet of claim 1 wherein said outer helmet further includes
      a hat portion which fits over and around the top, sides an back of the
      diver's head during use; said hat portion and said mask portion of said
      outer helmet being hingedly connected together to move a total of at least
      ninety degrees with respect to one another; whereby said outer helmet can
      easily be removed from around the head of the diver by moving said hat
      portion about the hinge connection and away from the head.
NUM  3.
PAR  3. The diver's helmet of claim 1 wherein said mask portion further includes
      a further secondary seal supplemental to said hood and helmet sealing
      members, said secondary seal comprising a soft resilient ring gasket
      placed within said mask portion about and within said helmet sealing
      member, the face of said ring gasket being in frontal, sealing engagement
      with the face of the diver when said mask portion and said inner hood are
      joined together.
NUM  4.
PAR  4. The diver's helmet of claim 2 wherein said hat portion and said mask
      portion have an interlocking, controlled latch mechanism including a hat
      latch portion and a mask latch portion, said mask latch portion including
      latch engaging means for engaging said hat latch portion for locking said
      mask and said hat portions together, and said hat latch portion including
      hand-controlled latch disengaging means for causing said latch engaging
      means to become disengaged from said hat latch portion, the hand control
      for said disengaging means being located on said hat portion; whereby the
      hat portion can be disengaged from said mask portion and moved up from
      said mask portion about the hinge connection between the two and forward
      with respect to the diver's head all in one quick, single and continuous
      motion.
NUM  5.
PAR  5. The diver's helmet of claim 4 wherein said hand control comprises a
      rotatable elongated knob which is rotatable about an axis perpendicular to
      the side of said hat portion and which is biased in a latch engaging
      position with its axis of elongation at least generally perpendicular to
      the main axis of the diver's body when said helmet is in protective use.
NUM  6.
PAR  6. The diver's helmet of claim 2 wherein said hood sealing member includes
      an encircling wedge-shaped tongue seal and said helmet sealing member
      including a like, encircling groove into which said wedge shaped tongue
      seal fits, and wherein said hat portion and said mask portion mate
      together with said wedge-shaped tongue seal between them when said hat and
      mask portions are hinged together, said hat portion including a ridge
      about its frontal edge which engages the rear of said wedge-shaped tongue
      seal and drives the tip of it into said groove.
NUM  7.
PAR  7. The diver's helmet of claim 6 wherein said groove is curved in
      cross-section and the tip of said wedge-shaped tongue seal includes a
      flexible, curved piece of material which mates up and along the curved
      surface of said groove in frontal engagement therewith when said hat and
      said mask portions are hinged together with said tongue seal therebetween.
NUM  8.
PAR  8. The diver's helmet of claim 2 wherein the interior of said hat portion
      includes a webbing of adjustable straps for fitting said hat portion to
      the head of the diver, said webbing supporting said hat portion on the
      head of the diver during protective use of the helmet.
NUM  9.
PAR  9. A protective helmet of the type used to isolate the head of the user
      from the exterior ambient comprising:
PA1  flexible inner hood means for covering all of the user's head and neck in
      relatively close proximity thereto except for the facial portions thereof,
      said hood means having a facial opening around the area which is placed in
      proximity to the facial portions of the user and having a hood sealing
      member around said opening, said hood means having a head portion and a
      neck opening and including lower sealing means for forming a fluid-tight
      seal with the body of the user at a point below the user's head;
PA1  a separate, rigid, protective outer helmet having a transparent face plate
      mask portion therein and having a helmet sealing member around said face
      plate mask portion; said outer helmet and said hood being two structurally
      separate elements which can be temporarily joined together during use as a
      protective, environment sealing helmt to form a fluid-tight seal but which
      can be relatively easily separated for bail-out purposes; said transparent
      face plate mask portion and said facial opening being aligned together and
      said helmet sealing member and said hood sealing member being connected
      together to form a fluid-tight seal when said protective helmet and said
      hood are joined together; the hood and said transparent face plate portion
      forming an enclosure free of the exterior ambient around the entire head
      of the diver when the helmet is in use to keep the head from being in
      contact with the exterior ambient.
NUM  10.
PAR  10. The diving helmet of claim 9 wherein said hood means further includes a
      constricted neck opening means for forming a fluid-tight seal around the
      neck portion of the user.
NUM  11.
PAR  11. The protective helmet of claim 9 wherein said outer helmet further
      includes a hat portion which fits over and around the top, sides and back
      of the user's head during use; said hat portion and said mask portion of
      said outer helmet being hingedly connected together to move a total of at
      least ninety degrees with respect to one another; whereby said outer
      helmet can easily be removed from around the head of the user by moving
      said hat portion about the hinge connection and away from the head.
NUM  12.
PAR  12. The protective helmet of claim 11 wherein said mask portion further
      includes a further secondary seal supplemental to said hood and helmet
      sealing members, said secondary seal comprising a soft resilient ring
      gasket placed within said mask portion about and within said helmet
      sealing member, the face of said ring gasket being in frontal, sealing
      engagement with the face of the diver when said mask portion and said
      inner hood are joined together.
NUM  13.
PAR  13. The protective helmet of claim 12 wherein the interior of said hat
      portion includes a webbing of adjustable straps for fitting said hat
      portion to the head of the user, said webbing supporting said hat portion
      on the head of the user during protective use of the helmet.
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ABST
PAL  A protective helmet having a rigid shell with a headband and crown
      suspension system and provided with readily adjustable sound-attenuating
      earcup assemblies, in which right and left hand flexible fabric earcup
      assembly supports are secured at locations adjacent to the upper ends
      thereof to the rigid shell for movement of the earcup assemblies carried
      thereby toward and away from the wearer's head, and in which an adjustable
      chin strap assembly, the ends of which are anchored to the rigid shell at
      locations below the points of attachment of the earcup supports to the
      shell, carries respective fastener elements adapted releasably to be
      engaged with fastener elements adjacent to the lower ends of the cup
      supports so that, when the chin strap is pulled to draw the helmet down
      firmly to engage the suspension with the wearer's head, the earcup
      assemblies are moved toward the wearer's head to cause the seals thereof
      firmly to engage the portions of the wearer's head around his ears. One or
      more pads of energy absorbing material are readily detachably and
      reattachably secured to the outer surface of the earcup supports and to
      the portion of the headband at the back of the wearer's head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are known in the prior art protective helmets comprising rigid shells
      and suspensions for supporting the shell on the wearer's head. There are
      further known in the prior art sound-attenuating earcup assemblies which
      are provided with seals adapted to engage the surface of the wearer's head
      around his ears. In many applications it is desirable that a protective
      helmet be provided with sound-attenuating earcup assemblies. My prior U.S.
      Pat. No. 3,456,263 dislcoses an arrangement in which a rigid shell helmet
      is provided with sound-attenuating earcup assemblies. In the arrangement
      shown in that patent, the earcup assemblies are mounted in the ear
      portions of the rigid shell. Spacers are provided between the shell and
      the earcup assembly for positioning the assembly at a location at which it
      can engage the wearer's head around his ear when the helmet is donned.
      More particularly, in the arrangement shown in my prior patent the
      outermost of the spacer pads os permaently adhered to the inner surface of
      the rigid shell by an adhesive or the like.
PAR  While the arrangement shown in my prior patent referred to hereinabove
      successfully combines sound-attenuating earcup assemblies with a rigid
      shell, the helmet is not as convenient to use as is desirable. Some
      difficulty is experienced in donning the helmet without disturbing the
      orientation of the earcup assemblies. The individual earcup assemblies
      must be manipulated properly to position them after the helmet has been
      donned. The arrangement may not always provide as effective a seal as is
      desirable between the earcup assembly and the wearer's head. In addition,
      owing to the fact that at least the outermost of the spacer pads is
      permanently adhered to the rigid shell, it cannot readily be removed for
      cleaning or replacement.
PAR  I have invented an improved helmet retention system which overcomes the
      disadvantages of retention systems of the prior art. My helmet retention
      system successfully combines sound-attenuating earcups with a rigid
      helmet. My helmet retention assembly insures that optimum use is made of
      the sound-attenuating properties of the sound-attenuating earcup
      assemblies. It does not require any adjustment of the earcup assemblies
      after the helmet is donned. My retention assembly permits the helmet to be
      donned in a rapid and expeditious manner. The construction of my helmet
      retention system faclitates the removal and replacement of shock absorbing
      elements.
PAC  SUMMARY OF THE INVENTION
PAR  One object of my invention is to provide a helmet retention system which
      overcomes the deficiencies of retention systems of the prior art.
PAR  Another object of my invention is to provide a helmet retention system
      which successfully combines the properties of sound-attenuating earcup
      assemblies with those of a rigid helmet structure.
PAR  Another object of my invention is to provide a helmet retention assembly
      which permits of optimum use of the sound-attenuating properties of
      sound-attenuating earcup assemblies.
PAR  Still another object of my invention is to provide a helmet retention
      assembly which permits the helmet to be donned with relative ease.
PAR  Yet another object of my invention is to provide a helmet retention
      assembly which does not require manipulation of sound-attenuating earcup
      assemblies after the helmet has been donned.
PAR  A still further object of my invention is to provide a helmet retention
      system which facilitates removal and replacement of energy-absorbing pads.
PAR  Other and further objects of my invention will appear from the following
      description.
PAR  In general my invention contemplates the provision of a helmet retention
      assembly for a helmet including a rigid outer shell in which a pair of
      flexible fabric earcup assembly supporting members are secured at the
      upper ends thereof to the rigid shell to permit sound-attenuating earcup
      assemblies carried thereby to move toward and away from the wearer's head.
      I provide a chin strap, the ends of which are anchored to the rigid shell
      at locations below the points of attachment of the earcup assembly
      supports with respective fastener elements adapted to releasably engage
      fastener elements adjacent to the lower ends of the earcup assembly
      supports so that, when the chin strap is tightened to draw the helmet and
      its suspension down onto the wearer's head, at the same time the flexible
      earcup assembly supports are moved inwardly to cause the seals on the
      sound-attenuating earcup assemblies firmly to engage the surface of the
      wearer's head around his ears. I readily detachably adn reattachably
      secure shock absorbing pads to the outer surfaces of the earcup assembly
      supports and to the portion of the suspension headband at the back of the
      wearer's head.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which form part of the instant specification
      and which are to be read in conjunction therewith and in which like
      reference numerals are used to indicate like parts in the various views:
PAR  FIG. 1 is a side elevation of a rigid shell helmet provided with my helmet
      retention system.
PAR  FIG. 2 is a front elevation of the helmet shown in FIG. 1 with parts broken
      away and with other parts shown in section.
PAR  FIG. 3 is a fragmentary sectional view of a helmet provided with my helmet
      retention system.
PAR  FIG. 4 is a fragmentary view of the helmet illustrated in FIG. 1, showing
      the right hand earcup support viewed from the inside of the helmet.
PAR  FIG. 5 is a fragmentary sectional view of the back of the helmet
      illustrated in FIG. 1.
PAR  FIG. 6 is a plan view of the helmet shown in FIG. 1 from the bottom thereof
      with the earcup supports and chin strap removed for purposes of exposition
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a helmet indicated generally by the
      reference character 10, which may be provided with my helmet retention
      system, includes a hard outer shell 12 formed from any suitable rigid
      material. The periphery of the shell 12 is provided with an edging 14 made
      from any suitable relatively soft material, such, for example, as natural
      or synthetic rubber, adhered to the shell. I provide the shell 12 with a
      liner 16 of impact resistant material such, for example, as foamed
      synthetic resin extending over the crown, forehead and back portions of
      the shell and cut out as required to attach other parts of the assembly in
      a manner to be described. Preferably I adhere, or otherwise secure, a foam
      rubber liner 18 over the inner surface of the impact resistant layer 16.
PAR  The helmet 10 inculdes a pair of suspension headband fittings 20 and 22
      attached to the shell 12 by an suitable means, such, for example, as by
      bolts 24. The headband includes a front headband half 26 threaded back and
      forth through openings in the fittings 20 and 22 and stitched to itself to
      form the front portion of the headband. Similarly, I provide a rear
      headband half 28 made up of a length of webbing or the like, threaded back
      and forth through the fittings 20 and 22 and stitched to itself to form
      the rear headband half. I provide the headband halves 26 and 28 with
      respective head engaging perforated pads 30 and 32.
PAR  The suspension includes a pair of crossed crown straps 34 and 36 extending
      diagonally across the wearer's head and passing through sutiable slots in
      a crown pad 38 which may, for example, be formed from a piece of foam
      rubber covered with leather or a leather-like material. A fore-and-aft
      crown strap 40 extends over the crown pad 38, but is not attached thereto.
      I provide means for attaching the ends of the straps 34, 36 and 40 and the
      front and rear headband halves 26 and 28 to the shell 12. Since all of
      these arrangements are substantially the same, I will describe in detail
      only that arrangement which is used to secure the back end of the
      fore-and-aft strap 40 and one point on the rear headband half 28 to the
      shell 12.
PAR  Referring now to FIG. 5, a fitting 42 at the rear of the helmet is provided
      with a slot through which I thread the band 40 and then secure it to
      itself by stitching. I attach a loop 44 of webbing to the rear headband
      half 28. A bolt 46, which passes through the shell 12 and through a hole
      in fitting 42, passes through the ends of the loop 44 of fabric stitched
      to the headband. A plate-like element 47 receives the threaded shank of
      the bolt 46 to hold loop 44 and the fitting 42 to the shell 12.
PAR  Referring now to FIGS. 2 to 5, my retention system includes a right hand
      earcup support 48 formed from a suitable flexible material sch as a woven
      fabric. A first webbing length 50, stitched or otherwise secured to the
      support 48 adjacent to the top front thereof and extending generally
      upwardly and forwardly, carries a grommet 52. A second fabric length 54,
      secured to the support 48 adjacent to the top rear thereof and extending
      generally upwardly and rearwardly, carries a grommet 56. Each of the
      grommets 52 and 56 receives a nut 58 adapted to cooperate with a bolt 60
      for attaching the lengths 50 and 54 to the hard shell 12. I provide the
      support 48 with a fastener piece 61 secured thereto by stitching or the
      like. The piece 61 is made up of elements comprising one-half of a readily
      releasable and reattachable fastening means, which half may comprise a
      plurality of tiny loops of synthetic resin which are adapted to cooperate
      with another piece, to be described, made up of a plurality of small hooks
      of synthetic resin. Fasteners of this type are made and sold by The
      American Velcro Company under the registered trademark "Velcro" . A
      rearwardly directed extension 62 on the support 48 forms one-half of a
      nape strap. This extension 62 carries a Velcro fastener piece 64.
PAR  My retention system includes a left hand earcup support 68 formed of the
      same material and of the same general configuration as is the right hand
      earcup support 48. I provide the support 68 with a rearward extension 70
      forming the other half of the nape strap and carrying a Velcro fastener
      piece 71 which is complementary to the fastener piece 64. A right hand
      sound-attenuating earcup assembly indicated generally by the reference
      character 72 carries a Velcro fastener piece 74 adapted to cooperate with
      the piece 62 on the right hand earcup support 48 releasably to hold the
      assembly 72 in position on the support. It will readily be appreciated
      that the cooperating fastener pieces 62 and 74 permit the position and
      orientation of the assembly 72 to be changed with relative ease. A left
      hand earcup assembly indicated generally by the reference character 76
      carries a Velcro piece 78 adapted to cooperate with a complementary Velcro
      fastener piece 80 secured to the inner surface of the left hand earcup
      assembly support 68. Preferably, the earcup assemblies 72 and 76 are of
      the type shown and described in my co-pending Application Ser. No.
      322,525, filed Jan. 10, 1973, for "Sound Attenuating Earcup", now U.S.
      Pat. No. 3,875,592.
PAR  I provide the support 48 with an outer Velcro fastener piece 81. A pair of
      right hand pads 82 and 84 formed from any suitable energy absorbing
      material such, for example, as natural or synthetic foam rubber, carry
      inner and outer Velcro fastener pieces 86 and 88, which are complementary
      to each other. The inner Velcro piece 86 of the pad 82 is arranged to be
      complementary to the outer Velcro piece 81 on the support 48. In this
      manner two or more of the shock absorbing pads 80 and 82 can be attached
      together and can be attached to the support 48. At the same time they may
      readily be removed from the support and from each other to permit
      replacement, if desired. I employ the same shock absorbing arrangement for
      the left hand support 68.
PAR  Referring again to FIG. 5, my helmet retention assembly includes an
      innermost rear shock absorbing pad 90 provided with a leather cover 92
      adapted to engage the back of the wearer's head. The outer surface of the
      pad 90 carries a Velcro fastener piece 94. I provide two additional rear
      shock absorbing pads 96 and 98. The inner surface of each of the pads 96
      and 98 carries a Velcro fastener piece 100 which is complementary to the
      fastener piece 94. Respective outer fastener pieces 102 on the pads 96 and
      98 may be of the same kind as is the piece 94. A Velcro fastener piece 104
      complementary to the piece 102 is secured to the rear headband half 28 to
      permit the assembly of the energy absorbing pads 90, 96 and 98 to be
      secured to the rear headband half 28.
PAR  My helmet retention system includes a chin strap buckle 106 provided with a
      first slot 108 through which a length 110 of webbing passes and is
      stitched to itself to form a vee. Any suitable means such, as for example,
      bolts 112 are employed to secure the ends of the webbing vee to the rigid
      outer shell 12. The chin strap proper 114 has a fabric vee 116 stitched
      thereto at one end thereof. The ends of the vee 116 are secured to the
      hard outer shell by any suitable means such as by bolts 118. The free end
      of the strap 114 passes through an intermediate slot 120 in the buckle 106
      over a snub 124 and back through another slot 122 in the buckle 106. Strap
      114 carries a chin cup 126 formed from leather or the like adapted to
      engage the chin of the wearer when the strap is pulled tight.
PAR  A male snap fastener element 128 carried by the support 48 is adapted to
      engage a female snap fastener element 130 carried by the fabric vee 110 to
      connect the support 48 to the chin strap assembly. Another male snap
      fastener element 132 carried by the earcup support 68 adjacent to the
      lower end thereof is adapted to be snapped into engagement with a female
      snap fastener element 134 carried by the fabric vee 116, thus to connect
      the support 68 to the chin strap assembly.
PAR  In use of my helmet retention system and the helmet 10 with which it is
      associated, a number of the energy-absorbing pads 82 and 84 are assembled
      on the outer surfaces of the two earcup assembly supports 48 and 68. Next,
      the two earcup assemblies 72 and 76 are applied to the two inner surfaces,
      and their relative positions and orientations may be adjusted as desired.
      As many of the rear energy-absorbing pads 90, 96, and 98 as are necessary
      or desirable may be assembled on the back headband portion 28. The
      fastener elementss 128 and 130 and 132 and 134 are engaged.
PAR  When the above operations have been performed, the helmet is ready to be
      donned. After the helmet has been donned, the chin strap 114 is pulled in
      a direction to draw it tight to bring the chin cup 126 into engagement
      with the wearer's chin. In the course of this operation, owing to the
      connection between the chin strap 114 and the lower portions of the two
      earcup assembly supports 48 and 68, the earcup assemblies 72 and 76 will
      be drawn toward the wearer's head to permit the sealing pads thereof
      firmly to engage the wearer's head around his ears. When it is desired to
      remove the helmet, the lower end of the buckle 106 is moved away from the
      chin strap 114 to release the strap to permit it to be drawn out of the
      buckle so that the helmet can be removed. If for any reason it becomes
      necessary or desirable to remove any of the shock absorbing pads 82, 84,
      90, 96 and 98, this can readily be done and the pads may readily be
      replaced.
PAR  It will be seen that I have accomplished the objects of my invention. I
      have provided a helmmet retention system for a rigid shell helmet provided
      with sound-attenuating earcups which overcomes the disadvantages of rigid
      helmets provided with earcups of the prior art. My helmet retention
      assembly permits the helmet to be drawn firmly down onto the wearer's head
      and the earcups to be brought into sealing engagement with the wearer's
      head around his ears in a single simple operation. My retention assembly
      thus makes optimum use of the sound-attenuating properties of the earcup
      assemblies. The shock absorbing ear pads and rear head pads may readily be
      removed and replaced with ease.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of my
      claims. It is further obvious that various changes may be made in details
      within the scope of my claims without departing from the spirit of my
      invention. It is, therefore, to be understood that my invention is not to
      be limited to the specific details shown and described.
CLMS
STM  Having thus described my invention, what I claim is:
NUM  1.
PAR  1. A helmet assembly including in combination, a rigid outer shell,
      respective left hand and right hand earcup assembly supports of flexible
      material, respective earcup assemblies carried by said supports, means for
      securing said supports adjacent to the upper ends thereof to said rigid
      outer shell at first locations thereon for movement of said earcup
      assemblies toward and away from the wearer's head, an adjustable chinstrap
      assembly, means for securing the ends of said chinstrap assembly to said
      rigid outer shell at second locations thereon below said first locations
      and means for connecting said chinstrap assembly at spaced locations
      intermediate the ends thereof to said earcup assembly supports adjacent to
      the lower ends thereof to move said earcup assemblies toward the wearer's
      head as said chinstrap assembly is actuated to hold said shell on the
      wearer's head.
NUM  2.
PAR  2. A helmet assembly as in claim 1 including means for manually detachably
      mounting said earcup assemblies on said supports.
NUM  3.
PAR  3. A helmet assembly as in claim 2 in which said mounting means permits of
      adjustment of the position and angular orientation of said earcup
      assemblies on said support.
NUM  4.
PAR  4. A helmet assembly as in claim 1 in which said rigid shell comprises left
      and right ear portions, said earcup assembly support securing means being
      located above said rigid shell ear portions, and in which said chinstrap
      assembly securing means are located adjacent to the lower ends of said
      rigid shell ear portions.
NUM  5.
PAR  5. A helmet assembly as in claim 4 in which said interconnecting means are
      located relatively adjacent to the ends of said chinstrap assembly.
NUM  6.
PAR  6. A helmet assembly as in claim 5 in which said chinstrap assembly
      includes strap length adjusting means disposed between said
      interconnecting means.
NUM  7.
PAR  7. A helmet assembly as in claim 6 in which said interconnecting means are
      manually releasable.
NUM  8.
PAR  8. A helmet assembly as in claim 7 in which said length adjusting means
      comprises a free strap end and a buckle for receiving said free strap end.
NUM  9.
PAR  9. A helmet assembly as in claim 1 in which said interconnecting means are
      located relatively adjacent to the ends of said chinstrap assembly.
NUM  10.
PAR  10. A helmet assembly as in claim 1 in which said interconnecting means are
      manually engageable and disengageable.
NUM  11.
PAR  11. A helmet assembly as in claim 1 in which said interconnecting means are
      snap fasteners.
NUM  12.
PAR  12. A helmet assembly as in claim 1 including a pad of energy absorbing
      material disposed between one of said supports and said shell and means
      mounting said pad on said support.
NUM  13.
PAR  13. A helmet assembly as in claim 12 in which said pad mounting means is
      readily manually detachable and reattachable.
NUM  14.
PAR  14. A helmet assembly as in claim 1 including respective pads of energy
      absorbing material disposed between said supports and said shell and means
      mounting said pads on said supports.
NUM  15.
PAR  15. A helmet assembly as in claim 14 in which said mounting means is
      readily manually attachable and detachable.
NUM  16.
PAR  16. A helmet assembly as in claim 1 including a plurality of pads of impact
      absorbing material disposed between each of said supports and said shell,
      means for readily manually assembling and disassembling the pads of said
      plurality into two stacks, and manually operable means for releasably
      securing said stacks respectively to said supports. j
NUM  17.
PAR  17. A helmet assembly as in claim 1 including a headband secured to said
      shell, a pad of energy absorbing material and manually operable means for
      detachably mounting said pad of energy absorbing material on said headband
      adjacent to the back of the wearer's head.
NUM  18.
PAR  18. A helmet assembly as in claim 1 including a headband secured to said
      shell, a plurality of back pads of energy absorbing material, manually
      operable means for assembling and disassembling the pads of said plurality
      into a stack and manually operable means for releasably securing said
      stack to the inner surface of said headband.
NUM  19.
PAR  19. A helmet assembly including in combination, a rigid shell having right
      and left portions adapted to overlie the ears of a wearer, a pair of
      earcup assembly supports of flexible material, respective earcup
      assemblies carried by said supports, means for securing the upper ends of
      said supports to said shell at respective locations above the right and
      left portions of said shell for movement of the assemblies carried thereby
      toward and away from the wearer's head, a chinstrap assembly having length
      adjusting means intermediate its ends, means for securing the respective
      chinstrap assembly ends to said rigid shell at locations lying relatively
      in the lower parts of said right and left shell portions, and respective
      means connecting said chinstrap assemblly at points between its ends and
      said length adjusting means to said earcup assembly supports adjacent to
      the lower ends thereof so that upon actuation of said length adjusting
      means to shorten said chinstrap assembly said earcup assemblies are moved
      into engagement with the wearer's head around his ears.
NUM  20.
PAR  20. A helmet assembly as in claim 19 in which said connecting means are
      readily manually engageable and disengageable.
NUM  21.
PAR  21. A helemt assembly as in claim 19 including respective pads of energy
      absorbing material disposed between said earcup assembly supports and said
      shell portions and manually operable means for releasably attaching said
      pads to said supports.
NUM  22.
PAR  22. A helmet assembly as in claim 19 including a plurality of pads of
      energy absorbing material disposed between each of said supports and its
      associated shell portion, manually operable means for releasably
      connecting said pads to form stacks thereof and manually operable means
      for detachably attaching said stacks respectively to said supports.
NUM  23.
PAR  23. A helmet assembly as in claim 19 including a headband carried by said
      shell, a back pad of energy absorbing material and manually operable means
      for detachably assembling said back pad on said headband at a location at
      which it is adapted to engage the wearer's head.
NUM  24.
PAR  24. A helmet assembly as in claim 19 including a plurality of back pads,
      manually operable means for detachably connecting said back pads to form a
      stack and manually operable means for detachably connecting said stack to
      said headband at a location to engage the back of the wearer's head.
NUM  25.
PAR  25. A helmet assembly as in claim 19 including a plurality of side pads of
      energy absorbing material, manually operable means for detachably
      connecting the pads of said plurality to form two stacks of said side
      pads, manually operable means for detachably connecting said stacks
      respectively to said supports between the supports and the shell portions,
      a headband carried by said shell, a plurality of back pads of energy
      absorbing material, manually operable means for detachably connecting said
      back pads to form a stack and manually operable means for detachably
      securing said stack of back pads to said headband at a location to engage
      the back of the wearer's head.
NUM  26.
PAR  26. A helmet assembly as in claim 25 including nape extensions on said
      supports and manually operable means for adjustably and releasably
      connecting said extensions.
NUM  27.
PAR  27. A helmet assembly as in claim 19 including nape extensions on said
      supports and manually operable means for adjustably and releasably
      connecting said extensions.
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ABST
PAL  Automatically operable protective means, e.g. a helmet, for use by welders,
      has an eye shading means which is brought automatically into shading
      condition upon reception of light rays or ultrasonic vibrations by a
      transducer and electromagnetic operator. Provision is made for supplying
      cooling air to the electronic and electromagnetic devices and to the eye
      shade, and the shade may incorporate movable polarizing plates for
      adjustment of transparency.
BSUM
PAR  It is known that arc-welding can only be carried out with protective visors
      or protective helmets because of the occurrence of strong ultraviolet rays
      from the arc.
PAR  Protective visors and protective helmets with vision slits known up to now
      are equipped with interchangeable dark lenses and thus prevent severe
      dazzling and penetration by injurious ultraviolet rays. Without the
      powerful arc, the work to be welded is invisible through the dark
      protective goggles and so the welder is forced to remove the protective
      light shield when the electrode is applied. This happens for example by
      removing the visor, opening the helmet or by a mechanical operation
      (opening the protective dark goggles).
PAR  These operations are carried out manually, thus the welder's eyes are
      exposed to the injurious rays for a certain time. In many cases this
      results in eye damage.
PAR  When several welders are working in close proximity, the one without the
      protection of goggles is exposed to the eye-damaging rays of his
      fellow-workers.
PAC  GAS FUSION WELDING
PAR  For gas fusion welding (oxy-acetylene welding) goggles with dark lenses are
      usually worn to protect against the powerful gas flame light, and these
      frequently have to be pushed up during work.
PAR  Since both hands are usually used in oxy-acetylene welding this handling is
      always a nuisance.
PAR  The invention disclosed concerns automatic protective shade equipment on
      protective visors, protective helmets or protective goggles, in particular
      for fusion welding, by means of which the disadvantages inherent in
      previous embodiments are eliminated.
PAR  This invention is characterised by the fact that when the arc or the gas
      flame is lit, the shade is automatically closed in a fraction of a second
      and thus the penetration of injurious ultraviolet rays and dazzling is
      completely prevented.
DRWD
PAR  The drawings show examples of embodiments of the subject of the invention
      as follows:
PAR  FIG. 1 is a part section through a visor or helmet constructed in
      accordance with one embodiment of the invention;
PAR  FIG. 2 is a side view of an embodiment of the invention employing goggles
      with a shade;
PAR  FIG. 3 is a side view of a pivoting flap shade;
PAR  FIG. 4 is a side view of a sliding shade;
PAR  FIG. 5 is a section through a welding helmet having built-in cooling and
      ventilation equipment;
PAR  FIG. 6 is a view of an attached viewing window when the vision slit is
      open;
PAR  FIG. 7 is a view of the viewing window of FIG. 6 when the vision slit is
      closed;
PAR  FIG. 8 is a part section along the line IV -- IV in FIG. 7;
PAR  FIG. 9 depicts a second variant of the viewing window;
PAR  FIGS. 10 and 11 depict a third variant of the viewing window when the shade
      is open and closed respectively;
PAR  FIG. 12 is a vertical section through a further embodiment of the viewing
      window, and,
PAR  FIG. 13 is a plan view of FIG. 12.
DETD
PAR  In FIGS. 1 and 2, a pulse generator 9 for selectively closing the shade 4
      on the shield, respectively, of the helmet 1 or goggles 13, includes an
      aperture in which a photo-transistor, a photo-diode or photo-resistance or
      a supersonic receiver is incorporated. The shade 4 may be mounted for
      translational movement as in FIGS. 1 and 4, or for pivotal movement as in
      FIGS. 2 and 3. When the light source S is lit, the shade 4 is closed in a
      fraction of a second by means of the pulse generator 9 which acts
      supersonically, by means of a control device 10 through an
      electromechanical magnet or solenoid 6 and 7 the armature 7 of which is
      arranged to move through a distance A when the coil 6 is energized.
PAR  After each interruption of the light source the shade 4 is reopened, after
      a delay, electro-magnetically by the pulse generator 9 acting via the
      control device 10 and/or mechanically by reason of the action of a spring
      8 in the solenoid 6, 7 to open (vision aperture B).
PAR  The shade 4 is made of known dark glass, plastic with low transparency, or
      a linear polarizer which prevents the penetration of all eye-damaging rays
      or reduces the dazzle from the gas flame to a minimum. On most visors or
      helmets 1 a second ordinary window glass 2 is added to protect the dark
      glass. If desired, a completely transparent UV-filter can be provided in
      place of this glass 2.
PAR  The aperture B in the shade 4 is large enough for the work in hand to be
      readily visible through the protective helmet or visor 1 or through the
      goggles 13.
PAR  The pulse generator 9 comprises a transistor, a photo-diode, a
      photo-eletric cell or a photo-resistance so arranged (in association with
      a spectrum filter) that it is only actuated to provide an output pulse
      when the light source S contacts the oxy-acetylene weld.
PAR  The photo-electric pulse generator 9 is covered by a tube having a light
      filter 11 which prevents the activation of the pulse generator by spurious
      light rays, i.e. light rays which do not lie within the field of vision or
      in the adjusted spectrum, so that these do not close the shade 4.
PAR  When the pulse generator includes a supersonic receiver, the receiver is so
      tuned that only the controlling supersonic frequency (modulation, welding
      noise) can activate the pulse.
PAR  The control device 10 consists of a transistorized amplifier and comprises
      ordinary commercial electronic components and is preferably contained in a
      small plastic housing. The control device 10 is so small that it can
      readily be incorporated in the visor or helmet 1 adjacent the shade 4 or
      on the goggles 13 over the lenses 12.
PAR  The power necessary to operate the solenoid 6, 7 and the control device 10
      is so small that it may preferably be supplied by batteries, which are
      housed in the helmet itself or may be carried in the user's pocket for
      reasons of weight; or by rechargeable miniature power sources which are
      connected by plug and socket to the helmet.
PAR  FIG. 5 shows the automatic protective shade equipment incorporated in a
      protective helmet. Element 2 is the viewing window of the protective
      helmet in which the protective shade consists of one fixed and one moving
      part 3 and 4 respectively. In FIG. 5, B indicates the vision aperture in
      the protective shade. Parts 3 and 4 are made of dark glass. The moving
      part 4 can in turn be actuated by an electro-magnetic control system 5, 6,
      7 and 8. There is a mini-fan 14 incorporated in the upper part of the
      protective helmet 1, connected to an electronic control system 15. A cold
      air channel 16 is set laterally in the inner wall of the helmet, which
      diverts part of the stream of cold air being directed on the electronic
      assembly and leads directly to the electro-magnetic control system 5, 6, 7
      and 8. Part of the stream of cold air being conducted through the channel
      16 is diverted through apertures 17 made in the side of the channel 16 and
      ventilates the viewing window thus preventing the latter from misting or
      steaming-up.
PAR  In the embodiment of FIG. 6 the viewing window again has a fixed part 3 and
      a moving part 4. A pair of levers 20 swivelling around an axle pin 19
      engage with two pins 18 on the moving part 4 of the shade. The ends of
      this pair of levers which abut against each other are connected via an
      articulating pin 21 to one end of a lever 23 swivelling around an axle pin
      22. The other end of the lever 23 is articulated by means of a connecting
      rod 24 on one end of an anchor rod 26 swivelling around an axle pin 25.
      The anchor rod 26 is actuated by an electro-magnet 27 against a spring 28.
      When no current is passing through the electro-magnet 27 the moving part 4
      of the shade is pushed down, as shown in FIG. 6, by the system of levers
      under spring tension in the direction of the arrows a into the open
      position. When the electro-magnet 27 is excited, the anchor rod 26 is
      pulled against the spring 28 so that the moving part 4 of the shade is
      pushed upwards, as in FIG. 7, into the closed position, by the pivoting of
      the system of levers in the direction of the arrows b.
PAR  In the viewing window in FIG. 8 the outer, completely transparent
      protective lens is designated as 2. For the shade there is a dark lens 3,
      4 in which part 3 is fixed and part 4 movable in a vertical direction and
      is connected with the lever system of FIG. 7. The inner side of the shade
      3, 4 is fitted with a completely transparent UV-filter 29, whose lower
      section is provided with a thin shiny coating 30 on its inner side in the
      region of the viewing aperture B, which permits viewing from inside to
      out, but prevents the passage of injurious rays from outside to in. The
      filter 29 prevents the passage of ultraviolet rays.
PAR  The viewing window illustrated in FIG. 9 comprises a two-part shade 3', 4'
      whose fixed part 3' acts as a polarizer in the x-axis. The moving shade
      part 4', which can be actuated by an electro-magnetic control system, is
      illustrated in the open position and forms a polarizing screen whose
      polarization is in the y-axis. Since both the polarization panes 3' and 4'
      run towards each other at an angle of 90.degree. in relation to their axes
      of polarization, both panes 3' and 4', on their own, i.e. when the shade
      is open, provide unhindered transparency. When the shade is closed, i.e.
      when the moving shade 4' is raised to the position indicated by the line
      of dots and dashes, transparency is reduced to 0.001%, depending on
      polarization.
PAR  In accordance with the variant shown in FIGS. 10 and 11, the panes of the
      viewing window can be composed of polarizing strips or they can be lined
      with polarizing strips, so that the strips follow one another polarized
      alternately in the x- and y-axes, as may be seen in FIGS. 10 and 11. In
      FIG. 10 the two panes 3" and 4" are moved appropriately against each other
      in such a way that strips having the same polarization are brought into
      positions covering each other. In this case there is complete
      transparency. In FIG. 11 the two panes 3" and 4" are moved appropriately
      against each other in such a way that strips having different polarization
      are brought into positions covering each other. In this case the passage
      of light is prevented. This method of construction permits a very small
      sliding movement of the moving shade part 4" between the open and closed
      positions, corresponding to the distance X and Y.
PAR  FIGS. 12 and 13 show a viewing window with one fixed pane 3' and one pane
      4' which can be turned against it through 90.degree.. The movable pane 4'
      is held in a circular frame which is provided with a toothed system 32 and
      is mounted in the toothed system so that it may be rotated by three
      engaging pinions 33, 33'.
PAR  The rotational adjustment of the pane 4' in relation to the pane 3' may be
      made with a gear-rack engaging on pinion 33'. The fixed pane 3', for the
      sake of example, has a polarization in the y-axis. The moving pane 4' can
      be so adjusted by rotation that its polarization runs at 90.degree. to
      that of pane 3', i.e. in the x-axis, as is shown by suitable shading in
      FIG. 12. This arrangement also enables any desired degree of transparency
      to be achieved since the moving pane 4' can also be adjusted at any
      desired angle to the pane between 0.degree. and 90.degree.. When set to
      0.degree. both panes 3' and 4' have matching polarization so that there is
      unhindered transparency, while at 90.degree. the polarization of pane 4'
      runs along the x-axis.
PAR  The direct incorporation of the mini-fan in the helmet does away with the
      especially troublesome air-tubes in welding work which connect the
      appliance to a stationary fan. In addition, as shown in FIGS. 5-13, the
      components of the electronic and electro-magnetic control system are
      protected from overheating by jets of air diverted from the mini-fan.
PAR  The invention described permits the use of arc- and oxy-acetylene welding
      equipment in a way which is more rational and less damaging to the eyes.
CLMS
STM  I claim:
NUM  1.
PAR  1. Automatic protective equipment for welders comprising a welding helmet
      having a transparent outer face plate mounted at a fixed position thereon,
      a planar protective shade mounted on said helmet closely adjacent to and
      in generally parallel relation to said face plate at a position between
      said face plate and the eyes of a wearer of said helmet, said protective
      shade comprising first and second transparent planar elements mounted for
      relative linear movement through a predetermined limited distance in a
      direction parallel to said face plate to selectively define a viewing
      aperture the width of which is related to said limited distance, an
      electrically energizable solenoid within said helmet at a position below
      said protective shade, the armature of said solenoid being connected to
      one of said planar elements for moving said one planar element in
      translation in a first direction through said limited distance relative to
      the other of said planar elements when said solenoid is energized, spring
      means for urging said one planar element in a second direction opposite to
      said first direction when said solenoid is de-energized, control means
      carried by said helmet for controlling the energization of said solenoid,
      said control means comprising a transducer responsive to incident radiant
      energy, said transducer being connected to a battery-powered
      transistorized amplifier the output of which is connected to said solenoid
      to energize said solenoid when radiant energy produced by a welding
      operation is incident on said transducer, a motor driven air fan mounted
      within said helmet adjacent the top of said helmet, air guide means within
      said helmet for directing a first stream of air from said fan onto said
      control means, said air guide means including an elongated confined
      channel extending from the top of said helmet along a side of said helmet
      past said face plate and protective shade to direct a second stream of air
      from said fan onto said solenoid, said elongated channel including a
      plurality of apertures in one wall thereof for diverting a portion of said
      second stream of air onto said protective shade and face plate, and said
      air guide means including means defining an air discharge for said first
      and second streams of air at a position adjacent the bottom of said
      helmet.
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ABST
PAL  A face mask, particularly a ski-mask, comprising a transparent mask body
      with an interceptive function against the ultraviolet rays and formed to
      have a curved surface spaced from the skier's face, a pair of ear
      protectors formed in a bowl-like shape for convenience in covering the
      ears of the skier and pivotably supporting both side ridge portions of
      said mask body by the outer side wall thereof, and lock-on members adapted
      to stop turning round of said mask body relative to said ear protectors
      and then make it stand still against said ear protector at a desired
      position, whereby protection of the entire face of the skier, including
      both of his ears, is ensured from the ultraviolet rays and the cold wind
      as well as the wind pressure, besides other accidents, and in the meantime
      delicate adjustment can be achieved for positioning the mask body as
      required relative to the skier's face.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a face mask, particularly a ski-mask,
      capable of protecting the entire face of the skier including both of his
      ears, from the ultraviolet rays and the cold wind as well as the wind
      pressure, besides other accidents during skiing.
PAR  2. Description of the Prior Art
PAR  As to this kind of ski-mask, there has hitherto been provided a ski-mask
      wherein a mask body to cover the entire face of the skier is pivotably
      supported by a band adapted to be set upon the skier's head through the
      intermediate of the suspension arm attached to the upper edge portion of
      the mask body (for instance, a ski-mask as disclosed in the Japanese
      Utility Model Publication No. 32079/1972).
PAR  The ski-mask of this kind, however, has some disadvantages such that it
      necessitates the skier to put on ear protectors separately since it is not
      provided with any members to protect the ears, and that the mask body
      cannot be maintained always at a position fully desirable relative to the
      skier's face, since it is almost impossible to achieve a delicate
      adjustment with regard to the relative positioning of the mask body
      against the head band pivotably supporting said mask body.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a ski-mask comprising a
      transparent mask body with an interceptive function against the
      ultraviolet rays, which is formed to have a curved surface disposed
      suitably spaced from the skier's face and which is pivotably supported by
      the outer side walls of a pair of ear protectors, whereby protection of
      the entire face of the skier, including both of his ears, is ensured from
      the ultraviolet rays and the cold wind as well as the wind pressure,
      besides other accidents.
PAR  Another object of the present invention is to provide a ski-mask which is
      provided with a spongy, flexible and elastic member fixed to the inner
      side surface of the ear protectors, whereby protection of both ears is
      ensured from the cold wind and the wind pressure.
PAR  A further object of the present invention is to provide a ski-mask
      characterized in that the upper portion of the peripheral edge of the ear
      protectors, which are defined in a bowl-like shape opposing the head
      portion of the skier, is formed to have a suitable space from the head
      portion of the skier for the purpose to hold therein the lower portion of
      the skier's cap as well as the arm of the glass spectacles, whereby no
      trouble is occurred in using both a cap and glasses at the same time.
PAR  A still further object of the present invention is to provide a ski-mask,
      wherein a shaft, which serves as a screw stopper, is penetrates through a
      perforation defined in the fitting portion of the mask body and then is
      screwed into a screwed hole provided on the outer side wall of the ear
      protectors, whereby positioning of the mask body relative to the skier's
      face can be delicately adjusted as required by fastening said screw
      stopper.
PAR  A still further object of the present invention is to provide a ski-mask,
      wherein a plurality of engagement depressions are disposed on the outer
      side wall of the ear protectors along a circle drawn around the center of
      the journaled portion of the mask body at suitable intervals, while an
      engaging projection is installed on the inner surface of the fitting
      portion of said mask body, whereby said engaging projection can
      selectively get engaged with one of said engagement depressions for
      achievement of a delicate adjustment in the positioning of the mask body
      relative to the ear protectors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of an embodiment of the present invention
      illustrating how to put it on the head to cover the face therewith,
PAR  FIG. 2 is a front view of the embodiment shown in FIG. 1,
PAR  FIG. 3 is a side view of another embodiment of the present invention
      illustrating how to put it on the head to cover the face therewith.
PAR  FIG. 4 is a front view of the embodiment shown in FIG. 3,
PAR  FIG. 5 is a plan view of an ear protector included in the embodiment shown
      in FIG. 3,
PAR  FIG. 6 is a left-side view of the ear protector shown in FIG. 5,
PAR  FIG. 7 is a plan view of the head band included in the embodiment shown in
      FIG. 3,
PAR  FIG. 8A is a plan view of a chin strap included in the embodiment shown in
      FIG. 3, and FIG. 8B is a side view thereof.
PAR  FIG. 9 is a side view of a further embodiment of the present invention
      illustrating how to put it on the head to cover the face therewith,
PAR  FIG. 10 is a front view of the embodiment shown in FIG. 9,
PAR  FIG. 11 is a partially cut away sectional view of the principal part of the
      embodiment shown in FIG. 9,
PAR  FIG. 12 is a perspective view of the principal part of the ear protector of
      the embodiment shown in FIG. 9.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  First, the description will be given with reference to FIGS. 1 and 2 which
      illustrate a first embodiment of the present invention.
PAR  As shown in FIGS. 1 and 2, a ski-mask 1 comprises: a transparent mask body
      2 with an interceptive function against the ultraviolet rays and formed to
      have a curved surface adapted to be disposed with a suitable space from
      the skier's face; a pair of ear protectors 3; and a head band 4 to be set
      onto the skier's head, all of said mask body, said ear protectors and head
      band are connected together in integration by fastening members consisting
      of nut member 14 and a bolt 7 penetrates through all of them.
PAR  The mask body 2 is made of a synthetic resin material which is
      comparatively hard, for instance, such as polycarbonate resin, etc., and
      formed to have a curved surface in such a fashion that it can cover almost
      the entire portion of the skier's face with a desired space between the
      face and the surface thereof. The mask body is provided with a fitting
      portion 5 extending backward from both side edges of the mask body 2, and
      in this portion there is defined a perforation 6 for insertion of said
      bolt 7 therethrough.
PAR  The mask body 2 is colored either partially or entirely for interception of
      the ultraviolet rays. In addition, there is no objection if the mask body
      is of a polarizing glass. This implies that there is not any specific
      limitation with regard to interceptive means for the ultraviolet rays,
      whereby various means thus far known are applicable to the present
      invention.
PAR  The ear protector 3, is of a hard synthetic resin material like the mask
      body, and is formed in a bowl-like shape big enough to cover the entire
      ear. In the outer wall portion of the ear protector a little upwardly from
      the center thereof, there is defined a perforation 9 for penetration of
      the bolt therethrough, while a hole 10 for air ventilation is defined in
      the lower portion of the ear protector 3.
PAR  Further, the ear protector is provided with a stop 11 projectingly
      installed at a suitable position within an area along which the fitting
      portion 5 of the mask body turns around for the purpose of catching and
      holding the lower side edge of the fitting portion 5 of the mask body 2.
      To be precise, when the mask body 2 is in a position wherein it is
      disposed in front of the skier's face, the lower edge of the fitting
      portion 5 of the mask body 2 is restrained by the stop 11 to prevent the
      body 2 from turning further downwardly.
PAR  The head band 4 has an elasticity so as to push both ear protectors toward
      the ears of the skier respectively, and passing through a elongated hole
      12 defined on the side wall of the ear protector 3, each end portion of
      the head band 4 is introduced into the inner side of the ear protector 3
      so as to be fixedly secured to the inside wall of the ear protector by
      means of the bolt 7.
PAR  The numerical reference 13 denotes a plurality of ventilation holes
      provided in the portion of the mask body corresponding with the position
      of the mouth and nose of the skier.
PAR  Next, in reference to FIGS. 3 - 8 the description will be made with regard
      to another embodiment of the present invention.
PAR  A mask body 22 shown in FIGS. 3, 4 is substantially identical with what is
      shown in FIGS. 1 and 2. A shaft-like bar 27, instead of the fastening bolt
      7, is inserted through a perforation 26 formed in the fitting portion 25
      of the mask body 22 so that the top end portion of said shaft 27
      penetrates through a perforation 29 defined in the ear protector 23 so as
      to be calked in the inner side of the ear protector to effect a pivotable
      connection between the mask body 22 and the ear protector 23.
PAR  The ear protector 23 is of configuration a little different from that shown
      in FIGS. 1 and 2, as being formed in the shape of a bowl so that it is not
      as flat as that shown in FIGS. 1 and 2.
PAR  In a portion of the outer side wall 28 of the ear protector corresponding
      with the fitting portion 25 of the mask body 22, there are defined a
      plurality of engagement depressions 33 in such a fashion that they are
      disposed along a circle drawn around the center of the perforation 29 with
      a given radius R, so that a projection 34 provided on the inner side wall
      of the fitting portion 25 of the mask body 22 can engage with one of the
      engagement depressions selectively and may release therefrom, if desired.
PAR  This structural fashion can be connected in such a fashion wherein fixation
      is effected by means of the bolt as seen in FIGS. 1 and 2.
PAR  On the outer side wall 28 of the ear protector 23, there is further defined
      a bulged portion to work as a stopping stepped portion 31. One end ridge
      31a of the bulged portion engages with the lower edge of the fitting
      portion 25 of the mask body 22 when the mask body 22 is in front of the
      skier's face. And then, when the mask body is positioned above the head,
      as indicated in FIG. 3 by an imaginary line, the other end ridge 31b of
      the bulged portion engages with the upper edge of the fitting portion 25
      of the mask body 22, to restrain the mask body from turning round further
      upwardly relative to the ear protectors.
PAR  The numerical reference 30 denotes a ventilation hole for air.
PAR  As clearly seen in FIG. 6, the peripheral edge portion of the ear protector
      23 facing directly the skier's head is projectingly formed from the outer
      side wall portion 28 in such a fashion that the upper portion 35b of the
      peripheral edge projects from the level of the outer side wall a smaller
      extent than the lower portion 35a thereof, whereby there is defined a
      space to be measured by l between the upper portion of the peripheral edge
      of the ear protectors and the side of skier's head, in case the ear
      protectors are fitted to the ears.
PAR  Said space is intentionally formed to hold therein the lower portion of the
      wearing cap of the skier. Just on the front side of the ear, the lower
      portion 35a of the projecting peripheral edge runs in a line with the
      upper portion 35b of the projecting peripheral edge with interposition of
      a horizontally stepped portion 36, while, on the back side of the ear, the
      lower portion 35a of the projecting peripheral edge runs in a line with
      the upper portion 35b of the projecting peripheral edge with interposition
      of a smoothly curved surface 37.
PAR  The space just above the horizontally stepped portion 36 is to provide a
      room for the arms of glass spectacles of the skier.
PAR  The numerical reference 24 denotes a rib to be brought in close contact
      with the skier's cheek.
PAR  As shown in FIGS. 5 and 6, both in the upper most and the lower most
      portion of peripheral edge wall of the ear protector 23, there is formed
      attachment means 42, 43 to which the end portions of a head band 40 or a
      strap 41 are fixedly secured.
PAR  As to the attachment means 42, within this means there is provided an
      insertion slot 44 for the head band, which is of such a fashion that a
      projection 47 is installed on the inner side of wall 45 which wall 45 is
      spaced outwardly from the inner side wall 46.
PAR  As to attachment means 43, a pair of elongated holes disposed in parallel
      with each other serve as an attachment means and the end portion of the
      strap 41 is led therethrough to make a hoop for fixation to the attachment
      means.
PAR  The head band 40 is made of an elastic material, as indicated in FIG. 7,
      and formed to have the width m slightly less than the width n of said
      insertion slot 44 for the head band, and the thickness less than the depth
      of the insertion slot 44 but larger than the space between the foremost
      top end of said projection 47 and the inner side wall 46. Further, said
      head band 40 is formed wider in its middle portion 50 and is provided with
      a plurality of holes 48 aligned in the lengthwise direction at fixed
      intervals in both end portions thereof. Said hole 48 has an internal
      diameter slightly larger than the external diameter of said projection 47.
PAR  The strap 41 is formed in a popular structural fashion, as shown in FIG. 8
      and both end portions thereof are set up to said attachment means 43 for
      fixation thereto, as seen in FIG. 6. Further, a ring 52 and a metal
      fitting 53 are interposed in the middle of said strap 41 for the purpose
      to adjust the length thereof by changing the position of the latter
      relative to the former.
PAR  Now, a further description will be given hereinunder with regard to a still
      another embodiment of the present invention shown in FIGS. 9 - 12.
PAR  This embodiment comprises a mask body 62, a pair of ear protectors 63, and
      a head band 80, all of which are combined with each other in a manner
      wherein a bolt 67 is inserted through an elongated hole 81 of the head
      band 80, a perforation 69 of the ear protector 63 and a perforation 66 of
      the mask body 62 and then fastened by means of a nut member 73 interposing
      a suitable washer 72 therebetween.
PAR  The mask body 62 is substantially of identical structure with those of the
      foregoing embodiments, shown in FIGS. 1 - 4, except that the peripheral
      edge thereof is fringed with a fringing member 58.
PAR  The ear protector 63 is formed after the shape of the bowl with shallower
      depth than that of the ear protector shown in FIGS. 1 -4. On the outer
      side wall 68 of the ear protector, there is defined a bulged portion with
      provision of a stepped-portion 71 to serve as a stop.
PAR  When the mask body 62 is disposed in front of the skier's face, said
      stepped portion 71 engages with the fitting portion of the mask body 62 to
      prevent the mask body from turning round further downwardly.
PAR  The head band 80 is made of a hard material with a sufficient elastic force
      to push the ear protectors against the skier's ears, and both end portions
      thereof, wherein an elongated hole 81 is provided, are positioned within a
      guide groove 84 formed in the upper portion of the inner side wall of the
      ear protector 63.
PAR  Onto the inner side wall of the ear protector 63, there is disposed a
      spongy elastic member 90 which is fixed to the peripheral edge of the ear
      protector by adhesives.
PAR  The elucidation shall be omitted with regard to other structural matters in
      this embodiment, because they are just the same as the foregoing ones
      shown in FIGS. 1 - 4.
PAC  OPERATION
PAR  Now, the description will be made regarding the first embodiment of the
      present invention shown in FIGS. 1 and 2.
PAR  When the ski-mask 1 is intended to be put on the skier's head, firstly both
      ear protectors should be pulled outwardly to widen the spacing
      therebetween so as to be set on both of the skier's ears, taking advantage
      of the elasticity of the head band 4. And then head band 4 should be
      positioned over the skier's head. Further, when it is intended for the
      mask body to change its position relative to the skier's face, a nut
      member 14 should be loosened so as to turn the mask body 2 around the
      center of the bolt 7 and then it should be again fastened when the mask
      body comes just to a position desired.
PAR  On this occasion, the mask body can be fixed at whatever position desired
      between a position wherein it is in front of the face as indicated by a
      full line in FIG. 1 and a position as indicated by an imaginary line also
      in FIG. 1.
PAR  In addition, the head band 4 can be adjusted in length within limitation
      allowed by the length of said elongated hole 15 of the head band when the
      nut member 14 is loosened for this purpose.
PAR  Even when the skier puts on a ski-mask, he can hear any sound coming from
      the outside with the aid of the hole 10. If he intends to take off the
      mask, he may remove the ear protectors from his ears easily only by
      pulling thereof outwardly by his hands.
PAR  Next, the description will be made regarding a second embodiment of the
      present invention shown in FIGS. 3 to 8.
PAR  In order to put on the ski-mask 1, both ear protectors 23 should be pulled
      outwardly to widen the spacing therebetween, as mentioned in the foregoing
      description, so as to be set up on the ears, and then the strap 41 should
      be applied to his chin.
PAR  When the skier wears a cap, the ear protectors are set up to the skier's
      ears in such a manner that the upper portion 35b of the peripheral edge of
      the ear protector holds the lower portion of the cap within the space
      between the upper portion of the ear protector and the skier's head.
PAR  Further, when a pair of spectacles is used by the skier, the ear protector
      23 should be set up to the ears in such a manner that the arms of the
      spectacles are kept within the space defined immediately above the
      horizontally stepped portion 36 of the ear protector 23.
PAR  Then the mask body 22 is turned downward around the center of the shaft 27
      until the fitting portion 25 of the mask body comes in contact with the
      stepped portion 31a of the ear protector 23, so that the mask body 22 can
      stay in a position wherein it is in front of the skier's face to cover
      almost the entire portion thereof.
PAR  When it is intended to change the position of the mask body relative to the
      face, the mask body should be turned around in the desired direction by
      applying only a slight force thereto, and then the projection 34 installed
      on the inner side wall of the fitting portion 25 of the mask body 22
      engages with one of the engagement depressions 33 defined on the outer
      side wall of the ear protector 23. Thereby, the mask body 22 can be placed
      in any position between the position indicated by a full line in FIG. 3
      and the position indicated by an imaginary line also in FIG. 3, by being
      locked up to one of the engagement depressions 33.
PAR  When the mask body 22 is turned around upwardly so far to a position as
      indicated by an imaginary line in FIG. 3, the fitting portion 25 of the
      mask body 22 contacts the stepped portion 31b of the ear protector 23.
PAR  Adjustment of the head band 40 with regard to the available length thereof
      can be achieved in such a manner that the head band 40 is released from
      the stopper projection 47 provided within the insertion slot 44 by pulling
      or pushing the band to effect movement thereof within the insertion slot
      44 so as to achieve the engagement of a desired hole 48 with the
      projection 47.
PAR  Once the head band 40 is put on the skier's head, the thickness of the cap,
      etc., causes the head band to extend in the outwardly slanting direction
      from the attachment means 42 of the ear protector 23 so as to tighten
      engagement between the band and the projection 47 without any occurance of
      disengagement therebetween.
PAR  As to the length of the strap 41, adjustment can be achieved good enough
      only by moving the metal fitting relative to the ring 52.
PAR  Finally, the description will be made regarding a third embodiment of the
      present invention shown in FIGS. 9 - 12.
PAR  In order to put the ski-mask 1 on the skier's head, both ear protectors 63
      should be pulled outwardly to widen the spacing therebetween against the
      elastic force of the head band 80 and then set up onto the ears. In the
      meantime, the spongy elastic member 90 of the ear protector is pushed
      toward the skier's ears by the elastic force of the head band 80.
PAR  When change of the position of the mask body 62 and adjustment of the
      available length of the head band 80 are required, the nut member 73
      should be loosened, whereby the mask body 62 can be turned around the
      center of the bolt 67 within the range from the position indicated by a
      full line in FIG. 9 to the position indicated by an imaginary line also in
      FIG. 9. The head band 80 can freely slide up and down along the guide
      groove 84 to travel the distance limited by the length of the elongated
      hole 81, and then the nut member 73 should be fastened after completion of
      changing the position of the mask body as well as adjustment of the length
      of the head band 80, as required, within the limitation as above-mentioned
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A face shield, particularly for a skier, comprising:
PA1  a transparent mask body having a curved surface adapted to be disposed in
      front of and spaced from a person's face, said mask body having a pair of
      fitting portions extending from the opposite sides thereof;
PA1  a pair of ear protectors formed of a bowl-like shape for covering the ears
      of a person, each of said ear protectors being positioned adjacent one of
      said fitting portions;
PA1  an elongated head band adapted to extend over and engage the person's head
      for supporting the face shield, the head band having opposite end portions
      terminating at and engaged with the ear protectors; and
PA1  a pair of connecting means for interconnecting each fitting portion to the
      adjacent ear protector and the adjacent end portion of the head band;
PA1  said connecting means including first means for permitting swinging
      movement of the mask body relative to the ear protector so that the mask
      body can be swingably moved by the person into a selected position
      relative to the person's head, said connecting means also including second
      means coacting with said first means for fixedly interconnecting said mask
      body to said ear protectors in said selected position;
PA1  said connecting means further including third means coacting between the
      end portion of the head band and the adjacent ear protector for
      longitudinally adjusting the position of the head band relative to the ear
      protector to thereby adjust the band so that it is able to accommodate
      different head sizes.
NUM  2.
PAR  2. A face shield according to claim 1, wherein said head band is of a
      U-shaped configuration and is formed from a stiff, resilient material so
      that the ear protectors, which are mounted adjacent the free ends of the
      U-shaped configuration, will be resiliently urged into snug engagement
      with the person's head.
NUM  3.
PAR  3. A face shield according to claim 1, wherein said first means comprises a
      shaft portion which extends between and interconnects the fitting portion
      and the adjacent ear protector and the adjacent end portion of the head
      band, said second means comprising a threaded fastener supported on said
      shaft portion, and said third means comprising an elongated slot formed in
      the end portion of the head band and extending longitudinally thereof,
      said shaft portion projecting through said slot, whereby loosening of the
      threaded fastener relative to the shaft portion permits the mask body to
      be angularly moved relative to the ear protectors and additionally permits
      the head band to be adjusted relative to the ear protectors, and whereby
      tightening of the threaded fastener relative to shaft portion both fixes
      the mask relative to the ear protectors and also fixes the head band
      relative to the ear protectors.
NUM  4.
PAR  4. A face shield according to claim 3, wherein said shaft portion comprises
      a bolt which projects through the slot in the head band and also projects
      through aligned openings formed in the ear protector and the fitting
      portion, the head of said bolt being positioned within the ear protector,
      and the threaded fastener comprising a nut member threadably engaged on
      the outer end of the bolt so as to be positioned externally for access by
      the person.
NUM  5.
PAR  5. A face shield according to claim 1, wherein each ear protector has a
      stop fixed thereto and projecting outwardly therefrom, said stop being
      adapted for engagement with the mask body for limiting the downward
      swinging movement of the mask body and thereby maintain the mask body in a
      position wherein it is normally disposed in front of the person's face.
NUM  6.
PAR  6. A face shield according to claim 5, wherein a spongy, flexible, elastic
      member is fitted on the inner side of each ear protector for cushioning
      the engagement of the ear protector against the person's head.
NUM  7.
PAR  7. A face shield according to claim 1, wherein the ear protector has an
      upper peripheral edge portion which is positioned adjacent but slightly
      spaced from the person's head when the ear protector is in engagement with
      the person's head, whereby a cap worn by the person can extend into the
      space between the person's head and the upper peripheral portion.
NUM  8.
PAR  8. A face shield according to claim 1, wherein the first means includes a
      shaft portion joining the ear protector and the fitting portion and
      defining a pivot axis for the mask body, and the second means including a
      plurality of depressions defined on the outer surface of the ear protector
      along a circle drawn about the pivot axis and a projection mounted on the
      inner surface of the fitting portion and disposed for engagement within a
      selected one of the depressions.
NUM  9.
PAR  9. A face mask, particularly for use by a skier, comprising:
PA1  a transparent mask body adapted to be disposed in front of and spaced from
      a person's face, the mask body having a pair of fitting portions extending
      rearwardly from the sides thereof;
PA1  a pair of cup-shaped ear protectors for covering the ears of the person,
      each ear protector being disposed adjacent and interconnected to one of
      the fitting portions associated with the mask body;
PA1  connecting means coacting between each fitting portion and the adjacent ear
      protector for interconnecting same, said connecting means including a
      shaft portion extending between the fitting portion and the respective ear
      protector for permitting swinging movement of the mask body relative to
      the ear protectors to thereby selectively adjust the position of the mask
      body relative to the person's face, said connecting means also including a
      locking device for fixedly securing the mask body relative to the ear
      protectors at a desired position; and
PA1  a U-shaped head band extending between and having the opposite ends thereof
      fixedly connected to said pair of ear protectors, said head band being of
      a stiff but resilient material for resiliently urging the ear protectors
      inwardly toward one another so that they snugly engage the opposite sides
      of the person's head, whereby said head band and said ear protectors
      solely support the face mask on the person's head.
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ABST
PAL  A disposable surgical hood which conforms to the wearer's head, and is
      usable either with a traditional surgical mask alone or with such a mask
      in combination with a laminar air flow face plate, contains bacterial
      fallout from the wearer's head and helps maintain sterile conditions in
      hospital operating rooms.
BSUM
PAC  BACKGROUND
PAR  This invention relates to garments worn by operating room personnel for the
      maintenance of sterile conditions. In particular, it relates to hoods for
      the prevention or containment of bacterial fallout from the heads of the
      medical personnel into the operating field.
PAR  It is a continuing problem in hospital operating rooms to prevent bacterial
      contamination and to maintain a sterile operating field. Two specific
      aspects of this problem are bacterial fallout from the heads of the
      operating room personnel, and bacterial contamination from their exhaled
      breath. The problem of contamination from exhaled breath has
      conventionally been met by wearing a standard surgical mask. A more
      elaborate solution has been the use of a laminar air flow face plate to
      cover the entire face; a suction system is used with the face plate to
      remove exhaled breath from under the plate. Caps and hoods are widely used
      to cover the hair of the operating room personnel to contain the bacterial
      fallout; however, in operations demanding the highest degree of aseptic
      conditions, such head coverings have not been fully satisfactory when worn
      in combination with a face plate and vacuum system.
PAR  In general, caps cover too little of the wearer's head to be fully
      effective, and they do not seal against the face plate as is necessary to
      provide a complete barrier between the wearer and the patient. while hoods
      can be provided to cover the entire head, they generally have been
      unsatisfactory for other reasons. They are generally made of an inelastic
      material such as woven cloth. They must be made big enough initially to be
      put on over the wearer's head with the face plate in position, and as a
      result are bulky and include excess material when they have been put on.
      The excess material bunches and accumulates in folds which form open
      regions at the edges of hood. These open regions allow bacterial fallout,
      particularly around the face opening, which does not conform adequately to
      the face plate, and around the neck or shoulder edge of the hood.
PAR  These problems are even more severe if the same hood is worn with a
      traditional surgical mask alone without the face plate; the same quantity
      of material than covers a smaller volume and folds and bunching are
      increased.
PAR  It is an object of this invention to provide an inexpensive disposable
      surgical hood that conforms to the head and face of the wearer for
      effective containment of bacterial fallout.
PAR  It is a further object to provide such a hood that can be worn either with
      a traditional surgical mask alone, or with a laminar air flow face plate
      and vacuum system, and is effective to contain bacterial fallout from the
      wearer's head in either type of use.
PAC  SUMMARY OF THE INVENTION
PAR  This invention features a conformable disposable operating room surgical
      hood adapted for wear with or without a laminar air flow face plate and
      exhaust system. The hood comprises two flat, flexible, non-woven, fluid
      resistant, inelastic side sections, an air permeable, resiliently
      expandable inset section, and a resiliently expandable gathering means.
      The perimeter of each side section includes a convex crown portion, a
      generally straight back portion, a generally straight shoulder edge
      portion, a generally straight lower face portion, and a concave upper face
      portion. The two side sections are joined together along the crown and
      back perimeter portions. The inset section joins the lower face portions.
      The upper edge of the inset section together with the upper face portions
      define a closed face edge in the hood. The gathering means partially
      encircles the hood, drawing it inward generally around the neck of the
      wearer.
DRWD
PAR  Other objects, features and advantages will be apparent from the following
      description of a preferred embodiment of the invention, taken together
      with the attached drawings thereof, in which:
PAR  FIG. 1 shows the component portions of the hood of the invention;
PAR  FIGS. 2 and 3 are front and side views respectively of the hood of the
      invention as worn with a surgical mask and gown; and
PAR  FIG. 4 is a side view of the hood as worn with a laminar air flow mask and
      vacuum system.
DETD
PAR  Referring now to the drawings, and particularly to FIG. 1, the hood of the
      invention comprises two similar side sections 36 and 36', and an inset
      section 12. Each side section is generally flat and composed of a
      flexible, non-woven, fluid resistant and inelastic material, such as the
      spun-bonded polyolefin "Tyvek" made by Du Pont. The perimeter of each side
      section includes a generally convex crown portion 22, a generally straight
      back portion 24 adjacent the crown portion, a generally straight shoulder
      edge portion 26 adjacent the back portion and at about a right angle
      thereto, a generally straight lower face portion 28 generally parallel to
      the back portion adjacent the shoulder edge portion, and a generally
      concave upper face portion 30 between the lower face portion and the crown
      portion. The inset section 12 is composed of an air permeable, resiliently
      expandable material such as knitted orthopedic stockinette. Section 12 has
      side edges 13, upper edge 29 and lower edge 27.
PAR  The two side sections 36 and 36' are connected together along the convex
      crown portions 22 and back portions 24 of their perimeters. The lower face
      portions 28 of the side section perimeters are joined to the side edges 13
      of inset section 12. When the sections 36, 36' and 12 of the hood have
      been joined as described, the shoulder edge portions 26 of sections 36 and
      36' together with lower edge 27 of inset section 12 form a closed shoulder
      edge, and the perimeter upper face portions 30 together with upper edge 29
      of inset section 12 together form a closed face edge. Upper face portions
      30 are preferably reinforced by seaming or other appropriate means to
      maintain the length of the closed face edge constant.
PAR  After the sections 36, 36' and 12 have been joined as described, a
      resiliently expandable gathering means 14 of material such as elastic tape
      is secured to the hood along the line indicated at 15. The gathering means
      14 is in stretched condition when secured to the material of the hood, so
      that when means 14 is allowed to return to unstretched condition, it tends
      to maintain the side sections in gathered configuration across the rear
      portion of the hood.
PAR  The areas of side sections 36 and 36' between gathering means 14 and
      shoulder edge portions 26, together with the area of inset section 12
      adjacent its lower edge 27, together form a shoulder margin 60 extending
      entirely around the lower part of the hood and sufficiently long to be
      retained under the upper part of a surgical gown. To allow the wearer to
      put the hood on, the gathering means can be stretched and the hood side
      section material flattened out; at the same time, the resiliently
      expandable inset section stretches.
PAR  Hood 8 of the invention is designed to be worn either with a surgical mask
      alone, or in combination with a laminar air flow system including a face
      plate and exhaust hose.
PAR  Referring now especially to FIGS. 2 and 3, the hood 8 of the invention is
      shown as worn in combination with a conventional surgical mask 40. Mask 40
      is secured to the wearer's head by strings as at 42, and when in place, it
      covers the wearer's nose and mouth. Alternatively, the mask could be worn
      outside the hood. Gathering means 14 and inset section 12 are expanded and
      hood side sections 36 and 36' are flattened out to allow the hood to pass
      over the wearer's head, and it is brought into a position in which inset
      section 12 is below the wearer's chin, while all of the wearer's hair is
      covered by hood 8.
PAR  When the hood is worn, the resiliently expandable characteristics of inset
      section 12 contribute to maintaining a close fit of the closed face edge
      of hood 8 around the wearer's face. A surgical gown 43 is worn over the
      hood 8, so that shoulder margin 60 and the closed shoulder edge of hood 8
      lie beneath the gown. When worn as described, bacterial fallout from the
      wearer's head is contained, since the hood fits closely at the face and
      the shoulder margin is beneath the surgical gown. The fluid resistant
      characteristics of side sections 36 and 36' of hood 8 enable the hood to
      contain perspiration and prevent contamination from that source.
PAR  Referring now especially to FIG. 4, a laminar air flow system includes a
      plastic face plate 50, which is secured to a headband assembly 52. A
      pickup hose 54 to remove exhaled breath is secured to the headband
      assembly and rests on the wearer's chin beneath face plate 50. A
      conventional surgical mask such as that shown at 40 may be worn with this
      assembly if desired. The entire assembly is considerably more bulky than
      the surgical mask alone. Hood 8 of the invention, when worn with the
      laminar air flow system, is expanded as described above to be drawn over
      the wearer's head together with the face plate 50 and headband assembly
      52. When the hood is in place, the closed face edge of hood 8 fits closely
      around face plate 50, while gathering means 14 maintains the back of hood
      8 in gathered configuration. A surgical gown 43 is worn over the hood, so
      that the closed shoulder edge is beneath the gown. When worn as described,
      bacterial fallout from the wearer's head is contained, and the wearer is
      enabled to breathe confortably by inhaling through inset section 12, which
      is air permeable. As when worn with surgical mask 40 alone, the
      resiliently expandable characteristics of inset section 12 contribute to
      maintaining a close fit around face plate 50, while the fluid resistant
      characteristics of side sections 36 and 36' enable the hood to contain
      perspiration and prevent contamination from the source.
PAR  It will be seen that the hood of the invention is conformable and size
      variable to fit all wearers and provides a comfortable fit and good
      containment of bacterial fallout when worn with either the traditional
      surgical mask alone or the laminar air flow system. Hence only a single
      inventory of hoods need by maintained for both purposes. The hood is made
      of inexpensive materials and is of a simple design that is inexpensive to
      manufacture; hence the hoods can be disposable, eliminating the need to
      launder and reuse the hoods.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A conformable disposable operating room surgical hood adapted for wear
      with or without a face plate and exhaust system, said hood comprising
PA1  two similar generally flat flexible non-woven, fluid resistant, inelastic
      side sections, the perimeter of each side section including
PA2  a crown portion
PA2  a back portion adjacent said crown portion
PA2  a shoulder edge portion adjacent said back portion
PA2  a lower face portion adjacent said perimeter shoulder edge portion, and
PA2  an upper face portion between said lower face portion and said crown
      portion,
PA2  said crown and back perimeter portions of said two side sections being
      joined together, generally centrally of said hood,
PA1  an air permeable resiliently expandable inset portion joining said side
      section perimeter lower face portions, and
PA1  resiliently expandable gathering means, secured to said side sections, said
      gathering means being secured to said side sections in stretched condition
      and tending to maintain said side sections across at least a portion of
      the rear thereof in gathered configuration,
PA1  whereby said hood is conformable and size variable and is adapted to be
      worn over a face plate used with an exhaust system, said hood admitting
      air through said inset portion, or without such apparatus over a surgical
      mask alone, limiting bacterial contamination from the hood of the wearer,
      and tending to maintain sterile operating room conditions.
NUM  2.
PAR  2. The surgical hood of claim 1 further providing a shoulder margin between
      said gathering means and said shoulder edge portion sufficiently long to
      be retained under the wearer's hospital gown.
NUM  3.
PAR  3. The surgical hood of claim 1 in which
PA1  said perimeter crown portion is generally convex,
PA1  said perimeter back portion is generally straight,
PA1  said perimeter shoulder edge portion is generally straight and at a right
      angle to said back portion,
PA1  said perimeter lower face portion is generally straight, and
PA1  said perimeter upper face portion is generally concave.
NUM  4.
PAR  4. The surgical hood of claim 3 in which said resiliently expandable
      gathering means is secured to said side sections generally parallel to
      said perimeter shoulder edge portions and transverse to said joined
      perimeter back portions and spaced from said perimeter upper face portions
      and said inset portion.
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ABST
PAL  An artificial hip joint is provided having an acetabulum prosthesis of the
      cotyloid cavity defining a socket and having a plurality of blades
      extending outwardly away from the socket for engaging the prepared wall of
      the cotyloid cavity. A prosthesis of the head of the femur is movably
      interconnected with the acetabulum prosthesis and includes a pin to be
      driven into the bone-marrow channel of the femur, a curved neck integral
      with the pin, and a hip ball fixedly positioned on the neck and movably
      located within the socket, the socket enveloping more than one-half of the
      hip ball to prevent withdrawal of the hip ball from the socket.
PARN
PAR  This application is a divisional of application Ser. No. 189,261, filed
      Oct. 14, 1971, for Artificial Hip Joint.
BSUM
PAR  The present invention relates to artificial joints and more particularly to
      an artificial hip joint.
PAR  Numerous types of artificial hip joints have been developed and are being
      used. These joints have been made with various types of materials in
      attempts to provide both a strong joint and one that will not be unduly
      corroded by the body environment. Various styles and arrangements of
      artificial hip joints having an artificial acetabulum articulately
      connected to an artificial caput femoris have been developed; however, use
      of these joints has made evident inherent disadvantages due to the shapes
      of the hips and to the materials used. Bone growth stimulated by the
      mechanical irritation of the artificial joints has also resulted in
      partial immobilization of the joints with a concomitant gradual increase
      of painful sensations.
PAR  Accordingly, it is an object of the present invention to provide an
      artificial hip joint that will provide all of the functions inherent in a
      normal human hip joint and which possesses great strength and service
      life.
PAR  Another object is to provide an artificial hip joint that is light in
      weight.
PAR  A further object of the invention is the provision of an artificial hip
      joint that avoids immobilization due to undesirable fibrous and bone
      growths around the joint.
PAR  Still another object is to provide an artificial hip joint which
      advantageously utilizes the normally undesirable fibrous and bone growths
      to assist in holding the joint in position within the body.
PAR  Still another object of the present invention is the provision of an
      artificial hip joint which is relatively simple and inexpensive to
      manufacture and which is relatively easy to insert into the body.
PAR  Additional objects and advantages of the invention will be set forth in
      part in the description which follows, and in part will be obvious from
      the description, or may be learned by practice of the invention. The
      objects and advantages are realized and attained by the instrumentalities
      and combinations particularly pointed out in the appended claims.
PAR  To achieve these and other objects the present invention provides an
      artificial hip joint having an acetabulum prosthesis of the cotyloid
      cavity defining a socket and having a plurality of blades extending
      outwardly from the socket for engaging the prepared wall of the cotyloid
      cavity, and a prosthesis of the head of the femur movably interconnected
      with the acetabulum prosthesis and including a pin to be driven into the
      bone-marrow channel of the femur, a curved neck integral with the pin, and
      a hip ball positioned on the neck and movably located within the socket,
      the socket enveloping more than one-half of the hip ball to prevent
      withdrawal of the hip ball from the socket.
PAR  As here embodied, predetermined ones of the acetabulum blades have holes
      therein for enabling growth of bone tissue through the holes and around
      the blades for holding the acetabulum prosthesis in position within the
      body. In addition, the acetabulum prosthesis preferably includes two
      inserts, each of the inserts having a surface area for contacting the hip
      ball over more than one-fourth of the spherical surface area of the hip
      ball. The acetabulum prosthesis preferably has an aperture therein and
      each of the inserts preferably includes projections riveted through the
      acetabulum aperture for holding the inserts in position.
PAR  As here embodied, the artificial hip joint also preferably includes an
      enlarged shoulder integral with and between the pin and the neck, the neck
      having a base joined at the shoulder and eccentrically positioned with
      respect to the central axis of the pin. Preferably, a portion of the neck
      extends upwardly from the shoulder and in a continuous manner from a side
      portion of the shoulder.
PAR  It is to be understood, of course, that both the foregoing general
      description and the following detailed description are explanatory only
      and are not restrictive of the invention.
DRWD
PAR  The accompanying drawings, which are incorporated in and constitute a part
      of the specification, illustrate a preferred embodiment of the invention,
      and together with the description, serve to explain the principles of the
      invention.
PAR  FIG. 1 is an elevation view, partially in section, of the artificial hip
      joint of this invention;
PAR  FIG. 2 is a view taken on the line 2--2 of FIG. 1 and looking in the
      direction of the arrows;
PAR  FIG. 3 is a view taken on the line 3--3 of FIG. 1 and looking in the
      direction of the arrows;
PAR  FIG. 4 is a sectional view taken on the line 4--4 of FIG. 1 and looking in
      the direction of the arrows;
PAR  FIG. 5 is an exploded perspective view of the artificial hip; and
PAR  FIG. 6 is a fragmentary sectional view of a portion of the artificial hip
      illustrating the method of assembly.
DETD
PAR  With reference now to the drawings, wherein like reference characters
      deesignate like or corresponding parts throughout the several views, there
      is shown a machined acetabulum prosthesis 10 of the cotyloid cavity
      defining a socket 12 and having a plurality of blades 14, 16, 18, and 20
      extending outwardly from the socket for engaging the prepared wall (not
      shown) of the cotyloid cavity.
PAR  A machined prosthesis 22 of the head of the femur is movably interconnected
      with acetabulum prosthesis 10 and includes a pin 24 to be driven into the
      bone-marrow channel of the femur (not shown), a curved neck 26 integral
      with pin 24 and a hip ball 28 fixedly positioned, e.g. by shrinking, on
      the neck and movably located within socket 12.
PAR  As here embodied, acetabulum prosthesis 10 includes two inserts 30, and
      each of the inserts has a surface area in contacting relationship with hip
      ball 28. The combined surface areas of the inserts contact hip ball 28
      over a total of more than one-half the spherical surface area of the ball.
PAR  Each of inserts 30 includes a projection 32 that fits through an aperture
      34 located in acetabulum prosthesis 10. In manufacturing the artificial
      hip joint, inserts 30 are positioned around hip ball 28, and projections
      32 are then inserted through aperture 34. The projections are then
      hammered down or riveted and polished to be flush with the upper surface
      36 of prosthesis 10.
PAR  The acetabulum prosthesis 10 preferably has four blades. The first blade 14
      is the largest and extends around and exteriorly of socket 12. Blade 14 is
      preferably formed with a first plurality of notches 38 and with a first
      plurality of holes 40 alternately positioned with respect to notches 38.
      Second blade 16 also extends around and exteriorly of socket 12 and blade
      16 has a second plurality of notches 42 and a second plurality of holes 44
      alternately positioned with respect to notches 42.
PAR  Third blade 18 extends around and exteriorly of socket 12 and is provided
      with a plurality of depressions 46 and with a third plurality of notches
      48 alternately positioned with respect to the depressions. A fourth blade
      20 is also provided and similarly extends around and exteriorly of socket
      12. Blade 20 is provided with a pluraity of indentations 50, and holes 40
      and 44, notches 38, 42, and 48 together with depressions 46 and
      indentations 50 assist in holding acetabulum prosthesis 10 in position
      within the hip and enable tissue and bone growth to extend through the
      holes to firmly affix prosthesis 10 in the desired position.
PAR  Each of blades 14, 16, 18, and 20 also defines a respective flat lower face
      52, 54, 56, and 58, and each of these faces is positioned in parallel
      relationship with the others. This face configuration of the blades is
      important in enabling the blades to be embedded into the bone of the
      natural cotyloid cavity. Each of the notches is preferably formed to
      define an angle of substantially 30.degree., and it is by means of the
      bladed configuration of prosthesis 10 together with the apertures located
      in the blades that enable the prosthesis to be fixedly positioned within
      the prepared cotyloid cavity of the pelvis. The configuration of
      prosthesis 10 also permits the growth of bone tissue through the holes in
      the blades in such a way as to hold the prosthesis in position within the
      pelvis in a firm and lasting manner.
PAR  Prosthesis 22 of the head of the femur, in addition to pin 24 and neck 26,
      also preferably includes an enlarged shoulder 60 integral with and
      positioned between the pin and the neck, and the neck is preferably formed
      with a base 62 joined to the shoulder and eccentrically positioned with
      respect to the central axis 64 of the pin. Shoulder 60 defines a side
      portion 66 and a lower surface 68, and it is surface 68 that rests on the
      upper portion of the severed femur when the artificial hip joint is
      installed. In a preferred construction of the artificial hip joint, an
      innermost portion 70 of the neck also extends in a continuous manner from
      side portion 62 of the shoulder.
PAR  It is also preferable and the preferred embodiment illustrated provides for
      a curvature of neck 26 so as to form an angle of substantially 130.degree.
      with pin axis 64. The angle is measured between the pin axis and an
      imaginary line passing from the pin axis through the center of hip ball 28
      and tangentially to the innermost curved surface 70 of the neck.
PAR  Pin 24 also defines two slots 72 and 74 opening in directions parallel to
      the direction of curvature of neck 26. The function of these slots is
      similar to the function of the holes in prosthesis 10, and slots 72 and 74
      permit bone tissue to grow therethrough so as to fix pin 24 and prosthesis
      22 within the femur. Pin 24 is also tapered away from neck 26, and the
      neck is tapered away from the pin. The taper of the pin permits it to be
      driven downwardly and into the bone-marrow channel of the femur.
PAR  In an alternative arrangement and use of the artificial hip joint of this
      invention, shoulder 60 is provided with a hole 76 entering the side
      portion 66 of the shoulder. A rod 78 is also provided, and it is adapted
      to pass through a hole drilled in the greater trochanter (not shown) and
      to be driven into hole 76 to hold the greater trochanter in proper
      position after the artificial joint has been installed.
PAR  In another embodiment and use of the hip joint, a collar 80 is provided for
      insertion into the upper part of the femur and for providing additional
      support for the artificial hip on the femur when necessary. The collar is
      provided with a flange portion 82 for engaging the lower surface 68 of
      shoulder 60, and the collar is also provided with a sleeve portion 84
      integral with flange portion 82 for sliding over pin 24 so that the collar
      can be positioned on the upper part of the severed femur. Pin 24 can,
      thus, be inserted through the collar and into the bone-marrow channel of
      the femur to cause shoulder 60 to rest on flange portion 82.
PAR  It is also preferable that sleeve portion 84 of the collar be provided with
      a plurality of holes 86 for enabling bone tissue to grow through the holes
      and to assist in holding the collar in its proper position on the femur.
PAR  Another important feature of this invention is the composition of the
      artificial hip joint and particularly the preferred use of cobalt alloy
      for the hip ball and for the inserts together with the use of titanium or
      a titanium alloy for the remaining portions of the joint. This combination
      of materials has proven to be highly effective in providing the desired
      strength  for the hip joint while also providing for the desired
      resistance to corrosion. The use of cobalt alloy for the hip ball inserts
      does not result in galvanic action with the titanium or titanium alloy of
      the remainder of the joint, and the cobalt alloy provides the desired
      resistance to scoring necessary because of the frictional contact between
      the hip ball and the inserts. The metals or alloys utilized in forming the
      hip joint are preferably constituted of surgical grade materials.
PAR  In a preferred embodiment, both inserts 30 and hip ball 28 are comprised by
      weight of cobalt - 65%, chromium - 30%, and molybdenum - 5%. The remaining
      portions of the joint are preferably comprised of titanium or a titanium
      alloy. The titanium is preferably a commercially pure metal having a 0.2%
      offset yield strength of 50,000 psi and sold under the tradename RMI 50 by
      Reactive Metals, Inc., Niles, Ohio. The titanium alloy preferably
      comprises by weight approximately 90% titanium, 6% aluminum, and 4%
      vanadium and is sold under the tradename RMI 6-A1-4V by Reactive Metals,
      Inc. Where collar 80 and rod 78 are utilized, these elements are also
      preferably comprised of the same titanium alloy titanium or that is used
      in the remaining portions of the joint.
PAR  Installation of the artificial hip joint of this invention may be
      accomplished by first baring the trochanter major by a straight lateral
      incision of the hip's outside surface. The trochanter major is then
      severed by a gouge and is moved upwardly together with the associated
      muscles. The hip bone or upper portion of the femur is then cut by a saw
      or gouge at the level of the lower edge of the trochanter minor. The head
      of the femur is then removed together with the neck and the
      intertrachanter region with the help of grooved gouges.
PAR  The bone-marrow channel of the femur is then worked by special conical
      milling cutters, the size of which is predetermined exactly with respect
      to the size of prosthesis pin 24. The bone-marrow channel of the femur is
      preferably reamed to a size that corresponds exactly to the size of pin
      24. The natural cotyloid cavity is also worked with mushroom milling
      cutters, and the size of the biggest cutter should be 2-3 mm smaller in
      diameter than that of the outer dimensions of acetabulum prosthesis 10 of
      the cotyloid cavity. This is necessary to ensure a reliable attachment of
      prosthesis 10 to the bones of the pelvis.
PAR  After the natural cotyloid cavity of the pelvis has been properly prepared,
      prosthesis pin 24 is driven into the bone-marrow channel of the femur.
      One-half of acetabulum prosthesis 10 is then inserted into the prepared
      cotyloid cavity of the pelvis in such a way as to have blades 14, 16, 18,
      and 20 substantially perpendicular to the plane (not shown) joining the
      outside edges of the natural cotyloid cavity (not shown). Prosthesis 10 is
      then pressed into the natural cotyloid cavity with the help of a special
      tap and is gradually turned until the edges of largest blade 14 sink
      evenly 2-5 mm into the prepared natural cotyloid cavity walls. Prosthesis
      10 cuts into the bones of the natural cotyloid cavity, and thereby ensures
      reliable attachment of prosthesis 10 to the bones making up the natural
      cotyloid cavity.
PAR  The previously severed trochanter major is then fastened by means of rod 78
      to the outside surface of the upper end of the femur. A small hole 76 is
      provided in shoulder 60 of the prosthesis for this purpose and a hole is
      also drilled through the trochanter major so that rod 78 can pass through
      the hole in the trochanter major to be inserted into hole 76. The incision
      is then sutured together and postoperative procedures are then followed to
      avoid postoperative shock.
PAR  The holes provided in acetabulum prosthesis 10 and the slots provided in
      prosthesis 22 are intended for the growth of bone tissue into them as a
      result of the mechanical irritation of the bones caused by the operation,
      and such bone growth does occur to firmly hold the prostheses in position.
PAR  The present invention, thus, provides for an extremely strong and durable
      artificial hip joint that is highly resistive to corrosion and to other
      adverse actions within the human body. The joint is extremely versatile
      and is capable of performing all functions inherent in a normal human hip
      joint. The joint also advantageously relies on bone tissue growth
      stimulated by insertion of the artificial joint to strongly affix the
      prostheses of the joint in place.
PAR  The invention in its broader aspects is not limited to the specific details
      described, and departures may be made from such details without departing
      from the principles of the invention and without sacrificing its chief
      advantages.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A prosthesis to replace a missing part of the body comprising a first
      portion made from a cobalt alloy and a second portion made from titanium
      or a titanium alloy, said alloys being of a surgical grade, said first and
      second portions being in physical contact.
NUM  2.
PAR  2. A prosthesis as in claim 1 wherein the cobalt alloy is a cobalt-chromium
      alloy.
NUM  3.
PAR  3. A prosthesis as in claim 1 wherein the cobalt alloy contains cobalt,
      chromium and molybdenum.
NUM  4.
PAR  4. A prosthesis as in claim 1 wherein the cobalt alloy comprises by weight
      approximately 65% cobalt, 30% chromium and 5% molybdenum.
NUM  5.
PAR  5. A prosthesis as in claim 1 wherein the titanium alloy comprises a weight
      approximately 90% titanium, 6% aluminum and 4% vanadium.
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ABST
PAL  A toilet tank flush valve provides for an auxiliary light flush without
      requiring any modification of the tank construction. A framework is
      adapted to be seated at the top of the flush tank. This framework also
      receives the flush tank lid. An auxiliary flush handle traverses the
      framework and is disposed on the outside of the tank for operation by a
      user. Linkage couples the auxiliary handle with the flush valve and
      operation of the handle actuates the auxiliary flush. The auxiliary flush
      is designed to allow only a relatively small volume of water flow through
      the tank.
BSUM
PAR  This invention relates to water conservation devices and, more
      specifically, to a toilet which can be flushed either using a small amount
      of water or a larger amount.
PAR  Conventional toilets offering only one flush using a given quantity of
      water often use more than is necessary to clean the toilet bowl and
      therefore waste a considerable quantity of water. Heretofore, attempts to
      produce a flush toilet having both light and heavy flush valves have been
      largely unsatisfactory. This has been attributable to their uneconomic
      construction and the fact that it is always necessary to in some way
      modify the existing toilet tank so as to accommodate an auxiliary flush
      control.
PAR  It is, therefore, a primary object of the present invention to provide a
      toilet tank flush control which allows for an auxiliary light flush of a
      toilet tank without requiring any modification of the existing toilet tank
      construction.
PAR  It is also an important aim of the present invention to provide an
      auxiliary flush control for a toilet tank which can be installed by the
      home owner without the need for any mechanical skill, special tools or the
      like.
PAR  An important aim of this invention is also to provide an auxiliary flush
      control as described above which does not interfere with the main flush in
      any way. Another important object of the invention is to provide an
      auxiliary flush control which can be adapted to fit any type of toilet
      tank and couple with any type of flush control.
PAR  Still another important objective of the invention is to provide an
      auxiliary flush control as described in the foregoing objects which is
      simple and economical to construct and mechanically reliable.
DRWD
PAR  Other objects of the invention will be made clear or become apparent from
      the following description and claims when read in light of the
      accompanying drawing wherein:
PAR  FIG. 1 is a perspective view with portions broken away for purposes of
      illustration of the auxiliary flush control mechanism provided by the
      present invention;
PAR  FIG. 2 is a partially elevational, partially cross-sectional view of the
      auxiliary flush mechanism installed in the flush tank of a toilet;
PA1  Fig. 3 is a vertical, cross-sectional view taken along line 3--3 of FIG. 2;
      and
PAR  FIG. 4 is a fragmentary, cross-sectional view of the outlet opening at the
      bottom of the tank illustrating the manner in which the valve closing the
      outlet is opened to a small degree by the auxiliary flush mechanism.
DETD
PAR  Referring initially to FIG. 2 of the drawing, a toilet flush tank is
      designated generally by the numeral 10 and includes integrally molded side
      walls 12, a bottom 14 and front and back walls 16 and 18, respectively.
PAR  An outlet basin 20 is disposed in the bottom of tank 10 and presents an
      outlet opening 22. Basin 20 communicates with a conduit 24 which passes
      water from tank 10 into the toilet bowl (not shown).
PAR  An overflow pipe 26 also communicates with basin 20. Seated on the
      uppermost peripheral lip of basin 20 is a manually-operated ball cock
      valve 28. Valve 28 is preferably constructed of a flexible rubber-like
      material so as to accommodate a degree of yielding for purposes to be made
      clear hereinafter. Extending upwardly from valve 28 and coupled with the
      latter is a valve stem 30 which passes through a sleeve guide 32 rigid
      with overflow pipe 26.
PAR  A handle 34 extends trhough front wall 16 of the tank and is coupled with
      an actuating arm 36. A flexible chain linkage 38 extends from arm 36 to
      valve stem 30. Also coupled with handle 34 is a float 40 of a type well
      known to those skilled in the art. The details of construction of handle
      34 and associated mechanism have been omitted for the sake of clarity and
      brevity. It is to be understood, however, and will be apparent to those
      skilled in the art, that a water inlet is provided which is controlled by
      a valve also actuated by handle 34 and controlled by float 40.
PAR  The foregoing described components all comprise a part of a conventional
      toilet tank construction as is well known in the art. Turning now to the
      details of the present invention which is designated generally by the
      numeral 42 in FIG. 1, it is seen the auxiliary flush control mechanism 42
      comprises a generally rectangular framework 44 having a depending skirt
      portion 46 and adapted to be seated on the flush tank 10 in the manner
      illustrated in FIG. 2.
PAR  Extending lengthwise of framework 44 is a shaft 48 provided with a
      generally V-shaped offset 50 and mounted for pivotal movement in a slot 49
      of the framework. Traversing framework 44 and receiving one end of the
      shaft 48 is an auxiliary flush handle 52 which extends on the outside of
      tank 10. Extending downwardly from offset 50 is a flexible strip link 54
      which is coupled with a tab projection 56 at the edge of valve 28.
PAR  Enclosing tank 10 is a lid 58 which seats upon framework 44. Manifestly,
      lid 58 is normally disposed on the upper periphery of tank 10 and no
      modification of the lid is necessary to adapt it to framework 44.
PAR  In use, auxiliary flush control 42 is easily mounted in a conventional
      flush tank without modification of the tank and without the need for
      special tools or a master plumber's skill. Flexible link 54 is coupled
      with valve 28 at one edge of the latter as illustrated in the drawing. Tab
      56 may be adhesively secured to the valve in order to facilitate this
      coupling. Other types of connectors may be used to secure the flexible
      link to the ball valve. It is desirable to secure the flexible link at one
      side of the valve so that when handle 52 is turned to exert a lifting
      force on the valve through linkage 54, the valve will be canted to some
      degree as indicated in FIG. 4 of the drawings. To facilitate this flexing,
      it is desirable that ball valve 28 be constructed from a flexible material
      as is commonly done so as to accommodate a certain degree of canting.
      Alternatively, in those toilet tanks where a flapper valve is utilized,
      the canting may easily be accomplished by lifting one edge of the flapper
      valve.
PAR  Handle 52 is turned slightly so as to accomplish the lifting action and
      allow the desired quantity of water to pass through basin 20 and into the
      toilet bowl. The handle is held in an open position until the desired
      amount of water has passed through the bowl.
PAR  On the other hand, when a full flush is desired, handle 34 is operated in
      the normal manner to completely lift ball valve 28 off of its seat on
      basin 20 and allow the full contents of the tank to empty into the toilet
      bowl. It will be appreciated that the auxiliary flushing mechanism in no
      way interferes with this normal operation of the toilet. By using the
      auxiliary flush mechanism is those instances where a full flush is not
      needed, considerable water savings may be accomplished. The device will
      pay for itself in a short amount of time in the quantity of water saved.
PAR  To the best of our knowledge, no previously existing auxiliary flush
      control mechanism has been so simple in construction and so easily adapted
      to existing toilet bowls than our device. The device is particularly
      susceptible to consumer approval because it does not require any permanent
      damage or structural modification to the toilet tank to be installed. An
      individual who moves frequently from one residence to another can easily
      take the auxiliary flush control mechanism with him from one location to
      the next without in any way damaging the permanent toilet installation.
CLMS
STM  Having thus described the invention, what is claimed as new, and desired to
      be secured by Letters Patent, is:
NUM  1.
PAR  1. For use with a toilet tank having a flush box, a lid closing said box,
      an outlet communicating the flush box with the toilet; a valve normally
      closing said outlet and movable to an open position to allow the passage
      of water through the outlet; and means for opening and closing said valve;
      the improvement comprising:
PA1  a framework adapted to be seated on said box at the upper periphery
      thereof,
PA1  said framework being adapted to receive said lid and hold the latter on the
      box to close the latter;
PA1  handle means traversing the framework and projecting on the outside of the
      flush box; and
PA1  means adapted for coupling said handle means with said valve whereby
      movement of the handle means opens the valve to allow the passage of water
      through said outlet.
NUM  2.
PAR  2. The invention of claim 1, wherein said framework is characterized by a
      peripheral configuration complemental to the configuration of said flush
      box.
NUM  3.
PAR  3. The invention of claim 1, wherein said valve is characterized by
      construction from a flexible material and said means coupling the handle
      means with the valve comprises linkage coupled with said valve at one side
      of the latter for exerting a force tending to cant said valve relative to
      said outlet.
NUM  4.
PAR  4. The invention of claim 1, wherein said coupling means comprises a shaft
      extending from said handle means to at least a point over said valve and
      flexible linkage extending downwardly from the shaft to couple the valve
      with the shaft.
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PAL  The apparatus comprises a throttle valve comprising an upper cylindrical
      resilient deformable membrane having an upper flange at the upper end
      thereof and a lower cylindrical resilient deformable membrane having a
      lower flange at the lower end thereof and connected at its upper end to
      the lower end of the upper cylindrical membrane by a central flange. The
      upper flange is secured to the upper wall portion of the outer wall of the
      apparatus and the lower flange is secured to the lower wall portion of the
      outer wall with either one of the upper and lower cylindrical membranes
      being twisted by 180.degree. about its longitudinal axis so that the
      twisted membrane is closed. The upper end of the throttle valve is
      attached to the hole discharge of the lavatory bowl while the lower end is
      located above the excrement reservoir. The lower membrane is closed during
      the use by rotating the central flange to appropriate angular position so
      as to temporarily hold the faeces thereon while bad odor from the
      reservoir is prevented from rising therethrough. After use, the central
      flange is rotated so as to open the lower cylindrical membrane for
      discharging the faeces thereon into the reservoir while the upper
      cylindrical membrane is closed to prevent bad odor from rising into the
      lavatory room and prevent the faeces to be viewed by the user. After
      discharge of the faeces into the reservoir, the lower cylindrical membrane
      is closed by rotating the central flange to be ready for the next use.
      Various mechanisms for rotating the central flange is provided for
      facilitating the opening and closing of the cylindrical membranes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for deodorizing the
      dipping up system of a lavatory.
PAR  Heretofore, in order to prevent bad odor generated in an excrement
      reservoir of the dipping system from rising in the lavatory room, a method
      has been proposed in which the pipe for discharging the faeces is U-shaped
      so as to decrease the surface area of the faeces while bad odor existing
      between the upper surface of the faeces and the lavatory bowl is naturally
      or forcibly vented to the outdoor. In another method that has been
      previously proposed a surface active agent that foams is introduced into
      the lavatory bowl so as to lubricate and deodorize the bowl. In yet
      another method that has been proposed a small quantity of water is used
      for washing the lavatory bowl while bad odor is prevented from rising in
      the lavatory room by utilizing a slide valve or a ball valve.
PAR  However, in the method using a U-shaped discharging pipe, residual bad odor
      still remains in the lavatory room and the user of the lavatory bowl
      suffers from cold during the winter season while he feels unclean in that
      the faeces in the excrement reservoir or in the discharging pipe is fully
      exposed to view to the user by illumination of the lavatory room; and the
      possibility exists that the faeces may splash back to the user while using
      the lavatory bowl. In the method which employs a foaming surfactant in the
      lavatory bowl, the disadvantages described above are substantially
      eliminated, but this method requires a double construction of the lavatory
      bowl because an aqueous solution of the surface active agent must be
      stored in the lavatory bowl and, further, an air pump or an air feeding
      piping is required for feeding an appropriate amount of air into the
      surfactant in order to foam the solution of the surface active agent,
      thereby rendering the construction of the system complicated and the
      maintenance cost high. Moreover, special surface active agents are
      required.
PAR  Additionally, in the method which employs a small quantity of water for
      washing the lavatory bowl and a slide valve or a ball valve for
      deodorization, the size of the labatory bowl is small, because only a
      small quantity of water is used, and the user may become uneasy due to the
      small size of the lavatory bowl and the slide valve or the ball valve
      tends to be choked by papers and faeces while the deodorizing effect is
      incomplete and, further, a water supply mechanism is required, thereby
      making the device expensive.
PAR  The present invention aims at avoiding the above described disadvantages of
      the prior art methods and apparatus for deodorizing the dipping up system
      of a lavatory.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to provide a novel and
      useful method for deodorizing the dipping up system of a lavatory which
      avoids the above described disadvantages of the prior art methods and
      which is effective for deodorizing a lavatory.
PAR  Another object of the instant invention is to provide a novel and useful
      apparatus for carrying out the above described method of the present
      invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view showing the inner cylinder of the
      throttle valve of the preferred embodiment of the present invention;
PAR  FIGS. 2A and 2B are longitudinal sectional views showing in different
      positions the throttle valve of the present invention;
PAR  FIG. 3 is a perspective view showing the appearance of the throttle valve
      of FIGS. 2A and 2B;
PAR  FIG. 4 is a side view partly broken away showing the device of the present
      invention as applied to a Western style lavatory bowl;
PAR  FIG. 5 is a side view showing the device of the present invention as
      applied to a Japanese style lavatory bowl;
PAR  FIG. 6 is a front view of FIG. 5;
PAR  FIG. 7 is a perspective view showing the relationship of the cylinder
      provided with downwardly directed face gear and the lever as applied to
      the Japanese style lavatory bowl;
PAR  FIGS. 8A and 8B are longitudinal sectional views showing, respectively, the
      different modes of operation of the deodorizing device of the present
      invention;
PAR  FIG. 9 is a perspective view showing another embodiment of the present
      invention;
PAR  FIG. 10 is a plan view of FIG. 9;
PAR  FIG. 11 is a side view of FIG. 9;
PAR  FIGS. 12A, 12B and 12C are schematic plan views showing respectively
      different modes of operation of FIGS. 9 to 11;
PAR  FIG. 13 is a schematic plan view showing the relationship between the
      parameters .theta., D and St for the embodiments seen in FIGS. 9 to 11;
PAR  FIG. 14 is a general perspective view showing the appearance of a further
      embodiment of the present invention;
PAR  FIG. 15 is a longitudinal sectional view showing the throttle valve
      attached to the outer wall of the device of FIG. 14;
PAR  FIG. 16 is a plan view of FIG. 15 showing the rotating mechanism of the
      central flange;
PAR  FIG. 17 is a side view as seen in the direction indicated by arrow A--A in
      FIG. 16;
PAR  FIG. 18 is a perspective view showing the main part of the rotating
      mechanism of FIG. 16;
PAR  FIG. 19 is a plan view showing the opening and closing device of a still
      further embodiment of the throttle valve of the present invention;
PAR  FIG. 20 is a perspective view showing another embodiment of the rotating
      mechanism of the present invention;
PAR  FIG. 21 is a general perspective view showing the appearance of a still
      further embodiment of the lavatory bowl of the present invention;
PAR  FIG. 22 is a cross-sectional front view showing the lavatory bowl of FIG.
      21, FIG. 23 being a front view of FIG. 21 and FIG. 24 being a top plan
      view of FIG. 21;
PAR  FIG. 25 being a side view of FIG. 21 and FIG. 26 being a schematic
      perspective view showing the mounting positions of the standing blocks
      mounted in the lavatory bowl of FIG. 21, the wire located at the side
      nearer to the viewer of the drawings being indicated by solid line in
      FIGS. 23 to 25 for the purpose of clarity while the wire located at the
      side remote from the viewer of the drawings is indicated by broken line in
      these drawings;
PAR  FIG. 27 is a side view showing a further embodiment of the lavatory bowl of
      the present invention;
PAR  FIG. 28 is a side view showing the main parts of FIG. 27 for showing the
      operation and effectiveness thereof;
PAR  FIGS. 29A, 29B and 29C are side views showing respectively different mode
      of operation of the opening and closing device of the throttle valve shown
      in FIGS. 22 to 25;
PAR  FIG. 30 is a general perspective view showing the appearance of a further
      embodiment of the odorless lavatory device of the present invention;
PAR  FIG. 31 is a longitudinal sectional view of FIG. 30;
PAR  FIG. 32 is a top plan view of the upper side of the outer wall of the
      odorless lavatory device of FIG. 30;
PAR  FIG. 33 is a top plan view showing the upper side of the outer wall of the
      odorless lavatory device with the throttle valve mounted therein;
PAR  FIG. 34 is a general perspective view showing the appearance of a still
      further embodiment of the lavatory bowl of the present invention;
PAR  FIG. 35 is a plan view showing the upper flange of the throttle valve of
      the lavatory bowl of FIG. 34;
PAR  FIG. 36 is a plan view showing the outer wall of the lavatory bowl of FIG.
      34 with the throttle valve mounted thereon;
PAR  FIG. 37 is a longitudinal sectional side view showing another embodiment of
      the odorless lavatory device of the present invention;
PAR  FIG. 38 is a plan view showing the upper side of the outer wall of the
      device of FIG. 37 with the upper side of the outer wall partly broken away
      for illustrating the throttle valve mounted thereon;
PAR  FIGS. 39A, 39B and 39C are fragmentary sectional views taken along line
      A--A in FIG. 38, respectively, showing various designs of the mounting of
      the throttle valve, respectively;
PAR  FIG. 40 is a fragmentary sectional view taken along line B--B in FIG. 38;
PAR  FIG. 41 is a general side view showing the appearance of a further
      embodiment of the odorless lavatory device of the present invention;
PAR  FIG. 42 is a plan view showing the opening and closing device of a still
      further embodiment of the throttle valve of the present invention;
PAR  FIG. 43 is a view as seen in the direction of the arrow A--A in FIG. 42;
PAR  FIGS. 44A and 44B are perspective views schematically showing the mounting
      positions of the standing blocks and running blocks of the device of FIG.
      42, respectively;
PAR  FIG. 45 is a plan view showing the central flange of a further embodiment
      of the present invention;
PAR  FIG. 46 is a sectional view taken along line A--A in FIG. 45;
PAR  FIG. 47 is a sectional view taken along line B--B in FIG. 45;
PAR  FIGS. 48A, 48B, 48C, 48D and 48E are longitudinal sectional views showing
      respectively main parts of the device of FIG. 45;
PAR  FIG. 49 is a longitudinal sectional view showing a further embodiment of
      the mounting device of the throttle valve of the odorless lavatory device
      of the present invention;
PAR  FIG. 50 is a plan view of FIG. 49; and
PAR  FIG. 51 is an enlarged sectional view taken along line A--A in FIG. 50
      showing the main parts of the mounting device of FIG. 49.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, an inner cylinder 1 comprises an upper cylindrical membrane 1a
      and a lower cylindrical membrane 1b. The upper and lower cylindrical
      membranes 1a, 1b have the same innner diameter of the desired dimension as
      well as the same length of the desired dimension and are made of a
      resilient and tough material such as polytetrafluoroethylene and silicone
      rubber. An upper flange 2 is secured to the upper end of the upper
      membrane 1a and a lower flange 4 is secured to the lower end of the lower
      membrane 1b while a central flange 3 securely joins the lower end of the
      upper membrane 1a and the upper end of the lower membrane 1b together.
PAR  The inner cylinder 1 is inserted into an outer cylinder 5 with either one
      of the cylindrical membranes 1a, 1b being twisted about the longitudinal
      axes thereof by 180.degree. while the other membrane is held in its
      non-twisted cylindrical shape, and the inner cylinder 1 is fixedly secured
      to the outer cylinder 5 by means of the upper flange 2 and the lower
      flange 4 as shown in FIGS. 2A and 2B. A lever 6 is attached to the outer
      periphery of the central flange and it extends through a helical slit 7
      formed in the outer cylinder 5, the helical angle of the slit 7 being
      conformed with the rotational movement of the lever 6 occurring when
      either one of the cylindrical membranes 1a, 1b are twisted about the
      longitudinal axes thereof by 180.degree.. It is noted that, when one of
      the membranes 1a or 1b is twisted by 180.degree. about its longitudinal
      axis, it is completely closed as shown in FIGS. 2A and 2B, therefore, the
      assembly of the inner and outer cylinders 1, 5 constitutes a throttle
      valve 8.
PAR  Assuming that the inner diameter and the length of the upper and lower
      cylindrical membranes 1a, 1b are D and h, respectively, and the height of
      the central flange 3 is d, and the height of the outer cylinder 5 is H,
      while the vertical distance between the highest point X and the lowest
      point Y of the helical slit 7 is S, then the following relationships exist
      between the above described values:
EQU  H = (d + h) + .sqroot. h.sup.2 - D.sup.2
EQU  s = h - .sqroot.h.sup.2 - D.sup.2
PAR  thus, when the upper cylindrical membrane 1a is twisted about its
      longitudinal axis by 180.degree., no substantial elongation takes place in
      the material of the upper cylindrical membrane 1a, resulting in the
      rotation of the central flange 3 while it is axially shifted upwardly
      following the sliding movement of the lever 6 along the slit 7.
PAR  In other words, the throttle valve 8 is so constructed that, when the lever
      6 is in the highest point X of the slit 7, the upper cylindrical membrane
      1a is closed while the lower cylindrical membrane 1b is held in its
      non-twisted cylindrical shape, whereas, as the lever 6 slidingly moves
      downwardly along the helical slit 7 toward the lowest point Y thereof
      while it is rotating about the longitudinal axis of the membranes 1a, 1b,
      the upper cylindrical membrane 1a is restored to its cylindrical shape and
      the lower cylindrical membrane 1b closes and, when the lever 6 reaches the
      lowest point Y of the slit 7, the upper cylindrical membrane 1a is
      completely opened or restored to its cylindrical shape and the lower
      cylindrical membrane 1b is completely closed. During this operation, the
      material of the membranes 1a, 1b is twisted, but is not subjected to any
      substantial elongation.
PAR  FIG. 4 shows the condition in which the throttle valve 8 is mounted in a
      Western style lavatory bowl 9, and FIG. 5 shows the condition in which the
      throttle valve 8 is mounted in a Japanese style lavatory bowl 9'.
PAR  In FIG. 4, the upper flange 2 of the inner cylinder 1 is attached to the
      excretion port 10 of the Western style lavatory bowl 9 while the outer
      cylinder 5 is connected to the outer wall of the Western style lavatory
      bowl 9.
PAR  In FIG. 5, the throttle valve 8 is mounted in the Japanese style lavatory
      bowl 9' by means of bolts 13 with the upper flange 2 of the inner cylinder
      1 being connected to the excretion port 10' of the Japanese style lavatory
      bowl 9', while a guide 14 is provided around the outer periphery of the
      outer cylinder 5.
PAR  As shown in FIG. 7, a cylinder 17 is mounted on the guide so that the
      cylinder 17 is freely rotated around the outer cylinder 5, and the
      cylinder 17 is provided with a downwardly directed face gear 15 around the
      upper peripheral end thereof and a longitudinal slit 16 through which the
      lever 6 is adapted to extend outwardly. The face gear 15 meshes with a
      larger gear 18 mounted on a bearing 26 which is attached to the upper side
      of the guide 14.
PAR  A smaller gear 19 which is integrally secured to the larger gear 18 coaxial
      therewith engages with a rack 20 formed adjacent to one end of a rod 21
      slidably supported by guides 27 secured to the guide 14 so as to be
      reciprocally moved in parallel to the floor plane 22, and the opposite end
      23 of the rod 21 is pivotally connected with an elongated slit formed
      adjacent to the lower end of a lever 25 swingably supported by the floor
      plane 22 at its fulcrum 24 intermediate the lever 25 and extending
      upwardly and downwardly of the floor plane 22.
PAR  Since the present invention has the construction incorporated in the
      Japanese style lavatory bowl 9' as described above, the rod 21 pivotally
      connected at its opposite end 23 to the lower end of the lever 25 is moved
      along the guide 27 in the direction indicated by the arrow 28 in FIG. 5 by
      the rotation of the lever 25 about its fulcrum 24 when the upper end of
      the lever 25 is pushed forwardly as shown in FIG. 5, and, at the same
      time, the smaller gear 19 meshing with the rack 20 at the one end of the
      rod 21 is rotated in the anticlockwise direction so that the larger gear
      18 integrally secured thereto coaxially is also rotated in the same
      direction as that of the smaller gear 19, thereby rotating the cylinder 17
      in the clockwise direction as seen from the upper side in FIG. 5 by the
      engagement of the face gear 15 of the cylinder 17 with the larger gear 18.
PAR  Thus, the longitudinal slit 16 formed in the cylinder 17 is also rotated
      about the axis of the cylinder 17 in the clockwise direction as seen from
      the upper side of FIGS. 5 and 7, thereby moving the lever 6 extending
      outwardly through the slit 16 downwardly along the slit 16 by the sliding
      engagement thereof with the lever 6 toward the lower point of the slit 16
      so that the lever 6 is brought to the lowest point Y of the helical slit 7
      formed in the outer cylinder 5.
PAR  In case the present invention is incorporated in the Western style lavatory
      bowl 9, it is only necessary that the lever 6 is slidingly shifted
      obliquely downwardly along the helical slit 7 formed in the outer cylinder
      5.
PAR  When the lever 6 reaches the lowest point Y of the slit 7 the upper
      cylindrical membrane 1a is completely opened while the lower cylindrical
      membrane 1b is completely closed or blocked so that the faeces or
      extrement 31 is stored within the lower cylindrical membrane 1b thereby
      preventing bad odor in the excrement reservoir 12 provided beneath the
      lavatory bowl 9, 9' from rising therefrom.
PAR  During the time the lavatory bowl is not used after the use thereof, the
      lever 25 is pulled toward the lavatory bowl 9' in the case of the Japanese
      style lavatory bowl 9', and, in the case of the Western style lavatory
      bowl 9, the lever 6 is moved toward the upper point X of the slit 7.
PAR  With such an operation, the upper cylindrical membrane 1a is held in its
      closed state while the lower cylindrical membrane 1b is held in the opened
      state, thus the faeces or the excrement 31 and the waste papers stored in
      the lower cylindrical membrane 1b fall into the excrement reservoir 12 and
      the bad odor from the excrement reservoir 12 is prevented from rising
      therefrom by means of the closed upper cylindrical membrane 1a.
PAR  In the embodiments described above, the inner diameter of the inner
      cylindrical 1 is selected to be 220mm. With such an increased dimension of
      the inner diameter of the inner cylinder 1, the excrement 31 falls
      directly into the lower cylindrical membrane 1b without causing any
      contact thereof with the inner wall 29 of the Western style lavatory bowl
      and the inner surface of the inner cylindrical membrane 1a, so that the
      contamination of the inner wall 29 of the Western style lavatory bowl and
      the upper cylindrical membrane 1a is positively prevented.
PAR  The excrement 31 contacts in effect with the inner surface of the lower
      cylindrical membrane 1b and sticking of the excrement to the inner surface
      of the membrane 1b might be feared. However, since the lower cylindrical
      membrane 1b is made of a material such as polytetrafluoroethylene having a
      low coefficient of surface friction as in the case of the upper
      cylindrical membrane 1a, the excrement 31 can be removed from the inner
      surface of the membrane 1b by the folds or surface irregularities of the
      wall of the lower cylindrical membrane 1b caused by the operation of the
      lever 6 thereby reducing the possibility of sticking the excrement 31 to
      the inner surface of the membrane 1b, and, even though sticking of the
      excrement 31 to the inner wall of the membrane 1b takes place, the upper
      cylindrical membrane 1a is at all times closed prior to, during and after
      the use of the lavatory bowl, so that the lower cylindrical membrane 1b is
      prevented from being viewed by the user, thereby eliminating the feeling
      of uneasiness of the user and making it unnecessary to wash the inner wall
      of the lavatory bowl by flowing water.
PAR  The upper rim 30 of the inner wall 29 of the lavatory bowl may be enlarged
      so as to meet the manner of using the lavatory bowl by the user, while the
      interior of the throttle valve 8 is positively prevented from being
      blocked so that the anti-odor effect can not be deteriorated by the
      blocking thereof by the excrement and the waste paper.
PAR  The embodiment illustrated in FIGS. 9 to 13 is an improvement in the
      throttle valve shown in FIGS. 1 to 8 which is incorporated in a lavatory
      bowl embodying the method of deodorizing the dipping up system of a
      lavatory in accordance with the present invention (referred to hereinafter
      as odorless lavatory device). The previously described throttle valve
      requires the rotation of the lever by at least 180.degree. in order to
      render the upper cylindrical membrane 1a or the lower cylindrical membrane
      1b to be completely opened or completely closed, so that the extent of the
      movement of the lever becomes greater as the inner diameter of the inner
      cylinder is increased thereby making the manipulation of the lever
      inconvenient. Thus, it is desired to provide means for decreasing the
      amount of movement of the lever. To this end, it is conceivable to utilize
      means such as linear linkage, gears, wires and chains. However, the linear
      linkage is complicated in construction and, in the device using gears,
      speed reduction is required for reducing the amount of movement by hand
      thereby requiring an assembly of a number of gears wherein large size
      gears are required in order to reduce the number of gears resulting in a
      large space to be occupied by the gears. Further, in the device using
      wires, a plurality of rollers are required for rotating the lever by
      180.degree. by the wires stretched around the rollers. In like manner, in
      the device using chains, the amount of movement by hand is increased or
      decreased depending upon the size of the sprockets as in the case of using
      gears thereby resulting in a large space to be occupied by the actuating
      mechanism.
PAR  The embodiment shown in FIG. 9 and the succeeding figures is proposed in
      the light of the above described defects of the prior art actuating
      mechanism.
PAR  In FIGS. 9, 10, 11 and 12, the outer cylinder 5 is made rotatable about its
      longitudinal axis and an arcuate inner flange rotating link 35 is
      pivotally connected at its one end to the outer end of the lever 6
      extending through the helical slit 7 formed in the outer cylinder 5 and
      secured to the central flange 3 of the throttle valve 8 by means of a
      universal joint 33 while the other end of the link 35 is pivotally
      connected to a sliding block 39 slidably mounted on a guide rod 40 by
      means of a universal joint 37.
PAR  In like manner, an arcuate outer cylinder rotating link 36 is pivotally
      connected at its one end to the outer end of an outer cylinder rotating
      lever 32 secured to the outer surface of the outer cylinder 5 by means of
      joint pin 34 while the other end of the link 36 is pivotally connected to
      the sliding block 39 by means of a joint pin 38.
PAR  In FIG. 12A, when the sliding block 39 is positioned at the leftmost
      position on the guide rod 40, the upper cylindrical membrane 1a is closed.
      When the sliding block 39 is shifted along the guide rod 40 toward the
      right, the outer cylinder 5 and the central flange 3 of the inner cylinder
      1 are each rotated by 90.degree. in the opposite directions to each other
      as seen in FIG. 12B and FIG. 12C. During the rotation of the cylinder 5
      and the central flange 3, the central flange 3 is lowered while it is
      rotated relative to the outer cylinder 5 because the central flange
      rotating lever 6 secured to the central flange 3 slidably fits in the
      helical guide slit 7 formed in the outer cylinder 5, so that the upper
      cylindrical membrane 1a is opened while the lower cylindrical membrane 1b
      is closed.
PAR  Concomitantly, when the sliding block 39 positioned at the rightmost
      position in the guide rod 40 as shown in FIG. 12C is shifted to the left,
      the outer cylinder 5 and the central flange 3 are respectively rotated in
      the reverse directions with respect to those when the sliding block 39 is
      shifted to the right as described previously by 90.degree., so that the
      lower cylindrical membrane 1b is opened while the upper cylindrical
      membrane 1a is closed as seen in FIG. 12A through the condition shown in
      FIG. 12B.
PAR  In FIG. 13, the relationship between the angle .theta. which is a half of
      the angle formed between the outer cylinder rotating lever 32 and the
      central flange rotating lever 6 as positioned as shown in FIG. 13, the
      diameter D formed by the arcuate outer cylinder rotating link 36 and the
      arcuate central flange rotating link 35 as positioned as shown in FIG. 13
      and the amount of movement St of the sliding block 39 along the guide rod
      40 required to rotate the central flange 3 and the outer cylinder 5 by
      90.degree. in the opposite directions to each other is represented as
      follows:
      ##EQU1##
      where .theta. is in the range between 0.degree. and 90.degree..
PAR  Therefore, under the condition 0.degree. .ltoreq. .theta. .ltoreq.
      90.degree.,
EQU  0 .ltoreq. cos .theta. .ltoreq. 1
EQU  .sqroot.2/2 .ltoreq. cos .theta./1 .ltoreq. 1
EQU  0 .ltoreq. sin .theta. .ltoreq. 1
PAR  Thus, the second term in the equation (1) is 0 or negative value. Further,
      the first term in the square root symbol takes the maximum value when
      .theta. = 0.degree. and the value of the first term in the square root
      symbol becomes 3/4.
PAR  Therefore, the first term of the equation (1) is 3/2 D at the largest and
      is smaller than D at all times.
PAR  In other words,
      ##EQU2##
EQU  D/2 (sin .theta. - 1) &lt; 0                                  (3)
PAL  from the equations (2), (3) and (1),
EQU  St &lt;D (provided that 0.degree..ltoreq. .theta. .ltoreq. 90.degree.) (4)
PAR  Therefore, the amount of movement St of the sliding block 39 is at all
      times smaller than the diameter D of each of the links 35, 36.
PAR  This means the decrease in the amount of movement by hand by virtue of the
      fact that the outer cylinder 5 and the central flange 3 are rotated by
      90.degree. in the opposite directions to each other, thus permitting the
      opening and closing mechanism of the throttle valve to be made compact.
PAR  As described above, the throttle valve can be opened and closed merely by
      the linear movement of the sliding block 39 along the guide rod 40 which
      causes the outer cylinder 5 and the central flange 3 to be rotated by
      90.degree. in the opposite directions to each other. Further, by virtue of
      the arcuate configuration of the links 35, 36, the opening and closing
      mechanism of the throttle valve can be made compact.
PAR  FIGS. 14 to 18 show another embodiment of the present invention. In these
      figures, a box-like outer wall 5' which may be cubic, rectangular,
      cylindrical or have a form analogous therewith (the drawings showing a
      rectangular shape of the outer wall) comprises an upper wall portion and
      lower wall portion having holes 41, 42 each having an appropriate size for
      receiving the upper and lower cylindrical membranes 1a, 1b and located in
      alignment with each other.
PAR  A lavatory seat 109 and a lavatory cover 43 are mounted on the upper wall
      portion of the outer wall 5' as shown in FIG. 14.
PAR  The throttle valve 8 is mounted in the outer wall 5' as shown in FIG. 15
      with the upper flange 2 being secured to the hole 41 and with the lower
      flange 4 being secured to the hole 42 wherein either one of the upper and
      lower cylindrical membranes 1a, 1b is twisted about the axis thereof by
      180.degree. while the other membrane is held in its cylindrical form. In
      twisting the cylindrical membrane 1a or 1b by 180.degree., and
      particularly in twisting the upper cylindrical membrane 1a, for example,
      the lower cylindrical membrane 1b is held in its cylindrical form while
      the upper membrane 1a is twisted by 180.degree. with respect to the
      central flange 3 wherein the upper flange 2 is lowered as the twisting
      proceeds so that any elongation of the material forming the upper
      cylindrical membrane 1a is prevented.
PAR  Now, the rotating mechanism of the central flange 3 incorporated in the
      embodiment shown in FIGS. 14 to 18 will be described below.
PAR  In FIG. 16, round or circular bars 44, 45, 46 and 47 are arranged
      longitudinally in parallel to each other so as to surround the throttle
      valve 8. A drum 48 is located between the round bars 46, 47 and, a lever
      6' is secured to the upper surface of the drum 48 and it extends upwardly
      through the upper surface of the outer wall 5'. Wires 49, 50, 51 made of
      stainless steel are provided, the first wire 49 being wound around the
      drum 48 and one end of the wire 49 extends around the bar 47 toward the
      bar 44 and a running block 52 is attached to the one end of the wire 49
      while the other end of the wire 49 extends around the bar 46 toward the
      bar 45 and a running block 53 is attached to the other end of the wire 49.
      As shown in FIG. 18, one end of the second wire 50 is attached to the
      lower end of the round bar 44 and the wire 50 extends around the running
      block 52, the bar 44 and around the outer peripheral surface of the
      central flange 3 of the throttle valve 8 and terminates on the peripheral
      surface of the flange 3 where the other end of the wire 50 is secured to
      the flange 3. One end of the third wire 51 is secured to the lower end of
      bar 45 and the wire 51 extends around the running block 53, the bar 45 and
      around the outer peripheral surface of the central flange 3 and terminates
      on the peripheral surface where the other end of the wire 51 is secured to
      the flange 3. The points at which the other ends of the wires 50, 51 are
      secured to the outer peripheral surface of the central flange 3 are
      preferably diametrically opposite to each other as shown in FIG. 16. Then,
      the stable rotation of the central flange 3 is achieved. When the drum 48
      is rotated in the direction indicated by the arrow in FIG. 16, the central
      flange 3 is also rotated in the same direction as that of the drum 48 as
      indicated by the arrow, so that the upper cylindrical membrane 1a is
      opened while the lower cylindrical membrane 1b is closed. Likewise, when
      the drum 48 is rotated in the reverse direction to the arrow in FIG. 16,
      the lower cylindrical membrane 1b is opened while the upper cylindrical
      membrane 1a is closed. However, the rotating mechanism of the central
      flange 3 may not be limited to that as shown in these figures, and any of
      the linkage or geaing mechanism may be utilized in place of the embodiment
      shown in FIGS. 15 to 18.
PAR  In the embodiment described above, it is used by closing the lower
      cylindrical membrane 1b except for the time immediately after the use of
      the device. In other words, the faeces or the excrement is temporarily
      stored on the closed lower cylindrical membrane 1b as shown in FIG. 8A
      and, after use, the lever 6' is rotated so as to rotate the drum 48,
      thereby opening the lower cylindrical membrane 1b while the upper
      cylindrical membrane 1a is closed so that the excrement is allowed to fall
      into the excrement reservoir as shown in FIG. 8B.
PAR  In the embodiment shown in FIGS. 15 to 18, the rotatable shaft of the drum
      48 located between the round bars 46 and 47 is shown as being in parallel
      to the central axis of the throttle valve 8. However, as shown in the
      embodiment illustrated in FIG. 20, the axis of the rotatable shaft of the
      drum 48 may be located perpendicular to the central axis of the throttle
      valve 8, or it may be obliquely located in inclined relationship with
      respect to the central axis of the throttle valve 8. And the round rod 44
      and the 46 are arranged in substantial symmetry to the bar 45 and the bar
      47, respectively with respect to the line connecting the center of the
      throttle valve 8 and the center of the drum 48. In the embodiment shown in
      FIG. 20, rotatable rollers 54, 55, 56 and 57 are rotatably mounted on the
      round bars 44, 45, 46, and 47, respectively, so that the wires 49, 50 and
      51 are smoothly guided around these rollers 54, 55, 56 and 57. However,
      when the round bars 44, 45, 46 and 47 are arranged to be sufficiently
      smoothly rotatable, these rollers 54, 55, 56 and 57 may be dispensed with.
PAR  In the embodiment shown in FIG. 19, a link 74 is shown as being fixedly
      attached to the upper surface of the drum 48, and the link 74 is formed
      with an elongated guide slit 60 adjacent to the outer end thereof. A link
      59 is slidably connected at its one end to the guide slit 60 and the other
      end of the link 59 is secured to the lever 6'. With this arrangement, the
      drum 48 can be rotated by the required angle by the smaller amount of the
      manual operation in comparison with the case in which the lever 6' is
      directly attached to the drum 48.
PAR  The embodiment illustrated in FIGS. 21 to 26 is an improvement in the
      embodiment shown in FIGS. 19 and 20. In the embodiment of FIGS. 19 and 20,
      the wires to which the running blocks are attached move up and down as the
      drum rotates, thereby moving the running blocks up and down resulting in
      complicated motion of these elements. Therefore, not only the stretching
      of the wires around the running blocks is made constable, but also the
      outer peripheral surface each of the upper and lower cylindrical membranes
      1a, 1b is subjected to wear. The embodiment of FIGS. 21 to 26 improves the
      operation in that the wires are guided by standing blocks in place of the
      round bars and the running blocks are attached to the wires and the
      movement of each of the running blocks is made a simple linear motion
      while the outer peripheral surface each of the upper and lower cylindrical
      membranes 1a, 1b is prevented from being subjected to wear by the movement
      of the wires.
PAR  In these figures, standing blocks 62, 63, 64, 65, 66 and 67 are shown as
      being mounted in the interior of the outer wall 5'. As shown in FIG. 26,
      the standing blocks 62 and 63 are located at the opposite ends of the
      intersecting line of the lower wall portion and the rear wall portion of
      the outer wall 5' and the standing blocks 64 and 65 are located at the
      opposite ends of the intersecting line of one of the side wall portions
      and the upper wall portion of the outer wall 5' while the standing blocks
      66 and 67 are arranged at the opposite ends of the intersecting line of
      the other side wall portion and the front wall portion of the outer wall
      5'. The blocks 64 and 65 are arranged oppositely to each other and the
      blocks 62 and 67 are arranged oppositely to each other. A sector-shaped
      drum 48' is rotatably located between the other side wall portion of the
      outer wall 5' and the throttle valve 8, the rotatable shaft of the drum
      48' being arranged perpendicular to the control axis of the throttle valve
      8. In the embodiment shown, two peripheral grooves 68a, 68b are formed
      around the outer peripheral surface of the drum 48'. One end of the wire
      49 made of a material such as stainless steel and the like is attached to
      the drum 48' and the wire 49 extends around the groove 68a and the
      standing blocks 62, 63, 64, 65, 66 and 67 and around the groove 68b and
      terminates at the drum 48' where the other end of the wire 49 is secured
      to the drum 48'. As shown in FIG. 24, a running block 52' is attached to a
      portion of the wire 49 stretched between the standing blocks 62 and 63
      while a running block 53' is attached to a portion of the wire 49
      stretched between the standing blocks 65 and 66, so that the running
      blocks 52' and 53' are moved together with the wire 49. A wire 50 is
      attached at its one end to an appropriate point on the outer wall 5' while
      one end of a wire 51 is attached to another appropriate point on the outer
      wall 5'. In this embodiment shown, the one end of the wire 50 is secured
      to the side wall portion of the outer wall 5' adjacent to the standing
      block 63 while the one end of the wire 51 is secured to the side wall
      portion of the outer wall 5' adjacent to the standing block 65. The wire
      50 extends around the running block 52' and around the periphery of the
      central flange 3 and terminates on the periphery of the flange 3 where the
      other end of the wire 50 is secured to the flange 3. The wire 51 extends
      around the running block 53' and around the periphery of the central
      flange 3 and terminates on the periphery of the flange 3 where the other
      end of the wire 51 is secured to the flange 3. Eyes or rings 69 and 70 are
      secured to the outer periphery of the central flange 3 and the wire 50 is
      passed through the ring 69 while the wire 51 is passed through the ring
      70. The lever 6' swingably mounted on the opposite side wall portion of
      the outer wall 5' is operatively connected at its lower end to the drum
      48' as shown in FIG. 25, so that, when the lever 6' is swung in the
      direction indicated by the solid line in FIG. 25 by pulling the handle
      head of the lever 6' toward the rear wall portion of the outer wall 5',
      the running block 52' is moved toward the drum 48' as shown in FIG. 24,
      thereby rotating the central flange 3 of the throttle valve 8 while it is
      moved downwardly so that the lower cylindrical membrane 1b is closed and
      the upper cylindrical membrane 1a is opened. To the contrary, when the
      handle head of the lever 6' is pushed toward the front wall portion of the
      outer wall 5' so as to position the same as shown in two dot chain line in
      FIG. 25, the running block 53' is moved toward the drum 48' so that the
      central flange 3 is rotated in the reverse direction while it is moved
      upwardly, thereby closing the upper cylindrical membrane 1a while the
      lower cylindrical membrane 1b is opened. At this time, the running blocks
      52' and 53' are moved together with the wire 49 to which they are attached
      between the standing blocks 62 and 63 and between the standing blocks 65
      and 66, respectively, so that they are moved in a simple linear movement
      defined by the wire 49 without causing any complicated locas of movement
      of the running blocks. Further, since the wires 50, 51 are guided by the
      rings 69, 70 on the periphery of the throttle valve 8, the wires 50, 51
      can not be frictionarily shifted axially on the periphery of the upper and
      lower cylindrical membranes 1a, 1b thereby positively preventing the same
      from being worn.
PAR  FIGS. 27, 28, 29A, 29B and 29C show an alternative embodiment of FIGS. 21
      to 26.
PAR  In FIGS. 27 and 28, the drum 48' substantially in the form of the
      semi-circle in cross-section is located with its rotatable shaft 71 being
      oriented perpendicular to the central axis of the throttle valve 8. Two
      circumferential grooves are formed around the outer periphery of the drum
      48' and one end of a link 58 is pivotally connected by a pin 72 at an
      appropriate position on the side surface of the drum 48'. The other end of
      the link 58 is pivotally connected to the lower end of the lever 6' by a
      pin 75. The lever 6' per se is swingably supported by a supporting portion
      76 provided on the side surface of the outer wall 5' so as to be swung
      about the supporting portion 76.
PAR  One end of a wire 49 made of a material such as stainless steel and the
      like is secured to the periphery of the drum 48', and the wire 49 extends
      around the groove of the drum 48' and the standing blocks 62, 63, 64, 65,
      66 and 67 and back around the other groove of the drum 48' and terminates
      on the drum 48' where the other end of the wire 49 is secured to the drum
      48'. In like manner as in FIG. 24, the running blocks 52, 53 are secured
      to portions of the wire 49 stretched between the standing blocks 62, 63
      and between the standing blocks 65, 66, respectively, so that they are
      moved together with the wire 49. One ends of the wires 50, 51 are secured
      to appropriate positions on the outer wall 5', respectively, and the wire
      50 extends around the running block 52 and around the central flange 3 of
      the throttle valve 8 and terminates on the flange 3 where the other end of
      the wire 50 is secured thereto, while the wire 51 extends around the
      running block 53 and the periphery of the central flange 3 and terminates
      thereat where the other end of the wire 51 is secured to the flange 3.
PAR  The radius of the drum 48' is preferably made equal to or slightly greater
      than the radius of the outer periphery of the central flange 3 of the
      throttle valve 8 and the width or length of the drum 48' is preferably
      made as small as possible. In the embodiment shown, since the link 58 is
      interposed between the lever 6' and the drum 48' so that the drum 48' is
      rotated by the lever 6' through the link 58, the amount of the manual
      operation, i.e., the rotational angle of the lever 6' required for opening
      and closing the throttle valve 8 can be made extremely small. In
      explaining the above by the numerical data, it is assumed that the length
      a between the supporting portion 76 of the lever 6' and the lower end of
      the lever 6' is 200mm, the length b of the link 58 is 100mm, the outer
      diameter D of the central flange 3 of the throttle valve 8 is 280mm (the
      radius R = 140mm) and the radius r of the drum 48' is 140mm, then the
      rotational angle .alpha.  of the drum 48' required for rotating the
      central flange 3 of the throttle valve 8 by 180.degree. is 123.degree.,
      however, the rotational angle .beta. of the lever 6' required for
      effecting the rotation of the flange 3 by 180.degree. is merely
      63.degree.. Since the relationship between the angles .alpha. and .beta.
      is determined by the value a, the opening and closing of the throttle
      valve 8 can be carried out by the small amount of manual operation of the
      lever 6' by appropriately selecting the values of a and b. Further, since
      the drum 48' is made in the form of a semi-circle, the cost for making the
      drum 48' can be lowered while the weight of the drum 48' is made low.
      Since the axis of the drum 48' having the outer diameter substantially
      equal to that of the throttle valve 8 is located perpendicular to the axis
      of the throttle valve 8, the space for housing the drum 48' can be made
      small and, hence, the overall size of the odorless lavatory device can be
      made compact.
PAR  Turning again to FIGS. 22, 23 and 25, a stopper 77 is provided at
      appropriate position in the arm lever portion 73 of the lever 6' in the
      outer wall 5'. The function of the stopper 77 will now be described with
      reference to FIGS. 29A, 29B and 29C.
PAR  FIG. 29A shows the throttle valve 8 in which the upper cylindrical membrane
      1a is closed while the lower cylindrical membrane 1b is opened. In the
      condition shown in FIG. 29A, the link 58 is located to the left of the arm
      lever portion 73 of the lever 6'. When the lever 6' is rotated in the
      direction indicated by the arrow 78 in FIG. 29A, the connecting point 80
      of the link 58 to the drum 48' moves nearer to the arm lever portion 73 of
      the lever 6' as shown in FIG. 29B, and the drum 48' is rotated in the
      direction of the arrow 79 around the rotatable shaft 71 of the drum 48'.
      Therefore, the upper cylindrical membrane 1a commences to be opened and
      the lower cylindrical membrane 1b is being closed. Continued rotation of
      the lever 6' in the direction of the arrow 78 causes the connecting
      portion 80 to further approach the lever 6', and the link 58, after
      overlapping the arm lever portion 73 of the lever 6' as shown in FIG. 29C,
      tends to be moved to the right of the arm lever portion 73 of the lever
      6'. However, when the central axis of the link 58 moves slightly to the
      right with respect to the central axis of the lever 6', the link 58 abuts
      against the stopper 77 formed in the arm lever portion 73 of the lever 6'
      so that the stopper 77 prevents the further movement of the link 58 to the
      right. At this point, the link 58 can not be returned by the gravity of
      the drum 48' only even though the hand of the user is disengaged from the
      lever 6'. In other words, the drum 48' can not be rotated in the direction
      opposite to that shown by the arrow 79. If the arrangement of the link 58
      and the lever 6' is so determined that the lower cylindrical membrane 1b
      is completely closed when the link 58 and the arm lever portion 73 of the
      lever 6' are brought to the positions overlapping each other as shown in
      FIG. 29C, the lower cylindrical membrane 1b is positively held in its
      closed position unless the lever 6' is rotated.
PAR  Therefore, after the user uses the lavatory device under the condition as
      shown in FIG. 29C, he rotates the lever 6' in the direction opposite to
      that shown by the arrow 78 so as to open the lower cylindrical membrane 1b
      thereby discharging therefrom the faeces or the excrement into the
      excrement reservoir, and, thereafter, he again rotates the lever 6' in the
      direction of the arrow 78 until the link 58 abuts against the stopper 77
      of the lever 6'. Thus, the lower cylindrical membrane 1b is kept in
      completely closed condition except the time immediately after the use of
      the lavatory device and the resilient nature of the material forming the
      lower cylindrical membrane 1b insures the completely closed condition of
      the lower cylindrical membrane 1b thereby positively preventing bad odor
      from rising from the excrement reservoir into the lavatory room. Further,
      since the drum 48' is rotated by the lever 6' through the link 58, the
      amount of manual operation of the lever 6' by the user in opening and
      closing the throttle valve 8 can be made small.
PAR  The embodiments shown in FIGS. 30 to 46 are directed to improvements in the
      mounting device of the throttle valve for facilitating the attachment and
      detachment of the throttle valve 8 to and from the outer wall 5' of the
      odorless lavatory device for preventing bad odor from the excrement
      reservoir by using the throttle valve 8 which comprises an upper
      cylindrical membrane 1a having an upper flange 2 at the upper end thereof
      and a lower cylindrical membrane 1b having a lower flange 4 at the lower
      end thereof and connected at its upper end to the lower end of the upper
      cylindrical membrane 1a by a central flange 3, either one of the
      cylindrical membranes 1a, 1b being adapted to be alternately twisted by
      180.degree. about its axis while the other is held in its cylindrical
      shape so as to be closed for preventing bad odor passing therethrough.
PAR  In attaching the throttle valve 8 to the outer wall 5', it is necessary for
      either one of the cylindrical membranes 1a, 1b to be twisted by
      180.degree. for mounting the membranes 1a, 1b on the outer wall 5',
      thereby making the mounting troublesome. The embodiments shown improve the
      mounting process. As shown in FIG. 33, the diameter each of the holes 41,
      42 is made larger than the inner diameter each of the upper flange 2 and
      the lower flange 4 bur smaller than the outer diameter of the flanges 2
      and 4. Half circular notches 81, 82 are formed diametrically oppositely in
      the periphery each of the holes 41, 42 in alignment with each other. The
      span or the length L between the notches 81 and 82 is made greater than
      the outer diameter D each of the upper and lower flange 2 and 4. As
      described above, the throttle valve 8 is attached to the outer wall 5'
      with either of the cylindrical membranes 1a, 1b being twisted by
      180.degree. and the upper flange 2 and the lower flange 4 being secured to
      the holes 41, 42, respectively. The upper flange 2, the central flange 3
      and the lower flange 4 are first located between the holes 41, 42 with the
      flanges 2, 3, 4 being arranged in superimposed relationship, and then the
      upper flange 2 is passed through the notches 81, 81 of the hole 41
      upwardly with the flange 2 oriented substantially vertically, and
      thereafter the upper flange 2 is positioned horizontally so as to be
      secured to the upper wall portion of the outer wall 5' by means of bolts
      and the like. Then, the central flange 3 is twisted by 180.degree. with
      respect to the upper flange 2 and the lower flange 4 is passed through the
      notches 81, 81 of the hole 42 downwardly so as to be secured to the lower
      wall portion of the outer wall 5' in like manner as described above. The
      mounting of the throttle valve 8 is further facilitated by providing
      markings at appropriate positions adjacent to the periphery of each of the
      holes 41, 42 and on the upper and lower flanges 2, 4, so that the throttle
      valve 8 can be attached to the outer wall 5' with either of the
      cylindrical membranes 1a, 1b being twisted by 180.degree. when the upper
      and lower flanges 2 and 4 are secured to the upper and lower wall portions
      of the outer wall 5' by bringing the marking adjacent to the periphery of
      the respective hole 41, 42 in coincidence with the marking on the
      respective flange 2, 4. Alternatively, as shown in FIG. 32, a pair of pins
      82 are provided at appropriate positions adjacent to the periphery of each
      of the holes 41, 42, while, as shown in FIG. 33, corresponding holes 83
      are formed in each of the upper and lower flanges 2, 4 for receiving the
      pins 82 when the flanges 2, 4 are fitted in the holes 41, 42 in positions
      so that either one of the cylindrical membranes 1a, 1b is twisted by
      180.degree. when the pins 82 are received in the holes 83 of the
      respective flanges 2, 4. By such an arrangement, the throttle valve 8 can
      be easily attached to the outer wall 5'.
PAR  Now, the embodiment shown in FIGS. 34 to 36 will be described. As shown in
      FIG. 35, the outer periphery each of the upper and lower flanges 2, 4 is
      made substantially in the eliptical form, while the inner periphery is in
      the circular form. As shown in FIG. 36, the outer diameter D of the
      respective holes 41, 42 is greater than the mirror diameter S of the outer
      periphery each of the upper and lower flanges 2, 4 but smaller than the
      major diameter L of the flanges 2, 4.
PAR  When the throttle valve 8 is mounted on the outer wall 5', the cylindrical
      membranes 1a, 1b are folded together, i.e., the upper flange 2, the
      central flange 3 and the lower flange 4 are superposed upon each other,
      and they are located between the holes 41, 42. Then, the upper flange 2 is
      positioned in the vertical position and is passed through the hole 41
      upwardly and then turned to the horizontal position so that it is secured
      to the upper surface of the outer wall 5' by means of bolts and the like.
      Then, the central flange 3 and the lower flange 4 are rotated about the
      longitudinal axis of the cylindrical membranes 1a, 1b by 180.degree. with
      respect to the upper flange 2, and the lower flange 4 is turned to the
      vertical position so as to be passed through the hole 42 downwardly. After
      passing through the hole 42, the lower flange 4 is again turned to the
      horizontal position and secured to the lower surface of the outer wall 5'
      by means such as bolts and the like.
PAR  As shown in FIG. 36, projections or pins 82 may be provided on the upper
      surface and the lower surface of the outer wall 5', respectively, and
      corresponding holes 83 may be formed in the upper and lower flanges 2 and
      4 for permitting the pins 82 to be received in the holes 83 when the
      flanges 2 and 4 are mounted on the outer wall 5' with either one of the
      cylindrical membranes 1a, 1b is twisted by 180.degree., thereby making it
      possible to secure the throttle valve 8 to the outer wall 5' without using
      the bolts and the like.
PAR  The embodiment shown in FIGS. 37 to 40 is directed to the improvement in
      the previously described embodiment in that not only the mounting of the
      throttle valve on the outer wall is facilitated but also the detachment of
      the throttle valve from the outer wall is facilitated. In FIG. 38,
      projections 84, 84 are provided around the upper flange 2 and the lower
      flange 4, respectively, in diametrically opposite points thereof, while
      corresponding notches 81, 81 are formed in the upper wall portion and the
      lower wall portion of the outer wall 5' in corresponding positions to the
      projections 84, 84 for snugly receiving the same when the flanges 2, 4 are
      mounted in position in the outer wall 5'. An appropriate number (four in
      the illustrated embodiment) of supporting plate receivers 85 are provided
      at the peripheral portion each of the holes 41, 42 in the inner surfaces
      of the upper and lower wall portions of the outer wall 5'. Each of the
      receivers 85 has a supporting plate inserting space 87 for receiving the
      supporting plate 86. The supporting plate 86 may be in the form of flat
      plate as shown in FIG. 39A. However, the supporting plate 86 may be
      provided with a U-shaped bent portion at one end thereof as shown in FIGS.
      39B and 39C so that the attachment and detachment of the supporting plate
      86 to and from the supporting plate receiver 85 is facilitated. The
      supporting plate inserting space 87 may be in the form of a recess formed
      in the supporting plate receiver 85 as shown in FIGS. 39A and 39B so that
      the cross-section of the receiver 85 is made in the U-shape.
      Alternatively, as shown in FIG. 39C, the supporting plate inserting space
      87 may be in the form of a through hole formed in the supporting plate
      receiver 85 having the width and the thickness corresponding to those of
      the supporting plate 86.
PAR  When the supporting plates 86 are mounted in the supporting plate receivers
      85, a clearance equal to or slightly greater than the thickness of the
      upper flange 2 must be provided between the upper surface of the
      supporting plate 86 and the inner surface of the upper wall portion of the
      outer wall 5', and a similar clearance must be provided between the lower
      surface of the supporting plate 86 secured to the lower wall portion of
      the outer wall 5' and the inner surface of the lower wall portion of the
      outer wall 5'.
PAR  In the embodiment shown, when the throttle valve 8 is mounted in the outer
      wall 5', the upper flange 2, the central flange 3 and the lower flange 4
      are superposed upon each other, i.e., both the cylindrical membranes 1a,
      1b are folded together and brought between the holes 41, 42, and the
      projections 84, 84 provided on the lower surface of the lower flange 4 are
      fitted in the notches 81, 81 of the hole 42 and the supporting plates 86
      are inserted in the supporting plate inserting spaces 87 in the supporting
      plate receivers 85. Then, the lower flange 4 is clamped between the
      supporting plates 86 and the lower wall portion of the outer wall 5' while
      the flange 4 is prevented from rotation in the horizontal direction by
      virtue of the engagement of the projections 84, 84 with the notches 81,
      81, thereby permitting the lower flange 4 to be secured positively to the
      hole 42. Thereafter, the upper flange 2 and the central flange 3 are
      rotated together by 180.degree. in the horizontal direction with respect
      to the lower flange 4 and the upper flange 2 is moved upwardly so as to
      bring the projections 84, 84 provided on the upper flange 2 into
      engagement with the notches 81, 81 and the supporting plates 86 are
      inserted into the supporting plate receivers 85 so that the upper flange 2
      is positively secured to the outer wall 5' in the similar manner as in the
      case of the lower flange 4. On the other hand, the notches 81, 81 formed
      in the upper wall portion of the outer wall 5' around the hole 41 are in
      alignment with the notches 81, 81 formed around the hole 42 in the lower
      wall portion of the outer wall 5', and the projections 84, 84 in each of
      the upper and lower flanges 2, 4 are adapted to be fitted in the notches
      81, 81 in the upper and lower wall portions of the outer wall 51.
      Therefore, there are three cases in which the projections 84, 84 coincide
      with the notches 81, 81, i.e. (a) both the upper and lower cylindrical
      membranes 1a, 1b are not twisted, (b) either one of the cylindrical
      membranes 1a, 1b is twisted by 180.degree., and (c) both the cylindrical
      membranes 1a, 1b are twisted. The conditions (a), (b) and (c) are clearly
      distinguished from each other by observing the appearance of the
      cylindrical membranes 1a, 1b. Therefore, the mounting of the throttle
      valve 8 in the outer wall 5' is easily carried out by merely observing the
      state of the cylindrical membranes 1a, 1b in which either one of them is
      twisted and by fitting the projections 84, 84 in the corresponding notches
      81, 81.
PAR  In order to easily detach the throttle valve 8 from the outer wall 5', one
      of the side wall portions of the outer wall 5' is made detachable from the
      remaining wall portions so that the supporting plates 86 are withdrawn
      from the supporting plate receivers 85 by the hands of the operator
      inserted through the side of the outer wall 5' at which the side wall
      portion is removed, thereby permitting the upper and lower flanges 2, 4 to
      be detached easily from the outer wall 5'. Therefore, it is not necessary
      to remove the entire outer wall 5' as is required in the prior art device.
      Further, since the throttle valve 8 can be detached without inserting the
      hands in the interior of the cylindrical membranes 1a, 1b, the operation
      is very sanitary.
PAR  As described above, the device of the present invention is very simple in
      construction, and the throttle valve 8 can be very easily and exactly
      attached to the outer wall 5'. Further, the operation for mounting the
      cylindrical membranes 1a, 1b with either one of them being twisted by
      180.degree. is made very simple and the operation for detaching the
      throttle valve 8 is also made very simple.
PAR  In the opening and closing device for the throttle valve 8 shown in FIGS.
      14 to 29, a lever 6' made of a rigid material is connected to the drum 48
      or 48' in order to rotate the same for operating the throttle valve 8.
      Therefore, if an excessive force over the force required to operate the
      throttle valve 8 is applied to the lever 6', the connecting pins of the
      lever 6' and the drum 48 or 48' might be broken, or failure might take
      place in the supporting portion of the lever 6', or the wire engaging with
      the drum 48 or 48' might be tensioned too tightly thereby resulting in
      damage to the device.
PAR  In order to improve the device so as to avoid the above disadvantages, in
      the embodiment shown in FIG. 41, a portion or the entirety of the lever 6'
      is made of a resilient material having an appropriate hardness or
      rigidity. As shown in FIG. 41, a portion of the lever 6' is made a rigid
      body 88 while a portion of the lever 6' adjacent to the upper end thereof
      is made a resilient body 89. However, the lever 6' is not to be limited to
      that shown in the drawing having a portion formed by the resilient body 87
      but it may be made a lever constructed entirely by a resilient material.
      In this case, it is preferred to gradually increase the width or thickness
      of the lever toward the connecting portion thereof to the drum 48'. By
      making the lever 6' by the resilient material, even though an excessive
      force is applied to the lever 6', the force is absorbed by the material
      constituting the lever 6' thereby positively preventing excessive force
      from being applied to the connecting portion of the lever 6' to the drum
      48' or to the supporting portion 104 of the lever 6' or to the wire
      engaging with the drum 48', so that damage to the device is positively
      avoided.
PAR  The embodiment illustrated in FIGS. 42, 43, 44A and 44B is directed to
      remove the disadvantages of the device of FIG. 24. In the embodiment of
      FIG. 24, it is hardly possible to make at all times constant the resultant
      length of the distance between the securing points of the wires 50, 51 to
      the outer wall 5' and the running blocks 52', 53' and the distance between
      the running blocks 52', 53' and the securing points on the central flange
      3 of the wires 50, 51. Therefore, either one of the wires 50, 51 is
      necessarily slackened when the throttle valve 8 is operated thereby
      resulting in the danger of disengagement of the wires 50, 51 from the
      running blocks 52, 53. In other words, as shown in FIG. 24, when either
      one of the wires 50, 51 is pulled toward the drum 48', the wire which is
      pulled toward the drum 48' (the wire 50 in FIG. 24) is fully tensioned
      while the other wire is slackened.
PAR  In order to avoid the above disadvantages, the embodiment shown in FIGS. 42
      to 44 includes springs 94, 95 associated with the wires 50, 51,
      respectively, so that any slackening of the wires 50, 51, if occurring, is
      absorbed by the springs 94, 95 as shown in FIG. 43.
PAR  As shown in FIGS. 44A and 44B the standing blocks 62, 63 are located
      adjacent to the opposite ends of the intersecting line of the lower wall
      portion and the rear wall portion of the outer wall 5', and the standing
      blocks 64, 65 are located adjacent to the opposite ends of the
      intersecting line of the upper wall portion and one of the side wall
      portion of the outer wall 5', while the standing blocks 66, 67 are located
      adjacent to the opposite ends of the intersecting line of the front wall
      portion and the rear wall portion of the outer wall 5'. Standing blocks
      90, 91 are secured at appropriate points adjacent to the intersecting line
      of the above one side wall portion and the rear wall portion of the outer
      wall portion 5'. Running blocks 52', 53' are secured respectively to a
      portion of the wire 49 between the standing blocks 62, 63 and a portion of
      the wire 49 between the standing blocks 65, 66, so that they are moved
      together with the wires 49. One end of the wire 49 is secured to the drum
      48' and the wire 49 extends around the drum 48' and along the edge line of
      the outer wall 5' around the standing blocks 62, 63, 64, 65, 66 and 67 and
      is again returned to the drum 48' and terminates thereat where the other
      end of the wire 49 is secured thereto. The wires 50, 51 are made of a
      material such as stainless steel and the like. The wires 50, 51 are
      secured at their one ends to wire fixtures 92, 93 fixedly secured to the
      above one side wall portion of the outer wall 5'. The wire 50 extends
      around the standing block 90 and the running block 52' and toward and
      around the central flange 3 of the throttle valve 8 and terminates thereat
      where the other end of the wire 50 is secured to the central flange 3. In
      the similar manner, the wire 51 extends around the standing block 91 and
      the running block 53' and toward and around the central flange 3 of the
      throttle valve 8 and terminates thereat where the other end of the wire 51
      is secured to the central flange 3. The springs 94, 95 are secured at
      their one ends to the eyes or the rings 96, 97 secured to the wires 50, 51
      at appropriate positions thereon, respectively, while the other ends of
      the springs 94, 95 are secured to the wire fixtures 92, 93, respectively.
      As shown in FIG. 43, the springs 94, 95 are arranged in parallel to each
      other. The rings 96, 97 are so located on the wires 50, 51 that any
      slackening of the wires is appropriately absorbed by the springs.
      Therefore, when the elongation either of the spring 94 or 95 is made to
      the maximum, the portion of either of the wire 50 or 51 between the wire
      fixture 92 or 93 and the ring 96 or 97 is fully tensioned, while, when the
      elongation of either of the spring 94 or 95 is made to the minimum, the
      portion of the wire 50 or 51 between the wire fixture 92 or 93 and the
      ring 96 or 97 is slackened as viewed in FIG. 43.
PAR  On the other hand, the portion of the wire 50 or 51 between the ring 96 or
      97 and the central flange 3 of the throttle valve 8 is at all times held
      in tensioned state by the action of the spring 94 or 95, thereby
      positively preventing the slackening of the wire 50 or 51 during the
      operation of the throttle valve 8 which slackening will occur in the
      embodiment of FIG. 24. Thus the slackening of the wires 50, 51 during the
      operation of the throttle valve 8 is completely absorbed by the springs
      94, 95.
PAR  The embodiment shown in FIGS. 45 to 47 and FIGS. 48A, 48B, 48C, 48D and 48E
      is directed to improvement in the mounting device of the throttle valve.
      In this embodiment, the opposite ends of the upper cylindrical membrane 1a
      can be easily and properly attached to the upper flange 2 and the central
      flange 3 while the opposite ends of the lower cylindrical membrane 1b can
      be easily and properly attached to the central flange 3' and the lower
      flange 4. As shown in the drawings, the upper flange 2, the central flange
      3, 3' and the lower flange 4 include annular upstanding portions 98 formed
      in the inner periphery of the flanges, respectively. The outer periphery
      each of the central flanges 3, 3' is in an eliptical shape having a mirror
      diameter slightly smaller than the inner diameter of the upper and lower
      flanges 2, 4 and a major diameter substantially equal to the outer
      diameter each of the upper and lower flanges 2, 4. As previously
      described, the upper and lower cylindrical membranes 1a, 1b are made of a
      resilient material such as rubber and the like and the thickness is
      preferably thin. The inner diameter each of the cylindrical membranes 1a,
      1b is made substantially equal to the outer diameter each of the annular
      upstanding portions 98 of the upper flange 2, the central flanges 3, 3'
      and the lower flanges 4. The thickness of the annular upstanding portions
      98 are preferably as thin as possible.
PAR  The upstanding portion 98 of the central flange 3 is inserted into the
      interior of the lower end of the upper cylindrical membrane 1a, and the
      inner surface of the lower end of the upper cylindrical membrane 1a is
      secured to the outer surface of the upstanding portion 98 by means such as
      a bonding agent (FIG. 48A). Then, as shown in FIG. 48B, the upper
      cylindrical membrane 1a is folded back into the opening of the central
      flange 3 so that the other end of the membrane 1a is directed in the
      opposite direction to the direction to which the free end of the
      upstanding portion 98 is directed. Thereafter, the other end of the
      membrane 1a is expanded and again folded back around the central flange 3
      so as to envelop the same as shown in FIG. 48C. Thereafter, the upstanding
      portion 98 of the upper flange 2 is inserted in the inner surface of the
      other end of the upper cylindrical membrane 1a and secured thereto by
      means such as a bonding agent. Finally, the central flange 3 is positioned
      substantially vertically so that it is passed through the upper flange 2
      and then the central flange 3 is turned to the horizontal position. Thus,
      as shown in FIG. 48D, each of the ends of the upper cylindrical membrane
      1a are folded back upon itself or formed in the U-shape in cross-section,
      so that the upper cylindrical membrane 1a is firmly secured to the upper
      flange 2 and the central flange 3, respectively. In the similar manner,
      the lower cylindrical membrane 1b is firmly secured to the central flange
      3' and the lower flange 4. Then, the central flange 3 is secured to the
      central flange 3' by means such as bolts so that a throttle valve 8 is
      formed by twisting either one of the cylindrical membrane 1a or 1b by
      180.degree. for closing the same. By such procedures, since the ends of
      each of the cylindrical membranes 1a, 1b are secured to the corresponding
      flanges by folding back the ends so as to form the U-shape in
      crosssection, the firm securing of the membranes 1a, 1b to the respective
      flanges 2, 3, 3' and 4 is insured. Further, since the securing of the
      membranes 1a, 1b to the respective flanges 2, 3, 3' 4 is achieved by
      merely inserting the upstanding portions 98 of the flanges into the inner
      surfaces of the ends of the membranes 1a, 1b and by bonding them together
      by means such as a bonding agent, the mounting operation is made far
      easier than in the case in which the ends of the membranes 1a, 1b are
      first folded back upon themselves to form a U-shape in cross-section so as
      to be bonded to the respective flanges.
PAR  The embodiment illustrated in FIGS. 49 to 51 is directed to a further
      improvement in the mounting device of the throttle valve in the odorless
      lavatory device of the present invention. In other words, it is directed
      to an improvement in securing the upper and lower flanges 2, 4 to the
      holes 41, 42 of the outer wall 5', respectively.
PAR  In the drawings, supporting plate fixtures 101 are secured adjacent to the
      holes 41, 42 in the upper and lower wall portions of the outer wall 5' and
      the supporting plates 102 are formed with upstanding portions or bent
      portions 100 at the opposite ends thereof so as to be formed in the
      U-shape. The supporting plates 102 are adapted to be secured to the
      fixtures 101 by means of thumbscrews 99 for supporting the corresponding
      flanges of the cylindrical membranes 1a, 1b.
PAR  In mounting the cylindrical membranes 1a, 1b in the outer wall 5', the
      upper and lower cylindrical membranes 1a, 1b are folded together, i.e.,
      the upper flange 2, the control flange 3 and the lower flange 4 are
      superposed upon each other, and are located between the holes 41, 42, and
      then the projections 82, 82 of the lower flange 4 are fitted in the
      notches 81, 81 of the hold 42. Thereafter, the supporting plates 102 are
      secured by the thumbscrews 99 to the supporting plate fixtures 101 at the
      lower wall portion of the outer wall 5' with the free ends of the
      upstanding portions 100 of the supporting plates 102 being directed to the
      lower flange 4. Thus, the lower flange 4 is firmly clamped by the
      supporting plates 102 and the lower wall portion of the outer wall 5'
      while the rotation of the lower flange 4 is prevented by the engagement of
      the projections 82, 82 with the notches 81, 81. Therefore, the lower
      flange 4 is firmly secured to the hole 42 of the outer wall 5'. In
      securing the supporting plates 102 to the fixtures 101 by the thumbscrews
      99, since the upstanding portions 100 of the supporting plates 102 abut
      against the fixtures 101, the supporting plates 102 are prevented from
      rotating together with the thumbscrews 99, thereby greatly facilitating
      the tightening of the thumbscrews 99.
PAR  After the lower flange 4 has been secured to the hole 42, the central
      flange 3 and the upper flange 2 are rotated together by 180.degree. and
      the upper flange 2 is secured to the hole 41 of the outer wall 5' in the
      similar manner to the mounting of the lower flange 4 in the hole 42. In
      this case, the projections 82, 82 of the upper flange 2 are fitted in the
      notches 81, 81 of the hole 41. Thus, the mounting of the upper and lower
      flanges 2, 4 of the throttle valve 8 in the outer wall 5' can be carried
      out very easily and accurately. Further, the supporting plates 102 are
      prevented from rotating during the tightening of the thumbscrews 99,
      thereby insuring the supporting plates 102 to be easily and accurately
      secured in positions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for deodorizing a lavatory of the type including a lavatory
      bowl having an outlet port which communicates with excrement reservoir
      comprising a valve including first and second coaxial cylindrical
      membranes having equal inner diameters and equal lengths, each of said
      membranes having respective corresponding first and second opposite ends,
      a first flange secured to said first end of said first membrane, a third
      flange secured to said second end of said second membrane, a second flange
      commonly secured to said second end of said first membrane and said first
      end of said second membrane, said first and second membranes being
      reciprocably angularly displaceable about their common longitudinal axis
      by 180.degree. relative to each other without elastically deforming either
      of said membranes, and a first sleeve having first and second opposite
      ends, said opposite ends of said first sleeve having respective first and
      second registerable apertures therein, said valve being mounted in said
      first sleeve, said first flange and said third flange of said valve
      respectively underlying and overlying said apertures in said first sleeve
      so as to permit said valve to isolate an odorous material from said first
      membrane of said valve.
NUM  2.
PAR  2. The apparatus as claimed in claim 1, including a first lever mounted on
      said second flange and extending exteriorly thereof, said first sleeve
      being movable between first and second positions, said first sleeve
      including a helical slot said configuration of which is adapted to
      correspond with the movement of said lever through said first and second
      positions thereof so as to provide a throttle action for said valve, said
      valve being mountable on a lavatory bowl with said upper flange thereof
      being connectable to said outlet port thereof, said first end of said
      sleeve being correspondingly connectable to said lavatory bowl, said
      second end of said sleeve being positioned relative to said excrement
      reservoir, whereby said valve underlies said lavatory bowl and
      communicates with the interior thereof for thereby manifestly preventing
      the rise of odors from said excrement reservoir into the ambience of said
      lavatory bowl.
NUM  3.
PAR  3. The apparatus as claimed in claim 2 including guide means mounted around
      said second end of said sleeve, a second sleeve having first and second
      opposite ends, said second sleeve being concentrically arranged relative
      to said first sleeve, said second end of said second sleeve being mounted
      on said guide, said second sleeve being rotatable on its mounting, an
      external gear mounted on said first end of said second sleeve, said
      external gear facing towards said second end of said second sleeve, a
      bearing member mounted on said guide in relative parallel relationship to
      said external gear, a first gear rotatably mounted on said external gear,
      a first gear rotatably mounted on said bearing member in mesh with said
      external gear, a second gear integrally and coaxially arranged relative to
      said first gear, said first gear being larger than said second gear, a
      rack mounted in mesh with said second gear, and a lever operatively
      connected to said rack, said lever being reciprocable between first and
      second positions for thereby rotating the gearing and throttling of said
      valve and preventing the rise of odors from said excrement reservoir into
      the ambience of said lavatory bowl.
NUM  4.
PAR  4. The apparatus as claimed in claim 2 including a thrust bearing mounted
      on said second flange in spaced relationship to said first lever extending
      exteriorly of said second flange through said slot in said sleeve, a
      collar, a first sector link having first and second ends respectively
      universally mounted on said lever and said collar, a second sector link
      having first and second ends respectively pivotably connected to said
      thrust bearing and said collar, and a member slidably mounted in said
      collar between first and second positions, said lever and said thrust
      bearing being correspondingly oppositely reciprocably movable by
      90.degree. each relative to each other through said slot as said member is
      moved between its first and second positions, so as to throttle said valve
      for segregating odorous material from said lavatory bowl.
NUM  5.
PAR  5. The apparatus as claimed in claim 1 including means for throttling said
      valve comprising first, second, third and fourth members mounted around
      said valve in upstanding spaced relationship relative thereto, said
      members being arranged between said valve and said first sleeve, a drum
      rotatably mounted between said third and fourth members, a first attach
      means tautly wound around said drum having first and second ends, said
      first end thereof slidably abutting against said fourth member and
      extending towards said first member, a first running block connected to
      said first end of said first attach means, said second end of said first
      attach means slidably abutting against said third member and extending
      towards said second member, a second running block connected to said
      second end of said first attach means, second and third attach means
      having respective first and second ends, said respective first ends
      thereof being fixedly connected to said sleeve, said second and third
      attach means being respectively correspondingly operatively connected to
      said first and second running blocks, said second respective ends thereof
      being correspondingly connected to said second flange, and means mounted
      on said drum for reciprocably rotating said drum between first and second
      positions for throttling said valve whereby odors are prevented from
      rising into the ambience of said lavatory bowl.
NUM  6.
PAR  6. The apparatus as claimed in claim 1 including a means for throttling
      said valve comprising three respective pairs of rotatable runners, each
      runner laying in a plane perpendicular to the plane of the other runner in
      the pair, each plane of one runner in a pair intersecting at least two
      other planes of runners in corresponding pairs at substantially right
      angles, said valve being mounted within the geoform determined by the
      planes of said runners, a drum mounted in spaced relationship relative to
      said valve, a first attach means fixedly connected to said drum and
      slidably connected to each of said runners, first and second running
      blocks connected to said first attach means, and second and third attach
      means having first and second ends, said respective first ends thereof
      being correspondingly connected to said second flange, said respective
      second ends thereof being correspondingly connected to said sleeve for
      thereby throttling said valve as said drum is rotated for preventing odors
      from rising into the ambience of said lavatory bowl.
NUM  7.
PAR  7. The apparatus as claimed in claim 6, said drum having a semicircular
      cross-section and an axis of rotation perpendicular to the axis of said
      valve, a lever reciprocable between first and second linear points, and
      means for translating the reciprocation of said lever into rotation of
      said drum for concomitantly rotating said second flange and thereby
      throttling said valve for segregating odorous material from said lavatory
      bowl.
NUM  8.
PAR  8. The apparatus as claimed in claim 6, said fixed connection between
      respective first ends of said second and third attach means and said
      sleeve including biasing means having an end fixedly connected to said
      sleeve and an end biasingly connected to corresponding second ends of said
      respective second and third attach means for thereby tensioning said
      first, second and third attach means on said runners and running blocks as
      said drum is rotated between a first and second position.
NUM  9.
PAR  9. The apparatus as claimed in claim 1 including means for throttling said
      valve mounted between said valve and said first sleeve, said first sleeve
      comprising an expanded housing, said first and second registerable
      apertures in said first sleeve having respective diameters greater than
      the corresponding inner diameters of said first and third flanges, but
      said first and second registerable apertures in said first sleeve having
      respective diameters lesser than the corresponding outer diameters of said
      first and third flanges, said first and second registerable apertures,
      respectively, having a pair of diametrically opposite notches in the
      perimeter thereof, each of said notches having a length exceeding the
      outer diameter of said first and third flanges, respectively.
NUM  10.
PAR  10. The apparatus as claimed in claim 9, said first and third flanges
      including respective pairs of diametrically opposite hubs correspondingly
      engageable in said pairs of notches in said first and second registerable
      apertures in said first sleeve.
NUM  11.
PAR  11. The apparatus as claimed in claim 1 including means for throttling said
      valve mounted within said first sleeve, said first sleeve comprising an
      expanded housing, said first and third flanges having a generally circular
      interior perimeter and a generally elliptical outer perimeter, said first
      and second registerable apertures in said first sleeve having a diameter
      greater than the length of a corresponding chord through opposite points
      on the outer perimeter of said first and third flanges, but lesser than a
      major diameter through opposite points on said outer perimeter of said
      first and third flanges.
NUM  12.
PAR  12. The apparatus as claimed in claim 10 including at least one bearing
      member mounted within said expanded housing proximate each of said first
      and second registerable apertures therein, and a corresponding tongue
      mounted on each of said first and third flanges releasably engageable in a
      corresponding bearing member.
NUM  13.
PAR  13. The apparatus as claimed in claim 1, said first and third flanges
      comprising an annular ring and a lip depending therefrom at substantially
      right angles thereto, and a second flange comprising a composite mirror
      image of said first and third flanges, said depending lip of said second
      flange having an ellipsoidal perimeter, and means for releasably
      connecting said mirror image composite in releasably fixed mirror image
      relationship, each of said cylindrical membranes being connected to a
      member of said mirror image composite and substantially surrounding said
      respective corresponding member of said mirror image composite.
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ABST
PAL  The specification discloses an incinerator toilet comprising an incinerator
      chamber formed by inner and outer walls each of which are formed from a
      single cylindrical piece of drawn metal and which have their upper and
      lower ends connected together forming an enclosed and surrounding chamber
      for holding heat insulation material. An electrical heating coil is
      removably supported within the chamber with its terminal ends extending
      outward through the inner and outer walls. A vent line has a first end
      which extends through the inner and outer walls of the incinerator chamber
      to the interior thereof and a second end which extends to a position
      outside of the outer wall. A blower is located outside of the chamber for
      drawing gases from the interior thereof by way of the vent line. An odor
      reducing heat activated catalyst is located in a container between the
      blower and the outer wall of the chamber and in the flow path of gases
      passing through the vent line. In addition, the vent line is in fluid
      communication with the enclosed and surrounding chamber in which is
      located the heat insulation materials.
PARN
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 445,662, filed Feb. 25, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an incinerator toilets employing features which
      facilitate their construction and repair and which also increase their
      lifetime and effectiveness.
PAR  In the past, incinerator chambers used in incinerating toilets have been
      constructed to incorporate a pellet type, heat activated catalyst between
      the inner and outer metal walls of the chamber. Usually, a portion of the
      inner and outer walls are perforated so that odors can be drawn through
      the walls and across the catalyst, thereby being rendered innocuous.
      Perforations in the walls, however, substantially reduce the strength of
      the walls to the effects of heating and cooling. To overcome this loss of
      strength, the walls are reinforced in various ways including the use of
      heavy straps spot welded about the girth of the inner wall. This
      construction technique increases the cost of the toilets.
PAR  The use of perforated walls also limits the method of fabrication of the
      incinerator chamber. For example, the walls must first be perforated while
      flat, and then rolled into a cylinder and welded, and finally assembled
      together with the use of annular top and bottom closure members to form a
      completed chamber, requiring many time consuming operations. Moreover,
      since the chamber is made up of a number of pieces welded together, small
      openings may exist through the many welded joints thereby allowing odor to
      penetrate the inner wall, traverse the annular space, and exit through the
      outer wall into the atmosphere, completely bypassing the catalyst.
PAR  These incinerator chambers also have other disadvantages in that their
      electric heating elements have been held in place by brackets bolted to
      the walls of the incinerator chamber. Replacement of the heater coil
      requires the entire toilet unit to be almost completely dismantled, which
      is undesirable, particularly, if replacement must be done in the field.
PAR  Other problems which have occurred is the fact that the inner and outer
      walls of the incinerator chamber expand and contract differently,
      resulting in a crushing effect on the catalyst located between the walls.
      The catalyst therefore becomes eroded and hence can become ineffective.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It is an object of the present invention to provide an incinerator toilet
      constructed such as to overcome the above disadvantages. In one aspect,
      the incinerator chamber is formed from inner and outer walls, each of
      which are formed from a single annular piece of drawn metal. The inner and
      outer walls are connected together only at their upper and lower ends
      forming an enclosed and surrounding chamber in which heat insulation
      material is located. The heat activated catalyst is located exterior of
      the chamber walls. In this respect, there is provided a vent line which
      extends through the inner and outer walls to the interior of the chamber.
      A pressure reducing means is located exterior of the chamber walls for
      drawing gases from the chamber by way of the vent line. The catalyst is
      located in a container between the pressure reducing means and the outer
      wall of the incinerator chamber and in the flow path of the gases flowing
      through the vent line. The vent line is also in fluid communication with
      the enclosed surrounding chamber in which the heat insulation material is
      located in order to evacuate odor and gases which may leak into the
      annular space between the inner and outer chamber walls.
PAR  In the preferred embodiment, the inner and outer walls of the incinerator
      chamber have at their upper ends inwardly extending flanges connected
      together and at their lower ends outwardly extending flanges connected
      together with the intermediate portions of the inner and outer walls
      spaced apart forming the enclosed and surrounding chamber in which is
      located the heat insulation material. The inwardly extending flanges
      extend downwardly below the level of the upper end of the incinerator
      chamber forming a recessed seat for supporting a lid.
PAR  In a further aspect, there is provided an electrical heater coil removably
      mounted within the incinerator chamber to allow easy and rapid
      installation and replacement of the heater coil. The electrical coil has
      two spaced extending terminals which are adapted to be readily inserted
      through openings formed through the inner and outer walls to facilitate
      replacement. A small container containing insulation material is secured
      to the outside of the exterior wall with openings formed therethrough to
      receive the spaced terminal ends of the heater coil.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional side view of the incinerator toilet of the
      present invention;
PAR  FIG. 2 is an exploded view of the incinerator chamber employed in the
      toilet of FIG. 1;
PAR  FIG. 3 is an exploded view of the electrical heating coil and its
      supporting brackets employed in the incinerator chamber of FIGS. 2 and 3;
PAR  FIG. 4 is a cross-sectional view of the incinerator chamber of FIG. 1 taken
      through its vent line and through its sealing pans and also showing a top
      view of its electrical heating coil;
PAR  FIG. 5 is a side view of one of the brackets employed for securing the
      electrical coil within the incinerator chamber;
PAR  FIG. 6 illustrates a slot formed in the inner wall of the incinerator
      chamber in which the lower tab of the bracket of FIG. 5 may be inserted
      for holding the bracket in place;
PAR  FIG. 7 is an enlarged cross-sectional view of a portion of the inner and
      outer walls of the incinerator chamber with the electrical coil terminals
      extending therethrough and through an outer container filled with heat
      insulation material;
PAR  FIG. 8 illustrates a modification of the incinerator toilet of the present
      invention;
PAR  FIG. 9 is a cross-section of FIG. 8 taken through the lines 9--9 thereof;
PAR  FIG. 10 is a perspective view of a portion of the chamber walls
      illustrating a further modification of the incinerator toilet of the
      present invention. In FIG. 10 the heater coil is not shown for purposes of
      clarity;
PAR  FIG. 11 is a cross-sectional view of FIG. 10 taken through the lines 11--11
      thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the incinerator toilet comprises a housing 11 formed
      by a rear wall 13, an arcuate front wall 15, two side walls, one of which
      is identified at 17, a bottom wall 19, and a top 21. The front, rear,
      sides and bottom walls and the top 21, are preferably formed of mild
      steel. The forward portion of the top 21 includes a recessed upper bowl
      portion 23 forming an upper opening 25 which extends downward from the top
      21. Located above and around the bowl 23 is a hinged seat 27 adapted to be
      located in the position shown or moved to an upward position. A hinged lid
      29 is adapted to fit over the seat 27. The lid 29 also may be moved to an
      upward position independently of the seat. Both the seat 27 and the lid 29
      are hinged to the top 21 by way of a hinge arrangement illustrated at 31.
      A lower bowl portion 33 is located below the upper bowl portion 23 and is
      transversely divided into two halves 33a and 33b which are pivotally
      mounted on the outer surface of the upper bowl portion 23 by way of hinges
      35. When the toilet is being used, the halves 33a and 33b will be in their
      closed position whereby a cone shaped paper insert may be located within
      the bowl formed by the upper portion 23 and the lower portion 33.
PAR  The incinerator toilet comprises an open ended incinerator chamber member
      41 located below the bowl and which has a circular electrical heating coil
      43 located in its central opening 42. The chamber 41 is mounted on a
      semi-circular metal support 44. An ash pan 45 is slidedly mounted on a
      metal step support 47 formed on the housing bottom 19 within the chamber
      support 44 and below the central opening of the chamber member 41. Heat
      insulation material 47a is located between support 47 and the bottom 19.
      The ash pan 45 has a handle 49 on its front side which is accessible by
      means of a removable panel 51 located beneath the arcuate front wall 15. A
      blower wheel 61 and a motor 63 are provided for drawing gases and odor
      from the interior of the chamber 41 and then blowing the odor and gases
      out of a rear vent 65 which is connected to the rear wall 13 of the
      housing 11 by way of a collar 67. An incinerator chamber lid 69, which
      fits into a recessed seat formed at the upper end of the chamber 41, is
      provided for closing the upper end of the chamber 41 while the heater 43
      is being energized for disposing of the waste received in the pan 45. The
      outer walls of the lid 69 are formed of stainless steel with heat
      insulation material 69a located within the walls.
PAR  When the incinerator toilet is being used by a person, the lower bowl
      halves 33a and 33b will be located in their closed position as shown in
      FIG. 1 and a cone shaped paper insert located within the upper bowl
      portion 23 and lower bowl portion 33. When it is desired to deposit the
      waste in the paper cone within the pan 45, the chamber lid 69 will be
      raised upward and out of its recessed seat and then swung to the side and
      out of the way to allow the hinged halves 33a and 33b to swing open to
      allow the paper cone and waste to drop through the central opening 42 of
      the chamber 41 and into the pan 45. A linkage mechanism controlled by a
      foot pedal for allowing the bowl halves 33a and 33b and the chamber lid 69
      to operate in this manner is disclosed and claimed in my co-pending
      application Ser. No. 87,413, filed Nov. 6, 1970 and entitled "Incinerator
      Toilet Having a Vertically Movable Incinerator Chamber Lid". After the
      paper cone and waste has been deposited in the pan 45, the foot pedal
      again will be actuated to return the chamber lid 69 to its closed position
      and to return the bowl halves 33a and 33b to their closed positions. A
      switch then may be actuated to complete a circuit to the electrical coil
      43 and to the blower motor 63. Suitable electrical circuits for
      electrically controlling the coil 43 and the blower motor 63 are disclosed
      in my previously issued U.S. Pat. No. 3,020,559, dated Feb. 13, 1962 and
      No. 3,251,070, dated May 17, 1966.
PAR  Referring now to FIGS. 1 and 2, the incinerator chamber 41 is formed by
      cylindrical inner and outer members 71 and 73. These members are single
      piece members drawn and shaped from stainless steel. As illustrated, inner
      and outer members 71 and 73 have inward extending flanges 71a and 73a
      located at their top ends and outwardly extending flanges 71b and 73b
      located at their lower ends. Ridges 71e are formed on inner member 71 for
      structural support. In assembly, the inner member 71 is inserted within
      the outer member 73 and inwardly extending flanges 71a and 73a are welded
      together while outward extending flanges 71b and 73b are welded together.
      Thus, only two primary seams are employed in forming the chamber thereby
      facilitating construction. Due to the shape of the two members 71 and 73,
      the intermediate wall portions 71c and 73c between the upper and lower
      flanges will be spaced apart forming an enclosed annular chamber 75.
      During assembly of the inner and outer members 71 and 73, a heat
      insulation material 77 will be located within this chamber to provide
      insulation against the heat generated by the electrical heating coil 43.
      In one embodiment, the heat insulation material 77 may be fibrous or
      hair-like material such as mineral wool. It is noted that the inwardly
      extending upper flanges 71a and 73a extend downwardly forming a recessed
      seat 79 for supporting the chamber lid 69. Seat 79 mates with the annular
      bottom surface 69b of the lid 69 to prevent or minimize the leakage of
      gases or odor therebetween. The half cylindrical wall plate 44 is welded
      to the bottom flange 71b for providing the desired support for the
      incinerator chamber 41. The upper end 45a of the pan 45 flanges outward
      forming a flat, annular surface which will be in contact with the bottom
      flange 71b of the chamber 41 to prevent or minimize the leakage of gas or
      odor therebetween.
PAR  During incineration by the coil 43, gases and odors are drawn from the
      chamber and through and across a heat activated odor reducing catalyst 81
      located in a container 83 which is positioned outside of the walls forming
      the incinerator chamber 41. The gases are drawn through the catalyst 81
      within the container 83 by way of a vent line or exhaust tube 85 and an
      exhaust fan or blower wheel 61 driven by the motor 63. As illustrated in
      FIG. 2, the inner and outer walls 71 and 73 of the incinerator chamber
      have circular apertures 71d and 73d formed therethrough and which are
      located to be in alignment when the inner and outer walls are assembled
      together. After assembly, the exhaust tube 85 is inserted through
      apertures 73d and 71d and welded to the inner and outer walls thereby
      providing a flow path from the interior of the chamber through the exhaust
      tube 85. The other end of the exhaust tube 85 is in fluid communication
      with the interior of the container 83 through an inlet 121 which leads to
      a diffusion chamber 123. The catalyst 81 comprises heat activated aluminum
      oxide pellets which are located in a catalyst chamber section 125 between
      front and rear perforated plates 127 and 129. Downstream of the rear plate
      129 is a gas collection or diffusion chamber 131 which leads to an outlet
      133. The outlet 133 is in fluid communication with blower 61. The catalyst
      container 83 is more fully described and claimed in my co-pending U.S.
      patent application, attorney docket 409-10, and entitled "Catalyst
      Container in Incinerator Toilet". Vent 65 is coupled to the blower 61 by
      way of collar 67 and connection 87. Thus, when the blower 61 is driven by
      motor 63, odors and gases will be drawn from the interior of the chamber
      41 through the exhaust line 85 into inlet 121 and diffusion chamber 123
      and then through and across the catalyst 81 located between perforated
      plates 127 and 129 for effective odor reduction. From the catalyst, the
      gases will be drawn into diffusion chamber 131 through outlet 133 and then
      forced by the blower outward through the vent line 65. Thus, with this
      arrangement, the catalyst is located outside of the walls 71 and 73 of the
      incinerator chamber 41 whereby differences in expansion and contraction of
      the incinerator chamber walls will not effect the catalyst thereby
      prolonging its effectiveness as an odor reducing means. It is noted
      further that the vent line 85 has slots 85a formed in its forward end and
      which are located within the annular insulating chamber 75. Thus, any
      gases or odors which may have leaked or passed into annular chamber 75
      also will be drawn out through the exhaust line 85 and across the catalyst
      81 in the container 83.
PAR  Referring also to FIGS. 3-6, the arrangement for supporting the electrical
      heater coil 43 within the chamber 41 comprises three removable brackets
      91, which are U-shaped in cross section. The coil 43 is formed of three
      turns and has extending terminal ends 43a and 43b which are also defined
      as the "cold" ends. The outwardly extending parallel side walls of the
      brackets 91 each have three slots 91a adapted to receive the three turns
      of the heater coil 43. In addition, the lower ends of the brackets 91 have
      downwardly extending tabs 91b. These tabs in turn are adapted to be
      inserted into inwardly extending slots 93 formed on the inside of the
      inner wall 71c of the incinerator chamber. Thus, the brackets 91 may be
      secured to the inner wall 71c of the incinerator chamber to locate the
      heater coil within the chamber at a position spaced inward from its inner
      wall. By removing the bracket tabs 91b from the slots 93, the brackets and
      hence the coil may be removed from the chamber 41 for replacement
      purposes. When the coil 43 is located within the chamber 41 in its
      operative position, its terminal ends 43a and 43b extend outwardly through
      the inner and outer walls 71c and 73c where they are attached to
      electrical power leads.
PAR  Referring specifically to FIGS. 2, 4, and 7, there will now be described an
      arrangement for facilitating the insertion of the terminal ends of the
      coil 43 through the inner and outer walls of the chamber 41 thereby
      facilitating removal and replacement of the coil 43 for servicing. A large
      square shaped aperture 101 is formed through the inner wall 71c and two
      spaced apertures 103a and 103b are formed through the outer wall 73c. When
      the inner and outer members 71 and 73 are assembled, the apertures 103a
      and 103b will be in alignment with the large aperture 101. Also provided
      is an inner cup-shaped member or pan 105 and an outer cup-shaped member or
      pan 107. Member 105 has two small apertures 105a and 105b formed in its
      back end 105c and a large opening 105d formed in its front end surrounded
      by a flange 105e. The back end of the pan 105 is welded to the inside
      surface of the outer wall 73c such that apertures 105a and 105b are in
      alignment with apertures 103a and 103b. In addition, the front flange 105e
      is welded to the outside of the inner wall 71c such that its opening 105d
      is in alignment with the aperture 101. Pan 107 also has two small
      apertures 107a and 107b formed in its back end 107c and a large opening
      107d formed in its front end surrounded by flange 107e. Opening 107d is
      adapted to be closed by a lid 109 which may be press fitted to the flange
      107e and removed therefrom. The back end 107c is welded to the outside
      surface of the outer wall 73c such that apertures 107a and 107b are in
      alignment with apertures 103a and 103b. The lid 109 has a pair of small
      apertures 109a and 109b for receiving the terminal ends 43a and 43b of the
      coil. Located within the pan 107 is heat insulation material 111 which may
      be hair-like mineral wool.
PAR  When assembling the heater coil in place, the lid 109 will be removed. The
      heater coil will first be located within the slots 91a of the three heater
      brackets 91 such that the brackets 91 are located 120.degree. apart. The
      coil and the brackets then will be tilted as the assembly is inserted in
      the interior of the chamber 41 to allow the terminal ends 43a and 43b to
      be inserted through the larger aperture 101; through the smaller apertures
      105a, 103a, 107a, and 105b, 103b, 107b; and then out through the large
      opening 107d of the pan 107. The heat insulation 111 then may be inserted
      within the pan 107 and packed around the terminal ends after which the lid
      109 may be inserted in place. Suitable heat resistant flexible seals 113,
      115, and 117 may be provided to insure minimum of heat loss through the
      sealing pan 107.
PAR  Since the backs of both pans 105 and 107 are welded on opposite sides of
      outer wall 73c, the three layers 105c, 73c, and 107c form in effect a
      single thin layer which has two openings for receiving terminal ends 43a
      and 43b of coil 43. Since opening 101 is large, the terminal ends of the
      coil may be readily inserted through the large opening 101 and then
      through the two openings formed through layers 105c, 73c, and 107c. Since
      lid 109 is removable, it may be readily inserted in place around the coil
      terminal ends after they are inserted through the inner and outer walls of
      the chamber to insure proper heat insulation and to prevent the escape of
      gases or odor which may pass into the annular chamber 75. Hence threading
      of the two terminal ends of the coils through two pairs of small spaced
      openings is avoided yet sufficient heat insulation and sealing is provided
      by the exterior sealing pan 107 and its lid 109.
PAR  As mentioned above, the toilet disclosed employs a recessed seat 79 formed
      at the top of the incinerator chamber 41 to support the chamber lid 69.
      The use of the recessed seat to support the lid has advantages in that it
      will allow liquid to drain inward and down into the pan 45 rather than on
      the floor of the toilet in the event that the paper insert leaks or the
      toilet is improperly used and moreover results in a reduction of the
      height of the total toilet system. It is noted that U.S. Pat. No.
      3,020,559 discloses two semicircular chamber lid sections which may be
      moved by linkages and a foot pedal for opening and closing the two hinged
      halves of a conical shaped bowl. Although such an arrangement does not
      employ a recessed seat for its chamber lid and hence does not have the
      advantages mentioned above, the arrangement of U.S. Pat. No. 3,020,559 may
      be employed in the present toilet to control the opening and closing of
      the bowl halves 33a and 33b. In such an arrangement, the lid 69 will be
      formed in two sections which will seat on the top of the chamber 41.
PAR  It is to be understood further that the lower bowl 33 may be a solid,
      conical shaped member with a lower aperture formed therethrough whereby
      the incinerator toilet will be used only as a urinal. In this embodiment,
      at least one of the flanges 71a or 73a will extend inward an amount
      further than that shown in FIG. 1 to form or define a much smaller central
      aperture through the flange. A top metal plate with a small central
      opening will be welded to the top of the chamber 41 and heat insulation
      material located between this top plate and the flange 71a or 73a defining
      the much smaller opening. A metal tube will extend from the lower aperture
      formed in the conical shaped bowl; through the aperture formed in the top
      plate; through the central openings formed in flanges 71a and 73a; and
      into chamber 41.
PAR  The lid 69 will not be employed and the linkage mechanism and foot pedal
      for raising and lowering the lid and for controlling bowl halves will not
      be needed.
PAR  Although the catalyst employed was described as aluminum oxide (Al.sub.2
      O.sub.3) pellets, it is to be understood that other types of heat
      activated catalysts may be used or mixed with the aluminum oxide.
PAR  Referring now to FIGS. 8-11 there will be described two embodiments for
      intensifying the heat of the effluent gases before passage through the
      heat activated catalyst to increase the efficiency of the catalyst in
      reducing odor. Referring first to the embodiment of FIGS. 8 and 9, there
      has been added a metallic plate 141 which is adapted to be coupled to the
      coil 43 on its inside in front of the exhaust tube aperture 71D formed
      through the inner wall 71. In addition the exhaust tube aperture 71D has
      been made smaller and effectively raised in elevation relative to the coil
      43. The purpose of the plate 141 is to require the odor to flow around the
      plate and then over an increased heater coil surface area before flowing
      through the aperture 71D. This increases the dwell time of the gas to an
      increased heated surface thereby intensifying the heat of the gaseous odor
      before it is drawn into the heat activated catalyst. Since the plate 141
      is in contact with the heater coil 43 it also will be heated thereby
      further increasing the heat intensification of the gaseous odor.
PAR  In one embodiment, the opening 71D (of FIGS. 8 and 9) may have a total
      cross-sectional area of about 1.12 square inches while the plate 141 may
      have dimensions of about 3 inches by 4 inches. Thus plate 141 has a
      cross-sectional area much greater than the cross-sectional area of the
      opening 71D. The plate 141 is removably coupled to the coil 43 by way of
      an upper hook-shaped flange 141A which fits over the upper coil turn. The
      lower end of the plate 141 has a flange 141B which is adapted to contact
      the inner wall 71 to prevent the gas from flowing directly upward to the
      opening 71D. For servicing purposes the plate 141 may be easily removed
      from the coil 43.
PAR  Referring to the embodiment of FIGS. 10 and 11, heat intensification of the
      gases is accomplished by way of a plurality of small apertures 145 formed
      through the inner wall 71 and which are substituted for the opening 71D.
      The opening 73D also is formed through the outer wall 73 at a position
      elevated from that of the embodiments of FIGS. 1-9. The small openings 145
      are formed through inner wall 71 over an area in front of the opening 73D
      and which area is much larger in cross-section than the cross-sectional
      area of the opening 73D. The exhaust tube 85' is modified in that it does
      not extend into the enclosed annular chamber 75 but is connected to the
      outer wall 73 around the opening 73D. In addition wall members 147 are
      connected between the inner and outer chamber walls 71 and 73 completely
      around the openings 145 to provide a flow path for the gases from the
      openings 145 to the exhaust tube 85'. The wall members 147 need not form
      an air tight passageway between inner and outer walls 71 and 73. Due to
      the fact that the openings 145 are small and are spread over a large area,
      the flow rate through any one opening 145 is relatively small which
      increases the dwell time of the gases in the vicinity of the heater coil
      43 and presents the gases to more heater coil surface thereby intensifying
      the heat of the gases before being drawn into the heat activated catalyst.
PAR  In one embodiment, the opening 73D has a diameter of 11/2 inches while the
      diameter of each of the apertures 145 is 3/16 of an inch. They are located
      an inch apart over an area of 3 inches by 4 inches.
CLMS
STM  I claim:
NUM  1.
PAR  1. An incinerator toilet comprising:
PA1  housing structure,
PA1  an incinerator chamber means located in said housing structure and having
      an upper end and a lower end with a central opening extending
      therethrough,
PA1  bowl means located above said chamber means,
PA1  a removable pan adapted to be located below said lower end of said chamber
      means,
PA1  heating means located within said central opening of said chamber member,
PA1  said incinerator chamber means comprising:
PA2  inner and outer walls each of which are formed from a single cylindrical
      piece of drawn metal,
PA2  said inner and outer walls having at their upper ends inwardly extending
      flanges connected together and at their lower ends outwardly extending
      flanges connected together,
PA2  said inner and outer walls having intermediate wall portions between their
      upper and lower ends which are spaced apart from each other forming an
      enclosed and surrounding chamber, and
PA2  heat insulation material located in said enclosed and surrounding chamber.
NUM  2.
PAR  2. The incinerator toilet of claim 1 wherein:
PA1  said inwardly extending flanges extend downwardly below the top level of
      said upper end of said chamber means.
NUM  3.
PAR  3. An incinerator toilet comprising:
PA1  housing structure,
PA1  an incinerator chamber means located in said housing structure and having
      an upper end and a lower end with a central opening extending
      therethrough,
PA1  bowl means located above said chamber means,
PA1  a removable pan adapted to be located below said lower end of said chamber
      means,
PA1  said chamber means comprising inner and outer walls having upper ends and
      lower ends with intermediate wall portions therebetween which are spaced
      from each other forming an enclosed and surrounding chamber,
PA1  heat insulation material located in said enclosed and surrounding chamber,
PA1  an electrical heating coil adapted to be located within said central
      opening of said incinerator chamber means at a position spaced inwardly of
      said inner wall,
PA1  said heating coil having two spaced extending terminal ends,
PA1  openings formed through said inner and outer walls for receiving said
      terminal ends to allow said terminal ends to project outwardly beyond said
      outer wall of said incinerator chamber means, and
PA1  a small container of heat insulation material secured to said outer wall
      and having openings formed therethrough for receiving said terminal ends
      to allow said terminal ends to extend through said small container and
      through its heat insulation material.
NUM  4.
PAR  4. The incinerator chamber of claim 3 wherein:
PA1  said inner wall has a single opening for receiving said two spaced terminal
      ends, and
PA1  said outer wall has two spaced smaller openings in alignment with said
      single opening for receiving said two spaced terminal ends.
NUM  5.
PAR  5. The incinerator chamber of claim 3 comprising:
PA1  brackets adapted to be removably attached to said inner wall for removably
      supporting said coil within said central opening.
NUM  6.
PAR  6. The incinerator chamber of claim 5 wherein:
PA1  said inner wall has a single opening for receiving said two spaced terminal
      ends,
PA1  said outer wall has two spaced smaller openings in alignment with said
      single opening for receiving said two spaced terminal ends.
NUM  7.
PAR  7. The incinerator chamber of claim 6 wherein said small container
      comprises:
PA1  a cup-shaped member having a first end and an opposite open end,
PA1  a removable lid adapted to close said open end,
PA1  said first end of said cup-shaped member having two spaced openings formed
      therethrough,
PA1  said first end of said cup-shaped member being secured to the outside of
      said outer wall of said incinerator chamber means in a position such that
      said two spaced openings of said first end of said cup-shaped member are
      in alignment with the two spaced openings formed through said outer wall
      for receiving said two spaced terminal ends of said coil,
PA1  said lid having two spaced openings formed therethrough for receiving the
      two spaced terminal ends of said coil to allow said lid to fit over and
      close said open end of said cup-shaped member with said two spaced
      terminal ends of said coil extending outward therefrom.
NUM  8.
PAR  8. The incinerator chamber of claim 7 comprising:
PA1  a second cup-shaped member having a first end and an opposite open end,
PA1  said first end of said second cup-shaped member having two spaced openings
      formed therethrough and which correspond with the two spaced openings
      formed through said outer wall of said chamber means,
PA1  said second cup-shaped member being located in said annular chamber between
      said inner and outer walls with its first end secured to the inside of
      said outer wall with its two spaced openings in alignment with the two
      spaced openings of said outer wall and with its open end in alignment with
      said single opening of said inner wall.
NUM  9.
PAR  9. An incinerator toilet comprising:
PA1  housing structure,
PA1  incinerator chamber means located in said housing structure and having an
      upper end with an opening for receiving waste substance,
PA1  heating means located within said chamber means,
PA1  said chamber means being formed by inner and outer walls having portions
      spaced from each other forming an enclosed and surrounding chamber,
PA1  heat insulation material located in said enclosed and surrounding chamber,
PA1  a vent line in fluid communication with the interior of said incinerator
      chamber means by way of said inner and outer walls and extending to a
      position outside of said outer wall,
PA1  gas removal means located outside of said chamber means for drawing gases
      from the interior of said chamber means by way of said vent line, and
PA1  odor reducing means including a heat activated catalyst located outside of
      said chamber means and between said outer wall thereof and said gas
      removal means and in the flow path of gases passing through said vent
      line.
NUM  10.
PAR  10. The incinerator toilet of claim 9 wherein:
PA1  said vent line extends through an opening formed in said outer wall to an
      opening formed in said inner wall and is in fluid communication with said
      enclosed and surrounding chamber in which is located said heat insulation
      material.
NUM  11.
PAR  11. The incinerator toilet of claim 10 wherein:
PA1  said incinerator chamber means has an upper end and a lower end with a
      central opening extending therethrough,
PA1  said incinerator chamber means being formed by said inner and outer walls,
      each of which are formed from a single cylindrical piece of drawn metal,
PA1  said inner and outer walls having at their upper ends inwardly extending
      flanges connected together and which extend downwardly below the top level
      of said upper end of said chamber means,
PA1  bowl means located above said chamber means, and a removable pan adapted to
      be located below the lower end of said chamber means.
NUM  12.
PAR  12. The incinerator chamber of claim 11 wherein:
PA1  said heating means comprises an electrical heating coil adapted to be
      located within said central opening of said incinerator chamber means at a
      position spaced inwardly of said inner wall,
PA1  said heating coil having two spaced extending terminal ends,
PA1  openings formed through said inner and outer walls for receiving said
      terminal ends to allow said terminal ends to project outwardly beyond said
      outer wall of said incinerator chamber means,
PA1  a small container of heat insulation material secured to said outer wall
      and having openings formed therethrough for receiving said terminal ends
      to allow said terminal ends to extend through said small container and
      through its heat insulation material, and
PA1  brackets adapted to be removably attached to said inner wall for removably
      supporting said coil within said central opening.
NUM  13.
PAR  13. The incinerator chamber of claim 12 wherein:
PA1  said inner wall has a single opening for receiving said two spaced terminal
      ends, and
PA1  said outer wall has two spaced smaller openings in alignment with said
      single opening for receiving said two spaced terminal ends.
NUM  14.
PAR  14. The incinerator chamber of claim 13 wherein said small container
      comprises:
PA1  a cup-shaped member having a first end and an opposite open end,
PA1  a removable lid adapted to close said open end,
PA1  said first end of said cup-shaped member having two spaced openings formed
      therethrough,
PA1  said first end of said cup-shaped member being secured to the outside of
      said outer wall of said incinerator chamber means in a position such that
      said two spaced openings of said first end of said cup-shaped member are
      in alighment with the two spaced openings formed to said outer wall for
      receiving said two spaced terminal ends of said coil,
PA1  said lid having two spaced openings formed therethrough for receiving the
      two spaced terminal ends of said coil to allow said lid to fit over and
      close said open end of said cup-shaped member with said two spaced
      terminal ends of said coil extending outward therefrom.
NUM  15.
PAR  15. The incinerator chamber of claim 14 comprising:
PA1  a second cup-shaped member having a first end and an opposite open end,
PA1  said first end of said second cup-shaped member having two spaced openings
      formed therethrough and which correspond with the two spaced openings
      formed through said outer wall of said chamber means,
PA1  said second cup-shaped member being located in said annular chamber between
      said inner and outer walls with its first end secured to the inside of
      said outer wall with its two spaced openings in alignment with the two
      spaced openings of said outer wall and with its open end in alignment with
      single opening of said inner wall.
NUM  16.
PAR  16. The incinerator toilet of claim 9 wherein:
PA1  said vent line extends through an opening formed in said outer wall to an
      opening formed in said inner wall and is in fluid communication with said
      enclosed and surrounding chamber in which is located said heat insulation
      material,
PA1  said heating means comprises a helically wound electrical heating coil
      adapted to be located within said central opening of said incinerator
      chamber means at a position spaced inwardly of said inner wall and to one
      side of said opening formed through said inner wall,
PA1  metallic plate means having an area greater than the area of said opening
      formed through said inner wall and adapted to be coupled to the inside of
      said heating coil in front of said opening formed through said inner wall
      such that gases flowing to said opening formed through said inner wall
      must flow around said plate means.
NUM  17.
PAR  17. The incinerator toilet of claim 9 wherein:
PA1  said outer wall has an opening formed therethrough to which is coupled said
      vent line,
PA1  said inner wall has a plurality of smaller openings formed therethrough
      which are spaced apart from each other and which are located within an
      area much larger than the cross-sectional area of said opening formed
      through said outer wall,
PA1  said area in which said smaller openings are formed being located in front
      of said opening formed through said outer wall, and
PA1  structure located in said enclosed and surrounding chamber and extending
      between said inner and outer walls completely around said smaller openings
      and forming a passageway from said smaller openings to said opening formed
      through said outer wall.
NUM  18.
PAR  18. The incinerator toilet of claim 9 wherein:
PA1  the total cross-sectional area of said smaller openings is much less than
      the opening of said outer wall.
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PAL  A therapeutic pool system whereby a safer and more comfortable air
      circulation system is provided.
PAL  In detail, it comprises a fluid circulation system which circulates the
      fluid, usually water, from the pool through a skimmer, filter and heater
      back to the pool. In addition, there is an air circulation system whereby
      air is taken from above the water in the skimmer, intermixed with the
      circulating water and returned to the pool to provide a healthful,
      comfortable experience for people using the pool.
BSUM
PAR  The present invention relates generally to pools for use by humans, and
      more particularly to such pools which employ air circulating systems.
PAR  Therapeutic pools have enjoyed increasing popularity within the past decade
      or two, so that today the installation and maintenance of such pools
      constitutes a relatively large industry. Pools usually have a fluid
      circulating system whereby the fluid is conducted from the pool through
      certain auxiliary pieces of equipment such as filters, heaters and the
      like, and is then returned to the pool. Also, therapeutic pools frequently
      have air circulation systems whereby air is injected into the pool beneath
      the fluid level therein, affording a massaging or rubbing action to
      persons within the pool.
PAR  Prior pool systems have had various objections. For instance, air
      circulation systems have brought air into the pool from outside thereof
      causing such air to be at a temperature greatly different from that of the
      fluid or water in the pool. The result has been considerable discomfort
      for persons within the pool.
PAR  OTHER AIR CIRCULATION SYSTEMS HAVE TAKEN AIR INTO THE SYSTEM FROM A POINT
      ABOVE THE FLUID LEVEL WITHIN THE POOL ITSELF. This has caused an unsafe
      condition due to the suction or decreased pressure condition at such
      point. Individuals have been known to catch a finger or a part of their
      clothing in such a suction opening. Also, the air flow at such suction
      opening at the pool has been noisy and unsightly.
PAR  With the above objections in mind, the instant invention was effected to
      provide a more desirable therapeutic pool system.
PAR  It is an object of the present invention to provide a therapeutic pool
      system wherein the air added to the pool is at substantially the same
      temperature as the fluid therein.
PAR  Another object of the present invention is to provide a therapeutic pool
      system as characterized above wherein such temperature is obtained
      virtually automatically so that fluctuations in pool water temperature
      result in corresponding fluctuation of circulating air temperature.
PAR  A further object of the present invention is to provide a therapeutic pool
      system as characterized above wherein the suction end of the air
      circulation system is hidden from or not within the normal view of
      individuals using the pool.
PAR  An even further object of the present invention is to provide a therapeutic
      pool system as characterized above wherein a plurality of air circulating
      systems can be utlized in a single pool.
PAR  A still further object of the present invention is to provide a therapeutic
      pool system as characterized above which is simple and inexpensive to
      manufacture and which is rugged and dependable in operation.
DRWD
PAR  The novel features which I consider characteristic of my invention are set
      forth with particularity in the appended claims. The device itself,
      however, both as to its organization and mode of operation, together with
      additional objects and advantages thereof, will best be understood from
      the following description of specific embodiments when read in connection
      with the accompanying drawings, in which:
PAR  FIG. 1 is a top plan view, somewhat schematic, of a pool system according
      to the present invention;
PAR  FIG. 2 is a fragmentary sectional view taken substantially along line 2--2
      of FIG. 1;
PAR  FIG. 3 is a fragmentary sectional view taken substantially along line 3--3
      of FIG. 1; and
PAR  FIG. 4 is a fragmentary perspective view of a portion of the pool of FIG.
      1, at location 4 therein.
DETD
PAR  Like reference characters indicate corresponding parts throughout the
      several views of the drawings.
PAR  Referring to FIG. 1 of the drawings, there is shown therein a pool 10
      formed of any appropriate material such as plastic, metal, cementious
      material and the like. Such pool 10 may have any desired shape or size
      without in any way affecting the applicability of the instant invention.
PAR  The term "pool" as used herein, including the claims appended hereto,
      refers to pools of virtually every type and description, includiing what
      is referred to today as spas. That is, whereas swim pools have been very
      popular for many years, within the past several decades smaller pools have
      been provided, primarily for health and comfort reasons rather than to
      enable persons to swim considerable distances. Such spas are primarily to
      enable individuals to rest and relax in warmer water.
PAR  The pool 10 shown in FIG. 1 is formed of plastic and comprises a bottom
      wall 10a and a continuous side wall 10b. Such bottom wall may include a
      continuous circular seat 10c to enable individuals to sit and rest within
      the fluid of pool 10. A topmost surface 10d is provided about the upper
      marginal edge of side wall 10b and, for certain installations, a skirt 10e
      is provided about the entire pool.
PAR  The pool 10 may be placed above grade or ground level if desired, since the
      skirt 10e provides a finished appearance and an enclosure for the various
      components within the broken line 12 of FIG. 1. Such enclosure is formed
      by the continuous side wall 10b, top wall 10d and skirt 10e, but for
      purposes of illustration, FIG. 1 shows the various components in an
      expanded plan view.
PAR  The pool 10 shown in the drawings is formed with an outlet 10f and a
      plurality of inlets 10g, 10h and 10j. As will be readily understood by
      those persons skilled in the art, the number of inlets and outlets is not
      critical to the instant invention, nor is the placement thereof within the
      pool bottom and side walls 10a and 10b respectively.
PAR  Attached to the side of pool 10 or formed integrally therewith as desired,
      is a skimmer 14 which is shown most clearly in FIGS. 1 and 3 of the
      drawings. Such skimmer is attached to the side of pool 10 and an opening
      10k is formed in the side wall 10b of the latter to facilitate the flow of
      surface fluid within the pool to the skimmer.
PAR  The outlet 10f is referred to as the main drain, and a pipe or conduit 16
      connects such outlet to the skimmer 14. Thus, fluid flows into the skimmer
      from two sources, through the skimmer opening 10k as well as the main
      drain 10f.
PAR  As shown in FIG. 3 of the drawings, skimmer 14 comprises a housing 14a
      having an annular ledge 14b which provides a support for a filter basket
      18. The housing 14a of skimmer 14 is so positioned on the side of pool 10
      and relative to the fluid therein, that the fluid level within housing 14a
      is such as to provide an air chamber 14c. The lower portion of the housing
      14a is connected to an outlet pipe 20.
PAR  As further shown in FIG. 3 of the drawings, the housing 14a of skimmer 14
      is formed with a large access opening 14d in the top wall. A cover or lid
      22 is provided therefor.
PAR  Conduit or pipe 20 is provided with a shut-off valve 24 which may be a gate
      valve or the like, an electrically energizable fluid pump 26, filter 28
      and heater 30. These components are part of a fluid or water circulating
      system 32, and are usually positioned externally of the pool 10. Return
      lines or pipes 34, 36 and 38 are used to return the fluid to the pool 10.
PAR  A pipe 40 conducts return fluid from pipe 38 to the inlet 10g of pool 10.
      In like fashion, a pipe 42 conducts return fluid from pipe 36 to the inlet
      10h, and a pipe 44 conducts return fluid to the inlet 10j of pool 10.
PAR  Positioned in each of the return pipes 40, 42 and 44 is a venturi tube, as
      shown respectively at 46, 48 and 50. Such tubes are identical in
      construction and operation. Venturi tube 46, shown in detail in FIG. 2 of
      the drawings, is formed with a reduced portion 46a and an air inlet 46b
      thereat.
PAR  Referring to FIG. 3 of the drawings, the housing 14a of skimmer 14 is
      formed with a pair of outlet openings 14e and 14f in the side wall thereof
      above the fluid level therein. Opening 14e is connected to an air conduit
      or pipe 52 which, as shown most particularly in FIG. 1 of the drawings, is
      connected to the air inlet opening 46b of venturi tube 46.
PAR  Connected to opening 14f in the side wall of skimmer 14 is a conduit or
      pipe 54 which communicates with the air inlet opening of each of the
      venturi tubes 48 and 50 as shown.
PAR  This arrangement causes air to be drawn from the chamber 14c of skimmer
      housing 14a and conducted into the pool 10 through the respective inlets
      10g, 10h and 10j. To accomplish this, pump 26 draws water from the pool 10
      through skimmer outlet 10k and main drain 10f, and forces the same under
      pressure through filter 28, heater 30 and the various pipes and venturi
      tubes toward the respective inlets to pool 10. As the water is thus forced
      through the venturi tubes 47, 48 and 50, a decrease in pressure results at
      the narrow throat as shown at 46a with respect to venturi tube 46. This
      creates a pressure differential between the particular venturi tube and
      the air chamber 14c of the skimmer 14. As a result, the warm, moist air
      from the skimmer 14 is drawn into the venturi to be mixed therein with the
      water flowing into the pool under the force of pump 26. The air thus
      intermixed with the circulating fluid results in air bubbles which are
      warm and pleasant to the touch or feel. The pool inlets 10g, 10h and 10j
      are below the water line or fluid level in pool 10 thus providing a stream
      of warm air bubbles into the pool.
PAR  It is contemplated that the skimmer housing 14a may be formed with any
      appropriate fittings or openings for enabling the air to be drawn from
      above the water level therein. For instance, ordinary threaded pipe
      fittings can be employed, or suitable bonding means can be employed for
      fastening the pipes or conduits 52 and 54 within suitable openings
      therein. It is further contemplated that such connections could be made
      through the lid 22 on the top of the skimmer.
PAR  Within the context of the present invention, it is contemplated that in
      place of the aforedescribed venturi tubes for creating the necessary
      pressure differential for forcing the air into the stream of return water,
      suitable electrically operated pump means could be employed if this was
      desired. In such event, it is contemplated that the air inlets to the pool
      10 could be separate and apart from the water inlets thereto, if desired.
      For instance, such air could be forced into the pool water through
      openings in the bottom or side walls as well as the seat 10c of pool 10.
PAR  It is thus seen that the present invention provides a therapeutic pool
      system for enabling warm air to be circulated into the pool water for
      reasons of comfort of the persons therein. Also, as the temperature of the
      water of pool 10 varies so does the temperature of the circulating air,
      due to the corresponding temperature variation of the water and air within
      skimmer 14. In addition, such air circulation system is sufficiently
      well-guarded so that suction noises and possible danger to individuals is
      minimized, if not avoided. In this regard, the air conduits or pipes in
      skimmer housing 14a constitute pressure relief means in the event of
      interference with the intake to the skimmer 14. Thus, rather than a small
      youngster being held against the skimmer intake due to the operation of a
      large pump 26, the air conduits 52 and 54 would relieve such pressure to
      permit the youngster to free himself. This is a desirable safety feature.
PAR  Although I have shown and described certain specific embodiments of my
      invention, I am well aware that many modifications thereof are possible.
CLMS
STM  I claim:
NUM  1.
PAR  1. A therapeutic pool system comprising in combination,
PA1  a pool to be filled with fluid to a predetermined level having a bottom
      wall and continuous side wall, and being formed with an outlet and an
      inlet,
PA1  a circulation system for fluid in said pool comprising conduit means having
      a fluid pump therein and connected between said outlet and inlet,
PA1  a skimmer in said circulation system comprising a housing adapted to be
      only partially filled with fluid circulating in said circulation system,
PA1  means for heating the fluid in said pool and circulation system,
PA1  one or more pipes connected to said housing above the level of fluid
      therein and to said pool below the level of fluid therein, and means in
      said pipes for creating a pressure drop along said pipes to cause air to
      be drawn into said pipes from above the fluid in said skimmer and to be
      discharged into said pool below the fluid level therein.
NUM  2.
PAR  2. A therapeutic pool system according to claim 1,
PA1  wherein said pressure drop means in said pipes comprises a venturi tube in
      said circulating system creating said pressure drop.
NUM  3.
PAR  3. A therapeutic pool system according to claim 2,
PA1  wherein said air from said skimmer housing is intermixed with said fluid in
      said venturi tube to be conducted therewith through the inlet of said
      pool.
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PAL  The present invention pertains to a combined sink enclosure and shelf
      assembly comprising a substantially inverted frustotrapezoidal housing
      preferably formed of an ornamental aluminum mesh material, said housing
      having a plurality of horizontally disposed substantially U-shaped shelves
      secured therearound, with the shelves disposed in vertically offset
      relationship. The rear of the housing is provided with an inwardly
      disposed flange which is adapted to be secured to the wall of a lavatory,
      such as by gluing. The upper peripheral portion of the housing is provided
      with clips or other securement means for securing said upper peripheral
      housing portion to the inner surface of the sink base in conformed
      engagement therewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains to a new and novel combination sink
      enclosure and shelf assembly for enclosing the unsightly pipes in a
      lavatory and simultaneously therewith providing a plurality of vertically
      spaced shelves for storing various bathroom sundries.
PAR  Accordingly, it is the principle object of the present invention to provide
      a new and novel sink enclosure and shelf assembly which is decorative in
      nature and which includes a plurality of storage shelves.
PAR  It is another object of the present invention to provide a combination sink
      enclosure and shelf assembly of the aforedescribed type having a
      frustotrapezoidal housing fabricated of an aluminum mesh material.
PAR  It is another object of the present invention to provide a combination sink
      enclosure and shelf assembly as aforesaid, provided with a plurality of
      horizontally disposed vertically spaced shelves secured to said
      frustotrapezoidal housing and which shelves are formed of a clearplastic
      type material for both aesthetic appearance and structural rigidity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other features, objects and advantages of the present
      invention will become more apparent from the detailed description
      hereinafter considered in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a side elevational view of the combination sink enclosure and
      shelf assembly of the present invention;
PAR  FIG. 2 is a front view of the combination sink enclosure and shelf assembly
      depicted in FIG. 1; and
PAR  FIG. 3 is a view taken on the line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and more particularly to FIG. 1 thereof,
      there is shown a combination sink enclosure and shelf assembly, generally
      denoted by the reference numeral 10 and constructed in accordance with the
      principles of the present invention.
PAR  The assembly 10 comprises an inverted frustotrapezoidal housing 12, having
      a pair of vertically disposed flanges 14. The assembly 10 also includes a
      plurality of horizontally oriented shelves 16, 18 and 20 disposed in
      vertically spaced relationship. The shelves 16, 18 and 20 may be glued or
      secured to the housing 12, by gluing, clipping or by any other suitable
      securement means.
PAR  The assembly 10 may be secured to the wall 22 of a lavatory having a wash
      basin or sink 24 secured on said wall. The manner or securement of the
      assembly 10 may be by gluing the flanges 14 to the wall 22. However, if
      this type of securement means is employed, it may be difficult to remove
      the assembly 10 when it is necessary to gain access to the plumbing pipes
      26, as seen in FIG. 1. Thus, a preferred manner of securement of the
      assembly 10 to the wall 22 is by providing mounting clips on the flanges
      14 which may directly engage the wall 22 or which may be engageable with
      complimentary members secured to the wall 22, in a manner well known to
      those skilled in the art. In this regard, attention is directed to the
      fact that although the flanges 14 are herein illustrated as being inwardly
      disposed with respect to the housing 12, it is contemplated that they may
      be externally disposed with respect to said housing.
PAR  The housing 12 also includes a horizontally disposed lower projection 28
      which may be used for securing the housing 12 to the wall 22, in the same
      manner described hereinabove in conjunction with the flanges 14, and the
      flanges 14 may merely be disposed in abutting engagement with the wall 22
      or may be omitted from the housing 12 entirely.
PAR  The housing 12 also includes an upper peripheral portion denoted by the
      reference numeral 30, which may be provided with frictional engaging clips
      or pads 32 so as to enable said upper peripheral portion 30 to be fixedly
      positionable within the interior of the lower portion 34 of the sink 24.
      In this regard, the upper peripheral portion 30 will then be disposed in
      peripheral conformal engagement with the interior peripheral surface of
      the sink lower portion 34, as best seen in FIG. 1.
PAR  As discussed hereinabove, the shelves 16, 18 and 20 may be secured to the
      housing 12 by being glued or clipped to said housing. The housing 12 is
      preferably fabricated of an aluminum mesh material which may exhibit a
      silver color or which may be anodized to give a brass appearance. The
      shelves 16, 18 and 20 are preferably fabricated of a clear acrylic plastic
      material. It will be apparent from an inspection of FIG. 2 that the shelf
      space for placement of toilet articles and other sundries is greater with
      regard to shelf 20 than it with regard to shelf 16, thereby providing
      space for both large and small articles.
PAR  From the foregoing discussion, it will be apparent that the combination
      sink enclosure and shelf assembly of the present invention provides a
      compact and highly decorative structure for enclosing the unsightly pipes
      associated with a sink and concomitantly therewith, provides for storage
      of toiletries.
PAR  It will also be apparent to those skilled in the art that the detachable
      clipping arrangement of the assembly 10 to the wall 22 and the sink lower
      portion 34 permits easy removal of the assembly 10 when it is necessary to
      gain access to the pipes 26.
PAR  While I have shown and described the various embodiments of my invention,
      various modifications, changes and improvements may be made by those
      skilled in the art without departing from the spirit and scope of the
      present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combination sink enclosure and shelf assembly for use in a lavatory
      arrangement including a wall and a sink affixed to said wall, said
      assembly comprising a substantially inverted frustotrapezoidal housing, a
      plurality of shelves, means for securing said shelves to said housing in
      vertically spaced and horizontally disposed relationship, and means for
      securing said housing to said wall in proximal relationship beneath said
      sink.
NUM  2.
PAR  2. A combination sink enclosure and shelf assembly in accordance with claim
      1, wherein said shelves have a substantially U-shaped configuration.
NUM  3.
PAR  3. A combination sink enclosure and shelf assembly in accordance with claim
      1, wherein said housing includes a rear portion comprising a pair of
      flanges, and fastening means for securing said flanges to said wall to
      thereby secure said housing with respect to said wall.
NUM  4.
PAR  4. A combination sink enclosure and shelf assembly in accordance with claim
      3, wherein said fastening means are detachably securable to permit easy
      attachment of and detachment of said housing to said wall.
NUM  5.
PAR  5. A combination sink enclosure and shelf assembly in accordance with claim
      1, wherein said housing includes an upper peripheral portion, and said
      upper peripheral portion is disposed in conformal abutting engagement with
      the lower interior portion of said sink.
NUM  6.
PAR  6. A combination sink enclosure and shelf assembly in accordance with claim
      5, including means for detachably securing said upper peripheral portion
      with respect to said sink lower portion.
NUM  7.
PAR  7. A combination sink enclosure and shelf assembly in accordance with claim
      4, wherein said housing includes an upper peripheral portion, and said
      upper peripheral portion is disposed in conformal abutting engagement with
      the lower interior portion of said sink.
NUM  8.
PAR  8. A combination sink enclosure and shelf assembly in accordance with claim
      7, including means for detachably securing said upper peripheral portion
      with respect to said sink lower portion.
NUM  9.
PAR  9. A combination sink enclosure and shelf assembly in accordance with claim
      8, wherein
PA1  said housing is fabricated of an aluminum mesh material.
NUM  10.
PAR  10. A combination sink enclosure and shelf assembly in accordance with
      claim 7, wherein
PA1  said shelves have a substantially U-shaped configuration, and
PA1  the outer edges of said shelves are disposed in vertically coplanar
      relationship.
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PAL  Holder for additive to flushing water is provided with deflector opposite
      its water inlet for directing incoming water against the surface of the
      additive.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  It is conventional practice to introduce into the tanks of flush toilets
      products which may simultaneously serve several different purposes, for
      example, that of attractively coloring the flushing water, that of having
      an anti-scale forming effect and that of producing a foam having a certain
      efficacity in the cleaning of the toilet bowl. The quantity of water
      stored in the flushing tank is substantially constant and it is desirable
      to deliver, each time the toilet is flushed, a substantially constant
      quantity of the additive so as to obtain a constant effect so long as the
      container holding the additional product is not empty.
PAR  It has already been proposed that the additive be located inside a
      container which is placed in the flushing tank, said container being
      immersed in the water within the tank when the tank is full and being
      provided with a water inlet orifice and a hole permitting the escape of
      air therefrom. When the tank is full the container holding the water
      soluble additive in solid form is filled with water, and when the toilet
      is flushed the water which has penetrated into the container and dissolved
      a part of the additive escapes from the container and mixes with the
      flushing water.
PAR  It has been found that with devices of the known type, while the additive
      dissolves satisfactorily at the beginning of use of a container holding
      the additive, there is a rapid decrease in the percentage of dissolution
      of the additive at each flushing of the toilet, which results in a
      decrease in the effect of the additive introduced into the volume of water
      ejected from the tank. Moreover, for the greater part of known containers,
      the aforesaid decrease amounts to a total absence of dissolution of the
      additive at a time when there nevertheless remains inside the container a
      by no means negligible part of the initial supply of this additive. This
      remaining part must therefore be thrown away with the container which has
      ceased to be effective and this results in a waste of additive which
      substantially increases the cost to the user.
PAR  It is the purpose of the present invention to provide a container for
      holding a soluble additive which is to be progressively dispensed as water
      is flushed, said container making it possible to avoid the above
      disadvantages and, in particular, insuring a substantially constant rate
      of dissolution of the additive each time the toilet is flushed until the
      additive within the container has been substantially completely consumed.
      It is obvious that the container according to the invention may be
      utilized not only when water is to be flushed, but also whenever it is
      desired to distribute within a given volume of liquid any additive which
      is soluble in that liquid.
PAR  It is therefore an object of the present invention to provide as a new
      article of manufacture a container adapted to enclose an additive which is
      to be progressively dissolved in water to be flushed, said container being
      immersed in the tank in which the flushing water is retained, and holding
      in its lower part the additive to be dissolved, while comprising an input
      orifice for flushing water above the additive, and an air outlet orifice
      in its upper part permitting the container to be filled by the flushing
      liquid, the level of the inlet orifice lying between the maximum and
      minimum levels of the flushing water in the tank.
PAR  Means are positioned opposite the inlet orifice for directing the liquid
      toward the free surface of the additive, said means nevertheless leaving a
      passage between its lower edge and the initial maximum level of the
      additive in the container. This device is characterized by the fact that
      the means directing the liquid toward the free surface of the additive is
      a deflector attached to the inside of the container and defining a
      vertical passage between it and the wall of said container, said deflector
      being positioned opposite the input orifice in the longitudinal median
      zone of one of the major surfaces of the container.
PAR  In a preferred embodiment of the invention, the container has the general
      shape of a prism and, in particular of a rectangular prism holding the
      additive up to about half its height. The air outlet orifice of the
      container is formed in a cover placed at the top of the container. The
      deflector defines a vertical passage the axis of which is substantially
      parallel to the major axis of the container. The wall of the vertical
      passage defined by the deflector is arcuate in transverse section, with
      the ends of the arc bearing against the surface of the container which
      defines the liquid inlet orifice. The deflector is held against the
      surface of the container which carries the liquid inlet orifice by a
      projection bearing on the opposite surface of the container, which may be
      centered in a hole in said opposite surface. The deflector extends upward
      toward the cover of the container. The additional product fills the
      container to between 30 and 60 percent of its total height. If s
      represents the cross-section of the container and S the total lateral
      surface of the container, the ratio S/s lies between 1 and 20 and
      preferably between 2 and 10. The maximum width of the passage defined by
      the deflector, measured in the direction of the thickness of the container
      lies between 0.2 and 0.5 times the thickness of the container. The liquid
      inlet orifice is a substantially circular orifice, the diameter of which
      lies between 0.02 and 0.10 times the height of the container, the center
      of said orifice being spaced above the maximum upper level (that is to say
      the initial level) of the additive by a distance between 0.07 and 0.35
      times the height of the container. The lower edge of the deflector is
      positioned at a distance between 0.05 and  0.25 times the height of the
      container from the center of the liquid inlet orifice.
PAR  In an alternative embodiment of the invention the lower edge of the wall
      constituting the deflector may not be parallel to the initial upper plane
      of the additive in the container but may have a particular shape, for
      example a V shape at the bottom. This type of surface may, in certain
      cases, increase the turbulence of the liquid penetrating inside the
      container. It has been found that the container according to the invention
      makes it possible to obtain a progressive dissolution of the additive in
      the container and makes it possible to introduce into the flush water for
      a toilet bowl a small quantity of the additive at each flushing until the
      complete exhaustion of the additive contained in the container. This
      particularly favorable result is due to the fact that the deflector inside
      the container directs the current of water which enters the container at
      each filling of the tank against the additive thus facilitating the
      dissolution of the product, regardless of the upper level of the product
      in the container, that is to say regardless of the number of previous uses
      of the container. Likewise, at each emptying of the tank, the water which
      has filled the container escapes therefrom through the water inlet and the
      presence of the deflector also imparts to this current of water leaving
      the container a movement in the direction of the additional product within
      the container which also facilitates dissolution of this product.
PAR  The container according to the invention may advantageously be made from a
      molded plastic material. The container may have a hook permitting it to be
      suspended inside the flushing tank. The deflector may be molded from
      plastic material. The water soluble additive within the container may be a
      hot poured mixture containing, for example, a dye and a foaming product.
DRWD
PAR  In order that the object of the invention may be better understood, a
      preferred embodiment thereof will now be described, purely by way of
      illustration and example, with reference to the accompanying drawings, on
      which:
PAR  FIG. 1 shows a tank for a flush toilet containing a container according to
      the invention with part of the wall of the tank shown broken away;
PAR  FIG. 2 is a sectional view of the container taken along the line II--II of
      FIG. 1; and
PAR  FIG. 3 is a sectional view taken along the line III--III of FIG. 2.
DETD
PAR  Referring now to the drawing it will be seen that reference numeral 1
      indicates a flushing tank in which the maximum upper level of the water is
      represented by the broken line 2. Inside this tank is mounted the
      container 3 according to the invention. The container 3 has the general
      shape of a parallelopiped. It consists of a box made of a molded plastic
      material 112 mm in height and 70 mm wide. The box is slightly reduced in
      thickness between the central strips 4 in its major surfaces. The
      thickness of the container 3 is about 24 mm, except between the strips 4.
      The container is closed at its upper end by a cover 5 carrying a flange 6
      which fits into the top of the container. The cover 5 defines at its
      center an air outlet orifice 7. The container 3 is hooked onto the upper
      part of the tank by means of a hook 8 which, when the container is not in
      use, may be swung into the position shown in broken lines on FIG. 2
      indicated by reference numeral 8a.
PAR  In the central zone of the strip 4 of one of the two major surfaces the
      container 3 has a circular orifice 9 which constitutes the water inlet
      orifice of the container. Opposite the orifice 9 is an orifice 10 inside
      of which is positioned the projection 11 of the deflector 12. The
      deflector 12 has an arcuate section and its two ends rest on the major
      surface of the container 3 which carries the orifice 9. The projection 11
      is slightly conical and its end is introduced into the orifice 10 by
      taking advantage of the elasticity of the wall in which this orifice is
      formed. The edges of the deflector 12 rests against the wall which defines
      the orifice 9 by reason of the elastic deformation required to introduce
      the deflector into the container. The deflector 12 has a stiffening rib 13
      positioned midway thereof. 73 grams of a water soluble additive 14
      containing a dye and a foaming product has been poured into the lower part
      of the container 3. The diameter of the orifice 9 is 6 mm. The radius of
      curvature of the transverse section of the deflector 12 as it appears in
      FIG. 3 is 20 mm. The distance between the axis of the orifice 9 and the
      lower surface of the deflector 12 is 15 mm. The approximate distance
      between the lower surface of the deflector 12 and the maximum level
      attained by the additive 14 poured into the container is 5mm.
PAR  It has been found that the container which has just been described makes it
      possible to dissolve in the water in the tank 1 a certain quantity of the
      additive 14 which mixes with the water each time the tank is flushed. As
      the tank is refilled, when the level of the water reaches the level of the
      orifice 9 water enters the container 3 and the current of water is
      directed by the deflector 12 in the director of the additive 14. As the
      container 3 is filled there is consequently a progressive dissolution of
      the additive 14 due to the directional effect of the deflector 12. It
      should be noted that, in the absence of the deflector 12, the dissolving
      effect takes place only if the upper level of the additive 14 is
      sufficiently close to the orifice 9 and that when about half the additive
      14 has been dissolved no further dissolution results so that the flushing
      water remains substantially colorless and non-foaming. On the contrary,
      the presence of the deflector 12 makes it possible to assure dissolution
      until complete exhaustion of the additive 14 from the container 3.
PAR  At the moment of flushing the water within the tank 1 above the additive 14
      leaves the container so that the level of the water in the container 3
      attains the level of the lower part of the orifice 9. During this emptying
      of the container 3 the presence of the deflector also forces the liquid to
      come into contact with the free surface of the water soluble additive 14
      which facilitates its dissolution regardless of the position of the level
      of this free surface with respect to the bottom of the container 3.
PAR  It will of course be appreciated that the embodiment which has just been
      described has been given purely by way of illustration and example and may
      be modified as to detail without thereby departing from the basic
      principles of the invention. In particular, the lower part of the
      deflector 12 may be V-shaped with the point of the V downward, the
      container may be cylindrical, and the deflector may be carried by the
      cover.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a container for holding an additive which is to be progressively
      dissolved in flushing water when said container is immersed in a tank in
      which the flushing water is held, said container having a removable cover
      defining an outlet orifice therein, a water inlet orifice between said
      container's top and bottom, means for positioning said container in said
      tank with said inlet between the maximum and minimum levels of the water
      in said tank, and a supply of additive in said container beneath said
      inlet, the improvement which comprises a deflector positioned within said
      container in alignment with and opposite said inlet, with said deflector's
      lower edge above the upper surface of said additive, said deflector
      degining, between it and the wall of said container in which said inlet is
      formed, a vertical passage extending from a first open end above said
      inlet to a second open end below said inlet, through which passage water
      entering through said inlet is deflected by said deflector against said
      upper surface of said additive, said passage having a cross-sectional
      dimensions parallel to said wall which is substantially greater than the
      width of said inlet.
NUM  2.
PAR  2. Container as claimed in claim 1 which is generally prismatic in shape.
NUM  3.
PAR  3. Container as claimed in claim 2 which has the shape of a prism having a
      rectangular base with said additive filling said container to about half
      its height.
NUM  4.
PAR  4. Container as claimed in claim 1 in which the outlet orifice is formed in
      a separable cover at the top of the container.
NUM  5.
PAR  5. Container as claimed in claim 1 in which the deflector defines a general
      vertically passage parallel to the major axis of the container between
      said deflector and on adjacent container wall.
NUM  6.
PAR  6. Container as claimed in claim 5 in which the deflector has a transverse
      section of arcuate shape with the ends of the arc bearing against the wall
      of the container which defines the inlet orifice.
NUM  7.
PAR  7. Container as claimed in claim 5 in which the maximum width of the
      generally vertical passage defined between the deflector and said wall,
      measured in the direction of the thickness of the container, lies between
      0.2 and 0.5 times the thickness of the container.
NUM  8.
PAR  8. Container as claimed in claim 1 in which the deflector is urged against
      the wall of the container which carries the inlet orifice by a projection
      bearing against the opposite wall of the container and centered in a hole
      in said opposite wall.
NUM  9.
PAR  9. Container as claimed in claim 1 in which the height to which the
      additive initially fills the container lies between 30 and 60 percent of
      the total height of the container.
NUM  10.
PAR  10. Container as claimed in claim 1 in which the ratio between the
      cross-sectional area of the container and the total lateral surface of the
      container lies between 1 and 20 and preferably between 2 and 10.
NUM  11.
PAR  11. Container as claimed in claim 1 in which the inlet orifice is a
      substantially circular orifice the diameter of which lies between 0.02 and
      0.10 times the height of the container, the center of said orifice being
      located at a distance between 0.07 and 0.35 times the height of the
      container above the maximum level of additive in said container, the lower
      edge of the deflector being positioned at a distance between 0.05 and 0.25
      times the height of the container away from the center of the inlet
      orifice.
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ABST
PAL  A bed provided with a commode or stool has a main mattress provided with a
      through-hole into which the commode or an auxiliary mattress may be
      positioned alternately by manipulation of an operating panel mounted at or
      near the bed. The front part of the main mattress may be erected along a
      transverse fold line so as to serve as reclining portion.
BSUM
PAR  This invention relates to an improved bed with a built-in commode or stool,
      wherein the commode or stool can be brought from its housed position to
      its use position by simple manipulation of an operating panel provided at
      or near the bed.
PAR  The bed with built-in commode or stool in accordance with the present
      invention comprises a bed frame having a housing section at its lower
      portion, a main mattress provided with a through-hole at a location
      corresponding with the thighs of a user lying on the bed, said
      through-hole communicating with the interior of said housing section, an
      auxiliary mattress being sized to fit into said through-hole, a driving
      device for elevating said auxiliary mattress into registration with said
      through-hole and lowering said auxiliary mattress, a commode being also
      sized to fit into said through-hole and normally disposed within the
      interior of said housing section, and a further driving device for
      elevating said commode into registration with said through-hole and again
      lowering said commode to its housed position, wherein said driving devices
      for said auxiliary mattress and the commode are opratively linked with
      each other by the intermediary of a separate operating panel in such a
      manner that said auxiliary mattress and the commode may be alternately
      brough into the position registered with the through-hole.
PAR  The driving devices for the auxiliary mattress and the commode may be
      driven pneumatically, hydraulically, mechanically or electrically as the
      occasion may demand.
DRWD
PAR  In the drawing
PAR  FIG. 1 is a perspective view of the bed being used as an ordinary bed with
      the auxiliary mattress received in the through-hole of the main mattress;
PAR  FIG. 2 is an overall perspective view of the same, with the commode
      received in the through-hole of the main mattress; and
PAR  FIG. 3 and 4 are the detailed views for illustrating the switching function
      of the bed of FIG. 1, wherein FIG. 3 shows the bed being in one switched
      state and FIG. 4 shows the bed in the other switched state.
DETD
PAR  Referring now to FIG. 1 showing the overall structure of the inventive bed
      A fitted with a commode, the numeral 1 designates a bed frame with its
      lower part accommodated in a housing section 2, and numeral 3 a mattress
      placed on the upper surface of the bed frame 1.
PAR  Said mattress 3 is designed so that its front half portion may be erected
      along a fold line as shown in FIG. 4 so as to serve as a recline for the
      back of a user lying on the mattress 3. The rear half portion of the
      mattress 3 has a through-hole 7 at a position corresponding with the
      thighs of the user, said through-hole 7 communicating with the interior of
      the housing section 2.
PAR  The numeral 8 designates an auxiliary mattress that is movable freely
      relative to said through-hole 7 and supported, as shown in FIG. 1,
      normally in said through-hole 7 by means of a driving device b. Numeral 6
      indicates a commode being sized to fit into said through-hole 7 and housed
      usually within the interior of said housing section 2. Said commode 6 is
      designed to be elevated to a position inside said through-hole 7 by
      operation of a further driving device c, as shown in FIG. 3. A still
      further driving device a for actuating the reclining portion 5 comprises a
      fixed plate 10 secured obliquely to the wall 9 of the bed frame 1, a
      movable plate 12 pivotally mounted by a pivot 11 provided to the forward
      end of the fixed plate 10, an inflatable air pouch 14 interposed between
      the plates 10 and 12 and provided with an air supply port and an air
      discharge port, not shown, a blower 53 communicating with the air supply
      port of the pouch 14 and mounted separately within the interior of the
      housing section 2, a magnetic valve 16 annexed to said supply port for
      controlling the communication between said supply port and the blower 53,
      and a further magnetic valve 15 annexed to said discharge port for
      controlling its opening and closure.
PAR  These magnetic valves 15,16 are connected to an operating panel d through
      an adjustment unit 18 so as to be operated by the selected one of switches
      17 of the panel d. A pair of support arms 19 are provided to both side
      edges of the bed frame 1 by a transverse shaft 19a disposed forwardly of
      the fold line 4, although only one of these arms 19 is shown in FIG. 3.
      These support arms 19 are connected by a pair of levers 20 to the side
      edges of the movable plate 12 so that said reclining portion 5 may be
      erected or leveled by inflating or deflating said air pouch 14 upon
      manipulation of the operating panel d.
PAR  The driving device b for the auxiliary mattress 8 comprises a pair of upper
      rails 21 adapted for guiding the auxiliary mattress 8 downwardly and then
      forwardly, and mounted in the interior of the bed frame 1, a pair of lower
      rails 22 mounted equally in the interior of the bed frame 1, a support
      plate 23 for the auxiliary mattress, two pairs of front and rear side
      levers 24, 24 depending from pivot shafts 24a, 24a provided to said
      support plate 23, a pair of trucks 27 movable back and forth along said
      each lower rail 22 and having axles 28, 28 carrying the lower ends of said
      side levers 24, 24, guide wheels 25 provided to the rear side levers 24
      and resting on the upper right-hand end of the upper rail 21, and a rope
      30 connected at one end to an extension of one of said rear side levers 24
      for pulling each truck against the force of a return spring 29, the one
      end of which is secured fixedly to the wall 9 of the bed frame. Said rope
      30 is tensioned along the lower rails 22 through an intermediate pulley 31
      and placed around a pair of leading blocks 32, 33. The leading block 32 is
      journaled by a fixed plate 34, while the block 33 is journaled by a
      movable plate 36 pivotally mounted by a pivot shaft 35 provided to said
      fixed plate 34. An air pouch 38 provided with an air supply port and an
      air discharge port is interposed within a gap 37 defined by and between
      said fixed and movable plates 34, 36. The supply port of the air pouch 38
      communicating with the blower 53 is provided with a magnetic valve 40
      adapted to control the communication between the ssupply port and the
      blower 53. The said magnetic valve 40 is wired with the operating panel d
      by way of the adjustment unit 18 so as to by opened by selected one of the
      switches 17 of the panel d and closed by a limit switch 50. Also, a
      magnetic valve 39 is provided to the discharge port of the pouch 38 so as
      to be opened by a second limit switch 52.
PAR  The actuating device c for the commode 6 comprises a fixed plate 41 secured
      to the wall 9, a movable plate 43 pivotally mounted with pivot shaft 42 to
      said fixed plate 41, a pair of side levers 44 pivoted at one of ends to
      said movable plate 43, and two pairs of link plates 45, 46. The other ends
      of the side levers 44 are mounted pivotably to the rear pair of the link
      levers 46 so as to be switched between a position is which the commode 6
      is engaged in the through-hole 7 and a position in which the commode 6 is
      contained within the housing section 2. An air pouch 47 provided with an
      air supply port and an air discharge port is interposed within a gap
      defined by and between said fixed and movable plates 41, 43 and is adapted
      for communication with the air blower 53. A magnetic valve 48 is mounted
      at said air supply port for controlling the communication between the air
      supply port and the air blower 58 and wired by way of the adjustment unit
      18 so as to be opened by the first limit switch 50 and closed by a second
      limit switch 51. The air discharge port of the air pouch 47 is provided
      with a further magnetic valve 49 which may be opened by operation at the
      operating panel d. The numeral 56 designates a water pump communicating
      with the commode 6 by way of a warming tank 57 for flushing the soil from
      inside of the commode 6. The flush water may be supplied from the water
      supply pipe of a water tank 58 mounted laterally of the bed frame 1. The
      flushed soil may be discharged by way of a hose into a tank 59 also
      provided laterally of the bed frame, or directly into a sewage or into an
      aerated tank for biological treatment.
PAR  The operation of the inventive bed with a commode is as follows.
PAR  First, the air blower 53 and the magnetic valve 40 provided to the supply
      port of the air pouch 38 are supplied with electric current by closing
      selected one of the switches 17 of the operating panel d, thereby starting
      the operation of the air blower 53 and opening the magnetic valve 40. The
      air pouch 38 is now filled with air and inflated so that the movable plate
      36 is pivoted with the shaft 35 as center. The truck 27 is now pulled by
      the rope 30 in the direction of the arrow, against the force of the spring
      29. The guide wheels 25 fitted to the upper ends of the rear side levers
      24 are lowered along the upright portion of the rail 21 and then shifted
      along the horizontal portion, so that the mattress 8 is moved to its
      housed position shown in FIG. 4. The magnetic valve 40 is closed by
      operation of the first limit switch 50 mounted at the front end of the
      rail 22 at the same time that the magnetic valve 48 associated with the
      commode 6 is opened for filling the air pouch 49 with air. Thus the levers
      44 are pivoted clockwise together with the movable plate 43 so that the
      commode 6 is moved by the link plates 45, 46 from its housed position to a
      position of registration with the through-hole 7. At this time, the
      magnetic valve 48 is closed by operation of the limit switch 48, and the
      commode 6 is fixed positively in the position of usage as shown in FIG. 4.
PAR  After usage, the selected one of the switches 17 at the operating panel d
      is depressed for opening the magnetic valve 49 and discharging the air
      from the air pouch 47. The commode 6 is now returned by its gravity into
      its housed position, as shown in FIG. 3, at the same time that the
      magnetic valve 39 associated with the auxiliary mattress 8 is opened by
      operation of the second limit switch 52 so as to discharge the air from
      the interior of the air pouch 38 and release the movable plate 36. The
      return spring 29 now acts for returning the truck 27 towards right in the
      drawing and the auxiliary mattress 8 is pulled along the upper rail 21 so
      as to close the through-opening 7 provided in the main mattress 3.
PAR  The reclining portion 5 of the main mattress 3 can be moved to its erected
      position of FIG. 4 by operating the selected one of the switches 17 for
      opening the magnetic valve 16 and supplying the air from the air blower 53
      into the air pouch 14. As the pouch 14 is inflated with air, the movable
      plate 12 is swung clockwise about pivot shaft 11, together with the levers
      20, the arms 19 being swung clockwise about the pivot shaft 18 together
      with the reclining portion 5 of the main mattress 3 resting on the arms
      19. As the selected one of the switches 17 is manipulated, the magnetic
      valve 15 associated with the discharge port is opened for discharging the
      air from the air pouch 14 so as to release the reclining portion 5, which
      may now be lowered by its gravity to its horizontal position.
PAR  According to the present invention, the commode can be elevated by
      manipulation of the operating panel d from its housed position to its use
      position and lowered again to its housed position, thus making the
      attendance of the nurse or other tending personnel unnecessary. When the
      commode is out of use, the auxiliary mattress is positioned by
      manipulation of the operating panel in alignment with the main mattress
      for usage as an ordinary bed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bed for invalids or other persons comprising:
PA1  a bed frame;
PA1  a main mattress covering said bed frame, said main mattress provided with a
      through-hole at a location corresponding with the thighs of a person lying
      on the bed, said through-hole communicating with the interior of said
      housing portion;
PA1  a housing portion disposed entirely below said main mattress;
PA1  an auxiliary mattress sized to fit into said through-hole;
PA1  first driving means contained in said housing portion and connected to said
      auxiliary mattress for movably supporting said auxiliary mattress at a
      working position registered with said through-hole and for transporting
      said auxiliary mattress from said working position to a resting position
      completely within said housing and from said resting position to said
      working position;
PA1  a commode normally disposed within said housing position and sized to fit
      into said through-hole;
PA1  second driving means contained in said housing position for transporting
      said commode from a resting position completely within said housing to a
      working position in said through-hole and from said working position to
      said resting position; and
PA1  control means operatively connected to said first and second driving means
      for alternately transporting said auxiliary mattress and said commode into
      a position registered with said through-hole, said control means allowing
      only one of said first and second driving means to be actuated at one
      time.
NUM  2.
PAR  2. A bed as claimed in claim 1, in which said first and second driving
      means always moveably support said auxiliary mattress and said commode
      horizontally.
NUM  3.
PAR  3. A bed according to claim 1, wherein a portion of said main mattress is
      tiltable.
NUM  4.
PAR  4. A bed according to claim 3, further comprising third driving means for
      tilting said portion of said main mattress.
NUM  5.
PAR  5. A bed according to claim 1, wherein each of said first and second
      driving means comprise:
PA1  a fixed plate;
PA1  a movable plate pivotally mounted to one end of said fixed plate;
PA1  an inflatable bag disposed between said fixed plate and said movable plate,
      said inflatable bag having an air input and air discharge port; and
PA1  a blower mounted in said housing portion communicating with said air input
      port.
NUM  6.
PAR  6. A bed according to claim 1, wherein said control means includes an
      operating panel from which said first and second driving means is
      operated.
NUM  7.
PAR  7. A bed according to claim 1, further comprising a water tank mounted on
      said housing portion for flushing soiled material from said commode.
NUM  8.
PAR  8. A bed according to claim 6, wherein said control means further
      comprises:
PA1  first magnetic valve means attached to said first driving means and
      electrically connected to said operating panel for activating said first
      driving means;
PA1  second magnetic valve means attached to said second driving means and
      electrically connected to said operating panel for activating said second
      drive means;
PA1  first limit switch attached to said first driving means;
PA1  second limit switch attached to said commode;
PA1  third magnetic valve means attached to said first driving means and
      electrically connected to said second limit switch for activating said
      first driving means; and
PA1  fourth magnetic valve means attached to said second driving means and
      electrically connected to said first limit switch for activating said
      second driving means.
NUM  9.
PAR  9. A bed according to claim 3, further comprising an operating panel for
      operating said first, second and third driving means.
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ABST
PAL  Detachable bed frame construction for supporting a box spring and mattress
      and of a type embodying corner posts and lengthwise and transverse
      horizontal frame members typically comprising angle bars and, in this
      invention the angle bars have downwardly directed flange portions.
      Improved joint means are provided for joining the lengthwise and
      transverse frame members at the corners to the corner posts and to each
      other. At each corner there is provided a first hollow block or bracket
      member having an arcuate side wall coupled to a, for example, tubular
      corner post and the first block or bracket member has an extending lug for
      coupling attachment to, for example, the transverse frame member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of the invention is that of detachable or disengageable bed frame
      constructions, more particularly in those of the type providing a very
      strong yet easily assembled and disassembled arrangement.
PAR  Typically, in the concentration of beds a horizonal frame is provided for
      supporting the box spring and mattress. The frame is generally comprised
      of lengthwise members and transverse members which are often angle
      members. The corners of such a frame are often coupled to corner posts.
      The improved joint of the invention is particularly adaptable for
      utilization is such a bed construction to provide means for detachable
      and/or demountable attaching or securing the lengthwise and transverse
      frame members to the corner posts.
PAR  2. Description of the Prior Art
PAR  In typical prior art bed construction the bed, as a whole, often comprised
      a headboard, a footboard, a horizontal support frame for the box spring
      and mattress and connecting arrangements for providing interconnection
      therebetween and to the headboard and the footboard. Typically, the
      headboard and footboard comprise a pair of corner posts as part of the
      construction thereof and the bottoms of the four corner posts provided are
      the feet or support portions upon which the entire bed is supported on the
      floor. The horizontal support frame is spaced upwardly from the floor and
      may be formed of different types of members and, in most prior art
      arrangements, included angle bars having an upwardly directed flange. The
      box spring rested on the horizontal flanges and was retained between the
      upwardly directed flanges. The horizontal frame thus comprised both
      longitudinal or lengthwise frame members and transverse frame members.
PAR  It has been known to provide detachable or disengageable joints for
      interconnecting the frame members to allow more convenient storing,
      shipping and handling of the bed frame. In such prior art arrangements the
      upwardly directed flanges of the frame members resulted in excessive wear
      to the box spring due to the normal relative movement therebetween when in
      use. Additionally, a strong and durable coupling to the corner posts,
      which is particularly required in beds having very massive headboards
      and/or footboards, and in which the frame members may still be easily and
      conveniently joined together or disengaged as required, is desirable.
PAC  SUMMARY OF THE INVENTION
PAR  The general nature of the construction of the bed frame of the invention
      incorporates an arrangement of the transverse and lengthwise frame members
      for supporting the box spring and mattress, detachable joint for
      interconnecting the frame members and a connection of the frame members to
      the corner posts. The preferred form of the invention as described in
      detail hereinafter, the transverse and lengthwise frame members are angle
      members with a downwardly directed flange. The joints for detachable
      interconnection therebetween are formed by two interlocking bracket or
      block members at each of the four corners. One of the bracket members has
      side walls, one of which side walls has a configuration forming a recess
      or receptacle adapted for coupling by way of bolts or the like to the
      corner posts. The side walls of this first block member define an interior
      cavity and in the side wall opposite the corner post there is provided a
      groove. The groove in the side wall in the first block member is formed by
      two oppositely extending portions having a taper in the direction of
      locking which may be downward.
PAR  The second bracket or block member has an extending tongue with an enlarged
      locking head at the end, the tongue being receivable in the cavity when
      the tongue is positioned between the tapered portions defining the groove
      in the other block. For the condition of the tongue in the second block so
      positioned in the groove of the first block, locking takes place in the
      direction of the taper securely but removably locking the two block
      members together in a right angle configuration. The enlarged head
      prevents the tongue from slipping from the groove and together with the
      force fit in the tapered groove, provides the strong but detachable
      connection between the frame members. Each block member has an extending
      lug or ledge adapted for securement to one of the frame members on the
      underside thereof adjacent to the downwardly directed flange. This
      securement may be by way of bolts, welding or the like. Preferably, the
      extending lug of the first block is coupled to the end of the transverse
      frame member and the extending lug of the second block is coupled to the
      end of the lengthwise frame member.
PAR  In the light of the foregoing the primary object of the invention is to
      make available an improved detachable joint means particularly adapted for
      detachably joining together the bed frame members and coupling to the
      corner posts in a bed construction.
PAR  A further object is to provide improved joint means for each corner of a
      bed arrangement and comprising two members adapted to detachably
      interlock, one of them coupled to a transverse frame member and being
      configurated to be coupled to a corner post and also forming a receptacle
      providing a groove adapted to interlockingly and detachably receive and
      engage a tongue on the second joint member, wherein the second joint
      member is coupled to the lengthwise frame member.
PAR  A further object is to provide improvements in bed construction by way of
      the provision of an additional intermediate transverse support member
      having secured to it a strap configurated to provide an additional support
      leg for the bed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and additional advantages of the invention will become
      apparent from the following detailed description and annexed drawings
      wherein:
PAR  FIG. 1 is a partial isometric view of the type of bed construction wherein
      the invention may be embodied;
PAR  FIG. 2 is a plan view of the horizontal support frame of the bed in FIG. 1;
PAR  FIG. 2A is a view along the line 2A--2A of FIG. 2;
PAR  FIG. 3 illustrates a first joint or block member of the present invention
      coupled to a corner post;
PAR  FIG. 4 is a side view of the first block or joint member of FIG. 3;
PAR  FIG. 5 is an interior view of the first joint or block member of FIGS. 3
      and 4;
PAR  FIG. 6 illustrates the first and second block or joint members forming the
      joint and showing them interlocked together;
PAR  FIG. 7 is an interior view of the second block or joint member shown in
      FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in more detail to the various Figures of the drawing, FIG. 1
      illustrates a typical bed construction 8 in which the invention may be
      embodied. The headboard 10 is in the form of a frame-like construction
      embodying corner posts 12 and 14 which, for example, may be tubular
      members having feet members 15 and 16 at the bottoms thereof and
      decorative finial members 18 and 20 at their upper ends. Headboard 10 is,
      in this embodiment and for purposes of illustration only, fabricated of
      cylindrical tubular members comprising horizontal tubular members 22 and
      24 and vertical tubular members such as shown at 25.
PAR  It will be appreciated that any type of headboard 10 and any cross
      sectioned corner posts 12 and 14 may be incorporated in the bed utilizing
      the present invention. The footboard 11 as shown is of a similar
      construction to the headboard 10 and comprises the corner posts 30 and 32
      which are of construction similar to the corner posts 12 and 14, having
      feet members 25 and 27 and decorative top finials 29 and 31, respectively.
      The bed 8 rests upon the feet members 15, 16, 25 and 27.
PAR  The bed 8 construction embodies a horizontal frame designated generally at
      36 and as shown in detail in FIG. 2. The frame 36 comprises the lengthwise
      angle members 38 and 40 and the transverse angle members 42 and 44. Corner
      brace or stiffening members are provided at the corners as designated at
      45, 46, 47 and 48 and are preferably detachably coupled at at least one
      end thereof to the adjacent frame member by well-known means. For example,
      where it is desired to incorporate the present invention in an embodiment
      providing repetitively detachable connections between the frame members
      38, 40, 42 and 44, each of the corner braces 45, 46, 47 and 48 may be
      mounted as illustrated in FIG. 2 for the corner brace 45. As shown, a
      first end 33 of corner brace 45 is pivotally connected to lengthwise frame
      member 38 by pivot pin 35 for pivotal movement in the direction of the
      double ended arrow 37. After the frame 36 has been assembled, as described
      below in greater detail, the other end 39 of corner brace 45, which is
      provided with slot 41, may be pivotally swung into cooperative locking
      engagement with locking pin 43 coupled to transverse frame 42. If desired,
      however, the corner braces 45, 46, 47 and 48 may be permanently secured to
      the frame members 38, 40, 42 and 44 in those embodiments in which a
      premanent assembly is desired.
PAR  Extending midway between the transverse members 42 and 44 is a further
      transverse member 50 in the form of a strap which is secured by suitable
      means to the lengthwise members 38 and 40 at approximately their
      midpoints. As shown in more detail on FIG. 2A, numeral 52 designates a
      strap of metal bent into a configuration as shown in FIG. 2A which, for
      example, is a V or U shape configuration. Flat end parts 53 and 54 are
      secured by suitable means such as welding, or the like, to the underside
      of the strap 50. The part 52 thus forms an additional support leg for the
      bed 8 in a location whereby it is most effective for its purpose.
PAR  As shown on FIG. 2A, the lengthwise frame members 38 and 40 are angle
      members having downwardly directed flange portions 38a and 40a, and
      horizontal flange portions 38b and 40b, respectively. The box spring 19 of
      bed 8, shown in phantom lines on FIG. 2A, rests upon the horizontal flange
      portions 38b and 40b.
PAR  The transverse frame members 42 and 44 are similarly positioned with
      downwardly directed flange portions and horizontally directed flange
      portions for support of the box spring 9. Tabs 7 and 8 are coupled to the
      lengthwise frame members 38 and 40 to prevent relative transverse movement
      of the box spring 9 and frame 36 which would allow the box spring 9 to
      slide off the frame 36. The headboard 10 and footboard 11 similarly
      prevent relative lengthwise movement of the box spring 9 with respect to
      the frame 36.
PAR  The downwardly directed flange portions of the frame members 38, 40, 42 and
      44 is preferred to prevent undue wear on box spring 9 which is caused by
      relative movement between the frame 36 and box spring 9 in normal use of
      the bed 8.
PAR  The additional transverse strap 50 may be detachably coupled to the frame
      36 by means of lock pins 38' and 40' coupled to frame members 38 and 40,
      respectively, fitting into lock pin accepting grooves 50' and 50" in strap
      50. Such a detachable connection is desired in those embodiments of the
      present invention wherein the frame 36 is detachably coupled or joined
      together. Otherwise, a permanent connection of the strap to frame members
      38 and 40 may be made if desired after assembly of frame members 38, 40,
      42 and 44.
PAR  The lengthwise frame members 38 and 40 and transverse frame members 42 and
      44 are preferably detachably coupled together to form the frame 36 which
      is secured to the corner posts and supported from the corner posts. The
      joint connection of the present invention provides for such detachable
      connection as well as the fixed connection to the corner posts.
PAR  The improved joints are constructed primarily of two joint or block members
      which preferably may be castings. The joint members are illustrated more
      in detail in FIGS. 3 through 7 for coupling of frame members 38 and 44 and
      the connection to post 30. The other three corners are similarly
      constructed. FIGS. 3, 4 and show a first joint or block member as
      designated at 60, the second block member is shown at 62 in FIG. 6 wherein
      it is shown an interlocking engagement with the first block member 60.
      FIG. 7 is an end of interior view of the second joint or block member 62.
PAR  The block member 60 has a flat top as may be seen in FIG. 3 and at one side
      is an extending side wall 66 having, in this embodiment, an arcuate recess
      67 the radius of which corresponds to the outside radius of the corner
      post 30 shown in cross section. The front side of the block member 60 is
      flat as may be seen at 70 in FIG. 4. To achieve connection to corner post
      30, numeral 72 designates a clamping member having a cross sectional
      configuration as may be seen in FIG. 3, having wall surface 72' with an
      arcuate configuration to match the inside radius of corner post 30. It has
      two extending bosses 73 and 74, there being holes or bores through these
      bosses as designated at 75 and 76 to receive suitable attachment means
      such as bolts (not shown). The side wall 66 of the block member 60 has
      corresponding holes 80 and 81 adapted to receive the bolts utilized for
      securing the clamping member 72, which is on the inside of the corner post
      30, to the arcuate surface 67 of the block member 60.
PAR  As pointed out, block member 60 may be in the form of a casting having side
      walls 66, 66', 66", 66'", 66"", and 66""', which form a receptacle 71
      having a cavity 84. As may be seen, the block 60 has an extending lug or
      ledge 86 which includes a strengthening web 87 on the underside and
      extending back to the rectangular body of the block member. The lug 86 is
      secured to the end of transverse frame member 44 by suitable means such as
      welding, bolting or the like, to provide the receptacle 71 spaced from the
      frame member 44 as shown.
PAR  On the inside of the block member 60, that is in the cavity 84, there are
      two oppositely extending groove forming portions or wings as designated at
      90 and 92 which are tapered. That is, they become thicker in a downward
      direction which is a direction indicated by the arrow 89 in FIG. 5.
      Numeral 94 designates a square hole or opening in the side wall 66""' of
      the block 60 and the side wall 66""' is oppositely disposed to the side
      wall 66 having the arcuate surface 67 for attachment to corner post 30.
PAR  Referring now more particularly to FIGS. 6 and 7, FIG. 6 shows the second
      joint or block member 62 in an interlocking relationship with the block
      member 60. The member 62 has a generally rectangular pad as designated at
      100, interior of which, as shown in FIG. 7 is a cavity, as designated at
      102, the depth of which can be seen in FIG. 6. Extending outwardly from
      the inside face 102' of the cavity 102 of block member 62 is a tongue 104
      as may be seen in FIG. 6 and on the end of this tongue is an enlarged
      transverse head portion 106. Numerals 107 and 108 designate the
      strengthening ribs on the interior of the cavity 102 of rectangular pad
      100, which ribs extend between the ends and the tongue 104 and the surface
      of which are inwardly recessed. When the block members 60 and 62 are
      joined they are held in a tight juxtaposed relationship. The faces of the
      side edges of the rectangular pad 100 have shallow recesses or recessed
      surfaces as designated at 112 and 114 so that these surfaces do not come
      into direct contact with a juxtaposed surface on the block member 60 thus
      leaving clearance to prevent trapping of air within the cavity 84 in the
      block member 60.
PAR  The block member 62 may be removably or detachably secured or engaged to or
      with the block 60 while the block 60 is clamped to the corner post 30. It
      will be understood that the wings 90 and 92 previously described form a
      groove between them so that with the tongue 104 and head 106 the parts
      form a tongue and groove like joint.
PAR  In assembling the joint, the block 62 is brought up to the block 60 and the
      tongue 104 with the lug 106 on the end is inserted into the cavity 84
      through aperture 94 in a position in a position so that the tongue 104 can
      be brought down through the groove between the lugs or wings 90 and 92
      with the transverse head 106 in cavity 84 as may be seen in FIG. 6. As the
      tongue 104 and head 106 are moved downwardly, because of the taper of the
      wings 90 and 92 as previously described, the block 60 and 62 are pulled
      into tight juxtaposed relationship as shown in FIG. 6 with the head 106 in
      tight engagement with the wings 90 and 92 yet in such a way that manual
      disengagement is readily possible.
PAR  When the blocks are engaged they are in right angle relationship as shown
      in FIG. 6 with the extending lug or ledge 102 of the block 62 coupled by
      welding, bolting or the like to lengthwise frame member 38. Thus it may be
      seen that the lengthwise frame members 38 and 40 may be disengaged or
      detached from transverse frame members 42 and 44 simply by manually
      disengaging the blocks 62 from the blocks 60 which are coupled to the
      corner posts. The blocks 60 and 62 are configurated so that frame members
      38, 40, 42 and 44 are substantially coplanar in a horizontal plane.
PAR  From the foregoing it will be observed that the joints are made up from
      blocks which provide disengageable tongue and groove joints between the
      frame members but wherein the blocks are held firmly and securely together
      and coupled to the bed corner posts. Each of the block members may be a
      casting adapted for easy and economical fabrication and assembly.
PAR  From the foregoing, those skilled in the art will readily understand the
      nature and construction of the invention and the manner in which it
      realizes and achieves all of the objectives and advantages as has been set
      forth in the foregoing.
PAR  The foregoing disclosure is representative of the preferred form of the
      invention and is to be interpreted in an illustrative rather than a
      limiting sense and the invention to be accorded the full scope of the
      claims pending hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a bed arrangement of the type having a frame means defining an open,
      right angle, quadrilateral configuration lying in a substantially
      horizontally disposed plane, a headboard and a footboard spaced from the
      headboard and said headboard and footboard lying in substantially vertical
      planes, and each of said headboard and footboard having corner posts at
      the ends thereof and each of said corner posts having foot members for
      supporting the bed, and said frame means coupled to each of said corner
      posts and spaced vertically upwardly from said feet members, the
      improvement comprising, in combination:
PA1  said frame means comprising a pair of transverse frame members and a pair
      of lengthwise frame members;
PA1  joining means for detachably joining together said transverse frame members
      to said lengthwise frame members at the corners of said right angle
      quadrilateral configuration of the frame means, and said joining means for
      coupling said frame means to each of said corner posts, and said joining
      means comprises:
PA2  first block members, one at each end of said transverse frame members and
      each having:
PA3  a lug portion coupled to the end of
PA3  said transverse frame members;
PA3  a body portion extending beyond the ends of said transverse frame members,
      and said body portion having:
PA4  side walls defining a cavity, and:
PA4  a first of said side walls having an external surface having a geometric
      configuration corresponding to the outside geometric configuration of said
      corner posts and adjacent thereto, and said first side wall having a
      plurality of bolt-accepting apertures therethrough, said corner posts
      having walls in regions adjacent to said side wall of said first block
      members defining a tubular configuration and having a plurality of
      apertures therethrough aligned with said plurality of apertures in said
      first side wall of said block member;
PA4  a second side wall of said body portion of said first block member
      oppositely disposed and spaced from said first side wall and having walls
      defining a tongue portion receiving aperture therethrough;
PA4  a pair of spaced apart wing members coupled to said second side wall of
      said body portion of said first block member in said cavity defining a
      tongue accepting groove therebetween, and said wing members progressively
      increasing in thickness from a thin end adjacent the top of said aperture
      in said second side wall to a thick end adjacent the bottom of said
      aperture in said second side wall;
PA3  a pair of second block members having lug portions, one of said second
      block members coupled by said lug portion thereof to each end of said
      lengthwise frame members and having:
PA4  a pad portion extending beyond the ends of said lengthwise frame members;
PA4  a tongue portion extending from said pad portion and positionable through
      said aperture in said second side wall of said body portion of said first
      block member in said groove defined by said pair of spaced apart wing
      members; and,
PA4  an enlarged head portion coupled to the outer end of said tongue portion
      for frictionally clamping engagement with said tapered wing members in the
      interior of said cavity, whereby said taper in said wing members provides
      a clamping, wedging frictional retention of said second block member in
      right angular relationship to said first block member and said lengthwise
      frame members in right angle and substantially horizontally coplanar
      relationship to said transverse frame members;
PA3  a clamping means positioned in the interior of said tubular portion of said
      vertical posts adjacent said apertures through said wall of said tubular
      posts, and said clamping member having bolt-accepting apertures
      therethrough aligned with said apertures in said wall of said vertical
      posts, and bolt means extending through said bolt-accepting apertures in
      said first side wall of said body portion of said first block member,
      through said apertures in said wall of said vertical posts and through
      said bolt-accepting apertures in said clamping member, and nut means for
      engaging said bolt means for clamping said clamping member, said vertical
      posts and said first block member together.
NUM  2.
PAR  2. The arrangement defined in claim 1 wherein:
PA1  each of said transverse frame members and said lengthwise frame members
      comprise angle members having a horizontal flange and a vertically
      downwardly disposed flange.
NUM  3.
PAR  3. The arrangement defined in claim 2 and further comprising:
PA1  corner brace members adjacent each corner of said frame means, and each of
      said corner brace member having a first end pivotally coupled to one of
      said adjacent transverse and lengthwise frame members and a second end
      having walls defining a lug receiving aperture therein; and,
PA1  a plurality of lugs mounted on the other of said transverse and lengthwise
      frame members for locking insertion in said lug receiving aperture of said
      corner brace members.
NUM  4.
PAR  4. claim 4 The arrangement defined in claim 3 and further comprising:
PA1  an intermediate transverse support detachably coupled to said lengthwise
      frame members adjacent to mid points thereof and extending therebetween
      substantially parallel to said transverse frame members, and a support
      member coupled to underside of said intermediate transverse support member
      having a bottom portion substantially coplanar with said feet of said
      vertical posts to provide additional support for the bed; and,
PA1  a pair of tab members, one coupled to each of said lengthwise frame members
      adjacent the mid points thereof and extending vertically upward therefrom
      for retaining a box spring on said horizontally deposed flange of said
      frame members.
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ABST
PAL  An outboard engine storage bracket for storing a small outboard engine on
      the railing of a boat. The bracket is comprised of first and second
      members of wood or plastic which are fastened or clamped together over the
      rail at the location of a stanchion. When so clamped the two members
      simulate a transom-like member so that a small outboard engine may be
      clamped to the bracket for storage in the same manner the engine would
      ordinarily be clamped to a transom. Suggested fabrication techniques are
      described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the field of boat accessories, and more
      particularly to devices for use in storage of auxilary outboard engines on
      a boat such as a sailboat.
PAR  2. Prior Art
PAR  In certain instances small outboard engines may be carried aboard a larger
      boat for use either as emergency engines for the larger boat, or more
      typically as auxilary engines for dinghys and inflatable boats which may
      be used in conjunction with larger boats such as larger sailboats. By way
      of example, a person might carry a small fiberglass dinghy on a thirty
      foot sailboat and also somewhere stow a one or two horsepower outboard
      engine so that the dinghy may conveniently be used as a shore boat when
      the larger boat is anchored or moored off-shore.
PAR  Heretofore, there has not been any form of storage bracket in common use
      for such purposes. Often the outboard engine will be stowed under the
      cockpit bench seats, on the floor of the cabin or in the forward vee birth
      area. None of these locations, however, are really suitable for such
      purposes and, particularly on sailboats, have a number of disadvantages.
      One disadvantage with all such locations is that sailboats may heel at
      very substantial angles and the outboard engine is typically not clamped
      in position. Accordingly, the engine may roll around, with the possibility
      of damaging the engine and boat, and creating a safety hazard. These
      considerations are particularly important when the engine is stored
      anywhere below decks, as typically the space is very confining and it is
      very easy to damage the woodwork on the boat by hitting it with the
      engine. Also, the engine is typically stored in a horizontal position in
      such locations, and spillage of the gasoline and oil mixture from the fuel
      tank of the engine is not uncommon.
PAR  Thus, an outboard engine which is to be carried aboard a boat such as a
      sailboat should be clamped or otherwise constrained when stored, should
      preferably be stored in its vertical or normal disposition, and should be
      stored external to the finished areas of the boat to minimize the
      opportunity for damage of either the boat or the motor.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  An outboard engine storage bracket for storing a small outboard engine on
      the railing of a boat. The bracket is comprised of first and second
      members of wood or plastic which are fastened or clamped together over the
      rail at the location of a stanchion so that the railing provides vertical
      support, and the stanchion provides the required rigidity against the
      rotation of the assembly about the horizontal axis. When the two members
      are clamped as described, the assembly simulates a transom like member so
      that a small outboard engine may be clamped to the to the bracket in the
      conventional manner for storage. Thus, storage fo an engine is provided
      without holes, brackets or other permanent alterations of the boat being
      required. The bracket may be fabricated by various techniques, though a
      specific technique for fabricating the bracket out of wood is suggested.
      This technique involves the providing of a board of the desired shape and
      of substantial thickness, of drilling a through hole through the board at
      the desired location for passage of the rail, drilling a second hole to
      intercept the first hole at the desired angle in accordance with the
      angularity between the stanchion and the rail, and finally slicing the
      board on a plane substantially intermediate to the two larger flat
      surfaces of the board so as to separate the board into two pieces, and
      incidentally to remove some material so that the two pieces may be clamped
      together with the rail and stanchion therebetween in a tight and secure
      manner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a portion of the aft rail on a typical
      sailboat, illustrating the mounting of the present invention;
PAR  FIG. 2 is a view of the invention of FIG. 1 taken along the line 2--2
      thereof, and further illustrating the manner of clamping a conventional
      small outboard to the device of the present invention;
PAR  FIG. 3 is a partial cross-section taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a partial cross-section similar to FIG. 3 illustrating an
      alternate embodiment of the present invention;
PAR  FIG. 5 is a partial cross-section taken along line 5--5 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  First referring to FIG. 1, the aft portion of the railing on a typical
      sailboat 20 may be seen. Such rails normally are supported on stanchions
      22, and enclose the rear portion of the cockpit with a solid U-shaped bar
      or railing 24. Typically the stanchions 22 and rail 24 are tubular
      members, such as stainless steel or chrome plated steel tubular members
      joined into an integral assembly by some conventional fabrication
      technique such as welding prior to final finishing of the members. While
      the stanchions and rail may be of different diameters, and special
      T-fittings may be used at each junction of the rail and a stanchion, more
      commonly the rail and stanchions are of the same diameter tubing and
      comprise a welded assembly (e.g. without special fittings between the
      stanchions and rail). More specifically, typically the aft section of the
      rail, such as is commonly found on sail boats, is a single smoothly curved
      tubular member with the individual stanchions being welded thereto at the
      appropriate locations, and carefully finished so as to fairly well
      approximate the theoretical intersection of two cylinders. Further, while
      all stanchions do not necessarily intersect a rail at right angles, it is
      common to find at least two stanchions in the aft section of the rail, and
      probably more than two stanchions in the forward sections of rail which do
      intersect the rail at right angles. The present invention as it might
      mount to the rail at the location of one of the stern stanchions is shown
      in FIG. 1. The invention is comprised in its simplest form of first and
      second members 26 and 28 fastened or clamped together in face-to-face
      disposition by some suitable fastening or clamping means 30. When so
      clamped the two members 26 and 28 simulate a small transom like member to
      which a small outboard motor may be fastened or clamped in the
      conventional manner.
PAR  Details of the structure of members 26 and 28 may be seen in FIGS. 3 and 5.
      In particular, in the preferred embodiment members 26 and 28 are identical
      members, each being symmetrical about a center vertical plane
      perpendicular to the axis of the rail. FIG. 3 is a partial cross-section
      taken through the axis of the rail 24 and a stanchion 22, and illustrates
      the T-shaped slot in the inner face of each member 26 and 28 formed by the
      horizontal depression 32 and intersecting depression 34. As can be seen in
      FIG. 5, which is a partial cross-section taken along line 5--5 of FIG. 3,
      the depressions are preferably bounded by circular arc segments so as to
      fit snuggly and securely against the rail section 24 of similar diameter.
      In this embodiment the two members 26 and 28 are clamped or fastened
      together by conventional nuts and bolts 34 and 36, preferably of a highly
      corrosion resistant material such as brass or stainless steel. In the
      embodiment shown the nuts and bolts 34 and 36 are not countersunk, but
      instead are so positioned so as to not interfere with the normal mounting
      of a small outboard engine, such as engine 38 as shown in FIG. 2. The
      choice of such a suitable location is not difficult, particularly with
      respect to the member which will be abutted by clamp 40, as normally such
      clamps contact a transom higher than the portion of the engine bracket
      abutting the opposite face of the stanchion. If desired, of course, either
      or both sides of the fastener may be countersunk so that no portion of the
      fastener protrudes above the surface of either member so as to thereby be
      independent of any unusual or different location of a clamp, or other
      unusual characteristics of the engine mounting.
PAR  Also, as may be seen in FIG. 2, it will be noted that the horizontal
      depressions 32 are reasonably near the top of members 26 and 28, and
      accordingly, the normal location of the clamps 40 on the engine is such as
      to themselves encourage the tight clamping of members 26 and 28 to the
      rail 24. Accordingly, the clamps or fasteners 30 as shown in FIG. 1, or
      more particularly in the embodiment specifically shown, the nuts and bolts
      34 and 36 need only be sufficient to securely hold the members in position
      while an engine is being mounted or removed.
PAR  Preferably the present invention is fabricated from a single piece of wood
      of sufficient thickness to satisfactorily simulate a transom. The board is
      first cut to the desired dimensions consistent with the maximum size of
      the engine to be mounted thereto which, in turn, is somewhat dependent
      upon the size and strength of the railing to which it will be mounted.
      Thereafter a first horizontal through hole of the size of the railing 24
      and at a location of a desired depression to mate with the railing is
      drilled through the board, with the axis of the hole falling approximately
      at the center of the thickness of the board. Thereafter a second hole is
      drilled to intersect the first through hole at the desired angle
      (typically ninety degrees, though if desired at some other angle in
      accordance with the stanchion to rail angularity of the particular boat on
      which the device is to be used). Finally, a saw cut is made in the plane
      of the axis of the two holes so as to separate the board into the two
      pieces 26 and 28. Of course, this same saw cut removes a certain amount of
      material so that when members 26 and 28 clamp together to securely grasp a
      rail and stanchion, there will still be some slight separation 42 between
      the facingly disposed surfaces of the two members.
PAR  The preferred embodiment and the method of fabrication thereof has been
      described in detail. The fabrication of the invention from wood such as by
      way of example, mahogany or a harder wood such as teak results in a
      reasonably low cost device which is attractive in appearance and durable
      in service. Accordingly, the device may be permanently mounted on the
      boat, and for this purpose fastening means such as brass or stainless
      steel wood screws are suitable, and as a matter of convenience the nuts 34
      shown in FIG. 5 may be conventional wing nuts for mounting and removal
      without tools. Also while not previously mentioned, it should be noted
      that if the present invention is to be fabricated of wood, it is
      preferable to orient the wood so that the grain of the wood runs in the
      vertical direction, as mounted, as this orientation provides maximum
      durability and resistance to splitting due to the load of the engine
      imposed thereon.
PAR  As an alternate, depending upon the specific construction of the rail,
      members 26 and 28 may have a further relieved area in the region in the
      junction of the two depressions to accommodate any bulge or protrusion on
      that region. Thus as shown in FIG. 4, member 26a may be provided with
      relieved region 42 for this purpose.
PAR  Obviously many other variations may be made in the present invention. By
      way of specific example, members 26 and 28 may be identical injection
      molded members in which case the inner surface of each member would
      preferably be relieved and webbed for adequate strength with minimum
      material. Further, the depressions 32 and 34 in members 26 and 28 may also
      be V-shaped depressions rather than rounded depressions, so that the
      members will securely mount to rails of varying diameters. Also, members
      26 and 28 do not necessarily have to be identical, but one member may be
      thicker than the other and have a suitably disposed U-shaped slot therein
      slightly less than the diameter of the rail and stanchion, with a second
      thinner flat member being clamped thereto to secure the assembly to the
      rail. Thus, while the invention has been disclosed and described with
      respect to certain preferred embodiments thereof, it will be understood by
      those skilled in the art that various changes in form and detail may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for storing an outboard engine on a boat comprising first and
      second generally flat members, each having first and second surfaces, and
      means for clamping said first and second members together, at least one of
      said first and second members having a depression on said first surface
      thereof to mate with a railing on a boat, said means for clamping said
      first and second members together being a means for clamping said first
      and second members together with said first surfaces into a face-to-face
      disposition with a railing therebetween, whereby said first and second
      members may be supported by the railing to provide a transom-like assembly
      for support of an outboard engine.
NUM  2.
PAR  2. The device of claim 1 wherein said first and second members each have a
      depression on said first surfaces thereof to mate with a railing on a
      boat.
NUM  3.
PAR  3. The device of claim 1 wherein the one of said first and second members
      having a depression on said first surface thereof to mate with a railing
      on a boat further has a depression on said first surface to mate with a
      stanchion supporting the railing, whereby said means for clamping is a
      means for clamping said first and second members together with first
      surfaces into face-to-face disposition with a railing and a stanchion
      therebetween.
NUM  4.
PAR  4. The device of claim 3 wherein said first and second members each have a
      depression on said first surface thereof to mate with a railing and a
      stanchion on a boat.
NUM  5.
PAR  5. The device of claim 1 wherein said first and second members are wood
      members.
NUM  6.
PAR  6. The device of claim 5 wherein the grain of the wood is oriented in a
      direction generally perpendicular to said depression for mating with a
      railing of a boat.
NUM  7.
PAR  7. A device for use in storing an outboard engine on a boat having a
      section of railing supported by spaced apart stanchions; comprising:
PA1  a. first and second generally flat members, each of said members having a
      T-shaped depression in a first surface thereof, whereby said first and
      second members may be clamped together with the surfaces having said
      T-shaped depression in face-to-face disposition over a section of railing
      at a stanchion to simulate a small transom, and
PA1  b. means for clamping said first and second members together.
NUM  8.
PAR  8. The device of claim 7 wherein said T-shaped depressions are each
      sections of a circular arc of less than 180.degree..
NUM  9.
PAR  9. The device of claim 8 wherein said first and second members are wood
      members.
NUM  10.
PAR  10. The device of claim 9 wherein the grain of the wood is oriented in a
      direction generally perpendicular to said depression for mating with a
      railing of a boat.
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ABST
PAL  A square-sterned dory of welded aluminum construction in which the chines
      diverge for their full length and an engine well is located forward of the
      transom and is open through the transom as well as through the bottom. Box
      cross-braces serve as seats and storage compartments, and bracing is added
      by a forward deck or seat and skirt providing a front compartment. A
      hawsepipe is provided at the bow which extends through the forward
      compartment to the forward end of the bottom for convenience in handling
      an anchor when the dory is used as a river drifter.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an improved square-sterned dory of the type
      having a motor well forward of the transom and which is particularly
      adapted to welded aluminum construction.
PAC  OBJECTS
PAR  The invention aims to provide a dory especially suitable for use as a river
      drift boat and which can be easily rowed as well as power operated.
PAR  A further object is to provide a dory with superior handling
      characteristics and which is unusually safe in operation.
PAR  Still another object is to provide a dory of welded aluminum construction
      which is particularly durable and yet practical to build.
PAR  Other objects and advantages will appear during the course of the following
      description.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWING
PAR  FIG. 1 is a perspective view of a dory in accordance with the present
      invention;
PAR  FIG. 2 is a plan view of the dory with part of the floorboard broken away;
PAR  FIG. 3 is a side elevational view of the dory partly in vertical section;
PAR  FIG. 4 is a bottom plan view of the dory;
PAR  FIG. 5 is a front elevational view of the dory;
PAR  FIG. 6 is a rear elevational view of the dory;
PAR  FIG. 7 is a detailed perspective view of part of the bottom construction of
      the dory taken as indicated by line 7--7 of FIG. 2; and
PAR  FIG. 8 is a detailed transverse sectional view taken along the line 8--8 of
      FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the preferred embodiment of the boat of the
      present invention is of welded aluminum construction with the bottom 10,
      sides 11-12 and flat transom 13 each being formed from a single sheet. The
      transom has side terminal flanges lapping the sides 11-12 and welded
      thereto, and the sides 11-12 are welded together and to respective chines
      14 of angle section. Between the chines, the bottom 10 is reinforced by a
      grid comprising a keelson 15, a pair of stringers 16, and a plurality of
      ribs 17 welded to the bottom and to one another at their intersections.
PAR  From FIG. 7 it will be noted that the keelson 15 and ribs 17 have a hat
      section and the stringers 16 have an angle section, and that at the
      intersection of the ribs 17 with the stringers 16, the side flanges of the
      ribs are cut out to fit over the stringers so that the stringers are
      intact for their full length. It will also be seen that the ribs 17 do not
      extend the full width of the bottom but only between the side flanges of
      the keelson 15 and the chines 14. The spaces between the bottom
      reinforcing members may be filled with flotation material, such as
      polyethylene foam sheets 18, and covered by marine plywood floorboards 20.
PAR  At their upper edge, the sides 11-12 have an outwardly turned flange 21
      which interfits with a channel 22 to form a gunwale welded in position.
      This gunwale is complemented by an inwale 23 of box section spaced from
      the sides 11-12 by suitable blocks 24 welded in place. Oarlocks are
      suitably located midlength of the gunwale.
PAR  Cross-bracing of the sides 11-12 is accomplished by aluminum box ribs 25,
      26 of a channel section welded in position, spaced above the bottom 10 and
      having upper gussets 27 and 28, respectively, at their ends. Each of these
      gussets has triangular front and back walls joined by a bottom wall and a
      sloped center wall having an oblong opening 30 for storage access. The box
      ribs 25, 26 serve as storage compartments and have removable wood covers
      31, 32 functioning as seats as well as providing easy access to the boxes
      for stowage of fish, ice, food, clothing and gear. Further cross-bracing
      is accomplished by an aluminum deck or seat 33 welded to the sides at the
      bow and a skirt continuing from the seat and welded to the sides and
      bottom. Functionally, the skirt may be considered as a forward cross-rib.
PAR  As shown in FIG. 3, an open-ended hawsepipe 35 slopes forwardly from the
      aft edge of the deck to the lower end of the stem to open at the apex of
      the bottom 10. An anchor line is fed through the hawsepipe to an anchor 36
      having a disc head and a rod stem adapted to fit into the hawsepipe. The
      anchor line may be secured by a conveniently located jamb cleat (not
      shown). This anchor arrangement is particularly useful when the boat is
      being used as a drifter on a river for fishing, as for steelhead, for
      example. The skirt may have a center access opening to the bow compartment
      beneath the deck 33 for stowage of the anchor line or other gear.
PAR  A novel feature of the boat is the providing of a boat well 37 at the stern
      to receive an outboard motor. This well is defined on the sides by a pair
      of opposed side plates 38, 39 welded to the transom, the bottom 10 and the
      back of the rear box rib 26, and is defined at the front by a sloped
      cross-plate 40 welded to the bottom 10 and the side plates. At the stern,
      the well opens aft through an opening 41 (see FIG. 6) in the transom which
      merges with an opening 42 cut in the bottom 10. The cross-plate 40 is
      preferably faced with wood mounting plates for proper thickness to receive
      the mounting yoke of an outboard motor. As indicated in phantom in FIG. 3,
      the cutout 41 in the transom permits an outboard motor to be tilted
      upwardly far enough to clear the bottom and provides easy access to the
      propeller in case it is fouled or a shear pin needs to be replaced. In
      view of the stern cutout 41, the transom 13 is preferably arched upwardly
      along its upper edge.
PAR  Directing attention to the shape of the bottom 10, it should be noted that
      the side edges (chines) diverge for their full length, including the
      length of a flat aft portion which, as best seen in FIG. 3, extends
      forwardly from the transom 13 slightly more than 40 percent of the length
      of the bottom to a point adjacent the rear of the forward seat 31. The
      bottom 10 then curves upwardly in the forward direction through the rest
      of its length. As illustrated in FIG. 2, the sides 11-12 slope outwardly
      from the bottom 10 for their full length, and the flat transom 13 is also
      sloped. Referring to FIGS. 2 and 3, it will be noted that the aft portion
      of the gunwale is straight and diverges from the transom forwardly for
      substantially the full length of the flat aft portion of the bottom 10,
      and then its shear line curves upwardly and converges to the prow.
PAR  One of the novel features of the invention is the above-described
      arrangement wherein the aft portions of the chines diverge toward the
      transom while the correspoonding portions of the gunwales converge toward
      the transom. This arrangement, and particularly the aft diverging of the
      chines, gives superior steering and headway characteristics.
PAR  A typical dory constructed in accordance with the present invention may be
      about 16 feet in length along the gunwale and have a beam of nearly 7
      feet. Such a boat has a freeboard varying from about 27 to 32 inches and,
      when constructed with 0.080 inch aluminum plate and 0.180 inch aluminum
      structurals, weighs about 325 pounds when empty. With a conventional
      outboard engine of from 18 to 40 h.p., the dory has outstanding planing
      performance. It can be rowed at 3 to 5 knots.
PAR  The dory of this invention is also designed for sailing. A center board
      well may be provided through the center of the front box 25 and a mast
      step provided behind the deck 33. The engine well 37 is adapted to receive
      a rudder mounted on the cross-plate 40. When fitted with a lug mainsail
      and genoa jib, the dory sails stiff and high pointing with excellent
      speed.
PAR  Although the improved dory has been described as fabricated from aluminum,
      it is to be understood that other materials or combinations of materials
      could be used, as, for example, glass-fiber reinforced plastic.
CLMS
STM  The embodiments of the invention in which a particular property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A dory comprising:
PA1  a bottom panel having a stern edge, a bow end, and symmetrical side edges
      diverging aft for their full length from said bow end to the ends of said
      stern edge, said bottom panel having a flat stern portion extending from
      said stern edge forwardly approximately half the length of the dory and
      having a generally trapezoidal shape defined on three sides by said stern
      edge and rear portions of said diverging side edges, and said bottom panel
      having a curved forward position curving upwardly uniformly across its
      width from the fourth side of said stern portion forwardly between said
      side edges to said bow end,
PA1  a transom sloping aft from a connection with said stern edge and having
      opposed upwardly diverging end edges,
PA1  opposed outwardly sloping side panels connected to said end edges of the
      transom and side edges of the bottom and connected together at the bow to
      form a forwardly sloping stem,
PA1  respective gunwales along the upper edges of said side panels, said
      gunwales diverging from said stem outwardly of and higher than said curved
      forward portion of the bottom panel, and then converging to the transom
      outwardly of and higher than said flat stern portion of the bottom panel,
      and
PA1  combination cross-bracing and seat means extending between said side
      panels.
NUM  2.
PAR  2. A dory according to claim 1 in which said combination means includes two
      box ribs which extend thwartships in spaced relation to said bottom
      between the side panels as side braces with one box rib being located
      about midway of the length of the flat stern portion of the bottom panel
      and the other box rib being located over the aft part of the curved
      forward portion of the bottom panel.
NUM  3.
PAR  3. A dory according to claim 2 in which said bottom and transom have
      merging cutouts at the center line of the dory providing an open bottom
      and open rear for a well, side plates for the well extending between the
      rear box rib and the transom, and a cross-plate between said side plates
      at a location spaced aft of said rear box rib and defining the front of
      the well, said cross-plate being adapted to serve as an engine mount.
NUM  4.
PAR  4. A dory according to claim 3 in which said combination means also
      includes a flat bow deck connected to the side panels below said gunwales
      and a skirt depending from the rear of the bow deck and connected to the
      side panels and bottom panel.
NUM  5.
PAR  5. A dory according to claim 4 in which an open-ended hawsepipe extends
      from the bow end of said bottom panel to the intersection of said bow deck
      and skirt.
NUM  6.
PAR  6. A dory according to claim 1 in which all of said panels and said transom
      are aluminum sheet and are welded together, continuous aluminum chines of
      angle section welded at the inside intersection of said side panels and
      bottom panels, a continuous aluminum center keelson welded to the bottom
      panel, a pair of continuous aluminum stringers spaced at opposite sides of
      the keelson and welded to the bottom panel, and aluminum cross-ribs
      extending between the keelson and the chines and partially cut out to
      overlap the stringers, said ribs being welded to the bottom panel,
      keelson, stringers and chines.
NUM  7.
PAR  7. A dory according to claim 2 in which said box ribs comprises storage
      compartments spaced above said bottom panel and have an open top, and
      seats on the box ribs serving as covers for the open top.
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ABST
PAL  A method of manufacturing threaded nuts comprises providing a hollow nut
      casing having the desired geometrical nut profile and having at least one
      radial slit extending the length of the nut casing so as to render the nut
      casing inwardly contractible. A coil spring insert is formed with the
      inner edges of the coils defining a screw thread and the coil spring
      insert is inserted into the hollow opening in the nut casing. Then radial
      pressure is applied to the hollow nut casing so as to deform and inwardly
      contract the nut casing so that it is compressed about the coil spring
      insert and while in this state, the coil spring insert is welded to the
      nut casing to form a unitary threaded nut. The welding can be carried out
      by spot welding, friction welding, electronic welding or other available
      welding techniques so as to integrate the coil spring insert and nut
      casing into a one-piece threaded nut article.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains to a method of manufacturing threaded nuts
      and to threaded nut articles produced by such method.
PAR  Threaded nuts are in widespread use throughout the world in virtually every
      field of technology and numerous techniques have been devised to produce
      such nuts in commercial quantities and in the various standard thread
      sizes. The traditional method of forming threaded nuts comprises forming
      on a nut forging machine nut blanks having the desired geometrical
      profile, such as hexagonal, square, etc., and then tapping the nut blanks
      to form the screw threads thereby producing threaded nuts. This technique
      is disadvantageous in that the material removed from the nut blanks during
      the tapping operation is wasted and such results in considerable material
      waste, especially during formation of large nuts. This prior art technique
      is also unsuitable for mass production due to the gradual wearing away of
      the screw taps which eventually results in unacceptable thread pitch
      tolerances. Another disadvantage is that a considerable monetary
      investment must be made to obtain a full set of screw taps corresponding
      to all of the standard thread sizes currently in use, and as the screw
      taps become worn through repeated use, they must be replaced and this
      necessitates further expense.
PAR  In order to overcome the foregoing disadvantages associated with the
      screw-tapping technique, it has been proposed to eliminate the tapping
      operation by forming the nut threads of a coil spring insert which is
      inserted into a preformed hollow nut casing. The interior helical edge of
      the coil spring insert defines the screw thread so no screw-tapping
      operation is necessary. However, manufacturing difficulties have been
      encountered in this technique and it is not heretofore been possible to
      satisfactorily produce threaded nuts on a commercial scale. One major
      difficulty resides in the manner of affixing the coil spring insert to the
      nut casing and the current means employed for this purpose tend to be
      time-consuming and somewhat intricate and hence unsuitable for mass
      production. For example, one proposal known in the art is to provide
      inturned lips on the nut casing so as to retain the coil spring insert in
      place, however this creates problems in forming the lips and in rigidly
      securing the coil spring insert to the nut casing so as to preclude
      relative rotation between the two. A further drawback of the currently
      used coil spring insert techniques is that they require some finishing
      operation due to the manner in which the coil spring insert is bonded to
      the nut casing.
PAC  SUMMARY OF THE INVENTION
PAR  The manufacturing method of the invention effectively eliminates the
      foregoing drawbacks and disadvantages which exist in the prior art
      techniques and greatly simplifies the manufacturing process. In accordance
      with the invention, a hollow nut casing is formed having the desired
      geometrical profile and having at least one radial slit extending the
      length of the nut casing which renders the nut casing inwardly
      contractible. A coil spring insert is formed with the inner edges of the
      coils defining a screw thread and the coil spring insert is inserted into
      the hollow opening in the nut casing. Then radial pressure is applied to
      the nut casing so as to deform and inwardly contract the nut casing so
      that it is compressed about the coil spring insert and while in this
      state, the coil spring insert is welded to the nut casing to form a
      unitary threaded nut. The welding can be carried out by spot welding,
      friction welding, electronic welding or other available welding techniques
      so as to integrate the coil spring insert and nut casing into a one-piece
      threaded nut article.
PAR  It is therefore a primary object of the present invention to provide a
      method of manufacturing threaded nuts which overcomes the drawbacks and
      disadvantages enumerated above with respect to the prior art manufacturing
      techniques.
PAR  Another object of the present invention is to provide a method of
      manufacturing threaded nuts by welding a coil spring insert to a hollow
      nut casing thereby eliminating any type of screw-tapping operation and
      minimizing wastage of material.
PAR  A further object of the present invention is to provide a method of
      manufacturing threaded nuts which utilizes one common apparatus for
      manufacturing a wide range of threaded nut articles varying in geometrical
      profile, thread pitch and size.
PAR  A still further object of the present invention is to provide a method of
      manufacturing threaded nuts which can be carried out economically and
      rapidly on a commercial scale.
PAR  Yet another object of the present invention is to provide a method of
      manufacturing threaded nuts by forming a slitted hollow nut casing,
      inserting a coil spring insert into the nut casing, radially compressing
      the nut casing about the coil spring insert while welding the two together
      so as to form a unitary threaded nut article.
PAR  Having in mind the above and other objects, features and advantages of the
      present invention that will become evident from an understanding of this
      disclosure, the invention comprises the manufacturing method and resultant
      threaded nut article as illustrated in the presently preferred embodiment
      of the invention which is hereinafter set forth in sufficient detail to
      enable those persons skilled in the art to clearly understand the
      function, operation and advantages of it when read in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a coil spring insert of the type used in
      carrying out the method of the invention;
PAR  FIGS. 2(a)-2(b) are cross-sectional views of various coil thread profiles
      which can be used in accordance with the invention;
PAR  FIGS. 3(a)-3(c) are top plan views showing different nut casing geometrical
      profiles which can be used in accordance with the invention;
PAR  FIG. 4 is a top plan view showing the coil spring insert positioned within
      the nut casing but before welding of the two together;
PAR  FIG. 5 is a perspective view showing a finished threaded nut article
      manufactured by the method of the invention; and
PAR  FIG. 6 is a side view, partly in cross-section, of the finished threaded
      nut article shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the invention and with reference to FIG. 1, a coil
      spring insert 10 is formed in a known manner, such as by extrusion. The
      material for the coil spring insert comprises any suitable nut material
      and such materials are widely known in the art. The coil spring material
      may have any desired cross-section though the longitudinal inner edge of
      the spring material which is to form the screw thread 11 must be shaped in
      the form of the desired thread. For example, the spring material may have
      a circular cross-section as shown in FIG. 2(b) whereupon the resultant
      screw thread 11(b) will have a partially circular contour. The
      cross-sectional contours shown in FIGS. 2(a)-2(d) are representative only
      and other contours can be employed. For purposes of describing the present
      invention, the particular contour of FIG. 2(c) has been chosen as it
      represents one of the more standard type screw threads.
PAR  As seen in FIG. 1, the coil spring insert 10 comprises successive coils or
      convolutions which, when in their relaxed state, simply lie and rest upon
      one another. No spaces are provided between successive coils hor do the
      coils have specially formed portions, aside from the particular thread
      shape, and hence the coil spring insert 10 can be easily manufactured. One
      aspect of the invention resides in using a coil spring insert in which all
      of the coils are alike and with no spaces being provided between adjacent
      coils. This greatly facilitates the connection of the coil spring insert
      to the nut casing and helps prevent distortion of the screw pitch which
      may otherwise occur during the connection step.
PAR  In accordance with another aspect of the invention, a hollow nut casing 20
      is formed and three exemplary nut casing configurations are shown in FIG.
      3. The nut casings can be formed from an extruded tubular bar and the
      outer geometrical profile of the bar can be of any standard nut shape.
      FIGS. 3(a)-3(c) show, respectively, nut casings having a triangular,
      square and hexagonal profile and it is understood that other geometrical
      profiles may be used in carrying out the invention.
PAR  The hollow nut casing 20 of the invention is provided with an inner opening
      21 and at least one radial slit 22 which extends completely through the
      casing and extends along the entire nut casing length. The purpose of the
      slit is to render the hollow nut casing 20 somewhat contractible in the
      sense that when radial pressure is applied on the nut casing, the casing
      deforms slightly and inwardly contracts to at least partially close the
      slit 22 thereby compressing the nut casing against the coil spring insert
      10. As shown in FIG. 3(c), the nut casing itself may be composed of two or
      more separate pieces thereby providing a plurality of slits and this type
      construction is advantageous depending upon the particular welding
      operation by which the nut casing 20 is welded to the coil spring insert
      10.
PAR  During formation of the hollow nut casings, care should be taken to account
      for the small degree of deformation of the nut casing which occurs during
      welding. Hence the nut casing itself should be formed in a slightly
      expanded state so that during contraction and inward deformation thereof,
      the nut casing will end up at the correct size. As the amount of
      deformation of the nut casing is so small, the slight expanded state of
      the nut casings is hardly noticeable in FIGS. 3 and 4.
PAR  Another step of the manufacturing method of the invention resides in
      inserting the coil spring insert 10 into the opening 21 of the nut casing
      20 and FIG. 4 shown in this stage of manufacture. It is noted that at this
      stage, the hollow nut casing 20 has not yet been deformed so that the
      interior opening 21 has its maximum size thereby facilitating insertion of
      the coil spring insert 10 into the opening. It is also noted that in
      accordance with another feature of the invention, the exterior surface of
      the coil spring insert 10 need not be smoothly finished nor otherwise
      surface-treated and minor irregularities in the exterior surface of the
      insert will not affect production of the threaded nut.
PAR  After positioning the coil spring insert 10 into the nut casing opening 21,
      pressure is applied in a radial inward direction about the nut casing 20
      so as to contract and slightly deform the nut casing so that it is tightly
      compressed about the coil spring insert 10. While the nut casing is
      pressed tightly about the coil spring insert, the two are welded together
      so as to form a unitary, one-piece threaded nut article as shown in FIGS.
      5 and 6.
PAR  In carrying out the compressive deformation of the hollow nut casing and
      the subsequent welding, one type of apparatus which can be used is a
      standard friction welding apparatus. The details of such an apparatus are
      well known in the art and by way of further explanation, the precise
      manner in which the threaded nut is formed will be described with
      reference to a friction welding apparatus. The hollow nut casing 20 is
      placed on a rotary chuck having movable jaws which can be movably
      positioned by pneumatic pressure on the like. The coil spring insert 10 is
      threaded onto a slidable support shaft which is then slid so as to
      position the coil spring insert 10 within the opening 21 of the nut casing
      20. The condition of the hollow nut casing 20 and coil spring insert 10 at
      this stage of the operation is as shown in FIG. 4. The chuck is then
      rotated so as to rotate the nut casing 20 and then the chuck jaws are
      actuated so as to exert radial inward pressure on the nut casing 20
      thereby deforming the same tightly about the stationary coil spring insert
      10. The pressure exerted by the chuck jaws creates the necessary
      frictional heat and pressure to weld both parts together after which the
      support shaft immediately begins rotating due to the release of a spring
      clutch. The weldment now comprises one metal article and the welded
      section has one grain structure throughout. The screw pitch is preserved
      because the support shaft is threaded onto the threads of the coils spring
      insert and prevents deformation thereof and after stopping of the friction
      welding apparatus, the threaded nut article is simply unscrewed from the
      support shaft. Alternatively, the parts can be reversed and the nut casing
      20 can be held on the support shaft and the coil spring insert 10 can be
      rotationally driven by the rotary chuck.
PAR  Though the invention has been described with respect to friction welding,
      other types of welding can also be used. Thus magnetic flux welding,
      projection welding, spot welding, electronic welding and other welding
      techniques can be used to weld the nut casing to the coil spring insert
      and in each case, a suitable chuck holds the hollow nut casing 20 and
      inwardly deforms and contracts the same about the coil spring insert 10
      during the welding step. After the nut casing 20 and coil spring insert 10
      are welded together, any remaining portion of the slit which has not been
      closed can be filled with weld material. Also, in spot welding, the slit
      22 can serve as a weld site for welding the nut casing and spring insert
      together.
PAR  An important feature of the invention resides in the fact that the coil
      spring insert 10 need not be compressed nor otherwise subjected to any
      special treatment during its welding to the nut casing. The coil spring
      insert 10 is maintained in its relaxed or normal state and this greatly
      facilitates and simplifies the welding step.
PAR  While the invention has been disclosed and described with reference to one
      preferred embodiment, it is understood that many modifications thereof and
      changes thereto will become apparent to those ordinarily skilled in the
      art and the present invention is intended to cover all such obvious
      modifications and changes which fall within the spirit and scope of the
      invention defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of manufacturing a threaded nut article comprising the steps
      of:
PA1  providing a coil spring insert having a plurality of connected together
      coils the inner edges of which defines a screw thread;
PA1  providing a hollow nut casing having an outer profile in the shape of a
      nut, an inner opening extending through said nut casing and dimensioned to
      receive therein said coil spring insert, and at least one radial slit
      extending the length of said nut casing effective to render said nut
      casing slightly deformable and inwardly contractible when radial inward
      pressure is applied thereto;
PA1  positioning said coil spring insert into the nut casing inner opening;
PA1  applying sufficient radial inward pressure to said nut casing to slightly
      deform and inwardly contract the same so as to compress it about said coil
      spring insert; and
PA1  connecting said nut casing and coil spring insert together during the
      application of said radial inward pressure to form a unitary threaded nut
      article.
NUM  2.
PAR  2. A method according to claim 1; wherein said connecting step comprises
      welding said nut casing and coil spring insert together.
NUM  3.
PAR  3. A method according to claim 1; wherein said connecting step comprises
      spot welding said nut casing and coil spring insert together by applying
      weld material at the site of said radial slit.
NUM  4.
PAR  4. A method according to claim 1; wherein said steps of applying radial
      pressure and connecting together said nut casing and coil spring insert
      are carried out simultaneously by a friction welding operation.
NUM  5.
PAR  5. A threaded nut article manufactured according to the method of claim 1.
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ABST
PAL  A device for removing a plurality of separate elements from a loading area
      comprises an open walled member which effectively "sweeps" the elements
      from the loading or collecting area. The present invention is
      efficaciously deployed in any environment where such a "sweeping" effect
      is desirable. The present invention enjoys particular utility in
      collecting finished nuts and bolts in automated systems for the
      manufacture thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the removal of separate elements from
      loading or collection areas therefor. More particularly, the present
      invention relates to apparatus or a device for removing separate elements
      from a collection area therefor. Even more particularly, the present
      invention provides an apparatus for removing separate elements from an
      automated system for the manufacture of such elements.
PAR  2. Prior Art
PAR  There has been developed heretofore devices for the removal of separate
      elements from collection areas therefor in automated systems for the
      manufacture of such elements. In particular such removal devices have been
      developed for deployment in automated systems for the manufacture of
      workpieces, such as, locking elements including nuts and the like.
PAR  With particular reference to the manufacture of nuts from nut blanks there
      has been disclosed in the prior art a fully automated system for such
      manufacture. Representative of such prior art are the disclosures of U.S.
      Pat. Nos. 3,727,255 and 3,015,832. This prior art teaches a system for
      tapping nut blanks wherein, at the completion of the operation, the
      finished blanks are dropped into a bin.
PAR  This is disadvantageous in that this results in complete disorientation of
      the finished products, thereby requiring a further sorting operation.
PAR  To alleviate this problem of sorting, modern day systems now provide for
      the placement of the finished blanks in suitable trays or similar
      collecting means therefor. Essentially, these modern day systems
      contemplate the lifting of the finished blanks into the trays. The trays,
      per se, are provided with a plurality of sockets each of which receives a
      finished blank therewithin by being lifted thereinto. It has been found,
      however, that oftentimes the lifting of the finished blank into the tray
      is accompanied by the misorientation of the finished nut. This
      misorientation necessitates the manual removal of a nut from the socket.
      This necessarily reduces the efficiency of the system while concommitantly
      increasing labor costs and the like.
PAR  The present invention, on the other hand, provides a device for unloading a
      plurality of separate elements which avoids the problems alluded to
      hereinbefore.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a device for the
      removal of separable elements, such as, finished nut blanks and the like,
      from an unloading or collection area. The device hereof generally
      comprises a substantially planar member having three upstanding walls
      integrally formed therewith which, thus, cooperate to define an
      open-walled and open-topped member.
PAR  The member is mounted on suitable means for the movement thereof into and
      out of the collection area. Preferably, the member is mounted on a
      hydraulic ram for movement into and out of the unloading or collection
      area.
PAR  In an alternate embodiment of the present invention the device is provided
      with a medially disposed upstanding partition. The partition facilitates
      the sweeping effect by providing a further sweeping area.
DRWD
PAR  For a more complete understanding of the present invention reference is
      made to the following detailed description and accompanying drawing. In
      the drawing like reference characters refer to like parts throughout the
      several views in which:
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top plan view of a removal device of the prior art;
PAR  FIG. 2 is a side elevational view, partly in cross-section, of the prior
      art device shown in FIG. 1;
PAR  FIG. 3 is a side elevational view, partly in phantom, partly in
      cross-section, depicting the deployment of the device of the present
      invention in use with a nut blank tapping operation;
PAR  FIG. 4 is a perspective view of the device of the present invention, and
PAR  FIG. 5 is a perspective view of an alternate embodiment of the device of
      the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In order to faciliate an understanding of the present invention, by way of
      background, a brief explanation of the prior art will be given with
      reference to FIGS. 1 and 2. As hereinbefore noted, present day
      manufacturing of tapped nut blanks generally proceeds in accordance with
      the teachings of U.S. Pat. Nos. 3,727,255 and 3,015,832, the disclosures
      of which are hereby incorporated by reference. Furthermore, as noted
      previously, the teachings in these references of merely dropping the
      finished nut blank into a bin has now been eliminated. According to
      current practice, the fingers disclosed in the references lift the
      finished blanks into a device generally indicated at 1.
PAR  The device 1 generally comprises a base plate member 2, having a
      substantially pentagonal configuration, but wherein the legs 3, 4 thereof,
      which would merge into an apex, are joined through an arcuate section 5.
      The plate 2 is provided with a plurality of apertures 6 which function as
      knock-out means for finished blanks stored in the device. A cover plate 7
      is secured to the base plate 6 such as by welding or the like. Through the
      cover plate 7 and base plate 2 a plurality of sockets 8 are formed
      substantially concentrically with the apertures 6, as shown.
PAR  The device 1 is normally mounted for synchronized movement into and out of
      an unloading area, whereat the fingers lift the finished blanks into the
      sockets 8. As noted hereinbefore, one of the major drawbacks associated
      with the device 1 is the often occurring problem of misalignment of a
      finished nut blank in a socket 8.
PAR  With this background, reference is now made to FIGS. 3 and 4 for a detailed
      explanation of a first embodiment of the present invention. In accordance
      with the present invention there is provided a device, generally indicated
      at 10, for sweeping or raking finished nut blanks from an unloading area,
      generally indicated at 12.
PAR  The device 10 includes a base plate 14 having integrally formed upstanding
      slide walls 16, 18. Each of the sidewalls 16, 18 is joined to a short wall
      20, 22, respectively. The short walls are integrally formed with the base
      plate and their respective side walls, but, as shown, are angularly
      disposed with respect to the sidewalls. An arcuate upstanding wall 24
      joins the free ends of the short walls. The upstanding walls and base
      plate, thus, cooperate to define an open-walled, open-topped substantially
      pentagonal raking or sweeping device.
PAR  In deploying the device 10 in nut manufacturing operations, the device is
      normally mounted on means (not shown) for the synchronized movement
      thereof into and out of the unloading area 12.
PAR  As disclosed in the above-referenced patents, during the finishing or
      tapping step, nut blanks 26 are disposed in an array of sockets 28 formed
      in a plurality of transfer segments 30. The transfer segments are guided
      along a stationary support plate 32 which underlies the transfer segments
      30. The stationary support plate 32 is, in turn, supported by a second
      support plate 34.
PAR  In accordance herewith, as the transfer segment containing the tapped nut
      blanks is advanced to the unloading station, knock-out pins, being of
      greater diameter than the diameter of the bored hole in the finished
      blanks, lift the finished blanks such that the bottom surface 40 of the
      finished nut blanks 26 is coplanar with the top surface 42 of the transfer
      segment 30. The knock-out pins are synchronized through timed controls to
      lift the tapped blanks out of the transfer segment 30 and into device 10
      which rakes or sweeps the finished blanks from the transfer segment at the
      unloading station. Raking or sweeping is achieved, as shown, by causing
      the finished blanks to abut against the arcuate wall 24, the short walls
      20, 22 or those already swept blanks which are adjacent thereto.
PAR  It should be noted that the synchronization of movements or motion are
      achieved through timed controls well known to the skilled artisan.
PAR  With reference now to FIG. 5, there is depicted therein an alternate
      embodiment of the device or the present invention. In this embodiment the
      device, generally indicated at 110, includes a base plate member 112 and
      upstanding side walls 114 and 116 integrally formed therewith. A pair of
      upstanding short walls 118, 120 are integrally formed with the side walls
      and the base plate. The short walls are angularly disposed with respect to
      the side walls, as shown. An upstanding arcuate wall 122 interconnects the
      free ends of the short walls to define a substantially pentagonal raking
      device. The wall 122 is integrally formed with the base plate and the
      short walls.
PAR  An upstanding partition 124 traverses the interior of the device 110. The
      partition is disposed substantially medially between the ends of the
      sidewalls 114, 116 and is substantially perpendicular thereto and
      integrally formed therewith and the base plate.
PAR  The partition, thus, cooperates with the walls to form a first open-topped
      compartment 126 and a second open-walled, open-topped compartment 128. The
      compartmented device 110 facilitates the taking of the tapped finished
      blanks. The embodiment of the device works in the same manner heretofore
      described.
PAR  It should be noted that with regard to the pentagonal configuration
      accorded the device, this is dictated by the disposition of the sockets as
      well as the configuration of the shuttle plate. Thus, the invention
      contemplates other configurations.
PAR  Furthermore, it should be noted that although the invention has been
      discribed with respect to nut blanks, the invention is fully applicable in
      all instances where the sweeping of separate elements is desired or
      necessary.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for sweeping separable elements from an unloading area
      comprising:
PA1  a. a base plate,
PA1  b. a pair of upstanding side walls integrally formed with the base plate,
PA1  c. a pair of upstanding short walls integrally formed with the side walls
      and the base plate,
PA1  d. an arcuate wall integrally formed with the base plate and the short
      walls, and
PAL  wherein the base plate is joined at each of the walls, the base plate and
      walls cooperating to define an open-topped, open-ended device.
NUM  2.
PAR  2. The device of claim 1 wherein the short walls are angularly disposed
      with respect to the side walls.
NUM  3.
PAR  3. The device of claim 1 which further includes an upstanding partition
      traversing the interior of the device, the partition being integrally
      formed with the base plate and the side walls and being substantially
      perpendicular to the side walls.
NUM  4.
PAR  4. The device of claim 3 wherein the partition cooperates with the walls
      and the base plate to define a first open-topped compartment and a second
      open-topped, open-ended compartment.
NUM  5.
PAR  5. The device of claim 1 wherein the device is open at one end and closed
      at the bottom by said base plate.
NUM  6.
PAR  6. The device of claim 1 wherein the walls and the base plate define a
      space.
NUM  7.
PAR  7. The device of claim 6 wherein the walls cooperate to confine the
      horizontal and longitudinal movement of said elements to said space.
NUM  8.
PAR  8. The device of claim 6 wherein the height of said space is substantially
      equal to the height of said elements.
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ABST
PAL  A skid-proof gangway element in the form of a metal sheet having large
      holes with upwardly pressed edges and small holes arranged between the
      large holes and having downwardly pressed edges. The sheet material
      between the large holes is inclined toward the small holes so as to allow
      oil to be drained off. The upwardly pressed edges of the large holes
      provide skid-proof zones.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a gangway element of the type comprising a
      substantially rectangular metal sheet with relatively large holes.
PAR  In a known gangway element formed as a grate, the individual ribs are
      constituted by iron strips, these strips being arranged very closely to
      each other so that their edges in combination may form a walking surface
      provided with holes. The holes of the walking surface correspond to the
      air gap between the individual strips. A person walking on the walking
      surface is only liable to skid in the longitudinal direction of the
      strips.
PAR  The object of the invention is to provide a gangway element having an
      absolutely skid-proof walking surface, that is, a surface which,
      regardless of the direction in which a shoe is passed over it, will offer
      very great resistance to skidding of the shoe.
PAC  SUMMARY OF THE INVENTION
PAR  The gangway element according to the invention is characterized in that the
      edges of the large holes are pressed up above the plane of the sheet to
      form skid-proof zones, the maximum dimension of said holes being small
      compared with the width of a shoe, the metal sheet also having relatively
      small holes arranged between the large holes and catching and draining off
      oil, water or similar liquids that are likely to cause skidding, the sheet
      material between the large holes everywhere being inclined toward the
      small holes. The edges 3 of the large holes 2 are oblique with respect to
      the plane of the metal sheet and merge with the edges 5 of the small holes
      4, which are also oblique with respect to the plane of the sheet, as shown
      in FIG. 2. When a person is walking on such an element, the raised edges
      of the large holes will prevent his shoes from sliding or skidding,
      regardless of the direction in which the shoe is passed along the surface.
      Substantial resistance to skidding is furthermore ensured thereby that any
      oil or other lubricant present will not accumulate between these holes but
      be drained off through the small holes.
PAR  According to the invention, the edges of the small holes may be pressed
      down beneath the plane of the sheet so as to form small funnels. As a
      result, any liquid liable to cause skidding may be drained off very
      efficiently.
PAR  Furthermore, according to the invention, the great and the small holes may
      be substantially circular thus permitting of manufacture by using
      relatively simple tools.
PAR  According to the invention, the centers of the large holes may be placed at
      the vertices and at the intersections of the diagonals of rectangles
      arranged in a pattern, the centers of the small holes being placed at the
      centers of the sides of the rectangles. As a result, the small holes,
      although penetrating the sheet, will not seriously reduce the regidity of
      the element.
PAR  Moreover, according to the invention, the metal sheet may be of channel
      section form, the holes being formed in the largest flange that serves as
      walking surface. As a result, the flexural strength of the element will be
      very great.
PAR  According to the invention, the channel section may have the form of an
      inverted "U". As a result, the elements may readily be arranged side by
      side, the "bottom" of the U forming a walking surface provided with holes,
      whereas the vertical flanges afford ready possibility of attaching the
      elements to one another. Also according to the invention, such attaching
      may be bolting, welding or clamping by means of clamping members. Spacing
      members may possibly be arranged between the elements.
PAR  Finally, according to the invention, the side flanges of the element may be
      provided with holes through which may be passed connecting bolts. As a
      result, the elements may readily be attached to one another by means of
      bolts and nuts.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described below with reference to the accompanying
      drawings, in which
PAR  FIG. 1 is a plan view of a gangway element according to the invention
      formed as a plate, part of which has been removed,
PAR  FIG. 2 is a section taken on the line I--I of FIG. 1 and
PAR  FIG. 3 is a perspective view of a gangway according to the invention,
      consisting of three gangway elements, each having U cross section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The gangway element shown in FIG. 1 is constituted by a metal sheet 1
      provided with large holes 2. For the sake of clarity, only some of the
      holes are marked, said holes being of a diameter which is small compared
      with the width of a shoe. The holes 2 have edges 3, which are bent up
      above the level of the sheet. Between the large holes 2 are small holes 4,
      a few of which only are marked with reference numerals. The edges 5 of the
      holes 4 are bent downwards in relation to the level of the sheet 1 so as
      to form small funnels of conical shape. Since the sheet material between
      the large holes is inclined toward the small holes, oil or other greasy
      liquid dropped on the element will not accumulate between the large holes,
      but run away through the funnels and thus be drained from the element. The
      edges 3 of the large holes 2 will always prevent shoes or similar objects
      contacting the element from skidding.
PAR  In the element shown in FIGS. 1 and 2 the small holes are at first punched
      in the sheet 1, and then the large holes. The sheet is then mounted in a
      press tool having mandrels of a diameter slightly larger than the diameter
      of the punched small holes, and subsequently the edges of the holes are
      drawn up around the mandrels. The small holes now have their finished
      shape. The sheet is thereafter mounted on a press tool having mandrels of
      a diameter slightly larger than the diameter of the large holes, after
      which the edges of the large holes are drawn up around the corresponding
      large mandrels. The edges 3 of the holes 2 are drawn up on that side of
      the sheet which is opposite the raised edges 5.
PAR  The gangway element according to the invention may as mentioned above be
      formed as a U-channel section. Three such channel sections bolted together
      are shown in FIG. 3. As will appear from the Figure, the "bottom" of the
      U-channel section is formed as a walking surface. The upwardly projecting
      frictional edges 3 of the channel section (cf. FIG. 2) are omitted for the
      sake of clarity. The vertical flanges 7 of the channel sections are bolted
      together in pairs by means of bolts 8 and nuts. The holes 10 through which
      the bolts 8 are passed are oblong to permit displacement of the gangway
      elements in longitudinal direction in relation to one another.
PAR  When the gangway channel sections are manufactured, the frictional holes 2
      and the outlet holes 4 are at first made in a wholly flat metal sheet.
      When these holes have been made, the holes 10 are punched after which the
      edge zones of the sheet in which the holes 10 are located are bent through
      90.degree. so that the sheet obtains a section of U-form with a horizontal
      flange 6 and vertical flanges 7 as illustrated in FIG. 3.
PAR  If the channel sections are to be of exceptional strength, they may be
      closed.
PAR  The gangway elements may be of any arbitrary length, but the length will
      normally be limited by the tools used for the manufacture of the elements
      and by their weight, since the gangway elements may be of a self-weight
      making them easy to move.
PAR  The large holes 2 and the small holes 4 are of a substantially circular
      form, cf. FIG. 1.
PAR  As indicated in FIG. 1, the centers of the large holes 2 are placed at the
      vertices of rectangles as well as at the intersections of the diagonals of
      such rectangles, the rectangles forming a lattice. The centers of the
      small holes 4 are placed at the centers of the side of said rectangles.
PAR  The embodiments disclosed in the foregoing do not serve to restrict the
      scope of the protection, but only to illustrate the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A gangway element of improved skid-proof properties, comprising a metal
      sheet having rows of large holes and small holes alternately, the size of
      the large holes being less than the width of the shoe of a person walking
      on said gangway, the holes in adjacent rows being out of registry so that
      each large hole is in alignment with a small hole of the adjacent rows,
      the edges of the large holes and the small holes being oblique with
      respect to the plane of the sheet, the edges of the large holes being
      pressed upwardly, the edges of the small holes being pressed downwardly,
      the edges of the larger holes merging with the edges of the small holes,
      whereby all the portions between the holes are inclined towards the small
      holes.
NUM  2.
PAR  2. A plurality of elements according to claim 1 fastened to each other by
      conventional means.
NUM  3.
PAR  3. A plurality of elements according to claim 1 arranged side by side and
      connected by spacing members.
NUM  4.
PAR  4. A gangway element as claimed in claim 1 wherein the large holes and the
      small holes are substantially circular.
NUM  5.
PAR  5. A gangway element as claimed in claim 1 wherein the centers of the large
      holes are placed at the vertices and at the intersections of the diagonals
      of rectangles arranged in a pattern, the centers of the small holes being
      placed at the centers of the sides of the rectangles.
NUM  6.
PAR  6. A gangway element as claimed in claim 1 wherein the metal sheet is
      formed as a channel the holes being formed in the largest flange of the
      channel that serves as a walking surface.
NUM  7.
PAR  7. A gangway element as claimed in claim 6 wherein the channel section has
      the form of an inverted U.
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ABST
PAL  A rocker panel brush is journaled in a bearing supported by an adjustable,
      clamping universal joint carried by an arm mounted by an arbor on an
      overhead support.
BSUM
PAC  DESCRIPTION
PAR  This invention relates to an improved rocker panel brush mechanism, and for
      an object thereof the provision of an improved rocker panel brush
      mechanism.
PAR  Another object of the invention is to provide a rocker panel brush assembly
      carrid by arm means having an adjustable, rigid joint.
PAR  A further object of the invention is to provide a rocker panel brush
      mechanism in which an adjustable, rigid universal joint mounts a brush
      assembly on a pivotally mounted arm.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary top plan view of a car wash including an improved
      rocker panel brush mechanism forming one embodiment of the invention;
PAR  FIG. 2 is a fragmentary side elevation view of the car wash and brush
      mechanism of FIG. 1;
PAR  FIG. 3 is an enlarged, fragmentary, partially sectional side elevation view
      of the brush mechanism of FIG. 1;
PAR  FIG. 4 is an enlarged, fragmentary, bottom plan view taken along line 4--4
      of FIG. 3; and
PAR  FIG. 5 is an enlarged vertical sectional view taken along 5--5 of FIG. 3.
DETD
PAR  Referring now in detail to the drawings, there is shown therein a rocker
      panel brush mechanism 10 forming one embodiment of the invention and
      mounted in a car wash including a guide track 12 guiding a car 14 through
      the car wash as it is advanced by a conveyor (not shown). The brush
      mechanism 10 includes a brush assembly 16 adjustably mounted by an
      adjustable universal joint 18 on an arm 20 pivotally mounted on an
      overhead mounted post 22.
PAR  The universal joint 18 (FIGS. 3 and 5) includes a ball 30 having a
      cylindrical shank 32 projecting into and fixed rigidly to the arm 20 by
      pinning or welding. A flanged socket 34 is relesably clamped rigidly to
      the ball 30 by a U-shaped clamping plate 36 and capscrews 38 screwed into
      tapped bores through the flange of the socket 34. The socket can be
      adjusted universally relative to the horizontal arm by loosening one of
      the capscrews, which is retightened after arbor 40 is at the desired angle
      relative to the vertical for best wishing the side and rocker panel
      portions of the car with a brush 42 carried and rotated by the arbor.
PAR  The brush assembly 16 (FIGS. 3 and 5) includes a hydraulic motor 50
      connected to rods 52. The motor 50 is carried by sleeve 54 which is
      integral with socket 34. Radial and thrust bearings 56 and 58 journal the
      arbor 40 in the sleeve 54, and a coupling 60 connects the arbor 40 to
      drive shaft 62 of the motor 50. The upper end portions of the rods 52 are
      threaded and connected to the mounting flange of the motor 50. The lower
      end of rods 52 telescope into socket members 64 attached to the sleeve 54.
      The brush 42 has a flanged core 65 bolted to a flange 66 mounted on the
      arbor 40 to connect the brush core 65 rigidly to the arbor.
PAR  The arm 20 (FIGS. 3 and 4) is mounted on the post 22 by a sleeve 70
      integral with the arm and journaled on radial-and-thrust bearings 72 and
      74 mounted on a flanged post member 76 bolted to a flange 78 on the lower
      end of the post 22, a nut 80 screwed onto the lower end of the post member
      76 holding the bearing 74 on the post member 76. A torsion spring 82 is
      secured at one end to a bolt 84 extending through the flanges of the post
      and post member, and the spring is secured at the other end thereof to a
      lug 86 of a split ring 88 clamped to the sleeve 70. The spring biases the
      arm 20 clockwise, as viewed in FIG. 4, toward a normal position in which a
      member 90 on the arm engages a stop 92 bolted to the flange 78. A shock
      absorber 94 is connected between the arm 20 and the offsetting bar 96
      fixed to the flange of the post member 76. When the car engages the brush
      and springs the arm 20, a cam 98 fixes to the sleeve 70 actuates a value
      100 to supply water to nozzles to spray the brush and the areas of the car
      adjacent the brush.
PAR  The universal joint 18 enables the axis of rotation of the brush 42 to be
      easily adjusted to the optimum angle for brushing the lower side and
      rocker panel portions of the car. It permits rotative adjustment about the
      longitudinal axis of the arm 20 and also permits substantial rotative
      adjustment about axes transverse to the longitudinal axis of the arm 20.
      Thus, universal adjustment may be made.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a brush mechanism,
PA1  a brush assembly including a rotary brush rotatable on a predetermined
      axis,
PA1  movable arm means,
PA1  means mounting the arm means adjacent a predetermined path of a car,
PA1  and rigid adjustable joint means mounting the brush means on the arm means,
      the joint means including a ball, a socket, and a clamp adapted to clamp
      the ball in the socket.
NUM  2.
PAR  2. The brush mechanism of claim 1 wherein the clamp comprises a U-shaped
      plate and bolt means securing the plate to the socket.
NUM  3.
PAR  3. In a brush mechanism,
PA1  an arm,
PA1  means mounting the arm pivotally on a vertical axis,
PA1  spring means biasing the arm toward a nominal position,
PA1  a ball mounted on the arm,
PA1  a socket mounted on and receiving the ball,
PA1  a clamping plate secured to the socket and pressing the ball into the
      socket,
PA1  bearing means carried by the socket,
PA1  a brush shaft journaled in the bearing means,
PA1  a motor mounted on the socket, and driving the shaft, and a brush carried
      by the shaft.
NUM  4.
PAR  4. In a brush mechanism,
PA1  a brush assembly including a rotary brush rotatable on a predetermined
      axis,
PA1  movable arm means,
PA1  an overhead post extending downwardly,
PA1  means mounting the arm means rotatably on the lower end of the post and
      adjacent a predetermined path of a car,
PA1  rigid adjustable joint means mounting the brush means on the arm means,
PA1  the mounting means including thrust bearing means mounted on the post,
PA1  the arm means including a sleeve portion enclosing and mounted on the
      thrust bearing means,
PA1  the post means including a flange,
PA1  torsion spring means mounted on the post means and connected to the arm
      means and the flange and biasing the arm means in a predetermined
      direction,
PA1  and stop means on the flange and the arm means for limiting movement of the
      arm means in said direction.
NUM  5.
PAR  5. The brush mechanism of claim 4 including valve means mounted on the
      flange, and actuator means mounted on the sleeve portion for closing the
      valve means when the arm means is in one rotative position.
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ABST
PAL  Liquid-projecting apparatus for cleaning various articles, the apparatus
      including a body forming a container and a brush member mounted thereon.
      Provision is made in the body for injecting the liquid in the brush member
      while this latter is rotating.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to apparatus for cleaning and
      maintaining various articles and concerns more particularly apparatuses in
      which a fluid is projected into a rotating brush or like member for
      applying various products to any surface while at the same time cleaning
      the same.
PAR  The invention relates more precisely to two categories of apparatus of the
      above-mentioned type, i.e. apparatus of simplified technological design
      for applying any product, such as paint or the like, and more elaborate
      apparatus for maintaining various articles, such as foot-wear, furniture,
      glass panes, floor coverings and generally all substantially plane
      surfaces, requiring regular maintenance in order to keep a pleasant clean
      appearance.
PAC  BACKGROUND
PAR  The hitherto known rotating brush apparatus for the maintenance of, for
      example, floor coverings and floorings were adapted to deposit a certain
      amount of liquid product, such as wax, on the surface to be cleaned and/or
      polished. However, such apparatus is relatively heavy, difficult to handle
      and rather large-sized. On the other hand, small apparatus is known which
      can be held in one's hand and are equipped with a rotating brush or like
      member for scouring or polishing various surfaces. However, apparatus of
      this type was not provided with means for injection of a fluid product
      into the rotating brush member and it was necessary to previously apply a
      suitable fluid product on the surface to be cleaned before using the
      apparatus proper. This considerably increased the working time and,
      moreover, this type of apparatus could not be used with, for example,
      quick-drying products which had to be simultaneously applied, spread and
      brushed on the surface concerned.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention allows all the aforementioned drawbacks of the
      apparatus of the prior art to be remedied by providing small apparatus
      which, being held in the hand, can be used for the maintenance of any
      surface and notably insure a rational projection of the fluid product into
      a rotating brush member, which fluid product can, if appropriate, be
      treated, for example heated, directly in the apparatus.
PAR  More precisely, the present invention has for its object a fluid product
      projection apparatus for maintenance of various articles, of the type
      comprising a body, part of which forms a container for the fluid product,
      as well as means for the supply of the said fluid product to a working
      head mounted on the said body, characterized in that the said working head
      is constituted by at least one member provided with bristles forming a
      brush or the like and driven in rotation by a motor, means for projecting
      the said fluid product being provided in the said body to inject the same
      into the said bristle member while the latter itself is rotating.
PAR  According to another feature of the invention, the said projection means
      are constituted by a conduit with bores provided in the said member and
      opening at the root of the bristles carried by the said member, whereas a
      pump driven by a first electric motor is associated, on the one hand, with
      the said conduit and, on the other hand, with a suction pipe running into
      the said container.
PAR  According to still another feature of the invention, the said member is
      provided at its end opposite the one carrying the bristles with a toothed
      wheel meshing with a pinion driven by a second electric motor.
PAR  It is thus understood that, by means of these very simple arrangements, the
      brush member can be made to rotate while at the same time injecting a
      certain amount of product, or without injecting the product, the two said
      small electric motors being operated separately or simultaneously, as
      known per se, by means of a small two-position button mounted on a handle
      for holding the apparatus.
PAR  According to another feature of the invention, the bristles at the end of
      the said rotating member are secured to a support adapted to be removably
      fitted onto the said member by means of a system consisting of a
      retractable pin engaging a hole provided in the said support.
PAR  Of course, the support carrying the bristles may as well be mounted
      stationarily at the end of the body of the apparatus without departing
      from the scope of the invention.
PAR  According to still another feature of the invention, the said projection
      means are constituted by a hollow shaft driven by an electric motor and
      carrying at one of its ends a brush or like member which, if appropriate,
      is removable, whereas at the other end of the said hollow shaft opens a
      suction pipe running into the container, and arrives a certain amount of
      air sucked from the outside by a small centrifugal turbine mounted within
      the apparatus and also driven by the said motor.
PAR  The said turbine therefore produces a blast-pumping effect enabling the
      liquid to be sucked from the container while at the same time dividing and
      projecting the same into the brush bristles. It should be noted that such
      an arrangement is particularly simple and judicious, for when the brush is
      firmly pressed on the surface to be treated, the hollow shaft is, somewhat
      obturated by the said surface and the whole bulk of bristles, so that less
      air flow is sucked. Maximum fluid projection is obtained simply by moving
      the rotating brush, i.e. the apparatus, from the said surface to restore a
      maximum flow of sucked air. Consequently, according to whether the brush,
      i.e. the apparatus, is moved from or towards the surface to be treated,
      more or less fluid projection is obtained. This is of particular interest
      where the surfaces to be treated are non-uniformly dirty, i.e. require
      more product and/or brushing time in some areas.
PAR  The above-mentioned advantages are obtained, according to the invention, by
      the fact that the said centrifugal turbine is enclosed in a body connected
      to the said other end of the hollow shaft through a rotary joint and that
      the suction pipe end opposite the one located in the container penetrates
      into the body of the turbine, thus enabling the said blast-pumping effect
      to be obtained.
PAR  According to still another feature of the invention, the turbine body
      comprises an air-suction sleeve portion opening onto a wall of the
      apparatus provided at that point with a small protection grid.
PAR  According to still another feature of the invention, a small heating
      resistance is mounted in the said suction sleeve for heating the sucked
      air.
PAR  It should also be noted that, according to the invention, at least one
      heating resistance is provided in the container, whereas a thermostat
      adapted to be controlled from outside the apparatus is mounted on the wall
      of the said container.
PAR  According to another embodiment of the invention, two hollow shafts
      equipped respectively with a brush member may be provided in an apparatus
      of the aforesaid type, the aforesaid motor driving both shafts
      simultaneously, whereas a collector is connected to the body of the
      turbine for sucking and projecting the fluid product.
PAR  In order to increase the efficiency of the apparatus, the brush member may,
      according to the invention, be provided with only a ring of bristles
      around the orifice or orifices through which the fluid product is
      delivered. Thus, if the fluid product is finely divided, the bristles will
      not interfere with the spreading of the fluid on the surface to be treated
      before the brushing proper.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other purposes and advantages of the invention will appear more clearly
      from the following detailed description made with reference to the
      appended drawings in which:
PAR  FIG. 1 is an elevational side view, with parts broken away, illustrating a
      first form of the apparatus according to one embodiment of the invention;
PAR  FIG. 2 shows a brush in the form of a stationary paint brush adapted to be
      mounted on apparatus similar to that of FIG. 1;
PAR  FIG. 3 illustrates another form of apparatus particularly useful for
      cleaning dishes or the like and scouring pans, and using members similar
      to as those in FIG. 1;
PAR  FIG. 4 is a perspective view of a second embodiment of the invention;
PAR  FIG. 5 is a substantially axial sectional view of the apparatus shown in
      FIG. 4;
PAR  FIG. 6 is a perspective view of a third embodiment of the invention,
      provided with two brushes; and
PAR  FIG. 7 is a partial and axial sectional view of the apparatus shown in FIG.
      6.
DETD
PAC  DETAILED DESCRIPTION
PAR  According to a first embodiment as shown in FIG. 1, an apparatus according
      to the invention is seen to comprise a body 1, part of which forms a
      container 2 provided with a filling orifice obturable by a plug 3 at the
      rear of the apparatus. In the front narrower portion of the body 1 is
      mounted a pump 4 associated, on the one hand, with a preferably supple
      suction pipe 5 running into the container 2 and, on the other hand, with a
      conduit 6 extended by bores 7 provided in a rotary member 8 and opening at
      9 into a support forming a sleeve 10, carrying bristles 11 and removably
      mounted on the rotary member by means of a retractable pin 12. The
      retractable pin is inserted in the rotary member 8 and acted upon by a
      spring so as to be automatically engaged into a hole provided in the brush
      support 10. At 13 is shown a groove provided in the member 8 and
      co-operating with the support 10 to allow the said support to rotate
      jointly with the member 8.
PAR  At 14 is shown a first electric drive motor for pump 4. A second electric
      drive motor for the rotating member or working head 8 is shown at 15. The
      latter driving takes place through a pinion 16 mounted on the output shaft
      17 of the motor 15 and meshing with a toothed wheel 18 rotating jointly
      with the member 8, which rotates in a roller bearing 19 mounted at the end
      of the body 1 of the apparatus. At 20 is shown a rotary joint connecting
      the conduit 6 to the channel 21 with bores 7 provided in the rotating
      brush member 8. Motors 14 and 15 may be supplied for example from storage
      batteries shown diagrammatically at 22 and housed in a handle 23 allowing
      the apparatus to be held conveniently and including a two-position switch
      for the rotation of the brush with or without fluid injection into the
      conduit 6, i.e. allowing either the motor 15 to be supplied alone or both
      motors 14 and 15 to be supplied simultaneously.
PAR  Such an apparatus is particularly efficient for applying various liquid
      products, such as, for example, paint. In FIG. 3 is shown an apparatus
      comprising similar members to those of FIG. 1, but the external shape of
      which is somewhat different owing to its particular use. Indeed, the
      apparatus shown in FIG. 3 is particularly useful for cleaning dishes or
      the like and scouring pans. Like the apparatus shown in FIG. 1, the
      apparatus of FIG. 3 comprises a body 1" in which is provided a container,
      a working head with a rotating brush 11" and a two-position switch 24" for
      the rotation of brush 11" with or without injection of scouring product.
PAR  FIG. 2 shows a working head which is mounted removably at the end of an
      apparatus body 1' similar to the one illustrated in FIG. 1, but which is
      not rotatable. Such a working head 25 is in the form of a paint-brush
      which is not rotatable and is mounted by means of a simple retractable pin
      26 at the end of body 1' is particularly useful for applying more or less
      viscous liquid coating products such as paint, varnish or the like.
PAR  Reference is now made to FIGS. 4 and 5 showing a second type of apparatus
      according to the invention. This apparatus 30 is provided with a handle 31
      with a switch 32, the said handle being extended by a body 33 containing
      the active members of the apparatus, namely fluid projection means as well
      as means for driving in rotation any form of brush, such as 34.
PAR  As appears clearly from FIG. 5, the body 33 comprises a container 35
      obturable by a plug 36, a thermostat of a type known per se and shown
      generally at 37 being mounted on the enclosure 38 of the said container
      and adapted to be controlled from the outside by means of a knurled button
      39. It is thus possible to impart to the fluid 40 in the container 35 a
      predetermined and appropriate temperature, the said fluid being heated by
      a cylindrical resistance 41 mounted at the bottom of the container.
PAR  The bristles of brush 44 are carried by a support 45 which may be removable
      and is fitted on the end of a hollow shaft 42. According to the form of
      embodiment illustrated, the end of the hollow shaft 42 is provided at its
      periphery with two flat surfaces 43, 46 co-operating with corresponding
      flat surfaces provided in the support 45, so that the brush 44 reliably
      rotates jointly with the hollow shaft 42. Additionally, a small screw 47
      in the brush support 45 allows the latter to be reliably secured to the
      end of the hollow shaft 42.
PAR  The said hollow shaft rotates in a roller bearing 48 arranged in body 33
      and is driven in rotation by a motor 49. The output shaft 50 of motor 49
      carries a pinion 51 meshing with a toothed wheel 52 rotating jointly with
      the hollow shaft 42, the said output shaft 50 also driving in rotation a
      turbine paddle-wheel 53 enclosed in a body 54. The body 54 has, in a
      manner known per se, a progressively increasing section so as to form a
      spiral volute as seen at 55 and 56. The larger-section portion 56 of the
      volute 54, through which the air supplied by the turbine 53 is expelled,
      is connected to the hollow shaft 42 through the medium of, for example, a
      rotary joint. Into the portion 56 of the volute 54 opens a pipe 57 running
      into the container 35. The upper portion of the turbine body 54 forms a
      funnel-shaped portion 58 opening into the upper portion of the apparatus
      to allow air to be sucked by the said turbine. At 59 is shown a small
      protection grid covering the funnel-shaped portion 58. At 60 is shown a
      small resistance mounted in the funnel-shaped portion 58 for heating the
      air from outside the apparatus. Lastly, a supply storage battery for motor
      49 is shown diagrammatically at 61, the said battery being arranged in a
      compartment provided in body 33 and accessible through a small trap 62
      provided in body 33.
PAR  The operation of this apparatus can be readily inferred from the
      description just made. Motor 49 is started by pressing the switch button
      32. The hollow shaft 42 and the turbine 53 are driven in rotation
      simultaneously. The outside air sucked by the paddle-wheel 53 is conveyed
      into the hollow shaft 42 and insures a blast-pumping effect causing the
      fluid contained in the container to be sucked and dispersed in the hollow
      shaft 42 from the end of the suction pipe 57 opening into the said hollow
      shaft. This finally results in a projection of divided fluid into the
      brush 44, which fluid, if appropriate, may be heated to a predetermined
      temperature owing to the heating resistance 41 in the container and to the
      thermostat 37. The sucked and expelled air responsible for this projection
      may be heated by the heating resistances 60 depending upon the product
      used.
PAR  For some fluids it may be useful to employ a brush provided with only a
      ring of bristles distributed about the outlet of the hollow shaft 42 so as
      to leave a central region 63 devoid of bristles and allowing the fluid,
      when finely divided, to properly spread on the surface to be treated
      without being impeded by the bristles.
PAR  It is thus seen that, according to whether the brush is more or less
      pressed on the surface to be treated, i.e. depending upon the degree to
      which the apparatus is moved from the said surface, a variable flow of
      expelled air is obtained, which means that the fluid flow projected into
      the brush varies accordingly. As has already been pointed out, it is
      therefore possible with such an apparatus to obtain a quite convenient
      maintenance of non-uniformly dirty surfaces by simply imparting to the
      apparatus slight vertical motions, alternately upward and downward.
PAR  Reference is now made to FIGS. 6 and 7 showing another embodiment of the
      invention, using the same principle as illustrated in FIG. 5.
PAR  The apparatus shown in these Figures is particularly adapted for floor
      maintenance. The same reference numbers with primes as in FIG. 5 are used
      for similar members.
PAR  This apparatus comprises a holding stick 65 mounted at 66, pivotally if
      appropriate, on a body 67 containing the necessary members for projecting
      a fluid into two brushes 64 and for driving them in rotation. At 68 is
      shown a plug for closing the container in the body 67. Since two brushes
      are provided, the apparatus is equipped, as seen in FIG. 7, with two
      hollow shafts 42' mounted in the body 67 by means of a member 69 forming a
      bearing for both shafts and a reinforcing element for the said body. The
      motor 49 drives both hollow shafts 42 simultaneously through pinnion 51'
      and a toothed wheel 52' provided on each hollow shaft. A collector element
      70 surmounts the hollow shafts 42' and is connected to the turbine body in
      the manner as illustrated in FIG. 5. There is also provided a fluid
      suction and projection pipe 57' with two distributing branches 57a opening
      into the collector element 70.
PAR  The invention therefore provides a fluid-projection maintenance apparatus
      which is compact, simple in design, adapted for a great number of uses,
      capable of projection fluids or variable viscosity and equipped with
      either a single or several brushes depending upon its desired purpose.
PAR  It should be noted, in this connection, that the apparatus of the type
      illustrated in FIG. 1 ensures perfect adherence of the brush, or
      paint-brush, to the surface to be treated, owing to the rotation of said
      brush which, moreover, minimizes physical effort for the user (no
      to-and-fro movements). As for the type of apparatus illustrated in FIGS. 4
      to 7, it should also be noted that the use of liquid wax at a certain
      temperature ensures automatic dirt-removal from the various members of the
      apparatus while at the same time allowing the product vaporized within the
      brushes to be uniformly distributed. Owing to the heating element provided
      in such apparatus, it is also possible to use solid natural products, such
      as cakes of wax or the like.
PAR  Of course, the present invention is by no means limited to the embodiments
      described and illustrated which have been given by way of example only.
      Thus, any form of brushes can be used, e.g. brushes in the form of
      paint-brushes or the like or even brushes in the form of disks, without
      reducing the efficiency of the apparatus in operation. Also, a set of
      appropriate brushes and glazing or glossing wads can be readily adapted to
      the apparatus of the invention to carry out any operation from scouring to
      finish-polishing, in particular without fluid injection. It should also be
      noted that some of the members of the apparatus, such as, for example, the
      hollow shaft, may advantageously be made from plastics without departing
      from the scope of the invention. The invention therefore comprises all
      technical equivalents to the means described as well as their combinations
      should the latter be carried out according to the spirit of the invention
      and reduced to practice within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid-product projection apparatus for maintenance of various articles
      comprising a body having a portion which forms a container for a fluid
      product, a working head rotatably mounted on said body, means for
      supplying fluid product to said working head, said working head being
      constituted by at least one rotatable member forming a brush, a motor in
      said body for for driving the brush in rotation and projecting means for
      projecting said fluid product into said brush member while the latter is
      rotating, the projecting means being constituted by at least a hollow
      shaft driven by said motor and carrying at one of its ends said rotatable
      member, a suction pipe extending into the container and having an open end
      extending into said hollow shaft with clearance within the latter and a
      centrifugal turbine mounted within the apparatus and driven by said motor
      to blow air through said hollow shaft and draw the fluid product from said
      container and into and through said hollow shaft.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said body is provided with a
      chamber opening into said hollow shaft and said turbine is enclosed in
      said chamber.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein the body comprises an
      air-suction sleeve externally open and including a protection grid in said
      sleeve, said sleeve opening into said chamber.
NUM  4.
PAR  4. An apparatus according to claim 3 comprising a heating resistance
      mounted in said air-suction sleeve to heat the air passing through the
      sleeve.
NUM  5.
PAR  5. An apparatus according to claim 1 comprising at least one heating
      resistance in the container and a thermostat controllable from outside the
      apparatus mounted on said container and controlling said resistance.
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ABST
PAL  The invention concerns a device for tongue brushing, the use of which
       maiins positive oral hygiene and application thereto controls
      proliferation of plaque forming bacteria and the like. It is the object of
      this invention to remove from the tongue populations of bacteria and
      extraneous cellular debris associated with plaque formation, dental caries
      and gum diseases. A low vertical profile of the device alleviates severe
      gag reflexes thereby permitting the posterior, dorsal surface of the
      tongue to be cleaned.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without payment of any royalty
      thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is in the field of oral physiotherapy. More particularly it
      concerns a tongue brushing device in which a synthetic tape containing a
      plurality of flexible hooks is affixed to one end of the flat surface of
      an elongated member, such as a tongue depressor. The device, when used in
      brushing the tongue, removes bacterial microorganisms, extraneous cellular
      debris and the like implicated in plaque formation on dental surfaces.
PAR  2. Description of the Prior Art
PAR  The dorsum of the tongue is one of the main foci of microorganisms in the
      oral cavity [B. O. Krasse, Odont. Revy, 5, 203 (1954); D. F. Gordon, Jr.
      and R. J. Gibbons, Arch. Oral Biol., 11, 627 (1966)]. Many bacterial
      species resident on the tongue colonize and accumulate in plaque [G. L.
      Slack and G. H. Bowen, Adv. Fluorine Res., 3, 193 (1965)] and these
      bacteria are normally integral to dental calculus [A. A. Rizzo, et al.,
      Arch. Oral Biol., 12, 933 (1967)]. Because the tongue is a site of dense
      bacterial populations and because plaque forms soon after its removal, it
      appears that the tongue is a source of dental plaque.
PAR  The dorsum of the tongue is covered with papillae. The anterior two-thirds
      of the dorsum is covered with short fungiform papillae while the posterior
      third is covered with fungiform papillae interspersed with 2 to 3 mm long
      filiform papillae. Bacteria, food particles and the breakdown products of
      foods are trapped in the crevices between the papillae, particulary on the
      posterior third of the dorsum of the tongue. This material is the source
      of most oral bacteria and mouth order. The tongue, besides harboring large
      populations of microorganisms, also  continuously sheds cells of the
      surface layer of epithelium. The availability of oral debris from these
      sources could contribute to plaque formation on dental surfaces [S. E.
      Jacobson, et al., J. Amer. Dent. Assoc., 87, 134 (1973)].
PAR  There has been isolated from natural plaque accumulation on the dental
      surface the microorganism Streptococcus salivarius which when grown in
      pure culture (in vitro) deposits plaque layers on sterile, stainless steel
      wire thus implicating this bacterial microorganism as responsible for
      natural plaque formation [E. L. Gilmore and S. N. Bhaskar, J. Periodont.,
      43, 418 (1972)]. Streptococcus salivarius and related species are found in
      the greatest numbers on the dorsum of the tongue. The degree of reduction
      in oral debris, as a result of tongue brushing, is directly correlated
      with the degree of reduction in plaque accumulation [S. E. Jacobson, et
      al., J. Amer. Dent. Assoc., 87, 134 (1973)].
PAR  Numerous devices have been conceived to maintain good oral hygiene and to
      limit the amount of plaque resident on dental surfaces. The toothbrush in
      conjunction with dental floss, when used diligently, will remove deposited
      plaque from tooth surfaces. Water jet devices remove debris from the
      interdental areas and periodontal sulci and stimulate periodontal tissues.
      However, these devices do not prevent the formation of plaque and remove
      only some of the sources of mouth odor. Even when all these methods are
      successfully employed the patient is assured only of clean tooth surfaces
      and gingiva [E. L. Gilmore and S. N. Bhaskar, J. Periodont., 43, 418
      (1972)].
PAR  Toothbrushing is the most frequently used oral hygiene procedure. The
      recognition of populations of cariogenic bacteria on the tongue led to
      methods of general oral physiotherapy. Butler [C. E. Butler, Acad. Rev.,
      12, 64 (1964)] described a tongue brushing routine using a
      horseshoe-shaped brush with a single row of bristles for the purpose of
      tongue-oral physiotherapy. The tongue brushing technique for tongue
      therapy reduces both the size of the incident bacterial population and the
      extraneous epithelial cells each which can contribute to plaque formation.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a tongue brushing device comprised of a tape attached to
      one end of a flattened, elongated member. The tape contains a high density
      of flexible hooks precision cut in alternate directions so that when the
      device, with the hooks contiguous to the tongue's dorsal surface, is
      applied in a forward motion and vice versa there is removal of cellular
      debris and the like from that area of the tongue. Tongue parabasal and
      basal cells are not removed and there is no eliciting of an inflamatory
      response during the brushing process, therefore allowing safe daily use of
      the invention. A low vertical profile of the invention alleviates severe
      gag reflexes thus permitting access to the posterior dorsum of the tongue.
      The invention is so designed as to be a disposable or reusable product.
PAR  It is therefore an object of the present invention to provide a device for
      maintaining positive oral hygiene which is effective in removing from the
      tongue cellular debris and the like associated with dental plaque
      accumulation.
PAR  It is a further object of the invention to provide a tongue brushing device
      having a filamentous hooked fiber design for removal of tongue debris with
      little downward force on the device thereby alleviating severe gag
      reflexes.
DRWD
PAR  This device will become increasingly apparent to those skilled in the art
      by reference to the following description of the invention wherein:
PAR  FIG. 1 is a perspective view showing the structure of the tongue brushing
      device.
PAR  FIG. 2 is an enlarged view of the portion of the tongue brushing device
      containing the tongue brushing means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is made to FIG. 1 of the drawing wherein the preferred embodiment
      of the tongue brushing device, shown generally by 1, includes a flat,
      elongated member, of wood, plastic or the like, whose firm nature
      functions both as a handle 1a for grasping and as a platform 1b to
      maintain the base fabric and flexible hooks 3.
PAR  The tape 2, as seen in FIG. 2, is woven of 6.5 mil monofilament nylon in
      the form of raised and staggered loops. The loops are precision cut in
      alternate directions and provide a concentration of over 400 hooks, 3, per
      square inch. The tape is sold commercially as VELCRO Hook Tape No. 65 by
      Velcro Corp., New York, N.Y., U.S. Pat. Nos. 3,000,384; 3,009,235;
      3,076,244; 3,130,111; 3,147,528; 3,154,837; 3,192,589; and 3,387,345. The
      tape is cemented or otherwise bonded to a flat, elongated member 1b, such
      as a tongue depressor.
PAR  The invention has a vertical profile of only 3 mm and provides access to
      the posterior aspect of the dorsum of the tongue without eliciting the
      severe gag reflex common to those presently known devices (e.g.,
      toothbrush) used for a like purpose.
PAR  The following examples 1, 2, and 3 illustrate the utility of brushing the
      tongue for maintenance of good oral hygiene and the distinct advantage the
      present invention has over presently available devices used for a like
      purpose.
PAC  EXAMPLE 1
PAC  Bacteriologic Study
PAR  Eleven subjects in this investigation were divided into two groups. Group I
      consisted of five individuals selected on the basis of their habit of
      habitually brushing the dorsum of the tongue while Group II consisted of
      six individuals who had not previously brushed the tongue.
PAR  The method for tongue cleaning, using a soft nylon brush, consisted of
      brushing the dorsum of the tongue circumballate papillae forward. If
      gagging occurred the patient was instructed to use the brush gently and
      avoid taking it too far posteriorly. A total of eight to 10 strokes were
      made at each brushing.
PAR  Tongue cultures were taken in the morning about 2 hours after breakfast.
      Each individual was cultured at least 3 times several weeks apart. The two
      groups then reversed their habits for one week and cultures were again
      taken as previously described. Appropriate dilutions of the bacterial
      cultures were plated in duplicate and the counts were averaged to
      determine total bacterial counts. Total streptococcal and S. salivarius
      counts represented growth of these colonies on a mitis-salivarius agar
      incubated anaerobically at 37.degree.C. Results of these tests are seen in
      Tables 1 and 2.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Colony Counts from Habitual Tongue Brushing Subjects*                     
     Total      Total             Total    Salivary                            
     Bacterial Count**                                                         
                Streptococcal Count                                            
                                  S. salivarius                                
                                           Lactobacillus                       
                1 week      1 week         1 week                              
                not         not            not                                 
     Patients                                                                  
          Brushed                                                              
                Brushed                                                        
                       Brushed                                                 
                            Brushed                                            
                                  Brushed  Brushed                             
                                                 Organisms/ml                  
     __________________________________________________________________________
     H.sub.1 ***                                                               
          68,300                                                               
                1,000,000                                                      
                       20,000                                                  
                            990,000                                            
                                  11,350   192,000                             
                                                 740,000                       
     H.sub.2                                                                   
          30,800                                                               
                63,200 13,400                                                  
                            42,200                                             
                                  200      2,500 400                           
     H.sub.3                                                                   
          29,250                                                               
                308,600                                                        
                       15,000                                                  
                            210,000                                            
                                  3,150    102,700                             
                                                 1,820                         
     H.sub.4                                                                   
          102,700                                                              
                531,700                                                        
                       31,000                                                  
                            120,000                                            
                                  10,400   18,200                              
                                                 900                           
     H.sub.5 ***                                                               
          117,200                                                              
                191,500                                                        
                       90,600                                                  
                            106,400                                            
                                  13,800   21,800                              
                                                 1,173,000                     
     __________________________________________________________________________
      *An average of counts from three experiments.                            
      **Total bacterial count based on anaerobic growth since these counts were
      higher than aerobic growth.                                              
      ***Marked past caries experience.                                        
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Colony Counts from Non-Tongue-Brushing Subjects*                          
     Total      Total             Total    Salivary                            
     Bacterial Count**                                                         
                Streptococcal Count                                            
                                  S. salivarius                                
                                           Lactobacillus                       
          Not   1 week                                                         
                      Not   1 week                                             
                                  Not      1 week                              
     Patients                                                                  
          Brushed                                                              
                Brushed                                                        
                      Brushed                                                  
                            Brushed                                            
                                  Brushed  Brushed                             
                                                 Organisms/ml                  
     __________________________________________________________________________
     NB.sub.1 ***                                                              
          244,000                                                              
                171,000                                                        
                      138,000                                                  
                            84,200                                             
                                  42,000   52,000                              
                                                 120,000                       
     NB.sub.2 ***                                                              
          61,000                                                               
                187,300                                                        
                      42,000                                                   
                            26,200                                             
                                  22,600   10,200                              
                                                 160,000                       
     NB.sub.3 ***                                                              
          434,000                                                              
                90,000                                                         
                      214,000                                                  
                            25,800                                             
                                  22,000   11,200                              
                                                 3,200,000                     
     NB.sub.4                                                                  
          554,000                                                              
                458,000                                                        
                      356,000                                                  
                            116,000                                            
                                  32,000   58,000                              
                                                 80,000                        
     NB.sub.5                                                                  
          864,000                                                              
                664,000                                                        
                      420,000                                                  
                            250,000                                            
                                  168,000  202,000                             
                                                 936,000                       
     NB.sub.6                                                                  
          137,200                                                              
                152,000                                                        
                      29,000                                                   
                            30,600                                             
                                  200      600   1,153,000                     
     __________________________________________________________________________
      *An average of counts from three experiments.                            
      **Total bacterial count based on anaerobic growth since these counts were
      higher than aerobic growth.                                              
      ***Marked past caries experience.                                        
PAR  Subjects who habitually brushed their tongue (Group I) showed less daily
      variation in total bacterial and streptococcal counts than nontongue
      brushers (Group II). Upon cessation of tongue brushing for 1 week,
      habitual tongue brushers showed a significant rise in total numbers of
      bacteria.
PAR  Following 1 week of tongue brushing, the nontongue brushers usually reduced
      the total streptococcal count but not necessarily the total bacterial or
      S. salivarius counts. The reduction in total bacteria and S. salivarius
      was maintained when proper daily tongue brushing continued beyond 1 week.
PAC  EXAMPLE 2
PAC  Bacteriologic Study
PAR  Eight subjects participated in this study. On day 1, two cultures, one of
      the left side and another of the right side of the dorsum of the tongue,
      were taken. Then one-half of the tongue from the midline to the lateral
      border was cleaned with the present invention (tongue brush) by a dentist,
      and the participant rinsed his mouth thoroughly. Then another culture of
      the cleaned side was obtained. The tongue cleaning was performed twice a
      day for 4 days and once on the 5th day. On the 5th day both sides of the
      tongue were cultured prior to cleaning and after cleaning a culture was
      taken from the brushed side only.
PAR  The samples from the tongue for microbiological determinations were
      obtained by pressing 1 cm.sup.2 of sterile VELCRO loop tape No. 2,000 on
      the selected area of the dorsum of the tongue. The square was then
      immediately placed into a vial of sterile saline and the sample dispersed
      by homogenization. Serial dilutions in sterile saline were made and
      aliquots spread on blood agar and mitil-salivarius agar. Also, aliquots
      were used to prepare pour plates of Veillonella agar. Counts were made
      from plates showing 30-300 colony forming units and represent a mean of
      two readings.
PAC  Results
PAR  Microbiological determination has shown that bacterial counts on the left
      and right side of the tongue vary greatly. In addition, there were great
      variations in bacterial concentrations from day to day. While first day
      results were erratic and inconsistent it was seen that on the 5th day
      there was a consistent decrease in both anaerobic and aerobic growth after
      tongue cleaning.
PAR  The problem of gagging was alleviated by use of the present invention
      allowing adequate cleaning of the posterior dorsum of the tongue.
PAC  EXAMPLE 3
PAC  Cytological Study
PAR  Using the same subjects as in EXAMPLE 2, a cytological evaulation was
      performed. On the fifth day, after taking bacteriological cultures of the
      tongue, a Papanicolau smear was obtained from both the brushed and
      nonbrushed sides of the tongue. Two slides were prepared by the
      Papanicolau method for each side of the tongue. The slides were examined
      for the presence of:
PA1  1. Superficial epithelial cells.
PA1  2. Intermediate epithelial cells.
PA1  3. Parabasal epithelial cells.
PA1  4. Basal epithelial cells.
PA1  5. Inflammatory cells.
PA1  6. Microorganisms.
PAR  The concentration of microbial cells in the smear was graded 1-4 with 4
      representing the highest density of bacteria.
PAC  Results
PAR  Papanicolau smears indicated that in all eight subjects bacterial scores
      were smaller on the experimental side of the tongue than on the control
      side. The mean bacterial score of the nonbrushed side of the tongue was
      2.9 as compared with 2.1 of the brushed side.
PAR  All smears exhibited the presence of superficial and intermediate
      epithelial cells, but no parabasal, basal epithelial or inflammatory cells
      could be observed in any of the smears. The device is, therefore,
      considered safe for daily use.
PAR  It was observed during the course of the above studies that caries-inactive
      individuals within their respective groups appeared to maintain lower
      streptococcal counts than caries-active individuals. This observation
      suggests a relationship between numerical bacterial populations of the
      tongue and plaque formation. It would appear that cleaning of the tongue
      is a good step, perhaps an essential step, in normal oral hygiene
      procedures.
PAR  The tongue cleaning device of the present invention is superior to the
      toothbrush normally used for this procedure. The present invention is
      constructed of a more rigid material than that of the toothbrush. This
      feature, combined with the unique "hooked" fiber design, allows the
      removal of debris with less downward force on the device. This design does
      much to diminish the gag reflex. The device has a low vertical profile, 3
      mm compared with 15 mm for a typical toothbrush. This feature also helps
      limit gagging and allows cleaning of the posterior portions of the dorsum
      of the tongue. As this area of the tongue has the longest papillae and
      harbors the most debris and bacteria, its cleaning is essential for
      maintenance of positive oral hygiene.
PAR  As can be seen from the foregoing discussion, the tongue brush device of
      the present invention provides an effective method for removing bacteria
      and extraneous cellular debris from the tongue.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device to remove bacteria, cellular particulates and the like from the
      dorsal surface of the tongue comprising a planar, elongated member,
      filamentous strands disposed to provide a high density per unit area
      supported on the planar surface at an end portion of said elongated
      member, wherein the free ends of said strands are hooks which are oriented
      in random directions and concentrated to provide a density of over 400
      hooks per square inch and wherein said elongated member and said
      filamentous strands in combination have a vertical profile not exceeding 3
      millimeters.
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ABST
PAL  A power driven cylindrical rotary brush includes a drive shaft having
      affixed adjacent to one end a first splined inwardly directed
      frusto-conical plug having a peripheral flange at its base and having
      affixed adjacent its opposite end a circular plate having
      circumferentially spaced tapped bores. A cylindrical brush core provided
      with helically wound bristles has one end engaging the first plug. A
      second plug similar to the first plug engages the opposite end of the
      brush core and is bolted to the circular plate and is urged toward the
      first plug to wedge and deform the opposite end borders of the core. The
      first plug may be secured to the shaft in the manner of the first plug.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to improvements in power driven
      rotary brushes and it relates more particularly to an improved rotary
      brush assembly for mobile sweepers of the type provided with replaceable
      brush units.
PAR  The conventional mobile street sweeper is provided with power driven
      brushes or brooms, at least one of which is of cylindrical configuration.
      In the course of use, there brushes are subjected to extremely high
      abrasion and wear, resulting in a very short useful life, thereby
      necessitating their frequent and regular replacement. Labor costs being
      high, the quicker and easier the replacement of the brush, the more
      desirable the unit. A common form of replaceable cylindrical brush unit
      includes a tubular cylindrical core on which are mounted radially
      projecting bristles. The sweeper includes a motor driven drive shaft to
      which the brush unit is separably mounted. However, the coupling mechanism
      replaceably mounting the cylindrical brush unit to the drive shaft
      heretofore available and proposed possess numerous drawbacks and
      disadvantages. They are frequently unreliable devices which are
      complicated and expensive and require considerable time and skill for
      their operation in replacing a brush unit and otherwise leave much to be
      desired.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an improved
      power driven brush assembly.
PAR  Another object of the present invention is to provide an improved
      replaceable cylindrical brush assembly in a mobile sweeper.
PAR  Still another object of the present invention is to provide an improved
      mobile sweeper replaceable cylindrical brush assembly in which a brush
      unit can be easily and rapidly replaced with great precision.
PAR  A further object of the present invention is to provide a mechanism of the
      above nature characterized by its simplicity, ruggedness, reliability and
      great versatility and adaptability.
PAR  The above and other objects of the present invention will become aparent
      from a reading of the following description taken in conjunction with the
      accompanying drawing which illustrates a preferred embodiment thereof.
PAR  In a sense the present invention contemplates the provision of a power
      driven rotary brush assembly comprising a drive shaft, a first plug member
      mounted on the shaft proximate one end thereof and being rotatable
      therewith, a second plug member separably mounted on the shaft proximate
      the opposite end thereof and being rotatable with and axially adjustable
      along the shaft. The plug members have frusto-conical peripheral surfaces
      which are advantageously longitudinally serrated or splined, with the
      frusto-conical conical surfaces tapering axially toward each other. A
      replaceable cylindrical brush member includes a tubular cylindrical core
      coaxial with the shaft and outwardly directed bristles supported by the
      core, the inside diameter of the core being between the maximum and
      minimum diameters of the plug peripheral surfaces. The plug members enter
      and wedge opposite inside end borders of the core to provide a drive
      coupling between the shaft and replaceable brush unit. In the preferred
      form of the improved assembly the first plug member is affixed to the
      shaft although it may be axially adjustable like the second plug member. A
      disc or plate is affixed to the shaft proximate the inner end of the
      second plug member and is provided with circumferentially spaced tapped
      longitudinal bores which are engaged by bolts traversing corresponding
      bores formed in the second plug member inwardly.
PAR  The improved replaceable cylindrical brush assembly is simple, rugged and
      inexpensive and may be easily and rapidly operated in the replacement of a
      brush unit with a minimum of skill.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevational view of a street sweeper shown by broken line
      employing a replaceable brush assembly embodying the present invention and
      shown by full line;
PAR  FIG. 2 is a medial longitudinal sectional view of the replaceable brush
      assembly taken along line 2--2 in FIG. 1; and
PAR  FIG. 3 is a perspective view of the separable plug unit forming a part of
      the assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing which illustrates a preferred embodiment of
      the present invention, the reference numeral 10 generally designates a
      motor driven mobile street sweeper provided with the improved replaceable
      cylindrical brush assembly 11. The street sweeper 10 is of generally known
      or conventional construction and includes, in addition to one or more
      other power driven brushes 30, a cylindrical brush driving shaft 12 which
      extends transversely of the sweeper vehicle between the ends thereof and
      between and journalled to the free end sections of a pair of rearwardly
      downwardly inclined arms 13 and is rotated by the sweeper motor through a
      known drive transmission and in a known manner. Since the sweeper 10 and
      the mechanism for supporting and driving the shaft 12 are well known,
      these require no further explanation.
PAR  The assembly 11 comprises a replaceable cylindrical brush unit 14, which,
      in operative position, is coaxial with the drive shaft 12. The brush unit
      14 includes a relatively thin walled tubular, hollow cylindrical core 16,
      having a helically extending groove 15 of small lead formed in its outer
      face and extending for substantially the full length of core 16, with
      successive convolutions of the helical groove 15 being closely spaced. A
      channel member 17 is firmly and securely affixed in and extends along the
      full length of the helical groove 15 and outwardly radially projecting
      bristles 32 of suitable material have their inner ends anchored in the
      channel member 17 in the known manner.
PAR  The brush unit 14 is replaceably mounted on and drive coupled to the shaft
      12 by a pair of opposing first and second plug members 18 and 19
      respectively. The plug members 18 and 19 are of generally similar
      configuration, each including a hollow frusto-conical section 20 at its
      inner smaller diameter end by a circular end wall 21 and open at its large
      outer end. A sleeve 22 is integrally formed with each end wall 21 and
      registers with a central opening therein and is coaxial with and
      coextensive with the length of the frusto-conical section 20. The outer
      enlarged end of each frusto-conical section 20 terminates in a radially
      outwardly directed peripheral flange 23. The outer face of each
      frusto-conical section 20 is longitudinally serrated to provide sharp
      apexed longitudinally extending ridges or splines 24 of generally
      triangular transverse cross section.
PAR  The first plug member 18 is affixed to the shaft 12 proximate a first end
      thereof with the closed end of the section 20 being directed toward the
      opposite second end of shaft 12. The sleeve 22 of the first plug member 18
      tightly engages the shaft 12 and is firmly affixed thereto, such as by
      welding. Firmly affixed to the shaft 12 proximate its second end, such as
      by welding, is a coupling disc or plate 26 of about the diameter of end
      wall 21 and having a plurality of regularly circumferentially spaced
      tapped longitudinal bores formed therein.
PAR  The end wall 21 of the second plug member 19 has longitudinal bores 27
      formed therein which are arranged and spaced the same as the tapped bores
      in disc 26. The second plug member 19 is mounted on shaft 12 with the
      sleeve 22 thereof slidably engaging shaft 12 and its closed inner end
      directed toward the shaft opposite end. The second plug member is secured
      to shaft 12 for rotation therewith and is axially inwardly adjustable by a
      plurality of bolts 28 which register with bores 27 and engage
      corresponding coaxially aligned tapped bores in coupling disc 26. The
      heads of bolts 28 engage the inside face of end wall 21 and are accessible
      to end wrenches or other tools through the open end of the second plug
      member. The inside diameter of the core 16 is between the maximum and
      minimim outside diameters of frusto-conical section 20.
PAR  In the assembled coupled condition of the brush unit 14 and shaft 12, the
      core 16 is coaxial with shaft 12 and its inside end borders are wedged by
      corresponding frusto-conical section 20 whose ridges bite into the inner
      faces of and slightly deform such end borders to effect a tight slip proof
      engagement between the confronting faces of the core 16 and the
      frusto-conical section 20. Such engagement and a precise coaxial
      relationship between the brush unit 14 and shaft 12 is effected merely by
      tightening the bolts 28.
PAR  In order to replace the brush unit 14 with a fresh brush unit, the bolts 28
      are removed by means of an end wrench or the like and the second plug
      member 19 withdrawn from the core 16 and shaft 12 using the corresponding
      flange 23 as a pulling surface. The brush unit 14 is then merely rocked to
      disengage it from the first plug member 18 and is quickly and completely
      separated. A fresh brush unit 14 is then advanced over the shaft and
      brought into engagement with the first plug frusto-conical section, the
      second plug is replaced with the bores 27 in alignment with the coupling
      disc tapped bores and the bolts 28 reapplied. The bolts 28 are then
      tightened to effect a sufficient wedging and engagement of the
      frusto-conical sections 20 with the core 16 under which conditions the
      brush unit 14 and shaft 12 are in firm coaxial drive coupling.
PAR  While there has been described and illustrated a preferred embodiment of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A power driven rotary brush assembly comprising a drive shaft, a afirst
      plug member mounted proximate one end of said shaft and rotatable
      therewith, a second plug member mounted proximate on opposite end of said
      shaft and separable from said shaft, a coupling member affixed to said
      shaft axially inwardly of and proximate the inner end of said second plug
      member coupling means for separably connecting said second plug member to
      said coupling member by rotation therewith and for axially adjustably
      advancing said second plug member toward said coupling member, said plug
      members having frustoconical peripheral surfaces coaxial with said shaft
      tapering inwardly toward each other, and a brush member including a
      deformable tubular cylindrical core coaxial with said shaft and outwardly
      directed bristles supported by said core, said core having an inside
      diameter between the maximum and minimum diameter of said plug member
      frustoconical peripheral surfaces, and said plug members entering opposite
      ends of said core and wedge engaging and deforming the opposite inside
      borders of siad core to provide drive couplings therewith.
NUM  2.
PAR  2. The rotary brush assembly of claim 1 wherein each of said plug member
      frusto-conical surfaces is longitudinally serrated.
NUM  3.
PAR  3. The rotary brush assembly of claim 2 including an outwardly directed
      peripheral flange formed at the base end of each of said plugs.
NUM  4.
PAR  4. The rotary brush assembly of claim 1 wherein said coupling member
      comprises a disc having circumferentially spaced tapped longitudinal first
      bores and said second plug member has second bores formed therein coaxial
      with said first bores and said coupling means comprises bolts engaging
      respective coaxial pairs of said bores to couple said second plug member
      and draw it toward said disc and tightly wedge it within said core.
NUM  5.
PAR  5. The rotary brush assembly of claim 4 wherein said second plug member is
      hollow and is open at its outer end and provided with an end wall at its
      inner end, said second bores being formed in said end wall, and a coaxial
      sleeve formed on said end wall and slidably engaging said shaft.
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PAL  This invention relates to a rotary brush for road-cleaning machines,
      constituted by a support disc to which are attached a plurality of bundles
      of fibres, each of the fibres which constitute said bundles being of
      oblong section and being so orientated that the largest dimension of its
      section extends perpendicularly to a straight line passing through the
      point of fixation of said fibre to the support disc and tangential to a
      circle of determined radius, centered on the axis of the brush.
PAL  The invention finds application in the field of industrial brush-making.
BSUM
PAR  The present invention relates to a rotary brush for adaptation to
      road-cleaning machines using side brushes for cleaning, scraping and
      sweeping gutters and curbs.
PAR  The brushes generally used up to the present time for this type of work are
      constituted by a disc supporting fibres which are most often made of steel
      and of oblong section. These fibres are fixed to the support in
      conventional manner by inserting a tuft of fibres forming a loop into a
      blind or through-hole provided to this end in the support disc, said tuft
      being fixed to the disc by means of nails, staples, pins or stitching.
PAR  The orientation of these fibres wih respect to the resistant stress is of
      two types. The one most currently used is the "flat" presentation of the
      fibre wih respect to the resistant stress, i.e. the greatest dimension of
      the section is substantially perpendicular to this stress. The drawback of
      this orientation resides in the fact that the fibres offer little
      resistance in flexion and their scraping power is considerably reduced.
PAR  Fibres are also found which are orientated "edgewise", i.e. which present
      their smallest dimension of section perpendicularly to the resistant
      stress. Although in this case their scraping power is increased, the
      influences to which they are subjected on coming across irregularities on
      the ground tend to cause them to bend and twist in all directions to such
      an extent that permanent deformations are formed which rapidly render them
      useless.
PAR  The invention intends to remedy these drawbacks by proposing a device whose
      scraping power is greater than that of the brushes of the first type, this
      rendering it highly efficient and long-lasting.
PAR  To this end, the invention therefore has for its object a rotary brush for
      adaptation to road-cleaning machines, constituted by a support disc to
      which are attached a plurality of bundles of fibres.
PAR  According to the invention, each of the fibres constituting the
      above-mentioned bundles is of oblong section and is so orientated that the
      largest dimension of its section extends perpendicularly to a straight
      line passing through the point of fixation of said fibre to the support
      disc and tangential to a circle of determined radius centered on the axis
      of the brush.
PAR  In a preferred embodiment of a brush according to the invention the support
      disc is provided with at least two concentric series of holes, there being
      the same number of holes for each series, disposed with respect to one
      another so that two adjacent holes respectively selected from the inner
      series and outer series are centered on the above-mentioned straight line,
      each of the bundles of fibres being shaped as a staple, of which each of
      the arms is introduced into the above-mentioned inner and outer holes
      respectively.
PAR  In addition, the assembly of a bundle on the support disc is such that, in
      rotation, the inner arm of the bundle precedes the outer arm.
PAR  Finally, in a variant embodiment, the axes of the two holes of the first
      and second series, through which one and the same bundle passes, are
      parallel and inclined, in a plane perpendicular to the support disc
      containing them, by a determined angle with respect to the support disc.
DRWD
PAR  The invention will be more readily understood on reading the following
      description wih reference to the accompanying drawings, in which:
PAR  FIG. 1 is a part schematic plan view of a brush according to the invention,
PAR  FIG. 2 is a view in section along the line II-- II of FIG. 1.
DETD
PAR  Referring firstly to FIG. 1, a support disc 1 is shown which may be
      attached to a road-cleaning machine (not shown) which may rotate it about
      its axis 2. This disc 1 is provided with two concentric series of holes 3
      and 4. The inner series 3 has the same number of holes as the outer series
      4. These holes are so disposed that, by choosing any one of the holes of
      the outer series 4 - e.g. hole 5, and the hole, e.g. hole 6, adjacent hole
      5 contained in the inner series 3, the straight line 7 which passes
      through each of the axes of the holes 5 and 6 remains tangential to a
      circle 8, of predetermined radius and centred on axis 2. The factors to be
      taken into account in the determination of the radius of circle 8 are
      mainly the linear speed of each of the fibres - or speed of rotation of
      the brush and the average distance of the fibres from axis 2, and the
      mechanical characteristics of said fibres.
PAR  FIG. 2 shows how each of the bundles of fibres constituting the brush is
      disposed. Each bundle 9 and 10 is shaped as a staple of which the arms 9a,
      9b and 10a, 10b are introduced respectiely into holes 11, 12, 13 and 14.
      This introduction may be accompanied by a slight compression of the fibres
      at the level of the holes in order to avoid their sliding with respect to
      one another. In any case, the bundles mounted as shown in FIG. 2 are in
      abutment on a cover (not shown) which covers the disc. This cover may be
      either separate or may be the member driving the brush by the
      road-cleaning machine to which this brush is attached.
PAR  To allow a satisfactory attachment of the brush to the machine, a groove 15
      has been provided in the disc 1, which constitutes a housing for the loops
      of the bundles so that they do not project above the disc.
PAR  Finally, it will be noted from FIG. 2 that the holes are inclined by an
      angle A wih respect to the plane of the disc 1. They may of course be
      perpendicular to the disc, but the advantage of such a disposition resides
      in the increase in the surface covered by the brush and by the possibility
      of access of this latter into corners.
PAR  The fibres which constitute the bundles may be of several types, either of
      synthetic material or steel. In the present case, a steel fibre has been
      chosen of oblong section, for example rectangular, which is currently used
      in the manufacture of brushes.
PAR  Reference is again made to FIG. 1 in which 16 schematically represents a
      bundle made with this type of fibre. The dimensions of a fibre 17 have
      been exaggerated to facilitate understanding of the drawing. It is
      therefore seen that the largest dimension L of the section of the fibre 17
      is in a direction substantially perpendicular to the straight line 7a
      which corresponds to the same definition as the straight line 7.
PAR  Finally, FIG. 1 defines a direction of rotation B of the brush. It will be
      noted that, for this direction of rotation, the inner arm of each of the
      bundles precedes the outer one. This condition is necessary for the brush
      according to the invention to operate correctly, as will be explained
      hereinafter.
PAR  It will be imagined that the end 17a of the fibre 17 is in contact with the
      ground. Rotating in the direction of arrow B, this fibre is subjected to a
      resistant stress due to its rubbing the ground, the resultant of which is
      orientated substantially in the direction of arrow R. It will be noted
      that, in view of the orientation of the fibres 17 with respect to the
      disc, this stress R tends to separate the end 17a from he centre of
      rotation 2, in the direction F. This therefore results in the fibre
      bending in the vertical direction parallel to the axis of rotation of the
      brush which does not affect its resistance in the tangential direction.
      Moreover, the fibres do not tend to bend and twist. It is certain that if
      the brush rotated in the opposite direction, the resistant stress applied
      to the end of the fibres would tend to return the fibre towards the inside
      of the brush and therefore to subject it to twisting and flexion stresses
      which would rapidly lead to permanent deformations, therefore to
      deterioration. For a brush having to rotate in the direction opposite the
      one indicated by arrow B, the straight line such as 7 defining the positon
      of each of the holes of series 3 and 4 with respect to one another and
      therefore the position of the bundles of fibres of which the arms pass
      into the two holes connected by said straight line, must be inclined in
      the other direction. More generally, therefore, the hole through which the
      inner arm of a bundle passes precedes, in the selected direction of
      rotation, the hole through which the outer arm of the same bundle passes.
PAR  It will also be noted that the value of the radius of the circle 8
      determines the inclination of the fibres such as 17 with respect to the
      resistant stress which they may encounter. The relationship between this
      inclination, thus the above-mentioned radius and the mechanical
      characteristics of the fibres and their linear speed which must be taken
      into account to obtain an optimum efficiency of the brush is more readily
      understood.
PAR  The brush according to the invention therefore has very considerable
      scraping power, due to these arrangements, whilst allowing a smooth
      operation, the fibres not being able to jump in view of their determined
      orientation as a function of the direction of rotation.
PAR  The consequence of this smooth work is an advantageous increase in the life
      duration of the brush according to the invention. Finally, the brush
      according to the invention is advantageous from the production point of
      view, since it is simple and does not necessitate any nailing, gluing or
      other mode of fixing the fibres to the support disc.
PAR  It is obvious that such a brush may include 4, 6 . . . series of holes
      grouped in two's to constitute several concentric circles of bundles.
PAR  The invention finds advantageous application in the field of industrial
      brush-making.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A rotary brush for road-cleaning machines, constituted by a support disc
      to which are attached a pluraliy of bundles of fibres, wherein each of the
      fibres constituting the said bundles is of oblong section and is so
      oriented that the largest dimension of its section along its entire length
      extends perpendicularly to a straight line passing through the point of
      fixation of said fibre to the support disc, which line is tangential to a
      circle of predetermined radius, centered on the axis of the brush, the
      fibres being inclined towards the outside in the plane perpendicular to
      the support disc, each of the bundles of fibres being shaped as a staple
      having an inner arm and an outer arm, during rotation the inner arm of
      each of the bundles preceding the outer arm.
NUM  2.
PAR  2. A rotary brush as claimed in claim 1, wherein the support disc is
      provided wih at least two concentric series of holes, there being the same
      number of holes for each series, disposed with respect to one another so
      that two adjacent holes respectively selected from the inner series and
      the outer series are centred on the above-mentioned straight line, each of
      the bundles of fibres being shaped as a staple, of which each of the arms
      is introduced into said inner and outer holes respectively.
NUM  3.
PAR  3. A rotary brush as claimed in claim 2, wherein the axes of the two holes
      of the first and second series, through which one and the same bundle
      passes, are parallel and inclined, in a plane perpendicular to the support
      disc containing them, by a predetermined angle with respect to the support
      disc.
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ABST
PAL  A windshield wiper for a motor vehicle which performs a swinging-wiping
      movement across a rectangular-shaped windshield between end positions that
      are located adjacent to one of the long sides of the rectangular
      windshield. The wiper blade is constructed and arranged to have the
      operative length thereof varied during the wiping movement whereby in the
      central position the blade is substantially equal to the length of one of
      the short sides of the rectangular-shaped windshield. In other sectors of
      the surface to be wiped, the wiper blade is of a greater length.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In known windshield wipers for vehicles, the wiper blade normally sweeps
      over a sector of the windshield in which the radial extension is
      determined by the length of the short side of the rectangular surface of
      the windshield. In order to increase the wiping area outside of the
      sector, the wiper blade may be made to slide in its length direction at
      the same time it performs its swinging-wiping movement. Thus, by a choice
      of a suitable swinging and sliding movement the windshield surfaces that
      are wiped constitute a substantially rectangular shape. However, the
      construction and arrangement necessary for operating the wiper blade with
      a combination swinging and sliding movement is often complex and expensive
      to manufacture. Another disadvantage of this construction is that the
      complex structure materially reduces the functional reliability of the
      wiping device.
PAR  A windshield wiper is also known in which the wiper blade is supported by a
      holder consisting of two parts movably connected to each other, and
      located flush with the windshield. In this construction, the wiper blade
      is divided into two portions which, for adjustment of the operative length
      of the wiping blade to the shape of the wiped surface, makes a maximum
      angle of 90.degree. with each other. It should be evident that the severe
      bending of the wiper blade may lead to stresses in wiper blade and
      consequently causing the wiper blade to break. Obviously, this
      construction results in a shorter life of the wiper blade compared to
      conventional wiper blades.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a windshield wiper for a vehicular windshield in
      which the wiper blade has an operative length that can be varied during
      the wiping movement.
PAR  An object of the present invention is to provide a windshield wiper device
      which is relatively simple in construction but reliable in operation.
PAR  A further object of the present invention is to provide a wiper blade that
      in the centrally located area of the windshield extends beyond a long side
      of the rectangular windshield, and the portion of the wiper blade situated
      outside the surface of the windshield is lifted above said surface and
      thereby substantially reduces the stress on said blade.
DRWD
PAR  The invention will now be more fully described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a front elevational view of a windshield wiper device constructed
      in accordance with our teachings and
PAR  FIG. 2 is a sectional view taken along the lines II -- II of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in the figures, a windshield wiper is shown for use with a
      substantially rectangular windshield 10 provided with long sides 11 and
      short sides 12. A drive shaft 13 is rotatably journalled at a location
      below the lower long side 11 of the windshield 10. The drive shaft is
      caused to rotate back and forth by a driving means (not shown) which
      movement is transmitted by means of a wiper arm 14 to a wiper blade 15.
      The latter is preferably fabricated of rubber and is attached to the wiper
      arm by means of a holder 16. It should be noted that the wiper blade 15 is
      moved between two end positions adjacent to the lower long side 11 on each
      side of the drive shaft 13.
PAR  Referring to FIG. 1, the wiper blade 15 is a single blade and in order to
      satisfactorily clean the windshield 10 this blade must have a length which
      in its centrally situated area, between the end positions thereof, extends
      beyond the upper long side 11 of the windshield 10. In many cases, the
      windshield is provided with a somewhat elevated frame, such as a rubber
      and chromium windshield edge-frame. In order to avoid the possibility that
      the end of the wiper blade 15 comes into contact with the frame and
      rapidly wears out the end portion 15a, the wiper blade 15 is arranged to
      be lifted so as to be elevated over the windshield frame at the upper long
      side of the windshield. In order to accomplish this purpose the end
      portion 15a of the wiper blade 15 has a pin 17, to the free end of which a
      cord 18 is attached. As seen in FIG. 2, the opposite end of the cord is
      attached to an end fitting 19 that is rotatably supported on a shaft 20.
      The latter shaft extends parallel to the drive shaft 13. Furthermore, the
      shaft 20 is located below the drive shaft 13 so that a line through shafts
      13 and 20 extends through the central area of the windshield and divides
      the surfaces to be wiped into two mainly identical sections. A sleeve 21
      is provided to guide the cord 18 and is located between the attachment
      points of both ends of the cord and secured to the wiper arm 14. As is
      well known, the wiper blade 15 is reinforced by a metal strip (not shown)
      which is resilient in the direction of lift of the wiper blade portion
      15a. The latter will be urged toward a position in line with the remainder
      of the wiper blade because of the resilient effect of the metal strip.
PAR  A desired course of movement of the windshield wiping device can be
      achieved by means of a choice of a suitable cord length and positioning of
      the drive shaft 13 relative to the shaft 20. It will be observed from FIG.
      1 that the wiper blade 15, when it moves from the left end position to the
      right end position, is not acted upon by the cord 18 until it reaches the
      point A. At the point A the cord 18 commences to stretch whereby the wiper
      blade portion 15a starts to lift, and this lifting action continues on
      through point B and finally the wiper blade portion 15a is lowered at
      point C, at which point the action of the cord on the wiper blade portion
      ceases. However, the wiper blade continues to move until it comes to the
      right end position without being acted upon by the cord 18. It should be
      apparent that the wiper blade portion 15a can move from its right end
      position to the left end position and follow a corresponding course of
      movement, as set forth hereinabove.
PAR  The length of the life of the wiper blades constructed and arranged in
      accordance with the invention is substantially the same as the length of
      the life of the conventional wiper blades, since the outer edge of the
      present wiper blade is lifted only a small amount over the edge-defining
      surface of the windshield, and therefore the stress imposed on the blade
      is negligible.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A windshield wiper for a rectangular-shaped windshield comprising a
      wiper blade adapted to perform a swinging-wiping movement between spaced
      end positions located adjacent to one of the long sides of said
      rectangular-shaped windshield to produce a wiped surface, said wiper blade
      having an operative length that varies during the wiping movement of said
      wiper blade, said wiper blade in the central sector of the wiped surface
      between said end positions having an effective length which is
      substantially equal to the length of a short side of said windshield while
      said wiper blade in the other sectors of said wiped surface is greater in
      length, and said wiper blade in said central sector having a portion
      thereof extending beyond the other of said long sides of the
      rectangular-shaped windshield, and means for lifting said portion of the
      wiper blade located outside of said windshield above and without coming in
      contact with the latter while the remaining portion of the blade remains
      in contact with the windshield.
NUM  2.
PAR  2. A windshield wiper as claimed in claim 1 further comprising a flexible
      line comprising a cord connecting said portion of the wiper blade to an
      attachment member that is located outside said wiped surface and below
      said one long side of the rectangular-shaped windshield, and a drive shaft
      for said wiper blade which is also positioned below said one long side of
      the rectangular-shaped windshield, said attachment member being located at
      a greater distance from said wiped surface than said drive shaft.
NUM  3.
PAR  3. A windshield wiper as claimed in claim 2, wherein an imaginary line
      drawn through said attachment member and said drive shaft extends through
      said central sector and divides said wiped surface into two substantially
      identical sections.
NUM  4.
PAR  4. A windshield wiper as claimed in claim 2 further comprising a sleeve
      that is secured to said wiper arm, said cord being retained in said
      sleeve, and the other end of said cord being secured to said attachment
      member which is a shaft positioned substantially parallel to said drive
      shaft.
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ABST
PAL  In the removal of trash and waste from beneath a carding machine the trash
      and waste is collected on support means positioned beneath the carding
      elements of the machine and a flow of air is created in a direction to
      transport the trash and waste on the support means to a waste collection
      zone by supplying pressurized air to a plurality of spaced nozzles
      arranged above the support means in such a manner that each of a plurality
      of preselected groups of rows of said nozzles is supplied with the
      pressurized air in turn and cyclically.
BSUM
PAR  The present invention relates to the cleaning of a textile carding machine
      and is particularly concerned with the removal of trash and waste which is
      liberated from the carding elements of the machine, namely the taker-in,
      the cylinder and the doffer and which accumulates beneath the card.
PAR  The carding of cotton is known to give rise to the liberation of
      considerable quantities of trash and cotton waste, which collect on the
      underside of the machine and it has been a long outstanding problem to
      provide an efficient and economical pneumatic waste removal apparatus
      which is able to remove trash and waste in all its different forms with
      only a small energy requirement.
PAR  Clearly, where no limitation is put on energy consumption, then a
      continuous air blast introduced beneath the card at one end thereof and
      withdrawn from the other end could be made of sufficient intensity to
      provide effective clearing of trash and waste. The air intensity, however,
      needs to be large and this gives rise to differential pressures at the
      carding elements which adversely affect the carding operation. On the
      other hand, reduction in intensity gives rise to an incomplete cleaning
      operation.
PAR  According to one aspect of the present invention, there is a textile
      carding machine including pneumatic waste removal apparatus for removing
      trash and waste from beneath the carding machine, said apparatus
      comprising:
PAR  AIR SUPPLY MEANS FOR SUPPLYING PRESSURIZED AIR; TRASH AND WASTE SUPPORT
      MEANS POSITIONED BENEATH THE CARDING ELEMENTS OF THE MACHINE AND ON WHICH
      TRASH AND WASTE ARE DEPOSITED;
PAR  A WASTE COLLECTION ZONE;
PAR  A PLURALITY OF NOZZLES ARRANGED IN SPACED RELATION ABOVE THE SUPPORT MEANS
      FOR EMISSION OF BLASTS OF AIR FROM SAID AIR SUPPLY MEANS TO CREATE A FLOW
      OF AIR OVER SAID SUPPORT MEANS TO TRANSPORT TRASH AND WASTE ENTRAINED
      THEREBY TO SAID WASTE COLLECTION ZONE; AND
PAR  AN AIR SUPPLY DISTRIBUTION MEANS TO DISTRIBUTE SAID SUPPLY OF PRESSURISED
      AIR IN TURN AND CYCLICLY TO EACH OF A PLURALITY OF PREDETERMINED ONES OR
      SETS OF SAID NOZZLES.
PAR  According to a second aspect of the present invention, there is provided a
      method of pneumatically removing trash and waste from beneath a carding
      machine comprising the steps of collecting the trash and waste on support
      means positioned beneath the carding elements of the carding machine and
      creating a flow of air in a direction to transport the trash and waste on
      said support means and entrained thereby to a waste collection zone by
      supplying pressurized air to a plurality of spaced nozzles arranged above
      the support means in such a manner that each of a plurality of preselected
      groups of rows of said nozzles is supplied with the pressurized air in
      turn and cyclically.
PAR  Preferably, the nozzles are arranged to project from a support plate
      passing beneath the carding elements of the machine and are arranged in a
      plurality of rows extending across the width of the card at spaced
      intervals along the support plate from the front to the rear of the
      carding machine, that is to say, from the doffer region of the machine to
      the taker-in region. Each row contains a predetermined plurality of
      nozzles, the number of the nozzles and sizes of the orifices thereof being
      dependent upon the air velocity which it is desired to create in that
      region of the support plate and upon the amount of pressurized air
      available. The supply of air may be so controlled by the said air supply
      distribution means that the air velocity generated at each row of nozzles
      is the same as that generated at each of the other rows of nozzles. On the
      other hand, the distribution means may be made such as to provide for
      different air supplies for the different rows of nozzles so that a greater
      air velocity is obtained from one row of nozzles than that obtained from
      another row of nozzles. In particular, the air velocity requirements in
      the doffer region of the card are usually regarded as being less than
      those in the region of the taker-in and in one embodiment of the invention
      the pressurized air supply to a row of nozzles in the taker-in region is
      made substantially greater than the supply to a row of nozzles in the
      taker-in region.
DRWD
PAR  Two embodiments of the invention will now be described by way of example
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic section of a cotton carding machine in accordance
      with the first embodiment of the invention,
PAR  FIG. 2 is a plan of the machine shown in FIG. 1, with some parts removed
      for clarity,
PAR  FIG. 3 is a schematic section of a cotton carding machine in accordance
      with a second embodiment of the invention,
PAR  FIG. 4 is a plan of the machine shown in FIG. 3, with some parts removed
      for clarity,
PAR  FIG. 5 is a plan view of a rotary valve for use in the machine illustrated
      in FIGS. 1 and 2 or 3 and 4, and
PAR  FIG. 6 is a section of the valve shown in FIG. 5, taken on the line VI --
      VI in FIG. 5.
DETD
PAR  In FIGS. 1 and 2 numeral 1 represents the main cylinder of a cotton carding
      machine having associated taker-in and doffer cylinders 2 and 3
      respectively and web and sliver forming elements generally designated 4.
      Beneath these elements is mounted a waste collection plate 5 forming part
      of a waste removal apparatus The plate 5 has two sections 6 and 7 inclined
      downwardly toward an intermediate horizontal section 8. The plate 5 is
      formed with eight rows 9, 10, 11, 12, 13, 14, 15 and 16 of nozzles 17
      which project from the upper side of the plate 5. A waste suction slot 18
      is formed in the horizontal section 8 of the plate 5 which, in use, is
      connected to a source of suction and provides a waste extraction zone.
PAR  Each nozzle 17 in the row 9 is in communication with an air duct 19 common
      to all the nozzles of the row and extending transversely across the plate
      5. The exit of each nozzle faces towards the suction slot 18. The nozzles
      17 of the rows 10, 11, 12, 13, 14, 15, and 16 are connected in like manner
      to air ducts 19.
PAR  Pressurized air is supplied to the ducts 19 by a fan 20 driven by an
      electric motor 21, the pressurized air delivered by the fan passing to a
      rotary control valve 22 having four outlets to which are connected tubes
      23, 24, 25 and 26. Tube 23 provides a connection to air ducts 19 of rows 9
      and 10; tube 24 provides a connection to air ducts 19 of rows 11 and 12;
      tube 25 provides a connection to air ducts 19 of rows 13 and 16; and tube
      26 provides a connection to air ducts 19 of rows 14 and 15. The rotary
      valve 22 is operated continuously by a low speed electric motor 27 and
      provides for the connection in turn of the pressurised air supply from the
      fan 20 to each of the tubes 23, 24, 25 and 26.
PAR  In operation, trash and cotton waste ejected from the machine elements 1,
      2, 3, and 4 collect on the plate 5. On actuation of the rotary valve 22 by
      means of the low speed electric motor 27 an outlet from the valve causes
      pressurized air to pass through tube 23 and thus into both of the ducts 19
      associated with rows 9 and 10 such that a blast of air is emitted from the
      nozzles 17 in the direction indicated by the arrows. Further rotation of
      the valve member of rotary valve 22 begins to close the valve outlet to
      tube 23 and begins to open the next valve outlet associated with tube 24
      so that pressurized air is directed to air ducts 19 associated with rows
      11 and 12. Continued rotation of the valve member of rotary valve 22
      begins to close the valve outlet to tube 24 and begins to open the valve
      outlet connected with tube 25 which allows the pressurized air to flow to
      air ducts 19 associated with rows 13 and 16. Finally, as the valve outlet
      connected to tube 25 is closed the valve outlet associated with tube 26
      begins to open to allow air to flow to air ducts 19 associated with rows
      14 and 15 and to be emitted by the nozzles 17. The cycle is then repeated.
PAR  Thus trash particles and cotton waste are advanced by the blasts of air
      from the nozzles 17 towards the waste extraction zone where the
      continuously operating suction of another pneumatic system withdraws the
      material through suction slot 18 into a duct for transmission to a central
      waste room.
PAR  Referring next to FIGS. 3 and 4, a further embodiment of the invention is
      illustrated. In this embodiment the waste collection plate is constituted
      by a horizontally disposed plate 28 formed with eight rows 29, 30, 31, 32,
      33, 34, 35 and 36 of nozzles 17 which project from the upper side of the
      plate 28.
PAR  As in the embodiment illustrated in FIGS. 1 and 2 each nozzle 17 in the row
      29 is in communication with an air duct 19 and each of the nozzles 17 in
      each of the other rows 29 - 36 is likewise in communication with an air
      duct 19. In the embodiment illustrated in FIGS. 3 and 4, however, each
      nozzle faces in the same direction toward the waste extraction zone
      constituted by a suction slot 37, extending transversely of the carding
      machine and formed in an end surface thereof. The slot 37 is connected to
      a source of suction.
PAR  The tubes 23, 24, 25, and 26 associated with the four outlets on the rotary
      valve 22 are connected via a tube locator 38 to the air ducts 19. The tube
      23 provides a connection between the rotary valve 22 and air ducts 19 of
      rows 29 and 30, tube 24 with air ducts 19 associated with rows 31 and 32,
      tube 25 with air ducts 19 associated with rows 33 and 34 and tube 26 with
      air ducts 19 associated with rows 35 and 36.
PAR  In operation, the low speed electric motor 27 causes rotation of the valve
      member of rotary valve 22 so that a valve outlet causes pressurised air to
      pass through tube 23 and thus into both of the ducts 19 associated with
      rows 29 and 30. Continued actuation of rotary valve 22 successively causes
      the tubes 24, 25 and 26 to be connected to the fan 20 so that rows 31 and
      32, then rows 33 and 34 and finally rows 35 and 36 are successively
      connected to the pressurised air. Thus the air emitted from the nozzles 17
      progressively transports the trash particles and cotton waste towards the
      waste extraction zone where it is continuously removed through the suction
      slot 37 into a duct 52 for transmission to a central waste room.
PAR  The embodiment illustrated in FIGS. 3 and 4 may if desired be modified by
      arranging that the plate 28 slopes downwardly towards the waste extraction
      zone.
PAR  Each of the nozzles 17 may conveniently be formed simply by drilling a hole
      through the plate 5 or 28 at the nozzle position and placing over the hole
      a nose-piece of streamline configuration and provided with an opening such
      that air blow therethrough transports trash along the plate.
PAR  The rotary valve is preferably so designed that the valve member begins to
      open the next succeeding valve outlet before the preceding outlet is
      closed. This gives a more continuous mode of operation. However, it is
      also possible so to design the valve that a valve outlet is completely
      closed before the next succeeding outlet begins to be opened.
PAR  The embodiments have been described with reference to a rotary valve having
      four outlets but it will be appreciated that the valve may have as many
      outlets as there are rows of nozzles. Thus each row of nozzles may be
      individually connected to the pressurized air producing fan.
PAR  Preferably, the nozzle orifices are of uniform size and the supply of air
      may be so controlled that the air velocity at each row of nozzlels is the
      same as that generated at each of the other rows of nozzles. However the
      arrangement may be such as to provide for different air supplies for
      different rows of nozzles so that a greater air velocity is obtained from
      one row of nozzles than that obtained from another row of nozzles. In
      particular, the pressurised air supply to the row or rows of nozzles in
      the region of the waste extraction zone can be made greater than the
      supply to the row of nozzles remote from the waste extraction zone.
PAR  The rotary valve 22 may take the form illustrated in FIGS. 5 and 6. The
      valve comprises a valve body 39 and a rotary member 40. The body 39 has an
      inlet port 41 for connection to a source of pressurized air, i.e., the fan
      20, and four outlet ports 42, 43, 44 and 45 which extend radially
      outwardly from the valve body 39 for connection to the pressurized air
      supply tubes 23, 24, 25 and 26. The rotary member 40 is open at one end
      adjacent the inlet port 41 and has a cylindrical side wall 46 connected to
      an end portion 47 which closes the other end. An aperture 48 is formed in
      the side wall 46. Connected to the end portion 47 is a driving shaft 49 on
      which is fixedly attached the driving pulley 50. As seen in FIGS. 2 and 4,
      the pulley 50 is connected by a belt 51 to the low speed electric motor 27
      which, in operation, serves to rotate the rotary member 40. Thus, as
      rotary member 40 rotates, each of the valve outlet ports 42 to 45 is
      successively in communication with the inlet port 41 thereby causing
      pressurised air to flow into tubes 23, 24, 25 and 26 in turn.
PAR  The aperture 48 is such that it begins to open the next succeeding outlet
      port before closing the preceding outlet port in order to provide a
      continuous supply of pressurized air to the system.
CLMS
STM  What we claim as our invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A textile carding machine including pneumatic waste removal apparatus
      for removing trash and waste from beneath the carding machine, said
      apparatus comprising:
PA1  air supply means for supplying pressurized air;
PA1  trash and waste support means positioned beneath the carding elements of
      the machine and on which trash and waste are deposited;
PA1  a waste collection zone;
PA1  a plurality of nozzles arranged in spaced relation above the support means
      for emission of blasts of air from said air supply means to create a flow
      of air over said support means to transport trash and waste entrained
      thereby to said waste collection zone;
PA1  said nozzles being further arranged in a plurality of rows containing at
      least one nozzle each; and
PA1  an air supply distribution means to contribute said supply of pressurized
      air in turn and cyclicly to each of a plurality of preselected groups of
      said rows of said nozzles, said groups each consisting of at least one row
      of nozzles.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said plurality of rows extend
      across the width of the carding machine at spaced intervals from the front
      to the rear of the carding machine.
NUM  3.
PAR  3. A machine according to claim 2, wherein the number of nozzles, the sizes
      of the orifices thereof, and the supply of pressurized air thereto are
      such as to provide a predetermined air velocity vector pattern over the
      support means.
NUM  4.
PAR  4. A machine according to claim 3 wherein the number of nozzles and the
      sizes of the orifices thereof and the supply thereto of pressurised air
      from said air supply distribution means are such that the velocity of the
      air produced at each row of nozzles is the same as that generated at each
      of the other rows of nozzles.
NUM  5.
PAR  5. A machine according to claim 3, wherein the number of nozzles in each
      row and the sizes of the orifices thereof and the supply of pressurized
      air thereto from said air supply distribution means is such that the air
      obtained from one row of nozzles issues at a greater velocity than that at
      which the air issues from another row of nozzles.
NUM  6.
PAR  6. A machine according to claim 5, wherein the velocity of the air issuing
      from the nozzles beneath the taker-in region of the machine is greater
      than that issuing from the nozzles in the doffer region of the machine.
NUM  7.
PAR  7. A machine according to claim 6, wherein the said air supply distribution
      means is such as to supply pressurized air to nozzles beneath the taker-in
      region at a rate less than that of the air supply nozzles beneath the
      doffer region.
NUM  8.
PAR  8. A machine according to claim 1, wherein said trash and waste support
      means comprises a support plate passing beneath the carding elements of
      the machine and wherein said nozzles are arranged to project from said
      support plate.
NUM  9.
PAR  9. A machine according to claim 8, wherein the support plate includes at
      least two sections; one of which lies in the taker-in region and extends
      downwardly and forwardly in said region, and the other of which lies in
      the doffer region and extends downwardly and rearwardly in the doffer
      region.
NUM  10.
PAR  10. A machine according to claim 9, wherein the said support plate includes
      an intermediate section between said first and second sections, wherein
      said intermediate section is arranged horizontally beneath the main
      cylinder of the carding machine.
NUM  11.
PAR  11. A machine according to claim 9, wherein the said waste collection zone
      is arranged between the said first and second sections of the support
      plate and wherein the said nozzles provided in said sections are so
      disposed as to direct air issuing therefrom in opposite directions toward
      the said waste collection zone.
NUM  12.
PAR  12. A machine according to claim 11, wherein the said collection zone is
      formed by a slot in the intermediate section of the support plate, said
      slot extending across the width of the machine in a region beneath the nip
      between the main cylinder and the doffer of the machine.
NUM  13.
PAR  13. A machine according to claim 8, wherein the said support plate is
      arranged horizontally beneath the machine and is provided with nozzles so
      disposed as to direct air therefrom over the support plate from the doffer
      region of the machine to the taker-in region of the machine, and wherein
      the said waste collection zone is situated at the taker-in region of the
      machine.
NUM  14.
PAR  14. A machine according to claim 1, wherein the said air supply
      distribution means comprises a control valve having an inlet to which
      pressurized air is supplied and a plurality of outlets which are connected
      to said plurality of groups of the said nozzles and wherein the said valve
      is such as to supply air in turn and cyclicly to the said outlets.
NUM  15.
PAR  15. A machine according to claim 14, wherein the control valve is such as
      to cause the supplying of air to the next outlet in the cycle to be
      supplied with air to be commenced before termination of the supplying of
      air to the outlet being supplied with air.
NUM  16.
PAR  16. A machine according to claim 1, wherein said rows each contain a
      plurality of said nozzles.
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ABST
PAL  A vacuum cleaner has a casing with an internal duct connecting the air
      outlet of the vacuum cleaner fan with a discharge aperture. The casing has
      one or more primary apertures formed in its wall and communicating through
      the interior of the casing with one or more secondary apertures in the
      duct wall, whereby the air flow through the duct induces a secondary flow
      of ambient air through the primary apertures. This secondary air flow
      effects a cooling of the casing wall and a reduction of the temperature of
      the discharged air. An apertured internal partition may be provided for
      locally reducing the cross-section of the coolant air flow path, thereby
      insuring a uniform cooling effect upon the casing wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a vacuum cleaner of the type comprising a
      motor-driven fan unit mounted in a casing provided with a discharge
      aperture which, via an internal duct, communicates with the outlet of the
      fan unit.
PAR  Technical progress made within the field of electromotors have resulted in
      that normal standard motors - which, inter alia, for economical reasons
      are preferred in vacuum cleaners - are able to operate at rather high
      temperatures which, in itself, is advantageous discharge it is then
      possible to employ motors having small dimensions in relation to their
      performance and consequently the suction effect of the fan driven by the
      motor. However, in a vacuum cleaner, a high motor temperature results in a
      correspondingly high temperature of the filtered air discharged from the
      vacuum cleaner. The high air temperature can in itself be unpleasant for
      the person operating the vacuum cleaner who easily gets in the way of the
      hot air stream, but it has also the disadvantage that it causes a heating
      of the wall of the vacuum cleaner casing around the dicharge aperture,
      which wall can become so hot that the operator runs the risk of getting
      burned when touching it. This is particularly the case when the casing
      wall is made of metal which often is most expedient with a view to the
      mechanical strength and/or to the manufacturing costs.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a vacuum cleaner
      comprising a motor-driven fan unit mounted in a casing having an
      unobstructed discharge aperture and internal duct means defining a first
      air flow passage connecting said discharge aperture with the outlet of
      said fan unit, the vacuum cleaner being provided with at least one primary
      aperture in an outer wall of said casing spaced from said discharge
      aperture, and at least one secondary aperture in a wall of said internal
      duct means, which primary and secondary apertures communicate by way of a
      second air flow passage extending through the interior of said casing.
PAR  The invention has the advantage that the stream of air flowing out from the
      fan outlet to the surroundings via the internal duct induces a current of
      relatively cold ambient air which flows via the primary aperture or
      apertures, the interior of the casing and the secondary aperture or
      apertures into the duct where it gets mixed with the stream of air from
      the fan unit. As a consequence thereof, the air discharged from the vacuum
      cleaner becomes colder and hence less unpleasant to the person operating
      the vacuum cleaner. In addition, the current of cold air flowing through
      the interior of the casing effects a substantial cooling of the outer wall
      of the casing. It has been found possible in practice to reduce the wall
      temperature from approximately 70.degree.C (without the supplementing air
      current) to approximately 30.degree.C, that is to say, to a "hand-warm"
      temperature at which the casing is not too hot to touch.
PAR  Danish Pat. specification No. 85.010 discloses a vacuum cleaner having an
      annular aperture in the wall of the casing surrounding the centrally
      located discharge aperture and a flow passage between the annular aperture
      and the discharge passage from the fan. A flap valve fitted in the exhaust
      aperture is mechanically opened by the vacuum cleaner hose when the hose
      is introduced into the aperture, that is to say, when the vacuum cleaner
      is to be used for blowing, but during normal operation of the vacuum
      cleaner the valve closes automatically and acts as a non-return valve so
      that the discharge air is exhausted via the annular aperture, whereby the
      air velocity becomes relatively low, due to the relatively large area of
      that aperture. The annular aperture thus acts very much like a diffuser
      and thus has an entirely different function from that of the
      above-mentioned primary aperture or apertures formed, according to the
      invention, in the outer wall of the casing.
PAR  With a view to insuring uniform cooling of the outer wall of the casing, it
      is expedient that several secondary apertures are evenly distributed along
      the circumference of the duct wall, whereby the flow of ambient air sucked
      in through the primary aperture or apertures is caused to flow along the
      entire inside surface of the casing wall.
PAR  The secondary aperture or apertures may be formed in an area of the duct
      wall that becomes obstructed by a hose associated with the vacuum cleaner
      when this hose is inserted into the discharge aperture. The vacuum cleaner
      hose then automatically acts as a non-return valve so that a loss of air
      through the flow path including the interior of the casing and the primary
      aperture or apertures is avoided when the vacuum cleaner is used for
      blowing. Alternatively, the same effect could be achieved by means of
      suitably mounted non-return valves, for instance, associated with the
      primary apertures.
PAR  The primary aperture or apertures may be located in a wall portion of the
      casing extending approximately parallel to the axis of the duct, which
      results in a minimum of directional change and loss of power in the
      cooling air current and, hence, in an optimum of utilization of the
      ejector effect of the exhaust air from the fan.
PAR  In order to achieve the uniform internal cooling of the casing wall
      mentioned above, it is expedient to provide a circumferential partition in
      the casing between the primary and the secondary apertures and at least
      one slot in the portion of this partition which is located adjacent the
      outer wall of the casing. There may be provided a plurality of such slots
      evenly distributed along the circumference of the partition.
PAR  The effect of said slot or slots can be further enhanced by dimensioning
      the slot or slots so that the total flow area thereof is smaller than the
      total flow area of the secondary aperture or apertures. In this case a
      substantial part of the flow resistance encountered by the current of
      cooling air or the individual part currents thereof and the resulting
      pressure drop occurs in the slot or slots, and it is possible, even with a
      single primary aperture, to achieve that the pressure externally of the
      partition becomes constant along the entire circumference thereof and that
      consequently the part currents flowing to the individual secondary
      apertures or to individual sections of a continuous secondary aperture
      become substantially equal. When only a single primary aperture or a
      couple of primary apertures are to be formed in the wall of the casing,
      the tool for producing the aperture or apertures becomes correspondingly
      simpler and less expensive, irrespective of whether the apertures are
      punched out of a metal casing or formed with the aid of the mould parts of
      a plastics mould.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An embodiment of the vacuum cleaner according to the invention will now be
      described in more detail with reference to the accompanying shematic
      drawing which shows a half axial section through the vacuum cleaner casing
      portion that contains the discharge passage from the fan.
DETD
PAC  DETAILED DESCRIPTION
PAR  The vacuum cleaner illustrated in the drawing is a so-called vertical
      vacuum cleaner, the casing of which comprises a main portion 1, of which
      the drawing merely shows an upper curled-back edge bead, and a cover
      portion 2. During operation of the vacuum cleaner the two casing portions,
      both of which can be fabricated from metal, are detachably clamped
      together with the aid of locking means (not shown), and a sealing ring 3
      is clamped between the portions. Screws 4 serves to secure the sealing
      ring 3 and a casing 5 for the fan and driving motor (not shown) of the
      vacuum cleaner to cover 2. The fan may, for example, be a two-stage
      centrifugal fan provided with a baffle device 6 consisting of
      appropriately shaped, stationary vanes downstream of the second stage of
      the fan. The general construction of the vacuum cleaner will be apparent,
      in principle, from British Pat. No. 740.199,  issued to the assignee of
      the present invention and incorporated by reference in the present
      specification.
PAR  Baffle device 6 comprises an annular supporting plate 7 for the vanes, and
      an annular flap valve, which automatically closes the exhaust aperture of
      the baffle device when the fan is stopped, is mounted on a bushing 8
      inside the central orifice of plate 7. The valve consists of an annular
      disc 9 of cloth which, at its outer circumference, is secured to a metal
      plate 10 guided along bushing 8 and biased against the closed position by
      a spring 11. The lift of the valve is limited by one or more projections
      12 on plate 10, which abut against a transverse partition 13, as shown in
      the drawing.
PAR  Partition 13 is, together with another annular partition 15 and a
      cup-shaped insert 16, secured to cover 2 by means of screws 14. Along its
      circumference, partition 15 carries an annular seal 17 engaging the upper
      supporting plate 18 of baffle device 6 so as to seal the space 19 located
      inside cover 2 from the outlet of the fan unit. The inner periphery of
      partition 15 terminates in an upwardly curved annular flange 35, forming a
      flow restriction with respect to the area above the flange.
PAR  The partition 15 mentioned above is provided with an upwardly projecting
      annular portion 20, and a sleeve 21 made of rubber or a similar elastic
      material is mounted with a tight fit against the inside of annular portion
      20. Sleeve 21 has an outwardly projecting top flange 22, and by means of a
      clamping ring 25 and a plurality of screws (not shown) a locking ring 23,
      which is coaxial with the sleeve and formed with a circular series of
      downwardly and inwardly directed tongues 24, is secured, together with
      sleeve 21, to a top cap 26 mounted above the central orifice of cover 2.
      The circumference of clamping ring 25 is constructed as a bayonet lock
      that interacts with projections 27 along the central orifice of cover 2 in
      such a way that the top cap, together with the sleeve and the locking
      ring, can be mounted and dismantled as a unit.
PAR  The locking ring 23 with its tongues 24 mentioned above serves for
      detachably retaining a vacuum cleaner hose inserted into the central
      aperture of the cap 26, and the construction and function of the locking
      ring become apparent in greater detail from Danish pat. specification No.
      86.404. During normal operation of the vacuum cleaner, when the hose is
      inserted into the suction aperture (not shown) in the main portion of
      casing 1, a detachable diffuser 28 may be mounted above top cap 26, as
      shown in the drawing, and the diffuser may be provided with U-shaped
      retaining means (not shown) which engage with ribs 29 projecting upwardly
      from the upper side of the top cap 26. The ribs 29 thus serve, on the one
      hand, to retain diffuser 28 and, on the other hand, to divide the
      discharge air current into several substantially horizontally flowing part
      currents.
PAR  In its circumference, sleeve 21 has a number of evenly distributed and
      preferably equally large apertures 30 through which the central aperture
      in top cap 26 mentioned above communicates with an annular chamber 31
      between the sleeve and insert 16. As shown, the height of the insert is
      such that, between it and the underside of cover 2, a relatively narrow
      slot 32 is formed, which connects annular chamber 31 with the
      aforementioned space 19. This space communicates with the surrounding
      atmosphere via one, or if desired, more apertures 33 in the cover 2.
PAR  During the normal suction operation of the vacuum cleaner shown, the air
      volume discharged by the fan flows from baffle device 6 below the raised
      valve disc 9, further through the gap 34 between the two partitions 13 and
      15, upwards through the flow restriction of flange 35, and out between top
      cap 26 and diffuser 28. The air passing through the flow restriction
      produces a partial vacuum in the space peripherally above the top of the
      flange, which by suction induces a secondary current of air from the
      surrounding atmosphere via aperture or apertures 33 in cover 2, slot 32
      and the evenly distributed apertures 30 in sleeve 21. As mentioned
      earlier, this secondary current of relatively cold air gives rise, on the
      one hand, to a reduction in the temperature of the relatively hot air
      discharged from the fan and, on the other hand, to a reduction in the
      surface temperature of cover 2. As likewise indicated above, slot 32 is
      expediently so narrow that the major part of the flow resistance to said
      secondary air current occurs in the slot, which contributes towards
      insuring uniform pressure along the entire external circumference of
      insert 16 and thereby also by and large equal air flow velocities through
      each of the apertures 30 and, hence, also a fairly even distribution of
      the air current along the inside of cover 2.
PAR  When the vacuum cleaner is used for blowing, diffuser 28 is removed and a
      vacuum cleaner hose is inserted into sleeve 21, whereby tongues 24 serve
      to prevent the hose from being inadvertently pulled out. The inwardly
      facing curled-back portion of resilient sleeve 21 is hereby expanded
      radially by the end of the hose or hose coupling inserted into the sleeve
      and thus closes the secondary flow passage via apertures 30 so that the
      air volume delivered by the fan is discharged in its entirety via the
      attached hose.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vacuum cleaner comprising a motor-driven fan unit mounted in a
      casing having an unobstructed discharge aperture, internal duct means
      defining a first air flow passage connecting said discharge aperture with
      the outlet of said fan unit, and a flow restriction in said first air flow
      passage intermediate the ends thereof, the improvement comprising the
      provision of at least one primary air inlet aperture in an outerwall of
      said casing spaced from said discharge aperture and at least one secondary
      aperture in a wall of said internal duct means, which primary and
      secondary apertures communicate by way of a second air flow passage
      extending through the interior of said casing, said secondary aperture
      being provided downstream of said flow restriction in an area of said
      wall, which is obstructed by a hose coupling associated with the vacuum
      cleaner, when said hose coupling is inserted in said discharge aperture.
NUM  2.
PAR  2. A vacuum cleaner as claimed in claim 1, wherein a plurality of secondary
      apertures are evenly distributed along the circumference of said wall of
      the internal duct means.
NUM  3.
PAR  3. A vacuum cleaner as claimed in claim 1, wherein said primary aperture is
      provided in a portion of said casing wall which extends approximately
      parallel to the axis of said first air flow passage.
NUM  4.
PAR  4. A vacuum cleaner as claimed in claim 1, further comprising a
      circumferential partition located within said casing between said primary
      and secondary apertures and at least one slot in said partition adjacent
      to the wall of said casing, said slot forming part of said second air
      passage.
NUM  5.
PAR  5. A vacuum cleaner as claimed in claim 4, wherein said slot is defined
      between a circumferential edge of said partition and the inside of said
      casing wall.
NUM  6.
PAR  6. A vacuum cleaner as claimed in claim 4, wherein the flow area of said
      slot is smaller than the flow area of said secondary aperture.
NUM  7.
PAR  7. A vacuum cleaner as claimed in claim 4, wherein a plurality of slots are
      evenly distributed along the circumference of said partition.
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ABST
PAL  A master slide for supporting the leading edge portion of a drape which
      includes a horizontally extending arm having vertical holes for receiving
      in upright position a forwardly projecting drapery hook at the front and a
      laterally projecting drapery hook at the tip. Special abutments are
      provided at the tip to hold the hook positively in its laterally extending
      direction free of swiveling action so that the leading edge portion of the
      drape, hooked in stretched condition on the hooks, closely conforms to the
      front surface of the arm and extends to a point beyond the tip. In the
      preferred embodiment, the special tip construction is used in both right
      hand and left hand master slides, forming an overlapping set, with the
      conformation of the drapes to the arms serving to hold the leading edge
      portions of the drapes under positive control to preclude any rubbing of
      the drapery material as the slides move in and out of their overlapping
      relation. The arm construction is symmetrical about a horizontal plane so
      that the device is equally effective with the arm projecting to the left
      or to the right.
BSUM
PAR  It has been common for many years to support the leading edge portion of a
      pair of drapes upon master slides which overlap when the drapes are pulled
      to closed position. However, conventional master slides have been
      constructed in such a way that the leading edge portions are not kept
      under precise control so that rubbing of the fabric may occur in the
      region of overlap. Indeed, it is possible in many designs for the front
      surface of one drapery section to be scraped by the hooks which support
      the other section as the sections move in overlapping relation, so that
      the drapery fabric, particularly where formed of glass fiber, quickly
      suffers irreparable damage.
PAR  Moreover, conventional drapery master slides are constructed to bear the
      weight of the hooks but with little consideration being given to holding
      the hooks upright free of swiveling action so that the result is a
      "floppy" look, with the tips of the slides being visible and unsightly.
PAR  It is, accordingly, an object of the present invention to provide an
      improved supporting arm construction in which a first hook is held upright
      in a forwardly projecting direction and in which means are provided at the
      tip of the arm for holding a second hook upright, and free of swiveling
      action, in a laterally projecting direction at substantially right angles
      to the first, so that when the leading edge portion of a drape is hooked
      in stretched condition on the hooks, it closely conforms to the front
      surface of the arm to a position extending beyond the tip of the arm to
      provide a neat tailored appearance and to preclude any rubbing of the
      fabric when the slides are used in overlapping pairs.
PAR  It is another object of the present invention to provide an arm
      construction for a drapery master slide which is highly versatile, which
      may be used with a wide range of drapery materials, and which includes a
      reversibility feature being equally effective regardless of whether the
      supporting arm extends to the left or to the right.
PAR  It is, generally stated, an object of the present invention to provide a
      drapery master slide which not only possesses the above features but which
      is of neat and economical construction, which simplifies the work of the
      drapery installer and which, once the drapery has been installed, operates
      without attention or adjustment over a long period of time while
      presenting an attractive and tailored appearance and which protects the
      drapery material against any wear due to repeated opening and closing.
DRWD
PAR  Other objects and advantages of the invention will become apparent upon
      reading the attached detailed description and upon reference to the
      drawing in which:
PAR  FIG. 1 is a top view of a pair of cooperating drapery master slides
      employing the present invention and with the leading edge portion of
      respective drapery sections shown in cross section.
PAR  FIG. 2 is a front view corresponding to FIG. 1 but with the leading edges
      of the drapery sections indicated in phantom only.
PAR  FIG. 3 is a fragmentary section taken along line 3--3 in FIG. 1 and showing
      the drapery rod in cross section but omitting the drapery material.
PAR  FIG. 4 is a fragmentary section taken along line 4--4 in FIG. 1.
PAR  FIG. 5 is a fragmentary section taken along line 5--5 in FIG. 1.
DETD
PAR  While the invention has been described in connection with a preferred
      embodiment, it will be understood that I do not intend to be limited by
      such embodiment but intend, on the contrary, to cover the various
      alternative and equivalent forms of the invention included within the
      spirit and scope of the appended claims.
PAR  Turning now to the drawing, there is shown in FIG. 1 a master slide
      assembly including a right-hand master slide 11 and a left-hand master
      slide 12. It will be understood that the master slides are intended to
      cooperate with one another carrying, cantilever fashion, the leading edge
      portions of a set of drapes for closing in overlapped relation. The right
      and left hand slides are supported upon a slotted rod 13 which is shown in
      cross section in FIG. 3, with the horizontal slot at the rear of the rod
      being indicated at 14. Turning attention to the right hand master slide
      11, it includes a slide body 15 having runners 16, 17 which cooperate with
      lands on each side of the slot 14 so as to support the body in upright
      position. Along the lower edge of the slide body is a depending
      horizontally extending skirt 18 which hangs below rod level and which has
      a face 19.
PAR  Mounted upon the skirt 18 and extending forwardly below rod level is a
      bracket 20 having a base portion 21 and a horizontally extending
      supporting arm 22. The base 21 of the bracket 20 is secured to the skirt
      18 by means of a screw 25. Preferably the skirt and bracket are formed
      with a series of mating scallops which are dimensioned to permit register
      of the bracket in a selected one of a plurality of horizontal positions
      and with the bracket rockingly adjustable in the skirt so that the arm 22
      may be rocked slightly in or out to vary the amount of clearance between
      the right and left hand slides when they are moved into their overlapping
      relation. For further details of this aspect of the construction,
      reference may be made to Znamirowski and Fielder U.S. Pat. No. 3,895,410
      which issued July 22, 1975.
PAR  For the purpose of supporting drapery hooks in upright position the bracket
      20, formed of base 21 and arm 22, is formed with a plurality of vertical
      holes or openings 31, 32, 33, with the hole 33 being positioned adjacent
      the tip of the arm. The arm 22, as shown in FIG. 4, is preferably of I
      beam cross section having a front portion or surface 35, a back portion or
      surface 36, and a central web 37.
PAR  A conventional drapery hook 40 of inverted "U"shape is shown hooked into
      the vertical opening 31. Such hook has a rear leg 41, front leg 42 and
      upwardly projecting tip 43. The weight is supported at a bend 44 between
      the front and rear legs. As shown in FIG. 3, the bend 44 in the hook is
      supported on the front portion 35 of the arm while the rear leg 41 of the
      hook reacts against the web 37 at the edge 31' (FIG. 3) of the hole 31,
      acting as an abutment, to support the hook in upright position and with
      the rear leg being sufficiently confined so that the hook is substantially
      prevented from swiveling either to right or left. A hook 50 is similarly
      inserted in the opening 33 at the tip of the arm, having a rear leg 51,
      front leg 52, tip 53 and bend 54. The hook 50 is kept upright and kept
      from rocking in a vertical plane by the abutment 33' (FIG. 5) at the rear
      edge of the hole 33 which engages the rear leg 51 of the hook. If desired,
      a hook, shown in phantom in FIG. 4, may be inserted in the center opening
      32, but such third hook will usually be found to be unnecessary except
      where extremely heavy fabrics must be supported.
PAR  In accordance with the present invention, the front surface 35 of the arm
      is extended beyond the hole 33 at the tip sufficiently to form a recess
      for receiving the front leg 52 of the drapery hook 50 to prevent the hook
      from swiveling forwardly about a vertical axis and for holding it in a
      position in which it projects laterally from the tip of the arm. Thus,
      referring to FIGS. 1 and 5, the front surface 35 is extended to form an
      auxiliary abutment 55 having an adjacent recess. The auxiliary abutment 55
      is in the path of forward swiveling movement of the hook so that the hook
      cannot swivel forwardly in response to the horizontal pull of the leading
      edge of the drapery. On the contrary the hook is positively braced in its
      laterally projecting position with the leading edge of the drapery
      maintained in neat horizontally "stretched" condition between the hooks
      40, 50. In accordance with a preferred embodiment of the invention, the
      rear surface 36 of the arm is also extended as indicated at 56 so that the
      front leg of the hook is held against swiveling rearwardly as well as
      forwardly. Thus, at the same time as the hook 50 is held in upright
      position by engagement of the rear leg 51 against the abutment 33' on
      central web 37 as shown in FIG. 5, the extensions 55, 56 of the surfaces
      35, 36 of the arm define between them a recess in the form of a vertically
      extending groove 57 which holds the front leg 52 of the hook captive
      against swiveling in either direction from its position laterally
      extending, with the hook extending beyond the tip of the arm in a
      direction substantially at right angles to the first mentioned hook 40
      which projects forwardly from the bracket structure.
PAR  In use, the leading edge portion of a drapery D, which may have a
      "gathered" or "pleated" portion G and leading edge E, is hooked in
      stretched condition upon the hooks 40, 50 so that the drapery header is
      held upright and in a position closely conforming to the front surface of
      the arm, extending beyond the tip of the arm, so that the tip of the arm
      and the hook 50 which it carries are completely hidden. The hooks 40, 50,
      it will be understood, will be usually hooked into the drapery fabric at
      appropriate spacing to achieve the stretched condition before the rear
      legs of the hooks are inserted in the respective holes in the slide
      bracket.
PAR  The advantage of this construction may be more fully appreciated by the
      consideration of the left hand slide 12 shown in FIGS. 1 and 2, and in
      which corresponding elements have been given corresponding reference
      numerals with addition of subscript a. Thus, a section of drapery D is
      secured to the arm 22a of the master slide by means of a first forwardly
      projecting hook 40a and a second laterally projecting hook 50a, the latter
      hook being prevented from swinging forwardly by reason of the abutment 55a
      which forms an extension of the front surface of the arm. Thus, the
      drapery D closely follows, and conforms to, the front surface of the arm,
      free of any forward bagging so that when the master slides 11 and 12 move
      into their closed, overlapping relation, there is no rubbing or abrasion
      between the left hand section of the drapery fabric and either the right
      hand arm or by the hooks which are supported by such arm. Indeed, since
      the hook 50 on the arm 11 projects laterally and lies in a plane which is
      parallel to the fabric carried by the opposing arm, the rear leg of the
      hook 50 is completely shielded and cannot scratch, rub against or
      otherwise injure the face of the fabric on the left hand slide.
PAR  Thus, the construction is to be contrasted with master slides in which all
      of the hooks engage the arm in front-to-back orientation and in which the
      rear legs of the hooks project rearwardly a sufficient amount as to come
      dangerously close to the relatively movable face of the fabric on the left
      hand slide. Fabrics made of glass fibers have been found to be
      particularly vulnerable to such scraping or rubbing action, from which it
      follows that the present slide construction is ideally suited for use with
      fabrics having a glass fiber content.
PAR  While in the preferred embodiment of the invention, both the front and back
      surfaces of the arm are extended to provide abutments to prevent swiveling
      of the hook 50 in either direction, it will be understood that the rear
      abutment 56 may be omitted if desired, reliance being placed upon the
      force exerted by the drapery fabric to hold the hook 50 against rearward
      swinging movement. Thus, in the case of the left hand slide, there is only
      a single "front" abutment 55a, the "rear" abutment having been omitted for
      the sake of simplicity and since slight rearward swing of the hook 50a, in
      the case of the left hand slide 12, is not particularly objectionable.
PAR  While it has been mentioned that an additional hook (FIG. 2) may be
      optionally inserted in the opening 32 for support purposes, it is one of
      the features of the present cantilevered length, is free of any hook
      projecting in the front-to-back direction, and the only hook cantilevered
      on the arm is the hook 50 which is arranged laterally and in a plane which
      is parallel to the face of the cooperating drapery section. In other
      words, the face of the left hand drapery, in addition to being kept taut
      and under control and well clear of the arm 22, is completely free of any
      hazard from the presented rear leg of a supporting hook.
PAR  It will be apparent, then, that the present drapery slide construction not
      only provides an improved tailored appearance, with the arm of the slide
      being completely invisible, but it also provides a high degree of inherent
      protection against rubbing or abrasion of the drapery fabric upon repeated
      closure of the slides and repeated opening from the overlapped condition.
PAR  It is a further feature of the invention that the arm 22 of the right hand
      slide and the abutments 55, 56 thereon, are symmetrical above and below a
      horizontal plane P (FIG. 2) so that the hook 50 at the tip of the arm is
      effectively confined by the abutments regardless of whether the arm is
      oriented to project to the left, as shown in FIG. 1, or to the right.
      Where is is desired to project the arm 22 toward the right for engagement,
      say, with a wall on the right hand side of the opening covered by the
      drapery, it is a simple matter to loosen the screw 25 which permits
      removal of the bracket 20 from the skirt 18. The bracket is then rotated
      180.degree. so that the arm 22 thereof projects to the right, whereupon
      the screw 25 may be tightened to fasten the parts together in the new
      position.
PAR  The present construction of drapery slide has been found to be economically
      moldable in a durable plastic, with all of the disclosed abutting surfaces
      being integrally formed, and with a high degree of strength per unit
      weight being achieved by the channeled "I beam" construction, permitting
      drapery materials having a wide range of type and weight to be
      accommodated and reliably supported.
PAR  It will be apparent that the body 15 of the slide and its bracket 20 may be
      integrally molded if the reversibility feature is not required. The hole
      31 may be formed in the supporting arm 22 or in the base 21 of the
      bracket, but it is preferably near the junction between the two, which can
      be considered either base or arm.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a master slide for use on a slotted drapery rod and for use with
      drapery hooks of inverted U-shape having a front leg and a rear leg, the
      combination comprising a slide body having means for registering with the
      slot in a rod and for holding the body in upright position on the rod, a
      bracket having a base portion and supporting arm, the bracket being
      secured to the slide body with the arm projecting horizontally, the
      bracket having a vertically extending first hole spaced substantially
      inwardly from the tip of the arm for receiving the rear leg of a first
      drapery hook, abutment means on the bracket in the path of vertical
      swinging movement of one of the legs of a hook for maintaining the first
      hook upright in a forwardly projecting direction, the arm having a
      vertically extending second hole in its tip for receiving the rear leg of
      a second drapery hook with such hook in laterally extending position,
      abutment means on the tip of the arm in the path of vertical swinging
      movement of one of the legs of the second drapery hook for maintaining the
      second hook upright, and an auxiliary abutment at the tip of the arm in
      the path of forward swiveling movement of the second hook so that the
      second hook is positively held in a position projecting laterally from the
      tip at substantially right angles to the first hook and so that when the
      leading edge portion of a drape is hooked in stretched condition between
      the hooks it closely conforms to the front surface of the arm to a point
      extending beyond the tip of the arm.
NUM  2.
PAR  2. The combination as claimed in claim 1 in which the bracket is separable
      from the slide body and in which there is provision for reversing the
      bracket on the body between a leftward extending position and a rightward
      extending position, the abutment means on the tip of the arm being
      symmetrical on each side of a horizontal plane so that a hook inserted in
      the hole at the tip of the arm is held in its laterally extending,
      drapery-stretching position regardless of whether the arm is directed to
      the left or to the right and regardless of which direction the hook is
      inserted into the hole.
NUM  3.
PAR  3. In a master slide for use on a slotted drapery rod and for use with
      drapery hooks of inverted U-shape having a front leg and a rear leg, the
      combination comprising a slide body having means for registering with the
      slot in the rod and for holding the body in upright position on the rod, a
      bracket having a base portion and supporting arm, the bracket being
      secured to the slide body with the arm projecting horizontally, the
      bracket having a first vertically extending hole spaced substantially
      inwardly from the tip of the arm for receiving the rear leg of a first
      drapery hook and for supporting the hook upright in a forwardly projecting
      direction, the arm having a second vertically extending hole in its tip
      for receiving the rear leg of a second drapery hook, the front and back
      surfaces of the arm being extended beyond the hole at the tip thereof to
      define between them a vertical groove, the groove being spaced from the
      hole sufficiently to registeringly receive the front leg of the second
      drapery hook, thereby to hold the second drapery hook captively in a
      laterally extending direction generally at right angles to the first hook
      and to prevent such second hook from swiveling movement in either
      direction with respect to the second hole, so that when the leading edge
      portion of a drape is hooked in stretched condition on the hooks it
      closely conforms to the front surface of the arm to a point extending
      beyond the tip of the arm.
NUM  4.
PAR  4. The combination as claimed in claim 1, the first hole in the bracket
      being formed in the base portion thereof clear of the arm so that the arm
      is free of any front-to-back extending hook, the rear leg of which might
      jeopardize the overlapped drapery fabric carried in a cooperating slide.
NUM  5.
PAR  5. A master slide installation for use on a slotted drapery rod and for use
      with drapery hooks of inverted U-shape having a front leg and a rear leg,
      the combination comprising cooperating left and right hand slides, each
      slide having a slide body with means for registering with the slot in a
      rod for holding the body in upright position on the rod, each slide having
      a bracket having a base portion and supporting arm, each bracket being
      secured to the respective slide body so that the arms extend toward one
      another but spaced front-to-back in overlapping relation, each arm having
      at least one vertically extending hole in its base portion for receiving
      the rear leg of a first drapery hook, means on each bracket for
      maintaining the first hook upright in a forwardly projecting direction,
      each arm having a vertically extending hole in its tip for receiving the
      rear leg of a second drapery hook, an auxiliary abutment on the tip of
      each arm in the path of swiveling movement of the respective hooks for
      maintaining each second drapery hook upright in a position in which it
      projects laterally from the tip at substantially right angles to the
      associated first drapery hook so that when the leading edge portions of
      respective drapes are hooked in stretched condition between the first and
      second hooks they closely conform to the front edges of the respective
      arms to a point extending beyond the tips of the arms, thereby precluding
      rubbing of the drapery fabric on the rear arm by the backside of the front
      arm when the slides are moved into closed overlapping relation.
PATN
WKU  039435997
SRC  5
APN  4617029
APT  1
ART  333
APD  19740417
TTL  Method and apparatus for seating poultry feather plucking fingers
ISD  19760316
NCL  4
ECL  1
EXP  Peshock; Robert
NDR  1
NFG  2
INVT
NAM  Norwood; Haskell J.
CTY  Geraldine
STA  AL
ASSG
NAM  Gainesville Machine Company, Inc.
CTY  Gainesville
STA  GA
COD  02
CLAS
OCL   17  1R
EDF  2
ICL  A22C 2100
FSC   17
FSS  67;11;11.1 A;11.1 R;1 R
UREF
PNO  1452098
ISD  19230400
NAM  Short
OCL   17 26
UREF
PNO  2004581
ISD  19350600
NAM  Meyer
OCL   17 11.1R
LREP
FRM  Newton, Hopkins & Ormsby
ABST
PAL  A method is disclosed for mounting a resilient poultry feather plucking
      finger to a rigid finger support with a peripheral groove in a head
      portion of the finger seated snugly within an aperture in the finger
      support and with an elongation portion of the finger projecting out from
      the finger support aperture. The method comprises the steps of passing at
      least part of the elongation portion of the finger through the finger
      support aperture and through a pair of spaced counterrotating drive
      rollers which urge the finger head portion into the support aperture and
      seat the peripheral groove therewithin.
PAL  Apparatus is also disclosed for seating resilient poultry feather plucking
      fingers in apertures formed in rigid finger supporting structures. The
      apparatus comprises a support member and a drive shaft rotatably supported
      by the support member and adapted to be coupled with electromotive drive
      means. A first roller is mounted to the drive shaft. A second roller is
      rotatably mounted to the support member in spaced juxtaposition with the
      first roller. Gear means couple the first and second rows together in a
      one to one gearing ratio.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Today, poultry processing plants commonly enploy machines for picking or
      plucking feathers from poultry. Such machines, which are exemplified by
      those illustrated in U.S. Pat. Nos. 3,044,108, 3,197,809, 3,203,035,
      3,234,587, 3,234,588, 3,235,904, 3,747,159, typically employ drums or
      discs having sets of holes or apertures in which resilient feather
      plucking fingers of unitary rubber construction are mounted. As shown in
      detail in U.S. Pat. No. 3,203,035 the feather plucking fingers typically
      comprise a head portion having a peripheral groove seated within an
      aperture formed in the drum or plate. From the head portion extends an
      elongation portion which includes a shank and a feather plucking section.
      The feather plucking section is provided with a furrowed surface which,
      when moved against feathers, tends to pluck them from the skin of the
      birds. To achieve this action the birds are directed over the drums which
      rotate and thereby urge the fingers against the bird feathers.
PAR  Poultry feather plucking machines of the type just described employ a
      relatively large number of feather plucking fingers. Ordinarily, these
      fingers are mounted directly to the supporting drum or plate by hand. This
      is accomplished by manually inserting the feather plucking sections of the
      fingers through the holes until the base portions engage the hole lips.
      From this point it is necessary to apply substantial force in urging the
      grooves formed about the peripheries of the finger heads into seating
      relation within the apertures. This application of substantial force is
      both fatiguing to the assembler as well as time-consuming and costly.
PAR  General objects of the invention are thus to provide improved methods and
      apparatuses for seating resilient poultry feather plucking fingers within
      apertures formed in rigid finger supporting structures.
PAC  SUMMARY OF THE INVENTION
PAR  In a preferred form of the invention a method is provided for mounting a
      resilient poultry feather plucking finger to a rigid finger support with a
      peripheral groove in the head portion of the finger seated snugly within
      an aperture of the finger support, and with an elongation portion of the
      finger projecting outwardly from the finger support aperture. The method
      comprises the steps of passing at least part of the elongation portion of
      the finger through the finger support aperture and through a pair of
      spaced counterrotating drive rollers which urge the finger head portion
      into the support aperture and seat the peripheral groove therewithin.
PAR  In another preferred form of the invention apparatus is provided for
      seating resilient poultry feather plucking fingers in apertures formed in
      rigid finger supporting structures. The apparatus comprises a support
      member, a drive shaft rotatably supported by the support member and
      adapted to be coupled with electromotive drive means. A first roller is
      connected to the drive shaft. A second roller is rotatably mounted to the
      support member in spaced juxtaposition with the first roller. Gear means
      couple the first and second rollers together.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an exploded view in perspective of a feather plucking finger and
      finger support shown together with a perspective view of apparatus
      embodying principles of the invention in one preferred form which
      apparatus may be used in practicing methods embodying principles of the
      invention in preferred forms.
PAR  FIG. 2 is a side elevational view, partly in cross section, of the
      apparatus shown in FIG. 1 depicted in position having seated a poultry
      feather plucking finger within an aperture formed in a rigid finger
      supporting structure.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring now in more detail to the drawing, there is shown apparatus for
      seating resilient poultry feather plucking fingers within apertures of
      rigid finger supporting structures. The finger shown is exemplary of those
      in current use. The one chosen here for illustrating the inventive methods
      and apparatuses is seen to be of unitary rubber construction and seen to
      include a head portion 10 from which an elongation portion 11 extends. The
      head portion includes a peripheral groove or indentation 12 situated
      between a base section 14 and a conical section 15 of the head. From the
      conical head section extends a shank section 17 of the elongation portion
      of the finger to a furrowed feather plucking section 18. The furrowed
      feather plucking section includes a set of spaced ridges 19 upon opposite
      sides thereof.
PAR  The apparatus used in mounting the fingers may be easily fabricated from
      fractional horsepower electric drills in common use today. The apparatus
      includes a support 20 a portion of which projects outwardly from a housing
      22 in which an electric motor is operatively housed. A drive shaft 24 is
      journalled within a bearing in an end portion of support 20 which shaft is
      adapted for rotation upon energization of the electric motor. A first
      roller 25 is rigidly mounted to shaft 24. A second roller 26 is secured
      about a shaft 28 jounralled within bearings formed in support 20 with the
      second roller disposed in spaced juxtaposition with the first roller. A
      gear 30 is rigidly secured to drive shaft 24 and the first roller 25 in
      one to one gearing ratio mesh with a gear 31 rigidly secured to the second
      roller 26 and shaft 28. These gears are rotatably disposed beneath a
      protective covering portion 20' of support 20 which portion has a central
      aperture therethrough. A similarly apertured protective cover portion is
      disposed on the opposite side of the rollers in alignment with the first
      cover portion of support 20. With this configuration of assembly
      elongation portions of fingers may pass in frictional engagement through
      the first and second rollers and freely through the two protective
      covering portions of the support. A handle 35 is provided for manual
      gripping as is a trigger 36 used to energize the motor.
PAR  A poultry feather plucking finger such as that of the type just described
      may be seated within an aperture 38 of a finger supporting structure 39 by
      manually passing the furrowed plucking section 18 through the support
      aperture and manually positioning the finger seating apparatus with the
      two counterrotating rollers in engagement with the end of the finger. As
      the spacing between these rollers is slightly less than the width of
      section 18 the rollers frictionally engage the finger and pull the
      furrowed portion thereof through the space between the rollers upon
      energization of the apparatus motor. As the conical section 15 of the
      finger head portion contacts the periphery of aperture 38 substantial
      resistance is encountered by the finger. This resistance is sensed by the
      operator holding the apparatus as an abrupt pull. The operator may permit
      this to be translated into moving the seating apparatus itself towards the
      finger support surface thereby bringing support portion 20' into
      engagement with the top of the support 39. With the apparatus support now
      in abutment with the rigid finger support the counterrotating rollers
      force the conical section of the finger head portion on through support
      aperture 38 bringing the base portion 14 of the head into abutment with
      the bottom of the finger support surface 39. Upon this engagement the
      counterrotating rollers encounter greatly enhanced resistance which
      actuates an overload switch within housing 22 terminating motor
      energization and the drive imparted to shaft 24 and to the rollers.
PAR  If desired, the just-described method may be modified by placing support
      portion 20' in abutment with the upper surface of finger support 39 prior
      to the manual passage of the finger elongation portion through aperture
      38. The finger may then be inserted through the aperture manually into
      contact with the counterrotating rollers which then frictionally engage
      the finger and urge it through the rollers and the head portion into
      seating position within the aperture. Once seated, an unshown motor
      reverse trigger may be depressed driving the rollers in opposite
      counterrotational directions thereby running the rollers up and off the
      fingers.
PAR  It should be understod that the just-described apparatus and methods merely
      illustrate principles of the invention in selected preferred forms. Many
      modifications may, of course, be made to the apparatus and methods
      specifically described without departure from the spirit and scope of the
      invention as set forth in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of mounting a resilient poultry feather plucking finger to a
      rigid finger support with a peripheral groove in a head portion of the
      finger seated snugly within an aperture in the finger support and with an
      elongation portion of the finger projecting outwardly from the finger
      support aperture, said method comprising the steps of passing at least
      part of the elongation portion of the finger through the finger support
      aperture and through a pair of spaced counterrotating drive rollers which
      urge the finger head portion into the support aperture and seat the
      peripheral groove therewithin.
NUM  2.
PAR  2. The method of claim 1 wherein at least part of the elongation portion of
      the finger is passed through the pair of spaced counterrotating drive
      rollers in simultaneous frictional engagement with each of the rollers.
NUM  3.
PAR  3. The method of claim 1 wheren the pair of spaced counterrotating drive
      rollers are rotatably mounted to a mobile roller support, and wherein the
      roll support is manually laid upon the rigid finger support about the
      finger support aperture as the counterrotating drive rollers urge the
      finger head portion into the finger support aperture.
NUM  4.
PAR  4. The method of claim 3 wherein the mobile roller support is moved
      manually towards the finger support aperture while the elongation portion
      of the finger is being passed through the counterrotating drive rollers.
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ABST
PAL  Apparatus and processes are disclosed which will automatically separate a
      whole dressed and eviscerated chicken into its usable component parts of
      wings, legs, thighs and breasts and discharge the remaining carcass
      consisting of the backbone and rib cage into a container. The apparatus
      includes conveying means which supports and transports chickens along a
      predetermined path. A pair of movable cutting blades are provided to swing
      in toward the chicken and cut the wings away from the carcass. Thereafter,
      a pair of swinging jaws engage and pull the breast off of the carcass. As
      the carcass continues movement along the conveyor, guide means engage the
      legs of the carcass and direct the legs toward cutting blades which cut
      the legs from the thighs at the leg joint. Thereafter, cutting blades
      partially cut through the carcass at the thigh joint and jaws then grip
      the thighs and pull and twist the thighs simultaneously to remove the same
      from the carcass. The remaining carcass is discharged into a container or
      onto some suitable conveying means while separate conveying means are
      provided to receive and convey the individual components of the chicken to
      further inspection and processing apparatus.
BSUM
PAR  The present invention relates to new and useful improvements in apparatus
      and processes for removing the wings, legs, thighs and breast components
      of a chicken from the chicken carcass and more particularly to apparatus
      and processes which will accomplish this removal of component parts of the
      chicken accurately and neatly, by cutting and/or pulling the wings, legs
      and thighs at their respective joints and by gripping and pulling the
      breast away from the chicken carcass so that the bones of the chicken are
      not cut or splintered.
PAR  Prior to the present invention, if it was desired to carefully remove the
      wings, thighs and breasts of a chicken without cutting or splintering the
      bones it was necessary to employ considerable manual labor to cut and
      remove at least most of the component parts of the chicken by hand. Some
      apparatus has been available to split a chicken in half and to do some of
      the cutting of the chicken automatically. Other apparatus has been used
      which will cut chicken components indiscriminately without regard to
      accurate cutting of the chicken at the joints. The use of this apparatus
      results, for example, in slicing through a leg bone or other bone of the
      chicken at a point other than at the joint, or cutting a portion of the
      breast of the chicken while attempting to remove the wings, or the thighs.
      The resulting segments are thus defective in that they include more or
      less meat than should be included on the chicken part and also contain
      fragmented or splintered bones. For large scale commercial chicken
      processing applications where it is desired to produce a quality product,
      manual cutting of a chicken is undesirable because of the excessive labor
      cost and apparatus which can accurately and properly cut chicken into its
      component parts without fragmenting or splintering the bones is necessary.
PAR  With the foregoing in mind, a primary object of the present invention is to
      provide novel apparatus and processes to accurately and properly cut or
      remove wings, legs, thighs and breast from a chicken carcass without
      cutting or splintering the bones of the carcass and utilizing a minimum of
      manual labor.
PAR  Another object of the present invention is to provide apparatus of the type
      described herein which will separate the wings, legs, thighs and breasts
      of a chicken and collect each of the component parts and feed groups of
      the component parts separately to further processing or inspection
      stations.
PAR  A further object of the present invention is to provide novel apparatus of
      this type which includes novel mechanical feeding mechanism to properly
      position the carcass and feed it into the cutting machine.
PAR  A still further object of the present invention is to provide an apparatus
      of this type a novel mechanical device which will grip and pull the breast
      portion of the chicken from the carcass leaving the rib cage attached to
      the carcass.
PAR  An additional object of the present invention is to provide novel apparatus
      of the type disclosed herein including improved means to position the legs
      of the carcass and properly locate the leg joint so that the legs may be
      cut away from the thighs at the juncture between the legs and the thighs.
PAR  A further object of the present invention is to provide improved means in
      apparatus of the type disclosed herein automatically cutting wings away
      from the carcass without cutting into the breast meat of the chicken.
PAR  Another object of the present invention is to provide improved means to
      partially cut through the thigh of a chicken carcass at the thigh joint
      and thereafter grip and twist and pull the thigh from the carcass to avoid
      cutting the thigh bone or the pelvic bone of the carcass for the purpose
      of preventing the formation of bone chips and splinters.
PAR  A still further object of the present invention is to provide novel
      apparatus of the type described herein having calibrated adjusting means
      to facilitate setting of the machine to properly handle carcasses of
      different size groups.
PAR  A still further object of the present invention is to provide novel
      apparatus having the features and characteristics set forth above which is
      of relatively simplified construction, is easy to maintain, adjust and
      clean, and is entirely efficient and effective in operation and use.
DRWD
PAR  These and other objects of the present invention and the various features
      and details of the operation and construction thereof are hereinafter more
      fully set forth and described with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 is a block diagram illustrating the general interrelation of the
      major component parts of the apparatus and the order of the steps
      performed in cutting a chicken according to the present invention.
PAR  FIGS. 2a and 2b, taken together, illustrate a side elevational view of the
      apparatus of the present invention with certain component parts of the
      apparatus of the present invention shown more or less diagrammatically;
PAR  FIGS. 3a and 3b, taken together, illustrate a plan view of the apparatus of
      FIGS. 2a and 2b;
PAR  FIG. 4 is a perspective view of the chicken engaging and feed fingers of
      the infeed conveying portion of the apparatus;
PAR  FIG. 5 is an enlarged side elevational view of the breast pulling mechanism
      of the apparatus of the present invention;
PAR  FIG. 6 is a plan view of the apparatus illustrated in FIG. 5;
PAR  FIG. 7 is an end view of the jaws of the breast pulling mechanism as viewed
      along lines 7--7, FIG. 5;
PAR  FIG. 8 is an enlarged side elevational view of the leg or drumstick cutting
      portion of the apparatus of the present invention;
PAR  FIG. 9 is a plan view of the mechanism shown in FIG. 8;
PAR  FIG. 10 is a fragmentary transverse sectional view of the conveying
      mechanism at the leg cutter taken along line 10--10, FIG. 8;
PAR  FIG. 11 is a fragmentary transverse sectional view of the apparatus for
      partially cutting the thighs of the chicken taken along the line 11--11,
      FIG. 2b;
PAR  FIG. 12 is a side elevational view of the thigh cutting mechanism shown in
      FIG. 11 as viewed from the line 12--12, FIG. 11;
PAR  FIG. 13 is an enlarged fragmentary transverse view of the mechanism for
      gripping and twisting and pulling the partially cut thigh away from the
      chicken carcass taken along the line 13--13, FIG. 2b;
PAR  FIG. 14 is a sectional view of the upper jaw mechanism of the thigh pulling
      apparatus taken along 14--14, FIG. 13;
PAR  FIG. 15 is a view of the lower jaw mechanism of the thigh pulling apparatus
      taken along line 15--15, FIG. 13;
PAR  FIG. 16 is an elevational view of the thigh pulling mechanism of FIG. 13 as
      viewed from the line 16--16, FIG. 13;
PAR  FIG. 17 is a view similar to FIG. 16 with the thigh pulling mechanism moved
      outwardly away from the position as shown in FIG. 16 and with the jaws of
      the mechanism open; and
PAR  FIG. 18 is a fragmentary plan view taken along line 18--18, FIG. 17.
DETD
PAR  Chickens to be processed by the apparatus disclosed herein comprise whole
      carcasses which have been dressed and eviscerated and are delivered to the
      infeed end of the apparatus by conventional poultry conveyors which
      support the chicken in a hanging position. The chickens are placed on this
      poultry conveyor (not shown) as they are removed from the conventional
      aging and holding tanks. These chickens are inspected and prepared for
      cutting by the apparatus of the present invention by manually scoring the
      skin of the carcass while it is suspended from the poultry conveyor so
      that appropriate portions of the skin are removed along with the various
      parts of the chicken.
PAR  In operation, the carcasses are removed from the poultry conveyor and
      manually positioned on infeed conveying mechanism of this apparatus in a
      breast-down, tail-end forward position. FIG. 1 illustrates in a block
      diagram the order of the various operations performed on the chicken. As
      shown in FIG. 1, the whole chicken carcass is fed into the apparatus on an
      infeed conveyor and the first operation performed on the chicken is the
      removal of the wings with the wings thereupon being fed or dropped
      downwardly onto a wing conveyor which carries the wings away from the
      apparatus to further processing equipment. Thereafter, the breasts of the
      chicken carcass are grabbed and pulled away from the carcass and are
      placed onto a breast conveyor. As the next step, the drumsticks are
      positioned and cut away from the thighs fed or dropped onto a drumstick
      conveyor. Thereafter, the thighs are partially cut at the thigh joint. As
      a final step in treatment of the chicken carcass, the thighs are gripped
      and simultaneously twisted and pulled to remove the thighs from the
      carcass with the thighs thereupon being fed or dropped onto a thigh
      conveyor. The remaining portion of the carcass consisting of the backbone
      and the rib cage is then discharged from the apparatus of the present
      invention either into a container or onto a conveyor which will collect
      and carry away the carcass.
PAR  Referring more specifically to the drawings, the apparatus of the present
      invention comprises an infeed conveyor section 20 as shown at the
      right-hand side of FIGS. 2a and 3a on which the previously prepared
      chickens are placed and a main conveying and cutting section 21 where the
      above-described cutting and pulling steps are performed. Extending
      lengthwise of the apparatus from the infeed end to the carcass discharge
      end is a guide rod 22 which directs and positions the chickens being
      conveyed through the apparatus. The guide rod 22 is mounted in a
      cantilever manner from the main frame 23 for the apparatus at the carcass
      discharge end of the apparatus and projects in a horizontal direction
      toward the infeed end with an intermediate support 24 being provided at a
      position just past the breast pulling mechanism, more fully described
      hereinafter.
PAR  Chickens arriving at the apparatus are manually positioned on the guide rod
      22 at the infeed conveyor section 20 in the previously described
      breast-down, tail-end forward position. In this position, the guide rod 22
      enters the body cavity of the chicken at the vent opening, passes beneath
      the backbone of the chicken and pierces through the neck opening of the
      chicken formed by the removal of the crop. The guide rod 22 consists of a
      pair of relatively thin flat rods secured together lengthwise in an
      upwardly opening V-shape, as best shown in FIG. 10. A rounded nose portion
      25 is provided at the leading end of the guide rod to facilitate placing
      the chickens on the guide rod.
PAR  After the chicken is placed on the guide rod as described it is engaged and
      moved forward along the infeed conveyor section by a feed member 26
      carrried by a pair of spaced parallel infeed conveyor chains 27. The
      infeed conveyor chains pass over drive sprockets 28 driven by a drive
      chain 29 from the main chicken conveyor 30, more fully described
      hereinafter so that the main conveyor 30 and the infeed conveyor travel at
      the same speed.
PAR  As the chickens are placed on the infeed conveyor, the wings are positioned
      to pass over infeed guide bars 31, 31 mounted at opposite sides of the
      guide rod 22 and extending in a direction parallel to the guide rod 22 at
      approximately the same vertical level as the guide rod. The guide bars 31,
      31 hold the wings of the chicken in position for the wing cutting
      operation.
PAR  Continued forward movement of the infeed conveyor directs the chickens to
      the feed end of the main chicken conveyor 30 which consists of an endless
      toothed chain having its lower run moving in the same direction and same
      speed as the infeed conveyor with the teeth of the lower run of the chain
      positioned centrally of the V portion of the guide rod 22. The upwardly
      extending fingers of the feed member 26 force the chickens beneath the
      teeth of the main chicken conveyor so that the chicken is firmly gripped
      by the main feed conveyor between the teeth on the lower run and the guide
      rod 22. Thus, further forward movement of the chickens is controlled by
      the main chicken conveyor 30 while the feed member 26 of the infeed
      conveyor drops downwardly away from the chickens.
PAR  The chickens, in this breast-down, tail-end forward position with the wings
      positioned over the infeed guide bars are thus presented to the
      wing-cutting mechanism, designated generally as 32. The wing-cutting
      mechanism 32 consists of a pair of continuously rotating circular cutting
      blades 33, 33 driven by electric motors 34, 34. Each motor 34 is supported
      by a pivoted carriage 35 mounted to pivot about a vertical axis 36.
      Pivotal movement of each carriage 35 is controlled by means of a hydraulic
      cylinder 37 having one end thereof interconnected with the frame 23 end
      and the end of its piston rod connected to a lever secured to the carriage
      35. The motors 34 are adjustably carried by the carriages 35 for movement
      longitudinally of the carriages so that the cutting blades may be moved
      inwardly or outwardly toward or away from the chickens moving along the
      guide rod 22. An adjusting knob 38 is provided to permit adjustment of the
      position of the cutting blades 33 relative to the chickens carried along
      the guide rod 22.
PAR  At the beginning of the wing cutting operation, the carriages for the
      motors are pivoted away from the main chicken conveyor 30 and the guide
      rod 22 so that the cutting blades 33 are in the positions as shown in
      dotted lines in FIG. 3a. The chickens move forward past the wing cutting
      mechanism 32 with the cutting blade 33 continuously rotating and retracted
      to a position where the thighs and the main portion of the breast of the
      chicken is past the cutting blades. At this time, the chicken will engage
      a microswitch 39 which will complete a circuit and cause hydraulic fluid
      under pressure to be admitted to the cylinders 37 thereby moving the
      pistons of the cylinders forward and rotating the motor carriages and
      cuttin blades inwardly toward the chicken so that the cutting blades will
      engage and cut the wings away from the chicken carcass at the wing joint
      without cutting the breast meat of the chicken. It should be understood
      that while the cylinders 37 have been described as hydraulic cylinders,
      this term also includes air operated cylinders.
PAR  It should be observed, that in the normal operation of processing chickens
      a large commercial chicken processor will process a great number of
      chickens as a group which are the same size, age and weight. After a
      particular batch of uniform size, age and weight chickens are processed,
      the processor will thereafter switch to a different size chicken. Thus,
      all of the chickens passing through this chicken cutting apparatus at one
      given time would be of the same size, age and weight so that the
      wing-cutting mechanism and other portions of the chicken cutting apparatus
      may be adjusted to the proper position for performing a particular
      operation accurately on the size chickens passing through the apparatus.
      Thus, indexing means may be provided on the adjusting knobs 38 and the
      cutting blades 33 adjusted properly to cut the chicken wings at the wing
      joint. The same adjustment applies for all of the later described cutting
      operations where it is necessary to adjust cutting blades in accordance
      with the size of the chickens in the particular batch being processed.
PAR  After the wings are cut away from the carcass of the chicken the wings will
      drop downwardly onto a wing conveyor 41 which will carry all of the wings
      away from the apparatus to further processing equipment. The chickens will
      continue along the guide rod 22, being moved by the main chicken conveyor
      30 to the breast pulling mechanism, designated generally as 42.
PAR  The breast pulling mechanism is illustrated in FIGS. 2b, 3b, 5, 6 and 7 and
      includes movable gripping mechanism, including upper and lower jaws 43 and
      44 respectively which will first engage and grip the breast portion of the
      chicken and thereafter be moved downwardly to pull the breast away from
      the chicken carcass and drop the chicken breasts onto the breast conveyor
      45.
PAR  The breast pulling jaws 43 and 44 are carried by a breast pulling frame 46
      pivotally mounted as indicated at 47, 47 between opposite side rails of
      the machine frame 23. The breast pulling frame 46 includes a cross frame
      member 48 which extends between the side rails of the machine frame 23 and
      carried at its mid-point a forwardly extending braced arm 49.
      Additionally, an operating arm 51 extends angularly downward from the
      cross frame member. At the forward end of the braced arm 49 is an upwardly
      extending jaw support member 52 to which the upper jaw 43 is fixed. The
      lower jaw 44 which includes a pair of curved longitudinally extending
      fingers is pivotally connected to the jaw support member 52 as indicated
      at 53 for pivotal movement toward and away from the upper jaw.
PAR  In accordance with the present invention, the jaws 43 and 44 are operated
      to first grip the breast portion of the chicken being moved along the
      guide rod 22 by the main conveyor 30 and thereafter pull the breast
      portion of the chicken downwardly away from the carcass and deposit the
      same on the breast conveyor 45. To accomplish this, a hydraulic cylinder
      54 is provided to cause pivotal movement of the lower jaw 44 relative to
      the upper jaw 43. This hydraulic cylinder 54 is connected to the braced
      arm 49 and has the forward end of its piston rod connected to a pivoted
      toggle 55. The toggle 55 in turn is interconnected by means of a link 56
      to the lower jaw 44 as indicated at 57. When fluid under pressure is
      admitted to the forward end of the cylinder 54 the toggle plate 55 is
      pivoted in the clockwise direction about its pivot point 58 thereby moving
      the lower jaw 44 downwardly away from the upper jaw. Similarly, when
      hydraulic fluid under pressure is admitted to the rearward end of the
      cylinder 54 the lower jaw is caused to move upwardly toward the upper jaw.
      It is in this position of the upper jaw that the jaws are caused to grasp
      the chicken breast.
PAR  Movement of the entire breast support frame 46 is caused by a hydraulic
      cylinder 59 which is connected at one end to the main frame 23 with the
      forward end of its piston rod pivotally connected to the operating arm 51.
      As the piston of the cylinder 59 is moved to the left with respect to FIG.
      5 by admission of hydraulic fluid under pressure to the rearward end of
      the hydraulic cylinder 59 the entire frame 46 is pivoted in the clockwise
      direction relative to FIG. 5 to the position as shown in broken lines thus
      pulling both the upper and lower jaws downwardly.
PAR  In normal operation of the breast pulling mechanism, the breast pulling
      frame 46 is in its upper or horizontal position with the upper jaw in its
      uppermost position immediately beneath the guide rod 22, as shown in FIG.
      2b, and the lower jaw is pivoted downwardly to the position as shown in
      dotted lines in FIG. 2b so that the jaws are open. As a chicken is moved
      along the guide rod 22 by the conveyor 30, the upper jaw enters the body
      cavity of the chicken through the vent opening at the tail of the chicken.
      As the chicken continues forward after the upper jaw has entered the body
      cavity, the chicken engages the breast pulling microswitch 61, completing
      a circuit which causes actuation of the hydraulic cylinders 54 and 59.
      When the microswitch is engaged by the chicken, the cylinder 54 is first
      actuated causing the lower jaw 44 to move upwardly to a position wherein
      the breast of the chicken is firmly engaged by the jaws 43 and 44.
      Immediately thereafter, the hydraulic cylinder 59 is actuated to pivot the
      breast pulling frame 46 downwardly thereby causing the jaws 43 and 44 to
      pull the breast portion of the chicken away from the carcass as a single
      piece. When the breast pulling frame reaches its lowermost position, the
      hydraulic cylinder 54 is again actuated to open the jaws and permit the
      chicken breast to fall onto the breast conveyor 45. Thereafter the
      hydraulic cylinder 59 returns the jaws to their uppermost position and in
      this position the jaws are ready to start another cycle of operation as
      soon as another chicken engages the microswitch 61.
PAR  In order to insure that the chicken is positively moved forward by the
      conveying mechanism while the breast pulling operation is being performed
      on the chicken, a pair of idler sprockets 62, 62 are provided which bear
      against the inner surface of the lower run of the main chicken conveying
      chain 30 and force the teeth of this chain downwardly against the carcass
      of the chicken adjacent the backbone of the chicken. These idler sprockets
      60 are carried by arms 62, 62 which are fixedly secured to a pair of
      transversly extending shafts 63, 63 respectively, which are rotatably
      mounted in upwardly extending projections 64, 64 of the main machine frame
      23. Depending arms 62a, 62a also secured to the shafts 63 are connected at
      their outer extremities by a tension spring 65 to normally force the idler
      sprockets 62, 62 downwardly into engagement with the lower run of the
      conveyor chain 30, as shown in FIG. 2b and urge the conveyor 30
      downwardly.
PAR  Continued further movement of the chicken carcass after completion of the
      breast pulling mechanism moves the carcass to the leg cutting section of
      the apparatus wherein the legs or drumsticks of the chicken are cut away
      from the thighs. With reference to FIGS. 8 and 9, as the chickens are
      moved forward along the guide rod 22 by the main conveyor 30, the lower
      ends of the legs are engaged between inner and outer guide bars 66 and 67
      respectively which function to direct the legs in the proper position
      toward the cutting mechanism. These inner and outer guide bars 66 and 67
      are inclined downwardly away from the main guide rod 22, relative to the
      direction of movement of the chickens along the guide rod with the outer
      guide bars 67 converging inwardly toward the inner guide bars 66. These
      guide bars 66 and 67 together serve to draw the legs of the chicken
      downwardly toward a vertical position.
PAR  As the legs approach the leg cutting mechanism, the inner edges of the
      lower portions of each of the legs are engaged by a pair of generally
      horizontally extending cutting guide bars 68 carried by brackets 69, 69
      depending downwardly from the lower surface of the guide rod 22. At the
      same time, the outer edges of the legs to be cut are engaged by a pair of
      moving toothed conveyors 71, 71 which lie in a horizontal plane slightly
      above the cutting guide bars 68. These toothed conveyors 71, 71 may be
      formed of an endless chain similar to the chain of the main chicken
      conveyor 30 having sharpened teeth thereon projecting outwardly toward the
      chicken legs passing between the conveyors. The conveyors 71, 71 pass over
      continuously driven drive sprockets 72, 72 mounted on a cross frame member
      73 extending between side rails of the main frame 23 with the drive
      sprockets 72 being driven from common drive means for the main chicken
      conveyor 30 so that the inner runs of the conveyors 71, 71 travel in the
      same direction and at the same speed as the main conveyor 30. Idler
      sprockets at the rear of the conveyor 71, 71 are carried by pivoted arms
      74, 74 held in position by adjustable tie rods 75, 75 as shown in FIG. 9.
PAR  With this above construction, the chicken legs are held in a vertical
      position and moved forwardly along with the chicken carcass to adjustable
      cutting blades 76, 76 which serve to cut the chicken legs away from the
      thigh bone at the joint between the legs and the thighs. The cutting
      blades 76 are driven by continuously operating motors 77 adjustably
      mounted in a motor support bracket 78 with adjusting knobs 79 being
      provided to permit axial adjustment of the position of the motors and
      their associated cutting blades. The position of these cutting blades is
      adjusted at the start of the operation of the apparatus of the present
      invention in accordance with the size of the chickens being processed by
      the apparatus so that the cutting blades will cut the chicken legs at the
      proper location. After the legs are cut by the cutting blade 76 they fall
      downwardly onto a leg conveyor 81 which carries the legs away to further
      processing apparatus.
PAR  After the chickens leave the leg cutting mechanism they are conveyed to the
      thigh cutting and pulling mechanism to complete the cutting apart of the
      chickens into their component parts. As the first step in removal of the
      thighs from the carcass, the thighs are partially cut through by a pair of
      continuously rotating cutting blades 82, 82 driven by motors 83, 83 with
      each motor individually mounted on an adjustable motor support 84.
      Adjusting knobs 85 are provided to adjust the position of the motor,
      causing the motor to swing or pivot about pivot points 86. The position of
      the cutting blades 82 is adjusted according to the size of the chickens
      being processed on the apparatus so that the blades will cut through the
      meat of the thigh adjacent the juncture between the thigh and the body but
      will not cut completely through the thigh joint.
PAR  Continued further movement of the main chicken conveyor 30 will convey the
      chicken carcasses with the partially cut thighs to the thigh pulling
      mechanism, designated generally as 86. The position of this thigh pulling
      mechanism is shown in dot and dash lines in FIGS. 2b and 3b while details
      of the construction operation of the thigh pulling mechanism is shown in
      FIGS, 13 to 18 inclusive of the drawings. In FIGS. 13 to 18 inclusive only
      one thigh pulling mechanism is illustrated. However, both thighs are
      pulled away from the carcass at the same time and there are similar thigh
      pulling mechanisms provided, one for each thigh, with the thigh pulling
      mechanism not shown being the mirror image of the one shown and described
      herein.
PAR  The object of the thigh pulling mechanism of the present invention is to
      grip the thigh of the chicken after the thigh joint has been partially
      cut, for example, but approximately one-half way through, and pull and
      twist the thigh bone and attached meat downwardly and outwardly away from
      the carcass while the carcass is moving along the guide rod 22. This will
      cause the meat of the thigh which is also attached along the back of the
      chicken to be pulled away from the back of the chicken so that all of the
      thigh meat is removed at the same time.
PAR  Referring to the drawings, a support frame is provided for the thigh
      pulling mechanism with the support frame shown in FIGS. 2b and 3b with no
      other mechanism attached to it. The support frame includes a vertically
      extending box-shaped frame member 88 secured to the side rails of the main
      frame 23. A first bracket portion 89 extends angularly upward from this
      frame member 88 in a direction toward the discharge end of the machine and
      has secured to it a downwardly and outwardly extending mounting stud 91
      about the axis of which the entire thigh pulling mechanism rotates, as
      more fully described hereinafter. A second bracket portion 92 extends from
      the frame 88 in a direction toward the feed end of the machine and carries
      a stub shaft 93 to which the hydraulic cylinder which controls movement of
      the thigh pulling mechanism is connected, also more fully described
      hereinafter.
PAR  The thigh pulling mechanism itself includes a jaw support arm 94 as shown
      in FIGS. 13, 16 and 17 which is pivotally mounted by means of a sleeve 95
      on the angularly inclined mounting stud 91. An upward extension 96 is
      secured to the jaw support arm and is movable with the arm about the axis
      of the stud 91. This jaw support arm 94 carries both the upper jaw 97 and
      the lower jaw 98 of the thigh pulling mechanism together with the means
      for mounting, pivoting and stripping the jaws. The upper jaw 97 consists
      of a flat plate as shown in FIG. 14 having a series of downwardly
      extending gripping fingers 99 thereon which engage and grip the meat of
      the thigh. Similarly, the lower jaw 98 is shown in FIG. 15 and also
      consists of a flat plate having a series of upwardly extending gripping
      fingers 101 thereon which engage and grip the meat of the thigh during the
      thigh pulling operation.
PAR  The upper jaw 97 is secured to a rock shaft 102 which extends through
      mounting bosses 103 on the jaw support arm 94 in a direction parallel to
      the axis of the thigh pulling mechanism mounting stud 91 and a crank arm
      104 is fixed to the outer end of the rock shaft 102 at the opposite side
      of the bosses 103 from the jaw 97. Movement of the upper jaw is controlled
      by means of a hydraulic cylinder 105 which is pivotally secured at its
      upper end to the upward extension 96 of the jaw support arm 94 and which
      has the outer end of its piston pivotally connected to the outer end of
      the crank arm 104, as shown in FIGS. 16 and 17. In FIG. 16 the piston of
      the hydraulic cylinder 105 is extended and the upper jaw is shown in its
      normal closed position, which is the position the upper jaw is in at the
      start of the thigh pulling operation. In FIG. 17, the upper jaw is shown
      in its open position, being pivoted in the counter-clockwise direction
      about the axis of the rock shaft 102.
PAR  The lower jaw 98 is carried by the support arm 94 for pivotal movement
      about an axis extending in a direction normal to the axis of the upper jaw
      97. Thus, a lower jaw mounting shaft 106 extends through an enlarged boss
      portion 107 at the lower end of the jaw support arm 94, with bearing
      portions 108, 108 projecting outwardly from the lower jaw 98 and receiving
      the ends of the mounting shaft 106. A crank arm 109 is secured to the
      bearing portion 108 for the lower jaw, for example as shown in FIG. 13. In
      order to cause pivotal movement of the lower jaw, a hydraulic cylinder 112
      is provided which has its upper end pivotally secured to an arm 113
      projecting outwardly from the upper end of the support extension 96. The
      outer end of the piston of the cylinder 112 is pivotally connected to the
      end of the crank arm 109 as shown at 114 in FIG. 13. In FIGS. 13 and 16,
      the lower jaw 98 is shown in its closed or thigh gripping position
      whereas, the lower jaw normally will be in its open or retracted position
      at the start of the thigh pulling operation. Upon the admission of fluid
      under pressure to the lower end of the lower jaw cylinder 112 the lower
      jaw is caused to pivot in a clockwise direction relative to FIG. 13 toward
      its open position.
PAR  As set forth previously, the jaw support arm 94 is mounted for pivotal
      movement about the axis of the mounting stud 91 for the thigh pulling
      mechanism. Pivotal movement of the jaw support arm 94 is caused after the
      upper and lower jaws 97 and 98 have been actuated to grip the chicken
      thigh. To control movement of the jaw support arm, a hydraulic cylinder
      115 is provided with the lower end of the cylinder pivotally connected to
      the previously described stub shaft 93. The outer end of the piston rod
      for the cylinder 115 is pivotally connected as indicated at 116 to the
      upward extension 96 of the jaw support arm 94. Upon admission of hydraulic
      fluid under pressure to the forward end of the cylinder 115 the piston rod
      of the cylinder 115 is moved to the right with respect to FIG. 16 thereby
      pivoting the jaw support arm in the clockwise direction about the axis of
      the mounting stud 91 to the position as shown in FIG. 17. It is this
      pivotal movement of the jaw support arm after the upper and lower jaws
      have been caused to grip the chicken thigh which causes the twisting and
      pulling movement to the thigh and pulls the thigh away from the backbone
      of the chicken carcass.
PAR  At the beginning of a cycle of operation of the thigh pulling mechanism of
      this invention, the upper jaw is in its closed position, the lower jaw is
      in its open position and the jaw support arm is in the position as shown
      in FIGS. 13 and 16. The relative position of the upper jaw 97 with respect
      to the chicken carcass guide rod 22 and main conveyor 30 is shown in FIG.
      13. As a chicken thigh is moved into position immediately beneath the
      upper jaw 97, the chicken engages and closes the thigh pulling microswitch
      117 which starts the cycle of operation of the thigh pulling mechanism.
      Immediately upon engagement of the microswitch 117 by a chicken, the lower
      jaw 98 is moved to its closed position firmly gripping the thigh of the
      chicken between the upper and lower jaws. Thereafter, the cylinder 115 is
      actuated to cause the jaws 97 and 98 to move along with the jaw support
      arm 94 in a direction downwardly and away from the carcass of the chicken
      positioned on the guide rod 22. After the support arm 94 has been moved to
      its retracted position as shown in FIG. 17, the hydraulic cylinders 105
      and 112 are actuated to move the upper and lower jaws respectively toward
      their open position thereby releasing the chicken thigh and permitting the
      thigh to drop downwardly onto the thigh conveyor 118. Thereafter, the
      upper jaw 97 is moved to its closed position and the jaw support arm 94 is
      moved back to its position as shown in FIG. 16 preparing the thigh pulling
      mechanism for a second cycle of operation.
PAR  In order to insure that the chicken thigh is released by the jaws 97 and
      98, upper and lower jaw strippers 119 and 121 respectively are provided.
      The upper jaw stripper 119 consists of a pair of arcuate fingers 122
      secured to a bracket 123 carried by the jaw support arm 94 in a position
      above the upper jaw and in the path of travel of the upper jaw. These
      stripping fingers pass through openings 124 in the upper jaw as the upper
      jaw is moved to its open position and will engage and force the chicken
      thigh away from the upper jaw. Similarly, the lower jaw stripper 121
      consists of a pair of arcuate fingers 125 secured to the lower end of the
      jaw support arm 94 in the path of travel of movement of the lower jaw 98
      to its open position. These fingers 125 will pass through openings 126 in
      the lower jaw when the lower jaw is moved to its open position and force
      the chicken thigh away from the lower jaw. With this construction, as the
      jaws open the stripper fingers will cause the thigh which has been pulled
      away from the carcass to be dropped downwardly onto the thigh conveyor
      118.
PAR  Upon continued forward movement of the chicken carcass after the thighs
      have been pulled away from the carcass, the carcass approaches the
      discharge end of the chicken conveyor 30 and is discharged from the
      machine into a suitable container, for example, as shown at 127 in FIG.
      2b. The carcass that remains after the above described operations have
      been performed on it will normally consist of the backbone with most of
      the ribs attached to the backbone and most, if not all, of the meat of the
      chicken removed from the carcass.
PAR  From the foregoing it will be observed that the present invention provides
      novel apparatus for processing a chicken which will cut and remove the
      wings from the chicken, pull the breast as a single piece away from the
      chicken, cut the legs away from the chicken and thereafter cut and pull
      the thighs away from the remaining chicken carcass and which will
      accomplish this without cutting or splintering the bones of the carcass.
      Additionally, it will be observed that the present invention provides a
      novel process for neatly and accurately dividing a chicken into its
      component parts of wings, legs, thighs and breasts in a rapid and
      efficient manner.
PAR  While a particular embodiment of the present invention has been illustrated
      and described herein it is not intended to limit the invention to such a
      disclosure and changes and modifications may be incorporated and embodied
      herein within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for separating chickens into their usable components of wings,
      breasts, legs and thighs, comprising the following steps: conveying the
      chickens at regular intervals along conveying means, cutting the wings
      away from the chicken carcass at the wing joint in a direction from the
      tail and of the chicken toward the neck by movable rotating cutting
      blades, gripping the breast of the chicken and thereafter pulling the
      breast in one piece away from the carcass, cutting the legs of the chicken
      away from the thighs at the leg joints by rotating cutting blades,
      partially cutting the thigh joint of the chicken in a direction from the
      breast toward the backbone by rotating cutting blades, gripping the meat
      of the thighs and thereafter pulling the thighs away from the chicken
      carcass breaking the connection at the partially severed thigh joint, and
      discharging the remaining carcass from the conveying means.
NUM  2.
PAR  2. A process according to claim 1 in which said chickens are conveyed in a
      breast-down, tail-end forward position.
NUM  3.
PAR  3. A process according to claim 2 in which said chickens are whole-dressed
      and eviscerated chickens having a previously prepared vent opening at the
      tail end thereof.
NUM  4.
PAR  4. A process according to claim 3 in which the breast is removed from the
      chicken carcass by gripping the breast between a pair of movable jaws, one
      jaw entering the vent opening and engaging against the inner side of the
      breast and the other jaw engaging against the outer side of the breast.
NUM  5.
PAR  5. A process according to claim 4 in which the breast is pulled downwardly
      by the jaws away from the backbone after the breast is gripped by the
      jaws.
NUM  6.
PAR  6. A process according to claim 2 in which the thighs are gripped by
      movable jaws and pulled downwardly and outwardly away from the backbone
      after the thigh joint is partially cut.
NUM  7.
PAR  7. Apparatus for separating chickens into their usable components of wings,
      breasts, legs and thighs comprising; conveying means to advance the
      chickens along a predetermined path; wing-cutting means to cut the wings
      off of the chicken carcass at the wing joints, said wing-cutting means
      including a pair of rotatable wing-cutting blades at opposite sides of
      said predetermined path, and means mounting said wing-cutting blades for
      movement toward and away from said predetermined path to cut the chicken
      carcass at the wing joints as a chicken moves along said predetermined
      path past said wing-cutting means; breast-pulling means operable to grip
      and remove the breast from a chicken conveyed by said conveying means,
      said breast-pulling means including a pair of opposed jaw members
      supported adjacent said predetermined path, and actuating means for said
      jaw member to cause said jaws to grip the breast of a chicken conveyed
      past said breast-pulling means and pull the breast away from the chicken
      carcass; leg-cutting means to cut the legs off of the chicken carcass at
      the joint between the legs and the thighs, said leg-cutting means
      including at least one rotatable leg-cutting blade in the path of travel
      of the chicken conveyed by said conveying means; and thigh-removal means
      operable to cut and remove the thighs from the chicken carcass, said
      thigh-removal means including a pair of rotatable thigh-cutting blades
      mounted at opposite sides of said predetermined path of travel of the
      chickens and operable to engage and cut into a chicken carcass at the
      thigh joints and at least partially cut said thigh joints, a pair of
      opposed thigh-gripping jaw members mounted at opposite sides of said
      predetermined path of travel adjacent said thigh-cutting blades, and
      actuating means for said pairs of thigh-gripping jaw members to cause the
      same to grip the thighs and pull the thighs away from the chicken carcass.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 including an infeed conveyor having
      a feed end on which the chickens are initially placed operable to feed
      said chickens to said conveying means, said infeed conveyor including a
      drive member having a plurality of chicken-engaging means thereon spaced
      at uniform predetermined intervals to feed said chickens to said conveying
      means at uniform spaced intervals.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 including support means associated
      with said conveying means to hold said chickens while they are advanced by
      said conveying means, said support means comprising a cantilever mounted
      guide rod extending the full length of said predetermined path of travel
      of said chickens and having a free end terminating at the feed end of said
      infeed conveyor, said chickens adapted to be placed over said guide rod in
      a breast-down, tail-end forward position with the guide rod extending
      through the body cavity of said chickens.
NUM  10.
PAR  10. Apparatus in accordance with claim 9 in which said conveying means
      includes an endless conveyor chain having a lower run traveling in a
      direction away from said infeed conveyor immediately above said guide rod,
      and a plurality of teeth on said conveyor chain engaging against the
      chickens on said guide rod to move said chickens along said guide rod.
NUM  11.
PAR  11. Apparatus in accordance with claim 7 including a plurality of separate
      collecting means to separately collect the wings, breasts, legs and thighs
      removed from the chicken and carry the same in a direction away from said
      predetermined path of travel of the chickens.
NUM  12.
PAR  12. Apparatus in accordance with claim 7 in which said wing-cutting blades
      are mounted for rotation in a substantially vertical plane, and the means
      mounting said wing-cutting blades to move said cutting blades angularly
      inward from opposite sides of the chicken in a direction from the tail of
      the chicken toward the neck of the chicken to clear the breast of the
      chicken and cut the wings away from the chicken at the wing joints.
NUM  13.
PAR  13. Apparatus in accordance with claim 12 in which the means mounting said
      wing-cutting blades include a pair of pivoted carriages adapted to pivot
      about substantially vertical axes to move said blades inwardly from
      opposite sides of the chicken, and adjusting means supported by said
      carriages to adjust the position of said blades relative to the
      predetermined path of travel of said chickens.
NUM  14.
PAR  14. Apparatus in accordance with claim 7 including a movable frame support
      member mounting said breast-pulling jaw members, means carried by said
      frame support member to cause relative movement of said jaws toward and
      away from one another, said jaws adapted to grip a breast of the chicken
      as they move toward one another and release the breast of a chicken as
      they move away from one another, and means to move said frame support
      member in a direction away from the path of travel of said chicken after
      said jaws move toward one another and grip the breast of a chicken.
NUM  15.
PAR  15. Apparatus in accordance with claim 14 in which said pair of opposed jaw
      members includes an upper jaw member fixed to said movable frame support
      member and a lower jaw member mounted for movement toward and away from
      said upper jaw member, said upper jaw member adapted to enter the body
      cavity of the chicken and engage against the inner side of the breast and
      said lower jaw member adapted to engage against the outer side of the
      breast to grip the breast of the chicken.
NUM  16.
PAR  16. Apparatus in accordance with claim 7 in which said leg-cutting means
      includes guide means mounted adjacent the rotatable leg-cutting blade to
      direct the legs of the chicken into engagement with said leg-cutting
      blade.
NUM  17.
PAR  17. Apparatus in accordance with claim 16 in which said guide means
      includes opposed guide rods inclined at an angle relative to the carcass
      of the chicken, and a movable conveyor member having teeth thereon adapted
      to engage and firmly hold said legs while they are being cut by the
      leg-cutting blade.
NUM  18.
PAR  18. Apparatus in accordance with claim 17 in which said leg-cutting means
      includes a pair of rotatable leg-cutting blades mounted at opposite sides
      of the path of travel of said chicken and adjusting means to adjust the
      position of said cutting blades relative to said predetermined path of
      travel of said chicken to cut said legs away from the thighs at the joint
      between the legs and the thighs.
NUM  19.
PAR  19. Apparatus in accordance with claim 7 in which the rotatable
      thigh-cutting blades are inclined relative to one another and extend in a
      direction toward the chicken moving along said predetermined path of
      travel, said thigh-cutting blades cutting into and partially through the
      thigh joint in a direction extending from the breast of the chicken toward
      the backbone of the chicken.
NUM  20.
PAR  20. Apparatus in accordance with claim 19 including adjusting means to
      adjust the position of said thigh-cutting blades relative to one another
      and relative to the chicken being cut so that said thigh-cutting blades
      cut approximately one-half of the way through the thigh joints of the
      chicken.
NUM  21.
PAR  21. Apparatus in accordance with claim 7 in which said pairs of opposed
      thigh-gripping jaw members are carried by movable arms, each arm mounting
      one pair of opposed thigh-gripping jaw members, means supported by said
      arms to move said thigh-gripping jaw members toward and away from one
      another to grip and release the thighs of the chickens, and means to move
      said arms in a direction away from said predetermined path of travel of
      said chickens after said thigh-gripping jaw members have moved toward one
      another to grip the thighs of a chicken.
NUM  22.
PAR  22. Apparatus in accordance with claim 21 including means to move the
      opposed pairs of thigh-gripping jaw members away from one another after
      said movable arms have been moved away from the path of travel of the
      chickens to release the thigh members from said jaws, and stripping means
      adapted to strip the thighs from said jaws as said jaws move away from one
      another.
NUM  23.
PAR  23. In apparatus for separating chicken into its components such as wings,
      legs, thighs and breasts including conveying means for conveying the
      chicken along a predetermined path, the improvements comprising:
      wing-cutting means to cut the wings off of the chicken carcass at the wing
      joints, said wing-cutting means including a pair of rotatable wing-cutting
      blades at opposite sides of said predetermined path, means mounting said
      cutting blades for movement toward and away from said predetermined path
      and means responsive to the chicken carcass reaching a predetermined
      position along said predetermined path for causing said cutting blades to
      move toward the chicken carcass to cut the chicken carcass at the wing
      joints as a chicken moves along said predetermined path past said
      wing-cutting means.
NUM  24.
PAR  24. Apparatus in accordance with claim 23 including a pair of pivoted
      carriages adjustably mounting said rotatable wing-cutting blades adapted
      to move said wing-cutting blades along an arcuate path inwardly toward the
      chicken to be cut from opposite sides of the chicken in a direction from
      the tail end of the chicken toward the neck of the chicken to clear the
      breast of the chicken and cut the wings at the wing joints, and adjusting
      means on said carriages to adjust the position of said wing-cutting blades
      relative to a chicken moving along said predetermined path.
NUM  25.
PAR  25. In apparatus for separating chicken into its components such as wings,
      legs, thighs and breasts including conveying means for conveying the
      chicken along a predetermined path, the improvement comprising;
      breast-pulling means operable to grip and remove the breast from the
      chicken conveyed by said conveying means along said predetermined path,
      said breast-pulling means including a pair of opposed jaw members
      supported adjacent said predetermined path, and actuating means for said
      jaw members to cause said jaws to grip the breast of a chicken conveyed
      along said predetermined path past said breast-pulling means and pull said
      breast away from the chicken carcass.
NUM  26.
PAR  26. Apparatus in accordance with claim 25 including a movable support
      member mounting said breast-pulling jaw members, means carried by said
      support member to cause relative movement of said jaws toward and away
      from one another, said jaws adapted to grip the breast of the chicken, and
      means to move said support member in a direction away from said
      predetermined path after said jaws grip the breast of the chicken.
NUM  27.
PAR  27. In apparatus for separating chicken into its components such as wings,
      legs, thighs and breasts including conveying means for conveying the
      chicken along a predetermined path, the improvement comprising:
      leg-cutting means to cut the legs off of the chicken carcass at the joint
      between the legs and the thighs, said leg-cutting means including at least
      one rotatable leg-cutting blade mounted in the path of travel of the
      chicken conveyed by said conveying means along said predetermined path,
      first guide means to engage and direct the legs of the chicken toward said
      leg-cutting blade and second guide means adjacent said first guide means
      for supporting the legs of the chicken while the legs are being cut.
NUM  28.
PAR  28. Apparatus in accordance with claim 27 including a pair of leg-cutting
      blades adjustably mounted at opposite sides of said predetermined path of
      travel of the chicken, said first guide means including opposed stationary
      guide bars converging toward each other and extending away from said
      predetermined path toward said cutting blades to engage and move said
      chicken legs in a direction toward said leg-cutting blades, and said
      second guide means including stationary guide bars and movable toothed
      members to engage each of said legs adjacent said cutting blades and
      firmly support said legs against said cutting blades while the legs are
      being cut.
NUM  29.
PAR  29. In apparatus for separating chicken into its components such as wings,
      legs, thighs and breasts including conveying means for conveying the
      chicken along a predetermined path, the improvement comprising;
      thigh-removal means operable to cut and remove the thighs from the chicken
      carcass, said thigh-removal means including a pair of rotatable
      thigh-cutting blades mounted at opposite sides of said predetermined path
      of travel of said chicken, said thigh-cutting blades operable to engage
      and cut into the chicken at the thigh joints and partially cut through
      said thigh joints, pairs of opposed thigh-gripping jaw members mounted at
      opposite sides of said predetermined path of travel of said chicken
      adjacent said thigh-cutting blades, and actuating means for said pairs of
      thigh-gripping jaw members to cause the jaw members to grip a thigh after
      it has been cut by said thigh-cutting blade and pull the same away from
      the chicken carcass.
NUM  30.
PAR  30. Apparatus in accordance with claim 29 in which said thigh-cutting
      blades are angularly inclined with respect to one another and cut into the
      thigh joints in a direction extending from the breast of the chicken
      toward the backbone of the chicken, and a pair of movable arms with each
      arm mounting a pair of said opposed thigh-gripping jaw members, said jaw
      members mounted for movement toward and away from one another, and
      actuating means to first cause the opposed thigh-gripping jaws to move
      toward one another and grip a partially cut thigh and thereafter cause
      said arms to move away from said predetermined path of travel of said
      chicken to pull the partially cut thighs away from the chicken carcass.
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ABST
PAL  A pizza apparatus transfer plate having metering openings is selectively
      coupled to a pressurized meat source to form and apply meat patties. An
      air passageway is coupled to the meter openings and selectively wipe the
      meat from the plate. An air chamber is mounted on top of the meat chamber
      and connected by air tubes to bottom opening in the meat chamber.
      Alternatively, the metering plate openings is aligned with a metering
      piston having a concentric air passageway which is appropriately opened to
      wipe the meat from the plate. The metering plate is thus coupled to a meat
      source to fill the openings and then coupled to the air passageway to
      positively force the patties onto the bases. Individual patty forming and
      applying units are preferably provided and mounted in a pattern to
      directly correspond to the meat pattern on the completed pizza.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part application of my application
      filed Apr. 27, 1970 with Ser. No. 32,029 now U.S. Pat. No. 3,725,974
      entitled "MOLDABLE FOOD DEPOSITING APPARATUS".
BSUM
PAR  This invention relates to a moldable food depositing apparatus for applying
      preselected amounts of meat in individual patties or the like upon a base
      member such as a pizza crust or base.
PAR  In mass marketing of a food product such as pizzas, the cost may be
      substantially reduced if a satisfactory, automatic food-forming and
      packaging system can be provided. A highly satisfactory system for
      automatic forming of pizzas and the like is disclosed in U.S. Pat. No.
      3,368,501, which issued to Harvey G. Kuhlman on Feb. 13, 1968. The
      apparatus disclosed therein discloses means for automatically and
      sequentially applying a sauce, a shredded chese and meat patties to pizza
      bases. The meat patties are applied through sequential transmission of the
      meat to openings within a transfer plate with the meat being removed
      through a plurality of depending fingers which extend downwardly and force
      the meat from the unit and onto the pizza bases. Although such apparatus
      provided satisfactory means for applying meat patties, depending upon the
      particular conditions encountered, such as temperature and the like, the
      meat may not remove from the applicator in a reliable and repeatable
      manner, particularly at high speed processing.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is particularly directed to an improved apparatus for
      the metering and depositing of meat to a pizza crust or the like.
      Generally, in accordance with the present invention, a transfer or
      metering unit is provided with meat metering openings. A meat source is
      coupled to the unit to fill the openings with the desired meat. In
      accordance with the present invention, the meat is transferred downwardly
      by a fluid removing medium onto the pizza bases with a forced application
      onto the bases producing a positive removal from the applicator unit and a
      position application to the base.
PAR  In accordance with a particularly novel feature and construction of the
      present invention, the meat applicators are formed with a metering base
      plate unit having a metering chamber or opening for selectively coupling
      to a meat source receiving the meat. A movable wall means preferably in
      the form of a piston unit is mounted within the opening and provided with
      automatic means for selectively positioning the piston unit within the
      opening to control the size of the pattie and amount of meat introduced
      into the opening. The opening is also provided with discharge openings
      aligned with the piston unit and having a releasable closure means. The
      piston unit includes a fluid supply connection and a valve means having a
      valve member as a part of the confining chamber wall. Opening of valve
      means introduces air into the metering opening to positively discharge the
      preformed meat unit. The valve means is automatically actuated by moving
      the piston unit downwardly in synchronism with opening of the closure
      means to provide alignment with an air source which is then applied to
      automatically open the valve structure and apply the air as a moving force
      directly to the meat pattie.
PAR  In accordance with a particularly novel construction the cylinder supports
      a piston unit, provided with a valve member defining the end face of the
      piston unit. The closure means is a plate slidably mounted abutting the
      bottom wall of base plate unit, and having an opening selectively aligned
      with the cylinder opening. The valve member is suitably slidably supported
      within the piston unit and resiliently loaded to the closed position. One
      or more circumferentially distributed L-shaped air passageways are
      provided in the piston terminating in contact with the cylinder wall. The
      air supply passageway is provided in the support and terminates on the
      cylinder wall for selective alignment with the piston unit as it moves to
      the discharge position. As the piston unit is retracted for filling of the
      metering opening, the air supply is automatically disconnected from the
      valve means. When the piston unit is moved downwardly to force the meat
      from the cylinder unit, the L-shaped air passageway, or a group of
      passageways, is aligned with the incoming supply passageway to provide
      automatic properly timed introduction of air into the cylinder to thereby
      automatically open the bottom wall. This not only provides for a rapid
      positive transfer but positively applies the meat pattie onto the base
      with a firm interconnection thereto. This thus provides a highly desirable
      satisfactory means for transferring of the medium to the basis.
PAR  The piston unit and closure means may be suitably positioned through a
      mechanical lever unit, a suitable hydraulic or fluidic drive system or the
      like to provide the proper timed movement of the elements. A
      piston-cylinder power unit connected to the top of the metering piston may
      be employed and driven from the same air supply provided to positively
      remove the meat patties. An adjustable mechanical stop is preferably
      provided to allow selection of patties of desired thickness.
PAR  In accordance with another novel construction the removal means includes a
      means to apply a fluid column of air or other suitable fluid directly upon
      the formed meat patties within openings in a metering plate to positively
      force them downwardly onto the aligned bases. This positively forces the
      patties onto the bases. In a particularly unique construction, the
      applicator includes a meat chamber with a metering plate forming a part of
      the lower wall of the chamber and an air chamber immediately above the
      meat chamber. A plurality of air conduits extend through the meat chamber
      and connect openings in the top and bottom walls of the meat chamber. The
      metering plate is slidably mounted adjacent the bottom wall and
      selectively aligned with the conduit openings and with the meat chamber.
      An air valve plate is slidably mounted adjacent the top wall of the meat
      chamber. The metering plate and valve plate are synchronously moved to
      selectively align the plate opening with the conduit for controlled
      transfer of meat patties onto the bases as the bases are aligned with the
      openings.
PAR  The present invention has been found to provide a highly satisfactory and
      reliable means for the rapid and positive transfer of meat patties and the
      like in accurately metered amounts to base members such as pizza crusts
      and the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings furnished herewith illustrate the best mode presently
      contemplated by the inventor for carrying out the subject invention in
      which the above advantages and features are clearly disclosed, as well as
      others which will be readily and fully understood from the following
      description of the illustrated embodiment.
PAR  In the drawings:
PAR  FIG. 1 is an enlarged side elevational view, partly in section,
      illustrating the construction of a meat applicator in accordance with the
      present invention;
PAR  FIG. 2 is a top plan view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is an enlarged vertical section through a part of a meat-removing
      element shown in elevation in FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 3 showing the apparatus in a pattie
      discharge position;
PAR  FIG. 5 is a fragmentary side view with parts broken away and showing an
      alternative construction in accordance with the teaching of this invention
      for positively applying meat patties to a base;
PAR  FIG. 6 is a fragmentary top view showing an alternative construction in
      accordance with the teaching of this invention for positively applying
      meat patties to a base; and
PAR  FIG. 7 is an enlarged view taken generally on lines 7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  Referring to the drawings and particularly to FIG. 1, a meat applicator 1
      is shown centrally located above a conveying belt unit 2 for transferring
      pluralities of aligned rows of pizza bases 4 beneath the meat applicator
      1. The apparatus can be constructed to sequentially carry single pizza
      bases through the apparatus or laterally enlarged to carry additional
      pizza bases, as desired. Generally, the pizza bases 4, as fed to the meat
      applicator, may have had sauce and shredded cheese, not shown, applied
      thereto in any suitable manner, for example, as shown in U.S. Pat. No.
      3,368,501, to Harvey G. Kuhlman and issued on Feb. 13, 1968. In passing
      through the meat applicator 1, a plurality of meat patties 5 are applied
      to each of the pizza bases 4.
PAR  Generally, in the illustrated embodiment of the invention shown in FIGS.
      1-3, the meat applicator 1 includes a support or bed unit 6 formed of
      stainless steel or other material suitable for processing for supporting
      of the bases 4 as they pass through the meat applicator 1. A pair of
      conveyor chains 7 are mounted one each to the opposite sides of the
      applicator and a plurality of longitudinally spaced push elements in the
      form of bars 8 are secured thereto. The bars 8 span the bed unit 6 and
      project upwardly to define locating and engaging walls for carrying or
      pushing of the bases in lateral alignment along the bed through the
      applicator 1. The conveyor chains 7 are coupled to a suitable drive such
      as an electric motor driven clutch and brake assembly, not shown, which
      may suitably include a motor driving a clutch and brake unit which is
      coupled to a chain sprocket drive by a suitable gear reducer unit. Chains
      7 are operated to establish a stepped movement of the pizza bases 4 such
      that each pizza base 4 is accurately aligned with and beneath a meat
      transfer base plate 9 having transfer openings 10 in the pattern of the
      meat patties 5 on a completed pizza base 4.
PAR  The illustrated embodiment of the invention includes a plurality of
      individual meat transfer units 11 aligned one each with the openings 10
      and each of which is similarly constructed to apply the individual meat
      patties 5 to the base in a positive manner. The individual units 11 are
      formed as modules which are interconnected to form the applicator 1 with
      any desired pattern of meat patties 5 for application upon the base 4. As
      each unit 11 is similarly constructed, a single unit 11 is shown in detail
      in FIGS. 3 and 4 and described, with the corresponding elements of the
      other similar units identified by corresponding primed numbers and with
      the interconnection of the several units to a common meat source 12 and to
      a common air transfer source 13 particularly being described.
PAR  In particular each of the base units 11 includes a transfer plate or block
      14 having a meat metering opening 15 of a cross sectional configuration
      corresponding to the desired peripheral configuration of the meat pattie
      5. The blocks 14 are interconnected in spaced relation to the transfer
      plate 9 by suitable bolt means 16 or the like with suitable spacers 17.
PAR  A sliding closure plate 18 is slidably mounted within the space between the
      plates 9 and 14. Plate 18 has an opening 19 corresponding to the pattie
      forming or metering opening 15. The plate 18 is positioned selectively to
      close the metering opening 15 and aligned with the metering opening 15 for
      transfer of a pattie to the base through the transfer opening in plate 9.
      In the closed plate position, the metering opening 15 is coupled to the
      meat source 12 for introduction of the meat 20 thereto, as shown in FIG.
      3.
PAR  In the illustrated embodiment of the invention, patties 5 are cylindrical
      flat patties and the metering opening is correspondingly cylindrical. A
      tubular liner 21 is secured within the opening forming a part of an
      automatic actuating means and is sealed thereto by a suitable O-ring seal
      22.
PAR  The liner 21 and plate 14 is provided with a lateral opening 23 to a
      transfer passageway 24 extending normal to the lateral opening through the
      plate 14. The one outer end of the transfer passageway 24 is coupled to
      the meat source 12.
PAR  Where a plurality of units 11 are mounted to form a pattern, such, for
      example, as shown in FIG. 2, the passageways 24 are interconnected to
      provide for simultaneous transfer of the meat 20 to the plurality of the
      units 11. By locating of reversed units adjacent to each other as shown to
      the right in FIG. 2, a pair of the lateral transfer openings 23 and 23'
      are aligned with the one lateral passageway 24. The ends of the several
      passageways 24, which extend through plate 14 without operative connection
      to the meat source 12 are closed by suitable plug member 25.
PAR  A piston unit 26 is slidably mounted in the cylinder liner 26 and defines
      the top wall of the metering opening 15. Piston unit 26 is adapted to be
      raised and lowered with respect to the closure plate 18 which forms the
      bottom wall of meat forming pattie opening 15.
PAR  In accordance with the illustrated embodiment of the present invention, the
      piston unit 26 is specially formed with an end chamber or recess 27, the
      lower end of which is closed by a valve member 28 defining a flat top wall
      of the metering opening 15. The illustrated valve member 28 is thus a
      plate-like member spanning the complete bottom wall and bearing on a
      suitable valve seat 29 formed in the lowermost end of the cylindrical
      recess portion of a body portion of unit 26. The valve member 28 includes
      a stem 30 which projects backwardly through the piston shaft 31 and
      terminates within the piston unit. The end of the piston shaft 31 is
      provided with a laterally extending opening 32 permitting access to the
      outer end of the valve stem 30. The piston shaft 31 also is provided with
      an enlarged axial recess defining a spring chamber surrounding the stem
      31. A cylindrical coil spring 33 encircles the outer portion of the stem
      30 between the base of the recess and a coupling pin 34 extending through
      an appropriate opening in the stem 30. The coil spring 33 is compressed to
      continuously urge the valve member 28 to the closed position, with the
      valve member abutting the valve seat 29 as shown in FIG. 3.
PAR  The metering piston unit 26 further includes a plurality of
      equicircumferentially distributed L-shaped openings 35. Each of the
      L-shaped passageways 35 has a radial entrance portion 36 which extends
      from the periphery of the piston within the metering opening, and extends
      inwardly and then axially downwardly terminating within the base wall of
      the valved recess 27 in the piston unit 26. Suitable O-ring seals 37 are
      provided encircling the piston unit to the axial opposite sides of the
      laterally extending opening portions 36 and thus slidably seals the
      opening axially of the piston unit.
PAR  The passageways 35 are selectively coupled to the air source 13 through an
      air supply passageway 38 formed in the supporting plate 14 and extending
      laterally through the cylinder liner 21. A circumferential groove 39 in
      the liner provides coupling to all protions 36 with the proper axial
      alignment of the piston unit 26. The terminal portion of the supply
      passageway 38 is located such that it is aligned with the entrance portion
      36, of the L-shaped passageway 35 with the piston unit moved downwardly to
      align the lower face of valve member 28 with the lowermost end or face of
      the plate 14. At that position, air is introduced into the valve chamber
      27, forcing the valve member 28 outwardly, as shown in FIG. 4, to thereby
      mechanically further move the meat pattie into the transfer opening 10 and
      also transferring of the air stream 40 onto the pattie. The air appears to
      be partically trapped within the plate opening 19 between the pattie 5 and
      the valve member 28 to provide for a complete removal of the preformed
      meat pattie 5 from the face of the metering valve 28 and transferred under
      the positive driving force onto the pizza base. The air force of stream 40
      is selected to positively transfer the pattie and ensure its positive
      placement onto the base, thereby maintaining firm engagement on the base
      during the subsequent processing.
PAR  The piston unit 26 is positioned between the raised pattie forming postion
      and the discharge position through any suitable means. In the illustrated
      embodiment of the invention, FIGS. 1 - 4, a pneumatic positioning system
      is provided including a power cylinder 41 formed as an extension of the
      cylinder liner 21. A piston 42 is secured to the outer end of the metering
      piston shaft 31 in any suitable means and is slidably disposed within the
      power cylinder 41. Axially spaced air inlet-outlet connectors 43 and 44
      are provided to the opposite sides of the piston 42 at the opposite ends
      of the cylinder 41, the outermost end of which is provided with a suitable
      closure 45. An adjustable stop member 46 is threadedly provided in the
      outer wall closure 45 for limiting the upward or the retracted movement of
      the meat forming piston unit 26. This then determines the spacing of the
      piston face defined by the valve member 28 with respect to the closure
      plate 18 and thereby determines the amount of meat 20 which will be
      transferred to form a pattie 5 of a particular size. In operation, the air
      is supplied to the lower end of the power piston unit via connector 44 to
      raise the piston unit 26 until it engages the stop member 46. The meat 20
      is then introduced into the metering opening 15 under a selected
      controlled pressure to introduce a very accurate amount of the meat. The
      pressure source is removed, and the closure plate 18 automatically
      transferred to align the discharge opening 19 with the metering opening 15
      of the plate 14. The pressure on the power cylinder 41 is then reversed
      and the piston 42 and attached piston unit 26 move downwardly forcing the
      preformed meat pattie 5 outwardly into the closure opening 19 in the
      closure plate 18. As the piston unit 26 moves downwardly, the air transfer
      passageways 35 and particularly the entrance portions 36 are aligned with
      the air supply passageways 38 and 39. Air is thus introduced into the
      valve chamber 27 causing the valve member 28 to move downwardly further
      forcing the pattie 5 through the opening 19 of the closure plate 18.
      Simultaneously, air moves about the valve member 28 and is trapped between
      the valve member 28 and the pattie 5 to rapidly build-up a fluid transfer
      force which wipes across the face of the valve member 28 and pattie and
      positively drives the patties downwardly and upon the base 4.
PAR  As shown, each of the base units is formed of a relative small rectangular
      block somewhat larger than the pattie 5. The units 11 may be
      interconnected as shown, with the air supply connected in common for timed
      and synchronized transger of the meat patties 5. Several separate closure
      plates 18 are shown for the offset units 11. The plates 18 are
      interconnected as by a bracket 47 to simultaneously and correspondingly
      open and close the several metering openings 15 of each of the several
      units 11 at the appropriate time. Thus meat 20 is supplied to each opening
      15 and subsequently all plates 18 are moved to discharge position of FIG.
      4.
PAR  The present invention provides a means to positively transfer the preformed
      metered meat quantities or units in a rapid and reliable manner while
      permitting convenient pattern forming.
PAR  Although the movement of the piston units and closure plates are shown with
      a pneumatic drive, a suitable mechanical linkage, for example, as
      diagrammatically shown in FIG. 5 may also be employed. In this embodiment
      the upper end of the piston shaft 31 extends outwardly of the unit and is
      connected to a pivotally mounted lever 48 connected to a pivot support 49.
      A pivot linkage 50 interconnects the lever 48 to the closure plate 18.
      Raising of the lever 48 simultaneously withdraws the piston unit 26 and
      moves the closure plate 18 to close the metering opening, which is then
      filled with meat. The lever 48 is depressed and first moves the plate 18
      to align the opening 19 with the metering opening 15, and then
      mechanically moves the piston unit 26 downwardly to force the meat pattie
      5 into the closure plate opening 19. The downward movement of unit 26 also
      establishes corresponding alignment between an air supply passageway 38
      and the valve chamber passageways 35, as in the first embodiment, to
      provide for the automatic forced discharge of the meat pattie 5 from the
      unit.
PAR  In FIGS. 6 and 7 a further alternative embodiment is shown having means for
      positively moving and transferring of the meat patties from a metering
      plate with a positive pressurized fluid force.
PAR  In FIGS. 6 and 7, a transfer structure for applying meat patties to one
      base 4 is shown. The structure would also be duplicated and mounted across
      the conveying means for applying the meat patties to a row of bases 4.
      Referring particularly to FIGS. 6 and 7, an essentially closed meat
      chamber 51 is provided having a metering plate 52 slidably mounted as a
      part of the bottom wall 53. The bottom wall 53 is provided with an upper
      plate 54 and a lower spaced plate 55 between which the metering plate 52
      is slidably mounted. The plate 52 includes a plurality of distributed
      metering openings 56 in accordance with the desired distribution of
      patties 5 and bases 4.
PAR  An air chamber 57 is formed immediately above the meat chamber 51 with a
      common wall 58 therebetween. The common wall 58 and bottom wall plates 54
      and 55 are correspondingly apertured as at 59, 60 and 61 in accordance
      with the apertures or openings 56 in the metering plate 52. Suitable
      conduits or pipes 62 are sealed within the respective aligned openings in
      the upper wall 58 and the upper plate 54 of the bottom wall to maintain
      the essential closure of the meat chamber 51. This provides, however, for
      communication from the air chamber 57 to the metering plate 52 such that
      when the metering openings 56, each filled with a meat pattie, are aligned
      with the air passage conduit 62, air can move downwardly to force the
      patties 5 from the openings 56 and onto an aligned pizza base 4.
PAR  An air valve plate 63 is slidably mounted adjacent the top of the common
      wall and includes valve openings 64 to selectively connect the passageways
      defined by conduits 62 to the air chamber 57 and thereby provide for the
      selected application of air pressure.
PAR  In the illustrated embodiment of the invention, similar air cylinder units
      65 and 66 are provided and interconnected respectively to the metering
      plate 52 and the air valve plate 63. The cylinders 65 and 66 are actuated
      in timed relation to correspondingly position the air valve plate 63 and
      the metering plate 52.
PAR  More particularly, the meat metering plate 52 is constructed with the
      openings 56 distributed within the plate in accordance with the
      distribution of the desired meat patties 5 on the pizza base 4. The air
      passageways 62 are similarly distributed within the structure. For
      example, a typical distribution is shown by the openings in FIG. 6. Thus,
      the meat patties are distributed in a plurality of rows, each of which
      includes a different number of the patties and in which the patties are
      spaced from each other by a distance greater than the size of the patties.
      In accordance with the present invention, the metering plate 52 is shifted
      by actuation of the air cylinder 65 from the air passageways to locate the
      metering openings 56 intermediate the air passageways 59 and in alignment
      with transfer openings 67 in the upper plate 54 of the meat chamber bottom
      wall 53.
PAR  The meat chamber 53 is connected to a positive displacement pump 68 or
      other suitable source to maintain the meat chamber 53 filled with the
      desired meat and under a positive pressure such that with the metering
      plate 52 located to align the metering openings 56 with the transfer
      openings 67, meat is forced downwardly under a predetermined pressure into
      the metering openings 56. When the metering plate 52 is shifted back to
      the discharge position, a very accurate metered amount of meat is held
      within the opening 56. The openings 60 and 61 in the upper and lower
      plates 54 and 55 of the bottom wall 53 are somewhat larger than the
      metering openings 56. However, the meat will inherently be retained within
      opening 56 due to the interaction between the side walls and the meat.
      Patties 5 are thus held within the opening 56 until an air column is
      applied to the upper end through the air passageways 62 to positively
      drive the meat patties 5 downwardly onto the pizza base 4.
PAR  In the illustrated embodiment of the invention, the air chamber 57
      generally corresponds to and overlies the meat chamber 51. The upper wall
      of the air chamber 57 is connected to a suitable air inlet 69 to establish
      a predetermined constant air pressure within the chamber 57.
PAR  The air valve plate 63 is provided with the plurality of openings 64
      somewhat smaller than the passageways 62 and selectively positioned with
      the openings 64 in alignment with the passageways 62 or shifted therefrom
      such that a continuous portion of the plate 63 covers the openings to seal
      them. The air valve plate 63 is held in pressure-sliding engagement by a
      plurality of similar pressure units 70 distributed throughout the air
      chamber and bearing on the top side of the sliding valve plate 63. As each
      is identically constructed, a single unit is described.
PAR  The pressure unit 70 includes a pressure bar 71 having a Feflon
      undersurface slidably bearing on the plate 63 to permit establishment of a
      relatively firm downward pressure on the air valve plate 63 without
      interfering with the movement thereof.
PAR  The pressure bars 71 are biased into engagement with the valve plate 63 by
      a pair of coil springs 72 acting between the underside of the top wall of
      the air chamber 57 and the back or top surface of the pressure bar 71.
      Suitable guide pins 73 are secured to the top wall of the air chamber 57
      and project downwardly into guide cylinders 74 attached to the pressure
      plate. The pressure springs 72 encircle the guide assembly to amintain the
      springs between the pressure plate and the chamber wall.
PAR  In summary, the embodiment of the invention illustrated in FIGS. 6 and 7
      provides for the timed energization of the operating air cylinder units 65
      and 66 coupled to the metering plate 52 and the valve plate 63 in
      predetermined timed relationship with respect to the movement of the pizza
      bases 4 into alignment with the transfer openings 61. A row of pizza bases
      4 will be stepped into alignment to receive the meat. The metering plate
      52 is positioned with the transfer openings 56 aligned with the air
      passageways 62 and the air valve plate 63 is then positioned with valve
      openings 64 aligned with the air passageways. This will result in direct
      transfer of the meat patties under the column of air pressure transmitted
      through the passageways 62. The patties 5 are thereby positively driven
      downwardly onto the pizza bases 4. The air valve plate 63 is then
      positioned to close the air passageways and remove pressure from the
      passageways 62. The metering plate 62 is then returned to align the
      metering openings 56 with the filling openings 67 to refill the metering
      openings 56 in the same manner as previously described. During this
      period, the filled pizza bases 4 are stepped forwardly and a new row of
      pizza bases 4 are aligned with the transfer openings 56 in the plate 55.
PAR  Although particularly described in connection with substantial meat
      patties, the metering plate 52 may be formed with a very substantial
      number of closely spaced openings to transfer the meat as a widely
      dispersed, granulated meat which essentially completely covers the pizza
      base, similar to the present hand application of ground meat. The meat may
      be whooly or partially cooked to form a granulated form of meat for
      convenient transfer.
PAR  The air transfer means thus provides another means of ensuring positive
      application of the meat patties to the pizza bases in an accurately
      metered manner.
PAR  The present invention thus provides a forced application of the metered
      amount of meat or other food product to the base member and particularly
      provides a highly practical and reliable means for mass production of
      pizza units.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims which particularly point out and
      distinctly claim the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A food depositing apparatus to apply predetermined amounts of food
      patties to a base, comprising conveying means for supporting said base, a
      mechanical forming means to preform at least one pattie, and a fluid means
      having an output fluid stream selectively impressed after the forming of
      the pattie upon the one face of the preformed pattie and thereby
      positively forcing the pattie from said mechanical forming means and onto
      said base, said forming means includes a metering plate having an opening
      corresponding to the pattie, and valve means coupled to selectively apply
      said fluid stream upon the top side of the pattie.
NUM  2.
PAR  2. A food depositing apparatus to apply predetermined amounts of food
      patties to a base, comprising conveying means for supporting said base, a
      mechanical forming means to preform at least one pattie, and a fluid means
      having an output fluid stream selectively impressed after the forming of
      the pattie upon the one face of the preformed parts and thereby positively
      forcing the pattie from said mechanical forming means and onto said base,
      said forming means includes a supporting plate having a metering opening
      and a meat supply passageway for filling said opening, a metering piston
      slidably mounted in the opening and defining an adjustable top wall for
      controlling the depth of the pattie, a closure means selectively opening
      and closing the bottom of the metering opening, said piston having a valve
      means in the lower surface, and means selectively supplying said fluid
      means to said piston and operable to open said valve means and impress
      said fluid stream on said preformed pattie.
NUM  3.
PAR  3. The food depositing apparatus of claim 2 wherein said piston unit
      includes a main body portion having a bottom recess, said valve means
      including a plate-like valve member and a resiliently loaded valve stem
      slidably supporting said valve member in abutting relation to the bottom
      of the recess, a plurality of equicircumferentially spaced L-shaped air
      passageways in said body portion, each of said passageways extending
      radially from outer surface of the body portion and axially to said
      recess, said metering plate having an air supply passageway terminating in
      a circumferential groove in the wall of the metering opening for alignment
      with the L-shaped air passageways at a selected position of the piston
      unit.
NUM  4.
PAR  4. The food depositing apparatus of claim 3 wherein said piston unit
      includes a hollow shaft portion with said stem slidably mounted therein, a
      spring stop means on the outer end of the stem, a coil spring encircling
      said stem between the spring stop means and the piston shaft to
      continuously urge the stem to the retracted position with the valve member
      abutting the body portion.
NUM  5.
PAR  5. The food depositing apparatus of claim 3 having a power cylinder unit
      for selectively positioning of the piston unit in said metering opening to
      meter the size of the meat pattie.
NUM  6.
PAR  6. The food depositing apparatus of claim 3 having a mechanical positioning
      means coupled to the piston unit and to the closure means to establish
      timed movement therebetween.
NUM  7.
PAR  7. The food depositing apparatus of claim 8 wherein said mechanical
      positioning means includes means to preset the movement of the piston unit
      and thereby preset the size of the meat pattie.
NUM  8.
PAR  8. A food depositing apparatus to apply predetermined amounts of food
      patties to a base, comprising conveying means for supporting said base, a
      plurality of mechanical forming means to establish a preselected pattern
      of patties, each of said forming means including a separate metering plate
      having a metering opening for receiving of the food and preforming of the
      food to a preselected size and configuration, a closure plate means
      slidably mounted beneath said metering plate and having an opening for
      selective alignment with the metering opening, a piston unit slidably
      mounted within the metering opening for transferring of the preformed
      pattie from the metering opening, said piston unit having a valved opening
      in the working face for coupling to said fluid means in response to
      alignment with the opening in the closure plate with the metering opening,
      control means coupled to simultaneously and correspondingly position the
      closure plate means and the piston units for each forming meats, and a
      fluid means having an output fluid stream selectively impressed after the
      forming of the pattie upon the one face of the preformed pattie and
      thereby positively forcing the pattie from said mechanical forming means
      and onto said base.
NUM  9.
PAR  9. A food depositing apparatus to apply predetermined amounts of food
      patties to a base, comprising conveying means for supporting said base, a
      forming means including a multiple pattie transfer plate assembly having a
      plurality of openings, each of said openings being selected to accommodate
      a single cylindrical pattie, a fluid means, and a plurality of air
      passageway means coupled to the fluid means and selectively aligned with
      said openings to simultaneously apply a pressurized air column on said
      patties to compress said patties onto an aligned base.
NUM  10.
PAR  10. A food depositing apparatus to apply predetermined amounts of food
      patties to a base, comprising conveying means for supporting said base,
      and depositing means to apply at least one pattie to said base and
      including force means to positively force each pattie onto said base, said
      depositing means includes a metering plate having a plurality of confining
      openings of a predetermined size, means to fill said openings with a
      self-supporting food product to establish a preformed pattie within each
      of said opening, and said force means includes fluid pressure means
      operably connected to the openings after the forming of said patties to
      apply a fluid pressure medium to the openings and to the patties within
      said openings to transfer and compress said food patties against said
      base, said depositing means including a multiple pattie metering plate
      having a plurality of spaced metering openings with the spacing exceeding
      the size of the adjacent openings, each of said openings being selected to
      accommodate a single cylindrical pattie, a meat chamber having a bottom
      wall with a first group of openings and a second group of openings spaced
      in accordance with said metering openings, said fluid pressure means
      connected to the first group of openings to transfer the patties onto an
      aligned base and to compress said patties onto the base, a motor means
      coupled to said metering plate to align said metering openings with said
      first and second groups of openings, said second group of openings
      communicating directly with the meat chamber.
NUM  11.
PAR  11. The apparatus of claim 10 having a positive displacement meat pump
      connected to said meat chamber to supply ground meat to said chamber and
      to maintain said chamber at a selected pressure.
NUM  12.
PAR  12. The apparatus of claim 10, wherein said fluid pressure means includes
      an air chamber secured to the top of said meat chamber and connected to
      said first group of openings by fluid tubes extending through said meat
      chamber, an air valve plate slidably mounted in said air chamber and
      having valve openings, one for each tube, and motor means connected to
      said air valve plate to selectively position the air valve plate.
NUM  13.
PAR  13. The apparatus of claim 12, wherein said fluid pressure means includes a
      plurality of pressure bars engaging the top of said air valve plate, and
      spring means between the bars and the top of the air chamber to apply a
      pressure to the bars and hold the valve plate in sliding engagement with a
      wall of the air chamber.
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ABST
PAL  A device accepts chopped meat or other patty-consistency food in a plunger
      operated compartment from which the food is extruded through an opening to
      a pattie mold. Molds are stacked in the space beneath, the lower most mold
      bearing against a compressed coiled spring. A slotted opening permits
      withdrawal of the uppermost mold adjacent to the extrusion chamber.
BSUM
PAR  This invention relates to food preparation accessories, particularly to
      accessories for molding meat patties or the like.
PAR  A principal object of this invention is to provide a device for producing
      meat patties by extruding the meat under pressure through an opening in a
      meat storage chamber into a patty mold. The device further provides for
      stacking a number of molds that automatically move adjacent to the
      extrusion chamber, one by one, as each meat filled mold is withdrawn
      through an opening provided on the side of the mold storage chamber. A
      hand-thrust piston from above is pushed down to fill the mold and a coiled
      spring beneath the stacked molds moves each successive mold up into
      position for filling. A spring detent means locks the patty mold in
      position against downward movement from piston pressure above. A plastic
      disc seated in the bottom of each mold is accessable through openings for
      pushing the patty up and out.
PAR  Another object of the present invention is to provide a patty maker that is
      easy to load, easy to operate, is attractive in appearance and can be
      ruggedly constructed for long, dependable use at a low cost.
PAR  A further object is to provide a patty maker that is easy to disassemble
      for washing the several parts and maintaining the device perfectly clean.
PAR  A still further object if to provide a patty maker which will accept patty
      molds for making a thinner patty.
PAR  A yet further object is to provide a patty maker that lends itself readily
      in an attractive manner to a quickly-detachable base support so that the
      device cannot move about or tilt while in use.
DRWD
PAR  These and other objects will become evident upon a study of the following
      specification and the accompanying drawings, wherein:
PAR  FIG. 1 is an elevation section view;
PAR  FIG. 2 is a plan section view taken on a line 2--2 in FIG. 1;
PAR  FIG. 3 is an elevation section view taken on a line 3--3 in FIG. 2;
PAR  FIG. 4 is a plan section view taken on a line 4--4 in FIG. 1;
PAR  FIG. 5 is a fragmentary elevation section view at the supporting clip;
PAR  FIG. 6 is a plan section view showing removal of the patty mold;
PAR  FIG. 7 is an elevation section view showing removal of the patty from the
      mold;
PAR  FIG. 8 is a plan section view of a modified mold for making smaller
      patties; and
PAR  FIG. 9 is an elevation view of a bayonet-locking support for the patty
      maker.
DETD
PAR  Referring to the figures, the patty 10 comprises a plastic cylinder 11, a
      detachable base assembly 12, an extruding unit 13 and a multiplicity of
      patty molds 14.
PAR  Cylinder 11 shows a cavity 15 for holding the meat mix and a cavity 16 for
      holding molds 14, separated by a dividing wall 17 having a tapered opening
      18. Cavity 16 is provided beneath partition 17 with an opening 19a
      extending to the diameter of cylinder 11 and, diametrically opposite, a
      tapered opening 19b. Finally, cylinder 11 is provided with a keyway 20.
PAR  Base closure 12, attachable to cylinder 11 at a thread shown or a bayonet
      lock or the like comprises a cover 21, a coiled compression spring 22 and
      a spring bearing plate 23.
PAR  Extrusion unit 13 comprises an extrusion piston 24 either integral or
      attached to a shaft 25 extending upwards to a palm pad 26.
PAR  Patty mold 14 shows a bottom wall 27, a cylindrical side wall 28, a
      multiplicity of tapering recesses 29, a key 30 and a pair of
      finger-openings 31. A plastic disc 32 slidably fits into the bottom of
      mold 14.
PAR  Referring in particular to FIGS. 4 and 5, detent springs 33 are provided
      equal in number and disposed angularly in agreement with recesses 29.
PAR  The patty maker is used as follows: closure 12 is removed. Holding cylinder
      11 in reverse position to that shown in FIG. 1, cavity 16 is loaded with
      patty molds 14. Spring cap 23 is then placed into the cavity against the
      exposed patty molds and cover 21 is pushed down, compressing spring 22,
      and finally screwing cover 21 onto the threaded portion of cylinder 11.
      The patty maker is turned upright in the orientation of FIG. 1, extrusion
      unit 13 is removed and cavity 15 filled with the meat mix. It now becomes
      clear that pressure of the palm on cushion 26 will cause meat mixe to be
      extruded through opening 18 and fill the top most molds 14. Referring in
      particular to FIGS. 4 and 5, it will be seen how detent springs 33 prevent
      the patty mold from moving downward while applying pressure to the meat
      mix. Depending upon the consistency of the meat mix, and quickly becoming
      accustomed to the feel of operating the device, resistance to pressure
      will indicate then the mold is full. At this point, as clearly seen in
      FIG. 6, the finger is placed in opening 19b and the filled patty mold 14
      is pushed out through 19a. The finger need go in only a short distance, at
      which point the patty mold can be grasped between thumb and fore finger at
      its diameter in opening 19a and the mold withdrawn.
PAR  Now referring in particular to FIG. 7, one or two fingers are placed in
      either one or both openings 31 and the patty comes out of the mold lying
      on disc 32.
PAR  Referring in particular to FIG. 8, the exterior dimensions of this patty
      mold 14a shows a thicker bottom 27a, thereby indicating a potential for
      changing the size of the patty merely by changing the mold.
PAR  Referring to FIG. 9 a bayonet base 40 has an opening 34 receiving slidably
      cylinder 11. Screws 35 are turned into the work table 36 to the point
      where the bayonet flanges 37 slidably fit under the screw heads. By this
      means a permanent work place is available to the patty maker. The patty
      maker is filled with molds, even while base 40 is in place on cylinder 11,
      closure 12 is screwed on and base 40 engaged by a small turn under screw
      heads 35. The patty maker is now secure against chipping or other movement
      on the work table regardless of the stages of work, of meat mix loading,
      of extruding and of withdrawing the filled patty mold.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A patty maker for making hamburger or other food mix patties having a
      food mix extrusion and a mold-filling means, comprising:
PA1  a cylinder, divided into an upper chamber for holding food mix,
PA1  a lower chamber for holding stacked patty molds by a dividing partition
      between said chambers,
PA1  the partition having an opening therethrough for communication of food mix
      to the adjacent of said patty molds,
PA1  said lower chamber, holding said stacked molds, said lower chamber closed
      at the bottom by a cover having attached thereto a coiled compression
      spring,
PA1   said lower chamber at the top having a tapered opening for passage
      therethrough of a finger tip for the purpose of ejecting said patty molds
      lateral to the cylinder axis,
PA1  said lower part of the cylinder having a keyway,
PA1  each of said patty molds having a key for non-rotational axial-sliding fit
      of said patty molds in said keyway,
PA1  said spring attached to said lower cover biasing said patty molds upward
      towards the opening in said partition,
PA1  said patty molds each provided with circumferentially disposed exterior
      slots tapering inward from the exterior surface and upward to the top of
      the mold,
PA1  said lower part of the cylinder on the interior wall fitted correspondingly
      in radial alignment with said tapered slots with inward biased flat
      springs for the purpose of locking the topmost of said molds against
      downward movement when applying extrusion pressure to the food mix,
PA1  said coil spring overcoming said flat springs by forcing the stacked molds
      upwardly so that the stacked molds are automatically moved up and locked
      into place each time the uppermost mold is removed,
PA1  said keyway serving the purpose of aligning said patty mold so that said
      flat springs will always meet said tapered recesses as each mold comes up,
PA1  means of applying extrusion pressure comprising a piston slidably, but
      removably, fitted into the upper of said chamber and connected by a shaft
      to a member suited for the application of pressure by the palm of the
      hand.
NUM  2.
PAR  2. A patty maker according to claim 1 having a patty mold in which a disc
      is fitted freely in the bottom accessable through one or more openings in
      said patty mold for the application thereof of finger pressure for the
      purpose of removing the patty intact.
NUM  3.
PAR  3. A patty maker according to claim 1 having a patty mold of fixed external
      dimension which may vary in dimension internally in order to make a
      smaller or larger patty with the same device.
NUM  4.
PAR  4. A patty maker according to claim 1 having a securing means at the base
      for attachment to a work table, such securing means having a quick release
      feature such as bayonet slots or the like for the purpose of steadying the
      patty maker during use.
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PAL  Apparatus for aligning and conveying fish includes four vaned wheels
      mounted in pairs, two upper and two lower. The upper and lower vanes move
      between one another in the manner of paddle wheels and the upper pair can
      be moved towards and away from the lower pair for varying cross section of
      the fish.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the conveying of fish. German Offenlegungsschrift
      No. 1936653 discloses a device for processing fishes to form fillets and
      in which a fish, placed on its back on a flat V-shaped table and having
      its tail fin and dorsal fin centred in a longitudinal groove disposed in
      the said table, is pushed manually tail first beneath a cover of inverted
      V-shaped cross-section and subsequently between two double cone wheels
      which convey the fish under a fork and then against two knife systems.
      Each of the double cone wheels comprises two pairs of truncated cones
      which counter-rotate about vertical shafts, the upper pairs tapering
      downwardly and outwardly and enclosing an acute angle between them, the
      lower pairs being constructed as discs the edge of which include an angle
      of approximately 90.degree. between them in the upward and outward
      direction. This device suffers from the disadvantages that gaps remain
      between all the cone wheels so that continuous guiding action is not
      obtained and that the surface enclosed when the cone wheels are completely
      advanced towards each other is far too large to be able to centre, guide
      and align the tail root region or the tail fin of a fish.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is so to improve the known device as to permit
      reliable alignment of the tail fins, tail roots and tail parts of fishes
      fed tail first into a fish processing machine.
PAR  According to one aspect of the invention apparatus for aligning fish
      comprises first and second wheel assemblies each affording vanes which,
      during rotation, are arranged to move in between one another, the vanes of
      the assemblies being relatively movable towards and away from one another
      to vary the cross-section of a fish conveying space disposed between them.
PAR  The particular advantages achieved by the invention are that the conveying
      cross-section can be kept so small that the tail fin and tail root of the
      smallest fish is centered and conveyed and during its passage the tail
      part of the fish is surrounded in an enclosed cross-section by the vanes
      of the wheel assemblies.
PAR  According to another aspect of the invention apparatus for aligning and
      conveying fish comprises upper and lower pairs of drive wheel assemblies,
      each assembly affording rotary vanes and the vanes of the upper assemblies
      being arranged to extend between the vanes of the lower assemblies and
      vice-versa during rotation thereof, the upper and lower drive wheel
      assemblies being relatively displaceable to define a varying size of fish
      conveying space between them.
PAR  According to a specific embodiment of the invention a feed-in conveyor is
      included which has a fish-transport speed substantially lower than the
      speed of transport by the drive wheel assemblies. Stretching and alignment
      of the tail part of a fish by its tail fin and tail root is therefore
      reliably ensured even if it previously assumed a bent or undulating shape.
      The feed-in conveyor may comprise a pair of movable belts defining a
      trough the speed of which is approximately half the fish-transport speed
      of the drive wheel assemblies. This ensures that the tail parts of the
      fishes are stretched with the required velocity difference.
PAR  One pair of drive wheel assemblies may have fish-engaging surfaces which
      rotate through a cylindrical path. whilst the other pair may have
      fish-engaging surfaces which rotate through a frusto-conical path. This
      makes it possible to obtain a construction which is suitable for small and
      medium sized fishes of the Gadidae family.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention may be carried into practice in various ways but one specific
      embodiment will now be described with reference to the accompanying
      diagrammatic drawings in which:
PAR  FIG. 1 is a schematic perspective view from above of a device according to
      the invention;
PAR  FIG. 2 is a left-hand partial section showing the device assemblies
      engaging a fish adjacent its tail end; and
PAR  FIG. 3 is a right-hand partial section showing the drive assemblies
      engaging the tail part of a fish close behind the end of the belly cavity,
      the vanes of the drive assemblies nearest the viewing side having been
      omitted from FIGS. 2 and 3 in the interests of clarity, and
PAR  FIG. 4 is a perspective view of the rotors and vaned impellers of the
      apparatus of the invention, showing the manner in which the impellers
      engage opposing surfaces of a fish fed therebetween.
DETD
PAR  A conveyor in the form of a pair of belts 61 and 62 running between drive
      rollers 64 (which are inclined to one another at 60.degree. ), provides a
      longitudinal trough 6 for fish 7. The fish is conveyed dorsal side upwards
      and tail first, from left to right in FIG. 1. Situated adjacent the
      rollers 64 are four drive assemblies arranged in pairs, namely a lower
      pair 1, 2 and an upper pair 3, 4.
PAR  In FIG. 1 the drive assemblies are only shown diagrammatically; in fact,
      each comprises what may be termed a vaned wheel or rotor.
PAR  The lower assemblies 1, 2 include shafts 13, 23 respectively which are each
      mounted at approximately 60.degree. with respect to the vertical, in a
      casing (not shown) and are arranged to be continuously driven in any
      suitable manner in the direction of the counter-rotating arrows shown in
      FIGS. 3 and 4.
PAR  The upper end of the shafts 13, 23 have identical vaned wheels mounted
      thereon, the thin vanes or impellers 12, 22 respectively of which are
      mounted equidistantly, the cylinders defined by the rotation of these
      vanes being shown for simplicity in FIG. 1.
PAR  The upper drive assemblies comprise two identical vaned wheels 32, 42 which
      are similar to those of the lower assemblies, and which are mounted on
      shafts 33, 43 respectively which in turn are mounted on arms 46. These
      arms are pivotally mounted by bearings 35, 45, respectively, in the casing
      (not shown). The bearings have their axes mounted at right angles to the
      respective shaft 13, 23. Each arm 46 is constructed as a hollow member to
      accommodate a toothed driving belt or the like in order that the wheels of
      the upper drive assemblies may be driven in synchronism with the wheels of
      the lower assemblies, the vanes or impellers of the upper and lower
      assemblies being so shaped and arranged to pass between one another
      without engagement.
PAR  The drive speed of the drive assemblies is arranged to be twice that of the
      conveyor belts 61, 62. In operation the fish is placed belly downwards as
      shown in FIG. 1 in the trough formed by these belts. It is fed tail first
      and as the tail fin runs off the belts, it moves into the rotational zone
      of the vanes of the vaned wheels and is stretched and centralised thereby
      exactly in the plane of symmetry of the device. In this way the fish is
      conveyed from the trough 6 so that it is able to run accurately into the
      fin guide of a following fish processing machine.
PAR  The upper wheels are able to rise and fall, downward movement being either
      by virtue of their own weight or with the aid of springs or weights. In
      this way, as a comparison of FIGS. 2 and 3 shows, the vanes of the upper
      and lower wheels define a variable gap between them. The form of this may
      vary; it may be square, rhombic or kitelike in form. Thus, in FIG. 2 the
      relatively small cross-section 71, in the region of the tail allows the
      upper vaned wheels to be lower than in FIG. 3 which shows the position of
      the cross section 72 of the fish adjacent the rear end of the belly
      cavity. In this way the region 71 of the fish moves into the zone of
      action of the vaned wheels whilst the tail fin is still being aligned, and
      thereafter the region 72 is engaged whilst the region 71 is still engaged
      and so on. The fish is thus conveyed in an accurate and accelerating
      manner as it is moved from the trough 6, the upwardly and outwardly
      arranged pivoting arms 46 enabling the size of the spaces between the
      vaned wheels to be adjusted to the cross-section of the fish at any one
      time.
PAR  The vaned wheels can be constructed in different ways. For example, the
      vanes can be formed of sheet metal, plastics or light alloy castings. The
      number of vanes and the distance between them can, of course, vary, the
      distance between them generally becoming progressively smaller as the
      overall size of the wheel increases.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Apparatus for aligning fish comprising first and second wheel assemblies
      each comprising a pair of spaced rotors having radially-extending
      impellers, the impellers of the pair of rotors of the first wheel assembly
      being arranged to move in between the impellers of the respective pair of
      rotors of the second wheel assembly during rotation of said rotors, the
      impellers of the rotors in each pair being spaced from each other to
      define a space through which fish are conveyed when engaged by the
      rotating impellers, the impellers of at least one of said assemblies being
      relatively movable towards and away from the other assembly to vary the
      cross-section of said space to conform to the cross-section of the fish
      passing therethrough.
NUM  2.
PAR  2. Apparatus for aligning and conveying fish comprising upper and lower
      drive wheel assemblies each assembly comprising a pair of rotors having
      radially-extending impellers, the impellers of each assembly being aranged
      to extend between the impellers of the other assembly during rotation
      thereof, the upper and lower drive wheel assemblies being relatively
      displaceable to define a varying size of fish conveying space between
      them.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, including a feed-in conveyor of which
      the fish-transport speed is substantially lower than the speed of
      transport by the drive wheel assemblies.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 wherein the feed-in conveyor comprises a
      pair of movable belts defining a trough the speed of which is
      approximately half the fish-transport speed of the drive wheel assemblies.
NUM  5.
PAR  5. Apparatus as claimed in claim 2 wherein the impellers of the pair of
      rotors of one of the drive wheel assemblies have fish-engaging surfaces
      which rotate through a cylindrical path.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 wherein the impellers of the pair of
      rotors of the other drive wheel assembly have fish engaging surfaces which
      rotate through a frusto-conical path.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 in which the pair of rotors of one drive
      wheel assembly are mounted to rotate about axes which are substantially at
      right angles to the rotational axes of the respective pair of rotors of
      the other drive wheel assembly.
NUM  8.
PAR  8. Apparatus as claimed in claim 7 wherein the pairs of rotors of one drive
      wheel assembly are fixedly mounted with their shafts at an acute angle to
      one another whilst the pair of rotors of the other drive wheel assembly
      are upwardly deflectable away from the opposite pair of rotors.
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ABST
PAL  An improved process and equipment for seed defiberization, for example
      cottonseed delinting, wherein the seed is defiberized by contact with
      particular abrasive surfaces. In one preferred embodiment, a conventional
      cotton-seed delinter is equipped with an abrasive faced cylinder instead
      of the conventional shaft mounted ginning saws. The abrasive cylinder
      comprises a shaft mounted cylinder of approximate gin saw diameter which
      cylinder has bonded or adhered to its facial surface an open pattern of
      about 40 to about 80 abrasive grit particles per square inch. The abrasive
      grit particles, preferably tungsten carbide grit, are sized to U.S. Sieve
      Series numbers of about 12 to about 40. Replacement of the ginning saws
      with the abrasive face cylinder requires modification to the delinter
      gratefall rake and seed seals to adapt their shape and clearance to the
      comparatively flat abrasive cylinder face. The abrasive cylinder
      embodiment provides means for convenient adaptation of conventional gin
      saw delinters to achieve increased cottonseed handling capacity, less
      power requirement and decreased, safer labor requirement benefits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to seed defiberizing processes and equipment
      intended for the purpose of treating seed with fibers adhering thereto.
      The invention particularly relates to the provision of effective abrasive
      surfaces for seed delinting and will be illustrated by use in cottonseed
      delinting equipment wherein defiberizing gin saws are conventionally
      mounted in spaced relationship on a rotating shaft. Such gin saws achieve
      mechanical separation of cotton-seed and cotton fibers or linters by
      sawing the linter bearing cottonseed in a confined space. The gin saws
      require frequent, even daily, removal for sharpening with attendant
      dangerous handling and resetting of delinter clearances.
PAR  In contrast to delinters employing gin saw sets, the use of the presently
      disclosed abrasive seed defiberizing or delinting surfaces provides means
      for achieving surprising and unexpected advantages in machine capacity,
      lint and seed quality, electrical power usage and operator safety. Such
      advantages stem, in part, from the long lived, even full delinting season,
      qualities of the present open pattern abrasive particle cutting edges and
      to their non-glazing, non-burning properties.
PAR  Specifically, the invention comprises providing seed defiberizing surfaces
      which move in relation to fiber bearing seeds and abrade the fibers
      therefrom. The seed defiberizing surfaces comprise an open pattern of
      about 40 to about 80 abrasive particles per square inch of abrasive
      particles, preferably tungsten carbide grit, which abrasive particles are
      sized to U.S. Sieve Series numbers of about 12 to about 40. The abrasive
      particles are adhered, preferably by sinter metallic bonding, to the seed
      defiberizing surfaces.
PAR  The advantages of the presently disclosed abrasive surfaces are all the
      more surprising when viewed versus the prior art using various
      configurations of carborundum blocks in cottonseed delinting machines. For
      example, U.S. Pat. No. 358,256, issued to M. Crawford on Feb. 22, 1877,
      discloses a delinting maching having a vertically disposed, carborundum
      block faced conical stator with a conical wire brush surfaced rotor
      mounted concentrically therein. The cottonseed to be delinted was
      introduced at the top of the machine and proceeded downwardly in the
      annular passage formed by the conical stator and rotor while being acted
      upon by the carborundum surfaces and rotating brush. Other delinting
      machines using solid abrasive blocks mounted in various ways on vertical
      and horizontal shafts in delinting machines, with configurations designed
      to spread or regulate the passage of lint and seed through the machine are
      disclosed in such patents as U.S. Pat. No. 555,310 issued to J. J. Falkner
      on Feb. 25, 1896; U.S. Pat. No. 597,123, issued to John S. Rosamond on
      Jan. 11, 1898; U.S. Pat. No. 597,125, issued to F. E. Rosamond on Jan. 11,
      1898; U.S. Pat. NO. 614,435, issued to T. C. Black on Nov. 22, 1898; and
      U.S. Pat. No. 659,840, issued to W. C. Baxter on Oct. 16, 1900. Further
      patents wherein abrasive materials were used are U.S. Pat. No. 753,373,
      issued to R. Derdeyn on Mar. 1, 1904; U.S. Pat. No. 782,223, issued to R.
      Derdeyn on Feb. 14, 1905; U.S. Pat. No. 821,255, issued to W. A. Ragsdale
      on May 22, 1906; U.S. Pat. No. 936,282, issued to W. E. Worth on Oct. 5,
      1909; U.S. Pat. No. 958,456, issued to W. E. Worth on May 17, 1910 and
      U.S. Pat. No. 973,159, issued to G. L. Blanchard on Oct. 18, 1910.
      Additional patents disclosing delinting machines are U.S. Pat. No.
      1,019,955, issued to C. H. Golloher on Mar. 12, 1912; U.S. Pat. No.
      1,032,938, issued to W. A. Pollock on July 16, 1912; and U.S. Pat. No.
      2,724,148, issued to C. W. McMath on Nov. 22, 1955.
PAR  Despite the early use of shaped carborundum blocks in delinting machines,
      the use of such abrasive block materials in delinters was not continued,
      and carborundum block delinting was supplanted early in seed defiberizing
      practice by the use of gin saws. Applicants believe that this retirement
      from use of abrasive block material was due to such factors as the
      difficulty of shaping, fitting, balancing and retaining such frangible
      carborundum block materials in the rotational parts of a delinter.
      Apparently, there was also the further detrimental factor that the
      surfaces of such abrasive blocks tended to glaze over and burn the seen
      and fibers. It is also probable that such abrasive block materials had a
      considerable heat retention capacity so that they warmed to detrimental
      temperatures in extended delinting use.
PAR  As will be more fully set forth hereinbelow, the present improvement in
      delinting stems from the application of relatively open patterns of
      particular grit sizes of tungsten carbide and abrasive materials of
      similar hardness and cutting quality to seed defiberizing or delinting
      surfaces. The abrasive grit is preferably adhered to the delinting
      surfaces by means of sintered metallic or ceramet bonding. The abrasive
      grit can also be adhered by other means, for example epoxy adhesives, that
      will both provide the necessary mechanical bond and be sufficiently worn
      away in use to expose the cutting edges of the abrasive particles.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has been found that providing
      particular abrasive seed defiberizing surfaces engenders surprising
      benefits in the defiberizing of fiber bearing seed. For example, the use
      in conventional cottonseed delinters of a shaft mounted cylinder with a
      shell of steel or other suitable metal for sintering or adhering thereon
      abrasive grit particles, which cylinder has similar dimensions in face
      length and diameter to the gin saw set which it replaces, provides means
      for engendering significant capacity, quality and safety improvements in
      the delinting operation. As stated above, an important feature of the
      invention is to provide suitable grit particle sizes and surface spacings
      for use in delinting the seed to be handled. In cottonseed delinting
      operations, grit particles sized in U.S. Sieve Series numbers of about 12
      to about 40, preferably about 20 to about 24, have been found desirable in
      spacings of about 40 to about 80, preferably about 60, grit particles per
      square inch. Similar seed and grit particle size relationships are
      effective in defiberizing other than cottonseed. As will be more fully
      discussed below, replacement of a gin saw set in a conventional delinter
      with the present abrasive cylinder is, preferably, and in most cases
      necessarily accompanied by redesigning and respecing the various seed and
      lint directing rakes and seals associated with gin saws. In general, the
      redesign amounts to replacing conventional gratefall rakes and seal strips
      designed to cooperate with and enter between spaced gin saws with plain or
      straight rakes and seal strips adapted to be mounted in spaced seed and
      lint handling relationship with the relatively flat and true face of the
      abrasive cylinder. The plain strips are preferably fabricated of
      non-sparking material, such as aluminum, bronze or plexiglas to allow
      closer tolerance setting. In delinting operation, tungsten carbide grit
      particles have been found preferable, although abrasive grit particles of
      similar hardness, toughness and cutting edges production and mixtures
      thereof, such as silicon carbide, aluminum oxide and carborundum can be
      used in the practice of the present invention.
PAR  Use of the abrasive cylinder in place of conventional gin saw sets, as
      illustrative of the presently disclosed seed defiberizing surface
      efficacy, results in increased machine capacity at lower energy
      requirements togehter with increased quality in the seed and lint
      produced. Applicants have achieved capacity measures of 10% together with
      electric power reductions of 20% in abrasive cylinder delinter operation
      with the seed defiberizing surfaces presently disclosed. Avoidance of gin
      saw sharpening operations is also important in reducing the hazards of
      delinting operations to gin operators in that no daily gin saw set
      removal, sharpening and replacement operations are necessary together with
      the attendant requirements of resetting the delinter seed seal and rake
      clearances.
PAR  In some instances, tungsten carbide grit particles containing about 7% to
      8% of cobalt have been found to provide the best sintering adherence to
      the delinting surfaces. The relatively open spacing of the abrasive grit
      particles within the disclosed limits is also considered important to the
      achievement of the advantages of the present abrasive cylinder. Closer
      spacing invites glazing over of the cutting surfaces and burning of the
      seed and lint while more open spacing does not provide sufficient
      delinting cutting points and edges. Applicants consider that sintering the
      abrasive grit particles on a delinting surface, for example a metallic
      cylinder, is preferable. Grit particles, for example tungsten carbide
      grit, can be sintered with and partially, about 70%, embedded in a matrix
      of copper, nickel or chrome. The ivention advantages can, however, be
      realized with other materials such as, for example, spider mounted wood
      cylinders and fiberglass cylinders employed together with adhesive, for
      example epoxy adhesive, adhered abrasive grit particles. Although the
      abrasive cutting surfaces of such adhesive mounted abrasive grit particles
      will be effectively the same as those of the preferred sintered
      embodiment, applicants point out that service life will tend to be
      decreased due to operating contact of softer more wearable materials with
      the seed and fibers.
PAR  While the present openly spaced abrasive concept can be applied to any seed
      defiberizing equipment wherein fiber bearing seeds are confined in contact
      with a seed defiberizing surface, it is, in one particularly preferable
      embodiment, applied to conventional cottonseed delinters wherein sets of
      gin saws are mounted in spaced relationship along a shaft. The
      conventional gin saw sets are replaced by a steel cylinder, a substantial
      wall thickness and nonvibrating construction, having the presently
      disclosed abrasive grit particle surface. The cylinder is most
      conveniently of approximately the same diameter and face length as is the
      effective diameter and face length of the pin saw set which it replaces.
PAR  As earlier stated herein, the use of the present abrasive cylinder in seed
      defiberizing operations has several important economic, quality and safety
      advantages. Applicants believe that these advantages all stem in part from
      the sharper cutting surfaces afford by tungsten carbide and like abrasive
      grit particles in open spaced relationship on the defibering cylinder
      face. Such sharper cutting surfaces in company with the ability to set
      very fine seal clearances against the dimension retaining abrasive
      cylinder face, as contrasted with the difficulty of maintaining clearances
      in a gin saw set wherein the effective diameter is diminshing with each
      daily sharpening operation, is effective in both completeness of seed
      delinting and avoidance of "hull pepper" generation. In any event, both
      delinting quality and a considerable reduction in electrical energy
      required to delint a given amount of seed is experienced in practice.
      Also, the avoiding daily handling of a conventional gin saw set with its
      sharp teeth engenders increased safety to the delinter operations. All of
      the above stated efficiency, quality and safety factors combine to
      engender applicants' enthusiasm for the present abrasive cylinder as an
      improvement in conventional delinting machines and the seed defiberizing.
PAR  It is, accordingly, a principal object of this invention to provide
      effective abrasive seen defibering surfaces.
PAR  It also is an object of this invention to provide effective seen
      defiberizing surfaces which comprise abrasive particles of selected grit
      size mounted in relatively open patterns.
PAR  It is a further object of this invention to provide an abrasive surfaced
      cylinder with a relatively open pattern of selected grit size abrasive
      particles and having a similar diameter and face length to the effective
      cylindrical measurements of the gin saw set which it replaces in a
      conventional cottonseed delinter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of this invention will become apparent as the
      description thereof proceeds in accordance with, and as illustrated by,
      the accompanying drawings. In the drawings like numbers refer to like
      components and a preferred embodiment of the present abrasive seed
      defiberizing surfaces, adapted to a conventional cottonseed delinter, is
      illustrated.
PAR  FIG. 1 is a side view of a widely used conventional cottonseed delinting
      machine with the present abrasive seed defibering cylinder mounted therein
      to illustrate the various components of such delinting machines in
      operational juxtaposition together with modifications in such machine to
      accommodate the present abrasive delinting cylinder.
PAR  FIG. 2 is a partial enlarged side view of the delinting machine illustrated
      in FIG. 1, which partial enlarged view further illustrates the operational
      placement of the present abrasive delinting cylinder together with
      modifications in the delinting machine required to realize its full
      advantages;
PAR  FIG. 3 is an enlarged plan view of a section of the abrasive seed
      defiberizing surface of the present invention, which view shows the
      placement of the abrasive grit particles in adhesively mounted
      relationship in the abrasive surface; and
PAR  FIG. 4 is an enlarged cross-section of the abrasive seed defiberizing
      surface illustrated in FIG. 3 taken along the line 4--4 to illustrate the
      adhesive mounting of the abrasive particles on the abrasive seed
      defiberizing surface.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawings, there is illustrated, as an
      illustrative example of seed defiberizing equipment, a widely used and
      conventional cottonseed delinting machine 1 known as the "Carver"
      delinting machine. The Carver delinting machine is produced and sold by
      the Murray Carver Division of North American Rockwell, Dallas, Texas.
      Cottonseed delinting machine 1 is driven by belt and pulley drives, not a
      part of the present invention, from electric motor 2. In FIG. 1, the
      conventional gin saw set presently used in the industry or a seed
      defiberizing means is replaced as a seed defiberizing surface by abrasive
      seed defiberizing cylinder 3. Incoming raw cottonseed with lint thereon,
      entering the cottonseed delinting machine 1 at seed hopper 4, is directed
      to seed roll bin 5 over magnet board 7 for the removal of tramp iron and
      steel. The incoming fiber bearing seed, for example, raw cottonseed, is
      regulated in supply by ratchet and pawl seed feeding mechanism 8, as
      influenced by seed roll density regulator weight 9, to operate as a seed
      supply regulating means in forming seed roll 10. In seed roll bin 5,
      defined in part by breast 6 and acting as a means for confining seed in
      contact with a seed defiberizing means, the seed roll 10 is retained by
      seed roll seal strip 11 and agitated by the float vanes 13 of float 12 to
      maintain the seed roll 10 in a state of even agitation against the
      abrasive seed delinting cylinder face 14. In this seed roll 10, the
      abrasive grit particles 15, preferably tungsten carbide grit particles,
      adhered on abrasive seed delinting cylinder face 14 act upon the seed
      surfaces in a confined space to cut cotton linter fibers therefrom so that
      the defiberized or delinted seed is able to pass between seed seal strip
      16 and abrasive seed delinting cylinder face 14. Seed seal strip 16 is a
      straight bar, preferably of aluminum or bronze as are all such strips in
      spaced relationship with abrasive seed delinting cylinder face 14. Seed
      seal strip 16 is positioned in spaced relation to abrasive seed delinting
      cylinder face 14 to allow delinted seed clearance and passage. Abrasive
      seed defiberizing cylinder 3, for example a spider mounted cylinder of 11
      gauge steel, rotates in a clockwise direction such that seed is retained
      in seed roll 10 until delinted and then falls between abrasive seed
      delinting cylinder face 14 and seed seal strip 16. The delinted seed is
      deflected by gratefall seed seal strip 17 mounted on grate fall 18 and
      falls to a seed conveyor, not shown, for removal and storage.
PAR  The cotton linters cut from the seed is held on abrasive seed delinting
      cylinder face 14 and passes below seed roll seal strip 11 and around to
      brush 19. Brush 19 revolves against abrasive seed delinting cylinder face
      14 at a differential speed to remove or doff the cotton linter fibers
      which exit through lint discharge 20 after being doffed from brush 19 by
      tail board 21. In other delinter configurations brush 19 can be dispensed
      with, and separated cotton linter or cotton staple removal can be effected
      by air movement along.
PAR  Motes, consisting in part of heavier stalk, twig and cotton boll particles,
      are discharged thru motes discharge 22 as influenced by air flow adjusted
      by draft adjustment 23.
PAR  FIG. 2 illustrates an enlarged portion of FIG. 1 around abrasive seed
      defiberizing cylinder 3 for greater clarity in showing the positioning of
      seed seal strip 16, seed roll seal strip 11 gratefall seed seal strip 17
      and the contact of brush 19 to remove lint from abrasive seed delinting
      cylinder face 14. As stated above, certain surprising economies, including
      increased capacity, improved delinting, avoidance of lint or seed burning
      and operator safety have been achieved with the present abrasive seed
      defiberizing cylinder 3 whose abrasive form is further illustrated in FIG.
      3 illustrating an enlarged portion of abrasive seed delinting cylinder
      face 14.
PAR  FIG. 3 shows abrasive grit particles 15 on an enlarged portion of abrasive
      seed delinting cylinder face 14 as adhered to abrasive cylinder shell 25.
      The defiberizing nature and configuration of abrasive seed delinting
      cylinder face 14 and abrasive grit particles 15 adhered thereon on
      abrasive seed defibering cylinder 3 is essential in practice of the
      present invention.
PAR  Applicants have found that effective seed defiberizing can be achieved with
      abrasive grit particles 15 sized to U.S. Sieve Series numbers of about 12
      to about 40. It is preferred, however, in the delinting of cotton seed
      that abrasive grit particles 15 be sized to U.S. Sieve Series numbers of
      about 20 to about 24 for maximum lint removing efficiency. Although the
      abrasive particle density on abrasive seed delinting cylinder face 14 can
      be widely varied while avoiding cylinder diameter or out-of-round
      variations caused by piling up abrasive grit particles 15, applicants have
      found that the preferred densities are about 40 to about 80 abrasive grit
      particles 15 per square inch. This abrasive grit particles 15 spacing is,
      in part, governed by the desirability of having a full effective surface
      of abrasive points while maintaining an open non-glazing pattern. Such
      density and configuration of abrasive grit particles 15 achieves
      defiberizing efficiency by enabling close clearance setting in seed roll
      seal strip 11, seed seal strip 16 and gratefall seed seal strip 17. In
      using abrasive seed defiberizing cylinder 3 in delinting machines,
      applicants have discovered that a peripheral speed for abrasive seed
      defiberizing cylinder 3 of about 28,000 feet per minute is most
      satisfactory with abrasive seed defiberizing cylinder 3 having a diameter
      of 12 inches. This peripheral speed, i.e. speed of the abrasive seed
      defiberizing surface relative to the fiber bearing seed, can be varied
      quite widely, between about 20,000 feet per minute and 35,000 feet per
      minute and would vary with seeds other than cottonseed.
PAR  As stated above, applicants' prefer a spacing of about 40 to 80 abrasive
      grit particles 15 per square inch because particle spacings of lesser
      dimension, i.e. more particles per square inch tend to result in piling up
      abrasive grit particles 15 during application thereof on the abrasive
      cylinder shell 25 together with the sinterable metal bonding material. Any
      such piling up of abrasive grit particles 15 in sintered metal matrix 24
      contributes undesirable out-of-roundness to abrasive seed defiberizing
      cylinder 3 and makes it difficult to set the close seal tolerances
      involved in accepting or rejecting delinted seed and linters.
PAR  FIG. 4 illustrates an enlarged cross-section of a portion of abrasive seed
      delinting cylinder face 14 taken thru line 4--4 of FIG. 3 and illustrating
      the adherence of abrasive grit particles 15 to abrasive cylinder shell 25
      by sintered metal matrix 24. The nature of sintered metal matrix 24 with
      regard to holding abrasive grit particles 15 in place on abrasive seed
      delinting cylinder face 14, as partial embedment with exposed cutting
      points and edges, is seen in FIG. 4. Applicants have used a variety of
      sinterable metal materials to effect bonding of the abrasive grit
      particles 15 with abrasive cylinder shell 25. Effective sinterable bonding
      materials include metals such as copper, nickel, and chrome. Boron
      containing ceramet material has also been found as a sintered metal matrix
      to adhere abrasive grit particles 15 to a seed contacting surface. Of
      these materials, a nickel matrix having a Rockwell C hardness of about 58
      is considered ideal for the combination purposes of wearing sufficiently
      to successively expose the cutting edges and points of abrasive grit
      particles 15 and to resist erosion and wear in seed defiberizing use.
PAR  Such sintered metal matrices containing abrasive grit particles 15,
      preferably tungsten carbide grit, can be supplied and applied to seed
      defiberizing surfaces, including abrasive seed delinting cylinder face 14
      by suppliers dealing in wear resistant metallic and metal abrasive
      coatings such as Permanence Corporation of Detroit, Michigan; Functional
      Products Company (Division of Burgess-Norton Manufacturing Company),
      Geneva, Illinois and Boride Wear Coatings, Inc. (Subsidiary of Piper
      Industries), Collierville, Tennessee.
PAR  Placement of the abrasive grit particles 15 can, preferably, be
      accomplished by spraying abrasive cylinder shell or other seed defibering
      surface with a slurry containing abrasive grit particles 15, flux and
      sinterable metal powders. After spraying the deposited materials are
      subjected to sintering temperatures. Sinterable metal paste placement and
      wear coat welding techniques can also be employed to effect a suitable
      adherence of abrasive grit particles 15. After sintering abrasive grit
      particles 15 on abrasive seed delinting cylinder face 14, abrasive seed
      defiberizing cylinder 3 can be improved in concentricity by passage thru a
      ring die after heating to annealing temperatures.
PAR  It is to be understood that the described usage of an abrasive seed
      defiberizing surface, as adapted to use in a conventional cottonseed
      delinting machine, is only exemplary and is not limiting with regard to
      the use of such abrasive seed defiberizing surfaces in other equipment as
      will be obvious to those skilled in the art.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. In a seed delinter comprising a seed bin comprising a seed roll seal
      strip and a seed seal strip, means for regulating a supply of lint bearing
      seeds in said bin, a defiberizing cylinder having a delinting face on a
      radially outwardly facing cylindrical surface, means for agitating said
      supply and for confining seeds in contact with said delinting face, and
      means for rotating said cylinder so that said delinting face moves
      sufficiently fast relative to said seeds to substantially delint said
      seeds, the improvement wherein:
PA1  said delinting face comprises an open pattern of unpiled abrasive particles
      which particles are adhered in spaced relation to said radially outwardly
      facing cylindrical surface of said defiberizing cylinder, said open
      pattern comprising from about forty to about eighty said abrasive
      particles per square inch to the seed contacting surface, which abrasive
      grit particles are in the size range of U.S. Sieve Series numbers of from
      about twelve to about forty;
PA1  said seed roll seal strip is disposed in non-contacting relation with said
      delinting face and is spaced sufficiently close to said delinting face to
      substantially obviate seeds passing therebetween; and
PA1  said seed seal strip is spaced sufficiently close to said delinting face to
      substantially obviate the passage of lint bearing seeds therebetween yet
      is spaced sufficiently far from said face to freely pass substantially
      delinted seeds therebetween.
NUM  2.
PAR  2. The seed delinter of claim 1 wherein said delinting face comprises an
      unpiled, open pattern of about sixty abrasive particles of tungsten
      carbide per square inch, which abrasive particles are sized to U.S. Sieve
      Series numbers from about twenty to about twenty-four and are adhered to
      said cylindrical surface by and partially inbedded in a sintered metal
      matrix.
NUM  3.
PAR  3. The seed delinter of claim 2 wherein said sintered metal matrix
      comprises nickel having a Rockwell C hardness of about 58 whereby said
      matrix will resist erosion yet wear sufficiently fast with respect to the
      rate of wear of said abrasive particles to assure continuous partial
      exposure of said abrasive particles.
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ABST
PAL  A fluff pad for an absorbent product such as a diaper, sanitary napkin or
      the like is formed by superposing two layers of fluff top-to-top. The
      layers are formed separately but simultaneously on conveyor wires. The
      non-wire side of a layer is the "top". Each layer is scarffed and
      debulked. One layer is removed from its wire by suction and placed with
      its wire side engaging a wrap sheet traveling beneath the wire on which
      the second fluff layer is formed. The second layer is removed from its
      wire by applying suction from beneath, through the wrap sheet and first
      layer to deposit the second layer on the first in inverted relation. An
      additional dispersion sheet may be added between the fluff layers, if
      desired.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  Disposable absorbent products, particularly disposable diapers, have come
      into widespread usage. Such products conventionally have an absorbent or
      "fluff" layer sandwiched between a liquid impervious sheet (such as
      polyethylene) and a moisture pervious sheet (such as a non-woven
      cellulosic material). Methods and machines have been developed to produce
      these products at relatively good speeds. However, a limitation on speed
      increase has resided in the formation of the fluff layer. Many machines
      used for this purpose have employed a fluff forming drum, i.e., a
      cylindrical device of the general nature seen in U.S. Pat. No. 3,599,293.
      In such a system shredded cellulosic material is delivered under pressure
      into the interior of the drum and blown radially outwardly against a
      conveyor wire traveling about the periphery of the drum. The pressure
      causes a very dusty operation.
PAR  Through the practice of the invention, I have not only avoided the
      drawbacks of the prior art drum type of fluff former but at the same time
      have provided a fluff component for an absorbent product which has
      superior functional characteristics. According to the present invention,
      two layers of fluff are suction-formed simultaneously on wires advancing
      along inclined paths relative to their respective fluff housings. Herein,
      I use the term "wire" in the paper-making sense, having to do with a
      screen or foraminous type belt such as is found on a paper machine and
      called a Fourdrinier wire.
PAR  After the layers are formed, they are scarffed to a predetermined height
      and de-bulked. One fluff layer is removed from its wire under suction, and
      its bottom or "wire side" is brought into contact with a traveling wrap
      sheet. The wrap sheet and first fluff layer are then moved beneath the
      second fluff layer which is superposed on the first fluff layer with its
      top side contacting the top side of the first layer. This results in the
      wire sides of each layer being disposed outwardly of the combined layers;
      and the wire side of a fluff layer being denser, the resulting article has
      better dispersing qualities for body fluids. Further, the fine dust on the
      wire side is sucked out through the wire. Thus, the sandwich, or dual
      layer fluff component with the wire side disposed outwardly has the
      remaining dust trapped inside where it does not affect end use. Speed of
      operation is enhanced because forming a layer of one-half thickness takes
      much less time than forming a single layer of the desired thickness.
PAR  Persons skilled in the art will appreciate other features and advantages of
      the invention from the following detailed description, accompanied by the
      drawing.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a side elevational view, partially broken away, of a portion of a
      diaper-making machine which includes a fluff-forming section incorporating
      the present invention, portions of the fluff-forming section being
      represented schematically;
PAR  FIG. 2 is an end view of the fluff-forming section of the diaper machine of
      FIG. 1;
PAR  FIG. 3 is a fragmentary perspective view of the left-side fluff-forming
      section for making the first or lower fluff layer;
PAR  FIG. 4 is a fragmentary perspective view of the fluff-forming section for
      the right side or upper layer;
PAR  FIG. 5 is a diagrammatic view of the output end of a fluff-forming section
      showing scarfing and debulking of a fluff layer;
PAR  FIG. 6 is a fragmentary perspective view showing the vacuum removal of the
      second or upper fluff layer;
PAR  FIG. 7 is a fragmentary elevational view of a scarfing roll used in the
      invention;
PAR  FIG. 8 is a cross section of the roll of FIG. 7, taken through the sight
      line 8--8; and
PAR  FIG. 9 is a close-up view of a peripheral portion of the scarfing roll of
      FIGS. 7 and 8, taken through the sight line 9--9 of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, reference numeral 10 (applied in the lower
      right-hand portion) designates generally a frame. It will be appreciated
      that the overall diaper-making machine may be several hundred feet in
      length and the part illustrated in FIG. 1 can occupy two stories. For
      example, the numeral 11 designates the floor while the numeral 12
      designates a second level, viz., a catwalk complete with railing 13.
      However, only that portion of the overall machine relating to forming the
      double-layer fluff pad is disclosed herein since conventional machines may
      be used to complete the product by applying the non-woven, applying
      adhesive, cutting, etc. The present invention may be fully understood
      without such subsequent operations, and it may be used in any number of
      end products, each employing its own processes for forming the end
      product-- thus, the present invention relates to the fluff pad and its
      formation and is independent of the configuration of the resultant article
      in which it is used, although its advantageous characteristics will be
      retained.
PAR  In general operation, a parent roll 14 (see the upper left-hand corner of
      FIG. 1) delivers a web of pulp or other fluff-forming material to a first
      hammermill 15. The hammermill 15 takes the pulp web and shreds it, as is
      shown, and delivers it downwardly through a plenum or box 17 onto an
      endless wire 18 traveling in the direction of arrows A. Suction is applied
      beneath the downwardly inclined run 18a of wire 18 as it passes beneath
      plenum 17 by means of a suction box 19, resulting in a first fluff layer
      20 deposited on wire 18. The suction box 19 (shown in cross section) is
      coupled by means of a conduit 21 to the inlet of a blower 16 which creates
      the vacuum. The blower 16 forces any material passing through wire 18 into
      filters or air cleaners (not shown) via conduit 16a. As the fluff mat or
      pad exits from beneath the plenum 17 carried by the belt 18, it is
      scarffed by means of a roll 50 housed within a chamber 51. Scarfing brings
      the pad to a predetermined height which is uniform across its width. As
      the fluff mat exits the housing 51, it is debulked (that is, pressed) by
      means of a roll 52. There results a continuous fluff mat or web indicated
      by the heavy line 20 carried by the wire 18. The apparatus just disclosed,
      except for the parent rolls, is enclosed within a structure, schematically
      shown at S, for sound insulation and humidity control. Best results are
      obtained in the finished product if the relative humidity is kept at
      approximately 70 per cent.
PAR  Thus far, reference has been made only to the left side of FIG. 1 which
      constitutes one side of the fluff-forming unit. It will be appreciated
      that a substantially identical arrangement is provided on the right-hand
      side. The corresponding parent roll of pulp has been omitted for clarity.
      The right-hand unit includes a hammermill 15' feeding a plenum 17'
      delivering fluff elements to a second endless wire 18' traveling in the
      direction of arrows B. The wire 18' has its associated suction box 19'
      coupled to the inlet of a second blower 16' through a conduit 21'. As the
      second fluff mat exits the plenum 17', it, too, is subjected to scarfing
      by a roll 50' located within a housing 51'; and after the mat exits the
      housing 51' is debulked by means of a roll 52' thereby resulting in a
      continuous mat of uniform height, designated 20'.
PAR  Each hammermill is driven by its own motor. FIG. 2 shows hammermill 15
      driven by a motor 42. A variable speed system 43 from the main drive, not
      shown, drives draw rolls 46 and 46' to feed the pulp into the hammermills.
PAR  The dashed outline 44 represents the position of an 18" wide parent roll of
      pulp which is suitably journaled on shaft 45 as part of an unwind stand
      47. (See also upper left-hand corner of FIG. 1.)
PAR  The first fluff layer 20 (FIG. 1) travels with the wire 18 about a driven
      roll 55 and along a bottom run 18b a short distance, and it is then
      removed from the belt 18 by a vacuum roll 56 which is coupled by means of
      a conduit 57 to the inlet of the blower 16 to create suction. The vacuum
      roll 56 is of the type having an apertured rotating cylinder to which
      vacuum is applied only over a preselected angular portion. Such cylinders
      are well-known in the art, and in the present invention, the vacuum
      section is defined by a first blocking plate extending axially of the
      cylinder and located at the uppermost position indicated by reference
      numeral 60. The vacuum is released at approximately the location indicated
      by a reference numeral 61 where the mat 20 is deposited on a traveling
      wrap sheet or carrier web designated 22.
PAR  The wrap sheet 22 and the first mat 20 then pass beneath the lower run 18c
      of the right side wire 18'. It will be observed that the right side fluff
      mat 20' is moved around a roll 61 so that it is inverted. Thus, the "top"
      of the mat 20' engages the "top" of the mat 20; and the wrap sheet 22,
      lower mat 20, and upper, inverted mat 20' travel in engagement toward the
      right side of the drawing over a vacuum station generally designated by
      reference numeral 62.
PAR  At the station 62, vacuum is applied through the bottom of the wrap sheet
      22 and the fluff layer 20 to remove the upper fluff layer 20' from the
      belt 18', thereby forming a double-layer fluff mat with the "wire sides"
      or "bottoms" of the individual layers facing outwardly, one of them being
      supported on a wrap sheet for subsequent processing. Toward this end, the
      wrap sheet 22 is supported on a conveyor generally designated 23 toward
      the lower right-hand portion of FIG. 1.
PAC  DESCRIPTION OF STRUCTURE
PAR  Referring now particularly to the left side of FIG. 1 in the apparatus for
      forming the first fluff layer 20, it will be observed that the suction box
      19 has a generally triangular shape in side section, including a generally
      L-shaped lower wall 24. It also includes a perforated inclined wall (not
      shown) for supporting the wire 18 and connected between the distal ends of
      the L-shaped housing 24. It will be observed that the angle of inclination
      of the inner section between the plenum 17 and the suction box 19 which
      defines the upper run 18a of the belt 18 is inclined downwardly at
      approximately a 45.degree. angle. This has been found advantageous in that
      for a given width of plenum 17, the distance over which the fluff is
      deposited on the wire 18 is greater than if the wire were horizontal, yet
      gravity is used, together with the vacuum, in depositing the fluff (which
      would not occur if the belt were vertical). It will be observed that a
      similar diagonal run is included between the right side plenum 17' and the
      right suction box 19'.
PAR  The wire 18 is entrained about the driven roll 55 together with three idler
      rolls designated respectively 27, 28 and 29.
PAR  Turning now to FIGS. 3 and 5, the upper, inclined, perforated wall of the
      suction box is designated 25, only the peripheral, non-perforated portion
      being seen. It will be seen that the suction box 19 also includes
      enclosing side walls, one of which is seen in FIG. 3 and designated 26.
      The width of the perforated area on the wire support wall 25 defines the
      final width of the fluff layers being formed; and one of the resulting
      advantages is the facility with which the width of the product may be
      varied.
PAR  As best seen in FIG. 5, the plenum 17 includes a forward wall 17a, the
      lower portion of which terminates at a fixed distance above the web 18 to
      form a mouth or exit aperture 30. The scarfing roll 50 is driven in a
      direction of rotation that is clockwise so that the scarfing surface is
      moving counter to the movement of the fluff mat as it exits from the mouth
      30. The material that is taken off the top of the fluff mat by the
      scarfing roll 50 is mixed with air forced in through apertures 65 on the
      housing 51 and coupled back into the hammermill 15.
PAR  As seen in FIG. 3, a shaft 50a which carries the scarfing roll 50 is
      journaled in a plate 66 which is adjustably mounted to the side wall 26 by
      means of an elongated slot 67. A similar arrangement on the other side
      permits adjustment of a scarfing roll relative to the wire 18 so as to
      adjust the height or thickness of the fluff layer being formed.
PAR  Immediately downstream of the vacuum hosuing 51 is the debulking roll 52
      which is rotatably mounted on a frame 69 which, in turn, is mounted on a
      pair of arms, one of which is shown at 70 and held in place by friction.
      The weight of the roll 52 together with its friction mounting causes the
      compression and debulking of the moving fluff mat.
PAR  A similar arrangement for the right side scarfing vacuum housing 51'
      (including apertures 65') and debulking roll 52' is seen in FIG. 4 from
      left perspective. As seen there, the wrap sheet 22 travels over a
      stationary rod support 70 which is spaced slightly from the driven roll 61
      such that the top of the lower fluff layer 20 is brought into contact with
      the similar top side (now inverted) of the upper fluff layer 20'. The two
      fluff layers, in superposed relation, together with the wrap sheet 22,
      then move to the second vacuum removal station 62, as seen in FIG. 6. The
      conveyor 23 is trained about an idler roll 72 journaled in a frame 73. The
      frame 73 also carries a box 76 having an upper perforated cover 76a over
      which the upper run of the conveyor 23 passes, contacting it. Vacuum is
      applied to the box 76 by means of a conduit 77 coupled back to the blower
      16'. Thus, vacuum is applied through the conveyor 23, the wrap sheet 22,
      and the lower fluff layer 20 to remove the upper fluff layer 20' from the
      wire 18'. The use of vacuum to remove the fluff mats from their associated
      forming wires has been found quite effective, although equivalent means
      may equally well be employed. Further, depending upon the coarseness of
      the fluff and the mesh sides of the forming wires, it may be possible to
      eliminate all mechanical assistance for removing the fluff mats from their
      forming wires.
PAR  Turning now to FIGS. 7-9, the scarfing roll 50 (which is identical to the
      scarfing roll 50') is shown in greater detail as including a cylindrical
      central portion 80 into which is formed two helical grooves, one of which
      is shown at FIG. 9 in cross section. A flat wire 82 having a serrated or
      saw-tooth scarfing edge 83 is peened into each of the spiral grooves,
      thereby forming a double lead scarfing roll with overlapping of the
      individual helical wires. The scarfing roll is preferably of hollow
      construction and as light a weight as possible so that the cylindrical
      portion 80 is supported only at the ends.
PAR  In the operation of the invention, air is drawn by the blowers 16 and 16'
      respectively into the hammermills 15 and 15', thereby creating a downflow
      of shredded pulp or like cellulosic material within the plenums 17 and
      17'. The fluff fibers or particles are intercepted by the wires 18 and
      18', the impingement being amplified by the suction applied to the
      underside of the upper run of each wire 18 and 18' by the respective
      suction boxes 19 and 19'. Since the most dense uniform surface of a fluff
      layer is formed next to the wire, the dual system here presented produces
      a superior fluff sandwich, i.e., one with the wire sides disposed
      outwardly, i.e., top and bottom. As pointed out previously, this reduces
      the amount of objectionable fine dust on the surface and enhances the
      product by having a high dispersion surface on both sides of the product.
      The remaining dust is trapped interiorily of the two layers 20 and 20'.
PAR  Also through the invention, speed is increased because the time of forming
      a half thickness fluff layer is less than forming the full thickness
      layer. The convergent paths of travel of the wires 18 and 18' during the
      time of fluff formation is helpful in increasing the speed potentials.
      Arranging the angles of travel at about 45.degree. as shown, the forming
      distance is increased over 40 per cent--as contrasted to formation in a
      plane parallel with the path of travel of the carrier web 22. Further, the
      invention has the advantage that one fluff mat may be of a different base
      material than the other and the second fluff mat may be narrower than the
      other if deemed advantageous. Still further a dispersion sheet
      (schmeatically represented by D in the center of FIG. 1) may be added
      between the two mats.
PAR  A wide range of materials may be used in the present invention,
      particularly in the pulp materis. For example, pulp materials of
      Weyerhauser designated NBF and SAD are equally well employed, depending
      upon the desired characteristics of the end product. One of the features
      of the present invention is the broad range of pulp materials with which
      it may be used.
PAR  If it is desired to increase the thickness of the fluff layers, the height
      of the scarfing roll and debulking roll are adjusted and the feed rate of
      the pulp is increased by varying the drive 43. If very thick pads are
      desired, the pulp webs may be fed at double thickness.
PAR  The forming wires 18 and 18', as mentioned, are of construction similar to
      conventional Fourdrinier wire. For example, although the invention is not
      so limited, a plastic monofilament wire having a No. 44 mesh, that is, 44
      wires of seven-mil monofilament per inch may be used, although metallic
      wires may also be used.
PAR  The wrap sheet may be any air pervious material; and this is considered
      another important feature of the present invention--namely that the
      porosity of the wrap sheet need not be critically controlled because the
      fluff mat is not formed on the wrap sheet, but on the forming wire. In
      some previous machines, where the fluff mat is formed directly on a wrap
      sheet or carrier web which goes into the product, the porosity of the
      carrier web had to be controlled rather closely, thereby adding to the
      expense of the end product. The present invention, by forming the fluff
      mat on a forming wire and then depositing it on a wrap sheet, as seen in
      FIG. 3, avoids this problem yet has the advantages of the dispersion
      properties of a wrap sheet together with the stability that it adds in
      subsequent product processing. The fluff may be 20 to 30 grams per square
      foot in the two-layer finished mat--that is, 10 to 15 grams per square
      foot per layer.
PAR  The dispersion properties of the finished product mentioned above, are also
      enhanced by having the "wire side" of each fluff layer forming the outer
      surfaces of the combined double-layer fluff mat. In the wire sides of each
      fluff layer, the fibers tend to be more closely interlocked mechanically
      and provide a denser surface, free of dust, which provides a greater
      wicking, and thence lateral dispersion characteristic.
PAR  Having thus described in detail one embodiment of a system and method for
      forming a double-layer fluff mat, persons skilled in the art will be able
      to modify certain of the steps which have been disclosed and to substitute
      equivalent elements for those illustrated while continuing to practice the
      principle of the invention, and it is, therefore, intended that all such
      modifications and substitutions be covered as they are embraced within the
      spirit and scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of forming fluff for an absorbent product, the steps of
      simultaneously advancing first and second continuous wires respectively
      along first and second paths, each path providing a fluff-forming section
      therealong, said fluff-forming sections being inclined relative to the
      horizontal; depositing fluff downwardly onto the top of each of said wires
      adjacent said fluff-forming sections while creating a vacuum beneath said
      wires adjacent said fluff-forming section, thereby to form first and
      second continuous layers of fluff respectively on the top of said first
      and second wires; removing said first layer of fluff from said first wire
      and continuously depositing it on an advancing wrap sheet with the wire
      side of said first fluff layer contacting said wrap sheet; then bringing
      said first fluff layer adjacent said second fluff layer while the latter
      is still on its forming wire with the wire sides of said respective fluff
      layers facing outwardly; and then applying a vacuum through said wrap
      sheet and said first fluff layers to remove said second fluff layer from
      its associated forming wire at a location remote from the fluff-forming
      section of said second wire.
NUM  2.
PAR  2. The method of claim 1 wherein said fluff-forming sections are angularly
      disposed at angles of about 45.degree. with the horizontal and converge
      toward each other.
NUM  3.
PAR  3. The method of claim 1 wherein said step of removing said first layer
      from said first wire comprises applying a vacuum to the top side of said
      fluff layer after forming to remove the same from its associated wire.
NUM  4.
PAR  4. The method of claim 1 further comprising the steps of scarfing each of
      said layers as it exits from its associated forming section; and
      thereafter debulking each of said layers.
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ABST
PAL  An inexpensive thermoplastic member for hanging sausage casings and a
      method of clipping the same to such casings.
PAL  The hanging member is a compact one piece device comprising a stem,
      anchorage means positioned generally along one posterior end thereof and
      adapted to anchor the stem to the casing and a generally circular loop
      opposite thereto for hanging or looping the casing during sausage
      processing operations.
PAL  The hanging member is attached to the sausage casing by clipping a metal
      fastener about the casing and stem intermediate the anchorage means and
      loop.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to processing of sausage and more particularly to
      improvements in methods and apparatus for hanging sausage casings during
      processing and handling stages.
PAR  2. Description of Prior Art
PAR  The processing of link sausage generally requires hanging, draping or
      looping of links about a hook or rack device during smoking and other
      preparatory stages of processing.
PAR  A typical method of hanging sausage links involves the use of string or
      other similar type devices fastened about the converged casing section
      intermediate two links. Practice involves manually tying the string
      thereabout and thereafter subjecting such string and sausage links to
      further processing which renders the string extremely wet. This method is
      disadvantageous in that much manual labor is required to tie these devices
      about the casing and much dexterity is required on the part of the
      processor to hook or loop the wet string onto a hanger receiving device or
      about a rack for further preparatory processing as wet string loses its
      integrity and becomes soppy and unmanageable, and hence, hinders and
      interrupts the smooth flow of links during processing. Moreover, existing
      hanging members are conducive to cause contamination of the product.
      Cotton, for example, sometimes becomes moldy and fosters other forms of
      contamination. Furthermore, such members oftentimes lose strength or
      unravel and consequently drop the hung sausage links onto the processing
      areas. For example, links dropped in the smokehouse may burn up on the
      grates therebelow or become contaminated or incur "burn" marks thereon
      necessitating the product be scrapped. Product that is salvageable
      naturally costs more to manufacture due to reprocessing costs.
PAC  SUMMARY OF THE INVENTION
PAR  The general object of the present invention is to provide an improved
      method and apparatus for hanging sausage links which circumvents the
      problems heretofore noted.
PAR  More specifically, it is an object to provide an improved method and
      apparatus for hanging sausage links which is capable of manufacture at low
      cost, is of a one piece construction and so designed to be readily and
      easily attached in mass production operation and yet yield reliable
      performance after much handling and abuse during the sausage processing
      operations.
PAR  It is a specific object of the present invention to provide an improved
      method of rigidly attaching a hanger member to a sausage casing which
      prevents detachment therebetween.
PAR  An additional object of the present invention is to provide a hanger member
      which retains stability during sausage processing operations to facilitate
      handling thereof and which will not lose its strength, become unraveled or
      promote contamination of product.
PAR  Another object of the present invention is to provide a hanger member which
      is so constructed that its application to associated sausage casings
      requires no alteration to the design, shape or construction of existing
      casings.
PAR  A further object of the present invention is to provide a hanger member
      which lends itself to reuse or recyling.
PAR  These and other objects and advantages of the invention will become
      apparent in the following specification and claims when read in
      conjunction with the following drawings.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In describing the present invention, references will be made to the
      accompanying drawings forming a part of the instant invention wherein:
PAR  FIG. 1 is a plan view of the one piece hanger member constructed in
      accordance with the instant invention.
PAR  FIG. 2 is a fragmented plan view illustrating a method of rigidly attaching
      the hanger member of FIG. 1 to the shank or converged section of a casing
      between sausage links.
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2 of the
      mechanical fastener, hanger member and sausage casing.
PAR  FIG. 4 is a perspective view of a smokehouse, broken away, illustrating the
      use of the hanger member of the instant invention to hang a plurality of
      sausage links above the open grating in the smokehouse.
PAR  FIG. 5 is a plan view of an alternate embodiment of the hanger member of
      the instant invention.
PAR  FIG. 6 is a plan view illustrating a method of rigidly attaching the hanger
      member of FIG. 5 to the shank portion of the casing.
PAR  FIG. 7 is a plan view of a second alternate embodiment of the hanger member
      of the instant invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIGS. 1 and 2 of the drawings, there is shown a hanger member
      indicated generally at 10 having a stem 12 on which a pair of anchorage
      means or loops 14 are suspended and a plurality of spaced nubs or stops 16
      on stem 12 constructed in accordance with the instant invention.
PAR  Hanger member 10 is preferably constructed of a thermoplastic recyclable
      material such as nylon or a thermoset material having flexible
      characteristics to facilitate attachment by clips 18 to a sausage casing
      20 as shown in FIGS. 2 and 3 and yet having sufficient strength to avoid
      failure, and consequent dropping of sausage, during processing operations.
      In practice, hanger member 10 is fastened at approximately every 18th
      sausage link and is sheared at section A--A shown in FIG. 2 along with the
      casing resulting in sausage strings of nine which are thereafter hung by
      their respective loop 14 about hook 22 in a smokehouse as shown in FIG. 4.
      Consequently it is readily apparent that the utilization of member 10 with
      its dual loop feature permits hanger fastening at every other fastening
      point normally required by existing hanging methods thereby resulting in
      cost savings to the processor. It is to be noted that ceiling heights of
      smokehouses and other processing areas limit string length to
      approximately nine sausage links and that member 10 is designed to handle
      strings much in excess of nine referred to hereinbefore.
PAR  Hanger member 10 is preferably circular in cross-section or may be of
      square or rectangular configuration. Member 10 can be manufactured in a
      multicavity die of an injection molding process which yields a generally
      circular cross-section as indicated at 24 in FIG. 3. Member 10 may also be
      produced from flat stock material which is die cut or sheared to the
      configuration shown in FIG. 1, hence yielding a square or rectangular
      cross-section much like that commonly utilized to secure six packs of
      beverages. It is insignificant if the periferal edges obtained in either
      method are irregular as the uses intended for member 10 do not require
      precision fit or appearance.
PAR  Stem 12 should be sufficiently pliable to readily permit positioning
      thereof immediately adjacent the shank portion 26 of casing 20 for
      clipping thereto by clips 18 as shown in FIGS. 2 and 3. Clips 18 are
      oriented relative to stem 12 between a pair of nubs 16 so that upon
      completion of clipping, end portions 28 of clips 18 are bent to the
      underside of stem 12 and casing 20 as shown in FIG. 3. This ensures that
      clip 18 will rest securely against stem 12 thus minimizing the risk of nub
      16 pulling therepast and releasing the string of sausages onto the grates
      or floors of the processing areas where they may be destroyed,
      contaminated or otherwise rendered unsaleable.
PAR  It is to be recognized that the preferred form of the invention utilizes an
      excess number of nubs 16 over that actually required for clipping. The
      presence of additional nubs permits ready attachment of member 10 to
      sausage casings during high speed line operations wherein member 10 is
      automatically fed and fastened to a rapidly moving line of sausage links.
      The extra nubs eliminate the need for precise longitudinal positioning and
      alignment of member 10 relative to shank portion 26. Extra nubs may also
      function as secondary stop means where clip 18 is fastened further up stem
      12 at a point closer to loop 14 as shown in FIG. 6 thereby preventing
      complete detachment from the sausage string upon failure of a nub. In this
      regard nubs 16 are formed to bias clips 18 inwardly for resting on stem 12
      during the clipping operation.
PAR  An alternate embodiment of hanger member 10 is designated as 30 in FIG. 5
      which utilizes like reference characters for like parts hereinbefore
      described. As can be readily recognized, member 30 is identical to either
      end portion of member 10 by visualizing portion 32 in FIG. 1 as being
      removed. Member 30 is produced by use of an insert in the die cavity
      during the injection molding process, or by shearing member 10. Member 30
      is used primarily for hanging individual open-ended empty sausage casings
      which are first secured to hanger members 30 for reasons of economy prior
      to filling as shown in FIG. 6. After the hanger member 30 is secured, the
      casing is filled and tied to seal in the sausage contents and finally hung
      by loop 14 in the processing areas.
PAR  It is to be noted that member 30 may also be utilized to hang strings of
      sausage links however it use would require twice as many fastening points
      as that for member 10 in high speed mass production operation.
PAR  A second alternate embodiment of hanger member 10 is designated as 40 and
      shown in FIG. 7 which utilizes like reference characters for like parts
      hereinbefore described. Member 40 is identical to member 30 with the
      exception of nubs 16 which are deleted and replaced with a generally
      circular nub 42 which performs the stop function.
PAR  Thus it will be apparent to those skilled in the art that the present
      invention provides a substantial improvement over prior art devices in
      that its unique arrangement and interaction of component features lend
      itself to economies of manufacture and substantial savings to sausage
      processing operations. Moreover the hanging member may be readily reused
      over and over again by simply removing it from the casin upon completion
      of processing and sterilizing it before reuse.
PAR  While the hanging member hereinbefore described is effectively adapted to
      fulfill the objects stated, it is to be understood that the invention is
      not intended to be confined to the particular preferred embodiment
      disclosed or for use solely with the type casing shown inasmuch as it is
      adaptable for use with other casings utilized for filling many other types
      of products and is susceptible of various modifications without departing
      from the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flexible hanger member adapted to be attached by clip means to a
      casing for a plurality of link type product to permit hanging thereof
      during processing operation, the member comprising:
PA1  resilient stem means adapated to receive the clip means for attaching said
      member to the casing;
PA1  resilient loop means positioned generally adjacent each end of said stem
      means to facilitate hanging the product from either of said loop means;
      and
PA1  anchorage means positioned on said stem means generally intermediate said
      loop means to prevent slippage along and detachment of said stem means
      from the casing and clip means once it is fastened thereto, said anchorage
      means comprising a plurality of spaced nubs integrally formed along said
      stem means.
NUM  2.
PAR  2. A hanger member according to claim 1 wherein said member is a one piece
      thermoplastic molding.
NUM  3.
PAR  3. A hanger member according to claim 1 wherein said member is a one piece
      die cut member.
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ABST
PAL  A binder of a plastic material is disclosed which comprises a slender shaft
      with a suitable thickness and a plurality of disc-shaped flanges disposed
      at fixed intervals in the longitudinal direction of the said shaft.
      Articles given to be fastened are bundled or bound by winding this binder
      around the articles, crossing the loose remaining ends of the binder each
      other at right angles and pressing the corresponding pairs of adjacent
      flanges into entanglement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a flexible binder formed of a plastic material
      possessed of suitable elasticity such as nylon 6, polyethylene or
      polyproylene and used for binding given articles in the same manner as by
      use of a metallic wire.
PAR  It has heretofore been practiced to bind or bundle articles such as bars
      and wires with a metallic wire. In this practice, the loose remaining ends
      of the wire wound around the articles must be twisted around each other at
      least once and generally several times in order for the wire to be kept
      fast in that fastened state around the bound articles. And the work of
      twisting must be carried out with the aid of a tool unless the metallic
      wire to be used is one of a very small thickness. Otherwise the twisting
      cannot be accomplished successfully without hurting the inner surfaces of
      the thumb and the index finger.
PAR  An object of this invention is to provide a plastic binder which can be
      handled simply by fingers without the aid of any tool in producing the
      same state of fast binding as has heretofore been accomplished by means of
      a metallic wire.
PAC  SUMMARY OF THE INVENTION
PAR  To attain the object described above in accordance with the present
      invention, there is provided a binder which comprises a slender shaft and
      a plurality of flanges disposed at fixed intervals in the longitudinal
      direction of the said shaft, wherein the interval between each pair of
      adjacent flanges is slightly smaller than the flanges diameter. Given
      articles are bound by winding the binder of the construction described
      above around the articles, crossing the loose remaining ends of the binder
      each other at right angles and pushing two adjacent flanges at one of the
      said ends forcibly between the corresponding adjacent flanges at the other
      end. As the two pairs of flanges are pushed into each other, the intervals
      of the shaft between the corresponding pairs of adjacent flanges slightly
      expand and at the same time bend and get entangled with each other.
      Because of the bending in the said intervals of the shaft, the adjacent
      flanges at one end are inclined toward each other and consequently prevent
      the other pair of adjacent flanges from being disentangled. Thus, adjacent
      flanges at one end of the binder are retained entangled with the
      corresponding interval at the other end of the shaft.
PAR  By simple manipulation with fingers, the binder according to the present
      invention can bundle given articles as securely as can be accomplished by
      use of the conventional metallic wire.
PAR  Other objects and other features of the present invention will become
      apparent from the description to be given in further detail herein below
      with reference to the accompanying drawings.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWING
PAR  FIG. 1 is a partially enlarged explanatory diagram illustrating the binder
      according to the present invention in the state in which the binder is
      wound around given articles and fastened by having the loose ends thereof
      entangled.
PAR  FIG. 2 is an explanatory diagram illustrating the two loose ends of the
      binder according to this invention as they are poised on one over the
      other prior to mutual insertion.
PAR  FIG. 3 is an enlarged diagram showing the manner in which the end-to-end
      fastening of the binder according to this invention is completed.
PAR  FIG. 4 is an enlarged diagram showing the manner in which the end-to-end
      entanglement of the binder according to this invention is made.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to the drawings, the binder of this invention is so formed
      of a plastic material as to comprise a slender shaft 1 and a plurality of
      flanges 2 disposed at fixed intervals in the longitudinal direction of the
      said shaft. The interval L between each pair of adjacent flanges is
      slightly smaller than the diameter R of the flanges. The binder is wound
      around given articles. The loose remaining ends a and b of the binder are
      crossed each other at right angles and the intervals L and Lb between the
      corresponding pairs of adjacent flanges are confronted (FIG. 2). The two
      corresponding pairs of adjacent flanges 2a and 2a' and 2b and 2b' are
      forcibly pushed down toward the confronted intervals Lb and La, with the
      result that the two intervals of the shaft 1a and 1b slightly expand and
      bend in the shape of a bow and get entangled with each other. Because of
      the bending in the slender shaft, the adjacent flanges of each pair 2a and
      2a' or 2b and 2b'  are inclinded toward each other and consequently
      prevent the other pair of adjacent flanges from being disentangled. Thus,
      the adjacent flanges at one end of the binder are retained entangled with
      the corresponding interval at the other end of the shaft (FIG. 3). Because
      of this secure entanglement, the fastened state of the binder will not be
      impaired even when the loose ends a and b are pulled away in the opposite
      directions (indicated by the arrow marks A and B).
PAR  Actually when the intervals La and Lb and the loose ends a and b of the
      binder are crossed each other at right angles and the two pairs of
      adjacent flanges 2a and 2a' and 2b and 2b ' are forcibly pushed down
      towards the confronted intervals Lb and La, the two flanges 2a and 2a ' of
      the interval a or the two flanges of the other interval are inclined
      toward each other as illustrated in FIG. 4 so that the converged
      peripheries of the flanges are held up on one of the flanges 2b of the
      interval b and the diverged peripheries of the flanges rest astride the
      other flange 2b' of the same interval b. In this manner, the pairs of
      adjacent flanges are driven toward their confronted intervals Lb and La to
      complete a fastened state of FIG. 3.
PAR  Of course, by reversing the procedure described above, the fastened state
      can be cancelled with the same amount of force as required in
      accomplishing the engagement. The end-to-end fastening of the binder
      described above can simply be accomplished by crossing the loose remaining
      ends a and b of the binder wound around the objects, holding the two
      confronted intervals La and Lb between the inner surfaces of the thumb and
      the index finger and finally twisting them by about 90.degree.. The
      fastened state can be broken by holding the loose ends and twisting them
      by the same amount of angle in the opposite direction.
PAR  The force required for establishing or breaking the fastened state
      increases and the binding force similarly increases with the increasing
      difference between L and R. This difference has its own limitation,
      however, because if the interval is shortened below a certain level, then
      the two pairs of adjacent flanges can no longer enter their respective
      confronted intervals.
PAR  The binder of the present invention can be made of any plastic material
      such as nylon 6, polyethylene or polypropylene insofar as the material has
      suitable elasticity.
PAR  A typical example of the binder according to this invention will be cited.
      This binder is made of polypropylne in such a construction that the
      slender shaft 1 has a diameter R of 0.8 mm, the flanges 2 each measure 0.8
      mm in thickness and 3mm in diameter and the interval L between adjacent
      flanges is 2.1mm. Of course, these dimensions are solely illustrative.
      Products of various dimensions suited to intended applications may be
      obtained by suitably selecting the diameter R and the intervals L
      proportionately to the diameter of the slender shaft 1 and the thickness
      of the flanges 2 while taking into due consideration the expansibility of
      the slender shaft due to the elasticity of the plastic material used, the
      deformability of the flanges 2 and other similar factors.
PAR  In the actual fabrication of the binder, the first molding is to be
      performed so that in the produced mold, the shaft part has a larger
      diameter and the interval parts have a length about one quarter, for
      example, shorter than the corresponding parts which the final product is
      expected to possess. In the second molding, the first mold is drawn in
      such way that the slender shaft assumes the expected diameter and the
      intervals take up the expected length, giving rise to the final product.
      The fabrication of this method is advantageous in that the base 3 at which
      the slender shaft 1 joins each flange 2 is exposed to drawing to a lesser
      extent and, therefore, is finished in a conical shape to reinforce its
      connection with the flange, prevent the shaft from being torn while the
      shaft is bent along the joint with the flange and, at the same time,
      provide durability against repeated use of the binder.
PAR  When the binder of the present invention is used as for bundling a coil of
      electric wire, for example, the flanges on the inside of the looped
      portion of the binder wedge themselves into compact spaces occurring
      between adjacent surface coils of the bundled wire. Thus, the binder
      fastened around such coil has the effect of preventing the binder and the
      coil of electric wire from producing a relative rotary motion.
PAR  If one binder of the present invention fails to meet the purpose because of
      its limited length, then two or more binders can easily be joined to a
      required length by making the end-to-end fastening by following the
      procedure involved in bundling or binding given articles and the joined
      binders can be wound around the given articles in entirely the same way as
      described above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A plastic binder comprising a slender flexible shaft and a plurality of
      disc-shaped flanges substantially co-axially disposed at uniform fixed
      intervals in the longitudinal direction of the said slender shaft, wherein
      the interval between each pair of adjacent flanges is substantially thirty
      percent smaller than the diameter of the flanges and said shaft and an
      adjacent pair of disc-shaped flanges located at one end of said binder can
      be angularly disposed to accept a pair of angularly disposed disc-shaped
      flanges and the joining part of said shaft located at a substantial
      distance along said binder when said binder is bent into an encircling
      confronting position.
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ABST
PAL  A bundling strap specially constructed to be ultrasonically welded to form
      a locked loop about a plurality of articles to be bundled and a method for
      carrying out the welding. A central strap body is formed with at least one
      marginal strip joined to the central body portion along a marginal edge
      thereof, the marginal strip carrying an energy directing means to
      concentrate applied ultrasonic energy and produce a bond between such
      energy directing means and the overlying marginal strip. A method whereby
      the anvil remains outside of the strap loop permits the loop to be formed
      and the anvil to be easily later removed without affecting bundle tension.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention finds utility wherever articles are bundled together to make
      such articles easier to handle, use, ship or the like. In particular, the
      invention is useful in the bundling of individual conductors into cables
      of such conductors in order that harnesses of such conductors can be
      remotely fabricated and then moved to the installation site as is
      frequently done in the construction of aircraft and ships.
PAR  2. Description of the Prior Art
PAR  According to prior art techniques, the most common bundling straps have an
      apertured head at one end through which the tail end portion of the strap
      is passed along with a portion of the strap body until the desired tension
      is reached in the strap and bundle. Locking of the strap generally occurs
      by twisting the strap end beyond the head or by engaging a locking pawl
      with teeth in the strap body or the strap body directly. The result of
      either locking technique is to produce a projecting head which may be
      injurious to persons handling the bundles or the insulation of adjacent
      cables or equipment.
PAR  In an effort to diminish the potential problems caused by the projecting
      head of prior art straps, ultrasonic welding was resorted to. Such
      ultrasonic welding techniques requires an anvil to back up and support the
      articles to be welded and accordingly the anvil landed up inside the strap
      loop making it difficult to remove if high strap and bundle tension was
      required, and, more importantly, since it formed part of the bundle, its
      removal decreased the bundle tension. Attempts to omit the anvil result in
      the destruction of the insulation of conductors adjacent the ultrasonic
      weld.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the deficiencies noted above with respect
      to prior art bundling straps by providing a novel bundling strap useful
      with ultrasonic welding techniques which thereby eliminates the projecting
      heads of straps employing conventional locking techniques and a new
      arrangement of the welding components themselves whereby the drawbacks of
      present welding techniques are eliminated. To do this, a bundling strap is
      formed with a central body portion and at least one marginal strap
      attached to the central body portion at an obtuse, or right angle, thereto
      or as an extension of the central body portion if the same is formed along
      a curvilinear path. On the marginal strip interior or exterior surface,
      the one facing the articles to be bundled, is placed an energy directing
      means. This energy directing means will contact the opposite surface of
      the marginal strip as portions of the strap overlie one another when the
      strap ends are overlapped. The application of ultrasonic energy to the
      strap stack causes a joint to be formed at the energy directing means and
      the overlying marginal strips.
PAR  The method of welding employed positions the anvil outside of the bundle
      and in contact with one surface of the marginal strip, the horn of the
      ultrasonic energy generator contacting the top surface of the top member
      of the stack to create a bond or joint between the energy directing means
      and the overlying portions of the marginal strips. It is therefore an
      object of this invention to provide an improved bundling strap which can
      be joined by ultrasonic welding techniques.
PAR  It is another object of this invention to provide a bundling strap having
      one or more marginal strips to facilitate ultrasonic welding of the strap
      ends.
PAR  It is still another object of the invention to provide a bundling strip
      having one or more marginal strips, each marginal strip having energy
      directing means to facilitate ultrasonic welding of the strap ends.
PAR  It is yet another object of the invention to provide a method by which
      bundling strap ends can be ultrasonically welded without including any
      portion of the welding apparatus within the strap loop.
PAR  Other objects and features of the invention will be pointed out in the
      following description and claims and illustrated in the accompanying
      drawings, which disclose, by way of example, the principles of the
      invention, and the best modes which have been contemplated for carrying
      them out.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings in which similar elements are given similar reference
      characters:
PAR  FIG. 1 is a diagrammatic representation of the ultrasonic welding apparatus
      employed according to the method of the invention.
PAR  FIG. 2 is a front elevational view, in section, of a first embodiment of a
      bundling strap constructed in accordance with the concepts of the
      invention.
PAR  FIG. 3 is a side elevational view of the welded strap of FIG. 2.
PAR  FIG. 4 is a front elevational view, in section, of a further embodiment of
      a bundling strap constructed in accordance with the concepts of the
      invention.
PAR  FIG. 5 is a front elevational view, in section, of another embodiment of
      the invention.
PAR  FIG. 6 is a front elevational view, in section, of still another embodiment
      of the invention.
PAR  FIG. 7 is a side elevational view of yet another embodiment of the
      invention.
PAR  FIG. 7a is a sectional view of the strap of FIG. 7 taken along the lines
      7a--7a.
PAR  FIG. 8 is a front elevational view, in section, of yet another embodiment
      of the invention.
PAR  FIG. 9 is a front elevational view, in section, of still another embodiment
      of the invention.
PAR  FIG. 10 is a front elevational view, in section, of still another
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to FIG. 1, there is shown an arrangement of the ultrasonic
      welding apparatus components which permit the method of the present
      invention to be practiced. A plurality of conductors 12 are to be bundled
      by means of a novel bundling strap 30, to be described in greater detail
      below. The bundling strap 30 is provided in a continuous web and it is
      looped about the conductors 12 and pulled tight by strap drive apparatus
      14 well known in the prior art. When proper tension in the strap 30 is
      achieved, the welding operation is initiated such that the overlapped ends
      of the strap 30 are joined and the excess strap 30 is removed by a cutter
      16 operated by a cutter operator 18 in a manner well known in the prior
      art. The welding is accomplished by a conventional ultrasonic generator 20
      which drives an ultrasonic motor 22 whose energy is directed and focused
      by horn 24. Backing up the strap 30 stack is a two-part anvil 26
      positioned by an anvil drive apparatus 28.
PAR  Turning now to FIGS. 2 and 3, the basic concepts of the strap construction
      and the reason for the two-part anvil of FIG. 1 can be appreciated. Strap
      30 has a central portion 32 and two marginal strips 34, 36 joined to the
      marginal edges of the central portion 32. On the exterior surfaces 38, 40
      of the marginal strips 34, 36 respectively, that is, the surfaces closest
      to the conductors 12 to be bundled, are energy directing means 42, 44
      respectively. The energy directors 42, 44, because of their small size as
      compared to the marginal strips 34, 36 and their pyramidal shape tend to
      concentrate the ultrasonic energy impressed by the horn 24. It should be
      noted that horn 24 is only permitted to contact the marginal strips 34,
      36. Contact with central portion 32 is prevented by the hollow 46 in horn
      24 to prevent the unwanted diffusion of the energy. The concentration in
      the tips of the energy directors 42, 44 causes them to be the first to
      melt and thus make a union with the underlying portions of the marginal
      strips 34, 36 respectively, when the ultrasonic motor 22 is de-energized.
      Only a surface bond is created between the energy directing means 42, 44
      and the marginal strips 34, 36 respectively. Melting too much of the strap
      would allow it to stretch, thus removing the tension built up and the
      amount of energy required might also destroy the conductor 12 insulation.
PAR  The anvil 26, being in two parts, allows the separate portions to be moved
      in from the sides underlying the exterior surfaces 38, 40 of the marginal
      strips 34, 36 and back-up the strap 30 stack without being within the
      strap 30 loop. Thus, when the weld is complete, the anvil drive 28 can be
      operated to remove the anvil portions 26 without difficulty and without
      decreasing the bundle tension. In FIG. 3, the overlapped strap is shown
      about the conductors 12 when the weld has been completed.
PAR  FIG. 4 shows a strap 50 similar in most details to strap 30 in FIG. 2. In
      this embodiment, the energy directing means 62, 64 are positioned on the
      interior surfaces 58, 60 of the marginal strips 54, 56 respectively.
      Again, the union is between the free tips of the energy directing means
      62, 64 and the overlying marginal strips 54, 56 respectively. The horn 66
      is notched as at 68 to accommodate the energy directing means 62, 64 on
      the overlapped part of the strap 50 without imparting to them any of the
      energy produced by the motor 22. The weld is created between the energy
      directing means 62, 64 of the bottom portion of strap 50 and the overlying
      marginal strips 54, 56 respectively.
PAR  In the embodiments of FIGS. 5 and 6, only a single anvil 70, 98 is required
      for the proper welding of straps 72 and 85. In FIG. 5, strap 72 has a
      central body portion 74 and a single marginal strip 76 formed at
      approximately a right angle to central body portion 74. On the interior
      surface 78 of the marginal strip 76 is formed an energy directing means
      80. The anvil 70 is brought in contact with the exterior surface of the
      marginal strip 76 and the end of a first turn of the strip 72 is
      positioned adjacent the energy directing means 80. The horn 82, notched as
      at 84, to accept the energy directing means 80 of the first turn end of
      the strap 72, is then positioned against the interior surface 78 of the
      turn end and the weld made. In FIG. 6, the energy directing means 92 is
      placed on the exterior surface 90 of the marginal strip 88. The horn 94 is
      now solidly in contact with the interior surface 96 of the marginal strip
      88 and the anvil 98 is notched as at 100 to receive the energy directing
      means 92 of the bottom turn of strap 85.
PAR  Where the extra height of the weld made outside the bundle can be accepted
      the simple arrangement of FIGS. 7 and 7a can be employed. The strap 102 is
      made with continuous marginal strips 106, 108 to either side of the
      central body portion 104, each having an energy directing means 110, 112
      respectively. The strap 102 is looped about the conductors 12 and at the
      region of horn 114 and anvil 116 are offset so that the energy directing
      means 110, 112 contact the marginal strips 106, 108. The weld is then made
      as has be set forth above.
PAR  Thus far the straps have been described as flat members, but curved or
      tubular forms of strap can also be used, as is shown in FIGS. 8, 9 and 10.
      Referring to FIG. 10, a strap 120 is shown having a central body portion
      122 formed along a curvilinear line. The marginal strips 124, 126 extend
      from the edges of the central body portion 122, each marginal strip 124,
      126 having an energy directing means 132, 134 on an exterior surface 128,
      130 thereof. The operation of the strap 120 is similar to that described
      above. In FIG. 9, the ends of the marginal strips 144, 146 of strap 140
      are joined to form a tubular member having energy directing means 150, 152
      on the exterior surface 148 of the strap 140. One end of strap 140 is
      inserted within the opposite end and the weld made with an appropriately
      shaped horn 154 and anvil 153. The tubular strap 140 can also be used as
      shown in FIG. 8 where it is twisted in the area of the horn 160 and anvil
      162 so that a side by side joint can be made as shown.
PAR  While there have been shown and described and pointed out the fundamental
      novel features of the invention as applied to the preferred embodiments,
      it will be understood that various omissions and substitutions and changes
      of the form and details of the devices illustrated and in their operation
      may be made by those skilled in the art, without departing from the spirit
      of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A bundling strap of the type whose ends are ultrasonically welded
      together to form a locked loop about a plurality of articles to be bundled
      the improvement comprising: a central body portion having a first edge and
      a second edge; at least one marginal strip coupled to one of said first
      and second edges; said marginal strip having an interior surface and an
      exterior surface, said exterior surface being positioned adjacent articles
      to be bundled; at least one energy directing means, one for each marginal
      strip and coupled to its associated marginal strip; said energy directing
      means contacting said marginal strip when a portion of said strip overlies
      a further portion of said strap after same has been looped about a
      plurality of articles to be bundled; said energy directing means forming a
      joint with said overlying marginal strip when said strap is subjected to
      ultrasonic welding energy.
NUM  2.
PAR  2. A bundling strap as defined in claim 1, wherein said energy directing
      means is located on said marginal strip exterior surface.
NUM  3.
PAR  3. A bundling strap as defined in claim 1, wherein said energy directing
      means is located on said marginal strip interior surface.
NUM  4.
PAR  4. A bundling strap as defined in claim 1, wherein said marginal strip is
      joined to said central body portion at right angles thereto.
NUM  5.
PAR  5. A bundling strap as defined in claim 1, wherein there are two marginal
      strips, a first marginal strip coupled to said first edge of said central
      body portion and a second marginal strip coupled to said second edge of
      said central body portion; a first energy directing means being coupled to
      said first marginal strip and a second energy directing means being
      coupled to said second marginal strip; said first energy directing means
      contacting said first marginal strip and said second energy directing
      means contacting said second marginal strip when a portion of said strap
      overlies a further portion of said strap after same has been looped about
      a plurality of articles to be bundled; said first energy directing means
      forming a joint with said overlying first marginal strip and said second
      energy directing means forming a joint with said overlying second marginal
      strip when said strap is subjected to ultrasonic welding energy.
NUM  6.
PAR  6. A bundling strap as defined in claim 5, wherein said first and said
      second energy directing means are located on said exterior surfaces of
      said first and second marginal strips respectively.
NUM  7.
PAR  7. A bundling strap as defined in claim 5, wherein said first and said
      second energy directing means are located on said interior surfaces of
      said first and second marginal strips respectively.
NUM  8.
PAR  8. A bundling strap as defined in claim 5, wherein said first and second
      marginal strips are joined to said central body portion at oblique angles
      to said central body portion.
NUM  9.
PAR  9. A bundling strap as defined in claim 5, wherein said central body
      portion is formed with a curvilinear cross section between said first and
      second edges thereof and said first and second marginal strips are joined
      to said first and second edges so as to provide extensions of said central
      portion along the curvilinear path of said central body portion.
NUM  10.
PAR  10. A bundling strap as defined in claim 5, wherein the free ends of said
      first and second marginal strips are joined to form said strap into a
      tubular member.
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ABST
PAL  A diaper fastener comprising an elongated strip of tape having an adhesive
      coated surface and a web adhesively secured to that surface in the
      longitudinally central portion of the strip, the exposed surface of the
      web having a limited affinity for the adhesive. The adhesive coated
      surface in one end portion of the strip is in contact with that exposed
      web surface. An opening is provided through the web whereby regions of
      adhesive in the end and center portions of the strip of tape which are
      aligned with the opening in the web are in contact with each other for
      releasably securing the end portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to disposable diaper fasteners of the type employing
      an adhesive coated tape.
PAR  Of the various structures which have proposed for such fasteners, one
      comprises an adhesive coated tape with a non-adhesive web disposed in a
      generally central region of the tape. An end portion of the tape is folded
      over for contact with that web, the exposed surface of the web having been
      treated with a release agent. The tape end portion may be easily peeled
      from the web surface while the web remains affixed to the central region
      of the strip of tape there thus being no need for a removable (and thus
      separately disposable) sheet for protecting the adhesive in the tape
      portion against premature contact with a surface to which it might adhere.
      Since this construction, however, relies on the reduced degree of bonding
      between the tape end portion and the release treated surface of the web,
      premature peeling of the tape end portion from that surface remains a
      possibility.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is a principal object of the present invention
      to provide a diaper fastener of the general type described above which
      provides improved protection against premature peeling and yet has a bond
      which is easily overcome by the person applying the diaper.
PAR  To achieve these and other objects, a diaper fastener constructed according
      to the present invention comprises an elongated strip of tape having an
      adhesive coated surface and a web adhesively secured to that surface in
      the longitudinally central portion of the web strip, the exposed surface
      of the web having a limited affinity for the adhesive. The adhesive coated
      surface in one end portion of the strip is in contact with the web's
      exposed surface. The web has an opening through it whereby regions of
      adhesive in the end and central portions of the strip which are aligned
      with that opening are in contact for releasably securing the end portion.
      Preferably, the opening is centrally located in the web and the adhesive
      is an acrylic base adhesive.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects, features, and advantages of the invention will appear from
      the following description of a particular preferred embodiment taken
      together with the accompanying drawing in which:
PAR  FIG. 1 is a sectional view taken along the diaper fastener longitudinal
      axis and a portion of the diaper to which it is affixed; and
PAR  FIG. 2 is a view similar to that of FIG. 1 in which the fastener has been
      fully extended preparatory to application of the diaper to an infant.
DETD
PAC  DETAILED DESCRIPTION OF A PARTICULAR PREFERRED EMBODIMENT
PAR  Referring to the drawing, there is shown a lateral portion of a diaper 10
      which comprises an absorbent body 12, an inner water pervious liner 14,
      and an outer water impervious backing 16 which bends around the lateral
      margin 18 of the diaper and is secured to the liner 14 as at 20.
PAR  The fastener 22 comprises a strip of tape 24 having an adhesive coated on
      its surface 26 (see FIG. 2). A web 28 having a centrally located hole 30
      therethrough is centrally located on the strip of tape 24 and secured
      thereto by the adhesive on surface 26. The web 28 may be a craft paper
      having a release treated upper surface 32 and an untreated lower surface
      34. An end portion 36 of the tape 24 is folded over the web 28 (see FIG.
      1) to be in contact with the surface 32. In this configuration, the
      opening 30 produces a contact between portions of the adhesive bearing
      surface 26 in the tape end portion 36 and tape central portion 38 which
      are aligned with that opening. The other end portion 40 of the strip of
      tape 24 has its adhesive coated surface 26 in contact with the backing
      sheet 16 of the diaper for permanently securing the fastener 22 to the
      diaper.
PAR  In operation, the diaper is presented to the consumer in a configuration
      shown in FIG. 1. The end portion 36 of the strip of tape 24 may be peeled
      back from the web 28 by the consumer to achieve the configuration shown in
      FIG. 2 in which the end portion 36 is available for contact with another
      portion of the diaper to secure the diaper to an infant. The light tacking
      of the adhesive on the surface 26 of portion 36 to the release coated
      surface 32 is reinforced by the adhesive-to-adhesive contact which occurs
      at the location of the opening 30. The amount of such reinforcement can be
      adjusted by variations in the size and shape of the opening 30.
PAR  In various circumstances, it is preferred that an acrylic base
      pressure-sensitive adhesive be employed as the coating on surface 26. It
      has been discovered that such adhesives do not, in general, form as strong
      an adhesive-to-adhesive bond as do some other pressure-sensitive adhesives
      commonly employed in tape fasteners for disposable diapers. While acrylic
      base adhesives do not bond as well to the polyethylene film commonly
      employed as the diaper backing as do rubber base adhesives, for use with
      other backing materials the acrylic base adhesives may be distinctly
      preferable.
PAR  While a particular preferred embodiment has been illustrated in the
      accompanying drawing and described in detail herein, other embodiments are
      within the scope of the invention and following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A diaper fastener comprising an elongated strip of tape having an
      adhesive coated surface and a web adhesively secured to and remaining
      affixed to said surface in the longitudinally central portion of said
      strip of tape, the exposed surface of said web having limited affinity for
      said adhesive, said adhesive coated surface in one end portion of said
      strip of tape in contact with said web exposed surface, said web having an
      opening therethrough whereby regions of adhesive in said end and central
      portions aligned with said opening are in contact for releasably securing
      said end portion.
NUM  2.
PAR  2. A diaper fastener as claimed in claim 1 wherein said opening is
      centrally located in said web.
NUM  3.
PAR  3. A diaper fastener as claimed in claim 1 wherein said adhesive is an
      acrylic base adhesive.
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ABST
PAL  An adapter clip is provided for retaining a molding member adjacent a panel
      having an upstanding headed stud mounted thereon. The adapter has an
      inclined ramp with an opening therein for receiving the headed stud and
      the opening is formed by a linear guide surface for unidirectional
      movement of the adapter onto the stud. A cantilevered arm is torsionally
      flexed during application of the adapter to the stud, after which the arm
      returns to a position retaining the adapter on the stud.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an adapter type fastener for use
      in retaining a windshield glass and related molding onto an automobile
      panel having an upstanding headed stud fixed thereto. Particularly, the
      invention is directed to an adapter for use with a button headed stud of
      the type disclosed in U.S. Pat. No. 3,373,539, the stud having a shank
      with one end welded or adhesively fixed to a panel and the head spaced
      from the panel.
PAR  In Applicant's U.S. Pat. No. 3,373,539 there is disclosed a clip adapted to
      retain a structural member to a support member having a button extending
      from the surface of the support. The clip means disclosed has a body
      portion defining a U-shaped opening and a ramp portion extending from the
      body portion to an acuate angle and resiliently joined to the body portion
      within the U-shaped opening. The ramp portion was provided with a slot
      opening through one edge for receiving the shank of the button and a
      button seat adjacent the end of the ramp communicating with the slot.
PAR  In the above described construction the slot was restricted adjacent the
      opening to the button seat to cause the ramp portion to resiliently flex
      from the axis of the slot as the shank of the button was received
      therethrough. The button and clip when assembled, provided a structure
      wherein the button received on the button seat could not be removed simply
      by biasing the ramp portion toward the surface of the support.
PAR  While this structure in one application served to provide a novel means for
      retaining the molding attaching a windshield glass to an automobile panel,
      with the safety standards being put into effect by the automobile
      manufacturers, some autos were manufactured with socalled "pop out"
      windshields wherein the glass is to be dislodged from its position upon
      being struck with a predetermined force from the inside of the vehicle.
      These windshields are seated within a peripheral gasket of molded rubber
      rather than an adhesive such as polysulphides previously widely used. The
      trim molding which surrounds the glass of the windshield is retained in
      position by a series of buttons and adapters or clips, the buttons being
      fixed to the panel adjacent the windshield opening and the adapters being
      mounted on the button and retainably engaged with the marginal edges of
      the molding.
PAR  As discussed in Applicant's U.S. Pat. No. 3,670,368, tests made on the
      above described windshields tended to show that the force against the
      windshield sufficient to cause it to pop out, was in some cases sufficient
      to cause dislodgment of the above described clips.
PAR  In Applicant's U.S. Pat. No. 3,670,368 therefore there was disclosed an
      adapter for attaching a molding member to the panel having a headed button
      upstanding from the panel surface wherein the slot formed in the adapter
      was provided with an arcuately shaped wall portion adjacent the button
      seat to cam the button into engagement with the seat during assembly.
      While the structure served to solve the problem of dislodgement of the
      clips under a prescribed force sufficient to pop out a windshield, other
      problems, particularly in the assembly of these clips onto the button
      headed studs, have often occurred.
PAR  If, in assembly, proper attention is not paid to insuring that the shank of
      the stud is properly seated in the adapter with the edge of the slot seat
      into abutment against the shank of the stud, there is a possibility of
      only partially assembling the adapter to the stud, and the possibility
      that the adapter could be dislodged from the stud during use. Thus, the
      assembly of the adapter onto the stud requires an L, or angular type
      motion to properly seat the adapter onto the button head stud.
PAR  In order to provide this L or angular motion special tools may be designed
      to impart bidirectional motion to the adapter clip. However, this becomes
      costly and, while not necessary in some applications, it may be necessary
      in others to insure reliability of all the adapters being assembled
      properly.
PAR  In addition to the expense of providing a special tool to produce this L
      shaped motion, the time involved in utilizing a special tool, or in
      insuring the proper seating of the adapter onto the stud, may increase the
      time necessary to perform the specific assembly operation.
PAR  The present invention therefore has an object to provide an adapter of the
      type previously disclosed for attaching a molding member or the like to a
      panel surface having a button headed stud upstanding therefrom, which is
      effective to retain the fastener onto the headed stud when subjected to
      sufficient force to cause a "pop out" windshield to become dislodged.
PAR  Another object of the invention is to provide an adapter of the type
      mentioned above which is installed on a headed stud in a linear direction
      and therefore may be driven on by a single blow with a hammer or other
      similar device.
PAR  A further object of the invention is to provide an adapter of the type
      discussed above which is simple to employ and capable of reliable assembly
      onto the studs, from part to part.
PAC  SUMMARY OF THE INVENTION
PAR  These objects of the invention, and other objects which will be apparent as
      the description proceeds are achieved by providing an adapter which is
      suitable for retaining a molding member adjacent a panel wherein the panel
      has an upstanding headed stud mounted thereon. The adapter in general
      comprises a pair of spaced legs terminating at one of their ends in a
      connecting flange which has means for retaining the molding member and an
      upturned flange connecting the opposite ends of said legs. An inclined
      ramp portion is connected to the opposite ends of the legs at the upturned
      flange and extends between the legs toward the connecting flange, the ramp
      having an opening formed which extends into a portion of the upturned
      flange. A linear guide surface defines the opening at one side in said
      ramp and extends from the upturned flange toward the connecting flange. A
      torsionally resilient arm extends into the ramp opening cantilevered
      adjacent the lower portion of the upturned flange, the arm having a
      camming surface forming an angle with the guide surface and disposed in
      space relation with the guide surface. During movement of the adapter to
      cause the headed stud to enter the opening with the head overlying the
      ramp the stud is forced into contact with the guide surface, and the
      camming surface, and the arm is torsionally moved to provide space between
      the guide surface and the arm to permit entry of the stud into the ramp
      opening along a path parallel to the linear guide surface. With the
      adapter located on the stud, the arm returns to its initial position with
      a pressure surface contacting the shank of the stud to retain the adapter
      on the stud.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a more complete understanding of the invention, reference should be
      made to the following description taken in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a sectional perspective view showing elements of the invention
      including an automobile panel adjacent the windshield;
PAR  FIG. 2 is a plan view of the adapter of FIG. 1 showing details of the
      adapter;
PAR  FIGS. 3 and 4 are elevational views of the adapter of FIGS. 1 and 2,
      showing further details of the invention; and
PAR  FIG. 5 is an elevational view of the adapter mounted on a button head
      fastener for retaining elements of an automobile windshield structure in
      place as in FIG. 1, the elements being shown in phantom lines.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and in particular to FIG. 1, there is shown a
      typical automotive construction employing the adapter of the present
      invention in combination with a somewhat standard construction. An
      automobile panel 10 is so constructed that a pinch-weld flange 11 forms an
      opening into which a windshield glass 12 is to be mounted. The windshield
      glass 12 is enveloped at its lower edge by a rubber molding 13 which is
      disposed between the flange 11 and a flange 14 of a trim strip 15.
PAR  The automobile panel 10 is provided with a headed stud 16 for retaining the
      windshield glass 12 in place through use of a suitable adapter.
PAR  An adapter 17 when constructed in accordance with the teachings of the
      present invention is effective to retain the trim strip 15 in position
      with the flange 14 resiliently engaged with the rubber molding 13, the
      opposite side of the molding being engaged by the adapter.
PAR  It will be noted that the elements of construction described are broadly
      similar to those described in U.S. Pat. No. 3,670,368 assigned to the
      assignee of the subject invention; however, the adapter 17, which will be
      described in detail hereinafter, is considered to be an improvement over
      the adapter described in the previously patented construction, both in
      ease of attachment and holding capabilities.
PAR  Referring now to FIGS. 2, 3 and 4, there is shown in detail the adapter 17
      formed of spring steel material and which generally comprises a pair of
      parallel legs 18 and 19 which are connected at one end to a connecting
      flange 21. At the opposite ends of the legs 18 and 19, a second upturned
      flange portion 22 serves to connect the legs and support the other
      portions of the adapter 17.
PAR  Adjacent each of the legs 18 and 19 and extending from the lower portion of
      the flange 22 there is disposed an inclined ramp portion 23 which extends
      toward the connecting flange 21, between the legs 17 and 19. The distal
      end of the ramp portion 23 is provided with a surface 24 which is
      substantially parallel to the adjacent portions of the legs 18 and 19.
PAR  As best shown in FIG. 2, the inclined ramp portion 23 is provided with an
      opening 25 which extends from the lower portion of the flange portion 22
      to the distal end of the ramp. One edge of an opening 24 is formed by a
      guide surface 26, generally parallel with the legs, and terminating in an
      elongated notch 27 which extends adjacent the surface 24.
PAR  A torsionally resilient arm 28 is mounted at the base of the flange portion
      22 extending into the opening 25 in a direction generally toward the notch
      27. The arm 28 comprises a camming surface 29 directed inwardly of the
      opening 25 toward the guide surface 26, and a pressure surface 30
      generally facing the notch 27.
PAR  As best shown in FIG. 3, an aperture 31 is formed in the flange portion 22.
      The aperture 31 is, in general, provided directly opposite the notch 27
      with the arm 28 extending therebetween and the guide surface 26 leading
      from the aperture 31 to the notch 27.
PAR  In practice, the headed stud 16 is welded to the panel 10 with the shank
      normal to the panel as shown in FIGs. 1 and 5, a stud being provided for
      each adapter 17 deemed necessary to retain the structure in position.
PAR  To assemble the adapter 17 onto the stud 16, the adapter is placed to the
      left of the stud as shown in FIG. 5 and moved from left to right to the
      position shown in FIG. 5. As the adapter 17 is moved, the stud 16
      including the button head 32 enters the aperture 31 and initially rests
      between the camming surface 29 and the guide surface 26. By further
      forcing the adapter 17 from left to right, the button head 32 engages the
      upper surface of the ramp portion 23 on its under surface and the camming
      surface 29 of the arm 28 forces the shank of the stud 16 against the guide
      surface 26. It will be noted that the spacing between the extremity of the
      arm 28 and the guide surface 26 has been so constructed as to be less than
      the diameter of the shank of the stud 16. Thus, that portion of the arm 28
      which supports the arm at the flange 22 is of a thickness and width
      dimension as to allow torsional movement of the arm when the shank of the
      stud 16 is forced between the arm and the surface 26. Therefore, as the
      adapter 17 is moved from left to right the arm 28 twists such that the
      camming surface 29 is lifted and moved away from the surface 26 to allow
      the shank of the stud 16 to move into the notch 27. When the shank of the
      stud 16 is firmly into the notch 27, the resilience of the arm 28 permits
      it to snap back into a position wherein the pressure surface 30 is firmly
      in contact with the shank of the stud 16, and under the button 32.
PAR  The glass 12 and molding 13 are now put into position and the trim strip 15
      is snapped into place with the upper flange 14 pressing against the
      molding, as shown in FIG. 1.
PAR  With the construction shown in FIG. 1 the contact between the surface 24 of
      the ramp portion 23 and the button 32 is effective to clamp the lower edge
      of the trim strip 15 in place while the trim strip retains the glass and
      molding in the proper position.
PAR  It will be noted that with the arm 28 positioned as shown in FIGS. 1, 2 and
      5 in relation to the headed stud 16, an impact on the windshield 12 which
      causes a force in any direction on the adapter 17 will generally be
      insufficient to dislodge the adapter from the headed stud 16. Referring to
      FIG. 2, movement of the adapter 17 in a downward or leftward position, as
      shown in the Figure, would be resisted by the notch 27 or the surface 26.
      An upward or rightward movement of the adapter 17 as shown in FIG. 2 is
      firmly resisted by the surface 30 of the arm 28. This is facilitated by
      locating the pressure surface 30 such that it is in the area of 45.degree.
      to the line of entry of the stud 16 into the notch 27, or relative to the
      guide surface 26. The various objectives of the invention are therefore
      achieved by providing an adapter 17 which provides locking in
      substantially all directions against movement when attached to a headed
      stud 16, and which requires force or motion in only one direction to
      assemble the adapter onto the stud.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adapter suitable for retaining a molding member adjacent a panel
      which has an upstanding headed stud mounted thereon, said adapter
      comprising a pair of spaced legs terminating at one of their ends in a
      connecting flange having means for retaining said molding member, an
      upturned flange connecting the opposite ends of said legs, an inclined
      ramp portion connected to the opposite ends of said legs at said upturned
      flange and extending between said legs toward said connecting flange, said
      inclined ramp having an opening formed thereon, which opening extends into
      a portion of said upturned flange, a unidirectional linear guide surface
      defining said opening in said ramp and extending from said upturned flange
      toward said connecting flange, said guide surface terminating at a notched
      portion forming said opening, a torsionally resilient arm extending into
      said ramp opening cantilevered adjacent the lower portion of said upturned
      flange, said arm having a camming surface forming an angle with said guide
      surface and disposed in spaced relation with said guide surface, and
      further having a pressure surface forming an angle of substantially
      45.degree. with said guide surface whereby during movement of said adapter
      to cause said headed stud to enter said opening with said head overlying
      said ramp said stud is forced into contact with said guide surface by said
      camming surface and said arm is torsionally moved to provide space between
      said guide surface and said arm to permit entry of said stud into said
      ramp opening along a path parallel to said linear guide surface, and said
      pressure surface contacting said stud under said stud head to retain said
      stud positioned adjacent said notched portion in said ramp opening.
NUM  2.
PAR  2. The adapter of claim 1 wherein said guide surface is disposed
      substantially parallel to said legs.
NUM  3.
PAR  3. The structure of claim 2 wherein said adapter is formed of a spring
      steel material.
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PAL  A panel fastener for rigidly interengaging two members so that the
      resultant assembly contains a substantially flush exposed surface. Each of
      the members contains a row of holes adapted to be aligned with a row of
      holes in the other member. One of the members has an engaging surface for
      contact with the other member and has a receptacle portion extending
      therefrom. A row of cups is in the receptacle portion with every other cup
      in communication with a hole in the one member. A longitudinal pin is
      shiftably mounted in the one member and extends through the cups. A
      biasing element is in each cup not aligned with a hole and is retained in
      position by engagement with the pin. A stud element is adapted to extend
      through the aligned openings in the members and has a cam slot adapted to
      engage with the pin. Finally, the stud element is extendable entirely
      within the members from one side thereof so as to provide an exposed flush
      surface and is rotatable between an open and closed position so that when
      the stud is rotated to the closed position the pin will follow the cam
      slot and will bias the biasing element in each adjacent cup to retain the
      pin in the closed position and the members in rigid interengagement.
PARN
PAR  This is a continuation of application Ser. No. 444,333 filed Feb. 21, 1974
      now U.S. Pat. No. 3,861,004.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Quarter-turn fastening devices have been used in many environments for many
      purposes. In general, the operation of use includes the engagement between
      a spiral cam slot in a stud element and a cam follower or pin in a
      receptacle assembly. The pin follows the cam slot upon a quarter turn
      rotation into a locked or closed position. To permit the relative movement
      of the pin along the spiral cam slot a resilient member is employed so
      that the axial movement can be achieved and also to apply a biasing force
      when the members are in the locked position to help maintain the members
      in the locked position in rigid interengagement.
PAR  In certain environments it is desirable to have a flush exposed outer
      surface when two panels are fastened together. Of course, this is of
      concern where spring housings and springs are employed to attain the
      necessary bias and locking forces for the fastener elements. This
      situation is apparent when considering fasteners of similar design such as
      that disclosed in U.S. Pat. No. 3,594,876.
PAR  Consequently, in particular environments where a flush exposed surface is
      required, it is advantageous to provide a structural design which
      incorporates the operative elements of the fastener assembly behind the
      exposed surface of the outer panel. The structure must be such so as to
      not detract from the advantages of a quarter-turn fastener employing a
      spiral cam slot and pin arrangement with a spring biasing element for
      achieving the necessary locking tension. In fact, any increase in
      production in locking tension would naturally be an asset as well.
PAC  SUMMARY OF THE INVENTION
PAR  With the above considerations in mind, it is among the primary objectives
      of the present invention to provide a fastener assembly of the
      quarter-turn type with a stud and receptacle arrangement. The interlocking
      feature is achieved by means of a spiral cam slot and pin arrangement with
      springs providing the necessary biasing tension for the locking structure.
      The fastener is designed so that the entire assembly is housed behind a
      flush exposed surface of two interengaged panels when locked thereby
      alleviating the necessity of projection of fastener portions above the
      exposed surface of the fastened elements. The object is to provide a flush
      exposed surface for use in particular environments when such a panel
      surface is desirable.
PAR  In summary, a panel fastener is provided for rigidly interengaging two
      members so that the resultant assembly contains a substantially flush
      exposed surface. Each of the members contains a row of holes adapted to be
      aligned with a row of holes in the other member. One of the members has an
      an engaging surface for contact with the other member and has a receptacle
      portion extending therefrom. A row of cups is in the receptacle portion
      with every other cup in communication with a hole in the one member. A
      longitudinal pin is shiftably mounted in the one member and extends
      through the cups. A biasing element is in each cup not aligned with a hole
      and is retained in position by engagement with the pin. A stud element is
      adapted to extend through the aligned openings in the members and has a
      cam slot adapted to engage with the pin. The stud element is extendable
      entirely within the members from one side thereof so as to provide an
      exposed flush surface and is rotatable between an open and closed position
      so that when the stud is rotated to the closed position the pin will
      follow the element in each adjacent cup to retain the pin in the closed
      position and the members in rigid interengagement.
PAR  With the above objectives, among others, in mind reference is had to the
      attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary exploded view of the fastener assembly of the
      invention;
PAR  FIG. 2 is a prospective view thereof in partially assembled condition;
PAR  FIG. 3 is a sectional elevation view thereof taken along the plane of line
      3--3 of FIG. 2;
PAR  FIG. 4 is a sectional end view thereof taken along the plane of line 4--4
      of FIG. 3;
PAR  FIG. 5 is a sectional end view thereof taken along the plane of line 5--5
      of FIG. 3; and
PAR  FIG. 6 is a sectional end view thereof taken along the plane of line 6--6
      of FIG. 3.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Panel fastener 20 is shown in its separated components in FIG. 1. Members
      21 and 22 are generally at least portions of the two panel members being
      fastened together. Member 22 can be an extrusion or a plate which is
      mounted to another structural element to form a receptacle and support for
      the locking assembly. Member 21 can be a door or panel covering a
      compartment or may be a member or part of a member in other environments
      which can be readily envisioned where member 21 is to be fastened or
      locked to member 22.
PAR  The present fastener assembly 20 is designed so that one surface 23 of
      member 21 is designed for use as an exposed outer surface of the assembly.
      The environments envisioned are those where it is desirable or required to
      have surface 23 of a flush uninterrupted nature. The need for this surface
      may be for esthetic purposes or for structural purposes.
PAR  A row of spaced holes 24 are located in member 21 and extend therethrough.
      Each opening 24 is large enough to receive a stud 25.
PAR  Each stud 25 has a spiral cam slot 26 in the end which is initially
      extended through hole 24 and has a beveled rim 27 at its other end. The
      beveled rim 27 is designed to mate with a beveled annular surface on hole
      24 so that the upper surface 29 of stud 25 is flush with surface 23 of
      member 21 when the stud is fully extended therein. Naturally, hole 24 is
      large enough to receive the stud shaft forward of beveled rim 27
      therethrough. An appropriate slot 30 is provided in the top surface of the
      stud to permit engagement with a tool for rotation of the stud 25 between
      the locked and unlocked position.
PAR  Member 22 has an upper surface 31 for interengagement with the undersurface
      of member 21 and has a row of holes 32 therein positioned so that when
      members 21 and 22 are aligned holes 32 are aligned with holes 24.
PAR  Extending away from surface 31 is a base or receptacle portion 33 which
      contains a row of cups utilized in the locking function and to house the
      various components of the fastener assembly so as to facilitate the
      retention of all portions of the fastener assembly behind flush exposed
      surface 23.
PAR  Every other cup 34 is aligned with and communicates with opening 32 in
      surface 31 and accordingly with openings 24 in member 21 when members 21
      and 22 are properly aligned. The remaining cups 35 are closed at the upper
      end 36. The lower end may be open or closed as desired and is shown open
      in the embodiment depicted.
PAR  A continuous slot 37 extends through receptacle portion 33 transversely and
      substantially parallel to upper surface 31. Slot 37 is elongated in the
      vertical direction. Each cup 34 and 35 has diametrically opposed openings
      which correspond in size to slot 37 and communicate therewith so that a
      continuous passageway extends through receptacle 33 and transversely or
      diametrically across each cup 34 and 35 throughout the length of member
      22.
PAR  An elongated pin 38 extends entirely through slot 37 and consequently
      through each cup 34 and 35 in a transverse manner. As shown, pin 38 is
      substantially round in configuration and is of a slightly less diameter
      than the width of slot 37 so as to enable it to pass therethrough and
      permit it to be vertically shifted between the upper and lower limits of
      elongated vertical slot 37. Actually the pin may take other configurations
      as long as it can pass through slot 37 and can be shifted vertically a
      predetermined amount. The amount that pin 38 must be shifted depends upon
      the distance it must move in following cam slot 26 of stud 25.
PAR  Each cup 35 is provided with an interior chamber to house a helical
      compression spring 39 which forms a biasing element for the assembly.
      Naturally, other readily available and well known biasing elements can be
      employed in place of the helical compression spring 39 to achieve its
      function as described in detail below. The spring has an outside diameter
      which permits it to be inserted within the chamber of cup 35 and in
      substantially the relaxed position is captured between the closed upper
      surface 36 of cup 35 and transversely extending pin 38. A spring 39 is
      provided for each cup 35. Consequently, each cup 34 is provided with a cup
      35 on both sides with a biasing element or spring 39 housed therein.
PAR  In operation, member 22 is in the condition described above with springs 39
      in substantially the relaxed condition and pin 38 adjacent the bottom of
      slot 37 within receptacle portion 24. Member 21 is then brought into
      alignment with member 22 for fastening purposes with openings 24 being
      aligned with openings 32. Studs 25 are then inserted through openings 24
      and 32 into cups 34 and into engagement with appropriate transverse
      portions of pin 38. A rotation of stud 25 to the desired amount such as a
      quarter-turn will move pin 38 along the spiral cam slot 26 with slot 37
      permitting movement of pin 38 the desired vertical amounts up and down
      until the pin reaches the end of the cam slot and is in locked position.
      In the locked position as shown in FIG. 3, springs 39 will be compressed a
      predetermined amount so that they apply a force in the vertical direction
      as they tend to expand to the relaxed position. This force is transmitted
      to the pin and tends to seat it more tightly in the locking position at
      the end of spiral cam slot 26. The result is a rigid interengagement
      between members 21 and 22 with pin 38 in the locked position in cam slot
      26 and under the force exerted by biasing springs 39. In this position,
      the upper surface of stud 25 will be flush with exposed upper surface 23
      of member 21 so that no portion of the fastener assembly is exposed above
      surface 23.
PAR  The unlocking procedure is quite simple in that an appropriate tool can be
      positioned in slot 30 and stud 25 can be rotated in the opposite direction
      one-quarter of a turn or whatever is needed until pin 38 has been directed
      along cam slot 26 and out of engagement therewith. Stud 25 can then be
      removed from members 21 and 22 which can then be separated as desired.
PAR  The number of studs employed for the locking action between members 21 and
      22 is a matter of choice and depends, among other things, on the
      environment in which the assembly is to be used.
PAR  In the present fastener assembly 20, every three consecutive cups includes
      a central cup to receive a stud in engagement with the pin or wire 38 and
      each two adjacent holes have a biasing member or spring mounted therein in
      engagement with the pin and other surfaces within the receptacle portion.
      Consequently, when the stud is rotated and the pin is shifted to follow
      the cam slot in the stud, the resilient take-up of the axial movement of
      the pin within slot 37 will be absorbed by the two adjacent springs housed
      in the adjacent cups in member 22. Consequently, the top surface of the
      stud can be substantially flush with the exposed panel surface.
      Furthermore, it should be kept in mind that the number of studs required
      in the depicted embodiment is reduced since one is required only every
      other hole in member 22. Furthermore, the engagement has additional
      strength since two springs are employed to apply the holding force to the
      pin rather than just one.
PAR  Thus, the above discussed objectives of the present invention, among
      others, are effectively attained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A panel fastener adapted to be utilized for rigidly interengaging two
      members so that the resultant assembly contains a substantially flush
      exposed surface comprising:
PA1  a receptacle portion with a row of cups therein with every other cup
      adapted to receive a stud element therein;
PA1  a longitudinal pin shiftably mounted on the receptacle portion and
      extending through the cups;
PA1  a biasing element in each cup not adapted to receive a stud element and
      being retained in position by engagement with the pin;
PA1  a stud element having a cam slot for releasable engagement with the pin;
      and
PA1  the stud element and receptacle adapted to receive two members to be
      fastened therebetween and to engage therewith so that when the stud
      element is engaged with the receptacle portion and two members are
      positioned therebetween, the stud element will be extendable entirely
      within the members from one side thereof with substantially no portion
      thereof extending above the exposed surface of the members so as to
      provide an exposed flush surface and the stud element being rotatable
      between an open and a closed position so that when the stud is rotated to
      the closed position, the pin will follow the cam slot and will bias the
      biasing element in each adjacent cup to retain the pin in closed position.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein each cup contains a
      pair of opposed slots with each slot in communication with the adjacent
      slot of the next cup so as to provide a continuous through passage and a
      receptacle portion, each slot being vertical so that when the pin is
      extended therethrough it can be vertically reciprocated so as to bias and
      release the biasing member in response to engagement with the cam slot in
      the stud element.
NUM  3.
PAR  3. The invention in accordance with claim 1 wherein the rim of the end of
      the stud opposite the end containing the cam slot has a beveled surface
      adapted for interengagement with a mating beveled surface on a member
      being fastened so that when the stud is inserted through such member the
      beveled surfaces will mate to thereby provide a flush exposed surface.
NUM  4.
PAR  4. A receptacle for a panel fastener adapted for rigidly interengaging two
      members so that the resultant assembly contains a substantially flush
      exposed surface comprising:
PA1  a receptacle portion having a row of cups therein with every other cup
      adapted to receive a fastener element therein;
PA1  means on a receptacle portion for mounting the receptacle portion to a
      member to be fastened;
PA1  a longitudinal pin shiftably mounted in the receptacle portion and
      extending through the cups;
PA1  a biasing element in each cup not aligned with a hole and retained in
      position by engagement with the pin;
PA1  the holes for receiving a stud element being positioned so as to receive
      the stud element having a cam slot adapted to engage with the pin with two
      members being fastened held in position between the stud element and
      receptacle portion; and
PA1  the openings in the receptacle portion adapted to receive the stud being
      dimensioned so that a stud element can be extended therein into engagement
      with the pin and provide a flush exposed surface on the members with
      substantially no portion thereof extending above the exposed surface being
      fastened opposed to the location of the receptacle and the stud element
      can be rotated between an open and closed position so that when the stud
      is rotated to the closed position, the pin will follow the cam slot and
      will bias the biasing element in each adjacent cup to retain the pin in
      the closed position and the members in rigid interengagement.
NUM  5.
PAR  5. The invention in accordance with claim 4 wherein each cup contains a
      pair of opposed slots with each slot in communication with the adjacent
      slot of the next cup so as to provide a continuous through passage in the
      receptacle portion, each slot being vertical so that when the pin is
      extended therethrough it can be vertically reciprocated so as to bias and
      release the biasing member in response to engagement with the cam slot of
      a stud element.
NUM  6.
PAR  6. A panel fastener adapted to be utilized for rigidly interengaging two
      members so that the resultant assembly contains a substantially flush
      exposed surface comprising:
PA1  a receptacle portion with a row of cups therein with every other cup
      adapted to receive a stud element therein;
PA1  a longitudinal pin shiftably mounted on the receptacle portion and
      extending through the cups;
PA1  a biasing element in each cup not adapted to receive a stud element and
      being retained in position by engagement with the pin;
PA1  a stud element having a cam slot for releasable engagement with the pin;
PA1  the stud element and receptacle adapted to receive two members to be
      fastened therebetween and to engage therewith so that when the stud
      element is engaged with the receptacle portion and two members are
      positioned therebetween, the stud element will be extendable entirely
      within the members from one side thereof so as to provide an exposed flush
      surface and the stud element being rotatable between an open and a closed
      position so that when the stud is rotated to the closed position, the pin
      will follow the cam slot and will bias the biasing element in each
      adjacent cup to retain the pin in closed position; and
PA1  the biasing member being a helical compression spring.
NUM  7.
PAR  7. A receptacle for a panel fastener adapted for rigidly interengaging two
      members so that the resultant assembly contains a substantially flush
      exposed surface comprising:
PA1  a receptacle portion having a row of cups therein with every other cup
      adapted to receive a fastener element therein;
PA1  means on a receptacle portion for mounting the receptacle portion to a
      member to be fastened;
PA1  the longitudinal pin shiftably mounted in the receptacle portion and
      extending through the cups;
PA1  a biasing element in each cup not aligned with a hole and retained in
      position by engagement with the pin;
PA1  the holes for receiving a stud element being positioned so as to receive
      the stud element having a cam slot adapted to engage with the pin with two
      members being fastened held in position between the stud element and
      receptacle portion;
PA1  the openings in the receptacle portion adapted to receive the stud being
      dimensioned so that a stud element can be extended therein into engagement
      with the pin and provide a flush exposed surface on the members being
      fastened opposed to the location of the receptacle and the stud element
      can be rotated between an open and closed position so that when the stud
      is rotated to the closed position, the pin will follow the cam slot and
      will bias the biasing element in each adjacent cup to retain the pin in
      the closed position and the members in rigid interengagement; and
PA1  the biasing member being a helical compression spring.
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ABST
PAL  The present invention relates to feeding fabric runs into tenter machines
      of the kind having lead-in rails adapted for movement to follow lateral
      deviations of the selvage edge of the fabric and, more particularly, to
      the drive apparatus for laterally moving the lead-in rails including a
      reversible driving motor carried by the lead-in rail and a capstan member
      rotatably driven by the driving motor. A cable member is looped around the
      capstan member having a first end connected on one side of the rail member
      and a second end connected on the opposite side of the rail member. A
      sensor means detects the lateral variations in the position of the selvage
      edge for generating an electrical signal which is then supplied to the
      driving motor for reversibly driving the capstan member moving the rail
      member laterally back and forth according to the lateral position of the
      selvage edge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  At the entrance to fabric tentering frames, it is necessary to properly
      position the lead-in rails having traveling pin chains carried thereon for
      engaging the selvage of the fabric and moving the fabric forward along a
      tentering frame. The lead-in rail members must be accurately positioned in
      response to the lateral variations in the position of the selvage edge as
      the fabric is fed onto traveling pins so as to uniformly align and place
      the selvage on the pins.
PAR  Many devices have been heretofore proposed for solving the problem of
      positioning the lead-in rail at the selvages of the cloth such as shown in
      U.S. Pat. Nos. 2,673,384, 3,150,431, and 3,216,081. However, such devices
      provide only limited traction for driving the movable infeed rail member
      back and forth to uniformly engage the fabric selvage. Since it is often
      necessary to change the direction of the rail member instantaneously, such
      devices become incapable of such movement due to wear of the drive
      apparatus.
PAR  When rack and pinion gear arrangements are used, the teeth of the gear
      members become worn due to the continuous sudden changing of lateral
      directions resulting in excessive play between the gear members and
      inaccurate responsive movement of the rail member.
PAC  SUMMARY OF THE INVENTION
PAR  A drive apparatus is provided for accurately positioning a movable lead-in
      rail member laterally on a tenter frame for textile fabrics and the like.
      The rail member is pivotably attached at one end thereof to the tenter
      frame and is slidably supported at an opposite end thereof on a transverse
      support member. An endless traveling chain member is carried by the rail
      member having upwardly extending pins for receiving and engaging a selvage
      of the fabric to move the fabric forwardly along the tenter frame. The
      drive apparatus pivots the rail member about the pivot axis thereof in
      response to lateral variations in the position of the selvage edge of said
      fabric. The drive apparatus includes a reversible driving motor carried by
      the rail member and a capstan member rotatably driven by said driving
      motor. A cable member looped around said capstan member has a first end
      connected to the support member on one side of the rail member and a
      second end connected to the support member on the opposite side of the
      rail member. A sensor means is provided for detecting the lateral
      variations in the position of the selvage edge of the fabric and for
      generating an electrical signal corresponding to the position. The
      electrical signal is supplied to the driving motor for reversibly driving
      the capstan member pulling the rail member back and forth along the cable
      member according to the lateral position of said selvage edge to
      accurately and uniformly align the selvage on the pins carried by the
      endless traveling chain member. Thus, the fabric will be fed into the
      tentering machine with the selvage edges parallel and in a straight line.
PAR  Accordingly, an important object of the present invention is to provide a
      drive apparatus for accurately positioning a movable rail member laterally
      on a tenter frame for textile fabric in response to lateral variations in
      the position of the selvage edge of the fabric.
PAR  Another important object of the present invention is to provide a drive
      apparatus for accurately positioning a movable rail member laterally on a
      tenter frame which provides increased traction for moving the rail member.
PAR  Another important object of the present invention is to provide a drive
      apparatus for accurately positioning a movable rail member laterally on a
      tenter frame providing increased traction and instantaneous change of
      lateral direction.
PAR  Another important object of the present invention is to provide a drive
      apparatus for accurately positioning a movable rail member laterally on a
      tenter frame minimizing wear between the drive engaging members of the
      drive apparatus.
PAR  Still, another important object of the present invention is to provide a
      drive apparatus for accurately positioning a movable rail member laterally
      on a tenter frame having a traveling pin chain so that the fabric will be
      fed into the tenter machine with its selvage edges parallel and in a
      straight line.
PAR  The construction designed to carry out the invention will be hereinafter
      described, together with other features
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the accompanying drawing
      forming a part thereof, wherein an example of the invention is shown and
      wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view illustrating one of a pair of lead-in rail
      members for feeding cloth into a tentering machine having a drive
      apparatus constructed in accordance with the present invention;
PAR  FIG. 2 is a view taken along line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The apparatus of the present invention may be incorporated in any
      conventional tentering machine, such as shown in U.S. Pat. No. 3,670,375
      and since such machines are well known in the art, it will be unnecessary
      to disclose or describe a complete tentering machine herein.
PAR  Accordingly, FIG. 1 of the drawing shows only so much of a conventional
      tentering machine as is necessary to illustrate the application thereto of
      the present invention..
PAR  FIG. 1 illustrates a drive apparatus for laterally moving a conventional
      pivoted lead-in rail member having a traveling pin chain carried thereon
      for feeding fabric into a tentering machine. A pair of lead-in rail
      members are conventionally utilized to engage the selvage or margin along
      both sides of the fabric being fed into the tentering machine. Only a
      single such lead-in rail is shown in the drawing for purposes of
      illustrating the drive apparatus of the present invention since a
      duplicate of the drive apparatus need be provided for the other rail
      member. Each lead-in rail is moved independently of the other and each is
      provided with a separate sensor for sensing the edge of the selvage and a
      drive apparatus for moving the lead-in rail in response to the position of
      the selvage so as to follow the selvage.
PAR  A movable lead-in rail member 10 has one end pivotably attached to a frame
      portion 14 of the tentering machine by vertical pin 12 or by any other
      suitable means that tenter frame manufacturers may use. The frame portion
      14 is slideably supported at the opposite end on a transverse support
      member 16 such as by a roller member 18 carried on the rail member 10
      which rolls over the support member. An endless traveling chain member 20
      travels around the rail member 10 on sprocket members 22 and 23. The
      endless chain is driven by a conventional electric motor drive arrangement
      (not shown) in which sprocket 22 is driven and sprocket 23 is an idler
      sprocket which is rotatably carried on the pin 12. Carried on the
      traveling chain 20 is a plurality of tentering pins 24 which engage and
      receive the selvage of the fabric C to move the fabric forwardly along the
      lead-in rail member 10 to the tentering machine. As an alternative to
      thetentering pins 24, it is to be understood that other suitable fastening
      means for engaging and holding the fabric selvage may be utilized such as
      clips. The details of rail member, sprocket members 22, 23 and pins 24 are
      not shown since such could be any standard devices presently being
      utilized. While the run of the chain 20 is shown in the horizontal
      position it is to be understood that apparatus constructed in accordance
      with the present invention could also be used on frames where the run of
      the chain is in a vertical position.
PAR  As the fabric C is fed into the lead-in rails, a rotating brush member 26
      or the like is utilized to push the fabric down onto the tentering pins 24
      in a conventional manner.
PAR  As the fabric feeds into the entrance end of the lead-in rail member 10, it
      is necessary to position the lead in rail to accurately follow the
      position of the selvage of the cloth so as to align the selvage accurately
      over the tentering pins 24. The drive apparatus constructed in accordance
      with the present invention is highly sensitive and responsive to the
      position of the selvage to move the pivoted lead-in rail member 10
      accordingly. The drive apparatus includes a reversible driving motor 28
      affixed to the underneath bottom portion of the movable rail member 10. A
      conventional planetary reduction gear assembly 30 is provided for reducing
      the output speed of the motor. One suitable motor utilized in the drive
      apparatus is a model 56, 90 volt, continuous duty, reversible D.C. motor,
      manufactured by the Reliance Company of Columbus, Indiana. A suitable
      planetary reduction gear unit is manufactured by the Sumitomo Machinery
      Corporation of America, Carlstadt, New Jersey, Model No. H 52AXHS.
PAR  A capstan member 32 is affixed to the output shaft 34 of the planetary gear
      drive 30 and is thus rotatably driven by the reversible driving motor 28.
      In a preferred embodiment, the capstan member is provided with helical
      grooves 36 within which a cable member 38 is received when looped around
      the capstan member. However, a capstan member provided with a smooth
      surface may also be utilized in the drive apparatus. The capstan member is
      provided in a cylindrical form. However, it is to be understood that other
      forms or shapes of the capstan member may be utilized.
PAR  The cable member 38 is preferably looped around the capstan member 32 at
      least twice for improved traction and further traction may be provided by
      making further loops of the cable member around the capstan member. One
      end of the cable member 40 is looped through the eye portion of a
      conventional eye bolt member 42. The eye bolt member is received through a
      slot 44 in an L-shaped bracket 46 affixed to an interior vertical side
      surface 48 of the transverse support member 16. Bracket 46 may be affixed
      in any suitable manner such as bolt members 50. The slot 44 is elongated
      so that the eye member may be adjusted lengthwise in the slot. The
      opposite end 52 of the cable member 38 is fastened to a similar eye bolt
      member 54 which is received through a slot 56 in a similar L-shaped
      bracket 58 which is affixed by bolt members 60 to the side surface 48 of
      the transverse support member 16. The cable end 40 is connected on one
      side of the movable rail member 10 and the cable end 52 is connected on
      the opposite side so that as the motor, attached to rail member 10, drives
      the capstan member 32 along the cable, the rail member 10 is pulled back
      and forth, accordingly.
PAR  The eye-bolt member 42 is provided with a conventional nut member 62
      received over a threaded end thereof, as is the eye-bolt member 54,
      securing the eye-bolt members to the brackets 46 and 58. It is important
      that the ends of the cable member 38 be laterally offset with respect to
      each other so that the cable member will not bind upon itself on the
      capstan member 32. In the illustrated embodiment, the cable end 40 would
      be positioned toward the outer end of slot 44 away from the side surface
      48 of the support member 16. The eye bolt member 54 securing the other end
      52 of the cable member would be positioned toward the inner end of slot 56
      towards the vertical side 48 of the support member 16 so that the cable
      ends 40 and 52 will be laterally offset from each other and so the loops
      of the cable member 38 around the capstan member 32 will not bind upon
      each other as the capstan member reversibly rotates.
PAR  A sensor means is provided for detecting the lateral variations in the
      position of the selvage edge of the fabric and for generating an
      electrical signal responding to the position. Any suitable mechanical or
      optical sensor be utilized beutilized and one such sensor is disclosed in
      U.S. Pat. No. 3,216,081. In a preferred embodiment, a coaxial optical
      sensor is utilized wherein in a vertically extending light beam follows
      the edge of the selvage with half of the light beam on the fabric and
      selvage and half of the light beam off of the selvage. The sensor control
      system would then respond to the amount of the beam which is coaxially
      received back into the sensor unit 64. The sensor 64 is attached in any
      suitable manner to the lead-in rail 10 such as by bolt member 66. The
      sensor unit is positioned at the entrance to the lead-in rail member 10
      directly over the tentering pins 24 and the selvage of the fabric so as to
      detect any lateral deviations in the position of the selvage with respect
      to the tentering pins 24. One suitable optical sensor is of the coaxial
      type photo sensor.
PAR  The control signals produced by the sensory unit 64 are fed to any suitable
      control circuit 68 which supplies electrical signals to the D.C. driving
      motor 28 for reversibly driving the capstan member 32 pulling the movable
      rail member 10 back and forth to follow the lateral position of the
      selvage edge. The control circuit 68 operates the driving motor 28 as a
      motor and a brake in both the clockwise and counterclockwise directions by
      inputting reference signals to the motor of varying amplitude and
      polarity. For example, a reference signal is normally plus or minus 0 to
      10 volts. When their reference signal is positive, the motor will rotate
      in one direction and when the reference signal is negative the motor will
      rotate in the opposite direction. Should the reference signal be decreased
      in value, for example, +8 volts to +4 volts, the motor will act as a brake
      until its speed match the speed called for by the reference signal. The
      polarity and amplitude of the signal produced by the coaxial optical
      sensor 64 varies according to portions of light beam striking the selvage
      and missing the selvage. For example, if more than one half of the light
      beam is on the selvage the signal is of one polarity and when more than
      one half of the light beam is off the selvage the signal has the opposite
      polarity. when the light beam is exactly half off and half on the selvage,
      a null or zero signal will be produced.
PAR  The capstan member 32 and cable 38 provide a unique drive apparatus for
      laterally moving the pivoted lead-in rail member 10. The cable 38 may be
      looped around the capstan member 32 the desired amount of times and then
      the ends of cable member may be attached to the brackets 46 and 58. The
      tension of the cable held between brackets 46 and 58 may be adjusted by
      adjusting the nut members holding each of the eye-bolts 42 and 54 in
      place. When the cable member 38 is looped around the capstan member 32 the
      desired number of times, the proper tension is placed on the cable 38, and
      the ends of the cable 40 and 52 are laterally offset from each other
      correctly, rotation of the capstan 32 by the electric motor will drive the
      rail member 10 back and forth in a highly responsive manner. Preferably,
      the cable member 38 is looped around the capstan member 32 twice,
      providing almost 720 deg. of traction surface between the capstan member
      and the cable ensuring a positive response of the pivotable rail member 10
      to the rotation of the capstan member 32. Thus, a highly sensitive and
      responsive drive apparatus is provided for moving the pivoted rail member
      10. Since the traction is rather evenly distributed around the capstan
      member 32 and the cable member 38 in contact therewith, as the capstan
      member turns along the cable member, much of the wear associated with
      conventional drive assemblies is reduced.
PAR  In operation, as the sensor unit detects variations in the position of the
      selvage edge of the fabric entering at the lead-in rail member 10,
      electrical signals representing the amount of variation are sent to the
      control unit 68 which, in turn, supplies an electric signal to the driving
      motor 28 for reversibly driving the capstan member 32, pulling the rail
      member 10 back and forth along the cable to follow the lateral position of
      the selvage edge. The highly sensitive and responsive drive apparatus
      moves the rail member 10 to follow the selvage of the fabric accurately to
      align the selvage on the tenter pins 24. When the drive apparatus
      constructed in accordance with the present invention is provided on each
      of the movable lead-in rail members of a tentering frame for feeding
      material into the tentering machine, the lead-in rail members follow the
      selvage of the material very accurately so as to feed the fabric into the
      tentering machine with the selvage edges parallel and in a straight line.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drive apparatus for accurately positioning a movable lead-in rail
      member on a tenter frame for textile fabric and the like, said rail member
      pivotably attached at one end thereof and slideably supported at an
      opposite end thereof on a transverse support member, an endless traveling
      chain member carried by said rail member having fastening means for
      receiving and engaging a selvage of said fabric to move the fabric along
      the tenter frame rail member, and said drive apparatus pivoting said rail
      member about the pivot axis thereof in response to lateral variations in
      the position of the selvage edge of said fabric as said fabric is fed onto
      said fastening means of said traveling chain member, said drive apparatus
      comprising:
PA1  a reversible driving motor carried by said rail member;
PA1  a capstan member rotatably driven by said driving motor;
PA1  a cable member looped around said capstan member having a first end fixed
      on one side of said rail member and a second end fixed on the opposite
      side of said rail member;
PA1  sensor means for detecting said lateral variations in the position of said
      selvage edge of said fabric and generating an electrical signal
      corresponding to said position; and
PA1  means for supplying said electrical signal to said driving motor for
      reversibly driving said capstan member pulling said rail member back and
      forth along said cable member to follow the lateral position of said
      selvage edge;
PA1  whereby the selvage of said fabric is properly and uniformly aligned on
      said fastening means carried by said endless traveling chain member.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said capstan member is helically
      grooved for receiving said cable member within said grooves.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said reversible driving motor is
      affixed to the underneath bottom portion of said pivotable rail member.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said first end of said cable member is
      connected to said transverse support member on one side of said rail
      member and said second end of said cable member is connected to said
      transverse support member on the opposite side of said rail member.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said first end of said cable member and
      said second end of said cable member are connected so as to be laterally
      offset with respect to each other reducing the tendency of said cable
      member looped around said capstan member to bind against itself.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said sensor means includes an optical
      coaxial light sensor.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said fastening means are upwardly
      extending pins.
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ABST
PAL  A process for the shrinking and structure development of textile webs,
      particularly knitted goods or webs of textured synthetic yarns and the
      like, comprises the steps of subjecting the web under tension-free
      conditions to a first combined washing or cleaning and wet-shrinking and
      structure development treatment, then to a combined steam- and drying-
      shrinking and structure development treatment, and finally subjecting the
      web in flat-spread or spread-controlled condition to a drying-thermofixing
      or shrinking- and structure development and stabilizing treatment.
      Apparatus for performing said process includes means for wet treatment of
      the web, for treatment with steam, and drying means with tension-free
      guidance means, and a final stabilization and fixation chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a process for the shrinking and structure
      development of textile webs, particularly knitted goods, webs of textured
      polyester yarns, and the like, and also to apparatus for performing the
      process.
PAR  For the production of the optimum output of goods it is essential that the
      goods, either before or after final finishing, be shrunk as much as
      possible, in order to avoid a subsequent contraction during further
      processing or handling, and especially to achieve, in the case of textured
      goods, an optimum structural and volume development. Both processes are
      closely related in the case of textured fabric webs.
PAR  When, for example, circular knitted goods made from textured polyester
      yarns are washed, shrunk and thermofixed, it was customary in the prior
      art always to proceed so that the knitted goods were first washed in a
      special washing machine, namely, one equipped with a suction screen, then
      the goods were subjected to a shrinking operation in a holding chamber,
      such as a loop suspension chamber, a boiling apparatus, or a boiling or
      steaming apparatus with a wrinkling section, after which wringing, drying
      and thermofixation took place in special apparatus.
PAR  In these known methods, in which the thermofixation step is always
      performed on flat-spread webs, and the drying step is always carried out
      on flat-spread webs in hot air, it is not possible to attain a
      sufficiently high moisture content of the treatment medium economically in
      the drying or fixing chambers.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention has as its object to achieve an improvement in the
      shrinking effect and in the structure development of goods of the
      character described, whereby a considerable part of the shrinking process
      is combined with the drying process, and is separate from the
      thermofixation, that is, the stabilizing structural development operation.
PAR  To achieve this objective, in accordance with the invention, there is
      provided a process in which the textile web, initially guided under
      absence of tension, especially lateral tension, immediately following a
      combined washing or cleaning and wet-shrinking and structure development
      treatment step, is further subjected to a combined steam- and
      dry-shrinking and structure development treatment, and then finally, in
      flat-spread or spread-controlled condition, is subjected to a
      drying-thermofixing or shrinking and structure development and stabilizing
      treatment.
PAR  It has been found suitable for this purpose to carry out the combined
      steam- and drying-shrinking and structure development treatment by passing
      the textile web in a tension-free condition through the process to
      complete final drying. The combined steam- and drying treatment should be
      performed in a common operation (single stage) as a drying in clean
      superheated steam or in a superheated steam-air mixture with a steam
      content of at least 75% by volume or greater, wherein the steam
      temperature is advantageously about 140.degree. to 160.degree. C.
PAR  Shifting the aforementioned processes to a low-tension or tension-free
      dryer has the advantages that the drying process can be carried out at a
      goods temperature of about 85.degree. to 95.degree.C, instead of the
      45.degree. to 60.degree.C temperature previously employed, whereby under
      the action of moisture and elevated temperature an improved shrinking and
      washing effect is produced, and further that the goods can shrink freely
      because of the elimination of tension and extensive forward movement of
      the goods. In this manner there is produced a considerable improvement in
      the shrinking effect and the regulation of the process is simplified,
      since the previous fixed introduction of the textile web and passage of
      the goods through the dryer is no longer required, and fewer problems
      arise in the following stretching machines.
PAR  A suitable apparatus for performing the process of the present invention
      comprises a moisturizing unit, such as a special washing machine, a steam
      treatment unit, a special dryer equipped with tension-free goods guiding
      means, and finally a stabilizing-fixing tentering frame. It has been found
      advantageous to construct the moisturizing unit and the dryer, not as
      separate units, but to combine them in a treating means comprising a
      traveling screen dryer with a high steam capacity. In accordance with a
      preferred embodiment of the apparatus of the invention the final stage
      fixing chamber is equipped with a tentering frame having a weight
      releasing goods guide, for example, a dashpot arrangement, well known in
      the art.
DRWD
PAR  The construction and operation of the apparatus and process of the
      invention will be better understood by reference to the accompanying
      drawing, in which:
PAR  The single FIGURE is a side elevational view of the apparatus showing the
      relationship of the various parts.
DETD
PAR  Referring to the drawing, the apparatus comprises a wet treatment unit 2
      from which the textile web 1 leaves in folds on traveling screen 3 of a
      traveling screen dryer 4. In this traveling screen dryer there is
      maintained a steam atmosphere containing at least 75 percent by volume of
      steam, the temperature of which is about 150.degree.C. In consequence of
      the tensionless passage of textile web 1 on the traveling screen 3, the
      goods can be led freely through all the units with shrinking and
      simultaneous drying, which can be carried to such a point that the textile
      web is completely dry when it leaves the dryer. It then passes over intake
      means 5 into final stage fixing chamber 6, in which it is treated with a
      hot air atmosphere at about 160.degree. to 220.degree.C.
PAR  It is within the contemplation of the invention that a definite fixation of
      textile web 1 is attained by the end of dryer 4, so that a definite
      overlapping of the drying and fixing operations results.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for the shrinking and structure development of textile webs,
      particularly knitted goods or webs of textured synthetic yarns and the
      like, comprising the steps of:
PA1  a. subjecting the textile web, under tension-free, and especially
      lateral-tension-free guidance to a combined washing or cleaning and
      wet-shrinking and structure development treatment;
PA1  b. then subjecting the textile web to a simultaneous steam- and
      drying-shrinking and structure development while guiding the tension-free
      or lateral-tension-free textile web to a point of complete dryness by
      drying with clean superheated steam or a superheated steam-air mixture
      having a steam content of at least about 75% by volume; and
PA1  c. finally subjecting said web in flat-spread or spreadcontrolled condition
      to a simultaneous drying-thermofixing and shrinking- and structure
      development and stabilizing treatment.
NUM  2.
PAR  2. The process of claim 1 in which the combined steam- and drying treatment
      of step (b) is carried out in superheated steam at a temperature of about
      140.degree. to about 160.degree.C.
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ABST
PAL  A method of polarizing high molecular weight films comprising polarizing
      elongated strips of polar high molecular weight film upon which conductive
      thin films as opposing electrodes are deposited on both surfaces thereof
      the strips being assembled in an even number of layers and wound around a
      core into a roll shape. An embodiment includes inserting electrically
      insulating spacer layers between each layer or each unit of an even number
      of layers to prevent discharge effects.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of polarizing high molecular weight
      film. More specifically, it relates to a method of polarization for
      polarizing high molecular weight film in which polarization is effected on
      the high molecular film wound in a specific manner around a core such as a
      roll, plate or the like, thereby producing a large quantity of polarized
      film at one time with excellent efficiency.
PAR  2. Description of the Prior Art
PAR  Methods of polarizing high molecular weight film such as polyvinylidene
      fluoride, polyvinyl fluoride, and the like under a static high electric
      field to produce piezoelectric devices, etc., are well-known. One
      conventional method for effecting this polarization comprises laying,
      while stretching, film to be polarized as plain sheets and applying a high
      static electric field at a prescribed temperature on the film using thin
      films of vapor-deposited aluminum or an electroconductive paint and the
      like as electrodes provided on both surfaces of the film.
PAR  The method has defects such as poor workability in the polarization, low
      production efficiency and the like. Since the polarization is generally
      effected in a heating oven, film to be polarized should be cut into a size
      which will fit into the heating oven (usually less than several hundred
      square millimeters). In addition, highly stretched film is usually used
      with the aim of increasing the piezoelectric and pyroelectric effects and
      such film must be supported by a film frame uniformly and without any
      slackening, which is a very difficult operation. Moreover, even if the
      polarization can be attained in such a way, the amount of film that can be
      obtained at one time is only on the order of 10 to 20 sheets with a width
      of 30 cm, a length of 30 cm, considering the thickness of the frame for
      supporting the film and using a heating oven of a volume of 90 1 (45 cm
      .times. 45 cm .times. 45 cm).
PAR  Further, in such a polarization method the electrode-forming portions,
      e.g., vapor deposited aluminum, must be removed along the periphery of the
      film in cutting and stacking the film, and additional film area must be
      provided for attaching the film to the supporting frame. This results in a
      reduction in the yields of the polarized film and production efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  Various techniques for improving the foregoing conventional polarization
      methods which have many defects have been studied and, as a result, a
      polarization method has been found comprising polarizing the high
      molecular film to be polarized wound in a specific manner around a roll,
      plate or the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a high molecular weight film upon
      which aluminum has been deposited on both sides.
PAR  FIGS. 2 (a) to (d) are cross sectional schematic views illustrating the
      manner of winding the high molecular weight film in laminations around a
      core.
PAR  FIG. 3 is a cross sectional view showing spacer sheets inserted between the
      laminated film.
PAR  FIG. 4 is a perspective view showing the end portion of the high molecular
      weight film wound around a core.
PAR  FIGS. 5 (a) and (b) are cross sectional views illustrating the manner of
      securing the end of the high molecular weight film wound around a core.
PAR  FIG. 6 is a view illustrating the voltage application for effecting
      polarization of the high molecular weight film.
PAR  FIG. 7 is a view illustrating the high molecular weight films in laminated
      and polarized state.
PAR  In the drawings, 1 designates a high molecular weight film, 2: an
      electrode, 3: a margin of the film, 4: a core, 5: a spacer film and 6: a
      lead for electrode 2.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  When elongated films provided with electrodes, e.g., of vapor deposited
      aluminum on both sides thereof are merely wound around a roll or the like,
      the opposing electrodes contact each other at the winding surface
      resulting in a short-circuit failure. One approach to avoid this which
      might be thought of would be to wind films while inserting appropriate
      insulating materials therebetween. However, such insulation materials
      should have satisfactory insulating ability at higher temperatures since a
      voltage under higher temperature conditions is applied and, thus, such
      insulating materials are restricted to only particular materials such as,
      for example, a thick sheet of polytetrafluoroethylene. Moreover, in using
      such a insulating material, if a very small amount of a gaseous layer
      remains between the electrode and the insulating material, an extremely
      high electric field intensity (KV/mm) is produced even with a slight
      voltage applied on this very thin air gap. This sometimes produces a
      corona discharge that may vaporize the electrode substance deposited as
      electrodes or result in pin holes in polar films. It is, however,
      difficult to wind polar films having electrodes deposited thereon and
      insulation films without air gaps into a roll form. When the voltage used
      for polarization is high, the thickness of the insulation sheets much be
      increased to keep the voltage applied on the air gap below the corona
      discharge voltage, this also results in a difficulty in uniformly winding
      them into a roll form.
PAR  This invention involves a method for polarizing at one time polar high
      polar high molecular weight films of elongated strips having conductive
      thin films such as of aluminum, nickel or the like deposited on both
      surfaces as electrodes, comprising stacking the polar high molecular
      weight films with the electrodes deposited thereon in an even number of
      layers, winding them simultaneously around a core such as a roll or the
      like and applying a high DC voltage to the electrodes to effect the
      polarization.
PAR  When films as strips upon which electrodes have been deposited are stacked
      or assembled according to the method of this invention, as shown in FIG.
      7, (which shows the case where the films are stacked in two layers), the
      electrodes on the respective joining or contacting faces of the films
      wound in a stack or laminate form of an even number of layers always have
      the same polarity with respect to each other and the polarization is
      effected under this condition where the elongated films upon which
      electrodes have been deposited are wound in a roll so that the faces
      adjacent each other have the same polarity.
PAR  As electrodes which are deposited on polar high molecular weight films,
      electroconductive substances such as aluminum, gold, zinc, nickel, tin and
      the like are used and thin films of these electroconductive materials are
      deposited on both surfaces of polar high molecular weight films using
      vapor deposition, electroplating or other similar techniques. Desirably,
      areas less than several millimeters in width upon which electrodes have
      not be deposited, are left on the periphery of one or both surfaces of the
      film 1 (referred to as "margin" hereinafter) as shown in FIG. 1 so as to
      prevent discharge in the edge portions of the films.
PAR  The method of winding around the core high molecular weight electrode
      deposited film in strips stacked or assembled in an even number of layers
      comprises, for example, as shown in FIG. 2, a method of winding an
      elongated film around the roll while securing the film at the midpoint of
      its length at P to the roll 4 FIG. 2 (a), a method of winding the film
      around the roll, with the film being longitudinally folded at its midpoint
      P', FIG. 2 (b), a method of winding two films around the core with the
      films being folded in their width direction (not shown) or a method of
      winding the films around the core while forming a stack of an even number
      of layers by folding an elongated film an odd number of times, FIG. 2 (c),
      or a method of simultaneously winding an even number of sheets of film 1
      around the core FIG. 2 (d).
PAR  Any method can be employed provided that a stack of an even number of
      layers of electrode coated film is simultaneously wound around the core to
      thereby prevent short-circuits when the electrodes deposited on the
      opposed film faces in contact each other. When a high DC voltage is
      applied to the inner sides (joining faces) and outer sides (two surfaces),
      FIG. 7, as electrodes of the respective two films laminated in an even
      number of layers, no potential exists for air gaps between the electrodes,
      which enables polarization to be achieved without causing corona discharge
      destruction to the electrodes and film.
PAR  The polarization can be effected under a static electric field intensity of
      greater than about 50 KV/cm and less than the dielectric strength which
      causes yield to the insulation and at a temperature between about
      40.degree. C and 150.degree. C similar to the conventional method in which
      films are polarized by overlaying them one by one in a planar manner.
PAR  With temperatures above about 150.degree. C, the ability of the films to
      withstand the voltage is significantly decreased and then polarization
      practically becomes impossible.
PAR  In order to prevent a heat shrinking of the films in polarization under
      heating, preferrably the ends of the films wound around the core are fixed
      in a suitable manner. By fixing the ends of the films, the heat shrinkage
      can easily be minimized at below 1% in the polarizing operation and the
      creasing caused by heat shrinking can be also avoided.
PAR  The polar high molecular weight films to be polarized according to the
      method of this invention include those copolymers essentially consisting
      of, for example, polyvinylidene, fluoride, polyvinyl fluoride or
      vinylidene fluoride or those resins such as vinyl chloride resins,
      vinylidene chloride resin, acrylonitrile resins and the like. Although
      there are no particular restrictions on the thickness of the films as long
      as they can be wound around the core, a thickness between about 2 to 1000
      .mu. is suitable. Most generally, thin films of about 3 to 30 .mu. are
      used. If there are defective portions in such thin films, for example, pin
      holes or extremely thin portions, these defective portions often cause a
      short-circuit under the influence of high electric field intensity
      resulting in destruction of the films. The defective portions in the films
      not only results in a destroying of the defective portions per se but also
      sometimes several of the other treated films wound in a laminating roll
      and disposed above or beneath that portion are destroyed resulting in a
      reduction in the yields. In order to avoid this, preferably spacer sheets,
      for example, of high melting plastic film, paper, aluminum foil or the
      like are inserted and simultaneously wound between the opposing faces of
      the electrodes of the laminated film or between the stacked units of an
      even number of layers. By inserting spacer  sheets 5 as shown in FIG. 3,
      between the stacked films, the destruction of the defective portions of
      the films in the polarization only results in a destroying of the
      defective portions per se or, at most, those films present between the
      spacer sheets and, thus, the effect of the destruction on other parts of
      the laminated films can be prevented.
PAR  The spacer sheets are used in such a manner that they are also wound around
      the core into a roll and inserted between the unit laminations of
      electrode deposited films of an even number of layers, or wound around the
      core and inserted between each film or between each unit layer of
      laminated film forming an even number of layers or the spacer sheets also
      are stacked over and under such unit laminations with spacer sheets
      inserted between each film or between each unit layer of film laminated in
      an even number of layers, or the like. If the spacer sheet is inserted
      between two electrodes, polarization should be effected with these
      electrodes adjacent the respective sides of said spacer sheet having the
      same polarity. The core used in this invention includes a roll, plate, rod
      or the like and any core can be used provided that it remains rigid under
      the temperature required for polarization. A cylindrical core of metal or
      bakelite is generally used. The metal roll is preferred among others,
      because it can be easily heated and cooled because of its high heat
      conductivity, easily quenched by water cooling the inside of the cylinder
      and further because the electrical contact to the film electrodes to be
      polarized can easily be established.
PAR  This invention is specifically described with respect to preferred
      embodiments thereof by reference to FIG. 1 to FIG. 7.
PAR  A high molecular weight film upon which electrodes are deposited is first
      prepared as shown in FIG. 1 by depositing onto both surfaces of a polar
      high molecular weight film 1 such as a film of polyvinylidene fluoride,
      polyvinylfluoride or the like an electroconductive coating film 2 such as
      a film of aluminum, nickel foil or the like using vapor deposition,
      electroplating or the like while leaving margins 3 of a width of about 5
      to 15 mm on the periphery of the film. To wind up high molecular weight
      film, upon which electrodes have been deposited, laminated in an even
      number of layers around a core metal roll 4, electrode deposited film is
      prepared, for example, in two layers and they are wound around the roll 4
      while laminating the two film layers A and A' as closely as possible as
      shown in FIG. 2 (a). A conductor 6 such as tin foil as a lead for the
      electrode is wound at an appropriate position on the inside of the two
      film layers A and A' as shown in FIG. 4. The conductor 6 is desirably
      wound, for example, with an electroconductive paint 7 to prevent the
      formation of air gaps between the portions inserted with the conductor 6
      which may lead to a discharge. In FIG. 4, an insulation film 9 is used for
      avoiding a short-circuit between the conductor 6 and roll 4 but it is not
      always necessary. To prevent a heat shrinking of film during polarization,
      preferably the end portion of the film completely wound up around the roll
      4 is secured. The securing can be effected, for example, in such a manner
      as connecting an insulation film 8 to the rear end of a margin 3 of the
      film end, further winding the insulation film 8 several turns around the
      roll 4 and securing its end with an adhesive tape 10 as shown in FIG. 5(a)
      or fixing the end of the films to a part of a frame 11 to which the core
      wound with the films is secured as shown in FIG. 5(b) or the like.
PAR  Film layers A and A' wound around the core as described above are connected
      to an electric power source and a high DC voltage producing an electric
      field intensity of greater than about 50 KV/cm, and less than the
      dielectric strength causing the insulation to yield, is applied under
      conditions of a temperature of above 40.degree. C to 150.degree. C,
      between the roll 4 and the conductor 6. The elongated film to which the
      high DC voltage is applied while laminated in a roll is polarized in such
      a manner that the alternate joining faces of the laminated films have
      different polarities.
PAR  The polarization method according to this invention which enable the
      polarization of film while wound around a roll, plate or the like can
      significantly improve the workability and produce a great quantity of
      polarized film with excellent efficiency as compared with prior methods in
      which polarization is effected while overlaying the film in a flat
      condition. In addition, the present method makes it possible to obtain
      stable properties in that the heat shrinkage can be easily reduced to
      below 1%, quenching can be conducted, etc.
PAR  The following example are given to illustrate the invention in greater
      detail.
PAC  EXAMPLE 1
PAR  Aluminum was vapor-deposited onto a mono-axially stretched film of
      polyvinylidenefluoride of a thickness of 30 .mu. as shown in FIG. 1 and
      the winding of the film was started as shown in FIGS. 2 and 3. After
      similtaneously winding two sheets of this film of about 20 m, a lead for
      the electrode was provided as shown in FIG. 4 and polarization was
      effected by applying a DC potential of 600 V (200 KV/cm) as shown in FIG.
      6. The polarization was conducted in a dry vessel and the films were kept
      at a temperature of 115.degree. C for 30 minutes and then allowed to cool.
      The piezoelectric constant d.sub.31 thus obtained was 2.5 .times.
      10.sup.-.sup.7 cgs esu.
PAC  EXAMPLE 2
PAR  Aluminum was vapor-deposited onto a mono-axially stretched film of
      polyvinylidenefluoride of a thickness of 7 .mu. as shown in FIG. 1 and
      wound around a stainless steel tube having an outer diameter of 100 mm
      together with polyester films of a thickness of 9 .mu. laid between two
      sheets of the film and on the outer side thereof. After winding about 20 m
      these sheets, a lead for the electrodes was provided as shown in FIG. 4
      and a DC potential of 490 V (700 KV/cm) was applied to effect polarization
      as shown in FIG. 6. The polarization was conducted in a dry vessel and the
      film was kept at a temperature of 115.degree. C for 30 minutes and then
      was cooled by passing cold water through the stainless tube. While
      puncture resulted at the defective portions present in the
      polyvinylidene-fluoride films the other portions of the laminated
      polyvinylidenefluoride film which was screened with the polyester films
      was not affected and the generation of pin holes occurred only in these
      defective portions.
PAR  On the contrary, where the same polyvinylidenefluoride film of a thickness
      of 7 .mu. was laminated and polarized without using spacer sheets, the
      puncture produced in the defective portions of this film spread to other
      portions of the laminated film to thereby reduce the yield. The
      piezoelectric constant d.sub.31 thus obtained was 7.2 .times.
      10.sup.-.sup.7 cgs esu.
PAR  Numerous modifications of the invention will become apparent to one of
      ordinary skill in the art upon reading the foregoing disclosure. During
      such a reading, it will be evident that this invention provides a unique
      apparatus and method utilizing wet-developing for accomplishing the
      objects and advantages hereinstated.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of polarizing high molecular weight films comprising the
      steps of depositing conductive thin films as opposing electrodes on both
      surfaces of elongated strips of polar high molecular weight film material
      and polarizing said film strips, the improvement comprising: assembling
      the strips in an even number of layers and winding the assembled strips
      around a core into a roll shape and applying a D.C. potential across said
      electrodes with each two facing electrodes having the same polarity and
      alternating the polarity of the groups of facing electrodes of said
      assembly.
NUM  2.
PAR  2. The method as claimed in claim 1, further comprising the step of
      inserting a spacer sheet between the two facing electrodes of each of said
      groups of said assembly.
NUM  3.
PAR  3. The method as claimed in claim 1, further comprising the step of
      inserting a spacer sheet of electrically insulating material between the
      facing surfaces of said two electrodes of each group prior to winding said
      assembly.
NUM  4.
PAR  4. The method as claimed in claim 1, further comprising the step of
      inserting an aluminum foil spacer sheet between the facing surfaces of
      said two electrodes of each group prior to winding of said assembly into
      roll shape.
NUM  5.
PAR  5. The method as claimed in claim 1, further comprising the step of
      inserting a spacer sheet between the two facing electrodes of each group
      and further assembling spacer sheets overlying and underlying said
      assembled strips prior to winding of the thus assembled strips around a
      core into roll form and applying of a D.C. potential across the electrodes
      such that the electrodes situated on both sides of a given spacer sheet
      have the same polarity.
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ABST
PAL  In a method for the manufacture of substantially cylindrical pressurized or
      liquefied gas tanks first and second portions deformable to open-ended
      cylindrical shape are stamped out of a same metal sheet, the cylindrical
      portions then being welded together by their free edges which mated in the
      sheet. A machine for automatically carrying out the method comprises means
      for stamping, shaping and assembling the portions.
BSUM
PAR  The invention relates to the manufacture of cylindrical fluid containers
      from metal sheets. It relates more particularly to a method for the
      automatic manufacture of such containers which are to contain pressurized
      or liquefied gases. It also relates to a machine for the manufacture of
      such fluid containers which have a base support and an upper opening.
PAR  The invention applies preferably but not exclusively to the manufacture of
      containers which will contain propane or butane gas.
PAR  Hitherto in the manufacture of such containers or cylinders, the various
      operations have been performed separately, comprising more particularly
      the steps of cutting the metal sheets, stamping the sheets, assembling by
      welding the two parts of the container or cylinder produced by stamping,
      assembling the base support, drilling an opening for fixing the reception
      collar of the operating valve for the cylinder, the heat treatment and
      finish (particularly painting) of these containers or cylinders.
PAR  As these operations are performed at different places, it is necessary to
      transport the cylinder blanks to these different places for each stage of
      manufacture. Therefore a large labour force is necessary for this
      transportation and these separate operations.
PAR  Moreover, each part of the cylinder is generally made from different metal
      sheets which has the serious disadvantage that in this way the homogeneity
      of each cylinder cannot be guaranteed, leading to a danger of a large
      number of faulty cylinders. In addition, after stamping the blanks are
      generally kept for some time before continuing the cylinder assembly
      operation, so that the thus stamped metal is subject to ageing leading to
      a danger of cracks forming.
PAR  An object of the invention is to obviate the above-indicated disadvantages,
      and more particularly to provide a method and a machine for the automatic
      manufacture, without manual intervention, of such containers from metal
      rolls, strips or sheets.
PAR  Another object of the invention is to provide a method for the automatic
      manufacture of such containers which ensures the production of homogeneous
      containers with a better guarantee of solidity than the containers
      manufactured hitherto. The invention provides a method for the manufacture
      of pressurized or liquefied gas tanks from metal sheets, whereby the said
      tank is substantially cylindrical, wherein for the automatic manufacture
      of said containers it comprises in combination the following steps:
PAR  A FIRST AND SECOND PORTION OF EACH CONTAINER IS STAMPED INTO A METAL SHEET,
      WHEREBY THE SAID FIRST AND SECOND PORTIONS EACH HAVE SUBSTANTIALLY THE
      SHAPE OF A CYLINDER OPEN AT ONE END AND WHEREOF THE FREE EDGES
      SUBSTANTIALLY FORM A CROSS-SECTION OF THE SAID CYLINDER, THESE FIRST AND
      SECOND PORTIONS BEING MADE FROM THE SAME METAL SHEET, FOR EACH CONTAINER,
      AND,
PAR  THE FREE EDGES OF EACH OPEN END OF THE SAID FIRST AND SECOND PORTIONS
      COMING FROM ONE END AND THE SAME METAL SHEET ARE ASSEMBLED BY WELDING.
PAR  The invention also provides a machine for the manufacture of substantially
      cylindrical fluid containers from metal sheets whereby the said containers
      have a base support and an upper opening, wherein it comprises in
      combination:
PAR  means for producing by stamping from a first and a second piece of sheet
      metal (preferably from the same metal sheet) respectively a blank of a
      first and a second portion of each container, whereby the said
      substantially identical blanks each have the shape of a cylinder open at
      one end, whereof the free edges substantially form a cross-section of the
      said cylinder, whereby the said first portion will serve as the lower
      portion of the said container, and the second portion will serve as the
      upper portion of the said container,
PAR  means for shaping the first and second portions of the container from the
      said blanks,
PAR  means for assembling by welding the said free edges of the open ends of the
      first and second portions of the container,
PAR  first transfer means for transporting the said blanks from the stamping
      means to the shaping means, and second transfer means for transporting the
      said first and second portions from the shaping means to the assembly
      means,
PAR  the said shaping means comprising an assembly of first and second shaping
      devices adapted to effect the differentiated operations for producing
      respectively the first and second portions,
PAR  the said machine also having a transport line along which are successively
      installed said means and devices,
PAR  the above-indicated first devices of the shaping means being installed in
      positions symmetrical to said second devices relative to an axis which is
      parallel or coincides with the said transport line,
PAR  the said shaping means comprising a transfer member for successively
      transporting according to a given rhythm which is identical on both sides
      of the transport line the said blanks between the first shaping devices
      and between the second shaping devices.
PAR  Preferably the first transfer means comprise a separation device adapted so
      as to transport from each side of the said transport line the blank pairs
      coming from the same metal sheet to the said shaping means.
PAR  Advantageously the stamping means comprise a cutting device for the metal
      sheets and a device for stamping the cut metal sheets.
PAR  Other and further objects of the present invention will be apparent from
      the following description and claims, and are illustrated in the
      accompanying drawings which, by way of illustration, show preferred
      embodiments of the present invention and the principles thereof and what
      are now considered to be the best modes contemplated for applying these
      principles. Other embodiments of the invention embodying the same or
      equivalent principles may be used and structural changes may be made as
      desired by those skilled in the art without departing from the present
      invention and the scope of the appended claims.
DRWD
PAR  FIG. 1 shows in schematic manner the first part of the machine according to
      the invention;
PAR  FIG. 2 shows in schematic manner the second part of the machine according
      to the invention.
DETD
PAR  The embodiment of the invention shown in the drawings relates to the
      manufacture of metal propane or butane gas cylinders containing about 13
      kg of these gases in the liquefied state. These cylinders are generally
      used in flats and are manufactured in large number. It is therefore
      advantageous to have an automatic manufacturing machine for such
      cylinders.
PAR  The machine shown in FIGS. 1 and 2 permits the entirely automatic
      manufacture of such cylinders from metal sheets 1. Thus, once this machine
      is started up with the metal sheets 1 placed on the appropriate
      distribution device 2, the said machine performs all the operations
      necessary for the manufacture of the cylinders without manual
      intervention, and at the outlet (FIG. 2) of this machine finished
      cylinders are obtained. It is then merely necessary to fill the said
      cylinders with liquefied gas to be able to distribute them to users.
PAR  In the example the distribution device 2 comprises a circular plate 3 which
      is above to pivot about a vertical axis passing through the center of said
      plate. The upper portion of this plate is sub-divided into four quadrants
      or segments, respectively 4, 5, 6 and 7, in each of which are stacked the
      metal sheets 1 which will serve for the manufacture of the cylinders.
      These metal sheets all have the same dimensions, both as regards the plan
      dimensions and the thickness. The number of metal sheet placed in
      quadrants 4, 5, 6 and 7 is sufficient to ensure that the machine can
      operate for a relatively long time, for example, one day, without it being
      necessary to insert a new batch of metal sheets in the quadrants. A first
      transfer member comprising, for example, a system of air holes 8 raises
      the sheets one by one to bring them successively into a cutting press 9,
      wherein from a metal sheet 10 are cut four circular plates or disks which
      will serve as the lower and upper portions of two cylinders.
PAR  The cutting press 9 also has a die, a centering member 11 for sheet 10, and
      a device 12 which pivots each sheet 10 by a quarter of a turn whenever one
      disk has been cut from the said sheet 10. Therefore device 12 pivots each
      sheet 10 three times by a quarter of a turn on each occasion. In addition
      there is a punch which by dying forms references or directions 13 on each
      disk which is intended to form half the cylinder.
PAR  It should be noted that in one variant the distribution of the metal sheets
      is effected with the aid of a roll which is firstly unwound and then cut
      in regular manner into plates, which are then introduced into the cutting
      press 9. As a variant, the transfer member which permits the
      transportation of the metal plates from the distribution device 2 up to
      press 9 has, in place of air holes, a magnetic member or any other
      gripping member.
PAR  The metal plates 10a wherein are cut four disks are discharged from the
      press 9 with the aid of a transfer arm 14 towards a removing conveyor belt
      15 which transports the perforated plates 10a one by one to a storage
      point.
PAR  The disks cut in plates 10 drop beneath press 9 and are transported in
      alternate manner towards two stamping presses, respectively 16 and 17.
PAR  These stamping presses 16 and 17 form from the said disks stampings or
      blanks of half-cylinders which are identical, whereby the shape of these
      blanks is substantially cylindrical and open at one of the ends of the
      cylinder. Press 16 is intended for producing by stamping the upper half of
      each cylinder, whilst press 17 is intended to produce by stamping the
      lower half of each cylinder.
PAR  The transportation in alternate manner of the disks from press 9 to presses
      16 and 17 is effected with the aid of an arm 18. More precisely arm 18
      rotates a disk by about 90.degree. to bring it into the stamping press 16,
      then the said arm 18 returns at the level of press 9 to take up another
      disk, and again rotates the same by about 90.degree. but in the reverse
      direction from the previous disk towards stamping press 17.
PAR  Extraction members, respectively 18a and 19, are provided for each stamping
      press 16 and 17 which extract from the said presses the stampings.
PAR  A transfer arm 20 transports the identical stampings extracted by members
      18a and 19 from presses 16 and 17 to a machine 21 for cutting the free
      edges of the open ends of the said stampings.
PAR  Arm 20 coupled to member 19 extracts a stamping from press 17 and performs
      a rotation towards machine 21 where it deposits the transported stamping,
      then continues its rotation in the same direction towards press 16 where,
      coupled once again to member 18a, it extracts another stamping from press
      16. This stamping from press 16 is in turn brought towards cutting machine
      21 by the said arm 20.
PAR  In the example this cutting machine 21 permits the rotation of each
      stamping between two cutters 22 in order to cut the free edges of the open
      ends of each stamping so that the said edges form cross-sections of the
      cylinders.
PAR  It is to be noted that for ease of comprehension of the drawings, the
      stampings and the sheet metal plates from which they are obtained are not
      shown on the same scale. The stampings are, in fact, shown on a larger
      scale.
PAR  Another transfer arm 23 transports the stampings produced in press 17 from
      machine 21 to a shaping (or joggling) device 24. This shaping device gives
      the free edge of the stamping which will serve as the lower portion of the
      cylinder an external diameter which is slightly smaller than the initial
      diameter of the stamping.
PAR  The object of this operation is to permit the assembly by nesting of the
      stampings for the purpose of welding the same. The said operation is
      performed by means of a roller 25 which rotates about the said free edge
      of stamping 26 (produced by press 17).
PAR  According to a variant, stamping 26 is rotated whilst cutter 25 is
      stationary.
PAR  As regards the variants, it is pointed out that up to the outlet of machine
      21 all the operations performed are identical for all the half-cylinders.
      It is therefore possible to have only a single stamping press (16 or 17).
      It is also possible to have a press which simultaneously performs the
      cutting operations for sheet 10 and the stamping operation for the thus
      cut disks.
PAR  Arm 23 also transports the stampings produced in press 16 from cutting
      machine 21 to a device 27 which is able to give the upper stamping the
      necessary shape for receiving a collar, which forms, in per se known
      manner, the upper portion of the cylinder and which is intended to receive
      the reducing valve and the outlet taps. The device 27, as shown in FIG. 1,
      makes it possible to produce a recess 28 at the top of the upper stamping
      and drill a hole 29 around the center of the said recess 28.
PAR  It should be noted that the sequence of transfer operations from press 9 to
      devices 24 and 27 is effected in such a way that the stampings which
      simultaneously reach devices 24 and 27 necessarily come from the same
      plate 10.
PAR  It is important to note that devices 24 and 27 which perform the different
      operations on the stampings are positioned symmetrically relative to a
      line 30 so that one deals with the lower portion of the cylinder, and the
      other deals with the upper portion of the said cylinder. Right up to the
      assembly of the upper and lower portions all the manufacturing operations
      of the said upper and lower portions are effected in simultaneous manner,
      and in symmetrical positions relative to the said line 30. Hereinafter
      line 30 is designated the "transport line".
PAR  In addition it is pointed out that arms 18, 20 and 23 pivot via one of
      their ends about a vertical axis passing through line 30. The other end of
      each of these arms comprises means for gripping the blanks.
PAR  After devices 24 and 27 have completed their respective operations, the
      upper and lower blanks are transported parallel to line 30 up to positions
      which are also symmetrical relative to the line 30. In these positions the
      lower blank 31 and upper blank 32 are moved towards the said line 30.
PAR  This displacement in a direction perpendicular to line 30 is effected, for
      example, with the aid of jack members 33. The lower portion 31 and upper
      portion 32 at this stage are arranged in such a way their opening forming
      the cross-section is directed upwards. Whilst being advanced parallel to
      line 30, said portions 31 and 32 are simultaneously rocked by means of a
      rocking member 34 in such a way that their opening forming a cross-section
      is directed downwards.
PAR  Once this rocking movement has been performed, said upper and lower
      portions are introduced still in simultaneous manner onto a conveyor belt
      35 which moves the said portions 31 and 32 along transport line 30.
PAR  All the operations necessary for finishing the said upper and lower
      portions prior to their assembly by welding are performed on belt 35.
PAR  Belt 35 periodically transports the upper and lower portions of the
      cylinder by a predetermined length, whereby this length is a given
      fraction of the total length of belt 35.
PAR  The first operation performed on belt 35 consists of placing on the sealed
      top of the lower portion of the cylinder, which will form the base of the
      cylinder, a collar 36 which will form a base support of the cylinder. In
      the present example this base support 36 is manufactured by a device 37
      installed on the same frame of the manufacturing machine as the cylinder
      itself.
PAR  This device 37 manufactures the said base support 36 from a coil 38 of
      strip or sheet metal. Device 37 comprises a roller 39 which unwinds coil
      38 and which gives the substantially planar shape to the unwound strip 40,
      an extractor 41 which extracts the strip from the said roller 39 to bring
      it into a device 42 for cutting crenellations 43 on one edge of strip 40.
      In the example device 42 simultaneously cuts seven crenellations 43 and
      cuts the portion of strip 40 wherein the said crenellations 43 have been
      made. This strip portion is then introduced into a press 44 which in per
      se known manner gives the shape of a circular collar to the said strip
      portion by means of a certain number of successive operations. The ends of
      the portion of the crenellated strip joined by press 44 are then welded by
      means of a first welding station 45.
PAR  The collar 36 produced in this way by device 37 is then moved towards line
      30, e.g. with the aid of jacks (not shown), and is arranged on the lower
      portion of the cylinder.
PAR  The second operation performed on belt 35 consists of a washing operation
      for the said upper and lower portions. It is in fact necessary to wash the
      stampings prior to the various welding operations which must be performed
      thereon. The washing operation is performed at station 46 by projecting a
      washing mixture by means of the not shown washing ramps. The next station
      47 is a rinsing station which is also effected by projecting liquid, e.g.
      water. After station 47 the upper and lower stampings are transported by
      belt 35 to station 48. At station 48 the collar mentioned hereinbefore is
      placed on the upper stamping. To this end a distributor 49 is provided
      wherein the collars 50 have been previously placed. This distributor 49
      comprises a circular table 51 which is able to rotate about a vertical
      axis by means of a drive member 52. Collars 50 are arranged in groups on
      the said table. To place the collars one by one on the said upper
      stampings, a device 53 is provided which moves the said collars towards
      station 48.
PAR  In the penultimate station 54 of belt 35 the upper and lower stampings are
      dried by blowing in hot air. Level with station 54 it is advantageous to
      provide a tunnel above belt 35 so that the drying by blowing in hot air is
      more effective.
PAR  On being discharged from belt 35 the upper and lower stampings are arranged
      in welding stations 55 and 56 which, as has been stated hereinbefore, are
      arranged symmetrically to line 30.
PAR  At welding station 55 the collars are welded to the upper stampings, and at
      welding station 56 the base supports 36 are welded to the lower stampings.
      The welding operations are, for example, performed by means of arc welding
      torches 57 and 58 using a solid or gaseous flux, whereby the said torches
      produce substantially in punctiform manner. For welding the base supports
      and collars the upper and lower stampings are rotated about the axis of
      the cylinder from which they are made in the directions indicated by the
      arrows, respectively 59 and 60 in FIG. 1.
PAR  After the said welding operations the upper and lower stampings which are
      at this stage provided respectively with a collar and a base support are
      swung in such a way that their axes are horizontal, having been vertical
      up to stations 55 and 56. The stampings are also turned in such a way that
      their free edges are facing but their axes are maintained in the
      horizontal plane. In this way the said free edges 61 and 62 of upper
      stamping 63 and lower stamping 64 face one another.
PAR  After this swinging and turning operation, stampings 63 and 64 are
      transported parallel to line 30 into a jack device 65 provided for the
      assembly along their free edges and which at this stage form the lower and
      upper portions of the cylinder.
PAR  Assembly device 65 assembles the said lower and upper portions by nesting
      edge 61 on edge 62.
PAR  After their assembly the cylinders are transported towards a carriage 66
      (reference should now be made to FIG. 2), whereon are performed the
      various welding operations of the upper and lower portions of each
      cylinder.
PAR  In the example this carriage can perform a translational movement in the
      direction perpendicular to line 30 in such a way as to be able to assume
      two positions. In the first of these positions the cylinders can be
      introduced in a row according to axis 67 on one side of the carriage, and
      in the second position the cylinders can be introduced in a second row
      according to axis 68 parallel to axis 67 on the other side of the
      carriage. In other words, axes 67 and 68 can alternately extend line 30.
      In the position as shown in FIG. 2, it is axis 67 which extends the said
      transport line 30.
PAR  On carriage 66 the welding operations are performed in two separate
      stations, respectively 69 and 70. According to the invention, the welding
      operation of the free edges of the upper and lower halves of each cylinder
      are performed in two steps. During the first step of this welding
      operation performed at station 69 the intensity of the electrical current
      is relatively small, and during the second step of the welding operation
      performed at station 70 the intensity of the electrical current is
      substantially higher than that used at station 69. The inventor has, in
      fact, found that this two-step welding operation with electrical currents
      of different intensities makes it possible to obtain welds making the
      cylinders perfectly sealed. Preferably the second welding operation with a
      higher electrical current is performed after the first operation.
PAR  At the end of carriage 66 the cylinders wait for a given time which is
      adequate for the operator to check, e.g. by visual observation whether the
      welds have been made in a correct manner at stations 69 and 70.
PAR  At the end of carriage 66 the cylinders are discharged therefrom in the
      direction of line 30 to a device 75 for transferring them to the heat
      treatment and finishing stations.
PAR  It will be understood that the discharge of the cylinders from carriage 66
      can be performed at the same time as loading at the other end of the
      carriage for the same row (axis 67 or 68).
PAR  Discharge device 75 comprises a guidance path 76 for the cylinders
      discharged from carriage 66. This discharge device 75 also comprises a
      thrust member 77, e.g. a jack, which forces the cylinders onto the
      guidance path 76 in the direction indicated by arrow 78 in FIG. 2.
PAR  At the outlet of guidance path 76 the cylinders are turned in such a way
      that their axis is parallel to line 30 and an introduction device 79 which
      is also a jack introduces the said cylinders into a heat treatment furnace
      80, more particularly an annealing furnace. In the represented example the
      cylinders are introduced in pairs (cylinders 81 and 82) into furnace 80.
PAR  For reasons of clarity in FIG. 2 only the longitudinal ends of furnace 80
      are shown, the central portion thereof having been omitted.
PAR  Furnace 80 has upper openings 83 and 84 in the form of a tower which form
      the exhaust flues for the said furnace 80.
PAR  The outlet of furnace 80 is connected directly without contact with the
      outside to the inlet of a cooling duct 85. Cooling duct 85 comprises, for
      example, pipes (not shown) in which water circulates. The heat recovered
      by the water circulating in the said pipes can optionally be used for
      other operations. As in the case of furnace 80, in FIG. 2 only part of the
      length of said duct 85 is shown.
PAR  Within furnace 80 and duct 85 a conveyor belt is provided to convey in the
      horizontal position the cylinders from the furnace inlet to the duct
      outlet. At the outlet of duct 85 the cylinders are raised by a not shown
      device.
PAR  After the cylinders have been removed from the cooling duct 85 and raised,
      they are moved perpendicular to axis 86 of furnace 80 and duct 85, and are
      deposited at a station 87 where they are filled with water via their upper
      portion which has a collar. At the end of this filling operation the
      cylinders are placed on a test plate or the like 88. The transfer of the
      cylinders from station 87 to plate 88 is effected by means of a
      jack-operated thrust device 89.
PAR  All the operations necessary for checking the pressure resistance of the
      cylinders is performed on test plate 88 which can rotate about a vertical
      axis. These checking operations consist in particular of pressurizing the
      cylinders at station 89a. The various checking stations have fixed
      positions relative to plate 88 which, as already indicated, can rotate
      about a vertical axis so as to be able to move the cylinders from one
      checking station to another.
PAR  After the checking operations the cylinders are removed from plate 88 by
      means of a jack 90, which moves the cylinders towards a pipe 91 along
      which is provided a station 92 where the water introduced into the
      cylinders at station 87 is emptied.
PAR  Along pipe 91 beyond station 92 is provided a station 93 for turning over
      the cylinders. At this station the cylinders are laid flat so that their
      axis is horizontal and parallel to the axis of pipe 91.
PAR  The transfer devices from pipe 91 bring the horizontally positioned
      cylindners from station 93 to the entry point of a chamber 94 wherein the
      outer surface of the cylinders is treated. This treatment consists of
      sand-blasting or shotting. For reasons of clariity FIG. 2 only shows part
      of the length of chamber 94.
PAR  Following on the external surface treatment of the cylinders they are
      introduced into a metallization cabin 95, whereafter the cylinders are
      raised by a not shown device and then installed in a painting cabin 96.
      Following on the painting cabin 96 is provided a furnace 97 wherein the
      drying or baking of the paint applied in cabin 96 is carried out.
PAR  The cylinders are then removed from furnace 97 and arranged at station 98
      where the reducing valve and taps are fitted on the collar, welded (at
      station 55 in FIG. 1) to the upper portion of the said cylinders.
      Manufacture of the cylinder is then completed and it is possible to
      provide a station 99 where the cylinders are automatically filled with
      propane or butane gas.
PAR  Finally, a device 100 for the discharge of the thus filled cylinders to a
      storage area is provided.
PAR  Although not described in detail, control devices which can be easily
      realized by the skilled expert are provided which permit the performance
      according to the sequences described hereinbefore of the various devices
      which go to make up the machine according to the invention.
PAR  The process and machine according to the invention described hereinbefore
      can be used whenever it is desired to manufacture containers having at
      least two main portions manufacturable by stamping metal sheets. This
      method and this machine are particularly advantageous for the manufacture
      of containers which are to receive liquefied gases or gases at a pressure
      above atmospheric pressure.
PAR  While there has been described and illustrated the preferred embodiments of
      the invention, it is to be understood that these are capable of variation
      and modification, and it is not therefore desired to be limited to the
      precise details set forth, but to include such modification and
      alterations as fall within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A machine for the manufacture of substantially cylindrical fluid
      containers from metal sheets, said containers including a base support and
      an upper opening adapted to receive an adaptation element for a valve,
      said machine comprising:
PA1  means for producing, by stamping from a first and a second piece of sheet
      metal, respectively, substantially identical blanks of a first portion and
      a second portion of each container such that the said substantially
      identical blanks each have the shape of a cylinder open at one end,
      whereof the free edges substantially form a cross-section of the said
      cylinder, the said first portion serving as the lower portion of the said
      container, and the second portion serving as the upper portion of the said
      container,
PA1  first transfer means for alternatively transporting the said blanks from
      the stamping means to a first station at which the diameter of the free
      edges of said first portion is modified and a second station at which the
      said upper opening is produced in said second portion,
PA1  said first station including a device for modifying the diameter of the
      free edges of said first portion and said second station including a
      device for producing the upper opening in said second portion,
PA1  second transfer means for transporting the first portion blanks from said
      first station to a first side of a first transport belt and the second
      portion blanks from said second station to a second side of said transport
      belt,
PA1  a device located on the first side of the transport belt for arranging the
      base supports on the blanks of said first portion,
PA1  a device located on the second side of the transport belt for arranging the
      adaptation element on the second portion blanks,
PA1  third transfer means for discharging said first and second portions from
      the transport belt and for bringing said portions, by pairs, to an
      assembling station, and
PA1  means at said assembly station for assembling, by welding, the said free
      edges of the open ends of the first and second portion of the container.
NUM  2.
PAR  2. A machine as claimed in claim 1 which comprises, between the stamping
      means and the first transfer means, fourth transfer means for successively
      transporting blanks to further station at which is located a cutting
      machine for cutting the free edges of the open cylinders.
NUM  3.
PAR  3. A machine according to claim 1 wherein the second transfer means include
      means for rocking the blanks of first and second portions in order that
      their opening is directed upwards.
NUM  4.
PAR  4. A machine according to claim 3, wherein the third transfer means
      comprise rocking means for installing, in a horizontal position, said
      blanks discharged from the first transport belt.
NUM  5.
PAR  5. A machine according to claim 1, further comprising an assembling device
      for nesting the edges of the first and second portions of the containers,
      said assembling device being arranged between the third transfer means and
      the assembling means.
NUM  6.
PAR  6. A machine according to claim 1, wherein the stamping means comprise
      first and second stamping devices for producing, respectively, said blank
      of first portion and said blank of second portion, said machine being
      arranged so that the blanks of the first and the second portion from the
      same metal sheet arrive simultaneously on the first transport belt.
NUM  7.
PAR  7. A machine according to claim 1, which comprises means upstream of said
      stamping means for cutting disks from the metal sheets and further
      transfer means for transporting disks so cut towards the stamping means.
NUM  8.
PAR  8. A machine according to claim 1, wherein the first transfer means
      comprise a pivotably mounted transport arm having gripping means for the
      said blanks located at one end thereof.
NUM  9.
PAR  9. A machine as claimed in claim 1 further comprising a device for
      manufacturing the base support of the said containers from a coil of sheet
      metal, the said base support having the shape of a cylindrical ring
      crenelated on one of its sides, said base support manufacturing device
      comprising a cutting member for cutting the said crenelations and the said
      sheet metal coil, a member for imparting a cylindrical shape to the
      crenelated strip after the cutting thereof, and a welding device for
      welding the ends of the said crenelated strip, said machine further
      comprising means for arranging said base supports manufactured by said
      device on said blanks of first portion which are on the first side of the
      first transport belt.
NUM  10.
PAR  10. A machine as claimed in claim 1, which comprises fifth transfer means
      for discharging the containers from the means for assembling by welding
      and for transporting said containers toward a heat treatment furnace, a
      cooling duct connected to the outlet of this heat treatment furnace, and a
      second transport belt for conveying the said containers from the inlet of
      said furnace to the outlet of the cooling duct.
NUM  11.
PAR  11. A machine according to claim 16, which comprises sixth transfer means
      for discharging the containers from the cooling duct and for conveying the
      discharged containers on a plate for testing the pressure resistance of
      the said containers, checking stations being arranged on the periphery of
      the said plate, means for mounting said plate for pivoting about a
      vertical axis so as to transport the containers from one checking station
      to another, the said checking stations being arranged at fixed points.
NUM  12.
PAR  12. A machine according to claim 1, wherein the assembling means is
      arranged on a carriage having at least two welding stations, said carriage
      being movable, in alternating manner, so that the containers can be loaded
      and unloaded from the said carriage in two parallel rows, the assembling
      means comprising at least one welding station for each of these two rows.
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ABST
PAL  A leak-tight non-contaminative joint, for connecting tin lined copper
      tubing with a tin lined coupling member, is formed by exposing the tin
      lining at the tube end and inserting an elastic "O"-ring between the
      exposed lining and the surrounding coupling, so that the fluid within the
      tubing and coupling does not contact any metal other than tin. A clamp for
      holding the coupling member and tubing together is also disclosed.
PARN
PAR  This is a division of application Ser. No. 307,124, filed Nov. 6, 1972, now
      U.S. Pat. No. 3,888,519.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention relates generally to fittings for coupling lined
      tubing, without permitting the fluid, passing through the tubing, to come
      into contact with the outer jacket of the tubing.
PAR  Lined pipe has been used successfully in a variety of applications where it
      is necessary that the pipe not contaminate or react with the fluid passing
      through the tubing. Typically this lining material is expensive and its
      structural properties are such that is is desirable to have a surrounding
      jacket of a stronger and less-expensive metal.
PAR  Tin lined copper pipe has been used successfully in pure water systems,
      since the tin does not contaminate or react with the distilled water. The
      copper jacket provides the necessary structural support for the
      substantially weaker tin, and together they provide a pipe that is
      substantially less expensive than a pipe made completely of tin. However
      in such pure water systems, it is necessary that the distilled water not
      come in contact with the copper jacket. For this reason a problem exists
      whenever one desires to connect one tin lined copper pipe with another.
      Obviously if one cuts one of these pipes, in order to connect it with
      another, as one normally does when connecting piping, the outer copper
      jacket would be exposed to the distilled water.
PAR  A common method, which has been used to join tin lined copper pipes, has
      been to thread the exterior copper jacket and then, by means of a threaded
      coupling, tightly butt the pipes together. Obviously this installation
      method requires precise alignment and close tolerancing, in order to
      prevent any possible water contamination. Furthermore, since threads must
      be cut into the pipe's outer jacket, it must be of a thickness
      considerably greater than is required for structural reasons alone.
      Therefore tin lined pipe systems are considerably more expensive, in terms
      of material and installation costs, than corresponding tin lined tubing
      systems would be, if practical.
PAR  Prior art devices for connecting tin lined copper tubing have also used the
      abutment technique and require complex threaded coupling systems, which
      are accurately toleranced and expensive, have proven difficult to install,
      and which cannot be relied upon to prevent the pure water from coming into
      contact with the outer copper jacket.
PAR  It is therefore desirable to provide a fitting, for coupling lined tubing
      that is simple and easy to install, can be used with any size copper
      tubing, eliminates the necessity for using of tin lined copper pipe, and
      will not permit the fluid, passing through the tube, to come into contact
      with the outer jacket.
PAC  A SUMMARY OF THE INVENTION
PAR  A cylindrical segment of the jacketing material is removed from the end of
      the lined tubing, to be connected to a similarly lined coupling. An O-ring
      formed of a flexible, compressible material, which will not contaminate or
      react with the fluid passing through the tubing is slipped over the
      completely exposed inner lining, until it abuts the end of the outer metal
      jacket. The inner lining is then slightly flared and the tubing is now
      inserted into a female receptacle of the lined coupling. The tubing is
      inserted until a cylindrical segment of the remaining outer jacket of the
      lined tubing is enclosed by the female receptacle and the O-ring has
      formed a fluid tight seal between the receptacle and the exterior surface
      of the exposed inner lining. The enclosed outer portion of the lined
      tubing is clamped to the receptacle, providing a direct load path through
      the outer metal jacket of the lined tubing and the lined coupling. This
      arrangement does not require threaded joints, it can be used for any sized
      tubing and is simple and easy to install. In view of its superiority over
      prior art methods, this arrangement makes practical the use of tin lined
      tubing, of any size, in pure water systems, thereby providing a system
      that is cheaper and lighter than previous tin lined copper systems and
      which will not contaminate or react with the distilled water passing
      through it.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The several features and advantages of this lined tubing fitting
      arrangement, constructed in accordance with the invention, will be more
      readily understood and appreciated from the following detailed description
      of the preferred embodiments, herein selected for purposes of
      illustration, as shown in the accompanying drawing in which:
PAR  FIG. 1 is a perspective view of a coupling for lined tubing and a lined
      tubing, constructed in accordance with the invention;
PAR  FIG. 2 is a front elevational view, partly in section, of a lined tubing
      fitting, constructed in accordance with the invention;
PAR  FIG. 3 is a side elevational view, partly in section, of a clamping device
      suitable for use in a lined tubing fitting constructed in accordance with
      the invention; and
PAR  FIG. 4 is a front elevational view, in section, of a lined pipe fitting,
      constructed in accordance with the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As shown in FIG. 1 a lined tubing 2 has an outer supporting jacket 4 for an
      inner lining 6. Tubing 4 and lining 6 are constructed of dissimilar
      materials and are concentric tubes fit together by means well-known in the
      art. A cylindrical segment of tube 4 has been removed, by a standard pipe
      cutter for example, to expose completely lining 6, allowing it to protrude
      from end 7 as indicated at 10. An elastic and compressible O-ring 8 has
      been slipped over the protruding portion 10 until it abuts end 7 of
      outer-tubing 4. The protruding portion 10 has been slightly flared, to
      hold the O-ring in place. Also shown in FIG. 1 is a lined coupling 12
      having a female receptacle 14 for receiving tubing 2. A lubricant, soluble
      in the fluid which will pass through tubing 2, may be applied to permit
      easier insertion of the end of tubing 2 into receptacle 14.
PAR  Referring to FIG. 2, tubing 2 had been completely inserted into lined
      coupling 12. Coupling 12 has an exterior jacket 18 which, for purposes for
      this preferred embodiment, will be assumed to be of the same material as
      outer-tubing 4 of tubing 2, and has an interior lining of material 16
      which, for purposes of this preferred embodiment, will be assumed to be
      the same material as inner lining 6 of tubing 2. For pure water systems,
      it is preferrable that materials forming linings 6 and 16 be of pure tin
      while, for strength and cost reasons, materials forming jackets 4 and 18
      are preferably copper.
PAR  Tubing 2 has been inserted until a cylindrical segment of outer-tubing 4 is
      partially within receptacle 14 and O-ring 8 has been compressed to form a
      fluid tight seal between lining 16 of the receptacle and the outer surface
      of inner lining 6. As noted above, the protruding portion of inner lining
      6 is flared as indicated at 10. The outer most portion of the flared
      portion 10 should be of equivalent dimensions with the outer surface of
      tubing 2. For purposes of this embodiment, end 10, of lining 6, has come
      to rest at shoulder 20 of lining 16 within coupling 12.
PAR  O-ring 8 is composed of an elastic and compressible material which will not
      react with or contaminate the fluid passing through tubing 2, and is of
      such a thickness that, with tubing 2 fully inserted, O-ring 8 has been
      tightly compressed against end 7 of outer-tubing 4, lining 16 of
      receptacle 14 and the outer surface of the inner lining 6. The fluid
      pressure against O-ring 8, further compresses it against end 7 of
      outertubing 4, thereby providing an even tighter seal. In this manner, the
      fitting of this invention prevents any fluid, passing through tubing 2,
      from leaking from coupling 12 or coming into contact with either
      outer-tubing 4 of jacket 18 of coupling 12. Therefore it can be seen that
      fluid passing through tubing 2 and coupling 12 will only come into contact
      with non-contaminating, non-reactive surfaces.
PAR  Receptacle 14 is shown with jacket 18 extending beyond lining 16 and coming
      into direct contact with the outer-tubing 4 of tubing 2. With the
      outer-tubing 4 directly attached to jacket 18, any loading imposed on the
      coupling will be transmitted through the structurally stronger jacketing
      materials. For purposes of this preferred embodiment, a clamping device 24
      is shown for attaching tubing 2 to coupling 12.
PAR  Referring to FIG. 3, an outer ring 24 is shown placed concentrically about
      receptacle 14 beyond lining 16, with symmetrically arranged and radially
      directed, threaded holes 28 extending through it. Receptacle 14 has holes
      22 which are concentrically aligned with holes 28 in ring 24. Set screws
      26 threadedly engage holes 28 and pass through holes 22, until they come
      to bear against outer-tubing 4 of tubing 2. These screws also press
      against the sides of holes 22 in jacket 18 and thereby provide a direct
      load path between jacket 18 of coupling 12 and outer-tubing 4 of tubing 2.
      This arrangement insures that all loads, imposed on the coupling, will be
      transmitted through the structurally stronger jacketing materials.
      Obviously coupling 12 could be a cast fitting, or be constructed so that
      jacket 18 is thick enough to receive set screws 28. In this latter
      modification holes 22 would of course be threaded and clamping device 24
      would not be needed. Other means, such as belt clamps or strong adhesives
      should also prove satisfactory as an attachment mechanism between tubing 2
      and coupling 12.
PAR  While our invention is especially attractive to users of lined tubings, it
      is also suitable for coupling any type of lined conduits. For example,
      referring to FIG. 4, coupling 12 could be cast, with jacket 18
      considerably thicker. Outer-tubing 4 could be a pipe. Pipe 4 and jacket 18
      would be threaded with matching threads as shown respectively at 30 and
      32. In this arrangement no clamping device would prove necessary and since
      O-ring 8 still provides a seal between lining 16 and the exposed portion
      of lining 6, this arrangement would provide a non-contaminative coupling
      for lined pipes that does not require precise tolerancing.
PAR  Our invention is particularly suitable for tin lined copper tubing, where
      outer-tubing 4 and jacket 18 are formed from copper and linings 6 and 16
      are formed from tin. Thus it can be seen that it is no longer necessary to
      employ tin lined copper piping in order to obtain a satisfactory joint.
      Fittings constructed in accordance with our invention are simple to
      install using standard tools, yet provide leak-proof and
      contamination-free couplings. Therefore our invention makes practical the
      use of lined copper tubing, of any size, in pure water systems, thereby
      greatly reducing the weight and expense of such systems.
PAR  It should be understood, of course, that the foregoing disclosures relate
      only to the preferred embodiment of the invention and that it is intended
      to cover all changes and modifications of the example of the invention
      herein chosen, within the purposes of the disclosures, which do not
      constitute departures from the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for forming a joint between a coupling member and a conduit,
      both having an inner lining formed of non-contaminating material and an
      outer jacket formed of a material dissimilar to said non-contaminating
      material, said dissimilar material being chosen to provide structural
      support, said process being characterized by the steps of:
PA1  providing said coupling member with a female receptacle having an inner
      surface and an inner shoulder, both formed of non-contaminating material;
PA1  removing a cylindrical segment of said outer jacket of said conduit to
      expose an end portion of said inner lining;
PA1  slipping an O-ring of non-contaminating material over the exposed portion
      of said inner lining;
PA1  inserting the exposed portion of said conduit into the female receptacle to
      a sufficient depth to contact the exposed portion with the shoulder and to
      contact a portion of said conduit's outer jacket with said coupling
      member; and
PA1  securing said outer jacket of said conduit to said outer jacket of said
      coupling member to provide a load path between said jackets of said
      coupling member and conduit, whereby the O-ring forms a seal between the
      inner lining of said coupling member and conduit to prevent fluid from
      contacting said jackets.
NUM  2.
PAR  2. The process as set forth in claim 1 further characterized by the step of
      flaring the exposed portion of said inner lining of said conduit.
NUM  3.
PAR  3. The process as set forth in claim 2 further characterized by the step of
      flaring the exposed portion of said inner lining to be congruent with the
      exterior surface of said conduit's jacket.
NUM  4.
PAR  4. The process as set forth in claim 1 wherein the non-contaminating
      material of the coupling member and the non-contaminating material of said
      conduit are the same material.
NUM  5.
PAR  5. The process as set forth in claim 4 wherein the non-contaminating
      material is tin.
NUM  6.
PAR  6. The process as set forth in claim 1 wherein the non-contaminating
      material of said conduit is tin and wherein the outer jacket of said
      conduit is copper.
NUM  7.
PAR  7. The process as set forth in claim 1 wherein the securing step is
      characterized by the steps of:
PA1  positioning a clamping device on said outer jacket of said coupling member;
      and
PA1  tightening the clamping device around said outer jacket of said coupling
      member to hold said coupling member and said conduit in assembled
      relationship.
NUM  8.
PAR  8. A process for forming a joint between a coupling member and a conduit,
      both having an inner lining formed of non-contaminating material and an
      outer jacket formed of a material dissimilar to said non-contaminating
      material, said dissimilar material being chosen to provide structural
      support, said process being characterized by the steps of:
PA1  providing said coupling member with a female receptacle having an inner
      surface and an inner shoulder, both formed of non-contaminating material;
PA1  providing said conduit with an exposed portion of said lining extending
      beyond said conduit's outer jacket;
PA1  slipping a sealing member of non-contaminating material over the exposed
      portion of said inner lining;
PA1  inserting the exposed portion of said conduit into the female receptacle to
      a sufficient depth to contact the exposed portion with the shoulder and to
      contact a portion of said conduit's outer jacket with said coupling
      member; and
PA1  securing said outer jacket of said conduit to said outer jacket of said
      coupling member to provide a load path between said jackets of said
      conduit and coupling member, whereby the sealing member forms a seal
      between the inner linings of said coupling member and conduit to prevent
      fluid from contacting said jackets.
NUM  9.
PAR  9. The process as set forth in claim 8 wherein a portion of said female
      receptacle's inner surface is formed of the dissimilar material, said
      insertion step is characterized by contacting said outer jacket of said
      conduit with said female receptacle's inner surface portion of dissimilar
      material, and said inner surface portion and said outer jacket of said
      conduit are secured to form a direct load path therebetween.
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ABST
PAL  A method of converting scrap or other small pieces of metal into a useful,
      commercial product while maintaining the metal in a solid state. According
      to the process, the pieces are maintained together for further processing.
      They are impacted, while heated, to produce a metal body and thereafter
      subjected to continued impaction so that the pieces forming the body are
      welded together into a cohesive, homogeneous slab. There is also
      disclosure of a novel press and method of operating the press. The press
      is of the harmonic type. Its novel aspects include control of movement of
      novel platens during rotation of shafts which drive the platens and
      perimetral constraint of a workpiece being forged to achieve rapid
      impaction and self feed of a workpiece.
PAL  There is also disclosure of a novel method for making flakes of steel, a
      novel furnace including seals for maintaining the furnace gas-tight, a
      novel method in which the pieces of metal are scrap steel and baled
      together into a bale in which the scrap pieces of random size and shape
      become intertwined together and novel processes and apparatus for cleaning
      scrap or other metal pieces.
PARN
PAR  This is a division, of application Ser. No. 122,110, filed Mar. 8, 1971
      U.S. Pat. No. 3,768,139.
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PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  United States Patent application Ser. No. 121,861 filed Mar. 8, 1971
      herewith by Mark E. Whalen, et al entitled SOLID STATE METHOD FOR
      CONVERTING SMALL PIECES OF METAL TO A WORKPIECE.
PAR  United States Patent application Ser. No. 164,789 filed July 21, 1971 by
      Mark E. Whalen, et al entitled APPARATUS AND SOLID STATE METHOD FOR
      CONVERTING SMALL PIECES OF STEEL TO A WORKPIECE, which application is a
      continuation-in-part of application Ser. No. 122,110 filed Mar. 8, 1971.
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to a method of converting scrap metal pieces to a
      body of solid metal useful in a manufacturing operation and additionally
      the resulting product of such method and the apparatus for carrying out
      the conversion.
PAC  Description of the Prior Art
PAR  It is well known that in conventional commercial processes for the
      conversion of scrap steel to commercial steel, the scrap metal is melted
      and then processed with conventional steelmaking techniques. Except for
      the melting step, such scrap conversion does not employ any processes
      which are uniquely demanded by the presence of scrap.
PAR  It has long been recognized that scrap metal, particularly a type known as
      "prompt industrial" resulting from automotive car body stampings, is of
      high quality and that there should be some method of utilizing it as a raw
      material without the expense of returning it almost to the start of the
      conventional steelmaking cycle. This recognition has led to proposals for
      the conversion of scrap steel into a useful solid-steel product while
      maintaining the steel in its solid state. While there have been a number
      of such proposals, none has achieved a useful commercial acceptance. While
      there are many contributing factors in the failure of prior proposals, the
      principal factors are believed to be:
PA1  1. Where it has been proposed to continuously compress pieces of scrap
      together to cause them to weld into a useful product, there has not been a
      recognition of the need for inhibiting dissipation of the compressive
      forces laterally with respect to planes in which the forces are applied
      and particularly with respect to the utility of strain rate control.
PA1  2. The processes were such as to degrade rather than enhance the qualities
      and properties of the steel raw material with the result that the finished
      product, if one could be achieved at all, was of little commercial value.
PA1  3. There has been a failure to properly select and segregate scrap so that
      the scrap used as raw material is compatible to produce a good quality
      finished product from a solid state process.
PA1  4. Prior proposals to convert scrap to solid steel via compression have not
      sufficiently reduced the thickness of a given volume of scrap to achieve
      full homogeneity and welding of the components.
PAC  SUMMARY OF THE INVENTION
PAR  The methods and apparatus of the present invention allow great latitude in
      (1) the selection of the quality of the steel to be produced by the
      process; (2) the proximity of the scrap to the location where the useful
      steel is produced; (3) the source of pieces to be converted to a useful
      product by a solid state process; and (4) the required capital investment
      which can vary materially according to the quality and the quantity of
      product to be produced.
PAR  While there are many variations in the process, in any of its forms it
      includes the steps of:
PA1  1. Maintaining pieces of metal together for further processing.
PA1  2. Heating the pieces of metal.
PA1  3. Impacting the pieces while hot to produce a metal body and thereafter
      continuing the impaction of the body so that the pieces forming the body
      are welded together into a cohesive, homogeneous slab.
PAR  Since there are many variations according to the conditions encountered, a
      particular situation is selected to trace the process through in a
      preferred system for making high-quality steel from scrap. Specifically,
      many automotive stamping plants use very high quantities of high-quality
      sheet steel. These plants produce, as a result, relatively large
      quantities of steel scrap which is of fairly uniform chemical consistency.
      In converting the scrap to useful steel, scrap having a chemistry
      substantially that which is desired in the finished product is segregated.
      The scrap is taken to balers where it is mechanically compressed into
      bales. The scrap comprises about 50 percent of the volume of the finished
      bale. The bale is then sprayed with oil to protect the scrap against
      oxidization during transit to a location where the bales are converted to
      usable commercial steel.
PAR  In this example of the present invention, the baling is important. By
      utilizing baling techniques with an admixture of sizes and shapes of
      pieces of scrap, the scrap itself becomes interlaced and intertwined to
      provide a cohesive body. The cohesiveness of the body contributes to the
      inhibition of force dissipation when the body is impacted. Thus, the
      interlocking pieces of scrap themselves resist force dissipation
      longitudinally of the bale as the bale is progressively compressed in a
      peripherally constraining manner for cross sections advancing through the
      press.
PAR  The next step in the process is to clean the steel in the bales. A
      preferred technique is to use an automated cleaner which immerses the bale
      in a solvent such as trichloroethylene. The cleaned bales are then joined
      together to form "jumbo" bales. The bales are joined together through a
      novel welding or other novel procedure described in greater detail
      presently.
PAR  The jumbo bales are transported to a two-zone furnace and heated to from
      1400.degree.F. to 2000.degree.F. for a subsequent conversion of the bale
      to a slab of homogeneous steel. It should be noted that while this is a
      practical commercial range, temperatures of from 1250.degree.F. to melting
      can be employed.
PAR  The first zone of the furnace contains an inert atmosphere created by
      natural gas plus stoichiometric ambient air not to exceed 85 percent. The
      first zone mixture is combusted so as to achieve heating of the jumbo bale
      up to 1292.degree.F. which is the carburization risk temperature. The
      second zone is provided with a reducing atmosphere generated by the
      combustion of natural gas with a 50 percent stoichiometric oxygen and/or
      heated air so as to achieve a terminal temperature in the jumbo bale of
      about 1800.degree.F.
PAR  While under the influence of the reducing atmosphere to protect against
      chemical reaction of the constituents, the jumbo bale is delivered from
      the heating furnace to the entrance of a novel harmonic forging press for
      forging while hot.
PAR  The harmonic press plays a very important role in successfully converting
      the bale to solid steel. The press has side restraints of the width of the
      original jumbo bale. This constrains the bale against lateral movement as
      it is forged and therefore against lateral dissipation of the forces. The
      platens are driven at harmonic speeds of the order of twelve revolutions
      per second (rps). by impacting the bales at these very high speeds, the
      forces effect high pressure compression and therefore molecular migration
      and welding in planes transverse to the path of workpiece travel. The
      sharpness and quickness of the impactions is such that the longitudinal
      dissipation of the impacting forces is essentially avoided. It will be
      appreciated that tremendous forces of typically the order of 20,000 psi
      and in the range of 9800 psi to 45,000 psi must be imposed on the bale in
      order to effect a welding in the temperature range here involved.
PAR  The bale is forged by the press until it is in solid condition. The forging
      by the press continues until the thickness of the bale is reduced an
      additional 30 percent or more after reaching solid so that the bale leaves
      the press in the form of a solid slab of steel. During this forging, the
      bale is perimetrally restrained so that the sharp, rapid impactions by the
      platens impact high forces substantially in planes. These high forces in
      the appropriate conditions of confinement and temperature cause molecular
      migration and welding of the scrap into a homogeneous, unitary slab.
PAR  Upon completion of the harmonic compaction work, preferably solid in one
      pass and to finished dimension in two or three passes, the formed slab is
      transferred to a holding station or directly fed to the reheating furnace
      of a hot strip finishing line where an oxidizing atmosphere up to
      approximately 2550.degree.F. is normally employed. Then, the formed slab
      is subjected to multiple roughing stands and a finishing train and
      standard conventional cold strip process for producing deep drawing
      quality sheet. This method of steel forming provides an increase in yield
      over conventional steelmaking practices using melting.
PAR  Of particular significance is the fact that each time the workpiece is
      heated during the above conversion process, it is done at temperatures
      above solution conditions so that the deep drawing quality of the scrap
      materials is not lost and in fact may be regained, by following certain
      process procedures such as hot rolling above 1600.degree.F. and coil below
      1050.degree.F; cold reduce 50-65 percent and box anneal for about 10-12
      hours at 1050.degree.F.
PAR  Where these properties are to be regained or retained, in the heating
      furnace prior to hot press forming, the temperature is above
      1800.degree.F. and in the reheating furnace for strip finishing, the
      formed slab temperature is about 2350.degree.F. Therefore, one aspect of a
      unique process combination that has been achieved is whereby conventional
      hot strip finishing facilities can be connected in series to the novel
      scrap slab process to achieve retainment and regainment of deep drawing
      metallurgical qualities of the starting materials.
PAR  As has been indicated, the preceding summary is of a typical application of
      the processes and apparatus of this invention. As has also been indicated,
      there are many variations which can be used. Subsequently, these
      variations are all described in detail. Prior to that detailed description
      in an introductory and summary discussion, some of the more important
      variations and additional novel aspects of the invention are presented.
PAR  The principal variants and novel subjects which are available are in:
PA1  1. Selection and production of the raw material.
PA2  A. non scrap pieces.
PA2  B. scrap treatment and variations.
PA1  2. The Furnace and treatment in it.
PA1  3. The harmonic press.
PA1  4. Treatment of a slab.
PAR  The remainder of this introductory will be divided into separate sections
      discussing these four areas of variation and specific novelty.
PAC  1. RAW MATERIAL
PAC  A. Non Scrap
PAR  In addition to segregated scrap, the raw material may be from 0 percent to
      100 percent steel particles which are not derived as scrap. For example,
      steel flake made in a manner described in greater detail later may be
      employed. In addition, steel pellets may be used. These flake or pellet
      pieces are secured together by baling, or otherwise compressing the
      pieces, while hot, to form a workpiece.
PAR  In addition to the outstanding results which can be achieved by control of
      the chemistry of the initial product through the sorting and segregation
      of scrap as described, or utilization of 100 percent steel pellets or
      flake, the results can be further controlled by mixing scrap and steel
      powder, pellets, or flake. Powder is especially desirable since it has
      lubricating properties which are beneficial to the harmonic press.
PAR  This powder can be applied in any of several ways. In one application, the
      powder is admixed through interstices of the bale after it has been
      partially compressed but has not yet reached solid. This distributes the
      powder throughout the bale to provide a substantial homogeneous variation
      in the chemistry according to that which has been added. In addition, the
      powder can provide a laminate of a chemistry different from the chemistry
      of the scrap on one or both surfaces of the finished slab or in a central
      plane.
PAR  More specifically, as the bale is forged into a solid slab, small portions
      of the steel of the slab will be forced between the side restraints and
      the sides of the platens. The finished slab has, then, a projecting lip
      along each corner. Powder can be applied to the surface between these
      lips, using the lips as a powder restrainer. The slab is again passed
      through the harmonic press. Under appropriate conditions of temperature,
      pressure and strain rate, this powder is converted to a solid steel,
      forming a surface laminate on the slab. The slab can then be inverted and
      powder applied to the obverse surface so that the slab becomes a sandwich
      with layers formed from powder on upper and lower surfaces and a central
      portion formed from the scrap. Conversely, powder may be placed between
      two slabs and the slabs then further impacted to provide a layer from the
      powder intermediate upper and lower layers of steel produced from the
      scrap.
PAC  B. Scrap treatment and variations.
PAR  Most surprisingly, it has been found that, other than oils which should be
      removed, the dirtiness or lack of cleanliness of scrap is not a major
      obstacle to obtaining an integrated body of steel by this process. Should
      such scrap be processed without any attention to the cleaning, it has been
      found that the bale body temperature should be raised to or above a lower
      critical temperature (Ac.sub.3) so that grain growth will take place
      across interfaces upon cooling from the hot harmonic compaction. The dirt
      will be minutely dispersed or exploded throughout the steel during the
      high energy impact of the hot press and will not interrupt the bonding of
      surfaces. As long as the surfaces have been adequately bonded, the volume
      fraction of the dirt will present no problem in terms of the basic
      mechanical structure of the resulting steel.
PAR  While there has been this surprising finding, there are circumstances where
      it is desirable to clean the scrap prior to baling. Such specialized
      cleaning is justified when (1) the quality of the finished product must
      have a certain design cleanliness or (2) the baling operation is adjacent
      to the operation in which steel slabs are made from the bales and it is
      more feasible and practical to clean before rather than solvent clean
      after baling.
PAR  As one significant specialized technique, shot blasting of loose scrap has
      proved to have particular advantage in that it tends to dimple, rough, or
      provide an non-flat condition for the scrap surfaces which promote healing
      during bonding. One preferable method utilizing shot blasting is to
      combine it with flame impingement in a two-stage cleaning operation
      whereby oil residues are removed prior to the shot blasting treatment so
      as to make the shot blasting treatment more effective. This is may be
      carried out in a rotary kiln under a slightly reducing atmosphere provided
      to remove both oil residues--such as palm oils or other synthetic oils or
      etc. used as lubricants in stamping operations--and surface oxides which
      may be on the scrap.
PAR  The scrap is slowly heated from 700.degree.F. to 1000.degree.F. in an
      atmosphere 45 percent to 55 percent stoichiometric air so that the oils
      and other combustible residues are vaporized off. Clean scrap is then
      shifted to a tumbling and shot blasting apparatus and finally transported
      to a baler. If the cleaning equipment is remote from the baling location,
      the clean scrap will, of course, be protected in transit and likewise, if
      the baling operation is remote from steel finishing operations, the bales
      will be protected similarly.
PAR  Another available variation in the raw material results from the discovery
      that if the materials contain large percentages of tin plate or galvanized
      stock they can be used. It has been found that the very thin alloy layers
      existing between such coated stock (for example, the alloy between the
      outer tin coating and the base metal, or in the case of galvanized stock,
      the zinc alloy interposed between the outer zinc coating and the
      substrate), these alloys constituents actually operate to assist and
      promote the bonding of the scrap pieces during the scrap conversion
      process described herein. This probably results from different temperature
      bonding relationship such alloys have.
PAR  Another raw material variation occurs where unusually high and severe
      quality limitations are placed on the end product. Then commercial quality
      steel sheets are placed adjacent to the sides of the scrap during the
      baling operation and become adhered to the scrap as a result of the baling
      forces. These sheets are not fabricated to form an enclosure in any manner
      but rather simply laid in place for eventual interlocking by the bales.
PAC  2. THE FURNACE AND TREATMENT IN IT
PAR  In order to precisely control the atmosphere within the furnace and to
      minimize the escape of furnace gases, novel seals have been designed.
      These seals comprise troughs with molten lead or mercury into which
      depressions extend. Thus, depending sheets provide seals along the walking
      beams used to transport the "jumbo" bales through the furnace. In
      addition, the end doors have depressions which project into troughs to
      effect sealing of the doors.
PAR  With a controlled oven atmosphere, a number of variations and options are
      available. For example, it is possible through the use of this inventive
      method to produce a scrap-slab characterized as rimming steel in that the
      surface region consists of purer metal with high-quality smoothness. This
      is normally created in conventional steelmaking processes by decarborizing
      or cleansing the outer portions of an ingot. According to the disclosure
      herein, it is possible to provide a rimmed product by utilizing bales of
      higher densities than normally employed, above 60 percent dense, and
      subject such bales to an oxidizing atmosphere as a first zone of the
      heating furnace for hot press work. The effect of the oxidizing atmosphere
      will be to permeate only the outer points of the scrap body and clean and
      decarborize such portions. Immediately following the oxidizing atmosphere,
      the body is subjected to a second zone having a heavily reducing
      atmosphere to remove the products of such oxidation. The core of the bale
      is substantially unaffected by such atmospheres because the bale is not
      exposed to the furnace gases a sufficient time to permit penetration to
      any significant degree.
PAC  3. THE HARMONIC PRESS
PAR  The hot press, and its method of operation, form a very important function
      of this invention. The press has been designed to implement the discovery
      that effective solid state bonding of steel can take place only if higher
      energy levels over the prior art are imparted to predetermined localized
      regions of impaction. Adequate energy levels are not achieved by solely
      raising mechanical pressures.
PAR  Plastic flow is inherently limited or localized in a direction toward
      either of the platens and novel side restraints. Longitudinally of the
      workpiece, along its path of travel substantially, it is only through the
      concept of the increase in strain rate applied uniformly and the
      cohesiveness of the workpiece that the flow becomes limited for
      influencing bonding. The lack of an appropriate strain rate applied
      variably by conventional equipment, such as rolling mills and bar forming
      apparatus, present noticeable deficiencies such as core delamination,
      ragged edges when scrap metal is processed, etc.
PAR  As the bale commences to feed between the platens, clearly only a leading
      portion of the platens will strike the bale. Reaction forces imposed on
      the press under these circumstances are severe. One of the features of the
      present invention is the provision of an adjustable platen control
      mechanism which adjusts the paths transcribed by the platens to minimize
      the reaction forces until the bale is fed into the press and the reaction
      forces become balanced. Then the press is adjusted to provide an
      optimized, self-feeding and impacting cycle.
PAR  This adjustment of each of the platens is provided by connecting each
      platen to the frame with an arm that is preferably of adjustable length.
      In the initial stages of feed of a bale into the press, any point on a
      platen transcribes a substantially elliptical pattern having a major axis
      which is normal to the path of workpiece travel. Thus, when the platen is
      so constrained its movement becomes substantially a reciprocal movement
      toward and away from the workpiece even though driven by an eccentric
      which is traversing a circular motion.
PAR  Once the bale has been fed sufficiently into the press that a leading
      portion of it is converted to a solid slab and the full platen surface, or
      a substantial part of it, is striking the bale, the arm restrainer is
      adjusted so that a given point on the platen has a substantial component
      of movement generally paralleling the path of workpiece travel. The platen
      adjustment may for example be to a condition where it is traversing an
      ellipse having its major axis paralleling the path of workpiece travel or
      to any movement between the two described elliptical patterns.
PAR  The platen employed is also novel. Each platen is generally convex in a
      plane of cross section paralleling the path of workpiece travel and
      staight in a plane of cross section transverse to the path of workpiece
      travel. The platen includes a leading, initial engagement and compression
      portion, a central serrated and feed portion, and a trailing and smoothing
      portion which smooths out surface irregularities caused by the serrations.
      The serrations are shaped such that surfaces are from 15.degree. to
      45.degree. from a perpendicular with the path of workpiece travel so that
      forces are imparted substantially along so-called slip planes.
PAR  Slip planes are planes along which the steel components of solid steel tend
      to move relatively. Since the forces are applied to the bale along these
      slip planes and the welding is formed in the slip planes, rather than in
      some plane at an angle with the slip plane, there is minimal force
      dissipation in a slip plane, since it is the welding plane.
PAC  4. TREATMENT OF A SLAB
PAR  While, as indicated earlier, conventional cold strip processing may be
      utilized, in the preferred arrangement the bale is transported
      immediately, and while still hot, to a mill of the planetary type or a new
      generation harmonic rolling mill described herein. The purpose of the
      immediate transport of the slab to a mill is to minimize the reheating of
      the slab for a subsequent rolling operation and, in addition--and perhaps
      more important--any remote tendency of the slab components to delaminate
      as it is known is completely eliminated by the immediate conversion of the
      slab to sheet steel of a thickness no more than 1/20th of the thickness of
      the original bale.
DRWD
PAR  Other objects and a fuller understanding of the invention may be had by
      referring to the following description and claims taken in conjunction
      with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a flow diagram of the process;
PAR  FIG. 2 is a schematic diagrammatic view of the steps performed at the
      location where scrap is generated including cleaning of the scrap and then
      baling of it;
PAR  FIG. 3 is a schematic view of the processes employed in converting a bale
      of scrap to a coil of steel strip;
PAR  FIG. 4 and FIG. 5 are schematic views of scrap cleaning equipment;
PAR  FIG. 6 is a top plan view of a baler;
PAR  FIG. 7 is a sectional view of the baler as seen from the plane indicated by
      the line 7--7 of FIG. 6;
PAR  FIG. 8 is a schematic side elevational view of apparatus for cleaning a
      bale of steel scrap;
PAR  FIG. 9 is a top plan view of the device of FIG. 8;
PAR  FIG. 10 is a schematic view of a preferred method for connecting together a
      plurality of smaller bales prior to the forging operation;
PAR  FIGS. 11 and 12 are schematic views of alternate methods of connecting
      smaller bales together prior to a forging operation;
PAR  FIG. 13 is a schematic showing of a bale in which ends thereof have not
      been compressed;
PAR  FIG. 14 is a schematic showing of a technique for "exploding" a bale to
      produce uneven ends thereon;
PAR  FIG. 15 is a schematic view of press mechanism for joining together bales
      of the types shown in FIGS. 13 and 14;
PAR  FIG. 15A is a graphic representation of the variation of gaseous combustion
      elements with variation of stoichiometric ratios of natural gas CH.sub.4
      and air;
PAR  FIG. 15B is a graphic representation of the variation of maximum gaseous
      atmosphere temperature resulting from burning various stoichiometric
      ratios of natural gas and air;
PAR  FIG. 15C is a graphic representation of the variation of available heat
      from combustion of natural gas and cold air with the resulting variation
      of product temperature in such atmosphere
PAR  FIG. 16 is a sectional view of a two-zone furnace utilized in this
      invention;
PAR  FIGS. 17 and 18 are sectional views of the furnace of FIG. 16 as seen
      respectively from the planes indicated by lines 17--17 and 18--18 of FIG.
      16;
PAR  FIG. 19 is an enlarged sectional view of a portion of the furnace of FIG.
      16;
PAR  FIG. 20 is an enlarged sectional view showing the walking beam employed in
      this invention to transport bales through the furnace;
PAR  FIG. 21 is an enlarged sectional view of end doors of the furnace and
      mercury seals used to effect a gaseous seal as bales are transported
      through the furnace by the walking beam;
PAR  FIG. 22 is a sectional view of the harmonic press utilized in this
      invention;
PAR  FIG. 23 is a sectional view of the harmonic press of this invention as seen
      from the plane indicated by the line 23--23 of FIG. 22;
PAR  FIGS. 24-26 are somewhat schematic and diagrammatic views of a platen of
      this invention showing the various platen motions which can be achieved
      according to adjustment of the contraining means;
PAR  FIG. 27 is a schematic sectional view of the harmonic press of this
      invention showing in greater detail the adjustment means and the method of
      adjusting it;
PAR  FIG. 27A is a diagrammatic sectional view of a novel mill for finishing
      steel slabs;
PAR  FIG. 28 is a schematic view of a method and apparatus of producing a thin
      layer of steel from powder on surfaces of a slab;
PAR  FIG. 29 is an enlarged sectional view showing a cross-sectional view of the
      finished slab produced by the structure shown in FIG. 28; and,
PAR  FIG. 30 is a schematic view of a mechanism for producing steel flake.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For clarity, the specification will be broken into ten separate sections.
      These sections are:
PAC  I. The Overall Process
PAC  II. Cleaning of the Scrap
PAC  III. Baling of the Scrap
PAC  IV. Bale Cleaning
PAC  V. Bale Joining
PAC  VI. Bale Heating
PAC  VII. Bale Compaction
PAC  VIII. Slab Rolling
PAC  IX. Powder Application
PAC  X. Flake Production
PAC  I. THE OVERALL PROCESS
PAR  Referring now to FIGS. 1-3, FIG. 1 is a flow diagram of the process, while
      FIGS. 2 and 3 together are a schematic diagrammatical view of the flow of
      material from scrap to finished steel sheet in a high volume application
      of the invention. The equipment shown there has a capacity of the order of
      300 tons per hour.
PAR  Referring specifically to FIG. 2, a pile of scrap is depicted at 10. This
      scrap pile depicts a segregated scrap pile composed of steel scrap having
      a chemistry of the desired finished process. For example, the scrap
      ideally will be steel having a carbon content of from 0.1 percent to 0.5
      percent and will be a gauge of 0.07 inch or less in random shapes.
PAR  The scrap is diagrammatically shown as loaded in a freight car 11 for
      transport to another location indicated at 12. At the location 12, an
      electromagnet 13 is shown transferring the scrap to a truck shown
      schematically at 15. The truck 15 then transports the scrap to a charge
      hopper 16 for charging the scrap into a rotary kiln shown generally at 17.
PAR  As will be explained in greater detail presently, in that situation where
      the finishing of conversion of the scrap to a usable solid steel product
      is at some location reasonably remote from the scrap source and baling
      operation, the rotary kiln 17 will normally not be used. The kiln 17 is
      ideally used in that situation where the scrap is converted to solid steel
      at a nearby processing plant or where a special quality finished product
      is desired.
PAR  The depicted kiln is one in which a reducing atmosphere of from
      700.degree.F. to 1000.degree.F. is employed. The reducing atmosphere will
      be composed of natural gas and oxygen with a mixture which is 45 percent
      to 55 percent stoichiometric. The principal purpose of the kiln is to
      remove oils and residues such as palm oil without producing a blue oxide
      on the steel. If the steel scrap is excessively oxidized or enhanced
      bonding at lower temperatures is desired, it is shot blasted subsequent to
      its treatment in the rotary kiln.
PAR  After the scrap has been cleaned in the kiln, it is transported to a baler.
      In FIG. 2, a transport car 20 is shown schematically for this purpose. The
      scrap is charged into a baler 21. Here the scrap, which is an admixture of
      random sizes, is compressed by a pressure of the order of 1,000 to 7,500
      pounds per square inch until it is from 20 percent to 50 percent densified
      and preferably approximately 35 percent dense when the bales are to be
      joined by welding. By these percentages it is meant that scrap is
      typically formed into a bale in the shape of a rectangular solid with a
      preferred 35 percent of the volume of that solid being steel. Thus, The
      bales are compressed to a condition for transport from the baler when they
      weigh from 100 to 300 pounds per cubic foot.
PAR  The baling of an admixture of random sizes is highly important to the
      performance of the process of this invention. As will become more apparent
      presently, the baling causes the scrap pieces to become physically
      intertwined and interlocked to provide a bale having an inherent strength
      and rigidity. The strength and rigidity not only serves a more
      conventional function of facilitating the transport of the scrap in a
      condensed way, but also, more importantly, is a major factor in inhibiting
      longitudinal dissipation of impact forces during a subsequent forging
      operation.
PAR  If the scrap, prior to baling has been cleaned in a kiln 17, it is next
      placed in covered railroad cars and the like for transport to the location
      of subsequent stages of the process. If, however, kiln cleaning is avoided
      as has been suggested above, it is preferred that the bales be oil
      immersed to protect them during shipment and then shipped to another
      location for further processing.
PAR  Referring now to FIG. 3, a bale 22 is shown being delivered to a cold
      harmonic press 24. If the bale has been oil coated for shipment, or, in
      any event, not precleaned, a solvent cleaning with trichloroethylene is
      performed in a manner which will be described in greater detail in Section
      IV. The bale cleaning is not shown in the schematic presentations of FIGS.
      2 and 3.
PAR  The bale 22 is fed to and through the cold harmonic press 24 for
      compression until it is from 60 percent to 80 percent or 90 percent dense.
      Preferably it is compressed until it is about 75 percent dense. In short,
      it is compressed until the rectangular solid represented by the compressed
      slab 25 is a volume which is preferably 75 percent metal, by volume.
PAR  The cold press can, as will be described in greater detail in Section VII
      be eliminated. Its principal functions are to assist in the economic
      utilization of equipment further downstream in the steel formation
      process. Specifically, a more compressed bale is more efficiently and
      expeditiously heated in the ovens and, since less reduction is required
      obviously more efficiently and expeditiously fully compressed in a
      subsequent hot compression press.
PAR  As suggested by the previous percentage ranges on densities at completion
      of the baling and cold compaction operations, the cold harmonic press 24
      reduces the thickness of the slab by over one-half from its initial baled
      dimension. The press, which will be described in greater detail in Section
      VII, achieves this with pressures of from 7500 to 45,000 or more pounds
      per square inch at feed rates of the order of 12 bales per hour.
PAR  The cold compressed bale 25 is shown on a conveyor 26 being transported to
      a two-zone furnace shown generally at 27. As it passes along the conveyor
      26, it is preheated by exhaust gases emanating from a plenum 28 fed by
      exhaust gases from the oven through a conduit 29. The preheated bale 25 is
      fed into a first furnace zone 30 where it is heated from 1000.degree.F. to
      1200.degree.F. in an inert atmosphere. The cold compressed bale is thence
      transported to a second zone 31 where it is heated to form 1200.degree.F.
      to 2000.degree.F. in a reducing atmosphere. This reducing atmosphere
      assists in the removal of residual oxides.
PAR  The hot cold compressed bale, identified by the numeral 25A is fed along
      another conveyor 33 under a hood 34 supplied by escaping oven gases. Thus,
      the hot bale 25A is maintained in the oven atmosphere until condensed to a
      solid slab. A stack 25 is provided to deliver furnace gases from the hood
      34 to the furnace near its inlet or feed end and to the plenum 28 used for
      preheating the slab.
PAR  The hot forming harmonic press is shown at 36. The hot press is used to
      reduce the bale until it is a solid mass of steel and thereafter to
      continue the reduction until it has been reduced by about 30 percent from
      its thickness when it becomes solid. As will be described in greater
      detail in Section VII, the hot press 36, like the cold press 24, has side
      restraints of a width equal to the width of the original bale dimension.
      Accordingly, in compressing the bale until it is a thin solid slab, the
      thinning results in compaction and elongation, not widening.
PAR  In the hot harmonic press, the bale is impacted with sharp, rapid blows.
      Because of the perimetral confinement of the bale by the platens and the
      side restraints, and because of the interaction and intertwining of the
      components of the bale, and because of the inertia of the mass of the
      bale, the forces imparted to the bale by the harmonic press platens are
      essentially in planes of compaction. Because the forces are confined
      essentially to planes of compaction, the forces serve almost exclusively
      to compress and weld the scrap pieces. With proper confinement and proper
      combination of temperature and pressure, molecular migration is achieved
      at abutting surfaces so that a true weld of the components of the bale is
      achieved and the resultant slab, shown at 38, is a homogeneous piece of
      solid steel.
PAR  If one wishes to form, for example, a rectangular billet rather than a
      slab, or otherwise reduce the transverse dimension of the work product, a
      side impacting harmonic press 39 is provided downstream from the press 36.
      The press 39 is the same as the press 36 with the exception that the
      impactions are from the sides rather than the top and bottom.
PAR  If the ends of the slab 38 require trimming, this can be done with either a
      flame or an hydraulic shear indicated schematically at 40. The slab then
      may be delivered to a slab piler 41. Preferably, however, the slab is
      transported directly and while hot to a mill indicated generally at 42.
PAR  The mill 42 is of the planetary type because of the compact nature of it,
      its relatively low capital investment and --more importantly in the
      present disclosure--because it can take the slabs 38 while hot and roll
      them into sheet. This is desirable from the standpoint of inhibiting
      delamination of the slab which may occur if the preceding manufacturing
      steps have not been optimally performed in the preferred way or if the
      scrap is not of appropriate grade and kind.
PAR  The planetary mill 42 includes an entry table 44 for feeding the slab 38. A
      continuous reheating furnace 45 is provided to re-elevate the temperature
      of the slab to its rolling temperature of up to 2350.degree.F. if it is
      excessively cooled.
PAR  After the slab passes through the oven, it passes through pusher rolls 47
      to feed rolls 48. The feed rolls feed the slab into the planetary
      assemblies 50 which achieve the rolling reduction from slab thickness to
      strip. The strip will be of the order of less than 1/20th of the original
      dimension of the bale. The strip passes from the planetaries 50 through
      pinch rolls 51 across an exit table or conveyor 52 and thence through
      another pair of pinch rolls 53 to a coiler 54.
PAC  II. CLEANING OF THE SCRAP
PAR  FIG. 4 is a schematic showing of the method of scrap cleaning for the
      process as described in Section I. A supply hopper 60 is provided. The
      supply hopper deposits scrap on a scrap supply conveyor 61. The supply
      conveyor delivers the scrap to a rotary kiln 17'. The kiln has a guide
      chute 62 which guides the scrap deposited by the conveyor 61 into the
      kiln.
PAR  The kiln 17' includes a rotary retort in which direct flame impingement,
      depicted by the burner 63 is applied to the pieces of scrap. Oil vapor is
      collected by a hood 65 and transmitted through a duct 66 to a condenser
      and recovery system. To keep the kiln closed for efficient recovery of the
      oil vapors a feed door 67 is provided. The feed door 67 is schematically
      shown as spring biased to indicate that it opens at the time when scrap is
      being charged in the kiln and is otherwise closed.
PAR  As previously indicated, the scrap is heated in the kiln to from
      700.degree. F. to 1000.degree. F. to clean off oil residues and the like.
      If rusting is present, a reducing atmosphere is used which is composed of
      a mixture of oxygen and natural gas. The gas mixture is from 45 percent to
      55 percent stoichiometric.
PAR  After the scrap has been cleaned by the flame impingement, it passes
      through a water-cooled section 69 and thence through an exit door 70. The
      scrap, after passing through the exit door 70 is deposited on a transfer
      conveyor 71. The transfer conveyor 71 transfers the scrap to a mechanical
      tumbler 72 where the scrap is further cleaned by tumbling. Abrasive shot
      or grit may be employed in the tumbler 72 to improve the cleaning action.
PAR  After tumbling, the scrap is deposited on a second transfer conveyor 73.
      THe second transfer conveyor is made permeable so that abrasives, if used,
      will drop through the conveyor into a funnel 74 and thence be delivered
      through a funnel exit 75 to a collection station.
PAR  The cleaned scrap is transmitted by the second transfer conveyor to a
      collection and baler supply hopper 76. A baler supply conveyor is shown at
      77 which transfers clean scrap from the hopper 66 to the baler for baling
      in the manner described more completely in Section III.
PAR  In FIG. 5, an alternate method of scrap cleaning is shown. There the same
      supply hopper 60 and scrap conveyor 61 are employed. A wash tumbler 80 is
      provided. The wash tumbler is one in which the scrap is treated with a
      detergent solution to wash away residues. Here, the first transfer
      conveyor 71' is porous so that the detergent solution will drop into a
      collection funnel 81 for delivery through a conduit 82 to a detergent
      recovery station. The washed scrap is then passed through the tumbler 72
      to a second transfer conveyor 73'. As shown in FIG. 5, the second transfer
      conveyor is not permeable as shot cleaning is normally not required in
      combination with detergent cleaning.
PAC  III. BALING OF THE SCRAP
PAR  FIG. 6 is a top plan view of a baler 89. The baler 89 includes a charge
      space 90 into which scrap is charged when a baler cover 91 is open as
      shown in FIG. 6. Referring to FIG. 7, the baler cover 91 is shown in its
      closed position in solid lines and in its open position in phantom. A
      cover actuator 92 is provided for opening and closing the cover.
PAR  The baler charge space 90 is defined, on its bottom and one side, by fixed
      bottom and side plates 93, 94. These plates 93, 94 extend the length of
      the charge space 90. The top of the charge space 90 is defined by the
      cover 91 when it is closed and the other side of the charge space is
      defined by an elongated, movable, first stage ram 95. The first stage ram
      95 extends the length of the charge space 90.
PAR  The ends of the charge space are defined in part by a pair of fixed plates
      96, 97. The remaining portions of the ends of the charge space 90 are
      defined by a movable exit door 98 and by a second stage compaction and
      ejection ram 99.
PAR  In operation, the charge space 90 is filled with scrap at a time when the
      baler cover 91 is open. The cover is then closed. Latches 100 are then
      positioned to latch the cover in its closed position by energizing cover
      latch actuators 101. Next, the elongated ram is moved from its solid-line
      position of FIGS. 6 and 7 to the phantom position shown in FIG. 6. This
      effects a first stage compaction of the scrap in the charge space 90. This
      compaction is achieved by simultaneously energizing eight first-stage ram
      actuators 102.
PAR  After the first-stage reduction of the scrap has been accomplished, a
      compaction and ejection actuator 104 is energized to move the second stage
      ram 99 from the position shown in solid lines in FIG. 6 to the position
      shown in phantom. This phantom position is approximately one-half the
      distance between the fixed plates 96 and 97 so that a 50 percent reduction
      in bale size is accomplished in the second stage.
PAR  After the second stage reduction has been accomplished, the exit door 98 is
      opened and the bale is ejected by further movement of the second stage and
      discharge ram 99 from its phantom position to the left toward the exit
      door to eject the bale from the baler.
PAC  IV. BALE CLEANING
PAR  Referring now to FIGS. 8 and 9, a bale cleaning apparatus is shwon
      generally at 120. The bale cleaning apparatus has feed rails 121 across
      which bales 122 of scrap to be cleaned are fed. The bales are suitably
      suspended from an overhead chain conveyor indicated by the dotted line
      123. Hooks, now shown, suspend the bales for transport through the
      cleaner.
PAR  The bales are fed through an inlet hood 124 into a heated wash sump in the
      region of the cleaning mechanism indicated by the numeral 125. Cooling
      coils are provided in a region identified by the numeral 126. The cooling
      coils serve to condense hot vapors from the heated wash sump and prevent
      their escape through the inlet hood 124.
PAR  After a bale has passed through the heated wash, it is elevated in a vapor
      treatment region 126 to bring it out of the wash and then transfer it into
      a hot rinse region 127. After the bale has passed through the hot rinse,
      it then passes through a vapor rinse region 128, thence to a drying region
      129 and it is then prepared for a cold reduction by the press 24.
PAR  In FIGS. 8 and 9 a recovery still is indicated generally at 130 where
      fluids from the bale cleaner 120 are conveyed for distillation and
      recovery of the cleaning solvents. Supply cleaning and rinsing solvents
      supply mechanisms are indicated generally at 131. Since these mechanisms
      131 are of generally conventional construction, a detailed description of
      them is not provided here.
PAC  V. BALE JOINING
PAR  In the formation of finished steel such as steel strip, it is desirable to
      have as few welds or junctions in the strip as possible. Since the length
      of a weld-free portion of strip is a function of a size of the slab or
      billet from which the strip is formed, the larger the slab, the longer
      will be the weld-free strip.
PAR  The baling operation, especially if it is at a location remote from the
      reduction of the scrap to a homogeneous slab, imposes size limitations on
      the bales. Since it is desirable to have as large a bale as possible in
      order to achieve long sections of weld-free strip, it is desirable to join
      the bales together to form a large workpiece. In FIGS. 10-15, inclusive,
      alternate methods for achieving the uniting of a plurality of bales are
      shown.
PAR  The preferred method for joining a plurality of bales is shown in FIG. 10.
      There a pair of blaes 132 is shown connected to welding electrodes 133. In
      order to expedite a uniting of the bales 132 together through a welding
      process, end portions 134, 135 of the bales 132 are formed in the shape of
      truncated pyramids. This provides end surfaces 136, 137 which respectively
      are of reduced area is compared with a cross section of the bales. The end
      surfaces 136, 137 are brought together, and electricity of a voltage of
      from 20 to 160 volts at 60 cycles and preferably of the order of 80 volts
      is caused to flow between the electrodes. After the end surfaces 136 and
      137 have been heated to a molten state, the bales are upset, that is,
      forced toward one another to weld the bales together.
PAR  The truncated pyramid portions 134, 135 on the bales can be achieved by
      appropriate configuration of the compression and discharge ram 199 and the
      exit door 98 of the baler. That is, the ram is formed with a perimetral
      chamfered portion as is the exit door so that upon compression, the bales
      take on the end configuration shown in FIG. 10. Alternately, the bales are
      formed with concave ends so that welding is achieved in a perimetral ring.
PAR  With the bales of FIG. 11, inserts are provided in the baler so that
      notched portions indicated at 140 are formed on bales 142. The notched
      portions are interconnected so that the bales provide the configuration of
      a long, continuous workpiece. On being fed through the compaction stations
      as described more completely in Section VII, the notched portions become
      intimately welded together and the connections of the bale sections
      disappear.
PAR  In FIG. 12, a steel band of conventional construction 150 is used to hold
      together a plurality of bales 152. On passing through the compaction
      operations, the band and the bales become intimately united into one solid
      slab of steel.
PAR  In FIG. 13, a bale is identified by the numeral 155. Here, the bale has
      been perimetrally compacted in a baler without end compaction. In short,
      the bale of FIG. 13 can be produced in the baler of FIGS. 6 and 7 by
      opening the exit door 98 prior to actuation of the second stage
      compression and ejection cylinder 104. Thus, the second stage of
      compression is eliminated, so that ends 156, 157 of the bale 155 are
      uneven with protruding pieces of scrap.
PAR  A substantial equivalent result is achieved with a bale 160 shown in FIG.
      14. Here, a finished bale made in the manner described in Section III is
      placed on a suitable support 161 and impacted with a ram 162. This
      "explodes" the bale so that the ends 163, 164 lose their regular and
      smooth configuration and pieces of scrap project therefrom as indicated in
      FIG. 14.
PAR  The bales 155 or 160 are placed on a feed conveyor 165 shown in FIG. 15.
      The feed conveyor discharges the bales into a cavity 166 in a large
      perimetral die 167. A movable bottom door 168 is positioned to hold the
      bales when they are charged into the cavity 166. After the cavity 166 has
      been filled with bales 155 or 160, a ram 170 compresses them
      longitudinally so that the ragged ends of the bales are forced into tight
      interconnecting engagement with one another and the series of bales are
      joined together in a larger workpiece indicated by phantom lines at 171.
      As the drawing will suggest, the door 168 is open and the joined bales
      forming the workpiece 171 are gravity fed to a conveyor 172 which
      transports the workpiece to the cold compaction station of Section VII.
PAC  VI. BALE HEATING
PAR  To achieve bonding between scrap or metallic elements of a bale, within
      commercial practicality, thermal energy must be imparted to the bale so
      that it attains a temperature in the range of 1400.degree.F. to
      2350.degree.F. Exactly what terminal temperature is selected depends upon
      the designed strain rate and distributed pressures used in the hot
      compaction as discussed more fully in Section VII.
PAR  In the present method, the furnance is divided into two or three zones. In
      a first zone of the two-zone version, the scrap bale is heated to about
      1000.degree. F. to 1200.degree. F. A second stage of heating is then
      carried out in a second zone having a reducing atmosphere of natural gas
      and air. Here, the supply air is preheated to raise the atmosphere
      temperature to the desired level while achieving the desired reducing
      atmosphere.
PAR  Referring now to FIG. 16, a two-zone furnace is shown generally at 175. The
      furnace has a first zone 176 in which the temperature of the bales is
      elevated to a temperature of from 1000.degree. F. to 1200.degree. F.,
      preferably in an oxidizing atmosphere. The bales pass from the first zone
      to a second zone 177 where a positive pressure of reducing gas is
      maintained and the temperature of the bales is elevated from 1200.degree.
      F. to 2000.degree. F. or as high as 2350.degree. F.
PAR  A bale 179 is fed from the left, as viewed in FIG. 16, through an entrance
      door 180 into the first zone 176. There, fans 181 (as best illustrated in
      FIG. 19) are provided to circulate furnace gases. Thus, the slab heating
      in the first zone is indirect heating through the circulation of the
      furnace gases. Heat for the circulating furnace gases is supplied through
      the radiant tubes 182. A mixture of natural gas and combustion air is
      circulated through these radiant tubes 182 to heat them to the desired
      temperatures and the circulating gases around the tubes transfer the heat
      to the bales 179.
PAR  The bales are transported through the furnace by a walking beam. This beam
      has, referring to FIG. 17, a base platform 183. This platform is
      periodically elevated so that walking beam elevators 184 lift the bale 179
      off fixed stanchions 185. When the bale is so elevated, the platform 183
      and the elevators 184 are caused to move longitudinally of the furnace in
      a manner which will be described presently. The platform 183 and its
      elevators 184 are then lowered to deposit the bale 179 on the fixed
      stanchions 185. The platform and elevators are then reciprocated in the
      opposite direction while below and out of contact with the bales and the
      cycle is repeated to sequentially move the bale longitudinally through the
      furnace.
PAR  Referring now to FIG. 20, the mechanism for elevating the platform 183 and
      the elevators 184 is shown. A plurality of elevator levers 187 are
      pivotally mounted below the platform 183. An acutating rod 188 is
      pivotally connected to each of the elevators levels 187. When an actuator
      189 is energized, it moves the actuating rod 188, causing the levers 187
      to pivot. Rollers 190 on the levers then act against the platform 183 to
      lift it. This elevates the bales above the stanchions 184.
PAR  A bale advance cylinder 191 is then energized to shift the entire platform
      183 and the supported bales longitudinally while supported on the rollers
      190. The elevator actuator 189 is then operated in the opposite direction
      to lower the walking beam until the bales are supported on the stanchions
      185. The beam cylinder 191 then operates in the other direction to shift
      the platform 183 to the left as seen in FIG. 20 and the cycle is complete.
PAR  Elongated troughs 192 are provided as shown in FIG. 18. These troughs are
      each partially filled with liquid lead. The troughs 192 are mounted on the
      platform 183 and move up and down longitudinally with it. The stanchions
      185 have depending skirts which extend into these troughs so that an
      effective gas seal is achieved as the walking beam is actuated.
PAR  After a slab 179 has passed through the first zone 176, a zone division
      door 193, best illustrated in FIG. 16, is opened and the bale is
      transported into the second zone. Here, heating is accomplished by flame
      impingement with flames emitted from burners 194. These burners direct the
      flame both from the sides and from the top to achieve the high heats
      desired. Air supplied to the burners 194 is preheated, in a manner not
      shown, by exhaust gases from either zone. After the slab has been heated
      in the second zone 177, it passes through an exit door 195.
PAR  Exhaust gases are extracted through a stack 196. The stack has two outlets,
      one of which, 197, directs gases to the hood 34 while the other, 198, can
      exhaust excessive gases. In addition, suitable ducting, not shown, can be
      provided for the preheat described in Section I.
PAR  Like the walking beam, the doors are sealed by liquid mercury or melted
      lead to maintain the gas-tight integrity of the furnace gases. The seal of
      the exit door 195 is illustrative and shown on an enlarged scale in FIG.
      21. There troughs 199 are shown. These troughs extend transversely across
      the door opening. They carry melted lead or mercury into which a lower
      portion of the door and an upper lip 195A project when the door is closed
      to effect a seal. The lower trough is connected to the walking beam so
      that the ends of the door remain sealed when the slabs are moved.
PAC  VII. BALE COMPACTION
PAR  FIG. 22 is a vertical sectional view of a harmonic press 200. The press as
      shown in FIG. 22 is essentially a prior art press. FIG. 23 is a sectional
      view of the press of FIG. 22, but modified from the prior art in respects
      that will be described. FIGS. 24-27 show further advances over the press
      of FIG. 22 to produce the cold and hot compaction harmonic presses 24, 26.
PAR  Referring to FIGS. 22 and 23, a pair of eccentric shafts 201, 202 are
      journaled in a frame 203. Gears 205, 206 are connected to the shafts 201,
      202, respectively, to drive them in synchronized and opposite rotation.
      Suitable drive gearing, not shown, is coupled to the gears 205, 206 to
      cause this synchronized and opposite rotation.
PAR  The shafts 201, 202 have eccentric central portions 207, 208 respectively.
      These eccentric portions are each cylindrically contoured and each has an
      axis whoch is offset from the axis of its shaft so that on rotation of the
      shaft, the axis of the eccentric portion orbits about its shaft axis. A
      pair of platen supports 210, 211 are journaled on the eccentrics 207, 208,
      respectively. Platens 212, 213 are carried by the platen supports 210, 211
      respectively.
PAR  Referring now to the upper eccentric shaft 201, the platen support 210
      carries a snubber assembly 215 which inhibits rotation of the platen
      support 210 in a clockwise direction with respect to the eccentric 217.
      The frame carries a counterclockwise snubber assembly 216 which acts
      against a flat 217 on the platen support 210 to inhibit counterclockwise
      rotation of the platen.
PAR  As a workpiece 218 advances from the left to the right as viewed in FIG.
      22, leading portions of the platens 212, 213 strike the workpiece first.
      This initial striking causes the upper platen to rotate relative to its
      eccentric 207 in a counterclockwise direction against the action of the
      snubber assembly 216. Concurrently the lower platen support 211 tends to
      rotate in a clockwise direction relative to its eccentric 208 against the
      action of a corresponding snubber assembly 219. This platen support
      rotation imposes stresses on the machine because of unbalanced reaction
      forces which occur when the entire work surfaces of the platens 212 and
      213 are not striking the workpiece. Once the workpiece is fed to a
      position such that the entire work surface of the platens 212, 213 is
      impacting the workpiece, as shown in FIG. 22, the stresses become
      balanced.
PAR  As the workpiece leaves the impacting region below the platens, only
      trailing portions of the work surfaces of the platens 212 and 213 are
      striking the workpiece and, accordingly, the platen supports tend to
      rotate in directions opposite from that when the workpiece commences to
      feed between the platens. That is, the upper platen support 210 tends to
      rotate in a counterclockwise direction against the action of the snubber
      216 while the lower platen support 211 tends to rotate in a clockwise
      direction against the action of a corresponding snubber assembly 220.
PAR  From this description of the machine shown in FIGS. 22 and 23, it will be
      seen that a limiting factor on the capacity of the machine is the stresses
      imposed as the workpiece 218 enters and leaves a forging region. Moreover,
      the forging pressures imposed as the workpiece enters and leaves the
      forging region are not reliably consistent for the limiting factors on
      these forces are the spring resistances of the snubber assemblies. In
      addition, the platens of this prior art device are designed to work at
      relatively low strain rates resulting from reciprocating speeds less than
      4 cycles per second. Accordingly, the platens were designed with
      vertically disposed serrations (staircase style) throughout the entire
      platen surface with no attention to accommodating smooth indexing of the
      workpiece past the platens necessitated by higher strain rates.
PAR  One of the outstanding features of the invention is in the provision of
      adjustable control and restraint of the platens so that the impacting
      action of the platens is optimized for the workpiece feed conditions at
      any given time. Referring to FIGS. 24-26, schematic diagrams of the novel
      and improved platen construction of this invention are shown. In FIGS.
      24-27, numerals corresponding to those used to describe FIGS. 22 and 23
      have been used. Where the part has been modified to produce advantages of
      this invention, a prime is added to the numeral. Thus, the lower eccentric
      shaft 202 and its eccentric 208 are not modified while the platen support
      is identified as 211'.
PAR  Referring to FIG. 24, a restraining rod is shown schematically at 222. The
      restraining rod 222 is pivotally connected to the frame of the press at
      223 and to the platen support 211' at 224. This latter connection to the
      platen support connects the restraining rod to the platen 213' to control
      the movement of the platen during a forging operation. With the pivots
      223, 224 in the positions indicated by the numerals 1 in FIGS. 24-26,
      movement of the platen is constricted to a generally elliptical pattern
      indicated by the dashed lines at 225, FIG. 24. By movement of either or
      both of the pivots 223, 224, one is able to vary the motion transcribed by
      any given point on the plate 213 to adjust the forging action. Thus, if
      the pivot point 223 is moved downwardly, as viewed in FIGS. 24-26, to the
      position indicated at 2 and the pivot 224 upwardly to the position
      indicated at 2, the path transcribed by a point on the platen assumes the
      shape shown at 226 in FIG. 25.
PAR  In the adjusted position of the rod 222 shown in FIG. 24, the motion of a
      given point on the platen approaches reciprocation with respect to a
      workpiece traveling from left to right horizontally across the page, as
      indicated by the arrow 227. It is transcribing, as indicated, an
      elliptical path 225 which has a major axis transverse to the workpiece
      path 227. The adjustments can be modified until that major axis is
      essentially perpendicular to the path 227. Adjustment from the 1 position
      to the 2 position as shown in FIG. 25 increases the component of platen
      travel paralleling the workpiece path materially. By moving the
      constraining rod pivots 223 and 224 further downwardly and upwardly
      respectively to the positions shown at 3 in FIG. 26, the travel of a point
      on the platen is modified to the path indicated by the dashed line 229.
PAR  In the adjustment position of FIG. 26, any given point on the platen is
      traversing a path which is generally in the shape of an ellipse having its
      major axis paralleling the workpiece path 227. The fact that the path 229
      is not a true ellipse but rather somewhat in the shape of an airfoil
      produces further improved results.
PAR  More specifically, in an approach segment of the path 229, identified by
      the curved line 230, the platen has a relatively large moment of travel
      toward the workpiece path. This maximizes forces imposed on the workpiece
      in impacting compressive motion. As the platen completes the traversing of
      the approach segment 230 of the path 229, its travel becomes momentarily
      totally parallel to that of the workpiece path and then it gradually
      retracts in a retract segment 231 of the travel. This maintains
      platen-to-workpiece engagement as long as possible and imparts a
      substantial self feed moment of force to the workpiece along the path 227
      after the impaction has been achieved. In a final or return segment 232,
      of the path 229, the motion of the platen is almost parallel to the path
      227 and in an opposite direction so that return time to the approach and
      retract and feed segments 230, 231 of the path is minimized.
PAR  As a workpiece bale 234 is fed from right to left as viewed in FIGS. 24-26,
      the restraining rod 222 is first positioned in the 1 positions of FIG. 24.
      A lead edge 235 of the workpiece 234 may first strike a bullhorn 236. The
      bullhorn is designed to funnel any diverging pieces of scrap in the
      workpiece bale 234 into the forging area to prevent these diverging pieces
      from becoming hung up or jammed as the workpiece 234 is fed into the
      press. The feed is continued until the workpiece 234 is engaged by a lead
      initial engagement portion 240 of a work surface of the platen 213'. As
      the leading edge 2345 of the workpiece commenced to engage a central
      serrated and feed portion 241 of the anvil 213', the constraining rod 222
      is adjusted to the position of FIG. 25. Once the workpiece 234 has been
      fed sufficiently along the path 227 that the forced imposed on the press
      are reasonably uniformly distributed by full or substantially full surface
      contact with the workpiece 237, the constraining rod 222 is moved to the 3
      positions of FIG. 26 for the forging and self-feed action.
PAR  As the feed continues, until a trailing edge--not shown--is engaged only by
      a trailing end smoothing portion 242, the restraining rod 222 is adjusted
      in the opposite direction until it is in the 1 positions of FIG. 24 to
      again minimize the reaction stresses on the press. Thus, by changing the
      positioning of the restraining rod, one is able to vary the reaction
      forces imposed on the press to maximize impaction at any one time.
PAR  In addition to the novel platen construction and adjustable constraint
      imposed on the platen, the press of this invention has another novel
      feature shown only in FIG. 23. Thus, as indicated above, FIG. 23, unlike
      FIG. 22, shows a feature which is not in the prior art. More specifically,
      fixed side restraints 243, 244 are provided which are juxtaposed
      substantially against the platens. These side restraints are spaced a
      distance equal to the width of the bale prior to impaction. They
      preferably have a flared out lead portion as indicated at 245 in FIG. 23
      to funnel any projecting portions of a workpiece into the forging area.
      Alternately, the side restraints may be made movable to move in
      synchronization with the platens thus facilitating feed through the press.
PAR  Since the press uses fixed side restraints 243 of a width equal to the
      width of the workpiece 227 (or side restraints which are at an inward
      position at the time of impact) the workpiece is perimetrally restrained
      as it is impacted. Thus, lateral dissipation of the impaction forces is
      inhibited and good, full fill-out in a lateral direction is assured. Since
      the scrap pieces are baled and become mechanically intertwined in the
      baling operation, longitudinal dissipation of the impaction forces is
      resisted. In addition, by operation of the platens in the novel, described
      manner so that the approach segment 230 of the travel 229 is rapid
      achieving velocities in a range of from 4 to 30 revolutions per second and
      higher, the inertia of rest of components of the bale further resist
      longitudinal dissipation of the impaction forces. Thus, the impaction
      forces are confined essentially to planes of impaction transverse to the
      workpiece area and migration of molecules in the scrap pieces is caused,
      resulting in a full and firm welding and uniting of the scrap pieces into
      a homogeneous slab.
PAR  Several of the outstanding features of the invention are obtained due to
      the impactions being so sharp and sudden. These include (1) the described
      inhibition of lateral force dissipation, (2) the localization of force
      application and (3) tests indicate that dirt pieces actually fracture and
      disperse.
PAR  As to localization of force application increased strain rate applied
      uniformly has led to the most significant improvements. The available
      mechanical energy is put to its maximum use by an increase in strain rate
      in that plastic flow of the scrap pieces is inhibited and localized
      surface bonding is incouraged substantially within the plane of impaction.
      At greatly increased strain rates, the temperature of the scrap at which
      compaction takes place can be lowered. This invention views the bonding of
      metallic scrap as a total energy concept comprised of thermal, mechanical
      and shock characteristics.
PAR  With sharp impactions the forces are initially absorbed in a relatively
      thin portion near the surface of the workpiece. As this portion reaches a
      solid condition continued impact results in forces being transmitted by
      the surface portion to the portions toward the center. Thus, the force
      application is highly concentrated resulting in good, intimate welding.
      Since dirt is dispersed, clean scrap is not required except for total
      optimization of the control of the quality of the finished product. Very
      satisfactory steel strip has been made on an experimental basis with the
      process and apparatus of this invention when dirt particles have been
      present.
PAR  As can be seen best in FIGS. 24-26, the work surfaces of the anvil 213'
      are, in the planes of cross section of those drawings, generally convex
      with respect to the workpiece. In addition, they are straight in a plane
      of cross section perpendicular to the workpiece path. To achieve the
      desired compaction of from the order of 30 percent to 90 percent solid to
      a thickness of 30 percent less than the thickness when the bale is first
      impacted to a solid condition, the platen has this novel configuration
      which has been shown and described.
PAR  The lead and initial engagement portion 240 reduces the size of the bale
      adequately for the serrated and feed portion to effect its action. It is
      when the bale is between the serrated and feed portions 241 that the true
      compression and welding is primarily achieved.
PAR  The serrated portions are configured so that each leading surface 247 of a
      serration is generally parallel to what is known as slip planes in the
      workpiece. Each leading surface 247 is canted from 15.degree. to
      45.degree. with a perpendicular to the workpiece path. Impact surfaces 248
      on the serrations are substantially normal to the leading surfaces 247 and
      thence from 15.degree. to 45.degree. from parallel with the workpiece path
      227.
PAR  As a serration impacts a workpiece, it tends to push the bale in a path
      that has a feed moment as well as a compressive moment. This is in a path
      generally paralleling what, as indicated is known as a slip plane. In
      other words, pieces of the bale tend to slip relative to one another along
      planes which have a component toward the outlet end of the forging press.
      By imposing the impaction forces substantially along these planes, the
      dissipation of the forces is further inhibited and true welding is
      achieved under the appropriate conditions of temperature and confinement.
PAR  The self-feed action achieved with the novel platens and platen restraint
      is an important factor in the success of the invention. It overcomes
      severe feed problems which are present with prior art presses. If bale
      feed is performed with feed rolls there is a tendency for the rolls, if
      ahead of forging, to pull the scrap loose and if after forging to detract
      from the resistance to longitudinal force dissipation. Push rods have been
      tried but these tend to buckle the bale. Hence, the disclosed construction
      overcomes these problems in addition to optimizing compaction forces.
PAR  Referring now to FIG. 27, the structure for accomplishing the adjustments
      described in connection with schematic drawings of FIGS. 24-26 is shown.
      Since the upper platen is the mirror image of the lower, the previously
      described construction with respect to the lower platen will not be
      repeated.
PAR  The arm 222 includes an adjustment nut 250 for varying the length of the
      arm. As shown, this may be a manual adjustment. Obviously, servo motors
      may be mounted on the adjustment nut 250 and a corresponding adjustment
      nut 251 on corresponding upper restraining arm 252 to effect a remote
      control and automatic adjustment.
PAR  The pivot 224 rides in a curved slot, 253 in a platen attachment block 254.
      The pivot 224 may be secured in any suitable manner in an adjusted
      position such as by nut 255. Alternately, servo motors, or other remotely
      controllable mechanisms, can be used to adjust the arm-to-platen pivots.
PAR  The adjustment of the frame-to-arm pivot 223 and a corresponding upper
      pivot 256 is shown as controlled by a lead screw 257. The lead screw 257
      has worm portions 258, 259 which threadably engage upper and lower
      adjustment blocks 260, 261. These adjustment blocks are suitably guided in
      the frame and move up and down to achieve the adjustment of the pivots
      223, 256. The lead screw 257 is rotationally driven by motor 263 to
      provide synchronous adjustment of the pivots 223, 256. Feed pinch rolls
      are shown at 275 which feed the workpiece to the press. Delivery pinch
      rolls 276 are provided for removing a finished workpiece.
PAC  VIII. SLAB ROLLING
PAR  Referring again to FIG. 3, there is a diagrammatic showing of a planetary
      rolling mill. As indicated previously, the slab 38 is fed through the
      furnace 45 where it is reheated to an appropriate temperature which is of
      the order of 1200.degree. F. to 2350.degree. F. After reheating and
      descaling in the descaler 46, the feed rolls 48 feed the slab into the
      planetary 50 where reduction to strip is achieved.
PAR  The planetary 50 has a central, cylindrical, backing beam 285. A cluster of
      intermediate rolls 286 are around the backing beam and surrounded by a
      cluster of planetary rolls 287. The planetary rolls 287 orbit the backing
      beam 285 at high speed. Referring to the upper roll cluster above the
      workpiece as shown in FIG. 3, the orbiting is in a counterclockwise
      direction. Each roll 287 rotates about its own axis in a clockwise
      direction so that a compression and rolling smoothing action is achieved
      by the mill. The particular mill depicted and described is available
      commercially under the designation Krupp/Platzer Planetary Rolling Mill
      and is made by Fried. Krupp GmbH Endustriebau, Essen, Germany.
PAR  When the strip passes out of the planetary 50, it will be of the order of x
      0.07 inch thickness and be no more than 1/20th of the thickness of the
      slab being fed. With this great compression and reduction, any slight
      defects which may have existed in the slab being fed after it has been
      impacted in the hot harmonic press 36 will disappear and good quality
      strip, quite usable for automotive and other purposes, is produced by the
      process.
PAR  Referring to FIG. 27A, an adjustable mill is shown at 330. This mill, or a
      plurality of them in series achieve the function of the planetary mill of
      FIG. 3 in a novel and improved manner. A pair of eccentric shafts 331, 332
      are journaled at opposite ends by suitable heavy-duty bearing blocks shown
      schematically at 333. The relative position of the eccentric shafts 331,
      332 is adjustable by means of threaded adjustment members shown generally
      at 335. Hydraulically actuated members shown generally at 336 maintain the
      beam blocks 333 against the adjustment members 335. The side restraints
      360, 361 are provided and are also adjustable by means of hydraulic
      actuated members shown generally at 362.
PAR  The eccentric shafts 331, 332 are driven by gears 338, 339 through
      connecting shafts 340, 341, respectively, in synchronized and opposite
      rotation. Universal joints 342, 343 connect one end of the connecting
      shafts 340, 341 to the gears 338, 339 while universal joints 344, 345
      connect the opposite ends of the connecting shafts to the eccentric shafts
      331, 332. By this arrangement, the eccentric shafts 331, 332 may be moved
      relative to each other while being rotated by the gears.
PAR  The advantage of such an adjustable mill lies in the fact that total
      reduction of a hot slab, from about 7 inches average thickness to about 1
      inch, may take place in one location obviating the need for multiple
      roughing stands. The solid being worked is moved through the press
      incrementally allowing for progressively larger reductions in thickness.
PAR  The reduction is accomplished with rollers 350, 351 which are respectively
      mounted on eccentric portions of the eccentric shafts 331, 332. The
      eccentric portion of the eccentric shaft 332 is shown at 353. The roll 351
      is journaled on the eccentric portion 352 by a bearing 353. Alternately,
      the rolls 350, 351 may be fixed on the eccentrics to achieve a
      burnishing-like finishing action.
PAC  IX. POWDER APPLICATION
PAR  Referring now to FIGS. 28 and 29, a method and apparatus for applying a
      thin layer of steel of controlled chemistry to a slab is shown.
PAR  When the slab is forged in the hot harmonic press 36, small amounts of the
      slab metal will be forced into interstices between the platens 212', 213'
      and the side restraints 243, 244. This results in lips of steel being
      formed at each edge. Where the slab is used without further processing,
      after forging for conversion to strip, rod bar or the like, these lips are
      scarfed off. Where a thin layer of controlled chemistry is desired, the
      lips are used to advantage.
PAR  More specifically, the slab produced by the hot press 36 is reheated in a
      furnace, the exit of which is shown schematically at 390. The reheated
      billet is passed under a high-pressure descaler 391 and then fed to a
      powder application assembly shown generally at 392. The assembly feed
      hoppers for supplying powder. Three hoppers are shown to indicate a coarse
      supply hopper 393, a medium 394 and a fine supply hopper 395. When the
      lead edge of a hot slab 396 commences to pass into the powder applicator,
      a heat sensing detector 397 opens the appropriate and selected ones of the
      hoppers to cause powder to be fed onto the surface of the slab. As
      indicated, there are lips along the edges of the slab and these extend
      vertically as viewed in FIG. 28. These lips retain the powder against
      lateral displacement. The slab then passes under pairs of pinch rolls 399,
      400 so that the deposited powder forms a layer of steel of the chemistry
      of the applied powder on the surface of the slab. Outstanding results can
      be achieved with the powder if it is compressed with the harmonic press
      described in Section VIII rather than the pinch rolls shown.
PAR  Where it is desirable to make a "sandwich" with a layer of steel formed
      from the powder on each surface, the slab 396 is inverted as indicated by
      the phantom lines of FIG. 28 and fed to another powder application
      assembly 402 which is the same as the assembly 392 previously described.
      The resultant finished product is shown in cross section in FIG. 29.
      There, slab lips are identified by the numerals 403 and are shown of
      exaggerated size for clarity of illustration. The finished layers formed
      from the powder are identified by the numerals 404, 405 and are also of
      greatly exaggerated thickness for clarity of illustration in the drawing.
PAR  As is suggested previously, it is also possible to make a finished slab in
      which a layer formed from powdered metal is between two layers formed from
      scrap. In that instance a hot slab 396 is fed through the powder
      applicator 392, a second hot slab is placed on top of it and then the two
      slabs with a layer of powder therebetween are fed through a hot harmonic
      press of the type described in detail in Section VIII.
PAR  Although not a primary aim of this invention, important results have been
      obtained by utilizing a 100 percent powder steel charge. There are known
      methods of making high quality powder steel, the best utilizing inert gas
      atomization techniques with controlled powder removal to produce
      grape-clusters of powdered particles. When working with this type of
      charge, it has been found best for high production purposes to
      continuously bail or roll powder into thick ribbons (8 inches thick) while
      moderately warm (up to 1250.degree.F.) and under an inert atmosphere
      shield to achieve green strength densities 60-95 percent. The powder is
      gravity fed downwardly between compacting rolls and the output is directly
      and protectively heated to the temperature range of this invention for
      compacting by a harmonic press within the strain rate levels and other
      parameters as previously discussed for scrap metal.
PAC  X. FLAKE PRODUCTION
PAR  As indicated, there are times when the supply of appropriate scrap may be
      interrupted due to strikes, fires, or the like. In addition, the chemistry
      of a finished product can be controlled if, as previously indicated, metal
      powder is dispersed in with the scrap. Similarly, the chemistry can be
      controlled if steel flake is distributed through the scrap prior to the
      baling operation.
PAR  In FIG. 30, a method and apparatus are shown for inexpensively making flake
      which can be used for chemistry control or maintaining a production line
      operative when the scrap is for one reason or another not available.
PAR  A supply ladle 415 is provided. The supply ladle brings a quantity of
      molten metal to the flake production device. A control stopper 416 is
      opened to permit the molten metal to flow out of the supply ladle. The
      metal flows into a tundish 417 supported on the top of a crucible 418. A
      skimmer 419 is provided to prevent slag and other surface foreign matter
      on the metal in the tundish 417 from flowing over a weir 420 into a feed
      reservoir 421.
PAR  When it is desired to make steel flake, ceramic mixers 423 are caused to
      rotate. Each of these mixers will have on the order of eight blades. When
      a feed stopper 424 is opened, molten steel flows from the reservoir 421
      downwardly onto the ceramic mixers. When the steel strikes the mixers it
      is flung outwardly by centrifugal force against the walls of the crucible
      418. The walls of the crucible 418 are kept sufficiently cool so that the
      metal chills in the form of flake on the walls of the crucible. A vibrator
      425 is provided to shake the flake loose from the crucible walls. The
      ceramic mixers are driven by a suitable variable speed motor 426, which is
      adjusted in speed until flake of the desired size is being produced.
PAR  The crucible is maintained filled with an inert gas to prevent chemical
      reactions of the molten steel as it is converted to flake. Accordingly, an
      exit door 427 is provided to permit the flake to escape when it is formed
      but to maintain the integrity of the inner atmosphere within the crucible
      418. The flake is transported by a conveyor 428 to a supply hopper 429
      which supplies the baler 21. The flake is made into steel according to the
      process previously described in detail with respect to the scrap.
PAR  Although the invention has been described in its preferred form with a
      certain degree of particularity, it is understood that the present
      disclosure of the preferred form has been made only by way of example and
      that numerous changes in the details of construction and the combination
      and arrangement of parts may be resorted to without departing from the
      spirit and the scope of the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of treating a bale of selected steel scrap to convert the
      scrap to a solid mass of steel usable in a manufacturingg operation,
      comprising the steps of:
PA1  a. heating the bale in a furnace while maintaining the bale constituents in
      a solid state, at least a portion of the heating being conducted in a
      controlled environment to control chemical reactions involving the bale
      constituents;
PA1  b. impacting surfaces of the bale with a pair of opposed platens;
PA1  c. limiting lateral dissipation of the impaction forces by constraining
      other surfaces of the bale to prevent lateral movement of the bale
      constituents beyond such constraint;
PA1  d. said impacting of the bale being at a sufficiently greate angular
      velocity to cause molecular migration among pieces of scrap in the bale
      while the inertia of rest of the bale constituents and the mechanical
      interconnection of the bale constituents inhibit longitudinal dissipation
      of the impaction forces such that bale elongation occurs primarily due to
      compaction of the bale to a substantially solid body; and,
PA1  e. thereafter continuing the impaction of the body until the body is a
      solid mass of steel in which the surfaces of the constituents have been
      welded to one another by molecular migration resulting from such
      impaction.
NUM  2.
PAR  2. The method of claim 1 wherein the bale is heated to from 1200.degree.F.
      to 2350.degree.F. while in said furnace.
NUM  3.
PAR  3. The method of claim 1 wherein the bale is impacted at sufficient angular
      velocity to fracture and disperse dirt particles on surfaces of the bale
      constituents.
NUM  4.
PAR  4. The method of claim 1 wherein the continued impaction is achieved by
      repetitively impacting the body with opposed platens while perimetrally
      confining the body.
NUM  5.
PAR  5. The method of claim 1 wherein the bale impaction is performed with a
      harmonic press.
NUM  6.
PAR  6. The method of claim 4 wherein said platens impact the bale at a rate of
      at least four cycles per second.
NUM  7.
PAR  7. The method of claim 1 additionally including the step of converting the
      solid mass to a sheet of steel by feeding the solid mass while still hot
      to and through a mill of the planetary type.
NUM  8.
PAR  8. The method of claim 7 wherein the mean temperature of the solid mass
      when fed to the mill is within the range of about 1200.degree.F. to
      2350.degree.F.
NUM  9.
PAR  9. The method of claim 1 wherein the step of heating is carried out in a
      furnace the heating and atmosphere within which are controlled by a method
      comprising the steps of:
PA1  a. providing a pressure-tight first zone of heating having a plurality of
      top and side burners, each of said burners being supplied with 75-85
      percent stoichiometric mixture of natural gas and ambient air, such mixute
      being combusted to achieve an atmosphere temperature within said first
      zone of up to 1292.degree.F.;
PA1  b. providing a pressure-tight second zone of heating having a plurality of
      top and side burners, each of said burners being supplied with a 45-55
      percent stoichiometric mixture of natural gas and air, at least a portion
      of said air being preheated by the latent heat of the combusted products
      from said first zone of heating, said mixture of said second zone being
      combusted to achieve an atmosphere temperature therein of over
      1800.degree.F.; and,
PA1  c. maintaining said atmosphere content and temperature within each zone by
      regulating the input of natural gas thereto in a manner whereby said input
      is varied between a minimum necessary to achieve stoichiometric mixtures
      and amounts in excess thereof.
NUM  10.
PAR  10. The method of claim 1 wherein the step of heating is carried out in a
      furnace the heating and atmosphere within which are controlled by a method
      comprising the steps of:
PA1  providing a pressure-tight zone of heating having a plurality of burners,
      each of said burners being supplied with a mixture of 45-55 percent
      stoichiometric mixture of natural gas and pure oxygen; and,
PA1  b. said mixture being combusted within said burners to provide an
      atmosphere temperature within said zone of at least 1250.degree.F. and
      being characterized by heavily reducing combustion products consisting of
      at least 15 percent CO and 60 percent H.sub.2.
NUM  11.
PAR  11. The method of claim 1 wherein the step of heating is carried out in a
      two-zone furnace including:
PA1  a. a furnace housing defining first and second heating zones therein;
PA1  b. a first heating zone having a plurality of heaters for achieving a
      temperature within said first zone of up to 1292.degree.F.;
PA1  c. a second heating zone having a plurality of heaters for achieving a
      temperature within said second zone of over 1800.degree.F.;
PA1  d. said housing being provided with entrance and exit doors at the entrance
      and exit of each of heating zones; and,
PA1  e. each of said doors being provided with a pressure-tight seal comprising
      troughs filled with molten metal such as liquid lead or mercury into which
      depending door edges are submerged.
NUM  12.
PAR  12. The method of claim 11 wherein the furnace used to carry out the step
      of heating is further characterized by each of said doors including an
      inverted, substantially L-shaped plate having a depending upper edge and a
      depending lower edge and a separate trough is provided for each of said
      depending edges.
NUM  13.
PAR  13. The method of forging a bale of selected steel scrap with a press of
      the harmonic type having opposed platens mounted on eccentrics for
      relative movement to form a solid steel mass, comprising the steps of:
PA1  a. moving a bale of selected steel scrap along a path of travel between
      opposed platens of a harmonic press;
PA1  b. constraining the platens for movement such that any point on each of
      said platens transcribes an initial forging path which is substantially
      reciprocal and transverse to said path of travel;
PA1  c. feeding a leading end of the bale along said path of travel and between
      said platens to commence a forging compaction of the bale; and,
PA1  d. changing the constraint on said platens during forging until each such
      point traverses a substantially elliptical forging path having a major
      axis which extends longitudinally relative to the path of travel such that
      the platens impact the bale with a rapid compaction stroke, remain in
      engagement with the bale to self-feed bale along the path of travel, and
      subsequently disengage the bale for a rapid return stroke.
NUM  14.
PAR  14. The method of forging a bale of selected steel scrap with a press of
      the harmonic type having opposed platens mounted on eccentrics for
      relative movement, to convert the scrap to a solid mass of steel
      comprising the steps of:
PA1  a. moving the bale along a path of travel between the platens of a harmonic
      press;
PA1  b. constraining the platens for movement such that any point on each of
      said platens transcribes an initial forging path which is substantially
      reciprocal and transverse to said path of travel;
PA1  c. feeding a leading end of the bale along said path of travel and between
      said platens to commence a forging compaction of the bale; and,
PA1  d. thereafter changing the constraint on said platens such that each such
      point traverses a subsequent forging path having a feed motion paralleling
      the path of travel such that the press self feeds the bale as it is
      forged.
NUM  15.
PAR  15. The method of claim 14 wherein said subsequent forging path is
      substantially, elliptical having a major axis which extends longitudinally
      relative to the path of travel.
NUM  16.
PAR  16. The method of claim 14 wherein the change to said subsequent forging
      path is accomplished by moving a pair of adjustable link means connected
      to said platens.
NUM  17.
PAR  17. The method of claim 16 wherein the adjustment of the link means
      associated with each of said platens in carried out in synchronism.
NUM  18.
PAR  18. The method of claim 14 wherein each of said platens has a forward
      engagement portion, a central serrated feed portion and a trailing
      smoothing portion, and wherein the change of the constraint of the platens
      is accomplished after a bale is fed until its leading surface is between
      the central feeding portions.
NUM  19.
PAR  19. The method of claim 18 additionally including the step of again
      changing the constraint on said platens after a trailing edge of the bale
      commences to pass between said platens.
NUM  20.
PAR  20. The method of claim 19 wherein the step of again changing the
      constraint is performed as the trailing edge moves from a location between
      said feeding portions to a location between said trailing smoothing
      portions.
NUM  21.
PAR  21. The method of claim 14 wherein the changing of the constraint on said
      platens is performed to optimize the self feed rate of the press for the
      bale being impacted.
NUM  22.
PAR  22. The method of forging a bale of selected steel scrap with a press of
      the harmonic type having opposed platens mounted on eccentrics for
      relative movement to convert the scrap to a solid mass of steel,
      comprising the steps of:
PA1  a. moving the bale along a path of travel between the platens of a harmonic
      press;
PA1  b. constraining the platens for movement such that any point on each of
      said platens transcribes a substantially elliptical initial forging path
      having its major axis transverse to said path of travel;
PA1  c. feeding a leading end of the bale along said path of travel and between
      said platens to commence a forging compaction of the bale; and,
PA1  d. thereafter changing the constraint on said platens such that each such
      point traverses a subsequent forging path having greater amplitude in
      directions paralleling the path of travel than said initial forging path.
NUM  23.
PAR  23. The method of claim 22 wherein said subsequent forging path is
      substantially elliptical having a major axis which extends longitudinally
      relative to the path of travel.
NUM  24.
PAR  24. The method of claim 23 wherein the major axis of said subsequent
      forging path is generally parallel to the path of travel.
NUM  25.
PAR  25. The method of claim 22 wherein said step of changing the constraint is
      accomplished by moving a pair of adjustable link means each connected to a
      separate one of said platens.
NUM  26.
PAR  26. The method of claim 25 wherein the adjustment of said link means is
      conducted in synchronism.
NUM  27.
PAR  27. The method of claim 24 wherein each of said platens has a forward
      engagement portion, a central serrated feed portion and a trailing
      smoothing portion, and wherein the change of the constraint of the platens
      is accomplished after a bale is fed until its leading surface is between
      the central feeding portions.
NUM  28.
PAR  28. The method of claim 27 additionally including the step of again
      changing the constraint on said platens after a trailing edge of the bale
      commences to pass between said platens.
NUM  29.
PAR  29. The method of claim 28 wherein the step of again changing the
      constraint is performed as the trailing edge moves from a location between
      said feeding portions to a location between said trailing smoothing
      portions.
NUM  30.
PAR  30. The method of claim 24 wherein the changing of the constraint on said
      platens is performed to optimize the self feed rate of the press for the
      bale being impacted.
NUM  31.
PAR  31. The method of operating a harmonic press of the type having a pair of
      opposed platens mounted on eccentrics, to compact a bale of selected steel
      scrap into a solid steel mass, comprising the steps of:
PA1  a. constraining movement of said platens so that each transcribes
      substantially an elliptical forging path having a major axis transverse to
      a path of bale travel;
PA1  b. feeding a a bale of selected steel scrap along said path of travel to
      bring a leading edge of the bale into contact with the platens;
PA1  c. continuing the feed until a leading portion of the bale has been
      compressed substantailly to its finished dimension by said press and there
      is substantial surface contact between the platens and the bale each time
      the platens impact the bale; and,
PA1  d. thereafter adjusting the forging path of the platens such that any given
      point on a platen traverses a forging path having a bale feed motion
      paralleling the path of travel, whereby the bale is self fed by the press
      as it is forged.
NUM  32.
PAR  32. The method of claim 31 wherein the adjustment of of the forging path of
      both platens is synchronized.
NUM  33.
PAR  33. The method of claim 31 wherein each platen includes a lead engagement
      portion and a central serrated portion, and wherein the forging path
      adjustment is accomplished after the leading portion of a bale has
      commenced to feed between the serrated portions of the platens.
NUM  34.
PAR  34. The method of claim 33 wherein each platen also includes a trailing and
      smoothing portion, and wherein platen forging path is further adjusted
      such that as a trailing portion of the bale is being impacted only by said
      trailing portions, the forging path is again substantially elliptical and
      has a major axis tranverse to the path of travel.
NUM  35.
PAR  35. The method of claim 31 wherein the platen forging path is adjusted
      until the path traversed by said any given point is substantially
      elliptical having a major axis generally paralleling said path of travel.
NUM  36.
PAR  36. The method of claim 12 wherein the scrap includes steel flake made from
      a process comprising the steps of:
PA1  a. melting small pieces of steel;
PA1  b. pouring the molten steel onto a rotating disc mounted within a retort
      having a reducing atmosphere to cause the molten steel to be flung in
      relatively small drops against the wall of the retort; and,
PA1  c. maintaining the wall of the retort sufficiently cool that it has a
      chilling action on the molten steel causing the molten steel to solidify
      into flakes as it impacts against the wall of the retort.
NUM  37.
PAR  37. The method of claim 36, additionally including the steps of:
PA1  a. baling the flakes and compacting the flakes until the bale is from 20
      percent to 40 percent solid;
PA1  b. thereafter compressing the bale until a time when it becomes solid and
      substantially free of voids and then continuing to compress the solid bale
      until it is a slab having a transverse cross-sectional area reduced by at
      least 30 percent from the area at said time when the bale became solid;
      and,
PA1  c. heating said bale to from 1200.degree.F. to 2350.degree.F. prior to the
      completion of step b).
NUM  38.
PAR  38. A method of converting powdered steel to sheet steel comprising:
PA1  a. continuously mechanically compacting powdered steel into an elongate
      body having a transverse width at least 20 times greater than the
      transverse thickness thereof, and the elongate body being densified to at
      least 75 percent of solid density;
PA1  b. passing said elongate body through an inductive heating zone having a
      controlled reducing atmosphere so that said body is heated into the range
      of 1250.degree.F. to 1600.degree.F. and;
PA1  c. while in said heated condition and under the protection of said reducing
      atmosphere, densifying said body to a solid condition by subjecting
      closely spaced planar sections of said body to impulsed compacting forces
      along said sections and while each of said sections is perimetrally
      constrained, said impacting forces being effective to achieve a strain
      rate in the body of 4 to 24 SEC.sup.-.sup.1 at 10-50 percent reductions.
NUM  39.
PAR  39. A method of converting powdered steel into sheet steel comprising:
PA1  a. heating a powdered steel charge to just under 1300.degree.F. in a
      slightly reducing atmosphere;
PA1  b. while under the protection of said atmosphere, mechanically densifying
      said heated powder into an elongate body having a transverse width at
      least 20 times greater than the transverse thickness and a density of at
      least 85 percent of solid; and,
PA1  c. said powder being converted to solid steel by subjecting progressive
      closely-spaced planar sections of said body to impulsed compacting forces
      along said section planes while said body is in said heated solid-state
      condition, said sections being perimetrally constrained while said
      impacting forces are being applied at a strain rate of 4-24
      SEC.sup.-.sup.1 at 10-50 percent reductions.
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ABST
PAL  A method for assembling two pipes into a single section of double-walled,
      radially-spaced, concentric pipe of sufficient strength for use in a
      wellbore in a permafrost zone in the earth is disclosed. Connectors having
      both left-hand and right-hand and internal and external threads connect
      corresponding internal and external threads on the pipe. Marks on the pipe
      ends indicate the various thread start points and, in combination with the
      left-hand and right-hand threads, permits proper alignment of the threads
      and facilitate threaded assembly of the two pipes into the double-walled
      section of pipe. Standard sizes of pipe may be used.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, in the production of warm fluids such as petroleum gas and/or
      petroleum liquid from a wellbore in the earth through a permafrost zone
      whereby part of the permafrost could be melted upon continued exposure to
      heat from the warm fluid, it has been proposed to employ double-walled
      pipes to provide thermal insulation between the warm fluid passing through
      the well and the permafrost in the wall of the well. A good background
      reference in this area is U.S. Pat. No. 3,680,631, the disclosure of which
      is incorporated herein by reference.
PAR  It has been proposed to use a diaphragm connection means which is very
      small in size,e.g., e.g, one-sixteenth inch in thickness, to minimize the
      heat loss through this connector since the connector does provide a
      metallic contact between the inner and outer pipes of the assembly.
      However, such a thin connector is weak and has a disadvantage of providing
      a nonrigid assembly. A nonrigid assembly is more prone to damage and even
      failure during handling, installation, and/or use in the well because the
      connection can plastically deform under the stresses that normally
      accompany such activities.
PAR  It has now been found that connector means of sufficient size and strength
      to form an essentially rigid assembly which will not plastically deform
      under the normal stresses to which the assembly is subjected can be
      employed without intolerable heat loss.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, there is provided an assembly of inner and
      outer pipes which is essentially rigid, i.e., its connector means will not
      plastically deform under normal stresses, and which is quite rigid
      compared to an assembly using a thin diaphragm connector means. By this
      invention, the inner and outer pipes are rigidly joined to one another at
      their opposing ends in the annulus between the pipes by use of annular
      connector means of a sufficient overall length, i.e., at least one-half
      inch up to about four inches, to provide a connection which can withstand
      the force requirements to which the assembly is to be subjected during
      handling, installation, and use in the well. The connector means can be
      installed by way of threads, welding, a combination of threads and
      welding, and any other known means for connecting pipes so long as the
      connecting medium, i.e., the weld, threads, etc., are of sufficient
      magnitude to provide a connection which will not plastically deform under
      normal stresses.
PAR  This invention also provides an assembling method whereby the connector
      means are threaded on both their inner and outer sides and thereby join
      the inner and outer pipes by means of threads. According to this
      embodiment of the invention, one of the pipes to be connected has threads
      of opposite rotational direction on its opposing ends, i.e., one end of
      the pipe has right-hand threads and the other end of the pipe has
      left-hand threads. One connector means is threaded onto one pipe and the
      other connector means is threaded onto the opposite end of the other pipe
      and the assembly is then made by inserting one pipe into the other with
      the connector means at opposite ends of the assembly and rotating one of
      the pipes to start threading that pipe's connector means onto the other
      pipe. The connector means on the other pipe, because it is on threads of
      opposite rotational direction, can be rotated in the same direction as the
      first pipe. This connector means then moves longitudinally toward the
      first pipe. This connector means can also be moved relative to the first
      pipe so that the thread start points on this connector means and the first
      pipe can be lined up with a minor degree of rotation of both the first
      pipe and the connector means. Of course, if necessary, this connector
      means can be rotated in the opposite direction of the first pipe thereby
      moving the connector means longitudinally away from the first pipe. After
      the connector means is thus adjusted so that the thread start points on
      the connector means and the first pipe are lined up, the assembly can be
      completed by simply stopping rotation of this connector means and
      continuing rotation of the first pipe which is then making up the threads
      between both connector means.
PAR  Accordingly, it is an object of this invention to provide a new and
      improved method and apparatus for producing wells through a permafrost
      zone. It is another object to provide a new and improved method and
      apparatus for thermally insulating pipe in a wellbore. It is another
      object to provide a new and improved method and apparatus for producing
      hot fluid through permafrost without substantially melting the permafrost.
      It is another object to provide a new and improved method and apparatus
      for thermally insulating at least part of a wellbore in a manner wherein
      the insulating assemblies are sufficiently rigid and strong to withstand
      normal handling, emplacement, and use in the wellbore.
PAR  Other aspects, objects and advantages of this invention will be apparent to
      those skilled in the art from this disclosure and the appended claims.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a cross section of an assembly according to this invention.
PAR  FIG. 2 shows two assemblies according to this invention joined by a
      conventional coupling (collar).
PAR  FIG. 3 shows a cross section of a portion of an assembly according to this
      invention and shows in greater detail the connector means between the two
      pipes and the collar.
PAR  FIG. 4 shows a cross section of another embodiment of this invention
      wherein tapered threads are employed.
PAR  FIG. 5 shows a cross section of two pipes and their associated connector
      means when being assembled in accordance with one embodiment of the method
      of this invention.
PAR  FIG. 6 shows an end view of the elements of FIG. 5.
PAR  FIG. 7 shows a cross section of pipes and their associated connector means
      when being assembled in accordance with another embodiment of this
      invention.
DETD
PAR  More specifically, FIG. 1 shows a first or outer pipe 1 with a concentric,
      spaced apart inner pipe 2 thereby defining annulus 3, the pipes being
      rigidly maintained in this spaced apart relation by means of connector
      means 4 and 5. Each connector means 4 and 5 having a thickness 6 of at
      least one-half inch and preferably not substantially greater than four
      inches so that the assembly as shown in FIG. 1 is rigid and will not
      plastically deform even at the connection zones between the pipes and the
      connector means or in the connector means themselves under the normal
      stresses to which the assembly is subjected during fabrication,
      transportation, storage, emplacement in the well, and use of the assembly
      in the well.
PAR  FIG. 2 shows the assembly of FIG. 1 joined to another assembly composed of
      outer and inner pipes 10 and 11, respectively, which are rigidly fixed to
      one another at their opposing ends by means of connector means 12 and 13.
      The two assemblies are joined together by means of collar 14.
PAR  FIG. 2 shows how the two assemblies would appear in the wellbore itself. A
      plurality of these assemblies can be used in a wellbore, particularly in
      the permafrost zone thereof. The permafrost zone of the wellbore can
      contain a continuous string of these double-walled assemblies or a mixture
      of a double-walled and conventional single-walled pipe as desired.
PAR  FIG. 3 shows connector means 12 to be joined to outer pipe 10 by way of
      weld 15 and to be joined to inner pipe 11 by way of threads 16, the
      threads being sealed in a pressure sealed manner by way of a small weld
      17. Connector means 12 also has a hollowed-out portion 18 which is annular
      in configuration and provides some thermal insulation to cut down the heat
      transfer between pipes 11 and 10 by way of coupling 14. Space 18 can also
      contain solid thermal insulation if desired.
PAR  FIG. 4 shows another embodiment wherein inner pipe 20 and outer pipe 21 are
      connected by way of connector means 22 in a threaded manner, outer pipe 21
      having a collar 23 also threaded thereto. Threads 24 between outer surface
      of pipe 20 and the inner surface of connector means 22 are tapered whereas
      threads 25 between the inner surface of pipe 21 and the outer surface of
      connector means 22 are straight. Threads 26 between the outer surface of
      pipe 21 and collar 23 are also tapered which is conventional for oil well
      pipe and collars. In the normal straight thread 25, a shoulder 27 is left
      because of the way threads are conventionally cut. Such a shoulder is
      absent when using tapered threads 24. Inner pipe 20 is subjected to high
      stresses. The tapered threads 24 provide maximum strength in the
      connection and eliminate a shoulder such as 27 which can be a stress
      concentrator. Shoulder 27 is not a problem stress concentrator because of
      the tapered threads 26. The stresses between pipe 21 and collar 23 pass as
      shown by arrow 28, thereby bypassing shoulder 27.
PAR  FIG. 5 shows a cross section through the top part of two pipes. First
      (outer) pipe 30 and second (inner) pipe 31 each have associated therewith
      a connector means, i.e., first connector means 32 being associated with
      first pipe 30 and second connector means 33 being associated with second
      pipe 31. Initially, first connector means 32 is threaded onto first pipe
      30 and second connector means 33 is threaded onto second pipe 31.
PAR  According to one embodiment of the method of this invention, second pipe 31
      has threads of opposite rotational direction at its opposing ends, i.e.,
      right-handed threads at 34 and left-handed threads at 35. Of course, they
      could be reversed if desired, i.e., left-hand threads at 34 and right-hand
      threads at 35, so long as the threads on the opposing ends of the pipe are
      of opposite rotational direction. Thus, the threads on the inner surface
      of second connector means 33 which are adjacent threads 35 are left-hand
      threads. Since threads 34 are right-hand threads, threads 36 and 37 on
      pipe 30 and second connector means 33, respectively, which threads 36 and
      37 will be adjacent one another, are right-hand threads. The threads
      between the outer surface of first connector means 32 and the inner
      surface of pipe 30, which threads are also adjacent one another, and the
      threads at 38 can all be either right-handed or left-handed threads but
      are preferably right-handed so that the only threads of opposite
      rotational direction in the assembly are those at 35.
PAR  Thus, when inner second pipe 31 is inserted into outer first pipe 30 and
      first pipe 30 and first connector means 32 both rotated clockwise (looking
      in the direction of arrow 40) to start threads 41 meshing with threads 34,
      threads 36 and 37 will also start making up if their thread start points
      are lined up.
PAR  According to this invention, threads 36 and 37 are mated while threads 41
      and 34 are being engaged by rotating second connector means 33 until the
      start point of threads 37 lines up with the start point of threads 36.
      Since second connector means 33 will be rotating on left-hand threads 35,
      clockwise movement of second connector means 33, i.e., rotation in the
      same direction as outer first pipe 30, will cause second connector means
      33 to move longitudinally, i.e., parallel to the long axes of pipes 30 and
      31 toward first pipe 30, i.e., in the direction of arrow 42, thereby
      moving threads 36 and 37 toward one another.
PAR  A primary advantage of this embodiment of the invention is that the thread
      start points of threads 36 and 37 move through only a small degree of
      rotation before mating because they are being moved toward one another
      rather than one having to catch up with the other. This is better seen by
      way of FIG. 6 which shows a cross section through pipes 30 and 31 and
      second connector means 33, the cross section being viewed in the direction
      of arrow 40 of FIG. 5. Assume the start point for threads 36 on first pipe
      30 is mark 45 and the start point for threads 37 on second connector means
      33 is at mark 46. Since outer pipe 30 is rotating clockwise, i.e., in the
      direction of arrow 47, second connector means 33 can be rotated in the
      same counterclockwise direction as shown by arrow 48 thereby moving second
      connector means 33 toward outer pipe 30 and by rotating second connector
      means 33 faster relative to first pipe 30, thread start point 46 can be
      moved toward thread start point 45 at the same time second connector means
      33 is moved toward first pipe 30. When start marks 45 and 46 are lined up
      then the movement of second connector means 33 is terminated and continued
      rotation of first pipe 30 will cause makeup of both sets of threads, i.e.,
      thread set 41 and 34 and thread set 36 and 37. If it is necessary to move
      second connector means 33 away from first pipe 30 because first pipe 30 is
      going to abut second connector means 33 before the thread start marks 45
      and 46 can be lined up, then second connector means 33 can be rotated in
      the opposite or counterclockwise direction as shown by arrow 49.
PAR  Thus, by use of the opposite rotational direction threads at 35 the threads
      on the connector means and pipes can be randomly cut and pipes 30 and 31
      need not be of the exact same length because differences due to randomly
      cut threads and pipe lengths can be adjusted for by adjustment of second
      connector means 33.
PAR  Thread 38 can be right-hand or left-hand in the embodiment of FIG. 5, it
      not mattering which because first connector means 32 and first pipe 30 are
      fitted to one another and move together in the assemblying method of this
      invention. Also, right-hand threads 41, 34, 36 and 37 could be left-hand
      threads in which case threads 35 would then be right-hand threads.
PAR  As shown in FIG. 7, the preferred approach of all the threads being
      right-hand threads except one set can be maintained but transferred to the
      outer pipe. In FIG. 7 outer second pipe 50 has associated therewith second
      connector means 51 and inner first pipe 52 has associated therewith first
      connector means 53. Threads 54 and 55 and threads 56 and 57 are all
      right-hand threads while threads 58 between second connector means 51 and
      outer second pipe 50 are left-hand threads. Threads 59 between first
      connector means 53 and first pipe 52 can be right-hand or left-hand
      threads but are preferably right-hand threads since the majority of the
      other threads in the assembly are right-hand. Thus, the only opposite
      directional rotating threads are 58 and, in this situation, inner first
      pipe 52 is rotated clockwise when viewing in the direction of arrow 60 to
      mate threads 56 and 57 and second conductor means 51 is adjusted on its
      left-hand threads 58 by rotation in the same clockwise direction as first
      pipe 52 and first connector means 53 to bring second connector means 51
      toward first pipe 52 and to align the thread start points of threads 54
      and 55. After alignment of these thread start points second connector
      means 51 can be fixed in place and continued rotation of first pipe 52 and
      first connector means 53 causes continued makeup between threads 54 and 55
      and between threads 56 and 57 at the same time. Similarly, threads 54, 55,
      56 and 57 could all be left-hand threads in which case threads 58 would be
      right-hand threads, it still not mattering whether threads 59 are left- or
      right-hand threads.
PAR  The annulus between the inner and outer pipes such as annulus 3 can simply
      be an air space or can contain gaseous, liquid and/or solid thermal
      insulation or even a vacuum. The seal means to hold a vacuum, gas, etc.,
      can be any known seal such as weld 17, or an epoxy seal, or any of
      innumerable mechanical seals such as O-rings, etc. Additionally, when
      emplacing a string of assemblies such as that shown in FIG. 2 in a
      wellbore, a thermal insulating material of the solid type can be employed
      about each collar 14 to prevent heat loss such as is shown in U.S. Pat.
      No. 3,680,631. Other thermal insulating material can be placed outside the
      assembly such as a specially designed packer fluid, for example that
      disclosed in U.S. Pat. No. 3,827,978, or a gaseous and/or liquid material
      which will carry off heat before it reaches the permafrost such as that
      disclosed in U.S. Pat. No. 3,662,832, the disclosures of both patents
      being incorporated herein by reference.
PAR  Reasonable variations and modifications are possible within the scope of
      this disclosure without departing from the spirit and scope of this
      invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method for making a double-walled pipe assembly for use in a
      permafrost zone in a wellbore comprising providing two sections of pipe
      which fit together concentrically to provide an annulus therebetween, the
      inside pipe being threaded at both ends on its outside wall, the outside
      pipe being threaded at both ends on its inside wall, providing first and
      second annular connecting means which are threaded on their inner and
      outer walls, threading the first connecting means onto a first of said
      pipes, threading the second connecting means onto the second pipe, said
      second pipe having threads of opposite rotational directions at either end
      so that when said first pipe and said first connector means are assembled
      with said second pipe said second connector means can be rotated relative
      to said first pipe thereby moving said second connector means
      longitudinally toward or away from said first pipe and lining up thread
      start points on said second connector means and first pipe, rotating said
      first pipe and first connector means together to thread said first
      connector means onto said second pipe, rotating said second connector
      means relative to said first pipe until the thread start points on said
      first pipe line up with the thread start points on said second connector
      means, stopping the rotation of said second connector means, and
      continuing rotation of said first pipe and first connector means so that
      said second connector means threads onto said first pipe at the same time
      said first pipe threads onto said second connector means.
NUM  2.
PAR  2. A method according to claim 1 wherein said second pipe is the inner pipe
      and has right-hand threads adjacent said first connector means and
      left-hand threads adjacent said second connector means, and said second
      pipe is the outer pipe and has right-hand threads adjacent both connector
      means so that as said outer pipe is rotated to thread its first connector
      means onto said inside pipe said second connector means on the inner pipe
      is rotated relative to said outer pipe to move said second connector means
      in a longitudinal direction and to line up the thread start points on said
      outer pipe and second connector means.
NUM  3.
PAR  3. A method according to claim 1 wherein said second pipe is the outer pipe
      and has right-hand threads adjacent said first connector means and
      left-hand threads adjacent said second connector means, and said first
      pipe is the inner pipe and has right-hand threads adjacent both connector
      means so that as said inner pipe is rotated to thread its first connector
      means onto said outside pipe said second connector means can be rotated
      relative to said inner pipe to move said second connector means in a
      longitudinal direction and to line up the thread start points on said
      inner pipe and second connector means.
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ABST
PAL  A procedure for drawing ultrafine wires is disclosed which incorporates the
      steps of inserting a core wire of a selected material into a plurality of
      telescoped sacrificial sheaths, welding the ends of the core wire to the
      sheath and successively drawing the combination down to a predetermined
      diameter. The outside sheath is sacrificed by etching to free the
      proportionately reduced core wire. The core wire may be initially covered
      with Teflon to aid in the reduction and the Teflon is removed by exposure
      to heat.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  A great need exists today for wires of extremely small diameter or what are
      known as ultrafine wires. Such industries as the microelectronics industry
      require wires of a diameter of something substantially less than .001 of
      an inch. Such ultrafine wires are usually required to be of one of the
      precious metals such as gold, silver, platinum, etc.
PAR  One common method of producing fine wires is by the well known drawing
      technique. This technique has been highly refined and, in the case of the
      extremely fine wires, diamond dies have been employed. In this technique,
      a single strand of the wire material is successively reduced through dies.
      As the diameter continues to reduce, the technique becomes more tedious as
      the wire has less and less strength and drawing capability due to its
      extremely reduced diameter. As a practical matter, wires below .001 inches
      in diameter cannot be produced by this single strand-drawing technique.
      For a great number of applications, wires of this diameter are not small
      enough.
PAR  A further refinement in the single strand drawing technique has evolved in
      the state of the art. In this technique, a core wire of the particular
      metal from which the wire is to be formed is encased in a sacrificial
      sheath. The core and the sheath are then reduced as a unit to a
      predetermined small diameter. Thereafter, the sheath is removed from the
      wire by various sacrificial methods such as etching in an acid leaving the
      core wire.
PAR  In the core wire-sacrificial sheath technique, the ratio of the diameter of
      the core wire to the diameter of the sheath will remain constant through
      the successive reductions. Thus, for example, if the core wire is 1/10 the
      diameter of the sheath and the diameter of the sheath is reduced to 1/20
      of its initial diameter, the core wire will likewise be reduced to 1/20 of
      its diameter. Accordingly, much greater reductions in the core wire are
      available by this technique since the overall sheath-core combination may
      be reduced by the conventional drawing technique to the same small
      diameters that the single strand of the core material itself could be
      reduced.
PAR  Theoretically, extremely large ratios of sheath diameter to core wire
      ratios could be utilized to produce core wires of diameter approaching
      microscopic dimensions. However, practical limitations exist in finding
      sheath material that will have an extremely large outside diameter and the
      requisite extremely small inside diameter of sufficient accuracy to permit
      practical use of the technique. Today sheath material which may be used in
      this technique can only be obtained with a ratio no greater than ten to
      one. This practical limitation on the sheath material results in a
      limitation on the smallest diameter to which the core wire can practically
      be drawn to a level of .001 of an inch. Attempts to draw the sheath-core
      combination to produce core wires of dimensions less than this becomes
      impractical or impossible.
PAC  OBJECTS AND SUMMARY OF INVENTION
PAR  It is an object of the present invention to provide improvements in methods
      for producing ultrafine wire by the core-sacrificial sheath drawing
      technique.
PAR  It is a further object of the present invention to provide a method for
      fabricating a sacrificial sheath for use in the core-sacrificial sheath
      drawing technique which provides greater sheath to core ratios.
PAR  The foregoing objects are carried out in accordance with the present
      invention by providing a composite sheath which is formed of a plurality
      of telescoped sheaths. The smallest or inside sheath is chosen to have an
      inside diameter corresponding to the core wire. Successive outer sheaths
      are telescoped one upon another until the required outside diameter is
      obtained to provide the necessary sheath to core wire ratio.
PAR  Once the sheaths have been telescoped together, they are pulled through a
      drawing die to mechanically bond the sheaths one to another. Thereafter, a
      Teflon coated core wire is inserted into the composite sheath. The core
      wire and sheaths are further bonded together by welding at the ends of the
      sheath and core combination.
PAR  The sheath-core wire combination is successively reduced and annealed until
      a predetermined diameter has been reached. Thereafter, the sheath material
      is removed by an etching process to leave remaining the Teflon coated
      reduced core wire. The Teflon is removed from the core wire by exposure to
      heat at a time and temperature sufficient to evaporate the Teflon.
PAR  Other objects and advantages of the present invention will become apparent
      to those skilled in the art from the detailed description thereof which
      follows taken in conjunction with the drawing.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  FIG. 1 is a perspective illustration of the sheaths prior to being
      telescoped;
PAR  FIG. 2 is a sectional view of the sheaths of FIG. 1 in telescoped position;
PAR  FIG. 3 illustrates the mechanical bonding of the sheaths;
PAR  FIG. 4 illustrates the step of Teflon coating the core wire;
PAR  FIG. 5 illustrates the composite core wire-sheath assembly before drawing;
PAR  FIG. 6 illustrates the method of bonding the core wire and sheaths;
PAR  FIG. 7 illustrates the annealing method step;
PAR  FIG. 8 illustrates the drawing die employed in the method;
PAR  FIG. 9 illustrates the method of removing the sheath material; and
PAR  FIG. 10 illustrates the step of removing the Teflon coating.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The method steps employed in forming ultrafine wire in accordance with the
      present invention are pictorially shown in FIGS. 1-10 of the drawing.
      Initially, the sheath material is formed of three telescoped sheaths as
      shown in FIGS. 1 and 2. In the particular embodiment of the present
      invention, the inner sheath 10 has an inside diameter of .013 inches and
      an outside diameter of .107 inches. The inner sheath 11 is of .112 inside
      diameter and .240 outside diameter and the outside sheath 12 is of .245
      inside diameter and .380 outside diameter. Thus, the sheath has .005
      inches clearance and can be easily telescoped one into another as shown in
      FIG. 2.
PAR  After the sheaths have been telescoped one into another as shown in FIG. 2,
      they are pulled through a drawing die as shown in FIG. 3. The drawing die
      13 reduces the sheaths to an overall outside dimension of .375 inches.
      Accordingly, the outer sheath 12 which was theretofore .380 inches is
      reduced by .005 inches. The result is that the three sheaths are
      compressed one upon another and become mechanically bonded together. After
      the drawing operation illustrated in FIG. 3, the composite sheath is
      cleaned and degreased.
PAR  The next step in the method is the preparation of the core wire. The core
      wire to be utilized is a matter of choice but usually is one of the
      precious metals such as gold, silver, platinum, etc.
PAR  The initial step in the preparation of the core wire is to draw the core
      wire to a diameter of .010 inches. Thereafter, the core wire is coated
      with Teflon (tetrafluoroethylene polymer).
PAR  One method of coating the core wire with Teflon is shown in FIG. 4. The
      core wire 14 is initially disposed on a spool 15. The wire 14 is pulled
      over pulleys 16-18 which pass the wire through a tank 19 which contains
      Teflon in a liquid state. The coated wire is then permitted to dry. The
      resultant Teflon coating on the wire produces a diameter for the core
      material slightly smaller than the .013 inches inside diameter of the
      sheath.
PAR  The next step in the fabrication technique is to cut a piece of the Teflon
      coated wire of length slightly in excess of the sheath and insert the wire
      into the inside diameter of the sheath as indicated in FIG. 5. Next, both
      ends of the core wire are welded to the inner sheath 10 as illustrated in
      FIG. 6. One of the ends of the core wire within the sheath insures against
      loss of the Teflon from the sheath during the successive drawing
      operations which are to follow.
PAR  The next following in the fabricating procedure of the present invention,
      as illustrated in FIG. 7, is to anneal the assembly of the core wire and
      sheath. The assembly is placed in an oven 20. The oven is maintained at a
      temperature of approximately 572.degree.l  F. and is maintained in a
      nitrogen atmosphere. The core-sheath assembly is maintained in the oven 20
      for approximatey 15 minutes which is sufficient to heat the assembly and
      anneal it for the drawing operations to follow.
PAR  The assembly is now subjected to the first drawing sequence as shown in
      FIG. 8. The assembly begins at .375 inches and is drawn in three
      successive draws to .307 inches. The drawing steps are in accordance with
      the B & S gauge or size reductions. Each of the steps of reduction in
      accordance with B & S scale results in a reduction in the cross sectional
      area of the wire of 20% per step. The B & S gauge or size reduction
      dimensions are familiar to those skilled in the art and, therefore, it is
      not believed necessary to set forth each of the specific diameters to
      which the wire is drawn in each of the repetitive size reduction steps.
PAR  Following the first reduction sequence, the core-sheath combination is
      again annealed. The annealing step is at the same temperature, atmosphere
      and time as the initial annealing step.
PAR  The sheath and core combination is again subjected to three reduction steps
      ending at .250 inches. The annealing procedure as above described is again
      repeated. Thereafter, four successive B & S reductions are accomplished to
      .187 inches and the annealing procedure is repeated. Further reduction
      occurs in five reduction steps to .125 with a final annealing step.
PAR  The .125 inch core-sheath assembly may now be drawn through as many
      reduction steps as required to arrive at a core wire diameter desired. For
      example, if 48 sequential reductions are accomplished to produce an
      outside sheath diameter of .005 inches, the resultant core due to the 37.5
      to 1 ratio will be reduced to .00013 inches. It has been found that, in
      accordance with the present invention, it is possible to draw the sheath
      to as low as .00147 inches. This results in a reduction in the core
      material to one micron or .0000393 inches.
PAR  The procedure in accordance with the method of the present invention
      utilized for removing the copper sheath from the core wire is pictorially
      illustrated in FIG. 9 of the drawing. The combined core and copper sheath
      is rolled upon a roll 21 at the end of the final drawing operation. The
      combined core and sheath 26 is passed over rollers 22-24 which convey it
      through a tank 27 containing an acid bath. The wire is exposed to the acid
      bath just long enough to completely etch off the copper sheath down to the
      Teflon coating on the core wire. Thereafter, the wire is passed through a
      water rinse (not shown) and air dried prior to being taken up on a takeup
      roll 25. In a preferred embodiment, nitric acid is employed to etch the
      copper. Other such etching means as electrolysis could also be used.
PAR  The final step employed in the procedure in accordance with the present
      invention is the removal of the Teflon from the core wire. This method
      step is pictorially shown in FIG. 10 of the drawing. The Teflon coated
      core wire is passed from the spool 25 over pulleys 28-30 disposed within
      an oven 31 and rewound upon a final spool 32. The oven 31 is maintained at
      a temperature of approximately 600.degree. F. The passage time of the core
      wire through the furnace is approximately 10 minutes. This time exposure
      to the 600.degree. F temperature is sufficient to cause the Teflon coating
      to be completely evaporated from the core wire. The resultant wire is then
      wound upon a spool 32 and is completely free of the sheath material and
      Teflon coating.
PAR  The foregoing description of the method for fabricating ultrafine wires has
      been made in respect to certain embodiments of the invention as disclosed
      in the drawings and specification and it is to be understood that the
      invention is capable of modifications beyond those disclosed. Therefore,
      changes in the disclosed method of fabricating fine wires may be made
      without departing from the spirit and scope of the invention as defined in
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the method of forming ultrafine wires of a given material including
      the steps of forming a core wire of a given material, encasing the core
      wire within an elongate sheath of drawable sacrificial material,
      successively drawing the sheath to a predetermined reduced cross section
      to proportionately reduce the core wire and thereafter remove the sheath
      material by sacrificial methods leaving the proportionately reduced core
      wire, the improvements in forming a sheath to provide increased sheath to
      core wire ratios resulting in greater core wire reductions comprising:
PA1  telescoping a plurality of elongate sheaths one within another to form an
      overall sheath having an inside and outside diameter required to establish
      the desired reduction ratio.
NUM  2.
PAR  2. The method of claim 1 including the step of drawing the plurality of
      telescoped sheaths to a predetermined reduced cross section prior to
      insertion of the core wire to bond the sheaths one to another.
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ABST
PAL  A hermetic enclosure for an electrical component, particularly for a
      tantalum capacitor, and a method of forming it is disclosed. A silver
      container is provided having an open end at which an outwardly protruding
      flange is formed. A tantalum cover substantially coextensive with the
      flange is provided having a layer of gold or gold alloy adhered to at
      least the sealing surface thereof. The cover is disposed adjacent the
      container with the gold or gold alloy adjacent the flange. A hermetic seal
      is affected between the container flange and the cover.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 447,493 filed Mar. 4, 1974, now
      U.S. Pat. No. 3,912,985.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the enclosing of any electrical components
      but in particular to electrical components having gaseous or a liquid
      matter which may leak or escape.
PAR  2. Description of the Prior Art
PAR  In the manufacture of wet tantalum capacitors it has been necessary to
      enclose a porous tantalum slug properly positioned within a metallic
      container by means of a plastic sleeve or cup. A substantially liquid
      acidic electrolyte was disposed in between the slug and the container. A
      substantially inert plastic element was inserted on top of the slug and
      the container was crimped to hold the plastic element and thereby the
      tantalum slug in place. On top of the plastic element, a glass to metal
      seal would be effected to permit one of the leads to extend beyond the
      enclosure. The liquid seal takes place between the plastic element and the
      crimped container walls and perhaps at the glass to metal seal as well. It
      has been found, however, that such prior art construction permits the
      leakage of the electrolyte after a period of time through corrosion or
      otherwise thereby rendering the device inoperative. Furthermore, such
      construction requires costly equipment and complicated assembly work.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of this invention are to provide an electronic device
      enclosure, assembly, and method of manufacture which is economical,
      provides a hermetic seal for the leads and the container, and overcomes
      the heretofore noted disadvantages.
PAR  Broadly, according to the present invention a silver container open at one
      end is provided. A unitary outwardly protruding flange is formed at the
      open end from the container material. To a tantalum cover having an
      aperture therein a layer of gold or gold alloy material is adhered to at
      least the sealing surface thereof. The cover is substantially coextensive
      with the flange and is disposed over the open end of the container with
      the gold or gold alloy layer adjacent the flange. The flange is thereafter
      hermetically sealed to the cover along the flange. One of the leads is
      extended from the enclosed component to the exterior of the container
      through the aperture in the cover. Sealing glass is applied between the
      cover and the lead to effect a seal therebetween.
PAR  Additional objects, features, and advantages of the present invention will
      become apparent to those skilled in the art, from the following detailed
      description and the attached drawing on which, by way of example, only the
      preferred embodiments of this invention are illustrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of an electronic device encapsulated in
      accordance with the present invention.
PAR  FIG. 2 is a fragmentary cross-sectional view of another embodiment of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  It is to be noted that the figures of the drawing are illustrative and
      symbolic of the invention, and there is no intention to indicate scale or
      relative proportions of the elements shown therein. For the purposes of
      simplicity, the present invention will be described in connection with a
      hermetic enclosure for a wet tantalum capacitor, however, the present
      invention is in no way limited to such an enclosure, rather is applicable
      to any enclosure for an electronic or other device.
PAR  Referring to FIG. 1, there is shown housing 10 within which a porous
      tantalum slug 12 is disposed. The preferred material for housing or
      container 10 is silver. Porous tantalum slug 12 is shown positioned within
      housing 10 by means of a synthetic rubber cuplike member or boot 14 formed
      of material electrically and chemically compatible with the various
      materials of the capacitor as is well known in the art. Electrolyte gel 16
      is disposed within housing or container 10 totally immersing porous
      tantalum slug 12. A tantalum lead 18 is affixed to porous tantalum slug 12
      and extends a sufficient distance outside of the container so as to permit
      an external lead 20 to be attached thereto. Such lead 20 may be formed of
      nickel, nickel alloys or other materials known in the art and is attached
      to tantalum lead 18 by welding or other methods known in the art. An
      outwardly protruding unitary flange 22 is formed of the housing material
      at the open end of housing 10. Tantalum cover 24 is formed with a layer 26
      of gold or gold alloy applied to the sealing surface thereof. An aperture
      28 is formed within cover 24 to permit tantalum lead 18 to be extended
      beyond the container. A quantity of dielectric sealing glass 30 is
      deposited within aperture 28 surrounding tantalum lead 18 so as to
      electrically insulate lead 18 from cover 24 and subsequently housing 10.
      An example of a suitable dielectric sealing glass is as follows in weight
      percent on an oxide basis: SiO.sub.2 65 percent, A1.sub.2 O.sub.3 7
      percent, B.sub.2 O.sub.3 10 percent, Li.sub.2 O 3 percent, Na.sub.2 O 2
      percent, BaO 6 percent, Fe.sub.2 O.sub.3 3 percent, and F 4 percent. Cover
      24 is substantially coextensive with flange 22 and is disposed on flange
      22 with layer 26 adjacent the flange. Cover 24 is then hermetically sealed
      to housing 10 at flange 22 by ultrasonic welding or the like in a manner
      well known in the art.
PAR  As will be readily understood, tantalum slug 12 forms one electrode of the
      capacitor while housing 10 forms the other electrode. Lead 32 is attached
      to housing 10 by any means known in the art such for example as welding or
      soldering.
PAR  Referring to FIG. 2, there is shown another embodiment of the enclosure of
      the present invention. A domed cover 34 is formed with a layer 36 of gold
      or gold alloy adhered to the peripheral sealing surface of the cover.
      Tantalum lead 18 is attached to cover 34 by means of sealing glass 30 as
      heretofore described. Similarly, cover 34 is hermetically sealed to
      housing 10 by means of ultrasonic welding, or the like as heretofore
      described.
PAR  As a typical example, an enclosure is formed by first preparing a
      cylindrical container or housing of silver. The housing is formed closed
      at one end so as to have a cavity sufficiently large to receive an
      electrical component such as a porous tantalum slug. At the open end of
      the housing an outwardly protruding flange is formed. At the bottom of the
      housing cavity a cup-shaped member formed of Viton a fluoroelastomer
      rubber produced by E. I. du Pont de Nemours and Co., Inc. is disposed
      within which the tantalum slug will be deposited. A relatively flat cover
      having an aperture therein, such as cover 24 illustrated in FIG. 1, is
      formed of tantalum. A two mil thick gold alloy foil is disposed on one
      surface of the cover and is fused to the cover by heating to a temperature
      of about 1065.degree.C in an argon atmosphere or a vacuum furnace. The
      gold foil is formed of an alloy having by weight 75 percent gold, 20
      percent copper and 5 percent silver.
PAR  A tantalum lead is attached to a porous tantalum slug and the lead is
      disposed within the aperture in the cover so as to protrude therethrough.
      A quantity of dielectric sealing glass such as that described heretofore
      is then disposed in the aperture surrounding the tantalum lead and heated
      so as to fuse and effect a glass to metal seal between the tantalum lead
      and the glass as well as the glass and the cover.
PAR  The tantalum slug with the tantalum lead attached thereto is disposed
      within the container and snugly fitted within the cup-shaped member in a
      manner so that the lead protrudes from the open end of the container. An
      electrolyte gel formed of a mixture of 38 percent sulfuric acid and an
      anhydrous and particulate colloidal silica material commercially known as
      Cab-O-Sil available from the Cabot Corp. of Boston, Mass. is disposed
      between the tantalum slug and the housing so as to completely cover the
      tantalum slug. The cover with the gold alloy foil fused thereto is thereby
      disposed around the protruding tantalum lead substantially coextensively
      with the flange so that the gold alloy surface is adjacent the flange. The
      cover is then ultrasonically welded to the housing about the flange.
PAR  An external lead of nickel wire is attached to the tantalum lead by
      electric welding while a second lead is attached to the closed end of the
      housing by silver soldering thereby completing the capacitor.
PAR  It has been found that enclosures formed in accordance with the present
      invention are hermetic and do not permit the leakage of an electrolyte gel
      under even the most severe circumstances.
PAR  Although the present invention has been described with respect to specific
      details of certain embodiments thereof it is not intended that such
      details be limitations upon the scope of the invention except insofar as
      set forth in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of forming an enclosure comprising the steps of
PA1  providing a silver container open at one end,
PA1  forming from said container material a unitary outwardly protruding flange
      at the open end of said container,
PA1  providing a metallic cover substantially coextensive with said flange,
PA1  adhering a layer of material selected from the group consisting of gold and
      gold alloy to at least one surface of said cover,
PA1  at least one surface of said cover, disposing said cover over said open end
      of said container with said layer adjacent said flange, and
PA1  hermetically sealing said cover to said container along said flange.
NUM  2.
PAR  2. The method of claim 1 wherein said cover embodies an aperture further
      comprising the steps of
PA1  providing a lead,
PA1  disposing said lead within said aperture,
PA1  disposing a quanity of sealing glass around said lead within said aperture,
      and
PA1  fusing said sealing glass so as to form a glass to metal seal between said
      sealing glass and each of said cover and lead.
NUM  3.
PAR  3. The method of claim 1 wherein said layer of material is adhered to said
      cover by fusing.
NUM  4.
PAR  4. The method of claim 2 further comprising the step of
PA1  disposing an electrical component within said container to which component
      said lead is attached for electrical continuity.
NUM  5.
PAR  5. The method of claim 4 further comprising the step of
PA1  attaching a lead to the end of said container opposite said open end.
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ABST
PAL  A semiconductor device and method of manufacture therefor includes the
      establishment of at least one PN junction in a semiconductor chip through
      conventional techniques. Electrical contacts are formed. The entire
      semiconductor device is coated with a passivant coating having a first
      layer of low temperature silicon dioxide and a second layer of glass, the
      second layer of glass being applied in two steps.
GOVT
PAR  The invention herein described was made in the course of, or under, a
      contract or subcontract thereunder with the Department of the Army.
PARN
PAR  This is a division, of application Ser. No. 454,095 filed Mar. 25, 1974,
      entitled "Semiconductor Device and Method of Manufacture Therefor", now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is directed to semiconductor devices and to methods for
      passivating semiconductor devices.
PAR  2. Description of the Prior Art
PAR  Semiconductor devices employing planar passivation are well known in the
      art. A substrate, or chip, of semiconductor material such as silicon or
      germanium is covered on one surface by an oxide material such as silicon
      dioxide. Through photolithographic techniques, windows are cut in the
      oxide material so that a portion of the chip is exposed. In order to
      define transistor junctions within the chip, impurities such as boron and
      phosphorus may be diffused into the chip through the windows. A plurality
      of transistor junctions may be formed, provided that an oxide layer covers
      all portions of the surface of the chip other than those through which an
      impurity is to be diffused.
PAR  In order to protect the chip and the transistor junctions diffused therein,
      one may provide an insulating layer of an oxide over which a barrier
      comprising a layer of silicon nitride is formed. The silicon nitride is a
      denser dielectric than silicon dioxide and inhibits the migration of
      contaminating mobile ions through the dielectric to the surface of the
      chip. The use of a silicon nitride barrier is shown in U.S. Pat. No.
      3,597,667, issued to F. H. Horn and assigned to the present assignee.
PAR  In order to provide an electrical connection to the semiconductor device,
      metallic electrical contacts are conventionally applied to appropriate
      exposed portions of the semiconductor chip. Many metals have been used as
      contacts, but aluminum heretofore has been the metal principally employed.
      As a contact, aluminum has many drawbacks, including a low melting point
      and a tendency to corrode. Accordingly, contacts have been developed which
      employ a first layer of platinum silicide upon which is formed successive
      layers of molybdenum and gold. The application of these constituents is
      effected by photolithographic techniques similar to those employed in
      forming the transistor junctions.
PAR  In order to protect the semiconductor device and extend its operating life
      by providing a barrier to alkali ion migration and moisture, a
      semiconductor chip is coated on all surfaces with a layer of sealing
      material, which sealing material commonly comprises glass.
PAR  Unfortunately, the various types of glass heretofore used as sealants have
      protected the semiconductor devices to less than an optimum extent.
      Problems have arisen with respect to cracking of the glass after
      deposition and difficulties in etching the glass to expose the metallic
      contacts. Many glasses previously used require a high firing temperature
      which degrades the electrical properties of the semiconductor device and
      which leads to alloying of the metallic contacts. Additionally, many
      glasses previously used have adhered poorly to the metallic contacts prior
      to etching, and consequently, stresses have been created, which stresses
      weaken both the glass and the contacts. Pinholes in the glass have allowed
      the entrance of alkali ions and moisture with a resulting decrease in
      power dissipation, reliability, and operating life.
PAR  Accordingly, it is an object of the invention to provide a semiconductor
      device and method of manufacture therefor wherein pinholes in the sealant
      are eliminated and the semiconductor device has a higher degree of
      reliability.
PAR  It is another object of the invention to provide a semiconductor device and
      method of manufacturing therefor wherein the semiconductor device has the
      capability to dissipate more power and has a longer operating life.
PAR  It is a further object of the invention to provide a method for forming a
      semiconductor device resulting in little or no alloying of metallic
      electrical contacts and resulting in reduced stresses between the contacts
      and a glass sealant.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out the invention, in one form thereof, a chip of semiconductor
      material is provided with transistor junctions by means of conventional
      photolithographic and diffusion techniques. A silicon nitride barrier is
      provided prior to forming metallic electrical contacts. The contacts
      comprise platinum silicide, molybdenum, and gold and are created by
      photolithographic and vapor deposition techniques. The semiconductor
      device is coated with a protective adherent layer of low-temperature
      silicon dioxide and is then coated with two thin films of glass. Windows
      are cut into the glass and silicon dioxide to expose the metallic
      electrical contacts.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 through 11 are cross-sectional views of portions of a semiconductor
      chip showing steps in a method of manufacture for one embodiment of a
      semiconductor device in accordance with one form of the invention.
PAR  FIG. 12 is a cross-sectional view of one embodiment of the invention formed
      by the method illustrated in FIGS. 1 through 11.
PAR  FIGS. 13 through 25 are cross-sectional views of portions of a
      semiconductor chip showing steps in a method of manufacture for another
      embodiment of a semiconductor device in accordance with one form of the
      invention.
PAR  FIG. 26 is a cross-sectional view of another embodiment of the invention
      formed by the method illustrated in FIGS. 13 through 25.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a portion of a semiconductor chip 10 is disclosed,
      which chip is comprised of a material such as silicon or germanium. Chip
      10 includes an internal region 12 of excess electron concentration, or N+
      region, and a surface region 11, or N region, having an electron
      concentration less than that of the N+ region. The N region typically has
      a resistivity of 5 ohm-centimeters and is approximately 20 microns deep.
      The N region is also referred to as the collector when employed in a
      transistor.
PAR  Deposited on at least one surface 13 of chip 10 is an oxide layer 14
      comprised of clean, wet silicon dioxide. Oxide layer 14 is about 10,000 A
      thick.
PAR  Through conventional photolithographic techniques, a window 15 is cut in
      oxide layer 14 so that a portion of N region 11 is exposed, as at the
      surface 13a. This is shown in FIG. 2. Window 15 is provided to permit the
      introduction of various impurities into N region 11. Since the rest of
      oxide layer 14 has not been disturbed, no materials can enter N region 11
      except through surface 13a.
PAR  The introduction of an impurity into N region 11 is illustrated in FIG. 3.
      By way of example, the impurity comprises boron and is introduced into N
      region 11 through conventional diffusion techniques. The introduction of
      the boron produces a P region 20 having a hole concentration. The sheet
      resistivity of P region 20 is about 135 ohms per square. The P region is
      approximately 6 microns deep and forms a first transistor junction 21. The
      P region is referred to as the base.
PAR  As further illustrated in FIG. 3 is a second silicon dioxide layer 22,
      formed subsequent to the formation of P region 20 and deposited on surface
      13a through window 15 as well as on first oxide layer 14. Oxide layer 22
      is thinner than oxide layer 14, being approximately 0.9 micron thick.
PAR  Referring to FIG. 4, a second window 25 is next formed by photolithographic
      techniques. Window 25 extends completely through oxide layer 22 so that a
      portion 13b of surface 13 is exposed. It is seen that window 25 centrally
      overlies P region 20 and is smaller than P region 20. The exact location
      of window 25 is not critical to the invention except that the window must
      be contained within the bounds of transistor junction 21.
PAR  In a manner similar to the formation of P region 20 and as illustrated in
      FIG. 5, an impurity is diffused through window 25 into P region 20 to form
      N+ region 30, also referred to as the emitter. In this embodiment, N+
      region 30 is formed by the diffusion of phosphorus into P region 20. N+
      region 30 extends into P region 20 to a depth of about 4 microns and forms
      a second transistor junction 33 therewith.
PAR  The diffusion of phosphorus to form N+ region 30 simultaneously forms an
      oxide layer 31 on both surface 13b and previously formed oxide layer 22.
      The thickness of oxide layer 31 is about 0.5 micron.
PAR  As shown in FIG. 6, window 35 and window 36 are formed in the oxide layers.
      As with windows 15 and 25, windows 35 and 36 extend completely through the
      oxide layers so that portions 13c and 13d of surface 13 are exposed. For
      the sake of convenience, remaining portions of the oxide layers will
      hereinafter be referred to as oxide layers 40 and 41. Portions 40 and 41
      thus identified provide protection for transistor junctions 21 and 33.
PAR  As shown in FIG. 7, the exposed areas of surface 13 and oxide layers 40 and
      41 are coated with a layer, or barrier 44, of pyrolytic silicon nitride
      about 1,000 A thick. Referring to FIG. 8, portions of silicon nitride
      barrier 44 are removed through photolithographic techniques to form
      windows 46 and 47 so that portions 13e and 13f of surface 13 are exposed.
      The silicon nitride which is left entirely covers oxide layers 40 and 41
      and extends slightly beyond each oxide layer to also cover portions of
      surface 13. The silicon nitride barrier is a denser dielectric than
      silicon dioxide and inhibits the migration of contaminating mobile ions
      through the dielectric to surface 13. The edge seal prevents the lateral
      diffusion along surface 13 of contaminating mobile ions.
PAR  The semiconductor device is now ready for electrical contacts to be formed.
      In a manner similar to that illustrated in FIGS. 7 and 8, a 400 A layer of
      platinum is deposited over silicon nitride barrier 44 and exposed portions
      13e and 13f of surface 13. The device is then heated to about 650.degree.C
      to form platinum silicide at the interface between the platinum layer and
      surfaces 13e and 13f. By photolithographic techniques, platinum is removed
      from all portions of silicon nitride barrier 44. Thus, as shown in FIG. 9,
      a platinum silicide layer 50 is left on those portions 13e and 13f of
      surface 13 not covered previously by silicon nitride barrier 44.
      Conversely, all portions of silicon nitride barrier 44 shown in FIG. 8,
      including those portions on the edge seals 45, have been uncovered.
PAR  Referring again to FIG. 9, metallization is provided for platinum silicide
      layer 50, which metallization comprises a first layer of molybdenum and a
      second layer of gold. The objective of the metallization is to form
      electrical contacts. This is effected by depositing over the entire
      semiconductor surface a first layer 51a comprising about 5,000 A of
      molybdenum and a second layer 51b comprising about 5,000 A of gold,
      forming a molybdenum-gold layer 52. This process is carried out at a
      temperature of about 300.degree. to 400.degree.C. The surface thus covered
      comprises platinum silicide layer 50 and silicon nitride 44.
PAR  Through photolithographic techniques, the molybdenumgold layer 52 is
      removed from the silicon nitride barrier 44, leaving only the platinum
      silicide layer 50 covered. This is illustrated in FIG. 10, where
      electrical contacts 53 are shown, which contacts 53 further comprise a
      first layer of platinum silicide 50 and a second layer of molybdenum-gold
      52.
PAR  With the completion of the electrical contacts, the semiconductor device is
      ready to be passivated. The entire surface of the device, now defined by
      silicon nitride barrier 44 and electrical contacts 53, is covered with a
      layer of low-temperature silicon dioxide about 600 A thick, which layer is
      capable of being fired at a very low temperature. This is shown as layer
      55 in FIG. 11. As also shown in FIG. 11, an additional layer 56 of glass
      is deposited upon layer 55, which layer of glass is about 1.6 microns
      thick. An example of a glass found to be particularly effective as a
      barrier to alkali ions and moisture is a lead borosilicate type of glass.
      Also, this type of glass results in lower stresses and better adherence to
      the contacts since its coefficient of expansion is closer to that of the
      contacts than other glasses. This is deposited through any well-known
      centrifuging technique and is fired at around 560.degree.C. At this point,
      a thin layer of low-temperature silicon dioxide 55 covers silicon nitride
      barrier 44 and electrical contacts 53, and a layer of glass 56 covers
      layer 55. As shown in FIG. 12, the final step in the formation of the
      transistor, known as an NPN transistor, is the forming of windows 60 in
      glassivation layers 55 and 56 so that portions of electrical contacts 53
      are exposed.
PAR  The use of a multiple sealant layer has solved the prior art problems
      previously mentioned. The low-temperature silicon dioxide layer 55 is
      capable of being fired at a very low temperature. Therefore, corrosion of
      the metallic electrical contacts 53 no longer occurs. Additionally,
      stresses between the sealant and portions of the semiconductor device
      remain low and cracking is greatly reduced. The silicon dioxide also
      adheres to the contacts better than previous sealants. It is now possible
      to better protect the semiconductor device with a more impervious layer of
      glass applied over the silicon dioxide and yet cause less damage to the
      semiconductor device than if the glass were applied directly to the
      semiconductor device. This is because of the firing temperature of the
      silicon dioxide is low enough so that the semiconductor device is not
      damaged during firing; subsequent application of the glass at a higher
      temperature results in little damage to the device since the previously
      applied silicon dioxide layer protects the device.
PAR  In order to solve problems with pinholes in the sealant, glass layer 56 is
      applied in two steps. A first layer is applied by centrifuging and is then
      fired at around 560.degree.C. This first layer is about 1.2 microns thick.
      A second layer of glass similarly is applied over the first layer of
      glass. The second layer is about 0.4 micron thick. By applying glass layer
      56 in two steps, pinholes in the first layer are covered by the second
      layer. This occurs with no increase in thickness of the finished product
      since glass layer 56 is no thicker than the single sealant layer
      previously used. Test results show that power dissipation, reliability,
      and operating life of devices with the improved sealant are greatly
      enhanced. For example, under very high power conditions of 1200mW, which
      is over three times the wattage normally encountered, 40 devices with the
      improved sealant experienced only a 17.5 percent failure rate, none of
      which were catastrophic, while all 40 of the devices without the improved
      sealant failed catastrophically.
PAR  An alternative embodiment of the invention is illustrated in FIGS. 13
      through 26. Whereas the form of the invention first described is known in
      the art as an NPN device, the alternative embodiment of the invention is
      known as a PNP device. The manufacture of the alternative embodiment of
      the invention is carried out in a manner identical to that of the
      first-mentioned embodiment, with certain exceptions, as will be described
      hereinafter. The same reference numerals have been employed for
      corresponding parts in the two embodiments.
PAR  The most significant difference between the embodiments is that the N
      regions and P regions are reversed; that is, N region 11 of FIG. 1
      corresponds to P region 71 of FIG. 13. An internal region 72 of excess
      hole concentration, or P+ region, is also provided.
PAR  Referring to FIG. 13, an oxide layer 14 of silicon dioxide is formed on
      surface 13. As shown in FIG. 14, a window 15 is formed in oxide layer 14
      to expose surface 13a of chip 70. Through conventional diffusion
      techniques, an N region 80 is formed, which region forms a first
      transistor junction 21 therewith, as shown in FIG. 15. As with N+ region
      30 and transistor junction 33 of the first embodiment, the impurity
      employed to form N region 80 of the second embodiment is phosphorus. The
      resulting N region 80 has a sheet resistance of about 100 ohms per square
      and is about 4 microns deep. As before, the phosphorus diffusion
      simultaneously produces an oxide layer 31. Oxide layer 31 is about 0.9
      micron thick and is deposited on both surface 13a and oxide layer 14.
PAR  As shown in FIG. 16, window 25 is formed in oxide layer 31 to expose a
      portion 13b of surface 13 centrally overlying, and smaller than, N region
      80. As before, the location of window 25 is not critical except to the
      extent that it must be contained within the bounds of transistor junction
      21.
PAR  In FIG. 17, P+ region 90 is formed by diffusing boron through window 25
      into N region 80. P region 90 is about 3 microns deep and forms a second
      transistor junction 33 therewith. An additional oxide layer 22 is
      simultaneously formed during the P+ diffusion to a thickness of about 0.3
      micron so that oxide layer 31 and surface 13b are covered.
PAR  An additional step is now performed which distinguishes this embodiment
      from the first embodiment. An additional N+ region 95 is provided for N
      region 80. As shown in FIG. 18, this is accomplished by forming window 94
      in the oxide layers so that portion 13c of surface 13 directly overlying N
      region 80 is exposed. Window 94 is disposed intermediate transistor
      junctions 21 and 33. As shown in FIG. 19, another phosphorus diffusion is
      carried out so that a thin N+ region 95 of about 1,000 A thickness is
      formed. This is done in order to lower the subsequent metal contact
      resistance to N region 80. As with other phosphorus diffusions, an oxide
      layer is simultaneously formed with the diffusion process. This results in
      the production of oxide layer 96, which oxide layer is about 2,000 A
      thick.
PAR  In a manner similar to that shown in FIG. 6, windows 35 and 36 are formed
      in the previously deposited oxide layers to expose portions 13d and 13e of
      surface 13. For the sake of convenience, remaining portions of the oxide
      layers will hereinafter be referred to as oxide layers 40 and 41. Portions
      40 and 41 thus identified provide protection for transistor junctions 21
      and 33.
PAR  As shown in FIGS. 21 through 25, the rest of the process corresponds
      exactly to that of the first embodiment. This includes a silicon nitride
      barrier 44 having edge seals 45 as previously described. The same
      metallizing process for forming electrical contacts also is employed. A
      first layer of platinum is converted to a platinum silicide layer 50 at
      the interfaces with surface 13; the excess platinum also is removed.
      Succeeding layers of molybdenum and gold and their appropriate selective
      removal form electrical contacts 53. Additionally, the identical
      glassivation process of the first embodiment is carried out in the second
      embodiment, which glassivation comprises a first layer of low-temperature
      silicon dioxide and a second layer of glass, which layer of glass is
      applied in two steps.
PAR  The completed semiconductor device is shown in FIG. 26. The device
      corresponds to that shown in FIG. 12, except that the N, N+, and P regions
      are not in the same location. Additionally, a thin N+ region has been
      incorporated in the N region.
PAR  Although not shown as specific embodiments, it will be obvious to those
      skilled in the art that the invention may be embodied in many
      semiconductor devices. This would include diodes, PNPN switches,
      integrated circuits, and in general those semiconductor devices that are
      dependent on control of the surface properties of the semiconductor chip.
PAR  Thus, while two specific embodiments of the invention have been described,
      it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention. It is
      therefore intended in the appended claims to cover all such changes and
      modifications that fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed as new and desired to be secured by letters patent of the
      United States is:
NUM  1.
PAR  1. A method of manufacture for a semiconductor device comprising the steps
      of:
PA1  diffusing impurities into a silicon semiconductor chip through
      photolithographic techniques, wherein said diffusing step leaves said chip
      coated with silicon dioxide;
PA1  forming contact windows in said silicon dioxide so as to expose the
      underlying silicon at selected areas;
PA1  coating said silicon dioxide and the peripheral portions of said selected
      areas with a barrier layer of pyrolytic silicon nitride;
PA1  forming platinum silicide on the remaining exposed portions of said silicon
      and forming metallic electrical contacts on the platinum silicide;
PA1  forming a layer of low-temperature silicon dioxide on said silicon nitride
      and said contacts;
PA1  depositing a layer of glass on said layer of low-temperature silicon
      dioxide, said glass being deposited by the substeps of:
PA2  depositing a first layer of particulate glass and applying heat to cause
      fusion; and
PA2  depositing a second layer of particulate glass and applying heat to cause
      fusion; and
PA1  forming openings in said glass and said low temperature silicon oxide to
      provide access to said contacts.
NUM  2.
PAR  2. The method of claim 1 wherein said low temperature layer of silicon
      dioxide is approximately 600 A thick, said first thin coating of glass is
      approximately 1.2 microns thick, and said second thin coating of glass is
      approximately 0.4 micron thick.
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PAL  A semiconductor device and particularly a self-aligned Schottky barrier
      gate field-effect transistor is made by epitaxial growth of facets
      corresponding to the source and drain regions on a surface of a
      semiconductor body through spaced apart preferably elongated windows in a
      masking layer and overgrowing edge portions of the masking layer at the
      windows to form overgrown portions on the facets. The channel region of
      the transistor is previously formed in the semiconductor body, preferably
      by epitaxial growth of a layer on a surface of a semiconductor body having
      a semi-insulating layer adjoining the surface. After removal of the
      masking layer, the Schottky barrier gate is self-aligned by deposition of
      metal on the unshielded portions of the planar surface between the facets.
PARN
PAR  This is a division, of application Ser. No. 317,992 filed Dec. 26, 1972,
      now U.S. Pat. No. 3,855,690.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to the making of semiconductor devices and
      particularly self-aligned Schottky barrier gate field-effect transistors
      (SAGFET).
PAC  BACKGROUND OF THE INVENTION
PAR  The making of many semiconductor devices such as the Schottky barrier gate
      field-effect transistors has required precision etching of a moat or the
      like in a semiconductor body. The need for a critically controlled etching
      step is often a major source of difficulty in maintaining quality control
      and high yields in production. Moreover, the etching step severely limits
      the geometry of the semiconductor device.
PAR  The Schottky barrier gate field-effect transistor is a solid state signal
      amplifying device whose operation depends on the control of current by an
      electric field. It works on the same principles and similar electrical
      characteristics as the standard junction field-effect transistor (JFET).
      It differs from the JFET in that the carrier depletion region and in turn
      gating electric field is formed in the conduction channel at least in part
      by a Schottky barrier rather than two PN junctions. This difference gives
      the Schottky barrier gate field-effect transistor electrical
      characteristics uniquely suited to certain applications such as high
      power, micro-wave amplifiers.
PAR  With the small geometries required by these devices and particularly those
      for high frequency applications, major problems are encountered with
      alignment and resolution during the fabrication process. Such devices
      require small source -- drain contact spacings (e.g. 4 microns) with
      accurate alignment of the gate between them. The Schottky barrier contact
      cannot touch either the source or drain regions or ohmic contacts to those
      regions. Otherwise a low voltage breakdown or a short circuit will result.
      Self-alignment of the Schottky barrier contact is accomplished by vapor or
      sputter deposition of the barrier metal through a window in a metal mask
      layer corresponding to the ohmic contacts to the source and drain regions
      of the transistor. The mask layer has a cantilever shaped overhang
      adjacent the window that shields the surfaces of the channel beneath the
      overhang and prevents deposition of the metal in contact with those
      surfaces. The cantilevered metal overhang is formed by etching the
      semiconductor body through the window and undercutting the metal layer.
      See Proceedings of the IEEE, Vol. 59, pp. 1244- 45 (Aug., 1971).
PAR  The main problem with the conventional method for making self-aligned
      Schottky barrier gate field-effect transistors is shaping the overhang
      structure by etching. In the etching step, the depth of the gate opening
      must be controlled to a fraction of a micron to retain a predetermined
      thickness of the channel layer corresponding to the desired electrical
      characteristics for the transistor. Further, the lateral undercut of the
      metal contact layer must be precisely controlled to provide sufficient
      overhang for self-alignment but yet avoid weakening and sagging of the
      metal layer with the resulting misalignment of the gate contact.
PAR  The present invention overcomes these difficulties and disadvantages. It
      involves no critical etching or metal deposition steps. The thickness of
      channel, source, and drain regions can be accurately predetermined and
      established. Further the Schottky barrier gate contact and the metal
      contacts to the source and drain can be formed simultaneously in the same
      metal deposition step.
PAC  SUMMARY OF THE INVENTION
PAR  A semiconductor device such as a self-aligned Schottky barrier gate
      field-effect transistor is made by epitaxially growing facets
      corresponding to the source and drain regions through spaced apart,
      preferably elongated, windows in a masking layer. The facets overgrow edge
      portions of the masking layer at the windows to form overgrown portions
      which, when the masking layer is removed, form a shield for the
      surrounding surface portions of the semiconductor body and provide for
      self-alignment of the Schottky barrier gate during vapor, sputter or
      equivalent deposition of a barrier contact metal.
PAR  A single crystal semiconductor body or wafer having a major surface and
      preferably an opposed major surface is provided. The body has at least
      first and second impurity regions of different conductivity that form an
      abrupt transition in impurity concentrations between impurity regions. One
      of the impurity regions, e.g. the second impurity region, adjoins the
      planar surface and forms the channel of the transistor while the other
      impurity region extends through the interior of the body and preferably
      adjoins the opposed major surface. The abrupt transition between the
      impurity regions may form a PN junction where the impurity regions are of
      opposite types of conductivity. Preferably however, the difference in
      conductivity is achieved by making one impurity region of low resistivity
      by high doping and the other impurity region of high resistivity either by
      very low doping, intrinsic growth, compensation doping, or proton
      bombardment, see IEEE Transactions on Electron Devices, Vol. ED-19, No. 5,
      p. 672 (May, 1972) In this connection, it is highly desirable that the
      channel region be the highly conductive region.
PAR  The semiconductor body may be any single crystal semiconductor material
      such as silicon, germanium or gallium arsenide. Gallium arsenide is
      preferred, however, for high frequency field-effect transistors because of
      the high carrier mobility of such material. Further, the conductivity of
      the impurity region may be chosen so that the transistor has either a N-
      or P- type channel. Again, for high carrier mobility, it is preferred that
      the transistor has an N-type channel and particularly where a gallium
      arsenide body is used.
PAR  Preferably the impurity regions of the semiconductor body are formed by
      epitaxial growth. A single crystal semiconductor body is provided which is
      intrinsic or has a given level of preferably compensating impurity
      concentration therethrough. The body is polished to form a planar major
      surface oriented along a lattice plane and preferably the (001) plane of
      the semiconductor crystal. The planar surface is then prepared, e.g. by
      etching, and a layer having a different impurity concentration level is
      grown on the planar surface to form a semiconductor body having first and
      second impurity regions -- the first region corresponding to the original
      semiconductor body and the second region corresponding to the layer
      epitaxially grown on the planar surface. The layer corresponds to the
      desired dimensions and doping for the channel of the transistor.
PAR  The source and drain regions of the semiconductor device are provided by
      the epitaxial growth of facets through a masking layer. The masking layer
      is formed by vapor or sputter deposition and/or by heating the body in an
      oxidizing atmosphere. At least two spaced apart windows are formed in the
      masking layer by photolithographic or electron image projection
      techniques. The spacing between the windows is critical, corresponding to
      the desired length for the channel region of the transistor. After the
      exposed surfaces of the body at the windows are prepared, e.g. by etching,
      the facets are epitaxially grown from the surfaces through the windows.
      The facets are the same conductivity type and are preferably higher
      impurity concentration than the adjoining region of the body. The crystal
      growth is controlled so that the crystal overgrows the edge portions of
      the masking layer at the windows to form overgrown portions having a width
      greater than the window width. The masking layer is then removed by
      etching to leave the overgrown portions of the facets overhanging the
      surface portions of the semiconductor body.
PAR  The Schottky barrier gate contact and electrical contacts to the source and
      drain are subsequently formed. The Schottky barrier contact is formed on
      the planar surface between the facets by vapor or sputter deposition of a
      barrier metal. The overhangs or projections of the facets shield the
      portions of the planar surface adjacent the base of the facets so that the
      barrier contact is self-aligned and does not contact the drain or source
      regions or the metal contacts thereto. The electrical contacts to the
      source and drain regions are also formed by vapor or sputter deposition on
      the facets and, preferably, simultaneously with the formation of the
      Schottky barrier contact.
PAR  Other details, objects and advantages of the invention will become apparent
      as the following description of a present preferred embodiment and a
      present preferred method of practicing the same proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings, the present preferred embodiments of the
      invention and the present preferred methods of practicing the invention
      are illustrated in which:
PAR  FIGS. 1, 2, 4 and 5 are cross-sectional views in elevation of a
      self-aligned Schottky barrier gate field-effect transistor at various
      stages of manufacture;
PAR  FIG. 3 is a cross-sectional view in perspective of a self-aligned Schottky
      barrier gate field-effect transistor at a stage in its manufacture after
      the facet growth;
PAR  FIG. 3A is a perspective view of a coordinate system showing the lattice
      plane orientation in the semiconductor material in FIG. 3; and
PAR  FIGS. 6 to 9 are scanning electron photomicrographs demonstrating the facet
      growth that would be used in forming a semiconductor device by the present
      invention.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, substrate 10 is a single crystal semiconductor
      body or wafer of gallium arsenide. For formation of a microwave
      field-effect transistor as hereinafter described the substrate 10 is
      preferably a semi-insulating gallium arsenide doped with a compensating
      impurity such as chromium to provide high resistivity.
PAR  Layer 11 of N-type gallium arsenide corresponding to the channel of the
      field-effect transistor is formed on substrate 10. Substrate 10 is
      polished so that its major surface 12 is crystallographically oriented in
      the (001) lattice plane. Major surface 12 is etched, and layer 11 is
      subsequently epitaxially grown on surface 12. Preferably the etch and
      epitaxy growth is performed using the AsCl.sub.3 /H.sub.2 vapor transport
      system described in "The Preparation of High Purity Gallium Arsenide by
      Vapour Phase Epitaxial Growth" by J. R. Knight, D. Effer and P. R. Evans,
      Solid-State Electronics, Vol. 8, pp. 178-180 (1965). Preferably the layer
      formed is of thickness 0.2 to 2 microns and impurity concentration between
      5 .times. 10.sup.14 /cm.sup. 3 and 5 .times. 10.sup.17 /cm.sup.3.
PAR  High temperature resistant masking layer 13 is thereafter formed over layer
      11. Preferably layer 13 is of silicon oxide deposited, for example, by
      pyrolytic decomposition of monosilane (SiH.sub.4) and oxygen, RF
      sputtering of quartz or possibly reactive sputtering of silicon in an
      oxidizing atmosphere. The thickness of masking layer preferably is between
      2000 and 4000 Angstroms to provide for good facet overgrowth during
      subsequent processing.
PAR  Referring to FIG. 2, spaced apart elongated windows 14 are formed in
      masking layer 13 to expose surfaces 15 of layer 11. Preferably windows 14
      are formed by standard photolithographic and etch techniques. Surfaces 15
      are formed as a result of the epitaxial growth of layer 11 on surface 12
      and are therefore oriented in the (001) lattice plane.
PAR  The spacing between windows 14 is crucial to the electrical characteristics
      of the transistor and particularly for high frequency operation. The
      spacing corresponds to the distance between the source and drain of the
      transistor and may be as small as 1 micron for operating frequencies above
      10 GHz. The minimum spacing is limited by the resolution of the photomask
      technique. For very small spacings, therefore, it may be appropriate to
      use the electron image projection system described in United States
      applications Ser. Nos. 753,373 and 869,229, filed Aug. 19, 1968 and Oct.
      24, 1969, respectively, and assigned to the same assignee as the present
      application.
PAR  Referring to FIG. 3, facets 16 and 17 corresponding to the source and drain
      of the transistor are epitaxially grown through windows 14 from surfaces
      15. The surfaces 15 and facets 16 and 17 are grown by vapor epitaxy
      preferably using the same procedures and apparatus as used to grow layer
      11. Preferably however, the N-type impurity concentration of the facets is
      greater than 1 .times. 10.sup.18 /cm.sup.3 to provide low series
      resistance between the source and drain and the channel, and in turn
      higher current, higher gain, and higher frequency response from the
      transistor.
PAR  Preferably, the facets are grown to a thickness of from 2 to 4 microns.
      Lesser thicknesses do not provide for accurate, reliable self-alignment of
      the gate because the resulting overgrowth of the edge portion of masking
      layer 13 at the windows, as hereafter described, are too small. Greater
      thicknesses also cause difficulty in increasing the parasitic resistance
      in the transistor.
PAR  Referring to FIG. 4, the masking layer 13 is removed by etching techniques
      which do not attack the semiconductor material. The resulting
      semiconductor body has facets 16 and 17, each of which have overgrowths 18
      and 18' and 19 and 19', respectively. The facets also have identically
      orientated lattice plane surfaces 20, 21 and 22 corresponding to lattice
      orientations (111), (001) and (111) respectively. The critical dimension
      as previously described is the spacing between overgrowths 18 and 19 which
      is controlled by the spacing of windows 14 and the extent of the epitaxial
      growth.
PAR  Referring to FIG. 5, the metal contacts 23 and 24 are provided on facets 16
      and 17, respectively, and the Schottky barrier gate contact 25 is provided
      on layer 11. Preferably contacts 23, 24 and 25 are formed simultaneously
      by a standard metal vapor or sputter deposition technique. The metal
      chosen must be suitable for forming a Schottky barrier contact with layer
      11 corresponding to the channel of the transistor, e.g. gold, gold-12
      percent tantalum or gold-germanium on the gallium arsenide material.
      Contacts 23 and 24 may be either ohmic or Schottky barrier contacts
      because they are forward biased in operation and thence their capacitive
      reactance will cause an RF short circuit of the Schottky barrier. In any
      event, the self-alignment of the Schottky barrier gate is made possible by
      depositing the barrier metal through the window formed by overgrowths 18
      and 19; the cantilever shaped overgrowths overhang and shield the surface
      portions of layer 11 immediately beneath the overgrowths and prevent
      gate-channel voltage breakdown and shorts with the source and/or drain and
      metal contacts on the source and drain.
PAR  The resulting self-aligned Schottky barrier gate field-effect transistor is
      shown in FIG. 5. The width of the devices is limited by the width over
      which the Schottky barrier gate can be uniformly formed. And since there
      is no alignment difficulties, the width can be several hundred microns.
      This leads to a high gain, power transistor capable of handling several
      watts at frequencies above 10 GHz.
PAR  To further illustrate the invention a prototype facet growth was made using
      the procedure set forth above. FIGS. 6 to 9 show scanning electron
      photomicrographs at various magnifications of facets similar to
      overgrowths 18 and 19. The resulting overhangs can clearly provide the
      shield for self-alignment of the Schottky barrier gate during the
      subsequent deposition step as described.
PAR  While the presently preferred embodiments of the invention and methods for
      performing them have been specifically described, it is distinctly
      understood that the invention may be otherwise variously embodied and
      used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for making a semiconductor device comprising the steps of:
PA1  a. forming a masking layer having at least one window therethrough on a
      planar surface of a semiconductor body;
PA1  b. epitaxially growing at least one facet from said surface through said
      window and overgrowing edge portions of said masking layer at said windows
      to form overgrowth portions on the facet;
PA1  c. removing said masking layer to cause said overgrowth portions of said
      facet to overhang portions of the surface adjoining the facet and shield
      said portions of the surface against metal deposition; and
PA1  d. depositing metal on unshielded portions of the surface spaced from the
      facet to form a contact to the surface.
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ABST
PAL  A method of assembling split, hollow package sections housing an electronic
      element, having an internal lead wire and having external lead wires
      extending outwardly therefrom, wherein the package sections are adhesively
      secured together with external lead wires interposed between the mating
      surfaces by a fibrous sheet carried by the mating surface of the base
      portion with the sheet impregnated with a partially-cured plastic polymer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to electronic package units and more particularly to
      an improved method of assembling a hollow cavity plastic package using a
      simple and reliable sealing arrangement for shielding and protecting a
      semi-conductor element or semi-conductor integrated circuit element within
      the cavity, from the ambient atmosphere.
PAR  2. Description of the Prior Art
PAR  Common to prior art plastic sealing arrangements is the direct mold plastic
      package system for shielding electronic elements. In such arrangements,
      the electronic element and the internal lead wire which connects the
      internal portions of the external lead wires to the electronic element,
      are completely embedded in a plastic package wall such as epoxide resin
      polymer, which renders the electronic unit well-suited for mass
      production.
PAR  Such an arrangement, however, creates a number of problems including the
      inability to provide consistently reliable sealing arrangements
      particularly with respect to the external leads which protrude outwardly
      from the internal cavity housing the element as well as the breaking or
      severing of the internal lead wires caused by residual stresses in the
      plastic polymer or thermal stresses set up during the heat cycle.
PAR  Prior art sealing arrangements which have been employed in an attempt to
      eliminate the above problems, suggest that the internal lead wires should
      be completely free within the hollow package. In such sealing systems,
      which commonly are referred to as hermetically sealed electronic units,
      the electronic element is mounted within a hollow cavity of the package
      constructed of ceramic or metal and the ceramic or metal is then sealed by
      a low melting soldering glass.
PAR  The hermetic sealing arrangement does effectively prevent the breaking of
      the internal lead wires, however, it suffers the serious inherent problem
      of high cost.
PAR  The present invention is directed toward the provision of an improved
      method of assembling an electronic unit which provides reliable sealing,
      is well-suited for mass production at costs comparative to that of the
      direct mold unit, is easy to assemble, and assures consistently reliable
      operation without encountering any danger of breaking of the internal lead
      wires.
PAR  It has been found that the above objects of the present invention can be
      achieved by using a specific, improved sealing arrangement between the
      package and the external lead wires.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided a plastic package
      electronic unit which comprises an electronic element, a plurality of
      internal lead wires connected to the electronic element, a pair of split
      hollow package sections, at least one including a hollow recess providing
      a cavity for containing the electronic element and the associated internal
      lead wires therein, with the package sections being adhesively secured
      together with a plurality of external lead wires interposed between the
      mating surfaces of the package sections. The improvement resides in the
      use of a fibrous sheet impregnated with a partially cured plastic polymer
      which covers the mating surface of one of the respective package sections,
      to which the external lead wires are bonded prior to the second package
      section being bonded thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The single FIGURE is a cross sectional view of a package electronic unit
      assembled according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the present invention comprises an electronic
      element, for example, a semiconductor element or a semiconductor
      integrated circuit element, that is, an IC or LSI circuit element
      indicated generally at 1. The circuit element 1 is carried within a split
      package indicated generally at 2 and consisting of an upper split package
      section 3, which may be constructed of a plastic polymer, such as epoxide
      resin polymer, and a lower split package section 3' which may be
      constructed of a metal. The lower package section 3' includes a hollow
      recess 10 which contains element 1, and the associated internal lead wires
      such as lead wires 5. The upper package section 3 may include a hollow
      recess 11 which, together with the recess 10 of the lower section 3' forms
      the hollow internal cavity permitting the package to hold the element and
      associated internal circuitry as shown in the figure.
PAR  The present invention is directed to the use of an adhesive bonding sheet 7
      constructed of fibrous base material impregnated with a partially-cured
      plastic adhesive polymer and placed respectively on the mating surface of
      split section 3'. External lead wires 4 which may be carried by a lead
      frame during manufacture, are bonded to the adhesive sheet 7 with portions
      extending to the outside of the package and their inner ends in a hollow
      cavity whereby the internal leads 5 may extend therefrom to the electronic
      element 1 as shown. Thus, the inner ends of the external lead wires 4 are
      connected to the internal lead wires 5 which are in turn connected to the
      element 1 and which are completely free or without any restraint within
      the hollow cavity. The mating surfaces of the split package sections are
      then adhesively bonded together by the bonding layer 6 which is a
      partially-cured plastic polymer powder applied to the mating surface of
      split section 3.
PAR  The base cap 3' is bonded to the cap 3 through the external lead wires 4,
      the external lead wires having been previously attached to the adhesive
      sheet 7 which is fixed on the mating portion of the base cap 3'. The
      bonding portion is compacted through the bonding layer by means of heating
      and hardening process to make the sealing portion of the package.
      Therefore, good airtight property can be obtained, and the electrical
      insulation between the external lead wires and the base cap can be
      accomplished because the fibrous member is formed in the adhesive sheet.
      In addition, the adhesive sheet 7 is not adhesive at room temperature
      since it consists of high molecular epoxy resin, and further the adhesive
      sheet can be used by easily punching the desired shape of the binding
      portion of the base cap because the fibrous member is formed therein. It
      does not matter if the bonding agent is attached to the surface of the
      element by mistake, as compared with a binding such as liquid molding
      epoxy resin which has been used in the assembly of known electronic
      devices since it is not adhesive at room temperature. 8 represents an
      aperture which is formed in the cap 3. Since a gas enclosed in the cavity
      expands with heat when the base cap 3' is bonded to the cap 3, unwanted
      gas may easily be dissipated through the aperture. The aperture 8 may have
      a diameter of from 0.5-2 mm. After the base cap 3' is bonded to the cap 3,
      the aperture 8 is filled with liquid molding epoxy resin while heating the
      package, and is then sealed with the hardened epoxy resin.
PAR  Bonding and curing are carried out by heating the split package assembly at
      a temperature from 120.degree.C. to 160.degree.C. under a pressure of from
      two to five Kg/cm.sup.2 which may act on the top of the package and
      maintain the assembled elements in compression.
PAR  The fibrous adhesive sheet 7 may comprise an epoxide prepreg which exists
      in the non-sticky B-condition at room temperature and which has been
      formed to a thickness of 0.1 to 0.5 mm by heating a fibrous sheet coated
      on opposite sides and impregnated with an epoxide polymer composition,
      dissolved in an organic solvent, if desired, preferably at a temperature
      of 20.degree.C. to 120.degree.C. These fibrous sheets after such formation
      are hereinafter referred to merely as the adhesive sheets.
PAR  A preferred example of epoxide polymer composition comprises a mixture of
      bisphenol-A glycydilether epoxide resin polymer having a mean molecular
      weight ranging from 1500 to 7000 or a combination thereof with a novolak
      epoxide resin polymer, such as phenol novolak or cresol novolak epoxide
      resin polymer, with 0.8 to 1.5 equivalents, based on the amount of epoxide
      radical, of a curing agent comprising one or more aromatic diamines, such
      as diaminodiphenylmethane and diaminodiphenylsulfon, and other additives
      such as silicone coupling agent.
PAR  It will be understood that various plastic polymers other than epoxide
      resin polymers, such as unsaturated polyester resin polymers, phenol resin
      polymers and melamine resin polymers, may impregnate the fibrous base
      material to form the adhesive sheets.
PAR  While the fibrous base sheet material may be formed from various sheet
      materials such as non-woven polyester fabric, glass paper and Japenese
      wooden paper, it should be noted that non-woven fabric of organic fiber,
      such as polyester or polyamide resin fiber, is ideally suitable for that
      purpose.
PAR  The non-woven organic fibrous sheet material can be readily impregnated
      with plastic polymer composition as described above, while assuring smooth
      and uniform wetting and impregnation throughout the extent of the
      non-woven fabric sheet which will result in substantial improvement in the
      seal at the area of the adhesive sheets when assembled into the electronic
      unit.
PAR  When the adhesive sheet 7 is constructed from a fibrous sheet material
      impregnated with a thermal setting polymer composition, such as an epoxide
      resin polymer composition dissolved in a solvent, it is possible to use an
      epoxide resin polymer having a substantially high molecular weight which
      is conductive to more desirable properties of adhesive sheets such as
      non-sticky attitude and easy preservation at room temperature.
PAR  Because of the existence of the fibrous base material, adhesive sheets may
      be kept to the exact outline and configuration of the mating surfaces of
      the upper and lower package sections or halves which facilitates simple
      and reliable sealing and assembly of the package, while eliminating all
      disadvantages associated with the use of a liquid adhesive for bonding and
      sealing the package sections employed in the prior art.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of fabricating a package for housing an electronic unit in a
      cavity within said package comprising the steps of: :
PA1  a. mounting said electronic unit on a lower portion of said package;
PA1  b. applying a fibrous sheet, selected from the group consisting of
      non-woven polyester fabric, glass paper and Japanese wooden paper,
      impregnated with a partially cured plastic polymer to a mating surface of
      the lower portion, said plastic polymer being selected from the group
      consisting of epoxide resin polymers, unsaturated polyester resin
      polymers, pheral resin polymers and melamine resin polymers;
PA1  c. placing the externallead wires onto the fibrous sheet so as to bond them
      to the lower portion;
PA1  d. connecting internal lead wire between said external lead wires and said
      electronic unit;
PA1  e. applying a partially cured plastic polymer adhesive to a mating surface
      of an upper portion of said package, said upper portion having an aperture
      therein;
PA1  f. bringing the mating surface of the upper portion into contact with a
      corresponding mating surface on said lower portion;
PA1  g. applying a pressure to said upper and lower portions so as to maintain
      their contact;
PA1  h. heating said package to fully cure the plastic polymer adhesive; and
PA1  i. sealing said aperture in said upper portion of the package.
NUM  2.
PAR  2. The method of claim 1 wherein said electronic unit is mounted within a
      recess formed in said lower portion of said package.
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ABST
PAL  A method for manufacturing a magnetic head having at least one ferrite pole
      tip pair. The tips of each pair are separated by non-magnetic gap of a
      desired length and the method in accordance with the invention utilizes
      tips having generally planar surfaces. An elongated apex forming channel
      is formed in one of the pole tips and an elongated reservoir channel is
      formed in the same tip in generally parallel relationship. The reservoir
      channel is filled with glass and polished so that the glass therein
      extends in co-planar relationship to the generally planar surface of the
      tip having the reservoir channel therein. The generally planar surfaces
      are placed in opposed spaced relationship and a quantity of glass is
      disposed in the apex forming channel. All of the glass and both of the
      tips are heated until the glass from the channels flows into the space
      intermediate the generally planar faces of the tips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to magnetic head structures and in particular to the
      magnetic gap portion of said structures. More specifically, the invention
      concerns a novel method of making a glass-gapped portion of the head.
PAR  Magnetic gap structures have been manufactured in a variety of ways using
      sintered ferromagnetic oxide which is most commonly known as ferrite.
      Normally a gap is provided between opposed planar surfaces otherwise known
      as pole tips of the magnetic transducing head. The fabrication of a glass
      spacer intermediate said faces is inherently very difficult since the
      distance between the opposed pole tip surfaces is typically in the order
      of 50 to 400 micro inches and also because a certain amount of diffusion
      and reaction takes place between molten glass and the ferrite which has a
      high solubility as to metallic oxides generally in molten glass. It is
      desirable to minimize such solubility and erosion of the faces to thereby
      avoid an irregular undefined transducing gap where there is no clear line
      of demarcation between the end of the magnetic ferrite and the beginning
      of non-magnetic glass gap. More particularly the flatness and parallelism
      of the faces are critical.
PAR  One method known in the prior art to avoid erosion or diffusion between the
      glass and the ferrite is to use a low temperature glass. A disadvantage of
      this method is that the glass which has a low temperature melting point
      inherently is softer and the polishing of the glass results in surface
      irregularity.
PAR  A trend in the art is to use higher melting or softening point glasses as
      the gap glass for a glass bonded ferrite recording head and to introduce
      the glass into the gap by means of capillary flow. The higher temperature
      glass is desirable because it is harder after cooling and accordingly more
      nearly matches the hardness of the ferrite. This is desirable too since
      the customary polishing operation will fail to irregularly affect the
      glass and the ferrite. In addition the higher temperature glass also
      avoids the problem of a change in the gap spacing if the glass bonded pole
      piece is sealed or potted in a second stage sealing operation to a support
      such as a disk file slider bearing. A problem with such higher temperature
      glass is however, that as the glass melting or softening point increases,
      the higher the temperature required for capillary flow and the increased
      likelihood of dissolution or erosion of the polished pole faces by the
      flowing glass as well as the increased likelihood of bubbles in the glass
      which are undesirable because of the decreased structural strength.
PAR  Efforts have been made in the art to reduce these problems by achieving
      capillary flow at the lowest possible temperature and in the shortest time
      interval.
PAR  One approach described in Burch et al. U.S. Pat. No. 3,824,685 is to
      sputter a thin layer of glass onto one or more discrete portions of a
      planar surface of each of two ferrite members. Thereafter the pole pieces
      are assembled and the remaining gap is filled by capillary flow in part
      from the apex. The quantity of glass drawn into the gap by capillary
      action is apparently aided by a reduced resistance to capillary flow
      provided by the softened glass layers within the gap. This approach is
      expensive because of the necessity of a separate sputtering step involving
      expensive equipment.
PAR  Other United States Patents disclosing a method having a very general
      similarity to the method in accordance with the invention include: Alex et
      al., U.S. Pat. No. 3,795,954; Maissel et al. U.S. Pat. No. 3,458,926;
      Duinker et al. U.S. Pat. No. 3,233,308; and Secrist U.S. Pat. No.
      3,577,634. Also having a general relationship to the present invention is
      IBM Technical Disclosure Bulletin Volume 6 No. 4 September 1973 page 11.
PAR  It is a primary object of the invention to provide a method for depositing
      high temperature glass in the gap intermediate ferrite magnetic heads at
      the lowest possible temperature and in the least possible time.
PAR  It is another object of the invention to provide such a method which will
      not require the expense inherent in the use of sputtering, evaporation or
      similar deposition equipment.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that these and other objects of the invention may be
      attained by a method for manufacturing a magnetic head having at least one
      ferrite pole tip pair with the tips of each pair being separated by a
      glass gap of a desired length. Initially each pole tip has formed thereon
      a generally planar gap side. Thereafter an elongated apex forming channel
      is formed in one of the tips which communicates with the generally planar
      surface of that tip and an elongated reservoir channel is formed in the
      same tip in accordance with this form of the invention. The reservoir
      channel is disposed in communication with the generally planar surface of
      said tip in which it is disposed and is generally parallel to the apex
      channel.
PAR  Thereafter a quantity of high temperature glass is melted into the
      reservoir channel, allowed to solidify, and then the surface of the glass
      in the reservoir channel is polished until the glass in the reservoir
      channel is coplanar with the generally planar surface of the tip in which
      the reservoir is disposed. The tips are placed with the generally planar
      faces thereof in opposed spaced relationship and then a quantity of high
      temperature glass is positioned at the apex forming channel. The tips and
      all of the glass is then heated until the glass flows by capillary action
      into the space between the opposed generally planar surfaces of the tips
      to form a unitary assembly.
PAR  In various forms of the invention the method normally includes the step
      after said heating step of cutting said tips in a plane generally
      perpendicular to said generally planar surfaces and intermediate the apex
      channel and the reservoir channel to sever the reservoir channel from the
      assembly. This step may be accomplished either by the manufacturer or the
      customer of the manufacturer. In one form the glass utilized will have a
      softening point in the range of 500.degree. to 950.degree. C. The forming
      step may be accomplished by grinding and the apex channel may have a
      generally planar surface extending obliquely away from the generally
      planar surface.
PAR  The quantity of glass added to the reservoir channel will completely fill
      that channel. Normally it will be filled and polished to be flush with the
      face generally generally plane face thereof. The quantity of glass
      positioned in the apex normally will be disposed there in the form of a
      glass rod. The reservoir channel normally will have a generally
      rectangular cross-section and will have a wall parallel to said generally
      planar surface which is longer to a direction parallel to the generally
      planar surface than the adjacent wall dimension in a direction
      perpendicular to the generally planar surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood by reference to the accompanying
      drawing in which:
PAR  FIG. 1 is a perspective view of one pole tip in accordance with one form of
      the invention;
PAR  FIG. 2 is a side elevational view of the pole tip shown in FIG. 1 after the
      glass rods shown in FIG. 1 have been melted down and the surface thereof
      has been polished;
PAR  FIG. 3 is a perspective view of a pair of pole tips in accordance with the
      invention; and
PAR  FIG. 4 is an elevational view of a plurality of pairs of pole tips carried
      in a fixture adapted for holding the plurality of pole tips during a
      heating process.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2 there is shown a pole tip 10. The pole tip
      10 is normally formed with a generally planar face 12 which in the
      preferred embodiment is coplanar with the generally planar surface 14.
      Disposed in the generally planar surface 12 is a generally rectangular
      reservoir channel 16 having a wall 18 parallel to the generally planar
      surface 12 which is longer than the walls 20 which extend generally
      perpendicular to the generally planar surface 12. The geometric
      relationship is best seen in FIG. 2 which shows clearly that wall 18 is
      "longer" than wall 20.
PAR  An apex forming channel 22 is disposed in generally parallel relationship
      to the reservoir channel 16 and has a generally planar surface 26
      extending obliquely with respect to the generally planar surface 12. It
      will be understood that the cooperation between surface 26 and the surface
      11 of a second pole piece 13 is the commonly used apex construction. Walls
      28, 30 are disposed generally perpendicular to the generally planar
      surface 12 and a wall 32 is generally parallel to the generally planar
      surface 12. Ordinarily the surfaces in the pole piece will be produced by
      grinding although other means of forming the material, which ordinarily
      will be a ferrite, are possible.
PAR  In accordance with the method of the invention glass which ordinarily will
      be a high temperature glass because of its preferred physical properties
      is melted into the reservoir channel 16. This is preferably accomplished
      by positioning a quantity of glass such as glass rods 30, 32 within the
      reservoir channel 16. Frequently a small quantity of heated acrylic resin
      such as that sold under the trademark Lucite may be positioned at the
      axial extremities of the glass rod 30, 32 to avoid inadvertent dropping of
      the rod from the reservoir channel 16. It will be understood that the
      trademark Lucite is owned by E. I. DuPont de Nemours & Company and that
      the material is an acrylic resin.
PAR  Thereafter in accordance with the invention the pole piece 10 is positioned
      in a furnace and heated until the glass rods 30, 32 become sufficiently
      soft to flow into the reservoir channel 16. Thereafter as best seen in
      FIG. 2 the pole piece 10 is polished along the upper surface 40 of the
      glass which was formerly in the form of the glass rods 30, 32. More
      particularly this surface 40 will be polished until it is coplanar with
      the generally planar surface 12. Those skilled in the art would recognize
      the necessity for great precision in terms of flatness of this surface to
      insure precise spacing of the pole piece 10 shown in FIG. 3.
PAR  The pole piece 10 is positioned with the generally planar surface 12
      thereof in spaced opposed relationship to a generally planar surface 11 of
      a second pole piece 13. Ordinarily the spacing will be in the order of 50
      to 400 micro inches and a fixture will ordinarily be provided for holding
      the pole pieces 10 and 13 together. One such fixture 50 is shown in FIG. 4
      wherein a plurality of pole pieces 10, 13 are held together by means of a
      jaw 52 which cooperates with an elongated member 54. Spacers 56 are
      disposed intermediate each pair of pole tips. The arm 58 is carried for
      pivotal motion about pivot 60 and has an upstanding rounded boss 62 for
      cooperation with the member 54. The pivot 60 is carried on an upstanding
      post 64 which is carried on a base 66 as is the jaw 52.
PAR  Further in accordance with the invention, a glass rod 70 is placed within
      the apex channel 22 and the pair of pole tips 10, 12 together with the
      glass in the reservoir channel 40 and the glass rod 70 are placed within
      an oven. Ordinarily shims (not shown) will be disposed intermediate the
      generally planar surfaces 12, 11 of the pole tips 10, 13 to provide the
      necessary spacing therebetween. In addition ordinarily a quantity of
      Lucite will be positioned intermediate the pole tips to avoid slippage
      therebetween during the heating step. Thereafter the heating of the two
      pole tips and the glass will provide a flow of glass into the space
      between the generally planar surfaces of the pole tips 10, 13. The precise
      mechanism by which the flow of glass into the gap between the surfaces of
      the pole tips is not clear but it is believed to be not merely the result
      of capillary action. The flow of glass normally occurs from the reservoir
      before flowing from the apex channel. Much of the glass disposed in the
      apex channel ordinarily is used to form the fillet at the apex in the
      conventional manner. It is found that the method in accordance with the
      invention produces a magnetic head at a lower temperature, in less time
      and at significantly reduced cost over the prior art methods. It will be
      understood that for most applications it will be desirable to make a cut
      generally perpendicular to the generally planar surfaces and intermediate
      the reservoir channel and the apex channel so that the final pole tips
      which are used commercially will not have the reservoir channel remaining
      therein. For other applications the presence of the reservoir channel in
      the product sold to the customer will not be detrimental and the reservoir
      channel may be left within the structure which is marketed and thereafter
      cut by the customer. It will be further understood that normally the pole
      pieces as referred to herein will be further cut in a series of planes
      generally perpendicular to the generally planar surface 12 to produce a
      plurality of pole pairs. Ordinarily the apex forming channel and the
      reservoir channel will be disposed in the same pole piece although it is
      within the spirit of the invention to alter this arrangement.
CLMS
STM  Having thus described my invention I claim:
NUM  1.
PAR  1. A method for manufacturing a magnetic head having at least one pole tip
      pair, the tips of each pair being separated by a non-magnetic gap of a
      desired length, the steps comprising:
PA1  forming a generally planar gap side surface in each of said pole tips;
PA1  forming an elongated apex forming channel in one of said pole tips, said
      apex forming channel communicating with said generally planar gap side
      surface of said tip;
PA1  forming an elongated reservoir channel in one of said tips; said reservoir
      channel being in communication with said generally planar surface of said
      tip in which it is disposed, said reservoir channel being disposed in
      generally parallel relationship to said apex channel;
PA1  melting a quantity of glass into said reservoir channel;
PA1  polishing said one tip having said reservoir channel therein until no glass
      extends out of said reservoir channel above said generally planar surface
      of said tip;
PA1  placing both of said pole tips with said generally planar faces thereof in
      opposed spaced relationship;
PA1  positioning a quantity of glass in said apex channel; and
PA1  heating each of said tips and all of said glass until said glass in said
      reservoir channel and said apex channel flows into the space between said
      opposed generally planar surfaces of said tips to form a unitary assembly.
NUM  2.
PAR  2. The method as described in claim 1 further including the step after said
      heating step of cutting said tips in a plane generally perpendicular to
      said generally planar surfaces and intermediate said apex channel and said
      reservoir channel to sever said reservoir channel from said assembly.
NUM  3.
PAR  3. A method as described in claim 1 wherein said glass has a softening
      point in the range of 500.degree.-950.degree. C.
NUM  4.
PAR  4. The method as described in claim 1 wherein said forming steps are
      accomplished by grinding.
NUM  5.
PAR  5. The method as described in claim 1 wherein said apex channel has a
      second generally planar surface extending obliquely away from said
      generally planar surface.
NUM  6.
PAR  6. The method as described in claim 1 wherein the quantity of glass added
      to said reservoir channel completely fills said channel.
NUM  7.
PAR  7. The method as described in claim 1 wherein said quantity of glass
      positioned in said apex reservoir is disposed there in the form of a glass
      rod.
NUM  8.
PAR  8. The method as described in claim 1 wherein said reservoir channel has a
      generally rectangular cross-section.
NUM  9.
PAR  9. The method as described in claim 8 wherein said reservoir channel has a
      wall parallel to said generally planar surface which is longer in a
      direction parallel to said generally planar surface than the adjacent wall
      dimension in a direction perpendicular to said generally planar surface.
PATN
WKU  039436250
SRC  5
APN  5418925
APT  1
ART  321
APD  19750117
TTL  Method for making tined electrical contacts
ISD  19760316
NCL  7
ECL  1
EXA  Walkowski; Joseph A.
EXP  Lanham; C. W.
NDR  3
NFG  10
INVT
NAM  Brenan; Robert R.
CTY  Warren
STA  PA
INVT
NAM  Johnson; Gordon L.
CTY  Jamestown
STA  NY
ASSG
NAM  GTE Sylvania Incorporated
CTY  Stamford
STA  CT
COD  02
RLAP
COD  74
APN  450571
APD  19740313
PSC  04
CLAS
OCL   29630C
XCL   29630R
XCL  113119
XCL  339278C
EDF  2
ICL  H01R  900
FSC  339
FSS  278 C
FSC   29
FSS  630 R;624;628;470;470.1;475;480;481;484
FSC  113
FSS  119
FSC  200
FSS  238;246;257;262;267;268;278;283;292
UREF
PNO  3229357
ISD  19660100
NAM  Burstin
OCL   29630C
UREF
PNO  3258830
ISD  19660700
NAM  Pityo
OCL   29630C
UREF
PNO  3343257
ISD  19670900
NAM  Geinger et al.
OCL   29630C
UREF
PNO  3560911
ISD  19710200
NAM  Zimmerman et al.
OCL  339278C
UREF
PNO  3797108
ISD  19740300
NAM  Healy et al.
XCL   29630R
UREF
PNO  3803711
ISD  19740400
NAM  Dubuc et al.
OCL   29630C
LREP
FR2  O'Malley; Norman J.
FR2  Fraley; Lawrence R.
FR2  Castle; Donald R.
ABST
PAL  There is disclosed a method for making tined electrical contacts from a
      continuous metal strip as the strip intermittently moves through a
      plurality of work stations. The method comprises the steps of advancing
      the metal strip; positioning a portion of contact material in alignment
      with an area on said strip, attaching said portion to said area, advancing
      the metal strip, and thereafter cutting and forming the strip to provide
      an electrical contact.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of Ser. No. 450,571, filed Mar. 13, 1974 and
      assigned to the assignee of the present invention, Assignment Recorded
      Mar. 13, 1974, Reel 3061, Frame 463.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of electrical contacts and more
      particularly to the manufacture of electrical contacts having precious
      metal contacting areas.
PAR  Even more particularly this invention relates to manufacturing electrical
      contacts to be positioned within an electrically insulative housing.
PAR  Contacts of the type described above are extensively used in the
      electronics industry to perform a variety of functions such as
      electrically connecting a printed circuit board to a plurality of
      corresponding circuits. In this particular arrangement, a single circuit
      board is positioned in an insulative housing. In doing so, the conducting
      areas on the board mate with corresponding contacting areas on the
      electrical contacts also positioned in the housing. Accordingly, the
      respective tail portions of each contact have joined thereto a lead from
      an externally located circuit. Such a lead is secured to the tail by
      utilizing well established techniques such as wire-wrapping or welding.
PAR  Previously known contacts having precious metal contacting areas have been
      manufactured utilizing methods and apparatus which position the precious
      metal, usually in the form of a gold or silver composition wire, upon the
      designed area on the contact and thereafter subject this area to either a
      cold or hot forming operation. Welding has been successively used to
      secure the precious metal to the contact but this method has usually
      required feeding the precious metal in the form of a wire vertically
      downward to the horizontally positioned flat surface of the contact. When
      contact is achieved, electrical current is applied and the weld occurs.
      Such a method is disclosed in U.S. Pat. No. 3,114,828 which is assigned to
      the same assignee as is the present invention. While both this and similar
      methods successfully produced a contact with precious metal contacting
      areas it can readily be seen that highly accurate control measures are
      required to control the amount of precious metal wire used during the
      welding sequence. On some occasions, excessive precious metal was wasted
      as a result of minor fluctuations in either the rate of feed of the wire
      or in the current densities applied. In those operations not utilizing
      welding as the attaching medium, the problems on several occasions have
      centered about inadequately achieved bonds between the contact surfaces
      and the precious metal. This particular problem is further amplified with
      repeated insertions of the printed circuit board into the connector
      housing.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is therefore a primary objective of this invention to enhance the
      manufacture of electrical contacts having precious metal contacting areas.
PAR  It is another object of this invention to provide a new method for making
      an electrical contact having a precious metal contacting portion secured
      thereto which comprises a base material and a precious metal.
PAR  In accordance with a primary aspect of the present invention, there is
      described a method for making tined electrical contacts from a continuous
      metal strip which intermittently moves through a plurality of work
      stations. This method comprises advancing the strip to a first work
      station, positioning a preselected portion of a strip of contact material
      in alignment with a predetermined area on the strip, attaching this
      preselected portion to the strip, advancing the metal strip with the
      contact material attached thereto to a second work station, and cutting
      and forming the strip to thus provide the desired electrical contact.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the apparatus in accordance with a preferred
      embodiment of the present invention;
PAR  FIGS. 2A-2E illustrate the preferred method for securing the precious metal
      contacting material to the metal strip;
PAR  FIGS. 3A and 3B illustrate the preferred means for forming each of the
      electrical contacts to the desired configuration;
PAR  FIG. 4 illustrates an electrical contact which may be made in accordance
      with this invention; and
PAR  FIG. 5 illustrates an additional embodiment of an apparatus for making
      electrical contacts having more than one tine thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a better understanding of the present invention together with other and
      further objects, advantages and capabilities thereof, reference is made to
      the following disclosure and appended claims in connection with the above
      described drawings.
PAR  With particular reference to the drawings, there is illustrated in FIG. 1
      an apparatus 10 for making electrical contacts from a continuous metal
      strip 11 intermittently moving along a first path of travel (indicated as
      arrow 13). Each of the contacts produced from apparatus 10 will include at
      least one tine portion having a contacting area formed thereon from a
      contact material which comprises a first layer of a base material and a
      second layer of a precious metal. As shown in FIG. 1, apparatus 10
      comprises a supply means 15 for supplying metal strip 11, an indexing
      means 17 positioned relative to the path of travel of strip 11, a supply
      means 21 for supplying contact material 22 along a second path of travel
      (indicated as arrow 23), and an attaching means 25 positioned relative to
      positioning means 19 for attaching a preselected portion 27 of contact
      material 22 to a corresponding predetermined area 29 on strip 11.
      Apparatus 10 further includes a forming means 31 positioned relative to
      attaching means 25 for forming each of the electrical contacts
      manufactured from strip 11 to a desired configuration, and a cutting means
      33 positioned relative to forming means 31 for subsequently cutting each
      of the formed contacts from the metal strip.
PAR  Although not considered essential components to the preferred embodiment of
      the apparatus of the invention, apparatus 10 may also include a removal
      means 35 and a coining means 37. Coining means 37 may be utilized to
      provide each of the desired contacts to be formed from strip 11 with a
      flattened area 39 and a plurality in extending members 41. Each of these
      extending members may be used in the final contact assembly for assisting
      in the frictional positioning of the contact within an electrically
      insulative housing. Flattened area 39 may then have selected areas removed
      therefrom upon passing through removal means 35. Another portion of the
      unflattened area on the strip may also be subjected to having selected
      areas removed therefrom, such as to provide an indented tip area 42. Tip
      area 42 eventually provides the end of the tail portion of the finished
      contact. As stated, both removal means 35 and coining means 37 are not
      considered essential to the present invention in that a contact can
      readily be manufactured from a singular strip not subjected to these
      described operations. However, each of these components are preferably
      utilized in the present invention to provide a finished contact with the
      described corresponding indentations and removals.
PAR  As can be seen in FIG. 1, the path of travel of metal strip 11 occupies a
      first plane. Accordingly, it is preferred that the path of travel of
      contact material 22 will occupy a second plane substantially parallel to
      the described plane of strip 11. It is also preferred that the path of
      travel of contact material 22 be substantially perpendicular although this
      is by no means meant to be restrictive with regard to the present
      invention. It can readily be seen that contact material 22 could be
      provided in a more oblique or angular direction and still achieve
      satisfactory results.
PAR  Indexing means 17, illustrated in FIG. 1 as comprising an intermittently
      actuated drive means 43 is drivably affixed to supply means 15. Supply
      means 15, as shown in FIG. 1, comprises a spool 45. In like manner,
      positioning means 19 for positioning contact material 22 comprises an
      intermittently actuated drive means 47 drivably affixed to supply means
      21. As similar to supply means 15, supply means 21 comprises a spool
      member 49. Each of the described drive means 43 and 47 may comprise an
      electric motor which is intermittently electrically actuated in accordance
      with the desired sequence of operation of apparatus 10. Such actuation is
      readily achieved by the utilization of an electrical circuit designed in
      accordance with the operating procedure described. The design of such an
      electrical circuit could be readily achieved once the operation of
      apparatus 10 was known and henceforth further description of this circuit
      is not considered necessary.
PAR  In the preferred embodiment, positioning means 19 further includes a
      notching means 51 for sequentially notching contact material 22 to thereby
      define the preselected portion 27 on the material. This described notching
      operation occurs prior to attaching portion 27 to the predetermined area
      29 on the soon-to-be produced contact. Notching means 51 could be readily
      actuated by a pair of corresponding hydraulically actuated cylinder
      members (not shown) or similar type devices and henceforth description is
      not considered essential. The full sequence of operation of attaching
      predetermined portion 27 to area 29, to include the notching sequence,
      will be given with the description of FIGS. 2A-2E.
PAR  As illustrated in FIG. 1, attaching means 25 preferably comprises a welding
      assembly which includes a pair of opposed electrodes 53 and 53'. Electrode
      53, positioned above preselected portion 27 and strip 31, is adapted for
      engaging selected portion 27 while second electrode 53' is adapted for
      engaging the strip 31 which passes thereover. As can be appreciated, both
      electrodes 53 and 53' could readily be adaptable for moving to engage the
      corresponding components described. However, in the preferred embodiment
      lower electrode 53' is stationary while upper electrode 53 is adapted for
      movably engaging portion 27.
PAR  The operation of forming means 31 will be described with the description of
      FIGS. 3A and 3B. As shown in FIG. 1, cutting means 33 is illustratively
      represented as a pair of opposed cutting members 55 and 55' which are
      adapted for moving and sequentially cutting strip 11 to provide the
      desired length of each of the contacts to be produced. Although
      illustrated as a separate component, it can be readily understood that
      cutting means 33 could form an integral portion of forming means 31 with
      both operations being performed by the same component.
PAR  FIGS. 2A-2E illustrate the steps of the preferred method for securing the
      precious metal contacting material to the metal strip 11. In FIG. 2A, the
      precious metal contacting material 22 is supplied in the direction
      indicated from supply means 21 (not shown). Contacting material 22 is
      preferably in the form of a tape comprising a first layer 57 of a base
      material and a second layer 59 of a precious metal. A preferred material
      for base material 57 is nickel or a copper-nickel alloy, while a preferred
      material for layer 59 is a gold alloy composition. Of the several gold
      alloy compositions available for this particular use, it is preferred to
      use a composition consisting essentially of from about 65 to about 80
      percent by weight gold and from about 20 to about 35 percent by weight
      silver. When securing the described precious metal contacting material to
      electrical contacts having a thickness of within the range of from about
      0.008 inches to about 0.080 inches, it is desired to utilize a first layer
      59 having a thickness of from about 0.00025 to about 0.0025 inches and a
      thickness for base material 57 of from about 0.0010 inches to about 0.005
      inches.
PAR  Precious metal layer 59 is bonded to base material 57 by utilizing metal
      working techniques of which several are well known in the industry. Such a
      technique preferably utilizes both pressure and temperature to secure two
      metallic compositions along a common interface. It has also been found
      that a successful bond can be achived between layers 57 and 59 utilizing
      cold bonding techniques which rely mainly on pressure to achieve the
      desired bond. As can be appreciated, the provision of contacting material
      22 in the form of a tap as described provides a contact base with a sound
      electrical contacting area which successfully utilizes a minimum of
      precious metal compositions. Such a provision results in a substantial
      savings in material cost as well as assures the sound electrical
      connection required.
PAR  In FIG. 2B, notching means 51 is actuated to notch both layers 57 and 59 of
      contact material 22 to thereby define preselected portion 27 which is to
      be secured to the previously described predetermined area 29 on metallic
      strip 11. As shown in FIG. 2B, both upper and lower sides of contact
      material 22 are notched in the manner indicated. It is to be understood
      however, that only one of these sides may receive a notch or similar
      indentation therein and still provide the desired results as will be
      explained.
PAR  As shown in FIG. 2C, contact material 22 having been notched is further
      supplied in the direction indicated whereby preselected portion 27 aligns
      above and is positioned on predetermined area 29 of strip 11. Upper
      electrode 53 is then actuated to lower and engage portion 27, as
      illustrated in FIG. 2D. Lower electrode 53', having strip 11 positioned
      thereon, thus is in engagement with the strip. With both electrodes
      respectively engaged as illustrated in FIG. 2D, electrical current is
      supplied to the attaching means and portion 27 is secured to strip 11. As
      shown in FIG. 2E, upper electrode 53 is then raised. Supply means 21 (not
      shown) is then actuated in the direction indicated to separate the
      remainder of contacting material 22 from the secured portion 27. This
      actuation, in addition to separating the described items, also provides a
      means for indicating whether or not a suitable attaching has been achieved
      between the portion 27 and the strip 11. Upon this actuation, should
      portion 27 not separate and remain on the remaining portion of material
      22, an operator can readily ascertain that the desired attachment has not
      resulted. Modification can then be made to apparatus 10 to correct this
      situation. Such modification can incorporate an increasing of the
      electrical current supplied attaching means 25.
PAR  Thus, there has been shown a means whereby contacting material 22 in the
      form of a bilayered type of different materials may be readily secured to
      a metallic strip to eventually be utilized as an electrical contact. Using
      a base material of the materials described, readily achieves a sound
      connection between the base metal and this material. Base material 57 also
      provides a protective means for the gold alloy composition of layer 59 in
      the finished product. It is preferred in the industry to use a phosphor
      bronze or similar type material for the base metal strip 11 which is to
      eventually be formed into the contact. Use of such materials has in the
      past presented a typical problem in that these materials have often
      attacked the precious metal secured thereto during the operation of the
      contact in an electrical circuit. The described undesirable interaction
      between the two materials has often resulted in a deformation of the
      precious metal area. As shown, the present invention substantially
      minimizes this undesirable occurence.
PAR  In FIGS. 3A-3B, the forming operation of the metallic contact having the
      precious metal contacting area secured thereto is illustrated. Forming
      means 31 is illustrated as comprising an upper defining member 61 and a
      lower base member 63. Metallic strip 11 with selected portion 27 of the
      precious metal contacting material attached thereto is positioned between
      the two members as the strip passes through apparatus 10. Members 61 and
      63 are then actuated to define the tined portion, illustrated as 65 in
      FIG. 3B. It is preferred that the overall thickness of portion 27 as well
      as that of the shaped tine portion not be reduced during this operation.
      As explained in the description of FIG. 1, this formed portion of strip 11
      is then advanced to cutting means 33 and the ultimate contact 67 severed
      from the strip.
PAR  In FIG. 4, an example of an electrical contact 67 as produced by apparatus
      10 is shown. Contact 67 is illustrated as comprising a contacting portion
      69 having at least one tine 65 with a selected portion 27 of a precious
      metal secured thereto. Contact 67 also comprises a central retaining
      portion 71 which is positioned substantially adjacent contacting portion
      69 and adapted for providing the proper orientation of the contact within
      an electrically insulative housing. The tail portion 73 has also been
      provided and is positioned substantially adjacent retaining portion 71.
      When the contact is positioned within the described electrical insulative
      housing, tail portion 73 is adapted for having an electrical connection
      secured thereto. As described, the preferred material for contact 67 is
      phosphor bronze. Tine portion 65 of contact 67 is adapted for engaging the
      conductive surface of a printed circuit board when the circuit board is
      positioned within the electrical insulative housing.
PAR  In FIG. 5, an alternate embodiment of apparatus 10 is illustrated. This
      embodiment illustrates a means for securing a pair of precious metal
      contacting areas to corresponding predetermined areas on a singular metal
      strip 11'. To achieve this dual operation, a pair of opposingly fed
      precious metal contact materials 22' and 22" are supplied. A pair of
      notching means 51' and 51" (shown in phantom) are utilized to notch
      contacting materials 22' and 22" respectively. Electrodes 54 and 54'
      provide the means for attaching these respective selected portions to the
      predetermined areas of the strip 11' in much the same manner as did
      electrodes 53 and 53' in apparatus 10. Thus it can be seen that should an
      electrical contact having more than one tine thereon be described, it is
      only necessary to provide slight modification to apparatus 10 in order to
      achieve the desired results. As shown in FIG. 5, a contact 67' having two
      tines is easily produced with each tine having a corresponding precious
      metal contacting portion 27' secured thereto. After securing of these
      portions to the respective tines, the strip 11' is further advanced in
      much the same manner as was strip 11 in FIG. 1. Accordingly, the strip 11'
      is subsequently subjected to the forming operation as provided by forming
      means 31' (illustrated in phantom) following which each contact is severed
      from the remainder of the strip 11'.
PAR  Thus, there have been illustrated and described a method for making an
      electrical contact having a contacting portion which includes a tine
      having a precious metal contacting area attached thereto. The described
      precious metal contacting area comprises a contact material having a first
      layer of a base material and a second layer of a precious metal, the first
      layer in secured relationship to the tine. There has also been shown and
      described an apparatus and a method for producing this electrical contact.
PAR  While there have been shown and described what are at present considered
      the preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for making tined electrical contacts from a continuous metal
      strip intermittently moving through a plurality of work stations, said
      method comprising:
PA1  advancing said metal strip in an established first direction of travel to a
      first of said work stations, said first direction occupying a first plane;
PA1  advancing a strip of contact material comprising a first layer of a base
      material and a second layer of a precious metal in an established second
      direction of travel to said first work station, said second direction of
      travel occupying a second plane substantially parallel to said first plane
      of travel of said metal strip;
PA1  defining a preselected portion of said contact material at said first work
      station;
PA1  positioning said preselected portion of said contact material at said first
      work station in alignment with a predetermined area on said metal strip;
PA1  securing said preselected portion of said contact material to said
      predetermined area on said metal strip by attaching said layer of said
      base material to said predetermined area on said metal strip;
PA1  separating said preselected portion of said contact material from the
      remainder of said strip of contact material;
PA1  advancing said metal strip having said preselected portion of said contact
      material secured thereto to a second of said work stations; and
PA1  cutting and forming said strip at said second work station to provide an
      electrical contact having at least one tine with a precious metal
      contacting area formed thereon.
NUM  2.
PAR  2. The method according to claim 1 wherin said second direction of travel
      of said strip of contact material is substantially perpendicular to said
      first direction of travel of said metal strip.
NUM  3.
PAR  3. The method according to claim 1 wherein said method for attaching said
      layer of base material to said predetermined area on said strip to secure
      said preselected portion of said contact material is welding.
NUM  4.
PAR  4. The method according to claim 1 wherein said defining of said
      preselected portion of said contact material is accomplished by notching
      said material.
NUM  5.
PAR  5. The method according to claim 1 wherein said separating of said
      preselected portion of contact material from the remainder of said
      material is accomplished by withdrawing said contact material in a
      direction substantially opposing said second direction of travel.
NUM  6.
PAR  6. The method according to claim 1 further including removing preselected
      areas from said metal strip prior to advancing said strip to said first
      work station.
NUM  7.
PAR  7. The method according to claim 6 further including coining said metal
      trip prior to removing said preselected areas from said strip.
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ABST
PAL  A U-shaped body member has key slots adjacent opposite ends thereof
      arranged to have removable connection at spaced points in a chain of a
      chain pipe wrench. A cutter bit projects adjustably beyond the bottom
      portion of the body member for cutting a pipe peripherally by multiple
      turns of the wrench around the pipe in a reverse direction from that at
      which the lever handle has gripping connection on a pipe. Guide and gauge
      wheels are provided on opposite sides of the cutter bit for guiding it in
      a cut and for maintaining the depth of the cut as determined by adjustment
      of the cutter bit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in pipe cutters.
PAR  Many types of manually operable pipe cutters have heretofore been provided
      for use by plumbers or other workmen in cutting pipes to selected length.
      Such tools are rather bulky in that each must employ means providing
      encircling support on the pipe, manual grip means for rotating the cutter
      around the pipe, and means for increasing the depth of the cutter bit as
      the cutting operation progresses. Exemplary tools of this type are
      illustrated in U.S. Pat. Nos. 2,433,606 and 3,243,878. Not only are such
      tools bulky for the workmen to carry around but also are expensive to
      manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention and forming a primary objective thereof,
      a pipe cutter is provided that overcomes the deficiencies of prior devices
      in that it is compact in size and relatively inexpensive to manufacture.
PAR  A more particular object of the invention is to provide a pipe cutter that
      is adapted in its use in combination with a conventional chain pipe wrench
      such that it can be readily attached in the chain of such a wrench and
      utilized in a reverse operation of the wrench to accomplish a pipe cutting
      operation.
PAR  Another object is to provide a pipe cutter of the type described employing
      novel means for guiding the cutter around the pipe as a cut progresses and
      for gauging the depth of the cut.
DRWD
PAR  The invention will be better understood and additional objects and
      advantages will become apparent from the following description taken in
      connection with the accompanying drawings which illustrate a preferred
      form of the device.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the present pipe cutter attached to a
      conventional chain pipe wrench and shown in a cutting operation;
PAR  FIG. 2 is an enlarged elevational view, partly broken away, of the pipe
      cutter;
PAR  FIG. 3 is a vertical sectional view taken on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary horizontal sectional view taken on the line 4--4 of
      FIG. 2; and
PAR  FIG. 5 is a vertical sectional view taken on the line 5--5 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With particular reference first to FIG. 1, the pipe cutter of the present
      invention is designated generally by the numeral 10. It has detachable use
      with a chain pipe wrench of conventional construction. Such a wrench
      comprises a lever handle 12 terminating at its inner end in a toothed head
      14. Handle 12 is associated with a chain 16 connected at one of its ends
      to an offset point 18 on the head to provide eccentric operation of the
      lever handle on a pipe P. Notches 20 are provided on the opposite side of
      head 14 for removable engagement with a free end portion of the chain. The
      chain 16 is formed of a plurality of links 22, also seen in FIG. 5, having
      pivot connections in the form of pins 24 that are of a length to project
      laterally beyond the sides of the chain. The head of the lever 12 is
      bifurcated for receiving the chain to make the connection 18, and pins 24
      have selected engagement in oppositely aligned pairs of notches 20 for
      varying the effective length of the chain.
PAR  With particular reference now to FIGS. 2-5, the pipe cutter 10 is U-shaped
      in cross section, having parallel side walls 26 and short length bottom
      wall portions 28 leading inwardly from each end. The top and ends of the
      body member are open. A pair of laterally aligned key slots 30 are
      provided adjacent each end of the cutter. These slots lead downwardly from
      the top edge of the side walls and are dimensioned and arranged to
      removably receive projecting end portions of pins 24 of chain 16. By means
      of this structure, the cutter is adapted to be connected into the chain
      intermediate the ends of the latter, as shown in FIG. 1, with the
      necessary excess chain to accomplish the connection extending above the
      cutter.
PAR  Disposed within the body portion intermediate its ends and integrally
      therewith is a guide housing 32 having a vertical opening 34 slidably
      receiving a cutter bit 36. The opening 34 and cutter bit 36 are of
      corresponding size so that the cutter bit while being vertically slidable
      is confined against lateral play. The guide housing 32 is open at the
      bottom and the cutter bit is adapted to project therefrom for engaging a
      pipe to be cut. The bottom end of the cutter bit 36 has an angled and
      tapered cutting edge 38 similar to a lathe cutter tool.
PAR  Guide housing 32 terminates short of the upper end of the body member and
      the side walls 26 are notched at 40 in this area to receive an ajusting
      nut 42 having a central threaded bore 44 engageable with a threaded post
      46 integral with and extending upwardly from the top end of the cutter bit
      36. By rotating the nut 42, the cutter bit 36 can be adjusted to selected
      projecting distances below the bottom wall 26. Threaded post 46 extends
      through an aperture 47 in cover plate 48 secured on the top of the body
      member.
PAR  A pair of wheels 50 have free turning engagement or lateral axles 52
      supported in the side walls 26, such pair of wheels being disposed
      longitudinally on each side of the cutter bit. As best seen in FIG. 3, the
      wheels 50 have a centrally peaked peripheral edge 54, and in a cutting
      operation to be described, these wheels are adapted to ride in a cut 56
      made by the cutter bit, whereby to guide the cutter around the pipe by
      engagement in the cut. In the preferred arrangement illustrated, the
      wheels 50 are narrower than the cutter bit 36 and have less taper than the
      cutting edge 38. They also extend downward from the bottom edges of side
      walls 26 sufficiently to space the latter from the outer periphery of a
      pipe P during the complete cutting operation. The wheels thereby form a
      base against which the cutter 36 may be adjusted by the nut 42 to vary the
      depth of cut. The wheels thus serve as gauge wheels to maintain the
      adjusted depth of cut.
PAR  In the operation of the present cutter 10, it is hooked in the chain 16 of
      a chain pipe wrench as shown in FIG. 1 by engagement of the pins 24 of
      spaced links 22 with the key slots 30. Thereupon, the chain is wrapped
      around the pipe and slack taken up by hooking a selected pin 24 adjacent
      the free end of the chain to a selected pair of the notches 20. The cutter
      bit is adjusted by nut 42 to have cutting engagement with the pipe P
      whereupon the pipe wrench is then operated in the direction which is the
      reverse of that at which the wrench has gripping connection on a pipe,
      namely in the direction of arrow 60 in FIG. 1. The first revolution around
      the pipe produces a shallow cut and the cut is deepened in subsequent
      revolutions automatically as the guide and gauge wheels 50 track in the
      cut. After a few revolutions of the tool around the pipe, the latter will
      be severed.
PAR  After the pipe has been cut, the free end of the chain is released from the
      notches 20 in the lever handle 12 and the cutter 10 is detached from the
      chain. The cutter can then be stored until again needed and the chain pipe
      wrench can in the meantime be utilized for its intended purpose. Since the
      cutter 10 does not require its own operating means, it is economical to
      manufacture and compact for storage.
PAR  It is to be understood that the form of my invention herein shown and
      described is to be taken as a preferred example of the same and that
      various changes in the shape, size and arrangement of parts may be
      resorted to without departing from the spirit of my invention, or the
      scope of the subjoined claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A pipe cutter comprising
PA1  a. a chain pipe wrench including a chain,
PA1  b. a lever handle having an eccentric pivot connected to said chain,
PA1  c. pipe engaging means on said lever handle arranged for gripping
      connection with a pipe in one direction of rotation of the lever handle,
PA1  d. a body member having top and bottom portions and opposite end portions,
PA1  e. means adjacent opposite end portions of said body member connected to
      spaced points on said chain,
PA1  f. and a cutter bit on said body member having a cutter end projecting
      beyond the bottom portion of said body member,
PA1  g. said cutter bit being arranged to cut a pipe upon reverse sliding
      movement of the chain around the pipe from that at which the lever handle
      has gripping connection on the pipe.
NUM  2.
PAR  2. The pipe cutter of claim 1 wherein said means on the body member for
      connection to spaced points on the chain is arranged for removable
      connection to the chain whereby to selectively vary the length of the
      chain as necessary.
NUM  3.
PAR  3. The pipe cutter of claim 1 wherein said means on the body member for
      connection to spaced points on the chain comprise key slots arranged for
      removable connection to the chain whereby to selectively vary the length
      of the chain as necessary.
NUM  4.
PAR  4. The pipe cutter of claim 1 including gauge wheels on said body member
      disposed longitudinally on each side of said cutter bit and arranged to
      ride in a cut made by said cutter tool.
NUM  5.
PAR  5. The pipe cutter of claim 1 including adjusting means for said cutter bit
      in said body member for moving it selected distances beyond the bottom
      portion of said body member for varying the depth of cut in a pipe by said
      cutter bit.
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ABST
PAL  A fixed cutting blade is received within one end of a two part housing. An
      elongated guard having a U-shaped cross section embraces the housing parts
      at the blade end and is shiftable through a series of positions to expose
      different amounts of the cutting blade including a blade covering or
      "safety" position.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  Utility knives such as are used by workmen in various trades as well as
      hobbyists are well-known. Such knives generally consist of a handle member
      and a knife secured to and extending from one end of the handle. The
      handles of such knives are often longitudinally split to receive the
      cutting blade therebetween. Bolts, recesses or other means are employed to
      hold the blade within the handle. The handle must be disassembled at least
      partially to insert or remove the cutting blade.
PAR  The utility knife according to the present invention enables the user to
      insert or remove the cutting blade from the handle without disassembly of
      the handle in a minimum amount of time. The cutting blade can be removed
      and reversed in its position within the handle quickly and safely. A
      simple guide adjusting button permits the knife user to select the desired
      amount of cutting edge available and to change the amount of cutting edge
      according to job requirements. In one position of the guard, the blade is
      completely covered. Since the blade is fixed within the handle, greater
      rigidity and safety is achieved.
PAC  SUMMARY OF THE INVENTION
PAR  In one preferred embodiment of the invention, an elongated handle member
      consisting of two complimentary left and right hand portions secured
      together by a screw are formed with spaced plates at one end thereof. A
      cutting blade is received between the plates and extends outwardly thereof
      to expose a cutting edge. An elongated guard member having a somewhat
      U-shaped cross section embraces the plates and underlies the cutting edge
      of the blade. The guard member is longitudinally shiftable along the
      plates from an extreme outward position where the cutting edge of the
      blade is completely covered to one of several inner positions exposing
      different amounts of blade cutting edge.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings forming part hereof corresponding parts have
      been given the same reference numerals, in which drawings:
PAR  FIG. 1 is a view in side elevation of a complete embodiment of the present
      invention partially broken away to show the covered blade.
PAR  FIG. 2 is a fragmentary view similar to FIG. 1 with the blade guard
      completely retracted.
PAR  FIG. 3 is a top plan view of the knife shown in FIG. 1
PAR  FIG. 4 is a view in front elevation of the knife shown in FIG. 1.
PAR  FIG. 5 is a cross sectional view taken on line 5--5 in FIG. 1 looking in
      the direction of the arrows.
PAR  FIG. 6 is a view in longitudinal section taken on line 6--6 in FIG. 1.
PAR  FIG. 7 is a fragmentary view similar to FIG. 2 with the guard and blade
      removed.
PAR  FIG. 8 is a cross sectional view taken on line 8--8 in FIG. 1.
PAR  FIG. 9 is a fragmentary isometric view showing the blade supporting portion
      of the utility knife.
PAR  FIG. 10 is a fragmentary view on an enlarged scale of one half of the blade
      storage end of the utility knife handle partly in section.
DETD
PAC  GENERAL DESCRIPTION
PAR  Referring to the drawings and particularly to FIGS. 1, 2 and 3, reference
      numeral 10 indicates a utility knife having a housing 11. The housing 11
      is formed of two mating portions 12, 13 which enclose two chambers 14,15
      best shown in FIG. 6. The housing portions enclosing chambers 14,15 form
      the handle of the knife.
PAR  Flanges 16, 17, best shown in FIG. 10, extend inwardly of the handle mating
      portions and along the tops and bottoms of chambers 14,15. A wall 18,
      having a threaded bore 19 therein separates the halves of the chambers 14,
      15 of the handle portion 12. A wall 18a, having a screw receiving bore 20,
      separates the complimentary halves of the chambers 14, 15 of the handle
      portion 13. A small screw 21 serves to secure the housing portions
      together.
PAR  The chamber 14 retains one or more spare cutting blades 22 which are
      accessable through an opening 23 at the handle end of the knife. A plate
      24 is slidably received by the opposed walls of the opening 23 to permit
      the spare blades to be withdrawn when desired.
PAR  Each of the housing mating portions 12,13 is formed with an inwardly
      disposed plate 25,26 at the cutting end thereof. The plates 25,26 are
      disposed parallel to the longitudinal axis of the utility knife and are
      secured at their tops and bottoms by flanges 27,28 as best shown in FIG.
      9. The inward disposition of the plates 25,26 results in an elongated
      vertical slot 29 between the outer surfaces of the plates and the inner
      surfaces of the housing portions 12,13.
PAR  The plates 25, 26 have a blade receiving opening 30 therebetween. The plate
      25 is provided with a blade supporting surface 31 and a stop 32 extending
      inwardly of said surface to prevent rearward movement of the blade during
      use (see FIGS. 1,2). The outer surface of the plate 25 has an elongated
      longitudinal slot 33 therein for a hereinafter more fully described
      purpose. A small bracket 34, 34a which forms part of a blade retaining
      assembly is located above the outer end of each of the plates 25, 26 as
      best shown in FIGS. 8 and 9.
PAR  A longitudinal slot 33a is provided in the outer surface of plate 26
      opposite the slot 33. The plate 26 is also formed with an elongated guide
      35 notched at its top as indicated at 36 in FIG. 7 for a hereinafter more
      fully described purpose.
PAR  An elongated rectangular recess 37 is formed in the top of the housing
      portions 12, 13, above the plates 25, 26 (see FIGS. 1-3). The bottom of
      the recess 37 is partially closed by a flat bearing member 38 which is
      secured to the housing portion 12 and is spaced from the opposed housing
      portion 13 along one elongated margin leaving an elongated opening 39
      therebetween.
PAR  A guard 40 having a somewhat U-shaped cross section and inwardly extending
      ribs 41 is slipped over the plates 25, 26 with the ribs 41 slidably
      engaging the slots 33, 33a. The guard may thus be shifted from the safety
      of blade covering position shown in FIG. 1 to the blade exposing position
      shown in FIG. 2. In the position of FIG. 2, the inner ends of the guard
      slide through the vertical slots 29 between the plates 25, 26 and the
      housing portions 12, 13. The bottom of the guard is partially cut away, as
      indicated at 42, for this purpose.
PAR  The guard 40 is shifted to its desired positions by a button assembly 43
      best shown in FIGS. 1 and 5. The button assembly is formed of plastic or
      other suitable semi-rigid material having an inverted L-shaped
      cross-section and in the shape of two flat plates 44, 45 secured together
      along one of their margins. The plate 44, is freely received within the
      recess 37 in the top of the knife and its upper surface is serrated or
      knurled so that it can be adjusted by the thumb of the hand holding the
      knife without the use of the other hand which may be holding the material
      being cut. A small flat spring 46, which may be integral with the plate
      44, is disposed between the plate and the bottom of the recess 37. The
      flat spring 46 urges the plate 44 upwardly and away from the bottom of the
      recess 37.
PAR  The depending plate 45 of the button assembly extends through the elongated
      opening 39 of the recess 37 and into a complimentary cut out portion 47 in
      the guard 40. A small detent 48, best shown in FIG. 5, extends inwardly of
      the plate 45 and rides in the guide 35 as the botton assembly is shifted
      forward and back. When pressure on the plate 44 is released, the flat
      spring 46 will urge the button assembly upwardly whereupon the detent 48
      may be engaged in the nearest notch 36 in the guide 35. The guard 40 which
      is coupled to the plate 45 is thus retained in the desired position.
PAR  The brackets 34, 34a at the top of the cutting end of the housing 11
      embrace a small blade retaining latch 49. The latch, best shown in FIGS. 4
      and 8, consists of a somewhat flat body portion 50 which is laterally
      movable within the bracket space. A small spring 51 which may be in the
      form of a plastic leaf is secured to or integral with the body portion 50.
      The end of the leaf may be spherical as indicated at 52 in FIG. 8 to
      reduce friction between the leaf and the rear wall 53 of the bracket 34
      against which it bears.
PAR  The rear wall 53 slopes rearwardly toward the center line of the knife,
      (see FIG. 8). As a result, the latch is always urged in the direction of
      bracket 34a. A blade retaining tab 54 is carried upon the front of the
      latch 49 and depends therefrom so as to overlie the front of the cutting
      blade 22. The blade 22 is thus prevented from moving out of the opening 30
      between the plates 25, 26 during use.
PAR  The operation of the utility knife will be apparent from the foregoing
      description. To place a blade 22 in the cutting position of the knife, it
      is merely necessary to urge the latch 49 laterally against the spring 51.
      The tab 54 is thus moved clear of the opening 30 and the blade can be
      slipped therein, until the blade comes to rest against stop 32. The latch
      is then released and the blade is locked in place. Next, the guard 40 is
      slid to its desired location by means of the button assembly 43. The knife
      is then ready for cutting.
PAR  If it is desired to safely store the knife and protect the blade cutting
      edge, the guard is urged forward into the position of FIG. 1.
PAR  The blade 22 shown in the embodiment described above is trapezoidal in
      shape and the guard 40 is formed accordingly, however, other blade and
      guard shapes may be employed without departing from the present invention.
CLMS
STM  Having thus fully described the invention, what is claimed is:
NUM  1.
PAR  1. A front loading utility knife comprising an elongated hollow housing
      formed of complimentary first and second mating portions, an inwardly
      offset plate on each of the mating portions spaced from but parallel to
      the longitudinal center line of the housing forming an unobstructed front
      axial cavity therebetween, a cutting blade axially received within the
      cavity between the offset plates, means carried by at least one of the
      housing mating portions to limit the travel of the blade between the
      plates in a rearward direction only, latch means on the housing above the
      blade constituting the sole element limiting the travel of the blade in a
      forward direction, a guard slidably carried by the plates and slidable
      longitudinally for underlying the cutting edge of the blade and a guard
      positioning assembly for controlling the location of the guard with
      respect to the blade.
NUM  2.
PAR  2. A knife according to claim 1 in which the outer surfaces of the offset
      plates are provided with longitudinal grooves and the inner surfaces of
      the guard are formed with elongated ribs slidably received within the said
      grooves.
NUM  3.
PAR  3. A knife according to claim 1 in which the front of the housing is
      provided with complimentary bracket members to receive the latch means.
NUM  4.
PAR  4. A knife according to claim 3 in which the latch means comprises a flat
      body portion slidably carried by the brackets, spring means to urge the
      latch means in a normally closed position and a blade retaining tab
      depending from the body portion and overlying a portion of the front of
      the blade.
NUM  5.
PAR  5. A knife according to claim 1 in which at least one of the offset plates
      is provided with a notched elongated guide to receive the guard
      positioning assembly.
NUM  6.
PAR  6. A knife according to claim 2 in which the guard is an elongated member
      having a somewhat U-shaped cross section, a cut away portion in the bottom
      thereof opposite the blade and a blade conforming shaped front portion.
NUM  7.
PAR  7. A knife according to claim 1 in which the guard positioning assembly
      includes two plate-like members joined together along one margin and
      normally disposed with respect to each other, one of said plates being
      horizontally carried by the housing above the inwardly offset plates and
      the depending plate being coupled to the guard.
NUM  8.
PAR  8. A knife according to claim 7 in which the depending plate is formed with
      an inwardly extended detent and the horizontal plate is yieldably urged
      away from the housing by a spring.
NUM  9.
PAR  9. A knife according to claim 8 in which the housing is provided with an
      elongated recess in the top thereof overlying the offset plates, a flat
      bearing surface in said recess partially covering the bottom portion
      thereof and an elongated slot in said bottom portion to receive the
      depending plate therethrough.
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PAL  A spoon excavator for administering a solution of N-monochloroglycine or
      other N-haloamine or like solution for effecting and facilitating
      dissolution of dental caries. The spoon excavator has a tubular shaft
      connected to a source of solution and a tip portion flattened and shaped
      to provide a generally spoon-like configuration for facilitating caries
      removal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  N-monochloroglycine solutions having a pH of 8-12 and other N-haloamine
      solutions have been recognized to have the capability of dissolving dental
      plaque and dental caries while not adversely affecting healthy dental
      structures. Some basic compositions having the above-mentioned
      capabilities are disclosed in our copending application Ser. No. 307,835
      filed Nov. 20, 1972, which is a continuation-in-part of application Ser.
      No. 117,822, filed Feb. 22, 1971, now abandoned, and application Ser. No.
      197,966, filed Nov. 11, 1971, now abandoned, although the present
      invention is not restricted to use with the liquids so described, but is
      utilizable with any chemically active decay attacking fluid. Suitable
      solutions include, but are not limited to, solutions of N-chloroglycine,
      N-bromoglycine, N-iodoglycine, N-chlorosarcosine, N-bromosarcosine,
      N-iodosarcosine, N-chloro alpha amino isobutyric acid, N-chlorotaurine,
      N-bromotaurine, N-iodo taurine, N-chloro ethanolamine, N-ethanolamine,
      N-ido-N-acetyl glycine, N-bromo, N-acetyl glycine, N-chloroalanine,
      N-chloro beta alanine, N-bromo beta alanine, N-chloroserine,
      N-bromoserine, N-iodoserine, N-chloro-N-phenylalanine, N-chloroisoleucine,
      N-chloronorvaline, N-chloroleucine, N-bromoleucine, N-iodoleucine,
      N-chloroproline, N-bromo-proline, N-iodoproline, N-chloro hydroxyproline,
      N-chloro omega aminoundecanoic acid, N-chloroaspartic acid,
      N-bromoaspartic acid, N-chloroglutamic acid, N-iodoglutamic acid,
      N-chlorovaline, N-chlorotyrosine, N-bromotyrosine, N-iodotyrosine,
      N-chlorothreonine, N-chlorocysteine, N-chlorocystine, N-chloromethionine,
      N-bromomethionine, N-chlorotryptophane, N-chlorohistidine,
      N-chloroargenine, N-chloroglutamine, N-bromoglutamine, N-chlorolysine,
      N-chloro gamma aminobutyric acid, N-chloro alpha, epsilon diaminopimelic
      acid, N-chloro ornithine, N-chloro hydroxylysine, N-chloroanthranilic
      acid, N-chloro p-ami-nobenzoic acid, N-chlorosulfanic acid, N-chloro
      phenyl-sulfamic acid, N-chloro aminopropanesulfonic acid,
      N-aminomethanesulfonic acid, N-chloropropanolamine,
      N-chlorodiethanolamine, N-chloro ethylene diamine tetra-acetic acid (in
      this compound the nitrogen atom apparently functions as a quaternary
      nitrogen).
PAR  One method of applying such solutions has been by spraying the liquid
      directly on the surface of the caries. Thus the instrument shown in Vit.
      U.S. Pat. No. 3,776,825, is very similar in size and shape to a
      conventional hypodermic needle, and since the tip is pointed and sharp,
      pressure must be light to prevent pain to the patient and to prevent
      possible digging into the caries with subsequent blockage of the egress of
      the solution. The entire disclosure of the Vit patent is hereby
      incorporated by reference. Removal of the caries has in the past been
      facilitated by utilization of a spoon excavator or a rotary burr after
      application of the liquid.
PAR  The device of the present invention effects application of chemically
      active decay attacking fluid, assists in obtaining proper access to the
      area to be treated, and facilitates removal of the caries both before,
      during, and after application of the solution while not interfering with
      liquid flow. A needle has its end flattened and shaped in the form of a
      spoon excavator, and the needle is hooked up to a source of supply for the
      solution. The spoon excavator tip can be used to lift areas of the carious
      material to provide better access to the caries by the liquid, some of the
      gross caries can be freed and lifted away by the tip, and flow of liquid
      can be stopped and the tip used as a conventional spoon excavator without
      the need to stop, place the handpiece and needle tip back in its holder,
      pick up the spoon excavator, and reverse the process to apply more
      solution. The device of the present invention thus takes full advantage of
      the properties of chemically active decay attacking fluids in eliminating
      caries from teeth for subsequent filling. The device of the present
      invention can be used to replace the hypodermic needle in the
      aforementioned Vit patent, and can be used for treating both humans and
      animals.
PAR  It is an object of the present invention to provide an improved means for
      applying chemically active decay attacking fluids to dental caries.
PAR  It is a further object of this invention to provide a means for providing
      better access of chemically active decay attacking fluid to caries.
PAR  It is a further object of the present invention to provide a means for
      assisting in removal of caries treated with chemically active decay
      attacking fluids, e.g. liquids.
PAR  It is a still further object of the present invention to provide an
      instrument that is specially adapted to both administer chemically active
      decay attacking fluid and performance as a spoon excavator.
PAR  These and other objects of the invention will become clear upon an
      inspection of the ensuing detailed description of the invention and the
      appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the instrument according to the
      teachings of the present invention attached to a handpiece for connection
      to a source of supply of chemically active decay attacking fluid;
PAR  FIG. 2 is a top plan view of the tip of the instrument according to the
      teachings of the present invention;
PAR  FIG. 3 is a side elevational view of the tip of the instrument according to
      the teachings of the present invention;
PAR  FIG. 4 is a perspective view of the tip of the instrument according to the
      teachings of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The instrument according to the teachings of the present invention is shown
      generally at 10 in FIG. 1. The instrument consists generally of a
      needle-like member 12 and a handpiece 30 for manipulation of the
      needle-like member and for connection to a source of supply of chemically
      active decay attacking fluid, e.g., a solution of an N-haloamine in a
      liquid. The tubular member 12 is preferably formed to be equivalent in
      size and diameter to the ordinary 20 gauge hypodermic needle, although
      many other sizes are suitable. The tubular portion 12 consists of a curved
      end portion 13 for connection to the handpiece 30, a shaft 14, and a
      working tip portion 15. Although the portion 13 is disclosed as bent to
      facilitate utilization of the device in a person's mouth, it could have
      another suitable contour.
PAR  The working tip portion 15 is shown in detail in FIGS. 2-4. The tip portion
      terminates in the flattened termination portion shown generally at 20, the
      portion 20 having a flat top surface 28, a recessed bottom surface 29,
      side surfaces 26 diverging outwardly from the contour of shaft 14, and
      then converging at rounded off surface 27 at the extreme end thereof. In
      being so shaped, the terminating portion 20 can be used to lift up
      relatively large areas of carious material to provide better access for
      the chemically active decay attacking liquid or other fluid, and can be
      used to remove caries during and after application of the fluid to hasten
      its effect, while not interfering in the least with free albeit still
      directed flow of the fluid from lumen 21 in shaft 14.
PAR  The transition from the shaft 14 to the terminating portion 20 is
      accomplished via surfaces 22-24. Generally beveled surface 22 leads from
      the contour of shaft 14 to flat portion 23. Top surface 28 of terminating
      portion 20 is an extension of flat portion 23. Curved surface 24 provides
      the transition from the bottom surface 29 of termination 20 to the contour
      of shaft 14. By forming the surfaces in such a manner, the top surface 27
      of termination 20 generally bisects lumen 21 of shaft 14, and free albeit
      still directed flow of liquid from lumen 21 to the target area is
      provided.
PAR  The handpiece for manipulation of the needle-like member and for connection
      to the chemically active decay attacking fluid supply means is shown
      generally at 30 in FIG. 1. In FIG. 1, handpiece 30 is shown as having a
      portion 31 for connection to curved needle end portion 13, a middle
      portion 32 shaped to be easily grasped by a hand, and an end portion 33
      for connecting to a hose leading to a liquid reservoir or pump. The means
      30 is suitable for connection in place of the hypodermic needle in a
      system such as is depicted in the above-mentioned U.S. Pat. No. 3,776,825.
      Alternatively, a conventional Water Pic supply system could be utilized in
      place of means 30, or an ordinary syringe or like device. It is preferable
      to have a supply for administering the fluid under pressure, however,
      since the mechanical action of the fluid flow against the caries assists
      the chemical action of the fluid and the mechanical action of the tip 15
      in removing the caries.
PAR  It will be apparent to one of ordinary skill in the art that many
      modifications of the present invention are possible. While the invention
      has been illustrated in an embodiment preferred for accomplishing the
      functions of assisting in providing access to carious material, applying
      liquid to the caries, and excavating caries while not interfering with
      liquid flow, other forms are possible including but not limited to
      variations in size, shape, and contour of the various parts. Thus, it is
      recognized that departures may be made from the illustrated most practical
      and preferred embodiments that are within the scope of the invention,
      which scope is not to be limited except by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dental instrument comprising
PA1  a. a source of supply of chemically active decay attacking fluid, and
PA1  b. means for administering said fluid from said source of supply to dental
      caries, assisting in providing access to said caries by said fluid, and
      excavating said caries while not interfering with flow of said fluid, said
      means including a tubular member for conducting fluid from said fluid
      supply having an open working end thereof formed as a spoon excavator,
      having side surfaces outwardly diverging from the contour of said tubular
      member, a generally curved terminating surface, a generally flat top
      surface, and a generally depressed bottom surface.
NUM  2.
PAR  2. A dental instrument as recited in claim 1 wherein transition is provided
      between said top surface of said spoon excavator working end and said
      contour of said tubular member by a generally beveled portion and a
      generally flat portion of which said top surface of said spoon excavator
      working end is an extension, and wherein transition is provided between
      said bottom surface of said spoon excavator working end and said contour
      of said tubular member by a generally curved portion.
NUM  3.
PAR  3. A dental instrument as recited in claim 1 wherein said top surface of
      said spoon excavator working end of said tubular member substantially
      bisects said tubular member, whereby free albeit still directed flow of
      fluid from said tubular member past said spoon excavator working end is
      allowed.
NUM  4.
PAR  4. A dental instrument as recited in claim 1 wherein said instrument
      further comprises a handpiece for connection to said source of fluid
      supply and for facilitating manipulation of said administering, assisting,
      and excavating means, said handpiece connected to the open end of said
      tubular member remote from said open working spoon excavator end thereof.
NUM  5.
PAR  5. A dental instrument as recited in claim 1 wherein said chemically active
      decay attacking fluid is a solution of N-monochloroglycine at a pH between
      8 and 12.
NUM  6.
PAR  6. A dental instrument as recited in claim 1 wherein said chemically active
      decay attacking fluid is an aqueous solution of N-monochloroglycine at a
      pH between 9 and 11.5.
NUM  7.
PAR  7. A dental instrument as recited in claim 1 wherein said chemically active
      decay attacking fluid is a solution of N-monohaloamine having a pH between
      8 and 12.
NUM  8.
PAR  8. A dental instrument comprising a tubular member for administering
      chemically active decay attacking fluid to caries,
PA1  said tubular member having an open end thereof formed as a spoon excavator
      for assisting in providing access to said caries by said fluid and for
      excavating said caries while not interfering with flow of fluid, said
      spoon excavator end having side surfaces outwardly diverging from the
      contour of said tubular member, a generally curved terminating surface, a
      generally flat top surface, and a generally depressed bottom surface,
PA1  the other open end of said tubular member being adapted to be connected to
      a source of supply of said fluid.
NUM  9.
PAR  9. A dental instrument as recited in claim 8 wherein said instrument
      further comprises a handpiece connected to said other end of said tubular
      member, said handpiece having an opening therethrough to provide
      communication between a source of supply of said fluid and said tubular
      member.
NUM  10.
PAR  10. A dental instrument as recited in claim 9 wherein said tubular member
      is bent near the end thereof connected to said handpiece, whereby
      utilization of said instrument in a patient's mouth is facilitated.
NUM  11.
PAR  11. A method of removing dental caries or plaque comprising the steps of
PA1  inserting a tubular member having the working open end thereof formed as a
      spoon excavator into a patient's mouth, said spoon excavator working open
      end having side surfaces outwardly diverging from the contour of said
      tubular member, a generally curved terminating surface, a generally flat
      top surface, and a generally depressed bottom surface,
PA1  using said member to assist in providing access of chemically active decay
      attacking fluid to said plaque or caries through said tubular member, and
PA1  excavating said caries or plaque with said spoon excavator end of said
      tubular member.
NUM  12.
PAR  12. A method as recited in claim 11 wherein said steps are repeated until
      said caries or plaque have been effectively removed.
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ABST
PAL  A training machine for intra-oral instrumentation for dental treatment
      which comprises a plate carrying an electrically conductive path on the
      surface thereof; an imitation dental instrument with an imitation dental
      tool detachably attached thereto, so that a trainee traces said conductive
      path with said tool; and means for measuring the time during which said
      conductive path is being traced with said tool. A shield is attachable to
      the machine so that the trainee can look at the pattern of the conductive
      path either directly without the shield or only through a mirror with the
      shield attached to the machine.
BSUM
PAR  This invention relates to a training machine for intra-oral
      instrumentation.
PAR  Cutting and drilling of a tooth and filling of medicine in tooth cavities
      are very important operations in dental treatment. Teeth are relatively
      small and exist in an oral cavity so that the above operations are very
      difficult to perform. Moreover, the position of a tooth in the oral cavity
      or the kind of treatment to be performed sometimes makes it impossible for
      a dentist to look directly at the tooth on which he is to perform a
      treatment. In such a case, a mirror is usually employed to look at the
      tooth. However, since the sensation one has when one looks at a tooth
      indirectly through a mirror is different from the sensation one has when
      one looks directly at the tooth, much skill is required for performing
      dental treatment through a mirror.
PAR  For training dental students in intra-oral instrumentation a dental
      mannekin with a model of teeth mounted in the oral cavity thereof is in
      general use. However, with such a mannekin alone it is impossible to
      decide whether the training has been properly performed, and the judgement
      of the result of the training can be made only by the trainee himself.
PAR  Accordingly, the primary object of the invention is to provide a training
      machine for intra-oral instrumentation for dental treatment, which enables
      objective judgment of the result of training in intra-oral
      instrumentation.
PAR  Another object of the invention is to provide such a training machine as
      aforesaid, which enables objective judgement of the result of the training
      no matter whether it has been conducted with the teeth being looked at
      directly or indirectly through a mirror.
PAR  Another object of the invention is to provide such a training machine as
      aforesaid, which enables judgement of the result of the training as a
      function of time.
PAR  Another object of the invention is to provide such a training machine as
      aforesaid, which enables judgement of the result of the training as a
      function of the number of failures during the course of training.
PAR  Still another object of the invention is to provide such a training machine
      as aforesaid, which enables judgement of the result of the training as a
      function of the product of the time required for the training and the
      number of failures scored during the course of the training.
PAR  A further object of the invention is to provide such a training machine as
      aforesaid, in which training is conducted by sliding the front end of an
      imitation dental instrument along a non-linear path.
PAR  In accordance with the invention, an electrically conductive path having
      the shape or pattern of a square, circle, spiral, or any other
      configuration is provided so that the trainee traces the path with the
      front end of an imitation dental instrument he holds in his hand like a
      pen. An electrical circuit which is closed so long as the imitation
      instrument is in contact with the conductive path is provided so that the
      time taken for the imitation instrument to travel from the starting to the
      terminating ends of the conductive path is measured and the number of
      deviations of the instrument from the path during the travel is counted.
PAR  From either or both of the time and the number it is possible to decide the
      result of the training. For example, the shorter the time, the faster the
      speed of tracing; and the smaller the number, the better the manner of
      tracing. If the number is great even when the time is relatively short, it
      means that the manner of tracing has not been very good, and if the time
      is long even when the number is relatively small, it means that the speed
      of tracing has been slow.
PAR  The invention will be explained further in detail with reference to the
      accompanying drawings, wherein:
DRWD
PAR  FIG. 1 is a perspective view, partly cut away, of a training machine
      constructed in accordance with the invention.
PAR  FIG. 2a is a top plan view of the plate shown in FIG. 1 carrying a pattern
      of conductive path;
PAR  FIG. 2b is a view similar to FIG. 2a but showing the plate having a
      different pattern of conductive path; and
PAR  FIG. 3 is a diagram of a control circuit of the machine of the invention.
DETD
PAR  Referring to FIG. 1, there are shown a channel-shaped frame 1 and a console
      2. The frame 1 has a base 3 fixed in the channel thereof and a universal
      joint 4 is provided in the base. A vertical rod 5 is connected to the
      universal joint and carries a plate 6 of insulating material on top
      thereof. A horizontal rod 7 projects in front of the frame 2 with a knob 8
      fixed to the front end of the rod 7, so that upon turning of the knob 8
      the rod 7 fixes the the joint 4 to the base 7 or releases the fixing of
      the joint in a well-known manner. Thus by inclining the rod 5 to a desired
      position and then fixing the joint it is possible to maintain the plate 6
      at a corresponding inclined position.
PAR  A pair of finger rests 9A and 9B are secured to the frame 1 at the opposite
      sides of the base 3 so that the trainee can rest his finger tip, thereon
      while he manipulates the imitation instrument on the plate 6.
PAR  On the upper surface of the plate there is provided a pattern of conductive
      path comprising a start conductive portion 11, a training conductive
      portion 12 and a finish conductive portion 13. These conductive portions
      are made of, for example, copper foil and are formed on the surface of the
      plate in a well-known manner such as in manufacturing a printed circuit
      board. The start and finish portions 11 and 13 are of a relatively small
      area while the training portion 12 has a considerable length and extends
      non-linearly, for example, squarely spirally as shown in FIG. 2a or
      circularly spirally as shown in FIG. 2b.
PAR  A shield plate 14 is detachably attached to the frame 1 and with the shield
      14 attached to the frame, the trainee in front of the frame 1 cannot
      directly look at the pattern on the plate 6 but only through a mirror.
PAR  On the front panel 15 of the console 2 there is provided a digital counter
      16 which measures and indicates the tracing time and a digital counter 17
      which counts and indicates the number of deviations of the instrument of
      the conductive path 12 during the course of training and a pair of
      indicating lamps 18 and 19.
PAR  A cable 21 is withdrawn out from the console so as to be connected to an
      imitation dental instrument 22 provided with an imitation tool 24 which is
      exchangeable with a different type of imitation tool.
PAR  Without the shield 14 attached to the frame, the trainee looks directly at
      the pattern on the plate 6 and brings the tool 24 of the instrument 22 he
      holds like a pen into contact with the start conductive portion 11 and
      traces with the tool the elongated conductive portion 12 from its start
      point 12A to its end point 12B and then puts the tool on the finish
      conductive portion 13. The time taken for the tool 24 to be moved from the
      portions 11 to 13 is indicated by the counter 16; and the number of
      deviations of the tool 24 off the conductive path 12 during the course of
      tracing is indicated by the counter 17. Thus the time required for the
      travel from the conductive portion 11 to the conductive portion 13 and the
      number of deviations of the tool from the conductive portion 12, that is,
      the number of failures in tracing can be known at the counters 16 and 17.
      The shorter the time and the smaller the number, the better the operation
      of tracing that has been conducted. Needless to say, the product of the
      time and the number may be used as a value which indicates the result of
      the training.
PAR  The pilot lamp 18 is turned on when the tool 24 contacts the conductive
      portion 11 so as to indicate that the tool now is at the start point of
      the training; and the pilot lamp 19 is turned on whenever the tool
      deviates off the conductive path 12 during the course of tracing.
PAR  When training is to be conducted with a mirror, the shield is attached to
      the frame 1 as shown in FIG. 1, so that the trainee cannot directly look
      at the pattern on the plate 6. With a mirror in one hand and the tool in
      the other, the trainee looks at the pattern on the plate 6 through the
      mirror and traces it with the tool in the same manner as mentioned above.
PAR  FIG. 3 shows a circuit for controlling the operation of the counters and
      the lighting of the pilot lamps. These elements are enclosed in the
      console 2.
PAR  An alternating voltage is supplied through a pair of terminals 31. The
      voltage is impressed through a switch 32 across a transformer 40 which
      lowers the source voltage to a level safe to the human body. With the
      switch 32 closed, when the tool 24 is brought into contact with the
      conductive portion 11, the lamp 18 is lighted. When the tool 24 then
      contacts the conductive path 12, relay coils 33 and 34 are energized. Upon
      energization of the coil 33 the normally closed contact 33b of the relay
      is opened. Upon energization of the coil 34 the normally open contact 34a
      of the relay is closed so as to energize a coil 16A, which actuates the
      time measuring counter 16 to measure time from that time on.
PAR  The relay 34 is of a self-holding type so that once it is energized, the
      contact 34a is kept closed even when the tool 24 deviates from the
      conductive path 12 until a relay coil 35 is energized to release the
      locking of the relay 34 to open the contact 34a, as will be described
      later.
PAR  When the tool 24 deviates off the conductive path 12 during the course of
      tracing, the coil 33 is deenergized so that the contact 33b is closed to
      light the lamp 19 and at the same time energize a coil 17A which actuates
      the counter 17 to add "1" to the digital value registered therein till
      then.
PAR  When the tool 24 is returned to the conductive path 12, the relay coil 33
      is again energized to open the contact 33b, so that the lamp 19 is turned
      off and the relay coil 17A is deenergized.
PAR  When the tool 24 reaches the end 12B of the conductive path 12 and then
      touches the finish conductive portion 13, the coil 35 is energized to
      release the locking of the relay 34.
PAR  Thus, in accordance with the invention there is provided a training machine
      which enables not only efficient training of dental students in intra-oral
      instrumentation required for cutting, drilling of teeth and other
      operations in dental treatment, but also digital indication of the result
      of the training, which improves the efficiency of the training.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A training machine for intra-oral instrumentation for dental treatment,
      comprising a plate carrying an electrically conductive path on the surface
      thereof; an imitation dental instrument with an imitation dental tool
      detachably attached thereto, so that a trainee traces said conductive path
      with said tool; means for measuring the time during which said conductive
      path is being traced with said tool; and means for shielding said plate so
      that said plate is visible to said trainee only through a mirror.
NUM  2.
PAR  2. The machine of claim 1, further including means for counting the number
      of deviations of said tool off said conductive path during the course of
      tracing.
NUM  3.
PAR  3. The machine of claim 1, wherein said path includes an elongated portion
      extending non-linearly.
NUM  4.
PAR  4. The machine of claim 1, wherein said measuring means comprises a circuit
      which is closed when said tool is in contact with said conductive path,
      and a counter which operates upon closure of said circuit to measure the
      time passed from the time of said closure and continues to operate until
      said tool finishes tracing of said conductive path.
NUM  5.
PAR  5. The machine of claim 2, wherein said counting means comprises a circuit
      which is closed when said tool is in touch with said conductive path and
      opened whenever said tool deviates off said conductive path during the
      course of tracing, and a counter for counting the number of times said
      circuit is opened.
NUM  6.
PAR  6. The machine of claim 3, wherein said conductive path includes a second
      portion separate from said elongated portion, so that said tool is brought
      into contact with said second portion before said tool is brought into
      contact with said elongated portion.
NUM  7.
PAR  7. The machine of claim 6, further including a lamp which is turned on when
      said tool is brought into contact with said second conductive portion.
NUM  8.
PAR  8. The machine of claim 5, further including a lamp which is turned on upon
      each said deviation of said tool.
NUM  9.
PAR  9. The machine of claim 6, wherein said conductive path includes a third
      portion separate from said elongated portion, so that said tool is brought
      into contact with said third portion after said tool has finished tracing
      said elongated portion.
NUM  10.
PAR  10. The machine of claim 9, wherein said measuring means stops its
      measuring upon contact of said tool with said third conductive portion.
NUM  11.
PAR  11. A training machine for intra-oral instrumentation for dental treatment,
      comprising a plate carrying an electrically conductive path on the surface
      thereof, an imitation dental instrument with an imitation dental tool
      detachably attached thereto, said tool being interchangeable with a
      different imitation tool, so that a trainee traces said conductive path
      with said tool; and means for measuring the time during which said
      conductive path is being traced with said tool.
NUM  12.
PAR  12. The machine of claim 11, further including means for counting the
      number of deviations of said tool off said conductive path during the
      course of tracing.
NUM  13.
PAR  13. The machine of claim 11, wherein said path includes an elongated
      portion extending non-linearly.
NUM  14.
PAR  14. The machine of claim 11, wherein said plate is directly visible to said
      trainee.
NUM  15.
PAR  15. The machine of claim 11, wherein said measuring means comprises a
      circuit which is closed when said tool is in contact with said conductive
      path, and a counter which operates upon closure of said circuit to measure
      the time passed from the time of said closure and continues to operate
      until said tool finishes tracing of said conductive path.
NUM  16.
PAR  16. The machine of claim 12, wherein said counting means comprises a
      circuit which is closed when said tool is in touch with said conductive
      path and opened where said tool deviates off said conductive path during
      the course of tracing, and a counter for counting the number of times said
      circuit is opened.
NUM  17.
PAR  17. The machine of claim 16, further including a lamp which is turned on
      when said tool is brought into contact with said second conductive
      portion.
NUM  18.
PAR  18. The machine of claim 16, further including a lamp which is turned on
      upon each said deviation of said tool.
NUM  19.
PAR  19. The machine of claim 17, wherein said conductive path includes a third
      portion separate from said elongated portion, so that said tool is brought
      into contact with said third portion after said tool has finished tracing
      said elongated portion.
NUM  20.
PAR  20. The machine of claim 19, wherein said measuring means stops its
      measuring upon contact of said tool with said third conductive portion.
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ABST
PAL  A measuring wicket for dogs comprising a U-shaped member having a pair of
      spaced tubular legs and an interconnecting bar. A cross bar extends
      between the legs below the interconnecting bar. Each of the legs has a
      plurality of spaced openings which cooperate with latching means on leg
      extensions to set the leg extensions at predetermined positions. The
      degree of extension is viewed by means of the upper most spaced opening
      through which the leg may be seen, said opening serving as a window for
      the indicator enscribed on the leg extension. Each opening is numbered to
      give the exact height of the cross bar with reference to the indicated
      setting of the leg extension.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the class of measuring instruments and more
      particularly to a wicket for measuring the height of a dog.
PAR  2. Description of the Prior Art
PAR  At dog shows, in those breeds where certain heights are specified in the
      standard for the particular breed as disqualifications or in any class
      where the conditions include a height specification, the dog show judge
      may be required to make a determination as to whether any dog measures
      within the specified limits. In the past, various types of equipment have
      been used which have resulted in considerable difficulties in providing
      for an accurate determination of the height of the dog. This is because it
      is often difficult to cause the dog under consideration to stand in an
      erect manner for a period long enough for the accurate measurement using
      rulers, tape measures, or the like, to be employed.
PAR  The problem presented is to provide a device which in a positive manner
      will assure accurate measurement in a very short time and with the dog
      shifting in the position of its shoulders and the like so that a reading
      of less than the dog's actual height cannot be made because the dog is
      incorrectly positioned during the measurement.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention conceives of a wicket which is placed across the
      dog's shoulders in such a manner that if both legs of the wicket touch the
      ground at all times while the dog is being measured and with the shoulders
      being shifted, the dog will be considered as being under the particular
      height for which the wicket is set. The invention conceives of two
      different size adjustable wickets covering all of the various sizes for
      the various breeds for which height standards have been set and so
      arranged that the height to which a wicket has been set may be easily
      ascertained by the judge using the wicket. Each wicket is of U-shape and
      includes a pair of telescopic legs including tubular leg members provided
      with a plurality of side apertures therethrough and further including a
      pair of leg extensions provided with a series of spaced notches therein.
      Ball detent latching means are provided for conveniently seating the
      wicket in a predetermined height position. A cross bar for seating on the
      shoulder of the dog being measured is provided and the space between the
      top bar of the wicket and the cross bar allows for convenient use of the
      top bar of the wicket as a handle for placing the wicket on the dog
      without in any way alarming or discomforting the dog being measured.
PAR  It is therefore an object of the invention to provide a measuring wicket
      for dogs that will enable an individual judge to conveniently and
      accurately measure the height of a dog thereby eliminating previous
      difficulties heretofore present in measuring dogs at dog shows and further
      eliminating the need for measuring committees to obtain accurate
      measurements.
PAR  Still further objects and features of this invention reside in the
      provision of measuring wickets for dogs that is simple in construction,
      inexpensive to manufacture thereby permitting wide use and distribution to
      dog show holding clubs so as to facilitate familiarity with such measuring
      wickets, which will speed up dog show judging by providing for quicker and
      more accurate determination of the height of a dog, and which is
      telescopic in construction, thereby permitting the use of the wicket for a
      wide variety of heights of dogs.
PAR  These, together with the various ancillary objects and features of the
      present invention, which will become apparent as the following description
      proceeds, are attained by this measuring wicket for determination of a
      dog's height, a preferred embodiment of which is illustrated in the
      accompanying drawing, by way of example only, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevational view of a measuring wicket constructed in
      accordance with the concepts of the present invention;
PAR  FIG. 2 is an enlarged partial elevational view, illustrating a tubular leg
      and leg extensions;
PAR  FIG. 3 is an enlarged vertical view, taken along the plane of line 3--3 in
      FIG. 1; and
PAR  FIG. 4 is a partial elevational view with parts being broken away to show
      other parts in section illustrating details of construction of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continuing reference to the accompanying drawing, wherein like
      reference numerals designate similar parts throughout the various view,
      reference numeral 10 is used to generally designate a measuring wicket for
      dogs constructed in accordance with the concepts of the present invention.
      The measuring wicket 10 includes a pair of tubular legs 12 and 14
      interconnected by an interconnecting bar 16 forming a general U-shaped
      member. The tubular legs 12 and 14 are also interconnected by a cross bar
      18 spaced below and parallel to the interconnecting bar 16. Hence, the
      space between the interconnecting bar 16 and the cross bar 18 permits the
      positioning of the hand of the user and upon grasping of the
      interconnecting bar 16, the entire wicket may be raised, lowered, and
      positioned over the shoulders of a dog in a convenient fashion.
PAR  The legs 12 and 14 have respectively a series of spaced openings 20 and 22
      therin, the openings being spaced preferably exactly one-half inch apart.
      Indicia for indicating height as indicated at 24 is provided on one or
      both legs 12 and 14 between the spaced openings 20. Secured as by welding,
      brazing, bonding or the like to the legs 12 and 14 are enlarged tubular
      bosses 26 and 28. Each of these bosses 26 and 28 have internally threaded
      openings 30 therein and a latching means 34 including a set screw 36
      provided with a spring pressed ball detent 38 and an enlarged head 40 are
      provided and are threaded in the opening 30.
PAR  A pair of leg extensions 44 are provided having enlarged feet 46 and 48
      below the legs. The extensions 44 are telescopically slideable within the
      legs 12 and 14 and may be selectively latched in an adjusted position
      through use of the latching members 34. Indexing indicia 50 may be
      provided on one of the legs such as at one of a series of spaced grooves
      52 provided for each of the leg extensions. The ball detents 38 are
      adapted to sit in the grooves 52 and hold the leg extensions in the locked
      position with the screws 36 threadedly engaged in an inward position.
      Then, peering through the opening 20, the indicia 50, which may be
      colored, will provide a clear indication in cooperation with the indicia
      24 as to the height setting of the wicket 10.
PAR  In use, the judge preferably approaching the dog from behind may slip the
      wicket directly over the dog's shoulders and moving the wicket slightly in
      that area determine if both leg extension feet 46 and 48 rest on the
      ground. If this is the case, the dog measures under the height to which
      the wicket has been set. If, with slight movement of the dog or wicket,
      one of the leg extension feet 46 and 48 are raised, the dog is obviously
      taller than the height setting of the wicket. The wicket is preferably
      made in two different sizes to accommodate the girth of the animal ranging
      from a relatively small height for small size or toy breeds, as for
      example the toy poodle, to very sizeable dogs, such as the Great Dane.
PAR  A latitidue of modification, substitution and change is intended in the
      foregoing disclosures, and in some instances some features of the present
      invention may be employed without a corresponding use of other features.
CLMS
STM  I claim:
NUM  1.
PAR  1. A measuring wicket for dogs comprising a U-shaped member having a pair
      of spaced tubular legs and an interconnecting bar, a cross bar below said
      interconnecting bar and extending between said legs and secured thereto, a
      plurality of spaced openings in each of said legs, leg extensions slidably
      telescopically received in said legs, indexing grooves in said extensions
      co-operable with said openings to indicate the effective height of said
      cross bar, and locking means secured to each of said legs for engagement
      with the associated leg extension in said grooves for selectively locking
      each of said leg extensions in an adjusted position.
NUM  2.
PAR  2. A measuring wicket for dogs according to claim 1, wherein each said
      locking means includes a spring pressed ball detent seatable in said
      grooves.
NUM  3.
PAR  3. A measuring wicket for dogs according to claim 2, including enlarged
      bosses at the bottom of said legs, and enlarged feet on said leg
      extensions.
NUM  4.
PAR  4. A measuring wicket for dogs according to claim 2, including enlarged
      bosses at the bottom of said legs, said locking means being threadedly
      secured in said bosses.
NUM  5.
PAR  5. A measuring wicket for dogs according to claim 4, including enlarged
      feet on said leg extensions of larger diameter than the internal diameter
      of said bosses.
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PAL  An adapter for attachment to electrical receptacle boxes and the like to
      provide an indication of the outline thereof on wall panels or boards, the
      adapter having a lip for removably securing a planar member thereof to the
      corners of a receptacle box, the planar member having a projecting beveled
      end which makes an impression or indentation on the wall panel or board
      when in contact therewith.
BSUM
PAR  The present invention relates to the installation of walls, more
      particularly, wall boards and panels in rooms.
PAR  In the installation of wall boards and wood paneling the proper alignment
      with existing electrical receptacles and the like has been a long standing
      problem.
PAR  Various approaches and devices have been suggested to overcome this
      problem. Such approaches are typified by the following prior patents; U.S.
      Pat. Nos. 2,788,151; 2,830,662; and 3,260,400, which patents all relate to
      a specially designed receptacle which coacts with the wall board in such a
      manner that an indication or cut-out of the location of the receptacle is
      made on the wall board to assure proper alignment.
PAR  The present invention has as its objective, similar to the prior patents
      mentioned above, the proper alignment between the wall board and/or
      paneling and the electrical receptacle box or the like. However, the
      present invention contemplates the use of an adapter that is removable,
      reusable and particularly suited, unlike the prior patents, to
      conventional or standard receptacles. Additionally, the adapters of the
      present invention are inexpensive and easier to manufacture when compared
      to specially designed receptacles. More importantly, the adapters of the
      present invention will easily permit the homeowner or worker to replace
      existing walls or panels that, more than likely, did not contain or coact
      with specially designed receptacles for alignment purposes.
PAR  Basically, the present invention provides an alignment indicator that is
      adapted to be removably secured to electrical receptacle boxes or the
      like, comprising; a member having means for removable attachment to an
      edge of a receptacle box, the member having an end portion which projects
      beyond the receptacle box when attached thereto, and means on the edge of
      the end portion for contacting a wall panel and the like and making on the
      same an indication of the position of the member with respect to the
      receptacle.
DRWD
PAR  For a fuller understanding of the present invention reference should now be
      had to the following detailed description of the same taken in conjunction
      with the accompanying drawings, wherein:
PAR  FIG. 1 is a pictorial representation of one form of adapter according to
      the present invention;
PAR  FIG. 2 is a pictorial representation of one of the adapters of FIG. 1
      depicting its installation on a receptacle box and its coaction with a
      panel or the like;
PAR  FIG. 3 is a pictorial representation of a second embodiment of the adapter
      according to the present invention;
PAR  FIG. 4 is a pictorial fragmentary view of the adapter of FIG. 3 installed
      on a receptacle;
PAR  FIG. 5 is a pictorial representation of a third embodiment of the adapter
      according to the present invention;
PAR  FIG. 6 is a pictorial representation of two of the adapters of FIG. 5 as
      installed on an irregularly shaped receptacle;
PAR  FIG. 7 is a fragmentary pictorial representation of the manner in which the
      adapter of FIG. 5 is attached to a receptacle box; and
PAR  FIG. 8 is a pictorial representation of a fourth embodiment of the adapter
      according to the present invention.
DETD
PAR  Referring now to the drawings and, more particularly, to FIGS. 1 and 2 the
      adapter according to the present invention is generally depicted at 10 and
      comprises a pair of substantially flat or planar rectangular sections 12,
      14 joined together or bent to form a right angle therebetween.
PAR  Means are provided to secure the adapter 10 to the corner of a receptacle
      box or the like 16. Such means may conveniently take the form of a pair of
      pressed out tabs or lips, the main bodies 18 and 20 of which are spaced
      from the plane containing sections 12 and 14. The spacing is such to
      permit the adapter to fit each corner of a receptacle box and project
      therefrom as indicated in FIG. 2.
PAR  The projecting end of each section 12, 14 contains suitable means to
      provide an indication of the outline or corners of the receptacle box 16
      on a wall panel or board when in contacting relationship therewith. Such
      means may, by way of illustration and not limitation, take the form of
      beveled edges 24, 26 which function to leave an impression 28 on the panel
      or board 22. With four adapters 10 in place on the four corners of the
      receptacle the impression formed on the panel or board will establish a
      satisfactory guide from which a proper opening can be cut. It is to be
      understood that other means instead of bevels can be utilized on the
      projecting edges, such as for example chalk or carbon black.
PAR  FIGS. 3 and 4 illustrate similar adapters and similar numerals with the
      addition of primes will be used to depict similar parts. The only
      difference between this embodiment and the FIG. 1 embodiment is that the
      projecting edges 24', 26' lie in the plane of the tabs 18', 20' to provide
      a slightly larger guide or outline on the panel or board and one that is
      substantially equal to the outer dimensions of the receptacle.
PAR  FIGS. 5, 6 and 7 represent similar adapters wherein a single section or
      member 12" with a lip 18" is utilized for irregularly shaped receptacle
      boxes 16" such that a plurality of these members may be attached to the
      receptacle to give an indication of the outline thereof on a panel or
      board in contact therewith.
PAR  FIG. 8 represents a modification wherein the adapter can accommodate
      receptacle boxes of varying thicknesses. Thus, a second set of lips or
      tabs 180 and 200 are provided in addition to lips 18 and 20, the spacing
      of which from the sections 12 and 14 is different.
PAR  Although only one adapter has been illustrated in FIG. 2 for a square or
      rectangular receptacle box, it is to be understood that in use four
      adapters would be attached at each corner thereof.
PAR  Preferred embodiments of the present invention have been disclosed and
      described; however, changes will occur to those skilled in the art. It is
      therefore intended that the present invention be limited only by the scope
      of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adapter for electrical receptacle boxes or the like, comprising;
PA1  a. at least one substantially planar member,
PA1  b. means attached to said member for removably securing said member on an
      edge of an electrical receptacle box,
PA1  c. said member having an end projecting from said means and outwardly from
      an electrical receptacle box when secured thereto,
PA1  d. means on said end for providing an indication of the location of said
      end with respect to an electrical receptacle box when secured thereto, and
PA1  e. said means attached to said member comprises two lips the main portions
      of which are parallel to and spaced different distances from said member.
NUM  2.
PAR  2. The adapter according to claim 1, further comprising;
PA1  f. an additional member identical to said planar member attached
      perpendicularly thereto.
NUM  3.
PAR  3. The adapter according to claim 2, wherein said means on said end
      comprises a beveled edge.
NUM  4.
PAR  4. The adapter according to claim 1 wherein said end is substantially in
      the plane of said planar member.
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PAL  An apparatus for measuring the length of curved segments including loading
      pairs of rollers with one roller of each pair being driven, positioning
      switches, positioning shaped reciprocally movable elements defining a
      hollow to house the segment to be measured and movable arms and feelers to
      measure the segment. The hollow has a shape corresponding to the
      theoretical shape of the segment. The movable elements are fitted with
      openings for at least one of the ends of the segment. The feelers are
      arranged in correspondence with the openings to cooperate with the
      relevant ends of the segment.
BSUM
PAR  This invention relates to an apparatus for measuring the length of curved
      segments, with small transversal sizes with regards to the length, in
      particular of the segments used as side seals in the rotor of a rotating
      "Wankel" engine.
PAR  In this type of engine one of the most difficult problems to solve is to
      ensure the sealing between the rotor, which in its transversal section has
      the shape of a convex triangle with the sides curved according to a
      circumferential arc, and the stator having the shape of an epitrochoid.
PAR  The sealing has to be ensured both along the corners parallel with the axis
      of rotation, for this purpose rectilinear segments are used, and along the
      side walls of the rotor and stator, where curvilinear segments perform
      this task. These segments are housed in grooves shaped as a
      circumferential arc made in the rotor concentrically with its sides and at
      a small distance from them. To ensure a good sealing near the apexes too,
      cylindrically-shaped seals are used, contained in appropriate seats on
      which the ends of the side segments abut.
PAR  Obviously, to attain good sealing, it is important that these seals
      perfectly fit the shape and the length of the relevant grooves, in which
      they are inserted.
PAR  It is therefore an object of the present invention to provide an apparatus
      for quickly and accurately measuring the length of curvilinear segments of
      a preset curving.
PAR  It also is a special object of the present invention to make an apparatus
      adapted to measure the length of the side seals of Wankel rotors so that
      their fitting with the relevant seats or grooves can be effectively
      checked.
PAR  These and other objects and advantages of the invention will result from
      the following description of an apparatus for measuring the length of
      curved segments including loading means, positioning means, unloading
      means for the segments to be measured, measuring means with moving arms
      and direct contact feelers. According to the present invention the
      positioning means are formed by at least two shaped reciprocally moving
      elements, adapted to define a hollow to house the segment to be measured.
      The hollow has a shape corresponding to the theoretical shape of the
      segment and is fitted with openings for at least one of the ends of the
      segment. The feeler or feelers of the moving arms is or are arranged in
      correspondence with the openings to cooperate with the relevant end, or
      ends, of the segment.
PAR  The loading, positioning and unloading means include operating devices to
      successively displace the shaped elements to a loading, measuring and
      unloading position of the segments.
DRWD
PAR  The invention now will be described in more detail with reference to the
      attached drawings given by way of a nonlimiting example in which equal or
      equivalent parts are marked by the same reference numerals.
PAR  FIG. 1 shows a schematic transversal view of an embodiment of the apparatus
      according to the present invention.
PAR  FIG. 2 shows a block diagram of the apparatus of FIG. 1.
DETD
PAR  In FIG. 1 are indicated by 1 the segments to be measured, consisting in
      side seals of Wankel rotors.
PAR  Dashed lines 3, 4 represent guides to bring segments 1 to the measuring
      position and to unload them.
PAR  Guides 3, 4 have interruptions, and pairs of rollers 6, 7 pass through
      them.
PAR  Rollers 6 are idle, whereas driving rollers 7 are operated by motors and
      drive means not represented in FIG. 1.
PAR  The axes of rollers 6 are displaceable, so that they move away from or
      approach the axes of the corresponding rollers 7 and are associated with
      pressure springs 8.
PAR  A frame 9, shown very schematically, supports an upper shaped element 11
      and, by means of vertical guides 13, 14 a lower shaped element 16
      consisting in a slide which can move along guides 13, 14 under the action
      of piston 18 of a pneumatic double-acting cylinder 19 having two pipes 20,
      21.
PAR  The facing surfaces 23, 24 of upper shaped element 11 and of slide 16 have
      respectively a convex and a concave shape with profiles as a
      circumferential arc.
PAR  The relevant curving centers coincide when the surfaces are in a measuring
      position and segment 1 is clamped therein.
PAR  The length of the two surfaces 23, 24 is advisably smaller than the nominal
      length of segment 1, so that the latter, while being measured, projects at
      both sides of surfaces 23, 24, as explained hereinafter.
PAR  Surfaces 24 defines a hollow 25 in which there is an idle roller 6' whose
      axis can move vertically and is associated with a pressure spring 27.
PAR  Surface 23 also defines a hollow 29 in which there is a roller 7' whose
      axis can move vertically and is associated with a pressure spring 8'.
PAR  Roller 7' is connected through proper not shown joints with the operating
      drive of rollers 7.
PAR  In upper shaped element 11 there are pneumatic cylinders 33, 34 with
      pistons 36, 37 associated with relevant ejection rods 38, 39 and return
      springs 41, 42.
PAR  The feeding of cylinders 33, 34 takes place by pipes 43, 44.
PAR  The microswitch 46 operated by the coming segment 1, is fixed to a side of
      slide 16.
PAR  Frame 9 supports a measuring head 48 formed by two arms 50, 51 bearing
      direct contact feelers 53, 54 at their ends.
PAR  With arm 50 there is associated a position transducer 55, comprising a
      fixed armature 56, and a mobile armature 57. With arm 51 there is
      associated a position transducer 59 including a fixed armature 60 and a
      mobile armature 61.
PAR  Through cables 63, 64 transducers 55, 59 are connected to an indicating
      instrument 66.
PAR  Arms 50, 51 associated with return springs 68, 69 can perform small
      rotational motions around fulcra 70, 71 which are obtained by making a
      transverse cut and a hole in arms 50, 51 to reduce their sections to a
      flexible leaf spring.
PAR  The block diagram of FIG. 2 illustrates the control circuits and the
      working of the apparatus of FIG. 1.
PAR  Segments 1, pushed on by rollers 7, slide at some distance from one another
      along input guides 3, 4.
PAR  When a segment 1 comes to the input side of surfaces 23, 24, slide 16 is at
      the farthest position from surface 23 and is kept there by double-acting
      cylinder 18 which receives air under pressure from pipe 20.
PAR  It may be noted that surfaces 23, 24 present input chamfers 74, 75 to
      facilitate the entry of segment 1.
PAR  Segment 1 is pushed on, by the action of roller 7' too, until its front end
      closes microswitch 46.
PAR  Microswitch 46 is associated, through a line 76, to an electronic circuit
      including a monostable multivibrator 77 which commutates at the closure of
      microswitch 46, supplying an output pulse through a line 78.
PAR  The output pulse of multivibrator 77 brings about the stopping of motor 79
      (FIG. 2) operating rollers 7, 7'.
PAR  At the same time, by means of a line 80 and a valve not shown this pulse
      controls the lifting of slide 16, as a result of the inlet of air under
      pressure into double-acting cylinder 19 through pipe 21.
PAR  The lifting of slide 16 causes the hoisting of segment 1 which remains
      clamped between surfaces 23, 24 in the position shown by a dashed line in
      FIG. 1, assuming a shape and curving corresponding to those assumed when
      it is inserted in the relevant grooves of the Wankel rotor.
PAR  While slide 16 is lifting clamping segment 1 springs 27, 8' are compressed
      and rollers 6', 7' return into hollows 25, 29.
PAR  The lifting of segment 1 makes its ends come between the ends of moving
      arms 50, 51 which present input chamfers 81, 82.
PAR  Therefore segment 1 causes the opening of moving arms 50, 51 and its ends
      getting into touch with feelers 53, 54.
PAR  The latter have such a profile as to reproduce the contact conditions of
      segment 1 with the cylinders of the rotor. After this phase indicating
      instrument 66 is enabled by a delay circuit 83 operated by multivibrator
      77 through a line 84.
PAR  Delay circuit 83 supplies a delay sufficient to ensure the fulfillment of
      the already described operations following the closure of microswitch 46,
      and, additionally, to ensure that feelers 53, 54 steadily contact the ends
      of segment 1.
PAR  The position of microswitch 46 is such that segment 1, when it stops, is
      arranged in a substantially symmetrical way, so that its ends project by
      the same quantity at both ends of surfaces 23, 24 (obviously this is only
      approximately true; as a matter of fact, if every segment 1 is assumed to
      stop when its left end is at a constant distance from microswitch 46 the
      position of the other end depends on the length of the segment itself).
      Therefore the insertion of the ends of segment 1 between feelers 53, 54 is
      easy and the distances of mobile armatures 57, 61 of transducers 55, 59
      from the corresponding fixed armatures 56, 60 are not too different from
      one another.
PAR  Detecting the measurement foresees the processing of the signals supplied
      by transducers 55, 59. The signals are indicative of the openings of
      moving arms 50, 51 with respect to reference or "zero" openings achieved
      when a master piece is arranged in the measuring position.
PAR  As segment 1 being clamped between surfaces 23, 24 is compelled to assume a
      set shape, the processing of the same signals directly provides the length
      of segment 1 measured.
PAR  After the measurement, a pulse supplied by instrument 66 initiates the
      unloading phases of segment 1.
PAR  The pulse causes (functional connection 85) the lowering of slide 16,
      controlling the air supply under pressure to cylinder 19 through pipe 20.
PAR  The same pulse brings about the operation of valves not shown which allow
      air under pressure to enter cylinders 33, 34 for some time and thereby
      control a downward stroke of ejection rods 38, 39 that push segment 1 from
      arms 50, 51 and arrange it on slide 16 (functional connection 87).
PAR  Finally, the same pulse controls (functional connection 89) the starting of
      motor 79 operating driving rollers 7, 7' so that an already measured
      segment 1 is moved away from the measuring apparatus and a successive
      segment 1 comes between surfaces 23, 24.
PAR  When the right end of the already measured segment goes beyond microswitch
      46, the latter opens again and then closes at the arrival of successive
      segment 1, initiating in this way a new operative cycle of the apparatus.
PAR  As already seen, the apparatus of FIG. 1 includes two moving arms 50, 51
      with relevant position transducers 55, 59.
PAR  Obviously it is also possible to use a single transducer with both moving
      armatures, each of them being associated to an arm.
PAR  The apparatus can be changed so that only one of its arms is moving whereas
      the end of the other fixed arm acts as a reference abutment for an end of
      segment 1. According to another variant this fixed arm can be eliminated
      and replaced by a reference ledge associated, for instance, to upper
      surface 23.
PAR  In such a case surfaces 23, 24 can be modified so that, when closed, they
      present only one end opening for the passage of an end of segment 1 (on
      which the only feeler of the apparatus acts) while the other end of the
      segment is clamped between the two surfaces.
PAR  To assure an exact arrangement of segment 1 on surfaces 23, 24 the latter
      can present slots adapted to guide and house the segments themselves.
PAR  The apparatus can be finally provided with per se known devices for grading
      the measured segments in different classes according to their length and
      with marking devices, known per se, adapted to mark the segments by means
      of symbols representative of the classes to which they belong.
PAR  Obviously, in addition to the modifications and variants mentioned above,
      other changes can be made being equivalent from the functional and
      structural point of view, without going beyond the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for measuring the length of curved segments, comprising:
PA1  a frame;
PA1  positioning means, carried by the frame, including: two shaped elements
      adapted to define a housing for the segment to be measured, said housing
      having a shape corresponding to the theoretical shape of the segment and
      defining two openings for the passage of the ends of the segment; and
      means for successively displacing said shaped elements from a position for
      receiving a segment to a measuring position and back to said receiving
      position for removal of the measured segment; measuring means, carried by
      the frame, including two movable arms with contact feelers for contacting,
      respectively, the ends of the segment projecting through said openings in
      said measuring position, located intermediate said arms; means for biasing
      the feelers towards the ends of the segment and transducer means for
      providing a signal responsive to the mutual distance of the feelers.
NUM  2.
PAR  2. The apparatus according to claim 1, for measuring the side seals of
      Wankel rotors, wherein said two shaped elements have facing opposite
      surfaces for defining said housing, one of the surfaces being concave, the
      other convex, with profiles as circumferential arcs, one of the elements
      being fixed to the frame and the other element being movable with respect
      to the frame, and wherein the centers of curvature of said profiles are
      coinciding in said measuring position of the two shaped elements.
NUM  3.
PAR  3. The apparatus according to claim 1, wherein said movable arms are
      pivotally mounted on said frame, said transducer means comprises two
      transducers, each transducer being operatively connected to a relevant arm
      to provide a signal depending on the arm position, and said means for
      biasing comprises return springs for urging the arms towards each other.
NUM  4.
PAR  4. The apparatus according to claim 1, further comprising loading means
      carried by the frame for acting on the segments to be measured to make the
      same enter between said shaped elements by passing through one of said
      openings, and unloading means carried by the frame for acting on the
      measured segments to remove them away from said shaped elements, through
      the other opening.
NUM  5.
PAR  5. The apparatus according to claim 4, further comprising control means
      operatively connected to said positioning means, measuring means, loading
      means and unloading means for automatically controlling their operation to
      successively move a first segment from the receiving position to the
      measuring position, measure said segment, move said segment back to said
      receiving position, unload said segment, and load a second segment into
      said receiving position, said control means including a switching device
      having a control member arranged adjacent one of said shpaed elements to
      be actuated by the segment to be measured to initiate said automatic
      operation.
NUM  6.
PAR  6. The apparatus according to claim 5, wherein said control means comprises
      first circuit means operatively connected to said switching device and
      loading means for arresting the operation of the loading means; and second
      circuit means operatively connected to said switching means and
      positioning means for controlling the displacement of said shaped elements
      to the measuring position.
NUM  7.
PAR  7. The apparatus according to claim 6, wherein said control means comprises
      a delay circuit connected between said switching device and the measuring
      means, to control the detecting of the measurement by the measuring means,
      upon reaching said measuring position of the shaped elements.
NUM  8.
PAR  8. The apparatus according to claim 7, wherein said control means comprises
      third circuit means operatively connected to said measuring means and
      positioning means for controlling the displacement of said shaped elements
      to the receiving position, upon the detecting of the measurement by the
      measuring means; and fourth circuit means operatively connected to said
      measuring means, unloading means and loading means for starting the
      operation of the unloading means and loading means upon said detecting of
      the measurement.
NUM  9.
PAR  9. The apparatus according to claim 4, wherein said loading means and
      unloading means include guides and pairs of rollers, every pair being
      formed by a driving roller operated by driving means and an idle roller,
      at least one pair of rollers being housed in recesses defined in said
      shaped elements.
NUM  10.
PAR  10. The apparatus according to claim 9, wherein at least one roller of
      every pair is displaceable toward and away from the other roller in a
      direction perpendicular with its axis and is coupled to resilient means
      adapted to bias it towards the other roller of the pair.
NUM  11.
PAR  11. The apparatus according to claim 1, wherein said positioning means
      includes movable ejection means for ejecting the measured segments away
      from said contact feelers and toward said receiving position.
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PAL  A feeler device has a feeler element pivoted on a carrier for measurement
      of relative movements between the element and carrier. The element can be
      located in alternative end positions from which the relative movements
      take place. The end position is selected by adjustment of a rotatable ring
      that has a camming surface acting on springs which provide the biassing
      action that causes one or other end position to be assumed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a feeler device, particularly but not exclusively
      for testing the flanks of gear teeth.
PAR  In a known feeler device for gear tooth flanks, the feeler pressure can be
      so changed over by a helical spring that it is possible at will to apply
      the device to a left-hand or a right-hand tooth flank. In making this
      change, due to the different stressing of the helical spring, depending on
      a winding or unwinding movement, differences in torque and thus in force
      occur with equal plus or minus angles of rotation.
PAR  The invention has for its object to provide a device in which the feeler
      pressure for left-hand and right-hand tooth flanks can be given the same
      value with equally large symmetrical deviation angles of the change-over
      member.
PAC  SUMMARY OF THE INVENTION
PAR  This object is achieved in the present invention by providing a
      displaceable member for biasing the device in a predetermined direction of
      deflection, the displaceable member being arranged to act on respective
      springs, in dependence upon its position of adjustment which urges the
      device into one or another alternative end position.
PAR  The displaceable member is preferably in the form of a rotatable ring and
      may be provided with an abutment surface providing a camming action to
      vary the setting of said springs. Such an abutment surface may take the
      form of an inclined plane on an end face of the ring and set obliquely to
      the direction of rotation of the ring.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention will be described, by way of example, with
      reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a perspective view of the front portion of a feeler device
      according to the invention, and
PAR  FIG. 2 is a similar perspective view of the rear portion of the same device
     .
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawing, the device comprises an elongated tubular carrier
      member 1 on which various elements of the device are mounted. These
      include a ring 2 that is rotatable on the forward end of the carrier
      member and has an inclined rear end face 3 obliquely inclined to its axis
      of rotation. The carrier member also supports two longitudinally extending
      pins 4 disposed symmetrically on opposite sides of the member 1. Slots 5
      are provided on opposite sides of the carrier member 1, and in each slot
      is arranged a bell crank lever 6 mounted on the member 1 by pins 7. A leaf
      spring 8 is fixed by one end to each bell crank lever 6. A disc 9 on which
      contact segments 10 are arranged is also secured on the carrier member 1.
PAR  In front of the rotatable ring 2 there is fixed a disc 11, which carries a
      fiducial mark 12. A symmetrical scale 13 on the rotatable ring 2
      co-operates with the mark 12.
PAR  Fixed in the base member 1 are two diametrically opposed flanges or
      mounting discs 14, in which are set two leaf spring 15 arranged
      perpendicular to one another. The central zone of these two leaf springs
      15 passes through a cross bore in a lever or rod 16 extending centrally
      along the member 4, the lever thus being pivotable in a certain direction
      of deflection (in the horizontal plane as seen in the drawing). One end of
      the lever or rod projects forwards of the member 1 and carries a feeler
      probe 17 held in place by a tension spring 18 with pins 19 and 20. The
      form of interconnection permits articulation between the probe and the rod
      if there is an excessive side loading on the probe that cannot be taken up
      by deflection of the rod, the probe then pivoting on a side edge of the
      interface 21 between it and the rod, but the probe and rod normally move
      together.
PAR  Towards the rear of the rod 16 there is a collar 22 against which lateral
      pressure is applied by the leaf springs 8.
PAR  Screws 23 which are disposed on opposite sides of the rod 16 in the
      vertical plane and are arranged in the member 1 with some clearance from
      the rod, prevent the rod being tilted in the vertical plane. Spring stops
      24, fixed in the base member 1, prevent excessive horizontal deflections
      of the rod 16 and also take up horizontal impacts of the rod.
PAR  Disposed in two diametrically opposed flanges or supports 25 set into the
      member 1 is a measuring pin 26, which establishes the horizontal position
      of the bar 16 by induction, the associated electric or electronic
      measuring elements being arranged in a housing 27. Connecting wires 28
      lead from the housing to a plug socket 29 fixed in the rear of the member
      1. A sleeve 30 encloses the mechanism from the rear of the member 1 to the
      ring 2 and a packing 31 protects it from dust.
PAR  When gear tooth flanks are to be tested by means of the device, then it is
      normally clamped in a suitable testing machine by the exterior surface of
      the sleeve 30 and the probe 17 is brought into contact with the chosen
      tooth flank. If it is the left-hand tooth flank which is concerned, then
      the rotatable ring 2 is set beforehand according to the scale 13 and the
      mark 12 for "left" to a specified bias. After a turning movement of the
      ring 2, the inclined end face 3 acting on the two pins 4 forces each one
      to a greater or lesser degree, corresponding to the preselected bias
      characterised by a number on the scale 13, against the bell crank lever 6
      whereby the springs 8 are urged against the rod 16 with different
      pressures and deflect the rod about the springs 15 to one side in the
      horizontal plane. As a consequence, when pivoted to a maximum the rod
      comes to an end position against one or other of the spring stops 24.
PAR  If now the tooth flank to be tested presses in the opposite direction
      against the probe 17, then the feeler rod 16 experiences a pivotal
      movement in the horizontal plane back towards its central position or
      beyond and against the force of that one of the springs 8 biassing it from
      that position. The setting taken up by the rod is sensed and transmitted
      by the measuring pin 26 and the measuring elements in the housing 27 and
      the resulting electrical signals are emitted through the connecting wires
      28 and the plug socket 29 to external indicating instruments or recording
      means. The contact segments 10 produce as a function the direction of
      rotation of diagram paper according to the left-hand flank, if the
      recording means are provided in diagram form.
PAR  If the right-hand tooth flank is to be tested, a similar procedure is used,
      the opposite one of the two pins 4 now being urged rearwards by rotational
      adjustment of the ring 2 to cause its associated spring 8 to pivot the rod
      16 into the other end position.
PAR  It is also possible to employ similarly acting cams instead of an oblique
      face on the rotatable ring 2, which cams, arranged symmetrically, urge the
      pins 4 against the bell crank levers 6 and thus against the springs 8,
      according to the rotational setting of the ring.
PAR  The feeler device is not only capable of being used for testing tooth
      flanks, but can also be employed for other services in which the
      deflection of a feeler element has to take place in a specific direction.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A feeler device comprising, in combination, an elongated probe element,
      a carrier for carrying said element, mounting means supporting said
      element on said carrier in a manner permitting relative movement between
      said probe element and said carrier, means for sensing said relative
      movement, said mounting means comprising a first spring means and a second
      spring means each extending parallel to the length of said probe element
      and acting on said probe in opposition to each other, a control member
      supported on said carrier and adjustable in either of two rotatable
      directions, a first connecting element and a second connecting element
      each extending parallel to the length of said probe element and disposed
      between said control member and said first and second spring means,
      respectively, whereby each of said first and second spring means is
      connected to said control member by a respective said connecting element,
      the adjustment of said control member on the carrier displacing said first
      and second connecting elements in opposite directions to each other in
      order to increase the biasing action of a selected one of said spring
      means on the probe element, said probe element being urged towards
      alternative end positions in dependence upon the adjustment of said
      control member and with a force that increases in dependence upon the
      extent of said adjustment of said control member from a central neutral
      position.
NUM  2.
PAR  2. The feeler device according to claim 1, wherein said control member
      comprises an abutment surface and said connecting elements are urged by
      said spring means against said surface, said surface providing a camming
      action with said adjustment of the control member thereby varying the
      stored energy in the spring means and bringing the probe element to the
      selected one of said end positions.
NUM  3.
PAR  3. The feeler device according to claim 2, wherein each of said first and
      second connecting elements comprise a pin having one end connected to a
      respective spring means, and the other end in contact with said abutment
      surface, said carrier member comprising a first slot and a second slot for
      receiving said first and said second connecting elements, respectively,
      said first connecting element positioned diametrically opposite to said
      second connecting element relative to said control member.
NUM  4.
PAR  4. The feeler device according to claim 3, wherein each of said spring
      means comprises a leaf spring having a first end connected to a respective
      one of said connecting elements and a second end in contact with said
      probe element, said probe element having a collar surrounding a portion
      thereof for providing the contact with said spring means.
NUM  5.
PAR  5. The feeler device according to claim 4, wherein said first end of each
      of said leaf springs is pivotable about a pivot lying at right angles to
      the length of the spring means, so that each said leaf spring may pivot in
      response to the force applied thereto by said control member via said
      connecting elements.
NUM  6.
PAR  6. The feeler device according to claim 1, wherein said control member
      comprises a scale, said scale being symmetrical in the two directions of
      rotation of said control member for setting the respective opposite end
      positions of said probe element.
NUM  7.
PAR  7. The feeler device according to claim 1, wherein said carrier comprises a
      first and a second screw means lying on diametrically opposite sides of
      said probe element, each of said screw means extending from said carrier
      toward said probe element so as to limit the vertical movement of said
      probe element with respect to said carrier, said screw means lying in a
      diametrical plane of said probe element at right angles to the diametrical
      plane of said first and second connecting elements.
NUM  8.
PAR  8. The feeler device according to claim 7, wherein said carrier further
      comprises a first stop and a second stop lying on diametrically opposite
      sides of said probe element in the same diametrical plane as the
      connecting elements, whereby the horizontal movement of said probe element
      with respect to said carrier is limited.
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ABST
PAL  A device for measuring the gap between the rollers in a roller stand for
      developing a value for use in controlling the gap in which the device
      comprises respective relatively moveable elements connected to half
      bearings engaging the shafts of a pair of opposed rollers. The half
      bearings are pressed outwardly into engagement with the shafts and at
      least one of the aforementioned elements is adjustably connected to the
      respective half bearing.
BSUM
PAR  The present invention relates to an arrangement of measured value
      indicators for controling the roller gap in roller stands in which on each
      side of the roller stand between the body of working surface of the
      working rollers and the installation parts therefor in the roller stand,
      i.e., within the region of the roller ends or roller necks there is
      provided a measured value indicator which comprises two indicator units
      which are located opposite to each other and cooperate with each other.
PAR  German Offenlegungsschrift No. 21 12 981 describes an arrangement of
      measured value indicators for the control of a roller gap, especially of
      multi-roller stands in which between the installation part and the roller
      body there is located the upper portion of an indicator housing which more
      specifically is in a play-free manner mounted on the roller end of the
      upper roller whereas the lower part of the indicator housing is in a
      play-free manner journaled on the roller end of the lower roller. Each of
      both parts is connected with one holding arm projecting forwardly in
      rolling direction and with a holding arm projecting rearwardly while
      between said two arms there is provided a measured value indicator. Both
      mountings for the indicator housing are preferably horizontally divided
      while the respective outer bearing box is linked to that joint or parting
      line of the indicator housing which in the direction of rotation of the
      roller end is located in front, and on the rear joint or parting line is
      under spring pressure connected to said indicator housing.
PAR  Due to the construction of the bearing areas of the holding arms which
      bearing areas are designed as gauging ring, unavoidable disorders in the
      function occur which unfavorably affect measured results furnished by the
      measured value indicator. The following disorder-causing factors occur:
      the rotation preventing safety devices of the gauge or measuring rings
      which devices are arranged on the installation parts of the working
      rollers, follow the movements of the installation parts and displace the
      measuring plane between the upper and the lower measuring indicators. The
      axial bearing play between the working roller bearings and the roller ends
      bring about measuring errors.
PAR  Since the measuring rings for the upper and lower working rollers are
      independent of each other which means that each measuring or gauging ring
      follows only the axial movement of the roller with which it is associated,
      measuring errors occur due to the displacement of the measured value
      indicators cooperating with each other.
PAR  The total of all tolerances between the working rollers and the rolling
      stands depends on the technically possible precision and the ability of
      all employed machine elements such as working rollers, working roller
      bearings, installation parts, etc., to maintain their dimensions and
      locations.
PAR  Inasmuch as each working roller has two bearing points which are oriented
      in conformity with a fixed point, and more specifically on the inner side
      of the roller stand window which receives the installation parts, the
      rotating working roller will carry out a wabbling movement. This wabbling
      movement will with both working rollers appear to a different extent and
      thus determines the mutual displacement and the setting of the working
      rollers relative to each other.
PAR  The measuring rings which are positively connected to the working rollers
      follow all wabbling movements of the rollers. The measured value
      indicators arranged in the measuring rings automatically follow said
      wabbling movement whereby the furnished measured values will be
      continuously changed.
PAR  It is an object of the present invention to provide an arrangement of the
      measured value indicators, by means of which an improvement in the
      measuring prerequisites and thus a better quality of the rolled products
      will be assured.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is an end view of the working rollers, of the measuring bridges and
      of the schematically indicated installation parts of the roller stand of a
      roller framework.
PAR  FIG. 2 is a side view of the working rollers and of the measuring bridge
      (partially sectioned).
PAR  FIG. 3 is a top view of the upper portion of the measuring bridge.
DETD
PAR  The arrangement of the measured value indicator for the control of the
      roller gap in the rolling stands is, according to the present invention,
      characterized primarily in that the measured value indicator is arranged
      in a measuring bridge which comprises an upper part and a lower part which
      are arranged opposite to each other and which respectively through a
      bearing half shell rests on the lower and upper circumferential half of
      the roller end of the upper and lower working roller respectively while
      the engagement of the roller ends thereby is secured by preloaded spring
      elements provided between both measuring parts, one measuring bridge part
      being displaceably held by guiding means fixedly connected to the other
      measuring bridge part so as to be vertically displaceable relative to said
      other bridge part in vertical direction, in other words perpendicularly
      with regard to the rolling plane.
PAR  Expediently, one of the indicator units is by means of an adjusting device
      arranged in the pertaining measuring bridge part, connected and by the
      latter is displaceable in vertical direction.
PAR  The adjusting device permits the gauging of the measured value indicator.
      The working rollers are first by moving together brought to the so-called
      zero position, and subsequently the movable indicator unit is brought to
      engagement on the other indicator unit which is non-movably held in the
      pertaining measuring bridge part.
PAR  As measured value indocator for a contact-free measurement of the distance
      between the working rollers, advantageously light electrical or
      electromagnetical pulse emitters may be employed. However, also other
      suitable measured value indicators may be employed.
PAR  A preferred further development of the subject matter according to the
      invention consists in that one of the measuring bridge parts is through a
      spring device resting against the roller stand caused to engage the
      oppositely located end face of the roller body which belongs to the
      pertaining working roller. Between the other measuring bridge part and the
      end face of the roller body of the pertaining working roller there is
      provided a distance equalling a plurality of a few millimeters.
PAR  The last mentioned working roller is, however, able to move freely relative
      to the pertaining measuring bridge part, in other words in axial
      direction.
PAR  The indicator unit held movably in the pertaining measuring bridge part is
      preferably connected to two hydraulically operable adjusting pistons which
      by means of a spring loaded clamping jaw is adapted to be held fast in the
      corresponding measuring bridge part. When turning off the oil pressure
      acting upon the adjusting pistons, the movable indicator unit is
      automatically arrested in that position which it occupies in this
      instance.
PAR  According to a preferred embodiment of the invention, the guiding means for
      the movable measuring bridge part consists of two guiding rods with end
      abutment which guiding rods engage corresponding bores of the measuring
      bridge part and which through a supporting plate are screwed to one of the
      measuring bridge parts.
PAR  Referring now to the drawings in detail, the measuring bridges 1 which
      respectively comprise a measuring bridge upper part 1' and a measuring
      bridge lower part 1" associated with the measuring bridge upper part 1'
      are arranged between the bodies 2' and 3' of the upper working roller 2
      and lower working roller 3 and the pertaining installation parts 4, 5
      within the region of the shaft ends 2", and 3". The measuring bridge part
      1" is by means of a spring device 6, resting against the inner surface of
      the pertaining assembly part 5, brought into engagement with the end face
      3'" of the body 3'. The spring device 6 may consist of a spring loaded
      bolt which is horizontally movable. Between the end face 2'" of the body
      2' and the lateral surface of the measuring bridge part 1' which lateral
      surface is located opposite to said end face there is provided a distance
      of about 5mm. The upper working roller 2 may consequently move freely in
      axial direction without affecting the measuring bridge 1 (FIG. 1). The
      measuring bridge parts 1' and 1" respectively rest by means of a bearing
      half shell 7 or 8 against the lower or upper circumferential half of the
      roller ends 2" and 3" respectively. The openings of the bearing half
      shells 7 and 8 are thus directed away from each other as shown in FIG. 2.
      Two bores 9 are arranged in the measuring bridge part 1" outside the
      region of the roller bodies. In these bores there are respectively resting
      guiding rods 10. The guiding rods are by means of a supporting plate 11
      connected thereto screwed to the bottom side of the measuring bridge part
      1". The guiding rods 10, the upper end of which is provided with a screwed
      on end abutment 12, are arranged vertically which means their bottom axes
      10' extend parallel to the plane 13 which is determined by the axes of the
      two working rollers 2 and 3.
PAR  The guiding rods 10 engage bores 14 of the measuring birdge part 1' and
      permit a play-free vertical displacement thereof. The maximum possible
      distance between the measuring bridge part 1' and 1" is determined by the
      end abutment 12.
PAR  The guiding rods 10 simultaneously serve for centering of pressure springs
      15 arranged between the two measuring bridge parts. These pressure springs
      15 press the cooperating measuring bridge parts 1' and 1" apart from each
      other and thereby cause the circumferential bridge parts 1' and 1" to
      engage the circumferential surfaces of the roller ends 2" and 3".
PAR  The pressure springs 15 which comprise cylindrical helical springs are
      respectively arranged in a recess 16 between the two measuring bridge
      parts.
PAR  The measuring bridge parts 1' and 1" are within the region between the
      guiding rods 10 and between the roller ends 2" and 3" equipped with an
      indicator unit 17, 18 respectively which together form the measured value
      indicator for controlling the roller gap between the bodies 2' and 3' of
      the working rollers 2, 3.
PAR  The lower indicator unit 18 which by means of a gap 19 is connected to a
      control device (not shown) is not movable relative to the pertaining
      measuring bridge part 1".
PAR  The upper indicator unit 17 is connected to two adjusting pistons 20 the
      axes 20' of which are likewise parallel to the plane 13. The adjusting
      pistons may through the intervention of a conduit system 21 be acted upon
      unilaterally by hydraulic oil under pressure and thus may be moved within
      the measuring bridge part 1'. The conduit system 21 is through the
      intervention of a magnetic valve connected to a hydraulic energy set (not
      illustrated). One clamping jaw 22 each rests against the adjusting pistons
      20 below the chamber filled with oil under pressure. The pressing surface
      of the clamping jaw 22 has the same curvature as the pertaining adjusting
      piston. The necessary pressing force is generated by a preloaded pressure
      spring 23 which on one hand rests against the clamping jaw and on the
      other hand rests against a cover 24 which is firmly connected to the
      measuring bridge part 1'. The clamping jaws 22 are intended to maintain
      the indicator unit 17, after switching off the pressure oil in the conduit
      system 21, in the respective position it occupies at the respective
      instant.
PAR  The measured value indicator is gauged in the following manner: first, the
      working rollers 2 and 3 are moved together into their zero position. The
      adjusting pistons 20 are after opening of a magnet valve acted upon by a
      pressure fluid whereby the upper indicator unit 17 is pressed downwardly
      until it rests against that countersurface of the lower indicator unit 18
      which is directed upwardly. Subsequently, the magnet valve is closed
      whereby the pressure prevailing in the conduit system 21 is reduced.
PAR  If now the working rollers are moved away from each other by the roller
      gap, the indicator unit 17 is by means of othe clamping jaws 22 held fast
      in the said zero position. The air gap between the two indicator units 17,
      18 and the roller gap between the bodies 2', 3' of the working rollers 2,
      3 are consequently of equal magnitude.
PAR  If the zero position of the upper indicator unit 17 is during the rolling
      operation changed by outer influences, the gauging operation may be
      repeated without, as was heretofore necessary, moving the roller set out
      of the roller stand for purposes of being able to readjust the upper
      measuring value indicators.
PAR  The newly suggested arrangement according to the invention has the
      advantage that the movements of the installing parts no longer can act as
      interfering elements because the entire measuring bridge rests on the
      roller ends. The two first interfering disorder factors are thus
      eliminated.
PAR  The interfering factor "wobbling movement" is within the arrangement
      according to the invention automatically converted into a vertically
      oscillating movement because the measuring bridge construction due to the
      guiding rods, permits only a vertical movement. Each movement of the two
      working rollers is thus converted into a genuine vertically measurable
      value. The three-dimensional changes of the measuring plane between the
      upper and lower measuring value indicators, which change occurs with
      heretofore known measuring or gauging rings, has according to the present
      invention been reduced to a one-dimensional change.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a roller stand defining the axes of a pair of
      opposed rollers whose shafts are mounted therein, a device for measuring
      and controlling changes in the gap between said opposed rollers, said
      device comprising first and second partial bearings engaging the sides of
      the shafts of the rollers which face each other, first and second
      measuring bridge parts, first and second measuring elements mounted on
      said bridge parts and connected to the respective partial bearings,
      preloaded spring means arranged between said first and second elements for
      biasing said partial bearing away from each other whereby said partial
      bearings and the respective said elements connected thereto will move
      relatively in conformity with relative movement of the rollers, and guide
      means guiding said bearing portions for relative movement in a direction
      parallel to a vertical plane of the axes of the rollers.
NUM  2.
PAR  2. A device in combination according to claim 1 which includes means for
      adjusting one of said elements on the respective bridge parts in a
      vertical direction relative to a plane through the roller axes in which
      plane relative movement of said bridge parts occurs vertically.
NUM  3.
PAR  3. A device in combination according to claim 1 in which the rollers have
      end faces and biasing means is provided acting on one of said bridge parts
      to hold the respective bridge parts against the end face of the respective
      roller, the other partial bearing being axially spaced a short distance
      from the end face of the roller pertaining thereto.
NUM  4.
PAR  4. A device in combination according to claim 2 which includes a pair of
      plungers reciprocable in one of said bridge parts and connected to the
      respective said element for movement of the said element in a direction
      parallel to said plane, and spring loaded clamping means in one of said
      bridge parts and engaging said plungers to hold said plungers in adjusted
      positions.
NUM  5.
PAR  5. A device in combination according to claim 1 in which said guide means
      comprise a pair of guide rods in parallel spaced relation and extending
      through bores provided in said bridge parts, said guide rods at one end
      being fixed to one of said bridge parts.
NUM  6.
PAR  6. A device in combination according to claim 1 in which said guiding means
      comprises guide rod means parallel to said plane and said spring means
      comprise helical compression springs surrounding said rod means and at
      opposite ends bearing on said bridge parts.
NUM  7.
PAR  7. A device in combination according to claim 2 in which said partial
      bearings are half bearings formed in respective blocks on the side of the
      blocks which face away from each other, said blocks having said elements
      connected thereto on the sides of the blocks which face each other.
NUM  8.
PAR  8. A device in combination according to claim 7 in which each block is
      elongated in a direction perpendicular to said plane, said guide means
      comprising a rod parallel to said plane near each end of said blocks, said
      elements extending longitudinally on said blocks and through said plane.
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ABST
PAL  The invention provides a guide line tracer adapted to be mounted forwardly
      of a line marker for marking lines on the road surface. Said guide line
      tracer comprises a pantograph link mechanism capable of extension and
      contraction through a remote control system whereby when not in use, it
      can be contracted to the shortest length but when in use, it can be
      selectively extended so as to permit the indicator to be always disposed
      in the most suitable position for an operator to look at.
PAL  The invention further dissolves the problems of deadening the vibrations of
      the indicator so as to induce the indicator to trace exactly along a guide
      line.
BSUM
PAR  The present invention relates generally to improvements in a guide line
      tracer in use with a line marking car for marking a road indication or
      demarcation line on a road surface, and more particularly it relates to a
      particular guide line tracer adapted to guide the line marking car along a
      guide line mark on a road surface and a pavement surface section on along
      an old line mark.
PAR  For the purpose of marking on a road surface a section line such as a
      center line, a lane line or no-passing line, it is customary to employ a
      line marking car (hereinafter called "a line marker") adapted to follow a
      guide line marked on the road surface by use of a guide line tracing means
      thereby making it possible to paint the road surface portion with a white
      or yellow line along said guide line.
PAR  Referring to the conventional guide line tracers, they are constructed, as
      shown for example in FIG. 5 of the accompanying drawings, with a main body
      1 comprising a rectilineal extension of a steel material having forked
      roots each pivoted to the front portion of a line marker 5 in upwardly and
      downwardly movable relationship therewith, and foremost end of said guide
      line tracer is provided with a caster wheel 3 and an indicator 4.
PAR  Due to the above-mentioned construction, the main body 1 cannot be free of
      the vibrations incessantly transmitted thereto from the caster wheel 3
      jolting on the uneven road surface and also from a motor rigidly fixed on
      the line marker so that the main body 1 is always subjected to the
      vertical and lateral vibrations of small amplitude.
PAR  In addition, these vibrations transmitted to the main body 1 are resonant
      with the natural vibration of said main body per se to result in causing a
      great resonance phenomenon. Thus the indicator 4 is subjected to the
      resonance thereby making it difficult for an operator to look at the
      indicator 4 and at the same time drive the line marker along a guide line
      6 in order to draw a desired line such as a section line accurately on the
      road surface along the guide line 6.
PAR  With the view to eliminating or mitigating the above-mentioned drawbacks
      and disadvantages of the conventional line markers, a proposition has been
      made to employ a chain or a steel wire in place of the caster wheel 3 so
      as to support the main body 1 on a line marker.
PAR  Even in this case, however, the main body 1 cannot still be free of the
      vibrations transmitted thereto by all the rotatable elements of a motor
      rigidly mounted on the line marker, thus making it impossible not only to
      prevent the indicator from being vibrated but also to control the
      vibration of the main body in order to prevent this vibration to be
      resonant with the former vibrations. The result is that the
      above-mentioned drawbacks still go with the line markers in spite of the
      fact that the caster wheel is not employed.
PAR  Further, inasmuch as most of all the above-mentioned conventional line
      markers are constructed with a rectilineal extension made of a steel
      material extending forwardly of a line marker, an operator must take the
      trouble of raising the main body upwardly thereby to keep it in a
      substantially erected posture on removing it from the line marker each
      time he intends to change the driving direction of the line marker or when
      he drives the line marker to the site of line marking operation,
      consequently bringing about an additional disadvantage that a
      three-dimensionally large room is necessitated for accommodating the line
      marker for preservation.
PAR  Accordingly, the present invention has been designed to eradicate all the
      above-mentioned drawbacks and disadvantages of the conventional line
      markers, having as one of its main objects the provision of a guide line
      tracer adapted to prevent the vibrations of a line marker from being
      transmitted to the forward portion of the guide line tracer and also the
      resonant vibration therewith.
PAR  It is another object of the invention to provide a guide line tracer
      adapted to be selectively extensible and contractible through an
      operator's light touch operation in his seated posture thereby enabling
      him not only to easily change the driving direction of the line marker but
      also to effectively accommodate the line marker in a relatively small
      spatial room.
PAR  It is a further object of the invention to provide a guide line tracer
      through which the main body, when extended, can be stably held in any
      position.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become apparent from the following detailed description and the
      appended claims when taken in conjunction with the accompanying drawings
      showing a preferred embodiment of the invention, in which:
PAR  FIG. 1 is a side elevation view showing a guide line tracer of the
      invention mounted on a line marker;
PAR  FIG. 2 is a surface view thereof;
PAR  FIG. 3 is an enlarged view showing the portion of the guide line tracer
      wherein an indicator is mounted;
PAR  FIG. 4 is a front elevation view thereof with some parts omitted;
PAR  FIG. 5 is a schematically perspective view of the conventional guide line
      tracer; and
PAR  FIGS. 6 and 7 are front elevation views showing respectively, alternative
      embodiments of the invention.
DETD
PAR  Referring now to the guide line tracer of the present invention in
      connection with the accompanying drawings, and first more particularly,
      the reference numeral 11 designates a main body of a guide line tracer
      embodying the present invention.
PAR  Said main body 11 comprises a plurality of link members 11a, each pair of
      which are pivoted in the center thereof to a short shaft 11b, and further
      each end of which is pivoted by means of a long shaft 11c thereby, as the
      whole, forming a pantograph type guide line tracer.
PAR  Incidentally, said pantograph type mechanism comprises each pair of
      pantographic extension members connected to one another through said long
      shaft 11c shown in FIG. 2. The root portion of the main body 11 thus
      formed is mounted to the front of a line marker in extensible and
      contractible relation thereto by use of a fixture means. Then an indicator
      12 is fitted to said long shaft 11c disposed forwardly of the main body 11
      mounted forwardly of the line marker in a manner that said pantographic
      mechanism can be selectively extended and contracted through a
      subsequently described operating means by an operator seated in a driving
      room as is clearly shown in FIG. 1.
PAR  For a fuller understanding, forwardly of said line marker 5 there is
      rigidly fixed a mounting means that comprises a supporting member 13 of a
      substantially reverse C shape with respect to FIG. 1 of the accompanying
      drawings; Between the horizontal or parallel upper and lower portions of
      said supporting members 13 there is screwably mounted a screw shaft 14
      having an outer periphery engraved with a screw thread so as to form an
      operating means.
PAR  In this case, said lower link member 11a disposed downwardly of the root
      portion of said main body 11 is pivoted to the lower horizontal portion of
      said supporting member 13 while said upper link member 11a is screwably
      engaged with said screw shaft 14 thereby to be mounted on a female screw
      15 in up and down movable relation thereto. Then a worm wheel 16 is
      rigidly fixed to said screw shaft 14 so as to be screwably engaged with a
      worm 17 rigidly fixed to a driving shaft 18.
PAR  Said driving shaft 18 is thereafter connected through a sprocket wheel 19
      and a chain 20, as is shown in FIG. 2, to a electric motor 21 mounted
      forwardly of the line marker 5 thereby enabling an operator, by
      manipulation of switch means 21a, not only to actuate said motor 21
      thereby to forcibly extend or contract the main body 11 but also
      selectively control the rotational rate of the motor 21 while he is seated
      in the driving room.
PAR  In the above-mentioned embodiment of the present invention, the
      construction of the guide line tracer for a line marker is such that an
      operator is only to switch on said electric motor 21 so as to forcibly
      drive the screw shaft 14. Consequently, both the link members 11a and the
      female screw 15 which is screwably engaged with said screw shaft 14 are
      caused to move downwardly, thus bringing about a result that the main body
      11 contracted in such a position for example as shown in the dotted line
      with respect to FIG. 1 is extended to the position as shown in the solid
      line thereof. This operation of extending the main body 11 to said
      position can be readily ceased merely be switching off the electric motor
      21 to bring the movement of the screw shaft 14 to a halt.
PAR  In addition, an operator is able to orient the indicator 12 in the most
      suitable position for him to look at in his seated posture by selectively
      adjusting the position wherein said movement of the screw shaft 14 is to
      be halted.
PAR  For the purpose of changing the operation course of the line marker 5 or
      contracting the main body 11 after the completion of the operation work,
      an operator has only to reversely rotate said electric motor 21 thereby
      easily accomplishing such purposes.
PAR  In this case, it is preferable that a safety limit switch means 40, 42 is
      mounted between the uppermost and downmost portions of said screw shaft 14
      because, thanks to this mounting, the screw shaft is permitted to
      automatically make a halt.
PAR  Incidentally, the main body 11 is adapted, when it is necessary to contract
      the same, to move upwardly about the lower horizontal portion of the
      supporting member 13 so that the indicator 12 is caused to move upwardly
      from the road surface during the time when the line marker 5 is in
      operation.
PAR  In order to control the extension and contraction of the main body 11 by
      means of a remote control system, the above-mentioned construction of the
      driving mechanism may be replaced with the construction wherein a suitable
      oil pressure apparatus including a hydraulic cylinder 44, a piston rod 46,
      a slide shaft 48, and a slider 50, shown in FIG. 6, is applied to
      hydraulically control the main body 11 or, alternatively wherein a
      suitable solenoid system including a solenoid 52, a rod 54, a slide shaft
      56, a slider 58 and a spring 60 shown in FIG. 7, is employed to
      electrically control the same.
PAR  Further, in order to mechanically control the main body 11, particular
      threads are formed in opposed directions to one another on said uppermost
      and downmost ends of the screw shaft 14 thereby permitting said pair of
      link members 11a to be screwably engaged with the screw shaft 14. In this
      case, it is preferable that the supporting member 13 is fixedly mounted to
      the line marker 5 in vertically movable relation with respect thereto.
PAR  Further, the indicator 12 is preferably mounted to the main body 11 by
      extending the long shaft 11c as is clearly shown in FIG. 4.
PAR  Namely, said pair of long shafts 11c which serve as pivots for connecting
      the ends of the link members 11a to each other and which form a linked
      portion A (shown in FIGS. 3 and 4) of the link mechanism are extended so
      as to form extensions to which each of stop collars 22, 23 is rigidly
      fixed. To said stop collars 22, 23 there is mounted a holding plate 24
      bored with an upper guide slot 24a and a lower guide slot 24b which permit
      the plate to move in vertical relation with respect to the stop collars. A
      fixed plate 25 provided with the indicator 12 is rigidly fixed on said
      holding plate 24.
PAR  As shown in FIGS. 3 and 4, coil springs 26 are held between the upper
      portion of said holding plate 24 and a flange 22a of the collar 22 whereby
      said holding plate 24 is held downwardly to keep the upper surface portion
      of the long shaft 11c normally in contact with the upper edge of the lower
      guide slot 24b; The result is that said holding plate 24 is fixedly held
      in position whereby the link mechanism of the contracted main body 11,
      when extended through the full length, can still keep its configuration as
      it is.
PAR  Accordingly, due to the above-mentioned rigidly fixed state of the holding
      plate 24, the indicator 12 can also be held in a stationary state without
      being subjected to the vibrations which otherwise might be transmitted
      thereto from the line marker 5. Further by these coil springs 26, no
      vibration is caused to the link mechanism per se.
PAR  When the main body 11 thus formed is contracted, in the beginning, the
      upper long shaft 11c is moved upwardly along the guide slot 24a of the
      holding plate 24, and the upper surface of said shaft 11c comes into
      contact with the upper edge of the guide slot 24a, subsequently the
      holding plate 24 is forced up by the upper long shaft 11c, so that the
      upward movement of the holding plate 24 is brought to a halt in the
      position where the lower long shaft 11c contacts the lower edge of the
      lower guide slot 24b.
PAR  During the whole course of contracting the main body 11, the indicator 12
      is kept raised to a height equal to the axial length of the lower guide
      slot 24b so that any damages can be obviated which otherwise might occur
      to the indicator when collided with protrudent obstacles lying on the road
      surface where the line marker 5 is operated to turn to a different
      direction or along which it is running.
PAR  The aforesaid type indicator 12 is detachably mounted on the holding plate
      25 by means of a metallic fixture pin 27 having the same construction for
      example as that of a pair of drawing compasses. Said indicator 12 is
      preferably coated with either a white paint or a reflective paint so that
      an indicator of a suitable color paint can be selectively employed
      depending on the condition of line marking operations to be carried out
      during the daytime or the nighttime.
PAR  Further according to the present invention, a pair of pantograph type link
      mechanism may preferably be employed in such a manner for example as is
      illustrated in the accompanying drawings wherein said pair are disposed at
      a regularly spaced apart interval with one another. By this arrangement,
      the guide line 6 can be easily pursued by an operator from both sides of
      the line marker 5 in his seated posture. However, the link mechanism may
      of course be formed with a single unit.
PAR  According to the guide line tracer of the present invention, the vibrations
      caused by a running line marker and the driving portions of an motor
      mounted thereon would be transmitted to most slightly to the portion where
      said guide line tracer is mounted to the line marker so that the forward
      portion of the guide line tracer is hardly subjected to these vibrations.
      Further, due to the pantograph type mechanism, each of the link members
      forming the mechanism produces a different frequency of vibrations
      peculiar to each link member so that no resonance is caused among all the
      link members. Thus the indicator 12 mounted forwardly of the guide line
      tracer can be led to trace exactly along the guide line without being
      subjected to any vibrations or swinging motions, thereby to permit the
      line marker 5 to paint a white or yellow line mark on the traced guide
      line.
PAR  Moreover, the guide line tracer of the present invention is composed of the
      above-mentioned pantograph type link mechanism designed to be easily
      contracted to the shortest length so that when an operator intends to turn
      the line marker to a different direction, drive it to a line marking site
      or house it into a garage, he needs not pull up the guide line tracer or
      remove it off the main body thereby not only enhancing the operational
      efficiency of the line marker but also permitting the line marker to be
      housed in a small spatial room.
PAR  In addition, the extension and contraction of the guide line tracer is
      readily controlled from an operating seat so that the indicator can be
      selectively adjusted to be disposed in the most suitable position for an
      operator to look at in correspondence to his seated posture and visual
      power. This has a result that an operator is able to pursue the guide line
      more exactly through this properly oriented indicator.
PAR  Moreover, being applicable to the holding means rigidly fixed to the
      pantograph type link mechanism which is stably supported, the indicator
      can be held in a stationary state thereby to enable an operator to pursue
      the marked guide line more exactly through the indicator.
PAR  According to the above-mentioned construction of the link mechanism it is
      further possible to raise the indicator together with the linked portions
      of the link mechanism when the latter is moved upwardly so that even in
      case to change the driving direction, the indicator is completely
      prevented from damages which otherwise may fall thereupon collided with
      protrudent obstacles lying on the road.
PAR  While I have disclosed a preferred embodiment of the invention and have
      indicated various changes, omissions and additions which may be made
      therein, it will be apparent that various other changes, omissions and
      additions may be made in the invention without departing from the scope
      and spirit thereof.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Road guide line marking apparatus including a vehicle comprising
      pantographic support means including a pair of ends extending
      longitudinally from said vehicle and formed of a plurality of pivotally
      articulated link members operable to enable selective longitudinal
      extension and contraction of said support means; means mounting one end of
      said pantographic support means to said vehicle; indicator means mounted
      proximate the other end of said pantographic support means; and driving
      means operable to effect selective longitudinal extension and contraction
      of said pantographic support means.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said vehicle includes a driver's
      compartment containing controls for operating said vehicle, said apparatus
      further including means located to enable control of said driving means
      from within said driver's compartment.
NUM  3.
PAR  3. Apparatus according to claim 2;
PA1  wherein said one end of said pantographic support means is defined by ends
      of a terminal pair of said articulated link members, said link member ends
      moving toward and away from each other upon extension and contraction,
      respectively, of said pantographic support means;
PA1  wherein said driving means include a rotatable threaded shaft, screw means
      threadedly engaging said shaft for movement longitudinally thereof upon
      rotation of said shaft, and means for rotatably driving said shaft; and
PA1  wherein said mounting means include means pivotally mounting one of said
      terminal link member ends to said vehicle and the other of said link
      member ends to said screw means.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said driving means include an
      electric motor, gear means connected to impart a driving force from said
      electric motor to said threaded shaft to effect rotation thereof, and
      switch means mounted within said driver's compartment of said vehicle to
      control operation of said electric motor.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said pantographic support means
      include at least a pair of link members proximate said other end of said
      support means having a pair of ends movable toward and away from each
      other with expansion and contraction, respectively, of said support means,
      said apparatus further including a holding plate having a pair of
      elongated slots defined therein, means mounting said indicator means upon
      said holding plate, pin means affixed to each of said ends of said link
      members, each of said pin means extending, respectively, in sliding
      engagement through one of said slots, and spring means extending between
      one of said pin means and said holding plate to urge said one pin means in
      one direction within its respective slot, said slots being formed of a
      length sufficient to enable sliding movement of said pin means therein
      when said link member ends are moved together or apart by expansion and
      contraction of said pantographic support means.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said pantographic support means
      comprise a pair of pantographic link mechanisms each comprising a
      plurality of said pivotally articulated link members, said link mechanisms
      being interconnected in a spaced apart generally parallel arrangement to
      expand and contract concurrently relative to said vehicle.
NUM  7.
PAR  7. Apparatus according to claim 3, including limit switch means for sensing
      location of said screw means at a pair of opposed terminal positions on
      said threaded shaft and for controlling operation of said means for
      rotatably driving said shaft to limit movement of said screw means to
      between said terminal positions.
NUM  8.
PAR  8. Apparatus according to claim 1, wherein said one end of said
      pantographic support means is defined by ends of a terminal pair of said
      articulated link members, said link member ends moving together and apart
      upon expansion and contraction, respectively, of said pantographic support
      means, said driving means comprising hydraulic cylinder means operable to
      drive said link member ends together and apart to effect expansion and
      contraction, respectively, of said pantographic support means.
NUM  9.
PAR  9. Apparatus according to claim 1, wherein said one end of said
      pantographic support means is defined by ends of a terminal pair of said
      articulated link members, said link member ends moving together and apart
      upon expansion and contraction, respectively, of said pantographic support
      means, said driving means comprising solenoid means operable to drive said
      link member ends together and apart to effect expansion and contraction,
      respectively, of said pantographic support means.
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PAL  A hydraulic torque convertor is disclosed which is particularly
      well-adapted for use with an apparatus for drying grain. The apparatus for
      drying grain comprises a conical shaped perforated floor which is mounted
      in a conventional grain drying bin in a raised position relative to the
      base floor thereof. The perforated floor has a plurality of grain
      discharge openings formed adjacent the outer ends thereof, each of which
      are selectively closed by a trap door valve means. An electric motor is
      operatively connected to the hydraulic torque convertor which is
      operatively connected to the valve means for moving the valve means
      between open and closed positions responsive to the temperature of the
      grain positioned on the floor. The hydraulic torque convertor comprises a
      disc shaped rotor which is connected to the output shaft of the electric
      motor. A housing rotatably embraces the end of the output shaft and the
      rotor and is operatively connected to a horizontally disposed shaft
      extending therefrom. The rotor has a plurality of spaced apart fins on the
      periphery thereof. The housing has a plurality of spaced apart fins
      provided on the interior peripheral surface thereof which are positioned
      outwardly of the rotor fins. The rotor has less fins than does the housing
      which serves as a gear reduction. The housing is partially filled with
      hydraulic fluid. Rotation of the rotor by the electric motor causes the
      fluid to be moved towards the periphery of the rotor by centrifugal force
      which causes the housing to be rotated which in turn causes the shaft
      connected thereto to also be rotated. The horizontally extending shaft is
      connected, by a chain, to a rotatable drum having an elongated flexible
      cable wound thereon and extending therefrom to the valve means to cause
      the operation of the same. A pair of stop elements are provided on the
      cable for limiting the movement of the cable.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part application of application Ser.
      No. 364,955 filed May 29, 1973 now U.S. Pat. No. 3,849,901.
BSUM
PAR  This invention pertains to a hydraulic torque convertor and more
      particularly to a hydraulic torque convertor which may be used in the
      drying of granular materials such as grain. Many attempts have been made
      to provide a means for satisfactorily drying grain. One method utilizes a
      grain drying bin while another method utilizes a portable batch dryer. A
      still further method utilizes a grain drying bin which dries one batch at
      a time but which then requires that the batch be transferred to another
      bin for storage purposes. A disadvantage of the first method referred to
      above is primarily in subjecting several lower levels of the grain in the
      bin to the drying process several times. Also, in introducing the grain to
      be dried into this type of bin, it must be leveled by mechanical means,
      and in some instances stirring auger type devices are used to aid aeration
      of the grain. The second and third methods require additional equipment to
      the storage equipment, all of which increase the drying costs and the
      possible damage to the grain by over-handling.
PAR  Another method of grain drying, not as well known as the former methods, is
      that of batch drying grain within the upper portion of a conventional
      grain drying bin. This latter method uses a substantially horizontal floor
      with trap doors or gate means formed therein, and with drying air being
      forced beneath the upper floor, passing therethrough to dry the grain
      thereabove. After drying, the grain is dumped onto the base floor of the
      bin for storage purposes. Disadvantages of this method are believed to
      include an excess of equipment such as a grain leveler mounted above the
      upper floor for distributing grain in a level manner thereon, and the
      provision of a sweep auger also directly above the upper floor for aiding
      in the dumping of the grain after drying through the doors or gate.
PAR  The air torque convertor illustrated and disclosed in applicant's
      co-pending application represented a significant advance in the art. The
      hydraulic torque convertor disclosed herein which replaces the air torque
      convertor of the said co-pending application represents a significant
      advance in the art.
PAR  Therefore, it is a principal object of this invention to provide an
      improved hydraulic torque convertor.
PAR  A further object of the invention is to provide a hydraulic torque
      convertor which may be used in combination with an apparatus for drying
      grain.
PAR  A further object of the invention is to provide a hydraulic torque
      convertor which does not require that the housing be completely filled
      with hydraulic fluid.
PAR  A further object of the invention is to provide a hydraulic torque
      convertor which serves as a gear reducer.
PAR  A further object of the invention is to provide a hydraulic torque
      convertor having improved efficiency.
PAR  A further object of this invention is to provide an apparatus for drying
      drain which can be added to conventional grain bins in an economical
      manner.
PAR  A still further object of the invention is to provide a grain drying
      apparatus for use in conventional grain bins wherein storage space therein
      is used to the utmost.
PAR  A still further object of this invention is to provide a grain drying
      apparatus including means for precisely controlling the operation of the
      supply auger and the gas dryer.
PAR  A still further object of the invention is to provide an apparatus for
      drying grain including means for controlling the flow of the dried grain
      from a perforated drying floor.
PAR  A still further object of the invention is to provide a grain drying
      apparatus including means for more evenly drying the grain.
PAR  A still further object of the invention is to provide a grain drying
      apparatus which conserves energy by using the cooling air to help dry the
      grain.
PAR  A last objective is to provide a torque convertor which can provide the
      work intended but also to waste away the marginal energy without
      overloading the motor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a partial vertical cross-sectional view of the grain drying
      apparatus of this invention shown and installed in an assembled
      relationship within a grain bin and having the hydraulic torque convertor
      of this invention mounted exteriorly of the grain bin:
PAR  FIG. 2 is an enlarged sectional view seen on lines 2 -- 2 of FIG. 1:
PAR  FIG. 3 is a partial perspective view of the hydraulic torque convertor:
PAR  FIG. 4 is an enlarged sectional view seen on lines 4 -- 4 of FIG. 3:
PAR  FIG. 5 is a sectional view seen on lines 5 -- 5 of FIG. 4; and
PAR  FIG. 6 is a partial perspective view of the rotor of the hydraulic torque
      convertor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The numeral 10 generally designates a conventional grain bin which houses
      the grain drying apparatus indicated generally at 12 which is capable of
      drying material 14 for subsequent storage in the lower part of the bin 10.
      The grain drying apparatus disclosed herein is identical to that described
      in applicant's co-pending application with the exception of the power
      means for operating the valve means which will be described in more detail
      hereinafter.
PAR  The grain bin 10 comprises a side wall 16 and a conical shaped roof 18
      mounted thereon. An opening 20 is formed in the apex of the roof 18, and
      therebelow is found a foundation or base floor 22. The base floor 22 has
      an X-shaped trough 24 formed therein, and spaced above the surface of the
      base floor 22 is a perforated plate 26 capable of holding granular
      material while enabling air from therebelow to pass upwardly therethrough.
PAR  One leg of the trough 26 communicates to the exterior of the bin 10 through
      a passageway 28 formed in the side wall 16. A blower system 30 is fluidly
      connected with the trough 24 through a duct 32, and upon energizing the
      blower 30, air is forced into the trough 24 whereupon it circulates
      upwardly through the perforated floor plate 26 and through granular
      materials stored thereon for aeration purposes.
PAR  At the center of the lower floor 22, a sump opening 34 is formed therein
      which fluidly communicates with a tunnel 36 formed in the lower floor 22.
      The tunnel 36 leads from the sump opening 34 to an area 38 immediately
      outside the bin. An auger 40 is axially mounted in the tunnel 36, with one
      end thereof secured to a gear housing 42 mounted in the base of the sump
      opening 34, with the other end extending to the area 38. A motor 44 is
      mounted on the outside of the bin 10 and is belt connected to the auger 40
      for rotating the same.
PAR  The gear housing 42 has a vertically disposed shaft 46 rotatably mounted
      therein which extends upwardly therefrom. Secured to the upper part of the
      shaft 46 is a second gear housing 48. A sweep auger 50 is rotatably
      attached to the gear housing 48 and is operated thereby. The motor 44 is
      operable to rotate the auger 36 which in turn causes the sweep auger 50 to
      rotate about its horizontal axis and to rotate about the shaft 46. The
      purpose of the auger 36 and the sweep auger 50 will be described in more
      detail hereinafter.
PAR  The drying apparatus 12 of this invention comprises generally an overhead
      floor structure indicated generally at 52, a grain discharge apparatus
      indicated generally at 54 and a grain leveling control apparatus indicated
      generally at 56 in FIG. 1. A drying apparatus indicated generally at 58 is
      also utilized with the invention and of course is necessary for the entire
      drying process to occur.
PAR  The overhead floor structure 52 comprises specifically a conical shaped
      perforated floor 60 with the slope of the floor 60 being generally
      parallel to the slope of the roof 18, although this is not critical.
PAR  The numeral 62 generally comprises a storage bin having a conveyor auger 64
      extending from the lower end thereof which is in communication with the
      opening 20. Conveyor auger 64 is driven by the electric motor 66.
PAR  Grain discharge apparatus 54 generally comprises a support means 68 which
      is secured to the outside surface of wall 16 as seen in FIGS. 1 and 2.
      Electric motor 70 is secured to the support means 58 as seen in FIG. 2 and
      drives the hydraulic torque convertor 72 which will be described in more
      detail hereinafter. Shaft 78 is rotatably mounted in bearings 80 and 82
      which are mounted on the vertically disposed support members 84 and 85 of
      support means 68. Sprocket 86 is mounted on shaft 78 and drives a chain 88
      extending therearound. Chain 88 extends around a sprocket 90 mounted on
      the rotatable shaft 92 which is operatively secured to the drum 94. Shaft
      92 is supported by bearings 96 and 97 mounted on support members 84 and
      85.
PAR  The numeral 98 refers to a flexible cable or the like which is wound upon
      the drum 94 so that rotation of the drum 94 in one direction will cause
      the cable lengths 100 and 102 to move upwardly. Rotation of the drum 94 in
      an opposite direction will cause the cable lengths 100 and 102 to move
      downwardly. A counter weight 104 is secured to the lower end of cable
      length 100. Stops 106 and 106' are adjustably secured to cable lengths 100
      and 102 respectively for engaging the angle members 107 and 107'
      respectively to limit the travel of the cable 98. Cable length 102 extends
      over pulley 108 secured to wall 16 and thence inwardly into the bin 10 as
      seen in FIG. 1. Cable length 102 extends over pulley 110 secured to floor
      60 and thence downwardly where it is secured to a support 112.
PAR  A plurality of cables 113 are secured to the support 112 and extend
      radially therefrom in the same manner as in the co-pending application.
      Each of the cables 113 are secured to one end of a trap door generally
      referred to by the reference numeral 114. Each of the trap doors 114 are
      pivotally connected at 115 to the overhead floor structure 52 as
      illustrated in FIG. 1. The perforated floor 60 is provided with an opening
      formed therein which is positioned above the outer end of each of the trap
      doors 114. Each of the trap doors 114 are channel or U-shaped comprising
      generally a bottom and upstanding sides. The configuration of the trap
      doors 114 are identical to that described in the co-pending application.
PAR  Grain leveling apparatus 56 generally comprises a first circular wall means
      116 extending between the roof 18 and the overhead floor structure 52 and
      positioned centrally with respect thereto as seen in FIG. 1. As seen in
      FIG. 1, the lower end of the wall means 116 terminates above the
      perforated floor 60. An outer wall means 117 is positioned above the
      overhead floor structure 52 as illustrated in FIG. 1 and extends around
      the wall means 116. FIG. 1 illustrates the fact that the upper end of the
      wall means 117 is spaced below the roof 18 to permit the passage of air
      therebetween. The lower end of the wall means 117 is also spaced above the
      perforated floor 60. For purposes of description, the wall means 116 and
      117 define grain cells 118, 120 and 122.
PAR  The grain flows through openings formed in wall means 117 so as to achieve
      a predetermined level in the grain cell 122. Likewise, the grain will flow
      through the openings formed in the wall means 116 so as to achieve a
      predetermined grain level in cell 120. The level of the grain in grain
      cell 118 is controlled by a sensing apparatus referred to generally by the
      reference numeral 124 which is identical to the sensing apparatus
      disclosed in the copending application. All of the structure previously
      described is identical to the structure described in the co-pending
      application with the exception of the hydraulic torque convertor 76 which
      is employed to control the operation of the trap doors 114 rather than the
      air torque convertor of the co-pending application.
PAR  Torque convertor 76 comprises generally a rotor 126 which is secured to the
      outer end of the shaft 128 extending from the electric motor 70. Rotor 126
      is provided with a plurality of spaced apart fins 130 provided at the
      periphery thereof as best seen in FIG. 6. As seen in FIG. 6, the fins 130
      are positioned on both sides of the rotor 126. The numeral 132 refers to
      an end plate which is secured to the shaft 78 by set screw 134 as
      illustrated in FIG. 4. End plate 132 is secured to a housing 136 by a
      plurality of screws 138. As seen in FIG. 4, an O-ring 140 is provided
      between the end plate 132 and the housing 136 for sealing purposes.
PAR  Bearings 142 and 144 embrace shaft 128 and are positioned between the shaft
      128 and the hub 146 of housing 136. Snap rings 148 and 150 maintain the
      bearings in position. As seen in FIG. 4, housing 136 is provided with a
      plurality of radially extending spaced apart fins 152. Housing 136 is also
      provided with a plurality of strengthening ribs 154 while the end plate
      132 is provided with a plurality of strengthening ribs 156. Preferably,
      the number of fins 152 is greater than the number of the fins 130 to
      provide a gear reduction effect. The hydraulic torque convertor operates
      with the housing approximately half full of fluid generally indicated by
      the reference numeral 158. Thus, rotation of the shaft 128 by the electric
      motor causes rotor 126 to be rotated. Rotation of the rotor 126 causes the
      fluid in the housing to be moved outwardly due to centrifugal force. The
      fluid being forced outwardly by the rotating rotor 126 causes the housing
      136 to be rotated since the hydraulic fluid is impinged upon the fins 152
      thereby causing the rotation of the end plate 132 and the shaft 78. The
      torque convertor exhibits high efficiency since the fluid is moved to the
      periphery of the housing by the rotor and it is at the periphery where the
      torque converting action occurs. While the torque convertor disclosed
      herein works especially well with the grain drying apparatus previously
      described, it should be noted that the hydraulic torque convertor may also
      be used in any environment requiring a hydraulic coupling or torque
      convertor action.
PAR  Assuming that the grain cells 118, 120 and 122 are initially empty, the
      normal method of operation is as follows. Initially, the trap doors 114
      will be in their horizontal or closed position such as illustrated by
      broken lines in FIG. 1. The sensing mechanism 124 will also be in a
      position so as to indicate that grain cell 118 is empty. A master switch
      is initially closed when it is desired to begin the drying operation. The
      closing of the master switch causes auger motor 66 to be energized so that
      grain will be conveyed from the storage bin 62 to the upper open end of
      the bin. The grain will be deposited in the grain cell 118 and the grain
      will flow downwardly and outwardly into the grain cells 120 and 122 to
      achieve the levels illustrated in FIG. 1. The construction of the wall
      means 116 and 117 and the perforations formed therein is such that the
      desired level of grain is maintained without avalanching the same. Since
      the trap doors 114 are closed, the grain will dam up on the outer ends of
      the trap doors to prevent the grain from flowing through the openings
      formed at the lower end of the perforated floor 60.
PAR  Auger motor 66 continues to operate to supply grain to the grain cell 118
      and the grain in the grain cell 118 will actuate the sensing mechanism 124
      at the proper time to indicate that the grain cells are at the desired
      level. When the sensing mechanism 124 has been removed to the position
      illustrated in FIG. 1, the auger motor 66 is deactivated. Thus, heated air
      is passed upwardly through the perforated floor 60 by the dryer apparatus
      58 and the blower apparatus 30. Blower apparatus 30 cools the heated dry
      grain. The heated air will be passed through the grain in the grains cells
      until the thermostat senses a grain temperature of approximately
      120.degree. F. When the thermostat senses 120.degree. F., the motor 70 is
      actuated to cause the rotation of the rotor 126 which in turn causes the
      rotation of the housing 136 and the shaft 78 as previously described.
      Rotation of the shaft 78 causes the drum 94 to be rotated. Rotation of the
      shaft 94 causes cable lengths 100 and 102 to move upwardly. The cable
      lengths 100 and 102 move upwardly until stop 106 engages angle member 107.
      Thus, counterweight 104 is moved to is uppermost position. The motor 70
      operates longer than necessary to lift the counterweight to its maximum
      upper position, but the torque convertor means 76 prevents any damage from
      occurring to the components as motor 70 and rotor 126 continue to operate
      while the housing 136 stops.
PAR  As the grain flows from grain cell 122 outwardly through the openings onto
      the trap doors 114, the grain in grain cell 120 will tend to flow into the
      grain cell 122. The grain in grain cell 118 will also flow into the grain
      cell 120 as the grain is discharged onto the trap doors. The sensing
      mechanism 124 senses when the grain level in grain cell 118 reaches a
      predetermined level to again activate the auger motor 66 to supply
      additional grain to grain cell 118.
PAR  As the cool wet grain is introduced into the bin 10, the thermostat again
      opens which causes the motor 70 to be deactivated. When motor 70 is
      deactivated, the counterweight 104 causes the drum 94 to be rotated which
      causes the cable length 102 to pull the support 112 upwardly so that the
      cables 113 move the trap doors from their open position (solid lines, FIG.
      1) to the closed position (dotted lines, FIG. 1) so that the grain will be
      maintained on the perforated floor until the predetermined drying
      temperature is achieved. Drum 94 is free to rotate since there is no
      direct connection but a fluid connection between the drum 94 and the motor
      70. Furthermore, the clearance (usually 3/32 inch) between the impeller
      fins 130 and the fins 152 permits and allows the marginal energy to be
      wasted away without damage to the motor. The motor is not run backwards by
      the counterweight. There is no torque loss except in the bearings. In case
      of an electrical failure, the counterweight will automatically drop and
      the system will shut down.
PAR  It should be understood that the apparatus for drying grain disclosed
      herein is identical to the apparatus of the co-pending application and
      reliance on that disclosure is made herein.
PAR  Thus it can be seen that the apparatus accomplishes at least all of its
      stated objectives.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for drying granular material in a grain bin having an
      enclosure forming wall, a roof mounted over the wall, and a base floor for
      the wall, the apparatus comprising:
PA1  a floor mounted in the upper part of the bin, said floor being inclined and
      sloping downwardly from the center of the bin toward and in contacting
      relation with the wall whereby granular material disposed on said floor is
      normally prevented from falling onto said base floor, said floor having a
      plurality of spaced apart openings formed therein adjacent said wall
      through which the granular material can fall,
PA1  a valve means positioned below each of said openings and being movable
      between open and closed positions to permit granular material to fall
      through said openings and to prevent granular material from falling
      through said openings respectively,
PA1  means for opening and closing said valve means including a motor having an
      output shaft, a counterweight operatively connected to said valve means,
      and a hydraulic torque convertor means operatively connecting said output
      shaft and said counterweight,
PA1  means for supplying drying air within the bin and below said floor,
PA1  a thermostat means on said floor for sensing the temperature of the
      granular material thereon,
PA1  said thermostat means being operatively connected to said means for opening
      and closing said valve means so that said valve means will be opened when
      said thermostat means senses a first predetermined temperature and so that
      said valve means will be closed when said thermostat means senses a second
      predetermined temperature.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for opening and closing said
      valve means comprises an electric motor having an output shaft, a second
      shaft disposed in a parallel, and spaced apart end-to-end relationship
      with respect to said output shaft, a hydraulic torque convertor means
      operatively connecting said output shaft and said second shaft so that
      rotation of said output shaft will cause the rotation of said second
      shaft, a third shaft disposed in a parallel relationship to said second
      shaft, means connecting said second and third shafts so that rotation of
      said second shaft will cause the rotation of said third shaft, a drum
      means mounted on said third shaft for rotation therewith, a flexible cable
      means wound upon said drum means and having first and second cable lengths
      extending therefrom, a support means secured to said first cable length, a
      plurality of flexible members connected to said support and said valve
      means so that rotation of said drum means in one direction will cause said
      valve means to open and so that rotation of said drum means in an opposite
      direction will cause said valve means to close, and a counterweight means
      secured to said second cable length which is moved upwardly when said drum
      means is rotated in said one direction.
NUM  3.
PAR  3. The apparatus of claim 2 wherein each of said valve means comprises a
      valve member having inner and outer ends and being pivotally secured at
      its outer end to said bin and extending radially inwardly therefrom, the
      outer end of said valve member being disposed below one of said openings,
      the inner end of said valve member being connected to said means for
      opening and closing said valve means.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said means for opening and closing said
      valve means comprises a hydraulic torque convertor, said convertor
      comprising a power means having a drive shaft extending therefrom, a
      substantially flat rotor operatively secured to said drive shaft for
      rotation therewith, said rotor having a plurality of spaced apart fins
      secured thereto at the periphery thereof, a housing rotatably mounted on
      said drive shaft and enclosing said rotor, said housing having a plurality
      of spaced apart fins provided therein which are spaced radially outwardly
      of the fins on said rotor, an output shaft secured to said housing for
      rotation therewith, and fluid in said housing to provide a fluid coupling
      between said rotor and housing so that rotation of said rotor by said
      drive shaft will cause the rotation of said housing.
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ABST
PAL  A readily portable apparatus for roasting, drying or otherwise treating
      grain or other similar particulate material on a continuous fully
      controlled basis. The material is metered into one end of a revolving drum
      containing structure for cascading the material through a high temperature
      gas stream generated by a heating device carried at the other end of the
      drum. The material gradually traverses the length of the drum while being
      subjected to such cascading and heating, and is then extracted or
      discharged out of the other end of the drum. The drum may be tilted a few
      degrees from the horizontal to provide precise control of the rate and
      time of traverse of the material through the drum.
PAL  For purposes of quick and convenient access to the interior of the drum,
      the heating and material extracting devices are mounted on a hinged cover
      at the discharge end of the drum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to apparatus for treating grain and
      the like, and more particularly to a portable apparatus having a rotating
      drum through which grain or other similar particulate material is fed
      while being subjected simultaneously to heat and agitation.
PAR  2. Description of the Prior Art
PAR  Corn, oats, rye, barley, milo and other small grains comprise a significant
      constituent of the usual fodder employed in feeding farm animals. Although
      vast quantities of grains are grown for feeding purposes, present day
      costs make it highly desirable that grains be utilized as efficiently as
      possible by animals in terms of energy, growth and health.
PAR  In the past, it has been the general practice to feed dried grain, in some
      cases the grain being ground into relatively small particles or pieces
      before being used.
PAR  It has been found, however, that roasted grain -- whether or not ground --
      is substantially more digestible and nutritious to farm animals than dried
      grain. Thus, use of roasted rather than dried grain in fodder will lower
      the cost of raising farm animals, and such reduced costs ultimately should
      result in lower meat prices at the retail level.
PAR  Most farm operators, however, continue to use dried grain because of the
      lack of reliable, reasonably priced, readily available and conveniently
      operated equipment for roasting grain on a volume basis.
PAR  Also, in the past, seed companies have been faced with the problem of
      disposing of large quantities of coated or "treated" seed grain which is
      found to be surplus at the end of a planting season. Such seed grain
      neither should be held until the following year because of loss in
      germination quality nor be fed to farm animals as the "treatment" coating
      or captan usually includes potentially injurious materials such as
      insecticides, rodent repellents, fungus retardents, growth stimulants, and
      the like. It has been found that enough of the captan can be broken down
      and/or removed to render seed grain acceptable for feeding purposes,
      however, if the seed is tumbled vigorously while simultaneously being
      subjected to a flow of high temperature gases.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of this invention to provide a novel apparatus for
      treating grains and other similar particulate materials.
PAR  Another object of this invention is the provision of a readily portable
      grain treating apparatus which is relatively inexpensive yet reliable and
      conveniently operated.
PAR  Yet a further object of this invention is to provide a grain treating
      apparatus having a revolving drum and means for controlling the quantity
      at which grain is fed into and extracted from the drum and the rate of
      movement of the grain through the drum.
PAR  Still another object of the invention is the provision of a novel apparatus
      adapted for a wide variety of uses in roasting grain, removing and/or
      breaking down captan, drying grain and other heating processes involving
      tumbling of particles in the presence of a high temperature gas stream.
PAR  These and other objects of the present invention will become even more
      apparent from the following description taken in conjunction with the
      accompanying drawings which illustrate a preferred embodiment thereof.
PAR  The present invention provides an improved and novel apparatus for treating
      particulate material including an elongate cylindrical drum rotatably
      supported in a generally horizontal position by a frame having a pair of
      wheels to permit convenient movement of the assembly. A hopper is mounted
      on the frame proximate one end of the drum, with a feeding device being
      provided for moving a predetermined controlled amount of material from the
      hopper into the drum during rotation thereof. Within the drum is a series
      of longitudinal ribs which cascade the material through the center portion
      of the drum, there being a heating device opening through the other end of
      the drum and expressing a heated stream of gas thereinto for heating the
      particulate material as it is cascaded along the length of the drum. The
      heating device is mounted on a closure or door pivoted on the frame. There
      is also a manually movable diverter carried by the closure for selective
      projection into the drum to divert a portion of the cascading material
      into a discharge port for discharge from the apparatus.
PAR  The heated gas stream is vented to the atmosphere through a stack provided
      between the drum and hopper, a fan assembly being located in the stack for
      rotation with the drum.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of an apparatus embodying this invention;
PAR  FIG. 2 is a fragmentary longitudinal sectional view of the embodiment of
      FIG. 1 wherein the diverter is shown in a retracted or inoperative
      position;
PAR  FIG. 3 is a cross sectional view taken on the line 3--3 in FIG. 2;
PAR  FIG. 4 is a cross sectional view taken on the line 4--4 in FIG. 2;
PAR  FIG. 5 is a fragmentary longitudinal sectional view similar to that of FIG.
      2, except the diverter is shown in an extended operative position;
PAR  FIG. 6 is a fragmentary longitudinal sectional view similar to that of FIG.
      2 except the closure is in an open position.
DETD
PAR  Referring now to FIG. 1, there is disclosed a roasting or drying apparatus
      10 which includes a cylindrical drum or chamber 12 rotatably supported in
      a generally horizontal position on a rigid frame 14 by two pair of rollers
      16. As will be apparent from FIGS. 3 and 4, the rollers 16 are journaled
      on brackets 18 which are rigidly affixed to frame 14, one pair of rollers
      16 being disposed adjacent each end of the drum 12.
PAR  Rotation of drum 12 on rollers 16 may be effected by any one of a number of
      means, as by a chain or belt drive, gears, etc. In the present embodiment,
      however, there is shown a large diameter gear 20 fixed to the forward end
      of the drum 12, gear 20 meshing with a smaller drive gear 22 which is
      mounted on a rotatable shaft 24. Shaft 24 is driven within transmission
      box 26 which, in turn, is operatively engaged with a conventional power
      source such as an electric motor 28 carried on the forward end of the
      frame 14.
PAR  To avoid unnecessary complications in the drawings, neither the power
      transmission means between motor 28 and transmission box 26 nor the power
      train within box 26 are shown. Such elements are old and well known and
      would be readily understood by anyone skilled in the art. It might be
      pointed out, however, that handle 29 is shown as representing a manually
      operable lever for engaging and disengaging the power train during
      operation of apparatus 10.
PAR  As will be understood from the following description, drum 12 is heated to
      a relatively high temperature during use. To prevent excess heat loss,
      there is provided an insulative covering 30 and outer jacket 31 which
      surround the cylindrical portion of drum 12 except at its extreme ends.
      The ends of the drum 12, of course, are left exposed to form "tracks" on
      which rollers 16 revolve as the drum rotates during use.
PAR  Support means consisting of wheels 32, brackets 33 and brace members 34 are
      provided on frame 14 to permit convenient movement of the apparatus 10.
      Extending forwardly of the frame 14 is a tongue member 36 which is adapted
      to be attached to a tow truck or vehicle for convenient movement of the
      apparatus 10. Adjacent the forward end of the tongue 36, there is provided
      a downwardly depending support leg 38. For reasons which will be apparent
      from the following description, the support leg 38 should be extendable
      and retractable within predetermined limits to permit raising and lowering
      of the forward end of the apparatus 10.
PAR  Disposed on the frame 14 forwardly of the drum 12 is a vent stack 40,
      comprising substantially planar inner and outer wall portions 37 and 39
      and a connecting wall member 41, the top of which is open to the
      atmosphere to permit dissipation of heated air from the interior of drum
      12. Positioned forwardly of the stack 40 is a hopper 42 which, as best
      illustrated in FIG. 4, includes a semi-circular lower trough portion 44
      and outwardly flaring sides 46. The top of the hopper 42, of course, is
      open for the reception of grain or other particulate material to be
      treated by the apparatus 10.
PAR  As will be seen best from FIG. 2, an elongate semi-circular trough portion
      44 of hopper 42 extends through the stack 40 and into a frusti-conical
      collar 49. Disposed over and closing the trough 44 externally of hopper 42
      is a cover member 45 terminating in an upwardly projecting gabled portion
      46 having a closed inner end 47 through which extends an opening 48. The
      larger end of this collar 49 is fixed, as by welding, to the end 11 of
      drum 12, and is rotatable therewith. The smaller end of the collar 49
      extends into stack 40 through a suitably sized aperture in the inner wall
      thereof. Formed in the outer end of collar 49 is an inlet or inlet port
      50.
PAR  A rotatable member 51 is rotatably housed in the semi-circular trough 44,
      and provided along its length with a plurality of helix surfaces 52. The
      member 51 is coextensive with the trough 44, extending from the forward
      end of the hopper 42 into the collar 49. Rotation of the member 51 is
      effected by a suitable drive (not shown) in transmission box 26 which is
      actuated simultaneously with rotation of the drum 12.
PAR  Grain or other particulate material to be treated by the apparatus 10 is
      poured into hopper 42 through its open upper end, the material being
      picked up by the member 51 and moved forwardly along trough 44 until it is
      expelled into the collar 49 through opening 48. Because of the tapering
      configuration of collar 49, movement of the grain will continue into the
      interior of drum 12.
PAR  Should the present apparatus 10 be used with a grain conveyor for filling
      the hopper 42, it is recommended that a level control be used in the
      hopper to provide automatic control of the conveyor and of the amount of
      grain entering the hopper.
PAR  Vigorous agitation, tumbling and cascading of the grain or other
      particulate material being treated by the apparatus 10 is effected by a
      series of ribs 60 which extend the length of the drum 12 and which, as
      best shown in FIG. 3 project generally radially from the interior wall of
      the drum to a point approximately mid-way toward the center thereof to
      define an unobstructed central core portion which extends the length of
      drum 12. Further, it will be noted that ribs 60 are evenly spaced around
      the interior periphery of the drum. To assure that the grain is elevated
      to a substantial height in drum 12 before being dropped from ribs 60, the
      ribs are formed with angular offsets or pockets 62 which face in the
      direction of rotation of drum 12. Thus, grain in the bottom of the drum is
      picked up and held in the pockets of ribs 60 until approaching the top of
      the drum. Accordingly, grain rolling from ribs 60 will be assured of
      cascading or dropping a substantial distance before hitting the bottom of
      the drum or being picked up by another rib.
PAR  In use, the rearward end of the apparatus 10 is tilted slightly downwardly,
      the front end being elevated by support leg 38 until the drum 12 is
      positioned at an approximate 3.degree. angle with respect to the
      horizontal. It is understood, of course, that this angle may be varied
      readily to effect either faster or slower feeding of particulate material
      the length of the drum. However, as mentioned above, an approximate
      3.degree. tilt has been found satisfactory for most purposes.
PAR  A mechanism is provided in the hoppper 42 to control the quantity of grain
      fed by the member 51 from the hopper 42 into the drum 12. This device,
      best shown in FIG. 4, comprises a gate member 68 adapted to be selectively
      raised and lowered by an arm 70 and link 72, the arm 70 being fixed to and
      rotatable with shaft 74. Limited rotation of shaft 74 is effected by lever
      75 (See FIGS. 1 and 2) which is operatively engaged with a fixed member 76
      by a threaded rod 77. The lower end of threaded rod 77 carries a handle
      78. Thus, manual rotation of handle 78 rotates threaded rod 77 which in
      turn rotates lever 75 and shaft 74 to raise or lower the gate 68. In this
      connection, the gate member 68 includes a slot 80 which straddles the
      member 51, the amount of grain being moved forwardly by the member
      depending upon the height to which the gate member 68 is raised. As
      illustrated in FIG. 4, the gate member is in its extreme downward
      position, thereby restricting the movement of grain to a minimum. Raising
      the gate member 68 would permit a greater quantity of grain to be fed from
      the hopper 42 into the drum 12.
PAR  At the rearward end of the drum 12, there is provided a heat generator or
      furnace 86 which is adapted to burn natural or manufactured gas. A blower
      90 forces the flame from furnace 86 through nozzle 88 a substantial
      distance into the drum 12 so that grain being cascaded therein falls
      through the flame approximately the last third of its travel.
PAR  Furnace 86 is mounted on a hinged door or closure 92 which, as best seen in
      FIG. 6, swings away from the substantially cylindrical collar 13 which is
      welded or otherwise affixed to the other end 15 of drum 12. Thus, ready
      access can be gained to the interior of drum 12 for cleaning or other
      purposes. Vertical supports 94 are fixed to frame 14 for purposes of
      hinging the door 92 on one side and locking it on the other by suitable
      pins 17.
PAR  Mounted on closure 92 is an intercepting means or diverter 96 which, as
      best seen from FIGS. 2 and 5, is projectable and retractable between an
      operative position extending into the drum 12 and an inoperative position
      disposed externally thereof. When projected into drum 12 as illustrated in
      FIG. 5, the diverter 96 will pick up grain as it is cascaded through the
      air proximate the rearward end 15 of drum 12, and divert such grain down
      through the lower open discharge port 91 of the closure 92 into a box or
      other container provided for receiving the treated grain.
PAR  The diverter 96 is mounted on a pair of parallel spaced shaft members 98
      which extend through and are slidably supported by two angle iron brackets
      100. The rearward end of the shafts 98 are connected by a handle portion
      102 which is used manually to project or retract the diverter 96. Thus, if
      it is desired to leave a charge of grain or other material in the drum 12
      for extended treatment, the diverter 96 is pulled rearwardly to the
      inoperative retracted position illustrated in FIG. 2, and the grain, of
      course, then stays in the drum for treatment. Extraction of grain is then
      effected by projecting the diverter 96 into the drum 12 to divert grain
      through the discharge 91 as it drops from ribs 60 adjacent the rearward
      end of the drum.
PAR  As best shown in FIGS. 2, 5 and 6, the diverter 96 includes a tapered
      forward wall and tapered side edges, the forward wall including a
      semi-spherical cut out portion 104 to permit the flame from nozzle 88 to
      flow readily into the drum 12.
PAR  In using the present embodiment, it has been found that rotation of the
      drum at approximately 10 rpm, with a 3.degree. tilt, will permit treatment
      of approximately 200 bushel of corn per hour. The temperature of the flame
      at the nozzle of the furnace preferably is in the neighborhood of
      1000.degree.-1500.degree. F, with the temperature dropping at the vent
      stack 40.degree. to about 250.degree. F.
PAR  Referring particularly to FIGS. 2 and 4, there is mounted on collar 49
      within vent stack 40 a fan assembly 110 which rotates with drum 12 and
      collar 49. The fan assembly 110 includes an outer annular plate 112 and a
      plurality of radially disposed blades 114 affixed to the plate 112 and the
      collar 49. As illustrated by the dotted lines in FIG. 4, the connecting
      wall member 41 is curved around the fan assembly 114 and forms therewith a
      "squirrel cage" type blower for pulling heated air from the drum 12 and
      blowing said air upwardly.
PAR  Should the drum 12 measure approximately 12' long by 4' in diameter, a
      furnace having a capacity of about 1,500,000 BTU per hour has been found
      desirable.
PAR  At an approximate 3.degree. tilt, it has been found that grain remains in
      the drum for approximately 3 to 4 minutes; that is, it takes approximately
      3 to 4 minutes for grain entering the drum from the member 51 to traverse
      the length thereof and be extracted by the diverter 96. Also, as will be
      apparent from the above description, for approximately the last 4 to 5
      feet in the drum, the grain falls through the flame from the furnace 86.
PAR  Obviously, many modifications and variations of the invention are possible
      in light of the teachings in this application. It is to be understood,
      therefore, that the foregoing is neither desired nor intended to limit the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for treating particulate material, comprising
PA1  A. an elongate generally cylindrical drum having an inlet at one end and an
      outlet at the other end,
PA1  B. means supporting said drum in a generally horizontal position for
      rotation around its longitudinal axis,
PA1  C. means for selectively rotating said drum,
PA1  D. means for receiving a supply of particulate material to be treated,
PA1  E. means for feeding a selectively variable quantity of material from said
      supply means through said inlet into said drum during rotation thereof,
PA1  F. means operable upon rotation of said drum for cascading material
      received therein generally transversely through the central core portion
      thereof while permitting longitudinal movement of said material toward
      said outlet,
PA1  G. a closure supported proximate the other end of said drum substantially
      surrounding said outlet,
PA1  H. said closure having a discharge port communicating with said outlet,
PA1  I. means for expressing a heated gas stream through said outlet into said
      central core portion of said drum,
PA1  J. means for venting said gas stream through said inlet after said stream
      has traversed the length of said drum through said cascading material, and
PA1  K. means for removal of treated material from said apparatus, said means
      comprising
PA2  i. a diverter movable from an inoperative position spaced from said
      cascading material to an operative position projecting into the path of
      and intercepting material cascading within said drum proximate said outlet
      and diverting said intercepted material through said outlet into said
      discharge port for discharge from said apparatus, and
PA2  ii. means for moving said diverter between said positions and for
      selectively varying said projection of said diverter when in said
      operative position to control the quantity of material removed from said
      drum.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said vent means includes a
      fan assembly rotatable with said drum and disposed proximate to and in
      communication with said inlet.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein said removal means is
      supported by said closure for axial movement relative to said drum, said
      diverter projecting through said outlet when in said operative position.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein the quantity of material fed
      by said feeding means into said drum is substantially equal to the
      quantity of material removed from said drum by said diverter for discharge
      from said apparatus.
NUM  5.
PAR  5. An apparatus according to claim 1, characterized by means for tilting
      said support means and drum to control the rate of movement of said
      material longitudinally through said drum.
NUM  6.
PAR  6. An apparatus according to claim 3, characterized by
PA1  A. means pivoting said closure on said support means for permitting pivotal
      movement of said closure to an open position spaced from and exposing said
      outlet, and
PA1  B. said heating means being mounted on and movable with said closure.
NUM  7.
PAR  7. An apparatus according to claim 2, characterized by
PA1  A. a tapered collar having its larger end mounted on said one end of said
      drum around a central aperture in said one end, said collar
PA2  i. being concentric with said one end, and
PA2  ii. terminating in an apertured outer end defining said inlet,
PA1  B. said vent means comprising
PA2  i. substantially planar inner and outer wall portions mounted in a
      generally parallel relationship on said support means,
PA2  ii. a connecting wall member between said inner and outer wall portions and
      forming therewith a vent stack having an open upper end,
PA2  iii. said inner wall including an aperture through which the outer end of
      said tapered collar extends, and
PA2  iv. said fan assembly being disposed within said vent stack on the outer
      end of said tapered collar,
PA2  v. said fan assembly being rotatable with said collar to draw heated gas
      from said drum through said inlet and force said heated gas through the
      upper open end of said stack.
NUM  8.
PAR  8. An apparatus according to claim 1, characterized by
PA1  A. a substantially cylindrical collar mounted on said other end of said
      drum around a central aperture therein, said cylindrical collar
PA2  i. being concentric with said other end, and
PA2  ii. terminating in an apertured outer end defining said outlet,
PA1  B. said closure comprising
PA2  i. a substantially planar outer wall,
PA2  ii. a transverse wall connected to the outer wall and having a curved upper
      portion sized to receive the upper portion of said cylindrical collar, and
PA2  iii. an inner wall connected at its edges to the lower portion of said
      transverse wall and defining a curved edge adapted to receive the lower
      portion of said cylindrical collar,
PA2  iv. said outer, inner and transverse walls cooperating to define a
      downwardly opening discharge port communicating with said outlet when said
      closure is in a closed position substantially surrounding said outlet, and
PA1  C. said heating means being mounted on said outer wall of said closure and
      expressing said heated gas stream through an orifice in said wall.
NUM  9.
PAR  9. An apparatus according to claim 1, wherein
PA1  A. said diverter comprises a scoop shaped member
PA2  i. sized to enter said drum through said outlet,
PA2  ii. open at its top, bottom and back, and
PA2  iii. provided with a rearwardly angled transverse face plate and inwardly
      angled side plates,
PA1  B. said moving means comprises a pair of shaft members connected to said
      side plates and extending outwardly therefrom through said closure, and
PA1  C. means connecting said shafts externally of said closure and providing a
      handle for the manual movement of said diverter between said inoperative
      and operative positions.
NUM  10.
PAR  10. An apparatus according to claim 1, wherein said support means comprises
PA1  A. an enlongate substantially rigid frame disposed generally parallel with
      the longitudinal axis of said drum,
PA1  B. a plurality of rollers journaled at spaced locations on said frame for
      rotatably engaging said drum, and
PA1  C. a plurality of support members depending from and supporting said frame
      in a spaced relation with the ground,
PA1  D. one of said support members being variable in length and constituting
      said tilting means.
NUM  11.
PAR  11. An apparatus according to claim 10, wherein at least two of said
      support members are provided with rotatable wheel assemblies engaging the
      ground to permit movement of said apparatus over said ground.
NUM  12.
PAR  12. An apparatus according to claim 11, wherein
PA1  A. said material supply means comprises a hopper having an open upper end
      and has a closed lower end,
PA1  B. said feeding means includes
PA2  i. a generally semi-circular trough portion extending from within said
      hopper through said vent stack and into said inlet,
PA2  ii. a rotatable member within and generally coextensive with said trough,
PA2  iii. helix surface means provided on said rotatable member and operable
      upon rotation of said member to convey material from said hopper into said
      drum.
NUM  13.
PAR  13. An apparatus according to claim 12, characterized by metering means
      providing said selective variation in the quantity of material fed by said
      feeding means, said metering means comprising
PA1  A. a gate member
PA2  i. provided with a centrally disposed slot sized to straddle said rotatable
      member between portions of said helix surface means, and
PA2  ii. a shaped lower surface adapted to substantially conform to the cross
      sectional configuration of said trough, and
PA1  B. manually accessible means for vertically moving said gate member between
      a lower position substantially blocking said trough and an upward position
      providing a desired feed of material from said hopper into said drum.
NUM  14.
PAR  14. An apparatus according to claim 10, characterized by
PA1  A. an annular track formed proximate each end of said drum for engagement
      with said rollers, and
PA1  B. a covering of insulative material surrounding substantially all of the
      cylindrical wall of said drum except said annular tracks.
NUM  15.
PAR  15. An apparatus according to claim 1, wherein said cascading means
      comprises a plurality of longitudinally disposed ribs spaced relatively
      evenly around the interior wall of said drum, said ribs
PA1  A. extending substantially the full length of said drum,
PA1  B. projecting generally radially from said interior wall toward the center
      of said drum,
PA1  C. terminating intermediate said inner wall and the center of said drum to
      provide said central core portion extending the length of said drum, and
PA1  D. including in cross section an angularly offset pocket adapted to receive
      material therein, to elevate said material to a substantial height in said
      drum, and to release said material for said cascading action.
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ABST
PAL  A device for use in removing condensate from rotatable, steam dryer drums.
      The device includes a pick-up head and a curved tube connected to the head
      at one end with the opposite end extending at right angles to the one end
      for connection to an outlet conduit leading out of the dryer drum. The
      pick-up head is located adjacent the inner surface of the drum and is
      maintained in this position by support means connected to the tube. The
      support means has a support member bearing against the wall of the drum in
      diametrically opposed relation to the pick-up head. The support means can
      be adjusted and locked in different positions to maintain the pick-up head
      in its proper position.
PARN
PAR  This is a continuation of Ser. No. 221,337, filed Jan. 27, 1972, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved device for use in removing condensate
      from a rotatable, steam dryer drum.
PAR  2. Description of the Prior Art
PAR  Rotatable, steam dryer drums are used in paper mills to dry sheet or web
      material. Steam is introduced into the rotatable drums to provide the heat
      to dry the material. Means have been provided in the drums for removing
      the condensate therefrom, formed when the steam condenses within the
      drums. These means comprise one or more condensate pick-up heads which are
      mounted to lie adjacent the inner cylindrical wall of the drum and which
      are connected, through an outlet conduit, with a siphon device located
      outside the drum. The pick-up head rotates with the drum and picks up the
      condensate travelling on the wall of the rotating wall. This condensate is
      then drawn out of the drum by the siphon device through the outlet conduit
      connected to the pick-up head.
PAR  One such device for removing condensate is shown in Canadian Pat. No.
      647,583, issued Aug. 28, 1962, John W. Hieronymus, inventor. The device
      shown in this patent employs a particular type of condensate pick-up head
      attached, by means of an elbow fitting, to an outlet conduit leading out
      of the drum. Spring-loaded bracing means are provided for biasing the
      pick-up head against the wall of the drum to maintain the head in the
      proper position.
PAR  In practice, it has been found that the known condensate removal devices,
      such as those shown in the patent, for example, have numerous
      disadvantages. The devices are relatively expensive due to the use of a
      special elbow-type fitting to both connect the conduit leading from the
      pick-up head to the outlet conduit, and also to provide attachment of a
      bracing member. In addition, elbow fittings are somewhat inefficient
      removing condensate due to the sharp constricted turn in the fitting. The
      expense of the devices is further increased by the use of a relatively
      compliated condensate pick-up head. Known devices employing a spring
      mounting in order to bias or brace the pick-up head against the wall of
      the drum have also been found disadvantageous since a spring mounting
      results in a tendency of the pick-up head to vibrate, particularly during
      high speed operation of the dryer drum. The vibrations are detrimental to
      the proper operation of the device.
PAC  SUMMARY OF THE INVENTION
PAR  It is the purpose of the present invention to provide an improved
      condensate removal device which overcomes the disadvantages of the prior
      art. It is more particularly the purpose of the present invention to
      provide a device for use in removing condensate from a rotatable steam
      dryer drum which is relatively inexpensive to manufacture and install,
      which is more efficient in operation, and which is more readily maintained
      in proper operating position during drum rotation at all times.
PAR  Applicant has found that an improved condensate pick-up head can be
      constructed employing a curved conduit to connect the pick-up head to the
      outlet conduit. The curved conduit improves the efficiency of the siphon
      device in withdrawing condensate from within the drum. A special pick-up
      head, therefore, is not required. The curved conduit also eliminates the
      use of a specific fitting to connect the duct leading from the pick-up
      head to the outlet conduit. The use of the curved conduit to connect the
      pick-up head to the outlet conduit results in improved efficiency and also
      reduced cost in the manufacture and construction of the pick-up device.
PAR  The invention is more particularly directed toward a device for use in
      removing condensate from a rotatable steam dryer drum which comprises a
      condensate pick-up head and a substantially rigid tube for carrying
      condensate. One end of the tube is connected to the pick-up head. The
      opposite end of the tube has means for connecting it to a conduit leading
      from the drum. The tube is curved to have its opposite end extend in a
      direction substantially transverse to the direction in which the one end
      extends. Support means are connected to the tube terminating in a free end
      which extends in a direction substantially transverse to the direction in
      which the opposite end of the tube extends. Threadably adjustable means
      are mounted on the support means at its free end. Means are also provided
      for locking the threadably adjustable means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in detail having reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a cross-sectional view showing the condensate removal device
      mounted in a steam dryer drum;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1; and
PAR  FIG. 3 is a detail view, partially in cross-section, of the bearing pad.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The device 1 for use in removing condensate is adapted to be mounted in a
      rotatable steam dryer drum 3 having a cylindrical wall 5 and end walls 7,
      only one of which is shown. In the one end wall 7, a journal 9 is provided
      through which an outlet conduit 11 passes extending axially of the drum.
      One end of the conduit 11 is rotatably connected to a siphon device 13
      located outside the drum. The siphon device 13 draws condensate from
      within the drum out through the conduit 11.
PAR  The condensate removal device 1 includes a condensate pick-up head 15. The
      pick-up head 15 comprises a substantially rectangular plate member 17 with
      legs 19 fixed to one surface 21 of the plate member and extending
      therefrom to support the pick-up head on the cylindrical wall 5 of the
      drum with the one surface 21 spaced from the wall of the drum. This manner
      of mounting provides a gap 23 about the periphery of the plate member 17
      of varying dimension through which condensate can be drawn. The pick-up
      head 15 is positioned on the wall of the dryer drum with the long
      dimension of the plate extending in a direction parallel to the axis of
      the drum.
PAR  The plate member 17 has a central aperture 25, and mounted on the opposite
      surface 27 of the plate member is a collar member 29 concentric with the
      aperture 25. The collar member can be counter-bored from one end 31 to
      provide a locating shoulder 33 within its central bore 35. The central
      aperture 25 in the plate member can be radiused as shown at 37 together
      with the other end 39 of the collar member 29 to provide a smooth entrance
      for the condensate to be picked up by the head.
PAR  A rigid tube 41 is provided for connecting the pick-up head 15 to the
      outlet conduit 11. One end 43 of the tube 41 is inserted into the one end
      31 of the collar 29 to rest on the shoulder 33 and is welded to the
      collar. The other end 45 of the tube has a flange 47 for permitting its
      connection to a flange 49 on the end of the outlet conduit 11 within the
      drum. The tube 41 is curved so as to have its other end 45 extend in a
      direction substantially transverse to the direction the one end 43 of the
      tube extends in. Preferably, the tube 41 is curved along a radius. The
      radius along which the tube is curved will vary depending upon the
      diameter of the drum and the diameter of the tube. However, the radius of
      curvature of a tube, 1 inch in diameter, should not be less than 10 inches
      so as to avoid constrictions, or sudden changes in direction, in the tube.
PAR  Support means 51 are provided for rigidly bracing the pick-up head 15
      against the wall 5 of the drum. The support means can comprise a curved
      tubular section 53, one end 55 of which is connected to the wall of tube
      41 adjacent the flange 47, preferably by welding. The section 53
      terminates in a free end 57 extending in a direction substantially
      transverse to the direction the other end 45 of the tube extends in, and
      preferably extending in a diametrically opposed direction to the direction
      the one end 43 of the tube, connected to the pick-up head, extends in. A
      support member 59 is mounted on the tubular section 53 at its free end 57.
      The support member 59 comprises a rod 61, threaded at one end 63 and
      having a bearing pad 65 at the other end. The threaded end 63 is sized to
      be inserted into the tubular section 53 at the free end 57. Two nuts 69,
      71 are threaded onto the threaded end of the rod 61. The lowermost nut 69
      bears against a shoulder 73 provided on the free end 57 of the tubular
      section. The second, uppermost nut 71 serves as a locking nut.
PAR  A bracing member 75 can be provided between the tube 41 and the tubular
      section 53 extending along a diametrical line between the two members and
      welded to the walls of the tube and tubular section.
PAR  The device 1 is installed by removing a service cover 77 in one end wall 7
      of the dryer drum. The device is inserted through the service hole 79 and
      placed in the proper position within the drum with the pick-up head 15
      adjacent the cylindrical wall 5. The flange 47 on the tube 41 is then
      connected to the flange 49 on the outlet conduit 11 by bolts or other
      suitable means. The nuts 69, 71 on the rod 61 are adjusted to permit it to
      be slipped into the free end 57 of the tubular section 53 and then further
      adjusted to abut the bearing pad 65 of the support member against the wall
      diametrically opposite to the pick-up head to tightly brace the pick-up
      head against the wall of the drum. The support member can then be locked
      in this position with the aid of the locking nut 71.
PAR  To accommodate possible expansion of the device 1 between pick-up head 15
      and bearing pad 65 during use of the device in a high-temperature
      environment, the bearing pad 65 may be made in the form of a thin metal
      plate, attached by one surface to the end of rod 61 and having legs 100
      seen in FIG. 3, similar to legs 19 on pick-up head 15, attached to the
      other surface of the plate for bearing against the wall of the drum. The
      legs are spaced from rod 61 so that the center of the plate may move
      toward or away from the wall of the drum relative to the portions of the
      plate from which the legs extend. The plate can be so designed as to flex
      increasing amounts to accommodate the amount of expansion encountered by
      the device between head 15 and pad 65 as a result of an increase in
      temperature.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for use in removing condensate from the interior of a rotatable
      steam dryer drum comprising:
PA1  a. a condensate pick-up head
PA1  b. a substantially rigid unitary pick-up tube, one end of the pick-up tube
      connected to the pick-up head, the opposite end of the pick-up tube having
      means for connecting it to an outlet conduit leading from the drum, the
      pick-up tube being continuously curved substantially throughout its length
      to have its opposite end extend in a direction substantially transverse to
      the direction in which the one end extends,
PA1  c. support means connected to the pick-up tube and terminating in a free
      end which extends in a direction substantially transverse to the direction
      in which the opposite end of the pick-up tube extends,
PA1  d. threadably adjustable means mounted on the support means at its free
      end, and means provided for locking the threadably adjustable means,
PA1  e. said support means including a substantially rigid unitary support tube
      continuously curved substantially throughout its length and being
      substantially symmetrical with said pick-up tube, and
PA1  f. a bracing member connected between and being substantially axially
      concentric with said pick-up tube and said support tube.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein the pick-up head comprises a
      substantially rectangular plate having a central passageway extending
      therethrough, said passageway having a radiused inlet at one surface of
      said plate.
NUM  3.
PAR  3. A device as claimed in claim 2, wherein legs of equal length are rigidly
      connected to said one surface of the rectangular plate and extend
      therefrom to support the plate in spaced relation to the drum and thus
      provide a peripheral gap of varying dimension through which the condensate
      can be drawn to the inlet.
NUM  4.
PAR  4. A device as claimed in claim 1, wherein the threadably adjustable means
      includes a shaft having a pair of ends and being threaded at a first end,
      the first end being at least partially inserted into the support means at
      the free end the shaft carrying a pressure pad at its second end, said
      locking means including nuts threaded on the shaft cooperating with the
      free end of the support means.
NUM  5.
PAR  5. A device as claimed in claim 4, wherein the pressure pad comprises a
      thin plate fixed centrally thereof, at one surface, to the shaft, and
      having legs extending away from the other surface, the legs offset or
      spaced from the shaft.
NUM  6.
PAR  6. A device as defined in claim 1 wherein said threadably adjustable means
      includes a threaded shaft and partially inserted in said support tube, and
      a pressure pad attached to said shaft whereby relative movement of said
      shaft and said support tube are achieved only by movement of said
      threadably adjustable means.
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ABST
PAL  An air nozzle for drying a fabric web supported on a supporting frame has a
      nozzle head which is arranged transversely in relation to the fabric web.
      This nozzle head has a number of rows of adjacent nozzle holes extending
      in the nozzle head direction and located on the side facing the fabric
      web. The blowing direction of the nozzle holes in the discharge direction
      of the air blast, from the nozzle center to the edges thereof, decreases
      in steepness from one row to the next. Nozzle holes located in the same
      row have the same cross-section, where the cross-section of the individual
      nozzle holes, measured from the center of the air nozzle to the nozzle
      edges, increases from row to row. The total cross-section of the nozzle
      holes of each row, however, is constant, and the distance of the nozzle
      holes from the point of impingement of the appropriate jet core, from the
      center of the air nozzle to the nozzle edges, progressively increases from
      row to row. The nozzle holes may be provided in a perforated plate which
      has a number of strips which are bevel-edged at different angles. One of
      the aforementioned rows of nozzle holes is located in a respective one of
      the strips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an air nozzle for drying a fabric web supported on
      supporting means, comprising a nozzle head which is arranged transversely
      in relation to the fabric web, and which has a number of rows of adjacent
      nozzle holes extending in the nozzle head direction, and located on the
      side facing the fabric web.
PAR  In a known nozzle arrangement of this kind, the discharge direction of each
      nozzle hole is parallel, and perpendicular to the fabric web, or the jets
      are inclined towards one another, so that a high static pressure is
      produced between the air nozzle and the fabric web. This high static
      pressure causes a steep pressure gradient at the edges of the air nozzle,
      with the result that the air blast is discharged at a high speed from the
      area between the fabric web and the sir nozzle, thus allowing suction
      forces to act on the fabric web. The suction forces load the fabric web,
      depending on its properties, either to a greater or lesser degree, and
      pull it towards the air nozzle (aerofoil effect), which decreases the
      discharge cross-section, and further increases the discharge rate and
      hence the suction forces. Webs of material, which have low stability of
      shape and tensile strength (e.g. woven goods still wet from printing,
      non-woven fabric, mica pulp, paper pulp), and which are therefore
      transported through the air-blast area of the air nozzle on a travelling
      base as carrier, e.g. a belt or roller, do not tolerate aerodynamic
      loading, or only low aerodynamic loading. This is because tensile stress
      can lead to tearing of the fabric web, or lift-off of the web whilst the
      woven goods are still wet from printing, which can involve the danger of
      the print becoming smudged, and therefore, up till now, the suction forces
      acting on the fabric web have been kept as low as possible, by maintaining
      a low speed of air blast by reducing the rate of the air supply. However,
      with this method it was also accepted that the degree of drying which is
      directly dependent on the air blast quantity, deteriorated.
PAC  SUMMARY OF THE INVENTION
PAR  On the basis of this prior art, the object of the invention is to create an
      air nozzle of the type initially described, with which a fabric web can be
      dried at a high speed of the air blast, with aerodynamic loading at the
      lowest possible level.
PAR  This objective is achieved in accordance with the invention, in that the
      blowing direction of the nozzle holes in the discharge direction of the
      air blast, from the nozzle center to the edges, decreases in steepness
      from one row to the next.
PAR  The air nozzle in accordance with the invention enables the fabric web to
      be dried with high efficiency, because the air blast effecting the drying
      can be directed at the fabric web at high speed, without the fabric web
      being subjected to such aerodynamic loads that are capable of impairing
      the quality of the fabric web. By comparison, the known nozzle could be
      operated only at less than 10 m/sec air speed, without causing
      inadmissibly high loading of the fabric web, whereas the air nozzle
      according to the invention permits an air speed of 40 m/sec without the
      fabric web becoming inadmissibly loaded.
PAR  The invention is based on realization of the fact that in the case of the
      initially mentioned, known air nozzle, lift-off of the fabric web and
      hence local displacement of the fabric web on the carrier surface, can be
      attributed to the fact that the air blast discharged at the two edges of
      the air nozzle, has too high a speed as a result of too steep a pressure
      gradient. The steep pressure gradient is produced because from the center
      of the air nozzle towards the two edges, the air blast supplied in
      parallel jets perpendicularly to the fabric web, is subjected to an
      excessive back-pressure in the nozzle area due to the jets. In the case of
      the air nozzle according to the invention on the other hand, the static
      pressure from the center of the air nozzle in the direction of the edges,
      is kept relatively low, but always above atmospheric pressure, where the
      reduction of static pressure caused locally on the fabric web by blast
      jets, stays lower than the accumulation of static pressure by partial
      blockage of the discharge of blast air between the individual jets of the
      nozzle rows. The jets, which are less steeply inclined towards the nozzle
      edges, present progressively lower resistance to the discharged blast air,
      so that at the edge, a sharp pressure gradient, and hence the otherwise
      caused lift-off of the fabric web, or other aerodynamic loading, is
      avoided.
PAR  A design form of the invention which in respect of the aerodynamic loading
      of the fabric web, is distinguished by especially advantageous conditions
      over the entire working range of the air nozzle, is characterised in that
      the nozzle holes located in the same row, have the same cross-section,
      where the cross-section of the individual nozzle holes, measured from the
      center of the air nozzle to the nozzle edges, increases from row to row,
      where the total cross-section of the nozzle holes of each row is constant,
      and where the distance of the nozzle holes from the point of impingement
      of the appropriate jet core on the fabric web, from the center of the air
      nozzle to the nozzle edges, progressively increases from row to row.
PAR  From the design point of view, a simple solution for the arrangement of the
      nozzle holes with different discharge directions, consists in placing the
      nozzle holes in a perforated plate which has a number of strips which are
      bevel-edged at different angles, in each of which a row of nozzle holes is
      located.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the following, the invention will be illustrated in greater detail with
      the aid of a drawing of one design form, where:
PAR  FIG. 1 shows an elevation of an air nozzle, viewed in the axial direction,
PAR  FIG. 2 shows a pressure diagram of the air nozzle according to FIG. 1, from
      one edge to the other, viewed in the direction of the fabric web,
PAR  FIG. 3 shows a section of the air nozzle according to FIG. 1, seen in the
      direction of the arrow A,
PAR  FIG. 4 shows a section through the air nozzle according to FIG. 1, along
      line B--B.
PAR  FIG. 5 shows a section through the air nozzle according to FIG. 1, along
      line C--C,
PAR  FIG. 6 shows a section through the air nozzle according to FIG. 1, along
      line D--D, and
PAR  FIG. 7 shows two adjacent air nozzles according to FIG. 1, in elevation,
      these being linked with one another by means of a perforated metal sheet.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The air nozzle according to the invention is designed as a hollow nozzle
      body, comprising a wind box 1 with a substantially V-shaped cross-section,
      the said wind-box having on its rear side an opening 2 for the supply of
      blast air, and on its front side, a nozzle plate 3. The nozzle plate 3
      consists of a perforated metal sheet, the holes of which are arranged in
      several adjacent, parallel rows 4, 5, 6, 7, 8, 9 running transversely to
      the fabric web. The nozzle plate 3 is bevel-edged a number of times in the
      longitudinal direction, alternately to the right and left, as illustrated
      in the drawing, so that the nozzle rows 4, 5, 6, 7, 8, 9 lie in planes 11,
      12, 13, 14, 15, 16 which have a backwardly slanting bevel of 15.degree.,
      30.degree. or 45.degree. respectively, relative to the symmetrical plane
      10 of the air nozzle. As the axes of the nozzle holes which determine the
      direction of the air blast from the nozzle holes, intersect planes 10 to
      16 perpendicularly, the direction of the air blast of the nozzle holes is
      correspondingly inclined, so that the air blast from the nozzle holes
      impinges progressively less steeply from row to row, from the center of
      the air nozzle to the edges, onto the fabric web 18 carried on a moving
      base 17. The distance a, b, c of the nozzle holes from the point of
      impingement of the jet cores on the fabric web 18, and the cross-section
      of the individual nozzle holes progressively increase in size, from the
      center of the air nozzle to its edges, from row to row, while the total
      cross-section of the nozzle holes of each of rows 4 to 9 remains constant
      (cf. in particular FIGS. 1 and 2). Between adjacent air nozzles 19a, b,
      there is always a perforated metal sheet 20 provided to cover the whole
      gap.
PAR  The air blast blown from the air nozzle at the fabric web 18, builds up a
      static pressure between the fabric web 18 and the nozzle plate 3, and this
      presses the fabric web against the moving base 17. When this happens, the
      pressure conditions represented by the diagram in FIG. 2, are produced. A
      static pressure maximum is produced at every point of impingement of the
      air jets on the fabric web 18. Despite the fact that from the center of
      the air nozzle to the edges, the discharged air blast quantity
      progressively increases, the static pressure remains above zero even in
      the areas of minimum pressure, so that the fabric web 18 is pressed onto
      the moving base 17 in the entire working range of the air nozzle, and is
      nowhere exposed to suction forces, which would lift the fabric web 18 off
      the moving base 17. As illustrated in FIGS. 3, 4, 5 and 6, a sufficiently
      open flow cross-section 21 is left for the discharged air blast between
      the adjacent air jets, due to the distance of the appropriate nozzle holes
      which increases towards the edges, and this flow cross-section 21 must be
      at its maximum at the outer rows (cf. flow arrows in FIG. 1) due to the
      maximum blast air quantity. The distance of the nozzle holes from the
      fabric web 18 is here adjusted such that the air jets impinge on the
      fabric web 18 with their core tips 22.
PAR  In order to further reduce the pressure gradient at the edges of the air
      nozzle, the gap between adjacent air nozzles 19a, 19b is covered over by a
      perforated metal sheet 20.
PAR  The properties of the moving base 17 depend on the nature of the fabric web
      18. It may be an inextensible belt or drum. In the case of porous webs, it
      must have a greater porosity than the fabric web.
CLMS
STM  I claim:
NUM  1.
PAR  1. Air nozzle for drying a fabric web supported on a supporting means,
      comprising a nozzle head which is arranged transversely in relation to the
      fabric web, and which has a number of rows of adjacent nozzle holes
      extending in the nozzle head direction and located on the side facing the
      fabric web, characterised in that the blowing direction of the nozzle
      holes in the discharge direction of the air blast, from the nozzle center
      to the edges, decreases in steepness from one row to the next, nozzle
      holes located in the same row having the same cross-section, where the
      cross-section of the individual nozzle holes, measured from the center of
      the air nozzle to the nozzle edges, increases from row to row, where the
      total cross-section of the nozzle holes of each row is however constant,
      and where the distance of the nozzle holes from the point of impingement
      of the appropriate jet core, from the center of the air nozzle to the
      nozzle edges, progressively increases from row to row.
NUM  2.
PAR  2. Air nozzle in accordance with claim 1, characterized in that the nozzle
      holes are provided in a perforated plate which has a number of strips
      which are bevel-edged at different angles, and each of which one row (4,
      5, 6, 7, 8, 9) of nozzle holes is located.
NUM  3.
PAR  3. In combination with a supporting means, an air nozzle for drying a
      fabric web supported on the supporting means, the air nozzle comprising an
      elongate nozzle head which is arranged transversely to the fabric web, and
      which has a number of rows of adjacent nozzle holes extending in the
      nozzle head direction and located on the side facing the fabric web,
      characterized in that the nozzle holes in the same row have the same
      cross-section, the cross-section of the individual nozzle holes, measured
      from the center of the air nozzle to the transverse nozzle edges,
      increases from row to row, the blowing direction of the nozzle holes in
      the discharge direction of the air blast, from the nozzle center to the
      transverse edges, decreases in steepness from one row to the next, the
      nozzle holes being provided in a perforated plate which has a number of
      strips which have a backwardly slanting bevel at predetermined angles
      relative to a plane of symetry of the air nozzle, in each of which strips
      one row (4, 5, 6, 7, 8, 9) of nozzle holes is located, and a flow
      component of each air blown stream is directed toward the nxet outer air
      blown stream of the rows of the nozzle head.
NUM  4.
PAR  4. Air nozzle for drying a fabric web which is supported on a supporting
      means, the nozzle comprising an elongate nozzle member transversely
      arranged in relation to the fabric web, the nozzle member being provided
      with a multitude of substantially straight, substantially planar strips,
      each provided with a row of adjacent nozzle holes which extend along the
      longitudinal direction of the member and having axes which intersect the
      planar strips perpendicularly, characterized in that the nozzle holes
      located in the same row have the same cross-section, the cross-section of
      the individual nozzle holes measured from the center of the air nozzle to
      the longitudinal edges, increases from row to row, the discharge
      direction, and thus, the direction of the nozzle holes is less inclined in
      the flow-direction of the blown air from the nozzle center to the
      transverse edges of the nozzle member from row to row of the nozzle
      member, whereby a flow component of each one blown-air stream is directed
      toward the next outer ones of the rows of the nozzle member.
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ABST
PAL  In order to dry wet strands of plastics which have been passed through a
      cooling bath during the manufacture of plastics granules, we provide an
      apparatus and a process in which the strands are fed through a gap and a
      current of air is passed through the gap in order to dry the strands.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to apparatus and a method for drying at least one
      strand of plastics material, more particularly those strands which are
      passed through a cooling bath during the manufacture of plastics granules.
      Normally, a plurality of strands are treated simultaneously, in
      side-by-side relationship.
PAR  The most diverse apparatus of this kind are already known, all of which
      however do not work in a satisfactory manner. In a first type of
      construction, the strands of plastics material are passed over rolls
      having perforated walls through which air is blown radially outwardly.
      Especially when higher strand speeds are employed -- high speeds are
      desirable in view of the economical operation of the entire plant -- the
      strands are insufficiently dried, since the time during which the
      perforations in the rolls can operate is shortened, in addition to which
      the water forms a meniscus between each strand of plastics material and
      the surface of the roll and is not removed. Furthermore, these perforated
      rolls act like sirens when rotating at high speed. In a second type of
      construction, the cooled strands are supported on an endless screen belt
      and are passed over suction boxes like in a paper-making machine; however,
      the above-mentioned meniscus formation cannot be prevented, so that the
      drying is also inadequate in this case.
PAR  Finally, it is also known to granulate the strands in a water bath, and to
      use centrifuges or vibrating screens to separate the cooling water from
      the granules. This is much too complicated for economical manufacture and
      also produces an inadequately dried granulated product.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides apparatus for drying at least one wet strand
      of plastics material, comprising feed means for feeding the strand through
      at least one gap and means for passing a current of air through the gap,
      and the invention also provides a method of drying at least one wet strand
      of plastics material, comprising feeding the strand through a gap while
      passing a current of air through the gap.
PAR  The invention provides a continuously operable apparatus and method which
      enable the strands of plastics material to be dried more completely in a
      cheaper manner than is the case when making use of the known constructions
      referred to above. In contradistinction to the known screen rolls, in the
      apparatus of the invention, all of the air current generated acts upon the
      strands of plastics material to be dried and extremely high air flow rates
      can be achieved in such a gap. This is especially so if the air is passed
      through the gap in the opposite direction to the strand(s), since in such
      a case the relative speed of the air to the strand(s) is the sum of the
      velocities of the air and of the strand(s). In this case, moreover, using
      a vacuum which can be generated quite economically, flow speeds of up to
      80 meters per second can be achieved, with the result that the strand(s)
      of plastics material can be substantially dried while passing through a
      single gap.
PAR  In a preferred embodiment of the invention, the gap is formed by a pair of
      cooperating rolls which are arranged to be driven so that their peripheral
      surfaces adjacent the gap move in the same direction as the strand. This
      embodiment can have the advantage that scarcely any film of water can form
      on the walls of the gap, since the water is flung off from the rotating
      peripheral surfaces of the rollers; in addition, if the air is flowing in
      the opposite direction to the strand(s), its high velocity in relation to
      the peripheral surfaces of the rolls blows the surfaces dry in the region
      of the gap. Moreover, no difficulties are encountered when the strand
      passes through the gap since the walls of the gap can rotate at the same
      speed as that of the strand.
PAR  The efficiency of drying can be improved if the width of the gap is greater
      than the width (normally the diameter) of the strand or individual
      strands, since the meniscus with its detrimental effect cannot be formed
      between any strand and both gap walls, and if the feed of the strand is
      such that it passes through the gap out of contact with both gap walls, no
      such meniscus can be formed.
PAR  In a preferred embodiment of the invention, the gap is at the strand outlet
      from a suction chamber, the strand inlet being formed by the nip of a pair
      of rolls which are substantially in contact over substantially their whole
      length and are arranged to be rotated so that their peripheral surfaces
      adjacent the nip move in the same direction as the strand, at least one of
      the rolls having a resilient surface arranged such that the strand will be
      embedded therein; at least one of the rolls can be positively driven. In
      this manner the suction chamber can be sealed off in a particularly
      satisfactory and simple manner at the region where the strands enter the
      chamber.
PAR  In general, it is better if there is a plurality of the gaps in series, and
      in particular a plurality of suction chambers be arranged in series; tests
      have shown that with an apparatus having three suction chambers arranged
      in series, in the first suction chamber 70% of the water adhering to the
      strands of plastics material is removed, in the second suction chamber 25%
      is removed and the remaining 5% is removed in the third suction chamber.
PAR  Deflectors such as baffle plates can be included for deflecting the air
      after it has passed over the strand and separating out the coolant, so as
      to recover the coolant, because specially prepared water, e.g.
      desalinified water, is usually employed in plants for the manufacture of
      plastics granules, and because as much of the water as possible should be
      recovered as it is expensive.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described, by way of example, with reference
      to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a first section through an embodiment of the invention, taken
      perpendicular to the axles of the pairs of rolls; and
PAR  FIG. 2 is a section along the line 2--2 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  The general process of forming hot strands of plastics material, cooling
      them with water and cutting them into very short lengths to form granules
      is described in U.S. Pat. Nos. 3,609,805 and 3,808,929, the contents of
      which are incorporated by reference. The plastics material may be for
      instance polyethylene, polypropylene, polystyrole or polyvinylchloride.
      The strand diameter is preferably between 0.5 mm and 2 mm, or larger.
PAR  It will be seen from FIG. 1 that the apparatus shown includes three suction
      chambers 10 to 14; the strands of plastics material 16 (shown in broken
      lines) are passed through the suction chambers 10 to 14 in succession, in
      the direction of the arrow A. Each suction chamber is formed substantially
      by a first and a second pair of rolls 18 and 20 respectively, and the
      rolls 22 and 24 of these pairs are, as can be seen clearly from FIG. 2,
      journalled in side walls 26 and 28 of the apparatus. Moreover, each pair
      of rolls is driven in the same direction as that of the movement of the
      strands of plastics material by means of a drive unit 29 shown in FIG. 2.
PAR  The rolls 22 of each first pair 18 are in mutual contact over their entire
      length and each consists of a relatively soft elastic material, thereby
      having a resilient surface. By virtue of their elasticity, no difficulties
      are encountered when starting up the plant for the manufacture of plastics
      granules -- the freshly extruded strands of plastics material are
      thickened at their ends; moreover the first pair of rolls form an
      efficient seal on the inlet side of each suction chamber, since the
      strands of plastics material bed down into the material of the rollers.
PAR  The rolls 24 of the second pair 20 on the outlet side each include a wide
      flat recess 24a, and the recesses of the two rolls of a pair leave a gap
      30, the width of which is greater than the diameter of the individual
      strands of plastics material 16. If the strand diameter is 2 mm, the gap
      width may be for instance 3 or 4 mm, but the width is variable to suit
      operating conditions.
PAR  Finally, sealing flaps 32 and 34 extending along the rolls 22 and 24
      respectively, side cheeks 26a and 28a occupying the end regions of the
      rollers and a floor member 36 for each chamber into each of which opens an
      oval cross-section suction connection 38, all form the sealing means for
      each suction chamber. Each suction connection 38 connects the suction
      chambers 10 to 14 with a deflecting chamber 40 (see FIG. 2) common to all
      the suction chambers, in which are mounted baffles 42, 44 and 46,
      extending between the side walls of a trough 48, which together with the
      side walls 26 and 28 forms the deflector chamber 40. A vacuum source (not
      shown) is connected to the deflector chamber 40 by means of an oval
      aperture 50 in the side wall 28 and the cooling water separated out in the
      deflector chamber is drawn off through an opening 52.
PAC  OPERATION OF THE EMBODIMENT
PAR  The apparatus operates as follows.
PAR  The strands of plastics material 16 entering via the pair of rolls 18 of
      the first suction chamber 10 have previously passed through a cooling bath
      charged with decalcified or desalinified water in a conventional manner,
      so that cooling water adheres to the surfaces thereof. The speed of the
      strands 16 may be of the order of several meters per second. Through the
      action of the driven rolls 22, the strands 16 are passed through the
      suction chambers 10-14. On account of the vacuum in the deflector chamber
      40 and in the suction chambers 10-14, a powerful current of air is set up
      in the gaps 30 of the second pairs of rolls 20 in counter-flow to the
      direction of movement of the strands of plastics material, by which means,
      since the apparatus is open at the top, air is drawn from above into the
      suction chambers. Tests have shown that under a vacuum of only 450 mm
      water column in the suction chambers 10-14, flow velocities of up to 80
      meters per second are attained in the gaps 30, to which must be added the
      speed of the strands 16, when considering the action of the current of air
      upon the water adhering to the strands 16. Tests have also shown that the
      strands 16 do not come into contact with the walls of the gap 30 formed by
      the peripheral surfaces of the rolls 24, so that the surfaces of the rolls
      24 remain substantially dry. Moreover, any water was immediately blown off
      the surfaces of the rolls 24, since the current of air has the same
      relative velocity in relation to these surfaces as it has in relation to
      the strands 16.
PAR  The water droplets with the entraining air follow a labyrinthine path,
      first impinging on the baffle plate 42, the against the side wall 26, then
      against the floor of the trough 48, and finally against the baffles 44 and
      46 and again coming into contact with the baffle 42; the droplets are thus
      precipitated and the water collecting on the floor of the trough 48 is
      drawn off through the aperture 52 and re-used in the cooling bath of the
      plant.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for drying a wet strand of plastic material which has been
      passed through a cooling bath during a manufacturing operation, said
      apparatus comprising
PA1  a pair of cooperating rolls;
PA1  means mounting said rolls in cooperative relationship with peripheral
      surface portions thereof in the area of cooperation forming a gap for the
      passage of said strand therethrough,
PA1  a pair of feed rolls,
PA1  at least one of said feed rolls having a resilient peripheral surface,
PA1  means mounting said feed rolls with the surfaces thereof making line
      contact over substantially the entire lengths thereof to form a seal,
PA1  said seal providing a nip through which said strand extends,
PA1  means for driving at least one of said feed rolls to advance said strand
      through said gap,
PA1  means for rotating said cooperating rolls in the direction of movement of
      said strand through said gap,
PA1  and means for passing a stream of air through said gap simultaneously with
      the movement of said strand through said gap.
NUM  2.
PAR  2. Apparatus as in claim 1 in which said air stream passing means directs
      air through said gap in a direction opposite to the direction of strand
      movement.
NUM  3.
PAR  3. Apparatus as in claim 1 in which at least one of said cooperating rolls
      is formed with a circumferential groove intermediate the ends thereof,
      said cooperating roll mounting means mounting the said cooperating rolls
      with end portions thereof outside said groove in contact.
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ABST
PAL  An audience response system includes a console having a plurality of pairs
      of lamps in which one lamp of each pair is grouped with corresponding ones
      of the lamps of the other pairs. The system also includes a plurality of
      switches, each for controlling the lighting of a different pair of lamps,
      and a plurality of timers, each of which is activated by a different one
      of the switches. When a particular one of the lamps of a pair is lighted
      by the associated switch, then the corresponding timer is also activated,
      and when the other lamp of the pair is lighted, the corresponding timer is
      deactivated. An additional switch is provided to activate an additional
      timer and deactivate the plurality of timers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a system in which members of an audience may
      communicate with an instructor, lecturer, moderator, etc., either in
      response to questions, to express opinions, or the like.
PAR  It is a continuing goal of educators to improve teaching effectiveness and
      capabilities, but in order to determine whether improvements are being
      realized, it is necessary that some means of evaluating teachers be
      provided. Various systems have been suggested for doing this with such
      systems typically including apparatus for enabling students to communicate
      responses, opinions, etc., to the teacher during the teaching process. It
      is felt that such "immediate feedback" operates to provide the teacher
      with a fairly accurate student opinion of the effectiveness, clarity,
      etc., of a given piece of instruction. One system for enabling such
      communication is described in Littauer, R. "Instructional Implication of a
      Low-Cost Electronic Student Response System", Educational Technology,
      October 1972, 12 (10) 69-71. As is noted in this reference, there are
      other commercially available student response systems but such systems
      often times are quite elaborate and costly.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an inexpensive simple
      to operate, and yet multipurpose audience response system.
PAR  It is also an object of the present invention to provide a system in which
      members of an audience may communicate either a favorable or unfavorable
      opinion, and in which a record is maintained of the time during which a
      given opinion is being communicated by a member.
PAR  It is also an object of the present invention, in accordance with one
      aspect thereof, to provide a system for registering the elapsed time
      during which individual members of an audience are communicating one of
      two possible responses, and for registering the elapsed time during which
      neither possible responses are being communicated.
PAR  These and other objects and advantages of the present invention are
      realized in a specific illustrative embodiment which includes a plurality
      of pairs of visual indicators in which a first indicator of each pair is
      grouped with all other first indicators and a second indicator of each
      pair is grouped with the other second indicators. Also included are a
      plurality of timers each corresponding to a different pair of visual
      indicators, and a plurality of switches, each also corresponding to a
      different pair of indicators to a different timer. Each switch is manually
      operable to activate either of the indicators of the corresponding pair
      and to activate the corresponding timer when a particular one of the
      indicators is activated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and features of the present invention will
      become apparent from the following detailed description presented in
      connection with the accompanying drawings in which:
PAR  FIG. 1 shows an audience response system made in accordance with the
      present invention; and
PAR  FIG. 2 shows an illustrative schematic circuit diagram of the system of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  The audience response system shown in FIG. 1 includes a primary console 4
      which has two groups of lamps La and Lb, each group consisting of 10
      lamps, and three toggle switches SWa, SWb and SWc. Advantageously, the
      lamps in group La are a different color from the lamps in group Lb, for
      reasons which will become apparent as the system is desribed. The switch
      SWa is provided simply to turn the system on or off. The other two
      switches will be described later.
PAR  Ten manually operable, two-positioned switches SW 1 through SW 10 are
      connected to the console 4. Each of these switches is provided for
      controlling a corresponding pair of lamps on the console, with one lamp of
      each pair being located in group La and the other lamp of each pair being
      located in group Lb. For example, switch SW 1 might control the upper
      leftmost lamp in group La and the upper leftmost lamp in group Lb. The
      particular pair of lamps controlled by a given switch is unimportant and,
      in fact, it may be desirable to assign the switches to corresponding lamp
      pairs in such a manner that a user of the console is unable to correlate a
      given pair with a given switch (to maintain anonymity).
PAR  Each switch SW 1 through SW 10 is operable to light one of the lamps in
      group La when the switch is in a first position and to light one of the
      lamps in group Lb when the switch is in a second position. Thus, depending
      upon the setting of the switches, all the lamps in group La may be lighted
      while none of the lamps in group Lb are lighted, two of the lamps in group
      La may be lighted while eight of the lamps in group Lb are lighted, etc.
      The total number of lamps on the console which are lighted at a given time
      is equal to 10.
PAR  The console 4 is used to provide a visual indication to a teacher,
      moderator, etc., of responses being communicated by members of an audience
      using the switches SW 1 through SW 10. For example, the members of an
      audience having the switches may have been instructed to indicate a
      favorable reaction to a lecture by placing the switches in the first
      position and to indicate an unfavorable reaction by placing the switches
      in the second position. Then, during the course of the lecture or
      instruction, the number of lamps in group La which are lighted would
      indicate the number of members of the audience who are favorably impressed
      at any given time and the number of lamps in group Lb which are lighted
      would indicate the number who are unfavorably impressed at a given time.
      The utility of this type of "feedback" from an audience is that the
      teacher is made aware of the impression of the audience toward his
      instruction at all times during the instruction. Of course, the teacher
      could modify his presentation in response to the information communicated
      from the audience.
PAR  A second console of timers or clocks 12 is also coupled to the console 4.
      The console 12 includes an array of 10 clocks Ti and an eleventh clock Tp.
      Each of the clocks Ti is controlled by a different one of the switches SW
      1 through SW 10. Specifically, when one of the switches is in its second
      position, the corresponding one of clocks Ti is activated to maintain a
      reading of elapsed time, and when the switch is placed in the first
      position, the clock is deactivated or stopped. The clocks Ti, in effect,
      maintain a record of the total time in corresponding one of the switches
      SW 1 through SW 10 is maintained in the second position, i.e., the total
      time a corresponding lamp in group Lb is lighted.
PAR  In operation, when one of the switches SW 1 through SW 10 is placed in the
      second position, a corresponding one of the lamps in group Lb is lighted
      and a corresponding one of the clocks Ti commences to operate, and when
      the switch is moved to the first position, the lamp in group Lb is
      extinguished and the clock is stopped and a corresponding one of the lamps
      in group La is lighted.
PAR  During the course of instruction, it may be desirable to deviate from the
      audience evaluation of the teacher or instructor to ask particular
      questions of the audience. To facilitate such deviation, switch SW c is
      provided on the console 4 so that when the switch is moved from the
      "evaluate" position to the "poll" position, all the clocks Ti are
      deactivated regardless of the setting of the switches SW 1 through SW 10.
      At the same instant the clocks Ti are deactivated, the clock Tp is
      activated to commence recording the elapsed time. A lamp Lp on the console
      12 is also lighted to indicate that the evaluation phase has been
      interrupted and that a polling phase is now under way. After placing the
      switch SWc in the "poll" position, questions may then be asked of the
      audience and members of the audience having the switches SW 1 through SW
      10 can respond. The instructor or teacher, as before, is provided with a
      visual indication of these responses by the lamps La and Lb. It is
      desirable during this polling process to deactivate the clocks Ti so that
      the reading on the clocks maintained during the evaluation phase will not
      be affected by the responses given during the polling operation. The clock
      Tp maintains a reading of the elapsed time during which polling operation
      is conducted and this time may thus be taken into account when examining,
      processing or evaluating the readings of clocks Ti. At the conclusion of a
      polling operation, the switch SWc is moved back to the evaluation position
      and evaluation phase may continue.
PAR  A meter 10 is coupled into the console 4 to provide an indication of the
      proportion or percentage of the total lamps in group Lb (or alternatively
      group La) which are lighted at any given instant of time. The meter 10
      could be provided for use by the teacher or for use by an observer. In any
      case, if all lamps of group Lb were lighted, the meter 10 would indicate
      that a 100 percent of the lamps were lighted and if five of the lamps in
      group Lb were lighted, the meter 10 would indicate that 50 percent of the
      lamps were lighted, etc. The meter 10 might illustratively be a simple
      ammeter coupled into the system as more particularly shown in FIG. 2.
PAR  The switch SWb on the console 4 is provided to enable the system user to
      disengage or decouple from the system switches SW 6 through SW 10 and also
      to bias the meter 10 to "disregard" the decoupled switches so that the
      meter will read 100 percent when all five of the switches SW 1 through SW
      5 are in the second position causing the corresponding lamps in group Lb
      to be lighted. This is desirable since the system user may wish to have a
      smaller sampling, i.e., only five members of the audience, for a
      particular phase of instruction. With the switch SWb placed in the "Gr 10"
      position, all 10 of the switches SW 1 through the SW 10 are coupled into
      the system and with the switch placed in the "Gr 5" position, only
      switches SW 1 through SW 5 are coupled into the system. It should be
      understood that the system could be designed so that any number of
      switches greater or less than five could be decoupled when the switch SWb
      is properly positioned, or that a three, four, etc., position switch could
      be provided for selectively decoupling a certain number of switches, then
      a larger number of switches, etc.
PAR  FIG. 2 shows a schematic circuit diagram of the system of FIG. 1. The
      circuit includes a plug 3 for plugging into a source of A.C. power 2, and
      a double pole, double throw switch SWa for connecting or disconnecting the
      rest of the circuit to or from the A.C. source. The circuit also includes
      a step-down voltage transformer 6, the primary winding of which is coupled
      to the switch SWa and the secondary winding of which is coupled to a
      full-wave diode bridge rectifier BR 1. The bridge BR 1 supplies rectified
      current to a filter composed of a capaciter C1 and a resistor R1. The
      current is then supplied via a resistor R2 to a line 14 and, depending
      upon the setting of a switch SWb, to either one of two potentiometers P1
      or P2. The switch SWb is a two pole, two position switch and corresponds
      to the switch SWb on the console 4 of FIG. 1. When the switch SWb is in
      the GR 5 position (leftmost position), current flows through the
      potentiometer P1 and through the switch to an ammeter 10 and then to the
      line 14. When the switch SWb is in the Gr 10 position (rightmost
      position), current flows through the potentiometer P2 and through the
      switch to the ammeter 10 and then to the line 14.
PAR  The current applied to line 14 is applied to relay Ry 1 through Ry 5
      regardless of the setting of switch SWb; but only if the switch SWb is in
      the Gr 10 position will current on line 14 be applied to relays Ry 6
      through Ry 10. In other words, when the switch SWb is in Gr 5 position,
      current on line 14 is supplied to relays Ry 1 through Ry 5 and thus to
      switches SW 1 through SW 5, but current is not supplied to relays Ry 6
      through Ry 10 or to switches SW 6 through SW 10. In this manner, five of
      the manually operable switches may be decoupled from the system as
      previously described.
PAR  Each relay Ry and corresponding switch SW control the lighting of a pair of
      lamps L and the operation of a timer T. For example, relay Ry 1 and switch
      SW 1 control the lighting of lamp L1a and lamp L1b and the operation of
      timer T1. The lamp L1a is located in the lamp group La on the console 4
      (FIG. 1) while the lamp L1b is located in the lamp group Lb of the
      console.
PAR  Each of the relays is a single pole, double throw relay whose operation is
      controlled by a corresponding switch. Referring to relay Ry 1 and switch
      SW 1 of FIG. 2, when the switch SW 1 is closed on relay coil 22, the coil
      is energized by current via line 14 to cause a movable contact or pole 24
      to break with stationary contact 26 and make with stationary contact 28.
      When this occurs, the lamp L1a is extinguished and the lamp L1b is lighted
      by way of conductors 30 and 32 which are coupled through the switch SWa to
      the A.C. source 2. Also, the timer T1 is activated by way of the
      conductors 30 and 32 through a switch SWc. When the switch SW 1 is
      "opened", the moveable contact 24 breaks with stationary contact 28 and
      makes with stationary contact 26 to extinguish the lamp L1b and again
      light the lamp L1a. Current to the timer T1 is also terminated so the
      timer is turned off or deactivated.
PAR  The switch SWc, as previously described, is provided for deactivating all
      of the timers T1 through T10 and for activating another timer Tp. This is
      done by moving the movable contact of the switch from the evaluate
      position to the poll position. When this is done, timers T1 through T10
      are electrically disconnected from the conductors 30 and 32 and the timer
      Tp is electrically connected to those conductors. Also, a lamp Lp is
      coupled to the conductors 30 and 32 causing the lamp to light. The timer
      Tp thus maintains a reading of the elapsed time during which the switch
      SWc is maintained in the poll position.
PAR  The ammeter 10 provides a reading of the amount of current flowing
      therethrough to the different switches SW 1 through SW 10. Of course, if
      none of the switches are closed, then no current flows through the ammeter
      and the reading would be zero. When the switch SWb is in position Gr 5,
      the potentiometer P1 biases the ammeter 10 so that it will read from 0,
      when none of the switches SW 1 through SW 5 are closed, to a full scale
      reading, when all of the switches SW 1 through SW 5 are closed. When some
      number of switches less than all are closed, the ammeter 10 will maintain
      a reding representing the percentage of the switches which are closed.
      When the switch SWb in position Gr 10, the potentiometer P2 biases the
      ammeter so that it will read from 0, when none of the switches SW 1
      through SW 10 are closed, to a full scale reading when all of the switches
      SW 1 through SW 10 are closed. Again, when any number of switches between
      0 and 10 are closed, the ammeter 10 will maintain a reading representing
      the percentage of such switches which are closed. In other words,
      regardless of the setting of the switch SWb, the ammeter 10 is biased to
      provide a full scale reading representing a percentage of all switches to
      which the ammeter is connected (either five or ten) which are closed.
PAR  Although a specific illustrative embodiment of the circuitry for
      implementing the FIG. 1 system has been described, it should be understood
      that there may be a variety of ways for implementing the system. The
      Audience Response System described provides an inexpensive and yet
      effective arrangement for providing an instructor or teacher with
      information communicated from members of an audience.
PAR  It is to be understood that the above-described arrangement is only
      illustrative of the application of the principles of the present
      invention. Numerous other modifications and alternative arrangements may
      be devised by those skilled in the art without departing from the spirit
      and scope of the invention and the appended claims are intended to cover
      such modifications and arrangements.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An audience response system comprising
PA1  first and second groups of visual indicators, each indicator in one group
      being paired with an indicator in the other group,
PA1  a plurality of switches, each for distribution to and use by a different
      member of an audience and each corresponding to a different pair of said
      indicators and having first and second positions, said switches each being
      manually operable to activate one indicator of a corresponding pair while
      in the first position and to activate the other indicator of the pair
      while in the second position,
PA1  a plurality of timers, each coupled to a different one of said switches for
      activation while the corresponding switch is in the first position to
      thereby indicate the duration that the corresponding switch is in the
      first position,
PA1  an additional timer, and
PA1  an additional switch coupled to said additional timer and said plurality of
      timers for deactivating the plurality of timers and activating the
      additional timer when the additional switch is in a first position, and
      for deactivating the additional timer when the additional switch is in a
      second position.
NUM  2.
PAR  2. A system in claim 1 wherein the visual indicators are lamps and wherein
      the lamps in the first group are of one color and the lamps in the second
      group are of a different color.
NUM  3.
PAR  3. A system as in claim 1 further comprising an additional visual indicator
      which is activated while said additional switch is in the first position.
NUM  4.
PAR  4. A system as in claim 1 further comprising a meter for registering, at
      any given time, an indication of the percentage of said plurality of
      switches which are in the first position at that time.
NUM  5.
PAR  5. A system as in claim 4 further comprising a selection switch for
      coupling said meter to selected ones of said plurality of switches, and
      means for biasing said meter to register an indication of the precentage
      of switches, of the total of those coupled to the meter, which are in the
      first position.
NUM  6.
PAR  6. An audience response system comprising
PA1  a plurality of pairs of visual indicators, a first indicator of each pair
      grouped with the other indicators and a second indicator of each pair
      grouped with the other second indicators, said first group of indicators
      being spatially separated from said second group of indicators
PA1  a plurality of manually operable two-position switches for distribution to
      and use by members of an audience, each switch coupled to a different pair
      of indicators for selectively activating the first indicator of the pair
      when the switch is operated to a first position and for activating the
      second indicator of the pair when the switch is operated to a second
      position,
PA1  means for providing, at any given time, an indication of the proportion of
      said plurality of switches which are at that time activating the
      corresponding said particular indicators,
PA1  a selection switch coupling said indication providing means to selected
      ones of said plurality of switches, and
PA1  means for biasing said indication providing means to indicate the
      proportion of switches, of those coupled to the indication providing
      means, which are activating the corresponding said particular indicators.
NUM  7.
PAR  7. A system as in claim 6 further comprising
PA1  a plurality of timers, each coupled to a switch for activation when the
      switch is in the first position to thereby register the time during which
      the switch is in the first position,
PA1  an additional timer, and
PA1  an additional switch operable to a first position to activate said
      additional timer and deactivate said plurality of timers to thereby
      register the time during which said plurality of timers are deactivated,
      and operable to a second position to deactivate said additional timer and
      activate the ones of said plurality of timers whose corresponding switches
      of said plurality of switches are in the first position.
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ABST
PAL  Trim marks of equilateral triangular shape are used to define a trim line
      for sheets containing machine-readable indicia. Each trim mark consists of
      an equilateral triangle with one corner situated along the trim line, an
      adjacent side extending perpendicular to that trim line, and an opposite
      side parallel to but spaced from the trim line. The length of the adjacent
      side corresponds to the acceptable severance tolerance for the trim line,
      so that if the sheet is cut away from the desired trim line, the visable
      width of the truncated triangular trim mark will equal the amount of
      offset. Advantageously, differently spaced pairs of such trim marks are
      employed on opposite sides of the desired trim line so that the separation
      distance between the truncated triangles provides a visual indication of
      the direction and possible skew of severance offset.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to tolerance indicating trim marks for
      printed sheets containing machine readable indicia.
PAR  2. Description of the Prior Art
PAR  Automatic test scoring devices are widely used to score test sheets on
      which answers have been marked in designated true/false or multiple choice
      answer spaces. An example of such device and of the test sheets used
      thereby is disclosed in the inventor's U.S. Pat. No. 3,800,439 entitled
      TEST SCORING APPARATUS. In such devices, answer marks are detected
      electro-optically as each test sheet is transported past a photo-electric
      reading head.
PAR  For error-free operation, the answer spaces on each test sheet must be
      spaced certain distances from a reference edge of the sheet. These
      distances correspond to the positions of photosensors in the reading head
      with respect to a guide for the test sheet reference edge. Typically the
      answer spaces are arranged in columns parallel to the reference edge, with
      the answer blocks in each column being a fixed distance from the reference
      edge.
PAR  If the reference edge is skewed with respect to the columns of answer
      spaces, not all of the spaces will be aligned with the corresponding
      sensors as the sheet is transported past the read head. Incorrect scoring
      will result.
PAR  To avoid this problem, the answer spaces are printed on a page together
      with a trim line defining the reference edge. The page subsequently is
      severed along the trim line, so that in the resultant answer sheet the
      answer spaces are exactly spaced the desired distance from the reference
      edge. Two answer sheets may be printed simultaneously on the same page, so
      that the single trim line defines the reference edges for both test
      sheets.
PAR  Some tolerance is permitted in the position of the reference edge with
      respect to the answer spaces. To inform the printer that the pages have
      been severed within this acceptable range, tolerance indicating trim marks
      advantageously are printed on the page along the trim line.
PAR  An example of such trim marks is disclosed in the U.S. Pat. No. 3,808,406.
      There each mark consists of a generally rectangular tolerance indicating
      portion and a coaxial line portion extending from the ends thereof. The
      line portion designates the exact trim line, and the transverse dimension
      of the tolerance indicating portion corresponds to the allowable trim
      tolerance. If the page is severed within acceptable limits, a solid band
      of ink is visible down the edge of a stack of sheets. Absence of this band
      indicates that the sheets have been cut improperly and must be discarded.
PAR  It is an object of the present invention to provide improved trim marks for
      a test sheet. These trim marks not only indicate whether the pages have
      been severed within acceptable tolerance, but also tell exactly how far
      from the trim line the actual cut has been made. Moreover, the inventive
      trim marks also indicate at a glance whether and in which direction the
      cut edge is skewed.
PAR  Although intended primarily for test answer sheets, the trim marks
      disclosed herein have other applications. For example, in the printing of
      bank checks which contain machine readable bank transit and account
      numbers along one edge, that edge must be exactly spaced from the bottom
      of the numbers. The inventive trim marks may be used to define the trim
      line and acceptable tolerance for trimming such bank checks.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objectives are achieved by printing on the answer sheet or
      other document trim marks comprising sets of equilateral triangles
      arranged so that one corner of each triangle lies along the trim line.
      Since the loci of these corner points define the trim line, there is no
      need to print a separate line defining the trim line itself.
PAR  The side of each triangle adjacent the one corner is perpendicular to the
      trim line, and the side opposite this corner is parallel to the trim line.
      Since the triangle is equilateral, if the page is severed away from the
      trim line, the width of the truncated portion of the triangle will be
      equal to the amount of offset error in the cut.
PAR  Preferably the triangles are arranged in widely spaced sets along the trim
      line. Each such set includes a first pair of triangles on one side of the
      trim line and a second pair on the opposite side, with the trim line
      defining corners of the second pair between the like corners of the first
      pair.
PAR  In this way, if a stack of the cut sheets are viewed edge on, the spacing
      between the marks will indicate whether the cut is perfect, is displaced
      in one or the opposite direction from the train line, or is skewed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A detailed description of the invention will be made with reference to the
      accompanying drawings wherein like numerals designate corresponding
      elements in the several figures.
PAR  FIG. 1 is a plan view of a page containing the inventive trim marks; two
      test sheets are printed on the page.
PAR  FIG. 2 is an enlarged, fragmentary view of one set of trim marks printed on
      the page of FIG. 1.
PAR  FIGS. 3 and 4 are perspective views of stacks of test sheets prepared from
      pages like that of FIG. 1, which have been severed exactly along the trim
      line defined by the inventive trim marks.
PAR  FIGS. 5 and 6 are perspective views like FIG. 3 in which the pages have
      been severed parallel to, but offset from the exact trim line, but within
      acceptable tolerances.
PAR  FIG. 7 is a perspective view like FIG. 3, but wherein the pages have been
      severed along a line skewed with respect to the exact trim line.
PAR  FIG. 8 is an enlarged fragmentary view like FIG. 2 showing an alternative
      arrangement of the equilateral triangular trim marks.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following detailed description is of the best presently contemplated
      mode of carrying out the invention. This description is not to be taken in
      a limiting sense, but is made merely for the purpose of illustrating the
      general principles of the invention since the scope of the invention best
      is defined by the appended claims.
PAR  Referring to FIG. 1, there is shown a page 10 of paper or like material on
      which has been printed two test sheets 11, 12. The illustrative test sheet
      11 contains a column 13 of control marks 14, 15, 16 all of which are
      uniformly spaced from a trim line 17 which defines a reference edge for
      the test sheet 11. Also printed on the sheet 11 are a plurality of answer
      spaces 18, sets of which are row-aligned with the corresponding control
      marks 15. These answer spaces 18 are positioned at certain distances with
      respect to the reference edge 17 so as to be aligned with corresponding
      electro-optical sensors of the test scoring apparatus used to score the
      test sheet 11. Similarly, the test sheet 12 contains a row 13' of control
      marks, and sets of answer spaces 18' all spaced certain distances from a
      reference edge 17'.
PAR  After printing, the page 10 is severed along the trim line to produce the
      separate test sheets 11 and 12. As discussed previously, the page 10 must
      be severed within an acceptable tolerance range so that the control marks
      13' and the answer spaces 18, 18' will be correctly spaced from the
      resultant reference edges of the severed test sheets 11, 12. To insure
      such correct severance, sets 20, 20' of trim marks in accordance with the
      present invention are printed on each page 10 simultaneously with printing
      of the control marks in the columns 13, 13' and the answer spaces 18, 18'.
PAR  As best shown in FIG. 2, each set 20, 20' advantageously contains four
      individual trim marks 21 - 24 each in the shape of an equilateral
      triangle. The triangles 21, 22 are printed on the test sheet 11 and have
      their respective corners 21a, 22a situated exactly along the desired
      reference edge 17. The triangles 23, 24 are printed on the test sheet 12
      and have their respective corners 23a, 24a situated exactly along the
      reference edge 17' for the test sheet 12. The reference edges 17, 17'
      together define the trim line along which the page 10 is to be severed.
      Advantageously, but not necessarily, this trim line is not actually
      printed on the page 10. The thickness of the trim line, i.e., the distance
      between the reference edges 17 and 17', may correspond to the width of the
      blade edge used to sever the page 10. Alternatively, the reference edges
      17 and 17' may be the same, so that the distance a is zero.
PAR  Each triangle 21 - 24 is equilateral. The respective side 21b - 24b
      adjacent to the respective one corner 21a - 24a is perpendicular to the
      respective reference edge 17, 17'. The other side 21c - 24c opposite the
      respective one corner 21a - 24a is parallel to the trim line defined by
      the reference edges 17, 17' but spaced therefrom. In accordance with the
      present invention, the length of each side 21b - 24b is equal to the
      acceptable trim tolerance. That is, the page 10 can be cut along a line
      offset from the reference edges 17, 17' so long as the actual distance of
      this cut away from the trim line defined by the edges 17, 17' is less than
      the height h of the tolerance-defining triangle sides 21b - 24b. The
      tolerance h for the sheet 11 need not be the same as the tolerance h' for
      the sheet 12. That is, the height h of the triangle 21, 22 may be
      different from the height h' of the triangle 23, 24.
PAR  It is also advantageous to make the separation distance between one pair
      23, 24 of triangles in the set 20 less than the separation distance of the
      other pair 21, 22, and to position the corners 23a, 24a of the closer pair
      of triangles 23, 24 between the corresponding corners 21a, 22a of the more
      widely separated pair of triangles 21, 22. The benefits which accrue from
      this arrangement will be understood with reference to FIGS. 3 through 7.
PAR  Generally a plurality of pages 10 are severed simultaneously so as to form
      a stack 11' of sheets 11 (FIG. 3) and a stack 12' of sheets 12 (FIG. 4).
      If the pages are cut exactly along the trim line defined by the reference
      edges 17, 17' there will be two pairs 26, 27 and 26', 27' of stripes
      visible along the side 28 of the stack 11'. These stripes are formed by
      the ink from the corners 21a, 22a of the respective triangular trim marks
      21, 22. These stripes, having the appearance of FIG. 3, indicate that the
      stack 11' has been severed exactly along the desired reference edge 17.
      Similarly, two pair of stripes 29, 30 and 29', 30' will be visible along
      the side 31 of the stack 12' (FIG. 4) if this stack has been severed
      exactly along the reference edge 17'.
PAR  If the pages have been severed along a line 32 (FIG. 2) that is parallel to
      the desired trim line but offset therefrom toward the side of sheet 11,
      the stack 11' will have the appearance of FIG. 5. In this case, the
      stripes 26, 27 and 26', 27' will be of greater thickness than shown in
      FIG. 3. Indeed, the width w of each such stripe will be equal to the
      extent of offset of the actual cut from the desired reference edge 17. As
      shown in FIG. 2, this results from the use of the equilateral triangle
      shape for each trim mark 21, 22.
PAR  If the actual cut is offset from the reference edge 17 in the direction of
      the test 12, the side 28 of the stack 11' will have the appearance shown
      in FIG. 6. There, two pairs of stripes 26a, 27a, 26a', 27a' are apparent,
      the separation distance between the stripes in each pair being less than
      that in the case shown in FIG. 5. In this case, where the actual cut has
      been made along the line 33 of FIG. 2, the width w' of each stripe again
      will correspond to the extent of offset of the actual cut from the desired
      reference edge 17'. This again results from the use of equilateral
      triangles as the trim marks 23, 24.
PAR  Since the height h and h' of the trim marks 21-24 correspond to the
      acceptable tolerance for offset of the actual severance line, the cases
      shown in FIGS. 5 and 6 result in acceptable test sheets 11 and 12. If the
      actual cut had been made outside of these acceptable tolerance limits, no
      stripes would be visible on the sides 28, 31 of the stacks 11' and 12'.
PAR  In the example of FIG. 7, the sheets 10 have been severed along a line
      skewed with respect to the reference edge 17. As a result, the side 28 of
      the stack 11' contains one pair of stripes 26b, 27b that are relatively
      widely spaced apart and another pair of stripes 26b', 27b' that are more
      narrowly spaced. Of course, the stripes 26b, 27b correspond to the trim
      marks 21, 22 of the first set 20 (FIG. 1) and the stripes 26b', 27b'
      correspond to the trim marks 23, 24 of the second set 20'.
PAR  Although two sets 20, 20' of trim marks have been illustrated herein, the
      invention is not so limited. Only one such set would suffice, or
      alternatively, three or more such sets may be employed. In the alternate
      embodiment of FIG. 8, the set 30 of trim marks consists of a first pair of
      equilateral triangles 31, 32 printed on the sheet 11 and a second pair of
      equilateral triangles 33, 34 printed on the sheet 12. As in the embodiment
      of FIG. 2, the corners 31a, 32a lie along the trim line 17 and the corners
      33a, 34a are on the trim line 17', however, the adjacent sides 31b, 32b of
      the triangles 31, 32 are respectively aligned with the corresponding
      adjacent sides 33b, 34b of the triangles 33, 34. To distinguish the
      direction of offset, the triangles 31 and 32 may be of one color and the
      triangles 33, 34 of a different color. Thus, if the page 10 is severed
      above the trim line 17, the stripes visible along the side of a stack of
      sheets will be one color, but if the page is severed below the line 17',
      the stripes will be of the other color.
CLMS
STM  Intending to claim all novel, useful & unobvious features shown or
      described, the inventor makes the following claims:
NUM  1.
PAR  1. Trim marks for a page to be severed along a trim line to form a sheet
      containing indicia to be read automatically by sensors aligned a fixed
      distance from a severed edge of said sheet, said trim marks comprising:
PA1  a first set of equilateral triangles printed on said page on one side of
      the desired trim line, each triangle in said first set being oriented with
      one corner along said trim line and one side adjacent said corner
      extending perpendicular to said trim line, so that the side opposite said
      one corner is parallel to said trim line but spaced therefrom, the length
      of said one adjacent side being equal to the maximum acceptable trim
      tolerance for severance offset in the direction of that first set, and
PA1  a second set of equilateral triangles printed on said page on the opposite
      side of the desired trim line, each triangle in said second set being
      oriented with one corner along said trim line and one side adjacent said
      corner extending perpendicular to said trim line so that the side opposite
      said one corner is parallel to said trim line but spaced therefrom, the
      length of said one adjacent side being equal to the maximum acceptable
      trim tolerance for severance offset in the direction of said second set,
      whereby when said page is severed exactly on said trim line, only the
      corner points of said triangles are visible at the severed edge of said
      sheet, and whereby when said page is severed off said trim line but within
      tolerance, the width of the truncated triangle visible at the severed edge
      of said sheet corresponds exactly to the amount of offset of the severed
      edge from said trim line.
NUM  2.
PAR  2. Trim marks according to claim 1 wherein said trim line is defined by the
      locii of said triangle one corners.
NUM  3.
PAR  3. Trim marks according to claim 1 wherein said first and second sets each
      contain at least one pair of triangles, and wherein the distance parallel
      to said trim line between the triangles of each pair in said first set is
      different from that between the triangles in each pair in said second set.
NUM  4.
PAR  4. Trim marks according to claim 3 wherein the distance between the
      triangles in each pair of said second set is less than that between the
      triangles in each pair of said first set, and wherein the trim-line
      defining one corners of the pair of triangles in said second set are
      situated between the trim-line defining one corners of the pair of
      triangles in said first set.
NUM  5.
PAR  5. Trim marks according to claim 4 wherein said page contains two sheets
      formed by severing said page along said trim line, said trim marks thereby
      being common to both sheets.
NUM  6.
PAR  6. Trim marks according to claim 4 wherein each set contains two pair of
      triangles, the pairs of triangles in said first set being relatively
      widely separated as compared to the separation distance between the
      triangles forming each pair in said first set.
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ABST
PAL  A toy slate of the type that has a wax coated dark slate board, a flexible
      milky translucent film over the slate board and a relatively impression
      proof transparent plastic cover layer is provided with a means for forcing
      a blast of air between the wax covered slate board and the translucent
      plastic layer thereabove to separate such layer from the slate board and
      clear the toy slate.
BSUM
PAR  This invention relates to toy slates, and especially to a novel and
      improved toy slate having means therein for supplying a blast of air to
      the toy slate for separation of the laminations thereof when a sudden
      force is applied to the air blast producing means.
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore there have been many toy slates made and sold for a number of
      years. These toy slates comprise, as a commercial article, a lamination
      formed from a wax coated slate board, a milky flexible plastic film
      positioned over the slate board, and a relatively rigid plastic
      transparent top layer on the toy slate. These slates are used by some
      sharp or pointed instrument, such as a stylus, making a design, marks or
      other configurations onto the toy slate to force the translucent plastic
      film against the slate board to provide an image through such translucent
      film sheet where the force is applied by the dark slate board absorbing
      light rays in the impression areas. Then by merely raising the translucent
      sheet out of engagement with the slate board, the impression is erased.
      Prior patents on mechanical slate clearing means include U.S. Pat. Nos.
      1,881,140; 2,404,563; and 2,359,195. Some toy slates are of modified
      construction by combining the transparent plastic sheet and the milky
      colored plastic film into one sheet.
PAR  The general object of the present invention is to provide an improved toy
      slate which is characterized by the provision of an air blast generation
      means in combination with the toy slate to create and force an air blast
      between the laminations of the slate to separate the image transmitting
      film from its slate board backing.
PAR  Another object of the invention is to provide an improved toy slate having
      very desirable characteristics and properties and being of greater
      amusement value than prior types of toy slates.
PAR  Yet another object of the invention is to provide a toy slate with an air
      blast generating means therein requiring application of a sudden force
      thereto to provide some physical activity for the user of the slate in
      combination with the ordinary drawing or marking actions effected upon a
      slate.
PAR  Other objects of the invention are to provide an improved toy slate which
      is of a durable construction and will provide a relatively long operative
      life under ordinary use conditions; to provide a toy slate of modified
      design having an element of surprise when the toy slate board is used and
      marks thereon eradicated; to provide an attractive package for a new toy
      slate; to provide a toy slate with an element of mystery for youngsters
      using the toy; and to provide a low cost toy slate having both educational
      and amusement values.
DRWD
PAR  Reference now is particularly made to the accompanying drawings, wherein:
PAR  FIG. 1 is an elevation of the toy slate of the invention;
PAR  FIG. 2 is a rear elevation of the toy slate article of FIG. 1 with the
      carrier board for the article being opened to show the interior components
      of the article;
PAR  FIG. 3 is an enlarged fragmentary section taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is an elevation of a modified toy slate of the invention;
PAR  FIG. 5 is a vertical cross section taken on line 5--5 of FIG. 4;
PAR  FIG. 6 is a fragmentary vertical section taken on line 6--6 of FIG. 4;
PAR  FIG. 7 is an elevation of a further modification of the toy slate of the
      invention; and
PAR  FIG. 8 is a side elevation of the toy slate of FIG. 7.
PAR  When referring to corresponding members shown in the drawings and referred
      to in the specification, corresponding numerals are used to facilitate
      comparison therebetween.
DETD
PAC  SUBJECT MATTER OF INVENTION
PAR  This invention, as one embodiment thereof, relates to a toy slate article
      including a laminated slate means comprising a base slate board, a
      translucent flexible plastic film sheet and a transparent plastic cover
      sheet, that is combined with a bellows means. The bellows means may
      comprise a porous foam block, and a flexible bag receiving the foam block
      therein, the bag having an opening at one edge and the bag or bellows
      usually being secured to the slate means to extend a short distance
      therein to one margin thereof with the bag opening between the slate board
      and the adjacent film sheet so that application of a sudden compressive
      force to the foam block forces a blast of air from the bag to flow between
      the slate board and the plastic film to separate the film from the slate
      board and erase any marking appearing on the plastic film.
PAR  Attention now is directed to the details of the structure shown in the
      drawing, and a toy slate is indicated as a whole by the numeral 10. This
      toy slate has a conventional toy slate means therein including a wax
      coated slate board 12, usually black, a translucent or milky, flexible
      plastic film sheet 14 and a transparent, relatively hard plastic cover
      sheet 16. The slate board usually is made by printing the desired color,
      as blue or black, on a chip board and then applying a transparent wax
      coating to the colored boards. Such slate means hence is adapted to have
      an impression made to show through the milky film 14 by any relatively
      sharp member such as a stylus, a sharpened wooden or plastic stick, etc.,
      and such localized impression forces applied to the cover sheet 16 are
      transmitted to force corresponding localized areas of the film sheet 14
      against the black slate board 12 and cause a black impression to show
      through the slate means. Such impression is erased in a conventional
      manner in slate means of this type by merely pulling the sheets 14 and 16
      up away from the slate board 12 whereby any markings showing through the
      film sheet 14 are erased.
PAR  The toy slate article 10 normally includes a carrier board 18. The
      particular carrier board shown includes a front layer 20 and a back layer
      22 preferably made from two sections 22a and 22b that merely are folded
      around the rest of the article and are suitably secured together at their
      overlapping edges or elsewhere, as desired.
PAR  Such carrier board 18 can be made from any suitable material such as carton
      board or the like but if a more durable product is desired the board can
      be made from a sheet of wood or metal, etc., or, for a foldable cover,
      from a flexible plastic sheet.
PAR  An important element of the present invention relates to a bellows means
      that includes a spring means such as a resilient foam block 24 that is
      operatively associated with the slate means in a novel manner. Such foam
      block can be made from any suitable material such as foam polyurethane, a
      foamed latex rubber, etc., and the foam block has a multitude of small
      interconnecting cells therein whereby the block and its container in
      normal form include a relatively large volume of air therein which air can
      be expelled therefrom as a gust by any sudden compression of the foam
      block. The foam block, or bellows will immediately spring back to its
      normal shape after any conpressive force applied thereto is removed.
PAR  To aid in forming a bellows means, the foam block 24 is received in a
      flexible enclosure, such as a bag 26 made from a suitable plastic
      material, such a polyethylene, vinyl, or other relatively tough flexible
      plastic materials. The bag 26 has one side edge thereof open to form a
      mouth or opening 28 for the bag and the bag 26 is operatively secured to
      the slate means with the mouth or opening of the bag extending into the
      laminated slate means a short distance and with the bag being positioned
      intermediate the slate board 12 and the film sheet 14. Preferably one or
      more openings 30 are formed in a surface or portion of the bag 26 to
      facilitate the flow of air into the bag 26. Normally such opening 30 would
      be at about the center of the foam block 24 when the block is positioned
      in the bag and a corresponding opening, not shown, may be provided in an
      opposed portion of the bag. As the carrier board 18 in its assembled
      relationship with the bag 26 being positioned between the front and back
      layers of the carrier is relatively flexible and can have a force applied
      thereto without damage to such carrier board, the toy slate is so
      constructed so that a sudden force, as by a person's fist or hand can be
      applied to either the front or back surface of the carrier board when the
      opposed surface thereof is on a support surface to compress the foam block
      24 rapidly. This causes a blast of air to exhaust from the mouth or
      opening 28 of the bag to be forced between the slate board 12 and the film
      sheet 14 and lift the film sheet out of contact with the slate board so as
      to erase any localized contact areas or designs as then previously
      appearing on the film sheet 14 and occasioned by use of the toy slate of
      the invention.
PAR  The drawings show that the plastic bag 26 and the slate means of the
      invention are secured to the carrier board as by a plurality of staples
      32, or by any other equivalent or similar means including adhesives
      whereby the various laminates or layers of the slate means are secured
      together and to the carrier. Also the mouth of the bag is secured to the
      slate means assembly with the remainder of the bag 26 extending away from
      the slate means. Usually the bag is attached to the top of the slate
      means.
PAR  The toy slate preferably is constructed so that the edges of the slate
      means or laminate opposed to the plastic bag 26 are sealed together. Thus
      a tape 34, of any suitable conventional or commercial construction usually
      is applied to the base edge of the slate board 12 and it extends
      therearound from the back of the slate board up and over the lower edge of
      the film sheet and the cover sheet and with the tape engaging the cover
      sheet 16 to provide an air tight closure for the bottom of the slate
      means. Hence when a blast of air is expelled from the bag 26 it will only
      exhaust primarily between the side edges of the various laminates or
      layers forming the slate means and will produce an effective, positive
      separation of the film sheet 14 from any engagement with the slate board
      12.
PAR  The toy slate 10 of the invention is of relatively durable construction
      since the slate means provided can be used repeatedly without any damage
      thereto, and the carrier board 18 is of a relatively durable construction
      so that, when any force is applied to the front or rear layer of the
      carrier board when the article of the invention is on a support surface or
      is otherwise reinforced, the desired rapid compression of the foam block
      and bag and the desired blast of air are produced. Even though a plurality
      of staples are shown securing the mouth or open edge of the bag to the
      slate means assembly, still streams or a volume of the air will rapidly
      flow between the slate board and film sheet to provide the desired
      eradication action. By having only one or two small openings 30 in the bag
      26, the rapid compressive forces applied thereto will effectively seal or
      close such openings when the foam block is being compressed whereby such
      openings primarily provide inlet reinflation air to the foam block and
      bag. The openings hence do not materially reduce the compressed air blast
      or forces created in the bag under the compression action and the pressure
      on the air thus forces the air to flow as a blast or gust into the slate
      means assembly to extend the length thereof for marking eradication and
      separation of the film sheet.
PAR  It will be appreciated that any type of art work can be provided on the
      carrier board of the product. Thus, the art work can add to the attractive
      nature of the game or toy and can further suggest or aid the user in
      knowing that one must apply a force to the bellows portion of the article
      in order to achieve the desired film sheet separation action.
PAR  It should be appreciated that the cover sheet 16 be made from any suitable
      material, such as an acetate, and the sheet 14 is formed from a suitable
      flexible plastic material, such as PVC.
PAR  With reference to the embodiment of the invention shown in FIGS. 4 - 6, an
      appreciably modified bellows means is provided. FIG. 4 shows a carrier
      board, layer or member 18a which is made from cardboard or of flexible
      plastic and wherein the cardboard has folded over back sections 19 and 19a
      that are suitably sealed together, as by adhesive means, at their
      overlapping edges. Also, the top and bottom edges of the carrier 18a have
      sealing strips 34a and 34b suitably secured to the edges of the folded
      carrier board to form an enclosure thereith by extending over and being
      secured to the top surface of the top layer of the carrier board and
      extending around the edges and being secured to the lower surface of the
      carrier board and being sealed thereto along the complete length of the
      top and bottom edges.
PAR  In this toy slate 10a, the slate board 12a is suitably secured usually
      around its entire periphery, to the back carrier sections 19 and 19a to be
      carried thereby, while the transparent plastic top sheet 16a and the
      intermediate milky plastic sheet 14a are usually suitably sealed to each
      other around their edges. Such sheets also are secured around their
      peripheries as by glue or other adhesive to the carrier board 18a at an
      opening 21 formed therein for exposing the toy slate means themselves, as
      indicated in FIG. 1. Hence the carrier board or sheet 18a forms an
      airtight enclosure with the slate means. An air inlet hole 23 or more is
      provided in the carrier board 18a.
PAR  The bellows action as desired in the invention is aided in this instance by
      any suitable type of a resilient expansion member such as a foam block or
      a leaf spring 40 that is secured to the front or back of the carrier board
      and resiliently engages the opposed portion of the carrier board to spring
      the top and back portions of the carrier board apart when no compressive
      force is applied thereto. By securing the slate board 12a to the back of
      the carrier board and the other two portions of the toy slate to the front
      portion of the carrier board, it hence is possible to push areas of the
      flim sheet 14a down against the slate board by a stylus or other member so
      as to use the top slate in the usual manner. However, an air blast can be
      provided by merely applying a sudden compressive force to the upper
      portion of the toy slate article at the spring 40 and this forces an air
      blast to flow between the adjacent sheet 14a and the carrier board 12a for
      the desired separation action therebetween to erase any marks or figures
      then appearing on the toy slate.
PAR  Yet a further modification of the invention is shown in a toy slate 10b of
      FIGS. 7 and 8. In this instance, normally a rigid carrier board 18b is
      provided and any suitable conventional bellows 50 is suitably secured to
      the carrier board and it has an exhaust tube 52, usually formed from a
      flexible plastic or rubber member, connecting to the exhaust opening of
      the bellows 50. An air inlet opening 51 is provided at the top or bottom
      of the bellows 50. Thus when the bellow is compressed suddenly an airblast
      will flow out of the exhaust tube 52.
PAR  A slightly different type of slate means is shown in association with the
      bellows 50 although a substantially conventional toy slate as shown in
      FIGS. 1 - 3 may be used with the bellows if desired. However, in this
      embodiment, a wax coated, dark slate board 62 of known construction is
      provided. A cover sheet 60 that usually is slightly more flexible than the
      slate cover sheet 16 of FIGS. 1 - 3 is positioned over the slate board 62.
      The sheet 60 may be made from an acetate material or a similar plastic and
      it would be transparent and somewhat rigid. However, the cover sheet 60
      has a milky or translucent coating or layer applied to its under surface.
      This is a known modified type of toy slate in which impressions or marks
      appear when a stylus makes localized markings or designs on the cover
      sheet 60 to force it against the dark, wax coated slate board 62 to permit
      light rays to pass through the sheet 60 and be absorbed by the sheet 62.
      Usually an end sealing tape 34b is provided at the lower ends of these
      laminated sheets 60 and 62. The exhaust tube 52 connects to the slate
      means between the layers or sheets 60 and 62.
PAR  In view of the foregoing, it is seen that the airblast producing means used
      in the toy slate article of the invention can be modified appreciably and
      that the design of the entire article can be altered without departing
      from the inventive principle of the invention.
PAR  A toy hammer means might be provided with the slate to use in striking or
      compressing the bellows means rapidly.
PAR  Yet another possible modification of the toy of the invention would be to
      incorporate a conventional squeaker device in the wall of the bellows or
      in the bag 26 in a side portion thereof. Thus, when the bag and plastic
      foam block 24 are compressed, a small amount of air could blast out
      through the squeaker, as well as through the mouth or opening of the bag
      connected to the slate board means so that a further attractive feature
      would be present in the toy slate and in use thereof, or the squeaker
      could make a sound when air flows back through it into the bag or bellows.
PAR  It may be desirable, in the toy slate article of FIGS. 4 to 6, to staple
      the sheets or layers 12a, 14a and 16a together at their upper margins to
      prevent premature erasure action. The air blast produced for erasure would
      still act to separate the milky plastic sheet 14a from pressure contact
      with the slate board 12a.
PAR  The bellows means, of course, may be positioned at the side of the
      laminated slate means rather than at the top as shown.
PAR  FIG. 2 shows the portions 22a and 22b extending slightly upwardly rather
      than being flattened.
PAR  Another advantage of the invention is that it provides a durable toy slate
      as a user cannot pull on or reach the edges of the sheets 14 and 16 to
      tear or damage such sheets.
PAR  The toy slate article of the invention consequently not only provides
      educational and amusement value to a user, but provides one with some
      physical exertion and some additional interest in the use of a toy slate
      board. Hence, it is believed that the objects of the invention have been
      achieved.
PAR  While several complete embodiments of the invention have been disclosed
      herein, it will be appreciated that modification of such embodiments of
      the invention may be resorted to without departing from the scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toy slate comprising
PA1  a laminated slate means including a slate board, and a transparent plastic
      cover sheet having a translucent milky layer thereunder; and
PA1  a bellows means operatively connected to the slate means between the slate
      board and the adjacent layer so that a sudden compressive force applied to
      the bellows means forces a blast of air to flow between the slate board
      and the layer to separate the layer from the slate board and erase any
      marking appearing on the slate means.
NUM  2.
PAR  2. A toy slate as in claim 1 where the bellows means comprise a resilient
      block member and a flexible bag receiving the block and having an exhaust
      opening connecting to the slate means.
NUM  3.
PAR  3. A toy slate article as in claim 1 where the bellows means comprise a
      carrier board that includes front and back layers, and a spring means
      positioned between such front and back layers to urge them apart, the
      slate means and the carrier board forming an air tight enclosure.
NUM  4.
PAR  4. A toy slate article as in claim 1 wherein the bellows means comprise a
      resilient member and an enclosure therefor.
NUM  5.
PAR  5. A toy slate as in claim 1 where the bellows means comprise a bellows,
      and an exhaust tube for the bellows connected to the slate means.
NUM  6.
PAR  6. A toy slate article as in claim 1 where a carrier board is provided and
      includes front and back layers, and the bellows means is positioned
      between such front and back layers.
NUM  7.
PAR  7. A toy slate as in claim 1 where a carrier board including front and back
      layers is provided, said bellows means is positioned between said front
      and back layers, and one of said layers has an air supply aperture
      therethrough adjacent said bellows means.
NUM  8.
PAR  8. A toy slate as in claim 7 where said slate means includes a flexible
      milky colored sheet between said plastic cover sheet and said slate board,
      said milky colored sheet forming said milky layer, and any air blast
      provided flows between said slate board and said flexible milky colored
      sheet.
NUM  9.
PAR  9. A toy slate comprising a carrier board;
PA1  a slate means including a wax coated paper slate board, a translucent
      flexible plastic film layer extending over the slate board, and a
      transparent relatively hard plastic cover sheet covering the plastic film
      layer secured to the carrier board;
PA1  a porous resilient foam block; and
PA1  a flexible bag receiving the foam block therein, the bag including a mouth
      opening, which bag is secured to the slate means and extends a short
      distance thereinto from one margin thereof with the mouth opening being
      between the slate board and the adjacent film layer.
NUM  10.
PAR  10. A toy slate as in claim 9 and including means sealing the margins of
      the slate board and plastic film layer opposite the bag together whereby a
      sudden compressive force applied to the foam block forces a blast of air
      from the bag to flow between the slate board and the plastic film to
      separate the film from the slate board and erase any marking appearing on
      the plastic film.
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ABST
PAL  A device for mining the bottom of a body of water for ores and minerals,
      having a flexible combined guide train and conveying train assembly
      suspended between a drive unit on board a ship and a receiving unit. The
      latter is towed along the bottom, so as to scrape or scoop up the wanted
      materials, by means of the resiliently stretchable combined train
      assembly. This assembly comprises synthetic rope strands in both the guide
      train assembly and the conveying train, guide units being spaced along the
      guide train assembly for the interference-free guidance of the conveying
      buckets attached to the multiple strands of the conveying train. The
      receiving unit, equipped with various monitoring sensors, is also linked
      to a buoy, by means of which it can be raised for transport and
      repositioning.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to devices for undersea mining, and in
      particular to devices adapted for the extraction and upward conveyance
      from the bottom of a body of water of such deposits as ore nodules,
      mineral soaps, and ore sludge.
PAR  2. Description of the Prior Art
PAR  In cases where deposits are to be extracted from shallow water depths, the
      most commonly used extraction devices, besides suction dredges, are such
      mechanical devices as scoop dredges, grab bucket dredges, and bucket chain
      dredges, the extracting operation being performed in almost all cases
      without the use of a separate receiving unit placed on the bottom of the
      water course. Chain dredges have an advantage under these conditions,
      becuase they are simple in construction and easy to supervise, while the
      materials are conveyed upwardly in a continuous operation and extracted in
      a uniform manner along a predetermined path of advance. This type of prior
      art device normally has an endless bucket chain moving around a chain drum
      mounted at the far end of a swivel arm. The two chain strands move on the
      upper and lower side of the swivel arm, so as not to interfere with each
      other.
PAR  In the case of mining operations in greater water depths, preference has
      been given in the past primarily to the hydraulic conveyance of the
      materials, the latter being fed to the conveying unit from a receiving
      unit which moves along the ocean floor. One shortcoming of these devices
      is that they are too complex and therefore subject to frequent breakdown,
      in addition to the fact that they are comparatively inefficient.
PAR  Another type of prior art device employs as a conveying device a cable loop
      running between cable pulleys, one pulley being arranged on board a ship
      or on board some other suitable carrier floating on the surface, the other
      pulley being mounted on a mobile receiving unit on the ocean floor. Such a
      conveyor may use two conveying baskets moving in a shuttle-type operation,
      an arrangement which is suitable only for relatively shallow water depths,
      or it may have a series of buoyant carriers which move in a rotating
      operation. However, both the design and the necessary controls for this
      type of buoyant carrier are comparatively complex, so that they, too, are
      subject to frequent operational problems, in addition to the relatively
      low conveying capacity of the buoyant carriers. Lastly, the conveying
      cables lack any positive guide between the reversal points at the cable
      pulleys, making it possible for the conveying baskets to collide with each
      other in mid-course.
PAR  In order to avoid the last-mentioned problem, it has already been suggested
      to use a cable loop system with a series of pivotably attached carrying
      baskets in which the cable loop runs downwardly from the bow of the ship
      and returns at the stern of the ship, over appropriate cable guide means,
      a large length portion of the cable loop being dragged along the ocean
      floor, as a result of the lateral drift of the ship (U.S. Pat. No.
      3,672,079). This system, however, is subject to the risk that even small
      obstacles encountered on the ocean floor may cause the conveying cable to
      become hooked, resulting in possible damage or even rupture of the cable.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved device for mining from the
      bottom of a body of water such deposits as ore nodules, mineral soaps, and
      ore sludge, by means of a bucket conveyor system in which the buckets are
      attached at predetermined intervals to continuously moving endless strands
      of a conveying train which is suspended from and driven by a drive unit
      carried on a vehicle.
PAR  It is a primary objective of this invention to devise an improved system,
      or systems, of the aforementioned type in which the conveying train is not
      subject to interference between descending and ascending strands, and in
      which obstacles encountered on the bottom of the body of water have a
      minimal influence on the conveying train, while the latter assures a
      reliable extraction and upward conveyance of the materials from varying
      depths of water.
PAR  In order to attain this objective, the present invention suggests a system
      in which the carrying vehicle is linked through a flexible guide train
      assembly with a receiving unit positioned on the bottom of the body of
      water, the guide train assembly including appropriate guides for the
      descending and ascending strands of the conveying train, whereby the
      latter is guided around a reversing drum mounted on the receiving unit.
PAR  In the suggested system, the guide train assembly fulfills a function which
      is analogous to the function performed by the swivel arm of a conventional
      bucket chain dredge. However, since the reversing drum is mounted on a
      separate receiving unit placed on the sea floor, the system features a
      single flexible link between the drive unit and the receiving unit, each
      strand of the conveying train being guided along a separate path
      determined by the guide train assembly, so that interference with other
      strands is impossible. Variations in the water depth are accommodated
      through an appropriate longitudinal displacement of the vehicle in
      relation to the receiving unit. The vehicle in question, for instance a
      ship, or a wheeled carrier running on a bridge, can therefore basically be
      located vertically above the receiving unit, or it may be laterally offset
      in relation to the receiving unit by a distance taking into account the
      water depth and the length of the guide train and conveying train
      assembly. In all situations it is thus possible to position the guide
      train and conveying train assembly in such a manner that the latter will
      not sag to the bottom in front of the receiving unit. The conveying
      buckets, therefore, contact only the material on the bottom of the water
      which is scooped up, making it possible to guide the buckets along an
      exact path both in the scooping run on the receiving unit and on the
      emptying run on the drive unit. The result of such an arrangement is that
      the buckets themselves, as well as the separate strands of the guide train
      assembly and of the conveying train are handled with great care, inspite
      of the flexible link which they constitute between the receiving unit and
      the drive unit, and that these elements are subjecteed only to
      comparatively moderate stress during operation. Since no lateral drifting
      motion takes place, the only risk to be watched for is that the path of
      the combined flexible train is kept free of obstacles. This is normally no
      serious problem, because it is possible with this system to operate with
      very small angles of inclination.
PAR  It should be understood that the term "ship" is employed for the sake of
      expediency, and that this term is meant to imply any suitable floating
      carrier for the drive unit. Thus, the latter may be supported on a
      pontoon, on a pontoon bridge, on a catamaran, or on any suitably
      constructed floatable platform. Because of the flexibility of the entire
      combined guide train and conveying train assembly, it would be possible,
      at least in principle, to lower the receiving unit from the ship which
      carries the drive unit. However, this approach is comparatively
      complicated and costly, if it is desired to place the receiving unit on a
      particular predetermined place of operation. The invention therefore
      further suggests that the receiving unit be connected to a second
      floatable body, for instance a buoy, by means of a tensile connection
      suitably dimensioned for the weight of the receiving unit. In cases where
      the second floatable body has adequate carrying capacity, the receiving
      unit can be lowered directly from the latter. In most cases, however, it
      suffices to use a buoy which is capable only of carrying the weight of the
      tensile connection. This buoy, in turn, can then be picked up by a second
      ship or boat, thereby raising or lowering the receiving unit. No special
      lifting device is necessary in this case, because it is sufficient to
      horizontally displace the buoy-controlling boat, in order to raise or
      lower the receiving unit with respect to the ocean floor. This simple
      maneuver can be used, if the receiving unit is to be repositioned, or if
      it is to be freed, after being somehow blocked in position. The tensile
      connection should therefore be attached to the receiving unit at such a
      point above its center of gravity that the unit remains oriented
      substantially horizontally, at least in the lateral direction, when raised
      by the buoy. Another possibility for achieving an approximate horizontal
      orientation of the raised receiving unit is given by appropriate placement
      of the attachments on the receiving unit for the guide train and conveying
      train assembly and for the tensile connection. This arrangement makes it
      possible to raise the receiving unit almost to the surface of the water so
      that the ship, with its attached train assembly, receiving unit and
      tensile connection, and the buoy-controlling boat, constitute a single tow
      train which, with the possible exception of the buckets themselves, can be
      assembled near the coast or in shallow water, and which can then be
      transported to the place of use. The various strand members of the guide
      train assembly and of the conveying train may be selected from a variety
      of possible alternatives. One may choose members of homogeneous cross
      section, such as cables or chains. However, most satisfactory results have
      been obtained with multi-filament members, such as woven ropes or tapes
      having at least approximately the same stretch ratios, when used for both
      the guide train assembly and the conveying train. Together, the two trains
      thus form a tension-resistant supporting and towing connection between the
      ship and the receiving unit. Because of the possibility of using woven
      tapes as ropes, and because the ropes used are most commonly round ropes,
      the strand members will hereinbelow be variously referred to as "ropes".
PAR  The strands of the guide train assembly and of the conveying train (guide
      strands and conveying strands, respectively) are preferably manufactured
      of a tension-resistant synthetic material such as polypropylene or
      polyamide, particularly nylon. Among the known raw materials of this type
      are several materials which have adequate salt water resistance, being
      capable of withstanding the forces exerted on such a system, and which
      have the additional advantage that their density is approximately
      identical to that of the ambient water, or even smaller. The total
      underwater weight of the flexible train assembly is thus determined almost
      exclusively by the combined weight of the conveyor buckets and of the
      materials they carry upwardly.
PAR  The materials for the guide strands and conveying strands may also be
      reinforced with special high-tensile fibers of special composition, such
      as glass fibers, carbon fibers, or the like, without substantially
      changing the weight of the strand members. Such reinforcement not only
      greatly increases the resistance of these strands, it also reduces their
      stretchability. However, a certain degree of stretchability should be
      available, in order to reduce the risk of sudden surges of tension along
      the guide train and conveying train assembly, when the distance between
      the ship and the receiving unit changes for some reason or other.
PAR  The endless conveyor preferably has an even number of parallel conveyor
      strands, the conveyor buckets being arranged between the spaced strands
      and attached thereto by means of special bucket attachments. The latter
      are fixedly connected to the several conveying strands, having a profile
      which allows them to be guided between oppositely spaced guide rollers
      arranged in special guide units. This configuration makes it possible to
      assemble a complete guide train assembly and a conveying train by
      initially only attaching the bucket attachments to the conveying strands,
      leaving off the much heavier conveying buckets themselves. The resulting
      advantages available in connection with a towing operation of the
      assembly, thanks to the buoyancy of the latter, are obvious. Only after
      the assembly has thus been towed to the place of use, are the conveying
      buckets connected to the bucket attachments, by advancing the conveying
      train step by step past a point of assembly.
PAR  The invention further suggests that the conveying buckets be guided during
      the scooping operation, as they move around the reversing drum and through
      the accummulated materials, while being suspended from the conveying
      strands, after which they ascend along the guide train assembly, by means
      of which they are guided on board ship or on board another suitable
      carrier vehicle. Because it is often the case that the conveying train
      runs at a fairly shallow angle, especially in the area of the receiving
      unit, it may be advantageous to provide a limited degree of pivotability
      of the conveying buckets on their attachments. This pivotability allows
      the filled buckets to freely assume a somewhat steeper suspended
      orientation, thereby preventing the scooped-up materials from being
      partially discharged again outside the receiving unit.
PAR  The conveying train is preferably guided along the guide train assembly by
      means of several spaced guide units disposed at intervals along the guide
      train assembly. Each of these guide units may consist of a guide cage to
      which the guide strands are firmly clamped and which includes at least one
      guide roller journalled between supporting brackets, the guide roller, or
      rollers, having appropriate grooves for the conveyor ropes. Also arranged
      in each guide unit are oppositely aligned cantilever-type retaining
      rollers spaced such a distance from the guide roller grooves that they
      prevent the ropes from jumping their grooves, while accommodating the
      profile of the bucket attachments. The several guide strands are
      preferably releasably clamped to the outer sides of the lateral brackets
      of each guide unit.
PAR  In a particularly advantageous embodiment, the bucket attachments are
      shaped in the form of a "T", the central ridge of the T-profile serving as
      an attachment point for the conveying bucket, whereby the
      earlier-mentioned cantilever-type retaining rollers are so arranged that
      the central ridge of the bucket attachment passes between their free ends
      and the flange portion of the bucket attachment, itself attached to the
      conveying strands, moves over the guide roller and under the two retaining
      rollers.
PAR  The guide cage may form an assembly comprised of two oppositely oriented,
      ridgedly connected lateral cage brackets on which the guide rollers and
      the retaining rollers are journalled. The two lateral brackets are
      preferably connected to each other by means of threaded spacer rods which
      may at the same time serve as a bearing support for a guide roller.
PAR  For obvious reasons, these bearing cages should form fairly stiff
      assemblies, the components being preferably made of light metal. However,
      it is also possible to fabricate at least the guide rollers and retaining
      rollers partially or entirely from a suitable, wear-resistant plastic
      material, in the form of hollow bodies. By thus judiciously designing the
      guide units for minimum submerged weight, it is possible to obtain a
      complete train assembly which, without conveying buckets, is almost
      floating in the water. A certain limited weight should be left, however,
      so that the train assembly remains sufficiently submerged, even in towing
      configuration, to avoid destruction thereof by wave action in a storm.
PAR  Instead of using only a sigle row of conveying buckets, it is also possible
      to use several rows of buckets, each bucket having preferably a separate
      bucket attachment on the conveying train, while the several conveying
      trains are guided over a common drive drum and a common reversing drum.
      However, when using such an arrangement with multiple conveying units and
      separate conveying strand loops, it is advisable to laterally interconnect
      at least some of them by means of common, or cross-connected guide units.
      It was found to be preferable to use in this case several, if possible
      identical and separately driven drive units on board ship and likewise
      separately journalled reversing drums on the ocean floor. This makes it
      possible to continue operations, even though one of the conveying units
      may be broken down, or otherwise stopped.
PAR  In almost all cases only a single receiving unit will be used in
      association with one ship; the receiving unit may, however, carry several
      reversing drums with appropriate scooping means. A single receiving unit
      of this type greatly enhances the maneuverability and the supervision of
      the system. Yet, in cases where the ocean floor to be harvested is very
      flat and where a maximum width is to be covered in a single pass, it might
      be advantageous to use several independently moving receiving units, the
      latter being preferably arranged in a staggered formation.
PAR  The receiving unit is preferably constructed around a rigid supporting
      frame resting on the ocean floor by means of at least two laterally spaced
      skids and including between the skids a bearing pedestal for the reversing
      drum whose periphery runs at least close to the materials which are to be
      conveyed. It is of course also possible to provide special means designed
      for transferring the materials into the conveying buckets. It is more
      simple and preferable, however, to use the buckets, which are positively
      guided by the receiving unit, to directly engage the loose materials and
      to thereby scoop them up. Thus, one may choose the path of the buckets in
      the range of the reversing drum so as to reach approximately to the normal
      support plane of the skids, i.e. below the level of the ocean floor.
PAR  In order to prevent any risk of damage to the buckets under these
      circumstances, it is preferable to laterally protect their path by means
      of wall panels which reach somewhat deeper than the bucket path.
PAR  If the material to be extracted consists of manganese nodules or similar
      relatively large solid lumps resting on a softer support, it may be
      advantageous to arrange on the front end of the supporting frame a
      scraping device which leads into a collecting ramp leading in turn to a
      scooping or loading trough in that portion of the bucket path which is
      defined by the lower arc of the reversing drum. This special scraping
      device detaches the nodules from their surrounding material, a major
      portion of the latter, to the extent that it is of smaller grain size,
      being dropped again. This preliminary sorting procedure can be followed by
      a second sorting operation, by designing the conveying buckets in such a
      way that at least their bottom is perforated in the manner of a sorting
      screen, the size of the openings determining the smallest diameter of the
      solid bodies which are to be retained and collected. As the buckets ascend
      to the ship, they are then continuously rinsed, thereby largely washing
      out the sand which may have been been scooped up with the nodules. This
      sorting procedure improves the ratio of total weight of materials
      collected to net weight of usable materials extracted.
PAR  The scraping unit may comprise a great number of parallel scraping fingers
      reaching forwardly in the direction of advance in a closely spaced
      formation, the fingers being upwardly adjustable in relation to each
      other. This adjustability of the scraping fingers allows the scraping
      device to adapt to the unevenness of the ocean floor surface so as to
      produce an approximately even depth of penetration over the entire width
      of the device.
PAR  In order to achieve this result, the separate scraping fingers are slightly
      slanting downwardly in the forward direction and are pivotably supported
      on a common transverse axis near their rear extremity, the range of
      pivotability being limited, in at least the downward sense, by means of an
      abutment profile. While this abutment profile prevents an excessive
      downward opening of the scraping fingers, an excessive upward opening can
      be prevented by giving each scraping finger a rear length portion
      extending from the transverse pivoting axis a distance of approximately 15
      to 35 percent of the forward length of the fingers. Thus, when a scraping
      finger is raised too high, the rearwardly extending finger portion has to
      penetrate into the ocean floor accordingly, thereby tending to restrict
      the upward motion of the scraping finger and to return it downwardly, as
      the receiving unit advances.
PAR  Just above the collecting ramp and in front of the scooping range of the
      buckets is preferably further arranged a sensing device which gives a
      remote reading of the height of the material stream passing over the
      collecting ramp, the sensing device being, for example, a pendulum-type
      sensing gate suspended from a pivot point and swinging backwardly with the
      material stream. The motion of the sensing gate is converted into an
      electronic signal by means of a potentiometer. The resulting reading,
      indicating the volume of materials arriving on the collecting ramp, can be
      used as a reference value for adjusting the speed of advance and the
      velocity of upward conveyance. Thus, if the material stream depth is
      excessive, one may either increase the lineal speed of the bucket train or
      reduce the towing speed of the boat accordingly. Provision may also be
      made for an automatic adjustment of the conveying speed in response to the
      material stream depth.
PAR  The preferred embodiment suggests further that the collecting ramp includes
      lateral retaining walls forming a funnel-type, tapered entry toward a
      central longitudinally extending scooping trough of the receiving unit
      into which the conveying buckets dig as they pass from above and behind
      the reversing drum to the bottom sector of their reversing path. The
      scooping trough may be open on its rear end so as to permit the free
      passage of material which has not been scooped up, in order to avoid any
      undesirable buildup.
PAR  The guide train assembly is preferably so attached to the supporting frame
      of the receiving unit that, when its angle to the unit is steep, the
      latter is not lifted up and, when the angle of connection is flat, it does
      not exert too much of a tilting moment on the receiving unit. However,
      since at least the forces of the conveying train are transmitted to the
      receiving unit at the comparatively elevated level of the reversing drum
      axis, the supporting frame should preferably extend a certain distance
      behind the reversing drum and carry an appropriate ballast on that end. A
      similar counter-weight may be necessary on the forward portion of the
      receiving unit, in order to obtain at least some contact pressure against
      the ocean floor, even when the angle of attachment of the train assembly
      is unfavorable.
PAR  The contact between the supporting frame and the ocean floor is preferably
      distributed over three contact points, two of the points being laterally
      spaced supporting skids on the front portion of the frame, and the third
      point being a central supporting skid on its rear portion. The transverse
      tilt is thus determined exclusively by the two front skids so that the
      scraping device is always oriented in accordance with the angle of the
      surface being worked. All other parts of the receiving unit are preferably
      arranged to have a certain ground clearance, the latter being determined
      by the carrying capacity of the ocean floor. This arrangement thus
      minimizes any damage to the receiving unit from upwardly projecting
      obstacles.
PAR  At least the rear skid may also be provided with a swivelling capability
      which may be combined with appropriate steering means. In the preferred
      embodiment of the invention, the receiving unit is sub-divided into a
      bottom part, including at least the supporting skids, and an upper part
      with the reversing drum, the two parts being connected to each other by
      means of a swivel connection. This design has the additional advantage
      that the reversing drum is permitted to align itself with the direction of
      pull on the combined train assembly, thereby preventing any risk of the
      conveying buckets becoming caught on the receiving unit and of the
      conveying strands jumping the reversing drum. This arrangement may also
      include remotely controlled adjustment devices responding to measurements
      of the degree of misalignment between the upper and lower parts of the
      receiving unit.
PAR  The receiving unit is appropriately also provided with an impact-resistant
      peripheral skirt surrounding it at a distance above the contact plane of
      the supporting skids, the peripheral skirt being tapered in its front
      portion in the manner of the bow of a ship. The primary purpose of this
      peripheral skirt is to serve as a deflector against protruding obstacles.
      Any impact forces thereby created on the peripheral skirt are transmitted
      directly to the supporting frame, while other, more sensitive parts of the
      receiving unit remain uneffected. Collision with a large obstacle can
      therefore produce a corresponding lateral deflection of the receiving
      unit. Thus, a receiving unit may travel along a serpentine path between
      protruding rocks and the like, while the main towing direction remains
      unchanged. In a situation where the transverse distance between obstacles
      is too small for the passage of the receiving unit therebetween, the
      latter may become stuck, with the result that the forces in the train
      assembly increase, the rate of increase depending upon the modulus of
      elasticity of the combined guide train and conveying train assembly. This
      increase is normally very gradual, because the overall length of the train
      assembly is very large in relation to the speed of the towing advance.
PAR  In order to provide a means for the early discovery of a situation in which
      the advance of the receiving unit is completely blocked, the peripheral
      skirt of the latter may be provided, at least on its forward and lateral
      portions, with appropriate sensors which indicate on an on-board
      monitoring panel the existence of contact pressure between an obstacle and
      the peripheral skirt. A preferred version of such sensing means consists
      of pressure-sensing units arranged at certain intervals on the outside of
      the peripheral skirt.
PAR  Signals received from these sensors, especially the reception of several
      simultaneous signals, inform on-board operating personnel of any
      collisions between the receiving unit and ocean floor obstacles. Should
      the situation occur that the receiving unit is blocked in its advance,
      then it becomes necessary to reverse the ship, in order to first relax the
      entire train assembly, whereupon the receiving unit can be repositioned by
      means of the tensile connection linking it with the buoy. These corrective
      maneuvers can normally be executed, before permanent damage is suffered by
      either the train assembly or the receiving unit. In order to further
      reduce the risk of damage to the receiving unit, the latter may also be
      provided with one or several upwardly extending protective members which
      prevent a roll-over of the unit around its longitudinal axis.
PAR  When mineral soaps and ore sludges are to be mined, the conveying buckets
      are preferably imperforate or they may be provided with a fine-mesh screen
      on their bottom, in order to prevent the loss of any valuable materials.
      In this context, is was found to be advantageous to provide the conveying
      buckets with hinged covers and to arrange special guide means on the
      receiving unit for holding the covers open during the scooping operation.
      A preferred version of such an arrangement includes a lateral nose or pin
      on each hinged cover engaging a guide rail which extends parallel to the
      periphery of the reversing drum. After leaving this guide rail at the end
      of the scooping range, the hinged covers are then permitted to close
      automatically by gravity or with the help of a spring, the closed covers
      being opened again in the emptying range on the drive unit.
PAR  A modified receiving unit is preferably used when mineral soaps, rather
      than ore nodules, are to be harvested from the ocean floor. In this case,
      the supporting frame of the receiving unit includes preferably at least
      one scraping trough arranged between the reversing drum and a guide drum
      for the conveying strands, which guide drum is disposed a distance forward
      of the reversing drum. Within this scraping range, the conveying buckets
      are guided substantially parallel to the ocean floor, reaching directly
      into the deposited materials, but at a level which is slightly higher than
      the adjacent vertical runners serving as protective lateral walls for the
      scraping trough. Since it is not normally desirable to provide a
      funnel-type forward opening on the scraping trough, it may be desirable to
      arrange several parallel scraping troughs and bucket trains adjacent to
      each other.
PAR  When sludgy material such as ore sludge is to be extracted, it may be
      preferable not to have any horizontal advancing motion on the receiving
      unit. In this case, the supporting frame of the unit would be designed as
      a grid of frame members which is open in the vertical direction, the
      supporting members being preferably in the form of vertically oriented
      flat profiles. The supporting frame is merely deposited on the ocean floor
      on an approximately horizontal level. The train assembly can then extend
      comparatively steeply from the receiving unit, the latter being
      appropriately stabilized in position by means of suitably placed
      counterweights. As the conveying train is operated, the sludge enclosed
      within the grid frame of the receiving unit is scooped up, the unit
      sinking deeper and deeper into the ground and forming a sort of crater, so
      that additional sludge flows into the latter from the surrounding area of
      the ocean floor. This method permits the harvesting of large sludge
      fields, without the need for any repositioning of the receiving unit.
PAR  The drive unit of the preferred embodiment of the invention includes a
      drive drum supported by a horizontal shaft which is carried on a
      supporting frame reaching laterally over the ship's side in the manner of
      an outrigger. Where only a single drive unit is provided, this supporting
      frame may be arranged to reach over the stern of the ship. But when
      several drive units are provided, it is preferable to use overhanging
      frames on both sides of the ship reaching out far enough to prevent the
      train assemblies from being slammed against the ship's planks in a storm.
      In the case of several drive units being provided on one side, the latter
      should be spaced sufficiently in both the longitudinal and in the
      transverse sense.
PAR  In order to facilitate the discharge of the extracted materials, the
      lateral groups of conveying trains may be spaced in accordance with the
      transverse dimensions of the conveying buckets. Below the drive drum is
      preferably arranged a conveyor for the transfer of the discharged
      materials. Given the case that the preferred rope material is stretchable
      synthetic material, it may be advantageous to provide the annular grooves
      on the drive drum with tapered flanks engaging the ropes in the manner of
      a V-belt, in order to generate the necessary friction between the drum and
      the ropes. If, under these circumstances, the pull on the descending
      strands is insufficient to disengage the strands from the drum grooves, a
      simple release roller may be arranged between the drive drum and the
      descending rope strands.
PAR  The drive unit should advantageously be designed as a self-contained,
      removable assembly unit with a frame supporting the drive drum and at
      least one drive motor, the unit being detachably mounted on the vehicle.
      This arrangement makes it possible to simply attach one or several drive
      units by means of suitable mechanical mounting elements and to connect the
      units to a suitable power supply.
PAR  It may be desirable to provide a swivelling capability between the frame
      element of the drive unit carrying the drive drum and the vehicle, or to
      arrange the entire drive unit in such a way that it is adjustable around a
      vertical pivot axis on the vehicle. The advantage of such an arrangement
      is that the drive drum is permitted to align itself with the direction of
      pull on the train assembly, thereby facilitating a change in the ship's
      course, so that the receiving unit can be towed along a comparatively
      narrow radius.
PAR  The invention further suggests that the guide train assembly include
      several stretch sensors which are connected to indicating instruments on
      board ship. This can be accomplished, for example, by providing on the
      guide train assembly at least one tensile member having a stretch ratio
      which is less than that of the guide train assembly, the tensile member
      being connected on board ship to a yielding indicating device such as a
      spring loaded drum. Since any tension load on the guide train assembly
      quickly spreads over the entire train length, it is normally sufficient to
      attach the lower end of this tensile member to the uppermost guide unit of
      the assembly.
PAR  On board ship is also preferably arranged a suitable control panel,
      combining on it at least the indicating devices for train assembly
      elongation, possibly also for its angle of slant, indicators for obstacle
      contact, and an indicator for the height of the material stream on the
      receiving unit. This makes it possible to observe all these critical
      values from the bridge or from another suitable command post on board ship
      and to quickly take all necessary reactive measures, such as stopping or
      reversing the ship, as soon as characteristic danger signals are received.
      Even in the case where all electrical connections to the receiving unit
      should fail, it is still possible to continue a largely risk-free
      extraction and conveyance operation, by only monitoring the stretch values
      measured on the guide train assembly.
PAR  According to a still further suggestion of this invention, a train assembly
      consisting of several parallel multi-filament ropes may be provided with
      regularly spaced transverse connectors or spokes, in the manner of a rope
      ladder. In a preferred version of this arrangement, the transverse
      connector includes a central spoke rod extending through the several rope
      strands and forming a firm connection therewith, the spoke rod being of a
      highly resistant material, such as steel. Between the rope strands, as
      well as on the extremities of the spoke rod, are preferably placed special
      caps with prongs penetrating into the rope, spacer sleeves being provided
      between the caps of adjacent rope strands.
PAR  These transverse spokes have the additional advantage of representing a
      very convenient means of improving the drive connection between the
      conveying train and the drive drum, by making it possible to arrange on
      the latter, between its annular grooves for the rope strands, suitable
      longitudinal engagement means cooperating with the transverse spokes in a
      positive fashion. These engagement means may consist of a series of
      successive longitudinal grooves or depressions on the drive drum, or the
      latter may include separate mechanically movable parts arranged on its
      periphery in the manner of a chain, for example, which, yielding to the
      contact pressure of the conveying train, form a suitable depression. The
      drum parts in question may also be arranged to yield radially, in order to
      add to the friction engagement the desired positive drive engagement.
PAR  In the aforementioned preferred embodiment it is further suggested that the
      conveying buckets be connected to the conveying train between the rope
      strands, using the transverse spoke as bucket attachment means, and
      thereby eliminating the need for any special attachment elements.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further special features and advantages of the invention will become
      apparent from the description following below, when taken together with
      the accompanying drawings which illustrate, by way of example, several
      embodiments of the invention represented in the various figures as
      follows:
PAR  FIG. 1 shows, in a somewhat schematic representation, a side view of a
      device embodying the invention, which device serves for the extraction and
      upward conveyance of materials such as ore nodules, from the ocean floor;
PAR  FIG. 2 is a plan view of the device of FIG. 1;
PAR  FIG. 3 shows a greatly enlarged end view of a guide unit of the invention,
      as part of a combined guide train and conveying train assembly extending
      between the drive unit and the receiving unit, the guide unit shown having
      only one guide roller;
PAR  FIG. 4 shows a front view of the guide unit of FIG. 3, as mounted on said
      train assembly;
PAR  FIGS. 5 and 6 are similar to FIGS. 3 and 4, showing a modified guide unit
      comprising two spaced guide rollers;
PAR  FIG. 7 shows the receiving unit of the embodiment of FIG. 1 in an enlarged
      elevational view;
PAR  FIG. 8 is a plan view of the same receiving unit;
PAR  FIG. 9 shows the receiving unit of FIGS. 7 and 8 from the front;
PAR  FIG. 10 illustrates a further enlarged detail of the front portion of the
      receiving unit of FIGS. 7-9, the unit being sectioned along line X--X of
      FIG. 8;
PAR  FIG. 11 is a plan view corresponding to FIG. 1, showing only the scraping
      device of the receiving unit;
PAR  FIG. 12 shows a device similar to that illustrated in FIG. 1, but provided
      with four conveying trains;
PAR  FIG. 13 illustrates the device of FIG. 12 as seen from above;
PAR  FIG. 14 shows a modified receiving unit for a device embodying the
      invention, as adapted for the extraction and conveyance of mineral soaps;
PAR  FIG. 15 shows the receiving unit of FIG. 14, as seen from the front end;
PAR  FIG. 16 illustrates another modified embodiment of the invention, the
      special receiving unit being adapted for the extraction and conveyance of
      ore sludge, the cross section shown following line XVI--XVI of FIG. 17;
PAR  FIG. 17 shows the receiving unit of FIG. 16 in a plan view;
PAR  FIG. 18 illustrates a detail of a modified conveying train with a conveying
      bucket;
PAR  FIG. 19 is a plan view corresponding to the illustration of FIG. 18; and
PAR  FIG. 20 shows in an enlarged cross section a transverse connector as part
      of the assembly shown in FIGS. 18 and 19.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, there is illustrated the stern of a ship or of
      another suitable floating vessel 1, and mounted on the latter is a drive
      unit 2 extending rearwardly over the rail of vessel 1. A flexible guide
      train assembly 3 extends from the drive unit 2 to a receiving unit 5
      arranged on the ocean floor, or on the bottom of some other body of water.
      Another flexible connection between the ship and the receiving unit,
      generally designated by numeral 6, serves as a conveying train, the
      endless strands 7 of this train running from a drive drum 8, journalled on
      a horizontal shaft of the drive unit, to a reversing drum 9 of the
      receiving unit, which is similarly journalled on a horizontal shaft. The
      receiving unit 5 is further provided with a tensile connection 10 linking
      it to an overhead buoy 11. Normally, the carrying capacity of the buoy is
      sufficient only to carry the submerged weight of the tensile connection.
      However, the buoy and the tensile connection should be strong enough so
      that, when they are raised out of the water, they can carry the entire
      receiving unit and the attached portion of the combined guide train and
      conveying train assembly.
PAR  The guide train assembly is essentially composed of four guide strands 12
      to which are attached, at regular intervals of approximately 20 to 50
      meters, guide units 13, 13a, and 13b.
PAR  A complete guide unit 13 is illustrated in detail in FIGS. 3 and 4,
      consisting mainly of a guide cage 14 whose two lateral brackets 15 are
      rigidly connected to each other by means of threaded spacer rods 16. The
      guide strands 12 which link the several guide units together are attached
      to the outer sides of the brackets 15 by means of clamping shoes 17. These
      clamping shoes may also accommodate electrical cable connections 18 and/or
      other suitable strands linking the receiving unit with the drive unit.
PAR  Between the lateral brackets 15, and journalled on the central spacer bolt
      16, is arranged a freely rotating guide roller 19. The latter has on each
      longitudinal end portion three annular guide grooves 21 for the upper and
      lower strands of a total of six conveying strands 7, the guide grooves 21
      adjoining an intermediate cylindrical portion 20. Overhanging the guide
      grooves 21 are arranged parallelly journalled and oppositely aligned, but
      spaced-apart pairs of smaller retaining rollers 23, the latter being
      supported by cantilever-type bearing pins 22 which are fixedly attached to
      the brackets 15 by means of clamping nuts 22a. The retaining rollers 23
      thus define a peripheral gap in relation to the guide roller 19, as well
      as a central transverse gap between each pair of aligned rollers 23.
PAR  To the six parallel conveying strands 7 are connected, at regular
      longitudinal intervals, a series of scraping and conveying buckets 24. The
      connection between the strands 7 and a bucket 24 is obtained by means of a
      special bucket attachment 25, the latter having a T-shaped profile, its
      central ridge 26 fitting into the central gap between the aligned
      retaining rollers 23, while its flange portion 27 fits into the peripheral
      gap between the guide roller 19 and the retaining rollers 23. The flange
      portion 27 of the bucket attachment 25 is directly attached to the six
      conveying strands 7, using conventional attachment clips or the like (not
      shown). These clips may be a part of the flange portion 27. It is
      important that the peripheral distance a between the guide roller 19 and
      the retaining rollers 23 is always smaller than the diameter of the
      conveying strands, in order to positively prevent the latter from jumping
      the guide grooves 21; it must be large enough, however, to permit the free
      passage of the flange portion 27 of the bucket attachment 25.
PAR  The conveying buckets 24 are cylindrical in their overall outline, the
      diameter being somewhat smaller than the length b of the intermediate
      cylindrical portion 20 of the guide roller 19. Each bucket has an
      imperforate scooping collar 30 on its forward portion, in the sense of
      bucket motion, and a basket portion 31 forming a rearward continuation
      thereof. The scooping part 30 has a scraping edge 32, inclined at an angle
      of approximately 45.degree.. The basket portion 31 of the bucket is
      preferably fabricated of perforated sheet metal, having a number of
      straining perforations 33 in its cylindrical peripheral wall and in its
      bottom wall.
PAR  The conveying buckets 24 are readily attachable and detachable from the
      special bucket attachments 25 by means of a pivot pin 34 extending through
      appropriate ears on the bucket and through a bore in the central ridge 26
      of the bucket attachment 25. This connection is preferably also so
      arranged that it allows the bucket to execute a limited pivoting motion of
      some 15 to 30 degrees angle relative to the conveying strands 7 (compare
      FIG. 7).
PAR  In the preferred embodiment, both the guide strands 12 and the conveying
      strands 7 are woven ropes of synthetic material, the rope fibers being
      made of polypropylene or polyamide, especially nylon, and the density of
      these ropes being normally just slightly less than the density of
      seawater. These ropes, or similarly constructed guide and conveying
      strands, may also be reinforced with special reinforcement fibers,
      especially glass fibers. In all cases, however, it is important that the
      guide strands and the conveying strands have the same stretch
      characteristics. Since the electrical cables 18, or similar auxiliary
      strands, have different stretch coefficients, they require suitable
      stretch compensating means between the guide units 13 to which they are
      attached. To accommodate this requirement in a most simple manner, the
      cables 18 may include helical length portions permitting such stretching,
      or they may simply be provided with sufficient slack between the guide
      units.
PAR  Both the guide rollers 19 and the retaining rollers 23 may be made of
      wear-resistant plastic material. Only the guide cage 14 itself should be
      of a seawater-resistant light metal alloy, in combination with threaded
      spacer rods 16 of stainless steel. However, in place of the lateral
      brackets 15 which are connected by the aforementioned spacer rods 16, it
      is also possible to use a modified guide cage in which the spacer rods are
      replaced by transverse integral extensions of the brackets, the latter
      being either split in the center of the guide unit, or cast as one single
      piece. In this manner, it is possible to construct a complete guide train
      assembly which is extremely light and which almost floats in the water.
      Only when the buckets 24 are attached to the conveying strands 7, is the
      combined guide train and conveying train assembly somewhat more weighted,
      but not to the extent that sizable supporting forces are necessary on the
      drive unit. Thus, any weight strain applied to the train assembly is due
      only to the buckets 24 and to the materials conveyed therein. But, because
      the buckets are arranged for easy connection and removal by means of the
      pivot pins 34, they make it possible to attach the buckets to the train
      assembly only shortly before startup of a mining operation.
PAR  The modified guide units 13a and 13b, of which the latter is illustrated in
      FIGS. 5 and 6 are only necessary in the upper and lower end portions of
      the combined train assembly, where it is necessary to provide a conveying
      train run in which the upper and lower conveying strands 7 are
      sufficiently spaced apart to accommodate the diameter of the drive drum 8
      and of the reversing drum 9. As can be seen from FIGS. 5 and 6, such an
      enlarged guide unit 13b has stretched lateral brackets 15b which are again
      interconnected by means of threaded spacer rods 16, but accommodate two
      appropriately spaced guide rollers 19, the remaining features of the
      assembly being similar to the earlier-described guide unit 13 (FIGS. 3 and
      4).
PAR  The receiving unit 5 of FIGS. 1 and 2, adapted for the extraction of
      nodules 35 of manganese or some other ore, is illustrated in greater
      detail in FIGS. 7 through 11. This unit consists of a stiff supporting
      frame 36 composed of profile bars, the frame being supported on the ocean
      floor 4 by means of three skid-type supports. Two skids 37 support
      opposite lateral sides of the forward portion of the frame 36, while the
      third skid 37a is attached to the center of the frame rear portion.
      Instead of these skids, the frame may also be supported on suitable
      wheels, tracked chains, or rollers. On the supporting frame 36 are mounted
      two laterally spaced bearing pedestals 38 supporting the reversing drum 9
      by means of bearings 39. On a special retaining frame attached to the
      bearing pedestals 38 are again arranged oppositely aligned pairs of
      retaining rollers 23 which cooperate with the reversing drum 9 in the same
      manner as they cooperate with the guide rollers 19 of the guide units 13,
      etc. On the rear portion of frame 36 is further provided a ballast package
      41, situated preferably above the skid 37a, the ballast 41 being composed
      of several sections. Under certain circumstances, the ballast may be
      replaced by an accumulation of extracted material or rocks. The supporting
      frame 36 and its skids 37 and 37a, defining a plane of support 42, are
      preferably so arranged that a ground clearance c of approximately 40 to 70
      centimeters is attained, the latter depending on the carrying capability
      of the ocean floor.
PAR  At a somewhat greater height d above the supporting plane 42 is further
      arranged a peripheral skirt 43, likewise composed of profile bars. This
      peripheral skirt 43 is attached to the supporting frame 36 and suspended
      from the bearing pedestals 38 by means of struts 44. The skirt 43
      surrounds all parts of the receiving unit with a certain space
      therebetween. Its forward portion 45 is tapered in the manner of a ship's
      bow. The skirt 43 thus constitutes a lateral protective bumper for the
      movable and more sensitive parts of the receiving unit. The skirt 43 is
      further provided with a number of peripherally spaced pressure sensors 46
      producing an electrical signal, when contact with an obstacle is
      established, the signals being transmitted to an appropriate indicating
      device on board ship, through one of the cables 18.
PAR  An additional signal, indicating the actual advance of the receiving unit
      on the ocean floor, may be obtained from one or several sensing wheels 47
      which yieldingly engage the ocean floor, the sensing wheels 47 being
      preferably provided with radially extending pins, or the like, and
      connected to a transducer emitting a signal as a function of the rotation
      of the sensing wheels 47.
PAR  On the forward portion of the supporting frame 36, just ahead of the skids
      37, is arranged a scraping device 48 which is illustrated in more detail
      in FIGS. 10 and 11. This scraping device includes a plurality of forwardly
      extending fingers 49 in the form of flat, upended bars. These scraping
      fingers are arranged for pivoting motion on a common horizontal shaft 50,
      the latter being attached to the support frame 36 by means of support arms
      51. Between the scraping fingers are arranged spacer blades 52, or the
      like, whose thickness is approximately equal to the thickness of the
      scraping fingers 39. The longer forward portions of the fingers 49 slant
      slightly downwardly, to about the level of the supporting plane 42 of the
      skids 37. Thus, when the receiving unit advances, these scraping fingers
      dig into the ocean floor just about as far as the skids penetrate, thereby
      lifting up the ore nodules lying on, or just under the surface of the
      ocean floor. The scraping fingers 49 have a limited vertical mobility. The
      plane of transverse alignment of the scraping device 48 is primarily
      determined by the two front skids 37, independently of the central rear
      skid 37a, because of the three-point contact between the supporting frame
      36 and the ocean floor. The downward pivotability of the scraping fingers
      49 under their own weight is limited by the abutment of their rearwardly
      extending abutment noses 53 against a stationary abutment profile 54
      attached to frame 36. If it should happen that a scraping finger is lifted
      upwardly and remains in this position, the fact that its abutment nose 53
      has thereby penetrated into the ocean floor, will tend to return the
      finger to its normal position, as a result of the advancing motion of the
      receiving unit. As can be seen in FIG. 11, the overall length of the
      scraping fingers 49 diminishes from the middle to both sides of the unit,
      but this feature may be adapted in accordance with specific operational
      requirements.
PAR  Behind the scraping device 48 is arranged a collecting ramp 55. The total
      space through which scraped-up deposits flow over this ramp is limited by
      two converging lateral guide panels 56 which form a transition to a
      longitudinally oriented central scooping trough 57, which later extends
      under the reversing drum 9 and is open to the rear of the receiving unit,
      so as to discharge any material which has not been scooped up by the
      passing conveying buckets.
PAR  Just above the collecting ramp 55 is further arranged a sensing gate 58a in
      the form of a horizontally pivoted pendulum, the sensing gate being
      connected to a potentiometer or some other signal generator, indicated
      schematically at 58. One of the cables 18 links this signal generator to a
      suitable indicator gauge on board ship, thus giving a reading of the
      height of the material stream passing over the collecting ramp 55.
PAR  Between the sensing gate 58a and the reversing drum 9 are arranged, on both
      sides of the movement path of the buckets 24, journalled guide rollers 59
      for the conveying strands 7, the rollers 59 being mounted on the
      supporting frame 36. For the case, when the angle of the lower end of the
      combined guide train and conveying train assembly is shallow, these guide
      rollers 59 serve to lift the filled conveying buckets 24 over the incoming
      material stream, over the sensing gate 58a, and over the peripheral skirt
      43.
PAR  The peripheral skirt 43 not only serves as a bumper, preventing damage to
      the receiving unit, but also acts as a means for a limited pre-sorting of
      the material deposited on the ocean floor, depending upon the height
      adjustment of the peripheral skirt in relation to the supporting plane 42.
      It is further possible to provide on the peripheral skirt 43 special
      deflecting members arranged at an appropriate height above the scraping
      device. These members prevent the pickup of very large nodules, whose
      diameter would exceed the capacity of the buckets 24, by laterally
      deflecting these large pieces. However, no serious risk is presented by
      the entry of such large nodules into the scooping trough, because the
      former are then simply lifted out over the lateral guide panels 56 of the
      scooping trough, by the motion of the buckets 24.
PAR  The towing forces exerted by the ship 1 are transmitted to the receiving
      unit 5 via the combined guide train and conveying train assembly. In order
      to obtain a certain lateral directional stability, the guide strands 12
      are preferably attached to the lateral extremities of the supporting frame
      36 and of the bearing pedestals 38. Similarly, the guide strands 12 are
      also attached laterally on the outside of the drive unit 2 on board the
      ship. It is preferable not to attach the guide strands 12 directly to the
      ship's hull, but to attach them to the supporting frame 60 of the drive
      unit 2. This support frame includes the bearings 61 for the drive drum 8
      and for a gear train 62 which is driven by four drive motors 63. Also
      mounted on the supporting frame 60 is a transfer chute 65, leading to a
      conveyor belt 66 for the removal of the discharged material into a hold of
      the towing ship or into a separate, parallel-travelling cargo ship, for
      example.
PAR  The support frame 60, which carries the remaining parts of the drive unit
      2, is readily detachable from the ship, through the arrangement of
      suitable mounting elements on the stern of the ship. When installing the
      device, it is thus possible to assemble the entire tow assembly, starting
      with the drive unit 2, and including the guide train assembly 3, the
      conveying train 6, the receiving unit 5, and the tensile connection 10
      with the buoy 11, on land or in shallow water. Now, the drive unit 2 is
      attached to the stern of the ship, and the combined train assembly 3, 6,
      without any of the buckets 24 attached, as yet, is slowly developed,
      thereby also towing the receiving unit 5 far enough, until the tensile
      connection 10 to the buoy 11 is likewise taut. If the buoy 11 is carried
      by a suitably sized boat, or by a second ship, the entire tow train thus
      formed can be towed to the place of intended use. FIG. 9 shows that the
      tensile connection 10 is attached to both sides of the receiving unit 5,
      in order to give the latter sufficient stability and to hold it in
      approximately horizontal alignment. During towing of the entire train, or
      shortly before arrival at the place of use, the conveying buckets 24 can
      be attached to the conveying train 6, by intermittently advancing the
      latter and attaching the buckets 24, one by one.
PAR  Once arrived at the place of intended operation, the distance between the
      ship and the boat carrying the buoy is diminished, until the receiving
      unit 5 touches the ocean floor. During this operation, the on-board
      monitoring instruments, which are preferably combined in a single
      instrument panel on the bridge of the ship, are carefully watched. If one
      or several of the pressure sensors 46 on the peripheral skirt 43 indicate
      contact, it will be necessary to reposition the receiving unit, through
      maneuvers of the buoy-carrying boat. For a better supervision of the
      receiving unit 5, it is also possible to utilize closed-circuit
      television, radar instruments, and the like. These devices may be arranged
      just ahead of the receiving unit 5, on one of the guide units 13, and be
      aimed at the receiving unit and, if necessary, in the direction of forward
      advance.
PAR  At this point, the bucket conveyor, constituted by the earlier-described
      conveying train, is slowly put into motion, the drive motors 63 being
      operated at a speed corresponding approximately to a lineal conveying
      speed of 1 m sec. Thereafter, the ship's propulsion is adjusted for very
      slow forward motion, until the combined guide train and conveying train
      assembly is taut and the receiving unit 5 starts to move. As the receiving
      unit advances, the reading of the potentiometer 58, reflecting the height
      of the material stream flowing onto the receiving unit, is carefully
      watched, and the speed of the bucket conveyor is adjusted accordingly. The
      rate of advance of the receiving unit 5 is then increased until it reaches
      approximately 1 m/sec, while the speed of the bucket conveyor is adjusted
      to between 1.5 and 3 m/sec.
PAR  As they rotate around the reversing drum 9 of the receiving unit 5, the
      buckets 24 move from behind and above the reversing drum downwardly and
      forwardly into the scooping trough 57, scooping from the latter the
      already pre-sorted scraped-up materials. As a bucket is filled, its center
      of gravity shifts to the rearwardly located basket portion 31 of the
      bucket, so that, when the latter leaves the scooping trough, it tilts
      downwardly by the predetermined angle of pivotability of approximately 15
      to 25.degree.. The movement of the bucket conveyor creates two oppositely
      directed flows of water on the upper and lower sides of the conveying
      train. Water thus flows through the filled buckets from top to bottom,
      inspite of their tilted alignment, so that remaining picked-up fine
      granular material is washed out, leaving the buckets through the straining
      perforations 33. The result is that only pieces of a size larger than the
      diameter of the straining perforation 33 are delivered to the drive unit
      on board ship. The filled buckets 24 arrive on the drive drum from below,
      rotating around the upper arc of the latter, whereupon they are emptied
      through gravity discharge between the two groups of conveying strands 7,
      the discharged materials falling onto a transfer chute 65, from where they
      are conveyed further by means of a conveyor belt 66. If necessary, an
      additional washing device may be arranged on the lower side of the drive
      drum 8, in order to remove any residue sticking to the latter, to prevent
      the latter from becoming lodged in the guide grooves for the ropes, which
      could become damaged thereby.
PAR  In order to generate sufficient frictional force on the drive drum 8, it
      may be advantageous to provide tapered flanks on the grooves of the drum.
      Normally, the descending rope strands are subjected to sufficient pull
      from the empty buckets, to disengage the rope strands from the tapered
      grooves of drum 8. However, it is also possible to provide special
      separating rollers at that point between the drum and the descending rope
      strands.
PAR  As soon as the closed-circuit television image indicates an obstacle on the
      ocean floor which cannot be circumnavigated, or when the pressure sensors
      46 indicate that the receiving unit 5 is stuck in place, it is first
      necessary to stop the conveyor drive and the ship's propulsion, whereupon
      the combined guide train and conveyor train assembly 3, 6 is relaxed
      through reversal of the ship's propulsion. The earlier-mentioned buoy boat
      again picks up the buoy, and as that boat is moved to the rear, the
      receiving unit 5 is lifted, whereupon it can be moved around the obstacles
      and repositioned for continued operation.
PAR  Because the total length of the train assembly for use in a tow-mining
      operation is normally at least 50% larger than the conveying height
      between the receiving unit 5 and the ship 1, and because the latter
      advances only at a rather small speed, the impact forces against an
      obstacle on the ocean floor are comparatively small, aided by the fact
      that, when synthetic ropes are used for the guide train and conveying
      train assembly, the latter stretch only gradually, so that the tension
      forces rise in a correspondingly slow fashion. Thus, there exists a good
      safety margin for stopping the ship, before the tension forces reach
      dangerously high levels.
PAR  The device of the invention preferably also includes means for monitoring
      the stretch behavior of the combined guide train and conveying train
      assembly. Such stretch sensors may be arranged directly on the guide
      strands 12, or this may be accomplished in a simpler way, through a device
      which compares a given length of the guide train assembly 3 with a
      reference length of an independent member. For this purpose, one may use a
      reference strand or tensile member, e.g. a steel cable, which extends
      approximately parallel to the guide strands 12 and which is connected to a
      sensing and indicating device arranged on board ship or on the drive unit.
      This sensing and indicating device preferably includes, as a connection, a
      resiliently yielding member, such as a tension spring, or a drum with a
      torsion spring.
PAR  Even though the initial tension surge occurs at the points of connection
      between the guide train assembly and the receiving unit 5, such tension
      propagates very fast along the strands and up to the drive unit 2. It has
      therefore been found adequate to attach one end of the aforementioned
      stretch-sensing cable at the uppermost guide unit 13b and to attach the
      upper end of the cable to a spring-loaded drum on board ship. The angular
      position of this drum then gives at all times a measure of the forces to
      which the guide strands 12 are subjected. This angular reading, or the
      measured rate of tension, can also be transmitted electronically to the
      central instrument panel on the bridge of the ship, or on some other
      suitable operator's stand which may be arranged in the immediate proximity
      of the drive unit. The speed of advance of the ship should then be
      adjusted primarily as a function of the measured tension in the guide
      train assembly, while the speed of conveyance is adjusted in accordance
      with the height of the material stream on the receiving unit, the latter
      adjustment being obtained automatically, if desired.
PAR  The path traveled by the receiving unit 5 on the ocean floor is normally
      determined by the course travelled by the ship. However, the receiving
      unit may be provided with limited steerability, in order to avoid a
      spotted obstacle in time. Such steering means may be constituted by a
      rudder which extends against the ocean floor and/or into the water
      current, thereby producing a moderate inclination of the supporting frame
      36 in relation to the direction of pull on the combined guide train and
      conveying train assembly 3, 6. The force necessary for operating the
      rudder may be derived from either the water pressure on the bow, or from
      the rotation of the reversing drum 9. The steering adjustment can be
      operated either automatically, in response to sensors, or from aboard
      ship, in accordance with observations made. Under certain circumstances,
      it may then be necessary to correct the course of the ship in accordance
      with the direction of advance of the receiving unit 5.
PAR  When large ore fields are to be harvested, it is normally unavoidable that
      the paths of the receiving unit sometimes intersect. Since it is desirable
      to avoid travelling along curved paths as much as possible, the preference
      goes to either very large looping paths, one alongside the other, or to a
      spiral-shaped path. However, when it is necessary to exploit certain
      delimited fields with a minimum of operative effort, it may be necessary
      to sense the path previously travelled by the receiving unit. This can be
      done, either by depositing from the receiving unit signalling objects
      which can be sensed on the next run, or, in a simpler solution, by taking
      advantage of the observation that horizontal ground currents on the ocean
      floor may deposit on the previously travelled path such fine material as
      sand or sludge, but that no ore is redeposited thereon, so that the metal
      content in the previously harvested track is considerably less in
      comparison to the adjacent, unharvested area. This difference may be
      measured by means of appropriate sensors, indicating the change in the
      magnetic field strength, for example, or changes in radioactive emissions,
      using technology which is being used in connection with known copying
      processes. Using this type of sensor, it becomes possible to control a
      suitable steering mechanism of the receiving unit, even automatically, if
      necessary, so that the travelled path runs almost exactly alongside the
      previously travelled path of the receiving unit. This method makes it
      possible to harvest a certain area almost without leaving anything behind.
PAR  In order to harvest as broad as possible a path in a single pass, one uses
      an embodiment of the type illustrated in FIGS. 12 and 13, in which four
      conveyor loops of equal construction but with separately controllable
      drive units 2' and 2" are provided. These drive units are preferably
      arranged on a transverse bridge 76, mounted just ahead of the stern of the
      ship 1, the bridge 76 extending freely over both sides of the ship so that
      the drive units are located laterally outside and in a staggered position
      in relation to the center of the ship, in order to obtain a certain
      lateral distance between the guide train assemblies 3' and 3" and the
      cooperating conveying trains 6' and 6", on the one hand, and the side of
      the ship's hull, on the other hand. In their upper portions, these train
      assemblies have separate, independently mounted guide units. The guide
      train portions located further below, however, are preferably transversely
      linked by means of multiple, rigidly connected guide units 13'".
PAR  The conveying strands of the four conveying trains 6' and 6" pass over four
      identical reversing drums 9' and 9" which are freely rotatable
      independently of each other on a horizontal shaft 66, mounted on the
      receiving unit 5'. The receiving unit has a common transverse scraping
      device 48' and a single collecting ramp 55' which is sub-divided by means
      of lateral panels 56' leading to four scooping troughs (not visible in the
      drawing), from which the material is scooped up by the conveyor buckets.
PAR  In deviation from the illustrated embodiment, it is also possible to
      arrange within a common supporting frame four independent bearing
      pedestals for the reversing drums and four associated scraping devices and
      collecting ramps which are adjustable relative to each other. It is, of
      course, also possible to provide several completely independent receiving
      units of the type illustrated in FIGS. 7-11, the units moving in a
      longitudinally and/or transversely staggered formation, and where the
      guide train and conveying train assemblies are similarly transversely
      interconnected by means of guide units 13'".
PAR  In FIGS. 14 and 15 is illustrated a modified receiving unit adapted
      especially for the harvesting of fine granular materials, such as mineral
      salts. This embodiment comprises a reversing drum 9'" which is journalled
      on a supporting frame 36', carrying suitable bearing pedestals 38'. This
      embodiment features three groups of rope grooves 67 for three conveying
      strands 7 each, of three separate conveying trains. The receiving unit is
      supported on the ocean floor only by means of longitudinally extending
      vertically oriented runner profiles 68, defining between them three
      scraping troughs 69 which are open in front and on the bottom.
PAR  The contact plane 42' defined by the runner profiles 68 is thus located a
      distance below the ocean floor 4, that distance depending upon the weight
      of the receiving unit 5". The buckets 24' move forwardly through the
      scraping troughs 69, at a level somewhat above the contact plane 42' and
      parallel thereto, thereby being protected against any solid obstacles
      embedded in the ocean floor. The horizontal scooping path of the buckets
      is determined by the bottom periphery of the reversing drum 9'" and by a
      smaller guide drum which is similarly journalled on a horizontal
      transverse shaft and located forward of the reversing drum 5', the
      conveying strands 7 passing underneath guide drum 70.
PAR  The conveying buckets 24' used in this embodiment are water-tight
      containers, or at least only permeable to the extent of not loosing fine
      granular material. They are equipped with a hinged cover 71 which carries
      a transverse pin 72. On the descending run the hinged covers assume
      naturally their open position, and as soon as they reach the reversing
      drum 5", their transverse pins 72 are engaged by a guide rail 73 which is
      arranged parallelly spaced in relation to the periphery of the reversing
      drum, so as to hold the hinged covers open, even though the buckets 24'
      are turned upside down, as they enter into the scraping trough 69,
      advancing horizontally parallel to the contact plane 42'. The guide rails
      73 terminate in the vicinity of the guide drum 70, just ahead of the point
      where the buckets 24' are lifted out of the scraping trough 69, thus
      allowing the hinged covers to close. The latter remain closed during the
      entire ascending run of the conveyor, being opened again only after
      rotation around the drive drum on board ship, where the scooped-up
      material is discharged. The hinged covers may also be provided with a
      toggle spring mechanism which positively retains the hinged cover in
      either the open or closed position, in which case the guide rails 73 can
      be replaced by appropriate abutments effecting the opening and closing of
      the hinged covers 71. The peripheral skirt, the sensing devices, and other
      equipment previously described in connection with the receiving unit of
      FIGS. 7-11, are not illustrated in the embodiment of FIG. 14, for the sake
      of clarity of illustration. It will be noted that this embodiment, in
      addition to the rear ballast 41', also includes a front ballast 41" in
      order to safely engage the runner profiles 68 against the ocean floor,
      under all angles of connection of the guide train and conveying train
      assembly.
PAR  In FIGS. 16 and 17 is illustrated a third embodiment of a receiving unit,
      especially adapted for extracting and conveying ore sludge. This receiving
      unit 5'" consists of a supporting frame 36" constructed of profile bars,
      and which has on its bottom side a grid of supporting profiles 68' and 68"
      which again defines three adjacently located scooping troughs 69', the
      latter being enclosed on all sides, however. Between the bearing pedestals
      38" is arranged a reversing drum 9'" identical to the one of the
      previously described embodiment, the likewise identical buckets 24'
      dipping into the scooping troughs 69' in an arcuate motion around the
      reversing drum 9'". In this case the guide rail 73' is so arranged that
      the hinged covers 71 are maintained open between their arrival on the
      reversing drum and their exit from the scooping troughs 69', whereupon
      they are automatically closed.
PAR  This special receiving unit 5'" needs only to be deposited on top of the
      sludge deposit 74. The conveying strands 7 are here shown to ascend and
      descend vertically between the drive drum and the reversing drum, but they
      should preferably be slanted at an angle of at least 10.degree., because,
      as the sludge is extracted, and a crater 75 is formed, without lateral
      motion of the receiving unit, the latter sinks deeper and deeper, while
      sludge flows into the crater from all sides. Thus, an entire sludge field
      can be dredged without any repositioning of the receiving unit.
PAR  In this type of embodiment, such devices as the peripheral skirt and other
      safety equipment are normally not necessary. It may be advantageous,
      however, to provide a means for the sensing of the sludge level. Also, for
      purposes of repositioning the receiving unit, it may be advantageous to
      provide a suitable tensile connection, linking it to a buoy.
PAR  In deviation from the receiving unit illustrated in FIGS. 7-11, it may be
      advantageous to provide on the receiving unit 5 a guide drum 70 of the
      type illustrated in FIG. 14, and disposed between the reversing drum 9 and
      the guide rollers 59. The purpose of such an additional guide drum would
      be to guide the buckets 24 on at least a short portion of their scooping
      path in parallel to the contact plane 42. This increase in the effective
      scooping path tends to improve the degree to which the buckets are filled.
      An additional guide means may be provided on the receiving units 5 and 5',
      in order to provide accurate guidance of the buckets 24 outside the
      reversing drum. Such guide means or supporting means may be arranged on
      the inside of the conveying train. One such possibility includes an
      endless band which is flexible only in one direction, and which runs over
      two idle reversing rollers, the conveying strands contacting the endless
      band, moving the latter through frictional engagement, while the band
      presents a flat supporting surface. Alternatively, a series of transverse
      supporting rollers may be arranged between the reversing drum and the
      guide rollers 59.
PAR  A still further improvement of the bucket guide means relates to a
      connection of the bucket attachments to the conveying strands not only in
      one transverse plane, but in two places which are offset in the
      longitudinal direction of the conveying ropes. This arrangement can be so
      designed that the flexibility of the conveying strands and their guide
      configuration around the reversing drum and the guide rollers is not
      adversely affected. For this purpose, it is also possible to arrange the
      connection between the conveying strands and the bucket attachments so
      that a limited longitudinal adjustability is provided on the second
      attachments points, with the result that the strands, subject to tension,
      are also evenly tensioned between the attachment points, without
      transmitting that tension to the bucket attachments, where unnecessary
      bending might otherwise occur.
PAR  Lastly, it is also possible to arrange the guide units in such a way that
      they may be adaptable for accommodating varying numbers of conveying
      strands, depending upon the particular circumstances. If it has been
      determined that, under maximum load, no more than five conveying strands
      should be used on each side of the buckets, then the guide rollers would
      be so designed that they have five guide grooves on each lateral end
      portion, and that, for an operation in which the assembly is subjected to
      lesser loads, as when materials are mined in shallower depths, only two,
      three, or four conveying strands are used on each side. Similarly, it may
      be advantageous to design the bucket attachments for the greatest number
      of conveying strands, when the highest loads are to be withstood, in order
      to permit the subsequent threading-in of the necessary additional
      conveying strands, which can then be connected to the bucket attachments.
PAR  Basically, the drive unit may be mounted on any kind of movable vehicle,
      such as one running along a bridge, or one travelling along the the shore
      of a body of water, either on rails or directly on the ground of the
      shore. Also, provision may be made for the receiving unit to be movable
      parallel to the drive unit. The receiving unit may for this purpose have a
      separate drive, or it may be linked to a boat which advances it
      approximately perpendicularly to the guide train assembly, in which case
      the reversing drum is oriented transversely to the direction of advance,
      while the scraping device remains on the forward portion of the unit. In
      this case, one of the two units must always be controlled in such a way
      that the guide train assembly remains taut so that it will not sag to the
      floor of the body of water. The drive unit should then be arranged in a
      sufficiently elevated position, or it may have to be mounted on an
      upwardly extending boom to which the guide train assembly is connected and
      from which the conveying train is guided downwardly to the lower drive
      unit. Of course, this alternative requires separate guide drums for the
      upper and lower conveying strands, the lower guide drum having an
      appropriate recess, or being in the form of two separate drum sections, in
      order to accommodate the suspended buckets carrying the scooped-up
      material. This embodiment permits operation of the device even in shallow
      waters, the device being thus also usable for a quick and efficient
      dredging of a shipping channel, or the like. In this context, it is also
      recommended to arrange the strand-guiding elements on the receiving unit
      and on the drive unit for limited swivel motion. If this is done, it
      becomes possible to operate with the drive unit remaining in place, while
      the area of a complete circular sector is dredged.
PAR  In FIGS. 18 through 20 is illustrated a further improvement of a guide
      train assembly 16'". Here, the conveying strands 7 are transversely
      interconnected by means of longitudinally regularly spaced transverse
      connectors 81. These transverse connectors, like the conveying strands
      themselves, may be fabricated of a multi-filament woven material; the
      embodiment of FIGS. 18-20, however, shows a spoke-type transverse
      connector 81 which includes a spoke rod 82 extending centrally through
      each one of the conveying strands 7, the rod 82 having a retaining ring 83
      on one extremity and a threaded portion with a clamping nut 84 on the
      opposite extremity. The spoke rod 82 carries on it short spacer sleeves 85
      positioned between the strands of each strand group, and a long spacer
      sleeve 86 positioned between the two innermost strands. The spacer sleeves
      are preferably of light metal. Between the extremities of the spoke rod
      82, on the one hand, and between each end of a spacer sleeve and the
      adjacent flank of a strand 7, on the other hand, are further arranged
      special caps 87 which have each a number of prongs 88 penetrating
      laterally into the strand 7 from opposite sides thereof. This assembly
      produces a solid transverse connection between the spoke rod 82 and each
      conveying strand 87.
PAR  The transverse connectors 81 located between the strand groups are also
      conveniently usable for the attachment of the conveying bucket 24. For
      this purpose, each bucket has a forward connecting ear 89 attachable
      either to the midportion of the spoke 82, or to the long spacer sleeve 86,
      and a rear pivotable link 90 which similarly engages the next-following
      transverse spoke 81. The pivotable link 90 thereby compensates for any
      stretch of the conveying strands 7 in relation to the bucket attachment.
      In order to accommodate a limiting pivoting motion of the filled buckets
      in relation to the conveying strands 7, as described in connection with
      the first embodiment, it is further possible to provide for the buckets to
      be connected either only to a single transverse spoke 81, or to provide a
      knee-lever linkage between the rear portion of the bucket and the
      conveying train, the knee-lever linkage accommodating both the pivoting
      motion and the adjustment for longitudinal stretch of the conveying
      strands.
PAR  Independently of any tensions to which the conveying train may be
      subjected, the suggested transverse spokes 81 can be conveniently used as
      a means for positively driving the conveying train, in the manner of a
      chain-and-sprocket drive. For this purpose, it suffices to modify the
      drive drum so that the transverse spokes 81 engage the latter in a
      positive manner. This can be accomplished by adding longitudinal grooves
      in those portions of the drive drum which are located laterally outside
      the guide grooves for the conveying strands, or by providing on the drive
      drum separate, mechanically movable elements which produce the desired
      positive engagement under radial pressure, or also by using
      pressure-responsive elements, as for example, when the drive drum carries
      on its circumference an elastically deformable layer.
PAR  It should be understood, of course, that the foregoing disclosure describes
      only preferred embodiments of the invention and that it is intended to
      cover all changes and modifications of these examples of the invention
      which fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for mining the ocean floor or the bottom of some other body of
      water for ore nodules, mineral soaps and ore sludge by extracting these
      deposits and conveying them upwardly to a ship or some other suitable
      carrier, the device comprising in combination:
PA1  a drive unit adapted for mounting on board the ship;
PA1  a receiving unit arranged for placement on the ocean floor;
PA1  a guide train assembly extending between the drive unit and the receiving
      unit;
PA1  an endless conveying train extending along the guide train assembly between
      the drive unit and the receiving unit and having descending and ascending
      conveying strands with conveying receptacles attached thereto; a drive
      drum on the drive unit and a reversing drum on the receiving unit guiding
      the upper and lower end portions of the conveying train; and
PA1  means defined by the guide train assembly for guiding the descending and
      ascending strands of the conveying train therealong, so as to prevent
      interference between the strands; and wherein:
PA1  the combined comveying train and guide train assembly is flexible, the
      conveying train and the guide train assembly having flexible,
      tension-transmitting conveying strands and guide strands, respectively;
PA1  the guide strands of the guide train assembly, form a tensile link between
      the ship and the receiving unit, thereby determining the path of the
      conveying train between the receiving unit and the drive unit; and
PA1  the receiving unit includes means for extracting deposits from the ocean
      floor into the conveying receptacles.
NUM  2.
PAR  2. An underwater mining device as defined in claim 1, wherein:
PA1  the guide strands and the conveying strands are multi-filament rope-like
      members, of a synthetic plastic material selected from the group
      consisting of polypropylene and polyamide.
NUM  3.
PAR  3. An underwater mining device as defined in claim 2, wherein
PA1  the strands include, among their plastic filaments, reinforcing filaments
      of highly resistant fibrous material.
NUM  4.
PAR  4. An underwater mining device as defined in claim 1, further comprising
PA1  a floating body which includes a tensile connection to the receiving unit,
      the tensile connection, when pulled, being capable of lifting and
      repositioning the receiving unit.
NUM  5.
PAR  5. An underwater mining device as defined in claim 4, wherein:
PA1  the floating body is a buoy;
PA1  the tensile connection is a cable; and
PA1  the device further comprises a boat for controlling the position of the
      buoy in relation to the ship.
NUM  6.
PAR  6. An underwater mining device as defined in claim 1, wherein
PA1  the conveying train includes an endless conveyor loop formed of two groups
      of parallel strands, with one or more strands in each group, the loop
      including means for transversely interconnecting the parallel strands and
      means for attaching the conveying receptacles to the strands.
NUM  7.
PAR  7. An underwater mining device as defined in claim 6, wherein:
PA1  the conveying receptacles are elongated buckets;
PA1  the two groups of strands are spaced apart a distance, and the buckets are
      attached centrally between the strand groups; and
PA1  the receptacle attaching means includes a series of bucket attachments
      fastened to the strands at regular intervals.
NUM  8.
PAR  8. An underwater mining device as defined in claim 7, wherein
PA1  each bucket attachment includes means for pivotably connecting the bucket
      to the strands, by defining a transverse pivot axis around which the
      bucket is pivotable within a limited angle of freedom relative to the
      conveyor loop.
NUM  9.
PAR  9. An underwater mining device as defined in claim 6, wherein
PA1  the transverse strand connecting means includes a series of transverse
      connectors, forming cross-links between all the strands of the conveyor
      loop, the connectors being arranged at regular intervals along the
      conveyor loop.
NUM  10.
PAR  10. An underwater mining device as defined in claim 9, wherein:
PA1  each transverse connector includes:
PA1  a rigid spoke rod extending centrally through each conveying strand;
PA1  clamping caps arranged on the spoke rod and engaging each strand from both
      sides; and
PA1  means for clampingly positioning the clamping caps and the strands confined
      between them in the transverse direction.
NUM  11.
PAR  11. An underwater mining device as defined in claim 10, wherein:
PA1  the two groups of conveying strands which define a conveyor loop are spaced
      apart a distance equal to several times the diameter of a strand, and each
      group includes at least two strands;
PA1  the clamping caps of the transverse connectors include each a plurality of
      laterally extending pointed prongs penetrating laterally into a strand,
      when clamped thereagainst; and
PA1  the clamping cap positioning means include spacing means between the
      strands of each group and between the strand groups.
NUM  12.
PAR  12. An underwater mining device as defined in claim 10, wherein
PA1  the drive drum of the drive unit includes on its periphery a series of
      annular guide grooves for receiving therein the flexible conveying strands
      of the conveyor loop, and further, means for positively entraining the
      conveyor loop, by engaging the rigid spoke rods of its transverse
      connectors.
NUM  13.
PAR  13. An underwater mining device as defined in claim 9, wherein:
PA1  the conveying receptacles are elongated buckets;
PA1  the two groups of strands are spaced apart a distance, and the buckets are
      attached centrally between the strand groups; and
PA1  the receptacle attaching means includes a series of bucket attachments
      defined by at least some of the transverse connectors.
NUM  14.
PAR  14. An underwater mining device as defined in claim 13, wherein:
PA1  two successive transverse connectors define upper and lower bucket
      attachments, in the sense of bucket orientation on the ascending conveying
      strand; and
PA1  the lower bucket attachment includes an intermediate attachment link for
      the accommodation of elongation of the conveying strand portions located
      between the upper and lower bucket attachments.
NUM  15.
PAR  15. An underwater mining device as defined in claim 1, wherein
PA1  the guide train assembly includes at least four guide strands and a number
      of guide units disposed at intervals along the length of the strands
      between the drive unit and the receiving unit and means for attaching the
      guide strands to the guide units, each guide unit including means for
      separately guiding the conveying strands.
NUM  16.
PAR  16. An underwater mining device as defined in claim 15, wherein:
PA1  each guide unit includes a guide cage surrounding the ascending and
      descending strands of the conveying train, and means for clampingly
      attaching the guide strands to said cage;
PA1  the conveying strand guide means includes at least one guide roller
      disposed transversely in each guide cage between the ascending and
      descending strands so as to guide the latter, and means for retaining said
      strands against the guide rollers.
NUM  17.
PAR  17. An underwater mining device as defined in claim 16, wherein:
PA1  the conveying train includes at least two transversely spaced, parallel
      ascending and descending conveying strands forming an endless conveyor
      loop; and
PA1  the guide rollers have annular guide grooves for the multiple strands.
NUM  18.
PAR  18. An underwater mining device as defined in claim 17, wherein:
PA1  each guide cage includes two lateral brackets, spaced apart a distance to
      accommodate the conveying strands therebetween, and several spacer rods
      extending between the brackets;
PA1  the guide strand attaching means are clamping shoes arranged on said
      brackets;
PA1  the guide rollers are journalled on the spacer rods; and
PA1  the conveying strand retaining means includes at least two pairs of
      retaining rollers for the ascending and descending strands, each pair of
      retaining rollers being oriented parallel to and spaced from the guide
      rollers so as to accommodate the conveying strands therebetween, and
      mounted in a cantilever-type attachment on opposite bracket faces, the
      length of the retaining rollers being such that a central axial gap is
      defined between each roller pair.
NUM  19.
PAR  19. An underwater mining device as defined in claim 18, wherein:
PA1  the conveying receptacles are buckets attached at regular intervals to the
      conveying strands; and
PA1  each bucket includes a bucket attachment connected to the parallel strands,
      the bucket attachment being T-shaped in profile, having an upstanding
      central ridge adapted to freely pass through the axial gap between the
      retaining rollers, and a flange portion attached to the conveying strands
      adapted to pass between the guide rollers and the retaining rollers.
NUM  20.
PAR  20. An underwater mining device as defined in claim 18, wherein:
PA1  the conveying receptacles are buckets attached at regular intervals to the
      conveying strands;
PA1  the conveying strands include a series of transverse connectors with rigid
      spoke rods extending through all the strands of the conveyor loop; and
PA1  each bucket includes a bucket attachment engaging two successive transverse
      connectors, the bucket attachment being shaped to freely pass through the
      axial gap between the retaining rollers, and the transverse connector
      being shaped to pass between the guide rollers and the retaining rollers.
NUM  21.
PAR  21. An underwater mining device as defined in claim 15, wherein:
PA1  the conveying train includes several conveyor loops with independently
      movable ascending and descending conveying strands and conveying
      receptacles attached to each conveyor loop; and
PA1  at least some of the guide units of the guide train assembly include means
      for guiding, within one rigidly connected structure, all the strands of
      the several conveyor loops.
NUM  22.
PAR  22. An underwater mining device as defined in claim 21, wherein:
PA1  the drive unit includes separate drive drums and drive means for each
      conveyor loop; and
PA1  the receiving unit includes separate reversing drums for each conveyor
      loop.
NUM  23.
PAR  23. An underwater mining device as defined in claim 21, wherein:
PA1  several similar drive units are arranged for mounting on board the same
      ship, in a staggered formation.
NUM  24.
PAR  24. An underwater mining device as defined in claim 1, wherein:
PA1  the receiving unit further includes:
PA1  a generally rigid, substantially horizontal supporting frame;
PA1  means defined by the supporting frame for engaging the ocean floor on at
      least three spaced-apart points so as to define a supporting plane against
      the ocean floor, the deposit extracting means being located beteween the
      floor engaging means;
PA1  a substantially horizontally oriented journal support for the reversing
      drum connected to the supporting frame and arranged so that the periphery
      of the drum reaches near the level of the deposits on the ocean floor.
NUM  25.
PAR  25. An underwater mining device as defined in claim 24, wherein
PA1  the supporting frame extends a distance behind the reversing drum axis and
      carries thereon a ballast for stabilizing the receiving unit.
NUM  26.
PAR  26. An underwater mining device as defined in claim 24, wherein:
PA1  the receiving unit is primarily designed for the extraction of ore nodule
      deposits during movement along the ocean floor, to which end
PA1  the mining device further includes means for advancing the receiving unit
      along the ocean floor; and
PA1  the extracting means of the receiving unit includes:
PA1  scraping means arranged on the forward portion of the supporting frame for
      scraping ore nodule deposits from the ocean floor, as the receiving unit
      advances;
PA1  a collecting ramp arranged centrally behind the scraping means so as to
      receive and collect the scraped-up deposits therefrom; and
PA1  a scooping trough arranged behind the collecting ramp and located
      underneath the reversing drum; and wherein
PA1  the conveying receptacles are conveyor buckets, moving around the reversing
      drum in a guided path from above and behind the latter, down and
      underneath it, and forward through the scooping trough, where they scoop
      up the extracted deposits, and from where the filled buckets ascend to the
      ship.
NUM  27.
PAR  27. An underwater mining device as defined in claim 26, wherein
PA1  the scraping means includes a plurality of parallel, forwardly extending
      scraping fingers, the fingers being laterally spaced apart in the manner
      of a comb and independently movable upwardly in response to obstacles on
      the ocean floor.
NUM  28.
PAR  28. An underwater mining device as defined in claim 27, wherein:
PA1  the scraping fingers are pivotably supported on a common horizontal pivot
      axis arranged near their rear end; and
PA1  the scraping means further includes an abutment for defining the lowest
      position of the scraping fingers as a slightly downwardly slanting
      orientation in the forward direction, and means for biasing the fingers
      against this abutment.
NUM  29.
PAR  29. An underwater mining device as defined in claim 26, wherein:
PA1  the receiving unit further includes:
PA1  means for sensing the quantity of scraped up deposits moving over the
      collecting ramp into the scraping trough; and
PA1  means for transmitting the information to the ship.
NUM  30.
PAR  30. An underwater mining device as defined in claim 29, wherein:
PA1  the sensing means includes a pivotable sensing gate suspended on a
      horizontal pivot axis above the extracting means in the manner of a
      pendulum so as to be swung rearwardly by the scraped-up deposits passing
      underneath; and
PA1  the information transmitting means includes an angular motion transducer
      connected via an electric cable to the ship.
NUM  31.
PAR  31. An underwater mining device as defined in claim 24, wherein:
PA1  the supporting plane defined by the ocean floor engaging means includes two
      laterally spaced skids under the forward portion of the supporting frame
      and one central skid under the rear portion of the supporting frame; and
PA1  the journal support for the reversing drum is located closer to the front
      skid than to the rear skid.
NUM  32.
PAR  32. An underwater mining device as defined in claim 24, wherein:
PA1  the receiving unit further includes a pressure-resistant peripheral skirt
      enclosing its supporting frame with a peripheral gap therearound;
PA1  the peripheral skirt is attached to the supporting frame at a distance
      above the plane of support against the ocean floor; and
PA1  the outline of the peripheral skirt includes a pointed forward portion for
      the deflection of obstacles or of the receiving unit.
NUM  33.
PAR  33. An underwater mining device as defined in claim 32, wherein:
PA1  the peripheral skirt includes, at least on its front and lateral portions,
      several pressure sensors responding, when pressure contact with obstacles
      on the ocean floor is made; and
PA1  the pressure sensors include indicators on board ship to which they are
      connected via an electric cable.
NUM  34.
PAR  34. An underwater mining device as defined in claim 24, wherein:
PA1  the receiving unit is primarily designed for the extraction of mineral soap
      deposits during movement along the ocean floor, to which end
PA1  the mining device further includes means for advancing the receiving unit
      along the ocean floor;
PA1  the ocean floor engaging means is constituted by several longitudinally
      extending, generally vertically oriented, narrow runner profiles defining
      a supporting plane against the ocean floor which lies a distance under the
      mineral soap deposits on the ocean floor;
PA1  the conveying receptacles are conveyor buckets moving around the reversing
      drum; and
PA1  the journal support for the reversing drum is so arranged that the buckets,
      when they move through the lowermost arc portion on the reversing drum,
      reach approximately as deep into the deposits on the ocean floor as the
      runners.
NUM  35.
PAR  35. An underwater mining device as defined in claim 34, wherein:
PA1  the extracting means of the receiving unit includes a longitudinal scraping
      trough defined between two of said runners which are spaced apart a
      distance somewhat larger than the diameter of the conveyor buckets and
      arranged on opposite sides of their path; and
PA1  the receiving unit further includes a guide drum for the ascending
      conveying strands arranged on the forward portion of its supporting frame
      and engaging the conveying strands so that the latter and their attached
      buckets, before ascending to the ship, move substantially horizontally
      through the scraping trough in their path between the reversing drum and
      the guide drum, thereby scraping and scooping up deposits.
NUM  36.
PAR  36. An underwater mining device as defined in claim 34, wherein:
PA1  the conveying buckets attached to the conveying train include pivotably
      openable lids;
PA1  the bucket lids and the receiving unit define means for maintaining said
      lids open, independently of the influence of gravity, when the buckets
      reach into the deposits on the ocean floor.
NUM  37.
PAR  37. An underwater mining device as defined in claim 24, wherein:
PA1  the receiving unit is primarily designed for the extraction of ore sludge
      deposits, to which end
PA1  the supporting frame and its ocean floor engaging means define a vertically
      open grid structure, thus permitting the receiving unit to sink into the
      deposits to a depth at which the lower periphery of the reversing drum is
      at least very close to the deposits;
PA1  the grid structure includes a downwardly open scooping trough underneath
      the reversing drum serving as the extracting means; and
PA1  the conveying receptacles are conveyor buckets moving around the reversing
      drum and into the scooping trough, thereby scooping up deposited sludge
      from the ocean floor.
NUM  38.
PAR  38. An underwater mining device as defined in claim 1, further comprising:
PA1  a drive unit support frame mountable on board the ship in a cantilever
      fashion, so as to permit positioning of the drive unit in an overhanging
      arrangement on the ship; and
PA1  means for receiving the extracted deposits, as they are discharged from the
      conveying receptacles, and for transferring them away from the receiving
      unit.
NUM  39.
PAR  39. An underwater mining device as defined in claim 38, wherein:
PA1  the deposits receiving and transferring means includes a receiving chute
      mounted underneath the point at which the conveying receptacles discharge
      their contents, and a transfer conveyor receiving the discharged deposits
      from the receiving chute.
NUM  40.
PAR  40. An underwater mining device as defined in claim 38, wherein:
PA1  the drive unit support frame and the drive unit with its drive drum and
      driving means form an integral assembly which is readily removable from
      the ship as a mounting unit.
NUM  41.
PAR  41. An underwater mining device as defined in claim 1, wherein
PA1  the conveying strands of the conveying train and the guide strands of the
      guide train assembly have approximately the same elongation
      characteristics under operation.
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ABST
PAL  A self-supporting transparent plastic jacket for mounting and protecting
      display and advertising sheets, small and large photographic prints,
      stamps, coins, price tags, shelf labels, advertising posters, data cards
      and the like, and for attaching the same to supporting surfaces. The
      jacket comprises a transparent thermo-plastic front panel which has at the
      back of its opposite border portions several separate, elongate,
      ribbon-like border strips. At least one of the strips is electronically
      heat sealed to the front panel along three corresponding edge portions, so
      as to form a shallow, receiving, pocket-like space in which one edge area
      of the sheet or card may be inserted to enable the card to be held
      flatwise behind the front panel of the jacket. The rear exposed surfaces
      of the border strips are provided with a pressure-sensitive adhesive and
      with release paper or sheet material covering the adhesive. After
      insertion of the data sheet, card, picture or the like, the release paper
      is peeled from the border strips, revealing the pressure-sensitive
      adhesive whereby the jacket having the data card inserted in it may be
      easily and quickly applied to any supporting surface.
PARN
PAR  Cross References To Related Applications
PAR  The present application is a continuation-in-part of my copending
      application entitled "Self-Supporting Transparent Jacket for Data Sheets,
      Cards, Photographic Prints or the Like", Ser. No. 48,029, filed June 22,
      1970, which is about to be abandoned.
BSUM
PAC  BACKGROUND
PAR  This invention relates to transparent plastic envelopes, jackets or the
      like intended to receive, display and protect small and large sheets or
      cards containing information, photographic prints and the like, and more
      particularly to envelopes or jackets of this type which are
      self-supporting in that they are provided on a rear surface with a
      pressure-sensitive adhesive by which the jacket and its contents may be
      readily mounted on a supporting surface.
PAR  Heretofore, various types of transparent envelopes have been proposed and
      produced, arranged to receive photographs, cards or the like and to
      display the latter while at the same time protecting them, said envelopes
      being adapted by means of pressure-sensitive adhesive to be applied to
      supporting surfaces. These envelopes, jackets, etc. in many cases have
      been mass-produced by utilizing strip or web-like material coming from
      supply rolls. While the cost of such envelopes has in general been held to
      a low figure, they have had a number of drawbacks. In one type of
      envelope, two plastic panels were joined along all four marginal portions,
      and a slit was provided in the back panel to enable the insertion of a
      packing slip, data card, or the like. Other types of envelopes involved
      the folding of large panel areas, the applying of pressure-sensitive
      adhesive to selected portions of back areas of the envelopes, and the
      forming of more or less complicated shapes wherein the fabricating cost
      became a considerable factor, or else the inconvenience of the operations
      required of the ultimate user or consumer became unduly great.
PAC  SUMMARY
PAR  The above drawbacks and disadvantages of prior envelopes, jackets and the
      like are obviated by the present invention, which has for one object the
      provision of a novel and improved self-supporting transparent jacket for
      holding, protecting and mounting both small and large sheets, pictures,
      cards, stamps, coins, price tags, shelf labels, advertising posters and
      the like wherein the insertion of the picture, sheet, card or other
      article may be effected in the easiest and quickest possible manner, there
      being relatively few parts or components to the jacket and the operation
      of inserting the card or article and mounting the jacket on the supporting
      surface being of the utmost simplicity. A concurrent object of the
      invention is the provision of an improved self-supporting transparent
      jacket as above set forth, wherein the least amount of material is
      required, thereby reducing the material cost to the lowest possible
      figure. Another object is the provision of a transparent jacket which
      employs no solvent material and thus will not cause damage to the article
      being displayed therein. These objects are accomplished by the provision
      of a transparent thermoplastic front panel which is adapted to overlie the
      sheet, card, picture or other article which is to be protected while at
      the same time permitting it to be fully viewed. The front panel has along
      opposite, narrow, border portions at its back, a pair of separate,
      elongate, ribbon-like border strips forming at least one relatively
      shallow, pocket-like receiving space, the strips being heat-sealed along
      edge portions thereof to corresponding edge portions of the front panel.
      The exposed rear areas of the border strips are provided with
      pressure-sensitive adhesive which is temporarily covered by release paper
      or equivalent sheet material. By the provision of the shallow pocket-like
      space, the data card, picture or the like can most easily have an edge
      area inserted therein, whereby it becomes mounted in back of the front
      panel. This completes the entire operation of using the jacket, with the
      exception of thereafter peeling off the release paper or equivalent sheet
      material and applying the filled jacket to the desired supporting
      surfaces. By such construction the least possible amount of material is
      required, and the insertion of the card, picture, slip of paper or the
      like, is greatly facilitated, as well as is the exposing of the
      pressure-sensitive adhesive and the applying of the jacket to the desired
      surface.
PAR  Other features and advantages of the invention reside in the provision of
      an improved self-supporting transparent jacket as above set forth, which
      may be mass produced in continuous lengths, having various widths and
      sizes, and being so arranged that the ultimate jacket may have any desired
      length, cut to suit particular conditions of use.
PAR  Still other features and advantages will hereinafter appear, in the
      accompanying drawings wherein several embodiments of the invention are
      illustrated:
PA1  Fig. 1 is a perspective view of a single, self-supporting transparent
      jacket for small sheets, cards and the like, as provided by the invention.
PAR  FIG. 2 is a transverse section taken on the line 2--2 of FIG. 1.
PAR  FIG. 3 is an end or edge elevational view of the jacket of FIGS. 1 and 2.
PAR  FIG. 4 is a longitudinal section taken on the line 4--4 of FIG. 1.
PAR  FIG. 5 is a fragmentary plan view of portions of the jacket during the
      process of its fabrication.
PAR  FIG. 6 is a transverse section taken on the line 6--6 of FIG. 5.
PAR  FIG. 7 is a fragmentary plan view of the jacket portions of FIGS. 5 and 6,
      illustrating the result of a subsequent heat-sealing operation.
PAR  FIG. 8 is a fragmentary transverse sectional view of a composite web formed
      by an initial series of operations, constituting a jacket representing
      another embodiment of the invention.
PAR  FIG. 9 is a fragmentary transverse sectional view of the jacket components
      of FIG. 8, after the performing of a folding and heat-forming operation
      thereon, and
PAR  FIG. 10 is a transverse fragmentary sectional view similar to that of FIG.
      9, after a sheet or card has been inserted in the jacket and prior to the
      latter being adhered to a supporting surface.
PAR  FIG. 11 is a top plan view of a modified jacket, constituting another
      embodiment of the invention, the jacket enabling the display article to be
      inserted therein after the jacket is in place.
PAR  FIG. 12 is a broken section taken on line 12--12 of FIG. 11, somewhat
      enlarged for clarity of illustration.
PAR  FIG. 13 is a top plan view of a further modified jacket, constituting still
      another embodiment of the invention.
PAR  FIG. 14 is a broken section taken on line 14--14 of FIG. 13, somewhat
      enlarged for clarity of illustration.
PAR  FIG. 15 is a top plan view of a still further modified jacket for
      simultaneously storing or displaying a plurality of display articles, the
      jacket constituting still another embodiment of the invention.
PAR  FIG. 16 is a broken section taken on line 16--16 of FIG. 15, somewhat
      enlarged for clarity of illustration.
DETD
PAR  Considering first FIGS. 1-4, the novel and improved, self-supporting
      transparent jacket 18 as shown therein comprises a thin front or top panel
      20 formed of thermoplastic resin material such as polyvinylchloride or
      polyurethane, said panel being illustrated as having a rectangular
      configuration. As shown in FIGS. 2 and 4, the jacket 18 includes a pair of
      separate, elongate, ribbon-like border strips 22, 24 extending along and
      to the rear of opposite, narrow border portions 26, 28 respectively of the
      front panel 20. The border strips 22, 24 are secured to the corresponding
      side edge portions 30, 32 respectively of the front panel 20 by means of
      an electronic heat-sealing operation involving an electronic heat-sealing
      die which produces a plurality of heat-sealed joints by inducing heat and
      pressure to the superposed edge portions of the panel and border strips,
      fusing and joining the border strips along one elongate narrow edge
      portion and two transverse narrow edge portions thereof to narrow edge
      portions of the front panel so as to form two shallow, receiving
      pocket-like spaces capable of securing an edge of the display article from
      three sides. The heat-sealing operation leaves an impression and causes an
      extrusion of the thermoplastic material, creating configured surface areas
      comprising a plurality of small depressed squares or rectangles 34, 36,
      commonly known in the trade as a stitch pattern. However, other patterns
      or else a solid seal may be utilized instead, as can be understood.
      Although in FIGS. 2 and 4 the elongate border strips 22, 24 are shown as
      not only being parallel with the front panel 20 but also spaced to the
      rear thereof, this positioning occurs due to the interposition between the
      panel and the border strips of the display sheet, card or picture 38.
      Prior to such interposition or insertion of the card 38, the border strips
      22, 24 closely underlie and engage the bottom or under surface of the
      front panel 20 in a manner similar to that illustrated in FIG. 9, where
      there is shown a front panel 40 provided with a pair of elongate integral
      folded border strips 42, 44 which are secured to the opposite side edge
      portions 46, 48 of the panel 40 in a manner to be described later. As
      shown in FIG. 2, the thickness of the border strips 22 and 24 is
      measurably less than the thickness of the front panel 20. By way of
      example, depending on the surface area or size, the front panel could have
      a range of thickness of from 4-20 thousandths of an inch and the border
      strips 22-24 could be relatively dimensioned to fall within the range of
      from 3-8 thousandths of an inch. Also, the border strips can be
      transparent, such that a display article can be viewed from the rear
      through the transparent border strip when the jacket is supported on a
      glass surface and is visible from both sides thereof.
PAR  Referring again to FIGS. 1-4, it will be understood that the front panel 20
      and the border strips 22, 24 are flexible or resilient, whereby separation
      by flexing of the border strips from the front panel 20 can easily be
      effected to enable insertion of the display sheet or card 38.
PAR  Further, in accordance with the present invention as seen in FIG. 4, the
      edge portions 50, 52 of the border strips 22, 24 are electronically
      heat-sealed to corresponding edge portions 54, 56 of the front panel 20.
PAR  With such arrangement, each of the elongate border strips 22, 24 in
      conjunction with the transparent front panel 20 forms a long and shallow
      pocket-like receiving space or pocket, so to speak, in which a marginal or
      edge area of the display sheet or card 38 can be received and secured on
      three sides.
PAR  From an inspection of FIGS. 1-4 it will be noticed that the fusing and
      electronic heat-sealing of the marginal portions of the front panel 20 to
      the border strips 22, 24 results in the entire front panel being disposed
      in a raised position with respect to its border portions, and this is true
      of the central end portions 58 of the front panel even though there are no
      underlying broder strips at these places. In accordance with the present
      invention, the fusing and heat-forming tool not only engages the opposite
      longitudinal edge portions of the front panel 20, but it also engages and
      forms the opposite transverse edge or end portions 54, 56 and 58 of the
      front panel with the result that the latter occupies a raised plane, so to
      speak, as illustrated in FIGS. 1-4. It will be seen in FIGS. 1 and 2 that
      the end portions 59 of the front panel 30 are in a lower plane than the
      panel, as a result of the heat-sealing and forming operation performed by
      the electronic heat-sealing tool. The stitch pattern configuration
      comprising the small square or rectangular depressions 34, 36 (and 37) at
      the side margins and transverse or end margins of the jacket provide a
      desirable ornamental appearance in addition to joining together the panel
      and border strips for the purpose of providing the oppositely-located,
      longitudinally-extending shallow pockets in which the opposite
      longitudinal edge portions of the sheet or card 38 are disposed. The
      border portions of the front panel are thus characterized by alternating
      thin and thick fused portions, the material thickness of the thick fused
      areas being greater than the material thickness at the thin fused areas.
      By this arrangement, a fused juncture is formed which has a strength
      greater than the strength of a continuously fused tin juncture alone.
      Also, it is to be noted that those edges of the front panel not adjacent
      the border strips are characterized by thick and thin fused portions to
      impart a non-planar configuration to the panel, such that increased
      rigidity thereof is realized.
PAR  The jackets 18 can be formed by using front panel stock having the exact
      width shown, or by using front panel stock having multiples of the width
      shown in which latter case a number of jackets 18 will be disposed
      side-by-side and can be separated by being cut apart, or by being torn
      apart if weakened tear lines are made during the heat-forming operation.
      Thus, a unit containing 6 or 8 or more joined jackets 18 can be formed by
      a single heat-sealing operation and can be cut at that time or else cut or
      torn apart at a later time.
PAR  Steps in the fabrication of the self-supporting jacket 18 may be carried
      out as illustrated in FIGS. 5, 6 and 7. In FIG. 5 a web 60 of transparent
      thermoplastic material can be fed as indicated by the arrow 61 from a
      supply roll (not shown) and superposed over a pair of spaced parallel
      narrow thermoplastic border strips or webs 62, 64. The border strips 62,
      64 may thereafter be provided with pressure-sensitive coatings 66, 68 of
      adhesive to which there is thereafter applied strips of release paper 70,
      72. This assemblage may be fed past an electronic heat-sealing station
      having an electronic heat-sealing and forming die which then fuses and
      forms corresponding edge portions of the assemblage, in the manner
      illustrated in FIG. 7. In this figure, the longitudinal fused portions are
      indicated by the numerals 74, 76, and the transverse fused or sealed
      portions indicated by the numerals 78, 80. Between the transverse fused
      portions 78, 80 there is formed a thin tear line 82 which enables the
      fused and sealed web to be easily separated into individual jackets by a
      simple tearing operation, or else enables the completed web to be zig-zag
      folded into a stack, whichever may be desired. The fused front panel web
      is indicated by the numeral 60a, and the fused narrow webs by the numerals
      62a and 64a. The fusing and heat-sealing of the front panel member or web
      60 to the border strips 62, 64 can be effected after the border strips
      have been provided with the pressure-sensitive adhesive coatings 66, 68
      and the release paper strips 70, 72. That is, the composite border strips
      comprising the plastic, pressure-sensitive coating and release paper may
      be fed along with and under the front panel webs 60 and thereafter the
      fusing and heat-sealing operation performed to provide the sealed and
      segmented end product shown in FIG. 7. Or, the fusing and heat-sealing of
      the front panel 60 may be effected to the border strips 62, 64 prior to
      the application of the pressure-sensitive adhesive and release paper to
      the border strips.
PAR  As illustrated in FIGS. 5 and 6, it can be seen that the width of each of
      the border strips 62, 64 is substantially less than one-half the distance
      between the opposite narrow border portions of the front panel 60. Such a
      construction provides two distinct advantages. First, by employing strips
      of relatively narrow width, a substantial saving of material is realized
      over the use of wider widths. Second, the narrow strips facilitate the
      insertion of the card, data sheet, stamp or the like into the jacket since
      less bending of the latter is required during the insertion step.
PAR  In the embodiment of the invention illustrated in FIGS. 8-10, a transparent
      thermoplastic front panel web 40 is provided along opposite side marginal
      portions 84, 86 thereof with pressure-sensitive coatings 88, 90
      respectively, over which there are applied release paper strips 92, 94. If
      desired, the front panel web 40 may have longitudinal lines of weakness 95
      at locations indicated by broken lines 96, 98 as seen in FIG. 8. After the
      assemblage of FIG. 8 has been effected, it is longitudinally folded along
      longitudinal lines indicated by the broken lines 96, 98 in the direction
      indicated by the arrows 100 to bring the marginal portions 84, 86 so that
      they underlie the front panel web 40 as shown in FIG. 9. Thereafter, the
      heat-forming operation is performed on opposite marginal portions 102, 104
      of the folded assemblage to provide a cross sectional configuration as
      illustrated in FIG. 9. This may be done by using heated rollers or
      equivalent devices. Optionally, a fusing and heat-sealing operation can
      also be performed to include transverse portions such as those indicated
      at 78, 80 in FIG. 7, thereby to form a series of shallow elongate
      longitudinally extending pockets along the side marginal portions of the
      panel 40. A data sheet or card 106 can have its opposite marginal portions
      inserted in the said pockets as shown in the transverse sectional view of
      FIG. 10.
PAR  IT will be understood that after the jacket has been provided with the
      insert sheet or card 106, it is mounted on a supporting surface by the
      simple operation of peeling off the release paper strips 92, 94 to expose
      the pressure-sensitive adhesive on the border strips 42, 44 of the jacket.
      Thereafter, the jacket with the exposed pressure-sensitive adhesive may be
      applied to any surface easily and quickly, whereby it becomes
      self-supporting and displays in full view the enclosed card while at the
      same time protecting the surface thereof.
PAR  Another embodiment of the invention is illustrated in FIGS. 11 and 12,
      illustrating a self-supporting jacket 110 having a transparent front panel
      112 and a pair of transparent, elongate border strips 114 and 116. In
      accordance with the present invention, the border strips and front panel
      are constituted of polyvinylchloride or polyurethane. Border strips 114 is
      secured to the front panel by means of an electronically heat-sealed,
      fused joint along one elongate narrow edge portion 118 and two transverse
      edge portions 120 and 122 so as to form a pocket-like receiving space to
      hold the edge of the article to be displayed on three sides, the article
      being indicated by the numeral 124 in FIG. 12. The other border strip 116
      is electronically heat-sealed to the front panel 112 along two transverse
      edge portions 126 and 128, but has both elongate edge portions 130, 132
      free. In addition, the border strip 116 extends beyond the adjoining edge
      of the front panel 112 so as to be exposed at the front of the jacket. The
      back surfaces of the border strips 114 and 116 have coatings 134, 136,
      respectively of pressure sensitive adhesive, and are provided with strips
      of release paper 138, 140 which may be removed and discarded immediately
      prior to installation of the jacket. By the above arrangement, the jacket
      is accessible from the front, through opening 142, enabling an article to
      be readily inserted or removed after the jacket has been placed on its
      supporting surface (not shown).
PAR  Another embodiment of the invention is illustrated in FIGS. 13 and 14,
      showing a jacket 144 having a front panel 146, a border strip 148
      electronically heat-sealed along one elongate edge portion 150 and two
      transverse edge portions 152 and 154 to the front panel, and an additional
      border strip 156 electronically heat-sealed to the front panel along edges
      158, 160 and 162, as well as an additional, rectangular, transparent,
      thermoplastic panel 164 of polyvinylchloride or polyurethane superposed on
      the front panel and overlying the same. The panel 164 is electronically
      heat-sealed to the panel 146 along three edges 166, 168 and 170. By this
      arrangement, there is formed a pocket-like receiving space between the
      panels 146 and 164 to receive the display article 170, which may be
      readily inserted and removed after the jacket 144 has been installed on a
      supporting surface. The border strips have adhesive coatings 172, 174 and
      release paper 176, 178, respectively.
PAR  Still another embodiment of the invention is illustrated in FIGS. 15 and
      16, illustrating a jacket 180 having a plurality of pockets for receiving
      a number of display articles and storing or displaying them
      simultaneously. The jacket includes a panel 182 and adhesive-backed border
      strips 184, 186, 188 electronically heat-sealed thereto, and overlying
      panels 190, electronically heat-sealed to the panel 182 at the locations
      of the border strips. The jacket can be either transparent or opaque. In
      the latter case, the jacket would be employed only for storage and not for
      display of a number of card-like articles. The heat-sealing operation can
      be performed on a single sheet of substantial expanse which has been
      superimposed upon the panel 182, and thereafter the sheet can be cut to
      form the panels 190 as shown. This jacket also enables one to readily
      insert or replace articles from the front even after it has been adhered
      to a supporting surface.
PAR  It will now be understood from the foregoing that I have provided a novel
      and improved, especially simple and effective self-supporting transparent
      jacket which may be economically fabricated in continuous strip form, and
      cut later by a process involving the least possible cost. The fabricated
      composite web can be formed in a manner to have multiple rows of joined
      jackets. The composite web can be used to support a plurality of display
      articles, or can be severed along longitudinal tear lines or else severed
      along transverse tear lines, in each case producing individual jackets
      which are ready for storage, shipping and use; or else a continuous web
      may be zig-zag folded or else wound into rolls, to include a specified
      number of jackets, for storage, shipping and severance prior to use by the
      ultimate consumer. The jackets may be readily made in wider or narrower
      sizes, and also may have any desired length, as will be understood.
      Relatively little material is involved in the fabrication of the jackets,
      and the insertion of the display sheet or card in the shallow pockets may
      be easily and quickly effected, without difficulty, due to the nature of
      the pockets at the back and also due to the fact that the
      pressure-sensitive adhesive is normally covered with the release paper.
      After insertion of the data sheet or card, the release paper is then
      peeled off, placing the jacket in condition for application to a
      supporting surface. The use of electronic heat-sealing to fabricate joints
      between the border strips and the front panel has the advantage of
      providing a strong bond without the use of solvents which could
      conceivably become spilled onto the transparent face of the front panel
      and cause undesirable clouding thereof. In addition, since no solvents are
      employed, there is eliminated the danger of possible damage to the article
      to be viewed. The jacket of the present invention is thus seen to
      represent a distinct advance and improvement in this field.
PAR  Variations and modifications are possible without departing from the spirit
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-supporting transparent jacket for mounting and protecting display
      articles such as stamps, coins, samples of material, photographic prints,
      small or large sheets or cards and the like having information contained
      thereon, and for attaching said articles to a supporting surface,
      comprising in combination:
PA1  a. a single, rectangular, transparent thermoplastic front panel of material
      selected from the group consisting of polyvinylchloride and polyurethane,
      said front panel being adapted to overlie the article and protect the same
      while permitting it to be fully viewed,
PA1  b. a pair of separate, elongate, ribbon-like border strips extending
      respectively along the back of one pair of opposite narrow border portions
      of the front panel,
PA1  c. means securing the border strips along at least one elongate narrow edge
      portion and each along two transverse narrow edge portions thereof to
      corresponding narrow edge portions of the front panel so as to form a
      shallow, pocket-like receiving space thereby which is located at one
      border portion of the front panel, thereby to lock in the display article
      along three sides,
PA1  d. said securing means being characterized by extrusion of the material and
      comprising electronically heat-sealed and formed joints between said edge
      portions of the border strips and edge portions of said front panel, said
      joints being permanently deep-fused and presenting configured surface
      areas at the front of the jacket,
PA1  e. inner portions of said border strips underlying and being coextensive
      with said narrow border portions of the front panel, said inner portions
      of the border strips being free of said narrow border portions whereby a
      sheet-like article of the proper size can have one of its edge areas
      inserted and interposed between said front panel and one of said border
      strips in the shallow receiving space formed thereby, so as to positively
      postition the sheet-like article along three adjoining sides with its
      front face in full view behind the front panel,
PA1  f. a pressure-sensitive adhesive coating on the back surfaces of at least
      one of the border strips,
PA1  g. release paper temporarily covering and adhered to said
      pressure-sensitive adhesive coating,
PA1  h. the width of the elongate ribbon-like border strips being each
      substantially less than one-half the distance between said opposite narrow
      border portions of the rectangular front panel,
PA1  i. said electronically heat-sealed and formed joints of the front panel and
      border strips being constituted of the narrow edge portions thereof, which
      edge portions are heat-fused to one another and which constitute the said
      securing means,
PA1  j. one of said border strips having both of its elongate, narrow edge
      portions free and unattached,
PA1  k. said one border strip along its entire length extending beyond the
      adjoining edge of the front panel so as to be exposed at the front of the
      jacket, thereby to enable a display article to be readily inserted behind
      the front panel and in front of said one border strip, with the jacket in
      place on a supporting surface.
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ABST
PAL  A display board construction including standards for mounting on a
      supporting surface, a plurality of carrier members extending between the
      standards generally normally oriented with respect thereto and connector
      assemblies removably and slidably mounting the carrier members on the
      standards. A display strip is removably carried in the carrier members to
      record data thereon and a dispenser is provided to refill the members with
      the strips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous display boards are available on the market today for displaying
      certain data for use in programming or scheduling. One of the problems
      with these prior art boards is their initial cost to the ultimate user.
      Another problem is that these boards usually have a finite capability for
      displaying data thus limiting the amount of material that can be
      displayed. Another problem is that these boards usually have a relatively
      heavy frame approximately the same size as the maximum display area of the
      board. This makes the board cumbersome to mount and use. Another problem
      with the prior art boards is the inability of the board to be quickly
      rearranged for different types of display. This has caused the user to
      maintain a substantial inventory of boards for use with different
      displays. Also, the prior art has, in many instances, been unable to have
      the projects thereon reordered as required without requiring a substantial
      number of man hours. Yet, another problem with prior art boards has been
      the inability to provide a permanent record once the project was complete.
PAC  SUMMARY OF THE INVENTION
PAR  These and other problems of the prior art are overcome by the invention
      disclosed herein by providing a display board which is extremely simple in
      construction, inexpensive to manufacture and extremely versatile in use.
      The board can be easily changed to display different data, can be expanded
      or contracted at will with only a minimum of time, and provides a
      permanent record of the project once completed. The display on the
      invention may be quickly reordered at will with a minimum of effort. The
      invention requires no large framework and is therefore extremely
      lightweight.
PAR  The display board of the invention comprises generally a plurality of
      standards to be mounted on a support surface such as a wall. A plurality
      of carrier members are positioned transversely of the standard by
      connector assemblies which removably engage the standards. The connector
      assemblies resiliently engage both the standards and the carrier members
      so that the carrier members and connector assemblies can be moved
      longitudinally along the standards and the carrier members can be moved
      with respect to the connector assemblies transversely of the standards. A
      flexible display strip is removably carried in the carrier members so that
      the display data can be recorded thereon. A dispenser unit may be provided
      for selective attachment to the end of the carrier member to dispense the
      display strip into the carrier member from a supply carried therein.
PAR  These and other features and advantages of the invention disclosed herein
      will become more apparent upon consideration of the following
      specification and accompanying drawings wherein like characters of
      reference designate corresponding parts throughout the several views and
      in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a display board embodying the invention;
PAR  FIG. 2 is an enlarged end view of the board of FIG. 1;
PAR  FIG. 3 is a partial enlarged cross-sectional view taken along line 3--3 in
      FIG. 2;
PAR  FIG. 4 is a partial enlarged cross-sectional view taken along line 4--4 in
      FIG. 1;
PAR  FIG. 5 is an enlarged top view of the dispenser unit taken along line 5--5
      in FIG. 1; and,
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 in FIG. 5.
PAR  These figures and the following detailed description disclose specific
      embodiments of the invention, however, it is to be understood that the
      inventive concept is not limited thereto since it may be embodied in other
      forms.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
PAR  Referring to the drawings, it will be seen that the display board 10
      includes generally a plurality of standards 11 for mounting on a
      supporting surface SS, a plurality of carrier members 12 extending between
      the standards 11, and a plurality of connector assemblies 14
      interconnecting the members 12 and standards 11. A flexible display strip
      15 is removably carried in each carrier member 12, and a dispenser unit 16
      is provided which carries a supply of the display strip 15 and which is
      removably carried at one end of the carrier members 12 for dispensing the
      display strip 15 therefrom.
PAR  Each standard 11 as seen in FIG. 3 includes an elongated body 20 which
      provides a base 21 along its back edge extending along the length thereof.
      A forwardly projecting bulbous projection 22 extends along the length of
      body 20 and is connected to the base 21 through a reduced thickness
      section 24 integral with base 21 and projection 22. Ribs 25 are provided
      along opposite edges of projection 22 and recesses 26 are provided along
      opposite sides of the reduced section 24. The projection 22 defines a
      forwardly facing bearing surface 28 along the front thereof. The standard
      11 may be attached to the supporting surface SS by any convenient means
      such as screws or an adhesive strip A shown in FIG. 3.
PAR  The carrier member 12 have generally the same construction although the
      width of the member may be varied to accommodate different width strips 15
      as will become more apparent. Two different width members 12.sub.T and
      12.sub.D are illustrated with member 12.sub.T being wider for titles and
      members 12.sub.D being narrower for data display, however, it is to be
      understood that such widths shown are in no way restrictive. Because all
      of the members 12 are similar, only one of the members 12.sub.D will be
      described in detail with like numerals being applied to corresponding
      parts of all of the members 12.
PAR  Referring now to FIG. 4, the member 12.sub.D is a generally elongate member
      having a central upstanding web 30 with flanges 31 along the top and
      bottom edges of web 20 that extend both forwardly and rearwardly of the
      web 30. The forwardly extending edge of flanges 31 are provided with
      inwardly turned opposed lips 32 defining a strip receiving cutout 34
      therebetween with a forwardly facing opening 35 thereto between the
      innermost edges of lip 32. The lips 32 define generally V-shaped upper and
      lower edges 36 in cutout 34 so that the strip 15 can be received therein
      as will become more apparent. The back edges of flanges 31 are provided
      with inwardly turned flanges 38 defining a channel 39 with a rearwardly
      facing opening 40 between the innermost edges of the flanges 38. The
      channels 39 are sized to slidably receive the connector assemblies 14
      therein as will become more apparent. The upper edge of the top side
      flange 31 is provided with a centrally located tongue 41 which extends
      along the length of member 12 and the lower edge of bottom side flange 31
      is provided with a groove 42 extending along the length of member 12. The
      tongues 41 and grooves 42 are complementary so that the tongue 41 of each
      member 12 is received in the groove 42 of the next higher member 12 while
      groove 42 of each member 12 receives the tongue 41 from the next lower
      member 12 as will become more apparent.
PAR  As best seen in FIGS. 3 and 4, each connector assembly 14 includes a
      generally rectangular main body 50 with a pair of rearwardly projecting
      opposed locking ears 51. The ears 51 have an enlarged locking tip 52 at
      the rearwardly projecting edge thereof and a reduced thickness section 54
      connecting the tip 52 to body 50. The innermost edges 55 of tips 52 define
      an opening 56 therebetween to an enlarged width locking groove 58 between
      sections 54. The ears 51 are resilient so that the tips 52 can be snapped
      over the projection 22 of standard 11. This causes the ribs 25 of
      projection 22 on standard 11 to move within groove 58 of connector
      assembly 14. The edges 55 are resiliently urged into contact with the back
      edges of ribs 25 and the bearing surface 28 engages the complementary
      bearing surface 59 at the front of groove 58 in connector assembly 14. The
      rearwardly projecting edges 60 of tips 52 engage the base 21 of standard
      11. Thus, it will be seen that the resiliency of ears 51 allow the
      connector assembly 14 to be snapped onto and off of the standard 11 at any
      position along its length. Further, it will also be noted that the
      connector assembly 14 can be forced to slide longitudinally along the
      length of standard 11 but the resiliency of ears 51 grip the standard 11
      sufficiently to hold the connector assembly 14 in any position as will
      become more apparent.
PAR  The connector assembly 14 also includes a forwardly extending section 61 on
      the front of body 50. The section 61 is oriented generally normal to the
      longitudinal axis of ears 51 and is shown horizontal. The section 61 is
      sized to be slidably received through the opening 40 on the back of
      carrier member 12. Upwardly and downwardly extending flanges 62 and 64 are
      provided on the front end of section 61 sized to be slidably received in
      the channel 39 on the back of carrier member 12. The recesses 65 defined
      by the body 50, flange 62 or 64 and the section 61 along the top and
      bottom of connector assembly 14 slidably receive the flanges 38 of the
      member 12 therein. Thus, the connector assembly 14 slides into engagement
      with the back of carrier member 12 and supports same generally normal to
      the standard 11 when the connector assembly 14 is snapped into place on
      the standard as will become more apparent.
PAR  The display strip 15 is a thin elongate flexible member shown as extending
      the full length of the carrier member 12 although it is understood that
      the strip 15 may be of any convenient length. The strip 15 is slipped
      along the cutout 34 in carrier member 12 manually. The width of the strip
      15 is slightly greater than that of cutout 34 so that the natural
      resiliency of strip 15 forces the upper and lower edges of the strip into
      the V-shaped edges 36 of cutout 34. This allows the strip 15 to be
      maintained in place but remain removable as will become more apparent. It
      will be noted, however, that the width of the strip 15 is such that the
      amount of curvature in the strip across its width is minimal so that the
      user can write on the strip after it is in place. While a wide variety of
      materials may be used for strip 15, the strip illustrated is paper.
PAR  The dispenser unit 16 is best seen in FIGS. 5 and 6. The units 16 is
      designed to be removably mounted on the end of carrier member 12 and carry
      a supply of the strip 15, illustrated as a roll 70 wound on a core 71 to
      facilitate replacement of the strip 15. The unit 16 includes a generally
      clyindrical housing 75 having a bottom 76 and a generally circular side
      wall 78 on the top thereof. A projection 79 connects housing 75 with the
      end of member 12. The bottom 76 and side wall 78 define an upwardly
      opening generally circular pocket 80 in housing 75 for receiving the roll
      70 therein. A locating pin 81 is provided in the bottom of pocket 80 to
      locate the roll 70 in the pocket by engaging the central passage through
      core 71 so that roll 70 can be rotated as the strip 15 is unwound from
      roll 70. A dispensing opening 82 is provided through wall 78 so that strip
      15 can be dispensed therethrough as roll 70 is unwound in a clockwise
      direction as seen in FIG. 5. An abuttment 84 extends from side wall 78
      toward member 12 and provides a curved guide surface 85 in alignment with
      the cutout 34 in member 12 at one end and opening 82 at its other. The
      bottom 76 has an extension 86 that projects forwardly of abuttment 84
      along its length to provide a forwardly and upwardly opening guide passage
      88 along which strip 15 is moved from roll 70 to cutout 34. The front
      opening to the passage 88 allows the user to manually unwind strip 15 from
      roll 70 and start it into cutout 34. The abuttment 84 includes a tang 90
      that slidably fits into the channel 39 on the back of carrier member 12 to
      support unit 16 thereon. A reinforcing rib 91 connects tang 90 and
      abuttment 84 to side wall 78. The rib 91 is sized to project through the
      opening 40 to channel 39 when unit 16 is in place.
PAC  OPERATION
PAR  It will be noted that the board 10 lends itself to sale in kit form. For
      instance, a user would buy as many standards 11, carrier members 12, and
      connector assemblies 14 that he felt was needed. He would then mount the
      standards 11 on the supporting surface SS on spacing he felt was adequate
      for the board. He would then either cut the carrier members 12 to the
      desired length or have obtained precut lengths. The appropriate number of
      connector assemblies 14 are then slipped into channels 39 on members 12
      and the connector assemblies 14 snapped into place on the standards 11.
      After the desired number of members 12 have been mounted, the basic board
      10 is complete. Next, the strips 15 are installed in cutouts 34 on members
      12. The dispenser unit 16 may be used to assist in this operation.
PAR  After strips 15 are installed, the appropriate division markings 95 may be
      made. It will be noted that each of the lips 32 on members 12 are provided
      with a write-on surface 96. This allows the user to write in the
      appropriate titles on the strip 15 carried by the carrier member 12.sub.T.
      Then the user draws the markings 95 across the strips 15 and wirte-on
      surfaces 96 to make the board 10 ready for use. The appropriate data is
      then recorded on strips 15 in members 12.sub.D and the board used in
      normal manner. The members 12.sub.D may be reordered as desired simply by
      removing any selected member 12, sliding the other members 12 to make room
      for the removed member, and then replacing the removed member in the
      created place.
PAR  When a project is complete, the strip 14 with the recorded data thereon for
      that project can be removed from member 12, folded to a convenient size,
      and retained in the file associated with that project.
PAR  While specific embodiments of the invention have been disclosed herein, it
      is to be understood that full use may be made of modifications,
      substitutions and equivalents without departing from the scope of the
      inventive concept.
CLMS
STM  I claim:
NUM  1.
PAR  1. A display board construction adapted to be mounted on a generally
      vertical support surface for use in displaying certain data comprising:
PA1  at least two generally vertically oriented standards, and means for
      mounting said standards on the support surface in spaced apart parallel
      positions with a first prescribed distance therebetween, each of said
      standards including a pair of laterally opposed ribs parallel to each
      other extending along the length thereof generally vertically and parallel
      to the support surface;
PA1  a plurality of elongate carrier members, each of said carrier members
      having a length greater than said first prescribed distance between said
      standards and further having a front side, a back side, and a longitudinal
      centerline, each of said carrier members being horizontally oriented so
      that the centerline of each of said carrier members is generally
      perpendicular to said standards, each of said carrier members including a
      pair of opposed, spaced apart carrier flange members parallel to each
      other extending along the length of the back side of each of said carrier
      members, each of said carrier members further defining a strip carrier
      cutout along the length of the front side of each of said carrier members;
PA1  at least two connectors, each of said carrier members having a different
      connector connecting said carrier member to each of said standards, each
      of said connectors having a forward end and a rear end, and comprising a
      pair of opposed, spaced apart connector flange members on the forward end
      of each of said connectors oriented along a first axis lying in a first
      plane and a pair of spaced apart, opposed resilient ears on the rear end
      of each of said connectors oriented along a second axis lying in a second
      plane where the second axis is perpendicular to the first axis and the
      second plane is perpendicular to the first plane, one of said connectors
      connecting each of said carrier members to each of said standards so that
      each of said carrier members has a plurality of connectors associated
      therewith with one connector associated with each of said standards, said
      connector flange members of each of said connectors slidably engaging said
      carrier flange members of one of said carrier members so that each of said
      connectors is slidably movable along the length of said carrier member,
      and said ears of each of said connectors resiliently engaging said opposed
      ribs on one of said standards to mount said connector on said standard so
      that each of said connectors can be selectively removed from said standard
      on which said connector is mounted by forcing said ears from over said
      ribs and so that said connector can be selectively and slidably moved
      along the length of said standard; and,
PA1  a plurality of flexible elongate strips, and means whereby each of said
      flexible elongate strips is removably carried along said cutout in each of
      said carrier members and onto which the date is recorded for display so
      that the display board can be assembled in any convenient size using said
      standards, said carrier members and said connectors by slidably mounting
      the same number of said connectors on each of said carrier members as the
      number of said standards to be used, slidably positioning said connectors
      along the length of each of said carrier members until each of said
      connectors aligns with one of said standards, and then connecting each of
      said connectors to one of said standards; and so that the order of said
      carrier members on said standards can be rearranged by individually
      removing any selected one of said carrier members and selectively sliding
      said carrier members still carried by said standards along said standards
      until the desired rearrangement is reached.
NUM  2.
PAR  2. The display board construction of claim 1 further including a strip
      dispenser removably attached to one end of one of said carrier members and
      a roll of said strip rotatably mounted in said dispenser, said dispenser
      including guide means for directing said strip into said cutout in said
      carrier member as said strip is unwound from said roll.
NUM  3.
PAR  3. The display board construction of claim 2 wherein said strip dispenser
      further includes a support member slidably received between said second
      flange members of said carrier member to support said dispenser on the end
      of said carrier member.
NUM  4.
PAR  4. The display board construction of claim 3 wherein said dispenser
      includes a cylindrical housing, said housing including a generally
      circular bottom wall and an arcuate side wall connected to the peripheral
      edge of a portion of said bottom wall and a locating pin carried by said
      bottom wall for rotatably supporting said roll of said strip.
NUM  5.
PAR  5. The display board construction of claim 1 wherein said connectors each
      further includes a body having a forward end and a rear end, said ears
      connected to and extending from the rear end of said body and said
      connector flange members connected to the forward end of said body
      opposite said ears; and, a recess defined between said body and each of
      said connector flange members, said carrier flange members on one of said
      carrier members slidably received in said recesses.
NUM  6.
PAR  6. The display board construction of claim 5 wherein each of said carrier
      members includes a central web extending along the length thereof; and,
      wherein said opposed carrier flange members include a pair of edge flanges
      extending from and connected to opposite edges of said central web and
      oriented generally normal to the plane of said web, and a pair of inwardly
      turned flanges having innermost edges, one of said inwardly turned flanges
      joined to the projecting end of each of said edge flanges and extending
      along the length thereof; each of said inwardly turned flanges spaced from
      said central web a presecribed distance to define a connector receiving
      channel along the length of said carrier member, said inwardly turned
      flanges defining an opening of a prescribed width between the innermost
      edges thereof, said connector flange members of one of said connectors
      slidably carried in said connector receiving channel.
NUM  7.
PAR  7. The display board construction of claim 6 wherein each of said ears of
      each of said connectors has a projecting end, includes an enlarged locking
      tip at the projecting end thereof, and includes a reduced thickness
      section resiliently connecting said locking tip to said connector so that
      said locking tips on said opposed ears resiliently engage said opposed
      ribs of one of said standards.
NUM  8.
PAR  8. The display board construction of claim 7 wherein said central web of
      each of said carrier members includes a pair of opposed lips along
      opposite edges thereof defining said strip carrier cutout therebetween on
      that side of said central web opposite said carrier flange members, said
      cutout having a first prescribed width; and wherein each of said flexible
      elongate strips has a second prescribed width slightly greater than said
      first prescribed width of said cutout, each of said strips being resilient
      so that said strip can be slidably positioned in said cutout and the
      resiliency of said strip will hold said strip in said cutout so that the
      data can be recorded thereon for display.
NUM  9.
PAR  9. The display board construction of claim 8 wherein said carrier members
      are located generally parallel to each other, each of said carrier members
      further defining a groove along one edge thereof facing an adjacent
      carrier member and a tongue along the opposite edge thereof facing an
      adjacent carrier member, said tongue on each of said carrier members
      received in said groove of the adjacent of said carrier members to
      interconnect adjacent said carrier members.
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ABST
PAL  A device is used for storing and recording on information cards composed of
      flexible material. Each card is pivotally mounted along one edge thereof
      within a housing having an observation opening for viewing the information
      cards. A holding support mechanism is disposed along the lower edge of the
      observation opening. The holding support mechanism includes an element
      that is pivotally mounted to swivel in one direction out of the path of
      the cards as they move downwardly past the lower edge of the observation
      opening. The holding mechanism is effective to hold the cards back when
      the cards are moved in the upward direction. The cards are elastically
      held up to a predetermined tension sufficient for the cards to jump to an
      upstanding position once it is released by the holding mechanism. The
      housing of the device may include a storage area for paper and writing
      styluses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for recording on and the storage of
      information cards made of flexible material. The information cards are
      articulated or pivotally mounted within a housing and on a rotatably
      disposed mechanism. An observation opening in the housing includes an
      upper portion for reading one side of the information card and a lower
      portion for reading the other side of the information card. Such a device
      for storing information cards is well known.
PAR  Such known record storage devices include a housing having a flange which
      is angular in a downward direction along the upper edge of the observation
      opening. Upon turning of the roller, the flexible cards are held back
      elastically behind the free end of the flange. By turning the roller
      mechanism further, the flexible card is bent, slides through below the
      upper edge of the observation opening and pivotally falls downwards to the
      other or lower portion of the observation opening. In this manner, the
      front side of the succeeding card and the reverse side of the pivoted or
      tilted care are unobstructed for recording thereon and reading information
      therefrom.
PAR  This known recorder has the disadvantage that the roller mechanism must
      always be turned in one direction for the reading of and recording on the
      register or information cards. That is, the roller mechanism which carries
      the cards pivotally mounted thereon must be turned in such a way that the
      cards will tip from above in the upper portion of the observation opening
      to a position in the lower portion of the observation opening. If the
      roller mechanism which carries the pivotally mounted cards is turned in a
      reverse direction, it is not possible to read or record on the cards
      because the cards do not tip to the other direction.
PAC  PURPOSE OF THE INVENTION
PAR  The primary object of this invention is to provide a device having a roller
      mechanism carrying the pivotally mounted information cards so that they
      may be read or recorded on with respect to both sides when the roller
      mechanism is turned in either a counter-clockwise or a clockwise
      direction.
PAC  SUMMARY OF THE INVENTION
PAR  This objective and other advantages are obtained through the invention as
      described herein. The device includes a housing and a holding support
      mechanism disposed at the lower edge of the observation opening in the
      housing. The holding mechanism includes a means which pivotally moves in
      and out of the path of the information cards as they are rotated from the
      upper portion of the observation opening to the lower portion of the
      observation opening.
PAR  The holding mechanism normally includes a portion which projects into the
      observation opening and in the path of the downwardly moving information
      card. Once the card has passed beyond the lower edge of the observation
      opening, the projecting portion of the holding mechanism stands in the way
      of the card being rotated back to the upper portion of the observation
      opening. That is, the holding mechanism retards the movement of the
      flexible cards elastically in one direction up to a predetermined amount
      of tension which is sufficient to make the card resiliently jump to the
      upper portion of the observation opening and pivot about its pivot point
      so that the other side of the card is observable.
PAR  In a specific embodiment of the invention, a rotating mechanism includes a
      shaft about which the flexible cards are pivotally mounted in an annular
      disposition. The holding mechanism includes an element that will hold back
      the flexible information card until the pretension achieved by continued
      turning of the shaft is sufficient to make the card resiliently jump up to
      and behind the upper tipping point. The upper tipping point is the point
      at which the card pivots so that the other side of the information card is
      now observable in the upper portion of the observation opening.
PAR  It is not necessary to turn the information card rotating mechanism through
      a complete 360.degree. if it is desired to view the other side of the card
      which is in the lower portion of the observation opening. By simply
      turning the rotating mechanism in a reverse direction through a very small
      dimension, the desired card can be turned upwardly thorugh the interaction
      of the flexibility of the card and the holding element disposed at the
      lower edge of the observation opening.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Other objects of this invention will appear in the following description
      and appended claims, reference being made to the accompanying drawings
      forming a part of the specification wherein like reference characters
      designate corresponding parts in the several views.
PAR  FIG. 1 is a perspective view of an apparatus made in accordance with this
      invention,
PAR  FIG. 2 is a cross-sectional view taken along line A--A of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line B--B of FIG. 1;
PAR  FIG. 4 is a top plan view of the apparatus of FIG. 1; and
PAR  FIG. 5 is a fragmentary cross-sectional view of another embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  More specifically, referring to the drawings, the housing, generally
      designated 3, includes a base portion 20 and an upper portion 21. The base
      portion 20 has an arcuate section 20a that extends upwardly in the rear of
      the housing 3. The upper portion 21 includes a rear section 21a which
      extends downwardly to the base portion 20.
PAR  The rear section 21a is laterally spaced in front of the bottom rear
      section 20a to form a storage area 18 for writing means. The storage area
      18 includes a bottom section 19 which rises slantingly backwards.
      Consequently, stored pieces of note paper will project upwardly in the
      form of steps and therefore can be taken out more easily from the storage
      area 18. A punctured plate 22 is disposed at least partially over the
      chamber or storage area 18 so that the pencils may be kept separately. The
      holes in the punctured plate have a diameter which is slightly larger than
      the diameter of the customary pencils or recording styluses.
PAR  The base portion 20 is also turned upwardly in the form of the arc to form
      a forward projecting section or data section 25. Rollers 23 are mounted in
      the data section 25 and can be read through observation apertures 24. The
      data rollers 23 include annular flanges 26 disposed at the ends thereof.
      The annular flanges are effectively knurled and project through openings
      located in the front of the data section 25. The knurled annular flanges
      26 are used to adjust the rollers in front of the observation apertures
      24. The data rollers 23 are rotatably mounted on a support shaft 27 which
      extends between the inside of the lateral walls 10.
PAR  The lateral walls 10 have substantially identical shapes and extend from
      the front data section 25 upwardly and slantingly backwardly to form an
      obtuse angular section therein as shown. The upper portion 21 ends on top
      of the device with the leading edge 16 adjacent the upwardly extending
      edges 35 of the lateral walls 10. The lower base portion 21 extends
      upwardly to its upper edge 1 to a point between the upwardly and
      backwardly slanting edges 36 of the lateral walls 10.
PAR  An obtuse angle is formed between the upwardly extending edges 35 and the
      backwardly slanting edges 36. The distance between the upper edge 1 and
      the upwardly extending edge 35 corresponds to the distance from the
      leading edge 16 to the obtuse angle. The observation opening 2 is located
      between the walls 10 and between the leading edge 16 and the front edge 1
      of the base portion 20. The leading edge 16 constitutes the upper edge of
      the observation opening 2. The front edge 1 constitutes the lower edge of
      the observation opening 2.
PAR  Shaft 28 is rotatably mounted between the lateral walls 10 at a location
      disposed in a direction slantingly backwards from the obtuse angle. Roller
      shaped bodies 29 are mounted on the outside of the lateral walls 10 and
      are used for turning the shaft 28. Inside roller bodies 30 are mounted on
      the inside of the lateral walls 10. The roller bodies 30 include opposing
      sides which face each other and include recesses 31 which are disposed
      annularly around the faces. Recesses 31 on one face are registered with
      recesses located in the other face to cooperate with cards 4 as indicated
      hereinbelow.
PAR  Information cards 4 include extensions 33 disposed laterally along the back
      32. The extensions 33 are pivotally mounted within the recesses 31 which
      face each other across the distance between the lateral walls 10. A
      flexible reinforcing rib 34 is located along the reverse side or back 32
      of the cards 4. Whenever a card 4 is pointing upwardly, the free edge 8
      thereof points rearwardly. When the card 4 is tilted downwardly, the free
      edge 8 points forwardly with respect to the device.
PAR  The holding element 5 is in the form of a toggle lever and includes a
      supporting arm 6 and a heavier balancing arm 7 which hangs downwardly, as
      shown in FIg. 2. When the roller bodies 29 are turned in counter-clockwise
      direction as indicated by the arrow in FIG. 1, the cards 4 tilt downwardly
      about the pivot point 11. The cards 4 drop onto the supporting arm 6 which
      projects outwardly from the upper edge 1. When the card 4 has been turned
      past the supporting arm 6, the arm 6 pivots back into the path of the
      cards 4 by virtue of the counter-balancing weight of the heavier arm 7.
PAR  Referring to FIG. 2, the card 4a has been rotated downwardly and is
      supported by the reinforcing rib 34a within the observation opening 2 and
      magnets 17a that are disposed in or on the lateral walls 10. That is, the
      reinforcing rib 34a is located on the back 32 of the next preceding card
      as shown. Consequently, the card 4a remains in the observation opening 2
      and its reverse side can be read or recordings be made thereon. Thus it is
      evident from the drawings that magnets 17a constitute holding means
      fixedly located along a side edge of the observation opening 2. The same
      pertains to the succeeding card 4 which stops in the upper portion of the
      observation opening 2 until the shaft 28 is turned further by means of the
      roller bodies 29.
PAR  The shaft 28 may be turned in the counter-clockwise or opposite direction
      with respect to the arrow on body 29 as shown in FIG. 1. For example, to
      turn the card 4a in the reverse direction from that described hereinabove,
      the shaft 28 is rotated in the counter-clockwise direction. Card 4a is
      made of flexible material and the supporting arm 6 tends to hold it in the
      position as shown in FIG. 2. When enough pressure is placed on the
      rotating knob 29, the holding potential of the supporting arm 6 is
      overcome. Consequently, the card 4a will slide away from underneath and
      behind the supporting arm 6 and will resiliently jump back over the
      pivoting point 11. The card 4a will then rest against the magnets 17 and
      the front side of the card 4a can be read or entries can be made on the
      exposed side.
PAR  Magnets or holding elements 17 are disposed in or on the inside surfaces of
      the lateral walls 10. Strips 15 disposed along the lateral edges 14 of the
      cards 4 cooperate with the magnets 17 and 17a. Strips 15 are composed of
      magnetizable material such at metallized foil that is glued onto the
      lateral edges 14 of the articulated or pivotally mounted cards 4. The
      magnets 17 act to hold the cards 4 within the upper portion 21 of the
      device thereby preventing a premature forward tilting or pivoting thereof.
PAR  In the embodiment of FIG. 5, the bent arm 43 is semi-circularly curved
      toward the front of the device and pivotally mounted at the upper edge 16
      on the upper portion 21. As cards 4 are rotated backwardly, they swing
      upwardly and engage the forwardly extending free end 42 of the curved
      lever 43. Consequently, the arm or lever 42 that extends downwardly is
      pivoted backwardly. When cards 4 slides past the free end 42, the lever 43
      swings back to its original position due to gravity.
PAR  While the device for recording on and storage of information cards has been
      shown and described in detail, it is obvious that this invention is not to
      be considered as being limited to the exact form disclosed, and that
      changes in detail and construction may be made therein within the scope of
      the invention, without departing from the spirit thereof.
CLMS
STM  Having thus set forth and disclosed the nature of this invention, what is
      claimed is:
NUM  1.
PAR  1. A device for storing and recording on information cards composed of
      flexible material comprising:
PA1  a. means for pivotally mounting each card along one edge thereof within a
      housing having an observation opening for the information cards,
PA1  b. holding means fixedly located along a side edge of the observation
      opening and a holding support element disposed along the lower edge of the
      observation opening,
PA1  c. the said holding means including at least one magnet disposed on the
      side edge of and at a location below the lower edge of the observation
      opening,
PA1  d. said cards including a strip of magnetizable material disposed along its
      outer free edge thereof to cooperate with the magnets for magnetically
      holding the card,
PA1  e. said support holding element being pivotally mounted to swivel in one
      direction out of the path of the cards as the cards move downwardly past
      the lower edge of the observation opening,
PA1  f. said support holding element being effective to hold the card back when
      the cards are moved in the upward direction,
PA1  g. said cards being elastically held up to a predetermined tension
      sufficient for the cards to jump to an upstanding position once it is
      released by said holding support element.
NUM  2.
PAR  2. A device as defined in claim 1 wherein
PA1  said holding support element includes a toggle lever pivotally mounted
      below the lower edge of the observation opening,
PA1  said toggle lever including an arm which projects into the path of the
      cards and a heavier arm which hangs downwardly in a direction angled away
      from the direction of said first arm.
NUM  3.
PAR  3. A device as defined in claim 1 wherein
PA1  the housing includes a storage means for containing paper and writing
      styluses.
NUM  4.
PAR  4. A device as defined in claim 3 wherein
PA1  said storage means includes a forwardly slanting portion to store pieces of
      note paper therein which paper will project upwardly in the form of steps.
NUM  5.
PAR  5. A device as defined in claim 3 wherein
PA1  the base portion of the housing includes a rear section which extends
      upwardly therefrom and
PA1  the upper portion includes a rear section which extends downwardly
      therefrom,
PA1  said upwardly extending rear portion being laterally spaced with respect to
      said downwardly extending rear section to form said storage means
      therebetween.
NUM  6.
PAR  6. A device as defined in claim 3 wherein
PA1  the storage means is disposed at the rear of the housing and includes a top
      cover having a plurality of openings for receiving writing styluses.
NUM  7.
PAR  7. A device as defined in claim 1 wherein
PA1  the housing includes a forward projecting section having observation
      apertures and data rollers rotatably mounted therein for viewing through
      the observation apertures.
NUM  8.
PAR  8. A device as defined in claim 1 wherein
PA1  a pivotally mounted lever is disposed at the upper edge of the observation
      opening to engage cards that resiliently jump from the lower portion of
      the observation opening to the upper portion of the observation opening.
NUM  9.
PAR  9. A device as claimed in claim 1 wherein
PA1  said magnetizable material is composed of metallized foil.
NUM  10.
PAR  10. A device for storing and recording on information cards composed of
      flexible material comprising:
PA1  a. means for pivotally mounting each card along one edge thereof within a
      housing having an observation opening for the information cards,
PA1  b. the observation opening being disposed between two upstanding lateral
      walls and including an upper observation portion and a lower observation
      portion,
PA1  c. one side of said card being viewable in the upper portion and the other
      side of said card being viewable in the lower portion of the observation
      opening,
PA1  d. holding means including holding magnets disposed along the sides of the
      observation opening and a holding support element disposed along the lower
      edge of the observation opening,
PA1  e. said support holding element being pivotally mounted to swivel in one
      direction out of the path of the cards as the cards move downwardly past
      the lower edge of the observation opening,
PA1  f. said support holding element being effective to hold the cards back when
      the cards are moved in the upward direction,
PA1  g. said cards including strips of magnetizable material along both outer
      edges thereof to cooperate with said magnets for holding each card in
      place within the observation opening,
PA1  h. said cards being elastically held up to a predetermined tension
      sufficient for the cards to jump to an upstanding position once it is
      released by said holding support element.
NUM  11.
PAR  11. A device as defined in claim 10 wherein
PA1  the holding magnets are disposed below the upper edge of the observation
      opening and are effective to retard the forward tilting pivoting movement
      of the storage information cards forward, and
PA1  said upper holding magnets being further effective to catch the storage
      cards when jumping upwardly after having been flexibly held in place by
      the holding element disposed along the lower edge of the observation
      opening.
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ABST
PAL  An advertising message is placed upon the planar surface of a thin negative
      lens, preferably of fresnelled construction. The lens is, in turn, placed
      upon a window, preferably a store front window affording a view to a
      background merchandising display. When viewed by passersby (preferably
      pedestrian traffic), differential angular movement of the store front
      display in the negative lens to the store front display out of the
      negative lens results. This causes differential apparent angular motion to
      the viewer and draws immediate attention to the lens and its message. For
      store front traffic passing relatively close to the window, both the
      display and the message as viewed by the passersby become simultaneously
      visible due to two effects. First, the negative fresnelled lens makes the
      display (as viewed through the lens) and the message appear with a minimum
      depth of field differential. The ambient depth of field of the human eye
      of the passerby accommodates both the message and the display when viewed
      through the fresnelled lens. Second, the negative lens compresses what
      would otherwise be the natural binocular parallax effect of the human
      eyes. Thus, suppression of either the background in favor of the message,
      or the message in favor of the background, does not occur, making both
      message and display simultaneously visible.
BSUM
PAR  This invention relates to advertising displays. Specifically, it relates to
      a display with a message imprinted on a negative fresnelled lens.
PAC  SUMMARY OF THE PROBLEM
PAR  Messages printed on transparent glass are often difficult to see and
      understand. This is because a viewer (for example, a sidewalk passerby
      observing a store front window) must select between either observing the
      message on the plane of the window or observing the background display.
PAR  When the viewer chooses to observe the background display, several
      phenomena can occur to suppress the messages appearing in the plane of the
      window. First, assuming the viewer observes the display while walking by,
      both the message and background display will assume angular velocities
      with respect to the viewer's eyes which are normal for stationary objects.
      The viewer will thus have no cause to have his eye particularly drawn to
      the advertising message.
PAR  Second, upon observing the background display, the advertising message in
      the plane of the window will appear with a double image. This being the
      case, the perceptive psychology of the viewer will naturally suppress the
      advertising message.
PAR  Finally, and assuming the viewer is within a relatively close distance
      (e.g., 3 feet) of the window, the depth of field between the lettering and
      the background display will require that the viewer's eyes focus in on
      either the message or the background display, but not both.
PAC  SUMMARY OF THE INVENTION
PAR  An advertising message is placed upon the planar surface of a thin negative
      lens, preferably of fresnelled construction. The lens is, in turn, placed
      upon a transparent panel, preferably a store front window affording a view
      to a background merchandising display. When viewed by passersby
      (preferably pedestrian traffic), differential angular movement of the
      store front display in the negative lens to the store front display out of
      the negative lens results. This causes differential apparent angular
      motion to the viewer and draws immediate attention to the lens and its
      message. For store front traffic passing relatively close to the window,
      both the display and the message as viewed by the passersby become
      simultaneously visible due to two effects. First, the negative fresnelled
      lens makes the display (as viewed through the lens) and the message appear
      with a minimum depth of field differential. The ambient depth of field of
      the human eye of the passerby accommodates both the message and the
      display when viewed through the fresnelled lens. Second, the negative lens
      compresses what would otherwise be the natural binocular parallax effect
      of the human eyes. Thus, suppression of either the background in favor of
      the message, or the message in favor of the background, does not occur,
      making both message and display simultaneously visible.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a schematic view of a negative fresnelled lens with an
      advertising message imprinted thereon, the fresnelled lens being attached
      to a window and having a background display in the form of a tree in a
      store front window visible to a pedestrian passerby.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the FIGURE, a passerby A views through his eyes 14 a store
      front window 16 having a background display 18 in the form of a tree.
PAR  Attached to the store front window is a negative fresnelled lens 20 having
      a focal length of minus 1 foot.
PAR  Lens 20, without the advertising message thereon, is a standard item of
      manufacture. Specifically, the preferred embodiment of such a lens is
      typically plasticized polyvinyl chloride having sufficient flexibility to
      be easily folded and easily conformed to and stuck on a window.
      Preferably, one side of the lens is optically flat; the remaining side of
      the lens defines concentric fresnel corrugations, each corrugation having
      a spatial interval of 0.024 inch taken along a radius of the lens. The
      lens is preferably spherical and constructed with a focal length of minus
      12 inches, but negative lenses with focal lengths in the range of minus 3
      inches to minus 3 feet can suffice for the practice of this invention.
      Other negative focal lengths can be used. Typically, the lens is circular
      and 12 inches in diameter, although these specific dimensions are not
      required.
PAR  Lens 20 is preferably fastened at its unfresnelled surface 21 to the inside
      of window 16. The message is preferably printed on the flat surface of the
      lens. Its fresnelled surface 22 is preferably exposed outwardly from the
      window and towards the store display in the form of tree 18.
PAR  Having set forth the construction of the lens, the rather subtle viewing
      effect of this invention can be understood.
PAR  First, it should be understood that the eyes 14 and the viewing senses of
      viewer A will be drawn to objects having angular motion differing from
      that of a stationary background. This psychological phenomenon can easily
      be recalled. For example, in a case of hide and go seek, where a player in
      a forest steps out from behind a tree, his motion relative to the rest of
      the forest will cause the players of the game to draw their attention
      immediately to the visible and moving participant.
PAR  The advertising phenomenon of the lens subtly uses this principle.
      Specifically, viewer through eyes 14 will see through window 16 the
      display of the tree 18. Simultaneously, he will view through the lens the
      reduced image of the display 18'.
PAR  Assuming that passerby A is walking past the display with a velocity
      V.sub.1, the background display as viewed through the window will move at
      a velocity .OMEGA..sub.1. This velocity will be angular and relative to
      the viewer.
PAR  Unlike the background display as viewed through the window, the display 18'
      as viewed through the lens will move at a different and slower angular
      velocity .OMEGA..sub.2.
PAR  It is in the nature of the human vision psychology that the attention of
      the viewer will be immediately drawn to the advertising message imprinted
      on the back of the fresnelled lens here shown as the hypothetical script
      "BUY COLA" because of these differing angular velocities.
PAR  Assuming that passerby A is relatively close to the window 16 (as in the
      case of a pedestrian passerby at the store front window) two other more
      subtle phenomena can occur.
PAR  First, where the passerby is relatively close to the window and views with
      typical binocular vision the advertising message display, he will
      typically view the message or the display, but not both. This is because
      when he views either the advertising message or the display, a double
      image of the respective display or advertising message will occur. He will
      psychologically tend to suppress the double image so that only one image
      in fact comes into view.
PAR  The angular effect of the negative fresnelled lens will tend to suppress
      this double vision phenomenon. Thus, the image 18' and message as
      imprinted on the fresnelled lens will be simultaneously in view.
PAR  Additionally, and where the viewer is within approximately 3 feet of the
      store front window, his eyes will have a finite depth of field when
      focused. Assuming that the negative fresnelled lens is not mounted to the
      window, the ambient depth of field of the viewer's eye will typically
      either focus on the message on the window, or alternately the background
      display, but not both.
PAR  When the viewer focuses on the message, a completely different phenomenon
      will occur. The negative fresnelled lens, which preferably has a focal
      length of minus 1 foot, will draw the background display to an apparent
      image location which is only slightly less than 1 foot from the lens. In
      this location, the apparent distance between the advertising message on
      one hand, and the image 19' on the other hand, will be such that both
      message and display, when viewed through the lens, will be simultaneously
      in view.
PAR  It will thus be seen that the described invention presents from at least
      three different aspects some rather subtle optical effects. First, it
      provides differential movement of the image in the display with respect to
      its background which psychologically draws the eyes of the viewer to the
      display. Second, it suppresses the natural parallax effect of the eyes so
      that both message and background display are simultaneously in view. And
      third, it provides both the background display and message with a
      superimposed depth of field, making both simultaneously visible to a
      passerby.
CLMS
STM  I claim:
NUM  1.
PAR  1. A transparent advertising display for placement on a transparent panel
      having a background display comprising: a negative fresnelled lens having
      a first fresnelled side and a second planar side; a message imprinted on
      the planar side of said negative fresnelled lens, the planar side of said
      negative fresnelled lens being fastened to the glass of said store front
      display.
NUM  2.
PAR  2. The invention of claim 1 and wherein the focal length of said lens is in
      the range of minus 3 feet to minus 3 inches.
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ABST
PAL  Telephone index devices including a flat base member which may be secured
      to a telephone and having binding loops which may be closed and opened for
      replacement of index sheets. The base member is secured to a telephone
      instrument by a plug and socket structure.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 233,480 filed Mar. 10, 1972
      and now abandoned.
BSUM
PAR  Copending application Ser. No. 450,476 filed Mar. 12, 1974 is a division of
      said application Ser. No. 233,480 which is a continuation in part of
      application Ser. No. 116,384 filed Feb. 18, 1971 and now U.S. Pat. No.
      3,792,544. Ser. No. 116,384 in a continuation in part of application Ser.
      No. 8,660, filed Feb. 4, 1970 and now abandoned, which in turn is a
      continuation in part of application Ser. No. 837,405 filed June 30, 1969,
      now U.S. Pat. No. 3,706,503.
PAR  This invention relates to index devices, and more particularly, it concerns
      novel arrangements for mounting an index device on a telephone instrument
      for holding the index leaves thereof in place for convenient accessability
      and use.
PAR  Various provisions are made in the arrangements of the previously filed
      applications for inserting leaves into the loops. In one case, the leaves
      are inserted during manufacture while the loops are opened, and the loops
      are then subjected to machine action which closes them and secures them
      permanently. In another case, the base member on which the loops are
      mounted, is made up of two flat portions which are resiliently hinged
      together along a line passing between the legs of each loop. One leg of
      each loop is permanently secured along one of the base member portions
      while the other leg extends down to the other base member portion without,
      however, being secured to it. Sheets or leaves are inserted by first
      bending down one of the base member portions along the hinge to expose the
      free ends of the loops. The sheets are passed onto the loops and the base
      member portions are returned to copolanar condition to close the free ends
      of the loops.
PAR  Said application Ser. No. 116,384 also discloses loop closing devices
      disclosed herein as well as an embodiment in which the hinge is eliminated
      and the two base member portions are provided with mutually engageable
      recesses and projections which prevent relative movement in their common
      plane. Means are further provided to prevent relative movement out of
      their plane.
PAR  The present invention relates to loop opening and closing arrangements
      which may be easily operated and which are positive in their manner of
      holding the binding loops closed. These loop opening and closing
      arrangements comprise a strip member which extends along a side of the
      base or support member on which the sheets are supported. U-shaped binding
      loops, which are struck from or are molded with the base member, or the
      strip member, have one leg attached to the edge of either the base or to
      the strip member while the other leg of the loop extends to the other
      member. The strip member and the base member are provided with holding
      formations such as tongues and sockets which permit the strip member to be
      moved in coplanar relationship with the base member and held against its
      edge to close the binding loops. The holding formations, in one form of
      the invention, include a pivot coupling between the base member and one of
      the strip member which enables the strip member to swing in the plane of
      the base member against and out away from its edge.
PAR  According to a still further aspect of the invention provision is made for
      mounting a telephone index assembly on the side of a telephone in a way
      permitting it to be positionally adjusted or even removed for replacement
      or remote reference. This provision includes a bracket member which may be
      affixed to a telephone which has, alternatively, a socket or a plug, and a
      flat base member for supporting telephone index sheets which has a
      co-operating plug or a socket secured to the underside thereof. The plugs
      fits frictionally into the socket and allows the base member to be pivoted
      or removed.
PAR  One object of the invention is to provide a telephone index device mounting
      structure which may be used to mount the device on telephone instruments
      of different types, which permits the index device to be rotated to
      different positions when it is so mounted and which permits ready removal
      thereof.
PAR  Another object of the invention is to provide a telephone index device with
      readily replaceable index pages and holding means therefor which holds the
      pages securely but which can be deliberately opened easily.
DRWD
PAR  Various further and more specific objects, features and advantages of the
      invention will appear from the description given below, taken in
      conjunction with the accompanying drawings, illustrating by way of example
      preferred forms of the invention.
PAR  FIG. 1 is a perspective view of a telephone index device, constituting a
      further embodiment of the invention, attached to the side of a telephone
      instrument;
PAR  FIG. 2 is a view similar to FIG. 1 but illustrating the index device as
      removed from the telephone instrument;
PAR  FIG. 3 is an enlarged section view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged, exploded, perspective view of the telephone index
      device of FIG. 1;
PAR  FIG. 5 is a fragmentary bottom view of the index device of FIG. 1;
PAR  FIG. 6 is an enlarged section view taken along line 6--6 of FIG. 2;
PAR  FIG. 7 is a perspective view illustrating the manner of operation of the
      telephone index device of FIG. 1;
PAR  FIG. 8 is a perspective view of a modification to the telephone index
      device of FIG. 1;
PAR  FIG. 9 is a view similar to FIG. 8 but showing the telephone index device
      in its binding loop closing position;
PAR  FIG. 10 is a fragmentary bottom view of the telephone index device shown in
      FIG. 9;
PAR  FIG. 11 is a perspective view of a modified form of the embodiment shown in
      FIGS. 8-10;
PAR  FIG. 12 is a perspective view of a modified form of the embodiment shown in
      FIGS. 1-7;
PAR  FIG. 13 is an enlarged section of the embodiment in FIG. 12 and is taken
      along line 13--13 indicated therein;
PAR  FIG. 14 is a fragmentary enlarged section of the loop portion of the
      embodiment in FIGS. 12 and 13; and
PAR  FIG. 15 is a fragmentary bottom view of the embodiment in FIG. 12.
DETD
PAR  Although index devices which fit under and secure to the base of a
      telephone instrument are still satisfactory for use with both many new and
      older telephone instruments in use, e.g. the instrument shown in FIG. 1,
      newer types of instruments, such as wall mounted or elongated instruments,
      have shapes which prevent the use of an index device which has dimensions
      suitable for use under the instrument shown in FIG. 1. Accordingly, it is
      desirable to provide a single telephone index device which can be readily
      secured or attached to almost all types of instruments. In addition, it is
      desirable to be able to vary the position of the index device when it is
      so mounted and to be able to remove it readily for use at a different
      location. Also, it should be possible to insert or remove index pages
      easily while maintaining them securely in place and permitting them to be
      flat when they have been inserted. The embodiment shown in the drawings
      and described hereinafter meets such requirements.
PAR  The telephone index devices shown in FIGS. 1-15 are not mounted underneath
      the telephone instrument with which they are used; but instead they are
      attached to the side of the telephone instrument. As shown in FIG. 1, a
      telephone index device 70 is attached, preferably by means of glue or
      double backed pressure adhesive tape, or alternatively by other means, to
      one side of the outer cover of a cradle type telephone instrument 72. The
      telephone index device 70 includes a flat, rectangularly shaped base
      member 74 having a plurality of binding loops 76 thereon which hold a
      stack of index sheets 78 in ring binder fashion. The base member 74 is
      supported by a mounting plate 90 which, in turn, is secured to the
      telephone 72 by means of an adhesive substance.
PAR  The preferred manner in which the base member 74 is supported by the
      mounting plate 80 is best shown in FIGS. 2 and 3. As can be seen therein,
      the mounting plate 80 is provided with a boss 82 extending a short
      distance out from the central portion thereof. The boss 82 has an opening
      84 therein which accommodates a cylindrical mounting plug 86, the plug 86
      having, for example, a push fit therewith. The mounting plug 86, which is
      attached to the underside of the base member 74, is frictionally gripped
      by the wall of the opening 84 so as to retain the base 74 in the position
      shown in FIG. 1. It can, however, pivot within the opening 84 to adjust
      the position of the index device as indicated by the arrow A in FIG. 1. If
      desired, the mounting plug 86 may be pulled from the mounting plate 80 as
      illustrated in FIG. 2. This allows removal of the entire telephone index
      assembly from the telephone for any desired purpose, e.g. to add or remove
      index sheets, to refer to the information printed on the sheet at a
      different location or to add new information to the sheets.
PAR  It will be apparent from the foregoing that such mounting of the base 74
      permits the use of the telephone index device with telephone instruments
      of many different shapes, since the mounting device requires only a small
      area on the instrument to attach the plate 80 and room alongside the
      instrument to receive the base 74 which usually is shorter than the length
      of the instrument. Therefore, it is unnecessary to manufacture index
      devices in several sizes and shapes to permit them to be used with
      differently shaped or mounted instruments.
PAR  Although the base and the arrangements for holding the index pages may be
      as shown in FIGS. 17-21 of my said application Ser. No. 116,384, the
      preferred construction of the base member 74 is best shown in the exploded
      view of FIG. 4. As can be seen, the base member 74, which is preferably
      made of a plastic substance, such as polystyrene or polypropylene, is of
      rectangular slab-like configuration. The binding loops 76 are of inverted
      U-shaped configuration and are positioned so that one leg 88 of each loop
      extends up from one edge 90 of the base member. The other leg 89 of each
      of the U-shaped binding loops 76 extends downwardly and is spaced away
      from the edge 90 of the base member. A loop closure strip member 92 is
      pivotally secured at one end 94 to the edge 90 of the base member 74. The
      loop closure strip 92 moves pivotally in the plane of the base member 74
      from an open position as shown in FIG. 4 to a closed position as shown in
      FIGS. 5 and 6. In the closed position, the edge of the loop closure strip
      92 abuts the edge 90 of the base member 74 and effectively closes the
      bottom of each of the binding loops 76. When the closure strip 92 is
      pivoted to an open position as shown in FIG. 4, the bottoms of the binding
      loops 76 are opened to accept the various index sheets 78. As can be seen
      in FIG. 4 the index sheets 78 are provided with binding loop openings 96
      near one edge. To load the index sheets onto the device, the sheets are
      fitted to the exposed outer legs of the binding loops 76 by passing the
      legs through the openings 96. Thereafter the binding loops are closed to
      secure the sheets in place by moving the loop closure strip to its loop
      closing position against the edge of the base member 74.
PAR  The end of the closure strip 92 opposite the pivot 94 is provided with a
      downwardly extending locking lug 98 shown in FIGS. 4 and 5. This locking
      lug fits into a locking lug opening 100 in a locking tab 102 which
      projects out from under the ege 90 of the base member 74. The opening 100
      and the locking lug 98 are dimensioned and configured to provide a snap
      fit to hold the loop closure strip 92 securely yet releasably in its loop
      closure position shown in FIGS. 5 and 6.
PAR  Preferably, the loop closure strip 92 is additionally provided with a guide
      tab or tongue 104 which extends inwardly from its lower surface toward and
      under the base member 74. The guide tab 104 is accommodated in a guide tab
      socket 106 formed on the underside of the base member 74. The guide tab
      104 and the guide tab socket 106 serve to maintain the loop closure strip
      92 firmly in copolanar relationship with the base member 74 when the
      closure strip is locked in its loop closure position shown in FIGS. 5 and
      6.
PAR  The loop closure strip 92 is additionally provided with a slightly raised
      outer edge bead 108 which is interrupted at positions corresponding to the
      legs 89, such as shown in FIG. 4 to accommodate the outer ends of each of
      the binding loops 76. The portions of the bead 108 may have the length
      shown to reinforce the strip 92, but if desired, the intermediate
      positions thereof may be omitted leaving only the end portions thereof,
      i.e. small projections like those in FIG. 12 extending from the strip 92
      on opposite sides of the legs 89. This configuration, as can be seen in
      FIG. 6, serves to insure that the binding loops are fully closed by the
      loop closure strip 92 so that the index sheets 78 cannot be removed when
      the closure strip is in its closed position. Such bead 108 also prevents
      excessive bending of the loops around the axis of the leg 88.
PAR  The base member 74, the binding loops 76 and the loop closure strip 92 may
      be made of any suitable materials; however, it is presently preferred to
      make them of molded plastic such as polystyrene or polypropylene. Where
      polypropylene is used it is possible to manufacture the entire base member
      74 including the pivotal connection 94, the binding loops 76 and the loop
      closure strip 92 in a single molding operation. This, of course,
      eliminates assembly and fastening procedures and considerably reduces the
      cost of manufacture of the device. As can be seen in FIG. 1, 2 and 4,
      there may be provided a page holding tab 112 along the bottom edge of the
      base member 74 near the edge opposite the binding loop edge 90. As can be
      seen in FIG. 1, this page holding tab 112 may be pivoted around its pivot
      114 to engage the lower edge of the sheets which lie on the base member
      74. This protects against any tendancy which the sheets may have to curl
      after extended use. The tab 112 is mounted on a pivot 114 along with a
      spacer 116 between the tab and the base member so that the tab pivots in
      the plane of the base member 74 a short distance above its surface.
PAR  The base member is additionally provided with a thumb cut-out 118 along its
      lower edge adjacent the page holding tab 112. This thumb cut-out permits
      insertion of the thumb to engage and turn any or all of the index sheets
      78 as may be desired.
PAR  The embodiment of FIGS. 8-10 differs from that of FIGS. 1-8 in that in
      place of the pivotally mounted loop closure strip 92 there is provided a
      laterally removable loop closure strip 120. As can be seen in FIGS. 8 and
      10, a pair of closure strip support tabs or tongues 122 extend outwardly
      from under the edge 90 of the base member 74 on opposite sides of the
      guide tab socket 106. The support tongues 122 accommodate the ends of the
      closure strip 120 and they cooperate with the closure strip, its guide tab
      104 and the guide tab socket 106 to hold the closure strip 120 in loop
      closing position as shown in FIGS. 9 and 10. It will be appreciated that
      when the loop closure strip is moved out and away from the base member 74
      in copolanar relationship therewith the outer ends of the binding loops 76
      are completely exposed for accommodation of the binding loop openings 96
      in the index sheets 78. Moreover, the closure strip support tongues 122
      permit the closure strip 120 to be moved laterally into loop closing
      position and yet support the closure strip securely in copolanar
      relationship with the base member to insure that the binding loops remain
      closed during use of the device and turning of the various index sheets
      78. To aid in holding the strip 120 against the base 74, the socket 106
      may be dimensioned so as to frictionally grip the tab 104 and the tongues
      122 may have upper surfaces so related to the lower surface of the strip
      120 that the strip 120 will be bent slightly transversely of its length as
      the ends of the strip 120 ride over the tongues 122. In addition,
      retention of the strip 120 in position may be assisted by loop engaging
      ridges thereon as described hereinafter in connection with FIGS. 11 and
      14.
PAR  Where in the index device is manufactured of a high strength plastic
      material such as polypropylene, it is possible to manufacture the closure
      strip and base member in a single operation as a single unitary structure
      by providing in the mold arrangements whereby ribbon-like connectors 124
      of the polypropylene or similar material extend between the loop closure
      strip 120 and the base member 74. These ribbon-like connectors may be
      approximately 1/4 inch wide and about 0.010 inches thick. This allows the
      connectors 124 to hold the loop closure strip 120 to the base member 74 as
      shown in FIG. 8 and at the same time it allows the connectors to assume
      loop like configurations 126 as shown in FIG. 9 when the loop closure
      strip 120 is in its loop closing position.
PAR  The U-shaped binding loops 76 may be formed as part of the closure strip
      120, instead of part of the base 74, as indicated in FIG. 11. Thus, each
      of the binding loops 76 has its leg 89 formed as part of the closure strip
      120 and the other leg 88 thereof is free and extends outwardly of a side
      edge of the strip 120. When the strip 120 is moved against the edge of the
      base 74 the legs 88 extend over the upper surface of the base 74 and are
      between pairs of projections 130 and 131 which serve to aid in closing the
      loops and to prevent excessive bending of the loops in the manner
      described in connection with FIGS. 4, 7, 8 and 9. Small ridges 132 may be
      provided intermediate the projections 130 and 131, which are of a height
      above the upper surface of the base 74 sufficient to cause the free end of
      the leg 88 to snap over the ridge 132 as the strip 120 is pushed against
      the edge of the base 74. The ridge construction is shown in greater detail
      in FIG. 14, and, as will be seen from FIG. 14, the width of the ridge 132
      is such that the inner side of the leg 88 bears thereagainst when the
      strip 120 is against the edge of the base 74, thereby aiding in retaining
      the strip 120 against the base 74.
PAR  Similarly, the embodiment shown in FIGS. 1-6 may be modified to reverse the
      positions of the mounting plug and socket and of the binding loops 76.
      Thus, as shown in FIGS. 12 and 15, the plug 86 may be part of and extend
      from the mounting plate 80 rather than from the base 74, and the socket
      133 may be secured to the base 74. The cooperation of the plug 86 and the
      socket 133 and their functions are the same as those described in
      connection with FIGS. 1-4. However, the mounting of the plug on the base
      74 and the socket on the plate 80 as shown in FIGS. 1-4 is preferred,
      since it is preferred not to have a projection like the plug 86 extending
      from the telephone instrument when the base 74 is removed therefrom.
PAR  Similarly, the loops 76 may extend from the pivoted closure strip 92a
      rather than from the base 74 as shown in FIGS. 12 and 13, an such loops
      are of the dimensions and are mounted on the closure strip 92a in the
      manner described in connection with FIG. 11. The base 74 is similarly
      provided with projections 130 and 131 and ridges 132 for the purpose
      described in connection with FIG. 11.
PAR  The pivoted closure strip may also take the form shown in FIGS. 12 and 15
      rather than the form shown in FIGS. 1-6. Thus, instead of pivotally
      mounting the closure strip on a pivot pin, the closure strip 92a may be
      molded integrally with the base 74 and be provided with a portion 134
      having a reduced section which acts as a hinge for the strip 92a. Of
      course, instead of molding the strip 92a with the base 74, it may be
      molded as a separate piece and secured to the base 74 by an extension 135
      thereof.
PAR  Also, instead of locking the closure strip to the base 74 by means of a
      locking lug 98 and a locking tab 102, the end of the strip 92a may be
      formed as shown in FIG. 12 so as to engage a supporting and locking tab
      135 mounted to receive and hold the end of the strip 92a. Thus, as shown
      in FIGs. 12 and 15, the free end 137 of the strip 92a is stepped and
      rounded so that as it is pushed against the edge of the base 74 it is
      received in a portion 138 of the tab 136 and between the edge of the base
      74 and a retaining ridge 139 on the tab 136. The tab 136 may be molded
      integrally with the base 76 or may be formed in two parts, the part 140
      being molded integrally with the base 74, and the part 141, carrying the
      ridge 139, being a small plate secured to the lower surface of the base
      74.
PAR  It will be appreciated that there has been described a very compact and
      easily manufactured telephone index assembly which provides versatility
      and convenience in use and which lends itself to economical and simple
      manufacturing techniques.
PAR  Having thus described the invention with particular reference to the
      preferred forms thereof, it will be obvious to those skilled in the art to
      which the invention pertains, after understanding the invention, that
      various changes and modifications may be made therein without departing
      from the spirit and scope of the invention, as defined by the claims
      appended thereto. For example, the positions of certain parts may be
      interchanged. Thus, although not preferred, the closure strip may be at
      the edge of the base member opposite to that shown in the drawings. Also,
      the guide tabs and locking lug may be on the base member rather than the
      closure strip, and if a socket or tab cooperates therewith, it may be on
      the closure strip.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A telephone index device comprising:
PA1  a flat slab-like base member of a substantially rectangular configuration
      for supporting a stack of index sheets on an upper surface thereof, a
      stack of index sheets each of said sheets having spaced apertures along at
      least one side thereof,
PA1  an elongated closure strip member mounted adjacent one of the longer edges
      of said substantially rectangular base member for movement toward and away
      from said edge, said base member and strip member lying in the same plane,
PA1  a plurality of inverted integral U-shaped loops mounted in spaced relation
      on one of said strip and base members with one leg thereof secured to said
      one of said members and with the other leg thereof having a free end
      overlying and contiguous to the upper surface of the other of said strip
      and base members, said loops being designed to engage the apertures in the
      index sheets,
PA1  and means for releasably maintaining said strip member adjacent said one of
      said longer edges of said base member such that the free ends of the loops
      is closed off by one of said strip and base members to secure the index
      sheets on said loops, said means comprising at least one projection
      extending beyond the edge of one of said base and strip members,
PA1  guide means on at least one of said strip and base members for guiding and
      maintaining said strip member in a plane parallel to the plane of said
      base member,
PA1  engaging and holding means on the other of said base and strip members for
      frictionally engaging said at least one of said projections thereby
      locking the strip member in place against the base member in edge-to-edge
      relationship, said strip member being releasable therefrom by movement in
      a plane which is substantially parallel to the plane of the base;
PA1  and means for mounting said device to a telephone instrument.
NUM  2.
PAR  2. An index device as claimed in claim 1, further comprising guide means
      comprising at least one tab extending from one of said strip and base
      members toward and engageable wih the other of said strip and base members
      for guiding said strip member in a plane parallel to the plane of said
      base member.
NUM  3.
PAR  3. An index as claimed in claim 2, further comprising means on said
      last-mentioned other members for receiving and extending members for
      receiving and extending at least part way around said tab and in contact
      therewith.
NUM  4.
PAR  4. An index device as claimed in claim 2, further comprising at least one
      ribbon-like strip secured at one end to said strip member and at the
      opposite end to said base member.
NUM  5.
PAR  5. An index device as claimed in claim 1 wherein said one leg of said loops
      is secured to said base member and the other leg thereof overlies the
      upper surface of said strip member.
NUM  6.
PAR  6. An index device as claimed in claim 5 wherein said strip member is
      pivotally connected at one end thereof to said base member and the pivot
      axis of said strip member is substantially perpendicular to the plane of
      said base member.
NUM  7.
PAR  7. An index device as claimed in claim 6 wherein said means for engaging
      and holding said projection comprises a tab having an opening for
      receiving said projection with the wall of said opening in engagement with
      said projection.
NUM  8.
PAR  8. An index device as claimed in claim 7 further comprising a guide tongue
      on one of said strip and base members extending toward the other of said
      strip and base members and a tongue receiving socket member on said other
      of said strip and base members for receiving and guiding said tongue as
      said strip member is moved toward and away from said base member.
NUM  9.
PAR  9. An index device as claimed in claim 8 wherein said strip member has
      recesses in the upper surface thereof for receiving the free ends of said
      other legs.
NUM  10.
PAR  10. An index device as claimed in claim 1 further comprising a pair of
      projections on said other of said strip and base members, one on each side
      of said free end of said other leg.
NUM  11.
PAR  11. An index device as claimed in claim 10 wherein said means for
      releasably maintaining said strip adjacent said edge of said base members
      comprises ridges on the upper surface of said other of said strip and base
      members intermediate said free ends of said other legs and the edge of
      said last-mentioned other member, each ridge having a height above the
      upper surface of said last-mentioned other member greater than the spacing
      between said free end and said last-mentioned upper surface.
NUM  12.
PAR  12. An index device as claimed in claim 1, wherein said other of said strip
      and base members has recesses in the upper surface thereof for receiving
      the free ends of said other legs.
NUM  13.
PAR  13. An index device as claimed in claim 1 further comprising a mounting
      means for mounting said base member on a telephone instrument comprising a
      mounting member, means for securing said mounting member to said
      instrument, and a plug secured to one of said base and mounting members
      and extending outwardly therefrom, the other of said base and mounting
      members having a socket for receiving and gripping the outwardly extending
      portion of said plug, said plug being dimensioned to fit snugly into said
      socket to provide a friction fit therewith for holding said base member in
      the desired position relative to said telephone instrument.
NUM  14.
PAR  14. An index device as claimed in claim 13 wherein said base member is
      relatively long and narrow and the length of said plug extends
      substantially parallel to the plane of said upper surface of said base
      member and transversely to the length thereof and wherein said plug is
      secured to said base member and said socket is formed by a boss extending
      from said mounting member.
NUM  15.
PAR  15. An index device as claimed in claim 14, wherein said socket includes a
      cylindrical opening in said boss and said plug is cylindrical whereby said
      base member may be rotated around the axis of said cylindrical opening.
NUM  16.
PAR  16. An index device as claimed in claim 1, further comprising a sheet
      holding element mounted on said base member adjacent an edge of said
      sheets other than the edge thereof adjacent said apertures, said element
      being pivotally mounted on said base member and having a portion which
      overlies said sheets in one position thereof and which upon pivoting of
      said element is removed from said position to permit turning of said
      sheets.
NUM  17.
PAR  17. An index device as claimed in claim 1 further comprising:
PA1  a mounting means for mounting said base member on a generally vertical
      surface of a telephone instrument comprising a mounting plate member,
PA1  adhesive means for securing said mounting plate member to said vertical
      surface of said telephone instrument,
PA1  a cylindrical plug extending outwardly from one of said members, the axis
      of said plug being generally parallel to the plane of said base member,
PA1  a corresponding cylindrical socket in the other of said members and adapted
      to receive and frictionally grip the extended portion of said plug to
      thereby maintain said base member in the desired position relative to said
      telephone instrument,
PA1  said plug and said socket being dimensioned so as to provide a push fit
      permitting removal of said plug from said socket and adjustment of the
      plane of said base member at any desired angular position about the axis
      of said plug.
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ABST
PAL  An improved device for holding the tip of a resilient fishing rod in a
      bowed position when the fishing line is baited and for releasing the tip
      for sudden snap movement upwardly when a force is exerted on the fishing
      line by a fish. The device is provided with a trip means having an
      adjustable member for setting the force required for initiating the snap
      movement. The adjustable member is arranged for infinitely variable
      displacement along the outer fish rod end, and in the bowed position, the
      adjustable member coacts with a hook member attached to one end of a line,
      with the other end of the line being attached to the fishing rod at a
      position remote from the tip. For obtaining the desired bowed position or
      bending of the fishing rod tip, the hook member is releasably attached to
      a support member on the tip. The adjustable member is arranged between the
      extreme end of the rod and the support member. The adjustable member for
      setting the force required for releasing the tip for snap movement
      provides a useful means for adjusting the force in relation to the weight
      of the bait. An adjustment can be carried out even when the line is baited
      and fishing is carried out.
BSUM
PAC  BACKGROUND OF THE INVENTION AND DESCRIPTION OF PRIOR ART
PAR  The invention relates to a device for setting the resilient tip of a
      fishing rod in a bowed, tensioned and releasable fish catching state.
PAR  Fishing devices settable in such a tensioned state and in which a slight
      pulling force exerted in the fishing line releases the device for giving a
      sudden upwardly directed pulling force in the line are previously known.
      For instance, U.S. Pat. No. 2,177,912 discloses a fishing device in which
      the outer end of a fishing rod can be brought to a tensioned, bowed
      position by means of a rod means attached to a support member for the
      fishing rod and releasably attachable to the outer end of the fishing rod.
      For holding the fishing rod in a bowed position, there is arranged a hook
      at the free end of the rod means, which hook cooperates with a ring at the
      free end of the fishing rod. The fishing line passes through a forklike
      member at the top of the rod means and is gripped between the fingers of
      the fork. When a force is exerted in the fishing line at the end thereof,
      the line will first pull the rod means out of the loop at the top of the
      fishing rod and then the fishing rod will snap back to its untensioned
      state. The only way of varying the force required for snapping back the
      fishing rod to its original untensioned state, is to alter the position of
      the inner end of the fishing rod in the fishing rod support member.
PAR  In Swedish Pat. No. 84,608, there is disclosed a different type of device
      for obtaining a sudden upwardly directed pulling force when a slight force
      is exerted on the free end of a fishing line. For obtaining this, at the
      free end of a fishing rod, there is arranged a pivotably connected arm
      which has a roller at the free end thereof. Integral with said arm a hook
      is formed and can be engaged with a spring biased arm at the top of the
      fishing rod end. A further roller is arranged on said spring biased arm,
      and when the hook has been brought into engagement with the spring biased
      arm, the fishing line is passed over said two rollers. A force exerted on
      the free end of the fishing line will pull the arm having the hook out of
      engagement with the spring biased arm, and the fishing line will suddenly
      be pulled upwardly when the spring biased arm returns to its original
      position.
PAR  There have been proposed a number of devices having tripping means for
      snapping a bowed, resilient fishing rod end back to its original
      untensioned position but all of these known devices have suffered from the
      drawback that it has not been possible to provide any easy adjustable
      means for varying the force required for relasing the tripping means and
      snapping the fishing rod end back to its original position.
PAC  SUMMARY OF THE INVENTION
PAR  The main object of the invention is to provide an improved device for
      making possible the adjustment of the force required for snapping back a
      bowed, resilient fishing rod tip.
PAR  Another object of the invention is to provide a device which easily can be
      mounted on different types of existing fishing rods.
PAR  A further object of the invention is to provide a simple and reliable
      tripping device, the releasing force of which easily can be adjusted
      during fishing and also being adjustable within a broad load range, from
      the heaviest to the slightest baits.
PAR  The improved device, according to the invention, comprises at the tip of a
      resilient fishing rod, a support means for a hook member attached to one
      end of a second line, means for attaching the other end of the second line
      to the fishing rod at a position remote from the tip with the distance
      between said support means and said attaching means and the length of the
      second line being such that when the hook is supported in said support
      member, the fishing rod is bowed against the spring force of the rod;
      means on said hook member for providing a contact surface; and an
      adjustable means arranged on the fishing rod end between the extreme end
      thereof and said support means and displacable along the fishing rod tip
      and having a tripping surface for engagement with the contact surface of
      said hook, the arrangement being such that when the tip of the fishing rod
      is bent further, the tripping surface of the adjustable means presses the
      hook means out of engagement with the support means, and the rod end tip
      is released.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For further explaining the invention and the advantages and features
      thereof, the invention will now be described with reference to the
      enclosed drawings.
PAR  FIG. 1 is a fishing rod having a device according to one embodiment of the
      invention, with the device being shown in a position in which the fishing
      rod is ready for fishing,
PAR  FIG. 2 is an enlarged partial view of a modified embodiment of the device
      according to FIG. 1,
PAR  FIG. 3 is a section along lines III -- III in FIG. 2, with the hook being
      removed for clarifying the construction of the support means,
PAR  FIG. 4 is an elevational side view of a member for attaching to the fishing
      rod the line used for bowing the fishing rod,
PAR  FIG. 5 is a section on line V -- V in FIG. 4,
PAR  FIG. 6 schematically shows a spinning rod mounted to the gunwale of a boat
      and having a device according to a second embodiment of the invention
      mounted thereon,
PAR  FIG. 7 is a detailed view showing the different elements of the device used
      in the embodiment according to FIG. 6,
PAR  FIG. 8 is a perspective view showing the hook support member in FIG. 7, and
PAR  FIG. 9 is a perspective view showing the displaceable member in FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The fishing instrument according to FIG. 1 comprises a rod 1 having a
      handle 2 and a fishing line supporting member 3 at the tip of the rod. The
      rod 1 is manufactured of a resilient material, for instance, reinforced
      fiber glass.
PAR  The fishing line support member 3 is a nose shaped member having a
      bow-shaped slot in the direction of the rod 1, is also provided with a
      hole 3' at a rear portion thereof. In the bowed position in FIG. 1, a
      fishing line 19 is supported by the member 3 by forming a loop in the line
      and inserting the nose shaped portion of the member 3 in said loop as
      schematically disclosed in FIG. 1. The fishing line is broken in FIG. 1,
      but it is to be understood that at the rear end thereof, the line extends
      to a reel 20 mounted at the handle 2. The other end of the line 19 is, of
      course, immersed in water and provided with a bait. The arrangement of the
      fishing line 19 in FIG. 1 is particularly suitable when great forces are
      expected on the line. Alternatively, the fishing line 19 can be attached
      in the hole 3' of the nose shaped member 3, in which case no reel is
      needed.
PAR  In FIG. 1, the device for bowing the tip of the fishing rod 1 comprises a
      support member 4, a hook member 5 releasably attachable to said support
      member, with the hook 5 being attached to a second line 6 which, at the
      other end thereof, is fixed to a ring shaped member 7 screwed into the
      handle 2 of the fishing rod.
PAR  A portion 8 of the support member 4 coacting with the hook member 5
      comprises a pin having a rounded end portion 9 complementarly shaped to a
      rounded shoulder or hook shaped surface 10 of the hook member 5.
PAR  As is disclosed in FIG. 1, the length of the second line 6 is such that the
      hook member 5 can be attached to the supporting member 4 only when the
      fishing rod is bowed. The hook member 5 has a contact surface 11, with the
      contact surface being spaced from the rod 1 when the rod is in the bowed
      position and when the hook is attached to the support member 4. When a
      force is exerted on the fishing line 19 supported by the nose shaped
      member 3, the tip of the fishing rod supporting an adjustable member 12
      will be bowed towards the contact surface 11 of the hook member, and if
      the load or pulling force on the fishing line is sufficient, the
      adjustable member 12 will press against the contact surface 11 and force
      the hook out of engagement with the pin 8 of the support member 4. Under
      the influence of its inherent spring force, the resilient rod resumes its
      original, straight position, and a strong pulling force will be exerted on
      the line 19 hanging on the member 3. When the line 19 is suddenly pulled
      upwards, the fish will be hooked. If later on, the fish pulls heavily on
      the line 19, the line will be released from the nose shaped member 3, and
      thereafter the line will be supported by a ring 29 close to the handle 2
      of the rod.
PAR  For setting the releasing force, i.e., the load required for releasing the
      tripping device and bringing the rod 1 back to its original state, the
      member 12 is displaceable along the rod end. The member 12 has a central
      hole 13, and as disclosed in FIG. 2, the member 12 is divided by a slot 17
      along the entire length of the member and leading to the hole 13 (FIG. 1).
      Thus, the slotted hole 13 will accommodate the increasing or decreasing
      width of the fishing rod tip when the member 12 is displaced along said
      tip. The member 12 is approximately shaped as a truncated cone having its
      small end arranged towards the support member 4. The member 12 will,
      therefore, have an external surface 14 converging towards the support
      member 4. When the member 12 is displaced towards the support member and
      the hook member 5 supported thereon, the surface 14 of the member 12 will
      engage the contact surface 11 of the hook member. By displacing the member
      12 closer to the support member 4, the hook member 5 will be turned around
      the rounded portion 9 of the pin 8 and the grip between the hook shaped
      shoulder 10 and the pin 8 will be made smaller which also means that the
      required releasing force will be less.
PAR  In the embodiment according to FIG. 2, the support member 4 is detachable
      from the fishing rod and can be displaced to different positions for being
      fixed in said positions. For obtaining this end, the portion of the
      support member gripping around the rod is slotted and provided with a
      fixing screw 15.
PAR  For obtaining reliable attachment of the hook to the pin 8 at the rounded
      portion of the pin, there may be formed a groove 16 in the top portion of
      the pin 8, with said groove having a width greater than the thickness of
      the hook member 5. By this groove, the hook member is guided laterally so
      that the hook member cannot be released from the support member due to,
      for instance, vibrations or the like.
PAR  There is also another purpose of having the adjusting member and the
      support member detachable. By such an arrangement, said members can be
      attached to existing fishing rods provided with fixed fishing line rings
      which prevent mounting of said members from the outer free end of the rod.
      As appears from FIGS. 4 and 5, a line attaching member 7a is also
      detachable from the rod 1. The member 7a is slotted to the interior space
      thereof, and the external end of the slot can be shaped with a diverging
      entrance opening. The memger 7a has a U-shaped cross section, and the two
      legs of the U can be brought towards each other by means of a screw 18 so
      that the required grip around the rod is obtained. The screw 18 also
      serves as support for the second line 6.
PAR  In FIG. 6, the fishing rod is an ordinary one hand spinning rod which is
      supported in a support member 21 attached to a gunwale 22 of a boat 23.
      The fishing line 19 is fed through ordinary rings 24 of the fishing rod.
      In the baited position, the rod 1 is held in a bowed position by means of
      the second line 6 fixedly attached to the lower portion of the rod and
      releasably attached to the tip of the rod by means of a tripping device
      according to a further embodiment of the invention.
PAR  The tripping device used on the spinning rod in FIG. 6 is shown more in
      detail in FIG. 7. As far as possible, the same reference numerals have
      been used in FIG. 7 as in the previous embodiment of the tripping device.
      At the end of the line second 6 remote from the hook shaped member 5,
      there is arranged an attachment member 24a. The member 24a comprises a
      U-shaped main portion 25 and an integrally formed mounting portion 26
      having a hole through the line 6 is passed. A knot 27 is formed at the end
      of the line 6 so that the member 24a will be retained on the second line.
      For attachment of the second line 6 to the fishing rod, the member 24a is
      inserted between legs 28 of an ordinary ring 29a provided on the spinning
      rod.
PAR  At the other end of the second line 6, the hook shaped member 5 is attached
      by means of an ordinary member 31 for increasing and decreasing the
      effective length of the line 6. In the embodiment according to FIG. 7, the
      hook member 5 comprises two parts 32 and 33, and the mutual position
      between said members can be varied by means of a coupling 34. The coupling
      34 is obtained by forming complementary shaped depressions and beads 35 in
      the members 32 and 33, respectively. The depressions and beads are
      arranged symmetrically around holes in the members 32 and 33. In FIG. 7,
      the member 32 has a hole 36 and there is a corresponding, aligned hole in
      the member 33. The members 32 and 33 are held together by means of a screw
      and nut arrangement (not shown). The particular design of the support
      member 4 in FIG. 7 is best disclosed in FIG. 8. The support member 4
      comprises a main portion 37 having a substantially U-shaped cross section,
      and integral with said main portion is a hook supporting portion 38.
PAR  Similarly to the adjusting member 12 in FIGS. 1 and 2, the support member 4
      in FIGS. 2 - 3 and the line attaching member in FIGS. 4 - 5, the support
      member 4 in FIG. 8 is formed on a resilient material, for instance,
      durable plastic material ("Delrin") or hard rubber. The main portion 37
      has two arcuate portions 39 facing each other. In the interior of the main
      portion, a substantially cylindrical hole 40 for accommodating the rod is
      formed. In FIG. 8, the upper ends of arcuate portions 39 have side walls
      41 diverging outwardly from the hole 40. By means of a wing nut screw 42
      inserted through holes in the opposite walls of the main portion 37 at the
      bottom portion thereof, the dimensions of the hole 40 can be varied for
      accommodating fishing rods of different sizes. A threaded washer is
      preferably inserted in the main portion 37. The hook supporting portion 38
      which is integrally formed with the main portion 37 comprises a base
      portion and two legs 43 extending from said base portion. The legs and the
      base portion of the hook supporting member portion 38 define an open space
      or slot 44. A pin 45, preferably rotatable and having a friction surface
      is inserted through the legs 43 and extends substantially parallel to the
      wing screw 42, and will, therefore, extend substantially perpendicularly
      to a plane containing the fishing rod 1 and the slot 44 in the mounted
      position. In the slot or space 44 between the legs 43, a nose portion 46
      of the hook member 5 will be accommodated when the rod 1 has been bowed
      and the hook inserted in the support member.
PAR  In FIG. 9, the member 12 for adjusting the force required for resetting the
      rod to its original state is shown more in detail. As can be seen in FIG.
      9, the rod 1 is inserted from above into a groove 46 in the member 12. The
      groove 46 can be formed to such a depth that the required strength of the
      member 12 is not adversely effected. In the groove 46, there are portions
      47 and 48 having limiting surfaces facing each other for defining
      substantially cylindrical spaces within the groove 46. Similarly to the
      support member 4, upper side walls 49 of the groove 46 diverge from the
      interior of the slot.
PAR  As can be seen from FIG. 7, the adjusting member 12 and the hook member 5
      cooperate in the same manner as the corresponding members in FIGS. 1 and
      2, i.e., when the adjusting member 12 is displaced towards the support
      member 4 and when the tripping surface 14 thereof is in engagement with
      the contact surface 11 of the hook member 5, the hook member 5 is turned
      in a counter clockwise direction around the pin 45, and the force required
      for resetting the rod 1 to its original state when a force is exerted on
      the fishing line, will decrease in relation to the distance the member 12
      is displaced towards the support member. In FIG. 7, identifications or
      marks 50, 51 have been formed on the adjustable member and the hook
      member, respectively. The identifications are used for establishing the
      releasing force required in different applications. By forming the
      tripping surface of the member 12 so that the distance between contact
      points of said surface and the rod 1 continuously increases when the
      member 12 is displaced towards the support member 4, the adjustment of the
      releasing force will be infinitely variable.
PAR  It is to be understood that variations in details and modifications of the
      preferred embodiments described in the specification and disclosed on the
      drawings are possible within the scope of the invention as it appears from
      the enclosed claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a fishing device of the type comprising a fishing rod having a
      resilient rod tip, a fishing line, means for supporting the fishing line
      at said tip and means for bowing said tip when said fishing line is
      baited, an improved tripping device for bringing the tip back to a
      straight position when a pulling force is exerted by a fish on said
      fishing line, said tripping device comprising means arranged on said tip
      for releasably supporting a member having a first hook shaped surface for
      engagement with said means and a second contact surface; a second line
      having opposite ends, means on said member for attaching said member to
      one end of said second line; means on said fishing rod at a position
      remote from said member for attaching the other end of said second line to
      the rod, the length of the second line being such that when the first hook
      shaped surface of said member is supported by the support means, the rod
      tip is in a tensioned, bowed position; and means displaceably arranged on
      the rod tip and having a tripping surface for engagement with said second
      contact surface of the member supported by the support means and for
      pushing said member away from the support means when a predetermined force
      is exerted on said fishing line and the displaceable means arranged on the
      rod tip is pressed against said second contact surface, the arrangement
      being such that for setting said predetermined force, the displaceable
      means is displaced for bringing the tripping surface thereof into
      engagement with the second contact surface of the member supported by the
      support means for placing the first hook shaped surface of said member in
      a predetermined position in said support means.
NUM  2.
PAR  2. The fishing device according to claim 1, in which said displaceable
      means is arranged on the rod tip between said support means and one
      extreme end of the rod and comprises a body having a base, a top surface
      and an external substantially planar tripping surface inclined to at least
      one rod receiving passage extending between the base and the top surface
      of the body, the tripping surface being arranged for sloping in a
      direction towards an inner end of the rod; and in which the second contact
      surface of the member supported by said support means is a substantially
      planar surface facing the rod and arranged for placing the first hook
      shaped surface in said predetermined position when the tripping surface is
      brought into engagement therewith.
NUM  3.
PAR  3. The fishing device according to claim 2, in which the support means has
      a slotted pin shaped end directed towards the free end of the fishing rod
      and substantially parallel thereto, with said slotted end being arranged
      for engagement with the first hook shaped surface of the member supported
      by said support means.
NUM  4.
PAR  4. The fishing device according to claim 1 in which the displaceable means
      has a slot along the entire length thereof, with said slot leading to a
      rod receiving passage in said displaceable means.
NUM  5.
PAR  5. The fishing device according to claim 1, in which said displaceable
      means comprises a body having substantially the shape of a truncated cone,
      the body having a base surface, a top surface, a central hole extending
      between the base and the top surfaces thereof, a slot along the entire
      length of the body parallel to said hole and extending from the exterior
      surface of the body into said hole, the base surface of the body being
      arranged for facing said support means; the second contact surface of the
      member releasably supported by said support means being a substantially
      planar surface facing the rod and forming an acute angle relative to said
      rod; and the support means having a slotted pin shaped end directed
      towards the free end of the fishing rod and substantially parallel
      thereto, said slotted end being arranged for engagement with the first
      hook shaped surface of the member supported by said support means.
NUM  6.
PAR  6. The fishing device according to claim 5, in which a pin means is
      arranged in said slotted end for engagement with said first hook shaped
      surface.
NUM  7.
PAR  7. In a spinning rod having a tip, a fishing line connected to the tip, a
      means for bowing the tip of the rod when the fishing line is baited, and a
      tripping device for bringing the tip back to a straight position, when a
      pulling force is exerted by a fish on said fishing line, the device
      comprising means attachable to a free end of the spinning rod for
      releasably supporting a member, said member having a first hook shaped
      surface for engagement with said means and a second contact surface facing
      the rod; a second line having opposite ends, means on said member for
      attaching said member to one end of the second line; means attached to the
      other end of the second line and provided with a hook member for locking
      said other end to the rod, the length of the line being such that when the
      first hook shaped surface of said member is supported by the support
      means, the rod tip is in a tensioned, bowed position; and means arranged
      for displaceable attachment on the rod tip and having a tripping surface
      for engagement with said second contact surface of the member supported by
      the support means and for pushing said member away from the support means
      when a predetermined force is exerted on said fishing line and the
      displaceable means mounted on the rod tip is pressed against said second
      contact surface, the arrangement being such that when the tripping device
      is mounted and the tip of the rod is bowed, said predetermined force is
      set by displacing said displaceable means relative to said support means
      so that said tripping surface, when brought into engagement with said
      contact surface of the member, positions the first hook shaped surface in
      a predetermined position in said support means.
NUM  8.
PAR  8. The spinning rod according to claim 7 in which said displaceable means
      comprises a body having a base surface, a top surface, an external
      substantially planar tripping surface extending along a substantial length
      thereof and inclined to at least one passage extending between the base
      surface and the top surface of the body, the body having a mounting slot
      along the entire length of the body parallel to said passage and extending
      from the exterior surface of the body into said passage, the tripping
      surface being arranged for sloping in a direction towards the inner end of
      the rod in the mounted position; the second contact surface of the member
      supported by said support means being a substantially planar surface
      arranged for facing the rod in the mounted position; the support means
      having slotted end directed towards the free end of the rod and
      substantially parallel thereto; and a pin means is arranged in said
      slotted end for engagement with the first hook shaped surface of the
      member supported by said support means.
NUM  9.
PAR  9. The spinning rod according to claim 8, in which identifications for
      establishing the predetermined force are formed on the exterior surface of
      the displaceable means at the second contact surface of the member
      supported by said support means.
NUM  10.
PAR  10. The spinning rod according to claim 9 wherein the member supported by
      said support means substantially at the mid portion thereof is divided
      into two separate portions, and coupling means between said two portions
      for varying the mutual position of said portions.
NUM  11.
PAR  11. The spinning rod according to claim 7 including a support member for
      supporting the inner end of the spinning rod at the a gunwale of a boat.
NUM  12.
PAR  12. The spinning rod according to claim 7, wherein means are arranged for
      increasing and decreasing the effective length of the second line used for
      bowing the rod.
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ABST
PAL  A clevis revolved about the axis of a core wire by a spinner blade secured
      to one arm of the clevis carries a lead line on an opposite arm so that
      the lead line and a lure or bait carried thereby is revolved. In one
      embodiment, the clevis is integral with and formed from the core wire, and
      in a second embodiment the clevis is separate from and swivelled on the
      core wire.
BSUM
PAC  DESCRIPTION
PAR  This invention relates to an offset spinner, and has for an object thereof
      the provision of an offset spinner.
PAR  Another object of the invention is to provide a fishing lure having a hook
      attached to a line secured to one end of a lever revolved around a core
      wire by a spinner blade.
PAR  A further object of the invention is to provide a fishing lure having a
      swivelled core wire having an eye formed at one end with an offsetting arm
      adjacent thereto projecting transversely to the body, a line with a hook
      thereon secured to the offset arm and a spinner blade secured to the eye.
PAR  Another object of the invention is to provide a fishing lure having a
      clevis rotatable by a spinner blade on a core wire and an offsetting arm
      to which a hook carrying leader is secured.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of an offset spinner forming one embodiment of
      the invention; and
PAR  FIG. 2 is a perspective view of an offset spinner forming an alternate
      embodiment of the invention.
DETD
PAR  Referring now in detail to the drawings, there is shown in FIG. 1 an offset
      spinner forming a specific embodiment of the invention and including a
      spinner blade 10 secured to a split ring or clevis portion 12 of a stiff
      spring core wire 14 having a body 16, an offset arm 18 provided with an
      eye portion 20 and an eye portion 22 adapted, as shown, to be secured to a
      snap swivel 24 on the end of a fishing line 26 leading to a fishing pole
      and a reel (not shown). A short leader 28 carrying a snap swivel 30 is
      secured to the eye portion 20, and a baited hook 32 or a small spinner or
      a wobbler is secured to the free end of the leader, the leader being
      several times as long as the offsetting arm 18, being ten inches or so
      long in one very successful embodiment. The split ring 12 is offset from
      the axis of the body 16 and, when the lure is pulled through the water,
      the blade revolves the core wire 14 to revolve the leader and hook about
      the axis of the body 16 with a twitching action very attractive to fish.
PAC  Embodiment of Fig. 2
PAR  An offset spinner forming an alternate embodiment of the invention includes
      a stiff core wire 44 on which is rotatably mounted a strap-like clevis 42
      bearing against a bearing bead 43 on the wire 44 which has an enlarged end
      45 retaining the bead thereon. A spinner blade 40 is secured in the usual
      fashion to the clevis, and a long, offsetting arm 48 of the clevis has an
      eye portion 50 at its free end to which is secured a leader 58. The leader
      carries a snap swivel 60 at its lower end, and a hook 62 or a spinner,
      wobbler or other lure may be substituted for the hook, if desired. The
      upper end of the core wire 44 has any eye 52 for securing the lure to a
      snap swivel 54 secured to the end of a fishing line 56. When the lure is
      pulled through the water, the blade revolves around the core wire and
      revolves the clevis, which revolves the leader and the terminal lure
      thereon. This also produces a fish-catching twitching action.
PAR  If desired, colored beads with or without a swivelled blade may be mounted
      on the core wires 14 and 44 as further attractions. The blades 10 and 40
      are somewhat cupped as is common with spinners and are shown with the
      concave portion of the blade 10 facing outwardly, and the concave portion
      of the blade 40 facing inwardly. The blades may be reversed from these
      directions of facing if desired.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an offset spinner,
PA1  core wire means having a longitudinal axis,
PA1  clevis means connected to the core wire means,
PA1  a spinner blade connected to the clevis means at a point offset from said
      axis for revolving the clevis means around said axis,
PA1  a leader,
PA1  and offsetting arm means connected to the clevis means and revolved thereby
      and carrying the leader at the outer end of the arm means.
NUM  2.
PAR  2. The offset spinner of claim 1 wherein the core wire means, the clevis
      means and the arm means are integral.
NUM  3.
PAR  3. The offset spinner of claim 2 wherein the core wire means, the clevis
      means and the arm means are a single stiff wire.
NUM  4.
PAR  4. The offset spinner of claim 3 wherein the wire has a coiled, offset
      split ring portion forming the clevis means.
NUM  5.
PAR  5. The offset spinner of claim 4 wherein the wire has eye portions at each
      end thereof.
NUM  6.
PAR  6. The offset spinner of claim 1 wherein the clevis means and the
      offsetting arm means are a single strap having a U-shaped clevis portion
      rotatable on the core wire means and an elongated arm forming the arm
      means.
NUM  7.
PAR  7. The offset spinner of claim 6 including a bearing bead on the core wire
      means against which the strap bears.
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ABST
PAL  A fishing leader for rigging multiple hooks on a single line which
      incorporates a main leader adapted to be connected at the upper end to a
      fishing line and to a suitable weight at the lower end, the apparatus
      incorporating one or more points of connection for hooks. The hooks are
      carried to the side of the main line to avoid tangling the hooks with the
      main line. In the event multiple connections are incorporated, they extend
      laterally to the side at spaced locations and can be positioned at
      different angles to position the hooks where entanglement will be avoided.
      Each hook is supported from preferably a swivel which connects to the
      point of termination of multiple strands which are constructed and
      arranged to bend away from the main cable.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In fishing in ocean waters for fish which school, such as red snapper, it
      is customary to rig a fishing line with multiple hooks. They are all
      connected to a common leader and share a common weight, and all hang
      downwardly by gravity and approximately coincide with the main line. Often
      treble hooks are used. It is likely that multiple treble hooks hung from
      multiple points on a leader will become entangled. Often a monofilament
      line is used to avoid observation by fish. A monofilament line must often
      be connected through a swivel to a leader and becomes entangled with the
      hooks, thereby defeating the purpose of the line. The tangling can become
      so severe that it is difficult for the fisherman to disengage the hooks
      from the leader.
PAR  The swivel in this invention is held to the side by the use of multiple
      strands of fairly stiff fishing line. They are connected to the main line
      in a manner causing them to extend away from it rather than to hang
      parallel. They are preferably fabricated of fishing line which is somewhat
      stiffer such as plastic coated flexible metal line. It is stiffer and more
      readily able to bend to a specified position and maintain it.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is summarized as a fishing leader assembly for use
      with multiple hooks. It is adapted to be connected to a fishing line by
      means of a swivel, and incorporates a main leader line connected to the
      fishing line at the top end and supporting a weight at the bottom. One or
      more points of connection for a hook are maintained. The connective points
      are held to the side by stiff fishing lines which connect together to
      support a swivel. The swivel is held to the side, thereby enabling
      multiple swivels to support multiple hooks at spaced locations along the
      main leader line and at different angles relative to the main line.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of the fishing leader of the present invention in a
      relaxed or un-weighted posture showing only one point of connection for a
      hook;
PAR  FIG. 2 is a view of the apparatus shown in FIG. 1 with the main leader line
      pulled nearly straight by placing a weight on the bottom thereof; and,
PAR  FIG. 3 is a sectional view through the line used to fabricate a portion of
      the apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Attention is first directed to FIG. 1 where the fishing leader 10 is shown.
      A suitable fishing line 12 supplied from a rod and reel connects to a
      swivel 14. The swivel 14 supports the main leader line 16. The main leader
      line 16 extends from the upper swivel 14 to a lower swivel 18. The lower
      swivel 18 is adapted to be connected to a weight 20 as shown in FIG. 2.
      The main line 16 is formed into a loop or eyelet at its upper end by means
      of a crimped sleeve 22. The crimped sleeve 22 is used at various points in
      the apparatus to join and fix two members of flexible line together. At
      the lower eyelet, the main line is looped back on itself to form a loop or
      eyelet for connection with the lower swivel 18. Two or more portions of
      fishing line used in construction of the apparatus 10 are secured together
      by the crimped sleeves 22 at various points in the apparatus.
PAR  FIG. 3 is a sectional view through a portion of the main line 16, and other
      portions of the apparatus. The main line 16 and the other portions of the
      apparatus 10 are fabricated out of relatively stiff fishing line. It is
      customary to build a leader from line which is fairly strong in comparison
      with the equipment to be used with it. This is particularly true for salt
      water fishing. The leader must be strong and abrasion resistant. FIG. 3
      shows in section a substantially strong line 26 which is encased in a
      sheet of resilient line 28. The line 26 can be a woven or multi-strand
      steel cable. The covering 28 protects the line 26 against rust. The
      covering 28 is typically nylon or other plastic materials. It may have a
      test upwards of one hundred pounds or more, depending on the size and
      weight of fish to be sought by the fisherman. The leader apparatus 10 is
      sized to the fishing line itself, and the weight of tackle chosen by the
      fisherman.
PAR  As shown in FIG. 2, the main line 16 is represented as straight when it is
      rigged on a line 12 and supports a weight 20. A single means 30 receives
      and supports a hook. The purpose of the means 30 is to support a hook to
      the side of the main line 16 so that the hook does not become entangled.
      The means 30 can be duplicated at multiple points along the main line 16.
      They can be oriented at different angles with respect to the main line 16
      as a common axis. Through this arrangement, multiple hooks can be
      supported by the main line and entangling of the hooks with the leader
      apparatus 10 is far less likely through the use of the present invention.
PAR  The means 30 incorporates a lower lateral line 32 and a upper lateral line
      34. The lines 32 and 34 are joined to the main line 16 by suitable crimped
      sleeves 36 and 38. The sleeves 36 and 38 secure the lines so that they
      emerge from the sleeves parallel to the main line. However, they are bent
      to the side and come together at a common sleeve 40 and support a snap
      swivel 42. The snap swivel 42 is adapted to support a clear monofilament
      line 44 as shown in FIG. 1. The clear monofilament leader 44 is then
      connected to a snap 46 and a hook can be placed on the bottom of the snap
      swivel 46. When the line 16 is maintained tight or nearly so, the lines 32
      and 34 pull against one another and kick to the side. The opposite pull
      exerted by the looping of the lateral lines 32 and 34 is counterbalanced.
      They come together at the crimped sleeve 40 and are located to the side of
      the main line 16. The lines 32 and 34 are preferably located at the same
      relative angle considering the main line 16 as its axis. Exact precision
      is not required.
PAR  The weight which can be easily experienced by the means 30 is supported by
      the use of an additional brace line 50 which is not reversed looped but
      extends from a sleeve above the lateral lines 32 and 34. It is joined to
      the lateral line 34 by a sleeve 52 and then comes also to the sleeve 40.
      The connection of the brace line 50 at the sleeve 52 which is not quite so
      remote laterally shapes the brace line 50 so that the means 30 is
      reinforced and has an enhanced tendency to stand to the side as opposed to
      drooping and hanging almost vertically and parallel to the main line 16.
      The lines 32, 34 and 50 all cooperate and are shaped to extend to the
      side. Relatively stiff metal fishing line is used in the manufacture of
      the means 30.
PAR  As stated, the means 30 can be duplicated at multiple points along the main
      line 16. This enables a different untangled hook to be hung from each
      means 30 so that the leader apparatus 10 can be rigged with several hooks.
PAR  The foregoing is directed to the preferred embodiment of the present
      invention, the scope of which is determined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A leader apparatus for installation on a fishing line and adapted to
      support a fish hook, comprising:
PA1  a main leader line adapted to be connected to a fishing line at its upper
      end and a weight at its lower end:
PA1  at least one laterally extending means supported at some point along said
      main line and adapted to receive and support a fish hook at the side of
      and remote from said main line, and wherein said laterally extending means
      includes first and second lateral lines connected to and supported by said
      main line and which come together at a point laterally of said main line
      such that said lateral lines hold themselves to the side of said main line
      and thereby support a fish hook on a short line connected to and located
      laterally of said main line and free of entanglements with said main line;
      and
PA1  an elongate brace line connected by a connector means to said lateral lines
      which is curved from a point of connection to said main line to said
      lateral lines constructed and arranged such that said brace line holds
      said lateral lines at the side of said main line and supports a load on a
      hook.
NUM  2.
PAR  2. The apparatus of claim 1 including a first swivel connected at the lower
      end of said main line to support a weight thereon.
NUM  3.
PAR  3. The apparatus of claim 1 including a swivel connected to said lateral
      lines for supporting a hook.
NUM  4.
PAR  4. The apparatus of claim 1 including a swivel means at the top end of said
      main line.
NUM  5.
PAR  5. The apparatus of claim 1 including a crimped sleeve about the ends of
      both lateral lines to secure them together and remote from said main line.
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ABST
PAL  The rudder comprises a thin, flat rudder vane disposed vertically and
      arranged for connection at the front end to a trolling line, and for
      coupling at a rearward point by an included swivel to a leader extending
      rearwardly to a trailing lure; the rudder vane including a receptacle
      extending along its lower edge for reception of a selected number of
      weights to stabilize the vane and control its running depth as well as
      that of the trailing lure, and a shroud on the upper edge of the vane
      encompasses the swivel in protective relation without interfering with the
      normal function of such swivel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the use of conventional fishing line rudders, it is the usual practice
      to affix--inconveniently and not always with effective results--depth
      control weights to the line or leader, while the swivel--as coupled
      between the rudder and leader--is wholly exposed and hence subject to
      tangling as well as wear and tear on its working parts due to the
      intrusion of foreign substances such as sand, silt, and other abrasive
      materials. The present invention was conceived in a successful effort to
      avoid such inconvenience and overcome such problem.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides, as a major object--a fishing line rudder
      which comprises a thin, flat rudder vane disposed vertically and arranged
      for connection at the front end to a trolling line, and for coupling at a
      rearward point by an included swivel to a leader extending rearwardly to a
      trailing lure; the rudder vane including a receptacle extending along its
      lower edge for reception of a selected number of weights to stabilize the
      vane and control its running depth as well as that of the trailing lure,
      and a shroud on the upper edge of the vane encompasses the swivel in
      protective relation without interfering with the normal function of such
      swivel.
PAR  The present invention provides, as another important object, a fishing line
      rudder, as above, wherein the receptacle for the weights includes an
      access opening normally closed by a gate; the gate being movable to an
      open position whereby to permit the insertion of weights into, or removal
      from, the receptacle as fishing conditions may require.
PAR  The present invention provides, as a further object, a fishing line rudder
      which is designed for ease and economy of manufacture.
PAR  The present invention provides, as a still further object, a practical,
      reliable, and durable fishing line rudder, and one which is exceedingly
      effective for the purpose for which it is designed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation--partly broken away and in section--of the
      fishing line rudder; the weight retention gate being shown in closed
      position.
PAR  FIG. 2 is a similar view, but with such gate shown in open position.
PAR  FIG. 3 is an elevation--partly broken away and in section--of the opposite
      side of the fishing line rudder.
PAR  FIG. 4 is a rear end elevation of the same.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to the drawings and to the characters of
      reference marked thereon, my improved fishing rudder comprises a thin,
      flat rudder vane 1 disposed vertically or upright and--in side
      elevation--being generally in the form of a rhomboid parallelogram.
PAR  At the forward upper corner, the rudder vane 1 is provided with a
      transverse hole 2 adapted for connection of a snap 3 on the outer end of a
      fishing line 4 leading from a reel (not shown).
PAR  A short, longitudinal tubular shroud 5 is partially recessed into, and
      extends in fixed relation along, the upper rear edge portion of the rudder
      vane 1; such shroud 5 being open at the rear end, and permanently closed
      at the front end by a conical head 6.
PAR  A swivel 7, preferably of barrel-type, is disposed lengthwise mainly within
      the shroud 5, and--at its inner or forward end--such swivel is connected,
      by a ring 8, to a cross pin 9 which extends through such shroud. At its
      outer or rear end, the swivel is coupled to a snap 10 adapted for
      attachment to a leader (not shown) having a lure on its trailing end.
PAR  In use, with the rudder vane 1 connected between line 4 and the leader as
      above described, the swivel 7 prevents any twisting or torque, as imparted
      to the leader by the lure, from being transmitted to the rudder vane 1,
      and the rudder vane always runs in the water in an upright, non-rotating
      position which assures of non-twisting of line 4. At the same time, the
      swivel 7, as protected by the shroud 5, is maintained free of entanglement
      and is not readily subject to infiltration into its working parts of
      damaging foreign substances such as sand, silt, and other abrasive
      materials.
PAR  To control the running depth of the fishing line rudder, as well as to
      further assure of its stability in use, the following weighting
      arrangement is provided at the lower edge of the rudder vane 1:
PAR  An elongated tubular receptacle 11 extends in fixed relation along the
      lower edge of the rudder vane 1 and contains a number of relatively short,
      end-to-end cylindrical weights 12 preferably of lead. The front end of the
      receptacle 11 is permanently closed by a conical head 13 which minimizes
      drag, while the rear end of said receptacle is initially open at the rear
      end, but normally closed--to prevent escape of the weights--as will now
      appear.
PAR  An elongated spring metal wire 14 extends closely along one side of the
      rudder vane 1; such wire having a downturned front end tip 15 which bears
      on a stop 16. A downturned leg 17 on the rear end of wire 14 normally
      extends through a hole 18 in the top of the receptacle 11 and then-- in
      gate forming relation--spans downwardly across the intially open rear end
      portion of said receptacle. A foot 19 on the lower end of leg 17 prevents
      such leg from escaping upwardly from hole 18. The spring metal wire 14 is
      engaged, under load, beneath a lateral fulcrum pin 20 on rudder vane 1
      immediately rearwardly of the tip 15; the wire--because of such
      loading--normally but yieldably urging the gate-forming leg 17 in a
      downward position spanning across the rear end portion of the receptacle
      whereby weights 12 cannot accidentally escape.
PAR  When it is desired to add weights to, or remove them from, the receptacle
      11, the spring metal wire 14 is manually sprung upwardly at the rear, and
      which draws the gate-forming leg 17 upwardly to an out-of-the-way position
      so that weights can be removed from, or be placed in, said receptacle.
      Thus, by a simple manual operation, weighting of the rudder vane can be
      varied as conditions of use may require.
PAR  From the foregoing description, it will be readily seen that there has been
      produced such a fishing line rudder as substantially fulfills the objects
      of the invention, as set forth herein.
PAR  While this specification sets forth in detail the present and preferred
      construction of the fishing line rudder, still in practice such deviations
      from such detail may be resorted to as do not form a departure from the
      spirit of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fishing line rudder comprising a thin, flat rudder vane adapted to be
      connected at the front to a fishing line and normally disposed in a
      vertical running position, means adapted to couple the rudder vane at a
      rearward point to a leader trailing a lure, a weight-receiving receptacle
      on the rudder vane in proximity to its lower edge, the receptacle having
      an access opening to permit the placement of weights in or removal thereof
      from said receptacle, and movable means normally closing said access
      opening; the receptacle being tubular and extending in fixed relation
      longitudinally of said lower edge of the rudder vane, the open rear end
      portion of such tubular receptacle providing such access opening, and said
      movable means being a springurged gate spanning transversely across said
      rear end portion of the tubular receptacle in closing relation thereto.
NUM  2.
PAR  2. A fishing line rudder, as in claim 1, including a spring-metal wire
      extending along one side of the rudder vane, a down-turned leg on the rear
      end of said wire, the leg forming said gate, and means mounting the
      spring-metal wire under load in a direction which yieldably urges the leg
      to a gate-forming position relative to said rear end portion of the
      tubular receptacle.
NUM  3.
PAR  3. A fishing line rudder, as in claim 2, in which the spring-metal wire
      mounting means includes a down-turned tip on the front end of the wire, a
      stop on the rudder vane engaged by said tip, and a fulcrum pin on and
      projecting laterally from the rudder vane in a position engaging and
      loading the wire from above at a point intermediate its ends.
NUM  4.
PAR  4. A fishing line rudder comprising a thin, flat rudder vane adapted to be
      connected at the front to a fishing line and normally disposed in a
      vertical running position, means adapted to couple the ruder vane at a
      rearward point to a leader trailing a lure, a weight-receiving receptacle
      on the rudder vane in proximity to its lower edge, the receptacle having
      an access opening to permit the placement of weights in or removal thereof
      from said receptacle, and movable means normally closing said access
      opening; said coupling means comprising a tubular shroud extending in
      fixed relation lengthwise of the rear, upper edge portion of the rudder
      vane, said shroud being closed at the front end and open at the rear end,
      a longitudinal swivel disposed in the main in the shroud, a connection
      between the front end of the swivel and the shroud, and an element at the
      rear end of the swivel adapted to attach to the leader, the connection
      between the swivel and shroud comprising a ring on the front end of the
      swivel and a cross pin in the shroud extending through the ring.
NUM  5.
PAR  5. A fishing line rudder comprising a thin, flat rudder vane adapted to be
      connected at the front to a fishing line and normally disposed in a
      vertical running position, means adapted to couple the rudder vane at a
      rearward point to a leader trailing a lure, a weight-receiving receptacle
      on the rudder vane in proximity to its lower edge, the receptacle having
      an access opening to permit the placement of weights in or removal thereof
      from said receptacle, and movable means normally closing said access
      opening; said coupling means comprising a longitudinal, tubular shroud
      fixed on the rudder vane adjacent its upper edge, the shroud being closed
      at the front end and open at the rear end, and a longitudinal swivel
      disposed in the main in the shroud, the front end of the swivel being
      connected to said shroud internally thereof, and the rear end of the
      swivel being adapted to couple to the leader; and said receptacle being
      tubular and extending in fixed relation longitudinally of said lower edge
      of the rudder vane, the front end of the receptacle being closed and the
      rear end portion thereof providing such access opening, and said movable
      means being a spring-urged gate yieldably spanning across such access
      opening; there being a plurality of cylindrical weights disposed
      end-to-end in the receptacle.
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ABST
PAL  A fishingline sinker of adjustable weight, using discarded automobile
      engine sparkplugs as weighting elements releasably held by a circular
      strip of material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Anglers engaged in still fishing, deepsea fishing, or surfcasting have long
      used lead sinkers of various weights to force their bait underwater, or to
      propel their lures. Proper weighting of a line is often achieved by the
      trial and error method, requiring several substitutions of sinkers of
      different weights. The present invention provides for rapid addition
      and/or subtraction of various weighting elements by connecting or
      disconnecting used sparkplugs to the fishingline. Furthermore, considering
      the frequency of lead sinker loss due to the breakage or entanglement of
      the fishingline, the present invention presents a less costly and less
      onerous solution. The lead sinker is replaced by old, discarded automobile
      sparkplugs having little or no salvage value. Such sparkplugs are common
      in the household of today's amateur mechanic, or may be acquired at
      minimal cost from garages or repair shops.
PAC  SUMMARY
PAR  The subject invention provides a new fishingline sinker composed of a
      holding member, which can be attached to a fishingline, having a plurality
      of apertures shaped to receive and hold combustion-engine sparkplugs used
      as weighting elements.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a lifesize perspective view of a holding member,
PAR  FIG. 2 is a lifesize bottom view of the holding member shown in FIG. 1,
PAR  FIG. 3 is a lifesize front view of a sinker embodying the present invention
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, the preferred embodiment of the
      present invention is illustrated in FIGS. 1 through 3. FIG. 3 is a front
      view of the embodiment showing five combustion-engine sparkplugs 11, 12,
      13, 14, and 15 connected to a line 21 (such as a fishing line), by means
      of a ring-shaped holding element 1. It should be noted that the holding
      element 1 can accomodate two types of sparkplugs. The first type,
      illustrated in sparkplugs 11 and 15, includes an upper terminal of the
      snap-on type, such as can be found in most American-built automobiles. The
      second type, illustrated in sparkplugs 12, 13 and 14, features a threaded
      terminal, such as can be found in certain European-built automobiles. The
      detailed construction of the holding element 1 is better described in the
      perspective view illustrated in FIG. 1. It can be seen that the holding
      element 1 is formed from a strip of flat material, preferably 11
      centimeters long, 12 millimeters wide, and 0.5 millimeters thick, bent
      into circular shape, with the ends 2 and 3 bent at right angles,
      projecting towards the outside of the circle delineated by the bent
      flexible strip of material. Two round apertures 9 and 10, preferably 6.5
      millimeters in diameter, have been drilled through ends 2 and 3
      respectively, so that when the ring is closed, these two apertures match,
      forming an eyelet through which the fishingline can be connected. Two
      slots 4 and 5, preferably 5.5 millimeters wide and 3 centimeters long, run
      through the center of the strip from apertures 9 and 10 respectively.
PAR  Between the lower ends of slots 4 and 5, three round apertures, 6, 7, and
      8, of 3 milimeters diameter have been drilled. FIG. 2, which represents a
      bottom view of the holding element 1 shown in FIG. 1, illustrates the
      shape and location of these apertures. Around the edges of each of these
      three apertures, a plurality of notches has been cut to a depth of 1.5
      millimeters, so that the aperture expands when the threaded-type terminal
      of a sparkplug is forced into it, exercising a positive locking action
      against said terminal. The sinker is assembled according to the following
      procedure:
PAR  As shown in FIG. 3, the fishingline 21 is connected to the holding member 1
      by means of a loop large enough to allow a gap of approximately 5
      millimeters between the ends 2 and 3 of the holdmember 1 when the
      fishingline is not under tension.
PAR  Sparkplugs with a snap-on type terminal may be connected to the holding
      member by inserting the terminal head through the aperture 9 or 10 shown
      in FIG. 1, then lowered into slot 4 or 5.
PAR  Sparkplugs with a threaded-type terminal can be connected to the holding
      member by inserting said terminal into the apertures 6, 7, or 8 shown in
      FIG. 2.
PAR  When tension is applied to the line under the weight of the sparkplug, the
      gap between the ends 2 and 3 of the holding element 1 is closed,
      preventing the former type of sparkplugs from sliding out of the retaining
      slots 4 and 5. The configuration of the apertures 6, 7, and 8 described
      above provides a positive locking action, so that the threaded-type
      terminal sparkplugs can only be separated from the holding element 1 by an
      unscrewing motion applied to the sparkplugs. From the preceding, it can be
      easily understood that sparkplugs of either type can be readily added or
      subtracted to increase or decrease the weight of the sinker, without
      having to disconnect the fishingline from the sinker assembly. The
      described preferred embodiment could be modified to accept a greater or
      lesser number of sparkplugs of either type, or to accept only one type of
      sparkplug. The length, shape, and number of apertures of the holding
      element could be varied without departing from the basic concept of the
      present invention. While the instant invention has been disclosed as an
      improvement in the use of fishingline sinkers, it is to be appreciated
      that it will be useful in many types of application where variable
      weighting elements are needed.
PAR  While I have shown and described the preferred form of the present
      invention and have suggested modifications therein, other changes and
      modifications may be made therein, within the scope of the appended
      claims, without departing from the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A weighting device which comprises at least one sparkplug and means for
      connecting at least one sparkplug to a fishingline, said means comprising
      a flat strip of flexible material bent into a circular shape, with both
      ends at right angles and projecting toward the outside of a circle
      delineated by the flexible strip, said ends having matching apertures
      through which the fishingline can be connected, and a plurality of
      apertures along said strip shaped to receive and hold a variety of
      sparkplugs by their terminals.
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ABST
PAL  A rack for stowing leaders of the type employed in the fishing industry
      which is characterized by a stanchion and a first retainer rigidly affixed
      to the stanchion and having attached thereto a plurality of suspension
      wires to which the ends of a plurality of leaders are attached. An annular
      body is disposed beneath said first retainer and is affixed to said
      stanchion for receiving in circumscribing relation the mid-portion of each
      of the leaders. A second retainer is rigidly fixed to said stanchion
      beneath the annular body for receiving the opposite end portions of the
      leaders.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention generally relates to a rack for stowing leaders of the type
      employed in the fishing industry, and more particularly to a rack which
      can readily be mounted aboard a fishing vessel and employed in rapidly
      stowing leaders, as fishing lines are retrieved, and from which leaders
      can rapidly be broken-out and deployed during fishing operations.
PAR  In the fishing industry, it is common practice to deploy or pay-out fishing
      lines having a plurality of leaders attached thereto in predetermined
      spaced relation. Of course, each leader normally is made up by hand and
      includes a fastener, often referred to as a snap, secured to one end of
      the leader and a lure secured to the opposite end thereof. As the fishing
      lines are paid-out during trolling operations, the leaders are serially
      fastened to the fishing lines. These operations must be rapidly performed.
PAR  Similarly, as the fishing lines are retrieved or taken-in, each of the
      leaders must be detached from the fishing lines and rapidly stowed.
PAR  Further, for reasons fully understood by those familiar with the fishing
      industry, it is desirable that the leaders be washed-down and stowed upon
      retrieval. Currently, it is common practice, upon retrieval, to coil the
      leaders into small coils and deposit them in pails containing fresh water.
      Of course, a great deal of time is lost in coiling the leaders. This loss
      of time should be avoided, where possible, in the interest of economy and
      efficiency. In a similar manner, a great deal of time may be lost in
      breaking-out the leaders, particularly in the event a fouling of the
      leaders is encountered, due to the tendency of leader material to retain
      its coiled configuration.
PAR  It is, therefore, the general purpose of the instant invention to provide a
      practical rack for use in stowing leaders of the type employed in the
      fishing industry, which can readily be mounted aboard a fishing vessel and
      easily employed for facilitating expeditious deployment and retrieval of
      fishing lines during the performance of fishing operations such as
      trolling and the like.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the instant invention to provide a rack for
      stowing leaders of the aforementioned type which overcomes the
      aforementioned difficulties and disadvantages.
PAR  It is another object to provide a rack for use in making up, pre-baiting
      and stowing leaders through the use of which efficiency in fishing
      operations is enhanced.
PAR  It is another object to provide a rack for stowing leaders through the use
      of which leaders can be rapidly stowed and broken-out.
PAR  It is another object to provide a rack for stowing leaders through the use
      of which leaders can rapidly be removed from and attached to fishing lines
      during the performance of fishing operations.
PAR  It is another object to provide a rack adapted to be mounted aboard a
      fishing vessel and employed in stowing leaders having mid-portions thereof
      looped about an annular body and the opposite ends thereof releasably
      secured in spaced relation with the annular body, whereby the leaders can
      be rapidly stowed, washed-down and expeditiously broken-out and attached
      to fishing lines as they are paid-out.
PAR  These and other objects and advantages are achieved through the use of a
      rack for stowing leaders which includes a stanchion adapted to be mounted
      aboard a fishing vessel, a first retainer rigidly affixed to the stanchion
      and having suspended therefrom a plurality of tensioned hanger wires
      arranged in parallelism, each being adapted to support in suspension the
      end portions of a selected plurality of leaders, an annular body rigidly
      affixed to the stanchion beneath said first retainer for supporting the
      mid-portion of each leader in a circumscribing relationship therewith, and
      a second retainer rigidly fixed to the stanchion beneath the annular body,
      including a multiplicity of resilient fingers for receiving therebetween
      the opposite end portions of the leaders for thus securing the leaders in
      a stowed configuration from which they can readily be broken-out, as will
      become more readily apparent by reference to the following description and
      claims in light of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 comprises a side elevation of a rack embodying the principles of the
      instant invention.
PAR  FIG. 2 is a top plan view of the rack shown in FIG. 1.
PAR  FIG. 3 is a cross-sectional view taken generally along line 3--3 of FIG. 1
      taken generally along line 2--2 of FIG. 1.
PAR  FIG. 4 is a fragmented, sectional view taken generally along line 4--4 of
      FIG. 1.
PAR  FIG. 5 is a perspective view of a retainer provided for the rack
      illustrated in FIG. 1.
PAR  FIG. 6 is a sectioned view taken generally along line 6--6 of FIG. 5.
PAR  FIG. 7 is a schematic view illustrating a manner in which a leader is
      stowed in said rack.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, with more particularity, wherein like
      reference characters designate like or corresponding parts throughout the
      several views, there is shown in FIG. 1 a rack which embodies the
      principles of the instant invention.
PAR  As shown, the rack includes a vertically oriented stanchion, generally
      designated 10, upon which is mounted a spool, generally designated 12, and
      a pair of vertically spaced retainers, generally designated 14 and 16.
PAR  The stanchion 10 preferably comprises a rigid tubular body 18 having the
      lowermost end portion thereof received in a socket 20 adapted to be
      mounted on a planar surface such as the surface of the deck of a selected
      fishing vessel. As a practical matter, the socket 20 is of a tubular
      configuration having an internal diameter slightly greater than the
      external diameter of the body 18 so that the socket may readily receive
      the lowermost end portion of the body 18 in telescoping fashion. In
      practice, a suitable screw-threaded setscrew 22 is provided for securing
      the body 18 in a seated relationship with the socket 20.
PAR  While not shown, it is to be understood that suitable means are provided
      for securing the uppermost end portion of the body 18 against undesired
      pivotal motion relative to the socket 20. Since the manner in which the
      uppermost end portion of the body 18 is secured against motion is deemed a
      matter of convenience, and may be varied as desired, a description of the
      means employed in securing the uppermost end portion of the body 18 is
      omitted in the interest of brevity. However, it is to be understood that
      the body 18 is so secured, where desired, by lashing it to a boom.
PAR  The spool 12 is of an annular configuration and includes a cylindrical
      mid-portion, designated 24. From each of the opposite ends of the
      mid-portion there is radially extended end portions 26 which define
      coaxially aligned flanges for the spool. The mid-portion 24 is provided
      with a pair of diametrically opposed openings, not designated, through
      which is extended the body 18, of the stanchion 10.
PAR  As shown, a pair of coaxially aligned sleeves 28 is welded to the
      mid-portion 24 of the spool 12 in coaxial alignment with the openings
      formed in the mid-portion 24. These sleeves serve to receive the body 18
      of the stanchion 10 in sliding engagement. Suitable setscrews 30, similar
      to the setscrew 22, are extended through the sleeves 28 for releasably
      securing the spool 12 to the stanchion 10. It should, therefore, be
      appreciated that the spool 12 can readily be removed, replaced or
      repositioned simply by releasing the setscrews 30 and sliding the spool 12
      along the body 18.
PAR  The retainer 14 comprises an elongated body 32 having formed near the
      center thereof an opening 34 suitably dimensioned for slidably receiving
      the body 18 of the stanchion 10. As shown, a sleeve 36 is secured to the
      body 32 in coaxial alignment with the opening 30 while a setscrew 38 is
      extended through the sleeve to be employed for securing the retainer 14 to
      the stanchion 10.
PAR  The retainer 14 is of a bar-shaped configuration having a longitudinal axis
      of symmetry obliquely related to the longitudinal axis of symmetry for the
      body 18. As a practical matter, the retainer 14 includes a rigid base
      plate 40, to which the sleeve 36 is attached. The retainer further
      includes a rigid cover plate 42, preferably formed form channel stock and
      is seated on a receiver 44 interposed between the plates 40 and 42. The
      receiver 44 is formed from a resilient stock material, such as rubber and
      the like, and includes a plurality of laterally projected fingers 46
      defined by slots, not designated, extended in an orthogonal relationship
      with the longitudinal axis of symmetry of the retainer.
PAR  The retainer 16 also is of a bar-shaped configuration. However, the
      retainer includes angularly related segments 48, 50 and 52. As a practical
      matter, the retainer 16 includes an elongated center body 54 formed of a
      suitable metallic material. The body 54 is so deformed that each of the
      segments 48, 50 and 52 are angularly related with respect to the others.
      The segments are abutted at zones of juncture and, where desired, are
      welded together. From the opposite sides of the zones of juncture for the
      segments 48, 50 and 52, as well as at the extended ends of the segments 48
      and 52, there is provided a laterally projected hanger 56. The end
      portions of the hangers 56 are provided with suitable openings, not
      designated, through which there is threaded a suspension wire 58. Each of
      the suspension wires 58 of the pair thus provided is suitably tensioned
      and secured in place.
PAR  The retainer 16 is affixed to the stanchion 10 in any suitable manner.
      However, as shown, a socket 60 is affixed to the center body 54, as by
      welding or the like, and extended obliquely from the plane of segment 50.
      This socket is adapted to be received by the uppermost end portion of the
      body 18 of the stanchion 10. The socket 60 is similar in construction to
      the socket 20 and includes a setscrew 62, similar to the setscrews 22 and
      30, which serves to secure the retainer 16 to the body 18 of the stanchion
      10.
PAR  It is important here to appreciate that the rack of the instant invention
      is to be employed in stowing leaders, designated 63, FIG. 3. Such leaders
      normally are provided with fasteners 64, adapted to be manipulated and
      thus fastened with a clipping action to the suspension wires 58 for
      attaching the leaders 63 to the retainer 16. Thus, each of the leaders 63
      is, in turn, connected to the wires 58 to be supported thereby in
      suspension. In order to stow the leaders 63, each is trained in a single
      pass about the spool 12 with the lowermost end thereof being inserted
      between a selected pair of fingers 46 of the retainer 14.
PAR  Each of the segments 48, 50 and 52 is so angularly related with respective
      successive tangents to the surface of the spool 12 that the longitudinal
      axis of symmetry for each of the segments defines with the tangents
      successive, upwardly opening angles slightly greater than 90.degree..
      Consequently, each of the fasteners 64 is caused to gravitate downwardly
      along the suspension wire 58 to which it is fastened, as tension is
      applied to the leader, until a previously attached fastener is engaged.
PAR  It will, of course, be appreciated that, in practice, leaders of a
      substantially common length are employed in a given fishing operation.
      Therefore, since the segments 48, 50 and 52 are spaced at given distances
      from the circumference of the spool 12, it is necessary for the retainer
      14 to be canted at a suitable angle with respect to the stanchion 10, that
      the suspended end portion of each of the leaders can be received between a
      pair of fingers 46 projected from the retainer 14.
PAR  Moreover, it should be apparent that the dimension of the circumference of
      the spool 12 and the elevation of the retainer 14 can be varied for
      accommodating leaders of various uniform lengths. In practice, the lengths
      of the leaders are multiples of the circumference of the spool 12.
PAR  With the rack assembled in the manner hereinbefore described, it is readied
      for use in stowing a plurality of leaders, designated 63. In employing the
      rack, a first leader 63 is disconnected from a fishing line as the line is
      retrieved. This leader is then fastened to the lowermost end of one of the
      suspension wires 58 and trained in a single pass about the spool 12, as
      indicated by the directional arrows in FIG. 7. The lowermost end of the
      leader is now inserted into a slot defined between an adjacent pair of
      fingers 46. In a similar fashion, each of the successive leaders is
      disconnected from the fishing lines and attached to one of the suspension
      wires 58. It will be noted, as best illustrated in FIG. 4, that the body
      18 of the stanchion 10 passes through the mid-portion 24 of the spool 12
      thus separating the spool 12 into distinct leader-receiving portions.
      Consequently, the leaders attached to a suspension wire located at one
      side of the retainer 16 are trained about one end of the spool 12 while
      leaders attached to the suspension wires located at the opposite side of
      the retainer 16 are trained about the opposite end portion of the spool
      12. Of course, the flanges 26 serve to retain the leaders 63 in their
      stowed configuration.
PAR  When stowed on the rack, the leaders may be washed-down for removing
      residue therefrom.
PAR  Of course, once a fishing operation is initiated, the last leader stowed on
      the rack becomes the first leader to be removed therefrom and attached to
      a fishing line being paid-out. Thereupon, each successive leader 63 is
      disconnected from the retainers 14 in a sequence constituting a reverse of
      the sequence in which the leaders were stowed on the rack.
PAR  In view of the foregoing, it should readily be apparent that through the
      rack which embodies the principles of the instant invention leaders can
      rapidly and efficiently be stowed and thereafter rapidly broken-out with
      minimal fouling.
PAR  Although the invention has been herein shown and described in what is
      conceived to be the most practical and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of the
      invention, which is not to be limited to the illustrative details
      disclosed.
CLMS
STM  Having described my invention, what I claim as new and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. A rack for stowing leaders under tension comprising:
PA1  A. a substantially vertically oriented stanchion;
PA1  B. a first bar-shaped retainer rigidly affixed to said stanchion and having
      provided at the opposite sides thereof a pair of tensioned suspension
      wires arranged in parallelism, each being adapted to support in suspension
      one end portion of a selected plurality of leaders;
PA1  C. means including an annular body rigidly affixed to said stanchion, in
      vertically spaced relation with said first bar-shaped retainer, for
      supporting the mid-portion of each leader of said plurality of leaders in
      a circumscribing relationship therewith; and
PA1  D. a second bar-shaped retainer rigidly affixed to said stanchion in
      vertically spaced relation with said annular body including means for
      receiving the opposite end portion of each leader of said plurality of
      leaders.
NUM  2.
PAR  2. The rack of claim 1 wherein said first bar-shaped retainer comprises a
      plurality of angularly related segments, the longitudinal axis of each
      segment of said plurality being so oriented as to define with a series of
      imaginary lines tangentially oriented to said body a series of included
      angles greater than 90.degree..
NUM  3.
PAR  3. The rack of claim 2 wherein said means for receiving the opposite end
      portions of each leader includes a plurality of resilient fingers
      projected in coplanar, juxtaposition from opposite sides of said second
      bar-shaped retainer.
NUM  4.
PAR  4. A rack for stowing leaders for fishing lines comprising:
PA1  A. a vertically oriented stanchion;
PA1  B. first means for supporting the midportions of a selected pluraltiy of
      leaders in looped configurations comprising an annular body;
PA1  C. second means disposed in spaced relation with said first means for
      supporting the opposite end portions of the leaders in spaced relation
      with said annular body including a first retainer for supporting one end
      portion of each leader, having at least one pair of juxtaposed, resilient
      protrusions for receiving therebetween an end portion of one leader of
      said plurality of leaders, and a second retainer disposed in vertically
      spaced relation with said first retainer for supporting the opposite end
      portion of each leader, having a tensioned hanger wire angularly related
      to an imaginary line tangentially related to said annular body; and
PA1  D. means for securing said annular body and each of said retainers to the
      stanchion in vertically spaced relation.
NUM  5.
PAR  5. The rack of claim 4 wherein each of the retainers is of an elongated
      configuration and is disposed in a substantially coplanar relation with
      said annular body.
NUM  6.
PAR  6. A rack for stowing leaders for fishing lines comprising:
PA1  A. means including an annular body supported in a substantially vertical
      plane and adapted to receive about its periphery the midportions of a
      selected plurality of leaders, each of said leaders being characterized by
      a fastener affixed to one end thereof; and
PA1  B. means disposed in radially spaced relation with said body including a
      first and a second retainer adapted to support the opposite end portions
      of said plurality of leaders in radially spaced relation with the body,
      said first retainer being characterized by a segmented configuration
      including a plurality of angularly related segments, each being inclined
      toward an axis extended substantially vertically through said annular body
      and having a pluraltiy of tensioned hanger wires supported thereby in
      spaced parallelism therewith, whereby each hanger wire is inclined with
      respect to said axis for receiving said fasteners in sliding relation, and
      said second retainer being characterized by a linear configuration
      inclined with respect to said axis and having an aligned plurality of
      resilient protrusions for receiving therebetween the end portions of said
      leaders opposite said fasteners.
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ABST
PAL  A toy rocket has a motor receptacle designed to receive a rocket motor of
      the type fueled by a self-pressurizing liquid propellant. The rocket motor
      during the fueling operation has its nozzle seated in a launcher through
      which liquid propellant flows into the propellant cavity of the rocket
      motor. When the propellant cavity of the rocket motor is pressurized, a
      member responsive to propellant pressure in the rocket motor engages a
      portion of the walls of the motor receptacle in the rocket body. When the
      pressure responsive member releases the receptacle walls, relative motion
      is provided between at least a portion of the rocket body and the rocket
      motor. For example, in one embodiment of the toy rocket, a second stage
      portion of the rocket is spring-biased away from a first stage portion of
      the rocket body. The major section of the rocket motor is fixed to the
      first stage portion. The pressure responsive member on the rocket motor
      engages the second stage portion while the rocket motor contains
      propellant to prevent separation of the first and second stages. When the
      propellant is expended, the pressure responsive member releases the second
      stage, allowing separation of the second stage from the first stage. A
      parachute is then deployed from the second stage to brake the descent of
      the rocket.
PARN
PAR  This is a division of application Ser. No. 223,452, filed Feb. 4, 1972, now
      U.S. Pat. No. 3,820,275.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a toy rocket and a rocket motor therefor
      and more particularly to a staged toy rocket and rocket motor fueled by a
      self-pressurizing liquid.
PAR  Toy rockets propelled by a variety of fuels are well-known in the art. Many
      such toy rockets are capable of staging operations for example to release
      parachutes for descent braking. Most such toy rockets of the prior art,
      however, are relatively complex and expensive. In addition, many such
      rockets utilize fuels with which special precautions must be taken to
      ensure the safety of a person operating the rocket.
PAR  It is an object of the present invention to provide a stage rocket assembly
      which can be operated by the release mechanism of the rocket motor of the
      present invention. A related object is to provide a rocket assembly
      including a first and second stage which separates upon exhaustion of the
      propellant supply to deploy a descent braking means. It is another related
      object of the present invention to provide a rocket assembly to be
      utilized with the rocket motor of the present invention which alters the
      center of gravity of the rocket assembly upon exhaustion of the fuel
      supply to prevent an aerodynamic descent of the rocket assembly.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects, and other objects which will be apparent to those of
      ordinary skill in the art upon reading the specification, are realized in
      a rocket motor comprising a body means defining a propellant cavity for
      receiving and holding a pressurized propellant fluid, said body means
      having at least one aperture extending through a peripheral wall thereof,
      nozzle means connected to the body and communicating with the cavity,
      pressure responsive means for protruding from said aperture, the pressure
      responsive means sealing the aperture and mounted for movement relative to
      the aperture and responsive to pressure changes in the cavity.
PAR  The present invention also provides a toy rocket comprising a rocket body
      defining a motor receptacle, a rocket motor in the receptacle, the rocket
      motor including a body means defining a propellant cavity for receiving
      and holding a pressurized propellant fluid, the body means having at least
      one aperture extending through a peripheral wall thereof, nozzle means
      connected to the body and communicating with the cavity, pressure
      responsive means for protruding from the aperture, the pressure responsive
      means sealing the aperture and mounted for movement relative to the
      aperture and responsive to pressure changes in the propellant cavity, the
      pressure responsive means retentively engaging at least a portion of the
      rocket body when the propellant cavity is pressurized and releasing the
      portion of the rocket body when the cavity is depressurized to provide
      relative motion between the rocket motor and at least a portion of the
      rocket body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention can be derived by reading
      the ensuing specification in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 is an elevation view in partial cross section of the rocket, rocket
      motor and launcher of the present invention in position for launch;
PAR  FIG. 2 is a cross-sectional view of the rocket motor located in a rocket
      body illustrating the nozzle, the release mechanism and propellant cavity
      vent;
PAR  FIG. 3 is an exploded isometric view of the rocket motor;
PAR  FIG. 4 is a cross-sectional view of deployment of the second stage of a
      rocket after the release mechanism has retracted; and
PAR  FIG. 5 is a view in partial cross section of an alternative embodiment of
      the present invention.
PAR  FIG. 6 is a view in partial cross-section of the embodiment of FIG. 5 with
      the motor shifted rearwardly.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the rocket, rocket motor and launcher of the present
      invention are shown in partial cross section poised for launch. The
      rocket, generally designated 10, includes a first stage portion 12 and a
      second stage portion 14. A rocket motor 16 is positioned within the motor
      receptacle 18 of the first stage 12. The rocket motor 16 is held in place
      by retaining rings 20 which provide an interfering fit between the outer
      wall of the rocket motor 16 and the inner walls of the motor receptacle
      18. Thus the rocket motor 16 is spaced from the walls of the motor
      receptacle 18. The forward portion 22 of the rocket motor 16 is surrounded
      by a sleeve 24 which is connected by pins 26 to the second stage 14 of the
      rocket 10. The sleeve 24 slidably engages the annular space between the
      wall of the first stage 12 and the outer walls of the forward portion 22
      of the rocket motor 16.
PAR  A coil spring 28, shown in compression, surrounds the rocket motor 16 and
      bears against the upper edge of upper retaining ring 20 and the bottom
      edge of sleeve 24. The coil spring 28 biases the second stage 14 away from
      the position shown. A pressure responsive member 30 described in detail
      later, protrudes through apertures 32 in the forward portion 22 of rocket
      motor 16 and bears against the inner walls of sleeve 24. Thus the coil
      spring 28 is prevented from separating the second stage 14 from the first
      stage 12.
PAR  The rocket 10 rests on a launcher mechanism 36, described in detail later,
      by engaging the nozzle 38 of rocket motor 16. The rocket 10 is vertically
      supported by launch wire 40, which slidably engages tubes 42 attached by
      brackets 44 by the outer walls of first stage 12. The launch wire 40 is
      supported in a base 46. The launcher 36 also rests upon base 46. A
      launcher release handle 54 is connected via bowden cable 56 to the
      launcher 36 for remote launch of the rocket 10.
PAR  Propellant is supplied to the rocket motor 16 from a propellant source 48
      via tube 50. A fueling channel is provided in the launcher 36 which
      communicates with the nozzle 38 and thus with a propellant cavity in
      rocket motor 16. A preferred propellant for use with the rocket motor of
      the present invention is a volatile, self-pressurizing halogenated
      hydrocarbon which is a liquid at atmospheric temperatures and
      superatmospheric pressures. A suitable propellant is Freon -12 sold by
      E.I. du Pont de Nemours and Company of Wilmington, Dela. The propellant is
      supplied to the rocket motor 16 by depressing the valve lever 52 on the
      propellant source 48.
PAR  Now referring to FIGS. 2 and 3 jointly, a preferred form of the rocket
      motor 16 includes a body in the form of tube 60. Tube 60 has relatively
      thin walls and is elongate. For example, the tube 60 can be manufactured
      from drawn aluminum and have a nominal O.D. of 0.875 and a nominal I.D. of
      0.84 inch. Typical yield pressures of such material are in the range of
      39,000 psi. This is well above the stress levels generated by the
      propellant pressures normally encountered. The central portion of tube 60
      is broken away; however, it is to be understood that the tube is
      preferably about 6 to 7 inches long.
PAR  A nozzle 38 has a venturi shaped channel 62 which communicates through its
      upper end 64 with the interior of tube 60. The shape of the lower portion
      66 of the channel 62 will be described in detail in connection with the
      launch mechanism. The upper portion of the nozzle 38 has a circular
      exterior cross section. Shoulders 68 located thereon have an O.D. slightly
      larger than the I.D. of tube 60 to provide an interference fit between the
      shoulders 68 and the tube 60. A circumferential notch 70 is provided
      between shoulder 68 and is surrounded by the walls of tube 60 when the
      nozzle 38 is in place. After the nozzle is in place the tube 60 is
      deformed inwardly, as by rolling, into the notch 70 along the region
      indicated by the dotted lines 72. Thus an excellent fluid and mechanical
      seal is provided between the nozzle 38 and tube 60.
PAR  In the preferred embodiment the upper portion of tube 60 contains three
      equally spaced apertures 32 in the peripheral walls of the tube 60. A
      bulkhead assembly, generally designated 76, is positioned in the upper
      portion of tube 60. The bulkhead assembly includes a bulkhead 78 of
      generally cylindrical cross section. Shoulders 80 are provided on the
      bulkhead 78 which have an O.D. slightly greater than I.D. of tube 60, thus
      providing an interference fit between the two when the bulkhead 78 is
      inserted into the tube 60. After the bulkhead 78 is inserted into the tube
      the outer wall of the tube 60 is deformed inwardly between dotted lines 82
      into groove 83 to provide a gas tight seal between the outer portion of
      bulkhead 78 and the tube 60.
PAR  Prior to insertion of bulkhead 78 into tube 60 a paper disc 84 is inserted
      into a recess 86 in the rearward portion of the bulkhead 78. A retention
      plug 88 having a hole 89 therethrough is then inserted into recess 86 to
      hold the paper disc 84 tightly against the shoulder 90. A vent channel 92
      communicates with the groove 83 of bulkhead 78 and with the hole 89. After
      the bulkhead 78 has been inserted into tube 60 and the tube walls have
      been deformed along lines 82, a vent port 94 is drilled in the wall of
      tube 60 to communicate with the vent channel 92 in the bulkhead 78.
PAR  A second recess 96 is provided in bulkhead 78. A port 98 communicates
      between recess 96 and the forward portion of the bulkhead 78. Of course
      the recess 96 communicates with the lower portion of the bulkhead 78.
      Prior to insertion of the bulkhead 78 into the tube 60 a second paper disc
      100 is inserted into recess 96 and is retained tightly against the upper
      shoulder of recess 96 by retention plug 102. Channel 104 located in plug
      102 provides fluid communication between the lower portions of the recess
      and port 98. The paper discs 84 and 100 are most preferably previous to
      gas and substantially impervious to liquid. Suitable substitutes having
      these physical properties can be used if desired.
PAR  After the bulkhead 78 has been inserted in the tube 60, a strip 30 of
      relatively soft, flexible, resilient material is inserted into the annular
      space between the inner wall of tube 60 and the outer cylindrical sidewall
      110 of bulkhead 78. The rubber strip 108 is preferably composed of an
      elastomeric material such as a styrene-butadiene rubber, for example a
      Buna-N rubber. A flange 112 protruding from wall 110 mates with a slit 114
      in the strip 108 to prevent rotational movement of the strip 108 after
      assembly. The strip 30 is sized sufficiently large so that it will fit
      tightly against the inner walls of the tube 60. Thus the strip 108 will
      cover the apertures 32 in the tube 60.
PAR  After the rubber strip 30 has been inserted, an end cap 118 is inserted
      into the tube 60. The shoulders 120 of end cap 118 have an O.D. which is
      slightly greater than the I.D. of tube 60 to provide an interference fit
      between the end cap 118 and the tube 60. After insertion of end cap 118
      the outer walls of the tube 60 are deformed inwardly between dotted lines
      122 into the groove 124 to provide a fluid-tight seal between the tube 60
      and the end cap 118.
PAR  In operation, propellant is introduced through channel 62 of rocket nozzle
      38 into propellant cavity 126 within the tube 60. The cavity 126 is filled
      with liquid propellant. As it is being filled, gas slowly escapes through
      the hole 89 in retention plug 88, through paper disc 84, out vent channel
      92 and through vent port 94. The vent mechanism allows the cavity 126 to
      be completely filled with liquid.
PAR  As the cavity 126 is being filled, gas also passes through hole 104 in
      retention plug 102, through paper disc 100, and through port 98 into
      bulkhead cavity 128. The gas pressure developed in bulkhead cavity 128
      presses against the inner walls of tubber strip 30 effecting a fluid-tight
      seal over apertures 32 In addition, the portions of rubber strip 30
      exposed through apertures 32 will deform from the gas pressure and will
      protrude through the apertures 32 as shown in FIG. 2. The pressure
      developed within bulkhead cavity 128 is sufficient to cause the rubber
      strip 30 to bear tightly against the inner walls of the sleeve 24.
      Sufficient frictional force is developed to prevent the sleeve 24 from
      separating from the first stage 12 of the rocket by action of spring 28.
PAR  After the propellant has been exhausted from the cavity 126, the gas in
      bulkhead cavity 128 beings to leak backwardly through paper disc 100 into
      the cavity 126, which is now under atmospheric pressure since the
      propellant is exhausted. When the pressure in bulkhead cavity 128 reduces
      to slightly above atmospheric pressure the rubber strip 30 exposed through
      apertures 32 will release the inner walls of the sleeve 24. The coil
      spring 28 then pushes the sleeve 24 from the first stage 12, thus
      separating the second stage 14 and the lower stage 12.
PAR  The staging action is shown in FIG. 8 where the second stage 14 is
      completely separated from the lower stage 12. A lanyard 130 ties the
      second stage 14 to the first stage 12. In addition, a storage cavity
      within the first stage 12 contains a deployable parachute 132 tied to the
      interior of second stage 14 by release rope 134.
PAR  The release mechanism contained within the bulkhead cavity of the rocket
      motor will retain the second stage on the first stage for a short period
      of time after the propellant is substantially exhausted from the
      propellant cavity 126 within the rocket motor 16. The time delay feature
      is provided by the slow leakage rate back out from bulkhead cavity 128
      across paper disc 100 to the propellant cavity 126. As the rocket
      continues to rise upwardly for a short period of time after the propellant
      is exhausted, the second stage 14 will remain in place. However, as the
      rocket travels within proximity of its maximum altitude, the second stage
      14 will be released to deploy parachute 132. The parachute 132, of course,
      serves to brake the descent of the rocket 10, thus preventing catastrophic
      damage to the rocket upon returning to the ground.
PAR  It no time delay release is desirable for a particular application, the
      disc 100 can be removed to provide restriction-free communication between
      the propellant cavity 126 and the bulkhead cavity 128.
PAR  Referring now to FIGS. 5 and 6, an alternate embodiment of the present
      invention is illustrated. In FIG. 5, a rocket motor 220 similar to that
      described above is slidably inserted within a cylindrical cavity 224 in
      rocket body 222. A coil spring 226 shown in compression bears against the
      forward wall 228 of the cavity 224 and against the forward end of the
      rocket motor 220. The rocket motor 220 is filled with propellant in the
      position shown in FIG. 5 so that the pressure responsive members 230 will
      engage the sidewalls of cylindrical cavity 224.
PAR  When the propellant in rocket motor 220 has been exhausted the pressure
      responsive members 230 will release the sidewalls of the cavity 224.
      Spring 226 will force the rocket motor 220 in the direction of arrow 229.
      A small lanyard 232 connected to the rocket 222 and to the motor 220 is
      provided to prevent complete separation of the rocket motor 220 from the
      body 222.
PAR  When the rocket motor 220 is in the position shown in FIG. 6, the center of
      gravity of the entire assembly has been shifted rearwardly far enough to
      prevent stable aerodynamic flight of the rocket 222. Thus, as the rocket
      begins its descent after the propellant has been exhausted, it will begin
      to tumbel or roll, partially braking its descent. It has been found that
      in the rolling mode, a toy rocket will not be substantially damaged upon
      impact with the ground. If the rolling mode were not provided and the
      rocket allowed to aerodynamically descend, damage to the rocket and rocket
      engine would likely occur upon ground impact.
PAR  The present invention has been described in relation to a preferred
      embodiment and alternates thereto. Those of ordinary skill in the art will
      be able to effect various alterations, substitutions of equivalents and
      other changes without departing from the original concept of the
      invention. It is intended that the present invention be limited only by
      the definition contained in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toy rocket comprising:
PA1  a first stage having a body housing a rocket motor, said motor comprising:
PA2  a motor body having means defining a propellent cavity for receiving and
      holding a pressurized propellent fluid, and also defining a second cavity
      for receiving and holding a pressurizing gas, said motor body having means
      communicating between said second cavity and the exterior thereof
      including at least one aperture extending through a peripheral wall of
      said second cavity;
PA2  a nozzle connected to said motor body and communicating between said
      propellant cavity and the exterior of said motor;
PA2  pressure responsive means for sealing said communicating means and said
      second cavity when it is pressurized, said pressure responsive means
      comprising a member of flexible, resilient material disposed across said
      aperture on the inside of a peripheral wall of said second cavity and
      being capable of extending through said aperture in response to pressure
      increases within said second cavity;
PA2  the propellant cavity means including a flow channel in fluid communication
      between said propellent cavity and said second cavity; and
PA2  means for restricting fluid passage through said flow channel, including a
      restriction member, said restriction member being pervious to gas and
      substantially impervious to liquid;
PA1  a second stage having a body portion adjacent said second cavity exterior,
      said pressure responsive means frictionally engaging said second stage
      body portion through said aperture when said second cavity is pressurized.
       pg,16
NUM  2.
PAR  2. The toy rocket of claim 1 further comprising a spring interposed between
      said first and second stage for separating said first and second stage
      when said second cavity is depressurized.
NUM  3.
PAR  3. The toy rocket of claim 1 wherein said second stage includes parachute
      means for deployment upon separation of said first and second stages.
NUM  4.
PAR  4. The toy rocket of claim 1 wherein said body portion of said second stage
      comprises a tubular sleeve member and a nose cone member attached to said
      sleeve.
NUM  5.
PAR  5. The toy rocket of claim 4 wherein said rocket motor is movable in said
      first stage body when said pressure responsive means releases said second
      stage.
NUM  6.
PAR  6. The toy rocket of claim 5 wherein said rocket motor is spring-biased by
      a spring interposed between said first and second stages in a rearward
      direction to a second position, said rocket motor in said second position
      shifting the center of gravity of said toy rocket to render it unstable.
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ABST
PAL  A toy flying machine is capable of operating in two regimes, in one of
      which the wings are retracted and so produce a reduced air resistance and
      in the other of which the wings are outstretched so that the machine
      operates as a glider. The first regime is used for launching and the
      second represents normal flight. The wings are biassed to their
      outstretched positions and are held aerodynamically or mechanically
      against the bias until the machine has gained height when the wings are
      released.
BSUM
PAR  This invention relates to toy flying machines, in particular to a glider
      which can be fired into the air like a rocket.
PAR  Great pleasure is derived from watching a device floating slowly down from
      a great height; the difficulty lies in getting the device to that height
      in the first place. The physical characteristics required for floating or
      gliding down are the opposite of those required to allow a device to be
      projected to a substantial height.
PAR  The invention aims to provide a toy flying machine which can adopt a
      relatively more streamlined shape which allows it to be projected to a
      height, and a relatively less streamlined shape which allows it to glide
      slowly down again.
PAR  There is therefore proposed a toy flying machine having a fuselage and
      wings, or at least part thereof, which are hinged to the fuselage and
      movable between their operative positions and retracted positions in which
      they present a reduced air resistance, the machine further including means
      operable while the machine is in flight for moving the wings from their
      retracted positions to their operative positions.
PAR  For holding the wings temporarily in their retracted positions the said
      means may comprise surfaces on the wings for aerodynamically producing a
      force temporarily holding the wings against a bias, or they may comprise
      mechanical means for producing such a force mechanically. The mechanical
      means may themselves be aerodynamically controlled to hold and release the
      wings.
DRWD
PAR  The invention will now be described with reference to the accompanying
      drawings, which show a number of exemplary embodiments thereof:
PAR  FIG. 1 shows a top plan view of a first form of toy flying machine;
PAR  FIG. 2 shows a side elevation of the machine of FIG. 1;
PAR  FIG. 3 shows a scrap view of a spring mechanism acting on the foldable
      wings in the folded state;
PAR  FIG. 4 shows a side elevation similar to FIG. 2, but having a different
      means of latching and releasing the wings;
PAR  FIG. 5 shows a top plan view of a second form of toy flying machine;
PAR  FIG. 6 similarly shows a third machine;
PAR  FIG. 7 similarly shows a fourth machine;
PAR  FIG. 8 shows a side elevation of the machine of FIG. 7; and
PAR  FIG. 9 shows a front elevation of the machine of FIG. 7.
DETD
PAR  A plan view of a glider is shown in FIG. 1. The glider has a fuselage 10,
      wings 11 and a rigid tailplane 12. Each wing 11 comprises a rigid bar 13
      forming a leading edge, and an aerofoil surface 14 formed by a flexible
      sheet material, such as polythene, woven `terylene`, `melinex` or tissue
      paper. Preferably the material is air impermeable. It is fixed along the
      whole length of the bar 13 and at suitable points along the fuselage, in
      particular to projecting surfaces 15 on the fuselage.
PAR  Each bar 13 is mounted at one end on a pivot pin 16 held between two
      projecting plates on the fuselage 10. This allows the wing 11 to pivot
      from the extended position shown to a folded position in which the bar 13
      lies substantially parallel to the fuselage with the flexible sheet
      material collapsed.
PAR  A short lever arm 17, preferably of spring wire, is rigid with bar 13. A
      sleeve 18 with a hook 19 attached thereto is slidable on the arm 17. An
      elastic band 21 extends around the hooks 19 associated with both wings and
      the nose 22 of the fuselage. The band 21 retains the wings 11 extended as
      shown.
PAR  As seen in FIG. 2, a rearwardly projecting lever 23 is mounted on a pivot
      pin 24. Conveniently, the lever 23 is largely housed in a slot 25 in the
      fuselage.
PAR  The lever is biassed to pivot clockwise in FIG. 2 by an elastic member 26.
      Toward its rear end, the lever 23 carries a small wing structure 27, and
      at its very end two upwardly projecting pins forming a latch 28.
PAR  Each bar 13 has at its end furthest from the fuselage a projecting pin 29.
PAR  A wire loop 30 limits the downward movement of the lever 23.
PAR  When the wings 11 are folded back, the pins 29 come to lie together just
      beyond the rear end of the fuselage. By lifting the lever 23 against its
      bias, the pins 29 can be held between the pins of the latch 28, thus
      retaining the wings folded. However, some external force is required to
      hold the lever 23 against its bias.
PAR  In this folded state, the wings 11 offer minimal air resistance and the
      glider can be projected into the air somewhat like a dart or rocket. For
      example, a capapult engaging behind a shoulder 31 on the fuselage may be
      used. So long as the glider is still held in the hand, latch 28 can be
      prevented from releasing the wings 11. Once the glider is projected
      forwards, air pressure acts on the wing structure 27 to counteract the
      bias of the elastic member 26, and the wings remain folded so long as the
      forward motion remains fast enough.
PAR  Once the momentum of the initial projection is dissipated, as the glider
      reaches its apogee, the air pressure drops, allowing the lever 23 to drop
      and release the pins 29 on the wings. These are subject to the bias of the
      elastic band 21 (see FIG. 3), and they are therefore caused to pivot
      forwards, thus extending the aerofoil surfaces 14 formed by the flexible
      material. From then on, the glider can float slowly back to earth.
PAR  A comparison of FIGS. 3 and 1 shows that, in the folded state of the wings,
      the sleeves 18 lie close to the pivot pins 16, while with the wings
      extended they lie towards the free ends of the arms 17. This is an
      advantageous arrangement because in the folded state, the moment of the
      force exerted by the elastic band 21 is smaller than when the wings are
      extended. It is necessary that the outward forces exerted by the pins 29
      on the latch 28 should not be too great since otherwise the friction
      between them may be too great to allow satisfactory release. On the other
      hand, when extended, the wings need to be retained with some force so that
      the flexible material does not become slack.
PAR  In practice, the balance of forces between the elastic band 21, the elastic
      member 26, the air pressure on the wing structure 27, and gravity acting
      on the lever 23, is a matter of some subtlety, but can be determined
      without much difficulty by experiment.
PAR  FIG. 4 shows an alternative arrangement for latching the wings in the
      folded state. In this case, the whole tailplane 12 is made pivotable about
      a pin 35 and is biassed by an elastic member 36. Operation is similar to
      that described above; air pressure on the wings 37 of the tailplane holds
      the latter down against the bias until forward motion slows sufficiently.
PAR  In the machine described above in relation to FIGS. 1 to 4 the temporary
      holding of the wings in their retracted positions and their later release
      is effected mechanically, under aerodynamic control by the members 27, 37.
PAR  FIG. 5 shows an arrangement with solid wings pivoted at their trailing
      edges. Operation is otherwise precisely as described for the glider of
      FIG. 1, except that the air resistance with the wings folded may not be as
      small. Any of the described means of latching the wings may be employed.
PAR  FIG. 6 shows a `canard` glider, with the tailplane at the forward end. The
      wings fold forwards instead of backwards, but analogous latching means are
      employed.
PAR  Although the embodiments so far described have included mechanical means
      for holding the wings in their retracted positions against a bias and
      releasing them for normal flight, it is possible to effect the temporary
      holding of the wings against a bias directly, by the use of
      aerodynamically effective surfaces provided on the wings. The embodiment
      now to be described with reference to FIGS. 7 to 9 illustrate this
      possibility.
PAR  Referring now to those Figures, the fourth machine embodying the invention
      comprises a fuselage 40 formed of a plastic strip weighted at its front
      end 41 and at its rear end providing a tailplane 42 and a landing skid 43.
PAR  Sheet plastics wings 44 are attached to the fuselage 40 along either side
      so as to be foldable together downwardly. Conveniently the wings have
      downturned edge portions (not shown) at which they are stuck to the
      fuselage and which are integrally joined to the wings 44 proper along
      lines of weakening, e.g. by reduced thickness.
PAR  The wings have upwardly turned rigid wing flaps 45, 46 along their rear and
      side edges respectively. The purpose of these flaps which later become
      apparent.
PAR  Anchorages 47 are provided at the upper surface of each wing for an elastic
      band 48 which extends across the top of the fuselage so as to bias the
      wings upwardly. These anchorages may be provided by specially provided
      members as shown, or, alternatively, by arcuate ears created by
      crescent-shaped slots formed in the sheet plastics material of the wings
      44 concave to the fuselage 40.
PAR  A stop member 50 centrally stuck to the top edge of the fuselage provides a
      positive limit to the upward pivoting movement of each wing 44 under the
      action of the elastic band 48. When the wings engage the member 50 at its
      ends the elastic band is still under tension.
PAR  For operation the wings 44 are folded downwardly together, and held by hand
      at their then bottom rear corners. The flaps 45 then extend from their
      roots outwardly of one another, whereas the flaps 46 extend inwardly. A
      catapult is engaged in a hook 51 provided by the fuselage 40 at the front
      end 41, and the wings are released to allow the machine to be projected by
      the catapult somewhat like a dart or a rocket.
PAR  When the machine is projected forwards in this manner, air pressure acts on
      the surfaces of the wing flaps 45 presented to the air stream, so as to
      counteract the bias of the elastic band 48; the wings therefore remain
      folded together so long as the forward motion remains fast enough. During
      this time the wings 44 offer minimal air resistance, so that a
      considerable height may be achieved.
PAR  Once the momentum of the initial projection is substantially dissipated, as
      the machine reaches its apogee, the air pressure on the flaps 45 drops and
      the wings are allowed to pivot upwardly relative to the fuselage under the
      action of band 48. The machine can thereafter float slowly back to earth
      with the wings 44 in their operative positions, in which they abut the
      stop members 50.
PAR  In practice, the balance between the force exerted by the elastic band 48
      and the aerodynamic forces acting on the flaps 45 is a matter of some
      subtlety, but can be determined without much difficulty.
PAR  The flaps 46 along the edges of the wings are solely to improve stability
      and glide characteristics.
PAR  In a modification of the arrangement of FIGS. 7 to 9 the elastic band 48
      and associated anchorages 47 are omitted, and the wings 44 are biassed
      upwardly at their attachments at the fuselage. Preferably the attachments
      themselves are of a resilient material which provides the necessary
      biassing force.
PAR  The material for the wings and fuselage of a machine in accordance with the
      invention may be chosen from wood (in particular, balsa wood and plywood),
      plastics, and metal.
PAR  The whole machine may be provided in kit form for assembly by a purchaser,
      since there are few parts, which are readily assembled.
PAR  In a particular modification of the arrangement shown in FIGS. 1 to 3,
      rings are used to replace the sleeves 18 and their associated hooks 19. In
      the arrangement of FIG. 4 it may be necessary or desirable to provide
      additional wings on the tail plane 12 for increasing the force opposing
      the biassing force produced by the member 36 during launching. These
      additional wings may be mounted above the wings 37.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modification changes and adaptations.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A toy flying machine comprising
PA1  a fuselage,
PA1  a plurality of wings, each of said wings including a rigid front bar
      forming a leading edge thereof, and flexible sheet material attached to
      said bar and to said fuselage and for providing an aerofoil surface for
      the wing in operative position thereof,
PA1  means for pivotally mounting said bars of said wings to said fuselage so
      that they are movable between an operative position wherein said flexible
      sheet material provides an aerofoil surface and maximum gliding of the
      machine is possible, and a retracted position wherein said flexible sheet
      material is folded up and minimum machine air resistance is provided,
PA1  biasing means for exerting a biasing moment on said wings which is less in
      said retracted position than during pivoting of said wings toward
      operative position, and
PA1  means subject to aerodynamic pressure dependent upon the forward motion of
      the machine for controlling movement of said wings between said retracted
      and said operative positions.
NUM  2.
PAR  2. A toy flying machine comprising
PA1  a fuselage,
PA1  a plurality of wings,
PA1  means for pivotally mounting said wings to said fuselage so that they are
      movable between an operative position wherein maximum gliding of the
      machine is possible, and a retracted position wherein minimum machine air
      resistance is provided,
PA1  biasing means for exerting a biasing moment on said wings which is less in
      said retracted position than the moment exerted therby during thereby of
      said wings toward said operative position from said retracted position,
      said means comprising, for each wing, a rid member attached to the wing
      and a collar slidable along said rod member, and elastic means biasing
      said collars toward one another so that said wings may be moved from their
      retracted to their operative position by sliding movement of said collars
      along said rod members, and
PA1  means subject to aerodynamic pressure dependent upon the forward motion of
      the machine for controlling movement of said wings between said retracted
      and said operative positions.
NUM  3.
PAR  3. A machine as recited in claim 2 wherein said elastic means comprises an
      elastic band linking said collars to one another and to said fuselage.
NUM  4.
PAR  4. A toy flying machine comprising
PA1  a. a fuselage having a pair of generally vertically extending side
      surfaces, and a top and a bottom,
PA1  b. a plurality of wings,
PA1  c. means for pivotally connecting said wings to said fuselage so that they
      are movable from a retracted position wherein they extend downwardly
      generally against said fuselage side surfaces and in which position
      minimum air resistance is provided and in which position they are disposed
      during initial flight movement, and an operative position wherein said
      wings extend generally horizontally and wherein maximum gliding of the
      machine is possible,
PA1  d. biasing means for biasing said wings from said retracted position toward
      said operative position, and
PA1  e. aerodynamic means formed on said wings for holding them in said
      retracted position against the bias of said biasing means during initial
      movement of said machine in flight, but allowing movement of said wings
      under the influence of said biasing means toward said operative position
      thereof after said machine has generally reached its flight apogee.
NUM  5.
PAR  5. A machine as recited in claim 4 wherein said aerodynamic means comprises
      a flap formed on each wing and extending generally upwardly therefrom.
NUM  6.
PAR  6. A machine as recited in claim 5 further comprising stop means formed on
      said fuselage and extending generally horizontally for limiting the upward
      movement of said wings into said operative, generally horizontally
      extending position thereof.
NUM  7.
PAR  7. A method of flying a toy flying machine, said machine comprising a
      fuselage having a pair of vertically extending side surfaces and a top and
      a bottom, a plurality of wings, means for pivotally connecting said wings
      to said fuselage so that they are movable from a retracted position
      wherein they are held extending generally downwardly generally against
      said fuselage side surfaces and an operative position wherein they extend
      generally horizontally, biasing means for biasing said wings from said
      retracted position toward said operative position, and aerodynamic means
      formed on said wings for holding them in said retracted position against
      the bias of said biasing means during initial movement of said machine in
      flight but allowing movement of said wings under the influence of said
      biasing means toward said operative position thereof after said machine
      has generally reached its flight apogee, said method comprising the steps
      of
PA1  manually folding said wings downwardly to said retracted position thereof,
PA1  launching said machine by applying a forwardly directed force thereto, and
PA1  releasing hold of said wings in said downwardly extending retracted
      position thereof simultaneously with the launching of said machine, said
      wings remaining in their retracted position under the influence of said
      aerodynamic means until the apogee of the machine flight is generally
      reached, whereat said wings will move to their operative position under
      the influence of said biasing means and remain there during the remainder
      of machine flight.
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ABST
PAL  Apparatus providing a controlled environment for intensive cultivation of
      vegetable matter, e.g. bean sprouts is disclosed. A valve regulates the
      supply of water from a reservoir to a water-spray inlet in the roof of a
      cultivation chamber having an air vent and a water drainage outlet. A
      timing device, operatively connected to a valve actuating mechanism, opens
      the valve for a predetermined length of time at predetermined intervals.
      The water supplied to the spray inlet is heated by a thermostatically
      controlled heater. The chamber may be thermally insulated and its interior
      may be heated by a thermostatically controlled heater.
BSUM
PAR  This invention relates to the intensive cultivation of vegetable matter,
      especially bean sprouts, in an apparatus providing a controlled
      environment.
PAR  The invention provides intensive cultivation apparatus comprising a chamber
      having an air vent and a water drainage outlet, spray means in the roof of
      the chamber, a reservoir for supplying water to the spray means, a
      thermostatically controlled heater arranged to heat the water supplied to
      the spray means, a valve regulating the supply of water from the reservoir
      to the spray means, a valve actuating mechanism operatively associated
      with the valve, and a timing device operatively connected to the actuating
      mechanism to open the valve for a predetermined length of time at
      predetermined intervals.
PAR  If the apparatus is to be used in an environment whose temperature differs
      greatly from the optimum cultivation temperature, it is preferable for the
      chamber to be thermally insulated; in addition, a thermostatically
      controlled heater may be arranged to heat the interior of the chamber.
PAR  The vegetable matter is placed in the chamber as seeds alone, which are
      allowed to germinate, or as seeds in a growth medium in which the seeds
      germinate and grow; or the vegetable matter has already germinated and is
      put in with a growth medium. In the particular case of the cultivation of
      bean sprouts, the beans are simply put in the chamber and are removed when
      germination is complete.
PAR  To ease removal of the vegetable matter, an opentopped removable box can be
      provided in the chamber below the spray means, and is preferably mounted
      on slideways. For the production of frequent small batches of vegetable
      matter (rather than an infrequent batch occupying the whole chamber) more
      than one said spray means can be provided; one said box will be arranged
      below each spray means. In this case each spray means can have a separate
      valve, the valves being opened in sequence by the timing device.
DRWD
PAR  The invention will be described further, by way of example only, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a front view of apparatus for the intensive cultivation of bean
      sprouts;
PAR  FIG. 2 is a side view of the apparatus, in vertical section;
PAR  FIG. 3 is a detail of FIG. 2, on an enlarged scale;
PAR  FIG. 4 is a perspective view of the chamber of the apparatus;
PAR  FIG. 5 is a cut-away perspective view of a box which fits inside the
      chamber; and
PAR  FIG. 6 is an exploded perspective view of a basket which fits inside the
      box.
DETD
PAR  The illustrated apparatus has a growth chamber 1, whose roof, base, and
      rear and side walls are covered externally with a thermally insulating
      material 2. The chamber 1 is closed at the front by a pair of doors 3
      having a sealing gasket 4. At the upper end of both side walls there are
      air vent holes 5. In the base there is a water drainage hole 6
      communicating with a drain pipe 7. To prevent spillage of water when the
      doors 3 are opened, a trough 8 runs right along below the door sill and
      communicates with a central drain pipe 9.
PAR  An electrical heating element 11 in the base of the chamber 1 is controlled
      by a thermostat (not shown) responding to the air temperature in the
      interior of the chamber.
PAR  On the base of the chamber 1 there are four equispaced slideways 12
      including rollers 13. Each pair of adjacent slideways is arranged to carry
      an open-topped box 14 (FIG. 5). The bottom of the box has a pair of
      longitudinal flanges 16 which run on the rollers 13 of the slideways 12. A
      drain hole 17 in the bottom of the box, which is fitted with a filter (not
      shown), has an adjustable valve (not shown in detail) to control the rate
      of drainage, so that the bean sprouts are soaked for a certain time.
PAR  A basket 18 (FIG. 6) for holding beans rests on transverse slats 19 on the
      bottom of the box 14, which can hold two baskets, one on top of the other.
      The lower ends 21 of the basket walls are inwardly flanged to support the
      removable slotted base 22 of the basket. (Alternatively the base 22 may be
      permanently fixed.) The basket 18 also has a perforated cover 20 which is
      to rest on the beans. The cover 20 allows free passage of water but
      prevents the beans and bean sprouts from floating out of the basket; it
      also reduces the amount of light and oxygen reaching the bean sprouts, so
      that red cotyledons and green leaves -- whose presence is unacceptable in
      good quality bean sprouts -- are avoided.
PAR  In the roof of the chamber 1, above each box 14, there is a water-spray
      inlet 23 fitted with a valve 24. The inlets 23 communicate with a
      water-reservoir in the form of a tank 26 mounted on top of the chamber 1.
      The water in the tank 26 is heated by immersed electrical heating elements
      27 controlled by a thermostat (not shown) responding to the temperature of
      the water. The water level is maintained by a ball float 28 which
      cooperates with a switch 29 controlling a water supply valve (not shown).
      The tank 26 holds a volume of water sufficient to spray one box of beans.
PAR  Each valve 24 has a tubular valve-seat 31, extending from the tank 26 to
      the chamber 1, with a flange 32 at its upper end on which rests a washer
      33 held between a valve closure disc 34 and a support disc 36. The washer
      and discs are mounted on a guide rod 37 which extends downwards through a
      collar 38 mounted on three struts 39 rigidly connected to a mounting ring
      41 at the bottom of the tubular valve-seat. A regulating ring 42 is
      supported at an adjustable position on the rod 37 by a pair of lock-nuts
      43. The ring 42 cooperates with the collar 38 to limit the extent to which
      the valve disc 34 is raised and, hence, to limit the rate of flow of water
      when the valve is open.
PAR  The valve 24 is opened by an electromagnet 44 having a movable core which
      is rigid with a bar 46 which hangs down into the tank 26. The bar 46 and
      rod 37 are formed with respective end lugs 47,48 which are connected by a
      buffer spring 49. When the electromagnet is activated, it raises the bar
      46 and with it the spring 49 and rod 37 so that the ring 42 comes into
      contact with the collar 38.
PAR  The electromagnets 44 are supplied with current by a circuit including a
      timing device (not shown), so that each electromagnet is activated for a
      short time every 3 to 5 hours. Each electromagnet is associated with a
      push-button switch 51 to disconnect it if the corresponding valve 24 is
      not to be opened. e.g. if the box fed by that valve is empty.
PAR  The timing device can be purely electrical or can comprise a constantly
      rotating cam disc (performing a complete revolution every 3 to 5 hours)
      contacted by a cam-follower roller or rollers. Preferably there is one
      roller or set of rollers associated with each electromagnet 44 so that the
      valves 24 are opened in sequence.
PAR  In the chamber 1, when the conditions of temperature and spraying frequency
      are set correctly by means of the control panel 50, it takes 72 hours for
      previously soaked beans to sprout fully. Using baskets 18 each capable of
      holding 50lb of bean sprouts, it is possible to obtain a 100lb crop of
      bean sprouts daily by proceeding as follows.
PAR  At the start of the first day, two baskets 18 of ready-soaked beans are
      introduced into the left hand (LH) box 14. The electrical power supply is
      switched on and the desired chamber and water temperatures are set on the
      control panel 50. The LH switch 51 associated with the LH electromagnet 44
      is switched on, the other two being off. The timing device activates the
      electromagnet every 4 hours, for example, to spray the beans in the LH
      basket. As the beans sprouts grow, the cover 20 will rise in each basket
      18. After 3 days, the cover will be close to the top of the basket and the
      bean sprouts will be ready for harvesting.
PAR  At the start of the second day, two baskets of soaked beans are placed in
      the middle box and the middle switch 51 is switched on. At the start of
      the third day, two baskets are placed in the right hand (RH) basket and
      the RH switch 51 is switched on.
PAR  At the start of the fourth day, the bean sprouts in the LH box are
      harvested and two fresh baskets of soaked beans are placed in the LH box.
      The cycle of operations then continues as above, a harvest being obtained
      daily.
PAR  To harvest the crop of bean sprouts, the box 14 is drawn out of the chamber
      1. The upper basket 18 is lifted from the box, the cover 20 is removed,
      and the bean sprouts are emptied into a large container; the lower basket
      is then emptied in the same way. Subsequently, the bean sprouts are
      washed.
PAR  Various modifications may be made within the scope of the invention. For
      instance, ultra-violet lighting may be provided within the chamber. Also,
      the humidity of the air may be controlled, e.g. by extracting damp air
      from the chamber by a fan, or by blowing warm, dry air into the chamber.
CLMS
STM  I claim:
NUM  1.
PAR  1. Intensive cultivation apparatus comprising a chamber having an air vent
      and a water drainage outlet, a plurality of spray means in the roof of the
      chamber, a reservoir for supplying water to the spray means, a
      thermostatically controlled heater arranged to heat the water supplied to
      the spray means, a plurality of valves regulating the supply of water from
      the reservoir to the respective spray means, a plurality of valve
      actuating mechanisms operatively associated with the respective valves, a
      timing device operatively connected to the actuating mechanisms to open
      the valves sequentially for a predetermined length of time at
      predetermined intervals, and a plurality of open-topped removable boxes in
      the chamber below the respective spray means, each of said valves
      comprising a tubular valve-seat, a guide rod extending longitudinally
      through the tubular valve-seat, a valve closure member mounted on the rod
      and cooperating with the upper end of the valve-seat in order to open and
      close the valve, a spring connecting the rod to the respective said
      actuating mechanism, a collar rigid with the valve-seat and guiding the
      rod, and a stop mounted on the rod below the collar to limit the upward
      travel of the rod when the valve is opened by the respective actuating
      mechanism.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, further comprising slideways in said
      chamber, said box being slidably mounted on said slideways.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein said box contains two baskets.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein each basket has a perforated
      cover capable of rising with vegetable matter growing in the basket.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, wherein said chamber is thermally
      insulated.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, further including a thermostatically
      controlled heater for heating the interior of said chamber.
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ABST
PAL  A balanced system for purifying aquatic media and maintaining aquatic
      specimens which comprises biological filtration, mechanical filtration and
      algae propagation.
PARN
PAR  This is a division of application Ser. No. 380,228, filed July 18, 1973,
      now U.S. Pat. No. 3,835,813.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many attempts have been made to provide filtration systems for the
      purification and maintenance of suitable aquaria environments, whether of
      a salt water or fresh water nature. Since an aquarium contains a fixed
      volume of water, which is used over and over again, its ecology is fragile
      and dependent upon many interrelated biological vectors.
PAR  An aquarium will not function in a proper manner (i.e., it will not present
      aquarium specimens with a healthful living environment) without a balanced
      interplay of certain biological and biochemical systems:
PAR  A. Oxygen-Carbon Dioxide Cycle: These gases are fundamental in the
      sustenance of plant and animal life. Plants absorb carbon dioxide which is
      necessary for photosynthesis and release oxygen for use in animal
      respiration which also releases carbon dioxide for plant use. It is
      therefore important, in an aquarium, that there is provided means whereby
      there is an oxygen/carbon dioxide exchange for the sustenance of said
      specimens.
PAR  B. Nitrogen Cycle: The excreta of aquatic specimens is principally in the
      form of insoluble organic and inorganic waste matter and urea. The urea is
      converted to soluble ammonium salts and carbon dioxide in water.
      Nitrifying bacteria, i.e. nitrococci and nitrate forming bacteria,
      combined with chemical reaction, oxidize the ammonia to nitrites (which
      are toxic to aquatic specimens) and then bacterial action oxidizes the
      nitrites to nitrates which are utilized by plant life and which, in turn,
      are used as a food source by the aquatic specimens.
PAR  C. Particulate Matter: The insoluble organic and inorganic waste materials,
      which are excreted by aquatic specimens and which also are formed by the
      natural decomposition of plant and animal tissues, must be removed from
      the aquarium environment. Soluble particulate matter is converted by
      bacterial action to plant and animal foods but the concentration of such
      material in a fixed volume of water, such as an aquarium, must be kept
      carefully balanced so that the system does not become overloaded.
PAR  Although the use of proper aquatic plants combined with natural bacterial
      action and proper mechanical filtration can provide a relatively balanced
      system with proper maintenance, the problem of maintaining a proper
      environment for aquatic specimens in the absence of plant materials has
      recently become more important. This problem is important to those
      professionals and hobbyists who do not or cannot provide the time
      necessary to adequately maintain a flourishing plant colony within the
      aquarium and it has become especially important for those professionals
      and hobbyists who prefer to maintain marine specimens. The maintenance of
      a proper plant colony in a salt water aquarium is much greater than that
      required to maintain a plant colony in a fresh water aquarium. Further, it
      is preferred, many times, to exclude plant material from the aquarium,
      even those aquariums utilizing fresh water, since it is difficult to keep
      the aquarium clean due to the decomposition of plant material. Resort must
      be had to vacuum cleaning of the aquarium and periodically replacing the
      aquarium water in order to prevent the water from becoming overloaded with
      decomposing plant material to the detriment of marine or fresh water
      specimens. The use of particulate filters, such as are known and which
      utilize carbon and/or fibrous materials, does not provide sufficient
      filtration action to provide a healthful environment for aquatic
      specimens.
PAC  PRIOR ART
PAR  The prior art references which are considered pertinent to the present
      invention are summarized below.
PAR  U.S. Pat. No. 3,314,396 discloses a device, which may be composed of glass
      mesh or a plastic material, for use in an aquarium for the propagation of
      algae as a nutrient medium for fresh water fish.
PAR  U.S. Pat. No. 3,387,587 discloses a "biochemical" filter which serves to
      control the alkalinity of aquarium water and to provide a porous surface
      conducive to the growth of nitrifying bacteria.
PAR  U.S. Pat. No. 3,557,753 discloses a 3-component filter system comprising
      (a) a "living" filter of algae and plants, (b) a calcite filter and (c) a
      biological filter.
PAR  U.S. Pat. No. 3,661,262 discloses a filtration system comprising (a) a
      particulate filter, (b) a biological filter and (c) a charcoal or resin
      filter.
PAR  U.S. Pat. No. 3,693,798 discloses the treatment of aquarium water whereby
      an external filter and a bottom structure, designed to support a layer of
      gravel, is utilized. The water flow is directed to the bottom of the
      aquarium tank and forced upward through the sand layer. Primary filtration
      occurs in the external filter and aerobic action takes place in the main
      body of the aquarium.
PAR  It is apparent from the above prior art references, that filtration systems
      comprising biological and particulate filters are well known. Further, it
      is known to include a "living" filter composed of algae and plants in such
      systems. In such systems, however, algae establish themselves throughout
      the aquarium tank, i.e. on its sides and within the sand covering the
      bottom of the aquarium, and eventually impede the function of associated
      particulate and/or biological filters. Further, present methods of
      providing for the growth of algae are not controllable to any extent and
      do not provide for sufficient algae growth to support life, especially in
      marine tanks containing no other forms of plant life. Additionally, prior
      art devices relating to algae growth are either too cumbersome for
      practical use because of the large surface areas necessary for algae
      growth or are too small to grow sufficient algae for practical use in an
      aquarium.
PAC  SUMMARY OF THE INVENTION
PAR  In order to provide a balanced system for purifying and maintaining an
      aquarium environment, particularly in the absence of plant life, the
      present invention provides a filtration and maintenance system comprising
      (a) biological filter means, (b) mechanical or particulate matter
      filtration means and (c) unique algae propagation means. Use of the
      purification and maintenance system, which will be hereinafter more fully
      described in detail, affords a means of establishing and maintaining a
      balanced aquarium system for fresh water and marine specimens which
      dispenses with the need for plant life. Plant life, of course, is
      expensive to obtain and difficult to maintain, especially in a marine
      system. There is thus provided, by the present invention, an improvement
      over the prior art in that a balanced aquarium system is attained through
      the combined effects of filtering means and algae propagation means.
DRWD
PAC  DESCRIPTION OF THE DRWINGS
PAR  The means by which the purpose of the present invention is accomplished
      will become apparent by reference to the accompanying drawings which form
      a part of this specification and which illustrate certain preferred
      embodiments of this invention and the best mode contemplated for
      practicing same. In the drawings, like characters of reference refer to
      like parts.
PAR  FIG. 1 is a view of an aquarium tank provided with biological and
      mechanical filtration means and algae propagation means persuant to the
      present invention.
PAR  FIG. 2 is a partial sectional view taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged detail sectional view taken on line 3--3 of FIG. 1.
PAR  FIG. 4 is a fragmentary sectional view of a portion of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A. General Construction
PAR  Briefly described, the present invention contemplates, with reference to
      FIG. 1, an aquarium tank 1 equipped with water circulation tubing 2 and a
      pump 3 for the circulation of water through the tank and its associated
      apparatus. Attached to the rear of the tank 1 is a filtration and
      propagation unit 4 which contains particulate filtration means and an
      algae propagation chamber. Within the tank 1, and resting on the bottom
      thereof, is supplemental biological filtration means 5.
PAR  B. Filtration Systems
PAR  The present invention is directed to the use of two filtration systems
      combined with algae propagation means to provide a balanced environment
      within the tank 1 which may be of glass, plastic, e.g. acrylic or similar
      transparent material. With particular reference to FIG. 2, there is
      provided biological filter means 5, constructed preferably of plastic,
      having perforations 6 to allow for the circulation of water through the
      filter into the main body of the tank. The biological filter 5 rests in
      spaced relationship to the bottom of the tank 1 on support members 10 and
      is covered by an aggregate material 7 such as sand or the like. An
      innovation of the present invention is the use of a supplemental aggregate
      material 8 underneath the filter 5, such aggregate being of larger
      particle size than the aggregate which rests upon the filter and within
      which the filter is buried. It has been discovered that inclusion of a
      porous aggregate material such as charcoal, crushed shell, small stones,
      marble chips, dolomite and the like beneath the filter 5 allows for
      enhanced bacterial growth and more rapid and complete oxidation of waste
      materials by the bacteria. A water circulation tube 9 connected to the
      pump 3 via tube 11 is positioned beneath the filter 5 and surrounded by
      the aggregate 8. The portion of the water circulation tube 9 within the
      tank is perforated 12 to allow maximum circulation of water within the
      aggregate 8 to afford maximum benefits.
PAR  With reference to FIG. 3, there is indicated combined unit 13 which houses
      two chambers separated by a perforated partition 14 composed of plastic,
      metal or glass. The upper, filtration chamber 15 contains granular black
      carbon or other similar purification material 16 covered with resin fiber,
      spun glass wool or the like 17. The purpose of the filtration chamber 15
      is to remove particulate matter, which is not trapped in the biological
      filter 5, from the circulating water 18 and to deodorize it.
PAR  C. Propagation System
PAR  The lower chamber 19 affords the basic innovative concept of the invention.
      The chamber is lined with mirrors 21, but the degree to which the chamber
      is lined with mirrors is optional. Thus at least two sides of the chamber
      should be mirrored-lined. Additionally, the bottom and all four sides may
      be so-lined. Further, the perforated partition separating the upper and
      lower chambers of the combined unit 15 may be mirrored on its lower side.
      The lower chamber 19 is filled with clear glass spheres, e.g. glass
      marbles 22, surrounding a centrally located light source 23. The purpose
      of the lower chamber 19 is to provide an environment for the propagation
      of algae 24 which are necessary for the maintenance of aquarium specimens,
      especially marine specimens which are raised in the absence of normal
      plant life.
PAR  FIG. 4 shows further detail of the lower chamber 19, i.e. the algae
      chamber, of combined unit 15 illustrating the inside mirrored surfaces 21
      thereof.
PAR  D. General Operation
PAR  The tank 1 receives aqueous media via inlet tubes 2 and it is distributed
      throughout the tank. The aqueous media enters through inlet pipe 9 and
      passes through the biological filter means 5 wherein bacteria act on
      dissolved and suspended excreta from the aquarium specimens, converting
      the excreta to nitrates which are used as nutritional source by the algae
      24 in the propagation chamber 19. Additionally, a certain amount of solid
      waste is trapped within the biological filter 5. The aqueous media flows
      upwardly through the perforations 6 in the biological filter 5, through
      the aggregate 7, e.g. sand, covering it, to circulate throughout the main
      body of the tank 1. By virtue of the partial vacuum created in the inlet
      tubes 2 and outlet tube 25 by pump 3, which may be magnetic, the aqueous
      media exits the tank 1 via outlet tube 25 and enters combined unit 15
      where it traverses the top layer of particulate filter media 17, e.g. spun
      glass fibers, cotton, etc. and the lower layer 16, e.g. charcoal, carbon
      black, resin or the like and continues to flow downwardly through the
      perforated partition 14 to the algae propagation chamber 19 which is lined
      with mirrored surfaces 21, completely filled with clear glass spheres 22
      and illuminated by a centrally located light source 23. The glass spheres
      within the algae propagation chamber serve a dual purpose: the surface
      area provided by the spheres 22 provides a much greater growing area for
      the algae 24 than has heretofore been available and the clear material,
      e.g. glass, plastic, of which the spheres are composed allows for
      conduction of light throughout all areas of the chamber. The glass spheres
      should generally have a minimum diameter of approximately 1/4 inch. In
      general, the maximum size of the transparent spheres is dependent on the
      size of the contemplated aquarium, the number and type of fish, etc.
      Extremely large spheres are impractical while smaller spheres tend to
      become too tightly compacted for good algae growth and would restrict
      circulation. Further, the mirrored walls, top and bottom of the chamber 19
      provide for further reflectance of light throughout the chamber. By virtue
      of the special and innovative construction of the algae propagation
      chamber in combination with the described filters, applicant is able to
      provide algae growth and aqueous media purification sufficient to support
      2 to 3 times the normal density of aquatic specimens for a given area. The
      algae in the propagation chamber serve to convert nitrates to vegetable
      protein which is then circulated throughout the tank 1 and utilized as a
      nutritional source for the aquatic specimens. Additionally, 2nd and 3rd
      generation algae are continually sloughed from the spheres and are
      circulated for additional nutritional value. The amount of algae grown can
      be regulated by the amount and intensity of light transmission within the
      propagation chamber 19 as well as by the amount of mirrored surfaces
      presented and the volume of spheres utilized. It has been discovered, in
      accordance with this invention, that the amount and direction of the light
      within the propagation chamber is important for the uniform, controlled
      growth of algae. To this end, all mirrored surfaces must be parallel to
      the light source and the various factors regulating algae growth should be
      controlled so as to afford a 5-6 millimeter thickness of algae on the
      glass spheres. Thicker growth of algae will tend to reduce the
      transmission of light throughout the filter.
PAR  Due to the efficient algae propagation chamber of the invention, the
      aquatic specimens are maintained in excellent health for the reasons
      heretofore described and because of the newly discovered absorption of
      trace elements, normally lost, by the algae and ingestion of the algae by
      the aquatic specimens. It has further been recently discovered that the
      most efficient algae are those which require a substrate, rather than
      free-floating algae.
PAR  Accordingly, upon passing through the algae propagation chamber, the
      circulating aqueous media provides nutrition for the algae in the form of
      soluble excreta, and carries a certain amount of above. into the tank for
      nutrition of aquatic specimens.
PAR  With regard to water circulation through the system, it should be
      understood that, with minor tubing modifications, the circulation of
      aqueous media may be reversed from the flow discussed a ove.
PAR  The combined unit 15 is preferably composed of a dark material, such as
      black plastic and the like in order to prevent outside light from entering
      the algae chamber 19. In this manner, the light within chamber 19 is
      precisely controlled. The light source 23 for chamber 19 is preferably
      incandescent although fluorescent light is suitable.
PAR  As a practical illustration of the benefits afforded by the invention, a 65
      gallon marine tank was equipped with the filtration and propagation system
      of the invention. The tank functioned for nearly 3 years without
      disruption. The pH was naturally stable and nitrite readings were
      consistently below 1 ppm. The population consisted of 46 inches of fish
      and 6 heads of live coral. The water returned to the tank from the algae
      propagation chamber was polished and nitrite-free.
PAR  While the invention has been described by referring to certain specific
      embodiments, it is not so limited since many modifications are possible in
      the light of the above teachings. The invention may therefore be practiced
      otherwise than as specifically described without departing from the spirit
      and scope thereof.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. An algae propagation chamber comprising a housing filled with
      transparent spheres surrounding a centrally located light source and means
      for entry and exit of aqueous media.
NUM  2.
PAR  2. Chamber of claim 1 wherein said housing is composed of plastic.
NUM  3.
PAR  3. Chamber of claim 2 wherein said plastic is black plastic.
NUM  4.
PAR  4. Chamber of claim 1 wherein said chamber is lined, on at least two
      surfaces thereof, with mirrors.
NUM  5.
PAR  5. Chamber of claim 4 wherein said mirrors are parallel to said light
      source.
NUM  6.
PAR  6. Chamber of claim 1 wherein said spheres are glass spheres.
NUM  7.
PAR  7. Chamber of claim 1 wherein said spheres are plastic spheres.
NUM  8.
PAR  8. Chamber of claim 1 wherein said spheres have a diameter of at least
      approximately 1/4 inch.
NUM  9.
PAR  9. Chamber of claim 1 wherein said light source is an incandescent light
      source.
NUM  10.
PAR  10. Chamber of claim 1 wherein said light source is a fluorescent light
      source.
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ABST
PAL  A hand-held pollinator comprising a casing having a pump mechanism mounted
      therein. A pollen storage container is removably attached to the casing
      and a discharge conduit from the pump extends into the pollen storage
      chamber for pressurizing same. A powder discharge conduit has the inner
      end thereof in communication with the chamber and has a nozzle on the
      outer end thereof for permitting pollen entrained in an airstream to be
      discharged therethrough when the pump mechanism is energized. An enlarged
      conical cover can be mounted to surround the discharge nozzle if desired.
      The housing has a power source, such as a battery, mounted thereon and has
      a movable trigger which, when manually depressed, electrically connects
      the power source to a motor associated with the pump mechanism.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an implement to be employed for
      mechanically conducting a pollinating operation.
PAC  BACKGROUND OF THE INVENTION
PAR  In conventional practice, an agricultural operation for pollination is
      conducted by the employment of a hair pencil, a cotton bar, or the like.
      This pollination operation requires many hours of labor, is fatiguing to
      the laborer, and requires a substantial number of laborers. This operation
      also does not permit application of a measured quantity of pollen, and the
      quantity of pollen as applied is subject to dispersion and waste, and
      hence unsuccessful pollination is effectuated in many cases.
PAR  The present invention relates to such a new and novel pollinator which is
      capable of eliminating the above-mentioned disadvantages.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a pollinator according to the present invention.
PAR  FIG. 2 is a sectional view as taken along the line II--II in FIG. 1.
PAR  FIG. 3 is a longitudinal sectional view of the pollen injection pump shown
      in FIG. 2.
PAR  FIGS. 4 and 5 are sectional views of a modification of a quantitative
      pollen injection control device.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1 and 2 illustrate a pollinator 1 according to the present invention.
      Pollinator 1 has a pistol-shaped housing or casing 2 which is divided into
      opposed sections 2A and 2B which are fixed together. The front end of
      casing 2 has a section 5 for containing dry batteries 3 and 4, and the
      rear end of casing 2 has a pump driving mechanism 6 mounted therein.
      Casing 2 also has a storage container 8 for pollen 7, which container 8 is
      removably attached to the rear lower end of the casing. The section 5 has
      a cap 9 provided with a terminal A properly set in place at the open end
      thereof in such a manner as to be removable at liberty. Section 5 also has
      terminals B and C mounted thereon adjacent the inner end of the battery
      compartment. Terminal B is connected with a cord 11 which connects with a
      motor 10, and terminal C functioning concurrently as a return spring for a
      movable trigger member 12 arranged at the rear end of section 5. One end
      of terminal C is connected with the rear end 13 of the trigger 12 and is
      constructed in such a manner as to be caused to come into contact with a
      terminal D connected with another cord 14 which connects with the motor
      10.
PAR  The pump driving mechanism 6 as positioned in the rear of the casing 2
      includes the motor 10, a pinion 15 nonrotatably mounted on the motor
      shaft, a crown gear 16 driven by gear 15, a connecting rod 17 pivoted
      eccentrically with the crown gear 16, and a pump 18 activated by the
      reciprocating motion of the connecting rod 17. The pump 18 comprises a
      sealed surrounding wall made of a rubbery flexible material having the top
      end thereof jointed with the connecting rod 17. Pump 18 is supplied with
      fluid by a suction valve 20 in communication with an intake vent 19, which
      vent 19 is formed in an intermediate member 24 which is fixedly positioned
      on a base plate 23, the plate 23 being fixed on the casing 2.
PAR  The upper open end of a vinyl pipe 25 is connected with an exhaust vent 21,
      which pipe 25 extends into the interior of the pollen storage container 8.
      An injection pipe 26 for the pollen 7 has the lower end thereof mounted on
      the pump base 23, and the upper or discharge end of the injection pipe 26
      projects forwardly from the top end 27 of the casing 2. A conical or
      trumpet-shaped cover 28 is mounted on the discharge end of pipe 26 in such
      a manner as to be removable when desired.
PAR  The pollen storage container 8 has a removable cap 29 properly set in place
      on the lower end thereof. The cap 29 has a hole 31 therethrough for an
      adjusting rod or slide 30, and a movable plate or piston 32 is positioned
      on the adjusting rod and is slidably supported on the internal wall of the
      pollen storage container 8. The sliding surface of the movable plate 32
      has an elastomeric O-ring 33 properly fitted thereon.
PAC  OPERATION
PAR  To operate the pollinator 1, the trigger 12 is activated by pushing same
      rearwardly by a finger. This causes terminals C and D to contact each
      other, whereby the circuit arranged between the motor 10 and the batteries
      3, 4 is closed so as to rotate the motor 10. The energization of the motor
      10 causes the pinion 15 and the crown gear 16 to rotate, and accordingly,
      a cranking motion is imposed on the connecting rod 17 which causes
      expansion and contraction of the sealed surrounding wall made of flexible
      material of the pump 18. Thus, air is suctioned from the outside
      atmosphere through the intake vent 19 and the valve 20 into the pump
      chamber. The air in the pump chamber is then blown into the pollen storage
      container 8 through the exhaust valve 22, the exhaust vent 21, and the
      pipe 25. The pollen 7 in the storage container 8, together with the air,
      is then forced through the pipe 26, whereby the pollen is ejected through
      the nozzle 28.
PAR  Thus, the pollinator 1 permits a pollinating operation to be conducted
      readily and quickly while using only a single hand. The present invention
      also permits a substantially constant quantity of atomized pollen to be
      ejected at all times, thus enabling pollination to be conducted in an
      economical and effective manner, while also avoiding wasting of pollen.
PAR  Further, replacement of a consumed dry battery with a new one and
      supplement of pollen can be conducted by a simple operation through the
      removal of the caps.
PAR  Furthermore, when the pollen in the storage container is reduced in
      quantity in a gradual manner in the course of the consumption thereof, the
      volume of the air in the pollen storage container is correspondingly
      increased, which can thus result in a reduction in the quantity of the
      pollen being ejected. However, with such a situation taken into due
      consideration, and for the purpose of eliminating such a foreseeable
      defect, the movable bottom plate 32 so fitted in the pollen storage
      container 8 as to be capable of sliding therein is properly designed so as
      to be movable at liberty by the adjusting rod 30 for controlling the
      volume of the pollen storage container, thereby keeping the proportion of
      pollen to air in the said container at a fairly constant ratio. Thus, a
      constant quantity of pollen can be ejected at all times.
PAR  FIG. 4 and FIG. 5 are illustrations of other means for effectuating control
      over the movable bottom plate 32. In FIG. 4, a threaded control rod 30
      extends upwardly on the cap 29, and the rod 30 is threadably engaged with
      the bottom plate 32. Cap 29 is rotatably supported on the lower end of
      container 8, whereby the movable bottom plate is caused to move in a
      sliding manner into the pollen storage container.
PAR  In the case of the illustration shown in FIG. 5, the through-hole 31
      drilled through the cap 29 is threaded and is engaged with the threaded
      adjusting rod 30. The adjusting rod 30 can be rotated at liberty, whereby
      the movable bottom plate 32 is caused to move in a sliding manner into the
      pollen storage container.
PAR  The trumpet-shaped cover 28 mounted on the discharge end of the ejection
      pipe 26, which cover 28 can be removed if desired, prevents the discharge
      nozzle of the pipe 26 from coming into direct contact with petals and
      leaves moistened and wet with dew, rainfall, or the like. This prevents
      the discharge nozzle from becoming clogged by moistened and wet pollen.
      Cover 28 also keeps discharged pollen from being blown away, even in a
      high wind, until a satisfactory pollinating operation can be ensured.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pollination device, comprising:
PA1  housing means defining a substantially pistol-shaped casing having a
      substantially horizontal and elongated upper section, said casing also
      having a hollow lower section projecting downwardly from the upper section
      adjacent one end thereof;
PA1  a pollen storage container attached to said housing means and defining
      therein a compartment adapted to contain a quantity of pollen, said pollen
      storage container being removably mounted on the lower end of said lower
      section;
PA1  a power source mounted on said housing means, said power source including
      battery means removably positioned within said upper section adjacent the
      other end thereof;
PA1  pump means mounted on said housing means for supplying air into said
      compartment, said pump means being positioned within said casing adjacent
      said one end of said upper section and having a discharge port connected
      so as to communicate with said compartment;
PA1  conduit means providing communication between said compartment and a
      location disposed externally thereof for permitting discharge of pollen
      from said compartment, said conduit means having the inlet end thereof
      positioned in communication with said compartment and having a discharge
      nozzle formed on the outlet end thereof; and
PA1  actuator means for actuating said pump means to cause air to be supplied to
      said compartment so that the air picks up the pollen in said compartment
      and discharges same through said discharge nozzle, said actuator means
      including manually-actuated electrical switch means mounted on said
      housing means for connecting said power source to said pump means for
      activating same, said electrical switch means including at least one
      manually actuated switch portion movably mounted on said housing means and
      positioned for manual actuation.
NUM  2.
PAR  2. A device according to claim 1, wherein said device is small and capable
      of being held in one hand.
NUM  3.
PAR  3. A device according to claim 1, wherein said pump means includes a motor
      electrically interconnected to said battery means, a reciprocating pump
      member, and reciprocating linkage means drivingly connected between said
      motor and said pump member for converting the rotation of said motor into
      reciprocation of said pump member.
NUM  4.
PAR  4. A pollination device, comprising:
PA1  housing means;
PA1  a pollen storage container attached to said housing means and defining
      therein a compartment adapted to contain a quantity of pollen;
PA1  pump means mounted on said housing means for supplying air into said
      compartment, said pump means having a discharge port;
PA1  a discharge pipe connected to the discharge port of said pump means and
      extending into the interior of said compartment so that the outlet end of
      said discharge pipe is immersed within the quantity of pollen contained
      within said compartment;
PA1  conduit means fixed relative to said housing means and providing
      communication between said compartment and a location disposed externally
      thereof for permitting discharge of pollen from said compartment, said
      conduit means having the inlet end thereof positioned in communication
      with said compartment and having a discharge nozzle formed on the outlet
      end thereof; and
PA1  actuator means for actuating said pump means to cause air to be supplied to
      said compartment so that the air picks up the pollen in said compartment
      and discharges same through said discharge nozzle.
NUM  5.
PAR  5. A pollination device, comprising:
PA1  housing means;
PA1  a pollen storage container attached to said housing means and defining
      therein a compartment adapted to contain a quantity of pollen;
PA1  pump means mounted on said housing means for supplying air into said
      compartment, said pump means having a discharge port connected so as to
      communicate with said compartment;
PA1  said pump means comprising a pump member constructed of a flexible material
      and defining a pump chamber, said pump means also including a driving
      member drivingly connected to said flexible member for causing
      reciprocation of same to repetitively vary the volume of said pump
      chamber;
PA1  conduit means fixed relative to said housing means and providing
      communication between said compartment and a location disposed externally
      thereof for permitting discharge of pollen from said compartment, said
      conduit means having the inlet end thereof positioned in communication
      with said compartment and having a discharge nozzle formed on the outlet
      end thereof; and
PA1  actuator means for actuating said pump means to cause air to be supplied to
      said compartment so that the air picks up the pollen in said compartment
      and discharges same through said discharge nozzle.
NUM  6.
PAR  6. A pollination device, comprising:
PA1  housing means;
PA1  a pollen storage container attached to said housing means and defining
      therein a compartment adapted to contain a quantity of pollen;
PA1  adjustment means associated with said pollen storage container for varying
      the volume of said compartment for controlling the volume ratio of pollen
      to air;
PA1  pump means mounted on said housing means for supplying air into said
      compartment, said pump means having a discharge port connected so as to
      communicate with said compartment;
PA1  conduit means fixed relative to said housing means and providing
      communication between said compartment and a location disposed externally
      thereof for permitting discharge of pollen from said compartment, said
      conduit means having the inlet end thereof positioned in communication
      with said compartment and having a discharge nozzle formed on the outlet
      end thereof; and
PA1  actuator means for actuating said pump means to cause air to be supplied to
      said compartment so that the air picks up the pollen in said compartment
      and discharges same through said discharge nozzle.
NUM  7.
PAR  7. A device according to claim 6, wherein the adjustment means includes a
      pistonlike bottom plate slidably positioned within said compartment and
      selectively movable along said compartment for varying the volume thereof.
NUM  8.
PAR  8. A portable hand-held power dispensing device, comprising:
PA1  portable housing means defining therein a substantially closed chamber,
      said housing means including a horizontally elongated tubular housing
      portion defining said chamber therein;
PA1  a powder storage container fixedly attached to said housing means and
      defining therein a compartment adapted to contain a quantity of powder,
      said storage container being attached to and projecting downwardly from
      said housing means adjacent one end of said elongated tubular housing
      portion, said housing means and said storage container defining a
      pistol-shaped configuration;
PA1  pump means mounted on said housing means and positioned within said chamber
      for supplying air into said compartment, said pump means having a
      discharge port connected so as to communicate with said compartment;
PA1  electrical motor means drivingly connected to said pump means, said motor
      means being mounted on said housing means and disposed within said
      chamber;
PA1  battery means disposed within said chamber for energizing said motor means;
PA1  conduit means providing communication between said compartment and a
      location disposed externally thereof for permitting discharge of powder
      from said compartment, said conduit means having the inlet end thereof
      positioned in communication with said compartment and having a discharge
      nozzle on the outlet end thereof;
PA1  electrical switch means mounted on said housing means for electrically
      connecting said battery means and said motor means together to permit
      energization of said motor means when said switch means is closed; and
PA1  manually actuated means movably supported on said housing means and
      coacting with said switch means for permitting selected actuation of said
      switch means.
NUM  9.
PAR  9. A device according to claim 8, wherein said conduit means includes an
      elongated conduit portion which projects outwardly a substantial distance
      beyond the other end of said tubular housing portion and has said
      discharge nozzle on the outer free end thereof.
NUM  10.
PAR  10. A device according to claim 9, wherein a trumpet-shaped cover is
      removably mounted on the outlet end of said conduit portion in surrounding
      relationship to the discharge nozzle.
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ABST
PAL  It is the custom in the trade to designate a "pot," which in use is
      suspended from an elevated support and whether used for a flower or a
      plant, as a "flower basket."
BSUM
PAR  The present invention relates to an all plastic flower basket, wherein the
      cylindrical body and bottom saucer for said body are readily snapped into
      their connected relation, and wherein an injection molded hook with three
      depending connecting members are separated from their side-by-side
      relation, provided by their common molding plane, into an outwardly
      diverging relation preparatory to establishing a connection with the
      cylindrical body at three circumferentially spaced locations.
PAR  The present invention relates to improvements for an all plastic flower
      basket (i.e. a "pot"-type container for a plant or flower which in use is
      supported by suspension from above), the improvements, more particularly,
      resulting in economical mass production and facilitated assembly of the
      flower basket.
PAR  As generally understood, the three components of a typical flower basket
      are the pot or basket, a bottom saucer for same, and a member for
      completing the connection between the basket and an elevated point of
      support. In known flower baskets, the manufacture and assembly of these
      three components are unduly complicated, thereby unnecessarily adding to
      the cost of the product.
PAR  Broadly, it is an object of the present invention to fabricate each of the
      three components economically using plastic, and to achieve facilitated
      assembly thereof simply by snapping the parts together in a friction fit.
      Specifically, it is an object to provide for the snapping of the bottom
      saucer about the bottom of the basket, and to use a connector, which is
      economically injection molded (i.e. molded in a single molding plane) for
      making a circumferential connection about the basket opening, said
      circumferential or multi-plane locations for said connections being
      permitted by the pliability of the plastic material of construction of
      said injection molded connector.
PAR  A three-part flower basket demonstrating objects and advantages of the
      present invention includes a flower basket, a bottom saucer for said
      basket, and a plastic molded connector for suspending said flower basket
      and saucer in connected relation with each other from an elevated support.
      The flower basket is formed as a cylindrical body bounding a compartment
      for a supply of earth for growing plants in said basket, said body having
      about its upper opening a circular laterally extending flange which is
      molded with three keyhole slots circumferentially spaced thereabout.
      Completing the construction of the basket are four circumferentially
      spaced openings in its bottom wall which cooperate with four upstanding
      connecting projections on the bottom saucer to provide, when the
      projections are thrust in a force fit through said openings, a connected
      relationship of the saucer with the flower basket. The last component,
      namely, the plastic molded connector, is formed with three connecting
      members which during the suspension of the flower basket have an operative
      condition circumferentially spaced from each other and diverging outwardly
      from a common point to their connection in the keyhole slots of the flower
      basket. Each said connecting member has an enlarged-sized projection at
      its end which is adapted to be projected through a cooperating keyhole
      slot and laterally snapped into place therein for completing its
      connection to the flower basket. A hook extends from the upper juncture of
      the connecting members and is useful in completing a connection between
      the connector and the elevated support for the flower basket. Lastly, a
      pliable plastic material of construction is used in the molding of the
      connecting members, such that although these members are molded in a
      common molding plane, after said molding said connecting members are
      readily separated into plural planes as required by their operative
      outwardly diverging condition, said separating movement being permitted by
      the pliability of the plastic material of construction.
DRWD
PAR  The above brief description, as well as further objects, features and
      advantages of the present invention, will be more fully appreciated by
      reference to the following detailed description of a presently preferred,
      but nonetheless illustrative embodiment in accordance with the present
      invention, when taken in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a partial perspective view illustrating the preferred manner in
      which plants or the like are cultivated for growth in a flower basket of
      the within invention;
PAR  FIG. 2 is an isolated perspective view of the bottom saucer for the flower
      basket;
PAR  FIGS. 3A, 3B and 3C illustrate the manner in which the friction fit
      connection is established between the bottom saucer and the flower basket.
      Specifically, progressive examination of FIGS. 3A and 3B illustrate how
      the upstanding connecting projections of the bottom saucer are projected
      through the drainage openings in the bottom of the flower basket to
      complete the connection therebetween. FIG. 3C is a plan view, as seen in
      the direction of the arrows 3C--3C of FIG. 3B, wherein the friction fit is
      more particularly demonstrated and wherein there is a showing, which is
      slightly exaggerated, of the slight rupture which occurs in the wall
      bounding each drainage opening in order to accommodate said upstanding
      projection of the bottom saucer.
PAR  FIGS. 4, 5 and 6 are concerned with structural details of the flower
      basket. Specifically, FIG. 4 is a plan view of the flower basket
      illustrating both the keyhole slot by which said flower basket is
      suspended and also the connection of the bottom saucer in the drainage
      openings of the bottom wall of said flower basket;
PAR  FIG. 5 is a side elevational view, partially broken away, illustrating
      further structural details of the connection of the bottom saucer about
      the bottom of the flower basket; and
PAR  FIG. 6 is a side elevational view, in cross section taken along lines 6--6
      of FIG. 4, illustrating further structural details of the flower basket
      and bottom saucer.
PAR  FIG. 7 is a perspective view illustrating the complete assembly of the
      flower basket, its bottom saucer, and the connector by which the flower
      basket is suspended from an elevated support;
PAR  FIG. 8 is a partial plan view, in section, illustrating how the connection
      is made between the connector and the flower basket using the keyhole
      slots;
PAR  FIG. 9 is a side elevational view illustrating further details of the
      connection which is provided by each keyhole slot.
PAR  FIGS. 10 and 11 illustrate structural details of the connector per se, the
      same being front and side elevational views respectively of this component
      of the inventive combination.
PAR  Flower pots are, of course, well known and have long been used for the
      growing of plants and flowers, particularly in the home. When for
      decorative purposes or the like, the pot is suspended from an elevated
      support, it is usually referred to as a "flower basket," even though
      structurally it is identical to a "pot," and even though it is used for
      the growing or cultivation of plants as distinguished from flowers. As
      used subsequently herein, the term "flower basket" is intended to have the
      meaning ascribed to it by trade and custom, as just indicated, said term
      also serving to distinguish the within subject matter from a plant or
      flower container which is not supported by suspension and which therefore
      does not require the structural features which are part of the present
      invention.
PAR  Reference is now made to the drawings, and particularly to FIG. 1 wherein
      there is shown a plurality of flower baskets, generally designated 10,
      demonstrating objects and advantages of the present invention. The baskets
      10 of FIG. 1 are not in their vertically suspended condition as would be
      the case when in use, as illustrated in FIG. 7, but rather are illustrated
      as they would be used by a farmer during the growing in each of the
      baskets 10 of a plant 12 in preparation for retail sales. In a typical
      commercial installation, the handling of large numbers of the flower
      baskets 10, in order to reduce their unit cost, contemplates the placement
      of the baskets 10 on a sponge or absorbent mat 14 which is periodically
      provided with the water supply necessary for the growth of the plants 12.
      To the above end, each flower basket 10 has a bottom wall 16 having
      circumferentially spaced openings 18 therein. While the openings 18 during
      use of the basket 10 in the home or by the retail customer provide a
      drainage function, as will be more particularly indicated, during the
      initial stages and the processing of the baskets 10 for retail sales, as
      illustrated in FIG. 1, the openings 18 provide access for the water
      content of the mat 14 to make its way, as along the path 19, into the
      planting earth 20.
PAR  One of the significant aspects of the within invention is the ease in which
      the bottom saucer, more particularly designated 22 in FIG. 2, is connected
      about the bottom wall 16 of the basket 10. In this regard, each bottom
      saucer 22 includes a bottom wall 24, a peripheral side wall 26, and four
      upstanding connecting projections 28 circumferentially spaced about the
      bottom wall 24, in the same manner and relation as the four drainage
      openings 18 of the bottom wall 16 of the flower basket 10. As a
      consequence, and as best illustrated by progressive examination of FIGS.
      3A--3C, following removal of the flower basket 10 from its supported
      position on the mat 14 during the growing of the plants 12, each basket 10
      is then advantageously prepared for retail sale. This requires the use of
      a bottom saucer, such as the saucer 22, since planting earth 20 must be
      prevented from spilling from the openings 18 and, even more important,
      excess water placed in the growing earth 20 must be permitted to drain
      through the openings 18. In accordance with the present invention, bottom
      saucer 22 is readily connected to a cooperating flower basket 10 merely by
      aligning the four upstanding connecting projections 28 with the four
      drainage openings 18 and then pushing the connectors 28 through the
      openings 18, as in the direction 30. As best shown in FIG. 3B, projecting
      movement 30 of bottom saucer 22 occurs until the bottom wall 24 thereof
      encounters depending spacing projections 32 of the basket bottom wall 16.
      As a result of thrusting the projections 28 through the drainage openings
      18, the sides 34 of each projection 28 are firmly engaged, in a friction
      fit, by the wall bounding each drainage opening 18. In fact, as
      illustrated in FIG. 3C, in slightly exaggerated fashion, it is
      contemplated that the width of each projection 28 will be slightly greater
      than the diameter of each drainage opening 18 so that during the thrust of
      the projections 28 through the openings 18 there will be a slight
      rupturing of the wall bounding each drainage opening 18, as at the
      locations 36, which, in an obvious manner, assures that there is a firm
      gripping contact established between the connectors 28 and the walls
      bounding the openings 18. The aforesaid rupturing at the locations 36 is
      facilitated by the angular orientation of the leading edges 38 of each
      projection 28. Additionally, the edges 38 form a point on each projection
      28 which facilitates entry thereof into the planting earth 20. As
      illustrated in FIG. 3C, when the projections 28 are in their connected
      position within the drainage openings 18 there is still sufficient unused
      area in each of the openings to enable it to perform its drainage
      function.
PAR  Reference is now made to FIGS. 4-7 which best illustrate the structural
      details of the flower basket 10. The same includes a cylindrical body 40
      which bounds a compartment 42 for the previously referred to planting
      earth 20. At the upper end of the body 40 which bounds the opening into
      the compartment 42, basket 10 has a circular, laterally extending flange
      44 in which there is a circumferential arrangement of identically
      constructed keyhole-shaped slots 46, the function of which will soon be
      apparent. Clearly shown in FIG. 4 is the flower basket bottom wall 16 with
      the four drainage openings 18 circumferentially spaced thereabout. Between
      the openings 18 is a group of three of the previously noted depending
      spacing projections 32.
PAR  Completing the three-unit combination of the present invention, and as best
      illustrated in FIGS. 10, 11, is a connector, generally designated 50.
      Connector 50 is a plastic molded article of manufacture, being
      specifically molded of a pliable plastic such as "Celcone," commercially
      available from Celanese Corporation. The molding occurs in a common
      molding plane, as illustrated more particularly in FIG. 11. As such, the
      connector 50 is economically mass produced since it readily lends itself
      to injection molding. However, while it is molded and produced in a common
      plane, as illustrated in FIG. 11, the three depending elongated connecting
      members, more particularly designated 52 in FIG. 10, are, by virtue of the
      pliability of the plastic, readily separated from each other into an
      outwardly diverging configuration, as illustrated in FIG. 7.
PAR  At the point of convergence, or top of the members 52, as at 54, each
      connector 50 has a molded hook 56, by which it is readily connected to the
      elevated support for the flower basket 10. At the other or remote end of
      each of the connecting members 52, the same is molded with a
      half-spherical shape 58. Each shape 58 is of slightly enlarged size in
      relation to the diameter of each member 52 so that each shape 58 has a
      horizontally oriented basket-engaging surface 60.
PAR  Referring now to FIGS. 8 and 9, it should be readily appreciated that the
      connection between the connector 50 and the flower basket 10 is readily
      achieved by projecting each connecting member 52 through the larger
      opening 62 of a keyhole slot 46 and then laterally snapping each shape 58
      in place in the small openings 64 of each slot 46. This, of course,
      positions the surface 60 in holding relation beneath the flower basket
      flange 44, all as is clearly illustrated in FIG. 9, thereby completing the
      assembly of the three-part flower basket 10 of the present invention. Not
      only is the assembly of the component parts rather simple and readily
      achieved, in the manner already described, but the flower basket 10 is
      economically produced because it is made entirely of plastic. In a
      preferred embodiment the container 40 is preferably molded of
      polypropylene, as is also the bottom saucer 22 and, as already noted, the
      connector 50 is preferably injection molded using "Celcone."
PAR  A latitude of modification, change and substitution is intended in the
      foregoing disclosure and in some instances some features of the invention
      will be employed without a corresponding use of other features.
      Accordingly, it is appropriate that the appending claims be construed
      broadly and in a manner consistent with the spirit and scope of the
      invention herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. As an article of manufacture, the combination of a flower basket, a
      bottom saucer for said basket, and a plastic molded connector for
      suspending said flower basket and saucer in connected relation with each
      other from an elevated support: said flower basket comprising a
      cylindrical body bounding a compartment for a supply of earth for growing
      plants in said basket, said body having an upper opening into said
      compartment with a circular flange extending laterally thereabout, said
      flange having three keyhole slots circumferentially spaced thereabout, and
      a bottom wall on said body having four circumferentially spaced openings
      therein; said bottom saucer having four upstanding connecting projections
      in said same circumferential spacing as said bottom wall openings
      projecting in a force fit through said openings for achieving said
      connected relationship of said saucer with said flower basket; and said
      plastic molded connector comprising three connecting members which during
      the suspension of said flower basket have an operative condition
      circumferentially spaced from each other and diverging outwardly from a
      common point to their connection with said flower basket, an
      enlarged-sized projection at the end of each said connecting member
      adapted to be projected through a cooperating one of said keyhole slots
      and laterally snapped into place therein for completing said connection to
      said flower basket, a hook extending from said common point for completing
      a connection between said connector and said support, said connecting
      members being molded of a pliable plastic material in a common molding
      plane, said material being sufficiently pliable so that after said molding
      said connecting members are readily separated without breaking into plural
      planes as required by said operative outwardly diverging condition.
NUM  2.
PAR  2. As an article of manufacture, the combination of a flower basket, a
      bottom saucer for said basket, and a plastic molded connector for
      suspending said flower basket and saucer in connected relation with each
      other from an elevated support: said flower basket comprising a shaped
      body bounding a compartment for a supply of earth for growing plaints in
      said basket, said body having an upper opening into said compartment with
      a circular flange extending laterally thereabout, said flange having three
      keyhole slots circumferentially spaced thereabout, and a bottom wall on
      said body having four circumferentially spaced openings therein; said
      bottom saucer having four upstanding connecting projections in said same
      circumferential spacing as said bottom wall openings projecting in a force
      fit through said openings for achieving said connected relationship of
      said saucer with said flower basket; and said plastic molded connector
      comprising three connecting members which during the suspension of said
      flower basket have an operative condition circumferentially spaced from
      each other and diverging outwardly from a common point to their connection
      with said flower basket, an enlarged-sized projection at the end of each
      said connecting member adapted to be projected through a cooperating one
      of said keyhole slots and laterally snapped into place therein for
      completing said connection to said flower basket, a hook extending from
      said common point for completing a connection between said connector and
      said support, said connecting members being molded of a pliable plastic
      material in a common molding plane, said material being sufficiently
      pliable so that after said molding said connecting members are readily
      separated without breaking into plural planes as required by said
      operative outwardly diverging condition.
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ABST
PAL  The conversion unit is a simple frame structure applied inwardly of a
      window opening, such as in a residential basement equipped with metal
      casement windows. It comprises a pair of like triangular end members or
      panels bridged across inner upright edges thereof by a light-transmitting
      portion in which a pair of ornamentally decorated sliding panels are
      mounted, as in a pair of overlapped grooves in a frame part of the panel
      portion. The unit is applied with outer vertical edges thereof in abutted
      engagement with a wall carrying the casement window and with upper margins
      of the generally triangular open frame structure in upwardly flush
      engaging abutment with the room ceiling just above the casement window
      zone. the sliding panels are chosen of a decorative plastic, semi-rigid
      sheet, preferably somewhat flexible in nature, and also by preference
      provision is made for a removal of the unit from the casement area for
      full access to the castment window from its interior.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention finds a preferred, although not sole, application in the
      refurbishment or decoration of basement areas, many occupied as game
      rooms, bars, or the like in order to afford a pleasant and attractive
      diffused illumination of the room in question. Other applications of a
      more general nature are, of course, contemplated.
PAR  2. Description of the Prior Art
PAR  A search has revealed the following patent disclosures:
     H. F. Belcher    642,572  February 6, 1900                                
     Samuel Ish-Shalom et al                                                   
                     2,075,065 March 30, 1937                                  
     M. Wolters      2,484,769 October 11, 1949                                
     E. Pierson      2,530,724 November 21, 1950                               
PAR  Although these disclosures hint at individual subfeatures of the invention,
      none thereof shows or suggests the concept of the ornamental casement
      window conversion unit of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  The invention affords an extremely inexpensively constructed and releasably
      installed conversion unit to much improve the appearance of the window
      area of a basement or like room to which it is applied. The ornamental
      sliding panels transmit a diffused, non-glare type illumination to the
      room in daytime; and are equally attractive in appearance when room
      illumination is by internal artificial light.
PAR  The unit will, it is believed, be an attractive one for sale through lumber
      stores, hardwares and the like for home installation, or as a
      do-it-yourself item for construction and installation by the homeowner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top perspective view of a typical installation of the window
      conversion unit to a basement room window, also typically of the casement
      type;
PAR  FIG. 2 is a view in transverse vertical section, as on line 2--2 of FIG. 1,
      showing the relationship of the installed unit to a wall, ceiling and
      casement space of the room;
PAR  FIG. 3 is a view in generally horizontal transverse section, as on line
      3--3 of FIG. 2, slidably adjusted positions of one of the unit's
      overlapped decorative and diffusive panels being indicated in solid and
      dotted line; and
PAR  FIG. 4 is a fragmentary view showing a suggested releasable mounting detail
      for the conversion unit.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 of the drawing shows a typical installation of the conversion unit
      of the invention, generally designated by the reference numeral 10, in a
      residential basement area externally defined by an upright wall W
      laterally defining a casement offset in which a typical casement window 12
      is received, the window being of a conventional type hingedly connected
      along its top in the space outwardly of wall W. In a such typical
      installation, the horizontal width of unit 10 will be, say, 38 inches, its
      height will be 12 inches and its maximum top outer-to-inner dimension will
      be 10 inches. However, it is contemplated that units 10 will be produced
      and sold in dimensions suiting them for home installation in casement
      windows of varying dimensions.
PAR  Conversion unit 10 is constituted by a very simple frame structure,
      generally designated 14, which includes an inner rectangular frame portion
      15 of the indicated dimension, which as mounted to the wall W diverges
      inwardly and upwardly (FIG. 2), coming at its top in substantially flush
      engagement with the ceiling C of the room area. The unit further comprises
      a pair of identical end panels 16 which are of triangular outline, being
      fixedly connected at inner upwardly and inwardly divergent edges 17
      thereof to end uprights of the rectangular portion 15 of the unit.
PAR  End members 16 are shown as being of sheet metal construction, outwardly
      flanged at their outer limits at 18 for flush abutting engagement with the
      room wall W; and in the interest of easy and quick full access to the
      casement window 12 the end members 16 have means for a removable mounting
      of those members, hence of the unit 10 as a whole, to the wall. Typically,
      such means are shown specially in FIG. 4 as being in the form of
      horizontally disposed keyhole-shaped slots 20 slidably engaged over the
      heads of screws 21 fixedly applied to wall W in vertically spaced relation
      to one another. See FIG. 1. However, if found desirable, other types of
      removable mount for unit 10 may be resorted to. As appears in FIGS. 1 and
      2, the proportioning of the upwardly divergent frame portion 15 is such
      that with unit 10 properly mounted the frame's top comes substantially
      flush with the ceiling C and its bottom similarly comes flush with wall W
      just beneath the casement space.
PAR  Although reference has been made to a stamped sheet metal construction of
      the end members 16, it is contemplated that they may be of any other
      appropriate construction, such as plywood, aluminum or plastic. By the
      same token, the inner frame portion 15 of unit 10 may be formed of wood,
      aluminum or plastic, in fact any conveniently available material which
      will enable the formation therein, as by extrusion, routing, etc., of
      means for slidably accommodating a pair of identical ornamental light
      diffusing panels 22, 23 of the unit, such provisions being best
      illustrated in FIGS. 2 and 3.
PAR  As therein shown, the frame portion 15 is provided with inner longitudinal
      slots or grooves 25 along all four of its horizontal and upright reaches
      for the sliding reception of the innermost panel 22 of the panel pair; and
      frame structure 15 is similarly grooved at 26 on all four of its upright
      and horizontal pieces to accommodate the second sliding panel 23 of the
      unit. Thus, reference being to FIG. 3, inner panel 22 may be manually
      engaged and slid to its right to an indicated dotted line position for
      access to the casement window 12 for washing or the like; and the outer
      panel 23 is correspondingly shiftable to the same end.
PAR  As previously indicated, and as appears in FIG. 1, panels 22 are preferably
      of an ornamental plastic sheeting, translucently light-diffusive and
      attractively colored in design; and by further preference they are
      semi-rigid but to some extent flexible to permit a degree of bending
      thereof sufficient to enable them to be readily removed from and replaced
      in the slots or grooves 25, 26, in the event a washing of both sides of
      those panels is in order.
PAR  FIG. 3 shows that in their fully outwardly expanded or spread condition,
      the ornamental panels 22, 23 have some degree of overlap at adjacent ends
      thereof for a continuity of appearance of the diffusive panel arrangement
      as a whole.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A conversion unit for mounting internally of and over the wall opening
      of a casement or like room window to ornamentally convert the latter; said
      unit comprising a frame structure having a pair of like upright end
      members applicable in outwardly abutting relation at 90.degree. to a wall
      affording said opening, an inner frame portion connected at its opposite
      ends to said members in an inwardly and upwardly extending relation to
      said wall, and at least one panel of light-transmitting material mounted
      in said inner frame portion to extend in a direction parallel to said
      wall, said end members of the frame structure being triangular, presenting
      outer edges in abutting relation to the wall and inner edges divergently
      angling upwardly toward a room ceiling, to which inner edges the ends of
      said frame portion are connected, there being at least two
      light-transmitting panels slidable in said frame portion, said portion
      having elongated grooves receiving said panels to adjustably slide in an
      overlapped relationship to one another, said frame structure having means
      for a ready and manually releasable mounting of the unit to said wall in a
      predetermined close relationship to said ceiling, the dimensioning of said
      inner frame portion closely approximating that of said window as said
      portion parallels said wall, the dimensioning being such that upper and
      lower members of said frame portion respectively engage with said ceiling
      and with said wall directly beneath said opening of the latter.
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ABST
PAL  An improved astragal is formed by joining two layers of flexible
      fire-resistant material to form an envelope, which is then shaped whereby
      extensions of said envelope are overlapped to form a joint contiguous to a
      mounting bar, which mounting bar is used to affix the astragal to the
      elevator door.
BSUM
PAR  The present invention relates to safety astragals for elevator doors and
      more particularly to safety astragals designed for use on horizontally
      divided, vertically moving freight elevator doors.
PAR  Elevator doors of the counterbalanced type are conventionally used at
      elevator landing openings to prevent fire, which might originate within
      the elevator shaft, from being communicated to the various floors of the
      building, and to prevent fires originating at the floors from being
      communicted to the elevator shaft. The doors are typically comprised of
      two separate vertically moving sections, which are positioned between
      vertically disposed guide rail members which are attached on walls forming
      the elevator shaft. The door sections are guided in their vertical opening
      and closing movements by guide means attached to the vertical edges of the
      door sections which cooperate with and engage an inwardly-extending flange
      member of the guide rail assembly. In opening and closing movements, the
      door sections move in a vertical plane in opposed relation to each other,
      which movement is controlled by flexible connecting members secured to
      each side of each door section with the flexible connecting members
      running over respective sheave members secured to the guide rail
      assemblies.
PAR  In order to provide a fire-tight seal between the two door sections, when
      closed, it was at one time common practice to provide a structural steel
      angle section on the upper door which overlapped the lower door, when the
      doors were in the closed position. The angle section prevented fire from
      passing through any space which might have existed between the doors and
      also prevented the introduction of objects between the doors for deposit
      or discharge into the shaftways. The fire seal angles, however, while they
      were suitable for providing a fire-tight seal, introduced a hazard upon
      closing the doors, since the angle also functioned as a guillotine which
      would tend to shear off anything left in between the doors. The steel
      angle sections were particularly dangerous to fingers, hands, wrists, or
      feet of persons who did not take sufficient care to avoid injury.
PAR  More recently, safety astragals have been proposed, which astragals are
      fabricated from cylinders of various fireproof materials such as
      wire-reinforced, neoprene-coated asbestos. In many cases the
      wire-reinforced, neoprene-coated cylinder astragals contained reinforcing
      members or spring-like devices which were elements of the apparatus used
      to mount the astragal on the elevator door. Such cylindrical astragals are
      described in U.S. Pat. No. 2,923,984, Canadian Pat. No. 524,866 (issued
      May 8, 1956) and elsewhere.
PAR  In order to obtain Underwriter's approval of elevator doors, the doors with
      the astragals mounted thereon must be subject to rigorous tests both as to
      their fire-resisting qualities and also their resistance to disintegration
      by the hose steam test which is applied immediately after the fire test.
      Since the forces employed in closing freight elevator doors are of the
      order of 35 to 50 pounds, in order to produce a neoprene-asbestos fabric
      cylinder which will withstand repeated stresses and compression to seal,
      it is necessary to build a thick and strong cylinder. It has been found
      that when cylindrical astragals are fabricated to specifications which
      produce adequate fire protection and resistance to physical stresses, they
      are not easily compressed. It has also been found that many injuries can
      occur when a finger or hand or other limb is caught between the lower sill
      and the astragal. Even in those cases where there is no metal-to-metal
      contact, serious injury can take place.
PAR  It is the purpose of the present invention to provide an astragal which is
      effective in producing a fire seal, but which is sufficiently flexible to
      avoid any crushing injury to a limb which is caught between the doors in
      the closed position.
PAR  The present invention also provides a safety astragal which is simple in
      construction and can be readily attached to new or to existing freight
      elevator doors and which astragal will be effective in its action and
      which will have a long life.
PAR  The present invention further provides an astragal which is readily
      fabricated, which requires a lesser amount of overall material than is
      required for a conventionally cylinder-type astragal, and which may be
      attached to the elevator door by the members which hold the astragal in
      its finished configuration.
DRWD
PAR  Other advantages of the present invention will be readily appreciated by
      those skilled in the art by reference to the following description, when
      considered in connection with the accompanying drawing in which:
PAR  FIG. 1 is a perspective view, as seen from outside of the elevator shaft,
      of a pair of elevator doors, with the astragal of the present invention
      affixed to the lower surface of the upper door;
PAR  FIG. 2 is a transverse vertical sectional view of the astragal of the
      present invention mounted on the lower surface of the upper door of the
      pair of elevator doors, taken in section along line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary longitudinal view of the astragal of the present
      invention taken in section at approximately line 3--3 of FIG. 2; and
PAR  FIG. 4 is a cross-section of the envelope of flexible fireproof material
      used to fabricate the astragal of the present invention.
DETD
PAR  Referring more particularly to the drawing, FIG. 1 shows a pair of
      horizontally divided, vertically operating freight elevator doors 10 and
      16, in which upper door 10 has an astragal 20 affixed to its lower edge.
      As is shown in FIGS. 1, 2, and 3, the doors are in the closed position,
      whereby the astragal 20 is in contact with the upper member 18 of lower
      door 16. Those skilled in the art will be aware that the astragal of the
      present invention may be used in connection with a single, vertically
      moving door, in which case a stationary trucking sill would function in
      the same manner as the upper member 18 of the lower door 16.
PAR  As is shown in FIG. 2, the upper door 10 comprises a face plate 12 which is
      affixed to a door frame angle 14, which provides a horizontal surface to
      which the astragal 20 is mounted. The lower door 16 is usually similarly
      constructed, except that a heavy duty trucking sill 18 is typically
      affixed to the lower door frame angle 19 whereby the trucking sill 18
      serves as the horizontal contact surface for the astragal 20.
PAR  The astragal of the present invention is shown in transverse cross-section
      in both FIGS. 2 and 4. In FIG. 2, the astragal 20 is in place, and
      attached to the door, while FIG. 4 illustrates the astragal before it is
      shaped and mounted. As is shown in both Figures, the astragal is formed
      from an elongated, flexible fabric assembly 21, which comprises two
      discrete layers of flexible fireproof material, which preferably is a
      neoprene-coated, wire-reinforced asbestos cloth. Preferably, both the
      inner layer 22 and the outer layer 24 are produced from the same type of
      material.
PAR  The inner layer 22 and the outer layer 24 are joined at joints 26 along
      parallel lines to form an elongated envelope 23 as is shown in FIG. 4.
      Joints 26 are preferably secured by stitching using a non-melting thread
      such as cotton, but adhesives and other means may be used to produce the
      joints 26 and form the envelope 23. The inner layer 22 is joined near its
      outer edges to the outer layer 24 within the borders of the outer layer
      24, leaving extensions 28 and 30 outside of both sides of the envelope. It
      is important that inner layer 22 be joined with outer layer 24 in such a
      manner that an elongated envelope or pocket 23 is formed. Flexible fabric
      assembly 21 should be long enough to run the entire width of the elevator
      door on which it is to be installed. When the fabric assembly 21 is shaped
      into the astragal 20, the pocket 23 provides for a dead air space between
      the two layers 22 and 24, which pocket 23 improves the insulating
      properties, i.e., fire resisting of the astragal. Further, the pocket
      provides for the larger radius required by the outer layer 24 during the
      shaping of the astragal as is shown in FIG. 2.
PAR  The extensions 28 and 30 of outer layer 24, which are formed when the
      envelope is formed, serve to secure the astragal to the mounting bar.
      Mounting bar 40 serves as a means to hold the astragal in its finished
      form and at the same time functions to affix the astragal to the elevator
      door. Mounting bar 40 is preferably fairly rigid and may be fabricated of
      hot rolled steel 3/8 inch by 1 inch in size, and should be the same length
      as the astragal.
PAR  Preferably, a series of threaded studs 42 are affixed to the upper surface
      of mounting bar 40. The studs 42 serve to hold the astragal in its
      finished form and at the same time function to affix the astragal to the
      upper door frame angle 14. Preferably the studs 42 are welded to mounting
      bar 40, but the studs may be attached to mounting bar 40 by any convenient
      means.
PAR  In order to form the astragal, the flexible fabric assembly 21 is shaped as
      is shown in FIG. 2, whereby inner layer 22 assumes a U-shaped position
      contiguous to the sides of mounting bar 40. The flexible fabric assembly
      extensions 28 and 30 overlap the upper surface of mounting bar 40, whereby
      extension 30 overlaps extension 28. The extensions 28 and 30 are held in
      place by suitably located apertures which register with the plurality of
      studs 42, which are affixed to the top of mounting bar 40. The studs
      project through apertures in extensions 28 and 30, and thereby form the
      shaped astragal.
PAR  Channel member 44 is adapted to fit over mounting bar 40 and the extensions
      28 and 30 thereon. Apertures in channel member 44, which may be drilled or
      punched, are provided at suitable intervals to register with studs 42.
      Channel member 44 is preferably fitted over studs 42, whereby the skirt 46
      of channel member 44 overlaps the sides of mounting bar 40. Preferably the
      skirt of channel member 44 overlaps the joint of inner layer 22 and outer
      layer 24 including the stitching 26 which joins those two layers.
      Preferably the size of channel member 44 is adequate to surround the joint
      26 of fabric assembly 21 and firmly compress the joint 26 of fabric
      assembly 21, including the stitching portion 26 between skirt member 46
      and mounting bar 40.
PAR  If desired, speed nuts may be used in combination with studs 42 to fasten
      said extension members 28 and 30 firmly to mounting bar 40. Alternatively,
      speed nuts may be used to hold said channel member 44 in firm engagement
      with mounting bar 40 and thereby hold extensions 28 and 30 in the shaped
      configuration as is shown in FIG. 2.
PAR  In the preferred embodiment, a resilient bumper 50 is mounted within the
      astragal 20 and is affixed to bar 40. As is shown in FIG. 3, the bumper 50
      may be secured to bar 40 by screw 52, but it may be affixed by other means
      which will be known to those skilled in the art such as various adhesive
      compositions. The primary function of bumper 50 is to prevent
      metal-to-metal contact when the doors are in the closed position. Although
      the bumper 50 may help to hold astragal 20 in a desired shape or
      configuration, the bumper is not required. However, it should be
      understood that the present invention is not limited to the use of any
      given number or style of bumpers, nor is it limited to the use of bumpers
      as a portion of the astragal.
PAR  A major advantage of the present invention is the use of studs 42 to hold
      the fabric assembly 21 in the shaped configuration of the astragal 20, and
      as the means to affix the astragal to door frame angle 16 on the upper
      door, whereby the astragal is mounted to the upper door. The use of a
      welded stud in this connection, avoids the need to drill and tap holes in
      the astragal member or in the door frame member. As is shown in FIG. 3, an
      elongated hole 15 in frame 14 may be used as the mounting means, in
      combination with the studs 42 and nut 43 to secure the astragal to the
      door 10.
PAR  Mounting bar 40 is provided with a plurality of studs 42 along the length
      thereof. The number of studs per linear distance along 40 may be varied
      over wide limits, but it has been found that one stud every two feet is
      adequate for ordinary installation. In the preferred embodiment, the
      channel is drilled at equal intervals with holes of sufficient size to
      accommodate the studs, although other types of apertures may be used. The
      extensions 28 and 30 of flexible fabric assembly 21 are provided with
      apertures at similar intervals.
PAR  The present invention is not limited to any particular type of flexible
      fireproof fabric to make up inner layer 22 and outer layer 24 of flexible
      fabric assembly 21. Various commercially available wire reinforced
      asbestos fabrics which are coated with neoprene, fluoro elastomers and
      other materials are satisfactory. While the metallic reinforced asbestos
      fabric is preferred, neoprene-coated asbestos fabric which is not
      reinforced with metal are also contemplated. It has been found that
      asbestos cloths of 1/16 inch thickness can be fabricated into astragals
      which will pass the underwriters tests when used in connection with the
      present invention. It is believed that the formation of an astragal having
      a dead air space between the inner layer 22 and outer layer 24, as is
      shown in FIG. 2, increases the fire resistance of the astragal.
PAR  The forms of invention herein shown and described are to be considered only
      as illustrative. It will be apparent to those skilled in the art that
      numerous modifications may be made therein without departure from the
      spirit of the invention or the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An astragal for an elevator door, said astragal comprising an elongated
      envelope formed by joining an inner layer of flexible fire-resistant
      material and outer layer of flexible fire-resistant material, said outer
      layer being of greater dimension than said inner layer within the area of
      said envelope portion, said outer layer having exextensions on both sides
      beyond the area of said envelope portion, a mounting bar having door
      engaging means thereon adapted to attach said astragal to an elevator
      door, said envelope being shaped whereby said envelope forming joints are
      contiguous to said mounting bar, and said outer layer extensions being
      affixed to said mounting bar by said door engaging means.
NUM  2.
PAR  2. An astragal as described in claim 1, which includes a resilient bumper
      affixed to said mounting bar, which bumper urges said astragal vertically
      downward.
NUM  3.
PAR  3. An astragal as described in claim 1, wherein said envelope is formed by
      joining said inner layer to said outer layer by stitching.
NUM  4.
PAR  4. An astragal as described in claim 1, wherein said door engaging means
      comprise a plurality of threaded studs welded to said mounting bar.
NUM  5.
PAR  5. An astragal as described in claim 4, wherein said outer layer extensions
      are affixed to said mounting bar by said studs.
NUM  6.
PAR  6. An astragal as described in claim 5, wherein speed nuts are applied to
      studs to affix said extensions to said mounting bar.
NUM  7.
PAR  7. An astragal as described in claim 1, which includes a channel member
      affixed to said mounting bar by said door engaging means, said channel
      member having skirt members which overlap said envelope forming joints.
NUM  8.
PAR  8. An astragal as described in claim 7, which includes a resilient bumper
      affixed to said mounting bar, which bumper urges said astragal vertically
      downward.
NUM  9.
PAR  9. An astragal as described in claim 7, wherein said envelope is formed by
      joining said inner layer to said outer layer by stitching.
NUM  10.
PAR  10. An astragal as described in claim 7, wherein said door engaging means
      comprise a plurality of threaded studs welded to said mounting bar.
NUM  11.
PAR  11. An astragal as described in claim 10, wherein said outer layer
      extensions are affixed to said mounting bar by said studs.
NUM  12.
PAR  12. An astragal as described in claim 11, wherein speed nuts are applied to
      studs to affix said extensions to said mounting bar.
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ABST
PAL  A profile-grinding machine wherein the work stocks carry a turnable axle
      with rigidly secured jaw plates located between which, parallel to each
      other and to the axle, are an arbor for the work and a master form,
      interconnected kinematically for synchronous rotation. The master form
      interacts with a contact member installed on the bed. The working surface
      of the grindstone and the surface of the contact member interacting with
      the master form have approximately the same spherical surface.
PARN
PAR  This is a continuation of application Ser. No. 163,701 filed July 19, 1971,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to metal-working machines and more
      specifically it relates to the profile-grinding machines used for
      machining convex-shaped articles.
PAR  The machine realized in accordance with the present invention will be used
      most successfully for grinding the backs of curved turbine blades.
PAR  Widely known in the art are profile-grinding machines for machining
      convex-shaped articles, mainly turbine blades, which comprise a bed
      mounting a grinding stock carrying the grindstone, and a mechanism for
      dressing said grindstone. The same bed mounts a movably installed bed
      plate which carries freemoving headstock and tailstock of the work.
PAR  The axle located between the headstock and tailstock carries an arbor for
      the work, and a master form. The master form interacts with a contact
      member in the form of a follow-up roller whose shape and dimensions
      correspond to those of the grindstone. As the master form starts rotating,
      the follow-up roller profiles the work via a mechanical (hydraulic or
      electrical, etc.) profiling system which actuates the grinding stock with
      the grindstone, or the bed plate with the work stocks.
PAR  The working surface of the grindstone follows a radius or a complex curve,
      the curvature in the longitudinal and transverse sections of the
      grindstone being different.
PAR  As the grindstone becomes gradually worn in operation and its cutting
      properties, shape and dimensions are restored by the dressing mechanism
      this leads to mismatching of the dimensions of the grindstone and
      follow-up roller which necessitates frequent replacement of the latter.
      Frequent changes of the follow-up rollers involving highly accurate
      installation and adjustments cut down the efficiency of the machines and
      hinder the rational utilization of the abrasive tools. In addition, the
      use of the follow-up roller in the capacity of the contact member limits
      the maximum possible diameter of the grindstone since the follow-up roller
      should have the same dimensions as the grindstone; this, in turn, makes
      the machine more bulky and complicates the replacement of the follow-up
      rollers which is called for by the wear of the grindstone.
PAR  Another disadvantage of the known machines lies in the difficulty with
      which the master form and arbor are reset relative to each other and to
      the follow-up roller and grindstone when the machine has to be switched
      over to grinding the articles of different dimensions.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide such a profile-grinding
      machine which will easily reset for handling the articles of different
      dimensions.
PAR  Another object of the present invention is to provide a machine with high
      machining accuracy and efficiency.
PAR  In accordance with these and other objects there is hereby disclosed a
      profile-grinding machine whose bed mounts a grinding head carrying a
      grindstone and its dressing mechanism, and a movable bed plate with work
      stocks which carry an arbor for said work, linked kinematically with a
      master form which interacts with a contact member and in which, according
      to the invention, the master form and the arbor are arranged parallel to
      each other between two jaw plates which are secured rigidly on an axle
      positioned in cross section at a right angle to the master form and arbour
      and set with a provision for moving in the work stocks. The working
      surface of the grindstone is of a spherical shape whose radius of
      curvature is equal to the grindstone radius while the contact member is
      installed on the bed and its surface interacting with the master form also
      has a spherical shape whose radius of curvature is approximately equal to
      the grindstone radius.
PAR  For dressing the spherical surface of the grindstone as it becomes
      gradually worn, advantageously the dressing mechanism is made in the form
      of a rocker whose fulcrum is located on an imaginary straight line passing
      through the grindstone axle and one of the rocker arms is connected to a
      drive while the other arm carries a stick mounted with a provision for
      progressive motion towards the center of the grindstone.
PAR  Such a design of the dressing mechanism is the simplest one for producing
      correct spherical shape of the working surface of the grindstone as said
      surface becomes gradually worn.
PAR  The profile-grinding machine of the present invention is simple to
      manufacture and is capable of machining convex-shaped surfaces, for
      example the backs of curved turbine blades, at the same time featuring
      high accuracy and efficiency. Also it is simple and reliable in operation
      since it requires no complex reseting while switching over to machining
      the articles with different dimensions, and permits easy and rapid
      replacement of the contact member in the course of grindstone wear.
PAR  The invention will now be described in detail by way of example with
      reference to the accompanying drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic cross section of the profile-grinding machine
      according to the invention;
PAR  FIG. 2 is a section taken along line II--II in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The profile grinding machine comprises a bed 1 (FIG. 1) with guides 2 which
      support a grinding stock 3. Mounted in this stock on an axle 4 is a
      grindstone 5 whose working surface represents part of a sphere with a
      radius R equal to the radius R of the grindstone 5.
PAR  Secured on the grinding stock 3 is a bracket 6 which mounts a grindstone
      dressing mechanism 7 whose kinematic arrangement ensures dressing of the
      working surface of the grindstone 5 over the sphere of radius R which is
      equal to the radius of the grindstone 5.
PAR  This mechanism comprises a rocker 8 installed to pivot about a fulcrum or
      axis 9 which is secured on a bracket 6. One arm of the rocker 8 is
      connected via a crank 10 to a drive 11 which upon rotation, serves to turn
      or swing the rocker 8 about the fulcrum or pivot axis 9. The other arm of
      rocker 8 carries a diamond stick 13 which is installed in helical guides
      12 which serve to alter the angle of stick 13 with arm 8. When arm 8
      swings about the fulcrum or axis 9, the point of the stick 13 consequently
      moves along an arcuate or circumferential path, which path will be seen to
      lie in a horizontal plane disposed normal to the plane of the drawing.
      This swinging of the stick 13 along the arcuate path serves to dress the
      spherical surface of the grindstone 5 when it becomes gradually worn in
      that the arcuate or circumferential path necessarily follows the outer
      perimeter or circumference of the spherical surface of grindstone 5. As
      should further be appreciated, the length of the arcuate or
      circumferential path followed by the stick 13, i.e., the stroke of stick
      13, is selected through adjustment of the angle of swing and the length of
      rocker 18, this stroke advantageously exceeding the width of grindstone 5.
PAR  In the course of wear of the grindstone 5, the diamond stick 13 is moved
      progressively in guides 12 towards the center 4 of the grindstone 5 in the
      direction of arrow A by an individual drive (not shown in the drawings).
      In this fashion, the radius of the working surface of the grindstone 5 is
      accordingly reduced. Simultaneously, the grinding stock 3 is moved by an
      individual drive (not illustrated) through the same distance in the
      direction of arrow B.
PAR  The bed plate 15 is installed in the guides 14 on the bed 1 and carries the
      headstock 16 and tailstock 17 (FIG. 2) of the work. The bed plate 15 is
      linked kinematically with the working feed drive (the drive and its
      kinematic linkage with the bed plate 15 is not shown for the sake of
      clarity of the drawings because this linkage can be constituted by any
      known means).
PAR  Installed with a provision for turning in the headstock 16 and tailstock 17
      is the axle 18 carrying rigidly secured jaw plates 19. Located between
      these jaw plates, parallel to each other, are the arbor 20 for the work
      21, and the master form 22. Each jaw plate 19 has the form of an isosceles
      right-angle triangle in which the axle 18 is located at the apex of the
      right angle while the arbor 20 and master form 22 are located at the
      apices of the acute angles.
PAR  Arrangement of the arbor 20 and master form 22 in a single unit which can
      turn around the axle 18 ensures easy and rapid resetting of the machine
      for handling work of a different size.
PAR  The arbor 20 is linked kinematically, via intermediate shafts 23 and 24,
      with the drive 25. The master form 22 is connected by gears 26, 27 and
      intermediate elements (not shown) with the drive 25 for synchronous
      rotation together with the arbor 20.
PAR  The bed 1 has a bracket 28 carrying a contact member 31 which is installed
      in the guides 20 on rolling-contact bearing 29.
PAR  The surface of the contact member 31 interacting with the master form 22
      has a spherical shape. The radius of curvature R of this sphere is equal
      to the radius R of the curvature of the spherical surface of the
      grindstone 5.
PAR  The spherical shape of the working surface of the grindstone 5 allows a
      small-size contact member 31, to be made in which only the surface
      directly interacting with the master form follows the spherical shape of
      the grindstone working surface.
PAR  The profile-grinding machine functions as follows:
PAR  The work 21 (turbine blades) is secured on the arbor 20. Then the drive
      (not shown) of the grindstone 5 and the drive 25 are turned on. The drive
      25 imparts synchronous rotation to the master form 22 and arbor 20 via the
      intermediate shafts 23, 24, gears 26, 27 and intermediate elements (not
      shown); the longitudinal feed drive (not shown) of bedplate 15 is also
      turned on. The rotating master form 22 rolls over the spherical shape of
      the contact member which can be rotated in the guide 30 on the rolling
      contact bearing 29 by friction forces.
PAR  Rolling over the spherical surface of the contact member 31, the master
      form 22 turns the axle 18 with the rigidly secured jaw plates 19 and,
      together with the axle, turns arbor 20 with relation to the headstock 16
      and tailstock 17 of the work and with relation to the grindstone 5 which
      has a rotary motion only. In this manner the contour of the work 21 is
      profiled.
PAR  As the grindstone 5 gradually loses its shape and becomes worn, it is
      dressed by the diamond stick 13. For this purpose the diamond stick 13 is
      fed towards the center of the grindstone 5 along arrow A to the required
      value of dressing. Then the drive 11 is turned on and the rocker 8 is
      rotated, via the crank 10, around the fulcrum 9. In view of the fact that
      the fulcrum 9 of the dressing mechanism 7 intersects the axle 4 of the
      grindstone 5, the diamond stick 13 moving along the arc of the
      circumference will dress the grindstone 5 on its sphere, the radius of
      said sphere diminishing with the progressive feed of the diamond stick 13.
      After the radius of the grindstone 5 has changed, the grinding head 3
      should be moved along arrow B to a distance equal to the dressing feed.
PAR  After the radius R of the grindstone 5 and, consequently, the radius R of
      the sphere of the working surface, have changed to a value limited by the
      selected mismatching of the radius of the working surface of the
      grindstone 5 with the radius of the sphere of the contact member 31, the
      latter has to be changed. The radius of the spherical surface of the new
      contact member 31 must be close to the new radius of the grindstone
      sphere.
PAR  An experimental specimen of the profile-grinding machine realized in
      accordance with the present invention has been tested within a year by
      machining the backs of curved turbine blades with a length of over 300 mm.
      The matching accuracy of the blades has met the required specifications.
CLMS
STM  We claim:
NUM  1.
PAR  1. A profile-grinding machine comprising a bed; a grinding stock movably
      installed on said bed; a grindstone with a spherical working surface
      mounted on said grinding stock; a dressing mechanism installed on said
      grinding stock and interacting with the working surface of the grindstone
      for dressing its sphere as it gradually becomes worn; a bed plate
      installed on said bed with a provision for reciprocating motions; work
      stocks located on said bed plate; an axle installed with a provision for
      turning in said work stocks; jaw plates rigidly secured on said axle; an
      arbor for the work, installed between said jaw plates; a master form
      installed between said jaw plates, parallel to said arbor; said axle,
      master form and arbor being arranged so that they form an imaginary
      right-angle triangle with the axle located at the apex of its right angle
      while the master form and the arbor are located, respectively, at the
      apices of the acute angles; a contact member installed on said bed and
      interacting with said master form; the surface of the contact member
      interacting with the master form being of spherical shape whose radius of
      curvature is approximately equal to the radius of the grindstone.
NUM  2.
PAR  2. A machine according to claim 1 wherein the mechanism used for dressing
      the spherical surface of the grindstone to make up for its gradual wear is
      made in the form of a rocker having two rocker arms and whose fulcrum is
      located on an imaginary straight line passing through the grindstone axle,
      one of the rocker arms being connected to the drive while the other one
      carries a diamond stick mounted with a provision for progressive motion
      towards the centre of the grindstone.
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ABST
PAL  In an apparatus for profile grinding a closed curved surface such as a
      trochoidal curved surface of the type wherein the attitude of a worktable
      which supports a workpiece is profile controlled in accordance with a
      master profile corresponding to the closed curved surface to be formed in
      the workpiece, the axis of a grinding wheel is maintained at a fixed
      position, a mechanical information is generated by the cooperation of a
      master cam having a peripheral profile corresponding to the profile of the
      closed curved surface and a master cam normally urged against the
      peripheral profile, and the attitude of the worktable is controlled in
      accordance with the mechanical information. Where a grinding wheel having
      a diameter different from a predetermined value is used, a primary feed
      calculated by an equation to be described later is applied to the grinding
      wheel thus enabling to use a grinding wheel of any diameter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for grinding a trochoidal
      curved surface comprising the inner curved surface of a rotor housing of a
      rotary engine, and more particularly to a method and apparatus wherein a
      worktable supporting a workpiece, for example, a rotor housing, is profile
      controlled by means of a cam having a profile corresponding to the
      trochoidal curved surface to be worked and a solid roller cooperating with
      the cam, the rotation and revolution necessary for the grinding operation
      are inparted to the worktable and the workpiece is ground while the axis
      of the grinding wheel is maintained at a definite position.
PAR  Although various methods and apparatus have been proposed to grind a
      trochoidal curved surface comprising the inner curved surface of a rotor
      housing of a rotary engine, this invention relates to a method and
      apparatus of the class wherein a cam having a profile corresponding to the
      trochoidal curved surface to be work is used, and the attitude of a
      worktable on which a rotor housing or a workpiece is mounted is controlled
      by the cooperation of the cam and a roller, whereby to grind the
      workpiece.
PAR  One example of the prior art methods of grinding the workpiece by using a
      cam will first be described with reference to FIGS. 1 and 2 of the
      accompanying drawings. As shown in FIG. 2, a downwardly projecting master
      cam MC provided with an inner master profile M having the same profile as
      an internal curved surface to be worked and an outer drive profile N
      formed by an envelope spaced an equal distance in the radial direction
      from the inner master profile M is formed on the lower surface of a
      worktable T which supports a rotor housing of a rotary engine, for
      example, that is a workpiece, and on a stationary portion of the machine,
      not shown, are rotatably  mounted a master roller MR which is urged
      against the master profile M of the master cam MC, and a drive roller DR
      which is urged against the drive profile N so as to clamp the master cam
      MC between it and the master roller MR. When the drive roller DR is driven
      by driving means, such as an electric motor, not shown, the worktable T is
      rotated by the rolling contact between the drive profile N and the drive
      roller DR so that the work piece mounted on the table T is ground by a
      grinding wheel, not shown, in a manner as will be described later. A
      secondary cam groove SC is formed on the periphery of the master cam MC to
      receive a secondary roller SR rotatably supported by the stationary
      portion so as to control the attitude of the master cam MC. Thus, the
      table T is rotated while its attitude is being controlled by the
      cooperation of master cam MC and the rollers such that normal line to the
      master profile M and passing through a contacting point P between the
      master roller MR and the master cam MC always alignes with a line OM-OD
      interconnecting the center of rotation OM of the master roller MR and the
      center of rotation OD of the drive roller DR. On the other hand, a
      grinding wheel G is supported above the table T with its axis G'
      positioned on the line OM-OD and its periphery passed through the
      contacting point P so as to work the inner surface of the workpiece. In
      this manner, it is possible to form by grinding operation a curved surface
      having the same profile as the master profile M. This method requires to
      use a master cam and a secondary cam and since the accuracies of these
      cams influence directly the working accuracy, the accuracies of the cams
      should be extremely high. According to the present day engineering level,
      machining of cams of such high accuracies is difficult. Especially, it is
      extremely difficult to finish the master profile M of the master cam MC
      and the secondary cam groove SC with the desired high accuracies. Further,
      according to this method, since a rotating torque is imparted to the table
      T by the rolling contact between the drive roller DR and the master cam
      MC, in order to impart a large driving torque it is necessary to increase
      the contact pressure, hence the frictional force between the drive roller
      DR and the drive profile N. For this reason, the materials for
      constructing the cam and roller are limited by such physical
      characteristics as the frictional characteristic, fatigue characteristic,
      strength, etc. of the materials. In order to decrease the contact pressure
      it is necessary to increase the size of the cam or roller, or to subject a
      special material to a special heat treatment or surface treatment. Yet,
      reliable products are still difficult to obtain. To obviate this
      difficulty, it has been necessary to use a coupling means that can
      transmit the driving power from the source of drive to the worktable
      without relying upon the power transmission system utilizing rolling
      contact.
PAR  Further, although this method is advantageous in that its principle is
      simple and that even when the diameter of the grinding wheel varies it is
      still possible to finish an accurately ground profile by merely adjusting
      the amount of feed of the grinding wheel, as the angular velocity of the
      worktable varies positively or negatively in accordance with the
      irregularities of the curved surface to be worked it is impossible to
      rotate the worktable at a high speed so that the efficiency of the
      grinding operation is not high.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly it is an object of this invention to provide an improved method
      and apparatus of grinding a trochoidal curved surface enabling to profile
      control the worktable by using only a cam, the periphery thereof must be
      finished at a high accuracy for the purpose of improving the working
      accuracy.
PAR  Another object of this invention is to provide an improved method and
      apparatus for grinding a trochoidal curved surface at a high accuracy and
      reliability by using an improved motion transmission device between the
      source of drive and the worktable instead of the rolling contact between
      the drive roller and the cam.
PAR  Still another object of this invention is to provide an improved method and
      apparatus for grinding a trochoidal curved surface at a high speed and at
      a high efficiency wherein the moving speed of the grinding point can be
      maintained at a definite value.
PAR  Yet another object of this invention is to provide a novel apparatus for
      grinding a trochoidal curved surface enabling to use a cam having an
      advantageous profile from the stand point of engineering and including an
      improved mechanism for positively driving the worktable.
PAR  A further object of this invention is to provide an improved method and
      apparatus for grinding a closed curved surface at high efficiencies at a
      uniform grinding speed.
PAR  Still further object of this invention is to provide an improved grinding
      apparatus capable of grinding a closed curved surface such as a trochoidal
      curved surface with a grinding wheel having a diameter different from a
      predetermined standard diameter thereby enabling the same grinding wheel
      to perform coarse and fine grinding operations.
PAR  According to one aspect of this invention, there is provided a method of
      profile grinding a closed curved surface of the type wherein the attitude
      of a worktable which supports a workpiece is profile controlled in
      accordance with a master profile corresponding to the closed curved
      surface to be formed in the workpiece, characterized by the steps of
      maintaining the axis of a grinding wheel at a fixed position, generating a
      mechanical information by the cooperation of a master cam having a
      peripheral profile corresponding to the profile of the closed curved
      surface and a master cam normally urged against the peripheral profile,
      and controlling the attitude of the worktable in accordance with the
      mechanical information.
PAR  Where the diameter of the grinding wheel is different from a predetermined
      standard value a predetermined primary feed calculated in accordance with
      an equation to be described later is applied to the grinding wheel thereby
      enabling to use grinding wheels of any diameter.
PAR  According to another feature of this invention, there is provided apparatus
      for profile grinding a trochoidal curved surface comprising a worktable
      for supporting a workpiece, means for rotating and translating the
      worktable in a horizontal plane, a shaft for supporting a grinding wheel
      above the worktable, said shaft having the axis thereof positioned on an
      axis of symmetry in the curved surface to be worked by the grinding wheel,
      a pair of master rollers having the same diameter and rotatably supported
      by the stationary portion of the apparatus at portions symmetrical with
      respect to the axis of symmetry, a master cam movable in unison with the
      worktable and provided with two closed surfaces on the outer periphery
      thereof, said two closed curved surfaces cooperating to define a profile
      corresponding to the trochoidal curved surface, and means for urging said
      master rollers respectively against the two closed curved surfaces of the
      master cam whereby the direction of movement of the workpiece is
      controlled by the cooperation of the master cam and the master rollers so
      as to grind the workpiece by the grinding wheel.
PAR  According to still another aspect of this invention there is provided a
      profile modeling grinding apparatus of the class wherein a worktable
      supporting a workpiece is profile controlled by the cooperation of a
      master cam formed with a profile on the periphery thereof corresponding to
      the closed curved surface to be ground and a master roller, and wherein
      means is provided for imparting a composite motion of rotation and
      translation required to perform a constant speed grinding operation to
      said worktable, characterized in that there are provided a cam movable in
      the vertical direction with respect to the upper surface of the worktable,
      an intermediate post supported by the ram to be movable in the direction
      of the primary feed applied to a grinding wheel in the horizontal
      direction, a vertical supporting shaft, means for supporting the opposite
      ends of the supporting shaft by the intermediate post, a grinder head
      supported by the supporting shaft to be swingable thereabout in a plane
      parallel with the upper surface of the worktable, a grinder shaft
      extending through the grinder head in parallel with the supporting shaft,
      said grinding wheel being secured to the grinder shaft, a correction shaft
      supported by the grinder head, a pair of guide coupling members
      cooperating with the opposite ends of the correction shaft so as to drive
      the ends and with fixed shafts rotatably supported by the ram so as to
      cause the fixed shafts to act as the drive members for the guide coupling
      members, a correction cam provided with a correction profile on the outer
      periphery thereof and secured to the worktable and the master cam to
      rotate therewith, a press roller, means for normally urging the press
      roller against the correction profile of the correction cam, means for
      transmitting the angular movements of the press roller to the guide
      coupling members so as to impart thereto corresponding angular movement,
      and means for applying a predetermined primary feed to the grinding wheel
      whereby when a grinding wheel having a diameter different from a
      predetermined standard diameter is used, the position of the grinder shaft
      is corrected in accordance with the angular position of the worktable thus
      grinding a closed curved surface in the workpiece.
PAR  In order to have better understanding of the invention a trochoidal curve
      will be firstly analyzed as follows. A two node epitrochoidal curve
      usually utilized as the inner contour of the rotor housing of a rotary
      engine can be expressed by the following equations in which .theta. is
      used as a parameter.
      ##EQU1##
      where e represents the degree of eccentricity of an eccentric shaft, R the
      radius of a rotor. Both e and R may be treated as constant values. These
      equations are well known basic equations for typical rotary engines such
      as the Wankel engine.
PAR  By differentiating equation 1 with respect to .theta., we obtain:
      ##EQU2##
      By putting dS = .sqroot. (dx).sup.2 + (dY).sub.2, we obtain
      ##EQU3##
PAR  And the direction coefficients of the tangent to the trochoidal curve are
      given by the following equations:
      ##EQU4##
PAR  As a result, the inner profile of the rotor housing comprised by an
      envelope spaced from the trochoidal curve expressed by equations 1 by the
      apex seal radius A is given by the following equations:
      ##EQU5##
      Where the curve expressed by equations 5 is to be ground by a grinding
      wheel having a diameter of D.sub.G, the locus of the center of the
      grinding wheel is given by the following equations.
      ##EQU6##
PAR  In other words, so long as the locus of the center of the grinding wheel
      satisfies equations 6, the grinding wheel will operate to grind a curve
      expressed by equations 5.
PAR  Turning now to the principle of this invention, according to this
      invention, the center position of the grinding wheel is fixed whereas the
      worktable on which the rotor housing or a workpiece is mounted is moved
      and the locus of the center of the grinding wheel with respect to the
      turntable is caused to satisfy equation 6. As an example, as shown in FIG.
      3, the center G' of the grinding wheel G is positioned on the major axis X
      of the curved surface to be worked and two master rollers A and B are
      disposed at positions symmetrical with respect to the major axis. The
      length of the projection upon the major axis X of the distance between the
      centers of the master rollers A and B and the center of the grinding wheel
      is denoted by F and the length of the projection upon the minor axis Y of
      said distance is denoted by E. While the center positions of the master
      rollers A and B are maintained at fixed positions with respect to the
      center of the grinding wheel the worktable is rotated while master cams C
      and D carried by the worktable are maintained in contact with the
      peripheries of master rollers A and B. Under these conditions, the
      attitude of the worktable is controlled by the contact condition between
      the master roller B and the master cam D. According to this invention, by
      controlling the attitude of the worktable in this manner, the grinding
      operation is performed while causing the locus of the center of the
      grinding wheel with respect to the worktable to satisfy equations 6.
      Accordingly, those which control the attitude of the worktable so as to
      satisfy equations 6 are the profiles of the master cams C and D. According
      to this invention, the profiles of the master cams are determined such
      that the speed of movement of the grinding point will be constant. To this
      end, the loci of the center positions of the master rollers A and B with
      respect to the worktable are determined and the profiles of the master
      cams are determined in accordance with such loci.
PAR  A method of making constant the speed of movement of the grinding point is
      as follows. A dotted line curve shown in FIG. 4 shows the profile of the
      curve to be worked where the normal to the curve to be worked at the
      grinding point P, which is assumed to be a definite point, is made to
      coincide with a straight line interconnecting the grinding point P and the
      center G' of the grinding wheel. However, so long as the position of the
      center of the grinding wheel relative to the worktable satisfies equations
      6, the position of the grinding point P is not required to be always
      definite and a slight variation can assure grinding of the workpiece to
      have a substantially correct contour. For this reason, in accordance with
      this invention, the curve to be worked is rotated by an angle .phi.
      relative to the center of the grinding wheel as shown by a solid line in
      FIG. 4. Accordingly, the grinding point P is shifted to point Q. Angle
      .phi. represents a compensation angle required for maintaining the speed
      of movement of the grinding point at a constant value and can be
      determined as follows.
PAR  Since the profile of the curved surface to be ground is given by equations
      5, a series of points of the desired number are set on the curved surface.
      For example, in equations 5, if .theta. is incremented by one degree a
      series of points of the number of 360 will be obtained, whereas if .theta.
      is incremented by 0.5.degree. a series of points of the number of 720 will
      be obtained.
PAR  Denoting the seriese of points thus obtained by (X.sub.1, Y.sub.1),
      (X.sub.2, Y.sub.2, . . (X.sub.n.sub.-1,Y.sub.n.sub.-1), (X.sub.n,Y.sub.n)
      then the distance between points (X.sub.m.sub.-1, Y.sub.m.sub.-1) and
      (X.sub.m, Y.sub.m) would be expressed by
EQU  Sm = .sqroot. (X.sub.m - X.sub.m.sub.-1).sup.2 + (Y.sub.m -
      Y.sub.m.sub.-1).sup.2                                     ( 7)
PAR  When the number n of the serieses of points is selected to be sufficiently
      large enough to assure high working accuracies it is possible to consider
      that the distance Sm is substantially equal to the peripheral length of
      the curved surface to be worked between a point (X.sub.m.sub.-1,
      Y.sub.m.sub.-1) and a point (X.sub.m, Y.sub.m). Thus, by calculating an
      equation
      ##EQU7##
      and by putting X.sub.o = X.sub.n and Y.sub.o = Y.sub.n, the result
      represents an approximate value of the total peripheral length of the
      curved line to be worked. The angle of rotation of the worktable which is
      proportional to the distance on the curved line to be worked from a point
      X.sub. Yo ) .tbd. (X.sub.n, Y.sub.n) on the major axis of the curved
      surface to be worked is expressed by
      ##EQU8##
      where (X.sub.k, Y.sub.k) represents the coordinates of one point k
      selected on the trochoidal curved surface to be ground which is divided
      into m sections, (X.sub.k.sub.-1, Y.sub.k.sub.-1) the coordinates of a
      point immediately preceding said one point k, and S the total length of
      grinding path around the trochoidal curved surface.
PAR  The total length S can be calculated according to an equation
      ##EQU9##
      The orientation angle .PHI..sub.o of the normal to the curved line to be
      worked can be calculated by the following equation
      ##EQU10##
      Accordingly, the correction angle .phi. necessary to make constant the
      speed of movement of the grinding point is calculated by
EQU  .phi. = .PHI..sub.o - .PHI.                                (11)
PAR  In this invention, the factors that control the attitude of the worktable
      so that the locus of the center of the grinding wheel maintained at a
      definite position described on the worktable satisfy equation 6 are two
      master rollers A and B and two master cams C and D, and the factors that
      control the attitude of the worktable such that the speed of movement of
      the grinding point is maintained at a constant value by rotating the
      worktable about the center of the grinding wheel as shown in FIG. 4 are
      also the two master rollers A and B and the two master cams C and D. The
      loci to be described on the worktable by the centers O.sub.A and O.sub.B
      of two master rollers A and B which are maintained at definite positions
      with respect to the center of the grinding wheel as shown in FIG. 3 are
      determined by the following equations:
      ##EQU11##
PAR  Consequently, the profiles of two master cams C and D that engage two
      master rollers a and B, respectively, can be formed by moving a tool
      having a diameter equal to that of the master roller along a closed curve
      obtained by equations 12. The profile of the master cam comprises two
      curved surfaces which are symmetrical with respect to said axis of
      symmetry (in the case of FIG. 3, the major axis X) so that when the master
      cam is divided into two parts as will be described later it is possible to
      manufacture two cams by the same working operation.
PAR  The invention further contemplates the improvement of the method just
      described according to which even when the diameter of the grinder varies
      correctly ground profile may be assured by merely applying a primary feed
      to the grinder. The principle of such improvement is as follows. For the
      sake of description, a rectangular coordinate system (x-y) is used wherein
      the origin O corresponds to the center of rotation of a standard grinding
      wheel having a standard diameter D.sub.G (see equations 6) at the time of
      finishing the grinding operation, the x-axis extends in a direction
      perpendicular to a line interconnecting the centers of two master rollers,
      that is in the direction of feeding of the grinding wheel and the y-axis
      extends in a direction perpendicular to the x-axis.
PAR  In the prior art method and apparatus described hereinabove wherein the
      direction of the normal through the grinding point is definite, the
      grinding point P is always located on the x-axis as shown in FIG. 5 and
      the normal through the grinding point coincides with the x-axis, the
      center Qo of a grinding wheel To is expressed by definite coordinates
EQU  Qo { 1/2 (D.sub.G - D). O }
PAL  where D.sub.G represents the diameter of the standard grinding wheel. As a
      result, by fixing the axis of the grinding wheel after moving it by a
      distance 1/2 (D.sub.G - D) which is equal to the primary feed quantity
      along the x-axis, a desired curve H to be worked can be obtained.
PAR  In the fundamental system of this invention, the orientation of the normal
      is varied. In this case, as shown in FIG. 6 the grinding point P departs
      from the x-axis. The angle between the x-axis and a line OP normal to the
      grinding point P corresponds to said correction angle .phi. which varies
      in the positive or negative direction as the curve H to be worked varies.
      Actual calculation made on the rotor housing of a commercial rotary engine
      shows that the correction angle .phi. varies between +15.degree. and
      -15.degree., although this range varies depending upon the constants of
      the engine. In FIG. 6, T represents a grinding wheel having the standard
      diameter (the actual diameter of the grinding wheel is D.sub.G), H the
      curve to be worked, and H' an imaginary curve spaced inwardly from the
      curve H by a distance equal to one half of the diameter D of a grinding
      wheel having any diameter. Accordingly, in order to obtain the correct
      curve H to be worked, it is necessary to position the axis of the grinding
      wheel having any diameter on the imaginary curve H'. Thus, although it is
      possible to select the position of the axis of the grinding wheel of any
      diameter at any one of numerous points, as the position of the imaginary
      curve H' varies with the change in the correction angle .phi., such
      position is limited because it is necessary to make simple the
      construction of a mechanism which is used to move the axis of the grinding
      wheel of any diameter always along the imaginary line H'.
PAR  Some examples of the methods of moving the axis of the grinding wheel of
      any diameter along the imaginary curve H' will be described hereunder.
PAC  EXAMPLE 1
PAR  A method of positioning the axis of the grinding wheel of any diameter on
      the normal to the grinding point in a case where a standard grinding wheel
      is used.
PAR  The grinding point P.sub.A of the grinding wheel T.sub.A of any diameter
      coincides with said grinding point P and the axis of the grinding wheel
      T.sub.A lies on a circle about the origin O and having a radius of
      (D.sub.G - D) and on a straight line P.sub.A O. Accordingly, the
      coordinates of said axis are expressed by Q.sub.A [1/2(D.sub.G -D) cos
      .phi..1/2(D.sub.G -D) sin .phi.]
PAC  EXAMPLE 2
PAR  A method wherein the axis of the grinding wheel of any diameter is
      positioned along the x-axis.
PAR  Assume that the axis of a grinding wheel T.sub.B of any diameter is
      positioned at a point Q.sub.B along the x-axis and that P.sub.B represents
      its grinding point. Denoting the crossing point of straight lines OP and
      Q.sub.B P.sub.B by G.sub.1, where the difference between the diameter
      D.sub.G of the grinding wheel T of the standard diameter and the diameter
      D of the grinding wheel T.sub.B of any diameter is small GP.sub.A =
      GP.sub.B. Under these conditions GP.sub.B becomes equal to the radius of
      curvature P of the curve H to be worked and point G.sub.1 represents the
      center of curvature. Then, the coordinates of the point Q.sub.B can be
      approximately expressed by
      ##EQU12##
      This causes an error of the ground profile which is expressed by
      ##EQU13##
      However, where the error .epsilon. B was calculated for the rotor housing
      of a commercial rotary engine when 1/2 (D.sub.G -D) = 6 mm, an error of
      .vertline..epsilon. B.vertline. .ltoreq. 0.02 mm was obtained, showing
      that sufficient accuracy can be obtained even when the point Q.sub.B is
      positioned at a point of said coordinates.
PAR  The x-axis coordinate may be modified as
      ##EQU14##
      where
      ##EQU15##
PAR  For this reason, it is possible to provide grinding apparatus capable of
      using a grinding wheel of any diameter by providing a mechanism which
      moves the axis of the grinding wheel by the amount of primary feeding
      (D.sub.G - D) in the same manner as in said case wherein the normal is
      fixed thereby automatically providing the correction .DELTA. B along the
      x-axis.
PAC  EXAMPLE 3
PAR  A method wherein the axis of the grinding wheel of any diameter is
      positioned on a straight line x = 1/2 (D.sub.G - D) which is parallel with
      the y-axis.
PAR  When the axis of the grinding wheel T.sub.c of any diameter is positioned
      at the crossing point Q.sub.c between the straight line x = 1/2 (D.sub.G -
      D) parallel with the y-axis and the imaginary curve H', the grinding point
      assumes a point P.sub.c. Then, in the same manner as in Example 2, the
      crossing point between straight lines OP and Q.sub.c P.sub.c will be the
      point G.sub.1 which is the center of curvature and the radius of curvature
      will be G.sub.1 PA = G.sub.1 P.sub.c = p. Under these conditions, the
      coordinates of the point Q.sub.c will be expressed approximately by
      ##EQU16##
      and the error .epsilon. C of the ground profide is expressed by
      ##EQU17##
      When this error was calculated for the rotor housing of a commercial
      rotary engine, an extremely small error of only one-fourth of the profile
      error .epsilon. B of Example 2 was obtained.
PAR  Putting now
      ##EQU18##
      the coordinates of the axis of the grinding wheel T.sub.c of any diameter
      is expressed by
EQU  Q.sub.C [1/2(D.sub.G -D). .DELTA.C[
PAR  in the same manner as in said case where the normal is fixed, it is
      possible to provide grinding apparatus capable of using a grinding wheel
      of any diameter by using a mechanism which moves the axis of the grinding
      wheel by a distance equal to the amount of the primary feed and
      automatically provides the desired correction .DELTA. C in the direction
      of the y-axis.
PAR  While three examples of the method of moving the axis of the grinding wheel
      of any diameter along the imaginary curve H' were described a concrete
      method of automatically providing the desired correction will be described
      later.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages of the invention will be more fully
      understood from the following detailed description taken in conjunction
      with the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic plan view of a prior art apparatus for grinding a
      trochoidal curved surface;
PAR  FIG. 2 is a sectional view of the apparatus shown in FIG. 1 taken along a
      line II--II;
PAR  FIGS. 3 to 6 are diagrams to explain the theory of this invention;
PAR  FIG. 7 is a vertical sectional view of one embodiment of the apparatus for
      grinding a trochoidal curved surface embodying the invention and taken
      along a line VII--VII shown in FIG. 8;
PAR  FIG. 8 shows a horizontal sectional view of the apparatus shown in FIG. 7
      taken along a line VIII--VIII and
PAR  FIG. 9 is an exploded perspective view of a modified embodiment of this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the accompanying drawings, a preferred embodiment shown in
      FIGS. 7 and 8 comprises a bed 11 mounted on a base 10, a worktable 12 in
      the form of a circular disc, and a fixture 13 mounted on the worktable 12.
      A workpiece 14, for example, the rotor housing of a rotary engine is
      mounted on the upper surface of the worktable 12 by means of the fixture
      13. A master cam 16 and a thrust disc 17 are secured to a spindle 15 in
      concentric relation with the worktable 12, the spindle projecting
      downwardly from the worktable 12. As shown, the master cam 16 comprises
      upper and lower portions for providing a peripheral profile including two
      closed curved surfaces 16a and 16b as has been described in connection
      with FIG. 4. When the master cam is divided into the upper and lower
      portions as shown in FIG. 7, the machining of the closed curved surfaces
      16a and 16b is faciliated. The thrust disc 17 is sandwiched between a
      stationary plate 18 secured to the upper surface of the bed 11 and a upper
      plate 19 and the upper and lower surfaces of the thrust disc 17 are
      supported by static pressure bearing plates 17a so that the worktable can
      freely rotate and translate in a horizontal plane.
PAR  A drive shaft 21 is rotatably journalled in the stationary plate 18 by
      means of a bearing 20. The drive shaft 21 carries a pulley 22 which is
      driven at a low speed by a V belt and a driving motor, not shown. An
      Oldam's coupling 23 is interposed between drive shaft 21 and spindle 15
      thus positively transmitting the torque from the drive shaft 21 which
      rotates at the fixed position to the spindle 15 which is rotated at the
      same speed as the drive shaft 21 while translating.
PAR  As shown in FIG. 8, a pair of symmetrical brackets 24a and 24b are secured
      to the upper portion of the upper plate 19, and shafts 25a and 25b,
      respectively rotatably carrying master rollers 26a and 26b through
      bearings 27a, and 27b, respectively, are disposed between the upper plate
      19 and the brackets 24a and 24b. The vertical heights of the master
      rollers 26a and 26b are selected such that the master roller 26a engages
      the closed curved surface 16a of master cam 16 whereas the master roller
      26b engages the closed curved surface 16b of the master cam. Further, the
      position of the master rollers in the horizontal plane is determined such
      that when the axis of a grinding wheel 33 is positioned on the major axis
      of a troidal curve as described hereinbefore, the master rollers will be
      symmetrical with respect to that major axis. In this example, for the
      purpose of maintaining the two closed surfaces 16a and 16b on the
      periphery of the master cam 16 always in contact with the two master
      rollers 26a and 26b, a press mechanism 28 is provided above the upper
      plate 19. The press mechanism 28 comprises a pair of arms 29a and 29b,
      pivotally connected together by a pivot pin 31 at their centers, press
      rollers 30a and 30b mounted on the inner ends of the arms 29 a and 29b and
      an operating cylinder 32 connected between the outer ends of the arms.
      When pressurized fluid, compressed air for example, is admitted into the
      operating cylinder 32, the press rollers 30a and 30b are urged against the
      master cam 16 with pressures having components for urging the master cam
      16 against master rollers 26a and 26b whereby the master cam 16 is
      maintained always in contact with the master rollers 26a and 26b.
PAR  The grinding wheel 33 is fixed to the shaft 34 of a grinder head 35
      positioned above the worktable 12. Since a grinding head of any
      construction can be used the detail will not be described herein.
PAR  As the drive shaft 21 is rotated by starting the driving motor, the torque
      is transmitted to the spindle 15 via the Oldam's coupling 23. The thrust
      disc 17 rotating integrally with the spindle 15 is supported by the static
      pressure bearings 17a to freely rotate in the horizontal plane. Further,
      as the master cam 16 secured to the spindle 15 rotates while being urged
      against the master rollers 26a and 26b, the worktable 12 which is integral
      with the spindle 15 performs rotation and translation in the horizontal
      plane while its attitude is controlled by the master cam 16. Since the
      axis of the shaft 33 supporting the grinding wheel 33 is fixed and since
      the attitude of the worktable 12 is controlled such that the locus of the
      axis of shaft 34 described on the worktable 12 satisfies equations 6, the
      grinding wheel 33 will form a curved surface expressed by equations 5 on
      the workpiece or the rotor housing.
PAR  As the master cam utilized in this invention is an outer cam, it is
      possible to improve the working accuracy of the master cam itself, thus
      improving the working accuracy of the trochoid grinding apparatus.
      Moreover, the master cam is formed with two discrete curved surfaces which
      are symmetrical with each other. In this manner, when the master cam is
      divided into two parts having closed curved surfaces, it is possible to
      readily work the master cam. Instead of using a rolling contact as in the
      prior art method, according to this invention, as a positive motion
      transmission mechanism is used, it is possible to use an acurate motion
      transmission mechanism and to improve the reliability of the grinding
      apparatus.
PAR  FIG. 9 shows a modified embodiment of this invention in which the principle
      of Example 3 described above is incorporated. A spindle 122 is driven by a
      driving motor 111 through a V belt 112, a pulley 113, and an Oldam's
      coupling 114 including driving and driven members 114a and 114b which
      accurately transmits the angle of rotation with the axes of rotations
      movable in the horizontal direction. The shaft 115 carrying the pulley 113
      and the drive member 114a of the Oldam's coupling 114 is journalled by a
      stationary part, not shown. A thrust disc 116 secured to the spindle 122
      is supported by static pressure bearings (not shown but similar to
      bearings 17a shown in FIG. 7) so that the thrust disc 116 can smoothly
      rotate and translate in the same horizontal plane. Master rollers 117a and
      117b rotatably supported by the stationary part are arranged to engage the
      peripheries of master cams 118a and 118b, respectively, mounted on the
      spindle 122, the profiles of the master cams cooperating to define a
      trochoidal curved surface corresponding to the trochoidal curved surface
      of the rotar housing 119 to be worked. More particularly, the master cams
      118 are provided with closed curved surfaces on their peripheries which
      are formed by moving tools having the same diameter as the master rollers
      117 in accordance with equation 12. The curved inner surface of the rotor
      housing 119 is ground by a grinding wheel 120 having a standard diameter
      D.sub.G. A correction cam 121 provided with a correction profile (to be
      described later) on its periphery is secured to the spindle 122. The rotor
      housing 119 to be worked is secured on the top of the spindle by means of
      a suitable fixture not shown.
PAR  A press mechanism 123 is provided for normally maintaining master rollers
      117a and 117b in contact with master cams 118a and 118b, respectively. The
      press mechanism 123 comprises an operating cylinder 124 which rotates arms
      125a and 125b about a stationary pivot pin 126 thus urging rollers 127a
      and 127b carried by arms 125a and 125b respectively against the periphery
      of the correction cam 121. By the action of these rollers 127a and 127b,
      the spindle 122 and various members carried thereby is applied with a
      force acting in the horizontal direction so that the master cams and the
      master rollers are maintained always in contact with each other.
PAR  With the construction described above, since the spindle 122 is imparted
      with the driving torque through the Oldam's coupling 114 and is displaced
      laterally by the engagements of the master rollers 117a, 117b, and master
      cams 118a, 118b, the rotor housing 119 undergoes rotation and translation
      while restraining the grinding wheel 120 such that it will describe the
      desired locus of the center as determined by equations 6 and 11.
PAR  The grinding wheel 120 is fastened to the lower end of a grinder shaft 129
      extending vertically through a grinder head 128. The grinder head is
      supported by a vertical shaft 132 having opposite ends supported by a pair
      of brackets 131a and 131b projecting forwardly from an intermediate post
      130 so that the grinder head can swing about the supporting shaft 132
      which is normal to the x-axis. An electric motor 133 is secured to the
      intermediate post 130 through a bracket 134 with its axis in vertical
      alignment with that of the supporting shaft 132. The rotation of the motor
      133 is transmitted to the shaft 129 of the grinding wheel via a V belt
      135. In this manner, as the motor 133 is in axial alignment with the
      supporting shaft 132 about which the grinder head swings it is possible to
      always maintain constant the tension of the V belt irrespective of the
      swinging motion of the grinder head 128.
PAR  A vertical correction shaft 136 extends through an end of the grinder head
      opposite to the grinding wheel 120 and the opposite ends of correction
      shaft 136 are connected through guide couplings 140a, 140b, to fixed
      shafts 139a and 139b, respectively, which are rotatably supported by
      brackets 138a and 138b projecting forwardly from a ram 137. The correction
      shaft 136 is constructed such that its axis will come into alignment with
      the axes of the fixed shafts 139a and 139b when the grinding operation by
      a grinding wheel of the standard diameter is completed. Further, the fixed
      shafts 139a, 139b and the supporting shaft 132 are arranged relatively
      such that their axes are contained in a vertical plane containing the
      x-axis. Further, the axes of the grinding wheel shaft 129, supporting
      shaft 132 and correction shaft 136 are arranged in a common horizontal
      line.
PAR  To the lower end of the fixed shaft 139b is secured a circular disc 141
      which is connected to a similar circular disc 142 through a pair of
      parallel levers 143 and connecting pins 144 and 145 so that two circular
      discs 141 and 142 undergo the same circular displacements. The disc 142 is
      connected to the upper end of a spline shaft 146 with its lower end
      connected to a disc 147 provided with a follower 148 received in a recess
      149 provided for arm 125a. Accordingly, as the arm 125a is rotated, the
      guide couplings 140a and 140b are rotated by the same angle as the arm
      125a through disc 142, levers 143, disc 141 and fixed shaft 139b.
PAR  The intermediate post 130 is constructed to be slidable with respect to ram
      137 in a direction parallel with the x-axis. By turning a threaded shaft
      151 by means of a feed control device 150, the intermediate post 130 is
      moved along horizontal guide grooves 152 provided for ram 137. Although
      not shown, it should be understood that the ram 37 is slidable in the
      vertical direction along a column.
PAR  The guide couplings 140a and 140b are constructed to be slidable in planes
      perpendicular to their axes only along straight lines passing through
      their axes, but not in the directions which are perpendicular to the axes
      and said straight lines. The guide couplings are constructed such that the
      directions of sliding movements of the guide couplings vary as the shaft
      is rotated, but that when the orientation of the grinding point with
      respect to the axis of the grinding wheel coincides with the direction of
      the feed, and that in the case in which the correction angle .phi. = 0,
      the directions of sliding movements of the guide couplings will coincide
      with the direction of the feed. The profile of the correction cam is
      selected such that under these conditions, when a primary feed is applied
      to the grinder head 128 in the direction of the x-axis, the grinder head
      128 will translate in the direction of the feed while being supported by
      the supporting shaft 132 and the correction shaft 136 whereby the axis of
      the grinding wheel is displaced in the direction of the x-axis by a
      distance equal to the amount of the primary feed applied. However, when
      the orientation of the grinding point with respect to the axis of the
      grinding wheel does not coincide with the direction of the feed, that is
      where the correction angle .phi. .noteq. 0, the directions of the
      movements of the guide couplings will be varied by an angle .alpha. with
      respect to the direction of the feed.
PAR  Where the grinding operation is performed with grinding wheel 120 having
      the standard diameter the position of the axis of the shaft 129 supporting
      the grinding wheel coincides with the origin of the x - y coordinate
      system when the grinding operation is finished, and the eccentricities of
      the guide couplings 140a and 140b are zero under these conditions.
      However, for the purpose of using a grinding wheel of any diameter when a
      primary feed is imparted to the grinder head 128 so as to displace the
      shaft 129 by .DELTA. along the x axis, the eccentricities of the guide
      couplings. 140a, 140b become .DELTA. so that the correction shaft 136 is
      moved approximately .DELTA. .sup.. tan .alpha. in the direction of the
      y-axis when the guide couplings are rotated by the angle .alpha.. As a
      consequence, the grinder head 128 rotates about the supporting shaft 132
      thereby displacing the shaft 129 in the negative direction along the
      y-axis by a distance proportional to .DELTA..sup.. tan .alpha..
PAR  Although the value of the x-coordinate of the axis of the shaft 129 is
      varied by the rotational displacement of the grinder head 128, where the
      distance between shafts 129 and 132 is made large, such variation can be
      neglected from the stand point of the working accuracy. That is the value
      of the x-coordinate can be considered constant.
PAR  The outer profile of the correction cam for varying the value of the
      y-coordinate of the shaft 129 of the grinding wheel will now be described.
      As described hereinabove, the amount of correction to be made in the
      direction of the y-axis is expressed by
      ##EQU19##
      where 1/2 (D.sub.G - D) represents the amount of the primary feed which
      can be given as the degree of eccentricities of the guide couplings. Thus,
      it will be clear that the angle .alpha. of the rotational displacements of
      the guide couplings should satisfy the following relation:
      ##EQU20##
      where K represents a proportionality constant determined by the ratio of
      the distance between shafts 129 and 132 to the distance between the
      supporting shaft 132 and the correction shaft 136, the ratio of the
      distance between the pivot pin 126 of the arm 125a and the center of the
      press roller 127a to the distance between the pivot pin 126 and the recess
      149, and the ratio of the distance between the pivot pin 126 and the
      recess to the distance between the center of the follower 148 and the axis
      of the spline shaft 146. The constant K also represents the ratio of the
      angular displacement of the arm 125a to that of the guide couplings. .phi.
      represents the correction angle given by equation 11 and corresponds to a
      variable given by the trochoidal curve. Accordingly, when the trochoidal
      curve is determined, .phi. is given and then .alpha.. When the position of
      the press roller 27a is determined so as to obtain .alpha. of the desired
      value, it is possible to calculate the peripheral profile of the
      correction cam 121 corresponding thereto. If the value of the
      proportionality constant is not correct the profile of the correction cam
      121 would not be a smooth single closed curve, and in certain cases, would
      be multiple closed cruves or contain polygonal lines. Accordingly, it is
      necessary to determine the profile by trial and error method.
PAR  The apparatus shown in FIG. 9 for grinding trochoidal curved surfaces
      operates as follows:
PAR  When electric motor 111 is energized it drives drive shaft 115 at a
      constant speed through V belt 112. The shaft 115 drives the spindle 122
      through the Oldam's coupling 114. However, due to the master profiles of
      the master cams 118a, 118b, the spindle 122 undergoes a composite motion
      of rotational and translational motions so that the inner curved surface
      of the rotor housing to be worked will be ground to form a trochoidal
      curved surface by profile modeling the master cams. At the same time, the
      correction cam 121 secured to the spindle 122 undergoes the same motion.
      Since press rollers 27a and 27b are always held in contact with the
      periphery of the correction cam 121, arms 125a and 125b are swung about
      stationary pin 126. The swinging motion of the arm 125a causes the spline
      shaft 146 to swing about its axis through recess 149, follower 148 and
      disc 147, and the swinging motion of the spline shaft 146 is converted
      into the swinging motions of the guide couplings 140a and 140b.
PAR  Where final finishing grinding operation is performed with grinding wheel
      120 having the standard diameter, the degrees of eccentricities of the
      guide couplings 140a, 140b are zero so that the correction shaft 136 will
      be reciprocated at a definite position. As a consequence, the grinder head
      128 will be fixed at a definite position and the shaft 129 and the
      grinding wheel 120 will be rotated at definite positions, thus performing
      the desired grinding operation upon the rotor housing 119.
PAR  Now a case wherein a grinding wheel having a diameter different from the
      standard diameter is used will be described as follow. In this case, the
      feed control device 150 is operated to apply a primary feed equal to one
      half of the difference in the standard diameter and the diameter of the
      grinding wheel used so as to move the grinder head 128 along the x-axis.
      Then, the degrees of eccentricities of the guide couplings 40a, 40b are
      varied by the same amount. Under these conditions, the swinging motion of
      the arm 125a is transmitted to the guide couplings 140a and 140b via
      spline shaft 146 and the swinging motions of the guide couplings cause the
      correction shaft 136 to reciprocate in the lateral direction (in the
      direction of the y-axis). This causes the grinder head 128 to swing about
      the supporting shaft 32 thus reciprocating the shaft 129 and the grinding
      wheel 120 supported thereby in the lateral direction. As a cosequence, the
      shaft 129 is imparted with the desired correction movement expressed by
      ##EQU21##
      in the direction of the y-axis, said correction movement corresponding to
      the resultant of the primary feed 1/2 (D.sub.G - D) and the movement
      ##EQU22##
      imparted by the profile of the correction cam 121. Thus, the grinding
      wheel 120 performs the desired grinding operation upon the rotor housing
      119.
PAR  Above description concerns the method of correcting the position of the
      axis of the grinding wheel described in Example 3. Examples 1 and 2 will
      now be described. The correcting mechanism described in Example 1 can be
      obtained by fixing the supporting shaft 132 for the grinder head 128 at
      the origin and by arranging the shaft 129 for supporting the grinding
      wheel and the correction shaft 136 to be concentric. Thus, where the
      standard grinding wheel is used, the shaft 129, the supporting shaft 132
      and the correction shaft 136 coincide each other on the origin O. Although
      this correcting mechanism is advantageous in that, theoretically, the
      error of the grinding profile is zero, the mechanism is complicated
      because the axes of various shafts must coincide each other. Further, this
      method has a defect that the amount of the correction movement of the axis
      of the grinding wheel is large.
PAR  Where a grinding wheel of the standard diameter is used, the correcting
      mechanism described in Example 2 can be attained by positioning the shaft
      129 at the origin, supporting shaft 132 on a definite point along the
      y-axis, and the correction shaft 136 on a definite point other than the
      y-axis and having the same y-coordinate as the supporting shaft 132. More
      particularly, in addition to the mechanism of Example 3 there is provided
      means for converting the displacement of the correction shaft 136 in the
      direction of y-axis into the displacement of the shaft 129 in the
      direction of x-axis. When compared with other examples, this system is
      advantageous in that the amount of the correction movement is small, so
      that it is suitable for high speed, high efficiency grinding operations.
      However, the correction residue is large.
PAR  Since in accordance with this invention a worktable supporting a workpiece
      is profile controlled by the coorporation of a master roller and a master
      cam, it is possible to grind at a uniform speed, thus improving the speed
      and efficiency of the grinding operation. Further, where a grinding wheel
      of any diameter is used, the position of the axis of the grinding wheel
      can be automatically corrected by merely applying a primary feed equal to
      one half of the difference in the diameters of the standard grinding wheel
      and any grinding wheel thus making it possible to use grind wheels of any
      diameters. This eliminates the trouble of maintaining the diameter of the
      grinding wheel always in a definite permissible range and hence enable to
      perform rough grinding as well as fine finishing grinding with the same
      grinding wheel.
PAR  Although the invention has been described in connection with the grinding
      operation of a trochoidal curved surface it will be clear that the cam
      controlled profile grinding operation of this invention is also applicable
      to other curved surfaces than the trochoidal curved surface, such as the
      profile of the cam ring of a vane pump. In such a case, the trochoidal
      curved line expressed by equation 1 is replaced by a curve to be ground
      and similar calculations are made until the locus of the coordinates of
      the center of the grinding wheel as expressed by equation 6 is obtained.
      By denoting the coordinates of the center of the grinding wheel having the
      standard diameter by Xo and Yo, the loci described on the worktable by the
      centers of two master rollers can be determined by the following equation:
EQU  X = Xo + Fcos .phi. .-+. E sin .phi.
EQU  Y = Yo + Fsin .phi. .+-. E cos .phi.
PAR  In this manner, the profile of the master cam can be determined in the same
      manner as in the case of the trochoidal curved surface. Also, the profile
      of the correction cam may be determined in the same manner as in the case
      of the trochoidal curved surface. By merely applying a predetermined
      primary feed to a grinding wheel of any diameter, the axis of the grinding
      wheel is automatically corrected thereby assuring accurately ground
      profiles.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a profile modeling grinding apparatus of the class wherein a
      worktable supporting a workpiece is profile controlled by the cooperation
      of a master cam formed with a profile on the periphery thereof
      corresponding to the closed curved surface to be ground and a master
      roller, and wherein means is provided for imparting a composite motion of
      rotation and translation required to perform a constant speed grinding
      operation to said worktable, the improvement which comprises a ram movable
      in the vertical direction with respect to the upper surface of said
      worktable, an intermediate post supported by said ram to be movable in the
      direction of the primary feed which is applied to a grinding wheel in the
      horizontal direction, a vertical supporting shaft, means for supporting
      the opposite ends of said supporting shaft by said intermediate post, a
      grinder head supported by said supporting shaft to be swingable thereabout
      in a plane parallel with the upper surface of said worktable, a grinder
      shaft extending through said grinder head in parallel with said supporting
      shaft, said grinding wheel being secured to said grinder shaft, a
      correction shaft supported by said grinder head, a pair of guide coupling
      members cooperating with the opposite ends of said correction shaft so as
      to drive said ends and with fixed shafts rotatably supported by said ram
      so as to cause said fixed shafts to act as the drive members for said
      guide coupling members, a correction cam provided with a correction
      profile on the outer periphery thereof and secured to said worktable and
      said master cam to rotate therewith, a press roller, means for normally
      urging said press roller against said correction profile of the correction
      cam, means for transmitting the angular movement of said press roller to
      said guide coupling members so as to impart thereto corresponding angular
      movement, and means for applying a predetermined primary feed to said
      grinding wheel, whereby when a grinding wheel having a diameter different
      from a predetermined standard diameter is used, the position of said
      grinder shaft is corrected in accordance with the angular position of said
      worktable thus grinding a closed curved surface in said workpiece.
NUM  2.
PAR  2. The profile modeling grinding apparatus according to claim 1 wherein
      said means for imparting said composite motion comprises an Oldam's
      coupler permitting rotational and translation movements in the same plane,
      said Oldam's coupler being interposed between a shaft driven by driving
      means and a shaft carrying said worktable, said master cam and said
      correction cam.
NUM  3.
PAR  3. The profile modeling grinding apparatus according to claim 1 wherein
      said workpiece is the rotor housing of a rotary engine and said closed
      curved surface comprises a trochoidal curved surface.
NUM  4.
PAR  4. The profile modeling grinding apparatus according to claim 1 wherein
      said means for applying the primary feed is connected to said intermediate
      post and said grinder shaft, and said supporting shaft and said correction
      shaft are parallel with each other and extend through said grinder head.
NUM  5.
PAR  5. The profile modeling grinding apparatus according to claim 1 wherein
      said means for transmitting the angular movement of said press roller
      comprises a first disc including a follower operated by an arm which
      supports said press roller, a second disc connected to one of said fixed
      shafts, a third disc, a pair of parallel levers interconnecting said
      second and third discs, and a spline shaft interconnecting said first and
      third discs.
NUM  6.
PAR  6. The profile modeling grinding apparatus according to claim 1 wherein
      said master cam comprises two discrete cams provided with symmetrical
      closed curved surfaces on the peripheries thereof and the two closed
      surfaces cooperate each other to define a closed trochoidal curved surface
      corresponding to the trochoidal curved surface to be formed in said
      workpiece.
NUM  7.
PAR  7. The profile modeling grinding apparatus according to claim 1 wherein
      said grinder shaft and said grinding wheel are driven by an electric motor
      having a shaft in vertical alignment with said supporting shaft.
NUM  8.
PAR  8. Apparatus for profile grinding a trochoidal curved surface comprising:
PA1  a worktable for supporting a workpiece,
PA1  means for rotating and translating said worktable in a predetermined plane,
PA1  a shaft perpendicular to said plane for supporting a grinding wheel above
      said worktable,
PA1  means for feeding said shaft in a predetermined direction,
PA1  a pair of master rollers rotatably supported by the stationary portion of
      the apparatus at positions on both sides of a plane containing the axis of
      said shaft and extending in the direction of the feeding of said shaft,
PA1  a pair of master cams movable in a fixed relation with said worktable and
      are provided with two closed curved surfaces on the peripheries thereof,
PA1  means for rotating incrementally said worktable so that the worktable
      completes one complete revolution when said trochoidal curved surface has
      been ground, said two closed curved surfaces on said master cams
      cooperating to define a profile corresponding to said trochoidal curved
      surface to be ground,
PA1  means for urging said two closed curved surfaces of said master cams
      against said two master rollers respectively,
PA1  and wherein an Oldam's coupling is interposed between a drive shaft and a
      spindle carrying said worktable and said pair of master cams so as to
      permit said spindle to rotate and translate in the same plane,
PA1  whereby the direction of movement of said worktable is controlled by the
      cooperation of said master cams and said master rollers so as to grind
      said workpiece by said grinding wheel.
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ABST
PAL  A method and apparatus for treating the recording layer of flexible
      recording elements to remove protruding agglomerated particles formed
      during the fabrication process and to provide an extremely smooth surface
      finish on the order of 1.8AA or less. Several embodiments are disclosed
      for treating both annular recording discs and roll type recording media.
      The method comprises burnishing the recording layer surface with a hard
      smooth abrasive member while supporting the flexible recording element on
      a resilient backing surface and observing key parameters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the treatment of flexible recording elements to
      eliminate recording layer defects.
PAR  Flexible recording elements have found increasing use in several branches
      of industry. Audio recording tape, for example, is increasingly employed
      in the sound recording industry as a storage medium for speech and musical
      compositions. Similarly, video tape has found increasing use in the
      television industry as a storage medium for television programs. Recently,
      flexible annular recording discs have been introduced for use as a digital
      data storage device in the data processing industry.
PAR  The above flexible recording elements all share common manufacturing
      techniques. In a typical manufacturing process, a sheet or roll of durable
      flexible substrate material, such as Mylar, is coated with a solution
      having desired magnetic recording characteristics, such as iron oxide
      contained in a resin binder. After coating, the sheet is subjected to a
      heat treating step during which the solution is cured by baking or the
      like. The treated sheet is then trimmed to the appropriate shape by
      slitting, slicing, or in the case of annular recording discs, by punching
      or stamping to an annular shape. After trimming, a suitable lubricant is
      applied to the recording surface, after which the recording element is
      tested.
PAR  The manufacturing yield of such flexible recording elements in the past has
      suffered from the fact that during the coating process relatively large
      agglomerated particles or chunks of iron oxide are naturally formed in the
      recording layer. These agglomerates project outwardly from the recording
      layer surface and, unless removed, adversely affect the performance of the
      recording element in the following manner.
PAR  The recording and reproduction fidelity of a magnetic recording element is
      directly related to the separation distance between the recording surface
      and the associated magnetic transducer. For best results, this separation
      distance should be substantially invariant as the recording surface sweeps
      past the transducer. However, when a portion of the recording surface
      having a projecting agglomerate passes over the surface of the magnetic
      transducer, the separation distance therebetween is momentarily increased,
      thereby alterating the strength of the magnetic field penetrating the
      recording layer during recording or the strength of the field emanating
      from the recording layer which is sensed by the transducer during
      reproduction. The result is degradation of the signal and, in severe
      cases, complete loss of information.
PAR  This problem is compounded by the fact that one or more agglomerates can be
      extracted from the recording layer and attached to the surface of the
      transducer under typical operating pressures and temperatures. Thereafter,
      as other portions of the recording surface are swept past the transducer
      surface, the attached agglomerate cuts into and removes portions of the
      recording layer. In aggravated cases, such as in digital applications in
      which the transducer is swept across the surface of a flexible disc
      element rotating at a high speed, the entire recording layer can be
      destroyed in a matter of seconds.
PAR  An additional problem which serves to impair the manufacturing yield of
      flexible recording elements of the type noted above is the uneveness of
      the surface of the recording layer after the curing step is completed.
      Irregular undulations in the recording surface are known to produce
      premature wear of the magnetic transducer suface, thus shortening the
      usful life of this latter element.
PAR  Conventional techniques emloyed in the past to improve the recording layer
      surface characteristics of flexible recording elements include hot or cold
      pressing between hard or soft rollers, and high speed sanding or polishing
      with loose abrasive materials in a manner analogous to techniques employed
      in polishing optical devices. To date, such efforts have met with only
      limited success.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a method and apparatus for treating the recording
      layer of flexible recording elements to produce a smooth surface free from
      protruding agglomerates, surface undulations and other surface
      irregularities. This treatment is effected by burnishing the recording
      layer surface with a hard smooth abrasive member having a surface finish
      characteristic lying in a predetermined range while supporting the
      flexible recording element on a resilient backing surface having hardness,
      resiliency and surface finish characteristics lying within predetermined
      ranges. The disc and abrasive member are rotated at first and second
      speeds lying in preselected ranges and the abrasive member applies a
      normal force to the disc lying within a predetermined range.
PAR  In a first specific embodiment especially adapted for use with annular
      flexible recording discs, a disc is mounted on a circular platen having a
      resilient backing layer supported by a stiff plate, and the platen and
      disc are rotated at a first speed. A cylindrical abrasive member is placed
      in pressure contact with the recording surface, the pressure having a
      predetermined magnitude, and rotated at a second speed for a predetermined
      burnishing period. The cylinder may comprise a right circular cylinder
      employing either the cylindrical surface or an end wall as the burnishing
      surface, the latter comprising either a flat surface or a surface having a
      regularly arranged pattern of alternate lands and grooves radially
      extending from the center of the surface and angularly disposed about the
      axis of rotation of the cylinder. The cylinder may also comprise a
      truncated conical cylinder.
PAR  In a second embodiment especially adapted for use in treating roll-type
      flexible recording elements, e.g. magnetic tape, the backing member
      comprises a resilient annular cylindrical member surrounding a hard core
      material and the abrasive member comprises a cylinder, the tape being
      passed through a nip provided by the backing member and the abrasive
      member. The two members have structural and operational parameters similar
      to those of the disc embodiment.
PAR  Flexible recording elements treated in accordance with the method of the
      invention possess an extremely fine surface finish of no more than about
      1.8AA and a recording layer surface which is substantially free of
      protruding agglomerates. Application of the invention to flexible
      recording discs has been found to increase the manufacturing yield by one
      order of magnitude.
PAR  For a fuller understanding of the nature and advantages of the invention,
      reference should be had to the ensuing detailed description taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view partially broken away of an annular flexible
      recording disc;
PAR  FIG. 2 is an enlarged perspective view in section illustrating the
      composition of the flexible recording element;
PAR  FIG. 3 is a schematic view of a first embodiment of the invention for
      burnishing a recording element of the type shown in FIG. 1;
PAR  FIG. 4 is an enlarged partial sectional view taken along lines 4-13 4
      4--FIG. 3;
PAR  FIG. 5 illustrates an alternate embodiment of the abrasive element for use
      with the embodiment of FIG. 3;
PAR  FIG. 6 is a schematic view of a second embodiment of the invention for use
      with the recording element of FIG. 1;
PAR  FIG. 7 is a front elevational view of the burnishing surface of an
      alternate embodiment of the abrasive element shown in FIG. 6;
PAR  FIG. 8 is a side elevational view of the abrasive element of FIG. 7;
PAR  FIG. 9 is a schematic diagram of an alternate embodiment of the invention
      for burnishing roll-type flexible recording media; and
PAR  FIG. 10 is an enlarged sectional view illustrating the cleaning wick and
      holder of the FIG. 3 embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawings, FIG. 1 shows a flexible annular recording disc
      10 of the type used in rotating disc file digital data storage units.
      Recording element 10 is composed of a base layer 11, typically fabricated
      from Mylar or an equivalent durable flexible substance, and a recording
      layer 12 composed of magnetic material such as iron oxide particles in a
      resin binder. As best shown in FIG. 2, after the disc has been coated and
      cured in accordance with the manufacturing process noted supra, the
      recording layer 12 typically exhibits an irregular surface with
      undulations 13 and externally projecting agglomerated particles of iron
      oxide 14.
PAR  FIG. 3 illustrates a first embodiment of the invention for treating the
      recording layer 12 of disc 10 to remove particles 14 and to reduce the
      magnitude of undulations 13 to or below a desired suface smoothness. With
      reference to FIG. 3, recording disc 10 is placed on the support surface of
      a circular platen 20 having a shaft 21 coupled to a motor 22. As best
      shown in FIG. 4, platen 20 has a support plate 23 preferably fabricated
      from aluminum or other suitable relatively rigid material and a resilient
      layer 24 preferably fabricated from urethane or other suitable resilient
      material such as rubber or a resilient plastic. An optional clamp
      comprising a small apertured disc 25 secured to shaft 21 by means of a
      screw 26 may be provided for fastening disc 10 to platen 20. In practice,
      however, the surface friction between the bottom surface of disc 10 and
      the receiving surface of resilient layer 24 has been found sufficient to
      hold discs 10 having a single recording layer 12 on resilient layer 24.
PAR  Disposed at substantially a right angle to the axis of rotation of platen
      20 is an abrasive element 30 in the form of a right circular cylinder
      having a central shaft 31 coupled to a second motor 32 for rotation
      thereby. Abrasive element 30 is preferably fabricated from alumina having
      the surface finish specified below. Other suitable materials are ruby,
      diamond, granite, stone, brass and steel. Other equivalent materials will
      occur to those skilled in the art.
PAR  A suitable conventional mechanical translating mechanism schematically
      indicated by broken lines 33 is provided to enable element 30 to be placed
      in pressure contact with disc 10 during burnishing and to be withdrawn
      from the surface of disc 10 a sufficient distance to permit removal of
      disc 10 after burnishing and mounting of an unburnished disc onto platen
      20 prior to burnishing. Such mechanisms are well known and accordingly
      further details thereof have been omitted.
PAR  A cleaning wick 36 secured in a suitably configured clamping device 37,
      shown in section in FIG. 10, is provided for removing loose material from
      the surface of cylinder 30 during operation.
PAR  In use, platen 20 and abrasive element 30 are rotated in the directions
      indicated by arrows 34, 35 at the speeds indicated below, with the
      abrasive surface of cylinder 30 in pressure contact with the recording
      surface 12. For optimum results, the burnishing process is conducted over
      the time periods set forth below.
PAR  FIG. 5 shows an alternate embodiment of the abrasive element for use with
      the embodiment shown in FIG. 3 in which the abrasive element comprises a
      cylinder 40 in the shape of a truncated cone having an axial shaft 41
      adapted to be coupled to driving motor 32. The taper of cylinder 40 is
      preferably selected so that the linear speed along the surface varies in
      the same manner as the variation of linear speed with increasing radius
      along the surface of disc 10.
PAR  FIG. 6 shows an alternate embodiment in which the abrasive element
      comprises a cylindrical disc 50 having a body shaft 51 adapted to be
      coupled to a motor such as motor 32 shown in FIG. 3. In this embodiment,
      the free face (hidden) of disc 50 functions as the abrasive surface. In
      addition, a conventional mechanical translating mechanism indicated
      schematically by broken line 53 is provided for the same purpose as device
      33 of FIG. 3 for enabling translational movement of disc 50 and shaft 51
      in the directions indicated by arrow 54.
PAR  FIGS. 7 and 8 show an alternate embodiment of the disc 50 of FIG. 5 in
      which the abrasive end surface 60 is provided with a plurality of
      alternate land and groove portions 61, 62 radiating from the center of the
      disc.
PAR  Referring again to FIG. 3, as noted above recording disc 10 is burnished by
      rotating disc and cylinder 30 while pressing the abrasive surface of
      cylinder 30 against recording surface 12 of the disc 10. Best results have
      been obtained with a platen 20 having a resilient layer 24 composed of
      urethane having a surface finish of about 63 AA, corresponding to a
      maximum surface deviation of 63 microinches measured with a 0.030 inch
      cut-off, a 50 durometer hardness and a 50 percent resiliency; and a
      ceramic cylinder having a radius of 0.75 inch with a surface finish of
      35AA also measured with a 0.030 inch cut-off; with a cylinder to disc
      force of about 8.8 pounds. The optimum speed of the cylinder is about 890
      RPM, corresponding to a linear speed of about 70 inches per second, while
      the optimum speed of the platen 20 is about 30 RPM corresponding to a
      linear surface speed on the outer diameter of disc 10 of about 12 inches
      per second and a linear surface speed on the inner diameter of disc 10 of
      about 6 inches per second. The optimum burnishing time with the above
      parameters is about 17 seconds. Discs 10 having an acceptable surface
      finish, however, can be produced over the following ranges of critical
      parameters:
PA1  Platen surface finish--50-80AA
PA1  Platen hardness--40-70 durometer
PA1  Platen resiliency--40-70%
PA1  Cylinder surface finish--30-40AA
PA1  Cylinder to disc force: 6.6-11.0 pounds
PA1  Cylinder speed: 600-1200 RPM (31.5 to 94.2 inches per second)
PA1  Disc speed: 20-60 RPM (8.0-28.0 inches per second O.D.; 4.0 -14.0 inches
      per second I.D.)
PA1  Burnishing time--12-22 seconds
PAR  As will be apparent to those skilled in the art, burnishing times longer
      than 22 seconds may be employed, if desired; however, any improvement in
      quality of the surface finish obtained with prolonged burnishing periods
      is typically offset by the increased cost necessitated thereby. Such discs
      10 burnished in accordance with the above critical parameters have been
      found to exhibit surface deviations of less than 1.8AA with less than 5
      microinches of the recording surface layer 12 being removed during the
      burnishing process. Most importantly, for reasons not fully understood,
      any protruding agglomerates embedded in recording layer 12 are removed by
      the burnishing process.
PAR  FIG. 9 shows an apparatus for burnishing roll form recording media 70
      having a flexible substrate 72 and a recording layer 71 on one surface
      thereof. As shown in the Fig., the recording media 70 is looped around a
      resilient backing cylinder 74 with the flexible substrate 72 in surface
      contact therewith. Cylinder 74 has an axial shaft 75 coupled to a driving
      motor 76. A rotatable abrasive cylinder 78 having an axial shaft 79
      coupled to a driving motor 80 is also provided, with the media 70 grasped
      in the nip between the surfaces of cylinders 74 and 78.
PAR  During burnishing, media 70 is translated pass the nip from a conventional
      feed roller to a take-up reel (not shown) in the direction of arrow 82. If
      desired, additional conventional feed mechanisms may be provided to assist
      in translating media 70 past the burnishing station elements. The optimum
      and acceptable burnishing parameters for the device of FIG. 9 are
      substantially similar to those discussed above.
PAR  As will now be apparent, the invention provides a low cost method and
      apparatus for treating the surface of flexible recording media to improve
      the recording characteristics thereof. In practice, the invention has been
      found to increase the manufacturing yield of flexible recording discs by
      one order of magnitude. The invention readily lends itself to automated
      operation when burnishing either discs or tapes and requires only low cost
      readily available materials for implementation.
PAR  While the above provides a full and complete disclosure of the invention,
      various modifications, alternate constructions and equivalents may be
      employed without departing from the true spirit and scope of the
      invention. Therefore, the above description and illustrations should not
      be construed as limiting the scope of the invention, which is defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of treating the recording surface of a flexible recording
      element to remove protruding agglomerates and improve the surface
      smoothness, said method comprising the steps of:
PA1  a. supporting said flexible recording element on a substantially resilient
      compressible support surface;
PA1  b. translating said recording surface of said recording element past an
      abrading region at a first rate; and
PA1  c. abrading said recording surface during translation thereof past said
      abrading region for a predetermined period with an abrasive element having
      substantially less resiliency than said compressible surface by moving the
      surface of said abrasive element past said abrading region at a second
      rate different from said first rate while pressing said recording surface
      against said support surface with said abrasive element with sufficient
      force to compress said support surface at said abrading region.
NUM  2.
PAR  2. The method of claim 1 wherein said first rate is in the range of from
      about 4 to about 28 inches per second and said second rate is in the range
      from about 30 to about 95 inches per second.
NUM  3.
PAR  3. The method of claim 2 wherein said first rate is in the range from about
      6 to about 12 inches per second and said second rate is about 70 inches
      per second.
NUM  4.
PAR  4. The method of claim 1 wherein the force between said abrasive element
      and said support surface is in the range from about 6.5 to about 11
      pounds.
NUM  5.
PAR  5. The method of claim 4 wherein said force is about 8.8 pounds.
NUM  6.
PAR  6. The method of claim 1 wherein said predetermined period is in the range
      from about 12 to about 22 seconds.
NUM  7.
PAR  7. The method of claim 6 wherein said period is about 17 seconds.
NUM  8.
PAR  8. An apparatus for treating the recording surface of a recording element
      to remove protruding agglomerates and improve surface smoothness, said
      recording element having a flexible substrate with front and back
      surfaces, said apparatus comprising:
PA1  a resilient compressible backing means for providing a substantially
      resislient yielding support surface for one of said surfaces of said
      flexible recording element;
PA1  an abrasive element adapted to be placed in surface contact with said
      recording surface at an abrading region for pressing said recording
      element against said resilient backing means with sufficient force to
      compress said backing means at said abrading region, said abrasive element
      having substantially less resiliency than said backing means;
PA1  means for providing relative movement between said abrasive element and
      said recording surface and;
PA1  means for providing said force to compress said backing means.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said resilient backing means has a
      hardness and a resiliency in the range from 40-70 durometer and 40-70
      percent, respectively.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said hardness and resiliency are about
      50 durometer and 50 percent, respectively.
NUM  11.
PAR  11. The apparatus of claim 8 wherein said resilient backing means is
      provided with a surface finish in the range from about 50 to about 80AA.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said surface finish is about 63AA.
NUM  13.
PAR  13. The apparatus of claim 8 wherein said abrasive element comprises a
      ceramic cylinder having a surface finish in the range from about 30 to
      about 40AA.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said surface finish of said cylinder
      is about 35AA.
NUM  15.
PAR  15. The apparatus of claim 13 wherein said cylinder is a right circular
      cylinder.
NUM  16.
PAR  16. The apparatus of claim 13 wherein said cylinder is a disc having an
      abrasive free end surface.
NUM  17.
PAR  17. The apparatus of claim 16 wherein said abrasive surface is provided
      with a plurality of radially extending alternate land and groove portions.
NUM  18.
PAR  18. The apparatus of claim 13 wherein said cylinder is a truncated cone.
NUM  19.
PAR  19. The apparatus of claim 9 wherein said relative movement means comprises
      means for rotating said abrasive element at a first predetermined speed.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said first predetrmined speed is in
      the range from about 600 to about 1200 revolutions per minute.
NUM  21.
PAR  21. The apparatus of claim 20 wherein said first predetermined speed is
      about 900 revolutions per minute.
NUM  22.
PAR  22. The apparatus of claim 19 wherein said relative movement means further
      includes means for rotating said resilient backing means at a second
      predetermined speed.
NUM  23.
PAR  23. The apparatus of claim 22 wherein said second predetermined speed is in
      the range from about 20 to about 60 revolutions per minute.
NUM  24.
PAR  24. The apparatus of claim 23 wherein said speed is about 30 revolutions
      per minute.
NUM  25.
PAR  25. The apparatus of claim 9 wherein said flexible recording element is
      pressed against said resilient backing means with a force in the range
      from about 6.6 to about 11.0 pounds.
NUM  26.
PAR  26. The apparatus of claim 25 wherein said force is about 8.8 pounds.
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ABST
PAL  A device for grinding longitudinal welds in a steel door or the like is
      provided. The device includes a bed for receiving the door and means for
      moving the door along the bed on a path between opposed grinding wheels.
      One of the grinding wheels is fixed and the other is mounted to a carriage
      designed to move transversely to the bed. Switches actuated by the door
      activate the grinding wheels and moving means. The carriage includes means
      to limit its movement to insure a proper engagement with the door and the
      grinding wheels are set at an angle with respect to the axis of the bed to
      further insure proper contact.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to grinding equipment and more particularly
      to equipment for use in the simultaneous grinding of opposed surfaces such
      as the opposite sidewalls of steel doors.
PAR  Steel doors have traditionally been formed of two identically formed sheets
      of steel welded to one another. Each of the sheets comprises a front or
      rear surface of the door and a partial sidewall between the two. The
      partial sidewalls are formed with an interlock which must be welded
      securely along the entire length of the door. Thus, the final step in the
      door forming process prior to painting is the grinding of the weld bead
      flush with the remainder of the door.
PAR  Heretofore, it has been necessary for the welds to be hand ground, a time
      consuming and costly process. In view of this, the principal object of the
      present invention is to provide automatic equipment for effecting the
      grinding process at a substantial savings in time and money.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other beneficial objects and advantages are attained in
      accordance with the present invention by providing an automatic device for
      grinding the longitudinal welds on a steel door or the like. The device
      includes a bed for receiving the door and means for moving the door along
      the bed on a path between opposed grinding wheels. One of the grinding
      wheels is fixed and the other is mounted to a carriage designed to move
      transversely to the bed. Switches actuated by the door activate the
      grinding wheels and moving means. The carriage includes means to limit its
      movement to insure a proper engagement with the door and the grinding
      wheels are set at an angle with respect to the axis of the bed to further
      insure proper contact.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a top plan view of an automatic grinding device in accordance
      with the present invention;
PAR  FIG. 2 is a fragmentary sectional view taken along reference lines 2--2 of
      FIG. 1 in the direction indicated by the arrows;
PAR  FIG. 3 is a fragmentary sectional view taken along reference lines 3--3 of
      FIG. 1 in the direction indicated by the arrows;
PAR  FIG. 4 is a fragmentary end view taken along reference lines 4--4 of FIG. 3
      in the direction indicated by the arrows;
PAR  FIG. 5 is an enlarged fragmentary plan view of the grinder utilized in the
      device of the present invention;
PAR  FIG. 6 is a simplified fragmentary sectional view of one sidewall of a door
      prior to welding;
PAR  FIG. 7 is a view similar to FIG. 6 after welding but prior to grinding;
      and,
PAR  FIG. 8 is a view similar to FIG. 7 after grinding.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to the drawings wherein the present invention is
      depicted. To best understand the environment of the present invention,
      reference is first made to FIGS. 6 through 8. In FIG. 6 the two steel
      sheets 10 and 12 are shown forming the front and rear surfaces of a door.
      Each sheet is bent to define a side portion 14 and 16 respectively and the
      side portions, in turn, are provided with engaging tabs 18 and 20 which,
      when interlocked, define a seam 22. As shown in FIG. 7, the seam 22 is
      secured by welding it utilizing conventional or automatic equipment
      generally designated by the numeral 24 and resulting in a bead 26. An
      identical arrangement appears on the opposite side of the door except that
      the positions of side portions 14 and 16 are reversed thus requiring only
      a single shape for sheets 10 and 12. As a final step, the bead 26 must be
      ground flush with the side portions 14 and 16 to produce a smooth,
      uninterrupted sidewall of the door which may then be painted as desired.
      The present invention relates to means 28 for effecting the grinding step
      automatically.
PAR  Reference is now made to FIGS. 1 through 5 wherein the automatic grinding
      device 30 of the present invention is shown. The device 30 comprises a bed
      32 formed of a plurality of idle rollers 34 arranged in side by side
      spaced relation extending across a frame 36. The bed 32 may conveniently
      be located adjacent to and aligned with welding equipment so that as the
      door seams are welded, they can be fed to the present device for automatic
      grinding.
PAR  A first grinder 38 is affixed to one side of frame 36 as shown. Grinder 38
      comprises a motor 40 driving a shaft 42 to which a grinding wheel 44 is
      affixed. It should be noted that the motor 40 is pivotally mounted to the
      frame so that the angle between the grinding wheel 44 and axis of the bed
      can be varied. It should also be noted that the grinding wheel is not set
      parallel to the bed but rather at a slight angle.
PAR  A carriage 46 is affixed to bed 32 for transverse movement with respect
      thereto opposite grinder 38. To this end, as shown in FIG. 3, the carriage
      46 is mounted through guides 48 onto rods 50 which extend between adjacent
      rollers 36. The carriage 46 is thus adapted to move along the rods 50
      toward and away from the first grinder 38. To this end, the carriage is
      connected to a piston 52 which extends from cylinder 54 which, in turn, is
      affixed to the frame. Thus, the carriage moves with the piston in response
      to an appropriate fluid or gas (such as air) entering and leaving the
      cylinder.
PAR  A second grinder 56 substantially identical with the first grinder 38 is
      mounted to the carriage for movement with it. In this connection, the
      second grinding wheel 58 overhangs the inboard edge 60 of the carriage. As
      with the first grinder, the second grinding wheel is set at a slight angle
      with respect to the axis of the bed and the angle of the grinding wheels
      is such that extensions of the planes of the grinding wheels would
      intersect downstream of the carriage. A first pair of feeler rolls 62, 64
      is mounted in a housing 66 affixed to the carriage 46 in front of the
      second grinder and a second pair of rolls 68, 70 is mounted in a housing
      72 behind the grinder. The axis of the feeler rolls 62, 64, 68 and 70 are
      set transverse to that of the idle rolls 34. It should also be noted that
      the rolls are spaced slightly back of the grinder.
PAR  Referring now to FIG. 2, it can be seen that an overhead conveyor 74 is
      mounted above the bed secured to the frame. The conveyor 74 comprises a
      first endless chain 76 extending along the bed over the grinders and a
      second endless chain 78 extending along the bed upstream of the first
      chain. Each chain is driven by a motor 80 and includes fingers extending
      toward the bed and adapted to engage a door on the bed and move it along a
      path past the grinders. Thus, finger 82 extends from chain 78 and finger
      84 extends from chain 76.
PAR  A series of switches are provided along the bed in the path of a door urged
      along the bed by the chain fingers. Thus, a first switch 86 is provided
      along the bed upstream of the first chain 76 as shown. A second switch 88
      is provided along the first chain upstream of the grinders and a third
      switch 90 is provided downstream of the grinders. A fourth switch 92 is
      spaced above the bed in the path of finger 84 of the first chain so that
      as the finger passes the switch during each revolution of the chain,
      switch 92 is activated. The duty of the switches may best be appreciated
      in connection with the following description of the operation of the
      present device.
PAR  In operation, after a door 94 is welded, it is moved along the upstream
      portion of the bed by finger 82 of chain 78 engaging and pushing the rear
      of the door. When the forward end 96 of the door engages the first switch
      86 this activates motor 80 to drive chain 76 so that finger 84 will
      continue to push the door along the bed after finger 82 lifts from the
      door. Prior to lifting from the door, finger 82 also pushes the door past
      switch 88 which activates the piston and cylinder to move the carriage
      inwardly toward the first grinder. The pressure developed in the grinder
      is sufficient to keep urging the carriage inwardly but not enough to
      overcome the stop action caused by the feeler rolls 62, 64, 68 and 70
      engaging the sidewall 98 of the door. Switch 88 also controls the grinder
      motors so that both grinders 44 and 58 are kept on so long as the switch
      is depressed. Switch 90 is connected in parallel with switch 88 so that
      when either or both of switches 88 and 90 are depressed, the carriage is
      maintained in position against the door sidewall 98 and the grinders 44
      and 58 are kept on. When both switches are released, i.e. when finger 84
      pushes the rear end 98 of the door past switch 90, the grinders are turned
      off and the carriage returns to its initial outward position. In this way,
      the carriage is ready for the next door regardless of its width. When the
      finger 84 contacts switch 92, chain motor 80 is shut down.
PAR  Thus, it can be seen that the aforementioned objectives are attained by a
      device in accordance with the above.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A device for grinding longitudinal welds along the opposed sidewalls of
      a metal door or the like, said device comprising: a bed for receiving said
      door and defining a path for said door past first and second grinding
      means; means for moving said door along said bed; first grinding means
      affixed to said bed in position to operationally abut one sidewall of said
      door; carriage means connected to said bed on the opposite side of said
      door for transverse movement with respect to said bed; second grinding
      means secured to said carriage for movement therewith; means for moving
      said carriage; and, means affixed to said carriage for sensing a door and
      limiting the movement of said carriage to a position wherein said second
      grinding means operationally abuts the opposite sidewall of said door.
NUM  2.
PAR  2. The device in accordance with claim 1 further comprising first switch
      means mounted in said door path upstream of said carriage and activated by
      a leading edge of a door entering said path to actuate said door moving
      means to move said door past said grinding means.
NUM  3.
PAR  3. The device in accordance with claim 2 further comprising second switch
      means mounted in said door path downstream of said carriage and actuated
      by a trailing edge of said door leaving said path to deactivate said
      moving means.
NUM  4.
PAR  4. The device in accordance with claim 3 further comprising third switch
      means in said door path downstream of said first switch means and upstream
      of said first grinding means, said third switch means being operatively
      connected to said carriage moving means and said first and second grinding
      means.
NUM  5.
PAR  5. The device in accordance with claim 4 further comprising fourth switch
      means in said door path downstream of said first grinding means and
      upstream of said second switch means, said fourth switch means being
      operatively connected to said carriage moving means to move said carriage
      away from said door.
NUM  6.
PAR  6. The device in accordance with claim 1 wherein said carriage means is in
      substantial alignment with said first grinding means transverse to said
      bed.
NUM  7.
PAR  7. The device in accordance with claim 1 wherein said second grinding means
      extends transversely beyond said carriage means and said limiting means
      includes rollers mounted to said carriage on opposite sides of said
      grinding means for engaging said door sidewall.
NUM  8.
PAR  8. The device in accordance with claim 7 wherein each of said first and
      second grinding means includes a pivotally mounted grinding head and the
      axis of said grinding beads tapering to intersect at a point downstream of
      said carriage whereby said door is wedged between said grinding beads as
      it moves along said path.
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ABST
PAL  A vibratory mill having a long, thin milling chamber which spirals upward
      in a conical arrangement from a center location within a housing to a
      point at the periphery of the housing. The configuration of the chamber
      improves the efficiency of the mill and promotes the use of a continuous
      operation rather than a batch process. Eccentrically mounted rotating
      weights cause the media and parts to migrate upward from a central
      receiving position to the periphery of the housing.
PARN
PAR  This is a continuation of application Ser. No. 357,447, filed May 4, 1973
      and now abandoned.
BSUM
PAR  The present invention is directed to the design and construction of
      vibratory mills used for grinding, polishing, deburring and the like. More
      specifically, this invention is directed to a long, thin vibratory mill
      chamber arranged in a conical path.
PAR  Vibratory mills have been developed which employ simple helical finishing
      chambers. One such device employing a simple helical chamber is disclosed
      in McKibben, U.S. Pat. No. 3,422,577. It has been determined that such
      helical arrangements lend themselves to continuous processes in
      comparatively light operations. The vibrations developed tend to move the
      media and parts upward along the helix and out of the mill housing which
      thereby permits the introduction of new unfinished parts at the lowest
      point of the helical path. However, such cavities do not normally exceed
      360.degree. of rotation about the mill housing. Consequently, parts which
      require long finishing time must be reintroduced into the mill for further
      processing. As a result, the mill must be used for batch process rather
      than continuous operation. Further, such mills do not optimize the use of
      space within any given mill housing.
PAR  The present invention provides a long, narrow mill chamber compactly placed
      within a cylindrical vibratory mill housing. The chamber is placed within
      the housing to form a path which spirals upward from a central position to
      the periphery of the housing in a conical arrangement. The reduced width
      and increased length of the chamber create maximum intimate contact of the
      body of media with the unfinished parts. Further, the long path allows
      complete finishing of even hard to finish parts in a single cycle of the
      mill. A maximum use of the available space within the housing is also
      achieved.
PAR  Accordingly, an object of the present invention is to provide a mill having
      a long, narrow chamber located therein.
PAR  Another object of the present invention is to provide a long, narrow
      chamber formed in a conical path within a housing.
PAR  Another object of the present invention is to provide a mill chamber
      particularly adapted to be employed with continuous feeding systems.
PAR  Thus, an improved mill structure is disclosed. A long, narrow chamber is
      disclosed which lends itself to continuous and efficient operation. Other
      objects and advantages of the present invention will be made readily
      apparent from the following detailed description and accompanying drawings
     .
DRWD
PAR  FIG. 1 is a plan view of the conical mill.
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1
      illustrating the conical mill chamber.
DETD
PAR  Turning specifically to the drawings, a mill is disclosed which includes a
      cylindrical housing generally designated 10. The housing 10 includes an
      annular rim 12 for added structural rigidity and easy handling. A
      cylindrical wall 14 and a circular base plate 16 form the main portion of
      the housing. The base plate 16 is welded to the wall 14 to form a leak
      proof cylindrical enclosure. A circular channel support member 18 is
      welded on to the base plate 16 for further structural support and as a
      means for mounting the housing 10 to the mill base 20.
PAR  The mill base 20 is a cylindrical support structure having an annular base
      ring 22 located at ground level and an annular flange 24 located at the
      upper edge of the cylindrical base 20. Webs 26 are radially disposed about
      the cylindrical housng 20 and extend vertically between the annular ring
      22 and the flange 24. Coil springs 26 are mounted about the periphery of
      the housing 20 to the flange 24. These springs extend upward to meet an
      annular mounting plate 30 where they are rigidly fixed. The annular plate
      30 is also fixed to the circular channels 18. A resilient mounting of the
      mill is thereby provided.
PAR  The resiliently mounted mill further includes a cylindrical drive housing
      32 which has a motor 34 positioned therein. The motor 34 is rigidly
      mounted to the drive housing 32 on annular brackets 36. Fasteners 38 allow
      removal of the motor 34 from the housing 32 for service and replacement.
      Eccentrics 40 and 42 are mounted to the drive of the motor 34 to create
      the desired vibrations. The drive housing is welded within the annular
      plate 30 to rigidly fix the housing 32 to the mill housing 10. Structural
      webs 44 provide added support about the periphery of the drive housing 32.
      To gain access to the motor 34, the annular plate 30 is preferably bolted
      or otherwise fastened to the circular channel member 18 in order that the
      mill housing may be lifted from the base 20 thus exposing the motor 34.
      Further, the fasteners 38 may be welded to the underside of brackets 36.
      The fasteners 38 then may extend upward to engage the motor 34. The motor
      may then be tied to the drive housing 32 from above.
PAR  Rigid foamed plastic material 46 is placed in situ within the mill housing
      10. This foamed plastic material provides a support base 46 for the
      chamber. The support base 46 must be sufficiently rigid to allow
      transmission of the vibratory forces induced by the rotating eccentrics 40
      and 42 from the housing 10 to the finishing chamber. One preferred
      material which may be employed for the support base 46 is polyurethane
      foam because it is comparatively inexpensive and light in weight. It can
      also be made in a variety of densities.
PAR  The finishing mill chamber is defined by a liner generally designated 48.
      The liner 48 is of a wear resistant plastic material such as cast
      polyurethane. The liner thickness primarily depends upon practical
      considerations such as the tooling available at the time of manufacture,
      the intended life of the lining, and the material costs. The lining 48 is
      one continuous cast piece extending across the width of the housing 10.
      Support is derived for the lining 48 from the support base 46 thus
      creating a rigid structure highly resistant to wear. Methods for making
      complex vibratory mill chambers are disclosed in a co-pending application
      filed concurrently herewith by Howard W. Wright, Jr., entitled VIBRATORY
      MILL STRUCTURE AND METHOD OF FORMING SAME, the disclosure of which is
      incorporated herewith.
PAR  The lining 48 defines a central receiving chamber 50 located at the lower
      most point of the mill chamber. Two continuous sidewalls 52 and 54
      originate at the entrance to the central receiving chamber 50 and spiral
      upward to an outlet 56. Sidewall 54 initially extends about the central
      receiving chamber 50. The sidewalls 52 and 54 are joined between portions
      of the cavity by a cap section 58. A floor 60, also originating at the
      central receiving chamber 50 spirals upward between sidewalls 52 and 54.
      The spiraling sidewalls 52 and 54 and the floor 60 cooperate to form a
      long, narrow mill chamber which is arranged in a conical path as best seen
      in FIG. 2. Thus, a continuous path is provided between the central
      receiving chamber and the outlet 56.
PAR  Unfinished parts and media are positioned within the central receiving
      chamber 50 with the eccentrics 40 and 42 being driven by the motor 34. The
      eccentrics can be positioned so that the vibrations which result will
      cause the parts and finishing media to migrate from the central receiving
      chamber 50 upward along the spiraling floor 60 to exhaust at outlet 56. As
      the parts and media ascend the long mill chamber, the relative motion set
      up by the vibratory action of the mill between the parts and media
      operates to finish the surface of the parts. The long, narrow finishing
      mill chamber created by the present invention operates to effect maximum
      intimate contact between the total mass of media and the parts being
      processed. Consequently, the structure is advantageously suited for
      operations employing media which is not completely homogeneous. Further,
      it is believed that the narrow channel imparts maximum force and motion to
      each particle more frequently than in the larger chambers because of the
      width of the chamber. As another advantage, the entire cross-section of
      the housing is occupied by the finishing cavity thereby maximizing the
      volume available for finishing within any given housing 10. The present
      conical configuration further operates to extend the length of the
      chamber. By presenting a substantial chamber length, the versatility of
      the mill is greatly increased. The added length insures that all
      processing desired may be accomplished on the parts introduced at the
      central receiving chamber 50 before they reach the outlet 56. The
      eccentrics 40 and 42 may be positioned relative to one another to allow a
      range of migration speeds of the media and parts. Consequently, the
      control over migration rates and the length of the chamber insure that the
      mill can be set up for the finishing of the parts in a single cycle of the
      unit. Consequently, media and unfinished parts may be continually charged
      to the central receiving chamber 50 at a rate equal to the exhaust rate of
      parts and media from the outlet 56 without requiring the reintroduction of
      once cycled parts. When parts must be recycled through the finishing mill,
      the mill becomes a batch process mill.
PAR  To achieve a proper chamber ratio of length to width for a specific mill
      operation, the type of operation, the size of the included parts, the
      length of time needed to finish the operation and the size of the mill are
      to be considered. No specific configuration is required; rather, certain
      sizes and configurations lend themselves more readily to one operation
      than another. Where large parts are to be finished, a larger chamber width
      must be employed. Where the intended operation requires a substantial
      period of time to complete, a long chamber would be advantageous. It is
      suggested that advantageous chamber size for a mill having a 30 inch
      housing for finishing relatively small parts having substantial finishing
      requirements would include approximately a 6 inch diameter central
      receiving chamber and a 3 inch wide channel extending some 21/2 turns
      about the housing. Naturally, a certain amount of routine experimentation
      may be employed to arrive at the proper formulation for any specific
      operation.
PAR  Thus, an improved mill is disclosed above. While embodiments and
      applications of this invention have been shown and described, it would be
      apparent to those skilled in the art that many more modifications are
      possible without departing from the inventive concepts herein described.
      The invention, therefore, is not to be restricted except as is necessary
      by the spirit of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vibratory mill comprising:
PA1  a mill base;
PA1  a housing;
PA1  means for flexibly mounting said housing to said mill base;
PA1  means for inducing vibration in said housing;
PA1  a rigid foamed plastic support base positioned within said housing; and
PA1  a rigid plastic liner cast within said support base, said liner and said
      support base forming a vertical wall spiralling outwardly and upwardly
      from a first end located centrally within said housing to the outer
      periphery of said housing and a floor which traverses the distance between
      succeeding turns of said vertical wall, said floor being inclined upwardly
      from said first end to the periphery of said housing, said vertical wall
      and said floor forming a chamber having substantially vertical sides and
      an inclined bottom and extending at least two and one-half turns within
      said housing and defining a central receiving chamber at said first end.
NUM  2.
PAR  2. A vibratory mill comprising:
PA1  a mill base;
PA1  a housing;
PA1  means for flexibly mounting said housing to said mill base;
PA1  means for inducing vibration in said housing;
PA1  a rigid foamed plastic support base positioned within said housing; and
PA1  a rigid plastic liner cast within said support base, said liner and said
      support base forming a vertical wall spiralling outwardly and upwardly
      from a first end located centrally within said housing to the outer
      periphery of said housing and a floor which traverses the distance between
      succeeding turns of said vertical wall, said floor being inclined upwardly
      from said first end to the periphery of said housing, said vertical wall
      and said floor forming a chamber having substantially vertical sides and
      an inclined bottom and extending more than one turn within said housing
      and defining a central receiving chamber at said first end.
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PAL  A sanding plate is mounted in a housing with freedom of gyratory motion,
      and a rotatable eccentric shaft is journalled in the housing and connected
      with the plate for imparting the motion to the latter. A pneumatically
      powered rotary piston engine is mounted in the housing and connected with
      the shaft for rotating the same. The rotary piston of this engine has an
      imbalance which compensates for the imbalance resulting from the motion of
      the plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The presents invention relates generally to a sander, and more particularly
      to a power-driven sander. Still more specifically, the invention relates
      to a gyratory sander which is driven by a fluid motor.
PAR  Motor-driven gyratory sanders are well known, having a housing, a drive
      arrangement and a sanding plate which has gyratory motion imparted to it
      by the drive arrangement and which carries in operation the abrasive
      sandpaper or the like. The known constructions of this type use an
      electromotor which is mounted in the housing and which drives the sanding
      plate via an eccentric shaft. Electromotors of the type required for such
      applications are relatively heavy and certainly expensive, and they are
      also relatively large and are not easy to accommodate in the housing if it
      is desired to maintain the housing small. Moreover, it is a particular
      disadvantage of these prior-art constructions that they require special
      weights to balance the gyratory mass of the plate, in order to eliminate
      unpleasant vibrations and difficult control over the sander.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, a general object of the present invention to provide an
      improved gyratory sander which avoids the aforementioned disadvantages.
PAR  More particularly, it is an object of the invention to provide such an
      improved gyratory sander which is simple and inexpensive to construct.
PAR  An additional object of the invention is to provide such a gyratory sander
      in which the drive is very small in its dimensions, and therefore the
      overall sander can be correspondingly small.
PAR  An additional object of the invention is to provide such a gyratory sander
      which does not require special weights or masses to compensate for the
      imbalance produced by the gyratory motion of the sanding plate.
PAR  In keeping with the above objects, and with others which will become
      apparent hereafter, one feature of the invention resides, in a gyratory
      sander, in a combination comprising a housing and a sanding plate mounted
      on the housing with freedom of gyratory motion. A rotatable eccentric
      shaft is journalled in the housing and connected with the plate for
      imparting the gyratory motion to the latter. A pneumatically powered
      rotary piston engine is mounted in the housing and is connected with the
      shaft for rotating the same; the engine has a rotary piston having an
      imbalance which compensates for the imbalances resulting from the gyratory
      motion of the plate.
PAR  The gyratory sander according to the present invention has various
      important advantages over those of the prior art. Since its fluid-powered
      rotary piston engine can be very small, the overall size of the sander can
      similarly be small, and its weight can be low, making it easy to handle.
      The piston can be located closely adjacent to the sanding plate, thus
      providing for excellent balancing of the apparatus.
PAR  The need for a special compensating or balancing weight to compensate for
      the imbalances resulting from the gyratory motion of the sanding plate, is
      completely avoided, and it is the imbalance of the piston of the piston
      engine -- which piston is not balanced on purpose -- which provides such
      compensation.
PAR  The construction according to the present invention is inexpensive to
      produce and can therefore be sold at lesser cost than the prior-art
      constructions.
PAR  The rotary piston engine drive requires next to no maintenance and cannot
      be damaged if subject to excessive loads, as may be the case when such a
      sander is used by an amateur. If the inner circumferential surface
      bounding the piston chamber, and the outer surface of the piston itself
      are manufactured with sufficient precision, sealing strips which are
      otherwise required at the corners of such rotary pistons can be
      eliminated, and this makes it possible to operate the engine with
      compressed air which need not have oil admixed with it, so that the device
      can, for instance, be used in applications where the presence of oil that
      is being discharged in a fine vapor with the discharged pneumatic fluid
      would be harmful, for instance, in lacquering of furniture. It is well
      known that normally a rotary piston engine which is fluid powered requires
      a certain amount of oil in the compressed fluid in order to lubricate the
      moving parts, but this is not necessary in the construction according to
      the present invention.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal vertical section through a sander according to the
      present invention;
PAR  FIG. 2 is a section taken on line II--II of FIG. 1;
PAR  FIG. 3 is a section taken on line III--III of FIG. 1;
PAR  FIG. 4 is an end view of FIG. 1, looking towards the left; and
PAR  FIG. 5 is a fragmentary sectional view showing a detail of the handle of
      the device in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in detail to the single embodiment shown in FIGS. 1-5, it
      will be seen that the gyratory sander therein illustrated has a housing 10
      which is provided or formed with a handle 11 and an approximately
      rectangular base portion 12. The base portion 12 is connected with the
      sanding plate 14 by means of a plurality of rubber springs 13. Mounted in
      the base portion 12, or rather in a recess 15 thereof, is a pneumatically
      powered (especially compressed-air powered) rotary piston engine 16 which
      imparts gyratory motion to the sanding plate 14.
PAR  Rotary piston engines are already well known in the art, having first
      become known as rotary internal combustion engines of the type which is
      for instance disclosed in U.S. Pat. No. 2,988,065. The principle of
      operation of a pneumatically-powered rotary piston engine is somewhat
      different from that disclosed in the aforementioned U.S. patent, but the
      basic concept of having a housing provided with a rotor chamber having
      essentially the profile of a multi-lobed epitrochoid, and a more or less
      triangular rotor body accommodated in this chamber, is clearly shown in
      that patent and is applicable also to pneumatically-powered rotary piston
      engines.
PAR  The engine used in the construction according to the present invention has
      a housing 17 and open side of which is closed by a cover 18. The housing
      17 is formed with an epitrochoidal chamber 19 in which there is mounted
      for rotation an essentially triangular rotary piston 20 which is formed at
      each of its corners with a slot 21 extending in axial direction and
      accommodating a sealing strip 22, for instance of rubber or synthetic
      plastic material, which slides in sealing engagement over the inner
      circumferential surface bounding the chamber 19.
PAR  The cover 18 is provided with two diametrically opposite inlet openings 23
      and 24, as shown in FIG. 3. Each of these openings is provided with a
      nipple 25 and 26, respectively, and each of these, in turn, is in
      communication with a supply hose or conduit 27, 28. In addition to the
      inlet openings 23, 24, the cover 18 is formed with a pair of outlet
      openings 29 and 30 which are also each provided with a conduit, the
      latter, however, not being shown. It will be noted that one inlet opening
      and one outlet opening are always located adjacent one another, near the
      ends of the longitudinal axis of the epitrochoidal chamber 19. The purpose
      of this arrangement will be discussed subsequently.
PAR  An eccentric shaft 31 is journalled by means of a ball bearing 32 in the
      upper part of the housing 10, and it is journalled by means of a ball
      bearing 33 in an opening 34 of the cover 18. This eccentric shaft 31 is
      driven by the solid cross section rotary piston 20. The shaft 31 is formed
      with a blind bore 35 into which the actual eccentric portion 36 is
      press-fitted, for which the portion 36 is provided with a pin-like
      projection 37 which is received in the bore 35. The portion 36 is formed
      with an eccentric cam surface 38 and an eccentric pin 39, which are
      separated from one another by a concentric intermediate portion 40. It
      should be noted that the portions 38 and 39 are eccentric with reference
      to the center axis of the shaft 31 in mutually opposite directions. The
      piston 20 is journalled on the cam surface 38 by means of a needle bearing
      42 and is provided at its underside (the downwardly facing side in FIG. 1)
      with a concentric recess 43 bounded by an inner annulus of teeth 44. These
      teeth mesh with an annulus of external teeth 45 which is formed on a stub
      shaft 46 that extends into the recess 43 and around which the piston 20
      orbits.
PAR  A ball bearing 48 is mounted on a sleeve 47 which in turn is fixedly
      mounted on the eccentric pin 39. A collar 49 surrounds an opening of a
      member 50 forms an opening in which the ball bearing 48 is accommodated;
      the member 50 is rigidly connected with the sanding plate 14.
PAR  FIG. 1 shows that an insert 52 is mounted in the handle 11 of the housing
      10 and formed with a stepped bore having the portions 53 and 54 which
      define with one another an inclined shoulder 55; the latter serves as a
      seat for a ball-shaped valve member 56 which is pressed against this seat
      by a spring 57. The spring 57 bears upon the valve member 56 on the one
      hand, and upon a connecting nipple 58 which is threaded into the insert 52
      on the other hand. The nipple 58 has a central bore 59 which is connected
      with a source of compressed air or other compressed gaseous fluid via a
      hose that is not illustrated. The valve member 59 can be lifted off its
      valve seat 55 by a pin 61 which is carried on a lever 60, the latter being
      pivoted to the handle 11 at 60a. When the lever 60 is operated, that is
      when it is pushed upwardly in FIG. 1, the valve member 56 is urged away
      from the seat 55, so that compressed air can pass from the bore 59 into
      the Y-shaped connector 63 which, in turn, supplies compressed air into the
      fragmentarily shown conduits 27, 28 (for instance, hoses of rubber or
      synthetic plastic material) which communicate with the inlets 23 and 24,
      respectively.
PAR  Laterally adjacent the insert 52 in the handle 11 is another arrangement
      which discharges the spent compressed air that is returned from the rotary
      piston engine 16. The relative position of this arrangement with reference
      to the insert 52 is shown in the end view illustrated in FIG. 4, and
      details of the arrangement are shown in FIG. 5. It will be seen that the
      second arrangement has an insert 65 which is also mounted in the handle 11
      laterally adjacent the insert 52 and which is formed with a stepped bore
      66, 67 which define between one another an inclined shoulder 68 that
      serves as a seat for a second spherical valve member 69. The latter is
      pressed against the seat 68 by a spring 70 which bears upon the outlet
      nipple 71 that is threaded into the insert 65. The central bore 72 of the
      outlet nipple 71 is connected with a hose (not illustrated) which
      discharges spent pneumatic fluid to the ambient atmosphere. Conceivably,
      the hose might be omitted. The valve member 69 can be urged away from its
      seat 66 by a pin 73 which is also carried by the lever 60. Thus, when the
      lever 60 is moved upwardly to open the valve member 56 of FIG. 1 and thus
      admit compressed fluid, the valve member 69 is simultaneously opened to
      permit the escape of spent compressed fluid. The valve seat communicates
      with a Y-shaped connector 74 which has two branches that are connected via
      respective conduits 75 and 76, for instance again hoses of rubber or
      synthetic plastic material, with outlets 29 and 30.
PAR  When the lever 60 is operated to admit compressed fluid via the inlet bore
      59, this compressed fluid is admitted into the chamber 19 via the inlets
      23 and 24, causing the piston 20 to rotate, and to orbit about the stub
      shaft 46. Since the teeth 44 of the piston 20 mesh with the teeth 45 of
      the stub shaft 46, the piston 20 causes the eccentric shaft 31 to turn in
      rotation via the cam surface 38. This, in turn, results in the transmittal
      of an oscillatory movement to the eccentric pin 39 which is transmitted
      via the ball bearing 48 to the sanding plate 14 so that the latter now
      performs a gyratory movement.
PAR  As is well known, the movement of the plate 14 will result in an imbalance
      which would normally be felt unpleasantly by a user, unless compensated
      for by means of special weights and arrangements. According to the present
      invention, the need for such compensating arrangements is completely
      avoided since the compensation is effected by the piston 20 itself, which
      has purposely not been balanced as is otherwise the case in conventional
      rotary piston engines. Due to this purposeful imbalance of the piston 20,
      the latter produces an imbalance as it rotates, and this imbalance is so
      directed-- as a result of the positioning of the parts 38 and 39-- that it
      precisely counteracts the imbalance produced by the gyratory motion of the
      sanding plate 14. This, then, makes it possible to eliminate special
      weights and other arrangements which are required in prior-art sanders to
      obtain a compensation of the imbalance.
PAR  If desired, a separate balance weight 64 may be mounted on the eccentric
      shaft 31, but this is not really required. If such a balance weight 64 is
      in fact provided, then it should be noted -- that this specially
      emphasized -- that it will serve only to balance tilting forces, that is
      to obtain an ideal balance, but that it is not needed to provide for a
      compensation of the imbalance created by the gyratory motion of the
      sanding plate 14. Such balancing is obtained exclusively by the use of the
      imbalanced rotary piston 20.
PAR  The relationship of the inlet and outlet openings for fluid on the cover 18
      has been mentioned before. The purpose of arranging them in the manner
      described is to assure that one side face of the rotary piston 20 will
      always be fully subjected to the pressure of the compressed gaseous fluid.
      The arrangement assures that while one of the inlet openings is still
      open, the next one will already also be opened by the rotating piston, so
      that the latter is always subjected to fluid pressure. As soon as the
      piston opens one of the outlet openings, the spent pressure fluid can flow
      out through this outlet opening.
PAR  Sealing strips 22 have been illustrated and described. However, as already
      mentioned eariler, it is possible to dispense with these if the piston 20
      and the epitrochoidal chamber 19 are produced to precise tolerances, in
      which case there is no need to admit any oil into the compressed air,
      since no lubricating effect is then required. If, however, sealing strips
      22 are present, then oil in small quantities must be admitted with the air
      to prevent premature wearing of the strips 22.
PAR  The embodiment which has been illustrated uses a two-lobed epitrochoidal
      chamber 19, and a three-cornered rotary piston. It is known that this
      results in an rpm ratio between the rotary piston 20 and the output of
      2:3. If an rpm ratio of 3:4 is desired, then the epitrochoidal chamber
      would have to have three lobes and the piston would again have to be three
      cornered. In such an embodiment, an additional inlet opening and an
      additional outlet opening would have to be provided and associated with
      the third lobe. Three-lobed epitrochoidal chambers in rotary piston
      engines are already known. Except for this variation, such an embodiment
      would correspond to the one illustrated in FIGS. 1-5.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the type described above.
PAR  While the invention has been illustrated and described as embodied in a
      gyratory sander, it is not intended to be limited to the details shown
      since various modifications and structural changes may be made without
      departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
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STM  I claim:
NUM  1.
PAR  1. A gyratory sander, comprising a housing; a sanding plate mounted on said
      housing with freedom of gyratory motion; a rotatable eccentric shaft
      journalled in said housing and connected with said plate for imparting
      said motion to the latter; and a pneumatically powered rotary piston
      engine mounted in said housing and connected with said shaft for rotating
      the same, said engine having a casing formed with a chamber which has the
      shape of a multi-lobed epitrochoid, and a rotary piston rotatably mounted
      in said chamber and having apex portions which are in sealing engagement
      with an inner circumferential surface bounding said chamber, said rotary
      piston of said engine having an imbalance which compensates for imbalances
      resulting from said motion of said plate.
NUM  2.
PAR  2. A sander as defined in claim 1, wherein said rotary piston is of solid
      cross section.
NUM  3.
PAR  3. A sander as defined in claim 1, said casing being further formed with a
      pair of opposite inlet openings and with a pair of opposite outlet
      openings, all of which communicate with said chamber.
NUM  4.
PAR  4. A sander as defined in claim 3, wherein one each of said inlet and
      outlet openings are located adjacent one another and in one of said lobes,
      and the other inlet and outlet openings are also located adjacent one
      another and in the other of said lobes.
NUM  5.
PAR  5. A sander as defined in claim 3, wherein said chamber has an open end,
      and said casing includes a cover covering said open end and being provided
      with said inlet and outlet openings.
NUM  6.
PAR  6. A sander as defined in claim 1, and further comprising a balance weight
      mounted on said shaft and serving solely for counteracting tilting forces
      which develop in operation of said sander.
NUM  7.
PAR  7. A sander as defined in claim 1, said housing having a handgrip portion;
      further comprising valve means mounted on said handgrip portion and
      operative for controlling the admission of pneumatic fluid to said engine;
      and manually operable means for opening and closing said valve means.
NUM  8.
PAR  8. A sander as defined in claim 3, wherein said chamber has three lobes.
NUM  9.
PAR  9. A sander as defined in claim 1, wherein said piston has apex portions
      which exceed said lobes by one; and further comprising sealing means on
      said apex portions in sealing contact with an inner circumferential
      surface bounding said chamber.
NUM  10.
PAR  10. A gyratory sander, comprising a housing; a sanding plate mounted on
      said housing with freedom of gyratory movement; a pneumatically powered
      rotary piston engine mounted in said housing and including a casing, and a
      rotary piston accommodated in said casing and having an imbalance which
      compensates for imbalances resulting said movement of said plate; a
      rotatable shaft journalled in said housing and said casing and extending
      through the latter, said shaft being connected with said plate for
      imparting said movement thereto and having an eccentric shaft portion on
      which said piston is journalled; and cooperating annuli of gear teeth on
      said piston and said casing for effecting rotation of one in response to
      rotation of the other.
NUM  11.
PAR  11. A sander as defined in claim 10, wherein said piston is formed with an
      axial recess, and one of said annuli is an annulus of internal gear teeth
      in said recess, said casing having a portion extending into said recess
      and being exteriorly formed with the other of said annuli of gear teeth.
NUM  12.
PAR  12. A sander as defined in claim 10, said shaft having an additional
      eccentric shaft portion which is eccentric in a direction opposite to the
      eccentricity of the first-mentioned shaft portion; and further comprising
      an anti-friction bearing on said plate and journalling said additional
      eccentric shaft portion.
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PAL  An anchoring system for mobile homes, trailers and similar vehicles in
      which a rod structure extending over the top of the vehicle is anchored on
      opposite sides of the vehicle and a resilient means is incorporated in the
      rod structure for maintaining tension on the rod structure to maintain the
      rod structure firmly in effective operating condition. A strap structure
      extending over the vehicle is anchored on opposite sides and beneath the
      vehicle, by anchoring devices held by a channel iron in runners or other
      supporting surfaces for the vehicle. Straps may also be connected to the
      frame and the anchoring device so that the vehicle is anchored over the
      top and at the frame by a dual type system.
BSUM
PAR  When mobile home campers and the like are set in place, they are usually
      not placed on and secured to a permanent foundation but are left on their
      undercarriages and sometimes placed on concrete blocks or on stabilizing
      jacks. In mobile home parks, concrete runners or slabs may be provided for
      the structures to give the undercarriage a firm footing. Since mobile
      homes and similar structures are relatively light in weight for their
      size, they are particularly vulnerable to high winds, often accompanying
      violent storms such as tornadoes, hurricanes, blizzards and thunder
      storms, and are relatively easily overturned or moved from their site and
      crushed or otherwise seriously damaged or destroyed. In order to combat
      this hazard, guy wires with turnbuckles have been used in the past to
      anchor the units down and prevent them from being blown from their sites.
      These guy wires have generally been unsatisfactory in that they have been
      difficult and time consuming to install and to tighten sufficiently to be
      dependable under most of the foregoing adverse conditions, and they often
      have become loose and ineffective. Attempts have been made to overcome the
      disadvantages of the conventional guy wires, straps and the like anchored
      to the ground on opposite sides of the vehicle; however, the means used to
      overcome these have had certain drawbacks, including difficulty in
      installing and tightening the wire and straps to prevent them from
      becoming loosened from the force of the wind. Further, the wires and
      straps themselves sometimes cause damage to the vehicle structure,
      particularly along the edge of the roof. It is therefore one of the
      principal objects of the present invention to provide an anchor structure
      for mobile homes, trailers, campers, modular homes and the like, which can
      be easily installed and which will maintain maximum effectiveness when the
      installation has been made, and even under conditions in which there is a
      tendency for the anchoring means to become loosened, either during a storm
      or high winds, or over a period of inattention and lack of service.
PAR  Another object of the invention is to provide an anchor system having
      members such as rods extending over the mobile home, which will
      automatically maintain tension on the members but which will not damage
      the edges of the roof, and which anchors the frame as well as the
      superstructure.
PAR  Still another object is to provide an anchoring structure of the aforesaid
      type which anchors both the frame and the superstructure, and which
      utilizes rods in combination with straps or wires and stabilizers to give
      maximum reliability and safety to the structure.
PAR  A further object is to provide an anchor device for mobile homes which can
      be installed either with the mobile home on or off runners or slabs, and
      which will remain trouble free for long periods of time and can be
      effectively adapted to a variety of different types and makes of units
      without changing the structure of the device.
DRWD
PAR  Additional objects and advantages of the present anchor device will become
      apparent from the following description and accompanying drawings,
      wherein:
PAR  FIG. 1 is a perspective view of a mobile home showing the present anchor
      system installed thereon;
PAR  FIG. 2 is an end elevational view of the mobile home shown in FIG. 1,
      further illustrating the present anchoring system;
PAR  FIG. 3 is a perspective view of a part of the anchor system which extends
      over the edge of the roof;
PAR  FIG. 4 is an enlarged fragmentary elevational view of the anchor system,
      showing the manner in which certain parts are installed;
PAR  FIG. 5 is a perspective view of the parts of part of the anchor system,
      illustrating one form for anchoring the system;
PAR  FIG. 6 is a perspective view of a portion of the anchor system,
      illustrating a further way of anchoring the system; and
PAR  FIGS. 7 and 8 illustrate further ways of anchoring the present system.
DETD
PAR  Referring more specifically to the drawings and to FIG. 1 in particular,
      numeral 10 indicates generally a mobile home which for the purpose of the
      present application may be considered conventional. Numeral 12 indicates
      one section of the anchor system and numeral 14 another section of the
      anchor system, two sections of the anchor system being shown on the mobile
      home, although a different number may be used if required. The two
      sections are the same in construction and operation, and hence only one
      section of the system will be described herein. In some installations only
      one section may constitute the complete system. The mobile home is
      normally left on the undercarriage, which is rolled onto concrete runners
      16 and 18, and blocks 20 or other stabilizing objects or devices which are
      normally placed between the ground or runner and a frame member of the
      mobile home, for example member 21, to give firmness to the mobile home
      while it is in use. The various other features of the mobile home, such as
      the doors and windows, may be of any suitable arrangement, and the present
      system is adapted to be used with a variety of different types and makes
      of mobile homes.
PAR  The basic system of the present mobile home anchoring device consists of
      two structures indicated generally by numerals 30 and 32. Numeral 30 is
      directed to a structure having a series of rods extending over the top of
      the unit and being anchored on opposite sides, and the unit 32 is directed
      to the anchoring straps extending over the top and being anchored beneath
      the unit. While it is preferable to use both anchoring structures, either
      of the two structures could be used separately if desired.
PAR  In the embodiment illustrated in the drawings, the anchor structure 30
      consists of vertical rods 34 and 36 attached to anchor devices 38 and 40,
      respectively, the two anchor devices being essentially the same in
      structure and operation. The upper ends of rods 34 and 36 are connected by
      screw threads and nuts 42 and 44 to corner mounting brackets 46 and 48,
      which are connected by a rod 50 secured at opposite ends to the brackets
      by threads and nuts 52 and 54. The corner bracket projects beyond the edge
      of the roof of the mobile home and prevents it from being crushed or
      damaged by the installation and by high winds when the installation is
      functioning to protect the mobile home.
PAR  The anchor devices 38 and 40 shown in the drawings consist of a shaft or
      rod 60 having an auger 62 at the bottom thereof for inserting the anchor
      in the ground. The anchor devices are connected to the respective rods by
      a sleeve 64 which slips downwardly over the end of shaft 60, and a spring
      66 reacts between the upper end of the sleeve and a nut 68 threaded onto
      the upper end of the shaft. The sleeve is preferably rigidly secured to
      the lower end of the respective rod 34 and 36, by a nut 70 threaded onto
      the lower end of the respective rod. The spring 66 with adjustment nut 68
      applies a strong force downwardly against sleeve 64, holding the rods 34
      and 36 firmly but yieldably in position at the upper end of the anchor
      devices 38 and 40. This spring is usually under compression, and in that
      condition, keeps tension on rods 34 and 36 even when the anchor devices
      may become slightly loosened, either through neglect or during a storm.
      The compression on spring 66 can be easily varied to satisfy conditions by
      further tightening nut 68.
PAR  Anchor device 32 consists of a strap holding means 80 having a strap clamp
      82 secured to a sleeve 84 mounted on rod 86, the rod being anchored, in
      the embodiment illustrated in FIG. 4, into a channel iron member 88
      embedded in the concrete runner. A shoe 90 welded or otherwise secured to
      the bottom end of rod 86 engages the sides of the channel iron along slot
      92 and retains the rod firmly in place after an installation has been
      made. The sleeve is held in place and adjusted as required by a nut 94
      threaded onto the upper end of rod 86. The channel iron may be recessed in
      the runner and secured therein by a series of bolts and nuts 94, as
      illustrated in Figures, or it may be bolted onto the surface of the runner
      by bolts and nuts 96 as illustrated in FIG. 6. A further modification of
      the anchoring means is illustrated in FIGS. 7 and 8 in which a tubular
      member 98 having a slot 100 therein contains a sleeve 102 to which rod 86
      is secured. The embodiment illustrated in FIG. 7 shows the tubular member
      embedded in the concrete with the exception of slot 100, and in the
      embodiment illustrated in FIG. 8, which is essentially the same as that
      shown in FIG. 7, the tubular member is mounted on top of the runner and
      secured thereto by a plurality of bars 104 retained in place by bolts 106
      and 108.
PAR  The strap 110, which may be initially installed when the mobile home is
      under construction, extends over the top and down along the sides of the
      mobile home, either beneath the external sheeting or on the outside, and
      is secured by clamp 82 which consists of a plate 112 rigidly mounted on
      sleeve 84, and plates 114 and 116 secured to plate 112 by bolts 118.
PAR  Since the structure of some mobile homes above the basic frame is somewhat
      frail in construction, and hence does not form a firm reliable support for
      straps 110, it is preferable that the basic frame also be anchored
      separately from the structure thereabove. In the invention illustrated in
      the drawings, an extension 120 of strap 110 is looped around frame member
      21 and thence back between plates 114 and 116 and between plates 116 and
      112. After the strap is looped and placed between the plates, bolts 118
      are tightened, thus clamping the lower end of strap 110 and simultaneously
      clamping the ends of extension 120 onto anchoring device 80. With the
      straps secured in this manner, both the superstructure and the frame are
      anchored firmly by anchor device 80 as it is held in place by shaft 86 and
      shoe 90 seated in channel member 88.
PAR  In the use and operation of the present anchoring system, the mobile home
      is placed on the runners above the channel members 88, for example, and
      anchor devices 80 are moved along the slot to place them in proper
      position for securing straps 110. The strap is then secured to the anchor
      device by clamping it between plates 112, 114 and 116, and simultaneously
      therewith the extension 120 is looped around the frame and clamped between
      the plates. The opposite ends of the strap 110 and a similar extension 120
      are secured on the opposite side of the mobile home. In order to give
      maximum protection, the rod structure consisting of rods 34, 36, and 50 is
      installed first by inserting the augers in the ground and then securing
      the rods in place, using the mounting brackets 46 and 48 for connecting
      rods 34 and 50 and 36 and 50. The rods 34 and 36 are connected to
      anchoring devices 38 and 40, respectively, and nuts 68 on the two devices
      are tightened to compress springs 66 and apply the desired anchoring
      force.
PAR  In the event of a storm or other high wind, the mobile home is held firmly
      in place by the straps 110 and 120, and the rod system indicated generally
      by numeral 30. In the event the auger has become loose or the mobile home
      has settled, compressed spring 66 on each of the anchor devices 38 and 40
      will take up the slack and continue to hold the system and the mobile home
      firmly in place. Further, if during the storm the rod structure tends to
      become somewhat loosened as a result of the force of the wind tugging at
      the mobile home and the anchor device, the spring will likewise take up
      the slack and maintain the system in effective condition for resisting the
      wind. The flexibility afforded by the springs also takes the shock from
      the rod structure, thus minimizing the tendency of the anchoring devices
      38 and 40 to become loose or damage the mobile home structure.
PAR  While only one embodiment of the present anchoring system has been
      described in detail herein, various changes and modifications may be made
      without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An anchoring system for mobile homes, trailers and similar vehicles,
      comprising a first anchor device for each side of the vehicle, a series of
      rods extending over the body of the vehicle and being connected to said
      anchor devices, and a second anchor device having a vertical shaft for
      each side of the vehicle, a strap for extending over the body of the
      vehicle for connection with said second anchor devices, a means on said
      second anchor device for clamping said strap including a plurality of
      clamping plates, a sleeve supporting said plates and movable axially on
      said shaft, and means on said shaft for retaining said sleeve in an
      adjusted position.
NUM  2.
PAR  2. An anchoring system for mobile homes, trailers and similar vehicles as
      defined in claim 1 in which a resilient connection is provided in said
      first anchor devices and rod series.
NUM  3.
PAR  3. An anchoring system for mobile homes, trailers and similar vehicles as
      defined in claim 2 in which said first anchoring devices include a
      vertical rod and said resilient connection includes a sleeve
      interconnecting two rods and a coil spring on one of said rods urging the
      sleeve in the direction to place a tension on the rod system.
NUM  4.
PAR  4. An anchoring system for mobile homes, trailers and similar vehicles as
      defined in claim 3 in which said resilient connection is mounted on the
      upper end of the rod of said first anchor devices.
NUM  5.
PAR  5. An anchoring system for mobile homes, trailers and similar vehicles as
      defined in claim 1 in which a strap is connected to said second anchor
      device and a strap section is adapted to be connected to a basic frame
      member of the vehicle.
NUM  6.
PAR  6. An anchoring system for mobile homes, trailers and similar vehicles as
      defined in claim 1 in which a longitudinally extending channel is adapted
      to be connected to a supporting structure for the vehicle and is provided
      with a slot, and said second anchoring device has a member extending into
      said slot for holding said anchor device in any selected position along
      said channel.
NUM  7.
PAR  7. An anchoring system for mobile homes, trailers and similar vehicles as
      defined in claim 1 in which said second anchoring device includes a series
      of parallel plates for clamping the end of a strap disposed over the
      vehicle structure and means for clamping said plates and strap together to
      firmly hold the lower end of the strap.
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ABST
PAL  A dwelling for humans comprising a preferably prebuilt housing enclosure
      which maximizes living space approximately at the eye level of a person
      seated therewithin. The enclosure is supported above the ground in
      cradle-like support means which are partially buried and have cradle
      portions protruding above the ground. The enclosure may be trucked to an
      installation site since it includes at least one dimension within maximum
      size limitations for loads to be transported on public highways.
BSUM
PAR  This invention relates to building structures and, more particularly, to a
      building enclosure supported above ground on a simplified, cradle-like
      foundation. The structure maximizes living space at a predetermined level,
      is preferably prefabricated, and is transportable to a desired location
      via public highways on which maximum load and size limitations are
      imposed.
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years, a demand has arisen for vacation-type homes or living
      units which can be transported on public highways and either temporarily
      or permanently installed at a desired location. Such structures are
      generally prebuilt or mass produced in a central location and transported
      in their entirety to a specified location. Mobile or "trailer" homes are
      the forerunners of this variety of structure as are camper units designed
      to be fitted in the bed of a pickup truck. Mass production techniques have
      also been applied to the production of individual apartment units which
      are taken to a central location and assembled into apartment houses or
      complexes.
PAR  In each of these cases, since forms of transportation other than land
      transportation are usually too expensive to be feasible, the size of the
      living unit, and the living space included therein, is limited by the
      maximum size limitation for loads which can be transported on public
      highways. Typically, such living space, which must include space for
      furnishings, appliances, and the like, has been limited to a width
      dimension no greater than 12 to 14 feet in the United States. Thus, the
      problem of obtaining adequate living space in prebuilt, economically
      transportable living units continues as a difficult design obstacle.
PAR  An associated problem with such prebuilt units is the difficulty and
      expense of installation at a desired location. Typically, prior
      prefabricated living units have necessitated elaborate foundations
      requiring formidable construction and preparation prior to the
      installation of the unit. Such preparation adds greatly to the expense of
      completing a unit and therefore has reduced the desirability of using
      prebuilt techniques. Hence the provision of permanent support structures
      which are simple, efficient, stable, and yet require a minimum of
      preparation before installation of a prebuilt living unit has also been a
      difficult problem.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object and purpose of the present invention to
      provide a housing enclosure which includes maximized living space therein,
      is preferably prebuilt and transportable as a complete unit on public
      highways, and is permanently supported above ground on cradle-like
      supports which are easily and simply installed prior to mounting of the
      enclosure thereon. The enclosure has one orientation including a width
      dimension at approximately the eye level of a person seated within the
      structure, which dimension is used for maximizing living space. The
      enclosure also includes at least one dimension within the maximum load
      dimensions for public highways allowing the unit to be legally transported
      on such highways. In the preferred embodiment, this result is obtained by
      designing the enclosure to have one orientation for permanent installation
      and another for shipping and transportation.
PAR  The foundation comprises cradle-like, upstanding support units having
      braces which engage the converging undersides of the enclosure. The braces
      extend downwardly in the same directions as the converging sides into the
      ground where they engage a generally horizontal foot at spaced points
      beneath the enclosure. Preferably, two of the support units are used, each
      of which may be easily buried at a desired site prior to the mounting of
      the housing enclosure such that the cradle-like portions protrude above
      ground.
PAR  In the preferred embodiment, the enclosure has the cross-sectional shape of
      a square including sides of a length limited to the maximum width
      transportable on a highway. The unit is therefore legally transportable
      when resting on one side. When tipped on one corner or edge for permanent
      installation such that the floor is generally horizontal and two sides of
      the square converge downwardly, the maximum width becomes the distance
      from one lateral corner to the other, a dimension greater than the length
      of one side.
PAR  Other features of the invention include a folding porch platform which
      covers the enclosure entrance when the unit is not is use, and
      self-contained storage areas and life support equipment.
PAR  The present invention, therefore, provides significant advantages over
      prior known, prefabricated, transportable living units. First, the present
      invention provides a maximized living space in a prebuilt home which is
      designed to be transported on public highways having maximum load
      limitations. Secondly, installation of the enclosure at a location is
      simple and economical since only two, spaced supports need be buried in
      the ground and the enclosure either lifted or slid onto those supports for
      permanent location. Further, the enclosure may include equipment such that
      it is completely self-contained and therefore may be used effectively even
      in remote wilderness areas. Also, the entrances and windows included in
      the unit are built either high above the ground or include hinged
      coverings which may be locked for security during unattended periods.
      Accordingly, the unit provides a secure, economical, low maintenance
      enclosure which may be easily transported to a site and easily erected
      once having arrived at that location.
DRWD
PAR  These and other objects, advantages, purposes, and features of the
      invention will become more apparent from a study of the following
      description taken in conjunction with the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the present building structure shown
      erected on its supporting structure with the ground broken away to show
      that structure;
PAR  FIG. 2 is a sectional end view of the housing enclosure and support
      structure taken along plane II--II of FIG. 1;
PAR  FIG. 3 is another sectional end view of the enclosure taken along plane
      III--III of FIG. 1;
PAR  FIG. 4 is a sectional plan view of the enclosure taken along plane IV--IV
      of FIG. 2;
PAR  FIG. 5 is a perspective view of the housing enclosure showing the porch
      platform folded over the entrance when the structure is to be left
      unattended for periods of time;
PAR  FIG. 6 is a rear elevation of the housing enclosure shown in FIGS. 1-5;
PAR  FIG. 7 is an enlarged, fragmentary, sectional view of the vent structure
      shown in area VII of FIG. 3;
PAR  FIGS. 8-11 are schematic illustrations of alternative sectional
      configurations of the present structure;
PAR  FIG. 12 is a schematic illustration of the enclosure shown in FIGS. 1-7
      showing the maximum useable living space; and
PAR  FIG. 13 is a perspective view of another form of the invention using an
      alternate type of support means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in greater detail, FIG. 1 illustrates the
      prebuilt, modular, housing enclosure 10 erected on a typical building
      site. The enclosure 10 is self-contained and is cradled and supported
      above and completely out of contact with the ground by a support structure
      110. The support structure is buried at the desired location of the
      enclosure prior to the arrival of the living unit. Upon arrival, the unit
      may be lifted or slid into the cradle-like support and permanently secured
      thereto. Of course, the enclosure may also be built directly at the
      building site from materials transported separately to the site.
PAR  Referring to FIGS. 1-3, the enclosure includes roof portions 12 and 14
      converging upwardly toward a top 16. Side portions 18 and 20 generally
      converge downwardly toward a bottom 22 from a predetermined level or
      levels illustrated by line 24 in FIG. 3, where they join the roof
      portions. The ends of the structure are closed by end panels 26 and 28 as
      shown in FIG. 1.
PAR  Each of the roof, side, and end portions 12, 14, 18, 20, 26, and 28 is
      formed with a double shell construction including interior and exterior
      sheets, sheeting, or skins 30 and 32, respectively. Sheets 30 and 32 are
      spaced apart by spaced studs 34 forming insulation spaces 36 around the
      complete exterior of the enclosure. Both the interior and exterior skins
      are load and stress bearing members and actually help support the
      enclosure in much the same manner as does the metallic "skin" of an
      airplane fuselage. Ribs 38, which extend the entire length of the
      enclosure, are provided for securing the exterior shell skin or sheeting
      32 together at the respective corners. The corners of the interior shell
      30 may be truncated as at 40 to provide reinforcement at the corners and
      structural continuity of the frame.
PAR  A vent structure 42 (FIGS. 1, 2, 3, 5, and 7) is provided extending along
      the entire length of the enclosure along its top. As will be best seen in
      FIG. 7, the vent structure comprises a peak 44 extending the length of the
      structure and spaced above the apex of the converging roof portions 12 and
      14 by spaced blocks 46. The rib 38 at the apex of the roof portions
      preferably includes grooves 39 at spaced points along its length.
      Similarly, the remaining ribs 38 also include such grooves 39 at spaced
      points along their lengths and the exterior skin 32 includes air spaces 41
      at the side corners and an air space 43 at the bottom. Thus, air may flow
      through spaces 41 and 43 from the exterior at the bottom or corners
      between the inside and outside skins in order to provide continuous
      ventilation of the space between the skins. Accordingly, any moisture
      which accumulates between the interior and exterior skins or shells 30 and
      32, respectively, can evaporate via the air flow and vent structure.
PAR  In order to provide the maximum amount of useable living space within the
      confines of the enclosure 10, a floor 50 is disposed at or below the level
      designated by line 24 in FIG. 3 between the interior surfaces of the
      downwardly converging side wall portions 18 and 20. Level 24 may be
      considered to be the level from which either of the side walls 18 or 20
      extends downwardly. As is apparent from FIG. 8, these walls need not
      extend from the same level. Floor 50 divides the interior space of the
      enclosure into a living area 52 above the floor and a storage area 54
      below the floor. A hinged door or other access means 56 (FIG. 1) is
      provided to allow access to the storage area such that canoes, skis,
      camping or fishing equipment, and other bulky objects may be stored
      therein as shown in FIG. 2. Also, life-support equipment including holding
      tanks for sewage, drinking water, bottled gas, mechanical and electrical
      equipment, and the like may be secured within the storage area 54.
      Accordingly, the living space 52 may be provided with furnishings and
      appliances and need not include such bulky equipment.
PAR  In a preferred embodiment, the enclosure 10 is provided with a single
      entrance 58 defined by a generally vertical cut-out area 60 extending into
      the exterior of the enclosure approximately at the widest level 24 (see
      FIGS. 1, 2, 4, and 5). Preferably, the entrance 58 will extend upwardly
      from the level of the floor 50 and will include a sliding glass door 62,
      hinged door, or the like. Entrances could, of course, be provided in other
      positons such as on the ends of the structure. Extending outwardly from
      the entrance 58 and generally flush with the level of floor 50 is a porch
      platform 64 which is hingedly secured to the exterior of the enclosure at
      the bottom of the entrance at points 66. A removable railing 68, including
      upright support posts 70 slidingly fitted in socket-like brackets 72 along
      the outer edges of the platform 64, extends around the periphery of the
      porch. An opening 74 in the railing at one corner of the platform 64 is
      provided from which a stairway 76 extends downwardly to the ground level.
      The stairway 76 is hingedly secured via suitable hinges or the like at
      point 78. As will be understood from FIG. 5, the entire platform 64 is
      pivotable between its extended position (FIGS. 2 and 4) to a closed
      position (FIG. 5) after the railing 68 has been removed from its support
      brackets. Suitable clasps may be provided such as at points 80 along the
      edge of the upright platform in order to allow locking means such as
      padlocks or the like to be used to secure the platform in its closed
      position. When positioned as at points 80, the padlocks may be reached
      from the ground level after the platform has been raised. In its open or
      extended position, the platform is supported from the edges of the cutout
      area 60 by means of detachable bars, tubes, flexible chains, or the like
      as shown at 82 in FIGS. 1 and 2.
PAR  Referring to FIGS. 1-3 and 5-6, windows may be provided in the upwardly
      facing roof portions 12 and 14 at various points around the enclosure 10.
      Such windows may be of various configurations including both
      diamond-shaped windows 84 on the end panels (FIGS. 1 and 5) and domed or
      other type windows such as those shown at 86 in the front and rear roof
      portions of the enclosure (FIGS. 1, 3, and 6). Together with the glass
      door at entrance 58, such windows provide sufficient illumination for the
      interior of the enclosure. Further, the location of the windows on the
      upper surfaces enhances the security of the enclosure since such openings
      would be difficult to reach from the ground level.
PAR  Referring now to FIGS. 2-4, it will be understood that the location of the
      floor 50 below the widest level 24 of the enclosure in its normal,
      installed orientation, positions the useable living space immediately
      adjacent and on either side of that level. In order to make maximum use of
      the full extent of this widest portion of the enclosure, furnishings are
      built in along the downwardly converging interior sides of the enclosure.
      The eye level of a person seated on these furnishings will therefore be
      positioned approximately at the widest port of the installed structure.
      The furnishings include benches or seats 88, shelves 90, a kitchen area
      92, and a lavatory area 94. Also included are a fireplace 96 having a flue
      97 extending upwardly through the roof, dining table 98, and bunks 100.
      The bunks 100 are hingedly secured to the interior of the roof portions
      such that they may be swung downwardly and supported to provide sleeping
      space above the bench areas (see FIG. 3). Also, the backs of the benches
      or seats 89 may be swung upwardly to provide additional sleeping areas.
      The seats 88 may be extended to provide a wider sleeping area.
      Accordingly, the maximum width of the enclosure is effectively utilized
      for living space.
PAR  Referring now to FIGS. 1, 2, 5, and 6, the enclosure is supported
      completely above and out of contact with the ground by a cradle-like
      support structure 110. The structure 110 includes two support units 112
      each including braces 114 and 114a which extend downwardly from positions
      generally between the maximum width level 24 and the bottom 22. Braces 114
      and 114a cross and are secured to one another at least partially above the
      ground generally directly beneath the enclosure. (See FIG. 1). They extend
      into the ground where they are secured to a generally horizontally
      extending stabilizing, foundation or foot member 116. The support units
      112 are spaced apart along the bottom and side portions of the enclosure
      (FIGS. 1 and 6) and therefore form a cradle-like support which completely
      stabilizes and secures the enclosure from contact points on the sides 18
      and 20 below the widest level 24.
PAR  In the preferred embodiment, cross braces 118 join the upper extremities of
      the braces 114 and 114a (FIGS. 1 and 6) while the braces 114 themselves
      are sandwiched around braces 114a at the points where they cross. The
      braces 114 and 114a in each of the support units 112 therefore form a
      generally X-shaped support secured to a subterranean foot 116. Solid
      braces having a rabbit joint or the like where they cross may also be used
      in place of spaced braces 114 and 114a in each unit 112. As shown in FIG.
      2, foot member 116 is buried generally beneath the enclosure and generally
      extends a distance greater than the distance between the vertical
      projections of the extremities of braces 114 on the surface of the ground.
      Braces 115 (shown in phantom in FIG. 2) may be used for lateral support.
      Accordingly, when the braces are secured to foot member 116, that member
      forms a stable support which prevents the enclosure from being capsized by
      wind or other elemental forces.
PAR  As mentioned above, each of the support units 112 may be individually
      buried generally parallel to one another at the desired site of the
      housing enclosure 10 prior to the arrival of the enclosure. The only
      preparation required is the digging of two parallel narrow trenches
      sufficiently deep to allow the upper U- or V-shaped, cradle-like, portions
      to protrude above ground. The supports therefore require a minimum of
      preparation prior to the installation of the enclosure thereon and form a
      stable, permanent, cradle-like support. It is important to note that
      although the enclosure includes portions which extend out over the
      extremities of the braces 114, no extra bracing connecting the widest
      portions of the enclosure with the support structure is required.
PAR  An alternate method for supporting the enclosure 10 is shown in FIG. 13. In
      this method, a stabilizing member 130 extends along and under the bottom
      of the enclosure. Braces 132 are secured to the downwardly converging
      sides 18 and 20 and extend into the ground for lateral support. The buried
      ends of the braces 132 may be connected by separate foot members 134
      beneath the ground if desired. Typically, member 130 will extend
      substantially horizontally along the surface of the ground although it may
      be partially buried.
PAR  Referring now to FIGS. 8-11, it will be understood that enclosures having
      various other cross-sectional configurations may be constructed in
      accordance with the principles of the present invention. Like the
      preferred embodiment which has a generally square cross-sectional shape,
      but which is supported on one corner or edge in a diamond-like
      orientation, each of the configurations shown in FIGS. 8-11 have a
      predetermined level denoted by 24a, 24b, 24c, or 24d, respectively, from
      which at least one of the downwardly converging sides extends. In their
      installed positions, the enclosures shown in these figures are no wider
      than the width dimensions at these respective levels. These enclosures
      also include floors denoted 50a, 50b, 50c, and 50d, respectively, mounted
      between the downwardly and generally converging side portions generally
      below the level of maximum width. Accordingly, in each of these
      configurations, the maximum useable living space will be located
      approximately at eye level of a person seated in the general area of the
      indicated widest dimension.
PAR  Further, each of the configurations shown in FIGS. 8-11 may be pernamently
      and effectively supported by support structures similar to that shown in
      110 in the preferred embodiment. In all of these structures, the support
      structure contacts and engages the enclosure at locations below the
      maximum width dimension of the enclosure and requires no other bracing.
PAR  Additionally, the preferred embodiment (FIGS. 1-7) and the structures in
      FIGS. 8-11 each have a dimension which is equal to or less than the
      maximum allowable dimension for loads to be transported on public
      highways. This dimension is utilized to ship the enclosure to its
      installation site. That shipping dimension is not necessarily the widest
      dimension of the enclosure in its installed orientation. For example, if
      the maximum allowable transportable load must be no wider than 10 feet,
      the length of each side in the preferred embodiment will be no greater
      than 10 feet. The widest dimension in the installed position will then be
      the distance from one lateral corner of the square to the opposite lateral
      corner, i.e.,
      ##EQU1##
      (see FIG. 12). The width of the maximum useable living space is therefore
      significantly greater than the length of one side. Similar dimensions can
      be designed for the other configurations in FIGS. 8-11 in keeping with the
      spirit of the invention.
PAR  While several forms of the invention have been shown and described, other
      forms will now be apparent to those skilled in the art. Therefore, it will
      be understood that the embodiments shown in the drawings and described
      above are merely for illustrative purposes, and are not intended to limit
      the scope of the invention which is defined by the claims which follow.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A building structure comprising a dwelling for human habitation, said
      dwelling including a complete integral, prebuilt enclosure having a peaked
      roof portion and a bottom portion, said roof and bottom portions having a
      stress and load bearing skin secured to spaced studs; said bottom having
      sides downwardly converging toward each other; a floor mounted inside said
      enclosure between said sides below the juncture of said bottom and roof
      portions; a pair of spaced, X-shaped support means having upper and lower
      portions with a crossing juncture therebetween, the upper portion of each
      of said support means being secured to said sides with at least the lower
      portions of said converging sides engaging said upper portion generally
      above said crossing juncture thereby providing a V-shaped cradle
      supporting said enclosure above and in spaced relation to the ground, each
      support means also having a stabilizing member connected to its lower
      portion, and each of said stabilizing members and said lower portions of
      said X-shaped support means being buried in the ground.
NUM  2.
PAR  2. The building structure of claim 1 wherein said enclosure includes roof
      portions sloping upwardly and generally convergingly toward one another.
NUM  3.
PAR  3. The building structure of claim 1 wherein said enclosure includes at
      least one entrance to the interior thereof, said entrance located
      generally above the level of said floor.
NUM  4.
PAR  4. The building structure of claim 3 wherein said enclosure includes a
      platform on the exterior thereof, said platform extending generally
      outwardly from and adjacent to said entrance.
NUM  5.
PAR  5. The building structure of claim 4 including means for pivotally securing
      the platform to said enclosure; said platform being pivotable between a
      first position in which it extends away from said enclosure and a second
      position in which it covers said entrance; and means for retaining said
      platform in said first and second positions.
NUM  6.
PAR  6. The building structure of claim 4 wherein said platform includes
      detachable railings therearound and steps leading thereto.
NUM  7.
PAR  7. The building structure of claim 1 wherein said enclosure includes at
      least one window above said level.
NUM  8.
PAR  8. The building structure of claim 1 wherein said floor defines a space
      therebelow and between said side portions; and means defining an access to
      said space.
NUM  9.
PAR  9. The building structure of claim 1 wherein said support means each
      include brace members which engage said downwardly converging sides at
      positions which are located between the lowest extremity of said enclosure
      and said juncture of said roof and bottom portions; said brace members
      connecting said engaged positions with said stabilizing member buried in
      the ground generally below the enclosure, said stabilizing member
      extending a generally horizontal distance at least as great as the
      horizontal distance between the vertical projections of said positions.
NUM  10.
PAR  10. The building structure of claim 9 wherein said brace members engage one
      another beneath said enclosure and continue separately into engagement
      with said stabilizing member at spaced points below the ground.
NUM  11.
PAR  11. The building structure of claim 1 wherein said enclosure has a double
      shell construction including an inner and an outer skin; said inner skin
      being spaced from said outer skin by at least one rib and defining an
      insulation space therebetween; each of said shells being load bearing and
      helping to support said structure.
NUM  12.
PAR  12. The building structure of claim 11 wherein said enclosure includes
      means defining a vent on the exterior thereof and communicating with said
      insulation space.
NUM  13.
PAR  13. The building structure of claim 1 wherein furnishings are secured to
      interior surfaces of said downwardly converging side portions and extend
      generally between said floor and the level of said juncture between said
      roof and bottom portions.
NUM  14.
PAR  14. A building structure comprising a complete, integral, enclosure
      including a floor defining a space for living or storage thereabove, means
      defining an entrance to said space, and downwardly extending, generally
      opposing side portions which generally converge toward a bottom portion;
      support means for cradling said enclosure completely above the ground,
      said support means including at least two support units secured at spaced
      points along said side portions and beneath said bottom portion of said
      enclosure; each of said support units including support members and a
      generally horizontal stabilizing member completely buried in the ground
      which connects said support members generally below said enclosure and
      under the ground; said support members having bracing portions engaging
      generally opposing points on said generally opposing, converging side
      portions and extending downwardly along and matching the contour of said
      side portions, said support members engaging, crossing, and being rigidly
      interconnected with each other at a narrow crossing juncture generally
      below said enclosure to provide a generally V-shaped cradle above said
      crossing juncture which supports said enclosure above and in spaced
      relation to the ground and which prevents movement of said enclosure in
      any direction, said support members extending separately below the surface
      of the ground for connection with said stabilizing member at spaced points
      below the ground.
NUM  15.
PAR  15. The building structure of claim 14 wherein said support members cross
      and engage each other at least partially above the ground.
NUM  16.
PAR  16. The building structure of claim 14 wherein said support members each
      are connected with said stabilizing member below the ground generally
      beneath the side portion which is opposite to the side portion to which it
      is connected above the ground.
NUM  17.
PAR  17. The building structure of claim 16 wherein said support members are
      rectilinear and cross one another whereby each unit has a general X shape.
NUM  18.
PAR  18. The building structure of claim 14 wherein said stabilizing member has
      a length at least as great as the distance between said generally opposing
      points on said generally opposing side portions.
NUM  19.
PAR  19. The building structure of claim 14 wherein said support means include
      cross braces extending along each of said generally opposing side portions
      and joining the upper ends of said two support units.
NUM  20.
PAR  20. A building structure comprising a complete, integral enclosure having
      roof portions sloping upwardly and generally convergingly toward a peaked,
      top portion and side portions sloping downwardly and generally
      convergingly toward a bottom portion; a floor interior of said enclosure
      and defining a space thereabove, said floor being mounted below the
      juncture of said roof and side portions and extending between said
      converging side portions; means defining an entrance to said enclosure; a
      pair of generally vertically extending support means spaced apart from one
      another along the length of said enclosure, each support means including
      an upper and lower portion and a stabilizing member connected to its lower
      portion; said upper portion of each support means including at least a
      pair of brace members extending along, matching the contour of, and being
      secured to said downwardly converging sides; said brace members converging
      to a narrow juncture generally below said integral enclosure to define a
      V-shaped cradle above said narrow juncture for supporting said enclosure
      above and in spaced relation to the ground; said upper portion of each
      support means being rigidly connected to said lower portion to prevent
      movement of said enclosure in any direction, said brace members including
      securing means at said narrow juncture for rigidly joining said brace
      members to resist any movement of said enclosure; each of said stabilizing
      members and said lower portions of said support means being buried in the
      ground to stabilize said structure and resist elemental forces acting
      against said structure.
NUM  21.
PAR  21. A building structure comprising a dwelling for human habitation and
      including a multi-sided, rigid, structurally integral and continuous
      enclosure and support means generally beneath said enclosure for
      supporting said enclosure completely above ground; said enclosure having a
      peaked roof portion and a plurality of substantially identically
      constructed sides lying in different planes and joined together at a
      plurality of corners, and end panels for closing said enclosure at the
      ends of said sides, said sides forming a bottom portion with said sides
      downwardly converging toward each other, a floor mounted inside said
      enclosure between the side portions below the juncture of said bottom and
      roof portions; each of said sides including at least one load and stress
      bearing skin joined to stud means spaced apart along each side for
      rigidifying said skin; reinforcing means at each of said corners for
      joining said skins from each side together at said corners to form said
      stud means and skins into the integral, structurally continuous enclosure,
      said reinforcing means including at each corner between the adjoining
      skins from said joined sides at least one of (1) a corner reinforcing
      member and (2) a longitudinally extending rib for securing said skins
      together at said corners and rigidifying, reinforcing and strengthening
      said skins at the corners of said enclosure; a pair of support means
      spaced apart along the length of said enclosure, each support means having
      a V-shaped upper cradle portion rigidly connected to a downwardly
      extending lower portion, said upper portion of each support means being
      secured to at least the lower portions of said converging sides for
      support of said enclosure by said V-shaped cradle portion above and in
      spaced relation to the ground, said rigidly connected upper and lower
      portions preventing movement of said enclosure in any direction; each
      support means having a stabilizing member connected to the lower portion
      of said support means, and each of said stabilizing members and the lower
      portions of said support means being buried in the ground.
NUM  22.
PAR  22. The building structure of claim 21 wherein said reinforcing means
      include elongated rib members extending the length of said enclosure at
      the corners thereof for joining said exterior skins into a continuous
      outer shell at said corners, extending between said stud means, and
      rigidifying said enclosure.
NUM  23.
PAR  23. The building structure of claim 22 wherein said reinforcing means
      further include truncated interior corners for joining said interior skins
      into a continuous interior shell and strengthening said enclosure.
NUM  24.
PAR  24. The building structure of claim 21 wherein stabilizing member is
      generally rectilinear; said support means are spaced apart along the
      length of said enclosure for stable support thereof, each of said pair of
      support means forming a cradle-like support and including a pair of
      rectilinear brace members joined in an X-shape at points intermediate
      their ends, said brace members extending along said converging sides,
      crossing each other below said enclosure, extending below the ground and
      being secured to said stabilizing member below the ground, said
      stabilizing member being generally horizontal.
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ABST
PAL  A plurality of laterally spaced, generally parallel, cantilever arch frame
      assemblies formed by interlock T-shaped vertical column members have
      inwardly and outwardly directed integral, projecting arms at their upper
      ends. A horizontal beam member is cantilever mounted to one of the arms
      and a semi-arch member fixed at its base to the ground outwardly of the
      column has its upper end mounted to the other arm. Roof panels are fixed
      at opposed edges to respective horizontal beam members by slidably
      coupling the roof panel to the beam member by interengaging male and
      female connectors which are respectively integral therewith. Sidewall
      panels slidably engage integral connectors on the sides of the vertical
      column member in similar fashion. Corner beams pinned at their ends to the
      vertical columns are interconnected through female and male connectors
      with confronting edges of the roof panel and sidewall panel. A center
      ridge beam connects the outboard ends of the horizontal beam members of
      respective, longitudinally aligned and oppositely directed cantilever arch
      frame assemblies as well as the confronting ends of roof panels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates to building structures in general, and more
      particularly, to a building structure of rectangular configuration in
      which structural panels in modular form are interconnected to form the
      sidewalls, end walls and roof of the building structure.
PAR  2. Description Of The Prior Art
PAR  Building structures formed of prefabricated panels, manufactured remote
      from the site of erection of the building are now common to the building
      industry. However, the assembly of prefabricated panels or other modular
      units such as sidewalls, roof trusses, columns and the like on the site,
      is achieved at least partially by conventional building techniques and the
      assembly of such modular units is difficult in terms of those portions of
      the building which are completed by conventional building techniques.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention embodies the formation of a completed, site erected,
      modular building structure through the use of prefabricated components in
      the form of frame assemblies, sidewall and end wall panels and roof
      panels, joined in a mechanically interlocking manner. In this respect, a
      plurality of cantilever arch frame assemblies are formed by interlocking
      separate members and are positioned in laterally spaced, generally
      parallel, fashion. Each assembly includes a T-shaped vertical column
      member fixed at its base and forming inwardly and outwardly integral arms
      at the top of the column. A horizontal beam member is cantilever mounted
      to one of the arms and a semi-arch member is fixed at its base to the
      ground outwardly of the column and locked at its upper end to the other
      arm. All connections are effected by interlocking interengagement of male
      and female connectors formed on respective members. A roof panel is
      interconnected at opposed edges to the horizontal beam members of adjacent
      cantilever arch frame assemblies through interengagement of male and
      female connectors formed on respective members. A sidewall extends between
      the vertical column members and interlocks thereto by similar
      interengagement between male and female connectors formed respectively, on
      the ends of the sidewall panels and the sidewalls of the column members.
PAR  The building may be completed by having the side opposite the semi-arch
      member open, a sidewall panel may be mounted thereto to close off the
      same, or alternatively, a double size building may be effected by erecting
      duplicate cantilever arch frame assemblies oppositely oriented and in
      longitudinal alignment at the same laterally spaced positions, and couple
      the outboard ends of the horizontal beam members together by the
      employment of a center ridge beam. Coupling is achieved by interlocking,
      interengaging male and female connectors formed respectively on the ends
      of the horizontal beam members and the sides of the center ridge beam at
      appropriate spaced positions.
PAR  Each of the structural components of the building are formed preferably of
      an outer layer of rigid plastic; resin impregnated, fiberglass material,
      and preferably a core of polyurethane foam to provide a component which is
      of high structural rigidity, weatherproofness and waterproofness to
      withstand atmospheric conditions, but which is relatively light in weight
      and wherein the polyurethane foam core or ite equivalent acts as a thermal
      insulator. The components thus require minimum site preparation, may be
      manufactured remote from the site and may be readily transported thereto
      for assembly by non-skilled labor.
PAR  An important objective of the present invention resides in the utilization
      of mated male and female connector portions of respective components, and
      particularly designed for compatibility with the materials employed in
      creating the structural components. In this regard, the arrangement of the
      mated male and female connectors is essentially the same as that set forth
      in copending application Ser. No. 538,245 entitled "Prefabricated, Modular
      Building Structure," and filed on Jan. 3, 1975.
PAR  The manner of assembly permits ready dis-assembly when necessary, and the
      components may incorporate integrated accessory features such as wiring
      and plumbing at their point of manufacture to permit on-site electrical
      and mechanical connections between the accessory units of adjacent
      components, panels, beams and the like.
PAR  Other and further objects and advantages of the invention will become
      apparent to those skilled in the art from a consideration of the following
      specification where read in conjunction with the annexed drawings, in
      which like elements carry like numerical designations.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a building structure of generally
      rectangular form, comprising one embodiment of the present invention.
PAR  FIG. 2 is a sectional elevational view of a portion of the building
      structure of FIG. 1 taken about line 2--2.
PAR  FIG. 3 is an exploded, perspective view of an end or partition arch
      assembly forming a principal component of the building structure of FIG.
      1.
PAR  FIG. 3A is an exploded, perspective view of a portion of the assembly of
      FIG. 3 showing an alternate coupling arrangement between the components
      thereof.
PAR  FIG. 4 is an exploded, perspective view of an intermediate cantilever arch
      assembly of the building structure of FIG. 1, illustrating the mechanical
      interlocking of the components forming the same.
PAR  FIG. 5 is a perspective view of a portion of the building of FIG. 1,
      partially completed, showing in detail, the manner of assembly of the
      sidewall panels and the roof panels.
PAR  FIG. 6 is a perspective view of a portion of the building structure of FIG.
      5, during further assembly, illustrating in detail, the structural make-up
      and assembly of the corner beam and center ridge beam as components
      thereof.
PAR  FIG. 7 is an enlarged, perspective view, partially cut-away, of a column
      member and floor beam forming a portion of the building structure of FIG.
      1 and the manner of interlocked, interconnection therebetween.
PAR  FIG. 7A is a perspective, sectional view, of a portion of an alternate form
      of floor beam employable in the building structure of FIG. 1.
PAR  FIG. 8 is a plan view of the interconnection between the horizontal beam
      vertical column of the building structure for one of the cantilever arch
      frame assemblies of the building structure of FIG. 1.
PAR  FIG. 9 is an exploded, perspective view of the interconnection arrangement
      of FIG. 8.
PAR  FIG. 10 is a sectional view of the interconnection arrangement of the roof
      panel, sidewall panel, corner beam and vertical column of the building of
      FIG. 1 taken about lines 10--10.
PAR  FIG. 11 is a sectional view of the interconnection illustrated in FIG. 10
      taken about lines 11--11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, FIG. 1 illustrates as an example, one embodiment
      of the present invention in which the building structure identified
      generally at 10 comprises a commercial building such as warehouse or the
      like, of generally rectangular form, which comprises essentially end or
      partition cantilever arch assemblies 12, intermediate cantilever arch
      assemblies 14 in the form of oppositely directed and longitudinally
      aligned pairs. The pairs are joined by a center ridge beam 16 and define
      the framework for the building. The framework supports a plurality of roof
      panels 18, sidewall panels 20 and end wall panels as at 22 and 22a. Each
      described component of the building structure and in the case of
      assemblies 12 and 14, the subcomponents thereof, are preferably formed
      with an outer layer of rigid plastic; resin impregnated, fiberglass
      material, and preferably each has a core of polyurethan foam or the like
      to provide structural components which are of high structural rigidity,
      high weather and waterproofness and to withstand atmospheric conditions,
      but are relatively light in weight with the polyurethane foam core or its
      equivalent acting as a thermal insulator.
PAR  The building structure 10 whose modular components may be manufactured
      remote from the site of erection is erected on a site comprising a level
      area of ground as at 24, and the components are supported by means of
      poured concrete footings as at 26 and 28, for each cantilever arch
      assembly 12 and 14. In this respect, reference to FIGS. 2 and 3
      illustrates a typical end or partition cantilever arch assembly 12 as
      comprising essentially three parts, a vertical column or member 30
      including a left arm 32 and a right arm 34, a horizontal beam or member
      36, mechanically interlocked to the right arm 34 of the vertical column,
      and a semi-arch member 38. Semi-arch member 38 has its base 40 supported
      by concrete footing 26 and has its upper end 42 mechanically coupled and
      interlocked to the left arm 30 of the T-shaped column 30.
PAR  It may be appreciated therefore that through the employment of three part
      cantilever arch framing, and the intricate relationship between the parts
      forming the functional-structural cantilever-arch allows the framing to be
      adapted to a cantilever situation in which the building is essentially
      one-half of that shown in FIG. 1, and the right hand frame assemblies are
      absent from the structure, or as shown, facilitates the completion of a
      building structure characterized by a simple beam situation. The end
      partition cantilever arch assemblies 12 are essentially identical to the
      intermediate cantilever arch assemblies 14 with the exception that these
      assemblies support end walls 22 and 22a. Where the intermediate cantilever
      arch assemblies 12, 14 are to be substituted therefor, by partition arch
      assemblies such as 12 to effect partitioning intermediate of the ends of
      the building, the uniform dimensions and characteristics of assemblies 14
      and 12 permit ready substitution, one for the other.
PAR  The mechanical interlocking connection between the components making up
      assemblies 12 and 14 may be seen by reference to FIGS. 3, 3A and 4. In
      FIG. 3, interconnection is achieved between the end 42 of the semi-arch
      member 38, and the vertical column 30 by the employement of a T-shaped
      female connector slot 44 which receives a similarly configured and
      dimensioned T-shaped male connector projection 46 and locking occurs by
      laterally shifting member 38 with respect to member 40, for instance.
PAR  A somewhat more complicated mechanical interlock occurs between the column
      member 30 and the horizontal beam member 36. In this case, the horizontal
      beam member 36 has at its inboard end, a stepped male configured connector
      projection 50 which couples with the stepped female connector slot 48 to
      form a structural connection of high structural integrity and which
      resists movement. In this respect, it is noted that the horizontal beam
      member 36, by being positioned above the arm 34 of the T-shaped column 30,
      permits the male connector projection 50 to be dropped into the female
      connector slot 48 during interengagement and the contact surfaces of the
      slot and projection are formed with interlocking means to maintain the
      cantilever support of the horizontal beam member 36 relative to the
      vertical column 30. In FIG. 30, it is noted that end wall 22 is of two
      part construction, that is, it consists of a short length section 52
      joined to a longer length section 54, the sections essentially being
      similar in length to arm 34 and horizontal beam member 36, respectively,
      from which they depend. The end of end wall section 52 is provided with a
      vertical slot 56 defining a female connector which cooperates with edge
      projection strip 58 to securely locate and interconnect sections 52 and 54
      of the sidewall 22 when the beam member 36 is mounted to the vertical
      column 33. The upper end of end wall section 54 may be similarly provided.
      The end wall section 54 is provided with a door opening 60 and terminates
      in a male connection projection strip 62, along another edge, while the
      horizontal beam member 36 which supports the same, terminates at is
      outboard end in double male connector projections 64. Along one side
      thereof, an elongated projection strip 66 defines the male connector for a
      given roof panel 18.
PAR  Reference to FIG. 4 shows the same relationship with resepct to an
      intermediate cantilever arch assembly 14, and in addition, this figure
      depicts the manner in which a floor beam indicated generally at 68 is
      coupled, at one end, to the column member 30 during erection of the
      building structure frame. In this respect, the column member 30 is
      provided with a slightly inclined but generally vertical male connector
      projecting strip 70 which extends most of the height of the column and
      terminates short of a vertical slot 72 at the base 41 of the column
      member, which slot 72 receives the end of the floor beam 68. Openings 74
      are provided at longitudinally spaced positions on the floor beam 68,
      along its bottom edge to permit the flow of concrete subsequent to
      erection to form a concrete floor 76, FIG. 1. The base 40 of the semi-arch
      member 38 and base 41 of column member 30 are encased in and supported by
      concrete footings 26 and 28 respectively. The unattached end of the floor
      beam 68, FIG. 4, remains in proper position until the next column member
      30 is moved into position, and that end is inserted within the female
      cavity defined by slot 72 of the next laterally spaced column. Further
      assemblage of the frame can begin when second semi-arch member 38 is
      secured thereto.
PAR  Reference to FIG. 5 illustrates the next phase of the assembly, commencing
      with movement of a roof panel 18 which has bonded at its opposite edges,
      or otherwise formed, male connector strips 76 and female connector slots
      78, respectively. In sliding the roof 18 along the horizontal beam members
      36, the female connector slots 78 receive male connector projecting strips
      66, locking the roof panel 18 to the frame assembly. At the same time, the
      sidewall panel 20 is dropped into place between spaced vertical columns
      30. Along the side edges of the sidewall panel 20 there are provided
      female connector slots 80 which receive male connector projection strips
      70. At the same time, the inclined, male connector projection strip 82 of
      the floor beam is received within a female connector slot 85 at the bottom
      edge of the sidewall panel 20. The sidewall panel is provided along its
      upper edge with a male connector projection strip 84 which terminates
      adjacent to but spaced from the male connector projection strip 76 of roof
      panel 18.
PAR  The lateral interlocking of adjacent cantilever-arch frame assemblies is
      accomplished by the use of corner beams 86 which are provided with rounded
      outer edges but otherwise generally rectangular in form. Corner beams 86
      have female connector slots 88 and 90 extending inwardly from the bottom
      and inside sidewalls thereof, connector slots 88 receiving the male
      connector projection strip 84 of sidewall panel 20, while female connector
      slot 90 receives the male connector projection strip 76 of roof panel 18.
      Thus, the female slots are arranged to concurrently engage the typical
      male projecting extrusions of the roof and wall panels, thereby
      interlocking the roof, wall and cantilever arch assemblies. Reference to
      FIG. 6 illustrates the fact that one end of each corner beam is recessed
      providing a cavity 92 which receives the male connector appendage or
      projection 94 of the next in line, end abutting, corner beam 86. The
      corner beams 86 are passed through holes 95 within column members 30 and
      it is also at this point, that the male and female connectors at
      respective ends of the corner beams mate. The holes 95 are of modified
      rectangular cross section conforming in size and configuration to that of
      the corner beam cross section. Each hole 95 has the configuration of the
      beam which is formed of the same material as the arch, so that suitable
      structural strength and integrity will be retained by the critical knee
      area of the cantilever arch. The ends of the corner beams are fastened
      together by a reinforced plastic pin 96 at each arch assembly location.
      Aligned hole 100 and 102 extend within the column 30 passing through
      openings 94, while the ends of the corner beams are provided holes 104 and
      106 respectively within the female cavity 92 and the male appendage 98 of
      the corner beams such that when the locking pin 96 is inserted through
      opening 100 at the top of the column 30, through hole 104 within the
      female cavity end of the corner beam, and through the male appendage hole
      106 of the next abutting and adjacent corner beam, and then through hole
      102 at the bottom of opening 95 within column 30, the corner beam and the
      arch assembly are pin fastened together.
PAR  As the desired number of bays are completed for the intended building
      structure, a monolithic concrete floor 76 may be poured around each
      cantilever arch assembly base 40 and 41, around and beneath the floor beam
      68 particularly through openings 74, the concrete rising to the extent
      where it embeds the lower edge of the side and end walls as well as the
      base 41 of the column to effectively form a weatherproof and waterproof
      seal for the building structure.
PAR  The details with respect to the manner in which the floor beams interengage
      the vertical columns 30 may be better appreciated by reference to FIG. 7
      and FIG. 7A. In this respect, the column 30 just above the footing 28
      carries slot 72 which is rectantgular in cross section at its bottom end,
      but narrows irregularly at 72a conforming to the cross section of the
      inclined male connector projection strip 82 integral with floor beam 68
      such that portion 82 is received within slot portion 72a during movement
      of the floor beam 68 into slot 72 as seen by the arrows. The male
      connector projection strip 70 which protrudes from the column 30 and is
      inclined slightly from the vertical in similar manner to male connector
      projecting strip 82, terminates short of slot 72 so that the strip 82 acts
      as an extension thereof. In an alternate form, the floor beam 68 of FIG. 7
      is provided with an integral, right angle, horizontal portion 69 which
      terminates in a female connector slot 71 facing inwardly and receiving the
      male connector projecting strip of a floor panel (not shown) forming an
      alternate embodiment floor arrangement and eliminating the need for a cast
      concrete floor. The male connector projecting strip 82 extends upwardly,
      in this case, therefrom at a slight incline to the vertical in identical
      fashion to strip 82 of the embodiment of FIG. 7. Thus, a typical floor
      panel may be built up to create a floor system of the type described in
      the above identified copending patent application.
PAR  The implementation of a "rigid frame" for supporting the roof panels and
      sidewall panels is made possible through the use of center ridge beam 16
      and its manner of interlocking connection with respect to the outboard
      ends of the horizontal beam members 36 which may be seen by further
      reference to FIG. 6. The built up female connectors 110 comprising paired
      slots 112 receive the male connector projections 64 and in this manner,
      opposed sets of mechancially interlocked cantilever arch assemblies which
      are oppositely oriented but in alignment form a simple beam situation as
      noted previously. The edges of the roof panels 18 facing the center ridge
      beam are provided with male connector projection strips 76, which are
      received within female connector slots 114 of respective side edges of the
      center ridge beam 16.
PAR  Reference to FIGS. 8 and 9 disclose in detail the manner in which the
      horizontal beam member 36 may be cantilever interlocked at the end of the
      arms 34 of the vertical column member 30 and wherein by way of this
      mechanical interlock connection, the absence of the employment of an
      oppositely directed frame system joined thereby by means of a center ridge
      beam. It is noted that arm 34 of the column member 30 in FIG. 3 terminates
      at its outboard end in a stepped female connector identified generally at
      48, while the horizontal beam member 36 terminates at its inboard end in a
      male connector projection identified generally at 50. Specifically, by
      additional reference to enlarged FIGS. 8 and 9, the horizontal beam member
      36 is stepped such that its upper end face 120 extends beyond the lower
      end face 122 while the lower end face 124 of arm 34 projects beyond the
      upper end face 126 of that arm. Thus, slots forming the female connector
      portion for arm 34 are also stepped as seen at 128 and 130 in FIG. 8,
      while the male connector projections 132 and 134 are stepped to conform to
      the offsetting of slots 128 and 130. The method of interfitting and the
      abutment between the end faces may be readily seen in FIG. 8. In order to
      prevent the horizontal beam 36 from toppling over disrupting its
      cantilever support, in the illustrated embodiment of the invention, it is
      noted that the surfaces defining slots 128 and 130 and projections 132 and
      134 are provided with interengaging keys and keyways which not only
      maintain closely controlled axial alignment between the horizontal beam
      member and the arm 34 receiving the same, but prevent by the inclined
      plane contact between engaging surfaces, any tendency on the part of the
      cantilever support horizontal beam member 36 from sagging relative to the
      T-shaped column member 30 which supports the same. It is noted that the
      surface configuration to the projecting male connector and the female
      connector slot is essentially the same as that appearing within the
      referred to, copending application, and reference may be had thereto for a
      better description of the structural relationship between these elements
      and the functional aspects of the same. Further, it is noted that while
      this relationship is discussed somewhat in detail with respect to the
      portion of the frame assembly illustrated by FIGS. 8 and 9, it applies
      equally to all of the male and female interlocking connections made
      between the various components making up the building structure of the
      present invention, and such features are liberally illustrated throughout
      the many drawings. The opposed keystone shaped slots or grooves and the
      keystone shaped surface projections or ribs create the mechanical
      interlocking means between the female connectors and the male connectors
      to maintain minimum tolerances and to prevent the creation of air gaps
      between members making up the building structure providing an air tight
      structure of high structural integrity and which effectively prevents
      separation therebetween.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A prefabricated, modular building structure comprising: a plurality of
      laterally spaced, generally parallel cantilever arch frame assemblies,
      each frame assembly comprising a T-shaped vertical column member having
      integral inwardly and outwardly projecting arms and a base mounted to the
      ground, a horizontal beam member mounted to one of said arms and extending
      outwardly therefrom in cantilever aligned fashion and a semi-arch member
      fixed at its base to the ground to one side of said column member in
      alignment therewith, and having its upper end mounted to the other column
      arm, said assembly members being mounted to each other by interlocking
      male and female connectors formed on respective members, and at least a
      roof panel mounted along opposite side edges to respective horizontal beam
      members of adjacent frame assemblies.
NUM  2.
PAR  2. The building structure as claimed in claim 1, wherein said roof panel is
      mounted to said horizontal beam member by means of interengaging,
      mechanically interlocking slots and and projecting strips carried
      respectively by said panel and said horizontal beam members.
NUM  3.
PAR  3. The building structure as claimed in claim 1, wherein for each frame
      assembly, the end of said beam member is mounted to said column member arm
      by stepped end faces defining respectively multiple pairs of male
      connector projections and female connector slots and wherein the
      contacting surfaces of said slots and said projections carry in turn
      interengaging keyway slots and ribs whose longitudinal axes extend at
      right angles to the longitudinal axes of said arm and said horizontal beam
      member to prevent sagging of said beam member relative to the cantilever
      supporting column member when mounted to each other.
NUM  4.
PAR  4. The building structure as claimed in claim 1, wherein opposite sides of
      the said column members are provided with inclined male connector
      projecting strips and said structure further comprises sidewall panels
      extending between the column members of adjacent frame assemblies with
      said sidewall panels having female connector slots along the ends thereof
      and engaging said male connector projection strips to mechanically lock
      said sidewall panels to said column members.
NUM  5.
PAR  5. The building structure as claimed in claim 2, wherein opposite sides of
      the said column members are provided with inclined male connector
      projecting strips and said structure further comprises sidewall panels
      extending between the column members of adjacent frame assemblies with
      said sidewall panels having female connector slots along the ends thereof
      and engaging said male connector projection strips to mechanically lock
      said sidewall panels to said column members.
NUM  6.
PAR  6. The building structure as claimed in claim 3, wherein opposite sides of
      the said column members are provided with inclined male connector
      projecting strips and said structure further comprises sidewall panels
      extending between the column members of adjacent frame assemblies with
      said sidewall panels having female connector slots along the ends thereof
      and engaging said male connector projection strips to mechanically lock
      said sidewall panels to said column members.
NUM  7.
PAR  7. The building structure as claimed in claim 4, wherein the confronting
      ends of said roof and sidewall panels are provided with engageable
      connectors and said structure further comprises corner beams having
      complementary interlocking connectors on the sides thereof facing
      respectively, said panel ends and engageable therewith to form a
      weathertight connection therebetween.
NUM  8.
PAR  8. The building structure as claimed in claim 5, wherein the confronting
      ends of said roof and sidewall panels are provided with engageable
      connectors and said structure further comprises corner beams having
      complementary interlocking conectors on the sides thereof facing
      respectively, said panel ends and engageable therewith to form a
      weathertight connection therebetween.
NUM  9.
PAR  9. The building structure as claimed in claim 6, wherein the confronting
      ends of said roof and sidewall panels are provided with engageable
      connectors and said structure further comprises corner beams having
      complementary interlocking connectors on the sides thereof facing
      respectively, said panel ends and engageable therewith to form a
      weathertight connection therebetween.
NUM  10.
PAR  10. The building structure as claimed in claim 7, wherein said column
      members each include openings therein at locations in alignment with said
      corner beams, and being of similar size and configuration, said corner
      beams extending between said assemblies and being carried at respective
      ends by said column members within said column member openings.
NUM  11.
PAR  11. The building structure as claimed in claim 8, wherein said column
      members each include openings therein at locations in alignment with said
      corner beams, and being of similar size and configuration, said corner
      beams extending between said assemblies and being carried at respective
      ends by said column members within said column member openings.
NUM  12.
PAR  12. The building structure as claimed in claim 9, wherein said column
      members each include openings therein at locations in alignment with said
      corner beams, and being of similar size and configuration, said corner
      beams extending between said assemblies and being carried at respective
      ends by said column members within said column member openings.
NUM  13.
PAR  13. The building structure as claimed in claim 10, wherein: said corner
      beams are provided with complementary male and female connectors on the
      ends thereof, locking pin receiving holes pass vertically through the
      columns and intersect said openings, said corner beam ends at said
      complementary male and female connectors are provided with corresponding
      aligned locking pin receiving holes which pass through respective
      connectors, and said structure further comprises locking pins positioned
      within said locking pin receiving holes for locking aligned corner beams
      together and within said column openings to create an integrated building
      frame of high structural integrity.
NUM  14.
PAR  14. The building structure as claimed in claim 11, wherein: said corner
      beams are provided with complementary male and female connectors on the
      ends thereof, locking pin receiving holes pass vertically through the
      columns and intersect said openings, said corner beam ends at said
      complementary male and female connectors are provided with corresponding
      aligned locking pin receiving holes which pass through respective
      connectors, and said structure further comprises locking pins positioned
      within said locking pin receiving holes for locking aligned corner beams
      together and within said column openings to create an integrated building
      frame of high structural integrity.
NUM  15.
PAR  15. The building structure as claimed in claim 12, wherein: said corner
      beams are provided with complementary male female connectors on the ends
      thereof, locking pin receiving holes pass vertically through the columns
      and intersect said openings, said corner beam ends at said complementary
      male and female connectors are provided with corresponding aligned locking
      pin receiving holes which pass through respective connectors, and said
      structure further comprises locking pins positioned within said locking
      pin receiving holes for locking aligned corner beams together and within
      said column openings to create an integrated building frame of high
      structural integrity.
NUM  16.
PAR  16. The building structure as claimed in claim 1, wherein multiple pairs of
      oppositely directed frame assemblies have the ends of said horizontal beam
      members of respective frame assemblies remote from said column members
      positioned in adjacent, confronting position, and said building structure
      further comprises a center ridge beam extending between multiple pairs of
      frame assemblies and being mechanically interlocked along respective sides
      thereof, to the ends of the said horizontal beam members to form an
      integrated building frame of high structural integrity.
NUM  17.
PAR  17. The building structure as claimed in claim 13, wherein multiple pairs
      of oppositely directed frame assemblies have the ends of said horizontal
      beam members of respective frame assemblies remote from said column
      members positioned in adjacent, confronting position, and said building
      structure further comprises a center ridge beam extending between multiple
      pairs of frame assemblies and being mechanically interlocked along
      respective sides thereof, to the ends of the said horizontal beam members
      to form an integrated building frame of high structural integrity.
NUM  18.
PAR  18. The building structure as claimed in claim 15, wherein multiple pairs
      of oppositely directed frame assemblies have the ends of said horizontal
      beam members of respective frame assemblies remote from said column
      members positioned in adjacent, confronting position, and said building
      structure further comprises a center ridge beam extending between multiple
      pairs of frame assemblies and being mechanically interlocked along
      respective sides thereof, to the ends of the said horizontal beam members
      to form an integrated building frame of high structural integrity.
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ABST
PAL  An improved cellular floor, wall or the like structure is disclosed. The
      structure in a specific embodiment disclosed, includes a covered raceway
      for electrical conductors. The raceway has a plurality of knockouts in its
      cover, and is covered by and at least partially supports a poured concrete
      floor. The improvement is a plurality of cooperating piston-cylinder
      assemblies on the raceway cover. Each of the assemblies is a cylinder with
      a concrete piston therewithin. The cylinder is positioned so that its
      projection on the raceway cover is larger than and covers one of the
      knockouts. The piston is capable of limited axial movement within the
      cylinder, and has an end in substantial contact with one of the knockouts.
      The piston end is of such size and shape that, when driven toward the
      knockout, the piston will drive the knockout into the raceway and enter
      the knockout opening. The piston expands in cross-sectional size away from
      the end to a size sufficiently large to prevent the piston from going
      completely through the knockout opening. The piston is a part of and
      integral with the concrete floor of the structure.
PARN
PAR  This is a continuation of application Ser. No. 404,005, filed Oct. 5, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various cellular floor structures have heretofore been suggested*. Such
      structures include raceways in which electrical conductors can be
      positioned, as well as cells through which conditioned air and return air
      can be circulated as part of an air conditioning system. So far as is
      known, there is not presently a satisfactory economic way of providing
      easy access to electrical conductors in such a cellular floor after a
      building has been completed. In the finished building, the cellular floor
      itself is covered by concrete, which serves as a rough floor, and as a
      base for carpet or the like. Accordingly, when it has become necessary to
      provide a service which requires an electrical conductor at a point in the
      finished building where the conductor had not originally been made
      available, it has been common practice to remove the carpet or the like,
      and to drill away enough of the floor that a worker can find the cell
      containing the conductor required. After the service has been established,
      it is then necessary to repair the floor by pouring fresh concrete, as
      required. The expense involved militates against providing access to the
      conductors at every conceivable point, say, every 5 feet each way, where
      service might be required during the life of the building.
FNT  *See, for example, U.S. Pat. No. 3,148,727 and cited references.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is based upon the discovery of an inexpensive
      cylinder-piston assembly which enables access to electrical conductors
      within a cellular floor without the necessity for damaging the concrete
      over the raceway to such an extent that repair is necessary. The assembly
      according to the invention can also be a part of a wall or the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of a cellular floor structure including
      a raceway for electrical conductors and cooperating cylinder-piston
      assemblies to provide ready access to the raceway.
PAR  FIG. 2 is a fragmentary view in perspective showing the raceway of FIG. 1
      with a cylinder-piston assembly adhered thereto, and illustrating one step
      in the production of the floor structure of FIG. 1.
PAR  FIG. 3 is a vertical sectional view showing, to a larger scale, the
      piston-cylinder assemblies of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  An improved cellular floor structure according to the invention is
      indicated generally at 10 in FIG. 1. The structure 10 is supported on a
      concrete beam 11 which, in the structure shown, is a double tee with
      dependent legs 12 and 13 and a web 14 extending between the legs. In the
      upper surface of the web 14 there is a channel 15 constituting a raceway
      with a cover 16. There is a poured concrete floor 17 over the web 14 of
      the beam 11, and also over the cover 16 for the raceway 15. A carpet 18 is
      shown above the poured concrete floor 17. Cooperating piston-cylinder
      assemblies 19 are also a part of the structure 10.
PAR  Referring to FIG. 2, it will be seen that the cooperating piston-cylinder
      assemblies 19 are positioned over knock-outs 20 in the raceway cover 16
      and, in the specific structure shown, that there are three side-by-side
      knockouts 20, one providing access to a raceway 21, a second providing
      access to a raceway 22, and a third providing access to a raceway 23. The
      bottom and one side of each of the raceways 21 and 23 are merely surfaces
      of the recess in the beam 11, while the raceway 22 is bounded on three
      sides by a channel 22' and on the fourth side by the cover 16. The raceway
      22 can be used to furnish power for electrical service throughout the
      building, since it is completely enclosed within metal, in accordance with
      code requirements in some localities.
PAR  In producing a floor structure according to the invention, cooperating
      piston-cylinder assemblies 19 are merely placed over knockouts, for
      example the knockouts 20 in the structure of FIG. 2. Advantageously, the
      assemblies 19 are adhesively affixed, for example to the cover 16 over the
      knockouts 20. The assemblies 19 comprise an outer cylinder 24 which should
      have a projection on the cover plate 16 which completely covers one of the
      knockouts 20. The cylinder 24 has exterior reinforcing ribs 25 extending
      outwardly from a sidewall 26 which extends substantially at right angles
      to the cover plate 16 when the assembly 19 is mounted thereon.
PAR  Referring to FIG. 3, the assembly 19 includes, interiorly of the cylinder
      24, a cup member 27 with a central stem 28. The cup member 27 has
      generally the same cross-sectional configuration as does the cylinder 24,
      except that the cup 27 tapers somewhat from its upper portion to its
      bottom. A nail 29 is embedded in the post 28, near the upper end thereof.
PAR  In producing a structure according to the invention, after the assemblies
      19 have been positioned over the knockouts, as described, concrete is
      merely poured in the usual way to produce the floor 17. Because the tops
      of the assemblies 19 are open, concrete fills the cups 27 during the
      pouring of the floor 17. As a consequence, after setting of the concrete,
      there is a concrete piston 30 inside each of the assemblies 19, and this
      piston 30 is positioned immediately above one of the knockouts 20.
PAR  When it is desired to gain access to one of the raceways 21, 22 and 23
      (FIG. 2) it is necessary only to locate one of the piston-cylinder
      assemblies 19 in the vicinity of the desired location. This can be done
      using a small magnet as a sensor for the nail 29 (FIG. 3). When the
      assembly 19 to be used has been located, the concrete of the floor 17
      immediately thereabove can be struck a sharp blow with a hammer to drive
      the concrete piston 30 downwardly, thereby driving out the knockout 20
      therebelow; downward movement of the concrete piston 30 is limited by its
      taper, downward movement thereof ceasing as soon as the side walls thereof
      are engaged by the opening just vacated by the knockout. As shown, the
      taper should be such that the concrete piston 30 stops well before it is
      moved far enough to cause any damage to electrical conductors in the
      associated raceway. Obviously the piston portion of the assembly 19 is
      then removed to gain access to the raceway through the displaced knockout.
PAR  It will be appreciated that the structure according to the invention,
      specifically disclosed in the drawings as a cellular floor structure, also
      is useful in many instances as a wall structure, as a ceiling structure,
      or the like. For example, cooperating piston-cylinder assemblies 19 (FIGS.
      1-3) can be incorporated in a wall structure or a ceiling structure to
      enable future location and to provide access to electrical conductors,
      water pipes, heating, ventilating and air-conditioning ducts, or the like,
      embedded therein. It will be appreciated that, in such cases, the pistons
      30 may be of plaster or the like rather than of a conventional concrete
      composition.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a floor or the like structure including a covered raceway having a
      plurality of knockouts in its cover, and a monolithic floor or the like
      covering, and at least partially supported by the raceway, the improvement
      of cooperatiing piston-cylinder assemblies on the raceway cover, each of
      said assemblies comprising an outer cylinder and a filler element defining
      a piston therewith, overlying one of the knockouts, said piston being of
      such size and shape to be capable of limited axial movement within said
      cylinder, said piston having an end in substantial contact with one of the
      knockouts, said piston end being of lesser diameter than that of said
      cylinder end and said knockout whereby, upon limited axial movement in the
      direction of the raceway, said piston will drive the knockout into the
      raceway and enter the opening formerly occupied by the knockout, said
      piston expanding in cross-sectional size away from said end to a size too
      large to enter the knockout opening, and said piston comprising a planar
      section of the floor or the like of said structure.
NUM  2.
PAR  2. In a floor or the like structure, the improvement claimed in claim 1
      which additionally includes a magnetic body embedded in the floor or the
      like, generally centered within each of said pistons, and near the surface
      of the floor or the like.
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ABST
PAL  A false floor assembly of square panels is supported on pedestals above a
      foundation. The panel corners rest on the pedestals and the adjacent sides
      of neighboring panels between pedestals are secured together by releasable
      ties that pass through the sides of each neighboring panel. The area below
      the panels is accessible by simply removing the ties and lifting one or
      more panels from the assembly. Loads applied to any one panel in the
      assembled floor are resisted by neighboring panels and the floor remains
      substantially flat without uneven deflections.
PARN
PAR  This application is a continuation-in-part of Ser. No. 306,417 filed Nov.
      14, 1972, now abandoned.
BSUM
PAR  This invention pertains to improved design of floor assemblies known
      commonly as: elevated floors, access floors, false floors, false decks,
      pedestal floors or raised floors.
PAR  These floor assemblies consist basically of floor panels supported above
      the base floor or foundation by pedestals. The pedestals normally are
      located so as to provide support at panel corners and are in some cases
      supplemented by horizontal stringer members which form a grid when
      attached to, or when they rest upon the pedestals. These stringers provide
      support along the panel sides, decreasing panel deflection under applied
      load and further provide additional sealing or pressure drop at the panel
      junctions when the space between the access floor and the base floor is
      used as a plenum or duct for air circulation.
PAR  Elevated or false floors are presently being used where substantial numbers
      of electrical cables are required to interconnect various types of
      equipment and where it is desirable to maintain accessibility of these
      cables for ease of installation, change, or removal. The common use
      currently is computer room flooring. In such installations, cables are
      laid along the base floor and under the access floor and are accessible by
      removing floor panels in that specific area.
PAR  Access floors are also becoming attractive for use in applications other
      than computer room installations. In comparison to conventional building
      systems where piping for various uses, ducting, wiring, etc., are
      installed within floors or ceilings providing little or no access without
      considerable difficulty, the access floor is much more desirable. As costs
      become more comparable, use of access flooring for virtually any type of
      building use becomes more attractive. Building rearrangement, partition
      changes, equipment relocation, desk rearrangement, underfloor system
      repair or change, addition of services such as air conditioning or
      electrical circuits all become relatively simple in buildings utilizing
      access flooring.
PAR  The plenum formed by the base floor, the access floor and the surrounding
      walls, serves as a convenient means of conditioned air distribution. Air
      is forced into this plenum and distributed to the room via selectively
      located panels which incorporate openings to allow passage of the air into
      the room. These panels may have grills, or may be perforated to allow flow
      and may incorporate dampers if desired.
PAR  Another advantage here is that in order to achieve proper air conditioning
      balance at initial installation, or upon change in room arrangement or
      change in required air distribution, distribution panels may be relocated
      by interchanging these with other panels anywhere in the floor. Also,
      common panels may be replaced by distribution panels at any time to
      increase the number of distribution points.
PAR  In a stringerless type of system, floor loading near the edge of a panel
      results in downward deflection of that panel and this in turn causes
      variation in elevation from this edge to the edge of the adjacent panel.
      In a system which utilizes stringers this deflection is reduced somewhat,
      however, this reduction depends upon the stringer integrity and fixity at
      the pedestals. Since loads are transferred to the stringer eccentrially
      this type of system requires quite rigid construction to provide
      significant benefit.
PAR  The object of this invention is to interconnect the edges of adjacent
      panels such that the two panels act together in resisting vertical forces
      imposed by floor loading and/or such that the interconnect will resist
      lateral separation of the floor panels. The interconnection may be such
      that adjacent panel edges are structurally attached along the entire edge
      length or at a point or points along the edge.
PAR  While this interconnection is primarily for use where stringers are not
      utilized, it may also be used in conjunction with stringers in order to
      obtain minimum deflection characteristics, optimum floor strength, lateral
      stability and plenum sealing.
PAR  In addition to the advantage of causing a portion of the load imposed on a
      given panel to be distributed to the adjacent panel, these panels will
      deflect together thus avoiding hazardous variations in elevation from the
      floor surface of one panel to the next.
PAR  Deflection of a panel when loaded near an edge is virtually halved since
      this load is shared by the adjacent panel, greatly increasing floor load
      capacity.
PAR  This interconnected panel floor system, being a more homogeneous platform,
      corresponds more nearly to floors of conventional construction while
      providing convenient access to any systems installed under the floor.
PAR  Interconnection methods may be such that any given panel may be removed
      without the necessity of removing additional panels, or may be such that
      "limited" access is provided, i.e., "key" panels must be removed thus
      allowing removal of those which are captivated by the key panels.
PAR  Flooring systems of the type described may include panels having floor
      surfacing such as tile of various materials, high pressure laminates or
      carpet bonded in place to each panel individually, or may have floor
      surfacing material installed over the completed floor system. The latter
      may consist of carpeting, laid over the completed floor system, which can
      be lifted before removing panels.
PAR  Where floor surfacing material are not bonded in place, panel attachment
      device access through the top of the panel is less objectionable so long
      as the upper surface of the installed panel, including the area of the
      device, is sufficiently uniform such that discontinuities are not easily
      detectable when flooring surface is in place. Attachment device access
      through the panel upper surface may be utilized in systems having bonded
      in place coverings also, provided discontinuities do not present walking
      or other hazards.
PAR  It is an object of the present invention to provide a floor assembly of
      panels wherein the adjacent sides of neighboring panels are tied together
      to resist load deflections in horizontal and vertical directions so that
      the assembly remains flat and uninterrupted.
PAR  It is a further object to accomplish the above with structures that permit
      easy and quick access to the space or area below the floor assembly.
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     These and other objects are accomplished with the structures disclosed
      herein wherein:
PAR  FIG. 1 is a plan view of an assembled false floor;
PAR  FIG. 2 is an enlarged plan view of adjoining free panel corners resting on
      a pedestal;
PAR  FIG. 2A is an enlarged plan view of adjoining corners of the captured
      panels of FIG. 2 with the free panels omitted;
PAR  FIG. 3 is a section in elevation taken along the lines III -- III of FIG.
      2;
PAR  FIG. 4 is a plan view of a false floor with modified panels for
      side-by-side attachment;
PAR  FIG. 5 is a plan view of the FIG. 4 floor with one panel removed;
PAR  FIG. 6 is an enlarged section of neighboring panels tied together by a
      plug;
PAR  FIG. 7 is a perspective view of the bottom of the locking plug;
PAR  FIG. 8 is a plan view in part of a panel with a modified socket;
PAR  FIG. 9 is a section view taken along the lines IX -- IX of FIG. 8;
PAR  FIG. 10 is a fragmented plan view of two modified panels showing the tie
      connection;
PAR  FIG. 11 is a section taken along the lines 11 -- 11 in FIG. 10;
PAR  FIG. 12 is a side elevation of a bracket tie;
PAR  FIG. 13 is a plan view of an assembled floor showing a captured-free panel
      arrangement;
PAR  FIG. 14 is a fragmented plan view of a further modified panel tie
      connection;
PAR  FIG. 15 is a section taken along the lines 15 -- 15 of FIG. 14;
PAR  FIG. 16 is a section of the tie bracket in place taken along the lines 16
      -- 16 of FIG. 14;
PAR  FIG. 17 is a section taken along the lines 17 -- 17 of FIG. 14;
PAR  FIG. 18 is a plan view of the tie bracket shown in phantom in FIG. 14;
PAR  FIG. 19 is an elevation of the tie bracket; and
PAR  FIG. 20 is a plan view of an assembled floor.
DETD
PAR  In FIG. 1, an assembly of dissimilar square panels is shown in which "free"
      panels 2 have edges 4 around all four sides. The edges 4 overlie the rims
      5 of "captured" panel 6 which also surround all four sides of that panel.
      The rims 5 are depressed when seen in section (FIG. 3) to accept the edges
      4 and present a flush upper surface which can have a tread surface of
      tile, carpet, or the like applied. The edges 4 and rims 5 are shown
      greatly exaggerated for purposes of illustration. For instance, on a 30
      inch panel, the edge 4 or rim 5 need only be 1 inch or less in width.
PAR  Each free panel 2 and captured panel 6 is preferably a hollow structure
      with upper metal sheets 7 and 8 respectively. The lower sheets 9 and 10 of
      the panels 2 and 6 respectively are spaced from the upper sheets. Thus,
      sheet 9 is bent upwardly and sheet 8 bent downwardly in the free and
      captured panels to form the sides of panels. The extremities of sheets 8
      and 9 are again bent to coextend and terminate with upper sheet 7 and
      lower sheet 10 to form edges 4 and flanges 12 respectively.
PAR  Each panel 2 and 6 is hollow and webbed with internal stiffeners or
      provided with a solid core. The stiffeners can be formed between the
      bottom and top sheets as shown in U.S. Pat. No. 3,420,012 or provided as
      with other well known web structures in the panel art.
PAR  Each panel has truncated corners indicated at 20 for the free panels and at
      22 for the captured panels. The corners 22 underlie those corners 20 of
      the free panels 2 and are shown in phantom in FIG. 2. Underlying the
      juncture of all four corners is a pedestal cap 25 also shown in phantom in
      FIG. 2. The cap 25 can simply be a square cap, when seen in plan, on a
      screw stem 27 and stand like that of U.S. Pat. No. 3,279,134 or 3,316,680
      for height adjustment. In FIG. 2A, the truncated corners 22 of captured
      panels 6 are each notched at 26 so that opposing notches leave an opening
      that receives a spacer pin 28 fitted in a hole in the center of cap 25.
      The notches 26 and pin 28 are not fully visible when the free panels are
      fitted in place and the floor completely assembled.
PAR  The captured panels 6 have flanges 12 that underlie the lower sheets 9 of
      free panels 2. The peripheries 29 of the lower sheets 9 are indented to
      receive the flanges 12 as seen in FIG. 3. Each panel is provided with a
      plurality of holes through which ties are passed to lock adjoining panel
      sides together.
PAR  It is preferred that the top sheet 7 of each free panel have dimples 30 to
      receive the heads of round screw bolts 32 flush, and that holes also be
      provided through the peripheries 29 of bottom sheet 9 as well as the
      flanges 12 of the captured panels 6. A caged nut 33 can be positioned to
      receive each bolt 32 when the false floor is assembled. The holes in each
      panel for receiving bolts 32 can be enlarged to allow the bolts some play
      for ease of fitting.
PAR  The assembly of FIG. 1 can be easily assembled and ready access to the area
      below the floor is available by simply removing the screw bolts 32 of any
      free panel 2 and, if necessary, also raising any captured panel 6 by first
      removing the surrounding free panels 2.
PAR  In FIGS. 4 and 5, a portion of a false floor of side-by-side square panels
      100 is shown in which the adjacent sides of the panels are connected to
      one another by tie means in the form of a circular rotatable plug 101. The
      corners of the panels are shown resting on pedestals 103 of the type
      disclosed in U.S. Pat. No. 3,616,584. Along each side of each panel 100
      and preferably midway of the sides' lengths, a well 105 is cut out for
      receiving a socket 107. The plug 101 fits in adjoining sockets 107 when
      the wells 105 are matched in neighboring side-by-side panels.
PAR  As seen in FIGS. 6 and 7, the plug 101 has a circular top portion 109 with
      concentric ribs 108 that extend downwardly to fit in circular grooves or
      guide tracks 110 of sockets 107. The bottom of the plug is an elongated
      lug 113 that can pass through adjoining wells 105 in unlocked position,
      but will closely bear on adjoining sockets 107 to lock neighboring panels
      100 together when turned 90.degree. to a locked position. Thus, plug 101
      affords support to the top and bottom of each adjacent panel 100 and ties
      their adjacent sides together. The top portion 109 can be keyed or slotted
      so that the plug 101 can be rotated.
PAR  Top portion 109 is connected to bottom lug 113 by a stem 115. When turned
      to a locked position, the plug 101, and specifically the lug 113, bridges
      the bottom surfaces of adjacent sockets 107 and bears on these surfaces
      since the length of stem 115 is chosen to allow no play between the plug
      and the upper and lower surfaces of the sockets 107 in the panels 100. The
      sockets 107 are recessed at their bottoms to receive lugs 113.
PAR  The panels 100 are identical to one another and can be the same as those
      shown in Pat. Nos. 3,420,012 and 3,548,559 which have been cut out to
      receive one or more sockets 107 along their sides. The upper and lower
      sheets 100a and 100b respectively are metal, preferably steel to receive
      and retain steel sockets 107. If the panels are all metal, such as steel,
      the sockets can be welded in place. With solid wood cores, the sockets can
      be bolted or otherwise affixed in the panel's sides.
PAR  In use, the panels 100 are first assembled on pedestals and supported above
      the true floor or foundation and then plugs 101 are inserted and rotated
      to capture or tie adjacent panel sides together. When the plugs 101 are
      locked, their upper surfaces are flush with those of panels 100. With or
      without stringers that bridge pedestals 103, and exceptionally strong
      false floor assembly is formed that resists uneven deflections and
      maintains a level, even false floor surface. FIGS. 8 and 9 show a metal
      panel 200 the same or similar to that disclosed in U.S. Pat. No. 3,696,578
      wherein a formed bottom metal sheet or pan 202 and flat top metal sheet
      204 are welded to one another at their edges. The two sheets are spaced
      apart with metal struts or webbing formed in the bottom sheet 202
      providing a trussed structure.
PAR  The top sheet 204 is coined to have a circular depressed area 206 having a
      groove or guide track 208 to receive rib 108 of plug 101. The bottom pan
      202 is blanked to provide relief for the top sheet configuration and the
      panel edge is cut out at the edge portion 210 of the depressed area 206.
      When abutting panels 200 are assembled, the lug 113 can be entered through
      the opening formed by adjacent cutouts at 210. The lug 113 will bear on
      the undersides of the raised ribs of adjacent panels when the plug 101 is
      rotated. Thus, the panel construction of FIGS. 8 and 9 includes a built-in
      or integral socket that receives the rotatable plug 101.
PAR  In FIGS. 10 - 13 an assembly of modified panels is shown in which one set
      of captured panels 301 are arranged in checkerboard relationship with a
      second set of free panels 303. Each captured panel 301 is surrounded by
      free panels 303 and each side 310 of panel 301 is provided with a bracket
      member 312 that can be welded or otherwise affixed to the side 310. The
      panels 301 and 303 are preferably metal panels similar to that shown in
      FIG. 8 and 9 in which a flat top metal sheet 304 is welded to a bottom
      metal pan 302 at their edges 309. The means for interconnecting the panel
      sides together comprises a bracket member 312 secured to all four sides of
      panel 301.
PAR  The bracket member 312 is best shown in FIG. 12 and has an upper ear 314
      and lower ear 316 which ears are apertured. The back 317 of bracket 312
      can be welded to each side 310 of panel 301 and elongated flanges 318
      interconnect ears 314 and 316 to reinforce same.
PAR  Free panel 303 is essentially the same as panel 301 except there is no
      bracket, but instead a perforated tab 330 is integrally formed or
      otherwise affixed to upper sheet 304 to project outwardly in register with
      bracket member 312 on panel 331 and closely overlie upper ear 314. A tie,
      such as a threaded screw or bolt 328 can be passed through tab 330, ears
      314 and 316 and be received in retaining means, in this case a nut 329
      that has been welded to the underside of ear 316. Alternatively, the tab
      330 can be welded as an extension of upper panel sheet 304 while nut 329
      can be caged to allow lateral freedom while ensuring that bolt 328 is
      releasable after it has been fastened. The head 328A of bolt 328 is
      received in a complimentary recess of tab 330 to be flush with the upper
      floor surface.
PAR  The assembled floor of FIG. 13 illustrates the checkerboard pattern of free
      panels 303 with captured panels 301. Like the assembly of FIGS. 1 - 3, the
      floor shown in FIG. 13 is a "50% acessible" assembly. Thus, the area below
      any panel 301 is accessible only by first removing adjacent free panels
      303.
PAR  In FIGS. 14 - 20 the floor asembly is formed of identical panels 401, each
      of which can be the same as the FIGS. 8 and 9 panel except for the tie
      bracket and securing structure for the sides. Each panel 401 has an upper
      sheet 403 and a bottom pan 405 which are welded at the juncture of their
      edge 407. Each panel side 409 has a bracket 410 with an integral back part
      414 welded to the pan 405 and a portion of the edge 407 is removed
      immediately above the bracket 410 to leave a space 411 having a length of
      about the same width of bracket 410
PAR  Each bracket 410 includes three adjacent cheek projections 412 which can be
      spaced apart, doubled over portions of a bent metal strip forming the
      major part of bracket 410. The three projections 412a of panel 401a are
      spaced apart to leave two adjacent and open recesses, a first of which is
      wider than the second recess. The first wider recess receives those
      projections 412b of the adjacent panel 401b which form the narrower recess
      in the panel 401b as seen in the drawings. The panels 401a and 401b as
      well as their corresponding brackets and projections 412a and 412b are
      elongated flanges that are preferably identical and designated by
      different numbers in the drawings solely for ease of description.
PAR  The narrower recess formed by two projections 412a has a bottom formed by a
      tab 416 that can be welded or affixed to the bottom sides of the two
      projections 412a defining the narrower recess. The tab 416 is perforated
      and can be threaded or have a captured nut 425 to engage tie means.
PAR  Thus, the projections 412a and 412b of brackets 410 of adjacent panels
      interfit with one another, the narrower recesses being received in wider
      recesses between projections 412a and 412b and each recess has an
      apertured tab 416 at the bottom thereof when the panels 401 are assembled
      and viewed in plan. Also, each panel 401 can be identical and each bracket
      410 affixed at the same point or points along each side 409. It will be
      appreciated that more than one bracket 410 can be affixed to each side 409
      but, usually only one bracket 410 need be secured to each panel side 409,
      midway of the sides when the latter are about two feet or less in length.
PAR  A top plate 418 is dimensioned to fit within adjoining spaces 411 of
      adjacent panels 401 and bridge the tops of all projections 412 of both
      brackets 410 when the neighboring panels 401 are placed adjacent one
      another. The thickness of plate 418 is such that a floor assembled of
      panels 401 presents a smooth surface as seen in FIG. 20. The plate 418 is
      apertured in two places to be in general register with the perforations of
      tabs 416 so that tie means, such as threaded bolts 420 can be passed
      through the apertures and be received in threaded perforations of tabs
      416. Alternatively, the bolts 420 can be received in welded or caged nuts
      25 loosely secured at the bottom of tabs 416. The bolts 420 have heads
      402A that interfit flush with the apertures of plate 418 to provide a flat
      surface.
PAR  It will be appreciated that the space 411 of each panel can be the same and
      each bracket 410 can be offset from the middle of the space 41 so that a
      tight interfit between the panels 401 is realized which ensures that an
      assembled floor has maximum strength and resistance to load deflection.
PAR  Also, each panel 401 can be identical and any of the four sides of the
      panels 401 interchangeable. Each bracket 410 can be made from a single
      piece of strip metal with spot weld dimples 430 for ready fitting to the
      sides 409 of the panels 401.
PAR  Numerous modifications have been disclosed and applicant does not intend
      the scope of the invention to be limited except as appears in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An elevated false floor assembly of panels comprising a plurality of
      square panels arranged side-by-side in rows and supported on pedestals at
      their corners to leave a plenum below said floor assembly, said panels
      each having sides with releasable tie means connecting neighboring sides
      of adjacent panels together and said tie means being located intermediate
      the corners of the panels, said panels being load-bearing with spaced
      apart upper and lower metal sheets which are joined together at the outer
      perimeters of said panels, at least some of said panels having a bracket
      with projection means at each of its sides, and said projection means
      comprising spaced apart vertically elongated flanges that extend between
      adjacent panel sides and afford load bearing supports to said panels
      intermediate their corners, said tie means extending through said brackets
      and releasably securing the sides of adjacent panels together, whereby
      both vertical and horizontal deflections of one panel are resisted and
      shared by neighboring panels, said plenum being readily accessible by
      disconnecting said tie means at the upper surface of said floor assembly,
      and said panels being liftable from surrounding assembled panels and
      removable.
NUM  2.
PAR  2. The floor assembly of claim 1, wherein each side of said panels
      comprises an apertured bracket and said tie means includes common bolt
      means that is passed through the brackets of neighboring sides of adjacent
      panels.
NUM  3.
PAR  3. The floor assembly of claim 2, wherein said bolt means is threaded and a
      nut is held on the bottom of said bracket to engage said bolt.
NUM  4.
PAR  4. The floor assembly of claim 1, wherein the outer surfaces of each panel
      side has a bracket affixed thereto and each bracket has projections that
      interfit with the projections of a juxtaposed bracket of a neighboring
      panel side, an upper apertured plate bridging the projections of two
      brackets on adjacent panel sides at their perimeters, said upper plate
      being secured to interconnect said brackets with releasable ties.
NUM  5.
PAR  5. The floor assembly of claim 4, wherein each bracket is comprised of
      three spaced apart substantially vertical projections that define two
      side-by-side recesses and a first recess is wider than the second recess.
NUM  6.
PAR  6. The floor assembly of claim 5, wherein said brackets each have a lower
      perforated tab that bridges at least two of said projections and forms the
      bottom of said second recess, said tie means being bolts that are passed
      through said apertured plate and the perforated tabs of adjacent panels to
      secure same together.
NUM  7.
PAR  7. The floor assembly of claim 4, wherein the perimeters of adjacent panels
      have matching spaces that receive said plate and present a flush surface.
NUM  8.
PAR  8. The floor assembly of claim 1, wherein there are two sets of dissimilar
      panels arranged in checkerboard relationship, each panel of one of said
      sets having an apertured tab member extending outwardly from its upper
      surface at each perimeter thereof and each panel of the other set having a
      bracket at each side thereof, said bracket comprising an upper and a lower
      apertured ear which are in alignment with said apertured tab member, said
      tie means being releasable ties that extend through said member and said
      ears to secure adjacent panel sides together.
NUM  9.
PAR  9. The floor assembly of claim 8, wherein said ties are bolts each of which
      interfits with retaining means at the lower ears of the brackets.
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ABST
PAL  A grating assembly comprises a plurality of inverted T-shaped cross pieces
      2 each having a plurality of slots 3 in the upper flange. The slots have
      convexly curved central walls 4. A plurality of transverse profile bars 1
      have curved lower flange portions 1c that engage in the slot curvatures
      when assembled. The latter is implemented by bending the pieces 2 to open
      the slot mouths and facilitate the bar insertions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a grating composed of interlocking
      longitudinal profile bars and slotted cross pieces. It is intended for
      coverings, sheathings, etc.
PAR  The object of the invention is to produce a grating composed of profile
      parts which are stored individually and can be assembled in the simplest
      possible manner.
PAR  2. Description of the Prior Art
PAR  Gratings of this type are already known. However, costly welding or
      pressing operations are generally required to assemble these gratings.
      Gratings are also known which can be assembled by screwing or bolting them
      together. These can be assembled on the assembly site, but a relatively
      long period of time is required to put them together. The latter also
      consist of a large number of individual parts which makes storage
      difficult.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to produce a grating which can be
      walked on, which consists of a minimum number of individual parts and
      which can be produced economically. It should also meet the required
      standards in terms of providing satisfactory ventilation and should
      possess a suitable form.
PAR  The grating according to the invention is characterized in that the slots
      punched in the cross pieces comprise a hollow defined by curved walls at a
      specific distance from the upper edge 2a. It is further characterized in
      that the longitudinal profile bars are without slots and their parts which
      engage in the slots of the cross pieces comprise a wall part which is bent
      to one side, the convex side of this part resting flexibly against the one
      wall of the slot hollow. The invention is further characterized in that
      the longitudinal profile bars are held in the slots in a form-locking
      manner and are flexibly clamped by virtue of the elastic prestressing of
      the cross pieces.
PAR  By virtue of this configuration, it is possible to produce extruded profile
      bars of specific lengths which can then be cut to the desired lengths as
      necessary. As machine made slots only have to be provided in the cross
      pieces, the cost of producing the gratings is reduced to a minimum.
PAR  The present invention also relates to a process for producing the gratings
      according to the invention. This process is characterized in that the
      slotted cross pieces are elastically bent by clamping them on a convex
      molded body in such a way that the upper sides of the slots are widened.
      The longitudinal profile bars are then inserted into the widened slots.
      The cross pieces are subsequently released and the slots regain their
      original dimensions, thus flexibly gripping the longitudinal profile bars.
PAR  Other objects, features and advantages of the present invention will be
      made apparent from the following detailed description of two preferred
      embodiments thereof provided with reference to the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a first embodiment of a grating.
PAR  FIG. 2 is a cross-section through the grating shown in FIG. 1.
PAR  FIG. 3 is a sectional view along the line III--III in FIG. 2.
PAR  FIG. 4 is a diagrammatic view of an elastically bent cross piece on a
      convex molded body with slightly widened slots for insertion of the
      longitudinal bars.
PAR  FIG. 5 is a cross-sectional view through a second embodiment of a grating
      in an intermediate assembly stage.
PAR  FIG. 6 is a cross-sectional view along the line VI--VI in FIG. 7
PAR  FIG. 6 is a cross-sectional view along the line VI--VI in FIG. 7 through
      the second embodiment in completely assembled form, and
PAR  FIG. 7 is a sectional view along the line VII--VII in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The grating shown in FIGS. 1-3 is composed of longitudinal profile bars 1
      and T-shaped cross pieces 2 which comprise a cross bar provided with slots
      3. The slots 3 of the cross pieces 2 comprise, at a certain distance from
      the upper edge 2a, a hollow having circular wall parts 4. On the other
      hand, the wall parts 5 of the slots 3, which are open at the upper edge
      2a, are disposed parallel to each other and at right angles to the
      longitudinal extension of the cross pieces.
PAR  The longitudinal profile bars 1 comprise a head 1a which projects over the
      upper edge 2a of the cross pieces 2. The part which projects into the slot
      3 consists of a shoulder 1b having parallel side edges and a sectional
      piece 1c. The radius of the convex side of the sectional piece 1c
      corresponds exactly to the radius of the hollow of the wall parts 4 of the
      slot 3, and thus the bent sectional piece 1c can be pressed completely
      against this wall part 4, while its rounded lower end 1d rests on the
      opposite wall part. The spacing A of the parallel wall parts 5 of the slot
      3 is smaller by about 1/10 mm than the width of the shoulder 1b and thus,
      in the assembled state, the longitudinal profile bars 1 are clamped in a
      cushioned manner against the shoulders 1b of the wall parts 5. They are
      also clamped in a force-locking manner in the slots 3 by the bent
      sectional part 1c.
PAR  The grating is extremely simple to assemble. The cross pieces 2 are
      elastically bent on a molded body 6 having a convex surface 6a by exerting
      pressure P on their two ends, without exceeding the elastic limit of the
      material. The mouths of the slots 3, that is, the distances A, are
      slightly widened thereby. The longitudinal profile bars 1 can now be
      placed easily in the slots 3 and the bent part 1c is clamped to some
      extent in the hollow of the slot 3. When the cross pieces 2 are released
      from the molded body 6, they regain their original form and the shoulder
      parts 1b are held fast by the wall parts 5 of the slots 3 owing to the
      fact that the wall parts 5 are slightly smaller than the shoulders 1b.
PAR  When a load is placed on the grating, for example, when someone walks
      across it, the longitudinal profile bars 1 are gripped even more firmly.
PAR  The embodiment according to FIGS. 5-7 differs from the first embodiment
      merely in that the configuration of the cross piece is slightly different.
      The longitudinal profile bars 1 and the configuration of the slots 3 are
      identical with the first embodiment. However, the flange 2b of the cross
      piece 2 is enclosed by a bar 7 having a C-shaped cross-section in such a
      way that there is a gap 8 between the flange 2b of the cross piece and the
      flange part 7a of the bar 7. As represented in FIGS. 6 and 7, wedges 9 are
      then inserted into this gap 8 at both ends of the cross pieces 2. As a
      result, it is possible to ensure that the cross pieces 2 are absolutely
      straight. In this way it is possible to further reduce the difference in
      the value A of the wall parts 5 with respect to the width of the shoulder.
      Upon removal of the molded body 6, the assembled grating is then slightly
      upwardly curved, as represented in FIG. 5. When the bar 7 is then pushed
      onto the flange 7a and the wedges 9 are inserted, the longitudinal profile
      bars 1 are clamped even more firmly than in the embodiment shown in FIGS.
      1-3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A grating composed of interlocking and disassemblable longitudinal
      profile bars and slotted cross pieces, said cross pieces having an upper
      edge and intended for coverings, sheathings, etc., characterized in that
      the slots (3) punched in the cross pieces (2) extend from said upper edge
      and comprise a hollow defined by curved walls (4) at a certain distance
      from the upper edge (2a), in that the longitudinal profile bars (1) are
      without slots and their parts which engage in the slots of the cross
      pieces (2) comprise a wall part (1c) which is bent to one side, the convex
      side of this wall part is elastically compressed and frictionally bound
      against the one wall (4) of the hollow of the slot (3).
NUM  2.
PAR  2. A process for producing the grating as claimed in claim 1, wherein the
      slotted cross pieces (2) are elastically bent by clamping them on a convex
      molded body (6) in such a way that the upper sides of the slots (3) are
      widened and the longitudinal profile bars (1) are then inserted in the
      widened slots and the cross pieces (2) are subsequently released, the
      slots (3) thus being reduced to their original dimensions and clamping the
      longitudinal profile bars (1) in a flexible manner.
NUM  3.
PAR  3. A grating composed of interlocking and disassemblable longitudinal
      profile bars and slotted cross pieces, said cross pieces having an upper
      edge, and intended for coverings, sheathings, etc., characterized in that
      the slots (3) punched in the cross pieces (2) extend from said upper edge
      and comprise a hollow defined by curved walls (4) at a certain distance
      from the upper edge (2a), in that the longitudinal profile bars (1) are
      without slots and their parts which engage in the slots of the cross
      pieces (2) comprise a wall part (1c) which is bent to one side, the convex
      side of this wall part is elastically compressed and frictionally bound
      against the one wall (4) of the hollow of the slot (3), said cross pieces
      having a T-shaped cross section, characterized in that the flange (2b) of
      the cross-pieces (2) is enclosed by a bar (7) having a C-shaped cross
      section and a gap (8), into which wedges (9) are pressed at both ends, and
      is thus formed between the flange (2b) of the cross piece and the flange
      (7a) of the C-shaped bar (7).
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PAL  This modular building wall unit comprises a hard foam layer and a concrete
      layer intimately bonded to each other along an interface between the
      layers. A reinforcing wire mesh matt is embedded in the hard foam layer
      and reaches with anchoring elements into the concrete layer which may also
      have embedded therein a further wire mesh matt. The present units are cast
      in a mold by first keeping the mold horizontally and filling it partially
      with the hard foam. When the hard foam is sufficiently cured, the mold is
      brought into a substantially upright position, closed and filled with the
      concrete mix. Of course, a top portion is left open for the filling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a modular building wall unit and a method
      for making such unit. Preferably, the present wall units are suitable as
      load supporting wall elements made of hard foam material and concrete.
PAR  Prior art wall elements are constructed in the form of sandwiches
      comprising three layers. One of these layers forming the outer surface of
      the element is made of cement bonded light weight structural materials
      which simultaneously may form a supporting surface for plaster or stucco
      work. In the alternative the outer layer is suitable for attachment
      thereto of wood paneling or the like. The intermediate layer of these
      prior art structural elements comprises either foamed or inserted
      insulating material. The third layer which is the inwardly facing layer
      usually comprises a panel of sheetrock or the like. The first mentioned
      outwardly facing layer usually comprises so called light weight concrete.
      Light weight concrete is known as a combination of porous mineral
      components bonded to each other by hydraulically effective bonding means,
      such as cement, whereby the structural components such as prefabricated
      concrete slabs or the like confine a certain proportion of hollow spaces.
      Slabs or plates of this so called light weight concrete have a weight
      ranging betwen about 0.8 to 1.4kg/dm.sup.3. By employing a steam hardening
      or curing process the weight of such light weight structural elements may
      still further be reduced to about 0.45kg/dm.sup.3.
PAR  The above mentioned intermediate layer of insulating material comprises,
      for example, foam materials of the polyurethane type which are covered up
      even before curing with the sheetrock panel, the outer surface of which
      provides a surface which may be painted or which is suitable for paper
      hanging.
PAR  A significant disadvantage of the prior art structural elements as
      described above is seen in that they are suitable only for insertion into
      a supporting frame structure because these elements of aerated concrete
      are practically not capable of taking up any practically useful statical
      loads.
PAR  The foregoing disadvantage has been recognized heretofore. Thus, German
      Patent Publication 2,145,978 discloses a sandwich type structural element
      which comprises an outer layer formed by a reinforced concrete slab or
      plate. The production of this type of element has the drawback that the
      reinforced concrete slab must be dry in order to provide the necessary
      bonding with the subsequently applied intermediate layer of foam material,
      such as polyurethane foam.
PAC  OBJECTS OF THE INVENTION
PAR  In view of the above, it is the aim of the invention to achieve the
      following objects singly or in combination:
PAR  to avoid the drawbacks of the prior art, more specifically to avoid the
      three layer type of sandwich construction and to provide a two layer
      structural element which may be used as a structural supporting element
      without the need for the use of a supporting frame structure;
PAR  to assure that the outwardly facing surfaces of the two layer structure are
      sufficiently smooth for the intended purposes of forming an outwardly
      facing surface and an inwardly facing surface in a building without the
      need for a subsequent working of the surfaces of the finished wall unit to
      provide said desired smoothness;
PAR  to combine a conventional concrete mixture with a so called hard foam
      having a specific weight within the range of about 20 to 80kg/m.sup.3 and
      a compressive strength or crush resistance within the range of at least
      1kg/cm.sup.2 up to 300kg/cm.sup.2 ;
PAR  to combine concrete mix with hard foam materials which are known as such
      and which have closed cells, relatively fine pores, as well as a
      temperature stability within a range of -200.degree. C to about
      120.degree. C;
PAR  to combine in a structural unit a concrete mix and a foam material having
      good dielectric characteristics and which is resistant to gasoline,
      mineral oils, aliphatic hydrocarbons, non-concentrated acids, lyes, water
      and soil;
PAR  to employ for the purposes here disclosed a hard foam material which
      comprises within its structure fire-proof components or components which
      reduce the inflammability of the foam material;
PAR  to employ a foam material which is water repellent but at the same time has
      a good vapor diffusion factor, so that active breathing is possible, said
      vapor diffusion factor also permitting the covering of the surfaces of
      these wall units by means allowing for such active breathing;
PAR  to produce a two layer structural wall element in a mold in such a manner
      that both of its outwardly facing surfaces are sufficiently smooth; and
PAR  to provide a two layer structural wall unit which in addition to being
      capable of taking up substantial loads, also provides an optimum heat
      insulation and protection against climatic influences.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a structural wall unit
      comprising one layer of hard foam material having a compression strength
      in the range of 1 to 300kg/cm.sup.2 and a further layer of concrete mix.
      The two layers are intimately bonded to each other and the foam layer is
      reinforced by a steel wire mesh mat embedded in the foam layer and
      reaching with anchoring elements into the concrete layer. Preferably, a
      further reinforcing steel wire mesh mat is also embedded in the concrete
      layer and the two mats may be interconnected by said anchoring means to
      form a reinforcing cage. The foam layer has an outer surface which is
      especially suitable to face outwardly when installed in a building so as
      to be exposed to the elements. The concrete layer also has an outwardly
      facing surface suitable for conventional interior decorating such as paper
      hanging or painting. Both outwardly facing surfaces are smooth so that
      subsequent working of these surfaces is substantially avoided according to
      the invention by forming these wall units in a mold which is first
      maintained in a horizontal position to receive the hard foam material. As
      soon as the hard foam material is sufficiently cured or hardened, the mold
      is closed and brought into a substantially vertical position, whereupon it
      is filled with the second layer formed by a suitable concrete mix.
PAR  The layer of hard foam material may initially be cast with a raised edge
      extending, as desired, all around the margin of the hard foam layer,
      whereby these raised edges and the hard foam layer form a lost casing, so
      to speak for the subsequently cast concrete layer filled into the space
      formed by said raised edges.
PAR  In the formation of the present structural units, the mold is first filled
      with a portion of the hard foam material, whereupon the reinforcing means
      such as a wire mesh mat is inserted. Thereafter, the remaining portion of
      the hard foam material is filled into the mold. In order to properly
      locate a further reinforcing means for the concrete layer, it is possible
      to provide hard foam support lugs protruding above the surface of the hard
      foam layer in predetermined locations over the entire surface of the hard
      foam layer. These lugs may have any suitable spacing from each other
      depending on the type of reinforcements to be embedded in the concrete
      layer.
PAR  Hard foam materials of polyurethane type reach their final material
      strength and density after a relatively short time, for example, 15
      minutes at the most whereupon the concrete may already be poured into the
      mold without any damage to the foam layer.
PAR  Incidentally, the raised edges of the hard foam layer may be formed by
      inserting into the mold respective casing means such as cardboard strips
      or the like which may either be removed after the foam has set or which
      may form a lost casing which will remain in the final product. The raised
      edges may have a height corresponding to the entire width of the wall unit
      or these raised edges may have a height corresponding to a portion of the
      entire width.
PAR  It will be appreciated that the present wall unit is suitable to be used
      either with the hard foam layer facing outwardly to form the outer facade
      of a building or the concrete layer could face outwardly to form the outer
      building facade. In any event, the bond between the hard foam layer and
      the concrete layer is so intimate in structure that the sandwich
      construction employed heretofore is not neccesary.
PAR  The hard foam material, especially where it also covers the lateral sides
      of the concrete layer and the lateral sides of any openings in the
      structural units provides such a good insulation that condensation will
      not occur along the interface between the concrete layer and the hard foam
      material layer. The heat insulation is effective in both directions;
      namely, from inside the building outwardly and from the outside of the
      building inwardly.
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PAC  BRIEF FIGURE DESCRIPTION
PAR  In order that the invention may be clearly understood, it will now be
      described, by way of example, with reference to the accompanying drawings,
      wherein:
PAR  FIG. 1 is a sectional view through a structural unit according to the
      invention still in the mold; and
PAR  FIG. 2 is a sectional view through a structural unit according to the
      invention and removed from the mold.
DETD
PAC  DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
PAR  The mold shown in FIG. 1 comprises a base plate 1 surrounded by side walls
      2. The mold may have dimensions to form a standardized structural wall
      unit having a width of 2.6 meters, a length of 4.8 meters and a thickness
      of 15 centimeters. Preferably the bottom of the mold and the inwardly
      facing surfaces of the mold side walls are lined with a sticking
      preventing material, for example, a Teflon layer 3. TEFLON is a registered
      trademark. A Teflon liner 4 is also provided along the inner surfaces of
      the side walls 2 of the mold.
PAR  A core 6 is inserted into the mold to provide openings in the wall unit,
      for example, door or window openings or the like. The core 6 may be
      located in any position within the mold. In order to raise the sides 8 of
      the hard foam layer 9 there are provided casing means 7, for example,
      cardboard strips or wooden moldings which may be either arranged as lost
      casing means, if desired, or the casing means 7 may be removed as soon as
      the hard foam of the raised sides 8 has sufficiently hardened.
PAR  Initially the mold is maintained in a horizontal position when the foam
      material for the foam layer 9 and the foam sides 8 is poured into the
      mold. First only a portion of the foam material is introduced into the
      mold to form a layer of for example, 2 centimeters. Incidentally, the foam
      may have a specific weight of about 50kg/m.sup.3. After the first layer of
      hard foam material, such as polyurethane has been poured and before this
      layer is set, a reinforcing means such as a wire mesh mat 10 is placed
      onto the foam whereupon more hard foam material is introduced into the
      mold to embed the reinforcing mat 10 in the foam. The foam mat 10 is
      provided with anchoring means such as wire portions 11 bent out of the
      plane of the mat 10. The foam layer with the wire mat 10 embedded therein
      may have, for example, an entire height of 3.5cm and the raised sides 8
      may have a height of, for example, 15cm. The pouring of the sides 8 is
      best accomplished when the layer 9 has slightly cured so as to prevent
      flowing of the foam material out of the lost casing means 7. Hardly any
      waiting time results in this respect because the setting takes place
      rather rapidly. Accordingly, the concrete layer 12 may be poured already a
      few minutes after the pouring of the foam layer. The conncrete mix for the
      layer 12 may be of any suitable mixing ratio, however, it has been found
      that the standard quality known under the term B-300 is quite suitable for
      this purpose. The mixing ratios for the so called B-300 mix are disclosed
      by the German Industrial Standards (DIN). Initially sufficient concrete
      mix is introduced into the mold to form a layer of about 2cm, whereupon,
      if desired, a further reinforcing steel wire mesh mat 13 may be placed
      onto the initial concrete mix layer. If desired, the anchoring means 11
      may be connected to the further mat 13, thus forming a sort of cage with
      the first mentioned mat 10. After the embedding of the mat 13 light weight
      material cores 14 may be inserted in one or several positions of the wall
      unit. Thereupon the mold is completely filled and the top or outer surface
      of the concrete layer is screeded off against the edges or side walls of
      the mold. Thus, a smooth outwardly facing surface is provided for the
      concrete layer 12.
PAR  The light weight material cores 14 may, for instance, be made of Styropor
      (RTM) and preferably these cores will have dimensions of about 5 by 30cm.
      The thickness of the concrete layer between the cores 14 and the foam
      layer 9 will preferably be about 4cm.
PAR  As a preferred modification of the manufacturing process according to the
      invention, the molds may be closed by a cover member (not shown) as soon
      as the hard foam material 9 has sufficiently set, whereupon the molds are
      brought into a substantially upright position and filled with the concrete
      mix. In that instance, the upper side wall of the mold is wholly or
      partially removed in order to provide an inlet for the pouring of the
      concrete mix. Due to the contact of the concrete mix with the smooth
      surface of the cover member, the outwardly facing surface of the concrete
      layer 12 will have the desired smooth surface without any screeding.
PAR  A structural wall unit constructed as taught by the present invention, may
      have for example, standardized dimensions of 4.8m by 2.6m by 15cm. Such a
      unit, if it does not have any window or door openings may have, for
      example a weight of 4.7 to 4.9 tons and is thus easily transportable and
      movable with the conventional construction machinery, such as construction
      cranes and the like.
PAR  It will be appreciated that the weight of the individual structural units
      may be varied by the number and size of the light weight cores 14.
PAR  FIG. 2 illustrates a wall unit according to the invention after it has been
      removed from the mold. The same elements have been designated by the same
      reference numerals. The outwardly facing surface of the foam layer 9 is,
      for example, provided with a protective layer 15 such as a protective
      paint coating or the like which protects the hard foam material 9, for
      example, against ultraviolet radiation or other light radiation. Radiation
      protective means may also be mixed into the initial foam material 9, as is
      known in the art.
PAR  The protective layer 15 may also be provided by a structural means which
      defines the appearance of the outer surface of the foam layer 9. Such
      structural means would become an integral part of the wall unit and could,
      for instance be formed as decorative grids or shapes of aluminum of
      different colors and the like. Similarly, the outwardly facing layer of
      the concrete layer 12 may also be formed or decorated by structural means
      which become an integral part of the structural surface of the concrete
      layer 12. Such structural surface forming means will be inserted into the
      mold prior to the pouring of the foam layer and prior to the pouring of
      the concrete layer.
PAR  Although the invention has been described with reference to specific
      example embodiments, it will be appreciated, that it is intended to cover
      all modifications and equivalents within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A modular load bearing building wall unit comprising a hard foam layer
      having an inner surface and an outer surface, a concrete layer intimately
      bonded to said inner surface of said hard foam layer, a reinforcing wire
      mesh mat embedded in said hard foam layer and having wire portions
      extending from the plane of said first mat into said concrete layer for
      intimately bonding said foam layer to said concrete layer, said wire mesh
      mat being completely covered all around by said foam layer at both sides
      thereof, and core elements of a material lighter than the material of said
      concrete layer, said core elements being completely embedded in said
      concrete layer.
NUM  2.
PAR  2. The building wall unit of claim 1, comprising a further wire mesh mat
      completely embedded in said concrete layer whereby said wire portions of
      said first mentioned wire mesh mat extend into said concrete layer beyond
      said second wire mesh mat.
NUM  3.
PAR  3. The building wall unit of claim 1, further comprising radiation
      protection means on the surface of said hard foam layer.
NUM  4.
PAR  4. The building wall unit of claim 1, wherein the outer surface of said
      hard foam layer constitutes a weather resistant surface.
NUM  5.
PAR  5. The building wall unit of claim 1, further comprising surface structure
      forming means as an integral part of the outer surface of said hard foam
      layer and of said concrete layer.
NUM  6.
PAR  6. The building wall unit of claim 1, wherein the sides of said concrete
      and foam layers away from the sides in contact with each other are smooth.
NUM  7.
PAR  7. A modular load bearing wall unit comprising a hard foam form member
      forming a part of said wall unit and a concrete layer intimately bonded to
      said form member, said form member comprising a layer of hard foam
      material having rim portions extending from one surface at the edges
      thereof, a first wire mesh mat embedded in said layer of foam material and
      having wire portions extending from the plane of said first wire mesh mat
      through the surface from which said rim portions extend, said concrete
      layer being in intimate contact with said one surface substantially
      throughout its extent, whereby said wire portions extend thereinto for
      bonding said form member to said concrete layer, said concrete layer
      having a thickness equal to the height of said rim portions of said foam
      member, said first mesh mat being completely covered by the foam material
      of said form member at the other surface of said layer.
NUM  8.
PAR  8. The building wall unit of claim 7, wherein said wall unit has openings
      extending completely therethrough, said form member having rim portions
      extending from said layer of foam material having a height equal to the
      thickness of said concrete layer and lining said opening.
NUM  9.
PAR  9. The building wall unit of claim 7, further comprising lost casing
      molding strips between said rim portions and the adjacent sides of said
      concrete layer.
NUM  10.
PAR  10. The building wall unit of claim 7, wherein the surfaces of said
      concrete layer and layer of said foam material opposite said one surface
      of said layer of foam material are substantially smooth.
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ABST
PAL  A formed panel having a relatively thin headlap underlay portion and a
      relatively thick exposure overlay portion with water control channels and
      built-in assembly guides.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 385,992
      filed Aug. 6, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to roofing and siding panels and more
      particularly to a system of prefabricated formed panels which are adapted
      to be arranged to provide a multiple-ply sealed weather-tight surface
      covering.
PAR  2. Description of the Prior Art
PAR  Wood shingle, shake, and ceramic or clay tile roofing have been used as
      roofing for many years because if applied correctly they are moderately
      successful in sealing against rain. The huskness of their appearance,
      pleasing shadow lines and patterns give them considerable decorative
      appeal. However, these materials are costly and require a great deal of
      highly skilled labor for application. In addition, these materials are
      heavy, requiring strong support, and weather tightness and durability are
      often unsatisfactory.
PAR  Composite roofing units have been developed in a variety of forms, but they
      usually do not provide the decorative appearance of shingle, shake, and
      tile configurations. Moreover, the butt joint and shallow overlap
      frequently used with these units, even when combined with complicated
      sealing arrangements, generally are suitable for use only on steeply
      pitched surfaces. In addition, existing roofing products can be easily
      misapplied, even with normal inspection, thereby significantly decreasing
      their weatherproofing ability and durability. Also, with the increased use
      of house and commercial environment conditioning, improved insulation is
      required. The existing roofing products give rain and wind protection but
      provide almost no insulation value.
PAR  Hence, a need exists for a lightweight durable roofing system which is
      economical, has a variety of decorative surfaces, is easily and accurately
      laid on low-pitch as well as high-pitch surfaces, and which provides a
      major increase in insulation value over existing systems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a formed panel which permits a plurality thereof
      to be systematically assembled to provide roofing and siding surface
      coverings.
PAR  Such panels are molded in an elongated and generally rectangular plate
      configuration of a low density material and having a relatively thick
      overlay exposure portion adjacent the butt end and a relatively thin
      underlay headlap portion adjacent the head end. The panel is tapered in
      thickness from the butt end of its exposure portion to the head end of the
      headlap portion and the width of the headlap portion is greater than the
      width of the exposure portion in overlap. A rigid ornamental configuration
      is formed on the exposure portion of said panel, and a shoulder is formed
      at the head end of the exposure portion at the junction with the headlap
      portion.
PAR  A plurality of water control grooves are provided in the panel and these
      include a plurality of grooves extending from the shoulder to the butt end
      of said exposure portion. A second plurality of grooves is formed in the
      top surface of the headlap portion of the panel with each disposed to run
      from an intermediate terminus on the headlap portion to the shoulder
      whereby water runs down the roof panel and then is distributed along said
      shoulder and further runs down the panel through the grooves in the
      exposure portion.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an important object of the present invention to provide
      economical roofing and siding panels which are inexpensive to manufacture
      through utilization of mass production manufacturing techniques and
      materials.
PAR  Another object of the invention is to provide roofing and siding panels
      which are self-aligning and can be simply and accurately assembled to
      provide weathertight roofing and siding systems by a lower skill of labor
      than is required for present conventional roofing materials.
PAR  A further object of the invention is to provide roofing and siding panels
      which may be arranged in a double-ply sealed relation to provide weather
      tightness and strength even on low-pitched building surfaces, and in a
      partial triple-ply sealed relation to permit double nailing of each panel
      to assure resistance to wind damage.
PAR  Still another object of the invention is to provide roofing and siding
      panels which may be formed of expandable or low-density materials to
      provide a wide variety of low weight decorative exposure surfaces of high
      insulation value.
PAR  Still a further object of the invention is to provide roofing and siding
      panels which upon assembly as a surface covering define water control
      channels to improve weather tightness.
PAR  And yet another object of the present invention is to provide a roofing
      panel which covers a relatively large surface area for each unit layed
      thereby simplifying installation and reducing labor costs.
PAR  And yet a further object of the present invention is to provide roofing and
      siding panels which insure accurate assembly by providing alignment stops
      and cutting guides, whereby upon visual inspection any flaws in
      application will become immediately obvious.
PAR  Other features and advantages are inherent in the invention claimed and
      disclosed or will become apparent to those skilled in the art from the
      following detailed description of the preferred embodiment when taken in
      conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a roofing and siding panel constructed in
      accordance with an embodiment of the present invention;
PAR  FIG. 2 is a sectional view of FIG. 1 taken along line 2--2.
PAR  FIG. 3 is a top plan view of the panel of FIG. 1 showing the water control
      and self-alignment features in detail;
PAR  FIG. 4 is a perspective view of a ridge cap panel structure constructed in
      accordance with an embodiment of the present invention;
PAR  FIG. 5 is a partial vertical end view of an assembled lower roof utilizing
      multiple panels of FIG. 1;
PAR  FIG. 6 is a partial vertical end view of an assembled ridge portion of a
      roof utilizing multiple panels of FIG. 1 and the ridge cap of FIG. 4;
PAR  FIG. 7 is a partial plan view of an assembled roof utilizing multiple
      panels of FIG. 1 and diagrammatically showing examples of water drainage
      control thereon;
PAR  FIG. 8 is a top plan view of a further preferred embodiment of the panel of
      FIG. 1 showing a modified water control system;
PAR  FIG. 9 is a partial plan view of an assembled roof utilizing multiple
      panels of FIG. 8 and diagrammatically showing examples of water drainage
      control thereon;
PAR  FIG. 10 illustrates the standard double coverage roof; and
PAR  FIG. 11 illustrates the single coverage roof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The basic configuration of the roofing and siding panels of the invention
      is illustrated by a preferred embodiment shown in FIG. 1 of the drawings.
      Panel 11 has a generally rectangular plate configuration in which the
      major dimension, length, extends horizontally. (FIG. 3) The embodiment is
      constructed with a generally rectangular relatively thick lower overlay
      exposure portion 13 and a generally rectangular relatively thinner upper
      underlay headlap protion 15. The exposure portion has formed on the
      surface thereof a ridged configuration 16 simulating a wooden split shake
      shingle surface. The ridged surface 16 has a plurality of randomly spaced
      vertical accent grooves 23 formed therein which simulate the spaces
      between shakes on a shake roof. The grooves 23 appear to be randomly
      spaced but are accurately positioned so that adjacent courses of panels
      will not have aligned grooves 23.
PAR  The juncture between panel portions 13 and 15 is defined by a sharply
      projecting ridge or shoulder 17 which is the upper edge of the exposure
      portion 13 and serves as a vertical alignment stop during installation and
      as a water flow control as described more fully hereinafter.
PAR  The panel portions 13 and 15 generally taper in thickness from the lower
      relatively thick butt end 19 of exposure protion 13 to the upper thinner
      head end 21 of headlap portion 15 with the thickness changing abruptly at
      shoulder 17. However, the exposure portion 13 of the panel may have a
      uniform thickness to provide a particular decorative effect, such as tile,
      if desired. The width of the headlap portion 15 from head end 21 to
      shoulder 17 is preferably made somewhat greater than that of exposure
      portion 13 from the butt end 19 to the shoulder 17 for reasons set forth
      below.
PAR  Alignment/cutting lines 31 are imprinted into the back surface of the
      panel. The lines 31 run vertically from head end 21 to the butt end 19 and
      are located one-third of the length of the panel in from each end. The
      lines 31 serve as a sidelap gauge during assembly of a roof or siding
      surface.
PAR  While a rough cut wooden shake shingle design is shown on the exposure
      portion of the preferred embodiment, a wide variety of other ornamental
      surface configurations can be similarly provided. For example: ceder
      shingles; cordova and ceramic tiles; light, medium, rough and super rough
      shakes; slate, pebbled, graveled and corrugated surfaces; and many other
      ornamental designs can be simulated.
PAR  The panels of the invention may be provided in varying standard lengths,
      and the exposure portion 13 may be provided in various widths measured
      from shoulder 17 to butt end 19. Headlap portion 15 is made wider than the
      exposure portion 13 by at least about 11/2 inches and preferably at least
      about 2 inches, to provide the multiple-overlap feature discussed below.
      In the preferred embodiment, the panels are standardized at 48 inches in
      length and 22 inches in width with the exposure portion 13 being 10 inches
      from butt end 19 to shoulder 17 and 12 inches from shoulder 17 to head end
      21. The thickness of the various panel portions are varied over a
      considerable range so as to accommodate various depth requirements imposed
      by the nature of the ornamental ridge configuration 16 impressed on
      exposure portion 13.
PAR  Reference is made to FIG. 2 of the drawings for a more detailed
      illustration of a panel constructed in accordance with a preferred
      embodiment of the present invention. The average thickness of the butt end
      19 of the panel 11 is represented by the distance from B to E but may vary
      in the range from E to C or A. The average thickness of the preferred
      embodiment E to B is approximately 1-3/8 inches, and that of the head end
      21 is approximately 1/8 inches. The thickness E to D is usually about 3/4
      of an inch. This is from the bottom of the accent groove to the back of
      the panel. The accent groove is usually at least 1/4 of an inch deep in
      the surface.
PAR  The panel is also provided with a water control system which includes a
      plurality of substantially parallel channels or grooves. A first set has
      grooves which extend from a terminus intermediate the headlap portion 15
      to shoulder 17. The grooves are very shallow where they originate at their
      terminus near the head end 21 and get progressively deeper to
      approximately 3/16 inch at the lateral groove 27. Another set of grooves
      extends from shoulder 17 to the butt end 19 of exposure portion 13. The
      thickness of the panel at butt end 19 from the bottom of water control
      groove 23 to the underside of the panel is approximately 1/4 inch, the
      distance from D to E, and the grooves at that point are usually in excess
      of 1/4 inch. For added strength, a reinforcement 25 made of fiberglass or
      a metal mesh may be incorporated into the whole underside of the panel.
PAR  The water control channels are more readily understood when FIG. 3 is
      considered. The headlap water control channels 29 terminate about 2 inches
      from the head end 21 of the panel and 2 inches from the one-third length
      alignment lines 31 located on the back of the panel. Thus when assembled
      on a roof or siding, the abutting ends of the panels of an upper course
      will be disposed directly over the alignment line 31. Rainwater passing
      through the junction of the abutting panels will be moved outward to the
      control channels 29 and carried to the lateral groove 27. The water is
      then carried by the accent grooves 23 to the next lower course of panels.
      Thus by traveling down the exposure portion 13 of the water flow control
      channels described above, all water impinging on the roofing panel system
      will be conducted to the lower edge of the system. This water control
      feature allows installation on very low sloped or pitched roofs without
      special underlay provision. FIG. 7 shows this feature in more detail.
PAR  The panels can either be glued to the roof surface and/or nailed thereto as
      shown in FIG. 5. In either case, it is preferable to use a seal 33 between
      the panels to secure the lower surface of the overlapping panel to the
      upper headlap portion of the underlapping panel. Such a seal is
      particularly desirable in areas where wind stability of the panels is
      important. A sealant applied during installation, a heat activated glue,
      or contact cement can be placed on the panel parallel to shoulder 17 and
      disposed apart therefrom on the headlap portion 15.
PAR  The panels of the invention may be fabricated by molding or coating low
      density thermosetting or thermoplastic rigid or semi-rigid resins and
      plastics, expandable plastic foams, low density fiberous concrete
      formulations, cellular glass or other suitable materials. For organic
      resin materials, densities in the range of about 2 to 5 pounds per cubic
      foot are generally suitable. Densities in the lower range are preferred
      since the cost is lower and adequate strength and excellent insulation
      factors are obtainable.
PAR  Preferred materials for fabricating the panels include expandable foam,
      cast polyurethane, polyester, phenol aldehyde, polystyrene epoxy and
      similar setting type organic resin foam materials in fire-resistant or
      fire-retardent formulations.
PAR  Foamed plastics of the type generally available do not possess notable
      weather resistance when exposed to sunlight. Accordingly, at least those
      portions of the panel exposed to sunlight upon installation and the
      headlap portion 15 are coated with an appropriate sunlight and weather
      resistant material such as chlorsulfonated polyethylene (Hypalon),
      polychloraprene (Neoprene), polyvinyl holugen (e.g., polyvinyl chloride)
      butyl rubber, silicone resin or rubber, epoxy resin, and similar weather
      and sunlight resistant materials either sinularly or in combination. These
      materials may be applied to the molds prior to casting the panels or
      applied to the panels after they have been formed. They may be applied by
      spraying, rolling or dipping. In addition to providing protection to the
      panels, the coatings add strength, and abrasion and fire resistance. The
      coatings may be colored and textured for desirable decorative effects. Cut
      surfaces exposed when installing a roof or siding, or damaged areas, may
      be covered with the coating at the site.
PAR  The panels may be assembled to provide a roof or siding covering as shown
      in FIGS. 5-7 of the drawings. For example, the roof structure may include
      rafters 35, facia plate 37, ridge beam 39, and suitable sheathing such as
      plywood 41 in accordance with common practice. If desired, a vapor barrier
      (not shown) may also be used, the usual valley and other flashing (not
      shown) may be used as appropriate.
PAR  FIG. 11 illustrates a typical single coverage roof (overlap principle) with
      the minimum side and head laps characteristic of the system. FIG. 10 shows
      the preferable double coverage roof but there is only single lap coverage
      in the slots between the units. This is also true of 3 in 1 tabbed asphalt
      strip shingles.
PAR  At the outset of assembly, a starter course may be installed by nailing a
      row of starter panels 43 at the bottom edge of the roof at least 2 inches
      back from the eaves. Starter panels 43 may comprise headlap portions 15
      detached from exposure poritons 13 of the panel with the cut edge sealed
      with an appropriate surface coating or other equivalently fabricated
      sections. A first row of roofing panels 45 is then applied in abutting
      relation over the row of starter panels 43 and fastened with nails 47
      driven through roofing panel 45 above shoulder 17 in order to pierce the
      upper head end of starter panel 43 thereby anchoring both the roofing
      panel and starter panel to the wood sheathing 41. The second and
      successive rows of roofing panels 49, disposed in an endwise abutting
      relationship, are applied in a similar fashion with the butt end 19 being
      positioned against or uniformly spaced from the stop ridge or shoulder 17
      of the preceeding course which serves as a guide to facilitate elevational
      positioning of the panels as they are applied.
PAR  In addition, each successive row of roofing panels may be staggered or
      offset with respect to the vertical or butt edges of the preceding row of
      panels, e.g., the left-hand edge of each successive course of panels may
      be horizontally positioned one-third of a panel length away to the right
      or left of the edges of each panel in the preceding course. This offset
      relation assures that the abutting joints of successive courses never
      coincide. Thus, the design pattern is maintained and the vertical joints
      between abutting panels in the same course are disposed over a solid
      portion of the headlap portion 15 of the preceding course, thereby
      controlling water flow and avoiding water leakage.
PAR  To stagger the panels as described above, the alignment/cutting line 31 may
      be used. For example, a one-third length panel may be made by cutting the
      panel on the right cutting line. By installing this one-third length panel
      above the first course, and on the left edge of the roof, all succeeding
      panels of that course will be automatically staggered one-third of a panel
      to the right of the panels in the first course.
PAR  The last course of panels is terminated at the ridge line preferably by
      having the entire headlap portion 15 positioned thereat, but the headlap
      or exposure portions may be horizontally cut at any point since the ridge
      line 15 is capped by a ridge cap 51 in order to maintain roof appearance.
      The ridge cap 51 as shown in FIG. 4 is applied as shown in FIG. 6. Ridge
      caps may be fabricated of cut sections of the panels or they could be a
      prefabricated item. All cut surfaces are coated with the surface coating
      material to prevent sunlight degradation as described earlier. The ridge
      caps may be nailed into position and a sealant, glue or cement, may
      additionally be used as with the panels.
PAR  It will be seen that the present invention accomplishes all of the objects
      attributed thereto. The panels may be manufactured in relatively large
      sections of lightweight materials which facilitate handling and
      installation. A unique water flow control system combined with the long
      established double and triple overlap principle insure weathertight
      installation even on very low-pitched roofs. The alignment shoulder and
      cutting lines provide a method for accurate and easy installation which
      can be readily inspected for correctness. The relatively thick panel
      allows a wide variety of decorative surface effects and provides excellent
      insulation for energy conserving comfort.
PAR  The foregoing detailed description of the preferred embodiment has been
      given for clearness of understanding only and no unnecessary limitations
      should be understood therefrom except as may be necessitated by the
      appended claims since modifications will be obvious to those skilled in
      the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A panel for a roofing system comprising
PA1  an elongated and generally rectangular panel plate molded of a low density
      organic resin foam material, said panel having a relatively thick overlay
      exposure portion adjacent the butt end and a relatively thin under lay
      headlap portion adjacent the head end, said panel being tapered in
      thickness from the butt end of its exposure portion to the head end of the
      headlap portion and the width of the headlap portion being greater than
      the width of the exposure portion in overlap,
PA1  an ornamental configuration formed on the exposure portion of said panel,
PA1  a shoulder formed at the head end of the exposure portion at the junction
      with said headlap portion, and
PA1  a plurality of water control grooves including
PA2  a plurality of grooves extending from said shoulder to the butt end of said
      exposure portion,
PA2  a plurality of grooves formed in the top surface of the headlap portion of
      said panel with each disposed to run from an intermediate terminus on said
      headlap portion to said shoulder, said shoulder having a plurality of
      water distributing grooves disposed in said headlap portion to run
      laterally across said panel adjacent said shoulder interconnecting the
      grooves formed in said headlap portion with the grooves in said exposure
      portion whereby water can run down the roof panel and then be distributed
      along said shoulder to further run down the panel through the grooves in
      said exposure portion, each of said lateral grooves extending for only a
      portion of the width of said panel and not interconnecting and not running
      to the edges of said panel whereby water can flow laterally across only a
      portion of said panel and not to the edges of said panel thereby
      preventing it from flowing along said shoulder to the gaps between the
      panels.
NUM  2.
PAR  2. The roofing panel of claim 1 wherein the plurality of water control
      grooves are generally parallel and are disposed to permit water run down
      the fall line of the roof and the lateral water distributing grooves are
      each formed to distribute water from only approximately one-fourth to
      one-third of the water control grooves formed in said headlap portion.
NUM  3.
PAR  3. The roofing panel of claim 1 wherein a sunlight and weather resistant
      coating is disposed on at least the exposure portion of the top surface of
      said panel.
NUM  4.
PAR  4. The roofing panel of claim 1 wherein cutting guide lines are embossed on
      the back surface of said panel parallel to the vertical edges thereof
      dividing said panels into uniform sections for facilitating the uniform
      cutting thereof.
NUM  5.
PAR  5. A panel for a roofing system comprising
PA1  an elongated and generally rectangular panel plate molded of a low density
      organic resin foam material including,
PA2  an overlay exposure portion defined at the lower edge by the butt end, said
      exposure portion upper surface having an ornamental configuration,
PA2  an underlay headlap portion defined at the upper edge by the head end, and
      being wider in overlap than said exposure portion,
PA2  a shoulder formed at the junction of the two portions on the head end of
      the exposure portion, said panel being tapered down from its butt end to
      its head end in cross-section thickness,
PA1  a water control system including
PA2  a plurality of substantially parallel water control grooves running from a
      terminus intermediate the top surface of the headlap portion to the
      shoulder of said panel,
PA2  a plurality of substantially parallel grooves extending from said shoulder
      to the butt end of said exposure portion,
PA1  a plurality of lateral water distributing grooves formed in said headlap
      portion adjacent said shoulder interconnecting the grooves formed in said
      headlap portion with the grooves in said exposure portion, said lateral
      water distributing grooves not interconnecting and not running to the
      edges of said panel and each being formed to distribute water from only
      one-fourth to one-third of the water control grooves formed in said
      headlap portion,
PA1  a sunlight and weather resistant coating disposed on at least the exposure
      portion of said panel to protect said low density material from
      deterioration, and
PA1  cutting marks embossed on the back surface of said panel plates parallel to
      the vertical edges thereof to divide the panels into uniform sections
      between said lateral water distributing grooves to both facilitate the
      uniform cutting thereof and to provide a means for vertical alignment of
      adjacent panels.
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ABST
PAL  A pair of panels is located substantially in a common plane, the panels
      having juxtaposed edge portions bounded by edge faces which define with
      one another an elongated gap. Elastically yieldable sealing strips overlie
      the gap and the edge portions at opposite sides of the common plane, and
      pressure-exerting elements press these sealing strips into sealing
      engagement with the edge portions in order to seal the gap.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a gap-sealing structure, and
      more particularly to such structure which is especially suitable for
      sealing the gaps between the panels of roofs and the like.
PAR  Building roofs must be tightly sealed against the entry of moisture, a
      problem which presents particular difficulties where flat roofs are
      involved. Unlike inclined roofs where a roof covering can be overlapped so
      that water which runs down over the roof cannot enter into gaps between
      adjacent roof covering elements, this is not possible in flat roofs.
      Heretofore, flat roofs were usually sealed by placing upon them several
      layers of roofing felt which are adhered together. Usually, a layer of
      gravel is then placed on top to protect the roofing felt against
      deterioration as much as possible.
PAR  Another approach that has become known in the prior art is to cover the
      entire roofing surface with watertight foils, for instance of synthetic
      plastic material. In this case also the roof is usually provided with a
      final layer of gravel in order to protect the foil against the damaging
      influences of the ambient atmosphere, and also to prevent the foil from
      being lifted off in the event of high winds.
PAR  Both of these prior-art approaches are highly successful, and as a general
      rule will provide the desired sealing of the roof. They do, however, have
      certain disadvantages. In particular, roofs which are so covered cannot
      support any significant weight and cannot, therefore, be used as patios,
      terraces or the like. This can cause a substantial loss of potentially
      available valuable space. Another difficulty is the fact that these roofs
      are relatively expensive in terms of the material costs involved, as well
      as the time and labor expenses for installing them. Another disadvantage
      results from the inclusion in the roofing substances of organic materials
      which are subject to destruction under atmospheric influences, heat,
      moisture, and radiation, and which also support combustion.
PAR  To overcome the aforementioned disadvantages, roofs in general, and flat
      roofs in particular, should ideally be made of rigid panels that are
      capable of supporting weight and are composed of inorganic materials, such
      as asbestos cement, concrete, reinforced glass, metal or the like.
      However, as has already been pointed out earlier, attempts at using such
      panels without overlying layers of roofing felt or foils have been
      unsuccessful because the gaps between adjacent ones of the panels have
      heretofore never been satisfactorily sealed against the entry of moisture.
      It was attempted to fill the gaps with sealing materials, for instance
      synthetic plastic material. However, the volumetric content of these gaps
      is relatively small, since the panels are not very thick and must not be
      installed too far apart. This means that it is not possible to introduce a
      substantial amount of sealing material into the gaps and the amount that
      can be so introduced is not sufficient to withstand the stresses which act
      upon it when the roof panels are subject to thermal expansion and
      contraction. It was observed that ever after a brief period of time
      following the installation, cracks developed in the sealing material,
      permitting the entry of water into the gap and into the underlying
      structure beneath the roof. Moreover, because the introduction of the
      sealing material into the gaps must take place in the open, the presence
      of moisture during the introduction could often not be precluded, and this
      led to improper bonding of the sealing material with the panels. For this
      reason, the inherently advantageous use of roof panels without any
      necessity for overlying layers of roofing felt or foils, have not found
      any introduction in actual practice until now.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to overcome these
      disadvantages of the prior art.
PAR  More particularly, it is an object of the present invention to provide a
      gap-sealing structure which avoids the aforementioned disadvantages.
PAR  An additional object of the invention is to provide such a gap-sealing
      structure which permits the use of panels for roofing constructions.
PAR  Another object of the invention is to provide such a gap-sealing structure
      which is economical to employ and can be used and installed in all weather
      conditions.
PAR  Furthermore, another object of the invention is to provide such a
      gap-sealing structure which can be used with any type of roofing panel,
      and which particularly makes it possible to use non-flammable or at least
      flame-retarding roofing panels for the construction of roofs which are
      watertight.
PAR  In keeping with the above objects, and with others which will become
      apparent hereafter, one feature of the invention resides, in a structure
      of the character described, in a combination which comprises a pair of
      panels located substantially in a common plane and having juxtaposed edge
      portions bounded by edge faces which define with one another an elongated
      gap. Elastically yieldable sealing strip means extends along and covers
      the gap and the edge portions. Pressure-exerting means presses the sealing
      strip means into sealing engagement with the edge portions so as to seal
      the gap.
PAR  It is now possible to use inorganic panels, such as panels of concrete or
      the like, for the roofing construction. Such panels either do not support
      combustion or are very difficult to ignite, and the gaps between them can
      now be reliably sealed against the entry of moisture. The installation the
      like, for the roofing construction. Such panels either do not support
      combustion or are very difficult to ignite, and the gaps between them can
      now be reliably sealed against the entry of moisture. The installation of
      the seal is rapid, simple and inexpensive, and thus presents a further
      advantage over the prior-art constructions.
PAR  It is possible to use rails of substantially U-shaped cross section each
      having an open side which faces the gap and the edge portions of the
      panels, and to accommodate in these rails respective strips of
      pre-compressed sealing material. Such material is advantageously of the
      swellable type, that is due to its precompression and resulting swelling
      it will tightly and sealingly engage the edge portions of the panels and
      also enter sealingly into the respective gap. It is possible to provide a
      single such strip at one side of the common plane in which the pair of
      panels is located, or that two strips can be provided, one at either side
      of the plane. The sealing material of the strips may include a substance
      which enables it, when confined in the rails and precompressed therein, to
      exert a substantial sealing pressure --for instance on the order of
      several hundred grams per square centimeter--upon the edge portions of the
      panels, and to maintain this material at a constant degree of elastic
      deformability. This makes it possible for the sealing material to increase
      its volume by more than double after its installation.
PAR  The sealing material may however also be of elastomeric material, that is
      natural or synthetic rubber or the like, or it may be synthetic foam
      material which of course should be impermeable to water. In this case it
      is not necessary to provide rails for the sealing strips.
PAR  The rails themselves can have various different configurations as will
      become evident from the following detailed description.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary partly perspective section illustrating one
      embodiment of the invention;
PAR  FIGS. la-ld are diagrammatic sections illustrating various different
      components for use in accordance with the invention;
PAR  FIG. 2 is a view of a further embodiment of the invention, in a vertical
      section;
PAR  FIG. 3 is a view similar to FIG. 2, illustrating another embodiment of the
      invention;
PAR  FIG. 4 is a view similar to FIG. 3, illustrating an additional embodiment
      of the invention;
PAR  FIG. 5 is a view similar to FIG. 4, illustrating yet another embodiment of
      the invention;
PAR  FIG. 6 is a view similar to FIG. 5, illustrating still an additional
      embodiment of the invention;
PAR  FIGS. 7a and 7b are cross sections through different sealing strips
      according to the invention; and
PAR  FIGS. 7c and 7d are cross sections illustrating how the sealing strip of
      FIG. 7a can be employed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring firstly to FIG. 1 it will be seen that in this Figure we have
      illustrated two panels 3, 3a which may be of any suitable inorganic
      material, for instance asbestos cement or the like. These are panels that
      can be used for roofing purposes, that is they will have sufficient
      strength to permit the construction of a roof on which it is possible to
      walk, stand or in general place weight. The edge faces 4, 4a of the panels
      extend along the juxtaposed edge portions of the panels and define with
      one another an elongated gap 5 which must be wide enough to permit thermal
      expansion and contraction of the panels 3, 3a themselves and any
      associated structures, for instance the support structure 2 on which the
      edge portions rest. These movements may be quite substantial and very
      often constitute the real reason for leaks in roofs.
PAR  The supporting structure 2 in FIG. 1 is a profiled element which may be of
      metal, synthetic plastic material, concrete or the like. It will be placed
      upon the underlying supporting structure of the roof, for instance roof
      beams or the like (not shown) before the panels 3, 3a are installed.
PAR  In the embodiment shown in FIG. 1 a substantially U-shaped rail 6a having
      an upwardly facing open side is secured to the support structure 2 by
      means of a layer of adhesive 11 for instance, acrylate-polyacrylate-rubber
      adhesive, which bonds its transverse wall 10 to the structure 2. Located
      within the rail 6a is a sealing strip 7a of swellable sealing material
      which is pre-compressed when it is inserted into the rail 6a, that is in
      non-compressed state the dimensions of the strip 7a will be larger than
      the interior dimensions of the rail 6a. The edge portions of the panels 3,
      3a are supported on the strip 7a so that their edge faces 4, 4a define
      with one another the gap 5. Located above the common plane in which the
      panels 3, 3a are located, is another rail 6 similar to the rail 6a but
      having its open side facing downwardly towards the panels 3, 3a. It, also,
      accommodates a sealing strip 7 of swellable sealing material. Screws 14
      extend through the rails 6, 6a into the support structure 2, exerting a
      pressure upon the sealing strips 7, 7a so that the latter are in part
      forced to enter the gap 5 and over the remainder of their surfaces which
      are juxtaposed with the panels 3, 3a  tightly and sealingly engage the
      edge portions of these panels.
PAR  We have found it to be advantageous if the swellable sealing material is of
      the type which is capable of developing its own sealing pressure following
      its pre-compressure at which it presses against the panels 3, 3a, and of
      maintaining its elasticity for long periods of time. Such materials are
      commercially available under the trade name "Silpress", for example,
      polyurethane-polyester foam together with polyacrylate-rubber, which is a
      type of material which can exert a sealing pressure of several hundred
      grams per square centimeter and which can increase its volume by more than
      double, for instance up to 300%. In order to be able to employ this volume
      increase to fill or substantially fill the gap 5, the use of swellable
      sealing material will always be combined according to the invention with
      the use of rails 6 and/or 6a having the essentially U-shaped configuration
      that is shown in FIG. 1 and having the side walls 8 which prevent lateral
      yielding of the material of the sealing strips 7, 7a.
PAR  FIG. 1a shows that instead of the adhesive material 11 that is used in FIG.
      1 to secure the rail 6a to the support structure 2, the rail 6a could also
      be secured to the support structure 2 by means of rivets 8b (one shown).
      Another possibility is shown in FIG. 1b, where the rivet 8b is replaced by
      one or more welds 8c, which can be in form of a continuous weld or spot
      welds. FIG. 1c shows that the rail 6a could be provided with laterally
      extending projections 6d which could straddle and tightly frictionally
      engage the support structure 2, and FIG. 1d shows that an upper rail 6
      (compare FIG. 1) could be provided with one or could straddle and tightly
      frictionally engage the support structure 2, and FIG. 1d shows that an
      upper rail 6 (compare FIG. 1) could be provided with one or more (one
      shown) longitudinally extending beads 9 for reinforcing purposes. Other
      configurations can of course also be employed within the concept of the
      invention.
PAR  In FIG. 2 we have shown a further embodiment in which the lower rail 6a is
      supported directly upon a wooden support structure 1a, such as a roof or
      the like, where it is secured by means of screws 12. In this embodiment
      the sealing strips 7, 7a are of non-swellable sealing material e.g. and
      the panels 3, 3a can be secured to the strips 7, 7a by means of adhesive
      layers 11. The holes for the screws 12 can be pre-drilled, using an
      appropriate template or the like and thereupon the screws 12 are inserted
      through the holes which have been provided for this purpose in the rail 6a
      and are threaded into the support structure 1a. Subsequently, the panels
      3, 3a are put in place, with adhesive material 11 being interposed,
      additional adhesive material is placed on top of the panels 3, 3a as
      shown, and the rail 6 with the sealing strip 7 is then put in place. In
      this embodiment it is, of course, the rails 6, 6a which exert pressure
      upon the sealing strips.
PAR  FIG. 3 shows another embodiment in which screws 14 are used which extend
      through the upper rail 6, the sealing strip 7, the gap 5, the sealing
      strip 7a, the lower rail 6a and into a supporting structure 1b which may
      be concrete or the like and in which an anchor such as a wall plug or the
      like --identified with reference numeral 13-- is inserted to provide for
      better retention. The material of the sealing strips here can be of the
      swellable type or of the non-swellable type.
PAR  Evidently, the embodiment of FIG. 3 could also utilize a support such as
      the support 2 of FIG. 1, instead of the support structure 1b, or it could
      be employed in the support structure 1a of FIG. 2 if desired. The rail 6a
      could also be directly adhesively connected by means of the layer 11 to
      the support structure 1b or to the support structure 1a of FIG. 2, if
      desired, with or without the use of the screws 14.
PAR  In the embodiment of FIG. 4, the support structure is again identified with
      reference numeral 1b as a concrete structure. Here, a sealing strip 7a is
      provided only beneath the gap 5, and none above it. The strip 7a is
      advantageously but not necessarily of swellable sealing material. A layer
      18 of thermally insulating material is placed on top of the structure 1b
      and a rail 6b having an upwardly facing open side bounded by outwardly
      extending flanges 6c, is secured on top of the layer 18 by means of screws
      12 (one shown) which extend into the support structure 1b and into an
      appropriate expansion anchor 13 provided for this purpose. A sealing strip
      7a of swellable sealing material is accommodated in the interior of the
      rail 6b, and the panels 3, 3a are screwed to the flanges 6c by means of of
      screws 15. Thus, the panels exert pressure upon the sealing strip 7a to
      thereby produce the desired sealing engagement. In this embodiment, in
      which the sealing strip 7a is located only beneath the gap 5, with some of
      the material of the strip 7a being forced into the gap 5, the remainder of
      the gap is filled with a compound 20 that is intended to protect the
      material of the strip 7a against contact with ozone and UV radiation which
      both tend to have a deteriorating effect on the material of the strip 7a.
      The compound 20 may be a synthetic plastic material which is well known in
      this art.
PAR  Of course, it would be possible to omit the rail 6b shown in FIG. 4, and to
      use the rail 6a from the preceding embodiments, and it would also be
      possible to install either the illustrated embodiment of FIG. 4 or the
      modified one just mentioned on a support 2 instead of on the concrete
      structure 1b.
PAR  The embodiment of FIG. 5 shows a somewhat modified version of the FIG. 4
      concept. Here, a support 2 is provided having in its upper region 2a a
      downwardly formed depression so that the support 2 in effect includes an
      integrally formed rail corresponding to the rail 6a. The sealing strip 7a
      is located in this depression and the panels 3 and 3a are positioned as
      discussed earlier. Here, however, screws 7 are used which are threaded
      through the gap 5 into the transverse wall which in part bounds the space
      wherein the strip 7a is located. The heads of the screws 16 bear upon
      washers 17 (which could also be strips extending longitudinally of the gap
      5) which are supported on the opposite edge portions of the panels 3, 3a
      and exert pressure via the same upon the sealing strip 7a. Compound 20,
      such as a polyacrylate-rubber compound, is still accommodated in the gap
      5, to completely fill the latter and if necessary provide protection
      against contact of ozone and UV radiation with the material of the sealing
      strip 7a.
PAR  In FIG. 6 we have shown an embodiment wherein a support 2 corresponding to
      the one of FIG. 1 is utilized, a sealing strip 7e of non-swelling sealing
      material, such as natural or synthetic rubber or the like, being located
      on top of the support 2. The strip 7e has two beads 7f which extend along
      its opposite lateral sides and project upwardly into engagement with the
      panels 3, 3a. Screws 16 and washers 17 correspond to those used in FIG. 5.
      In this embodiment, however, each screw 16 has associated with it a
      pressure sleeve 16a which surrounds the shaft of the screw in the gap 5
      and bears with its upper end against the respective washer 17 and with its
      lower end against the material of the sealing strip 7e, forcing this
      material inwardly into the screw threads of the screw to obtain a reliable
      seal against the entry of moisture along the screw threads. The material
      of the sealing strip 7e may be a synthetic plastic foam material, which of
      course should be water-impermeable, meaning that it should be of the
      closed-cell type.
PAR  FIG. 7a is a cross section through a further sealing strip 7b which may be
      of the same material as the sealing strip 7e in FIG. 6 and in uncompressed
      condition is of rectangular cross section. It is intended only for use in
      applications where the sealing strip is provided only at the underside of
      the panels 3, 3a, as for instance in FIG. 4.
PAR  FIG. 7b shows a sealing strip 7c which is formed at its underside with
      longitudinally extending grooves 7d, the purpose of these being to
      facilitate its compression.
PAR  FIG. 7c shows the sealing strip 7b of FIG. 7a in uncompressed condition on
      top of a support 2 of the type used in FIG. 5, and it will be understood
      that when the strip 7b is compressed, it will be partly pressed into the
      recess formed in the region 2a, whereas the portions which project
      upwardly in the region 2a will press the material of the strip 7b against
      the overlying panels 3, 3a.
PAR  The embodiment of FIG. 7d, finally, shows that the support 2 could also be
      provided at its upper transverse wall with an upwardly projecting
      longitudinally extending bead 2b which presses the sealing strip 7b into
      the gap 5 formed between the panels 3, 3a when the panels are pressed
      downwardly against the support 2.
PAR  The sealing strips 7b, 7e and 7c need not be accommodated in and engaged by
      rails 6, 6a, 6b or the like.
PAR  According to a further embodiment which is not illustrated, rails 6b with
      the flanges 6c (as used in FIG. 4) could also be arranged above the panels
      3, 3a. Since they would project above the upper surface of the panels 3,
      3a,  as indeed does the rail 6 in FIG. 1, a layer of gravel which is
      diagrammatically indicated at 19 in FIG. 1, may be poured on top of the
      roof construction to provide a level upper surface.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      gap-sealing structure, it is not intended to be limited to the details
      shown, since various modifications and structural changes may be made
      without departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
NUM  1.
PAR  1. In a structure comprising a pair of panels located substantially in a
      common plane and having juxtaposed edge portions bounded by edge faces
      which define with one another an elongated gap at least one rail of
      substantially U-shaped cross section which has an open side facing said
      gap and edge portions at one side of said plane, said rail having flanges
      extending transversely from said open side and contacting the respective
      edge portions, adhesive means adhesively bonding said flanges of said rail
      to the respective edge portion; elastically yieldable sealing strip means
      extending along and covering said gap and edge portions and including a
      sealing strip recessed in said rail; and pressure-exerting means pressing
      said sealing strip means into sealing engagement with said edge portions
      so as to seal said gap.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said panels are roof panels
      of a building roof.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said pressure-exerting
      means comprises screw means.
NUM  4.
PAR  4. A combination as defined in claim 1 wherein said sealing means comprises
      a pair of sealing strips, one of said sealing strips covering said gap and
      marginal portions and the other sealing strip covering said gap at said
      exposed surface.
NUM  5.
PAR  5. A combination as defined in claim 1, wherein said sealing means is means
      is of swellable sealing material of inherent elasticity which exerts
      sealing pressure upon said marginal portions of said panels.
NUM  6.
PAR  6. A combination as defined in claim 1 wherein said sealing strip means is
      composed of non-swelling sealing material; and further comprising adhesive
      means adhesively bonding said sealing strip means to said edge portions of
      said panels.
NUM  7.
PAR  7. A combination as defined in claim 1, wherein said sealing means is
      composed of an elastomeric material.
NUM  8.
PAR  8. A combination as defined in claim 7, wherein said sealing means
      comprises at least one sealing strip of said elastomeric material, said
      sealing strip being in uncompressed condition of rectangular cross
      section.
NUM  9.
PAR  9. A combination as defined in claim 1, wherein said sealing means is
      composed of synthetic plastic foam material.
NUM  10.
PAR  10. A combination as defined in claim 1, wherein said sealing strip means
      comprises a sealing strip at one side of said plane; and further
      comprising a sealing compound at least partly filling said gap at the
      other side of said plane.
NUM  11.
PAR  11. In a structure of the character described, a combination comprising a
      pair of panels located substantially in a common plane and having
      juxtaposed edge portions bounded by edge faces which define with one
      another an elongated gap; elastically yieldable sealing strip means
      extending along and covering said gap and edge portions and including at
      least one sealing strip of swellable sealing material; and
      pressure-exerting means pressing said sealing strip means into sealing
      engagement with said edge portions so as to seal said gap, and including a
      plurality of screws extending through said gap and threaded through said
      sealing strip into an underlying support, a washer intermediate a head of
      the respective screw and said edge portions and bearing upon the latter,
      and a pressure-exerting sleeve surrounding each screw in said gap
      intermediate the associated washer and said sealing strip so as to exert
      pressure upon the latter.
NUM  12.
PAR  12. A combination as defined in claim 11, wherein said sealing strip has
      longitudinally extending margins provided with raised beads which face
      towards and are in sealing contact with respective ones of said edge
      portions.
NUM  13.
PAR  13. In a structure of the character described, a combination comprising an
      elongated rail including two lateral wall portions and a transverse wall
      portion interconnecting said lateral wall portions and bounding therewith
      a recess extending longitudinally of said rail, said lateral wall portions
      having free ends spaced from said transverse wall portion and having end
      surfaces; a pair of panels located substantially in a common plane and
      having edge portions juxtaposed with said end surfaces and bounded by edge
      faces which extend substantially normal to said common plane and define
      with one another an elongated gap between said panels extending parallel
      to said recess and in communication therewith; an additional rail similar
      to said rail, said rail and additional rail being located at opposite
      sides of said plane, respectively, and each having an open side facing
      said gap and edge portions; elastically yieldable precompressed sealing
      means received in said recesses and in contact with said wall portions and
      including a pair of sealing strips, each of said strips being accommodated
      in one of said rails in partially compressed condition, one of said
      sealing strips covering said gap and edge portions at one side of said
      plane and the other sealing strips covering said gap and edge portions at
      the other side of said plane; and pressure exerting means connecting said
      panels to said elongated rails and pressing said edge portions into
      sealing engagement with said precompressed sealing means so that said
      sealing means sealingly penetrates into said gap.
NUM  14.
PAR  14. A combination as defined in claim 13, wherein at least one of said
      rails is formed with a longitudinally extending reinforcing bead.
NUM  15.
PAR  15. A combination as defined in claim 13, wherein said pressure-exerting
      means comprises screws extending through said rails and securing the same
      to a support.
NUM  16.
PAR  16. In a structure of the character described, a combination comprising an
      elongated rail including two lateral wall portions and a transverse wall
      portion interconnecting said lateral wall portions and bounding therewith
      a recess extending longitudinally of said rail, said lateral wall portions
      having free ends spaced from said transverse wall portion and having end
      surfaces, said trahsverse wall portion facing a support; adhesive means
      adhesively bonding said transverse wall portion to said support; a pair of
      panels located substantially in a common plane and having edge portions
      juxtaposed with said end surfaces and bounded by edge faces which extend
      substantially normal to said common plane and define with one another an
      elongated gap between said panels extending parallel to said recess and in
      communication therewith; elastically yieldable precompressed sealing means
      received in said recess and in contact with said wall portions; and
      pressure exerting means connecting said panels to said elongated rail and
      pressing said edge portions into sealing engagement with said
      precompressed sealing strip means so that said sealing strip means
      sealingly penetrates into said gap.
NUM  17.
PAR  17. A combination as defined in claim 16, wherein said sealing means is
      composed of water-impermeable synthetic plastic foam material.
NUM  18.
PAR  18. In a structure of the character described, a combination comprising an
      elongated rail including two lateral wall portions and a transverse wall
      portion interconnecting said lateral wall portions and bounding therewith
      a recess extending longitudinally of said rail, said lateral wall portions
      having free ends spaced from said transverse wall portion and having end
      surfaces, said rail overlying and being located on a support; screw means
      securing said rail to said support a pair of panels located substantially
      in a common plane and having edge portions juxtaposed with said end
      surfaces and bounded by edge faces which extend substantially normal to
      said common plane and define with one another an elongated gap between
      said panels extending parallel to said recess and in communication
      therewith; elastically yieldable precompressed sealing means received in
      said recess and in contact with said wall portions; and pressure exerting
      means connecting said panels to said elongated rail and pressing said edge
      portions into sealing engagement with said precompressed sealing strip
      means so that said sealing strip means sealingly penetrates into said gap.
NUM  19.
PAR  19. In a structure of the character described, a combination comprising an
      elongated rail including two lateral wall portions and a transverse wall
      portion interconnecting said lateral wall portions and bounding therewith
      a recess extending longitudinally of said rail, said lateral wall portions
      having free ends spaced from said transverse wall portion and having end
      surfaces, said rail overlying and being located on a support; rivet means
      securing said rail to said support; a pair of panels located substantially
      in a common plane and having edge portions juxtaposed with said end
      surfaces and bounded by edge faces which extend substantially normal to
      said common plane and define with one another an elongated gap between
      said panels extending parallel to said recess and in communication
      therewith; elastically yieldable precompressed sealing means received in
      said recess and in contact with said wall portions; and pressure exerting
      means connecting said panels to said elongated rail and pressing said edge
      portions into sealing engagement with said precompressed sealing strip
      means so that said sealing strip means sealingly penetrates into said gap.
NUM  20.
PAR  20. In a structure of the character described, a combination comprising an
      elongated rail including two lateral wall portions and a transverse wall
      portion interconnecting said lateral wall portions and bounding therewith
      a recess extending longitudinally of said rail, said lateral wall portions
      having free ends spaced from said transverse wall portion and having end
      surfaces, said rail overlying and being located on a support; weld means
      securing said rail to said support; a pair of panels located substantially
      in a common plane and having edge portions juxtaposed with said end
      surfaces and bounded by edge faces which extend substantially normal to
      said common plane and define with one another an elongated gap between
      said panels extending parallel to said recess and in communication
      therewith; elastically yieldable precompressed sealing means received in
      said recess and in contact with said wall portions; and pressure exerting
      means connecting said panels to said elongated rail and pressing said edge
      portions into sealing engagement with said precompressed sealing strip
      means so that said sealing strip means sealingly penetrates into said gap.
NUM  21.
PAR  21. In a structure of the character described, a combination comprising a
      support; an elongated rail including two lateral wall portions and a
      transverse wall portion interconnecting said lateral wall portions and
      bounding therewith a recess extending longitudinally of said rail, said
      lateral wall portions having free ends spaced from said transverse wall
      portion and having end surfaces, said rail overlying said support and
      comprising projections which engage said support and removably retain said
      rail on the same; a pair of panels located substantially in a common plane
      and having edge portions juxtaposed with said end surfaces and bounded by
      edge faces which extend substantially normal to said common plane and
      define with one another an elongated gap between said panels extending
      parallel to said recess and in communication therewith; elastically
      yieldable precompressed sealing means received in said recess and in
      contact with said wall portions; and pressure exerting means connecting
      said panels to said elongated rail and pressing said edge portions into
      sealing engagement with said precompressed sealing strip means so that
      said sealing strip means sealingly penetrates into said gap.
NUM  22.
PAR  22. In a structure of the character described, a combination comprising an
      elongated rail constituting a support and including two lateral wall
      portions, a pair of side walls and a transverse wall portion
      interconnecting said lateral wall portions and bounding therewith a recess
      extending longitudinally of said rail, said lateral wall portions having
      free ends spaced from said transverse wall portion and having end
      surfaces; a pair of panels located substantially in a common plane and
      having edge portions juxtaposed with said end surfaces and bounded by edge
      faces which extend substantially normal to said common plane and define
      with one another an elongated gap between said panels extending parallel
      to said recess and in communication therewith, said transverse wall
      portion facing said panels, and said side walls extending from said
      transverse wall portion in direction away from said panels; elastically
      yieldable precompressed sealing means received in said recess and in
      contact with said wall portions; and pressure exerting means connecting
      said panels to said elongated rail and pressing said edge portions into
      sealing engagement with said precompressed sealing strip means so that
      said sealing strip means sealingly penetrates into said gap.
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ABST
PAL  A louver panel assembly easily and quickly installed in a partition without
      the use of screws or other fasteners which require installation tools,
      including first and second outer frames enclosing a louver and being
      united by interengagable serrated portions for accomodating different size
      louvers in different size partitions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to panel assemblies and more particularly to
      adjustable louver panel assemblies for accomodating louvers of different
      thicknesses into partitions of different thicknesses without the use of
      installation tools.
PAR  2. Description of the Prior Art
PAR  Many louver panels are presently retained in partitions such as doors or
      wall by use of screws or other fasteners which unite a pair of opposed
      frame sections supporting a louver panel therebetween. U.S. Pat. No.
      3,202,082 is typical of this type of louver panel assembly. The
      installation of such panels poses a problem in that a tool such as a
      screwdriver or the like is required, resulting in a time consuming
      operation, especially since a large number of screws or other fasteners
      are required to adequately install the assembly. The desirability of
      eliminating the time consuming use of installation tools is therefore
      quite apparent.
PAR  In addition, due to the diverse thicknesses of the various partitions
      encountered which are to receive the louver panel assemblies, it is
      desirable that any particular assembly have a wide range of adaptability
      with respect to these various partitions and diverse thickness louver
      panels be easily adaptable to diverse thickness partitions. Adjustable
      frames of general types exist which are adjustable to a degree because of
      the use of serrated interengaging members adjustably uniting a pair of
      frame sections during use, U.S. Pat. Nos. 3,303,626 and 3,545,135 being
      representative of such. Although these adaptable frames do not require
      screws or other fasteners and can therefore be installed quite rapidly
      without the use of tools, the limit of their adjustability is such that
      they do not solve the problem of accommodating louver panels of diverse
      thicknessess in partitions of diverse thicknesses.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is summarized in that a panel assembly for
      installation in a partition comprises a panel, first and second frame
      members having interengaging means therebetween for relatively positioning
      the frame members, and means on the first and second frame members and
      being relatively positionable in accordance with the degree of
      interengagement of the frame members for retaining the panel and partition
      thereby, including a first pair of opposed retainer sections, each
      extending from one side of a different frame member and positioned a first
      distance apart for a given degree of interengagement of the frame members,
      and a second pair of opposed retainer sections, each extending from
      another side of a different frame member and positioned a second distance
      apart for the given degree of interengagement of the frame members, with
      at least one of said second pair of opposed retainer sections having a
      flexible distal end which extends toward its mate section for
      accommodating different size members.
PAR  It is an object of this invention to provide a panel assembly which enables
      the accommodation of different thickness panels into different thickness
      partitions.
PAR  It is a another object of this invention to provide an adjustable louver
      panel assembly which is quickly and easily installed in a partition
      without the use of installation tools.
DRWD
PAR  Further objects and advantages of the present invention will be made
      apparent from the following description of the preferred embodiment when
      taken in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a partition including an installed louver
      panel assembly.
PAR  FIG. 2 is a perspective view with parts broken away, of the louver panel
      assembly of FIG. 1.
PAR  FIG. 3 is a sectional side view of the louver panel assembly.
PAR  FIG. 4 is an enlarged cross section view of partially interengaged frame
      elements of the louver panel assembly.
PAR  FIG. 5 is an enlarged cross section view of completely interengaged frame
      elements of the louver panel assembly.
PAR  FIG. 6 is an exploded view of enlarged cross sections of louver panel frame
      section showing a modification of FIGS. 1-5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the louver panel assembly indicated generally at 10 is
      commonly mounted in a partition, in this case taking the form of a door
      12, for enabling ventilation therethrough in its intended manner. The
      louver panel assembly 10 includes an inner louver panel 14 surrounded by
      an outeradjustable frame assembly 16 best shown in FIGS. 2 and 3. The
      inner louver panel 14 includes a rectangular frame 18 supporting a
      plurality of louver blades 20 between two parallel sides thereof. The
      louver blades 20 may be fixedly bonded in position to the frame 18
      resulting in a static louver panel as shown, or they may be made
      adjustable if desired.
PAR  The outer frame assembly 16 includes first and second rectangular mating
      frame sections 22 and 24 which interfit as shown in FIGS. 5 and 6 to
      retain the louver panel 14 therebetween. The first frame section 22
      includes a sidewall or retainer flange section 42 and base 44 united at
      right angles to form a louver panel receiver area. A portion 46 of the
      base 44 extends beyond the sidewall 42 and has extending therefrom a
      flexible frame facer or retainer flange section 48. The frame facer 48 is
      wider and extends opposite to the sidewall 42 and curves inwardly toward
      the base 44. A backing plate 50 attached to the base 44 by an extension
      arm 52, extends parallel to the base 44 to form a receiver channel 54. The
      base 44 is provided with serrations 56 disposed along one wall of the
      receiving channel.
PAR  The second frame section 24 includes a sidewall or retainer flange section
      62 and base 64 united to form a right angle, and a flexible facer or
      retainer flange section 68, wider than the sidewall 62, extending opposite
      to the sidewall 62 and curving inwardly toward the base 64. The base 64
      has serrations on the surface adjacent the sidewall 62 for mating with the
      serrations 56 of the first frame section 22.
PAR  During installation of the louver panel assembly into an aperture in a
      partition, the louver panel 14 is retained therein by the frame sections
      22 and 24 which may be loosely interengaged by partially interfitting the
      base 64 of the second frame section 24 into the receiver channel 54 of the
      first frame section 22 such that the serrations of the respective bases 44
      and 64 partially interengage. An application of pressure to the first and
      second frame sections directed inwardly will continually increase the
      extent of penetration of the base 64 of the second frame section 24 into
      the receiver channel 54 of the first frame section such that a position,
      as shown in FIG. 5, will be assumed wherein the distal portions of the
      curved frame facers 48 and 68 abut the outer surfaces of the partition 12.
PAR  At this position, if the frame sections were completely rigid, only louver
      panels having a thickness equal to the distance between the sidewalls 42
      and 62 would be adequately supported, but those louver panels having
      lesser thicknesses would tend to be loosely retained which of course is
      undesirable. However, the presence of the flexible curved frame facers 48
      and 68 allows an additional degree of adjustability allowing the use of
      louver panels having such lesser thicknesses. An additional application of
      pressure directed inwardly against the frame sections 22 and 24 causes the
      base 64 to penetrate deeper into the receiver channel 54 and
      simultaneously flexes the curved frame facers 48 and 68 until a position
      is reached such that the sidewalls 42 and 62 abut the louver panel, as
      shown in FIG. 6 to retain it firmly in place. Due to the flexing of the
      frame facers 48 and 68, they are now tightly gripping the partition 12.
PAR  FIG. 6 shows a louver panel assembly similar to FIGS. 1-5 but including
      certain additional features as described below. FIG. 6 includes reference
      numerals in the 100 series for parts that are substantially the same as
      parts in FIGS. 1-5 while new reference numerals in the 100 series are used
      for new parts. Consequently, only the additional parts are being described
      in detail.
PAR  As is shown in FIG. 6, a lug 149 (169) projects transversely from the frame
      facer 148 (168) toward and in spaced opposition to a similar lug 151 (157)
      projecting transversely from the lower edge of the extension arm 152
      (172). The lugs 149 and 151 cooperate with the walls of the adjacent
      components to define a generally rectangular opening or slot which
      receives and retains an L-shaped bracket (not shown) whereby mating frame
      sections may be securely fastened together at a 90.degree. angle as shown
      in FIG. 2. Of course, other angles than 90.degree. may be utilized in
      accordance with particular installation requirements.
PAR  The backing plate 150 has its free end integrally formed with a downwardly
      sloping portion 153 (as viewed in FIG. 6) which defines an offsetting
      portion betwen the backing plate 150 and and an extremity 155 which is
      generally parallel thereto. During assembly, the base 164 is moved to the
      left as viewed in FIG. 6 and its insertion in the receiver channel 154 is
      facilitated because of the extremity 155 and the sloping portion 153. That
      is, the pointed extremity of the base 164 will slide over the backing
      plate extremity 155 and upwardly along the sloping portion 153 causing
      locking engagement between the serrations on the base 164 and the base
      144.
PAR  Inasmuch as the present invention is subject to many modifications,
      variations and changes in detail, it is intended that all matter contained
      in the foregoing description or shown in the accompanying drawing shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A louver panel assembly for installation in a partition comprising
PA1  a louver panel having louver blades therein;
PA1  a first frame member;
PA1  a second frame member;
PA1  said first and second frame members having respective parallel elongated
      base portions with interengaging serrations for adjustably securing the
      first and second frame members together;
PA1  a first pair of opposed retainer flange sections of the respective first
      and second frame members extending substantially normal to the base
      portions inward for extending over an edge of the louver panel;
PA1  said first pair of opposed retainer flange sections being positioned a
      first distance apart for a given degree of interengagement of the frame
      members;
PA1  a second pair of opposed retainer flange sections of the respective first
      and second frame members extending outward from the base portions for
      extending over the partition;
PA1  said second pair of opposed retainer flange sections being positioned a
      second distance apart for the given degree of interengagement of the frame
      members and being substantially greater in width than the first pair of
      opposed retainer flange sections;
PA1  said interengaging serrations providing adjustment between the first and
      second frame members to secure different thicknesses of louver panels
      between the opposing faces of the first pair of retainer flange sections;
PA1  said second pair of opposed retainer flange sections being flexible and
      being curved inward at their distal edges toward each other such as to
      allow substantial flexing of the distal edges to accommodate for different
      thicknesses of partitions and to accommodate for different adjustments of
      the interengaging serrations; and
PA1  said first and second distances being selected such that during
      installation both distal edges of the second pair of opposed flange
      sections will contact the partition before both of the first pair of
      retainer sections contact the louver panel.
NUM  2.
PAR  2. The invention of claim 1 wherein the louver panel and frame members are
      rectangular with the frame members enclosing the periphery of the louver
      panel therebetween.
NUM  3.
PAR  3. The invention of claim 1 wherein one of the frame members includes a
      backing member extending parallel to the base member to form a receiver
      cavity having the serrations therein.
NUM  4.
PAR  4. The invention of claim 1 wherein the louver panel has a lesser thickness
      than the partition, and said first distance is less than said second
      distance.
NUM  5.
PAR  5. The invention of claim 3 including corner bracket means and wherein said
      backing member includes an offset extremity to facilitate insertion of the
      base member of the other frame member into the receiver cavity, and
      wherein each first and second frame member is provided with slot means
      formed by lugs in the inside corner between the pair of second retaining
      flange sections and the respective backing member and base portion whereby
      adjacent frame members may be interlocked by the corner bracket means.
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PAL  A unitary integral metal stud formed of sheet metal for constructing a
      fire-retardant wall and the wall structure formed of a plurality of studs
      and a pair of spaced-apart layers of gypsum wallboard panels in abutting
      relationship, the stud comprising a web having a pair of flanges defining
      a wallboard panel-engaging channel on one side, and a kerf-engaging flange
      substantially centrally locatead on the other side, and means extending
      from the web and having a supporting surface adapted to have a second
      layer of gypsum wallboard panels affixed thereto. A first row of panels is
      engaged by the channel and kerf-engaging flange, whereas a second layer of
      gypsum wallboard panels is affixed to the supporting surface extending
      from the roof. Additionally apertures may be provided in the web to
      inhibit heat conduction through the metal stud, and additionally to
      provide space into which the edges of the wallboard panels may dissipate
      heat if they should become hot, as for example during a fire. The
      resultant wall structure formed of the studs has a superior fire-rating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to wall constructions, and more particularly
      refers to studs which may be utilized to form fire-retardant or fire-rated
      wall structures particularly for use in enclosing open shafts in
      multi-story buildings such as offices and high-rise apartments, and to the
      wall structures formed therewith.
PAR  2. Description of the Prior Art
PAR  Walls enclosing shafts such as air return shafts, elevator shafts, and
      stairwell shafts commonly separate the shafts from other rooms such as
      corridors, toilets, and utility rooms. With increasing governmental
      concern for promoting safety for occupants of public buildings,
      manufacturers of building products have sought to provide shaft walls
      meeting at least minimal safety requirements, while at the same time,
      providing builders with materials that are both easy to install and low in
      cost.
PAR  Two of the most important of these safety requirements concern wind loading
      and fire ratings. Destructive wind loading is of particular concern where
      the shaft is an air return shaft or an elevator shaft, where pressures or
      vacuums are developed which load the shaft wall up to 15 pounds per square
      foot in excess of atmospheric pressure.
PAR  Cavity walls, and particularly those utilized for enclosing elevator
      shafts, stairwells, and air return shafts, are continually being subjected
      to increasingly stringent fire code requirements. The trend is to require
      such walls to meet or surpass certain fire ratings measured pursuant to
      ASTM E-119 Fire Rating Test. Elevator shaft walls require, for example, at
      least a 2-hour rating. Where the wall system is "unbalanced,"
      increasingly, code enforcement organizations are requiring that the rating
      be achieved from both sides of the wall. To pass such tests, each transfer
      through the metal studs used to construct such walls must be substantially
      reduced. At the same time, however, the stud must still retain a
      sufficient degree of structural strength, and in addition, must meet
      economic requirements. Moreover, the engagement of the stud with the wall
      panels which they support must be of such nature that construction is
      achieved with a minimum of required labor and materials. The structure
      must, nevertheless, withstand the requirements of accurate and complete
      engagement of the panels and studs, to ensure that the fire rating will be
      achieved.
PAR  The above fire problems concerning shafts can also be said to apply to long
      corridors in buildings, which in effect are horizontal, rather than
      vertical, shafts. Thus, without adequate fire ratings, a corridor wall
      easily transmits the fire throughout the floor as the fire proceeds along
      the corridor.
PAR  To solve these and other problems, early building shaft walls were commonly
      built up and lined with various types of block masonary, including both
      concrete and gypsum block. While block masonary has proved suitable for
      many applications, it has been found to be undesirable in those situations
      where the shaft rises to great heights. Further, block masonry structures
      cannot withstand high wind loading. Because of their great weight,
      concrete block masonry materials require supporting structures of great
      weight and strength. An additional problem is that these heavy materials
      give rise to problems in their installation. Those skilled in installing
      the above-described shaft lining materials are forced to handle them at
      dangerously high levels.
PAR  Walls of the type described and related structures have been disclosed in
      the prior art, and particularly in U.S. Pat. Nos. 3,740,912, 3,702,044,
      3,609,933, 3,016,116, 3,094,197, 999,752, 3,495,417, 3,271,920, 3,839,839,
      and many others. However, even though many of the structures disclosed in
      these patents have proven to be highly satisfactory, the search has
      continued to provide wall structures of the type described of greater
      strength, and greater fire-retardant properties.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly, an object of the invention to provide a stud for the
      construction of a cavity shaft wall for multi-story buildings, which meets
      safety standards of wind loading, and to provide a wall formed of a
      plurality of the studs.
PAR  It is a further object to provide a stud for the construction of a cavity
      shaft wall, which wall can meet required fire-rating tests.
PAR  It is an additional object to provide a stud for the production of a cavity
      shaft wall which is relatively inexpensive, lightweight, and relatively
      easy to install.
PAR  Other objects and advantages will become apparent upon reference to the
      drawings and detailed description.
PAR  According to the invention, a metal stud is provided for forming a
      fire-rated wall formed of a plurality of wall panels disposed to form two
      spaced-apart rows with each of the panels having two opposed vertical
      edges, and a plurality of studs interposed between and mounting the
      panels. Each of the studs comprises a web having a pair of flanges at the
      edges thereof cooperating to define a channel adapted to engage the edge
      of a wallboard panel, and a kerf-engaging flange arranged medially on the
      other side of the web adapted to engage the kerf of an adjacent wallboard
      panel. Additionally, a wallboard supporting panel arranged to support
      another layer of panels is provided on the stud spaced-apart from the web.
      In constructing a wall, a plurality of studs are positioned in upper and
      lower runners. Then a first layer of liner panels is engaged at each stud
      on one side of the web by the channel and on the other side of the web by
      a kerf-engaging flange disposed within the kerf in the edge of the
      adjacent panel. A second layer of wallboard panels is affixed to the
      wallboard supporting panels of the stud to form a fire-rated wall. The
      resulting wall structure is able to pass required fire-rating tests in
      both directions, as for example, under ASTM E-119.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of a stud according to the invention.
PAR  FIG. 2 is a cross-sectional view taken at the line 2--2 of FIG. 1, looking
      in the direction of the arrows.
PAR  FIG. 3 is a perspective view of a portion of a cavity shaft wall employing
      studs such as shown in FIGS. 1 and 2.
PAR  FIG. 4 is a cross-section of the wall taken at the line 4--4 of FIG. 3,
      looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, a stud 10 is shown comprising a first flange 11
      extending to a first fold 12, a first web member 13 connected to the first
      fold 12 and extending perpendicularly to the first flange 11 to a second
      fold 14. A first kerf-engaging flange member 15 is connected at the second
      fold and extends perpendicularly to the first web member 13 to a third
      fold 16. A second kerf-engaging flange member 17 is connected to the third
      fold 16 and is folded over on the first kerf-engaging flange member 16,
      continuing to a fourth fold 19, the kerf-engaging flange members 15 and 17
      cooperating to define a kerf-engaging flange 18. A second web member 20 is
      connected at the fourth fold 19 and extends substantially perpendicularly
      to the flange 18 to a fifth fold 21. The first web member 13 and the
      second web member 20 cooperate to define a web 22. A second flange 23 is
      connected at the fifth fold 21 and extends substantially perpendicularly
      to the web member 20 to a sixth fold 24. The first flange 11, the second
      flange 23, and the web 22 combine to define a panel-engaging channel 25.
PAR  The means for supporting a second layer of panels spaced apart from the
      first layer comprises a supporting web 26 connected at the sixth fold 24
      and extending away from the channel 25 to a seventh fold 27. A
      wallboard-supporting panel 28 is connected at the seventh fold 27 and
      extends substantially parallel to the flanges 11 and 23. A turned over
      edge or flange 29 may be provided to increase the rigidity of the
      structure. Additionally, a turned-over flange lip 30 may be provided on
      the flange 11 to increase rigidity. Apertures 31 are provided in the
      supporting web 26 to permit transit of cables, ducts, or wires.
PAR  Referring to FIGS. 3 and 4, a wall structure 34 is shown utilizing a
      plurality of studs 10. The structure is in the form of a cavity shaft wall
      structure suitable for assembly from the outer or corridor side with
      respect to the cavity around which the wall is assembled, and comprises an
      upper J-runner 35 having a web 36, a major or large flange 37 on the shaft
      side and a minor or smaller flange 38 on the outer or corridor wall side.
      The runner 35 may be affixed to a ceiling structure. On the floor
      structure is mounted a lower J-runner 39 having a web 40, a major flange
      41 on the shaft side and a minor flange 42 on the outer or corridor side.
      A plurality of studs 10 having a structure as shown in FIGS. 1 and 2 are
      mounted inside the runners 35 and 39. As shown in FIGS. 3 and 4, a layer
      or row of gypsum wallboard or liner panels 44 is retained at one edge
      within the channels 25 of each stud and restrained in three directions by
      the web 22 and the flanges 11 and 23. At the other edges the liner panels
      44 are provided with kerfs 45 engaged by the kerf-engaging flanges 18. A
      first outer layer of wallboard panels 46 is affixed to the
      wallboard-supporting panels 28 of each stud by means of screws 47. A
      second layer of outer wallboard panels 48 is affixed to the first layer of
      panels 46 and the studs 10 by means of screws 49.
PAR  In erecting the wall, because of the structure of the J-runners and studs,
      the entire wall may be assembled from the outside or corridor side of the
      shaft without the need for placing workmen on scaffolding within the shaft
      to assemble any portion of the wall from the shaft side. In assembling the
      wall the runners 35 and 39 are first affixed to the ceiling and floor
      structures. A stud 10 is then inserted between the flanges of the runners
      and maintained in place by the flanges, which flanges may be screwed to
      the runners. A wallboard panel 31 is then set into place with its bottom
      edge against the lower runner, and the upper edge is swung into place into
      the upper runner. The minor flange 38 of the runner 35 is sufficiently
      narrow so that the upper edge of the wallboard panel clears the flange and
      comes to rest against the major flange 37. It can then be moved laterally
      to become engaged within the channel 25. A second stud is then mounted
      between the runners and moved laterally until the kerf-engaging flange 16
      is inserted within and engages the kerf 45 of the wallboard panel.
      Successive panels are engaged either by the kerf-engaging flanges 18 or
      the channels 25. The liner panels then are screwed to the panels 28 of the
      studs, and a wall structure results which has excellent fire-resisting
      properties.
PAR  It is to be understood that the invention is not to be limited to the exact
      details of operation or structure shown and described in the specification
      and drawings, since obvious modifications and equivalents will be readily
      apparent to one skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stud adapted for use in constructing a wall comprised of a pair of
      spaced-apart coplanar layers of gypsum wallboard panels in abutting
      relationship having a plurality of said studs interposed between said
      layers of wallboard panels and affixed thereto, said stud being formed of
      a unitary integral sheet metal structure and comprising:
PA1  1. A first wallboard panel layer-engaging structure comprising;
PA2  a. a first flange extending to a first fold,
PA2  b. a web member connected at said first fold and extending substantially
      perpendicularly with respect to said first flange to a second fold,
PA2  c. a first kerf-engaging flange member connected at said second fold and
      extending substantially perpendicularly with respect to said first web
      member to a third fold,
PA2  d. a second kerf-engaging flange connected at said third fold and folded
      over said first kerf-engaging flange and extending to a fourth fold,
PA2  e. a second web member connected at said fourth fold and extending
      substantially perpendicularly with respect to said second kerf-engaging
      flange to a fifth fold, and
PA2  f. a second flange connected at said fifth fold and disposed substantially
      perpendicular to said second web member and extending to a sixth fold,
PAL  said first and second web members cooperating to define a web, said web and
      said first and second flanges cooperating to define a channel adapted to
      engage the edge of a wallboard panel of a first layer, and said first and
      second kerf-engaging flanges cooperating to define a kerf-engaging flange
      adapted to engage an adjacent wallboard panel of said first layer and
      cooperating with said web to restrain said panel in three directions, and,
PA1  2. means for supporting a second layer of gypsum wallboard panels spaced
      apart from said first layer of panels comprising:
PA2  a. a supporting web connected at said sixth fold and extending away from
      said second flange and terminating at a seventh fold, and
PA2  b. a wallboard-supporting panel connected at said seventh fold extending in
      a direction substantially parallel to and spaced-apart from said first and
      second flanges, said panel being adapted to permit said second layer of
      panels to extend across and be affixed to the outer surface thereof.
NUM  2.
PAR  2. A stud according to claim 1, wherein a flange is provided on said
      wallboard-supporting panel to increase structural rigidity.
NUM  3.
PAR  3. A stud according to claim 1, having apertures provided in said
      supporting web to permit passage of conduits, wires and pipes.
NUM  4.
PAR  4. A fire-retardant wall comprising in combination:
PA1  A. upper and lower runners
PA1  B. a plurality of studs mounted in said runners, each of said studs
      comprising:
PA2  1. a first wallboard panel layer-engaging structure comprising:
PA3  a. a first flange extending to a first fold,
PA3  b. a web member connected at said first fold and extending substantially
      perpendicularly with respect to said first flange to a second fold,
PA3  c. a first kerf-engaging flange member connected at said second fold and
      extending substantially perpendicularly with respect to said first web
      member to a third fold,
PA3  d. a second kerf-engaging flange connected at said third fold and folded
      over said first kerf-engaging flange and extending to a fourth fold,
PA3  e. a second web member connected at said fourth fold and extending
      substantially perpendicularly with respect to said second kerf-engaging
      flange to a fifth fold, and
PA3  f. a second flange connected at said fifth fold and disposed substantially
      perpendicular with respect to said second web member and extending to a
      sixth fold,
PA2  said first and second web members cooperating to define a web, said web and
      said first and second flanges cooperating to define a channel adapted to
      engage the edge of a wallboard panel of a first layer, and said first and
      second kerf-engaging flanges cooperating to define a kerf-engaging flange
      adapted to engage an adjacent wallboard panel of said first layer and
      cooperating with said web to restrain said panel in three directions, and,
PAR  2.  means for supporting a second layer of gypsum wallboard panels spaced
      apart from said first layer of panels comprising:
PA3  a. a supporting web connected at said sixth fold and extending away from
      said second flange and terminating at a seventh fold, and
PA3  b. a wallboard-supporting panel connected at said seventh fold extending in
      a direction substantially parallel to and spaced-apart from said first and
      second flanges,
PA1  C. a first row of gypsum wallboard panels, the edges on one side of said
      panels being engaged and retained within the channels of said studs, and
      the opposite edges of said panels being provided with kerfs and having the
      kerf-engaging flanges of said studs engaged therein, and
PA1  D. a second row of gypsum wallboard panels engaged by and affixed to said
      wallboard-supporting panels in substantially parallel spaced-apart
      relationship with respect to said first row.
NUM  5.
PAR  5. A wall according to claim 4, wherein a third layer of gypsum wallboard
      panels is affixed to said second layer of wallboard panels.
NUM  6.
PAR  6. A wall according to claim 4, wherein a third layer of gypsum wallboard
      panels is affixed to said first layer of wallboard panels.
NUM  7.
PAR  7. A wall according to claim 4, wherein a flange is provided on the
      wallboard-supporting panel of each stud to increase structural rigidity.
NUM  8.
PAR  8. A wall according to claim 4, wherein apertures are provided in the
      supporting web of each stud to permit passage of conduits, wire and pipes.
NUM  9.
PAR  9. A wall according to claim 4, wherein the corners of the vertical edges
      of said panels of said first layer are beveled to facilitate their
      insertion into said channels.
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ABST
PAL  A method and apparatus for assembling flats for folded boxes into a
      container for shipment and storage which comprises the steps of
      positioning a container under an opening having a slidable closure which
      is in a closed position, positioning a sheet of divider material over the
      slidable closure, positioning a plurality of stacked flats on top of the
      divider material in a defined space, applying a weight to the stack flats,
      cutting the divider material to size, opening the slidable closure and
      dropping the divider material, flats and weight into the container and
      thereafter removing the weight.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to methods and devices for boxing packets of folded
      box flats automatically.
PAR  2. The Prior Art
PAR  Box flats, particularly flats which are capable of being folded to form
      product containers, can be automatically produced by known folding and
      gluing machines. These flats are generally assembled into stacks or
      packets. In the past, it has been known to tie these packets, by means of
      streamers, and to arrange the packets in a container. This has generally
      been done manually and the tying operation always necessitates the use of
      special tying machines. In addition to the requirement of special
      machinery, the streamers must be removed by the user when the box is
      placed in a boxing machine which required additional handling. Up until
      now, if it was desired to avoid tying the packets with streamers, the
      flats for the boxes had to be secured in a stack which was straightened
      and manually arranged in the shipping container, generally on a sheet of
      separator paper whose edges are folded back to enable the flats to be
      removed from the container.
PAR  Recently, new machinery and methods have been devised to eliminate the need
      to handle packets of untied boxes. The packets are pushed horizontally by
      a ram mechanism into a container which rests on its side. An automatically
      cut strip of separator paper is also provided at the time the packets are
      pushed into the container. This method, which in many respects improves
      upon the prior manual methods has a disadvantage in that if the containers
      into which the packets are fed are thereafter set upright for transport
      and storage, the flats contained therein will not rest on a long side or
      on a comparatively rigid fold side, but may come to rest on an end tongue
      generally made up of the end of a small flap or tongue which does not
      always have sufficient strength and resistance to support the weight of
      the packet or, more particularly, the weight of another layer of packets.
      Thus, during the shocks of transportation and handling, the individual
      folded boxes stored in the container can deteriorate which not only
      damages the flats themselves, but can lead to difficulties in removing the
      packets of flats from the container. Thus it would be an advance in the
      art to provide an automatic packaging system for flat folded boxes which
      packages the flats in a container in a stable support position where they
      do not lie on an end tongue and in a manner which they are easily
      removable from the container requiring a minimum of handling both for
      removal and insertion into an automatic boxing machine.
PAC  SUMMARY OF THE INVENTION
PAR  My invention is essentially aimed at removing the above mentioned
      disadvantages and insuring a boxing operation which is similar, in many
      respects, to manual boxing and which results in the boxes resting on a
      rigid, resistant fold.
PAR  According to this invention, a method is provided in which a sheet of paper
      is spread on a plain, horizontal support located above the container into
      which the flats are to be fed. Packets of boxes are assembled onto the
      sheet of paper in a proper position. Thereafter an evenly distributed
      weight is placed on the packet and the horizontal support is then removed
      in such a way that the weight falls into the underlying container carrying
      with it the packet of boxes and the paper while automatically folding the
      ends of the paper against the sides of the packets.
PAR  In the practice of this invention, the weight must be carefully chosen, but
      this choice can be made from a relatively wide range. If the weight is too
      high, it can crush the boxes however, the weight must be sufficient that
      it will fall more quickly than the boxes themselves. The difference in
      falling rates between the boxes and the weight arises from the fact that
      the boxes have a large surface area with respect to their mass and are
      therefore influenced by air resistance and will tend to a non-linear fall
      somewhat in the manner of a feather whereas the weight, having a greater
      mass to surface area will tend to fall directly pushing the air out of its
      way. In this manner the weight will maintain the packet, that is to say
      the weight will accompany the falling packet in its fall into the
      container. The weight's function is therefore comparable to that of a
      moving stop as opposed to that of a push rod. Additionally, the role which
      the separator sheet of paper performs is essential and aids in properly
      boxing the packets. This may be explained, in part, by the fact that the
      separator paper traps air between it and the container. This air has the
      effect of a buffer which holds the packets of boxes against the descending
      weight. The packets will therefore be kept between the weight and the air
      in the container during the fall into the container. Surprisingly, the
      implementation
PAR  A device capable of functioning according to the above described method
      includes a removable support device, means for feeding an interposed sheet
      of separator paper onto the support, means controlling opening and closure
      of the support, at least two parallel vertical walls positioned adjacent
      the support to retain the ends of the packet of boxes, a movable weight
      member whose lower half runs parallel with the support and means for
      guiding the weight in its descent and additional means for lifting the
      weight.
PAR  It is therefore an object of this invention to provide an improved method
      and device for automatically packaging flats for folded boxes in a
      container with the flats resting on a rigid edge.
PAR  It is another and more specific object of this invention to provide
      structure for packaging folded box flats in a container with the flats
      resting on a folded edge.
PAR  It is yet another and more specific object of this invention to provide a
      device and mechanism for packaging packets of folded box flats in a
      container by dropping the flats from a removable support by gravity under
      influence of an applied weight into a container positioned below the
      removable surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of a preferred embodiment thereof,
      taken in conjunction with the accompanying drawings, although variations
      and modifications may be effected without departing from the spirit and
      scope of the novel concepts of the disclosure and in which:
PAR  FIG. 1 is a schematic diagrammatical view of a flat packaging device
      according to this invention in position adjacent a folding-gluing machine;
PAR  FIG. 2 is a perspective diagrammatic view of portions of the packaging
      device of this invention;
PAR  FIG. 3 is a view similar to FIG. 2 illustrating two rows of flats in
      position on the device of FIG. 2;
PAR  FIG. 4 is a view similar to FIGS. 2 and 3 illustrating diagrammatically the
      weight applying mechanism of this invention;
PAR  FIG. 5 is a view similar to FIGS. 2, 3, and 4 illustrating the device after
      removing the support surface;
PAR  FIG. 6 is a perspective view of a portion of the interfit between
      stationary walls of the device and the movable weight;
PAR  FIG. 7 is a diagrammatic view of a divider material cutting device shown in
      position with respect to the boxing device of this invention;
PAR  FIG. 8 shows structural details of the divider material cutting device of
      FIG. 7;
PAR  FIG. 9 shows an alternative design for the weight applying portion of the
      packaging device of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The boxing device of this invention is most advantageously designed in the
      form of an independent unit capable of being temporarily positioned
      adjacent a station for receiving flats for folded boxes coming from a
      folding and gluing machine. For the purposes of this document, the
      flattened unopened boxes from the folding and gluing machine will be
      referred to as flats; and arranged together stack of flats suitable for
      packing will be referred to as a packet; and, the box or other storage
      device into which they are packed will be referred to as a container.
PAR  The diagrammatic FIG. 1 illustrates a typical production layout utilizing
      the independent boxing device of this invention. The figure shows a
      reception station from a piece of machinery engaged in the production of
      flats which includes two belt conveyors, 1 and 2 which feed the flats into
      a conveyor device 3 which in turn results in the flats being deflected
      90.degree. and straightened to form a stack of flats against a movable
      stop 4. Packets are formed from the stack of flats by means of a
      vertically movable separator 5, the length of individual packets being
      determined by an adjustable stop 6. The packets may then be pushed in a
      lateral direction by a push rod mechanism 7 as has been previously
      described in my U.S. Pat. No. 3,826,058 entitled "A Method and Apparatus
      for Inter-Leaving a Strip of Material Between Superposed Packets" the
      teachings of which are herein incorporated by reference. The boxing device
      itself is positioned to receive the packets pushed by the push rod 7 and
      consists of a movable unit 8, which may be mounted on wheels for easy
      displacement. The unit includes two vertical parallel walls 9 and 10,
      which may be adjustable, a surface which is defined by two movable flaps
      or support surface members 11 and 12, a weight mechanism (not shown in
      FIG. 1) which is designed to accompany the packets of flats in a fall from
      the surfaces 11 and 12, a roll of paper 13 for providing a divider
      material interposed between successive layers of packets, and a plate 14
      extending under the movable support surfaces 11 and 12 and designed to
      support containers 15.
PAR  The boxing operation can be carried out as follows:
PAR  After separator 5 has been lowered and a packet of boxes has been assembled
      on surface 16' the packet is fed by push rod 7 onto the top of a strip of
      paper previously fed over the movable support surfaces 11 and 12. As
      illustrated, two packets of flats 16 and 17 can be fed in succession onto
      the strip of paper or divider material over the movable support surfaces
      11 and 12 which thereby allows, in a single operation, the formation of a
      complete bed or layer of packets in a large container 15' positioned under
      the movable support surfaces. Once the two packets 16 and 17 are
      positioned atop the movable support surfaces and between the vertical
      walls 9 and 10, the weight device is lowered onto the packets 16 and 17.
      At the same time, the strip of interposed divider material 13 previously
      placed on the surface of the movable support surfaces is cut to the
      desired length. Thereafter the movable support surfaces 11 and 12 are
      quickly separated. The packets of flats 16 and 17 and the cut-to-length
      divider material 13 then fall into the container 15' accompanied by the
      falling weight member. The packets are at first guided by the vertical
      walls 9 and 10 and thereafter by the walls of the container 15' and are
      kept aligned at the top by the accompanying weight member and at their
      bottom by the air pressure of air trapped between the descending divider
      material and the container. Although it is mandatory that the container
      provide an opening whose dimensions are at least equal to those of the
      descending packets between the walls 9 and 10, it may desirably be
      slightly oversized having a length dimension greater than the length of
      the packets to allow slight expansion of the packets in the container.
PAR  The interposed paper is automatically carried by the falling packets and
      preferably has a dimension, after cutting, greater than the dimension of
      the packets. In this manner the ends of the divider material are folded at
      various points on the packets as the packets enter the container to permit
      easy removal of packets from the container. The above described operation
      is repeated as many times as is possible to provide beds or layers of
      packets in the container. Between each drop of packets and divider
      material into the container, the weight mechanism is raised by a suitable
      means and the movable support surfaces are moved to a closed position. The
      movable support surfaces 11 and 12 may be separated from one another in
      various ways, the simplest of which is to slide them horizontally under
      influence of devices such as air cylinders, solenoids, hydraulic rams,
      etc.
PAR  Referring now to FIGS. 2 through 8, the movable unit 8 is illustrated as
      being wheel-mounted with the table being composed of two horizontally
      movable slidable support surfaces members 11 and 12. Extending above the
      members 11 and 12 are the two vertical parallel walls 9 and 10 which,
      although shown as being in fixed position, are preferably adjustable to
      provide for differing size packets. Walls 9 and 10 are positioned on a
      frame 18 and are interconnected by a third vertical wall 19 which serves
      as a stop for the packets which are fed onto the table surface formed by
      the members 11 and 12 by the push rod 7. A third closable wall 20, formed
      in the shape of a U, also extends between walls 9 and 10. The bight
      portion of the U acts as a fourth side to a defined space the other three
      sides of which are defined by walls 9, 10, and 19. The legs of the U are
      hingeably attached to the walls 9 and 10 and are fixedly attached to, for
      example, shaft 25 which is rotatable under influence of an outside motive
      force to open and close the vertical wall 20. The slidable support surface
      members 11 and 12 slide in grooves 21 and 22 in walls 9 and 10 and may be
      moved by, for example, the double action rams 23 and 24 illustrated.
PAR  The frame member 18 is also provided with a bracket or table bed extension
      26 designed to support the reel of paper 13.
PAR  FIG. 4 illustrates the placement of a weight applying assembly for use in
      the practice of this invention. The assembly includes a weight plate 35
      which may be provided with perforations 36 allowing air to pass
      therethrough. The plate is affixed to the lower end of a piston 37 guided
      in a vertical tube 38 which in turn is affixed to a support plate 39
      carried by walls 9 and 10. The piston 37 is activated by a member 40,
      which may be, for example, a hydraulic cylinder, solenoid, rack and pinion
      or the like power actuator which is capable of raising the plate 35 to an
      elevated position and maintaining it in that position and further, which
      is capable of releasing the plate. As shown in FIG. 6, the plate 35 is
      provided with eight shoulders, two of which 35a and 35b are shown which
      are bent at right angles to the plate and depend therefrom. These
      shoulders engage grooves 27 to 34 as illustrated in FIG. 2, grooves 31 and
      32 being shown in FIG. 6. The vertical flange portion of the shoulders
      35a, 35b are recessed from the surfaces of walls 9 and 10 when received in
      the grooves.
PAR  Referring now to FIGS. 2 through 6, it can be seen that once wall 20 is
      raised into the feed position shown in FIG. 2 and the interposed paper or
      divider material 13 is fed onto the movable support surfaces 11 and 12,
      the packets of flats 16 and 17 can be pushed in succession onto the
      surface members 11 and 12 over the divider material 13 under wall 20. The
      packets will be restricted between walls 9 and 10. Thereafter wall 20 is
      rotated down to the position illustrated in FIG. 5 to define a confined
      space for the packets. Support surfaces 11 and 12 are quickly separated by
      action of the members 23 and 24. The plate 35, having been previously
      released from its elevated position to a position resting atop the
      packets, then falls, more or less freely, and accompanies the packets in
      their fall into container 15'. During the fall, the flats located at the
      ends of the packets tend to be held by friction against the walls 9 and
      10. Since it is necessary to allow a slight clearance between the edges of
      plate 35 and the walls 9 and 10, the end flats tend to remain held against
      the walls without being carried forward by the plate 35. The grooves 27 to
      34 and the indexing shoulders 35a, 35b, etc., cooperate to prevent the
      flats from being held in place against the walls in that they will be
      abutted by the shoulders. The end flats must also bridge the necessary and
      relatively large space between the table bed and the container 15'. In
      this critical space, the packets, which are compressed, have a tendency to
      expand. Although the divider material 13 which moves downwardly with the
      packets retains the lower edge of the flats, particularly the end flats,
      the upper edges, in contrast, tend to separate which could cause the end
      flats to tip over, possible carrying therewith adjacent flats. The
      vertical flanges of the shoulders 35a, 35b, etc., prevent this from
      occuring by retaining the upper edges of the end flats.
PAR  FIGS. 7 and 8 illustrate a device for positioning and cutting the divider
      material or paper 13. FIG. 7 diagrammatically illustrates the device as
      seen from the receiving station 16' of FIG. 1 in a direction parallel to
      walls 9 and 10. The movable support surfaces 11 and 12, the bearing
      surface 26 of the frame 18 and the paper reel 13 are all illustrated. The
      device for positioning the divider material includes a gripper 42 capable
      of being displaced from one end to the other in parallel with the movable
      support members 11 and 12 and whose opening and closing operations are
      controlled by cams 43 and 44, cam 43 being mounted on a slide
      perpendicular to the plane of the drawing. To the left of the drawing at
      the side of the reel of paper 13 a paper knife 45 including a blade 46
      controlled by a cam (not illustrated) is positioned.
PAR  FIG. 8 illustrates, in greater detail, the gripper 42 and its control cams
      43 and 44. The gripper consists of a fixed jaw 47 and a movable jaw 48.
      The movable jaw 48 is associated with a shaft 49 with which it pivots. A
      lever 50 is fixed at another point on the shaft by means of a pin 51. The
      end of the lever is provided with a roller 52 designed to operate with
      cams 43 and 44. These cams are outside of the trajectory of the gripper
      but on the trajectory of roller 52. The locking force of the gripper can
      be adjusted by means of a screw 55 which acts upon a spring 54. At least
      one of the cams, for example cam 44 controls the opening operation of the
      gripper at the end of its travel in a manner which releases the paper 13.
      To this end the cam 44 may be moved on a slide 56 and locked into the
      desired position. The length of the paper spread on the moving support
      surfaces 11 and 12 must be adapted to the length of the packets of flats
      received thereon.
PAR  The gripping mechanism operates as follows:
PAR  To grip the paper, gripper 42 is moved towards the left in the drawing.
      When its roller 52 meets cam 43, the gripper will open. Thereafter cam 43
      is laterally moved, for example by the action of a pneumatic cylinder (not
      shown) in such a way that the roller 52 leaves the cam thereby allowing
      the gripper to be closed by action of the spring 54. In so doing, it will
      grip the end of the strip of paper 13 to the left of the knife 56. The
      gripper will then return to the right in the drawing carrying with it the
      sheet of paper or divider material 13 without the roller 52 engaging the
      cam 43 which, during this movement, remains displaced and returns to its
      initial position only after the gripper has passed. Immediately before the
      roller 52 meets cam 44 which will act to release the gripper, the paper
      will be cut by knife 56 which is actuated by a suitable control mechanism
      which may, for example, be mechanically tied into the movement of the
      gripper. Thereafter the packets of flats can be pushed onto the surface of
      the divider material above the movable support surfaces 11 and 12.
      Thereafter the weight represented by plate 35 can be lowered into contact
      with the packets as illustrated in FIG. 4. It will be noted that the paper
      preferably has a length, after cutting, which is greater than the packets
      which are received between the walls 9 and 10. Thus, the paper is
      preferably of greater dimension after cut than the opening to the
      container 15'. In this manner, when the movable support surfaces 11 and 12
      are removed and the paper dividing material 13, packets 16 and weight 35
      descend into the container 15', the divider material 13 will be bent to
      provide easy removal of the packets from the container.
PAR  It is to be understood that the devices thus far described are merely
      illustrative of one possible embodiment. As an alternative embodiment, the
      movable support surfaces 11 and 12 could be replaced by some other movable
      support surface in one or more sections. Further the separation or removal
      of the support may be carried out by a rotary movement or a combined
      rotary and transverse movement, the support surfaces being guided on rails
      of suitable curvature. In addition the removable support surfaces might in
      particular consist of a cloth or cover mounted on rollers or chains. It
      may also be advisable to alter the dimension of the weight according to
      the size of the packets of the boxes and the dimensions of the container.
      For this purpose the weight may consist of a telescopic rod assembly
      enabling its horizontal dimensions to be altered or any such similar
      system that can be extended in one or more planes. One such alternative
      design is illustrated in FIG. 9 wherein the weight comprises two tubular
      parts 57 and 58 bent at right angles encasing and sliding on the one hand
      in a tubular part 59 and on the other hand, in tubular parts 60 and 61
      which may themselves be provided with bent section 68, 61a respectively
      and slide in a tubular part 62 parallel with part 59. Parts 59 and 62 are
      each firmly attached to cross pieces 59a, 62a respectively which slide in
      a tubular part 63 attached to a shaft 64, which could be the equivalent of
      the shaft 38. The various parts are locked together in the desired
      dimension by means of set screws illustrated or by other such adjustable
      fasteners. Shoulders 65 and 66 similar to shoulders 35a and 35b are
      provided at each end of the frame.
PAR  It can therefore be seen from the above that my invention provides both a
      method and device for boxing packets of box flats in a container for
      shipment or storage. The flats are boxed in a manner mosts desirable for
      assuring their protection from damage during shipment and storage. Of
      particular importance, the device provides an area defined by walls into
      which packets can be automatically fed over a sheet of divider material
      which is cut to size automatically. The divider material is positioned
      over a removable support surface. A container underlies the support
      surface. A weight is provided to automatically descend atop the packets to
      retain them in position during a fall into the container which is actuated
      by removal of the support surface. In addition interfitting flanges on the
      weight and grooves on at least one of the side walls cooperate to prevent
      the packets from falling apart during the drop to the container. In this
      manner it is not necessary that the individual flats making up the packets
      be tied together.
PAR  Although the teachings of my invention have herein been discussed with
      reference to specific theories and embodiments, it is to be understood
      that these are by way of illustration only and that others may wish to
      utilize my invention in different designs or applications.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A device for packaging folded box flats comprising: a frame member, a
      first surface associated with said frame member for receiving a container
      thereon, a second surface carried by said frame member positioned
      vertically above the said first surface, said second surface including a
      movable surface portion, means for moving the surface portion to and from
      an area over a container on the first surface, vertical walls defining an
      area above said second surface, means for positioning a sheet of divider
      material on said movable surface portion, means for positioning packets of
      a plurality of individual box flats on said sheet of divider material, a
      movable weight positionable at a first position on said packets, means
      allowing said weight to freely fall from said first position to a second
      position adjacent the first surface, means limiting movement of said
      weight in a horizontal direction whereby when said movable surface portion
      is removed from said area, the divider material, packets and weight will
      fall towards the first surface, means restricting spreading of the
      individual flats during falling to maintain the position and alignment of
      the packets, and means for moving said weight to a third position above
      the second surface.
NUM  2.
PAR  2. The method of inserting packets of folded box flats in a container which
      comprises the steps of positioning a container under an opening having a
      slidable closure, positioning the slidable closure in a closed position,
      positioning a sheet of divider material on top of the slidable closure
      remote from the container, positioning packets of flats on the divider
      material over the slidable closure, positioning a weight on said packets,
      opening said slidable closure and dropping said divider material, packets
      and weights into said container, restricting spreading of the box flats
      during movement of the packets and weight from the area of the opened
      closure to the container, and thereafter removing said weight from said
      container to a position above said slidable closure and closing said
      slidable closure.
NUM  3.
PAR  3. A device for packaging box flats in a container which comprises a frame
      device, a first surface associated with said frame device for receiving a
      container, a second surface carried by said frame device, portions of said
      second surface being movable to provide an opening in said second surface
      above a container received on said first surface, vertical walls extending
      above said second surface defining an area which includes the opening, a
      movable weight movable from a position above said second surface to a
      position adjacent said first surface, a plurality of vertical grooves in
      at least some of said vertical walls, a plurality of shoulders on the
      periphery of said weight indexible with said grooves, and means for
      guiding and controlling movement of the weight, the shoulders on the
      weight having outside end portions thereof which project below a bottom
      surface of said weight, the bottom surface being parallel with the second
      surface.
NUM  4.
PAR  4. The device of claim 3 wherein the weight comprises a perforated plate
      fixed to the lower end of at least one vertical member guided in a guiding
      means.
NUM  5.
PAR  5. The device of claim 4, wherein the said weight comprises an assembly of
      telescopic parts whereby the horizontal dimensions of the weight are
      variable, the weight being affixed to at least one vertical bar guided in
      a guiding means.
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ABST
PAL  A method for making, filling and sealing a packing container in which the
      container has a lug provided in one end plate which can be partially
      removed to provide a filling opening and which can be reclosed and sealed
      in the end plate after filling.
BSUM
PAR  The present invention relates to a method for the manufacture, filling and
      closing of packing containers intended for fluid materials comprising a
      prismatic container body and end plates covering the said container body
      as well as packing containers manufactured in accordance with the method.
PAR  In the manufacture of packing containers for fluid materials such as e.g.
      milk or fruit juice paper and cardboard, plastics or combinations of the
      said materials are frequently used as packing material. The demands made
      on a package of the abovementioned type are that it shall be tight, it
      shall give good protection to the contents, it shall be convenient to use,
      it shall be rational to manufacture, handle and transport, and finally, it
      shall be cheap.
PAR  A number of packing containers of disposable character of various designs
      are on the market which constitute more or less successful compromises of
      the abovementioned demands. Since the price of the packing material is the
      altogether dominating factor which determines the price of the finished
      packing container, it is advantageous to use a packing material which is
      as cheap as possible without waiving the demand for tightness and for
      protection of contents and to design the packing container so that the
      quantity of packing material consumed is as small as possible in relation
      to the volume of the packing container.
PAR  The known parallelepipedic packing containers are designed so that the
      packing material, by folding, is made to overlap in two or more layers
      along important surfaces, which means that the material consumption is
      relatively great. Such packing containers, which are manufactured from a
      blank which is folded and formed to a container with an open end, through
      which the contents are introduced, have the inconvenience that the
      contents can be introduced only up to a certain level, since otherwise the
      contents during the processing of the packing container in the packing
      machine will splash over the edge of the open packing container. It is
      generally known that a splash margin of about 2 cm at the top of the
      packing container is required to prevent the contents from splashing over
      the edge when the packing container is tranferred from a filling station
      to a closing station in the packing machine. Owing to the presence of a
      splash margin in the packing container, the closed package will contain a
      certain quantity of enclosed air which may amount to 10 - 15% of the total
      volume, and since the oxygen of the air has a detrimental effect on the
      quality of milk and juice products, it is desirable to reduce the quantity
      of enclosed air as much as possible.
PAR  It is the object of the present invention to provide a method for the
      manufacture of a packing container which on the one hand has a very small
      quantity of enclosed air and requires a quantity of packing material which
      is economically adapted to the volume of the packing container, and on the
      other hand has very small quantities of overlapping material, which
      contributes to the quantity of packing material and thus is matched very
      economically to the volume of the packing container. The invention is
      characterized in that the said end plates are applied, before the filling
      operation, to the container body and are tightly sealed to the opening
      edge regions of the same, and that a preferably lug-like portion, punched
      out previously in one of the said end plates, is withdrawn to provide a
      filling opening communicating with the interior of the packing container.
      Thus a fill pipe for the introduction of the intended contents may be
      passed down through the said filling opening, whereupon the contents are
      introduced into the packing container, and finally the said withdrawn,
      lug-like portion is folded back towards the opening in the end plate and
      is united in a tight and mechanically durable manner with the end plate
      from which it has been punched. The inventions is characterized further in
      that the said lug is produced by punching or cutting lines of a depth
      which is less than the thickness of the end plate. The punching is carried
      out on both sides of the end wall in such a manner that the punched or cut
      lines are somewhat laterally displaced in relation to one another and that
      the material in the end wall between the said punched or cut lines forms
      overlapping parts, one part belonging to the lug and the other part to the
      end wall.
DRWD
PAR  In the following, the invention will be described with reference to the
      enclosed diagrammatic drawing, in which
PAR  FIG. 1 shows a packing container in accordance with the invention after
      completion,
PAR  FIG. 2 shows a packing container in accordance with the invention during
      its filling operation,
PAR  FIGS. 3 and 4 show enlarged cross-sections along line A--A of FIG. 2
      through the filling opening, and
PAR  FIG. 5 shows the end portion of a packing container, the filling lug of
      which is fixed in place with the help of an outer cover strip.
DETD
PAR  Packing containers in accordance with the invention can be manufactured of
      several different kinds of packing material, and the package body and the
      end plates may be manufactured of the same material or of different
      materials. In the following description it is assumed that the packing
      container in accordance with FIG. 1 has a container body 1 of a cardboard
      material coated on both sides with thermoplastic material and end plates
      2,3 of foamed plastic material which on both sides are coated with
      homogeneous plastic material. The container body 1 may be manufactured of
      a foamed plastic base layer coated with homogenous plastic material, if
      desired and in the following where the container body is said to consist
      of cardboard or papr material coated with plastic, it will be understood
      that it can also be made advantageously of foamed plastic material which
      is coated with homogeneous plastic material. The container body 1 is
      manufactured from a packing material web, from which sheets or blanks are
      cut and which subsequently, e.g. through rolling up on a mandrel or the
      like, are formed to a prismatic body with square or rectangular
      cross-section. By sealing the plastic coatings of the packing material to
      each other along the longitudinal edges of the said blank a tight
      longitudinal joint is obtained. In the event the container body 1 is
      manufactured from cardboard materials, an absorbant cut edge is exposed
      towards the interior of the packing container, and it is necessary in many
      cases to cover up this cut edge either by means of a separate plastic
      strip or else e.g. through double-folding of the inner edge region. If the
      container body 1 is made of foamed plastic material no problem of
      absorption arises, because the foamed plastic material is nonabsorbent.
PAR  As mentioned earlier, the end openings of the container body 1 are closed
      by means of end plates 2,3 which with their edge regions 4 are folded down
      against the sides of the container body 1 and fixed thereto. The said
      fixing of the edge regions 4 of the end plates 2,3 against the container
      body 1 is accomplished by providing the edge regions 4 of the end plates,
      in advance, with a binding means that can be activated by heat, so-called
      "hot melt," which consists of mixtures of plastic material and waxes in
      such proportions that the desired melting temperature is obtained. Since
      the melting temperature of hot-melt material in general is substantially
      lower than the melting temperature of the plastic material included in the
      packing laminate, it is possible to carry out the sealing at a temperature
      which is considerably lower than the melting temperaure of the plastic
      material. In addition to covering the edge regions 4 of the end plates 2,3
      with hot-melt coating it may be suitable in certain cases also to cover
      the upper and lower edge regions of the container body with a hot-melt
      material so as to obtain a tight and mechanically durable seal with the
      end plates.
PAR  The end plates 2,3 too are made preferably from a web of packing material
      which, as mentioned earlier, consists of a base layer of foamed plastic
      material, preferably polystyrene foamed plastic material of a thickness of
      0.5 - 2 mm, and thin outer coatings of homogeneous plastic material. The
      end plates 2,3 are punched out from the web and are pre-treated with
      hot-melt coating, and provided with an emptying hole and filling hole
      before being applied to the container body. The upper end plate 2 in the
      example shown comprises an emptying hole 5 which is covered with a cover
      strip 6, the outermost part of which consists of a pull-tab 7. The cover
      strip 6 may consist of a homogeneous plastic strip which in the area of
      the emptying hole 5 can be drawn down into the same whereby the portion
      drawn down may be designed so that its largest outside dimension somewhat
      exceeds the inside dimension of the emptying hole 5, a so-called
      spring-fastener effect being obtained, that is to say, that part of the
      cover strip 6 which is drawn down into the emptying hole 5 can, after the
      cover strip 6 has been torn off and the emptying hole 5 has been exposed,
      be pressed back firmly into the emptying hole 5, for a dustproof closure
      of the package. The cover strip 6 is sealed to the upper surface of the
      end plate 2 along a sealing region which extends around the emptying hole
      5, the strength of the seal being adjusted so that the cover strip 6 can
      be torn off relatively easily from the surface of the end plate 2. The end
      plate 2 with emptying device, which may be designed in some other manner
      than that described here, or also without any opening device, is
      prefabricated and prepared to be applied to the container body 1 in the
      packing machine, which container body 1 is then preferably fitted on a
      mandrel.
PAR  The end plate 3 as shown in FIG. 2 is adapted to comprise a filling opening
      9 through which the contents are to be introduced into the packing
      container and the end plate 3 also is prepared and prefabricated in that a
      hot-melt coating is applied to the edge regions 4 and that a lug 8 is
      punched out of the end plate 3 and is folded back so that the filling hole
      9 is accessible.
PAR  When the container body 1 has been provided with the upper end plate 2 the
      packing container is turned so that the lower opening of the container
      body 1 is directed upwards, whereupon the end plate 3 is applied to the
      said upwardly turned opening of the container body 1. When the end plate 3
      has been fixed and sealed to the lower opening edge region of the
      container body which, as mentioned previously, is turned upwards during
      the working operation, the contents are filled into the packing container
      with the help of a fill pipe 10 which is introduced into the packing
      container close to its downwardly directed end plate 2, whereupon the
      contents are allowed to flow through the fill pipe 10, which fills up the
      packing container at the same time as the fill pipe 10 is raised at the
      same rate as the level of the contents rises in the packing container.
      Owing to the fact that the filling hole 9 is small in relation to the
      cross-sectional area of the packing container, the risk of spilling
      through splashing is small and the packing container can therefore be
      filled practically up to the filling hole 9. If the filling and the
      subsequent closure of the filling hole 9 are done whilst the packing
      container is at standstill or moves at an even speed without acceleration
      or retardation, lateral movements of the contents are avoided, which means
      that the risk of splashing is further reduced. When the packing container
      is filled with its contents and the fill pipe 10 has been removed, the lug
      8 is shut over the filling hole 9 and fixed to the end plate 3 either by
      means of an outer cover strip in the manner as shown in FIG. 5 or else by
      means of a binding agent that can be activated by heat in a manner which
      will be described in greater detail in the following.
PAR  Since the filling through the filling hole 9 cannot be done with filling
      nozzles of the size which could be used if the whole end area of the
      package were open, it is appropriate to fill the packing container
      relatively slowly, and so that the overall capacity of the packing machine
      should not be diminished because of the slow filling, it is appropriate to
      fill, at the same time, a number, e.g. two, four or six packing
      containers.
PAR  As mentioned previously, it is desirable to reduce the quantity of air in
      the closed packing container to an absolute minimum, since the oxygen of
      the air has a detrimental effect on the quality of the contents. In
      packages of the type described here it is difficult, however, on the one
      hand completely to fill the package with its contents without the contents
      pouring over the edge of the emptying hole 9, whilst on the other hand it
      is troublesome after opening of the packing container to pour the contents
      out without spilling if the package has been filled with its contents
      right to the top. This problem can be remedied, however, by pressing in
      the sidewalls of the container body 1 during the filling operation or
      after the filling operation has been completed, and keeping the wall
      portions pressed-in until the filling hole 9 has been closed again by
      means of the lug 8. When the packing container has been tightly closed,
      the pressure against the walls of the container body 1 can be released,
      these walls largely remaining in their pressed-in position, however, since
      the packing container is so tight that no air can penetrate into the same.
      When the packing container is opened when the cover strip 6 is removed,
      air will enter the package, and the sidewalls of the container body 1 will
      re-assume their normal position, whereby the volume of the packing
      container increases and consequently the level of the contents drops a
      little so that the risk of a spill, when the container is emptied of its
      contents, is reduced or avoided. To obtain the minimum possible quantity
      of enclosed air in the package the same can first be filled with its
      contents to a level somewhat below the level of the filling hole 9,
      whereupon the walls of the container body 1 may be pressed in so that the
      contents come practically up to the emptying hole 9, whereupon the same is
      closed. When the packing container is opened the level of the contents
      drops back to the position it had on completion of the filling operation.
PAR  In FIG. 5 is shown how a V-shaped lug 13a, which is incorporated in the end
      plate 3, is covered by means of a cover strip 11 which is sealed to the
      end plate 3 at least along a portion 12 around the lug 13a. The
      application of the cover strip 11 involves naturally a technical
      complication and a certain increase in the cost of the packing container,
      so that it is desirable in certain cases to be able to avoid the said
      cover strip 11. In FIG. 3 and 4 is shown a design of the end plate 3 with
      filling hole 9 which does not require any outer cover strip, which means
      that the end plate 3, like the end plate 2 prepared with emptying hole 5,
      can be completely arranged in advance in a special machine to be combined
      later with the container body, whereupon the filling hole can be closed
      without any additional cover strip having to be used. FIG. 3 shows a
      greatly enlarged section of the end plate 3, the section having been taken
      through that area of the end plate 3 which is adapted to from the lug 8 by
      which the filling opening 9 is exposed. As can be seen from FIG. 3, scores
      or punched lines 12,13 have been provided in the end plate 3 in such a
      manner, that one punched line 12 is arranged on the outside of the end
      plate 3 and a second punched line 13 is arranged on the inside of the end
      plate 3. The two punched lines or scores 12,13 are thus punched or scored
      on different sides of the end plate 3, and as can be seen from FIG. 3, the
      depth of punching is such that the outer homogeneous plastic coatings 15
      are wholly penetrated whilst by contrast the punchings do not wholly
      penetrate the base layer 14. The depth of punching for both punched lines
      12,13 are chosen so that the inner parts 16 of the punched lines 12 and 13
      reach to the same level in the base layer 14 or extend a little past one
      another.
PAR  The punched lines 12,13 are moreover somewhat laterally displaced in
      relation to one another, which means that an area 17 of the base layer
      will exist between the inner parts 16 of the punched lines 12,13. To form
      the lug 8 and the filling opening 9 the punched lines are arranged
      parallel with one another in U-shape or V-shape in such a manner, that the
      filling opening 9 will be located substantially centrally in the end plate
      3 and, owing to the punched lines 12,13 being parallel and laterally
      displaced in relation to one another, the punched line 12, which is
      arranged on the outside of the end plate 3 will enclose a larger surface
      than the punched line 13.
PAR  The lug 8 and filling opening 9 prepared in the abovementioned manner are
      formed so that, as shown in FIG. 4, when the lug 8 is pressed upwards, the
      portion 17 mentioned earlier between the punched lines 12,13 is split to
      form parts 18,19 overlapping one another, the part 18 being located on the
      lug 8 and the part 19 being integral with the remaining part of the end
      plate 3. The splitting of the end plate between the punched lines may
      occur either in the base layer 14 itself, since foamed polystyrene can
      easily be split, or the splitting may also occur between the homogeneous
      plastic layer 15 and the foam layer 14, if the strength of lamination
      between the layers is not too great. Both, or at least one of the parts
      18,19 overlapping one another maybe provided along split surface(s) with a
      seal 20 of hot melt and the lug may be withdrawn from the filling opening
      9 and folded back against the end plate 3.
PAR  The end plates 3 manufactured in the abovementioned manner are sealed to
      the one opening of the container body 1 with the help of hot melt or some
      other adhesive agent which is activated through the application of heat.
      For securing the end plate 3 to the container body no help can be obtained
      from an inner mandrel onto which the container body is fitted, but it has
      been found that the edge of the container body 1 is stiff enough to permit
      a tight and durable seal between the end plate 3 and the container body 1.
PAR  After the filling operation, as described earlier, the lug 8 is replaced in
      the filling opening 9, the overlapping portions 18,19 being brought into
      contact with one another and heat being applied to activate the hot melt
      20, with whose help the lug 8 is sealed in shut position over the filling
      opening 9. After the filling and closing operation the packing container
      is turned so as to assume the position shown in FIG. 1, whereupon the
      packing container is ready for delivery.
PAR  The packing container in accordance with the invention and the method for
      its manufacture can also be adapted for sterile contents, which implies
      that the packing material and the assembled packing container has to be
      sterilized before the sterile contents are introduced into the package.
      Such a treatment and filling of the packing containers ought to take place
      in a known manner in a chamber wherein a sterile atmosphere is maintained
      so as to prevent a re-infection of the already sterilized packing
      containers.
PAR  The sterilization of the packing containers may be arranged in such a
      manner that the packing material in the form of a web, from which the
      container body 1 and the end plates 2,3 are manufactured, before
      processing is dipped in or is treated with, a sterilizing chemical, e.g.
      hydrogen peroxide, possibly in the presence of heat, since heat
      accelerates the sterilization process . The so sterilized packing material
      can then be cut up into blanks and formed into the container body 1 and
      the end plates 2,3 respectively, which are assembled together in the said
      sterile chamber, within which they are then filled and closed. It is also
      possible to carry out the sterilization treatment only after the container
      body and the end plates have been made and possibly assembled, and this
      may be done e.g. by means of a hydrogen peroxide mist with a subsequent
      hot air treatment so as to vaporize the hydrogen peroxide.
PAR  It is also possible to sterilize the packing containers with the help of
      electronic irradiation, and it is preferably here to use electronic
      irradiation of low energy content so as to avoid harmful secondary effects
      in the form of x-ray radiations. The advantage of sterilization by
      electronic irradiation is that no residual products of the sterilizing
      agent remain on the packing material which might afterwards come into
      contact with the packed foodstuff, neither will any moistening of the
      packing material occur. The sterilization by electronic irradiation can be
      arranged so that the packing containers prior to filling with the contents
      are led past a source of radiation which irradiates electrons on the one
      hand towards the outside of the packing container, and on the other hand
      through the filling hole 9 into the inside of the packing container, which
      causes the inside of the packing container to be completely sterilized
      owing to the electrons exciting secondary electrons from the inner wall
      surface of the packing container, which, together with the primary
      electrons reflected against the wall surfaces, bring about sterilization
      of the interiors of the packing containers by electronic irradiation. The
      fill pipe 10 may also be placed so that it is affected by the electronic
      irradiation and be kept sterile on the outside. The abovementioned
      sterilization by electronic irradiation should here too be carried out in
      a closed room in which a sterile atmosphere is maintained so as to prevent
      re-infection of the already sterilized packing containers, and the said
      closed chamber should have, moveover, a thin layer of a screening metal,
      e.g. lead, so as to collect any X-ray radiation which might be generated
      by the electrons used for sterilization. As in the case of chemical
      sterilization, the sterilized packing containers must be filled while in
      the said chamber with the intended sterile contents and be closed in a
      bacteria-tight manner before they are taken out of the chamber to the
      surrounding atmosphere.
PAR  As mentioned previously, the packing container in accordance with the
      invention is convenient to handle and to open, and it is moreover cheap,
      since no overdimensioning of the container body is required to avoid
      splashing over the edges of the container and since overlapping material
      layers are largely avoided.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for making, filling and sealing packing containers for fluids
      in which a substantially tube-like container body of packaging material is
      closed at each end with an end plate of packaging material, said method
      comprising forming cuts in a substantially U-shaped configuration on
      opposed sides of one of said end plates, said cuts extending partially
      through the thickness of the one end plate and the cut on the outer side
      of the one plate lying substantially parallel to and outside the cut on
      the inner side of the end plate when viewed normal to the plane of the end
      plate, affixing the one end plate and a second end plate to the ends of
      the side walls of the container body to form a closed container,
      withdrawing and folding back that portion of the packaging material of the
      one end plate generally within the limits defined by the substantially
      U-shaped cuts therein by tearing the uncut material between the
      substantially U-shaped cuts to form a lug whose outer periphery extends
      beyond and overlaps the periphery of the filling hole formed in the one
      end plate when the lug is withdrawn and folded back, introducing a filling
      pipe into the filling hole for filling the container with a fluid,
      withdrawing the filling pipe, unfolding and reinserting the lug into the
      filling hole and securing the lug in the filling hole in a fluid tight and
      mechanically durable manner.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the one end plate is affixed to
      the bottom of the packing container.
NUM  3.
PAR  3. A method as claimed in claim 1 and further comprising affixing a cover
      strip over the reinserted lug to seal the area surrounding the lug.
NUM  4.
PAR  4. A method as claimed in claim 1 and further comprising applying a sealing
      material between the overlapping portions of the periphery of the lug and
      the periphery of the filling hole before reinserting the lug into the
      filling hole.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the end plates are composed of a
      laminate having a base layer of a foamed plastic material and layers of a
      homogeneous plastic material on both sides thereof.
NUM  6.
PAR  6. A method as claimed in claim 5 wherein the foamed plastic material is
      foamed polystyrene and the layers of homogeneous plastic material are
      polystyrene.
NUM  7.
PAR  7. A method as claimed in claim 1 wherein the container body is composed of
      a base layer of a packaging material and layers of a plastic material on
      both sides thereof.
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ABST
PAL  Packaging apparatus for packaging units in flexible sheet material with the
      units spaced longitudinally in a tube formed of a web of the material and
      with the tube sealed together between successive units. The apparatus
      includes a rotary sealing wheel carrying a series of sealing assemblies
      for sealing the tube, the sealing assemblies being uncoupled from the
      wheel and held at a hold position for again being released in timed
      relation to movement of the tube for sealing the tube between successive
      units. The apparatus also includes an electronic pulse counter or encoder
      driven at a speed proportional to the speed of the wheel to effect the
      release of a sealing unit in the event the passage of a unit to be
      packaged is not sensed by a photoelectric sensor when packaging the units
      in unprinted sheet material, or to control the placement of units to be
      packaged on a web of the material having registration marks preprinted
      thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to packaging apparatus, and more particularly to
      apparatus for packaging a product in a tubular bag having its ends sealed
      closed.
PAR  Specifically, this invention relates to an improvement on packaging
      apparatus as disclosed in U.S. Pat. No. 2,976,657 to Cloud in which a
      product to be packaged is placed on a web, and the web is formed into a
      tube around the product and sealed and severed in front of and behind the
      product to form a bag. In the above-mentioned Cloud patent, the entubed
      products pass around a so-called rotary turret or wheel. A plurality of
      clamping assemblies or die sealing units are held stationary in a rest or
      hold position at one location on the wheel with the wheel rotating
      relative to the sealing units when the latter are in their hold position.
      In timed relation to movement of the portions of the tube between
      successive products therein, the sealing units are released one at a time
      from the hold position and are coupled to the wheel for being driven by
      the wheel. Each sealing unit has a fixed lower jaw and a hinged upper jaw
      swingable from an open to a closed position as the sealing unit moves from
      the hold position so as to clamp the tube between the jaws intermediate
      successive products in the tube. The jaws may be heated so as to heat-seal
      the tube, or may include other means to otherwise seal the tube
      transversely across the tube. Also, the jaws may carry a severing blade
      (or a heated wire) for severing the tube within the seal formed by the
      jaws thereby to form the trailing end seal of a leading bag and the
      leading end seal of a trailing bag. The jaws securely grip the web as the
      die moves with the wheel and thus pull the tube and products therein
      through the apparatus at the speed of the wheel.
PAR  As shown in the above-mentioned Cloud patent, the sealing units are
      released by an electric eye control system which senses the passage of
      registration marks preprinted at intervals on the web. This electric eye
      control system also actuates a so-called stop gate for controlling
      placement of the units to be packaged in spaced relation to the
      registration marks. Thus, the electric eye control system places the units
      to be packaged on the web in proper relation to the registration marks
      thereon and releases the sealing units in timed relation to movement of
      the registration marks so as to properly seal and sever the tube between
      successive units therein.
PAR  In other packaging apparatus generally similar to that shown in the
      above-mentioned U.S. Pat. No. 2,976,657, other means, such as another
      photoelectric control system, was provided for sensing the position of
      units to be packaged on the web and to effect coupling of a sealing unit
      to the wheel in timed releation to the movement of the units with the web.
      Thus, unprinted or clear web as well as printed web could be utilized to
      package units. However, if one or more of the units to be packaged was not
      placed on the web, this other photoelectric control system would not sense
      the presence of the units in the tube and thus would not release the
      sealing units. Hence, if several units in a row were not placed on the web
      and if sealing units were not released from the hold position, after a
      partial revolution of the wheel the sealing units would no longer be in
      gripping engagement with the web so as to pull it along its path through
      the apparatus. Furthermore, an excessive number of sealing units may
      accumulate at the hold position with possible damage to some of the
      sealing units. Thus, a limit switch actuable by the movement of the
      sealing units with the wheel was provided for releasing a sealing unit at
      some time after the next sealing unit should have been released by the
      above-mentioned other photoelectric control system. If, however, this
      other photoelectric control system functioned properly and released a
      sealing unit at the desired time, another limit switch actuable by the
      just-released sealing unit reset the first-mentioned limit switch and thus
      prevented it from releasing another die. In packaging units within a
      preprinted web, this first-mentioned limit switch was used to generate a
      signal to automatically position the units to be packaged on the web
      relative to registration marks preprinted on the web.
PAR  However, the above-mentioned limit switches, when adjusted for various
      package lengths, were found to interfere with the release of the sealing
      units and prevented access to certain parts of the apparatus. Also,
      adjustment of the position of the limit switches within the apparatus for
      accommodating various package lengths could not readily be accomplished by
      an operator from an operator's station.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of this invention may be noted the provision of
      packaging apparatus, such as above described, which is operable with both
      printed and unprinted webs; the provision of such apparatus which, when
      operating in an unprinted or plain web mode, will continue to grip the web
      and to pull it through the apparatus in the event one or a series of units
      to be packaged are not placed on the web; the provision of such apparatus
      which may be remotely adjusted from an operator's position to accommodate
      various package lengths when operated in either the plain or printed web
      mode; the provision of such apparatus which prevents damage to the sealing
      units; and the provision of such apparatus which is of rugged construction
      and which is reliable in operation at high production speeds. Other
      objects and features of this invention will be in part apparent and in
      part pointed out hereinafter.
PAR  Briefly, apparatus of this invention for packaging units in flexible sheet
      material with the units spaced longitudinally in a tube of this material
      has means for sealing the tube between the units. This sealing means
      comprises a wheel rotatable on an axis and a series of sealing units
      carried by the wheel. Each sealing unit has means for coupling it to the
      wheel for travel therewith and for uncoupling the sealing unit from the
      wheel to allow the wheel to rotate while the sealing unit remains
      stationary. Means is provided for arresting a first sealing unit at a hold
      position and for actuating its coupling means to uncouple it from the
      wheel, this arresting means being movable between an operative position in
      which it is engageable by the coupling means of the above-stated first
      sealing unit to arrest this first sealing unit and to uncouple it from the
      wheel and a retracted position for release of the sealing unit to travel
      with the wheel. The arresting means is movable from its operative to its
      retracted position in response to a signal for coupling the first sealing
      unit to the wheel in timed relation to movement of the units with the tube
      for sealing the latter between successive units. Means is provided for
      generating the above-stated signal in response to passage of a unit by a
      reference point, and backup means is provided for generating this signal
      in response to movement of the wheel through a distance greater than a
      predetermined distance for the units being packaged in the event the
      above-stated generating means fails to sense the passage of a unit by its
      reference point. The backup means is reset prior to generating its signal
      by the release of a sealing unit in response to generation of the signal
      by the above-mentioned generating means. The backup means comprises means
      for generating a number of pulses corresponding to the wheel moving
      through a unit length and means for counting these pulses and for
      generating a signal upon counting a specified number of pulses
      corresponding to the above-stated distance greater than the predetermined
      distance for the units.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified side elevational view of apparatus of this invention
      with parts broken away and with other parts omitted to illustrate key
      components of the apparatus;
PAR  FIG. 2 is an enlarged view of a portion of the apparatus shown in FIG. 1
      with some parts broken away illustrating a wheel, a series of sealing unit
      carried by the wheel, and means for arresting a plurality of the sealing
      units at a hold position and for releasing the first sealing unit at the
      hold position to travel with the wheel;
PAR  FIG. 3 is an enlarged vertical cross section taken on line 3--3 of FIG. 2
      illustrating a sealing unit with its upper jaw (shown in phantom) in a
      raised or open position;
PAR  FIG. 4 is an enlarged view of a portion of the apparatus shown in FIG. 2
      illustrating the arresting means in its operative position;
PAR  FIG. 5 is a view similar to FIG. 4 illustrating the arresting means in its
      retracted position;
PAR  FIG. 6 is an enlarged side elevational view of an actuator for the
      arresting means;
PAR  FIG. 7 is an enlarged view of an encoder driven at a speed proportional to
      the speed of the wheel;
PAR  FIG. 8 is an electrical schematic of a photoelectric control system for the
      apparatus when packaging units in preprinted web;
PAR  FIG. 9 is an electrical schematic of a photoelectric control system for the
      apparatus when packaging units in plain or unprinted web; and
PAR  FIG. 10 is an electrical schematic of the encoder shown in FIG. 7 with
      interconnections to electronic counting means and to a power supply.
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, packaging apparatus 1 of this invention is
      shown to comprise a frame 3 for supporting a roll 5 of flexible web
      material W, such as heat-sealable plastic film, heat-sealable laminate
      sheet material, or the like, The web travels over rollers 7 along a path P
      through the apparatus. More particularly, web W moves past an infeed
      conveyor 9 at which point units U are fed onto the upper face of the web
      at substantially equal longitudinal intervals along the web. As indicated
      at 11, means is provided along the path P forming the web into a tube T
      surrounding the units. This tube forming means folds up the side margins
      of the web on the units and forms a continuous longitudinal back seal
      joining the side margins of the web. The tube with the units U therein is
      moved along its path P toward means generally indicated at 13 for sealing
      and severing the tube between successive units U at package length
      intervals thereby to form a sealed bag around each unit.
PAR  More particularly, sealing means 13 comprises a wheel 15 rotatable on a
      horizontal axis X and having two spaced, circular side plates 17a ,17b.
      The sealing means further comprises a series of sealing assemblies or
      units, each sealing unit being indicated at 19, carried by the wheel. Each
      sealing unit 19 has means 21 (see FIGS. 2-5) for coupling it to both side
      plates 17a ,17b of wheel 15 for travel with the wheel and for uncoupling
      it from the wheel to allow the wheel to rotate relative to the sealing
      unit while the sealing unit remains stationary. At 23 is indicated means
      for arresting a first sealing unit 19 at a hold position H and actuating
      its coupling means 21 to uncouple it from the wheel. Successive sealing
      units 19 trailing the first unit are arrested by interengagement behind
      the arrested unit, and the coupling means thereof are actuated to uncouple
      the successive sealing units from wheel 15. As shown in FIG. 2, arresting
      means 23 comprises a pair of stops 25a ,25b, one at each side of the
      wheel, movable between an operative position (as shown in FIG. 4) wherein
      the stops are engageable by coupling means 21 of the first sealing unit at
      hold position H to simultaneously uncouple this first sealing unit from
      both side plates 17a ,17b of wheel 15 and a retracted position (see FIG.
      5) for release of the sealing unit to travel with the wheel and for
      simultaneously coupling it to both sides of the wheel. A single cylinder
      actuator unit 27 is provided for stops 25a ,25b, and a linkage
      arrangement, generally indicated at 29, interconnects actuator cylinder
      unit 27 and stops 25a ,25b for simultaneous movement of the stops between
      their operative and retracted positions.
PAR  More particularly, wheel plates 17a ,17b are spaced apart a distance
      somewhat greater than the maximum width of units U which can be packaged
      by apparatus 1. The plates are secured to a shaft 31 which is journalled
      by frame 3. Each side plate has a respective groove 33a ,33b in its inner
      face adjacent its periphery (see FIG. 3). Wheel 15 is rotatably driven by
      a motor M via a chain and sprocket drive assembly 34.
PAR  As shown in FIGS. 3-5, each sealing unit 19 includes a base 35 extending
      laterally between and beyond wheel plates 17a ,17b, this base constituting
      a fixed or lower sealing jaw and hingedly carrying an upper sealing jaw 37
      swingable between an open position (e.g., the position of the upper jaws
      of sealing units 19 in hold position H) and a closed position (e.g., the
      position of the upper jaws of sealing units at the right side of wheel 15
      in FIG. 2) in which the jaws clamp tube T therebetween. As disclosed in
      the heretofore-mentioned U.S. Pat. No. 2,976,657, the jaws may be heated
      for heat-sealing the tube and may carry blades (not shown) for severing
      the tube between successive units U. With the jaws closed and clamped to
      the tube and with the sealing units positively coupled to the wheel 15,
      the sealing units pull web W and tube T along path P through the apparatus
      as the sealing units rotate with the wheel through a sealing zone S. As
      shown in FIG. 2, more than one sealing unit grips the tube at any one time
      and thus the tube is continuously conveyed along its path P at
      substantially the surface speed of the sealing units carried by wheel 15.
PAR  More particularly, base 35 of each sealing unit 15 has a pair of rollers at
      each side thereof, each of these rollers being indicated at 39, received
      in grooves 33a ,33b in wheel plates 17a ,17b. These rollers transmit
      substantial clamping forces from the base to wheel 15 as sealing units 19
      pass through sealing zone S and also permit movement of wheel 15 relative
      to the sealing units when the latter are arrested at hold position H. A
      cam roller 41 (see FIG. 2) is carried by the outer end of movable jaw 37.
      These rollers are received in a guide track 43 when sealing units 19 are
      in their hold position to hold the jaws open. The guide track has a cam
      closing portion 45 which closes the jaws of each sealing unit as the
      latter is released from hold position H and as it travels with the wheel
      toward sealing zone S. An arc-shaped pressure cam 47 is spaced from the
      outer periphery of wheel 15 and extends around a portion of the wheel. The
      length of pressure cam 47 generally defines sealing zone S. The pressure
      cam has a cam surface 49 engageable with cam rollers 41 to firmly hold jaw
      37 closed on its fixed jaw 35 thereby to positively grip tube T and to
      seal the tube as heretofore described. Upon exiting the pressure cam, the
      upper jaw is swung open by gravity (see FIG. 2) and the packaged unit U
      drops free of wheel 15 onto an outfeed conveyor (not shown).
PAR  As shown in FIGS. 3-5, each sealing unit base 35 has a coupling bar 51
      extending laterally of the sealing unit out beyond the lateral ends of the
      sealing unit and beyond side plates 17a ,17b of wheel 15. This coupling
      bar is received within an enlarged bore 53 in base 35. At each side of
      base 35 an inclined ramp 55a ,55b is spaced radially outwardly of the
      outer peripheral surface of wheel plates 17a ,17b with the end of this
      inclined ramp surface toward the direction of movement of wheel 15 being
      spaced from the outer periphery of the wheel a distance somewhat less than
      the thickness of coupling bar 51. A resilient flat spring 56a or 56b is
      provided on the downwardly facing surface of respective rams 55a and 55b
      for resiliently biasing the coupling bar into engagement with the outer
      peripheral surfaces of wheel side plates 17a ,17b. Compression coil
      springs 57a ,57b at opposite lateral ends of base 35 bias coupling bar 51
      in the direction of rotation of the wheel toward a coupled position (see
      FIG. 5) in which the coupling bar is wedged between the outer peripheral
      surfaces of wheel plates 17a ,17b and springs 56a ,56b thereby to lock the
      sealing unit to the wheel. The coupling bar is movable against the bias of
      springs 57a ,57b to an uncoupled position in which the coupling bar is
      clear of the peripheral surfaces of wheel plates 17a ,17b thereby to
      uncouple the sealing unit from the wheel. Coupling bar 51 carries a pair
      of interengagement pins 59a ,59b which are received in apertures in base
      35 and which project out beyond the forward end of the base for
      interengagement with a previously arrested sealing unit 19 at hold
      position H as the sealing unit enters the hold station. Upon
      interengagement, pins 59a ,59b move coupling bar 51 from its coupled to
      its uncoupled position thereby to effect uncoupling of the sealing unit
      upon interengagement with the next successive unit in the hold position.
PAR  More particularly, arresting means 23 comprises a rocker arm 61a or 61b on
      each side of wheel 15 pivoted intermediate its ends to frame 3 by a pivot
      pin 63 carried by the frame. Each rocker arm 61a ,61b has a respective
      elongate link or rod 65a ,65b pivotally connected to one of its ends and
      it carries a cam roller 67a or 67b on its other end. These cam rollers
      constitute stops 25a ,25b. When rocker arms 61a ,61b are in a raised
      position (as shown in FIGS. 2 and 4) the stops (i.e., cam rollers 67a
      ,67b) are in their above-stated operative positions and are engageable by
      the outer ends of coupling bar 51 of the first sealing unit 19 at hold
      position H. As best shown in FIG. 4, cam rollers 67a ,67b are adapted to
      be engaged by the coupling bar above the rotary axis of the cam rollers
      when the rocker arms are in their operative position (as shown in FIGS. 2
      and 4). This insures that the cam rollers may readily be moved downardly
      to their retracted position. Each sealing unit 19 includes brake means
      (not shown) frictionally engageable with wheel 15 for preventing the
      sealing unit from moving from the top of the wheel toward sealing zone S
      at a speed greater than the rotational speed of the wheel. Thus, wheel 15
      applies a force to the sealing units via the above-mentioned brake means
      and via rollers 39 idling in grooves 33a ,33b to urge sealing units 19 at
      hold position H in the direction of rotation of the wheel. With coupling
      rod 51 of the first sealing unit in the series of sealing units at hold
      station H in engagement with cam rollers 67a and 67b above the center
      thereof, the force transmitted to rocker arms 61a ,61b by the sealing
      units in the hold position causes cam rollers 67a ,67b to move downwardly
      and thus causes the rocker arms to place their respective rods 65a ,65b
      under tension loading.
PAR  Linkage 29 further comprises a horizontal crankshaft 69 (see FIG. 6)
      journalled in bearings 71 secured to frame 3. This crankshaft extends
      beyond the sides of wheel 15 and has crank arms 73a ,73b fixedly secured
      to its outer ends. The lower ends of rods 65a ,65b are pivotally secured
      to the outer face of a respective crank arm 73a ,73b offset from the
      center of crankshaft 69. Actuator cylinder 27 is shown to be an air
      cylinder having a cylinder body 75 which is pivotally secured to frame 3
      and a piston and piston rod assembly 77 axially movable within the
      cylinder between an actuated position (not shown) in which the piston and
      piston rod assembly is moved outwardly relative to the cylinder body and
      an unactuated or retracted position (see FIG. 6) in which the piston and
      piston rod assembly is retracted into the cylinder body. The free end of
      the piston rod is pivotally connected to the inside face of crank arm 73a
      and is spaced laterally from the connection of the lower end of rod 65a to
      the crank arm. Cylinder body 75 has a stop 79 engageable by piston and
      piston rod assembly 77 to prevent inward movement of the latter into the
      cylinder beyond a predetermined location. With rocker arms 61a ,61b in
      their operative positions, it will be noted that the lower ends of rods
      65a ,65b are below the axis of crankshaft 69 and preferably on the side of
      the crankshaft toward actuator cylinder unit 27 so that the tension
      loading of rods 61a ,61b (as heretofore described) biases the piston and
      piston rod assembly 77 into body 75. Thus, the arrangement of rods 65a
      ,65b, piston and piston rod assembly 77 on crank arms 73a ,73b, and stop
      79 constitutes overcenter locking means for preventing movement of stops
      25a and 25b from their operative position. Upon pressurization or
      energization of actuator cylinder 27, crankshaft 69 rotates in clockwise
      direction (as viewed in FIG. 6) and thus causes rocker arms 61a ,61b to
      simultaneously rotate in counterclockwise direction to effect movement of
      stops 25a ,25b (i.e., cam rollers 67a ,67b) from their operative to their
      retracted position thereby to release coupling rod 51 of the first sealing
      unit 19 to hold station H and thus to permit the coupling bar to move from
      its uncoupled to its coupled position for coupling the sealing unit to
      wheel 15 for effecting travel of the sealing unit with the wheel. Shortly
      after coupling rod 51 moves past cam rollers 67a ,67b, actuator cylinder
      27 is actuated in reverse direction to return rocker arms 61a ,61b and
      their cam rollers 67a ,67b to their respective operative positions in
      which they are in position for engagement by the coupling bar 51 of the
      next successive sealing units 19 in the series of sealing units at hold
      position H. It will be noted that with a single actuator cylinder 27 and
      with linkage 29, stops 25a ,25b are simultaneously retracted from the
      coupling rod 51 of the first sealing unit at both sides of wheel 15
      thereby to insure that both sides of the sealing unit are simultaneously
      coupled to the wheel. This prevents one side of the sealing unit from
      being coupled to the wheel before its other side and thus eliminates
      canting or cocking of the sealing units relative to the wheel.
PAR  Actuator cylinder 27 is actuated by a solenoid valve SV which normally
      pressurizes the cylinder to maintain the rocker arms 61a ,61b in their
      operative position. Upon receiving an electrical signal, solenoid valve SV
      vents the normally pressurized end of the cylinder and pressurizes the
      other end of the cylinder to effect movement of the rocker arms from their
      operative to their retracted position. Upon deenergization of the solenoid
      valve, the cylinder is vented and repressurized to return the rocker arms
      to their operative positions.
PAR  Apparatus 1 may utilize a web W having either preprinted opaque
      registration marks R thereon at spaced intervals for the units U being
      packaged, or it may use unprinted or plain web. A first photoelectric
      control system 81 as shown in FIG. 8, is provided having a light source or
      lamp 83 and a photocell 85 on opposite sides of the web for sensing the
      passage of registration marks R therebetween and for generating a signal
      which energizes solenoid valve SV so as to effect the release and coupling
      of sealing units 19 to wheel 15 in timed relation to movement of the
      registration marks with the printed web. A second photoelectric control
      system 87 (FIG. 9) is provided adjacent the top of wheel 15 having a light
      source or lamp 89 and a photocell 91 on opposite sides of tube T. The
      light beam (constituting a reference point) emitted from light source 89
      is broken by units U moving with the tube toward wheel 15 and this in turn
      causes the output of the photocell 91 to vary and to generate another
      signal for energization of solenoid valve SV. A control panel 93 is
      provided at an operator's station and this control panel has a mode
      selection switch MS for controlling operation of the apparatus for either
      preprinted or plain web (i.e., the mode switch can be actuated to operate
      the apparatus either in a printed web mode or in a plain web mode).
PAR  Infeed conveyor 9 is shown to comprise an endless conveyor 95 having a
      plurality of flight bars 97 spaced along the conveyor and movable with the
      conveyor for engagement with a unit U to be packaged. Conveyor 95 has a
      front drive roll 99 driven by a chain and sprocket arrangement 101 via a
      variable speed transmission 103, the latter being driven by motor M via a
      chain 105. Transmission 103 has a dual sprocket output shaft 107 around
      which chain 101 is trained and a selectively actuable electric clutch 109.
      With clutch 109 deenergized, conveyor 95 is driven at low speed (i.e., at
      a speed somewhat slower than the speed of web W moving along its path P),
      and with the clutch energized, the conveyor is driven at a speed faster
      than the speed of the web. For placement of units on web W, conveyor 95 is
      partially driven at low speed and partially driven at high speed during
      the placement of each unit. By varying the time the conveyor is driven at
      high and low speeds, the position on the web where the unit is deposited
      relative to preprinted registration marks R on the web may be controlled.
      Thus, clutch 109 and associated electrical circuitry, as will be
      hereinafter described, constitutes means for placement of units U on the
      web relative to respective registration marks R when apparatus 1 is
      running in its printed web mode.
PAR  In accordance with this invention, encoder or pulse counting means as
      generally indicated at 111, is provided for generating a signal in
      response to movement of wheel 15 through a predetermined distance (i.e.,
      rotation of the wheel through a predetermined arc). When apparatus 1 is in
      its printed film mode, this signal generated by means 111 is used to
      control infeed conveyor 95 and to thus control placement of the units on
      the web relative to respective registration marks R preprinted thereon.
      When apparatus 1 is in its plain film mode, the signal generated by means
      111 energizes solenoid valve SV and releases a sealing unit 19 in the
      event photoelectric control system 87 fails to sense the presence of a
      unit U in tube T within a certain specified travel of the tube since the
      release of the last sealing unit. This insures that sealing units are
      released at approximately the proper time, regardless of whether units U
      are in the tube or not, and thus maintains a sufficient number of sealing
      units in clamping engagement with the tube to pull web W along path P and
      to prevent an excessive number of sealing units from stacking up at hold
      position H.
PAR  Generally, means 111 may be described as a pulse counter or encoder which
      generates a certain number of pulses in response to wheel 15 moving
      through a certain unit distance. For example, one pulse may be generated
      for each 0.1 inch (2.5 mm.) movement of web W with the wheel. Means 111
      also includes a counter C (FIG. 10) for counting the pulses generated,
      this counter being remotely adjustable to count any desired number of
      pulses. Upon counting this desired number of pulses, a signal is generated
      (for purposes as will appear) and the counter is again reset to begin
      counting a new series of pulses. Means 111 will be described in greater
      detail hereinafter.
PAR  In FIG. 8, photoelectric control system 81 for releasing sealing units 19
      in timed relation to passage of registration marks R therepast is shown
      schematically. Power is supplied to the system through an on-off switch S1
      in line L1, to a photoelectric control unit PC1, such as that commercially
      available from the Tri-Tronic Company, Inc. under their trade designation
      "Model P-89", and to a switch S2 which supplies power to a circuit which
      selectively energizes clutch 109 in the drive of infeed conveyor 9 so as
      to initiate high speed operation of the conveyor at a time so selected as
      to deposit a unit U on web W in proper relation to registration marks R on
      the web. Lamp 83 and photocell 85, as heretofore described, are supplied
      power from pin P7 of the photoelectric control unit PC1 via a line L3, and
      photocell 85 provides an output to pin P8 of the photoelectric control
      unit. Upon registration marks R on the web interrupting the light beam
      from lamp 83 to photocell 85, the output of the photocell changes and thus
      causes photoelectric control unit PC1 to provide an output voltage to
      solenoid valve SV and to the relay coil of a relay switch C1 via a line L4
      from pin P3. Actuation of solenoid valve SV pressurizes air cylinder 27 to
      effect the release of a sealing unit 19 at hold position H and to couple
      it to sealing wheel 15 in timed relation to movement of web W. A holding
      circuit (as will be hereinafter explained) for relay C1 holds solenoid SV
      open and a limit switch LS1 actuable by movement of the just-released
      sealing unit 19 breaks the holding circuit of relay C1 and thus
      deenergizes solenoid valve SV.
PAR  Referring now to FIG. 9, photoelectric control unit system 87 is
      schematically shown in which power is supplied by a manual on-off switch
      S3 to a photoelectric control unit PC2, generally similar to unit PC1
      heretofore described, to a limit switch LS2, and to a manual momentary
      pushbutton switch S4. Lamp 89 and photocell 91 are incorporated in
      photoelectric control unit PC2 and are energized thereby with the output
      of the photocell supplied to terminal P9 of the control unit. Upon a unit
      U interrupting the light beam between lamp 89 and photocell 91, the output
      of the photocell changes and it causes control unit PC2 to supply an
      output voltage to solenoid valve SV and to the relay coil of relay C1 via
      pin p5 and a line L5. With relay C1 actuated, its normally open contact
      C1A is closed thus initiating the above referred to holding circuit for
      relay C1 to supply power to the relay coil of relay C1 and to solenoid
      valve SV. Thus, limit switch LS2 supplies power to solenid valve SV via a
      line L6 until the sealing unit 19 just released travels with wheel 15 from
      hold position H and trips limit switch LS2 thereby opening line L6,
      deenergizing the solenoid valve, and resetting relay C1. Actuation of
      limit switch LS2 energizes the coil of a relay C2 in a line L7 and thus
      closes the normally open contacts C2A of relay C2 in line L7 and opens its
      normally closed contacts C2B in line L5 which insures that power is
      removed from solenoid valve SV. Also, power is supplied to the coil of
      relay C2 from photoelectric control unit PC2 via line L7 to hold relay C2
      on. As long as light from lamp 89 strikes photocell 91, photoelectric
      control unit PC2 provides power to its pin P8 and line L5. Upon a unit U
      in tube T interrupting the light beam between lamp 89 and photocell 91,
      power is removed from line L5 thus resetting relay C2 and returning its
      contacts C2A and C2B to their normally open and normally closed positions,
      respectively, and deenergizing solenoid valve SV. C1 is reset when LS2
      picks up relay C2 prior to the reset of relay C2.
PAR  Referring now to FIG. 10, means 111 is shown schematically. As heretofore
      stated, encoder or pulse counting means 111 is used both in the printed
      web mode in which it generates a signal to energize clutch 109 so as to
      place units U on web W in proper relation to registration marks R and in
      the plain film mode in which it serves as a backup to photoelectric
      control system 87 to release sealing units 19 in the event photoelectric
      control unit PC2 does not sense the passage of units U thereby. Means 111
      is an encoder unit enclosed in a box 115 (see FIGS. 1, 7 and 10) mounted
      on frame 3. An encoding wheel or disk 117 is journalled in the box and has
      a series of equally spaced apertures 119 around its periphery. For
      example, there may be ninety such apertures therein. Disk 117 is rotary
      driven by motor M at a speed proportional to the speed of wheel 15,
      preferably at a speed faster than the speed of the wheel (4:1), by a chain
      and sprocket drive 120. A lamp 121 is mounted on one side of disk 117 by a
      fixture 123 supported by the box and a photosensitive transistor 125 (or
      other light detector) is mounted on the opposite side of the disk (not
      shown in FIG. 7) by the fixture so that a light beam from the lamp is
      directed toward the light-sensitive transistor. Upon operation of
      apparatus 1, disk 117 is rotated by chain and sprocket drive 120 at a
      speed proportional to the speed of rotation of wheel 15, and thus holes
      119 in the disk intermittently permit the transmission of light to
      light-sensitive transistor 125 thus causing its output to vary.
      Photosensitive transistor 125 is connected to the base of transistor 127
      thus applying a base bias voltage to transistor 127 and constituting a
      logic circuit. This in turn causes transistor 127 to saturate and to
      change its operating state from off to on. When transistor 127 turns on,
      its collector voltage goes from 5 volts to its saturation voltage (about
      0.6 volt) or logic zero and induces a negative pulse on line L8 to pin P13
      of counter C. Preferably, counter C is a commercially available counter,
      such as that available from Automatic Timing and Controls, Inc., King of
      Prussia, Pennsylvania, under their trade designation "Shawnee Series 334".
      Counter C is an adjustably settable counter which, upon counting a preset
      number of pulses from transistor 127, supplies an output voltage to its
      output terminal P3 and to a line L9. The counter is remotely preset by
      means of a digital setting switch 129 on control panel 93. As heretofore
      mentioned, a certain number of pulses are generated by encoder 111 upon
      wheel 15 moving through a specified unit distance (e.g., one pulse for
      each 1/10 inch movement of the wheel). Thus, an operator by adjustably
      setting switch 129 may preset the counter to generate its output voltage
      after wheel 15 has rotated a desired distance corresponding generally to a
      package length for the packages or units being packaged. Counter C has an
      internal solid-state comparator so that when the number of pulses counted
      is equal to the number of pulses specified by the setting of switch 129,
      the counter generates an output voltage. When operating in the printed web
      mode, this signal is used to energize clutch 109, and when operated in the
      plain web mode, this signal effects the release of a sealing unit 19. As
      shown in FIG. 10, a normally closed contact C1B of relay C1 is provided
      between pins P7 and P8 of counter C to reset the counter to zero. Upon the
      counter counting out, it operates a signal from the pin P3 to latch a
      momentary relay switch C3.
PAR  It will be understood that switches S1, S2 and S3 may be incorporated in a
      single 3-position switch (i.e., printed web mode, off, and plain web mode)
      on control panel 93 and thus constitute mode switch M3 heretofore
      described.
PAR  Operation of means 111 is as follows: With mode switch MS in the printed
      web mode position and with infeed conveyor 9 operating at low speed,
      counter C is preset to generate a signal prior to photocell control unit
      PC1 sensing a registration mark R on web W. Upon the counter counting out,
      it supplies voltage to the relay coil of momentary relay C3 via line L9
      which causes the normally open contacts C3B in line L10 (see FIG. 8) to
      close. This in turn energizes the relay coil of a relay C4 which closes
      its normally open contacts C4A in a line L11 and C4B in a line L12 and
      energizes the coil of clutch 109 with d.c. current from a bridge rectifier
      131 thus causing the infeed conveyor to travel at high speed. Clutch 109
      remains energized by a holding circuit for relay C4. A limit switch LS3 in
      line L11 is tripped by movement of the infeed conveyor past the point
      where a unit U on the conveyor is to be placed on web W thus opening line
      L11 and resetting relay C4. This deenergizes clutch 109 and causes
      conveyor 95 to again travel at low speed. By adjusting setting switch 129
      on control panel 93, an operator may readily adjust the point at which
      clutch 109 is energized during the placement of each unit U on web W and
      thus may accurately position units U on the web relative to their
      registration marks R.
PAR  With mode selector switch M3 in the plain web mode, photoelectric control
      unit PC2 senses the passage of units U thereby and releases sealing units
      19 in timed relation to passage of units U. As previously mentioned, after
      passage of a unit U past photocell 91 and after the release of a sealing
      unit 19 with consequent opening of limit switch LS2, relay C2 is
      maintained in its latched position. Normally, the next successive unit U
      on web W would momentarily block photocell 91 and remove voltage from line
      L5 which would reset relay C2. However, if the next unit U is not sensed,
      relay C2 will hold, no sealing unit 19 will be released, and relay switch
      C1 will not be energized to reset counter C. Thus, after wheel 15 has
      travelled a distance greater than the desired spacing of sealing units 19
      on the wheel to form seals between successive units U to be packaged,
      counter C will count out and will energize momentary relay C3 which causes
      its contact C3A (see FIG. 9) to open and thus to reset relay switch C2.
      This causes the normally closed contact C2B in line L5 to close and to
      shift the output voltage of photoelectric unit PC2 to solenoid valve SV
      and to the relay coil of relay C1. This in turn releases a sealing unit 19
      and resets counter C. As an example of how systems 87 and 111 operate, in
      the plain web mode with units U having a package length of 7.5 inches (190
      mm.), switch 129 is set so that counter C counts out after wheel 15 has
      travelled a distance somewhat greater than the desired package length
      (e.g., 7.6 inches or 193 mm.). Normally, photoelectric control system 87
      senses the passage of a unit U and releases a sealing unit 19 and resets
      Counter C. In the event photoelectric control system 87 does not sense the
      passage of a unit U, the counter counts out and releases a sealing unit
      after it counts the preset number of pulses corresponding to a movement of
      web W with wheel 15 greater than 7.6 inches (193 mm.). Thus sealing units
      19 will be released regardless of whether units U are present on web W or
      not.
PAR  In view of the above, it will bs seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for packaging units in flexible sheet material wherein the
      units are spaced longitudinally in a tube of said material and the
      apparatus has means for sealing the tube between the units, said sealing
      means comprising:
PA1  a wheel rotatable or an axis;
PA1  a series of sealing units carried by the wheel;
PA1  each sealing unit having means for coupling it to the wheel for travel
      therewith and adapted for uncoupling of the sealing unit from the wheel to
      allow the wheel to rotate while the sealing unit remains stationary;
PA1  means for arresting a first sealing unit at a hold position and for
      actuating its coupling means to uncouple said sealing unit from the wheel,
      said arresting means being movable between an operative position in which
      it is engageable by said coupling means of said first sealing unit to
      arrest said first sealing unit and to uncouple it from the wheel and a
      retracted position for release of the sealing unit to travel with the
      wheel, said arresting means being movable from its operative to its
      retracted position in response to a signal;
PA1  means for generating said signal in response to passage of a unit by a
      reference point so as to couple the first sealing unit to the wheel in
      timed relation to movement of the units with the tube for sealing the
      latter between successive units; and
PA1  backup means for generating said signal in response to movement of said
      wheel through a distance greater than a predetermined distance for the
      units being packaged in the event said generating means fails to sense the
      passage of a unit by said reference point, said backup means being reset
      prior to generating said signal by the release of a sealing unit in
      response to generation of said signal by said generating means, said
      backup means comprising means for generating a number of pulses
      corresponding to the wheel moving through a unit length, and means for
      counting said pulses and for generating said signal upon counting a
      specified number of pulses corresponding to said distance greater than
      said predetermined distance for the units.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein said pulse generator means
      comprises a light source, a detector responsive to changes in the light
      from said source, means driven by said wheel for alternately blocking said
      light from said source to said detector, and logic means connected to said
      detector for generating a pulse each time said detector responds to a
      change in light from said source.
NUM  3.
PAR  3. Apparatus as set forth in claim 2 wherein said logic means is connected
      to said counter for supplying pulses thereto, said counter having means
      for comparing the number of pulses received from said logic means with
      said specified number of pulses and for generating said signal when the
      number of pulses received equal said specified number.
NUM  4.
PAR  4. Apparatus as set forth in claim 3 wherein said counter includes means
      for selectively adjusting said specified number of pulses thereby to
      accommodate units of different lengths.
NUM  5.
PAR  5. Apparatus as set forth in claim 2 wherein said means driven by said
      wheel comprises a disk rotatable about an axis and having a plurality of
      equally spaced apertures around said axis, said source being located on
      one side of said disk and said detector being located on the other side of
      said disk, said disk being rotatably driven at a speed proportional to the
      speed of said wheel and said apertures in said disk intermittently
      permitting light to pass through said disk to said detector.
NUM  6.
PAR  6. Apparatus as set forth in claim 5 wherein said disk is driven at a speed
      substantially faster than said wheel.
NUM  7.
PAR  7. Apparatus for packaging units either in flexible sheet material having
      registration marks constituting reference points preprinted at intervals
      on the web for positioning said units to be packaged, or in plain flexible
      sheet material free of said registration marks, said apparatus comprising
      means for conveying a web of said material along a path through said
      apparatus, means for placing said units to be packaged on said web in
      spaced longitudinal relation to one another, means for forming said web
      into a tube around the units to be packaged with the units spaced
      longitudinally in the tube, means for sealing the tube between said units,
      and mode selection means selectively actuable between a printed web mode
      for controlling operation of said apparatus for packaging said units in
      said preprinted web and a plain mode for controlling operation of said
      apparatus for packaging said units in said plain web, said sealing means
      comprising:
PA1  a wheel rotatable on an axis;
PA1  a series of sealing units carried by the wheel;
PA1  each sealing unit having means for coupling it to the wheel for travel
      therewith and adapted for uncoupling the sealing unit from the wheel to
      allow the wheel to rotate while the sealing unit remains stationary;
PA1  means for arresting the first sealing unit at a hold position and for
      actuating its coupling means to uncouple said sealing unit from the wheel,
      said arresting means being movable between an operative position in which
      it is engageable by said coupling means of said first sealing unit to
      arrest said first sealing unit and to uncouple it from the wheel, and a
      retracted position for release of the sealing unit to travel with the
      wheel, said arresting means being movable from its operative to its
      retracted position in response to movement of the units with the tube for
      sealing the latter between successive units;
PA1  said apparatus further comprising means for generating a signal for
      actuating said arresting means so as to effect coupling of said first
      sealing unit at said hold position to said wheel in timed relation to
      movement of said registration marks past a reference point when said mode
      selection means is in its printed web mode or in timed relation to passage
      of a unit to be packaged past another reference point when said mode
      selection means is in its plain film mode; and
PA1  other means for generating another signal in response to movement of said
      wheel a predetermined distance, this last said signal controlling
      operation of said unit placement means when said mode selection means is
      in said printed film mode to place each of said units to be packaged at a
      desired location on the web relative to respective registration marks or
      for effecting the release of the first sealing unit at said hold position
      when said mode selector means is in said plain film mode in the event said
      signal generating means fails to detect the passage of a unit past said
      reference point, said other means comprising means for generating a number
      of pulses corresponding to the wheel moving through a unit length, and
      means for counting said pulses and for generating said other signal upon
      counting a specified number of pulses corresponding to a desired movement
      of said wheel.
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ABST
PAL  Apparatus for feeding separate pieces of sheet material from a continuous
      supply thereof to individual articles travelling along a predetermined
      path and positioning a piece of sheet material under each article. The
      articles are conveyed sequentially along the predetermined path, and the
      sheet material is fed from a continuous supply thereof to a cutting
      station. At the cutting station, pieces of sheet material are cut from the
      continuous supply, and the pieces of sheet material are fed from the
      cutting station to an article conveyor for entrainment between the
      underside of an article and the conveyor at a material positioning
      station. The articles are sensed as they travel along the predetermined
      path to the material positioning station. Feeding and cutting control
      mechanisms are actuated by the article senser to cause the feed of sheet
      material to the cutting station to be commenced when the senser senses an
      article passing thereby, and to be stopped when the senser senses that the
      article has passed. The control mechanisms include a delay to cause
      operation of the cutter to cut a piece of sheet material from the
      continuous supply a predetermined time after the senser actuates the
      control mechanisms to stop the feed of material. The predetermined time is
      sufficient to ensure that feed of sheet material has actually stopped
      before the cutter operates.
BSUM
PAR  This invention relates to interleaving machines, which feed separate pieces
      of sheet material from a continuous supply thereof to individual articles
      travelling along a predetermined path, so as to position a piece of sheet
      material under each article.
PAR  Such machines are used, for example, to position the pieces of sheet
      material under pieces of meat, commonly known as "patties", so that when
      the patties are stacked one upon the other, a piece of sheet material is
      interleaved between each adjacent pair of patties in the stack. Pieces of
      sliced meat may also be interleaved with sheet material by these machines.
PAR  It is necessary that the length of the interleaving sheet be selected in
      relation to the length of the article concerned. It is therefore necessary
      that an interleaving machine be capable of operation with articles of
      various lengths, and interleaving machines are known which automatically
      provide an interleaving sheet with a suitable length corresponding to the
      length of the article below which the sheet is to be positioned. The
      length of the article is sensed as it travels along the predetermined
      path, and a sheet of the appropriate length is automatically cut from the
      continuous supply of material and fed to the appropriate location for
      positioning beneath the article.
PAR  In practice, this means that the continuous supply of sheet material is
      started and stopped as the article is initially sensed by and then leaves
      the actual sensing means provided.
PAR  The starting and stopping of the continuous supply of sheet material as the
      article passes the sensing means creates a problem with the feed of the
      sheet material through the machine. In the known machine, the sensing of
      an article passing the sensing means causes the continuous supply of sheet
      material to be started, so as to feed a sheet towards the interleaving
      position. When the article has passed the sensing means, the continuous
      supply is stopped and the cutter is operated to cut the sheet from the
      continuous supply. The cut sheet then travels to the interleaving
      position.
PAR  It has been found that, in the known machine, the feed of sheet material
      continues for a short time after the cutting has been effected, so that a
      leading end of the sheet material, i.e. the leading end of the next sheet,
      projects beyond the cutter. During the time before the feed of sheet
      material is started by the sensing means on sensing the next article, the
      projecting end of sheet material sometimes becomes bent, for one reason or
      another, with the result that, when the feed of sheet material from the
      continuous supply is started again, the projecting end is out of alignment
      with the subsequent feed path to the interleaving position, with the
      result that the machine becomes jammed.
PAR  It is therefore an object of the invention to provide an improved
      interleaving machine of this kind in which the problem mentioned above is
      overcome.
PAR  According to the invention, the feeding and cutting of sheet material from
      the continuous supply is controlled by means actuated by article sensing
      means to cause the feed of sheet material to a cutting station to be
      commenced when the sensing means senses an article passing thereby and to
      be stopped when the sensing means senses that the article has passed
      thereby, and the control means includes means to cause operation of the
      cutting means to cut a piece of sheet material from the continuous supply
      a predetermined time after the sensing means actuates control means to
      stop the feed means, the predetermined time being sufficient to ensure
      that feed of sheet material has actually stopped before the cutting means
      operates.
PAR  Advantageously, the cutting means is electrically operated by an electrical
      actuating circuit, and the control means includes electrical delay means
      operable to cause said actuating circuit to operate said cutting means
      said predetermined time after said sensing means actuates said control
      means to stop said feed means. The control means may include an electrical
      time delay device actuated by said article sensing means to set said
      electrical actuating circuit when an article is sensed by said article
      sensing means, said article sensing means causing actuation of said time
      delay device when said article has passed by said article sensing means,
      and said time delay device operating to cause said electrical actuating
      circuit to operate said cutting means said predetermined time after the
      cessation of its actuation by said sensing means.
PAR  The time delay device may include a relay which controls normally closed
      contacts in said actuating circuit, said relay being actuated by said
      sensing means, when sensing an article passing thereby, to open said
      contacts, said sensing means ceasing to actuate said relay when an article
      has passed by said sensing means, and said time delay device including
      means for holding said relay in its actuated state for said predetermined
      time after actuation by said sensing means has ceased, after which said
      relay causes said contacts to close with resultant operation of said
      cutting means. The means for holding the relay closed may be a capacitor
      connected across said relay. The article sensing means may be connected in
      an AC circuit, with the relay and the capacitor being energized from the
      AC circuit through rectifier means so that the relay and capacitor are
      supplied with direct current.
PAR  The control means may also include a second electrical time delay device
      which operates to cause said electrical actuating circuit to cease
      operation of said cutting means a second predetermined time after said
      first delay device has caused said electrical actuating circuit to operate
      said cutting means. The second time delay device may include a second
      relay which controls normally open contacts in said actuating circuit,
      said second relay being actuated by said first relay, when said first
      relay is in its actuated state, to close said contacts, said second time
      delay device including means for holding said second relay in its actuated
      state, after actuation by said first relay has ceased for a second
      predetermined time after which said second relay causes said contacts to
      open with resultant cessation of actuation of said cutting means.
DRWD
PAR  One embodiment of the present invention will now be described, by way of
      example, with reference to the accompanying drawing, of which;
PAR  FIG. 1 is a diagramatic side view of an interleaving machine,
PAR  FIG. 2 is a diagramatic end view of the machine, showing various drive
      arrangements, other parts of the machine being omitted for clarity, and
PAR  FIG. 3 is an electrical circuit diagram of the control means which controls
      the feed of sheet material and the cutter.
DETD
PAR  Referring to the drawings, FIGS. 1 and 2 show an interleaving machine which
      is similar in construction to the interleaving machine described in
      Canadian Pat. No. 738,878 issued July 19, 1966 and U.S. Pat. No. 3,296,768
      issued Jan. 10, 1967. These patents describe an example of the known
      machine referred to in the opening paragraphs of this application.
PAR  The machine has a frame 12 which carries a first horizontal endless belt
      conveyor 14 and a second horizontal endless belt conveyor 16 following but
      spaced from the first conveyor 14. The frame 12 has a support 18 for
      rotatably supporting a roll 20 of sheet material 22. From the roll 20, the
      sheet material 22 passes around an idler pulley 24 on a tension control
      26, and around a further idler pulley 28 to a pair of vertical guides 32
      between which the sheet material 22 passes.
PAR  A pair of feed rollers 32, 33 are rotatably mounted on opposite sides of
      the guides 30, and project through apertures in the guides 30 into driving
      engagement with the sheet 22 so that, when the feed rollers 32, 33 rotate,
      the sheet material 22 is drawn from the supply roll 20 and passes upwardly
      between the guides 30. As will be explained in more detail later, the feed
      rollers 32, 33 are intermittently rotated to provide the necessary supply
      of sheet material 22 to subsequent parts of the machine.
PAR  Immediately above the guides 30 is a cutter blade 34 forming part of an
      electrically-actuated cutter 36. The cutter 36 has a solenoid 38 from
      which a solenoid shaft 40 projects. The projecting end of solenoid shaft
      40 is pivotally connected to one end of a short link 42, which is
      pivotally connected to the frame 12 at its central point. The other end of
      the link 42 is pivotally connected to a cutter blade holder 44 from which
      the cutter blade 34 projects. The cutter blade 34 is positioned to slide
      along the top of the guides 30. A first tension spring 46 connected
      between the blade holder 44 and the frame 12 urges the blade 34 to a
      withdrawn position, and a second tension spring 48 connected between the
      blade and the frame 12 resiliently holds the cutter blade 34 against the
      top of the guides 30 during cutting movement of the blade 34. As also will
      be described in more detail later, electrical actuation of the cutter
      solenoid causes withdrawal of of the solenoid shaft 40 into the solenoid
      housing 38, with resultant pivotal movement of link 42 and movement of the
      blade 34 across the top of the guides 30 to cut the sheet material 22
      projecting upwardly therefrom.
PAR  Above the guides 30 is a pair of vertically oriented endless feed belts 50,
      52. The endless belt 50 passes around a pair of vertically spaced pulleys
      54, 56, and the endless belt 52 passes around a pair of vertically spaced
      pulleys 58, 60. The endless belts 50, 52 form adjacent upwardly travelling
      runs aligned with the guides 30, so that the sheet material fed upwardly
      through the guides 30 by the feed rollers 32, 33 passes between the belts
      50, 52, and is fed upwardly thereby. The upper pulley 58 of the belt 52,
      and a guide 62 extends upwardly from the pulley 54 to the pulley 58, so
      that the sheet material 22 passing upwardly between the belts 50, 52 is
      positioned in the path of an article travelling along the first conveyor
      14.
PAR  The machine is powered by an electric motor 64 carried by the base of the
      frame 12, which it will be seen is mounted on castors 66. The main shaft
      68 rotatably mounted in bearings 69 carried by the frame 12 is rotated by
      the motor 64 by means of a drive chain 70. The main shaft 68 has a
      sprocket 72 at one end which is coupled by a further drive chain (not
      shown for purpose of clarity) to a sprocket 74 forming part of the first
      conveyor 14, a second conveyor 16 being operated simultaneously with the
      first conveyor 14 by a drive chain (not shown) connected therebetween. The
      drive chain from the main shaft sprocket 72 also passes around a sprocket
      75 associated with the lower pulley 60 of the vertical endless belt 52, so
      that the belt 52 is also powered by the motor 64. Intermeshing gears
      couple the pulleys 56, 60 so that the belt 50 is driven at the same speed
      as belt 52.
PAR  Thus, when the motor 64 is running, the conveyors 14, 16 and the belts 50,
      52 all run continuously at the same speed.
PAR  A secondary shaft 76 extends co-axially with the main shaft 68, and is
      mounted in bearings 78 carried by the frame 12. An electrically operated
      clutch 80 carried by the frame 12 has one part connected to the main shaft
      68 and another part connected to the secondary shaft 76. When actuated,
      the clutch 80 causes the main shaft 68 to rotate the secondary shaft 76.
      The frame 12 also carries an electrically actuated brake 82 through which
      the secondary shaft 76 passes. When actuated, the brake 82 applies a
      braking force to the secondary shaft 76.
PAR  The secondary shaft 76 has a sprocket 84 at one end which is coupled by a
      drive chain 85 to a sprocket 86 connected to feed roller 33, the drive
      roller 33 being connected to feed roller 32 through intermeshing gears 88,
      so that feed rollers 32, 33 rotate simultaneously in opposite directions.
PAR  A microswitch 90 is mounted over the first conveyor 14 by a support 92
      which is adjustably secured to the frame 12. The microswitch 90 has an
      actuating finger 94 extending from the switch 90 to a position close to
      the conveyor 14, so that the finger 94 is deflected by an article
      travelling along conveyor 14 to cause microswitch 90 to be closed.
PAR  It will now be convenient to describe the construction and operation of the
      tension control 26. A brake 96 for the supply roll 20 is carried by a
      lever 98 pivotally mounted on the frame 12. A tension spring 100 is
      connected between the lever 98 and frame 12 to normally urge the brake 96
      against a brake drum 97 on the supply roll 20 to brake it. The tension
      control 26 also includes an arm 104 pivotally mounted on the frame 12 and
      carrying the previously mentioned idler 24 at one end. The arm 104 has an
      extension 106 engagable with the underside of the lever 98. A tension
      spring 110 is connected between the arm 104 and the frame 12 to urge the
      arm 104 in the clockwise direction in FIG. 1.
PAR  When the sheet material 22 is taut, it pulls the arm 104 in an
      anticlockwise direction in FIG. 1 against the spring 98 and raises the
      left hand portion of the lever 98, thereby moving the brake 96 away from
      the brake drum 97 to permit the supply roll 20 to rotate more freely. When
      the sheet material 22 is loose, the spring 110 moves the arm extension 170
      away from the lever 98, and the spring 100 pivots the lever 98 to urge the
      brake 97 against the brake drum 97, thereby slowing up the supply roll 20.
      In this way, the tension controller 26 controls the slackness or tautness
      of the sheet material 22 between the supply roll 20 and the drive rollers
      32, 33.
PAR  Referring now to the electrical circuit shown in FIG. 3, several subsidiary
      circuits are connected across an AC power source 112 and a main switch
      114. The first subsidiary circuit includes a first relay R.sub.1 in series
      with microswitch 90 and normally closed contacts R.sub.3 controlled by
      relay R.sub.3, which will be described later. The second subsidiary
      circuit includes normally open contacts R.sub.1.sup.1, controlled by relay
      R.sub.1, and an AC bridge rectifier 116. A second relay R.sub.2 and a
      capacitor C.sub.1 in parallel therewith are connected across the output of
      the rectifier 116. The third subsidiary circuit includes a third relay
      R.sub.3 in series with normally closed contacts R.sub.2.sup.1 controlled
      by relay R.sub.2 and normally open contacts R.sub.4.sup.1 controlled by a
      relay R.sub.4, which will be described later.
PAR  The fourth subsidiary circuit includes normally open contacts R.sub.2.sup.2
      and an AC bridge rectifier 118. The relay R.sub.4 and a capacitor C.sub.2
      in parallel therewith are connected across the output of the rectifier
      118. The fifth subsidiary circuit includes normally open contacts
      R.sub.3.sup.1 and knife solenoid 38. The sixth subsidiary circuit effects
      a supply of power to the clutch 80 through normally open contacts
      R.sub.1.sup.2, also controlled by relay R.sub.1. and to the brake 82
      through the normally closed contacts R.sub.1.sup.3, also controlled by
      relay R.sub.1. Since in this embodiment, the brake 82 and clutch 80 are
      operated by the direct current, this subsidiary circuit also includes an
      appropriate rectifier 120.
PAR  In operation of the machine, it will be recalled that the first and second
      conveyors 14, 16 run continuously at the same speed, and the sheet
      material feed belts 50, 52 also run continuously at a common speed. When
      an article, such as a pattie or a piece of sliced meat, travels along the
      first conveyor 14, it will engage and actuate finger 94, thereby closing
      microswitch 90. Relay R.sub.1 is therefore actuated, and its three sets of
      contacts are operated accordingly. Closure of contacts R.sub.1.sup.1
      results in actuation of relay R.sub.2 and consequent operation of its two
      sets of contacts. Contacts R.sub.2.sup.1 open in the circuit of relay
      R.sub.3. Contacts R.sub.2.sup.2 close, and therefore cause actuation of
      relay R.sub.4, with consequent closing of contacts R.sub.4.sup.1 in the
      circuit of Relay R.sub.3. At the same time as contacts R.sub.1.sup.1 close
      to cause operation of relays R.sub.2 and R.sub.4 as just described,
      contacts R.sub.1.sup.3 open to release the brake 82 and contacts
      R.sub.1.sup.2 close to operate clutch 80.
PAR  Release of brake 82 and operation of clutch 80 cause the main shaft 68 to
      drive secondary shaft 76, which in turn drives the sheet material feed
      rollers 32, 33, it being assumed that sheet material 22 from the supply
      roll 20 has previously been threaded through the machine to this stage.
      The drive rollers 32, 33 therefore draw sheet material 22 from the supply
      roll 20, with the tension controller 26 operating as previously described,
      and feed the sheet material 22 up through the feed guides 30 and upwardly
      between the continuously running feed belts 50, 52.
PAR  When the article has passed the finger 94, the finger 94 falls back to its
      original position, thereby opening the microswitch 92. Thus, actuation of
      relay R.sub.1 ceases. Contacts R.sub.1.sup.2 open and contacts
      R.sub.1.sup.3 close, ceasing actuation of the clutch 80 and actuating the
      brake 82, with the result that the feed of sheet material 22 by the feed
      rollers 32, 33 stops. Contacts R.sub.1.sup.1 open to break the circuit to
      relay R.sub.2. However, although the actuation of relay R.sub.2 has
      ceased, it remains in its actuated state for a predetermined time because
      of the presence of capacitor C.sub.1 which controls the loss of voltage
      across relay R.sub.2. During this predetermined time, which may for
      example be of the order of two-thousandths of a second, the feed rollers
      32, 33 come to a complete stop.
PAR  At the end of this predetermined period of time, the voltage across relay
      R.sub.2 has fallen sufficiently for it to cause contacts R.sub.2.sup.1 to
      close and contacts R.sub.2.sup.2 to open. Opening of contacts
      R.sub.2.sup.2 break the circuit to relay R.sub.4, but again this relay
      R.sub.4 remains in its actuated state for a second predetermined period of
      time due to the presence of capacitor C.sub.2. During this second
      predetermined period of time, both contacts R.sub.2.sup.1 and
      R.sub.4.sup.1 are closed, thereby actuating relay R.sub.3. Actuation of
      relay R.sub.3 closes contacts R.sub.3.sup.1 to cause operation of knife
      solenoid 38, so that the knife blade 34 is caused to cut the sheet
      material 22 at the top of the guides 30. Also, contacts R.sub.3.sup.2 open
      to prevent a subsequent article from initiating a new sequence during the
      time relay R.sub.3 is energized. At the end of the second predetermined
      period of time which may for example be in the order of four-thousandths
      of a second, the voltage across relay R.sub.4 has fallen sufficiently for
      contacts R.sub.4.sup.1 to open, breaking the circuit to relay R.sub.3,
      with consequent opening of contacts R.sub.3.sup.1 to break the circuit to
      knife solenoid 38. Spring 46 then returns knife blade 34 to its original
      position, and at the same time, contacts R.sub.3.sup.2 close, so that the
      circuit is ready for the next operation.
PAR  After knife blade 34 has cut the sheet material 22, the sheet material
      already fed between continuously running feed belts 50, 52 travels to the
      upper end of feed belt 52 between pulley 58 and guide 62, where it is
      engaged by the article which tripped microswitch 90 and initiated the
      sequence just described, the distance between the microswitch finger 94
      and the upper end of feed belt 52 being predetermined accordingly. Sheet
      material 22 is bent over by the article, so that it travels along the
      second conveyor 16 with the article on top of it. Minor adjustments in
      ensuring that the article arrives at the end of the conveyor 14 at the
      correct time with respect to the feed of the sheet material upwardly
      between the feed belts 50, 52 can be made by adjusting a position of the
      microswitch bracket 92 carrying the microswitch 90 and its actuating
      finger 94. While the sheet material 22 is momentarily stopped between the
      continuously running feed belts 50, 52, before it is cut from the supply
      thereof by the knife blade 34, the belts 50, 52 merely slide over the
      sheet material 22, the friction between the two belts 50, 52 being
      suitably adjusted so that this occurs. As soon as the cut takes place, the
      sheet material 22 btetween the feed belts 50, 52 travels upwardly with
      them.
PAR  Thus, the delay between operation of the brake 82 and release of the clutch
      80 on the one hand and the operation of knife blade 34 to cut the sheet
      material on the other hand is primarily determined by the value of
      capacitor C.sub.1. As previously described, the length of this delay is
      selected so that the time between operating the brake and releasing the
      clutch on the one hand and operation of the knife blade 34 on the other
      hand is sufficient to ensure that the feed of sheet material has in fact
      come to a stop before it is cut. Similarly, the length of time for which
      the knife solenoid 38 is actuated is primarily determined by the value of
      capacitor C.sub.2.
PAR  It will thus be readily understood that the described circuit for
      controlling operation of the clutch 80, brake 82 and knife 34 enables
      these elements to be controlled in a particularly advantgeous manner to
      ensure satisfactory interleaving of sheet material under each article as
      it passes from conveyor 14 to conveyor 16.
PAR  Various modifications within the scope of the invention will be apparent to
      the man skilled in the art, the scope of the invention being set out in
      the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for feeding separate pieces of sheet material from a
      continuous supply thereof to individual articles travelling along a
      predetermined path and positioning a piece of sheet material under each
      article, said apparatus including conveying means for conveying articles
      sequentially along the predetermined path, means for feeding sheet
      material from a continuous supply thereof to a cutting station, cutting
      means at said cutting station operable by an electrical actuating circuit
      to cut pieces of sheet material from said continuous supply means for
      feeding said pieces of sheet material from said cutting station to said
      conveying means for entrainment between the underside of an article and
      said conveying means at a material positioning station, article sensing
      means adjacent said predetermined path before said material positioning
      station operable to sense the presence of an article passing said sensing
      means, feeding and cutting control means actuated by said article sensing
      means to cause the feed of sheet material to said cutting station to be
      commenced when said sensing means senses an article passing thereby and to
      be stopped when said sensing means senses that the article has passed
      thereby, said control means including a set electrical time delay device
      actuated by said article sensing means to set said electrical actuating
      circuit when an article is sensed by said article sensing means, said
      article sensing means ceasing actuation of said time delay device when
      said article has passed by said article sensing means, and said time delay
      device operating to cause said electrical actuating circuit to operate
      said cutting means to cut a piece of sheet material from the continuous
      supply a predetermined time after said sensing means ceases to actuate
      said control means to stop said feed means, the time delay being
      predetermined to ensure that feed of sheet material has actually stopped
      before said cutting means operates.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said time delay device includes a
      relay which controls normally closed contacts in said actuating circuit,
      said relay being actuated by said sensing means, when sensing an article
      passing thereby, to open said contacts, said sensing means ceasing to
      actuate said relay when an article has passed by said sensing means, and
      said time delay device including means for holding said relay in its
      actuated state for said predetermined time, after actuation by said
      sensing means has ceased, after which said relay causes said contacts to
      close with resultant operation of said cutting means.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said means for holding said relay
      closed is a capacitor connected across said relay.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said article sensing means is
      connected in an AC circuit, and said relay and capacitor are energized
      from said AC circuit through rectifier means so that said relay and
      capacitor are supplied with direct current.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said control means includes a
      second electrical time delay device which operates to cause said
      electrical actuating circuit to cease operation of said cutting means a
      second predetermined time after said first time delay device has caused
      said electrical actuating circuit to operate said cutting means.
NUM  6.
PAR  6. Apparatus according to claim 2 including a second relay which controls
      normally open contacts in said actuating circuit, said second relay being
      actuated by said first relay, when said first relay is in its actuated
      state, to close said contacts, said second time delay device including
      means for holding said second relay in its actuated state, after actuation
      by said first relay has ceased for a second predetermined time after which
      said second relay causes said contacts to open with resultant cessation of
      actuation of said cutting means.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said means for holding said
      second relays closed includes a capacitor connected across each relay.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said control sensing means is
      connected in an AC circuit, and said relays and capacitors are energized
      from said AC circuit through rectifier means so that said relays and
      capacitors are supplied with direct current.
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ABST
PAL  A loading machine and a method for loading small chip capacitors into
      apertures on an elongated plastic carrier strip are disclosed. The carrier
      strip is fed along a guide channel which supplies chip capacitors to a
      feed station. Below the feed station a punch punches apertures in the
      carrier strip and a gripper engages the strip to index it upwardly to the
      level of the feed station. A pusher arm at the feed station pushes each
      chip through the aperture in the carrier strip against a micrometer
      adjustment member behind the strip. A chip unloading machine is also
      disclosed in which a loaded carrier strip is fed through a guide channel
      to a pusher member which is cam operated under the control of an
      electrical timing mechanism that allows the pusher to push the chip
      capacitors out of their respective apertures at the proper time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Small electrical components, for example ceramic chip capacitors having
      dimensions on the order of 0.2 inch in length and 0.05 inch in thickness
      or even smaller, are very difficult to handle during the processing,
      testing and storage operations that are required in the manufacture of
      such components. In order for a carrier system for such electrical
      components to be of general utility during these operations, there are a
      number of requirements which must be met by the system. These are as
      follows:
PAR  1. The cost of the carrier should be relatively low so that it may be
      treated as a disposable item.
PAR  2. Loading and unloading of the chip capacitors or similar components into
      the carrier must be accomplished by automatic machines for maximum
      efficiency.
PAR  3. The chip capacitors, when loaded onto the carrier, must be available for
      mechanized electrical testing and for inspection.
PAR  4. The electrical chip capacitors should not rub against each other in
      shipment.
PAR  5. The machine employed should be designed so that loading and unloading
      may be achieved with a minimization of mechanization investment and
      complexity.
PAR  6. The loading and unloading time should be as fast as possible, on the
      order of one-half second or less per chip capacitor.
PAR  7. The chip capacitors should be individually retained within the carrier
      so that inadvertent separation is prevented.
PAR  The chip capacitor loading and unloading system of the present invention
      has been designed to satisfy the above requirements. In addition, the
      machines used for loading the ribbon and for unloading the ribbon have
      been designed to achieve high speed operation at a relatively low
      investment cost.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The present invention is shown and described by reference to the following
      drawings in which:
PAR  FIG. 1 is a front view of the loading machine of the present invention;
PAR  FIG. 2 is a perspective view of a plastic carrier strip loaded with chip
      capacitors;
PAR  FIG. 3 is a cross-sectional view of the guide channels for the loading
      machine;
PAR  FIG. 4 is a cross-sectional view of the guide channels for the unloading
      machine;
PAR  FIG. 5 is a top view of the loading machine of FIG. 2 with a portion of the
      housing removed so that the internal mechanism of the loading machine may
      be viewed;
PAR  FIG. 6 is an enlarged view of the punching an loading portion of the
      loading machine of FIG. 1;
PAR  FIG. 7 is an enlarged cross-sectional view of the punching and loading
      portion of the loading machine taken along the lines A--A of FIG. 5;
PAR  FIG. 8 shows a side view of the pusher mechanism of the loading machine for
      pushing the electrical chip capacitor into the carrier strip;
PAR  FIG. 9 is a front view of the pusher section of the loading machine of FIG.
      1; and
PAR  FIG. 10 is a front view of the unloading machine.
DETD
PAC  TECHNICAL DESCRIPTION OF THE INVENTION
PAR  An elongated thin carrier strip 10 of plastic or other suitable material,
      which has a longitudinal axis 11 and a plurality of apertures 12 punched
      in it for receiving electrical capacitors 14 or similar components, is
      shown in FIG. 2. The electrical chip capacitors are of a generally
      elongated shape and have electrode ends 16, 18. A typical chip capacitor
      may be on the order of 0.2 inch in length and 0.05 inch in thickness,
      although chip capacitors may be somewhat smaller or larger in accordance
      with the desired application. The rectangular apertures 12 that are
      punched into the tape 10 are somewhat smaller than the cross-sectional
      size of the chip capacitors 14; and, therefore, when a chip capacitor 14
      is forced into the apertures 12, it will be retained in place in the
      position shown in FIG. 2 with the capacitor 14 being disposed in the
      center of the carrier strip 10 with its elongated dimension L directed in
      a generally normal direction to the longitudinal axis of the strip.
PAR  Details of the loading machine 20, which loads the chip capacitors 14 into
      the apertures 12 of the carrier strip 10 are shown in FIGS. 1 and 3 and
      FIGS. 5 through 9 of the drawings. The plastic carrier strip 10 is formed
      of a material, such as polyethylene, and may have a thickness on the order
      of 0.02 inch for chip capacitors of the size specified above. A strip 10,
      which is to be loaded with the chip capacitors 14, is withdrawn from a
      supply reel 22 and is passed around a lower guide member 24 and then
      through the feed station 28. The strip 10, after being loaded with chip
      capacitors, travels past the upper guide member 26 and the guide roller 30
      to the take-up reel 32. A second supply reel 34 supplies a separator strip
      36 of plastic or other suitable material, which is wound on the take-up
      reel 32 over the chip loaded tape 10.
PAR  The carrier strip 10 in travelling to the feed station 28 first contacts
      the lower guide channel 24; a cross-sectional view of which is shown in
      FIG. 3. The guide channel 24 has a groove 36 on its bottom which is
      slightly wider than the width of the carrier strip 10 so that it can guide
      the strip in its upward path. The carrier strip 10 passes from the lower
      guide channel 24 to the punch 38 and the die 40 (FIG. 6), at which point
      the motion of the strip 10 is stopped and an aperture 12 is punched in it.
      After the area of the strip 10 in front of the punch 38 has been punched
      with an aperture 12, a gripper 42 is forced forward to grip the strip 10
      between the gripper 42 and a back plate 44. The gripper finger 42 and the
      plate 44 are on an assembly which indexes the strip 10 upwardly so that
      the aperture 12 is in alignment with a feed track 46 in a vibrating feed
      table 48. The chip capacitors 14 are supplied in the track 46 with an
      orientation such that their elongated dimension is parallel to the length
      of the track. As the chips are fed one behind the other in the track 46,
      they reach the end of the track 46, one-by-one, where the end of the chip
      that is disposed away from the strip 10 is engaged by the end of a pusher
      finger 50. The pusher finger 50 is secured to a pusher arm 52 that moves
      so as to force the chip 14 into the aperture 12 in the strip 10 that is
      aligned with the chip 14 due to the previously mentioned indexing
      movement.
PAR  The strip 10, after leaving the feed station 28, travels around the upper
      guide channel 26 to the take-up reel 32. The upper guide channel 26 has
      the cross-section shown in FIG. 3 in which the upper portion of the guide
      has a groove 54 in its top which is wide enough to receive the strip 10
      and is substantially of the same thickness. The groove 54 runs into a
      deeper slot 56 in the center of the guide channel 26. The slot 56 allows
      the elongated dimension of the chip capacitor 14 to project downwardly
      into it. The guide channel 26 has an opening 58 in it and a sensing finger
      60 is positioned just behind the opening 58 and is biased forwardly by
      means of a resilient spring 62. The rear end of the sensing finger 60 is
      in contact with an actuating button 64 of an electrical switch 66 which is
      housed in a housing assembly 68. If a component 14 has not been fed into
      the opening 58 by the feed table 48, the switch 66 will not be actuated
      and this will provide a signal which will prevent the strip 10 from being
      indexed upwardly after the aperture 12 has been punched into it. In this
      manner, the strip 10 will not be fed forward with empty apertures so that
      maximum utilization of the carrier is achieved.
PAR  Since the chip capacitors 14 loaded by the loading machine 20 may have
      different lengths, it is necessary to be able to vary the position of the
      end of the sensing finger 60. However, because of the very small size of
      the chips, the location of the end of the finger 60 must be very
      accurately controlled to prevent chip breakage. In order to achieve this,
      a micrometer adjusting screw 70, which extends into threads in the block
      72, is provided. A micrometer dial 74 is preferably supplied so that very
      precise location of the sensing finger 60 may be achieved.
PAR  The loading machine 20 is under the control of cams which are driven by an
      electrical motor 76, which is best shown in FIG. 5. The entire loading
      machine 20 is supported by the feet 21 which are individually adjustable
      so that the machine may be leveled when placed on a non-level surface. The
      machine 20 is energized when the front panel "ON-OFF" switch 78 is
      energized, and an indicator light 80 indicates when the power to the
      loading machine 20 has been energized. A second much smaller motor 82
      drives a shaft 84 for the supply roller 22. A drive belt 86 extends around
      a pulley 88 on the shaft 84 and a pulley 90 on the shaft 92 for the
      take-up reel 32. The separator strip supply reel 34 is not driven but
      rotates around the shaft 93. The motor 82 for driving the supply reel 22
      is mounted to the wall 94 of the loading machine 20 by means of the bolts
      96.
PAR  Timing for the different operations of the loading machine 20 is provided
      by cams that are driven by the motor 76. Punching of the apertures, for
      example, is controlled by the switch 100 (FIG. 5) which has an actuating
      button 102 that is actuated by the cam 104. When the switch 100 is
      actuated, an air cylinder 106 (FIG. 8) is energized to punch an aperture
      12 in the carrier strip 10. A second switch 108, which has an actuator
      button 110 and is actuated by the cam 112, is utilized to actuate a second
      air cylinder 114 (FIG. 6) to force the gripper 42 forward to engage the
      strip 10 between the gripper 42 and the plate 44, as previously described.
      This operation requires, as a prerequisite, that the switch 66 be actuated
      due to the presence of a chip in the opening 58. The air cylinders 106,
      114 of the loading machine 20 are preferably lubricated by a lubricating
      system consisting of a lubricator 116, a regulator 118 and a filter 120
      for filtering the lubricants. These units are all mounted on the side wall
      122 of the loading machine 20.
PAR  FIGS. 8 and 9 show in greater detail the pusher finger 50 on the pusher arm
      52, which is utilized to push the chips 14 into the apertures 12 of the
      strip 10. The pusher finger 50 and the pusher arm 52 undergo a left and
      right motion, as represented by the arrow 124 in FIG. 8. The pusher finger
      50 is spring loaded by means of a spring 126, which functions to prevent
      chip breakage. The spring 126 is connected to a spring post 128 on the
      pusher arm 52 and a post 130 on the elevator mechanism 132. Motion of the
      pusher arm 52 in the direction indicated by the arrow 124 is achieved by a
      cam follower 134 which is mounted on the shaft 136 in the yoke 138. The
      cam follower 134 interacts with the cam 140 (FIG. 5), which is driven by
      the motor 76 through a conventional drive system. The pivoting motion of
      the pusher arm 52 is obtained by movement of the pusher arm 52 about the
      shaft 144 due to the interaction of the cam 140 and the cam follower 134.
PAR  An elevator mechanism 132 is employed to index the strip 10 upwardly after
      a chip capacitor 14 has been loaded into an aperture 12. In order to index
      the carrier strip 10 upwardly when a component 14 is loaded into an
      aperture 12, the gripper 42 grips the strip 10 between it and the plate 44
      and the elevator mechanism 132 is operated. The support members 148, 150
      of the elevator assembly 132 are interconnected together by an adjustable
      turn buckle 152. The turn buckle 152 has a first arm 154, which is
      connected to the support member 148, and a second arm 156 which is
      connected to the support member 150. The elevator mechanism 132 undergoes
      up and down motion as indicated by the arrow 162. Control of the motion of
      the elevator mechanism 132 is achieved by means of the cam follower 164
      which is on the shaft 166. The cam follower 164 interacts with the cam 168
      (FIG. 5) to rotate the support members 146, 148 about the shafts 158, 160,
      respectively, to obtain the desired motion. The gripper 42 will be
      actuated only when the switch 66 has previously been actuated by the
      presence of the chip 14 in the opening 58.
PAR  As shown in FIG. 8, the motion of the pusher arm 52 about the shaft 144
      causes the punch 38 to interact with the die 40 so that an aperture 12 is
      punched in the strip 10 for each new chip fed to the feed station 28. In
      addition, this motion insures that a chip is pushed into the aperture 12
      after the strip 10 has been indexed upwardly. When the elevator mechanism
      132 operates the gripper 42, which is secured to the support member 148,
      moves upwardly so as to index the carrier strip 10 upwardly to the level
      of the track 46. If a chip capacitor 14 is not present in the opening 58,
      the strip 10 will not be indexed upwardly even though the elevator
      mechanism 132 operates because the strip 10 will not be gripped between
      the gripper 42 and the plate 44 because the switch 66 will not be actuated
      by the sensing finger 60.
PAR  A machine 200 for unloading the loaded carrier strip 10 is shown in FIG. 7
      which supports the loaded take-up reel 32 from the loading machine 20 on a
      pair of support arms 204 at the top of a hollow elongated pipe 206 which
      is secured to a frame 208. The reel 32 is unwound so that the
      component-loaded strip 10 is fed downwardly between the guide channels
      210, 212 while the separator strip 36 is fed to the guide channel 214.
      FIG. 4 shows a cross-sectional view of the guide channels 210, 212 with
      the guide channel 210 having a groove 215 in it which is slightly wider
      than the strip 10. The guide channel 210 has a deeper slot 216 in its
      center which mates with a deep slot 218 on the guide channel 212. When the
      guide channels 210, 212 are placed together, the slots 216, 218 and the
      groove 215 form a closed channel which allows the chip capacitors 214 and
      the carrier strip 10 to pass therethrough.
PAR  The carrier strip 10 is drawn between the guide channels 210, 212 by a
      driven roller 228 which is powered by an electric motor 236. The motor 236
      drives a gear 232 which in turn drives a gear 234 that rotates on a shaft
      237 which also supports the roller 228. The strip 10 is pulled between the
      driven roller 228 and an idler roller 238 which is supported on a shaft
      240. The shaft 241 is mounted on an arm 242 that is pivotable about the
      point 244. An adjustable limit stop 246 is used to limit the movement of
      the arm 242. The drive roller 228 also bears against the surface of the
      separator strip 36 as it passes through the open guide channel 214 thereby
      driving it downwardly between the guide channels 214 and 240. As the strip
      10 passes out of the guide channels 210, 212, the chips 14 are
      successively indexed against a plate 220 of a pusher mechanism 224. After
      a chip 14 has been indexed against the plate 220, a pusher finger 226 is
      forced downwardly against the end of the chip 14 so as to push it out of
      the aperture 12 in the strip 10, and the chip 14 is allowed to slide down
      a slide (not shown) to a recepticle. The carrier strip 10, after it is
      unloaded, and the separator strip 36 both exit from the guide channels
      214, 240 at the bottom of the unloading machine 200.
PAR  The pusher mechanism 224 includes a plunger 248 which is driven by a cam
      follower 250 on the end of a bell crank 252 which drives the pusher finger
      226 toward the loaded carrier strip 10. The forward end of the plunger 248
      extends into a chamber 254 into which a coiled spring 256 is inserted for
      cushioning the impact of the plunger 248 as it is driven back and forth,
      and for imparting force from the plunger 248 to the pusher finger 226. The
      bell crank 252 is pivoted at the point 258, and the lower arm 284 of the
      bell crank 252 has a spring post 260 which receives the lower end of a
      spring 262. The spring 262 passes through the hollow pipe 206 and the
      upper end of the spring 262 is secured to an eyelet 264 that is held by a
      nut 266 to the top of the channel 206. A link 268 is secured at one end to
      the point 270 on the bell crank 252, and at the other end it receives a
      shaft 272 which carries an eccentric gear 274 which engages a gear 276
      that is in turn driven by the electric motor 278, thereby driving the link
      268. The motor 278, therefore, functions to operate the bell crank 252
      when the unloading machine 200 is energized so as to continuously drive
      the pusher finger 246 towards and away from the loaded carrier strip 10.
PAR  The bell crank 252 will continue to oscillate in a continuous manner when
      the unloading machine 200 is energized and a control switch 280 is
      deactuated. Actuation of the switch 280 can be controlled by a timing
      mechanism or by an operator with a foot switch (not shown). If the switch
      280 is actuated, the rod 282, which is connected to the lower arm 284 of
      the bell crank 252, will be in its downwardmost position; and, therefore,
      the lower arm 284 will also be pulled downwardly. This will cause the bell
      crank 252 to pivot in a clockwise direction about the pivot point 258 so
      that the cam follower 250 will be directed upwardly and to the right
      enough so it will no longer engage the plunger 248. When the lower arm 284
      is pulled downwardly, it supplies tension to the spring 262. If the switch
      280 is then again deactuated, the rod 282 will be forced upwardly by the
      spring 262 and the bell crank 252 will pivot about the point 258 in a
      counter-clockwise direction thereby forcing the cam follower 250 again
      into engagement with the plunger 248. Thus, when the switch 280 is
      deactuated, the pusher finger 226 will engage the end of each successive
      chip capacitor 14 that is fed in the strip 10 so as to push it out of its
      holding aperture 12, and actuation of the switch 280 will prevent the
      pusher finger 226 from engaging the chip capacitor 14.
PAR  The pusher mechanism 224 is constructed with an auxiliary shaft 286 which
      extends into a housing section 288. The shaft 286 is surrounded by a
      coiled spring 290 and the outer end of the shaft 286 has a washer 292
      which is secured on it so as to hold the spring 290 on the shaft 286. The
      spring 290 returns the plunger 248 to its normal position following each
      depression of it due to the oscillating action of the bell crank 252.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A machine for loading small chip components having an elongated
      dimension into a thin carrier strip having a longitudinal axis comprising:
      supply means for supplying successive areas of said strip to a feed
      station, punch means at said feed station for successively punching an
      aperture into each of said areas of said strip which has a shape that
      corresponds to the shape of said components but is of a slightly smaller
      dimension, feed means for feeding a component towards said carrier strip
      at a location displaced from said punch means in a manner such that the
      elongated dimension of said component is substantially normal to the
      longitudinal axis of said carrier strip when said component is present,
      sensing means for sensing if a component has been fed toward said carrier
      strip, comprising a sensing finger and a micrometer screw means with a
      micrometer dial for accurately locating the position of said sensing
      finger with respect to said fed component, indexing means, gripping means
      coupled to said indexing means and operated by said sensing means for
      gripping said carrier strip only if said sensing means senses that a
      component has been fed by said feed means, said indexing means undergoing
      a motion such that said punched aperture will be aligned with said fed
      component after said indexing operation and displacement means for forcing
      said component into said aperture after said alignment has been achieved
      by said indexing means.
NUM  2.
PAR  2. A machine as claimed in claim 1 comprising a guide member for guiding
      said carrier strip to said feed means wherein said guide member has an
      opening therein which is aligned with said sensing means and which allows
      said fed component to pass partially therethrough into contact with said
      sensing means.
NUM  3.
PAR  3. A machine as claimed in claim 1 wherein said feed means is a vibrating
      feed table comprising an elongated feed track in alignment with said
      opening in said guide member which contains a plurality of components in
      said track which are aligned one-by-one in a line with their elongated
      dimensions parallel to each other.
NUM  4.
PAR  4. A machine as claimed in claim 3 comprising a guide member for guiding
      said carrier strip to said feed means wherein said guide member has an
      opening therein which is aligned with said sensing means and which allows
      said fed component to pass partially therethrough into contact with said
      sensing means.
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PAL  An article wrapping machine has superposed shafts geared together that
      mount opposed rotary crimping heads for crimping the wrapping between the
      articles. A knife blade is radially movable in a slot in the upper
      crimping head and is projected into a recess in the lower crimping head
      for severing the wrapping between a string of articles. The blade
      actuating mechanism comprises a rod axially movable in a bore in the shaft
      that mounts the upper crimping head. A pair of bell cranks is provided for
      projecting and retracting the blade. An intermediate portion of each bell
      crank is pivoted to the crimping head. An outer or free end portion of
      each crank is pivoted to the blade and the inner ends are pivoted to the
      rod. The bell cranks are disposed so that the pivotal connections to the
      blade pass "over center" and the geometry of the arrangement is such that
      there is virtually no axial or slicing motion of the blade during its
      radial movement. The blade actuating rod is operated by a cam external of
      the machine frame which overcomes the force of a spring that is connected
      directly to the rod and not to the blade. A zig zag severing cut is
      provided without actually forming the blade as a zig zag member. This is
      accomplished by beveling one side of the blade and grinding notches in the
      flat or unbeveled side in a manner that forms specially shaped saw teeth
      which teeth progressively provide a zig zag severing cut.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to article wrapping machines and more particularly
      to wrapping machines of the type wherein spaced articles are entubed in a
      wrapping, such as cellophane or the like, the tube or web between the
      articles is crimped and sealed and the web is transversely severed between
      the articles. More specifically, the invention relates to the means for
      severing the web.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The U.S. patent to Teplitz 3,057,239, Oct. 9, 1962 discloses a shear for
      cutting moving steel strip that comprises superposed rollers, one of which
      carries a fixed shear blade and the other which carries a projectable
      shear blade. The projectable shear blade is mounted in a recess in the
      lower roller and has a pair of angled slots formed therein. The blade is
      projected by means of anti-friction pins slidable in the slots. The pins
      are mounted in an axially movable frame that is connected to a rod
      slidable in a bore in the shaft for the lower roller. The shaft is
      advanced and retracted by a blade actuating fluid cylinder that is mounted
      externally of the gears that gear the rollers together. Actuation of the
      blade is controlled by a pair of cams operating in conjunction with a
      relay circuit and a solenoid valve.
PAR  Vreeland et al U.S. Pat. No. 3,212,229, Oct. 19, 1965, shows superposed
      rollers having pivotally mounted tube sealing shoes with the shoes in the
      upper roller having radially projectable cutoff knives. The knives are
      projected by a pair of fixed cams mounted on a non-rotatable shaft that
      forms the hub of the rollers.
PAR  Bate U.S. Pat. No. 3,415,704, Dec. 10, 1968, discloses superposed rotary
      heat sealing crimpers with a spring retracted, cam ejected blade slidably
      mounted in the upper crimper. The blade is actuated by a rotary cam that,
      in effect, engages a rearwardly projecting end of the blade directly.
PAR  Zimmerman U.S. Pat. No. 3,524,301, Aug. 18, 1970, discloses a cut-off knife
      for a packaging machine wherein a blade in the upper crimping head
      partakes of a combined radial and slicing (axial) motion. The blade is
      connected between an operating link and a follower link and is advanced by
      a trip mechanism disposed inside of the frame of the machine that acts
      only on the operating link. The blade is biased at one end by a coil
      spring towards its retracted position and is projected with a slicing
      motion by the trip mechanism against the force of the spring. The spring
      force acts directly on the pivots that connect the blade to the operating
      and follower links.
PAR  The rotary cutting head of Vande Castle U.S. Pat. No. 3,641,857, Feb. 15,
      1972, has some points of similarity with that of Zimmerman patent in that
      the blade is projected with a slicing motion. In the Vande Castle patent,
      the blade is progressively retracted by a cam that is disposed inside the
      frame of the machine, which cam retracts the blade against the force of a
      spring. The blade operating linkage connects directly to the blade which
      is mounted on a pair of links, one of which is a follower link. At the
      proper time the cam quickly releases the blade which is quickly advanced
      with a slicing motion by the compressed blade advancing spring, acting
      directly on the blade.
PAR  The tube sealing and separating apparatus of British patent 1,072,287, June
      14, 1967, is of the type wherein the crimping heads are given a
      translatory motion by being mounted on a bar supported by paired wheels. A
      severing knife is projected when the associated sealing head carries a
      roller on the blade across the ramp of a fixed cam.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the article wrapping machine of the present invention is of the
      type having a frame, superposed shafts geared together and mounting
      opposed rotary crimping heads for crimping the wrapping between a string
      of entubed articles. The upper crimping head is slotted and mounts a
      radially movable knife blade. The lower crimping head is formed with a
      blade receiving recess. The blade actuating mechanism comprises a pair of
      axially spaced links pivoted to the associated crimping head at the
      radially inner portion of its slot. The free or outer end of each link
      connects to the blade and the shaft that mounts the associated crimping
      head has an axial bore therein. The blade actuating mechanism comprises a
      rod movable axially in the shaft bore and the rod is pivotally connected
      to the inner end of each of the aforesaid links. A cam follower is mounted
      on the crimping head shaft outside of the frame and the bearings that
      mount the shaft. A stationary cam is mounted on the frame for actuating
      the cam follower.
PAR  The blade is formed in a manner which provides a zig zag cut through the
      wrapping when the blade enters the recess in the opposed crimping head.
      Although the blade forms zig zag cuts it is not actually made in the
      conventional zig zag configuration. The conventional zig zag configuration
      is difficult to sharpen and expensive to manufacture and usually requires
      the opposition of an anvil for pressure cutting instead of a simple recess
      for punch cutting as in the present invention. The geometry of the blade
      operating linkage just described is such that the blade is projected
      substantially radially with very little axial motion so that a punch type
      zig zag cut can be performed as described.
PAC  FEATURES OF THE INVENTION
PAR  The following significant features of the machine of the invention will be
      summarized:
PAR  1. Although the severing blade produces a zig zag severing cut which type
      of cut is in demand for packages that are wrapped in material that is
      difficult to tear such as cellophane, etc., the blade itself need not be
      in a conventional zig zag formation and need not provide a pressure cut
      against a solid anvil. The zig zag cut of the blade of this invention is
      produced simply by beveling the blade from one side and by grinding
      notches from the flat or opposite side of the blade in a certain manner so
      that the blade progressively pierces the wrapping and provides a zig zag
      severing cut.
PAR  2. In order to provide the aforesaid zig zag cut it is essential that the
      blade have very little axial or slicing motion when it is being projected
      into the recess formed in the opposed crimping head. According to the
      present invention, the blade is pivotally supported on a pair of links and
      the link motion is geometrically arranged so that during the range of
      operation of the blade, the outer ends of the links which are connected to
      the blade partake of an "over center" motion. The result of this
      geometrical arrangement of the links is such that the blade motion is
      essentially radial. Any axial or slicing motion of the blade is
      substantially insignificant and is much less than the pitch of adjacent
      teeth of the blade itself that produces the zig zag cut.
PAR  3. The blade actuating links referred to above are both connected to a rod
      that moves axially in a bore formed in the shaft of the crimper head that
      carries the blade. Since both links are positively driven, (there being no
      follower link) the aforesaid "over center" action of the links is made
      possible.
PAR  4. In the form of the invention wherein the blades are cammed outwardly
      against the force of a retracting spring, the retracting spring is
      connected to the blade actuating rod and is not connected directly to the
      blade itself. This construction minimizes the wear in the blade actuating
      links because all of the force of the retracting spring is transmitted by
      the rod directly to the cam that actuates the rod without being assumed by
      any of the pivots of the links themselves either at the blade or
      elsewhere.
PAR  5. The cam that operates the aforesaid rod, which in turn slides in the
      hollow shaft in the crimping head that mounts the blade, is placed
      externally of the frame and of the gears that gear the two crimping heads
      together and externally of the bearings. This places the cam and
      associated cam followers in an area which is easily accessible for
      lubrication and adjustments, as opposed to prior constructions wherein the
      trip or cam mechanisms for operating the blades are disposed inside the
      side of the side frame plates and bearings.
PAR  6. The connection between the blade operating rod and associated cam
      follower is readily adjustable to provide for precise positioning of the
      blade in the slot in its crimping head.
PAR  7. The cam follower for actuating the aforesaid rod is in continuous
      rolling contact with the cam and there is no impact motion, as is the case
      with trip mechanisms of the prior devices.
PAR  8. The cam follower and blade actuating mechanism in addition to being
      smooth in its action can be designed so that the knife is projected and
      retracted through a relatively small angular rotation of the shaft
      mounting the crimping head associated with the knife.
PAR  9. The internal rod actuation mechanism wherein the blade actuating rod is
      dispersed within a bore in the associated shaft lends itself to a
      construction wherein each shaft mounts a pair of diametrically opposed
      crimping heads, there being two actuating rods in the shaft that mounts
      the bladed crimping head. Both rods are actuated by the same cam.
PAR  The manner in which these and other features and advantages of the present
      invention can be attained will be apparent from the following detailed
      description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective of a known type of wrapping machine incorporating
      the rotary head of the present invention.
PAR  FIG. 2 is a diagrammatic perspective illustrating the rotary head of the
      present invention and its general mode of operation upon a tubular web
      enclosing spaced articles.
PAR  FIG. 3 is a vertical transverse section, partly in elevation, through the
      rotary head.
PAR  FIG. 4 is an end elevation of the apparatus shown in FIG. 3.
PAR  FIG. 4A is an enlarged fragmentary schematic elevation of a portion of a
      face cam shown in FIG. 3.
PAR  FIG. 5 is an enlarged fragmentary section of the area indicated by the
      arrow 5 on FIG. 3. approximating
PAR  FIG. 6 is a schematic fragmentary perspective of a portion of the apparatus
      shown in FIG. 3.
PAR  FIG. 7 is an enlarged fragmentary elevation of the saw tooth edge of a
      cutting blade shown at the arrow 7 on FIG. 3, but is viewed from the
      reverse side thereof.
PAR  FIG. 8 is a plan of the blade shown in FIG. 7.
PAR  FIG. 9 is a section taken along lines 9 -- 9 on FIG. 7.
PAR  FIG. 10 is an enlarged perpsective of the area indicated by the arrow 10 on
      FIG. 3, and illustrates the working edge of the saw tooth cutting edge of
      the FIG. 7 knife blade and its orientation for severing the web.
PAR  FIGS. 11, 12 and 13 are fragmentary perspective schematic views
      illustrating the web between adjacent packages and the progressive cutting
      action effected by the FIG. 8 cutting edge for transversely severing the
      web.
PAR  FIG. 14 is a vertical enlarged section taken substantially along lines 14
      -- 14 on FIG. 3.
PAR  FIGS. 15 and 16 are enlarged fragmentary sections of the central portion of
      FIG. 14, respectively illustrating operating positions before and after
      the position shown in FIG. 14.
PAR  FIGS. 17 and 18 are enlarged fragmentary sections similar to FIG. 3,
      showing sucessive operational positions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a wrapping machine 20, an earlier form of which is
      disclosed in U.S. Pat. No. 2,546,721. The general operating principles of
      the wrapping machine 20 are as follows: A pusher type of input conveyor 22
      is provided with an upper reach that propels a single file of spaced
      articles A in the direction of the arrow B through the wrapping machine
      20. A spool 23 of plastic web material W is mounted at the input end of
      the machine, and the web is trained through a forming shoe 26 which curls
      the web downwardly around the articles A to form a tube T at the
      downstream end of the forming shoe. The margins of the web are sealed, by
      means not shown, under the tube T, and the tube is advanced by means
      including lateral gripping belts 28 through a crimping, sealing and
      severing head C which forms the subject matter of the present invention.
PAR  The head C (FIG. 2) is hereinafter referred to as a crimping head, and
      includes upper and lower crimping head shafts 30 and 32 that are
      positioned above and below the tube T and synchronously counter rotate.
      The crimping head shafts 30 and 32 are respectively provided with heated
      crimping jaws 34 and 36 which transversely heat seal the web between
      adjacent articles A. The upper crimping jaw 34 is provided with internal
      cutting blades (not shown in FIG. 1) that are cooperatively received
      within longitudinal grooves 38 in the lower crimping jaws 36 to
      transversely sever the web intermediate adjacent articles. The thus
      produced individual packages P (FIG. 1) are then fed onto a discharge
      conveyor D for delivery into cartons or the like further downstream
      station.
PAR  The crimping head shafts 30 and 32 (FIGS. 1 and 3) are conventionally
      supported by spaced slide frames 40 and 42, each of which slidably mounts
      a vertically movable bearing support block 44 for bearings 46 that
      rotatably mount the crimping head shaft 30. The lower crimping head shaft
      32 is provided with bearing support blocks 48 that are also mounted in the
      slide frames 40 and 42. Intermeshed gears 50 and 52 on the upper and lower
      shafts 30 and 32, respectively, rotate the crimping jaws 34 and 36 in
      timed relation to each other and to the motion of the web W.
PAR  In known manner, the support blocks 44 (FIGS. 3 and 4) are biased downward
      by springs 54 (as shown for only one slide block 44, FIG. 4) which allow
      upward displacement of the upper crimping head shaft 30 if a mistimed
      article should happen to be positioned between the crimping jaws 34 and 36
      when they close together. The present invention resides primarily in the
      internal parts at 56 (FIG. 3) which are contained within crimping head
      shaft 30 and the crimping jaws 34.
PAR  The upper crimping head shaft 30 (FIG. 3) projects through the slide frame
      42 and through a fixed face cam 58. The major portion of the face cam 58
      is circular, and the cam is provided with an inwardly directed lobe 60
      that lies in vertical alignment with the axis of the upper crimping head
      shaft 30. As later described, the angular extent of the lobe 60
      approximates 15 degrees. A cam follower assembly 62 (FIG. 3) is secured to
      the outer end portion of the crimping shaft 30, and includes follower
      rollers 64 which are biased outward into rolling engagement with the face
      cam.
PAR  At this point it should be noted that the operating components associated
      with each of the cam follower rollers 64 are symmetrically arranged about
      the axis of the crimping head shaft 30, and accordingly, the same
      reference numerals are used interchangeably for those parts. Considering
      now the upper cam follower roller 64 in FIG. 3, the roller is attached to
      a pivot arm 66 that is mounted on a pivot pin 68. The pin 68 is held in
      spaced ears 70 (FIG. 4) of the cam follower assembly 62. The other end of
      the pivot arm 66 projects inward through a slot 72 in the crimping head
      shaft 30 and operates within the hollow bore 74 of said shaft. (Also see
      FIG. 14)
PAR  The inner end of the pivot arm 66 (FIG. 3) is forked, and is provided with
      arcuate recesses that receive a cross head 76. The cross head 76 is part
      of a T-shaped connector link 78 having a hollow threaded shank through
      which passes a tension rod 80. The outer end of the tension rod 80 is
      threaded, and a nut 82 which bears against the shank provides means for
      axially adjusting the tension rod relative to the connector link 78. The
      other end of the tension rod 80 (FIG. 6) is secured to an apertured head
      82 which is in turn pivotally connected by a pivot pin 86 to a pair of
      tension links 84 (only the near link is shown in FIG. 3). A pair of spaced
      bell cranks 88, later described in detail, are pivoted to the tension
      links 84 by pivot pin 90. The tension links or rods 84 are anchored to the
      adjacent end of a tension spring 92 that biases the cam follower roller 64
      into engagement with the face cam 58. The other end of the spring 92 is
      anchored to shaft 30.
PAR  As best shown in FIGS. 5 and 6, the intermediate portion of each bell crank
      lever 88 is provided with a fixed pivot stud 96 which is mounted in the
      wall of the hollow upper crimping head shaft 30 and spans an axial slot 98
      in said shaft which provides operating clearance for the bell crank. A
      bifurcated outer end 100 (FIG. 6) of each bell crank 88 is connected by a
      pivot pin 102 to a knife blade 104. As mentioned, the inner end of each
      bell crank is pivoted at 90 to the rod 84. As thus far described, it will
      be evident that the cam follower rollers 64 (FIG. 3) will alternately move
      radially inward toward the axis of the crimping head shaft 30 as they move
      over the cam lobe 60. As a follower roller moves inward, the tension rod
      80 is moved toward the open end of the crimping head shaft, thus pulling
      the tension links or rods 84 to the right as viewed in FIG. 3 and FIG. 6.
PAR  As shown in FIG. 4A, which is a fragmentary enlargement of the lower sector
      of the cam 58, the lobe 60 has an angular extent of approximately
      15.degree.. Thus, when the lower follower roller 64 (FIG. 3) is at the
      midpoint of the rise at 60a, (FIG. 4A) the tension links 84 (FIG. 3) are
      pulled toward the right, and the lower knife blade 104 is moved radially
      outward toward the slot 38 of the lower crimping jaw 36. At the midpoint
      60b (FIG. 4A) of the lobe 60, the tension links 84 have moved to their
      extreme righthand position in FIG. 3, and at position 60c the tension
      links are returning under the force of their associated springs to their
      inner position which corresponds to that shown for the upper links 84 in
      FIG. 3. Thus, when the follower roller 64 (FIG. 4A) is at midpoint 606,
      the lower knife blade 104 is fully projected into the slot 38, and at
      point 60c the blade is being retracted into the crimping jaw 34.
PAR  A feature of the invention resides in the fact that the springs 92 are
      connected directly to the actuating rods and that the cam followers pull
      directly on the rods. This relieves the bell crank pivots of spring
      loading forces and lengthens the wear life of the pivots. FIG. 5 is an
      enlarged operational view showing the lower left-hand bell crank 88 which
      appears in FIG. 3, and illustrates how the geometry of the blade mounting
      bell cranks 88 causes the knife blade 104 to move radially without any
      substantial axial motion. In FIG. 5, an axial reference line x - x has
      been drawn through the axis of the pivot 96 between the bell crank 88 and
      the crimping head shaft 30. When the blade 104 is retracted (as shown in
      solid lines in FIG. 5), the axis of the pivot 102 between each bell crank
      and the blade is disposed radially inwardly of the axial reference line x
      - x. When the blade is extended (as shown by the phantom outline bell
      crank 88 in FIG. 5), the point of the connection 102 between each bell
      crank and the blade is disposed radially outwardly of the reference x - x
      line by substantially the same distance.
PAR  In the embodiment of the invention being described, the radius "R" from the
      pivot 96 of the bell crank to the blade pivot 102 is 0.625 inches (5/8 of
      an inch). The angle "a" which forms half of the total angular displacement
      of the bell crank during operation is about 11.degree. 30'. Calculation
      will show that the small distance "d," which represents the maximum
      deviation of the blade from a true radial line of motion y - y, is about
      0.0125 inches, which is less than 1/64 inches. In the preferred embodiment
      of the invention, the blades have teeth pitched so that there is about 12
      to 16 teeth per inch. A blade that has 12 teeth per inch will have a tooth
      spacing of 0.0833 inches whereas a blade having 16 teeth per inch will
      have a tooth spacing of 0.0625 inches.
PAR  In either case, the extent of the small deviation "d" of 0.0125 inches is
      but a small fraction of the pitch of adjacent blade teeth. Thus a blade
      having this small deviation "d" provides a later described zig zag cut
      which cannot be distinguished from a cut made with the same blade if the
      blade were moved in a purely radial direction, such as along the axis y -
      y. This geometry of the bell crank linkage for mounting the blades,
      wherein the pivot point between the bell crank and the blade goes from one
      side to the other side of a reference line x - x that represents the
      mid-position of the blade, is referred to in the appended claims as an
      "over center" mounting or action of the bell crank mechanism.
PAR  The outer edges of the knife blades 104 (FIG. 3) are provided with teeth of
      special configuration which produce a zig zag transverse severance of the
      tube T along a line at Z (FIG. 2) when each blade is radially projected
      outward from the upper crimping head shaft 30 as above described. The
      tooth configuration is detailed in FIGS. 7 - 9, reference to which is now
      made. At the outset it should be noted that the tooth profile shown in
      FIG. 7 is oriented such that the individual teeth 106 are viewed from the
      reverse side of the upper knife blade 104 shown in FIG. 3. Thus, the near
      surface 108 of the FIG. 7 knife blade is flat, and the opposite side of
      the blade is provided with a beveled surface 110 which is 63.degree. 10'
      from a line perpendicular to the flat surface 108. The flat surface 108 is
      relieved between the teeth by ground relief surfaces 112 which merge at a
      line 114 which is 53.degree. 35' from a line normal to the surface 108. By
      this construction, the blade 104 is provided with cutting edges at 116
      where the relief surfaces 112 meet the beveled surface 110. Thus, the
      cutting edges 116 are angularly related to the flat surface 108, and
      because the general plane of the blade 104 is normal to the web W as shown
      in FIG. 14, the cutting edges 116 incline from a vertical line
      intersecting the web W.
PAR  As seen in FIG. 7, the cutting edges 116 form a sawtooth cutting edge, and
      as seen in the edge view of FIG. 8 the cutting edges 116 form a zig zag
      cutting edge that extends between the two sides of the blade.
PAR  As shown in FIG. 8, the thickness of the blade is 0.032 inches. The teeth
      106, FIG. 7, (for a blade having 14 teeth per inch) are spaced 0.0741
      inches apart. The teeth are initially formed in flat blade stock with an
      included angle of 60.degree. between teeth, following which the beveled
      surface 110 is ground into the blade. The flat side 108 of the blade is
      then ground with the relief surfaces 112 so that the root line 114 of the
      merging relief surfaces inclines the previously stated 53.degree. 35' from
      a perpendicular to the flat side 108 of the blade. As shown in FIG. 8,
      this provides an included angle between each relief surface 112 and the
      flat side 108 of 41.degree..
PAR  It is again noted that the cutting edges of the knife blade 104 are those
      edges 116 where the beveled surface 110 merges with the relief surfaces
      112, and that the blade 104 moves radially of the crimping shaft 30 with
      the flat side 108 normal to the general plane of the web W. It will be
      seen therefore, with reference to FIG. 9, that the sharpened edge 116 is
      angularly related to the plane of the web since the blade moves toward the
      web with the flat surface 108 perpendicular thereto.
PAR  The cutting action effected by the knife blade 104 is best understood with
      reference to FIGS. 10 - 13. As previously mentioned, the beveled surface
      110 is the leading surface and advances in the direction of the arrow 118,
      said direction of course being the same direction indicated by the arrow B
      on FIG. 1 for the movement of the entubed articles. Thus, the near
      surfaces of the teeth 106 (FIG. 10) are formed by the flat side 108 of the
      blade on the upstream side, and the cutting edges 116 lie in the plane of
      the bevel 110. As the blade 104 descends against the web W (FIG. 11) the
      pointed ends of the teeth 106 puncture the web and the thus-severed
      triangular tabs 120 are pushed downward. It will be noted that the cutting
      edges 116 (FIG. 10) produce the severance lines 116a (FIG. 11) which
      define the merging sides of the tabs 120. According, as the blade 104
      (FIG. 10) further descends, the severance lines 116a (FIG. 12) are further
      elongated, and the resultant tabs 120 are enlarged. When the knife blade
      104 (FIG. 10) has completed a full downward stroke, the severance lines
      116a (FIG. 13) merge together at a point 122, which point corresponds to
      the intersection of two adjacent cut edges 116a.
PAR  The web W is thus completely severed at this stage, and adjacent tabs 120
      due to the described cutting action, form complimentary tabs 124 on the
      leading upstream adjacent portion of the web W, and the severance line
      produces the zig zag severance cut Z (FIG. 2). It will be understood that,
      in the interest of clarity, the crimped portions of the web have been
      omitted from FIGS. 11 - 13. The crimping operation is conventional and is
      produced by the circumferential ribs at 128 and 130 (FIG. 2) on the upper
      and lower crimping jaws 34 and 36. In similarly conventional manner the
      sealing jaws are heated by cartridge type electrical heaters 130, FIG. 14,
      the electrical leads of which are brought through the hollow upper
      crimping shaft 30 (FIG. 1) to a slip ring assembly 132. The adjacent
      portion of the lower crimping shaft 32 (FIG. 3) is similarly hollow to
      carry conductor wires 134 from the cartridge heater 130 to another slip
      ring assembly, not shown. Further conventional apparatus, the details of
      which are not critical to the present invention, are shown in FIG. 14
      wherein it will be observed that the discharge end of a feed conveyor 138
      and the input end of a discharge conveyor 140 are spaced apart to clear
      the lower crimping jaws 36. In order to provide support for the entubed
      articles A immediate the conveyors 138 and 140, the lower crimping head
      shaft 32 is provided with two diametrically opposite arcuate spacer blocks
      142, the outer surfaces of which support the entubed articles when the
      crimping jaws 36 are displaced 90.degree. from their position shown in
      FIG. 14.
PAR  It was previously mentioned that the total angular extent of the cam lobe
      60 (FIG. 4A) approximates 15.degree.. FIGS. 15 and 16 illustrate the
      advantages of the particular knife construction herein detailed which
      allow entry and exit of the knife blade 104 into the slot 38 in the lower
      gripping jaw 36 within the approximately 71/2.degree. of angular movement
      at each side of the position shown in FIG. 14 for the crimping jaws 34 and
      36. Referring to FIG. 15 when the upper and lower gripping jaws 34 and 36
      approach vertical alignment, the beveled edge 110 of the knife blade 104
      closely clears the leading outer edge surface of the slot 38, whereas if
      the knife blade 104 has a square bottom edge profile it would have to be
      retarded so as to enter the slot 38 at a position more approximately
      vertical alignment of the gripping jaws 34 and 36. As an indication of the
      small knife blade clearance required, in the particular embodiment
      disclosed wherein the knife blade 104 is 0.032 of an inch thick, the slot
      38 in the lower gripping jaw 36 is approximately 0.047 of an inch wide,
      leaving a total clearance of only 0.015 of an inch. The beveled edge 110
      (FIG. 16) of the knife blade 104 also provides for early retraction of the
      knife blade (at about 71/2.degree. beyond the high part of the cam lobe
      60) since the leading beveled surface 110 provides the necessary operating
      clearance beyond the position in which the gripping jaws 34 and 36 are
      vertically aligned.
PAR  With reference to FIGS. 17 and 18 which respectively illustrate successive
      operational stages in the actuation of the knife blades 104, the uppermost
      knife blade 104 (FIG. 17) and the lowermost knife blade 104 are
      illustrated in retracted positions within the gripping jaws 34. It is
      evident, therefore, that neither cam follower 64 is aligned with the cam
      lobe 60, whereby the inner ends of the pivot arms 66 are at their closest
      spacings from the knife blades 104. Accordingly, the bell cranks 88 have
      been pivoted about their respective fixed pivot pins 96 by axial motion of
      the tension links 84 so that the pivot pins 102 which connect the bell
      cranks to the knife blades 104 have retracted the knife blades to their
      radially innermost positions.
PAR  When the lowermost knife blade 104 (FIG. 18) approaches vertical alignment
      with the slot 38 (FIG. 14) in the lower gripping jaws 36, the lower cam
      follower roller 64 begins to ride over the cam lobe 60. The lower cam
      follower roller 64, accordingly, swings the pivot arm 66 about the pivot
      pin 68 to move the lower tension rod 80 to the right, (FIG. 18). The lower
      tension links 84 are thus moved toward the open end of the bore 74 of the
      upper crimping head shaft 30, and the lower pair of the bell crank lines
      88 swing downward about their respective pivot pins 96. After an initial
      angular motion through the angle "a" of about 11.degree. and 30 minutes
      (see FIG.. 5) the blade will have been projected downwardly to about its
      mid or center position as indicated by the reference line x - x as
      indicated in FIG. 5. The bell crank to blade pivots 102 now pass "over
      center" and swing through the second angle "a" to fully project the lower
      knife blade 104 into the recess 38 in the lower gripping jaw 36, as shown
      in FIG. 14. After the parts leave the position of FIG. 14, wherein the
      blade is fully projected, the cam follower roller begins to ride radially
      outwardly along the other side of the cam lobe 60 to the position shown in
      FIG. 4A. During this time, the tension spring 92 (FIG. 6) attached to the
      tension links 84 restores the knife blade 104 to its initial retracted
      position and maintains the cam follower roller in rolling engagement with
      the radially inwardly facing circular portion of the cam 58 until the cam
      follower roller again arrives at the cam lobe 60 to repeat the cutting
      action just described.
PAR  Meanwhile, each outward movement of the lowermost knife blade 104 through
      the web gripped between the gripping jaws 34 and 36 (FIG. 14) has
      produced, with essentially radial motion relative to the upper crimping
      head shaft, 30, a zig zag severance line through the web between adjacent
      packages. It will be recognized that the substantially radial motion of
      the knife blades 104 without any appreciable endwise motion (as described
      in connection with FIG. 5) is obtained by driving both pivotal connections
      102 (FIGS. 17 and 18) to each knife blade over center. A further advantage
      of the present structure is that the internal driving arrangement wherein
      the knife blade actuating mechanism is contained within the upper gripping
      head shaft 30 and within the crimping jaws 34 provides unobstructed space
      at each end of the crimping jaws for mounting package tucking apparatus,
      not shown. Most horizontal wrapping machines of the type illustrated
      operate with auxiliary package tucking means which utilizes a rotating cam
      at each end of the crimper to control the motions of two tucking
      mechanisms which operate against the sides of the entubed articles between
      adjacent articles.
PAR  A further advantage of the present construction is that it minimizes the
      possibility of grease and oil contamination in the vicinity of the web
      contacting surfaces since all of the operating mechanism is internal. As
      mentioned, note also that the internal driving arrangement as described
      minimizes mechanical loadings at the pivotal connections to the knife, and
      the spring loading forces are not transmitted through either the blade 104
      or the bell cranks 88 since these forces are borne directly by the tension
      links or rods 84.
PAR  The use of the continuous cam 58 provides positive control of the knife
      motion characteristics, and the knife penetration can be precisely set by
      adjusting the effective length of the tension rods 80 via the threaded
      adjusters 78. Since the cam follower rollers 64 are in continuous, smooth
      rolling engagement with the cam 58, the knife operating mechanism does not
      have to strike a stop at the end of its retracting motion since the
      retracting motion is controlled by the cam. In short, the knife actuating
      mechanism as disclosed can be operated at relatively high production
      rates, is subject to minimal wear of the various components, provides for
      easy operational adjustments, and operates at a relatively low noise
      level.
PAR  Although the best mode contemplated for carrying out the present invention
      has been herein shown and and described, it will be apparent that
      modification and variation may be made without departing from what is
      regarded to be the subject matter of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In an article wrapping machine of the type having a frame, superposed
      shafts geared together and mounting opposed rotary crimping heads for
      crimping the wrapping between articles, means for mounting a radially
      movable knife blade in a slot formed in one crimping head, a blade
      receiving recess formed in the other crimping head, and blade actuating
      mechanism for moving said blade into and out of said recess to sever the
      wrapping between articles; the improvement wherein said blade mounting
      means comprises a pair of axially spaced links pivoted to said blade
      carrying head at the radially inner portion of its slot, and means
      connecting an outer end of each of said links to said blade, the shaft
      mounting said blade carrying head having an axial bore, said blade
      actuating mechanism comprising a rod movable axially in said shaft bore,
      the inner end of each of said links being pivotally connected to said rod,
      cam follower means mounted on one end of said shaft for operating said rod
      and a stationary cam mounted on said frame for actuating said cam follower
      means, each of said links comprising a bell crank, the intermediate
      portion of each bell crank being pivoted to the crimping head, the outer
      end of each bell crank being pivoted to the blade and the inner end being
      pivoted to said rod, the blade pivot of each crank, when the blade is
      retracted, being disposed a short distance radially inwardly of an axial
      reference line that extends through the axis of the intermediate pivot of
      the bell crank, said blade pivot being disposed radially outwardly of said
      reference line by substantailly the same distance when said blade is fully
      projected.
NUM  2.
PAR  2. The wrapping machine of claim 1, wherein motion of said blade deviates
      from pure radial motion by less then 1/64 inches.
NUM  3.
PAR  3. The wrapping machine of claim 1, wherein said cam surface, said surface
      being substantially cylindrical but having a single radially inwardly
      projecting lobe for actuating said cam follower means, said cam lobe
      having an effective range of action of about 15.degree. of camshaft
      rotation.
NUM  4.
PAR  4. The wrapping machine of claim 3, comprising spring means connected
      directly between said rod and said shaft for causing the rod to retract
      the blade.
NUM  5.
PAR  5. The wrapping machine of claim 4, wherein said spring means comprises a
      tension coil spring disposed in the bore in said shaft, said cam follower
      means pulling on said rod.
NUM  6.
PAR  6. The wrapping machine of claim 1, wherein means are provided for
      adjustably connecting said rod to said cam follower means for precisely
      positioning said blade.
NUM  7.
PAR  7. In an article wrapping machine of the type having a frame, superposed
      shafts geared together and mounting opposed rotary crimping heads for
      crimping the wrapping between articles, means for mounting a radially
      movable knife blade in a slot formed in one crimping head, a blade
      receiving recess formed in the other crimping head, and blade actuating
      mechanism for moving said blade into and out of said recess to sever the
      wrapping between articles; the improvement wherein each shaft mounts
      diametrically opposed crimping heads with both heads on one shaft carrying
      blades and both heads on the other shaft having recessed, said blade
      mounting means comprises a pair of axially spaced bell cranks pivoted to
      each blade carrying head at the radially inner portion of its slot, and
      means pivotally connecting an outer end of each of said bell cranks to the
      associated blade, the shaft mounting said blade carrying heads having an
      axial bore, said blade actuating mechanism comprising two rods movable
      axially in said shaft bore, the inner end of each of said bell cranks for
      one blade being pivotally connected to one of said rods, the corresponding
      bell cranks for the other blade being connected to the other rod,
      individual cam follower means mounted on one end of said shaft for
      operating one end of each rod and a stationary cam mounted on said frame
      for actuating both of said cam followers.
NUM  8.
PAR  8. The wrapping machine of claim 7, comprising a tension coil spring in
      said shaft bore connected between the other end of each rod and the shaft,
      said cam followers pulling on their associated rods.
NUM  9.
PAR  9. In an article wrapping machine of the type having a frame, superposed
      shafts geared together and mounting opposed rotary crimping heads for
      crimping and sealing the wrapping between articles, means for mounting a
      radially movable knife blade in a slot formed in one crimping head, a
      blade receiving recess formed in the other crimping head, and blade
      actuating mechanism for moving said blade into and out of said recess to
      sever the wrapping between articles; the improvement wherein said blade
      actuating mechanism comprises means for moving said blade radially without
      any substantial axial motion, the cutting edge portion of said knife blade
      comprising a flat plate having parallel sides with a bevel formed on one
      side of said plate, said bevel intersection the opposite side of the plate
      and teeth formed in the beveled portion of the blade, said teeth having
      sharpened cutting edges disposed in the plane of said bevel and extending
      between the sides of said plate, said teeth being relieved behind said
      cutting edges, said sharpened cutting edges forming a sawtooth cutting
      edge that zig zags between the two sides of said plate for effecting
      progressive cutting of the web when the blade is projected into said
      crimping head recess for producing a zig zag severance line across the web
      that has the same width as the thickness of said plate.
NUM  10.
PAR  10. The wrapping machine of claim 9, wherein said blade teeth have a pitch
      in the range of about 12 teeth/inch to 16 teeth/inch.
NUM  11.
PAR  11. The wrapping machine of claim 9, wherein the blade is mounted in the
      crimping head so that its bevel is on the leading side of the blade.
NUM  12.
PAR  12. The wrapping machine of claim 9, wherein the flat plate is about 1/32
      inches thick.
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ABST
PAL  A method and apparatus for taking-up and transferring paper or plastic
      bags, one at a time, from a bag pile to a bag filling station and then to
      possible further operations, and wherein each bag is taken-up from the
      upper end of the pile and transferred, by means of rotary motions about
      suitable axes, firstly from a horizontal position to a vertical one and
      then, within the vertical plane containing the bag in the vertical
      position, to a position wherein the bag filling opening is substantially
      horizontal. Simultaneously with the second bag transferring motion, the
      bag wall portions adjacent to the bag filling opening are spaced apart
      from one another, for allowing the engagement thereof with the outlet
      mouth of a filling hopper, at the end of the second bag transferring
      motion.
PARN
PAR  This is a streamline continuation of application Ser. No. 423,128 filed
      Dec. 10, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel and improved method, as well as to a
      related apparatus, for automatically performing a set of operations on
      bags made of paper, plastics or the like, in order to successively
      transfer the bags, one at a time, from a taking-up station to a filling
      station, and then to forward the same to possible further operations, e.g.
      a sealing operation of the bag filling opening.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a method and a related apparatus
      to perform bag taking-up and transferring operations in a wholly
      automatic, continuous and reliable manner, and by means of easily
      controlled operating components adapted to ensure an accurate positioning
      of single bags in a filling station.
PAR  According to this invention, a method for taking-up bags from a pile
      thereof, conveying them to a filling station and forwarding the filled
      bags to possibly required further operations, is essentially characterized
      in that each time the first bag in the pile is taken-up therefrom and
      initially transferred from a position substantially coincident with a
      horizontal plane to a position substantially coincident with a vertical
      plane, whereupon the bag is transferred within the vertical plane to a
      position wherein the filling opening thereof is substantially horizontal
      and simultaneously the bag wall portions adjacent the filling opening are
      spaced apart from one another to engage the bag filling opening with the
      outlet mouth of a filling hopper or the like at the end of the second
      transferring motion, the bag being kept in such an engaged filling
      position at least for a time sufficient for filling thereof, and then
      forwarded to possibly required further operations.
PAR  In order to carry-out the above method, an apparatus according to this
      invention comprises bag transferring means, preferably in the form of arms
      that are pivotal about suitably positioned axes and are provided with
      temporarily operable bag retaining means, namely sucking means that are
      controllably connected to a vacuum source.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 3 are, respectively, a side elevation view, a plan view and a
      front elevation view of a diagrammatically shown bag taking-up and
      transferring apparatus according to this invention.
PAR  FIG. 4 is an exploded diagrammatic perspective view of components of the
      apparatus as well as of control and signal connections for automatically
      carrying-out the bag taking-up and transferring operations.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and initially to FIGS. 1 to 3, the shown
      apparatus operates as follows: a plurality of bags made of any suitable
      material, as e.g. paper, plastics or the like, are arranged in a bag pile
      10, suitably positioned between retaining elements 12. The bags are
      transferred one at a time from pile 10 to a filling station, comprising a
      filling hopper 14 having a discharge mouth 16, wherefrom the filled bags
      are then forwarded to further stations for sealing the bag filling opening
      or the like by suitable means, e.g. in the form of a belt conveyor 18, 20
      cooperating with retaining side guides 22.
PAR  In more detail, the apparatus successively transfers each bag from pile 10
      to filling station 14, 16 in a wholly automatic manner, and engages the
      open end of each bag with outlet mouth 16 of hopper 14 in order to allow a
      filling operation of the bag. The conveying and engaging operations
      essentially comprise a first bag movement carried-out on the upper bag of
      pile 10 in order to transfer the bag from an essentially horizontal
      position 24, on the pile upper end, to an essentially vertical position
      24' wherein the bag lies in a vertical plane, preferably extending through
      the outlet mouth 16 of hopper 14 and possibly coincident with one axis of
      the outlet mouth. The bag is then moved within the vertical plane to bring
      the filling opening 26 thereof in a horizontal position corresponding to
      that of the hopper outlet opening 16, and simultaneously the bag walls are
      spaced apart to engage the filling opening thereof with the hopper outlet
      in a filling position as shown by the reference 24" in FIG. 1.
PAR  In order to carry-out the above operations, the apparatus comprises
      conveyor means that cooperate with temporarily operable bag retaining
      means and consist of arms pivotal about suitably positioned axes in order
      to move the bags along circular paths. In more detail, the first bag
      motion from a horizontal position 24 to a vertical position 24' is
      performed by arms 28, carrying a plurality of suitably controlled suckers
      30, that are turned e.g. by a pneumatic cylinder-piston unit 32 about an
      axis 34 which is parallel to or coincident with the vertical plane as
      defined by the bag in its position 24' as well as preferably parallel to
      one of the bag sides.
PAR  The bag is then transferred from the position 24' to the position 24" by a
      pair of arms 36, 38 each of which carries retaining suckers 40 adapted to
      engage the opposite bag walls near the bag opening 26, as shown in FIG. 1.
      Arms 36, 38 are caused to rotate e.g. by a pneumatic cylinder-piston unit
      42 about a common axis 44 that is perpendicular to the vertical plane
      wherein the bag is moved. Simultaneously with the last bag transferring
      motion, arms 36, 38 are spaced apart from one another e.g. by a pneumatic
      cylinder-piston unit 46, in order to bring the bag in an open position and
      slip the same on the discharge mouth 16 of hopper 14. In order to effect
      engagement of the bag opening with hopper mouth 16, the axis 44 of arms
      36, 38 is positioned in such a manner that the path of bag opening during
      the second transferring motion has an end stroke having an upwardly
      directed component. It is to be pointed out that, while in the shown
      embodiment the bag is rotated through 90.degree. from the position 24' to
      the position 24",  it is however also possible to maintain the bag
      orientation during the second transferring motion by providing suitable
      articulated joints between the retaining means or suckers and the motion
      performing arms.
PAR  The bag when engaged with the hopper mouth 16 is then firmly retained in
      such a position by a pair of jaws 48, 50 that are suitably operated in
      order to press the bag walls from the outside against the hopper mouth
      walls and then retain the bag in such a position for a time at least
      sufficient for filling thereof, whereafter jaws 48, 50 are opened to cause
      the bag to fall onto belt conveyor 18 that conveys the same to possibly
      required further operations.
PAR  As it can be noticed from FIGS. 1 to 3, the described apparatus is
      supported by a suitable framework 52, carrying a control panel 54.
PAR  Referring now to FIG. 4, the different operating components of the
      described apparatus are diagrammatically shown in perspective along with
      some of the controls, signals and follow-up links as required for a
      continuous automatic operation thereof. The different apparatus components
      that carry the same reference numerals of the preceding figures will be
      hereinafter described in connection with their operation.
PAR  Starting from a condition wherein a bag to be taken-up is yet lying on the
      pile 10, the arms 28 are brought into a horizontal or substantially
      horizontal position 28' and the related sucking means 30 are connected
      with a vacuum source, e.g. by the action of one of control cams 56
      suitably mounted on axis or shaft 34. Each cam 56 operates on a related
      microswitch 58 to close a corresponding circuit in a control station 60.
      All subsequent apparatus motions and operating steps are controlled, in
      due times, by follow-up and signal systems similar to those previously
      described and comprising further cams 62 on shaft 44 to cooperate with
      related microswitches 64. As previously stated, the follow-up and signal
      system is only partly and diagrammatically shown in FIG. 4, as the
      operating components thereof may have different designs as well known by
      those skilled in the art, provided that they operate as will be
      hereinafter described.
PAR  Once a bag has been taken-up by suckers 30, a signal given for the motion
      of arms 28 that is performed by the pneumatic cylinder-piston unit 32
      acting e.g. on the axis 34. Arms 28 are then brought into a vertical
      position together with the bag held by them. On attaining the bag vertical
      position or even slightly before the attainment of such a position, a
      signal is given for a lowering motion of arms 36, 38 as performed by the
      pneumatic cylinder-piston unit 42, that operates on the shaft 44.
      Simultaneously, at least the ends of arms 36, 38 are approached toward
      each other by the cylinder-piston unit 46 to bring their sucking means 40
      to engage the opposite bag sides and adjacent to the bag opening nearly in
      a position as shown in FIG. 1.
PAR  At this time, the suckers 40 are connected with the vacuum source and then
      the suckers 30 are successively disconnected from the vacuum source,
      whereby the bag is held by the suckers 40 only. Then a lifting signal is
      sent to the pneumatic cylinder-piston units 42 and 46, in order to turn
      the arms 36 and 38 about the axis 44 and simultaneously space these arms
      apart from one another. The arms are thus brought into their horizontal
      positions 36' and 38',  carrying the bag in the shown position 24" wherein
      the bag opening engages with the outlet mouth 16 of hopper 14.
PAR  Jaws 48 and 50 are then closed by related pneumatic cylinder-piston units
      66 and the bag is held by these jaws against the hopper mouth 16 during
      the filling operation thereof since the suckers 40 may be disconnected.
      Further controls operate a timed or at any rate strictly controlled
      opening of the hopper outlet mouth for filling the bag with a
      pre-established amount of material, whereupon jaws 48 and 50 are
      spaced-apart and the filled bag is allowed to fall onto belt conveyor 18.
      During the bag filling operation, or at the end thereof, the
      cylinder-piston unit 32 is operated into order to bring the arms 28 back
      in their substantially horizontal position 28',  wherein a next operating
      cycle may be started on a further bag.
PAR  It is to be understood that while this invention has been described in
      detail with reference to a preferred embodiment thereof, many changes and
      modifications may be made therein without departing from the true scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for filling empty bags comprising, in combination, a filling
      station including an elevated hopper having a stationary vertically
      oriented hopper outlet mouth; empty bag support means spaced
      longitudinally and laterally from said filling station at a level very
      substantially below said hopper outlet mouth, and adapted to support a
      pile of empty bags in vertically superposed horizontally oriented
      relation; a first sub-assembly including first arm means laterally aligned
      with and spaced from said empty bag support means and pivotal about a
      first horizontal axis located in a vertical plane intersecting said
      stationary hopper outlet mouth, bag gripping means on said first arm means
      spaced from the pivot axis thereof, and first actuator means operable to
      swing said first arm means about said first axis laterally and downwardly
      toward said bag support means to grip the exposed side wall of the top bag
      of the pile at a zone spaced from its filling mouth, and then to swing
      said first arm means laterally and upwardly in a circular arc about said
      first horizontal axis into said vertical plane at a level intermediate the
      levels of said bag support means and said hopper outlet mouth, with the
      bag filling mouth facing horizontally toward said stationary hopper outlet
      mouth; a second sub-assembly including second arm means pivotal about a
      second horizontal axis perpendicular to such vertical plane and at an
      elevation above said first axis substantially equal to the elevation of
      said hopper outlet mouth, said second arm means including a pair of
      opposed arms pivotal about said second horizontal axis and mounted for
      movement of their free ends toward and away from each other, and including
      second gripping means on said opposing arms spaced from said second
      horizontal axis, second actuator means operable to swing said second arm
      means from a horizontally oriented position into a vertically oriented
      position for engagement of said second gripping means with both side walls
      of the vertically oriented bag, supported by said first arm means,
      adjacent the bag filling mouth, and operable to swing said second arm
      means in a circular arc longitudinally and upwardly about said second
      horizontal axis toward said hopper outlet mouth, and third actuator means
      operable, during movement of said second arm means toward said stationary
      hopper outlet mouth, to separate the free ends of said pair of opposed
      arms to separate the opposite side walls of the bag to open the filling
      mouth thereof for slipping fo the bag filling mouth upwardly over the
      stationary hopper outlet mouth; and means operable to clamp the bag
      filling mouth against the outer surface of said stationary hopper outlet
      mouth; said stationary hopper outlet mouth being located at a distance
      above said empty bag support means substantially equal to the sum of the
      vertical motions of said two sub-assemblies.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, in which said first and second gripping
      means comprise first and second suction means; and control means
      selectively operable to connect said first and second suction means to a
      source of vacuum.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, in which said control means is
      initially operable to connect said first suction means to the source of
      vacuum for gripping the exposed side wall of the top bag of the pile, is
      then operable to connect said suction means to the source of vacuum for
      gripping both side walls of the vertically oriented bag supported by said
      first suction means, is then operable to disconnect said first suction
      means from the source of vacuum, and is operable, after operation of said
      clamping means, to disconnect said second suction means from the source of
      vacuum.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, in which said control means is operable
      to connect said second suction means to the source of vacuum while said
      pair of opposed arms are vertically oriented and engaged with the opposite
      side walls of the bag before swinging movement of the pair of opposed arms
      longitudinally and upwardly toward the hopper outlet mouth.
PATN
WKU  039436888
SRC  5
APN  512137&
APT  1
ART  313
APD  19741004
TTL  Harvesting machine
ISD  19760316
NCL  15
ECL  1
EXA  Mar; Michael
EXP  Love; John J.
NDR  8
NFG  22
INVT
NAM  Billings; Thomas A.
STR  3415 Elder St.
CTY  Titusville
STA  FL
ZIP  32780
CLAS
OCL   56328R
XCL  239 78
EDF  2
ICL  A01D 4600
FSC  239
FSS  77;78;227;380
FSC   56
FSS  328 R;328 TS;329
UREF
PNO  2643155
ISD  19530600
NAM  Wright et al.
OCL  239 78
UREF
PNO  3114998
ISD  19631200
NAM  Weisser
OCL   56329
UREF
PNO  3153510
ISD  19641000
NAM  Brannfors et al.
XCL  239165
UREF
PNO  3164324
ISD  19650100
NAM  Bruinsma
OCL  239 77
UREF
PNO  3310231
ISD  19670300
NAM  Wininger
XCL  239 78
UREF
PNO  3321137
ISD  19670500
NAM  Carter
OCL  239 78
UREF
PNO  3455502
ISD  19690700
NAM  Pool et al.
OCL  239227
UREF
PNO  3757504
ISD  19730900
NAM  Rauth
OCL   56328R
LREP
FRM  Berman, Aisenberg & Platt
ABST
PAL  A fruit harvesting machine consisting of a wheeled support on which is
      mounted a vertically extending housing containing a pair of transversely
      arranged blowers, one above the other, the housing having a laterally
      directed, vertically extending, laterally converging air collection
      chamber receiving air from the blowers and having a laterally facing
      discharge passage of substantial height. Movable air-guiding members are
      mounted in the discharge passage in a vertical array. In one embodiment,
      the members are louvers horizontally pivoted and linked together for
      simultaneous oscillating movement. Another embodiment uses a vertical
      crankshaft and drive linkages to oscillate the louvers. A further
      embodiment uses vertically pivoted oscillating louvers coupled by gears. A
      still further embodiment uses vertically journaled rotating apertured
      drums cooperating with an apertured fixed outlet wall on the mouth of the
      discharge passage to control the lateral discharge of the high pressure
      air from the discharge passage. Another embodiment employs inclined
      air-guiding discs mounted on a vertical rotating shaft. In each case, the
      lateral air discharge is of an intermittent nature tending to cause
      shaking or oscillation of a tree to cause fruit thereon to break loose
      from the tree as the machine is moved therepast.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to harvesting machines, and more particularly to a
      fruit harvesting machine of the type providing intermittent air blasts
      against fruit trees to cause vibration or oscillation of the trees and
      thereby shake fruit loose therefrom.
PAR  2. The Prior Art
PAR  In modern citrus fruit plantations the trees are relatively close together
      and are arranged in rows. To harvest fruit from the trees, the most
      efficient procedure is to employ a machine which can move past the trees
      and cause them to shake or oscillate with proper amplitude and periodicity
      to cause the fruit thereon to become detached from the tree limbs and fall
      to the ground. Various machines for this purpose have been proposed, for
      example, machines providing traveling air blasts or air blasts which
      change in direction. In many cases, these have been found to be
      unsatisfactory, either because they damage the trees or do not provide the
      proper type of shaking action.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  A main object of the present invention is to provide a novel and improved
      fruit harvesting machine of the air blast type which can be used in the
      manner above described and which provides a unique and highly effective
      tree-shaking action which avoids serious damage to the trees, which
      effectively detaches the fruit from the trees, and which is easy to
      operate.
PAR  A further object of the invention is to provide an improved fruit
      harvesting machine which provides intermittent periodic air blasts which
      can be controlled to furnish the optimum periodicity for oscillating the
      limbs of the trees in a manner to cause a maximum amount of fruit to be
      shaken loose therefrom as the machine is moved past the trees, the machine
      being relatively simple in construction, being easy to maintain in
      operating condition, and involving relatively inexpensive parts.
PAR  A still further object of the invention is to provide an improved fruit
      harvesting machine of the air blast type which inflicts minimum damage to
      the trees and the ground area adjacent thereto, which is economical to
      operate, which is controllable to provide proper tree limb oscillation as
      required for the type of fruit to be harvested, and which requires no
      mechanical contact with the trees but merely sufficient clearance to
      enable the machine to be moved past the trees in relatively close
      proximity thereto.
PAR  A still further object of the invention is to provide an improved fruit
      harvesting machine having means to furnish a vertical array of
      intermittent periodic air blasts which can be regulated to efficiently
      vibrate or oscillate the limbs of fruit trees in a manner to cause fruit
      to be shaken loose therefrom as the machine is moved past a row of such
      trees in relatively close proximity thereto, the machine comprising
      relatively few parts, being minimal in width to facilitate convenient
      access to the trees, and providing efficiently-directed air blasts, so
      that it is quite economical to operate as well as being highly effective
      in shaking fruit loose from the tree limbs.
PAR  These objects of the invention are achieved by providing an improved fruit
      harvester of the air blast type which has vertically distributed
      multiple-blower means to provide adequate blast pressure and which
      includes an air collection chamber for supplying the pressurized air to a
      vertical discharge duct of substantial height, of the same order of the
      trees to be harvested, the chamber being shaped to build up air velocity
      at the discharge duct, and the duct having means to discharge the air in
      intermittent blasts time-spaced so as to provide the required vibration or
      oscillation of the tree limbs for shaking the fruit therefrom.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages of the invention will become apparent from
      the following description and claims, and from the accompanying drawings,
      wherein:
PAR  FIG. 1 is an end elevational view of an improved harvesting machine
      constructed in accordance with the present invention.
PAR  FIG. 2 is a fragmentary side elevational view of the machine shown in FIG.
      1, showing the main components of the machine.
PAR  FIG. 3 is a horizontal cross-sectional view taken substantially on the line
      3--3 of FIG. 1.
PAR  FIG. 4 is an enlarged fragmentary vertical cross-sectional view taken
      substantially on the line 4--4 of FIG. 1.
PAR  FIG. 5 is an enlarged perspective view showing one of the louver elements
      employed in the machine of FIGS. 1 to 4 and showing parts associated
      therewith, the louver end parts being shown in separated positions.
PAR  FIG. 6 is a bottom perspective view of the louver element shown in FIG. 5.
PAR  FIG. 7 is a perspective view of a modified form of louver element which may
      be employed in the machine of FIGS. 1 to 6.
PAR  FIG. 8 is a horizontal cross-sectional view taken through the air outlet
      portion of a modified form of harvesting machine according to the present
      invention, said view being taken substantially on the line 8--8 of FIG. 9.
PAR  FIG. 9 is a fragmentary elevational view of a portion of the modified
      harvesting machine of FIG. 8, said view being taken substantially on the
      line 9--9 of FIG. 8.
PAR  FIG. 10 is an enlarged fragmentary vertical cross-sectional view taken
      substantially on the line 10--10 of FIG. 8.
PAR  FIG. 11 is an enlarged fragmentary cross-sectional view taken substantially
      on the line 11--11 of FIG. 10.
PAR  FIG. 12 is a horizontal cross-sectional view taken through the air outlet
      duct portion of another modification of the improved harvesting machine of
      the present invention, said view being taken substantially on the line
      12--12 of FIG. 14.
PAR  FIG. 13 is a fragmentary vertical cross-sectional view taken substantially
      on the line 13--13 of FIG. 12.
PAR  FIG. 14 is a fragmentary elevational view taken substantially on the line
      14--14 of FIG. 12.
PAR  FIG. 15 is a horizontal cross-sectional view taken through the blast outlet
      portion of still another form of harvesting machine according to the
      present invention, said view being taken substantially on the line 15--15
      of FIG. 16.
PAR  FIG. 16 is a fragmentary vertical cross-sectional view taken substantially
      on the line 16--16 of FIG. 15.
PAR  FIG. 17 is a fragmentary elevational view taken substantially on the line
      17--17 of FIG. 15.
PAR  FIG. 18 is an enlarged perspective view of one of the apertured drum
      elements employed in the embodiment of FIGS. 15 to 17.
PAR  FIG. 19 is an elevational view of a modified form of apertured drum element
      which may be employed in the form of the invention shown in FIGS. 15 to
      17.
PAR  FIG. 20 is a horizontal cross-sectional view taken through the outlet duct
      portion of still another form of harvesting machine according to the
      present invention, said view being taken substantially on the line 20--20
      of FIG. 21.
PAR  FIG. 21 is a vertical cross-sectional view taken substantially on the line
      21--21 of FIG. 20.
PAR  FIG. 22 is a fragmentary vertical cross-sectional view taken substantially
      on the line 22--22 of FIG. 21.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, and more particularly to FIGS. 1 to 6, 23
      generally designates an improved fruit harvesting machine according to the
      present invention. The harvesting machine 23 comprises a main supporting
      frame 24 provided with supporting wheels 25, 25 and having a front hitch
      frame 26 including a conventional trailer hitch structure 27 which is
      pivotally connected to the hitch frame 26 at 28 for free rotation around a
      longitudinal horizontal axis. The trailer hitch structure 27 is adapted to
      be connected to the draw bar structure 29 of a tractor or other suitable
      pulling vehicle by suitable hitch pin means 30.
PAR  Longitudinally mounted on the rear portion of frame 24 is an internal
      combustion engine 31 whose output shaft is connected through a
      conventional clutch assembly 32 to a main driving shaft 33. The clutch
      assembly 32 is provided with a manually operable control handle 34
      employed to couple and uncouple engine 31 to said main driving shaft 33.
PAR  Mounted on the forward portion of the supporting frame 24 is a vertically
      extending housing structure, shown generally at 35 comprising a pair of
      transversely arranged blower assemblies 36 and 37 arranged one above the
      other and rigidly connected together so that the housings of the blower
      assemblies 36 and 37 define the composite vertically extending housing
      structure 35. Thus, the composite housing structure 35 comprises the
      superimposed supporting housings of the blower assemblies 37 and 36.
PAR  The lower housing assembly 36 comprises spaced transversely extending
      housing plates 38 between which are secured the spirally shaped volute
      chamber 39 in which is journaled a conventional blower rotor 40 having a
      longitudinally extending shaft 41. Similarly, the upper blower assembly 37
      comprises transversely extending spaced housing wall plates 42 between
      which is secured a generally spirally shaped volute chamber 43 in which is
      journaled the blower rotor 44 having the longitudinally extending shaft
      45.
PAR  The driving shaft 33 is drivingly coupled by conventional pulleys and belts
      46 to the blower shaft 41, and blower shaft 41 is similarly drivingly
      coupled by conventional pulleys and belts 47 to the upper blower driving
      shaft 45, as shown in FIG. 2. The respective sets of transmission belts 46
      and 47 are maintained tight by means of suitable belt-engaging idler
      roller means, such as the idler roller element 48, shown in FIG. 1.
PAR  The internal combustion engine 31 is provided with a conventional radiator
      49 for water-cooling the engine.
PAR  Designated at 50 is a vertically extending air chamber of substantial
      height having a main vertical wall 51, a top wall 52 and a bottom wall 53.
      The air chamber 50 is provided with the laterally converging front and
      rear walls 54 and 55 which merge with a laterally extending vertical air
      discharge passage 56. The vertical laterally directed air discharge
      passage 56 has the spaced parallel side walls 57, 57 connected at their
      top and bottom edges to the end portions of the air chamber top and bottom
      walls 52 and 53.
PAR  The discharge ends of the volute housings 39 and 43 extend through and are
      rigidly secured to the vertical wall 51 of the air chamber 50, as shown in
      FIG. 4.
PAR  A plurality of evenly spaced louver members 58 are pivotally mounted
      between the parallel walls 57, 57 of the discharge passage 56 on
      vertically aligned longitudinally extending horizontal axes, as shown in
      FIG. 4. Each louver member 58 comprises a generally rectangular main plate
      member 59 to the bottom mid-portion of which is transversely secured a
      bearing sleeve member 60, as by welding, or the like. A sloping bottom
      plate 61 is rigidly secured to the bottom portion of each bearing sleeve
      60 and the outer edge of the associated main louver plate 59, as shown in
      FIGS. 5 and 6, to define a flaring outward passage between adjacent louver
      elements when the louver elements 58 are arranged in parallelism in the
      manner illustrated in FIG. 4.
PAR  Extending rotatably through the vertical walls 57 are respective shaft
      members 62 which extend through the louver sleeve members 60. The sleeve
      members 60 are provided with set screws 63 for lockingly securing the
      louver members to their associated supporting shafts 62. Retaining collars
      64 are secured on the forward ends of the shafts 62 externally adjacent
      the discharge passage wall 57. Connected to the externally projecting rear
      ends of the shafts 62 are respective link arms 65 which are in turn
      connected at their outer ends to a common vertical link bar 66 located
      adjacent and parallel to the rear discharge passage wall 57, as shown in
      FIG. 3.
PAR  The vertical link bar 66 is provided at a lower portion thereof with a
      drive pin 67 which is slidably engaged in the end slot 68 of a driving
      lever 69 pivoted at 70 to the adjacent air discharge passage wall 57, as
      shown in FIG. 1. The inner end of the drive lever 69 is pivotally
      connected at 71 to the top end of the piston rod 72 of a hydraulic
      cylinder 73 whose lower end is pivotally connected at 74 to a suitable
      bracket 75 mounted on the air chamber wall 55.
PAR  The piston rod 72 is reciprocated by furnishing cylinder 73 with
      periodically reversing hydraulic fluid from a suitable source of reversing
      hydraulic fluid, shown diagrammatically in FIG. 1 at 75. As will be
      readily understood, any suitable well known means may be provided for
      driving the lever 69 in an oscillating fashion so as to correspondingly
      oscillate the louver members 58.
PAR  As will be seen from FIG. 4, the louver members 58 are spaced so as to
      define air passages therebetween whose direction is changed as the louver
      members rotate. Thus, with the parallel arrangement of louver members
      shown in FIG. 4, the air pressure built up in the chamber 50 by the
      operation of the blowers 36 and 37 causes blasts of air to be directed
      outwardly through the louvers, and as the louvers are oscillated by the
      reciprocation of the piston rod 72, the emerging blasts of air travel
      vertically so that a given area of a tree adjacent the discharge outlet 56
      experiences intermittent air blasts at a frequency corresponding to the
      frequency of oscillation of the louver members 58.
PAR  Thus, in operation, as the machine 23 is moved past a row of fruit trees
      77, the air blasts impinging on the trees cause the limbs of the trees to
      be blown inwardly, and these limbs are deflected inwardly at a frequency
      selected to cause the fruit on the limbs to become detached therefrom, due
      to the inertia of the fruit. Therefore, as the machine moves past a tree
      77, it applies intermittent air blasts to the various areas of the tree
      carrying fruit, causing the fruit to become detached from the limbs.
PAR  It will be noted that the pattern of blast sequence provided by the
      above-described machine can be varied by adjusting the various louver
      members 58 on their shafts 62, since the set screws 63 allow for desired
      angular adjustments of the louver members 58 on their shafts.
PAR  It will be further noted from FIG. 3 that the machine can be moved along a
      row of trees 77 and that the vertical arrangement of the air chamber
      assembly 50 and the pivoted louver members 58 in the outlet passage of the
      air chamber provides alignment of the air blasts with the rows of tree
      growth so that the action of the air blasts will be substantially complete
      and will achieve maximum detachment of fruit from the tree limbs. It will
      be further noted that the blower assemblies have transversely arranged
      intake screens 80 which allow air from the atmosphere to be drawn into the
      volute chambers 39, 43 to be compressed and driven outwardly by the rotors
      44, 40 into the wide portion of the air chamber 50 to build up air
      pressure therein. The compressed air is released through the vertical
      discharge passage 57 after being guided thereto by the outwardly
      convergent walls 54, 55, whereby the compressed air discharges between the
      outlet passage walls 57, 57 with substantially increased velocity, being
      guided between the oscillating louver members 58. Thus, the jets emerging
      from between the louvers contain a substantial amount of kinetic energy
      which is employed in periodically driving back the fruit-laden limbs of
      the trees 77 as the machine passes the trees, thereby causing the fruit to
      be detached therefrom because of its relatively large inertia.
PAR  FIG. 7 illustrates a modification of the shape of the louver members which
      may be employed in the machine of FIGS. 1 to 6, and which are
      interchangeable with the previously described louver members 58. The
      modified louvers, such as that shown in FIG. 7, comprise main flat body
      portions 59', including the bearing sleeves 60 secured transversely
      thereto and braced by the inclined auxiliary plate member 61, similar to
      the louver shown in FIG. 6, but are provided with flaring inwardly
      extending end portions 81 which are shaped to generally conform with the
      inside shape of the space defined between the outwardly convergent
      vertical wall members 54, 55, and the modified louvers are substantially
      greater in length than the louver members 58. As shown in FIG. 7, the
      enlarged inner end portions are provided with curved inner corners 82, 82
      to facilitate the pivotal movement of the louvers and to prevent
      interference with the walls 54, 55 as the louvers swing. The inner end
      portion of the modified louver of FIG. 7 is provided with an inwardly
      arcuately curved intermediate edge portion 83 which merges smoothly with
      the rounded corners 82, 82. The modified louvers such as that shown in
      FIG. 7 provide improved control of the air jets directed therebetween
      because of their improved fit within the convergent vertical wall members
      54, 55.
PAR  It will be further noted that both in the case of the louvers of FIGS. 1 to
      6 and FIG. 7, the sloping auxiliary bottom plate portions 61 provide a
      degree of divergency between the outer portions of the adjacent louvers to
      thereby introduce a desired amount of spread of the air jets emerging
      between the louvers, thereby insuring a certain amount of overlap of the
      emerging air jets, which has been found to substantially improve the
      harvesting efficiency of the machine. Also, as will be readily apparent,
      the use of the sloping bottom plates 61 greatly increases the mechanical
      rigidity and strength of the louver members.
PAR  It is to be noted that the assembly 23 is rigidly held in its upright
      vertical position in any suitable manner, being securely fastened at its
      lower portion to the vehicle frame 24 and being braced with respect to the
      hitch frame 26 by tie-rods or cables 84 connecting the upper forward
      corner portions of the housing assembly 23 to the apex portion of the
      hitch frame 26, as shown in FIGS. 2 and 3.
PAR  FIGS. 8 to 11 show a modification of the harvesting machine of the present
      invention wherein the louver members 58 are oscillated by a vertically
      mounted crankshaft assembly, shown generally at 85, journaled vertically
      on the air chamber wall portion 55. The crankshaft assembly 85 is driven
      continuously by a suitable motor 86, for example, a hydraulic motor,
      suitably mounted on the frame 24 of the machine subjacent the housing
      assembly 50, as is diagrammatically illustrated in FIG. 9. The crankshaft
      assembly 85 comprises a plurality of vertically extending axially aligned
      crankshaft elements journaled in bearing blocks 87 secured to wall 55 and
      connected by cranks 88 having vertical driving wrist pins 89, as shown in
      FIG. 10. For example, a pair of adjacent cranks 88 are drivingly connected
      together by a short shaft section 90, the ends of the shaft section
      engaging in connection collars 91 of the cranks and being rigidly secured
      thereto by set screws 92 engaged through the collars 91 in the manner
      illustrated in FIG. 10. The bearing blocks 87 extend sufficiently away
      from the wall 55 to permit free rotation of the cranks 88, as shown in
      FIG. 8.
PAR  Pivotally connected to each wrist pin element 89 by a universal ball joint
      assembly 93 is a crank rod 94 whose end is similarly connected to a louver
      operating arm 65' by universal ball joint connection 96, as shown in FIG.
      11. Thus, each louver drive arm 65' is provided with a perpendicularly
      extending end drive pin 97 connected to a crank arm 94 by a universal ball
      joint assembly 96, as shown in FIG. 11, each pin 97 being provided with a
      retaining collar 98. A spacer sleeve 99 is provided on the drive pin 97
      between the louver drive arm 65' and the universal ball element of the
      ball joint assembly 96.
PAR  In operation, rotation of the crankshaft assembly 85 causes the wrist pin
      elements 89 to oscillate the drive arms 65' by crank action, so that the
      louver members 58 are correspondingly oscillated. The louver members 58
      may be adjusted to provide any desired air blast pattern, as above
      mentioned, and are not necessarily arranged parallel to each other. For
      example, FIG. 9 shows a typical variation of the louver members 58 from
      parallelism which may be employed in accordance with particular harvesting
      conditions. As in the previously described embodiment of the invention,
      the continuous oscillation of the louver members 58 provides laterally
      directed air discharge blasts of an intermittent nature tending to cause
      shaking or oscillation of the fruit-laden tree limbs as the machine is
      moved therepast, to cause the fruit thereon to break loose from the tree.
PAR  According to further embodiments of the present invention, the air-guiding
      members are rotatably mounted for vertical axis rotation between the
      passage-defining walls 57, 57. Thus, referring to FIGS. 12 to 14, a pair
      of spaced vertical rotary shafts 100 and 101 are rotatably mounted between
      the walls 57, 57 in a common vertical plane transverse to said walls and
      located at the intermediate portion of the laterally directed discharge
      passage 56, the shafts being rotatably held by means of suitable bearing
      brackets, such as the spaced bearing brackets 103 which are secured to and
      extend horizontally inwardly from the respective side walls 57, 57. The
      shafts 100, 101 are gearingly coupled together by means of meshing gears
      104, 105 secured on the respective shafts, as shown in FIGS. 12 and 14.
      Vertical louver members 106 and 107 are secured on the shafts 100, 101 in
      alternating relationship, as shown in FIG. 14. The vertical shaft 100 is
      oscillated by reciprocating drive means, such as the reciprocating piston
      rod 72 of a reversibly driven fluid pressure cylinder 73, similar to that
      employed in the embodiment of FIGS. 1 to 6. In operation, when the shaft
      100 is oscillated by the action of the reversibly driven fluid pressure
      cylinder 73, the coupled shaft 101 is correspondingly oscillated in
      reverse direction. Thus, the vertical louver members are oscillated in
      opposite directions from the dotted view positions thereof shown in FIG.
      12 to opposite dotted view positions, namely, between positions
      substantially engaging the front vertical edges of the walls 57, 57,
      thereby providing the periodic intermittent laterally directed air blasts
      at the various levels of the vertical discharge passage 56, whereby to
      deflect the limbs of a tree as the machine is moved past the tree in
      proximity thereto and to cause fruit on said limbs to become detached from
      the limbs.
PAR  As shown in FIG. 3, the respective vertical louvers 106, 107 are provided
      with substantially centered supporting sleeves 108 receiving the
      associated shafts 100, 101, and being adjustably secured thereto by set
      screws 109. As in the previously described embodiments of the invention,
      the forward portions of the louvers are preferably outwardly tapered in
      cross-sectional shape at their outer end portions, for example, by the
      provision of sloping outer brace plates 110 rigidly secured to the
      supporting sleeves 108 and the outer edges of the louvers.
PAR  As will be seen from FIGS. 13 and 14, the reciprocating piston 72 is
      drivingly connected to the vertical shaft 100 by a link arm 111 which is
      rigidly secured to the shaft 100 and which is pivotally connected by a
      suitable pivot joint to the end of the piston rod 72. The driving cylinder
      73 is pivotally connected to the supporting frame of the vehicle in any
      suitable manner so as to allow free reciprocation of the piston rod 72
      during the operation of the fluid pressure cylinder 73.
PAR  FIGS. 15 to 18 illustrate another form of the invention wherein the
      air-guiding members are rotatably mounted for vertical axis rotation
      between the passage-defining walls 57, 57. In this embodiment, a vertical
      shaft 112 is suitably journaled midway between the vertical passage walls
      57, 57 and is driven by a suitable motor, for example, a hydraulic motor,
      not shown. The lateral discharge passage defined by the walls 57, 57 is
      provided with an arcuately curved end wall 113 which is cylindrically
      curved concentrically with the axis of the shaft 112 and which is formed
      with evenly spaced horizontal slots or apertures 114 arranged in a
      vertical array adjacent the vertical discharge opening of the machine.
      Secured on the shaft 112 are an array of apetured hollow drum members 115,
      each drum member having a cylindrical main wall portion 116 formed with a
      horizontal slot 117 and having a circular top wall 118, with a peripheral
      recess 119 at its top end. Thus, the successive drums 115 are fitted over
      each other with their bottom end portions engaging in the peripheral
      recesses 119 of the subjacent drums. Set screws 120 are provided in the
      lower marginal portions of the walls 116 which preferably engage the inner
      wall portions of the recesses 119 of the subjacent drums, as illustrated
      in FIG. 16, to lock the drums together with their slots 117 in angularly
      spaced relationship to each other, and the lowermost drum may be rigidly
      secured to the shaft 112 in any suitable manner so that the stack of drums
      is driven simultaneously with the rotation of the shaft 112. As will be
      seen from FIG. 17, the orientations of the slots 117 may be suitably
      staggered or axially spaced around the axis of shaft 112 the desired type
      of intermittent blast action. The slots 117 are located so as to be
      registrable with the respective horizontal fixed slots 114 of the closure
      wall 113 and to become sealed as the drums 115 rotate with varying degrees
      of closure of the slots 114 in the manner shown in FIG. 17. Thus, as the
      shaft 112 is rotated by the driving motor, periodic intermittent laterally
      directed air blasts at the various levels of the vertical discharge
      passage of the machine are provided, whereby to deflect the limbs of a
      tree as the machine moves past the tree in proximity thereto and to cause
      fruit on said limbs to become detached from the limbs.
PAR  The escape slots of the drums may have any desirable configuration, for
      example, may be inclined in the manner shown at 117' in FIG. 19 to thereby
      alter the discharge jet action, since this will modify the cross-sectional
      area of the discharge jets as the drums rotate in view of the horizontal
      orientation of the associated fixed slots 114 in the outlet wall 113.
PAR  FIGS. 20 to 22 illustrate another form of the present invention wherein the
      air-guiding members are rotatably mounted for vertical axis rotation
      between the passage-defining walls 57, 57. In this form of the invention,
      a vertical shaft 121 is rotatably mounted in the intermediate portion of
      the air-discharge passage defined between the walls 57, 57 and is suitably
      driven, for example, by a hydraulic motor, as in the previously-described
      form of the invention of FIGS. 15 to 18. In the embodiment of FIGS. 20 to
      22, a plurality of supporting sleeves 122 are adjustably secured on the
      shaft 121 and each supporting sleeve has rigidly secured thereon an
      inclined louver member 123 which is generally oval in shape. The louver
      members 123 may be arranged in parallel relationship, as shown in FIG. 21,
      or alternatively, may be adjusted so that they are skewed relative to each
      other. In the parallel arrangement specifically shown in FIG. 21, rotation
      of the shaft 121 in the operation of the machine will provide uniformly
      acting periodic air blasts at the various levels of the vertical discharge
      passage, similar to those obtained with the previously described
      embodiments of the invention, the periodic intermittent laterally directed
      air blasts acting to deflect the limbs of a tree as the machine is moved
      therepast in proximity thereto and to cause fruit on said limbs to become
      detached from the limbs. By varying the relative orientations of the
      louver members 123, for example, by adjusting them so as to be skewed
      relative to each other, variations in the pattern of air blast may be
      provided, for example, for specific distribution of the limbs to be
      agitated or for other conditions which may arise in the harvesting
      process. As will be readily apparent, it is relatively easy to change the
      orientations of the louver members 123, since the sleeve members 122 are
      adjustably secured to the shaft 121 by means of set screws 124, as shown
      in FIG. 22, which can be easily loosened to allow rotational adjustment of
      the associated louver members 123 around the axis of the shaft 121, and
      allowing the louver members to be locked in adjusted positions by
      tightening the set screws 124.
PAR  It will be noted that in the various modifications of the invention above
      described, the louvers and associated parts are arranged so that they are
      in line with the rows of tree growth, and can be readily moved along rows
      of trees so as to remove the fruit therefrom with a high degree of
      efficiency. It will be further noted that the machine can be used not only
      for harvesting fruit from citrus trees, but for various other types of
      trees from which the fruit is to be removed.
PAR  While certain specific embodiments of the present invention have been
      disclosed in the foregoing description, it will be understood that various
      modifications within the spirit of the invention may occur to those
      skilled in the art. Therefore, it is intended that no limitations be
      placed on the invention except as defined by the scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A harvesting machine comprising a mobile support, vertically extending
      housing means mounted on said support, said housing means including a
      laterally extending vertical air chamber having a vertically extending
      inner wall, laterally convergent vertical side walls extending from the
      side edges of said inner wall, and a laterally directed vertical discharge
      passage merging with said laterally convergent side walls, said housing
      means further including a plurality of vertically spaced air blower means
      communicatively connected with said vertical air chamber through said
      inner wall, spaced air-guiding members movably mounted in said discharge
      passage in a vertical array, and means to simultaneously move said
      air-guiding members in a manner to provide periodic intermittent laterally
      directed air blasts at the various levels of said vertical discharge
      passage, whereby to deflect the limbs of a tree as the machine is moved
      past the tree in proximity thereto and to cause fruit on said limbs to
      become detached from the limbs.
NUM  2.
PAR  2. The harvesting machine of claim 1, and wherein said air blower means
      comprises a plurality of volute-shaped blower housings mounted one above
      the other, and respective blower rotors operatively mounted substantially
      axially in said volute-shaped blower housings, said blower housings
      including respective vertically-spaced discharge ducts communicatively
      connected with the vertical air chamber at said inner wall.
NUM  3.
PAR  3. The harvesting machine of claim 1, and wherein said laterally directed
      vertical discharge passage has parallel passage-defining walls, and
      wherein said air-guiding members are rotatably mounted between said
      passage-defining walls.
NUM  4.
PAR  4. The harvesting machine of claim 3, and wherein said air-guiding members
      are mounted on horizontal axes of rotation.
NUM  5.
PAR  5. The harvesting machine of claim 4, and wherein said air-guiding members
      comprise vertically spaced louvers, and wherein the means to
      simultaneously move said air-guiding members comprises means to
      periodically oscillate the louvers.
NUM  6.
PAR  6. The harvesting machine of claim 5, and wherein the means to
      simultaneously move said air-guiding means comprises respective arms
      drivingly connected to the louvers and a common vertical link bar
      connected to said arms, and wherein the means to oscillate the louvers
      comprises means to reciprocate said vertical link bar.
NUM  7.
PAR  7. The harvesting machine of claim 6, and wherein the means to reciprocate
      the vertical link bar comprises reversible fluid pressure-operated
      cylinder means and drive lever means interconnecting said cylinder means
      and said vertical link bar.
NUM  8.
PAR  8. The harvesting machine of claim 5, and wherein the means to
      simultaneously move said air-guiding louvers comprises respective arms
      drivingly connected to the louvers, vertical crank shaft means journaled
      on the air chamber, and crank rod means drivingly connecting said crank
      shaft means to the louver arms.
NUM  9.
PAR  9. The harvesting machine of claim 1, and wherein said laterally directed
      discharge passage has parallel vertical passage-defining walls, and
      wherein said air-guiding members are rotatably mounted for vertical axis
      rotation between said passage-defining walls.
NUM  10.
PAR  10. The harvesting machine of claim 1, and wherein said vertical laterally
      directed discharge passage is provided with a vertical rotary supporting
      shaft and said air-guiding members comprise inclined louver members
      mounted one above the other on said vertical rotary shaft, and wherein the
      means to move the air-guiding members comprises means to rotate said
      vertical shaft.
NUM  11.
PAR  11. A harvesting machine comprising a mobile support, a vertically
      extending housing means mounted on said support, said housing means
      including a laterally extending vertical air chamber having a vertically
      extending inner wall, laterally convergent vertical side walls extending
      from the side edges of said inner wall, and a laterally directed vertical
      discharge passage merging with said laterally convergent side walls, said
      housing means further including air blower means communicatively connected
      with said vertical air chamber through said inner wall, spaced air-guiding
      members movably mounted in said discharge passage in a vertical array, and
      means to simultaneously move said air-guiding members in a manner to
      provide periodic intermittent laterally directed air blasts at the various
      levels of said vertical discharge passage, whereby to deflect the limbs of
      a tree as the machine is moved past the tree in proximity thereto and to
      cause fruit on said limbs to become detached from the limbs, wherein said
      laterally directed vertical discharge passage has parallel
      passage-defining walls, wherein said air-guiding members are rotatably
      mounted between said passage-defining walls, wherein the air guiding
      members are mounted on horizontal axes of rotation, wherein said
      air-guiding members comprise vertically spaced louvers, wherein the means
      to simultaneously move said air-guiding members comprises means to
      periodically oscillate the louvers, and wherein said louvers have inner
      portions which flare inwardly in width and wherein the inwardly flaring
      louver portions are received between the laterally convergent side walls
      of the air chamber.
NUM  12.
PAR  12. A harvesting machine comprising a mobile support, vertically extending
      housing means mounted on said support, said housing means including a
      laterally extending vertical air chamber having a vertically extending
      inner wall, laterally convergent vertical side walls extending from the
      side edges of said inner wall, and a laterally directed vertical discharge
      passage merging with said laterally convergent side walls, said housing
      means further including air blower means communicatively connected with
      said vertical air chamber through said inner wall, spaced air-guiding
      members movably mounted in said discharge passage in a vertical array, and
      means to simultaneously move said air-guiding members in a manner to
      provide periodic intermittent laterally directed air blasts at the various
      levels of said vertical discharge passage, whereby to deflect the limbs of
      a tree as the machine is moved past the tree in proximity thereto and to
      cause fruit on said limbs to become detached from the limbs, wherein said
      laterally directed vertical discharge passage has parallel-defining walls,
      wherein said air-guiding members are rotatably mounted between said
      passage-defining walls, wherein said air-guiding members are mounted on
      horizontal axes of rotation, wherein said air-guiding members comprise
      vertically spaced louvers, wherein the means to simultaneously move said
      air-guiding members comprises means to periodically oscillate the louvers,
      and wherein the louvers are outwardly tapered in cross-sectional shape at
      their outer end portions.
NUM  13.
PAR  13. A harvesting machine comprising a mobile support, vertically extending
      housing means mounted on said support, said housing means including a
      laterally extending vertical air chamber having a vertically extending
      inner wall, laterally convergent vertical side walls extending from the
      side edges of said inner wall, and a laterally directed vertical discharge
      passage merging with said laterally convergent side walls, said housing
      means further including air blower means communicatively connected with
      said vertical air chamber through said inner wall, spaced air-guiding
      members movably mounted in said discharge passage in a vertical array, and
      means to simultaneously move said air-guiding members in a manner to
      provide periodic intermittent laterally directed air blasts at the various
      levels of said vertical discharge passage, whereby to deflect the limbs of
      a tree as the machine is moved past the tree in proximity thereto and to
      cause fruit on said limbs to become detached from the limbs, wherein said
      laterally directed discharge passage has parallel vertical
      passage-defining walls, wherein said air-guiding members are rotatably
      mounted for vertical axis rotation between said passage-defining walls,
      and wherein said air-guiding members comprise vertical louvers.
NUM  14.
PAR  14. The harvesting machine of claim 13, and wherein said laterally directed
      discharge passage is provided with a pair of spaced vertical rotary shafts
      and said louvers are mounted alternately on said shafts, wherein means are
      provided gearingly coupling said shafts, and wherein the means to
      simultaneously move the air-guiding members comprises means to oscillate
      one of said vertical rotary shafts.
NUM  15.
PAR  15. A harvesting machine comprising a mobile support, vertically extending
      housing means mounted on said support, said housing means including a
      laterally extending vertical air chamber having a vertically extending
      inner wall, laterally convergent vertical side walls extending from the
      side edges of said inner wall, and a laterally directed vertical discharge
      passage merging with said laterally convergent side walls, said housing
      means further including air blower means communicatively connected with
      said vertical air chamber through said inner wall, spaced air-guiding
      members movably mounted in said discharge passage in a vertical array, and
      means to simultaneously move said air-guiding members in a manner to
      provide periodic intermittent laterally directed air blasts at the various
      levels of said vertical discharge passage, whereby to deflect the limbs of
      a tree as the machine is moved past the tree in proximity thereto and to
      cause fruit on said limbs to become detached from the limbs, and wherein
      said laterally directed discharge passage has an outer end wall provided
      with vertically spaced apertures and said air-guiding members comprise
      apertured hollow drum members mounted for vertical rotation inwardly
      adjacent said outer end wall with the apertures of the drum members
      angularly spaced relative to each other, sadi drum members being provided
      with a common axial vertical rotary supporting shaft, and wherein the
      means to move the air-guiding members comprises means to rotate said
      vertical supporting shaft.
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ABST
PAL  A system for the spinning or twisting of thread or yarn in which a thread
      is supplied by a strand-supply spool and is collected on a strand-takeup
      spool so that the strand spans the distance between the spools over a
      predetermined length, the twist-generating spool being driven for a
      predetermined number of turns to bring the number of twists over the
      length to the normal twisting level before the two spools are operatively
      connected together for joint operation at the normal rate. The delay
      between operation of the nontwist-generating spool and the
      twist-generating spool is created by a counter responsive to the number of
      twists produced in the length during the interval.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a spinning, twisting or twining apparatus
      and method for imparting a twist to a thread, filament, yarn, roving or
      other strand between a strand-supply spool and a strand-takeup spool. More
      particularly, the invention deals with a system for the twisting of such
      strands in which, in earlier arrangements, insufficiently twisted portions
      or lengths could arise.
PAC  BACKGROUND OF THE INVENTION
PAR  In the production of thread or yarn, it has become the common practice to
      spin, twist or twine a strand consisting of one or more filaments or
      fibers more or less tightly in transferring it from a cop or bobbin to a
      yarn package or, more generally, from a strand-supply spool to a
      strand-takeup spool. One of the spool spindles is generally rotated about
      an axis to impart the desired twist to the strand while the other spool
      may merely be rotatable to take up or pay off the strand to be twisted.
PAR  When reference is made herein to a "strand," therefore, we intend to
      designate thusly any thread, yarn or other twistable and elongated member,
      consisting of one or more filaments or fibers and composed of natural or
      synthetic materials, which may be commonly subjected to twisting, twining
      a spinning in the aforedescribed manner. Further, we shall heretofore use
      the term "twisting" to describe the step of imparting a twist to a length
      of thread between a pair of spools, e.g. by rotating one of the spools
      and/or a thread guide or the like as is commonly known in the art. This
      term will therefore include the classical definition of spinning and
      twining. The twisting is usually accomplished between a pair of spaced
      apart contact locations, one on the twisting mechanism and the other at
      the nontwist-imparting spool. Also, reference to the spool "rotation" is
      intended to include rotation of the spindle, traveler-ring devices, etc.
      used to provide the contact location, whether or not the yarn body is
      actually rotated.
PAR  In most twisting devices, the strand-takeup spool and the strand-supply
      spool are mechanically connected together for joint operation so that he
      strand is wound upon the takeup spool at a given rate with respect to the
      twisting rate so that the strand is advanced at a definite feed rate
      (strand-feed rate) in units of length per unit time (e.g. meters per
      minute) while the twist-imparting spool is driven at another predetermined
      rate (twisting rate) generally given in terms of revolutions per minute or
      twists per minute. The number of twists per unit length (twists per meter)
      is then given as the quotient of the twisting rate and the strand-feed
      rate.
PAR  The ratio of the transmission means which operatively and positively
      connects the supply spool with the takeup spool thus is able to determine
      the number of twists imparted to the thread per unit length.
PAR  When a new thread length is to be added to the yarn package or for some
      other reason, a fresh length of the strand is to be knotted to a
      previously twisted length of strand in the space between the two spools,
      there remains an untwisted section as the two spools are again operated at
      their predetermined ratio of speeds. The knotted, formerly free end, of
      the previously twisted portion of the strand (e.g. on the yarn package or
      takeup spool) and the portion of the strand newly tied thereto, both are
      free from the twists which are normally imparted to the strand and hence
      the strand is not uniform. Spool processing may be carried out to impart
      an appropriate twist to this length and/or, the untwisting length may be
      ignored or removed after the yarn is otherwise finished. Poor quality
      thread is obtained or the processing costs are prohibitively increased.
PAC  OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide an improved
      yarn-twisting apparatus wherein the aforedescribed disadvantages will be
      avoided.
PAR  It is another object of the invention to provide a method of operating a
      twisting apparatus and/or a method of twisting a strand with increasing
      uniformity and without any of the earlier difficulties with respect to
      under-twisted lengths of the strands.
PAR  Still another object is to provide a method of and an apparatus for the
      improved twisting of strands to increase the uniformity over the entire
      length of the strand wound up upon the strand-takeup spool.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that these disadvantages can be eliminated in a system for
      the twisting of yarn or thread strands in which an untwisting strand,
      provided between a strand-supply spool and a strand-takeup spool is
      formed, e.g. when a new length of thread or yarn is tied to the end of a
      previously twisted length of thread or yarn, the twist-imparting mechanism
      only being driven to twist the length of thread spanning the two spools
      for a predetermined twist count, whereupon the spools are coupled for
      joint operation to advance the strand during twisting.
PAR  In other words the present invention provides for the operation of the
      twist-imparting spool without advance of the strand for a twist count
      sufficient to compensate for the lack of twisting over the aforementioned
      length of thread spanning the two spools before the thread is again
      advanced by synchronously coupling and driving the two spools so that the
      thread pays out of the supply spool and is wound up twisted upon the
      takeup spool. The system, according to the present invention, thus
      includes a twist counter responsive to the number of twists applied to the
      aforementioned length of strand for operatively connecting the two spools
      for joint rotation when a predetermined thread count is attained. For
      example, when the normal twist rate is X twists per meter and the length
      of the gap between the spools is L (meters), the twist count prior to
      coupling of the two spools must be T = L .times. X.
PAR  We are aware that it has been proposed to provide a clutch in so-called
      ring-spinning machines which delayed the drive of the leading rollers to
      permit the twisting of a length of yarn behind them. However, this system,
      which had no twist counter, was not able to provide an accurate twist to
      the length of untwisted yarn and was found to be particularly undesirable
      when two or more threads were to be twined together. The result was an
      undesirable twisting of the portions of the strand which were untwisted in
      the prior arrangements. The counter of the present invention ensures
      complete accuracy.
PAR  According to the present invention, moreover, the invention comprises a
      nontwist-imparting spool which is triggerable by a delay means at a time
      removed from the actuation of the twist-imparting spool under the control
      of a counter responsive to the number of twists applied to the length of
      the strand between the spools. The nontwist-imparting spool is then driven
      only when the twist-imparting spool has been operated through the precise
      number of turns required to bring the twist rate over the aforementioned
      length up to the desired, normal value. Twist faults are thus entirely
      avoided.
PAR  According to the method aspects of the invention, we provide a method of
      twisting thread wherein a strand is fed by a strand-supply spool to a
      strand-takeup spool and a length of the strand spans the spools, one of
      which is a twist-imparting member while the other is a nontwist-imparting
      member. According to the invention, a new length of the thread may be tied
      to the preceding length of thread between the spools, the twist-imparting
      spool is rotated while the nontwist-imparting spool is held stationary for
      a number of turns of the twist-imparting spool, corresponding to the
      number of twists over the length of the strand bridging the spools
      corresponding to the normal twist rate, whereupon the nontwist-imparting
      spool is actuated to advance the strand from the supply spool to the
      takeup spool and the two spools are driven synchronously to maintain the
      normal twisting characteristic.
PAR  The invention also includes a method of operating a thread or yarn spinning
      or twisting apparatus provided with a thread-supply spool, a thread-takeup
      spool, means for driving one of these spools to constitute thereof a
      twist-imparting mechanism, and means coupling the spools for joint
      operation to produce a normal twist number per unit length in the yarn,
      thread or strand transferred from the supply spool to the takeup spool. In
      terms of the method of operation, therefore, we temporarily immobilize the
      strand-takeup spool and the strand-supply spool to enable, for example, a
      fresh length of the strand to be attached to the takeup spool, actuate the
      twist-imparting mechanism for a number of turns corresponding, over the
      length of yarn between the spools, to the normal twist rate and only then,
      upon the twist count having reached the appropriate number, operating the
      takeup spool to permit the strand to advance for normal twisting.
PAR  The delay device for causing a functional lag between the supply spool and
      the takeup spool can comprise a switchable clutch between the
      nontwist-imparting spool and its drive means. The clutch may be triggered
      from a switching system responsive to a counter while a feedback path is
      provided between the clutch-switch means and the counter to reset the
      counter upon closure of the clutch. This prepares the counter for the next
      interruption of the twisting operation. The clutch actuating and/or the
      resetting of the counter manually is thereby rendered unnecessary.
PAR  Advantageously, the twist-imparting spool is provided with a pulse
      generator for producing a pulse at each rotation of the twist-producing
      spindle, the counter responding to the pulses. According to this aspect of
      the invention, the rotating member of the twist-imparting spool may be
      provided with an orbiting permanent magnet while an electromagnetic sensor
      is provided adjacent the orbital path. At each sweep of the permanent
      magnet past the stationary sensor, therefore, a pulse is produced in the
      latter which may be recorded in the counter. The counter may be an
      electronic register and/or a mechanical register on which the
      instantaneous count is displayed. With high-twisting speeds and high
      rotational speeds of the twist-imparting member, it has been found to be
      desirable to avoid an instantaneous or impact-like engagement of the
      clutch. In this case, we provide means for reducing the relative rotation
      speeds of the twist-imparting and nontwist-imparting spools, e.g. by
      slowing the twist-imparting spool prior to clutching or even bringing it
      to a standstill. The two spools can then be driven and accelerated
      simultaneously to their desired normal speeds while being synchronized
      with one another to maintain the normal twist rate (number of twist per
      unit length) in spite of the variation of speed. The term "synchronized"
      is used herein to indicate that the two spools are coupled together such
      that the strand speed and the rotational speed of the twist-imparting
      spool are maintained in a fixed ratio in spite of variations in the thread
      speed.
PAR  To avoid a sudden change in the speed of the twist-imparting spool, after
      the desired number of twists are attained, we may employ the twist count
      to control the speed of the twist-imparting spool so as, for example, to
      increase this speed initially from zero and then decrease the speed to
      zero at the time the desired number of twists is attained and both spools
      are to be driven synchronously.
PAR  We are also able to avoid the sudden engagement of the clutch at high
      speeds of the twist-imparting spool when the latter is brought, during the
      twisting of the stationary length of thread between the spools, to a
      rotational speed such that the nontwisted-imparted spool can be
      accelerated to its corresponding speed rapidly, thereby preventing any
      sudden shock at the clutch. Both spools can then be accelerated together
      to the elevated normal operating speed with the spools being synchronously
      coupled as described above. A brake arrangement can be provided for the
      twist-imparting spool when the latter is to be brought to standstill, the
      brake being controlled at least in part in accordance with the twist
      count. Where the speed of the twist-imparting spool is simple to be
      regulated to prevent an excess speed at the moment of synchronous coupling
      of the spools, we may provide a speed governor or like rotational-speed
      control means of conventional construction, likewise operated by the
      counter, to reduce, regulate or terminate rotation of the twist-imparting
      spool.
PAR  Preferably the drive means for the twist-imparting spool is provided with a
      speed controller which regulates the velocity of the twist-imparting spool
      until the desired twist count is reached and which thereupon operates a
      clutch connecting the two spools or synchronous rotation. The speed
      controller can then accelerate both spools to the normal twisting speeds.
PAR  The invention is applicable to both traveler-ring spinner and twister
      devices as well as to twisting or spinning devices from which the strand
      is drawn upwardly.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become more radily apparent from the following description,
      reference being made to the accompanying drawing in which:
PAR  FIG. 1 is a diagrammatic elevational view of a yarn-spinning or twisting
      apparatus embodying the present invention;
PAR  FIG. 2 is a detail view of a portion of the apparatus of FIG. 1, drawn to a
      larger scale;
PAR  FIG. 3 is a view similar to FIG. 1 of an apparatus in which the length of
      yarn between the spools may differ for the several stations;
PAR  FIG. 4 is a schematic diagram illustrating the means for synchronously
      connecting the two spools according to the invention; and
PAR  FIG. 5 is a timing diagram illustrating the process of the invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In the description below the term "speed" or "rotational speed" is used to
      refer to the number of rotations of a spool per unit time, e.g.
      revolutions per minute (RPM) while the term "number of rotations" is used
      to describe the actual number of rotations made by the twist-imparting
      spool and is independent of time. The "twist count" will generally refer
      to the number of rotations of the twist-imparting spool as defined above
      and is independent of time, being the number of twists imparted to the
      length of the strand between the two spools. Furthermore, the term "spool"
      is used herein to refer to any spinning or twisting bobbin, cop or yarn
      package and will describe the mass of the yarn or thread carried by the
      twist-imparting means or the yarn-takeup means, the spools being either of
      the travelers ring or some other conventional spinning or twisting type.
      The "twist rate" is the number of twists per unit length and may be given
      in terms of twist number per meter of the yarn.
PAR  In FIG. 1, we show a twist-imparting spindle 15 of the bell-spindle type
      which is driven to impart a twist to the strand 16 emerging from the top
      thereof by a belt 18 passing around the whorl of the spindle. The twisting
      device may be thus of the type described in the commonly assigned
      copending applications Ser. Nos. 264,280 now U.S. Pat. No. 3,783,597,
      issued Jan. 8, 1974 and 188,335 now U.S. Pat. No. 3,742,693 filed June 19,
      1972 and Oct. 12, 1971 respectively. The strand 16 to be twisted extends
      along a twisting path 17 between the strand-supply spool 15 and a
      strand-takeup spool 11 which rotates upon a driven cylinder or drum 12 and
      clamps the thread 16 at the point at which the latter passes between the
      body of the yarn package 11 and the surface of cylinder 12. The latter is
      connectable by a clutch 14 with a drive shaft 13 of the drive means.
PAR  The belt 18 rotates the spindle 15 as described above and is driven by a
      spindle drive shaft 19 which is synchronously connected with the drive
      shaft 13, e.g. by the means illustrated in FIG. 4. The belt arrangement is
      so constructed and arranged so that there is no significant slip between
      shaft 19 and the spindle 15, i.e., so that for each revolution of the
      shaft 19, the spindle 15 makes a given number of revolutions or turns and
      imparts a corresponding number of twists to the thread 16. Since the
      shafts 19 and 13 are coupled together, this shaft is rotated through a
      predetermined angle for each revolution of shaft 19 and, when clutch 14 is
      closed, rotates the yarn package 11 to take up a fixed length of thread
      for each revolution of shaft 19 and hence for each predetermined number of
      turns of the spindle 15 or twist of the yarn 16.
PAR  The sheave of shaft 19 and belt 18 is provided with a permanent magnet 20
      juxtaposed with a magnetic-field sensor located at a fixed location along
      the orbit of the permanent magnet. Members 20 and 21 thus constitute a
      pulse generator which, for each rotation of the spindle drive shaft,
      generates a pulse which is applied to a pulse counter 22 calibrated
      directly in number of twists as described above. The pulse counter 22 is
      connected to a threshold device or comparator 23 which compares the count
      of counter 22 with a predetermined count and energizes the clutch 14 when
      the predetermined count is reached. This predetermined count can, of
      course, be set as well.
PAR  A feedback path 24, responsive to the engagement of clutch 14, connects the
      comparator 23 with the counter 22 to reset the latter. The resetting can
      of course be done by hand if desired.
PAR  Under normal operating conditions, clutch 14 is closed and the spindle 15
      and the yarn package 11 are driven synchronously to impart X number of
      twists per meter to the yarn.
PAR  When it is desired to insert a new cop at spool 15 or to knot the thread
      16, the machine is stopped, the clutch 14 opened and the new thread length
      attached. The machine is then started to drive the spindle 15 until the
      count registered at 22 reached the value T where T = L .times. X, L being
      the length in meters of the stretch 17. At this instant, the clutch 14 is
      triggered so that takeup spool 11 operates to accept the twisted yarn and
      synchronous operation of the spool is effected. The switch 23 may be
      operatively connected to the drive for shaft 19 as illustrated in FIG. 1
      to bring the latter to standstill before clutch 14 is operated and then
      accelerate both spools simultaneously.
PAR  In FIG. 2, we show an arrangement in which the electromagnetic sensor 25 is
      juxtaposed with a permanent magnet 15' directly upon the spindle,
      whereupon each pulse represents one unit of the counter 22.
PAR  In FIG. 3, we show a system in which a bank of spindles 15 as described in
      connection with FIG. 2, is provided, in individual lengths of the strand
      between the spools and the respective yarn packages differing. Hence one
      spool 15 may be located closer to its package 11 so that the stretch 17 of
      yarn between the clamping point and the spindle 15 may be shorter than the
      stretch 26 spanned by the yarn 27 between the other spindle 15 and its
      package 11. In this case, each counter 22 is provided with a threshold
      device 28, calculator or electronic quotient former (divider) which
      triggers the respective clutch 14 when the associated count has reached
      the desired number so that the ratios T/L for the systems will be
      identical. Since the total number of counts prior to clutch engagement for
      each of the stretches is a function of the length of the gap 16 or 26, the
      counters must be set to respond to respective counts and are independent
      of one another. Furthermore, the system of FIGS. 1 - 3 is merely
      illustative and the invention is equally applicable to an arrangement in
      which the yarn is drawn downwardly from the spindle.
PAR  In FIG. 4 we have shown a bell-type spindle 115 carrying a twist-imparting
      spool 115a spaced from a nontwist-imparting spool or yarn package 111 so
      that the yarn extends in a stretch 16 between them. The twist-imparting
      spool 115a is driven by a motor 124 via a belt drive 122 and a shaft with
      the drive portion 119b thereof. The motor 124 and belt drive 122 are
      coupled to shaft portion 19a while the spindle 115 is connected by a belt
      arrangement 118 with the shaft portion 119b. The shaft 119 is also
      provided with a permanent magnet which is juxtaposed with an
      electromagnetic sensor 121 to provide a pulse train representing the twist
      count.
PAR  A clutch 114 is provided between the shaft portion 119b and a shaft portion
      119c connected by a gear, chain or belt arrangement 123 for the shaft 112
      rotating the yarn package 111. When the clutch 114 and 115 are closed, the
      spindle 115 and the yarn package 111 are rotated at a fixed ratio which
      can be adjusted by altering the transmission ratio of the transmission
      123. The counter 120 responds to the pulse train detected at 121 and is
      connected by a line 127 to clutch 125 and by a line 129 to a clutch 114 so
      that, when the desired count is reached, as described above, clutch 125 is
      opened to bring the spindle 115 to standstill or another speed below the
      prior twisting speed, clutch 114 is closed and clutch 125 is reclosed to
      couple the two spools together and drive them synchronously. The counter
      may, alternatively, include a rate meter which maintains the speed of the
      drive system as described above and operates the clutch 114 without
      bringing the system to standstill. The clutch 125 may be of a controlled
      type for operating the system at a high speed in response to the count or
      after a predetermined interval of operation at a lower rate of speed. The
      drive 119 etc. may thus operate at a low speed during counting and may be
      shifted into a higher speed condition when the desired twist count is
      reached.
PAR  When the clutch 14, 114 is of the controlled-speed type, it may be used to
      accelerate the posttwist-imparting spool to the speed corresponding to
      that of the twist-imparting spool prior to the synchronous interconnection
      of the spools.
PAR  One example of the application of the present invention can be seen in FIG.
      5 in which time is plotted along the abscissa and the spindle speed in
      revolutions per minute is plotted along ordinate I, the number of twists
      per meter is plotted along ordinate II and the strand speed in meters per
      minute is plotted along ordinate III.
PAR  In the interval between t = 0 and t = 61 seconds, the thread is not
      advanced although the spindle is driven and the desired number of twists
      are imparted to the length 116 of the strand between the yarn packages.
      The number of twists developed during the portion of the curve represented
      at B.sub.1 thus represents the number corresponding to that which will
      yield the normal twist rate of 750 twists per minute. Since the two spools
      are then connected synchronously, the twist-rate characteristic in twists
      per minute is held constant at 750 turns per meter along the horizontal
      stretch B.sub.2 of the curve. Along the stretch A.sub.1, corresponding to
      low-rotational speed of the spincle, the initial group of turns is formed
      whereupon the spindle is accelerated (curve A.sub.2) with synchronous
      acceleration of the yarn package. The yarn, which is essentially
      stationary during the initial twist period, is accelerated commencing at
      C.sub.1, at a rate represented at C.sub.2. When the two spools have been
      brought up to a normal winding speed, all three curves are at a plateau.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of operating a strand-twisting installation wherein a strand
      passes from a strand-supply spool to a strand-takeup spool and at one of
      the spools forms a twist-imparting mechanism, the improvement which
      comprises the steps of:
PA1  a. operating said twist-imparting mechanism to twist the strand between
      said spools prior to advancing the strand until the length of the strand
      between said spools has received a predetermined number of twists;
PA1  b. advancing said strand between said spools;
PA1  c. synchronously driving said spools with said strand advancing between
      them while operating said mechanism to twist the advancing strand only
      upon the generation of said predetermined number of twists in said strand:
PA1  d. counting the number of turns of said mechanism and registering the
      counted number of turns prior to advance of the strand the number of turns
      imparted to said strand between said spools, said spools being coupled for
      synchronous operation only upon the registered count attaining a
      predetermined value; and reducing the speed of said mechanism in response
      to the registered count prior to coupling said spools for synchronous
      operation.
NUM  2.
PAR  2. The improvement defined in claim 1 wherein said mechanism is brought to
      standstill for coupling of said spools for synchronous rotation.
NUM  3.
PAR  3. The improvement defined in claim 1, further comprising the step of
      jointly accelerating said spools subsequent to the coupling thereof for
      synchronous operation.
NUM  4.
PAR  4. The improvement defined in claim 1 wherein said mechanism is initially
      accelerated from standstill and is decelerated thereafter in response to
      the registered count prior to coupling of said spools for synchronous
      rotation.
NUM  5.
PAR  5. The improvement defined in claim 1 wherein said mechanism includes said
      supply pool and said takeup spool is accelerated to a speed enabling
      coupling of said spools for synchronous operation, said spools being
      thereafter accelerated to an elevated speed for normal operation.
NUM  6.
PAR  6. A strand-twisting apparatus comprising a strand-supply spool and a
      strand-takeup spool, one of said spools forming a twist-generating
      mechanism; means for driving said twist-generating mechanism; a counter
      responsive to the number of twists produced by said twist-generating
      mechanism; and means connected to said counter and synchronously
      connecting said spools for joint operation to advance said strand between
      them only upon the attainment of a predetermined count.
NUM  7.
PAR  7. The apparatus defined in claim 6 wherein said means synchronously
      connecting said spools for joint operation includes a clutch actuated by
      said counter.
NUM  8.
PAR  8. The apparatus defined in claim 7, further comprising a control circuit
      connected to said counter for electricaly energizing said clutch.
NUM  9.
PAR  9. The apparatus defined in claim 8, further comprising feedback means
      connecting said circuit with said counter for resetting the latter to zero
      upon closure of said clutch.
NUM  10.
PAR  10. The apparatus defined in claim 9 wherein said counter is provided with
      calculating means responsive to the length of the strand between said
      spools for triggering said clutch upon the attainment of a predetermined
      count determined by said length.
NUM  11.
PAR  11. The apparatus defined in claim 7 wherein said mechanism is provided
      with a pulse generator producing a train of pulses representing twists of
      said strand, said pulse generator being connected to said counter.
NUM  12.
PAR  12. The apparatus defined in claim 11 wherein said pulse generator includes
      an orbital permanent magnet and a stationary electromagnetic sensor
      responsive to the field of said permanent magnet.
NUM  13.
PAR  13. The apparatus defined in claim 11 wherein said pulse generator is
      connected directly to said supply spool and said supply spool forms said
      mechanism.
NUM  14.
PAR  14. The apparatus defined in claim 11 wherein said pulse generator is
      provided on said means for driving said mechanism.
NUM  15.
PAR  15. The apparatus defined in claim 7, further comprising means responsive
      to said counter for reducing the speed of said mechanism prior to
      operation of said clutch.
NUM  16.
PAR  16. The apparatus defined in claim 15 wherein the last-mentioned means is a
      clutch decoupling said mechanism from the means driving said mechanism and
      bringing said mechanism to standstill.
NUM  17.
PAR  17. The apparatus defined in claim 15, further comprising means for jointly
      accelerating said spools subsequent to the operation of said clutch.
NUM  18.
PAR  18. The apparatus defined in claim 7, further comprising speed-control
      means operatively connected to said mechanism for maintaining the speed
      thereof at a low level and responsive to said counter for thereafter
      accelerating said mechanism to a normal twisting speed.
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ABST
PAL  An open end yarn spinning apparatus having a hollow opening roller for
      feeding fibres to a collecting surface formed in a rotor, the curved wall
      of the roller being such as to permit gaseous flow from inside the roller
      to outside the roller, and a rotatable impeller arranged to produce a
      positive gas pressure within the hollow roller during operation of the
      apparatus to cause a gaseous flow to pass from inside the roller to
      outside the roller, said impeller being mounted so as to be constrained to
      rotate with another member of the apparatus that rotates in operation of
      the apparatus.
BSUM
PAR  This invention relates to apparatus for spinning yarn by the open end
      spinning process, that is the process in which a twisted yarn is formed by
      continuously depositing discrete fibres on to the rotating end of a yarn.
      In one of the most common methods of open end spinning, fibres are
      deposited on to a rotating collecting surface around which the loose end
      of a yarn is made to pass. As the yarn is withdrawn from the collecting
      surface it takes with it the fibres which have been deposited thereon and
      the rotation of the collecting surface imparts the necessary twists to
      form the yarn. The collecting surface can be the inner surface of a rotor,
      the yarn being continuously withdrawn from the top or bottom of the rotor
      by the tail end of the yarn.
PAR  Commonly used for depositing the fibres on to the collecting surface is an
      opening roller that rotates, in operation of the apparatus, at a fairly
      high speed of the order of 5,000 r.p.m. In operation a spiked surface of
      this opening roller acts on a sliver (a thick strand of textile fibre) fed
      thereto to separate out individual fibres and eject them at high speed
      towards the collecting surface.
PAR  One of the problems that has been found in practice when using opening
      rollers is that different types of fibre react differently to the spiked
      surface on the roller. For example, for a type of surface of the opening
      roller which works well with cotton fibres, it is found that some man-made
      fibres, for example polyesters, cling to the surface so much that after
      spinning for a few minutes the whole roller becomes completely over-loaded
      with fibres and comes to a standstill.
PAR  In the past attempts have been made to overcome this problem by making the
      opening rollers themselves replaceable so that rollers with different
      types of surface can be used for different types of fibres. It has also
      been proposed to overcome this problem by providing a hollow opening
      roller the curved wall of which is perforated or porous so that when the
      fibres are sucked off the surface of the roller, air passes through the
      curved wall of the roller and helps to remove the fibres. In practice it
      has been found, however, that it is difficult to generate sufficient
      suction for such a system to work well, and it has further been proposed
      to incorporate in spinning apparatus ancillary equipment for producing a
      positive pressure within the hollow opening roller but the provision of
      such equipment leads to increased cost and a more complicated apparatus.
PAR  The object of the present invention is to produce a yarn spinning apparatus
      incorporating a hollow opening roller with a curved wall that is
      perforated or porous and which overcomes the aforesaid disadvantages.
PAR  According to the present invention there is provided an open end yarn
      spinning apparatus having a hollow opening roller for feeding fibres to a
      collecting surface formed in a rotor, the curved wall of the roller being
      such as to permit gaseous flow from inside the roller to outside the
      roller, and a rotatable impeller arranged to produce a positive gas
      pressure within the hollow roller during operation of the apparatus to
      cause a gaseous flow to pass from inside the roller to outside the roller;
      said impeller being mounted so as to be constrained to rotate with another
      member of the apparatus that rotates in operation of the apparatus.
DRWD
PAR  For a better understanding of the invention and to show how the same can be
      carried into effect, reference will now be made, by way of example only,
      to the accompanying drawings, in which:
PAR  FIG. 1 is a sectional side view of a first form of open end yarn spinning
      apparatus,
PAR  FIG. 2 is a sectional side view of part of a second form of open end yarn
      spinning apparatus,
PAR  FIG. 3 is a sectional side view of an opening device of a second form of
      open end yarn spinning apparatus,
PAR  FIG. 4 is a section taken on the line IV-- IV in FIG. 3, and
PAR  FIG. 5 is a schematic plan view of a further form of open end yarn spinning
      apparatus.
DETD
PAR  In the apparatus of FIG. 1, a rotor 1 having a collecting surface for
      fibres to be twisted into yarn has venting holes 2 around its outer
      surface, these holes being arranged in such a way that when the rotor is
      spinning an under pressure is formed in the inside of the rotor and air is
      expelled to the outside of the rotor. The rotor is enclosed in a housing 3
      from which there is a duct 4 which passes to the inside of a hollow
      opening roller 5. The curved wall of the roller 5 is perforated so that
      air supplied through the duct 4 can pass from inside the roller 5 to
      outside the roller 5. To this end the curved wall of the roller 5 can have
      parallel slots formed therethrough extending in the direction of the axis
      of rotation of the roller, or can have perforations of form other than
      slot-like, or the curved wall can be formed of porous material.
PAR  In operation, and as illustrated by arrows in the Figure, air that is
      expelled by the rotor 1, which is thus acting as a rotatable impeller, is
      trapped within the housing 3 around the rotor 1 and conducted to the
      interior of the opening roller 5 where a positive air pressure is produced
      so that air blows through the roller 5 to reinforce the suction feed for
      the fibres that is created by the spinning rotor.
PAR  It is to be noted that in the arrangement shown in FIG. 1 the axes of the
      rotor 1 and roller 5 are at right angles to each other. However, this need
      not necessarily be the case and these axes could be other than at right
      angles, for example (and in particular) they could be parallel.
PAR  In the alternative form of FIG. 2, venting holes in the rotor are omitted
      and instead a fan 6 mounted on the shaft 1A of the rotor 1 to rotate with
      the rotor 1 serves as an impeller that passes air through the duct 4 to
      the opening roller to blow through the roller as just described. The air
      flow is indicated by arrows A in FIG. 2.
PAR  Turning next to FIGS. 3 and 4, the opening device shown in these Figures
      has a housing 7 having an inlet 8 and an outlet 9. Within the housing 7,
      adjacent the inlet 8, there is an intake roller 10 mounted on a driven
      shaft 11. The outer curved surface of the roller 10 co-operates with a
      wall 7A of the housing 7 to form a nip 12.
PAR  Between the roller 10 and the outlet 9 there is a hollow opening roller 13
      that also co-operates with the housing wall 7A to form a nip 14. The
      roller 13 is of greater diameter than the roller 10 (twice as large in the
      particular form shown). A boss 15 projecting from one side wall 13A of the
      roller 13 is fast with a driven shaft 16. At the other side 13B the roller
      13 is open.
PAR  The curved wall of the roller 13 is perforated so that air can pass from
      inside the roller 13 to outside the roller 13. To this end the curved wall
      of the roller 13 has parallel slots 17 formed therethrough extending in
      the direction of the axis of rotation of the roller 13. Alternatively, the
      curved wall can have perforations of form other than slot-like, or the
      curved wall can be formed of porous material.
PAR  Secured around the outside of the curved wall of the roller 13 there are
      spaced apart strips 18 of saw tooth form.
PAR  Within the roller 13 there is an air impeller unit 20 having a housing 19
      which is supported by the main housing 7 so as to be stationary with
      respect to the roller 13, which it enters through the open side 13B. The
      impeller unit housing 19 contains an impeller fan 20 which is mounted on
      the driven shaft 16 so as to be co-axial with the roller 13, and so as to
      rotate with the roller 13. An open side 19A of the impeller unit housing
      19 co-operates with an opening 21 in the housing 7 so that an air inlet
      path to the fan 20 is provided.
PAR  In operation the rollers 10 and 13 are both rotated anti-clockwise as
      viewed in FIG. 1, the roller 10 at very low speed of the order of 10
      r.p.m. and the roller 13 at fairly high speed of the order of 5,000 to
      10,000 r.p.m. A sliver is fed into the intake 8 to be drawn by the roller
      10 through the nip 12 and fed to the nip 14. The saw tooth strips 18
      carried by the roller 13 act on the sliver to separate out individual
      fibres and eject these at high speed through the outlet 9. As the fan 20
      rotates with the roller 13, there is set up at the same time an air flow
      from the opening 21 that exits from the impeller unit housing 19 through
      an opening 22 in line with the main housing outlet 9; and that then passes
      from the inside of the roller 13 to the outside of the roller 13, acting,
      as it does, to blow fibres that may be caught on the saw tooth strips 18
      off these strips and through the outlet 9. By thus minimising the risk of
      fibres adhering to the strips 18 and being carried around by the roller
      13, possibly for several revolutions before becoming detached, the
      obtaining of a regular flow of fibres through the outlet 9 is facilitated.
PAR  It is to be noted that the impeller unit 19 can be designed to provide an
      air current that is so substantial that it is not necessary to provide any
      other equipment, such as evacuation equipment, for increasing the air flow
      through the rotor 13.
PAR  Finally FIG. 5 shows the rotor 1 of the apparatus of this Figure having its
      shaft 1A supported on two pairs of rollers 23 and 23A, the rollers 23A
      being mounted on a first common shaft 24 and the rollers 23 being mounted
      on a second common shaft 25. The shaft 25 is drivingly engaged with a
      drive wheel 26 driven by an electric motor 27, the shaft 24 not being in
      contact with this drive wheel so that the shaft 25 serves to drive the
      shaft 24 via the shaft 1A. The wheel 26 is of large diameter relative to
      the diameter of the shaft 25 such that with the motor running to drive the
      wheel 26 at the order of 3,000 r.p.m., the shaft 25 is rotated at the
      order of 15,000 r.p.m. The diameter of the roller 23 relative to the shaft
      1A is substantially greater and such that the rotor 1 is consequently
      rotated at a speed of 50,000 to 100,000 r.p.m., depending on the
      particular diameters selected in any particular embodiment. A spring
      loaded arm 28 pivoting about a pin 29 causes a further roller to bear on
      the shaft 1A to hold it in engagement with the pairs of rollers 23 and
      23A.
PAR  In this form of apparatus there is, adjacent the rotor 1, a housing 28
      containing the opening roller 29 of an opening device, fibre feed to this
      roller 29 being indicated by the arrow F. This roller 29 is hollow with a
      perforated or porous curved wall as described above, and a duct 30 within
      the housing 28 connects the interior of the roller 29 with an impeller in
      the form of a fan 31 mounted in the duct 30 on an end of the roller shaft
      25. The air flow set up by this fan 31, indicated by arrows A, passes
      through the roller 29 as described above.
PAR  It will be appreciated that in all the forms described there is provided a
      rotatable impeller arranged to produce a positive gas pressure within the
      hollow opening roller, this impeller being mounted so as to be constrained
      to rotate with another member of the apparatus that rotates in operation
      of the apparatus. Thus a device for producing a positive pressure within
      the opening rollers is simply provided utilizing a minimum of additional
      components, and a drive for this device is obtained simply from a member
      already present that rotates in operation of the apparatus.
CLMS
STM  I claim:
NUM  1.
PAR  1. An open end yarn spinning apparatus comprising in combination:
PA1  a hollow cylindrical opening roller adapted to feed fibres to a fibre
      collecting surface having the peripheral wall thereof formed such as to
      permit gaseous flow from inside the roller to outside the roller; and
      impeller means rotatable with the apparatus for producing a positive gas
      pressure within said roller during operation of the apparatus to cause a
      gaseous flow to pass from inside the roller to outside the roller through
      said peripheral wall.
NUM  2.
PAR  2. An open end yarn spinning apparatus as claimed in claim 1, including a
      rotor provided with said fibre collecting surface therein and comprising
      said impeller means, a housing surrounding said rotor and having an
      opening therein that is connected to the hollow interior of said opening
      roller whereby air expelled from the rotor passes through the opening in
      the housing and is directed to the inside of the opening roller to thereby
      produce said positive gas pressure within the hollow roller and assist in
      removing fibres from the surface thereof.
NUM  3.
PAR  3. An open end yarn spinning apparatus as claimed in claim 2, including
      venting holes in the said rotor around its outer surface arranged such
      that when the rotor is spinning an under pressure is formed in the inside
      of the rotor and air is expelled to the outside of the rotor.
NUM  4.
PAR  4. An open end yarn spinning apparatus as claimed in claim 2, including a
      duct extending from said housing to the interior of the hollow opening
      roller and through which said air is expelled from the rotor is directed
      to the inside of the opening roller.
NUM  5.
PAR  5. An open end yarn spinning apparatus as claimed in claim 1, including a
      rotor provided with said fiber collecting surface, a drive shaft for said
      rotor, , a fan comprising said impeller means mounted on said rotor drive
      shaft for rotation therewith and connected to pass air to the interior of
      the hollow roller.
NUM  6.
PAR  6. An open end yarn spinning apparatus as claimed in claim 1, including an
      inner housing within the hollow opening roller that is adapted to be
      stationary during rotation of said roller, an air outlet from said inner
      housing opening into the interior of the hollow opening roller, and a fan
      comprising said impeller means mounted within said inner housing for
      rotation with said roller to thereby produce said positive gas pressure.
NUM  7.
PAR  7. An open end yarn spinning apparatus as claimed in claim 1, including a
      rotor provided with said fibre collecting surface therein, a shaft
      mounting said rotor, rollers mounted on further shafts and adapted to
      drivably support said rotor shaft, a fan comprising said impeller means
      mounted on one of said further shafts for rotation therewith to thereby
      produce said positive gas pressure.
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ABST
PAL  An open-end spinning machine rotor is formed from sheet metal as an annular
      body. The body has an interior fibre collecting surface on which discrete
      fibres are continuously deposited and from which the tail end of a yarn is
      continuously drawn-off. The body is shaped to provide first and second
      portions converging to a region of maximum diameter at which is located
      the interior fibre collecting surface. In this way, the internal fibre
      collecting surface is free from surface imperfections which would
      adversely affect the operation of the rotor.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  In open-end spinning machines of one previously proposed type, twisted yarn
      is formed by continuously depositing discrete fibres on an interior
      fibre-collecting surface of a spinning rotor, continuously removing them
      from the surface by twisting them into a tail end of a yarn formed
      thereby, and drawing off the continuously formed twisted yarn.
PAR  Spinning rotors for apparatus of this type have hitherto been formed as a
      hollow body of revolution about the rotary axis, with an inner surface
      which comprises two coaxial frusto-conical portions joined together at
      their regions of maximum diameter to provide an axially localised fibre
      collecting surface on which the discrete fibres are deposited and
      compacted before being twisted into the tail end of yarn and drawn off as
      twisted yarn.
PAR  Previously, such spinning rotors have been turned on a lathe from a solid
      piece of material and, due to the internal and external faces of the rotor
      being non-cylindrical, there have been difficulties regarding machining.
      It will be appreciated that by using a solid piece of material for
      manufacture, operations become costly and time consuming. Furthermore,
      there is the disadvantage that cutting marks are caused by the lathe tool
      and may have to be removed by further machining.
PAR  When using material in cast form for the spinning rotor there is the
      disadvantage that defects such as cracks or blow holes are present within
      the material. These defects may cause imperfections in the surface of the
      rotor and also when a spinning rotor is rotated at very high speeds, there
      is some danger of fracture of the rotor. Furthermore, cast rotors are
      usually relatively heavy and tend to accentuate the problems encountered
      when rotating a body at high speeds, such for example as those created by
      out-of-balance loads, excessive bearing wear, high power consumption
      required to drive the rotor and high braking energy required to stop the
      rotor.
PAR  In addition, the cutting marks caused by the lathe tool in forming the
      internal surfaces of the spinning rotor are a contributory factor to rotor
      wear when under the abrasive action of the fibres within the rotor.
      Similarly, when using material in cast form for the spinning rotor, the
      surface defects such as cracks or blow holes also contribute toward rotor
      wear under the abrasive action of the fibres within the rotor.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an open-end spinning rotor
      in which the disadvantages referred to above are eliminated or reduced.
PAR  It is a further object of the invention to provide an open-end spinning
      rotor in which the interior surface of the rotor does not have the
      roughness left by machining processes.
PAR  It is another object to provide a rotor free from internal cracks or blow
      holes.
PAR  Yet another object of the invention is to provide a rotor of light weight
      thus minimising problems created by out of balance loads at high
      rotational speeds.
PAR  Another object of the invention is to provide a rotor which is inexpensive
      to manufacture which is easily constructed and yet is strong and
      satisfactory in operation.
PAR  The objects are achieved by the invention which provides an open-end
      spinning machine comprising fibre feed means, yarn delivery means, a
      rotatable rotor formed by deformation of sheet metal, first and second
      portions of the rotor which converge to a region of maximum diameter, an
      interior fibre collecting surface, formed at the region of maximum
      diameter, on which discrete fibres are continuously deposited by the fibre
      feed means and from which the tail end of a yarn is continuously drawn off
      by the yarn delivery means whereby the sheet metal interior fibre
      collecting surface of the rotor is smooth and free from surface
      imperfections which would adversely affect the operation of the rotor.
PAR  The construction of open-end spinning machines according to the invention,
      has many advantages. The use of sheet metal gives a smooth fibre
      collecting surface and thus prevents fibres catching on the surface. There
      is no wastage of material by machining and the light weight of the rotor
      decreases motor and bearing loads, thus increasing the life of these
      components.
PAR  The surface of the rotor is resistant to wear and strong due to the absence
      of the blow holes and cracks commonly present in cast materials.
      Manufacturing is inexpensive and can be used to produce rotors rapidly.
DRWD
PAR  The following is a more detailed description of one embodiment of the
      invention, by way of example, reference being made to the accompanying
      drawings in which:
PAR  FIG. 1 shows an open-end spinning machine,
PAR  FIG. 2 shows a cross-sectional view of a sheet metal blank from which a
      rotor of the open-end spinning machine is constructed,
PAR  FIG. 3 shows a cross-sectional view of the rotor during a swaging
      operation,
PAR  FIG. 4 shows a cross-sectional view of the rotor being corrected for
      concentricity and
PAR  FIG. 5 shows a partial cross-sectional view of a completed rotor mounted
      for use in the open-end spinning machine.
PAR  FIG. 6 shows an alternative form of rotor for the open-end spinning machine
      of FIG. 1.
DETD
PAR  Referring first to FIG. 1, the open-end spinning machine comprises a fibre
      feed device 40, a rotor assembly 41 and a yarn delivery arrangement 42.
      The fibre feed device 40 comprises an L-shaped feed pedal 43 having one
      arm co-operating with a feed roller 44, and the other arm co-operating
      with an opening roller 45. A fibre feed duct 46 leads from the opening
      roller 45 to the rotor assembly 41.
PAR  The rotor assembly 41 comprises an outer casing 47 in which is mounted a
      rotor 10, of a kind to be described hereinafter, on a drive shaft 32
      rotated by a belt drive 48. The casing 47 has a removable cover 49 through
      which extends a yarn delivery tube 50 and the fibre feed duct 46, both of
      which terminate within the casing 47 adjacent the open end of the rotor
      10. A duct 51 exhausts air from the casing 47.
PAR  The delivery arrangement comprises a pair of delivery rollers 52 and a
      wind-up device 53.
PAR  In use, fibres pass between the pedal 43 and the feed roller 44 to the
      opening roller 45 and are opened thereby so that discrete fibres are fed
      along the fibre feed duct 46 and on to the interior surface of the rotor
      10, which is constructed in a manner hereinafter described. The rotor 10
      is rotated by the drive belt 48 and the tail-end of a spun yarn 54 is
      drawn off through the delivery tube 50 by the delivery rollers 52. The
      yarn is then wound up into a package 55.
PAR  Referring next to FIG. 2, the rotor is constructed from a cup-shaped metal
      blank 11 of uniform thickness, having a base 12 and an annular wall 13
      surrounding the base and increasing in diameter as it extends away from
      the base. The blank 11 may be constructed from a flat sheet of duralumin
      of 10 s.w.g. by a punching operation in a power press and a deep drawing
      operation in a hydraulic press. Alternatively, sheet brass, sheet
      stainless steel or sheet mild steel may be used and the thickness of the
      sheet may be between 10 s.w.g. and 20 s.w.g.
PAR  Referring additionally to FIG. 3, the blank 11 is subjected to a swaging
      process by two complementary shaped swaging wheels 14, 15. The generally
      concave swaging wheel 14 is formed with an upper frusto-conical portion 16
      and a lower frusto-conical portion 17 which both decrease in diameter
      towards a central annular groove 18. The concave swaging wheel 14 is
      rotated by a shaft 19 in the direction indicated by the arrow 20.
PAR  The generally convex swaging wheel 15 comprises an upper frusto-conical
      portion 21 and a lower frusto-conical portion 22 increasing in diameter
      towards a central annular ridge 23. The dimensions of the frusto-conical
      portions 21, 22 and the ridge 23 are such that they are a complementary
      fit with the frusto-conical portions 16, 17 and the groove 18 of the
      concave swaging wheel 14, as seen in FIG. 2. The convex swaging wheel 15
      is rotated by a shaft 24 in a direction, indicated by the arrow 25, which
      is opposite to the direction of rotation of the concave swaging wheel 14.
PAR  The metal blank 11 is held between the concave swaging wheel 14 and the
      convex swaging wheel 15 during the swaging process. The wall 13 is reduced
      in height and formed into an annular hollow body with a lower
      frusto-conical wall portion 26 extending outwardly from the base 12 to an
      external annular rib 37 and a corresponding annular groove 27 which forms
      the maximum diameter portion of the rotor 10, and then forms an upper
      frusto-conical wall portion 28 which reduces in diameter towards the
      open-end 29 of the rotor 10.
PAR  The swaging process has the effect of increasing the thickness t of the
      upper frusto-conical portion 28 by a small amount in relation to the
      thickness t' of the remainder of the rotor 10, thus increasing its
      strength.
PAR  Turning next to FIG. 4, once the swaging process is complete the rotor 10
      is corrected for roundness by two dies, an upper die 30 and a lower die
      31. The upper die 30 includes an aperture which is shaped to the desired
      shape and concentricity of the upper portion of the rotor 10. The lower
      die 31 is formed with a recess which is shaped to correspond to the
      desired shape and concentricity of the lower portion of the rotor 10. The
      two dies 30, 31 are pressed together to constrain the dimensions of the
      rotor 10 into perfect concentricity about a vertical axis.
PAR  After the rotor 10 has been corrected for roundness, it forms a finished
      rotor 10. Referring next to FIG. 5, the rotor 10 is mounted in the
      open-end spinning machine of FIG. 1 with the base 12 connected to a
      carrier plate 33 by rivets 34. The carrier plate 33 is mounted on the
      drive shaft 32 by means of a spigot 35 and a screw 36. It will be
      appreciated that other means of securing the rotor to the shaft could be
      employed.
PAR  In use, the shaft 32 is rotated at speeds of the order of 45,000 r.p.m. by
      the drive belt 48 (see FIG. 1). The groove 27 provides an interior fibre
      collecting surface on which, in use, discrete fibres are continuously
      deposited through the open-end 29 of the rotor 10 by the fibre feed device
      40 (FIG. 1). It will be appreciated that the formation of the rib 37 and
      groove 27, and the stiffening of the upper frusto-conical portion 28 will
      both increase the strength of the rotor 10. Thus the resistance of the
      rotor to deformation at high rotational speeds will be increased since the
      maximum deformational stresses on the rotor are at the open-end 29 and the
      groove 27.
PAR  It will also be appreciated that the profile of the rotor shown in FIG. 2
      may be obtained by a spinning operation or fluid forming or explosive
      forming rather than by swaging. The rotor may also be formed from a
      plurality of annular sections, for example, two annular sections 56, 57 as
      shown in FIG. 6, the sections each being frusto-conical in shape with the
      diameter of the maximum diameter end of each frustum being the same. Thus
      the two maximum diameter ends can be connected together to form the rotor.
PAR  Spinning rotors formed in accordance with the present invention have fibre
      contacting surfaces of superior finish free from defects which have been
      inherent in rotors manufactured from a solid piece of material. This
      improved surface finish has provided the rotor with an improved fibre
      processing surface having an increased resistance to wear under the action
      of the fibres during operation. The reduction in weight of the rotor as
      compared with former rotors enables it to be used satisfactorily for
      high-speed operation.
CLMS
STM   We claim:
NUM  1.
PAR  1. An open-end spinning machine comprising fibre feed means, yarn delivery
      means, a rotatable rotor formed by deformation of sheet metal, first and
      second portions of the rotor which converge to a region of maximum
      diameter, an interior fibre collecting surface formed at the region of
      maximum diameter on which discrete fibres are continuously deposited by
      the fibre feed means and from which the tail end of a yarn is continuously
      drawn off by the yarn delivery means whereby the sheet metal interior
      fibre collecting surface of the rotor is smooth and free from surface
      imperfections which would adversely affect the operation of the rotor.
NUM  2.
PAR  2. A machine according to claim 1 wherein the rotor comprises an external
      annular rib and a corresponding internal annular groove so constructed and
      arranged as to increase the strength of the rotor.
NUM  3.
PAR  3. A machine according to claim 1 wherein the rotor comprises a fibre inlet
      opening at one end and an annular portion adjacent said opening of
      increased thickness compared with the remainder of the rotor so that said
      portion of the hollow body is of increased strength.
NUM  4.
PAR  4. A machine according to claim 1 wherein the rotor comprises a plurality
      of annular sections formed from sheet material.
NUM  5.
PAR  5. A machine according to claim 4 wherein the plurality of annular sections
      comprise two annular sections each of the sections being substantially
      frusto-conical in shape with the diameter of the maximum diameter end of
      each section being the same, the two maximum diameter ends being connected
      together to form the rotor.
NUM  6.
PAR  6. A machine according to claim 1 wherein the sheet metal from which the
      rotor is constructed has a thickness in the range 10 s.w.g. to 20 s.w.g.
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ABST
PAL  A measuring probe assembly for continuously measuring the revolution speed
      of a twist tube of a false-twist machine is described. The measuring probe
      is detachably secured on a holder device which in turn is detachably
      secured to a texturing device detachably mounted on the machine. A
      flexible connection cable is permanently fixed to contacts on the
      measuring probe and leads to a display device. Thus, the measuring probe
      can be detached without breaking the electrical connection to the probe.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an assembly comprising a measuring probe
      for continuously measuring the revolution speed of a twist tube in a
      false-twist machine, wherein the measuring probe is stationarily mounted
      on a texturing device, which is separatable from the false-twist machine,
      by means of a holder device and is connected with a display device by
      means of a connecting cable.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is generally known and usual to arrange revolution speed measuring
      probes stationarily on the texturing devices of false-twist machines. The
      survey of the revolution speed may either be effected cyclically or
      continuously using suitable measuring and display devices.
PAR  In the known arrangements of measuring probes, the connecting cable is
      connected with the probe by means of a plug connection. This results from
      the fact that the texturing devices have to be separated from the machine
      at regular intervals for effecting maintenance work thereon, so that the
      measuring probes rigidly fixed on the texturing devices must then be
      removed together with the texturing devices. Since the signals delivered
      by the measuring probes have extremely low amplitudes, special
      requirements are necessary for the plug connections: firstly, a contact
      metal is necessary which resists to all deleterious operation conditions
      and environmental influences and which has a low contact resistance, and
      secondly it must be possible to separate the connection rapidly but, when
      connected, to maintain safe contact even under the influence of mechanical
      shocks. In view of the large number of measuring probes arranged on one
      machine, there is furthermore the requirement for extremely low cost per
      connection.
PAC  SUMMARY OF THE INVENTION
PAR  It is the purpose of the present invention to avoid the disadvantages of
      the known devices and particularly to provide a measuring probe which
      provides increased operative efficacy during transmission of the measure
      signals and furthermore is economical.
PAR  According to the present invention, this purpose is primarily achieved by
      combination of the following features:
PAR  A HOLDER DEVICE FOR A MEASURING PROBE IN A MEASURING PROBE ASSEMBLY IS
      PROVIDED WITH A RAPIDLY SEPARATABLE AND RECONNECTABLE ATTACHMENT DEVICE
      FOR CONNECTING THE HOLDER TO A TEXTURING DEVICE, OR FOR CONNECTING THE
      HOLDER TO THE MEASURING PROBE,
PAR  A CONNECTION CABLE IS STATIONARILY ARRANGED ON THE FRAME OF THE FALSE-TWIST
      MACHINE,
PAR  THE CONNECTION CABLE IS PERMANENTLY AND INSEPARABLY CONNECTED WITH THE
      MEASURING PROBE.
PAR  As will be seen, the above combination of features makes it possible on the
      one hand to eliminate the plug connection between the measuring probe and
      connection cable which decisively increases the reliability of signal
      transmission, and on the other hand, the cost of one pair of plugs per
      measuring station is eliminated. Since the mechanical attachment device
      for the holder device can be made without difficulty and without high
      expenditure, the invention provides essential economical and technical
      advantages.
PAR  Advantageously, the connection cable is directly soldered on the connection
      terminals of the measuring probe.
PAR  The attachment device can be made in a most easy manner if the holder
      device comprises a resilient part which is shaped to engage with a
      receiving part fixed on the texturing device.
PAR  Advantageously, the holder device may consist of a part rigidly fixed on
      the texturing device, the measuring probe being mounted on the said part
      by means of a rapidly detachable fastening device.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The present invention will hereinafter be explained in more detail by means
      of examples with reference to the accompanying drawings wherein:
PAR  FIG. 1 is an elevation of a measuring probe which is fixed on the texturing
      device of a false-twist machine by means of a holder device;
PAR  FIG. 2 is a perspective view of the holder device of FIG. 1 as seen from
      above and on a larger scale;
PAR  FIG. 3 is a side elevation of a measuring probe arranged on a holder
      device; and
PAR  FIG. 4 is a vertical section on an enlarged scale through a portion of the
      assembly of FIG. 3.
DETD
PAR  Referring to FIG. 1, a measuring probe 5 is fixed on a texturing device
      consisting of holder 1, holding magnet 2, disc 3 and twist tube 4 by means
      of a holder device indicated generally by the reference numeral 6. The
      texturing device itself is fixed on the machine frame 8 by means of screws
      7 in such a manner that it can be rapidly detached therefrom. A connection
      cable 9 which connects the measuring probe 5 with a display device (not
      shown) is also fixed along the machine frame by means of clamps 10. The
      holder device 6 consists of a holder part 11 fixed on the measuring probe
      5, the holder part 11 being engageable in a receiving part 12 fixed on the
      holder 1. The connection cable however is soldered onto contacts 17 on the
      measuring probe 5.
PAR  As appears particularly from FIG. 2, the holder part 11 consists of a metal
      strip which can be inserted beneath two flanges 13, 14 of the receiving
      part 12. For fixing the measuring probe 5 in the desired relative position
      with respect to the twist tube 4, a spring 15 is provided on the receiving
      part 12 which, when the holder part 11 is mounted therein engages in a
      recess 16 provided on the latter so that the probe is securely fastened in
      position.
PAR  As the connection cable 9 is laid along the machine frame relatively
      loosely it is easy before removing the texturing device, to separate the
      measuring probe 5 from the latter merely by separating the holder part 11
      from the receiving part 12. The probe 5 is then still connected
      mechanically with the machine frame 8 by means of connection cable 9.
PAR  Referring to FIGS. 3 and 4, a measuring probe 5 is fixed on a texturing
      device (not shown) by means of a holder part 11. The holder part comprises
      at its outer end openings 20 with which a hook 18 and a projection 19 in
      the measuring probe 5 are engaged and therefore safely keep the measuring
      probe in place.
PAR  As especially appears from FIG. 4, the projection 19 consists of a snap-in
      device made resilient by a recess 21, which can be pressed into the
      opening 20 while undergoing temporary resilient deformation.
PAR  As will be seen, when replacing the measuring probe or the texturing
      device, the measuring probe 5 can be separated from the holder part 11
      easily enabling the replacement part to be mounted on the machine.
PAR  Naturally, the objects of the present invention are not necessarily
      associated with the described embodiment either of the texturing device or
      of the holder device. It is rather primarily essential that the measuring
      probe should be separable from the machine frame in a very easy manner,
      the place at which separation takes place being situated either on the
      machine frame or on the measuring probe; furthermore, it is necessary for
      achieving the desired reliable electrical contact that the connection
      cable, as shown by the example, should be permanently connected with the
      measuring probe. Instead of soldering, it is of course also possible to
      secure the connection cable by means of clamping screws or by similar
      means.
CLMS
STM  We claim:
NUM  1.
PAR  1. A measuring probe assembly for continuously measuring the revolution
      speed of a twist tube of a false-twist machine, said assembly comprising a
      texturing device including a twist tube and said device being adapted to
      be detachably mounted on the machine, a measuring probe for continuously
      measuring the revolution speed of said twist tube, said measuring probe
      having contacts for a connection cable, a holder device for said measuring
      probe providing sole support for said measuring probe when in use,
      mounting means stationarily securing said holder device to said texturing
      device, mounting means stationarily securing said measuring probe to said
      holder device, one of said mounting means providing for rapid separation
      and reconnection of said measuring probe with respect to said texturing
      device, a flexible connection cable for connecting said measuring probe to
      a display device, one end of said cable being fixed permanently to said
      contacts and means for securing said cable along a length thereof to the
      machine.
NUM  2.
PAR  2. An assembly according to claim 1, wherein a soldered connection is
      provided between said end of said connection cable and said contacts.
NUM  3.
PAR  3. An assembly according to claim 1, wherein said holder device comprises a
      receiving part permanently and rigidly secured to said texturing device, a
      holder part detachably mounted in said receiving part and a spring for
      resiliently latching said holder part in said receiving part.
NUM  4.
PAR  4. An assembly according to claim 1, wherein said holder device is rigidly
      fixed to said texturing device and said mounting means stationarily
      securing said measuring probe to said holder device provide for rapid
      separation and reconnection of said measuring probe to said holder device.
NUM  5.
PAR  5. An assembly according to claim 4, wherein said holder device is formed
      with two openings and said measuring probe includes a hook engaging one
      said opening and a projection formed resiliently to engage the other said
      opening.
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ABST
PAL  A false-twist device comprises two axially parallel rollers rotatable about
      their axis for supporting a twist tube in the cuneal throat formed
      thereby, driving means for simultaneously driving the rollers, at least
      one yarn deviating element for feeding a yarn end to, or removing it from,
      the twist tube at a predetermined angle relatively to the tube axis, and
      means for holding the tube in place when no yarn is present in the tube.
BSUM
PAR  This invention relates to false twist apparatus, and more particularly to
      such apparatus for texturing textile yarns by means of a rotating spindle
      or twist tube.
PAR  Developments in the false-twist texturing of textile yarns tend to achieve
      ever higher speeds of revolution of the twist tubes in order to permit
      increases in the linear speed at which the yarn is advanced through the
      false twist apparatus thereby to increase the quantity of product of
      textured yarns. False-twist devices are already known which comprise twist
      tubes which are positioned in the cuneal throat between two axially
      parallel rollers, and in tangential contact with the latter, one of the
      rollers being driven and the other idling, and wherein the twist tubes are
      pressed against the rollers by means of magnets. Such rollers may each
      consist of a pair of parallel discs separated by spacers or hubs and are
      well known in the art.
PAR  In a particular embodiment of this known device, each of the rollers
      consist of two parallel discs which are kept at the same distances from
      each other by means of spacer sockets, and magnetic attraction is achieved
      by means of a permanent magnet which is arranged in the center between the
      discs and the two spacer sockets.
PAR  It is already possible with this known false-twisting device to achieve
      speeds of the revolution of the twist tube of several hundred thousand
      r.p.m. However, if the revolution speed is further increased, difficulties
      arise which are due to intense heating of the twist tube by eddy currents
      which are formed under the influence of the magnetic field during rapid
      rotation of the driving and bearing rollers and by the important decrease
      of magnetization of the twist tube associated therewith, as well as the
      limited mechanical resistance of the magnetic materials used for the
      production of the twist tubes.
PAR  I contribute by the present invention a false-twist device which permits a
      further essential increase of the speed of revolution of the twist tube
      without the difficulties arising with the known false-twist devices.
PAR  According to an important aspect of my invention, I provide a device for
      false-twist texturing of textile yarns, comprising two axially parallel
      rollers each of which is rotatable about its axis and at least one twist
      tube supported within the throat formed by the rollers and in tangential
      contact therewith, characterized in that it comprises driving means for
      simultaneously driving the two rollers, as well as at least one yarn
      deviating element for feeding the yarn towards the twist tube and/or for
      removing it therefrom at a certain angle with respect to the axis of the
      twist tube, and means for holding the twist tube when no yarn is present
      in the twist tube.
PAR  By simultaneously driving the two rollers, the twist tube does not act as a
      driving roller for force transmission, as is the case when only one
      driving roller is used, i.e. no more energy is transmitted to the twist
      tube than is necessary for imparting twist to the yarn. By feeding the
      yarn towards the twist tube and by removing it therefrom at a certain
      angle with respect to the axis of the twist tube, the twist tube is
      pressed against the rollers by means of the force of yarn tension. Because
      of the elimination of magnetic means for pressing the twist tube against
      the driving rollers, the twist tubes may be made from suitable metal
      alloys, instead of magnetic materials, whereby essential higher mechanical
      resistance of the material can be achieved.
PAR  The yarn deviating member or members may be disposed so that the yarn is
      fed to the twist tube and removed therefrom at equal or different angles.
      Yarn feed towards the twist tube is advantageously effected at an angle of
      90.degree., whereas yarn removal can be effected at smaller angles.
PAR  Additionally, the yarn deviating member or members may be shiftable in
      direction of yarn movement and/or in opposite direction so that the angles
      at which the yarn is fed to the twist tube or respectively removed
      therefrom, can be chosen depending on filament titer and material, and on
      yarn tension.
PAR  By way of example, the deviating element for feeding the yarn to the twist
      tube may be a roller which is not rotatable about its axis, or a pin, and
      the deviating member for removing the yarn may be a roller which is
      rotatable about its axis.
PAR  The means for holding the twist tube in the absence of yarn may consist of
      a holding element fixed on a lever pivotable transversely with respect to
      the twist tube axis and which may, for example, be constituted by a
      fork-like part, the ends of the fork legs in pivoted-in position lying
      opposite the ends of the twist tube at a certain distance, or by a
      circular disc, rotatable about its axis and fixed on a pivotable lever,
      the rim of which in pivoted-in position lies opposite the central position
      of the twist tube at a certain distance.
PAR  As I have already stated, the simultaneous driving of the two rollers makes
      it unnecessary for the twist tube to act as a driving wheel for force
      transmission, as would be the case if only one roller was used for
      driving. By feeding the yarn to the twist tube, and by removing it from
      the same at a certain angle with respect to the twist tube axis, pressing
      of the twist tube towards the rollers by means of yarn tension force is
      achieved.
PAR  Experience has shown however that in certain cases, especially when
      texturing textile yarns of relatively small titers, the admissible yarn
      tension is limited and may not be sufficient to assure safe pressing of
      the twist tube against the rollers.
PAR  Thus, according to a further aspect of the invention, I contribute a
      modification by which I am able to avoid the above-mentioned disadvantage,
      such modification being characterized in that the two axially parallel
      rollers or their respective driving rollers have different diameters, the
      two rollers being drivable so that the roller, the discs of which have the
      larger diameter, attract the twist tube into the cuneal throat. The ratio
      between the diameters of the roller discs may, for example, vary between
      1:1.005 and 1:1.2.
PAR  For driving the twist tube, the two axially parallel rollers must be driven
      in the same sense, the twist tube which is in frictional contact with the
      surfaces of the rollers being attracted into the cuneal throat by one
      roller and urged out of the cuneal throat by the other. If the discs of
      both rollers have the same diameter, and therefore the same
      circumferential speed, the forces acting on the twist tube are equal,
      whereas, with different roller diameters, these forces are also different.
      If the diameter of the roller which attracts the twist tube into the
      cuneal throat is larger than the diameter of the other roller, there is
      created an additional force urging the twist tube against the rollers.
PAR  As I have already mentioned, in the absence of yarn, for example upon yarn
      breakage or if the device is out of operation, a holding element fixed on
      a lever pivotable transversely with respect to the axis of the twist tube
      or a circular disc rotatable about its axis, may be used. These mechanical
      means for holding the twist tube have proven to be quite satisfactory for
      the purpose. However, over a period of time, they may cause wear of the
      tube.
PAR  Thus, according to yet a further aspect of my invention, I provide, as
      means for holding the twist tube in the absence of yarn, a magnetic
      circuit which consists of two opposite permanent magnets having conical
      pole shoes and being connected by magnetic flux transmitting elements, the
      cone axes of the pole shoes being at least approximately congruent with
      the extended twist tube axis. The magnetic circuit may either be
      stationary or fixed on a lever swivellable transversely with respect to
      the twist tube axis.
PAR  As noted, feeding the yarn to the twist tube and by removing it from the
      same at a certain angle with respect to the axis of the twist tube,
      pressing of the twist tube against the rollers by means of the force of
      yarn tension is achieved. In false-twist texturing devices, it is known
      that the yarn tension is lower on the side of the twist tube on which the
      yarn is fed thereto than on the side on which the yarn is removed from the
      twist tube. This difference of tension may be substantial and possibly
      cause the twist tube to tilt away from the rim of the driving roller.
PAR  Therefore, according to another aspect of the invention, I provide a
      modification by which I am able to avoid the above-mentioned disadvantage.
      Thus, the twist tube may be shaped and supported by the rollers in
      operation such that its yarn input end extends father beyond the rims of
      the rollers than its yarn output end. The twist tube may comprise, away
      from its center, an enlarged portion which extends into the space between
      discs and which is engaged with the facing surfaces of the discs. The
      twist imparter may be lodged in the enlarged part of the twist tube or in
      a head provided at the input end of the twist tube.
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood, and in order that the present contribution to
      the art may be better appreciated. There are, of course, additional
      features of the invention that will be described hereinafter and which
      will form the subject of the claims appended hereto. Those skilled in the
      art will appreciate that the conception upon which this disclosure is
      based may readily be utilized as a basis for the designing of other
      structures for carrying out the several purposes of the invention. It is
      important, therefore, that the claims be regarded as including such
      equivalent construction as do not depart from the spirit and scope of the
      invention.
DRWD
PAR  Specific embodiments of the invention have been chosen for purposes of
      illustration and description, and are shown in the accompanying drawings
      forming a part of the specification wherein:
PAR  FIG. 1 is a top elevational view illustrating a first embodiment of the
      device of the present invention;
PAR  FIG. 2 is a front elevation of the device of FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view of a part of the device of FIG. 1
      taken along line A -- A;
PAR  FIG. 4 is a modified embodiment according to FIG. 1 in top elevation;
PAR  FIGS. 5a and 5b illustrate two further embodiments in side elevation;
PAR  FIGS. 6 and 7 illustrate a further modification of the invention;
PAR  FIG. 8 illustrates a further embodiment of the invention;
PAR  FIGS 9 and 10 are longitudinal sectional views taken along the line B -- B
      of FIG. 8, illustrating alternative parts;
PAR  FIG. 11 is a top elevational view of another modification of the invention;
PAR  FIG. 12 is a plan view, partly in section, of the device of FIG, 11; and
PAR  FIG. 13 is a schematic view illustrating forces acting on the twist tube.
DETD
PAR  The device of FIGS. 1 to 3 comprises a carrier plate 1 on which the
      vertical shafts 2 and 3 are lodged in throughbores. On the shafts 2 and 3,
      above the plate 1, I dispose the rollers 4 and 5, each of which consists
      of two discs 4', 4", and 5', 5", which are spaced from each other by
      spacer sockets. In one cuneal throat formed by the discs 4', 4" and 5',
      5", the twist tube 6 is supported in parallel with the roller shafts.
      Below the plate 1, on each of the shafts 2 and 3, there is provided a
      roller 7, 8, respectively, over which the driving belt 9 passes and
      thereby drives the two rollers 4 and 5 in the same sense of rotation.
PAR  Above and below each of the rollers 4 and 5, there are provided support
      bars 10 and 11, respectively, on one end of each of which there are
      arranged yarn deviation members in the form of circular discs 12 and 13,
      each of which is formed with recessed or concave rims. The disc 12 which
      serves to feed the yarn 22 to the twist tube 6 consists of metal oxide
      ceramic material and is rigidly connected with the support bar 10. The
      disc 13, which serves to remove the yarn 22 from twist tube 6, consists of
      metal, and its axis is rotatably supported by ball bearings (not shown),
      provided in the forked extremities of support bar 11. Each of the support
      bars 10 and 11 comprises a longitudinal slot 14 and 15, respectively,
      through each of which is passed a screw 16 and 17, respectively, by means
      of which the two support bars are fixed on the machine frame in a manner
      not shown. The support bars 11 and 12 may either be pivotable about the
      screws 16 and 17 acting as pivots, or they may be shifted within the range
      of the longitudinal slots 14 and 15 in the direction of yarn movement or
      in the opposite direction.
PAR  In order to hold the twist tube 6 in the cuneal throat when there is no
      yarn, for example in case of yarn breakage or if the device is out of
      operation, there is provided, on a pivotable lever 18, a fork-like part
      19, the ends of the fork arms, in pivoted-in position, (i.e., in its
      position closest to the twist tube 6) being situated opposite the two ends
      of the twist tube 6 at a distance of approximately 1 mm. The distance is
      maintained by means of bolt 20 onto which the lever 18 is applied. Instead
      of the fork-like part 19, there may also be provided on the pivotable
      lever 18 a circular disc 21 (FIG. 4) rotatable about its axis, the rim of
      which, in pivoted-in position, is situated opposite the enlarged central
      portion 6' of twist tube 6 at a distance of approximately 1 mm.
PAR  The false-twist device according to the present invention may be used in a
      texturing machine comprising a plurality of processing stations situated
      beside each other in which the yarns move vertically in downward
      direction. In this case, as a rule, the false-twist device is arranged as
      shown in FIGS. 1 - 3, i.e., the axis of shafts 2 and 3 and of twist tube 6
      extend vertically. It is then also possible to drive the rollers 7, 8 of
      the false-twist devices of all processing stations of the texturing
      machines by means of only one belt 9 which extends over the whole length
      of the machine.
PAR  It is however also possible to arrange the false-twist device in the
      texturing machine so that the axes of the shafts 2 and 3 and of twist tube
      6 extend horizontally as shown in FIGS. 5a and 5b. In this case, only one
      deviating element 13 is needed for removing the yarn 22 from the twist
      tube, the yarn entering the twist tube 6 directly at a right angle. If
      yarn 22 moves in downward direction, the twist tube 6 must be supported in
      the lower cuneal throat of rollers 4 and 5 (FIG. 5a), and if yarn 22 moves
      in upward direction, the twist tube 6 must then be supported in the upper
      cuneal throat between rollers 4 and 5 (FIG. 5b).
PAR  Referring now to FIGS. 6 and 7, it will be seen that the driving belt 9
      moves in direction of arrow A, the rollers 7, 8 and the rollers 4, 5 being
      thus driven in counterclockwise direction. As appears from FIG. 6, the
      twist tube 6 is attracted into the cuneal throat by roller 5 with the
      larger diameter (arrow B) and out of the cuneal throat by roller 4 having
      a smaller diameter (arrow C). The twist tube is rotated in clockwise
      direction (arrow D). Since the circumferential speed of the discs 5' and
      5" of roller 5 is larger than that of the discs 4', 4" of roller 4, an
      additional force, acting on the twist tube 6 to press it towards the
      interior of the cuneal throat is achieved.
PAR  Instead of providing the rollers 4, 5 with discs of different diameters,
      driving rollers 7, 8 having different diameters may be provided. This also
      permits me to achieve different circumferential speeds of the discs of
      rollers 4 and 5 and therefore an additional force acting on the twist tube
      to press it towards the rollers.
PAR  Finally, of course, the discs of rollers 4 and 5, as well as their driving
      rollers 7, 8, may have different diameters.
PAR  Turning now to FIGS. 8 to 10, a magnetic circuit 30 consists of two
      mutually opposite permanent magnets 31, 32, which are connected by the
      magnetic flux transmitting elements 33, 34, 35. The permanent magnets 31,
      32 provided with the conical pole shoes 36, 37, are arranged so that the
      cone axes of the pole shoes are congruent with the extended longitudinal
      axis of the twist tube 6. This arrangement of the magnets makes it
      possible for the magnetic flux to enter axially into the twist tube and to
      issue therefrom axially whereby the formation of eddy currents and
      excessive heating of the twist tube at high revolution speeds is avoided
      to a great extent.
PAR  The magnetic circuit 30 is connected with support plate 1 of the device in
      a manner not shown. It may as well, however, be fixed on a lever pivotable
      transversely with respect to the twist tube axis as indicated by the
      dashed lines in FIG. 8 so that it may be brought into operation only when
      needed.
PAR  According to the modified embodiment of the device of the present
      invention, shown in FIG. 10, as yarn deviating elements, two platelets 38,
      39 are provided each of which is formed with two bores 40, 41 and 42, 43,
      respectively. The cone peaks of pole shoes 36, 37 penetrate through one of
      each set of bores 40 and 42 and are thereby rigidly connected with the
      platelets. In each of the other bores 41 and 43 which are laterally
      displaced with respect to the cone axes of the pole shoes, there is
      provided an annular insert 44 and 45, respectively, of corundum through
      which the yarn 22 is guided.
PAR  The permanent magnets may consist of aluminum-nickel-cobalt alloys,
      ferrites and cobalt-enriched intermetallic compounds with rare earths,
      especially of the type SECO5 -- SE = Yttrium (Y), Lanthane, (La), Cerium
      (Ce), Praseodymum (Pr), Sumarium (Sm) and their mixtures.
PAR  Referring now to FIGS. 11 and 12, the twist tube 6 outside its center
      comprises an enlarged portion 50 which is engaged with surfaces of the
      discs 4' and 4", and 5' and 5" which form a recess between the discs, and
      prevents axial shifting of twist tube 6. In an enlarged head 51 provided
      at the yarn input end of the twist tube, a twist imparting pin 52 is
      arranged transversely with respect to the direction of yarn movement
      around which the yarn 22 is wrapped once. At the yarn input end of head
      51, there is an annular insert 53 of corundum.
PAR  As in FIG. 13, the twist tube 6 must thus be considered as a scale-beam
      comprising a support point situated in the marginal center M of discs 4',
      5', l.sub.1 and l.sub.2 being the two portions of the scale-beam. In the
      embodiment of FIGS. 11 and 12, the length of l.sub.1 corresponds to the
      length of l.sub.2. A force F.sub.1 acts on the yarn input end of twist
      tube 6, the amount of which corresponds to the yarn tension between the
      yarn feeding device (not shown) and the twist imparter 52, and a force
      F.sub.3 acts on the yarn output end of twist tube 6, the amount of which
      corresponds to the yarn tension between the twist imparter 52 and the yarn
      withdrawing device (not shown). Since F.sub.3 is always larger than
      F.sub.1, and in order to avoid tilting of the twist tube, a force F.sub.2,
      acting against F.sub.3, corresponding to the difference F.sub.3 - F.sub.1
      must act on the output end of the twist tube. As appears from FIG. 13, the
      following relation results:
      ##EQU1##
      In the following table, some examples of the force conditions as they
      appear in practise while texturing a 167 dtex multifilament yarn of
      synthetic material (polyamide, polyester) are given. This table shows that
      the ratio of the lengths of the scale-beams,
      ##EQU2##
      must lie approximately between 0.7:1 and 3:1 to achieve the necessary
      force compensation.
TBL                TABLE                                                       
     ______________________________________                                    
     Example                                                                   
            F.sub.1  F.sub.3  F.sub.3 -F.sub.1 =F.sub.2                        
                                        1.sub.1 :1.sub.2                       
            in p     in p     in p                                             
     ______________________________________                                    
     1      30       50       20        0.66:1                                 
     2      25       50       25        1:1                                    
     3      20       50       30        1.5:1                                  
     4      15       50       35        2.33:1                                 
     5      10       50       40        4:1                                    
     ______________________________________                                    
PAR  The device according to the present invention is particularly suitable for
      the false-twist texturing of textile yarns or filament bundles of
      thermoplastic synthetic material such as polyamides and polyesters. It is
      then possible to fullfil the longfelt need for very high twist tube
      revolution and yarn advance speeds even with relatively coarse yarns or
      filament bundles, having, for example, total titers exceeding 110 dtex.
PAR  I believe that the construction and operation of my novel false-twist
      device will now be understood and that the advantages thereof will be
      fully appreciated by those persons skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. Device for false-twist texturing of yarns, comprising two axially
      parallel rollers which are rotatable about their respective axes and at
      least one twist tube supported within a throat formed by the fllers and in
      tangential contact therewith, driving means for simultaneously driving the
      two rollers, yarn deviating means for feeding the yarn to the twist tube
      and removing it from the same at a predetermined angle so that the twist
      tube is pressed against the rollers by means of the force of the yarn
      tension and means for maintaining the position of the twist tube relative
      to the rollers when no yarn is present in the twist tube.
NUM  2.
PAR  2. Device according to claim 1, characterized in that the yarn deviating
      means include an element for feeding the yarn to the twist tube, the same
      being a stationary roller or a pin, and a yarn deviating element for
      removing the yarn, the same being a roller rotatable about its axis.
NUM  3.
PAR  3. Device according to claim 2, characterized in that the stationary roller
      or the pin consist of metal oxide ceramic material.
NUM  4.
PAR  4. Device according to claim 1, characterized in that the two axially
      parallel rollers have different diameters, and in that the driving means
      drive the rollers so that the roller with the larger diameter is effective
      to urge the twist tube into the cuneal throat between the rollers.
NUM  5.
PAR  5. Device according to claim 4, characterized in that the ratio between
      diameters of the rollers is of the order of between 1:1.005 and 1:1.2.
NUM  6.
PAR  6. Device according to claim 1, characterized in that the driving means
      drive the rollers at different circumferential speeds.
NUM  7.
PAR  7. Device according to claim 6, characterized in that the ratio of
      circumferential speeds of such rollers are of the order of between 1:1.005
      and 1:1.2.
NUM  8.
PAR  8. Device according to claim 1, characterized in that, as means for
      maintaining the position of the twist tube relative to the rollers in the
      absence of yarn, a magnetic system is used which consists of two
      oppositely arranged permanent magnets with conical pole shoes connected by
      magnetic flux transmitting elements, the cone axes of the pole shoes being
      at least approximately congruent with the extended twist tube axis.
NUM  9.
PAR  9. Device according to claim 8, characterized in that the magnetic system
      is stationary.
NUM  10.
PAR  10. Device according to claim 8, characterized in that the magnetic system
      is fixed on a lever pivotable transversely with respect to the axis of the
      twist tube.
NUM  11.
PAR  11. Device according to claim 8, characterized in that, as yarn deviating
      elements, two platelets are provided each of which has two bores, each of
      the cone peaks of the pole shoes penetrating a bore and being rigidly
      connected within the latter with one of the platelets.
NUM  12.
PAR  12. Device according to claim 11, characterized in that, in each of the
      other bores of the platelets, there is provided an annular insert of
      corundum.
NUM  13.
PAR  13. Device according to claim 8, characterized in that the permanent
      magnets consist of intermetallic, cobalt-enriched compounds with rare
      earths.
NUM  14.
PAR  14. Device according to claim 1, characterized in that the twist tube is
      supported in operation by the rollers so that its yarn input ends extends
      farther beyond the rims of the rollers than its yarn output end.
NUM  15.
PAR  15. Device according to claim 14, characterized in that the twist tube
      comprises an enlarged portion which engages facing surfaces of parallel
      discs.
NUM  16.
PAR  16. Device for false-twist texturing of yarns comprising two axially
      parallel rollers which are rotatable about their respective axes and at
      least one twist tube supported within a throat formed by the rollers in
      tangential contact therewith, yarn deviating means including an element
      for feeding the yarn to the twist tube at a predetermined angle, said
      element being a stationary roller or a pin and an element for removing the
      yarn from the twist tube at a predetermined angle, said element being a
      roller rotatable about its axis, whereby pressing of the twist tube
      against the rollers by means of the force of yarn tension is achieved, and
      means for maintaining the position of the twist tube relative to the
      rollers when no yarn is present in the twist tube.
NUM  17.
PAR  17. Device according to claim 16, said yarn deviating elements being
      mounted on support bars which are shiftable along the line of yarn
      movement to adjust the yarn feed and removal angles.
NUM  18.
PAR  18. Device for false-twist texturing of yarns, comprising two axially
      parallel rollers which are rotatable about their respective axes and at
      least one twist tube supported within a throat formed by the rollers and
      in tangential contact therewith, driving means for simultaneously driving
      the two rollers, said rollers having different diameters and said driving
      means driving the rollers so that the roller with the larger diameter is
      effective to urge the twist tube into the cuneal throat between the
      rollers, yarn deviating means for guiding the yarn to the twist tube and
      removing it from the same at a predetermined angle so that the twist tube
      is pressed against the rollers by means of the force of the yarn tension
      and means for maintaining the position of the twist tube relative to the
      rollers when no yarn is present in the twist tube.
NUM  19.
PAR  19. Device according to claim 1, wherein the twist tube comprises an
      enlarged portion which engages facing surfaces of parallel discs of said
      axially parallel rollers, said enlarged portion being off-center relative
      to the twist tube so that the input end of the twist tube extends farther
      beyond the rims of said discs than its output end.
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ABST
PAL  An arrangement for indicating elapsed time is disclosed that is
      particularly useful in marine timepieces, divers' wristwatches and the
      like. The arrangement utilizes a light-emitting member which, upon the
      lapsing of a predetermined time is energized to give visual indication to
      the wearer of the elapsed time. A mechanical switching structure is
      described that is controlled by the movement of the timepiece and which
      upon closure causes the light emitting member to be energized. An
      electronic circuit is provided which causes the light emitting member to
      flash when energized.
BSUM
PAR  This invention relates to a fluid-tight watch comprising an electric
      circuit, an illuminating member connected into the circuit, and switching
      means in the circuit and accessible from outside the watch.
PAR  Divers' watches are already known which comprise a mechanical indicating
      device such as a rotatable bezel which the diver sets, just before diving,
      in terms of the depth to which he expects to descend, and which indicates
      to him how long he may remain at that depth. The time-limit is reached
      when the minute-hand of the watch is situated opposite the zero-mark on
      the bezel.
PAR  However, these mechanisms are often difficult to use, especially if the
      diver intends to go down to any great depth, because the legibility of the
      markings may be greatly reduced by pollution of the water. If the water is
      not very clear, light rays do not penetrate it beyond a depth of 4 to 5 m.
PAR  It is the object of this invention to provide a watch suitable for use by a
      diver, which indicates to him the maximum time he may remain at the chosen
      depth by means which are better visible than markings on a bezel to be
      positioned about an hour-circle.
PAR  To this end, in the fluid-tight watch of the aforementioned type according
      to the present invention, the circuit comprises a switch which is
      controlled by the watch movement and which is adjustable so as to cause
      the illuminating member to be switched on at a predetermined moment.
DRWD
PAR  A preferred embodiment of the invention will now be described in detail
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic elevation of the watch showing the movement, and
PAR  FIG. 2 is an electric circuit diagram.
PAR  FIG. 3 shows the elevational view of FIG. 1 in cross section and in greater
      detail.
PAR  FIG. 4 shows a plan view of FIG. 3 from the top.
DETD
PAR  FIG. 1 shows a watch movement 1 which may be a mechanical or an electrical
      one. As a display device, this watch preferably comprises a dial 2 with an
      hour-hand 3 and a minute-hand 4 moving above it. The movement 1 may also
      comprise a seconds-hands. In addition to the movement 1, the watch-case
      contains as illustrated in FIG. 2 an electric circuit 12 and a
      power-source U.sub.B consisting preferably of two miniature batteries
      connected in series, each having a voltage of about 1.5V or 1.3V. As will
      be seen further on, the chosen circuit needs a voltage of slightly more
      than 1.5V to feed it, which is why it is preferable to have two batteries.
      The batteries are accommodated in the bottom of the watch-case, and one of
      the poles of the power-source U.sub.B is connected to a first switch
      S.sub.1 controlled by a winding-and-setting stem 5 or by a second stem.
      The switch S.sub.1 will be closed, for example, when the stem is in its
      inner position.
PAR  The circuit 12 further comprises a second switch S.sub.2 illustrated in an
      open position in FIGS. 1 and 2 connected in series with the first switch
      S.sub.1 and controlled by the movement 1. The second switch S.sub.2 may
      consist of a rotatable toothed wheel 6 coaxial with a pipe 7 of an
      hour-wheel or with a minute-wheel as shown in FIGS. 1, 3 and 4. It will be
      adjustable by rotation of the stem 5 in its middle position and via a
      setting-wheel 8 so as to close at a predetermined moment under the action
      of the movement 1. Wheel 9 may be in frictional engagement with hour-wheel
      7. Movement of wheel 8 may cause the relative position of wheel 6 to
      change with respect to hour-wheel 7 while wheel 6, by virtue of the
      frictional engagement may rotate in unison with hour-wheel 7. A movable
      contact element 9 fastened on the wheel 6 then comes in contact with a
      fixed element 10 integral with the frame of the movement 1 as illustrated
      by FIGS. 3 and 4. A hand 11 integral with the wheel 6 indicates on the
      dial 2 the time at which the closing of the contact will take place.
      Switches of this type are already known per se and need not be described
      here. The second switch S.sub.2 is so arranged as to reopen several
      minutes after having been closed. For example, by proper selection of the
      width of the contact 9, the time in which contacts 9 and 10 remain closed
      can be controlled. Connected in series with the switches S.sub.1 and
      S.sub.2 is an illuminating member LED housed in the dial 2 so as to be
      visible on the watch. To be more precise, the illuminating member LED
      consists of an electroluminescent diode which is available on the market.
      The cathode of this diode LED will be connected to the negative pole of
      the power-source U.sub.B, its anode being connected to the positive pole
      of the power-source U.sub.B via the switches S.sub.1 and S.sub.2.
PAR  In an embodiment such as has just been described, the diode LED becomes
      luminescent when the hands show the time corresponding to the setting of
      the second switch S.sub.2. It remains lit for several minutes and then
      goes out.
PAR  In order to save on current from the batteries and to heighten the warning
      effect of the diode LED, it is likewise possible to provide another
      arrangement of the electric circuit such as is shown in FIG. 2.
PAR  FIG. 2 shows a power-source U.sub.B, a preparatory switch S.sub.1
      controlled by the winding-and-setting stem, and a main switch S.sub.2
      controlled by the movement so as to close at the intended time. The
      numerals 9a and 10a designate elements corresponding to the contacts 9 and
      10 illustrated schematically in FIG. 2. Also shown is an
      electroluminescent diode LED, the anode of which is connected to the
      positive pole of the power-source U.sub.B across a resistor R.sub.1 and
      across the two switches S.sub.2 and S.sub.1. The cathode of the diode LED
      is connected to the collector of an n-p-n transistor T.sub.2, the emitter
      of which is connected to the negative pole of the power-source U.sub.B.
      The base of the transistor T.sub.2 is connected to the collector of a
      p-n-p transistor T.sub.1 across a resistor R.sub.3, so that when the
      transistor T.sub.1 becomes conductive and carries the current coming from
      the positive pole of the power-source U.sub.B through its emitter, the
      base voltage of T.sub.2 causes the flipping of the transistor T.sub.2,
      which goes into the conductive state. The base of the transistor T.sub.1
      is connected across a resistor R.sub.4 to the negative pole of the
      power-source U.sub.B and to one of the electrodes of a capacitor C, the
      other electrode of which is connected across a resistor R.sub.2 to the
      anode of the electroluminescent diode LED. The capacitor C and the
      resistor R.sub.2 make up a delay circuit which causes the alternate
      flipping of the transistors T.sub.1 and T.sub.2 and, consequently, the
      emission by the diode LED of successive flashes of light, the frequency of
      which may be adjusted to a value of 2 or 3 per second, for example, by
      selecting suitable values for the resistors and the capacitor.
PAR  The operation is as follows: The moment the two switches S.sub.1 and
      S.sub.2 are closed, the two transistors T.sub.1 and T.sub.2 are blocked.
      The capacitor C charges across the resistors R.sub.1 and R.sub.2. When the
      voltage differential between the emitter and the base of the transistor
      T.sub.1 reaches about 0.5V, the emitter-collector circuit of this
      transistor becomes conductive, so that the transistor T.sub.2 flips, and
      the circuit composed of the resistor R.sub.1, the diode LED, and the
      transistor T.sub.2 becomes conductive. The capacitor C discharges through
      the resistor R.sub.2 and through the circuit of the diode LED and the
      transistor T.sub.2, and the current which passes into the diode LED causes
      it to light up. However, the moment the capacitor C has discharged, the
      base of the transistor T.sub.1 again reaches a voltage which causes the
      blocking of this transistor. The transistor T.sub.2 is likewise blocked
      when the potential of its base drops below the flipping threshold, so that
      the diode LED ceases to be luminescent, but the capacitor C recharges, and
      the process described above recommences. The frequency of the circuit will
      preferably be from 2 to 3 c/s.
PAR  With this circuit, the two transistors T.sub.1 and T.sub.2 are conductive
      and saturated at the same time. Moreover, the circuit requires only one
      capacitor.
PAR  If desired, the circuit described here might also be supplemented by
      providing several different colored diodes connected in parallel. If need
      be, a commutator might also be provided in the circuit in order to enable
      one or the other of the electroluminescent diodes to be switched on at
      will. This commutator might, of course, be combined with the preparatory
      switch. It would suffice for it to comprise a position in which all its
      line were open.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid-tight diver's watch comprising a movement, an electric circuit,
      an electroluminescent diode connected into said circuit, and switching
      means in said circuit and accessible from outside said watch, wherein said
      circuit comprises a switch which is controlled by the movement of said
      watch and which is adjustable so as to cause said illuminating member to
      be switched on at a predetermined moment.
NUM  2.
PAR  2. A watch in accordance with claim 1, wherein said circuit further
      comprises a preparatory switch controlled by a control member accessible
      from outside said watch.
NUM  3.
PAR  3. A watch in accordance with claim 2, wherein said control member is a
      stem passing through a sidewall of the case of said watch, said
      preparatory switch being closed when said stem is in its inner position.
NUM  4.
PAR  4. A watch in accordance with claim 1, wherein said circuit further
      comprises an astable multivibrator causing the emission of successive
      flashes of light from said illuminating member when said switch is closed.
NUM  5.
PAR  5. A watch in accordance with claim 4, wherein said astable multivibrator
      comprises an n-p-n transistor and a p-n-p transistor connected in cascade
      and an RC circuit, said illuminating member being connected into the
      collector circuit of said n-p-n transistor.
NUM  6.
PAR  6. An elapsed time indicating device for a fluid-tight diver's watch having
      a movement, said indicating device comprising a solid state
      electroluminescent device visible on the face of said watch, an electric
      circit for energizing said solid state electroluminescent device, a first
      switching means accessible from the outside of said watch for energizing
      said circuit, a second switching means in said circuit actuated by the
      watch movement and adjustable so as to be actuated after the lapse of a
      predetermined time and remain actuated for a predetermined time, said
      electroluminescent device being energized by said circuit during the
      actuation of said second switching means.
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PAL  This invention relates to electric clocks and chart recorders driven by
      crystal controlled electric motors. The motor includes two stator plates,
      a rotor and a drive coil surrounding the legs of the stator plates. The
      rotor carries a pinion which drives the first gear of a mechanical gear
      train located between two side plates consisting of synthetic resin
      material. One of the side plates carries at least one bearing for the
      rotor and a plurality of projections which fit into holes in the stator
      plates and serve to position the stator plates in relation to the rotor.
      Electric pulses are supplied to the drive coil by an electronic frequency
      divider circuit having a push-pull output stage; a zener diode is
      connected in parallel with the power supply to the divider circuit and the
      drive coil to enable the motor to operate satisfactorily over a range of
      supply voltages. For this purpose, the drive coil preferably has a
      resistance of more than 1K and a resistor is connected in series between
      the supply and the zener diode.
BSUM
PAR  The present invention relates to time-keeping apparatus. Time-keeping
      apparatus is known in which the output of a crystal oscillator is fed to
      an electronic frequency-divider circuit controlling a motor which drives a
      mechanical gear train assembled between two side plates. In the known
      units of this kind, the motor is normally designed as a separate
      component. This motor, consisting of a stator and a rotor, is mounted by
      means of a flange joint on one of the side plates. The outlay involved in
      assembling these components is considerable. Moreover, the motors involved
      operate at relatively high speeds so that bearing problems arise and
      relatively long gear trains are needed.
PAR  Consequently, the need arises to integrate the motor with the side plates
      which accommodate the gearing, and a further need is to so arrange the
      components that the tolerances between stator and rotor are as small as
      possible, the engagement between the rotor pinion and the first gear in
      the gear train, being correct at all times and requiring no adjustment.
PAR  The invention relates to crystal-controlled time-keeping apparatus
      including a crystal oscillator, the output of which is fed to an
      electronic frequency-divider circuit controlling a motor which has a drive
      with a rotor and a plurality of stator plates and drives a mechanical gear
      train located between two side plates made of synthetic resin material,
      wherein one of the said side plates carries at least one bearing for said
      motor and a plurality of projections which fit into holes in the said
      stator plates.
PAR  Preferably, an auxiliary yoke of magnetically soft sheet metal is arranged
      on said one side plate, spaced from the stator plates. The pole position
      of this yoke is staggered in relation to that of the stator plates. The
      arrangement may be such that the stator plates are located on one side,
      and the auxiliary yoke on the other side of the side plate. Preferably,
      the rotor is arranged so that the rotor passes through the plane of the
      side plate.
PAR  The other rotor bearing may be arranged on the other side plate, this
      bearing having the rotor drive pinion disposed adjacent to it.
PAR  There is frequently the requirement that time-keeping apparatus should be
      capable of operation throughout a wide range of supply voltages.
      Variations in supply voltage may be due, for example, to variations in
      battery voltage during the life of a battery, or may be due to differences
      in the design of the control circuits. In apparatus available heretofore,
      these requirements have not always been satisfactorily met. In particular,
      drawbacks arise from the fact that the resistance of the drive coil is
      relatively low and that the coil and the control circuit are connected
      directly to the battery voltage. A further possible requirement is that
      the output stage of the frequency divider circuit should be capable of
      driving bipolar or unipolar motors. A bipolar motor is one which has to be
      supplied with current impulses of alternating directions.
PAR  These additional requirements can be met in apparatus in accordance with
      the invention by providing the frequency-divider circuit with a push-pull
      output stage and by connecting a zener diode in parallel with the power
      supply to the divider circuit and the drive coil. The drive coil
      preferably has a resistance of more than 1 k.
DRWD
PAR  The invention will be explained in more detail hereinafter, making
      reference to examples:
PAR  FIG. 1 is a plan view of a first embodiment;
PAR  FIG. 2 is a section along the line II--II of FIG. 1;
PAR  FIG. 3 is a plan view of a further embodiment;
PAR  FIG. 4 is a section along the line IV--IV of FIG. 3;
PAR  FIG. 5 illustrates a section along the line V--V of FIG. 3;
PAR  FIG. 6 illustrates a basic circuit diagram;
PAR  FIG. 7 illustrates the pulse form and rotor motion, obtained with the
      circuit arrangement of FIG. 1;
PAR  FIG. 8 illustrates a variant of the circuit and the associated pulse form;
      and
PAR  FIG. 9 illustrates a further variant of the circuit with an indication of
      the pulses which occur therein.
DETD
PAR  The electric clock illustrated in FIGS. 1 and 2 includes a printed circuit
      board 1 (FIG. 1) carrying the electrical components. This board is
      attached by pillars 2 to a first side plate 3 of synthetic resin material.
      This latter is in turn attached by pillars 2 to a second side plate 4.
PAR  The side plate 3 carries two stator plates 5 and 6. A plurality of
      projections 7 are formed on the side plate 3 and these projections engage
      in corresponding holes 8 in the stator plates 5, 6 which are both formed
      of a non-magnetic material. In this fashion, precise spatial positioning
      of these stator plates in relation to one another is ensured. The two
      stator plates are flat in design and are located in the same plane so that
      they do not contain any bends. Such bends are normally present and this
      leads to an unnecessary increase in tolerances.
PAR  The two stator plates 5, 6 include legs which abut one another and a core
      10 located inside a coil 9 overlaps these legs. The arrangement is
      preferably such that at least one of the legs of the stator plates 5, 6 is
      located, together with the core 10, inside the coil 9. Where the core 10
      overlaps the leg of the stator plate 5 outside the coil, fastener means
      11, preferably in the form of a hollow rivet, is provided in order to link
      the stator plate 5 and the core 10, to the side plate 3. A similar
      fastener is provided where the core 10 overlaps the leg of the stator
      plate 6.
PAR  The side plate 3 furthermore has a cup-shaped recess 12 which contains a
      bearing 13 for the rotor 14. The other rotor bearing 15 is located on a
      bridge 16 attached to the side plate 3.
PAR  An auxiliary yoke 17 is arranged inside the recess 12, spaced from the
      stator plates 5, 6. This auxiliary yoke 17 has a slightly different pole
      position from the stator plates 5, 6, thereby providing a staggering of
      the pole position of the auxiliary yoke relative to that of the stator
      plates 5 and 6, so that in operation the rotor 14 has a preferential
      direction of rotation. The motor is designed as a stepping motor.
PAR  One side of the recess is provided with a slot 18 through which a gear 19
      meshes with a pinion 20 on the rotor 14. A further pinion fixed to the
      gear 19 meshes with a gear 21 whose pinion is in turn in mesh with an
      intermediate gear 22. Yet another pinion fixed to the intermediate gear 22
      meshes with a gear 23 whose pinion is in turn in mesh with a further
      intermediate gear 24. The pinion of the intermediate gear 24 meshes with a
      gear 25. The gears 19, 22 and 24 are disposed coaxially in relation to one
      another and are mounted on a common shaft 26 between the side plates 3 and
      4. Correspondingly, the gears 21, 23 and 25 are coaxially arranged and
      assembled between the side plates 3 and 4.
PAR  The printed circuit board 1 carrying the electronic components is provided
      with two pins 26 projecting away from it, which pins extend into the
      neighbourhood of the two ends of the drive coil 9. They serve to connect
      the ends of the coil 9 to the control circuit. If required, the two pins
      may be fixed to the coil former, projecting into bores in the printed
      circuit board and being conductively connected thereto.
PAR  In the example of FIGS. 3, 4, and 5, the crystal-controlled unit is
      connected by a flange unit joint to a chart recorder 29. In this example,
      the side plate 3 has a block 27 formed integrally therewith on which a
      bearing for the rotor 14, 20 is arranged. As the section IV--IV of FIG. 4
      shows, the other rotor bearing is arranged on the other side plate 4.
PAR  The permanent-magnetic part 14 of the rotor passes through the plane of the
      side plate 3. The auxiliary yoke 17 is arranged on the side of the plate 3
      opposite to the stator plates 5, 6. This auxiliary yoke 17 contains holes
      into which projections on the side plate 3 penetrate. By warming up the
      ends of these projections the auxiliary yoke 17 can be secured in a simple
      fashion.
PAR  The pinion 20 of the rotor engages with an intermediate gear which in turn
      drives a further intermediate gear 28. The intermediate gear 28 has a
      pinion meshing with the first gear 30 of the recorder 29. In order to
      ensure proper alignment between the pinion of gear 28, and the gear 30, a
      pin 31 is provided on the outside of the side plate 4, said pin extending
      coaxially with the gear 28. This pin 31 engages in a hole in a side plate
      of the recorder 29. This is shown in FIG. 5.
PAR  The angle through which the rotor turns with each pulse through the drive
      coil, may be, for example, 180.degree., so that the rotor, the stator
      plates and the auxiliary yoke can be of simple design. The period of the
      pulses may be, for example, two seconds, during which period two current
      pulses of alternating direction and each lasting 0.5 seconds, occur.
PAR  In FIG. 6, the reference 31 donates a known crystalcontrolled oscillator
      circuit. This oscillator supplies a divider circuit 32 which has two
      outputs 33 and 34 operating in push-pull. To these outputs 33 and 34 the
      drive coil 35 is connected. The references 36 and 37 denote the two final
      amplifier stages or driver circuits, at the output of the divider circuit
      32. In parallel with the power supply to the divider circuit 32 there is a
      zener diode 38. Through the chosen circuit arrangement, the drive coil 35
      is also protected, along with the driver circuits 36, 37 by the zener
      diode 38. In the lead between the battery (not shown) and the zener diode,
      a resistor 39 is arranged. If, for example, a rated voltage of 12 volts is
      available, then the resistor 39 will have a resistance of 330 ohms. Taking
      a drive coil resistance of, for example, 1.7 k, it is readily possible to
      handle a voltage range of between 7 and 16 volts. If the rated voltage is
      24 volts, it is simply necessary to employ resistor 39 having a resistance
      of 1.5 k. In this case, a voltage range of between 16 and 30 volts can be
      dealt with.
PAR  In association with these circuit details, in order to ensure reliable
      operation of the motor, the pulse duration s (see FIG. 7) must be longer
      than the time t required by the rotor in order to step from one position
      under the influence of the magnetic forces generated in the stator with
      the passage of a pulse, to the next position. This means that the rotor
      must be magnetically stopped at the end of its stepping motion so that it
      cannot overshoot. This would be liable to happen with an increased supply
      of energy and without the introduction of any measures to produce
      stabilising.
PAR  To operate a unipolar motor, the circuit of FIG. 8 is used. At the outputs
      33 and 34, two similarly directed diodes 40 and 41 are connected, the
      cathodes of these diodes being connected to one end of the drive coil 35.
      The other end of the drive coil 35 is earthed.
PAR  In a modified circuit, as shown in FIG. 9, the cathodes of the diodes 40
      and 41 are connected through a capacitor 42 to the base electrode of a
      transistor 43. The drive coil 35 is arranged in the collector circuit of
      the transistor 43. The pulse form of FIG. 9 is determined by the discharge
      characteristics of the capacitor 42.
PAR  The rotor of the motor, with each current pulse, turns through an angle
      which may be, for example, as long as 180.degree..  This virtually
      excludes stepping errors of the kind which can arise where the rotary
      increments are small.
PAR  The period of the pulses supplied to the drive coil may be, for example,
      two seconds, during which, for example, two pulses of alternating
      direction, each lasting 0.5 seconds, are produced.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Crystal-controlled time-keeping apparatus comprising:
PA1  a crystal oscillator;
PA1  an electric frequency divider circuit coupled to said oscillator and
      generating bi-directional pulses at a rate dependent on the frequency of
      said oscillator;
PAR  a bi-polar stepping motor controlled by said bidirectional pulses;
PA1  said stepping motor including a drive coil and a rotor which rotates
      through a predetermined angle in response to each of said pulses, said
      motor further comprising two parallel spaced side plates of a
      non-conductive non-magnetic material, at least one of which carries a
      bearing for said rotor, and a plurality of stator plates supported on one
      of said side plates, said stator plates and said one side plate having
      cooperating mating projections and recesses which ensure precise
      positioning of said stator plates on said one side plate,
PA1  and a gear train driven by said rotor and supported on said side plates.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said electronic frequency
      divider circuit includes a push-pull output supplying drive pulses to the
      drive coil of said motor, a zener diode being connected in parallel with
      the power supply to said divider circuit and to said drive coil.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein an auxiliary yoke spaced from
      the stator plates is provided on said one side plate, the pole position of
      said auxiliary yoke being staggered in relation to that of the stator
      plates.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein the stator plates are arranged
      on one side of said one side plate and the auxiliary yoke on the other.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, wherein one rotor bearing is carried by
      said one side plate and the other rotor bearing is arranged on the other
      side plate.
NUM  6.
PAR  6. Apparatus as claimed in claim 1, wherein one rotor bearing is supported
      on a bridge piece on said one side plate.
NUM  7.
PAR  7. Apparatus as claimed in claim 1, wherein one rotor bearing is arranged
      in a cup-shaped recess in said one side plate partially surrounding the
      rotor and its pinion.
NUM  8.
PAR  8. Apparatus as claimed in claim 1, wherein one rotor bearing is arranged
      on a block formed integrally with said one side plate.
NUM  9.
PAR  9. Apparatus as claimed in claim 4, wherein said one side plate is formed
      with projections which fit into holes in the auxiliary yoke.
NUM  10.
PAR  10. Crystal-controlled time-keeping apparatus comprising two side plates of
      plastic material; an electrically driven motor having a drive coil, a
      rotor and a plurality of stator plates attached to one of said side
      plates; a gear train coupled to a pinion on said rotor and located between
      said two side plates; a first bearing for said rotor in one wall of a
      cup-shaped recess formed in said one of said side plates and at least
      partially enclosing said rotor and said pinion; a second bearing for said
      rotor in a bridge attached to said one side plate; and an auxiliary yoke
      spaced from said stator plates and mounted on said one side plate inside
      said recess.
NUM  11.
PAR  11. Apparatus as claimed in claim 7, wherein one side of said recess is
      provided with a slot through which a gear driven by said rotor pinion
      passes.
NUM  12.
PAR  12. Apparatus as claimed in claim 1, wherein two flat stator plates are
      provided and have abutting legs overlapping a core arranged inside the
      drive coil of the motor.
NUM  13.
PAR  13. Apparatus as claimed in claim 12, wherein at least one of the legs is
      located inside the coil.
NUM  14.
PAR  14. Apparatus as claimed in claim 12, wherein fastener means are provided
      which link the stator plates and the core with said one side plate in the
      region in which the core overlaps the legs.
NUM  15.
PAR  15. Apparatus as claimed in claim 1, wherein said electronic circuit is
      constituted by a printed circuit including two pins projecting away from
      the printed circuit boear and extending into the vicinity of the ends of
      the drive coil for connection thereto.
NUM  16.
PAR  16. Apparatus as claimed in claim 1, wherein the divider circuit supplies
      bi-directional pulses to the drive coil, the period of said pulses being
      two seconds.
NUM  17.
PAR  17. Apparatus as claimed in claim 1, wherein the resistance of the drive
      coil is at least 1 K.
NUM  18.
PAR  18. Apparatus as claimed in claim 1, wherein a resistor is connected
      between the power supply and the zener diode.
NUM  19.
PAR  19. Apparatus as claimed in claim 1, wherein the frequency divider circuit
      supplies drive pulses, the duration of which is greater than the time
      required by the rotor to step from one position, under the influence of a
      drive pulse, into the next position.
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PAL  An electronic timepiece including a time-keeping circuit having serially
      connected counters generating day, hour, minute and second signals; a four
      digit display connected to the counters; a selecting circuit coupled to
      the counters and having one mode for the display of two units of real
      time, and a plurality of other modes for the selection and display of each
      single unit of time for correction; a first switch connected to the
      selecting circuit and actuable to sequentially advance the selecting
      circuit from one mode to another; and a second switch coupled to the
      selecting circuit and the counters for causing the display of a different
      two units of real time when the selecting circuit is in the first mode,
      and for correcting each individually selected unit of time when the
      selecting circuit is in one of its other modes.
BSUM
PAR  The invention find applications in the watch industry.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electronic timepieces and more
      particularly to a control device for setting a timepiece having a digital
      display.
PAR  In order to set an electronic timepiece it is necessary, in principle, to
      correct each counter, i.e. minute, hour and day counters, because it is
      difficult to accurately set the timepiece with a variable speed clock
      pulse generator (quick for rough adjustment, then progressively slower as
      the correct time is approached) and because the electronic circuits are
      not necessarily adapted to an excessively high input frequency. If, for
      instance, the hours display is to be set at the rate of two units/second,
      it will be necessary to supply the seconds counter with pulses having a
      frequency over 7000 Hz. In addition, the adjustment of time between
      various time-zones and date (at the end of a 30-day month) should be done
      without disturbing the normal working of the watch.
PAR  A simple well-known solution is to provide the watch with buttons each
      corresponding to a specific function, for instance:
PAR  A BUTTON FOR ENABLING THE ADJUSTMENT OF THE DATE DISPLAY AT A RATE OF ONE
      UNIT/SECOND, WHILE THE REMAINING PARTS OF THE WATCH CONTINUE TO WORK
      NORMALLY;
PAR  ANOTHER BUTTON TO CORRECT THE HOURS DISPLAY AT A RATE OF ONE UNIT/SECOND,
      WITH THE PASSING OF THE 24 HOURS POINT HAVING PREFERABLY NO INFLUENCE ON
      THE ADVANCE OF THE DATE, MINUTES AND SECONDS DISPLAYS WHICH RUN NORMALLY;
PAR  A THIRD BUTTON FOR CORRECTION OF THE MINUTES DISPLAY WITH PREFERABLY NO
      ADVANCE OF THE HOURS DISPLAY AT THE 60 MINUTES POINT, THE SECONDS AND
      HOURS DISPLAYS RUNNING NORMALLY;
PAR  FINALLY A FOURTH BUTTON TO STOP THE SECONDS COUNTER AND RESET THE SAME TO
      ZERO. This method enables setting of the timepiece in any way and it is
      easy to identify the function to be performed, either by marking the
      buttons or by their positions geometrically associated with respect to the
      display.
PAR  The present invention tends to solve the problem of setting a watch the
      display of which normally shows only hours and minutes, but which can also
      show date and second on the same display, if wanted. This problem could be
      controlled with the four buttons mentioned above and an additional one for
      date and seconds. This solution, however, has a disadvantage: handling of
      two buttons is necessary to fix the date, which handling is not very
      convenient.
PAR  In another prior art arrangement the number of buttons is reduced to two,
      i.e. a rotating switch whose different positions correspond to
      well-defined functions and a push button to perform the selected function.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention tends to eliminate the disadvantages of mechanical
      commutators, such as difficulties of manufacture and fragility, by means
      of a selector made up of a sequential electronic circuit with at least one
      control input but with several outputs each corresponding to one of the
      functions to be performed and by means designed to identify the state of
      this sequential circuit on the display.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a timepiece selling network according to the
      present invention.
PAR  FIG. 2 is a block diagram of the sequencing circuit of FIG. 1.
PAR  FIG. 3 is a diagrammatic illustration of the operation of the network of
      FIG. 1.
PAR  FIG. 4 is a diagrammatic illustration a second example of construction
      according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a complete block diagram of a watch with electronic display
      provided with a system of setting time according to the invention. The
      display 1, consisting of four digits designated to show two numbers of two
      figures each, is controlled by a driving stage 2; The four digits of the
      display having each seven segments, twenty eight controlling lines will be
      necessary (thick line); the driving stage 2 of the display has two inputs
      of fourteen lines each (thick line), supplied by two decoders 3 and 4. The
      decoder 3 drives the first two digits which will indicate either the date
      or the hours, and the decoder 4 drives the two other digits which will
      indicate either the minutes or the seconds. The two decoders receive
      information in binary coded decimal (BCD) form over two channels
      consisting of eight lines from two line selectors 5 and 6. The selectors 5
      and 6 each have control inputs a consisting each of 5 lines coming from a
      decoding circuit 24 described below. The selector 5 has three signal
      inputs; b, c and d, while the selector 6 has four signal inputs b, c, d,
      and e from which the output selection is made. Depending on the state of
      the 5-bit control input, the selectors 5 and 6 will pass one of the inputs
      b, c, d (or e) to the output. The watch also has a counting chain
      consisting of an oscillator 8, divider 9 distributing impulses with a
      frequency of 1 Hz, counters 10, 11, 12 and 13 respectively for seconds,
      minutes, hours and dates; and selectors 14, 15, 16 and 17 which precede
      counters 10, 11, 12 and 13. These selectors have two inputs a and b on
      which the selection is done by means of a control input c. Selectors 14 to
      17 are similar to selectors 5 and 6, but with one-bit control inputs, the
      state of which determines if the outputs will be supplied with signals of
      input a or b. All of the selectors may be formed of conventional logic
      gates or of commercially available integrated circuits. Inputs a are
      connected to a preceding counter either directly as with selectors 14 and
      15, or by and gates 28 and 29 for selectors 16 and 17. The inputs b of
      selectors 15, 16 and 17 are directly connected to the output of the
      divider 9, while the input b of the selector 14 is a blank input for
      interrupting the flow of impulses from the divider 9 to the seconds
      counter 10.
PAR  Hours and days counters 12 and 13 each have an eight line BCD output
      connected respectively to the inputs c and b of the selector 5. The input
      d of selector 5 is a blank input which, when fed to decoder 3, causes
      nothing to be displayed. Similarly, seconds and minutes displays 10 and 11
      have their outputs coupled respectively to inputs d and c of the selector
      6; and inputs b and e are connected to the outputs of a dead memory or
      identifying signal generator 7 causing the display of letters h and d,
      respectively to identify "hours" or "days" units.
PAR  Concerning the control device itself, there are two switches A and B for
      supplying a positive voltage signal to two shaping circuits 26 and 27,
      respectively. The circuit 26 transmits this signal to the counter 25, the
      two output bits of which are transmitted to a decoding circuit 24 with
      four output lines: N, D, H and M (for: Normal, Date, Hour and Minute). The
      output N is connected both to the AND gate 23 and to the OR gate 22, the
      output D is directed to the AND gate 20, the output H to the AND gate 19
      and, through an inverter 31 to the gate 29; finally the output M is
      directed to the gate 28 through the inverter 30, to the gates 18 and 22,
      to a reset-input 10R of the seconds counter 10 and to the control input c
      of the selector 14. The output of the shaping circuit 27 goes to the AND
      gates: 18, 19, 20 and 23 and to the OR gate 22. Also a time-delay counter
      21 is connected to receive the output of the divider 9 whose reset-input
      21 R is connected to the output of the OR gate 22. The output of the
      time-delay counter 21 is connected to the reset-input 25 R of the counter
      25.
PAR  In order to clearly explain the working mode of the device, according to
      the invention, we reproduce below, in form of a table the responses of the
      decoding circuit 24 to the inputs a and b:
TBL  INPUTS        OUTPUTS                                                     
     a        b        N        D      H      M                                
     ______________________________________                                    
     0        0        1        0      0      0                                
     0        1        0        1      0      0                                
     1        0        0        0      1      0                                
     1        1        0        0      0      1                                
     ______________________________________                                    
PAL  Fig. 2 shows in more detail the counter 25 consisting of two T flip-flop
      circuits 25.sub.1, 25.sub.2 in series whose Q outputs are connected to the
      inputs a and b of the decoding circuit 24, also presented in detail. The
      working mode of circuit 24 is sufficiently clearly exibited in the above
      table that further description is not made for the sake of brevity.
PAR  While working normally, the two switches A and B are open, the outputs of
      the counter 25 are zero and the output N of the decoding circuit 24 is at
      the potential 1, as well the input 21 R of the counter 21 by means of the
      OR gate 22. The counter 21 is thus inhibited. The other outputs, D, H and
      M being on zero, the inputs c of selectors 15, 16 and 17 will also be on
      zero, such that the inputs a will then be connected to outputs d. Through
      inverters 30 and 31, the gates 28 and 29 will let pass impulses they
      receive from preceding counters. Control inputs a of selectors 5 and 6 are
      supplied by five lines N, D, H, M and DS whose state, in normal running
      is: 1, 0, 0, 0, 0, respectively. In that case, the output of selector 5
      receives the input c (from counter 12) and the output of selector 6
      receives its input c (from minutes counter 11). The timepiece then shows
      hours and minutes. With the switch A on, a potential 1 appears at the
      output DS of the gate 23; the state of control lines N, D, H, M and DS
      will then be: 1, 0, 0, 0, 1. The output of selector 5 will receive the
      input b (from days counter 13) and the output of selector 6 will receive
      its input d (from seconds counter 10). Without affecting the remainder of
      the circuit, the watch will then show the date and the second with the
      switch A on. If switch A is off and the switch B is on for a short while,
      the counter 25 receives an impulse and its output a, b will be in the
      state 0, 1. The output D will be at the potential 1 as well as one of the
      inputs of the gate 20. The output N comes to zero. We thus have, for the
      five control lines the state: 0, 1, 0, 0, 0; the output of selector 5 will
      be connected with the input b (days counter) and the output of the
      selector 6 will be connected with the input b, making the letter "d"
      appear for the date. At this stage all the inputs of the gate OR gate are
      then at zero; its output therefore does not inhibit the time-delay counter
      21 which counts and after an interval of for instance four or eight
      seconds, releases a pulse which, through the input 25 R, will reset the
      counter 25 to zero.
PAR  On the contrary, if the switch A is put on before four or eight seconds are
      over, a potential 1 is brought to the gate 22 putting the counter 21 on
      zero. Also, since the output of the gate 20 is at the potential 1,
      selector 17 will supply output d with signals from input b and the date
      counter will be supplied with pulses at 1 Hz to advance the accumulated
      count in the date counter and the corresponding date being displayed. When
      the switch A is again actuated, the selector 17 is caused to revert to its
      original state connecting input a to output d so that the counter works
      normally again; since the time-delay counter 21 is no longer inhibited, it
      will put the counter 25 on zero after an certain lapse of time. Again, if
      the switch B is put on before this lapse of time is over, the control line
      from the output of decoding circuit 24 will assume to the state: 0, 0, 1,
      0, 0; the output of selector 5 will be connected with the input c and the
      output of selector 6 with the input e, to make the letter h appear from
      memory 7. The AND gate 29 is then blocked and no signal will reach the
      days counter 13. The selector 16 is then switched to pass input b, making
      the counter 12 advance at the rate of one unit per second. By repeating
      the above described operation minutes counter 11 can next be corrected in
      this state, however, the seconds counter is reset to zero, and the
      selector 14 passes input b which is a blank line so that the counting is
      interrupted. The selector 5 passes input d which is also a blank line, and
      the selector 6 passes input c to make the minutes count appear. Actuating
      switch B again reestablishes the normal counting and display of the
      circuit.
PAR  The diagram of FIG. 3 outlines the different operations. The diamond-shaped
      blocks with letters N, D, H and MsS indicate the different states or modes
      obtained by successively actuating switch B (N: Normal, D: Days, H: Hours
      and M.sS: Minutes stop seconds). Diamonds with letters Ds, Dd, Hd, Md
      represent the effects obtained by actuating switch A. Adjacent blocks N,
      Ds, D, H and MsS the content of the timepiece display has been indicated.
      Working normally, in the position N, the watch shows the hour and the
      minute, in the example: 10 hours 28 minutes. In this mode, switching the
      button A causes the date and the second to appear, i.e.: the 19th of the
      month and the 43rd second (running normally). Actuation of button B
      sequences the circuit to the position D where the display shows the date
      (the 19th) on the left side, and the symbol d on the right. By pushing the
      button A in this mode, the displayed dates pass at a rate of a unit per
      second, Dd meaning "Dates are running." Once the button A is released, the
      circuit reverts back to the date display mode D. Actuation of switch B
      again sequences the circuit to mode H where the hours are displayed on the
      left and the symbol h on the right. The switch A, in this mode, causes the
      displayed hours to pass at a rate of a unit/second; releasing A again
      allowing the circuit to revert back to the position H. Actuating switch B
      a third time sequences the circuit to mode MsS, where only minutes will
      appear on the right. In this position, the counting is interrupted and the
      watch stops. Actuation of switch A then causes the minutes display to
      advance at the rate of one unit per second. Once the counters of days,
      hours and minutes are set, switch B is again actuated to return the whole
      circuit to its initial state or normal running mode N. In addition, mode N
      is automatically attained from any other mode if, after a selected lapse
      of time (4 or 8 seconds), no operation has been done.
PAR  It is clear that the automatic return to the normal position N is not
      indispensable, for example it can be replaced by a button to avoid having
      to pass through all the positions of the cycle.
PAR  FIG. 4 diagrammatically shows a second example of construction. The cycle
      comprises an additional station; the previous position MsS being divided
      into two: M on the one hand, a position enabling correction of the minutes
      counter without interruption of the counting of seconds, and Ps
      (possibility to stop), on the other hand, a position in which the watch
      can be stopped by pushing the button A. In addition, the button A from the
      previous figure is replaced by two buttons A and A' which, from the
      position D, H and M will perform two operations A and A'. The operation A
      results in advancing a selected counter (D, H or M), the operation A'
      results in moving it back. To move back by one day, for instance, it is
      better go back one unit than to advance 30.
PAR  In the position Ps, both possibilities A and A' will result in the stop of
      the watch and the return to zero of the counter of seconds. In the
      position N, by pushing A, we shall have the display of hours and minutes
      HM appear, by pushing A' we shall have the display of dates and seconds
      Ds. The marking of the sequential circuit in this example, is done by
      means of dots separating each digit: in the position N no dot stands out
      brightly; in the position D the first dot is shining, in the position H,
      the second, in the position M, the third and in the position Ps the
      fourth. Some timepieces show hours up to 12 (two half-days: morning and
      afternoon). In this case, while setting the counter of hours we must know
      if it is a.m. or p.m. To do so we shall illuminate the dot at the left of
      the already shining one, if it is a.m., and the one on the right if it is
      p.m.
PAR  In order to avoid the manipulation of the button B each time we want to
      advance the sequential circuit 24, 25 (FIG. 2), we can connect one of the
      terminals of the switch B to the output of the divider 9, the other
      terminal remaining connected to the input of the counter 25. The
      sequential circuit will then advance by one step per second for as long as
      the switch B is on.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic timepiece comprising a time-keeping circuit having
      serially connected counters for generating day, hour, minute, and second
      signals; a four-digit display connected to said counters; selecting means
      coupled to said counters and having one mode for the display of two units
      of real time, and a plurality of other modes for the selection and display
      of each single unit of time for correction; first switch means connected
      to said selecting means and actuable to sequentially advance said
      selecting means from one mode to another; and second switch means coupled
      to said selecting means for causing the display of a different two units
      of real time when said selecting means is in said one mode, and for
      correcting said selected single unit of time when said selecting means is
      in one of said other modes.
NUM  2.
PAR  2. An electronic timepiece according to claim 1 wherein said selecting
      means includes time-delay counter means for automatically resetting said
      selecting means to said one mode a preselected time after actuation of
      said first and second switches.
NUM  3.
PAR  3. An electronic timepiece according to claim 1 wherein said selecting
      means comprises means for interrupting the serial interconnection of
      adjacent counters when said selecting means is in a mode for the
      correction of a unit of time.
NUM  4.
PAR  4. An electronic timepiece according to claim 1 wherein said selecting
      means comprises means for generating at least one signal identifying a
      particular unit of time, said selecting means causing the display of said
      identifying signal when in a mode for the correction of said particular
      unit of time.
NUM  5.
PAR  5. An electronic timepiece according to claim 1 wherein said selecting
      means is connected to cause the display in said one mode of hour and
      minute signals when said second switch means is unactuated, and day and
      second signals when said second switch means is actuated.
NUM  6.
PAR  6. An electronic timepiece according to claim 1, wherein said selecting
      means comprises a 2-bit counter coupled to a decoder for establishing the
      operative mode of said selecting means, said 2-bit counter connected to
      advance by one count for each actuation of said first switch means.
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ABST
PAL  An electronic watch including an electronic divider for dividing the high
      frequency output signal of a standard oscillator into low frequency timing
      signals. The oscillator and divider are driven by a battery having a
      capacitor fixedly connected in parallel therewith to serve as a voltage
      source during temporary disconnection of the battery.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of abandoned U.S. Application No. 398,914
      filed Sept. 24, 1973, which is a continuation of abandoned U.S.
      Application No. 207,256 filed Dec. 13, 1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electronic watches having a high frequency
      standard oscillator driving a low frequency electro-mechanical transducer
      through an electronic divider. In the art, where watches are driven by
      tuning forks and other mechanical oscillators, the oscillation of such
      mechanical oscillators is sustained even if the battery for the driving
      circuit is temporarily disconnected, as by a shock to the watch case. In
      other words, mechanical oscillators such as tuning forks have a memory of
      the time, which permits such constructions to neither lose nor gain time
      even if the connection to the battery is momentarily opened, as by a
      shock.
PAR  On the other hand, the divider and oscillator circuitry of electronic
      watches have no such memory, so that when the power supply is cut off,
      timekeeping by the divider is affected. The arrangement according to the
      invention teaches an arrangement for protecting electronic watches from
      such momentary cut-off of the power supply.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, an electronic watch
      is provided including a standard oscillator for producing a high frequency
      signal, an electric divider for dividing said high frequency signal into
      low frequency timing signals, a battery operatively coupled to said
      oscillator and divider for driving same, and a capacitor fixedly connected
      in parallel with said battery for temporarily serving as a voltage source
      when said battery is momentarily disconnected. Said oscillator may include
      a quartz crystal, while said electronic divider may be formed from COS MOS
      transistors. Said electronic divider may be operatively coupled to a pulse
      motor operating at relatively low frequencies.
PAR  Accordingly, it is an object of this invention to provide a stable
      electronic watch protected against disconnection of the battery due to
      shock.
PAR  Still another object of the invention is to provide a stable electronic
      watch wherein electronic circuits are formed from COS MOS transistors
      having low power dissipation characteristics.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a schematic and circuit diagram of a conventional tuning fork
      type watch;
PAR  FIG. 2 is a schematic and circuit diagram of the electronic watch according
      to the invention; and
PAR  FIG. 3 is a partial top plan view of the electronic watch of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, the prior art tuning-fork watch schematically
      depicted therein includes a ratchet wheel 1 driven by a tuning fork
      V.sub.1, and which in turn continuously drives a second hand 2. The watch
      is provided with a sensing coil L.sub.1 which detects the vibration of the
      tuning fork V.sub.1, and a driving coil L.sub.2 which applies driving
      force to said tuning fork to sustain the oscillations thereof. The circuit
      further includes a switching transistor T.sub.1 having said driving coil
      L.sub.2 and a battery B in the emitter-collector path thereof. A capacitor
      C.sub.1 is connected in parallel with a biasing resistor R.sub.1, said
      parallel combination being connected in series with the base of transistor
      T.sub.1 and sensing coil L.sub.1. Said tuning fork is driven by current
      supplies from said battery and applied to driving coil L.sub.2.
PAR  As noted above, the arrangement of FIG. 1 will continue to function even if
      battery B is momentarily disconnected, as by a shock, since the tuning
      fork V.sub.1 will, at least for a short period of time, serve as a
      self-sustaining oscillator. The electronic watch according to the
      invention is depicted in FIG. 2, and includes a crystal oscillator X
      having an oscillation frequency of about 8-33 kHz. Said crystal oscillator
      consists of a quartz crystal and is coupled to a temperature compensating
      element C.sub.th and variable capacitors C.sub.s and C.sub.p. Temperature
      compensating element C.sub.th and variable capacitor C.sub.p compensate
      for the deviation in frequency according to temperature, while variable
      capacitor C.sub.s adjusts the frequency of oscillation. The output of the
      oscillator is amplified and changed into two clock signals which differ in
      phase by .pi. radians by a pair of inverters. The high frequency clock
      signals are divided into a 1 Hz signal having a period of one second by
      the binary chain FF.sub.1, FF.sub.2, . . . , FF.sub.n, . . . , FF.sub.15.
      This binary chain defines an electronic divider circuit preferably formed
      of COS MOS transistors in an integrated circuit. Such COS MOS transistors
      are formed from metal-oxide semiconductors arranged in a
      complimentary-symmetry configuration. The output signal of FF.sub.15 is
      applied to a driver DRIV., which in turn drives an electromechanical
      transducer such as pulse motor 3. A switch R.sub.s is provided for
      resetting the portion of the binary chain consisting of FF.sub.n, . . . ,
      FF.sub.15, for the purpose of adjusting the second hand to standard time.
      At the same time, switch R.sub.s turns inverter INV.sub.1 off to reduce
      power consumption. Because the quiescent dissipation of COS MOS circuits
      is nearly equal to zero, the power consumption can be substantially
      reduced by turning inverter INV.sub.1 off.
PAR  The electronic circuitry is driven by a button battery B more particularly
      depicted in FIG. 3 having a capacitor C.sub.b connected in parallel
      therewith. Capacitor C.sub.b assures the correct operation of the
      circuitry even though the connections to the battery may be momentarily
      opened. The stored energy in the capacitor is sufficient to supply the
      driving voltage to the electronic circuitry on a temporary basis during
      such momentary disconnection of the battery. Capacitor C.sub.b must be
      efficient and of a large enough value such as at least 1 .mu.F, to allow
      same to properly dissipate the circuitry and drive the pulse motor at peak
      currents of 300 .mu.A or greater.
PAR  It is noted that merely improving the construction of the holder or
      connectors to the battery will not overcome the deficiencies cured by
      capacitor C.sub.b. The connection between the battery and the electronic
      circuitry will never be immune from momentary disconnection due to shock
      unless said electronic circuitry is welded or soldered directly to the
      battery. However, batteries having welded connectors are not acceptable in
      watches and the like where replacement of the battery must be readily
      achievable.
PAR  Referring now to FIG. 3, the physical assembly of the electronic watch
      according to the invention is depicted. The watch includes a button
      battery B, the capacitor C.sub.b having a magnitude on the order of at
      least 1 .mu.F connected in parallel to battery B, the temperature
      compensating capacitor 4, the crystal vibrator 5, the frequency adjusting
      capacitor 6, and the driving coil 7 of the pulse motor. All of said
      elements are mounted on a base plate 8.
PAR  The above-described arrangement is specifically adapted for watches
      incorporating electronic dividers, and also for watches incorporating
      electro-optical displays and integrated circuits, said arrangement
      avoiding deterioration in timekeeping when such watches are subjected to
      shock.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic watch comprising time standard oscillator means for
      producing a high frequency signal; electronic divider means coupled to
      said standard oscillator means for dividing said high frequency signal
      into low frequency timing signals having a period of one second; driving
      circuit means operatively coupled to said divider means for receiving said
      one second timing signals and producing one second motor driving signals;
      pulse motor means operating at peak currents of at least 300 .mu. amps and
      including driving coil means electrically coupled to said driving circuit
      means for receiving said motor driving signals; a button battery
      releasably mounted in said watch and operatively coupled to said
      oscillator means, divider means and driving circuit means for driving same
      by applying thereto a substantially constant voltage; and a capacitor
      having a capacitance of at least 1 .mu.F fixedly mounted in said watch and
      connected in parallel with said battery means for serving as a constant
      voltage source for applying a constant voltage to said oscillator means,
      divider means, and driving circuit means during momentary disconnections
      of said battery means.
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ABST
PAL  A high performance rotor for an electronic wristwatch step motor and method
      of forming same is provided. A rotor pinion has a high performance
      permanent magnet rotor mounted thereto. The permanent magnet rotor
      includes a brittle permanent magnet core, and a reinforcing plate, the
      combination of the permanent magnet core and reinforcing plate allowing
      the high performance magnetic rotor to be interference fit upon the rotor
      pinion to effect an improved rotor construction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a rotor construction for an electronic
      wristwatch step motor, and in particular to a rotor construction including
      a high performance brittle permanent magnet core, and method of forming a
      rotor construction including same.
PAR  Electronic wristwatches incorporating quartz crystal vibrators as a time
      standard have yielded wristwatches having accuracies heretofore
      unobtainable in mechanical movement wristwatches. Such wristwatches
      include a quartz crystal ocillator circuit for producing an oscillating
      signal in a response to the vibration of the quartz crystal vibrator. A
      divider circuit including a plurality of divider stages in response to the
      high frequency oscillating signal produced by the oscillator circuit
      produces a very accurate low frequency drive signal. A step motor includes
      a rotor having the torque thereof determined by the timing drive signals
      produced by the divider circuit and applied to the step motor. The rotor
      is rotationally coupled to a gear train assembly which assembly is
      mechanically coupled to the hands for displaying time. Accordingly, the
      rotational motion of the rotor is transmitted to the geared hands to
      effect time display.
PAR  One requirement of the step motor, and in particular the rotor construction
      thereof is that the size be limited in order to make same particularly
      suitable for use in a small sized wristwatch. Nevertheless, in order to
      effect the accurate translation of the rotational motion to the hands in
      response to the extremely accurate electronic signals supplied to the step
      motor, the rotor assembly must be formed of a high performance magnet and
      have good mechanical strength.
PAR  Heretofore, the use of permanent magnets such as Pt-Co magnets have been
      utilized in the rotor constructions of wristwatch step motors. Although
      such permanent magnets were expensive to manufacture, their popularity has
      been based on the facility with which same can be machined and the
      relatively good performance thereof.
PAR  Nevertheless, high performance permanent magnets such as samarium-cobalt or
      barium ferrite which are capable of being fabricated at minimum cost have
      been utilized in permanent magnet rotors of the type discussed above,
      because same are extremely brittle and therefore cannot be machined in the
      same manner as the considerably lower performance magnets discussed above.
      For example, the use of such high performance brittle permanent magnet
      materials in a rotor construction have required cutting by use of a
      grindstone, abrasion processing, and the caulking of the rotor
      construction to the rotor pinion in order to manufacture a rotor
      construction having a very high performance permanent magnet. The cutting
      and abrasion processes require considerable time to obtain the necessary
      accuracy. Moreover, the caulking of the permanent magnet to the rotor
      pinion shaft has proved less than completely satisfactory in view of the
      eccentricity caused by the gap between the shaft and the permanent magnet
      when same are adhered, and the cracking of the permanent magnet which
      occurs when the permanent magnet is secured to the shaft. Accordingly, a
      rotor construction utilizing a brittle high performance permanent magnet,
      and a method for forming same is desired.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, an improved rotor
      construction for an electronic wristwatch step motor is provided. The
      rotor construction includes a rotor pinion and a high performance
      permanent magnet rotor mounted thereto. The permanent magnet rotor
      includes a brittle permanent magnet core and a reinforcing plate. The
      permanent magnet core and reinforcing plate are securely engaged to the
      rotor pinion to define an improved rotor construction. Additionally, a
      bush can be utilized to improve the securing of the high performance
      permanent magnet rotor to the rotor pinion.
PAR  Accordingly, it is an object of the invention to provide an improved rotor
      construction for an electronic wristwatch step motor and an improved
      method for forming same.
PAR  Another object of this invention is to utilize high performance brittle
      permanent magnets in small sized step motor rotor constructions.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the several steps and the relation of
      one or more of such steps with respect to each of the others, and the
      apparatus embodying features of construction, combinations of elements and
      arrangement of parts which are adapted to effect such steps, all as
      exemplified in the following detailed disclosure, and the scope of the
      invention will be indicated in the claims.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a sectional view of a rotor construction in accordance with a
      preferred embodiment of the instant invention; and
PAR  FIG. 2 is a sectional view of another rotor construction in accordance with
      an alternate embodiment of the instant invention.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference is now made to FIG. 1 wherein a high performance rotor
      construction is depicted. A high performance brittle permanent magnet core
      formed of samarium-cobalt is sandwiched between stainless steel
      reinforcing plates 2. The permanent magnet core 1 and reinforcing plates 2
      are secured to a rotor pinion formed of hardened carbon steel. As
      discussed below, because of the manner in which the permanent magnet 1 and
      reinforcing plates 2 are formed and secured together, cracks occurring at
      the time that the permanent magnet is secured to the rotor pinion are
      thereby avoided.
PAR  In a preferred method of making the rotor construction depicted in FIG. 1,
      a samarium cobalt or barium ferrite permanent magnet is punched into a
      core having a 2mm outer diameter, 0.8mm inner diameter, and a 0.5mm
      thickness. Thereafter, stainless steel plates having 0.1mm thickness are
      secured by resin bonding and well known pressing techniques to sandwich
      therebetween the permanent magnet core. Thereafter, the permanent and
      reinforcing plates are interference fit on the rotor pinion, the
      reinforcing plates preventing the permanent magnet rotor from cracking. It
      is noted, that by utilizing the above described method, a rotor
      construction can be manufactured wherein the outer periphery portion of
      the permanent magnet has an eccentricity error of considerably less than
      0.10mm. Moreover, such manufacturing methods reduce the cost for forming
      such a rotor construction to one tenth the cost required to form Pt-Co
      magnet rotor constructions.
PAR  Reference is now made to FIG. 2 wherein a rotor construction in accordance
      with an alternate embodiment is depicted, like reference numerals being
      utilized to denote like elements depicted in FIG. 1. In order to reduce
      the fitting stress between the rotor pinion 3 and permanent magnet core 1,
      a bush 4 formed of brass is disposed intermediate the permanent magnet
      rotor and the rotor pinion 3. Accordingly, the bush further reinforces the
      rotor construction.
PAR  In accordance with the embodiment depicted above, a rotor construction
      utilizing a rare earth cobalt group brittle permanent magnet such as
      samarium cobalt is effected. The benefits which inure to such a rotor
      construction render same particularly suitable for use in an electronic
      wristwatch step motor wherein the accuracy of the step motor must
      correspond to the accuracy achieved by the electronic circuitry producing
      the signals for driving same. Moreover, such a rotor construction can be
      performed at an extremely low cost.
PAR  It is further noted that the rotor construction disclosed herein although
      particularly suited for use in an electronic wristwatch step motor is not
      limited thereto, but is particularly useful in other kinds of compact
      precision rotors. Additionally, the supporting plates utilized to
      reinforce the brittle permanent magnet core are not limited to stainless
      steel and further include brass or plastic sheeting for effecting an
      improved rotor construction.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above method and in
      constructions set forth without departing from the spirit and scope of the
      invention, it is intended that all matter contained in the above
      description and shown in the accompanying drawings shall be interpreted as
      illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein described
      and all statements of the scope of the invention which, as a matter of
      language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotor construction for an electronic wristwatch step motor comprising
      a rotor pinion and a high performance permanent magnet rotor mounted
      thereto, said permanent magnet rotor including a brittle permanent magnet
      core defining at least two diametrically opposite polarity poles and a
      nonmagnetizable reinforcing plate.
NUM  2.
PAR  2. A rotor construction as claimed in claim 1 wherein said permanent magnet
      rotor includes a bush between same and said rotor pinion.
NUM  3.
PAR  3. A rotor construction as claimed in claim 1 wherein said reinforcing
      plate is comprised of one of the group of stainless steel, brass and
      plastic.
NUM  4.
PAR  4. A rotor construction as claimed in claim 1 wherein said brittle
      permanent magnet is formed of barium ferrite.
NUM  5.
PAR  5. A rotor construction as claimed in claim 1 wherein said brittle
      permanent magnet core is formed of samarium cobalt.
NUM  6.
PAR  6. A rotor construction as claimed in claim 5 wherein said reinforcing
      plate is formed of one of the group that comprise stainless steel, plastic
      and brass.
NUM  7.
PAR  7. A rotor construction as claimed in claim 1 wherein said permanent magnet
      rotor includes an additional non-magnetizable reinforcing plate, said
      reinforcing plates sandwiching said brittle permanent magnet.
NUM  8.
PAR  8. A rotor construction as claimed in claim 7 wherein said permanent magnet
      rotor includes a bush between same and said rotor pinion.
NUM  9.
PAR  9. A rotor construction as claimed in claim 7 wherein the reinforcing
      plates are comprised of one of the group of stainless steel, brass and
      plastic.
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ABST
PAL  The thickness of an electronic watch body may be substantially reduced by
      having portions of the top surface of the watch extend above the remainder
      of the top surface. Components of the watch which otherwise result in
      requiring a thick watch body, such as the battery or the display element
      (e.g., a liquid crystal display), project up into these raised portions.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  A concurrently filed, copending, commonly assigned application Ser. No.
      540,371, filed on Jan. 13, 1975, in the name of Daniel W. Mason and
      entitled "Ultra Thin Electronic Watch With Improved Visibility Display",
      covers an improvement in the invention described and claimed herein.
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to an electronic watch. More particularly, it
      relates to such a watch having a body of substantially reduced thickness.
      It also desirably relates to such a watch in which a battery powering the
      watch is easily accessible.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Electronic watches are well known at this time and have begun to achieve
      substantial consumer acceptance. In such watches, a high frequency
      element, such as a vibrating crystal, is typically employed to give a beat
      frequency. This frequency is then reduced by frequency divider circuits to
      frequency values that can be used to indicate time. The outputs of the
      frequency divider circuits are ultimately used to actuate a time display
      element, such as a light emitting diode (LED) display or a liquid crystal
      display (LCD).
PAR  While such electronic watches are beginning to make inroads in the watch
      marketplace, a major problem that has hindered consumer acceptance of
      present commercially available electronic watches is their overall
      thickness, which is usually substantially greater than that of
      conventional mechanical watches. While miniaturized batteries have been
      developed as power sources for electronic watches, and display elements
      especially suited for use in electronic watches have also been developed,
      these components have continued to require a case of substantial thickness
      to contain them in the watch. It is this problem which is primarily
      addressed by the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an electronic
      watch with a body of reduced thickness.
PAR  It is another object of the invention to provide an electronic watch in
      which the apparent thickness of the watch is not determined by the
      thickest component utilized in the watch.
PAR  It is still another object of the invention to provide a battery operated
      electronic watch in which access to the battery may be obtained without
      exposing other components of the watch.
PAR  The attainment of these and related objects is achieved through the
      electronic watch of this invention. The watch has a case with a top
      surface and a bottom surface. The two surfaces are at least generally
      parallel to each other, with the distance between the top and bottom
      surfaces defining a thickness of the watch. There are a plurality of
      components of differing thickness contained within the case to provide the
      completed watch. In accordance with the invention, a portion of the top
      surface of the case extends above the remainder of the top surface. At
      least the one of the components of greatest thickness of the watch
      contained within the case extends at least in part into the portion of the
      top surface extending above the remainder of the top surface of the case.
      In present day electronic watch technology, the battery and display of the
      watches constitute the thickest components. It is therefore preferable
      that both of these components extend in part into portions of the top
      surface of the case extending above the remainder of the top surface of
      the case. The portion into which the battery extends is also preferably
      removable to allow access to the battery.
PAR  The attainment of the foregoing and related objects, advantages and
      features of the invention should be more readily apparent after review of
      the following more detailed description of the invention, taken in
      conjunction with the drawing, in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top view of a watch in accordance with the invention;
PAR  FIG. 2 is a side view of the watch in FIG. 1; and
PAR  FIG. 3 is an enlarged cross section view of the watch in FIG. 1, taken
      along the line 3--3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning now to the drawings, more particularly to FIGS. 1-3, there is shown
      an embodiment of an electronic watch utilizing the invention. The watch 10
      has a case 12 with a top surface 14 and a bottom surface 16 (see FIGS. 2
      and 3). It can be seen that the top surface 14 and bottom surface 16
      define an overall thickness for the main body of the watch.
PAR  Portions 18 and 20 extend above the remainder of top surface 14. As is best
      shown in FIG. 2, LCD 22 extends up into the portion 18. In a similar
      manner, battery 24 extends up into the raised portion 20.
PAR  Raised portion 20 is friction fit into top surface 14 of the watch so that
      it can be easily removed for access to battery 24. Alternatively, top
      surface 14 and portion 20 could be screw threaded or keyed for easy
      removal of portion 20. Raised portion 20 is also a desirable location for
      a trademark for the watch, such as the stylized M 26, a trademark of
      Motorola, Inc.
PAR  The raised portion 18 having LCD 22 extending into it has a transparent
      upper surface 28 to allow observation of the LCD. It is preferred that
      sides 30 of raised portion 18 be transparent as well, in accordance with
      the teaching of the above referenced copending Mason application, the
      disclosure of which is incorporated by reference herein, in order to
      improve visibility of the LCD.
PAR  The watch has a demand switch 32 for initiating the display of seconds by
      LCD 22, rather than hours and minutes as are usually displayed. If
      desired, the second demand switch 32 may also cause the date to be
      displayed momentarily after the seconds display has been terminated and
      before return to the usual hours and minutes. Inset switches 34 and 36 are
      provided to set the hours and minutes of the watch, respectively. They are
      actuated by depressing them with a sharp object, such as a pin or a pencil
      point. The switches 32, 34 and 36 also extend above the top surface 14 of
      the watch.
PAR  A quartz crystal 38 is mounted in the case to the left of seconds demand
      switch 32. High frequency oscillations of the quartz crystal 38 are
      divided down to lower frequencies in the watch in order to provide the
      indication of time. A flexible printed circuit board 40 connects battery
      24 and quartz crystal 38 to substrate 42 by means of wire 44. Substrate 42
      has one or more integrated circuit chips 46 mounted on one side, which
      contains frequency divider circuits, decoder circuits and the like
      necessary for operation of the watch. LCD 22 is connected to the other
      side of substrate 42. Case 12 is grounded, as shown schematically by
      connection 48.
PAR  Detailed operation of the circuitry and display in the present watch will
      not be explained, since their operation is known in the art and does not
      constitute a part of the present invention.
PAR  It should now be apparent that an improved electronic watch capable of
      achieving the stated objects of the invention has been provided. By
      allowing the battery and LCD of the watch to project into portions of the
      watch case extending above the top surface of the case, a much thinner
      watch than is obtainable with conventional electronic watch designs is
      provided. Access to the battery of the watch may be had through the
      removable raised portion of the case into which it extends. In this
      manner, other components of the watch are not exposed when the battery is
      checked or replaced.
PAR  While the invention has been described in detail with reference to a
      preferred embodiment thereof, it will be apparent to those skilled in the
      art that various changes in form and details may be made within the spirit
      and scope of the claims appended hereto. For example, the LCD display may
      be replaced with another passive display, i.e., one which does not
      generate light, or a display which does generate light, such as an LED
      display. It is intended that such modifications be covered within the
      spirit and scope of the claims appended thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic watch comprising:
PA1  a battery,
PA1  a display element,
PA1  electrical circuit means operatively connecting said battery and said
      display element,
PA1  a case having top and bottom surfaces at least generally parallel to each
      other, the distance between the top and bottom surfaces defining a body
      thickness for said watch, said case having first and second adjacent
      portions thereof extending above the top surface, said battery extending
      at least in part into the first portion of said case extending above the
      top surface, and said display element extending at least in part into the
      second portion of said case extending above the top surface, and, wherein
      said first portion of the case extending above the top surface thereof is
      removable to allow access to said battery.
NUM  2.
PAR  2. An electronic watch comprising:
PA1  a case having a top surface,
PA1  a display element in said case,
PA1  a battery,
PA1  electrical circuit means in said case operatively connecting said battery
      and said display element, and
PA1  a removable cover for said battery extending above the top surface of said
      case, said battery extending at least in part into said removable cover.
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PAL  A large-sized clockwork comprising movement, a striking train, an
      electrical drive mechanism for the striking train, and a control section
      for the striking train which includes a first control element for
      actuation of the striking train and a second control element for limiting
      the striking period thereof. The two control elements include control
      portions which are each adapted to be sensed by a substantially
      reaction-free electrical sensing device, which is superordinated to the
      striking train drive device. Depending upon the choice of the sensing
      means, the control section has only negligibly small power requirements.
      Consequently, no restrictions which would be dictated by the control
      section, now exist in the selection of the movement system.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a large clockwork comprising a movement, a
      striking train, an electrical drive mechanism for the striking train, and
      a control section for the striking train which includes a first control
      element for actuation of the striking train and a second control element
      for limiting the striking period thereof.
PAC  DISCUSSION OF THE PRIOR ART
PAR  From the prior U.S. Pat. No. 3,778,997, there has become known a large
      clockwork of this type, of which the control section for the striking
      train is formed of mechanical components. In this instance, a star wheel
      having three similar cam teeth and one elevated cam tooth is driven by the
      movement so as to close at each quarter hour, through the intermediary of
      a lever mechanism, a contact which in turn causes a gear motor serving as
      a striking train drive device to run until, after the quarter chime has
      been completed, the contact is again opened by means of a quarter wheel
      mounted on the striking train shaft.
PAR  The prior art mechanical striking train control system is generally
      complicated and expensive, not only due to the large number and required
      precision of fabrication of its mechanical components, but additionally
      due to its complicated assembly. The control system also has relatively
      high electric drive power supply requirements, so as to necessitate a
      relatively large battery. The high power supply requirements of the
      mechanical control section imposes a load not only on the striking train
      but also on the movement. For this reason it has, for example, not been
      hitherto possible to utilize the electromagnetic oscillation systems which
      have been proven to be successful in clocks without striking trains.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefor an object of the present invention to provide a control
      section for the striking train of a clockwork of the type mentioned, and
      which has the lowest possible energy requirements.
PAR  According to the invention, this object is achieved in that the two control
      elements include control portions which are each adapted to be sensed by a
      substantially reaction-free electrical sensing device, which is
      superordinated to the striking train drive device.
PAR  This solution, on the one hand, possesses the advantage that relatively
      complicated mechanical components which require a large amount of work
      during assembly, may be made more economical. On the other hand, a
      particular advantage lies in the fact that, depending upon the choice of
      the sensing means, the control section has only negligibly small power
      requirements. Consequently, no restrictions which would be dictated by the
      control section, now exist in the selection of the movement system.
PAR  In an advantageous further embodiment of the invention, the sensing device
      associated with the control elements may consist of sets of contact
      springs which, if an amplifier is incorporated in front of the drive
      device of the striking train, need to switch only minimum amounts of
      control currents. Such sets of contact springs can operate with contact
      forces which are in the range of only a few pounds, and impose only
      negligible loads upon the movement. Preferably, in this case, the control
      elements are constructed as cam cyclinders with control cams. In an
      advantageous development of this embodiment, at least one of the sets of
      contact springs is constituted of pairs of contact springs each having two
      contact springs of different length, each with one sensing section, which
      are raised consecutively by the same associated cam during rotation of the
      cam cylinder, so that the relevant contact is closed when the longer
      spring sensing section descends along the steep rear flank of the cam, and
      the shorter spring sensing section rises along the flat front flank of the
      cam. This inventive solution offers a reliable and assured contacting
      action without making special demands on the precision of adjustment of
      the two contact springs.
PAR  The contact sets may be arranged on the circuit of the striking train drive
      device. Preferably, they are placed in the circuit of an amplifier stage
      which is superordinated to the striking train drive device. By virtue of
      use of the amplifier stage, only a minimum control current flows through
      the contact spring sets, amounting to approximately one-hundredth of the
      current flowing through the gear motor, so that the contact spring sets
      may be constructed to be correspondingly thin, and comparatively
      reaction-free in operation.
PAR  In a further advantageous embodiment of the invention, total freedom of
      reaction towards the movement can be achieved, in that the control
      elements are provided with two partially mutually overlapping control
      wheels rotatably mounted on parallel axes and being provided with
      perforations, slits or recesses, while the movement paths are mutually
      staggered in a stepwise manner in the radial direction, so that the
      perforations, on the one hand, and the slits and recesses, on the other
      hand, at least partially overlap one another in pairs. By means of this
      arrangement, it is rendered possible for the sensing device to consist, in
      each case, of pairs of inductances or condensor plates, or possibly of
      pairs of light sources and light receivers, which are respectively
      associated with an overlap position of the paths of movement of the
      perforations, slits or recesses, which are separated by the control wheels
      and adapted to be coupled through the mutually overlapping perforations,
      slits or recesses. In that instance, however, in the case of employing
      battery-driven clockworks, the inductive or capacitive sensing is
      preferred due to the considerably lower required power. When inductive
      sensing devices are used, the control wheels preferably consist of
      aluminum, whereas in the case of capacitive sensing, they may consist of
      any suitable material.
PAR  In one advantageous variant of this embodiment, the pairs of inductances or
      condenser plates are parts of an LC-oscillator which contains a band path
      filter formed with the assistance of the inductances or condenser plates,
      and a transistor operated in the base circuit and capacitively coupled
      thereto. The LC-oscillator preferably is tuned so that it can only
      oscillate in the case of direct coupling between the pairs of inductances
      or condenser plates -- i.e. only when there is an overlap in the mutually
      associated perforations and slits or the recess in the region of an
      associated pair.
PAR  When light sources and light receivers are used, the light receivers are
      conveniently associated with a direct voltage amplifier which delivers an
      output signal to the drive device only as long as one of the light
      receivers receives light from the light sources during an overlapping of
      the perforations and slits or recesses of the control wheels. This is
      similarly only the case when a direct passage of light through both
      control wheels is possible.
PAR  In a convenient further development of the invention, the oscillator is
      followed by a direct current amplifier, to which the striking train drive
      device is connected. Advantageously located between the oscillator and the
      direct current amplifier there may be a rectifier stage, which preferably
      contains two diodes which are connected in voltage-doubling circuit.
PAR  In a preferred embodiment, the direct current amplifier contains three
      transistors, while the collectors of the first two transistors are each
      connected to the base of the next transistor, and the conductivity type of
      consecutive transistors is complementary in each case. Through this means,
      the current absorption of the three transistors is extremely low in the
      rest condition, which would not be possible if transistors of the same
      conductivity type were to be used.
PAR  For large clockworks of the type described, it is generally desired to be
      able to automatically switch off the striking train at night. According to
      a further proposal of the invention this is rendered possible, in that a
      regulating wheel, which is driven by the movement at one revolution per 24
      hours, is provided with mountable riders by means of which the striking
      train drive device can be switched off automatically through a contact
      during a period determined by the riders.
PAR  As an advantageous variant of this embodiment, the contact includes a
      sensing section sliding on the circumference of the regulating wheel,
      which is deflectable by the riders projecting outwards from the
      circumference of the regulating wheel, so that the contact is opened,
      therefore, during rotation of the regulating wheel by means of the
      movement, the striking train is automatically switched off by opening of
      the contact at intervals determined by the riders. This mechanism can
      easily be installed in any large clockwork of this type, and without
      appreciable additional financial outlay.
PAR  A particularly simple embodiment of the night-time switching off device is
      characterized in that the regulating wheel is provided on a part of its
      circumference, with notches each having a stepped indentation, and wherein
      the riders are mountable upon each notch in two positions mutually rotated
      through 180.degree., in which a stop positioned on the inside of each
      rider is in contact with respectively the higher or lower part of the
      stepped indentation. In this case, the width of each rider preferably
      corresponds to the rotation of the regulating wheel which is performed
      during the period of 1 hour. The riders are conveniently maintained in
      both positions on the regulating wheel by a lug engaging each into an
      indentation formed on the lateral surfaces of the regulating wheel. By
      simply pulling out and reversing the riders through 180.degree., it is
      thus possible, in simple manner, to determine the hours during which the
      striking train is required to be inoperative. The riders associated with
      the said hours are brought by the reversal into a position projecting
      somewhat out of the circumference of the regulating wheel, in which they
      ensure the opening of the contact through the sensing section.
PAR  In a simple manner, it is additionally possible to provide a lever
      adjustable by hand, through the operation of which the contact may be
      arbitrarily opened or closed.
PAR  In all embodiments of the invention, the assembly of the large clockwork
      may, according to a further proposal of the invention, be facilitated in
      that the cam cylinders, and/or gear wheels, and/or cam wheels of the
      striking train each include a projection extending inwardly out of their
      bore, and which is anchored against rotation in a longitudinal groove of
      the associated shaft.
PAR  Cam cylinders, gear wheels and cam wheels may be slid integrally in
      rotation onto the associated shaft having a longitudinal groove,
      designated a profile shaft, and merely require fastening in the
      longitudinal direction. Any aligning and fastening by tensioning with
      secrews or the like, such as has been necessary for the hitherto
      custormary mode of assembly of cam cylinders, gear wheels and cam wheels
      of this type, is thereby eliminated.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Exemplary embodiments of the invention will now be explained in further
      detail with reference to the figures of the accompanying drawings,
      wherein:
PA1  Fig. 1 shows a schematic elevation of a large clockwork according to the
      invention, the striking train of which is controllable by a control
      section equipped with contacts, and in which individual parts are shown
      fragmented or sectioned for greater clarity;
PAR  FIG. 2 shows a partial elevational view of the clockwork illustrated in
      FIG. 1 in the direction of the arrow II in FIG. 1;
PAR  FIG. 3 shows a partial section taken long the line III--III in FIG. 1;
PAR  FIGS. 4 and 5 each show a graphic representation of the cam arrangement of
      the two cylinders illustrated in FIG. 1, viewed in the direction of the
      cylinder axis;
PAR  FIG. 6 shows a side elevational view, rotated through 90.degree. with
      reference to FIG. 1, of the clockwork, viewed in the direction of the
      arrow VI in FIG. 1;
PAR  FIG. 7 shows a schematic circuit diagram of the electrical section for the
      clockwork illustrated in FIGS. 1 to 6;
PAR  FIG. 8 shows an elevational view coresponding to FIG. 1 of a further
      embodiment of a large clockwork, the striking train of which is
      controllable by means of a contactless inductive sensing device;
PAR  FIG. 9 shows a circuit diagram of the electrical section of the clockwork
      illustrated in FIG. 8;
PAR  FIG. 10 shows a partial sectional view taken along line X--X in FIG. 8; and
PAR  FIG. 11 shows a partial sectional view, similar to FIG. 10, through a
      further embodiment, which is provided with a capacitive sensing device.
DETD
PAC  DETAILED DESCRIPTION
PAR  The first embodiment of the large clockwork according to the invention,
      illustrated in FIGS. 1 to 6, includes a main plate 10, visible in rear
      elevation in FIG. 1, and a rear plate 12 partially fragmented in FIG. 1.
      The clockwork further includes a movement 14, a hand mechanism 16 driven
      by the movement, and a drive wheel 18 mounted on the hour tube 17 of the
      hand mechanism.
PAR  Similarly, between the plates 10 and 12, there is arranged the striking
      train 20 of the clock, while the hammer levers 22 engaging into the cam
      wheels 26 are supported rotatably upon an axis 24, and whilst the cam
      wheels 26 actuating the hammers are mounted upon a shaft 28 supported
      rotatably in the plates 10 and 12. As may be seen from FIG. 1, the shaft
      28 exhibits a longitudinal groove into which there engages a projection
      which protrudes inwardly from the bore of each cam wheel 26. Through this
      means, the assembly of the cam wheels 26 upon the shaft 28 is rendered
      extremely simple, since they only require anchoring against axial
      displacement by suitable snap rings or the like. Furthermore, this mode of
      fastening allows for the possibility of subsequently exchanging individual
      cam wheels for others whereby, for example, the melody played by the
      striking train may be varied at will. This mode of supporting the cam
      wheels 26 on the shaft 28 may also be selected for all of the other cam
      wheels, cam cylinders and gear wheels of the clockwork on the various
      shafts of the latter, where they are required to be mutually fixed, so
      that the exchange of individual wheels or gears which become worn becomes
      extremely simple.
PAR  For the striking train 20 there is provided an electric gear motor 30,
      which drives the cam wheels 26 of the striking train 20 through the
      intermediary of a worm gear 32 and a worm wheel 34 in mesh therewith, an
      intermediate gear 40 loosely mounted for rotation on a shaft 38 which is
      supported between the plates 10 and 12, and a gear wheel 42 non-rotatably
      mounted on the shaft 28. Through this means, the hammers (not shown) of
      the striking train are actuated in a manner known per se.
PAR  The time for switching on the gear motor 30 at each quarter hour is
      determined by a first control element 44 which is consituted by a control
      cylinder 46 with four cams 48 spaced about the periphery thereof and
      radially staggered with repect to each other along the axial direction of
      the cylinder, and a contact spring set 50 associated with the cam 48.
      Associated with each cam 48 is a pair of contact springs 52, 54, which are
      secured, in each instance, in a spring block 56. The one spring 52 of each
      pair of springs has a short sensing section 58, whilst the other spring 54
      in each case has a longer sensing section 60. During rotation of the cam
      cylinder 46 in the direction of the arrow 62, the sensing sections 60 and
      58 consecutively come into contact with the respectively associated cam
      48. Then, moving initially from the open rest position of each pair of
      contact springs 52, 54, the longer sensing section 60 of the contact
      spring 54, and subsequently the shorter sensing section 58 of the contact
      spring 52, come into contact with the associated cam 48, without the
      contact being closed. Through this intermediary, differences in adjustment
      between the individual pairs of contact springs are compensated. Whilst
      the cam 48 moves onwards, the sensing section 60 first moves down from the
      steep rear flank thereof, whilst during this time the shorter sensing
      section 58 still rises along the flatter front flank of the cam 48.
      Consequently, the closing sequence of the pair of contact springs 52, 54
      will occur during an extremely short angular movement of the cam cylinder
      46, and therefore with precise chronological accuracy. Theoretically, the
      contact closure could also occur abruptly -- e.g. by a sensing section 60
      bent at right angles towards the cam 48. This, however, would not admit
      for a manual adjustment of the hand in a counter-clockwise direction, as
      explained hereinbelow.
PAR  Each pair of contact springs 52, 54 is connected through a pair of
      conductors 64, only the ends of which are visible in FIG. 1, to the
      circuit of the clockwork shown in FIG. 7.
PAR  The drive of the cam cylinder 46, which is mounted rotatably on the main
      plate 10 in the direction of the arrow 62, is effected by the movement 14
      through the drive gear 18 and an intermediate gear 66 meshing with the
      drive gear 18 and which is supported rotatably on the main plate 10, which
      meshes with the drive gear 68 of a further intermediate gear 70 mounted
      rotatably on the main plate 10. The intermediate gear 70 is, in turn, in
      mesh with the drive gear 72 of the cam cylinder 46. The transmission
      ratios of this cam cylinder transmission are chosen so that the cam
      cylinder 46 executes exactly one revolution per hour.
PAR  With each of the cams 48 being mutually staggered at an angle of 90.degree.
      in the axial direction of the cam cylinder 46, there is associated a pair
      of contact springs 52, 54, so that in each case, after the expiry of a
      quarter hour, one of the four contacts of the contact spring set 50 is
      closed and remain closed for a period determined by the cam length in the
      peripheral direction. In FIG. 1 only one pair of contact springs 52, 54 is
      visible, because the remaining three pairs of contact springs are located
      directly in front of or behind the pair of illustrated contact springs.
PAR  The switching-on period of the striking train 20 is determined by a second
      control element 74, which likewise includes a cam cylinder 76 having four
      cams 78 mutually laterally staggered and in the peripheral direction, and
      a set of contact springs 80. The set of contact springs 80 likewise
      possesses four pairs of contact springs 82, 83, which are supported by a
      common spring block 84. Again, of the pairs of contact springs 82, 83,
      only one is visible in FIG. 1. The cam cylinder 76 is mounted
      non-rotatably upon the shaft 28 of the striking train 20 and is therefore
      driven simultaneously therewith through the gear wheel 42 by the gear
      motor 30 in the direction of the arrow 86. The cams 78 each have a
      different length as measured in the peripheral direction of the cam
      cylinder 76, so that the pairs of spring contacts 82, 83 are respectively
      closed in a period corresponding to the cam length, as soon as the sensing
      section 88 of the contact springs 83 comes into abutment against the
      associated cam 78. Each pair of contact springs 82, 83 is connected
      through a pair of conductors 90 to the electric circuit of the clock shown
      in FIG. 7, only the end portions of the conductors 90 being illustrated in
      FIG. 1.
PAR  The relative extension of the cams 48 in the peripheral direction of the
      cam cylinder 46 is schematically illustrated in FIG. 4. The relative
      extension of the cams 78 in the peripheral direction of the cam cylinder
      76 is illustrated schematically in FIG. 5. It will be seen particularly
      clearly from FIG. 5 that the individual cams 78 overlapped each other
      slightly in the peripheral direction.
PAR  From the electric circuit of the clockwork, illustrated in FIG. 7, it will
      be seen that one contact spring at a time of the contact spring set 50 is
      connected to one contact spring at a time of the contact of the contact
      spring set 80 associated in each case with the same quarter hour through a
      conductor 92. The two uppermost contacts designated A then correspond to
      the first quarter hour, the next contacts designated B correspond to the
      second quarter hour, those designated C to the third quarter hour and the
      contacts designated D to the full hour. They are each closed in order by
      the two cam cylinders 46 and 76 respectively in the above described manner
      in each case. The drive gear 18 and the striking train 20, which rotate
      conjointly with the cam cylinder 76, are also schematically indicated at
      the lower end of the circuit in FIG. 7. Whereas the drive of the cam
      cylinder 46 is effected through the drive gear 18 directly by the movement
      14, the cam cylinder 76 is driven by the motor 30 in the above described
      manner.
PAR  The respectively associated contacts of the contact spring sets 50 and 80,
      which are mutually interconnected by the conductors 92, are in each case
      connected in parallel to two conductors 94 and 96. The conductor 96 is
      connected through a direct current amplifier 98 to the negative terminal
      100 of a direct voltage source, not shown in detail, whereas the conductor
      94 is connected through a contact 102 to the positive terminal 104 of the
      voltage source. The direct current amplifier 98 contains an npn-type
      transistor 104, the collector of which is directly connected by a
      conductor 106 to one connection of the gear motor 30. The other connection
      of the gear motor is connected to the conductor 94. For protection against
      harmful voltage peaks, the gear motor 30 is bridged by a blocking diode
      107. A resistance 108 is placed between the emitter, connected to the
      negative terminal 100 of the voltage source, and the base of the
      transistor 104, and a resistance 110 is placed between the base of the
      transistor and the conductor 96.
PAR  The movement 14 further is connected to the terminals 100 and 104 of the
      voltage source.
PAR  Of the contacts of the contact spring set 80, one is closed at any time (in
      FIG. 7 the lower contact B for the full hour), since, according to FIG. 5,
      the cams 78 overlap each other in the peripheral direction. As soon as,
      shown in the position of FIG. 7, the hand mechanism and hence the drive
      wheel 18 reaches the full hour, the contact D of the contact spring set 50
      is closed by the cam cylinder 46 and the striking train commences to run.
      The duration of the run of the striking train is determined by the length
      of the relevant cam 78 of the cam cylinder 76. After completion of the
      hour chime, the contact D of the contact spring set 80 opens, so that the
      striking train comes to a standstill. However, simultaneously, the contact
      A of the contact spring set 80 has already closed and the striking train
      thus has been set in readiness for the first quarter chime, which is
      tripped as soon as the corresponding cam 48 of the cam cylinder 46 closes
      the contact A of the contact spring set 50. This mode of actuation of the
      striking train is then cyclically continued in the case of the contacts B,
      C, D, A and so forth.
PAR  The gear motor 30 is only set in motion when two contacts of the two
      contact spring sets 50 and 80, which are connected together by a conductor
      92, are simulatneously closed. By virtue of the direct current amplifier
      98, only a minimum control current flows through the contact spring sets
      50 and 80, representing approximately 1/100 of the current flowing through
      the gear motor 30, so that the contact spring sets can be constructed
      correspondingly thin and comparatively reaction-free. In view of the
      extremely small currents flowing through the contacts, the danger of
      burning of the contacts and any movement of the contacts associated
      therewith is practically entirely eliminated. The blocking diode 107
      protects the contact sets against the substantial induction currents
      generated by the gear motor 30.
PAR  Due to the above-described mode of construction of the striking train
      control system, the striking train can also be synchronized in a
      particularly simple manner. The hands can be turned manually in any
      desired direction, for example through several hours, so that the hand
      mechanism comes out of step with the striking train. This means that the
      striking train may now chime incorrectly, until it becomes synchronized
      once more at the full hour with the hand mechanism. Due to the
      above-described circuit of the the two control sections 44 and 74, which
      is illustrated in FIG. 7, an electrical connection between two associated
      contacts A, B, etc. can only occur when the striking train aligns with the
      hand mechanism. Therefore, the striking train will not chime as long as
      the striking train is not synchronized with the hand mechanism. This
      occurs as soon as two associated contacts -- i.e. contacts connected
      together by a conductor 92 -- are simultaneously closed.
PAR  It is possible to switch off the striking train at night by means of the
      switch 102 illustrated in FIGS. 1, 6 and 7. The switch 102 is operable by
      a regulating wheel 112 which is supported rotatably on the rear plate 12
      and is driven by the movement 14 through the drive gear 18, the
      intermediate gear 66, a gear wheel 114 in mesh with the intermediate gear
      66 and fixed on the shaft 38, the shaft 38, a gear wheel 116 identical to
      the gear wheel 114 mounted on the other end of the shaft 38, and a gear
      wheel 120 in mesh with the gear wheel 116 and mounted with the regulating
      wheel 112 on a common shaft 118 supported in the plate 12, so that it
      executes exactly one revolution in 24 hours. As may be seen from FIGS. 1
      to 3, the regulating wheel 112 has on a section of its circumference
      notches 122 on each of which a manually removable rider 124 is mounted. In
      the exemplary embodiment illustrated in FIG. 1 nine such riders 124 are
      positioned, whilst one notch 122 is left free. The width of the riders is
      chosen so that it coresponds in each case to the rotation of the
      regulating wheel 112 executed in 1 hour. Each notch 122 exhibits a stepped
      indentation 126 against which a correspondingly shaped stop 128 on the
      inside of each rider 124 comes into abutment, as may be seen from FIG. 3.
      In this position a lug 130 of each rider engages into a corresponding
      indentation 132 on a lateral face of the regulating wheel 112, so that the
      rider is firmly seated. It can however be removed manually from the
      regulating wheel in the radial direction, in which case the lug 130 moves
      elastically out of the indentation 132. The rider 124 can then be rotated
      through 180.degree. about a radial axis and pushed back onto the notch
      122. In this instance, the stop 128 comes into abutment with the higher
      portion 134 of the stepped indentation 126, so that the rider 124 is now
      seated somewhat further out in the radial direction than it is illustrated
      in FIGS. 1 and 3. In this case, the lug 130, considered as in FIG. 3, is
      present on the left-hand side of the regulating wheel 112 and engages into
      an indentation 136 extending further outwards in the radial direction on
      the regulating wheel 112. By this reversal through 180.degree. the rider
      124 projects outwards beyond the circumference of the regulating wheel
      112. A sensing section 138 of the one contact spring 140 of the contact
      102 slides upon this circumference of the regulating wheel. As long as the
      sensing section 138 is not deflected in the radial direction beyond the
      circumference of the regulating wheel 112, the contact 102 constituted by
      the contact springs 140 and 142 is closed. However, when the sensing
      section 138 is deflected by a rider 124 which is reversed in the manner
      described in the radial direction of the regulating wheel 112 -- i.e.,
      towards the left-hand side in FIG. 1 -- the contact 102 is opened and the
      current supply to the gear motor 30 is thus interrupted, as may be seen
      from FIG. 7. In the illustrated embodiment, a maximum of 10 riders 124,
      each corresponding to one hour, can be reversed, so that the maximum night
      switching-off period of the striking train may be 10 hours. Naturally,
      regulating wheels with larger or smaller numbers of notches 122 and riders
      124 may also be provided, as required. The exchange of the regulating
      wheel 112 can also be performed very simply in the above described manner
      if the regulating wheel engages by a projection into an axially extending
      indentation of the shaft 118 and the anchorage of the regulating wheel in
      the direction of rotation upon the shaft 118 is effected thereby.
PAR  The switch 102 may also be manually opened at any time through actuating a
      lever 146 which is pivotable about a pivot axis 144 on the rear plate 12.
      The sensing section 138 of the contact spring 104 is operable by the said
      lever 146 so that the contact is opened as soon as the lever 146 is
      pivoted out of the position of contact with the stop 148 shown in FIG. 1
      into a position of contact with a second stop 150.
PAR  It should also be observed that the solution of the hour chime, known per
      se, in the striking train 20, and also the associated components are not
      described in detail here, since they are not necessary to an understanding
      of the invention.
PAR  In the exemplary embodiment illustrated in FIGS. 8 to 10, the two control
      elements 44 and 74 are replaced by contactless inductively operating
      controlled elements 152 and 153. Insofar as the remaining parts of the
      clockwork correspond to the parts of the exemplary embodiment illustrated
      in FIGS. 1 to 7, they are provided with the same reference numerals in
      FIG. 8 and need not be further described herein.
PAR  The control elements 152 and 153 each include a control wheel 154 or 156
      mounted rotatably on the main plate 10, of which the control wheel 154
      exhibits a driving gear 158 which is driven directly by the movement 14
      through the intermediate gears 70 and 66 and the drive gear 18, and the
      control wheel 156 is mounted on the striking train shaft 28. The control
      element 152 corresponds therefore to the first control element 44,
      tripping the time of the quarter hour chime, of the above described
      exemplary embodiment, and the control element 153 corresponds to the
      second element 74 for detemining the duration of the quarter hour chime.
      For each quarter hour chime there is provided, in the control wheel 154, a
      square perforation 160, while the perforations 160 have progressively
      greater radial intervals from the axis of rotation of the control wheel
      154. The individual perforations 160 are mutually staggered through
      90.degree. angles each time (referring to the graphic representation, FIG.
      4 and FIG. 5).
PAR  The first control wheel 154 is partially overlapped by the second control
      wheel 156, which is set in rotation conjointly with the striking train by
      the gear motor 30 (see FIG. 6), not shown in FIG. 8. The direction of
      rotation of both control wheels 154 and 156, considered as in FIG. 8, is
      clockwise, as indicated by the arrows 162 and 164. For each of the first,
      second and third quarter hours, the control wheel 156 has a slit 166
      oriented in the peripheral direction, and for the full hour it exhibits an
      edge recess 168 continuous over more than half its circumference. The
      slits and recesses 166 and 168 are mutually staggered in the peripheral
      direction and in the radial direction, but overlap one another slightly in
      the peripheral direction. The radial interval of the slits and recesses
      from the shaft 28 increases from the shortest slit 166 associated with the
      first quarter hour through the second somewhat longer slit 166 associated
      with the second quarter hour, and the even longer slit 166 associated with
      the third quarter hour, up to the long edge recess, in uniform stages (see
      also FIG. 5). These radial intervals of the slits 166 and of the edge
      recesses 168 from the rotary axis of the control wheel 154 corresponds to
      the radial intervals of the four perforations 160 from the rotary axis of
      the control wheel 156 (see also FIG. 4), so that the movement paths of the
      perforations 160 and 166 and of the edge recess 168 overlap at one point
      in each case. At this overlap point of the movement paths, there are
      arranged four inductive sensing elements associated with the four
      different radial intervals of the perforations or recesses, and each
      consisting of an inductance L1 arranged on the rear side of the control
      wheel 154 and of a second inductance L2 aligned with the latter and
      arranged on the front side of the control wheel 156. The inductances L1 on
      the one hand and the inductances L2 on the other hand are respectively
      connected in series. In each case an inductance L1 and the associated
      inductance L2 form a pair with a common field line axis, while the field
      line axis of any pair is always located in the region of a slit 166 or of
      the edge recess 168. In the illustration, FIG. 8, the slit 166 associated
      with the first quarter hour is just in the field line axis of the first
      pair of inductances L1 and L2 located outside on the left-hand side of
      FIGS. 8 and 10.
PAR  Each pair of inductances L1 and L2 is connected to the electric circuit for
      the striking train in the manner which may be seen from FIG. 9. The above
      mentioned field line axis connecting the two inductances is designated A
      in FIG. 9. The control circuit shown in FIG. 9 can be divided into three
      groups, namely into an oscillator exhibiting a sensing device 170, a
      rectifier stage 172 and a direct current amplifier 174. The circuit is
      supplied with zero potential through a distributing wire 176 and with
      direct voltage through a positive distributing wire 178. Of the
      inductances L1 and L2, only one pair is shown in FIG. 9, it being assumed
      that the circuit of the remaining pairs is similar. Each inductace L1 and
      L2 bridges a condenser 180 and 182. Furthermore, a resistance 186 is
      associated in parallel with the inductance L2 and a condenser 184. The
      connection point 188 between the inductance L1 and the condenser 180 is
      connected to the collector of an npn-type transistor 190, and the
      connection point 192 between the condenser 184 and the resistance 186 is
      connected to the emitter of the transistor 190. The base of the transistor
      is connected on the one hand to the distributing wire 178 and on the other
      hand, through a condenser 194, to the distributing wire 176. The described
      arrangement of inductances, condensers, resistances and the transistor 190
      together constitutes an LC oscillator, the oscillator frequency of which
      is preferably chosen with values below 150  kHz, so that a minimum
      possible current consumption is sufficient for a reliable operation of the
      oscillator, and furthermore no problems of interference radiation arise.
      As indicated by a dash line for the relevant conductor, the condenser 182
      may possibly be omitted.
PAR  The inductance L1 and the condenser 180 constitute the primary circuit of a
      band filter, the secondary circuit of which is constituted by the
      inductance L2, the condenser 182 and the condenser 184. The collector
      current of the transistor 190 flows directly through the primary circuit,
      whilst the emitter of the said transistor through the resistance 186, and
      the base of the transistor through the condenser 194, are each connected
      to zero potential. As soon as a perforation 160 of the first control wheel
      154 comes to overlap sufficiently with a slit 166 of the edge recess 168
      of the second control wheel 156, so that a passage slit with a specific
      minimum area is produced for the field line axis A, the LC oscillator 170
      commences to oscillate stably. For this purpose it is necessary that the
      input resistance on the emitter side of the transistor 190 is kept small
      compared to the capacitive resistance of the condenser 184. By this means
      a pure phase feed back is obtained for the transistor 190 operating on
      base circuit, in the case of resonance between primary circuit and
      secondary circuit of the band filter. In this manner the advantage of the
      two circuit band filter, of making a sufficient feed back factor possible
      in the case of a relatively large interval of for example a few
      centimeters between the first inductance L1 and the second inductance L2,
      can be compared with the advantage of the transistor base circuit, of
      avoiding wild oscillations. For a highest possible limit frequency for the
      low collector currents of approximately 10 .mu. A in conjunction with
      capacitive modulation through the condenser 184, a pure phase feed back
      with optimum behavior on starting to oscillate can be achieved.
PAR  The maintenance of the phase condition between output signal and control
      signal is very essential for the obtention of an optimum oscillating
      behavior. A two circuit band filter, if used in the customary manner,
      would display a highly unfavorable phase behavior here, since
      fundamentally for the same tuning of primary and secondary circuit, the
      secondary voltage is displaced 90.degree. in phase with reference to the
      primary voltage and to the collector current flowing in the primary
      circuit. By the mode of modulating the transistor 190 according to the
      invention, a further phase displacement of approximately 90.degree. is
      produced between the control current and the secondary voltage, so that in
      conjunction with the negative current amplification (approximately - 1) of
      the transistor operating in base circuit, a pure phase feed back can
      actually be achieved in the case of resonance of the two circuits.
PAR  The alternating voltgage existing between the positive distributing wire
      178 and the collector of the transistor 190 is tapped at the connection
      point 195 through a wire 197 and fed into the rectifier stage 172. A
      condenser 196 and a diode 200 are included in the wire 197, and the
      opposite pole of the diode 200 is connected through a condenser 202 to the
      distributing wire 178. The connection point 204 between condenser 196 and
      diode 200 is connected through a second diode 198 to the connection point
      206 between a diode 208 and a resistance 210, which are included in a
      connecting wire 212 between the distributing wires 178 and 176.
PAR  The rectifier arrangement constituted by the diodes 198 and 200 rectifies
      the alternating voltage fed through the condenser 196, so that a rectified
      voltage of approximately 0.6 V is generated at the charging condenser 202.
PAR  For reliable functioning it is necessary to increase the effective voltage
      at the base of a transistor 214 by lowering the potential level when the
      rectified voltage appears by approximately 0.3 V, so that opening of the
      transistor 214 is still ensured even at half the battery voltage. In the
      absence of the said rectified voltage -- i.e. when the transistor 190 is
      not oscillating, a bias voltage of approximately 0.6 V generated across
      the diode 208 by a resistance 210 is divided between the two diodes 198
      and 200 at 0.15 V each and the resistance 228 placed in parallel with the
      base-emitter path of the transistor 214 with 0.3 V, so that in this state
      the transistor 214 still remains reliably blocked.
PAR  The connection point 226 between the diode 200 and the transistor 214 is
      connected through a resistance 228 to the positive distributing wire 178.
      The emitter of the transistor 214 is connected to the distributing wire
      178, and the collector of the transistor is connected through a resistance
      216 to the distributing wire 176 and also directly to the base of an
      npn-type transistor 218. The transistor 218 has its emitter connected to
      the distributing wire 176 and its collector connected through a resistance
      220 to the positive distributing wire 178 and also through a resistance
      222 to the base of a further pnp-type transistor 224, the collector of
      which is connected through the gear motor 30 to the distributing wire 176,
      and its emittor directly connected to the positive distributing wire 178.
PAR  As long as the field line axis A has no passage through the slits or
      perforations 166 and 160 of both control wheels 154 and 156, the
      oscillator 170 remains in the rest condition and all the transistors 214,
      218 and 224 of the direct current amplifier 174 are blocked. The striking
      train is stationary. But as soon as the field line axis A has passage and
      consequently the oscillator 170 oscillates, the corresponding rectified
      voltage is built up at the charging condenser 202. This causes all the
      transistors of the direct current amplifier 174 to become conductive and
      the gear motor 30 runs until the rear edge of the slit 166 of the control
      wheel 154 cuts the field line axis A and the continuous slit width of the
      two apertures 166 and 160 becomes too small.
PAR  In the rest condition of the oscillator 170, the current consumption of the
      three transistors 214, 218 and 224 of the direct current amplifier 174
      comprises only the collector residual currents of approximately 10
      nanoamperes in all and is therefore negligibly small. This extremely small
      rest current has been rendered possible by the described circuit with
      transistors of different conductivity type, whereas in known direct
      current amplifiers transistors of the same conductivity type are used and
      therefore at least one of the transistors would have a rest current of
      more than 0.1 mA for the same practical application.
PAR  Instead of the four inductances L1 or L2 which are, in each case, connected
      in series in the circuit shown in FIG. 9, in a further embodiment
      according to FIG. 11, a capacitive sensing device can be used, which
      respectively consists of four condenser plates C1 and C2. The condenser
      plates C1 and C2, in this instance, are arranged in the positions where
      the inductances L1 and L2 are arranged in the case of the embodiment
      according to FIG. 10. The oscillator 170 commences to oscillate only when
      a free passage exists between the two mutually associated condenser plates
      C1 and C2 of a pair of condenser plates by the overlapping of a
      perforation 160 with a slit 166 or with the edge recess 168. The
      individual condenser plates C1 and C2 are connected mutually in parallel
      through wires 230 and 232 respectively, within the primary and secondary
      circuits respectively of the band filter in the oscillator 170.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A clockwork comprising:
PA1  a clock movement for measuring time;
PA1  a striking train for sounding the time at preselected times;
PA1  an electric drive mechanism for driving said striking train;
PA1  control means for activating said drive mechanism at said preselected times
      and deactivating said drive, mechanism at the end of the striking period;
      said control means comprising:
PA1  a first wheel for selecting said preselected times, said first wheel being
      driven by said clock movement and having cut-outs radially spaced in
      staggered relationship such that each radial distance from the axis of
      said first wheel contains only one cut-out, said first wheel cut-outs
      being angularly spaced to correspond to said preselected times;
PA1  a second wheel for selecting the length of said striking period, said
      second wheel being driven by said drive mechanism and having cut-outs
      radially spaced in staggered relationship such that each radial distance
      from the axis of said second wheel contains only one cut-out, each of said
      second wheel cut-outs having a length in a peripheral direction
      corresponding to its respective said length of said striking period and
      each end of each of said second wheel cut-outs slightly angularly
      overlapping one end of another of said second wheel cut-outs;
PA1  said first and second wheels being mounted on parallel axes to mutually
      overlap in paired relationship the movement path of said cut-outs of said
      first and second wheels;
PA1  electrical sensing means including cooperating sensing elements located on
      opposite sides of said first and second wheels proximate said movement
      path overlaps; and
PA1  drive circuit means responsive to said sensing elements to activate said
      drive mechanism when said paired cut-outs overlap and to deactivate said
      drive mechanism when said paired cut-outs do not overlap.
NUM  2.
PAR  2. Clockwork according to claim 1, said control wheels being constituted of
      aluminum.
NUM  3.
PAR  3. Clockwork according to claim 1, said sensing device comprising pairs of
      inductances associated at an overlapped position at respective movement
      paths, said inductances being separated by the control wheels and adapted
      to be coupled through said mutually overlapping cut-outs.
NUM  4.
PAR  4. Clockwork according to claim 3, said pairs of inductances forming parts
      of an LC-oscillator, said oscillator containing a band filter constituted
      by said inductances, and a transistor operated in a base circuit
      capacitively coupled thereto.
NUM  5.
PAR  5. Clockwork according to claim 4, a rectifier stage being connected to
      said oscillator; and a direct current amplifier having an input connected
      to said rectifier stage and an output connected to said striking train
      drive mechanism.
NUM  6.
PAR  6. Clockwork according to claim 5, said rectifier stage comprising two
      diodes connected in series so as to form a voltage doubling circuit.
NUM  7.
PAR  7. Clockwork according to claim 6, comprising a stabilized bias voltage of
      approximately -0.3 V being applied to the base-emitter path of the first
      transistor of the direct current amplifier by means of a voltage of
      approximately 0.15 V applied to each of the diodes of the rectifier stage,
      and a voltage of approximately -0.6 V being applied to a further diode
      connected oppositely to the said diodes.
NUM  8.
PAR  8. Clockwork according to claim 5, said direct current amplifier containing
      three transistors connected in parallel, the collectors of the first two
      transistors being respectively connected to the base of the following
      transistor, and the conductivity type of consecutive transistors being
      complementary.
NUM  9.
PAR  9. Clockwork according to claim 4, said LC-oscillator being tuned so as to
      oscillate only in the case of direct couplings between the pairs of
      inductances.
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ABST
PAL  A horological device with a conventional balance wheel assembly, supporting
      bridge and hairspring with an adjustable regulator for the hairspring. The
      improvement comprises means for pinning the end of the hairspring to the
      bridge and a special bridge extension to retain the hairspring in the open
      regulator slot. In a first embodiment, the bridge extension is part of an
      integral bridge member. In the second embodiment, the bridge extension is
      pivotable to cover the regulator slot as well as to pin the hairspring to
      the bridge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to horological devices with balance wheel
      assembly provided with a bridge, hairspring and adjustable regulator for
      the hairspring. More particularly, it relates to an improved bridge and
      regulator arrangement facilitating assembly of the components and
      providing simplifications in construction of a horological device.
PAR  Various constructions are known in the prior art for pinning the end of the
      hairspring to the balance bridge which supports the balance wheel
      assembly. Such arrangements are shown in U.S. Pat. No. 906,366 to Ball et
      al. in December 1908; U.S. Pat. No. 1,037,741 to Dudley in September 1912;
      U.S. Pat. No. 440,877 issued to Higginbotham in November 1890; U.S. Pat.
      No. 2,931,164 issued to Schweizer et al. in April 1960 and U.S. Pat. No.
      3,154,912 to Pinkas in November 1964.
PAR  Timepieces are also known in the art which include adjustable regulators,
      usually pivotable from the balance bridge, which comprise arms having
      slots for receiving the hairspring at some distance from the pinning
      point, for the purpose of acting on the spring to regulate the
      characteristic of the balance wheel. The regulators have included various
      means of providing this regulating slot. For example, the aforementioned
      Pinkas patent includes a separate clip which must be assembled or
      disassembled from the regulator arm. Other regulators, as exemplified by
      U.S. Pat. No. 3,638,419 to Diersbock issued February 1972 and U.S. Pat.
      No. 3,517,503 to Smythe et al. issued June 1970 have employed completely
      enclosed regulator slots through which the end of the hairspring must be
      threaded before pinning in place. Other regulators, as exemplified by U.S.
      Pat. No. 3,564,840 to Meitinger issued February 1971 have employed open
      slots facing away from the balance bridge, which are easier to assemble
      but which offer the possibility of the hairspring being jolted or jarred
      out of the open end of the regulator slot.
PAR  It is desired to have a construction which is easy to assemble and yet
      which provides security of the hairspring pinning and retention of the
      hairspring within the regulator slot.
PAR  Accordingly, one object of the present invention is to provide an improved
      balance bridge and regulator arrangement for a horological device which
      permits ease of assembly and security of the hairspring.
PAR  Another object of the invention is to provide a simplified construction for
      the balance bridge and regulator in a horological device with a balance
      wheel assembly and a hairspring.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, the invention is practiced by providing in a horological
      device with a balance wheel assembly pivotably mounted in a balance bridge
      with a hairspring and an adjustable regulator, the improvement comprising
      an open slot in the regulator facing the bridge, a first portion of the
      bridge being adapted for pinning the hairspring and a second portion of
      the bridge having an extension extending over an arcuate section of the
      hairspring and closing off the open end of the regulator slot to prevent
      disengagement of the hairspring.
DRWD
PAC  DRAWING
PAR  The invention will be more clearly understood by reference to the following
      description, taken in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a partial perspective view of a first embodiment,
PAR  FIG. 2 is an enlarged partial view of the hairspring pinning provision,
PAR  FIG. 3 is a horizontal cross section taken through the regulator arm,
PAR  FIG. 4 is a perspective view of a second embodiment of the invention, and
PAR  FIG. 5 is a view of the hairspring pinning point according to the second
      embodiment.
DETD
PAC  DESCRIPTION
PAR  Referring to FIG. 1 of the drawing, portions are shown of a horological
      device, which in this case is an electric watch, although the invention is
      equally applicable to a mechanical watch. An oscillating balance wheel 1
      is pivotably supported at its upper end by a balance bridge 2 via a
      conventional bearing 3. A conventional spiral hairspring 4 is attached at
      its inner end to the balance wheel hub, while it is attached at its outer
      end, by means to be described, to the balance bridge. A regulator arm 5 is
      pivotably mounted to the balance bridge so as to be adjustable and is
      formed at its outer end to define a slot 6 which opens upwardly toward the
      balance bridge 2. The regulator may also include an indicator 7 which when
      the regulator is rotated to the operating position, will be viewable
      through a window 8 in the balance bridge. In the case of an electric
      watch, a shunt bridge 9 may also be employed to control the magnetic flux,
      but it is not a part of the present invention.
PAR  According to the present invention, the balance bridge 2 has a first
      portion which includes a pinning slot 10 adapted to receive the free end
      of the hairspring 4, and a separate pinning member 11. The balance bridge
      2 also includes a second special portion 12 which extends out over an
      arcuate section of the hairspring and covers the portion of the hairspring
      which will normally be occupied by the slot 6 of the regulator arm over
      the entire setting range of the regulator.
PAR  FIG. 2 is an enlarged view of the first portion of the balance bridge
      illustrating that the free end of hairspring 4 is held in pinning slot 10
      by a tapered vertically driven pin 11.
PAR  Reference to FIG. 3 of the drawing illustrates a cross sectional view of
      the second portion of the balance bridge. As seen, extension 12 covers the
      open end of the regulator slot 6, thereby retaining the hairspring in the
      regulator slot. Slot 6 is proportioned in order to give a desired
      regulation characteristic of the balance wheel, an example of such
      arrangement being shown in the aforementioned U.S. Pat. No.  3,638,419 to
      Diersbock. The regulator may also include an additional adjustable arm for
      clamping the hairspring to adjust its effective length in accordance with
      the Diersbock patent.
PAR  Referring to FIG. 4, a second embodiment of the invention is disclosed,
      wherein the same reference numerals are used for comparable elements as in
      the first embodiment. In this case, however, the balance bridge is made in
      two portions, a first fixed portion 2a and a second pivotable portion 2b.
      The moveable bridge portion 2b includes an extension 12a which performs
      the same function as portion 12 in FIG. 1. The moveable bridge portion 2b
      also includes an arm with a downwardly extending tab 11a, which performs
      the same function as the comparable pin member 11 in FIG. 2. Reference to
      FIG. 5 illustrates how, when bridge portion 2b is pivoted, the tab 11a
      enters pinning slot 10 in the fixed bridge member 2a, pinning the end of
      the hairspring 4 in place. When the bridge member 2b is pivoted, portion
      12a is located over an arcuate section of the hairspring so as to cover
      the open end of regulator slot 6 over the entire setting range of the
      regulator, and the cross-sectional view would appear the same as in FIG.
      3.
PAC  OPERATION
PAR  Assembly of the components is effected in the following manner. In the
      embodiment of FIG. 1, the regulator arm 5 is moved out of its normal
      operating position to expose the open hairspring slot 6. The end of the
      hairspring is pinned by driving a tapered member 11 into place. Then the
      regulator arm 5 is moved to its normal operating position, whereby the
      open end of slot 6 is closed by balance bridge portion 12 to retain the
      hairspring.
PAR  In the second embodiment, after placing the hairspring in the position
      shown in the drawing of FIG. 4, with its free end in pinning slot 10 and
      within the regulator slot, the moveable portion 2b is pivoted, so that tab
      11a pins the end of the hairspring and extension 12a covers the regulator
      slot.
PAR  While there has been described what is considered to be the preferred
      embodiments of the invention, other modifications will occur to those
      skilled in the art and it is desired to secure in the appended claims all
      such modifications as fall within the true spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a horological device with a balance wheel pivotably supported in a
      balance bridge and having a hairspring with one end thereof connected to
      the balance wheel and an adjustable regulator pivotably mounted on the
      balance bridge, the improvement comprising:
PA1  a regulator arm moveable relative to said bridge defining a regulator slot
      for holding the hairspring, said slot being open toward said balance
      bridge,
PA1  a first bridge portion providing a pinning slot for receiving the other end
      of the hairspring, and
PA1  a second bridge portion extending over an arcuate section of the hairspring
      and adapted to close off the open end of said regulator slot over the
      entire setting range of the regulator to prevent disengagement of the
      hairspring.
NUM  2.
PAR  2. The combination according to claim 1, wherein said pinning slot is
      adapted to receive a separate pinning member and wherein said second
      portion is an integral section of the balance bridge.
NUM  3.
PAR  3. The combination according to claim 1 wherein said hairspring is pressed
      against a flat surface of said pinning slot.
NUM  4.
PAR  4. The combination according to claim 1, wherein said second bridge portion
      is a pivotable member carrying a tab for pinning the hairspring in the
      pinning slot and having an extension thereon for closing off the open end
      of the regulator slot when said second bridge portion is pivoted.
NUM  5.
PAR  5. The combination according to claim 4, wherein said second bridge portion
      is pivotally mounted on the same axis as the balance wheel and the
      regulator and adapted for vertical assembly on the balance bridge.
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ABST
PAL  This invention relates to a method and apparatus for the continuous
      production of link-chains comprising alternate inner links and outer
      links, two inner links being connected by an outer link, each inner link
      being formed by a lower plate and by an upper plate, each of which is
      provided with two coaxial holes receiving a bush carrying a freely
      rotatable roller, each outer link comprising a lower plate and an upper
      plate joined by two pins inserted to pass through the corresponding bush
      of the inner link, to which the outer link is connected.
BSUM
PAR  This invention relates to a method and apparatus for the continuous
      production of link-chains comprising alternate inner links and outer
      links, two inner links being connected by an outer link, each inner link
      being formed by a lower plate and by an upper plate, each of which is
      provided with two coaxial holes receiving a bush carrying a freely
      rotatable roller, each outer link comprising a lower plate and an upper
      plate joined by two pins inserted to pass through the corresponding bush
      of the inner link, to which this outer link is connected.
PAR  At present link-chains are manufactured in accordance with relatively
      small-scale processes leaving a large amount to manual labour, and this is
      undesirable in view of the high cost of labour.
PAR  The invention seeks to overcome this drawback and accordingly provides
      method for the production of chains composed of alternate inner links and
      outer links, two inner links being joined by one outer link, each inner
      link being formed by a first lower plate and a first upper plate, each of
      the plates being provided with two coaxial holes each receiving a bush
      carrying a freely rotatable roller, each outer link comprising a second
      lower plate and a second upper plate joined by two inserted pins passing
      through the corresponding bush of the inner link, the outer link being
      joined to the inner link, the method comprising the steps of assembling in
      a continuous kinematic arrangement the inner link starting with the first
      lower plate, by disposing two bushes on to which corresponding rollers are
      fitted, the assembly then being closed by means of the first upper plate
      and concurrently forming blanks of outer links each blank comprising a
      second lower plate and two inserted pins and then continuously joining
      together the inner links and the blanks of outer links by bringing the
      inner links one after the other at a distance apart corresponding in each
      case to an outer link, then fitting the inner links on to the pins of the
      blanks of outer links and finally closing the outer links by means of
      second upper plates.
PAR  The invention further provides an apparatus for the production of link
      chains by the above method, the apparatus comprising a machine for the
      manufacture of inner links, a machine for producing the blanks of outer
      links and an assembly machine for assembling the inner links and outer
      links and for completing the manufacture of the outer links, first and
      second transfer means being provided for bringing the inner links into
      association with the outer links for assembly in the assembly machine.
PAR  Thus, by using the method and apparatus according to the invention there
      are manufactured without interruption link-chains, and any intervention is
      restricted to the supplying of the various component parts of the links to
      the distributing or dispensing devices.
PAR  The division of the plant into three connected machines the first two of
      which manufacture the inner link and the blank of the outer link,
      respectively, and the third of which ensures the continuous joining of
      these different links, enables a particulalry flexible operation of the
      plant to be accomplished.
PAR  As the chain emerges continuously from the machine it could be advantageous
      to produce lengths of chain having a given length. To acheive this object
      there is omitted the forwarding of one outer-link blank, at the given
      moment, to the assembly machine. In this way, and without the machine
      being halted, one outer link is omitted from the given location between
      two inner links and this ensures the separation of the chain which is
      produced.
PAR  The continuous operation of the machines and the continuous kinematic
      arrangement, which governs the various manufacturing operations, enable
      very precise control of the whole manufacturing procedure to be
      accomplished.
DRWD
PAR  A preferred embodiment of the invention will now be described in greater
      detail, by way of example, with reference to the accompanying drawings, in
      which:
PAR  FIGS. 1A, 1B are, respectively, a view from above and a view in
      longitudinal section of an inner or outer link plate according to the
      invention;
PAR  FIG. 2 is an exploded sectional view of the various components of an inner
      link;
PAR  FIG. 3 is a sectional view of an assembled inner link;
PAR  FIG. 4 is a sectional view of the first assembly stage of an outer link;
PAR  FIG. 5 is a sectional view showing an outer link blank and two inner links
      arranged so as to be fitted on to the outer link;
PAR  FIG. 6 corresponds to FIG. 5, the inner links being fitted;
PAR  FIG. 7 illustrates the placing into position of the upper plate of the
      outer link;
PAR  FIG. 8 illustrates the assembly obtained by two inner links connected by an
      outer link;
PAR  FIG. 9 is a diagrammatic plan view of a plant for the manufacture of
      link-chains;
PAR  FIGS. 10 to 46 illustrate in detail the various operational stages on the
      working cylinders of the machines A, B, C;
PAR  FIG. 47 is a sectional view of a cylinder for receiving the lower plates;
PAR  FIG. 48 is a simplified view from above corresponding to FIG. 47;
PAR  FIG. 49 is an axial vertical section of a working cylinder taken along the
      axis of the tools of a work station;
PAR  FIG. 50 illustrates various possible positions of a memory sensor;
PAR  FIG. 51 illustrates the device for detecting the position of the memory
      sensor at the level of the sorting cylinder, this view being a simplified
      vertical section;
PAR  FIG. 52 is a diagrammatic view from above corresponding to FIG. 51.
DETD
PAR  The chain which it is proposed to produce (FIG. 8) in accordance with the
      method of the invention is composed of inner links 1 joined by outer links
      8. In the following there will be described an inner link and then an
      outer link and, finally, the assembly of the two types of links.
PAR  As shown in FIGS. 1 to 3, each inner link 1 comprises a lower plate 2
      provided with two holes 3. This plate has an external configuration
      substantially in the shape of an `8`. Bushes 4 are secured with a
      force-fit in the holes 3 of the lower plate 2 (FIG. 2). Freely rotatable
      rollers 5 are slid on to the bushes 4 and, finally, an upper plate 6,
      identical to the lower plate 2 (FIG. 1), is provided, and is force-fitted
      on to the bushes 4. There is thus produced the inner link 1, illustrated
      in FIG. 3.
PAR  The bushes 4, of circular cylindrical shape, have a length which is
      slightly greater than the thickness of the inner link 1. However, the
      length of the rollers 5, which are of circular cylindrical shape, is
      slightly less that the clearance defined by the lower plate 2 and upper
      plate 6, after their assembly on the bushes 4.
PAR  According to FIG. 4, the assembly of an outer link 8 is effected starting
      from a lower plate 9 whose structure is substantially the same as that of
      the lower plate 2 of the inner link 1 (FIG. 1). This lower plate 9
      comprises two cylindrical holes 10 each receiving by force-fit a pin 11.
      When this outer link blank is produced (FIG. 5) then two inner links 1 are
      positioned coaxially with the fitted pins 11 so as to align the bushes 4
      with a corresponding pin 11. Subsequently the bushes 4 are fitted on the
      pins 11 (FIG. 6). Following this (FIG. 7) the upper plate 12 of the outer
      link 8 is placed in position. This upper plate 12 is identical to the
      lower plate 9. It comprises two holes 13 intended to receive by force-fit
      the corresponding end of each fitted pin 11. After the upper plate 12 has
      been fixed in position, the assembly represented in FIG. 8 is obtained.
PAR  The complete construction of a chain in accordance with the invention
      necessitates the successive connection of inner links and outer links, as
      will be described in detail with reference to FIGS. 9 to 46.
PAR  FIG. 9 illustrates diagrammatically a plant for the continuous production
      of the chains described above (FIGS. 1 to 8).
PAR  According to FIG. 9, the plant comprises a machine A for the manufacture of
      inner links 1, a machine B for the manufacture of blanks of outer links 8,
      and a machine C ensuring the assembly of inner links 1 and of blanks of
      outer links 8 so as to continuously form the link-chain. The machine A is
      joined to the assembling machine C by a transfer means E.sub.1 and the
      machine B is joined to the machine C by a transfer means E.sub.2.
PAR  The machine A continuously produces inner links 1 while simultaneously the
      machine B produces the blanks of outer links 8, at the same rate.
PAR  The machine A, for manufacturing the inner link 1, comprises nine cylinders
      21, 23, 24, 25, 27, 29, 30, 31, 32. In cavities in these cylinders, there
      are conveyed "vehicles" 34 forming a continuous procession. Between the
      cylinders 32 and 21 the "vehicles" are transferred in a straight line by a
      conveyor 33 which is not illustrated in detail. Thus the "vehicles" travel
      over a closed circuit through the machine. The purpose of these "vehicles"
      is to act as containers for conveying parts or sets of parts to be
      processed, as will be described below.
PAR  In greater detail, the machine A for manufacturing the inner link 1
      comprises a distributing device 20 for lower plates 2, which supplies
      these lower plates 2 to the cavities of a receiving cylinder 21, which
      likewise receives rollers 5 from a distributing device 22 at a different
      level to the lower plates. The cylinder 21 transfers the lower plates 2
      and the rollers to a grouping cylinder 23 for the plates 2 and rollers 5.
PAR  The assemblies, formed by the lower plates 2 and two rollers 5, are brought
      on to the grouping cylinder 23, which forwards them on to the work
      cylinder 24, where the lower plate 2 and the two rollers 5 are firstly
      centred in relation to one another and then positioned on the vehicle 34.
PAR  A distributing device 26 for bushes supplies bushes 4 to the transfer and
      grouping cylinder 25. These bushes 4 are then transferred on to the work
      cylinder 27 so as to be fitted there in the rollers 5, which are already
      in position, and in the lower plates 2 of the various inner links 1 in the
      course of manufacture. The assemblies thus formed pass round the receiving
      cylinder 29 for the upper plates 6.
PAR  A distributing device 28 for upper plates 6 supplies upper plates 6 to the
      cylinder 29. At this point the upper plates 6 are positioned in relation
      to the blanks of the inner links 1.
PAR  The upper plates 6 are firmly attached to the bushes 4 on an assembly
      cylinder 30, which forwards them into a sorting cylinder 31. At this point
      there takes place checking of dimensions and, more generally, of the
      structure of the inner links 1 produced in the preceding cylinders. Any
      defective links are rejected and the inner links 1 which are up to
      standard pass over the transfer means E.sub.1, which forwards them toward
      the machine C for assembling the chain.
PAR  To sum up, the machine A, such as described above for manufacturing inner
      links 1, carries out the operations which will be described in detail with
      reference to FIGS. 10 to 24.
PAR  All the operations, both for transfer and for assembly which take place in
      the machine A, are carried out in a continuous kinematic arrangement. This
      means that the various parts, after having entered the machine A,
      circulate without variation in velocity between the different cylinders
      from the receiving cylinder 21 up to the sorting cylinder 31. This means
      that the parts or assemblies do not change velocity and do not stop at any
      time, all the operations of assembly and transfer being effected while in
      motion.
PAR  In view of the small size of the parts and assemblies it is particularly
      advantageous to place them in "vehicles" 34, thus facilitating the
      positioning or interchange of parts between the different cylinders.
PAR  Generally speaking, the interchange of one part or of a set of assembled
      parts between one cylinder and the cylinder immediately following in the
      direction of assembly is effected at the point of geometrical contact of
      the two cylinders, the part or vehicle carrying the latter being released
      from the first cylinder to be taken in charge by the second.
PAR  The machine B for manufacturing blanks of outer links 8, which as
      illustrated in FIG. 9, is located to the right of the machine A, comprises
      a device 40 for distributing lower plates, which supplies lower plates 9
      to a receiving cylinder 42. At the same time a pin-distributing device 41
      supplies pins 11 to this receiving and grouping cylinder 42. The
      distributing device 41 delivers on each occasion two pins 11 for one lower
      plate 9. The grouping cylinder 42 positions the pins 11 in relation to the
      holes 10 of the lower plate 9 (FIG. 5). The blanks of outer links are
      fitted, i.e., the pins 11 are inserted by force into the holes on a work
      cylinder 43, at the outlet from which they are taken up once more by the
      transfer means E.sub.2, which conveys them towards the chain-assembling
      machine C.
PAR  The chain-assembling machine C comprises an admission cylinder 51 connected
      with the two transfer means E.sub.1 and E.sub.2 conveying the inner links
      1 and the blanks 9, 11 of the outer links 8, respectively. The admission
      cylinder 51 supplies the components which it receives to a transfer
      cylinder 52, which conveys them on to a grouping cylinder 54. A
      distributing device 53 for upper plates supplies the plates 12 to the
      grouping cylinder 54.
PAR  In the grouping cylinder there is effected the assembly of lower links on
      the blanks of outer links, then the placing in position of the upper plate
      12 of each outer link 8. The chain which is assembled at this instant,
      passes over a transfer cylinder 55 and over a marking cylinder 56.
PAR  In the following there will be described the details of the operations for
      manufacturing chains, with reference to FIGS. 10 to 46.
PAR  With the aim of simplifying this description, in FIGS. 10 to 46 the drawing
      has been limited to a sectional view of a work station of each cylinder
      and, in each case, there is only illustrated a single set of members and a
      single set of fitted pins, bushes and rollers.
PAR  In fact, since the inner links 1 have two bushes 4 and two rollers 5, it is
      clear that it is necessary to duplicate the corresponding members which
      support and locate the components.
PAR  The same observation applies to the outer link 8 which is composed of two
      fitted pins 11 inserted in the lower plate 9 and the upper plate 12.
PAR  Furthermore, it should be pointed out that each work or transfer cylinder
      comprises on its periphery a certain number of recesses termed "cavities"
      accommodating the parts being machined
PAR  The description, given below with reference to FIGS. 10 to 46, relates in
      each case to a single recess for parts, again designated "cavity."
PAR  The fitting of the blank of outer links 8, which are formed by the lower
      plate 9 and pins 11, will be described as will the members of the
      corresponding cylinders, with reference to FIGS. 25 to 32.
PAR  Finally, the assembly of the chain will be described, that is to say the
      joining of the inner links 1 to the blanks of the outer links 9, 11 and
      the final assembly of the outer links, by way of FIGS. 33 to 46.
PAR  To simplify the description of the members which are necessary for the
      various operations, the same reference numerals are used for all the
      equivalent members of the various cylinders.
PAR  The fitting of the inner link, which is effected on machine A, starts with
      the forwarding on to the cylinder 21 of the lower plate 2 conveyed on the
      vehicle 34, itself already positioned by an inner punch a which is
      retracted in relation to the vehicle. An upper punch b is likewise
      retracted (FIG. 10) in relation to the vehicle, it being situated above
      this latter.
PAR  Subsequently, still on the cylinder 21, a roller is superposed on the lower
      plate 2. At the time of this placing in position, the upper and lower
      punches a, b are still in the retracted position (FIG. 11), the plate and
      the roller being precentred by their outer contours.
PAR  During the following stage on the cylinder 23 (FIG. 12), the upper punch b
      descends and penetrates into the bore of the roller 5 and of the plate 2
      so as to centre the roller 5 in relation to the plate. At the same time an
      outer punch c is put into position so as to retain the lower plate by an
      indent c.sub.1 in punch c. The roller 5 is itself retained by a shoulder d
      of the cylinder 23.
PAR  Then the unit, composed of the lower plate 2 provided with the roller 5 and
      positioned on the vehicle 34, is transferred to the work cylinder 24. On
      this cylinder the lower punch a ascends into the inside of the hole 3 of
      the plate 2, this latter being prevented from undergoing any upward
      movement by the outer punch c. During this movement the upper punch b
      remains retracted (FIG. 13).
PAR  When the punch a is inserted into the hole 3 and the bore of the roller 5,
      the outer punch c is removed (FIG. 14).
PAR  Starting from this moment the placing in position of the lower plate 2 and
      of the rollers 5 takes place and it is possible to put the bushes of this
      inner link into position.
PAR  In FIG. 15, the vehicle 34 carrying the plate 2 and the two rollers 5
      passes over to the cylinder 25, at which the bushes 4 are received. A bush
      slides along a ramp 251 and the rollers 5 are retained by a guard member
      252.
PAR  After this placing in position of the bush 4, the assembly thus formed
      passes over to the work cylinder 27. This cylinder comprises an outer
      punch c, whose indent c.sub.1 serves to secure the rollers 5 on the lower
      plate 2 during the placing in position of the bushes 4 (FIG. 16).
PAR  Through a combined movement, retracting the lower punch a and descending
      the upper punch b, firstly, the bush 4 is placed on the head a.sub.1 of
      the lower punch a and then the simultaneous descent of the two punches a,
      b ensures the positioning by force-fit of the bushes into the
      corresponding holes 3 of the lower plate 2 (FIG. 17).
PAR  During the continuation of the movement over the same cylinder 27, the
      upper punch b passes into the retracted position, the lower punch a
      remaining with its head a.sub.1 engaged in the corresponding bore of the
      bush 4 (FIG. 18).
PAR  Next, the upper plate is put into position so as to complete the formation
      of the inner link 1.
PAR  According to FIG. 19, the blank of the inner link 2, 4, 5, carried by the
      platform 34, arrives in the cylinder 29. The lower punch a of the cylinder
      is secured in the bore of the bush 4. Simultaneously an upper plate 6 is
      brought on to a ramp 291 (FIG. 19).
PAR  During the succeeding stage, during the rotation of above-described
      assembly, the upper punch b of the cylinder 29 penetrates into the
      corresponding aperture 13 in the upper plate 6 so as to centre this plate
      in relation to the axis of the bore of the corresponding bush 4. Since the
      ramp 291 has an open slot, which follows up to its end the path of the
      punch b of the cylinder 29, the punch b is made to descend so as to bring
      it into contact with the head a.sub.1 of the punch a (FIG. 21) while still
      remaining on the cylinder 29. Then, after the removal of the ramp 291,
      there is lowered an outer punch 292 surrounding the upper punch b so as to
      lower the upper plate 6 and fit it on to the upper part of the
      corresponding bush 4 (FIG. 22).
PAR  When this fixing in position has been accomplished, the outer punch 292 and
      also the upper inner punch b are withdrawn freeing the inner link thus
      formed. An outer punch 293 then co-operates with the inner link by
      penetrating with its front edge into the corresponding part of the recess
      defined between the lower plate 2, the upper plate 6 and the rollers 5
      (FIG. 23), as the outer punch 292 is withdrawn.
PAR  At the same time as the withdrawal of the upper punch 292 is proceeding,
      there is automatically placed in position a second outer punch 294,
      positioned similarly to the punch 293 but inside the path followed by the
      inner link 1. The placing in position of this punch 294 is effected at the
      same time as the withdrawal of the lower punch a.
PAR  The two members 293, 294 form ramps taking charge of the inner link 1 so as
      to release it from the vehicle 34, this latter returning to the inlet of
      the machine A, whereas the inner link 1 is forwarded toward the admission
      cylinder 51 of the chain-assembling machine C.
PAR  Concurrently with the above-described operations the blank of the outer
      links is produced on the machine B.
PAR  During a first stage (FIG. 25) the lower plate 9 is brought on to the
      grouping cylinder 42, comprising two parts 42a, 42b. During this placing
      in position, upper punch b and lower punch a of the cylinder 42 are
      retracted.
PAR  During a second stage (FIG. 26), on the same cylinder 42, the pins 11 are
      brought coaxially to the apertures 10 of the lower plate 9. These pins are
      brought in a vertical position between the ramps 410, 411 of the
      pin-distributing device 41 (FIG. 9), a guard member 412 retaining the
      plate 9.
PAR  During the continuation of the movement of the cylinder 42 (FIG. 27) the
      lower punch a ascends and passes through the plate 9. At the same time
      (FIG. 28) the upper punch b descends and is applied against the pin 11,
      which is then held between the punches a and b (FIG. 28).
PAR  The assembly formed by the lower plate and the pins is then transferred on
      to the cylinder 43, the relative positions of the plate, the pins and the
      members of the cylinder 43 being identical to those which have just been
      described for the cylinder 42 (FIG. 28).
PAR  The cylinder 43 continues its movement and the assembly formed by the lower
      punch a, the pin 11 and the upper punch b, descends in such a way as to
      fit the pin 11 into the corresponding hole 10 of the lower plate 9 (FIG.
      29), the lower punch a serving as an abutment for the pin 11.
PAR  After this insertion the upper piston b is withdrawn and the lower piston
      ascends slightly so as to raise the blank 9, 11 thus formed (FIG. 30).
PAR  This blank 9, 11 is taken in charge by a set of guard members 431, 432 and
      a ramp 433 so as to pass on to the chain-assembling machine C (FIG. 31),
      The cylinder 43 is then free, as shown in FIG. 32.
PAR  In the assembling machine C, during a first stage, the blank, 11, 9 is put
      in position on the admission cylinder 51 by means of ramps 511, 510; the
      blanks 11, 9 are conveyed by the transfer means E.sub.2 of the machine B
      (FIG. 33).
PAR  Concurrently with this placing in position, on the same cylinder 51, the
      inner links 1 are positioned coaxially in relation to the inserted pins 11
      (FIG. 34) by means of the guiding and distributing member 511. These links
      1 proceed from the machine A by way of the conveying means E.sub.1.
PAR  The assembly formed by the blanks 11, 9 and the inner links 1 is then
      transferred on to the cylinder 52 (FIG. 35). The upper punch b then
      descends so that its head b.sub.1 engages in the bore of the bush 4 of the
      corresponding inner link 1 (FIG. 35). During the rotational movement of
      the cylinder 52 the outer punch 521 is lowered so as to hold tight the
      lower plate 9 during the insertion of the upper punch b for the placing
      into position of the intermediate link, 1, the blank 9, 11 being retained
      by a ramp 522 (FIG. 36).
PAR  The upper punch b merely places in position the intermediate link 1 on the
      corresponding pin 11, however, without introducing it completely. A guide
      ramp 524, coming between the lower part 523 of the cylinder 52 and the
      movable punch 521 of the cylinder 52, releases the assembly thus partly
      fitted (FIG. 37), and this frees the cylinder 52 (FIG. 38).
PAR  The assembly is then forwarded on to the grouping cylinder 54 for the
      placing in position of the upper plate 12.
PAR  In more detail, firstly the assembly 9, 11, 1 is positioned in relation to
      the intermediate part 540 of the cylinder 54, thus making it co-operate
      with an outer ramp 541 (FIG. 39).
PAR  During the continuation of the movement of the cylinder 54, the assembly 9,
      11, 1 passes beneath a ramp 542 which conveys the upper plate 12 (FIG.
      40.)
PAR  The assembly 9, 11, 1, 12 is then transferred on to the cylinder 55 (FIG.
      41).
PAR  According to FIG. 41, the ramp 542 terminates in a fork bounding a slot 543
      which is open and arranged following the path of the upper punch b. This
      latter can then be positioned in the aperture 13 in the upper plate 12,
      can penetrate into the slot 543 and can be inserted into the bore of the
      bush 4 of the intermediate link 1 (FIGS. 41 and 42).
PAR  The ramp 542 supporting the upper plate 12 then retracts, the outer punch
      550 of the cylinder 55 thus being able to lower the upper plate 12 along
      the punch b so as to firmly attach this plate 12 to the corresponding end
      of the pin 11 (FIGS. 43 and 44).
PAR  The chain assembly thus completed is caused to pass on to the cylinder 56
      for the accomplishment of the marking of the chain by means of the member
      560. This cylinder likewise has a removal ramp 561 enabling the chain to
      be taken away (FIGS. 45 and 46).
PAR  In one embodiment of a means for the distribution of plate components, such
      as the plates 2, 6 of the inner link 1 or plate 9, 12 of the outer link 8,
      there is advantageously used a distributer illustrated partly in FIGS. 47
      and 48.
PAR  According to FIG. 47, the distributing device comprises a supply store such
      as a vibrating bowl (not shown) which forwards, for example, the plates 2
      into a slideway 61, in which the parts 2 are one behind the other,
      preferably in longitudinal direction, so that they can only occupy one
      position during their transfer.
PAR  The lower end of the slide 61 discharges into an inclined cylindrical
      container 62 shaped in accordance with the outer contour of the parts 2.
      This cylindrical container 62, which is open at its upper end so as to
      receive the parts 2, is likewise open at its lower end where it discharges
      on to a drum 63. This drum, described with reference to FIG. 48, comprises
      on its upper surface recesses which can receive in each case the lower
      plate 2, located at the bottom of the stack contained in the cylindrical
      container 62, so as to remove it from this stack and forward it by
      rotation on to a platform 211 of the cylinder 21, for example. The drum 63
      and the platform 211 are rotationally mounted on pivots 64, 212
      respectively. These mountings are not described in detail.
PAR  FIG. 48 shows in plan the shape of the drum 63 and the transfer of the
      plates between the drum 63 and the platform 211.
PAR  According to FIG. 48, the drum 63 has over a portion of its periphery a
      cutaway zone 65, the width of which corresponds approximately to half the
      mean width of one plate 2. This cutaway portion in vertical direction
      corresponds to the height of a plate 2 and extends over a fraction of the
      periphery of the drum 63. The cylindrical container 62 is arranged in
      relation to this portion 65 in such a way as to permit the removal of the
      plates 2. When the drum 63 rotates about its vertical axis it removes in
      each case one plate 2 and forwards it on to the platform 211.
PAR  In FIG. 48 there are illustrated two distribution means interacting with
      the platform 211. Each distribution means only supplies with plates one
      cavity out of every two on the platform 211. The angular setting of the
      cutaway portions 65 of the two drums 63 is such that this transfer may be
      effected correctly.
PAR  The following is a general description of one work station for one
      cylinder, using where requisite the same general reference numerals as
      used for the corresponding members in the description of FIGS. 10 to 46.
PAR  According to FIG. 49, the cylinder comprises a fixed portion 71 and a
      movable portion 72 rotating about the axis of the fixed portion 71.
PAR  The fixed portion 71 carries a peripheral cam 73 assigned to the outer
      punches and a cam 74 enabling the fitting pressure to be exerted.
PAR  A lower fixed cam 75 co-operates with the lower punches and a cam 76, also
      lower, ensures the control of memory sensors 91.
PAR  The cylinder illustrated in FIG. 49 is, for example, the cylinder ensuring
      the insertion of the bushes 4 into the holes 3 of the lower plate 2 of an
      inner link in the course of manufacture.
PAR  The movable portion 72 of the cylinder carries a ram 77 whose two rollers
      78 co-operate with the two faces of the cam 74. This ram 77 is connected
      at its lower end 79 to a rod 80 on which there are fitted Belleville
      springs 81, the lower end of the column of Belleville springs 81 bearing
      against the lower part 82 of the vertically movable guide 83. The guide 83
      carries an arm 84 which acts on a control member 85 bearing the upper
      punch b. The control member 85 has an oblong hole 86 accommodating the end
      87 of the detector arm 88 of the control system for the punches. This arm
      88 is connected by a connecting rod 89 to a lower arm 90 which acts with
      its end on the sensor 91, so as to insert it when required, as will be
      described later.
PAR  In view of the mode of articulation of the arms 88, 90 and their connection
      by the connecting rod 89, any movement of the end 87 results in a movement
      in the same direction by the end 93 of the arm 90.
PAR  The outer punch c is controlled by the fixed cam 73 acting on the rollers
      92. This outer punch c likewise comprises an aperture 921 for the passage
      of the front end 87 of the arm 88.
PAR  The lower punch a, which passes through the vehicle 34, is actuated by the
      fixed cam 75 by means of the roller 93.
PAR  Any penetrating movement of the inner punch b or of the outer punch c or of
      both at the same time results, in such a case, in actuation of the end 87
      which displaces the end 94 of the arm 90.
PAR  This end 94 then inserts the sensor 91 which is received in a cylindrical
      seating with vertical axis and rigidly connected with the movable portion
      72 of the cylinder.
PAR  The sensor 91 is held in position by means of its peripheral grooves 95,
      into which retaining balls (not shown) engage (FIG. 50).
PAR  The lower end of the sensor 91 comprises a slot 96, the level of which
      constitutes the memory of the sensor 91.
PAR  This memory sensor may serve for recording the descending movement of the
      upper punches into or on to the components to be processed.
PAR  The ram 77 which, bearing on the cam 74, exerts a force in the downward
      direction during the rotation of the cylinder, transmits this force to the
      Bellville springs 81 forming a calibrated resilient mechanism. Since the
      force exerted by the ram 77 is greater that the calibrated force of the
      springs 81, the column of springs 81 undergoes compression.
PAR  In this case the arm 84 is no longer forced downwards with the result that
      the end 87 of the arm 88 does not force the sensor 91 downwards.
PAR  The pivot pin of the arm 90 is carried by a movable device 97 provided with
      a roller 98 rolling along the cam 76. This control system enables the
      pivot point of the arm 90 to move in relation to that of the arm 88 so as
      to control the actuating position of the end 94 of the arm 90 in
      dependence on the cylinder and to add or subtract elements in the memory.
PAR  FIG. 50 illustrates various possible positions of the memory sensor. In
      accordance with the insertion of the upper punch, the sensor is inserted,
      or is not inserted, by one length, which is determined by reading the
      level of the slot 96.
PAR  The sectional view of FIG. 51, for example at the level of the sorting
      cylinder 31, shows an ejector 800 rigidly attached to a vertical spindle
      810 and carrying a guide roller 820. The lower end of the spindle 810
      carries a detector lug 830 which detects the position of the slot 96 of
      the sensor 91. A return spring 840 restores the spindle 810 into its
      initial position by applying the roller 820 against the cam 850. However,
      if the detector lug 830 is unable to penetrate into the slot 96 of the
      sensor 91, as a result of an excessively large penetration of the sensor
      91, then the ejector 800 allows the faulty part to remain on the vehicle
      34.
PAR  FIG. 52 clearly shows these two solutions. According to this Figure, each
      checked part is associated with three sensors 91 and the detector lug 830
      simultaneously detects the three combined sensors 91.
PAR  If the sensors 91 occupy the correct position, indicating that the part
      (for example the inner link 1) has been correctly made and meets the
      prescribed standards, the ejector 800 may pivot by rotation of the spindle
      810, the roller 820 then following the cam 850.
PAR  The part 1 passes over the prescribed path. It is a case here of the
      position illustrated to the right in FIG. 52.
PAR  However, if the detector lug 830 cannot be accommodated in the slots 96, it
      prevents the roller 820 from following its cam path and from causing the
      ejector member 840 to pivot, member 800 then cannot eject the part 1 from
      the vehicle 34 carrying it, with the result that the part remains on this
      vehicle and is discarded as a reject.
PAR  Naturally the invention is not restricted to the example of embodiment
      described and illustrated above, on the basis of which it would be
      possible to provide other forms and modes of embodiment, without thereby
      departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for the continuous production of chains comprising a first
      machine composed of a plurality of cooperating cylinders having at least
      one work station around the periphery of each cylinder capable of
      performing a step in the manufacture of inner links, a second machine
      composed of a plurality of cooperating cylinders having at least one work
      station around the periphery of each cylinder capable of performing a step
      in the manufacture of outer link blanks, a third machine composed of a
      plurality of cooperating cylinders having at least one work station around
      the periphery of each cylinder capable of performing a step in completing
      the manufacture of outer links from said outer link blanks after joining
      said outer link blanks to said inner links to form a chain, first transfer
      means for transferring said inner links from said first machine to said
      third machine, and second transfer means for transferring said outer link
      blanks from said second machine to said third machine, all of said
      machines and transfer means operating in a constant, continuous manner.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said first machine for the
      manufacture of inner links comprises a first device for distributing first
      lower plates and forwarding these plates to a first receiving cylinder, a
      roller-distributing device which distributes the rollers on the first
      lower plates already located on the first receiving cylinder, means for
      forwarding said plates and rollers to a first grouping cylinder, means for
      passing said plates and rollers on to a first work cylinder for ensuring
      the centering of each lower plate with two of the rollers, a
      bush-distributing device supplying bushes to a second grouping cylinder,
      means for passing said plates, rollers and bushes to a second work
      cylinder where the bushes are engaged in the rollers and into the lower
      plates of the inner links, means for transferring blanks thus joined to a
      second receiving cylinder which receives the upper plates from a second
      plate distributing device, and means for forwarding the inner links thus
      formed from said second receiving cylinder to a sorting cylinder.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 characterized in that elements
      constituting the inner links are fed in a continuous kinematic arrangement
      into said first machine for assembling the inner links, the links being
      formed on vehicles circulating in a closed circuit, the vehicles being
      taken in charge by said first receiving cylinder at the inlet to the
      assembly path and being separated from the completed inner links at the
      outlet by a return cylinder arranged following the sorting cylinder.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein said second machine for
      assembling the blanks of outer links comprises a receiving cylinder for
      receiving simultaneously pins supplied by a first distributing device and
      outer lower plates supplied by a second distributing device, means for
      forwarding the said pins and outer lower plates to a work cylinder for
      assembling said outer lower plates and said pins, and means for delivering
      the blanks of outer links to said second transfer means for forwarding the
      blanks to said third machine.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 wherein said third machine comprises an
      admission cylinder joined to said first transfer means for forwarding the
      inner links and joined to said second transfer means for forwarding the
      blanks of the outer links, said admission cylinder having means for
      forwarding the components to a first transfer cylinder for interchanging
      the components to a grouping cylinder, said grouping cylinder having means
      for ensuring the assembly of the inner links with the blanks of outer
      links and means for receiving the outer upper plates supplied by a
      distributing device for completion of assembly, and means for passing the
      assemblies thus formed on to a marking cylinder by way of a second
      transfer cylinder.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein each machine includes at least
      one distributing device for distributing link plates, said distributing
      device comprising a supply store, a slideway for distributing the plates
      one after the other so that the plates can only occupy a single position
      during their transfer, said slideway having an upper end communicating
      with said store and a lower end discharging into a cylindrical container
      to form a stack of said plates, said container discharging onto a
      cylindrical drum, said drum having an upper surface with recesses, each
      recess adapted to receive one plate so as to remove it from said stack, a
      given number of containers being able to simultaneously supply the same
      drum.
NUM  7.
PAR  7. Apparatus as claimed in claim 1 wherein each cylinder comprises on its
      periphery a certain number of work stations operative during the transfer
      of parts, each work station cooperating with an upper cam and a lower cam
      acting on an upper tool by way of rollers transmitting a calibrated force,
      and a lower tool controlled by said lower cam by way of rollers acting on
      parts carried by the vehicles, the upper tool controlling a storage member
      acting on a memory sensor firmly attached to the cylinder.
NUM  8.
PAR  8. Apparatus as claimed in claim 7 in which the memory sensor comprises a
      grooved cylindrical member accommodated for translational movement in a
      support casing of the cylinder, the sensor being driven downwards in
      different fashion in relation to the vehicle, according to whether or not
      the upper tool has effected its work movement, said sensor controlling the
      ejection of a part carried by the vehicle when the sensor does not occupy
      the correct position at the termination of said work movement.
NUM  9.
PAR  9. Apparatus as claimed in claim 7 wherein said memory sensor comprises
      grooves into which there engage retention means, said sensor thus being
      maintained in a determined position in relation to the vehicle, while at
      the same time allowing the translation of the sensor when a given force is
      exerted thereupon.
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ABST
PAL  The parts of a gas turbine plant exposed to the highest temperature are
      made of ceramic material and are mounted by resilient clamping members
      permitting freedom for thermal movements. These clamping members are
      located in passages between spaces containing air and gas, respectively,
      with the air having the higher pressure. The clamping members are slotted
      to permit the flow of air through the passages in which they are mounted
      and will thus be effectively cooled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One of the best ways of increasing the efficiency of a gas turbine plant is
      to raise the temperature of the operation cycle. One difficulty met
      therein is that a high temperature will reduce the useful life of the
      components and necessitates the use of expensive materials.
PAR  There are two ways of reducing above mentioned disadvantage, viz: to
      arrange air cooling of the components, or to use ceramic, sintered,
      non-metallic or semi-metallic, highly heat resisting materials.
PAR  The parts of the plant being especially exposed to the high temperature is,
      of course, the combustion chamber, and the first rotor stage as well as
      the passage means therebetween. These components, therefore, should be
      made of heat resistant material, and as it is difficult to arrange air
      cooling of the small and comparatively thin buckets present in the first
      turbine stage, i.e., usually the compressor driving turbine in an
      automotive plant, it is further desirable that this turbine stage will
      rotate at a noticeably lower speed than the following stage, i.e., usually
      the power turbine. Thus the mechanical stresses in the first named rotor
      may be kept at a reasonable value, which means a longer working life time
      without the use of expensive materials.
PAR  The heat resistant materials actual for this purpose will here below, for
      short, be termed ceramic materials, of which silicon nitride and silicon
      carbide are the most suitable. One important feature to be remembered when
      using ceramic materials, especially if they are used in direct contact
      with metallic materials, is the necessity to provide for thermal movements
      between components of metallic material and components of ceramic
      material.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a gas turbine plant including at least one
      turbine rotor driving a compressor and at least one power turbine rotor as
      well as at least one combustion chamber communicating with the compressor.
      The invention is characterized in that the combustion chamber, the inlet
      means to the first turbine stage and at least the buckets thereof are made
      from ceramic material, and that said parts are built together within a
      common housing, that the border zones between said components are located
      in planes which to one side are passed by gases flowing from the
      combustion chamber, that said components are mounted with respect to the
      housing, or to adjacent components, respectively, by resilient clamping
      means having air passage openings, whereby each individual component has a
      possibility to perform thermal movements in at least one plane, and that
      at least one conduit is arranged to convey air from the compressor to the
      border planes between the components, by-passing the combustion chamber,
      with the clamping members being fitted in said border zones.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically shows the main components of the plant,
PAR  FIG. 2 shows a section through the combustion chamber and a portion of the
      first turbine stage,
PAR  FIG. 3 shows a detail of a section along line III--III in FIG. 2,
PAR  FIG. 4 shows a detail of a longitudinal section through the clamping means
      in FIG. 3,
PAR  FIG. 5 shows a detail of a clamping means at V--V in FIG. 2, and
PAR  FIGS. 6, 7 and 8 show different embodiments of turbine rotors.
DETD
PAC  DESCRIPTION OF SOME PREFERRED EMBODIMENTS
PAR  The gas turbine power plant shown in FIG. 1 is on the first hand intended
      for automotive use and includes a compressor 10 driven by a turbine having
      a rotor 11.
PAR  This compressor supplies air to a combustion chamber 12 having a burner 13.
      In series with the compressor turbine rotor 11, there are two further
      power turbine rotors 14 and 15, respectively. The latter is by a simple
      gear transmission 16 and a variable transmission 17 connected to a
      planetary gear 18. The turbine rotor 14 is also connected to last
      mentioned gear, with its shaft passing through the hollow shaft of the
      compressor turbine rotor 11.
PAR  An output shaft 19 is connected to the planetary gear by way of a reversing
      mechanism 19a. The compressor 10 and the turbine 11 are connected to the
      planetary gear 18 by way of a transmission 20, the reduction ratio of
      which is selected in a manner to permit the compressor and its turbine to
      rotate at a considerably lower speed than the two following power turbine
      rotors. This is possible as the compressor turbine is not forced to drive
      the compressor alone, at all loads, but may be augmented from the last
      turbine stage 15.
PAR  As has been mentioned above, it is essential that at least the components
      exposed to the highest thermal load are made of ceramic materials.
PAR  FIG. 2 shows a section through a somewhat modified embodiment of a
      combustion chamber suited to be used in a plant of the type actual here.
      The combustion chamber proper 12 is made in one piece of ceramic material
      and is mounted within an air box 21 connected to the pressure side of the
      compressor. The portion of the housing enclosing the combustion chamber is
      denoted by 22 and within the same, the burner 13 is fitted. An annular
      inlet member 23, likewise made of ceramic material, is fitted to the
      combustion chamber. The inlet member merges into a ring of inlet vanes 24
      located immediately upstream of the compressor turbine rotor 11. The inlet
      vanes as well as the turbine rotor are made of ceramic material. The
      combustion chamber is connected substantially radially to the inlet member
      23, and it is evident that the number of combustion chambers connected to
      the inlet member will depend upon the size of the plant.
PAR  In order to make possible thermal movements at the points where the ceramic
      components are mounted, the combustion chamber 12, on the first hand, is
      supported in the housing by means of slotted clamping members 25, which
      provide a certain resiliency of the suspension and furthermore allows the
      passage of air from the air box 21 for cooling the clamping members. These
      members will form an unsignificant portion of the complete system, and it
      will, therefore, be possible to use a very heat resistant and expensive
      material, without noticeably increasing the price of the plant.
PAR  Between the combustion chamber 12 and the inlet member 23, further
      resilient clamping members 26 are provided. FIGS. 3 and 4 show a cross
      section and a longitudinal section, respectively, through a detail of such
      a fitting. The portions of the clamping members located in the interspace
      between the combustion chamber and the inlet member are corrugated and are
      provided with turned down resilient tongues. The ceramic components will,
      in this manner, obtain freedom of movement in the radial direction, while
      simultaneously axial displacements are taken care of. Air may pass from
      the air box 21 into the inlet member by way of the corrugations, thereby
      cooling the clamping members.
PAR  The inlet member 23 merges into the ring of inlet vanes 24. This is formed
      as an annulus defined by two substantially parallel walls between which a
      number of inlet vanes 27 are fitted. Further slotted, resilient clamping
      members 28, of the type shown in FIG. 5, are fitted between the inlet
      member 23 and the guide vane ring 24. The corrugations are here arranged
      perpendicularly to the juxtaposed edge portions of the inlet member and
      the guide vane ring, respectively, and permit the flow of cooling air from
      the air box 21. An adjacent wall 29 of the housing sealingly abuts the
      outer wall of the guide vane ring 24 and includes an air passage 30
      connected to the air box 21 upstream of the combustion chamber 12. Air may
      be conveyed by way of the passage 30 to the inlet vanes 27 and further to
      the turbine for cooling the components thereof.
PAR  The turbine rotor may be formed in several different ways. Three principal
      embodiments are shown in FIGS. 6, 7 and 8. The turbine shaft is
      presupposed to be made of metallic material and it is necessary to attach
      the ceramic parts in an appropriate manner thereto. According to FIG. 6, a
      turbine rotor 32 is formed as a disc of ceramic material, having buckets
      33 formed integrally with its peripheral portion. The buckets may be
      formed either directly when manufacturing the disc, or later on by
      separate working. The disc is mounted at a shaft 31 by means of a bolt 34
      cooperating with a nut 35, with the bolt passing through a central passage
      in the disc and extending through a larger diameter bore in the metal
      shaft to be threadedly engaged with the latter at 36. The end portion of
      the shaft 31 turned towards the rotor disc is formed as a resilient flange
      37 provided with slots 38. A resilient disc 39 having slots 40 fitted
      outwardly of the rotor disc. The slots 38 in the inward flange 37 are
      elongated in the peripheral direction, whereas the slots 40 in the outward
      disc are more or less radially directed. This is made purely for the
      purpose of illustration. It is evident that it is simpler to have the same
      shape of the slots to both sides of the rotor disc and that other shapes
      of the slots may be used, as circumstances so prescribe.
PAR  The shaft 31, as well as the bolt 34, is each provided with an axial bore
      41 and 42, respectively, with said bores being connected to the compressor
      in any suitable manner (not shown), whereby cooling air may flow through
      the turbine shaft and further through the bolt 34 to cool the spaces
      between the flange 37, disc 39 and the rotor disc, respectively.
PAR  With the embodiment according to FIG. 7, the end of a turbine shaft 43
      turned towards the rotor is formed as a disc 44, which cooperates with a
      mating disc 45. The latter is attached to the shaft in the same manner as
      described in connection with FIG. 6, i.e., by means of a bolt 46
      cooperating with a nut 47. The peripheral portions of the two discs are
      formed as resilient claws, enclosing the root portions of buckets 48 made
      of ceramic material. Also here the shaft is provided with an axial bore 49
      and a radially directed passage, 50 is formed between the two discs 44 and
      45. By means of this passage air is conveyed outwards to the buckets and
      may pass out along the latter through slots 51 in the peripheral portions
      of the discs.
PAR  With the embodiment according to FIG. 8 a rotor disc 52 is provided with an
      integral shaft stub 53, instead of the central passage shown in the two
      previous embodiments. Hence the strength of the shaft will be increased
      considerably.
PAR  With this arrangement, which is the most attractive one considering
      strength and manufacture, the disc is mounted at shaft 54 by means of a
      sleeve member 55. The shaft 54 is provided with a tubular end portion and
      encloses the shaft stub 53 with a clearance, into which the sleeve member
      55 is fitted.
PAR  A central, basically cylindrical portion 56 of the sleeve member is defined
      by a corrugated wall, which permits movements in the radial direction
      between the shaft stub 53 and the tubular portion of shaft 54. Adjacent to
      the disc, the shaft stub 53 is provided with an annular bead 57, and the
      enclosing portion of the sleeve is provided with a mating, annular recess,
      so the sleeve will resiliently hold the bead. The recessed portion of the
      sleeve is slotted to form a number of parallel tongues, and through slots
      58 formed between the tongues, cooling air, supplied through a bore 59 in
      the shaft and passing through the corrugations in the cylindrical portion
      56, may issue.
PAR  The end of sleeve 55 remote from the rotor disc is formed to a threaded
      fitting for a bolt 61, which attaches the sleeve, and thus also the rotor,
      to the shaft. The edge of the tubular end portion of the shaft is formed
      to force the sleeve towards the shaft stub, when the sleeve is pulled
      inwards and will thus bring about a compression of the ceramic material
      while simultaneously efficiently centering the rotor disc.
PAR  With respect to the alignment, the sleeve 55 has a corrugated (or fluted)
      main portion located between the hollow end of the shaft 54 and the inner
      end of the stub shaft. The annular recess 58 at the outer end of the
      sleeve fits around the annular bead 57. The corrugations and the grip
      around the bead 57 will ensure a satisfactory alignment. Moreover, the
      corrugations ensure resiliency in the axial direction with respect to
      thermal movements.
PAR  By means of the bolt 61, the bead 58 is drawn tight against the end of the
      metal shaft and will thus obtain a safe grip around the bead.
PAR  There are, in addition, contact faces along the edges of the corrugations
      between the metal sleeve and the stub shaft. The disc rotates at high
      speed and the engagement occurs at short radii so that the design is quite
      safe from the torque transmission viewpoint.
PAR  The inner end of the sleeve is formed in such a manner and provided with
      air passage slots, whereby an axial resiliency as regards thermal
      movements is ensured.
PAR  Besides the features mentioned, the slots at the inner and outer ends, plus
      the corrugations ensure an ample passage way for the cooling air. This
      should be supplied by the compressor in order that sufficient quantities
      be available. The best way of supplying the air is through the shaft, but
      difficulties develop when the air shall be transferred from the shaft out
      along the ceramic parts and the latter must be held absolutely rigid, due
      to thermal movements occuring.
PAR  All components made of ceramic material, thus have a satisfactory resilient
      suspension and the metallic clamping members will obtain an efficient air
      cooling.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a gas turbine power plant including a compressor, at least one
      turbine rotor driving the compressor, at least one further turbine rotor,
      downstream of the compressor driving turbine, delivering external power,
      at least one combustion chamber communicating with the compressor and
      providing combustion gases to the turbine rotors, the improvement
      comprising a hollow metal shaft, the compressor driving turbine rotor,
      located closest to the combustion chamber including a disc having integral
      vanes along its periphery, said rotor being formed of ceramic material,
      means resiliently deformable in a radial as well as an axial direction
      with respect to thermal movement enclosing a portion of said ceramic disc
      for centering and holding the same with respect to the hollow metal shaft,
      passage means for conveying air from the compressor to the hollow metal
      shaft, and said centering and holding means, forming extensions of the air
      passage through said hollow shaft between themselves and the juxtaposed
      ceramic faces, said holding means being further provided with apertures
      for directing air along the parts of the ceramic rotor outside said
      holding means.
NUM  2.
PAR  2. The gas turbine power plant as claimed in claim 1 in which said ceramic
      disc is provided with a centrally located aperture, an outwardly turned
      fixed flange at the end of the hollow metal shaft adjacent to the disc, a
      separate flange of the same diameter as the fixed flange, and a bolt for
      attaching the separate flange to the metal shaft in juxtaposition to the
      fixed flange, with the fixed flange and the separate flange between
      themselves defining an extension of the air passage means and together
      constituting the resiliently deformable means centering and holding the
      ceramic disc of the compressor driving turbine rotor with respect to said
      shaft.
NUM  3.
PAR  3. The gas turbine power plant as claimed in claim 1 in which the
      compressor driving turbine disc has a short, integral shaft stub, the
      hollow metal shaft having a tubular end portion enclosing the shaft stub
      with a clearance, said shaft stub having a root, an annular bead at the
      root, a sleeve member fitting in the clearance between the tubular end
      portion and the shaft stub, the sleeve member having a logitudinally
      corrugated main portion bridging the clearance between the tubular end
      portion and the shaft stub, an annular recess defined by resiliently
      deformable wall portions and mating with the annular bead at the root of
      the shaft stub at one of its ends, and means for attachment to the metal
      shaft at its opposite end, the attachment means and the walls of the
      annular recess being provided with slots constituting together with the
      corrugations in the main portion of the sleeve member part of the air
      passage means of the metal shaft.
NUM  4.
PAR  4. The gas turbine power plant as claimed in claim 2 in which said fixed
      flange is provided with slots elongated in the peripheral direction and
      the separate flange with slots extending in a radial direction.
NUM  5.
PAR  5. In a gas turbine power plant including a compressor, at least one
      turbine rotor driving the compressor, at least one further turbine rotor
      downstream of the compressor driving turbine, delivering external power,
      at least one combustion chamber communicating with the compressor and
      providing combustion gases to the turbine rotors, the improvement
      comprising a hollow metal shaft, the compressor driving turbine rotor
      located closest to the combustion chamber being at least partly of ceramic
      material and mounted on the hollow metal shaft, means resilient in a
      radial as well as an axial direction with respect to thermal movement
      holding the ceramic parts of the compressor driving turbine with respect
      to the hollow metal shaft, passage means for conveying air from the
      compressor to the hollow metal shaft, said resilient holding means being
      provided with apertures for directing air from the hollow metal shaft
      along the ceramic parts, the compressor driving turbine being defined by a
      disc of ceramic material, said disc having a short, integral shaft stub
      and integral blades along its periphery, the hollow metal shaft having a
      tubular end portion enclosing the shaft stub with a clearance, said shaft
      stub having a root, an annular bead at the root, a sleeve member fitting
      in the clearance between the tubular end portion and the shaft stub, the
      sleeve member having a longitudinally corrugated main portion bridging the
      clearance between the tubular end portion and the shaft stub, an annular
      recess defined by resilient wall portions and mating with annular bead at
      the root of the shaft stub at one of its ends, and means for attachment to
      the metal shaft at its opposite end, the attachment means and the walls of
      the annular recess being provided with slots constituting together with
      the corrugations in the main portion of the sleeve member part of the air
      passage means of the metal shaft.
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PAL  A temperature control device in a gas-turbine unit of a single-shaft or
      twin shaft type for the turbine of the unit, comprising two transmitters,
      one of the two transmitters being intended for controlling the pressure
      differential across a first orifice mounted in the pipeline upstream of
      the compressor of the gas-turbine unit, whereas the second of the two
      transmitters is intended for controlling the pressure across another
      orifice mounted in the pipeline that connects the pipeline upstream of the
      turbine with the pipeline upstream of the compressor, provision being made
      for disposing a valve of an adjusting device for sensing the temperature
      in said pipeline upstream of the compressor, the variations in the
      position of the valve being sensed by the second pressure drop sensor, the
      two pressure differential transmitters being connected in such a manner
      than their output signals are added together and the resultant signal is
      fed to an actuating device for changing the flow of fuel to the combustion
      chamber to control the gas temperature of the gas supplied to the turbine,
      two identical temperature control devices as described above being used
      for a twin shaft type gas turbine unit, each one of the temperature
      control devices being intended for controlling the temperature upstream of
      either one of the two turbines of the unit.
BSUM
PAR  The present application is related to application Ser. No. 393,751 filed
      Sept. 4, 1973, and now abandoned which, in turn, is a Rule 60 continuation
      of Ser. No. 129,396 filed Mar. 30, 1971 also now abandoned.
PAR  The present invention relates to the art of controlling the temperature in
      a gas-turbine and more particularly, to temperature control devices
      installed upstream of the turbine of a gas-turbine power unit.
PAR  Known in the art are temperature controllers adapted to be installed
      upstream of the turbine of a gas-turbine power unit, in which unit
      provision is made for a temperature adjuster sensing the temperature
      upstream of the compressor.
PAR  The known temperature controller operates on the principle of regulating
      the relation between the discharge pressure of a medium delivered by a
      compressor and the position of a fuel valve in the gas-turbine power unit,
      which valve serves for controlling the fuel flow. Said controller, when
      adjusted for a certain temperature upstream of the turbine, prevents the
      fuel valve from opening if the discharge pressure of the medium delivered
      by the compressor is below a pre-set value.
PAR  However, said controller is incapable of limiting the temperature upstream
      of the turbine, if the fuel flowrate is subject to fluctuations with the
      fuel valve being in a fixed position. This situation may arise as a result
      of pressure fluctuations upstream of the fuel valve due to failure of the
      automatic system to maintain the pressure, or else because of variations
      in the calorific value of the fuel gas used, e.g. as a result of
      condensate finding its way into the combustion chamber. Indeed, despite
      the use of fuel cleaning systems, heavy fractions are liable to form a
      condensate in the gas line. Condensate admitted into the combustion
      chamber causes a temperature surge, to which the prior-art temperature
      controller responds, not by closing the fuel valve, but by opening said
      valve still further inasmuch as the pressure upstream of the turbine will
      increase in response to the temperature surge. Moreover, when operating on
      with a liquid fuel, the throughput of the nozzles in the combustion
      chamber tends to increase due to wear on the nozzle edge, the net result
      being increased fuel flow-rate through the fuel valve, although the valve
      position and the pressure ahead thereof remain unchanged.
PAR  Hence, diverse factors affect the performance accuracy of the prior-art
      temperature controller disposed upstream of the turbine of a gas-turbine
      power unit, thus causing serious operational problems.
PAR  The principal object of the present invention is to provide a temperature
      control device mountable upstream of the turbine of a gas-turbine power
      unit, whose operation would be is independent of the fuel characteristics
      upstream of the fuel valve and of the discharge characteristics of the
      compressor or fuel supply elements.
PAR  The object is achieved in a gas-turbine power unit comprising a compressor,
      a turbine installed downstream of said compressor; a first pipeline
      connected to the inlet side of said turbine; a second pipeline provided
      upstream of said compressor; a third pipeline connecting said first and
      said second pipelines; a combustion chamber installed between the
      compressor outlet side and the inlet side of the turbine and communicating
      therewith; a means for feeding fuel to said combustion chamber; means for
      controlling the supply of fuel to said combustion chamber, and a
      temperature control device for said turbine, the latter, according to the
      invention, comprising: a first orifice mounted in said second pipeline; a
      second orifice mounted in said third pipeline; a first pressure
      transmitter connected to said first orifices for sensing the pressure
      differential in said second pipeline upstream and downstream of said first
      orifice; a second pressure transmitter connected to said second orifice
      for sensing the pressure differential in said third pipeline upstream and
      downstream of said second orifice; a means for sensing the temperature in
      the second pipeline upstream of the compressor for adjusting the
      temperature of the gas upstream of the turbine supplied by said
      compressor; a valve means in said third pipeline upstream of said second
      orifice, said valve means being functionally connected to the temperature
      sensing means so that a signal generated by said temperature sensing means
      adjusts the extent to which said valve means is opened which causes a
      change in the pressure differential in said third pipeline at said second
      diaphragm, said second pressure transmitter sensing the pressure changes
      in said third pipeline and generating an output signal whose value is a
      function of the position change experienced by said valve; a means
      connected to the first and the second transmitters for adding up the
      signals produced by said transmitters; and an actuating member connected
      to the means for adding up the signals and functionally associated with
      said means for controlling the supply of fuel to the combustion chamber to
      cause a change in the fuel supply in order to limit the temperature of the
      gas entering the turbine.
PAR  In case of a twin-shaft gas-turbine unit, two temperature control devices
      described above are used, each being intended for controlling the
      temperature upstream of each respective one of the turbines.
PAR  Said resulting signal in the present controller is related to the ratio
      between the gas flow-rate through the turbine and the pressure and
      temperature upstream of said turbine, owing to which the value of said
      signal is not affected by the fuel characteristics and the discharge
      characteristics of the compressor or fuel supply elements.
DRWD
PAR  The present invention is illustrated by the description of preferred
      embodiments of the temperature control device installable upstream of the
      turbine of a gas-turbine power unit, according to the invention, with
      reference to the accompanying drawings, wherein:
PAR  FIG. 1 illustrates a temperature control device for a single-shaft
      gas-turbine power unit; and
PAR  FIG. 2 shows temperature control devices for a twin-shaft gas-turbine unit
      with two compression and air preheat stages.
DETD
PAR  The temperature control device according to the present invention can be
      used for limiting the temperature upstream of turbines having different
      gas-turbine plant flow diagrams.
PAR  In one of embodiments, the gas turbine power unit is of a single-shaft
      type, comprising a compressor 1 (FIG. 1), a turbine 2 installed downstream
      of said compressor 1, a first pipeline 3 connected to the inlet side of
      said turbine 2; a second pipeline 4 installed upstream of the compressor
      1; a third pipeline 5 connecting the first pipeline 3 and the second
      pipeline 4; a combustion chamber 6 installed intermediate between of the
      outlet of the compressor 1 and the inlet of the turbine 2 and
      communicating with a means for supplying fuel (not shown in FIG. 1) to
      said combustion chamber 6, a device 7 for controlling the fuel supply to
      said combustion chamber 6 and a temperature control device for said
      turbine, comprising: a first orifice 8 installed in said second pipeline
      4; a second orifice 9 installed in said third pipeline 5; a first
      transmitter 10 connected to said first orifice 8 for sensing the
      variations of pressure differential in said second pipeline 4 upstream and
      downstream of said first orifice 8; a second transmitter 11 coupled to
      said second orifice 9 for sensing the pressure differential in said third
      pipeline 5 upstream and downstream of said second diaphragm 9; a means 12
      for responding to the temperature in the second pipeline 4 upstream of the
      compressor 1; a valve 13 in said third pipeline 5 upstream of said second
      diaphragm 9, the valve 13 being functionally associated with the means 12
      so that a signal generated by said means 12 changes the position of valve
      13 to cause a change in the pressure differential in said third pipeline 5
      at said second diaphragm 9, said second pressure transmitter 11 sensing
      the pressure changes in said third pipeline 5 and generating an output
      signal whose value is a function of the position change experienced by
      said valve 13; a means 14 kinematically associated with the first
      transmitter 10 and the second transmitter 11 for adding together the
      signals produced by said transmitters; an actuating member 15, connected
      to the means 14 for adding together the signals and functionally
      associated with said device 7 for controlling the supply of fuel to the
      combustion chamber 6 to cause a change in the fuel supply in order to
      limit the temperature of the gas entering the turbine 2.
PAR  The means 12 operates in accordance with the temperature upstream of the
      compressor 1, which operation is achieved by means of a fluid contained in
      a confined space formed by a temperature cylinder 16, a capillary tube 17
      and the device 12 which includes a bellows and spring means 18. In case of
      a change in the air temperature upstream of the compressor 1 the fluid
      will expand, causing said bellows and spring 18 in the device 12 to
      displace, thus actuating the valve 13.
PAR  This will cause a change of pressure at the second diaphragm 9, which is
      necessary for adjusting the device for controlling the temperature of the
      gas upstream of the turbine in accordance with the temperature upstream of
      the compressor.
PAR  With the gas turbine power unit operating, the flow-rate of gas through the
      turbine 2 is related to the pressure and temperature upstream of said
      turbine, which is described by the following approximate equation:
      ##EQU1##
      wherein G is the gas flowrate through the turbine,
PA1  .beta. is the proportionality factor,
PA1  p is the pressure upstream of the turbine,
PA1  T is the temperature upstream of the turbine;
PAL  hence
      ##EQU2##
      wherein T.sub.o is the temperature upstream of the compressor,
PA1  p.sub.o is the pressure upstream of the compressor.
PAR  The temperature adjuster is operative when the following condition is
      satisfied:
      ##EQU3##
      wherein
      ##EQU4##
PAR  The left term of the equation
      ##EQU5##
      refers to the flow conditions through the compressor which is a function
      of the pressure differential measured by transmitter 10, whereas the right
      term of the equation
      ##EQU6##
      is related to the pressure differential at the orifice 9 as measured by
      transmitter 11. The valves measured by the transmitters are summed by
      valve 14 which controls actuator 15, and when unbalance in valve 14
      occurs, the actuator 15 is operated to vary the fuel flow thereby
      controlling the temperature at the inlet of the turbine.
PAR  FIG. 2 illustrates an embodiment of a twin-shaft gas turbine unit having
      the compression and air heating stages, wherein the proposed temperature
      control devices are provided upstream of each turbine.
PAR  In this case the gas turbine unit, in addition to the components described
      and shown in FIG. 2 comprises: a compressor 1' installed upstream of the
      compressor 1; a combustion chamber 6' installed downstream of the turbine
      2; a turbine 2' installed downstream of the combustion chamber 6'; a
      fourth pipeline 3' connected to the inlet side of said turbine 2'; a fifth
      pipeline 4' provided upstream of the compressor 1'; a sixth pipeline 5'
      connecting the fourth pipeline 3' and the fifth pipeline 4'; a device 7'
      for controlling the supply of fuel to said combustion chamber 6'; and a
      second temperature control device for said turbine 2', comprising: a first
      orifice 8' installed in said fifth pipeline 4'; a second orifice 9'
      installed in said sixth pipeline 5'; a first pressure transmitter 10'
      connected to said first orifice 8' for sensing the pressure differential
      in said fifth pipeline 4' upstream and downstream of the first orifice 8',
      and a second pressure transmitter 11' connected to said second orifice 9'
      for sensing the pressure differential in said sixth pipeline 5' upstream
      and downstream of said second orifice 9'; a means 12' for sensing the
      temperature in the fifth pipeline 4' upstream of the compressor 1' for
      adjusting the temperature of gas upstream of said turbine 2'; a valve 13'
      in said sixth pipeline 5' upstream of the second diaphragm 9',
      functionally associated with the means 12' so that a change in the degree
      of opening of said valve 13' in response to a signal from said means 12'
      results in a change in the pressure differential in said sixth pipeline 5'
      at said second orifice 9', said second pressure transmitter 11' sensing
      the change in pressure in said sixth pipeline 5' and generating an output
      signal whose value is a function of the position of said valve 13'; a
      means 14', kinematically associated with the first transmitter 10' and the
      second transmitter 11' for adding up the signals from said transmitters;
      an actuating member 15', connected to the means 14' and functionally
      associated with said device 7' for controlling the supply of fuel to the
      combustion chamber 6' to cause a change in the fuel supply in order to
      limit the temperature of the gas entering the turbine 2'.
PAR  The means 12' operates in accordance with the temperature upstream of the
      compressor 1', which operation is achieved by means of a fluid contained
      in a confined space formed by a temperature cylinder 16', a capillary tube
      17', and the device 12'. In case of a change in the air temperature
      upstream of the compressor 1', the fluid will expand, causing the bellows
      and spring 18' in the device 12' to displace, thus actuating the valve
      13'.
PAR  This will cause a change in pressure at the second diaphragm 9', which is
      necessary for adjusting the device controlling the temperature of the gas
      upstream of the turbine 2' in accordance with the temperature upstream of
      the compressor 1'.
PAR  With the gas turbine unit operating, the flowrate of gas through the
      turbine 2' according to FIG. 2 is related to the pressure and temperature
      upstream of said turbine by the same approximate relationship as that used
      for the case of a gas turbine unit of the single shaft type described
      above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a gas turbine unit including a compressor; a turbine installed
      downstream of said compressor; a first pipeline connected to the inlet
      side of said turbine; a second pipeline provided upstream of said
      compressor; a third pipeline connecting said first and said second
      pipelines; a combustion chamber installed between the compressor outlet
      side and the inlet side of the turbine and communicating therewith; a
      means for feeding fuel to said combustion chamber; means for controlling
      the supply of fuel to said combustion chamber; a temperature control
      device for said turbine; said temperature control device comprising: a
      first orifice mounted in said second pipeline; a second orifice mounted in
      said third pipeline; a first pressure transmitter connected to said first
      orifice for sensing the pressure differential in said second pipeline
      upstream and downstream of said first orifice; a second pressure
      transmitter connected to said orifice for sensing the pressure
      differential in said third pipeline upstream and downstream of said second
      orifice; a means for sensing the temperature in the second pipeline
      upstream of the compressor; a valve means in said third pipeline upstream
      of said second orifice, said valve means being functionally associated
      with said temperature sensing means so that in response thereto a change
      in the degree of opening of said valve means causes a change in the
      pressure differential in said third pipeline at said second orifice, said
      second pressure transmitter thereby generating the output signal whose
      value is a function of the position change experienced by said valve
      means; a means connected to the first and the second transmitters for
      adding up the signals produced by said transmitters; an actuating member
      connected to the means for adding up the signals and functionally
      associated with said means for controlling the supply of fuel to the
      combustion chamber to cause a change in the fuel supply in order to limit
      the temperature of the gas entering the turbine.
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ABST
PAL  A catalytic combustor arrangement for use with a gas turbine power plant,
      has independently regulatable fuel injection elements disposed upstream of
      a discrete array of passageways disposed between the fuel injection
      elements and a catalytic reaction member. The centermost fuel injection
      elements of each combustor may function alone which will permit efficient
      idling operation of the power plant. The passageways will maintain the
      flow of fuel and air to only the central portion of each catalytic reactor
      element thus providing the efficient, low speed, idling, operation of the
      turbine. As additional fuel injection elements are activated, additional
      portions of the catalytic reaction member perform the combustion function
      at the desired level of turbine operation. Thus a wide range of operating
      conditions of the gas turbine is efficiently permitted with the
      regulatable fuel injection arrangement therewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to combustors, and more particularly to a
      catalytic combustion chamber arrangement for gas turbine power plants.
PAR  2. Description of the Prior Art
PAR  This case is related to Westinghouse Case 44,633 of S. M. DeCorso and P. W.
      Pillsbury and application Ser. No. 482,911 of common assignee.
PAR  Combustion chambers for gas turbines, have been comprised of annular arrays
      of cylindrically shaped burners or cans. Each combustion chamber or can,
      would have a single fuel injection nozzle and a spark plug, disposed at
      its upstream end. Air passageways would be disposed throughout the walls
      of the can to provide combustion air and to cool the walls of the
      combustor. U.S. Pat. No. 3,657,883 of S. M. DeCorso and assigned to the
      present assignee, shows an annular array of combustors disposed with a gas
      turbine.
PAR  As combustors have become increasingly sophisticated, and, incidently, as
      environmental pollution laws have become more stringent, arrangements for
      reducing contaminants, and for producing desirable temperature profiles
      from exit orifices of the combustors have abounded. An example of a prior
      art combustor is shown in U.S. Pat. No. issued to DeCorso and Carlson,
      U.S. Pat. No. 3,702,058. This patent, assigned to the present assignee of
      the present invention, describes a double walled, stepliner combustor for
      providing and withstanding high burning temperatures. An example of early
      U.S. art is U.S. Pat. No. 2,285,944, wherein a burner for gaseous fuels
      utilizes refractory or catalytic material. U.S. Pat. No. 3,714,778 shows a
      fuel injection arrangement in a standard combustion chamber, but does not
      suggest individual regulation thereof, nor does it suggest catalysts and
      discrete fuel injection and ignition with portions therewith.
PAC  SUMMARY OF THE INVENTION
PAR  A gas turbine power plant has a compressor section in which there is
      disposed at least one combustor or combustion chamber in its combustion
      arrangement, and a turbine section. The combustion arrangement is
      comprised of an annular array of combustor cans, or a fully annular
      combustor each combustor arrangement having an array of variable fuel
      injection members disposed at its upstream end, a catalytic reactor
      portion at its mid-section, and a bundle-like array of tubular passageways
      disposed therebetween. The tubular passageways in the combustion chambers
      alternately may be comprised of concentric rings, having an array of
      variable fuel injection members disposed at their upstream end. The
      tubular concentric passageways or the annular rings are upstream of the
      catalytic reactor member. The concentric tubular members or the
      bundle-like array of tubular members define separate passageways for the
      flow of fuel and air jetted therethrough. The fuel injectors are provided
      with variable output, and only a portion of the array of fuel injectors
      may be activated to direct fuel to a portion of the catalytic reaction
      member for oxidation therewith, providing ideal idling for the turbine
      when desired. When a slightly higher running speed of the turbine is
      needed, an additional array or system of fuel injection members are
      activated. The respective passageways between the activated fuel injection
      members or systems permits proportionate oxidiation of fuel in limited
      areas of the catalytic reaction member. This permits a high efficiency in
      fuel used, and a reduction in pollutants and fuel consumption.
PAR  It is an object, therefore, of the present invention to provide a catalytic
      combustor that is capable of wide range operation with very efficient fuel
      consumption associated therewith.
PAR  It is an additional object of the present invention, to provide a catalytic
      combustor for a gas turbine, wherein there are a plurality of fuel
      injection systems, each individually activatable, to permit oxidation with
      selective portions of the catalytic reaction member.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages of the invention will be realized when
      viewed with the following drawings in which:
PAR  FIG. 1 is a longitudinal cross-sectional view of a portion of a gas turbine
      power plant showing a catalytic combustor and fuel injection arrangement
      constructed according to the principles of this invention;
PAR  FIG. 2 is a longitudinal cross-sectional view of the combustor passageway
      and fuel injection arrangement;
PAR  FIG. 3 is a view taken along the lines III--III of FIG. 2;
PAR  FIG. 4 is an alternative embodiment of the fuel passageway arrangement; and
PAR  FIG. 5 is an alternative embodiment showing annularly disposed rings across
      the entire combustor area instead of individual combustor cans.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, and particularly to FIG. 1 there is
      shown a portion of a gas turbine power plant 10, having a combustion
      arrangement 12. The combustion arrangement 12 may be employed with any
      suitable gas turbine power plant. The gas turbine power plant 10 shown,
      includes an axial flow air compressor 14 for directing air to the
      combustion arrangement 12, and a gas turbine 16 connected to the
      combustion arrangement 12 and receiving hot products of combustion
      therefrom for motivating the power plant 10.
PAR  Only the upper half of the power plant 10 including the combustion
      arrangement 12 has been shown, since the lower half may be substantially
      identical and symmetrical about the center line or axis of rotation RR' of
      the power plant 10.
PAR  The air compressor 14 includes, as well known in the art, a multi-staged
      bladed rotor structure 18 cooperatively associated with a stator structure
      19 having an equal number of multi-stage stationary blades 20 for
      compressing the air directed therethrough to a suitable pressure value for
      combustion in the combustion arrangement 12. The outlet of the compressor
      14 is directed through an annular diffusion chamber 22 forming an intake
      for a plenum chamber 24, partially defined by a housing structure 26. The
      housing 26 includes a shell member 27 of circular cross-section, and is
      shown generally parallel with the axis of rotation RR' of the power plant
      10, and with a forward dome-shaped wall member 28 connected to the
      external casing at the compressor 14.
PAR  The turbine 16, as mentioned above, is of the axial flow type and includes
      a plurality of expansion stages formed by a plurality of rows of
      stationary blades 32 cooperatively associated with an equal plurality of
      rotating blades 34 mounted on a turbine rotor 36. The turbine rotor 36 is
      drivingly connected to the compressor rotor 18 by a tubular shaft member
      25, and a tubular liner or fairing member 29 is suitably supported in
      encompassing stationary relation with the connecting shaft portion 25 to
      provide a smooth air flow surface for the air entering the plenum chamber
      24 from the compressor diffuser 22.
PAR  Disposed within the housing 26 are a plurality of fuel injection nozzles 38
      or members, which supply fuel to the combustion arrangement 12. Each fuel
      injection nozzle 38 is part of a fuel injection system 39, three of which
      are shown in this example, 39a, 39b and 39c, as depicted in FIGS. 1 and 2.
      The preferred embodiment comprises an annular array of cylindrical
      cannisters, 40, shells, combustors or cans, at the upstream end of which
      are disposed the fuel injection nozzles 38. Disposed generally coaxially
      and concentrically within said can 40, are a plurality of baffles 42 or
      tubular members in a spaced relationship with one another which define
      passageways 44 for fuel and air to pass within the combustor 40.
      Downstream of the baffles 42, there is disposed a catalytic reaction
      member 46. The catalytic reaction member 46 may be generally cylindrically
      shaped or otherwise arranged as shown in copending application by
      Pillsbury and DeCorso. The catalytic reaction member may be constructed
      from TORVEX, a ceramic material comprised of about 96% alpha Alumina, 3%
      Magnesium Aluminate Spinel and about 1% Mullite. The Mullite is
      essentially 3AL.sub.2 0.sub.3 .sup.. 2Si0.sub.0. TORVEX is a trademark of
      the Dupont Company.
PAR  In operation, say for example, during low speed or idling operation of the
      turbine, only one axially centermost fuel injection system 39a, possibly
      injection fuel at a reduced rate, would be functioning. Utilizing only the
      innermost of the passageways 44, the fuel may be directed to a central
      portion of the catalytic reaction member 46. Air inlets 48 are disposed
      about each of the fuel injection nozzles 38. The fuel and air mix within
      the passageways 44 until the mix reaches the catalytic reaction member 46.
      There catalytic combustion occurs. In this central portion of the
      catalytic reaction member 46, the fuel-air ratio is rich enough to cause
      the catalytic member 46 to become hot. Because of the catalyst, combustion
      therein is very efficient, with minimal unburned or partially burned
      products of combustion and the combustion temperature remains relatively
      low preventing the formation of nitrogen compounds. The zones of the
      catalytic reaction member 46 not receiving a fuel-air mix, receive only
      air. As more overall heat is required, the zone of the catalytic reaction
      member 46 receiving a fuel-air mix is broadened by activating the other
      fuel-injection systems, 39b and/or 39c. At high load conditions, the
      entire catalytic reaction member 46 receives a full fuel-air mix from all
      the fuel-injection systems 39.
PAR  There may be insulation material 49 disposed between the combustion
      arrangement 12 and the housing shell 27 to reduce any cooling requirements
      otherwise needed. Downstream of the catalytic reaction member 46, there is
      a transition portion 50 of the combustor can 40 which guides the hot
      products of the catalytic reaction to the vanes 32 and 34 of the turbine
      16.
PAR  FIG. 2 shows a more detailed view of the combustion arrangement 12, wherein
      the combustor or can 40, may have an array of orifices 52 downstream of
      the catalytic reaction member 46 for admitting dilution air into the
      transition member 50. The dilution air provides temperature profiling and
      proper mixing of the hot products of the catalytic reaction. As shown on
      FIG. 2, air indicated by the arrows marked A, enters through the air
      inlets 48 which are fluid flow passageways or openings arranged about the
      fuel injection nozzles 38. Each fuel line has a valve arrangement 41 for
      variable and shut off control of fuel therethrough.
PAR  A view directed upstream in the combustor 40 is shown in FIGS. 3 and 4.
      FIG. 3 shows the baffles 42 as coaxial tubular members which define
      longitudinally extending annular passageways 44 therebetween. The baffles
      42 prevent the intermixing of fuel-air from one passageway 44 with an
      air-only flow coming through a radially adjacent passageway 44 when the
      power plant 10 is running at less than full capacity. FIG. 4 shows a
      slight modification of the baffles 42 wherein an array of radially
      directed plates 56 divide the flow of fuel-air in each passageway 44 into
      arcuately shaped longitudinally extending volumes that permit selective
      fuel injection when the power plant 10 is running at less than full
      capacity. The radially directed plates 56 may further divide the flow of
      fuel and air in case circumferentially adjacent fuel injection nozzles 38
      are intentionally not operating for absolute minimization of fuel
      regulation.
PAR  Another embodiment of the combustion arrangement 12 is shown in upstream
      directed view of FIG. 5, wherein there is no annular array of individual
      combustor cans 40, but a continuing annular arrangement of coaxial baffle
      members 60 disposed in a radially directed spaced relationship to one
      another and which encircle the entire plenum chamber 24 within shell 26.
      That is, the entire combustion arrangement 12 is comprised of generally
      coaxial rings. A longitudinal sectional view of FIG. 5 would be similar to
      the view of FIG. 1. An outermost ring 62 and an innermost ring 64 define a
      support structure for the baffle members 60 arranged therebetween.
      Passageways 44 are defined between baffle members 60. At the upstream end
      of the combustor arrangement 12, are disposed the fuel injection nozzles
      38 and air inlets 48. The right side of FIG. 5 shows the baffles 60 with
      an array of radially directed longitudinally extending plates 66 disposed
      therebetween. These aid in guiding the fuel-air and plain air in flowing
      to the catalytic reactor member 46, as typified by that shown in FIGS. 1
      and 2. With this arrangement, the annular array of fuel-injection nozzles
      38 indicated by 69, would comprise that system 39a, utilized to function
      for lowload or idling operation of the power plant 10.
PAR  The use, therefore, of a plurality of fuel injection systems, each
      comprising an array of fuel injection nozzles, each system being capable
      of independent control and use, in conjunction with a catalytic reaction
      member and distinct fuel-air or air directing passageways therebetween
      permits efficient-economical use and wide range use of gas turbine
      engines. The reduction of heat otherwise produced means reduction in
      pollutants such as oxides of nitrogen.
PAR  Since numerous changes may be made in the above described construction, and
      different embodiments of the invention may be made without departing from
      the spirit and scope thereof, it is intended that all the matter contained
      in the foregoing description or shown in the accompanying drawings, shall
      be interpreted as illustrative and not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combustor arrangement comprising:
PA1  a combustor shell having an upstream air receiving portion and a combustor
      discharge end;
PA1  a catalytic reactor member disposed within said shell intermediate said
      upstream portion and said discharge end;
PA1  a plurality of coaxial tubular passageways extending from adjacent said
      upstream portion to generally adjacent said catalytic reactor member, said
      passageways providing airflow communications therebetween;
PA1  means for injecting fuel into each passageway so as to restrict the
      delivery of fuel to a confined area of said catalytic reactor member
      generally coextensive with the adjacent area of the tubular passageway
      receiving the fuel;
PA1  valve means for selectively regulating the flow of fuel to the injecting
      means to thereby supply fuel to any of said passageways and associated
      coextensive coaxial areas of catalytic reactor member;
PA1  whereby, supplying fuel to the fuel injecting means of the passageway
      closest to, or including, the axis of said coaxial passageways exposes the
      minimum area of said catalytic reactor member to support combustion and
      supplying fuel to the fuel injecting means of all said passageways exposes
      the maximum area of said catalytic reactor member to support combustion.
NUM  2.
PAR  2. Structure according to claim 1 wherein said fuel injecting means of each
      coaxial tubular passageway is independently regulatable from the fuel
      injecting means of any one of said passageways through said valve means.
NUM  3.
PAR  3. Structure according to claim 2 wherein said fuel injecting means within
      any one of said passageways is so disposed to generally uniformly provide
      fuel to the coaxial area of the catalytic reactor member associated with
      the respective passageway.
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ABST
PAL  An ignition system for rocket engine combustion chambers which are operated
      by non-hypergolic propellant components and particularly for the
      pre-combustion chambers of main stream engines of this type, comprises a
      main combustion chamber having injector means for injecting a propellant
      component into the combustion chamber for combustion therein. Since the
      propellant components employed are non-hypergolically reactive, they are
      ignited by an ignition agent which is produced by the pressure of a first
      propellant component which is non-hypergolically reactive with the
      ignition agent into the combustion chamber. The second propellant
      component which reacts with the ignition agent hypergolically is also
      introduced into the combustion chamber so that ignition takes place
      immediately. The arrangement includes a storage tank for the ignition
      agent having a piston movable therein by admission of the propellant
      component which is non-hypergolically reactive with the ignition agent to
      one side of the storage space which contains the ignition agent which in
      turn is moved by the piston from the other side of the storage space out
      through a connecting passage into the combustion chamber. After the piston
      has travelled an amount sufficient to direct a predetermined quantity of
      the ignition agent into the combustion chamber, the piston passes a port
      which communicates the propellant component with the combustion chamber so
      that it can flow after the ignition agent into the combustion chamber for
      reaction with the other propellant component which is also introduced into
      the combustion chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  This invention relates in general to the construction of rocket engine
      combustion chambers and, in particular, to a new and useful rocket engine
      which operates with non-hypergolic propellant components and to an
      ignition system therefor.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  In a known ignition system for combustion chambers of rocket engines
      operated by non-hypergolic propellants, such as liquid hydrogen and liquid
      oxygen, a liquid, for example, aluminumtriethyl is used as the igniting
      agent, which is self-reacting with the liquid oxygen. The substantial
      parts of this ignition system are as follows:
PAR  A. AN IGNITION CONDUIT LEADING INTO THE COMBUSTION CHAMBER IN THE ZONE OF
      THE INJECTION SYSTEM FOR BOTH OF THE PROPELLANT COMPONENTS;
PAR  B. A TWO-WAY REVERSING VALVE; AND
PAR  C. A CYLINDER-PISTON UNIT.
PAR  The piston of the cylinder-piston unit divides the interior of the cylinder
      into two spaces. One space is the pressure space for the working fluid or
      propellant component. If necessary, the working fluid is supplied from the
      hydrogen storage tank, hydrogen being the propellant component,
      non-hypergolic with the igniting agent, i.e., the aluminumtriethyl. The
      other cylinder space is used as a storage space for the igniting agent. In
      this space, a quantity of aluminumtriethyl is stored which is sufficient
      for several ignitions, and the space communicates with the ignition
      conduit through an outlet bore. The outlet bore is controlled by a two-way
      reversing valve. In its position of normal operation of the combustion
      chamber, the two-way valve closes the outlet bore for the igniting agent
      and simultaneously opens a scavenging circuit comprising the ignition
      conduit. In its position for ignition, the two-way valve opens the outlet
      bore for the igniting agent and closes the scavenging circuit. A certain
      portion of hydrogen, i.e., of the propellant component non-hypergolic with
      aluminumtriethyl and which already serves as the working fluid, is also
      used as the scavenging fluid.
PAR  In the ignition system just described, the piston ensures a spacial
      separation of the igniting agent (aluminumtriethyl) from the working fluid
      (hydrogen) which latter is responsible for the injection of the agent into
      the combustion chamber. The piston thus prevents, with certainty, the
      mixing of the two substances below the ignition limit. On the other hand,
      as already mentioned, the aluminumtriethyl is injected into the combustion
      chamber through a single conduit. However, with such a localization of the
      ignition focus, a spontaneous initiation of the combustion in the chamber
      is not always assured and misfiring is not excluded. In addition, in the
      intermediate time between the ignition phase and full operation of the
      combustion chamber, i.e., at the end of the ignition phase, both
      aluminumtriethyl and hydrogen pass into the combustion chamber in the zone
      of the ignition conduit as a mixture. During the subsequent combustion of
      this mixture with oxygen, high temperature peaks occur which may result in
      overheating and damage of the walls of the combustion chamber. To avoid
      such consequences, efforts are made to minimize the quantity of the
      igniting agent to be injected. Such a measure, however, requires narrow
      ignition conduits which may again become a source of ignition troubles
      because of their susceptibility to carbonization.
PAR  For the foregoing reasons, another known ignition system of the mentioned
      type has dispensed with the storage of a quantity of aluminumtriethyl
      sufficient for several combustion chamber ignitions and with the supply by
      portions of this igniting agent from the storage space through a separate
      conduit into the combustion chamber. Instead, a predetermined quantity of
      aluminumtriethyl for a single ignition is stored in an appropriately
      dimensioned storage space and, at the required moment, is transferred into
      the combustion chamber through the injection bores provided for and by the
      action of the propellant component which is non-hypergolic with the
      aluminumtriethyl, for example, hydrogen. A spontaneous initiation of the
      combustion over the entire cross-sectional area of the chamber is thereby
      reliably obtained and no additional expenditures of equipment,
      accessories, or structural adaptation are incurred because of the
      utilization of the existing equipment for the propellant supply and
      ignition; that is, the igniting agent (aluminumtriethyl) is driven into
      the combustion chamber by the propellant component (hydrogen) which is
      non-hypergolic therewith and which, after the ignition, takes over the
      full scale operation in the combustion chamber along with the other
      propellant component (oxygen), in a "seamless" transition. A hollow
      cylinder is again provided as the storage space for the igniting agent.
      This space, however, is connected to the propellant supply conduit leading
      from the hydrogen storage tank to the injection head of the combustion
      chamber. The aluminumtriethyl is stored in the cylinder between two
      metallic burst diaphragms. The two burst diaphragms are destroyed as soon
      as they are exposed to the pressure under which the hydrogen is stored.
      The diaphragm destruction immediately preceding the transfer of the
      igniting agent into the combustion chamber is harmless in cases where
      non-aggressive igniting agents are used, among which the mentioned
      aluminumtriethyl is numbered. The conditions change completely, however,
      if fluorine or a similar aggressive fluid distinguished by its spontaneous
      hypergolic reactivity with hydrogen should be uased as the igniting agent.
      As is well known, igniting agents of such a kind require a passivation of
      the metals with which they come into contact. Without passivation,
      destruction of the burst diaphragms would have serious consequence because
      a sudden inflammation of the rupture areas would follow. Still another
      risk is involved in the destruction of the diaphragms, namely, the
      possibility of a subsequent mixing of the igniting agent and the pushing
      propellant component in a proportion below the ignition limit. This risk
      is particularly great in cases where the densities of the igniting agent
      and of the propellant component transferring it into the combustion
      chamber of the rocket are equal to each other or only slightly different.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to the development of a simple ignition system of
      the type described hereinbefore which would unite the advantages but avoid
      the drawbacks of the prior art and would at all times be reliable in
      operation regardless of whether aggressive or non-aggressive igniting
      agents are used or whether the densities of the igniting agent and the
      propellant component differ considerably, slightly, or not at all.
PAR  In accordance with the invention, there is provided, a system in which a
      gaseous igniting agent is stored in a storage space under a low pressure,
      relative to the required transfer pressure. The outlet conduit for the
      igniting agent which leads from the storage space to the injection
      mechanism is common to the igniting agent and to a first propellant
      component which is non-hypergolic therewith. The inlet conduit for the
      first propellant is regulated by valve means in which the first propellant
      component is supplied into the storage space, while the valve in the
      outlet conduit for the igniting agent is closed. The first propellant
      component acts on one side of a piston in the storage space and compresses
      the igniting agent, and after the outlet valve is opened on the igniting
      agent side, causes the transfer of the agent into the combustion chamber.
      As soon as the igniting agent is evacuated from the storage space, the
      first propellant component leaves the storage space through at least one
      bypass conduit which, at this moment, is cleared and opened by the advance
      of the pressure-tight piston, so that the first propellant component is
      directed into the outlet conduit for the igniting agent upstream of the
      valve.
PAR  In the inventive ignition system, the fact that the igniting agent passes
      into the combustion chamber through the injection bores which, during the
      subsequent full operation of the combustion chamber, will be flowed
      through by the propellant component having compressed and pushed the agent
      in, assures a spontaneous ignition in the chamber at any time. Equally
      ensured is also a "seamless" transition from the ignition phase to the
      full combustion process in the chamber. In fact, the propellant component
      non-hypergolic with the igniting agent enters the combustion chamber
      immediately after the agent through the very same injection bores. It is
      further important, for the reliability in service, that the propellant
      component non-hypergolic with the igniting agent,
PAR  a. cannot pass into the combustion chamber before the ignition, and
PAR  b. cannot mix with the igniting agent below the ignition limit, either
      during the compression in the storage space or during the transfer of the
      igniting agent into the combustion chamber.
PAL  This is made sure by the pressure-tight piston in the storage space for the
      igniting agent and by the bypass conduit which is controlled by the
      piston. In addition, the provided association of the bypass for the
      propellant with the outlet conduit for the igniting agent insures a
      scavenging of the passage by the propellant subsequently flowing
      therethrough.
PAR  Because of the scavenging of the outlet conduit and the complete evacuation
      of the storage space for the igniting agent in the course of a single
      ignition operation, and of the absence of burst diaphragms in the storage
      space, the inventive ignition system is additionally excellently suited
      for aggressive gaseous igniting agents. The complete evacuation of the
      storage space during a single ignition, and the subsequent scavenging of
      the outlet conduit for the igniting agent are measures which make a
      particular passivation of the parts exposed to an aggressive agent
      superfluous. Moreover, the absence of the burst diaphragms eliminates the
      risk of inflammation of fresh areas of rupture with which the aggressive
      agent would come into contact. It is well known that one of the aggressive
      gaseous agents is fluorine; a very interesting igniting agent for rocket
      engines which is driven, for example, by liquid hydrogen and liquid
      oxygen, because of its spontaneous self-igniting reaction with hydrogen.
      The fact that in rocket engines of the type in question, fluorine
      pressures of 60 atm. above atmospheric pressure and more are necessary for
      combustion chamber ignitions and, in contrast thereto, security
      regulations concerning fluorine do not permit storage pressures exceeding
      28 atm. above atmospheric pressurre, produces no problem for the inventive
      ignition system. That is, because the gaseous igniting agent is stored in
      the respective space under low pressure and is compressed there,
      immediately before the ignition in the combustion chamber, to the required
      transfer pressure, all of the requirements of operation and security are
      met, unlike any other system.
PAR  According to a development of the invention, the gaseous igniting agent in
      the storage space is enclosed in a discharge bellows which is hermetically
      fixed to both the pressure-tight piston and, on the other side, to the
      portion of the storage space where the outlet conduit for the igniting
      agent is connected. In addition, a check valve is mounted in the bypass
      conduit for the propellant. The provision of the discharge bellows is
      recommended primarily in cases where a position-independent transfer of
      the igniting agent into the combustion chamber is appreciated. Aside
      therefrom, the discharge bellows in the storage space for the igniting
      agent, together with the check valve in the bypass conduit for the
      propellant, securely prevent a mixture of the igniting agent with leakage
      quantities of the propellant passing around the piston during the
      compression.
PAR  As is known, in liquid-propellent rocket engines of the so-called main
      stream type, gas, rich in oxidizer or fuel, is produced in a precombustion
      chamber. This gas is further reacted in a main combustion chamber with
      additional fuel or oxidizer. Prior to that, on its way from the
      precombustion chamber into the main combustion chamber, the gas is
      expanded in a turbine. The turbine drives two pumps which ensure the
      supply of propellants into the precombustion and main combustion chambers.
      In case an engine of this type is designed, for example, for liquid
      hydrogen and liquid oxygen, the ignition, as well as the start of the
      turbine, is particularly simple if, in accordance with a further
      development of the invention, an igniting agent, such as fluorine, is
      used, and the inlet conduit for the propellant leading into the storage
      space for the igniting agent is connected to a pressure tank filled with
      gaseous oxygen.
PAR  The gaseous oxygen from this pressure tank serves not only for the
      compression and transfer of the fluorine into the precombustion chamber,
      but it also furnishes the power necessary for the start of the turbine
      following the ignition, a circumstance which is manifested by an
      advantageous particularly low fluorine consumption. As soon as the
      turbine, which has been started in the required manner, has sufficiently
      accelerated the pumps coupled thereto, the operation of the precombustion
      chamber is changed insofar as supply of liquid oxygen is substituted for
      the gaseous oxygen. This change can be effected in a particularly easy
      manner if, according to a further feature of the invention, the pressure
      conduit of the oxygen pump, in which a valve and a check valve are mounted
      one after the other in the flow direction,
PAR  a. leads into the outlet conduit of the igniting agent, upstream of the
      valve mounted therein and of a check valve following the same in the flow
      direction, or
PAR  b. leads into the propellant conduit connecting the pressure tank for
      gaseous oxygen to the storage space for the igniting agent, between the
      valve mounted therein and a check valve provided upstream thereof.
PAR  The mentioned pressure tank for gaseous oxygen becomes superfluous if the
      starting power for the turbine driving the pumps is produced in another
      way, for example, by cool gas admission. In such a case, for example,
      gaseous hydrogen is a suitable working fluid. The starting of the turbine
      in the last-mentioned manner not only has the advantage of less expensive
      equipment, but also permits the connection of the inlet conduit for the
      propellant leading into the storage space for the igniting agent to the
      pressure conduit of the pump delivering the liquid oxygen. Thus, the
      liquid oxygen furnished actuates the piston in the storage space for the
      igniting agent and the advantages resulting therefrom is that the fluorine
      injection into the precombustion chamber is proportional to the
      performance of the oxygen pump.
PAR  Accordingly, it is an object of the invention to provide a rocket engine
      combustion chamber or an ignition system therefor, which provides a means
      for directing an emission agent into the combustion chamber for ignition
      with a hypergolically reacting propellant component while utilizing the
      storage pressure of a second propellant component which is
      non-hypergolically reactive with the other component to drive a piston to
      force the ignition agent into the combustion chamber and which is
      therefore admitted itself by the movement of the piston through a passage
      which is uncovered by the piston into the combustion chamber following the
      ignition agent.
PAR  A further object of the invention is to provide an apparatus for directing
      an ignition agent, such as fluorine or similar aggressive agent, into a
      combustion chamber without requiring that the fluorine be stored at a high
      pressure which comprises utilizing the prestorage pressure of a propellant
      component, such as hydrogen, to drive a piston having a bellows filled
      with the ignition agent and separating it from the metallic wall thereof
      through a passageway leading to the combustion chamber ignition and
      wherein the propellant component is used to scavenge the passage of the
      igniting agent by flow through the same passage after the igniting agent.
PAR  A further object of the invention is to provide a rocket engine combustion
      chamber of the main current type which includes an arrangement for
      utilizing the pressure of a stored propellant component to drive an
      igniting agent into a precombustion chamber and to thereafter use the same
      propellant component to scavenge the igniting agent flow passage to the
      combustion chamber.
PAR  A further object of the invention is to provide an ignition system and a
      rocket engine combustion chamber which is simple in design, rugged in
      construction and economical to manufacture.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a schematic partial sectional view of a rocket engine combustion
      chamber and propellant component supply system with ignition means
      constructed in accordance with the invention;
PAR  FIG. 2 is a view similar to FIG. 1 of another emobodiment of the invention;
      and
PAR  FIG. 3 is a view similar to FIG. 1 of still another embodiment of the
      invention.
DETD
PAC  GENERAL DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawings in particular, the invention embodied therein in
      FIG. 1, comprises an ignition system for a rocket engine, generally
      designated 100, which is operated with non-hypergolically reactive
      propellant components, the first one of which is stored in a pressurized
      container 13 under a pressure, and a second one of which is stored in a
      tank or storage space 14.
PAR  In accordance with the invention, rocket engine 100 is started or ignited
      by the use of an igniting agent 4, which is stored in a storage space or
      hollow cylinder 1, having a piston 2 which is movable therein which
      includes a labyrinth packing 3 to provide a tight seal with respect to
      respective opposite sides thereof. Piston 2 divides the hollow cylinder
      into a space for the ignition agent 4 and a space on the opposite side 5
      to accommodate the first propellant component 13 which is admitted through
      valve 11 and passage 12 when the engine is to be started. A gaseous
      igniting agent, for example, gaseous fluorine, in a quantity provided for
      a single ignition in combustion chamber 9 is contained in storage space 4
      under relatively low pressure, for example at 28 atm. above atmospheric
      pressure.
PAR  An outlet conduit 7 extends from the far end of storage space 4 to an
      ignition head 8 of combustion chamber 9 which has a plurality of discharge
      nozzles 10 for discharging the ignition agent into combustion chamber 9.
      Flow through conduit 7 is regulated by a valve 6.
PAR  In accordance with the invention, when the ignition agent 4 is directed
      into head 8 for discharge through nozzle openings 10 into combustion
      chamber 9, the second propellant component contained in storage space 14,
      under pressure, is fed through conduit 15 under the control of valve 15a
      to a central portion of the head for discharge through openings or nozzles
      16. The first propellant component in storage tank 13 is, for example, a
      component which is non-hypergolic with fluorine, and this may be liquid
      oxygen, for example. When valve 11 is opened, the first component flows
      through conduit 12 into space 5 to cause movement of piston 2 to compress
      the ignition agent in space 4 until valve 6 is open in which time the
      ignition agent flows through conduit 7 into injection head 8. During this
      time, valve 15a is open so that the second propellant component, which is
      hypergolic with the fluorine or the ignition agent, and which may for
      example be a liquid hydrogen, is directed into the central portion of
      injector head 8 for discharge through opening 16. At the moment that valve
      11 in conduit 12 is opened, the liquid oxygen or first propellant
      component passes from storage tank 13, in which it is stored under
      pressure, into working space 5 of cylinder 1. During an initial portion of
      this time, valve 6 in the outlet conduit 7 is closed so that the liquid
      oxygen causes the movement of the piston 2 and the compression of the
      fluorine to a pressure up to the required transfer pressure. As the
      transfer pressure is reached, the ignition operation proper begins by the
      opening of valve 6 in conduit 7 to permit passage of the ignition agent
      through conduit 7 and into combustion chamber 9. Under the constant
      pressure of the first propellant component, liquid oxygen, the compressed
      fluorine is pushed from storage space 4 through conduit 7 and injector
      manifold 10 into combustion chamber 9 where it hypergolically reacts with
      the hydrogen which has been simultaneously supplied through conduit 15
      into the injector manifold 16. As soon as storage space 4 for the igniting
      agent is evacuated completely, piston 2 moves beyond a port 4a so that the
      first propellant component may move though this port through a connecting
      passage or bypass 17. A check valve 18 in bypass conduit 17 permits flow
      to conduit 7 and into injector head 8. Bypass 17 connects upstream of
      valve 6 so that the flow of the oxygen or first propellant component
      assures a scavenging of the conduit from the fluorine and a "seamless"
      transition from the ignition phase using fluorine and hydrogen to the full
      operation phase of operation of the combustion chamber with oxygen and
      hydrogen. A filling conduit 20 is provided downstream of the bypass
      connection to discharge conduit 7, but upstream of the valve 6, and this
      carries valve 19 which may be opened to conduct the ignition agent through
      the filling conduit 20 and a portion of conduit 7 into storage space 4
      when valves 6 and 11 are closed.
PAR  In the embodiment of the invention shown in FIG. 2, there is provided a
      rocket engine of the main stream type, generally designated 102, which
      includes a tubular portion, generally designated 21, defining a main
      combustion chamber 23 having a nozzle neck portion 23a and a divergent
      thrust nozzle discharge portion 24. Rocket engine 21 is intended for a
      liquid propellant, and it is one of the main stream type, and it
      comprises:
PA1  a. a precombustion chamber 22 in which during full operation of the
      chamber, a gas mixture which is either rich in oxidizer or fuel is
      produced;
PA1  b. a main combustion chamber 23 in which a further reaction of the gas
      mixture rich oxidizer or the fuel is reacted with additional fuel or
      oxidizer as the case may be;
PA1  c. a turbine 26 located between front guide vanes 25 at the discharge of
      precombustion chamber 22 and the back guide vanes 27 at the entrance to
      main combustion chamber 23 in which the gas mixture which is rich in
      either oxidizer or fuel is expanded on its way from the precombustion
      chamber to the main combustion chamber; and
PA1  d. two pumps 28, 29 which are driven by turbine 26 and serve to supply the
      propellents, for example liquid oxygen, from a storage tank 30 and
      hydrogen from a storage tank 31 into precombustion chamber 22 and main
      combustion chamber 23.
PAR  In this example, the ignition system also comprises a tank 32 filled with
      gaseous oxygen under high pressure and a cylindrical storage space 33 for
      the igniting agent. A conduit 35, which can be closed by a valve 34, leads
      from the gas tank 32 to storage space 33 for the igniting agent and
      terminates in a passage through end wall 36 of the cylinder. A
      predetermined quantity of gaseous igniting agent provided for a single
      ignition in the combustion chamber 22, for example fluorine, is stored in
      a space 33 under a relatively low pressure which is enclosed in a
      discharge bellows 37. Discharge bellows 37 is hermetically fixed to the
      pressuretight piston 38 with which storage cylinder 33 is fitted and, on
      the other side, to the other end wall 39 of storage cylinder 33. An outlet
      conduit 40 for the igniting agent leads from a bore in the last-mentioned
      end wall 39 to injection head 41 of precombustion chamber 22, namely, to
      the injection bores 42 through which, during the full operation, liquid
      oxygen is supplied. Adjacent the storage space 33, a valve 43 and a check
      valve 44 following the same in the flow direction are provided in the
      outlet conduit 40 for the igniting agent. Two bypass conduits 45a, 45b,
      lead into conduit 40, upstream of valve 43, and the pressure conduit 46 of
      oxygen pump 28 leads into conduit 40 downstream of check valve 44. The
      gaseous oxygen leaves the storage space 33 for the igniting agent through
      a bore in the side of cylinder 33 which is uncovered by piston 38 and
      flows through bypass conduits 45a, 45b, as soon as the fluorine is
      completely evacuated from discharge bellows 37. A check valve 47a, 47b,
      respectively, is mounted in each of the bypass conduits 45a, 45b.  A check
      valve 48 is also provided in pressure conduit 46 of oxygen pump 28 in
      which, in addition, a valve 49 is mounted upstream of check valve 48.
PAR  In a variant of this example, instead of leading into the outlet conduit 40
      for the igniting agent, pressure conduit 46 of oxygen pump 28 may be
      connected to inlet conduit 35 for the propellant, that is, as indicated by
      a dashed line, between valve 34 and a check valve 50 which is mounted
      upstream thereof. In such a case, the check valve 44 in outlet conduit 40
      for the igniting agent becomes superfluous.
PAR  As soon as valve 34 in conduit 35 is opened, the gaseous oxygen passes into
      storage space 33 for the igniting agent. There, while the valve 43 in
      outlet conduit 40 for the igniting agent is closed, the oxygen compresses
      the fluorine from the low storage pressure to the required transfer
      pressure. Thereupon, outlet conduit 40 is opened and, under a constant
      pressure of the oxygen, the compresses fluorine is pushed through outlet
      conduit 40 and injection bores 42 communicating therewith into
      precombustion chamber 22. In precombustion chamber 22, the fluorine
      spontaneously reacts with the gaseous hydrogen simultaneously supplied
      from a pressure tank 51. The gaseous hydrogen is supplied through
      injection bores 52 of injection head 41 through which, in full operation,
      the liquid hydrogen will be supplied. Conduit 53 leads from the hydrogen
      pressure tank 51 to the injection bores 52 and is provided with a check
      valve 54 and a valve 55 mounted downstream of the same. A branch 56a of
      the pressure conduit 56 of hydrogen pump 29 leads, downstream of valve 55,
      into conduit 53. Another branch 56b of pressure conduit 56 is connected,
      at the rear end of the thrust nozzle, to colling ducts 57 which extend
      through the walls of thrust nozzle 24 and of main combustion chamber 23
      toward the front end of the latter where a duct 58 is connected thereto
      leading to the back guide vanes. Upstream of the two branches 56a, 56b, a
      valve 59 and a check valve 60 are mounted one after the other in pressure
      conduit 56.
PAR  Filling of the discharge bellows with fluorine is effected through a
      conduit 61 which is provided with a check valve 62 and leads into outlet
      conduit 40 for the igniting agent, upstream of valve 43. The quantity of
      the gaseous fluorine is preset so as to only start the ignition in the
      precombustion chamber 22. The starting power for turbine 26, on the
      contrary, is produced by the reaction between the gaseous oxygen and
      hydrogen. As has already been mentioned, at the moment the evacuation of
      the storage space 33 is terminated, the gaseous oxygen passes through
      bypass conduits 45a, 45b, cleared by piston 38, into outlet conduit 40
      and, therefrom, to the injection bores 42. Once a sufficient acceleration
      has been imparted to propellant pumps 28, 29 by turbine 26, which has been
      started in the described manner, a supply of liquid oxygen and liquid
      hydrogen is substituted for the supply of gaseous oxygen and hydrogen.
PAR  FIG. 3 also shows a rocket engine of the main stream type 71 designed, for
      example, for operation with liquid oxygen and liquid hydrogen. The engine
      comprises a precombustion chamber 72, a main combustion chamber 73, a
      thrust nozzle 74, a turbine 76, front guide vanes 75 and back guide vanes
      77. Associated therewith are an oxygen pump 78, a hydrogen pump 79, a tank
      for liquid oxygen 80 and a tank for liquid hydrogen 81. Propellant pumps
      78 and 79 are driven by turbine 76. A tank 82 filled with gaseous hydrogen
      under high pressure is provided for the starting of the turbine.
PAR  After turbine 76 has been started by admission of gaseous hydrogen from
      tank 82, the precombustion chamber 72 is ignited. The injection head in
      the precombustion chamber comprises mutually separated injection manifolds
      84 and 85. The manifold 85 is provided for the injection of hydrogen into
      precombustion chamber 72. Through manifold 84, first the igniting agent
      and thereupon the liquid oxygen, passes into the precombustion chamber 72.
      For example, gaseous fluorine is again used as the igniting agent. It is
      stored in a storage cylinder 86. As to the pressure-tight piston 87 and a
      discharge bellows 88 fixed thereto in cylinder 86, the arrangement is
      analogous to that described in connection with FIG. 2. The same applies to
      the disposition of the inlet and outlet conduits 92 and 89, respectively,
      for the igniting agent, and bypass conduits 91a, 91b for the propellant,
      all associated with storage cylinder 86. However, the inlet conduit 92 for
      the propellant leading into storage cylinder 86 at the side of
      pressure-tight piston 87 opposite to the bellows, does not communicate
      with a pressure tank containing oxygen, as in the case of FIG. 2. This
      conduit 92 is directly connected to the pressure conduit of oxygen pump
      78. Consequently, after the turbine has been started, piston 87 in storage
      cylinder 86 is actuated by the liquid oxygen furnished by pump 78. This
      results in the advantage that gaseous fluorine contained in discharge
      bellows 88 in a quantity sufficient for a single ignition in precombustion
      chamber 72 is injected into the latter in proportion with the produced
      power and reacts therein with the hypergolic hydrogen which is separately
      supplied at the same time. The "seamless" transition from the ignition
      phase to the full operation with liquid oxygen and liquid hydrogen is
      assured, as in the embodiment according to FIG. 2, by the bypass conduits
      91a, 91b which are cleared by piston 87 as soon as discharge bellows 88 is
      evacuated.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ignition system for rocket engine combustion chambers operated by
      non-hypergolic propellant components, and particularly for precombustion
      chambers of main stream engines, comprising wall means defining a main
      combustion chamber having a thrust nozzle discharge and a precombustion
      chamber connected to said main combustion chamber, said precombustion
      chamber generating gases having one propellant component in excess of the
      other, a gas turbine in the connection between said main and said
      precombustion chambers operable by the gases perfused by said
      precombustion chamber and discharging these gases after use into said main
      combustion chamber, first and second propellant component pumps connected
      to and driven by said turbine, storage means for an igniting agent for
      storing said igniting agent in a gaseous state under a pressure which is
      lower relative to a pressure required to transport the igniting agent to
      said precombustion chamber, a first propellant component supply tank for
      storing a first propellant component which is non-hypergolically reactive
      with said igniting agent and which is connected to said first propellant
      component pump, a second propellant component supply tank for storing a
      second propellant component which is hypergolically reactive with said
      igniting agent but not with said first propellant component and which is
      connected to said second propellant component pump, respective first and
      second delivery conduits connected between said first and second
      propellant component pumps and said precombustion chamber for the flow of
      said components to said precombustion chamber, piston means movable in
      said storage means and dividing said storage means into an ignition agent
      space on one side of said piston means and a pressurizing gas-receiving
      space on the other side of said piston means, first and second storage
      tanks for separately storing second and first gaseous non-hypergolic
      propellant components under high pressure connected respectively to said
      precombustion chamber and to said pressurizing gas-receiving space for
      forcing said piston to move in a direction to compress the igniting agent
      and to subsequently direct it through said first delivery conduit to said
      precombustion chamber, said storage space means having a port uncoverable
      by substantially complete movement of said piston to evacuate said
      ignition agent and to communicate the space containing said first gaseous
      propellant component with said first delivery conduit for its flow through
      said first delivery conduit after the flow of the ignition agent, said
      first storage tank connection to said pressurizing gas-receiving space
      having valve means operable only upon starting of said engine to
      pressurize said pressurizing gas-receiving space.
NUM  2.
PAR  2. An ignition system for rocket engine combustion chambers, according to
      claim 1, wherein said storage means comprises a cylinder having an outlet
      in said first conduit and having a collapsible bellows in said cylinder
      with an interior space containing said igniting agent communicating with
      the outlet of said storage space means and to said precombustion chamber,
      said bellows being spaced inwardly from said cylinder walls and defining
      an annular space around said bellows which is sealed off from the interior
      of said bellows which communicates with said outlet.
NUM  3.
PAR  3. An ignition system for rocket engine combustion chambers, according to
      claim 2, including a bypass line connected from said storage means port to
      said first conduit having a check valve therein permitting flow only from
      said storage space means to said outlet.
NUM  4.
PAR  4. A method of igniting a rocket engine of the main stream type which
      includes a main combustion chamber and a precombustion chamber which
      generates one propellant component-rich gaseous products which drive a
      turbine in the connection between the precombustion chamber and the main
      combustion chamber and in which the turbine, in turn, dirves first and
      second propellant component pumps which are connected respectively to
      propellant components which are separately pumped to the precombustion
      chamber and to the main combustion chamber and using an igniting agent
      which is stored in a separate storage vessel having a sealed piston member
      which is movable in the vessel to discharge the igniting agent and also
      using first and second storage tanks of high pressure, gaseous
      non-hypergolic propellant components and wherein the igniting agent is
      hypergolically reactive with only one of said first and second components
      and the high pressure gaseous components in the storage tanks are
      non-hypergolic, comprising upon starting of the engine connecting the
      second storage tank through the storage vessel for the igniting agent at a
      location behind the piston to move the piston to pressurize the igniting
      agent and to force it to said precombustion chamber while the piston
      maintains a separation of the second storage tank high pressure gas from
      the igniting agent during its flow into said precombustion chamber and
      after the igniting agent has flown out of its storage vessel directing the
      high pressure gaseous propellant component from said first storage tank
      into said precombustion chamber to effect ignition thereof hypergolically
      with said igniting agent and subsequently adding said first and second
      propellant components to said precombustion chambers by delivery thereof
      by the pumps driven by said turbines to complete the combustion operation.
NUM  5.
PAR  5. A method of igniting a rocket engine combustion chamber, according to
      claim 4, wherein the space in the storage space containing the igniting
      means is divided by a collapsible bellows and the igniting agent is
      maintained in the collapsible bellows which is compressed by movement of
      the piston so that it does not come into contact with the walls of the
      storage space.
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ABST
PAL  An improved gas turbine engine exhaust nozzle diverter valve is provided to
      selectively direct the flow of motive fluid through one of two nozzle
      exhaust ports and to provide improved sealing to prevent the flow of fluid
      through the second nozzle exhaust port. Linkage and actuator means are
      provided to retract a blocker door having a deformable seal attached
      thereto from a first seated position over the second nozzle exhaust port,
      and to then rotate the blocker door to a position over the first nozzle
      exhaust port. The method of retracting the blocker door prior to rotating
      it eliminates sliding friction and minimizes the potential of damage to
      the seal between the blocker door and the nozzle exhaust port.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gas turbine engines and, more particularly, to
      thrust vectorable nozzles for use therein.
PAR  The thrust produced by a gas turbine engine is substantially parallel with
      and opposite to the direction of the exhaust gases flowing therethrough.
      Therefore, if the direction of the exhaust gases exiting an engine is
      changed, the direction of the resulting thrust is correspondingly varied.
      Advanced aircraft configurations contemplate the selective redirection (or
      vectoring) of gas turbine engine thrust in order to improve aircraft
      performance and to provide the aircraft with operational characteristics
      heretofore deemed impractical. For example: if the exhaust of a
      conventionally installed gas tubine engine was directed downward, rather
      than rearward, to a direction substantially perpendicular to the engine
      longitudinal axis, the upward thrust would provide direct lift, and
      therefore, a vertical take-off and landing capability. Similarly, thrust
      vectoring in flight can greatly increase aircraft maneuverability since
      the thrust force can augment maneuvering forces heretofore created solely
      by aircraft control surfaces such as elevators, ailerons and rudders. In
      order to accomplish such thrust vectoring, a device is required to
      efficiently and practically alter the direction of gas turbine engine
      exhaust nozzle gases.
PAR  Target-type diverters have been utilized to divert the exhaust gases after
      they exit from the nozzle, but these claim shell-like devices are large
      and heavy and not readily adaptable to the intricate thrust vectoring
      contemplated for advanced engine applications. Therefore, efforts have
      been concentrated on diverting the exhaust gases through one of several
      exhaust ports of a gas turbine exhaust nozzle, one of which is normally of
      the swivelable, thrust vectoring type. The diversion is accomplished by
      selective positioning of a diverter valve (such as a swivelable door)
      within the exhaust nozzle. However, the effective sealing of irregular or
      non-precision, valve-type joints under the elevated temperature
      experienced in gas turbine exhaust nozzles has long been a severe problem.
PAR  In exhaust nozzle applications, the operating temperatures are too high to
      permit the use of available elastomer materials which could otherwise be
      used to assure effective sealing between the diverter valve and the nozzle
      exhaust port. Metallic materials are able to tolerate the temperatures
      involved and these, due to their relative inelasticity, are not easily
      conformable to the structures to be sealed. Even when manufactured as
      segmented seals for improved conformance, intersegment leakage can be as
      high as 1% of total engine airflow, resulting in a reduction of overall
      engine performance.
PAR  The sealing problem in lightweight, high temperature diverter valves is
      further complicated by the fact that lightweight sheet metal construction
      is inherently not conductive to an accurately fitting valve. Additionally,
      thermal expansion and thermal cycling accentuate the valve fit problem.
      And, finally, the often complex shape of the exhaust port to be sealed and
      the characteristic pivoting motion of the clam shell-type diverter valve
      segments have generally precluded the use of continuous seals.
PAR  The problem facing the mechanical designer, therefore, is to provide an
      effective lightweight sealing means for a high temperature, irregularly
      shaped, sheet metal gas turbine exhaust nozzle. Prior state-of-the-art
      attempts to solve this problem have been oriented toward providing a
      segmented bumper seal about the exhaust port upon which the diverter valve
      slidingly abuts. Since it is extremely difficult to construct a continuous
      bumper seal about an essentially circular exhaust port and still permit
      the diverter valve to slidingly rotate to another deployed position, and
      since substantial radial gaps are required between the diverter valve and
      the exhaust port to account for thermal growth and permit free rotation of
      the diverter valve, significant leakage remains in such a system.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the primary object of the present invention to provide
      improved sealing for a diverter valve disposed within a gas turbine flow
      path to preclude leakage flow between the diverter valve and the nozzle
      exhaust port.
PAR  It is a further object of this invention to provide an improved method for
      diverting flow within a gas turbine engine exhaust duct.
PAR  These and other objects and advantages will be more clearly understood from
      the following detailed description, drawings and specific examples, all of
      which are intended to be typical or rather than in any way limiting on the
      scope of the present invention.
PAR  Briefly stated, the above objectives are accomplished by disposing a
      metallic, plastically deformable material between the nozzle exhaust port
      and the diverter valve. Since a tight-fitting seal of this type precludes
      the use of diverter valve actuation by conventional rotation (due to high
      friction forces and potential seal damage), a linkage mechanism is
      provided to retract the diverter valve inward to disengage the seal before
      rotating it to the deployed position. This method of retracting the
      diverter valve prior to rotation minimizes the potential of seal damage.
      When the seal is engaged between the valve and exhaust port, the gas
      pressure loading is sufficient to contour the seal to the faces of the
      valves and exhaust port to precluding leakage therebetween.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as part of the
      present invention, it is believed that the invention will be more fully
      understood from the following description of the preferred embodiments
      which is given by way of example with the accompanying drawings in which:
PAR  FIG. 1 is a schematic representation of a gas turbine engine exhaust nozzle
      incorporating the subject invention;
PAR  FIG. 2 is a cut-away schematic representation of the subject invention of
      FIG. 1 in a second operating condition;
PAR  FIG. 3 is a schematic representation, similar to FIG. 2, of the subject
      invention in a third operating condition;
PAR  FIG. 4 is a schematic representation of an alternative embodiment of the
      subject invention in a first operating condition;
PAR  FIG. 5 is a schematic representation, similar to FIG. 4, of the subject
      invention in a second operating condition;
PAR  FIG. 6 is a schematic representation, similar to FIG. 5, of the subject
      invention in a third operating condition;
PAR  FIG. 7 is a schematic representation of yet another alternative embodiment
      of the subject invention in a first operating condition;
PAR  FIG. 8 is a schematic representation, similar to FIG. 7, of the subject
      invention in a second operating condition;
PAR  FIG. 9 is a schematic representation, similar to FIG. 8, of the subject
      invention in a third operating condition;
PAR  FIG. 10 depicts schematically a prior art gas turbine engine nozzle exhaust
      port diverter valve; and
PAR  FIG. 11 depicts schematically a cross-sectional view taken along line
      11--11 of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings wherein like numerals correspond to like elements
      throughout, attention is first directed to FIG. 1 wherein an essentially
      cylindrical gas turbine engine exhaust nozzle, depicted generally at 10
      embodying the present invention is diagrammatically shown. Hot gases of
      combustion are expanded through a turbine (not shown) in a manner well
      known in the art and enter the exhaust nozzle from left of FIG. 1 as
      depicted by vector 12. (As hereinafter discussed, the term "exhaust
      nozzle" is meant to include a fan duct exhaust nozzle, or any other gas
      turbine engine exhaust nozzle whether or not it is preceded in serial flow
      relationship by a combustor.) The fluid flow of these gases is then
      selectively directed through either nozzle exhaust port 14 or exhaust port
      16.
PAR  As represented in FIG. 2, exhaust port 14 consists of an essentially
      circular aperture in the exhaust nozzle casing 18 and comprises the inlet
      to a nozzle 20, preferably of the articulated, thrust vectoring type (FIG.
      1). Exhaust port 16 provides for the discharge of fluid in the direction
      substantially parallel with the gas turbine engine longitudinal axis, the
      fluid discharge represented generally by the vector 22. The direction of
      fluid represented by vector 24 exiting the thrust vectoring nozzle 20 is
      variable, the articulation of nozzle 20 being controlled through one of a
      variety of state-of-the-art actuators represented generally at 26.
PAR  One form of the improved diverter valve of the present invention,
      represented generally at 28 in FIG. 1, is provided to selectively direct
      the fluid stream through either of the exhaust ports 14, 16 and to provide
      improved sealing to prevent the flow of fluid through the other nozzle
      exhaust port. In the embodiment of FIGS. 1, 2 and 3, and actuator shown
      generally at 30 of the piston variety is provided, the actuation having a
      cylinder 32 and a piston (not shown) disposed therein. The closed end 36
      of the cylinder is affixed to the exhaust nozzle casing 18 by pin
      connection 38. The piston includes an actuator rod 40 attached thereto and
      extending from the free end of the actuator cylinder 32.
PAR  A pair of selectively positionable blocking means, such as blocker doors
      44, 46 of the clam-shell variety, are located within the exhaust nozzle 10
      and are operatively connected to actuator 30 through a linkage means,
      denoted generally at 48. The linkage means includes, in part, a bell crank
      50 operatively connected to actuator rod 40 at 52 in such a manner that
      linear motion of the actuator rod 40 is converted to rotational motion of
      the bell crank 50 about its fixed axis of rotation 54 comprising a pin
      connection to the exhaust nozzle casing 18.
PAR  First, second and third links 56, 58, 60, respectively, are operatively
      connected to bell crank 50 at pin joints 62, 64, 66, respectively, links
      56 and 60 being essentially straight and link 58 arcuate. Link 56 is
      further operatively connected to a first blocker crank 68 (at point 69)
      which, in turn, is rigidly connected to blocker door 44. Similarly, link
      58 is operatively connected to a second blocker crank 70 which, in turn,
      is rigidly connected to blocker door 46.
PAR  Blocker door 46 and second blocker crank 70 are rotatable, at their point
      of connection, about an axis through pin 72 (FIG. 3) operatively
      connecting the two elements with the exhaust nozzle casing 18. First
      blocker crank 68 and blocker door 44 are similarly rotatable, at their
      point of connection, about an axis through pin 74 operatively connecting
      the two elements with an eccentric 76, the point of connection being
      radially disposed from the eccentric axis of rotation 78. The eccentric 76
      is operatively connected to exhaust nozzle casing 18 at, and free to
      rotate about, axis 78.
PAR  A third link 60 is provided to induce rotation of the eccentric 76 about
      axis of rotation 78, the link connecting bell crank 50 and eccentric 76 at
      joints 66 and 80, respectively. Joint 80 is located upon a lifting cam 82
      protruding from eccentric 76 and is in essentially radial alignment with
      the eccentric axis of rotation 78 and pin 74.
PAR  As depicted in FIGS. 1 and 2, nozzle casing 18 is provided with a
      spherically curved surface 84 adapted to receive in spacial relationship
      the concentric spherically shaped blocker door 46 in its stowed position.
      Such spherical surfaces ensure that, as blocker door 46 is rotated about
      its axis of rotation at pin 72, the clearance 86 remains essentially
      constant to preclude binding therebetween.
PAR  Blocker door 44 comprises an essentially cylindrical segment coaxial with
      the exhaust nozzle 18, having face 88 covering, in the stowed position of
      FIG. 1, first exhaust port 18. Cooperating valve seats 90, 92 are provided
      about the perimeter of face 88 and exhaust port 14, respectively, and a
      continuous conformable seal 94 disposed therebetween to provide improved
      sealing. As depicted in FIGS. 1 through 3, the seal 94 is affixed to valve
      seat 90 and is contemplated to comprise a metallic, plastically deformable
      structure such as a crushable, open-face, honeycomb structure. In its
      position and embodiment represented in FIG. 1, the seal 94 is deformed by
      crushing to conform to the contour of valve seats 90, 92 thereby
      precluding leakage therebetween.
PAR  In operation, the exhaust gases are directed through the second exhaust 16
      as represented by vector 22 of FIG. 1 thereby creating a thrust vector
      opposite in direction to vector 22, (i.e., axially forward along the
      engine longitudinal axis). Attention is now directed to FIG. 2, as the
      diverter valve is sequenced to divert flow from exhaust port 16 to exhaust
      port 14.
PAR  As actuator 30 is pressurized by means of a pressure source 96 and control
      means 98, the piston 34 and actuator rod 40 are linearly extended, thereby
      producing a clockwise rotation of bell crank 50 about rotational axis 54.
      During a first predetermined portion of actuator rod travel (movement
      between the position of FIG. 1 and that of FIG. 2) bell crank 50, arcuate
      second link 58 and second blocker crank 70 cooperate in a manner such that
      the blocker door 46 is substantially irrotational about its axis 72.
      Contemporaneously, rotation of the bell crank 50 causes a counterclockwise
      rotation of the eccentric 76 and the lifting cam 82 through link 60, along
      with the raising of the first blocker crank pin axis 74 as it orbits about
      the eccentric axis of rotation 78. Thus, the blocker door 44 is retracted
      in a non-frictional manner, as by lifting in the embodiment shown, by a
      distanct X in FIG. 2 equal to the vertical travel of the first blocker
      crank pin axis 74, thereby disengaging seal 94 from the valve seat 92.
      Although blocker door 44 is lifted, it and its associated first blocker
      crank 68 maintain the same angular orientation with respect to the engine
      exhaust nozzle longitudinal axis by virtue of first link 56. This link
      transfers the clockwise rotation of the bell crank 50 to clockwise
      rotation of the first blocker crank 68 with respect to eccentric 76.
      Essentially, the point of connection 69 of the first blocker crank 68 and
      first link 56 is translated upward a distance Y in FIG. 2 equal to the
      vertical travel of first blocker crank pin axis 74. Therefore, first
      blocker crank 68 and blocker door 44 are caused to move in vertical
      translation with respect to the exhaust nozzle casing 18.
PAR  Referring now to FIG. 3 wherein actuator rod 40 is fully extended, having
      caused further clockwise rotation of bell crank 50. During the actuation
      from FIG. 2 to FIG. 3, the arcuate second link 58 is forced to pull upon
      second blocker crank 70 thereby causing a rotation of blocker door 46
      about its pin axis of rotation 72. FIG. 3 depicts blocker door 46 deployed
      over a portion of second exhaust port 16. Contemporaneous with the
      rotation of blocker door 46, clockwise rotation of bell crank 50 induces,
      through link 56, counterclockwise rotation of first blocker crank 68 about
      its pin axis 74 and, through link 60, clockwise rotation of eccentric 76
      about its axis of rotation 78. Thus, blocker door 44 is rotated
      counterclockwise to a deployed position over a portion of second exhaust
      port 16 where it cooperates with blocker door 46 to preclude fluid flow
      therethrough. Significantly, though the first blocker door 44 was caused
      to rotate in a counterclockwise direction with respect to its rotational
      axis 74, axis 74 was simultaneously rotated clockwise about eccentric axis
      78 such that the vertical travel X (defined in FIG. 2) once again became
      zero in FIG. 3, thereby seating at least a portion of seal 94 upon valve
      seat 92. Though not shown, it is readily apparent that seals of a known
      variety may be disposed upon either or both of the blocker doors at their
      point of cooperation 95 to minimize the leakage of flow therethrough.
PAR  Therefore, two distinct types of motion occur as blocker door 44 is moved
      from a first position covering first exhaust port 14 to a position
      covering second exhaust port 16. First is lifting of the door 44 and seal
      94 from their first position of FIG. 1 to a second position of FIG. 2.
      Thereafter, the door 44 is rotated to the third position of FIG. 3. The
      extremely high pressures within the exhaust nozzle, in the order ot 50
      psi, preclude turning the door 44 without lifting since the conformable
      seal would be destroyed and the tight fit would require massive actuation
      devices.
PAR  The benefits of the present invention are evident when considering the
      prior art attempts at solving the sealing problem. FIGS. 10 and 11
      represent a typical prior state-of-the-art diverter valve assembly 100
      covering exhaust port 102. Blocker door 104 is provided with a pair of
      bumper seals 106, 108 which cooperate with bumper seals 110, 112,
      respectively, on the exhaust port perimeter to prevent flow therethrough.
      This concept is taught in U.S. Pat. No. 3,035,411, Porowski, "Thrust
      Reverser Actuating Mechanism," which is assigned to the same assignee as
      the present invention. As shown in FIG. 11, by virtue of mechanical
      necessity, regions of no-sealing 116, 118 exist on the perimeter proximate
      the blocker door rotational axis 114. Further leakage exists through gaps
      122, 124 between the bumper seals with the door in either its stowed
      position over exhaust port 102 or in its deployed position shown in
      phantom. Thermal growth in sheet metal construction requires such gaps in
      a bumper seal configuration in order to provide free rotation of the
      blocker door 104. The resultant leakage is deleterious to overall engine
      performance.
PAR  Conversely, as FIG. 1 depicts, the seal arrangement of the present
      invention with the continuous conformable seal 94 seated upon the valve
      seat 92 provides no evidence of gaps through which leakage flow can
      escape.
PAR  FIGS. 4, 5 and 6 depict, sequentially, the functioning of an alternative
      embodiment of the present invention incorporating a single modified
      blocker door 244. Here a slightly modified bell crank 250 is caused to
      rotate about axis of rotation 254 by the translating motion of actuator
      arm 40 of actuator 30. As depicted in the sequence of FIGS. 4 and 5, a
      first translation of actuator arm 240 and associated counterclockwise
      rotation of bell crank 250 causes modified eccentric 276 to rotate in a
      clockwise direction through connection with links 260 and lifting cam 282,
      while bell crank 268 is induced to rotate in compensating counterclockwise
      rotation through the operative connection with link 256. This results in a
      lifting translation of blocker door 44 as its axis of rotation 274 orbits
      about the eccentric axis of rotation 278 in a manner similar to the
      previous embodiment. This produces lifting disengagement of seal 94 from
      valve seat 92. The door 244 and seal 94 are now rotated to a deployed
      position in sealing engagement with exhaust nozzle 16 (as depicted in FIG.
      6) by further extension of actuator arm 240 and corresponding rotation of
      bell crank 250. This causes the eccentric 276 to reverse direction of
      rotation such that it rotates in the same direction as blocker crank 268.
      This cooperation rotates blocker door 244 to its predetermined deployed
      third position over exhaust port 16, thus directing fluid through exhaust
      port 14. Again, the essential elements of the present invention are
      demonstrated: first, a lifting of blocker door 244 and seal 94 from
      engagement with valve seat 92 followed by a rotation of the blocker door
      to the deployed position over exhaust port 16.
PAR  Yet another embodiment of the present invention is depicted sequentially in
      FIGS. 7 through 9 wherein a translating exhaust duct liner 300 has been
      added to provide thermal protection for the exhaust nozzle 10. Since the
      liner 300 interferes with the free actuation of the somewhat modified
      blocker door 344, a means is provided to slide the liner 300 aft during
      blocker door actuation.
PAR  In the absence of a bell crank assembly, an actuator arm extension 400 has
      been added to the end of actuator arm 340 and is disposed to ride in
      sliding engagement with first track 402 which is fixed with respect to
      exhaust nozzle casing 18. A first extension of actuator arm 340 (as
      depicted in FIGS. 7 and 8) produces the lifting of blocker door 344 and
      seal 94 from valve seat 92. This first extension causes, through the
      operative connection of link 360, clockwise rotation of the eccentric 376
      about its axis of rotation 378, thereby carrying blocker crank 368 in
      orbital motion about axis of rotation 378. A link 356, however, induces a
      compensating counterrotation of the blocker crank 368 about its axis of
      rotation 74 resulting in a lifting of blocker crank 368 and integrally
      connected blocker door 344, and this permits disengagement of seal 94 from
      valve seat 92. Further rotation of eccentric 376 and counterrotation of
      blocker crank 368 rotates blocker door 344 to its deployed position over
      exhaust duct 16 (FIG. 9). A second track 404 fixed with respect to exhaust
      nozzle casing 18 is adapted to slidingly receive slider 406 which is
      operatively connected to translating liner 300. Link 408 connects slider
      406 and actuator arm extension 400 such that sliding motion of actuator
      arm extension 400 is transferred to the slider 406 simultaneous with
      actuation of door 344. Tracks 402 and 404 ensure parallel travel. Again,
      the essential elements of lifting and rotating are present in the blocker
      door actuation sequence.
PAR  It should be obvious to one skilled in the art that certain changes can be
      made to the above-described invention without departing from the broad
      inventive concepts thereof. For example, the invention can be utilized to
      divert the fan stream of a gas turbine engine as well as the core engine
      exhaust stream; the seal could be affixed to the nozzle duct valve seat
      rather than the blocker door; advanced deformable, heat resistant
      materials other than honeycomb may prove acceptable in some seal
      applications; and, liner actuation of FIGS. 7, 8 and 9 may be eliminated.
      It is intended that the appended claims cover these and all other
      variations in the present invention's broader inventive concepts.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a gas turbine engine exhaust nozzle comprising a flow path having an
      inlet and at least two exhaust ports, an improved diverter valve to
      selectively direct the motive fluid stream through one of said nozzle
      exhaust ports, and to provide improved sealing to prevent the flow of
      fluid through said other nozzle exhaust port, said diverter valve
      comprising:
PA1  first and second blocking means disposed within said nozzle;
PA1  an actuator having a translating actuator arm; and
PA1  linkage means for operatively connecting said actuator arm to said first
      and second blocking means, said linkage means adapted to convert the
      translating stroke of said actuator arm into motion to simultaneously:
PA1  retract and disengage said first blocking means from a sealing surface
      about the first nozzle exhaust port and thereafter rotate said first
      blocking means to a deployed position at least partially blocking the
      second exhaust port; and
PA1  rotate said second blocking means from a stowed position in essentially
      coaxial spacial relationship with said nozzle flow path and essentially
      diametrically opposed to said first blocking means to a deployed position
      whereat it cooperates with said first blocking means to substantially
      prohibit the flow of motive fluid through the second exhaust port.
NUM  2.
PAR  2. The improved diverter valve of claim 1 wherein said first and second
      blocking means comprise first and second blocker doors, respectively.
NUM  3.
PAR  3. The improved diverter valve of claim 1 wherein said actuator comprises a
      cylinder and piston disposed therein, the cylinder having a free end and a
      closed end, said closed end operatively connected to said exhaust nozzle,
      and said piston having said actuator arm attached thereto and extending
      from said cylinder free end.
NUM  4.
PAR  4. The improved diverter valve of claim 1 wherein the first nozzle exhaust
      port comprises an inlet to a nozzle of the articulated, thrust vectoring
      type.
NUM  5.
PAR  5. The improved diverter valve of claim 2 further comprising a seal
      disposed between the first blocker door and the sealing surface to prevent
      fluid flow therethrough when said first blocker door is engaged over the
      first exhaust port and wherein said seal is continuous and conformable to
      both said first blocker door and said first nozzle exhaust port.
NUM  6.
PAR  6. The improved diverter valve of claim 5 wherein said continuous
      conformable seal is affixed to said first blocker door.
NUM  7.
PAR  7. The improved diverter valve of claim 2 wherein said linkage means
      comprises:
PA1  an eccentric having a fixed axis of rotation with respect to said nozzle;
PA1  a first blocker crank rigidly connected to said first blocker door and
      operatively connected to said eccentric at a point radially disposed from
      said eccentric rotational axis, said first blocker crank pivotable about
      the point of connection with said eccentric;
PA1  a second blocker crank rigidly connected to said second blocker door;
PA1  a bell crank operatively connected to said actuator arm and having an axis
      of rotation fixed with respect to said nozzle such that the translating
      motion of said actuator arm is converted to rotational motion of the bell
      crank about its axis;
PA1  a first link operatively connecting said bell crank and said first blocker
      crank;
PA1  a second link operatively connecting said bell crank and said second
      blocker crank; and
PA1  a third link operatively connecting said bell crank and said eccentric,
      said point of connection with said eccentric being in essentially radial
      alignment with the eccentric axis of rotation and the point of connection
      for said first blocker crank, and radially outward of said point of
      connection for said first blocker crank, such that
PA1  a first predetermined rotational motion of said bell crank and its
      rotational axis, in cooperation with said first and second links
      operatively connected thereto, produces rotation of said eccentric and
      compensating counterrotation of said first blocker crank about their
      respective axes, such that said compensating rotational motions are
      converted to an essentially translating motion within said first blocker
      crank thereby causing radially inward lifting of the first blocker door
      from its first to its second predetermined position; and
PA1  a second predetermined rotational motion of said bell crank, in cooperation
      with said first, second and third links operatively connected thereto,
      causes the directions of rotation of said eccentric and said first blocker
      crank to reverse, and said first and second blocker doors to rotate to
      their respective deployed positions.
NUM  8.
PAR  8. In a gas turbine engine exhaust nozzle comprising a flow path having an
      inlet and at least two exhaust ports, an improved diverter valve to
      selectively direct the motive fluid stream through one of said nozzle
      exhaust ports, and to provide improved sealing to prevent the flow of
      fluid through said other nozzle exhaust port, said diverter valve
      comprising:
PA1  at least one blocking means disposed within said nozzle;
PA1  an actuator having a translating actuator arm; and
PA1  linkage means for operatively connecting said actuator to said blocking
      means, said actuator and said linkage means cooperating to move said
      blocking means between a plurality of predetermined positions within said
      nozzle; said diverter valve further including seal means disposed between
      the blocking means and said first nozzle port to prevent fluid flow
      therethrough when said blocking means is in a first predetermined
      position; and wherein said linkage means comprises:
PA1  an eccentric having a fixed axis of rotation with respect to said nozzle;
PA1  a blocker crank rigidly connected to said blocking means and operatively
      connected to said eccentric at a point radially disposed from said
      eccentric rotational axis, said blocker crank pivotable about the point of
      connection with said eccentric;
PA1  a bell crank operatively connected to said actuator arm and having an axis
      of rotation fixed with respect to said nozzle such that the translating
      motion of said actuator arm is converted to rotational motion of the bell
      crank about its axis;
PA1  a first link operatively connecting said bell crank and said blocker crank;
      and
PA1  a second link operatively connecting said bell crank and said eccentric for
      rotating said eccentric about its axis of rotation, such that:
PA1  a first predetermined rotation of said bell crank about its rotational axis
      in cooperation with said first and second links operatively connected
      thereto, produces rotation of said eccentric and compensating
      counterrotation of said blocker crank about their respective axes, thereby
      producing radially inward lifting of the blocking means from a first to a
      second predetermined position wherein said seal is disengaged, thus
      eliminating sliding frictional contact between said blocking means and
      said first nozzle port during movement of said blocking means between its
      first and its second predetermined positions, and
PA1  a second predetermined rotation of said bell crank about its rotational
      axis in cooperation with said first and second links causes said eccentric
      to reverse direction of rotation, thereby rotating in the same direction
      as the blocker crank and cooperating to rotate said blocking means to a
      third predetermined position, thus preventing the flow of fluid through
      said second nozzle exhaust port.
NUM  9.
PAR  9. In a gas turbine engine exhaust nozzle comprising a flow path having an
      inlet and at least two exhaust ports, an improved diverter valve to
      selectively direct the motive fluid stream through one of said nozzle
      exhaust ports, and to provide improved sealing to prevent the flow of
      fluid through said other nozzle exhaust port, said diverter valve
      comprising:
PA1  at least one blocking means disposed within said nozzle;
PA1  an actuator including a cylinder and piston disposed therein, the cylinder
      having a free end and a closed end, said closed end operatively connected
      to said exhaust nozzle, and said piston having an actuator arm attached
      thereto and extending from said cylinder free end;
PA1  an actuator arm extension operatively connected to said actuator arm;
PA1  linkage means for operatively connecting said actuator to said blocking
      means, said actuator and said linkage means cooperating to move said
      blocking means between a plurality of predetermined positions within said
      nozzle; said diverter valve further including seal means disposed between
      the blocking means and said first nozzle port to prevent fluid flow
      therethrough when said blocking means is in a first predetermined
      position; and wherein said linkage means comprises:
PA1  a first essentially axially oriented track disposed to carry said actuator
      arm extension in sliding movement;
PA1  an eccentric having a fixed axis of rotation with respect to said nozzle;
PA1  a blocker crank rigidly connected to said blocking means and operatively
      connected to said eccentric at a point radially disposed from said
      eccentric rotational axis, said blocker crank pivotable about said point
      of connection with said eccentric;
PA1  a first link operatively connecting said actuator arm extension and said
      blocker crank to convert the sliding motion of said actuator arm extension
      to rotary motion of said blocker crank about its point of connection with
      said eccentric; and
PA1  a second link operatively connecting said actuator arm extension to said
      eccentric for rotating said eccentric about its axis of rotation; such
      that
PA1  a first predetermined displacement of said actuator arm extension along
      said first track, in cooperation with said first and second links,
      operatively connected thereto, produces rotation of said eccentric and
      compensating counterrotation of said blocker crank about their respective
      axes, thereby causing radially inward lifting of the blocker door from a
      first to a second predetermined position wherein said seal is disengaged,
      thereby eliminating sliding frictional contact between said blocking means
      and said first nozzle port during movement of said blocking means between
      its first and its second predetermined positions, and
PA1  a further second predetermined displacement of said actuator arm extension
      along its first track causes said eccentric and said blocker crank to
      rotate said blocking means from its second to a third predetermined
      position thereby directing fluid flow through said first nozzle exhaust
      port.
NUM  10.
PAR  10. The improved diverter valve of claim 9 wherein said second nozzle
      exhaust port includes:
PA1  an essentially rigid cylindrical nozzle housing; and
PA1  a thermal liner positionable with respect to and essentially coaxial with
      said nozzle housing and disposed therein.
NUM  11.
PAR  11. The improved diverter valve of claim 10 wherein said thermal liner is
      axially positionable with respect to said nozzle housing.
NUM  12.
PAR  12. The improved diverter valve of claim 11 wherein said thermal liner is
      disposed at an axially forward first operating position proximate said
      blocker door when said blocker door is disposed at its first predetermined
      position.
NUM  13.
PAR  13. The improved diverter valve of claim 12 wherein said thermal liner is
      disposed at a second operating position axially disposed from said first
      operating position and remote from said blocker door when said blocker
      door is in its third operating position.
NUM  14.
PAR  14. The improved diverter valve of claim 13 wherein said linkage means
      further comprises:
PA1  a slider operatively connected to said thermal liner;
PA1  a second essentially axially oriented track operatively connected to said
      exhaust nozzle and disposed to carry said slider in sliding movement; and
PA1  a third link operatively connecting said actuator arm extension and said
      slider such that the sliding motion of the actuator arm is transferred to
      said slider thereby positioning said thermal liner between its first and
      second operating positions.
PATN
WKU  039437086
SRC  5
APN  4191773
APT  1
ART  221
APD  19731126
TTL  Two area rocket nozzle
ISD  19760316
NCL  1
ECL  1
EXP  Pendegrass; Verlin R.
NDR  1
NFG  1
INVT
NAM  Panella; Edward A.
CTY  Ridgecrest
STA  CA
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL   60242
XCL   60271
EDF  2
ICL  F02K  108
FSC   60
FSS  242;254;271
UREF
PNO  3011309
ISD  19611200
NAM  Carter
OCL   60242
UREF
PNO  3495408
ISD  19700200
NAM  Frey
OCL   60242
UREF
PNO  3608312
ISD  19710900
NAM  Miltenberger
OCL   60271
LREP
FR2  Sciascia; R. S.
FR2  Miller; Roy
FR2  Pohl; Lloyd E. K.
ABST
PAL  A pintle screwed into an explosive bolt and released when the bolt is
       exped is used to alter the area of a rocket nozzle while the rocket is in
      flight.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to devices for altering the area of a rocket nozzle
      and thus controlling thrust while the rocket is in flight.
PAR  2. Description of the Prior Art
PAR  It is known that it is sometimes desirable to adjust the exhaust area of
      the nozzle of a rocket which utilizes solid propellant during flight.
      Adjustment of the exhaust area provides control over thrust which cannot
      be accomplished by merely varying the amount of propellant burned in a
      solid rocket as it can in a liquid or hybrid rocket. Decreasing the
      exhaust area increases pressure within the motor and thus boosts thrust.
PAR  Variable-area rocket nozzles which permit thrust change substantially
      throughout the flight of the rocket are known. Such nozzles are very
      sophisticated. However, thrust control throughout the entire flight of a
      rocket is not always necessary. Also, the sophisticated variable-area
      nozzles have a drawback in that they utilize complicated and delicate
      pressure sensing, hydraulic and electrical parts and such parts are
      subject to frequent failure.
PAR  Since continuous thrust control is often not necessary and variable-area
      nozzles have drawbacks, research has been conducted on simplified two area
      rocket nozzles in which a relatively large throat area is provided at
      launch time and in which the throat area is decreased some time during
      flight to provide increased thrust.
PAR  In the most closely related device for decreasing the exhaust area of a
      solid rocket nozzle during flight known to the inventor, a housing
      containing a piston held pintle is suspended within the combustion chamber
      of the rocket just in front of the nozzle throat. The piston which holds
      the pintle is held in position by a shear pin at launch and retains the
      pintle out of (forward from) the nozzle throat. During flight, a gas
      generator produces gas which presses rearwardly on the piston, causes the
      shear pin to shear and forces the piston rearwardly. When the piston moves
      rearwardly, the pintle, which is held by the piston, moves into the throat
      of the nozzle and decreases the exhaust area.
PAR  The above-described device has two primary drawbacks. First, shear pins are
      somewhat unreliable in that they must be strong enough to retain when they
      are supposed to retain (e.g. retaining the pintle should the motor be
      inadvertently dropped in handling) and weak enough to shear when they are
      supposed to shear and this delicate balance between strength and weakness
      is hard to obtain even in this day and age of sophisticated metallurgy.
      Second, the above-described device relies on several O-rings to prevent
      exhaust gas from the burning propellant from entering the housing in which
      the piston held pintle is retained. One of the O-rings in particular is to
      prevent exhaust gas from leaking into the housing and exerting rearward
      pressure on the forward end of the pintle while the pintle is being
      retained forward. On the other hand, the pintle is designed in such a way
      that, once it has been released and forced rearwardly to decrease the
      exhaust area, exhaust gas is encouraged to leak into the housing, exert
      rearward pressure on its forward end, and retain it in its rearward
      position. At this time, the particular O-ring in question is bypassed by
      the exhaust gas due to the construction of the device. At any rate, a
      failure of the O-ring in question while it is supposed to be keeping gas
      out of the housing can result in premature shearing of the shear pin due
      to undesirable rearward pressure being placed on the forward end of the
      pintle.
PAR  It is the objective of this invention to overcome the drawbacks of the
      above-described device.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention utilizes a housing suspended within the combustion
      chamber of a rocket motor in front of the nozzle throat, an explosive bolt
      mounted within the housing and a pintle retained forward at launch by the
      explosive bolt. During flight, the explosive bolt is exploded and releases
      the pintle rearwardly to a position where the pintle decreases the exhaust
      area of the nozzle throat.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a cross-section through a device according to this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention may be best understood by referring to the single FIGURE of
      the drawing. The single FIGURE is a cross-section of the device of the
      invention showing a nozzle 10 adapted to screw into or be otherwise
      affixed into the rear of the combustion chamber or tube of a rocket motor
      (not shown). Suspended, by suspension means 11, from the nozzle is a
      housing 12. A fitting 16 is screwed into housing 12 and carries and
      positions the pintle assembly. Fitting 16 contains an explosive bolt 13
      onto which a second fitting 14 is screwed. A pintle 15 is screwed into
      fitting 14. Thus it may be said that fitting 14 is utilized to mount
      pintle 14 on explosive bolt 13.
PAR  The assembly is designed such that when explosive bolt 13 fractures at
      fracture plane 17, fitting 14 and pintle 15 are released so that they can
      move rearwardly into nozzle throat area 18, shoulder 19 of fitting 16 and
      shoulder 20 of fitting 14 prevent fitting 14 and pintle 15 from simply
      sliding out of the rear end of the rocket. A crush ring 21 is utilized to
      absorb shock as shoulders 20 and 19 meet each other.
PAR  The head 22 of explosive bolt 13 resides in a recess 23 in the housing 12.
      The recess 23 is to prevent the head 22 from turning as the pintle 15 is
      being screwed into fitting 14 or as fitting 14 is being screwed onto
      explosive bolt 13 during assembly.
PAR  An opening 24 is provided through nozzle 10, suspension means 11 and
      housing 12 for a detonation wire for explosive bolt 13. Means for
      exploding an explosive bolt are well known and need not be gone into in
      detail here. It is sufficient to say that it is possible to either explode
      the explosive bolt at some predetermined set time after firing of the
      rocket or to remotely explode the explosive bolt whenever it is desired to
      do so.
PAR  In operation, pintle 15 is retained out of throat area 18 at launch time by
      explosive bolt 13 (and fitting 14). Then, at a desired time, the explosive
      bolt is detonated, fractures at fracture plane 17 and pintle 15 moves
      rearwardly until the meeting of shoulders 19 and 20 (buffered by crush
      ring 21) stop it. At this time, pintle 15 is in a position where it
      decreases the flow area for gas which may pass through throat area 18 of
      the nozzle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for exerting influence over the thrust of a rocket while the
      rocket is in flight, said device comprising:
PA1  a. a housing suspended within the combustion chamber of said rocket just
      forward of the nozzle throat of said rocket;
PA1  b. an explosive bolt mounted within said housing;
PA1  c. a pintle mounted on said explosive bolt in a manner such that when said
      explosive bolt is exploded said pintle will be released and move
      rearwardly into the nozzle throat of said rocket; and
PA1  d. means for exploding said explosive bolt at a desirable time.
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ABST
PAL  Process and apparatus for reducing emissions from internal combustion
      engine exhaust gas. The exhaust gas treatment system includes a first
      stage converter containing an NO.sub.x reduction catalyst, a second stage
      converter containing a catalyst for oxidation of CO and hydrocarbons, and
      means for admitting secondary air to the inlet of the second stage.
      Reduced CO and hydrocarbon emissions are obtained by admitting air in an
      amount not greater than that required to achieve a stoichiometric mixture
      to the inlet of the first stage during cold (i.e., choked) engine
      operation, discontinuing the flow of air to the first stage inlet when the
      average air-fuel ratio reaches approximately its normal warm engine value,
      and thereafter continuing operation without adding an appreciable quantity
      of air to the inlet of the first stage. The engine is operated with a
      substantially net rich average air-fuel ratio during warmup and with a
      slightly net rich average air-fuel ratio thereafter.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 217,367, filed Jan. 12, 1972, now abandoned.
BSUM
PAR  This invention relates to processes and apparatus for the removal of
      pollutants from the exhaust gas of internal combustion engines. More
      particularly, the present invention relates to a process and system which
      is capable of removing substantial quantities of nitrogen oxides, carbon
      monoxide and unburned hydrocarbons from the exhaust gas of an internal
      combustion engine.
PAR  Exhaust gases from automobile engines constitute a major source of air
      pollution. Among the undesirable constituents are carbon monoxide,
      unburned hydrocarbons and nitrogen oxides. Early attention to the
      abatement of pollution caused by automotive exhaust gas was directed
      primarily to the conversion of carbon monoxide and unburned hydrocarbons
      into innocuous substances. More recently, attention has also been directed
      to the reduction in nitrogen oxide levels.
PAR  Among the references disclosing the treatment of internal combustion engine
      exhaust gas in order to reduce the quantity of carbon monoxide and
      hydrocarbons are U.S. Pat. Nos. 1,789,812, 1,875,024 and 1,902,160. As
      these references indicate, secondary air is added to an internal
      combustion engine exhaust gas stream in an amount sufficient to oxidize
      all of the carbon monoxide and hydrocarbons therein to carbon dioxide and
      water vapor. The mixture of exhaust gas and air is then contacted with a
      suitable catalyst which oxidizes the combustible constituents, e.g.,
      carbon monoxide and hydrocarbons. U.S. Pat. No. 1,875,024 teaches that the
      amount of air may be automatically controlled either by gas flow or
      thermostatically to provide sufficient air for oxidation and to control
      the catalyst temperature. U.S. Pat. No. 1,902,160 describes the method of
      activating an oxidation catalyst (copper chromite) so that its "starting
      temperature," i.e., the temperature at which it catalyzes the oxidation of
      carbon monoxide, is lowered. The patentee found that this could be
      accomplished by subjecting the catalyst to a reducing atmosphere. In one
      mode of operation, exhaust gas is passed through a bed of oxidation
      catalyst and air is added to the exhaust gas stream at two spaced points,
      one at the inlet of the catalyst bed, the other at an intermediate point
      in the catalyst bed. The amount of air added at the inlet end of the
      catalyst bed is less than stoichiometric so that the portion of the
      catalyst bed upstream of the second air inlet is under reducing
      conditions; this portion of the catalyst becomes effective more rapidly
      than the downstream portion when the engine is started cold.
PAR  An article by J. F. Roth et al in "Industrial and Engineering Chemistry,"
      Vol. 53, pp. 293-296 (1961), describes the reduction of nitrogen oxides,
      carbon monoxide and hydrocarbons in exhaust gases in either a single stage
      or a dual stage catalyst system. In the single stage studies, the effect
      of various amounts of added air ranging from zero to greater than
      stoichiometric was studied using a chromite catalyst. The authors found
      that nitrogen oxide conversion fell off when the amount of air was greater
      than the stoichiometric quantity for the conversion of the carbon monoxide
      present. On the other hand, carbon monoxide and hydrocarbons were found to
      be oxidized efficiently only when an excess of air was present. The
      authors suggested that all three pollutants could be efficiently removed
      in a two-stage treatment in which exhaust is first treated without added
      air to remove NO, and then with added air to remove CO and hydrocarbons.
PAR  Subsequent investigators have confirmed that the most efficient removal of
      all three pollutants is obtained in a two-stage system. U.S. Pat. No.
      3,493,325 provides a further illustration of a two-stage catalyst system
      for removal of nitrogen oxides, carbon monoxide and hydrogen from an
      exhaust gas stream. According to this patent, the exhaust gas is treated
      in a first catalytic zone without addition of secondary air in order to
      reduce nitrogen oxides, followed by addition of secondary air and
      catalytic oxidation of carbon monoxide and hydrocarbons. A similar mode of
      operation is also described by G. H. Meguerian et al., Society of
      Automotive Engineers, Paper No. 710291 (Automotive Engineering Congress,
      Detroit, Mich., Jan. 11-15, 1971), who disclose various NO.sub.x reduction
      catalysts. A particularly good NO.sub.x reduction catalyst is "Monel," a
      nickel-copper alloy, which is disclosed in U.S. Pat. No. 3,565,574 and in
      L. S. Bernstein et al., SAE Paper No. 710014 (Automotive Engineering
      Congress, Detroit, Mich., Jan. 11-15, 1971), and in SAE Paper No. 710291,
      supra.
PAR  A recent article by T. V. DePalma in "Automobile Engineer," Vol. 23, No. 27
      (October, 1971), describes the catalytic conversion of nitrogen oxides,
      carbon monoxide and hydrocarbons in a single stage catalyst system
      containing a precious metal catalyst with injection of secondary air into
      the exhaust manifold. Data show that NO.sub.x conversion is best at
      stoichiometric air-fuel ratio, dropping rapidly in the net lean region
      (i.e., greater than stoichiometric air) and less rapidly in the net rich
      region as the air-fuel ratio is varied from stoichiometric.
PAR  One problem that has not been completely met by any exhaust gas treatment
      systems proposed to data is the problem of effectively reducing air
      pollutants during cold engine operation. When an automobile engine is
      started cold, the choke is fully or partially closed so as to provide a
      very rich air-fuel mixture to the engine. A typical air-fuel ratio at this
      stage of operation may be about 10-12, compared to a stoichiometric
      air-fuel ratio of about 14.7 pounds of air per pound of fuel. The exhaust
      gas just after a cold start is quite rich in carbon monoxide and
      hydrocarbons. Furthermore, the catalysts in the exhaust gas treatment
      system are not effective at ambient temperature. As the engine warms up,
      the choke gradually opens, the air-fuel mixture becomes leaner and the
      amount of carbon monoxide and unburned hydrocarbons in the exhaust is
      reduced. However, there is an appreciable quantity of carbon monoxide and
      hydrocarbons, and a definitely substoichiometric quantity of oxygen in the
      exhaust gas throughout the cold engine or warmup phase of engine
      operation. Nitrogen oxide production is less during cold engine operation
      than during warm engine operation, due in part to the rich fuel mixture,
      but nevertheless is undesirably high in many cases. The exhaust gas
      treatment catalysts gradually become more active as they are warmed up.
      The oxidation catalyst in a dual catalyst system warms up more slowly than
      the reduction catalyst because of the absorption of heat from the exhaust
      gas stream by the reduction catalyst. Substantial quantities of carbon
      monoxide and hydrocarbons are emitted from the vehicle before the
      oxidation catalyst is warmed up to maximum effectiveness. Furthermore, the
      strongly net reducing conditions which prevail during cold engine
      operation promote the reduction of nitrogen oxides to ammonia in the
      presence of the reduction catalyst. Ammonia formation is undesirable
      because ammonia is catalytically oxidized to nitric oxide in the presence
      of the oxidation catalyst. Thus, overall conversion of nitrogen oxides is
      lower in a dual catalyst system during cold engine operation than during
      warm engine operation.
PAR  This invention provides a method and apparatus for treating exhaust gases
      so that emissions of nitrogen oxides, carbon monoxide and hydrocarbons are
      held down to acceptable levels even during the warmup phase of engine
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a novel process and apparatus for controlling the
      emission of nitrogen oxides, carbon monoxide and hydrocarbons from the
      exhaust gas of an internal combustion engine, particularly during cold
      engine operation.
PAR  According to the process of this invention, a not greater than
      stoichiometric quantity of air is added to engine exhaust during cold
      engine operation and the resulting mixture is catalytically treated under
      reducing conditions to reduce the quantity of nitrogen oxides in the
      exhaust. A further quantity of air at least stoichiometrically equivalent
      to the amount of CO present is then added and the exhaust gas is further
      treated under net oxidizing conditions to reduce the quantities of CO and
      hydrocarbons therein. As the engine warms up and reaches approximately
      normal operating temperature, the supply of air upstream of the first
      catalytic converter is shut off, and in further operations the exhaust gas
      is passed through the first catalytic conversion zone without the addition
      of secondary air in order to reduce the quantity of nitrogen oxides, and
      then is passed with added secondary air under net oxidizing conditions
      through the second conversion zone where CO and hydrocarbons are oxidized.
PAR  The apparatus of this invention includes, in combination with a first
      converter for reducing nitrogen oxides, a second converter for oxidizing
      carbon monoxide and hydrocarbons, and a secondary air inlet for admitting
      air to the second converter, the improvement comprising means for
      supplying a not greater than stoichiometric quantity of air to the first
      converter during engine warmup, and means for substantially shutting off
      the supply of air to the first converter when the average air-fuel ratio
      reaches approximately its warm engine value.
DRWD
PAC  THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic drawing of an automobile engine including the exhaust
      gas treatment system of this invention;
PAR  FIG. 2 is a partial schematic drawing of an exhaust gas treatment system
      according to this invention showing alternate means for controlling the
      air supply to the nitrogen oxide converter;
PAR  FIG. 3 is a partial schematic drawing of an exhaust gas treatment system
      according to this invention showing another alternative means for
      controlling the air supply to the nitrogen oxide converter; and
PAR  FIG. 4 is a detail drawing showing a portion of the system of FIG. 3 on an
      enlarged scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a V-8 automobile engine 10 having a
      system for supplying an air-fuel mixture which includes an air cleaner 11,
      an air duct 12 having a choke valve 13, means 14 (which may be either
      manual or automatic) for controlling the position of the choke, a
      carburetor 15 having a fuel supply 16, a fuel mixture duct 17 having a
      throttle valve 18 therein, means 19 for controlling the movement for
      throttle valve 18, and intake manifolds 20 for supplying the air-fuel
      mixture to the cylinders of engine 10. The engine may also have a cooling
      water supply line 21, leading from a radiator (not shown) and a cooling
      water return line 22 leading to the radiator. It will be appreciated that
      the system shown is capable of supplying a mixture of air and fuel having
      a variable air-fuel ratio.
PAR  The exhaust gas system for engine 10 includes a pair of exhaust manifolds
      23, only one of which is shown in detail. The exhaust gas treatment system
      includes a first stage catalytic converter or conversion zone 24 in which
      nitrogen oxides are reduced, a duct 25 which receives the effluent of the
      first stage converter 24, a second stage converter or conversion zone 26,
      which is preferably catalytic converter, for oxidizing carbon monoxide and
      hydrocarbons, and a tail pipe 27 for the discharge of treated exhaust gas
      to the atmosphere. The tail pipe 27 is normally connected to a muffler
      (not shown), through which gas is passed before discharge into the
      atmosphere.
PAR  A secondary air supply duct 28 supplies to the second stage converter 26 a
      quantity of air equal to or greater than the stoichiometric quantity for
      complete oxidation of all oxidizable impurities in the gas, such as carbon
      monoxide and unburned hydrocarbons. The air supplied through duct 28 to
      the second stage converter 26 will be referred to as "second stage air" in
      this specification. The air duct 28 may have a check valve 29 to prevent
      back flow of exhaust gases. This air duct 28 receives air from an air pump
      30 having an atmospheric air inlet 31 and an outlet 32, to which duct 28
      is connected. Pump 30 is driven by the engine crank shaft 33 through a
      conventional belt or pulley 34.
PAR  It will be appreciated that the converters 24 and 26 must be duplicated in
      a system having two exhaust manifolds; in vehicles having a single exhaust
      manifold (e.g., a vehicle having a straight 4- or 6-cylinder engine), the
      system will include only one converter 24 and one converter 26.
PAR  The portion of this system described up to this point is either
      conventional or known in the art, as illustrated by the references cited
      earlier in this application.
PAR  The system of the present invention includes an auxiliary air duct 35 for
      supplying air in an amount not greater than stoichiometric to the inlet of
      first stage converter 22. The air supplied through duct 35 to the first
      stage converter 22 will be referred to as "first stage air." As shown, the
      air duct 35 introduces air into the exhaust gas stream in the exhaust gas
      manifold 23 a short distance upstream of the inlet of first stage
      converter 24. Means for admitting first stage air through duct 35 to the
      first stage converter 22 during cold engine operation, and for shutting
      off the supply of first stage air through duct 35 when the engine reaches
      substantially normal warm engine conditions are provided. In the preferred
      embodiment shown, this means includes a valve 36, controlled by a solenoid
      or other suitable operator 37, which in turn is responsive to engine
      temperature. Such control may be effected by a temperature sensitive
      device 38 located in the cooling water and an operative connection between
      the temperature sensing device 38 and the solenoid 37. The temperature
      sensing device 38 may be of known construction, as for example, a
      temperature-responsive microswitch which makes or breaks an electrical
      circuit (indicated diagrammatically by wire 39) which controls solenoid
      37.
PAR  FIG. 2 shows a modified form of the invention in which the
      temperature-responsive device, which in this instance may be in the form
      of a thermocouple 40 located in the second stage converter 26 and
      electrically connected to solenoid 37 through an electrical circuit 41
      (which is shown diagrammatically).
PAR  FIGS. 3 and 4 show another modified form of the invention in which the
      solenoid 37 is controlled in response to the position of choke 13.
      According to this embodiment, a position responsive switch 42 is mounted
      on the exterior of the air duct or barrel 12; the closing of this switch
      allows current to flow through electrical circuit 43, energizing the
      solenoid 37. As shown in FIG. 4, the position responsive switch 42 may be
      opened and closed by the movements of a cam 44 (which may be conventional)
      secured to choke shaft 45 on the exterior of the air duct or barrel 12.
PAR  All of the above mechanisms will cause auxiliary air to be supplied via
      duct 35 during cold engine operation and to be shut off (or substantially
      shut off) during warm engine operation. Although the opening and closing
      of valve 36 is tied directly to the choke position (which determines the
      air-fuel ratio) in the embodiment of FIG. 3, a good indication of cold
      engine versus warm engine conditions can be obtained by either measuring
      cooling water temperature as in FIG. 1, or by measuring the temperature in
      the second stage converter 26, as shown in FIG. 2. There is a time lag
      between the start of the engine and the warming up of the catalyst in
      converter 26 to full operating temperature which correlates well with the
      time required to warm up the engine to the point where choked operation is
      no longer necessary.
PAR  The solenoid 37 which controls valve 36 can be replaced by a diaphragm or
      other suitable operating mechanism.
PAR  If desired, valve 36 may be a variable orifice valve. In this case, valve
      36 will normally be controlled so as to be wide open when the engine is
      started cold. As the engine warms up to normal operating temperature, the
      orifice size will gradually be restricted so as to reduce the flow rate of
      auxiliary air through duct 35. When the engine reaches substantially warm
      engine conditions, the valve 36 will be substantially closed and
      preferably will be entirely closed. If the structure of valve 36 does not
      permit complete closure of duct 35, as for example in the case of a
      butterfly valve, the air-fuel mixture fed to the engine should be adjusted
      so that an average net rich condition will be maintained in first stage
      converter 24. Preferred valve structures are those which permit complete
      closure, and suitable structures are known in the art.
PAR  Known catalysts can be used in both the first stage (nitrogen oxide)
      converter 22 and in the second stage (carbon monoxide and hydrocarbon)
      converter 26. A preferred reduction catalyst for the first stage converter
      22 is an alloy of nickel and copper, such as a "Monel" alloy, containing
      from about 40 to about 95% by weight of nickel and about 5 to about 60% by
      weight of copper. This alloy may be either unsupported or on a suitable
      base or support. A high temperature and oxidation resistant metallic base
      such as stainless steel is particularly suitable. Suitable bases and
      supports are materials which will retain their structural integrity in an
      exhaust gas atmosphere at temperatures up to at least about 1600.degree.
      to 1800.degree. F. The nickel-copper alloy can also be supported on a
      ceramic carrier such as alumina, which preferably has a surface area less
      than about 5 square meters per gram.
PAR  Other known nitrogen oxide reduction catalysts, as for example, nickel and
      chromites such as manganese chromite and copper chromite may also be used
      as catalysts in converter 22. These catalysts may be supported if desired
      on a suitable heat and oxidation resistant support which will retain its
      structural integrity at temperatures up to about 1600.degree. to
      1800.degree. F. or higher. Various support materials, including "Nichrome"
      stainless steel, alumina (preferably of low surface area, less than about
      5 square meters per gram), etc., are known in the art.
PAR  The second stage catalytic converter 26 may contain any suitable oxidation
      catalyst which is capable of catalyzing the oxidation of carbon monoxide
      and hydrocarbons to harmless substances. i.e., carbon dioxide and water,
      at exhaust gas temperatures. Various catalysts for this purpose are known
      in the art. A particularly desirable oxidation catalyst is platinum on a
      suitable ceramic support, such as platinum on a cordierite honeycomb, sold
      by Engelhard Mineral and Chemicals Corporation, Newark, N.J., under the
      designation "PTX." Other oxidation catalysts for engine exhaust gas
      treatment are known in the art and may be used in the practice of this
      invention. Faster warmup of the oxidation catalyst converter 26 can be
      promoted by splitting the oxidation catalyst into two portions, the first
      portion being a body of comparatively small mass near the inlet end of the
      converter 26, and electrically heating this first portion during engine
      warmup. This first portion of catalyst is electrically insulated from the
      second and main portion of catalyst, and from the converter housing. By
      heating the first portion of catalyst 49 electrically, oxidation of the
      reducing components of the exhaust gas, such as carbon monoxide and
      hydrocarbons, can be initiated before the main portion of catalyst is
      warmed up to the temperature at which it is active. This will cause more
      rapid warmup of the main portion of catalyst due to heat of reaction on
      the first portion and thereby reduce the amount of carbon monoxide and
      hydrocarbons discharged from the exhaust gas treatment system.
PAR  The operation of the exhaust gas treatment system will now be described.
PAR  Starting with a cold engine 10, a very rich air-fuel mixture, typically
      having an air-fuel ratio of only about 10-12 (compared to a stoichiometric
      air-fuel ratio of approximately 14.7) is supplied to the engine 10. Such
      an air-fuel mixture can be obtained by means known in the art, as for
      example, by substantially closing the choke 13. The resulting exhaust gas
      contains a considerable quantity of carbon monoxide and hydrocarbons, and
      has a very low free oxygen content.
PAR  In the practice of this invention, a not greater than stoichiometric
      amount, and preferably a substoichiometric amount, of first stage
      auxiliary air is supplied through duct 35 and introduced in admixture with
      the exhaust gas into the inlet of first stage conversion zone 24. This air
      oxidizes a portion of the reducing constituents of exhaust gas, which
      provides heat to warm up both catalysts faster and also provides an
      atmosphere which is only mildly reducing and which is therefore favorable
      to the conversion of most of the nitrogen oxide content of the exhaust gas
      to nitrogen rather than to ammonia. The amount of air may be controlled as
      desired, provided the average content of exhaust gas remains net reducing.
      There may be brief excursions into the net oxidizing region, as for
      example, when a car is driven under high speed cruise conditions while the
      engine is still cold, and such excursions, if not prolonged, do not
      adversely affect the functioning of the catalyst.
PAR  As the engine warms up, the air-fuel ratio is increased, usually gradually.
      This can be accomplished in a car having a conventional carburetor by
      gradually opening the choke 13 wider. Various automatic choke devices and
      control mechanisms for accomplishing this are known in the art. Also, the
      choke can be opened manually as the engine warms up, as is well known.
      When the average air-fuel mixture supplied to the engine 10 reaches a
      value which is characteristic of warm engine operation (i.e., only
      slightly substoichiometric, as for example when the choke 13 has been
      opened to full open or nearly full open position), it is no longer
      desirable to supply auxiliary air to the inlet in the first stage
      conversion zone 24. In fact, it is no longer possible to supply any
      appreciable quantity of auxiliary air through line 35 under these
      conditions without causing the gas mixture in the first stage conversion
      zone 24 to be net oxidizing. The valve 36 which controls the air supply
      through line 33 is therefore closed when the engine 10 reaches
      substantially normal warm engine conditions. This can be accomplished by
      sensing the cooling water temperature in line 22 or the exhaust gas
      temperature in the second stage conversion zone 26, or by sensing the
      position of the choke 13, as has already been described.
PAR  In one preferred embodiment, valve 36 is a variable orifice valve so that
      the amount of air flow through duct 35 can be gradually decreased as the
      air-fuel ratio to the engine 10 is gradually increased. This makes
      possible optimum control of the richness (i.e., the excess of reducing
      components over oxygen and nitrogen oxides) in the first stage conversion
      zone 24. On the other hand, a simple on-off valve 36 has the advantage of
      mechanical simplicity. In no case should the amount of oxygen in the first
      stage be greater than stoichiometric, except for brief excursions.
      Preferably the amount of oxygen entering the first stage converter 24 is
      about 50-100% of stoichiometric. As explained previously, brief excursions
      into the oxidizing region do not substantially impair the efficiency of
      nitrogen oxide conversion.
PAR  Secondary air is supplied to the second stage conversion zone 26 at all
      times during the operation of the engine 10. The amount of second stage
      air supplied through duct 28 is sufficient to provide at least a
      stoichiometric quantity of oxygen, and preferably a slight excess of
      oxygen, in the oxidation zone 26.
PAR  While this invention has been described with particular reference to an
      engine equipped with a conventional carburetor 15 and choke 13, it will be
      understood that the present invention is also applicable where a variable
      air-fuel mixture in the engine is obtained in other ways, e.g., by fuel
      injection.
PAR  The exhaust gas treatment system of this invention in intended for use in
      conjunction with any internal combustion engine or other power plant in
      which the exhaust gas contains a substantial excess of reducing
      constituents (e.g., carbon monoxide, unburned hydrocarbons, and hydrogen)
      during certain portions of engine operation (e.g., cold engine operation),
      and a smaller excess of reducing constituents during other portions of
      engine operation (e.g., normal temperature operation). It will be
      understood that the engine herein may operate under net oxidizing
      conditions during some modes of operations, e.g., high speed cruise, when
      the engine is at normal operating temperature, and that the presence of
      occasional oxidizing conditions does not adversely affect the exhaust gas
      treatment system and process herein so long as the average air-fuel ratio
      is at least slightly net reducing both during cold engine operation and
      during warm engine operation.
PAC  EXAMPLE
PAR  In order to illustrate the advantages of this invention, a 350-cubic inch
      displacement Chevrolet V-8 test vehicle (1970 model) was equipped on each
      side of the engine with a dual catalyst system consisting of a nitrogen
      oxide-reduction catalyst comprising a nickel-copper alloy followed by an
      Engelhard PTX-5 oxidation catalyst, said oxidation catalyst comprising
      platinum on a ceramic honeycomb shape base. In order to provide reducing
      conditions over the nickel-copper allow catalyst, carburation to the
      engine was adjusted net rich; that is, more than the stoichiometic amount
      of fuel was used. Secondary air was injected between the nickel-copper
      alloy catalyst and the oxidation catalyst; said secondary air being
      supplied by an engine-driven air-pump. In order to obtain the most rapid
      catalyst system warm-up, 460 grams of nickel-copper alloy catalyst were
      used on each side of the engine; the catalyst was placed in a reactor
      attached to the outlet end of the exhaust manifold. Both the exhaust
      manifolds and the catalyst reactors were coated with about 2 cm of
      castable refractory insulation.
PAR  Warm-up tests were conducted using the 1972 U.S. Government Federal
      Emission Test Procedure. This procedure involved starting the test vehicle
      from an equilibrated temperature of 20.degree.-30.degree. C., which was
      also the initial catalyst temperature. In order to start an engine under
      these conditions, the engine was choked; that is, operated at an air-fuel
      ratio of about 12 kilograms air per kilogram of fuel. (The stoichiometic
      air/fuel weight ratio was 14.6). Under these conditions, the engine
      produced an exhaust containing large quantities of carbon monoxide and
      unburned hydrocarbons and very little oxygen; the exhaust temperature
      being low and the nickel-copper alloy catalyst warm-up being slow.
      Catalyst temperature, as measured by a Chromel-Alumel thermocouple placed
      in the center of the catalyst bed reached 600.degree. C. in 30 seconds but
      did not rise higher in the next 30 seconds. Carbon monoxide emissions as
      measured by the 1972 test procedure mentioned above were in excess of 2.5
      grams/kilometer. Using the air injection procedure of the present
      invention allowed further warm up of the catalyst during the critical
      period between 30 and 60 seconds after cold start by adding 10% by volume
      of air, based on total exhaust flow. (Both air and exhaust gas volumes
      refer to standard temperature and pressure). The resulting air-exhaust gas
      mixture contained less than the stoichiometric quantity of air. Carbon
      monoxide emissions were reduced thereby to 0.6 gram/kilometer while the
      catalyst temperature reached 875.degree. C. in 45 seconds; equivalent
      nitrogen oxides emissions of about 0.2 gram/kilometer were obtained both
      with and also without the air injection of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for removing pollutants from the exhaust gas of an internal
      combustion engine in which fuel is burned with air at a substantially less
      than stoichiometric air-fuel ratio during cold engine operation and at a
      greater but substoichiometric air-fuel ratio during warm engine operation
      and in which the exhaust gas is contacted under net reducing conditions
      with a nitrogen oxide reduction catalyst in a first conversion zone and is
      then treated with added secondary air under net oxidizing conditions in a
      second conversion zone to oxidize carbon monoxide and hydrocarbons, the
      improvement which comprises:
PA1  a. supplying a quantity of primary air not greater than stoichiometric to
      said first conversion zone and a further quantity of secondary air at
      least stoichiometrically equivalent to the amount of CO present, to said
      second conversion zone, said primary air being supplied during cold engine
      operation and said secondary air being supplied at all times during
      operation of the engine;
PA1  b. shutting off the supply of primary air to said first conversion zone
      when the average air-fuel ratio reaches substantially its normal warm
      engine value; and
PA1  c. continuing operation without substantial addition of external air to
      said first conversion zone.
NUM  2.
PAR  2. The improvement of claim 1 wherein the nitrogen oxide reduction catalyst
      in the first conversion zone is an alloy of nickel and copper containing
      from about 40 to about 95% by weight of nickel and 5 to about 60% by
      weight of copper.
NUM  3.
PAR  3. The improvement of claim 2 wherein the quantity of air supplied to the
      first conversion zone is gradually decreased.
NUM  4.
PAR  4. The improvement of claim 3 wherein said decrease is proportional to the
      increase in the air-fuel ratio to the engine.
NUM  5.
PAR  5. The improvement of claim 3 wherein said gradual decrease is proportional
      to an increase in the cooling water temperature.
NUM  6.
PAR  6. The improvement of claim 3 wherein said gradual decrease is proportional
      to the temperature increase in the second stage conversion zone.
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PAL  An installation for the catalytic afterburning of exhaust gases of a
      multi-cylinder internal combustion engine with two exhaust gas lines of
      which each includes at least one catalyst; means are thereby provided for
      conducting the entire exhaust gas stream, when the internal combustion
      engine is cold, only through one of the two catalysts for a predetermined
      time.
BSUM
PAR  The present invention relates to an installation for the catalytic
      afterburning of exhaust gases of a multi-cylinder internal combustion
      engine with two exhaust gas lines, of which each includes at least one
      catalyst.
PAR  Installations for the catalytic afterburning of exhaust gases of a
      mutli-cylinder internal combustion engine with two exhaust lines are
      known, of which each includes at least one catalyst, which are acted upon
      or attacked in common by the exhaust gases after the starting of the
      internal combustion engine. As a result of the common attack of the
      catalysts, an undesirably long period of time elapses until the catalysts
      have reached a temperature at which the catalytic afterburning of the
      exhaust gases starts fully. It has thereby proved as particularly
      disadvantageous that precisely in the first few minutes after the starting
      of the internal combustion engine, when the latter is still relatively
      cold, the exhaust gases contain a particularly large amount of components
      harmful to health.
PAR  It is the object of the present invention to provide an installation for
      the catalytic afterburning of exhaust gases of an internal combustion
      engine which does not exhibit these disadvantages and shortcomings.
PAR  The problems underlying the present invention are solved in that the
      installation includes devices which with a cold internal combustion
      engine, conduct the entire exhaust gas flow for a predetermined time by
      way of only one of the two catalysts. It is advantageous that the devices
      are formed by a connecting line connecting the exhaust gas pipes upstream
      of the catalysts and by a throttle valve arranged upstream or downstream
      of one of the catalysts in one of the exhaust gas lines, which is actuated
      in dependence of an adjusting motor controlled by a thermo-element. The
      throttle valve closes the one exhaust gas line with a cold internal
      combustion engine and opens again the exhaust gas line after a
      predetermined time, for example, in dependence on the temperature of the
      catalyst acted upon by all of the exhaust gases or of the internal
      combustion engine.
PAR  The advantages achieved with the present invention consist in particular in
      that an installation for the catalytic afterburning of exhaust gases of an
      internal combustion engine is created in a simple manner, by means of
      which the exhaust gases are purified within the shortest period of time
      after the starting of the internal combustion engine, already with a still
      relatively cold internal combustion engine because, as a result of the
      attack of only one catalyst with all of the exhaust gases of the internal
      combustion engine, this catalyst reaches its operating temperature very
      rapidly. If the second catalyst is interconnected, then the second
      catalyst reaches its operating temperature also within the shortest period
      of time by reason of the already very high exhaust gas temperature and of
      the already heated-up exhaust gas pipes. Prior to the interconnection of
      the second catalyst, the warm-up enrichment of the fuel mixture can be
      increasingly reduced by reason of the warming-up internal combustion
      engine so that after the second catalyst is connected in, the exhaust of
      harmful materials is very slight in the warm-up phase of the second
      catalyst.
DRWD
PAR  These and further objects, features, and advantages of the present
      invention will become more apparent from the following description when
      taken in connection with the accompanying drawing which shows, for
      purposes of illustration only, one embodiment in accordance with the
      present invention, and wherein:
PAR  The single FIGURE is a schematic view of one embodiment of an installation
      for the catalytic afterburning of exhaust gases of a multi-cylinder
      internal combustion engine according to the present invention.
DETD
PAR  Referring now to the single FIGURE of the drawing, reference numeral 1
      designates in this FIGURE an internal combustion engine arranged in a
      motor vehicle as driving engine for the vehicle which may be constructed,
      for example, as opposed cylinder-type engine or as V-engine. The exhaust
      gas lines 2 coordinated to the cylinders on one side are combined into a
      common exhaust line or manifold 3, and the exhaust pipes 4 coordinated to
      the cylinders arranged on the other side of the engine are combined into a
      common exhaust gas line or manifold 5. A catalyst 6 is arranged in the
      exhaust gas line 3 and a catalyst 7 is arranged in the exhaust gas line 5.
      The exhaust gas lines 3 and 5 are connected with each other by a
      connecting line 8 upstream of the catalysts 6 and 7. Upstream of the
      catalyst 6 and downstream of the connecting line 8, a throttle valve 10
      actuated by an adjusting motor 9 of any conventional type is arranged in
      the exhaust gas line 3 whereby the adjusting motor 9 is controlled by a
      thermo-element 11 of any conventional type, such as a heat-sensor,
      arranged eithier within the area (effective range) of the internal
      combustion engine 1 or within the area (effective range) of the catalyst
      7. The throttle valve 10, however, may also be arranged in the exhaust gas
      line 3 downstream of the catalyst 6 where it is illustrated in dash and
      dot lines.
PAR  If the cold internal combustion engine 1 is started, then the engine runs
      at first with a rich fuel mixture which has a high proportion of harmful
      components. Due to the still relatively low temperature of the internal
      combustion engine and/or the catalyst 7, the throttle valve 10 is pivoted,
      controlled by the thermo-element 11 by means of the adjusting motor 9 into
      a position in which it closes the exhaust gas line 3 so that the exhaust
      gases in the exhaust gas line 3 are conducted also into the exhaust gas
      line 5 by way of the connecting line 8. Due to the fact that the catalyst
      7 is acted upon with the entire exhaust gas flow of the internal
      combustion engine, the catalyst 7 is heated up very rapidly to a
      temperature at which it becomes fully effective. The throttle valve 10 is
      pivoted into the illustrated position in dependence on the temperature of
      the internal combustion engine 1 or of the catalyst 7 after a
      predetermined time so that the exhaust gases of the exhaust gas line 3
      then act upon the catalyst 6. By reason of the very high exhaust gas
      temperatures which exist already at this moment and of the warmed-up
      exhaust gas lines, the catalyst 6 is heated up in a very short period of
      time to a temperature at which it is also becomes fully effective. The
      non-purified exhaust gases which are discharged during this relatively
      short warm-up phase, additionally exhibit a lesser proportion of harmful
      components than the exhaust gases with a cold internal combustion engine
      since the warm-up enrichment of the fuel mixture is reduced with
      increasing temperature of the internal combustion engine.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An installation for the catalytic afterburning of exhaust gases of a
      multi-cylinder internal combustion engine having two cylinder rows with
      two exhaust gas lines, each of which includes at least one catalyst means,
      coordinated to each cylinder row and communicating with each other only
      downstream of the cylinder rows, characterized by temperature-responsive
      means operable during engine start-up to conduct substantially the entire
      exhaust gas flow from the internal combustion engine during warmup for a
      predetermined time by way of only one of the two catalyst means and then
      after a short period of time to conduct the exhaust gas flow from each row
      of cylinders by way of its associated gas line and catalyst means.
NUM  2.
PAR  2. An installation according to claim 1, characterized in that the
      communication between the exhaust gas lines is effected by a connecting
      line upstream of the catalyst means, and said temperature-responsive means
      including a throttle valve arranged in one of the exhaust gas lines in the
      flow path of the other catalyst means and means for actuating the throttle
      valve means.
NUM  3.
PAR  3. An installation according to claim 2, characterized in that the
      temperature-responsive means includes an adjusting motor controlled by a
      heat-responsive element.
NUM  4.
PAR  4. An installation according to claim 3, characterized in that the throttle
      valve means is arranged upstream of said other catalyst means.
NUM  5.
PAR  5. An installation according to claim 3, characterized in that the throttle
      valve means is arranged downstream of the other catalyst means.
NUM  6.
PAR  6. An installation according to claim 2, characterized in that the throttle
      valve means closes the one exhaust gas line with a cold internal
      combustion engine and after a predetermined time again opens the same.
NUM  7.
PAR  7. An installation according to claim 6, characterized in that the throttle
      valve means opens the exhaust gas line in dependence on the temperature of
      the catalyst means acted upon by all of the exhaust gases.
NUM  8.
PAR  8. An installation according to claim 6, characterized in that the throttle
      valve means opens the exhaust gas line in dependence on the temperature of
      the internal combustion engine.
NUM  9.
PAR  9. An installation according to claim 6, characterized in that the
      temperature-responsive means includes an adjusting motor controlled by a
      heat-responsive element.
NUM  10.
PAR  10. An installation according to claim 9, characterized in that the
      throttle valve means is arranged upstream of said other catalyst means.
NUM  11.
PAR  11. An installation according to claim 9, characterized in that the
      throttle valve means is arranged downstream of the other catalyst means.
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ABST
PAL  A plurality of pump elements is progressively increasing the pressure of
      air to respectively supply air at various pressures into portions in an
      exhaust gas purifying system requiring secondary air.
BSUM
PAR  The present invention relates to a multi-stage air pump for supplying
      secondary air into an exhaust gas purifying system of an internal
      combustion engine to convert noxious and harmful components into harmless
      ones before the exhaust gases are emitted from the exhaust system.
PAR  It is well known that a modern motor vehicle can be equipped with an
      exhaust purifying system having in series an exhaust manifold equipped
      with an afterburning device for oxidizing considerable amounts of
      oxidizable noxious components such as nitrogen oxides and hydrocarbons
      etc., a reducing catalytic converter for reducing nitrogen oxides, and an
      oxidizing catalytic converter for completely oxidizing the oxidizable
      noxious components.
PAR  In this purifying system, an air pump is employed for supplying secondary
      air both upstream of the oxidizing catalytic converter which is subjected
      to relatively low exhaust back pressure and the exhaust manifold which is
      subjected to relatively high exhaust back pressure.
PAR  In order to supply the required amount of secondary air from one air pump
      into the above-mentioned two portions which are subjected to different
      back pressures, an orifice for flow restriction is disposed in a conduit
      connecting the air pump and a location upstream of the oxidizing catalytic
      converter which is subjected to lower exhaust back pressure than the
      exhaust manifold.
PAR  However, in this purifying system, difficulties are encountered in that the
      prior art air pump is subjected to high discharge resistance due to the
      abovementioned orifice. This resistance results in too heavy load for the
      air pump and therefore decreases the life thereof.
PAR  It is therefore an object of the present invention to provide a multi-stage
      air pump for an exhaust gas purifying system in which the air pump
      overcomes the above-mentioned shortcomings.
PAR  It is another object of the present invention to provide a multi-stage air
      pump for an exhaust purifying system in which no orifice within a
      secondary air supply pipe is required.
DRWD
PAR  These and other objects and advantages of the present invention will become
      apparent from the following description when taken in conjunction with the
      attached drawing, in which:
PAR  The single FIGURE is a schematic diagram showing an exhaust gas purifying
      system of an internal combustion engine which incorporates an air pump
      according to the present invention.
DETD
PAR  Referring now to the drawing, there is shown an internal combustion engine
      10 having an exhaust manifold 12 which is connected to an exhaust
      purifying system 14. The purifying system 14 comprises in series a
      reducing catalytic converter 16 and an oxidizing catalytic converter 18
      which in turn connects to a muffler 20. The purifying system 14 further
      comprises an air pump 22 of the present invention which supplies secondary
      air for oxidation of oxidizable noxious components in the exhaust gases.
PAR  The air pump 22 comprises a housing 24 which includes a first stage element
      26 and a second stage element 28 which are separated from each other by a
      partition 30 but are fluidly connected in series to each other. A drive
      shaft 32 is rotatably disposed along the longitudinal axis of the adjacent
      elements 26 and 28. The drive shaft 32 is journalled in any suitable
      bearing means mounted on the housing 24. The drive shaft 32 is drivably
      rotated by the engine 10 through a pulley 34 fixedly mounted on one end of
      the drive shaft 32.
PAR  Within the first stage element 26, a first rotor 36 having a plurality of
      vanes is fixedly mounted on the drive shaft 32 for compressing air drawn
      from the atmosphere. Within the second stage element 28, a second rotor 38
      similar to the first rotor 36 is mounted on the drive shaft 32 for further
      compressing the air drawn from the first stage element 26.
PAR  The first stage element 26 has a first air intake port 40 on the top
      thereof for drawing in atmospheric air, a first air discharge port 42 and
      a second air discharge port 44 both on the bottom thereof. While the
      second stage element 28 has a third air discharge port 46 on the top
      thereof a second air intake port 48 is on the bottom thereof. The first
      discharge port 42 of the first stage element 26 communicates with the
      upstream of the oxidizing catalytic converter 18 by means of a first
      conduit 50 to supply secondary air into the catalytic converter 18. The
      second discharge port 44 of the first stage element 26 communicates with
      the second intake port 48 of the second stage element 28 by means of a
      connecting pipe 52 for submitting compressed air from the first stage
      element 26 into the second stage element 28. The third air discharge port
      46 of the second stage element 28 communicates with the exhaust manifold
      12 through a second conduit 54.
PAR  In operation, when the drive shaft 32 of the air pump 22 is rotated by the
      engine 10 through the drive pulley 34, both the first and second rotors 36
      and 38 are driven to compress air from the atmosphere. Accordingly air
      drawn through the first air intake port 40 into the first stage element 26
      is compressed by the first rotor 36, and the compressed air is discharged
      from the first discharge port 42 and the second air discharge port 44. The
      compressed air from the first discharge port 42 is submitted through the
      first conduit 50 located upstream of the oxidizing catalytic converter 18
      which is subjected to relatively low back pressure of the exhaust gas.
      While the compressed air from the second discharge port 44 of the first
      stage element is submitted through the connecting pipe 52 into the second
      intake port 48 of the second stage element 28. The air submitted into the
      second stage element 28 is further compressed by the second rotor 38. The
      further compressed air is discharged through the second conduit 54 into
      the exhaust manifold 12 which is subjected to relatively high back
      pressure of the exhaust gas.
PAR  It is noted that a multi-stage air pump may be used for supplying the
      required amounts of secondary air into more than two portions of the
      exhaust gas system which are respectively subjected to various back
      pressures of the exhaust gas. The multi-stage elements are also in this
      case fluidly connected to each other in series. Accordingly the first
      stage element of the multi-stage pump will communicate with a portion
      which is subjected to the lowest exhaust gas back pressure within the
      exhaust system requiring secondary air, while the last stage element
      communicates with the portion which is subjected to the highest back
      pressure. It is also noted that the idea of the present invention can be
      applied to an exhaust purifying system not only equipped with catalytic
      converters but also equipped with thermal reactors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An exhaust purifying system for an automotive internal combustion engine
      having an exhaust system, comprising:
PA1  a plurality of exhaust purifying devices disposed in the exhaust system,
      the exhaust system having a plurality of portions which are subjected to
      various back pressures of the exhaust gases from the engine due to the
      flow resistance by said exhaust purifying devices;
PA1  a multi-stage air pump for supplying secondary air required by said exhaust
      purifying devices, including a housing defining a chamber therein,
      partition means for separating said chamber into a plurality of chambers
      which are adjacent to each other, said plurality of chambers being
      communicated with said plurality of portions through a plurality of
      conduits, respectively, a plurality of rotors disposed within said
      plurality of chambers, respectively, a drive shaft for simultaneously
      driving said plurality of rotors, connecting pipe means for fluidly
      connecting said plurality of chambers in series one after another for
      progressively increasing the pressure of air delivered to at least one of
      said conduits from at least one of said chambers.
NUM  2.
PAR  2. An exhaust purifying system for an automotive internal combustion engine
      having an exhaust manifold adapted to purify the exhaust gas, comprising:
PA1  a reducing catalytic converter connected downstream of the exhaust
      manifold;
PA1  an oxidizing catalytic converter connected through conduit means downstream
      of said reducing catalytic converter;
PA1  a two-stage air pump supplying secondary air required by said exhaust
      manifold and said oxidizing catalytic converter, including a housing
      defining a chamber therein, a partition for separating the chamber into a
      first chamber and a second chamber, said first chamber having an air
      intake port communicating with atmosphere, an air discharge port
      communicating through a first conduit with said conduit means upstream of
      said oxidizing catalytic converter and downstream of said reducing
      catalytic converter, said second chamber having an air discharge port
      communicating through a second conduit with the exhaust manifold which is
      subjected to a back pressure higher than said portion upstream of said
      oxidizing catalytic converter, a connecting pipe for connecting said first
      chamber to said second chamber for progressively increasing the pressure
      of air introducing from said first chamber into said second chamber, first
      and second rotors rotatably disposed within said first and second
      chambers, respectively, a drive shaft for simultaneously driving said
      first and second rotors from said engine, said drive shaft being rotatably
      disposed parallel to the longitudinal axis of said first and second
      chambers.
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ABST
PAL  A stepless, preferably hydrostatic, transmission is provided for an
      internal-combustion engine and the system is controlled by an operating
      member. A mechanism connects the members to the transmission and the
      engine so that both the engine and the transmission controls respond to
      this member. Means is provided for affecting the linkage in response to
      the torque on the transmission shaft, preferably in dependence upon the
      pressure in a transmission-fluid line.
BSUM
PAC  Field of the Invention
PAR  The present invention relates to systems in which a stepless transmission
      is connected to an internal combustion engine and, more particularly, to a
      control system for an assembly which includes an internal-combustion
      engine and a stepless, preferably hydrostatic, transmission.
PAC  Background of the Invention
PAR  In the commonly owned U.S. Pat. No. 3,542,173, for example, and elsewhere,
      motor-vehicle drive systems are described in which an internal-combustion
      engine has its crankshaft connected to the input shaft of a stepless
      transmission. The output shaft of the latter is connected, in turn, to a
      differential or to the wheels of the vehicle by some other means, a
      control system may be provided for shifting a speed-changing or
      torque-changing member of transmission i.e. a member changing transmission
      ratio and, as described in the aforementioned patent, means may be
      provided for simultaneously operating a control member of the engine, e.g.
      the throttle, so that an optimum relationship of engine speed to
      transmission setting, and vice versa, is assured.
PAR  A hydrostatic transmission of the aforementioned type may include a
      hydrostatic pump having a swingable control member or plate adapted to
      vary the stroke of a plurality of axially extending pistons which are
      arrayed in an annulus in a cylinder drum.
PAR  Such transmissions are described in
TBL  U.S. Patent         2,975,597                                             
     "                   3,142,963                                             
     "                   3,163,987                                             
     "                   3,279,173                                             
     "                   3,542,173                                             
     "                     3,672,161 and                                       
     "                   3,680,312                                             
PAL  As well as the patents cited therein.
PAR  The internal-combustion engine referred to above may be of any conventional
      type and generally has a control element, e.g. the throttle lever, which
      may be displaced to control the engine speed. The engine, more
      particularly, can be of the type described at pages 9 ff. of PRINCIPLES OF
      AUTOMOTIVE VEHICLES, U.S. Government Printing Office, Washington, D.C.,
      1956, the throttle member of the engine operating upon the flap of the
      carburetor.
PAR  In such systems, including those described in the commonly assigned prior
      U.S. Pat. No. 3,542,173, it has been recognized that optimum relationships
      exist between the setting of the transmission and the throttle position of
      the engine. In all of these systems, apart from the neutral or standstill
      position of the transmission, the control member of the engine is always
      associated with a particular setting of the transmission and with a
      particular position of the control mechanism, e.g. pedal, therefor. Of
      course, for normal operation of the drive and a vehicle in which the same
      is included, the pre-established relationship between the transmission
      setting and the engine setting will provide ideal results. However, when
      the transmission loading deviates from normal conditions as, for example,
      when the vehicle is being driven up a seep incline or over soft terrain of
      high resistance to forward travel, the increased loading requires a
      resetting of the internal-combustion engine and, even with control devices
      of the type described in U.S. Pat. No. 3,542,173, this must be done apart
      from the automatic control mechanism because of the fixed relationships of
      the setting.
PAR  Conversely, when the loading is less than normal as, for example, during
      the descent of the vehicle along an incline, the internal-combustion
      engine setting may be excessively high and the engine driven at an
      inordinately high speed which prevents effective engine braking. Thus,
      while the automatic coupling of a stepless transmission and the control
      member of an engine with the pedals or other operator-shiftable elements
      has been proved to be a significant advance over the earlier art, the
      fixed relationship between the settings of the various elements has proved
      to be disadvantageous under many conditions to which the drive is exposed.
PAC  Objects of the Invention
PAR  It is the principal object of the present invention to provide a drive,
      comprising an internal-combustion engine, a stepless transmission and a
      control mechanism therefor, whereby the aforementioned disadvantages can
      be obviated and wherein, more particularly, advantages of the system first
      described in U.S. Pat. No. 3,542,173 may be gained with the additional
      advantage of compensation for off-normal loading of the transmission.
PAR  Still another object of the invention is to provide a control system for a
      drive of the character described which ensures a more effective
      relationship between the settings of the transmission-control and the
      engine-control members.
PAR  A further object is the provision of an improved method of operating such a
      drive.
PAC  Summary of the Invention
PAR  These objects and others which will become apparent hereinafter are
      attained, in accordance with the present invention, in a drive, especially
      for automotive vehicles in which the driven wheels constitute the load but
      also for other loads, which comprises an internal-combustion engine having
      a control element (e.g. a throttle lever), a stepless transmission whose
      input shaft is connected to the crankshaft of the engine and whose output
      shaft is connected to the load, and a control mechanism connected to the
      control elements of the transmission and engine. The invention provides
      means responsive to the torque of a transmission shaft, preferably
      responding to the displacement pressure of the hydraulic medium of the
      transmission, for adjusting the control mechanism so that the relationship
      of the setting of the engine control element and the setting of the
      transmission control element are dependent upon the loading of the
      transmission.
PAR  The present invention provides a control mechanism for a drive consisting
      of an internal-combustion engine and a stepless hydrostatic transmission
      wherein the mechanism includes an input member which directly operates
      upon the transmission-ratio-control element and is coupled by a kinematic
      linkage to the speed-control element of the internal-combustion engine to
      achieve an improved correlation of the settings of the transmission and
      engine.
PAR  The kinematic linkage includes a member which is adjustable in position in
      dependence upon the torque of one of the transmission shafts (i.e. the
      input shaft between the engine and the hydrostatic pump or the output
      shaft between the hydrostatic motor and the load), and, preferably, upon
      the displacement pressure of the hydraulic medium of the transmission.
      This adjustment means creates a dependency of the position of the
      speed-control element of the internal-combustion engine and of the
      ratio-control element of the transmission upon the loading of the latter.
PAR  In a control system in which a stepless transmission, preferably
      hydrostatic, or another transmission in which the ratio-control element is
      shiftable to either side of a neutral position to effect operation of the
      load in opposite directions or in opposite senses of rotation and,
      further, wherein a force-transmitting connection is provided between the
      operator-controlled input member of the system and the elements
      controlling the transmission and engine, as described in U.S. Pat. No.
      3,542,173, the improvement of the present invention provides for a torque
      regulation of the positions of the elements.
PAR  As described in the last-mentioned patent, an adjustable abutment
      cooperates with the speed-controlling element and becomes effective to
      decouple the input member from the speed-controlling element so that the
      input member remains coupled only with the ratio-controlling element of
      the transmission. Between a high transmission-speed position of the input
      member and the position determined by the abutment, each position of the
      input member corresponds to a given position of the speed-control element
      of the engine. However, between a low-transmission-speed position and the
      position determined by the abutment, the input member and speed-control
      element are decoupled so as to prevent stalling of the engine. The
      improvement of the present invention provides that the position of the
      speed-control element of the engine is dependent on the position of the
      input member and on the torque and transmission-shaft speed, i.e. a given
      displacement pressure of the hydraulic fluid medium in the transmission,
      so that it varies continuously with the torque or displacement pressure
      thus the relationship automatically alters to provide an optimum setting
      for the engine for any loading or setting of the input member.
PAR  In any hydrostatic transmission, the maximum torque which can be
      transferred by the transmission is limited by the maximum displacement
      pressure at the pressure side of the pump. This displacement pressure can,
      in turn, be limited by a pressure-relief valve which protects the parts of
      the transmission against overloading.
PAR  At standstill of the output shaft of the transmission, therefore, the
      maximum torque on the latter is at a given value determined by the
      pressure relief valve since the speed of the shaft is zero. However, as
      the output shaft of the transmission begins to rotate against a retarding
      force, i.e. a load, the product of the maximum torque and rotary speed
      increases. At maximum operating effectiveness, the transmission applies
      maximum torque to its output shaft at highest speed so that maximum power
      is applied to the load.
PAR  In normal cases, the greatest output of the internal combustion engine is
      smaller than the power-transmission capabilities of the hydrostatic
      transmission at maximum displacement pressure and highest rotary speed. As
      a result, the transmission has an operating range below its maximum speed
      in which the power transmission is constant over a certain range
      corresponding to the maximum output of the internal-combustion engine.
      Since in this range the product of the output shaft speed and the torque
      is constant, with increasing output the torque must fall, and, indeed, the
      characteristic curve is a hyperbola.
PAR  Where the internal-combustion engine has its speed control member set at an
      output speed corresponding to maximum power output, the engine in the
      range of small transmission output speed operates with an unsatisfactory
      partial loading independently of the loading and the output shaft of the
      internal combustion engine. With the control system described above the
      particular transmission loading, for example in an automotive vehicle
      traveling with normal loading and upon a good roadway, permits the
      transmission ratio to be correlated with the engine speed.
PAR  In accordance with a further feature of this invention link means is
      provided between the driver-controlled operating member and the speed and
      ratio-control elements for jointly increasing and decreasing the engine
      speed and the transmission speed. Control means responsive to the torque
      exerted by the output of the transmission on the load and connected to the
      link means is provided for increasing the engine speed to its maximum
      speed upon the torque exerted by the output on the load exceeding a
      predetermined limit and for decreasing the transmission speed ratio when
      the engine speed attains its maximum speed and the torque exceeds this
      predetermined limit.
PAR  This operating linkage in accordance with the present invention comprises a
      lever engageable at one end with the operating member and having another
      end connected through a lost-motion coupling to the speed control of the
      engines. This lost-motion coupling is provided so as to keep the engine
      running at a predetermined minimum speed so that it will not stall, since
      the ratio control element of the hydrostatic transmission can be displaced
      a predetermined distance from its zero setting (the position in which its
      output does not rotate) before it is necessary to run the engine at a
      faster speed than its minimum idle speed. The control means in accordance
      with this invention is effective on this lever either to lengthen one of
      the lever arms thereof, to displace its fulcrum, or otherwise affect it so
      that the coupling of the operating member to the speed control element
      depends on the torque exerted by the transmission.
PAR  According to a further feature of this invention the transmission is
      connected to a ram having a spring-loaded piston which is displaceable
      only when the pressure in the transmission exceeds a predetermined limit
      corresponding to maximum torque output. The above-mentioned control lever
      is mounted on or otherwise coupled to this piston. Thus when the pressure
      in the transmission rises above a predetermined level so that the spring
      force biasing the piston in one direction is overcome, the linkage is
      altered so as to change the engine speed. Once the engine speed is at a
      maximum the linkage is further effective to displace the ratio control
      element of the transmission so as to prevent over-loading of the system
      and stalling of the engine.
DRWD
PAC  Brief Description of the Drawing
PAR  The above and other objects, features and advantages of the invention will
      become more readily from the following description, reference being made
      to the accompanying drawing in which:
PAR  FIG. 1 is a perspective and diagrammatic view of a system in accordance
      with the present invention;
PAR  FIGS. 2 and 3 are enlarged-scale views of details of FIG. 1, FIG. 3 being a
      section taken along the line III--III of FIG. 2;
PAR  FIGS. 4 and 5 are side diagrammatic views illustrating other linkages in
      accordance with the present invention; and
PAR  FIG. 6 is a perspective and diagrammatic view of a further arrangement in
      accordance with this invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIG. 1, a pedal 1 depressible to displace a vehicle such as a
      lift truck forward and a pedal 2 depressible to displace an vehicle
      backwards are mounted on respective arms 3 and 4 pivotal about an axis 17
      and interconnected by gearing 18 such that depression of one of the pedals
      will cause the other to rise and vice versa. The pedal 1 is provided with
      an arm 43 connected to the control element 19 of the pump 20 of a
      hydrostatic transmission 21. This pump 20 is fixed by mounting and has an
      input shaft 22 connected to the output of an internal-combustion engine
      23. Pump 20 is in closed-circuit fluid communication with a motor 24 whose
      rotor 25 is connected to a pair of wheels 26. The lines 27 and 28 between
      the pump 20 and motor 24 are bridged by another hydraulic conduit 29 in
      which is provided a double-acting pressure regulating valve 30 that
      determines the maximum pressure that can be exerted by the pump 20 and the
      motor 25, and therefore determines the maximum torque developable by the
      motor 24.
PAR  A crosspiece 5 of a linkage 31 is carried on the end of an arm 6 pivoted at
      7 and having, at its other end, a pivot 8 for a rod 9 connected via a
      lost-motion coupling 32 to a rod 13 itself connected to the control member
      33 of the carburetor of the internal-combustion engine 23. A spring 34
      serves to displace the rod 13 upwardly in a direction tending to reduce
      the speed of the engine 23. A pair of slideable stops 35 and 36 cooperate
      with a projection 37 carried on the rod 13 and therefore determining the
      maximum and minimum operating speeds for the engine 23.
PAR  The lost-motion coupling 32, as also shown in FIGS. 2 and 3 comprises a
      central element 38 which is provided with two adjustable bolts 10 that can
      be displaced parallel to the rods 9 and 13 in a slot 39 formed in its
      element 38 by loosening nuts 40 carried on their ends. A fork 12 on the
      end of the lower rod 13 is formed with a pair of aligned slots 11 in which
      the bolts are reciprocal. Thus the rod 9 is displaceable by a distance d
      relative to the rod 13 before it displaces this rod 13.
PAR  A pair of check valves 41 and 42 connected to the conduits 27 and 28 open
      into a line 16 provided with a restriction 44 and opening into the upper
      region of a cylinder 15 provided with a piston 45 biased toward this upper
      region by means of a spring 46. The piston rod 14 of this piston 45 is
      formed as the fulcrum 7 of the lever 6.
PAR  The device operates as follows:
PAR  At standstill the engine 23 idles at a minimum speed and the control
      element 19 of the transmission 21 is set so that the swash plate of the
      pump 20 is perpendicular to its axis of rotation such that this pump 20
      does not drive the motor 24 at all, and the wheels 26 are arrested.
PAR  Depression of, for example, the forward pedal 1 will displace the swash
      plate in a direction to start pumping and drive the motor 24 to rotate the
      wheels 26 so that they advance the vehicle in a forward direction. As the
      pedal 1 is depressed the pedal 2 will raise, lifting the crosspiece 5 and
      depressing the rod 9. This rod 9 will drop a distance corresponding to
      distance d until the lower bolt 10 comes into engagement with the lower
      end of the slot 11 and the rod 13 is pressed down to rotate the control
      element 33 of the engine 23. This lost-motion travel is necessary because
      the engine 23 even idle develops a useful amount of work so that its
      carburetor need only be advanced once the ratio control element 19 of the
      transmission 21 is set at such a position that the engine 23 can no longer
      drive the vehicle without resetting of its control element 33.
PAR  Thereafter the control elements 19 and 33 are displaced jointly so as to
      increase the work output of the motor 23 and to increase the input/output
      ratio of the transmission 21. Should the transmission 21 be subjected to a
      considerable load at any time before the projection 37 has abutted on the
      stop 36, the position corresponding to maximum speed of the engine 23, the
      pressure will build up in the system and become effective above the piston
      45 to depress this piston 45. The force of spring 46, which force
      increases as the piston 45 is depressed, determines the maximum torque the
      motor 24 can exert on the wheel 26. This torque is slightly below that
      pressure at which the regulator valve 30 will begin to allow leakage
      between the conduits 27 and 28. As the piston 45 descends the crosspiece 5
      bears down on the arm 4 of pedal 2, so that the end 8 of the lever 6
      presses down on the  control element 33 of the carburetor increasing the
      engine work output. This will increase the torque delivered until the
      projection 37 reaches the stop 36, whereupon the end 8 will no longer be
      able to descend and the crosspiece 5 will then press down on the arm 4,
      causing pedal 2 to be pressed down and the pedal 1 to rise, thereby
      displacing the control element 19 back to a less advanced position. In
      this manner the system will not be dangerously overloaded or loaded to the
      point where the engine 23 might be stalled; after a predetermined limit is
      passed the carburetor of the engine 23 is automatically reset and the
      input/output ratio of the transmission is also reset if necessary. The
      restriction 44 serves to prevent brief harmless shocks to the system from
      displacing the piston and resetting the carburetor.
PAR  Depression of the reverse pedal 2 displaces the control element 19 in the
      opposite direction to turn the wheels 26 backwards, but otherwise the
      operation in the reverse mode is identical to that in the forward mode.
PAR  FIG. 4 shows an arrangement where the rod 9 is snugly held between guides
      47 and the lever 6' is pivoted at 7' in an elongated slot 48 formed in the
      center of this lever and in which is slideable a pin 49 carried on an arm
      50 fixedly pivoted at 51 and displaceable by the piston rod 14' of the
      cylinder 15'. Thus the effective length of the lever arms to either side
      of the fulcrum 49 can be altered by the ram in the cylinder 15'. FIG. 5
      shows an arrangement where the cylinder 15" has its piston rod 14" pivoted
      on the rod 9" which as shown by double headed arrow 52 is displaceable so
      as to allow a lever 6 identical to the lever of FIG. 4 to slide on a fixed
      pivot 53, thereby also changing the effective length of the lever to other
      side of the pivot 53.
PAR  The arrangement of FIG. 6 illustrates the principal parts of a drive system
      for a fork lift. Here a pair of pedals 101 and 102 are carried on
      respective arms 109 and 103 mounted on respective axles 108 and 107
      carrying respective bevel gears 110 and 112 interconnected by another
      bevel gear 111 so that rotation of the one shaft 107 in one direction will
      rotate the other shaft 108 in the opposite direction and vice versa. A
      link 137 connects the other end 104 of the lever 103 to a lug 105 on a
      pump 106 so that pivoting of this pump 106 on its bracket 138 will change
      its output, the lug 105 thereby constituting the control element. Each of
      the pedal-mounting arms 103 and 109 is formed with a respective surface
      123 engageable with a respective pin 121, 122 carried on a lever 119, 117
      rotationally secured to a shaft 118 pivoted at its ends in a pair of like
      journal blocks 139 displaceable as shown by double-headed arrow 140. A
      pair of pistons in cylinders 141 are operatively connected to the pump 106
      so as to displace this shaft 118 back and forth in the manner described
      above with reference to rams in cylinders 15, 15' and 15". The lever 117
      is connected via a cable 116 to an operating lever 114 secured to a shaft
      113 that operates the carburetor of the engine. A spring 115 is provided
      to bias the lever 114 into the low-speed position.
PAR  In addition another lever 124 freely pivoted on the shaft 118 is provided
      at one end with a laterally projecting pin 126 engageable with a notch
      117' formed in the double-armed lever 117. A hand lever 127 is connected
      via a cable 128 to that end of the lever 124 opposite its end carrying the
      pin 126 and pulled by means of a spring 125 away from the notch 117'. Thus
      this lever 127 can be used to manually set the minimum engine speed.
PAR  A similar lever 129 is provided with a pin 130 and biased by a spring 132
      so as to operate another arm 131 carried on the shaft 118. Another cable
      133 connects this lever 129 to another hand lever 134 also connected to
      the piston rod 135 of a valve 136. Operation of this lever 134 serves in
      this case to raise the forks of the fork lift, so that engine speed here
      is increased when the fork lift is raised without causing operation of the
      pump 106.
PAR  In the systems according to the present invention the torque exerted at the
      output of the hydrostatic transmission in part determines the work output
      or speed of the combustion engine driving this transmission. Thus when the
      torque output reaches a predetermined limit the engine speed will be
      increased, and, should this be insufficient to raise the load and move the
      vehicle so as to reduce the torque, the input/output ratio of the
      transmission will be automatically changed so as to move the vehicle more
      slowly and/or lift the load more slowly. Such an arrangement almost
      completely obviates the problem of stalling when trying to lift very heavy
      loads. At the same time this arrangement insures that the work done by the
      combustion engine will be most efficiently used, causing a considerable
      reduction in fuel consumption while doing many jobs much more rapidly than
      has been hitherto possible.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of operating a drive system wherein a combustion engine whose
      speed is variable up to a predetermined maximum speed drives the input of
      a hydrostatic transmission whose output is connected to a load and whose
      input/output speed ratio is steplessly variable, said engine and said
      transmission each having a speed control element respectively displaceable
      for varying said engine speed and said ratio, and a linkage including a
      lever between an operating member and the engine control element connects
      said member to said elements, said method comprising the steps of:
PA1  jointly increasing the engine speed and the transmission speed ratio when
      the torque exerted by said output on said load is below a predetermined
      limit;
PA1  automatically increasing only said engine speed when said torque is above
      said level and said engine speed is below said maximum speed;
PA1  automatically decreasing said transmission speed ratio only when said
      torque is above said predetermined level and said engine is at said
      maximum speed until said torque drops below said level; and
PA1  monitoring the hydraulic pressure in said transmission to determine the
      torque exerted on said load, said predetermined level being a
      predetermined fluid pressure level, said engine speed being increased and
      said transmission speed ratio being decreased by displacement of the
      fulcrum of said lever.
NUM  2.
PAR  2. In a drive system wherein a combustion engine with a speed-control
      element is connected to the input of a stepless transmission whose output
      exerts torque on a load and which is provided with a ratio control element
      for varying the speed ratio between said input and output, and wherein an
      operating member is connected through a linkage to both of said control
      elements to increase and decrease engine speed and torque at said output
      jointly, the improvement comprising a control system including means
      responsive to the torque at said output and connected to said linkage for
      displacing one of said control elements in accordance with the output
      torque, said ratio control element being displaceable between a position
      corresponding to minimum torque output of said transmission and a position
      corresponding to maximum output speed of said transmission, said speed
      control element being displaceable between a position corresponding to
      minimum engine speed and a position corresponding to maximum engine speed,
      said means advancing said engine control element toward the position
      corresponding to maximum engine speed on said ratio control element being
      in said position corresponding to maximum output speed and said torque at
      said output exceeding a predetermined limit, said linkage including a
      lever interconnecting said control elements and having a fulcrum shiftable
      along said lever in response to the torque at said output.
NUM  3.
PAR  3. In a drive system wherein a combustion engine has a control element
      displaceable into an end position corresponding to a maximum engine speed
      and a steplessly variable transmission has its input connected to said
      engine and an output adapted to exert torque on a load, a control element
      on said transmission serving to adjust the speed ratio between said input
      and output, the improvement comprising:
PA1  an operating member;
PA1  link means between said operating member and said control elements for
      jointly increasing and decreasing the engine speed and the transmission
      speed ratio; and
PA1  control means responsive to the torque exerted by said output on said load
      and connected to said link means for increasing said engine speed on said
      torque exceeding a predetermined limit and for decreasing said
      transmission speed ratio on said engine speed reaching said maximum speed
      and said torque exceeding said predetermined limit, said control element
      of said transmission being displaceable from a position corresponding to
      no torque exerted on said load, said link means further comprising a
      lost-motion coupling connected to said control element of said engine and
      operable to displace the engine control element only after a predetermined
      displacement of the transmission control element from the no-torque
      position.
NUM  4.
PAR  4. In a drive system wherein a combination engine has a control element
      displaceable into an end position corresponding to a maximum engine speed
      and a steplessly variable transmission has its input connected to said
      engine and an output adapted to exert torque on a load, a control element
      on said transmission serving to adjust the speed ratio between said input
      and output, the improvement comprising:
PA1  an operating member;
PA1  link means between said operating member and said control elements for
      jointly increasing and decreasing the engine speed and the transmission
      speed ratio; and
PA1  control means responsive to the torque exerted by said output on said load
      and connected to said link means for increasing said engine speed on said
      torque exceeding a predetermined limit and for decreasing said
      transmission speed ratio on said engine speed reaching said maximum speed
      and said torque exceeding said predetermined limit, said link means
      includes links positively connecting said member to said transmission
      control element and at least one lever having a pair of arms connected to
      said member and said lost-motion coupling, respectively.
NUM  5.
PAR  5. The improvement defined in claim 4 wherein said control means includes a
      fulcrum for said lever and means for displacing said fulcrum relative to
      said lever.
NUM  6.
PAR  6. The improvement defined in claim 4 wherein said transmission is
      hydrostatic and said control means includes a piston in fluid
      communication with said transmission and displaceable on fluid pressure
      therein rising above a predetermined limit.
NUM  7.
PAR  7. The improvement defined in claim 5 wherein said control means includes a
      cylinder subdivided into two chambers by said piston, and a spring urging
      said piston toward one of said chambers, said one chamber being in fluid
      communication with said transmission.
NUM  8.
PAR  8. The improvement defined in claim 7 wherein said operating member is
      adapted to be effective on said spring in one direction with a
      predetermined maximum force, said spring exerting a force in the opposite
      direction greater than said maximum force.
NUM  9.
PAR  9. A method of operating a drive system wherein a combustion engine having
      an engine control element capable of varying the engine speed up to a
      predetermined maximum speed, drives the input of a continuously variable
      transmission having a control element for a transmission speed ratio, the
      transmission having an output connected to a load and the control elements
      being linked by a lever to increase and decrease engine speed and torque
      at said output, the improvement which comprises controlling the
      relationship between the variation in speed of said engine and the change
      in torque at said output by shifting the fulcrum of said lever along the
      lever.
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ABST
PAL  A hoist system employing a hydraulic motor, a variable displacement
      reversible flow hydraulic pump for supplying hydraulic fluid to the
      hydraulic motor, and an electric motor employed as a prime mover for the
      pump has a control arrangement effective for sensing various indicia of
      operation as, for example, rate of speed of lifting of an associated load,
      failure of the hoist system power train and the lifting of maximum loads.
      Within the overall control arrangement means are provided for comparing
      the actual rate of speed of lifting to the desired or requested rate of
      speed of lifting with the differential thereof being directed back to the
      associated mechanism for varying the output displacement of said hydraulic
      pump for thereby modifying such output displacement in order to achieve
      zero differential output. Means are also provided for automatically
      braking the hoist drum in order to prevent the load carried thereby from
      dropping in the event of a failure of the said power train. Means are also
      provided for varying the maximum speed of the hoist system with variations
      in load.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, in arrangements employing hydraulic pumps and hydraulic motors
      for driving hoist drums, various systems and devices were proposed for
      preventing the accidental release of the load being lifted. However, such
      prior art systems have been generally complicated and costly to construct
      and, in many instances, especially where the system which was intended to
      prevent total accidental loss or release of the load actually comprised a
      portion of the power transmission or power train, such prior art systems
      were prone to failure.
PAR  Accordingly, the invention as herein disclosed and described is primarily
      directed to the solution of the above as well as other attendant problems.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a control arrangement for a power supply system
      employing a variable displacement hydraulic pump, a prime mover for
      driving said hydraulic pump, a hydraulic motor driven by said hydraulic
      pump, and power transmission means driven by said hydraulic motor
      comprises first means effective for producing a first output signal
      indicative of the actual speed of said power transmission means, second
      means effective for producing a second reference signal indicative of a
      desired speed of said power transmission means, and comparator means
      effective for comparing said first and second signals, said comparator
      means being effective and operative to selectively vary said displacement
      of said variable displacement hydraulic pump in response to and in
      accordance with the differential of said first and second signals.
PAR  Various general and specific objects and advantages of the invention will
      become apparent when reference is made to the following detailed
      description considered in conjunction with the accompanying drawings.
DRWD
PAC  Brief Description of the Drawings
PAR  In the drawings, wherein for purposes of clarity certain elements and
      details may be omitted from one or more views:
PAR  FIG. 1 is a generally simplified illustration, partly in schematic form, of
      a hoist assembly employing the teachings of the invention; for purposes of
      reference, the view of FIG. 1 may be considered as being a generally side
      elevational view;
PAR  FIG. 2 is a fragmentary cross-sectional view taken generally on the plane
      of line 2--2 of FIG. 1 and looking in the direction of the arrows;
PAR  FIG. 3 is a view illustrating, fragmentarily, a portion of the invention
      shown in FIG. 1 but in modified form; and
PAR  FIG. 4 is a view also illustrating, fragmentarily, a portion of the
      invention shown in FIG. 1 but in another modified form.
DETD
PAC  Detailed Description of the Preferred Embodiments
PAR  Referring now in greater detail to the drawings, FIG. 1 illustrates, in
      somewhat simplified and diagrammatic form, a hoist system 10 comprising a
      hoist drum 12, a brake assembly 14, a hydraulic pump and motor assembly
      16, a cooperating electric motor 18 and related electrical circuitry 20.
PAR  The drum 12, operatively connected as to one end of suitable cable means 22
      the other of which is suitably adapted for connection to a load 24 to be
      lifted, is suitably secured, as by keying means, to rotatable shaft means
      26 for rotation therewith. Shaft 26 may be journalled in related bearing
      assemblies as, for example, typically illustrated at 28.
PAR  One end of shaft means 26 is in operative engagement with a hydraulic motor
      44 of assembly 16 while the other end of shaft means 26 is illustrated as
      being in operative engagement with a drive, which includes sheave or
      spur-gear-like drive member 30 which is suitably fixedly secured to shaft
      means 26 for rotation therewith.
PAR  The brake assembly 14 is shown as comprised of a brake drum or wheel 32,
      suitably fixedly secured to shaft means 26 for rotation therewith, and
      movable brake shoes 34 and 36 which are, in turn, operatively controlled
      by associated brake actuator means 38. Preferably, the brake actuator
      means 38 is of the type, many specific embodiments of which are well known
      in the art, which, upon loss of electrical power thereto, causes
      application of the brake shoes 34 and 36 against brake drum 32 as through
      related motion transmitting means 40.
PAR  Second shaft means 42, journalled as at 46 and 48 comprises an axially
      extending worm or screw threaded portion 50 which is rotatably driven as
      by means of a sheave or gearlike driven member 52 fixedly secured to shaft
      means 42 and operatively connected to shaft means 26 as by means of drive
      member 30 and a continuous motion transmitting belt 54 looped about drive
      member 30 and driven member 52.
PAR  A spur-gear-like member 56 is threadably received on threaded member 50
      while, at the same time, being peripherally in meshed engagement with an
      axially elongated spur gear section 58 fixedly carried by and rotatable
      with third shaft means 60 which may be journalled at a plurality of places
      as generally typically depicted at 62.
PAR  Fourth shaft means 64 is illustrated as being provided with a suitable
      driven wheel (which may be what is often referred to as a timing belt
      gear) 66 fixedly secured thereto for rotation therewith. A continuous
      motion transmitting belt 68 looped about driven member or gear 66 is also
      operatively looped about a similar drive wheel or gear 70 fixedly secured
      to shaft means 26 for rotation therewith. Shaft means 64 may, of course,
      be journalled at any number of locations as typically illustrated, for
      example, at 72. The other end of shaft means 64 is operatively connected
      to suitable speed differential means 74, such as a differential gearing
      means many specific embodiments of which are known in the art.
PAR  A variably adjustable speed electric motor 76 is situated as to be
      operatively connected to shaft means 60 as well as to additional shaft
      means 78, the other end of which is operatively connected to the
      differential gearing means or assembly 74. As will subsequently become
      more apparent, shafts 64 and 78 respectively comprise first and second
      speed signal input means leading to the differential assembly 74 which, as
      generally diagrammatically illustrated as output shaft means 80 which
      rotates, as is well known in the art, at a speed which is a function of
      the differential of the first and second speed signal means 64 and 78.
PAR  Assembly 16 is illustrated as comprising a hydraulic motor 44, which is
      bidirectional, and a variable displacement reversible flow pump assembly
      82. In the embodiment illustrated, pump assembly 82 comprises a
      swash-plate type pump (many embodiments of such being well known in the
      art). The pump 82 and hydraulic motor 44 may be operatively connected to
      each other as by conduit means 84 and 86 any of which, depending on the
      mode of operation of pump 82, may serve as the outlet conduit from pump 82
      while at other modes of operation the same such conduit would serve as an
      inlet for the pump 82.
PAR  In any event, hydraulic pump assembly 82 is operatively connected, as
      through a shaft 88, to electric motor 18 which, in the embodiment shown,
      is A.C. and of a constant speed.
PAR  The electrical circuitry 20, very briefly and schematically illustrated,
      comprises an alternating current source of electrical potential 90 having
      one terminal connected to conductor means 92 and an other terminal
      connected to conductor means 94 with both of such conductor means leading
      to the electric motor 18. As generally illustrated, conductor means 92 may
      also be comprised of master-like switch means 96 effective for causing,
      upon closure thereof, energization of motor 18.
PAR  An electrical limit switch assembly 98, comprising a downwardly depending
      actuating arm 100, has a pair of electrical terminals 102 and 104
      electrically connected to a suitable source of electrical potential as,
      for example, source 90 while a second pair of electrical terminals 106 and
      108 are electrically connected to the brake actuating means 38. The lower
      end 110 of arm 100 is placed as in the general path of axial movement of
      member 56 so that, as will subsequently become more evident, when member
      56 abuts against end 110 of lever 100, limit switch 98 will be actuated
      thereby, in turn, causing the brake applying means 38 to apply brake shoes
      34, 36 against brake drum 32 and prevent further rotation thereof as well
      as the associated power train connected thereto.
PAR  As previously indicated, pump assembly 82 is of the swash-plate type.
      Therefore, although associated pump displacement adjustment means 112 has
      been depicted as being somewhat physically displaced or removed from the
      pump assembly 82, such adjustment means 112 may well comprise a portion of
      the overall pump assembly 82 and, in fact, be an integral part of the
      otherwise conventional mechanism for adjusting the direction and degree of
      angular displacement of the pump assembly swash-plate. In any event, the
      adjustment means 112 is diagrammatically depicted as having operative
      connection to and with such pump assembly 82 as by suitable motion
      transmitting means 114.
PAR  The adjustable reference speed motor 76 is illustrated as having a pair of
      terminals 116, 118 electrically connected to a suitable source of
      electrical potential such as, for example, source 90. Suitable related
      selector control panel means, or the like, 120 is illustrated as being
      electrically connected to the motor 76 as by electrical conductors 122 and
      124. The control panel means, many of which are well known in the art,
      provides for the manual selection as, for example, by appropriate levers
      and/or buttons, of the desired speed and direction of rotation of the
      output of motor 76.
PAC  General Operation of Invention of FIG. 1
PAR  In describing the general operation of the invention as shown in FIG. 1,
      the terms of reference "clockwise" and "counter-clockwise" are employed in
      describing directions of rotation. For clarity, it is pointed out that
      such terms of reference are to be interpreted as if the person observing
      such relative movements was generally at the right-hand end of FIG. 1 and
      looking in the direction of the arrows of the plane of line 2--2 of FIG.
      1. FIG. 2 illustrates the rotational orientation.
PAR  With switch 96 closed and motor 18 energized, let it be assumed that pump
      assembly 82 is now supplying hydraulic pressure to hydraulic motor 44 such
      as to cause clockwise rotation of shaft 26 thereby resulting in hoist drum
      12 lifting load 24 via cable 22. During such clockwise rotation shaft
      means 42 and screw or lead member 50 will also rotate in the clockwise
      direction because of the drive and driven members 30 and 56 being
      interconnected by the belt means 54.
PAR  Generally, upon initiation of the lifting of a load 24, gear 58 will
      rotate, in the counter-clockwise direction, at a speed which is related to
      the speed of lifting demanded by means 120 and 76. The actual speed
      demanded may well exceed that at which it is believed the load 24 may be
      safely raised because of the mass of that particular load being lifted. If
      in fact the demanded or requested speed is of such a magnitude
      differential gear 56 will move sufficiently to the left to contact
      abutment portion 110 of limit switch assembly 98 and thereby cause a
      shutdown of the system. However, in circumstances wherein such magnitudes
      of speed demands do not occur, the actual lifting speed is correspondingly
      increased and such increase is reflected in an increased clockwise
      rotation of shaft 26 and lead gear 50 thereby preventing differential
      member 56 from so moving to the left and engaging abutment portion 110 of
      limit switch assembly 98.
PAR  As shaft 26 is being rotated in the assumed clockwise direction, drive
      member 70 and belt 68, through driven member 66, cause shaft means 64 to
      likewise rotate in a clockwise direction at a velocity which is directly
      related to the angular velocity of shaft 26. The angular velocity of shaft
      64 is employed as a first velocity input signal into the speed
      differential means 74 and is, in fact, a signal of the actual angular
      speed or velocity of the power train of the hoist system and hoist drum
      12.
PAR  The hoist system operator, through the agency of the speed selector means
      120, selects a desired speed at which he desires the load 24 to be
      actually lifted. In so selecting a desired speed, the operator is actually
      adjustably selecting the output speed of rotation of motor 76 and such
      output speed or velocity is, as will become totally apparent, then
      employed as a reference angular velocity against which the actual angular
      velocity is compared. That is, the shaft 78, rotated by said motor 76 at
      said reference angular velocity, is operatively connected to the speed
      differential means 74 and the said reference angular velocity is thereby
      employed as a second velocity input signal into the speed differential
      means 74. If the algebraic summation of the first and second velocity
      input signals is zero (0), the rotational output on motion transmitting
      means or shaft 80 will also be zero (0).
PAR  However, if the first velocity input signal is such as to indicate that the
      actual angular velocity of shaft 26 is less than that requested as
      indicated by the second velocity input signal, the speed differential
      means will, in accordance with the differential of such input signals,
      create an output on motion transmitting or shaft means 80 which is then
      transmitted to and through the pump displacement adjustment means 112 to
      the pump assembly 82 in order to adjust the swash-plate angle to increase
      the output of pump 82. As the output of pump 82 is thusly increased the
      speed of rotation of shaft 26 increases as does the angular velocity of
      shaft 64. This, of course, increases the algebraic value of the first
      velocity input signal until such time as when the algebraic value thereof
      is sufficient to exactly offset the second velocity input signal
      established as a reference value. When that happens, the sensed
      differential is zero and the movement of output shaft 80 is terminated.
PAR  The converse is also true; that is, if the speed of rotation of shaft 26 is
      more than the desired reference speed as indicated by the second velocity
      input signal, the resulting differential will cause output shaft 80 to
      reduce the displacement of pump assembly 82 so as to reduce the speed of
      rotation of shaft 26 until, again, there is a zero (0) differential as
      between the first velocity input signal and the second velocity input
      signal.
PAR  In view of the preceeding, it can be seen that there is, in effect, a
      closed loop system employing feedback signals to correct the angular speed
      of the drum 12 and shaft 26 as to match a desired velocity value
      established as a reference by the motor 76. That is, if one considers the
      input from motor 76 as being a reference value, then it can be seen that
      the second input from shaft 26 is automatically and continuously compared
      to the reference value and any difference therebetween is translated into
      either a positive or negative error signal and that, in view of both the
      magnitude of such error signal as well as whether it is positive or
      negative, a correction is made to appropriately change the value or
      magnitude of the second input signal. As the magnitude of the second input
      signal is thusly changing and more nearly approaching the reference value,
      the magnitude of the error signal diminishes until finally the error
      signal is zero (0).
PAR  The invention, although described with reference to the load 24 being
      lifted, would operate in the same manner when the load is being lowered as
      by counter-clockwise rotation of shaft means 26 and corresponding changes
      in rotation of the associated input signal shafts 64 and 78.
PAR  The invention as disclosed in FIG. 1 also provides additional safety means
      for preventing, for example, the free fall of the load 24 should, for
      example, the hoist power train experience failure. For purposes of
      description, let it be first assumed that drum 12 and shaft means 26 are
      being rotated clockwise thereby lifting load 24. Let it be further
      assumed, for ease of presentation, that the actual speed and reference
      speed signals as exist on shafts 64 and 78 are matched.
PAR  At this time, the electric motor 76 will also be rotatably driving the
      shaft means 60 and spur gear 58 in the clockwise direction thereby
      rotating the spur differential member or gear 56 in the counter-clockwise
      direction. During the condition of operation wherein the actual hoist drum
      speed is matched to the requested hoist drum speed, the relative angular
      velocities of gear 58, member 56 and lead member 50 are such that
      differential member or gear 56 experiences no axial motion relative to
      either lead member 50 or drive member 58 from that position reached during
      the matching of actual and reference speeds.
PAR  Now let it be assumed that while load 24 is thusly being lifted, the hoist
      power train experiences a failure as, for example, having the shaft means
      26 become sheared at a point between hydraulic motor 44 and drive member
      70 for belt 68. As a consequence of such assumed failure, hydraulic motor
      44 becomes incapable of even supporting the load 24 and, therefore, load
      24 starts to fall and in so doing causes hoist drum 12, as well as shaft
      means 26, to rotate counter-clockwise. As a result thereof, shaft means 64
      and 42 also are rotated counter-clockwise causing, of course, lead member
      50 to be accordingly rotated in the counter-clockwise direction. Since at
      this time of assumed power train failure drive gear 58 on shaft means 60
      is still being rotated in the clockwise direction, the reversal in
      direction of rotation of lead 50 causes differential sensing gear or
      member 56, while still being rotated in the counter-clockwise direction by
      drive member 58, to quickly move axially to the left along lead member 50
      until member 56 engages end 110 of limit switch lever 100 thereby
      actuating the limit switch assembly 98. In the preferred embodiment,
      actuation of the limit switch assembly 98 opens the related electrical
      circuitry thereby enabling the brake actuating means 38, as by spring
      loading, to apply the brake shoes 34, 36 against the brake drum 32 and
      prevent any further rotation of hoist drum 12 and, of course, prevent any
      further fall of load 24. By a further electrical interconnection of switch
      98 and switch 146 the power supply 90 is disconnected from the electric
      motor 18 at this time.
PAR  It should be pointed out that another advantage of the invention comprising
      the failure sensing portion is that it is not a part of the load carrying
      train thereby at least eliminating the possibility that the failure
      sensing portion itself would undergo a failure because of the load being
      carried or lifted.
PAR  FIG. 1 also illustrates that a second limit switch assembly 130 may be
      provided and similarly comprised of a downwardly depending lever 132 with
      a lower end 134 similarly placed in the general path of axial travel of
      member 56. Electrical conductor means 136 and 138 are operatively
      electrically connected to a suitable source of electrical potential as,
      for example, source 90. As shown, limit switch means may be electrically
      connected as by conductor means 140 and 142 to related warning means 144
      (which may be visual and/or auditory and which may also be operated by
      previously described switch 98) and brake actuation means 38 as well as
      electrical switching means 146 situated in circuit and comprising a
      portion of conductor means 94. If for some reason the speed at which the
      hoist drum is rotated is, for example, too great or there is some failure
      in the reference motor 76 or the associated circuitry and as a consequence
      thereof the indicator or differential member moves axially sufficiently to
      the right to engage end 134 of limit switch lever 132, limit switch
      assembly 130 would then be effective for causing switch assembly 146 to
      open circuit means 20 and for causing brake actuation means 38 to energize
      brake assembly 14. Since the brake actuator means 38 is effective to
      maintain brake shoes 34 and 36 out of engagement with brake drum 32 during
      only such times as electrical energy is supplied thereto, the opening of
      circuit means 20 could also function to terminate the supply of electrical
      energy to brake actuating means 38 resulting in the application of brake
      means or shoes 34 and 36.
PAR  FIG. 3 is a view of a fragmentary portion of the invention shown in FIG. 1
      with a modification thereof. Elements in FIG. 3 which are like or similar
      to those of FIG. 1 are identified with like reference numbers.
PAR  The invention as disclosed in FIG. 3 contemplates the provision of
      additional suitable braking means in order to hold shaft means 60 and spur
      gear 58 stationary when zero speed is demanded. Such a device is necessary
      due to the presence of unbalanced moments on the swash plate of the pump
      82 which are continuously transmitted to the speed differential means 78.
      In an alternative embodiment this ability to maintain zero speed on shaft
      60 may be accomplished through use of a suitable resistance 155 across the
      motor 76 providing a minimum resistance torque. The braking means may be
      comprised of a suitable brake drum 150 fixedly secured to shaft means 60
      and cooperating brake shoes 152, 154 which, through suitable motion
      transmitting means 156, are operatively connected to related brake
      actuating means 158.
PAR  In the preferred embodiment, the brake actuating means 158, which may be
      electrically interconnected to the selector means 120 as by conductors 160
      and 162, is of the type which applies the brake shoes 152 and 154 by means
      of preloaded springs and which releases the brake shoes only when
      electrical power is applied thereto.
PAR  FIG. 4 is a view also illustrating only a fragmentary portion of the
      invention shown in FIG. 1 with a further modification thereof. In FIG. 4,
      all elements which are like or similar to those of FIG. 1 are identified
      with like reference numbers.
PAR  The invention as disclosed in FIG. 4 contemplates the employment of means
      for limiting the magnitude of the requested speed or velocity of lifting
      in respect to the weight of the load 24 being lifted. Since the output
      pressure of pump 82 will be a function of the weight of the load 24 being
      lifted, suitable conduit means 170, having one end in communication with a
      source of such pump pressure and an other end in communication with a
      cylinder 172 containing a piston 174 biased by spring means 176, is
      provided. Piston 174, in turn, is operatively connected as through
      suitable linkage means 178 and 180 to a potentiometer 182 which, as via
      conductors 184 and 186, is electrically connected to motor 76. As the
      weight of the load 24 increases, such increase is reflected by an increase
      in the pressure delivered by pump 82 and applied to cylinder 172. Piston
      174 responds to the increase in pressure by moving further against the
      resilient resistance of spring means 176 thereby accordingly varying the
      effective resistance of the potentiometer and correspondingly reducing the
      maximum speed of the reference motor 76.
PAR  The provision of such automatic power limiting means prevents such
      possibilities as, for example, having the combination of load weight and
      speed of lifting result in excessive strain on any of the involved
      components or power train as well as assuring that motor 18 will not enter
      into a stall region of its operating characteristics.
PAR  Although only a select number of preferred embodiments and modifications of
      the invention have been disclosed and described, it is apparent that other
      embodiments and modifications of the invention are possible within the
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control arrangement for a power supply system employing variable
      displacement hydraulic pump means, a prime mover for driving said
      hydraulic pump means, hydraulic motor means driven by said hydraulic pump
      means, and power transmission means driven by said hydraulic motor means,
      the control arrangement comprising:
PA1  first shaft means rotatable at a first angular velocity directly related to
      the speed at which said power transmission means is driven by said
      hydraulic motor means;
PA1  second shaft means rotatable at a second angular velocity directly related
      to a desired speed at which said power transmission means is to be driven
      by said hydraulic motor means;
PA1  differential gearing means for comparing said first and second angular
      velocities wherein said first shaft means is operatively connected to said
      differential gearing means to provide a first rotatable input into said
      differential gearing means and wherein said second shaft means is
      operatively connected to said differential gearing means to provide a
      second rotatable input into said differential gearing means, and wherein
      said differential gearing means further comprises at least one output
      means effective for producing an output signal thereupon which is the
      algebraic summation of said first and second rotatable inputs; and means
      effective for varying the displacement of said variable displacement pump
      means in accordance with said output signal.
NUM  2.
PAR  2. A control arrangement according to claim 1 wherein said second means
      further comprises electric motor means operatively connected to said
      second rotatable shaft means, and wherein said electric motor means is
      selectively adjustable to provide said second angular velocity to said
      second rotatable shaft means.
NUM  3.
PAR  3. A control arrangement according to claim 1 wherein said pumping means
      includes a swash-plate, and wherein said means effective for varying the
      displacement of said pump means comprises motion transmitting means
      operatively connected to said output means of said differential gearing
      means and said swash-plate.
NUM  4.
PAR  4. A control arrangement for a power supply system employing variable
      displacement hydraulic pump means, a prime mover for driving said
      hydraulic pump means, hydraulic motor means driven by said hydraulic pump
      means, and power transmission means driven by said hydraulic motor means,
      the control arrangement comprising:
PA1  first means effective for producing a first output signal indicative of the
      actual speed of said power transmission means;
PA1  second means effective for producing a second reference signal indicative
      of a desired speed of said power transmission means;
PA1  comparator means effective for comparing the magnitudes of said first and
      second signals, said comparator means being effective and operative to
      selectively vary said displacement of said variable displacement hydraulic
      pump in response to and in accordance with the differential in said
      magnitudes of said first and second signals; and
PA1  means for sensing the output pressure of said pump means and operative to
      vary the maximum obtainable magnitude of the displacement of said pump
      means as a function of said output pressure.
NUM  5.
PAR  5. A control arrangement for a power supply system employing variable
      displacement hydraulic pump means, a prime mover for driving said
      hydraulic pump means, hydraulic motor means driven by said hydraulic pump
      means, and power transmission means driven by said hydraulic motor means,
      the control arrangement comprising:
PA1  first means effective for producing a first, output signal indicative of
      the actual speed of said power transmission means;
PA1  second means effective for producing a second, reference signal indicative
      of a desired speed of said power transmission means;
PA1  braking means effective to, at times, brake further motion of said power
      transmission means, and
PA1  differential motion sensing means, said sensing means being effective to
      sense a sustained speed or error signal, said sustained speed or error
      signal comprising a certain magnitude of phase shift of said first and
      second signals in said power transmission means and in accordance
      therewith cause application of said braking means to brake further motion
      of said power transmission means.
NUM  6.
PAR  6. A control arrangement according to claim 2 and further comprising:
PA1  means for preventing rotation of said second rotatable shaft means when
      said electric motor means is selectively adjusted to demand zero angular
      velocity.
NUM  7.
PAR  7. A control arrangement according to claim 5 wherein said power
      transmission means comprises first rotatable shaft means, a rotatable
      hoist drum including cable means for lifting an associated load, a brake
      drum, said first shaft means, said hoist drum and said brake drum being
      operatively interconnected for rotation in unison with each other, a
      rotatable axially extending lead member rotatably driven by said first
      shaft means, wherein said comparator means comprises differential gearing
      means having at least one rotatable output shaft, wherein said first means
      comprises second shaft means rotatably driven by said first shaft means,
      said second shaft means being operatively connected to said differential
      gearing means for applying thereto said first output signal indicative of
      said actual speed, wherein said second means comprises third rotatable
      shaft means and operatively connected adjustable speed electric motor
      means, said third rotatable shaft means being operatively connected to
      said differential gearing means for applying thereto said second output
      signal indicative of said desired speed, wherein said pump means comprises
      an adjustable swash-plate for varying the displacement of said pump means,
      wherein said at least one rotatable output shaft is effective for rotating
      at a velocity directly related to the algebraic summation of said first
      and second output signals, wherein said at least one rotatable output
      shaft is operatively connected to said swashplate and effective to adjust
      said swash-plate and the displacement of said pump means in accordance
      with said algebraic summation, and further comprising rotatable axially
      extending lead-screw-like means directly rotated by said first shaft
      means, a differentiating member threadably engaged and carried by said
      lead-screw-like means, axially extending rotatable gear means operatively
      connected to said adjustable speed electric motor means as to be rotatably
      driven thereby, wherein said differentiating member is in meshed
      engagement with said rotatable gear means as to be capable of being driven
      thereby rotatably about said lead-screw-like means, said differentiating
      member being effective to move axially along said lead-screw-like means
      whenever the difference in speed of rotation of said axially extending
      rotatable gear means and said lead-screw-like means exceeds a
      predetermined value, said differentiating member being effective upon
      sufficient axial movement along said leadscrew-like means to cause
      application of braking means to said brake drum.
NUM  8.
PAR  8. A hoist mechanism comprising a prime mover, a variable displacement pump
      driven by said prime mover, a fluid motor receiving the fluid output of
      said pump, a hoist drum driven by said motor, first means sensing the
      output speed of said motor and operative to generate a speed signal
      corresponding to said output speed of said motor, second means supplying a
      control speed signal, means comparing said speed signals from said first
      and second means and operative to selectively vary the displacement of
      said pump in response to sensed differentials in the said compared signals
      for controlling the speed of said motor, and means for sensing the pump
      output pressure and operative to vary the maximum obtainable displacement
      of said pump as a function of said output pressure.
NUM  9.
PAR  9. A control arrangement for a power supply system employing variable
      displacement hydraulic pump means, a prime mover for driving said
      hydraulic pump means, hydraulic motor means driven by said hydraulic pump
      means, and rotatable power transmission means driven by said hydraulic
      motor means, said control arrangement comprising first means effective for
      indicating the actual speed and direction of rotation of said rotatable
      power transmission means, second means effective for indicating a desired
      speed anad direction of rotation of said rotatable power transmission
      means, and means effective for sensing the occurrence of a reversal in the
      direction of rotation of said rotatable power transmission means without a
      corresponding change in said desired direction of rotation or of a
      sustained difference between said actual speed and said desired speed said
      difference comprising a certain magnitude of phase shift between the
      output of said first indicating means and said second indicating means and
      operative upon such occurrence for applying a braking force to said power
      transmission means to thereby prevent further rotation of said power
      transmission means.
NUM  10.
PAR  10. A control arrangement according to claim 9 wherein said first means
      comprises axially extending lead-screw means, wherein said second means
      comprises gear means rotatably driven at a variably selected angular
      speed, and wherein said means effective for sensing the occurrence of a
      reversal or sustained difference in speeds comprises a gear member in
      meshed engagement with said gear means and threadably engaged with said
      lead-screw means as to be both threadably rotatable about said lead-screw
      means and axially movable with respect to said lead-screw means.
NUM  11.
PAR  11. A hoist mechanism comprising a prime mover, a variable displacement
      pump driven by said prime mover, a fluid motor receiving the fluid output
      of said pump, a hoist drum adapted to be rotated by said motor, braking
      means operatively connected to said drum and operative upon actuation to
      prevent rotation of said drum, first means effective for supplying a first
      signal indicative of the actual speed and direction of rotation of said
      drum, second means effective for supplying a second signal indicative of a
      desired control speed and desired direction of rotation of said drum, and
      means effective for comparing said first signal and said second signal and
      being operative upon the occurrence of a reversal in the said direction of
      actual rotation of said drum without a corresponding change in said
      desired direction of rotation or upon the occurrence of a sustained
      difference between said actual speed and said desired speed said sustained
      difference comprising a certain magnitude of phase shift between the
      outputs of said first and second means to effect actuation of said braking
      means.
PATN
WKU  039437140
SRC  5
APN  5436125
APT  1
ART  341
APD  19750123
TTL  Fail-safe limit switch stopping system for air motor
ISD  19760316
NCL  4
ECL  1
EXP  Geoghegan; Edgar W.
NDR  4
NFG  6
INVT
NAM  Reinker; Ralph W.
CTY  San Jose
STA  CA
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL   60403
XCL   60406
XCL   60905
XCL   91461
EDF  2
ICL  F15B 2000
FSC   60
FSS  370;379;403;406;407;409;460;905
FSC   91
FSS  461
FSC  254
FSS  173 R
UREF
PNO  3301532
ISD  19670100
NAM  Lock et al.
OCL  254173R
UREF
PNO  3684244
ISD  19720800
NAM  Houck
OCL  254173R
LREP
FR2  Sciascia; R. S.
FR2  Hodges; Q. E.
ABST
PAL  A valving arrangement for a winch motor powered by air or other pneumatic
      uid. The valving arrangement includes normally closed valves in the
      working fluid lines which are held open by air in the pilot fluid lines.
      In the event of a rupture or break in the pilot line, a normally closed
      valve is allowed to close, thereby stopping the winch and preventing it
      from overrunning its travel limits.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND
PAR  Prior art winches which are operated by motors powered by air or other
      pneumatic fluids usually includes limit stops which limit the travel of
      the winch at its upper and lower points. These limit stops usually take
      the form of a normally open valve in the working fluid line immediately
      before the winch motor; when the limit stop is reached, another valve is
      opened which sends pilot fluid to the normally open valve which closes the
      valve thereby stopping the winch motor.
PAR  This type of limit stop arrangement works well unless there is a leak or
      break in the pilot fluid line leading to the valve in the working fluid
      line. When there is a leak or break in the pilot line, pilot fluid does
      not reach the valve and the valve does not close; thus the winch motor
      continues to turn, and the winch exceeds its limits of travel. This
      results in damage to the winch, other equipment, or personnel in the area.
PAR  Electrically operated limit switches are generally not feasible, since
      pneumatic powered equipment is usually used in those environments where
      the possibility of an electrical spark can not be tolerated. The use of an
      electric limit switch system would cancel out the safety feature of using
      the pneumatic powered winch rather than an electric powered winch.
PAR  The present invention is a valving arrangement for a pneumatic powered
      winch which eliminates the above drawback.
PAC  SUMMARY
PAR  Briefly, the present invention is a valving arrangement for a pneumatic
      powered winch which depends on the absence, rather than the presence, of
      pilot fluid to stop the winch motor. The final valve in the working fluid
      path is a normally closed valve which is held open by pilot fluid when the
      winch is operating. When the limit stop is reached, the supply of pilot
      fluid is cut off and the normally closed valve is allowed to close,
      stopping the winch. In the event of a leak or break in the line, pilot
      fluid will not reach the valve and the winch will stop at that point in
      its travel.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide an improved
      pneumatic powered winch motor.
PAR  It is further object of the present invention to provide a pneumatic
      powered winch motor having an improved limit switch system.
PAR  It is a further object of the present invention to provide a pneumatic
      powered winch motor having a fail-safe feature.
PAR  It is a further object of the present invention to provide a pneumatic
      powered winch motor which will stop in the event of loss of pilot fluid.
PAR  Other objects and advantages of the present invention will be obvious from
      the following specification and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-6 show the valving arrangement of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The valving arrangement of the present invention will first be generally
      described with reference to FIG. 1; specific air flow paths will then be
      described with reference to FIGS. 1-6. In all of the figures, those lines
      which carry working fluid will be denoted as solid lines; those lines
      which carry pilot fluid will be denoted as dashed lines.
PAR  The following description will be directed to a motor for a winch; however,
      it is to be understood that the valving arrangement can be employed with
      any pneumatic motor wherein it is necessary or desirable that the motor
      automatically stop in the event of a leak or break in the pneumatic lines.
      The valving schematic diagram can also be used with a hydraulic motor,
      although the valves called for later are not intended for use with
      hydraulic fluid; additionally, the present schematic does not porvide for
      the return of vented hydraulic fluid to the reservoir.
PAR  The winch is preferably the type wherein the cable drum remains in one
      place and the cable is paid out from or wound onto it; the words "up" and
      "down" then refer to the position or direction of motion of the item being
      raised or lowered by the winch motor. However, any other type of winch can
      be used with the present invention.
PAR  The present invention comprises a reversible winch motor 10 powered by air
      or other pneumatic or hydraulic fluid, and suitable valves direct it into
      the motor. Pneumatic or hydraulic fluid, which for convenience will be
      referred to as air, is supplied by a compressor 12.
PAR  The valving arrangement can be broken down into four groups of valves.
      Group 1 comprises the four main air valves 14, 16, 18 and 20. Group 2
      comprises the two limit stop valves, 22 and 24. The third group is the
      transfer valves 26 and 28. The fourth group is the manually operated
      throttle control valves 30 and 32. In addition, there is a directional
      valve and a poppet shut-off valve associated with the winch motor which
      are shown schematically as item 34 and which form no part of the present
      invention.
PAR  There is also a brake on the winch drum; the operation of this brake is the
      same as in the prior art, hence it is not shown.
PAR  Main air valves 14-20 are normally closed valves such as Ross Operating
      Valve C. Model 2651-a-5001 or equivalent which are opened by pilot
      actuators as shown. Limit stop valves 22 and 24 are normally closed valves
      such as Bellows-Valvair Model N144-1001 or equivalent which are opened by
      cams 36 and 38, respectively, which are driven by the gearing of winch 10.
      Transfer valves 26 and 28 are normally open valves such as Clippard
      Instruments Lab. Model-3 or equivalent which are closed by pilot actuators
      as shown. Throttle control valves 30 and 32 are normally closed valves
      such as Clippard Instruments Lab. Model MJV-4 or equivalent which are
      manually opened. These latter valves are operated by movement of the
      throttle arm which is actuated by pulling on the "up" or "down" control
      rope. The directional valve and poppet valve 34 are also actuated by
      pulling on the control ropes and are arranged such that the poppet valve
      opens to allow air to flow into the directional valve which is positioned
      to direct air into the motor to rotate it in the desired direction. The
      physical interconnection of the poppet valve and directional valve with
      the throttle control valves is well known in the art and is not discussed
      here.
PAR  Operation of the valve arrangement will now be described, beginning with
      FIG. 1.
PAR  The drawings sequentially depict a complete cycle of operation, wherein the
      winch load goes from the top of its travel down to the bottom and then
      back up to the top. Only those valves are discussed with change their
      position from one Figure to the next. In this Figure the winch load is at
      the top of its travel; the lobe on cam 38 has moved normally closed upper
      limit stop valve 24 to the open position, which sends pilot air to
      normally open transfer valve 26, closing it. This stops the flow of pilot
      air to normally closed main air valve 16, which allows it to close. Limit
      stop valve 22 is closed, cutting off the flow of pilot air to normally
      open transfer valve 28; transfer valve 28 opens, which directs pilot air
      to normally closed main air valve 14, opening it and allowing air to pass
      to winch motor 10. However, no air can get to valve 14 until the winch
      "down" rope (not shown) is pulled, which opens normally closed throttle
      control valve 30 as shown. This send pilot air to normally closed main air
      valve 20, opening it, and allows air to pass through it to main air valve
      14. Thus when the down rope is pulled, working air passes through valves
      20 and 14 into winch motor 10. However, if there should be a leak or break
      in the pilot line leading from transfer valve 28 to main air valve 14 or
      if one should develop while the winch is in operation, main air valve 14
      will close (or never open) and the winch will stop.
PAR  In FIG. 2 it is assumed that the winch has rotated enough to move the lobe
      on cam 38 off valve 24, allowing it to close. This stops the flow of pilot
      air to normally open transfer valve 26, allowing it to open. This passes
      pilot air to normally closed main air valve 16, opening it, and sets up a
      second path for air to reach main air valve 14. It is assumed that
      throttle control valve 30 is still being held open manually be pulling on
      the "down" rope. The winch motor will continue to operate until the lower
      limit stop is reached or the "down" rope is released.
PAR  In FIG. 3 it is assumed that the winch has rotated enough to cause the lobe
      on cam 36 to open normally closed lower limit stop valve 22, sending pilot
      air to normally open transfer valve 28, closing it. This stops the flow of
      pilot air to normally closed main air valve 14, allowing it to close,
      thereby stopping the winch in its travel. Normally closed main air valve
      16 remains open, since pilot air is supplied by transfer valve 26 which is
      normally open.
PAR  In FIG. 4 it is assumed that the winch "up" throttle rope (not shown) is
      pulled, opening valve 32. This sends pilot air to normally closed main air
      valve 18, opening it, and allows working air to pass through valves 16 and
      18 to winch motor 10. The winch now begins to move up, and will continue
      to move up until the upper limit stop is reached or the "up" rope is
      released.
PAR  However, if there is a leak or break in the pilot line leading to normally
      closed main air valve 18 when the up rope is pulled, the valve will not
      open and the winch will not move. If the leak or break should develop
      after the winch starts to move, valve 18 will automatically close and stop
      the winch at that point in its travel.
PAR  In FIG. 5 it is assumed that the winch has rotated enough to move the lobe
      on cam 36 off valve 22, allowing it to close. This stops the flow of pilot
      air to normally open transfer valve 28, allowing it to open and sends
      pilot air to normally closed main air valve 14, opening it. This
      establishes a second path for working air to reach winch motor 10; through
      valves 16 and 14 into the winch motor, and through valves 16 and 18 into
      the winch motor. Valve 32 is still manually held open.
PAR  The winch motor will continue to operate until the lobe on cam 38 has
      rotated enough to open normally closed upper limit stop valve 24 as shown
      in FIG. 6, which will then send pilot air into normally open transfer
      valve 26, closing it and stopping the flow of pilot air to normally closed
      main air valve 16. Normally closed main air valve 16 will then close,
      stopping the winch at its upper limit of travel.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claim is:
NUM  1.
PAR  1. In a pneumatic powered which system, a control circuit comprising:
PA1  a source of pneumatic fluid;
PA1  pneumatic power fluid and pneumatic control fluid supplies derived from
      said source of pneumatic fluid;
PA1  a pneumatic motor operated by said pneumatic power fluid;
PA1  pneumatic limit switches operated by said pneumatic control fluid which
      limit the operation of the winch;
PA1  and means responsive to a lack of pneumatic control fluid which stop the
      operation of the winch;
PA1  said means comprising normally closed valves placed in the pneumatic power
      fluid lines.
NUM  2.
PAR  2. A pneumatic powered winch as in claim 1 wherein said normally closed
      valves are held open by said pneumatic control fluid.
NUM  3.
PAR  3. A pneumatic motor control system comprising:
PA1  a source of fluid;
PA1  a pneumatic motor operated by said pneumatic fluid;
PA1  a plurality of normally closed valves in the fluid lines leading to said
      motor;
PA1  a plurality of normally open valves in parallel with said normally closed
      valves, the output from said normally open valves being used to open
      certain of said normally closed valves;
PA1  normally closed cam-opened valves in parallel with said normally closed
      valves the output from which is used to close said normally open valves;
PA1  and normally closed manually opened valves in parallel with said normally
      closed valves the output from which is used to open the others of said
      normally closed valves to thereby control the direction of operation of
      the motor.
NUM  4.
PAR  4. A fluid motor control system comprising:
PA1  a source of pressurized fluid;
PA1  a fluid motor connected to said source to be driven by said pressurized
      fluid;
PA1  a first group of fluid actuated valves connected by fluid lines to said
      source and said motor to control the flow of fluid to said motor;
PA1  a second group of fluid actuated valves connected by fluid lines to said
      source and said motor in parallel with said first group of valves;
PA1  a bypass fluid line interconnecting said parallel lines at a point
      intermediate two of the valves in each of said groups;
PA1  a pair of manually operated valves each of which is connected to admit
      control fluid to one of the valves in said first group of fluid actuated
      valves, to control the flow of fluid to said motor;
PA1  a pair of fluid actuated valves each of which is connected to provide
      control fluid to one of the valves in said second group of fluid actuated
      valves;
PA1  a pair of cam actuated valves, each of which admits control fluid to one of
      said pair of fluid actuated valves, said cams being driven by said motor;
      and
PA1  means connecting all of said valves to the source of pressurized fluid;
PA1  said first and said second groups of valves being of the normally closed
      type and said pair of fluid actuated valves and said pair of cam actuated
      valves being of the normally open type;
PA1  said valves being positioned such that a loss of pressure in one of the
      control fluid lines allows its associated normally closed valve to close,
      thereby stopping the operation of the fluid motor.
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ABST
PAL  A servo mechanism for a prime mover interconnected to a hydrostatic
      transmission includes a source of pressurized fluid, a fluid reservoir, an
      actuator having a piston operatively connected to the hydrostatic
      transmission and being provided with large and small hydraulic receiving
      areas which are exposed to first and second hydraulic chambers,
      respectively within the actuator housing, a first passage for connecting
      the pressurized fluid source to the second chamber, a second passage for
      connecting the pressurized fluid source to the first chamber, a third
      passage for connecting the first chamber to the reservoir, and a pair of
      spool valve means disposed, respectively, within the second and third
      passages and responsive to a signal indicative of the power required of
      the prime mover and an actual speed or feedback signal of the prime mover.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to servo mechanisms, and more
      particularly to a servo mechanism for controlling a means having a
      controllable member in response to a difference, or an error signal,
      between a signal indicating the power required of the means and an actual
      speed or feedback signal thereof.
PAR  Conventionally, servo mechanisms comprise only one spool valve means and an
      actuator having a piston which is operatively connected to a means having
      a controllable member. The piston is slidably disposed within a housing of
      the actuator in order to thereby define first and second chambers within
      the housing. Each chamber is hydraulically connected through the spool
      valve means to a source of pressurized fluid and a reservoir. The spool
      valve means thus arranged is associated with an input signal of the
      required power and an actual or feedback signal of said means having the
      controllable member. Thus the spool valve means has three positions,
      namely, a first position wherein each chamber is interrupted from the
      pressurized fluid source and the reservoir, a second position wherein the
      first chamber is hydraulically connected to the pressurized fluid source
      while the second chamber is hydraulically connected to the reservoir, and
      a third position wherein the first and second chamber are hydraulically
      connected to the reservoir and the pressurized fluid source, respectively.
      Thus the piston will be stopped or moved in response to the position of
      the spool valve means. However, this requires four valving portions of the
      spool valve means and the relative position between these four valving
      portions must be formed with high accuracy which of course results in
      comparatively high manufacturing costs.
PAR  In order to obviate the drawbacks mentioned above, further conventional
      servo mechanisms have been proposed wherein a piston has large and small
      hydraulic pressure receiving areas. The small receiving area is adapted to
      be exposed to the first chamber which is always connected to a source of
      hydraulic fluid, and the large receiving area is adapted to be exposed to
      the second chamber which is connected through a spool valve means to the
      fluid source and a reservoir. However, such servo mechanisms still require
      two valving portions of the spool valve means, and thus such servo
      mechanisms also require high accuracy in construction and will also be
      comparatively high in cost.
PAR  Another conventional servo mechanism comprises a piston having small and
      large hydraulic pressure receiving areas which are exposed to a first and
      a second chamber, respectively. The first chamber is always connected to a
      source of hydraulic fluid while the second chamber is always connected to
      the fluid source through means of an orifice and is further connected to a
      reservoir through a spool or poppet valve means. Due to the orifice
      interposed between the fluid source and the second chamber, however, the
      speed by which the hydraulic pressure within the second chamber increases
      will be delayed, so that movement of the piston will also be delayed.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved servo mechanism for obviating the above-mentioned drawbacks.
PAR  Another object of the present invention is to provide an improved servo
      mechanism wherein an actuator for a means having a controllable member
      includes a piston which is connected to the controllable member and which
      is controlled and moved in association with movements of a pair of spool
      valve means responsive to a differential signal between a signal required
      of the means having the controllable member and an actual speed or
      feedback signal of the means having the controllable member.
PAR  Still another object of the present invention is to provide an improved
      servo mechanism wherein the pair of spool valve means for controlling the
      actuator are urged in one direction by means of a cam member which
      responds mechanically to the required signal, and are urged in the other
      direction in response to the actual speed or feedback signal.
PAR  Yet another object of the present invention is to provide an improved servo
      mechanism wherein a hydraulic modulator valve delivers an output hydraulic
      pressure in response to the required signal, and the pair of spool valve
      means for controlling the actuator are urged in one direction in response
      to the output hydraulic pressure and are urged in the other direction in
      response to the actual speed or feedback signal.
PAR  It is a further object of the present invention to provide an improved
      servo mechanism wherein means for preventing the overshoot movements of
      the pair of spool valve means is provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings in which like reference
      characters designate like or corresponding parts throughout the several
      figures, and wherein:
PAR  FIG. 1 is a schematic view, with some component parts being shown in
      cross-section, of one embodiment of the servo mechanism constructed
      according to the present invention;
PAR  FIG. 2 is a view similar to that of FIG. 1, showing however a further
      embodiment of the present invention; and
PAR  FIG. 3 is a partial view, similar to that of FIG. 1, showing however a
      still further embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, it is initially noted that the preferred
      embodiments of the present invention are disclosed wherein the servo
      mechanisms constructed according to the present invention are particularly
      applicable to hydrostatic transmissions for vehicles, and wherein, as
      particularly shown in FIG. 1, a prime mover 10, such as for example, an
      internal combustion gasoline engine, is controlled by means of a
      conventional throttle valve 11 which supplies the motive fluid to the
      prime mover 10 for a particular power required by the prime mover. The
      prime mover 10 is operatively connected to a hydrostatic transmission 12
      of the conventional output split-type, and a servo mechanism 13,
      constructed according to the present invention is associated therewith.
PAR  The hydrostatic transmission 12 comprises an input rotary shaft 14
      connected to the prime mover 10, an output rotary shaft 15, a differential
      gear mechanism, generally indicated by the reference character 16,
      interposed between the shafts 14 and 15, and hydrostatic pump-motors 17
      and 18 hydraulically interconnected with each other through means of a
      pair of hydraulic conduits 19 and 20. The differential gear mechanism 16
      includes a sun gear 21 secured to the input shaft 14, planet gears 22
      engaged with the sun gear 21, a ring gear 23 engaged with the planet gears
      22, and a carrier 24, secured to the output shaft 15, for rotatably
      carrying the planet gears 22. The ring gear 23 is mechanically connected
      to a rotary shaft 26 associated with the hydrostatic pump-motor 17 through
      means of a gear 25, and another gear 27, secured to the input shaft 14, is
      similarly mechanically connected with a rotary shaft 29 associated with
      the hydrostatic pump-motor 18 through means of a gear 28.
PAR  The hydrostatic transmission 12 having such structure can of course be
      actuated as an output split-type hydrostatic transmission in a
      conventional manner, whereby, when the ratio of the displacement of the
      hydrostatic pump-motor 18 to the displacement of the hydrostatic
      pump-motor 17 is altered by means of the displacement of a swash plate or
      controllable member 18a of the hydrostatic pump-motor 18, the ratio of the
      rotational speed of the output shaft 15 to the rotational speed of the
      input shaft 14, that is, the speed ratio, is altered smoothly and
      continuously, and such speed ratio will increase as the controllable
      member 18a is displaced in the direction of the arrow.
PAR  The servo mechanism 13 serves to control the RPM of the prime mover 10 so
      as to be proportional to the throttle opening of the throttle valve 11
      whereby the rotational operation of the prime motor 10 is properly
      maintained and timed in a predetermined manner. The servo mechanism 13
      includes an actuator, generally indicated by the reference character 30, a
      pair of spool valve means, generally indicated by the reference characters
      31 and 32, and a cam member 33 interposed between the spool valve means 31
      and 32. The actuator 30 comprises a housing 34 having a cylinder bore 35
      provided therein and a piston 36 slidably disposed within the cylinder 35
      so as to thereby define first and second hydraulic chambers 37 and 38
      therein. Piston 36 has a rod 39 associated therewith which extends through
      housing 34 and is operatively connected to the controllable member 18a of
      the hydrostatic pump motor 18. Consequently, piston 36 is provided with a
      large hydraulic pressure receiving surface 40 associated with the first
      chamber 37 and a small hydraulic pressure receiving surface 41 associated
      with the second chamber 38, housing 34 being also provided with radial
      ports 42 and 43 which are in communication with the first and second
      chambers 37 and 38, respectively.
PAR  The first spool valve means 31 includes a housing 44 which has a cylinder
      bore 45 and three ports 46, 47 and 48 associated therewith, a spool valve
      49 having first and second lands 50 and 51 being slidably disposed within
      cylinder 45 in order to thereby define three chambers 52, 53 and 54
      therewithin. The first chamber 52 is adapted to receive a governor
      pressure via the port 48, as will be more apparent hereinafter, whereby
      spool valve 49 will be urged toward the right as seen in FIG. 1, and a
      compression coil spring 55, accommodated within the third chamber 54,
      engages the spool valve 49 at one end thereof, and also engages a cam
      surface 33a of the cam 33 through means of a shoe 56 at the other end
      thereof. Cam 33 is operatively and mechanically connected to the throttle
      valve 11, and is thus rotated in the direction of the arrow as the
      throttle opening of the throttle valve 11 is increased, and therefore,
      spool valve 49 will be urged toward the left against the hydraulic
      pressure within the chamber 52 as the throttle opening valve 11 is
      increased. The two ports 46 and 47 are axially spaced and hydraulic
      communication therebetween may be interrupted when the land 51 of the
      spool valve 49 overlaps wall portion 57 of the housing 44, and may
      similarly be established through means of chamber 53 when the land 51 of
      the spool valve 49 does not overlap wall portion 57, port 47 of course
      always being in communication with chamber 53.
PAR  The construction of the second spool valve means 32 is substantially the
      same as that of the first spool valve means 31, and includes a spool valve
      63, having first and second lands 64 and 65, slidably disposed within a
      cylindrical bore 59 of a housing 58 which is, in turn, formed with three
      ports 60, 61 and 62. Defined within the housing 58 by means of the spool
      valve 63 are first, second and third chambers 66, 67 and 68, and the spool
      valve 63 is urged, by means of the governor pressure within the first
      chamber 66, to the left, whereupon land 65 of the spool valve 63 may
      overlap wall portion 71 of the housing 58 thereby preventing communication
      between ports 60 and 61. The spool valve 63 is also urged, by means of a
      compression coil spring 69, toward the right whereupon hydraulic
      communication between the ports 60 and 61 may be established. The spring
      69 engages, at one end thereof, a cam surface 33b of the cam 33 through
      means of a shoe 70, and engages land 64 of spool valve 63 at the other end
      thereof.
PAR  As will be apparent, the first and second spool valve means 31 and 32 are
      arranged symmetrically with respect to the cam member 33 and are adapted
      to operate symmetrically thereby. Within the preferred embodiment, for
      example, when the prime mover 10 is operated at a predetermined RPM
      proportional to the throttle opening of the throttle valve 11, both spool
      valve means 31 and 32 are adapted and arranged to be disposed at
      respective positions wherein hydraulic communication between the ports 46
      and 47 is interrupted due to the overlapping condition between the wall
      portion 57 and the land 51, and hydraulic communication between the ports
      60 and 61 is similarly interrupted due to the overlapping condition
      between the wall portion 71 and the land 65, such operation of course
      depending upon the spring constants of springs 55 and 69, the
      configurations of the cam surfaces 33a and 33b and the like.
PAR  Still referring to FIG. 1, a hydraulic pressure source, such as for
      example, a pump 72 is mechanically connected to the prime mover 10 and is
      also hydraulically connected to a reservoir 73 as well as the actuator 30,
      the pump 72 delivering pressurized hydraulic fluid to the second chamber
      38 of the actuator 30 via a conduit 74 and the port 43. Pump 72 is also in
      communication with the first chamber 37 of the actuator 30 through means
      of the conduit 74, the first spool valve means 31, a conduit 78, and the
      port 42, while the chamber 37 is in turn in communication with the
      reservoir 73 through means of the conduit 78, the second spool valve means
      32 and a conduit 79, a relief valve 80 being interposed between the
      conduit 74 and the reservoir 73.
PAR  A conventional governor pressure valve means 75 is associated with the
      input shaft 14 of the hydrostatic transmission 12 and is hydraulically
      connected to the conduit 74 via a conduit 76. Thus, the governor valve
      means 75 delivers the governor pressure, indicating a feedback or actual
      speed signal of the prime mover 10, to the hydraulic chambers 52 and 66 of
      the spool valve means 31 and 32, respectively, via means of a conduit 77.
PAR  In operation, FIG. 1 shows the condition in which the prime mover 10 is in
      its prearranged rotational position wherein the RPM is proportional to the
      throttle opening of the throttle valve 11. Both spool valve means 31 and
      32 will be in the closed position so as to maintain the hydraulic pressure
      within the first chamber 37 of the actuator 30 whereby piston 36 is
      retained within the illustrated position. Assuming then that the throttle
      opening of the throttle valve 11 is increased, the rotational speed of the
      prime mover 10 is also increased, however the change of the rotational
      speed of the prime mover 10 in response to the change of the throttle
      opening of the throttle valve 11 will be delayed. This is due to the fact
      that the cam member 33, which is mechanically associated with the throttle
      valve 11, is initially rotated in the direction of the arrow when the
      throttle opening of the throttle valve 11 is increased, whereupon the
      spool valve 49 of the first spool valve means 31 is moved toward the left
      as the biasing force of the spring 55 urging the spool valve 49 toward the
      left overcomes the hydraulic pressure within the chamber 52.
PAR  The land 51 of the spool valve 49 will continue to interrupt the hydraulic
      communication between the ports 46 and 47, and at the same time, the
      biasing force of the spring 69 overcomes the hydraulic pressure within the
      chamber 66 so that the spool valve 63 of the second spool valve means 32
      is moved so as to open the port 60. Accordingly, chamber 37 of the
      actuator 30 is now in communication with the reservoir 73 through means of
      conduit 78, port 60, chamber 67, port 61 and conduit 79, and thus the
      hydraulic fluid within the chamber 37 is able to be returned to the
      reservoir 73. The piston 36 is consequently moved toward the left in
      response to the hydraulic differential existing between the chambers 37
      and 38, and the controllable member 18a of the hydrostatic pump-motor 18
      is correspondingly rotated in the clockwise direction whereby the speed
      ratio of the hydrostatic transmission 12 will be reduced and the
      rotational speed of the prime mover 10 will be increased.
PAR  When the rotational speed of the prime mover 10 is increased due to the
      increase in the throttle opening of the throttle valve 11 and the
      reduction of the speed ratio of the hydrostatic transmission, the governor
      pressures within the chambers 52 and 66 overcome the spring forces of the
      springs 55 and 69, respectively, whereupon the spool valve 49 will be
      moved toward the right and the spool valve 63 will be similarly moved
      toward the left until the rotational speed of the prime mover 10 reaches
      the prearranged proportional speed in response to the particular throttle
      opening of the throttle valve 11. At such time, the spool valves 49 and 63
      will be in the positions wherein overlapping between the land 51 of the
      spool valve 49 and the wall portion 57 and between the land 65 of the
      spool valve 63 and the wall portion 71 will occur, and consequently, the
      hydraulic pressure within the chamber 37 of the actuator 30 is retained so
      as to prevent further movement of the piston 36.
PAR  When the prime mover 10 is rotated at a speed in excess of the prearranged
      speed, the spool valve 49 will be moved toward the right so as to open the
      port 46 and the spool valve 63 will be moved toward the left so as to
      maintain port 60 in its closed position, and accordingly, the hydraulic
      pressure from the pump 72 will be transmitted to the chamber 37 of the
      actuator 30. Due to the difference in pressure areas between the surfaces
      40 and 41 of the piston 36, the piston 36 is moved toward the right
      whereby the controllable member 18a of the hydrostatic transmission 18 is
      rotated in a counter-clockwise direction, as shown by the arrow. The speed
      ratio of the hydrostatic transmission 12 will thus be increased and the
      rotational speed of the prime mover 10 will be decreased so as to attain
      the prearranged speed corresponding to the particular throttle opening of
      the throttle valve 11. The governor pressure indicating the actual speed
      of the prime mover 10 will thus be lowered, and the spool valves 49 and 63
      will be moved by means of the biasing forces of springs 55 and 69 toward
      the left and right, respectively. The foregoing operation will of course
      be repeated periodically so that the prime mover 10 will continuously
      operate under optimum motive fluid consumption conditions.
PAR  It should also be apparent that when the throttle opening of the throttle
      valve 11 is decreased, the cam member 33 is initially rotated in the
      counter-clockwise direction whereupon the governor pressure indicative of
      the actual speed of the prime mover 10 will overcome the biasing forces of
      the springs 55 and 69 in response to the signal indicating the motive
      fluid required of the prime mover 10. The chamber 37 of the actuator 30
      now receives the pressurized fluid from the pump 72 and the piston 36 is
      caused to move toward the right whereby the speed ratio of the hydrostatic
      transmission 12 will be increased and the rotational speed of the prime
      mover 10 will be decreased.
PAR  Referring now to FIG. 2, a modified embodiment of the present invention
      includes a hydraulic modulator valve, generally indicated by the reference
      character 81, which comprises a housing 82 having a cylindrical bore 83
      provided therein, a spool valve 86 having lands 87 and 88 being slidably
      disposed within the cylinder 83 so as to thereby define three chambers 89,
      90 and 91. The housing 82 is also provided with axially spaced inlet and
      outlet ports 84 and 85, inlet port 84 receiving hydraulic pressurized
      fluid from the pump 72 via the conduit 74. An orifice 92 is provided
      within the land 87 of the spool valve 86 so as to establish hydraulic
      communication between the chambers 89 and 90, and the spool valve 86 may
      thus be urged toward the right by means of the hydraulic pressure within
      the chamber 89.
PAR  A compression coil spring 93, which engages the spool valve 86 at one end
      thereof, also engages a cam surface 95a of a cam member 95 through means
      of a shoe 94 at the other end thereof, cam 95 being in turn connected to
      throttle valve 11, and thus, the spool valve 86 is urged toward the left
      by means of the biasing force of the spring 93 in proportion to the
      throttle opening of the throttle valve 11. The land 87 of the spool valve
      86 thereby displaced controls the hydraulic communication between the port
      84 and the chamber 90 as such may overlap a portion of the wall of the
      housing 82 and thereby terminate such communication and thus the modulator
      valve 81 delivers modulated hydraulic pressure, proportional to the
      throttle opening of the throttle valve 11, to the first and second spool
      valve means, generally indicated by reference characters 96 and 110, via a
      conduit 109.
PAR  The first spool valve means 96 comprises a housing 97 which is provided
      with a cylindrical bore 98, a spool valve 99 having two lands 100 and 101
      being slidably disposed within the cylinder 98 so as to define three
      hydraulic chambers 102, 103 and 104 therewithin, ports 105, 106, 107 and
      108 also being provided within the housing 97. As modulated hydraulic
      pressure is transmitted to chamber 104 from the modulator valve 81 via the
      conduit 109 and the port 108, the spool valve 99 is urged in a direction
      whereby hydraulic communication between the pump 72 and the chamber 37 of
      the actuator 30 is interrupted, while governor pressure within the chamber
      102 urges spool valve 99 in a direction whereby the pump 72 is
      hydraulically connected to the chamber 37 of the actuator 30 through means
      of conduit 74, port 106, chamber 103, port 107 and conduit 78.
PAR  The second spool valve means 110 similarly includes a housing 111 which is
      provided with a cylindrical bore 112 in which a spool valve 113 having two
      lands 114 and 115 is slidably disposed so as to define a chamber 116 which
      is connected to the conduit 109 through means of a port 122, a chamber 117
      which is connected to the conduit 79 through means of a port 121, and a
      chamber 118 which is connected to the conduit 77 through means of a port
      119, another port 120 being connected to the conduit 78. Hydraulic
      communication between the chamber 117 and the port 120 will be controlled
      by the land 115 of the spool valve 113, and thus, the spool valve 113 is
      urged in an open direction by means of the modulated pressure responsive
      to the throttle opening of the throttle valve 11, and is urged in a closed
      direction by means of the governor pressure. The second embodiment of the
      present invention operates in substantially the same manner as previously
      described with respect to the first embodiment of the present invention.
      95a
PAR  Referring now to FIG. 3, a third embodiment of the present invention is
      illustrated as including a first spool valve means, generally indicated by
      the reference character 123 which comprises a spool valve 129 slidably
      disposed within a cylindrical bore 125 of a housing 124. The spool valve
      129 has two lands 130 and 131 so as to thereby define three hydraulic
      chambers 132, 133 and 134 within housing 124, chamber 132 receiving the
      governor pressure through means of a port 128 and conduit 77, while the
      chamber 133 is always connected to the conduit 78 through means of a port
      127. The pressurized fluid from the pump is transmitted to the chamber 133
      through means of a port 126 depending upon the relative position between
      the land 131 of the spool valve 129 and the wall portion 135 of the
      housing 124, and the chamber 134 is hydraulically connected to the conduit
      78 via a conduit 136.
PAR  A second spool valve means, generally indicated by the reference character
      138 comprises a housing 139 which is provided with a cylindrical bore 140
      and three ports 141, 142 and 143, a spool valve 144 having two lands 145
      and 146 being slidably disposed therein and defining four chambers 147,
      148, 149 and 150 within the housing 139 as shown in FIG. 3. Hydraulic
      communication between the port 141 and the chamber 149 is dependent upon
      the relative position between the land 145 of the spool valve 144 and a
      wall portion 151 of the housing 139, and the chamber 148 is hydraulically
      connected to the conduit 79 via a conduit 152 and another port, not
      numbered, within housing 139. Disposed within the conduit 79 is a relief
      valve, generally indicated by the reference character 153, which includes
      a valve member 156 slidably disposed within a bore 155 of a housing 154
      and biased by means of a spring 157.
PAR  The first and second spool valve means 123 and 138 are operated in
      substantially the same manner as previously described in the first
      embodiment of the present invention. As seen in FIG. 3, however, when both
      spool valves 129 and 144 are moved to their open positions, respectively,
      the chambers 134 and 148 of the spool valve means 123 and 138 receive
      hydraulic feedback pressures, respectively, which urge the spool valves
      129 and 144 into their closed positions, respectively, so that the
      overshoot movements of the spool valves 129 and 144 will be prevented,
      such of course resulting in the movement of piston 36 to the optimum
      condition within a relatively short period of time.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is to be understood
      therefore, that within the scope of the appended claims, the present
      invention may be practiced otherwise than as specifically described herein
     .
CLMS
STM  What is claimed as new and desired to secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. In a power system comprising a prime mover (10), including a
      controllable transmission member (18a), and a means (11) for generating a
      first signal indicative of the power required of said prime mover, a servo
      mechanism (13) comprising:
PA1  a source of pressurized fluid (72);
PA1  a reservoir (73);
PA1  an actuator (30) including a housing having a bore (35) therein and a
      piston (36) slidably disposed within said bore so as to thereby define
      first (37) and second (38) hydraulic chambers within said housing, said
      piston having large and small hydraulic pressure receiving areas (40, 41)
      which are exposed to said first and second chambers, respectively, and
      being connected to said controllable transmission member;
PA1  means (75) for generating a second signal indicative of the actual speed of
      said prime mover;
PA1  a first passage means (74, 43) for connecting said source of pressurized
      fluid to said second chamber of said actuator;
PA1  a second passage means (74, 53, 78, 42) for connecting said source of
      pressurized fluid to said first chamber of said actuator;
PA1  a first spool valve means (31) disposed within said second passage means
      for controlling the hydraulic communication therethrough;
PA1  means for transmitting said first and second signals to said first spool
      valve means, whereby a differential signal thereto is provided, said first
      spool valve means being responsive to said differential signal between
      said first signal and said second signal;
PA1  said first spool valve means (31) having a housing (44), a spool valve (49)
      slidably fitted within said housing and responsive to said differential
      signal between said first signal and said second signal, and first and
      second ports (46, 47) provided in said housing, said first port being
      hydraulically connected with said source of pressurized fluid while said
      second port is hydraulically connected with said first chamber of said
      actuator, said spool valve being movable to control the flow of
      pressurized fluid from said first port to said second port;
PA1  a third passage means (79, 61, 60, 42) for connecting said first chamber of
      said actuator to said reservoir;
PA1  a second spool valve means (32) disposed within said third passage means
      and having a housing (58), a spool valve (63) slidably fitted within said
      housing being responsive to said differential signal for controlling the
      hydraulic communication between said first chamber of said actuator and
      said reservoir, and first and second ports (61, 60) provided in said
      housing (58), said first port being hydraulically connected with said
      reservoir while said second port is hydraulically connected with said
      first hydraulic chamber of said actuator, said spool valve being movable
      to control the flow of pressurized fluid from said second port (60) to
      said first port (61);
PA1  means for transmitting said differential signal to said second spool valve
      means; and
PA1  means (33) connected to said first signal generating means (11) and
      disposed between said first and second spool valve means (31, 32) for
      moving said spool valves (49, 63) of said first and second spool valve
      means simultaneously and in opposite directions in response to movement of
      said first signal generating means, whereby when one of said source of
      pressurized fluid and said reservoir is hydraulically connected with said
      first chamber of said actuator, the other of said source of pressurized
      fluid and said reservoir is interrupted from hydraulic connection
      therewith.
NUM  2.
PAR  2. A servo mechanism as set forth in claim 1, wherein said means for
      simultaneously moving said spool valves of said first and second spool
      valve means comprises:
PA1  cam means (33) mechanically connected to said first signal generating means
      and adapted to urge said first and second spool valves against said second
      signal.
NUM  3.
PAR  3. A servo mechanism as set forth in claim 1, further comprising:
PA1  fourth passage means 136 for transmitting hydraulic fluid pressure within
      said second passage means which is interposed between said first spool
      valve means and said actuator to said first spool valve means whereby said
      first spool valve means is biased toward its closed position;
PA1  a relief valve 157 disposed within said third passage means between said
      second spool valve means and said reservoir; and
PA1  a fifth passage means 152 for transmitting the hydraulic fluid pressure
      within said third passage means between said second spool valve means and
      said relief valve to said second spool valve means whereby said second
      spool valve means is biased toward its closed position.
NUM  4.
PAR  4. A servo mechanism as set forth in claim 1, further comprising:
PA1  a fourth passage means (74, 84) for connecting said source to said first
      and second valve means; and
PA1  a hydraulic modulator valve (81) disposed within said fourth passage means
      to deliver modulated hydraulic pressure in response to said first signal
      to said first and second spool valve means.
NUM  5.
PAR  5. A servo mechanism as set forth in claim 4, further comprising:
PA1  cam means (95) for actuating said modulator valve in response to said first
      signal.
NUM  6.
PAR  6. In a power system including a prime mover (10) powered by a motive
      fluid, throttle means (11) for controlling the motive fluid, and a
      hydrostatic transmission (12), a servo mechanism comprising:
PA1  a source of pressurized fluid (72);
PA1  a reservoir (73);
PA1  an actuator (30) including a housing (34) having a bore (35) therein and a
      piston (36) slidably disposed within said bore so as to define first (37)
      and second (38) hydraulic chambers within said housing, said piston having
      large and small hydraulic pressure receiving areas (40, 41) which are
      exposed to said first and second chambers, respectively, and being
      connected to said hydrostatic transmission so as to continuously adjust
      the variable drive ratio of said hydrostatic transmission;
PA1  means (75) to generate a signal indicative of the actual speed of said
      prime mover;
PA1  a first passage means (74, 43) for connecting said source of pressurized
      fluid to said second chamber of said actuator;
PA1  a second passage means (74, 103, 78, 42) for connecting said source of
      pressurized fluid to said first chamber of said actuator;
PA1  a first spool valve means (99) disposed within said second passage means
      and responsive to a signal indicative of the throttle opening of said
      throttle means so as to be biased in a direction in which hydraulic flow
      within said second passage means is interrupted and further being
      responsive to said actual prime mover speed signal so as to be biased in
      another direction by which flow within said second passage means is
      permitted;
PA1  a third passage means (79,121,120,42) for connecting said first chamber of
      said actuator to said reservoir; and a second spool valve means (110)
      disposed within said third passage means, said second spool valve means
      being responsive to said signal indicative of said throttle opening of
      said throttle means so as to be urged in one direction by which flow
      within said third passage means is permitted and being responsive to said
      actual prime mover speed signal so as to be biased in another direction by
      which flow within said third passage means is interrupted.
NUM  7.
PAR  7. A servo mechanism as set forth in claim 6, wherein said signal
      indicative of said throttle opening of said throttle valve is a mechanical
      signal.
NUM  8.
PAR  8. A servo mechanism as set forth in claim 6, wherein said signal
      indicative of said throttle opening of said throttle valve is a mechanical
      signal, and further comprising means (95,81) for converting said
      mechanical signal into a hydraulic signal.
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ABST
PAL  The cable drum for the hoist cable of a hoisting device is driven by a
      hydraulic motor with a constant displacement that in its turn obtains
      drive fluid from a pump with a variable displacement. The displacement of
      the pump, and with that the speed and rotational direction of the cable
      drum, is operated by means of the rod of a piston in a double acting
      hydraulic cylinder, the piston being displaceable in the cylinder by means
      of pressure fluid, which pressure and direction of flow is adjustable by
      means of valves, which in their turn are operated electrically from a
      control lever. Movement of the piston rod is permanently counteracted by a
      friction means, such that the piston by the control lever can be brought
      to stop in steplessly optional positions, and thereby the cable drum can
      be brought to rotate with steplessly optional speeds, notwithstanding the
      pressure of the fluid acting on the piston is only adjustable to three
      different pressure levels (atmospheric pressure, lower over pressure and
      higher over pressure).
BSUM
PAR  This invention relates to a control arrangement with a control means
      actuated by a fluid preferably for control of the displacement of a
      hydraulic pump with variable displacement, which is a drive source of a
      hydraulic motor, which in its turn drives a cable drum of a hoist cable in
      a lifting arrangement, which control means is operable by the force of a
      fluid pressure against the action of spring means from a O-position to a
      first position, which can coincide with the O-position and from there to
      an end position.
PAR  It is known to provide hoist machineries with hydrostatical transmission
      systems arranged between a drive source for a pump and a hydraulic motor
      for the hoist machinery. Such systems offer several advantages, e.g. the
      possibility of adjusting the speed and the possibility of controlling
      acceleration and retardation.
PAR  Another essential advantage is that the drive source can consist of a
      simple short-circuit A.C. motor with direct start.
PAR  In order to achieve speed control in conventional electrical drive systems
      it is necessary that the drive source be a slip ring A.C. motor or D.C.
      motor with collector and brushes. For such drive systems the necessary
      associated electrical equipment in the form of contactors and other
      electrical components is very comprehensive. Especially in such equipments
      located outdoors, errors of electrical type are however the most common
      reasons for interruption of work.
PAR  For hydrostatic transmission systems the number of electrical apparatuses
      is considerably limited, the causes of operating troubles being
      substantially reduced.
PAR  Also the property of hydrostatic transmissions to make possible a control
      of acceleration and retardation processes within wide limits is an
      essential advantage, which is realized, if it is considered that according
      to Swedish standards for hoisting gears dynamic forces arising at starting
      and braking of a hoisting or hauling motion should be calculated to
      amounts often exceeding 80% of the dead weight of the load to be moved.
PAR  In spite of the obvious advantages of hydrostatic transmissions such have
      so far only been used with isolated special hoisting equipments and in
      fields, where a limited domestic and foreign competition exists. The
      reasons for this are the higher establishment charges, which have so far
      been combined with the hydrostatic components.
PAR  For example in the crane building industry, where there is strong
      competition, no manufacturer has so far found it possible, for said
      reasons, to turn to hydrostatic transmission for the hoisting motion.
PAR  Usually a building crane is operated electrically from a portable control
      means. Therefore the crane operator can place himself so that he will
      always keep a strict watch over the working field of the crane. Hitherto a
      lower speed, which is suitable at e.g. careful adjustment of different
      building elements, has occured at such portable operating means in
      addition to normal hoisting speed. Mainly for economical reasons, but also
      to a certain extent due to increased weight of the control means to be
      carried by the crane operator it has up to now not been possible to
      realize systems permitting setting of arbitrary intermediate positions of
      hoisting and hauling speeds respectively. However, for a long time there
      has been a well-known need of being able to coordinate two crane motions
      relative to each other from a portable control means, e.g. hoisting motion
      and swinging motion. Thus, in such a way the necessary swinging motion and
      the necessary hoisting motion can be started and finished simultaneously
      for a certain work.
PAR  Said disadvantages are eliminated by the arrangement according to the
      present invention.
PAR  The arrangement of the invention is built according to a simplified
      principle for hydrostatic transmission especially suitable to satisfy the
      demands at hoisting machineries of building cranes and which by its simple
      construction can be manufactured at costs competitive with so far
      existing, electrical, direct drives. By means of the invention all the
      advantages resulting from the hydrostatic transmission principle are
      obtained. Operation is carried out from an easily portable control box. In
      addition to one fixed high and one fixed low hauling and hoisting speed
      also arbitrary speeds can be set between these positions.
DRWD
PAR  Illustrative examples of the invention and its use are given below in
      connection with the enclosed drawing, in which
PAR  FIG. 1 shows schematically a cable drum driven hydrostatically by a pump,
      whose displacement is controllable by means of a control means according
      to the invention,
PAR  FIG. 2 shows in detail a control means for control of the pump, which means
      is actuated by a pressure fluid,
PAR  FIGS. 3 - 7 show the deflection of the control means for different
      positions of a lever governing the control means,
PAR  FIG. 8 shows a diagram of the forces acting on a primary shaft in the
      control means, and
PAR  FIGS. 9 -0 13 show the forces acting on the primary shaft  the control
      means at the lever positions shown in FIGS. 3 - 7.
DETD
PAR  With reference to FIG. 1 an electric motor 1 drives a first pump 3 and a
      second pump 4 via a coupling 2. The displacement of the pump 4 is
      steplessly variable. The pump 4 drives via conduits 5 and 6 a hydraulic
      motor 7 with a constant displacement. The motor 7 is connected to the
      primary shaft 10 of a gear reduction set 11 via a coupling 9 and a cable
      drum 13 is arranged on the output shaft of said gear reduction set 11.
      Moreover an electrically influenceable brake 14 is operative to act on the
      shaft 10. Between the conduits 5 and 6 non-return valves 15 and 16 and
      pressure relief valves 17 and 18 are arranged.
PAR  The pump 3 serves to deliver pressure medium to a control means 29 for
      controlling the displacement of the pump 4. The pump 3 delivers pressure
      medium to a conduit 20 at super atmospheric pressure, which pressure can
      have two different values, i.e. a predetermined higher overpressure
      p.sub.2 the magnitude of which is determined by means of a first pressure
      relief valve 21, and a predetermined lower overpressure p.sub.1 the
      magnitude of which after opening of an electrically operable valve 23 is
      determined by means of a second pressure relief valve 22.
PAR  The control means 29 serving to adjust the pump 4 includes a linearly
      movable control shaft 25, which is operable by means of a piston 28 in a
      cylinder 26. The control shaft 25 is connected to the pump 4 via an
      articulated means 24 to adjust the displacement of said pump 4. The piston
      28 cooperates with a spring means 2 and a friction means 31 acting on the
      control shaft 25 at the adjustment of said control shaft. The piston 28 is
      operable by means of pressure medium from the conduit 20 via two conduits
      37 and 38. The direction of motion of the control piston 28 can be shifted
      by means of an electrically operable control valve 32 and the piston 28
      can also be brought to a O-position.
PAR  In the arrangement according to FIG. 1 the magnet coil of the valve 23 is
      fed with current and is therefore closed, the higher pressure p.sub.2
      being present in the conduit 20. The control valve 32, which has two
      magnet coils 35 and 36 for its operation, has in FIG. 1 its right coil 35
      fed with current, and therefore a slide 30 with two pistons arranged in
      the valve is brought to the left. In this way the conduit 37 will
      communicate with the conduit 20 and the conduit 38 will be in connection
      with a return mixer 19 for pressure medium via a return conduit 63, in
      which there is atmospheric pressure p.sub.0. The piston 28 does not reach
      its different positions momentarily but adjusts itself with a certain
      delay through constrictions 61, 62 in a throttle -- return valve means 34
      and 33 respectively in each of the conduits 37 and 38. The pump 4, the
      motor 7 and consequently also the cable drum 13 respond momentarily to a
      change of the position of the control shaft 25. Therefore the desired time
      for acceleration and retardation of the cable drum 13 and consequently the
      hoist cable is obtained by a corresponding slow adjusting motion of the
      control piston 28, which adjusting motion in its turn is dependent on the
      constrictions 61 and 62.
PAR  The control means 29 is shown more in detail in FIG. 2. The control shaft
      25 goes through the spring means 27, which comprises a housing 41, in
      which a compression spring S.sub.2 is clamped between two loose rings 42
      and 43, and between two additional rings 44 and 45 there is another
      compression spring s.sub.1. Moreover, the friction means 31 acts on the
      control shaft 25 with a certain force and creates a frictional force,
      which tends to prevent motion of the shaft 25. In FIG. 2 the shaft 25 is
      in its O-position, i.e. position, where the pump 4 with a variable
      displacement does not give off any pressure medium at all and the cable
      drum has stopped. Both magnet coils 35, 36 of the control valve 32 are
      without current, the conduits 37 and 38 and consequently the cylinder
      regions on both sides of the piston 28 communicating with the return
      conduit 63. When the slide 30 in the control valve 32 is e.g. moved to the
      left the conduit 38 will be exposed to the pressure in the conduit 20.
      Moreover, if it is assumed that the valve 23 shown in FIG. 1 is open and
      thus the lower pressure p.sub.1, the correspondence of which is a force
      F.sub.p1 on the piston 28, acts on the piston 28, this will be pressed
      downwards against the action of a force F.sub.S1 from the spring S1 and a
      frictional force F.sub.f from the friction means 31. When the ring 44
      approaches the ring 42 corresponding to position A of the piston 28, the
      control shaft 25 will stop. In order that said motion of the shaft 25
      should take place and then be stopped in position A it is required that
EQU  F.sub.S1 + .vertline. F.sub.f .vertline. + F.sub.S2 &gt; .vertline. F.sub.p1
      .vertline. &gt; F.sub.S1 + .vertline. F.sub.f .vertline.     (1)
PAL  A diagram of forces satisfying these conditions is shown in FIG. 8.
PAR  When the piston is to be moved further from the position A to a position B,
      corresponding to a maximum speed of the cable drum 13, the higher pressure
      p.sub.2 is connected in the conduit 20 by the valve 23 in FIG. 1 being
      closed. Then the piston 28 will be actuated by a force F.sub.p2
      corresponding to p.sub.2. The condition for the piston 28 to be moved
      further to the position B is that
EQU  .vertline. F.sub.p2 .vertline. &gt; F.sub.s1 + .vertline. F.sub.f .vertline. +
      F.sub.S2.                                                 (2)
PAL  according to the invention it should be possible to stop the piston 28 in
      every position between A and B. Suppose that the piston is on its way from
      A to B and that the pressure on the upper side of the piston is p.sub.2.
      Then it will be sufficient to reduce p.sub.2 to p.sub.1. The spring forces
      F.sub.S1 and F.sub.S2 will try to return the piston to position A. The
      piston force F.sub.p1 will act against F.sub.S1 and F.sub.S2. The
      frictional force F.sub.f will act against the direction to which the
      control shaft 25 will move. Then the condition for the piston 28 to stop
      between A and B is that
EQU  .vertline. F.sub.f .vertline. &gt; .vertline..vertline. F.sub.p1 .vertline. -
      (F.sub.S1 + F.sub.S2) .vertline.                          (3)
PAL  which is also satisfied by the forces in the diagram according to FIG. 8.
PAR  The piston 28 is now assumed to be in position B and is to be returned to
      position A. Thus the pressure on the piston is p.sub.2 from the beginning.
      If the pressure is lowered to p.sub.1 by opening the valve 23 in FIG. 1
      nothing will happen, for the condition (3) for a stop is then satisfied.
      In order that the piston 28 might return the control valve 32 must be
      reset to the position shown in FIG. 2. The condition for the piston to
      move towards the A-position is then that
EQU  F.sub.S1 + F.sub.S2 &gt; .vertline. F.sub.f .vertline.        (4)
PAL  In order that the piston 28 might now get into position A it is most
      practical to let it go or come close to the O-position, after which the
      pressure p.sub.1 is brought to one side of the piston and returns the
      latter to position A according to the condition (1).
PAR  In order to stop the motion of the piston 28, when it is between B and A
      during its relative slow motion, one need only supply the lower pressure
      p.sub.1 so that the condition (3) is satisfied.
PAR  When the cable drum 13 is to be moved in the opposite direction the slide
      30 in the control valve 32 is instead moved to the right and the
      adjustment of the piston 28 takes place in a corresponding way above the
      O-position shown in FIG. 2.
PAR  It is intended to control the arrangement of the invention from a control
      box 51, see FIG. 3, by means of a lever 52, showing five operative
      positions, i.e. II, I, O, -I and -II, where II corresponds to full speed
      in one direction of the cable drum 13, I to creep speed in the same
      direction, O to stationary cable drum, -I to creep speed of the cable drum
      in the other direction and -II to full speed in the latter direction. The
      control box 51 is connected to the valve 23 and the control valve 32 via
      electric lines 53 in order to control the control piston 28 via these.
      Definite settings of the relative valves 23 and 32 correspond to each
      position of the lever 52. When the lever 52 is in position O the valve 23
      is open and the slide 30 in neutral position. When the lever 52 is in
      position I (FIG. 4) the valve 23 is open and the slide 30 moved to the
      left. When the lever is in position II (FIG. 5) the valve 23 is closed and
      the slide 30 is still moved to the left. When the lever 52 is in position
      -I the valve 23 is open and the slide 30 moved to the right. Finally, when
      the lever is in position -II, the valve 23 is closed and the slide 30 is
      still moved to the right.
PAR  In order to explain the invention additionally FIGS. 3-7 show together with
      FIGS. 9-13 how the control piston 28 is moved as well as the forces,
      acting on the control shaft 25 at certain operative consecutive movements
      of the lever 52 selected as examples. In FIG. 3 the lever 52 is in
      position O as well as the piston 28 because an equal pressure (the
      atmospheric pressure p.sub.O), see FIG. 9, acts on both sides of the
      piston and the spring forces F.sub.S1 have turned the piston to
      O-position. In FIG. 4 the lever is moved to the definite position I, and
      then the piston 28 will move towards the position A. The force F.sub.p1
      acts on the piston during this motion from O to A, which force, see FIG.
      10, overcomes the spring force F.sub.S1, and the frictional force F.sub.f
      from the friction means 31 shown in FIG. 2. The lever is moved further to
      position II in FIG. 5. The force on the piston will then be F.sub.p2 (FIG.
      11), overcoming the forces F.sub.S1, F.sub.S2 and F.sub.f. Then the lever
      is brought back to position I in FIG. 6. The piston 28 will remain in
      position B. If the force F.sub.p1, see FIG. 12, should be less than
      F.sub.S1 + F.sub.S2 the force F.sub.f will change direction and aid
      F.sub.p1 in maintaining the piston 28 in position B. Then the lever is
      moved to position O, see FIG. 7, and then back to position I before the
      piston 25 has got back to position A (the motion of the piston 25 is
      braked intentionally by means of the constrictions 61 and 62 shown in FIG.
      1). Then the piston will stop between position A and B. If F.sub.p1 is
      bigger than F.sub.S1 + F.sub.S2, see FIG. 13, F.sub. f will aid F.sub.S1 +
      F.sub.S2 in maintaining F.sub.p1 in balance and if F.sub.S1 + F.sub.S2 is
      bigger than F.sub.p1, F.sub.f will instead aid F.sub.
PAR  as the time (about 2.5 seconds) for acceleration or retardation of the
      speed of the cable drum 13 is always considerably longer than the time
      required for lever operations it is thus possible according to the
      invention to adjust from a conventional portable control box connected by
      cable each lifting rate between the higher speed and the lower speed.
PAR  The invention is not restricted to the arrangement described above but can
      be used under several varying conditions. The cable drum 13 can e.g. be
      directly connected to a slow hydraulic motor, the gear box 11 being
      superfluous. Moreover the brake 14 can be hydraulically or e.g.
      pneumatically operated.
PAR  If it is desired to have the lower fixed speed corresponding to position A
      equal to nil the arrangement of the invention is preferably modified by
      replacing the springs S.sub.1 and S.sub.2 acting in two steps by a
      suitable spring constant having a spring acting in one step.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydraulic hoisting system comprising a cable drum, a hydraulic motor
      coupled to said drum for driving said drum, a variable displacement
      hydraulic pump coupled to said motor for driving said motor, and a fluid
      actuated control system for varying the displacement of said pump, said
      control system comprising a rod mounted for translational movement toward
      and away from a predetermined neutral position, means connecting said rod
      to said pump for controlling the displacement of said pump in dependence
      upon the position of said rod relative to said neutral position thereby to
      control the rotational speed of said hydraulic motor and of said cable
      drum coupled thereto, means for selectively moving said rod comprising a
      hydraulic cylinder having a piston therein connected to said rod, spring
      means connected to said rod for resiliently resisting movement of said
      rod, friction means coupled to said rod for frictionally resisting
      movement of said rod, and a controllable fluid pressure source connected
      to said cylinder, said pressure source including means operable to
      selectively supply substantially zero fluid pressure or a first fluid
      pressure in excess of said zero pressure or a second fluid pressure in
      excess of said first fluid pressure from said source to said cylinder,
      said cylinder being responsive to the continued application of said first
      fluid pressure to said piston to move said rod from said neutral position
      to an intermediate position located between said neutral position and a
      predetermined limit position, and said cylinder being responsive to the
      continued application of said second fluid pressure to said piston to move
      said rod from said intermediate position to said limit position, the
      forces imposed on said rod by said spring means and by said friction means
      being so related to one another and to the magnitude of said first fluid
      pressure that, when said rod is moving from said intermediate position
      toward said limit position in response to the application of said second
      fluid pressure to said piston, a change in fluid pressure at said piston
      from said second fluid pressure to said first fluid pressure when said rod
      is at any selected position between said intermediate and limit positions
      is operative to halt further movement of said piston and the rod connected
      thereto and to maintain said rod and piston at said selected position
      between said intermediate and limit positions.
NUM  2.
PAR  2. The system of claim 1 wherein said controllable fluid pressure source
      comprises a further hydraulic pump having a pair of pressure relief valves
      connected to its output, one of said valves being operable to produce said
      first fluid pressure at said output and the other of said valves being
      operable to produce said second fluid pressure at said output, and control
      means for rendering a selected one of said relief valves operative thereby
      to vary the pressure which is supplied from said source to said cylinder.
NUM  3.
PAR  3. The system of claim 2 including fluid flow lines connecting said further
      hydraulic pump to said pair of pressure relief valves, said control means
      including electrically operable valve means in said lines for controlling
      the flow of fluid from said further pump to said relief valves, and means
      for supplying electrical control signals to said valve means thereby to
      vary the fluid pressure which is applied to said piston.
NUM  4.
PAR  4. The system of claim 2 wherein said cylinder comprises a double acting
      cylinder, said control means including further controllable valve means
      for connecting the output of said further hydraulic pump to one side or
      the other of said piston thereby to vary the direction of rotation of said
      hydraulic motor and of the cable drum coupled thereto.
NUM  5.
PAR  5. The system of claim 4 wherein said further controllable valve means
      comprises an electrically operable valve, and means for supplying
      electrical signals to said further valve to control the direction of
      rotation of said hydraulic motor.
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ABST
PAL  A hydraulic cylinder comprises a piston reciprocally mounted in a housing
      thereof. A pair of annular sealing means, slidably receiving a rod of the
      piston, are disposed on either side of an annular chamber which has
      pressurized fluid pumped therethrough for flushing purposes.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part Application of U.S. Pat.
      Application Ser. No. 431,328, filed on Jan. 7, 1974, now abandoned, by
      Lawrence F. Schexnayder, entitled HYDRAULIC CYLINDER ROD SEALING AND
      FLUSHING ARRANGEMENT, of common assignment herewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional hydraulic cylinders of the type used for actuating
      earthworking implements normally seal the rod end of the cylinder by means
      of a plurality of static seals. The seals perform a dual function; namely,
      to prevent egress of hydraulic fluid from the cylinder's working chamber
      and to prevent ingress of contaminants into the cylinder. U.S Pat. Nos.
      3,540,741 and 3,578,341, for example, exemplify such prior art sealing
      structures.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an economical and compact
      flushing arrangement for a hydraulic cylinder to prevent the leakage of
      hydraulic fluid therefrom and to prevent contamination of such fluid. The
      cylinder comprises inboard and outboard annular sealing means mounted on a
      housing of the cylinder to slidably receive the rod of a piston,
      reciprocally mounted in the housing. The flushing arrangement comprises an
      annular chamber formed in the housing and disposed axially between the
      inboard and outboard sealing means. A pressurized fluid source, including
      a pump, continuously circulates fluid through the chamber, by suitably
      arranged conduits, to continuously flush-out working fluid which may leak
      past the inboard sealing means and to further flush-out contaminants which
      may pass by the outboard sealing means and into the chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing schematically illustrates a hydraulic circuit including a
      hydraulic cylinder, in cross section, and a flushing arrangement therefor.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing, the illustrated hydraulic circuit comprises a
      double-acting cylinder 10 having a housing 11 and a piston 12 reciprocally
      mounted therein. A rod 13 of the piston is slidably received in sealing
      contact by inboard and outboard annular sealing means 14 and 15,
      respectively. The rod may be operatively connected to a work implement,
      such as one of those employed on a heavy-duty earthworking machine.
PAR  The inboard sealing means comprises a buffer seal 16, having a rectangular
      cross section, and a first radial lip seal 17. The buffer seal functions
      to protect seal 17 against high fluid pressures. The outboard sealing
      means comprises a second radial lip seal 18, similar to seal 17 and also
      facing axially towards seal 16, and a third radial lip seal 19 having its
      outer case attached to the housing and facing axially away from seal 18.
      The radial lip seals 17, 18, 19 may be constructed in accordance with U.S.
      Pat. No. 3,167,323 to Appleton et al, assigned to Disogrin Industries. The
      seals must be capable of lateral flexure while maintaining efficient
      sealing characteristics because they are utilized in cooperation with the
      rod 13 of the reciprocating piston 12 which rod tends to urge the seal
      elements from side to side during reciprocation. Seals intended for use in
      sealing rotary elements would not be effective in the present environment.
PAR  The hydraulic circuit further comprises a pressurized fluid source,
      including an engine driven first pump 20 adapted to selectively pump
      highly pressurized hydraulic fluid from a reservoir 21 to the cylinder. In
      particular, working chambers 22 and 23, located at the head and rod ends
      of the cylinder, respectively, may be alternately pressurized and
      exhausted via conduits 24 and 25 under the control of a three-positioned
      directional control valve 26. A conventional pilot operated relief valve
      27 is also incorporated into the circuit to maintain circuit pressures at
      the desired level.
PAR  The hereinafter described flushing arrangement for the cylinder is adapted
      to return any fluid which may leak past inboard sealing means 14 to
      reservoir 21 and to also flush-out contaminants which may pass by outboard
      sealing means 15. Such arrangement comprises a second engine driven pump
      28 which is adapted to continuously pump low pressure fluid through a
      conduit 29 and into an annular chamber 30, formed in housing 11. The
      chamber is disposed axially between the inboard and outboard sealing means
      and has its outlet connected to a conduit 31 which returns the circulating
      low pressure fluid through a filter 32 and back to reservoir 21. If so
      desired, one or more additional cylinders 10', identical to cylinder 10,
      may be integrated into the fluid circuit to take advantage of the flushing
      arrangement above described. Also, a cylinder 10" could be added to the
      circuit in parallel as indicated by phantom lines in the drawing.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic cylinder in combination with flushing means therefor, said
      cylinder comprising
PA1  a housing,
PA1  a piston reciprocally mounted in said housing, and
PA1  inboard and outboard annular sealing means mounted on said housing for
      slidably receiving a rod of said reciprocating piston in sealing contact
      therewith, said flushing means comprising
PA1  means forming an annular chamber in said housing, said chamber disposed
      axially between said inboard and outboard sealing means,
PA1  a pressurized fluid source, including a pump and a reservoir, and
PA1  conduit means communicating said pump with said chamber and said chamber
      with said reservoir for continuously circulating fluid into and out of
      said chamber for flushing out and for pressurizing said chamber, said
      inboard annular sealing means comprising annular buffer seal means for
      substantially restricting outflow of pressurized fluid from one of said
      working chambers and a separate annular first lip seal disposed adjacent
      to said buffer seal and facing axially theretowards, said buffer seal
      means including a flat elastomeric ring member.
NUM  2.
PAR  2. The combination of claim 1 wherein said pressurized fluid source further
      comprises a second pump operatively connected to working chambers disposed
      at head and rod ends of said cylinder and further comprising control valve
      means operatively connected between said second pump and said working
      chambers for selectively and alternately pressurizing and exhausting said
      working chambers of said cylinder.
NUM  3.
PAR  3. The combination of claim 1 wherein said flushing means further comprise
      filter means operatively connected in said conduit means between said
      cylinder and said reservoir for removing contaminants tending to collect
      in said chamber.
NUM  4.
PAR  4. The combination of claim 1 further comprising a second said hydraulic
      cylinder integrated into said conduit means, between said first-mentioned
      cylinder and said reservoir, an inlet to the annular chamber of said
      second cylinder operatively connected by said conduit means to an outlet
      of the annular chamber of said first-mentioned cylinder and having an
      outlet thereof operatively connected by said conduit means to said
      reservoir.
NUM  5.
PAR  5. The invention of claim 1 wherein said outboard annular sealing means
      comprises a second separate annular lip seal facing inwardly towards said
      first sealing means and a third separate annular lip seal facing axially
      away from said second lip seal.
NUM  6.
PAR  6. A hydraulic cylinder in combination with flushing means therefor, said
      cylinder comprising
PA1  a housing,
PA1  a piston reciprocally mounted in said housing, and
PA1  inboard and outboard annular sealing means mounted on said housing for
      slidably receiving a rod of said reciprocating piston in sealing contact
      therewith, said flushing means comprising
PA1  means forming an annular chamber in said housing, said chamber disposed
      axially between said inboard and outboard sealing means,
PA1  a pressurized fluid source, including a pump and a reservoir, and
PA1  conduit means communicating said pump with said chamber and said chamber
      with said reservoir for continuously circulating fluid into and out of
      said chamber for flushing out and for pressurizing said chamber, said
      pressurized fluid source further comprising a second pump operatively
      connected to working chambers disposed at head and rod ends of said
      cylinder and further comprising control valve means operatively connected
      between said second pump and said working chambers for selectively and
      alternately pressurizing and exhausting said working chambers of said
      cylinder, said inboard annular sealing means comprising annular buffer
      seal means for substantially restricting outflow of pressurized fluid from
      one of said working chambers and a separate annular first lip seal
      disposed adjacent to said buffer seal and facing axially theretowards,
      said buffer seal means including a flat elastomeric ring member.
NUM  7.
PAR  7. The combination of claim 6 wherein said outboard annular sealing means
      comprises a second separate annular lip seal facing inwardly towards said
      first sealing means and a third separate annular lip seal facing axially
      away from said second lip seal.
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ABST
PAL  Supplementary means for heating liquid in a steam producing boiler
      comprising an electrical heating unit located in the boiler, the current
      for which is produced by an electric generator driven by a steam operated
      turbine. The turbine may utilize all or only part of the steam output of
      the boiler. Where the turbine uses substantially all of the steam, the
      generator driven by the turbine will have excess capacity to be used to
      drive a motor. Where the turbine uses only enough steam to drive a
      generator sized to meet the needs of the heating unit, the balance of the
      steam will ordinarily be used to drive some major prime mover or to supply
      heat to a heating system.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of the application of Clyde F.
      Berry, Ser. No. 431,204 filed Jan. 7, 1974, and now abandoned.
BSUM
PAC  FIELD OF INVENTION
PAR  The invention relates to steam generation and utilization. Steam is
      ordinarily used as means for heating or for driving some prime mover such
      as a steam turbine or reciprocating engine.
PAR  In the case of steam heating, the system is usually closed and the
      condensate is returned to the boiler for reuse.
PAR  In the case of steam driven engines, the exhaust steam leaving the prime
      mover may be discharged to the atmosphere or in a closed system delivered
      to a condenser to be returned as water to the boiler through the use of a
      suitable pump.
PAR  In the production of steam for heating or power or other use, the heat
      source customarily is coal, oil or gas or other combustible fuel. SUMMARY
      OF THE INVENTION
PAR  In the present invention, it is proposed to include in the boiler of a
      steam producing system, an auxiliary source of heat in the form of an
      electric heating element.
PAR  In the preferred arrangement, a single boiler, powered by a conventional
      heat source using oil, gas, coal or, preferably, a non-polluting fuel such
      as alcohol, may be used with a minor part of the steam driving a
      turbine-generator set to produce the current for the electrical heating
      unit that is permanently installed in the boiler. The major part of the
      steam may be piped directly from the boiler to actuate a prime mover such
      as a reciprocating steam engine or turbine or be used as the heat source
      in a heating system. Alternatively, all of the steam may be utilized to
      drive a steam engine, preferably a turbine, which drives an electric
      generator of greater capacity than needed to operate the auxiliary
      electrical heating unit in the boiler. The surplus electrical capacity of
      the generator may then be used to drive a variable speed reversible
      electric motor. The foregoing system of boiler, turbine, generator,
      auxiliary electric heater and motor could be utilized as the power plant
      for a self-propelled vehicle such as an automobile, train or boat. Some of
      the excess generator capacity could also be diverted to charge one or more
      storage batteries in the vehicle for use when needed as an auxiliary power
      source.
PAR  Preferably the exhaust from the turbine of the turbine-generator set will
      pass to a condenser from which the condensate will be pumped back into the
      boiler. The exhaust from the prime mover likewise is preferably condensed
      and returned to the boiler. The steam in the heating system will also
      condense and drain back to the boiler.
PAR  In another form of the invention, the boiler provides steam used solely to
      drive the turbine-generator set and a second boiler powered principally by
      a conventional heat source is utilized to provide the steam for the prime
      mover or the heating system. The current supplied by the generator is fed
      not only to the electrical heating unit in the first boiler, but also to a
      second electrical heating unit located in the second boiler.
PAR  In still another form of the invention, the second boiler, instead of being
      powered principally by a conventional heat source, has its water brought
      to steam producing temperature through the use therein of a coiled steam
      pipe carrying high temperature steam generated in the first boiler plus
      the auxiliary electrical heating element and, if desired, through the use
      of another pipe passing through the boiler which pipe carries exhaust
      steam from the turbine en route to the condenser.
PAR  The object in all cases is to improve the efficiency of a power producing
      system and thereby to minimize pollution of the atmosphere.
DRWD
PAR  These and other objects of the invention will become more apparent as the
      description proceeds with the aid of the accompanying drawings in which
PAR  FIG. 1 shows a first form of the invention in which a single boiler
      provides all the steam necessary to operate the turbine-generator set and
      the prime mover or heating system and alternatively to drive a motor by
      use of surplus capacity from the generator.
PAR  FIG. 2 shows a second form of the invention in which the steam for
      generating the electric power for the auxiliary heater is produced by a
      first boiler and the steam for operating the prime mover or the heating
      system is produced by a second boiler.
PAR  FIG. 3 shows a third form of the invention in which the steam for
      generating the electric power for the auxiliary heater is produced by a
      first boiler and the steam for operating the prime mover or heating system
      is produced in a second boiler that is heated solely by the output of the
      first boiler.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, there is shown a steam boiler 2 in which the
      water is heated by any conventional heat source 4 using oil, gas, coal or
      a non-polluting fuel such as alcohol. Part of the steam controlled by a
      valve 5 is piped to a prime mover or heating system 6 through pipe 8.
      Another part of the steam controlled by valve 15 is delivered to a small
      preferably multi-stage turbine 10 through pipe 12. Turbine 10 drives a
      generator 14 from which current is delivered by wires 16 and 18 to an
      electric heater 20 permanently located in boiler 2.
PAR  Exhaust from the turbine 10 is fed to a condenser 22 and the condensate is
      pumped back to the boiler 2 by a centrifugal feed water pump 24 whose
      motor is driven by utility electric power or by some of the current
      produced by the generator 14.
PAR  The exhaust from prime mover 6 is preferably condensed and returned to
      boiler 2 (by conventional means not shown) but otherwise it may be
      exhausted to atmosphere. If the steam is being used to heat a heating
      system, it will condense and be returned to boiler 2 in conventional
      manner.
PAR  Alternatively, the steam used to drive turbine 10, instead of flowing
      directly from boiler 2 through pipe 12, may reach turbine 10 as exhaust
      steam from unit 6 by passage through pipe 13 shown in dotted lines in FIG.
      1.
PAR  In still another arrangement where it may be desirable to place the system
      in an automobile or other self-propelled vehicle, valves 5 and 17 are
      closed thereby to remove completely prime mover or heating system 6 from
      the combination. The dot dash line 7 indicates this elimination of part 6.
      Valve 15 is open so that all steam goes directly to turbine 10 which is
      large enough to utilize the full steam capacity of boiler 2. Generator 14
      may now be made much larger than needed merely for the heating of
      auxiliary heating unit 20. This excess capacity of generator 14 may be
      used to drive a variable speed reversible electirc motor 19 under the
      control of conventional devices such as rheostat 21 and reversing switch
      23. Motor 19 is shown as connected to a drive shaft 31 which may be that
      of an automobile of propeller shaft of a boat for example.
PAR  Some of the output of generator 14 may be used to charge one or more
      batteries 27 which may be used as an auxiliary power source if and when
      needed. Additionally some of the output may be used to heat an electrical
      heating element 29 mounted on steam pipe 12 to raise the steam temperature
      and pressure.
PAR  A conventional feed water line 25 is provided for boiler 2.
PAC  MODIFICATION
PAR  In the construction shown in FIG. 2 the steam used in the prime mover or
      heating system is generated in a second boiler 26 as distinguished from
      FIG. 1 in which all of the steam was generated in a single boiler 2.
PAR  In FIG. 2 the boiler 28 and its heat source 30 are the same as boiler 2 and
      heat source 4 of FIG. 1. The turbine 32, generator 34, wires 36 and 38,
      heating element 40, condenser 42 and pump 44 are the same as the
      corresponding units in FIG. 1.
PAR  The heat needed to generate steam in the second boiler 26 is provided by a
      separate heat source 46 and a separate electric heating element 47 whose
      current comes from generator 34 through wires 48 and 49. Steam from boiler
      26 feeds the prime mover or heating system 50. Alternatively some of the
      steam generated in boiler 28 could be used to assist in operation of unit
      50 by additional piping 52 shown in dotted lines. This assumes that the
      capacity of boiler 28 is more than adequate to drive the turbine-generator
      set 32, 34. Conventional feed water lines 51 and 53 are provided for
      boilers 28 and 26.
PAC  SECOND MODIFICATION
PAR  The construction shown in FIG. 3 differs from the construction of FIG. 2 in
      that the second boiler 54 derives its initial heat from the first boiler
      56. In FIG. 3, the boiler 56, turbine 58, generator 60, wires 62, 64,
      heating element 66, condenser 68 and pump 70 are all similar to the
      corresponding parts in FIGS. 1 and 2.
PAR  The water in boiler 54 receives its heat from three sources; (a) electric
      heater 72 fed through wires 74 and 76; (b) from a steam coil 78, and (c)
      if desired, changing the position of pipe 57 running to condenser 68 from
      turbine 58 to a location in which it passes through boiler 54 as indicated
      at 57'. In this arrangement boiler 56 will be capable of generating steam
      of sufficiently high temperature to keep coil 78 well above the
      temperature required to produce steam in boiler 54. The coil 78 and
      exhaust steam pipe 57 from turbine 58, plus the heating element 72 are
      adequate to generate all the steam necessary to operate prime mover or
      heating system 80 to which steam is delivered by pipe 82. Alternatively,
      some of the steam generated in boiler 56 could be used to assist in the
      operation unit 80 by additional piping 83 shown in dotted lines. This
      assumes that the capacity of boiler 56 is more than adequate to drive the
      turbine-generator set 58, 60. Conventional feed water lines 84 and 86 are
      provided on boilers 56 and 54.
PAR  In all of the above illustrations there is a turbine-generator set operated
      by steam from a first boiler which set supplies current to an electric
      heating element permanently located in the first boiler. Where there is a
      second boiler, the generator supplies current not only to the heating
      element in the first boiler, but also to a heating element in the second
      boiler.
PAR  Alternative arrangements for using steam beyond the requirements of heating
      unit 20 are shown in FIG. 1. In one case, part of the steam drives turine
      10 and the remainder actuates element 6. In the second case all of the
      steam goes to the turbine to create excess capacity in generator 14 which
      excess is used to drive motor 19. It will be understood in FIG. 1 that
      when element 6 is in use, motor 19 will be omitted from the system and
      generator 14 need only be of sufficient capacity to heat unit 20.
      Conversely when motor 19 is in the system, element 6 will be omitted.
PAR  The steam pressures in the boilers may vary according to the power
      requirements of the turbine-generator set, the prime mover and/or the
      heating system. The steam conditions could range from low pressure
      saturated steam to high pressure super-heated steam.
PAR  In all forms of the invention as disclosed above, it will be noted that the
      electrical heating element 20, 40 or 66 is permanently positioned within
      first boiler 2, 28 or 56 respectively and provides a means for assisting
      the primary source heat in raising temperature of the water to the point
      of steam generation. The current for the supplementary heater is provided
      in the first instance through the direct use of steam from the boiler and
      in the second instance, as shown in FIG. 1, as steam which might otherwise
      be exhausted to atmosphere.
PAR  The turbine 10 may be replaced with any other form of steam engine capable
      of driving generator 14. When the term turbine is used in the claims, it
      is illustrative and not limiting.
PAR  Generator 14 is preferably a direct current generator and motor 19 a direct
      current motor whose speed and direction of rotation can be controlled by
      conventional devices. Motor 19 can be stopped while generator 14 remains
      in operation thus making the system adaptable for driving an automobile.
      The voltage and current output of generator 14 match the requirements of
      motor 19. Alternatively the generator and motor could be of the
      alternating current type.
PAR  The appended claims are intended to cover all forms of the invention
      falling within the scope of the disclosure.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a first boiler in which steam may be generated, a
      conventional source of heat for said boiler, a turbine, means for
      delivering steam from said first boiler to said turbine, a generator
      driven by said turbine, an electrically operated heating element located
      within said first boiler energized by current from said generator, said
      heating element adapted to act when heated as a supplementary source of
      heat to aid in the production of steam in said first boiler, the steam
      exhausted from said turbine passing through a pipe to a condenser and a
      pump for returning the condensate to said boiler, a second steam boiler,
      means for heating the water in said second boiler to generate steam, said
      heating means for said second boiler comprising a) an electrically
      operated heating element located within said second boiler and energized
      by current from said generator, and b) means for delivering steam from
      said first boiler to said turbine which means comprises a steam carrying
      pipe that has part thereof positioned in the water of said second boiler,
      and means for utilizing the steam generated in said second boiler.
NUM  2.
PAR  2. The combination set forth in claim 1, said first boiler also supplying
      steam to the said steam utilization means.
NUM  3.
PAR  3. The combination set forth in claim 1, said pipe carrying exhaust steam
      from said turbine to said condenser passing through said second boiler.
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ABST
PAL  A power system comprising a reactor for chemically forming a hydride by
      reaction with hydrogen at a relatively low pressure and relatively low
      temperature, means for heating the hydride while retaining it at a
      constant volume to effect chemical compression of the hydrogen, and a
      power generating, gas expansion device connected to the reactor for
      receiving hydrogen under pressure therefrom, and expanding it to derive
      power therefrom and simultaneously generating refrigeration by expansion
      of the hydrogen therethrough, and means for regenerating the hydride.
PAL  A method for deriving power and refrigeration from low-grade thermal energy
      is also provided and includes the steps of reversibly combining hydrogen
      with a hydride-forming material at a relatively low temperature and
      pressure, heating the hydride at constant volume, reversibly dehydriding
      the material to develop hydrogen at relatively higher pressure and
      temperature, and expanding the hydrogen through a turbine or other power
      producing device, and cooling the spent hydride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of simultaneously generating power and
      refrigeration from low-grade thermal energy, using hydrogen and materials
      which reversibly form a hydride therewith at low temperature and pressure,
      and which reversibly dehydride to release large quantities of hydrogen at
      a relatively higher temperature and pressure, which hydrogen is then used
      to directly produce power and yield refrigeration in a thermodynamic cycle
      which includes a gas expansion device.
PAR  2. Brief Description of the Prior Art
PAR  Various types of power cycles using a number of working fluids have been
      heretofore proposed. In one long-known and widely used system, heat energy
      in a working fluid is used in a Rankine cycle to drive a turbine to
      produce power. The cycle is completed through the sequence of condensing
      the working fluid, compressing the liquid, and evaporating the liquid to a
      high pressure vapor state. Various fluids which may be easily condensed
      near ambient temperature, such as water, iso-butane and chlorinated
      hydrocarbons, can be used as the working fluid.
PAR  In another long-known and widely used power system, gases are used as the
      working fluid in a Brayton cycle to drive a turbine. In a closed system,
      the cycle is completed by effecting recompression of the gas through the
      use of a compressor and heat enchangers. This type of power system differs
      basically from the Rankine cycle system by the nature of the working fluid
      and the manner by which it is recompressed. This type of power system is
      well known in the field of thermodynamics and is used in many
      high-temperature energy conversions, such as in jet engines where an open
      system is used and in high-temperature gas-cooled nuclear power plants.
PAR  Various types of refrigeration cycles using a number of working fluids have
      been heretofore proposed. In one long-known and widely used system,
      refrigeration is secured by vapor-compression of the working fluid with
      subsequent cooling to the liquid state, expansion of the liquid through an
      expansion valve with refrigeration being produced in that portion of the
      cycle where evaporation occurs. Working fluids commonly used in this
      vapor-compression cycle are chlorinated hydrocarbons.
PAR  In the air-standard refrigeration cycle, the phases of the cycle are
      essentially the reverse of those encountered in the Brayton cycle. Air is
      initially compressed and is then cooled before being expanded to further
      lower its temperature. This type of cycle is used in low-pressure air
      liquefaction plants, and in other liquefaction devices, such as the
      Collins helium liquifier.
PAR  In the absorption refrigeration cycle, absorption of the working fluid
      occurs at a low pressure and temperature with release at a relatively
      higher pressure and temperature. Subsequent cooling to the liquid state
      and expansion through an expansion valve produce refrigeration.
      Ammonia-water and lithium bromide-water are common working fluid-absorber
      combinations.
PAR  Various types of working fluids for use in power and refrigeration cycles
      have been heretofore proposed. In the Stirling cycle, hydrogen has been
      proposed as a working fluid which is directed in sequence to a compressor,
      heat exchanger and expansion device in a manner analogous to the Brayton
      cycle.
PAR  In U.S. Pat. No. 3,370,420 to Johnson, working fluids which thermally
      dissociate upon heating, and reversibly recombine in the gas phase upon
      cooling, are proposed for several closed cycle thermodynamic processes
      (Brayton, Stirling and Rankine). The patentee asserts that any
      non-dissociating gas, when used as a working fluid, severely restricts the
      efficiency of a power cycle.
PAR  A good discussion of the various advantages and disadvantages which have
      characterized many types of working fluids previously used in power cycles
      is contained in U.S. Pat. No. 3,152,357. All the described fluids are
      types which undergo a change of state from liquid to vapor in the course
      of the power cycle. An ideal working fluid is described as one having good
      thermal stability, high cycle efficiency, lower corrosiveness, favorable
      critical properties and low toxicity.
PAR  A proposal for developing power from a system comprising a multiplicity of
      power fluids is described in U.S. Pat. No. 3,395,103 to Anderson. Direct
      use of a relatively low temperature energy source, such as geothermal
      water, to heat and vaporize a working fluid for expansion through a
      turbine for the development of power has been hindered by the large cost
      of the heat exchanger required in order to effect heat transfer. The
      patentee proposes to eliminate a portion of this cost by adding a second
      power plant of the Rankine cycle type and using the residual heat in the
      hot primary fluid to heat and vaporize a different working fluid having a
      lower boiling point than that used in the first cycle.
PAR  Recently, the properties and useful application of various metal hydrides
      have been considered in power and refrigeration cycle systems. A
      considerable amount of work in this respect has been done under the
      auspices of the U.S. Atomic Energy Commission. The ability of hydrides to
      chemically store hydrogen at a relatively low temperature and pressure in
      a concentrated form, and then to release the hydrogen at an elevated
      temperature and pressure has been recognized, and a number of
      hydride-forming materials have been identified.
PAR  In U.S. Pat. No. 3,508,414 to Wiswall and Reilly, a method of storing
      hydrogen is described in which gaseous hydrogen is absorbed by
      titanium-iron alloys. When such a hydride containing 2 weight percent
      hydrogen is maintained at a temperature of 25.degree.C, hydrogen is
      released at a constant rate until less than 1.0 weight percent of the
      hydrogen remains in hydride form. In U.S. Pat. No. 3,315,479 to Wiswall
      and Reilly, a method of storing hydrogen by formation of nickel-magnesium
      hydride is discussed. Similar formation of copper-magnesium hydrides is
      discussed in U.S. Pat. No. 3,375,676, issued to the same patentees. In
      U.S. Pat. No. 3,516,263, Wiswall and Reilly further discuss the formation
      of titanium-iron hydrides, and point out that a particular type of
      pressure vessel may be used to contain the hydride, and to heat the
      hydride to develop hydrogen pressures exceeding 10,000 psi.
PAR  By alternating the formation and decomposition of the metal hydride,
      workers at the Brookhaven National Laboratory have proposed, in Report No.
      15844, April, 1971, to use the alternate decomposition and regeneration of
      the hydride as a gas circulation pump. Such systems have also been
      proposed for refrigeration.
PAR  More recently, in U.S. Pat. No. 3,504,494, a closed cycle method for
      intermittently producing high energy steam has been described. In the
      system here reported, a power cycle, followed by a recharging cycle, is
      utilized. In the power cycle, a first hydride bed is heated to desorb
      hydrogen gas therefrom. The gas flows to a second hydride bed where the
      hydrogen can be absorbed at a lower temperature than the temperature of
      desorption from the first bed. Absorption of the hydrogen by the second
      bed releases the heat of absorption which is used to convert water to
      steam. The steam is used for power production, and the residual heat
      remaining in the steam after such power production is used for heating the
      first hydride bed and enhancing the desorption of hydrogen therefrom.
      After complete desorption of the hydrogen from the first bed and
      condensation of the residual steam, the recharging cycle is started. In
      the recharging cycle, the second hydride bed is heated by a heat source
      which can be a low energy isotope source, a chemical heater, an electrical
      heater or other suitable source of thermal energy. The second bed is thus
      caused to dehydride, and the first bed is cooled so that it can absorb the
      hydrogen desorbed from the second bed preparatory to recommencing the
      power cycle after recharging.
PAR  An integral and essential part of this review of prior art is the lack of
      any finding substantiating the fact that both power and refrigeration can
      be practically generated from low temperature energy sources except in a
      conventional manner as referred to above in the examples of the use of
      iso-butane and chlorinated hydrocarbons. Although the prior art recognizes
      the possible use of hydrides in a gas circulation pump, the art does not
      contemplate the economic or practical or technical feasibility of
      large-scale commercial power generation and refrigeration, and the need
      for energy conservation achieved through extraction of energy from
      low-temperature energy sources as defined hereinbelow as the subject of
      this invention. it remained for the present applicants to recognize these
      circumstances and apply properties of hydrides and hydrogen to the
      preparation of a system capable of extracting power and refrigeration from
      low-temperature energy sources.
PAC  Brief Description of the Present Invention
PAR  A new, highly useful combination power and refrigeration system and methods
      for developing shaft power and refrigeration simultaneously are presented
      by this invention. Power and refrigeration are continuously and
      efficiently generated directly from hydrogen in a unique
      hydride-dehydride-hydrogen (subsequently referred to as HDH) cycle.
      Hydrogen is used as the working fluid, and is chemically compressed in the
      course of the HDH cycle, but is not thermally dissociated. The hydrogen
      has the advantage, as a working fluid, of having good thermal stability,
      high cycle efficiency, low corrosiveness, favorable critical properties
      and low toxicity. Waste or low grade heat can be utilized for freeing
      chemically bound hydrogen from the hydride during the course of the HDH
      cycle.
PAR  Broadly described, the combination power and refrigeration system of this
      invention comprises a plurality of hydride-dehydride reactors, means for
      periodically supplying hydrogen gas, and alternately heat, in out-of-phase
      staggered cycles to each reactor, means for removing heat from the
      reactors, means for continuously converting the pressure energy of
      pressurized hydrogen gas developed by the reactors to shaft work or power
      and refrigeration, and means for recycling relatively low-pressure
      hydrogen to the reactors. The means for periodically supplying heat to the
      reactors preferably comprises a low-grade thermal source, such as
      geothermal water, solar energy or stack gases, and the energy-to-power
      converting means is preferably a turbine. The energy-to-refrigeration
      converting means is preferably a heat exchanger.
PAR  The invention also includes a method for simultaneously developing shaft
      power and refrigeration from a low thermal energy source, which ideally
      includes the steps of reversibly combining hydrogen with a hydride-forming
      material at a relatively low temperature and pressure to chemically store
      hydrogen gas, heating the hydride at constant volume to effectively
      chemically compress the hydrogen gas, dehydriding the hydride material by
      transferring heat thereto at an elevated preferably constant temperature
      to release hydrogen gas under elevated constant pressure, reversibly and
      adiabatically expanding the pressurized hydrogen gas through a device to
      develop power and supercool hydrogen gas, cooling the spent hydride under
      constant volume to effect chemical decompression thereof so as to
      effectively recondition the hydride-forming material, and then cyclically
      repeating these steps. The preferred practice of the method of the
      invention entails carrying out the described steps in staggered or
      out-of-phase relationship using a plurality of discrete beds of
      hydride-forming material to develop a substantially continuous source of
      hydrogen under pressure for supply to the power device.
PAR  In certain embodiments of the invention, the hydrogen gas produced upon
      dehydriding the hydride material is used for heating.
PAR  It is an important aspect of the invention that the heat source used for
      supplying heat to the hydride reactors can suitably be a low-grade source
      of thermal energy, and such sources are preferred, although high
      temperature sources can be used. In this respect, the hydride-forming
      material utilized is preferably one which forms the hydride at relatively
      low temperatures and releases the hydrogen gas, through dehydriding, at
      suitably high pressures at a temperature which is not higher than about
      450.degree.F.
PAR  An important object of the present invention is to provide a practical
      means for achieving energy conversions in which a low grade source of
      thermal energy is utilized in a more efficient and economical manner than
      can be achieved with any presently existing power cycle involving a
      working fluid which must be heated to achieve a change of state or upgrade
      its energy content prior to passage into or through both power and
      refrigeration producing devices, said low grade thermal energy source
      being generally a heat source delivered to the power system of the present
      invention at a temperature of less than 450.degree.F, and greater than the
      ambient temperature.
PAR  A further object of the invention is to provide a novel means for
      developing a continuous supply of high-temperature pressurized hydrogen
      which can be used for operating heating or refrigerating and power
      delivering devices.
PAR  Another object of the invention is to propose a hydride-dehydride hydrogen
      cycle in which pressurized hydrogen can be economically and continuously
      used to directly develop shaft power and refrigeration.
PAR  An additional and more specific object of the invention is to provide a
      practical means for the addition of a "bottoming" cycle to conventional
      fossil or nuclear fueled power plants utilizing the Rankine cycle, or
      other power cycles, wherein the powerplant utilizes a high temperature
      heat source and the bottoming cycle is employed to utilize the rejected
      heat contained in the working fluid and stack gases of such conventional
      power plants, such bottoming cycle as constituted by the present invention
      constituting an improvement in thermal energy conservation.
PAR  Another object of the invention is to provide a process and means for
      converting thermal energy in a way which results in reduced thermal
      pollution of the environment, as compared to that which is experienced
      with other existing means for converting the thermal energy to produce
      power and refrigeration.
PAR  In a different aspect, the invention relates to the apparatus by which the
      described means may be accomplished including the use of one or more fluid
      phases, one or more fluidized beds, or one or more stationary hydride
      beds, or gaseous hydrides, means for transferring heat to or from said
      hydrides, and means for expansion of the contained hydrogen for the
      generation of power and refrigeration.
PAR  Additional objects and advantages of the invention will become apparent as
      the following detailed description of certain embodiments of the
      invention, and detailed examples thereof, are read in conjunction with the
      accompanying drawings which illustrate certain preferred applications of
      the invention.
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PAC  GENERAL DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic flow diagram illustrating one embodiment of the
      hydride-dehydride power system of the invention in use as a bottoming unit
      for a nuclear power plant.
PAR  FIG. 2 is a temperature-entropy diagram of hydrogen for the HDH power cycle
      used in the bottoming unit illustrated in FIG. 1.
PAR  FIG. 3 is a schematic flow diagram illustrating another embodiment of the
      invention in which the HDH cycle is used to develop refrigeration, heating
      and power.
PAR  FIG. 4 is a temperature-entropy diagram of hydrogen for the cycle depicted
      in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring initially to FIG. 1 in the drawings, a nuclear reactor 10 is
      illustrated as being cooled by a coolant circulating in a primary coolant
      circulation loop 12. The coolant is pumped by a reactor coolant pump 14
      through the reactor 10 to a steam generator heat exchanger 16 through
      which water is circulated for the purpose of steam generation by heat
      exchange with the hot coolant discharged from the nuclear reactor. Water
      is charged to the heat exchanger 16 by a feed pump 18, and steam is
      discharged therefrom to a steam turbine 20 through which the steam is
      expanded to generate power. The effluent steam from the turbine 20
      constituting a low grade thermal energy source, is charged to a bottoming
      unit 22 which includes the power system of the present invention. Such
      bottoming unit includes the schematically illustrated structure enclosed
      within the dashed line box in the flow diagram illustrated in FIG. 1. It
      is to be noted at this point that, for convenience of expression, the
      hydride-dehydride-hydrogen power cycle of the present invention has been
      previously referred to herein as the HDH power cycle, and such reference
      previously, as well as subsequently, herein, should be understood to refer
      to the power cycle of this invention in which a hydride is initially
      formed in a reversible manner, and subsequently is heated to effect
      dehydriding with release of hydrogen under pressure.
PAR  The bottoming unit 22 includes a plurality of hydride reactors. In the
      illustrated embodiment, four of these reactors are shown, and are
      designated by reference numerals 24, 26, 28 and 30. Spent steam from the
      turbine 20 carrying residual heat is charged to the bottoming unit 22
      through a conduit 32, and is admitted, in a sequence hereinafter
      described, to the reactors 24-30 through branch conduits 34, 36, 38 and 40
      via valves 42, 44, 46 and 48. The branch conduits 34-40 are respectively
      connected to heat exchange loops 50, 52, 54 and 56 located in the reactors
      24-30, respectively. The heat exchange loops 50-56 are also connected
      through branch return conduits 58, 60, 62 and 64, respectively, to a
      return water manifold conduit 66 through valves 68, 70, 72 and 74,
      respectively. The return water manifold conduit 66 is also connected to
      each of the branch conduits 34-40, and communication between these
      conduits and the water return manifold 66 is provided by a plurality of
      valves 76, 78, 80 and 82. It will be noted that the valves 78, 80 and 82
      are located in short conduit sections 84, 86 and 88 which connect the
      return water manifold conduit 66 to the branch conduits 36, 38 and 40.
PAR  A cold water charging manifold conduit 90 is connected at one end through a
      valve 91 to the branch conduit 58 and is connected by a series of short
      conduit sections 92, 94 and 96 to the branch conduits 60, 62 and 64,
      respectively. These short conduit sections contain valves 98, 100 and 102,
      respectively. A valve 104 is positioned in the branch conduit 58 between
      the point of connection of the manifold conduit 90 to the branch conduit
      58, and the point of connection of the latter conduit to the return water
      manifold conduit 66. Similarly, valves 106, 108 and 110 are positioned in
      the branch conduits 60, 62 and 64 between the points of connection of the
      short conduit sections 92, 94 and 96 with these respective branch conduits
      60, 62 and 64 and the points where the branch conduits are connected to
      the return water manifold conduit 66. Residual water conduits 112, 114 116
      and 118 are provided in the heat exchange medium circulation system, with
      the conduit 112 extending between the branch conduit 58 and the branch
      conduit 36 and containing valve 120. Conduit 114 interconnects the branch
      conduit 60 and branch conduit 38 and contains a valve 122. Conduit 116
      extends between the branch conduit 62 and the branch conduit 40 and
      contains the valve 124. Finally, the conduit 118 interconnects the conduit
      64 with the conduit 34, and contains a valve 126.
PAR  In general, the heat exchange medium circulation system functions to convey
      hot water from the exhaust from the turbine 20 to the several heat
      exchange coils or loops 50-56 via the branch conduits 34-40 in alternating
      or sequential operation, and to convey water containing residual heat from
      one of the reactors 24-30 to a second of the reactors located downstream
      therefrom after a portion of the heat of the water exhausted from the
      steam turbine 20 has been used for heating the upstream reactor to a
      predetermined temperature. The cold water manifold conduit 90 functions to
      convey water at relatively low temperature to the several heat exchange
      coils or loops 50-56 in alternating sequence with respect to the
      conveyance of hot water from the turbine 20 thereto, and the return water
      manifold conduit 66 functions to collect water at relatively low
      temperature which has been circulated through the heat exchange loops or
      coils 50-56 in the reactors 24-30, and return at least a portion of this
      water to the feed pump 18 of the nuclear reactor system. The manner in
      which the heat exchange medium circulation system is employed in providing
      heat in an alternating cyclical fashion to the reactors 24-30 will be
      hereinafter explained in greater detail.
PAR  A hydrogen gas power loop is included within the bottoming unit 22 and is
      designated generally by reference numeral 130. The hydrogen gas power loop
      includes a collection manifold conduit 132 for continuously receiving
      hydrogen gas under pressure in a selected and alternating cyclical fashion
      from the reactors 24-30. The manifold conduit 132 delivers the hydrogen
      gas at elevated temperature and pressure to a power producing hydrogen
      expander device, such as a turbine 134, through which the hydrogen is
      expanded to cause rotation of the turbine to produce shaft power through
      rotation of the shaft 136. The hydrogen gas, at reduced temperature and
      pressure, is discharged from the turbine 134 into a conduit 138 forming a
      portion of the hydrogen gas power loop, and is returned via a hydrogen gas
      charging manifold 140 through a series of branch conduits 142, 144, 146
      and 148 to the reactors 24-30, respectively. The branch conduits 142-148
      contain, respectively, valves 150, 152, 154 and 156. For the purpose of
      conveying hydrogen gas at high temperature and pressure from the reactors
      24-30 to the collection manifold 132, a plurality of branch conduits 158,
      160, 162 and 164 are provided, and contain valves 166, 168, 170 and 172,
      respectively.
PAR  Each of the reactors 24-30 is a closed vessel, which in the illustrated
      embodiment of the invention, contains a solid material capable of reacting
      with hydrogen gas at relatively low temperature and pressure to form
      hydride compounds. Preferably the solid material used in the reactors for
      formation of the hydride is capable of reacting with hydrogen to form a
      stable hydride at a temperature below about 150.degree.F at a pressure
      which does not exceed 10 atmospheres. Materials which are suitable for use
      in the reactor include, but are not limited to, nickel-magnesium alloys,
      iron-titanium alloys, copper-magnesuim alloys, vanadium metal,
      lanthanum-nickel compounds, lanthanum-cobalt compounds, scandium metal,
      scandium-cobalt compounds, and compounds of the generic formula RT.sub.5,
      where R is a lanthanide ion, and T is a 3d-transition metal. A very
      suitable material, and one preferred for use in the reactors, is an
      iron-titanium alloy. The alloy can contain from about 20 weight percent to
      about 65 weight percent of iron, with the remainder being substantially
      entirely titanium.
PAR  Typically, the solid hydride-forming materials utilized in the reactors are
      materials which will combine chemically with hydrogen gas at relatively
      low temperatures and pressures to form a hydride. The hydrides which are
      formed by such chemical reaction may contain varying atomic ratios of
      titanium, iron and hydrogen in the hydride molecule, depending upon the
      pressure and temperature at which the hydride reaction occurs. Stated
      differently, various equilibrium states exist in which varying amounts of
      hydrogen are chemically bound in the hydride compound, with such amounts
      of combined hydrogen depending upon the equilibrium temperature and
      pressure utilized, and the particular base material employed. Preferably a
      hydride-forming material is employed which will reach an equilibrium state
      in which at least one atom of hydrogen is combined in the hydride for each
      atom of one of the atomic species present in the hydride-forming material
      at an equilibrium temperature which does not exceed about 150.degree.F,
      and at an equilibrium pressure which does not exceed about 10 atmospheres.
      In the case of the titanium-iron alloy, in an alloy containing 54.1 weight
      percent iron and 45.9 weight percent titanium (in an atomic ratio of 1:1),
      it is preferred to employ conditions in the reactor, as herinafter
      explained, which will develop a hydride in equilibrium (saturated with
      hydrogen) at a temperature of about 100.degree.F and a pressure of about
      6.8 atmospheres. Under these conditions, the hydride contains, at
      equilibrium, on the average of one atom of iron, one atom of titanium and
      1.04 atoms of hydrogen in each molecule of the hydride. The selected
      equilibrium pressure and temperature employed for other hydride-forming
      materials will, of course, vary, depending upon the hydriding
      characteristics of the material, and the particular heat sources available
      for supplying heat for bringing the hydride up to the equilibrium
      temperature, and then activating the hydride prior to release of the
      pressurized hydrogen gas.
PAR  With respect to the characteristic response of hydrideable materials to
      exposure to hydrogen gas under varying conditions of temperature and
      pressure, the relationship of the equilibrium pressure to the equilibrium
      temperature at which a particular hydride will exist is expressed by the
      equation
      ##EQU1##
      where P.sub.eq. is the equilibrium pressure of the hydrogen in
      atmospheres, T.sub.eq. is the corresponding equilibrium temperature in
      degrees Kelvin, A is a constant with dimensions of temperature, and B is a
      constant without dimensions. On the basis of the specified equation, which
      is characteristic of materials which undergo hydriding to an equilibrium
      state upon exposure to hydrogen gas, the preferred hydrideable materials
      for use in the present invention can be determined. Such materials are
      those which develop the highest equilibrium pressure for the lowest
      equilibrium temperature, and which, of course, chemically combine with the
      maximum amount of hydrogen gas at such equilibrium conditions. This, of
      course, results in the production of the greatest volume of hydrogen gas
      at the relatively highest pressure with the lowest requisite thermal input
      in order to hydride the starting material to an equilibrium condition.
      Very suitable hydride-forming materials for use in the invention are those
      which combine at least one atom of hydrogen per molecule under equilibrium
      conditions such that A is less than 10,000 and B is less than 30. The most
      preferred hydrideable materials are those which combine at least 1.5 atoms
      of iron per molecule of the hydride, under equilibrium conditions such
      that A is less than 4500 and B is less than 20.
PAR  In the operation of the HDH power cycle in the bottoming unit 22
      illustrated in FIG. 1, the reactors 24-30 are operated in staggered or out
      of phase sequence during the cycle, with each reactor undergoing a
      hydriding, pressurizing, dehydriding and depressurizing phase during each
      cycle of operation. In order to more lucidly explain the overall operation
      of the system, the operation of the reactor 24 will initially be described
      before discussing the alternating sequence in which the three reactors are
      operated. At the outset, the iron-titanium alloy in reactor 24 will be
      considered to be a depressurized, dehydrided state -- i.e., a hydride of
      the metallic alloy has not been formed, and the temperature in this
      reactor has been reduced to ambient temperature or lower as a result of
      the circulation of cold water through the heat exchange coil 50 in this
      reactor. This depressurized status occurs following the dehydriding phase
      of the cycle as hereinafter explained.
PAR  At this time, cold water from the cold water manifold conduit 90 is allowed
      to pass into the reactor 24 and through the heat exchange coil 50 by
      opening the valves 91, 68 and 76. The valves 42, 104, 120, 126 and 166 are
      closed at this time. At the commencement of the hydriding phase, the valve
      150 in the branch conduit 142 is opened to permit hydrogen gas from the
      turbine 134 to be charged to the reactor 24 through the conduit 138 and
      branch conduit 142. The hydrogen is charged to the reactor at a typical
      pressure of 6.8 atmospheres and temperature of about 210.degree.K
      (-81.degree.F).
PAR  As the hydrogen enters the reactor under these conditions of temperature
      and pressure, it combines chemically with the iron-titanium alloy therein
      in an exothermic chemical reaction. The exothermic chemical reaction which
      occurs evolves sufficient heat that the temperature is preferably
      controlled through the use of the cold water circulated through the heat
      exchange loop or coil 50 in the reactor.
PAR  The temperature and circulation rate of the water are regulated to prevent
      the temperature of the hydride bed in the reactor from exceeding the
      equilibrium temperature of 311.degree.K (100.degree.F), this temperature
      representing the temperature condition at which, when the system is at 6.8
      atmospheres pressure, an equilibrium state is reached in the hydride
      compound in which 1.04 atoms of hydrogen are, on the average, combined
      with the atoms of iron and titanium in each of the hydride molecules, and
      the hydride is saturated with respect to hydrogen. This point is
      represented in the temperature-entropy diagram of FIG. 2 of the drawings
      by the point A.
PAR  When the saturated hydride in equilibrium is produced by chemical combining
      of the hydrogen with the alloy, the valving is changed to cause the
      reactor 24 to enter the pressurizing or activation phase of the HDH power
      cycle. At this time, relatively warm or hot water is circulated to the
      heat exchange coil or loop 50 within the reactor 24 by opening the valve
      126 in the conduit 118 and closing valve 74 in the conduit 64. At this
      time, the valves 42, 150, 166, 91, 120 and 76 are closed so that the hot
      water circulated through the coil 50 returns, after passage therethrough,
      through the open valves 68 and 104 to the return water manifold conduit
      66.
PAR  The passage of the relatively hot water through the coil 50 increases the
      temperature in the reactor 24 from 311.degree.K (100.degree.F) to
      386.degree.K (235.degree.F) and the pressure is increased to about 55
      atmospheres. This pressurizing or activating phase of the HDH cycle is
      represented by the line AB on the temperature-entropy diagram of FIG. 2,
      and the attainment of the fully pressurized status is represented by point
      B of the diagram. In undergoing the pressurizing phase, the hydrogen gas
      which is chemically combined in the hydride is chemically compressed by
      carrying out the heat transfer under constant volume in the reactor 24. It
      will be noted that completion of the pressurization phase by the
      attainment of the maximum temperature of 386.degree.K (235.degree.F) is
      relatively easily susceptible to attainment using many low thermal energy
      heat sources, such as the residual steam discharged from the steam turbine
      20, and it may here be beneficial to recall that other low thermal energy
      sources, such as geothermal water, can also be used to develop
      temperatures of this magnitude.
PAR  The next phase of the HDH cycle undergone by the reactor 24 is the
      dehydriding phase. Upon commencement of this phase, the valve 166 is
      opened to release pressurized hydrogen gas to the collection manifold 132.
      The valve 42 is concurrently opened to allow hot water from the turbine 20
      to be charged to the heat exchange loop 50, and the valves 68, 76, 91,
      104, 126 and 150 are closed and the valve 120 is opened. It will be noted
      that the opening of the valve 120 permits water still containing a
      substantial amount of heat to be charged through the conduit 112 to the
      conduit 36, and from this conduit to the heat exchange loop 52 in the
      reactor 26. At this time, the reactor 26 is undergoing the pressurizing or
      activating phase preparatory to dehydriding.
PAR  With the valving in conduits leading to the reactor 24 in the status
      described, the hydride, which may be then at a temperature substantially
      above the aforesaid equilibrium temperature, commences to release the
      chemically compressed hydrogen gas which controllably enters the
      collection manifold conduit 132 at a pressure of 55 atmospheres and a
      temperature of 386.degree.K. The hydrogen gas, under pressure and at
      relatively high temperature, is thus permitted to flow to the turbine 134
      where it is expanded through the turbine to produce shaft power. Expansion
      through the turbine 134, of course, reduces the pressure of the hydrogen
      gas, and concurrently cools the gas. The isentropic expansion line BC on
      the temperature-entropy diagram of FIG. 2 represents the ideal recovery of
      energy from the hot, pressurized hydrogen gas by expansion through the
      turbine 134. The dashed line BD represents the actual or practical
      expansion through the turbine, showing the increase in entropy due to
      friction losses in the turbine. The hydrogen gas discharged from the
      turbine typically has a temperature of 210.degree.K (-81.degree.F), and is
      expanded to a pressure of 6.8 atmospheres as hereinbefore discussed. This
      phase of the HDH cycle -- i.e., expansion through the turbine with the
      resultant depressurization and cooling of the hydrogen gas may be referred
      to as the dehydriding phase of the HDH cycle.
PAR  With the continued application of heat from the relatively hot water
      derived from the steam turbine 20, the hydrogen gas continues to be
      released from the hydride at a constant pressure of about 55 atmospheres.
      Characteristically, the pressure at which the hydrogen is released from
      the hydride bed remains substantially constant until substantially all of
      the hydrogen has been chemically diassociated from the iron-titanium
      alloy. The dehydriding continues until substantially all of the hydrogen
      previously chemically combined in the hydride is released as free
      hydrogen.
PAR  After the completion of the dehydriding phase, that is, after all the
      hydrogen gas has been released from the hydride, the material in the
      reactor is caused to enter the depressurizing phase. In this phase of the
      HDH cycle, the valves 42, 104, 120, 126, 150 and 166 are closed, and a
      coolant such as cold water is circulated through the heat exchange loop or
      coil 50 by opening the valves 91, 68 and 76 and placing the cold water
      manifold 90 in communication with the branch conduit 58. The reactor 24 is
      thus prepared for the commencement of the exothermic reaction occurring
      when the hydrogen gas discharged from the turbine 134 is introduced to the
      reactor 24 under temperature and pressure conditions favoring formation of
      the hydride, with concurrent release of heat as hereinbefore described.
PAR  The described four-phase HDH cycle is characteristic of the operation of
      each of the reactors 24-30. By properly synchronizing the out-of-phase
      operation of the four reactors, hydrogen gas under high pressure is
      continuously supplied to the collection manifold 132 and to the turbine
      134 so that the turbine operation is continuous, and a continuous recovery
      of energy from the hydrogen gas, the conversion thereof to shaft power, is
      realized. In the sequential mode of operation of the four reactors 24-30,
      one of the reactors (say, the reactor 24) is undergoing the dehydriding
      phase, a second of the reactors, such as the reactor 26 is undergoing the
      pressurizing or activation phase, another of the reactors such as the
      reactor 28 is undergoing the hydriding phase and the fourth reactor is
      undergoing the depressurizing phase. The operations of the several
      reactors 24-30 are staged so that the reactor which is undergoing
      pressurizing is adjacent the reactor undergoing dehydriding and can
      receive from the dehydriding reactor, heat exchange water carrying
      residual heat which has passed through the heat exchange coil within the
      dehydriding reactor after being charged thereto from the steam turbine 20.
      In this way, the residual thermal energy not lost in the heat exchange
      occurring in the dehydriding reactor is yielded up in the pressurizing or
      activation stage to elevate the temperature to the point where the
      dehydriding can be commenced.
PAR  In order to more fully explain and clarify the synchronization and
      sequential operation of the phases of the HDH cycle undergone by the
      several reactors 24-30 during operation of the bottoming unit 22, Table I
      is provided which shows the status of the various valves used in the heat
      exchange medium delivery system as the several reactors undergo phase
      changes.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                 Reactor 24   Reactor 26   Reactor 28   Reactor                
     __________________________________________________________________________
                                                        30                     
     Hydriding Phase                                                           
     Valves Open 91,68,76,150 152,98,78,70 100,72,80,154                       
                                                        156,102,74,82          
     Valves Closed                                                             
                 104,42,126,166,120                                            
                              168,106,120,122,44                               
                                           108,46,170,124,122                  
                                                        172,110,126,124,48     
     Pressurizing Phase                                                        
     Valves Open 126,68,104   120,70,106   122,72,108   124,74,110             
     Valves Closed                                                             
                 91,166,120,42,76,150                                          
                              122,98,44,78,152,168                             
                                           80,124,154,170,46,100,              
                                                        126,48,156,172,102,82  
     Dehydriding Phase                                                         
     Valves Open 42,120,166   44,122,168   170,46,124   48,126,172             
     Valves Closed                                                             
                 150,91,104,68,76,126                                          
                              78,152,70,98,106,120                             
                                           154,72,122,100,108,80               
                                                        82,74,156,102,110,124  
     Depressurizing Phase                                                      
     Valves Open 91,68,76     98,78,70     100,72,80    102,74,82              
     Valves Closed                                                             
                 150,166,42,120,126,104                                        
                              152,168,106,44,122,120                           
                                           154,170,46,122,124,108              
                                                        156,172,126,124,48,110 
     __________________________________________________________________________
PAR  From the foregoing description of the method of use of the HDH cycle of the
      present invention as a bottoming unit employed with the coolant system
      employed in a nuclear reactor, it will be perceived that the system of
      this invention provides a highly useful method for continuously providing
      high temperature hydrogen gas with a relatively low thermal energy input.
      Highly efficient utilization of the residual thermal energy in the steam
      discharged from the steam turbine 20 is accomplished and, through the
      sequential and out-of-phase operation of the several reactors, a
      continuous supply of hydrogen is delivered to the turbine 134. It will be
      understood, of course, that a greater or lesser number of the hydride
      reactors can be employed than the four reactors 24-30 shown in FIG. 1, but
      either three or four reactors are preferred in order to provide the most
      effective continuous supply of the high pressure hydrogen gas.
PAR  In FIG. 3 of the drawings, the HDH cycle of the invention is shown in use
      for producing shaft power by expansion through a turbine, in conjunction
      with utilizing the thermal energy of the hydrogen discharged continuously
      from the hydride reactors to heat an external fluid, and using cold
      hydrogen discharged from the turbine to refrigerate an external fluid. In
      the system illustrated in FIG. 3, the reactors 24, 26, 28 and 30, are
      again illustrated, as are the heat exchange loops or coils 50, 52, 54 and
      56, and the conduit or piping network used to convey a heated fluid to
      these heat exchange coils and also to convey a refrigerant or cooling
      liquid to the coils. This part of the system is identical to that
      illustrated in FIG. 1 and identical reference numerals have therefore been
      utilized in identifying the parts thereof.
PAR  In the system illustrated in FIG. 3, hydrogen gas released during the
      dehydriding phase of the HDH cycle from each of the reactors is passed to,
      and enters, the collection manifold conduit 132 at a pressure of 45
      atmospheres and a temperature of about 378.degree. K. (221.degree. F.).
      The hydrogen is initially passed through a pre-cooler heat exchanger 174
      in which a substanial portion of its heat is given up to an external
      liquid passed through a heating coil or loop 176. In passing through the
      pre-cooler, heat exchanger 174, the temperature of the hydrogen gas is
      lowered from 378.degree. K. to 311.degree. K. (100.degree. F.). The
      hydrogen gas at this temperature and at a pressure of 45 atmospheres is
      then expanded through the turbine 178. Expansion through the turbine 178
      reduces the pressure of the gas to 6.8 atmospheres, and reduces the
      temperature to 177.degree. K. (-141.degree. F.). The isentropic expansion
      line is the line CD in the temperature-entropy diagram of FIG. 4. The
      practical expansion line is the dashed line CE in the diagram. Hydrogen
      from the turbine 178 is then passed through a heat exchanger 180, having
      an external heat exchange medium circulated therethrough. This may for
      example, be a gas which is to be liquified by passage through a heat
      exchange loop or coil 182 located in the heat exchanger 180. In the heat
      exchanger 180, the cold hydrogen gas from the turbine 178 absorbs heat
      from the heat exchange medium passed through the coil 182 to liquify this
      medium, or reduce its temperature. The temperature of the hydrogen is
      elevated by such heat exchange, thus causing the hydrogen to move along
      the line DA of the temperature-entropy diagram as the temperature of the
      hydrogen is increased. At some temperature above -140.degree. F. which is
      dependent upon the extent of heat exchange in the heat exchanger 180, the
      hydrogen gas then enters one of the reactors 24-30 which is ready to
      undergo the hydriding phase of the HDH cycle.
PAR  It will be perceived from the description of FIG. 3 that the HDH power
      cycle has here been employed to provide, not merely the development of
      shaft power through expansion through a turbine, but that the high
      pressure, high temperature hydrogen gas from the hydride reactors employed
      has also been used for both heating and cooling purposes.
PAR  From the foregoing description of the hydride-dehydride-hydrogen power
      system of the present invention and the methods of its usage, it will be
      perceived that a highly useful system is proposed for continuously
      providing a supply of clean, high-pressure hydrogen gas from a relatively
      compact source. The chemical storage of the hydrogen gas in the form of
      the hydride within the several reactors allows tremendous volumes of
      hydrogen gas to be chemically stored in a small volume in this way, and to
      be released at high pressure when needed. It is preferred always to
      operate the system of the invention under equilibrium conditions and using
      hydridable materials such that the hydrogen gas released and circulated in
      the system will not exceed about 4 450.degree. F., and thus obviate the
      occurrence of significant hydrogen embrittlement of the metals in the
      system which are contacted by the gas. The method is operative at high
      hydrogen temperatures, of course, but one of the main advantages of the
      invention is the capability of using the relatively low energy thermal
      source for activating the hydride bed and carrying out the dehydriding
      step. The conventional compressors employed in the Rankine and Brayton
      cycles have here been replaced by the chemical compression of the hydrogen
      by effecting the chemical storage in the form of a solid hydride. It will
      be perceived that the system shown in FIG. 3 provides the HDH cycle
      equivalent of the air-standard refrigeration cycle which is essentially
      the reverse of the Brayton cycle. The compressor used in the air-standard
      refrigeration cycle has, however, been replaced by the hydride reactors
      which function to chemically compress the hydrogen gas.
PAR  It may be noted further that since the absorption of the hydrogen and the
      formation of the hydride is a chemical reaction, the hydrogen is absorbed
      selectively is such reaction, and is freed of any impurities which may be
      entrained therein. Thus, upon release of the hydrogen under pressure from
      the hydride beds, high purity hydrogen is released, and there is less
      opportunity for impurity contamination of the turbine and other components
      of the system in use.
PAR  It will also be seen that one of the principle uses of the foregoing
      described system is to permit geothermal water to be efficiently utilized
      in an HDH power plant for producing shaft work or, if desired, generating
      electricity.
PAR  Although certain preferred embodiments of the invention have been herein
      described in order to illustrate the principles of the invention, it will
      be understood that various changes and innovations in the illustrated and
      described embodiments can be effected without departure from the basic
      principles of the invention. Thus, the hydride reactors have been
      described as fixed bed reactors in which the hydridable material and the
      hydrides formed therefrom are stationary. Fluidized beds may, however, be
      utilized. Various means for transferring heat to the hydride to obtain
      chemical compression of the hydrogen gas (activation) may be employed.
      Other types of work development devices can also be utilized for
      conversion of the pressure energy of the hydrogen gas to useful work. All
      such changes are deemed to be circumscribed by the spirit and scope of the
      invention except as the same may necessarily be limited by the appended
      claims or reasonable equivalents thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A power system comprising:
PA1  hydride-dehydride reactor means for chemically forming a hydride by
      reaction of a hydrideable material with hydrogen gas;
PA1  means for periodically supplying hydrogen gas to said reactor means;
PA1  means for supplying heat to the reactor means in alternating sequence with
      the supply of hydrogen gas thereto for effecting chemical compression and
      dehydriding of the hydride;
PA1  means for removing heat from the reactor means; and
PA1  means for continously converting the pressure energy of hydrogen gas
      released from the reactor means upon dehydriding to shaft power by
      concurrent expansion and cooling of the hydrogen gas.
NUM  2.
PAR  2. A power system as defined in claim 1 wherein said converting means
      comprises a turbine.
NUM  3.
PAR  3. A power system as defined in claim 1 wherein said reactor means contains
      a hydrideable material capable of forming a hydride and later releasing
      pressurized hydrogen gas from said hydride at a temperature of less than
      450.degree. F. following chemical compression and upon dehydriding.
NUM  4.
PAR  4. The power system as defined in claim 1 wherein said reactor is a
      closable chamber containing a hydrideable material selected from the group
      consisting of nickel-magnesium alloys, iron-titanium alloys,
      copper-magnesium alloys, vanadium metal, scandium metal, scandium-cobalt
      compounds and compounds of the generic formula R T.sub.5, where R is a
      lanthanide ion and T is a 3d-transition metal ion.
NUM  5.
PAR  5. A power system as defined in claim 4 wherein said hydrideable material
      is an iron-titanium alloy.
NUM  6.
PAR  6. A power system as defined in claim 1 wherein said means for removing
      heat from said reactor means comprises a conduit system for circulating a
      fluid at ambient temperature or lower to the reactor means.
NUM  7.
PAR  7. A power system as defined in claim 1 wherein said means for conveying
      hydrogen gas to said reactor means comprises:
PA1  a conduit connected between said converting means and said reactor means;
      and
PA1  refrigeration heat exchange means connected to said conduit for circulating
      a fluid into heat exchange relation to hydrogen gas flowing from said
      converting to said reactor means.
NUM  8.
PAR  8. A power system as defined in claim 1 wherein said means for supplying
      heat to said reactor means comprises:
PA1  nuclear reactor means including:
PA2  a nuclear reactor;
PA2  means for supplying a coolant fluid to said nuclear reactor; and
PA2  means for conveying said coolant fluid from said nuclear reactor to said
      hydride-dehydride reactor means.
NUM  9.
PAR  9. A power system as defined in claim 1 and further characterized as
      including heat exchange means connected between said reactor means and
      said converting means for heating a fluid passed into heat exchange
      relation to hydrogen gas flowing from said reactor means to said
      converting means.
NUM  10.
PAR  10. A power system as defined in claim 1 wherein said reactor means
      comprises a plurality of hydride-dehydride reactors operated in staged,
      out-of-phase sequence to develop high pressure hydrogen gas supplied
      substantially continuously to said converting means.
NUM  11.
PAR  11. A power system as defined in claim 10 wherein said means for supplying
      heat comprises a conduit and valving system for supplying a heated fluid
      to each of said hydride-dehydride reactors at a time when said hydrogen
      gas supplying means is inoperative to supply hydrogen gas to the
      respective hydride-dehydride reactor.
NUM  12.
PAR  12. A power system as defined in claim 11 wherein said converting means
      comprises a turbine.
NUM  13.
PAR  13. A power system as defined in claim 12 wherein said means for supplying
      heat comprises a waste heat source supplying a fluid to said conduit and
      valving system at a temperature of less than 450.degree. F.
NUM  14.
PAR  14. A power system as defined in claim 13 wherein said reactor is a
      closable chamber containing a hydrideable material selected from a group
      consisting of nickel-magnesium alloys, iron-titanium alloys,
      copper-magnesium alloys, vanadium metal, scandium metal, scandium-cobalt
      compounds and compounds of the generic formula R T.sub.5, where R is a
      lanthanide ion and T is a 3d-transition metal ion.
NUM  15.
PAR  15. A power system as defined in claim 14 wherein said hydrideable material
      is an iron-titanium alloy.
NUM  16.
PAR  16. A power system as defined in claim 14 wherein said means for conveying
      hydrogen gas to said reactor means comprises:
PA1  a conduit connected between said converting means and said reactor means;
      and
PA1  refrigeration heat exchange means connected to said conduit for circulating
      a fluid into heat exchange relation to hydrogen gas flowing from said
      converting means to said reactor means.
NUM  17.
PAR  17. A power system as defined in claim 14 and further characterized as
      including heat exchange means connected between said reactor means and
      said converting means for heating a fluid passed into heat exchange
      relation to hydrogen gas flowing from said reactor means to said
      converting means.
NUM  18.
PAR  18. A power system as defined in claim 12 wherein said reactor means
      contains a hydrideable material capable of forming a hydride and later
      releasing pressurized hydrogen gas from said hydride at a temperature of
      less than 450.degree. F. following chemical compression and upon
      dehydriding.
NUM  19.
PAR  19. A power system as defined in claim 18 wherein said hydrideable material
      forms a stable hydride containing at least 1.0 atom of hydrogen per
      molecule, and the equilibrium conditions of temperature and pressure at
      which said hydride exists are such that in the equation
      ##EQU2##
      where P.sub.eq. and T.sub.eq. are the equilibrium pressure and equilibrium
      temperature, in units of atmospheres and degrees Kelvin, respectively, A
      is less than 10,000.degree. Kelvin, and B, a dimensionless constant, is
      less than 30.
NUM  20.
PAR  20. A method for deriving power and refrigeration from a low-grade thermal
      energy source comprising:
PA1  combining hydrogen gas with a hydride-forming material under conditions of
      temperature and pressure such that a hydride saturated with, and in
      equilibrium with, hydrogen gas is formed;
PA1  heating the hydride at constant volume to a temperature above the
      equilibrium temperature of the hydride to chemically compress the hydrogen
      gas;
PA1  transferring heat to the hydride and concurrently releasing the hydrogen
      gas therefrom;
PA1  concurrently conveying the released hydrogen gas from the hydride to a
      power producing expansion device;
PA1  expanding the hydrogen gas through said power producing expansion device to
      produce power and cool the hydrogen gas; and
PA1  after release of substantially all of the hydrogen gas from the hydride,
      cooling the spent hydride under substantially constant volume to effect
      chemical decompression thereof; then
PA1  cyclically repeating the foregoing steps.
NUM  21.
PAR  21. A method as defined in claim 20 wherein said hydride forming material
      is selected from the group consisting of nickel-magnesium alloys,
      iron-titanium alloys, copper-magnesium alloys, vanadium metal, scandium
      metal, scandium-cobalt compounds and compounds of the generic formula R
      T.sub.5, where R is a lanthanide ion and T is a 3d-transition metal ion.
NUM  22.
PAR  22. A method as defined in claim 20 wherein said hydride-forming material
      forms a hydrogen-saturated hydride at an equilibrium temperature of less
      than 125.degree. F., and at a pressure of less than 10 atmospheres.
NUM  23.
PAR  23. The method defined in claim 20 wherein said heating and transfer of
      heat steps are carried out by passing a heat exchange fluid having a
      temperature of less than 450.degree. F. into heat exchange relation to the
      hydride.
NUM  24.
PAR  24. The method defined in claim 20 wherein said hydride-forming material
      forms a stable hydride containing at least 1.0 atom of hydrogen per
      molecule, and the equilibrium conditions of temperature and pressure at
      which said hydride exists are such that in the equation
      ##EQU3##
      where P.sub.eq. and T.sub.eq. are the equilibrium pressure and equilibrium
      temperature, in units of atmospheres and degrees Kelvin, respectively, A
      is less than 10,000 in degrees Kelvin, and B, a dimensionless constant, is
      less than 30.
NUM  25.
PAR  25. The method defined in claim 20 wherein said hydride-forming material is
      an iron-titanium alloy containing equal atomic amounts of iron and
      titanium.
NUM  26.
PAR  26. The method defined in claim 20 and further characterized as including
      the step of utilizing the hydrogen gas from the power producing expansion
      device to refrigerate a fluid.
NUM  27.
PAR  27. The method defined in claim 20 and further characterized as including
      the step of utilizing the hydrogen gas released from the heated hydride
      for heating a fluid before conveying the released hydrogen gas to said
      power producing expansion device.
NUM  28.
PAR  28. The method defined in claim 23 wherein said heating and transfer of
      heat steps are carried out by passing a heat exchange liquid having a
      temperature of less than 450.degree. F. into heat exchange relation to the
      hydride.
NUM  29.
PAR  29. The method defined in claim 23 and further characterized as including
      the step of utilizing the hydrogen gas from the power producing expansion
      device to refrigerate a fluid.
NUM  30.
PAR  30. The method defined in claim 24 wherein said hydride-forming material
      forms a stable hydride containing an average of at least 1.5 atoms of
      hydrogen per molecule, and at equilibrium, A for said hydride is less than
      4,500 in degrees Kelvin, and B is less than 20.
NUM  31.
PAR  31. In a nuclear reactor system including a heat exchange coolant pump for
      circulating a coolant fluid to a nuclear reactor, an improved bottoming
      unit which comprises:
PA1  at least one hydride-dehydride reactor containing a hydride forming
      material;
PA1  means for conveying the heated coolant fluid from the nuclear reactor to
      the hydride-dehydride reactor to periodically heat the hydride-dehydride
      reactor;
PA1  means for periodically cooling the hydride-dehydride reactor in alternating
      sequence with the heating of the hydride-dehydride reactor;
PA1  a gas expansion power device connected to said hydride-dehydride reactor
      for receiving pressurized hydrogen gas therefrom; and
PA1  means for recycling hydrogen gas from said gas expansion power device to
      said hydride-dehydride reactor.
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PAL  An oil barrier for use in the open sea to contain oil on the surface,
      comprising a flexible barrier provided with a plurality of flotation means
      only on the outside of the barrier, thereby avoiding churning of the oil
      and water on the inside of the barrier into an oil-water mixture that
      could pass under the barrier in rough sea conditions. In one embodiment of
      the invention, the flotation means is a plurality of inflatable members
      packaged on the outside surface of the barrier, with a counter weight
      associated with the flotation means so as to be disposed on the end of the
      flotation means opposite the barrier when the flotation means is inflated,
      so that the center of gravity of the assembly is in the desired position
      in relation to the center of buoyancy thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In U.S. Pat. No. 3,802,201 Apr. 9, 1974, to the present inventor and
      another, there is disclosed an oil barrier having flotation means disposed
      on both sides thereof to maintain the barrier upright in the water. Means
      is also provided for maintaining slack in the barrier between the
      supporting elements, so that the barrier is not in tension, and each
      barrier portion is therefore permitted some freedom of movement
      independently of adjacent barrier portions, to better adapt to the wave
      motion.
PAR  However, the structure disclosed in the above identified patent has a
      number of disadvantages in that the providing of flotation means on both
      sides of the barrier makes construction, stowing, and handling difficult,
      and when in use in rough water, the flotation member on the inside of the
      barrier slaps the oil surface and churns the oil and water into a mixture
      having a higher average density than pure oil and, as a result, this
      mixture can more easily pass under the barrier and escape.
PAC  SUMMARY OF THE INVENTION
PAR  An oil barrier avoiding the above described disadvantages is provided, in
      which a series of flotation means is provided which extend away from the
      barrier on the outside thereof only. A counter-weight is provided at the
      remote end of the flotation means, to position the center of gravity of
      the assembly to a desired position in relation to the center of buoyancy
      thereof. Slack control and tension control means as disclosed in the above
      identified patent may also be incorporated into the barrier assembly. The
      counter-weight may be constructed so as to provide a damping action to
      reduce barrier motion due to wave motion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of an oil barrier assembly embodying the
      features of the invention.
PAR  FIG. 2 is an enlarged top plan view of a pair of adjacent barrier sections.
PAR  FIG. 3 is a view in elevation of the outside of the barrier.
PAR  FIG. 4 is a view in side elevation of a barrier section of FIG. 3.
PAR  FIG. 5 is a view in elevation of the inside of the barrier.
PAR  FIG. 6 is a perspective view of a barrier section in the uninflated
      condition.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawings, there is illustrated a barrier assembly 10,
      which is intended for use in the open sea, to confine an oil slick
      floating on the surface of the water. The barrier is intended to be
      air-dropped into the area of the oil slick, and then towed by a surface
      vessel or helicopter to surround the slick, or to be positioned into a
      U-shape in the path of drift of the slick, so that the slick can be
      confined and removed.
PAR  The barrier comprises an elongated sheet 12 of flexible material, such as
      rubber or coated fabric, a plurality of rigid frames 14 attached to one
      side of the sheet in spaced relation, an inflatable flotation member 16
      associated with each frame, and a counter-weight 18 attached to each
      flotation member at the end remote from the frame, and suitable retaining
      lines to be described hereinafter.
PAR  The sheet 12 may be provided with vertical rigid members 20, such as wooden
      or plastic strips or rods secured thereto at spaced intervals to impart
      vertical stiffness to the portion of the sheet disposed between the
      barriers.
PAR  To position the flotation member and counterweight in relation to the frame
      with which it is associated and to maintain the frame upright in the
      water, upper and lower retainer lines 22 and 24 are fastened between an
      outer portion of the flotation member and the top and bottom of the frame.
PAR  The end of the flotation member adjacent the barrier is secured to a
      cross-member 26 on the frame in such a manner as to maintain the flotation
      member generally perpendicular thereto.
PAR  In the illustrated embodiment of the invention, each frame 14 is provided
      with rigid flotation means 28 disposed thereto at a position such that it
      will be largely submerged when the barrier is upright in the water. The
      counter-weight 18 is positioned at the end of the inflatable flotation
      member to move the center of gravity of the assembly away from the barrier
      sheet.
PAR  The size of the rigid flotation means is such that the buoyancy provided
      thereby in combination with the buoyancy provided by the inflatable
      flotation means, locates the center of buoyancy such that it will be the
      same vertical plane as the center of gravity when the frame 14 is
      vertical.
PAR  The illustrated embodiment of the invention is designed to be stowed in a
      compact package to be dropped from the air into the vicinity of an oil
      spill; for this purpose the flotation member is packaged deflated against
      the frame, and the counter weight 18 is formed of a flexible container
      such as canvas, containing lead in its bottom, so that it may also be
      packaged into a relative flat configuration with the flotation member (see
      Fig. 6). In use the container fills with water to increase the restoring
      moment when the barrier rolls in a direction which lifts the top of the
      container out of the water.
PAR  Also packaged with each flotation device is a compressed gas bottle 29
      connected with a suitable valve to the flotation device to inflate the
      flotation device. The valve (not shown) may be operated either manually or
      automatically, as will be described hereinafter.
PAR  The rigging for controlling the barrier after deployment may be similar to
      that shown in the identified patent. Adjacent frames 14 may be fastened
      together by slack control lines 30, which have a length less than the
      length of the barrier sheet between the frames (see FIG. 2) so that the
      barrier sheet between the frames is not in tension, but slack, and hence
      is allowed freedom of movement to enable the barrier to conform to wave
      action without high stresses being generated in the barrier sheet.
PAR  Each frame may be provided with a bridle, comprising a pair of lines 32
      extending from the sides of the frame to be attached in spaced relation to
      a main tension cable 34 and a lower line 36 extending from the bottom of
      the frame to the same main tension cable.
PAR  The entire barrier may then be stowed into a compact package by folding so
      that it can be carried in an aircraft or a ship to the point of use.
PAR  One method of use is to package the barrier into a box of suitable shape,
      which is dropped at the desired point. After the box lands on the water,
      the barrier is pulled from the container by a vessel on the surface. If
      desired, the valves controlling the inflation of the flotation device may
      be arranged to be actuated automatically, as the barrier sections are
      pulled from the container, or they may be activated manually. In the
      illustrated embodiment, the combination of flotation blocks 28 and 31 on
      the frame provides sufficient buoyancy to prevent the barrier, or a
      barrier portion, from sinking, in the event that one or more of the
      flotation members 16 fails to inflate, and maintains the box in the same
      attitude in the water during and after deployment of the barrier.
PAR  When the barrier is deployed around an oil slick (as illustrated in FIG. 1)
      the inside of the barrier will generally be facing up-wind or up-current,
      to trap an oil spill traveling in the direction of the wind or current,
      and hence the inside of the barrier will likely be subjected to more wave
      action than the outside. However, since the inside of the barrier presents
      a smooth surface to the oil and oil-water interface, motion of the barrier
      caused by wave motion minimizes churning at the oil-water interface which
      could produce an oil-water mixture that could pass under the barrier.
PAR  Although in the illustrated embodiment the flotation devices 16 are
      inflatable, to enable the device to be stowed in a compact package, it
      will be apparent that if a barrier of the type described herein is to be
      used in a single location, such as in a harbor, to surround an oil tanker
      loading or discharging, the flotation members 16 may be made of rigid
      material such as plastic foam, and the counter-weights may be a solid
      piece of metal secured to the flotation member at the outer end thereof.
PAR  It will also be apparent that the barrier disclosed herein may be used with
      other bridle arrangements than that disclosed.
PAR  Since certain other modifications to the specific embodiment of this
      invention illustrated herein may be made by one skilled in the art without
      departing from the scope of the invention, it is intended that the matter
      contained herein be interpreted in an illustrative and not a limiting
      sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A floating barrier, comprising a plurality of elongated flotation units,
      an elongated flexible vertical barrier extending between corresponding
      ends of the flotation units, said units being attached to one side only of
      the barrier so as to extend with the longitudinal axes thereof disposed in
      a horizontal direction and generally perpendicular to the vertical plane
      of the barrier, and a counter-weight means attached to the distal end of
      each flotation unit to counter-balance the weight of the barrier, the side
      of the barrier opposite the flotation units being free of protrusions.
NUM  2.
PAR  2. A floating barrier as set forth in claim 1 in which said barrier has
      additional flotation means attached to the surface thereof.
NUM  3.
PAR  3. A floating barrier as set forth in claim 1 in which said flotation units
      are inflatable elongated bags.
NUM  4.
PAR  4. A floating barrier as set forth in claim 1 in which each flotation unit
      is provided with individual means for inflation thereof.
NUM  5.
PAR  5. A floating barrier as set forth in claim 1 in which said counter-weight
      protrudes from the flotation unit and is shaped and positioned to provide
      a damping action to motion of the flotation unit.
NUM  6.
PAR  6. In a floating barrier that utilizes an elongated flexible barrier sheet
      to be vertically disposed in the water, an improved flotation means,
      comprising a plurality of elongated flotation units extending from one
      side only of the barrier sheet horizontally each with its longitudinal
      axis perpendicular to the vertical plane of the barrier sheet and a
      counter-weight means attached to the distal end of each flotation unit and
      in spaced relation to the barrier sheet to move the center of gravity of
      the assembly away from the barrier sheet a desired amount so as to
      maintain the barrier sheet in the upright position, the side of the
      barrier sheet opposite the flotation units being free of protrusions.
NUM  7.
PAR  7. A floating barrier as set forth in claim 6 in which the flotation units
      are elongated foldable and inflatable bags.
NUM  8.
PAR  8. A floating barrier assembly as set forth in claim 7 in which said
      barrier sheet is provided with other flotation means having sufficient
      buoyancy to prevent the assembly from sinking before the bags are
      inflated.
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ABST
PAL  A reservoir for hydrocarbon liquids is formed by a hollow in the ground
      lined with a gas-tight sheet and covered by a roof floating on the liquid
      in the hollow, the roof comprising a non-metallic rigid body which is
      gas-tight and of low density, a meter cube of the body weighing between 15
      kgs and 100 kgs, a layer of earth or the like covering the surface of the
      body, and auxilliary gas-tight means connecting the circumference of the
      roof body to the circumference of the hollow.
BSUM
PAR  The invention concerns high-capacity reservoirs particularly for storage of
      hydrocarbons.
PAR  The problem of the resistance of the roof of such a reservoir to inclement
      weather has hitherto only partially been solved. Either the resistance is
      ensured by use of a metal roof, but the dimensions of the reservoir are
      then very much restricted, the cost of the construction increasing very
      rapidly with the width of the reservoir such that the costs become
      prohibitive, or resistance is ensured by a double roof, of which one
      portion, or lower cover, is in contact with the hydrocarbon being stored
      and has as its sole function to isolate the hydrocarbon from the external
      ambient atmosphere and the other portion, or upper cover, has as its sole
      function to protect the lower cover against the weather. As the upper
      cover cannot be metal, in order to enable protection of very large
      surfaces one then has recourse to an inflated cover the mechanical
      strength of which is obtained by the creation of an overpressure between
      it and the lower cover by means of a blower and by a large anchorage. In
      this way water running down is channelled outside the lower cover, which
      enables material of poor mechanical quality to be used for the lower
      cover, more especially because the wind does not act against it because of
      the protection of the inflated and anchored outer cover.
PAR  In every other case one is both constrained to reduce the dimensions of the
      reservoir and to employ complex means, such as floats distributed in a
      particular manner and connected together by cables upon which rests a
      cover, in order to enable means of drainage of water which collects in
      predetermined zones to remove the overload created by the water. Whatever
      these means, none of them enables a proper anchorage of the floating roof
      against the action of the wind which, in certain places, can exert a
      suction force of the order of 100 kg/m.sup.2. Embankments which in general
      surround these roofs obviously cannot prevent the effects of the wind and
      consequent deterioration of the roof as soon as the latter is of a certain
      size. Further, even if a floating roof for a water reservoir could be
      easily imagined, which is formed only of a simple flexible cover resting
      on floats, such an arrangement would not be suitable for a reservoir for
      storage of hydrocarbons because it is necessary to ensure, besides the
      water-tightness of the floating roof, its perfect tightness to the gases.
      Hitherto a cheap solution to the problems presented by this kind for roof
      of large dimensions has not been found, the cost in general becoming very
      quickly prohibitive because of the obligation to ensure perfect
      gas-tightness which necessitates the employment of complex covers of
      thickness at least greater than 20 mm, as well as the presence of various
      means of supporting the considerable weight of a cover of this kind and of
      achieving a particularly strong anchorage, whilst avoiding collection of
      rainwater.
PAR  Even supposing these problems could be solved, one also comes up against
      the problem of the wind, as soon as the dimensions became large.
PAR  According to one aspect of the present invention, there is provided a
      reservoir for storage of liquid, such as a hydrocarbon liquid, comprising
      a hollow to be filled with liquid whose level is to be maintained
      substantially constant and a roof for floating on the stored liquid,
      wherein the roof comprises a non-metallic rigid body which is gas-tight
      and of low density, the weight of a meter cube of the body being between
      15 kgs and 100 kgs, the body supporting a layer of earth or the like
      distributed over the whole of its surface, and auxiliary gas-tight means
      at least along the circumference of the roof and connected to the
      circumference of the reservoir for ensuring isolation of the stored
      liquid.
PAR  Use of a reservoir according to the invention can solve all the problems
      presented both by the largest dimensions selected, for example, of the
      order of 100 m wide by 1000 m long, and by the special nature of the
      products to be stored. In short, with a roof body which is rigid and of
      density sufficiently low and a thickness sufficient for supporting a layer
      of earth, it is found that the problems presented by weather are solved.
PAR  In short, with a rigid floating roof body, there may no longer exist, as in
      previous floating roofs, zones for collection of rainwater and it is no
      longer necessary to provide complex means for channelling or pumping off
      such water or to provide special structures for enabling the roof to
      deform under the load of the water. Further, because the roof itself is
      protected by a layer of earth, forming a considerable mass even for layers
      of earth of relatively small thicknesses, it can be sheltered from the
      direct effects of the wind, the depressions created by the wind being then
      low with respect to the weight of the earth. Not only is the total mass of
      the roof itself increased in this way, so increasing its stability, but
      the considerable extent of earth originally cleared during the banking can
      be reused and one can profit from this fact possibly to exploit this
      surface and recreate a natural environment, as the rainwater can be
      retained at least partially and beneficially by the covering earth as soon
      as the layer of earth has a thickness of, for example, some twenty
      centimeters.
PAR  Advantageously the material of the roof body is a polyurethane foam
      obtained by the conventional reaction of a polyhydric alcohol and an
      isocyanate in the presence of a catalyst and an expander agent, the
      polyhydric alcohol : polyether, polyester or mixture of polyether and
      polyester including free hydroxyl groups the OH index of which is higher
      than a value lying between 160 and 200.
PAR  The advantages resulting from such a material for the roof body are
      important because they not only enable a roof to be obtained which is of
      the consistent with required density and has perfect chemical resistance
      to hydrocarbons, but also enables the roof to be maufactured on the site
      of the reservoir.
PAR  It is found in short that if the OH index is higher than the foregoing
      values a rigid foam is obtained whose buoyancy is high enough to support
      the layer of earth since the density obtained can come down to values of
      the order of 25 to 30 kgs per meter cube and because of the relatively low
      cost of the foams obtained it is possible to have available a thickness
      sufficient to support a layer of earth such as increases the stability of
      the roof and its resistance to bad weather. It is likewise interesting to
      observe that the coefficient of thermal expansion of the material employed
      being very low the width of the roof can conveniently be adjusted to that
      of the reservoir. Further, the resistance to crushing and tension as well
      as its modulus of elasticity enable slight variations in level of the
      surface of the stored liquid as well as not inconsiderable local
      variations in load. The result is that a workman can easily move about on
      the roof and employ it as the support for a layer of earth covered with
      turf. On the other hand, because of the possibility of easily
      manufacturing polyurethane foams, this characteristic can be employed for
      repairing on the spot a roof damaged accidentally at any point.
PAR  According to another aspect of the invention there is provided a method of
      on site manufacture and laying in position of the roof body the above
      described reservoir, wherein the roof body is manufactured by joining up
      elements of prismatic shape of a length equal or substantially equal to
      the width of the hollow, these elements being orientated in the direction
      of width of the hollow and are successively connected together, the
      connection being carried out over the whole length of the elements, and
      the portion of the roof thus formed is slid progressively in the direction
      of the reservoir previously filled with water each time a new element is
      added to the portion of roof, so that the said formed portion floats on
      the water in the hollow during the joining of the last element to the next
      element.
PAR  Use of the above method can be particularly economical and convenient since
      polyurethane foams can be obtained by means of a simple mixer which it is
      sufficient to connect to an injection head of any kind, which is employed
      to expand the product over any suitable surface, the product increasing in
      volume of itself in predetermined proportion. It is therefore sufficient
      to locate the injection-machine in a suitable manner for the blocks
      obtained to be directed in a convenient direction and then to let them
      slide in order to produce and lay in place the floating roof so obtained.
DRWD
PAR  The present invention will be better understood from the following
      description of embodiments thereof given by way of example only, with
      reference to the accompanying drawings in which:
PAR  FIGS. 1 to 7 are diagrammatic views in section of portions of embodiments
      of reservoirs according to the invention,
PAR  FIG. 8 is a diagrammatic plan view of apparatus for manufacturing the roof
      and laying it in position,
PAR  FIG. 9 is a diagrammatic view of a part of the apparatus of FIG. 8,
PAR  FIG. 10 is a diagrammatic view in profile of the station for connection of
      the elements of the roof,
PAR  FIG. 11 is a detail in section illustrating the repair of a small portion
      of the roof, and
PAR  FIG. 12 is a detail in section illustrating the repair of a larger portion
      of the roof.
DETD
PAR  FIGS. 1 to 7 illustrate embodiments of reservoirs in accordance with the
      invention, that is to say, each illustrates a reservoir of very large
      capacity having a rigid floating roof 1, the material of which may have a
      very low density, that is, the weight of a meter cube can lie between 15
      and 100 kgs. The roof is covered with a layer 2 of earth or the like.
PAR  In the embodiment of FIG. 1, water-tightness is ensured at the
      circumference of the rigid roof 1 by a cover sheet 3 which may either
      extend over the whole roof 1 or solely round its circumference. By
      anchoring the edge 3a of the sheet 3 to the ground, gas-tight connection
      of the roof to the embankment 4 edging the reservoir is ensured. Inasmuch
      as the walls of the reservoir are lined with a sealing sheet 5, anchorage
      is effected preferably by welding together the edges 3a, 5a of the sheets
      3 and 5, these sheets being in general heat-weldable. Welding can moreover
      be carried out at any other point along the portions of sheets above the
      embankment 4. A damper holster 6 either damps horizontal displacements of
      the roof 1 towards the embankment 4, these displacements being of small
      amplitude, or both damps and seals. It will be observed that only the
      sheet 3 need be gas-tight, the sheet 5 may simply be watertight.
PAR  When the damper bolster 6 only damps displacements of the roof towards the
      embankment a space may exist between the bolster 6 and the edge of the
      roof 1 and a not inconsiderable degassing of the stored hydrocarbon 7 may
      take place in the region. Preferably displacement of the roof of any
      magnitude is avoided by providing a damper bolster maintaining at its
      circumference permanent contact with the edge of the roof and with the
      edge of the reservoir. If the degassing is considerable, conventional
      means of exhaust (not shown) are provided.
PAR  In the embodiment of FIG. 2, the rim 1a of the roof bears underneath and
      laterally against the embankment 4. In addition an extra amount of earth
      2a above the portion 1a of the roof contributes to the anchoring of the
      roof and of the sheet 3. The latter is glued or welded at 8 to the roof 1
      and to the edge 5a of the sheet 5 sealing the bottom of the reservoir.
      Because of the extra amount of earth 2a drains can be provided, located in
      this portion, to drain off rainwater, of which there is risk of collection
      at the surface of the layer 2.
PAR  The roof 1 may alternatively, as shown in FIG. 3, be dimensioned in order
      to fit against the vertical wall 4a of the embankment covered by the sheet
      5. Instead of gluing or welding the sheets 3, 5 to the roof, the portions
      3a and 5a of the sheets 3, 5 can be welded on the embankment 4 and a water
      drain channel 9 can be lined with a portion 5b of the sheet 5 which is
      fixed into the embankment 4 simply by covering the edge portion of it with
      earth.
PAR  Anchoring of the sheets 3, 5 may be ensured, as shown in FIGS. 4 to 6, by a
      channel 10, the walls of which are lined by portions 3a, 5a of the sheets
      3, 5 and which is filled in with cement 11. If the bolster 6 is maintained
      compressed because of the dimensions of the roof 1, a portion of the
      embankment 4 can also be covered by a layer of earth 2a. The run-off water
      is collected in the drain channel 9.
PAR  On the other hand, when the roof has too small a width for the bolster 6 to
      ensure a permanent seal, a length 3b of sheet 3 is provided, FIG. 5, which
      makes displacement of the roof 1 possible without exerting significant
      tension on the central or peripheral parts of the sheet. The sheet 3 may
      in fact stop at a point 12 where it is glued or welded to one edge of a
      simple strip or bellows, the other edge of which may either be anchored in
      the cement 11, or glued or welded at 13 to the portion of the sealing
      sheet 5. Perfect gas-tightness is thus ensured of the connection of the
      roof 1 to the edge of the reservoir since the rigid roof 1 is gas-tight
      and the strip serving as bellows, of which the edges 12 and 13 are
      respectively glued or welded to the roof 1 and the sheet 5, may be a
      complex strip of thickness sufficient to exhibit any required mechanical
      and physical properties.
PAR  It must be understood that the roof being gas-tight, the sheet 3 can be
      dispensed with from the moment if a gas-tight connection is provided
      between the roof and the edge of the reservoir.
PAR  In particular, as shown in FIG. 6, a strip of elastic material 14 is
      provided instead of the bellows and horizontal displacements of the roof 1
      are prevented by a network of cables 15, these being anchored to means 16,
      such as stakes, hooks, etc. The elastic material 14 is glued to the roof 1
      and the sheet 5.
PAR  In the embodiment of FIG. 7 a flexible block 17 of foam, for example of
      polyurethane, has been added to the inner edge of the embankment 4 and to
      the lower portion of the edge 1a of the roof underneath the sheet 5. In
      this way slight horizontal and vertical displacements of the roof are
      absorbed by the elasticity of the block 17 of foam.
PAR  It is unnecessary to repeat the advantages of the rigid non-metallic
      floating roof of low density, covered with a layer of earth or the like.
      It will however be recalled that when it is desired to use the invention
      for a reservoir of very large dimensions, for example, reservoirs having a
      width of the order of 50 to 200 m and a length of 500 to 2000 m, a
      polyurethane foam is employed which is obtained by the reaction of a
      polyhydric alcohol upon an isocyanate in the presence of an expander
      agent, a surfactant and a catalyst, the polyhydric alcohol: polyether,
      polyester or a mixture of these compounds including free hydroxyl groups
      the OH index of which is higher than a value of the order of 180 to 200.
PAR  It is found in short that polyurethanes prepared from polyhydric alcohol
      with an OH index higher than a value of the order of 180 to 200 exhibit
      high buoyancy, all the cells formed being in that case practically closed.
      The OH index can be verified as is known, by means of the mixture
      pyridine/phthalic anhydride which is made to react upon 0.8 to 1 gr. of a
      sample E of polyhydric alcohol per 25 cc of the mixture that is brought to
      the boil. It is rinsed with 15 cc of pyridine and titrated with NaOH in
      the presence of 10 drops of phenolphthalein to 1% in the pyridine. One
      receives thus a cc of solution. The pyridine/phthalic anhydride mixture is
      titrated by dissolving 84.0 gr of pure phthalic anhydride in 600 cc of
      pure pyridine, taking 25 cc diluted by the same pyridine employed for the
      production of the reagent and adding to it 10 drops of phenolphthalein.
      Upon titrating with NaOH one obtains b cc and the OH index is calculated
      at
      ##EQU1##
      where E corresponds with the sample of polyhydric alcohol employed: 0.8 to
      1 gr.
PAR  Experience has shown that rigid polyurethane foams obtained by means of
      polyhydric alcohols, the OH indices of which have values higher than 180
      to 200, exhibit a compression strength higher than 1.5 kg/cm.sup.2, a
      density which can be as low as 28 kg/m.sup.3, can undergo a certain amount
      of bending, and show excellent resistance to hydrocarbons as well as
      excellent impermeability to gases. Furthermore, by reason of the very
      structure of the material the thermal conductivity is extremely low.
PAR  By way of example, the isocyanate may be dimethyl methane diisocyanate or
      prepolymers proceeding from a prereaction of an isocyanate on a polyhydric
      alcohol, the amount of isocyanate corresponding with the stoichiometric
      amount necessary for reacting with the hydroxyl functions of the
      polyhydric alcohol and possibly with the water of formulation without the
      amount of isocyanate being able to be less than 85% of this stoichiometric
      amount, the water being able to vary in the proportion of 0 to 3% of the
      weight of polyhydric alcohol.
PAR  The expander agent which must vaporize under the exothermic action of the
      reaction may, for example, be trichloro-fluoromethane alone or mixed with
      dichloro-fluoromethane, the foams obtained having lower densities with
      increasing proportions of expander agent. By way of example, amounts can
      be employed of the order of 30 to 50 parts of expander agent per 100 parts
      of polyhydric alcohol. If another expander agent is selected it is
      selected from products having a boiling point lying between -30.degree.
      and +50.degree.C. A gas can also be used which is formed in the course of
      the chemical reaction, such as carbon dioxide resulting from the reaction
      of water on an isocyanate.
PAR  The surfactant employed may be a silicone glycol polymer,
      diethylaminooleate, sodium salts of sulphonated ricinoleic acid, etc. in
      an amount greater than 0.3 parts per 100 parts by weight of polyhydric
      alcohol.
PAR  The catalyst may be any tertiary amine and especially triethylamine to
      which may be added complementary catalysts with tin salts: tin
      dibutyldilaurate, tin dibutyldiacetate, tin oleate, etc. The amounts
      employed are 0.5 to 3 parts per 100 parts by weight of polyhydric alcohol.
PAR  The interest in the product obtained arises not only because it has the
      mechanical and chemical characteristics required for the roof but also
      because it can be manufactured in a very simple fashion whilst enabling
      construction and laying of a roof of quite large dimensions with the aid
      of not very onerous means.
PAR  For this purpose a conventional machine 18, FIG. 8, is provided, supplying
      to an injection head 19 the polyhydric alcohol, water, catalyst and
      expander agent through a first pipe 20 and the isocyanate through a second
      pipe 21. The injection head 19 is carried by the arm 22 driven with a
      transverse reciprocatory motion above a conveyor 23. The latter carries a
      strip 24, which can be seen in the cutaway portion of foam block 25, made
      for example of paper or polyethylene, which in the course of its
      longitudinal displacement receives the mixture from the injection head 19,
      this mixture expanding naturally in the open air. Blocks 25 are thus
      obtained of the desired length; the width may be 1 to 1.5 m, for example.
      The height and the density correspond as has been seen, with the
      proportion of expander agent used. Thus a block 25 is entirely formed when
      it reaches the saw-station 26. A block 25 is guided laterally by vertical
      rollers, and strips of paper may be placed at the sides in order to
      facilitate driving and formation of the block.
PAR  Jacks 27 enable the blocks 25 so formed to be moved laterally so as to
      bring them in succession on to a second conveyor 28. The latter enables a
      block 29 lying opposite a welding unit 30 to be directed through a station
      for sawing the blocks, where inclined saws 31 transform the blocks of
      nearly rectangular section into blocks of trapezoidal section, as shown in
      FIG. 9 where the portions 29a cut from a block have been shown in dotted
      line. It is sufficient therefore to move the block 29 after sawing to a
      position adjacent a block 32, already welded to a preceding block 33 (FIG.
      10), in order to proceed to weld the blocks 29 and 32 together. For this
      purpose a mixture of the constituents of the polyurethane foam is
      injected, by means of a welding head 34 fed by welding unit 30, between
      the inclined surfaces of adjacent blocks.
PAR  In view of the length of the blocks, the unit 30 is movable on guide rails
      35 (FIG. 10), a gantry 36 being used to support the pipes for feeding the
      constituent products to head 34. In order to avoid loss of product during
      welding a small strip can be arranged at the bottom of the join between
      adjacent blocks.
PAR  The roof 1 thus formed is pushed by jacks 41 towards the excavation 39 of
      the reservoir after adding each new block. For this purpose the blocks
      rest on rollers 37, one portion of the rollers resting on an inclined
      surface 38 running along the side of the excavation 39. The excavation
      being filled with water 40, the roof 1 floats immediately.
PAR  When it is desired to protect the roof by a cover sheet 3 any method,
      continuous or discontinuous, of laying it in position may be employed. One
      may, for example, start by joining together a certain number of elements
      such as 48, 49, and then lay this portion of the cover sheet 3 in place,
      which can stop at 50, for example. Then manufacture of the roof 1 is
      continued by means of the elements 33, 32, 29, etc. and covering is
      recommenced with a new portion of the sheet 3 which is connected at 50 to
      the portion already laid in position. A protective cover sheet 47 hung on
      a frame 42 enables the welding head 34 to be thermally insulated to a
      certain extent.
PAR  After completion of the roof 1, welding or gluing of the sheets 3 and 5
      proceeds, depending upon the method of connection employed.
PAR  Another advantage inherent in the method of manufacture employed is that in
      the event of accidental deterioration of a portion of the roof it is easy
      to carry out an efficient repair. In short, as the roof is sufficiently
      rigid to withstand extra loading a workman can walk over the roof to the
      place of the accident, clear away the damaged portion and enlarge the
      possible opening in order to facilitate repair.
PAR  If the opening is of small size, as illustrated in FIG. 11, some kind of
      inflatable plugging piece such as 43 is introduced through the opening
      lying between the roof blocks 44 and 45, inflation of the piece 43
      proceeds, the liquid lying trapped in this opening above the bottom 43 is
      drawn off and the opening is filled up with polyurethane foam 46 which is
      formed by projection of the appropriate mixture on to the piece 43. If the
      opening is of larger size, as shown in FIG. 12, the upper portions of the
      edges of the blocks 51 and 52 are cut back along inclined planes 51a and
      52a ending at the level 53 of the liquid, the edges becoming vertical
      again in the liquid. In the opening so formed a plug 54 of polyurethane is
      arranged, the edges of which have portions extending in an inclined plane
      54a above the level 53 of the liquid. It is then sufficient to deposit a
      suitable mixture in the V-shaped spaces located above the level of the
      liquid and lying between the inclined planes 54a and 51a and 52a, to
      obtain an adequate joint.
PAR  A plug 54 can alternatively be provided, the edges of which lie in inclined
      planes 54b, blocks 51 and 52 ending in planes 51b and 52b so as to be able
      to introduce into the annular space thus achieved an inflatable ring which
      is inflated after introduction underneath the roof and the plug 54. After
      emptying out the liquid above the ring 55 one proceeds with filling of the
      annular portion lying between surfaces 54b and 51b and 54b and 52b with
      polyurethane foam which welds to the walls over the whole thickness of the
      blocks.
PAR  Repair is therefore extremely easy. If a cover sheet 3 is employed gluing
      or welding then proceeds of a suitable replacement strip which may be
      identical or not with the material of the cover sheet 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reservoir for storage of liquid, such as a hydrocarbon liquid,
      comprising a hollow to be filled with liquid whose level is to be
      maintained substantially constant and a roof for floating on the stored
      liquid, wherein the roof comprises a non-metallic rigid body which is
      gastight and of low density, the weight of a meter cube of the body being
      between 15 kgs and 100 kgs, the body supporting a layer of earth or the
      like distributed over the whole of its surface and auxiliary gastight
      means at least along the circumference of the roof, and connected to the
      circumference of the reservoir for ensuring isolation of the stored
      liquid.
NUM  2.
PAR  2. A reservoir as claimed in claim 1, in which the roof body is made of a
      polyurethane foam obtained by the reaction of a polyhydric alcohol and an
      isocyanate in the presence of a catalyst and an expander agent, the
      polyhydric alcohol: polyether, polyester or mixture of polyether and
      polyester including free hydroxyl groups the OH index of which is higher
      than a value of the order of 180 to 200.
NUM  3.
PAR  3. A reservoir as claimed in claim 2, in which the amounts of polyhydric
      alcohol and isocyanate, are in stoichiometric proportion in order to react
      with the hydroxyl functions of the polyhydric alcohol and possibly the
      water of the formulation, the latter varying in the proportion of 0 to 3%
      of the weight of the polyhydric alcohol without the amount of isocyanate
      being less than 85% of this stoichiometric amount.
NUM  4.
PAR  4. A reservoir as claimed in claim 3, in which the amount of the expander
      agent is 30 to 50 parts per 100 parts by weight of polyhydric alcohol, the
      boiling point temperature of the expander agent being between -30.degree.C
      and 50.degree.C and the amount of catalyst employed being 0.5 to 3 parts
      per 100 parts of polyhydric alcohol.
NUM  5.
PAR  5. A reservoir as claimed in claim 2, in which the reaction is effected in
      the presence of a wetting agent of which the amount employed is greater
      than 0.3 parts per 100 parts by weight of polyhydric alcohol.
NUM  6.
PAR  6. A reservoir as claimed in claim 1, in which the auxiliary gastight means
      include a gastight surface covering at least a portion of the roof and
      which is welded or glued to a sealing sheet covering the walls of the
      hollow.
NUM  7.
PAR  7. A reservoir as claimed in claim 6, in which the sealing sheet is
      anchored to the ground together with the gastight surface, the gastight
      surface extending between an upper portion of the roof and the layer of
      earth or the like.
NUM  8.
PAR  8. A reservoir as claimed in claim 6, in which the gastight surface is an
      elastic strip joining the periphery of the roof to the gastight sheet.
NUM  9.
PAR  9. A reservoir as claimed in claim 1, in which a damper bolster is provided
      about the lateral circumferential surface of the roof body.
NUM  10.
PAR  10. A reservoir as claimed in claim 9, in which the damper bolster forms a
      gastight joint between the circumferences of the roof body and the hollow.
NUM  11.
PAR  11. A reservoir as claimed in claim 1, in which the circumferential portion
      of the roof body rests on an embankment, and is covered wth an extra
      thickness of earth or the like.
NUM  12.
PAR  12. A reservoir as claimed in claim 11, in which the circumferential
      portion of the roof body rests on the embankment by means of a flexible
      cushion of polyurethane foam.
NUM  13.
PAR  13. A reservoir as claimed in claim 12, in which the vertical
      circumferential surface of the roof body is adjacent a flexible vertical
      cushion of polyurethane foam.
NUM  14.
PAR  14. A reservoir as claimed in claim 6, in which the vertical
      circumferential surface of the roof body is applied against a sheet for
      sealing the walls of the hollow.
NUM  15.
PAR  15. A reservoir as claimed in claim 6, in which the roof body is anchored
      by cables to an embankment edging the hollow.
NUM  16.
PAR  16. A method of on site manufacture and laying in position of the roof body
      of a reservoir for storage of liquid, such as a hydrocarbon liquid,
      comprising a hollow to be filled with liquid whose level is to be
      maintained substantially constant and the roof floating on the stored
      liquid, wherein the roof body is manufactured by joining up elements of
      prismatic shape of a length equal or substantially equal to the width of
      the hollow, said method comprising the steps of
PA1  orienting the elements in the direction of the width of the hollow,
PA1  positioning the elements side by side,
PA1  successively connecting the elements together over the whole length of the
      elements by gluing or welding, and
PA1  progressively sliding the portion of the roof body thus formed in the
      direction of the reservoir previously filled with water each time a new
      element is added to the portion of roof body, so that said formed portion
      floats on the water in the hollow during the joining of the last element
      to the next element.
NUM  17.
PAR  17. A method as claimed in claim 16, in which the location in which the
      elements are connected is on the longitudinal axis of the hollow.
NUM  18.
PAR  18. A method as claimed in claim 16, in which the transverse section of the
      elements is in the form of a trapezium and composed of a rigid
      polyurethane foam, material being applied in the triangular section space
      formed between the sidefaces of the two elements to be connected, the
      material being a rigid polyurethane foam which is produced at the time of
      the application.
NUM  19.
PAR  19. A method as claimed in claim 18, further comprising the steps of
      forming each element by
PA1  transverse sweeping of a head, for injection of products of formation of a
      rigid polyurethane foam, over a strip of sheet material moved by a
      conveyor, the said foam expanding on the sheet material strip between
      vertical rollers to form a continuous prismatic block,
PA1  advancing the prismatic block to a first sawing station and cutting the
      block to produce elements of the required length,
PA1  advancing each element towards a second sawing station and cutting each
      element in a direction parallel to its length to trapezoidal section, and
PA1  bringing each element, during the course of the second cutting operation,
      to the station at which it is connected to the formed portion of the roof
      body.
NUM  20.
PAR  20. A method as claimed in claim 19 further comprising the step of covering
      the completed roof body with a layer of earth.
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PAL  "Liquid Gas Freezes Bad Soil" from Construction Methods and Equipment, July
      1964, p. 85.
ABST
PAL  An apparatus and method of freezing a large volume of ground for tunnel
      construction and the like utilizing liquified nitrogen is described. The
      apparatus consists generally of a series of freeze pipes embedded in the
      ground, each of the freeze pipes consisting of a conductor tube and an
      inner header tube. The header tube of each of the succeeding freeze pipes
      in the series have discharge holes of a predetermined cross-section so
      that greater control of gaseous and liquified nitrogen pressure can be
      maintained throughout the system. By means of this method and apparatus
      more accurate control of ground freezing can be made by merely controlling
      the inlet liquified nitrogen pressure and the exhaust gaseous nitrogen
      temperature.
PARN
PAR  This is a division of application Ser. No. 103,089, filed Dec. 31, 1970,
      and now U.S. Pat. No. 3,726,095.
BSUM
PAR  This invention relates to a method of ground freezing by means of liquid
      nitrogen. More particularly it relates to a method of providing uniform
      freezing of a given volume of ground by means of liquid nitrogen and the
      cold vapours of volatilized nitrogen as well as to an apparatus for
      carrying out the improved freezing method.
PAR  The technique of ground freezing has been used for many years as a means of
      reinforcing the walls of mine shafts, sewers, subway tunnels and other
      civil engineering jobs. Controlled freezing enables the tunnels to be
      drilled with greater accuracy and safety. For example in the paper of H.
      W. Miller and T. P. Gordon Brown in The Journal of Refrigeration of
      December 1967 page 338 entitled: Recent Developments in Ground Freezing a
      short history of ground freezing is given which indicates that a method of
      brine freezing of ground for the sinking of a mine shaft was used as early
      as 1862. Brine freezing is still used for some projects today notably the
      deep mining of potash reserves in Saskatchewan, Canada. By the use of
      brine, freezing can be carried out at great depths and the ice wall can be
      maintained over a long period of time, for example, up to one year.
PAR  Freezing with liquid nitrogen is more expensive than brine freezing and
      would be impractical for freezing large volumes of ground or for
      maintaining freezing conditions over prolonged periods of time. However,
      nitrogen provides much more rapid ground freezing than brine and because
      of the shorter freezing period can actually be less expensive for some
      construction jobs. This is possible because the rapid freezing does not
      require long delays in the tunnelling operations. For example, by using
      liquid nitrogen a three foot frozen wall can be produced in three days as
      opposed to four weeks for freezing the same size wall using bring
      freezing. In a tunnelling operation, for example, a section of wall can be
      frozen while a previously frozen section is excavated. The low
      temperatures achieved by means of liquid nitrogen holds the ground below
      freezing for a sufficient period of time to complete the excavating of the
      unfrozen core.
PAR  Previous attempts have also been made to use liquid nitrogen for ground
      freezing. In Compressed Air Magazine of January 1964 on page 16 an article
      entitled: "Another Job for Cryogenics" describes a means of freezing a 3
      foot diameter main using liquid nitrogen. The liquid nitrogen was passed
      from a storage tank into copper tubes embedded in the ground. The nitrogen
      vaporized in the tubes and was exhausted to the atmosphere via another
      pipeline.
PAR  In the freezing of larger volumes of ground with liquid nitrogen however it
      was found that the temperature of any particular section of ground is
      difficult to control. Liquid nitrogen in one section of freeze pipe would
      provide deep freezing while rapid vaporization might provide a suprisingly
      high temperature in another section adjacent the freeze pipe. This
      phenomenon of surge boiling that causes "freeze pockets" in the system is
      believed to be due to pressure fluctuations in the two phase liquid and
      gaseous nitrogen system. It can be appreciated that this phenomenon is
      detrimental to a controlled freezing operation. It can also be dangerous
      since a section of wall may not be completely frozen and consequently
      might cave in during the tunnelling or drilling operation.
PAR  It has now been discovered that this problem of uneven ground freezing can
      be substantially reduced by providing a method of ground freezing wherein
      pressure fluctuation in the liquid and gaseous nitrogen system is
      substantially eliminated.
PAR  It is therefore an objection of this invention to provide an improved
      method of ground freezing by means of liquid nitrogen.
PAR  It is another object of this invention to provide an apparatus for ground
      freezing by means of nitrogen which provides more accurate control of the
      flow of nitrogen through the ground freezing system.
PAR  It is another object of this invention to provide an apparatus for ground
      freezing by means of nitrogen wherein the volume of ground freezing can be
      controlled by varying the inlet liquid nitrogen pressure and the exhaust
      gaseous nitrogen temperature in the apparatus.
PAR  These objects are obtained by means of an apparatus which comprises:
PAR  a. a plurality of freeze pipes connected in series, each of said freeze
      pipes consisting of a conductor tube closed at its upper and lower end and
      a header tube coaxially mounted in said conductor tube and extending
      therein substantially the length of said connector tube, said header tube
      having an opening at its lower end for discharging effluent into the lower
      end of said conductor tube;
PAR  b. means for connecting the upper end of the header tube of the first of
      said freeze pipes to a source of liquid nitrogen;
PAR  c. a conduit means whereby the upper end of the conductor tube of the first
      of said freeze pipe is placed in communication with the upper end of the
      header pipe of the second of said freeze pipes for passing therethrough
      the effluent of the header tube of the first of said freeze pipes;
PAR  d. a further conduit means at the upper end of the conductor tube of the
      second of said freeze pipes for discharging the effluent of the header
      tube of the second of said freeze pipes;
PAR  e. a plurality of holes in the lower portion of the header tube of the
      second of said freeze pipes spaced along at least a quarter of its length,
      the total cross-sectional area of said holes being equal to at least 200
      percent of the cross-sectional area of the header tube.
PAR  These objects are also obtained by means of a method which comprises:
PAR  a. continually passing liquid nitrogen under pressure into the header tube
      of the first of said freeze pipes and discharging the nitrogen from the
      bottom of said header tube into the lower end of the conductor tube of the
      first of said freeze pipes and substantially filling said conductor tube
      with nitrogen;
PAR  b. passing the nitrogen overflow from the conductor tube of the first of
      said freeze pipe into the header tube of the second of said freeze pipes
      and then discharging nitrogen from said header tube into the conductor
      tube of the second of said freeze pipes through a plurality of apertures
      in said header tube, said apertures having a total cross-sectional area
      equal to at least 200 percent of the cross-sectional area of the header
      tube;
PAR  c. and discharging the nitrogen from the upper end of the conductor tube of
      the second of said freeze pipes, the passage of nitrogen through the
      plurality of freeze pipes being at such a rate that the nitrogen
      discharged from said freeze pipes has a temperature at least as low as
      -80.degree. F.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a partially diagramatic sectional elevation of one embodiment of
      the ground freezing apparatus;
PAR  FIG. 2 is a graphic illustration showing the areas of ground freezing over
      various periods of time using the particular embodiment of the apparatus
      of FIG. 1;
PAR  FIG. 3 is an isotherm chart showing the areas of ground frozen over
      increasing time periods; and
PAR  FIG. 4 is a diagramatic illustration in plan view showing 8 ground freezing
      units connected in a circle to a liquid nitrogen source to freeze a
      circular wall for tunnel construction.
DETD
PAR  In FIG. 1 three freeze pipes 1a, 1b and 1c are shown connected in series.
      Each of the freeze pipes is shown embedded in the ground 2 to a depth of
      40 feet. The distance between the centres of pipe 1a and pipe 1b is 3.5
      feet and the distance between the centres of pipe 1b and 1c is 2.5 feet. A
      tank 3 for liquid nitrogen is located above ground having a liquid
      nitrogen supply conduit 4 for feeding liquid nitrogen to the freeze pipes.
      A pressure relief valve 5 is located in the liquid nitrogen supply conduit
      4 for purposes of safety.
PAR  The liquid nitrogen supply conduit is connected to the inlet conduit 6a of
      freeze pipe 1a. A flow control valve 7 is positioned between supply
      conduit 4 and inlet conduit 6a to control the delivery of liquid nitrogen
      to the freeze pipes. A pressure gauge 8a in inlet conduit 6a indicates the
      pressure of the liquid nitrogen entering the system. Freeze pipe 1a
      consists of an outer conductor tube 9a and an inner coaxially mounted
      header tube 10a. The conductor tube was embedded in the ground to a depth
      of 40 feet with approximately 11/2 feet of pipe located above ground
      level. The portion above ground was insulated on the outside by means of
      polyurethane or neoprene insulation to reduce heat leak. The header tube
      10a consists of copper or stainless steel tubing having an outside
      diameter of 3/4 inches and an inside diameter of 0.824 inches which
      extends from the inlet conduit 6a to approximately 6 inches from the
      bottom of the conductor pipe. An opening is provided at the bottom of the
      header pipe for discharging liquid nitrogen into conductor pipe 9a. The
      conductor pipe is 0.216 inches thick carbon steel pipe having an inside
      diameter of 3 inches.  The conductor tube is flanged at its upper end and
      a flange plate 11a securely bolted to provide a gas tight seal. The flange
      plate has openings for passage of inlet conduit 6a as well as for outlet
      conduit 12a and pressure gauge 13a. The lower end of conductor tube 9a is
      closed by a plug which is welded to the tube end.
PAR  Approximately four support brackets 14a are spaced along the header tube 9a
      to position the header tube centrally in position in conductor tube 10a.
      The baffle plates 15a having a diameter of 21/2 inches are positioned
      along header tube 10a approximately 3 feet apart. They serve to restrict
      the upward flow of liquid and gaseous nitrogen in a manner which will be
      explained below.
PAR  In freeze pipe 1a they serve mainly to reduce the bumping or boiling of the
      liquid nitrogen in conductor tube 9a which would produce relatively high
      temperatures in the ground area adjacent the bubble. It is most important
      that the boiling action of the liquid nitrogen be controlled in pipe 1a to
      avoid surging which would be detrimental to the uniform freezing action of
      the system.
PAR  Outlet conduit 12a in flange plate 11a is connected to inlet conduit 6b for
      passing liquid and vaporized nitrogen from conductor pipe 9a to header
      tube 10b in freeze pipe 1b. A pressure gauge 8b is positioned in inlet
      conduit 6b to measure the pressure of the gaseous nitrogen entering freeze
      pipe 1b. Conductor tube 9b has the same dimensions as conductor tube 9a
      and has a flange plate 11b securely fitted to its upper end and a plug at
      its lower end.
PAR  Header tube 10b differs from header tube 10a in several respects. Header
      tube 10b has four support brackets 14b and in the embodiment shown in FIG.
      1 eleven baffle plates are evenly spaced along the header tube and ending
      about half way down. The lower half of the header tube contains a number
      of holes to allow the nitrogen vapours to be sprayed in conduit tube 9a.
      In this embodiment there are 100 holes spaced radially along the lower end
      of the pipe each of which has a diameter of 0.136 inches. In addition to
      these holes a cap is threaded onto the lower end of the header tube which
      has an axial hole 0.25 inches in diameter. The nitrogen entering header
      tube 10b from inlet conduit 6b is virtually all in the gaseous state. In
      order to obtain uniform freezing action in the system, the gaseous
      nitrogen is sprayed through these 101 holes rather than through a single
      discharge outlet as in header tube 10a. Baffles are again used in the gas
      pipes to provide back pressure and increase the gas velocity at the freeze
      pipe wall and thereby increase the rate of heat transfer. The baffles are
      located so as to give a uniform freezing action over the length of the
      freeze pipe. The gaseous nitrogen is discharged into the upper portion of
      conductor tube 9b and then through outlet conduit 12b. A pressure gauge
      13b mounted in flange plate 11b indicates the pressure of nitrogen gas
      present in the upper end of conductor tube pipe 9b.
PAR  Outlet conduit 12b is connected to inlet conduit 6c of freeze pipe 1c
      whereby the nitrogen gas overflow from conductor tube 9b is discharged
      into header tube 10c. A pressure gauge 8c is located between outlet
      conduit 12b and inlet conduit 6c for measuring the pressure of the
      nitrogen gas entering header tube 10c of freeze pipe 1c. Header tube 10c
      is similar to header tube 10b except for the size of the spray holes in
      the lower half of the pipe. In the present embodiment, header tube 10c has
      100 holes each having a diameter of 0.161 inches and a bottom hole in the
      threaded end cap of 0.50 inches. This increase in the diameter and
      therefore the total cross-sectional area of the header holes is to allow
      for the increased volume of the nitrogen as its temperature rose from the
      temperature in freeze pipe 1b. By compensating for the rise in temperature
      by increasing the drill hole volume, the pressure of the gas in the system
      will be stabilized. The number and positions of the support brackets 14c
      and baffle plates 15c are similar to header pipe 10b. An outlet conduit
      12c is positioned in flange plate 11c for discharging nitrogen to the
      atmosphere. Pressure gauge 13c connected in flange plate 11c measures the
      pressure of the nitrogen at the upper discharge end of conductor pipe 9c.
PAR  It must be appreciated that while a three pipe system is preferred,
      satisfactory ground freezing was obtained using a two pipe system. In a
      system using five or more freeze pipes connected in series it would be
      difficult to obtain adequate and uniform freezing in all the pipes. Since
      the temperature of the nitrogen gas rises rapidly from one freeze pipe to
      another, the nitrogen would have to be pushed through the system at
      relatively high pressure to ensure freezing in the last freeze pipe.
      Another limiting factor is the increase in the cross-sectional area of the
      header holes necessary to maintain pressure equalization in the system and
      minimize the pressure drop in each pipe. A system using four freeze pipes
      would be satisfactory however and might even be preferred for some large
      tunnelling jobs.
PAR  In carrying out a ground freezing test using the apparatus described in
      FIG. 1 liquid nitrogen maintained in tank 3 at a pressure between 40 and
      60 p.s.i. was delivered to header 10a via supply conduit 4 and inlet
      conduit 6a when flow control valve 7 was opened. The liquid nitrogen into
      conductor 1a had a supply pressure of 20 to 35 psig as recorded on
      pressure gauge 8a which corresponds to a consumption rate of between 8000
      and 10000 cu. ft. of nitrogen gas at NTP per hour for the freezing cycle.
      The liquid nitrogen in header tube 10a was discharged from the opening at
      the bottom of conductor tube 9a. Liquid nitrogen tended to build up in
      conductor tube 9a over a period of 24 hours until the tube was
      substantially full with some vaporized nitrogen at the upper discharge end
      adjacent outlet conduit 12a. As the liquid nitrogen rises in conductor
      tube 9a it vaporizes and rushes past the narrow passages between the
      baffle plates 15a and the tube wall. Without such baffle plates it was
      found that some vaporized nitrogen tended to bubble up through the liquid
      nitrogen in the pipe and tended to cause high pressure fluctuations known
      as "slugging" or "bumping". Another factor was the slow distribution of
      liquid nitrogen in the conductor pipe without baffle plates so that the
      nitrogen vaporized long before the liquid level reached the top. This
      resulted in uneven temperature distribution with relatively warmer
      temperatures at the upper end of the freeze pipe. Relatively even
      temperatures were maintained as a result of the baffle plates.
PAR  The overflow liquid nitrogen and nitrogen gas was carried over into header
      tube 10b via outlet conduit 12a and inlet conduit 6b. The nitrogen was
      then sprayed through the holes in the lower portion and the end of header
      tube 10b. The nitrogen filled the lower portion of conductor tube 9b and
      continued past the baffle plates 15b to the top of the conductor tube.
      Baffle plates 15b serve to restrict the upward passage to increase the gas
      velocity and force the nitrogen gas flow to contact the walls of the
      conductor tube. Without baffle plates the nitrogen gas might pass upward
      with increasing rapidity from the lower portion of the tube without
      extracting heat from the tube wall thus drastically reducing the cooling
      effect. Pressure gauge 12b recorded the pressure of the nitrogen gas at
      the top of the pipe.
PAR  The nitrogen gas overflow was carried over into header tube 10c via outlet
      conduit 12b and inlet conduit 6c. The pressure of the nitrogen gas
      entering header tube 10c was indicated by means of pressure gauge 8c. The
      gas was then sprayed through the holes in the lower portion and out the
      end of the header tube. The cold nitrogen gas filled the lower portion of
      conductor tube 9c and continued upwardly passed the baffle plates 15c to
      the top of the conductor tube. The nitrogen overflow at the top of the
      conductor pipe was passed out to the atmosphere via outlet conduit 12c.
PAR  The freezing was continued for 96 hours during which time a total of 66700
      lbs of liquid nitrogen was passed through the freeze pipes. After 96 hours
      approximately 2330 cubic feet of ground was frozen. The ambient
      temperature of the subsurface ground during the test was 50.degree. F. The
      ground frozen during this test was a wet moderately dense silty clay. From
      thermocouples positioned in the ground at various distances from the
      freeze pipe it was found that the maximum thickness of the freeze zone
      around each pipe after 96 hours was as follows:
TBL         Freeze pipe 1a                                                     
                       6.4 feet                                                
            Freeze pipe 1b                                                     
                       7.0 feet                                                
            Freeze pipe 1c                                                     
                       5.0 feet                                                
PAR  The maximum thickness of the freeze zone was 7.4 feet and occurred about
      mid-way between pipes 1a and 1b. The maximum depth of the freeze zone was
      10.7 feet. The temperature in the frozen soil itself varied between
      -320.degree. F and 32.degree. F. It was found that in order to obtain this
      degree of freezing the nitrogen must pass through the freeze pipes at such
      a rate that the nitrogen gas discharging from outlet conduit 12c has a
      temperature of at least as low as -80.degree. F and preferably as low as
      -100.degree. F but should not be lower than -120.degree. F for reasons of
      economy. The temperature of the discharge gas during the freeze cycle of
      the embodiment described above was approximately -90.degree. F .+-.
      5.degree. in the initial freezing stage when some pressure fluctuation was
      observed between the freeze pipes. During the last 80 hours of the
      freezing cycle no pressure fluctuations were observed and the temperature
      of the gas discharged from conduit 12c was -90.degree. F.
PAR  The pressure of the liquid nitrogen supplied to header pipe 1a was
      maintained between 20 and 35 psig which corresponds to a consumption rate
      of 8000 to 10000 cu. ft. of nitrogen per hour. During the first 16 hours
      which constitutes the initial cool-down period the pressure in the freeze
      pipes fluctuated in a cyclic fashion at the rate of about 20 cycles per
      hour. These fluctuations reached a maximum of 30 psig. After the initial
      cool-down period no cyclic fluctuations were observed. These fluctuations
      are caused by the boiling action in pipe 1a and were controlled by
      pressure and baffling.
PAR  The average change in enthalphy of the liquid nitrogen used was 162.9 BTU's
      per lb of liquid nitrogen which was distributed in the following
      proportions:
TBL  Freeze pipe 1a     84.4     BTU/lb                                        
     Freeze pipe 1b     25.2     BTU/lb                                        
     Freeze pipe 1c     23.7     BTU/lb                                        
     Total used in freeze pipes                                                
                        133.3                                                  
     Exhausted to air   29.6     BTU/lb                                        
                        162.9                                                  
PAR  The area of ground frozen at various periods of time up to 96 hours of
      freezing is illustrated in FIG. 2. This figure which is illustrated as a
      plan cross-section shows the temperature recorded by the strategically
      located thermocouples and indicates the temperatures at various distances
      from the freeze pipes at the end of predetermined time periods. Some 30
      thermocouples were used to measure ground temperatures the full length of
      the freeze pipes and at various distances from the freeze pipes. It must
      be understood that these thermocouples were connected to a recording
      device above ground in a manner well known in the art. The area of ground
      frozen at various periods of time was found to be as follows:
TBL         Time (hours)                                                       
                     Area (sq. ft.)                                            
     ______________________________________                                    
            24       17.90                                                     
            36       24.45                                                     
            48       32.40                                                     
            60       40.10                                                     
            72       48.80                                                     
            84       53.80                                                     
            96       58.30                                                     
     ______________________________________                                    
PAR  A most important finding was that the freezing rates in the sub-surface
      soil can be predicted when the inlet nitrogen pressure is maintained at
      25-35 psig and the exhaust gas temperature is maintained between
      -80.degree. F and -100.degree. F. The isotherms shown in FIG. 2 are
      constant in shape and predictable with time for a particular soil. This
      enables the user to eliminate all of the thermocouples except one control
      thermocouple perpendicular to the mid point between pipes 1a and 1b. All
      of the pressure gauges shown in the test set up can be eliminated except
      8a in the feed line. It can be appreciated that this greatly simplifies
      the control of freezing and the cost of the installation.
PAR  It can be seen from FIG. 2 of the drawings that maximum width of the frozen
      area is at a point about midway between freeze pipes 1a and 1b.
PAR  For carrying out these temperature measurements a total of 42 thermocouples
      were placed in the ground. These were made of 20 gauge copper-constantic
      thermocouple wire. A Sigma 110 temperature measuring pyrometer was used in
      conjunction with two 24 point thermocouple selector switches to record the
      ground temperatures. The pyrometer was equipped with an automatic
      resistance compensator to compensate for different lengths of
      thermocouples and an ambient temperature compensator to compensate for
      changes in ambient temperature. The accuracy of this instrument when
      operated at room temperature (70.degree. F) was .+-. 1 percent full scale.
      Full scale deflection was 450.degree. F, between -350.degree. F and
      100.degree. F. This would give the temperature readings an accuracy of
      .+-. 4.5.degree. F full scale deflection. In the test given above the
      temperature measuring pyrometer was operated at an ambient temperature
      between 0.degree. F and 40.degree. F which is considerably lower than the
      optimum mechanical operation temperature of the instrument. This may have
      caused a slight decrease in the accuracy of the readings.
PAR  It was observed that the nitrogen ground freezing process was more
      economical during the first part of the freezing cycle and becomes less
      economical as the freezing cycle time increases. This is evident by the
      decrease in the rate of growth of the frozen area as the freezing cycle
      duration increases.
PAR  The volume of ground in the frozen zone was approximated by projecting the
      frozen area obtained after a given time interval knowing the length of the
      freeze pipes below the ground to be to a depth of 40 feet. During the test
      the frozen zone extended from zero to two feet below the freeze pipes.
      This was a good approximation of the actual frozen zone below ground and
      was used in the volume calculations. The total volume of frozen ground
      obtained after the 96 hour freezing cycle was (58.3 .times. 40) = 2330 cu.
      ft.
PAR  During the 96 hours freezing cycle:
     Liquid nitrogen consumed                                                  
                             66700 lbs                                         
     Volume of frozen ground 2330 cu. ft.                                      
     Density of ground frozen was found to be                                  
                             110 lbs/cu.ft.                                    
     Weight of ground frozen 110 .times. 2330 =                                
                             256,000 lbs.                                      
PAR  Therefore, 1 lb of liquid nitrogen froze 3.85 lbs of ground.
PAR  The thawing cycle lasted 403 hours. This was the time required for the
      temperature of the frozen ground to increase to 32.degree. F or higher and
      was 4.2 times as long as the freezing cycle. The thawing cycle is expected
      to be longer than the freezing cycle due to the fact that the ambient
      underground temperature was only 50.degree. F and the subcooled ice wall
      produced by freezing had a mass mean temperature of +10.degree. F.
      Therefore the thermal gradient during the thaw period was much less than
      during the freeze period.
PAR  A similar test was carried out using a two pipe system. In this embodiment
      a liquid nitrogen freeze pipe such as shown in FIG. 1 as 1a and a single
      gaseous nitrogen freeze pipe such as 1b were connected in series. The
      other elements in the apparatus were similar to those shown in FIG. 1. The
      freeze pipes in this test were only embedded into the earth a depth of 20
      feet and placed 2 feet apart from their centres.
PAR  The liquid nitrogen supply pressure to the header pipe of the first freeze
      pipe was maintained between 7 and 10 psig during most of the freezing
      cycle. The average freeze pipe temperature for the first 24 hours and the
      last 47 hours are given below for a 71 hour freeze cycle:
TBL  First Freeze Pipe (mostly liquid N.sub.2)                                 
     Bottom wall temperature                                                   
                     = -296.degree.F                                           
                                1st     24 hours                               
                     = -311.degree.F                                           
                                2nd     47 hours                               
     Upper wall temperature                                                    
                     = -51.degree.F                                            
                                1st     24 hours                               
                     = -252.degree.F                                           
                                2nd     47 hours                               
     Exhaust Nitrogen gas                                                      
                     = -222.degree.F                                           
                                1st     24 hours                               
                     = -291.degree.F                                           
                                2nd     47 hours                               
     Second Freeze Pipe (mostly Gaseous N.sub.2)                               
     Bottom wall temperature                                                   
                     = -11.degree.F                                            
                                1st     24 hours                               
                     = -117.degree.F                                           
                                2nd     47 hours                               
     Upper Wall Temperature                                                    
                     = -31.degree.F                                            
                                1st     24 hours                               
                     = -139.degree.F                                           
                                2nd     47 hours                               
     Exhaust Nitrogen Gas                                                      
                     = -88.degree.F                                            
                                1st     24 hours                               
                     = -189.degree.F                                           
                                2nd     47 hours                               
PAR  During this second test a total of 308800 cu. ft. or approximately 22400
      lbs of liquid nitrogen was used over the 71 hour period.
PAR  The second freeze pipe was originally equipped with a liquid spray header
      but this was changed to a gas spray header as shown in item 10b of FIG. 1
      after 24 hours. This was done because the liquid spray header offered too
      much restriction to nitrogen flow which prevented the obtaining of liquid
      nitrogen temperatures in the first freeze pipe. This change in header tube
      in the first freeze pipe accounts for the great difference in temperatures
      of the first freeze pipe in the last 47 hours.
PAR  FIG. 3 illustrates the radius of the freeze zone at various periods of time
      during the test of the two freeze pipe system. These temperatures were
      recorded by means of 19 thermocouples stratigically positioned in the
      ground. The radius of the freeze zone over the 71 hour freeze cycle is as
      follows:
TBL  Time       Radius of Frozen Zone (ft.)                                    
     (Hours)    First Pipe     Second Pipe                                     
     ______________________________________                                    
     24         1.39           1.02                                            
     40         1.54           1.28                                            
     56         1.85           1.62                                            
     71         2.12           1.84                                            
     ______________________________________                                    
PAR  The total area of the frozen zone after 71 hours was 20.19 sq. ft. and the
      total volume was 404 cubic feet. The ground in the second test was a
      relatively dry glacial till having a density of 150.5 lbs/cu. ft. The
      weight of ground frozen was therefore:
EQU  density .times. volume = 150.5 .times. 404 = 6.07 .times. 10.sup.4 lbs.
PAL  Since 22400 lbs of nitrogen was used then 1 lb of nitrogen froze 2.71 lbs
      of ground.
PAR  The results obtained in tests one and two are shown below for purposes of
      comparison:
TBL  COMPARISON SUMMARY                                                        
                   Test 1     Test 2                                           
     ______________________________________                                    
     Apparatus      1 Liquid N.sub.2 pipe                                      
                                 1 Liquid N.sub.2 pipe                         
                    2 Gas N.sub.2 pipes                                        
                                 1 Gas N.sub.2 pipes                           
     Freezing cycle time                                                       
                    96 hours     71 hours                                      
     Liquid N.sub.2 consumption                                                
                    66700 lbs    22400 lbs                                     
     Liquid N.sub.2 consumption rate                                           
                    695 lbs/hr   316 lbs/hr.                                   
     Thickness of frozen zone                                                  
     Pipe 1         6.4 ft       4.24 ft                                       
     Pipe 2         7.0 ft       3.74 ft                                       
     Pipe 3         5.0 ft       --                                            
     Maximum ice wall thickness                                                
     between pipes 1 & 2                                                       
                    7.4 ft       4.24 ft                                       
     Length of frozen zone                                                     
                    10.7 ft      5.97 ft                                       
     Surface area of frozen zone                                               
                    58.3 sq. ft. 20.2 sq. ft.                                  
     Depth of frozen ground                                                    
                    40 ft.       20 ft.                                        
     Volume of frozen ground                                                   
                    2330 cu. ft. 404 cu. ft.                                   
     Liquid N.sub.2 freezing                                                   
                    3.85 lbs of  2.71 lbs of soil                              
     efficiency     soil per lb of N.sub.2                                     
                                 per lb of N.sub.2                             
     Average temperature of                                                    
     Exhaust gas    -90.degree.F -156.degree.F                                 
     Refrigeration obtained                                                    
     from freeze pipe 1                                                        
                    84.4 BTU/lb  87.0 BTU/lb                                   
     Refrigeration obtained                                                    
     from freeze pipe 2                                                        
                    25.2 BTU/lb  28.7 BTU/lb                                   
     Refrigeration obtained                                                    
     from freeze pipe 3                                                        
                    23.7 BTU/lb  --                                            
     Refrigeration obtained                                                    
     from total freeze pipes                                                   
                    133.3 BTU/lb 115.7 BTU/lb                                  
     Refrigeration exhausted to                                                
     atmosphere     29.6 BTU/lb  51.4 BTU/lb                                   
     Ambient soil temperature                                                  
                    50.degree.F  46.degree.F                                   
     ______________________________________                                    
PAR  While the embodiments described above use a two or three pipe system, an
      apparatus using four or more pipes can also be used. In order to ensure
      regular passage of the nitrogen and effectively eliminate pressure
      fluctuation throughout the pipes the cross-sectional area of the holes in
      the header tubes must be progressively increased in each succeeding freeze
      pipe. Thus as indicated above with reference to FIG. 1 the cross-sectional
      area of the total holes in the header tube 10b constitutes 400% of the
      cross-section of the header tube itself. In header tube 1c this figure was
      500%. If a fourth pipe was used the cross-sectional area of the holes in
      the fourth header tube would constitute a much higher percentage of the
      tube cross-section. It can be appreciated however that four pipes are
      about the limit for practical commercial ground freezing.
PAR  The temperature of the nitrogen in a fifth pipe would be unsuitable for
      effectively freezing a large area of ground unless the total nitrogen is
      pushed through the freeze pipe system at much higher pressures. Much
      higher pressure would be impractical however using present day delivery
      systems.
PAR  If large areas of ground are to be frozen a suitable alternative is to
      connect a number of three pipe systems in parallel as shown in FIG. 4.
PAR  FIG. 4 shows a circular lay-out showing eight freeze pipe systems connected
      in parallel, each of which consists of three freeze pipes connected in
      series. The freeze pipes are similar to those described with reference to
      FIG. 1 and are therefore indicated as pipes 1a, 1b and 1c as noted in FIG.
      1. In this embodiment it can be observed however that the distance between
      pipes 1a and 1b is greater than the distance between pipes 1b and 1c.
PAR  Liquid nitrogen from a supply tank (not shown) is directed via nitrogen
      supply conduit 4 to feeder pipe 100. This pipe is located above ground and
      is heavily insulated to reduce temperature loss to a minimum. Feeder pipe
      100 is connected to supply conduit 4 by means of a tee joint 101 so that
      liquid nitrogen is fed to both areas of the circle formed by the feeder
      pipe. Nitrogen is then fed to the inlet conduit 6a of each of the freeze
      pipes 1a via opening along the feeder pipe. In the embodiment shown the
      freeze pipes 1a are spaced approximately 8 feet 6 inches apart along the
      circumference of the circle. The distance between freeze pipes 1c and the
      succeeding pipe 1a is approximately 3 feet. By means of the feeder pipe
      shown in this embodiment the series of freezer pipes are aligned to define
      a circumference of 78.6 feet. Such an embodiment may be used to freeze the
      circumferential area of a large shaft so that the walls will not collapse
      before the concrete lining reinforcement is installed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of freezing ground by passing nitrogen through a plurality of
      freeze pipes connected in series and embedded in the ground, each of said
      freeze pipes consisting of a conductor tube and a header tube coaxially
      mounted in the conductor tube and extending therein substantially the
      length of said conductor tube, the steps comprising:
PA1  a. continually passing liquid nitrogen under pressure into the header tube
      of the first of said freeze pipes and discharging the nitrogen from the
      bottom of said header tube into the lower end of the conductor tube of the
      first of said freeze pipes and substantially filling said conductor tube
      with liquid nitrogen.
PA1  b. passing the nitrogen overflow from the conductor tube of the first of
      said freeze pipe into the header tube of the second of said freeze pipes
      and then discharging liquid and vaporized nitrogen from said header tube
      into the conductor tube of the second of said freeze pipes through a
      plurality of apertures in said header tube, said apertures having a total
      cross-sectional area equal to at least 200 percent of the cross-sectional
      area of the header tube;
PA1  c. and discharging the substantially vaporized nitrogen from the upper end
      of the conductor tube of the second of said freeze pipes, the passage of
      nitrogen through the plurality of freeze pipes being at such a rate that
      the nitrogen discharged from said freeze pipes has a temperature at least
      as low as -80.degree. C.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the discharging nitrogen from the
      conductor tube of the second of said freeze pipes is passed into the
      header tube of a third of said freeze pipes and discharged into the
      conductor tube of the third of said freeze pipes through a plurality of
      apertures in said header tube said apertures having a total
      cross-sectional area equal to at least 400 percent of the cross-sectional
      area of the header tube and discharging the nitrogen from the upper end of
      the conductor tube of the third of said freeze pipes.
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ABST
PAL  Advanceable roof-supports on a longwall face are provided with a shield
      assembly for preventing flow of broken rock material from the goaf, the
      shield assembly being made up of a series of shield units each comprising
      two lengths of round link chain suspended from a roof-support canopy and a
      plurality of overlapping cross members connected to the chain links by
      pivotal mounting means.
BSUM
PAR  This invention relates to mine roof-support equipment and in particular to
      mine roof-support equipment for forming shield assemblies on longwall
      faces for preventing broken rock material spilling from the goaf towards
      the working faces.
PAR  It is known to support the mine roof of a longwall face by a plurality of
      mine roof-supports which advance with the working face to leave a goaf
      which is allowed to collapse behind the line of roof-supports as the
      working face advances. Each of the mine roof-supports is advanced in
      succession by releasing the support from its roof engaging positions,
      advancing it towards the working face and resetting it to its roof
      supporting position. Once a roof-support is advanced the next adjacent
      support is advanced in a similar manner and the whole procedure repeated
      until all the roof-supports along the length of the longwall face are in
      the advanced position. Each of the mine roof-supports comprises a base
      advanceable over the mine floor, at least one extensible prop mounted on
      the base, and a roof component supported by the prop. It is also known to
      have shield assemblies suspended from the roof components with the aim of
      forming an effectively continuous or closed curtain which extends between
      the mine roof and floor along the length of the longwall face and which
      upon the collapse of the goaf behind the advancing roof-supports tends to
      retain the broken rock material within the goaf and prevent it flowing
      towards the working face. A shield assembly may be suspended from a single
      roof component or it may be suspended from two adjacent roof components.
      One such known shield assembly comprises a plurality of lengths of round
      link chain each secured to a roof component so as to hang from the roof
      component. A plurality of horizontal slats are rigidly secured by welding
      between the links of the supporting chains, each slat being secured
      adjacent its ends to the supporting chains, respectively. If both the
      chains of such a shield assembly are secured to the same roof-support then
      the shield assembly tends to be sufficiently flexible to allow its
      effective height to vary to accommodate release of the roof-support away
      from engagement with the mine roof to facilitate advance of the
      roof-support. However, such a known shield assembly suffers from the
      disadvantage that when the supporting chains are suspended from the roof
      components of adjacent roof-supports they tend not to be sufficiently
      flexible to allow one roof-support to be released from the roof without
      gaps being formed in the curtain. Since the slats are rigidly secured to
      the links of the chains, when a roof-support is released from its
      supporting position the slats tend to be supported solely by the links of
      the chain mounted on the non-released roof-support. Thus, the slats exert
      an unbalanced force on the supporting chain which thereby tends to hang in
      a non vertical position. Consequently, gaps are formed in the curtain on
      each side of the inclined shield assembly and broken rock material can
      flow from the goaf towards the working face. When the advanced
      roof-support is reset to its roof supporting position it is likely that
      any broken rock material which flowed through the gaps in the curtain will
      tend to foul the inclined shield assembly when the roof-support is being
      reset and thereby tend to prevent the shield assembly moving back into the
      desired vertical position. Thus once gaps have been formed in the curtain
      it may be difficult to re-establish an effectively continuous or closed
      curtain and the shield assemblies may prove ineffective.
PAR  An object of the present invention is to provide a mine roof-support
      equipment which tends to overcome the above mentioned disadvantage.
PAR  According to the present invention, mine roof-support equipment for forming
      a shield assembly behind an advanceable mine roof-support on a longwall
      face comprises two members each of which is suspendable from a mine
      roof-support roof component, at least one cross element securable to the
      two members, and pivotal mounting means for securing the cross element to
      each member.
PAR  Preferably, each of the cross members is flexible and in which case each
      flexible member may comprise a length of round link chain.
PAR  Advantageously, the equipment comprises a plurality of cross elements which
      may comprise elongated slats, each slat overlapping an adjacent slat.
PAR  Preferably, the slats are generally rectangular with the corners cut away.
PAR  Conveniently, the pivotal mounting means comprise a pivot pin secured to a
      chain link.
PAR  Preferably, the pivot pin is adapted to receive a lock nut which retains
      the element on the pivot pin but allows the element to freely pivot about
      the pin.
PAR  Advantageously, bracket means are provided for securing each member to the
      supporting roof component.
PAR  The invention also provides mine roof-support equipment in combination with
      the mine roof-supports.
DRWD
PAR  By way of example only, one preferred embodiment of the present invention
      will be described with reference to the accompanying drawings, in which:
PAR  FIGS. 1 to 4 are rear views of a plurality of advanceable mine
      roof-supports in different operational positions, the supports being
      provided with mine roof-support equipment forming a shield assembly and
      constructed in accordance with the present invention;
PAR  FIG. 5 shows a detail of FIGS. 1 to 4 on an enlarged scale;
PAR  FIG. 6 is a front perspective view of a part of the mine roof support
      equipment of FIGS. 1 to 4 on an enlarged scale; and
PAR  FIG. 7 is a side view of the part of the equipment of FIG. 6 on an enlarged
      scale.
DETD
PAR  FIGS. 1 to 4 of the drawings show the rear of four adjacent mine
      roof-supports 1, 2 3 and 4 arranged along a portion longwall coal face.
      The supports are advanced towards the working face (which cannot be seen
      in the drawings) as the face advances to leave a goaf which is allowed to
      collapse behind the line of the roof-supports. In FIGS. 1 to 4 the
      roof-supports are viewed from the goaf which in practice normally would be
      filled with broken rock material from the collapsed mine roof.
PAR  Each of the mine roof-supports is advanced in succession by releasing the
      support from its roof supporting position, advancing it towards the
      working face and resetting it to its roof supporting position. Once a
      roof-support is advanced the next adjacent support is advanced in a
      similar manner and the whole procedure repeated until all the
      roof-supports along the length of the longwall face are in the advanced
      position. In FIGS. 1 to 4 of the drawings the roof-support 3 is shown at
      different stages of its advance.
PAR  Each of the roof-supports comprises a base 5 slidable over the mine floor,
      four hydraulically extensible props 6 (only some of which can be seen) and
      a roof component 7 supported by the props. Hydraulic control equipment is
      provided on each roof-support to control the actuation of the props 6 and
      of an advancing ram (not shown) secured between the roof-support and an
      armoured face conveyor (not shown) arranged along the length of the
      working face.
PAR  The roof-supports are fitted with roof-support equipment comprising shield
      assemblies 9 which are described with reference to FIGS. 1 to 7 of the
      drawings (only three assemblies 9 are shown in FIGS. 1 to 4). Each
      assembly 9 includes two lengths of round link chain 10 secured to and
      suspended from the roof components 7 of two adjacent mine roof-supports,
      respectively. The upper link of each chain 10 is engaged around a rod 11
      located at the rear of the associated roof component 7. Alternatively, a
      shackle is provided between the chain and the rod. Each end of each rod 11
      is engaged in a bore 12 (see FIG. 5) formed in a bracket 13 having a
      clevis 14 the limbs of which are located on opposite sides of a flange 15
      of the roof component 7. The lower limb of the clevis 14 has a threaded
      bore 16 within which is located a clamping bolt (not shown). By turning
      the clamping bolt the clevis 14 and hence the bracket 13 is releasably
      secured to the roof component 7 of the mine roof support. The rod 11 is
      retained in position on the brackets 13 by nuts 17 located on the ends of
      the rod 11.
PAR  A plurality of overlapping, rigid slats 18 are pivotally secured to two
      chains 10 of adjacent roof supports so that the slats bridge across the
      space between the two adjacent roof-supports. Each slat is generally
      rectangular with the corners cut away to form pointed ends. The reason for
      this will be made clear later in the specification. Each of the pivotal
      mounting means for the slats comprises a bolt 19 (see FIG. 7) the head of
      which is welded to a link of the associated chain 10 and the shank of
      which is located in a bore 20 formed adjacent to one end of the slat. As
      can be seen in FIG. 7 the bore 20 is located towards the uppermost margin
      of the slat. A locking nut 21 is screwed on the threaded portion of the
      shank to retain the slot on the non-threaded portion of the shank which is
      of sufficient length to ensure the slat is not clamped on the bolt and is
      free to pivot about the bolt shank.
PAR  A plate 22 is secured to the rear of each roof-support intermediate two
      shield assemblies 9, the plate 22 overlapping a plate 23 on the base 5 so
      as to close the rear portion of the associated roof-support.
      Alternatively, the plate 23 may be secured between the bases 5 of two
      adjacent supports.
PAR  The advance of the roof-supports will be described with reference to FIGS.
      1 to 4 of the drawings and in particular to the advance of the roof
      supports 3.
PAR  In FIG. 1, all the roof-supports along the longwall face preceding roof
      support 3 have been advanced, including the roof-supports 1 and 2. It can
      be seen in FIG. 1 that the roof-supports 1 and 2 are set in a roof
      supporting position in advance of the roof supports 3 and 4. It can also
      be seen that the shield assemblies 9 provides an effectively continuous or
      close curtain extending along the length of the longwall face and
      therefore prevents broken rock material flowing from the goaf towards the
      working face in advance of the roof-supports. The shield assembly 9a
      effectively bridges the extended space between the last advanced
      roof-support 2 and the first trailing roof-support 3. In order to
      accommodate the extended space between the roof-supports 2 and 3 the
      chains 10a and/or 10b of the shield assembly 9a have slid along their
      associated rods 11 towards the brackets 13. The space between the shield
      assembly 9a when in this position and the next adjacent shield assemblies
      9 is bridged by the plates 22 secured to the rear of the roof-supports 2
      and 3. Thus, an effectively continuous or closed curtain is maintained
      between the advanced and trailing roof-supports.
PAR  FIG. 2 shows the position when the trailing roof-support 3 is released from
      its supporting position and its roof component 7 is released from
      engagement with the mine roof by the rotation of the hydraulic props due
      to the actuation of the hydraulic control.
PAR  When the roof component 7 lowers from the mine roof the chains 10b and 10c
      secured to the rear of the roof components are free to move down with the
      roof component and to slide along the associated rods 11. Since the slats
      constituting the shield assemblies 9a and 9b are free to pivot about their
      support mountings there is no tendency for unbalance loading on the chains
      to occur. Thus the slats are free to take up an inclined position as shown
      in FIG. 2. Again it will be noticed that the curtain remains effectively
      continuous or closed and there is no gap through which broken rock
      material can flow. With the slats inclined as shown in FIG. 2 it will be
      seen that the tapered edges along the lower left hand cut away corners (as
      seen in the FIG. 2) of the slats of shield assembly 9a about the
      associated sheet 22 and no gap is formed between the shield assembly 9a
      and the sheet 22. The same remarks apply regarding the tapered edges along
      the lower righthand cut away corners (as seen in FIG. 2) of the slats of
      shield assembly 9b which abut the plate 22 of the roof support 4.
PAR  If the lower edges of the slats had not been tapered, then, when the slats
      were inclined a substantial gap would have been formed between the
      associated plate 22 and the associated ends of the slats.
PAR  The "released" roof-supports 3 is then advanced towards the working face by
      the previously mentioned advancing ram until it reaches the position as
      shown in FIG. 3. Again it will be noticed that an effectively continuous
      or closed curtain is maintained. With the "released" roof-support fully
      advanced it can be seen that the tapered edges along the upper left hand
      corners (as seen in FIG. 3) of the slats 18 of the shield assembly 9b abut
      the plate 22 at the rear of the support 3. Consequently no gaps are formed
      between the plate 22 and the associated ends of the slats.
PAR  The shield assembly 9b effectively bridges the extended space between the
      last advanced roof-support 3 and the first trailing roof-support 4, the
      associated chains 10 sliding along the rods 11 towards the brackets 13 to
      accommodate the extended space.
PAR  The chains 10 of the shield assembly 9a have now slid along the associated
      rods 11 away from the brackets 13.
PAR  When fully advanced, the roof-support 3 is reset to the mine roof as seen
      in FIG. 4. The chains 10b and 10c are free to move up with the roof
      component 7 and the slats 18 return to their normal horizontal positions.
      Again the effectively continuous or closed curtain is maintained.
PAR  The next trailing roof-support 4 is then advanced in similar manner to that
      described with reference to roof-support 3.
PAR  It can be seen from the description that the invention provides mine
      roof-support equipment which provides an effectively continuous or closed
      curtain throughout the advance of the roof-supports and, thereby, prevents
      flow of broken rock material from the goaf through the line of
      roof-supports towards the working face.
PAR  The described construction has the additional advantage that the shield
      assemblies 9 can be easily and quickly assembled and installed to
      roof-supports on a longwall face. The separate parts of each shield
      assembly can be conveyed to the site and the shield assembly built up in
      position at the rear of the roof-support. This prevents the need for the
      manhandling of fully assembled prior known shield assemblies.
PAR  In modification of the mine roof-support equipment the bracket means may be
      welded to the roof canopy.
PAR  In further modifications a sheet is secured to the upper most slat so as to
      extend to the mine roof between two adjacent roof supports and prevent
      broken rock material flowing from the goaf when one of the supports is
      released from the roof.
PAR  In an alternative arrangement a shield assembly may replace the plate 22
      secured to the rear of a single roof-support.
CLMS
STM  We claim:
NUM  1.
PAR  1. In mine roof-support equipment for forming a shield assembly behind a
      plurality of advanceable roof support means on a longwall face in which
      each roof support means is advanced separately from the others by lowering
      the roof support means, advancing it and thereafter raising the roof
      support means to its support position comprising at least two flexible
      members one of which is suspended from a mine roof support means while the
      second flexible member is suspended from an adjacent roof support means
      and a plurality of cross elements each of which is securable to the two
      members at spaced points therealong, the improvement whereby said members
      at said spaced points have extending therefrom mounting means for
      pivotally securing each of the cross elements to each flexible member, the
      mounting means enabling each cross element to pivot independently of each
      flexible member and said flexible members to maintain themselves in a
      straight vertical position even when their roof support means is being
      advanced.
NUM  2.
PAR  2. Equipment as claimed in claim 1, comprising a plurality of cross
      elements, each cross element overlapping an adjacent cross element.
NUM  3.
PAR  3. Equipment as claimed in claim 2, in which the flexible members are
      constituted by lengths of round link chain and the pivotal mounting means
      comprise threaded pivot pins secured to links of the chain.
NUM  4.
PAR  4. Equipment as claimed in claim 3, in which each of the pivot pins has a
      lock nut threaded thereon which loosely retains the associated cross
      element on the pivot pin and permits said cross element to freely pivot
      about the pivot pin.
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ABST
PAL  A submersible oil-storage tank is constructed from a foundation plate which
      has a flat lower face and a concave upper face and contains a series of
      hollow cells, a cupola mounted on the foundation plate to form a
      spheroidal chamber, and extensible-retractable tie members connecting the
      cupola with the foundation plate. An expansible separating wall extends
      across the chamber and divides it into a lower sub-chamber and an upper
      sub-chamber. Each sub-chamber is provided with a valved duct so that water
      may be permitted to flow into or out of the lower sub-chamber and oil may
      be permitted to flow into or out of the upper sub-chamber.
BSUM
PAR  The present invention relates to a submerged tank suitable for storing
      large amounts of crude oil without polluting the waters surrounding the
      same.
PAR  Underwater stationary tanks for storing large amounts of crude oil are
      already known, but they are subject to serious drawbacks, such as, the
      requirement of a long and expensive preparation of the sea-bed to
      transform it into a suitable seat, high seating costs (sinking of the
      tank) and the requirement of elements suitable to permit the emptying of
      the tank.
PAR  The underwater stationary tank of the present invention makes it possible
      to obtain the oil there by means of specific gravity, by making use of the
      known principle of displacement by water.
PAR  The underwater stationary tank of the present invention will be described
      in greater detail to reference with the accompanying drawings showing a
      practical embodiment given only by way of example.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general perspective view of an underwater stationary tank
      according to the invention;
PAR  FIG. 2 is a view in vertical cross section of the underwater stationary
      tank illustrated in FIG. 1;
PAR  FIGS. 3, 4, 5 and 6 show the successive phases of sinking and locating the
      underwater stationary tank in place on a submerged bed.
DETD
PAR  The underwater stationary tank illustrated in the drawings consists
      essentially of three main elements (see FIG. 2): the foundation plate or
      bases 1, the metal cupola 2 and the separating wall 3 adapted to separate
      crude oil from water. Foundation plate 1 is a plano-concave lens-shaped
      body, with the concavity turned upside, which may be made of concrete or
      steel with cells 7 serving to lighten the plate, when empty, in order to
      allow its transport and, when flooded, to help it to sink. Metal cupola 2
      is provided at its periphery with a tight toroidal body 4, which may be
      flooded, serving to counterbalance the cupola weight in water so as to
      allow a slow sinking of the same while it is being seated. Separating wall
      3, made of rubberized canvas, is an undulating, centrally-symmetrical
      membrane reinforced by rings and metal ropes. Separating wall 3 is
      provided at its center with a metallic collector 6 serving to collect
      paraffins and any solid sediments in the crude oil, and also as a
      structural reinforcement for separating wall 3. Separating wall 3 may
      assume, upon expansion, two extreme positions: an upper position in which
      it is in contact with metal cupola 2 (which it assumes when the tank is
      filled with water) and a lower position in which it is in contact with
      foundation plate 1 (which it assumes when the tank is filled with oil).
PAR  The tank, when full of crude oil will have, when submerged in water, a
      total weight suitable to secure it stably on the sea bottom even against
      strong submarine currents.
PAR  The tank is prefabricated in a yard on land and then, by means of a known
      technique, is launched and towed to its destination (see FIG. 3) where
      operations for sinking and seating the tank on the sea bed begin as tie
      rods 9 are paid out. FIG. 4 shows metal cupola 2 which floats, since it
      represents a suitable air-bubble type structure. Plate 1 and the relevant
      membrane 3 are now permitted to sink slowly by extending tie rods 9 which
      may be extended or retracted by winches (not shown) suitably located on
      plate 1. Plate 1 may be partially flooded in order to obtain a quicker and
      more regular sinking.
PAR  FIG. 5 shows the phase in which plate 1 has reached the bottom and the
      flooding is total. At this point tie rods 9 are drawn in.
PAR  From now on plate 1 acts as an element drawing metal cupola 2 downwards
      through tie rods 9. During the sinking cupola 2 may be vented by means of
      suitable valves 8 located at its summit.
PAR  Said venting aims to facilitate and stabilize the sinking of cupola 2. The
      venting valves and the winch elements may be suitably controlled. Since
      said elements, per se, are not part of the invention they will be
      described no further.
PAR  FIG. 6 shows the last phase, the one for coupling cupola 2 and base 1 with
      membrane 3 in a secure and sealing manner.
PAR  The tank can then be used as follows:
PAR  Duct 10, leading from a land drilling zone, for example, supplies crude oil
      to the tank. Said crude oil begins to flood the interior of the cupola and
      to push downwards separating wall membrane 3 expelling the water existing
      between membrane 3 and plate 1 through exhaust means 12. Once membrane 3
      has reached the concave surface of plate 1 the introduction of crude oil
      is stopped and the oil is stored in a bi-convex lens-shaped storage volume
      5.
PAR  When the oil is to be transferred to an oil tanker, in the neighbourhood of
      the stationary tank, a base from the tanker may be connected with valve or
      valves 11 having two or more ways. Exhaust means 12 of plate 1 serves also
      to admit water into the space existing between inside surface of base 1
      and separating wall 3, and the loading of the oil tanker begins. In view
      of the fact that the specific gravity of water is greater than that of
      crude oil, the pressure of water causes water to be introduced through
      duct 12 into the space below the separating wall 3 when valve 11 is open,
      thereby pushing separating wall 3 upwardly and expelling the oil through
      valve 11.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A submersible tank for the storing of oil under water adapted to be
      stably positioned on a submerged bed so that it is located beneath the
      water surface, comprised of a planoconcave lens-shaped foundation plate
      having a flat lower face and a concave upper face, a cupola adapted to be
      mounted on said foundation plate to form a spheroidal chamber, an
      expansible separating wall attached to the foundation plate along its
      upper edge so that it extends across said spheroidal chamber and divides
      it into a lower sub-chamber and an upper sub-chamber, a valve adapted to
      control the flow of water into and out of the lower sub-chamber, a second
      valve adapted to control the flow of oil into and out of the upper
      sub-chamber, and extensible and retractable tie means mounted on the
      foundation plate and adapted to pull the cupola downwards against the
      foundation plate.
NUM  2.
PAR  2. A submersible tank for the storing of oil as claimed in claim 1, wherein
      the foundation plate is provided with a series of cells adapted to contain
      air and render the foundation buoyant or to contain water and render the
      foundation plate nonbuoyant.
NUM  3.
PAR  3. A submersible tank for the storing of oil as claimed in claim 2, wherein
      the concave upper face of the foundation plate is surrounded by a rim
      provided with an annular groove, and the cupola has a vent in its top
      adapted to permit the escape of air and is provided with a hollow torus at
      its bottom adapted to be seated in said groove and to contain air and
      render the cupola buoyant or to contain water and render the cupola
      nonbuoyant.
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ABST
PAL  Apparatus for guiding a load between a surface apparatus and a submerged
      base platform comprises at least two return pulleys mounted on the base
      platform, at least two cables passing over the pulleys, one run of each
      cable being connected to the surface apparatus by a winch and the other
      run acting as a guide for a load carrier, each run passing from the
      respective pulley to the respective winch separating from the respective
      guide run as it extends away from the respective pulley and the runs
      connected to the load carrier being orientated by the latter in the
      direction of the surface apparatus, and means for horizontally levelling
      the load carrier.
BSUM
PAR  The invention relates to an apparatus for guiding loads between a boat or
      any other surface apparatus and a sub-marine floor, particularly but not
      exclusively for use in oil-drilling.
PAR  Known guiding systems, connecting a drilling head to a surface apparatus,
      generally include a fixed assembly or base platform situated at the bottom
      of the water and cable lines connecting this base platform to the surface
      apparatus. Lowering of material on to the base platform is done by means
      of a load-carrier equipped with fastenings sliding along each line and by
      controlling the lowering motion by means of a winch supporting the
      load-carrier. Systems of this type do not present any major problem in
      shallow water. On the other hand, as soon as the depth at which the base
      platform is situated becomes considerable, it becomes difficult, for
      example because of the length of the anchor lines of the boat, to
      immobilize the boat completely in all directions so that the guide lines
      connected, for example, to the chain-locker of the boat, end up in certain
      cases by meeting and even winding round each other, preventing the loads
      from being lowered on to the platform. The disadvantage remains even when
      dynamic anchoring is used, particularly as the boat is often required by
      the working conditions to change course, if only to find the best
      orientation relative to both the wind and the swell.
PAR  Moreover, in the case of an unforseeable accident, e.g. the arrival of an
      iceberg if drilling is carried out in a region of low latitude, or the
      untimely eruption of the well, it is impossible to instantaneously sever
      the connection formed by the guide lines in order to enable the boat to
      depart rapidly from the scene without avoiding the subsequent loss of the
      guide-lines.
PAR  According to the present invention there is provided apparatus for guiding
      a load between a surface apparatus and a submerged base platform
      comprising at least two return pulleys mounted on the base platform, at
      least two cables passing over the pulleys, one of the runs of each cable
      being connected to the surface apparatus by means of a winch, the other
      run acting to guide a load-carrier, and means for horizontal levelling of
      the load-carrier, each run passing from the respective pulley to the
      respective winch separating from the respective guide run as it extends
      away from the respective pulley and the runs connected to the load-carrier
      being orientated by the latter in the direction of the surface apparatus.
PAR  Thus, even in the case of a pronounced change in the orientation of the
      boat or other surface apparatus, the divergent runs passing from the base
      platform pulleys to the surface winches cannot meet the guide runs, no
      matter at what depth the load-carrier is situated. As the winches haul the
      load-carrier downwards via the pulleys fixed to the base platform, no,
      even pronounced, variation in the orientation of the boat can prevent the
      load-carrier from descending to its base platform and applying itself
      there perfectly. Moreover, by simple unwinding of the cables and by the
      provision of a suitable marker-buoy, brought into play by release of the
      ends of the runs situated on the winches, separation of the ends of the
      divergent runs from the surface apparatus permits rapid separation of the
      guiding apparatus from the surface apparatus, while retaining the
      possiblility of very easy retrieval of these runs. As regards the other
      two runs, these may also receive a buoy when their ends are not attached
      to the load-carrier, or else co-operate by their position with means for
      recovery of the load-carrier and the platform.
PAR  The apparatus may thus also include means for automatically releasing
      marker-buoys on release of the ends of the divergent cable runs from the
      surface apparatus, the other runs co-operating with means for recovery of
      the load-carrier.
PAR  The means for horizontal levelling of the load-carrier may include means
      for interlocking the divergent runs, so that, under the effect of their
      being interlocked, the load-carrier will retain its horizontal trim
      throughout the whole of its travel.
PAR  It is therefore sufficient to ensure the horizontal trim of the
      load-carrier to retain it upon application of the horizontal base of the
      latter to the base platform, whatever may be the momentary differences in
      tension acting on the drive portions of the runs, it being possible to
      compensate for these tension variations by the use of constant-tension
      winches.
PAR  The means for interlocking the divergent runs may be combined with means
      for interlocking at least one of the divergent runs with a drum tensioning
      a cable, one end of which is attached to a point on the said platform such
      that this cable separates from the guide runs as it approaches the surface
      apparatus.
PAR  It is therefore suficient, after setting the load-carrier in horizontal
      trim, to set in action the means interlocking this latter cable with one
      of the divergent runs of which the movements are synchronised to render
      the load-carrier insensitive to the movements of the surface apparatus,
      the means for interlocking the divergent runs combined with the means for
      interlocking of the cable attached to the base platform and to the means
      for horizontal levelling of the load-carrier, acting as an
      impact-prevention means.
DRWD
PAR  The invention will be more clearly understood from the following
      description of embodiments thereof, given by way of example only, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic view of an embodiment of the guiding apparatus
      according to the invention;
PAR  FIGS. 2 and 3 show two embodiments of base platforms provided with guiding
      means;
PAR  FIG. 4 is a diagrammatic view of a modification of the guiding apparatus;
PAR  FIG. 5 is a plan view of means for interlocking the divergent cable runs of
      the guiding apparatus;
PAR  FIG. 6 is a diagrammatic view of a means for horizontal levelling of the
      load-carrier;
PAR  FIG. 7 is a diagrammatic plan view of means for interlocking the cables of
      FIG. 5 with an auxiliary traction cable;
PAR  FIG. 8 is a diagrammatic elevation of the lower portions of the cables of
      FIG. 7;
PAR  FIG. 9 is a diagrammatic elevation of apparatus for release of the ends of
      the divergent cable runs from the surface apparatus;
PAR  FIG. 10 is a diagrammatic view of the apparatus after release; and
PAR  FIG. 11 is a diagrammatic view of an apparatus for recovery of the
      load-carrier.
DETD
PAR  Although FIG. 1 shows the diagrammatic view of a drilling boat 1, it will
      be appreciated that this boat may be replaced by any surface apparatus of
      which the anchoring may be of any type and in particular dynamic. A
      load-carrier 2 is manoeuvred by means of only two cables 3 and 4, each of
      which passes over a respective pulley 5 and 6 firmly attached to a base
      platform 7, which has been shown in perspective to facilitate
      understanding of the drawing. Cable runs 3a and 4a, respectively
      connecting pulleys 5 and 6 to winches 8 and 9 on the boat 1, are divergent
      upwardly so that despite any momentary variation in the orientation of the
      boat, these runs cannot foul cable runs 3b and 4b leading from pulleys 5
      and 6 to attachment points 10 and 11 on load-carrier 2. As shown, winches
      8 and 9 are being operated to lower a load 13 supported by rod string 12
      and guided laterally by load-carrier 2. Load 13 may for example be a
      particular assembly of a well-head for fitting to the drilling head, which
      is not shown, but suggested by opening 14 in platform 7. In order to
      provide efficient guiding at the approach to the platform, the
      load-carrier 2 is provided with hollow reception cylinders 15 and 16
      terminating in frusto-conical surfaces designed to facilitate penetration
      therein of guide columns 17 and 18 when the load-carrier approaches
      platform 7.
PAR  The means for manoeuvring rod string 12 from derrick 19 have not been
      shown, as they are already known and may be of any kind, no particular
      adaptation being necessary when they are used with the guiding apparatus.
      Winches 8 and 9 are constant-tension winches in order to avoid any
      inopportune strains as the loads are set in position on base platform 7.
      However, it will be noted that the positions of the winches are such that
      runs 3a and 4a are divergent towards the surface of the water. Preferably,
      the mounting of pulleys 5 and 6 is such that they can rotate about a
      vertical axis, so that in the case of a variation in the orientation of
      boat 1, which is supposed dynamically anchored, for example, this
      variation does not cause disengagement of the cables. In this example,
      special means have not been shown for placing the load-carrier in a
      position of horizontal trim, since this means is supposed as formed by rod
      string 12 and load 13, the latter directly supporting load-carrier 2. The
      passage formed in load-carrier 2 permits free rotation of the rod string.
PAR  FIGS. 2 and 3 show two other base platforms 20 and 21 and in which the same
      numerical references have been used for runs 3a, 4a, 3b and 4b of the two
      cables as are used in FIG. 1.
PAR  In the embodiment of FIG. 2, platform 20 is provided with four columns 22,
      23, 24 and 25 through which pass respectively runs 3b, 3a, 4b and 4a.
      Pulleys such as the visible pulleys 27, 28 and 29 return cables 3 and 4.
      In this example, the pulleys may keep a fixed position, as the runs which
      they subtend always have the same orientation.
PAR  In the embodiment of FIG. 3, return pulleys 30 and 31 of cables 3 and 4 are
      mounted on external supports 32 and 33, permitted sufficient separation of
      the cables and columns 34 for these to be used by the load-carrier or
      possibly by the load itself.
PAR  The embodiment shown in FIG. 4 differs from that of FIG. 1 by the addition
      of winches 37 and 38 acting to pull on cables 41 and 42, the ends of which
      are fixed to load-carrier 35, as are the ends of runs 3a and 3b. Return
      pulleys 39 and 40, mounted on vessel 1, determine the spacing of the
      cables 41, 42 which are positioned vertically above runs 3b and 4b. Cables
      41 and 42 may be used for two purposes. They may be used to ensure the
      horizontal trim of loadcarrier 35, and as means for recovering the
      load-carrier. It will be observed that during the raising of load-carrier
      35, the latter is pulled, so that the benefit of efficient guiding will be
      obtained whatever may be the variations in the orientation of the boat on
      lowering or raising of the load-carrier, even when load 13 is deposited on
      the platform and rod string 12 is raised alone. After recovery of
      load-carrier 35, the ends of runs 3b and 4b may be detached and connected
      to marker buoys and the same may be done for the ends of the still wound
      portions of runs 3a and 4a, as will be described below with reference to
      FIG. 9, when for any reason the boat must depart rapidly from the location
      of the base platform.
PAR  Assuming that the load-carrier 2, FIG. 1, or 35, FIG. 4, has been brought
      into a position of horizontal trim, this trim being attained by any means
      and in particular as a result of the presence of rod string 12, which is
      maintained in a vertical position and co-operates with load-carrier 2 or
      35. As soon as this trim has been obtained, it may be maintained using the
      means shown in FIG. 5 which shows the arrangement of winches 8 and 9 on
      the deck of boat 1. Each run 3a and 4a passes helically round a drum 43 or
      44, on which it is one turn of each run is wound. The shafts 45 and 46 of
      these drums, as they rotate, drive clutch pieces 47 and 48 which can move
      towards each other under the control of an engagement and disengagement
      means 49. When the load-carrier 2 or 35 is in horizontal trim, means 49 is
      operated so that clutch pieces 47 and 48, provided for example with clutch
      teeth, are applied against each other. Shafts 45 and 46 being thus
      angularly fast, the cable lengths unwound by winches 8 and 9 are constant,
      so that the horizontal trim of the load-carrier is maintained during the
      whole travel of load 13.
PAR  The load-carrier may be of any type. In particular, as shown in FIG. 6, it
      may be a diving-bell 50, connected to the surface by an optionally
      supporting conduit 51 containing all the conductor cables and auxiliary
      channels. This bell, which may be of any required type, may in particular
      adopt a positive buoyancy as shown in the Figure. As the means for
      obtaining the horizontal trim are no longer provided by the verticality of
      the rod string, the trim is obtained using two cylinders 52 and 53 rigidly
      attached to bell 50, the ends of rods 54 and 55 of the pistons 56 and 57
      of which are connected to runs 3b and 4b. Conduits 58 and 61, optionally
      acting as supports, serve the chambers of cylinders 52 and 53 and are
      connected to hydraulic circuits of the bell in order to vary the positions
      of these pistons relative to each other and consequently the inclination
      of the bell.
PAR  As the elimination of the rod string has necessitated the addition of a
      means for providing horizontal trim, perfect operation of the guiding
      apparatus dispite possible tension variations in runs 3a and 4a is ensured
      by combining the apparatus for synchronization of the unwinding of runs 3a
      and 4a, comprising the control means 49 of clutch pieces 47 and 48
      interlocking drums 43 and 44 with a second synchronization apparatus as
      shown in FIGS. 7 and 8. Shaft 45 of drum 43, FIG. 7, is extended on the
      side opposite to clutch piece 47 and includes another clutch piece 62
      engaging with clutch piece 63 mounted on the shaft 64 of a drum 65 under
      the control of an engagement means 66. Drum 65 carries a cable 67, of
      which one end is attached to platform 7, FIG. 8, at a point 72
      sufficiently distant from pulleys 5 and 6 to avoid any hindrance to the
      conveyance of loads. The positions of winches 8 and 9 have been made
      different from those shown in FIG. 5, simply in order to facilitate
      understanding of the operation of the impact-prevention apparatus created
      by the combination of the apparatus for synchronisation and levelling in a
      horizontal position of the load-carrier.
PAR  Assuming that load-carrier 2 or bell 50 has been brought into horizontal
      trim and that clutch pieces 47 and 48 have been engaged by means of
      control means 49. It is then sufficient, after tensioning cable 67, to
      operate engagement means 66 to interlock the shaft 64 of drum 65 with the
      shaft 45 of drum 43 by coupling clutch pieces 62 and 63. Thus, unwinding
      of cables 67, 3 and 4 is effected in synchronisation, the quantities of
      cable unwound being identical because of the synchronised rotation of
      shafts 45, 46 and 64. Even if during lowering of a load one of the cables
      happened to slacken slightly for any reason, as the horizontal trim of the
      load-carrier or bell 50 is retained due to the means employed,
      particularly pistons 56 and 57, FIG. 6, ensuring the constant tension of
      runs of similar length, cable 67 would finally be wound at the horizontal
      approach of bell 50 and platform 7 until the perfect application of the
      bell on the latter.
PAR  If necessary, the boat or other surface apparatus may be separated rapidly
      from the guiding apparatus, since it is sufficient to release the cables
      held by the winches and drums of the apparatus. Advantage is taken of this
      fact to incorporate in the apparatus means for marking the cables
      employed, by passing each cable, for example cable 3, FIG. 9, into a
      frusto-conical guiding apparatus 73 and into a clamping device 79, 80
      firmly attached to a float 76. Guiding apparatus 73 is retained by locking
      means 74 firmly attached to the boat and capable of being operated
      automatically to release the guiding apparatus 73 to which float 76 is
      connected by means of chains 82. It is therefore sufficient to allow the
      cable to unwind and then to release guiding apparatus 73 by the operation
      of locking means 74 to cause both the separation of the load guiding
      apparatus from the boat and the bringing into play of the guide cable
      marking means, permitting easier recovery because the cables are still
      returned by pulleys 5 and 6.
PAR  By way of example and as shown, the locking means 74 may consist of springs
      74 acting on locking fingers 75. The springs 74, which are capable of
      holding apparatus 73 by means of fingers 75 in spite of the weight of
      float 76, give under the traction applied by cable 3 when the latter,
      pulling with it the attachment 81 fixed to its end, jams the latter in the
      inside part of guiding apparatus 73. The force of these springs and the
      inclination of conical surface 73 to the vertical are sufficiently small,
      however, not to cause the breakage of attachment 81 on impact and the
      release of the assembly of apparatus 73, cable 3 and float 76. When this
      assembly falls into the water, cable 3 continues to drop and projects the
      lower portion of guiding apparatus 73 against piece 80 of the clamping
      device formed by vertical pieces 79 and 80, held by connecting rods 78 and
      between which cable 3 passes. As float 76 and cable 3 apply forces to
      pieces 79, 80 in opposite directions, apparatus 73 therefore causes the
      jamming of cable 3 in the clamping device.
PAR  It is therefore sufficient to use the means described above for each of the
      cables and to allow their unwinding to automatically cause both the
      separation of the load guiding apparatus from the boat and the bringing
      into play of the means for marking the guide cables permitting recovery.
      This latter is made easier because, as previously stated, as the cables
      are still returned by pulleys 5 and 6 attached to platform 7. Thus
      advantage is taken of this fact to use at least one of the runs as a guide
      line for a pick-up means.
PAR  It will be noted that floats 77 may also be added to load-carrier 35, FIG.
      10, to tension the cable of which one end is retained by floats 76, as
      disclosed above.
PAR  In particular, where the embodiment selected is that of FIG. 4, i.e. where,
      in addition to cables 3 and 4, cables 41 and 42 are available, wound on
      winches 37 and 38, on each cable run there may be provided an attachment
      81 which, in the case of release of the load-carrying apparatus from the
      boat 1, would cause the release of four floats identical to floats 76 of
      FIG. 9. It is therefore easy to effect the recovery of load-carrier 35 and
      to return it to service.
PAR  In order to facilitate recovery of the load-carrier after its forced
      release, means may be provided on the load-carrier which can lock on to
      conventional pick-up tools. By way of example, FIG. 11 shows
      diagrammatically a portion of load-carrier 35 nd platform 7, as well as
      pulley 5 and cable 3, load-carrier 35 being equipped with a spindle 93
      bearing a groove 94. Spindle 93 has an axial channel 95 acting as a
      passage for cable 3, the end of which is attached to a retaining piece 83
      bearing a groove 84. When cable 3 is tensioned, piece 83 rests on spindle
      93 rigidly attached to load-carrier 35. A pick-up tool 85, fixed to a
      retaining cable 86 by ring 90, is provided with an internal channel in
      which cable 3 is threaded. It slides on the latter until a horizontal
      guiding arm 87 impinges against the upper edge 88a of a guide surface 88
      rigidly attached to platform 7. Sliding on this surface, arm 87 positions
      itself and falls into a vertical slot 88b which is so shaped that it
      enables the edge of cylinder 85b of piece 85 to fit over piece 83 and
      actuate a locking apparatus 89, a spring for example, entering slot 84.
      This locking then enables pick-up tool 85 and run 3b  to be firmly
      attached. It is then sufficient to release cable 3 and to pull the tool by
      means of cable 86 to recover run 3b at the surface. It is self-evident
      that spring 89 may be calibrated to break automatically in the case of a
      normal resistance due to accidental damage to the load-carrier, or else
      include a controlled breakage means to recover only tool 85.
PAR  When it is also required to recover load-carrier 35, to the lower portion
      of the locking cylinder 85b of the tool is fixed a sleeve 91 carrying a
      locking spring 92. Upon descent of the guiding arm 87 of tool 85 to the
      bottom of vertical slot 88b, locking means 92 enters grove 94 of spindle
      93 rigidly attached to load-carrier 35. By using an identical tool around
      cable 4, load-carrier 35 can thus be surfaced by means of cables 36, after
      release of cables 3 and 4.
PAR  It is self-evident that as the pick-up tools and guide pieces are
      conventional tools, these means may be of any type from the moment when
      the pick-up piece sliding on a cable run connecting the surface to a
      pulley of the platform co-operates with the guide surface to cause its
      appropriate positioning on the locking piece rigidly attached to the
      load-carrier.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for guiding a load between a surface apparatus and a submerged
      base platform comprising at least two return pulleys mounted on to the
      base platform, at least two cables passing over the pulleys, one of the
      runs of each cable being connected to the surface apparatus by means of a
      drum driven by a winch, wherein each cable passes around a drum, the
      shafts of which are interconnected by clutch means, the other run acting
      to guide a load-carrier, and means for horizontal levelling of the
      load-carrier, each run passing from the respective pulley to the
      respective winch separating from the respective guide run as it extends
      away from the respective pulley and the runs connected to the load-carrier
      being orientated by the latter in the direction of the surface apparatus.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein each cable passes through a
      guide means held by retractable locking means attached to the surface
      apparatus, float means attached to the guide means having clamping means
      through which the cable passes, a stop attached to the end of each cable
      causing, upon its impact against the said guide means, the release of the
      latter from the locking means and the jamming of the cable in the clamping
      means.
NUM  3.
PAR  3. Apparatus for guiding a load between a surface apparatus and a submerged
      base platform comprising at least two return pulleys mounted on to the
      base platform, at least two cables passing over the pulleys, one of the
      runs of each cable being connected to the surface apparatus by means of a
      winch wherein movements of the runs passing to the winches are interlocked
      by clutch means, the other run acting to guide a load-carrier, and means
      for horizontal levelling of the load-carrier, each run passing from the
      respective pulley to the respective winch separating from the respective
      guide run as it extends away from the respective pulley, the runs
      connected to the load-carrier being orientated by the latter in the
      direction of the surface apparatus and including a drum on the said
      surface apparatus for maintaining tensioned a cable attached to the
      platform and upwardly divergent relative to the guide runs, movement of
      the cable being interlocked with that of one of the runs passing to the
      winches by a clutch means.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein the load-carrier is a positive
      buoyancy bell.
NUM  5.
PAR  5. Apparatus for guiding a load between a surface apparatus and a submerged
      baseplatform comprising at least two return pulleys mounted on to the base
      platform, at least two cables passing over the pulleys, one of the runs of
      each cable being connected to the surface apparatus by means of a winch,
      the other run acting to guide a load-carrier, and means for horizontal
      levelling of the load-carrier, each run passing from the respective pulley
      to the respective winch separating from the respective guide runs as it
      extends away from the respective pulley, the runs connected to the
      load-carrier being orientated by the latter in the direction of the
      surface apparatus, and wherein an end of each of the guide runs is
      attached to the rod of a piston of a cylinder connected to the
      load-carrier, hydraulic circuit means being provided for controlling the
      motion of the pistons to trim horizontally the load-carrier.
NUM  6.
PAR  6. Apparatus for guiding a load between a surface apparatus and a submerged
      base platform comprising at least two return pulleys mounted on to the
      base platform, at least two cables passing over the pulleys, one of the
      runs of each cable being connected to the surface apparatus by means of a
      winch, the other run acting to guide a load-carrier, and means for
      horizontal levelling of the load-carrier, each run passing from the
      respective pulley to the respective winch separating from the respective
      guide run as it extends away from the respective pulley, the runs
      connected to the load-carrier being orientated by the latter in the
      direction of the surface apparatus, and wherein each cable passes through
      a guide means held by retractable locking means attached to the surface
      apparatus, float means attached to the guide means having clamping means
      through which the cable passes, a step attached to the end of each cable
      causing, upon its impact against the said guide means, the release of the
      latter from the locking means and the jamming of the cable in the clamping
      means.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 wherein the clamping means including a
      clamping member positioned in its non-clamping position in the path of the
      guide means after its release, and the retractable locking means includes
      a finger biased by a spring, the guide means having a wedge-shaped
      external surface portion to which the finger is applied to retain the
      guide means, the arrangement being such that on release of the cable and
      jamming of the stop in the guide means, the wedge-shaped surface portion
      causes the finger to be retracted to release the guide means and operates
      the clamping member to move it to a clamping position to clamp the cable.
NUM  8.
PAR  8. Apparatus as claimed in claim 6, wherein the load-carrier has as many
      guide paths for the passage of a first cable run as it has traction
      cables, each run being firmly attached at its end to a stop carrying a
      locking means, as many catch surfaces for retaining the said stops when
      the second runs of the said cables are tensioned, and guide surfaces, such
      that a pick-up tool sliding on one of the said second tensioned cable runs
      and on to a respective one of the guide surfaces positions itself to fit
      over the said stop and its locking means, locking on to the latter.
NUM  9.
PAR  9. Apparatus as claimed in claim 8, wherein each catch surface is formed by
      a spindle provided with an axial channel for passage of the said cable run
      and a locking means, such that a pick-up tool sliding on one of the said
      second tensioned cable runs and on to a respective one of the said guide
      surfaces positions itself to fit over the said stop, the said spindle and
      the locking means carried by the latter, locking itself on to it.
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ABST
PAL  A solar energy cell system is used as an electric supply source to operate
      an air conditioner or a fan ventilation system contained within the
      interior chamber of an automobile. The electrical circuit comprises a
      series circuit consisting of: the solar energy cells, a voltage regulator,
      a storage battery, a thermostatic temperature control and a ventilation
      fan or an automobile air conditioner.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a unique and novel concept of operating a cooling
      system for an automobile operating on solar energy.
PAR  It is known from U.S. Pat. Nos.: 2,202,019 and 2,692,483 that solar energy
      has been employed to cool confined areas but these cited patents do not
      involve the application of solar energy to the operation of a cooling
      system for an automobile.
PAR  An object of my present invention is to provide a cooling system for an
      automobile, wherein the cooling system is operated by solar energy.
PAR  A further object of my invention is to provide a fuel conserving device for
      the operation of a cooling unit of an automobile.
PAR  A still further object of my invention is to provide a heating system for
      an automobile, wherein the heating system is operated by solar energy.
PAR  Another object of my invention is to provide a solar energy cooling system
      adaptable to a standard automobile.
PAR  An advantage of my invention is that it provides a means of cooling an
      automobile by a simply designed system without added fuel consumption.
PAR  Briefly, my invention comprises a plurality of solar energy cells operating
      an air conditioner or a fan ventilation system contained within the
      interior chamber of the automobile. The electrical circuit comprises a
      series circuit consisting of the solar energy cells, a voltage regulator,
      a storage battery, a thermostat temperature control and a ventilation fan
      or an automobile air conditioner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a schematic diagram of the solar cooling system;
PAR  FIG. 2 illustrates a side cross sectional elevation view of the solar
      cooling system; and
PAR  FIG. 3 illustrates a rear elevation of the solar cooling system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 2-3
      show a solar cooling system 10 for an automobile 11, wherein the said
      cooling system is contained within an interior chamber 13 of an automobile
      11. The solar cooling system 10 comprises a standard automobile 11 with a
      plurality of solar energy cells 14 embedded in the roof 15, the trunk lid
      16, the front hood 17 and along the periphery of the rear window 18 of the
      automobile 11. A plurality of cool air ducts 19 and hot air ducts 20
      communicate between interior chamber 13 and the outside surface 21 of the
      automobile 11. The plurality of solar energy cells 14 are wired in series
      to a voltage regulator 22, a storage battery 23, and a thermostatic
      temperature control unit 24 as shown in FIG. 1. A ventilation fan 25 is
      positioned in the forward section 26 of chamber 13 as well as a second
      ventilation fan 27 in the rear section 28 of chamber 13, wherein fans 25,
      27 are wired in series circuit to thermostatic temperature control unit
      24. Alternatively, in place of the fans 25, 27, a standard automobile air
      conditioning unit 29 is wired in series circuit to control unit 24. The
      radiant energy of the sun is absorbed by the plurality of solar energy
      cells 14. The generated electrical energy from the solar energy cells 14
      is stored by the storage battery 23 until control unit 24 activates
      electrical energy flow from storage battery 23 to the cooling unit 12.
      Consequently, anytime the temperature of chamber 13 exceeds the control
      unit setting 24, the cooling unit 12 is activated. The solar energy cells
      are constructed from well known standard materials such as a layer
      composite of silicion and boron.
PAR  A further embodiment of my present invention involves the replacement of
      the cooling unit 12 by a heating unit.
PAR  Hence obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as an illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A solar cooling system for a standard automobile, which comprises:
PA1  a. said standard automobile having a trunk lid, a front hood, a roof, and a
      rear window;
PA1  b. a plurality of solar energy cells positioned on said roof, said trunk
      lid, and said front hood, and a periphery of said rear window;
PA1  c. said plurality of solar energy cells wired in a series circuit to a
      voltage regulator, a storage battery, a thermostatic temperature control
      unit, and a cooling unit:
PA1  d. said cooling unit contained in an interior chamber of said automobile;
PA1  e. a plurality of cool air ducts communicating between said interior
      chamber and an outside surface of said automobile; and
PA1  f. a plurality of hot air ducts communicating between said interior chamber
      and said outside surface of said automobile.
NUM  2.
PAR  2. A solar cooling system as recited in claim 1, wherein said cooling unit
      comprises:
PA1  a. a ventilation fan contained in a rear section of said interior chamber;
      and
PA1  b. a second ventilation fan contained in a forward section of said interior
      chamber.
NUM  3.
PAR  3. A solar cooling system as recited in claim 1, wherein said cooling unit
      comprises an air conditioning unit.
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ABST
PAL  A portable electrically refrigerated water cooler is adapted for year-round
      outdoor use by means of a thermostatically controlled heating cable
      wrapped about the water-containing components, and a similarly controlled
      heating element immersed in the water reservoir. A combined faucet-switch
      unit permits cool water to be pumped through the faucet for immediate use
      and prevents contaminants from entering the water when the switch is off.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to portable electric water coolers, and more
      particularly to such water coolers as may be utilized outdoors without
      danger of damage from freezing or water contamination.
PAR  Prior art water coolers are severely limited in their utilization by two
      considerations. The first consideration relates to ambient temperature;
      that is, prior art water coolers cannot be utilized in sub-freezing
      temperatures because the water would freeze and damage the unit. The
      second consideration relates to contamination of the water in the cooler.
      Specifically, it is desirable to utilize an electrically operated pump to
      force cool water from a spigot or faucet since doing so avoids the need
      for gravity feeding the output water and thereby requiring the water
      reservoir to be located above the output spigot. A typical prior art
      pump-operated water cooler is illustrated in U.S. Pat. No. 3,333,438 to
      Benua et al. In that patent an arrangement is provided whereby the water
      pump is operated by a switch mechanism located adjacent the output water
      faucet. The system is efficient for purposes of delivering output water
      but leaves the stored cool water and its output line in direct
      communication with ambient air when water is not being delivered from the
      cooler. This permits contaminants in the air to enter the output line and
      contaminate the water. In addition, larger particles in the ambient
      environment, such as might be present at a construction sight, can enter
      the output line and block water outflow.
PAR  It is therefore an object of the present invention to provide a portable
      water cooler which is suitable for use in sub-freezing environments.
PAR  It is another object of the present invention to provide a portable water
      cooler which prevents contaminants from entering the water system via the
      dispensing nozzle when water is not being delivered from the nozzle.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one aspect of the present invention an electrically
      operated portable water cooler employs a thermostatically controlled
      electric heating circuit which includes a heating cable wrapped around the
      condenser, compressor, and cool water tank. In addition the
      thermostatically controlled circuit includes a heating element which is
      immersed in the water reservoir. The thermostat is set to actuate the
      heating circuit, including both the heating cable and the heating element,
      when the ambient temperature falls below the freezing temperature of
      water.
PAR  In accordance with another aspect of the present invention, the portable
      water cooler utilizes a combined faucet valve and switch unit which in the
      off position blocks communication between the cool water outflow line and
      the ambient environment. In its on position the switch actuates a pump
      which forces cool water through the faucet valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of one specific embodiment thereof, especially when
      taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a view in perspective of a portable water cooler assembly
      according to the present invention;
PAR  FIG. 2 is a plan view in section taken along lines 2--2 of FIG. 1; and
PAR  FIG. 3 is a detailed view in section of the faucet valve-switch unit
      employed in the water cooler of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring specifically to FIG. 1 of the accompanying drawings there is
      illustrated a portable water cooler assembly 10 of generally trapezohedron
      configuration. A cooling unit 11 is located in the upper portion of one
      corner of the assembly. The remainder of the assembly is utilized as a
      water reservoir 12. The reservoir walls are preferably made of Fiberglas
      or other similar light weight but strong material. In addition the
      reservoir walls are preferably insulated to minimize the effect of ambient
      temperature on the stored water.
PAR  A fitting 14, suitable for connection to a standard water supply plumbing
      line, is located proximate the top of the reservoir 12 and permits ingress
      of water for purposes of filling the reservoir. A controllable drain valve
      15 is located proximate the bottom of the reservoir to permit the
      reservoir to be emptied when necessary.
PAR  The top of cooling unit 11 includes a faucet valve-switch assembly 17 from
      which cool water egresses when the assembly 17 is rotated downward in the
      manner illustrated by the arrow in FIG. 1. The upper surface of cooling
      assembly 11 is sloped toward a drain opening 18 which communicates with
      waste drain pipe 20. The latter is arranged to conduct waste outflow to a
      suitable drainage or sewage location. A standard ground-type primary power
      plug 21 is arranged to mate with a suitable 115 volt, 60 Hz power source
      receptacle for the purpose of supplying primary power to the cooling unit
      11.
PAR  Cooling assembly 11 is illustrated in detail in FIG. 2 of the accompanying
      drawings. The cooling components per se are conventional in type and in
      operation. These components include compressor 23, mounted in the lower
      portion of cooling assembly 11, and condenser unit 24 mounted in the upper
      portion of the cooling assembly on support shelf 25. Compressor 23 is of
      the usual type and its operation is controlled in a conventional manner
      such that it cooperates with condenser unit 24 to cool water being passed
      through the condenser unit.
PAR  A water pump 27 is mounted on the bottom wall of cooling assembly 11 and
      has its water inlet passage connected to water filter 28. Filter 28 in
      turn is connected to supply pipe 29 which extends through the cooling
      assembly wall into reservoir 12 to supply reservoir water to pump 27 on
      demand. The output line from pump 27 is connected by pipe 30 to the inlet
      water connection for condenser unit 24.
PAR  A connecting pipe 36 connects between condenser unit 24 and a cool water
      tank 37 and thereby serves as an outflow passage for water passed through
      the condenser unit. An outflow passage 39 extends from within cool water
      tank 37 into communication with the faucet valve-switch assembly 17. Water
      pumped through the system by pump 27 is thus caused to pass through pipe
      30, condenser unit 24, passage 36 and cool water tank 37 where it egresses
      through pipe 39 and the faucet valve-switch assembly 17.
PAR  Primary power received through power plug 21 is connected to the primary
      power junction box 41. A heating circuit, operated at 115 volts, 60 Hz,
      includes a heating cable 42 which is wrapped around the compressor 23,
      condenser unit 24 and cool water tank 37. Heating cable 42 is connected in
      series with a heating element 43 which extends through the bottom wall of
      cooling assembly 11 into reservoir 12. Heating element 43 is typically a
      1500 watt heating element, although the power rating of the heating
      element is selected by the volume of water which can be stored in
      reservoir 12. Also part of the heating circuit is a thermostat 44 which is
      connected in series with both the heating cable 42 and heating element 43.
      Thermostat 44 serves as a temperature actuated switch which normally
      prevents current flow through the heating circuit unless the temperature
      falls below the freezing temperature for water (nominally 32.degree.F.).
      When the temperature does fall below freezing, the thermostat permits
      current to flow from the 115 volt source through heating element 43 and
      heating cable 42 to prevent water in the assembly from freezing.
PAR  A 12 volt connector box 46 receives primary 115 volt, 60 Hz power from
      junction box 41 and converts it into 12 volts dc. This 12 volt dc supply
      is utilized to operate water pump 27 in response to actuation of the
      faucet valve-switch assembly 17. Specifically, water pump 27 and the
      switch portion of unit 17 are connected in series across the 12 volt
      supply. When the switch portion of faucet valve-switch unit 17 is
      actuated, pump 27 is energized and forces water from reservoir 12 through
      the condenser unit 24, cool water tank 37 and outlet pipe 39 from which
      the water is delivered to the faucet valve-switch unit.
PAR  The faucet valve-switch unit 17 is illustrated in detail in FIG. 3. The
      valve portion is illustrated as a conventional ball-in-socket valve having
      two positions. In the off position, illustrated in FIG. 3, a fluid passage
      52, which extends through ball 51, has its inlet end blocked and out of
      communication with outflow passage 39 from the cool water tank 37. As a
      consequence contaminants in the ambient environment are blocked from
      entering pipe 39 and the cool water tank.
PAR  A cam member 54 projects radially from ball member 51 toward an actuating
      arm 53 of microswitch unit 56. When the ball 51 is in its off position,
      cam member 54 is out of communication with switch arm 53 so that the
      switch is not actuated and pump 27 is not energized.
PAR  If the faucet valve-switch assembly 17 is placed in its on position, as by
      rotating the assembly downward in the manner illustrated by arrows in
      FIGS. 1 and 3, passage 52 through ball member 51 is brought into
      communication with output pipe 39 from the cool water tank 37. In
      addition, cam member 54 is urged against switch arm 53 to actuate
      microswitch 56. Actuation of microswitch 56 energizes pump 27 to force
      cool water out through the faucet valve-switch assembly 17.
PAR  The portable water cooler assembly described hereinabove is capable of
      substantial modification without departing from the spirit and scope of
      the present invention. Even the specific embodiment of faucet valve-switch
      assembly 17 may be varied as long as the faucet itself serves as the
      switch actuator and the outflow tube 39 is blocked when the switch is off.
      Likewise, the particular location and arrangement of the heating cable 42
      and heating element 43 can be varied within the limitation that the cable
      and heating element shall serve the function of preventing water in
      assembly 10 from freezing.
PAR  Although not specifically illustrated in the drawings, the faucet member of
      the faucet valve-switch assembly 17 may be biased to return to its OFF
      position whenever the actuating force is removed therefrom.
PAR  While I have described and illustrated one specific embodiment of my
      invention, it will be clear that variations of the details of construction
      which are specifically illustrated and described may be resorted to
      without departing from the true spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A portable refrigerated water cooler comprising:
PA1  a reservoir for storing water to be refrigerated;
PA1  refrigeration means for cooling water passed therethrough;
PA1  an electrically-actuable pump having an inlet connected to draw water from
      said reservoir and an outlet connected to deliver water through said
      refrigeration means;
PA1  means for supplying electrical power to said water cooler;
PA1  a combined faucet valve-switch unit for delivering cool water from said
      refrigeration means, said unit including: a faucet member having first and
      second positions and containing a flow path which in said first position
      provides flow communication for water from said refrigeration means to
      externally of said water cooler and in said second position is blocked
      from providing said flow communication; and an electrical switch arranged
      to be actuated by said faucet member in said first position, said switch
      being connected in circuit with said pump to apply electrical power to
      actuate said pump when said switch is actuated;
PA1  an electrical heating cable wrapped about the outer surface of and in
      direct contact with said reservoir and said refrigeration means;
PA1  an electrical heating element disposed in said reservoir; and
PA1  thermostatically-operated switch means connected in series with said cable
      and said heating element and arranged to pass current from said electrical
      power supply means through said cable and element when the ambient
      temperature in said water cooler falls below freezing.
NUM  2.
PAR  2. The portable refrigerated water cooler according to claim 1 wherein said
      faucet valve-switch unit comprises:
PA1  a ball-in-socket valve comprising a ball member rotatably secured in a
      socket having an elongated aperture, said ball member including a stem
      projecting through said aperture such that movement of said ball member is
      restricted between two extreme positions defined by the ends of said
      elongated aperture, said two extreme positions corresponding to said first
      and second positions of said faucet member, said ball and stem having an
      outlet flow passage defined therethrough, said socket having an inlet flow
      passage defined therethrough and communicating with said refrigeration
      means to conduct water from said refrigeration means when said pump is
      actuated, said inlet flow passage being positioned such that it is aligned
      with said outlet flow passage when said faucet member is in said first
      position and is out of communication with said outlet flow passage when
      said faucet member is in said second position;
PA1  a microswitch having an actuable switch arm; and
PA1  a cam projecting from said ball member and positioned to actuate said
      switch arm in said first position of said faucet member and to be remote
      from said switch arm in said second position of said faucet member.
NUM  3.
PAR  3. A refrigerated water cooler characterized in that it is adapted for
      outdoor use in sub-freezing temperatures, said water cooler comprising:
PA1  a reservoir for storing water to be refrigerated;
PA1  refrigeration means for cooling water passed therethrough from said
      reservoir;
PA1  an outlet spigot connected to receive cooled water passed through said
      refrigeration means and conduct said cool water externally of said water
      cooler;
PA1  actuable means for selectively delivering water from said reservoir through
      said refrigeration means to said outlet spigot; and
PA1  thermostatically-controlled electrical heating means disposed in said water
      cooler for automatically maintaining the temperature in said water cooler
      above the freezing temperature of water;
PA1  wherein said heating means comprises an electrical heating cable wrapped
      about the outer surface of and in direct contact with said reservoir and
      said refrigeration means.
NUM  4.
PAR  4. A refrigerated water cooler characterized in that it is adapted for
      outdoor use in sub-freezing temperatures, said water cooler comprising:
PA1  a reservoir for storing water to be refrigerated;
PA1  refrigeration means for cooling water passed therethrough from said
      reservoir;
PA1  an outlet spigot connected to receive cooled water passed through said
      refrigeration means and conduct said cool water externally of said water
      cooler;
PA1  actuable means for selectively delivering water from said reservoir through
      said refrigeration means to said outlet spigot; and
PA1  thermostatically-controlled electrical heating means disposed in said water
      cooler for automatically maintaining the temperature in said water cooler
      above the freezing temperature of water;
PA1  wherein said electrical heating means includes:
PA2  a pair of electrical terminals adapted to be connected to a source of
      voltage;
PA2  an electrical heating cable wrapped around the outer surface of and in
      direct contact with said reservoir and said refrigeration means;
PA2  an electrical heating element disposed in said reservoir;
PA2  a thermostat switch; and
PA2  circuit means connecting said cable, element and thermostat switch in
      series between said pair of terminals.
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ABST
PAL  Condenser apparatus for use in air-conditioning and refrigeration systems
      and comprising a compressor, fan motor, fans and an enclosure having three
      sides provided by an inverted U-shaped condenser coil unit with its spaced
      end walls being provided with venturi-defining passages receiving fans
      which are operative to draw outside air through the passages into the
      enclosure and to discharge the air through the condenser coil unit.
PARN
PAR  This is a continuation of application Ser. No. 430,295 filed Jan. 2, 1974,
      now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to air-cooled condenser apparatus for
      air-conditioning and refrigeration systems.
PAR  Conventional air-cooled condenser apparatus now in general use employ a
      condenser coil and a single fan propeller located in an enclosure or a
      duct, having an inlet and an outlet communicating with the outside air
      space. The propeller fan provides for axial flow of outside air through
      the enclosure or duct and over the coil at substantially high velocity,
      resulting in considerable air turbulence and noise.
PAR  The air-cooled condenser apparatus of the present invention is
      characterized by the provision of an enclosure for a fan motor and fans
      and includes a condenser unit of an inverted U-shape forming the sides of
      the enclosure with the front and rear end walls of the enclosure being
      provided with venturi-defining passages receiving fans drawing outside air
      through the passages into the enclosure and to discharge the air through
      the condenser coil unit. The fans, in combination with the venturi
      passages and enclosure structure including the coil unit, act similar to
      centrifugal blower, providing improved air-moving performance compared to
      the conventional axial flow fan propeller.
PAR  The air-cooled condenser apparatus of the present invention has further
      advantages over conventional apparatus in that the use of two fans instead
      of one permits greater venturi area with resultant lower air velocity; the
      fan blade tip speed is lower; the air discharge pattern from the fan
      blades matches the required air flow pattern, all of which features
      minimize air turbulence and noise. Moreover, it results in lower air
      turbulence and lower pressure losses due to larger condenser area; and the
      use of a more efficient blower effectively reduces air-moving power
      requirements.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front perspective view of condenser apparatus illustrating a
      preferred embodiment of the invention;
PAR  FIG. 2 is a rear perspective view of the condenser apparatus shown in FIG.
      1;
PAR  FIG. 3 is a perspective view of the condenser coil unit and compressor of
      the apparatus;
PAR  FIG. 4 is a perspective view of one of the identical frame members shown in
      FIGS. 1 and 2;
PAR  FIG. 5 is a perspective view of the base plate shown in FIGS. 1 and 2; and
PAR  FIG. 6 is a cross-sectional view taken along the plane of line 6--6 of FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the improved condenser apparatus constitutes the
      high pressure side of a "split" refrigeration system and comprises an
      enclosure in the form of a casing or housing 10 including a base or
      mounting plate 11 having a partition 12 (FIG. 5) providing a compartment
      13 for electrical controls for the refrigeration system. A compressor 14
      is mounted on the plate 11 by a plurality of bolts 15 extending through
      compressor feet 16 and rubber vibration isolator pads 17 and threaded into
      the base plate 11. A hot gas line or conduit 18 connects the discharge of
      the compressor 14 with a condenser unit 19. The refrigerant liquified in
      condenser unit 19 flows through hot liquid line 21 to an expansion device
      and evaporator (not shown).
PAR  The condenser unit 19 is generally the shape of an inverted "U" and
      comprises a heat transfer coil 20 in the form of a tubular member bent
      back and forth upon itself to provide a coil which is of serpentine shape.
      The coil is provided with a series of thin sheet metal fins 22 mounted on
      the coil and spaced apart along the coil in planes substantially
      perpendicular to the coil.
PAR  As seen in FIGS. 1, 2 and 3, the inverted U-shaped condenser unit 19
      provides three sides 23, 24 and 25 of the enclosure 10 with the parallel
      sides 23 and 25 having their lower ends secured to the base plate 11. The
      enclosure also includes two substantially identical frame members 26 and
      27 providing front and rear walls and which are coextensive with, and
      respectively engage, the opposite open ends 28 and 29 of the condenser
      unit. Each frame member has spaced legs 30 with their lower square ends
      fitting and engaging the rimmed corners of the base plate 11 and secured
      thereto. The frame members 26 and 27 are held in assembly with the
      condenser unit by bolts or other suitable means extending through the unit
      and connecting the same together. The frame members, including the legs,
      and base plate 11 define access openings to the compartment 13 and
      interior of the enclosure, the openings being closed by access plates 31
      detachably connected to the frame members.
PAR  An electric motor 32 is disposed within the condenser coil unit and is
      mounted in the housing in a conventional manner, such as spaced spider
      arms 50 (FIG. 6) connected to and extending from the housing to the motor
      for the purpose of supporting the motor in its operating position. The
      motor armature shaft 34 has its projecting opposite ends connected to fans
      35 and 36. The fans are located within circular openings 37 and 38 in the
      frame members 26 and 27 and their blades are formed to draw outside air
      through the openings and into the interior of the enclosure and forcibly
      discharge the air through the finned coil 20 (forming the three sides of
      the condenser coil unit) and from the enclosure. Flared annular portions
      40 and 41 of of the frame members define the openings 37 and 38 and are
      shaped to provide venturi relationships with the fans. Protective grilles
      42 and 43 are connected to the frame members and cover the openings 37 and
      38.
PAR  In operation, the fans 35 and 36 draw outside air through the openings 37
      and 38 of the frame members into the enclosure 10 and discharge the air
      through the heat transfer condenser unit 19 to the exterior of the
      enclosure. The fans, in combination with the venturis 40 and 41, the
      enclosure 10, and coil 20, have performance characteristics similar to a
      centrifugal blower, providing improved air-moving performance compared to
      the axial flow propeller assemblies commonly used in condenser unit
      applications. The use of two fans provides greater venturi area and,
      accordingly, lower air velocity over the customary single fan of
      conventional condenser units. Also, the blade tip speed is lower. Since
      the air discharge pattern from the blades of the fans matches the required
      air flow pattern, air turbulence and noise are minimized. In addition, fan
      motor power can be low, as low air turbulence, low pressure losses due to
      large condenser area, and a more efficient blower combine to reduce
      air-moving power requirements. A desirable air discharge pattern is
      provided in the location of the condenser apparatus, in an
      air-conditioning application exteriorly of a building, because the low
      velocity warm air is distributed over a large area reducing the drying
      effect on plants or shrubs. The condenser coil unit is self-cleaning as
      rainwater washing the condenser, or an occasional dousing with a garden
      hose provides condenser coil cleaning in reverse direction to the air flow
      thereby most efficiently removing the surface dirt loading on the coil.
      Also, the highly-located air-intake minimize the entry of grass, leaves,
      etc. into the unit.
PAR  While this invention has been described with respect to a certain specific
      embodiment thereof, it should be understood that this is by way of
      illustration and not by way of limitation.
PAR  The invention should be considered within the spirit and scope of the
      appended claims which should be construed as broadly as the prior art will
      permit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A condenser - compressor unit comprising: a base member; a refrigerant
      compressor mounted in the central portion of said base member; an
      inverted, generally U-shaped heat exchange coil having a pair of generally
      vertically disposed leg portions and an upper connecting portion, the
      bottom of said leg portions being secured to said base member on opposite
      sides thereof with the upper connecting portion extending over said
      refrigerant compressor and forming a pair of open sides; a pair of
      oppositely disposed end panels closing the open sides of said coil member
      and being provided with a central opening formed with a venturi entrance;
      a pair of fans adjacent said openings mounted on a common drive shaft; and
      a motor for driving said fans to induce air flow through said venturi
      entrances into the space defined between said end panels, said leg
      portions, and said upper connecting portion, whereby air is caused to flow
      through substantially the entire surface of said heat exchange coil.
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ABST
PAL  A friction clutch for a power driven element such as a rotary blade in
      which the element is seated on a drive shaft having a flange and an
      adjacent thread having an associated nut. Adjacent the driven element is a
      washer assembly which includes a rubber washer and a Bellville washer
      having its concave side faced toward the rubber washer so as to develop
      frictional clutching force between the shaft and the power driven element
      as the nut is tightened, the concavity of the Bellville washer serving to
      confine the rubber washer against radial expansion and the rubber washer,
      by its confinement, serving to prevent collapse of the Bellville washer
      upon severe tightening of the nut.
PARN
PAC  RELATED APPLICATIONS
PAR  Aasland et al. U.S. application Ser. No. 393,825 Filed Sept. 4, 1973 on
      "Shredder-Bagger Having Blade Assembly", the present application being a
      divisonal application thereof, now U.S. Pat. No. 3,857,521 issued Dec. 31,
      1974.
BSUM
PAR  It is an object of the present invention to provide a friction clutch for
      driving a rotary blade or the like, particularly useful for rotary blade
      garden implements, which makes use of a Bellville washer for developing
      resilient axial clutching force, but which has novel provision for
      preventing collapse of the Bellville washer, by flattening, upon severe or
      over-tightening of the associated nut.
PAR  It is a more specific object to provide an adjustable friction clutch which
      includes a novel combination of Bellville and rubber washers to achieve
      reliable and reproducible clutching as well as wide range of adjustment
      and development of resilient forces beyond the normal capability of a
      Bellville washer.
DRWD
PAR  Other objects and advantages of the invention will be apparent upon reading
      the attached detailed description and upon reference to the drawings in
      which:
PAR  FIG. 1 is a general perspective view of a shredderbagger employing the
      present invention.
PAR  FIG. 2 is a horizontal section taken through the machine along the line
      2--2 in FIG. 3.
PAR  FIG. 3 is a vertical section taken along the line 3--3 in FIG. 2,
      developed, and with portions broken away.
PAR  FIG. 4 is an enlarged fragmentary elevation showing the hub.
PAR  FIG. 5 is an exploded view of the hub assembly of FIG. 4.
DETD
PAR  While the invention has been described in connection with a preferred
      embodiment, it will be understood that I do not intend to be limited to
      the particular embodiment shown but intend, on the contrary, to cover the
      various alternative and equivalent constructions included within the
      spirit and scope of the appended claims. 75
PAR  Turning now to FIG. 1 there is shown a shredderbagger 10 having a frame 11
      supported, with respect to the ground, upon wheels 12. Superimposed upon
      the frame is an engine 13 and adjacent the engine is a hopper 14. Garden
      debris which is fed into the hopper is forcibly ejected in an air stream
      via a discharge chute 15 into a suitable receiving bag.
PAR  Turning next to FIGS. 2 and 3 it will be seen that the frame defines a
      shallow cylindrical chamber 20 having a top wall 21, a flat bottom wall 22
      and a circular side wall 23. The top wall and side wall are preferably
      integral with one another and the bottom wall, which provides access, is
      held in place by clips 24. The engine shaft, indicated at 25, extends
      axially downward into the chamber. Material is fed from the hopper into
      the chamber via a receptacle 26.
PAR  In accordance with the present invention a blade assembly is provided in
      the shredding chamber mounted upon a hub which is keyed to the shaft and
      made up of a plurality of blades which are telescoped over the hub and
      coupled to it via a friction clutch, the blades being offset slightly but
      with their bodies overlapping one another and clamped together with
      spacers to form a rigid box-like assembly. Thus the blade assembly,
      indicated at 30, has, in the present instance, a top blade 31 which is in
      leading position, a middle blade 32 and a bottom blade 33. The blades have
      respective central openings 34, 35, 36 of the same diameter and sharpened
      tips 37, 38, 39 which are, as shown, retreatingly angled, or chamfered.
      The blades are telescoped over, and permanently captive upon, the hub 40
      which is keyed, by a key 41, to the motor shaft 25. The hub is held upon
      the motor shaft by an axial screw 42 and end washer 43. Forming a part of
      the hub is a flange 44 having an adjacent thread 45, the hub being flatted
      in the region of the thread as indicated at 46.
PAR  For the purpose of securely clamping all of the blades together in the
      slightly offset relation, a pair of clamping bolts 50 are used, having
      nuts 51 and spacers 52, and with the bolts extending through the entire
      stack of blades. In addition, the top blade is connected to the middle
      blade by a pair of bolts 53 and nuts 54 and spacers 55. Finally, the
      middle blade is connected to the lower blade by bolts 56 having respective
      nuts 57 and spacers 58. The combination of the overlapping blades, plus
      the bolts and spacers clamping the blade bodies together, produces a
      box-like structure in which each blade reinforces the others to increase
      its effective strength in the shredding operation and in which each blade,
      moreover, acts to prevent flexure and vibration of the neighboring blades.
PAR  For the purpose of conveying driving torque from the hub to the blade
      assembly, a clutch assembly frictionally couples the lowermost blade to
      the flange 44 on the hub. The clutch assembly, indicated at 60, includes
      first and second friction washers 61, 62 which straddle the blade 33, a
      rubber washer 63, a Bellville type washer 64 and a lock washer 65, all of
      which are sandwiched tightly together against the hub flange by means of a
      nut 66, the flange serving as a "keyed" stationary washer. The washers 62,
      65 are preferably formed with a "flatted" internal opening which registers
      with the flat 46 on the hub.
PAR  In accordance with one of the specific aspects of the present invention the
      rubber washer faces the concave side of the Bellville washer, with the
      result that the two act cooperatively in the resilient transmission of
      axial force from the nut to the clutching surfaces. Because of the concave
      nature of the Bellville washer the rubber washer is held captive at its
      periphery so that it is largely confined and prevented from spreading
      radially in the face of the axial force. At the same time the volumetric
      confinement of the rubber washer produces a reaction force having an
      increasing spring rate so that the rubber washer serves to prevent
      collapse of the Bellville washer, particularly where the latter is
      severely or overly tightened. As is well known, a Bellville washer is a
      convenient means for securing resiliency in a compressed stack, but where
      a Bellville washer is stressed beyond the point of yield it tends to
      collapse, that is, revert to a flat, non-resilient state. For this reason
      Bellville washers have largely been avoided in assemblies of this kind,
      particularly assemblies where the adjustment is at the mercy of a
      householder who may lack mechanical knowledge and skill. By contrast it is
      found that, using the rubber washer and Bellville washer in combination,
      the possibility of overstressing the Bellville washer by excessive
      tightening is largely precluded. In normal operation, and with the nut
      properly tightened, the Bellville washer and rubber washer, acting
      together develop an optimum axial clutching force with adequate and
      automatic take-up of any wear which might occur at the clutch faces. It is
      found that the present blade assembly may be left in place, without
      maintenance, or adjustment, almost indefinitely. Shredding largely occurs
      by reason of impact and it is not therefore necessary to periodically
      sharpen the blades, as it is in the case of a rotary mower, so that the
      permanence of the adjustment of clutch torque is a matter of some
      importance.
PAR  In carrying out the invention stationary breakers are provided on the side
      wall of the shredding chamber having teeth which are interdigitated with
      the tips of the blades, the breakers being offset upwardly from the bottom
      wall of the chamber and the lowermost one of the blades being extended
      radially beyond the companion blades into close proximity to the side wall
      and into close running engagement with the bottom wall.
PAR  Thus as shown in FIGS. 2 and 3, a total of three breakers are used
      indicated at 70, 71 and 72, held in position by mounting screws 73 and
      having a total of three teeth 74, 75, 76. Each breaker is mounted so that
      a shallow clearance space d exists under the lowermost tooth 76, a space
      which is occupied by the tips of the blade 33, which tips are radially
      extended in length by a distance r as compared to the tips of the other
      two blades. As a result of the close proximity of the blade 33 to the
      bottom wall and side wall, such walls are continuously swept clear of any
      debris of a type which would, in a conventional shredder, result in
      formation of a permanent hard cake of collected material, a cake which
      would have to be periodically cleaned out in order to maintain shredder
      efficiency. It is found that in the present construction the regions where
      a cake would normally collect are, instead, kept bright and clean, even
      where the shredder is used to dispose of succulent materials such as
      freshly cut weeds and foliage.
PAR  It is one of the still further features of the present invention that means
      are provided for protecting the seal which is present in engines at the
      point of entry of the shaft 25 into the engine housing. This is
      accomplished by providing, at the top of the blade assembly, a seal
      protecting disc 80 which is secured in place by the bolts 50. This disc 80
      is, as shown in FIG. 3, of slightly dished construction, and fills a
      circular opening 81 in the top 21 of the shredding chamber. Rotation of
      the disc 80 at blade speed, by reason of centrifugal force, keeps the
      region of the shaft and its seal clear of debris of all kinds and
      particularly clear of the abrasive debris which would, in time, affect the
      integrity of the seal and which might cause a catastrophic loss of oil and
      failure of the engine.
PAR  It is found, in use, that the blade assembly not only has a greater
      volumetric efficiency, or "through put", in the handling of debris but
      that it has the ability to operate efficiently over a wide range of engine
      horsepower, being uniquely suited to making full use of the horsepower
      available in the larger sizes of engines, but using a frame which is not
      substantially greater in size than the frames which have been customarily
      employed with engines of more limited horsepower. Because of the limited
      offset between the blades the "blade rate", that is, the rate of passage
      of the blade cluster, is sufficiently low as to provide a well defined
      "insertion gap" during which a branch, for example, may be inserted a
      distance sufficient for acting upon, in quick succession, by the blades as
      a group, beginning with the top blade which is in leading position. This
      is to be contrasted with the progressive and relatively slower "nibbling"
      action which occurs when evenly angled blades are employed. Because the
      blades are integrated in a rigid box-like assembly, each blade assists,
      and is assisted by, all of the others in resisting bending and other
      forces, resulting in a structure which is strong and vibration free but in
      which each blade may be made of stock of relatively limited thickness
      resulting in a low total weight and hence sharply reduced material costs
      as compared to conventional multi-blade structures. Assembly is quick and
      easy since the bolts and spacers assure accurate spacing, parallelism, and
      phasing. Alinement with the breaker openings is thus assured. The blade
      assembly, while intended for use in a "top of line" machine is
      sufficiently economical as to permit its advantages to be utilized even in
      machines of more limited horsepower intended for sale in the "economy"
      market.
PAR  Because the blades, taken together, form a wide and well-defined "front",
      leaves and similar light debris are moved at a high and efficient rate,
      with relative advancement of the top blade producing a suctional effect.
      Also because of the offset between the blades and their mutual
      rigidification, it is found that a machine using the present blade
      assembly is capable of disposing of branches which are thicker than those
      which can be handled by more conventional machines. However, in the event
      that an obstruction is interposed which is heavy enough to resist the
      action of the blades, the improved clutching system serves to protect both
      blades and engine against development of destructive torque, while the
      clamping structure positively maintains the relative phase positions.
PAR  While the term "rubber" has been used for convenience in describing the
      washer 63, it will be understood that this term is intended, in a generic
      sense, to include artificial rubber and similar resilient materials
      commonly employed as rubber substitutes. The term "nut" is a general term
      covering any clamping element threadedly engaging the shaft. "Flange"
      refers to any shoulder secured to the shaft.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an engine driven appliance, the combination of a shaft having a
      radial flange and an adjacent thread, a power driven element telescoped
      over the shaft, a nut engaging the thread, and a washer assembly
      telescoped over the shaft adjacent the power driven element, the washer
      assembly including a rubber washer, an adjacent Bellville washer and an
      auxiliary washer, the rubber washer being sandwiched between the Bellville
      washer and the auxiliary washer and the Bellville washer having its
      concave side faced toward the rubber washer so as to confine the rubber
      washer against the auxiliary washer while inhibiting radial expansion of
      the rubber washer as the nut is tightened, thereby to provide clutching
      force, the reaction of the confined rubber washer providing a sharply
      increasing spring rate as the nut is tightened thereby to prevent collapse
      of the Bellville washer upon severe tightening of the nut.
NUM  2.
PAR  2. The combination as claimed in claim 1 in which the auxiliary washer lies
      immediately adjacent the power driven element for direct transmission of
      frictional torque thereto.
NUM  3.
PAR  3. In a friction clutch, the combination of a shaft having a radial flange
      and an adjacent thread, a flat power driven element telescoped over the
      shaft adjacent the flange, a nut engaging the thread, and a washer
      assembly interposed between the nut and the power driven element, the
      washer assembly including (a) an auxiliary washer, (b) a rubber washer,
      (c) an adjacent Bellville washer having its concave side faced toward the
      rubber washer so as to confine the rubber washer against radial expansion
      as the nut is tightened, thereby to provide clutching force, and (d) a
      lock washer, the reaction of the confined rubber washer providing a
      sharply increasing spring rate as the nut is tightened thereby to prevent
      collapse of the Bellville washer upon severe tightening of the nut, the
      auxiliary washer and lock washer being keyed to the shaft.
NUM  4.
PAR  4. In an engine driven appliance, the combination of a shaft having a
      radial flange and an adjacent thread, a power driven element telescoped
      over the shaft adjacent the flange, a nut engaging the thread, and a
      washer assembly interposed between the nut and the power driven element,
      the washer assembly including a rubber washer and an adjacent Bellville
      washer having its concave side faced toward the rubber washer so as to
      confine the rubber washer against radial expansion as to nut is tightened,
      thereby to provide clutching force, the washer assembly including a
      further washer on the opposite side of the rubber washer from the
      Bellville washer having an area substantially coextensive with the
      Bellville washer to insure area support of the rubber washer during
      confinement, the reaction of the confined rubber washer providing a
      sharply increasing spring rate as the nut is tightened thereby to prevent
      collapse of the Bellville washer upon severe tightening of the nut.
NUM  5.
PAR  5. In an appliance having a rotatable drive shaft and a driven element, the
      combination of a radial flange secured to the drive shaft, a thread
      adjacent the radial flange, the driven element telescoped over the thread,
      and a washer assembly interposed between the nut and the radial flange,
      the washer assembly including a washer stationarily keyed to the shaft, a
      rubber washer, and an adjacent Bellville washer, the concave side of the
      Bellville washer facing the rubber washer so that the rubber washer is
      confined against the stationary washer to prevent collapse of the
      Bellville washer upon tightening of the nut the washer assembly being
      telescoped over the shaft and in axial force transmitting relation to the
      driven element so that upon tightening of the nut the driven element is
      frictionally coupled with the drive shaft with slippage therebetween when
      the torque required to drive the driven element exceeds the frictional
      torque.
NUM  6.
PAR  6. The combination as claimed in claim 5 in which the driven element is a
      cutting blade and the washer assembly is interposed between the nut and
      the blade so that the stationary washer is in friction-transmitting
      relation with the blade.
NUM  7.
PAR  7. In an engine driven appliance, the combination of a shaft having a
      radial flange and an adjacent thread, a power driven element telescoped
      over the shaft, a nut engaging the thread, and a washer assembly adjacent
      the power driven element, the washer assembly including in order (a) a
      flat washer, (b) a rubber washer and (c) an adjacent Bellville washer
      having its concave side faced toward the rubber washer so as to apply
      resilient axial force against the flat washer while confining the rubber
      washer against radial expansion as the nut is tightened, the flat washer
      being keyed to the shaft and engaging the driven element thereby to
      provide clutching force against the latter, the reaction of the confined
      rubber washer providing a sharply increasing spring rate as the nut is
      tightened thereby to prevent collapse of the Bellville washer upon severe
      tightening of the nut.
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ABST
PAL  A limit switch arrangement for controlling the patterning and working width
      of knitted articles on a straight knitting machine includes a plurality of
      magnetically responsive switch on the movable carriage of the machine and
      a plurality of permanent magnets are mounted in an axially affect manner
      on a holder which is axially adjustable in the direction of travel of the
      carriage.
BSUM
PAC  RELATED PATENTS
PAR  In U.S. Pat. No. 3,817,059, issued on June 18, 1974, entitled "Method and
      Apparatus for Controlling a Knitting Machine" a knitting machine control
      system is disclosed which allows flexibility of control with minimal
      complexity of circuits and information storage apparatus by means of
      program arrangements which selectively call for control information from
      fixed storage units and from an eraseable temporary storage unit which is
      fed from magnetic tape. This patent which was copending with the present
      application and by the same applicant and substantially discloses but does
      not claim the present invention.
PAC  Field of the Invention
PAR  The present invention relates to a device for controlling the patterning
      and working width of a straight knitting machine comprising different
      storage devices for the data relating to knit types and patterning and
      devices for limiting the working width.
PAC  Description of the Prior Art
PAR  The advantage of straight knitting machines consists in that, in constrast
      to other knitting machines, they can be changed to other patterns
      relatively rapidly and the working width can be varied. As the preparation
      time is an extremely important factor in regard to employees wages, the
      ability to switch rapidly to other patterns is a money-saving feature. By
      altering the working width, the knitted articles can be adapted to the
      various requisite sizes and there is a minimum amount of wastage. This is
      particularly important in the case of expensive materials.
PAR  The knitting machines currently on the market do not generally convert
      readily to different patterns. In most cases it is necessary to switch
      needles, selectors and the like. Considerable expense is also involved in
      replacing Jacquard cards. To change the working width, the needles and
      selectors must either be rendered operative or inoperative. To effect
      this, it is necessary, particularly in the case of machines comprising
      selector control means and machines with Jacquard attachments, etc., to
      pull out a plurality of cover rails, to push the needles and selectors
      over one another and then to reinsert to cover rails. Considerable expense
      is also involved when a Jacquard pattern does not extend over the entire
      width of the knitted article, but if, for example, the borders are
      monocolored. If this is the case, a set of Jacquard cards must be produced
      for each size of article. The same applies to articles with a Jacquard
      design which narrows down. Here again, the edge needles which are
      transferred, must be selected separately and thus additional Jacquard
      cards are required.
PAR  In the case of straight knitting machines where each needle is associated
      with an electromagnet for control purposes, the details of very
      complicated patterns can be supplied to a storage device, but once again
      it is necessary to store data for each size knitted article separately --
      and always for the entire article. Thus a plurality of storage devices may
      be involved. This is especially necessary when it is wished to avoid
      additional work, for example, for rendering the needles inoperative and
      when it is not wished to provide the knit locking mechanism with a special
      mechanical switching device.
PAR  A device of the type mentioned initially is disclosed in DL patent 79 106.
      However, this device does not enable the working width to be readily
      adjusted.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a device for controlling
      the patterning and working width which enables the working width to be
      adjusted simply and automatically both between the individual knitted
      articles and also during the knitting of one or more knitted articles
      being worked in rapid succession.
PAR  According to the invention this problem is solved in that the devices for
      limiting the working width are limit switches which are switched by
      permanent magnets associated in their arrangement with the selection
      points in the locking mechanism -- the arrangement of which points is to
      be changed.
PAR  According to the invention it is possible, for example, to knit all parts
      of an article in a continuous manner on a straight knitting machine
      without additional major expenditure.
PAR  The device according to the invention is advantageously constructed in such
      a way that the limit switches are mounted on the sliding carriage at right
      angles to the direction of travel of the carriage and in that the
      permanent magnets are mounted on a holder on the needle bed offset with
      respect to each other in the direction of travel of the carriage.
PAR  The holder bearing the permanent magnets is advantageously mounted on a
      notched bar so as to be lockingly displaceable by one or more needle
      spacings in the direction of travel of the carriage and so as to be
      capable of being locked in position.
PAR  The holder comprising the permanent magnets can also be mounted for
      automatic displacement in the direction of travel of the carriage.
PAR  A plurality of holders bearing permanent magnets are generally provided
      along the needle bed, but there is at least one holder on each side of the
      needle bed.
PAR  The device can also be constructed in such a way that one or more
      additional holders are provided which each bear only one permanent magnet
      and which are adapted to be moved in the direction of travel of the
      carriage and to be locked in position.
PAR  It may also be advisable for the holders to be adjusted by means of path
      limiters of thread guide boxes.
PAR  The information in the various storage devices can be suppressed in parts
      by the limit switches which have variable switching points. Thus the
      working width can be varied even when a plurality of articles are knitted
      in succession, if, for example, all the needles coming in front of the
      first and, for example, between the second and third and also after the
      last limit switch can be kept inoperative even if they should have been
      operative according to the details of the Jacquard design.
PAR  Automatic reduction of the knitted articles is achieved by the automatic
      displacement of the holders and thus corresponding adjustment of the
      switching points of the limit switches for reducing the working width.
PAR  Other objects, features and advantages of the present invention will be
      made apparent from the following detailed description of the preferred
      embodiment thereof provided with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a straight knitting machine having a device according to the
      invention incorporated therein.
PAR  FIG. 2 is a section of a cross-sectional view through the needle bed and
      carriage of the straight knitting machine.
PAR  FIG. 3 is a diagrammatic view of the circuitry for limiting the needle
      spacing by way of the limit switches.
PAR  FIG. 4 is a device for automatically adjusting the working width.
PAR  FIG. 5 is a diagrammatic view of adjustment means for altering the working
      width in the case of two successive knitted articles.
PAR  FIG. 6 is a diagrammatic view of selection points in the the locking
      mechanism which are to be switched.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1-6 of the present application correspond to FIGS. 1, 2, 6, 7, 8 and
      12 of U.S. Pat. No. 3,817,059 and reference may be made to the other
      figures of this patent and the corresponding portions of the specification
      for a more detailed description of the control circuitry, storage
      elements, counters and the like which do not form a part of the present
      invention and are not necessary to an understanding of the present
      invention which is directed to the physical arrangement of the limit
      switches and the magnetic switch operators.
PAR  FIG. 1 shows a control device according to the invention mounted on a
      straight knitting machine 160. A carriage 163 is displaced in a
      reciprocating manner by drive means 172. The carriage slides over the
      needle beds 164 and displaces thread guides 173 on thread guide rails 165.
      The machine is controlled by a control device 161 employing control cards
      in the form of cardboard cards 174. On the front side of the knitting
      machine is a notched bar 166 which comprises notches corresponding exactly
      to the calibrations of the needle bed 164. These notches are scanned by an
      impulse generator 100 attached to the carriage 163. The scanned area
      extends on both sides of the machine for at least the length of the
      carriage 163 over the needle space of the needle beds 164. At each scanned
      spot an impulse passes from the impulse generator 100 via a feed line in a
      trailing cable 175 to a storage device 162. This storage device 162
      comprises a storage element for selection of the needle graduation, a
      storage element for the selection of a number of edging needles, an
      erasable intermediate storage element, a band or plate storage element,
      counters, other storage devices and a distributor and amplifier unit.
PAR  The storage element for selection of the needle graduation or the band or
      plate storage elements determine which needles are to be moved to a
      particular selection point 180, 181, 182, 183, (FIG. 6) in the locking
      mechanism. The control device 161 determines which of these two storage
      devices is used.
PAR  To avoid having to store the data of the entire knitted article when
      articles are made to size, a further storage element is provided for the
      selection of a specific number of edging needles. This storage element is
      controlled by a control device 161 and supplies its data which is scanned
      by impulses supplied by the impulse generator 100 via the supply line to
      OR gates and as blocking impulses to blocking AND gates 159. The selected
      number of needles is only counted off if an impulse from a limit switch
      202 has activated another storage element. When the selected number of
      needles has been counted off, this storage element receives an impulse and
      is reversed. The next impulse via the supply line comes from the limit
      switch 202 if the selected number of needles is to be knitted.
PAR  A plurality of counters associated with the individual selection points
      180, 181, 182, 183, are switched in a continuous manner by the impulse
      generator 100, progressing gradually from 1 - 36. From 36 the counter
      jumps with the next impulse directly to 1. The counters are dephased with
      respect to each other. When the first counter is on 1, the second is on
      10, the third on 19 and the fourth on 28, and when the first counter is on
      12, the second is on 21, the third on 30 and the fourth on 3 When the
      carriage moves in the opposite direction, the counters go from 36 - 1.
PAR  A line runs from connection 1 of the first counter to one AND gate whereas,
      from connection 10, for example, a line runs to another AND gate. This
      applies to each selection point 180, 181, 182, 183, in the locking
      mechanism (FIG. 6). The spacing of the locking mechanism is such that each
      selection point 180, 181, 182 and 183 is always located on the selector
      selected by its particular counter. If the first counter selects 1, the
      selection point 180 will be located on a selector corresponding to 1. At
      the same time, the second counter selected 10, and the selection point is
      located on a selector corresponding to 10. The third counter is then
      located on 19 and the selection point 182 on a selector corresponding to
      19 while the fourth counter is on 28 and the selection point 183 on a
      selector corresponding to 28. If the carriage 163 moves on by one needle
      graduation, the first counter 85 will be on 36, the second counter on 9,
      the third counter on 18 and the fourth counter on 28. The selection point
      180 will be on a selector corresponding to 18 and 183 on a selector
      corresponding to 27, etc. When the carriage moves in the opposite
      direction the numbers run from 1 - 2.
PAR  To select, for example, all selectors corresponding to 1, it is necessary
      for an impulse to be generated via an OR gate to an intermediate storage
      element which stores the impulse and retransmits it until the storage
      element is erased. An amplifier engages all the magnets corresponding to
      1, i.e., all the selectors with which a magnet corresponding to 1 is
      associated project out of the needle bed. However, as the selection point
      180 at this time is only located on one of the selected selector bars and
      all the other selection points 181, 182 and 183 are located on other bars,
      only this one bar is selected at this time.
PAR  FIG. 2 shows the section of a selection point. The carriage 163 moves with
      its guide 204 on a guide rail 205 over the needle bed 164. A control
      device with adjacent magnets 206 in the form of electromagnets, is located
      behind the needle bed 164. When the magnet 206 conveys current as shown in
      the example, a locking spring 208 is either attracted by the cores 207 of
      the magnets 206 or is cushioned by its own elasticity. In the cushioned
      state the locking spring 208 blocks a spring 209 which is pressed into the
      needle bed 164 by the selector 210 during the passage of the carriage. If
      current has been supplied to the magnet 206 as shown in the embodiment
      represented, it grips the locking spring 208 against its core 207. The
      spring 209 pushes the selector 210 upwards until its foot 212 can be
      gripped by the locking element 211. This locking element 211 pushes the
      selector 210 and thus the needle 213 upwards so that its foot 214 can be
      gripped by the needle lifting element 215 and employed in the knitting
      process.
PAR  The locking spring 208 may be provided with a permanent magnet which is
      attracted by the core 207 of the magnet 206 when current flows in a
      specific direction through the winding of the magnet and which is repelled
      when current flows in the opposite direction.
PAR  The individual groups of magnets 1' - 36' are controlled via different
      connections to the particular selection points 180, 181, 182 and 183.
PAR  The storage devices for the selection points are put into operation and out
      of operation by means of limit switches 176, 195, 196 and 197 or 176',
      195' 196 and 197' (FIG. 1) which are activated by permanent magnets 198,
      199, 200 and 201 or 198' 199', 200' and 201' adjustable on the bar 166. A
      further storage device is adapted to be put in or out of operation by the
      limit switches 202 or 202' which are switched by permanent magnets 203 or
      203'-which are also adjustable - or by a signal from the control device
      161.
PAR  FIG. 3 is a diagrammatic view of the right side of these connections by way
      of limit switches. The permanent magnets 198' - 201' are stacked in the
      holders 216 in such a way that the horizontal spacing from one permanent
      magnet to the next corresponds exactly to the spacing between selection
      points in the locking mechanism. For example, the spacing between the
      permanent magnets 198' and 199' is exactly the same as the spacing between
      the selection points 180' and 181' (FIG. 6). By means of an arresting
      plate 218 which, like the bar 166 has notches spaced in the same manner as
      the needle bed 164, the holder 216 can engage at a distance at any desired
      point in one or more needle graduations. It is held in position by
      tightening a knurled-head screw 219 and is adjusted with precision. The
      same applies to a holder 217 which can be held in position by means of its
      arresting plate 220 at any desired spot on the bar 166 independent of the
      holder 216.
PAR  The holders 216 and 217 can also be attached to the automatic thread guide
      adjustment means (FIG. 4). Each time one or more needles is/are added or
      removed, they are adjusted by means of the path limiters 221 and 222 of
      the thread guide boxes 242 and 243. In this way, the knitting area is
      automatically reduced or broadened.
PAR  When a plurality, for example, two articles, are knitted in succession,
      further permanent magnets are attached in the center of the needle space
      to switch the limit switches. FIG. 5 is a diagrammatic view showing how,
      for example, permanent magnets 201, 201', 201", 201'", are secured
      relative to the needle bed. The arrows show the directions in which the
      permanent magnets can be adjusted. The two needle areas 223 and 224, in
      which the knitting operation takes place, are located between the
      permanent magnets 202'" and 202'.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A limit switch arrangement for controlling the patterning and working
      width of a flat-bed knitting machine having a movable carriage comprising
      a plurality of magnetically responsive limit switches mounted on said
      carriage in a row at right angles to the direction on travel of said
      carriage, holder means adjustably mounted on said bed for movement in the
      direction of travel of said carriage and a plurality of permanent magnets
      mounted on said holder means with each magnet being offset from the other
      in the direction of movement of said carriage and in alignment with
      respective one of said switches.
NUM  2.
PAR  2. A limit switch arrangement as set forth in claim 1 further comprising a
      notched bar mounted on said bed and extending parallel to the direction of
      travel of said carriage with the distance between the notches on said
      notched bar being equivalent to a needle spacing and locking means on said
      holder means for securing said holder means in a selected notch.
NUM  3.
PAR  3. A limit switch arrangement as set forth in claim 1 wherein said holder
      means is comprised of at least two holders bearing permanent magnets with
      one holder being provided on each side of said bed.
NUM  4.
PAR  4. A limit switch arrangement as set forth in claim 3 further comprising
      additional holder means having only one permanent magnet thereon
      adjustably mounted for movement on the path of travel of said carriage
      independent of said holder means.
NUM  5.
PAR  5. A limit switch arrangement as set forth in claim 1 further comprising
      movable thread guide boxes mounted on said bed, said holder means being
      mounted on said thread guide boxes for movement therewith.
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ABST
PAL  A knit fabric is made to simulate a woven structure by arranging fancy warp
      stitch chains at spacings between inlaid warp ends so that filling ends
      laid at one side of the warp ends are knit-in while filling ends laid at
      the other side remain simply laid-in and are held in place by interaction
      of the warp ends and warp stitch chains thereat.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of parent application Ser. No. 423,485,
      filed Dec. 10 1973 which contains claims to the knit fabric disclosed and
      now allowed as U.S. Pat. No. 3,874,201 which is a continuation-in-part of
      Ser. No. 64,435 filed Aug. 17, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In commonly assigned copending application Ser. No. 64,435, filed Aug. 17,
      1970, now abandoned, a warp knitting machine is disclosed and claimed that
      is arranged for inserting a filling end both in front of and behind the
      knitting needles to produce a warp knit fabric having "a woven-like
      characteristic." The warp knit fabric resulting from the machine
      arrangement of this copending application, however, has all of the filling
      ends knit-in by warp stitch chains so that the filling ends are held
      whether or not additional unknit warp ends are included in the fabric, and
      if such warp ends are included they are held by disposition of the filling
      ends at both sides thereof without any holding purpose being served by the
      warp with respect to the filling. As a consequence, even though fabric
      produced according to the above-noted copending application exhibits
      excellent stability, it does not interlace the fabric elements
      sufficiently to provide a woven appearance as fully as is desirable.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention filling ends are laid at both sides of
      spaced ends of a warp inlay but are knit-in at only one side by warp
      stitch chains running at the spaces between the warp ends while the
      filling ends at the other side are simply laid-in at an interlaced
      relation with the warp ends and warp stitch chains, so that a pronounced
      woven appearance is obtained in the resulting fabric particularly when the
      warp stitch chains are formed of appreciably finer yarn than is used for
      the warp and filling inlay.
PAR  Formation of the fabric in this manner is accomplished by inlaying spaced
      warp ends at the back side of a needle array with filling ends laid at
      opposite sides thereof while operating the needle array to form knitting
      ends delivered thereto into warp stitch chains at the spaces between the
      warp ends, and while holding in back of the needle array all filling ends
      at the warp inlay side adjacent the needles of the array and forcing all
      filling ends at the other warp inlay side to the front of the needles in
      timed relation, so that the filling ends forced to the front of the
      needles are knit-in and those held in back are interlaced.
PAR  The fabric structure obtained and the manner in which, and means by which,
      it is formed are described in further detail below in connection with the
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram of knit fabric embodying the present invention;
PAR  FIG. 2 is a comparable diagram illustrating a varied spacing of the filling
      ends for patterning;
PAR  FIG. 3 is a third diagram of the same sort illustrating a further variation
      of the filling end spacing;
PAR  FIGS. 4 through 7 are sequential illustrations of the manner in which the
      FIG. 1 fabric is formed in accordance with the present invention; and
PAR  FIGS. 8 and 9 show suitable alternative means for operating the filling end
      sinker means.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Fabric embodying the present invention incorporates four yarn systems: a
      warp inlay of spaced ends w; a system of filling ends t laid at one warp
      inlay side, which may be considered the top side; an alternating opposite
      or bottom side system of filling ends b; and, a system of knitting ends y
      from which warp stitch chains x are formed between the spaced ends w of
      the warp inlay. FIG. 1 diagrams the form of the fabric when the filling
      ends t and b of the alternating systems are regularly spaced. Under such
      circumstances, the warp stitch chains x run or pass entirely outside of
      all top side filling ends, as at t, t' and t", while engaging all bottom
      side filling ends, as at b, b' and b", so that the latter filling ends are
      knit-in while the former remain simply laid-in.
PAR  More particularly, the constituent parts to the stitch chains x consist of
      successive loops, as at l, l' and l" in FIG. 1, and connecting segments
      extending between such successive loops, as at c, c' and c". And when the
      filling ends are regularly spaced as in FIG. 1, both legs of the stitch
      chain loops pass outside of the top side filling ends and inside of the
      bottom side filling ends thereat, while the connecting segments, as at c',
      run outside of a bottom side filling end, such as b, adjacent the throat
      of the loop l' from which it extends and outside the top side filling end
      t' at this loop and then form a sub-loop portion, as at s, s' or s", to
      one side of the loop bight which wraps from inside out around the adjacent
      top side filling end, such as t', before connecting with the next
      succeeding loop l". As thus arranged, the stitch chains x interlace in
      sinuous fashion with both the top and bottom side filling so as to cause
      interaction thereof with the warp inlay to produce woven structure
      simulation, and in doing so leaves the top side filling fully visible at
      the bottom fabric face, except as such filling passes under the warp inlay
      thereat, and in this way further emphasizes woven structure simulation at
      this face.
PAR  FIGS. 2 and 3 illustrate the effect of varying the filling end spacing at
      either fabric face for patterning purposes. In FIG. 2 the spacing has been
      varied so as in effect to omit the top side filling t" in relation to FIG.
      1, while in FIG. 3 the counterpart of bottom side filling end b' is
      eliminated. Omission of a top side filling end as in FIG. 2 shows up
      patternwise predominantly at the bottom fabric face by interrupting the
      regularity thereat where top side filling visibility is not obscured by
      any stitch chain portion. On the other hand, bottom side filling omission,
      as in FIG. 3, has the effect of eliminating the sub-loop portions s' in
      the connecting segment c' that would have wrapped about the omitted
      filling, so as to render the stitch form conventional rather than fancy at
      this point and provide pattern variation in this way as well as from the
      filling omission. It will be recognized that either or both variations in
      filling spacing can be employed as desired; that the illustrated spacing
      variations are only representative and are each subject to further
      variation; and that further patterning possibilities are available through
      selective omission of stitch chains x or ends of the warp inlay w.
PAR  Formation of the FIG. 1 fabric in accordance with the present invention is
      illustrated sequentially in FIGS. 4 through 7. In these illustrations, the
      warp inlay w with top and bottom filling laid thereat is shown approaching
      at the back side of an array of latch needles 10 operable at a knock-over
      bar 12 in relation to corresponding arrays of sinkers 14 and yarn guides
      16. The knitting ends y are delivered through the yarn guides 16 for
      formation of stitch chains at the warp inlay spacings, and the sinkers 14
      perform three functions during stitch chain formation: first, they cause
      all top side filling (i.e., all filling at the warp inlay side adjacent or
      facing the needles) to remain at the back of needles 10; secondly, they
      force all bottom or opposite side filling to the front of needles 10; and
      thirdly, they act to hold down the fabric being knitted during rise of the
      needles.
PAR  In FIG. 4 a stitch loop l, as previously diagrammed in FIG. 1, is shown as
      having been formed so as to pass outside of top filling end t (in relation
      to warp inlay w ) together with connecting segment c which extends to form
      sub-loop s about the following bottom filling end b before connecting with
      the succeeding loop l' that is held by the lowered needle 10 to which the
      knitting end y extends after passing outside of the filling end b. Also,
      at this stage the sinker 14 has moved up to receive the next succeeding
      bottom filling end b' at the crotch of its forked end portion 14' while
      extending the bottom edge of this end portion above and beyond the
      immediately preceding top filling end t' so as to cause the latter to
      assume a position behind the needle 10 as it rises as the sinker 10 moves
      across its ascending path as seen in FIG. 5.
PAR  FIG. 6 shows the further progress of the sinker 14 after it has moved
      enough farther in timed relation with the rising needle 10 to have forced
      the bottom filling end b' to the needle front while the previously held
      loop l' has opened the needle latch and the yarn guide 16 has moved
      rearwardly to commence wrapping the knitting end y around needle 10 in
      preparation for forming the next succeeding loop l" as indicated in FIG.
      7. At the FIG. 7 stage the sinker 14 has been retracted in preparation for
      a new cycle, the needle 10 has been lowered enough to close the latch and
      position the filling end b' for release to the back of the needle as it
      casts off the loop l' upon full lowering to the FIG. 4 position in
      completing a cycle.
PAR  Upon such full lowering, the sinker 14 will have moved up again, as in FIG.
      4, but this time on the bottom filling end b", while the needle 10 will
      now hold the fully formed loop l" instead of l' and the filling end b'
      will be wrapped by a fully formed sub-loop s'. Also, the yarn guide 16
      will have returned to its forward position after an overlap shog to
      complete the wrapping of needle 10. In this latter connection, it should
      be noted that common practice dictates execution of the overlap shog
      alternately in opposite directions so as to avoid accumulating twist in
      the knitting ends y, and that this circumstance accounts for the fact that
      sub-loops s, s", and so forth, appear on alternate sides of the stitch
      chain loops as diagrammed in FIG. 1.
PAR  As the knit fabric is formed at the back of the knockover bar 12 in the
      foregoing manner, it is handled by any suitable take-down arrangement (not
      shown) and the knitting ends y and warp inlay w are delivered from beam
      supplies with any usual sort of conveyor system being provided to receive
      and deliver the laid filling along with the warp inlay. Operation of the
      sinker 14 to perform the functions noted above in the manner described can
      be accomplished in a variety of conventional ways. Two suitable
      arrangements for such operation are illustrated in FIGS. 8 and 9. In FIG.
      8 the sinker 14 is shown fitted with a right angular pivot leg 18 movable
      about a fixed pivot at 20 and having a connecting arm 22 extending
      intermediately therefrom to a crank plate 24 so as to time and execute the
      sinker motion as desired. The FIG. 9 arrangement is somewhat more
      elaborate in that the sinker 14 is extended in length to carry a follower
      pin 26 at its extending end to ride in a cam groove 28, while a pivot leg
      18' is this time pivotally connected with sinker 14 and mounted at a fixed
      pivot 20' as well as deriving operating motion through a connecting arm
      22' and crank plate 24'. Addition of cam groove 28 to the arrangement
      provides considerably more latitude in designing a proper sinker motion.
PAR  The present invention has been described in detail above for purposes of
      illustration only and is not intended to be limited by this description or
      otherwise to exclude any variation or equivalent form or procedure that
      would be apparent from, or reasonably suggested by, the foregoing
      disclosure to the skill of the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the formation of warp knit fabric made to simulate a woven structure
      which involves the steps of inlaying spaced warp ends at the back side of
      a needle array while laying filling ends at opposite sides of the warp
      inlay, the improvement which comprises operating said needle array and
      feeding knitting ends thereto to form warp stitch chains at the spaces
      between said warp ends, while causing all filling ends at the side of said
      warp inlay adjacent the needles of said array to remain at the back of
      said needles and forcing all filling ends at the other warp inlay side to
      the front of said needles in timed relation, so that the filling ends
      forced to the front of said needles are knit-in by said warp stitch chains
      and the filling ends remaining at the back of said needles are interlaced
      by said warp ends and warp stitch chains.
NUM  2.
PAR  2. In warp knitting apparatus for forming knit fabric having a woven
      appearance in which means is provided for inlaying spaced warp ends at the
      back side of a needle array while laying filling ends at opposite sides of
      the warp inlay and for operating the needles of said array while
      delivering knitting ends thereto, the improvement which comprises sinker
      means for holding all filling ends at the side of said warp ends adjacent
      said needles at the back of said needles while forcing all filling ends at
      the other warp end side to the front of said needles, and means for
      operating said sinker means in timed relation so that the filling ends
      forced to the front of said needles are knit-in by warp stitch chains
      running at the spaces between said warp ends and the filling ends held at
      the back of said needles are interlaced by said warp ends and warp stitch
      chains.
NUM  3.
PAR  3. In warp knitting apparatus for forming knit fabric having a woven
      appearance in which means is provided for inlaying spaced warp ends at the
      back side of a needle array while laying filling ends at opposite sides of
      the warp inlay and for operating the needles of said array while
      delivering knitting ends thereto, the improvement which comprises sinker
      means for holding all filling ends at the side of said warp ends adjacent
      said needles at the back of said needles while forcing all filling ends at
      the other warp end side to the front of said needles, said sinker means
      operating so that the filling ends forced to the front of said needles are
      knit-in by warp stitch chains running at the spaces between said warp ends
      and the filling ends held at the back of said needles are interlaced by
      said warp ends and warp stitch chains.
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ABST
PAL  A shockless needle for circular knitting machines wherein the needle is
      slidably mounted in a trick, and is provided with a butt which
      periodically engages a needle-sliding cam. The butt extends laterally from
      the needle in a direction at least substantially at right angles to the
      longitudinal axis of the needle, the needle being pre-sprung in the
      location of the butt so that the opposite sides of the needle at such
      location engage the corresponding confronting sides of the trick.
PARN
PAR  This is a division, of application Ser. No. 102,333 filed Dec. 29, 1970,
      now abandoned.
BSUM
PAR  This invention relates to shockless needles for circular knitting machines
      and deals with the problem of reducing the impact force acting on the
      needle caused by inertia or by the entraining force of the yarn being
      knitted.
PAR  The conventional needles of the state of the art generally have the same
      thickness throughout. The needles are recessed in their lower parts for
      the purpose of springing the needle in the trick to obtain some resistance
      to avoid the needles falling out from the tricks. The problem of impact
      shocks is eliminated only if, in the place where the needle butt strikes
      the cam, there is a certain angle, such angle depending upon experience.
      In such a construction, there occurs in these places a sudden increase of
      acting forces, and a local wear of the cam takes place. Structural failure
      can eventually occur at the site of maximum acceleration of the needle or
      due to the resistance raised by the yarn. This fact limits the increase in
      the output of circular knitting machines, both from the point of view of
      actual output by the increase in the speed of revolution and with respect
      to the increase of the number of the cam systems of the machine.
PAR  The above-mentioned disadvantages and shortcomings are eliminated to a
      certain degree by this invention, the principle of which is that the
      needles, which are individually slidable in the tricks, are, at the
      location of the butts, provided with a pre-sprung portion serving to
      decrease the needle stiffness and increase the clearance between the butt
      portion of the needle and trick walls.
PAR  The advantage of shockless needles for circular knitting machines according
      to this invention is that they ensure a decrease in the stress of the
      needle and in the cam track, which permits decreasing the wear of both
      mentioned parts. At the same time, this embodiment enables a substantial
      increase of the machine output either by the increase of speed of the
      machine or by the increase of the number of the cam systems in the machine
     .
DRWD
PAR  An exemplary embodiment of the invention is illustrated in the drawing,
      where the FIGURE illustrates an embodiment wherein a pre-sprung needle is
      located at the trick.
DETD
PAR  Shockless needles for circular knitting machines constructed in accordance
      with the invention constitute a solution of the problem of decreasing the
      impact force caused by inertia or the entraining force of the yarn. In the
      embodiment of the invention the location of the butt 1 is located on the
      side of the needle 2, there being a pre-sprung needle 2 which is slidable
      in the trick 6 with a clearance between the side of the needle 2 and the
      side of the trick 6 in the place of the lateral bulging pre-sprung portion
      that includes the entire cross section of the needle shank and butt 1 so
      that the needle 2 springs in the zone of the butt 1 when striking the cam.
      This increases the yielding character of the needle 2 in the place where
      there is a force due to the impact of the butt 1 on the cam, which leads
      to increased flexibility. For example, when the needle 2 mounted on a
      needle carrier rotating in the direction of the arrow, enters the cam
      track, the created force is absorbed over a longer time interval, i.e.,
      its magnitude decreases, which enables either to increase the speed of
      revolution of the machine or to use a higher number of the cam systems. A
      side of the laterally bulging pre-sprung portion, which includes the butt
      1, is in sliding contact with the confronting side wall of the trick as
      depicted in the FIGURE. The laterally bulging pre-sprung portion is
      resiliently supported by portions of the shank spaced in opposite
      directions axially of the shank from the laterally bulging pre-sprung
      portion, depicted above and below the butt 1 in the FIGURE, engaging the
      trick side wall opposite to that which is engaged by the butt.
PAR  Shockless needles for circular knitting machines according to this
      invention can be advantageously used in the design of circular knitting
      machines enabling maximum decrease of the striking force acting on the
      needle during the machine operation. The mentioned solution can be used
      also in flat bed knitting machines. In both cases it is possible to use it
      also with other auxiliary elements such as sinkers, jacks, etc.
PAR  Although the invention is illustrated and described with reference to one
      preferred embodiment thereof, it is to be expressly understood that it is
      in no way limited to the disclosure of such a preferred embodiment but is
      capable of numerous modifications within the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a circular knitting machine having knitting needles with elongated
      shanks slidably mounted in tricks in a rotatable needle carrier, each of
      said needles having an outwardly protruding integral butt for engagement
      with needle sliding cams on the circular knitting machine,
PA1  an improved construction of said needles for reducing the impact forces in
      the needles, wherein each of the needles has a laterally bulging
      pre-sprung portion in the shank at the location of the butt which is at
      least coextensive therewith,
PA1  the lateral bulging of said pre-sprung portion in the shank including the
      entire cross-section of the needle shank including the butt and being in
      the direction of rotation of the needle carrier,
PA1  the width of said tricks exceeding the stock width of said shanks,
PA1  whereby the bulging portion of the needle shank is in sliding contact with
      the confronting first lateral side wall of the respective trick portions
      of said shank spaced in opposite directions axially of said shank from
      said laterally bulging pre-sprung portion being in sliding contact with
      the side wall of the respective trick opposite said first lateral side
      wall.
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OREF
PAL  Knitting International; "Saturnia: A New Textile Machine," Feb., 1974, pp.
      54-57.
ABST
PAL  An improved circular weft knitting machine is of the type that directs warp
      insert elements inwardly and outwardly of the needle row in coordination
      with alternating interior and exterior knitting feed stations. The warp
      insert element is thereby woven to extend along the inside of the knitted
      fabric at an exteriorly feed knitting course and along the outside of the
      knitted fabric at an interiorly feed knitting course. The improvement
      includes a weft insert element feed station to locate a weft insert
      element between the inside surface of the knitted fabric and the outside
      surface of the warp insert elements. The weft insert element is supplied
      by a spool mounted outside of the needle row to a feed tube which
      discharges inside of the needle row at a point after an external knitting
      feed station and prior to the next interior knitting feed station.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a circular weft knitting machine including means
      for providing warp insert elements between the wales of the knitted fabric
      and, more specifically, to such machine which has been improved to provide
      a weft insert element.
PAR  2. Description of the Invention
PAR  It has generally been recognized that an attractive feature of knitted
      fabric is that it may be produced on a knitting machine at a faster rate
      than woven fabric can be woven on a loom. However, knitted fabric usually
      requires more material and has a multi-directional stretch characteristic
      which is undesirable for some applications. In an effort to improve the
      desirability of the knitted fabric for some purposes, an interlacing of
      insert elements with the basic knitted fabric has heretofore been
      employed.
PAR  As explained in U.S. Pat. Nos. 3,507,130, and 3,621,677, the general
      weaving of warp insert elements with the circular weft knitted fabric
      provides a final fabric with some of the characteristics of woven fabric
      at the production speed of knitting. The insert elements may have a larger
      surface area than the knitted elements to reduce the total amount of
      material necessary for a given amount of fabric and may give the final
      fabric a non-stretch characteristic along its length. However, nothing is
      suggested by these prior art patents as means whereby circular weft
      knitting machines of this type might be further improved to provide a
      fabric having non-stretch characteristics along its width and an even more
      solid surface appearance than the warp inserts could alone provide.
PAR  When trying to privide machinery to produce an improved knitted fabric, it
      is also generally recognized in the knitting field as desirable to use
      exisitng machinery where possible. An added feature would be the ability
      to simply and inexpensively provide the improvement while maintaining the
      versatility of producing either the prior or improved fabric as customer
      needs may require.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide an improved circular
      weft knitting machine capable of producing a fabric which resists
      lengthwise and widthwise stretching.
PAR  It is a further object to provide a knitting machine of the type described
      in which the resistance to stretching along the width of the fabric which
      it produces is provided by weft insert elements.
PAR  It is another object to provide a knitting machine of the type described
      wherein the means and method whereby the weft insert elements are included
      in the fabric do not require an extensive alteration of a basic knitting
      machine which has a warp insert capability or a recuction in the basic
      knitting rate.
PAR  It is still another object to provide a knitting machine of the type
      described in which the improvement for weft insert capabilities is
      inexpensive to provide for the machine and simple to install therein.
PAR  It is yet another object to provide an improved fabric capable of having a
      greater resistance to stretch along its width and of presenting more solid
      surface appearance than could be produced by a circular weft knitting
      machine limited to warp insert elements interlaced with the basic knitted
      fabric.
PAR  These and other objects of the invention are provided by preferred
      embodiments thereof which include an improved circular weft knitting
      machine of a type having warp insert elements feed between selected
      adjacent wales of the knitted fabric. The warp insert elements are
      directed inwardly and outwardly of the circumferential plane of the
      knitting needles during knitting which is consequentially supplied by
      alternating interior and exterior knitting feed stations. The warp insert
      elements are thereby located on the outside of the knitting course of
      connecting elements of loops originating from the interior knitting feed
      station and on the inside of the knitting course of connecting elements of
      loops originated from the exterior knitting feed station. The improvement
      comprises at least one weft insert element feed station mounted outside of
      the plane of the needles in a fixed relationship with the exterior
      knitting feed station to direct a weft insert element to extend along the
      inside surface of the basic knitted fabric between the inwardly directed
      warp insert elements and the basic knitted fabric so that directing the
      warp insert elements outwardly and forming the next knitting course
      originating from the interior knitting feed station secures the weft
      insert element between the warp insert elements and the basic knitting
      fabric.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schemmatic view of a section of the preferred fabric and
      knitting machine including various features of the inventions.
PAR  FIG. 2 is a fragmentary perspective view of the preferred knitting machine
      including the preferred weft insert element feed station.
PAR  FIG. 3 is a plan view of an alternative embodiment of the invention.
PAR  FIG. 4 is a view of the alternative embodiment as seen along line 4--4 of
      FIG. 3.
PAR  FIG. 5 is a view of the alternative embodiment as seen along line 5--5 of
      FIG. 3.
PAR  FIG. 6 is a view of fabric produced by use of the embodiment shown in FIG.
      3.
PAR  FIG. 7 is a view of an alternative fabric produced by use of the embodiment
      shown in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As seen in the schemmatic view of FIG. 1, the preferred weft knitting
      machine 10 produces the fabric 12. Only the Elements of the knitting
      machine 10 which are essential to an understanding of the invention are
      presented. U.S. Pat. Nos. 3,507,130 and 3,621,677 are two specific
      examples of the general type of knitting machine for which the present
      invention is an improvement and provide an adequate background for those
      skilled in the art to utilize the present disclosure to practice the
      invention.
PAR  FIG. 1 generally shows the inside surface 14 of the fabric 12 and a top
      view of the knitting plane 17 of the knitting machine 10 including the
      needles 16 in a straight row rather than the circular configuration that
      really exists. The knitting plane 17, for the purposes of this disclosure,
      is the horizontal plane in which the knitted fabric is supported at the
      needle array and might include sinkers if present. Sinkers have been
      omitted to simplify the drawings. Each needle 16 is tilted with respect to
      the knitting plane 17 since a top view would not reveal its position
      during knitting. Although existing circular weft knitting machines may
      have many knitting feed stations, only one exterior feed station 18 and
      one interior feed station 20 are included in FIG. 1 to adequately
      demonstrate the relationship of the invention with any feed station for
      the purposes of this disclosure.
PAR  A general requirement for circular weft knitting is that there be relative
      movement between the needles and the knitting feed stations. For example,
      in the second embodiment of U.S. Pat. No. 3,507,130, the needles move in a
      circular path past the fixed knitting feed stations. However, in the first
      embodiment of U.S. Pat. No. 3,507,130 and in U.S. Pat. No. 3,621,677, the
      knitting feed stations move in a circular path by a stationary circular
      array of needles. Regardless of which is moving or which is stationary the
      finished product by each means may be the same. Although the introduction
      of a plurality of warp insert elements between the needles has generally
      led to the use of a stationary needle array, either means may be employed
      to accomplish the required relative movement.
PAR  For the purpose of illustration, needles 16 and the fabric 12 are assumed
      to be stationary and the knitting feed stations 18 and 20 are shown in
      FIG. 1 to be moving in the direction indicated by the arrow A. As a
      result, the warp insert elements 22 remain aligned between adjacent
      stationary needles 16 but are capable of movement inwardly and outwardly
      of the row of needles 16 in a direction perpendicular thereto as the
      knitting feed stations move in the direction A. Their specific movement is
      accomplished by the use of a plurality of warp insert element guides 24
      which move radially in direct cooperation with the circumferential
      movement of the knitting feed stations. The guides 24 cause the warp
      insert elements 22 to be inwardly of the needles 16 and the exterior feed
      station 18 and outwardly of the needles 16 and the interior feed station
      20 as the respective stations 18, 20 pass thereby.
PAR  It can be seen that the basic knitted fabric, indicated at 26, includes
      wales of loops 28 extending in the warp direction and knitting courses 30
      of loop connecting members 32 which extend in the weft direction. The
      knitting courses 30, and each associated loop 28, provided by an exterior
      knitting feed station 18 alternate with those provided by an interior
      knitting feed station 20.
PAR  The introduction of warp insert elements 22 by the prior art machines, as
      described hereinabove, results in the warp insert elements 22 being
      interwoven with the basic knitted fabric 26. Each element 22 is parallel
      with the wales of loops 28 and is positioned therebetween while being
      interwoven with the fabric 26 by the guides 24 to be located thereby on
      the inside of the fabric 26 at each knitting course 30 originating from an
      exterior knitting feed station 18 and on the outside of each course 30
      originating from an interior knitting feed station 30.
PAR  To improve the basic knitted fabric 26 having the warp insert elements 22,
      a plurality of weft insert element feed stations 34 are provided to add
      weft insert elements 36 and, thereby, produce the preferred fabric 12. A
      detailed description of the weft insert element feed station 34, including
      a supply 35 and an insert guide tube 26, will be provided later.
PAR  To demonstrate the various features the invention provides, the fabric 12
      has been selected as that which might be preferred for use in the
      production of disposable produce bags. The fabric 12 for this purpose
      should be produced quickly and inexpensively, resist stretching in all
      directions, and have a relatively solid surface to retain small articles.
      The overall integrity of the fabric 12 is provided by using nylon, or
      other high strength yarn, for the basic knitted fabric 26. The knit is
      loose and widely spaced by most standards but would, therefore, at a
      standard knitting rate, produce more yardage of fabric 12 with any given
      amount of yarn.
PAR  The warp insert elements 22 and the weft insert elements 36 are in strip
      form and made of plastic, paper, or some other material having a
      resistance to longitudinal stretch or failure. By coordinating the density
      of the basic knitted fabric 26 with the width of insert elements 22 and
      36, fabric 12 may be given a substantially solid surface appearance. With
      a predetermined distance between adjacent needles 16 for a given machine
      10, the warp insert elements 22 should be as wide as possible without
      interferring with the knitting process as they pass between the needles
      16. The machine 10 should be set to form loops 28 slightly longer than
      half of the width of the weft insert elements 36. Consequently, the width
      of the elements 26 will substantially cover two loops 28 of each wale as
      it extends from a first course 30 originating from an interior knitting
      feed staton 20 to the next course 30 which also originates from an
      interior knitting feed station 20.
PAR  IT is shown in FIG. 2, the preferred weft insert element feed station 34
      includes an insert discharge tube 37 which directs the weft insert element
      36 into position within the fabric 12 as it is drawn from a supply spool
      35 (shown in FIG. 1). The supply spool 35 and the discharge tube 37 are
      mounted in a fixed relationship to each other and to the knitting feed
      stations 18, 20 so that they also move in a circular direction A about the
      stationary needles 16. The general configuration of the preferred tube 37
      depends upon the width of the element 36, the distance between the
      knitting plane 17 and the lower portion of the warp insert element guides
      24, and the general form the fabric 12 assumes as it depends from the
      knitting plane 17.
PAR  More specifically, the cross-sectional dimensions of the tube 37 throughout
      its length should generally correspond to the respective dimensions of the
      element 36 so that the element 36 may smoothly pass therethrough without
      being folded or wondering from its intended position with respect to the
      fabric 12. Since the tube 37 must direct the element 36 from outside the
      circumferential plane of the needles 16 to the inside, it is located above
      the knitting plane 17 at an area where the needles 16 are in a lowered
      position. Although shown in FIG. 2 in a relatively high position, the warp
      insert element guides 24 are in some machines quite close to the plane 17
      to insure positive guiding of the elements 22 between the extended needles
      16. It is therefor necessary to insure that the height and vertical
      location of the tube 37 will not interfere with the guides 24 or the plane
      17 as the tube 37 passes thereby. Further, because the preferred tube 37
      is intended for use with a relatively wide weft insert element 36, it is
      necessary to locate the element 36 at a point within the fabric 12
      relatively remote from the needles 16. As the fabric is formed, it depends
      from the needles 16 to the central region of the machine. As a result, the
      inward edge 38 and corner 40 of the tube 37 are formed to extend below the
      plane 17 to conform to the natural contour the fabric 12 assumes after
      knitting. Providing the tube 37 with this form insures proper alignment of
      the element 36 with the fabric 12 and minimizes the interference with the
      warp insert elements 22 which the tube 37 might otherwise cause as it
      passes thereby.
PAR  During the knitting operation, the edge 38, which is intentionally smooth,
      slightly deflects the warp insert elements 22, as at 42. After the weft
      insert element 36 leaves the end of the tube 37, the next warp insert
      element 22 slips past the tube 37 to rest against the element 36. The
      normal movement of the guides 24 provides a direction to the warp element
      22 which enable them to help hold the weft element 36 in position until
      the knitting of the next course 30. The temporary deflection by the tube
      37 allows unrestricted positioning of the elements 36 followed by a
      stabilizing force from the warp elements 22 after being properly
      positioned. When the next course 30 is knit (not shown), the element 36 is
      secured between the basic knitted fabric 26 and the warp insert element 22
      independent of the position of the guides 24.
PAR  An alternative weft insert element discharge tube 50 is shown in FIGS. 3, 4
      and 5 in an effort to further demonstrate the versatility of the present
      invention. The tube 50 includes a tubular portion 52 to receive and direct
      the insert element and a support structure 54. The structure 54 allows the
      portion 52 to be properly positioned as the tube 50 is secured to a port
      56 which is part of the movable circular framing 58 of the machine for the
      feed stations. Included in the views are the path of the base of the warp
      insert element guides at 60, the path of the knitting needle at 62, and
      the knitting plane at 64.
PAR  The tube 50 is different from the embodiment shown hereinabove because the
      weft insert elements for which it is to be used are of narrow yarn for an
      application requiring resistance to stretch without the need for a solid
      surface appearance as was provided by the strip form. The discharge end 66
      of the tubular portion 52 for this application need not extend down into
      the fabric as it is being formed since the yarn will not have to be evenly
      located between the two courses from adjacent interior knitting feed
      stations. As seen in FIG. 6, in a fabric 68 having narrower warp insert
      elements 70, the narrower weft insert elements 72 supplied by a tube 50
      will tend to lie across the loops formed of yarn from an exterior feed
      station rather than extending to cover both loops as shown hereinabove.
      The same number of weft insert elements 72 can be provided for the fabric
      68 and their location with respect to the fabric loops will not alter
      their ability to resist stretching. Discharging the yarn just interiorly
      of the extended needles results in the needles working with the warp
      insert elements to maintain the weft insert elements in position until
      they are secured in the fabric by the formation of the next course.
PAR  Although the receiving end 74 of the tubular portion 52 is flared to
      minimize resistance for the yarn passing therethrough, it can be seen that
      the general height H of the tubular portion 52 is kept at a minimum. It
      has been found that a height H of 1/8 inch provided adequate clearance for
      the tube 50 when used on a machine where the path 60 of the warp insert
      element guides passed relatively close to the knitting plane 64. Although
      in the tube 50 the support structure 54 has the same narrow, aligned
      configuration as the tubular portion 52, the actual shape of the structure
      54, whether it extends below or above the plane 64, is unimportant if
      clearance is provided.
PAR  As shown in FIG. 7, a fabric 74 is similar to fabric 68 of FIG. 6 with
      regard to its warp insert elements 76 and weft insert elements 78. It can
      be seen, however, that the knitting loop configuration 80 is different
      from that of fabric 68. The loop configuration 80 is only shown as an
      example of changes that may be made in the knitting pattern without
      altering the weft inserting means or its function as described
      hereinabove. Therefore, an alteration to the knitted fabric of FIGS. 1, 2
      and 6, which might be accomplished by simple needle pattern changes, may
      still be referred to as a basic knitted fabric to be within the scope of
      the appended claims without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved circular weft knitting machine of the type which feeds warp
      insert elements between selected adjacent wales of a basic knitted fabric;
      wherein said improvement comprises:
PA1  means for directing said warp insert elements inwardly and outwardly of the
      circumferential plane of the knitting needles during knitting of said
      knitted fabric which is consequently supplied by alternating interior and
      exterior knitting feed stations to locate each said warp insert on the
      outside of a knitting course of connecting elements of loops originating
      from said exterior feed stations;
PA1  at least one weft insert element feed station mounted outside of said plane
      of said needles in a circumferentially and radially fixed disposition with
      respect to said exterior knitting feed stations to directly feed a weft
      insert element inwardly of said plane of said needles to cause said weft
      insert element to extend along the inside surface of said knitted fabric
      between said warp insert elements and said knitted fabric, whereby,
PA1  said directing of said warp insert elements outside of said plane of said
      needles and forming the next said knitting course originating from said
      interior knitting feed stations secures said weft insert element between
      said warp insert elements and said knitted fabric.
NUM  2.
PAR  2. The improved knitting machine as set forth in claim 1, wherein said weft
      insert element feed station comprises:
PA1  means circumferentially located between one of said exterior knitting feed
      statons and an adjacent one of said interior knitting feed stations and in
      a fixed radial position with respect to said plane of said needles for
      directly guiding said weft insert element from outside of said plane of
      said needles to a point of discharge inside of said plane of said needles
      and outside of said inwardly directed warp insert elements; and
PA1  means mounted outside of said plane of said needles for supplying said weft
      insert element to said means for guiding of said weft insert element.
NUM  3.
PAR  3. the improved knitting machine as set forth in claim 2, wherein said
      means for guiding said weft insert element includes a tubular member, said
      tubular member having an opening therethrough with a cross-section having
      dimensions greater than the corresponding dimensions of said weft insert
      element passing therethrough, said tubular member having a portion thereof
      located in said plane of said needles and having predetermined outside
      dimension which prevent it from interferring with the relative movement
      thereby of said needles and the means for directing said warp insert
      elements inwardly and outwardly of said plane of said needles.
NUM  4.
PAR  4. The improved knitting machine as set forth in claim 3, wherein said
      tubular member includes a smooth camming surface for deflecting said warp
      insert elements being directed outwardly of said plane of said needles
      from the path of said member to prevent said warp insert elements from
      interferring with said weft insert element as it is being directed toward
      said inside surface of said knitted fabric.
NUM  5.
PAR  5. The improved knitting machine as set forth in claim 3, wherein said weft
      insert element is a flat strip having a surface which is substantially
      greater than that of the yarn of said knitted fabric and said tubular
      member includes a discharge end that extends inwardly of said plane of
      said needles and is generally aligned with and closely adjacent to said
      inside surface of said knitted fabric depending from said needles.
NUM  6.
PAR  6. The improved knitting machine as set forth in claim 5, wherein said
      tubular member includes a smooth camming surface for deflecting said warp
      insert elements being directed outwardly of said plane of said needles
      from the path of said member to prevent said warp insert elements from
      interferring with said weft insert element as it is being directed toward
      said inside surface of said knitted fabric.
NUM  7.
PAR  7. A circular weft knitting machine comprising:
PA1  A circular array of needles;
PA1  a plurality of pairs of knitting feed stations disposed about said array of
      needles with relative circular movement therebetween during knitting of a
      basic knitted fabric;
PA1  means for guiding warp insert elements between selected adjacent wales of
      said basic knitted fabric and for directing said warp insert elements
      inwardly and outwardly of said array of needles and said feed stations so
      that first and second knitting feed stations of each of said pairs of
      knitting feed stations are respectively interior and exterior of said warp
      insert elements; and
PA1  at least one weft insert element feed station mounted outside of said array
      of said knitting needles in a circumferentially and radially fixed
      disposition with respect to each of said pairs of knitting feed stations
      to directly feed a weft insert element inwardly of said plane of said
      needles to cause said weft insert element to extend along the inside
      surface of said basic knitted fabric inwardly of said needles which are
      raised for said knitting at said first knitting feed station, whereby,
PA1  said directing of said warp insert elements outside of said array of said
      knitting needles forming the next knitting course originating from said
      first knitting feed station interior of said warp insert elements secures
      said weft insert element between said warp insert elements and said basic
      knitted fabric.
NUM  8.
PAR  8. A method of producing a fabric on a circular weft knitting machine
      having an array of knitting needles and a plurality of adjacent pairs of
      knitting feed stations with relative circular movement therebetween, said
      method comprising:
PA1  feeding yarn from each one of said knitting feed stations for engagement by
      said knitting needles;
PA1  knitting a basic knitting fabric;
PA1  guiding warp insert elements between selected adjacent wales of said basic
      knitted fabric;
PA1  directing said warp insert elements inwardly and outwardly of said array of
      said knitting needles during said knitting so that first of said adjacent
      pairs of said knitting feed stations is outwardly of said warp insert
      elements and a second of said adjacent pairs of said knitting feed
      stations is inwardly of said warp insert elements; and
PA1  directly feeding a weft insert element from a fixed location
      circumferentially between said first and second knitting feed stations and
      radially outside of said array of said knitting needles to an interior
      surface of said basic knitted fabric inside of said knitting needles and
      depending inwardly therefrom to the interior of said knitting machine;
PA1  securing said weft insert element between said warp insert element and said
      interior surface of said basic knitted fabric by said knitting at said
      second knitting feed station after said feeding of said weft insert
      element.
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ABST
PAL  The present disclosure is directed to an apparatus for the continuous
      treatment of fibrous and thread-like materials in the form of slivers,
      roving or fibrous ribbon wherein uniform treatment, for example, uniform
      dye application and uniform setting of the dyestuff is effectively
      achieved.
PARN
PAR  This application is a division of application Ser. No. 352,348, filed Apr.
      18, 1973 and now U.S. Pat. No. 3,835,490, which is in turn a continuation
      of application Ser. No. 13,988 filed Feb. 25, 1970 and now abandoned,
      which is in turn a continuation-in-part of application Ser. No. 831,952,
      filed June 10, 1969 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for the continuous treatment,
      particularly dyeing, of textile materials, preferably fibrous and
      thread-like materials, for example, synthetic fibers, such as polyester
      and polyamide fibers. According to the present invention the materials to
      be treated are continuously conveyed through several treatment steps, such
      as, for example, impregnating and/or printing the textile material with a
      dyestuff, setting the dyestuff, utilizing a temperature treatment
      compatible with the fiber being treated, such as for example, steaming the
      material in saturated steam, or thermosoling the material at a temperature
      of about 170.degree.- 230.degree. C. utilizing air, wherein the treatment
      medium is conducted in each case through the material by means of a
      suction draft. Finally, the textile material is washed and dried.
PAR  The parent application relates to an apparatus consisting of several
      devices wherein, due to the use of said devices and the construction
      thereof, it is not only suitable for the continuous treatment of woven and
      knitted goods, cables and combed yarns by the thermosol process, but it is
      also suitable for the treatment of said materials in a saturated steam
      atmosphere. Furthermore, it is effective for treating loose fibrous
      materials, such as for example, cotton flock for the purpose of
      continuously bleaching or dyeing said material. This apparatus and the
      individual devices required therefor present an effective arrangement for
      the efficient management and reduction in the necessary capital outlay for
      the treatment of textile fibers.
PAR  In addition to the above-mentioned textiles, it is also conventional to dye
      yarn in the form of strands or spools in a discontinuous manner. It has
      also been suggested to dye and/or print yarns in a continuous fashion. In
      this process, a plurality of yarn threads pass through the individual
      treatment units and are thereafter wound up again. However, in the
      continuous dyeing of yarns, it is difficult to apply the dyestuffs
      uniformly to the individual fibers and to attain a uniform setting
      throughout. Also some difficulties are encountered in washing the dyed,
      twisted yarns satisfactorily. A deficient setting (fixing) and washing
      process produces a lower rubbing resistance (fastness to rubbing) in the
      fabric.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to avoid the prior art disadvantages
      in the continuous treatment of textile materials.
PAR  Another object of the present invention is to provide an improved apparatus
      for the continuous treatment of textile materials, for example, fibrous
      and thread-like materials in the form of slivers, roving or fibrous
      ribbon.
PAR  A further object of the present invention is to provide an improved process
      and apparatus for dyeing fibrous and thread-like materials, and to render
      the utilization of the apparatus suggested in the parent application even
      more versatile.
PAR  Other objects and further scope of applicability of the present invention
      will become apparent from the detailed description given hereinafter; it
      should be understood, however, that the detailed description and specific
      examples, while indicating preferred embodiments of the invention, are
      given by way of illustration only, since various changes and modifications
      within with spirit and scope of the invention will become apparent to
      those skilled in the art from this detailed description.
PAR  Pursuant to the present invention, it has been found that the
      above-mentioned disadvantages may be eliminated and a much improved
      apparatus for the continuous treatment of textile materials may be
      obtained by providing that the fibrous and thread-like materials are
      subjected to the dyeing and/or printing treatment not in the form of a
      yarn, but rather in the form of a sliver, or as a roving or fibrous ribbon
      (slubbing) in case of endless synthetic threads.
PAR  Conducting the dyeing step with untwisted material affords the advantage
      that it is now possible to apply the dyestuffs flawlessly and uniformly
      and to effect a substantially more uniform setting and washing treatment,
      since the respective treatment media can now flow around the individual
      threads in the loose fiber arrangement. Similarly, as is known in the
      continuous yarn dyeing method, it is also advantageous in this instance to
      treat a plurality of such slivers, or rovings or fibrous ribbons
      continuously, combining them into the shape of a fibrous web.
PAR  In order to be able to set a large amount of material in a space-saving
      arrangement, it is suggested to heat the sliver and the like, after the
      dyestuff application, to the setting temperature and then to place this
      material into folds (pleats) and expose it in this folded condition to at
      least the dyestuff setting treatment. Depending on the washing and drying
      elements employed, this folded condition can also be retained during the
      washing and drying stages of the process. Heating the sliver to the
      setting temperature prior to folding has the advantage that it makes a
      comletely uniform and shock-like (sudden) heating possible. In many cases,
      it is advantageous to remove the folded condition after the setting
      treatment and prior to the washing or drying step, and to subject the
      slivers and the like to the additional treatments, for example washing and
      drying, in the form of a web. In this connection, it is important that the
      treatments take place without tensioning (stretching). This is readily
      possible when the process is conducted on so-called sieve drum washing
      machines and sieve drum dryers, or also on perforated belt washing
      machines and perforated belt dryers.
PAR   The apparatus for conducting the above-mentioned treatment according to
      the present invention advantageously comprises the following individual
      elements:
PAR  A draw-off device for drawing material from spools, coils, or from cans,
      and for combining a plurality of slivers, rovings, or fibrous ribbons into
      a web;
PAR  a dye application device, for example a padder, suitable for this purpose
      and/or a printing device. A typical padder which can be used is, for
      example, a wedge padder;
PAR  a setting unit, for example, a steaming device;
PAR  a washing device which can comprise, for example, several treatment baths,
      each provided with a sieve drum;
PAR  a drying unit, especially a sieve drum dryer;
PAR  a depositing or windup device; it is advantageous, in this connection, to
      wind up the individual slivers in each case individually; and
PAR  a common control device for the above-mentioned units.
PAR  It is suggested to employ, as the setting unit, a perforated belt steamer
      with at least one sieve drum subjected to a suction draft, said sieve drum
      being disposed in front of the perforated belt.
PAR  A particular advantage of the apparatus of the present invention is that is
      can be utilized for all of the known textile fibers for the optimum
      treatment thereof. Synthetic fibers, such as polyacrylic fibers or
      polyacrylonitrile fibers, and natural fibers such as wool, cotton, or
      cellulose-base fibers are treated under saturated steam conditions at
      about 100.degree.-102.degree. C. This treatment effects the setting of the
      dyes disposed thereon, or the bleaching of the fibers by means of
      bleaching agents added thereto. In order to obtain a sufficient setting of
      the colors, and especially for the bleaching process, a longer dwell time
      of the textile material in the treatment chamber is necessary. The
      duration of this residence time extends from about 3-20 minutes. In
      contrast thereto, polyester fiber is treated in accordance with
      conventional thermosol method, for which purpose a temperature of above
      about 170.degree. C., preferably 190.degree.-210.degree. C. must be
      maintained in the treatment chamber. As the treatment medium, air or
      superheated steam can be employed. The residence time can be from 20
      seconds up to about 1 minute. In addition to polyester fiber, polyacrylic
      fiber can also be treated by means of the thermosol process.
PAR  This apparatus, which is insulated with respect to the outside air, and the
      inlet and outlet of which are sealed against the outside atmosphere, for
      example, by means of a pair of inlet rolls and outlet rolls, can also
      provide, as seen in the conveying direction of the materials, several
      sieve drums disposed in series, the material being treated alternatingly
      contacting said sieve drums. On these sieve drums, the textile material is
      exposed to an intensive throughflow of the treatment medium, which heats
      up the material in a shock-like fashion. The penetration of the textile
      material by the treatment medium is effected on both sides of the material
      as it is alternately conveyed on the surface of the sieve drum means. An
      endless conveyor belt follows this unit, on which belt the textile
      material is conveyed in the folded condition through the remaining length
      of the device either rapidly or slowly, depending on the necessary
      residence time.
PAR  By means of an additional feature of the present invention, the setting
      unit can be improved in its construction so that it is even more
      economical and possesses even greater versatility in its utilization.
      According to the present invention, this is attained by providing that the
      conveyor belt extends from the outlet through the steam chamber to the
      inlet, but beneath the sieve drums which are arranged in series at the
      inlet. By means of this feature, it is possible to expose the fibrous
      material to the treatment medium either for a longer or shorter period of
      time without changing the construction of the setting device, and the
      rotational speeds of the sieve drums and the conveyor belt. In case the
      conveyor belt extends to the inlet beneath the sieve drums, for example,
      beneath drums disposed in a side-by-side relationship, the textile
      material is either guided on the surface of only the first sieve drum,
      depending upon the requirements, or on the surface of all of the sieve
      drums. In the former situation, the fibrous material passes over only the
      first drum and then is transferred to the perforated belt disposed
      therebelow, if desired in a folded condition. In this situation, the fans
      producing the vacuum within the subsequent sieve drums would have to be
      switched off. Since the perforated belt is operated at a slower conveying
      speed when compared to the sieve drums, the textile material thus remains
      in the setting unit for a longer period of time. In case it is unnecessary
      for the textile fibers to remain in the setting unit for a longer period
      of time, which is particularly applicable in connection with the thermosol
      treatment of polyester fibers, the fibrous material is transported,
      alternatingly, over the surface of one of the series-connected sieve
      drums, thus over-shooting and undershooting the drums. The textile
      material is thereby deposited onto the conveyor belt by only the last
      drum, from the top in the downward direction. The material thus remains on
      the belt only for a short length and for a short time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and further features, advantages and objects of the present invention
      will become more apparent from the following description when taken in
      conjunction with the accompanying drawings which show, for purposes of
      illustration only, and wherein
PAR  FIG. 1 is a sectional view of an apparatus for the treatment of sliver or
      roving in accordance with the present invention; and
PAR  FIG. 2 shows another embodiment of the setting device used in the system of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings and, in particular to FIG. 1, the slivers 1
      are drawn off the spools 2 and fed, via a roller conveyor 3 as well as a
      pair of draw (feed) rolls 4, to a wedge padder (nip padder) 5. The slivers
      rovings, and the like impregnated with dye liquor then pass to a conveyor
      belt 6 and into a steaming device 7. The steaming device consists of a
      sieve drum 8 subjected to a suction draft, and a conveyor belt 9. The
      conveyor belt 6 is fashioned as a perforated belt and is extended around
      the sieve drum 8. The slivers 1 are heated to the setting temperature on
      the sieve drum 8 and then, radially buckled so that they are in a pleated
      condition when deposited on the perforated belt 9. A pair of draw-off
      rolls 10 are disposed at the end of the steaming unit 7, to take up the
      pleats. Thereafter, the slivers and the like are washed out on sieve drum
      washing baths 11 provided with presses 12 disposed therebehind. A sieve
      drum dryer 13 containing sieve drums 14 subjected to a suction draft
      serves for drying the material. This sieve drum dryer 13 is provided with
      a chute 15 at the outlet thereof, said chute being fashioned as a dwell
      trough. From the dwell trough, the slivers 1 are fed to a windup device 16
      where the individual slivers are again wound up.
PAR  Such units can effectively operate with 150 meters, and more. Depending on
      the number of slivers, these devices exhibit operating widths of up to
      about 1,200 to 1,800 mm., or even more.
PAR  FIG. 1 also illustrates the common control device 25 which controls each of
      the heretofore described individual units of the apparatus.
PAR  The setting device according to FIG. 2 consists of a heating section
      denoted by 20 and a residence (dwell) section denoted by 21. The heating
      section consists essentially of three series-disposed sieve drums 17
      through 19 which convey the textile material 23, fed from the outside
      through an inlet 22 into the heat-insulated housing 7, through the heating
      section 20 so that the material alternatingly overshoots and undershoots
      the drums. Each of the three sieve drums 17 through 19 is conventionally
      associated with fans (not illustrated) which create a suction draft within
      the sieve drum. The treatment medium which is drawn into the sieve drum is
      recycled back to the outer surface of the sieve drum by way of
      regenerating or heating units, which are likewise not illustrated. The
      heating units can be disposed anywhere in the circulation zone of the
      treatment medium.
PAR  Once the fibrous material is sufficiently heated, it is passed from the top
      downwardly to the perforated belt 9 disposed underneath the sieve drums.
      The perforated belt 9 extends along the entire length of the device, i.e.,
      along the heating section as well as through the residence section.
      Because of this feature, and with the fans of sieve drums 18 and 19 being
      switched off, the textile material can be deposited from the first sieve
      drum 17 onto the conveyor belt 9, also in pleats. The residence time on
      the conveyor belt 9, which has a slower conveying speed when compared to
      the sieve drums, is necessary, especially when conducting the steaming
      step under a normal atmosphere, i.e., under saturated steam when treating
      various synthetic and natural fibers.
PAR  In case the illustrated apparatus is to be employed for thermosoling, for
      example, polyester fibers, the textile material passes over all three
      sieve drums 17 through 19, alternatingly overshooting and undershooting
      the same. The material is then transferred to the conveyor belt 9, the
      speed of which can be optionally increased, only by the last sieve drum
      19. Consequently, although the residence time can be considerably shorter,
      the advantage of subjecting the textile material intensively to the
      treatment medium, by the suction draft with alternating contact on the
      sieve drum surface, can be exploited.
PAR  The material which can be treated by the apparatus of the present invention
      include any of the natural or synthetic fibers. The natural fibers can
      include cotton, wool, silk, cellulose, etc., and the synthetic fibers may
      comprise synthetic polymers such as polyolefins, e.g., polyethylene,
      polypropylene, etc. polyamides, e.g., Nylon 6 obtained by the condensation
      of caprolactam, Nylon 66 obtained by the condensation of
      hexamethylenediamine with adipic acid, etc., polyesters, e.g., polyethlene
      terephthlate, etc., phenolic resins, e.g., phenol formaldehyde resins,
      urea formaldehyde resins, etc., polyvinyl materials, e.g., polyvinyl
      chloride, polyvinyl acetate, etc., and acrylate resins, such as e.g.
      polymethymethacrylate. Copolymers of these materials with one another or
      with ethylenically unsaturated monomers, and similar type polymers are
      also encompassed by the present invention. The present invention is also
      applicable to blends of the above-mentioned textile materials.
PAR  The invention being thus described, it will be obvious that the same may be
      varied in many ways. Such variations are not to be regarded as a departure
      from the spirit and scope of the invention, and all such modifications as
      would be apparent to one skilled in the art are intended to be included.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for the treatment of textile material which comprises, in
      combination, impregnating means, inlet means for introducing a plurality
      of slivers in the form of a web to the impregnating means, a drying and
      fixing chamber having a heating section at an inlet end and a dwell
      section at an outlet end, said chamber containing a plurality of sieve
      drum means arranged in series and subjected to a suction draft within said
      heating section and a perforated conveyor belt means disposed below the
      first one of said plurality of sieve drum means and extending from the
      inlet end to the outlet end of said chamber, means for conveying the
      material being treated from the impregnating means to the first sieve drum
      means in the drying and fixing chamber, washing means comprising at least
      one sieve drum wash bowl disposed behind the drying and fixing chamber,
      each of said sieve drum wash bowls having a pair of squeeze rollers for
      squeezing textile material exiting therefrom, means for conveying the
      material from the drying and fixing chamber to the washing means, dryer
      means containing at least one sieve drum means subjected to a suction
      draft, means for conveying the material from the washing means to the
      dryer means, outlet means for removing the material from the dryer means
      and a common control device for operating the individual units of said
      apparatus.
NUM  2.
PAR  2. The apparatus of claim 1, wherein the inlet means comprises a plurality
      of spools for storing said slivers, a roller conveyor for guiding slivers
      from said spools and a pair of feed rollers for introducing the slivers to
      said impregnating means.
NUM  3.
PAR  3. The apparatus of claim 1, wherein the impregnating means is a wedge
      padder.
NUM  4.
PAR  4. An apparatus for the treatment of textile material which comprises, in
      combination, impregnating means, inlet means for introducing a plurality
      of slivers in the form of a web to the impregnating means, a drying and
      fixing chamber having an inlet and outlet end, said chamber containing at
      least one sieve drum means subjected to a suction draft and a conveyor
      belt means disposed below the sieve drum means and extending from the
      inlet end to the outlet end of said chamber, means for conveying the
      material being treated from the impregnating means to the sieve drum means
      in the drying and fixing chamber, washing means comprising at least one
      sieve drum wash bowl disposed behind the drying and fixing chamber, each
      of said sieve drum wash bowls having a pair of squeeze rollers for
      squeezing textile material exiting therefrom, means for conveying the
      material from the drying and fixing chamber to the washing means, dryer
      means containing at least one sieve drum means subjected to a suction
      draft, means for conveying the material from the washing means to the
      dryer means, outlet means for removing the material from the dryer means
      and a common control device for operating the individual units of said
      apparatus, said means for conveying the material being treated from the
      impregnating means to the sieve drum means in the drying and fixing
      chamber comprising a conveyor belt, one end of which is disposed below the
      impregnating means and the other end extending into the drying and fixing
      chamber around the first one of the at least one sieve drum means within
      said drying and fixing chamber.
NUM  5.
PAR  5. The apparatus of claim 1, wherein the drying and fixing chamber contains
      a plurality of odd-number sieve drum means disposed in said series
      relationship at the inlet end of the chamber and the material being
      treated is introduced to an upper portion of the first one of the
      odd-number sieve drum means.
NUM  6.
PAR  6. The apparatus of claim 5, wherein the material being treated can be
      selectively deposited onto the perforated conveyor belt means from the
      first of the odd-number sieve drum means by controlling the suction draft
      in the remaining subsequent sieve drum means.
NUM  7.
PAR  7. The apparatus of claim 6, wherein the first of said odd-number sieve
      drum means forms pleats in the textile material whereby said material is
      deposited onto said perforated conveyor belt means in the form of pleats,
      and draw-off rolls are provided above the perforated conveyor belt means
      at the outlet end of the drying and fixing chamber to remove the pleats
      from the material.
NUM  8.
PAR  8. The apparatus of claim 1, wherein the outlet means comprises a dwell
      chute and a plurality of windup means for withdrawing slivers of the
      material from said dwell chute.
NUM  9.
PAR  9. The apparatus of claim 1, wherein said control means includes means for
      selectively shutting off the suction draft of the sieve means other than
      the first sieve drum means within said heating section whereby the
      residence time of the textile material within said chamber can be exposed
      to a treatment medium within said chamber for a longer or a shorter period
      of time by directing the textile material over the first sieve drum means
      and then directly onto the perforated conveyor belt means or by directing
      the textile material over a plurality of sieve drum means and then onto
      the perforated conveyor belt means, respectively.
NUM  10.
PAR  10. An apparatus for the treatment of textile material which comprises, in
      combination, impregnating means, inlet means for introducing a plurality
      of slivers in the form of a web to the impregnating means, a drying and
      fixing chamber having a heating section at an inlet end and a dwell
      section at an outlet end, said chamber containing a plurality of sieve
      drum means arranged in series and subjected to a suction draft within said
      heating section and a perforated conveyor belt means disposed below the
      first one of said plurality of sieve drum means and extending from the
      inlet end to the outlet end of said chamber and means for conveying the
      material being treated from the impregnating means to the first sieve drum
      means in the drying and fixing chamber.
NUM  11.
PAR  11. The apparatus of claim 10, wherein said means for conveying the
      material from the impregnating means to the first sieve drum means in the
      drying and fixing chamber is arranged to introduce the textile material to
      an upper portion of the first sieve drum means.
NUM  12.
PAR  12. The apparatus of claim 11, further comprising means for selectively
      controlling the suction draft in the sieve drum means within the heating
      chamber whereby the textile material being treated can be selectively
      deposited onto the perforated conveyor belt means from the first sieve
      drum means by shutting off the suction draft in the remaining subsequent
      sieve drum means and whereby the residence time of the textile material on
      said perforated belt means is greater.
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ABST
PAL  A continuous decatizing machine comprises a perforated decatizing cylinder
      supplied with steam. A fabric web to be decatized is passed around the
      cylinder and is pressed against the cylinder by means of backing cloths.
      Pressure is applied to the backing cloths by means of strips which are
      impermeable to steam.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a continuous decatizing machine.
PAR  2. Description of the Prior Art
PAR  German Offenlegunschrift No. 2,148,311 relates to a continuous decatizing
      machine, with a rotatable and heatable decatizing cylinder, the wall of
      which has a plurality of holes. A backing cloth is applied against the
      material to be processed, along a portion of the circumference of the
      cylinder. This backing cloth consists of a material which is impermeable
      to air, and the holes in the cylinder wall communicate with a low-pressure
      source to produce a suction action from outside inwards.
PAR  Due to the different flow conditions prevailing in the area between the
      holes of the cylinder and the cylinder surfaces lying therebetween, the
      processed material is not likely to be of uniform quality; indeed, the
      material, as regards appearance, brightness, and feel, will exhibit
      differences and will be unattractive.
PAR  In addition, the use of a backing cloth which is impermeable to air,
      adversely affects the surface of the material to be treated. In this
      respect, since the inner side of the backing cloth facing the material to
      be decatized must be in the form of a textile material, the outer side of
      the backing cloth consists of rubber or other impermeable material, the
      backing cloth thus being of multi-layer constructions. However, practice
      has shown that with such a backing cloth, surface pressures in excess of
      0.5 kp/cm.sup.2 causes lines and patterns to be formed on the inner
      surface structure of the backing cloth, and render the decatized material,
      at least in the case of materials dyed in the piece, unusable.
PAR  In addition the inner side of the backing cloth is exposed to very
      considerable wear with the result that the working life of the backing
      cloth is relatively short, and the backing cloth is relatively expensive
      to replace owing to its multi-layer construction.
PAR  In this previously proposed machine, moistening of the material by water or
      the like occurs before processing on the heated cylinder. Firstly, the
      absorption of moisture by the material during relatively fast operation is
      not at an optimum value. The moisture supplied is provided only on the
      surface and on one side of the material, and as the time of operation is
      short, it does not penetrate to the inside of the assembly of fibres.
      Thus, with the surface pressure treatment, an adequate fixing effect
      cannot be obtained. Therefore material thus produced is not
      shrink-resistant.
PAR  Further, the decatizing effect is provided only on a single side. The
      evaporation of the water introduced takes place spontaneously under the
      vacuum conditions so that with continued processing increasing amounts of
      moisture are removed from the material, and the material is subject to
      considerable drying-out as a result of the surface pressure and the heat
      effects. As a consequence of this phenomenon, a single-side decatizing
      effect is produced with an undesirable high gloss. The drying-out of the
      material causes the material to have a brittle feel, as a result of which
      the thickness of the material is reduced considerably.
PAR  The moistening of the material with water or the like before the decatizing
      treatment is non-uniform due to soiling and blockages in the moistening
      units, brought about by chalk deposits or the like as a result of
      continued operation of the machine. Non-uniform moistening, in turn, leads
      to non-uniform decatizing effects.
PAR  An object of the invention is to improve this previously proposed machine
      in such a manner that throughout the entire material, and on both sides of
      it, a uniform and permanent gloss, a pleasant feel and, in addition,
      complete shrink stability are obtained.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided in a continuous
      decatizing machine, a rotatable, heatable, decatizing cylinder, the
      cylinder having a circumferential wall provided with holes distributed
      over the wall, said holes being fed with steam, means for feeding material
      to be decatized around the cylinder, backing cloths applied against the
      material around a portion of the cylinder, and two heatable pressure
      strips, said strips being impermeable to steam, each said strip being
      applied against a respective backing cloth over an arc of less than
      180.degree..
PAR  Advantageously the two pressure strips are brought to temperatures of at
      least 100.degree.C by suitable heating means.
PAR  In a preferred embodiment of the invention, each backing cloth is freely
      removable from the associated pressure strip, in such a manner that
      outside the working zone of the pressure strips, the paths of the backing
      cloths diverge from those of the pressure strips.
PAR  Preferably, the pressure strips are in the form of endless pressure bands
      which pass over tensioning rollers. In this manner, the applied pressure
      can be adjusted to suit the type of material to be treated. In this case
      the strips are formed of steel, in particular stainless steel, since
      during operation it is necessary to work with relatively high tensioning
      forces.
PAR  In order to ensure even moistening of the material, a sleeve can be
      disposed around the decatizing cylinder, the sleeve advantageously being
      composed of felt.
PAR  In order to obtain mark-free decatization of the material, the backing
      cloths are preferably jointless and endless and are made of satin fabric
      or like material.
PAR  Since the backing cloths are urged by means of the pressure strips against
      the material to be decatized, longitudinal tensioning of the backing
      cloths can be avoided, thus leading to an increased working life.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the invention will now be described, by way of example only,
      with reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a fragmentary section of a decatizing cylinder of a decatizing
      machine in accordance with the invention;
PAR  FIG. 2 is an elevation of a decatizing machine; and
PAR  FIGS. 3 and 4 are elevations of modified forms of the machine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIGS. 1 and 2 of the drawings, the decatizing machine comprises
      a decatizing cylinder 1, the wall 2 of which has a plurality of holes 3
      distributed over its entire circumference. A sleeve 4 made of felt or
      other suitable material is arranged around the wall 2 of the decatizing
      cylinder 1.
PAR  The web of fabric material 5 to be decatized is interposed between two
      backing cloths 6, 6a. The backing cloths 6, 6a are applied against the
      material 5 during the decatizing process and are in the form of joint-free
      endless belts; they are made, for example, of satin fabric with a finely
      woven surface structure or of felt.
PAR  Associated with the decatizing cylinder 1 are two pressure strips 7, 8
      which are impermeable to steam and which preferably consist of stainless
      steel; more than two pressure strips 7, 8 can be provided if desired. As
      may be seen from the drawings, each pressure strip 7, 8 presses against a
      respective backing cloth 6, 6a over an arc of less than 180.degree..
PAR  In the embodiment shown, the pressure strips 7 and 8 are endless, and
      extend around guide rollers 9, 10 and 11, and 12, 13, and 14 respectively.
      In this arrangement the rollers 11, 13 are tensioning rollers, so that the
      compressive force exerted by the pressure strips 7, 8 on the corresponding
      portion of the backing cloths 6, 6a is continuously adjustable. In order
      to achieve a good decatizing effect, the tension exerted on the backing
      cloths 6, 6a is advantageously at least 1.0 kg/cm.sup.2.
PAR  The holes 3 in the wall 2 of the decatizing cylinder 1 are arranged to be
      connected to a source of steam (not shown) in such a manner that during
      the decatizing process the steam discharged into the sleeve 4 is evenly
      distributed and thus the material 5 is evenly moistened and heated. The
      pressure strips 7, 8 in addition to performing the required pressing
      action, have the task of preventing the entry of steam in the area of
      application onto the backing cloths 6, 6a, in such a manner that the steam
      discharged from the inside of the cylinder can flow through the material 5
      and the backing cloths 6, 6a against the inner side of the pressure strips
      7, 8. The pressure in the decatizing cylinder 1 is just high enough to
      overcome the resistance of the sleeve 4, of the material 5 and of the
      backing cloths 6, 6a, so that a surface pressure of at least 1 kg/cm.sup.2
      for the material 5 is maintained.
PAR  So as to obtain a decatizing effect on both sides and to prevent the
      formation of condensation, the pressure strips 7 and 8 are heated. This is
      achieved for example by means of heating devices 15, 16. However, the
      guide rollers 9, 10 and 12, 14 may also be heated in order to provide the
      same effect.
PAR  Prior to reaching the decatizing cylinder 1, the material 5 is moved around
      a steaming cylinder 18 by means of a backing cloth 17, preferably made of
      felt, and is subjected to the action of steam discharged from nozzle boxes
      19. Pressure rollers 20 may be mounted between the individual nozzle boxes
      19 to increase the surface pressure. After the material 5 has passed over
      the steaming cylinder 18 it is supplied to the decatizing cylinder 1. The
      material 5 is pressed on this decatizing cylinder 1 and is treated with
      steam. As can be seen in FIG. 2, there is no application of force on the
      material 5 by the pressure strips 7, 8 in the area between the two guide
      rollers 9, 12 so that the material 5 may regain volume until it reaches
      the following pressure strip 8. The free steam flow area thus created
      between the rollers 9, 12 is used for the constant renewal of the moisture
      content and to increase the decatizing effect, to improve the feel of the
      material as well as for the restoration of the volume of the material.
PAR  As soon as the material 5 has left the decatizing cylinder 1, it passes to
      a suction cylinder 21 which -- when under a vacuum -- effects a shock
      action on the one hand, and on the other hand a suction to remove the
      excess steam. This treatment of the material 5 also takes place with the
      application of pressure, this pressure being less than the pressure
      exerted by the pressure strips 7, 8.
PAR  The embodiment shown in FIG. 3 differs from that of FIG. 2 in that the two
      pressure strips 7, 8 are displaced clockwise by about 90.degree. as
      compared with the arrangement according to FIG. 2 so that the pressure
      strip 7 lies above the pressure strip 8.
PAR  The embodiment shown in FIG. 4 substantially corresponds to that of FIG. 2
      except that the material 5, before it is supplied to the decatizing
      cylinder 1, is fed over a steam nozzle box 22 and is moistened.
PAR  On switching off the material feed, the tensioning force in the pressure
      strips is released and the supply of steam is automatically shut down.
PAR  In the machine particularly described, as a result of the pressure strips
      which apply a high compressive pressure, e.g. of the order of 1
      kg/cm.sup.2, to the material a good and permanent decatizing effect is
      obtained on both sides of the material, while, as a result of the
      continuous feeding of steam during the decatizing process there are
      achieved in in addition a more pleasant feel of the material and good
      shrink stability throughout the material. Further, the material has a
      uniform and permanent gloss.
PAR  During the processing of the material on the decatising machine the
      material is evenly moistened by the application of steam, and brought to
      decatization temperature.
PAR  The range of the decatizing effect attainable by means of the treatment
      extends from a light finish decatization effect through the normal
      pressure gloss decatizing effect to the permanent kier or boiler
      decatizing effect, when the pressure applied by the strips reaches a
      maximum value.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a continuous decatizing machine,
PA1  a rotatable, heatable, decatizing cylinder, the cylinder having a
      circumferential wall provided with holes distributed over the wall,
PA1  means for feeding steam to the decatizing cylinder such that said holes are
      fed with steam,
PA1  means for feeding material to be decatized around the cylinder,
PA1  backing cloths applied against the material around a portion of the
      cylinder, and
PA1  two heatable pressure strips, said strips being impermeable to steam, each
      said strip being applied against a respective backing cloth over an arc of
      less than 180.degree..
NUM  2.
PAR  2. A machine according to claim 1, wherein each backing cloth is freely
      removable from its associated pressure strip.
NUM  3.
PAR  3. A machine according to claim 2, wherein the backing cloths are in the
      form of endless, joint-free bands.
NUM  4.
PAR  4. A machine according to claim 3, wherein the backing cloths are composed
      of a satin fabric.
NUM  5.
PAR  5. A machine according to claim 1, further comprising
PA1  tensioning rollers, said pressure strips passing over the tensioning
      rollers.
NUM  6.
PAR  6. A machine according to claim 5, wherein each pressure strip is composed
      of steel.
NUM  7.
PAR  7. A machine according to claim 1, further comprising
PA1  a sleeve, said sleeve being disposed around the decatizing cylinder and
      being in direct contact therewith.
NUM  8.
PAR  8. A machine according to claim 7, wherein the sleeve is a fabric sleeve.
NUM  9.
PAR  9. In apparatus for continuously decatizing a fabric web,
PA1  a decatizing cylinder mounted for rotation about its axis, said cylinder
      having a perforated circumferential wall,
PA1  means for feeding steam to the interior of the cylinder,
PA1  means operative to feed the fabric web around the circumferential wall of
      the cylinder,
PA1  first and second backing cloths engaging the outer surface of the web
      around the cylinder, and
PA1  first and second pressure-applying strips associated with the backing
      cloths, said strips contacting the associated backing cloths and applying
      pressure to the backing cloths to force the cloths into contact with the
      web on the cylinder, said strips being impermeable to steam, and being
      spaced circumferentially around the cylinder to define a gap therebetween
      for discharge of steam through the web to the surrounding atmosphere.
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ABST
PAL  The present invention relates to a washing machine and more particularly to
      a portable, peripheral oscillating agitation dual purpose washing machine.
      It is capable of cleaning out dirt materials from fabrics and dinner
      wares. It comprises a cylindrical enclosure including roller means as a
      base for portability, an inner cylinder acting as a washing chamber or tub
      where materials to be washed are deposited, an agitator peripherally
      disposed inside the tub which oscillates by means of a linkage connected
      to a worm and wormgear means powered preferably by an electric motor
      installed underneath. As the agitator rotatively oscillates the water and
      soap solution is propelled towards the center at a certain speed and
      direction opposite that of the materials to be washed thereby achieving a
      very efficient washing process.
BSUM
PAC  BACKGROUND AND OBJECTS
PAR  The known washing machines currently in use and in prior art literature
      usually comprise a shell, an inner cylinder or tub, a prime mover and an
      impeller which is either a multi-bladed propeller installed at the lower
      recessed side of the tube or an elongated four-cornered piece installed
      vertically at the center of the tub. In the former, tangential flow of the
      water is effected with the section directly in the path of the current
      attaining maximum cleaning process while the rest considerably less.
      Moreover, uni-directional flow results thereby decreasing the relative
      velocity of solid materials and the soap solution lessening further its
      cleaning efficiency. Obviously, the overall efficiency of such a unit is
      low with characteristically uneven cleaning. In the latter, wherein the
      agitator is installed at the center of the tub, it is fairly obvious that
      the effective volume where the cleaning process occur is reduced. Again,
      the effectivity of the washing process is concentrated in that area
      immediately surrounding the agitator with the outermost section having the
      least efficiency. With the agitator so located it will not be practical to
      utilize the unit for cleaning dinner wares as the chances for breakage are
      quite apparent. Compounding these inherent defects is the fact that in
      almost all the models cited the power shaft actuating the propeller or
      agitator penetrates the tub which will therefore require sealing to
      prevent leaks which will certainly hasten the deterioration of the parts
      and causing damage to the motor. As can be observed, in actual cases,
      these destructive events occur in most models because of the failure of
      the seal.
PAR  Due to their peculiar construction, strong materials, such as stainless
      steel, are used for the tub and mild steel plate with enamel paint finish
      for the shell. The impeller is made of hard rubber. All these add
      immersely to the cost of the machine.
PAR  The aforementioned disadvantages are eliminated by the present invention
      wherein the power shaft does not penetrate the bottom wall of the tub to
      actuate the agitator. Rather, the link-up with the agitator is effected by
      a yoke-like structure connected at its base to a rotatively oscillating
      shaft while its two vertically extending arms are bent 180 degrees to
      enter the tub at its upper end on opposite points and connect with the
      agitator. Sealing is thus dispensed with. This condition is made possible
      by the unique design and construction of the agitator. Briefly stated, the
      agitator is similar to a widely spaced, involutely and internally serrated
      cylinder dimensioned to leave adequate clearance with the inner wall of
      the tub. As it oscillates rotatively, each serration propels a jet of
      water toward the center of the tub with a direction opposite that of the
      fabric material. High relative velocity between the former and the latter
      is thus assured favoring, in turn, high cleansing efficiency. In addition
      to these, even distribution of the effective washing volume to practically
      the entire tub results aside from making the effective washing volume of
      the tub itself comparatively larger owing to the peripherally located
      agitator. Moreover, this unique design enables one to safely and
      effectively wash dinner wares as the danger of breakage is nil. Further,
      the construction itself does not require strong materials. Hence, light
      materials such as fiberglass may be used for the shell, the tub and the
      agitator making the machine not only cheap but also corrosion-free.
      Further, the bearings and the rubbing surfaces are located in a closed
      compartment provided with lubricating material.
PAR  It is therefore the principal object of this invention to provide a washing
      machine with an agitator peripherally located inside the tub.
PAR  Another object of this invention is to provide a washing machine with a
      leakproof tub.
PAR  A further object of this invention is to provide a washing machine which
      evenly distributes the effective washing volume throughout the tub.
PAR  Another object of this invention is to provide a washing machine with a
      comparatively large effective washing volume of the tub.
PAR  Another object of this invention is to provide a dual purpose washing
      machine, capable of washing both dinner wares and fabrics.
PAR  A further object of this invention is to provide a washing machine that is
      simply constructed and utilizing light materials, cheap and effective.
PAR  Another object of this invention is to provide a washing machine that is
      portable, highly efficient with rubbing surfaces constantly and adequately
      lubricated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a perspective cut-away view of the peripheral agitation washing
      machine shown completely assembled;
PAR  FIG. 2 is a detailed perspective view of the yoke and gear box assembly
      showing the three-piece linkage and the worm and wormgear;
PAR  FIG. 3 is a detailed sectional view of the machine in FIG. 1 taken
      substantially along section line "A--A" showing direction of the water
      designated by arrows; and
PAR  FIG. 4 is a detailed sectional view of a quadrant of the agitator showing
      the direction of the water designated by arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  The present invention as shown in FIG. 1, comprises of five basic parts,
      namely: shell 1, inner shell or tub 2, the agitator 33, the gear box and
      linkage assembly 3 and the prime mover 4.
PAR  The shell 1 protects the inner parts of the machine while acting as a
      protective guard to prevent injury to persons. It is a thin-walled
      cylinder set upright and bolted at its lower ends to the upper edge of
      short legs 31. (SEE FIG. 3). The inner shell 2, hereinafter referred to as
      the tub, is likewise cylindrical with its bottom closed. It is disposed
      inside said shell 1 with an adequate clearance and is provided with ring
      plate 6 tightly gripping its upper edge through which it is supported by
      the opposed elongated legs 31a firmly attached to it at their ends.
      Rollers 34 are provided at the lower ends of members 31 and 31a to lend
      the machine portability. The shell, therefore, is amply supported and is
      independent of the tub. According to the embodiment shown, the shell and
      the tub are made of fiberglass while the legs and the ring plate are
      metallic. The invention, however, is not limited by the above-cited
      materials.
PAR  The agitator 33 has a plainly cylindrical outer surface (SEE FIG. 1 and
      FIG. 4) peripherally situated inside the tub 2 and dimensioned to leave
      adequate clearance with the outer wall and the bottom of the latter. Its
      inner wall is formed in a manner similar to a widely spaced, involutely
      and internally serrated cylinder. It is hangingly supported by the bent
      pieces 26 (SEE FIG. 1 and FIG. 3) at opposite points on its upper edge
      with member 26 so formed and positioned as not to touch any part of said
      tub 2. The lower portions of said bent pieces 26 may be firmly attached to
      the corresponding upper portions of yoke 5 by any means such as bolts 7
      and are, according to the embodiment shown, preferably made of the same
      material as the agitator 33. Said yoke 5 is firmly supported at the center
      of its base by the flange 9 of stub shaft 8 through bolts 10 (SEE FIG. 2)
      with the latter supported by bearings 39 situated at the upper and bottom
      walls of gear box 3. One end of rocker arm 12 is connected by key 15 to
      the lower portion of said stub shaft 8 while its other end is pivotally
      connected by pin 13 and retaining ring 16 to one end of connecting rod 14
      whose other end is likewise pivotally connected by pin 37 and retaining
      ring 38 to one end of crank 17 whose other end, in turn, is connected by
      key 19 to the counter shaft 18. Thus members 12, 14 and 17 complete a
      three-piece linkage converting a purely rotative motion of the latter into
      a rotatively oscillating motion of the first member. The event is
      translated all the way to the agitator 33 which is now obvious.
PAR  Counter shaft 18 is likewise journalled to the upper and bottom walls of
      member 3 and rotates with gear 20 which is driven by worm 21 keyed to line
      shaft 22 which is in turn journalled by bearings 23 to the opposite side
      walls of gear box 3 and provided with an over-hang to accommodate power
      transmission means such as pulley 24.
PAR  Power is derived preferably from an electric motor 4 installed underneath
      gear box 3 through drive pulley 40 and belt 25 connecting the latter to
      said pulley 24. Said gear box 3 is totally enclosed, supported
      structurally by legs 31 and is provided with a lubricant oil inlet hold
      and plug 35 and drain hole and plug 36. Electric line and plug 32 provides
      convenient connection to any outlet socket. The tub 2 is provided with
      drain hole and hose 30 with stop cock 28 affording convenient draining of
      the water and soap solution from it.
PAR  The cleaning process is achieved very efficiently as the agitator 33 is
      actuated in the manner explained earlier. The oscillating motion of the
      agitator along the periphery of the tub simulates hand washing including
      the wriggling movement imparted to the fabrics during the washing
      operation resulting in short jerking motions and rubbing of the fabric
      materials with each other which are primarily responsible for quick
      expulsion of dirt materials.
PAR  FIG. 3 and FIG. 4 illustrates the movement of the water and soap solution
      in the tub. With every stroke of the agitator, the direction of the said
      solution is reversed resulting in the opposite direction of motion between
      the cleansing agent and the materials to be cleaned. This inevitably
      results in a very efficient washing machine.
PAR  The foregoing is discriptive only of the embodiment shown and any
      alterations in construction, materials and design which fall within the
      scope of the appended claims shall be considered part of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A washing machine comprising an outer open-ended cylindrical shell
      independently supported on legs; an inner bottom-closed cylinder disposed
      internally of said outer shell defining a fabric material or dinner wares
      washing chamber and provided with support means independent of said
      support legs of the outer shell; agitator means freely rotatable and
      disposed peripherally and internally of said inner cylinder, said agitator
      having an inner wall with equally spaced longitudinal projections
      throughout said inner wall to effect the creation of water jets directed
      toward the center of said inner cylinder when said agitator is actuated
      thereby effecting the washing of materials deposited within said inner
      cylinder, said agitator further having an upper edge; yoke support means
      having an upper portion and a base, said yoke support means supporting
      said upper edge of said agitator at said upper portion of said yoke
      support means, said yoke support means being supported at the base thereof
      by a shaft, a linkage means connected to said shaft, said linkage means
      translating a rotative input motion into a rotatively oscillating output
      motion thereby imparting similar motion to said agitator means by means of
      said yoke support means; a prime mover having an output; and power
      transmission means linking said prime mover output to said linkage means.
NUM  2.
PAR  2. A washing machine as in claim 1 wherein said inner cylinder has an upper
      end, said support means of said inner cylinder comprises a ring plate
      firmly gripping said upper end of said inner cylinder and rigidly attached
      at opposite points to upper ends of a pair of elongated legs,
      respectively, said elongated legs together with said support legs of said
      outer shell provided with rollers, all of said legs having lower portions
      linked by a common link strip.
NUM  3.
PAR  3. A washing machine as in claim 1 wherein said agitator means comprises a
      cylinder having a plain outer surface and an involutely serrated inner
      surface, said agitator being hangingly supported from its upper edge at
      opposite points thereof by bent ends of a pair of opposite elongated arms
      of said yoke support means, said elongated arms projecting vertically
      upward between said outer shell and said inner cylinder thereby providing
      support for said agitator without penetrating the bottom wall of the inner
      cylinder.
NUM  4.
PAR  4. A washing machine as in claim 1 wherein said linkage means comprises a
      rocker arm keyed at one end thereof to said shaft supporting said yoke, a
      connecting rod pivotally connected at one end to the other end of said
      rocker arm, a rotating arm having a free end, said free end being
      connected to the other end of said connecting rod, said power transmission
      means having an output shaft, said rotating arm being keyed to said output
      shaft of said power transmission means thereby translating rotary input
      motion into rotatively oscillating output motion.
NUM  5.
PAR  5. A washing machine as in claim 1 wherein said power transmission means
      comprises a worm and wormgear assembly driving said linkage means and
      further including a pulley and belt combination transmitting power from
      the prime move to said worm and wormgear assembly.
NUM  6.
PAR  6. A washing machine as in claim 5 wherein said linkage means including
      said worm and wormgear assembly are housed inside a box-like compartment
      installed underneath said inner cylinder, said box provided with inlet and
      drainage means for lubricating oil.
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PAL  A lock mechanism comprises a plug slidably to a home position into a cavity
      of a block which plug has a recess for receiving side-by-side plates.
PAL  Said block has a receptacle for receiving a similar set of spring biased
      plates. The front base of said plug a keyway with rectangular cross
      section communicates with said recess at a position close to the bottom
      thereof. A key is also provided for said mechanism which is made up of as
      many bars as are the plates.
PAL  The plates in said recess have a bevelled corner. The bevel plane of the
      plates and of the key bars being the same.
PAL  When the key is inserted home into said plug the bevelled point of each bar
      of the key engages the bevelled corner of a corresponding plate in the
      recess and lifts it to come flush with its upper edge with said recess
      aperture whereby the mechanism is unlocked.
PAL  When the key is withdrawn from said slot the plates in said receptacle are
      moved by the related springs to enter the plug recess and block the
      mechanism thereby.
PAL  Two locks and specifically a door lock and a steering lock are also
      described in which the mechanism of the invention is applied.
BSUM
PAR  The object of this invention is a mechanism for a lock with modifiable key
      and some applications thereof.
PAR  A number of lock mechanisms are known wherein the mechanism by which a lock
      bolt or similar fastening means is operated comprises two members of which
      one -- named plug -- is slidable within the other when a proper key is
      introduced into the plug, while it is prevented from sliding when the key
      is withdrawn therefromn because a set of pins extend into the plug from
      the inside of the other member thereby locking the two members to one
      another. By inserting the key said pins are displaced out of the plug
      whereby this is set free to slide with respect to the other member. Yale
      locks belong to this class. Such locks provide a security which is the
      higher the greater is the number of pins to be displaced by the key.
      However any increase of the number of pins involves a larger size of the
      lock and of the key. Furthermore such locks of the prior art do not permit
      a high manufacturing precision so that a key for them is readily
      counterfeited.
PAR  In addition, as a common practice, in manufacturing such locks a number of
      series of locks are produced which are identical to one the others and
      there is no means for modifying the individuality of a manufactured lock.
PAR  It is therefore the main object of this invention to provide a lock
      mechanism which overcomes the above drawbacks. In fact, the mechanism of
      this invention is very compact, it can be manufactured with the utmost
      precision and at relatively low cost; it provides a number of secret
      combinations greater than with the mechanisms of the same size presently
      available and, last but not least, it can be readily modified by
      interchanging the functional elements of the mechanism and of the key.
PAR  The mechanism of this invention substantially comprises two prismatic
      members with parallel axes one of which is slidable within the other along
      said axes. The inner prism or plug is provided with a prismatic recess
      extending from the side surface of the plug, in which recess a set of
      small rectangular plates are received in a side by side relation parallel
      to the prism axis. The plates are all identical, excepted their height
      which is the dimension parallel to the recess axis, all the plates having
      one of the lower corners identically bevelled.
PAR  Said recess communicates with the side surface of said plug through a
      window and with the front base of the plug through a slot which functions
      as a keyway which slot opens into the recess at the same level as said
      bevelled corners of the plates.
PAR  A housing is provided within the outer prismatic member which communicates
      with the inner surface thereof through a window having the same dimensions
      as said window of the plug. A set of small plates is received in said
      housing which plates are as many as the plates in said recess, have the
      same thickness, each plate in the housing being coplanar with a
      corresponding plate in said recess and being biased by a spring towards
      the recess. The key to operate the above mechanism comprises a set of
      small bars or needles with bevelled ends adapted for mating with said
      bevelled corners of each plate in said recess. The key needles are
      removably fitted in side by side relation in a fixture which functions as
      a handle.
PAR  When the key is fitted home into the keyway the plates in said recess are
      flush with the interface between said outer and inner prismatic member of
      the mechanism whereby these can move with respect to one another.
PAR  When the key is withdrawn from the keyway the plates in said recess are
      moved towards the recess bottom by the corresponding plates in said
      housing which are each urged by a spring to move towards the inner member.
PAR  Thus a portion of each plate from said housing enters said recess through
      both the windows of the outer and inner member and lock them together
      thereby.
DRWD
PAR  The invention will be readily understood from the following description and
      from the attached drawings which illustrate some preferred embodiments
      thereof given by way of example.
PAR  In the drawings:
PAR  FIG. 1 shows a diagrammatic longitudinal cross section of the locking
      mechanism of this invention in locked condition;
PAR  FIG. 2 is a diagrammatic longitudinal cross section of the locking
      mechanism of the invention in unlocked condition;
PAR  FIG. 3 shows a front view of the locking mechanism of FIGS. 1 and 2;
PAR  FIG. 4 shows a diagrammatic longitudinal cross section of the locking
      mechanism of the invention in a simplified variant thereof;
PAR  FIG. 5 shows a side view of one of the plates within the inner member of
      the mechanism of the invention
PAR  FIG. 6 shows a front view of the plate of FIG. 5;
PAR  FIG. 7 shows a side view of one of the set of plates within the outer
      member of the mechanism of the invention;
PAR  FIG. 8 shows a top plan view of the key for actuating the mechanism of the
      invention;
PAR  FIG. 9 is a cross section of the key of FIG. 8 taken along line IX--IX
      thereof;
PAR  FIG. 10 is an elevation front view partly broken away of a door rim lock in
      which the locking mechanism of the invention is utilized, the lock being
      shown in locked position;
PAR  FIG. 11 shows a side view of the door lock of FIG. 10 partly sectioned
      along line XI--XI thereof;
PAR  FIG. 12 shows a side view of the door lock of FIG. 10 partly sectioned
      along line XII--XII thereof
PAR  FIG. 13 shows a front view of the door lock of FIG. 10 in its unlocked
      condition;
PAR  FIG. 14 shows a lock for locking the steering column of a motor vehicle in
      which lock the mechanism of the invention is applied;
PAR  FIG. 15 shows a top view of a multiple spring for biasing the plates within
      the outer member of the mechanism of the invention;
PAR  FIG. 16 shows a cross section of the door lock of FIG. 10 taken along line
      XVI--XVI thereof.
DETD
PAR  With reference to FIG. 1, the locking mechanism of this invention comprises
      substantially two prismatic rectangular members; a first member named plug
      2 being slidably received in a cavity of a second member named body 4. As
      the length of said members the dimension will be meant which in FIG. 1 is
      horizontal while the height is the vertical dimension in FIG. 1 and the
      width is the dimension in FIG. 1 perpendicular to the drawing sheet.
PAR  Plug 2 is provided with a prismatic recess 6 of which the axis is
      perpendicular to the plug longitudinal axis and the cross section
      perpendicular to said axis of the recess is rectangular; which recess
      extends from one of the side faces of the plug to nearly reach the
      opposite face of the plug. Within said recess a set of plates 8 is
      received which plates are all identical save for their height which is
      different. The difference between the highest plate and the shortest one
      is equally shared between the plates. When for instance the highest plate
      is 14 mm and the shortest one is 9.5 mm and 10 plates are involved, then
      the height difference between a plate and the next one in order of height
      is 0.5 mm. In fact
EQU  9.5 + (0.5 .times. 9) = 14
PAR  The shape of the plates as shown in FIGS. 5 and 6 is rectangular with a
      corner 8' bevelled of the two adjacent to the bottom of recess 6 when the
      plate is fitted thereinto. One of the two edges of plate 8 parallel to the
      recess axis is provided with a notch 8" and a pin 27 is fitted through
      body 4 crosswise of plates 8 within the space defined by said notch to
      prevent the plates from escaping from recess 6 while allowing them a
      certain amount of freedom in the direction of the recess axis. Pin 27 can
      be replaced by a leaf restrained into the plug and extending into the
      notch as indicated by reference number 27' in FIGS. 11 and 12.
PAR  Plug 2 is provided with a longitudinal slot 37 which is the keyway of the
      mechanism and extends from the front base of the plug to communicate with
      recess 6 flush with the bottom thereof.
PAR  The second member or body 4 of the mechanism is a prism of which the height
      -- that is its vertical dimension as seen in FIGS. 1 to 4 of the drawings
      -- is about twice the height of plug 2. In the lower portion of body 4 a
      longitudinal through channel is provided which for a first section 68 is
      cylindrical, for a second section 68' is still cylindrical but with larger
      diameter than the first section, for a third section 10 is prismatic with
      cross section slightly larger than the cross section of plug 2 and for a
      fourth section 10' is again cylindrical.
PAR  Plug 2 is slidably received in said longitudinal channel along with a
      cylindrical extension 2' thereof which fits through said first section 68
      of the channel and the purpose of which is for actuating the bolt works of
      a lock, for instance a door lock. Around extension 2' a spring 67 is wound
      which when fully compressed occupies the space between the wall of said
      second section 68' of said channel and said extension. In the third
      prismatic section 10 of the channel, a portion of plug 2 is received
      including said recess 6. When plug 2 is fully inserted into the third
      portion 10 of said channel, window 12 of recess 6 registers with the
      corresponding window 12' which gives access to a receptacle 14 wherein a
      second set of plates 16 is received which consists of as many plates as in
      the recess 6 of plug 2. Plates 16 are all identical and have the same
      thickness and width as said plates 8 in said recess. They are arranged
      side by side so that each plate 16 rests with its lower edge on the upper
      edge of a corresponding plate 8. Each plate 16 is provided with a side lug
      16' having the same thickness of the plate. The whole set of plates 16 is
      slidable along a prismatic portion of receptacle 14 each plate being
      biassed towards plug 2 by a corresponding tine of a multiple leaf spring
      35. However they are prevented from being expelled from the receptacle by
      a shoulder 16" intended for engaging lugs 16'.
PAR  When plug 2 is fitted into the body 4 of the mechanism, each plate 16
      penetrates the recess 6 for an amount which depends on the height of the
      corresponding plate 8. Thus plug 2 is prevented from sliding with respect
      to body 4.
PAR  The mechanism of this invention includes a key 30 of novel design which is
      illustrated by FIGS. 8 and 9 of the drawings. Key 30 comprises a set of as
      many small bars 32 as are the plates 8 in recess 6 of plug 2 and plates 16
      in receptacle 14. Said bars have pointed ends being bevelled at the same
      angle as the lower corners of plate 8 adjacent to the inner end of slot
      37.
PAR  By fully inserting the key into slot 37 of plug 2, the plates 8 are raised
      to come flush with their upper edges with the window 12 of recess 6.
      Supposing that the bevel angle of the key bars and of the lower corners 8'
      of plates 8 is 45.degree., the length difference between the longest and
      the shortest bar is the same as the difference between the highest and the
      shortest of plates 8.
PAR  The cross section is the same for all the bars 32, their thickness being
      the same as plates 8. Bars 32 are assembled in a fixture which permits to
      readily interchange them. A preferred form of fixture will be now
      described as an example.
PAR  It comprises a flat rectangular ring 28 into which the bars 32 are slidably
      fitted. Each bar is provided with a lug which engages the ring thus
      preventing the bar from sliding out of the ring in the direction of the
      bar point.
PAR  One of the longer sides of ring 28 extends for a length 28 inches in the
      direction opposite to the bars for supporting at its end a hinge 48 for a
      plate 29 having substantially the same length as said extension 28". At
      its free end plate 29 has a bent edge. When plate 29 is rotated to lie
      flat against extension 28", its curved edge abuts against the ends of bars
      32 and fits into a transverse slit of which extension 28" is provided. In
      this way the key bars 32 are prevented from coming out of ring 28 and
      their lugged ends are kept aligned therein. The operation of the mechanism
      is as follows.
PAR  To lock the mechanism the plug 2 is driven into section 10 of the channel
      in body 4 until window 12 of recess 6 register with window 12' of
      receptacle 14. In this position, plates 16, urged by spring 35, penetrate
      the plug recess 6 for an amount which depends on the height of the
      corresponding plate 8 in said recess. Thus plug 2 is prevented from
      sliding with respect to the mechanism body 4.
PAR  To unlock the mechanism, key 30 is completely inserted in slot 37. Thus
      plates 8 are all raised to reach with their upper edges the interface
      between plug 2 and body 4 and plug 2 is set free for longitudinal
      movement, spring 67 forces plug 2 out of body 4 towards the key operator
      until a collar 2" stops such movement. At this point the whole of plug 2
      is out of section 10 of the through channel and because the diameter of
      the fourth section 10' of the through channel is large enough for it, plug
      2 can be rotated for actuating the bolt works of a lock, for instance a
      door lock. During such rotation plates 8 are prevented from projecting
      from recess 6 by pin 27 or by metal leaf 27' and plates 16 are prevented
      from projecting too much from receptacle 14 by the limiting shoulder 16"
      with which the plate lugs 16' are engaged. However shoulder 16" should
      permit all plates 16 to project from window 12' for a certain amount.
PAR  A further means is provided for unlocking the mechanism from the other side
      thereof that is from the side opposite to the keyway.
PAR  This comprises a bar 80' with rectangular cross section slidably inserted
      in a slot 50" which communicates receptacle 14 of body 4 with the rear
      base thereof. Bar 80' has a wedged end of which the edge is at the same
      level as the lower side of said slot. The purpose of bar 80' is for
      lifting plates 16 to such a level that their lower edges come flush with
      said window 12' of receptacle 14. This is achieved by forcing bar 80'
      between lungs 16' of plates 16 and said shoulder 16" of body 4. Bar 80' is
      provided with a slit 80" through which a pin is mounted for limiting the
      bar travel and with a knob 80 for actuating it. Thus a locking mechanism
      has been described which when unlocked can actuate by means of rod 2' the
      works of a lock bolt or the like either by the longitudinal movement of
      said rod or by its rotational movement or by both. However in some
      instances, as will be shown hereinafter, no rotational movement of rod 2'
      is required for actuating said works. Therefore a variant to the mechanism
      as above described has been envisaged for use in such cases when a
      longitudinal movement only of rod 2' is required. Such variant is
      illustrated by FIG. 4 and its differences from the previously described
      mechanism simply consist in the fact that there is no cylindrical cavity
      10' and rod 2' may have a cross section other than circular. Thus,
      according to this variant, said through channel of body 4 comprises only a
      prismatic cavity 10 and a hole 68 through wall 66 of body 4.
PAR  Further, according to this variant, the means for limiting the travel of
      plug 2 may comprise a slot 13 in the plug and a pin 15 carried on body 4
      of the mechanism as shown in FIGS. 11 and 12 of the drawings.
PAR  Two locks will be now described to which the mechanism of this invention is
      applied.
PAR  The first one is a door lock and is illustrated by FIGS. 10 to 13. The lock
      comprises two main components a first component 40 to be attached to one
      of the door wings and which includes the bolt works and the mechanism for
      actuating them and a second component 42 to be attached to the other wing
      of the door. Component 40 comprises a rather shallow rectangular casing
      44. When referring to its height, length and width, the dimensions will be
      meant which in FIG. 10 are vertical, horizontal and transverse to the
      sheet respectively.
PAR  Casing 44 has reinforced corners for attaching it to the door wing by any
      means such as by screws. The casing side opposite to the door is
      removable. The casing side facing the second door wing has a rectangular
      notch 50 at substantially the middle part thereof. Notch 50 is defined by
      an upper 52 and a lower 54 extensions of casing 44 which have reciprocally
      facing apertures.
PAR  Component 42 is also a casing having the same height and thickness of
      component 42 and is provided with a projection 59 which, when the door is
      shut, fits into notch 50 of the first component 40. Projection 59 is
      provided with a vertical through channel 60 in which a bolt 56' is
      slidably received, the length of bolt 56' being the same as channel 60,
      the travel of bolt 56' being limited by a pin 55 which fits into a notch
      55', the downward travel of the bolt being such that its lower point
      cannot surpass the lower end of channel 60.
PAR  From said aperture of extension 54 a latch 56 projects upwardly when the
      door is locked while its comes flush with the aperture when the door is
      unlocked.
PAR  Within casing 44 a flat lever 48 is housed of which the width is the same
      as the depth of said casing, which lever is pivotally mounted on a pin 48'
      at one of the casing lower corners and has a forked end which fits into a
      peripheral groove at the lower end of latch 56. Specifically latch 56
      comprises two main components, that is the latch proper 56 and a pin 90
      slidably received in a cylindrical cavity of latch 56. A helical spring
      56'" fitted between the lower edge of latch 56 urges the latter to move
      upwards that is towards channel 60 of projection 59. However the travel of
      latch 56 is limited by a pin 92 which fits into a notch of pin 90. The
      notch length is such that when lever 48 is at its lowermost position and
      spring 56'" is extended its full length the point of latch 56 is flush
      with the aperture of extension 54, while when lever 48 is raised at its
      highest position, and spring 56'" is fully extended, latch 56 penetrates
      channel 60.
PAR  However, when the latch is in this position and spring 56'" is fully
      depressed, the latch point comes again flush with said aperture.
PAR  The point of latch 56 is bevelled, the bevel 55 (FIG. 16) plane
      intersection with the door plane being along a horizontal line. Thus latch
      56 functions as a conventional spring latch. On that side of casing 44
      which lies against the door a locking mechanism is mounted according to
      the above variant of the mechanism of this invention illustrated in FIG.
      4. As shown by FIGS. 11 and 12 said mechanism is firmly attached to that
      side of component 44 which lies against the door wing and extends through
      the wing for the whole thickness thereof.
PAR  Plug 2 of the mechanism is provided with two members which have not been
      described up to now. A first member comprises an extension 64 of plug 2
      which is provided with a cam surface which slopes downwards towards the
      inside of casing 44 and terminates with a flat tongue 65 provided with a
      knob 65'. An aperture 63 is provided through wall 66 of body 4 for
      permitting the travel of the sloping portion of extension 64 into and out
      of casing 44 and another aperture is provided through the wall of casing
      44 in front of body 4 for tongue 65. By pulling knob 65' the mechanism can
      be locked from the inside of the door.
PAR  The second member is a stud 69 which is fastened to the rear base of plug 2
      and extends through a hole of the rear wall 66 of body 4. A helical spring
      is wound around stud 69 between the rear face of plug 2 and wall 66 for
      ejecting plug 2 when unlocked.
PAR  As shown by FIG. 11, when plug 2 is fully inserted into cavity 10 of body
      4, extension 64 of plug 2 slips under lever 48 and this lifts latch 56 and
      bolt 56'. Thus latch 56 enters channel 60 and bolt 56' enters extension 52
      of casing 44 and the door is locked thereby. By inserting the key into
      plug 2, this is unlocked with respect to body 4 and is moved rearwards by
      spring 67.
PAR  The sloping portion of extension 64 is thus wothdrawn from under lever 48
      and this drops downwards along with latch 56 and bolt 56'. The door is
      thus unlocked.
PAR  In order to unlock the door from the inside without using the key, knob 80
      is pushed which through blade 50' lifts plates 16.
PAR  In FIG. 14 a steering lock is illustrated wherein the mechanism of this
      invention is applied.
PAR  As shown by FIG. 14 lock 82 comprises a collar 82 made up of two halves 82'
      and 82" which embrace the jacket 83 of a steering column 85 as of a car.
      Parts 82' and 82" are fastened together by no-tamper bolts 87. One of the
      two parts of the collar, for instance part 82' has a flat block 84
      attached thereto in which a housing is provided for the mechanism of this
      invention.
PAR  Extension 2' of plug 2 in this case is in the form of a latch with rounded
      point which, when plug 2 is fully inserted into cavity 10 of body 4,
      enters a hole through jacket 83 and into column 85. When, by inserting the
      key, plug 2 is unlocked from body 4, plug 2 is urged by sprig 88 out of
      cavity 10, whereby said point of extension 2' is withdrawn from the column
      85 and jacket 83 which are thus free to rotate one with respect to the
      other.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A locking mechanism which comprises two prismatic members with parallel
      longitudinal axes and front and rear bases perpendicular thereto, one of
      which members, named plug, being slidably received into a longitudinal
      cavity of the other member named body, which plug has a transverse recess
      extending from one of the plug side faces to nearly reach an opposite face
      thereof and a longitudinal channel extending from the front face of the
      plug to communicate with said recess at a position adjacent to the bottom
      thereof, said cavity having a hole at one end thereof with a cross section
      smaller then the plug, an extension of the plug being slidably fitted
      through said hole and a spring being wound around said extension between
      the rear end of the plug and a shoulder of said body around said hole; a
      receptacle extending transversely from the inner surface of said cavity
      into said body, said recess and said receptacle having apertures of
      identical size and shape on reciprocally engaging surfaces of said plug
      and of said body, two sets of plates in identical number in side-by-side
      relation parallel to the plug longitudinal axis being received one set
      into said recess and the other into said receptacle, the plates of the two
      sets being individually slidable in a direction transverse to said plug
      and having all the same cross section in a plane perpendicular to said
      direction, the plates in said recess having different dimensions in said
      direction, each of them having the corner adjacent to said channel
      bevelled along a plane perpendicular to the plate plane, the plates in
      said receptacle having all the same dimensions and being each provided
      with a lug adapted for engaging a shoulder of said body within said
      receptacle and being each urged by a spring to move towards said plug; a
      key made up of as many bars as are the plates of one of said sets which
      bars have all the same height and thickness, this being the same as said
      plates, but different lengths, one end of each bar being bevelled along
      the same plane as said corners of the plates in said recess; said bars
      being removably assembled together in side-by-side relation to form a
      bundle adapted to fit into said channel of said plug; the lengths of said
      bars being such that when the key is fully inserted into said channel the
      upper edges of the plates in said recess are brought to the level of the
      interface between said body and said plug.
NUM  2.
PAR  2. A locking mechanism as per claim 1, wherein said hole and said plug
      extension slidably received therethrough are both cylindrical, which
      mechanism is further provided with a cylindrical cavity coaxial with said
      extension and extending from the front face of said body to nearly reach
      the aperture of said receptacle, the radius of said cylindrical cavity
      being larger than the maximum radial dimension of said plug as measured
      from the axis of its extension whereby said plug can be rotated one whole
      revolution after withdrawing it from said prismatic cavity.
NUM  3.
PAR  3. A locking mechanism as per claim 1, which is further provided with a
      flat bar with a wedgelike end which bar is slidably received in a slot
      which communicates said receptacle with the rear face of said block, the
      edge of said wedgelike end being located at the level of said shoulder
      within said receptacle on which plate lugs come to rest when said plug is
      withdrawn from said prismatic cavity whereby said plates in the receptacle
      are lifted when said flat bar is forced towards said receptacle and its
      wedgelike end is inserted between said lugs and shoulder.
NUM  4.
PAR  4. A mechanism as per claim 1 wherein said key comprises a set of bars and
      a flat rectangular ring into which the whole set of bars it slidably
      fitted, each bar being provided at its end opposite to the bevelled one
      with a transverse side lug adapted for engaging the ring edge; one of the
      larger sides of said ring extending in the direction opposite to the
      bevelled edge of said bars for supporting at its end a hinge for a plate
      which is provided at its end opposite to said hinge with a bent border
      adapted for engaging the lugged ends of said bars and preventing them from
      moving away from the ring when said plate is rotated about said hinge to
      lie flat against said extension of the ring, each bar of the key being
      marked with the same mark of the corresponding plate in said recess.
NUM  5.
PAR  5. A door lock of the type called rim lock, which lock comprises a first
      and a second components in the form of shallow casings to be fastened each
      onto a wing of the door, the first component being provided with an upper
      and a lower portions extending towards the second component and defining a
      notch at the middle of its side facing the other component into which
      notch a corresponding portion of the other component is received when the
      door is shut; the upper and lower extensions of the first component being
      provided with apertures confronting each other, the extension of said
      second component being provided with a through channel of which the ends
      register with said apertures when the door is shut, in which channel a
      bolt is slidably received for limited travel, which bolt has the same
      length as the channel; a lever pivotally mounted within said first
      component at one of the lower corners thereof, which lever terminates with
      a forked end which engages the lower end of a spring latch slidably fitted
      into the aperture of said lower extension of the casing; a locking
      mechanism as claimed in claim 3, which mechanism is attached to the side
      of said first component adjacent to the door wing, the axis of the
      mechanism plug being perpendicular to the door plane; said extension of
      the mechanism plug being provided with a cam surface sloping downwards
      towards the said first component and having a further extension of which
      the end projects from the side of said casing opposite to the door; said
      cam surface being in engagement with said lever for rotating it between a
      locked and an unlocked portion.
NUM  6.
PAR  6. A steering lock for automobiles, which lock comprises a bracket to be
      fastened by means of a split collar to the jacket of a steering column of
      a motor vehicle, a housing within said bracket in which a locking
      mechanism as claimed in claim 3 is received, the plug extension being in
      the form of a bolt which penetrates through said jacket and into said
      column when said plug is at its innermost position within said body cavity
      whereby said column is prevented from rotating with respect to its jacket
      when said plug is in said home position.
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ABST
PAL  To prevent the theft, or accidental dislodgment during use of outboard
      motors, an elongated, hollow, slotted housing is provided which receives,
      covers, and renders inaccessible the head portions of the motor clamp
      screws. The housing is originally applied to the clamp heads by being slid
      thereover longitudinally and is provided in one wall with a pair of
      openings to receive the shackle legs of a padlock, the padlock body being
      introduced into the housing through an opening in another wall of the
      housing, and when the shackle legs are lockingly engaged with the confined
      padlock body, the latter functions as a stop to prevent unauthorized,
      longitudinal removal movement of the housing relative to the confined
      clamp heads. Major portions of the padlock body and shackle are also so
      shrouded that a thief or tamperer cannot successfully apply cutting or
      prying tools thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION AND SUMMARY THEREOF
PAR  A primary object of the present invention is to provide an outboard motor
      lock of the type which comprises a hollow slotted housing longitudinally
      slidably applied to the outboard motor clamp screws and heads wherein the
      housing is locked in position by a padlock whose inserted body portion
      fills an end section of the housing so as to be inaccessible to a thief or
      tamperer, which housed body portion also acts as a stop to prevent
      undesired longitudinal movements of said housing relative to the confined
      motor clamp screw heads.
PAR  A further object of the invention is to provide an outboard motor lock of
      the character described wherein a removable shackle, when applied to the
      housed padlock body, has its leg portions so protected and shrouded as to
      render the same relatively inaccessible to a tamperer's tool.
PAR  A further object of the invention is to provide an outboard motor lock of
      the character described wherein the elongated hollow housing is of square
      shape in cross-section, providing a maximum interior cross-sectional area
      for the accommodation of more diverse and larger motor clamp screw heads
      or handles, than can be accommodated by an equivalent housing of circular
      cross-section.
PAR  Further objects of the invention are to provide an outboard motor lock of
      the character described which is of simple construction, is inexpensive to
      manufacture, is easy to apply and remove, is reliable and effective for
      its intended purpose, and which will fit and can be used with most of the
      presently available outboard motors.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Applicant is aware of the Kargus et al. U.S. Pat. No. 3,808,851 and the
      Pavek U.S. Pat. No. 3,745,797, both of which relate to outboard motor
      locks of the tubular housing type applicable to the head portions of
      outboard motor mounting clamps but in said prior patents removable lock
      body portions do not act as stops within the housing to prevent undesired
      longitudinal removal movements of the latter and there is no prior art of
      which applicant has knowledge which shrouds the elements of an applied
      padlock as to render the same relatively inaccessible to a tool applied by
      a thief or tamperer.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing wherein the same reference characters indicate the same or
      similar parts in all of the views:
PAR  FIG. 1 is an exploded perspective view of the outboard motor lock housing
      and its components with portions of the housing broken away and in
      section;
PAR  FIG. 2 is an outer face view of the housing applied to the head or handle
      portions of the screws of an outboard motor mounting clamp, with the
      padlock in its inserted, locked, operative condition and with portions of
      the housing broken away and in section; and
PAR  FIG. 3 is a fragmentary, side elevational view showing the manner in which
      the improved outboard motor lock is applied to heads or handles of the
      clamps for a motor supporting bracket which secures a motor to a boat
      transom, for instance, the transom being shown in section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  By way of example the improved outboard motor lock has been shown
      associated with the heads or handles 8 of clamp screws 9 which are used to
      affix outboard motor carrying clamps 10 to the transom 11 of a boat 12. As
      so utilized the locking device will prevent the theft, and/or accidental
      dislodgment during use, of an outboard motor (not shown), but the locking
      device is susceptible of more diverse applications. There may be some
      difference in the transverse spacing of the clamp screws applied to
      different models and makes of the clamps for outboard motors. Therefore,
      the present locking device is designed to accommodate variously spaced
      clamp screws without affecting the locking action of the device.
PAR  The major portion of the locking device is an elongated, hollow slotted
      housing of square shape in cross-section and generally indicated by the
      numeral 13. A housing about 111/4 inches in length and of 14 gauge
      thickness so as to provide within the housing a longitudinal opening of
      11/4 inches, has been proven to be practical. One end of the housing (the
      left hand end relative to FIG. 1) is closed by a square cap 14 whose inner
      face flanges have a force fit with the inner wall portions of that end of
      the housing 13. The other end of said housing is open, as at 15. The inner
      face wall of the housing is formed with a longitudinal slot 16 closed at
      the left hand end, as at 17, but open at the other end where it
      communicates with the open right hand end 15 of the housing. The housing
      13 is preferably of a durable metal. One wall of the housing 13, other
      than the wall which is formed with the slot 16 and adjacent the right hand
      end of the housing (relative to FIGS. 1 & 2) is formed with a generally
      rectangular opening 18 of a size and shape to permit the snug movement
      therethrough of the body 19 of a padlock, the padlock also including a
      detachable U-shaped shackle 20, which, when it is applied for locking
      purposes, as in FIGS. 2 & 3, has the free ends of its legs 23 & 24
      initially inserted into circular openings 21 & 22 of a diameter to snugly
      receive the spaced shackle legs 23 & 24, said openings 21 & 22 being
      spaced apart a distance corresponding to the distance between said shackle
      legs, and being in a wall of the square housing 13 opposite that which is
      formed with the padlock body opening 18. Said shackle leg openings 21 & 22
      are connected by a depressed trough 25 so that when the shackle is
      inserted and locked into the housing-contained padlock body 19, as in
      FIGS. 2 & 3, all portions of the shackle will be shrouded to render it
      difficult for the application thereto of a cutter or prying tool, by a
      thief.
PAR  When the outboard motor locking device is to be applied to the clamp screws
      9 which affix the clamps 10 of an outboard motor-carrying bracket 26 to a
      support such as a boat transom 11, the clamp screw heads or handles 8 are
      alined, as in FIG. 2, and the elongated hollow housing 13 is slid over the
      handles 8 by being moved from left to right, relative to FIG. 2, the clamp
      screw shanks being accommodated by the slot 16 in the inner face of the
      housing 13. The sliding movement is terminated by the engagement of the
      left hand clamp screw with the closed end 17 of the slot 16. Then the
      padlock body 19, with the shackle 20 detached, is inserted into the right
      hand end of the housing by passing it through the wall opening 18 until
      the confined position of FIGS. 2 & 3 is attained. The illustrated padlock,
      incidentally, is key operated, but within the contemplation of the
      invention adaptations are possible for the use of a permutation padlock.
      With the padlock body 19 in its housed position, the shackle 20 is next
      applied. For this purpose, as previously mentioned, the shackle legs 23 &
      24 are slid through the housing openings 21 & 22 to engage in the usual
      openings therefor in the padlock body. Ultimately the situation
      illustrated in FIGS. 2 & 3 is attained with the shackle legs being locked
      into the padlock body and the legs and outer end of the shackle being
      shrouded and protected.
PAR  The padlock body 19, being almost completely housed within the open end
      portion of the housing, acts as a stop to prevent unauthorized sliding
      movement of the housing relative to the clamp screws 9 and their handles.
      Thus, the locking device prevents theft of an outboard motor from a boat
      transom or other support, and guards against undesired dislodgment. When
      the housing of the locking device is applied, to prevent the housing from
      vibrating and rattling relative to the clamp screw and handle remote from
      the applied padlock body, a set screw 27 threaded through a wall portion
      of the housing and into impingement with a portion of said clamp screw,
      will accomplish the purpose.
PAR  The hollow housing 13, being of square form in cross-section has definite
      advantages as it provides a housing interior which gives a greater
      interior cross-sectional area for the accommodation of diverse and larger
      clamp screw heads than would an equivalent housing of circular cross
      section. Also, all of the external surfaces of the housing are flat and
      are in lineal contact with the exposed portions of the padlock, minimizing
      the cracks, or crevices wherein a cutting or prying tool might be inserted
      by a thief or tamperer.
PAR  The assemblage is free of manufacturing and operational complications, is
      easy to engage with the clamp screws of an outboard motor mounting bracket
      or to remove therefrom, is portable, and is well adapted for the purposes
      set forth.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. In combination, a support; clamps for an outboard motor-carrying
      bracket; transversely spaced apart headed and shanked members for securing
      the clamps to said support; a slotted hollow housing of greater length
      than the transverse line of clamp securing members for longitudinal
      sliding application to said securing members with the shanks of latter
      being received by said housing slot and the securing member heads being
      confined within the housing, one end of the housing being open, there
      being a second opening in a wall portion of the housing adjacent to its
      open end and removed from the housing slot and of a size and shape to
      permit the snug passage therethrough of the body of a padlock; a
      shackle-equipped padlock formed with a body with the latter being
      removably introduced into said housing through said second opening
      transversely of the longitudinal axis of the housing, the padlock shackle
      being completely removable from the body, a wall of the housing opposite
      that which contains said second opening being formed with a third opening
      in registration with said second opening to permit the passage of the legs
      of the padlock shackle therethrough; and means for locking said padlock
      body against unauthorized removal from the housing, the padlock body
      forming a stop to prevent sliding movements of the housing relative to
      said securing members.
NUM  2.
PAR  2. The combination recited in claim 1 wherein the housing is of rectangular
      form in cross-section with one side thereof containing said slot, another
      side thereof containing the second opening, and still another side
      containing said third opening.
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ABST
PAL  A pin tumbler lock comprising a plug with top and bottom pins operable by a
      key, said plug being surrounded by an enclosure which may be alternatively
      a rotary sleeve for grand mastering or the cylinder of a lock. The sleeve
      or cylinder as the case may be is provided with a longitudinal recess in
      which is mounted alternatively one or more rotationally movable baffle
      inserts or slide pieces for each tumbler. These inserts are apertured for
      receiving the pins. Where the sleeve is present there is a recess at the
      internal surface thereof receiving the inserts and there is also a similar
      recess in the cylinder receiving inserts on the interior surface of the
      cylinder. These inserts may be circumferentially slidable or rotational.
BSUM
PAR  Attention is directed to copending application Ser. No. 345,330, filed Mar.
      27, 1973 and now abandoned, and Ser. No. 443,328, filed Feb. 19, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  Many attempts have been made to design pickproof pin tumbler locks but in
      the past the locks have had deficiencies which are cured by the present
      invention, and at the same time the present invention presents a design
      which is extremely simple and inexpensive, but also highly versatile and
      efficient. This invention also has substantially all of the advantages of
      the inventions appearing in the copending applications above identified.
PAC  SUMMARY OF THE INVENTION
PAR  A cylinder or other enclosure contains a plug, there being a sleeve
      surrounding the plug within the cylinder. The plug is provided with the
      usual pinways having the bottom and top pins located therein. The bottom
      pins, when master keyed, are made in sections; and normally in locked
      condition the topmost portion of the bottom pin extends outwardly of the
      plug and is located in an apertured insert in turn located in a recess in
      the sleeve at the internal surface.
PAR  The top pins are spring-pressed as usual against the bottom pins, and the
      top pins may also be made in sections, the lowermost section of which may
      extend through the sleeve into the recess with the insert.
PAR  The recesses may be wider circumferentially than are the inserts so that
      there is an offset circumferential sliding motion with the bottom pins,
      (and also the top pins) rendering the lock unable to be opened in the
      event of a pick being used to raise any individual bottom pin.
PAR  There may be a single insert for each of the top and bottom pins, or on the
      other hand one insert may be arranged with a multiple series of apertures
      therein to receive the top and bottom pins for the normal operation of the
      lock by the key, different keys being used to turn the plug and the sleeve
      together, or plug separately. The inserts may be multiple for additional
      safety against picks, and also rotational inserts may be used as an
      alternative.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in front elevation showing the plug, sleeve, and cylinder;
PAR  FIG. 2 is a longitudinal section thereof;
PAR  FIG. 3 is a front view of the cylinder;
PAR  FIG. 4 is a longitudinal section thereof;
PAR  FIG. 5 is a front view of the sleeve;
PAR  FIG. 6 is a top plan view thereof;
PAR  FIG. 7 is a plan view of an insert;
PAR  FIG. 8 is an end view thereof;
PAR  FIGS. 9, 10, and 11 illustrate actions of the lock on an enlarged scale;
PAR  FIG. 12 is a plan view of a divided insert;
PAR  FIG. 13 is an enlarged transverse section through an insert;
PAR  FIG. 14 is a front view of a modification;
PAR  FIG. 15 is a longitudinal section thereof;
PAR  FIG. 16 is a front view of the cylinder thereof;
PAR  FIG. 17 is a longitudinal section thereof;
PAR  FIG. 18 is a plan view of the insert;
PAR  FIG. 19 is an end view thereof;
PAR  FIG. 20 is a plan view of a divided insert;
PAR  FIG. 21 is an end view thereof; and
PAR  FIGS. 22, 23, 24 illustrate actions of the lock of FIG. 14, on an enlarged
      scale.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  A cylinder or enclosure 10 contains a plug 12 having keyway 14. The plug 12
      may have the usual cam 16. The cylinder is provided with pinways as at 18
      for the top pins, and the plug is provided with pinways as at 20 for the
      bottom pins, the latter being multiple as at 21, 22, and 23. A freely
      rotating ball 24 may be utilized at the lower end of the pins if desired.
PAR  Surrounding the plug there is a solid sleeve 26. This sleeve 26 extends
      almost the length of the lock and closely fits the plug being rotatable
      with respect thereto. The sleeve 26 has a longitudinal groove or recess 28
      therein at the interior surface thereof, this recess extending the full
      length of the sleeve to a position adjacent the rearward portion thereof,
      practically the full length of the sleeve, as shown in FIG. 2. In this
      recess there is positioned a single insert 30 with multiple apertures 32,
      or a plurality of lesser inserts 34 also apertured for reception of the
      pins.
PAR  It will be seen that the recess 28 is wider than the inserts, and thus the
      inserts are circumferentially slidable sufficiently to prevent picking, as
      will be described. The inserts may be plural, as seen at 34, and more than
      the two shown can also be used. This enhances the safety of the lock. The
      top insert is preferably beveled at its top, as at 36, to ensure reception
      of the top pin, preventing ledging of the locking pins.
PAR  The slight rotary motion of the plug and insert within the sleeve achieves
      prevention of further lifting of the pin by a pick, as shown in FIG. 10,
      and by this means prevents picking of the lock inasmuch as the bottom pins
      must be able to react against the top pins which are indicated at 38 and
      40, the top pin also preferably being multiple and being backed by spring
      42 in the usual manner.
PAR  The cylinder has a groove or recess longitudinally thereof as indicated at
      44 and this is similar to the groove 28. In this groove there is
      positioned a slidable insert or inserts 46 which may be similar to those
      at 30 and 34 having apertures therein for the reception of the top pins as
      clearly shown. Here again the groove or recess 44 is wider than the
      sliding insert for the same purpose to create another shoulder preventing
      further lifting of the pins, FIG. 11, and for the same purpose as is
      provided by the shoulder between the plug and the sleeve, FIG. 10.
PAR  The provision of the sleeve and of the sliding pieces greatly increases the
      numbers of combinations possible which are opened by a series of keys
      providing the two shear points, and this enhances the picking difficulty.
PAR  The disclosure shows a construction that is capable of operation either
      right or left but illustrated in FIGS. 10 and 11 as the right-hand
      operation. The inserts are shown convexo-concave to suit the surfaces they
      are applied to, but they could also be flat.
PAR  In the form of the invention shown in FIGS. 14 to 24 inclusive, there is a
      plug 50 in a cylinder 52. The plug 50 has a keyway 54. In the cylinder
      there is a longitudinal bore 56 adjacent the plug and there is an insert
      58 in the bore. This insert is provided with pinways 60. The insert may be
      made in a single piece, see FIG. 18, or in a plurality of pieces, see 62
      in FIG. 20. The pieces 62 have pinways 64.
PAR  The cylinder has pinways 66 accommodating top pins 68, see FIG. 15 and
      FIGS. 22 to 24, the top pin 68 at times being wholly located in the
      pinways 60 in the insert 58. The top pins are indicated at 68 and the
      bottom pins in pinways 70 and plug 50 are indicated at 72.
PAR  Referring now to FIG. 23, when the lock is attempted to be picked and the
      pick is used to raise the bottom pins and turned slightly as is usual, the
      lock picking the insert 58 will rotate slightly in a counterclockwise
      direction and the top pin 68 will abut shoulder 74 which is formed between
      pinways 66 and the bore 56.
PAR  Although FIGS. 22 to 24 show a right-handed operation, a left-handed
      operation will operate in the same way but the insert 58 will be in a
      clockwise direction.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pin tumbler lock comprising an enclosure, a plug therein, a keyway in
      the plug, a set of pinways, a set of bottom and top pins in the pinways,
      and an insert riding on the exterior surface of the plug, the insert
      having an aperture therein to receive the top portion of the bottom pin,
PA1  a sleeve surrounding the plug, a longitudinal recess in the sleeve at the
      interior surface thereof, said insert being movably located in said
      recess,
PA1  top pins in the enclosure cooperating with the bottom pins,
PA1  a longitudinal recess in the interior surface of the enclosure parallel
      with respect to the recess in the sleeve and at least one apertured insert
      movably mounted in said recess, for the reception of a top pin therein in
      general alignment with a corresponding bottom pin.
NUM  2.
PAR  2. The pin tumbler lock of claim 1 including at least one additional insert
      apertured in the recess in the sleeve, said inserts being superposed.
NUM  3.
PAR  3. The lock of claim 1 wherein the recess is wider than the inserts, the
      latter having a circumferential motion.
NUM  4.
PAR  4. The lock of claim 1 wherein the sleeve recess is wider than the insert,
      the latter having a circumferential motion.
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ABST
PAL  The tool pack is designed for mounting on a metal drawing machine or press,
      and includes a frame having a mounting slot for holding a cartridge that
      carrys a drawing die, the mounting slot having a right angle corner formed
      therein against which the cartridge is seated and removably secured by
      hydraulic clamping apparatus, whereby precise positioning of the cartridge
      is assured. The cartridge includes screw actuated fluid adjusters for
      precisely positioning the die in two directions, to secure accurate
      alignment. Mounted rearwardly of the cartridge is a stripper assembly
      including radially movable, pivoted jaws that are hydraulically extended
      and retracted to provide stripping action.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to machines or presses for draw
      forming metal containers, and more particularly to a novel tool pack for
      such a machine, designed to provide for quick exchange of forming dies, to
      enable precise adjustments in alignment with a minimum of time and
      operator skill, and to assure stripping of the formed container from the
      forming ram.
PAR  2. Description of the Prior Art
PAR  The forming of metal containers and the like through a drawing process is
      well known, and many different drawing machines or presses have been
      designed over the years. At the heart of such drawing apparatus are the
      die or dies, and the ram used to propel the sheet material through the
      dies. For effective operation and prolonged operating life, it is
      essential that proper alignment of the dies and the ram be established and
      maintained. For this purpose different arrangements for mounting the dies
      have been offered.
PAR  It has been found that an effective procedure for mounting dies in drawing
      apparatus is to first mount the die itself in a cartridge or die holder,
      which in turn is then mounted in an operative position on the apparatus.
      The apparatus will usually include means for effecting proper alignment of
      the cartridge, and the cartridge will include means to adjust the die. A
      tool pack of this general type is shown in U.S. Pat. No. 3,735,629, and it
      is to this general concept that the present invention relates.
PAR  While cartridge-type tool packs are known, they frequently cannot be freely
      exchanged with near instantaneous alignment of the new cartridge. Further,
      the arrangement provided for finely adjusting the position of the die
      within the cartridge usually is either difficult to manipulate or
      incapable of universal precision adjustments, or both. There is thus need
      for a cartridge-type tool pack arrangement that is designed for quick
      interchange, and which can be easily adjusted for final alignment with
      great precision. The present invention is intended to satisfy that need.
PAC  SUMMARY OF THE INVENTION
PAR  The tool pack of the present invention is designed to be mounted on the
      frame of the drawing machine or press in alignment with the axis of
      movement of the press ram, and includes both the forming die assembly, and
      a stripper assembly to ensure removal of the formed container from the
      ram. The forming die assembly of the described preferred embodiment of the
      invention includes both a redraw die and an ironing die, but other die
      arrangements are possible utilizing the present concepts.
PAR  The dies are each carried in a cartridge or die holder, which is formed to
      present a rectangular configuration on the exterior thereof, the top,
      bottom and side walls of the cartridge being precision formed to extend at
      right angles to each other. The tool pack includes a mounting frame that
      is aligned on the press frame by the usual aligning keys and slots and
      secured by machine screws, and which defines a separate mounting slot for
      receiving each cartridge. Each mounting slot is bound by a bottom wall and
      an inner side wall projecting upwardly from the bottom wall at precisely
      90.degree., the inner side wall and the bottom wall thus defining a right
      angle seat for receiving a right angle corner of the rectangular
      cartridge.
PAR  The cartridge is merely dropped into its mounting slot in the mounting
      frame. A hydraulically operated clamping arm then engages the upper outer
      corner of the cartridge through a pivoted V-block, and positively and
      precisely seats the opposite, inner lower corner of the cartridge in the
      seat defined in the mounting slot by the inner side wall and the bottom
      wall thereof. The hydraulic clamping arm maintains the cartridge firmly
      seated in position during operation of the forming machine or press.
PAR  When it is desired to change the die-carrying cartridge, the hydraulic
      cylinder is operated in a reverse manner to move the clamping arm and its
      V-block free from the cartridge. Thereafter, the cartridge is simply
      lifted clear of the mounting frame, and a new cartridge is inserted. The
      new cartridge is then again positively seated, merely by activating the
      hydraulic cylinder to move the clamping arm into clamping position.
PAR  In order to provide for precise final alignment of the die within its
      cartridge after the cartridge is secured in the mounting frame, the die
      itself is mounted within a rectangular location block received within a
      rectangular tray in the cartridge. Spring biased adjustment buttons are
      located on the bottom and inner side wall of the rectangular tray, and
      opposite each set of resilient adjustment buttons a hydraulic adjuster is
      mounted on the cartridge. The hydraulic adjusters are actuated by
      adjustment screws, and provide for positioning the location block carrying
      the die in both a vertical and horizontal direction; because of their
      hydraulic nature they can be minutely adjusted to provide precision
      alignment of the die with its associated ram.
PAR  In the preferred embodiment of the invention, the redraw die is mounted
      directly in front of the ironing die, the two dies being mounted by
      separate cartridges in an identical manner. Mounted on the side of the
      tool pack opposite the ironing die is a stripper assembly, comprising four
      arcuate jaws each pivoted to the inner end of a radially movable piston
      leading from a hydraulic cylinder. After the press ram pushes the blank
      through the redraw and the ironing dies, the stripper assembly hydraulic
      cylinders are automatically actuated to move the stripper jaws radially
      inwardly toward the ram. The ram is then withdrawn, and the jaws function
      to strip the formed container therefrom.
PAR  By pivotally mounting the stripper jaws, they are free to adjust to slight
      differences in the alignment of the ram and the forming dies relative
      thereto. When the ram has been withdrawn, the control circuitry of the
      forming machine operates in the usual manner to return the stripper jaws
      to their retracted positions, thereby terminating an operating cycle.
PAR  It is the principal object of the present invention to provide a tool pack
      for a draw forming machine, designed to allow for rapid changing of the
      forming dies and easy precision alignment thereof with the forming ram.
PAR  A further object is to provide a tool pack having a stripper assembly
      thereon that is designed to compensate for minor misalignments of the
      forming dies and ram relative thereto, and which is effective to remove
      the formed container from the ram.
PAR  Yet another object is to provide a cartridge for mounting a forming die,
      designed to provide minute adjustments of the position of the forming die
      to secure precision alignment thereof with a forming ram.
PAR  Still another object is to provide an arrangement for quickly mounting a
      die cartridge on a mounting frame, with positive and precision seating
      thereof.
DRWD
PAR  Other objects and many of the attendant advantages of the present invention
      will become readily apparent from the following Description of the
      Preferred Embodiment, when taken in conjunction with the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a tool pack assembly according to the invention,
      incorporating two sets of cartridges for holding redraw and ironing dies,
      and designed to produce a drawn containerlike object;
PAR  FIG. 2 is a front elevational view of the tool pack assembly of FIG. 1,
      showing in particular how the cartridge clamping arms operate;
PAR  FIG. 3 is an enlarged side elevational view of the tool pack assembly as
      viewed from the right side of FIG. 2;
PAR  FIG. 4 is an enlarged fragmentary vertical sectional view, taken on the
      line 4--4 of FIG. 2, and showing details of the hydraulic adjusters for
      the die locating blocks and of the arrangement for forced lubrication of
      the container during the drawing process;
PAR  FIG. 5 is a fragmentary vertical sectional view taken on the line 5--5 of
      FIG. 4, showing the lubrication coolant ring and the grooves associated
      therewith;
PAR  FIG. 6 is a transverse sectional view, on a smaller scale, taken on the
      line 6--6 of FIG. 4, and showing in greater detail the adjustment
      mechanism for the die locating blocks;
PAR  FIG. 7 is an end elevational view of the stripper side of the tool pack,
      partially broken away to show details of one of the stripper jaws and its
      mounting arrangement; and
PAR  FIG. 8 is an enlarged fragmentary vertical sectional view through one of
      the stripper jaws, taken on the line 8-8 of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the tool pack of the invention is indicated
      generally at 2, and is intended to be precisely mounted on the frame of a
      press (not shown) by the usual machine screws, keys and the like. The tool
      pack 2 includes a mounting frame 4, comprising a rectangular base 6 having
      a vertical separator block 8 seated in a slot 9 and secured thereto by
      machine screws 10. A rectangular end plate 12 seated in a slot 13 is
      disposed to the rear of the separator block 8, and is held in spaced
      relationship from the separator block by center spacer blocks 14 and end
      spacer blocks 16. Similar center and end spacer blocks 18 and 20 are
      disposed on the front face of the separator block 8, the end plate 12, the
      spacer blocks 14 and 16 on the rear face of the separator block 8, and the
      spacer blocks 18 and 20 on the front face of the separator block 8 all
      being secured together by machine screws 22. The end plate 12 is also
      secured to the base 6 by machine screws 23.
PAR  The end spacer blocks 16 and 20 all rest on the upper surface of the base
      6, and extend upwardly for only about one-third the height of the
      separator block 8. The end spacer blocks 20 have rectangular cap plates 24
      secured thereto by machine screws 26, the cap plates 24 extending inwardly
      beyond the inner edges of their associated spacer blocks 20 to form
      retaining edges.
PAR  Similarly, the center spacer blocks 14 and 18 have their lower ends
      disposed to rest on the base 6. The opposite vertical side surfaces 28 and
      30 of the center spacer blocks 14 and 18, respectively, are machined to be
      flat and parallel, and are disposed at precisely a right angle to the flat
      upper surface of the base 6, whereby precise right angle corners are
      formed upon which to seat the lower, inner corners of the rectangular die
      holder cartridges to be described hereinafter. The front, center spacer
      block 18 has upper and lower cap plates 32 and 34 secured to the front
      face thereof by machine screws 36, the cap plates 32 and 34 extending
      inwardly from the vertical side surfaces 30 of the spacer block 18 to form
      retaining edges.
PAR  The mounting frame 4 thus is provided with four mounting slots of precision
      dimensions and configuration, each designed to receive a rectangular die
      holder cartridge from the open upper end thereof. In the invention the two
      rear mounting slots disposed on either side of the rear center spacer
      block 16, and defined between the separator block 8 and the end plate 12,
      are intended to receive die holder cartridges 38, each mounting an ironing
      die 40. Similarly, the front mounting slots disposed on either side of the
      front center spacer block 18, and defined between the front face of the
      separator block 8 and the inwardly extending faces of the cap plates 24,
      32 and 34, are intended to receive die holder cartridges 42, each mounting
      a redraw die 44. The die holder cartridges 38 and 42 have precision formed
      rectangular configurations with the top, bottom and side walls at precise
      right angles to each other, such that the corners thereof will exactly
      seat into the precision formed lower, inner corners of their respective
      mounting slots.
PAR  In order to ensure positive seating of the rectangular die holder
      cartridges 38 and 42 within their mounting slots, and to secure them
      firmly in position during operation of the drawing press, a separately
      operable hydraulic hold-down mechanism is associated with each of the four
      mounting slots provided in the mounting frame 4. Referring again to the
      drawings, the separator block 8 has outwardly projecting upper corner
      portions 50 thereon, each terminating in a flat mounting face 52 disposed
      at a 45.degree. angle to the horizontal. A laterally extending mounting
      bracket 54 is secured to each mounting face 52 by machine screws 56, and
      mounted on the opposite ends of each mounting bracket 54 is a
      double-acting hydraulic cylinder 58 incorporating a piston rod 60 that is
      connected to move a pivoted clamping arm 62 toward and away from the
      associated mounting slot in the mounting frame 4, in response to extension
      and retraction, respectively, of the piston rod 60.
PAR  Each clamping arm 62 carries a V-block 64 on the end thereof, which is
      engageable with the upper, outer corner of the associated rectangular die
      holder cartridge 38 or 42 when such has been placed in its mounting slot
      in the frame 4, and when the hydraulic cylinder 58 has been activated to
      extend the piston rod 60. The hydraulic cylinders 58 are thus effective,
      acting through the V-blocks 64, to positively seat their associated die
      holders cartridges 38 or 42, and to secure them firmly in position during
      use. When it is desired to replace a cartridge 38 or 42, the associated
      hydraulic cylinder 58 is activated to retract its piston rod 60, thereby
      clearing the attached V-block 64 from the cartridge, as shown in phantom
      lines in FIG. 2. The respective die holder cartridge 38 or 42 can then be
      easily lifted from its slot, and a new one inserted. Thereafter, the
      hydraulic cylinder 58 is activated in the opposite direction, to effect
      seating and securing of the new cartridge.
PAR  It is thus seen that an arrangement has been provided which assures
      precision seating of the die holder cartridges 38 and 42 in their
      respective mounting slots on the mounting frame 4, through the use of
      precision and mating right angle surfaces at the lower, inner corners of
      the slots, and on the corners of the cartridges 38 and 42. Further, it is
      readily seen that the hydraulic hold-down mechanism associated with each
      slot is effective to ensure positive seating of the die holder cartridge,
      to secure it in position during use, and to provide for easy and quick
      removal and replacement of the cartridge when needed. Because each
      hydraulic hold-down mechanism is separately operable, any one cartridge
      can be removed and replaced without any interference with the other
      cartridges.
PAR  Turning now to the die holder cartridges 38 and 42, such are especially
      constructed to provide for precision final adjustment of the dies carried
      thereby. Referring in particular to FIGS. 4 and 6, the left-hand die
      holder cartridge 42 mounting one of the redraw dies 44 includes a
      rectangular tray 70 having precision formed flat surfaces 72 on the
      periphery thereof, arranged at precise right angles to each other, the
      corners 74 of the tray 70 being chambered. The tray 70 has an open
      rectangular chamber 76 formed therein, defined by a flat end wall 78,
      bottom and top walls 80 and 82, and inner and outer side walls 84 and 86,
      respectively.
PAR  Received in the chamber 76 and secured by set screws 88 is a rectangular
      location block 90, the block 90 having a generally square opening 92
      therein within which is received a similarly shaped mounting block 94
      carrying the redraw die 44. A retainer plate 96 is secured to the front
      face of the tray 70 by screws 98 to retain the location block 90 and the
      mounting block 94 in the tray chamber 76, and has a circular opening 100
      therein for receiving the press ram as it passes through the redraw die
      44.
PAR  In order to provide for minute, precision final adjustments of the position
      of the redraw die 44, the location block 90 has a pair of spaced, parallel
      horizontal stepped bores 102 passing through the inner side wall thereof,
      and a similar pair of spaced, parallel vertical stepped bores 104 pass
      through its bottom wall. The stepped bores 102 and 104 all confront the
      mounting block 96, and house stepped buttons 106 that are biased by coil
      springs 108 received within sockets in the buttons and seated on the side
      wall 84 and the bottom wall 80 of the tray chamber 76, respectively. The
      mounting block 96 is of somewhat smaller dimensions than the square
      opening 92, whereby it can shift about vertically and horizontally within
      said opening. The spring-biased stepped buttons 106 function to urge the
      mounting block 96 toward the top wall and the outer side wall of the
      opening 92.
PAR  Hydraulic adjusters are mounted oppositely the stepped buttons 106, and are
      operable by adjustment screws to smoothly and finely move the mounting
      block 96 within the square opening 92 against the resilient force of the
      springs 108. Referring again to the drawings, the top wall of the location
      block 90 has a reduced diameter bore 110 positioned centrally thereof,
      which leads to an enlarged cylindrical chamber 112 that is aligned with a
      threaded bore 114 in the tray top wall 82. An inner piston 116 and an
      outer piston 118 are received in the cylindrical chamber 112, the pistons
      116 and 118 being separated by a quantity of hydraulic fluid 120, and
      carrying sealing rings 122 in annular bores on the cylindrical bodies
      thereof. The inner piston 116 includes a reduced diameter nose portion 124
      that projects through the bore 110, and which is engageable with the top
      face of the mounting block 94.
PAR  In a similar fashion, the outer side wall of the location block 90 has a
      centrally positioned reduced diameter bore 126 and chamber 128 therein,
      positioned opposite the buttons in the bores 102, and in alignment with a
      threaded bore 130 in the tray outer side wall 86. Pistons 132 and 134
      separated by hydraulic fluid 136 are received in the chamber 128, the
      piston 134 including a projecting nose portion 138 that is engageable with
      the outer side wall of the mounting block 94. Vertical and horizontal
      adjustment screws 140 and 142 are threaded into the bores 114 and 130,
      respectively, and carry lock nuts 144 and 146 thereon.
PAR  It is readily seen that the location of the mounting block 94 with its
      redraw die 44 can be adjusted with precision in both the vertical and the
      horizontal directions, by manipulating the adjustment screws 140 and 142.
      The adjustment screws 140 and 142 respectively are engageable with the
      pistons 118 and 132, and when threaded inwardly will act through the
      piston arrangements and the hydraulic fluid quantities 120 and 136 to very
      smoothly shift the mounting block 94 against the spring-biased buttons
      106. The mounting frame 4 of the tool pack 2 is so constructed that the
      adjustment screws 140 and 142 are at all times fully exposed for ease of
      manipulation.
PAR  It will be seen from the drawings that the two redraw die holder cartridges
      42 are identical, the cartridges being placed in their respective mounting
      slots on the mounting frame 4 so that whether on the right-hand side or
      the left-hand side of the mounting frame, the adjustment screws 140 and
      142 are exposed for manipulation. The ironing die holder cartridges 38 are
      constructed in a like manner to the cartridges 42, as shown in FIG. 4.
PAR  Each of the ironing die holder cartridges 38 includes a rectangular tray
      150 having a rectangular chamber 152 therein covered by a retainer plate
      154, and within which is carried a location block 156 carrying a mounting
      block 158 within a square opening 160 therein. The mounting block 158 has
      a circular socket 162 formed therein for reception of the ironing die 40,
      the latter being mounted by bearings 164, and being secured in place by a
      retainer plate 166 fastened by screws 168.
PAR  In order to provide for final minute adjustments in the position of the
      location blocks 156, the cartridges 38 include resilient stepped buttons
      170 and adjustment screws 172 like those on the cartridge 42, the
      adjustment screws 172 each acting through a pair of pistons 174 separated
      by hydraulic fluid 176, whereby an extremely smooth adjustment capability
      is ensured. The cartridges 38 are thus mounted like the cartridges 42, and
      function in the same manner. It is apparent that other types of dies could
      be mounted in similar cartridges, within the teachings of the invention.
PAR  In operation, a power piston or ram of the forming machine or press carries
      a blank of sheet material through the redraw die 44 and the ironing die
      40, whereby a container or the like is formed. Because of the friction and
      stress created, it is preferable that the blank be lubricated during its
      passage through the tool pack 2, and for this purpose the separator plate
      8 has an annular manifold groove 200 formed therein, in the annular wall
      of a central opening 202 provided therein for each aligned pair of
      cartridges 38 and 42. Fitted within the opening 202 is a lubricant
      distributor sleeve 204, provided with spaced annular slots 206
      therethrough. The separator plate 8 has inlet ports 208 therein leading to
      each of the manifold grooves 200, and the outer ends of said inlet ports
      208 have pressure fittings 210 thereon. The distributor sleeves 204 and
      the lubricant supplied thereto under pressure ensure forced lubrication of
      the container being formed within the dies.
PAR  The ram of the press first passes through the redraw die 44 and then the
      ironing die 40, and then emerges through an opening 212 in the end plate
      12 into the region rearwardly of the tool pack 2. When the press ram
      completes its forward or forming stroke, it then begins to retract. The
      invention includes a unique stripper apparatus 250 mounted on the rear
      face of the end plate 12, designed to ensure removal of the formed
      container or the like from the ram during the retraction stroke of its
      operating cycle.
PAR  A stripper apparatus 250 is provided for each pair of aligned dies 44 and
      40, and each apparatus includes a rectangular base plate 252 secured to
      the end plate 12 by machine screws 254. The end plate 12 has alignment
      grooves 256 and 258 cut therein, centered on the discharge opening 212 and
      intersecting at right angles to each other. The rear face of the base
      plate 252 carries keys 260 thereon, which are receivable in the alignment
      grooves 256 and 258 to ensure precise alignment of the stripper apparatus
      250 with its associated dies 44 and 40.
PAR  The four corners of the base plate 252 are cut at 45.degree. angles, and
      mounting blocks 262 are secured thereto by screws 264. Each mounting block
      264 carries a double-acting hydraulic cylinder 266, including a piston rod
      268 that is radially aligned on a longitudinal axis passing through the
      dies 40 and 44. The forward end of each piston rod 268 has a clevis 270
      secured thereto, to which the center leg 272 of a generally T-shaped jaw
      member 274 is pivoted by a pin 276. The clevis members 270 are each
      slidingly received within the bore of a guide block 278, secured to the
      base plate 252 by screws 280.
PAR  In addition to the center legs 272 thereof, each jaw member 274 includes an
      arcuate cross bar portion 282. Taken together, the arcuate portions 282 of
      the four piston rods 268 do not form a complete circle; rather, a small
      space exists between the ends of each, and the adjacent cross bar. This
      space, coupled with the pivoted mounting for the jaw members 274, allows
      the jaw members to move and adjust slightly as their associated hydraulic
      cylinders are activated at the conclusion of the forward or forming ram
      stroke. This adjustment capability can accommodate small misalignments of
      the forming dies with the stripper apparatus 250.
PAR  The stripper apparatus 250 is normally connected to be operated
      automatically at the end of the power or forming stroke of the press,
      whereby the jaw members 274 are moved radially inwardly to a point behind
      the rear end of the formed container. Thereafter, when the power ram
      withdraws, the jaw members 274 function to strip the container from the
      ram, whereupon it falls free of the forming apparatus. The circuit in
      which the hydraulic cylinders 266 are connected is devised to return the
      jaws 274 to their retracted position, before the next forward or forming
      stroke commences.
PAR  From the foregoing it is believed evident that a unique tool pack has been
      provided, one wherein the dies are carried by cartridges that can be
      easily changed on an individual basis, without disturbing other
      cartridges, and with assurances that the new cartridge will be located
      with precision. Further, each cartridge has been provided with an
      adjustment means to permit smooth and precise final alignment changes.
      Finally, the tool pack also includes a stripper apparatus incorporating
      jaw members designed to accommodate small misalignments of the forming
      dies. It is manifest that all of the objects hereinabove set forth for the
      invention are fulfilled thereby.
PAR  Obviously, many modifications and variations of the invention are possible.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tool pack for mounting forming dies in a metal drawing machine, said
      machine including at least one ram, and said tool pack comprising: a
      mounting frame mountable on said drawing machine in general alignment with
      said ram, said mounting frame including at least one mounting slot open at
      the top and along at least a portion of its outer side, and having a
      bottom wall and an inner side wall arranged at right angles to each other
      in order to form a seat; a cartridge having means therein for mounting a
      forming die, said cartridge being rectangular in shape and including a
      bottom wall, a top wall and side walls arranged at right angles to each
      other, said cartridge being receivable within said mounting slot with one
      corner thereof engaged on said seat; and hydraulic clamping means arranged
      to engage the corner of said rectangular cartridge opposite the corner
      engaged with said seat, operable to firmly secure said cartridge within
      said mounting slot.
NUM  2.
PAR  2. A tool pack as recited in claim 1, wherein said hydraulic clamping means
      includes: a double-acting hydraulic cylinder carried by said mounting
      frame, and including a piston rod; clamping arm means operably connected
      with said piston rod; and a V-block carried on said clamping arm means,
      said V-block being engageable with said opposite corner of said
      rectangular cartridge when said hydraulic cylinder is operated to move
      said piston rod in one direction, and said clamping arm means being
      arranged to move said V-block free of said cartridge when said hydraulic
      cylinder is operated to move said piston rod in the opposite direction.
NUM  3.
PAR  3. A tool pack as recited in claim 2, wherein said mounting frame includes
      a plurality of mounting slots for receiving a like plurality of
      cartridges, each of said mounting slots having a hydraulic clamping means
      associated therewith, and each of said hydraulic clamping means being
      separably operable so that any selected cartridge can be removed and
      replaced without disturbing the other cartridges.
NUM  4.
PAR  4. A tool pack as recited in claim 1, wherein said means within said
      cartridge for mounting said forming die is adjustable, whereby final
      minute adjustments can be made in the position of said forming die after
      said cartridge is received and clamped within its mounting slot on said
      mounting frame.
NUM  5.
PAR  5. A tool pack as recited in claim 4, wherein said cartridge comprises: a
      rectangular tray having a rectangular recess therein; a rectangular
      location block received and secured within said rectangular recess, and
      having a rectangular central opening therein; a rectangular mounting block
      received within said rectangular central opening of said location block,
      and of smaller dimensions than said opening, said forming die being
      carried by said mounting block; resilient button means mounted on two
      adjacent sides of said rectangular central opening, effective to bias said
      mounting block toward the other two sides of said opening; and screw
      actuated means on said other two sides of said rectangular central
      opening, operable to move said mounting block against the force of said
      resilient button means.
NUM  6.
PAR  6. A tool pack as recited in claim 5, wherein said screw actuated means
      comprises: a pair of pistons mounted within a chamber provided in each of
      said other two sides of said rectangular central opening and carried by
      said location block, each pair of pistons having a volume of hydraulic
      fluid trapped therebetween, and the innermost piston of each pair being
      engageable with said mounting block; and an adjustment screw carried by
      said rectangular tray for each pair of pistons, said adjustment screws
      being engageable with the outermost piston of each pair and being operable
      to move said pistons toward said resilient button means, through said
      trapped volume of hydraulic fluid.
NUM  7.
PAR  7. A tool pack as recited in claim 1, further including: stripper apparatus
      means carried by said mounting frame on the rear end face thereof, and
      effective to engage behind a container formed on said ram after such has
      passed through said cartridge carried by said mounting frame.
NUM  8.
PAR  8. A tool pack as recited in claim 7, wherein said stripper apparatus
      comprises: a plurality of hydraulic cylinders mounted on said mounting
      frame and each including a piston rod, said hydraulic cylinders being
      arranged with said piston rods directed to extend radially toward the axis
      of movement of said ram; a clevis on the outer end of each of said piston
      rods; and an arcuate jaw member pivotally connected to each clevis, said
      jaw members being moved toward and away from the axis of movement of said
      ram by operation of said hydraulic cylinders.
NUM  9.
PAR  9. A tool pack as recited in claim 1, further including means carried by
      said mounting frame for forcefully lubricating material being moved
      through said forming die by said ram.
NUM  10.
PAR  10. A tool pack as recited in claim 9, wherein said forceful lubricating
      means comprises: a lubricant distribution ring arranged to encircle the
      path followed by said ram as it moves through said tool pack, said ring
      having a plurality of spaced arcuate openings therein, and said mounting
      frame including a manifold groove arranged to encircle said distribution
      ring, and supply bores leading to said manifold groove for carrying
      lubricant under pressure.
NUM  11.
PAR  11. In a tool pack, a cartridge for carrying a forming die, said cartridge
      comprising: a tray having a rectangular recess therein; a rectangular
      location block received and secured within said rectangular recess, and
      having a rectangular central opening therein; a rectangular mounting block
      received within said rectangular central opening of said location block,
      and of smaller dimensions than said opening, said forming die being
      carried by said mounting block; resilient button means mounted on two
      adjacent sides of said rectangular central opening, effective to bias said
      mounting block toward the other two sides of said opening; and screw
      actuated means on said other two sides of said rectangular central
      opening, operable to move said mounting block against the force of said
      resilient button means.
NUM  12.
PAR  12. In a tool pack, a cartridge as recited in Claim 11, wherein said screw
      actuated means comprises: a pair of pistons mounted within a chamber
      provided in each of said other two sides of said rectangular central
      opening and carried by said location block, each pair of pistons having a
      volume of hydraulic fluid trapped therebetween, and the innermost piston
      of each pair being engageable with said mounting block; and an adjustment
      screw carried by said tray for each pair of pistons, said adjustment
      screws being engageable with the outermost piston of each pair and being
      operable to move said pistons toward said resilient button means, through
      said trapped volume of hydraulic fluid.
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ABST
PAL  A cup-shaped blank is extruded through a die onto a cylindrical
       non-collable mandrel having an external surface pattern counter to a
      desired internal embossment. Subsequently, the embossed portion of the
      blank is hydrostatically expanded away from the mandrel to permit removal
      of the embossed part from the mandrel. The application of hydrostatic
      pressure to the exterior of the blank during the extruding operation is
      disclosed.
GOVT
PAC  GOVERNMENT INTEREST
PAR  The invention described herein was made under a contract with the
      Government.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a new and improved method of embossing
      metal parts, and particularly to an embossing method using a
      non-collapsible mandrel.
PAR  Generally, an internally-embossed tubular or cup-shaped part is made by
      extruding a blank with a pre-embossed surface through a die onto a smooth
      mandrel. This method causes distortion of the embossed portion during the
      forming operation.
PAR  In accordance with the present invention, the desired embossed part is made
      by extruding a smooth-surfaced preformed blank through a die onto a
      non-collapsible mandrel having an external surface counter to the desired
      internal embossment, and hydrostatically expanding the embossed blank, or
      an embossed portion thereof, from the mandrel, permitting removal of the
      part and forming an undistorted embossed pattern on the internal surface,
      or portion thereof, of certain tubular or cup-shaped parts. The step of
      extruding the blank through the die onto the patterned mandrel may include
      the application of hydrostatic pressure to the exterior of the blank.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical axial section view of the tooling installed in a
      hydraulic double-action vertical press that can be used to practice the
      present invention.
PAR  FIG. 2 is an enlarged section view of a portion of the tooling in FIG. 1,
      at the beginning of the extruding operation.
PAR  FIG. 3 is a still further enlarged section view, similar to FIG. 2, near
      the end of the extruding operation.
PAR  FIG. 4 is a similar section view at the end of the expanding operation.
PAR  FIG. 5 is an enlarged section view similar to FIG. 3 at the beginning of
      the embossing extrusion step of an alternate two-step method of producing
      the desired part.
PAR  FIG. 6 is a similar section view at the end of the extruding step.
DETD
PAC  WRITTEN DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIGS. 1 to 4 illustrate the principal tooling parts in a 700-ton hydraulic
      double-action vertical press 2 which may be used to reduce the present
      invention to practice. The press 2 comprises a steel frame including a
      fixed lower platen 4, an upper platen 6, and conventional hydraulic means
      (not shown) for moving the upper platen 6 vertically with respect to the
      lower platen 4.
PAR  The tooling assembly mounted on the two platens 4 and 6 comprises four
      sub-assemblies:
PA1  1. a die sub-assembly 8;
PA1  2. a high pressure container sub-assembly 10;
PA1  3. an upper stem sub-assembly 12; and
PA1  4. a lower stem sub-assembly 14.
PAL  The die sub-assembly 8 comprises a horseshoe-shaped bearing plate or disc
      16 adjustably mounted on the lower platen 4 by means of four bolts 18
      extending through bearing plate 16 and threaded into four T-nuts 20
      slidably mounted in two T-shaped channels 22 formed in the lower platen 4,
      a die support block or disc 24 resting on the bearing plate 16 and having
      a central aperture 26, a die support ring 28 seated in a shallow recess 30
      in the support block 24, and a hollow extrusion die 32 having an enlarged
      lower end portion 34 abutting the upper end 35 of the ring 28 of the same
      diameter. The die 32 is formed with a cylindrical bore 36 having a
      diameter approximately equal to the outer diameter of the finished part
      and is terminated at the upper end by a smaller-diameter internal land 37
      which forms the die orifice.
PAR  The container sub-assembly 10 comprises an inner liner 38 having a
      cylindrical bore 40 in which the die 32 and upper end 35 of ring 28 are
      fitted, surrounded by supporting rings 42 and 44. The lower end of the
      liner 38 is beveled, at 46, to engage a complementary bevel 48 on the die
      support ring 28, for supporting the liner 38 on the ring. The outer wall
      of the liner 38 and the inner wall of the ring 42 are tapered
      complementally, outward and downward, and the outer wall of the ring 42
      and the inner wall of ring 44 may also be tapered, as shown in FIG. 1, and
      machined to produce an interference fit upon assembly of the liner 38,
      container ring 42 and container ring 44 forming a rigid container capable
      of withstanding high fluid pressure within the liner 38. The outer ring 44
      is clamped to the bearing plate 16 by four studs 50, threaded into the
      bearing plate 16 at 52, and four nuts 54. A fluid seal between the die 32
      and the liner 38 is provided by a metal miter ring 56 and a rubber O-ring
      58 at the juncture between the larger end portion 34 and the smaller main
      body portion of the die 32.
PAR  The upper stem sub-assembly 12 comprises an upper stem 60 including a
      cylindrical lower portion 62, which is slidable in the bore 40 of the
      liner 38, and a tapered upper portion 64 which is clamped to a stem
      support block 66, with an intermediate pressure plate 68, by means of six
      bolts 70 and a tapered collar 72. The stem support block 66 is attached to
      the upper platen 6 by bolts 74. The upper stem sub-assembly 12 performs
      two functions, (1) to pressurize the fluid media, and (2) to permit
      independent movement of the mandrel relative to the stem during
      pressurization of the fluid and deformation of the blank. Therefore, a
      hollow cylindrical stem extension 76 is threadedly attached to a
      reduced-diameter end 78 of the stem 60. Preferably, the outer diameter of
      the extension 76 is less than that of the liner bore 40, to provide a
      space for placing seals on the upper stem 60 without disassembling the
      lower portion of the stem sub-assembly 12. The upper end of this space is
      sealed by a metal miter ring 80 and a rubber O-ring 82. A mandrel 84 is
      slidably mounted on the stem extension 76 by means of an enlarged head 86
      slidable therewithin. The head 86 is formed with one or more axial vent
      holes 87, allowing passage of fluid as the upper stem sub-assembly 12
      moves downward during pressurization of the fluid. The mandrel 84 is
      retained within the extension 76, against the bias of a coil spring 88, by
      means of a threaded collar 90 having vent holes 92 for fluid to pass. A
      radial vent opening 94 connects the interior of the hollow stem extension
      76 with the surrounding fluid space. The mandrel is preferably made up of
      two detachably-connected parts, namely, an upper guide part 96, integral
      with the head 86 and slidable in the collar 90, and a lower
      non-collapsible working part 98. A cylindrical portion 100 of the lower
      working part 98 is formed with an external surface pattern 102, shown
      schematically in FIGS. 3 and 4 as a crossed-grid pattern, which is counter
      (inverse) to the pattern of the desired internal embossment to be formed
      on a cylindrical portion 105 of a cup-shaped blank 103. In the example
      shown, the cylindrical portion 100 is spaced from the lower end of the
      mandrel part 98 by a reduced-diameter tapered end portion 104. The space
      between the collar 90 and the die 32, together with the spaces between the
      die 32 and extension 76 and the liner 38, and the space within the stem
      extension 76, form a variable-volume chamber 106 containing a fluid for
      applying hydrostatic pressure to the blank 103 during the extruding
      operation. The working mandrel part 98 is formed with an axial bore 107
      and a connecting transverse bore 108 to provide a passageway for fluid
      between the chamber 106 and the interface between the mandrel part 98 and
      the blank 103 at the lower end thereof.
PAR  The lower stem sub-assembly 14 comprises a lower stem 110, which is
      slidable in a vertical bore 112 in the lower platen 4, and an elongated
      cylindrical support rod 114, which is vertically slidable in the die
      support block 24, the die support ring 28 and the die bore 36 and is
      attached, as by bolts 116, collar 118 and plate 120, to the upper end of
      the lower stem 110. In the example shown, the collar 118 and plate 120 are
      slidable in a counterbore 122 in the lower platen 4. The press 2 includes
      conventional hydraulic means (not shown) for moving the lower stem 110
      vertically in the lower platen 4. The upper end 124 of the support rod 114
      is formed with a tapered-wall recess 126 which is complemental to the
      tapered end 104 of the mandrel part 98, for supporting a complemental base
      portion 128 of the cup-shaped blank 103 during the extrusion and
      subsequent expansion operations. Each of the upper and lower stem
      sub-assemblies may include a load cell for measurement of the existing
      loads.
PAR  The press shown and described may be operated as follows. The starting
      work-piece may be a pre-formed cup-shaped steel blank, which may be
      preformed by (1) conventional cold deep-drawing to yield a dished cup and
      then forming the cup to final shape, or (2) hydrostatically forming a
      straight wall cup from a flat blank and then forming the reduced base
      portion 128 of the blank 103 by coining. Preferably, the cylindrical
      portion 105 of the blank 103 should have an internal diameter such that
      the blank will have a frictional fit on the mandrel pattern 102. In
      operation, (1) the upper platen 6 and the upper stem assembly 12 of FIG. 1
      are raised; (2) the preformed cup-shaped blank 103 is placed over the
      mandrel part 98, with the support rod 114, with a preset load, in its
      uppermost position wherein the rod end 124 engages the lower edge of the
      die land 37, as shown in FIG. 2; and (3) a predetermined quantity of a
      suitable hydraulic fluid, is dispensed into the chamber 106, filling it to
      a level 129. The correct amount of fluid to be used depends upon its
      compressibility, and can be predetermined by experiment.
PAR  Next, the stem 60 is lowered to seat the tapered end portion 128 of the
      blank 103 in the tapered recess 126 of support rod 114 and bring the
      cylindrical portion 105 of the blank 103 into contact with the die land
      37. On further downward movement of the stem 60, the mandrel 84 and blank
      103 are supported by the rod 114 (and its hydraulic means) and the die
      land 37, and hence, the bias spring 88 is compressed, firmly seating the
      mandrel 84 and blank 103 against the support rod 114 and the die land 37
      during fluid pressurization. This pressure is produced by downward
      movement of the upper stem sub-assembly 12 on the fluid in chamber 106
      both during the extrusion operation and after the mandrel 84 is stopped by
      the support rod 114. Before the stem 60 reaches the position shown in FIG.
      3, the variable-volume chamber 106 has become completely full, and the
      hydrostatic pressure therein increased sufficiently to produce plastic
      flow of the blank material, the upward force on the support rod 114, which
      was greater than the deformation pressure required to extrude the blank
      material, was gradually reduced to permit the mandrel 84 and blank 103 to
      advance through the die land 37. During this extrusion, the wall 105 of
      the blank 103 is forced inwardly, embedding the pattern 102 of the mandrel
      portion 100 into the inner surface of the blank 103. FIG. 3 shows the
      parts when the extrusion is almost complete, with an unextruded lip 130.
      For this extrusion operation, the parts should be chosen so that the
      difference between the radii of the die land 37 and the base of mandrel
      pattern 102 (bottom of the grooves) is less than the original thickness of
      the cylindrical portion 105 of the blank 103, in order to produce complete
      embossment of the blank. The extrusion operation will result in some
      elongation of the blank, which must be taken into consideration. The
      thickness and diameter of the starting blank 103 can be varied over a
      limited range to give the desired cup dimensions. Heavier wall reductions
      require higher extrusion pressures.
PAR  The downward movement of the mandrel 84 is terminated, as by the stem plate
      120 engaging the stop formed by the base of the counterbore 122, when the
      extrusion is completed and the blank 103 is completely within the
      cylindrical bore 36 (below the die land 37) as shown in FIG. 4.
PAR  The embossed blank 103 is released from the patterned mandrel for removal
      therefrom by expanding the cylindrical portion 105 outwardly, away from
      the mandrel, by hydrostatic pressure transmitted from the chamber 106,
      through the two bores 107 and 108, to the interface between the mandrel
      part 98 and the embossed blank 103, as shown in FIG. 4. Here, expansion of
      the blank 103 from the mandrel 84 is completed. Some of this expansion of
      the blank away from the mandrel may occur during the extrusion step in
      those portions of the blank that have already passed the die land 37 and
      are no longer subjected to the exterior hydrostatic fluid pressure of
      chamber 106.
PAR  After the finished cup 103 has been fully released from the mandrel, as
      shown in FIG. 4, the cup may be removed from the container 10 by first
      removing the mandrel 84, by raising the upper platen 6 and upper stem
      sub-assembly 13, and then removing the die 32 (upwardly) from the
      container (by a suitable tool) and pushing the cup downwardly out of the
      die. As an alternative, the fixed stop 122 for the lower stem 110 may be
      replaced by a stop that can be moved to release and permit withdrawal of
      the entire lower stem sub-assembly 14 and the embossed cup 103 downwardly
      from the die sub-assembly 8.
PAR  The various parts of the four tooling sub-assemblies of the press may be
      made from suitable steels or other strong hard metals or alloys. The
      starting blanks may, for example, be made from AISI 4140 steel. Castor oil
      is a suitable hydraulic fluid. The metal miter rings 56 and 80 may be made
      from AISI 4340 steel heat-treated to a hardness of about R.sub.C 40. A
      different number of container rings may be used in the design of the
      container sub-assembly 10, dependent upon fluid pressure requirements to
      extrude, emboss, and/or expand a specific material from the mandrel.
PAR  The blanks may be internally embossed and hydrostatically expanded on the
      same press by hydrostatic means, as described above, or different presses
      may be used. Where the first step, or embossing operation, is performed by
      conventional extrusion, as shown in FIGS. 5 and 6, the step of expanding
      an embossed cup to release it from the mandrel may be completed in the
      manner shown in FIG. 4.
PAR  FIGS. 5 and 6 show an alternative tooling assembly that can be used for the
      embossing operation. The assembly comprises a die 140 which is mounted on
      the lower platen of a press (not shown), a hollow cylindrical ram 142
      mounted on the movable upper platen of the press, a cylindrical mandrel
      144 slidable in the ram 142, and a support rod 146 mounted on the lower
      stem for movement by hydraulic means (not shown) like the rod 114 in FIGS.
      1-4. The die 140 is formed with an upper bore 148 for slidably receiving
      the hollow ram 142 and the preformed blank 150, which may be identical
      with the blank 103 of FIGS. 1-4, and a lower bore 152 of slightly smaller
      diameter, essentially a long die land, slidably receiving the support rod
      146, joined by a short chamfer 154. The mandrel 144 includes a cylindrical
      portion 100 formed with an external surface pattern 102, for embossing the
      blank 150, as in FIGS. 1-4. The difference in diameter of the bores 148
      and 152 should be sufficient to cause the pattern 102 to be fully embossed
      in the blank 150. The upper end of the support rod 146 has a tapered-wall
      recess 126 for receiving the tapered end 104 of the mandrel 144 and the
      complemental base portion 128 of the blank 150.
PAR  In operation, the parts are assembled as shown in FIG. 5 with the blank 150
      and mandrel 144 inserted in the die 140. The hollow ram 142 is forced
      downward by its hydraulic means (not shown) generating pressure between
      the chamfer 154 and the lower end of the blank 150. When this pressure is
      sufficient to cause plastic flow of the blank material, the blank 150 is
      extruded into the lower bore 152 of the die 140 and onto the patterned
      mandrel, retaining the unextruded lip 156, as shown in FIG. 6. Use of the
      support rod 114 is optional in this instance. After the extrusion and
      embossing are completed, the hollow ram 142 is retracted, and the mandrel
      144 and embossed blank 150 are ejected from the die 140 by the support rod
      146. Then, the mandrel 144, with the embossed blank 150 attached thereto,
      is placed in a different press including the die 32 and support rod 114 of
      FIG. 4, to complete the extrusion of the cup lip 156 and to expand the
      embossed wall of the blank away from the mandrel by hydrostatic means as
      shown in FIGS. 3 and 4.
PAR  For an example, preformed smooth-wall cup-shaped blanks of AISI 4140 steel,
      having an outside diameter of about 1.52 inches and a wall thickness of
      about 0.125 inch, have been embossed by the method illustrated in FIGS. 5
      and 6 to produce finished cups having a maximum thickness (at the
      embossment) of about 0.108 inch and an embossment groove depth of about
      0.016 inch, and then expanded by hydrostatic pressure as described above
      to release the blank from the mandrel.
PAR  The foregoing disclosure and drawings are merely illustrative of the
      principles of this invention and are not to be interpreted in a limiting
      sense. I wish it to be understood that I do not desire to be limited to
      exact details of construction shown and described, because obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming a hollow metal part having a desired internal
      embossment, comprises the steps of:
PA1  extruding a hollow blank through a die onto a non-collapsible cylindrical
      mandrel having an external surface pattern counter to the desired
      embossment in said part, to emboss a portion of the blank; and
PA1  hydrostatically expanding the embossed portion of said blank outward away
      from said mandrel, to release the blank from the mandrel for removal
      therefrom.
NUM  2.
PAR  2. The method of claim 1, wherein the extruding step comprises the steps
      of:
PA1  placing a preformed cup-shaped blank, having an inner diameter
      substantially equal to that of said part and a thickness slightly greater
      than that of said part, on a patterned mandrel having an outer diameter
      substantially equal to said inner diameter; and
PA1  forcing said blank and mandrel through a die having a circular extrusion
      orifice slightly smaller than the outer diameter of said blank, to extrude
      said blank onto said mandrel and form the desired internal embossment in
      said blank.
NUM  3.
PAR  3. The method of claim 2, wherein hydrostatic pressure is applied to the
      exterior of said blank during the extruding step.
NUM  4.
PAR  4. The method of claim 2, wherein said blank is forced through said die
      orifice by means of a hollow cylindrical ram.
NUM  5.
PAR  5. The method of claim 2, wherein:
PA1  said die is formed with a cylindrical cavity, coaxial with, adjacent to,
      and slightly larger than said extrusion orifice, to permit outward
      expansion of said blank after extrusion; and
PA1  at least the embossed portion of said blank is expanded away from said
      mandrel and into said cavity.
NUM  6.
PAR  6. The method of claim 5, wherein said portion is expanded by applying
      hydrostatic pressure to the interface between said mandrel and said blank.
NUM  7.
PAR  7. The method of claim 6, wherein said pressure is applied, from a high
      pressure fluid reservoir, through a passageway extending through said
      mandrel, to the base of said extruded cup-shaped blank.
NUM  8.
PAR  8. The method of claim 2, wherein the base of said cup-shaped blank is
      supported on said mandrel during both the extruding and expanding steps by
      a cylindrical support member slidably mounted in said die and having an
      end face contoured to fit said base.
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ABST
PAL  A rolling mill comprising a device for moving any pair of rolls of various
      types axially thereof. Various types of rolls, which may be work wolls,
      intermediate rolls or back up rolls, are mounted in respective roll chocks
      disposed in a housing, and the roll chocks mounting therein any one of a
      pair of aforesaid rolls are slidably supported for movement axially of the
      rolls and in a direction in which pressure is applied to the rolls to
      effect rolling. The device for moving the rolls axially thereof, which may
      be a hydraulic pressure mechanism, is mounted in the interior of the
      housing or on its surfaces for moving the rolls either directly or through
      the associated roll chocks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  This invention relates to rolling mills, and more particularly it is
      concerned with a rolling mill of the type in which work rolls of high
      rigidity are mounted in roll chocks disposed in a housing.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  In recent years there has developed an increasing demand for producing more
      uniform thickness in rolled products. Advances made in the progress of art
      of automatically controlling strip thickness have made it possible to
      obtain substantially improved uniform thickness lengthwise of a metallic
      strip.
PAR  A program has been under way under our auspices for producing rolled
      products in which uniformity in thickness is maintained widthwise of the
      rolled product over the entire surface thereof. We have recently found
      that, by moving the pair of upper and lower intermediate rolls of a
      rolling mill axially thereof so that one end or forward end of each
      intermediate roll may coincide in position with the corresponding edge of
      strip material or may be disposed in the neighborhood thereof in order to
      reduce the bending of upper and lower work rolls into a barrel shape
      caused by a rolling load, it is possible to effect control of strip
      contour in the same manner as if the work rolls were backed up by back up
      rolls which are crowned in conformity with the width of the strip
      material. We have also found that it is possible to cope with a change in
      other rolling conditions than the width of strip material, e.g. the rate
      of rolling reduction, crowning of the rolls induced by heat builtup
      therein and the like, by axially moving the intermediate rolls. We have
      also found that the same effect can be obtained in a 4-high stand mill by
      axially moving the work rolls themselves or the back up rolls which back
      up the respective work rolls.
PAR  It will be understood that the inventions already made for the purpose of
      producing uniform thickness widthwise of rolled products call for varying
      the amounts of axial movements of the rolls in accordance with a change in
      rolling conditions, e.g. a variation in the width of strips fed to the
      mill, crowning of the rolls induced by heat built up therein or movement
      of strip material in a zigzag fashion along the pass line, or the like,
      which may occur both at the start of and during a rolling operation.
PAR  One example of rolling mills in which rolls are movable axially thereof is
      a Sendimir mill. A first intermediate roll moving means of this mill is
      arranged to be disposed parallel to the spindle for operating the upper
      and lower rolls disposed on the drive side of the mill. This arrangement
      makes the structure in the vicinity of the roll moving means complex. The
      roll moving device of the aforementioned construction would be unfit for
      use with a rolling mill of the large size which employs work rolls of
      relatively high rigidity and in which it is required to move the rolls
      axially thereof while a rolling operation is in progress, because such
      roll moving device must be of high capacity. Difficulty would be
      encountered in removing the spindles or effecting maintenance of the parts
      if the roll moving device of high capacity constructed as aforementioned
      were mounted in a rolling mill of the large size.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a rolling mill comprising a
      device for moving the rolls axially thereof which has a simplified
      construction.
PAR  Another object of the invention is to provide a rolling mill comprising a
      device for moving the rolls axially thereof which permits effective use of
      a space in the vicinity of the rolling mill.
PAR  The present invention is embodied in a rolling mill of the type in which
      the rolls are mounted at opposite ends thereof in roll chocks which are
      disposed in a housing. Thus, the rolls referred to above may mean work
      rolls or rolls used for backing up the work rolls, e.g. intermediate rolls
      or back up rolls.
PAR  The outstanding characteristics of the invention are that, in the
      aforementioned type of rolling mill, the roll chocks are slidably
      supported for movement axially of the rolls or in a direction in which
      pressure is applied to the rolls to effect rolling, and a device for
      moving the rolls is mounted in the interior of one member of the housing
      or on its surfaces. A preferred example of the device for moving the rolls
      is a hydraulic pressure mechanism which is subsequently to be described.
PAR  In mounting the roll moving device in one member of the housing, blocks
      each forming a part of the housing and detachably attached to the housing
      may be utilized, and the roll moving device may be mounted in the interior
      of the blocks or on surfaces thereof. In the description of the invention
      to be set forth hereinafter, an element will be treated as forming a part
      of housing proper if such element is attached to the housing proper and
      functions as if it were an integral part of the housing proper, even
      though such element constitutes an entity separate from the housing
      proper. A known hydraulic pressure means comprising a plurality of
      combinations of cylinders and pistons may be used as a typical example of
      the aforementioned hydraulic pressure mechanism.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a rolling mill embodying the present invention;
PAR  FIG. 2 is a sectional view taken along the line II--III of FIG. 1;
PAR  FIG. 3 is a schematic diagram showing the arrangement of various types of
      rolls and the circuit of hydraulic fluid for operating the cylinders for
      moving the intermediate rolls of a rolling mill embodying the invention;
PAR  FIG. 4 is a side view of a rolling mill comprising a second embodiment of
      the invention;
PAR  FIG. 5 is a sectional view taken along the line V--V of FIG. 4;
PAR  FIG. 6 is a side view of a rolling mill comprising a third embodiment of
      the invention;
PAR  FIG. 7 is a side view of a rolling mill comprising a fourth embodiment of
      the invention; and
PAR  FIG. 8 is a sectional view taken along the line VIII--VIII of FIG. 7.
DETD
PAC  EMBODIMENTS OF THE INVENTION
PAR  A first embodiment of the invention will be described with reference to the
      drawings. In FIG. 1 and FIG. 2, there is shown a 6-high rolling mill
      embodying the invention which comprises a pair of work rolls 12, 13 for
      effecting rolling of metallic strip material, a pair of intermediate rolls
      14, 15 bearing on the work rolls 12, 13 respectively, and back up rolls
      16, 17 backing up the intermediate rolls 14, 15 respectively. These rolls
      are disposed in a housing including housing members 11, 11A.
PAR  By moving the intermediate rolls 14, 15 in opposite directions along the
      axes thereof, the lengths of surfaces of rolls maintained in engagement
      between the intermediate rolls 14, 15 on the one hand and the work rolls
      12, 13 and back up rolls 16, 17 on the other can be adjusted. This enables
      a varying of the zone of action of the rolling load applied to the work
      roll 12, 13 through the intermediate rolls 14, 15 so as thereby to prevent
      the application of overpressure to end portions of the rolling mill and at
      the same time to permit a roll bending force to be exerted on the work
      rolls 12, 13 without being influenced by the presence of the intermediate
      rolls 14, 15. The effect of this arrangement is to ensure that the
      prevention of bending of the work rolls 12, 13 effected by the roll
      bending force affects the middle portion of each work roll, thereby
      permitting control of the thickness of the strip widthwise thereof to be
      effected satisfactorily. Imparting of the roll bending force to the work
      rolls 12, 13 is effected by hydraulic rams 31, 32 interposed between roll
      chocks 18, 19 mounting the work rolls 12, 13 therein respectively.
PAR  The roll chocks 18, 19 mounting therein the work rolls 12, 13 are slidably
      supported for up-and-down motion in the housing on inner side surfaces of
      a first pair of projecting blocks 25, 26 detachably attached to the
      housing members 11, 11a. Keeper plates 27, 28 are detachably attached to
      the projection blocks 25, 26 respectively at the outside thereof.
PAR  The intermediate rolls 14, 15 which bear on the work rolls 12, 13 are
      mounted in roll chocks 20, 21 respectively. The roll chock 20 mounting
      therein the upper intermediate roll 14 is guided by a second pair of
      projection blocks 29, 30 detachably to the housing, while the chock 21 for
      mounting therein the lower intermediate roll 15 is guided by the first
      pair of projection blocks 25, 26. No keeper plates are attached to the
      intermediate rolls 14, 15 at the outside thereof, so that they can move
      axially thereof as well as in a direction in which pressure is applied to
      effect rolling or upwardly and downwardly in this embodiment.
PAR  The intermediate rolls 14, 15 are backed up by the back up rolls 16, 17
      which are mounted at their ends in roll chocks 22, 23 respectively. A
      rolling force is produced by moving upwardly the lower roll chocks 23
      through a plate 37 by means of hydraulic jack cylinders 35 and rams 36
      mounted in a lower portion of the housing, while the upper roll chocks 22
      are supported in the housing through a plate 34 and a seat 33.
PAR  As aforementioned, the upper and lower intermediate rolls 14, 15 can be
      moved axially thereof in order to cope with a change in the width of strip
      material to be rolled or other rolling conditions or maintained in a
      predetermined position. On the other hand, the upper and lower back up
      rolls 16, 17 are prevented from moving axially thereof in the housing by
      keeper plates 38, 39 and 40, 41 respectively, and the upper and lower work
      rolls 12, 13 are prevented from moving axially thereof in the housing by
      the keeper plates 27, 28 respectively.
PAR  The roll chock 19 is provided with wheels 45, 46 and the roll chock 21 is
      provided with wheels 47, 48. By causing these wheels to engage, in locking
      relationship, rails 49, 50 provided in the projection blocks 25, 26
      respectively, the work rolls 12, 13 and intermediate rolls 14, 15 can be
      readily reassembled. The roll chock 23 mounting therein the lower back up
      roll 17 is formed therein with slide surfaces 51, 52 which can be caused
      to engage, in locking relationship, rails 53, 54 affixed to the housing so
      that the upper and lower back up rolls 16, 17 may be readily reassembled.
PAR  The operation of moving the intermediate rolls axially thereof will now be
      described in detail with reference to FIG. 2. As shown, the upper
      intermediate roll 14 is rotatably mounted at opposite ends thereof in the
      roll chocks 20, 20a which are assembled such that they are guided for
      movement up and down and axially of the rolls by the projection blocks 29,
      30 and 20A, 30A attached to the housing members 11, 11A respectively. The
      intermediate roll 14 is connected to guide rods 59, 60 through arms 57, 58
      projecting from the chock 20.
PAR  In the embodiment shown and described, the device for moving the rolls
      axially thereof is hydraulically operated. Such device includes hydraulic
      cylinders 61, 62 mounted in the projection blocks 29A, 30A respectively
      which are in turn mounted in the housing member 11A on the drive side.
      Received in the hydraulic cylinders 61, 62 are pistons 63, 64 to which
      rods 65, 66 are connected respectively. Chambers in the hydraulic
      cylinders 61, 62 on opposite sides of the pistons 63, 64 are connected to
      a source of hydraulic fluid under pressure through a hydraulic pressure
      circuit as shown in FIG. 3. Thus, by supplying hydraulic fluid under
      pressure to one of the cylinder chambers on opposite sides of each piston,
      the pistons 63, 64 can be moved rightwardly or leftwardly in the cylinders
      61, 62 respectively.
PAR  Covers 67, 68 are provided on the cylinders 61, 62 at the open side
      thereof, with bushes 69, 70 being mounted at the back of the covers 67, 68
      respectively to provide a fluidtight seal to the cylinders 61, 62. The
      rods 65, 66 are formed at the forward end thereof with forked ends 71, 72
      which are connected to intermediate rods 75, 76 through pins 73, 74
      respectively.
PAR  The guide rods 59, 60 extend through transverse bores 81, 82 formed in the
      blocks 29, 30 and mounting bushes 83, 83A and 84, 84A at opposite ends
      thereof respectively. The arms 57, 58 are connected at the forward end
      thereof to the guide rods 59, 60 through connectors 87, 88 rotatably
      mounted on the guide rods 59, 60 at the forward end thereof through pins
      85, 86 respectively. Pins 85A, 86A and connectors 87A, 88A are provided on
      the lower intermediate rod side.
PAR  The movement of the piston rods 65, 66 is transmitted to the roll chock 20
      through the intermediate rods 75, 76 and guide rods 59, 60 which are
      disposed parallel to the axis of the roll 14 so as thereby to move the
      intermediate roll 14 axially thereof. Bearing nuts 89, 89A and half rings
      90, 90A are provided at opposite ends of the intermediate roll 14.
PAR  A hydraulic pressure mechanism similar in construction to the mechanism
      described above is provided to the lower intermediate roll 15 for moving
      the same axially thereof. It is to be understood that the guide rods 59,
      60 can be connected to the intermediate rods 75, 76 through other suitable
      means than that shown and described herein without influencing the effect
      obtained. The blocks 29, 30 and 29A, 30A may be eliminated, and the
      hydraulic cylinders 61, 62 may be formed directly in the housing or
      attached to the surfaces of the housing without influencing the results
      achieved by the invention. Assembling of the parts could be facilitated by
      the provision of the blocks.
PAR  Movements of the intermediate rolls axially thereof are required to be
      symmetrical depending on a variation in the width of a strip material 100
      to be rolled as shown in FIG. 3. This can be achieved by synchronously
      moving the pistons through a circuit for hydraulic fluid under pressure as
      shown in FIG. 3. In the figure, the hydraulic cylinders 61, 61A for
      axially moving the intermediate rolls 14, 15 are connected, through a
      circuit for hydraulic fluid under pressure, to synchronizing cylinders 92,
      92A interconnected by a rod 91. The circuit for hydraulic fluid under
      pressure can be closed by means of pilot check valves 94, 95 mounted at
      the entrance to the synchronizing cylinders 92, 92A and at the exit of the
      hydraulic cylinders 61, 61A respectively, so as to maintain the
      intermediate rolls 14, 15 in predetermined positions. In case there is a
      leak of hydraulic fluid from the circuit, fluid under lower pressure which
      has passed through a pressure reducing valve 97 can be supplied to the
      circuit through a check valve 98, so that intermediate rolls 14, 15 can be
      maintained in the desired positions at all times.
PAR  The operation of moving the intermediate rolls axially thereof will now be
      described. The hydraulic fluid under pressure supplied from a tank by
      actuating a pump 106 is fed to the closed circuit while operating a
      change-over valve 93 to maintain the check valve 95 on the return side in
      an open position by the pilot pressure. This causes the synchronizing
      cylinders 92, 92A to act such that the upper and lower pistons 61, 61A
      move symmetrically. A relief valve 96 mounted on the exit side of the
      change-over valve 93 is set at a pressure such that back pressure is
      applied to the pistons 61, 61A so as thereby to preclude abnormal
      movements of the pistons. Energy of any abnormal force which might be
      produced in the intermediate rolls can be absorbed by means of relief
      valves 101, 102 mounted in the closed circuit and set at a higher
      pressure. There are provided stop valves 103, 104 each for opening and
      closing a circuit for feeding hydraulic fluid under pressure. The stop
      valves 103, 104 are normally closed during the operation of the rolling
      mill.
PAR  The device for moving the intermediate rolls axially thereof according to
      the invention is constructed as aforementioned. It will be appreciated
      that the invention offers the advantage of being able to move the rolls
      axially thereof without using a mechanism of complex construction disposed
      in the neighborhood of the rolls. Moreover, the use of hydraulic fluid
      under pressure for moving the intermediate rolls and the provision of the
      synchronizing cylinders in the circuit for the hydraulic fluid under
      pressure supplied to the hydraulic cylinders for moving the rolls have the
      effect of moving the upper and lower rolls symmetrically.
PAR  In accordance with the invention, the aforementioned device for moving the
      rolls axially thereof by using hydraulic fluid under pressure can be
      operated electrically. When this is the case, a mechanism may be employed
      in which a male and female screw arrangement replaces each of the
      hydraulic cylinders 61, 62 and worm gears for speed reduction, motors and
      the like are used for moving the guide rods 59, 60 or keeping the same in
      desired positions. In effective symmetrical movements of the rolls, the
      synchronizing cylinders mounted in the circuit for hydraulic fluid under
      pressure may be replaced by a mechanical servomechanism.
PAR  In the embodiment shown and described, the hydraulic cylinders are disposed
      on the drive. It is to be understood that they may be built in the blocks
      disposed on the operation side in case the load, stroke and the like are
      low in amounts. When this is the case, maintenance and repair of the
      device for moving the rolls axially thereof can be facilitated.
PAR  A modified form of the device for moving the rolls axially thereof will now
      be described with reference to FIG. 4 and FIG. 5 wherein parts equivalent
      to those shown in FIG. 1 to FIG. 3 are designated by like reference
      numerals. The embodiment shown in FIG. 4 and FIG. 5 is characterized by
      comprising a device for moving the rolls axially thereof which is built in
      a housing member disposed either on the operation side or drive side.
PAR  In the figures, the device for moving the rolls axially thereof is a
      hydraulic fluid mechanism generally designated 111 built in the housing
      member 11 and including hydraulic cylinders 112, 113 and pistons 114 and
      115 are connected to rods secured by nuts 118, 119 to plates 116, 117
      respectively which are affixed to the housing member 11. Open ends of the
      hydraulic cylinders 112, 113 are provided with cylinder covers 121, 122
      respectively for closing the same. The arms 57, 58 are connected to the
      hydraulic cylinders 112, 113 at the forward end thereof. It will be
      understood that the forward end portions of the hydraulic cylinders serve
      as output shafts in this embodiment.
PAR  In this embodiment, rams 123, 124 and 123A, 124A are provided in the blocks
      29, 30 and 29A, 30A respectively to move the rolls chocks mounting the
      upper intermediate roll 14 therein. There is provided a drive shaft 130 in
      the intermediate roll 14 of this embodiment for imparting a rotary drive
      force to the work rolls 12, 13.
PAR  FIG. 6 shows a 4-high rolling mill embodying the invention. In the rolling
      mill shown in the figure, intermediate rolls are done without and the
      device for moving the rolls axially thereof to effect control of the
      counter of strip material is mounted to act on the work rolls. Thus, the
      device for moving the rolls axially thereof shown in FIG. 2 is mounted in
      this embodiment to act on the work rolls. It will not be necessary to
      describe the roll moving device in detail.
PAR  FIG. 7 and FIG. 8 show a 4-high rolling mill embodying the invention in
      which the reinforcing rolls 16, 17 are moved axially thereof in place of
      the work rolls 12, 13 to obtain improved uniformity in thickness widthwise
      of the rolled product over the entire surface thereof. The device for
      moving the rolls axially thereof used in this embodiment is substantially
      similar to that shown in FIG. 5. It is to be noted that the arms 57, 58
      are affixed to the roll chocks 22 mounting the upper back up roll 16
      therein. Thus, no keeper plates are provided at the outside of the roll
      chocks mounting the upper and lower back up rolls 16, 17 therein, so that
      the roll chocks for the upper and lower back up rolls are supported in the
      housing for movement not only up and down but also axially of the rolls.
PAR  From the foregoing description, it will be appreciated that the present
      invention permits intermediate rolls or other rolls to be moved axially
      thereof as desired without using a mechanism of complex construction
      disposed in the neighborhood of the rolls, particularly in the housing of
      the rolling mill. The device provided by the invention for moving the
      rolls comprises a hydraulic pressure mechanism actuated by a source of
      hydraulic fluid under pressure and adapted to be guided in movement by the
      housing itself or blocks provided in the housing as its components. Thus,
      the roll moving device according to the invention is compact in size and
      yet capable of producing high power, reliable in performance and high in
      efficiency.
CLMS
STM  We claim:
NUM  1.
PAR  1. A rolling mill comprising a housing, a pair of work rolls each mounted
      at opposite ends thereof in roll chocks, at least one pair of rolls
      largers in diameter than said pair of work rolls and adapted to back up
      said work rolls, each of said at least one pair of larger diameter rolls
      also being mounted at opposite ends thereof in roll chocks, said roll
      chocks for at least one of said pair of work rolls and said pair of large
      diameter rolls being supported by blocks forming parts of juxtaposed
      members of the housing and detachably attached thereto, the roll chocks
      supporting at least one of said pair of work rolls and said pair of larger
      diameter rolls being slidable on surfaces of said blocks and in a
      direction in which pressure is applied to the rolls to effect rolling and
      in a direction transverse thereto, hydraulic cylinders mounted within or
      on surface of said blocks and each receiving a piston therein, and output
      shafts connected to said pistons and arranged parallel to the axes of the
      rolls, said output shafts each being connected to an arm affixed to either
      one of the roll chocks supporting said rolls whereby said rolls can be
      moved axially thereof by said output shafts.
NUM  2.
PAR  2. A rolling mill as claimed in claim 1 further comprising synchronizing
      means mounted in a hydraulic fluid circuit for supplying hydraulic fluid
      under pressure to said synchronizing means being adapted to cause the pair
      of rolls to move axially thereof in opposite directions for the same
      distance.
NUM  3.
PAR  3. A rolling mill of the type in which work rolls and other rolls backing
      up said work rolls are each supported at each end thereof by means of a
      roll chock supported by a housing having opposing housing members,
      characterized in that said roll chocks for said other rolls are slidably
      supported for movement in a direction in which pressure is applied to said
      other rolls to effect rolling and in a direction transverse thereto, said
      rolling mill further comprising means for shifting axially each of said
      other rolls, each of said shifting means being disposed at a position
      radially outwardly of the axis of said other roll and supported one of
      within and on said housing by at least one of said housing members, and
      means for connecting said shifting means to said other rolls, whereby said
      other rolls and their roll chocks are axially movable.
NUM  4.
PAR  4. A rolling mill as claimed in claim 3, in which said shifting means
      includes a hydraulic system and an output shaft connected to said other
      rolls.
NUM  5.
PAR  5. A rolling mill as claimed in claim 4, wherein the housing members
      include components blocks detachably attached to the housing, and said
      hydraulic system includes a plurality of cylinders formed in said blocks
      and each receiving a piston therein.
NUM  6.
PAR  6. A rolling mill as claimed in claim 4 wherein said output shaft is
      connected at one end thereof to a piston so as to extend through the
      housing, and connected at the other end thereof to an arm affixed to one
      of the roll chocks.
NUM  7.
PAR  7. A rolling mill as claimed in claim 4 wherein one of the roll chocks
      disposed in the member of the housing in which said hydraulic system is
      supported is connected to the output shaft of the hydraulic system.
NUM  8.
PAR  8. A rolling mill as claimed in claim 3 wherein said other rolls are
      intermediate rols of a rolling mill in which the intermediate rolls are
      interposed between work rolls and back up rolls.
NUM  9.
PAR  9. A rolling mill as claimed in claim 3 wherein said other rolls are back
      up rolls of a rolling mill in which said back up rolls are larger in
      diameter than the work rolls and back up said work rolls.
NUM  10.
PAR  10. A rolling mill of the type in which work rolls and other rolls backing
      up said work rolls are supported at each end thereof by means of a roll
      chock supported by a housing having opposing housing members,
      characterized in that said roll chocks for one of said work rolls and said
      other rolls are slidably supported for movement in a direction in which
      pressure is applied to the roll associated therewith to effect rolling and
      in a direction transverse thereto, said rolling mill further comprising
      means for shifting axially one of said work rolls and said other rolls,
      each of said shifting means being disposed at a position radially
      outwardly of the axis of the associated roll and supported one of within
      and on said housing by at least one of said housing members, and means for
      connecting said shifting means to the associated roll, whereby said roll
      chocks and their associated rolls are axially movable.
NUM  11.
PAR  11. A rolling mill as claimed in claim 10, wherein said roll chocks for
      said work rolls are axially movable with respect to said roll chocks for
      said other rolls.
NUM  12.
PAR  12. A rolling mill as claimed in claim 10, wherein said roll chocks for
      said other rolls are axially movable with respect to said roll chocks for
      said work rolls.
NUM  13.
PAR  13. A rolling mill as claimed in claim 12, wherein said other rolls are
      intermediate rolls of a rolling mill in which the intermediate rolls are
      interposed between work rolls and back up rolls.
NUM  14.
PAR  14. A rolling mill as claimed in claim 12, wherein said other rolls are
      back up rolls of a rolling mill in which said back up rolls are larger in
      diameter than the work rolls and back up said work rolls.
NUM  15.
PAR  15. A rolling mill is claimed in claim 10, wherein said shifting means
      includes hydraulic means and output shaft means disposed within the area
      of the housing radially outwardly of the associated roll and extending in
      the axial direction of the associated roll.
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ABST
PAL  Method of controlling with heightened accuracy a processing machine driven
     t different operating speeds and having a machine part moving through a
      predetermined full range, the processing machine, at an initial setting of
      the moving machine part, within a given tolerance range, repeatedly
      permitting start-up of a processing cycle that has been instituted in
      advance through a precontrolled time period dependent upon the operating
      speed and which includes a control commencement build-up time period and a
      full range displacement time period, which includes interposing a blocking
      time period between the control commencement build-up time period and the
      full range displacement time period, the blocking time period always
      ending at the same position in the displacement range of the moving
      machine part, blocking the full range displacement by the moving machine
      part until the end of the blocking time period, and advancing the start of
      the control commencement build-up time period in accordance with the
      blocking time period; apparatus for performing the foregoing method; a
      processing machine in the form of a slide drawing machine per se; and
      auxiliary devices for the slide drawing machine.
BSUM
PAR  The invention relates to a method and apparatus for controlling with
      heightened accuracy a processing machine driven at varying operating
      speeds, such as a slide drawing machine, especially, as well as the slide
      drawing machine per se and the auxiliary devices. The processing machine
      to which reference has been made is quite generally a machine in which a
      workpiece if advanced at an operating speed that is constant for the
      particular operation yet can be varied selectively from operation to
      operation, moreover, a machine part or tool is provided which can be moved
      toward the workpiece transversely to the operating direction. This tool
      may be, for example, a saw or shears or, in the case of the slide or
      carriage drawing machine, the drawing jaws for gripping a strand-shaped
      elongated workpiece. In the specific case of the slide drawing machine,
      the invention relates particularly to a continuously operating slide
      drawing machine having at least two alternating operating slides that are
      reciprocatingly guided on rails extending parallel to the operating
      direction of the machine, and that further have associated rotating cam
      carriers for the slide drive system, openable and closable drawing jaws on
      each carriage, with a control device for controlled actuation of the
      drawing jaws each time within an overlap distance or span traversed by a
      slide during transfer of the workpiece from one slide to the other, and
      with a phase displacement of the cam profiles or tracks or the cam
      carriers associated with respective slides, which produces, within the
      overlap span or distance, the difference in the velocities of the slides
      that is necessary for the transfer of the workpiece.
PAR  In a processing machine according to one of the aforedescribed types, the
      operation of interest herein is quite generally that, at an initial
      position of a moving machine part, within a given tolerance range, the
      machine always permits an operation or processing cycle to start which is
      initiated in advance through a precontrolled time period dependent upon
      the operating speed and which includes a control commencement build-up
      time period and a full range displacement time period. This time period
      can also be called reaction duration time period.
PAR  The initial position is the position wherein, for example, in the case of a
      saw, the saw first comes into contact with the material to be sawed or, in
      the case of the slide drawing machine, the drawing jaws of the respective
      drawing slide have closed, grip the workpiece firmly, and the transmission
      of the drawing forces from this slide to the workpiece begins. The control
      commencement build-up time is the time which elapses, for example, in the
      case of a drawing-jaw control through subjection to a pressure medium,
      from the instant of starting to the instant of completion of the build-up
      of the control pressure in a control cylinder having a control piston. The
      full range displacement time is then the time required for the control
      piston to complete its operating stroke.
PAR  It has been known heretofore to effect the start by means of a trip dog or
      start-up cam rotating in synchronism with the machine. For different
      operating speeds, several trip dogs or start-up cams can be provided. The
      trip dog or start-up cam may also be adjustable. The adjustment can be
      effected automatically through the interposition of a tachogenerator. A
      control has also become known heretofore from German Pat. No. 1930700
      wherein an adjustment is made automatically and continuously, depending
      upon the respective operating speed. All of the heretofore known measures
      based upon this known control have the disadvantage that, for example in
      the aforedescribed slide drawing machine with the drawing-jaw control
      through subjection to a pressure medium, that they work with sufficient
      accuracy only at operating speeds of up to about 60 m/min. At higher
      operating speeds of up to about 120 m/min., the accuracy is degraded
      considerably by the spread of the reaction delay time. Particularly the
      relatively long control commencement build-up time, which may be, for
      example, about 120 ms (milliseconds), is a source of inaccuracies here.
      The full range displacement time is usually shorter and is, in general, of
      the order of about 10 ms.
PAR  The overlap time necessary for traversing the overlap distance is also only
      of the order of about 10 ms for high operating speeds. These inaccuracies,
      particularly inasmuch as they result from the longer control commencement
      build-up time, can no longer be tolerated here. The inaccuracies cause a
      jerky transfer of the workpiece from one slide to the other. This results
      in the formation of undesirable surface marks on the workpiece and in
      increased wear of the guiding components of the drawing machine. It must
      also be taken into consideration, in that regard, that at high operating
      speeds the slides and the parts mounted thereon are subjected additionally
      to marked inertial forces when displacement or motion irregularities
      occur.
PAR  It is accordingly an object of the invention to increase the accuracy
      obtained when working with the heretofore known methods, devices or
      processing machines, particularly slide drawing machines, so that
      trouble-free operation is possible also at high operating speeds. In
      particular, it is an object of the invention to improve, in slide drawing
      machines, the accuracy in the transfer of the workpiece from one slide to
      the other and the constancy of the workpiece velocity during the transfer.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, a method of controlling with heightened
      accuracy a processing machine driven at different operating speeds and
      having a machine part moving through a predetermined full range, the
      processing machine, at an initial setting of the moving machine part,
      within a given tolerance range, repeatedly permitting start-up of a
      processing cycle that has been instituted in advance through a
      precontrolled time period dependent upon the operating speed and which
      includes a control commencement build-up time period and a full range
      displacement time period, which comprises interposing a blocking time
      period between the control commencement build-up time period and the full
      range displacement time period, the blocking time period always ending at
      the same position in the displacement range of the moving machine part,
      blocking the full range displacement by the moving machine part until the
      end of the blocking time period, and advancing the start of the control
      commencement build-up time period in accordance with the blocking time
      period.
PAR  Due to the fact that the blocking interval ends each time in the same
      position within the displacement range of the moving machine part, the
      full range displacement time, also always begins with this same position
      of the moving machine part. The spreading of the length of the relatively
      long control commencement build-up time is eliminated in this manner.
      Spreading of the very much shorter full range displacement time is
      accordingly much less noticeable. In this way the tolerance range for the
      initial position, in which the moving machine part permits the processing
      cycle to start, can be placed with sufficient accuracy within the overlap
      distance, in which the slides acquire the difference in their velocities
      which is necessary for the transfer of the workpiece. The advancing of the
      start of the control commencement build-up time does not require great
      accuracy. A minimum advance is sufficient. A greater advancement
      automatically results in a longer blocking time, since the end of the
      blocking time is fixed. The full range displacement time can be
      considered, in a first approximation, as being independent of the
      operating speed. This means that the initial position, wherein the moving
      machine part permits the processing cycle to start, is at a greater
      distance from the full range displacement position at higher operating
      speeds than at low operating speeds. The difference between these
      distances yields approximately the aforementioned tolerance range, which
      should lie within the aforementioned overlap distance for proper operation
      of the slide drawing machine. The method according to the invention
      provides an improvement over the aforedescribed heretofore known methods,
      increasing their accuracy and making them usuable also at higher operating
      speeds.
PAR  In accordance with another aspect of the invention, there is provided an
      apparatus for performing the method of controlling with heightened
      accuracy a processing machine driven at different operating speeds which,
      at an initial setting of a moving part thereof, within a tolerance range,
      repeatedly permits start-up of a processing cycle that has been instituted
      in advance through a given reaction delay time period wherein the moving
      machine part is a working member of the machine, and comprising track
      means for guiding the working member, control means for instituting
      actuation of the machine part at a position thereof wherein the actuation
      thereof is institutable; and blocking means engageable with the moving
      machine part for inhibiting full range displacement of the machine part
      that would otherwise result from the institution of the actuation thereof,
      the blocking means being active for inhibiting the full range displacement
      along a section of the track means up to a given position of the moving
      machine part within the displacement range thereof.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as embodied in a
      method and apparatus for controlling with increased accuracy a processing
      machine driven at varying operating speeds, such as a slide drawing
      machine, especially, as well as a slide drawing machine per se and
      auxiliary devices, it is nevertheless not intended to be limited to the
      details shown, since various modifications may be made therein without
      departing from the spirit of the invention and within the scope and range
      of equivalents of the claims.
PAR  The invention, however, together with additional objects and advantages
      thereof will be best understood from the following description when read
      in connection with the accompanying drawings, in which;
DRWD
PAR  FIG. 1 is a diagrammatic view partly broken away of a drawing slide
      constructed in accordance with the invention, the drawing slide being in a
      reversed stroke displacement phase i.e. opposite to the operating
      direction, and the position of the control members thereof being such that
      the drawing jaws are not in engagement with the material being drawn,
      leaving clearance for non-engaging passage of the material;
PAR  FIG. 2 is a view similar to FIG. 1 of the drawing slide of the invention
      shown in a phase wherein it is moving in the drawing direction i.e.
      together with the material in the operating direction, the control members
      being positioned so that the drawing jaws have gripped the material and
      are executing a drawing stroke;
PAR  FIGS. 3 to 6 are diagrammatic views of the drawings slide on a smaller
      scale than in FIGS. 1 and 2, showing individual control phases thereof
      with respect to the position and direction of displacement of the drawing
      slide;
PAR  FIG. 7 is a plot diagram of the course or path of the cam profiles of the
      two drum-shaped cam carriers for the drawing slide with overlap sections;
PAR  FIG. 8 is an enlarged fragmentary view of FIG. 7 showing a section of
      increased acceleration or velocity within one of the overlap sections;
PAR  FIGS. 9 to 12 are diagrammatic views of another embodiment of the invention
      shown in various phases of operation;
PAR  FIGS. 13 to 16 are diagrammatic views of yet another embodiment of the
      invention in different phases of operation;
PAR  FIGS. 17 to 20 are diagrammatic views of a further embodiment in different
      phases of operation;
PAR  FIG. 21 is a diagrammatic view of a severing device constructed in
      accordance with the invention and shown in an initial or starting phase of
      operation;
PAR  FIG. 22 is a view like that of FIG. 21 of the severing device with the
      severing location corrected with respect to the starting end of the
      material;
PAR  FIG. 23 is a view like FIGS. 21 and 22 of the severing device shown in a
      phase of operation after the strand of material has been severed;
PAR  FIG. 24 is an enlarged cross-sectional view of the bi-partite slide of
      FIGS. 21 to 23; and
PAR  FIG. 25 is a fragmentary enlarged sectional view of the righthand side of
      FIGS. 21 to 23 showing the release contact and the control finger of the
      device.
DETD
PAR  Referring now to the drawing and first, particularly, to FIG. 1 thereof,
      there is shown a drawing slide constructed in accordance with the
      invention and in a phase of operation thereof wherein a toggle lever 6-9
      is stretched straight out, and control members 11-13, drawing jaws 2 and
      movable wedges 3 are held rigid. The drawing slide is shown moving in
      direction of the arrow A, opposite to the direction of movement of the
      material 1 to be processed, as indicated by the arrow C.
PAR  In FIG. 1, a control cylinder 13 has pulled a piston rod 12 and a bearing
      yoke 11 by which it is secured to the toggle lever formed of conventional
      parts 6, 7 and 8 on the one side and of a part 9 on the other side, are
      stretched out straight. A bearing yoke 10 is firmly mounted on a drawing
      slide housing 14. The toggle lever arm 9 bears against the bearing yoke 19
      through the pivot pin 10'. The bearing yoke 11 is connected with the
      toggle lever arms 9 and 8, 7, 6 through a pivot pin 11'. The toggle lever
      arm 6, 7, 8 which has an adjustable length, holds a lever 5 in swung-out
      position by means of a pivot pin 6'. The lever 5 is pivotally mounted at a
      bearing yoke 17 by means of a pin 17'. The bearing yoke 17 is firmly
      supported on the drawing slide housing 14. The control cylinder 13 is
      pivotally secured in a bearing yoke 16 by a pin 16', and the bearing yoke
      16 is, in turn, mounted firmly on the drawing slide housing 14. Parts that
      are reciprocable in the drawing slide housing 14, such as the drawing jaws
      2, the movable wedges 3 and an entrainer member 4 are held in rear
      position by the control linkage through a pivot pin 5'. The movable wedges
      3 move parallel to the inclination of the wedges.
PAR  They bear against fixed wedge members 15 in the drawing slide housing 14
      through trains of rollers, as shown in FIG. 1. The drawing jaws 2 are
      rigidly connected to the movable wedges 3 and, accordingly, follow the
      movement of the wedges 3. In the rear position of the drawing jaws 2 and
      the movable wedges 3, an air gap exists between the drawing jaws 2 and the
      material 1 in order to avoid contact therebetween.
PAR  In FIG. 2 the toggle lever 6-9 is bent outwardly, and a clamping force is
      thereby exerted through the control linkages and the wedges 3 and drawing
      jaws 2 on the material 1. In the phase position of FIG. 2, the drawing
      slide moves in the direction of the arrow B together with the material 1
      in the direction of the arrow C. The drawing stroke is thereby executed.
      The required compressive force of the drawing jaws 2 applied to the
      material 1 is produced automatically by the wedging action between the
      movable wedges 3 and the fixed wedge members 15. The drawing jaws 2 press
      against the material 1, gripping it with a strong compressive force, and
      pull it with the drawing slide in the drawing direction B. The control
      cylinder has driven the piston rod 12 and the bearing yoke 11 outwardly.
      The toggle lever arm 9 has swung about the pivot pin 10' in the fixed
      bearing yoke 10. The other toggle lever arm 6, 7, 8 has swung about the
      pivot pin 6'. The pin 11', which performs an arcuate movement, imparts a
      swinging motion about the pivot pin 16'  to the piston rod 12 and the
      control cylinder 13, so that the control cylinder 13, depending upon the
      adjustment of the control linkage, follows every movement. Through the
      bending of the toggle lever, the distance between the pin 10' and the
      fixed beariing yoke 10, on the one hand, and the pin 6', on the other
      hand, is shortened. The lever 5 pivots about the pin 17' in the fixed
      bearing yoke 17, in a direction opposite to the direction of travel of the
      drawing slide shown by the arrow B, and thereby moves the entrainer member
      4, the movable wedges 3 and the drawing jaws through the pin 5' farther
      into the fixed wedge housing formed of the wedge pieces 15. Accordingly,
      the drawing jaws 2 are pressed against the material 1. The engagement
      surfaces of the drawing jaws 2 effect a longitudinal displacement opposed
      to the travel direction of the material 1, and simultaneously effect a
      displacement in traverse direction toward the material 1. Thus the control
      operation for closing the drawing jaws 2 is completed, and the drawing
      stroke can follow.
PAR  In FIGS. 3 to 6, the individual phase positions of the drawing slide during
      the control operation for closing the drawing jaws 2 are shown.
PAR  In FIG. 3, the drawing slide 14 moves in the direction of the arrow A with
      the drawing jaws open, as shown in FIG. 1. The bearing yoke 11 is
      retracted and the toggle lever 6-9 is in stretched-straight position.
      Shortly before the drawing slide reaches the reversal point i.e. just
      before it reaches the zero line, a control pulse is given to the control
      cylinder. Before the piston rod 12 together with the bearing yoke 11 is
      driven out of the control cylinder 13, a given time period elapses, a
      socalled control commencement build-up time. On the return path in
      direction A, the piston rod 12 with the bearing yoke 11 already extends
      outwardly somewhat, so that the bearing yoke 11 strikes against the
      parallel-disposed blocking bar 18 during the further return movement. As
      long as this blocking persists (blocking time), the piston rod 12 cannot
      be driven further outwardly. The pressure exerted on the piston within the
      control cylinder 13 therefore persists, although the piston is unable to
      complete the remainder of its stroke or travel path, i.e. full-range
      displacement.
PAR  In FIG. 4 the drawing slide 14 has reached the reversal point. The leading
      edge of the drawing slide 14 is at the zero line. The bearing yoke 11
      engages the parallel-extending blocking bar 18 under pressure. The control
      members cannot close the drawing jaws 2 as long as the bearing yoke 11
      abuts the blocking bar 18.
PAR  In FIG. 5, the drawing slide 14 moves away from the reversal point i.e.
      forward from the zero line in the direction of the arrow B. The drawing
      slide 14 is then being accelerated in the direction of the arrow B. The
      bearing yoke 11 presses against the parallel blocking bar 18 until the
      drawing slide reaches a position wherein the overlap section D in FIG. 7
      begins. At that instant, the blocking ceases, and the remaining stroke or
      outward travel of the piston is resumed. The closing operation follows
      immediately, as shown in FIG. 2. Through this control operation, the time
      from switch-on to the application of pressure by the control cylinder i.e.
      the so-called control commencement build-up time, is rendered ineffective
      with respect to the control operation.
PAR  In FIG. 6, the drawing slide 14 moves in the direction B and has already
      executed the drawing stroke (operating stroke). The overlap section D in
      FIG. 7 has thereby been passed through. In this section D, the drawing
      slide 14 takes over the material 1 from a drawing slide 14'. After the
      drawing slide 14 has completed its drawing stroke, the control operation,
      as described hereinbefore with respect to the drawing slide 14', is
      carried out. The subsequent repeated closing operation for the drawing
      slide 14' occurs in the overlap section E (FIG. 7). Therein, the material
      1 is again taken over by the drawing slide 14' from the drawing slide 14.
PAR  The track of a cam surface of the drum-shaped cam carrier is shown in FIG.
      7. In order to produce a continuous material drawing speed, at least two
      drawing slides are necessary. Each drawing slide is reciprocated by its
      own drive cam drum. The movements of the two drawing slides must be
      matched exactly to each other. The cam paths or tracks 20 and 20' are the
      forward tracks for the work stroke (drawing stroke). The cam tracks 21 and
      21' are return tracks. At the reversal points 0 and 0', the direction of
      movement of the drawing slides in the direction B begins for a new work
      stroke. From the reversal point 0, a roller 19 at the slide 14 is advanced
      in the direction of the arrows B, when the cam drum rotates in the
      direction of the arrow F. Upon reaching the point 22 on the curve, the
      drawing slide 14 has attained the drawing speed. Within the overlap
      section D from the point 22 to the point 23 of the cam track, the closing
      operation of the drawing jaws occurs. In this overlap section D between
      the two points 22 and 23, the drawing slide is given an additional
      acceleration of the forward motion, so that the velocity thereof is
      somewhat higher, about 2 to 3% higher, than the work or drawing velocity.
PAR  By increasing the forward velocity within the overlap range, as was
      determined by suitable testing, the closing of the drawing jaws and the
      securing wedging action in the wedge housing of the drawing slide occur
      without any reduction of the workpiece velocity. Heretofore, this closing
      operation for the securing wedging action in the wedge housing of the
      drawing slide was performed only at the end of the overlap section and, in
      fact, in such a manner that the forward velocity of the
      material-transferring drawing slide 14' was decelerated after it reached
      the point 25'. This resulted in a reduction in the drawing velocity of
      about 2 to 3%.
PAR  In FIG. 8, the section of increased acceleration between the points 22 and
      23 is shown in a somewhat exaggerated presentation.
PAR  FIGS. 9 to 12 show different operating positions of the drawing slide and
      the control device therefor. As viewed in FIG. 9, the slide 101 which is
      on slide tracks or rails 102 and has a direction of travel represented by
      an arrow 104 is located, at the instant shown in the figure, just ahead of
      the dead center point 103. At this instant, pressure medium can be
      admitted to the cylinder 105, but the piston rod 106 cannot yet be thrust
      outwardly, because a blocking lever 107 abuts an end stop 108. Blocking
      occurs through the toggle lever linkage 109, 110. The toggle lever linkage
      109, 110 also serves to transmit the movement of the piston rod 106 to a
      linkage lever 111 pivoted at 117, through which the closing of the drawing
      jaws (not shown) is accomplished when the piston rod 106 is thrust
      outwardly. The length of the toggle lever 110 is adjustable by a
      connecting adjustment member 116, and the position of the end stop 108 is
      adjustable for its part in a conventional manner.
PAR  As shown in FIG. 10, the drawing slide 101 has reached dead center 103. The
      cylinder 105, acted upon by pressure medium, is blocked, as in FIG. 9,
      with respect to extending or thrusting outwardly the piston rod 106. In
      the phase positions depicted in both FIGS. 9 and 10, the drawing jaws 2
      (FIG. 1) are not yet closed.
PAR  With respect to the phase illustrated in FIG. 11, the slide 101 has a
      travel direction as indicated by the arrow 113. The engaging surface 112
      of the blocking lever 107 is beginning to lift from the end stop 108. The
      closing point of the drawing jaws is set at the spacing 114 of the slide
      101 from the dead center 103 by suitably adjusting the adjustment member
      116 of the toggle lever 110.
PAR  As shown in FIG. 12, the displacement of the slide 101 continues in
      direction of the arrow 113. The drawing jaws remain closed through the
      linkage lever 111, as the spacing 114 is enlarged to the spacing 115.
PAR  The basic function of the device shown in FIGS. 13 to 16 is the same as
      that of the device of FIGS. 9 to 12. However, in FIGS. 13 to 16, cylinder
      105 and the piston rod 106 extend in the same direction as the slide
      tracks. Furthermore, in the embodiment of FIGS. 13 to 16, the piston rod
      106 must be drawn inwardly to close the drawing jaws. The blocking lever
      and the linkage lever of the embodiment of FIG. 13 to 16 are furthermore,
      identical therein and form a single lever 118. The end stop 108, as in
      FIGS. 9 to 12, is adjustable in the embodiment of FIGS. 13 to 16. The
      blocking lever 118 is advantageously of resilient construction which
      increases the blocking period or range.
PAR  In the embodiment of FIGS. 17 to 20, also, the linkage lever and the
      blocking lever are identical and together form a common lever 119. The
      lever 119 extends on both sides of and transversely to the slide track
      direction and cooperates with two end stops 108. In this embodiment, also,
      the lever 119 may advantageously be of resilient construction so as to
      increase the blocking period or range.
PAR  In the embodiment of FIGS. 21 to 25, a bipartite carriage or severing slide
      assembly is formed of a lower severing slide 201 and an upper severing
      slide 202. The lower severing slide 201 is slidably mounted on a track
      204, 205 in a machine frame and is movable in travel direction of the
      material being processed. The upper slide 202 is mounted on the lower
      slide 201 by means of roller bearings 203 and is movable back and forth
      relative to the lower slide 101 and parallel to the material travel
      direction. A severing tool 206 is mounted on the upper slide or carriage
      202. Displacement of the upper slide 202 is effected by a displacement
      member 207, 208 which includes a small, separately driven hydraulic
      cylinder 207, having a total piston stroke length of about 50 mm. The
      hydraulic cylinder 207 is secured to the upper slide 202, and its piston
      rod 208 to the lower slide 201.
PAR  The forward and return movement of the lower slide 201 with its upper slide
      202 is effected by a drive cam 209, 210 (cam cylinder 209, cam track or
      profile 210). During one revolution of the cam cylinder 209, the entire
      severing slide assembly 201, 202 executes one reciprocating movement or
      one forward-and-return stroke. The course of the cam track or profile 210
      is such that, during the rotation of the cam cylinder 209, the forward
      displacement or the forward velocity of the severing slide during the
      severing operation is equal to the operating velocity or the material
      feeding velocity. The cam cylinder or drum 209, during the severing
      operation, is connected to the main severing shaft 212 in motion-locked or
      force-locking manner through a controlled coupling (shifting clutch) 211.
      The main severing shaft 212 is connected through non-illustrated
      intermediate gearing with a non-illustrated production machine, and the
      revolution of the main severing shaft 212 always maintain a matched or
      coordinated relationship with the material feed velocity because of the
      precision or accuracy of the operation. No special auxiliary control
      devices or auxiliary controllable drive systems are required for this
      purpose. Thus, synchronous operation is assured during the severing
      operation.
PAR  The forward travel in direction of the arrow M (FIG. 21) of the lower slide
      201 is composed of the acceleration distance a.sub.1, the synchronous
      distance a.sub.2 and the deceleration or slow-down distance a.sub.3 (FIG.
      24). During the travel of the lower carriage 201 along the synchronous
      stretch a.sub.2, exact positioning of the cutting tool 206 or the cutting
      location relative to the starting end R of the material is performed i.e.
      adjustment of the length L, as shown for example in FIG. 22. The upper
      slide 202 is accordingly displaced relative to the lower slide 201 in the
      direction of the arrow N or P, depending upon a signal transmitted by a
      control finger 223. The positioning operation is performed in at most 80
      ms (milliseconds), so that there is no longer any relative motion between
      the two slides 201 and 202 before the severing or cutting operation is
      initiated by the further forward travel of the severing slides 201 and
      202.
PAR  The severing movement of the severing tool 206 is effected by the forward
      motion of the entire severing slide assembly 201, 202 through a lever
      system 213 and 214. The required severing or cutting force is also
      transmitted by this motion (in direction of the arrow M) of the severing
      slide assembly 201, 202. The direction of the force is accordingly changed
      in such a way that a residual force component in the adjustment direction
      N or P of the upper slide 202 is so small that it can be ignored. The
      angle lever or bellcrank 213 is pivotally mounted at a pivot point 213' on
      the lower slide 201. The arm 213' of the bell crank 213 strikes against a
      roller 222 secured to the rail 204, and at the same time the other arm of
      the bell crank 213 presses against the surface 214' of the knife-lever 214
      through a roller 224. The disposition of the surface 214' is substantially
      parallel to the travel direction of the upper slide 202. After the
      severing operation is completed, the residual distance a.sub.2 for the
      synchronous travel and the deceleration distance a.sub.3 are traversed as
      the forward distance M. The severing slides 201 and 202 reach the rest
      position at the point V (FIG. 24) through the return distance a.sub.4 at
      increased return speed. By means of a compression spring 215, the lower
      severing slide 201 is always pressed through a guide roller 216, against
      the cam track or profile 210 of the cam drum or cylinder 209 and is then
      returned to the rest position V thereof. Shortly before reaching the rest
      position at the point V, the cylinder or drum cam 209 is separated from
      the main separator shaft 212 by releasing the shifting clutch 211 and is
      held by a non-illustrated holding device, in the starting position V
      thereof, until a new command initiates the next severing operation.
PAR  To set or adjust the severing length L (FIG. 22, for example) a release
      contact 217 and the control finger 223 are adjusted in accordance with the
      spacing from the severing location required therefor. The release contact
      217 is fastened to the lower frame 225, while the control finger 223
      remains readily movable through a ball-bearing guide 227 parallel to the
      material travel direction represented by the arrow M. The holder 226 of
      the control finger 223 is supported by a ball-bearing guide 227 and is
      clamped to a distance rod 228. The distance rod 228 is, in turn, fastened
      to the upper slide 202. As soon as the upper slide 202 is moved, the
      distance between the holder 226 of the control finger 223 and the release
      contact 217 also forcibly changes. If the control finger 223 is disposed
      perpendicularly to the axis of the material, the nominal severing location
      is reached, and assurance of an exact length L of the material is thereby
      given.
PAR  In detail, the following timing sequence of the control process for the
      positioning of the severing location 206 with respect to the starting end
      R of the material is produced.
PAR  The starting end R of the material, when traveling through the release
      contact 217 (pickup probe ring 217), releases the command to sever,
      through a conventional speed-dependent time delay. In addition to the
      speed-dependent time delay, a variable delay is also provided. This
      auxiliary time delay is adjustable, selectively manually or automatically
      through an adjusting or servo-motor. Statistical evaluation of test series
      has shown that normal length tolerances within a given order of magnitude
      are always present, which must be correlated with an estimated or nominal
      range. In addition, longer-term deviations, for example, due to
      temperature effects or influences or wear of the clutch laminations, may
      necessiate readjustment. This readjustment is effected if the lower limit
      P or the upper limit N is approached (not FIG. 21). For this purpose, a
      switching vane 218 is disposed on the upper slide 202 and two contactless
      pickup probes 219 (not FIGS. 21 and 24) on the lower slide 201. As soon as
      these range limits are approached, the time delay is suitably changed
      through the adjusting motor. If the lower limit at P is approached, the
      time delay is increased, and at the upper limit N, is decreased. Through
      this additional delay, exact equalization or balancing of length
      deviations is attained even for an extended period of operation of the
      machine.
PAR  The control device and the command equipment for the servo-positioning are
      normally not in operation, i.e. when the cylinder cam 209 is in the zero
      position V. Only after the command for severing is given, is the cylinder
      or drum cam 209 form-lockingly or positively coupled through the shifting
      clutch 211 with the main severing shaft 212. The rotary motion of the cam
      in the direction of the arrow S is thereby initiated. The switching vane
      220 secured to the cylinder cam 209 releases or frees the blocked
      operation of the control device when the vane 220 passes the contactless
      pickup probe 221. The length of the switching vane 220 or the duration of
      operation of the control device is such that the acceleration distance
      a.sub.1 and a short part of the synchronous distance a.sub.2 are contained
      therein. The length limit a.sub.5 of the switching vane 220 is dimensioned
      so that the forward travel of the slides 201 and 202 in the direction of
      the arrow M proceeds so far that the angle lever 213 or bell crank abuts
      against the roller 222, and the knife or blade 206 has reached the
      severing position. Within the overlap distance a.sub.5 of the switching
      vane 220, the positioning is performed through conventional regulating and
      control devices, such as hydraulically, for example. After the switching
      vane 220 has left the contactless probe 221, the severing operation occurs
      through the further forward movement of the slides 201 and 202 in the
      direction of the arrow M. Simultaneously, the control device is blocked.
      The assumed location or position of the severing point, i.e. the position
      of the upper slide 202 relative to the lower slide 201, is maintained
      until the new command is given for the next severing operation.
PAR  The control finger 223 for ascertaining the required rod length L actuates
      a conventional electronic angle transmitter or transducer. The latter
      delivers a voltage proportional to the angle of rotation, which
      corresponds to a given control velocity for forward and return control
      through a servo-amplifier after the control device is set in operation.
      When the control finger 223 has reached the nominal position T, the
      positioning or control speed is equal to zero, and the correct position of
      the severing device 206 has thereby been attained. At the nominal position
      T, no control voltage is delivered by the rotary transducer or
      transmitter. After the severing operation has been completed, the control
      finger 223 is swung outwardly by an electromagnet to the position G shown
      in phantom which permits unhampered passage of the rod material. Since the
      servo-operation is blocked, no control voltage is fed to the
      servo-amplifier either. The control finger 223 is released by the
      electromagnet to swing back to the normal position H thereof only if the
      starting end R of the material passes through the ring pickup probe 217
      (release contact) and a new switching cycle is triggered.
PAR  All of the features that are disclosed in the foregoing description and/or
      are shown in the drawing should, insofar as the heretofore known state of
      the art permits, be considered by themselves or in any combinations or
      partial combinations as being within the scope of the invention, even if
      not specifically defined in the claims.
CLMS
STM  There is claimed:
NUM  1.
PAR  1. Method of controlling with heightened accuracy a processing machine
      driven at different operating speeds, the processing machine having
      machine tool means displaceable over a given full range and a machine part
      moving in synchronism with a cycle of the process that has been instituted
      in advance through a precontrolled time period dependent upon the
      operating speed and which includes a control commencement build-up time
      and a time period for the full-range displacement of the machine tool
      means, and, at an initial setting of the moving machine part, within a
      given tolerance range permitting start-up of said processing cycle, which
      comprises interposing a blocking time period between the control
      commencement build-up time period and the full-range displacement time
      period, the blocking time period always ending at an instant at which the
      moving machine part is at the same position in the displacement range
      thereof, blocking the full-range displacement of the machine tool means
      until the end of the blocking time period, and advancing the start of the
      control commencement build-up time period in accordance with the blocking
      time period.
NUM  2.
PAR  2. Method according to claim 1 which further comprises effecting a part of
      the full-range displacement of the machine tool means during the blocking
      time period until shortly before a workpiece is engaged by the machine
      tool means for processing by the machine so as to leave only a residual
      distance for completing the full range displacement of the machine tool
      means.
NUM  3.
PAR  3. Apparatus for performing a method of controlling with heightened
      accuracy a processing machine driven at different operating speeds, which,
      at an intitial setting of a moving part thereof, within a tolerance range,
      repeatedly permits start-up of a processing cycle that has been instituted
      in advance through a given reaction delay time period wherein the moving
      machine part is a working member of the machine, and comprising track
      means for guiding said moving machine part, means for instituting
      actuation of said machine part at a position thereof wherein the actuation
      thereof is institutable, machine tool means displaceable over a given full
      range and blocking means engageable with said moving machine part for
      inhibiting full-range displacement of said machine tool means that would
      otherwise result from said institution of the actuation of said machine
      part, said blocking means being active for inhibiting said full range
      displacement along a section of said track means up to a given position of
      said machine tool means within said displacement range thereof.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said blocking means comprises a
      blocking bar extending along the respective section of said track means.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein the processing machine is a slide
      drawing machine wherein said track means extend parallel to the operating
      direction of the machine and wherein two alternatingly operating slides
      are reciprocatingly movable on said track means, rotating cam carriers
      associated with said slides for driving the same, openable and closable
      drawing jaw means on each of and slides, said control means controllably
      actuating said drawing jaws repeatedly within an overlap distance
      traversible by one of said slides during transfer of a workpiece from one
      to the other of said slides, and displacing the phase of cam tracks on
      said cam carriers which produces, within said overlap distance, a
      difference in velocity of said slides that is necessary for effecting
      transfer of the workpiece, said cam tracks in a starting region of a work
      stroke portion of the slide drawing machine located within said overlap
      distance have a steeper slope than in the remaining region of said work
      stroke portion.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein the slope of said cam tracks in
      said starting region is about 1 to 5% steeper than in said remaining
      region.
NUM  7.
PAR  7. Apparatus according to claim 5 wherein said blocking means comprises a
      blocking bar extending along the respective section of said track means
      and ending at about the beginning of said overlap distance.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said blocking bar is adjustable
      in longitudinal direction of said track means.
NUM  9.
PAR  9. Apparatus according to claim 3 wherein the processing machine is a slide
      drawing machine wherein said track means extend parallel to the operating
      direction of the machine and wherein at least one slide is reciprocatingly
      movable on said track means, a rotating cam carrier associated with said
      slide for driving the same, drawing jaw means on said slide openable and
      closable in direction transverse to the operating direction of the
      machine, locking wedge means connected to said drawing jaw means and
      displaceable in direction parallel to the operating direction of the
      machine, and control means controllably displacing said locking wedge
      means between respective positions thereof wherein said drawing jaw means
      are released from and clamp a workpiece, said control means having a
      direction of action transverse to the operating direction of the machine,
      deflection members being interposed between said control means and said
      locking wedge means, and means for blocking movement of said locking wedge
      means in accordance with the respective position of said movement blocking
      means.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said control means comprises a
      pressure medium-responsive member including a cylinder, a piston
      displaceable in said cylinder and having a piston rod extending
      transversely to the operating direction of the machine, one end of said
      pressure medium-response member being pivotally secured to said slide,
      said deflection members being comprised of a toggle lever linkage having a
      first toggle lever pivotally secured at an outer end thereof to a fixed
      bearing location on said slide and a second toggle lever having an outer
      end force-lockingly connected through an articulating joint with said
      locking wedge means, said first and second toggle levers having a common
      toggle joint articulatingly linked to the other end of said pressure
      medium-responsive member, both of said toggle levers, in released position
      of said locking wedge means, extending stretched out and substantially
      parallel to the operating direction of the machine.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein said force-locking connection
      of said outer end of said second toggle lever with said locking wedge
      means comprises a linkage lever disposed transversely to the operating
      direction of the machine, said linkage lever having one end pivotally
      secured to a fixed bearing location of said slide and another end
      articulating connected to said outer end of said second toggle lever, and
      including an entrainer member connected to said locking wedge means, said
      linkage lever being articulatingly connected, substantially at the middle
      thereof, to said entrainer member.
NUM  12.
PAR  12. Apparatus according to claim 10 wherein one of said first and second
      toggle levers is adjustable in length.
NUM  13.
PAR  13. Apparatus according to claim 9 wherein said displaceable locking wedge
      means comprise a pair of locking wedges located on opposite sides of said
      openable and closable drawing jaw means, said locking wedges having wedge
      surfaces facing away from said drawing jaw means and extending at an
      inclination to the operating direction of the machine, and including
      additional wedge members fixed to said slide and having respective wedge
      surfaces located opposite the wedge surfaces of said locking wedges, and
      roller means interposed between the opposing wedge surfaces of said
      locking wedges and said fixed wedge members for guiding said locking
      wedges.
NUM  14.
PAR  14. Apparatus according to claim 9 wherein said blocking means are
      coordinated with said track means, and said control means comprises a
      pressure medium-responsive member cooperating with said blocking means so
      as to be displaceable at most over part of a full displacement range
      thereof along said section of said track means, said drawing jaw means
      being maintained in open condition during displacement of said pressure
      medium-responsive member over said part of said full displacement range.
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ABST
PAL  A louver cutter comprising a body having a pair of spaced arms, the lower
      arm defining a base and the upper arm overlying the base. A lower die pad
      is rotatably mounted on the base for rotation about a vertical axis and is
      lockable in any adjusted position. A lower die block is fastened to the
      lower die pad such that the lower die pad has a portion projecting
      upwardly and spaced from the lower die block. A piston is slidable for
      vertical movement in said upper arm and means are provided for moving the
      piston toward and away from the lower die block. An upper die block is
      mounted on the piston and has an opening into which the piston extends. A
      fastener holds the upper die block on the piston. The upper die block has
      a vertical surface and a horizontal surface engaging the vertical and
      horizontal surfaces of a cutter blade. A resilient pad on the underside of
      said upper die block is adapted to engage the upwardly extending portion
      of said lower die pad during the final movement of the blade downwardly
      adjacent in cooperative relation with the lower die block.
BSUM
PAR  This invention relates to louver cutters.
PAC  BACKGROUND OF THE INVENTION
PAR  It has heretofore been suggested that louvers can be formed in aluminum
      sheet or siding material by moving a cutting blade into engagement with a
      die in a portable device. Such a device is shown, for example, in U.S.
      Pat. No. 3,717,022, issued Feb. 20, 1973.
PAR  Among the objects of the present invention are to provide an improved
      louver forming device which will effectively hold the cutting blade;
      wherein the cutting blade may be readily removed and replaced; wherein the
      cost of the device is substantially reduced; and which will produce louver
      openings in diverse pieces of material.
PAC  SUMMARY OF THE INVENTION
PAR  The louver cutter embodying the invention comprises a body having a pair of
      spaced arms, the lower arm defining a base and the upper arm overlying the
      base. A lower die pad is rotatably mounted on said base for rotation about
      a vertical axis, and is lockable in any adjusted position. A lower die
      block is fastened to the lower die pad such that the lower die pad has a
      portion projecting upwardly and spaced from the lower die block. A piston
      is slidable for vertical movement in the upper arm and means are provided
      for moving the piston toward and away from the lower die block. An upper
      die block is mounted on the piston and has an opening into which the
      piston extends. A fastener holds the upper die block on the piston. The
      cutter blade comprises planar contacting surfaces and a base surface. The
      upper die block has a vertical surface and a horizontal surface engaging
      the vertical and horizontal surfaces of the blade. The opening in the
      upper die block extends through to expose a portion of the piston and the
      piston has vertical and horizontal surfaces complementary to the vertical
      and horizontal surfaces of the die block for engaging portions of the
      vertical and horizontal surfaces of the blade to align the blade and hold
      it firmly.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a part sectional side elevational view of a device embodying the
      invention.
PAR  FIG. 2 is a sectional view taken along the line 2--2 in FIG. 1.
PAR  FIG. 3 is a fragmentary view taken along the line 3--3 in FIG. 2.
PAR  FIG. 4 is a side elevational view of a part of the device.
PAR  FIG. 5 is a fragmentary sectional view taken along the line 5--5 in FIG. 2.
PAR  FIG. 6 is a side elevational view of another part.
PAR  FIG. 7 is a front elevational view of another part.
PAR  FIG. 8 is a fragmentary view of a louver formed by the apparatus embodying
      the invention.
DETD
PAC  DESCRIPTION
PAR  Referring to FIG. 1, the louver forming device 10 embodying the invention
      comprises a body 11 which is preferably formed by a casting and has a
      C-shaped configuration. The body 11 includes a lower arm 12 and an
      overlying upper arm 13. The lower arm 12 forms a base whereby the device
      can be rested on a work surface and has a flat upper surface 13a on which
      a lower die pad 14 is rotatably mounted. Lower die pad 14 is generally
      L-shaped and includes a flat undersurface engaging the surface 13a. The
      die pad 14 is preferably formed as an extrusion and a pivot pin 15 is
      fastened thereto by a screw 16 and extends through an opening 17 in lower
      arm 12 to rotatably mount the pad on the lower arm 12. A steel die block
      18 is fixed by screws 19 to the forward portion of the lower die pad 14 to
      define an edge 20 that cooperates with a cutting blade, as presently
      described. The openings into which screws 19 extend may be larger than the
      screws to permit some adjustment of the die block 18 with respect to the
      die pad 14.
PAR  The rear portion 21 of the lower die pad is spaced from the lower die block
      18 and extends upwardly the same distance to provide a support for the
      workpiece or sheet of material which is to be formed with louver openings.
      The upper surface of the rear portion 21 also serves as an anvil for
      clamping the sheet, as presently described.
PAR  The upper arm 13 has a piston 22 slidably mounted in a vertical opening 23
      therein. The piston is urged upwardly by a spring 24 interposed between a
      shoulder 25 and a snap ring 26 that extends into a groove 27 (FIG. 6). The
      piston, being yieldingly urged upwardly, engages an eccentric 28 that is
      pivoted to the upper arm 13 by an axle 29. A handle 30 is provided for
      rotating the eccentric 28. By oscillating the eccentric 28, the piston 22
      is moved upwardly and downwardly.
PAR  In order that the piston and, in turn, the cutting blade that is mounted
      thereon may be indexed angularly to accommodate various configurations of
      sheets of material, grooves 31 are provided in angularly spaced relation
      on the periphery thereof and extend axially of the piston. A spring-loaded
      plunger 32 engages selectively the grooves in the piston 22 to hold the
      piston in any angularly adjusted position.
PAR  The lower end of the piston extends into an opening 34 in an upper die
      block 35. The upper die block 35 includes vertical and horizontal surfaces
      36, 37 which are engaged by complementary vertical and horizontal surfaces
      on a knife or cutter blade 40. The opening 34 extends downwardly below the
      surface 37 and the piston is also provided with surfaces 38, 39 that are
      complementary and coplanar, respectively, with surfaces 36, 37 to define a
      seat for the blade. The blade thus engages both the upper die block and
      the piston 22. A screw 41 is threaded into the lower end of the piston 22
      to hold the upper die block 35 on the piston 22. Screws 42 hold the blade
      in position on the upper die block 35 and piston 22. In order to replace
      the blade, the screws are merely loosened and the blade is removed and
      replaced without affecting the relationship between the upper die block 35
      and the piston.
PAR  A resilient pad 43 of rubber or the like is provided on the undersurface of
      the upper die block 35 in spaced relation to the cutting edge of the blade
      40.
PAR  Upon operation of the handle, the eccentric cam 28 forces the piston
      downwardly moving the blade 40 toward the edge 20 to slit a sheet of
      material placed in position. Continued downward movement of the piston
      causes the pad 43 to clamp the sheet material against the upper surface of
      the portion 21 of the lower die pad 14 so that continued movement of the
      blade will deform the metal into a manner of a louver opening which has
      curved end portions as shown in FIG. 8. Although a rubber pad is
      preferred, satisfactory results can be achieved if a portion of the upper
      die block extends downwardly to clamp the sheet and also deform the
      portion between the clamped portion and slit portion downwardly to form
      the louver.
PAR  In order to assist in accurate forming of successive openings, a guide
      device can be provided and comprises guide rails 50 which are fastened to
      the lower die pad and connected at their ends by a cross bar 51. The guide
      rails include upwardly extending projections 52. As one louver opening is
      completed, the sheet is indexed bringing the nailing edge or lip of the
      sheet into register with successive spaces between the projections 52
      thereby assisting in proper alignment.
PAR  It can thus be seen that since the blade is mounted in complementary
      relationship to both the piston and the upper die block, it is held firmly
      and yet can be readily replaced with minimum dis-assembly. Although both
      vertical surfaces 36, 38 and horizontal surfaces 37, 39 are preferred,
      satisfactory results can be achieved by providing only coplanar surfaces
      36, 38 on the upper die block against which the blade 40 is clamped. The
      latter construction permits vertical alignment of the blade where
      tolerances are not maintained.
PAR  Since the upper die blcok and lower die pad are made of aluminum
      extrusions, they can be economically produced from continuous lengths of
      material.
CLMS
STM  We claim:
NUM  1.
PAR  1. A louver cutter comprising
PA1  a body having a pair of spaced arms,
PA1  the lower arm defining a base and the upper arm overlying the base,
PA1  a lower die pad,
PA1  means for rotatably mounting said lower die pad on said base for rotation
      about a vertical axis,
PA1  means for locking said lower die pad in any adjusted position,
PA1  a lower die block,
PA1  means for fastening said lower die block on said lower die pad such that
      the lower die pad has a portion projecting upwardly and spaced from the
      lower die block,
PA1  a cylindrical piston slidable for vertical movement in said upper arm and
      selectively indexable in said upper arm,
PA1  means for moving said piston toward and away from said lower die block,
PA1  an upper die block,
PA1  said upper die block comprising an opening therein into which said piston
      extends,
PA1  said opening having a substantially closed bottom,
PA1  the end of said piston abutting the bottom of said opening,
PA1  and fastener means for releasably holding said upper die block on said
      piston,
PA1  a cutter blade,
PA1  said cutter blade having a contacting surface,
PA1  said upper die block having a complementary surface engaging said surface
      of said blade,
PA1  said upper die blcok having a portion thereof cut away to define an opening
      to expose a portion of said piston,
PA1  said piston having a surface complementary and aligned with the related
      surface of said die block is engaged by said surface of said blade through
      said opening in said upper die block,
PA1  and fastener means for releasably holding said blade on said upper die
      block and, in turn, holding said die block against rotation with respect
      to said piston.
NUM  2.
PAR  2. The combination set forth in claim 1 including a pad on the underside of
      the closed end of said upper die block and adapted to engage the upwardly
      extending portion of said lower die pad during the final movement of the
      knife downwardly in cooperative relation with the lower die block.
NUM  3.
PAR  3. A louver cutter comprising
PA1  a body having a pair of spaced arms,
PA1  the lower arm defining a base and the upper arm overlying the base,
PA1  a lower die pad,
PA1  means for rotatably mounting said lower die pad on said base for rotation
      about a vertical axis,
PA1  means for locking said lower die pad in any adjusted position,
PA1  a lower die block,
PA1  means for fastening said lower die block on said lower die pad such that
      the lower die pad has a portion projecting upwardly and spaced from the
      lower die block,
PA1  a cylindrical piston slidable for vertical movement in said upper arm and
      selectively indexable in said upper arm,
PA1  means for moving said piston toward and away from said lower die block,
PA1  an upper die block,
PA1  said upper die block on said piston comprising an opening therein into
      which said piston extends,
PA1  said opening having a substantially closed bottom,
PA1  the end of said piston abutting the bottom of said opening,
PA1  and fastener means for holding said lower die block on said piston,
PA1  a cutter blade,
PA1  said cutter blade having planar angularly related contacting surfaces at a
      right angle to one another,
PA1  said upper die block having angularly related surfaces engaging said
      surfaces of said blade,
PA1  said upper die block having a portion thereof cut away to define an opening
      to expose a portion of said piston,
PA1  said piston having angularly related surfaces complementary and coplanar to
      the angularly related surfaces of said die block engaging said angularly
      related surfaces of said blade through said opening in said upper die
      block,
PA1  and fastener means for releasably holding said blade on said upper die
      block and, in turn, holding said die block against rotation with respect
      to said piston.
NUM  4.
PAR  4. The combination set forth in claim 3 including a resilient pad on the
      underside of said upper die block and adapted to engage the upwardly
      extending portion of said lower die pad during the final movement of the
      knife downwardly in cooperative relation with the lower die block.
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ABST
PAL  Apparatus for piercing and coining a metal workpiece is provided. The
      apparatus includes a punch and a back-up die which accomplish the
      piercing, and a coining die located around the punch and movable with
      respect thereto to accomplish the coining. The punch and coining die are
      driven by a hydraulic ram which enables the overall apparatus to be
      relatively compact as compared to most heavy-duty dies and is adaptable
      for use at a station in a machine which also performs other operations on
      the workpiece. The workpiece is held precisely in position by a plurality
      of locators including adjustable fingers which contact and position the
      workpiece.
BSUM
PAR  This invention relates to apparatus for piercing and coining a workpiece.
PAR  The apparatus according to the invention includes a piercing die or punch
      around which is a coining die so that the piercing and coining operations
      are accomplished with one stroke. The dies are driven by a hydraulic ram
      connected directly thereto so that the overall piercing and coining
      apparatus is relatively compact, especially when compared with the large
      floor-mounted dies heretofore used to operate on relatively thick metal
      workpieces. The compact size of the apparatus enables it to be
      incorporated into a single overall machine which also performs other
      operations on the workpiece with the dies being mounted for horizontal
      movement and capable of operating on an automatically-fed workpiece.
PAR  The apparatus also includes means for locating the workpiece relative to
      the punch and coining die more accurately. Each locator includes a
      supporting shank and a locating finger carried thereby which can be
      adjusted so as to precisely fit with the desired surface of the workpiece
      to be located. The adjustable finger requires a minimum amount of
      machining or "barbering" of the surface of the finger which is to be
      engaged with the workpiece.
PAR  It is, therefore, a principal object of the invention to provide improved
      apparatus for piercing and coining metal workpieces.
DRWD
PAR  Many other objects and advantages of the invention will be apparent from
      the following detailed description of a preferred embodiment thereof,
      reference being made to the accompanying drawings, in which:
PAR  FIG. 1 is a somewhat schematic side view, with most of the parts broken
      away and shown in central, longitudinal cross section, of apparatus
      embodying the invention;
PAR  FIG. 2 is a fragmentary, enlarged, detail view of a portion of the
      apparatus of FIG. 1;
PAR  FIG. 3 is a fragmentary plan view of the apparatus of FIG. 1 which is shown
      in section; and
PAR  FIG. 4 is a view in perspective of a locator for the workpiece used with
      the apparatus of FIGS. 1-3.
DETD
PAR  Referring to the drawings, piercing and coining apparatus indicated at 10
      includes a main frame 12 comprising a bottom plate 14 and two thick,
      vertically-extending plates 16. The frame supports a workpiece platform or
      table 18, a back-up die support 20, a ram bushing base 22, and a hydraulic
      cylinder mounting block 24. The support 20 holds a female or back-up die
      26 having an annular supporting surface 28 (FIG. 2) for a workpiece 30 and
      having a central passage 32 of circular cross section. The workpiece 30 is
      shown in the form of a heavy-duty compressor housing and includes a side
      wall 34, an end wall 36, and a flange 38.
PAR  On the side of the workpiece opposite the back-up die 26 is a punch 40
      which forms a circular hole 42 in the side wall 34 when it is forced
      through the wall and into the passage 32 of the back-up die 26. A shedder
      pin 44 is located centrally in the punch 40 and is backed up by a spring
      46. The shedder pin strips the slug from the side wall 34 when the hole 42
      is formed. The punch 40 is located in a recess 48 of a ram 50 and is held
      in the recess by a suitable retaining screw 52. The ram 50 is slidably
      supported in a large bushing 54 which is located between the base 22 and
      an upper supporting block 56 in front of the mounting block 24.
PAR  The ram 50 has a rearwardly-extending shank 58 which is connected into a
      piston rod 60 extending forwardly from a hydraulic cylinder 62 comprising
      a cylindrical housing 64, a forward end cap 66, and a rear end cap 68.
      These are held together by threaded rods 70 and nuts 72. The rods 70 also
      extend through the mounting block 24 and are held by nuts 74 to support
      the hydraulic cylinder 62 from the mounting block 24.
PAR  The ram shank 58 is connected to the piston rod 60 by a self-aligning
      coupling indicated at 76. The coupling includes a threaded bushing 78
      having a threaded portion 80 and a flange 82 with a central bore 84 which
      is slightly larger than the shank 58. The shank 58 has a threaded end 86
      on which is threaded a sleeve 88 which is held by a pin 90. The sleeve 88
      thereby holds the bushing 78 on the shank 58. The piston rod 60 has a
      large recess 92 with internal threads 94 into which the bushing 78 is
      threaded, being turned by a spanner wrench or the like engaged in recesses
      96 in the flange 82 of the bushing. With this arrangement, the ram 50 can
      be securely fastened to the piston rod 60 and yet the coupling 76 enables
      smooth operation of the ram 50 even if the piston rod and the ram are
      misaligned by as much as 0.010 inch.
PAR  As shown particularly in FIGS. 1 and 2, a coining die 98 is located around
      the punch 40, having a central bore 100 through which the punch 40
      extends. The coining die 98 has a forwardly-extending annular ridge 102
      which performs the coining operation on the side wall 34 around the hole
      42 formed therein by the pucch 40. The coining die 98 is mounted in a
      forward stripper bar 104 (also FIG. 3) and preferably extends slightly
      beyond the rear surface of the bar 104 so as to be directly engagable by
      the front face of the ram 50. The stripper bar 104 is located forwardly of
      a rear stripper bar 106 having a central web portion 108 which extends
      through slots 110 in the bushing 54 and also extends centrally through a
      passage 112 in the ram 50 as to move therewith. Outer enlarged end
      portions 114 and 116 of the stripper bars 104 and 106 are connected by
      rods 118 which are affixed to the portions 114 of the forward stripper bar
      104 and extend through passages 120 of the enlarged portions 116 of the
      rear stripper bar 106. The rods 118 have heads 122 which abut the rear
      surfaces of the bar 106 when the bars 104 and 106 are in their maximum
      spaced positions. The bars are urged apart by heavy compression springs
      124 and 126.
PAR  The compressor housing or workpiece 30 is precisely located relative to the
      punch and dies by four locators 128 at appropriate positions around the
      platform 18 to precisely position the housing when it is inserted
      thereover. Each of the locators includes a base 130 (FIG. 4) and an
      upright post 132 and are all basically the same. However, each is of a
      particular shape to accurately fit with a particular portion of the
      housing 30 so as to precisely position it for the piercing and coining
      operation. Heretofore, a contoured surface 134 on the post 132 had to be
      precisely formed to properly fit with the inner surface of the housing 30.
      This operation, known as "barbering" or "shaving", required considerable
      time to produce the proper contour. However, the locator 128 has the
      surface 134 adjustable so as to reduce the fitting time from as much as
      two days to as little as five minutes. To accomplish this, the contoured
      surface 134 is provided on an adjustable finger 136 having its upper end
      connected by a structurally-integral web 138 to an upright shank 140. In
      practice, the finger 136, the web 138, and the shank 140 are formed from
      the post 132 by producing a slot 142 therein, the upper end of which is
      rounded to prevent cracking, and by cutting off the lower end of the
      finger 136 above the base 130. The shank 140 has a threaded bore formed
      therein which receives an adjusting screw 144. The adjusting screw 144
      extends through the shank and abuts the rear surface of the finger 136, as
      shown in FIG. 1. By turning the screw 144 in, the spacing of the shank 140
      and the finger 136 can be increased; by turning the screw 144 out, the
      spacing can be decreased up to the normal unstressed thickness of the slot
      142. The screw thereby can be turned to adjust the position of the finger
      136 to control the position of the contoured surface 136 so that minimum
      shaving or machining is required to provide the ultimate shape therefor.
PAR  In the operation of the apparatus 10, the housing 30 is placed over the
      locators 128 in the desired position. With the piston rod 60 fully
      retracted, the punch 40 will be spaced from the side wall 34 of the
      workpiece 30 and the coining die 98 will also be spaced from the side wall
      34 with the forward surface thereof in front of the forward end of the
      punch 40. When fluid is supplied to the blind end of the cylinder 62, the
      piston rod 60 will move forwardly, with the punch and the coining die
      retaining their positions until the annular ridge 102 of the coining die
      98 contacts the outer surface of the side wall 34. Further, movement of
      the piston rod 60 and the ram 50 then causes the springs 124 and 126 to
      compress so that the coining die retains its position against the surface
      34 but the punch 40 is moved forwardly and through the surface to form the
      hole 42 by virtue of the direct force thereon by the ram 50.
PAR  When the forward end of the ram 50 engages the rear surface of the coining
      die 98 behind the bar 104, it also applies a direct force to the coining
      die 98 agaist the side wall 34 to form the coined annular area around the
      hole 42. This force continues until the pressure in the blind end of the
      cylinder 62 reaches a particular maximum. A pressure switch 146 (FIG. 1)
      then actuates a four-way valve 148 to reverse flow and direct hydraulic
      fluid from a supply line 150 to the rod end of the cylinder 62 to retract
      the ram 50. By this time, the shedder pin 44 will have ejected the slug
      from the side wall into the passage 32 of the back-up die 26.
PAR  As the ram 50 retracts, it directly retracts the punch 40. However, the
      coining die 98 stays in position by virtue of the force of the springs 124
      and 126, even though the force of the springs diminishes. When the heads
      122 of the connecting rods 118 abut the rear surface of the enlarged
      portions 116 of the rear stripper bar 106, the forward stripper bar 104
      will then retract, along with the coining die 98. By this time, the punch
      40 will have been completely withdrawn from the side wall 34 of the
      housing 30. After full retraction, the housing 30 is removed, another
      positioned on the locators 128, and the cycle repeated.
PAR  Various modifications of the above-described embodiment of the invention
      will be apparent to those skilled in the art and it is to be understood
      that such modifications can be made without departing from the scope of
      the invention, if they are within the spirit and the tenor of the
      accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for piercing and coining a workpiece comprising a main frame,
      means on said frame for locating the workpiece, a back-up die, means for
      supporting said die on said frame on one side of the workpiece, a ram on
      the other side of the workpiece, a punch carried by said ram and extending
      toward the workpiece, a coining die in front of said ram and positioned
      around a portion of said punch, a shedder pin carried centrally in said
      punch and extending forwardly thereof, means for resiliently connecting
      said ram and said coining die, said coining die being spaced from said ram
      prior to said coining die contacting the workpiece and means for moving
      said ram toward and away from the workpiece.
NUM  2.
PAR  2. Apparatus according to claim 1 characterized by said means for locating
      the workpiece comprises an upright shank, means forming a contour surface
      adjacent said shank and yieldably connected to said shank, and means for
      adjusting said contour means relative to said shank.
NUM  3.
PAR  3. Apparatus according to claim 2 characterized by said shank and said
      contoured surface means being connected at the upper ends thereof.
NUM  4.
PAR  4. Apparatus according to claim 3 characterized by said adjusting means
      comprises a screw threadably mounted in said shank and having an end
      engagable with said contour surface means.
NUM  5.
PAR  5. Apparatus according to claim 1 characterized by said moving means for
      said ram comprises a hydraulic cylinder carried by said frame and a piston
      rod extending forwardly of said cylinder and connected to said ram.
NUM  6.
PAR  6. Apparatus according to claim 5 characterized by said piston rod being
      connected to said ram by a self-aligning coupling.
NUM  7.
PAR  7. Apparatus for piercing and coining a metal workpiece comprising a main
      frame, means carried by said frame for locating the workpiece, a back-up
      die, means for supporting said back-up die on one side of the workpiece, a
      ram, bushing means slidably carrying said ram for movement toward and away
      from said back-up die on the side of the workpiece opposite said back-up
      die, a punch affixed to said ram and directed toward said back-up die,
      said punch being movable by said ram through the workpiece and into said
      back-up die, a coining die having a bore through which said punch extends,
      a first bar in which said coining die is affixed, said bar being located
      in front of said ram and extending to the sides thereof, said ram being
      effective to move said coining die against the workpiece when said ram has
      moved a distance toward the workpiece, a second bar carried by said ram
      and movable therewith, resilient means connected between said first bar
      and said second bar and effective to maintain said coining die against the
      workpiece around said punch as said ram is retracted from the workpiece, a
      hydraulic cylinder carried by said frame, a piston rod extending from said
      cylinder and connected to said ram, means for supplying hydraulic fluid
      under pressure to both ends of said cylinder, and pressure-sensing means
      for changing the supply of fluid from the blind end of said cylinder to
      the rod end thereof when the pressure of the fluid at the blind end
      reaches a pre-set value.
NUM  8.
PAR  8. Apparatus according to claim 7 characterized by a self-aligning coupling
      connecting said piston rod and said ram.
NUM  9.
PAR  9. Apparatus according to claim 7 characterized by at least one connecting
      rod connecting said first bar and said second bar to limit the distance
      between said first bar and said second bar and to cause said second bar to
      retract said first bar after said ram has moved a distance away from the
      workpiece.
NUM  10.
PAR  10. Apparatus according to claim 7 characterized by said means carried by
      said frame for locating the workpiece comprises an upright shank, a finger
      having a contoured surface connected at an end portion to said shank, and
      means for moving said finger toward and away from said shank.
PATN
WKU  039437469
SRC  5
APN  5067294
APT  1
ART  321
APD  19740917
TTL  Automatic aligning process and aligning press having a single aligning
      station
ISD  19760316
NCL  12
ECL  1
EXA  Duzan; James R.
EXP  Mehr; Milton S.
NDR  4
NFG  4
INVT
NAM  Eitel; Hans-Georg
CTY  Ettlingen
CNT  DT
INVT
NAM  Morlock; Waldemar
CTY  Karlsruhe-Rintheim
CNT  DT
INVT
NAM  Ruf; Dieter
CTY  Karlsruhe
CNT  DT
ASSG
NAM  Eitel KG., Werkzeugmaschinenfabrik
CTY  Karlsruhe
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730917
APN  2346797
CLAS
OCL   72384
XCL   72  7
XCL   72 12
XCL   72389
XCL   72702
EDF  2
ICL  B21D 1702
FSC   72
FSS  10;11;12;7;380;389;702;30;384
FSC   29
FSS  6
UREF
PNO  3459018
ISD  19690800
NAM  Miller
OCL   72 14
UREF
PNO  3481170
ISD  19691200
NAM  Galdabini
OCL   72 11
UREF
PNO  3713312
ISD  19730100
NAM  Galdabini
OCL   72389
FREF
PNO  1,061,156
ISD  19590700
CNT  DT
FREF
PNO  1,169,256
ISD  19640400
CNT  DT
LREP
FRM  Finnegan, Henderson, Farabow & Garrett
ABST
PAL  Method and apparatus for automatically straightening elongated and at least
      partly rotationally symmetrical workpieces by applying a sequence of
      straightening strokes to a workpiece at one straightening station to
      counteract a deformation until the measured instantaneous values of the
      deformation fall within a predetermined deformation tolerance. The depth
      of the straightening strokes is determined by the difference between the
      measured instantaneous values of the deformation and the mean of the
      maximum and minimum values of the deformation.
BSUM
PAR  The invention relates to a process for the automatic straightening or
      alignment of elongated, and at least partly rotationally symmetrical
      workpieces, wherein a sequence of straightening strokes is applied to the
      workpiece in an aligning or straightening station, in a direction opposite
      to its original bending or deformation, after the deformation of the
      workpiece has been detected. The depth of the straightening stroke is
      varied in dependence on the measured instantaneous value of the
      deformation until the value falls below a predetermined or deformation
      alignment tolerance. The invention also relates to an automatic aligning
      or straightening machine having one straightening station, for carrying
      out the aforesaid process.
PAR  The straightening of elongated and at least partly rotationally symmetrical
      workpieces, such as shafts, for example, axle shafts, gearshafts,
      camshafts, crankshafts, or the like, and also bolts, axles, spindles,
      tubes, or the like, which as the result of heat treatment or of machining
      or non-cutting processing undergo deformation (i.e. in particular a
      deviation from the strictly straight shape transverse to the central axis
      of the workpiece), has hitherto been effected mainly in hand-operated
      aligning presses. Such a press is shown in German Patent Specification No.
      1,169,256.
PAR  A method of aligning or straightening elongated workpieces is disclosed by
      German Specification No. 1,627,511, in which at a single straightening
      station a sequence of shaping operations is applied to the workpiece to
      counteract its original deformation or sag. The workpiece is subjected to
      a first working stroke which deforms the workpiece beyond the completely
      straight shape, the excess deformation corresponding approximately to the
      elastic deflection Fp which can be applied to the workpiece without any
      part thereof exceeding the elastic limit and passing into the plastic
      range. After this step, the deforming force is removed and the remaining
      eccentricity E1 is measured. A second working stroke follows for the
      purpose of effecting, beyond the completely straight position, a
      deflection which is equal to Fp + E1, whereupon once again the deforming
      force is removed and the eccentricity E2 now remaining is measured.
      Further working strokes are performed in order to bring about a deflection
      Fp + E1 + E2 etc., until the remaining deviation En is below a determined
      value. According to an alternative this process can be simplified, with
      some sacrifice of accuracy, by assuming a constant average value for E1,
      E2, and E3.
PAR  For the method described above there is also shown a straightening press
      having one straightening station (in the same German Specification
      1,627,511. The press has a press piston with an adjustable working stroke,
      supporting devices for the workpiece and at least one device for measuring
      or recording the deformation or deflection of the workpiece. A control
      device is provided which in a first deforming operation brings about a
      deformation or deflection of the workpiece undergoing straightening, this
      deformation or deflection exceeding the zero deflection position by the
      extent of the elastic deflection. The control device also ensures that in
      the subsequent deformation or working operations a deflection occurs which
      in every case is equal to deviation from the zero line which still exists
      at the end of the preceding operation, plus the elastic deviation. For
      this purpose there is also provided an electronic programming device to
      which the value of the elastic deviation and that of the deviation
      permissible at the end of the straightening operation can be fed, together
      with signal connections between the programming device, the device for
      measuring or recording the deflection, and the electrohydraulic power
      device for the straightening press, the control device producing a control
      or operating signal for the deformation or working operation which is to
      be carried out by the straightening press on each occasion. The measuring
      device is mounted rigidly on the table of the straightening press as can
      be seen in the drawing of German Specification No. 1,627,511. In a
      practical construction of this straightening press (see G.B. publication
      "Machinery and Production Engineering," May 10, 1972, page 18) an aligning
      carriage travels in the axial direction of the workpiece to a loading and
      unloading station, for the purpose of changing the workpiece. This
      carriage must also move from one straightening station to another.
PAR  Automation of the straightening process described cannot be achieved
      satisfactorily.
PAR  1. The value of the elastic deflection or deformation which is to be fed to
      the programming device must in fact be determined empirically. This gives
      rise to difficulties, since this elastic deflection depends on the
      material of the workpiece, on the resistance and moment of inertia of the
      workpiece at the respective straightening station, and on the distance
      between supports holding the workpiece during the straightening operation.
PAR  The need for the operator of the press to determine the value of the
      elastic deflection is particularly disadvantageous when the straightening
      press must be frequently reset for different workpieces. However, even for
      a large number of identical workpieces at the same straightening station
      the elastic deflection is not constant, but varies because of variations
      in the material, in the heat treatment, or in other preparatory treatment.
PAR  2. In order to avoid overbending, that is, excessive deflection to a bend
      of the workpiece with the opposite sign, in the first working stroke of
      the straightening press, the value of the elastic deflection which is to
      be fed to the programming device must be kept so low that overbending will
      not occur even in the most unfavorable case. This in turn, however, is
      disadvantageous in the series production of workpieces because the number
      of working strokes and consequently the straightening time must be
      increased.
PAR  3. A large number of working strokes are necessary, since even in the final
      phase of the straightening operation the increases of stroke depth become
      increasingly small.
PAR  4. Since the measuring device is mounted rigidly on the table of the
      straightening press, thermal or mechanical variations or wear of the
      workpiece support, of the press table, and/or of the straightening punch
      impair the accuracy of the straightening operation, that is to say the
      operator must often readjust the measuring device.
PAR  5. Because the workpiece is advanced and removed axially, relatively long
      pauses occur between the straightening of successive workpieces, which is
      particularly detrimental in series production (for example in motor
      vehicle construction).
PAR  Recently the inventor of the straightening press described above and shown
      in German Specification No. 1,627,511, disclosed another straightening
      press construction based on the same working principle (see U.S. Pat. No.
      3,713,312) in which a first sequence of working strokes of increasing
      depth are separated by a constant increase, whereupon a second series of
      working strokes, likewise of increasing depth, have a constant increase
      which is smaller than in the first series. This construction was intended
      to simplify the control of the press.
PAR  However, this straightening press construction continues to have the same
      disadvantages 1 to 5 set forth above.
PAR  The primary objects of this invention therefore consist in providing an
      automatic straightening process and an automatic straightening press
      having one straightening station for the performance of the said process,
      which are very largely automated, that is, work without elastic deflection
      which has to be determined empirically, and which, particularly through
      the elimination of the determination of the elastic deflection, also have
      a shorter straightening time per workpiece, while the accuracy of the
      straightening press is independent of mechanical and thermal variations in
      the elements applying the straightening force or stroke and in the
      straightening supports, and requires no readjustment.
PAR  According to the invention, the following process steps are carried out:
      for the detection of the deformation, the workpiece performs a full
      revolution, the maximum and minimum values of the deformation thereby
      determined are stored and the mean value is formed from them; thereupon
      the workpiece is further turned and the deformation values now occurring
      are compared with the mean value in order to detect a change of sign of
      the difference between the mean value and the instantaneous values of the
      deformation; after detection of the change of sign the workpiece is
      further turned until any bend of the workpiece points towards the
      straightening force, and then the instantaneous value of the deformation
      is compared with the mean value in such a manner that in the event of the
      aligning or deformation tolerance being exceeded, the first straightening
      stroke is triggered with a depth of stroke such that the element applying
      the straightening force or stroke comes close to or engages the workpiece;
      after the first straightening stroke has been made the instantaneous value
      of the deformation is measured again and compared with the mean value in
      such a manner that if the deformation tolerance is exceeded again, a
      second straightening stroke is made whose depth is increased in relation
      to the first straightening stroke by the amount of the last difference
      measured between the instantaneous value and the mean value of the
      deformation; and straightening strokes then follow with correspondingly
      adjusted depth of stroke until the deviation between the instantaneous
      value and the mean value lies within the deformation tolerance.
PAR  The straightening method of the invention thus does not require the
      determination of any elastic deflection, and the performance of the
      straightening process requires no special knowledge of empirical
      calculations.
PAR  In this process it is advantageous that if a negative sign for the
      difference between the mean value and the instantaneous value of the
      deformation is detected at the same time as the deformation tolerance is
      exceeded, the workpiece is turned with its curvature in the direction of
      the straightening force and the depth of stroke undergoes an adjustable
      first decrease substantially equal to the deformation tolerance.
PAR  According to the invention therefore, and in contrast to the known process,
      overbending is basically harmless to the straightening process.
PAR  In addition, it is preferable for the depth of stroke of the first
      straightening stroke to be substantially equal to the distance between the
      element applying the straightening force or stroke, when in its starting
      position, and the central axis of the workpiece, minus the radius of the
      latter.
PAR  In a further development of the invention, starting from the second or a
      later straightening stroke, the depth of stroke may additionally be
      subjected to an adjustable minimum increase substantially equal to the
      deformation tolerance.
PAR  The provision of a minimum increase provides the advantage that the
      variation of the depth of stroke at the end of the straightening
      operation, that is, for the last straightening strokes, is not too small,
      since otherwise the number of straightening strokes and hence the time
      required for the straightening operation would become relatively great.
PAR  In another development of the invention the rotational speed of the
      workpiece may be adjustable for the purpose of determining the
      deformation. In this way a rotational speed corresponding to the moment of
      inertia of the workpiece can be adjusted.
PAR  If the workpieces to be straightened in succession are identical, it is
      preferable for the depth of stroke of the first straightening stroke for
      any workpiece to be made equal to the depth of stroke of the last
      straightening stroke performed for the immediately preceding straightened
      workpiece.
PAR  In this way an extraordinary shortening of the straightening time is
      achieved, since it can be assumed that the deformation for identical
      workpieces is approximately equal, so that even the first straightening
      stroke for the second and subsequent workpieces largely eliminates the
      deformation. Furthermore, mechanical and thermal variations of the
      elements applying the straightening force or stroke, of the machine
      column, of the straightening supports, and so on, no longer constitute
      sources of error, because the preceding workpiece determines the depth of
      stroke and a variation of these parameters since the straightening of the
      preceding workpiece is obviously extremely small.
PAR  In this way any gradual variations in dimensions which may occur in the
      diameter of various workpieces of a series are also automatically
      compensated, so that the straightening time is not lengthened nor is the
      accuracy of straightening impaired through variations in diameter.
PAR  The automatic straightening method therefore goes through a self-adjusting
      or control process.
PAR  It is obvious that this further development of the invention is of very
      great advantage, particularly in the production of a series of workpieces.
      Thus the straightening process of the invention is particularly suitable
      for automatic aligning or straightening presses used in automatic
      production lines or automated transfer lines.
PAR  However, it may also be advisable in series production for the depth of
      stroke of the first straightening stroke for the workpiece to undergo a
      second adjustable decrease, which is substantially equal to the sum of the
      deformation tolerance and the diameter tolerance of the workpiece.
PAR  This provides the further advantage of avoiding the overbending to the
      workpiece through the first straightening stroke.
PAR  Since in the straightening operation it is not possible to prevent entirely
      an increase of the deformation in another radial direction of the
      workpiece, it is advisable to turn the workpiece another complete
      revolution after it has been found that the deviation between the
      instantaneous value of the deformation and the mean value lies within the
      deformation tolerance, in order to verify whether the difference between
      the mean value and each instantaneous value of the deformation lies within
      the deformation tolerance.
PAR  In addition, after a predetermined straightening time or a predetermined
      deformation has been exceeded it is advisable for the respective workpiece
      to be sorted out or marked.
PAR  In this way a determined cycle time can be maintained when the workpiece is
      processed in an automatic production line, so that optimum use is made of
      the latter and idling of the other machine tools in the production line
      can be prevented.
PAR  In order to reduce the idle machine times during straightening,
      particularly when the process is applied to an automatic production line,
      it is advisable for the workpiece to be supplied and removed transversely
      to its axial direction.
PAR  The automatic aligning press has one straightening station for carrying out
      the method of the invention and is characterised in that workpiece holders
      are provided to clamp the workpiece which are adapted to be raised to a
      measuring position against a fixed stop, for the purpose of measuring the
      deformation, the workpiece holders being rotatable by a motor, and
      adapted, together with the workpiece, to be lowered onto the straightening
      supports before or on the triggering of the next straightening stroke.
PAR  This arrangement provides the advantage that, through the positioning of
      the workpiece holders against the fixed stop, the workpiece is always
      raised into the same measuring position in order to be able to make
      comparative measurements after the straightening strokes. This avoids the
      need to turn the workpiece for the formation of the mean value after each
      straightening stroke with a view to checking the result of the
      straightening operation.
DRWD
PAR  The invention is explained more fully with the aid of the drawing, in
      which:
PAR  FIGS. 1 to 3 are respectively a front view, a side view, and a plan view of
      one example of an automatic straightening press in accordance with the
      invention, and
PAR  FIG. 4 is a block circuit diagram of an example of the control part of the
      automatic press.
DETD
PAR  The example illustrated has a C-shaped column 1, which has an aligning ram
      2 with a straightening punch 3. The punch 3 can be brought hydraulically,
      by action of the aligning ram 2, into engagement with a workpiece 4.
      Workpiece 4, during the actual aligning operation, that is, during the
      operation of the straightening punch 3, rests on two straightening
      supports 5 and in addition lies between two workpiece holders in the form
      of centre sleeves or centre holders 6. The holders 6 are rotatable by
      means of a motor 103 (see FIG. 4) and can lift the workpiece 4 into a
      measuring position against a stop 104 (diagrammatically indicated in FIG.
      4) by use of a lifting cylinder (not shown), while a measuring device 7
      measures the deformation of the workpiece 4 as the latter is rotated by
      the centre sleeves 6.
PAR  A series of workpieces 4, 4', 4" (see FIG. 2) are fed transversely to their
      axes by means of a step by step workpiece transport device 14 from a
      loading station. On completion of the straightening operation the
      workpieces are discharged longitudinally in relation to their axes from a
      delivery station by means of a chute 8. Preferably, predetermined
      straightening time is not to be exceeded. Any workpieces 4 which have not
      been completely straightened on the expiration of this straightening time
      are discharged into a container 9 for incompletely straightened
      workpieces; otherwise the straightened workpieces pass into a container 10
      for properly straightened workpieces.
PAR  It can be seen that the feeding and discharge of the workpieces 4, 4', 4"
      perpendicularly to their axes, instead of in the direction of their axes,
      entails only a very short loss of time for the exchange of workpieces, so
      that the automatic straightening press is particularly suitable for
      automated transfer lines with a short cycle time.
PAR  The automatic straightening press is particularly suitable for use with a
      production line. The process starts as soon as a workpiece is brought into
      the straightening station. It is advantageous for the straightening time
      to be restricted by means of an adjustable straightening time limiting
      unit 145 (see FIG. 4), in order to maintain a predetermined cycle time,
      since, through surface defects or non-circularity of individual
      workpieces, such as shafts, excessively long straightening times may
      arise. In the event of the straightening time being exceeded, this
      workpiece is separated or marked.
PAR  As here embodied, the press has a cable conduit 11, cabinet 12 connects the
      straightening press to a switch cabinet 12. Cabinet 12 contains the
      electronic control unit (see FIG. 4) of the straightening press.
PAR  The construction of the electronic control part is shown in simplified
      manner in FIG. 4, with the various parts clearly marked in the figure.
PAR  The straightening press works in the following manner:
PAR  The measuring device 7 is situated on the press bed under the straightening
      punch 3. A measuring lever 13 senses the workpiece 4 during its rotation
      by the motor 103 controlled by the control panel 130 and transmits the
      measurements to a measurement recorder (not separately shown) which is
      contained in the measuring device 7. The maximum value and the minimum
      value of the deformation are stored in stores 110 and 111 (see FIG. 4),
      and the arithmetic mean is calculated by addition followed by division by
      two in a mean value former 115 (see FIG. 4). This mean value is
      continuously compared in a first comparator 120 (see FIG. 4) with the
      instantaneous value of the deformation. As soon as this difference is zero
      and its sign changes from minus to plus, the motor 103 turns the centre
      sleeves 6 and consequently the workpiece 4 a further 90.degree. under the
      command of an angular displacement transmitter 125 operated by the first
      comparator 120, so that the bend of the workpiece faces upwards towards
      the straightening punch 3. In this position the difference between the
      instantaneous value and the mean value of the deformation is determined in
      the first comparator 120 and then compared in a tolerance comparator 135
      with a deformation tolerance fed in from the control panel 130. If the
      difference is greater than the deformation tolerance, a straightening
      operation is carried out. That is, the tolerance comparator 135 gives the
      appropriate order for the adjustment of the depth of stroke, in accordance
      with the measured difference, to an adjusting signal transmitter 150, to
      which, if desired, data regarding minimum stroke increase or stroke
      decrease can also be given from the control panel 130. The control signal
      transmitter 150 in turn controls an electrohydraulic drive 102 for the
      straightening cylinder 101.
PAR  The electrohydraulic drive 102 has an electric adjusting drive (not shown),
      which is operated directly by the adjusting signal transmitter 150 and in
      turn controls through a control member (not shown) a control slide valve
      (not shown) which adjusts the flow of pressure medium for the operation of
      ram 2 in cylinder 101. At the end of the straightening stroke the flow of
      pressure medium is interrupted by means of a switch stop moving in
      synchronism with the ram and consequently with punch 3. This switch stop
      returns the control slide valve to the starting position by way of the
      control member and thereby halts the punch 3. In this connection reference
      is made to the previously mentioned German Patent Specification No.
      1,169,256. Although it shows a manually operated hydraulic aligning press,
      the reference nevertheless has a drive for the aligning ram which is
      substantially the same as the embodiment described here. However, the
      difference in that case is that the control member is adjusted by hand
      whereas in the present case the electric adjusting drive is provided and
      is operated by the adjusting signal transmitter 150.
PAR  After the straightening stroke has been made, the center sleeves 6 are
      again raised to the measuring position against the fixed stop 104, and the
      difference between the instantaneous value and the mean value of the
      deformation is again compared with the deformation tolerance in the
      tolerance comparator 135. If the deviation is still too great, the
      straightening punch 3 must make a deeper stroke. For this purpose the
      adjustment signal transmitter 150, with the aid of the electric adjusting
      drive, adjusts the control member of the control slide valve in the
      electrohydraulic drive 102 in such a manner that the switch stop of the
      straightening punch 3 reaches the control member somewhat later (see also
      the previously mentioned German Patent Specification No. 1,169,256). Thus
      the depth of stroke increases by an amount derived from the residual error
      and any adjustable minimum increase. This may take into account the
      geometrical shape of the workpiece.
PAR  Straightening and increase of stroke are repeated until the deformation is
      within the deformation tolerance. This depth of stroke, which may be less
      the adjustable decrease, is stored in a separate depth of stroke store 155
      in order to ensure that the next identical workpiece will be straightened
      with this depth of stroke if it requires straightening.
PAR  After the tolerance comparator 135 has found that the measurement is
      correct or that a predetermined maximum straightening time fed into the
      straightening time limiting unit 145 from the control panel 130 has
      expired, an end of program is signalled by a workpiece change command
      transmitter 140 (which may also be operated direct from the control panel
      130) which causes the ram 2 and consequently the punch 3 to travel a
      selectable distance upwards in order to permit the transport of the
      workpiece. This also operates the workpiece transport device 14 (indicated
      diagrammatically). At the same time the sleeves 6 fall and release the
      workpiece 4, so that the latter rests freely on the fixed supports 5 for
      further transport.
PAR  For transport purposes all the workpieces 4, 4', 4" (see FIG. 2) are
      advanced one step by the workpiece transport device 14. If within the
      adjusted straightening time the workpiece has been straightened with the
      necessary accuracy, it passes into container 10, otherwise it passes into
      container 9.
PAR  The newly inserted identical workpiece is clamped, raised, etc., as
      previously described, but immediately undergoes a straightening operation
      with the stroke depth value last stored.
PAR  If the comparator 120 should detect overbending after any straightening
      stroke, that is, a negative sign of the difference between the new value
      and the instantaneous value of the deformation of the workpiece, this
      difference is nevertheless transmitted to the tolerance comparator 135. If
      the difference lies within the predetermined deformation tolerance,
      nothing is changed in the process described above. If however the value is
      greater than the deformation tolerance, the tolerance comparator 135 will
      on the one hand transmit through the control panel 130 a decrease signal
      to the adjusting signal transmitter 150, and on the other hand will
      re-start the straightening process, that is, beginning with a full
      revolution of the workpiece and storing in the stores 110 and 111 the
      maximum and minimum value of the deformation thus measured.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for automatically straightening elongated and at least partly
      rotationally symmetrical workpieces, including the application of a
      sequence of straightening strokes to a workpiece at one straightening
      station to counteract a deformation comprising the steps of:
PA1  a. rotating the workpiece through a full revolution;
PA1  b. detecting the maximum value and minimum value of deformation of said
      rotating workpiece;
PA1  c. determining the mean value of the maximum and minimum deformation
      detected;
PA1  d. again rotating the workpiece;
PA1  e. sensing the instantaneous values of deformation during rotation of the
      workpiece;
PA1  f. comparing the instantaneous values of deformation of the rotating
      workpiece with the mean value to detect a change of sign in the difference
      between said mean value and said sensed instantaneous values of
      deformation;
PA1  g. positioning the deformation of said workpiece towards an element
      applying the straightening stroke when said change of sign is detected;
PA1  h. comparing the instantaneous value of the positioned deformation to said
      mean value to determine whether a preset deformation tolerance is
      exceeded;
PA1  i. applying a straightening stroke if said sign is positive and said
      deformation tolerance is exceeded, the first straightening stroke of the
      sequence having a depth of stroke such that the straightening element is
      brought close to or touching the workpiece and a subsequent straightening
      stroke of the sequence having a depth of stroke increased from that of the
      previous straightening stroke by the latest measured difference between
      the instantaneous value of the positioned deformation and the mean value;
      and
PA1  j. repeating steps (h) and (i) until the deformation tolerance is not
      exceeded.
NUM  2.
PAR  2. The process according to claim 1 further including, when the difference
      between the mean value and the instantaneous value of the deformation of
      the workpiece has a negative value and at the same time exceeds the preset
      deformation tolerance, after step (h) the steps of repositioning the
      workpiece for applying the straightening strokes to the deformation;
      decreasing the depth of stroke by an amount substantially equal to the
      preset deformation tolerance; and comparing the instantaneous value of the
      deformation of the repositioned workpiece with the mean value.
NUM  3.
PAR  3. The process according to claim 1, wherein the first straightening stroke
      of the sequence in step (i) has a depth of stroke substantially equal to
      the distance between the element applying the straighening force when said
      element is in its starting position, and the center axis of the workpiece
      minus its radius.
NUM  4.
PAR  4. The process according to claim 1, wherein at the second or a later
      straightening stroke of the sequence in step (i) the depth of stroke is
      subject to a minimum increase substantially equal to the preset
      deformation tolerance.
NUM  5.
PAR  5. The process according to claim 1, wherein the steps of rotating and
      again rotating further includes the step of adjusting the rotational speed
      of the workpiece for the purpose of measuring the deformation.
NUM  6.
PAR  6. The process according to claim 1, wherein, when a succession of
      workpieces to be straightened are identical, said first straightening
      stroke of the sequence in step (i) for any workpiece has a depth of stroke
      equal to the depth of stroke of the last straightening stroke performed on
      the immediately preceding straightened workpiece.
NUM  7.
PAR  7. The process according to claim 6, wherein said first straightening
      stroke of the sequence in step (i) for the respective workpiece has a
      depth of stroke decreased by an amount substantially equal to the sum of
      the preset deformation tolerance and a predetermined tolerance of the
      diameter of the workpiece.
NUM  8.
PAR  8. The process according to claim 1, further including after step (i) the
      steps of rotating the workpiece through a full revolution and comparing
      each instantaneous value of deformation of said rotating workpiece to said
      mean value to determine whether the preset deformation tolerance is
      exceeded.
NUM  9.
PAR  9. The process according to claim 1 further including the step of sorting
      out or marking of a workpiece when a predetermined time or predetermined
      deformation has been exceeded.
NUM  10.
PAR  10. The process according to claim 1 further including the steps of
      supplying to and discharging from said straightening station said
      workpiece transversely to its axial direction.
NUM  11.
PAR  11. An automatic straightening press comprising a single straightening
      station for applying a sequence of straightening strokes to a workpiece to
      counteract a deformation, supports for receiving said workpiece, means for
      applying a straightening stroke to said workpiece, said means being
      automatically actuated for engagement with said workpiece, a drive element
      for providing an adjustable length of stroke to said applying means, a
      device for measuring deformation of said workpiece, means responsive to
      said sensing device for automatically actuating said drive element, a
      fixed stop for positioning said workpiece for measurement of the
      deformation, and holders for said workpiece, said holders being movable
      upwardly to bring said workpiece against said fixed stop, rotatable for
      measurement of said deformation, and movable downwardly to bring said
      workpiece onto said straightening supports for applying a straightening
      stroke.
NUM  12.
PAR  12. An automatic straightening press according to claim 11 further
      comprising a measuring device for determining the distance between said
      means for applying the straightening stroke, in its initial position, and
      the workpiece.
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ABST
PAL  The invention contemplates portable apparatus for use in hot-bending of
      tubular pipe, comprising a rigid triangular frame of connected legs
      wherein a forming-die platform is located near one corner of the frame,
      along with a back-up shoe support at the corner, so that pipe-support and
      bending may commence from said one corner, progressing in the direction of
      one of the adjacent sides of the frame. The bending forces are provided by
      a winch mounted on the same platform and utilizing block and tackle that
      has anchoring reference to one or both of the remaining corners of the
      frame. In a preferred embodiment, the frame legs which define the platform
      corner are truncated into halves, whereby the platform and its adjacent
      leg halves comprise one of two removably securable subassemblies.
BSUM
PAR  This invention relates to apparatus for the hot-bending of tubular pipe and
      in particular to portable apparatus capable of handling steel pipe of
      4-inch and larger diameters, whereby bending operations may be performed
      close to the situs of use.
PAR  At present, steel pipe of the indicated sizes has had to be bent at a shop
      wherein the shop floor or other earth-bound reinforcements or references
      are necessary, to sustain the reaction forces generated in the course of
      bending the pipe. This fact represents a substantial limitation, with
      various disadvantages, not the least of which is the high cost of shipping
      bent pipe, as compared with the cost of shipping straight pipe.
PAR  It is accordingly an object of the invention to provide improved
      pipe-bending apparatus which is portable and which will therefore enable
      bending operations to be performed close to the point of intended use of
      the bent pipe.
PAR  Another object is to provide such apparatus wherein all pipe-bending forces
      are efficiently contained within and by a single rigid frame which
      requires no floor or other earth-bound reference in the generation or
      application of pipe-bending forces.
PAR  A further object is to provide such apparatus in a demountable construction
      which does not adversely affect the ability to contain pipe-bending forces
      and which enables shipment of connectable subassemblies rather than a
      single, permanently rigid structure.
PAR  A further specific object is to meet the above objects with a construction
      which lends itself with relatively flexible adaptability to the
      accommodation of a range of pipe diameters and lengths, for bending to a
      range of bending radius and arcuate extent.
DRWD
PAR  Other objects and various further features of novelty and invention will be
      pointed out or will occur to those skilled in the art from a reading of
      the following specification, in conjunction with the accompanying
      drawings. In said drawings which show, for illusrative purposes only, a
      peferred form of the invention:
PAR  FIG. 1 is a plan view of an assembled apparatus of the invention;
PAR  FIG. 2 is a sectional view taken generally along the alignment 2--2 of FIG.
      1;
PAR  FIG. 3 is an exploded plan view of separated subassemblies of the frame of
      FIG. 1; and
PAR  FIGS. 4 and 5 are fragmentary sectional views taken at 4--4 and 5--5,
      respectively, in FIG. 1.
DETD
PAR  Referring to the drawings, the invention is shown in application to
      apparatus comprising a rigid triangular frame involving three
      interconnected tubular steel legs, between corners A-B-C. As will later be
      pointed out, these legs are distributed between separably connected
      subassemblies, wherein two adjacent legs of the frame each involve
      separably connected half legs. Thus, a first leg and a second leg are
      formed as separable halves 10-10' and 11-11', and the third leg 12 is
      rigidly connected at each end to the adjacent half legs 10'-11'. Various
      techniques may be employed for separable connection of the half legs
      10-10' and 11-11', but we indicate preference for use of bolted flanges.
      As shown, therefore, flages 13--13' on the respective adjacent ends of leg
      halves 10-10' are abutted and bolted to assemble one of the frame legs,
      while similar flanges 14-14' on the respective adjacent ends of leg halves
      11-11' are abutted and bolted to assemble the remaining frame leg.
PAR  The subassembly comprising leg 12 and the adjacent leg halves 10'-11' is
      rendered rigid by triangular corner gussets 15, detail of which best
      appears in FIG. 3. Each gusset is shown as a triangular plate, seated
      tangent to its adjacent leg portions and welded to the outer surface of
      these leg portions; preferably, like upper and lower gusset plates are
      used, and at corner B, a part of the upper gusset plate 15 has been
      broken-away to reveal at 15' the corresponding lower gusset plate. The
      corners B-C are alike, each comprising an upstanding tubular member or
      sleeve 16 to which adjacent leg ends and gusset-plate corners are fitted
      and permanently secured by welding. Pins 17 are removably received in the
      corner sleeves 16, being formed to project upwardly above the plane of the
      frame for purposes of anchoring corner pulley blocks 18-18' of a
      block-and-tackle system to be more fully described. The subassembly of
      corners B and C is thus seen to be rigid, permanent and unit-handling,
      placing the flanges 13'-14' correctly for detachable assembly to flanges
      13-14.
PAR  The other subassembly is triangular, involving corner A and the adjacent
      leg halves 10-11. The subassembly includes an upstanding tubular member or
      sleeve 19 at corner A, and like upper and lower triangular brace plates
      20-20' seated and welded tangent to the leg halves 10-11 for the full
      effective length thereof. Plates 20-20' and leg halves 10-11 thus define a
      platform for selective mountig of bending tools appropriate to the pipe
      size and bending arc desired for a particular operation.
PAR  As shown, plural openings at corresponding locations in the plates 20-20'
      serve for such mounting. An upstanding tubular stanchion 21 extends
      through a first pair of such openings, being peripherally welded to both
      plates 20-20' at said openings. Stanchion 21 projects above the plane of
      the frame and serves as a basic reference for a forming die 22; it is
      preferably internally reinforced, by means not shown, and includes
      external upstanding ribs 23 by which it may have keyed engagement to the
      web or hub of the selected forming die 22. At further pairs of
      corresponding openings in plates 20-20' upstanding sleeves 24-25 are
      received and welded; as shown, sleeve 24 provides location for a pin 26
      through the web plate 27 of die 22, and sleeve 25 provides location for a
      pin 26' through the base plate 28 of a winch unit 29. Stanchion 21 is
      firmly located in the crotch between leg halves 10-11, and sleeves 24-25
      are offset therefrom, being symmetrically placed with respect to the
      vertical plane which extends through corner A and bisects the plates
      20-20'. This symmetrical layout permits placement of die 22 to the left of
      this plane of symmetry, with the winch unit 29 to the right of the same
      plane; alternatively, the positions of the die and winch may be reversed,
      as may be dictated by certain bending requirements.
PAR  The A-corner sleeve 19 removably accommodates an upstanding pin 30 for
      pivotal support of a back-up shoe 31, concaved at 32 as appropriate for
      the diameter of the pipe to be bent.
PAR  Description of the basic structure is completed by identifying spaced
      openings 33 along leg 12 and leg halves 10'-11', whereby a pipe-support
      rail or rails 34 may be positioned to maintain the correct plane of
      support of the free end of a pipe length during the course of a bend. As
      shown, a countersunk bolt 35 near one end of rail 34 passes through one of
      the openings 33 in leg 12, being secured in place to maintain the
      cantilevered horizontal orientation of the other end of rail 34 (see FIG.
      4). At intersection with leg half 10', rail 34 is slidably guided between
      short upstanding arms of a member 36 having a pivot stem 37 insertably
      received in a selected one of the openings 33 of leg half 10' (see FIG.
      5).
PAR  Typically, apparatus of the character indicated, for hot bending of steel
      pipe up to 18 or 24-inches diameter, or more, comprises an isosceles frame
      wherein the tubular leg material is of 9-inches diameter, leg 12 being
      18-feet long, and each half leg being 10-feet long. Both subassemblies may
      thus be transported within 9-foot limits on a flat-bed trailer, with ample
      room to accommodate all necessary forming dies 22 and other accessories
      18-29-30-34 and the like. All upstanding sleeves 16-19-24-25 and stanchion
      21 may project to the same extent below the plane of lower plates 15'-20'
      to enable level reference to a given floor slab, without resting upon any
      of the flanges 13-13'-14-14'. Assembly is a simple matter of bolting these
      flanges, and selecting and mounting the necessary forming die 22 and
      back-up shoe 31, with vertical offset as appropriate for the plane of pipe
      support afforded by rail 34. Winch unit 29 pivots as necessary on its
      pinned connection to sleeve 25, and its cable is trained over blocks
      18-18'-18"- 18'" to establish the desired elevation and direction of chain
      or cable pull at 38 to the free end of the pipe 39 to be bent.
PAR  The pipe 39 to be bent is first filled with sand and the ends capped,
      before heating in the region to be bent. One end is then inserted between
      shoe 31 and the adjacent end of die 22, the other end being supported on
      one or more rails 34, and the chain or cable connection 38 is then made to
      the block-and-tackle connection to winch 29. As winch 29 takes up the
      cable, the heated section of pipe 39 yields and is conformed to the
      bending arc of die 22. The forces reacting on the triangular frame are
      essentially and primarily compressional and are fully contained within the
      frame, and the efficiency of containment of these forces is such that the
      pipe 39 to be bent may be substantially larger than the pipe size used as
      legs 10-11-12 of the basic frame. Dismounting and disassembly are a simple
      matter, for ready transport to a succeeding job location.
PAR  The drawings additionally illustrate a preferred feature which avoids
      reaction between cantilevered posts at the region of primary bend-reaction
      forces; namely, a removable connection 40 between stanchion 21 and the
      back-up post 30, located above th elevation of die 22 and shoe 31. As
      shown, connection 40 is a rugged strap or plate apertured at its ends for
      removable application to the upper end of post 30 and to the upper end of
      an upstanding post 41 contained within and forming part of the internal
      reinforcement of stanchion 21; connection 40 is shown in phantom outline
      in FIG. 1, for a better showing of other parts. Shoulders or spacers
      42-42' on pin 30 establish a correct plane of support of connecting plate
      40, and removable pins 43-43' secure the connected relationship during a
      bending operation.
PAR  The invention will be seen to achieve all stated objects, providing
      field-use capabilities hitherto unavailable. Great savings may be realized
      in pipe-transportation cost, and the bent pipe may be quickly integrated
      into its final installation.
PAR  While the invention has been described in detail for the preferred form
      shown, it will be understood that modifications may be made without
      departure from the claimed invention. For example, the configuration of
      the forming die and the specific manner of its retention upon the platform
      assembly 10-11-20-20' may vary as convenient, as may also the particular
      disposition of the means 24-25 by which the winch unit 29 is secured to
      the platform assembly. Also, the block and tackle configuration may be as
      desired for particular applications, the specific arrangement being
      illustrative of the use of both corner references, at B and C.
PAR  Still further, it will be understood that reference to parts 10-10' and
      11-11' as half legs is purely illustrative of a demountable structure. The
      use of two leg parts of equal length is by no means a requirement, in that
      other length proportions for the parts and other numbers of parts may be
      indicated for particular usages. Also it will be understood that the
      particular described rigid formations of the subassembly for corners B and
      C is not a limitation, in that, for example, an articulated connection or
      a telescoped assembly of leg parts 10'-11'-12 at corners B and C is an
      acceptable arrangement for certain applications, as long as care is taken
      to ensure the relatively rigid integrity of the pipe-mounting corner (A)
      and its associated die and shoe retaining structure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Transportable apparatus for the hot-bending of relatively large tubular
      pipe, comprising an assembled generally triangular rigid frame of three
      tubular-pipe legs, said frame consisting of at least two subassemblies
      having detachable interconnection means; one of said subassemblies
      comprising a rigid triangle of adjacent tubular-pipe parts of two of said
      legs, with upper and lower triangular plates secured along corresponding
      edges to and spaced by said adjacent tubular-pipe parts, die-supporting
      stanchion means upstanding from the upper plate and secured to both
      plates, an arcuate forming die removably mounted to said stanchion means
      adjacent the upper plate, the orientation of said die being such that the
      bending arc of said die is convex outward and overstands one to the
      exclusion of the other of said adjacent leg parts, a winch and means for
      removably mounting the same on said upper plate at a location offset from
      said die in the direction of the other of said leg parts, and a back-up
      shoe and means for removably mounting the same at the apex of said one
      subassembly; the other of said subassemblies including the third
      tubular-pipe leg joined at its ends to the remaining tubular pipe parts of
      said two legs, and said detachable interconnection means connecting
      adjacent corresponding ends of said tubular-pipe leg parts; and
      block-and-tackle means including pulleys removably connected at
      substantially the ends of said third leg and including a line connection
      to said winch.
NUM  2.
PAR  2. Apparatus according to claim 1, in which said plates have aligned
      openings near the juncture of said two adjacent tubular-pipe parts of said
      rigid triangle and in which said stanchion means for removably mounting
      the forming die comprises an upstanding tubular member passing through
      said openings and secured to both plates.
NUM  3.
PAR  3. Apparatus according to claim 1, in which said plates have plural
      corresponding aligned openings on spaced alignments and in which said
      means for removably retaining the forming die comprises a plurality of
      upstanding tubular members each of which passes through corresponding
      openings of both plates and is secured to both plates.
NUM  4.
PAR  4. Apparatus according to claim 1, in which said detachable connection
      means comprises flanges on adjacent ends of adjacent leg parts, and means
      for detachably connecting said flanges.
NUM  5.
PAR  5. Apparatus according to claim 1, in which said shoe-mounting means
      comprises a tubular sleeve secured at said apex in an orientation normal
      to said plates, and an upstanding shoe pivot pin engaged to said sleeve.
NUM  6.
PAR  6. Apparatus according to claim 5, and including detachable means
      interconnecting said shoe pivot pin and said die-mounting means above the
      elevation of said die.
NUM  7.
PAR  7. Apparatus according to claim 1, in which the other subassembly includes
      gusset plates secured to and between said third leg and the adjacent leg
      parts connected thereto.
NUM  8.
PAR  8. Apparatus according to claim 1, in which the removable connections of
      said block and tackle means comprises at each end of said third leg a
      tubular sleeve secured to adjacent legs in an orientation normal to the
      general plane of said legs, and an upstanding pin engaged in each sleeve.
NUM  9.
PAR  9. Apparatus according to claim 1, in which the detachable interconnection
      of leg parts are at substantially half-length points of said two legs.
NUM  10.
PAR  10. Apparatus for the hot-bending of tubular pipe, comprising a generally
      triangular rigid frame of three interconnected elongate tubular-pipe legs,
      a die-mounting platform comprising upper and lower triangular plates
      secured along corresponding edges to and spaced by adjacent legs at one
      corner of the frame triangle, a back-up shoe and means for removably
      mounting the same at said one corner and upward of said platform,
      die-supporting stanchion means upstanding from the upper plate and secured
      to both plates, an arcuate forming die removably mounted to said stanchion
      means adjacent the upper plate, the orientation of said die being such
      that the bending arc of the die is convex outward and overstands one to
      the exclusion of the other of said adjacent legs, a winch and means for
      removably mounting and retaining the same on said platform at a location
      offset from the retained die and in the direction of the other of said
      adjacent legs, and block-and-tackle means including block-anchoring means
      at each of the remaining corners of said frame and including a line
      connection to said winch.
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ABST
PAL  A method of coldworking a hole through a work piece which includes the
      steps of placing a seamless tubular member through the hole in the work
      piece, passing a mandrel through the tubular member so that the tubular
      member is expanded radially and circumferentially sufficiently to expand
      the material in the work piece about the hole beyond its elastic limit,
      and longitudinally fracturing the tubular member after substantially
      maximum expansion of the tubular member. The application also contemplates
      a tubular member construction for use in the method and a tool for
      performing the method.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 324,485, filed Jan. 17, 1973, now U.S. Pat. No. 3,835,688 for
      "Apparatus and Method for Sizing Holes" which is in turn a
      continuation-in-part of my co-pending application Ser. No. 268,478, filed
      July 3, 1972, now U.S. Pat. No. 3,835,615 which is in turn a
      continuation-in-part of my earlier filed application Ser. No. 33,281,
      filed Apr. 30, 1970, now abandoned, which was in turn a
      continuation-in-part of my earlier filed application Ser. No. 711,368
      filed Mar. 7, 1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that the fatigue life of a stressed work piece with a hole
      therethrough can be significantly increased by coldworking the hole.
      Several techniques have been developed to coldwork the hole to increase
      the fatigue life.
PAR  One such technique is disclosed in U.S. Pat. No. 3,566,662 which uses an
      axial or helical pre-split tubular member through which an expansion
      mandrel is passed to expand the tubular member radially into the surface
      of the work piece at the hole and expand the hole beyond its elastic
      limit. While this technique does offer the advantage of being able to
      remove the tubular member after the hole has been coldworked, it offers
      the disadvantage that one area of the hole will be coldworked to a lesser
      extent where the split in the tubular member is located.
PAR  It has subsequently been found, however, that a hole may be coldworked by
      passing an expansion mandrel through a seamless tubular member. This has
      the advantage of uniformly coldworking the work piece about the hole but
      the disadvantage that once the tubular member has been expanded into
      place, it is locked into the hole of the work piece so that it cannot be
      easily removed.
PAC  SUMMARY OF THE INVENTION
PAR  These and other problems and disadvantages associated with the prior art
      are overcome by the invention disclosed herein in that a technique for
      coldworking a hole through a work piece is provided which has the
      desirable characteristics of both the pre-split tubular member coldworking
      technique and the seamless tubular member coldworking technique. The
      technique disclosed herein includes expanding a seamless tubular member in
      the hole so that the material of the work piece about the hole is expanded
      beyond its elastic limit and longitudinally fracturing the tubular member
      after the tubular member has reached substantially its maximum expansion
      so that the tubular member can be removed from the hole after coldworking.
      Thus, the area of lower expansion using a pre-split tubular member is
      eliminated yet the tubular member can be easily removed from the hole
      after the coldworking operation.
PAR  One embodiment of the invention uses a seamless tubular member which has at
      least one longitudinally extending groove along the inside thereof
      dimensioned so that the tubular member will fracture longitudinally when
      it has been expanded a predetermined amount. The groove configuration is
      selected so that the tubular member fractures longitudinally at
      substantially its point of maximum expansion during the coldworking
      operation.
PAR  Another embodiment of the technique uses an expansion mandrel, which has a
      fracturing tool built therein, in combination with a seamless tubular
      member. As the mandrel passes through the tubular member, the tubular
      member is first expanded to its maximum expansion and then the fracturing
      member is passed longitudinally therealong to cause the sidewall of the
      tubular member to fracture longitudinally so that the tubular member can
      be removed after the coldworking operation.
DRWD
PAR  These and other features and advantages of the invention will be more
      clearly understood upon consideration of the following detailed
      description and accompanying specification and drawings wherein like
      characters of reference designate corresponding parts throughout the
      several views and in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged longitudinal cross-sectional view of one embodiment
      of the tubular member of the invention;
PAR  FIG. 2 is an end view of the tubular member seen in FIG. 1;
PAR  FIG. 3 is a longitudinal cross-sectional view of the tubular member of FIG.
      1 being installed;
PAR  FIG. 4 is an enlarged view of a portion of FIG. 3;
PAR  FIG. 5 is an enlarged partial cross-sectional view taken along line 5--5 in
      FIG. 3;
PAR  FIG. 6 is an enlarged view showing the tubular member after installation
      and removal;
PAR  FIG. 7 is an enlarged view of the operating end of an installation tool for
      use in a second embodiment of the invention;
PAR  FIG. 8 is an end view of FIG. 7;
PAR  FIG. 9 is a view showing the installation tool of FIGS. 7 and 8 ready for
      operation;
PAR  FIG. 10 is a view similar to FIG. 9 showing the installation tool
      coldworking a hole through work pieces;
PAR  FIG. 11 is an enlarged portion of FIG. 10; and
PAR  FIG. 12 is an enlarged partial cross-sectional view taken along line 12--12
      in FIG. 10.
PAR  These figures and the following detailed description disclose specific
      embodiments of the invention, however, it is to be understood that the
      inventive concept is not limited thereto as it may be embodied in other
      forms.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
PAR  Referring to the figures, it will be seen that a first embodiment of the
      invention is illustrated in FIGS. 1-6 and a second embodiment of the
      invention is illustrated in FIGS. 7-12. The first embodiment of the
      invention utilizes a special tubular member which longitudinally fractures
      upon a prescribed radial expansion thereof and the second embodiment of
      the invention uses a special mandrel which causes the tubular member to
      longitudinally fracture as an incident to the coldworking operation.
PAR  Referring to FIGS. 1 and 2, it will be seen that a special seamless tubular
      member 10 through which the holes in the work pieces are to be coldworked
      is illustrated. The tubular member 10 includes an annular sidewall 14 with
      a head flange 15 integral with one end thereof. The head flange 15 may be
      normal to the centerline CL of the tubular member as shown in solid lines
      in FIG. 1 if the resulting joint is to include an exposed head fastener or
      may be located at the appropriate angle if the resulting joint is to
      include a countersunk head fastener. The sidewall 14 defines a passage 16
      therethrough about the centerline CL with a substantially constant outside
      diameter D.sub.o along its length. It is to be further understood that the
      sidewall 14 may have an inwardly tapering section at that end opposite the
      head flange 15 for use during insertion of the tubular member 10 into the
      holes through work pieces to prevent damage thereto. It will further be
      noted that the thickness T.sub.o of sidewall 14 is substantially constant
      along its length so as to define concentric inner and outer surfaces 18
      and 19 and has a prescribed length L. The thickness T.sub.o and the
      material of the sidewall 14 are such that the sidewall 14 can be radially
      and circumferentially expanded to coldwork the material of the work pieces
      about the hole. One such material that has been found satisfactory is
      stainless steel when the thickness T.sub.o of the sidewall 14 is
      approximately 0.008-0.032 inch and where the work pieces are of a material
      such as an aluminum alloy. It is to be understood that different materials
      and thicknesses may be used without departing from the scope of the
      invention.
PAR  At least one longitudinally extending V-shaped groove 20 is provided along
      the length of the inside of sidewall 14 and opens onto the inside surface
      18 thereof. The groove 20 extends the full length of the sidewall 14 and
      serves to reduce the strength of the sidewall 14 therealong. The depth
      D.sub.g of the groove 20 is selected so that the sidewall 14 will fracture
      therealong when the sidewall 14 has been radially expanded a prescribed
      amount. Because the holes through work pieces are generally expanded at
      least 0.010 inch, the depth D.sub.g is selected so that the sidewall 14
      will fracture in the neighborhood of 0.010 inch diametrical expansion of
      the sidewall 14. One such dimension that has been found satisfactory is
      when the thickness T.sub.f of the sidewall 14 between the bottom of the
      groove 20 and the outside surface 19 is approximately 0.004 inch.
PAR  The installation of the tubular member 10 is illustrated in FIGS. 3-6. The
      tubular member 10 is installed using an installation tool T such as that
      disclosed in my co-pending application Ser. No. 324,485 which includes a
      mandrel 30 and a driving unit 31 for forcing the mandrel 30 through the
      tubular member 10. As best seen in FIG. 3, the mandrel 30 includes an
      expansion section 32 at one end with a support section 34 adapted to be
      gripped by the driving unit 31 and forced through the tubular member 10.
      The expansion section 32 defines a major cylindrical surface 36 at its
      free end with a tapered expansion surface 38 connecting the surface 36
      with the support section 34. The diameter d.sub.1 of the sizing surface 36
      is larger than the inside diameter D.sub.i of the tubular member 10 and
      the diameter d.sub.2 of the support section 34 is smaller than the inside
      diameter of the passage 16 through the tubular member 10.
PAR  The driving unit 31 includes an adapter 40 and a commercially available
      lock bolt installation tool (not shown) with a self-releasing pulling nose
      assembly N (partly shown). The support section 34 is gripped in the nose
      assembly N at the end opposite of the expansion section 32 and the mandrel
      30 is pulled toward the nose assembly N. The adapter 40 fits over the end
      of the nose assembly N and has a passage 42 therein which is aligned with
      the hole (not shown) in the end of the nose assembly when the adapter is
      in the position shown in FIG. 3. The passage 42 has a diameter such that
      the major surface 36 will just slidably pass therethrough to prevent the
      surface 36 of mandrel 30 from being caught in nose assembly N since this
      section is normally larger in diameter than the opening in the nose
      assembly.
PAR  A backup member 45 may be used to prevent the end of the tubular member 10
      adjacent the head flange 15 from being partially extruded from that side
      of the work pieces P from which the mandrel 30 exits the tubular member
      10. The backup member 45 is more particularly disclosed in my co-pending
      application Ser. No. 324,485 and has a central aperture 46 therethrough
      with a diameter at least as small as the inside diameter of the tubular
      member 10 prior to enlargement and is made of a material which can be
      radially expanded to allow the expansion section 32 of the mandrel 30 to
      pass therethrough as disclosed in my co-pending application Ser. No.
      324,485.
PAR  The tubular member 10 is assembled onto the installation tool T by
      inserting the support section 34 of the mandrel 30 through the tubular
      member 10 at that end opposite the head flange 15, inserting the section
      34 of the mandrel 30 through the aperture 45 in the backup member 45, and
      then through the adapter 40 into the nose assembly N. In this condition,
      the tubular member 10 is inserted through the holes H in the work pieces P
      with the lock bolt pulling tool so that the head flange 15 bears against
      one side of the work pieces P. The lock bolt installation tool is then
      actuated so that the mandrel 30 is pulled toward the nose assembly N to
      cause the expansion surface 38 to pass into the end of the sidewall 14 of
      the head flange 15 followed by the major expansion section 36. Just as the
      juncture between the tapered expansion section 38 and the cylindrical
      section 36 is reached, the sidewall 14 of the tubular member 10 has been
      expanded radially and circumferentially sufficiently to cause the sidewall
      14 to fail at the section between the bottom of groove 20 and the outside
      surface 19 of the sidewall 14. Because substantially all of the radial
      expansion of the sidewall 14 has occurred prior to the fracturing of the
      sidewall 14 along the groove 20, it will be seen that the work pieces P
      about the holes H in the vicinity of the groove 20 will also be radially
      expanded. The fracture F along the groove 20 is best illustrated in FIGS.
      4-6. After the passage of the mandrel 30 through the tubular member 10, it
      will be noted that the sidewall 14 will be longitudinally fractured at F
      but the head flange 15 will not be. This leaves the fractured portions of
      the sidewall 14 firmly attached to the head flange 15 to facilitate the
      removal of the tubular member 10 from the holes H as illustrated in FIG.
      6.
PAC  SECOND EMBODIMENT OF THE INVENTION
PAR  Referring now to FIGS. 7-12, a mandrel 130 is illustrated to be used with a
      tubular member 10' which is identical in construction to the tubular
      member 10 except that the groove 20 is not provided. The mandrel 130 is
      used in the same manner as the mandrel 30 with the tool T to
      longitudinally fracture the tubular member 10' as will be explained.
PAR  Referring to FIGS. 7 and 8, it will be seen that the mandrel 130 includes
      an expansion section 132 mounted on the end of a support section 134. The
      expansion section 132 includes a cylindrical major surface 136 which is
      connected to the support section 134 through a tapered expansion surface
      138. The expansion section 132 of the mandrel 130 has the same dimensional
      diameters d.sub.1 and d.sub.2 as the mandrel 30. The mandrel 130 also
      includes a diametrically extending slot 140 through the major cylindrical
      surface 36 adjacent the leading end thereof. The slot 140 illustrated is
      generally rectangular in cross-section, however, it is to be understood
      that different shaped slots 140 may be used without departing from the
      invention.
PAR  A skiving tool 141 is carried in slot 140 and projects from opposite sides
      of the surface 136. The skiving tool 141 has a generally rectilinear
      cross-section so that it is slidably received through slot 140 and a pair
      of detents 142 are provided on one side thereof which receives a biasing
      leaf spring 144 therein so that when the skiving tool 141 is pushed into
      the slot 140, the spring 144 bears against the leading edge of slot 140 to
      retain the skiving tool 141 in position. It will be seen that a cutting
      projection 145 is provided on opposite ends of the skiving tool 141 which
      projects out over the surface 136.
PAR  The projections 145 each include tapered side edges 146 which join along an
      outwardly tapering cutting edge 148 that tapers outwardly from the leading
      edge of tool 141 toward the trailing edge thereof. It will be noted that
      the height H.sub.1 of each of the projections 145 fron the surface 136 is
      such that a groove G will be cut in diametrically opposite sides of the
      tubular member 10' as illustrated in FIGS. 10-12. The height H.sub.1 is
      such that the projections 145 cut only partly through the sidewall 14' of
      the tubular member 10' but the material of the sidewall 14' is reduced
      sufficiently at the groove G that the sidewall 14' fractures at F' under
      the stress imposed by the mandrel 130. Because the projections 145 extend
      from opposite sides of the surface 136 and because the cutting edges 148
      thereon taper outwardly toward the trailing end of the tool 141, the tool
      141 will be inherently centered as an incident of the mandrel 130 being
      forced into the tubular member 10' as seen in FIG. 10. It will also be
      seen that the tool 141 can be easily replaced as it wears.
PAR  It will be seen that the tubular member 10' is loaded onto the mandrel 130
      in the same manner that the tubular member 10 is loaded onto the mandrel
      30. The unit is then placed through the holes H in the work pieces P as
      seen in FIG. 9 and the installation tool T actuated to pull the mandrel
      130 toward the nose assembly N as seen in FIG. 10. AS the expansion
      surface 138 of the mandrel 130 passes into the tubular member 10', it will
      be seen that the tubular member 10' is first expanded radially and
      circumferentially to enlarge the holes H through the work pieces P to
      coldwork them. As the cylindrical surface 136 passes along the tubular
      member 10', the groove G will be formed in opposite sides thereof which
      will cause the tubular member 10' to fracture at F' as seen in FIGS.
      10-12. After the tubular member 10' has been coldworked, it can be removed
      as illustrated in FIG. 6 for the first embodiment of the invention.
PAR  It is further to be understood that the concepts disclosed herein may be
      applied to a tubular member without a head flange thereon to produce the
      same result. The backup member 45 could be modified to support the end of
      the headless tubular member as disclosed in my co-pending application Ser.
      No. 462,817.
PAR  While specific embodiments of the invention have been disclosed herein, it
      is to be understood that full use may be made of modifications,
      substitutions, and equivalents without departing from the scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of coldworking a hole through a work piece comprising the steps
      of:
PA1  a. holding the tubular member within the hole through the work piece;
PA1  b. passing a mandrel having an expansion section thereon larger than the
      initial inside diameter of the tubular member axially through the tubular
      member while the tubular member is held in the hole to exert outwardly
      directed forces on the tubular member to radially and circumferentially
      expand a tubular member so that the material about the hole and the
      tubular member are expanded beyond their elastic limits; and,
PA1  c. forming a longitudinally extending groove on the inside of the tubular
      member while the outwardly directed forces are exerted thereon to reduce
      the strength of the tubular member at the groove sufficiently to cause the
      tubular member to fracture longitudinally as an incident to the expansion
      of the tubular member.
NUM  2.
PAR  2. The method of claim 1 wherein the groove is formed after the tubular
      member has been expanded beyond its elastic limit.
NUM  3.
PAR  3. Apparatus for coldworking a hole through a work piece by expansion of a
      tubular member within the hole through the work piece including:
PA1  a mandrel defining an expansion section thereon adapted for axial movement
      through the tubular member in circumferentially and radially expand same,
      said mandrel defining a diametrically extending passage therethrough
      oriented generally normal to the central axis of said mandrel and opening
      onto said expansion section at opposite ends thereof; and,
PA1  a skiving tool slidably received in said passage and defining a cutting
      edge on opposite ends thereof, said skiving tool having a length greater
      than the diameter of said expansion section at said passage, and less than
      the sum of the diameter of said expansion section at said passage and two
      times the wall thickness of the tubular member so that said skiving tool
      longitudinally and internally grooves the tubular member at diametrically
      opposite positions to cause the tubular member to fracture along the
      opposite grooves as an incidence to a prescribed expansion of the tubular
      member by said mandrel.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said passage and said skiving member
      have complimentary non-circular cross-sectional shapes and further
      including a resilient member resiliently retaining said skiving member
      within said passage while allowing relative movement of said skiving
      member within said passage to permit said skiving tool to center itself
      within said tubular member.
PATN
WKU  039437493
SRC  5
APN  5064686
APT  1
ART  244
APD  19740916
TTL  Unidirectional meter prover sphere interchange and method
ISD  19760316
NCL  17
ECL  1
EXP  Swisher; S. Clement
NDR  2
NFG  9
INVT
NAM  Van Scoy; Davis A.
CTY  Simonton
STA  TX
ASSG
NAM  Emerson Electric Co.
CTY  St. Louis
STA  MO
COD  02
CLAS
OCL   73  3
EDF  2
ICL  G01F 2500
FSC   73
FSS  3
FSC   15
FSS  104.06 A
FSC  137
FSS  268
UREF
PNO  3605790
ISD  19710900
NAM  Hunter
OCL  137268
UREF
PNO  3738153
ISD  19730600
NAM  Simmons
OCL   73  3
UREF
PNO  3848621
ISD  19741100
NAM  Dickenson
OCL  137268
LREP
FRM  Polster and Polster
ABST
PAL  A unidirectional meter proving device in which the interchange for
      transferring a sphere from a receiving tee at the downstream end of the
      prover loop to a launch tee at the inlet end of the loop includes a
      reciprocating tubular sphere carrier which moves to a sphere launching
      position and returns to a sphere catching position before the sphere
      reaches the calibrated section of the prover loop. A restriction in the
      launch tee controls the rate of launch of the sphere. The tubular carrier
      is slidably mounted in a cylindrical sleeve between the inlet and outlet
      openings of the interchange. A unitary seal carried on an annular flange
      of the carrier engages a valve seat at one end of the cylindrical sleeve
      when the carrier is in its sphere catching position. The annular seal is
      compressed into an annular groove in a valve seat, and the increased
      pressure in the groove is monitored as a check on the integrity of the
      seal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to sphere interchanges and in particular to a sphere
      interchange for a unidirectional meter proving device.
PAR  In various pipeline systems, particularly those used for conveying liquid
      petroleum products, the accuracy of the pipeline flowmeter is of such
      critical importance that meter proving or testing devices are utilized at
      frequent intervals to check the calibration of the meter. The meter prover
      conventionally includes a calibrated section of pipe which may be
      connected in series with the flowmeter. A pipeline sweeping device or
      sphere, which is sized to make snug contact with the wall of the
      calibrated section, is introduced into the pipeline and sweeps the known
      volume of the calibrated section during a proving run. If the dimensions
      of the conduit between the flowmeter and the calibrated section remain
      constant and if no liquid leakage occurs, the volume of liquid passing
      through the flowmeter during the time the sphere traverses the calibrated
      section will be equal to the volume of the calibrated section.
      Conventionally, the calibrated section is defined by a pair of switches
      which respectively start and stop a register associated with the
      flowmeter. The registered flow is then compared with the known volume of
      the calibrated section as a check on, or calibration of, the meter.
PAR  In a unidirectional meter prover, the calibrated section is conventionally
      formed as a "U" or loop, and the sphere is always launched into the same
      end of the loop. A sphere interchange between the ends of the loop catches
      the sphere at the downstream leg of the loop after a proving run, and on
      command begins the next proving run by transferring the sphere to the
      upstream leg. During a proving run, the interchange must be sealed to
      prevent any leakage of liquid across the interchange from the upstream
      (high pressure) side of the loop to the downstream (low pressure) side.
PAR  Because the accuracy of the prover depends upon there being no fluid
      leakage around the interchange seal or around the sphere, a successful
      prover interchange should have a long-lived and easily monitored seal, and
      should provide for easy removal of the sphere for periodic inspection or
      replacement. The interchange should protect the sphere from wear or damage
      from the moving parts of the interchange, both in normal operation and in
      the event of a malfunction. Throughout its operating cycle it should also
      minimize hydraulic effects caused by shunting of liquid across the
      interchange and should provide positive control of the sphere. The
      interchange is also desirably compact and adaptable for use in various
      orientations relative to the prover loop so as to fit into the limited
      space available in many applications. Finally, it is desirable that the
      interchange be simple and rugged and that it not be vulnerable to sludge
      or debris in the pipeline.
PAR  Various unidirectional meter provers are presently known. For the most part
      they include a calibrated loop having its outlet end physically above its
      inlet end, and a sphere interchange consisting of a launch tee by which
      the sphere is introduced by gravity into the prover loop, a receiving tee
      for separating the sphere from the outlet end of the loop and a sphere
      transfer device for receiving a sphere from the receiving tee and
      beginning a proving run by launching it into the launch tee.
PAR  None of the prior art systems possesses all of the previously mentioned
      desirable attributes.
PAR  One type of unidirectional meter prover system makes use of more than one
      sphere. In these systems, while one sphere traverses the calibrated
      section, the other sphere or spheres remain in the interchange and act as
      a seal. A second approach, using a single sphere, has a spherical valve in
      the interchange which seals the interchange and transfers the sphere from
      the outlet end to the inlet end of the calibrated loop. The limitations of
      both these types are well known and need no further discussion here.
PAR  A third type of system, also using a single sphere, utilizes a
      reciprocating piston as one of the mating parts of the interchange seal.
      The piston also controls the transfer of the sphere through the
      interchange. The present invention is an improved interchange for a meter
      proving system of this third type. Examples of recently proposed systems
      of this type are Park et al., U.S. Pat. No. 3,246,666 (1966); Layhe, U.S.
      Pat. No. 3,504,523 (1970); Grove et al., U.S. Pat. No. 3,638,475 (1972);
      Simmons, U.S. Pat. No. 3,738,153 (1973); Gloster Saro Ltd., British Patent
      Specification 1,201,762, (published 1970); and General Descaling Company
      Ltd., British Patent Specification 1,203,735 (published 1970).
PAR  The Gloster Saro, Grove et al. and Simmons patents disclose dual resilient
      seals which may be monitored by observing the pressure between the seals.
      These seals, however, require careful alignment, are vulnerable to debris
      and are subject to wear caused by shearing forces. Sphere removal is
      accomplished in these prior art systems by the costly expedient of
      providing separate seals at the ends of the transfer device (Park et al.,
      Layhe, Gloster Saro), or by making the wall through which the piston rod
      extends removable and adding external guides for keeping the wall and
      piston aligned (Grove et al., General Descaling), or by inserting an
      external ramp into the transfer device (Simmons). All of these recent
      devices, except Grove et al., require a stop of some sort to hold the
      sphere in the receiver tee at the end of a proving run until the next
      proving run is begun, and the Grove et al prover interchange permits flow
      through it between proving runs. All except Park et al lack positive means
      for supporting and aligning the piston member throughout its travel, and
      the Park et al approach requires a dificult alignment of bearings and of
      seals.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a sphere interchange for a unidirectional
      meter prover which has all of the mentioned desirable characteristics, in
      a simple, compact and easily manufactured device.
PAR  In accordance with one aspect of the invention, such a device is provided
      with an improved, simple, long-lived, and easily monitored seal which
      includes a unitary resilient annular sealing element on an annular flange
      on the piston, and a complementary valve seat having a groove into which
      the resilient sealing element is deformed. The increased pressure in the
      groove is monitored as a check on the integrity of the seal.
PAR  In accordance with another aspect of the invention, the interchange
      includes the conventional receiving tee and launch tee, and the sphere
      transfer device is a generally horizontal, tubular housing having an
      opening in its top communicating with the receiving tee and an opening in
      its bottom communicating with the launch tee, with the launch tee opening
      displaced axially toward a first axial end of the housing. The piston rod
      extends through the first axial wall and a removable closure at the
      opposite axial end of the housing permits simple removal of the sphere. A
      sphere carrier attached to the piston rod is also provided with a
      removable (or movable) sphere restraint for removal of the sphere from the
      carrier. A resilient seal on the sphere carrier seals the interchange when
      the carrier is positioned to receive a sphere from the receiver tee. The
      movement of the sphere carrier, in initiating a providing run, therefore,
      is from its sphere receiving position to a sphere launching position in
      which the sphere is dropped into the launch tee, and thereafter back to
      its sphere receiving position before the sphere reaches the calibrated
      section of the proving loop. The sphere, therefore, returns directly into
      the sphere carrier upon completion of a proving run. A carefully sized
      annular restriction controls the rate of drop of the sphere into the
      launch tee.
PAR  In accordance with yet another aspect of the invention, a tubular sleeve is
      provided within the housing, substantially coaxial with the housing. The
      sleeve extends between the housing inlet and outlet and preferably extends
      beyond the housing inlet with an opening aligned with the inlet. This
      sleeve supports and guides the sphere carrier, which is preferably also
      tubular, in all positions of movement of the carrier. In the preferred
      embodiment described in the previous paragraph, the end of the sleeve
      adjacent the housing outlet provides the valve seat for the annular
      resilient seal carried on a flange at the end of the sphere carrier toward
      the first end of the housing. The sleeve and the carrier are also sized in
      such a manner that they greatly restrict or eliminate flow through the
      device in the launch position of the carrier, and completely contain the
      sphere within themselves at all sphere carrier positions permitting flow
      through the transfer device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 is a view in elevation, partially cut away and partially
      diagrammatic, of a meter prover having a sphere interchange of the present
      invention;
PAR  FIG. 2 is an enlarged view in cross section, corresponding to FIG. 1, of
      the sphere transfer device of FIG. 1, showing the sphere carrier in its
      sphere receiving position;
PAR  FIG. 3 is a view in cross section corresponding to FIG. 2, showing the
      sphere carrier in an intermediate position;
PAR  FIG. 4 is a view in cross section, corresponding to FIGS. 2 and 3, showing
      the sphere carrier in its sphere launching position;
PAR  FIG. 5 is a sectional view, taken along the line 5--5 of FIG. 2;
PAR  FIG. 6 is a detail showing the preferred embodiment of sealing means;
PAR  FIG. 7 is a detail showing another embodiment of sealing means;
PAR  FIG. 8 is a detail showing another embodiment of sealing means; and
PAR  FIG. 9 is a detail showing yet another embodiment of sealing means.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A. General Construction (FIG. 1)
PAR  Referring now to the drawings, and in particular to FIG. 1, reference
      numeral 1 indicates a meter prover embodying an improved sphere
      interchange 3 of the present invention. The prover 1 includes a prover
      loop 5 having an inlet end 7 and an outlet end 9. A pair of sphere
      detectors 11 and 13 define a calibrated section 15 of the loop 5. A flow
      meter 17 is connected, or connectable, in series with the downstream end 9
      of the prover loop 5. A register 19 is electrically connected through a
      gate 21 to the meter 17 for recording the meter output from the time the
      sphere detector 11 detects a sphere 23 and causes the gate 21 to activate
      the register until the detector 13 detects the sphere and causes the gate
      21 to deactivate the register 19. This part of the meter prover is
      entirely conventional.
PAR  The sphere interchange 3 includes a sphere transfer device 25 connected to
      the prover loop inlet end 7 by a launch tee 27 and to the loop outlet end
      9 by a receiving tee 29.
PAR  The sphere transfer device 25 includes a horizontal tubular or cylindrical
      housing 31 and a coaxial tubular sphere carrier 33 within the housing 31.
PAR  The housing 31 has an outlet opening 35 in the bottom of its cylindrical
      wall and an inlet openig 37 in the top of its cylindrical wall, the outlet
      opening 35 being axially spaced from the inlet opening 37 toward a first
      axial end 39 of the housing 31. The outlet opening 35 is connected to the
      launch tee 27 and the inlet opening 37 is connected to the receiver tee
      29. A piston rod 41 is connected to one axial end of the sphere carrier 33
      and extends through a closure plate 43 at the first axial end 39 of the
      housing 31. A hydraulic cylinder 45 attached to the closure plate 43
      controls movement of the piston rod 41, hence of the sphere carrier 33. A
      hydraulic actuator 47 connected to the ends of the cylinder 45 provides
      power for reciprocation of the sphere carrier 33. An electronic control
      circuit 49 in turn controls the hydraulic actuator 47.
PAR  The tubular sphere carrier 33 includes a sphere inlet 51 in its top and a
      sphere outlet 53 in its bottom. Restraint means, indicated at 55 and 57,
      in the carrier restrain axial movement of a sphere 23 within the sphere
      carrier 33. The restraint means 57 are made removable to permit removal of
      a sphere 23 through the end of the tubular carrier 33 and through a
      removable closure 59 at a second axial end 61 of the housing 31.
PAR  The portion of the housing 31 between its outlet 35 and inlet 37 and
      extending a distance from the inlet opening 37 toward its second axial end
      61 has a reduced internal diameter and acts as a sleeve 63 for slidably
      supporting the sphere carrier 33. An end face 65 of the sleeve 63 adjacent
      the housing outlet 35 acts as a valve seat for a resilient seal 67 carried
      on an annular flange 69 at a first axial end of the sphere carrier (toward
      the first end of the housing 31). Leak detecting means 71 are associated
      with the valve seat 65.
PAR  Launch tee 27 and receiver tee 29 are generally of standard construction.
      Both are substantially enlarged in diameter to provide smooth and reliable
      introduction of the sphere into the prover loop 5 and separation of the
      sphere from it. It will be understood that the launch tee 27 and receive
      tee 29 may be thought of as the entire conduit sections below and above
      the cylindrical wall of the housing 31, respectively.
PAR  Receiver tee 29 is provided with a perforated barrier 73 for separating the
      sphere from the flow stream in the prover loop, in accordance with
      well-known practice.
PAR  Within the launch tee 27 is an annular restriction 75, having a diameter
      slightly larger than the diameter of the sphere 23, for controlling the
      rate at which the sphere is launched into the prover loop 5. The annular
      restriction tube 75 in the launch tee 27 is carefully sized to provide a
      desired rate of drop for the sphere 23. If the diameter of the restriction
      75 is too near the diameter of the sphere, the sphere may tend to rise,
      rather than fall, in the launch tee during launch. It has been found that
      over a wide range of prover sizes a diameter of the restriction 75 of from
      about one quarter to one half inch greater than the sphere diameter
      provides ample time for the sphere carrier 33 to return to its sphere
      receiving position, without danger of creating such a buoyancy effect. For
      example, in an eight inch prover, a restriction diameter about 0.3 inches
      larger than the sphere diameter has been found to be optimal, and in a
      thirty inch prover a difference of about 0.4 inches is optimal. In this
      regard, it should be noted that the sphere diameter is conventionally
      slightly greater than the diameter of the calibrated section, generally on
      the order of two to three percent greater. Also, it should be noted that
      the restriction tube 75 preferably is spaced from the sphere carrier by a
      distance greater than the radius of the sphere 23, to permit sphere 23 to
      fall free until it has cleared the carrier 33. In other respects, the
      launch tee 27 and receiver tee 29 are standard configurations.
PAR  B. Operation
PAR  With the sphere 23 in the sphere carrier as shown in FIG. 1, a proving run
      is commenced by pressing a manual start switch 49a of the electronic
      control 49. The control 49 is an automatic sequencer which causes the
      hydraulic actuator 47 to move the sphere carrier to the left as viewed in
      FIG. 1 from its receive position shown in FIGS. 1 and 2. When the sphere
      carrier 33 has moved to the position shown in FIG. 3, in which liquid can
      first pass through the interchange 3 between the sleeve end 65 and the
      leading edge of the sphere outlet 53, the sphere 23 is completely trapped
      within the sleeve 63 by restraint 57. When the sphere carrier 33 has moved
      to its launch position shown in FIG. 4, in which its sphere outlet 53 is
      aligned with the housing outlet opening 35 to permit the sphere 23 to drop
      into the launch tee 27, the end of the tubular carrier 33 covers the inlet
      opening 37. The tubular carrier 33 and sleeve 63 thus form a sliding seal
      and prevent any substantial leakage of liquid through the interchange 3 in
      the launch position shown in FIG. 4. The transfer device 25 maintains
      positive sphere control throughout the sphere transfer sequence and
      prevents the sphere from getting out of sequence regardless of possible
      malfunctions of the control system. Also, liquid flow through the exchange
      3 is essentially eliminated at all times except when the sphere 23 is
      completely trapped within the sleeve 63 and when the sphere is falling
      toward the prover loop inlet. After the sphere has dropped clear of the
      carrier 33, the restriction 75 reduces its rate of drop to a controlled
      value. Therefore, before the sphere reaches the first sphere detector 11
      of the calibrated section 15, the control 49 has caused the hydraulic
      actuator to return the sphere carrier 33 to its sphere receiving position
      in which the seal 67 mates with the seat 65 to prevent bypass flow through
      the transfer mechanism. The seal testing means 71 immediately indicates
      whether a fluid-tight seal has been made. The sphere 23 then traverses the
      calibrated section 15, reaches the receiver tee 27 and drops directly into
      the sphere carrier 33. During the proving run, liquid pressure within the
      conduit tends to close rather than open the valve 67, and no additional
      hydraulic pressure is needed to keep the valve closed.
PAR  C. Constructional Details
PAR  The detailed construction of the sphere transfer device 25 is shown in
      FIGS. 2-6. The device is constructed substantially entirely of standard
      piping and tubing sections, which may be assembled with only a minimum of
      machining, and with simple welds having no welding crosses, for maximum
      strength.
PAR  The housing 31 includes, at its first axial end 39, a flange pipe 77 to
      which the closure plate 43 is secured; an outlet piping tee 79 defining
      the outlet opening 35; an inlet piping tee 81 defining the inlet opening
      37; an extension pipe 83 and an end pipe 85 at the second axial end 61 of
      the housing for removably mounting the closure 59. All of these sections
      are welded to each other (the outlet tee 79 and inlet tee 81 being welded
      to a rib 93 on a sleeve section 91 as described hereinafter) to form the
      tubular housing 31. Flanges 87 and 89 are welded to the legs of the outlet
      tee 79 and inlet tee 81 respectively for connecting the transfer device 25
      to the launch tee 27 and receiver tee 29 respectively.
PAR  The sleeve part 63 is formed as a separate piping section within and
      coaxial with the housing 31. As best seen in FIG. 6, a first sleeve
      section 91 includes an external circumferential rib 93 to which the ends
      of the housing tees 79 and 81 are welded, a smaller diameter spacer part
      95 which engages the inner surfaces of the tees 79 and 81, and a yet
      smaller diameter support sleeve part 97 extending axially toward the first
      end 39 of the housing 31. The first end face 65 of the sleeve part 97 is
      provided with an annular groove 99 connected by a bore 101 to a fitting
      103 for attachment of the leak detecting means 71 as described
      hereinafter. The sleeve 63 also includes a second pipe section 105 welded
      in a rabbet 107 in the second end of the first sleeve section 91. The
      sleeve sections 91 and 105 are of the same internal diameter and are
      easily aligned to form a sleeve which provides complete support for the
      carrier 33 in all the operative positions of the carrier 33. The spacer
      part 95 of the first sleeve part 91 and a spacer 108 at the second end of
      the second sleeve part 105 secure and align the sleeve 63 within the
      casing 31. A sphere opening 109 in the upper surface of the sleeve 105 is
      substantially smaller than the leg of the inlet tee 81, and a guide wedge
      111 in the inlet tee 81 directs the sphere 23 into it.
PAR  The sphere carrier 33 comprises a section of tubing 113 at the first axial
      end of which is welded a closure plate 115.
PAR  As best seen in FIG. 5, a slot 117 in the bottom of the carrier tube 113 is
      kept in alignment with a slot 119 in the sleeve section 105 by a key 121.
      The key 121 also acts as a stop for limiting the movement of the carrier
      toward the first end 39 of the transfer device 25, as seen in FIG. 4. It
      will also be seen from FIG. 4 that the key 121 restricts liquid flow
      through the slots 117 and 119 during launch of the sphere 23.
PAR  The restraint means 55 at the first end of the carrier 33 is simply a
      section of tube welded to the center of the closure plate 115. The
      restraint means 57, which defines the other end of a sphere-retaining
      chamber within the carrier 33, includes a vertical triangular plate 123
      which forms a ramp 124. The top of the ramp 124 is below the second end of
      the inlet 51 in the carrier 33 and the bottom of the ramp 124 is adjacent
      the second end of the outlet 53, to assure smooth launching of the sphere
      23. The lower edge of the plate 123 extends beyond the ends of the slot
      117. The plate 123 is held against axial movement by an adjustable stay
      125, the ends of which are held by sockets 126 in the carrier side wall
      113. It will be seen that the stay 125 is easily shortened by turning it
      with a wrench, and the entire assembly 57 is then easily removed through
      the second axial end 61 of the transfer device 25. With the carrier 33 in
      its receive position, as shown in FIG. 2, the sphere 23 is therefore
      easily retrieved by rolling it out through the second end of the carrier
      tube 113, without requiring any special equipment.
PAR  At the bottom of the housing inlet tee 81 is a drain 127, which may be used
      both in cleaning the interior of the housing 31 if debris build-up should
      eventually interfere with operation, as well as for draining the transfer
      device 25 before removing the sphere 23.
PAR  The closure plate 115 carries the annular flange 69 and resilient seal 67.
      An O-ring 129 and tapped bolt 131 permit the flange 69 to be removed from
      the end plate 115 for replacement of the seal 67, while assuring a
      liquid-tight fit between the flange 69 and end plate 115. The monitorable
      seal, shown particularly in FIGS. 2 and 6, is an important part of the
      present invention. Because the seat 65 lies in a vertical plane, it is
      protected from interference by sludge and foreign material in the pipeline
      liquid. Equally important, the provision of a groove in the generally flat
      seat 65 in combination with the flat resilient seal 67 gives a positive
      indication when a completely liquid-tight seal is formed, because the seal
      67 contacts the seat surface 65 on both sides of the groove 99 and is
      deformed into the groove 99 thereby decreasing the volume of the groove
      and increasing pressure within the groove 99 and the bore 101. This
      increase in pressure is easily monitored by the leak detecting means 71,
      which may be of known construction including a differential pressure
      switch 121 connected between the fitting 103 and a nipple 135 in the upper
      wall of the outlet tee 79 of the casing 31. Increased pressure in the
      groove 99 moves the pressure switch to the right as viewed in FIG. 2 and
      causes its electrical switch 137 to light an indicator light 139. Of
      course, the pressure switch may also be connected into the circuit of the
      gate 21 to disable the register 19 if a seal has not been made before the
      sphere 23 reaches the first detector 11.
PAR  It will be seen that the sealing means of this invention provide a positive
      indication that a seal has been made, while requiring only a single
      resilient seal and not requiring carefully aligned and finished mating
      surfaces.
PAR  FIGS. 7, 8 and 9 show other single resilient seals and annularly grooved
      seating faces which have many of the advantages of, and may be substituted
      for, the preferred embodiment shown in FIG. 6. In these embodiments, the
      resilient seal contacts only the edge or side wall of the groove itself
      and thus requires more careful alignment than the preferred embodiment.
      However, these embodiments are far simpler than double seals utilized
      heretofore, particularly because the process of milling the groove in the
      end face of the sleeve produces an accurate and smooth seal for the
      resilient seal. Furthermore, alignment of the mating parts is far less a
      problem with the preferred embodiment of meter prover interchange
      described than with previously known interchanges because the moving half
      of the valve seal is completely supported and aligned throughout its
      motion by the tube-within-a-tube construction of the carrier and sleeve.
      In FIG. 7, a rounded delta resilient seal 267 is trapped between end
      plates 215 and 216 of the carrier and is held to an annular flange part
      269 of the end plate 215. A shallow V-shaped groove 299 in the end face of
      tubular sleeve 263 is wide enough that the rounded end of the resilient
      seal 267 extends into the groove 299 and contacts the sides of the groove.
      The volume of the annulus trapped by the resilient seal 267 is small,
      making this arrangement particularly sensitive to the slightest leakage.
PAR  The arrangement shown in FIG. 8 is similar to the preceding example and
      includes a resilient seal 367 held to an annular flange part 369 of an end
      plate part 315 by an annular rib 331 on a second end plate part 316 of the
      carrier. Tapered radial sides of the resilient seal 367 engage the radial
      edges of a square annular groove 399 in the end face of a sleeve 363. The
      volume trapped within the groove is easily controlled in accordance with
      the depth of the groove 399 and the shape of resilient seal 367.
PAR  In FIG. 9 is shown a simple O-ring 467 held in a groove 468 in annular
      flange 469 of carrier end plate 415. The O-ring 467 engages the radial
      edges and sides of tapered groove 499 in sleeve 463.
PAR  Numerous variations in the meter prover interchange of this invention,
      within the scope of the appended claims, will be apparent to those skilled
      in the art in the light of the foregoing description.
CLMS
STM  Having thus described the invention, what is claimed and desired to be
      secured by Letters Patent is:
NUM  1.
PAR  1. In a undirectional meter proving device comprising a piping loop having
      an upstream end and a downstream end; a pair of detectors in the loop for
      defining a calibrated section of the loop; and a sphere interchange
      comprising a housing having a first opening communicating with the outlet
      end of the piping loop and a second opening communicating with the inlet
      end of the piping loop, and seal means in the housing for providing a
      fluid seal between the first opening and the second opening during a
      proving run, the improvement wherein the seal means comprise:
PA1  a. a closure member reciprocable along an axis of movement, the closure
      member comprising
PA2  1. an annular flange lying substantially in a plane perpendicular to the
      axis of movement of the closure member, and
PA2  2. a resilient annular seal carried on the flange;
PA1  b. a valve seat in the housing between the first opening and the second
      opening, the valve seat comprising
PA2  1. an annular seating face lying substantially in a plane perpendicular to
      the axis of movement of the closure member, and
PA2  2. an annular groove in the seating face, said annular groove being
      proportioned and positioned to be sealed by the resilient seal, pressure
      in the groove being increased by compression of the resilient seal into
      the groove; and
PA1  c. seal testing means responsive to increased pressure in the groove.
NUM  2.
PAR  2. The improvement of claim 1 wherein the annular seal includes a
      substantially flat sealing face proportioned to engage the annular seating
      face on both radial sides of the annular groove.
NUM  3.
PAR  3. The improvement of claim 1 wherein the annular seal includes a convex
      sealing face adapted to contact opposed side walls of the annular groove.
NUM  4.
PAR  4. In a unidirectional meter proving device comprising a piping loop having
      an upstream end and a downstream end; a pair of sphere detectors in the
      loop for defining a calibrated section of the loop; a launch tee for
      launching a sphere into the upstream end of the loop and a receiving tee
      for recovering the sphere from the downstream end of the loop; a sphere
      transfer device including transfer means for transferring the sphere from
      the receiving tee to the launch tee to begin a proving run and sealing
      means for providing a fluid seal between the receiving tee and the launch
      tee during the proving run; and control means for controlling movement of
      the sphere transfer device, the improvement wherein
PA1  a. the transfer means comprise
PA2  1. a generally horizontal tubular housing having an inlet opening
      communicating with the receiving tee in its top and an outlet opening
      communicating with the launch tee in its bottom, the outlet opening being
      axially spaced from the inlet opening toward a first axial end of the
      housing,
PAR  2. a piston in the housing,
PA2  3. a transverse opening through the piston, adapted to receive a sphere,
      the piston being axially reciprocable in the housing from a receive
      position in which the transverse opening is aligned with the inlet opening
      to a launch position in which the transverse opening is aligned with the
      outlet opening;
PA1  b. the sealing means comprise
PA2  1. resilient seal means carried by the piston between the transverse
      opening and the first axial end of the housing,
PA2  2. seating means in the housing, axially between the inlet opening and
      outlet opening, adapted to be engaged by the resilient seal means, the
      seal means and seating means being proportioned and positioned to provide
      the fluid seal between the receiving tee and the launch tee when the
      piston is in its receive position; and
PA1  c. the control means comprise means
PA2  1. for moving the piston from its receive position to its launch position,
      thereby launching the sphere from the transverse opening in the piston
      into the launch tee, and
PA2  2. for returning the piston to its receive position before the sphere
      reaches the calibrated section of the loop.
NUM  5.
PAR  5. The improvement of claim 4 including means for reducing flow between the
      inlet opening and outlet opening when the piston is in its launch
      position.
NUM  6.
PAR  6. The improvement of claim 5 wherein the means for reducing flow comprise
      an extension of the piston extending axially across the inlet opening when
      the piston is in its launch position.
NUM  7.
PAR  7. The improvement of claim 4 including a piston rod secured to the piston
      and extending through the first axial end of the housing; a removable
      closure for a second axial end of the tubular housing opposite the first
      axial end of the housing; and a removable restraint carried by the piston
      between the transverse opening and the removable closure, whereby removal
      of the closure end of the restraint permits removal of the sphere through
      the second axial end of the housing when the piston is in its receive
      position.
NUM  8.
PAR  8. The improvement of claim 4 including annular restriction means in the
      launch tee spaced from the piston by a distance greater than the radius of
      the sphere, for retarding the rate of launching the sphere, the annular
      restriction means defining a circular opening having a diameter which is
      about one-quarter to one-half inch greater than the diameter of the
      sphere.
NUM  9.
PAR  9. The improvement of claim 4 wherein
PA1  a. the resilient seal means comprise
PA2  1. an annular flange on the piston lying substantially in a plane
      perpendicular to the axis of movement of the piston, and
PA2  2. a resilient annular seal carried on the flange;
PA1  b. the seating means comprise
PAR  1. an annular seating face lying substantially in a plane perpendicular to
      the axis of movement of the piston, and
PA2  2. an annular groove in the seating face, the annular groove being
      proportioned and positioned to be sealed by the resilient annular seal,
      pressure in the groove being increased by compression of the resilient
      seal into the groove; and
PA1  c. seal testing means are provided, the seal testing means being responsive
      to increased pressure in the groove.
NUM  10.
PAR  10. The improvement of claim 9 wherein the annular seating face comprises
      an axial end of a cylindrical sleeve part in the housing extending axially
      between the inlet opening and the outlet opening, the sleeve part slidably
      supporting the piston.
NUM  11.
PAR  11. In a unidirectional meter proving device comprising a piping loop
      having an upstream end and a downstream end; a pair of detectors in the
      loop for defining a calibrated section of the loop; and a sphere
      interchange for receiving a sphere from the downstream end of the piping
      loop and selectively launching the sphere into the upstream end of the
      piping loop, the improvement wherein the sphere interchange comprises:
PA1  a housing having a generally cylindrical wall, a first axial end and a
      second axial end;
PA1  an inlet opening in the top of the cylindrical wall communicating with the
      downstream end of the piping loop;
PA1  an outlet opening in the bottom of the cylindrical wall, communicating with
      the inlet end of the piping loop, and being axially spaced from the inlet
      opening toward the first axial end of the housing;
PA1  valve seating means in the housing between the inlet opening and the outlet
      opening;
PA1  valve means cooperable with said valve seating means to form a fluid-tight
      seal;
PA1  a piston rod mounted through the first axial end of the housing for
      reciprocative movement, the valve means being carried by the piston rod
      for movement alternately into cooperation with the valve seating means and
      away from the valve seating means toward the first axial end of the
      housing; and
PA1  a closure member on the second axial end of the housing, said closure
      member being openable for removal of a sphere through the second axial end
      of the housing.
NUM  12.
PAR  12. The improvement of claim 11 including a sphere carrier attached to the
      piston rod, the carrier including a sphere retaining means for limiting
      axial movement of a sphere in the carrier, the sphere retaining means
      comprising means accessible through the second axial end of the housing
      for rendering said sphere retaining means at least partially movable to
      permit removal of a sphere through an axial end of the carrier toward the
      second end of the housing.
NUM  13.
PAR  13. In a unidirectional meter proving device comprising a piping loop
      having an upstream end and a downstream end; a pair of sphere detectors in
      the loop for defining a calibrated section of the loop; a launch tee for
      launching a sphere into the upstream end of the loop and a receiving tee
      for recovering the sphere from the downstream end of the loop; and a
      sphere transfer device for receiving a sphere from the receiving tee and
      selectively launching the sphere into the launch tee, the improvement
      wherein the sphere transfer device comprises:
PA1  a. a housing having a generally tubular side wall, a first axial end wall,
      and a second axial end wall, the side wall having in it
PA2  1. a sphere inlet communicating with the receiving tee, and
PA2  2. a sphere outlet communicating with the launch tee, the sphere outlet
      being displaced axially from the inlet toward the first axial end wall of
      the housing;
PA1  b. a reciprocating sphere carrier within the housing, the sphere carrier
      having a tubular side wall generally coaxial with the housing side wall, a
      first axial end toward the first axial end wall of the housing, and a
      second axial end toward the second axial end wall of the housing, the
      carrier side wall having in it
PA2  1. a sphere receiving opening, and
PA2  2. a sphere launching opening the sphere carrier being movable between a
      sphere receiving position in which its sphere receiving opening is aligned
      with the housing inlet and a sphere launching position in which its sphere
      launching opening is aligned with the housing outlet;
PA1  c. retaining means in the sphere carrier for limiting axial movement of a
      sphere contained therein;
PA1  d. a cylindrical sleeve part in the housing extending axially between the
      inlet opening and the outlet opening and slidably supporting the tubular
      wall of the sphere carrier, the sleeve part having an axial length, equal
      to at least one-half the axial length of the sphere receiving opening in
      the sphere carrier, sufficient to trap the sphere within the sleeve at all
      axial positions of the sphere carrier in which its sphere receiving
      opening communicates with the receiving tee while its sphere launching
      opening communicates with the launch tee;
PA1  e. said sleeve part having an axial end adjacent one of said sphere inlet
      and said sphere outlet, said axial end comprising a valve seat; and
PA1  f. valve means carried by said sphere carrier for cooperating with said
      valve seat to form a fluid-tight seal between said sphere inlet and said
      sphere outlet, said valve means comprising an annular flange on the sphere
      carrier adapted to engage the valve seat when the carrier is in one of
      said sphere receiving or sphere launching positions.
NUM  14.
PAR  14. The improvement of claim 13 wherein the annular flange is at the first
      axial end of the sphere carrier, wherein the sleeve part extends toward
      the second axial end wall of the housing beyond the sphere inlet and is
      provided with a sphere inlet opening generally aligned with the sphere
      inlet in the housing, and wherein the tubular side wall of the sphere
      carrier extends completely across the sphere inlet opening in the sleeve
      when the sphere carrier is in its sphere launching position.
NUM  15.
PAR  15. The improvement of claim 13 further including a piston rod secured to
      the first axial end of the sphere carrier and extending through the first
      axial end wall of the housing, and wherein the annular flange is at the
      first axial end of the sphere carrier; wherein the second axial end wall
      of the housing comprises a removable closure; and wherein the retaining
      means in the sphere carrier is at least partially movable to permit
      removal of a sphere through the second axial end of the sphere carrier and
      through the removable closure of the housing.
NUM  16.
PAR  16. In a unidirectional meter proving device comprising a piping loop
      having an upstream end and a downstream end; a pair of sphere detectors in
      the loop for defining a calibrated section of the loop; a resilient sphere
      having a diameter equal to or slightly greater than the inner diameter of
      the calibrated section; a launch tee for launching the sphere into the
      upstream end of the loop; a sphere transfer means for transferring the
      sphere from the downstream end of the piping loop to the launch tee to
      begin a proving run; and sealing means for providing a fluid seal between
      the downstream end of the piping loop and the launch tee during a proving
      run, the improvement comprising:
PA1  a. control means for selectively beginning a proving run by opening the
      sealing means and causing the transfer means to transfer the sphere to the
      launch tee, and thereafter closing the sealing means to provide a fluid
      seal between the downstream end of the piping loop and the launch tee; and
PA1  b. annular restriction means in the launch tee for retarding the rate of
      launching the sphere, the annular restriction means being spaced from the
      sealing means by a distance greater than the radius of the sphere and
      defining a circular opening having a diameter about one-quarter to
      one-half inch greater than the diameter of the sphere.
NUM  17.
PAR  17. A meter proving method utilizing a unidirectional meter prover
      comprising a piping loop having an upstream end and a downstream end; a
      pair of sphere detectors in the loop for defining a calibrated section of
      the loop; and sphere transfer means for transferring a sphere from the
      downstream end of the piping loop to the launch tee to begin a proving
      run, the sphere transfer means comprising a reciprocating sphere carrier
      including means for retaining a sphere in the sphere carrier as the sphere
      carrier transfers the sphere from the downstream end of the piping loop to
      the launch tee, the sphere carrier further comprising sealing means for
      providing a fluid seal between the downstream end of the piping loop and
      the launch tee during a proving run, the method comprising shifting the
      sphere carrier from a sphere receiving position in which the sphere
      retaining means are positioned to receive a sphere from the outlet end of
      the piping loop to a sphere launching position in which the sphere is
      launched from the sphere retaining means into an unobstructed conduit
      between the sphere carrier and the calibrated section of the  piping loop,
      and thereafter returning the sphere carrier to its sphere receiving
      position and initiating a leakage detection operation before the sphere
      reaches the calibrated section.
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PAL  A gas probe for penetrating the earth to sample gasses therefrom such as
      gases of putrefaction in a suspected burial area. A cylindrical sampling
      conduit extends from an outlet at the top to a sampling manifold having at
      least one outwardly opening at the bottom and is affixed to a pike at its
      lower end which is the earth piercing portion of the probe. The sampling
      manifold is surrounded by a sleeve having a sealing bushing and a
      cylindrical section the same size as the pike. The reciprocating sleeve at
      the bushing seals the sampling manifold and applies pressure to the pike
      to force insertion of the probe. When the probe is driven to its full
      depth, the reciprocating sleeve is withdrawn to expose the sampling
      manifold. Withdrawal of this sleeve defines a protected annulus for the
      manifold openings simultaneously creating a gradually expanding volume
      which draws gases from the surrounding soil for sampling. The probe is
      particularly useful in verifying the presence or absence of a body in a
      suspected surreptitious burial site without excavation. The earth in an
      area suspected of being above a putrefying body. The probe, forms when the
      reciprocating sleeve is partially withdrawn, a chamber having a pressure
      gradient, so that vapors from the surrounding earth may be withdrawn and
      analyzed for gases appropriate to the detection of putrefaction.
BSUM
PAR  This invention relates to a subterranean probe for detecting gases.
      Specifically, a gas sampling probe is disclosed which can sample
      subterranean gases without excavation, such as those gases produced by
      natural putrefaction in surreptitious burial sites.
PAC  STATEMENT OF THE PROBLEM
PAR  It is often extremely useful to know the gaseous content of subterranean
      earth. The detection of surreptitious burial sites is one example. Natural
      putrefaction of bodies in such surreptitious burial sites produces an
      abnormal combustible gaseous content in the soil. Gases such as hydrogen
      sulfide, hydrogen phosphide, carbon dioxide, hydrogen, and methane are
      produced in liberal quantities. These gases, if sampled at subterranean
      levels, can indicate the presence of a suspected burial site. Time
      consuming excavation of large areas can be avoided.
PAR  Heretofore, it has not been possible to sample for gases in the soil
      without excavation. This has been because the insertions of probes have
      led to inevitable clogging of the probes. Moreover, the probes themselves
      are not designed to naturally enhance gaseous subterranean gas samples.
PAC  SUMMARY OF THE INVENTION
PAR  A gas probe for penetrating the earth to sample the gaseous output from
      earth, such as gases of putrefaction in a suspected burial area, is
      disclosed. A preferably cylindrical sampling conduit extends from a gas
      meter outlet at the top of the probe to a sampling manifold having at
      least one outward radially exposed manifold opening at the bottom of the
      probe. The collection conduit is affixed to and trails at its lower end a
      pike of preferably larger cylindrical section, which pike is the earth
      piercing portion of the probe. The sampling manifold is concentrically
      surrounded by a reciprocating sleeve having lower sealing bushing and a
      cylindrical section preferably the same as the cylindrical section of the
      pike. During insertion of the probe, the reciprocating sleeve at the
      bushing is used to seal the sampling manifold as well as to confront and
      apply pressure to the pike to effect a driving force downwardly to cause
      insertion of the probe. When the probe is driven to its full depth, the
      reciprocating sleeve is reciprocally withdrawn to expose the sampling
      manifold at the lower end of the probe. Withdrawal of this sleeve defines
      a protected annulus which enables the radially disposed manifold openings
      to be exposed outwardly to the soil without direct contact to the adjacent
      soil and resultant clogging during sampling. Simultaneously, this
      withdrawal of the radial sleeve creates a gradually expanding volume which
      draws gases from the surrounding soil for sampling. Moreover, an annulus
      of earth separated from the openings of the sampling manifold is produced
      across which gases to be sampled can be drawn. The probe is particularly
      useful in verifying the presence or absence of a body in a suspected
      surreptitious burial site without excavation.
PAR  The method employs the above described probe, whereby the probe provides a
      chamber into which gases are drawn, which may then be withdrawn from the
      chamber and analyzed.
PAC  OBJECTS AND ADVANTAGES OF THE INVENTION
PAR  It is an object of this invention to provide an apparatus for underground
      gas sampling in soil which is not saturated by water. According to this
      aspect, a sampling conduit is fastened to the trailing end of a pike.
      Immediately above the pike, the conduit includes a manifold with at least
      one radially protruding sampling aperture. A reciprocating sleeve covers
      the manifold apertures during insertion and reciprocates away from the
      pike during sampling to define open ports within the earth for receiving
      gas samples.
PAR  An advantage of this apparatus is that gases within the earth can be
      sampled without requiring excavation. For example, those gases produced by
      the natural putrefaction of buried animate objects --such as a corpse--
      can be detected. Areas where investigative excavation should occur can be
      located with precision.
PAR  Another advantage of the sampling manifold according to this invention is
      that it cannot become clogged during insertion. As the apertures of the
      sampling manifold are sealed during insertion and only open during
      sampling, obstruction of these sampling apertures is not dependent upon
      insertion.
PAR  An additional advantage of the reciprocating sleeve is that it can apply
      pressure to the earth piercing pike sufficient to drive the pike
      downwardly into the ground. The sampling conduit can be constructed to a
      small dimension for more efficient sampling while the considerable force
      required for driving the pike and trailing conduit into the ground is
      exerted through the larger and stronger sleeve.
PAR  A further advantage of this invention is that the unit is sealed during
      insertion. The probe need only be opened for the acceptance of gaseous
      samples at its intended depth.
PAR  Yet another advantage of this invention is that gas samples can be taken of
      soil strata at varying elevations from the ground surface. Not only can
      the location of desired excavation be determined, but the elevation at
      which gross excavation ceases and more careful excavation commences can be
      easily determined.
PAR  A further object of this invention is to disclose an underground sampling
      manifold with its individual sampling apertures exposed so that it is not
      readily capable of being plugged. According to this aspect, the sampling
      manifold follows a pike of larger diameter than the sampling manifold.
      When the covering sleeve is reciprocated to expose the sampling manifold
      apertures, a spatial annulus is defined around the sampling manifold,
      holding clogging during sampling to a minimum.
PAR  An advantage of this aspect of the invention is that the sampling apertures
      are not exposed in the direction of penetration of the probe. Rather, the
      apertures are exposed outwardly and to the side of the path of the probe
      into the earth.
PAR  Yet a further object of this invention is to disclose a sampling aperture
      which tends to draw from the surrounding soil the vapors to be sampled.
      According to this aspect, the protective sleeve covers the sampling
      manifold in following relation to the ground probing pike. When the
      reciprocating sleeve is drawn rearwardly to expose the sampling manifold,
      a gradually increasing annulus is defined proximate the sampling manifold.
PAR  An advantage of this gradually increasing annulus is that it tends to draw
      gases to be sampled from the adjacent soil during opening of the gas
      sampling manifold. Thus, the probe itself assists in the desired sampling
      function.
DRWD
PAR  Other objects, features and advantages of this invention will become more
      apparent after referring to the following specification and attached
      drawings in which:
PAR  FIG. 1 is a side elevation section of the probe of this invention being
      utilized at a suspected burial site with a succession of probe
      dispositions being shown operatively connected to a conventional gas
      sampler;
PAR  FIG. 2 is a side elevation of the probe of this invention shown partially
      broken away along its length with the spike and manifold shown in the
      closed position for insertion of the probe into the earth;
PAR  FIG. 3 is a side elevation section of the probe of this invention taken
      along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a side elevation of the probe of this invention shown open to the
      gas sampling position; and,
PAR  FIG. 5 is a side elevation section of the probe of this invention along
      lines 5--5 of FIG. 4.
DETD
PAR  Referring to FIG. 1, body A is shown buried in a surreptitious burial site
      B identified by a surface depression C. The probe of this invention D is
      shown inserted into site B and connected to conventional gas sampling
      meter E. Typically, the probe will be inserted at a succession of
      elevations and locations at positions 10, 11 and 12. These positions will
      vary in both planar position and depth dependent upon the formation of the
      depression C, its depth, and the content of the gas samples taken.
PAR  Regarding the gas sampling apparatus E, one apparatus which is particularly
      useful for connection to the probe here shown is known as the Model 1148
      Combination Dual Range Combustible Gas Indicator and Alarm/Temperature
      Surveyor, an instrument manufactured by the Johnson Instrument Division of
      Gastech, Inc., of Mountain View, California. It should be noted that in
      the use of this instrumentation, the ambient temperature of the
      sub-surface soil is important. As a practical matter, it is preferred that
      the sub-surface temperature of the soil be above freezing. Temperatures
      above 35.degree. F are preferred. At temperatures of 45.degree. or more,
      the gases to be detected form in comparatively large quantity and will be
      detected upon the least sensitive setting of the instrument here disclosed
      for a preferred use. It should be noted that the presence of bodies buried
      for ten years can be detected with this equipment.
PAR  It should also be noted that virtually any gas detector capable of
      detecting gases of decomposition or putrefaction such as hydrogen sulfide,
      hydrogen phosphide, methane, carbon dioxide, ammonia or hydrogen can be
      used with this invention. Specifically, gas detectors sensitive to methane
      gases are preferred.
PAR  Referring to FIGS. 2 and 3, the construction of the instrument can first be
      set forth. Thereafter, the operation of the probe during its penetration
      into the earth will be explained. Finally, and with reference to FIGS. 4
      and 5, the opening of the probe to obtain a subterranean gas sample will
      be explained.
PAR  Probe D includes pike 14 fastened to sampling conduit 16 by pin 15.
      Sampling conduit 16 extends upwardly the full length of the probe into
      upper handle 20. Preferably, handle 20 is medially tapped with an inside
      screw thread 22 to mate with thread 24 on the exterior of the upper end of
      sampling conduit 16.
PAR  Concentrically of handle 20 and overlying the sampling conduit 16, there is
      formed second tap 27 of a larger diameter. This tap is connected to the
      gas sampling conduit which leads to the gas sampling apparatus E shown in
      FIG. 1. Gas to be sampled passes from the interior of conduit 16 to the
      meter connected conduit and then to the sampling apparatus interior of the
      meter.
PAR  A sleeve 30 having inside diameter 32 forming a sliding fit over the
      outside diameter of sampling conduit 16 fits over the sampling conduit
      between pike 14 and a second handle member 34. Sleeve 30 includes inside
      bushing 34 at its lower end which bushing slides over and covers the gas
      sampling manifold 37 at the lower end of the probe.
PAR  It can be seen that the sleeve 30 has two discrete functions. First, during
      driving of pike 14 and its attached sampling conduit 16 into the ground,
      sleeve 30 applies the driving force to the pike relieving the sampling
      manifold 16 of any substantial driving pressures. With respect to this
      function, it can be noted that sleeve 30 preferably has a cylindrical
      diameter the same as the cylindrical diameter of pike 14 so as to present
      a constant cross-section to the earth being pierced.
PAR  Second, sleeve 30 at bushing 34 seals the manifold opening 37. Thus, during
      penetration of the probe D into the ground, the manifold is completely
      sealed and gases will not be introduced.
PAR  Sleeve 30 is fastened at its upper end to driving handle 34 at threads 38
      on sleeve 30 to interior threaded aperture 39 in driving handle 34. Thus,
      downward pressure on handle 34 causes the sleeve to advance pike 14
      downwardly and into the ground, pulling sampling conduit 16 behind the
      pike.
PAR  Upper handle 20 is connected to a lower handle 40 by paired yoke members
      41, 42, both on either side of the axis of sampling conduit 16. Lower
      handle 40 is, in turn, mated for adjustable contact with driving handle 34
      through paired screws 45, 46.
PAR  By adjusting the protrusion of screws 45, 46 below driving handle 34 to a
      preselected interval below the driving handle 34, two functions will
      occur. First, the driving handle 34 will push the sleeve 30 and pike 14
      into the ground. Second, variable adjustment of the screws 45, 46 on the
      lower handle 40 will cause the sampling conduit 16 to move in a
      predetermined retarded relationship behind the advancement of the pike 14.
      Thus, it can be easily seen that the probe D can be inserted to its full
      intended depth.
PAR  Referring to FIGS. 4 and 5, the operation of this device to take a
      subterranean sample can be easily understood. Simply, driving handle 34 is
      moved upwardly from its juxtaposition with lower handle 40 into
      juxtaposition with the underside of upper handle 20. This causes sleeve 30
      to retract or reciprocate upwardly so that interior bushing 34 uncovers
      the sampling manifold outlets 37 immediately trailing the pike 14.
PAR  Upon withdrawal of sleeve 30, substantially three functions occur. First,
      withdrawal of the sleeve defines a protected annulus which enables the
      radially disposed sampling apertures 37 to be exposed outwardly to the
      soil without direct contact to the soil. Resultant clogging during gas
      sampling is avoided insofar as possible.
PAR  Second, withdrawal of the radial sleeve creates a gradually expanding
      volume. This gradually expanding volume draws gases from the surrounding
      soil into the area adjacent manifold openings 37 to effect sampling.
PAR  Finally, and as sampling continues, an annulus of earth separated from the
      openings of the sampling manifold is produced. Gases to be sampled are
      drawn across this annulus and into the gas measurement apparatus.
PAR  When gas sampling has occurred at the desired depth, handle 34 is
      preferably pushed downwardly and into contact again with lower handle 40.
      This is the precise disposition illustrated in FIG. 3. Thereafter, the
      apparatus is removed from the ground by pulling upward at lower handle 40.
      During such movement, the cylinder 30 at bushing 34 closes the sampling
      manifold 37 to again prevent clogging of the manifold apertures during
      withdrawal of the probe from the ground.
PAR  It should be understood that the probe here used is suitable for use in
      earth above the existent water table only. The gaseous content of soil
      from below the water table will percolate upwardly above the water table
      to an area wherein the probe here disclosed has utility. It should be
      understood that the gas sampling function of the probe is not intended for
      use below an existent water table.
PAR  The method involves introducing a probe, conveniently having a pike which
      aids in the penetration of the earth by the probe into the earth in an
      area suspected of being above a putrefying body. Located internally of the
      probe near the bottom is a gas sampling orifice surrounded by a
      reciprocating sleeve. The probe is introduced into the earth forming a
      channel, the reciprocating sleeve partially withdrawn, forming a chamber
      with a pressure gradient between the chamber and the surrounding earth, so
      as to draw vapors into the chamber and the vapors are withdrawn through
      the gas sampling opening and analyzed for gases of putrefaction,
      particularly two gases, normally one of which is methane and another is
      either hydrogen sulfide, hydrogen phosphide (phosphine), carbon dioxide or
      hydrogen. One can obtain comparative values of the normal presence of
      these gases in the earth by sampling areas in the vicinity of but remote
      from the area of the putrefying body.
PAR  It will be understood that the invention herein could admit of a number of
      modifications. For example, many different configurations of actuating
      handles can be used with this invention, providing that the reciprocating
      function of the sleeves, sampling manifold, and pike are all provided for.
      While the particular configuration herein is preferred, others providing
      the crucial function to the pike 14, sampling manifold 16, and sealing
      bushing 34 may be used. Likewise, other modifications can occur without
      departing from the spirit and scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for detecting the presence of a putrefying subterranean body
      which comprises: introducing into a site of a burial area suspected of
      containing a petrefying body a probe downwardly into the ground; providing
      an internal gas receiving opening near the bottom of said probe plugged by
      a protecting member; withdrawing said member to expose said opening to a
      chamber caused by removing said member to draw vapors into said probe
      withdrawing vapors through said opening to a gas analyzer; and, analyzing
      said vapor for at least one gas selected from the group consisting of
      methane, hydrogen sulfide, hydrogen phosphide, carbon dioxide and
      hydrogen.
NUM  2.
PAR  2. A method according to claim 1, where one of said gases is hydrocarbons.
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ABST
PAL  A method and an apparatus for continuously measuring the hydrogen
      concentration in argon gas containing hydrogen and other impurities. The
      argon gas containing impurities is continuously passed through a high
      temperature metal getter to thereby remove impurities other than hydrogen
      from the argon gas and produce a two-component mixture of gases consisting
      of argon and hydrogen. The two-component gas is then continuously
      introduced to a thermal conductivity detector and the hydrogen
      concentration can be determined from the detected thermal conductivity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to detecting water leaks in a steam
      generator used in a nuclear reactor containing liquid sodium coolant, and
      more particularly to a method and an apparatus for continuously measuring
      concentrations of hydrogen in the cover gas, i.e., argon gas, used in a
      nuclear reactor.
PAR  In the steam generator used in a nuclear reactor containing liquid sodium
      coolant, water is heated by high temperature liquid sodium to generate
      steam. When a water leak occurs in a pipe wall which separates liquid
      sodium from water, a violent reaction takes place between water and liquid
      sodium and this can result in failure or damage of the steam generator.
      Hydrogen gas is produced in the course of the reaction, and is then
      transferred to the argon gas phase with which the space above the free
      surface of the liquid sodium is filled. Therefore, it is possible to
      detect water leaks in the steam generator system by continuously
      monitoring the hydrogen concentration in the argon cover gas.
PAR  In order to minimize damage to the steam generator system and to maintain a
      safe operation of the system, rapid and sensitive detection of hydrogen in
      the argon cover gas is important.
PAR  Prior methods of detecting the hydrogen concentration in argon gas include
      gas chromatograhy and a method using a metal membrane. In the gas
      chromatograph method, as shown in FIG. 1, a sample 1 of gas is
      auotmatically and intermittently picked up from the argon cover gas by a
      sampler 2, and the sample gas is introduced together with a carrier gas 3
      into a column 4 to separate hydrogen from the argon cover gas. Then, the
      separated and eluted hydrogen and carrier gas are respectively subjected
      to a measurement of their thermal conductivities by two thermal
      conductivity cells 5, and the concentration of hydrogen in the argon can
      be read from the difference between these two thermal conductivity values,
      and can be recorded by a recorder 7. The column 4 and thermal conductivity
      cells 5 are contained in an oven 6.
PAR  To make the measurement by this system rapid, the system has been designed
      to make the retention time of the hydrogen as short as possible, on the
      assumption that no impurity gases other than hydrogen exist in the sample
      gas, so as to measure hydrogen concentrations at time intervals of about
      three minutes. This system, therefore, has the following disadvantages:
PAR  1. If there are impurity gases, other than hydrogen in the sample gas,
      mainly gases such as oxygen and nitrogen, they are simultaneously eluted
      with the hydrogen since they cannot be completely separated from hydrogen.
      This leads to a positive error in the numerical indication of hydrogen
      concentration.
PAR  2. In order to completely separate impurity gases from hydrogen, it is
      necessary to measure hydrogen concentrations at time intervals of more
      than five minutes. Therefore, this system is useless for quickly detecting
      the occurrence of gases produced as a result of the reaction between water
      and liquid sodium, i.e., occurrence of water leaks.
PAR  3. Measurement of hydrogen concentrations according to this system is made
      intermittently, not continuously.
PAR  4. The apparatus used in this system is so large and complicated that the
      places where it can be installed are limited and the cost of the apparatus
      is high.
PAR  The prior method using a metal membrane utilizes the characteristic that
      hydrogen can selectively permeate and diffuse through a membrane of nickel
      or palladium. One apparatus which is often used in this method is shown in
      FIG. 2. The membrane tube 11 is positioned within a chamber 13 in an
      electric furnace 12 and the tube 11 and chamber 13 are maintained at a
      temperature of 450.degree. to 500.degree.C. On the other hand, the insides
      of both the membrane tube 11 and a hydrogen gas detector 14 (e.g., an
      ionization gauge) are kept at a high vacuum by means of a vacuum pump 15
      and diffusion pump 16. An orifice 17 is interposed between the exhaust
      side of the membrane tube 11 and the detector 14, in order to maintain the
      inside of the vacuum system at a constant vacuum. When argon gas
      containing hydrogen is introduced into the chamber 13, only hydrogen
      permeates through the membrane and enters through the inside of the tube
      11 into the detector 14, where the hydrogen concentration is continuously
      detected as a change of degree of vacuum.
PAR  This prior method, however, has the following disadvantages:
PAR  1. In order to increase the permeation of hydrogen through the metal
      membrane, the thickness of the metal membrane is reduced as much as
      possible, for example until it has a thickness of 50 to 100 .mu..
      Therefore, the metal membrane is easily cracked, deformed and burst under
      thermal stress.
PAR  2. It is assumed in this method that only hydrogen can selectively permeate
      through the metal membrane and that the changes of the degree of vacuum in
      the hydrogen detector are produced only by hydrogen contained in the
      sample gas. However, when microscopic cracks have been produced in the
      metal membrane, a very small amount of argon can also permeate through the
      cracks and enter the hydrogen detector. In addition, the sensitivity of
      the ionization gauge is increased as the mass number of the gas which is
      in contact with the gauge becomes larger. For these reasons, there is a
      possibility that noticeable errors can occur in the indication of the
      hydrogen concentration.
PAR  3. If the sample gas contains hydrocarbon gases and/or sodium vapors, they
      attach to the surface of the metal membrane and cause a decrease of the
      permeation of hydrogen through the membrane. Furthermore, they cause the
      surface of the membrane to burst due to the cementation thereof.
PAR  4. It is impossible to foresee the deterioration of the metal membrane and
      the production of the microscopic cracks therein.
PAC  OBJECTS AND BRIEF SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of this invention to provide a method and
      apparatus to carry out satisfactory and accurate measurement of hydrogen
      concentration in argon gas, although impurities other than hydrogen exist
      in the argon gas.
PAR  It is another object of this invention to provide a method and apparatus
      for promptly and continuously measuring a very small amount of hydrogen
      contained in argon gas, to thereby detect water leaks in a steam generator
      system used in a nuclear reactor.
PAR  It is a further object of this invention to provide a reliable apparatus
      for promptly and continuously measuring hydrogen concentrations in argon
      gas, which is easily designed and is compact.
PAR  In accordance with the method of the present invention, argon gas
      containing hydrogen and other impurities is continuously passed through a
      high temperature metal getter, thereby removing impurities other than
      hydrogen from the argon gas and producing two-component mixture of gases
      consisting only of argon and hydrogen. The two-component mixture of gases
      thus produced is then introduced into a detector in which the thermal
      conductivity of the gas is continuously detected. The hydrogen
      concentration can be determined from the detected value of the thermal
      conductivity.
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following description and upon reference to the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation of a gas chromatography process
      used in the prior art;
PAR  FIG. 2 is a diagrammatic representation of a prior art method using a metal
      membrane;
PAR  FIG. 3 is a graph illustrating the relation between the temperatures of a
      getter and the concentrations of hydrogen, oxygen and nitrogen gases in
      argon gas;
PAR  FIG. 4 is a schematic diagram illustrating the series of steps of carrying
      out this invention; and
PAR  FIG. 5 is a cross-sectional view of an impurity-removing means of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The apparatus according to the present invention comprises an
      impurity-removing means composed of a high temperature metal getter
      through which the argon gas is passed, and a thermal conductivity detector
      wherein the thermal conductivity of the gas passed through the
      impurity-removing means is detected. The hydrogen concentration in the gas
      can be measured from the thermal conductivity thus detected.
PAR  The impurity-removing means comprises a column in which the metal getter is
      packed and through which the gas is passed, and means for heating the
      metal getter up to the desired temperature and maintaining the temperature
      of the getter.
PAR  It has been generally considered that impurities in argon cover gas are
      hydrogen, oxygen, nitrogen, carbon monoxide, carbon dioxide, hydrocarbons,
      and the like.
PAR  In order to remove impurities other than hydrogen from the argon gas prior
      to a determination of the hydrogen concentration therein, a high
      temperature metal getter having poor reactivity with hydrogen but having a
      high reactivity with impurities other than hydrogen is used according to
      this invention. A metal getter useful in this invention is a getter made
      from a metal taken from the group consisting of titanium, zirconium,
      niobium and the like. It has been previously known that these metal
      getters react with hydrogen at a temperature of 200.degree. to
      600.degree.C to form hydrides and react with oxygen, nitrogen or carbonic
      compounds at a temperature of 700.degree. to 1100.degree.C to form oxides,
      nitrides or carbides.
PAR  An experiment to demonstrate the action of the metal getter was conducted
      by passing sample argon gas containing impurities through a spongy
      titanium getter, gradually elevating the temperature of the getter from
      20.degree. to 1100.degree.C, and determining the impurity concentrations
      in the prepared sample gas. The result obtained is shown by the graph in
      FIG. 3. As is apparent from the graph, hydrogen reacts at 200.degree. to
      750.degree.C, while scarcely any reaction takes place above 800.degree.C.
      Oxygen and nitrogen begin to react at 300.degree.C and 500.degree.C,
      respectively, and completely react above 800.degree.C and 900.degree.C,
      respectively, so as to be completely removed from the sample argon gas. It
      will therefore be understood that when the temperature of the getter is
      maintained above about 900.degree.C, then the hydrogen in the argon gas
      will not react with the getter, while oxygen and nitrogen are completely
      removed from argon gas. It is obviously supposed that carbon monoxide and
      dioxide also react with the getter above about 900.degree.C so as to be
      removed from the sample argon gas.
PAR  Thus, by continuously passing the sample argon gas containing hydrogen and
      other impurities through the high temperature metal getter, a
      two-component mixture of gas consisting of only argon and hydrogen can be
      produced.
PAR  The thermal conductivity of the thus produced two-component gas mixture is
      greatly changed due to the hydrogen content of the gas mixture, since
      there is a large difference between the thermal conductivity of argon and
      that of hydrogen. Namely, argon gas has a thermal conductivity of 3.88
      cal/sec.cm.deg. at 0.degree.C., while hydrogen gas has 41.84
      cal/sec.cm.deg. at 0.degree.C. Therefore, the hydrogen concentration can
      be continuously determined by directly introducing the two-component gas
      mixture into a thermal conductivity detector of the hot-wire bridge type.
PAR  The method of the present invention can be easily practiced by using the
      series of steps and the device shown in FIGS. 4 and 5, respectively. FIG.
      4 shows the device for carrying out the method of the invention in solid
      lines, and shows in dotted lines added elements for conducting comparative
      experiments to show the advantages of the method of the invention.
PAR  Referring to FIG. 4, argon gas is introduced through a reducing valve 32, a
      needle valve 33 and a stop valve 34 into an impurity-removing means 39.
      The impurities other than hydrogen are removed during the passage through
      the impurity-removing means 39, and at the outlet thereof the
      two-component gas mixture consisting of argon and hydrogen is produced.
PAR  The thus produced two-component gas is then led through stop valves 36 and
      37 to a thermal conductivity detector 41. The detector 41 includes two
      detecting portions, one of which is for the sample gas and another for a
      reference gas, i.e. argon carrier gas. The sample gas is introduced into
      the sample gas detecting portion and is drawn out from and outlet 43 after
      determination of the thermal conductivity thereof. On the other hand,
      argon carrier gas is provided from a storage container 45 and introduced
      into the reference gas detecting portion and is drawn out from an outlet
      44 after determining the thermal conductivity thereof.
PAR  The hydrogen concentration of the sample argon gas can then be obtained by
      comparing the thermal conductivity of the sample gas with that of the
      argon carrier gas.
PAR  Referring now to FIG. 5, the impurity-removing means 39 is a quartz column
      51, in which the metal getter 46 is packed, in an electric furnace 49
      having therein a heat generator 52 for heating the metal getter up to the
      required temperature and maintaining the high temperature. The
      circumferential surface of the column 51 is covered by a layer of bricks
      50 for preventing radiation of heat.
PAR  In the portion of the column 51 near the inlet end 48, there is provided a
      packing of quartz balls 47 having a diameter of 2 to 3 mm in order to
      preheat the gas flowing into the column 51.
PAR  The sample argon gas is introduced into the column through the inlet 48
      through the packing of quartz balls 47, and is preheated during the
      passage through the quartz balls. The thus preheated sample gas is then
      passed through the high temperature metal getter portion of the column,
      and impurities other than hydrogen are removed from the sample gas, and a
      two-component gas mixture consisting of only argon and hydrogen is drawn
      out through the outlet 53.
PAR  In order to demonstrate how hydrogen concentrations in a sample gas are
      detected by using the method and apparatus according to the present
      invention as hereinbefore described, an experiment was conducted using the
      apparatus of FIGS. 4 and 5. Sample argon gas was artificially prepared by
      mixing hydrogen, oxygen and nitrogen into argon gas and providing this
      mixture in a container 31. The impurity removing means 39 was as shown in
      FIG. 5. Porous titanium particles in an amount of 68 g having a particle
      size of 14 to 28 mesh and a surface area of 100 to 120 cm.sup.2 /g
      (measured by the BET method) were used as the metal getter 46. The getter
      was heated and maintained at 1000.degree..+-.15.degree.C in the furnace
      49. Sample gas A, which was prepared so as to contain 210 ppm H.sub.2, 540
      ppm O.sub.2, 480 ppm N.sub.2, and argon as the remainder, was introduced
      to the column 51 from the container 31, and was passed through the column
      at a space velocity of about 4000/H. The hydrogen concentration was
      continuously measured by the thermal conductivity detector 41.
PAR  Another test was then conducted using sample gas B which contained 20 ppm
      H.sub.2, 1250 ppm O.sub.2, 5000 ppm N.sub.2, and argon as the remainder.
      The results obtained are shown in the following Table.
PAR  In order to judge the accuracy of the measurement according to this
      invention, a gas chromatograph 42 and a stop valve 38 illustrated by
      dotted lines in FIG. 4 were used to determine accurate concentrations of
      hydrogen, oxygen and nitrogen gas, respectively, in the sample gas. The
      data from the gas chromatograph are also shown in the Table.
PAR  A comparative test was conducted for reference, wherein the hydrogen
      concentration was determined without removing impurities from the sample
      argon gas. The sample gas flowed through the needle valve 33 and was then
      led to a by-pass pipe 40 shown by dotted lines in FIG. 4 without passing
      through the impurity-removing means 39, and was directly introduced
      through valves 35 and 37 to the thermal conductivity detector 41. The
      result obtained by the comparative test is also shown in the Table
      described below.
TBL                                    TABLE                                   
     __________________________________________________________________________
     PROCESS WITH REMOVAL OF IMPURITIES                                        
                            PROCESS WITHOUT REMOVAL OF IMPURITIES              
     (PRESENT INVENTION)    (COMPARATIVE TEST)                                 
     INDICATION.sup.1                                                          
                   INDICATION.sup.2                                            
                            INDICATION                                         
                                      INDICATION                               
     BY TCD        BY GC    BY TCD    BY GC                                    
     __________________________________________________________________________
     SAMPLE GAS A (H.sub.2 : 210 ppm; O.sub.2 : 540 ppm; N.sub.2 : 480 ppm)    
     H.sub.2 :                                                                 
         210.sup.3 212      315       210                                      
     O.sub.2 :                                                                 
         --        &lt;1       --        545                                      
     N.sub.2 :                                                                 
         --        &lt;1       --        485                                      
     SAMPLE GAS B (H.sub.2 : 20 ppm; O.sub.2 : 1250 ppm; N.sub.2 : 5000 ppm)   
     H.sub.2 :                                                                 
         20        20       480        20                                      
     O.sub.2 :                                                                 
         --        &lt;1       --        1280                                     
     N.sub.2 :                                                                 
         --        &lt;1       --        5000                                     
     __________________________________________________________________________
      .sup.1 Thermal Conductivity Detector                                     
      .sup.2 Gas Chromatograph                                                 
      .sup.3 All Values in the Table are Expressed by ppm by Volume.           
PAR  As is apparent from the Table, the concentration of a small amount of
      hydrogen contained in argon can be simply, continuously and accurately
      determined according to the present invention, even though the argon may
      contain several impurity gases other than hydrogen.
PAR  Comparison of the data for the test in which the impurities were not
      removed with that obtained by the method of the present invention shows
      that when the high temperature metal getter is not used, the indication
      given by the thermal conductivity detector is always larger than the
      standard indication given by the gas chromatograph, since the sum total of
      the thermal conductivity values of hydrogen, oxygen and nitrogen is
      detected, as compared with the thermal conductivity value of only hydrogen
      mixed with argon in the present invention.
PAR  It has thus been shown that the passage of the sample argon gas containing
      hydrogen through the high temperature metal getter according to the
      present invention provides the two-component gas mixture consisting of
      only argon and hydrogen, and the hydrogen concentration in argon can be
      continuously and accurately determined by directly introducing the
      two-component gas thus produced into the thermal conductivity detector of
      the hot-wire bridge type.
PAR  In addition, the time which it takes the sample argon gas to be transferred
      and reach the thermal conductivity detector can be greatly reduced, e.g.,
      to a time of only several seconds, by increasing the linear velocity of
      the gas passing through the device. On the other hand, although the linear
      velocity is increased, the impurity-removing function of the metal getter
      can be easily controlled by adjusting the length of the metal getter
      packing in the column, because the impurity-removing function depends on
      the space velocity of the sample argon gas. For this reason, the apparatus
      according to the present invention can be given a simple design as
      compared with the prior art apparatus.
PAR  Furthermore, the impurity-removing means and the thermal conductivity
      detector of the present invention can be compactly arranged, and the
      maintenance of the apparatus can be easily and simply conducted because of
      the absence of rotatable devices in the apparatus.
PAR  It will be understood that the present invention is not to be limited to
      the details given herein, but that it may be modified within the scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for continuously measuring the concentration of hydrogen in
      argon gas containing hydrogen and other impurities comprising the steps of
      continuously passing the argon gas containing hydrogen and other
      impurities through a high temperature metal getter to thereby remove
      impurities other than hydrogen from the argon gas and produce a
      two-component gas mixture consisting of argon and hydrogen, continuously
      detecting the thermal conductivity of the two-component gas mixture, and
      determining the hydrogen concentration from the thus detected thermal
      conductivity.
NUM  2.
PAR  2. The method according to claim 1 wherein said metal getter is a metal
      selected from the group consisting of titanium, zirconium and niobium.
NUM  3.
PAR  3. The method according to claim 1 wherein said getter is porous particles
      of a metal selected from the group consisting of titanium, zirconium and
      niobium.
NUM  4.
PAR  4. The method according to claim 1 wherein said metal getter is heated to a
      temperature of from 900.degree. to 1100.degree. C.
NUM  5.
PAR  5. An apparatus for measuring the concentration of hydrogen in argon gas
      containing hydrogen and other impurities comprising an impurity-removing
      means composed of a high temperature metal getter, means for passing the
      argon gas through said metal getter, and a thermal conductivity detector
      coupled to said impurity removing means for detecting the thermal
      conductivity of the gas passed through the impurity removing means.
NUM  6.
PAR  6. The apparatus according to claim 5 wherein said impurity-removing means
      comprises a quartz column in which the metal getter is packed and through
      which the gas is passed, and means operatively associated with said quartz
      column for heating the metal getter and maintaining the desired
      temperature of the getter.
NUM  7.
PAR  7. The apparatus according to claim 6 wherein said quartz column has
      therein a packing of quartz balls upstream of the metal getter for
      pre-heating the gas flowing into the column.
NUM  8.
PAR  8. The apparatus according to claim 6 wherein said impurity removing means
      further comprises a layer of bricks surrounding the outer circumference of
      the quartz column for preventing the radiation of heat.
NUM  9.
PAR  9. The apparatus according to claim 6 wherein said heating means is an
      electric furnace.
NUM  10.
PAR  10. The apparatus according to claim 5 wherein said thermal conductivity
      detector is a hot-wire bridge type.
NUM  11.
PAR  11. The apparatus according to claim 5 wherein said metal getter is a metal
      selected from the group consisting of titanium, zirconium and niobium.
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ABST
PAL  A cigarette testing device comprises means to apply positive or negative
      pressure to one end of each cigarette; means defining a chamber around at
      least part of the cigarette, with seals around the cigarette to restrict
      communication between the interior of the chamber and atmosphere; and
      means to detect the pressure in the chamber during testing; and including
      means defining a predetermined deliberate leakage path between the chamber
      and atmosphere.
BSUM
PAR  This invention is concerned with testing the wrappers of finished
      cigarettes, especially filter-tipped cigarettes.
PAR  According to one aspect of this invention a cigarette testing device
      comprises means to apply positive or negative pressure to one end of each
      cigarette (i.e. to create a pressure inside the wrapper which is different
      from atmospheric); means defining a chamber around at least part of the
      cigarette, with seals around the cigarette to restrict communication
      between the interior of the chamber and atmosphere; and means to detect
      the pressure in the chamber during testing; and including means defining a
      predetermined deliberate leakage path between the chamber and atmosphere.
PAR  The predetermined leakage path may be at least partly through at least one
      of the seals. In any event, the seals preferably have a clearance fit
      round the cigarette so as not to damage even the largest-diameter
      cigarette which may occur within manufacturing tolerances for a given
      nominal diameter. Preferably the total leakage flow is substantially
      greater than the variation of leakage through the seals due to the
      variations of cigarette diameter, so that the variable part of the leakage
      is swamped by the fixed part.
PAR  According to a second aspect of this invention, a cigarette testing device
      has a drum for carrying the cigarettes during testing, and an annular
      member which surrounds at least part of the drum and defines with the drum
      an annular space around each cigarette at a testing station, positive or
      negative pressure being supplied to the annular space or sensed in the
      annular space to detect the presence of an excessively leaking cigarette
      wrapping. Pressure may be supplied to one end of the cigarette at the
      testing station, and the pressure in the annular space may be monitored;
      alternatively, pressure may be supplied to the annular space, and the
      pressure may be monitored at one end of the cigarette.
PAR  The annular member may rotate about an axis parallel to the axis of the
      drum, the annular member having an internal diameter which is larger than
      the external diameter of the drum. Alternatively, the annular member may
      be frusto-conical in shape, with an axis of rotation inclined to that of
      the drum, so that the inside surface of the annular member is parallel to
      the outer surface of the drum at the testing station.
PAR  According to a third aspect of this invention, the wrapper of each
      cigarette is tested while at least part of the cigarette lies within an
      axial bore in a part of a testing drum, the bore having for example an
      internal shape defining an annular space around the cigarette in which the
      pressure is monitored during testing. Each cigarette is blown into the
      corresponding bore. For example, at least part of the length of the
      cigarette may be contained wholly within an axially extending flute in the
      drum, aligned with a corresponding one of the bores, and at least part of
      each flute may be substantially closed by a cowl to define a passageway
      containing the cigarette into which compressed air is fed to blow the
      cigarette into the corresponding bore in preparation for testing.
      Alternatively, each cigarette may be blown into the bore by an air jet
      issuing from a nozzle adjacent to one end of the cigarette, and the
      reflected pressure of the air jet, or the noise generated by the air jet,
      may be detected as an indication of the condition of the cigarette end,
      which in this case is preferably the tobacco-filled end; the detection of
      the end quality in this respect is basically as described in U.S. Pat.
      Nos. 3,720,311 or 3,483,970.
PAR  According to another aspect of this invention, each cigarette is carried
      during testing by a drum around part of which a belt extends, the belt
      having integrally moulded portions at regular intervals defining with the
      drum an annular space around each cigarette at a testing station whereby
      the cigarette is tested, for example by monitoring pressure in the annular
      space or by supplying pressure to the annular space and monitoring the
      pressure in an end space. The belt may have integrally moulded timing
      teeth engaging the drum, or may alternatively have teeth on the side
      remote from the drum and engaged by a drive gear.
DRWD
PAR  Other aspects of this invention will become apparent from the following
      description of various examples of devices according to this invention
      shown in accompanying drawings. In the drawings:
PAR  FIG. 1 is a section in a plane passing through the axis of the testing drum
      of one device;
PAR  FIG. 2 is a part of a similar section of a second device;
PAR  FIG. 3 is a fragmentary section in a plane normal to the axis of the
      testing drum of a third device;
PAR  FIG. 4 is a section, similar to FIG. 1, of a fourth device;
PAR  FIG. 5 is a section, similar to FIG. 1, of a fifth device including a
      flexible belt;
PAR  FIG. 6 is an end view in the direction of the axis of the device shown in
      FIG. 5; and
PAR  FIG. 7 is an enlargement of part of part of FIG. 6.
DETD
PAR  FIG. 1 shows a cigarette 2 being tested while being carried by a testing
      drum 4 which rotates about an axis 6. During testing, part of the
      cigarette (including the filter) extends into an axial bore or passageway
      in a flange portion 4A of the drum. The internal wall of the bore includes
      a part 8 which fits closely around the end of the cigarette, a recessed
      part defining a large annular space 10, and a slightly recessed part
      defining an annular test space 12. Parts 14 and 16 of the bore are a
      fairly close fit around the cigarette but allow a predetermined leakage
      from the annular space 12 to atmosphere; for this purpose, and in order to
      ensure that the test space 12 is isolated from the pressure at the end of
      the cigarette, the annular space 10 is vented to atmosphere through a
      passageway 11.
PAR  The annular space 12 contains the edge of the "cork" strip by which the
      filter is joined to the tobacco-filled part of the cigarette, and the
      interface between the tobacco and the filter. During testing, pressure
      (either positive or negative) is supplied to a fixed manifold 18, passing
      through a passage 18A in the manifold and into the adjacent end of the
      cigarette. The pressure in the annular test space 12 is monitored by means
      of a transducer connected to a manifold 20 which communicates with the
      test space 12 via a passageway 12A. An additional predetermined leakage to
      atmosphere from the test space 12 may be provided by means of a restricted
      passage to atmosphere extending from the passage 20A in the manifold.
PAR  Each cigarette is delivered on to the drum 4 with its left-hand end
      initially at a position shown by the chain dotted line 22, at which stage
      the cigarette is contained substantially entirely within a flute in part
      of the drum which is closely surrounded by a cowl 24 curved about the axis
      of the drum. The cigarette is then blown through the flute and into the
      bore in the part 4A of the drum by means of compressed air supplied
      through a passage 26A in a fixed member 26 adjacent to the end of the
      drum. After testing, the cigarette is preferably blown out of the bore by
      means of compressed air supplied to the passage 18A. If the test is
      conducted by connecting positive pressure air to the manifold 18, the
      cigarette may be held against axial displacement out of the bore by means
      of suction applied through a radial passage 28 opening into the flute, or
      by means of an end stop which moves into the flute to about the left-hand
      end of the cigarette.
PAR  FIG. 2 shows a cigarette testing device including a drum 30 by which the
      cigarettes are carried during testing. The drum includes a flange 30A
      having an axial passage 30B through which pressure is supplied to the
      adjacent end of the cigarette 32 at the testing station. A seal is formed
      in this instance by means of a conical seat 30C; the cigarette is blown
      against the conical seat but it may alternatively be sucked against the
      conical seat by means of suction applied to the passage 30B. The conical
      seat could alternatively be on a flexibly mounted member so as to be self
      aligning. An annular test space 34 is defined partly by a portion 30D of
      the drum 30 and partly by a second drum 36 which rotates about an axis
      parallel to that of the drum 30. The pressure in the test space is
      monitored by means of a tranducer connected via a passageway 36A in the
      drum 36, but may alternatively be monitored in the same manner as in FIG.
      1.
PAR  The cigarette is held on the testing drum until just before the testing
      station by suction applied through a passage 38. Just before reaching the
      testing station, the cigarette is displaced axially slightly into the
      conical seat 30C by means of an air jet supplied through a pipe 40 forming
      part of an end testing device such as that shown in either of the
      above-mentioned U.S. patent specifications. Preferably the wrapper test is
      conducted by transmitting suction through the passage 30B so that the
      cigarette is held by the suction against the conical seat 30C, the air jet
      from the pipe 40 being terminated before the testing station.
PAR  Instead of the conical seat 30C there may be a parallel-sided (i.e.
      cylindrical) recess or bore for receiving the end portion of the
      cigarette.
PAR  The two-drum arrangement shown in FIG. 2 may be modified in various ways.
      For example, the drum 36 may be extended to the right and may co-operate
      with the drum 30 to form a seal around the right-hand end of the
      cigarette. Furthermore, the drums may be modified to define a test space
      which extends further to the left, and possibly over substantially the
      whole length of the cigarette; however, the passage 36A leading to the
      transducer or other sensing device preferably still leads into the test
      space at the position shown, so as to provide maximum sensitivity to leaks
      in the region of the filter joint, the test space being possibly of such
      small radial extent as to produce a pressure drop along the test space,
      giving reduced sensitivity to leaks nearer the left-hand end of the
      cigarette. The cooperating drums may in many respects be similar to those
      of the cigarette inspection device described in our British patent
      specification No. 1,217,203.
PAR  FIG. 3 shows an alternative way of defining a testing space around the
      cigarette by means of the drum carrying the cigarette, together with a
      further rotary member. In this instance the cigarettes are carried by a
      drum 42, and the cooperating rotary member is an annular member 44 which
      has an internal diameter larger than the external diameter of the drum 42
      and and rotates about an axis parallel to, but displaced from, the axis of
      the drum. The testing station is situated where the two members are
      closest together; that is to say, the cigarette 46 is at the testing
      station. The cigarettes are fed axially onto the drum 42 in a region where
      the annular member 44 is well spaced from the drum; this facilitates the
      feed of the cigarettes onto the drum, since the cigarettes do not have to
      enter a close-fitting bore.
PAR  A longitudinal section through the cigarette 46 may be basically similar to
      the arrangement shown in FIG. 4. However, FIG. 4 shows an arrangement in
      which an annular member 48 of frusto-conical shape partly surrounds a drum
      50, the axis of rotation 52 of the member 48 intersecting and being
      inclined to the axis 54 of the drum. Thus the cigarettes can be fed
      transversely on to the drum near the bottom of the drum where the member
      48 is clear of the drum. A cigarette 55 is shown at a testing station at
      which the drum and annular member 48 define between them a testing space
      56, a larger-diameter annular space 58 which is vented to atmosphere, and
      close fitting parts around the cigarette elsewhere. Pressure is supplied
      to the filter end of the cigarette through a passage 50A in the drum, and
      the pressure in the test space 56 is monitored through a passage 56A.
PAR  FIGS. 5 to 7 show a further device which is similar to the device shown in
      FIG. 2 (as indicated by the use of the same reference numerals), except
      that the drum 36 in FIG. 2 is replaced by an endless belt 60. As shown in
      FIG. 6, the belt 60 extends around part of the circumference of the drum
      30 and passes around end pulleys 62 and 64. The external face of the belt
      is moulded with projections 60A fitting closely round the outer halves of
      the cigarettes, and teeth 60B which engage in similarly shaped grooves in
      the drum so that the belt is driven at the same speed as the drum and in a
      timed relationship. Near the smooth surface 60C of the belt there are
      longitudinally extending reinforcing wires 60D. The belt is moulded of a
      flexible plastics material.
PAR  As an alternative, the driving and timing teeth 60B may project from the
      face 60C of the belt, in which case one of the pulleys 62 or 64 may be
      formed as a gear to drive the belt.
PAR  Instead of the path of the belt being as shown in FIG. 6, the belt may hang
      as an approximately oval loop from the drum, somewhat like the annular
      member 44 in FIG. 3, with a vertically movable pulley engaging or resting
      in the bottom of the loop to tension and/or possibly to drive the belt.
PAR  In all the examples shown, the test is described in terms of supplying
      pressure to the filter end of the cigarette and monitoring the pressure in
      a test space around the cigarette. As an alternative in each case,
      pressure could be supplied to the test space around the cigarette, and the
      monitoring may be of pressure at the end of the cigarette, preferably with
      provision for a predetermined leakage path between the end space and
      atmosphere.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cigarette testing device comprising means to apply pressure difference
      from atmospheric pressure to one end of each cigarette; means defining a
      chamber around at least part of the cigarette, with seals around the
      cigarette to restrict communication between the interior of the chamber
      and atmosphere; and means to detect the pressure in the chamber during
      testing; and including means defining a predetermined deliberate leakage
      path between the chamber and atmosphere.
NUM  2.
PAR  2. A cigarette testing device according to claim 1 in which the
      predetermined leakage path is at least partly through at least one of the
      seals.
NUM  3.
PAR  3. A cigarette testing device comprising a drum for carrying the cigarettes
      during testing, and an annular member which surrounds at least part of the
      drum and defines with the drum an annular space around each cigarette at a
      testing station, positive or negative pressure being supplied to the
      annular space or sensed in the annular space to detect the presence of an
      excessively leaking cigarette wrapping.
NUM  4.
PAR  4. A cigarette testing device according to claim 3 in which the annular
      member rotates about an axis parallel to the axis of the drum, the annular
      member having an internal diameter which is larger than the external
      diameter of the drum.
NUM  5.
PAR  5. A cigarette testing device according to claim 3 in which the annular
      member is frusto-conical in shape, with an axis of rotation inclined to
      that of the drum, so that the inside surface of the annular member is
      parallel to the outer surface of the drum at the testing station.
NUM  6.
PAR  6. A cigarette testing device according to claim 3 in which cigarettes are
      fed on to the drum at a position along its circumference where the annular
      member is spaced from the drum.
NUM  7.
PAR  7. A cigarette testing device according to claim 1 in which the wrapper of
      each cigarette is tested while at least part of the cigarette lies within
      an axial bore in part of a testing drum carrying the cigarette, at least
      part of the length of each cigarette being contained wholly within an
      axially extending flute in the drum aligned with a corresponding one of
      the bores, and at least part of the flute being substantially closed by a
      stationary cowl cooperating with the flute to define a passageway
      containing the cigarette into which compressed air is fed to blow the
      cigarette into the corresponding bore in preparation for testing.
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ABST
PAL  A viscosimeter is provided using a piezoelectric transformer to provide
      vibratory energy thereby imparting shear waves to the surrounding fluid.
      An output signal provides a representation of the fluid viscosity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to viscosimeters which provide a representation of
      the viscosity of those fluid portions adjacent to the viscosimeter and
      particularly to viscosimeters wherein a transducer is used to determine
      this viscosity by its imparting shear waves to the adjacent fluid
      portions.
PAR  Various viscosimeters using members in motion to impart shear waves to
      fluids to determine the viscosity thereof have been devised heretofore.
      Among them is a viscosimeter in which a cup, suspended by wires, is driven
      in a rotational oscillation of the cup to provide an indication of the
      viscosity of the fluid. This viscosimeter requires rather an elaborate
      mechanical arrangement and typically uses an elaborate electrical
      arrangement utilizing a feedback loop from one suspension wire to the
      driver which loop includes amplification and other operations on the
      signals involved.
PAR  Another viscosimeter utilizes a pair of rectangular bars, one of the bars
      at least being of a piezoelectric material, with the fluid of interest
      located therebetween. The piezoelectric bar receives shear waves
      transmitted through the fluid by the other bar when this other bar is
      driven in reciprocating, oscillatory motion in its direction of
      elongation. The motion of the piezoelectric bar as a result of the shear
      waves impinging thereon is an indication of the viscosity of the fluid,
      this motion being converted into an electrical output by the transduction
      of energy from one form to another occurring in the piezoelectric bar.
      Again, a rather elaborate mechanical arrangement is required. A rather
      small output signal is obtained which usually must be amplified in the
      electrical output circuit for the signal to be satisfactorily used.
PAR  A viscosimeter which, in mechanical principles, is somewhat simpler than
      the foregoing viscosimeters is based on an electrically driven,
      torsionally vibration, cylindrical piezoelectric crystal. These torsional
      vibrations impart primarily shear waves to those fluid portions adjacent
      to the crystal with use of a properly designed crystal. The effects of the
      fluid at the surface of the vibrating crystal provides a damping force on
      the crystal, i.e., the loading thereon. Therefore, as the viscosity
      changes and so the damping at the crystal's surface, the effective input
      impedance seen at the electrical driving terminals of the crystal also
      changes. The effective electrical input impedance can be analytically
      derived from an equivalent electrical circuit which includes in its
      generalized impedances the mechanical effects of both the torsionally
      vibrating crystal and the fluid. Viscosity can be determined through
      measuring the input impedance at the crystal resonance frequency with
      another calibration measurement of the input impedance with the crystal
      submerged in a fluid of known parameters. This impedance measurement,
      however, is a rather inconvenient measurement.
PAC  SUMMARY OF THE INVENTION
PAR  A viscosimeter is provided in which a piezoelectric transformer has
      surfaces placed in motion in directions such that shear waves are imparted
      to those portions of the fluid of interest adjacent to these surfaces.
      This transducer has electrical input terminals to which oscillator
      circuitry means are attached. The transducer has output terminals which
      provides an output voltage signal at the resonant frequency of the
      submerged transformer. This output signal may be used with a display
      and/or computational means or other output sensing means.
PAR  With the viscosimeter at least partially submerged in a fluid of interest,
      the output signal is related to the fluid viscosity and the fluid density
      for adjacent fluid portions. In general, the viscosity measured will be
      the effective viscosity of the fluid for the level of shear stress
      applied. For the simplest of viscous fluids, Newtonian fluids, the
      measured viscosity will be the Newtonian viscosity parameter which is
      independent of the applied shear stress. Further fluid parameters may be
      measured in more complex fluids to aid in providing a representation of a
      Newtonian fluid viscosity parameter for the fluid of interest.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows one embodiment of the present invention, and;
PAR  FIG. 2 shows another embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Under a shear stress, all fluids exhibit a viscosity which is due to
      momentum transfer between various portions of the fluid. If the fluid was
      such that upon application of a shear stress there results a rate of
      change of shear strain which is a linear function of, i.e. proportional
      to, the applied shear stress, the fluid is termed a Newtonian fluid and
      the constand of proportionality is the Newtonian viscosity. Such a fluid
      behavior is characteristic typically of gases and many liquids, at least
      in a range of conditions.
PAR  However, many liquids exhibit more complicated behavior, as probably do all
      fluids in extreme conditions, with the rate of change of shear strain
      being a more complicated function of the applied shear stress. In these
      cases the function giving the dependence of the rate of change of shear
      strain on the applied stress will typically contain a term which is linear
      in the applied shear stress, representing the Newtonian portion of the
      behavior of the fluid and its Newtonian viscosity, and will also contain
      other terms which are more complicated functions of the applied shear
      stress which considered together can be used to define fluid viscosity.
      This fluid viscosity is the ratio of the rate of change of shear strain to
      the applied shear stress evaluated for the actual shear stress applied. As
      a result, fluid parameters other than Newtonian viscosity in these fluids
      will be important in determining the rate of change of shear strain as a
      function of applied shear stress, such as shear elasticity and the
      viscoelastic coefficient, parameters due to shear thickening and thinning,
      etc.
PAR  When a vibrating body is provided in a fluid, the vibratory motion of the
      body can generally apply both shear stresses and normal stresses to the
      fluid. The applied shear stresses, with the resulting rate of change of
      shear strain related thereto as indicated above, and the applied normal
      stresses lead to acoustic waves occurring in the fluid, both shear waves
      and longitudinal waves. The reactive force of the fluid on the vibrating
      body loads the body, dampening its motions, with the result that the
      vibratory characteristics of the body are altered. This reactive force of
      the fluid must be equaled by the force in the stresses applied to the
      fluid by the vibrating body.
PAR  The fluid reactive shear force, being the shear stress of the fluid
      integrated over the surface area of the vibrating body, is related to the
      rate of change of shear strain by the fluid parameters discussed above
      relating shear stress and rate of change of shear strain. This
      relationship between the altered vibrating body characteristics, due to
      the shear reactive force of the fluid thereon, and the fluid parameters
      provides a basis for determining some of these fluid parameters through
      determining the changes in parameters describing the vibrating body, these
      changes being the result of altering the vibrating characteristic of the
      body due to loading it with a fluid.
PAR  A method for using a vibrating body to determine fluids parameters, already
      indicated above, involves measuring the change in the effective input
      impedance between two electrical input terminals of an electrically
      driven, torsionally vibrating, cylindrical crystal which is driven by a
      sinusoidal electrical voltage at the same input terminal. A properly
      designed torsionally vibrating, cylindrical crystal will impart mostly
      shear wave energy to the surrounding fluid and relatively little
      longitudinal wave energy. This method is reported in the Transactions of
      the American Society of Mechanical Engineers for May, 1974 at page 359
      thereof.
PAR  One analytical view of this method leads to representing the torsionally
      vibrating crystal by an equivalent "electrical" circuit, as already
      indicated, through use of an ideal transformer and use of generalized
      impedances for the elements of the equivalent circuit. Both resistive and
      reactive generalized impedance elements serving as radiation impedances
      are found to be needed to represent the torsionally vibrating crystal in
      the fluid of interest. This indicates that power dissipation will occur,
      i.e. energy will be imparted to the fluid via the shear waves initiated
      therein by the torsionally vibrating crystal, and that a shift in resonant
      frequency will occur dependent upon the values required for these
      generalized impedance elements to represent adequately the crystal as
      submerged in the fluid.
PAR  The values of these generalized impedance elements will be functions of the
      fluid parameters since these impedances represent the crystal as it is
      subjected to the shear reactive force of the fluid thereon or, from
      another view, the impedances represent the torsionally vibrating crystal
      structural parameters as modulated by the surrounding fluid to an extent
      determined by the parameters of the fluid which structural parameter
      modulation in turn modulates the acoustic vibratory energy in the crystal.
      The ideal transformer represents the transduction, in the torsionally
      vibrating crystal, from input electrical energy to acoustical vibratory
      energy. As these generalized radiation impedances change in value with
      changing fluid parameters, the effective input impedance at the electrical
      input terminals changes accordingly.
PAR  The measurement of the change in the effective input impedance at
      resonance, which impedance at resonance is purely resistive, is not a
      particularly convenient measurement, however. Considerably more convenient
      to measure would be a signal obtained more directly from the acoustic
      vibratory energy as modulated by the presence of the fluid.
PAR  The present invention contemplates accomplishing this by use of a
      piezoelectric transformer. The second transduction of energy forms which
      occurs therein, changing from acoustic vibratory energy to electrical
      energy again, provides an output electrical signal related to the
      modulated acoustic vibratory energy. This, from an equivalent circuit
      point of view is related to adding another ideal transformer to the
      equivalent electrical circuit described above although in choosing to use
      a practical piezoelectric transformer, the vibration may no longer be
      torsional.
PAR  FIG. 1 shows a piezoelectric transformer, 10, in the shape of a rectangular
      bar of piezoelectric material provided in a fluid, 11. Piezoelectric
      transformer 10 is shown mounted in a mount, 12, fastening the
      piezoelectric transformer at a location centered along its length.
      Transformer 10 may be constructed of a ferroelectric ceramic such as lead
      zirconate titanate (PZT) for instance. The width of the piezoelectric
      transformer which is directed perpendicular to the plane of the drawing is
      considerably greater than is its thickness. In this configuration, much of
      the surface area of the transformer when in operation will be in motion in
      directions which will impart shear wave energy to the fluid 11 but
      substantially surface portions thereof will also impart longitudinal wave
      energy to the fluid. Proper geometrical design of the transducer 10, such
      as making the geometrical form shown in FIG. 1 very thin, will maximize
      the amount of shear wave energy provided to the longitudinal wave energy
      provided.
PAR  Two electrodes, 13, the input electrodes, cover the entire portion of the
      length-width faces of the piezoelectric transformer to the left of mount
      12 as shown in FIG. 1. These electrodes are thus separated by the
      thickness of the piezoelectric transformer.
PAR  A third electrode, 14, is provided at the extreme right hand end of the
      piezoelectric transformer, as shown. An external electrical cable, 16,
      leads from mount 12 to the driving and sensing electronics, 17. Cable 16
      has several conductors therein which attach to the input electrodes 13
      within mount 12 and which attach to output electrode 14 through a
      connection means, 18. A portion of the fluid container wall, 19, is shown
      also.
PAR  The operation of the piezoelectric transformer, 10, is that of typical
      piezoelectric transformer operation. An oscillatory driving voltage is
      applied at input terminals 13 and a stepped-up output voltage appears at
      terminal 14 with respect to terminals 13. Mount 12 is centered along the
      length of piezoelectric transformer 10 since a node in the vibratory
      movement of the transformer occurs at this point. This node is the result
      of the half wavelength resonance of the unloaded piezoelectric transformer
      and having each side of the transformer being equally loaded by the fluid.
PAR  Electronics 17 includes an oscillator circuit to supply voltage to input
      terminals 13. The oscillator electronics are such that the frequency of
      oscillation of the voltage applied to input terminals 13 is set by the
      effective input impedance occurring between input terminals 13 which
      impedance becomes a functional impedance in the oscillator circuit, much
      in the manner of a crystal controlled oscillator with piezoelectric
      transformer 10 being the controlling crystal. An oscillator circuit with a
      square wave voltage provided at the input terminals of the transformer
      results on a sinusoidal wave voltage at the transformer output which can
      be picked up by a feedback loop to form the oscillator is a particularly
      effective driving circuit.
PAR  The oscillation frequency of the circuit will occur at a resonant frequency
      of the transformer as submerged in the fluid 11, this resonant frequency
      being the frequency at which the effective input impedance of the
      transformer becomes purely resistive. Analytically, this effective input
      impedance is determined from the generalized impedances representing the
      piezoelectric transformer submerged in fluid 11 as they are reflected
      across the ideal input transformer representing the transduction from
      input electrical energy to acoustic vibratory energy. In the present
      embodiment there are no significant input electrical impedances on the
      primary side of this ideal input transformer to consider. As a result,
      piezoelectric transformer 10 is always at its resonant frequency as
      determined by both the characteristics of the transformer and the effects
      on the transformer of fluid 11 surrounding it.
PAR  Use of a variable frequency electrical wave generator to find the resonant
      frequency (at which frequency not only is the effective input impedance
      purely resistive but also the output voltage is at maximum amplitude) by
      use of a sinusoidal wave and to drive transformer 10 at this frequency
      when submerged is also possible but is not as convenient. The resonant
      frequency can be determined most conveniently in this method by monitoring
      the output voltage signal at terminal 14 for the submerged transformer and
      adjusting the wave generator frequency until this voltage signal has a
      maximum amplitude. Use of a square wave from the generator can eliminate
      any need to find the resonant frequency since the resonant frequency would
      substantially be the only frequency excited and present at the transformer
      output.
PAR  For proper operation, the shear wave energy should dissipate within the
      fluid 11 entirely before encountering any objects foreign to the fluid.
      This means no unwanted reflective surfaces belonging to foreign bodies
      should be near the viscosimeter nor should any other uncharacteristic
      fluid discontinuites be allowed to occur. In most situations there will be
      no difficulty in meeting these objectives since, for most fluids, the
      shear wave energy is dissipated in a few hundredths of a millimeter. Where
      there is particulate matter mixed in with a fluid base to form fluid 11,
      the particulate matter can act to alter the fluid viscosity but will not
      cause significant scattering of the shear waves if the wavelength of these
      waves is quite long compared to the particulate matter dimensions, the
      usual situation.
PAR  The output voltage appearing at output terminal 14, dependent upon the
      modulated acoustic energy in piezoelectric transformer 10 as modulated by
      fluid 11, provides a signal which is a representation of the viscosity of
      the fluid at the resonance frequency. If piezoeletric transformer 10 is
      submerged in two different calibrating fluids, i.e. the calibrating fluid
      is substituted for the fluid of interest 11, or placed in a vacuum and in
      a calibrating fluid the output voltage at terminal 14 can be related to
      the known fluid parameters of the selected calibrating fluids. When fluid
      of interest 11 surrounds piezoelectric transformer 10, the change in
      output voltage at terminal 14 from the voltage output in a vacuum is a
      signal which is representative of the viscosity. The transformer output
      voltage at terminal 14, being stepped-up within the transformer from the
      input driving voltage at terminals 13, results in an output signal
      requiring no or very little amplification before further processing of the
      signal.
PAR  This voltage difference signal is not directly proportional to viscosity
      since other fluid parameters also affect this voltage difference. Thus,
      these other parameters must be determined for portions of the fluid which
      are substantially similar to those portions adjacent to piezoelectric
      transformer 10 that are subjected to the shear waves caused thereby to
      affect the transformer vibrational characteristics. The representations of
      these other fluid parameters must also be transmitted to electronics 17 if
      computational capabilities in electronics 17 are to be used to provide a
      display which reads out viscosity directly. Of course, the output signal
      provided to electronics 17 by piezoelectric transformer 10, if not to be
      subjected to operations within electronics 17, may provide data for
      reduction by use of external methods and means.
PAR  Such computation or reduction operations on the voltage signal appearing at
      output 14, or upon the voltage difference between this voltage signal and
      the calibrating voltage signal, must be made for even the simplest of
      viscous fluids, those fluids exhibiting Newtonian behavior. First,
      viscosity is known to be always a strong function of fluid temperature, in
      whatever kind of fluid and so the output voltage at output terminal 14
      must also be a function of temperature. Thus, the temperature of the
      calibrating fluid must be accurately known as must be the temperature of
      the fluid of interest in those portions thereof adjacent to piezoelectric
      transformer 10 or in substantially similar fluid portions. This allows
      correlating the output voltage measurements in both the calibrating fluid
      and in the fluid of interest 11, and so the fluid viscosities thereof,
      with temperature.
PAR  The voltage at output terminal 14 is also known to be a function of one
      further fluid parameter in the case of Newtonian fluids, that parameter
      being fluid density. This relationship can be drived by considering only
      the mechanical behavior of the piezoelectric transformer and the fluid
      surrounding it (ignoring temperature). For strictly Newtonian fluids, when
      the piezoelectric transformer is considered to be a rectangular bar so
      thin that no shear occurs in the piezoelectric material itself, when any
      longitudinal waves being generated are neglected, when the shear waves
      imparted to the fluid encounter no foreign object before dissipation
      thereof, and when a one dimensional analysis is made, the following
      relationship results:
      ##EQU1##
      .eta. = fluid viscosity of fluid of interest .rho. = fluid density of
      fluid of interest
PA1  f.sub.o = resonant frequency in fluid of interest
PA1  V.sub.v = output voltage in vacuum
PA1  V = output voltage in fluid of interest
PA1  K = calibration constant If the density of the fluid is variable, this
      relationship requires that the density thereof be measured to adjust the
      voltage output at output terminal 14 for the effects of fluid density.
PAR  A correctional computation of the output signal may also be required for
      the arrangement of FIG. 1 since longitudinal wave energy is, practically,
      always imparted to a fluid by a vibrating body, but possibly only in
      negligible amounts. Sufficient radiated longitudinal wave energy imparted
      to fluid 11 can cause at least two effects which can alter the output
      voltage signal at terminal 14 of piezoelectric transformer 10 to cause
      errors in the output signal representation of the apparent viscosity.
      First, a reactive normal fluid force is exerted on the transformer which,
      if substantially enough, leads to the generalized radiation impedances of
      the equivalent electrical circuit having substantial longitudinal wave
      related resistive and reactive impedance components. These impedance
      components are not dependent upon fluid parameters, including viscosity,
      in the same manner as are the impedance components due to shear wave
      energy and therefore contribute to the output signal in a different manner
      for the same values of fluid parameters leading to errors therein.
PAR  Second, fluids will support longitudinal waves over much greater distances
      than they will shear waves resulting in possible longitudinal wave
      reflections causing longitudinal waves to reappear at the surface of the
      vibrating transformer. Impingement and reflection of longitudinal waves
      from the surface of the vibrating transformer gives rise to shear effects
      at this surface and to longitudinal effects at this surface. Both of these
      kinds of effects again lead to an altered output voltage signal at output
      terminal 14 and to erroneous results.
PAR  If the arrangement of FIG. 1 is such that no substantial reflections of
      longitudinal waves reach the piezoelectric transformer 10, it is feasible
      to calculate a correction factor for the output signal voltage due to
      longitudinal wave energy radiation from the transformer without the
      substantial complications introduced by reflected waves. This correctional
      factor can be applied to the output voltage signal from output terminal 14
      in electronics 17 or through data reduction methods carried on exclusive
      of electronics 17 to correct the output signal value to give a proper
      reading of apparent viscosity. In other situations, either a theoretical
      or an empirical correctional factor possibly may be determined and this
      can be applied to the output voltage signal from output terminal 14 for
      correction thereof.
PAR  This viscosimeter measures the point fluid viscosity of non-Newtonian
      fluids for the particular shear stress applied. If the relationship
      characterizing the non-Newtonian behavioral aspects of the fluids is
      known, either theoretically or empirically for the fluid of interest, this
      information and further fluid parameter measurements pertaining thereto
      may be used to adjust the voltage signal appearing at output terminal 14
      to provide a determination of the Newtonian viscosity parameter as well as
      the other pertinent parameters. In any event, for a non-Newtonian fluid,
      the viscosity of the fluid can be provided as a function of the applied
      shearing stress by varying the magnitude of the driving voltage applied to
      the input terminals 13 of piezoelectric transformer 10, using the
      preceding equation to provide the product of fluid viscosity and fluid
      density for only the particular shear stress applied.
PAR  Because of the reliance on the use of shear wave energy, this viscosimeter
      is capable of measuring the viscosity of fluids of interest when very
      little of the fluid is available in the vicinity of piezoelectric
      transformer 10, for most fluids. The shear waves imparted to the fluid, to
      permit the fluid to affect the piezoelectric transformer vibratory
      characteristics, are attenuated in a few hundredths of a millimeter for
      most fluids of interest as stated above. For fluids covering the
      transformer to a thickness greater than this attenuation length, viscosity
      may accurately be measured.
PAR  Viscosity can be measured for fluids that are at rest as well as fluids
      that are flowing by the piezoelectric transformer 10 in many instances
      since a boundary layer will occur along the transformer wherein the fluid
      is or nearly is at rest with respect to piezoelectric transformer 10. This
      boundary layer will for many flows and fluids be of the order of the
      magnitude or greater than the attenuation distance for the shear waves
      imparted to the fluid by piezoelectric transformer 10. Because of these
      boundary layers, turbulent flow of many fluids past piezoelectric
      transformer 10 will not adversely affect the ability of the viscosimeter
      to measure the viscosity, at least where the turbulance is not too severe.
PAR  The arrangement of FIG. 1 wherein the piezoelectric transformer 10 is
      completely surrounded by fluid of interest 11 restricts the fluid of
      interest to being a highly non-conductive fluid unless the secondary
      portion of the transformer has an insulative material provided thereon.
      This is so because the conductance of the fluid must not short out the
      right hand side of piezoelectric transformer 10 between mount 12 and
      output terminal 14. This arrangement also tends to impart a substantial
      amount of longitudinal wave energy to the fluid 11 because of the
      resulting motion of the primary half of piezoelectric transformer 10 when
      driven through input terminals 11.
PAR  FIG. 2 shows another embodiment of the present invention which permits
      using a viscosimeter to measure the viscosity of a considerably more
      conductive fluid of interest and which substantially reduces the
      longitudinal energy imparted to the fluid 11. In FIG. 2, only that end of
      the piezoelectric transformer, 50, opposite the end which has the input
      electrodes, 51, thereon, i.e. the transformer secondary, is provided in
      the fluid of interest, 52. The remaining half or primary of piezoelectric
      transformer 50 is outside of fluid 52 beyond the fluid container, 54, and
      within the protective cover, 55. The transformer is supported in a mount,
      53. Cable 56 goes to the driver electronics, 57, which are energized
      through the power cable, 58. The output terminal, 59, supplies an output
      voltage signal to cable 64 which is provided through mount 53 to a cable,
      60, going to local display electronics 61 and to a cable, 62, going to the
      remote display and computational electronics, 63. An electrically
      insulative layer, 65, is provided on the secondary of transformer 50 which
      may be of sputtered-on quartz if transformer 50 is constructed of PZT, for
      instance, or a thin plastic film. Such an insulative layer could be
      provided on the piezoelectric transformer in FIG. 1 also.
PAR  Operation of the viscosimeter shown in FIG. 2 parallels that of the
      viscosimeter shown in FIG. 1 when driver electronics 57 has similar
      oscillator circuit means. However, whether fluid of interest 52 is
      conductive or not makes little difference since it comes into contact only
      with that end of piezoelectric transformer 50 which is insulated by layers
      65. When input electrodes 51 are energized, the resulting motion of the
      secondary of the transformer is a reciprocal, oscillating motion along the
      direction of elongation of the transformer. This means that the major
      transformer faces in the secondary move along this same direction of
      elongation and so nearly impart only shear wave energy to fluid 52. As a
      result, only the transformer faces having a thickness dimension in them
      can impart substantial longitudinal wave energy to fluid 52 which can be
      minimized by reducing this dimension insofar as is practical for a thin
      piezoelectric transformer.
PAR  In this arrangement, the node in the vibratory movement of the transformer
      will be shifted slightly from the center of the length of piezoelectric
      transformer 50 because of the unequal loading on the two halves of the
      piezoelectric transformer. This slight shift will make very little
      difference in the operation of the viscosimeter, merely adding somewhat to
      the damping which is effective with respect to the transformer causing
      some output voltage change from the unshifted node case. The sensitivity
      of the viscosimeter will be half that of the viscosimeter shown in FIG. 1,
      however, since the reactive force of fluid of interest 52 will affect only
      half of the surface area of piezoelectric transformer 50.
PAR  A typical situation for the arrangement of FIG. 2 has piezoelectric
      transformer 50 constructed of lead zirconate titanate with a resonant
      frequency of approximately 20 kilohertz. By adjusting the input driving
      voltage amplitude, an output voltage signal level can be selected for the
      transformer operating in a vacuum or a calibrating fluid. For the output
      voltage adjusted to 5 volts peak-to-peak in vacuum, the output signal
      voltage changes by approximately 1 volt when the transformer is submerged
      in water. There will also be a resonant frequency shift of about 10 hertz.
CLMS
STM  I claim:
NUM  1.
PAR  1. A viscosimeter for providing representation of viscosity of a fluid,
      said viscosimeter comprising:
PA1  a piezoelectric voltage transformer, having electrical terminals thereon
      serving as input terminals and output terminals, said transformer having
      surfaces thereof placed in motion in directions in which they are capable
      of imparting shear waves to those portions of said fluid sufficiently near
      said surfaces;
PA1  oscillator circuitry means for providing an oscillating electrical voltage
      at said input terminals; and
PA1  output voltage sensing means which senses an oscillating output voltage
      signal provided between said output terminals to provide said
      representation, with oscillations in said output voltage signal occurring
      at frequencies where said output voltage signal has substantially a
      maximum amplitude.
NUM  2.
PAR  2. The system of claim 1 wherein said oscillator circuitry means includes a
      variable frequency electrical wave generator.
NUM  3.
PAR  3. The system of claim 1 wherein said oscillator circuitry means includes
      an oscillator circuit which has said transformer operating as a functional
      element therein in setting said frequencies at which said oscillator
      circuitry means oscillates.
NUM  4.
PAR  4. The system of claim 1 wherein said output voltage sensing means includes
      computation apparatus.
NUM  5.
PAR  5. The system of claim 1 wherein any surfaces of said piezoelectric
      transformer placed in motion in directions in which they are capable of
      imparting longitudinal wave energy to said fluid have an area sufficiently
      small so that said longitudinal wave energy imparted to said fluid is so
      little that said output voltage signal is not influenced substantially
      thereby.
NUM  6.
PAR  6. The system of claim 1 wherein a mount supporting said piezoelectric
      transformer is joined to said piezoelectric transformer at a node in said
      motion of said surfaces.
NUM  7.
PAR  7. The system of claim 1 wherein said output voltage sensing means includes
      display means.
NUM  8.
PAR  8. The system of claim 1 wherein said piezoelectric transformer is shaped
      as a rectangular bar and approximately half thereof, excluding surface
      portions joined to said input terminals, is submerged in said fluid in
      operation.
NUM  9.
PAR  9. The system of claim 8 wherein said piezoelectric transformer is
      completely submerged in said fluid in operation.
NUM  10.
PAR  10. The system of claim 8 wherein said half submerged has an electrically
      insulating layer thereon.
NUM  11.
PAR  11. The system of claim 8 wherein said half puts so little longitudinal
      acoustic wave energy to said fluid that said output voltage signal is not
      influenced substantially thereby.
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ABST
PAL  A sample of particulate material is entrained in a moving body of fluid and
      the fluid is continuously discharged through a porous weighing member.
      Before passing to the weighing member sized fractions within the sample,
      except for the smallest one, are separated and held back at different
      regions in the body of fluid so that only the one fraction initially
      deposits on the weighing member. The weight addition of this fraction is
      measured and then a further fraction is re-entrained to move with the
      fluid to pass to and deposit on the weighing member cumulatively with the
      first fraction. The weight increase caused by this further deposition is
      measured and the re-entrainment and weight increase measurement of still
      further fractions are effected separately and successively until all
      fractions are deposited on the weighing member. These individual weights
      and their sum are recorded either manually or automatically and from them
      size percentages are computed. Further samples may be similarly processed
      while the weighing member accumulates all samples until its capacity is
      reached, whereafter the weighing member must be cleaned or replaced. The
      several size fractions may be separately recovered when a multiplicity of
      weighing members is employed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Measurement of the size of particles in a particulate mass is required in a
      great many industrial operations. Specifically, the minerals industry
      needs to know when an ore has been sufficiently crushed. To build highways
      and large buildings, the soil must be analyzed for stability, one factor
      of which is particle size. Many products, notably pigments, have to be
      ground to required particle sizes.
PAR  Much of this particle sizing is now accomplished manually by having a
      technician expose samples of the powder to a series of sieves -- pans with
      woven wire bottoms -- from which, by weighing the amounts passing and
      retained, he can calculate percentages of particles having certain sizes.
      The work is tedious and time consuming. Many industrial materials are
      processed wet. This means that a sample has either to be dried before
      sieving or sieved and then the fractions dried in order to weigh them
      accurately.
PAR  Basically, sieving a powder to obtain its particle size distribution is
      quite simple when performed manually. It is a tedious and time consuming
      procedure, nevertheless. A series of sieves -- usually pans with wire grid
      bottoms -- are arranged vertically one above the other with the coarsest
      grid on top and the finest on the bottom. The powder in question is poured
      on the top sieve, and the sieves are shaken or vibrated until the
      particles distribute themselves in discrete fractions on the sieves. The
      fractions and the powder passing the finest sieve are weighed individually
      and the mass percentage retained (or passing) is calculated in terms of
      the sieve size openings.
PAR  The test may be performed with either a wet or a dry powder. In dry
      testing, complete dryness is required to eliminate moisture-formed
      aggregates, but frictional effects often give rise to electrostatic
      charges which cause the particles to adhere to one another and to the
      sieves, both retaining frame and wire grid. Some particles are usually
      lost by dusting also. Wet sieving requires repeated flushing with fresh
      water which means that if fractional sizes are to be determined, the
      portion of the powder passing all sieves must be captured by filtering or
      that the initial powder mass must have been determined, which usually
      means that another complete sample has to be evaporated to dryness. The
      fractions collected on each sieve must also be dried and then weighed in
      order for mass percentages to be calculated. Handling the finer sieves in
      either wet or dry sieving poses a problem because they are quite easily
      damaged.
PAR  Sieving has great industrial appeal as a means for size analysis despite
      its disadvantages because it gives a direct measurement, the basis for
      which is quite evident. In present practice, results are subject to
      considerable error because of losses due to handling, uncertainties of
      drying and weighing, incomplete separation, electrostatic effects (when
      dry), damaged sieves, and the like. Often only one fractionation, i.e.,
      one separation into those particles larger and those smaller than a
      certain sieve size, is employed in control procedures in the interest of
      saving time and reducing manual effort.
PAR  Various mechanisms have been provided in order to improve upon the above
      purely manual technique. For example, a set of sieves each of a
      predetermined standard weight may be employed to avoid the necessity for
      transferring each fraction from its sieve to a weighing pan. Each sieve
      with its fraction is weighed directly (after drying, in the case of wet
      sieving). Various mechanical shakers have been provided for the sieves,
      including a type which shakes the sieves one at a time. This relieves the
      technician of the task of manually shaking the sieves.
PAR  Sieve separation as described above is practiced for reasons other than
      size measurement. Sometimes the reason is to learn through subsequent
      chemical analysis how composition changes with particle size. Such
      information is necessary in mineral recovery operations where the need is
      to determine how fine to grind for optimum mineral release. At other times
      it is to establish the most desirable particle size for a material in
      subsequent use, for example as a filler in a floor tile or cover. The
      present invention permits ready fractionation of powders into discrete
      size ranges for these purposes also.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Basically, the present invention is directed to method and apparatus
      whereby different size fractions of a sample of particulate material are
      successively directed while entrained in a moving stream of fluid to a
      collecting station whereat each fraction is deposited in turn on a porous
      weighing member having interstices passing the fluid but not the sample
      fractions. On the way to the weighing station, the various fractions are
      formed within the conveying fluid and successive fractions are held back
      or retained until the preceding fraction has been deposited and its amount
      weighed. Actually the true weight is not obtained because buoyancy effects
      are neglected. Since the buoyancy correction is a constant, it does not
      alter the relative magnitudes of the measured weights, however. Each
      fraction is retained by the porous weighing member so that successive
      fractions accumulate in the weighing member. After one sample has been
      processed, a further sample may be processed without removing the first
      sample from within the weighing member by resetting the weighing member
      weight to zero.
PAR  The fluid is continuously moving and the apparatus involves a series of
      sieves of progressively smaller opening size downwardly through which the
      moving fluid and entrained material is passed. To aid in classifying the
      fractions on the sieves a pulsating backward and forward flow is
      superimposed upon the fluid as it passes through the sieves, thus
      periodically agitating all fractions. The smallest fraction or fines, not
      being retained by any sieve, is passed directly to the weighing station
      and when this entire fraction has been deposited and weighed the next
      larger fraction on the lowermost sieve is re-entrained by changing the
      course of fluid flow and it is then deposited to accumulate with the fines
      and the weight increase caused by this accumulation is then measured. This
      process is repeated until all fractions have been accumulated in the
      weighing member.
PAR  Re-entrainment of each fraction may be effected by selectively effecting a
      swirling action within an entrapment chamber, the swirling action being
      effected by tagential entry of the conveying fluid in one embodiment. In
      another embodiment, the re-entrainment is effected by selective
      energization of a paddle assembly which preferentially directs the
      material to a central fluid discharge point. The paddle in one embodiment
      is driven through a flexible tube outside but concentric with the
      discharge tube. This arrangement provides no horizontal and stationary
      surface onto which particles might settle and thus in no way degrades the
      size separation provided by this invention.
PAR  Structural features of one embodiment of the siever assembly include a
      stacked arrangement of components whereby ready assembly and disassembly
      is possible. In one embodiment this is accomplished without the need for
      connection and disconnection of fluid lines by constructing the sieve
      chamber walls with appropriately arranged parts. Pulsation of the
      conveying liquid within the siever assembly is effected by a pump which
      advantageously is in the form of either two sealed pistons in separate
      chambers or of one loose fitting, double acting piston within a single
      cylinder. The latter arrangement is generally preferred because it allows
      overall equalization of the pressure within the siever and thus avoids
      excessively high pressure peaks which might otherwise cause equipment
      damage.
PAR  It will be recognized that a multiplicity of weighing, or collecting
      members connected separately to individual sieve chambers would allow
      recovery of each particle size fraction. While the preceding description
      referred only to one weighing station, multiple collecting stations
      providing for discrete size fraction recovery are a part of this invention
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWING FIGURES
PAR  FIG. 1 is a vertical section taken through one embodiment of the invention;
PAR  FIG. 2 is a more detailed vertical section taken through the embodiment of
      the invention in FIG. 1;
PAR  FIG. 3 is a vertical section showing another embodiment of the invention;
PAR  FIG. 4 is an enlargement of a portion of FIG. 3 showing greater detail.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring at this time more particularly to FIG. 1, the general principles
      of the present invention will be apparent therefrom. As shown, the method
      according to the present invention may be practiced in an apparatus
      generally as shown which includes a body indicated generally by the
      reference character 10 having a plurality of chambers 12, 14, 16 and 18
      therein which chambers are separated by the sieves or screen members 20,
      22 and 24. At the upper end of the body 10 there is provided an inlet
      opening 26 and an associated shut off valve 28 the purpose of which will
      be presently apparent and at the lower end of the body, and more
      especially at the apex of the inverted conical lower section 30 thereof
      there is provided a discharge passage 32 which communicates through the
      line 34 with a valve 36. At the upper end of the body, within the chamber
      12 there is provided an annular recess 38 which is closed off by a
      band-like flexible and elastic membrane 40 and in the lowermost chamber 18
      there is a similar annular recess 42 which is closed off by these flexible
      and elastic band-like membranes 44.
PAR  Associated with each of the screens, 20, 22 and 24 is a selective discharge
      pipe, same being indicated in FIG. 1 by the respective reference
      characters 46, 48 and 50, each of which pipes extends from a downturned
      inlet tip 54 as shown on FIG. 2 to a point exteriorally of the body 10
      where it is connected to one of the valves indicated by the reference
      character 56, 58 and 60 to the common discharge line 62 to which the
      discharge pipe 34 is also connected through the valve 36. The discharge
      pipe 62 projects downwardly into a body of liquid 64 contained within a
      suitable tank 66 and is connected through a flexible member 68 to the
      L-shaped inlet tube 70 of a porous material-retaining member 72.
      Associated with the member 72 is a weighing device 74 which includes a
      mechanical transducer link 76 pivotally connected as at 78 to the pipe 70.
      The member 74 itself constitutes an electrical transducer element
      connected by suitable wires 80 to the read out device 82 which displays as
      for example by a swinging arm the weight of material contained within the
      porous pocket or material-retaining member 72. As will be presently
      apparent, it is advantageous to have the read out device 82 calibrated
      such that the tare weight imposed upon the transducer 74 through the
      mechanical link 76 due to the weight of the member 72, 70 and effect of
      the flexible member 68 is compensated for so that the read out is 0 when
      the member 72 is empty of material.
PAR  Associated with several chambers 12, 14, 16 and 18 are the liquid inlet
      lines indicated by the reference characters 84, 86, 88, 90 and 92 each of
      which inlet pipes leads into the chamber with which it is connected to
      discharge tangentially around the inner wall surface thereof, the purpose
      of which will be presently apparent. Each of these liquid inlet lines has
      associated with it a valve which are respectively identified by reference
      characters 94, 96, 98, 100 and 102 all leading to a common inlet line 104.
PAR  To complete the structural assembly as shown in FIG. 1, there is provided a
      suitable drive device such as the electric motor 106 having an output
      shaft 108 provided with an eccentric 110, there being two connecting rods
      112 and 114 associated with this eccentric 110 correspondingly to operate
      the flexible membranes 116 and 118 of the two pump chambers 120 and 122.
      The pump chamber 120 is connected through a line 124 to the annular space
      behind the elastic membrane 40 and the other pump chamber 122 is connected
      through the line 126 to the space behind the elastic membrane 44. From the
      connection as shown, it will be apparent that as one membrane 40 is being
      stretched to expand radially inwardly, the other membrane 44 is being
      stretched outwardly, as shown and vice versa.
PAR  To utilize the assembly as is illustrated in FIG. 1, a sample of mass of
      particulate material having particles of varying sizes is charged into the
      uppermost chamber 12 through the opening 26 whereafter the valve 28 is
      closed to prevent escape of liquid therefrom. The body 10 is filled with
      water or other conveying liquid through the inlet 104, the purpose of
      which initially all of the valves 94, 96, 18, 100 and 102 may be open, the
      body 10 being filled before the introduction of the charge of particulate
      material thereinto. When the particulate material is charged into the body
      10 and specifically into the uppermost chamber 12 thereof, the valves 96,
      98 and 100 are closed whereas the valves 94 and 102 are open and at this
      time also the several valves 56, 58 and 60 are closed and the valve 36 is
      open. Valve 94 is open to create a downward flow of liquid in body 10 and
      valve 102 to create a swirling flow in the conical region 30 and thus to
      prevent deposition of fines. At the same time, the motor 106 is operated
      to cause a pulsating action of the liquid within the body 10 back and
      forth across the several screens or sieves 20, 22 and 24 which separate
      the chambers as aforesaid. Thus, there is a net flow of liquid through the
      pipe 104 and valve 94 into the uppermost chamber. The pulsating action
      within body 10 and the generally downward flow of liquid through it causes
      excellent classification of the various particle sizes onto the several
      screens 20, 22 and 24, the screen 20 having the largest openings, the
      screen 22 having the next smaller openings and the screen 24 having the
      smallest openings. Some of the material which is of the smallest particle
      size such as to pass the screen 24 passes into the lower chamber 18 and
      ultimately is discharged through the outlet 34, the valve 36 and into the
      discharge pipe 62 through the flexible line 68 and into the interior of
      the material-retaining member 72 wherein it is trapped. As noted
      previously, the member 72 is porous so that the liquid can pass freely
      therethrough but the particulate material is retained therewithin. The
      read out device 82 indicates the accumulation of fines. When the
      accumulation substantially ceases as indicated by the constancy of the
      read out device all of the fines will have passed into and be retained
      within the member 72. It should be noted that in operation of the device,
      the initial condition may be such that both valves 94 and 102 are open or
      any combination may be effected in the operation therebetween such as
      assures initially the proper classifying action and the necessary scouring
      action of the lowermost chamber 18.
PAR  At this point, the net relative weight of the material which is the fines
      retained within the 72 is recorded. It may be noted that for most accurate
      reading at this point, any flow of liquid can be terminated as by closing
      all of the valves 94 and 102 and 36 which may previously have been opened
      but this is not necessary since the flow out of member 72 is effectively
      equal in all directions and thus influences the weighing only
      insignificantly. As soon as this reading is taken, the valves 102 and 36
      are closed and valves 100 and 60 are opened which allows some of the
      conveying liquid to be discharged tangentially through the inlet 90 into
      the chamber 16 to cause a swirling action therein tending to migrate all
      of the retained particulate material towards the center whereat the tip 50
      of the pipe is indicated so as to pick up all of the retained particulate
      material in the chamber 16 ultimately to discharge it through the valve 60
      and the line 62 into the interior of the member 72. During this action,
      the pulsating action as effected by the motor 106 is of course effected
      positively to assure that no particulate material is retained on the
      screen 24 but is instead all discharged into the member 72. At this point,
      another reading is taken at the read out 82 and this reading is recorded
      subsequent of course to closure of the valves 100 and 60. Next, the valves
      98 and 58 are opened and the process is repeated and, lastly the valves 96
      and 56 are opened to batchwise discharge the largest particulate material
      particles into the material-retaining member 72.
PAR  It will be obvious, of course, that the relative weights of all of the
      fractions of various sizes of particulate material may be obtained in this
      way. Exact weights are not obtained since the buoyancy of the water is not
      taken into account. Relative weights, however, are sufficient for
      calculating the percentages of mass represented by the several fractions.
      Mass percentages are the information desired in particle size analysis. It
      should also be noted that quite a number of successive sample batches may
      be processed without cleaning out the contents of the member 72, simply
      either by recalibrating the read out device 82 or simply keeping a running
      record of the successively greater weights displayed thereat.
PAR  Defined at this time more particularly in FIG. 2, one form in which the
      body 10 may take is illustrated therein. Thus, as shown, a succession of
      stacked rings or plates 128, 130, 132, 134, 136, 138, 140 and 142 are
      shown, the lowermost of which includes the inverted conical section 30 as
      previously described. The two annular sections 130 and 140 define the
      pulsating chambers 144 and 146 with their associated membranes 44 and 40
      and the respective screens or sieves 20, 22 and 24 are sandwiched between
      the corresponding pairs of sections 138, 136; 134, 136; or 134, 132.
      Through bolts or other suitable means not shown may be utilized to
      maintain the stack of plates or disc sections in tightly sealed
      relationship and the inlet conduits are formed by axially extending bores
      such as the bore 148 shown for the inlet section 90 and extending through
      the requisite number of plates or discs. The remaining inlets are
      staggered circumferentially around the device as is indicated by the
      phantom lines. Correspondingly, the outlet sections are formed by axially
      extending bores 150 as shown for the outlet section 50 and these two are
      circumferentially staggered around the device as will be apparent from
      FIG. 2.
PAR  Alternatively, the embodiment may be formed as is shown in FIG. 3 wherein
      end sections 151 and 152 may be utilized in stacked configurations with
      sieve sections 153, 154 and 155 therebetween. Liquid enters through pipes
      156 and 157 and, with entrained and fractionated particles, leaves through
      pipe 158 by way of one of the valves 159, 160, 161 or 162. Loose-fitting
      piston 163 moving up and down in cylinder 164 as driven by gear motor 165
      produces a pulsating action in the liquid through the elastic membranes
      166 and 167. As in the embodiment of FIG. 1, the particles are
      cumulatively collected in weighing member 168. Their relative weights are
      detected by transducer 169 and indicated on read out 170.
PAR  FIG. 4 illustrates a further detailed embodiment of one sieve section such
      as 154 of FIG. 3 to require a smaller fluid flow rate as compared with
      previous embodiments and also being effective to assure that larger or
      denser particles are re-entrained efficiently.
PAR  In this form of the invention, the tangential inlet for fluid is eliminated
      and a paddle or blade assembly 171 causes the movement of particles to the
      center of effect removal.
PAR  The paddle assembly includes a hub 172, rotatably mounted on the downturned
      end 173 of the outlet pipe 174, which hub is connected by an elastic tube
      175 to one end of a shaft 176 disposed around the pipe 174. The outer end
      of the shaft 176 is provided with a suitable gear drive and seal at 177,
      the gear meshing with another gear and shaft 178. Rotation of shaft and
      gear 178 causes gear and shaft 176 to rotate which in turn moves paddle
      171. Obviously, shaft 178 may be rotated by means of a suitable motor.
PAR  Pipe 174 openly communicates with the outside thereby serving to define an
      outlet for re-entrained material which passes to an outlet valve, 161 of
      FIG. 3, under the conditions previously set forth. Because the paddle
      assembly 171 performs the re-entrainment and directing of the material to
      the inlet 173 in the hub 172, the flow rate through the outlet 174 need
      not be as great as, say, in FIG. 1.
PAR  The paddle assembly 171 is mounted above the sieve 179 and includes
      oppositely directed radial arms, each mounting a paddle blade 180 and 181.
      These blades are mounted at angles with respect to their respective arms,
      their angularity being such as to create a radially inward feeding motion
      to the particulate material which, by virtue of the pulsating fluid flow
      action, is repeatedly lifted off the sieve 179 ultimately to reach and
      pass through the inlet 173 with the fluid within which it will now be
      entrained.
PAR  While FIGS. 1, 2 and 3 each show three sieve sections it will be obvious
      that both greater and lesser numbers of sieves could be employed.
PAR  Likewise, FIGS. 1 and 3 each show one weighing member in which particles
      are collected. It will be obvious that a multiplicity of weighing or
      collecting members could be employed as long as collectively they are
      attached to a single weighing transducer. Referring to FIG. 1, outlets 34,
      46, 48 and 50 could be directly attached through individual flexible
      members such as 68 to a collecting member such as 72.
PAR  Both FIGS. 1 and 2 show pulsating mechanisms driven directly by constant
      speed motors through fixed mechanical linkages. Obviously pulsation cycle
      speed could be changed by changing motor speed and pulsation magnitude by
      altering the cam throw. Both need to be adjustable to obtain maximum
      efficiency with particles of different size and density.
PAR  One of the major problems with all sieving devices is the hanging of
      particles of nearly screen opening size within the screens. Once so
      caught, they are difficult to dislodge. Pulsation that is of equal
      intensity both upward and downward neither alleviates nor increases this
      problem. One aspect of this invention not heretofore noted is provision
      for the upward pulse to be of greater intensity than the downward pulse.
      This is accomplished by driving the electric motor that produces the
      pulses in a cyclical manner by means of well-known electronic circuits and
      a timer. In this way the motor will be speeded when the liquid within the
      sieving sections is moved upward and slowed when the liquid is moved
      downward. Particles will thus fall on the sieve screens with less energy
      than that with which they are raised above the screens, and their tendency
      to be caught in the screens is diminished while their dislodging from the
      screens is improved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of determining the relative weight proportions of differently
      sized fractions of a sample of particulate material, which includes the
      steps of:
PA1  a. entraining a sample of the material in a moving body of fluid;
PA1  b. depositing a first fraction of the material at one region within the
      body of fluid to classify such fraction by particle size and depositing a
      second fraction of the material at a second region within the body of
      fluid;
PA1  c. measuring the weight increase caused by the deposition of said second
      fraction at said second region;
PA1  d. entraining said first fraction in said fluid and depositing it at said
      second region to accumulate thereat with said second fraction; and
PA1  e. measuring the weight increase caused by the deposition of said first
      fraction at said second region.
NUM  2.
PAR  2. The method according to claim 1 wherein said section fraction is of
      smallest particle size and is deposited directly in said second region
      while said first fraction is being deposited in said first region.
NUM  3.
PAR  3. The method according to claim 1 including the step of separately
      introducing further fluid into said body of fluid to create a swirling
      action therein during step (d).
NUM  4.
PAR  4. The method of determining the relative weight proportions of differently
      sized fractions of a sample of particulate material, which comprises the
      steps of:
PA1  a. entraining the sample of particulate material in a fluid and passing
      said fluid with entrained material through a succession of sieves having
      progressively decreasing opening sizes until fractions of said sample are
      segregated by particle sizes at said sieves;
PA1  b. entraining one of said fractions in said fluid and discharging same to a
      collection zone;
PA1  c. passing the fluid with the entrained fraction through a porous weighing
      member at said collection zone to deposit such fraction on said weighing
      member;
PA1  d. measuring the increase in weight of the weighing member caused by the
      fraction deposited in step (c);
PA1  e. repeating steps (b) through (d) for at least one other fraction; and
PA1  f. determining the relative weight proportions of the fractions deposited
      on said weighing member from the measurements effected according to step
      (d).
NUM  5.
PAR  5. The method of determining the relative weight proportions of different
      fractions of a sample of particulate material, which comprises the steps
      of:
PA1  a. entraining the sample in a moving body of fluid and passing such fluid
      continuously through a porous weighing member residing in said body of
      fluid;
PA1  b. separating all but one of said fractions to reside in different regions
      in said body of fluid before passing through said porous weighing member
      whereby said one fraction only deposits on said weighing member;
PA1  c. measuring the weight of said one fraction deposited on said weighing
      member;
PA1  d. re-entraining a further fraction in said body of fluid whereby said
      further fraction is deposited on said weighing member cumulatively with
      the previously deposited fraction;
PA1  e. measuring the weight increase caused by the deposition of step (d); and
PA1  f. repeating steps (d) and (e) until all fractions have been cumulatively
      deposited on said weighing member.
NUM  6.
PAR  6. The method according to claim 5 including the steps of entraining a
      second sample in the fluid after the first sample is completely processed
      and repeating steps (a) through (f) until all fractions of the second
      sample have been deposited on said weighing member cumulatively with the
      deposited fractions of the first sample.
NUM  7.
PAR  7. Apparatus for determining the relative weight proportions of differently
      sized fractions of a sample of particulate material, comprising in
      combination:
PA1  housing means having an inlet opening at the upper region thereof and a
      discharge outlet at the lower region thereof;
PA1  a plurality of screen members disposed substantially horizontally within
      said housing and separating the interior of the same into a plurality of
      stacked compartments or chambers successively leading from the inlet
      opening to the discharge opening;
PA1  means for creating pulsating fluid flow back and forth between said
      chambers;
PA1  means for selectively discharging particulate material retained in said
      chambers;
PA1  conduit means connected to said selected discharge means for directing
      conveying liquid and particulate material away from the individual
      chambers;
PA1  a closed porous retaining member connected to said means last mentioned
      whereby sequentially to accumulate particulate materials from the several
      chambers; and
PA1  means for weighing the contents of said closed member.
NUM  8.
PAR  8. Apparatus as defined in claim 7 wherein said means for selectively
      discharging particulate material comprises a tangential inlet for each of
      said chambers for selectively discharging fluid thereinto and wherein said
      conduit means presents a central inlet in each chamber for receiving the
      particulate material entrained in such fluid.
NUM  9.
PAR  9. Apparatus as defined in claim 7 wherein said means for selectively
      discharging particulate material comprises a paddle assembly in each
      chamber, means for selectively rotating each paddle assembly, and means
      for selectively introducing fluid into said chamber, said conduit means
      comprising a discharge pipe for each chamber and having a downturned end
      portion disposed centrally in a respective chamber, said paddle assembly
      being mounted for rotation about said downturned end portion and having at
      least two blades sweeping the region immediately above an associated
      screen member, each blade being angled to direct particulate material
      toward said downturned end portion of its associated discharge pipe.
NUM  10.
PAR  10. The method of determining the relative weight proportions of
      differently sized fractions of a sample of particulate material, which
      includes the steps of:
PA1  a. entraining said particulate material within a conveying fluid while
      maintaining a unidirectioned net flow of said fluid to an accumulating
      chamber;
PA1  b. intercepting said fractions and temporarily retaining them in discrete
      zones within the body of conveying fluid while accumulating one fraction
      at said accumulating chamber;
PA1  c. weighing the accumulated fraction;
PA1  d. altering the net direction of conveying fluid flow to convey a second
      fraction to said accumulating chamber; and
PA1  e. weighing the accumulated weight of said one and said second fraction.
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ABST
PAL  Method and apparatus for measuring the magnitude of a clamping load applied
      to a laminated iron core of an electric machine which comprises the steps
      of introducing a sound wave into a laminated iron core of an electric
      machine at one end face thereof and immediately generating a first
      electric signal; producing a second electric signal when the sound wave
      passes through the core body and reaches the opposite end face thereof;
      measuring a time interval between the emission of the first electric
      signal and that of the second electric signal; dividing a distance between
      both end faces of the laminated iron core by the measured time interval to
      calculate the velocity of a sound wave vertically propagating through the
      laminated iron core; and determining the measured magnitude of clamping
      load applied to said core from the calculated propagating velocity of a
      sound wave with reference to previously prepared data on a relationship
      between the magnitude of clamping load applied to the core and the
      corresponding propagating velocity of a sound wave.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for measuring the
      magnitude of a clamping load applied to a laminated iron core used with an
      electric machine by calculating the velocity of a sound wave propagating
      through the laminated iron core in the direction of lamination.
PAR  The magnitude of clamping pressure initially applied to the tightened
      surface of a laminated iron core used with an electric machine gradually
      decreases due to time-worn conditions such as the driness of insulation
      varnish baked to both sides of the respective member plates of the core.
      In extreme cases, the constituent member plates of a laminated iron core
      are loosened, resulting in the vibration of the core plates, or what is
      worse, in the occurrence of accidents. As used herein, the term "clamping
      pressure on the tightened surface" is defined to mean a quotient arrived
      at by dividing the magnitude of clamping load applied to a laminated iron
      core by the area of the tightened end face of said core.
PAR  Hitherto, the magnitude of clamping load applied to a laminated iron core,
      therefore, the clamping pressure has been determined by measuring a strain
      sustained by clamping bolts. The customary pressure measuring process
      consists in fitting a strain gauge to each of the clamping bolts to
      measure strains sustained by said bolts themselves due to their action to
      clamp a laminated iron core; converting measured strains into stresses
      imparted to said bolts; multiplying the stresses by the total cross
      sectional areas of the clamping bolts to calculate clamping load imparted
      to said bolts; and finally determining the magnitude of clamping pressure
      applied to the tightened end face of a laminated iron core from the
      product of said multiplication.
PAR  However, the conventional pressure measuring process using a strain gauge
      has the drawbacks that it can not find the magnitude of clamping load
      applied to the local points on the end face of a laminated iron core,
      though it may determine the magnitude of average clamping load applied to
      the entire end face of the core; and the strain gauge is subject to the
      gradually decreased precision of measurement due to its time-worn
      deterioration, failing to trace time change in the magnitude of clamping
      load or clamping load applied to a laminated iron core used with an
      electric machine over a long period with a constant degree of precision.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly the object of this invention to provide a method and
      apparatus for measuring the magnitude of a clamping load applied to a
      laminated iron core of an electric machines which are free from the
      drawbacks accompanying the prior art clamping load-measuring method and
      apparatus, and can measure the various magnitudes of pressure applied to
      local points on the end face of the laminated iron core and in consequence
      the distribution of said magnitudes and carry out said measurement with
      high precision over a long period.
PAR  To attain the above-mentioned object, this invention utilizes the fact that
      the velocity of a sound wave propagating through a laminated iron core in
      the direction of lamination varies with the magnitude of clamping load
      applied to the core. Namely, the pressure-measuring apparatus of the
      invention comprises a device for introducing a sound wave into the
      laminated iron core at one end face thereof; a device for generating a
      first electric signal when a sound wave is brought into the core; a device
      for giving forth a second electric signal when the sound wave propagates
      through the core body and reaches the opposite end face of the core; and a
      device for measuring a time interval between the emissions of the first
      and second electric signals, thereby measuring the magnitude of clamping
      load applied to the laminated iron core from said time interval. To
      describe in detail, the clamping load-measuring method of this invention
      consists in calculating the propagating velocity of a sound wave from a
      quotient arrived at by dividing a distance between both end faces of a
      laminated iron core by the above-mentioned time interval and finally
      determining the magnitude of clamping load applied to the core from the
      calculated propagating velocity of a sound wave with reference to
      previously prepared data on a relationship between the clamping load and
      the corresponding propagating velocity of a sound wave.
PAR  A sound wave can be introduced into a laminated iron core at one end face
      thereof simply by knocking said end face with a wodden mallet.
PAR  In this case, that end face of the core is fitted with a first electric
      signal-generating device. Another process of introducing a sound wave into
      the laminated iron core consists in providing a pulse generator and a
      sound wave generator actuated by an output from said pulse generator
      attached to one end face of the core. In this case, an output from the
      pulse generator constitutes a first electric signal.
PAR  The distribution of various magnitudes of clamping load applied to a
      laminated iron core can be determined by fitting a first electric
      signal-generating device or sound wave generator to several points on one
      end face of the core and a second electric signal-generating device
      similarly to various points on the opposite end face of the core.
PAR  Further, a stable distinct measurement of clamping load applied to a
      laminated iron core can be effected by providing, is necessary, an
      amplifier to supply a time interval-measuring device with first and second
      electric signals at a proper level and fitting a second electric
      signal-transmitting circuit with a filter allowing the passage of only a
      sound wave of relatively low frequency which has propagated through a
      laminated iron core at a slow rate, but obstructing the passage of a sound
      wave of relatively high frequency which has quickly propagated through the
      rigid portion of the core such as the clamping bolts.
PAR  The time interval-measuring device may consist of a known type, such as an
      electromagnetic oscillograph, Braun tube oscillograph or digital counter.
      It is also possible to supply a measured time interval to a computer,
      calculate the propagating velocity of a sound wave according to a program
      previously stored in a memory device to determine the magnitude of
      clamping load applied to a laminated iron core and, if desired, print out
      a required value of tightening pressure by connecting a printer to the
      computer.
PAR  As mentioned above, this invention attains easy measurement of various
      magnitudes of clamping load applied to local points of a laminated iron
      core and in consequence the distribution of said magnitudes by fitting
      first electric signal-generating device, second electric signal-generating
      device and sound wave generator to the core at any time and location of
      measurement without the necessity of applying any additional mechanical
      work to the core or associated members thereof or removing said associated
      members from the core. Further, the apparatus of this invention effects
      the measurement of clamping load applied to a laminated iron core with
      high precision over a long period and in consequence the tracing of time
      change in the magnitude of said clamping load. It is therefore possible by
      utilizing the abovementioned advantages to apply a uniform degree of
      clamping load to every part of a laminated iron core when it is
      incorporated in an electric machine, and trace time change in the
      magnitude of said clamping load after the electric machine has been
      delivered from a manufacturing plant and, where necessary, carry out the
      additional clamping of the core. Thus the clamping load measuring
      apparatus of this invention is applicable over a very wide field.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fractional cross sectional view of an embodiment of this
      invention for measuring the magnitude of clamping load applied to the
      stator of an electric machine, for example, a generator or motor;
PAR  FIG. 2 is a graph showing a relationship between the magnitude of clamping
      load applied to a laminated iron core and the corresponding velocity of a
      sound wave propagating through the core;
PAR  FIG. 3 presents the oscillograms of the first and second electric signals,
      showing a time interval therebetween;
PAR  FIG. 4 is a fractional cross sectional view of another embodiment of the
      invention for measuring the magnitude of clamping load applied to a local
      point on one end face of a laminated iron core;
PAR  FIG. 5 is a block circuit diagram of still another embodiment of the
      invention where the time interval-measuring device consists of a digital
      counter;
PAR  FIG. 6 is a block circuit diagram of a further embodiment of the invention
      where the time interval-measuring device consists of a Braun tube;
PAR  FIG. 7 shows a time interval between the first and second electric signals
      appearing on the Braun tube of FIG. 6; and
PAR  FIG. 8 is a block circuit diagram of an arrangement of a counting circuit,
      computer and printer for measuring a time interval between the first and
      second electric signals, calculating the velocity of a sound wave
      propagating through the body of a laminated iron core, and drawing out a
      measured value of the magnitude of clamping load stored in a memory device
      and recording it on a printer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, numeral 20 shows a laminated iron core used as the
      stator of an electric machine, for example, a generator or a motor. The
      laminated iron core 20 comprises several core members 20a each formed of
      numerous iron sheets laminated to a prescribed thickness, internal spacers
      24 interposed between the respective core members 20a and external spacers
      26, 28 disposed between both end faces of the core 20 and the upper and
      lower flanges 30, 32 mounted on said end faces. The core 20 is firmly
      tightened from above and below by means of the upper and lower flanges 30,
      32, clamping bolts 34 and nuts 36. One end face 38 of the core 20 is
      fitted with a first electric signal-generating device and the opposite end
      face 42 thereof with a second electric signal-generating device 46.
PAR  When one end face 38 of the lamined iron core 20 is struck with a wooden
      mallet 40, the resultant sound wave actuates the first electric
      signal-generating device to produce a first electric signal S1. Part of
      said sound wave quickly propagates through the rigid portions of the core
      such as flanges 30, 32, clamping bolts 34 and nuts 36 screwed to both ends
      of each clamping bolt 34 and actuates the second electric
      signal-generating device 46 to generate an output signal S2-a. The
      remainder of the above-mentioned sound wave is slowly transmitted through
      the core 20 itself with a certain time delay and similarly actuates the
      second electric signal-generating device 46 to produce another output
      signal S2-b. For the object of this invention, however, the latter output
      signal S2-b from the second electric signal-generating device 46 is
      referred to as "the second electric signal".
PAR  The first electric signal-generating device 44 and second electric
      signal-generating device 46 permissibly consist of various types, for
      example, a piezoelectric element or magnetostrictive element. One type is
      a P.M. accelerometer manufactured by Bruel & Kjaer Company of Denmark.
      This accelerometer is formed of a piezoelectric element such as a crystal
      vibrator and, when subjected to vibrations, generates an electric signal
      across both electrodes surrounding the piezoelectric element. When
      electric pulses are impressed across both electrodes of the piezoelectric
      element of the above-mentioned type of sound wave detector, then said
      piezoelectric element commences vibrations at its natural frequency to
      introduce a sound wave into the laminated iron core at one end face
      thereof. Both electric signal-generating devices 44, 46 may be bonded to
      the end face of the laminated iron core 20 by adhesive or fitted thereto
      magnetically, as described in a pamphlet on the above-mentioned
      accelerometer of Bruel & Kjaer Company.
PAR  As shown in FIG. 1, a first electric signal emitted by the generator 44 is
      supplied to a time interval-measuring device 48 through an amplifier 50
      and filter 55. Since, however, the first electric signal is normally
      strong, the amplifier 50 can be omitted. Though usually not required, the
      filter 55 may advisably be used, where external noises are expected to
      contaminate the first electric signal, leading to the inaccurate
      measurement of clamping load applied to a laminated iron core. A second
      electric signal S2-6 given forth by the generator 46 is conducted to the
      time interval-measuring device 48 through the amplifier 52 and filter 54.
      The reason is that since a sound wave actuating the second electric
      signal-generating device 46 is attenuated during propagation, the
      resultant weak second electric signal S2-b has to be amplified to a proper
      level by the amplifier 52 before delivered to the time interval-measuring
      device 48 and that the filter 54 generally consisting of a band pass
      filter eliminates the high frequency signal component S2-a quickly passing
      through the rigid portion of the core 20 such as the clamping bolts 34,
      nuts 36 and flanges 30, 32 and only allows the second electric signal S2-b
      denoting a sound wave slowly traveling through the core 20 to be
      transmitted to the time interval-measuring device 48 and further prevents
      any external noise signal from being carried into said time
      interval-measuring device 48. Experiments show that the second electric
      signal S2-b showing a sound wave propagating through the laminated iron
      core 20 had a frequency of 1 to 2 kHz. If necessary, either or both of the
      first electric signal S1 and second electric signal S2-b are amplified
      distinctly to determine a time interval between these two electric signals
      when they reach the time interval-measuring device 48. Since, however, an
      electric signal passing through the filter 54 has its transmission
      slightly delayed, said delay is determined to correct a time interval
      between the first and second electric signals S1, S2-b measured by the
      time interval-measuring device 48. Though two filters 54, 55 are used in
      the first embodiment of FIG. 1, the figure only shows for simplification
      of illustration a circuit for measuring the time delay of an electric
      signal conducted through the filter 54. When a switch 53 touches a contact
      53a, an ordinary time interval between the first and second electric
      signals S1, S2-b is determined. When, however, the operation of the switch
      53 is changed over to touch a contact 53b, then the time
      interval-measuring device 48 measures a time interval between the first
      electric signal S1 directly delivered to said device 48 only through the
      amplifier 50, filter 55 and delayed first electric signal S1 conducted to
      said device 48 through the amplifier 50 and filter 55, as well as
      purposely through the filter 54, namely, the time delay sustained by said
      first electric signal S1 during transmission through the filter 54. The
      time delay of an electric signal conducted through the filter 55 can be
      measured to the same manner by the corresponding time delay-measuring
      circuit (not shown). Measurement of the time delay of the first electric
      signal S1 purposely conducted through the filter 54 provided a correct
      time interval between the first and second electric signals S1, S2-b when
      they reach the time interval-measuring device 48. Thus the actual velocity
      of a sound wave slowly propagating through the core 20 is calculated from
      the corrected time interval between the first and second electric signals
      S1, S2-b, thereby determining the magnitude of clamping load applied to
      the laminated iron core 20 through which a sound wave slowly propagates,
      with reference to previously prepared data on a relationship between the
      clamping load and the corresponding propagating velocity of a sound wave.
PAR  The time interval-measuring device 48 may consist of any of various types
      such as an electromagnetic oscillograph, Braun tube oscillograph and
      digital counter. Further, as previously mentioned, it is possible to
      supply an output from the digital counter to a computer, correct a
      measured time interval between the first and second electric signals S1,
      S2-b by measuring the time delay of the first electric signal S1 purposely
      caused to travel through the filter 54 so as to calculate the actual
      velocity of a sound wave propagating through a laminated iron core 20,
      determine the magnitude of clamping load applied to the core 20 which
      corresponds to said propagating velocity of a sound wave, all in
      accordance with a program previously stored in a memory device, and, if
      desired, record a required value of tightening pressure on a printer
      connected to the computer. All the electric and mechanical devices
      required for the above-mentioned operation may consist of the known types.
PAR  Referring to FIG. 1, the first electric signal-generating device 44 is
      fitted to one end face 38 of the laminated iron core 20 and the second
      electric signal-generating device 46 to the opposite end face 42 of said
      core 20. Where both electric signal-generating devices 44, 46 are placed
      at different points on the end faces 38, 42, respectively, the
      distribution of the magnitudes of clamping load applied to the laminated
      iron core 20 can be determined. Where the laminated iron core 20
      constitutes the stator of a motor or generator as shown in FIG. 1
      magnitudes of clamping load applied to various points in a horizontal
      plane ranging from the yoke member to the proximity of the slots of the
      core 20 can be determined to find the horizontal distribution of said
      magnitudes. Further where, as shown in FIG. 1, first and second electric
      signal-generating devices 44a, 44b are successively fitted to part of the
      peripheral side wall of the respective core members 20a consisting of
      laminated iron sheets to determine the magnitudes of clamping load applied
      to said core members 20a, then the distribution of said magnitudes in a
      vertical or laminated direction of the core 20 can be found.
PAR  FIG. 2 presents experimental data on a relationship between the magnitude
      of clamping load applied to a laminated iron core 20 and the corresponding
      velocity of a sound wave propagating through said core 20. In FIG. 3, the
      upper oscillogram obtained on an electromagnetic oscillograph used as the
      time interval-measuring device 48 represents the first electric signal S1
      and the lower oscillogram shows the second electric signal S2-b. The
      notation .DELTA.t of FIG. 3 shows a measured time interval between the
      first and second electric signals S1, S2-b. Since, however, the time
      required for the second signal S2-b to reach the time interval-measuring
      device 48 includes the time delay sustained by said second signal S2-b
      during transmission through the filter S4, said time interval .DELTA.t has
      to be later corrected by the extent of the time delay.
PAR  The embodiment of FIG. 4 shows the case where measurement is made of the
      magnitude of clamping load applied to part of the respective core members
      20a consisting of laminated iron sheets 22 and separated by intervening
      spacers 24. In this embodiment, a sound wave is introduced by a different
      process from FIG. 1. Namely, one end face 56 of each core member 20a is
      fitted with a sound wave generator 58 and the opposite end face thereof
      with the second electric signal-generating device 46 in the same manner as
      in the first embodiment of FIG. 1. The sound wave generator 58 is operated
      by a pulse generator 60 to introduce a sound wave into the core member
      20a. In this case, an output from the pulse generator 60 is directly used
      as the first electric signal S1. This first electric signal S1 is
      generally fully strong and is allowed to be conducted to the time
      interval-measuring devcie 48 without the necessity of being provided with
      an amplifier or filter. On the other hand, the second electric signal S2-b
      denoting a sound wave slowly propagating through the core 20 is attenuated
      during transmission and consequently is made to pass through the amplifier
      52 and also through the filter 54 provided for the same reason as
      described in connection with the first embodiment of FIG. 1. Compensation
      for the time delay of said second signal conducted through the filter 54
      is effected by operation of the switch 53 in the same manner as in FIG. 1,
      namely, by purposely causing the first electric signal S1 to pass through
      the filter 54 for measurement of the time delay sustained by said signal
      during transmission through the filter 54.
PAR  The sound wave generator 58 consists of any of various types such as a
      piezoelectric element and magnetostrictive element, and in one case may be
      formed of the aforesaid accelerometer. Where the pulse generator 60
      impresses a pulse across the electrodes of said sound wave generator 58,
      then the generator 58 gives forth a sound wave, said sound wave being
      introduced into the core member 20a at one end face 56. The pulse
      generator 60 may consist of "Pulse Generator Model G 710" manufactured by
      E-H Research Laboratories, Inc. of the Unites States of America.
PAR  FIG. 5 is a block circuit diagram of still another embodiment of this
      invention where the time interval-measuring device consists of a digital
      counter 104. According to this embodiment, the first electric signal S1 is
      conducted from a terminal 100 through an amplifier 50 to a trigger circuit
      102. A trigger pulse generated in said trigger circuit 102 is delivered to
      the digital counter 104. The second electric signal S2-b is transmitted
      from a terminal 106 to a trigger circuit 108 through an amplifier 52 and
      filter 54. A trigger pulse produced in said trigger circuit 108 is
      supplied to the digital counter 104, which in turn measures a time
      interval between both first and second electric signals S1, S2-b and
      digitally indicates a measured value of said time interval. In this case,
      the time delay of the second electric signal S2-b passing through the
      filter 54 is measured by changing over the operation of the switch 53 in
      the same manner as in FIG. 1 to correct the digitally indicated value of
      said time interval.
PAR  FIG. 6 is a block circuit diagram of a further embodiment of this invention
      where the time interval-measuring device consists of a Braun tube 114. As
      in FIG. 5, the first electric signaal S1 is normally supplied from the
      terminal 100 to the pule generating circuit 110 through the amplifier 50
      and trigger circuit 102, and the second electric signal S2-b is always
      conducted from the terminal 106 to said pulse generating circuit 110
      through the amplifier 52 and filter 54. The first electric signal S1 is
      delivered to both pulse generating circuit 110 and synchronizing circuit
      116 immediately to operate a sweep circuit 118, thereby causing a spot on
      the Braun tube to be swept in a horizontal direction. The pulses which the
      pulse generating circuit 110 gives forth upon receipt of the first and
      second electric signals S1, S2-b are conducted through a delay circuit 112
      to the Braun tube 114 to cause a spot thereon to be shifted in a vertical
      direction. A spot shifted horizontally as well as vertically on the Braun
      tube 114 presents a pattern shown in FIG. 7. A time interval .DELTA.t
      between the first and second electric signals S1, S2-b is measured from a
      time interval between two pulses 120, 122 indicated in FIG. 7. However,
      this measured time interval is further corrested by the extent of a time
      delay sustained by the second electric signal S2-b. This time delay is
      obtained by the changed operation of the switch 53 in the same manner as
      in FIG. 1.
PAR  FIG. 8 is a block circuit diagram of an arrangement including a counting
      circuit 130, computer 132 and printer 134 to measure a time interval
      between the first and second electric signals S1, S2-b, calculate the
      velocity of a sound slowly propagating the core 20 (not shown) from the
      corrected time interval, thereby determining the magnitude of clamping
      load applied to the core 20 (not shown), and finally record the velocity
      of the sound and clamping load. The first electric signal S1 is normally
      conducted from the terminal 100 through the trigger circuit 102 to a gate
      control circuit 124, and the second electric signal S2-b is always
      supplied to said gate control circuit 124 from the terminal 106 through
      the switch 53, filter 54 and the trigger circuit 108. The gate control
      circuit 124 opens a gate circuit 126 upon receipt of the first electric
      signal S1 and closes said gate circuit 126 upon receipt of the second
      electric signal S2-b. While the gate circuit 126 is left open, a signal
      generated by a standard signal oscillator 128 is supplied to a counting
      circuit 130 which measures a time interval between the first and second
      electric signals S1, S2-b. The measured value of the time interval is
      transmitted to a computer 132, which in turn calculates the propagating
      velocity of a sound wave by a calculating formula for correcting said time
      interval by an extent of time delay sustained by the second electric
      signal S2-b conducted through the filter 54, and by a calculating formula
      determining the propagating velocity of a sound wave from the corrected
      time interval with reference to previously provided data on a relationship
      between the magnitude of clamping load and the corresponding propagating
      velocity of a sound wave, said calculation formula and previously provided
      data being already stored in a memory device, and finally determines the
      magnitude of clamping load applied to a laminated iron core 20 (not
      shown). The magnitude of the clamping load and, when required, the
      propagating velocity of a sound wave are generally displayed on an
      indication type counter and, if desired, recorded by connecting a printer
      134 to a computer 132. The switch 53 is operated in the same manner as in
      the first embodiment of FIG. 1 when measurement is to be made of a time
      delay sustained by the second electric signal S2-b during transmission
      through the filter 54.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for measuring the magnitude of a clamping load applied to a
      laminated iron core of an electric machine which comprises the steps of
      introducing a sound wave into the core at one end face thereof and
      immediately generating a first electric signal; producing a second
      electric signal when the sound wave propagates through the core and
      reaches the opposite end face therof; measuring a time interval between
      the first and second electric signals; dividing a distance between both
      end faces of the core by the measured time interval to calculate the
      velocity of a sound wave propagating through the core; and determining the
      magntiude of clamping load applied to the core from the calculated
      propagating velocity of a sound wave with reference to previously provided
      data on a relationship between the magnitude of said clamping force and
      the corresponding propagating velocity of a sound wave.
NUM  2.
PAR  2. An apparatus for measuring the magnitude of a clamping load applied to a
      laminated iron core of an electric machine comprises a device for
      introducing a sound wave into the core at one end face thereof; a device
      to generate a first electric signal upon introduction of the sound wave
      into the core; a device fitted to the opposite end face of the core to
      give forth a second electric signal when the sound wave passing through
      the core reaches said opposite end face; and a device for measuring a time
      interval between the first and second electric signals, whereby the
      magnitude of clamping load applied to the core is determined by
      calculating the propagating velocity of the sound wave using a time
      interval measured by said time interval-measuring device with reference to
      previously prepared data on a relationship between the magnitude of
      clamping pressure applied to the core and the corresponding velocity of
      the sound wave propagating through the core.
NUM  3.
PAR  3. An apparatus according to claim 2, wherein the device for introducing a
      sound wave into the laminated iron core at one end face thereof is a
      wooden mallet, and the device for giving forth the first electric signal
      is a first electric signal generator fitted to one end face of the
      laminated iron core.
NUM  4.
PAR  4. An apparatus according to claim 2, wherein the device for introducing a
      sound wave into the laminated iron core at one end face thereof consists
      of a pulse generator fitted to said one end face of the core and a sound
      wave generator actuated by an output from the pulse generator; and said
      pulse generator concurrently acts as the first electric signal generator
      to produce an output as the first electric signal.
NUM  5.
PAR  5. An apparatus according to claim 2, which further comprises a filter
      provided in a circuit for conducting the second electric signal to the
      time interval-measuring device and designed to allow the passage of only
      the second electric signal propagating through the laminated iron core.
NUM  6.
PAR  6. An apparatus according to claim 2, wherein the time interval-measuring
      device cmprises an electromagnetic oscillograph for measuring a time
      interval between the first and second electric signals from a distance
      between the oscillograms of said two electric signals presented on a
      chart.
NUM  7.
PAR  7. An apparatus according to claim 2, wherein the time interval-measuring
      device comprises a Braun tube capable of measuring a time interval between
      the first and second electric signals from a distance between the wave
      forms of said first and second electric signals displayed on the
      fluorescent surface of said Braun tube.
NUM  8.
PAR  8. An apparatus according to claim 2, wherein the time interval-measuring
      device comprises a digital counter for digitally indicating a time
      interval between the first and second electric signals.
NUM  9.
PAR  9. An apparatus according to claim 2, which further comprises a computer
      connected to the time interval-measuring device to calculate the
      propagating velocity of a sound wave and the magnitude of clamping
      pressure applied to the laminated iron core from said propagating
      velocity.
NUM  10.
PAR  10. An apparatus according to claim 2, which further comprises a switch
      capable of being so operated as to attain the measurement of time delay
      sustained by the electric signal conducted through a filter provided in a
      circuit for delivering the electric signals to the time interval-measuring
      device, thereby correcting the previously measured time interval between
      the first and second electric signals by the extent of said measured time
      delay.
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ABST
PAL  The invention relates to a device for inspecting at a distance walls which
      are difficult of access such as metal walls forming a nuclear reactor
      vessel. The device comprises a detector secured to a slide movable along
      guide rails attached to a frame. Probes bearing on the metal walls are
      secured to a plate on the frame, each probe transmitting a signal
      proportional to the distance between the guide rails and the place where
      the probe bears on the part of the wall to be checked. The device includes
      two motors secured to a second frame and which are controlled by
      electrical signals from the probes. Each motor actuates a pinion engaging
      the racks secured by pivots to the first frame and the two ends of the
      guide rails. A potentiometric monitoring device stops the motors when the
      signals proportional to the distance between the wall and guide rails as
      measured by the probes are equal to one another and to a controlled value.
      The detector preferably comprises an assembly of transducers and
      ultrasonic receivers.
BSUM
PAR  The invention relates to a device for inspecting at a distance walls which
      are difficult of access, for example, the metal walls forming a nuclear
      reactor vessel. The inspection of such a vessel is made when the reactor
      has stopped operating and the vessel is filled with water so as to
      eliminate the danger of radiation and the risk of contaminating the
      atmosphere.
PAR  As is known, the walls forming a reactor vessel are difficult of access
      because they are strongly contaminated by radioactive products; the metal
      walls are welded to one another to form the reactor vessel assembly and
      must be completely inspected after the reactor has been operating for a
      certain time, e.g. a few years. It is extremely difficult to inspect the
      reactor vessel, since it has to be inspected from a distance, the vessel
      must be filled with water during the inspections (which are called
      "in-service" inspections), the detectors and the devices for moving them
      may also become severely contaminated, and a variety of different checks
      have to be made on welds and threading and for cracks.
PAR  The detectors (i.e. transducers and ultrasonic receivers in the present
      case) used for inspecting the inner walls of reactor vessels should be
      positionable in a number of places all the way along the reactor vessel,
      which is several meters high and several meters in diameter, but should
      always be extremely accurately positioned. They must also be controlled at
      a distance through a depth of several meters of water. The known prior art
      devices cannot be used to guide the ultrasonic detectors so as to ensure
      that they are absolutely parallel to the metal walls which are to be
      inspected. This disadvantage is serious in the case of large reactor
      vessels, since it is impossible to ensure that the different welds
      connecting different parts of the reactor vessel maintain the components
      in an exact position relative to one another, e.g. with regard to lateral
      pitting; when ultrasonic transducers are used for an inspection, they have
      to be positioned with greater accuracy then the accuracy which is obtained
      after welding various large metal components, more particularly in view of
      the large lever arms resulting from the size of the vessel.
PAR  Furthermore, there is no prior art measuring system for simultaneously
      monitoring the top surface of the flange, the reactor vessel, the lateral
      pits, and the cylindrical and hemispherical walls of the vessel.
PAR  The invention relates to a device for inspecting at a distance walls which
      are different of access, for example for inspecting cracks, threaded
      apertures and welds in the walls, characterized in that it comprises a
      detector secured on a movable slide, guide rails secured to a frame
      B.sub.1 along which the slide moves, probes bearing on the metal wall and
      secured to a plate secured to frame B.sub.1 and parallel to the guide
      rails, each probe sending a signal proportional to the distance between
      the guide rails and the place where the probe bears on the wall to be
      checked, two motors M.sub.1 and M.sub.2 secured to a frame B.sub.2
      controlled by electric signals from the probes and each actuating a
      pinion, the pinions engaging racks secured by pivots to frame B.sub.1 at
      the two ends of the guide rails, and a potentiometric monitoring device
      which stops the motors when the signals proportional to the distance
      between the wall and the guide rails and measured by the probes are equal
      to one another and to a control value.
PAR  The detectors used for in-service inspection of a nuclear reactor comprise
      an assembly of ultrasonic transducers.
PAR  Irrespective of the position of the slide bearing the ultrasonic
      transducers, the two probes ensure that the two rails are parallel to a
      generatrix of the surface of the metal wall which is to be inspected;
      during its movement, therefore, the slide maintains the transducers at a
      constant, adjustable distance from the reactor vessel wall. The two motors
      M.sub.1 and M.sub.2 associated with distance coders are insulated by seals
      from the contaminated water in the reactor vessel.
PAR  According to the invention, the movement of the transducer-bearing slide
      along a line parallel to the metal wall is controlled by an immersible
      automatic reduction-gear assembly M.sub.3 containing a coder and secured
      to frame B.sub.1, the motor rotating an endless screw parallel to the
      rails on which a nut comprising ball bearings is placed, the nut being
      secured to the slide and the slide being guided by the guide rails.
PAR  The invention also relates to a device for examining welds inside pits on
      the reactor core, comprising a centring star having three retractable arms
      and secured to frame B.sub.2 by a bearing, the arms being disposed
      parallel to the axis of symmetry of the chimney formed by the pit and the
      ends of the arms bearing on the inner wall of the chimney, and a motor
      M.sub.4 on a frame B.sub.3 rotates frames B.sub.1 and B.sub.2 around an
      axis parallel to the wall to be checked and near the axis of symmetry of
      the chimney, by rotating a pinion engaging a toothed rim C.sub.1 secured
      to frame B.sub.2 . The pit-inspecting device also comprises a slide to
      which frame B.sub.3 is secured and which can move in a direction parallel
      to the axis of rotation of frames B.sub.1 and B.sub.2, a motor and
      reduction gear assembly comprising a coder M.sub.5 secured to the slide
      and rotating a pinion engaging a rack secured to a frame B.sub.4, a
      toothed rim C.sub.2 secured to a frame B.sub.5, a pinion actuated by a
      motor M.sub.6 and engaging rim C.sub.2, motor M.sub.6 being secured to
      frame B.sub.4 , and a nut and screw system for securing frame B.sub.5 to a
      horizontal flange H secured to a vertical bearing mast M whose axis of
      symmetry coincides with the axis of symmetry A of the reactor vessel.
PAR  If, during stepwise rotation controlled by motor M.sub.4, the actual
      distance between the transducers and the metal wall deviates from a preset
      value, motors M.sub.1 and M.sub.2 immediately return the rail to the
      correct position. After each rotation step, before the transducers are
      moved parallel to the generatrix of the pit wall, a check is made using
      the probes to see that the guide rails are exactly parallel to the
      generatrix. The probes are provided with rollers so that they remain in
      contact with the wall when the assembly rotates around the axis of
      symmetry of the pit. The retractable three-armed star is used to dispose
      the axis of symmetry of the device at approximately the same position as
      the pit axis and prevent the numerous reversals in the direction of the
      transducer-bearing slide from producing vibrations impairing the accuracy
      of the checks. When the device is inserted into the pit, springs retain
      the three star arms in a retracted position, and when the device is
      inserted a pressure fluid is introduced so as to compress the spring
      holding the three arms and so that the arms extend simultaneously. The
      pressure fluid circuit is separated by a system of seals from the
      contaminated water in the reactor vessel. The fluid used may be water
      having the same characteristics as the water in the vessel.
PAR  Since the axis of the arm formed by frames B.sub.1 and B.sub.2 is always in
      the same direction even if it is not identical with the actual pit axis,
      the position of the transducer-bearing slide with respect to the wall is
      exactly reproducible since it is regulated with respect to the wall
      (except of course in the unlikely case when the wall is deformed).
PAR  The pit inspecting device, like the rest of the device according to the
      invention, is given dynamic stability by reducing the masses in motion,
      i.e. the mass of the transducer-bearing slide and the mass of the
      slide-bearing head rotating around the pit axis of symmetry. The various
      motors and electric or pressure control ducts are insulated from the
      contaminated liquid and kept under a neutral gas, e.g. nitrogen, at slight
      excess pressure. The surface of the components in contact with the vessel,
      i.e. the bearings of the star arms and the ends of the probes, are made of
      material having a hardness and chemical characteristics which are
      compatible with the core lining.
PAR  In order to examine welds in the cylindrical part of the reactor vessel,
      the device according to the invention comprises a frame on which motors
      similar to M.sub.1 and M.sub.2 are secured, the frame being driven by a
      motor M.sub.7 secured to frame B.sub.2 along a guide ring secured to a
      frame B.sub.6 ; a toothed rim C.sub.3 secured to frame B.sub.6 engaging a
      pinion driven by motor M.sub.7, a centering star having three retractable
      arms welded to frame B.sub.6, the axes of symmetry of frame B.sub.6, the
      three-arm star, the guide ring and the toothed rim C.sub.3 coinciding with
      the axis of symmetry A of the reactor core, and a nut and screw securing
      system to flange H secured to a vertical bearing mast M.
PAR  Since the welds to be checked are several meters away from the mast, the
      head bearing the pit inspection device is stabilised by the bearing and
      centring star at the end of mast M on flange H. The star has three
      retractable arms which move in identical manner.
PAR  The device according to the invention used for examining welds in the
      hemispherical part of the bottom of a nuclear reactor core is
      characterised in that the transducer-bearing slide moves along guide rails
      whose radius of curvature is equal to the radius of curvature of the
      hemisphere forming the bottom of the reactor; the device comprises a motor
      and reduction gear assembly M.sub.8 driving a pinion secured to the slide
      and engaging a circular sector of a rack secured to a frame B.sub.7 ; a
      frame B.sub.8 to which motors of a kind similar to M.sub.1 and M.sub.2 are
      secured and which is rotated around the axis of symmetry A by a motor
      M.sub.9 actuating a pinion engaging a toothed rim C.sub.4 secured to a
      frame B.sub.9 comprising a centring star having three retractable arms;
      and a nut and screw securing system to the horizontal flange H of the
      mast, the axes of symmetry of frame B.sub.9 rim C.sub.4 and of the
      three-armed star coinciding with the axis of symmetry A of the reactor
      core.
PAR  It is difficult to check the hemispherical part forming the base of the
      reactor vessel since the welds are on parallel lines on a sphere and
      affect plates having different thicknesses, and the inner surface of the
      vessel has rough portions produced by the lower bearings for the internal
      accessories and the instrumentation tubes. Accordingly, in order to
      prevent damage to the transducers, the wall has to be monitored from a
      considerable distance. The monitoring head used for examining the
      hemispherical part of the vessel is based on the previously mentioned head
      for examining the cylindrical walls of the vessel but differs therefrom in
      that the guide track formed by two rails is arcuate instead of straight.
      The transducer-bearing slide is driven by a pinion and toothed wheel
      engaging two guide arcs concentric with the meridian line of the bottom.
      The two probes maintain frame B.sub.7 at a greater distance from the inner
      wall of the vessel than is maintained by the two probes used for observing
      the cylindrical part of the same wall. The three-armed centring star has
      the same features as in the device for observing and inspecting the
      cylindrical walls of the vessel.
PAR  The device according to the invention also comprises a motor M.sub.10
      secured to a triangular base comprising a cylindrical shaft for guiding
      the mast, the motor M.sub.10 driving a pinion engaging a rack secured
      along a generatrix of the mast, the device also comprising a mechanism for
      automatic locking at the level corresponding to the welds to be checked.
PAR  The triangular base is secured to the vessel flange. The arms and
      cross-pieces forming the base are demountable so that the entire assembly
      can be conveyed through the "personnel lock" leading to the nuclear
      reactor. To reduce clearances to a minimum, the demountable elements are
      adjusted with respect to one another by centring studs and are secured
      together by non-detachable bolts. The cylindrical mast is also made up of
      a number of elements which can all be inserted through the personnel lock
      and which are adjusted to one another by centring studs and secured by
      non-detachable bolts. The rack, which is secured along a generatrix,
      engages the pinion of the lifting mechanism; the rack is held in position
      by a longitudinal guide system; the mast terminates at the bottom in a
      securing flange H on which the various monitoring heads are secured by nut
      and screw systems.
PAR  According to the invention, the triangular base comprises four bearings or
      bed-plates made of stainless steel and bearing on a flange at the top of
      the reactor core, a demountable tubular frame, and three guide lugs guided
      in uprights screwed to the top of the vessel.
PAR  The invention also relates to a device for monitoring the collar at the top
      of the vessel and threaded apertures therein, characterised in that it
      comprises a frame B.sub.10 secured by a rotary bearing to a frame B.sub.11
      screwed to the horizontal flange H of the vertical bearing mast, a motor
      M.sub.11 secured to frame B.sub.10 driving a pinion engaging a toothed rim
      secured to frame B.sub.11, a horizontal flip-flop secured to frame
      B.sub.10 by a spring and pivot system and bearing on the inner flange at
      the periphery or at the top of the reactor vessel, an assembly comprising
      a motor M.sub.12, rack and pinion secured to the flip-flop and moving
      forward an arm bearing transducers, and an assembly comprising a motor
      M.sub.13 and a nut and screw secured to the end of the arm bearing the
      transducers and adapted to pivot a transducer head for improving the
      efficiency with which the bottom parts of the threads are explored.
PAR  According to the invention, a movable slide conveying a transducer in a
      direction parallel to the vertical generatrices of the cylinders forming
      the reactor vessel is disposed on frame B.sub.10 in a prolongation of the
      previously-described device, the slide being moved by a system comprising
      a motor M.sub.3, a nut, a screw and guide rails secured to a frame
      B.sub.12, and a probe bearing on the vessel wall is secured to frame
      B.sub.12 and controls a motor M.sub.14 which simultaneously drives two
      pinions engaging two racks perpendicular to the vessel wall and secured to
      frame B.sub.12 via pivots bearing the slide, motor M.sub.14 being secured
      to frame B.sub.10.
PAR  The aforementioned two checks on the top part of the reactor vessel can be
      made when the reactor core and the devices attached thereto are inside the
      vessel.
PAR  In all the devices according to the invention, the motors and the output of
      the centring star arms are controlled at a distance via ducts which are
      isolated from the water in the reactor vessel and are disposed in a
      neutral gas atmosphere, e.g. nitrogen.
PAR  All the nut and screw assemblies comprise non-detachable bolts, which
      cannot therefore drop inside the reactor vessel or core, if the latter is
      in position during the inspection, and cause serious damage. All the motor
      assemblies from M.sub.3 to M.sub.13 are provided with coders which
      transmit the position of the motors via flexible wires to a display
      device. The coders are not necessary for the operations for correcting the
      approach of motors N.sub.1, M.sub.2 and M.sub.14, but they may be
      provided. All the motors and other devices are insulated by seals from the
      water in the reactor.
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PAR  The invention will be more clearly understood from the following
      description of a non-limitative embodiment referring to the accompanying
      drawings in which:
PAR  FIG. 1 is a general diagram of the device, when secured to the vessel with
      the various inspection heads in position;
PAR  FIG. 2 diagrammatically shows part of the inspection device inside lateral
      pits, and FIG. 2A is a cross-section taken along line A--A of the
      slide-guiding device in FIG. 2;
PAR  FIG. 3 is a general diagram of the device used for moving the transducers
      inside the pitting arm;
PAR  FIG. 4 is a diagram of the device used to observe welds on the cylindrical
      part of the vessel;
PAR  FIG. 5 diagrammatically shows the device for inspecting the hemispherical
      part of the reactor vessel; and
PAR  FIG. 6 diagrammatically shows the device for inspecting the top of the
      reactor vessel.
DETD
PAR  As already stated, the invention comprises an improved system for
      accurately observing the various weak points inside a reactor vessel,
      using a number of movable inspection heads disposed on a single central
      mast moving downwards, the heads being provided with high-precision probes
      for adjusting the transducers parallel to the generatrices of the surfaces
      to be observed.
PAR  FIG. 1 is a general diagram of the various devices according to the
      invention, showing two of the tripods used for storing various components
      when they are not used. A reactor core 2 has lateral pitting arms 4 and 6,
      the vessel being surrounded by a concrete wall 8. A mast 10 slides in a
      chimney 12 forming part of a triangular base 14 provided with chimneys 16
      threaded in uprights 18 secured to the top part of the reactor vessel. The
      drawing shows a device 17 for inspecting pits in the vessel, the device
      being disposed on the main mast. The chain-dotted line at 19 indicates the
      device used for observing threads on the top part of the reactor vessel
      flange; reference 20 denotes a part of the mast and a device for
      inspecting the cylindrical walls of the vessel, comprising a centring star
      22, and reference 24 denotes a device used to inspect welds in the
      hemispherical part forming the bottom of the reactor vessel. A tripod 26
      bears a device 20 for observing the walls of the reactor vessel. An
      assembly 28 is used to bear the triangular assembly and the device 24 for
      observing the bottom of the hemispherical vessel, when device 24 is not
      used. A motor M.sub.10 at 30 actuates a pinion 32 engaging a rack 34 so as
      to raise or lower the mast for inspecting welds at different depths in the
      reactor vessel.
PAR  FIG. 2 diagrammatically shows the device for moving the transducers used in
      the lateral pitting arms for observing welds, the diagram more
      particularly showing the device for moving the transducers towards and
      guiding them parallel to the surface to be inspected. The transducers 40
      rest on a movable slide 42, the transducer system being adapted to move as
      far as the chaindotted position shown at 44. Probes 46, 48 convey electric
      signals proportional to the distance between their point of contact and
      guide rails such as 50 to motors M.sub.1 and M.sub.2 via two insulated
      flexible connections 51, 52. Motors M.sub.1, M.sub.2 actuate pinions 54,
      56 engaging on racks such as 58 secured by pivots 60, 62 to frame B.sub.1.
      Frame B.sub.2 comprises motors M.sub.1, M.sub.2 and the pinions attached
      thereto. Motor M.sub.3 rotates an endless screw 64 to which a nut 66
      comprising ball bearings is secured and is also secured to the transducer.
      The cross-section in FIG. 2A is a side view of the slide bearing the
      transducers, showing the ball bearings surrounding the guide rails at 68
      and the nut comprising ball bearings 66 secured to the endless screw 64.
      An additional plate 72 is used to guide frame B.sub.1 along the pit wall
      so as to inspect the frusto-conical part of the pits. A centring star 74
      having three arms such as 76 is secured to frame B.sub.2 by bearings such
      as 78. The output of the star arms forming the centring device is
      controlled via springs such as 80 in compression and a fluid acting on
      pistons such as 82 connected to and extending the arms of the star. The
      pressure fluid is conveyed to chamber 84 via flexible insulated pipes such
      as 85. Motors M.sub.1 , M.sub.2 and M.sub.3 are energised and electrically
      controlled via an insulated flexible wire 86. A second rotary bearing for
      frame B.sub.2 is shown at 88. A part of the inner wall of the pit is shown
      at 90. Probes 46, 48 are provided with rollers such as 92 at their ends.
PAR  FIG. 3 is a partial cross-section of part of the device used for moving the
      inspection arms inside the pits. The frame B.sub.2 is supported by
      bearings 88 in frame B.sub.3 and 78 and rotated by a pinion 100 actuated
      by a motor M.sub.4  rotating pinion 100 which engages a toothed wheel
      C.sub.1 secured to frame B.sub.2. Motor M.sub.4 is secured to frame
      B.sub.3 which is horizontally driven by a motor M.sub.5 (not shown)
      driving a pinion 102 engaging a rack 104. Frame B.sub.3 is guided by rails
      106 via rollers such as 108 and 110. Rack 104 is secured to frame B.sub.5.
      The end position of frame B.sub.3 is shown in chain-dotted lines at 111.
      Frame B.sub.4 rotates around the axis of symmetry A of the vessel in the
      direction of arrow 112, under the action of a motor M.sub.6 driving pinion
      114 engaging a toothed rim C.sub.2 secured to a frame B.sub.5 connected to
      mast 10 via flange H and a nut and screw system 116. The rotation of frame
      B.sub.4 is guided by a system of rollers such as 118 and 120. The metal
      walls forming the reactor vessel are denoted by 122.
PAR  FIG. 4 shows the system for inspecting welds on the cylindrical part of the
      reactor vessel. Frame B.sub.2 comprises motors M.sub.1 and M.sub.2 at 202
      and 204, which drive racks 206 and 208. The transducer unit is shown at
      210. Frame B.sub.2 is rotated around the axis of symmetry A by a motor
      M.sub.7 driving a pinion 212 engaging a toothed wheel C.sub.3 secured to a
      frame B.sub.6 . Rotation occurs along a cylindrical guide ring 214
      provided with rollers, as can be seen in greater detail in the partial
      cross-section representing part of the ring 214, the bearing roller 216
      and the guide roller 218. A star having three retracttable arms is shown
      at 220; it is secured to frame B.sub.6. Frame B.sub.6 is secured by a nut
      and screw system to the horizontal flange H secured to mast 10.
PAR  FIG. 5 shows as inspection device used for examining welds in the
      hemispherical part of the bottom of the reactor vessel. The transducers
      are disposed at 300 on a movable slide 302 moving along guide rails such
      as 304. A motor M.sub.8 drives a pinion 306 engaging a rack 308 secured to
      frame B.sub.7. Frame B.sub.8 bears motors M.sub.1 and M.sub.2 at 310 and
      321, driving racks such as 314. Frame B.sub.8 is rotated around the axis
      of symmetry A by a motor M.sub.9 driving a pinion 316 engaging a toothed
      wheel C.sub.4 secured to a frame B.sub.9. A centring star 200 is secured
      to frame B.sub.9, which is secured to mast 10 by a nut and screw system
      co-operating with the horizontal flange H secured to the mast. Frame
      B.sub.8 is rotated around axis A by rotary bearings such as 320. The
      probes are shown at 322 and 324.
PAR  FIG. 6 shows a system for observing threads, cracks and the top collar of
      the reactor vessel. A frame B.sub.10 bears a motor M.sub.14 actuating
      racks 400 and 402 which determine the horizontal position of a transducer
      disposed at 404; a single probe 406 is used. Motor M.sub.11 rotates a
      pinion 408 which engages a toothed wheel 410 secured to a frame B.sub.11.
      The motor, pinion and toothed rim system rotate the device secured to
      frame B.sub.10 around axis A. Rotation is produced via rotary bearings
      such as 412. A flip-flop 414 is secured to the other end of frame B.sub.10
      and connected thereto by a spring system shown at 416 and pivoted at 418
      and 420. The flip-flop pivots around shaft 421. The flip-flop bears via a
      wheel 422 on a rim at the top periphery of the tank. The flip-flop has an
      arm 424 provided with a rack 426 and an assembly comprising a pinion and a
      motor M.sub.12, pinion 428 moving arm 424 backwards or forwards. A
      stationary transducer 426' and a movable transducer 429 are disposed at
      the end of arm 424. An enlarged diagram of the system for pivoting
      transducer 429 is shown in cross-section; a motor M.sub.13 rotates an
      endless screw 430 in a nut 432 secured by an arm 434 provided with a
      locking ring gripping the transducer. Motor M.sub.13 is secured to the
      flip-flop arm.
PAR  Of course, the invention is not limited to the embodiments shown and
      described by way of example; it should be understood that the scope of the
      present patent extends to equivalent variants, inter alia relating to the
      driving and rotating means, which can comprise pneumatic or hydraulic jack
      control means instead of electric motors as in the description.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for inspecting at a distance walls which are difficult of
      access, the device being used inter alia for inspecting cracks, threaded
      apertures and welds in the walls of a nuclear reactor vessel comprising a
      detector secured on a movable slide, guide rails secured to a frame
      B.sub.1 along which the slide moves, probes bearing on a wall being
      inspected and secured to a plate secured to frame B.sub.1 and parallel to
      the guide rails, each probe sending a signal proportional to the distance
      between the guide rails and the place where the probe bears on the wall to
      be checked, two motors M.sub.1 and M.sub.2 secured to a frame B.sub.2
      controlled by electric signals from the probes and each actuating a
      pinion, the pinions engaging racks secured by pivots to frame B.sub.1 to
      the two ends of the guide rails, and a potentiometric monitoring device
      which stops the motors when the signals proportional to the distance
      between the wall and the guide rails and measured by the probes are equal
      to one another and to a control valve.
NUM  2.
PAR  2. A device according to claim 1, comprising a detector made of an assembly
      of transducers and ultrasonic receivers.
NUM  3.
PAR  3. A device according to claim 2 in which the movement of the
      transducer-bearing slide in a direction parallel to the metal wall is
      controlled by a motor and reduction gear assembly M.sub.3 containing a
      coder and secured to frame B.sub.1, the motor rotating an endless screw on
      which a nut comprising ball bearings is disposed and is secured to the
      slide.
NUM  4.
PAR  4. A device according to claim 3 for examining welds inside pits in a
      nuclear reactor vessel, comprising a centring star having three
      retractable arms secured to frame B.sub.2 by a bearing, the arms being
      disposed perpendicular to the axis of symmetry of the chimney formed by
      the pit and the ends of the arms bearing on the inner wall of the chimney,
      and a motor M.sub.4 disposed on a frame B.sub.3 rotating frame B.sub.1 and
      B.sub.2 around an axis coinciding with the axis of symmetry of the
      chimney, by rotating a pinion engaging a toothed rim C.sub.1 secured to
      the frame B.sub.2.
NUM  5.
PAR  5. A device according to claim 4, comprising a slide on which the frame
      B.sub.3 is secured, the slide being movable in a direction parallel to the
      axis of symmetry of the pits; a motor and reduction gear assembly
      comprising a coder M.sub.5 secured to the slide and rotating a pinion
      which engages a rack secured to a frame B.sub.4, a toothed rim C.sub.2
      secured to a frame B.sub.5, a pinion driven by a motor M.sub.6 and
      engaging the rim C.sub.2, the motor M.sub.6 being secured to the frame
      B.sub.4, and a nut and screw system for securing the frame B.sub.5 to a
      horizontal flange H secured to a vertical bearing mast whose axis of
      symmetry coincides with the axis of symmetry A of the reactor vessel.
NUM  6.
PAR  6. A device according to claim 5 comprising a motor M.sub.10 secured to a
      triangular base comprising a cylindrical shaft for guiding the mast, the
      motor M.sub.10 driving a pinion engaging a rack secured along a generatrix
      of the mast, the device also comprising a mechanism for automatic locking
      at the level corresponding to the welds to be checked.
NUM  7.
PAR  7. A device according to claim 6, in which the triangular base comprises
      four bearings or bed-plates made of stainless steel and bearing on a
      flange at the top of the reactor vessel, a demountable tubular frame, and
      three guide lugs guides in uprights screwed to the top of the vessel.
NUM  8.
PAR  8. A device according to claim 3 for examining welds in the cylindrical
      part of a nuclear reactor vessel, comprising a frame on which motors are
      secured, the frame being driven by a motor M.sub.7 secured to frame
      B.sub.2 along a guide ring secured to a frame B.sub.6 ; a toothed rim
      C.sub.3 secured to frame B.sub.6 engaging a pinion driven by motor M.sub.7
      , a centring star having three retractable arms welded to frame B.sub.6,
      the axes of symmetry of frame B.sub.6 , the three-arm star, the guide ring
      and the toothed rim C.sub.6 coinciding with the axis of symmetry A of the
      reactor vessel, and a nut and screw securing system to flange H secured to
      a vertical bearing mast whose axis of symmetry likewise coincides with the
      axis A.
NUM  9.
PAR  9. A device according to claim 3, for examining welds in the hemispherical
      part of the bottom of a nuclear reactor vessel, in which the slide bearing
      the transducers moves along guide rails parallel to the surface of the
      hemisphere, forming the bottom of the vessel, and comprising a motor and
      reduction gear assembly M.sub.8 driving a pinion which is secured to the
      slide and engages a circular sector of a rack secured to a frame B.sub.7,
      a frame B.sub.8 on which motors are secured, and which is rotated around
      the axis of symmetry A by a motor M.sub.9 driving a pinion which engages a
      toothed rim C.sub.4 secured to a frame B.sub.9 comprising a centring star
      having three retractable arms, and a nut and screw securing system to the
      horizontal flange A of the vertical bearing mast whose axis of symmetry
      coincides with the axis of symmetry A of the reactor vessel, the axes of
      symmetry of frame B.sub.9, toothed rim C.sub.4 and the three-armed star
      coinciding with the axis of symmetry A.
NUM  10.
PAR  10. A device according to claim 1, further comprising extendable centering
      star arms attached to frame B.sub.2 in which the motors and the centering
      star arms are remote-controlled by ducts insulated from the water in the
      reactor vesel, the ducts being placed in a neutral gas atmosphere.
NUM  11.
PAR  11. A device for monitoring the collar at the top of a reactor vessel and
      threaded apertures therein, comprising a frame B.sub.10 secured by a
      rotary bearing to a frame B.sub.11 screwed to the horizontal flange H of a
      vertical bearing mast, a motor M.sub.11 secured to frame B.sub.10 driving
      a pinion engaging a toothed rim secured to frame B.sub.11, a horizontal
      flip-flop secured to frame B.sub.10 by a spring and pivot system and
      bearing on an inner flange at the periphery or at the top of the reactor
      vessel, an assembly comprising a motor M.sub.12, rack and pinion secured
      to the flip-flop and moving forward an arm bearing transducers, and an
      assembly comprising a motor M.sub.13 and a nut and screw secured to the
      end of the arm bearing the transducers and adapted to pivot a transducer
      head.
NUM  12.
PAR  12. A device for observing an inner flange at the top of a reactor vessel,
      secured to a frame of a collar-checking device and in an extension
      thereof, comprising a movable slide conveying a transducer along a line
      parallel to the vertical generatrices of the cylinder forming the reactor
      vessel, the slide being driven by a system comprising a motor M.sub.3, a
      screw, a nut and guide rails secured to a frame B.sub.12, a probe bearing
      on the wall of the vessel and secured to frame B.sub.12 and actuating a
      motor M.sub.4 which simultaneously drives two pinions engaging two racks
      perpendicular to the vessel wall and secured to frame B.sub.12 by pivots
      and, the motor M.sub.4 bearing the slide secured to the frame of the
      device for monitoring the collar.
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ABST
PAL  A method of testing the hardness of a circular tablet is presented and
      comprises holding the tablet on edge between two members respectively on
      opposite sides of the tablet, transmitting a controlled pressure to the
      tablet through one of the members, transmitting from said tablet through
      the other of said members to a pressure gauge and recording the maximum
      pressure on the gauge up to the moment that the tablet breaks. Apparatus
      is presented including a frame holding a source of pressure fluid,
      communicating said fluid to a pressure cylinder mounted beneath a tablet
      to be tested which is supported in a vertical position on edge, having the
      fluid pressure cylinder beneath the tablet and having a plunger in contact
      with the upper side of the tablet and connected with a load cell and
      pressure transmitting means with a pressure indicating gauge, all of this
      above the tablet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Remington's "Practice of Pharmacy" states: "A good finished uncoated tablet
      will be firm enough to just break between the second and third fingers
      when using the thumb finger as a fulcrum." Attempts have been made to
      carry out such a test of a molded tablet hardness, but these have not
      given sufficiently reliable and reproduceable results to be depended upon.
      One vention as shown and described in connection with the drawings of this
      application, but the source of pressure fluid was led from the upper end
      of the machine over to a common communicating line between an upper
      pressure gauge and leading downwardly through a pressure cylinder to a
      plunger resting on the top of the tablet to be tested, which in turn
      rested on a fixed anvil below the tablet. This previous machine was not
      wholly reliable because of friction in the parts transmitting the fluid
      pressure downwardly to the top of the tablet and also because at times
      higher pressure was transmitted to the gauge than actually was necessary
      to break the tablet.
PAR  The present invention provides means for lightly holding a tablet to be
      tested vertically on edge between an upper and a lower member, together
      with means for transmitting a controlled fluid pressure to an air cylinder
      effective to raise the lower member upwardly to press against the tablet,
      together with a pressure-transmitting train above the tablet including a
      plunger in contact with the top of the tablet, a load cell in contact with
      that plunger, and pressure transmission means between the load cell and
      the pressure indicating gauge, all of this above the tablet being tested,
      together with means for adjusting the position of the parts to accommodate
      tablets of different diameter for testing, means for controlling the
      source of fluid pressure, etc., to obtain an efficient testing apparatus.
PAR  An object of the present invention is to provide method and means for
      testing the hardness of a molded tablet by holding the tablet vertically
      on edge with pressure transmitting members lightly clamping the tablet
      between them, and then means for transmitting a controlled fluid pressure
      against the tablet on one side, and transmitting the pressure coming
      through the tablet to a recording pressure gauge, whereby when the tablet
      breaks, no further transmission of pressure is possible and the gauge
      gives an accurate record of the maximum pressure used to disintegrate the
      tablet.
PAR  Other objects and advantages of this invention will be apparent from the
      drawings and description and the essential features thereof will be set
      forth in the appended claims.
DRWD
PAR  In the drawings,
PAR  FIG. 1 is a perspective view of an apparatus for performing the objects of
      the present invention; while
PAR  FIG. 2 is a side elevation of the same, slightly enlarged, taken along the
      right-hand side of FIG. 1.
DETD
PAR  Referring to the drawings, a frame 10 supports at 11 a housing 12 which
      encloses an electrical gear motor, which through gear box 13 drives an
      output shaft 14 to which is rigidly attached a cam wheel 15. At one point
      on the cam wheel, a pivot 16 connects a link 17 which in turn is connected
      by pivot 18 to a piston 19 which reciprocates in a cylinder 20. The piston
      19 has a small leather cup at its lower edge and as the motor rotates the
      cam 15 and oscillates the piston 19, it builds up air pressure at the
      lower end of cylinder 20. This communicates through a suitable opening to
      a check valve 21 which permits passage of air only from right to left as
      seen in FIG. 2. The pressure fluid then communicates through conduit 22
      with the lower face of a piston 23 which is reciprocatable in an air
      cylinder 24. The piston is rigidly connected with a piston rod 25 which
      extends out of the top of the air cylinder, through suitable seals, and
      terminates in an arcuate tablet seat 25a.
PAR  The tablet for testing is indicated at 26 in a vertical position endwise
      between the seat 25a and a plunger 27 which is the lowest member in a
      column 28 providing a pressure transmitting mechanism from the plunger 27
      to the pressure indicating gauge 29 at the top of the column. The plunger
      27 is sealed in a load cell 30 which includes a piston 31 sealed in a
      suitable cylinder wall in the cell and transmitting pressure from below to
      a filling of hydraulic fluid which extends from the upper face of the
      piston in the cylinder chamber 32 through an upwardly extending pressure
      transmitting line 33 which extends centrally through the column 28 to the
      top thereof where it communicates with the gauge 29. This gauge is of a
      well known character which includes a pressure movable needle 34 and
      preferably a maximum indicating needle 35 which is carried by the needle
      34 to the maximum indicated pressure when a tablet is being tested. A
      resetting knob 36 permits the operator to return the needle 35 to the zero
      position of needle 34, as seen in FIG. 1, for each successive tablet
      testing operation.
PAR  Means is provided for adjusting the distance between piston rod 25 and the
      plunger 27 so as to accommodate tablets of different size diameters. The
      means here shown includes a thread 37 on the column 28 which is threaded
      into an adjusting nut 38 which is vertically held in a bracket 39 attached
      to the housing 40 which surrounds the parts shown at the right-hand side
      of FIG. 2, this housing being omitted from FIG. 1 to show the structure in
      a better manner. By rotating the ring 38 the column 28 may be moved upward
      and downward as necessary to lightly grip the tablet 26 between the
      members 25 and 27 before a test takes place.
PAR  A toggle switch actuator is shown at 41 which has suitable connections to
      start and stop the motor in the housing 12.
PAR  A solenoid operated release valve is indicated at 42 adapted, when
      actuated, to connect the line 22 with atmosphere to release the pressure
      in the cylinder 24 at the close of a tablet testing operation.
PAR  In operation of the device, a tablet 26 to be tested is placed vertically
      on edge as shown in the drawings and adjusts the column 28 by means of the
      adjustment ring 38 to cause the members 27 and 25 to lightly grip the
      tablet in the position shown. The operator then manipulates the toggle
      switch at 41 causing the motor in the housing 12 to operate so as to
      thereby reciprocate the piston 19 in the cylinder 20 to build up air
      pressure passing through 21 and 22 to the air cylinder 24. Compressed air
      then moves the piston 23 and the piston rod 25 upward until it breaks the
      pill or tablet 26. During the build up of pressure beneath the piston 23
      which is transmitted through the piston rod 25 to the lower side of tablet
      26, this pressure is transmitted to the plunger 27 and through the load
      cell 30 and the hydraulic fluid in cylinder 32 and transmission line 33 up
      to the pressure indicating gauge 29. The indicating needle 34 will
      gradually move in a clockwise manner as seen in FIG. 1 past the indicating
      readings on the dial of the gauge 29 carrying the maximum indicating
      needle 35 with it. At the moment the tablet 26 breaks, no further pressure
      can be transmitted upwardly to the gauge 29 and, therefore, the maximum
      indicating needle 35 indicates the true pressure at which the tablet was
      broken.
PAR  This testing system allows for any differences in the air cylinder 24 since
      the gauge 29 measures the pressure after the cylinder, instead of before
      the cylinder, as in previous devices described herein. The area of the
      small hydraulic load cell 30 and the consequent frictional effects will be
      constant from one unit to another. This means that the gauge 29 can be
      calibrated in a meaningful area to indicate the breaking stress of the
      tested tablet 26.
PAR  Since the load cell 30 has a known area, this pressure may be converted, if
      desired, to unit of force capable of indicating the breaking load on the
      tested tablet or pill.
PAR  The source of pressure fluid is shown as a piston motor 19, 20 driven by a
      motor in housing 12. This piston motor could be manually driven by a
      lever, or the source might be a controlled supply of compressed air.
PAR  The tablet is shown and claimed tested vertically on edge. It could be
      tested horizontally edgewise.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A molded tablet hardness tester comprising a frame, a source of pressure
      fluid mounted on said frame, means for controlling said source, a fluid
      pressure cylinder mounted in a low position on said frame with its axis
      vertical, a piston reciprocatably mounted in said cylinder with a piston
      rod extending vertically upwardly therefrom and terminating in an arcuate
      seat, a pressure fluid line communicating between said source and said
      cylinder on the lower side of said piston, a check valve in said line
      permitting flow only toward said cylinder, a normally closed pressure
      release valve in said line downstream from said check valve, means for
      optionally opening said pressure relief valve, a pressure transmitting
      assembly mounted on said frame above said piston rod and vertically in
      line with said cylinder axis, said assembly including in pressure
      transmitting relation, from the bottom upwardly, a plunger adapted to have
      its lower end in contact with a tablet to be tested and its upper end
      sealed in a load cell and said pressure transmitting assembly including a
      piston sealed in said cell, a hollow column extending upwardly from said
      cell, and an upwardly extending pressure transmitting line in said column
      and in communication with the upper face of said last named piston and
      filled with hydraulic fluid, and a pressure indicating gauge mounted on
      said column and connected to said pressure transmitting line and having a
      resettable maximum register needle, and said assembly mounting including
      means for vertically adjusting said assembly vertically relative to said
      frame including a rotatable adjusting wheel having a threaded engagement
      with said column, a fixed bracket on said frame restricting vertical
      movement of said wheel, whereby to clamp a tablet for testing lightly
      between said first named piston rod and said plunger by rotation of said
      wheel, whereby with a tablet so clamped said fluid pressure source may be
      actuated to pressurize said cylinder below said first named piston to
      cause said pressure to be transmitted through said tablet and to be
      registered on said gauge until said tablet breaks.
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ABST
PAL  Apparatus for checking a structural component for inherent stresses
      includes strain gage means for attachment to a surface measuring area of
      the component, the strain gage means having terminals for leads, means for
      cutting an annular groove into the component around the area, electrical
      response measuring means remote from the area, and leads extending from
      the terminals of the strain gage means to the electrical response
      measuring means for measuring the change in electrical response of the
      strain gage means due to the cutting of successive layers of material out
      of the groove, as indicative of the inherent stress existing prior
      thereto, the cutting means includes a crown boring tool for machining the
      annular groove around the measuring area, the crown boring tool having a
      shaft hollow throughout and being mounted in a hollow boring spindle, the
      terminal leads of the strain gage means attached to the measuring area
      extending through the crown boring tool and the hollow boring spindle. The
      apparatus further includes a base plate, the strain gage means being a
      plurality of strain gage strips mounted on the plate, each of the strips
      having two of the terminal leads, one of the terminal leads of each of the
      plurality of strain gage strips being connected to a common connecting
      spot on the base plate, and each of the other terminal leads of the
      plurality of strain gage strips being respectively connected to separate
      connecting spots on the base plate; cover plate means superposed on the
      base plate above the strain gage strips and the terminal leads and formed
      with openings overlying the connecting spots, the solder deposits
      respectively extending through the openings and connected with and fixing
      the position of the terminal leads, the solder deposits simultaneously
      serving as solder support spots connectible to exterior connecting lines
      leading to a measuring instrument.
BSUM
PAR  The invention relates to a device for determining surface strains during
      the measurement of inherent stresses in structural components of machines
      or apparatus.
PAR  In U.S. Pat. No. 3,765,230, issued Oct. 16, 1973, of which two of us are
      joint inventors, there is disclosed a method of measuring inherent
      stresses in structural components of machines and apparatuses such as
      rotors, discs, beams, containers and housings, the method comprising the
      steps of attaching strain gage means to a surface area of a structural
      component having a Young's modulus E; cutting an annular groove around the
      surface area in a sequence of steps, each time removing a layer of
      material, the material of the resulting core surrounded by the annular
      groove expanding analogously to inherent stresses prevailing in the
      surface area of the core prior to cutting the groove; measuring after each
      incremental cut the depths d.sub.z of the layer of removed material and
      determining the corresponding groove depth z = .SIGMA.dz; and also
      measuring each time by means of the strain gage means the resulting
      surface strains
      ##EQU1##
      OF THE CORE, THEREBY DETERMINING A FIRST DIFFERENTIAL FUNCTION
      ##EQU2##
      SEPARATELY RUNNING A CALIBRATING TEST WITH A SPECIMEN OF CALIBRATING
      MATERIAL HAVING A SECOND Young's modulus E*, using a measuring spot
      geometry including groove configuration, strain gage means and arrangement
      thereof corresponding to the spot geometry of the structural component,
      the calibrating test comprising applying a known stress .delta.*z to the
      specimen by exerting given external forces P* thereon, thereby simulating
      an inherent stress corresponding to that at any layer dz of the depth
      coordinate z of the specimen, cutting a groove by layer-wise removal of
      material and each time measuring the surface strains (d.epsilon.*,
      .epsilon.*.sub.z  .SIGMA. dz) of the remaining surface area of the core
      and the respectively corresponding cutting depths (dz, z = .SIGMA.dz),
      thereby determining a second differential function
      ##EQU3##
      and determining from the known stress .delta.*z and the second
      differential function
      ##EQU4##
      the decay function   and determining from the thus obtained quantities
      K.sub.z and
      ##EQU5##
      the inherent stress .delta..sub.z (z) of the body released at any locality
      along the depth coordinate z of the body, which prevails at the surface
      area of the core, in accordance with the equation
      ##EQU6##
PAR  In the device for performing the aforedescribed method, strain gage strips
      are employed which have a rectangular cross-section and have longitudinal
      and symmetry axes that extend through the center of the circular core. In
      this regard, a strain gage strip rosette formed of three gate strips which
      intersect in the center of the circular core is used, the gage strips
      being disposed in the three gaging or measuring directions and,
      accordingly, the rosette being in mirror-image symmetry with respect to
      two symmetry axes extending through the center of the circular core.
PAR  This strain gage strip rosette, according to the aforementioned U.S. Pat.
      No. 3,765,230, has a very complex structure which is difficult to
      manufacture. Namely, above the gage strip carrier which is adhesively
      secured to the measuring spot, a protective layer of a thermally and
      electrically insulating as well as plastic adhesive, which offers
      virtually no hindrance to the strain or elongation of the measuring
      strips, must be applied to the carrier, and the terminal wires of the
      respective gage strips must be led through this protective layer. Above
      the protective layer, a circular disc-shaped solder support spot carrier
      of the outer measuring leads of the strain gage device, the solder support
      spot carrier being accommodated to the measuring spot area, is threaded by
      means of bores upon the terminal or connecting wires of the respective
      strain gage strips and slightly pressed into the protective layer,
      whereupon solder support spots thereof are soldered to the terminal or
      connecting wires. This solder support spot carrier is formed of four
      quarter-sector-shaped metal platelets which define an insulating slot in
      the form of coordinate axes. This assembly must be newly forthcoming at
      each measuring spot, entailing a considerable work effort and, in
      addition, can readily lead to switching errors and measuring inaccuracies.
      The threading of the gage strip terminal wire through the solder bearing
      point, with the aid of pincers additionally impedes the installation of
      the measuring or gaging element.
PAR  In U.S. Pat. No. 3,803,905, issued Apr. 16, 1974, of which we are all joint
      inventors, there is disclosed apparatus for checking a structural
      component for inherent stresses which includes strain gage means for
      attachment to a surface measuring area of the component, the strain gage
      means having terminals for leads, means for cutting an annular groove into
      the component around the area, electrical response measuring means remote
      from the area, and leads extending from the terminals of the strain gage
      means to the electrical response measuring means for measuring the change
      in electrical response of the strain gage means due to the cutting of
      successive layers of material out of the groove, as indicative of the
      inherent stress existing prior thereto, the cutting means including a
      crown boring tool for machining the annular groove around the measuring
      area, the crown boring tool having a shaft hollow throughout and being
      mounted in a hollow boring spindle, the terminal leads of the strain gage
      means attached to the measuring area extending through the crown boring
      tool and the hollow boring spindle.
PAR  It is accordingly an object of the invention to provide a device for
      determining surface strains by the use of such gage strips, which device
      is considerably simpler in construction than the heretofore known devices
      of this general type and may simply be secured adhesively as an integrated
      building block or element to the measuring spot.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, in an apparatus for checking a structural
      component for inherent stresses including strain gage means for attachment
      to a surface measuring area of the component, the strain gage means having
      terminals for leads, means for cutting an annular groove into the
      component around the area, electrical response measuring means remote from
      the area, and lead extending from the terminals of the strain gage means
      to the electrical response measuring means for measuring the change in
      electrical response of the strain gage means due to the cutting of
      successive layers of material out of the groove, as indicative of the
      inherent stress existing prior thereto, the cutting means including a
      crown boring tool for machining the annular groove around the measuring
      area, the crown boring tool having a shaft hollow throughout and being
      mounted in a hollow boring spindle, the terminal leads of the strain gage
      means attached to the measuring area extending through the crown boring
      tool and the hollow boring spindle, the improvement therein which
      comprises a base plate, the strain gage means including a plurality of
      strain gage strips mounted on the plate, each of the strips having two of
      the terminal leads, one of the terminal leads of each of the plurality of
      strain gage strips being connected to a common connecting spot on the base
      plate, and each of the other terminal leads of the plurality of strain
      gage strips being respectively connected to separate connecting spots on
      the base plate; cover plate means superposed on the base plate above the
      strain gage strips and the terminal leads and formed with openings
      overlying the connecting spots, and solder deposits respectively extending
      through the openings and connected with and fixing the position of the
      terminal leads, the solder deposits simultaneously serving as solder
      support spots connectible to exterior connecting lines leading to a
      measuring instrument.
PAR  By means of the foregoing construction, it is possible to adhesively secure
      the strain gage strips, as an integrated building block, to the measuring
      spot even prior to the application of the tool for cutting the annular
      groove around the measuring spot, and to solder the connecting leads
      directly to this building block.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as device for
      determining surface strains during the measurement of inherent stresses in
      structural components of machines or apparatus, it is nevertheless not
      intended to be limited to the details shown since various modifications
      and structural changes may be made therein without departing from the
      spirit of the invention and within the scope and range of equivalents of
      the claims.
DRWD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic top plan view of the base plate of the device of
      the invention showing the strain gage strips mounted thereon, as well as
      the connecting spots thereof;
PAR  FIG. 2 is a top plan view of the enclosed building block showing the solder
      support spots;
PAR  FIG. 3 is a diametrical cross-sectional view of FIG. 2 showing the building
      block after it has been adhesively secured on an appropriate measuring
      spot of a component, the inherent stress of which is to be measured; and
PAR  FIG. 4 is a view similar to that of FIG. 3 of another embodiment of the
      invention.
DETD
PAR  Referring now to the drawing and first, particularly, to FIG. 1 thereof,
      there is shown a base plate 10 provided with the three strain gage strips
      A, B and C, disposed in respective gaging or measuring directions a, b,
      and c. The direction of the two gage strips A and B intersect at an angle
      of 90.degree., while the gage strip C is disposed in a direction diagonal
      to the two gage strips A and B. It should also be noted that the device
      shown in FIG. 1 is considerably larger than its actual size. The actual
      diameter of the base plate 10 is about 12 mm. Of the three strain gage
      strips A, B and C, each of which has two terminal leads, one of the
      terminal leads of each of the three gage strips is led to a common
      connecting spot and is fixed there to the base plate 10. The other
      terminal leads of the strain gage strips A, B and C are each led to
      separate connecting spots A1, B1 and C1 on the base plate 10 and are also
      fixed there. After all strain gage strips and the terminal leads thereof
      have been mounted in the aforedescribed manner on the base plate 10, a
      cover plate 11 is superposed on this layer of strain gage strips. The
      cover plate 11 is formed, at locations overlying the connecting spots A1,
      B1 and C1 and ABC1 of the base plate 10, with appropriate openings or
      bores, so that the ends of the corresponding terminal leads can be seen
      from above. Through these openings, the terminal leads of the strain gage
      strips are then soldered, a given amount of excess solder being used for
      each solder location, so that, accordingly, on the one hand, the cover
      plate 11 is firmly secured or fixed to the base plate 10, and moreover,
      the solder deposit which juts out of each solder location serves as a
      solder support spot A2, B2 and C2 and ABC2 for external connecting lines
      leading to a measuring instrument.
PAR  In FIG. 3, the assembled device is shown in installed position. On a
      workpiece or machine component 15, the inherent stress of which is to be
      measured, an annular groove 14 is cut in segments around a circular
      measuring spot 13. The building block component of the device of the
      invention is secured in the measuring spot 13 by the base plate 10 through
      an adhesive 12 which does not alter the measurement. Between the base
      plate 10 and the cover plate 11 there are located, as aforedescribed, the
      strain gage strips A, B and C, disposed in appropriate directions. At the
      upper surface of the cover plate 11, there are seen in FIG. 3 the solder
      support spots A2, B2, C2 and ABC2, to which connecting leads 16 leading to
      a suitable measuring instrument are soldered.
PAR  It is advantageous for the cover plate 11 to be formed of a transparent
      material so that either the position of the strain gage strips or a
      separately drawn-in system of coordinates, substantially corresponding to
      the measuring directions a, b and c, is observable from above. It is also
      possible, however, to dispose in a non-transparent cover plate,
      appropriate measuring marks which point in the direction of the strain
      gage strips, or so to dispose the solder support spots beforehand and to
      coordinate the strain gage strips therewith in a manner that the direction
      in which the individual gage strips extend will be apparent.
PAR  As shown in FIG. 4, it is also possible for the cover plate 11 to have a
      larger diameter than the base plate 10 and to be secured by adhesive at
      the consequently projecting area 11' directly to the measuring spot. As a
      result, the cover plate serves, simultaneously, as a cover and as a
      protection for the installed measuring spot.
PAR  With a strain gage strip assembly of such construction, considerable
      simplification over the heretofore employed devices of this general type
      is possible. For one thing, a shorter installation period is required,
      since the gage or measuring device is directly secured by adhesive to the
      measuring spot and, directly following the adhesively securing step, the
      measuring lines or leads can be connected. Through the integrated and
      previously prepared type of construction, switching errors within the
      device and between the individual gage strips are precluded. More, this
      gage strip assembly can be secured adhesively to the structural component
      that is to be tested, prior to setting up the foot portion of the annular
      groove milling tool.
PAR  This relatively simple construction and integrated building block or
      element may be employed whereever multi-axial stresses are generally to be
      measured.
PAR  For further details with respect to the theoretical considerations forming
      the basis for the invention of this application, reference can be made to
      the aforementioned U.S. Pat. Nos. 3,803,905 and 3,765,230, which are
      incorporated by reference therein.
CLMS
STM  We claim:
NUM  1.
PAR  1. In apparatus for checking a structural component for inherent stresses
      including strain gage means for attachment to a surface measuring area of
      the component, the strain gage means having terminals for leads, means for
      cutting an annular groove into the component around the area, electrical
      response measuring means remote from the area, and leads extending from
      the terminals of the strain gage means to the electrical response
      measuring means for measuring the change in electrical response of the
      strain gage means due to the cutting of successive layers of material out
      of the groove, as indicative of the inherent stress existing prior
      thereto, the cutting means including a crown boring tool for machining the
      annular groove around the measuring area, the crown boring tool having a
      shaft hollow throughout and being mounted in a hollow boring spindle, the
      terminal leads of the strain gage means attached to the measuring area
      extending through the crown boring tool and the hollow boring spindle, the
      improvement therein which comprises a base plate, the strain gage means
      including a plurality of strain gage strips mounted on said plate, each of
      said strips having two of the terminal leads, one of the terminal leads of
      each of said plurality of strain gage strips being connected to a common
      connecting spot on said base plate, and each of the other terminal leads
      of said plurality of strain gage strips being respectively connected to
      separate connecting spots on said base plate; cover plate means superposed
      on said base plate above said strain gage strips and said terminal leads
      and formed with openings overlying said connecting spots, and solder
      deposits respectively extending through said openings and connected with
      and fixing the position of said terminal leads, said solder deposits
      simultaneously serving as solder support spots connectible to exterior
      connecting lines leading to a measuring instrument.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said cover plate is formed of
      transparent material, and said base plate is provided with a coordinate
      system characterizing the directions in which said strain gage strips are
      disposed.
NUM  3.
PAR  3. Apparatus according to claim 1 including measuring mark means carried by
      said cover plate for identifying the positions of said strain gage strips.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said connecting spots and said
      solder support spots are so associated with said strain gage strips as to
      indicate the direction in which the respective strain gage strips are
      disposed.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said cover plate has a larger
      diameter than that of said base plate so that a marginal edge of said
      cover plate projects beyond said base plate, said cover plate being
      adhesively securable at said marginal edge thereof directly to the
      measuring area.
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ABST
PAL  An apparatus for detecting and indicating the pressure under which the
      air-fuel mixture is compressed in an internal-combustion engine for
      automobile vehicles, and more particularly an apparatus of the type which
      comprises probe means adapted to detect a compression pressure exerted
      during the compression stroke in the combustion chamber, and a plurality
      of electric circuits for processing signals from the probe means and
      indicating on display means the compression pressure as detected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for detecting and measuring the
      pressure under which the air-fuel mixture is compressed during the
      compressed stroke, and more particularly to an apparatus of the type which
      is capable of detecting and measuring a compression pressure that is
      produced during the compression stroke to compress the air-fuel mixture in
      the combustion chamber.
PAR  It is well known that the internal-combustion engine provides its very good
      operating characteristics by compressing the air-fuel mixture to a desired
      compression ratio. It is also known that if there is any leakage of the
      compression pressure from the combustion chamber with an accompanying
      reduction in the pressure during the compression stroke, it may
      appreciably impair the efficiency of the engine which leads to a decrease
      in the torque or misfire.
PAR  In order to avoid such abnormal situation and in order to run the engine
      under the most satisfactory condition, it is desirable to previously
      measure compression pressures exerted in the combustion chamber. From this
      aspect, it is the practice that the compression pressure is measured as
      often as possible during the assembly line or periodical inspection and
      maintenance of the engine in attempts to run the engine in the optimum
      condition.
PAR  There is known a compression tester which is generally used for this
      purpose. In the conventional practice according to the tester, spark plugs
      are usually removed from the combustion chamber. The tester has a member
      from which the pressure is to be admitted into the tester by inserting the
      member into the combustion chamber. The tester has also an indicator which
      indicates the pressure under which the air-fuel mixture is compressed in
      the combustion chamber by actuating the bellows or diaphragm under the
      pressure that has been admitted. In other words, the method according to
      the tester consists of steps of removing spark plugs from the engine, of
      inserting a part of the tester into the combustion chamber which must be
      carefully kept airtight after removal of the spark plugs and of running
      the engine by means of a cell-driven motor, for example, so as to compress
      the mixture in the combustion chamber for measuring the pressure thus
      exerted. However, this presents disadvantages from the aspects of the
      operability and precision that the tester provides, since it always
      requires removal of spark plugs from the combustion chamber, and great
      care must be taken to keep the chamber airtight for insertion of the
      tester therein. For this reason, significant measuring errors may occur,
      depending on the manner in which the tester is disposed.
PAR  There is another known method of measuring the compression wherein a
      pressure transducer incorporating a semiconductor strain gauge is employed
      in lieu of the earlier mentioned tester. However, this method is
      disadvantageous alike since it requires a transducer of a relatively
      complicated construction.
PAR  An apparatus provided according to the invention is intended for measuring
      compression pressures exerted in the combustion chamber by detecting and
      analysing secondary voltages of the ignition system. More specifically,
      the present invention is based on the observation that a secondary voltage
      includes a portion which has a value corresponding to the level at which a
      compression pressure is exerted during the compression stroke in the
      combustion chamber. The experimental results have also shown that the
      portion of induced discharge voltage contained in the secondary voltage
      changes proportionally with the level of the compression pressure. It will
      be understood from the above that the level of the compression thus
      exerted can be easily and visibly obtained by detecting the secondary
      voltage and analysing the waveform thereof.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a probe that
      essentially comprises a potential or voltage divider and a member for
      insertion in the ignition system of the engine. The probe is adapted to
      detect the secondary voltage at the secondary coil of the ignition system.
      The secondary voltage thus detected is then electrically processed in a
      plurality of electric circuits which supply data of the compression
      pressure as detected.
PAR  As is easily understood from the above, it provides easy means of measuring
      compression pressures exerted in the combustion chamber, eliminating the
      need of removing spark plugs from the combustion chamber and the care of
      keeping the chamber airtight for insertion of a measuring member or like
      therein.
PAR  It is therefore one object of the present invention to provide an apparatus
      for measuring the pressure under which the air-fuel mixture is compressed
      in the combustion chamber of an internal-combustion engine, whereby the
      pressure can be detected during the operation of the ignition system in
      the engine.
PAR  It is another object of the present invention to provide an apparatus of
      the type which can detect the pressure under which the mixture is
      compressed at every top dead point of the piston regardless of the number
      of revolutions of the engine.
PAR  It is still another object of the present invention to provide an apparatus
      of the type which can detect a compression pressure in each cylinder of a
      multicylinder engine.
PAR  Other objects and advantages of the present invention will be clearly
      understood from the specification that follows hereinafter by referring to
      the accompanying drawings and from the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of a preferred embodiment of an apparatus
      according to the present invention;
PAR  FIG. 2 shows a waveform of a secondary voltage of the ignition system in
      the engine;
PAR  FIG. 3 shows a secondary current which has a waveform corresponding to that
      of the secondary voltage of FIG. 2;
PAR  FIG. 4 is an operating characteristic diagram on which the present
      invention is based, showing relations between the secondary voltage and
      the compression pressure;
PAR  FIG. 5 is a circuit diagram of a preferred example of the probe to be used
      for the present invention;
PAR  FIG. 6 is a sectional view of the probe of FIG. 5 in which its construction
      is shown;
PAR  FIG. 7 is a block diagram of a preferred embodiment of an apparatus
      according to the present invention;
PAR  FIGS. 8A to 8I show waveforms for different circuit elements of the
      apparatus of FIG. 7;
PAR  FIG. 9 is a detailed circuit diagram of the apparatus of FIG. 7;
PAR  FIG. 10 is a diagram characterizing the principle of the apparatus
      according to the present invention;
PAR  FIG. 11 is a block diagram of a compensating circuit included in the
      apparatus according to the present invention;
PAR  FIG. 12 is a block diagram of a signal separation circuit included in the
      apparatus of the present invention and which is particularly to be used
      for the multicylinder engine; and
PAR  FIG. 13 is another detailed circuit diagram of the apparatus of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will further be described by way of preferred
      embodiments by reference to the accompanying drawings, in which:
PAR  FIGS. 1, 2 and 3 are first referred to in order to clarify the principle on
      which the pressure under which the air-fuel mixture is compressed in the
      combustion chamber is measured by detecting and analysing secondary
      voltage and current signals from the ignition system. FIG. 1 shows an
      ignition system of an automobile internal-combustion engine.
PAR  When an ignition switch 20 is turned on, current from a battery 21 flows
      through a primary winding 22 of an ignition coil to a breaker arm 23 of a
      distributor. It is well known that rotation of a circuit-breaker cam 24
      opens and closes the circuit of the primary winding 22. When the cam 24
      rotates to close the contact or breaker points 25 of the circuit breaker,
      current flows through the primary winding 22. Separation of the breaker
      points 25 by the cam 24 breaks the primary circuit and causes the magnetic
      field to collapse rapidly, inducing by self-induction usually some
      100-volt voltage across each turn of the primary winding 22 of the
      ignition coil, and inducing by mutual-induction usually a very high
      secondary voltage in the range of 15 to 20 kv. in the secondary winding
      26. The secondary voltage is distributed via an ignition coil wire 27 and
      a rotor 28 of the distributor to each of the cylinders from which it is
      then applied through spark plug wires 29 to each of the spark plugs 31
      arranged in the combustion chamber 30.
PAR  When the secondary voltage is applied to each of the spark plugs 31, it
      jumps the gap between the electrodes of the spark plug 31 to provide
      sparks, thus igniting the air-fuel mixture in the combustion chamber 30.
PAR  FIG. 2 shows a waveform of the secondary voltage as it jumps the gap of the
      spark plug 31. The secondary voltage is detected and converted into a
      secondary voltage signal by the probe 32 of the invention which has a
      member to make contact with the ignition system. In this case, there is no
      need of removing spark plugs from the engine.
PAR  There is shown a secondary current signal in FIG. 3. In FIG. 2, there is
      shown a secondary voltage signal which consists essentially of three
      parts. A first signal region, shown as abrupt slope VA, represents a
      dielectric breakdown voltage across the electrodes of the spark plug 31,
      which may be usually called as capacity discharge voltage (hereinafter
      referred to as "part VA"). This signal region is a region in which the
      voltage value appreciably varies with the pressure in the combustion
      chamber, the ambient relative humidity and the stray capacities in
      ignition coil wire and spark plug wires.
PAR  A second signal region, shown as an even part VB, represents an induced
      discharge voltage (hereinafter referred to as "part VB") which lasts as
      long as the spark plug is sparking.
PAR  A third signal region VC represents a free-oscillating discharge voltage
      (hereinafter referred to as "part VC") which takes place after the sparks
      disappear and which can be held from oscillating by a capacitor or
      condenser 33 in the distributor.
PAR  The apparatus provided according to the present invention is based on the
      observation that the part VB varies proportionally with changes in the
      pressure under which the air-fuel mixture is compressed during the
      compression stroke, and is constructed such that it can detect the
      secondary voltage signal by the probe means, electrically selects and
      processes an induced discharge voltage signal corresponding part VB
      included in the secondary voltage signal and indicates the voltage value
      of the induced discharge voltage signal thereof as a compressed pressure
      in the combustion chamber in the engine.
PAR  FIG. 4 shows the relations between the compression pressure P exerted in
      the combustion chamber and the part VB, which have been obtained from the
      experimental results. It is seen from FIG. 4 that very favorable relations
      exist between the two.
PAR  The probe 32 has a member to be interposed between the secondary winding 26
      and the rotor 28 so as to detect the level of the secondary voltage. It is
      so highly operable that it can continue to detect a secondary voltage for
      each cylinder of the multicylinder engine. As mentioned above, the probe
      32 is used to detect the level of a secondary voltage of the ignition
      coil, and has a circuit to convert it into an electrical signal.
PAR  More details of the probe 32 are now given below. FIG. 5 indicates an
      electric circuit diagram of the probe 32 which includes a potential or
      voltage divider circuit consisting of resistors 34 and 35 to divide and
      convert the secondary voltage into a low-voltage signal. The divider
      circuit has one input terminal 36 detachably connected to the secondary
      terminal 41 of the ignition coil, and the other terminal 37 detachably
      connected to the ignition coil wire 27. A low-voltage signal that is
      obtained by dividing the secondary voltage flows through a signal
      transmission line 38 to a coaxial cable 39.
PAR  FIG. 6 shows a detailed construction of the probe 32 of FIG. 5. The probe
      32 has a body of electrically insulating material such as teflon or
      bakelite, for example, in which a conductive member 40 is fixedly disposed
      and electrically insulated. The conductive member 40 has input terminals
      36 and 37 at opposite ends thereof, each of said input terminals 36 and 37
      being detachably connected to the secondary terminal 41 of the ignition
      coil and the ignition coil wire 27, respectively. The resistors 34 and 35
      are disposed within a holder portion 42 provided integrally with the probe
      32, and are rigidly secured by mould material 43, for example, therein.
      The conductive member 40 and the potential divider circuit are connected
      to each other by means of a metallic member 44 fixed to the conductive
      member 40.
PAR  The signal transmission line 38 and a ground wire are each connected to a
      connector 46 which leads through the cable 39 to further circuits outside
      the probe 32.
PAR  There is provided a circuit 47 for receiving and electrically processing
      secondary voltage signals from the probe 32, which will now be illustrated
      below.
PAR  As shown in FIG. 1, the circuit 47 is adapted to receive secondary voltage
      signals from the probe 32, synchronizing signals from a trigger probe 48
      to separate and discriminate said secondary voltage signals from each
      other for each cylinder, and primary voltage signals from the primary
      winding 22 of the ignition coil through the cable 49.
PAR  FIG. 7 indicates a block diagram of circuit elements for the circuit 47,
      and in FIG. 8 there is shown the waveforms of the circuit elements of FIG.
      7 in the form of a timing chart.
PAR  A secondary voltage signal 8A is applied from the probe 32 to a
      non-inverting amplifier 50 of high input impedance, the output of which is
      supplied to a Butterworth-type low-pass filter 51 which passes only
      signals of the waveform 8B while rejecting other high-frequency noise
      signals and capacity discharge voltage signals. The output signal 8B thus
      filtered by the filter 51 flows further to a gate circuit 52 which allows
      only the part 8B out of the signal 8A to pass, going to a peak-hold
      circuit 53 where it is held or stored. The output 8I of the hold circuit
      53 is supplied to an integrating amplifier circuit 54 where it is
      converted into a d.c. voltage signal which is then indicated by a display
      unit 55 to give the compression pressure as detected.
PAR  The following provides a detailed description of how the gate circuit 52 is
      actuated to allow only the part 8B out of the signal 8A to pass while
      rejecting the other parts. A primary voltage signal 8C goes to the gate
      circuit 52 through the cable 49 from the primary winding 22 of the
      ignition coil as shown in FIG. 1, and is used as a synchronizing signal to
      actuate the gate circuit 52. On arrival in the circuit 52, the primary
      voltage signal 8C is first applied to a low-pass filter 56 which rejects
      the passage of the noise signal portion 8D of the secondary voltage signal
      8A to obtain the voltage signal 8D while allowing the signal portion 8B to
      pass which is further applied to a Schmidt circuit where it is shaped into
      a pulse 8E of a rectangular waveform. The pulse 8E thus obtained has a
      rise time delayed by a time t.sub.1 by the action of a delay circuit 58 as
      shown at 8F, and goes further to a monostable multi-circuit 59 where it is
      converted into a pulse 8G of a duration t.sub.2. The output 8G of the
      circuit 59 is used as a gate signal to actuate the gate circuit 52. That
      portion of the signal 8A which is allowed to pass through the gate circuit
      52 only during the period of time t.sub.2 flows to the peak-hold circuit
      53 in which it is held or stored, and is reset each time a succeeding
      signal of the time nature is input. The signal 8E is therefore applied to
      a differentiating circuit 60 which is then actuated to differentiate the
      signal 8E with respect to a time which is shorter than the delay time
      t.sub.1. The pulse thus obtained goes further to a waveform shaper circuit
      61 where a reset signal 8H is obtained by shaping the pulse. The reset
      pulse 8H flows to the reset input terminal of the peak-hold circuit 53
      where the previous secondary voltage signal is reset or cleared the
      instant that the rise time or a primary voltage signal 8C or secondary
      voltage starts, so that a succeeding secondary voltage signal is stored.
PAR  Referring next to the block diagram of FIG. 7, the circuit elements will be
      illustrated in more details. A signal 8A for a secondary voltage detected
      by the probe 32 is applied to an amplifier 50 of high input impedance in
      the form of a differential-type operational amplifier. The output of the
      amplifier 50 is applied to a Butterworth-type low-pass filter 51 which
      rejects all signals for the capacity discharge voltage and high-frequency
      noises contained in the signal 8A while passing only a signal 8B which
      flows further to an inverting amplifier consisting of an input resistance
      62, feedback resistance 63 and differential-type operational amplifier 64
      in which it is amplified. The output of the amplifier 64 is then applied
      to the source terminal of an MOS-type FET 65. On receiving a gate signal
      8G at the source terminal, the FET 65 becomes electrically conductive,
      allowing the secondary voltage signal 8B to pass only during a gate time
      of the gate signal 8G and arrive at the drain output of the FET 65. The
      output flows further to the peak-hold circuit consisting of a diode 66,
      capacitor or condenser 67, FET 68 and resistors 69 where it is held or
      stored. The signal thus held or output signal 8I flows to an inverting
      amplifier circuit consisting of an input resistors 70, feedback resistance
      71 and differential-type operational amplifier 72 in which it is
      amplified. The output of the inverting amplifier circuit goes further to
      an integrating circuit consisting of a resistors 73 and capacitor or
      condenser 74, said integrating circuit being then actuated to convert said
      output into a d.c. voltage signal while rejecting the reset signal 8H
      which will be explained later. The d.c. voltage signal thus obtained is
      indicated by the display unit 55 to provide the compression as detected in
      the combustion chamber.
PAR  The following gives a detailed description of a synchronizing circuit for
      generating the gate signal 8G and reset signal 8H. The primary voltage
      signal 8C which is initially detected through the cable 49 from the
      primary winding terminal of the ignition coil goes to a low-pass filter
      which rejects noise signal portions from the signal 8C. The signal thus
      filtered goes further to a zero-cross type Schmidt circuit consisting of
      input resistors 75, 76 and 77, a feedback diode 78, a feedback resistors
      79 and differential-type operational amplifier 80. The Schmidt circuit
      normally has a negative voltage -e.sub.1 applied through the input
      resistors 76, rendering the diode 78 non-conductive and supplying an
      output signal "1" from the output of the Schmidt circuit. When a positive
      primary voltage signal 8D is applied through the input resistors 75 to the
      amplifier 80, the diode 78 is then rendered electrically conductive and an
      output signal "0" is supplied from the output of the Schmidt circuit. The
      output signal 0 goes further to an inverting circuit consisting of a
      transistor 81 and a resistors 82. When the signal 0 is inverted by the
      inverting circuit, it appears as an output signal 8E of a value 1 as the
      breaker points 25 are open or when a secondary voltage starts. The output
      8E of the inverting circuit goes further to a delay circuit consisting of
      resistors 83 and 84, a diode 85, a capacitor or condenser 86 and NAND-gate
      87, which is then actuated to delay the rise time of the signal 8E by a
      time t.sub.1. The signal 8F thus obtained goes to an inverting circuit
      consisting of a transistor 88 and a resistors 89, the output of which goes
      to a monostable multi-circuit 53 consisting of capacitors 90 and 91,
      resistors 92, 93 and 94, a diode 95, and NAND-gates 96 and 97, in which a
      pulse signal of a duration t.sub.2 is generated. The pulse signal goes
      further to a switching circuit consisting of output resistances 98, 99,
      100 and 101 and a transistor 102 where it is converted into a gate signal
      8G which is then applied to a gate terminal of FET 65.
PAR  In the meantime, the output 8E of the inverting circuit goes to a
      differentiating circuit consisting of a capacitor 103, and a resistance
      104 where it is differentiated, flowing further to NAND-gate 105 which is
      then enabled to convert the signal 8E into a pulse which has the
      differential of the input with respect to the rise time. The pulse thus
      obtained goes further through a switching circuit consisting of
      resistances 106, 107, 108 and 109, and a transistor 110 to the gate
      terminal of a reset FET 111 of the peak-hold circuit 53.
PAR  It will clearly be understood from the foregoing that according to the
      present invention the pressure under which the mixture is compressed in
      the combustion chamber can be easily known by detecting the secondary
      voltage level of the ignition coil. The compression pressure that has been
      mentioned heretofore, however, does not represent the maximum pressure
      exerted in the combustion chamber. Then, this point will be clarified by
      referring to FIG. 10 in which an indicator diagram is given. In FIG. 10,
      the crank angle .theta. is given as the x-coordinate axis, and the
      pressure P in the combustion chamber is given as the y-coordinate axis.
      The curve A represents the static pressure under which no combustion takes
      place and the curve B represents the dynamic pressure under which
      combustion takes place.
PAR  Generally, it is desirable to measure the maximum static pressure P.sub.0
      in the combustion chamber. According to the present invention, however,
      the compression pressure is measured by detecting a secondary voltage of
      the ignition system and analysing its signal. It is known that the
      ignition timing of the engine is set at point S which is located by an
      ignition advance R earlier than the top dead point Q of the piston, said
      top dead point Q corresponding to the maximum static pressure. In this
      respect, the pressure that is detected in accordance with the invention
      represents the pressure P.sub.1 substantially corresponding to the
      ignition timing. In normal cases, the ignition advance R is kept stable
      when the engine is running at constant speeds. It is therefore possible to
      know the maximum static pressure P.sub.0 by compensating for differences
      in the pressure P.sub.1.
PAR  The internal-combustion engine usually to be used for automobile vehicles
      has a wide range of speeds, which causes the ignition advance R to change
      with varying speeds or number of revolutions of the engine. As the point S
      in FIG. 10 is changing with the increasing number of revolutions, it is
      necessary to compare with the number of revolutions so as to know the true
      value of the pressure. For this purpose, there is provided a compensating
      circuit which is actuated to compensate for or correct any differences in
      the pressure due to the changes in the ignition advance R, so that it is
      made possible to know the pressure exerted at every top dead point of the
      piston.
PAR  Referring then to FIG. 11, the compensating circuit is illustrated below.
PAR  It is well known that the ignition advance R increases in proportion to the
      increasing number of revolutions of the engine, and it is therefore clear
      from the characteristic diagram of FIG. 10 that the compression pressure
      decreases in proportion to the number of revolutions. The compensating
      circuit shown in FIG. 11 is actuated such that it can correct the
      secondary voltage signal from the ignition coil with a signal to represent
      the number of revolutions, thus automatically compensating for any
      difference in the pressure. In FIG. 11, the output signal 8E that is
      obtained by shaping the waveform of the primary voltage signal is applied
      to the frequency-to-voltage converter circuit 112 where it is converted
      into a d.c. voltage signal whose value varies with the number of
      revolutions of the engine. The output of the converter circuit 112 leads
      to one input terminal of an operational circuit 113, the other input
      terminal of which has a signal 8I applied. The operational circuit 113 is
      then actuated to sum up and compute the pressure signal 8I and the number
      signal, supplying an output to represent the pressure P.sub.0 at the top
      dead center of the piston. The operational circuit 113 sends out a series
      of output signals which go further to a switching circuit 114 where the
      output signals are separated into an individual signal to represent the
      pressure for each cylinder which is then indicated on the display unit 55.
PAR  Details are now given of the switching circuit 114 above referred to for
      separating or discriminating a series of the output signals from the
      operational circuit 113 and indicating same on the display unit 55. As
      shown in FIG. 1, the probe 32 is interposed between the secondary terminal
      41 of the ignition coil and the ignition coil wire 27. In the case of a
      four-cylinder engine, therefore, where the secondary voltage is applied to
      ignite the mixture in the cylinders in the order of "1 - 2 - 4 - 3" for
      example, the compression pressures in the cylinders can also be
      represented by a series of output signals in the order of 1 - 2 - 4 - 3.
      It is therefore necessary to separate these output signals to individually
      indicate the pressure for each cylinder. A series of the output signals
      that represent the pressure in each cylinder are supplied by the
      operational circuit 113 in FIG. 11, and go to the gate circuits 121, 122,
      123 and 124 respectively. In the meantime the trigger probe 48 including
      an induction coil as shown in FIG. 1 detects a synchronizing signal from a
      particular cylinder such as a first cylinder, for example, the instant
      that the secondary voltage is applied to said first cylinder. The
      synchronizing signal goes further to a waveform shaper circuit 125 where
      it is shaped into a pulse of a given waveform, going further to one input
      terminal of AND-gate 126. The other input terminal of the AND-gate 126 has
      a secondary voltage signal applied. The signal 8E is represented by a
      series of pulses to synchronize with the signals which represent the
      secondary voltage as detected. As any one of the pulses synchronizes with
      the signal from the first cylinder, the AND-gate 126 is then enabled to
      deliver an output signal only for the first cylinder upon receiving the
      trigger signal from said first cylinder and a series of the primary
      voltage signals, said output signal going further to a gate input of the
      gate circuit assigned for said first cylinder. The output signal of the
      AND-gate 126 can also be used as a reset signal which resets or clears the
      register 127. Therefore, the register 127 is set to the status 0 the
      instant that the AND-gate 126 is enabled to deliver the synchronizing
      signal for the first cylinder. As other primary voltage signals are
      applied to the input terminal of the register 127, the register 127 which
      is in the status 0 is then actuated to serially store their respective
      secondary voltage signals like a second, third and fourth signal. When a
      second primary voltage signal is incoming, it sets the register 127 to the
      status A = 0, b = 0, enabling the inverting gate 128 and AND-gate 129 to
      actuate AND-gate 129 to deliver a synchronizing signal for opening the
      gate circuit 122. When a third primary voltage signal is incoming, it sets
      the register 127 to the status A = 0, B = 1, enabling the inverting gate
      130 and AND-gate 131 to deliver a snychronizing signal for opening the
      gate circuit 123. Similarly, when a fourth primary signal is incoming, it
      sets the register 127 to the status A = 1, B = 1, enabling the AND-gate
      130 to deliver a synchronizing signal for opening the gate circuit 124. As
      another first primary voltage signal is again incoming, it resets or
      clears the register 127 to the status A = 0, B = 0, enabling only the gate
      circuit 121 to open.
PAR  By repeating the actions as mentioned above, the signals representing the
      pressures in the cylinders are separated into the signals P.sub.1,
      P.sub.2, P.sub.3 and P.sub.4 to individually represent the pressure in
      each cylinder. Each of these signals that have been separated by the
      switching circuit 114 to converted into a d.c. voltage signal as referred
      to in the embodiment of FIG. 9, which is then selected by the selector
      switch 133 which is adapted to select a d.c. voltage signal for any
      particular cylinder to be indicated by the display unit 55 such as an
      analog meter, for example.
PAR  FIG. 13 indicates a circuit diagram of another preferred embodiment of the
      apparatus according to the present invention. As this embodiment is
      substantially similar to the earlier-mentioned embodiment of FIG. 9, it
      will also be described by referring to FIG. 8.
PAR  The signal 8B that is obtained by filtering the secondary voltage signal
      detected by the probe 32 so that all noise signals may be removed from
      said secondary voltage signal goes to a gating circuit 252 including FET
      201 where only signals to represent the induced discharge voltage are
      selected. The output of the gating circuit 252 leads to a peak-hold
      circuit 253 consisting of a diode 202, capacitor 203, FET 204 and resistor
      205 where it is held or stored. The output of the peak-hold circuit 253
      leads to an integrating amplifier circuit 254 consisting of a differential
      amplifier 206, resistor 207, 208, and 209, and capacitors 210 and 211
      where it is converted into a d.c. voltage signal. The output of the
      circuit 254 goes further to a display unit (not shown) which indicates the
      compression pressure as detected in a readable form.
PAR  The gate signal from the gating circuit 252 and the reset signal from the
      peak-hold circuit 253 are obtained from the signal 8E which has its
      waveform shaped by a Schmidt circuit. The signal 8E goes to a known
      monostable circuit 260 consisting of IC 212, resistor 213 and capacitor
      214 where it is converted into a pulse of given duration. This pulse goes
      further to another monostable circuit 261 consisting of IC 215, resistor
      216 and capacitor 217 where it is converted into a pulse whose timing is
      further delayed. The output of the monostable circuit 260 leads to a
      switching circuit consisting of transistors 218 and 219, and resistors
      220, 221, 222, 223, 224 and 225 where it is converted into a reset signal
      which is fed further to a gate of FET 226 of the peak-hold circuit 253.
PAR  The output of the monostable circuit 261 leads to a switching circuit
      consisting of transistors 227 and 228, and resistors 229, 230, 231, 232,
      233 and 234 where it is converted into a gate signal which is further fed
      to a gate of FET 201.
PAR  While the invention has been described in conjunction with the preferred
      embodiments thereof, it is to be understood that numerous modifications
      and changes may be made without departing from the spirit and scope of the
      invention.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. An apparatus for measuring a pressure under which the air-fuel mixture
      is to be compressed during the compression stroke in the combustion
      chamber of an automobile internal-combustion engine, said apparatus
      comprising probe means including resistor means for detecting a secondary
      voltage signal consisting of a capacity discharge voltage signal, an
      induced discharge voltage signal and a free-oscillating discharge voltage
      signal from an ignition system, which probe means having one end connected
      to a secondary terminal of a secondary winding of an ignition coil and the
      other end connected to a rotor of a distributor which is connected to said
      secondary terminal of said secondary winding; a plurality of electric
      circuits connected to said probe means for selecting only said induced
      discharge voltage signal from said secondary voltage signal detected by
      said probe means, electrically processing said induced discharge voltage
      signal and indicating the value of said induced discharge voltage as the
      compressed pressure in the combustion chamber in a readable form.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein said plurality of electric
      circuits include a gating circuit actuated to select said desired signal
      from said secondary-voltage signal, a peak-hold circuit actuated to hold a
      voltage level of said desired signal during a given period of time, a
      display unit operated to indicate an output of said peak-hold circuit, a
      gate-signal generating circuit actuated in synchronism with each
      occurrence of said secondary-voltage signal for generating and feeding a
      gate signal to said gating circuit, and a reset circuit actuated in
      synchronism with each occurrence of said secondary-voltage signal for
      resetting said voltage level of said desired signal held in said peak-hold
      circuit.
NUM  3.
PAR  3. The apparatus according to the claim 2 wherein said gating circuit
      includes a differential-type operational amplifier, and FET having a
      source terminal connected to an output terminal of said differential-type
      operational amplifier, a drain terminal connected to an input terminal of
      said peak-hold circuit and a gate terminal connected to an output terminal
      of said gate-signal generating circuit.
NUM  4.
PAR  4. The apparatus according to the claim 3 wherein said gating circuit
      includes at the pre-stage thereof an amplifier of high input impedance and
      adapted to receive said secondary-voltage signal, and a low-pass filter
      actuated to remove all noises from said secondary-voltage signal.
NUM  5.
PAR  5. The apparatus according to the claim 4 wherein said low-pass filter
      includes a Butterworth filter.
NUM  6.
PAR  6. The apparatus according to the claim 2 wherein said peak-hold circuit
      includes a first FET controllable by an output of said gating circuit, and
      a second FET actuated upon receipt of a reset signal from said reset
      circuit to reset said voltage level held in said peak-hold circuit.
NUM  7.
PAR  7. The apparatus according to the claim 6 wherein said peak-hold circuit is
      connected to an integrating amplifier including an integrating circuit
      actuated to convert said voltage level held in said peak-hold circuit into
      a d.c. voltage signal.
NUM  8.
PAR  8. The apparatus according to the claim 2 wherein said display unit
      includes an analog meter.
NUM  9.
PAR  9. The apparatus according to the claim 2 wherein cable means is provided
      for connecting a primary winding of said ignition coil with said
      gate-signal generating circuit and said reset circuit for feeding a signal
      synchronizing with a primary voltage signal from said ignition system to
      said gate-signal generating circuit and said reset circuit.
NUM  10.
PAR  10. The apparatus according to the claim 9 wherein there are provided a
      low-pass filter actuated to remove all noises from said primary-voltage
      signal, and a waveform shaper circuit actuated to shape an output of said
      low-pass filter for feeding an output of said waveform shaper circuit to
      said gate-signal generating circuit and said reset circuit.
NUM  11.
PAR  11. The apparatus according to the claim 10 wherein said waveform shaper
      circuit includes a Schmidt circuit.
NUM  12.
PAR  12. The apparatus according to the claim 2 wherein said gate-signal
      generating circuit includes a monostable multi-circuit.
NUM  13.
PAR  13. The apparatus according to the claim 2 wherein said gate-signal
      generating circuit includes a delay circuit and a monostable
      multi-circuit.
NUM  14.
PAR  14. The apparatus according to the claim 1 wherein said probe means
      includes a body of electrically insulating material and having a holder
      portion integrally therewith, a conductor member fixedly disposed within
      said body and having one end thereof detachably connectable with said
      secondary terminal of said ignition coil and the other end thereof
      detachably connectable with a wire of an ignition coil, and a potential
      divider fixedly disposed within said body and including a plurality of
      resistance elements connected with each other and having one end thereof
      connected to said conductor member and an output terminal at the other end
      thereof.
NUM  15.
PAR  15. The apparatus according to the claim 1 wherein said plurality of
      electric circuits include a switching circuit actuated to separate a
      series of outputs from said operational circuit into an individual signal
      for each cylinder.
NUM  16.
PAR  16. The apparatus according to the claim 15 wherein said switching circuit
      includes a plurality of gating circuits of a number corresponding to the
      number of said cylinders and adapted to receive a series of output signals
      from said switching circuit, a trigger probe for detecting presence of
      said secondary voltage when said secondary voltage is applied to any one
      of said cylinders, a reset circuit actuated to supply a synchronizing
      signal received from said trigger probe to any one of said gating circuits
      for said any one of said cylinders, a register circuit resettable by said
      reset circuit and adapted to receive said primary-voltage signal, and a
      logic circuit for supplying an output of said register circuit to each of
      the other gating circuits of said gating circuits.
NUM  17.
PAR  17. The apparatus according to the claim 16 wherein said trigger probe
      includes an induction coil.
NUM  18.
PAR  18. The apparatus according to claim 2, wherein said reset circuit includes
      a differentiating circuit and a waveform shaper circuit.
NUM  19.
PAR  19. The apparatus according to claim 2, wherein said reset circuit includes
      a differentiating circuit, a waveform shaper circuit and a switching
      circuit.
NUM  20.
PAR  20. An apparatus for measuring a pressure under which the air-fuel mixture
      is to be compressed during the compression stroke in the combustion
      chamber of an automobile internal-combustion engine, said apparatus
      comprising probe means having one end connected to a secondary terminal of
      a secondary winding of a secondary coil and the other end connected to a
      distributor rotor in an ignition system for detecting a secondary-voltage
      signal from said ignition system, and a plurality of electric circuits for
      selecting an induced discharge voltage signal from said secondary-voltage
      signal detected by said probe means, electrically processing said induced
      signal and indicating said induced signal in readable form, a
      frequency-to-voltage converter circuit adapted to convert a frequency of a
      primary-voltage signal from said ignition system into a voltage-level
      signal for supplying a d.c. voltage signal which is proportional to the
      number of revolutions of the engine, and an operational circuit actuated
      to compute an output of said frequency-to-voltage converter circuit and
      said voltage level of said induced discharge voltage included in said
      secondary voltage signal for supplying an output to represent a
      compression pressure exerted and detected at each top dead point of the
      piston.
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PAL  An apparatus and method for use on an engine to selectively isolate the oil
      pump assembly from the engine's lubricating system for indicating which of
      these is producing an oil pressure problem in the engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to test equipment and a method for testing, and more
      particularly to an apparatus and method for testing oil pressure in an
      engine.
PAR  2. Description of the Prior Art
PAR   For purposes of this disclosure, the engine's oiling system is divided
      into two basic portions, with the first portion being the oil pump
      assembly. The second portion of the engine's oiling system will
      hereinafter be referred to as the engine's lubricating system and includes
      all those parts within an engine which are normally lubricated.
PAR  It is well known in the engine art that when an oil pressure problem exists
      on an engine, the problem can either result from a faulty oil pump
      assembly or from problems within the engine's lubricating system such as
      worn bearings and the like. If the problem is caused by the oil pump
      assembly, the work required and cost of correcting the problem is
      relatively low when compared to the work required and cost of overhauling
      the engine.
PAR  For many years no method or apparatus existed, short of engine disassembly,
      whereby a mechanic could determine the cause of an engine's oil pressure
      problem so that he could give a reasonable estimate of the cost of repair.
PAR  As fully disclosed in U.S. Pat. No. 3,869,905, issued on Mar. 11, 1975, to
      the same inventor, such a method and apparatus has been recently devised.
      Briefly, that method and apparatus is designed for use on engines which
      employ what is commonly referred to as a spin on type of oil filter which
      is removed from the engine for testing purposes. An adapter plate is
      mounted on the exposed oil filter mounting pad and when the engine is
      running, the plate will block the flow of oil from the oil pump assembly
      to the engine's lubricating system. A pressure indicating gage is coupled
      to the adapter plate for sensing the output pressure of the oil pump
      assembly. If the output pressure of the oil pump is abnormal the mechanic
      will know that the engine's oil pressure problem stems from a faulty oil
      pump assembly. Likewise, if the oil pump output pressure is normal, the
      problem lies within the engine lubricating system.
PAR  Although this above described method and apparatus is a significant advance
      in the art, one drawback exists therein. This type of test must be
      conducted with the engine running and preferrably at normal operating
      temperature, and to block the flow of oil to the engine's lubricating
      system for the entire length of time needed to start the engine, conduct
      the test and shut the engine down could result in damage to the engine. Of
      course, running the engine without the benefit of oil flow and pressure
      for the length of time needed to bring a cold engine up to normal
      operating temperature is out of the question as this would undoubtedly
      result in serious damage.
PAR  Therefore, a need exists for a new and improved method and apparatus for
      testing engine oil pressure which overcomes the drawback of the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an improved apparatus and method
      is disclosed for quickly determining which portion of an engine's oil
      system is causing the oil pressure in that system to be low. The apparatus
      and method of the instant invention are intended primarily for use on
      engines which employ a spin on type oil filter.
PAR  The spin on oil filter is removed from the engine's oil filter mounting pad
      for purposes of this test and is replaced by an adapter means of the
      present invention. The oil supplied to the oil chamber of the mounting pad
      by the oil pump assembly is kept from leaking out of that chamber by the
      adapter means. The adapter means has a passage formed therethrough so that
      the oil within the mounting pad's oil chamber can pass through the adapter
      means to the engine lubricating system for normal pressurization thereof.
      The adapter means includes means for opening and closing of the oil
      passage formed therethrough for selectively passing or blocking the flow
      of oil through that passage.
PAR  When the oil is allowed to pass through the adapter means, the oil is
      delivered to the engine's lubricating system as is normal so that the
      engine can be safely started and brought up to normal operating
      temperature. To test the engine's oil system, the oil which normally
      passes through the adapter means is blocked so that the oil pump assembly
      is temporarily isolated from the engine's lubricating system. With the
      flow of oil blocked, the oil pressure within the oil chamber of the
      mounting pad will be the output pressure of the oil pump assembly, and
      that pressure is reflected on a pressure indicating means coupled to the
      adapter means. In other words, when the flow of oil is blocked as
      described above, the oil pressure present in the oil chamber of the
      mounting pad is the output pressure of the oil pump assembly as that
      pressure cannot be affected by faults which may be present in the engine's
      lubricating system. Therefore, if it is known that a particular engine has
      an oil pressure problem, and a mechanic determines, by using the apparatus
      and method of the present invention, that the oil pump assembly is
      operating at its rated capacity, he will know that the oil problem is
      caused by faults within the engine's lubricating system.
PAR  It may now be seen that by providing means on the adapter means for
      selectively passing or blocking the flow of oil, the present invention has
      overcome the drawback of the prior art in that normal pressurization of
      the engine's lubricating system need only be interrupted for a length of
      time needed to take a reading of the pressure indicating means.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved apparatus and method for testing oil pressure in an engine.
PAR  Another object of the present invention is to provide a new and improved
      apparatus and method for testing oil pressure in an engine to determine
      which portion of the engine's oil system is causing a problem in the oil
      pressure.
PAR  Another object of the present invention is to provide a new and improved
      apparatus and method for testing oil pressure in an engine of the type
      which employs a spin on type oil filter for determining if the oil pump
      assembly or the engine's lubricating system is at fault in producing an
      oil pressure problem.
PAR  Still another object of the present invention is to provide a new and
      improved apparatus and method of the above described character having
      means thereon for selectively and temporarily interrupting normal
      pressurization of the engine's lubricating system by isolating the oil
      pump assembly from that system so that the pump may be checked to see if
      it is operating at its rated capacity.
PAR  The foregoing and other objects of the present invention, as well as the
      invention itself, may be more fully understood from the following
      description when read in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary front elevation of an engine with the apparatus of
      the present invention installed on the oil filter mounting pad of the
      engine.
PAR  FIG. 2 is an enlarged sectional view taken on the line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings wherein there is illustrated a
      fragmentary portion of an engine 10 of the type which is provided with a
      filter mounting pad 12. The pad 12, during normal usage of the engine, has
      an oil filter (not shown) mounted thereon of the type sometimes referred
      to as a spin on filter.
PAR  The pad 12 illustrated in the drawings is typical of this type of pad;
      however, it should be noted that these pads will vary somewhat from one
      engine to the next and it is not intended that the apparatus and method of
      present invention be limited to usage on a specific type of filter
      mounting pad. As will become apparent as this description progresses, the
      apparatus and method of the present invention may be used on all filter
      mounting pads of this general type currently being used.
PAR  The filter mounting pad 12 is provided with circular lip 14 which
      circumscribes an oil containing chamber 16 formed therein. A hollow
      externally threaded stud 18 is mounted in the center of the pad 12 and
      extends outwardly from the chamber 16 a distance somewhat beyond the lip
      14. Oil is supplied directly from the usual oil pump (not shown) through
      an inlet passage 22 into the chamber 16.
PAR  During normal engine usage the oil supplied to the chamber 16 will be
      forced under pressure into the oil filter (not shown) and will emerge from
      the center of the filter through the stud 18 to the engine's oil galley
      passage 24, which directs the oil to the engine's lubricating system (not
      shown).
PAR  Some engines being manufactured today are provided with a filter by-pass
      valve 26 mounted within a passage 28 which leads from the chamber 16 to
      the galley 24. This valve 26, in normal operation, will open when the oil
      pressure exceeds a predetermined setting of the valve and thus oil will be
      supplied to the engine lubricating system even though the filter may
      become clogged.
PAR  The oil pressure test adapter means 30 of the present invention includes a
      plate 32 having a centrally located aperture 34 formed therethrough. The
      plate 32 is fabricated so that it may be mounted on the pad 12 with one of
      its faces 38 in sealing juxtapositional relationship with the lip 14 and
      so that the stud 18 will extend in the aperture 34.
PAR  Sealing means in the form of a concentrically disposed pair of O-rings 36
      is suitably mounted on the sealing face 38 of the plate 32 and are so
      disposed to provide an effective leakproof seal on each of the various
      types of mounting pads 12, the diameter of the lip 14 being one thing that
      varies from pad to pad.
PAR  The plate 32 is provided with a first oil passage 40 formed therein which
      communicates between the sealing face 38 of the plate 32 and an internally
      threaded bore 42, or other suitable coupling means provided on the
      periphery of the plate 32. By way of example of a coupling means that
      would be a functional equivalent, a fitting (not shown) could be welded or
      otherwise attached thereto.
PAR  As seen in FIG. 1, an oil pressure gage 46, or other suitable pressure
      indicating means is coupled such as by a conventional flex hose 48 and
      fittings 50 to the bore 42. The gage 46 is employed to sense the engine's
      oil pressure as will hereinafter be described in detail.
PAR  As seen best in FIG. 2, a mounting nut 52 is used to removably secure the
      plate 32 to the pad 12. The nut 52 has a head portion 54 preferably of
      cylinderical shape and has a pair of diametrically opposed radially
      extending pins 56 welded or otherwise secured thereto.
PAR  It should be obvious that any of several well known head configurations
      could be employed which would provide means by which the nut 52 can be
      gripped for axial rotation. For example, the head 54 could be hexagonal
      (not shown) so that the nut 52 could be tightened either by hand or with a
      suitable wrench.
PAR  The nut 52 is provided with at least one internally threaded boss 58
      coaxially extending from the head 54, and of reduced diameter to form a
      shoulder 60 radially disposed between the periphery of the boss 58 and the
      periphery of the head 54.
PAR  The circumference of the boss 58 and the size of its internal threads are
      selected so that the boss may be inserted into the aperture 34 of the
      plate 32 and threadingly engage the stud 18 of the pad 12. As the nut 52
      is tightened down on the stud 18, the shoulder 60 will come into contact
      with the face 64 of the plate 32 and move the plate into sealing
      engagement with the lip 14 of the pad 12. The shoulder 60 may be provided
      with an O-ring type sealing gasket 66, mounted thereon in any well known
      manner, to engage the face 64 of the plate 32 to prevent oil leakage from
      the aperture 34.
PAR  As hereinbefore mention, the various types of filter mounting pads 12
      differ somewhat in the details of construction with one of these
      differences being the size of the stud 18. Therefore, so that the adapter
      means 30 of the present invention may be used on the various types of pads
      12, the nut 52 may be provided with a second internally threaded boss 68.
      The second boss 68 coaxially extends from the opposite side of the head 54
      of the nut 52 and is formed in the same manner as the boss 58, thus
      providing a shoulder 72 on which an 0-ring gasket 74 is mounted.
PAR  The only difference between the bosses 58 and 68 is the size of their
      respective internal threads, thus, the nut 52 is reversible to accommodate
      various sized studs 18 of the pads 12.
PAR  The plate 32 is provided with a passage means in the form of a second oil
      passage 76 which includes a first oil passage segment 77, a second oil
      passage segment 78 and an internally threaded bore 79. The first oil
      passage segment 77 extends angularly from the sealing face 38 of the plae
      32 and communicates with the bore 79. The internally threaded bore 79 is
      enlarged with respect to the first oil passage segment 77 and opens onto
      the bevel surface 80 of the plate 32. The first oil passage segment 77 and
      the threaded bore 79 are in axial alignment with respect to each other and
      the transition therebetween is provided by a bevel or angularly disposed
      shoulder 82 which serves as a valve seat as will hereinafter be described
      in detail.
PAR  The second oil passage segment 78 is angularly disposed with respect to the
      threaded bore 79 and is in communication therewith and also with an
      annular groove 84 provided within the central aperture 34 of the plate 32.
PAR  A valve means 86 is threadingly mounted in the bore 79, and that valve
      means includes a housing 87, a slide valve 88, a spring 89, and a suitable
      knob 90. The slide valve 88 has a valve stem 91 on one end of which an
      enlarged valve head 93 is formed and on the opposite end of which the knob
      90 is suitably affixed. The slide valve 88 is axially slidable in a bore
      94 provided in the valve housing 87 and is biased so that the valve 88 is
      normally retracted, i.e., the valve head 93 is urged into engagement with
      the valve housing 87. The biasing is accomplished by the spring 89 which
      is mounted between the housing and knob. The sliding movemenet of the
      valve 88 is accomplished by manually depressing the knob 90 which
      overcomes the spring bias and axially moves the valve head 93 into sealing
      engagement with the valve seat or shoulder 82 formed in the second oil
      passage 76.
PAR  Therefore, in the normally retracted position of the valve assembly 86, the
      oil passage means in the form of the second oil passage 76, provided in
      the plate 32 will be open, and in the actuated or extended position of the
      valve assembly, that oil passage will be closed.
PAR  The mounting nut 52 has apertures 96 formed in each of the bosses 58 and 68
      thereof so as to transversely communicate between the periphery and the
      internally threaded bores 97 of their respective bosses. The apertures 96
      are axially disposed along their respective bosses 58 and 68 so that when
      the nut 52 is employed to hold the plate 32 on the mounting pad 12, the
      apertures 96 of the one of the bosses being employed for mounting purposes
      will be in alignment with the annular groove 84 in the central aperture 34
      of the plate 32.
PAR  It should now be apparent that with the adapter means 30 mounted as shown
      and described, and with the valve means 86 in the normal position, the oil
      supplied to chamber 16 of the mounting pad 12 by the engine's oil pump
      (not shown) will pass through the oil passage means 76 in the plate 32 and
      will enter into bore 97 of the mounting nut 52 and then pass into the
      hollow stud 18 of the pad 12. Thus, oil will be delivered as described
      above to the engine's oil galley passage 24 and the engine will be
      properly lubricated as is normal so that the engine can be started and
      brought up to normal running temperature without endangering the engine.
PAR  Manual actuation of the valve means 86 to the extended or closed position
      will temporarily interrupt the flow of oil through the oil passage means
      76 and the oil will be temporarity contained within the oil chamber 16 of
      the mounting pad 12, and that contained oil will be at pump pressure. This
      pressure will be sensed by the pressure indicating means 46 due to the oil
      pressure being transmitted thereto through the first oil passage 40 of the
      plate 32.
PAR  It should be noted that leakage or seeping of the oil from the oil chamber
      16 during testing of the oil pressure could cause errors in the sensed
      pressure readings. Therefore, a seal 98 is provided in the central
      aperture 34 of the plate 32 to prevent oil from passing directly from the
      oil chamber 16 into the hollow stud 18.
PAR  In an engine of the type having no by-pass valve 26, full pump output
      pressure will be indicated by the gage. Thus, simply by knowing the rated
      output of the particular oil pump being tested, the mechanic can determine
      its condition. If the pump output pressure meets the requirements of the
      specification then the mechanic knows that the oil pressure problem of
      that particular engine is caused by the engine's lubricating system and
      can recommend an engine overhaul to his customer.
PAR  If the engine being tested is of the type which has a filter by-pass valve
      26, the same analysis can be made by the mechanic. In this case, he
      installs a plug 99 in the oil passage 28 leading to the by-pass valve 26
      to prevent oil from passing through the valve.
PAR  The method of the present invention may be easily understood after
      considering the steps of the method now to be described in detail.
PAR  The first step of the method of the present invention is removing of the
      spin on type oil filter from the engine's oil filter mounting pad 12 to
      expose the oil inlet passage 22, the oil chamber 16 and the oil outlet
      passage through the hollow stud 18.
PAR  The second step of the method of the instant invention is closing of the
      oil chamber 16 of the mounting pad 12 by installing the adapter means 30
      thereon so that when the engine is running, the oil supplied to the oil
      chamber 16 by the oil pump assembly will not leak from that chamber.
PAR  The third step is accomplished by directing the oil supplied to the oil
      chamber 16 through the second oil passage 76 of the adapter means 30
      through the mounting nut 52 into the engine's oil galley passage 24 for
      lubrication of the engine.
PAR  The fourth step includes interrupting the flow of oil through said adapter
      means temporarily by actuating the valve assembly 86 to its extended
      position so that the oil within the oil chamber 16 will be contained
      therein and will thus be at pump pressure.
PAR  The last step comprises sensing of the pressure of the oil contained within
      the chamber 16 during the temporarily interrupted flow thereof to
      determine if the engine's oil pump is running at its rated output
      capacity.
PAR  An additional step will be required when the engine to be tested is of the
      type equipped with the filter by-pass valve 26. This additional step
      includes plugging of the oil passage 28 leading to the filter by-pass
      valve 26 from the oil chamber 16 so that oil from that chamber is
      prevented from reaching the valve.
PAR  While the principles of the invention have now been made clear in an
      illustrated embodiment, there will be immediately obvious to those skilled
      in the art, many modifications of structure, arrangements, proportions,
      the elements, materials, and components used in the practice of the
      invention, and otherwise, which are particularly adapted for specific
      environments and operation requirements without departing from those
      principles. The appended claims are therefore intended to cover and
      embrace any such modifications within the limits only of the true spirit
      and scope of the invention.
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STM  What I claim is:
NUM  1.
PAR  1. A method for testing oil pressure in an engine to determine if low oil
      pressure is being caused by a faulty oil pump assembly or by a faulty
      engine lubricating system, said method comprising the steps of:
PA1  a. removing the spin on oil filter from the oil filter mounting pad of the
      engine to expose the oil inlet passage, the oil outlet passage and the oil
      chamber thereof;
PA1  b. closing the oil chamber of said mounting pad with an adapter means to
      prevent leakage of the oil supplied thereto from the oil pump assembly
      when the engine is running;
PA1  c. directing the oil supplied to the oil chamber of said mounting pad
      through said adapter means to the oil outlet passage of said mounting pad
      for lubrication of the engine;
PA1  d. interrupting the flow of oil through said adapter means temporarily so
      that the oil in the oil chamber of said mounting pad is contained therein;
      and
PA1  e. sensing the pressure of the oil temporarily contained within the oil
      chamber of said mounting pad to determine if the oil pump assembly is
      operating at its rated capacity.
NUM  2.
PAR  2. A method for testing oil pressure as claimed in claim 1 comprising the
      additional step of plugging the filter by-pass valve, when said mounting
      pad is supplied with a by-pass valve to prevent oil from passing
      therethrough to the engine lubricating system.
NUM  3.
PAR  3. An apparatus for determining if low oil pressure in an engine is due to
      a faulty oil pump assembly or due to a faulty engine lubricating system
      comprising in combination:
PA1  a. an engine having an oil filter mounting pad in which an oil chamber is
      provided for receiving oil from the oil pump of said engine and from which
      oil is supplied to the lubricated parts of said engine through a hollow
      externally threaded stud protruding from the mounting pad;
PA1  b. adapter means sealingly demountably attached to the mounting pad of said
      engine to prevent leakage therefrom of the oil supplied to the oil chamber
      thereof, said adapter means having a passage means formed therethrough for
      directing oil from the oil chamber of the mounting pad to the lubricated
      parts of said engine;
PA1  c. valve means on said adapter means and in communication with the passage
      means thereof, said valve means actuatable to selectively close the
      passage means in said adapter means to temporarily prevent the flow of oil
      therethrough; and
PA1  d. pressure indicating means coupled to said adapter means and in
      communication with the oil chamber of the mounting pad of said engine for
      sensing the pressure of the oil supplied thereto by the oil pump assembly
      of said engine.
NUM  4.
PAR  4. An apparatus as claimed in claim 3 wherein said adapter means comprises:
PA1  a. a plate having an aperture formed therethrough for receiving the stud of
      the mounting pad of said engine, said plate having a first oil passage
      formed therethrough to which said pressure indicating means is coupled and
      a second oil passage communicating between the sealing face of said plate
      and the aperture thereof to supply oil to that aperture;
PA1  b. means on the sealing face of said plate for forming a seal between said
      plate and the mounting pad of said engine; and
PA1  c. a mounting nut within the aperture of said plate and in threaded
      engagement with the hollow stud of the mounting pad of said engine, said
      nut adapted to sealingly demountably attach said plate to the mounting pad
      of said engine and direct the oil supplied to the aperture of said plate
      into the hollow stud of the mounting pad of said engine.
NUM  5.
PAR  5. An apparatus as claimed in claim 4 wherein said adapter means further
      comprises means within the aperture of said plate for preventing the
      direct entry of oil into the aperture from the oil chamber of the mounting
      pad of said engine.
NUM  6.
PAR  6. An apparatus as claimed in claim 4 wherein said mounting nut comprises:
PA1  a. a head having means thereon by which said head may be gripped for axial
      rotation; and
PA1  b. at least one boss integral with said head and disposed to extend axially
      therefrom, said boss having an internally threaded bore formed axially
      therein and having a circumference which is smaller than the peripheral
      dimension of said head to form a shoulder therebetween, said boss having
      at least one aperture formed therein transverse with respect to the bore
      and communicating between the periphery and the bore of said boss.
NUM  7.
PAR  7. An apparatus as claimed in claim 4 wherein said adapter means further
      comprises a plug for use in engines of the type employing a filter by-pass
      valve, said plug demountably inserted within the oil passage leading from
      the oil chamber of the mounting pad of said engine to the by-pass valve to
      block the flow of oil thereto.
NUM  8.
PAR  8. An apparatus as claimed in claim 3 wherein said valve means comprises:
PA1  a. a housing having a bore formed therethrough;
PA1  b. a slide valve mounted in the bore of said housing and axially slidable
      therein for movement into and out of the passage means of said adapter
      means for selectively closing and opening that passage means; and
PA1  c. means for biasingly urging said slide valve out of the passage means of
      said adapter means.
NUM  9.
PAR  9. An apparatus as claimed in claim 3 wherein said valve means comprises:
PA1  a. a housing mounted on said adapter means and having a bore formed
      therethrough which communicates with the passage means of said adapter
      means;
PA1  b. a slide valve having a valve head on one end thereof, said slide valve
      axially slidably movable in the bore of said housing from an extended
      position where the valve head thereof closes the passage means of said
      adapter means to a retracted position where the valve head is withdrawn
      for opening of the passage means of said adapter means; and
PA1  c. biasing means for yielding urging said slide valve to the retracted
      position thereof.
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ABST
PAL  A cable tension tester including a hang-on device having spaced clamping
      rollers and a central tang for bending the cable by lateral displacement
      through a predetermined departure .DELTA. from a straight line. A load
      cell connected to the tang measures the force required to maintain the
      departure. The tester comprises a frame, a slide body for clamping and
      bending the cable, a lever-type actuator and a spring connecting the
      actuator to the slide body so as to avoid local flattening of large
      diameter cables. In the illustrated form, the tester is part of a motor
      vehicle brake cable tension adjuster including a controller having one or
      more comparators for comparing measured tension to tension reference
      values. A difference signal is applied to a control valve to operate an
      air wrench which turns a nut on a tension adjustment shaft while the
      parking brake pedal is maintained in a fixed position.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to a method and apparatus for testing cable or wire
      tension and particularly to a control system incorporating a cable tension
      test apparatus for adjusting the tension in a mechanical brake actuation
      cable for a motor vehicle.
PAC  BACKGROUND OF THE INVENTION
PAR  There are many instances where the tension in a cable or wire is a critical
      factor in the overall performance of a system which includes the tensile
      member; an example is the adjustment of a mechanical brake actuation cable
      in a motor vehicle. In this and many other examples, it is necessary to
      perform a tension measurement without actually placing a test element in
      the tensile force path; i.e., without using the test element as a link
      between cable or wire segments or between a cable or wire end a securement
      device. Moreover, it is highly desireable to be able to obtain a quick,
      nondestructive and accurate tension reading without regard to such
      variable factors as cable diameter.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention provides a cable tension tester which operates
      nondestructively and without the requirement for a free cable end or
      otherwise introducing the tension tester into the tensile path as a
      functional part thereof. In general this is accomplished by distorting the
      tensile member, i.e., cable or wire, by lateral displacement through a
      controlled increment of displacement and measuring the force required to
      produce such displacement by means of an electronic load cell sensitive to
      shear. In a preferred embodiment, the apparatus by which this method is
      carried out includes a hang-on tester device having a three-point cable
      distortion head which attempts to force the cable into a predetermined
      lateral bend configuration which is resisted by the tension tending to
      maintain the cable or wire in a straight condition. The device of the
      present invention includes a novel load cell which detects tension as a
      function of the shear strain produced in the load cell body while holding
      the cable in the deformed configuration.
PAR  Another feature of the invention is the provision of a cable tension
      adjuster system and method of operation wherein cable tension signals are
      fed to a suitable controller where they are compared to a predetermined
      program including one or more tension values. The controller in turn
      produces an error signal which is fed to a device such as the control
      valve for an air wrench, to tighten or loosen the cable as is necessary to
      cause actual tension to conform to program tension. Thus, the control
      system operates in a closed loop fashion to adjust cable tension to one or
      more predetermined programmed values.
PAR  In accordance with a further feature of the invention, a hang-on test
      device is provided which is unaffected by moderate variations in cable
      diameter. In general, this is accomplished by means of a tension tester
      head having a laterally accessible cable channel for hang-on installation
      and a slide-type closure which urges a deformation clamp of predetermined
      configuration into engagement with the cable through a resilient
      intermediary member, such as a precision spring, to apply a precise load
      to the cable irrespective of cable diameter. In the illustrated form of
      the invention, the tension tester head comprises a frame and a slidable
      head mounted on the frame and driven by an overcenter manually operated,
      mechanical linkage through a precision spring to urge the deformation head
      into engagement with the cable. The cable is clamped between spaced
      opposing roller assemblies and is bent by a central tang into a lateral
      bend configuration, i.e., a V-shaped section having precisely located end
      points. The tang is directly connected to a suitable electronic load cell
      which measures strain in a direction perpendicular to the cable as a
      direct function of cable tension.
PAR  In accordance with a still further feature of the invention, a novel load
      cell configuration is provided which is inexpensive and expeditious to
      fabricate and which provides precise strain readings as a function of
      shear in a plurality of thin web or wall sections in an otherwise rugged
      and easily machined load cell body.
PAR  Many other features and advantages of the subject system including the
      provision of a magnetic quick disconnect in the tension tester electrical
      line will be recognized and appreciated from the following description by
      those skilled in the art. For a detailed description of the present
      invention, reference should be taken to the following specification.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematicized diagram of a brake cable tension tester and
      adjustment system for use in the manufacture of motor vehicles;
PAR  FIG. 2 is a plan view of a hang-on brake cable tension tester which is
      useful in the system of FIG. 1;
PAR  FIG. 3 is a side sectional view of the cable tension tester;
PAR  FIG. 4 is a side view along another section line 4--4 of the cable tension
      tester;
PAR  FIG. 5 is perspective view of a load cell used in the tension tester of
      FIGS. 2, 3, and 4;
PAR  FIG. 6 is an electrical diagram of control circuitry useful in the
      implementation of the load cell of FIG. 5;
PAR  FIG. 7 is a program of tension vs. time in a typical brake cable
      installation procedure involving the invention;
PAR  FIG. 8 is a side view in section of a magnetic disconnect device used in
      the system of FIG. 1;
PAR  FIG. 9 is a plan view of a part of the disconnect device.
DETD
PAC  DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENT
PAR  Looking now to FIG. 1 there is shown a vehicle 10 stationed in an assembly
      lane which requires movement from left to right and having mechanically
      actuable rear brake units 12 and 14 disposed on an axle assembly 16 of
      conventional design. Brake units 12 and 14 are mechanically actuable by
      means of a representative conventional cable-type actuator including a
      foot-operated pedal 18, actuator crank 20, and ratchet 22. Crank 20 is
      connected by means of cable or rod-type linkage 24 to pivot arm 26 which
      is mounted on the underside of the vehicle 10 for pivotal motion about
      pivot point 28. The center of arm 26 is pivotally connected to a threaded
      shaft 30 which extends through the center of a saddle member 32 and is
      provided with an adjustment nut on the left side of the bar 32 so as to
      permit adjustments to be made in the tension of brake actuator cables 34
      and 36 which extend from the bar 32 rearwardly to the brake units 12 and
      14, respectively. A mechanical turning block 38 may be provided whereby
      the cables 34 and 36 extend substantially in parallel between block 38 and
      bar 32.
PAR  In accordance with the invention, a tension tester 40 is shown in operative
      engagement with the longitudinally parallel portion of cable 36 between
      block 38 and bar 32 for the purpose of providing an electrical signal
      which is carried by way of line 42 to a program controller 44 having
      selector dials 46 for establishing one or more set points in a program of
      tension tests as hereinafter described. Controller 44 produces an output
      signal upon the comparison between the measured cable tension and one or
      more reference values, this output signal being transmitted by way of line
      48 to a control valve 49 for a pneumatic wrench 50 which is shown in FIG.
      1 in operative engagement with the tension adjustment nut on the left end
      of threaded shaft 30, as seen in FIG. 1. Air wrench 50 is connected to a
      high-pressure air source, such as pump 52, so as to be capable of driving
      the nut along the shaft 30 in either direction in accordance with the
      control signal received by way of line 48.
PAR  Looking to FIGS. 2 through 4 in combination with FIG. 2, the details of the
      tension tester 40 are shown to comprise an elongated rigid metal frame 54
      carrying a slide body 56 which is slidably mounted on the frame 54 for
      relative displacement along the longitudinal axis of the tester 40. An
      open cable channel for providing lateral access between the cable 36 and
      the tester 40 is provided by means of an upper plate 58 which is mounted
      on the frame 54 and in spaced parallel relation therewith. A pair of upper
      rollers 60 and 62 are rotatably journalled between the plate 58 and the
      frame 54. Body 56 carries a second set of rollers 64 and 66 which directly
      oppose rollers 60 and 62, respectively, at the lateral edges of the tester
      40, as best shown in FIG. 2. Rollers 64 and 66 are journalled between
      spaced upstanding fingers 68 and 70 of the body 56 and slide with the body
      56 relative to the frame 54 and the upper rollers 60 and 62. Disposed
      centrally between the rollers is a load cell 72 rigidly secured to the
      body 56 and carrying a longitudinally extending deformation tang 74 and
      having a rounded, blunt end which projects into the cable channel for the
      purpose of deforming the cable into the two legged lateral bend
      configuration; i.e., the cable length between the centerlines of the
      opposing rollers is bent into two straight legs of equal length and each
      angularly displaced from a straight line path by the angle .phi.. Tang 74
      is rigidly secured to the load cell body 72 with the centerline a distance
      d from the centers of the opposite rollers 64 and 66 such that when the
      body 56 is driven longitudinally upwardly toward rollers 60 and 62, a
      cable in the channel is clamped between the rollers and deformed as
      indicated above. Tang 74 always projects a fixed distance .DELTA. beyond
      the tangential surfaces of rollers 64 and 66. Wedge surfaces 76 on the
      frame 54 immediately beneath the rollers 60 and 62 guide the cable into
      the slot as the tester 40 is hung on the cable in the test operation
      depicted in FIG. 1.
PAR  As seen in FIG. 2, appropriate cable deformation is provided by means of a
      manually operated linkage including a crank body 78 mounted on the
      lowermost extension 80 of frame 54 for pivotal motion about pin 82. A
      lever 84 having a knob 86 is provided to swing the crank body 78 between
      an open orientation and a closed orientation which is defined by a
      mechanical stop 85 on the frame extension 80. Crank body 78 is connected
      by way of link 88 to a plunger 90, pivotal connections 92 and 94 being
      provided at opposite ends of the lever 88 for obvious reasons. Plunger 90
      is provided with an elongated slot 96 which receives a pin 98 mounted on
      the frame extension 80 to limit the travel thereof along the axis of the
      frame 54. Plunger 90 bears against a compensator spring 100, which in turn
      drives the slide body 56 to the cable clamping position whenever the
      handle lever 84 is moved in the clockwise direction as shown in FIG. 2 to
      straighten out the linkage comprising crank 78 and link 88. It can be seen
      that the body 56 is driven upwardly toward plate 58, the rollers 64 and 66
      moving toward the rollers 60 and 62, respectively, until the cable 36 is
      clamped therebetween and the tang 74 bears against the cable 36 to deform
      it laterally, as previously described. Thus, cable deformation of a
      controlled nature is provided regardless of the diameter of the cable 36
      over substantial range of cable diameters; i.e., rollers 60 and 62 and
      tang 74 always provide a three-point bearing against the cable 36. The
      strain produced by the lateral distortion of the tension cable 36 operates
      on shear sensitive load cell 72 to produce an electrical signal which is
      conveyed by way of line 42 to the controller 44, as previously described.
PAR  It can be seen that as cable 36 is deformed into two legs by the
      combination of the rollers and tang when the tester 40 is in the cable
      clamping position, as previously described, the tension in the cable and
      along the legs is related to the lateral force exerted by the cable due to
      its lateral deformation on the tang 74 according to the following formula:
PAC  F.sub.m = 25 sin .phi.
PAL  where: sin .phi. for small angles is equal to: .DELTA./d.
PAR  Looking now to FIG. 5, the load cell 72 is shown to comprise a body of
      solid machinable material, such as aluminum, having a generally
      rectangular configuration and having parallel axial bores 102 and 104
      formed therein to define thin webs or wall section such as 105 and 106 on
      each side on which laminated pairs of variable resistance strain gauges
      109 and 110 are mounted. Although not showing in FIG. 5, a second set of
      laminated pairs is mounted on the opposite side of the cell 72 exactly
      like pairs 109 and 110. An elongated aperture 113 is machined into the
      load cell body along with a channel 114, as shown. The tang 74 is shown to
      fit into the slot 114 with the tang shoulder bearing directly against the
      top of body 72. Tang 74 is held in place by means of a set screw 115. When
      the tang 74 is subjected to the axial force of the deformed cable 36, this
      force is transmitted downwardly through the center portion of the body 72
      which is isolated from the remainder of the body by the machined areas
      102, 104 and 113 previously described such that a shear strain is produced
      in the thin webs which connect the center to the outer portion of cell 72.
      The strain gauge resistors which are laminated to the outside surfaces of
      the body over the webs produce a resistance variation in response to this
      shear strain, this resistance variation being directly calibrated to
      indicate force (F.sub.m).
PAR  Looking now to FIG. 6, the details of the arrangement of the strain gauge
      pairs in a Wheatstone bridge circuit are shown. The laminated pairs each
      comprise strain sensors of the well known parallel conductor type having
      the faces thereof disposed with the axes of sensitivity at 90.degree.
      angles to one another so as to provide in each pair a tension sensitive
      gauge and a compression sensitive gauge. For example, one gauge of pair
      109 is mounted with the axis at 45.degree. to the axis of web 105 (bore
      104) in one direction so as to respond to loading of cell 72 in tension
      while the other gauge has the axis thereof 45.degree. from web 105 in the
      other direction so as to respond in compression. The gauges are then
      connected into serial pairs, each serial pair making up a leg of the
      Wheatstone bridge 120, as shown in FIG. 6. The tension gauge on one side
      is connected in series with the tension gauge on the opposite side of cell
      72 and likewise for the compression gauges. The tension legs are then
      connected opposite each other as shown. The Wheatstone bridge is shown to
      have corner terminals 121 and 122 to which a source of electrical supply
      is connected and corner terminals 123 and 124 which represent the output
      terminals of the bridge. The output terminals are connected through
      balancing trim resistors 125 into an amplifier 126 which amplifies the
      relatively weak signal from the bridge and applies it to the comparator
      128 which forms part of the controller 44, shown in FIG. 1. The comparator
      128 is shown in FIG. 6 to comprise a selector switch 130 which is
      selectively connectible to each of the limit setting terminals 132, 124,
      and 136 to establish a sequence of strain or tension values to be attained
      in a program of tension tests hereinafter described in greater detail with
      reference to FIG. 7. Whenever the signal from the amplifier 126 matches
      the reference value established by the location of the selector switch 130
      relative to the terminals 132, 124, and 136, an output signal from the
      comparator 138 is generated. This signal is applied to the tool controller
      138 which determines whether the tool should be driven forwardly or in
      reverse or stopped altogether. Both the air wrench and the controller 138
      are conventional devices and may be obtained from several sources well
      known in the pheumatic tool industry.
PAR  Looking now to FIG. 7, a preferred vehicular brake cable tension
      installation sequence will be described. The sequence operation involves
      hanging the tester 40 on the cable 36 and operating the lever linkage to
      clamp the cable and deform the cable as previously described. At this
      point, the adjustment nut on threaded shaft 30 is preferably in the fully
      backed off position so that cable tension is very low. At this point the
      first set point is established by setting switch 130 on the first terminal
      132, the value of the limit defined by terminal 132 being previously
      established by proper disposition of the dial 46 on the controller 44, as
      previously described. The tool 50 is actuated to run the nut on shaft 30
      in such a direction as to tighten the cable up to a tension of 300 pounds,
      this value being selected to be substantially in excess of that normally
      required to operate the brake units 12 and 14. Once the value of tension
      in the cable 36, as represented by the signal on line 42 from tester 40,
      compares to the reference value established by the first set point, the
      control signal from controller 44 stops the tool 50 and a dwell of several
      seconds (shown as three seconds) is experienced in order to allow all of
      the relatively newly assembled brake and actuator components to settle
      into place. At this point, a new set value is established and the nut on
      threaded shaft 30 is backed off until cable tension is only about 100
      pounds. At this point, the tool is again reversed and the nut is driven to
      a new and final tension value of approximately 200 pounds. The tool 50 is
      then disengaged from the nut and the nut and the vehicle is passed on to
      the next station. It is to be understood that the actuator pedal 18 is
      placed in a predetermined and fixed position during all of the
      aforementioned testing and is thereafter released to the brake released
      position so that the vehicle can be moved along the assembly line in the
      normal fashion.
PAR  It will be understood that all of the aforementioned program set points can
      be manually set and the tool 50 can be manually controlled by way of a
      trained operator. Under these circumstances, controller 44 need provide
      nothing more than a visual readout of measured cable tension via display
      150 and a means for permitting manual control of the direction and speed
      of operation of the tool 50. However, it has been found preferable to
      employ a prewired controller 44 which establishes the program of tension
      values thus to require the operator only for the tasks of placing the
      tester 40 on the cable, closing the clamping rollers, and thereafter
      opening the tester and removing it from the cable 36 after the test and
      cable tension adjustment process has been completed.
PAR  FIG. 1 shows a quick-disconnect device 155 in line 42 between tester 40 and
      controller 44. FIGS. 8 and 9 show the device 155 to include a cylindrical
      plastic body 156 having an axial through-bore 158 surrounded by permanent
      magnets 160. Device 155 further comprises a cap 162 of ferromagnetic
      material having a male terminal 164 which aligns with bore 158. The line
      42 from tester 40 is wired into a female terminal (not shown) in bore 158
      while the remainder of line 42 to controller is wired into terminal 164 in
      cap 162. The principal connecting force between body 156 and cap 162
      arises from the attraction of the magnets 160. Thus, any inadvertence or
      emergency situation in the use of the system of FIG. 1 whereby the vehicle
      10 passes beyond the limit of extension of cable 42 simply results in a
      disconnection of the tester 40 from the controller 44. The tester 40 is
      easily retrieved and reconnected.
PAR  It is to be understood that the invention has been described with reference
      to an illustrative embodiment and that the foregoing specification is not
      to be construed in a limiting sense. while the device has been described
      as a "cable" tester, it is apparent that it may be employed to determine
      tension in any relatively flexible or bendable elongate member.
CLMS
STM  Having thus described our invention we claim:
NUM  1.
PAR  1. A method for adjusting tension in a cable or the like comprising the
      steps of: contacting the cable centrally of a confined length with a body
      of high modulus of elasticity material, laterally displacing the confined
      length of the cable through a predetermined departure .DELTA. from a
      straight condition by causing displacement of the body, generating an
      electrical signal representing the stress produced in the body when
      transmitting a sufficient force required to maintain the displacement,
      comparing the electrical signal with a reference signal, and adjusting the
      cable tension until the measured signal is equal to the reference signal.
NUM  2.
PAR  2. A method for adjusting tension in a brake cable in a vehicle including
      the steps of: placing a brake cable actuator in a predetermined fixed
      position, laterally displacing a confined length of the cable through a
      predetermined departure .DELTA. from a straight line condition while
      holding the actuator in said fixed position, determining the force
      required to maintain the displacement, comparing the measured force to a
      reference value representing desired cable tension, and adjusting cable
      tension via an adjustment fixture independent of the actuator until
      measured force equals the reference value.
NUM  3.
PAR  3. Apparatus for determining the tension in a cable or the like comprising:
      a tester device including a frame, means fixed on the frame for engaging
      the cable at two spaced points to define a predetermined straightline
      cable length, selectively actuable means movably mounted on the frame and
      including a body of high modulus of elasticity material disposed for
      contacting the cable centrally between said two spaced points for
      laterally displacing a center point on the predetermined length through a
      lateral departure .DELTA. from the straight line condition, said body
      including strain gage means disposed in intimate contact thereon for
      producing an electrical signal quantity representing the stress produced
      in the body when transmitting a force to the cable sufficient to maintain
      the lateral departure as a static condition, said selectively actuable
      means further comprising actuator means mechanically connected between the
      frame and the body and operable for causing displacement of the body
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein the selectively actuable means
      comprises a slide displaceably mounted on the frame.
NUM  5.
PAR  5. Apparatus as defined in claim 3 wherein the actuator means includes an
      input link and a spring between the link and the body to vary the
      displacement of the body according to the diameter of the cable.
NUM  6.
PAR  6. Apparatus as defined in claim 3 wherein the means fixed on the frame
      includes a first pair of spaced rollers on the frame for contacting the
      cable, the apparatus further including a second pair of rollers mounted on
      the slide in opposed registration with said first rollers to clamp the
      cable therebetween, and a tang carried on the body of high modulus
      material centrally between the second rollers and having a blunt end
      projecting the distance .DELTA. beyond the tangential end contact surfaces
      of second rollers.
NUM  7.
PAR  7. A load cell comprising a rigid body of material having a high modulus of
      elasticity, a pair of spaced parallel bores in the body from an end
      thereof to define two pairs of opposite flexural areas, a third bore
      through the body at right angles to the pair of bores and spaced therefrom
      to define a central area isolated from the load cell body by the flexural
      areas and said third bore, an input member on the central area for
      receiving input forces having a component along an axis parallel to the
      pair of bores, and strain gauge means mounted on the flexural areas and
      connected to measure the shear force in the flexural areas as a result of
      said component.
NUM  8.
PAR  8. A brake cable tension adjustment control system comprising: a tension
      tester engageable with a brake cable and having spaced contact means for
      defining a fixed confined length of said cable, a tang centrally mounted
      between the contacts for laterally displacing the confined length through
      a departure .DELTA. from a straight-line condition, load cell means
      carried by the tester for providing an output signal representing the
      force on the tang maintaining the cable departure, means for producing at
      least one cable tension reference value, comparator means for comparing
      the output signal to the reference value and for producing a difference
      signal, and a brake cable tension adjustment tool connected to be
      controlled by the difference signal to change cable tension in a direction
      tending to reduce the difference signal to zero.
NUM  9.
PAR  9. A method for adjusting tension in a brake cable in a vehicle including
      the steps of: placing a brake cable actuator in a predetermined fixed
      position, laterally displacing a confined length of the cable through a
      predetermined departure from a straight line condition while holding the
      actuator in the fixed position, measuring the force required to maintain
      the displacement, substantially increasing the tension in the cable beyond
      the normal tension limit for the brake cable system, maintaining the
      excess tension condition for a dwell time, and thereafter reducing the
      cable tension to a reference value representing desired cable tension.
NUM  10.
PAR  10. In a system for monitoring brake cable tension: a hang-on tensiometer
      including strain gage means for producing an electrical signal
      representing the stress transmitted through a rigid body while distorting
      the brake cable through a predetermined lateral displacement, a controller
      responsive to the electrical signal quantity to vary brake cable tension,
      and conductor means connected between the hang-on tensiometer and the
      controller means, said conductor means comprising a disconnect device
      including a first cylindrical body adapted to receive an electrical
      terminal and carrying peripherally spaced magnets and a second body
      carrying a second electrical terminal matable with the first terminal and
      further comprising a disc of ferromagnetic material which is strongly
      attracted by the magnets in the first body to maintain the terminals in
      electrical contact with one another.
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ABST
PAL  A rain gauge comprising a counter and a pivoted bi-stable receiver having
      two compartments and which is adapted to pivot between first and second
      limit positions. A collector operates to collect the rainwater and directs
      it into one or the other of the compartments depending upon where the
      receiver is positioned. When the operative receiver compartment
      accumulates a predetermined amount of water, for example water
      representative of one-tenth of an inch of rainfall, it pivots to the other
      limit position, placing the other compartment in the operative position,
      dumping the contents of the first compartment and actuating a counter
      which registers the increment of rainfall. The actuation of the counter is
      accomplished by applying an electrical pulse to the counter, the pulse
      being generated by the pivotal movement of the receiver. The pulse is
      generated by a sensor cooperating with and sensing receiver movement such
      as reed switch responsive over the middle range of its movement to a
      magnet carried by the receiver. Adjustable counterweight means are
      provided to adjust the balance of the receiver to enable accurate
      calibration of the gauge.
BSUM
PAR  The present invention relates to rain gauges and is particularly directed
      to an electronic digital rain gauge in which a counter device registers
      predetermined increments in the cumulative rainfall.
PAR  Rain gauges of this character have previously been available, but there has
      not been a rain gauge which is of simple structural manufacture as to
      enable it to be produced in substantial quantities at a reasonable cost
      and yet which is fully effective and reliable to record the cumulative
      rainfall.
PAR  The present invention provides a rain gauge which is highly economical to
      produce and assemble and yet which is fully effective and reliable in
      operation and use.
PAR  The invention is characterized by a simple electrical system including a
      counter, a battery, and battery connectors in a remote recording unit
      coupled with a reed switch in the measuring unit, the reed switch being
      operated by a magnet to close the circuit including the battery and the
      counter momentarily to register a single increment on the counter after
      each period when a predetermined quantity of rainfall has occurred. A
      magnetic operator for the reed switch is mounted on a bi-stable pivoted
      receiver having a pair of compartments which are operable to be
      alternatively positioned to receive the rainwater and to discharge
      automatically upon accumulation of a predetermined increment of rainfall,
      said automatic discharge effecting operation of said reed switch by said
      magnet.
PAR  Furthermore, the arrangement of the measuring unit is such that it operates
      effectively regardless of the rate at which the rain is falling.
PAR  In particular, the present invention provides a rain gauge in which a
      bi-stable receiver is provided with a magnet which sweeps through a
      limited angular arcuate path in a vertical plane upon displacement of the
      bi-stable receiver from one limit position to the other. A reed switch is
      disposed closely adjacent and parallel to said arcuate path with a pair of
      overlapping reed elements disposed with their overlapping portions
      adjacent the mid-point of said arcuate path.
PAR  The bi-stable receiver of the rain gauge of the present invention is
      provided with adjustment means for adjusting the limit positions of the
      receiver and for adjusting the balance of the receiver to enable
      calibration of the unit within standard manufacturing tolerances, thereby
      permitting standard manufacturing techniques without the necessity for the
      precision assemblies of the prior art.
DRWD
PAR  All of the objects of the invention are more fully set forth hereinafter
      with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a view of a rain gauge unit including a measuring unit and a
      remote recording unit made in accordance with the present invention;
PAR  FIG. 2 is a circuit diagram of the electronic components of the gauge;
PAR  FIG. 3 is a perspective view of the base of the measuring unit with the
      frustoconical cover removed;
PAR  FIG. 4 is a transverse sectional view taken on the line 4--4 of FIG. 1; and
PAR  FIG. 5 is a fragmentary sectional view taken on the line 5--5 of FIG. 4.
DETD
PAR  Referring now to FIG. 1, the rain gauge comprises a measuring unit 10 which
      is adapted to be mounted in a position to collect the rainfall. A remote
      recording unit 11 is connected to the measuring unit 10 by a cable 12, the
      recorder 11 including a counter 14 which is operable to register a count
      when it is fed a momentary pulse. A reset button is provided at 13 to
      reset the counter to zero when it is desired to initiate a fresh count.
PAR  As shown in FIG. 2, the circuitry of the gauge is simple and comprises a
      standard counter unit 14 and a battery 15 adapted to be connected into the
      circuit by a plug-type connector 16 within the recording unit 11. The
      connecting cable 12 is connected as shown to the elements in the recording
      unit 11 at one end and is connected to the opposite ends of a reed switch
      17 in the measuring unit 10 at the other end. The reed switch 17 in the
      present instance is an encapsulated unit which includes a pair of reed
      elements 18 and 19 in the form of resilient flexible leaves of magnetic
      material which are actuated into momentary engagement by passage of a
      magnetic field therealong. It is apparent that each momentary closure of
      the reed switch 17 generates a pulse from the battery 15 which is fed to
      the counter to actuate its register.
PAR  The mechanism for causing the passage of the magnetic field through the
      range of the reed switch 17 is best illustrated in FIGS. 3-5. A one-piece
      member 22 which may be of molded inert plastic material or stamped and
      formed sheet metal, as shown, provides both stop arms 23 and shaft support
      columns 25. The reed switch 17 is mounted horizontally between and through
      insulating and cushioning bushings in upstanding stop arms 23. Between the
      support columns 25,25, a journal shaft 27 is rotatably supported
      horizontally above and perpendicular to the vertical plane containing the
      reed switch. A bi-stable receiver 28 is supported on shaft 27 and thereby
      pivotally mounted for movement between stable positions against the tops
      of stops 23, which alternative positions are shown respectively in full
      and broken lines in FIG. 4.
PAR  The receiver 28 is trough-like in form having a substantially flat base
      portion 32 and upstanding sidewalls 33,33. A medial partition 34 bisects
      the receiver between the open-ends of the trough to provide a pair of
      symmetrical compartments 35 and 35. As shown in FIG. 4, the receiver 28 is
      pivotal between the opposite limit positions in which the base 32 of the
      trough-like receiver bears alternatively on the left or righthand stop
      arms 23. To insure bi-stability, the bottom 32 is spaced at an elevated
      position above the journal shaft 27 by support legs 38 and 38a which
      extend downwardly from the base. The leg 38 extends substantially below
      the journal shaft and at its lower end supports a permanent magnet 39. The
      pivotal movement of the receiver from one bi-stable position to the other
      causes the magnet to travel in an arcuate path of limited angular extent
      generally tangent to reed switch 17 between the limit positions shown in
      FIG. 4. In these limit positions, the magnetic field does not link both
      reeds. In the mid-point of the arcuate path, however, the magnet passes
      into close proximity to the overlapping portions of the reed switch leaves
      18 and 19 causing the normally open contacts of the switch, the
      overlapping leaves, momentarily to close to reduce their magnetic
      reluctance. It will be observed that the simple geometry of the tangent
      arrangement of the reed switch to the path of movement of the magnet and
      provision of a relatively long path of movement which need not be, but for
      simplicity preferably is, arcuately combined to make a simple, highly
      reliable structure requiring no magnetic shields. In fact the smaller and
      simpler the permanent magnet the better. The principle is to move a small
      actuator over a path long relative to the effective range of the sensor.
PAR  The measuring unit 10 is operable to collect successive fixed volume
      increments of water which cause repeated displacement of the receiver from
      one limit position to the other upon accumulation of predetermined volumes
      of rainwater alternately in the respective compartments of the receiver.
      To this end, the measuring unit 10 is provided with a frustoconical cover
      42 which terminates at its upper end in a ring whose inner diameter
      provides a collection opening 43 having a size selected to collect a
      predetermined quantity of water for each increment of rainfall. For
      example, a diameter of approximately 2.5 inches in the opening 43 will
      collect approximately 5 cubic inches of water for each inch of rainfall.
      The same opening will collect approximately 0.5 cubic inch of water for
      each one-tenth inch of rainfall. Underlying the opening 43 is a funnel
      element 44 which is centered over the shaft 27 of the receiver 28 in order
      to direct the water collected through the opening 43 into whichever one of
      the compartments 35 is in position to receive the water.
PAR  It is preferred to fabricate the receiver 28 and the standard 22 from an
      inert plastic material which is not subject to corrosion or other damage
      by rainwater or the atmospheric elements. The plastic is a type which may
      be inexpensively molded to fairly accurate dimensions and maintains good
      dimensional stability over its life. In addition to molding the receiver
      28 in one piece, the housing and base can be molded of relatively few
      simple pieces. For various reasons, it may be desirable to have a separate
      removable funnel 44 so that separation of the cover into two frustoconical
      pieces 42a and 42b is desirable. Housing piece 42b, if provided with a
      snug fitting center hole for the funnel spout, will provide indexing means
      if the funnel in turn nests inside housing piece 42, as shown. The
      circular pan base 45 may have sheet metal member molded into it or
      separately fastened to it in different embodiments but is preferably
      provided with a conforming beveled rim 45a which snugly fits within
      housing member 42b, as shown, and permits screw connection using screws
      45b as seen in FIG. 5. The arrangement provides a smooth contour housing
      of great simplicity and appealing appearance while at the same time
      minimizing assembly problems, which consist of putting the switch in place
      and assembling support columns to the shaft 27, plus adding the magnet 39.
      The smooth contour and enclosure of the funnel is also functional in that
      only water entering the opening 43 passes through the funnel into the
      system. Water outside the opening is diverted down the frustoconical slope
      of the cover.
PAR  The connections of the support legs 38 and 38a are selected in conjunction
      with the stop arms 23 to position the receiver in each limit position at
      an angle such that an accumulation of water resulting from a one-tenth
      inch of rainfall is sufficient to change the center of gravity of the
      receiver from one side of the journal shaft 27 to the other side and
      thereby cause the bi-stable receiver to pivot from its one limit position
      to its other limit position. As shown in FIG. 4, pivotal movement of the
      receiver from one limit position to the other tilts the bottom or base 32
      so as to discharge the water collected in the receiver into the base of
      the collector. In the present instance, the base of the collector is in
      the form of a pan 45 having a drain hole 46 for discharging the collected
      water. Alternate methods for disposing of the collected water may also be
      provided if desired.
PAR  It is apparent that the receiver 28 will remain in either limit position
      whereby the compartment 35 opposite the supporting stop will receive the
      water discharged from the funnel 44 by reason of additional rainfall until
      sufficient water has accumulated to shift its center of gravity to the
      opposite side of shaft 27. When sufficient water has accumulated in the
      first receiving compartment, the receiver 28 is displaced to its opposite
      stable position and water is collected in the second compartment until it
      shifts back. The operation is repetitive between the two stable positions.
      Each pivotal movement of the receiver from one limit position to the other
      causes the magnet 39 to travel in its arcuate path past the sensitive area
      of the reed switch 17 to thereby momentarily close the switch and generate
      a pulse to register on the counter.
PAR  In order to enable accurate calibration of the collector 10 to generate a
      pulse for each increment of rainfall, the present invention provides
      extremely simple adjustment means. To this end, the bottom 32 is provided
      with an adjustable abutment 48 to engage against each stop arm 23. In the
      present instance, the abutment 48 consists of a threaded fastener 47
      having an enlarged head portion which contacts the upper end of the stop
      arm 23. The position of each screw 47 determines the stable position of
      the receiver when that screw contacts its stop. A coarser adjustment is
      possible where stop arms 23 are of sheet metal, by cutting or bending the
      ends of the arms to shorten them. Either form of adjustment adjusts the
      angular limit position of the receiver 28, or the point at which the
      compartment in operative position will be filled sufficiently to move its
      center of gravity over the shaft 27 to tilt and dump water in the
      compartment. It therefore provides precise adjustment of the size of
      increment of rainfall needed to change receiver position.
PAR  Another coarser adjustment may be provided to adjust the center of gravity
      of the receiver 28. To this end, counter weights are provided in the top
      of the partition 34 as shown at 51,51. The counter weights in the present
      instance comprise machine screws having enlarged heads which may be
      adjusted toward and away from the partition 34 to thereby shift the center
      of gravity of the bi-stable receiver and thereby vary the amount of water
      collected in the receiver compartment needed to move the receiver. It
      should be understood that one or more or all of the counter weights and
      the adjustable abutments may be omitted if they are found unnecessary in a
      particular measuring unit.
PAR  It should be noted that the present invention provides a rain gauge in
      which a measuring unit may be placed in a position where it is subject to
      the elements and a recording unit which may be positioned remotely within
      a protected area. The only electronic component in the measuring unit is
      an encapsulated reed switch whereas the counter and battery elements of
      the electronic circuit are positioned within the recording unit 11. The
      construction of the measuring unit 10 may be primarily of an inert plastic
      material without sacrificing precision and reliability since the
      adjustment means incorporated in the unit enable precise calibration of
      the unit.
PAR  While a particular embodiment of the present invention has been herein
      illustrated and described, it is not intended to limit the invention to
      such disclosure but changes and modifications may be made therein and
      thereto within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electronic rain gauge having a fixed base, a bi-stable receiver
      movable in a repetitive oscillation pattern relative to said base about a
      pivotal axis between a pair of stable limit positions and having two
      complementary compartments each operable to be positioned in operative
      position to collect rainwater when the receiver is in one of the limit
      positions and to dump collected rainwater in said other limit position,
      means to collect rainwater and direct it into said receiver compartments
      alternatively, the rainwater being directed into one of said compartments
      when said receiver is in one limit position and into the other of said
      compartments when said receiver is in the other limit position, said
      compartments being positioned and dimensioned relative to the pivotal axis
      of said receiver to shift the center of gravity of said receiver from one
      side of the pivot axis to the other upon accumulation of a predetermined
      quantity of rainwater in the operative receiver compartment to thereby
      pivotally displace said receiver from one limit position to the other
      limit position, said compartment when displaced to its other limit
      position operable to dump the rainwater collected therein, a recording
      unit having a counter, fixed sensing means to sense change in receiver
      position, and means to transmit a signal to said counter in the recording
      unit upon said sensing, the improvement in which actuator means is mounted
      on said receiver to cooperate with said fixed sensing means, and the
      receiver is a one-piece molded trough-shaped structure having a medial
      partition dividing the receiver into two symmetrical compartments and
      integral structure mounting said receiver on said pivotal axis, said
      structure extending beyond said axis to provide a support for said
      actuator means.
NUM  2.
PAR  2. A rain gauge in accordance with claim 1 in which the fixed sensing means
      is a reed switch and the actuator means is a permanent magnet, said
      extending structure providing a long lever arm from the pivotal axis so
      that the magnet's path of movement passes the effective region of the
      switch and is long compared to that effective region.
NUM  3.
PAR  3. A rain gauge in accordance with claim 2 in which the magnet follows an
      arcuate path and the reed switch is arranged generally tangentially to
      that path.
NUM  4.
PAR  4. A rain gauge according to claim 1 including two sets of cooperating stop
      members on the base and the receiver to determine the respective stable
      limit positions, at least the stop means on the receiver in each set in
      adjustable in position to change the level of the limit position and
      thereby adjust the point of shift.
NUM  5.
PAR  5. A rain gauge according to claim 4 in which the adjustable stop means
      comprises a threaded element in threaded engagement with said one-piece
      molded structure.
NUM  6.
PAR  6. In an electronic rain gauge having a fixed base, a bi-stable receiver
      movable in a repetitive oscillation pattern relative to said base about a
      pivotal axis between a pair of stable limit positions and having two
      complementary compartments each operable to be positioned in operative
      position to collect rainwater when the receiver is in one of the limit
      positions and to dump collected rainwater in said other limit position,
      and means to collect rainwater and direct it into said receiver
      compartments alternatively, the rainwater being directed into one of said
      compartments when said receiver is in one limit position and into the
      other of said compartments when said receiver is in the other limit
      position, said compartments being positioned and dimensioned relative to
      the pivotal axis of said receiver to shift the center of gravity of said
      receiver from one side of the pivot axis to the other upon accumulation of
      a predetermined quantity of rainwater in the operative receiver
      compartment to thereby pivotally displace said receiver from one limit
      position to the other limit position, said compartment when displaced to
      its other limit position operable to dump the rainwater collected therein,
      a recording unit including a counter, and sensing means to sense change in
      receiver positions and means to transmit a signal to said counter in the
      recording unit upon said sensing, the improvement consisting of providing
      adjustable position counterweight means carried by said receiver to adjust
      the center of gravity of said receiver to permit readjustment of the
      volume of rainwater required in a given compartment to shift the center of
      gravity to insure displacement of said receiver upon accumulation of said
      predetermined quantity of rainwater in each compartment wherein said
      counterweight means includes at least a first threaded element mounted in
      said receiver for position adjustment generally perpendicularly to a
      support member simply by turning the threaded element, the weight of said
      element contributing to the determination of the center of gravity of said
      receiver.
NUM  7.
PAR  7. A rain gauge according to claim 6 including at least a second threaded
      element, said first and second threaded elements being mounted parallel to
      one another in a medial partition dividing the receiver into two
      compartments, said threaded elements being adjustable independently of one
      another.
NUM  8.
PAR  8. A rain gauge according to claim 7 in which the receiver is a one-piece
      molded structure and the threaded elements are conventional screws
      adjustably threaded through said medial partition high in that partition.
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ABST
PAL  This invention employs a magnetometer as a magnetic heading reference for a
      vehicle such as a small aircraft. The magnetometer is mounted on a
      directional dial in the aircraft in the vicinity of the pilot such that it
      is free to turn with the dial about the yaw axis of the aircraft. The
      invention includes a circuit for generating a signal proportional to the
      northerly turning error produced in the magnetometer due to the vertical
      component of the earth's magnetic field. This generated signal is then
      subtracted from the output of the magnetometer to compensate for the
      northerly turning error.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the U.S.
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE IVNENTION
PAR  The invention relates generally to heading references for vehicles such as
      an aircraft and more specifically concerns an improved magnetometer for
      use as a heading reference for an aircraft.
PAR  Conventionally, when magnetometers are used as heading references in
      aircraft, they are mounted in some remote part of the aircraft as far away
      as possible from such magnetic anomalies as the engine and the electrical
      system. Although this is a laudable procedure, it requires at least two
      magnetometers at the remote location and some type of signal resolver on
      the pilot's control panel to allow course changes to be made. It is
      therefore an object of this invention to use a single magnetometer within
      reach of the pilot so that he can make course changes simply by rotating
      the magnetometer with respect to the aircraft.
PAR  The earth's magnetic field lies parallel to the earth's surface only at the
      magnetic equator, corresponding roughly to the geographic equator, and
      becomes vertical at the two magnetic poles. Within the United States, the
      direction of the field varies from about 60.degree. to 75.degree. from the
      horizontal. If a magnetic sensing element is used in the strapped-down
      mode its angular relation to the vertical component of the earth's field
      will change when an aircraft executes a banked turn and under certain
      conditions intolerable errors in the output of the sensor will occur. This
      effect for the conventional magnetic compass is called "northerly turning
      error" and can, at worst, result in an indicated turn in the opposite
      direction to that actually being made.
PAR  In conventional autopilot designs in which a magnetometer heading reference
      has been used, the difficulty of the northerly turning error has been
      avoided either by stabilizing the magnetometer element with a free gyro so
      that it remains in a horizontal plane despite any banking of the aircraft,
      or by combining the magnetometer with a free directional gyro. For the
      combination the free directional gyro is used as the heading reference of
      the autopilot, and the output of the magnetometer is used to monitor the
      drift of the gyro so that it may be corrected, either manually or
      automatically, during level flight. Both of these approaches are high-cost
      approaches and are not highly reliable. It is therefore the primary object
      of this invention to provide a simple, low-cost highly reliable means for
      compensating for the northerly turning error in a magnetometer used as a
      heading reference for a vehicle such as an aircraft.
PAC  SUMMARY OF THE INVENTION
PAR  A magnetometer is mounted on a directional dial within easy reach of the
      pilot. The directional dial and magnetometer are free to rotate about an
      axis parallel to the yaw axis of the aircraft and the longitudinal axis of
      the magnetometer is perpendicular to this axis.
PAR  The output of the magnetometer is proportional to the sine of the angle
      between the lines of magnetic flux and a plane perpendicular to the
      longitudinal axis of the magnetometer. When the aircraft is level, the
      vertical component of the earth's magnetic field is perpendicular to the
      longitudinal axis of the magnetometer and produces no output. When the
      magnetometer is set to hold a west or east heading, its longitudinal axis
      is parallel to the aircraft's roll axis and the angular relation between
      the vertical field component and the magnetometer's longitudinal axis does
      not change with bank angle, and no output results. When the magnetometer
      is set to hold a north or south heading, however, its longitudinal axis is
      perpendicular to the roll axis of the aircraft and the vertical component
      of the earth's field produces an output proportional to the sine of the
      bank angle. In fact, the error introduced by the vertical field component
      is proportional to both the sine of the bank angle and the sine of the
      heading setting of the magnetometer. Hence, this invention includes a
      simple computer circuit for computing the product of the sine of the bank
      angle, the cosine of the heading setting of the magnetometer (zero at
      east) and the magnitude of the vertical component of the earth's magnetic
      field. This product signal is subtracted from the magnetometer output to
      give a correct signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing of a prior art magnetometer that can be used
      in this invention;
PAR  FIG. 2 is a drawing showing the outputs of the magnetometer shown in FIG. 1
      for different positions of the magnetometer;
PAR  FIG. 3 is a schematic drawing showing how the magnetometer in FIG. 1 is
      mounted on an aircraft in accordance with the present invention;
PAR  FIG. 4 is a schematic drawing showing how the magnetometer in FIG. 1
      operates when attached to an aircraft in accordance with FIG. 3;
PAR  FIG. 5 shows a prior art embodiment of a heading reference using two of the
      magnetometers in FIG. 1 mounted in a remote location of an aircraft;
PAR  FIG. 6 is a vector diagram of the components of the earth's magnetic field;
PAR  FIG. 7 a, b, c, d is a diagram illustrating the errors produced in the
      magnetometers shown in FIG. 1 caused by the vertical component of the
      earth's magnetic field;
PAR  FIG. 8 is a schematic drawing of an embodiment of the present invention;
PAR  FIG. 9 is a schematic drawing of a preferred application of the present
      invention;
PAR  FIG. 10 is an embodiment of the present invention where the magnetometers
      are mounted in an aircraft remote to the pilot;
PAR  FIG. 11 is a schematic drawing of a further embodiment of this invention;
PAR  FIG. 12 is a vector diagram showing the earth's magnetic forces exerted on
      an aircraft while it is making a banked turn; and
PAR  FIG. 13 is an embodiment of the invention correcting the northerly turning
      error of a magnetic compass on an aircraft.
DETD
PAC  DETAILEED DESCRIPTION OF THE INVENTION
PAR  This invention utilizes a magnetometer mounted directly to the structure of
      the aircraft. The magnetometer has a compass scale attached to it, and
      this assembly is free to rotate about an axis parallel to the aircraft's
      yaw axis, so that it can be manually adjusted by the pilot to the heading
      he desires to fly. This invention uses an electrical circuit to compensate
      for errors in the output of the magnetometer due to roll of the aircraft.
      This compensated magnetometer output can be used directly as a magnetic
      heading reference for a wing-leveler type of stability augmentation
      system, or for a more conventional automatic pilot system. It can also
      serve as a visual heading reference for a manually steered vehicle.
PAR  A brief description of a typical magnetometer heading reference and of the
      effect of a banked turn on its output follows.
PAR  A conventional flux-gate magnetometer as shown in FIG. 1 is used to
      illustrate this invention, although any type of magnetometer with a
      similar directional characteristic can be used. The prior art magnetometer
      in FIG. 1 includes two highly permeable magnetic cores 11 and 12, a coil
      13 that has an a.c. voltage applied to it across terminals 14 and 15, and
      a coil 16 connected to a demodulator 17 consisting of diodes 18 and 19,
      and a capacitor 20. The output of the magnetometer appears across
      terminals 21 and 22. The characteristics of this device are such that the
      d.c. output from the demodulator is zero when the direction of the earth's
      magnetic field is perpendicular to the longitudinal axis of the
      magnetometer. The output varies in a sinusoidal manner as the direction of
      the field with respect to the magnetometer is changed, reaching a maximum
      positive value when parallel to the longitudinal axis of the magnetometer
      in one orientation, and a maximum negative value in the opposite
      orientation as shown in FIG. 2. Rotation of the magnetometer about its
      longitudinal axis causes no change in the output.
PAR  This type of magnetometer may be used as a heading reference for an
      aircraft or other vehicle by mounting it in the vehicle so that it may be
      rotated about an axis parallel to the yaw axis of the vehicle. A circular
      scale 23 calibrated in the points of the compass is attached to the
      magnetometer 24, so that is rotates with it about an axis 25 parallel to
      the yaw axis of the vehicle as shown in FIG. 3. A pointer, or index marker
      26, is mounted adjacent to the scale, and is attached to the vehicle. The
      calibrations on the scale 23 are so related to the magnetometer, that when
      E or W is set opposite the index mark, the longitudinal axis of the
      magnetometer will be parallel to the fore-and-aft axis of the vehicle (the
      roll axis of an airplane). Now, if the pilot rotates the magnetometer to
      bring N opposite the index mark, the magnetometer will produce an output
      voltage of zero only when the vehicle is headed directly toward magnetic
      north or magnetic south in FIG. 2. As the slope of the voltage output of
      the magnetometer, as the vehicle passes through the north heading
      direction, is opposite from that when it passes through the south heading
      direction (FIG. 2), it can provide a stable control voltage to the
      vehicle's control system at only one of these two headings; and is, of
      course, connected so that the system is stable when the vehicle heading
      corresponds to the reading on the magnetometer scale. FIG. 4 shows, also,
      that the magnetometer gives a null output when its scale is set for W and
      the vehicle is headed west.
PAR  A more elaborate prior art arrangement is shown in FIG. 5. Here, two
      nonparallel magnetometers 27 and 28 are mounted in the vehicle parallel to
      the roll and pitch axis, respectively, generally in some remote location
      29 where it would be inconvenient for the pilot to rotate them physically.
      The demodulated output voltages from demodulators 30 and 31 of the
      magnetometers are fed into a resolver 32 mounted on the instrument panel
      of the vehicle, so that the pilot can set the resolver to produce a null
      output at the desired heading.
PAR  Although either of the magnetometer arrangements in FIG. 3 or FIG. 5 can be
      used in this invention, the former is preferred because of its greater
      simplicity.
PAR  The major difficulty in using either of these arrangements as a heading
      reference for a vehicle control system lies in the fact that, in most
      areas, the earth's magnetic field is not horizontal, and the body-mounted
      magnetometer, for heading settings other than east or west, is sentitive
      to bank angle of the vehicle as well as vehicle heading.
PAR  This effect can be seen by referring to FIGS. 6 and 7. The direction of the
      earth's magnetic field is indicated by the vector F (FIG. 6) and its
      horizontal and vertical components by H.sub.o and V. The FIGS. 7a, b, c
      and d show a section of an aircraft taken in a plane perpendicular to the
      roll axis and show a single magnetometer 24 mounted as described in FIG.
      3. In FIG. 7a and b the magnetometer is set for an east or west
      course--that is, the longitudinal axis of the magnetometer is parallel to
      the roll axis of the aircraft. In this position the magnetometer is not
      sensitive to aircraft roll, since roll rotates it about its longitudinal
      axis. In FIG. 7c and d, however, the magnetometer is set for a north or
      south course, with its longitudinal axis perpendicular to aircraft roll
      axis, and it is obvious that changes in aircraft roll angle cause changes
      in the angle of the magnetometers longitudinal axis with respect to the
      vertical component of the earth's magnetic field, and thus produce an
      output from the magnetometer which is a function of roll angle as well as
      heading angle. When the output of this type of magnetometer is used to
      control the heading of an aircraft, no difficulty will be experienced for
      east or west headings. However, in the United States, for example, where
      the magnetic dip angle has a value of 60.degree. to 75.degree., a
      southerly setting of the magnetometer would result in excessive negative
      feedback in the overall control system-that is, if the system called for a
      turn to the right to correct an error in course, the aircraft would start
      to bank to the right (right wing down), and the magnetometer would be
      influenced by the vertical component of the earth's magnetic field to
      produce a signal calling for a reduction in the turn. This would lead to
      very sluggish operation for southerly settings. More serious, a northerly
      setting will result in positive feedback of the overall system, so that if
      a turn is once started in either direction, the magnetometer will call for
      a continually increasing rate of turn in that direction regardless of the
      vehicle's heading.
PAR  A major feature of this invention is the computation of the magnitude of
      this output due to roll angle, and the subtraction of it from the gross
      output of the magnetometer, so that the remaining signal is a function of
      heading only. It can be seen from FIGS. 6 and 7 that the magnitude of the
      roll sensitive output of the magnetometer, R, can be represented by the
      equation:
EQU  R = K sin .phi. cos H
PAL  where K is a gain factor which is a function of the local magnetic
      inclination angle and the magnetometer sensitivity, .phi. is the roll
      angle and H is the heading for which the magnetometer is set. Note that
      actual heading of the aircraft is not involved.
PAR  Application of the magnetometer and correction network to an actual
      aircraft control system depends, to some extent, on the related
      instrumentation available in the aircraft. FIG. 8 shows an application in
      which a voltage signal proportional to the sine of the bank angle can be
      obtained from a vertical free-gyromounted transducer 33, such as is used
      in a conventional "artificial horizon." The sine function can be obtained
      by using a nonlinear resistance element in a potentiometer transducer, by
      a nonlinear mechanical linkage between the gyro gimbal and the
      potentiometer or by other conventional means. Actually, in practice, it
      has been found that the sine function is not necessary, and satisfactory
      performance is had when the signal is simply a linear function of roll
      angle. The output of transducer 33 is applied to another transducer 34
      which is positioned by the magnetometer assembly (shown in FIG. 3) in such
      a way that its output is a cosine function of the heading setting of the
      magnetometer. Transducer 34 is a "scotch yoke" linkage 35, driving a
      linear potentiometer 36, but other means of obtaining the cosine function
      may be used. As shown in FIG. 8, the output voltage from the sin .phi.
      transducer 33 furnishes the supply voltage for the cosine H transducer 34,
      so that the output of the cosine H transducer is the product of sin .phi.
      and cosine H. This output feeds through an adjustable attenuator or
      potentiometer 37 which allows the value of K to be set into the equation.
      This attenuator would not normally have to be readjusted except for large
      changes in magnetic dip angle due to operating the aircraft in widely
      different geographical areas.
PAR  The output of attenuator 37 is subtracted from the output of demodulator 17
      by means of a differential amplifier 38 to provide the corrected output.
PAR  FIG. 9 shows a preferred application in which the magnetometer is used as a
      heading reference for a wing-leveler type of control system. The only
      sensor available in this system is a fluidic rate sensor 40 and rate
      bridge 41 which is sensitive, primarily, to rate of yaw of the aircraft.
      This is used in place of transducer 33 in FIG. 8.
PAR  For a properly banked turn, the sine of the bank angle is a function of
      vehicle velocity and rat of yaw:
      ##EQU1##
      where V is vehicle velocity, .omega. is the yawing rate of the vehicle and
      g is the acceleration due to gravity. This function could be computed by
      the use of a suitable electronic network, but it has been found in
      practice that when a linear function of yaw rate is substituted for sine
      .phi. in the previously described correction network, the overall system
      performance is satisfactory within the normal range of vehicle velocities.
      This function of yaw rate is obtained from the rate sensor 40 whose output
      is applied through a rate bridge 41 to potentiometer 36 in FIG. 8. It
      should be noted that with this arrangement, a complete lateral/directional
      autopilot can be built without the use of gyroscopes of any type.
PAR  In the case where it is desired to mount the magnetometer unit in some
      remote location as described in connection with FIG. 5, a similar
      correction network can be applied. In this case, two magnetometers 27 and
      28 in FIG. 10 are used in FIG. 5, the longitudinal axis of magnetometer 27
      is positioned parallel with the roll axis of the vehicle and the
      longitudinal axis of magnetometer 28 is positioned parallel to the pitch
      axis. Referring to FIGS. 6 and 7, it is seen that magnetometer 27 will be
      unaffected by vehicle roll, while magnetometer 28 will experience a
      maximum error. It is only necessary, in this case, to apply a correction
      voltage proportional to vehicle roll angle or yawing rate to the output of
      magnetometer 28 to obtain a correct output for any course setting. Hence,
      a signal related to sin .phi. produced by a generator 42 is multiplied by
      K with the attenuator 43 and thus subtracted from the output of
      magnetometer 28 by means of a differential amplifier 44 with the resulting
      signal being applied to resolver 32. Generator 42 can be like the one in
      FIG. 8 or the one in FIG. 9.
PAR  FIG. 11 shows another version of the correction network applieed to a
      single rotatable magnetometer 45. Operation is similar to that of FIG. 8,
      except that the correction is applied directly to the magnetometer as a
      variable, local magnetic field. A solenoid, made up of one or more coils
      46 would on nonmagnetic forms, is positioned around the magnetometer in
      such a way that when an electrical current is passed through it, a
      relatively uniform magnetic field is generated within the space occupied
      by the magnetometer. The magnetometer is mechanically attached by a shaft
      47 to a compass scale 48 which can be positioned by the pilot to select
      the desired heading of the vehicle as previously described. The
      magnetometer rotates within the solenoid coil which is fixed to the
      vehicle so that the direction of the magnetic field it generates is
      parallel to the pitch axis of the vehicle. A current is applied to the
      solenoid which is a function of the roll angle of the vehicle. FIG. 11
      shows this function being supplied by a fluidic rate sensor 49 primarily
      sensitive to yaw rate as in FIG. 9. The output of sensor 49 is applied
      through a rate bridge 50, an attenuator 51 and an amplifier 52 to coils
      46. It is evident that the effect of the field generated by the solenoid
      on the magnetometer is proportional to cosine H, where H is the heading
      for which the magnetometer is set. The total correction applied to the
      magnetometer is, then R = K sin .phi. cosine H, where sin .phi. is
      approximated by the output of the rate sensor, cosine H is generated by
      the positioning of the magnetometer with respect to the direction of the
      field generated by the solenoid, and K is set in by an attenuator 51 to
      correspond to the magnetic tilt angle of the geographic locality in which
      the vehicle operates. The output of magnetometer 45 is applied through
      demodulator 53 to an output amplifier 54. This configuration avoids the
      moving parts of the transducer and cosine generator as shown in FIGS. 8
      and 9.
PAR  This invention also can be used to make corrections of the "northerly
      turning error" affecting conventional magnetic compasses used in the
      navigation of aircraft and other vehicles.
PAR  FIG. 12 shows the magnetic vectors involved. F represents the total
      magnitude of the earth's magnetic field at a particular location. Ho, the
      horizontal component of F, provides the directional sense to the magnetic
      compass neeedle. In level flight, the vertical component, V, does not
      affect the compass, but when the aircraft banks, He, the component of V
      parallel to the aircraft pitch axis, is sensed by the compass and
      introduces an error in its directional reading. This error, called the
      "northerly turning error," is great enough to cause completely erroneous
      readings when the aircraft makes a turn toward a northerly heading in the
      northern hemisphere.
PAR  The solution to this problem in traditional aircraft instrumentation has
      been to provide a directional gyroscope which is adjusted to give the same
      reading as the magnetic compass when the aircraft is in level flight. The
      directional gyroscope is then used as an azimuth reference during
      maneuvers. This solution requires the addition of an expensive gyroscope
      instrument of limited life which, because of its inherent drift, must be
      periodically re-set to correspond with the magnetic compass. The present
      invention corrects the northerly turning error inherent in the magnetic
      compass so that it will provide accurate azimuth readings during turning
      maneuvers and the directional gyroscope will not longer be needed.
PAR  It can be seen from FIG. 12 that if a magnetic field Hc, whose magnitude is
      equal to He and whose direction is opposite to that of He, is applied to
      the magnetic compass needle, it will cancel the affect of V on the compass
      during a turning maneuver. It can also be seen that the direction of Hc
      will be parallel to the pitch axis of the aircraft and its magnitude will
      be equal to V sin .phi..
PAR  A mechanization of this correction is shown in FIG. 13. A pair of solenoid
      coils 55 and 56 are mounted on either side of the magnetic compass 57.
      These coils are designed to generate a relatively uniform magnetic field
      in the space in which the magnetic compass needle rotates. The direction
      of this field is parallel to the pitch axis of the vehicle in which the
      compass is mounted. In operation, a current proportional to vehicle bank
      angle and to the vertical component of the earth's magnetic field flows
      through the solenoid coils. The magnitude and direction of this current is
      such that the magnetic field generated by the solenoid coils just cancels
      He. The appropriate current is generated by a power amplifier 58 receiving
      its input from an electrical pickoff on some instrument bank angle of the
      vehicle. The existing artificial horizon gyroscope would be an appropriate
      instrument.
PAR  Although a current proportional to sin .phi. is required for perfect
      compensation, a current proportional to .phi. along provides adequate
      compensation in practice. As the magnitude of V varies very little over
      wide geographical areas, it can be set into the system manually, as with a
      potentiometer 59. The input to potentiometer 59 is produced by a generator
      60 such as transducer 33 in FIG. 8 or rate sensor 40 in FIG. 9.
PAR  The advantages of this invention are that it provides a simple, economical
      and reliable vehicle heading reference that corrects for the northerly
      turning error.
PAR  Various changes can be made in the embodiments of the invention shown and
      described without departing from the invention. For example, different
      types of magnetometers can be used and different sine function generators
      can be used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle heading reference comprising:
PA1  a directional dial mounted on said vehicle so that it can be turned about
      an axis parallel to the yaw axis of said vehicle;
PA1  a magnetometer mounted on said directional dial such that its longitudinal
      axis coincides with said axis parallel to the yaw axis of said vehicle so
      that it is rotatable with said directional dial wherein the magnetometer
      produces an output signal related to the difference between the
      directional dial setting and the actual heading of said vehicle;
PA1  means on said vehicle for generating a signal related to the northerly
      turning error; and
PA1  means for subtracting said signal related to the northerly turning error
      from said output signal produced by said magnetometer whereby the
      resulting signal is an output signal corrected for the northerly turning
      error.
NUM  2.
PAR  2. A vehicle heading reference according to claim 1 wherein said means for
      generating a signal related to the northerly turning error is means for
      generating a signal related to
EQU  K sin .phi. cos H
PAL  where K is a gain factor which is a function of the local magnetic
      inclination angle and the magnetometer sensitivity, .phi. is the roll
      angle and H is the heading for which the magnetometer is set.
NUM  3.
PAR  3. A vehicle heading reference according to claim 2 wherein the sin .phi.
      portion of said signal related to K sin .phi. cos H is generated by a
      vertical free-gyro-mounted transducer.
NUM  4.
PAR  4. A vehicle heading reference according to claim 2 wherein the sin .phi.
      portion of said signal related to K sin .phi. cos H is generated by a
      fluidic yaw rate sensor.
NUM  5.
PAR  5. A vehicle heading reference according to claim 2 wherein the cos H
      portion of said signal related to K sin .phi. cos H is generated by coils
      that surround said magnetometer and fixed to said vehicle so that the
      direction of the magnetic field generated by the coils is parallel to the
      pitch axis of the vehicle.
NUM  6.
PAR  6. A vehicle heading reference according to claim 2 wherein the cos H
      portion of said signal related to K sin .phi. cos H is generated by a
      scotch yoke fixed to said magnetometer.
PATN
WKU  039437647
SRC  5
APN  5493811
APT  1
ART  315
APD  19750212
TTL  Sailboat steering indicator system
ISD  19760316
NCL  13
ECL  1
EXA  Kunin; Stephen G.
EXP  Blix; Trygve M.
NDR  4
NFG  8
INVT
NAM  Greene; Leonard M.
CTY  Chappaqua
STA  NY
ASSG
NAM  Safe Flight Instrument Corporation
CTY  White Plains
STA  NY
COD  02
CLAS
OCL   73178R
XCL  114144C
XCL  2351502
EDF  2
ICL  G01C 2100
FSC   73
FSS  178 R;180;188;189
FSC  114
FSS  144 E;144 C
FSC  235
FSS  150.2
FSC  244
FSS  77 E;77 A
FSC  318
FSS  588
UREF
PNO  3361392
ISD  19680100
NAM  Doniger et al.
OCL  244 77A
UREF
PNO  3446070
ISD  19690500
NAM  Hickox
OCL   73189
UREF
PNO  3685478
ISD  19720800
NAM  Casani et al.
OCL  114144E
UREF
PNO  3727457
ISD  19730400
NAM  Gregory
OCL   73188
UREF
PNO  3852650
ISD  19741200
NAM  Masuzawa et al.
XCL  114144E
LREP
FR2  Sokolski; Edward A.
ABST
PAL  An electrical signal in accordance with the direction of the wind relative
      to the heading of a sailboat is generated by means of a wind direction
      sensor and a transducer. This signal is fed to a summing device where it
      is summed in opposite polarity relationship with a signal in accordance
      with changes in rudder position from its neutral position, signals
      representing a steady state condition of the rudder being "washed out."
      The output of the summing device which represents the apparent wind
      direction (relative to boat heading) as modified by a change of rudder
      signal provides an "apparent wind track" error signal which is used to
      drive a servo motor. The output of the motor is coupled to a gear, this
      gear driving an indicator which provides a reading which can be used by
      the helmsman in reaching a desired wind track. The output of the gear is
      also used to drive the transducer means so as to zero its output to
      complete the servo loop formed. Further, a signal in accordance with the
      speed of rotation of the motor and which thus represents rate of rudder
      change and/or heading change is used to counteract washout of the rudder
      signal, during turning of the boat. In this manner a steering indicator is
      provided, which enables the helmsman to efficiently establish a desired
      heading relative to the apparent wind direction, by turning the helm
      (rudder) to effect an indication of this desired heading and then trimming
      the helm to maintain this indication as the boat comes around.
BSUM
PAR  This invention relates to steering indicators for sailboats and more
      particularly to a director type indicator which allows the helmsman to
      pick a desired wind angle, turn the helm to effect an indication of this
      angle, and then gradually trim the helm to hold this indication as the
      boat comes around. At this time, the rudder will be neutral and the
      apparent wind angle will be as indicated.
PAR  In the operation of a sailboat it is desirable to steer to and hold
      headings at a predetermined constant angle with respect to the apparent
      wind direction in the presence of changing sea and wind conditions.
      Devices of the prior art for achieving this end result generally comprise
      an indicator device coupled to a wind vane which provides an indication of
      the apparent wind direction as determined by the vane position relative to
      boat heading. This type of an indicator has no way of anticipating changes
      in heading which are about to occur due to rudder changes. Thus, in
      steering to attain a desired heading relative to apparent wind direction,
      the helmsman will often tend to overshoot or undershoot the desired
      heading.
PAR  The present invention overcomes this shortcoming of prior art wind
      indicators by modifying the signal developed from the wind vane with a
      properly conditioned signal representing rudder changes from the neutral
      rudder position. The signal fed to the indicator thus provides a director
      type indication which anticipates changes in relative wind angle which
      will occur in response to rudder changes. This enables the helmsman to use
      the indicator to smoothly come to the desired heading in an efficient
      manner without undershooting or overshooting the desired course.
PAR  It is therefore an object of this invention to facilitate the steering of a
      sailboat to maintain a predesired heading relative to apparent wind
      direction.
PAR  It is another object of this invention to avoid overshoot and understood
      and to facilitate a smooth heading change in steering a boat to come to a
      proper heading relative to apparent wind direction.
DRWD
PAR  Other objects of this invention will become apparent as the description
      proceeds in connection with the accompanying drawings, of which:
PAR  FIG. 1 is a functional block diagram illustrating the basic operation of
      the system of the invention;
PAR  FIG. 2 is a functional schematic drawing illustrating the preferred
      embodiment of the invention;
PAR  FIG. 3 is a graph showing the characteristics of a function generator
      utilized in the preferred embodiment;
PAR  FIG. 4 is a pictorial illustration of an indicator dial which may be
      utilized in the preferred embodiment;
PAR  FIG. 5 is a schematic drawing of a function generator which may be utilized
      in the preferred embodiment;
PAR  FIG. 6 is a schematic drawing of a limiter which may be utilized in the
      preferred embodiment;
PAR  FIG. 7 is a schematic drawing of an alternative gear and indicator
      arrangement which may be utilized in the system of the invention; and
PAR  FIG. 8 is a pictorial illustration of an indicator dial which may be used
      with the indicator arrangement of FIG. 7.
DETD
PAR  Referring now to FIG. 1, the basic operation of the system of the invention
      is schematically illustrated. The apparent direction of the wind relative
      to boat heading is detected by wind direction sensor 11 which may comprise
      a wind vane. This signal is mechanically coupled to transducer and signal
      conditioner means 12 which, as to be explained in connection with the
      preferred embodiment, may comprise a synchro transmitter and control
      transformer which converts the signal to electrical form and a demodulator
      and function generator which condition this electrical signal. The output
      of transducer and signal conditioner means 12 which is an electrical
      signal representing apparent wind direction relative to boat heading is
      fed to summing device 15.
PAR  Let us first assume that the signal being fed to summing device 15 from
      amplifier and washout circuit 17 is zero. Under such conditions, the
      output of the summing device will represent the output of transducer and
      signal conditioner means 12. This signal is used to drive motor 18 which
      in turn drives gear 19. The output of gear 19 which provides 1.degree. of
      shaft rotation for each 1.degree. of shaft rotation of wind direction
      sensor 11 is coupled by linkage 20 to transducer and signal conditioner
      means 12 to null the servo loop.
PAR  When the output of gear 19 has rotated to correspond to the rotation of
      wind direction sensor 11, the output of transducer and signal conditioner
      means 12 will be cancelled out by virtue of the mechanical signal provided
      through linkage 20. The output of gear 19 is fed to indicator 22 which
      provides an indication of the wind direction relative to boat heading.
PAR  As described thus far, the system is similar to prior art wind indicators
      which provide nothing more than an indication in accordance with the
      position of the wind vane. The present system, however, additionally
      incorporates means for providing a signal representing rudder changes
      which is used to modify the wind vane signal. This is provided as follows:
PAR  Transducer means 30 generates an electrical signal in accordance with
      displacement of boat rudder 31 to the left and right of its neutral
      position. The output of transducer means 30 is fed to amplifier and
      washout circuit 17. The amplifier and washout circuit effectively "washes
      out" signals representing the steady state position of the rudder, only
      passing the signals representing changes of rudder position. Amplifier and
      washout circuit 17 also includes a filter for filtering out small
      relatively rapid rudder changes. The output of amplifier and washout
      circuit 17 is fed to summing device 15 in a polarity opposite to that of
      the signal received by the summing device from transducer and signal
      conditioner means 12 (such as to add to the signal where the rudder change
      is such as to cause the apparent wind angle to increase, and vice versa).
      Thus, the indicator signal is modified to anticipate wind angle changes in
      response to rudder changes. Accordingly, when the rudder position is being
      changed, i.e., the helmsman is steering the boat to a new heading,
      indicator 22 indicates an anticipated wind track for optimum steering to
      the desired course rather than the apparent wind track. However, when the
      boat rudder has been steadied, the indicator shows the apparent wind
      track. Transducer means 35, which may comprise an electrical generator
      coupled to the output shaft of motor 18, provides an output signal having
      an amplitude in accordance with the speed of rotation of the motor. Thus,
      when the error signal in the servo loop is high and motor 18 is rotating,
      a signal is fed from transducer means 35 to amplifier and washout circuit
      17, this signal being fed to such circuit in a manner such as to
      counteract washout in the circuit, i.e., to increase the response of the
      circuit to lower rate changes in rudder position.
PAR  Referring now to FIG. 2, a preferred embodiment of the invention is
      schematically illustrated. A signal in accordance with wind direction
      relative to boat heading is provided by wind vane 11, this signal being
      transduced to electrical form by means of synchro transmitter 40 which
      receives an AC reference signal from AC reference source 43. The output of
      synchro transmitter 40 is fed to synchro control transformer 41. The
      output of the control transformer which represents the servo "error"
      signal is fed to demodulator 42. Demodulator 42 is a synchronous
      demodulator which receives a reference signal from AC reference source 43
      and converts the servo error signal to DC form. It is to be noted at this
      point that synchro control transformer 41 receives a mechanical rotational
      output from gear 19 which signal represents the angular position shown on
      indicator 22 in response to the servo drive. Thus, the output of the
      control transformer represents the differential (or servo error) between
      the output of synchro transmitter 40 and the mechanical feedback received
      from the indicator drive.
PAR  The output of demodulator 42 is a DC signal and is fed to function
      generator 44 which operates to control the amplitude of the signal as a
      function of wind vane position. The characteristics of function generator
      44 are illustrated in FIG. 3. As can be seen in FIG. 3, function generator
      44 operates to provide maximum gain with the wind vane at 0.degree., i.e.,
      where boat heading is into the wind, and minimum gain with the wind vane
      at 180.degree., i.e., where boat heading is directly away from the wind.
      The signal is conditioned in this manner so that when the boat is heading
      away from the wind, flopping of the wind vane one way or the other, due to
      the low apparent wind velocity, will not overly affect the indicator
      signal. A function generator for use in the preferred embodiment is
      schematically illustrated in FIG. 5 and will be described in detail in
      connection with this figure further on in the specification. The output of
      function generator 44 is fed to summing device 15.
PAR  Boat rudder 31 is coupled to the arm of potentiometer 50. The ends of
      potentiometer 50 are connected to power sources 52 and 53 which are
      connected in series, their commonly connected terminals being grounded.
      Potentiometer 50 thus has a potential which is positive with respect to
      ground connected on one end thereof and a potential which is negative with
      respect to ground connected on the other end thereof. The arm of the
      potentiometer is pre-adjusted so that a zero potential appears thereat
      when boat rudder 31 is in its center position. Rudder positions in one
      direction from center will thus result in a positive voltage at the
      potentiometer arm, while rudder positions in an opposite direction from
      center will produce a negative voltage.
PAR  The signal at the arm of potentiometer 50 is fed through resistors 55 and
      56 to amplifier 60. Resistor 68 and capacitor 69 are utilized to provide
      feedback to amplifier 60 to stabilize the operation thereof. The output of
      amplifier 60 is fed through resistor 63 to a low pass filter formed by
      resistors 65 and 66 and capacitor 67, this filter operating to filter out
      high frequency components of the signal representing small rapid rudder
      changes. The output of the low pass filter is fed to amplifier 70.
      Amplifier 70 has a capacitor 73 connected between the input and output
      thereof and operates as a Miller integrator having a time constant which
      may be of the order of 7-10 seconds. The output of amplifier 70 is fed as
      a negative feedback signal through resistors 72 and 56 to the input of
      amplifier 60. This negative feedback circuit operates to effectively wash
      out steady state signals such that the output of amplifier 60 effectively
      represents changes of rudder position such that once a steady rudder
      position has been reached, the amplifier no longer has an output signal.
PAR  The output of amplifier 60 is fed to limiter 75 which provides positive and
      negative limiting of the signal thereby to prevent a servo run-away
      condition. The output of limiter 75 is fed through the low pass filter
      formed by resistors 77-79 and capacitor 80 to summing device 15.
PAR  The output of summing device 15 which represents the wind vane signal as
      modified by the conditioned rudder signal is fed to limiter 82 which
      limits the signal fed to motor 18 and therefore the maximum motor speed.
      This makes the indicator insensitive to wind vane fluctuations. The DC
      signal drives motor 18, the drive shaft of the motor being coupled to
      210/1 gear 19. Gear 19 is coupled to indicator dial 22a of indicator 22.
PAR  Referring now to FIG. 4, the indicator dial includes a pointer 22a which
      operates in conjunction with scale 22b and indicates wind tracks
      0.degree.-180.degree. to the left and right of boat heading.
PAR  The drive shaft of motor 18 is coupled to drive DC generator 35. Generator
      35 thereby provides a DC signal output which is a direct function of the
      speed of rotation of the motor. The DC output of generator 35 is fed
      through resistor 85 to the input of amplifier 70 in inverse polarity
      relationship to the amplifier input representing rudder changes, so as to
      effectively "buck"  the washout signal. The purpose of this feedback is to
      defeat the washout if the boat is turning so that the motor is turning the
      indicator as the heading is changing, and the rudder is being moved to the
      trim position.
PAR  Referring now to FIG. 5, a function generator which may be utilized in the
      preferred embodiment is schematically illustrated. The output of
      demodulator 42 is fed through resistor 91 to amplifier 92. Negative
      feedback is fed from the output of amplifier 92 to the input thereof
      through potentiometer 94, the ends of the potentiometer being connected
      together, with the center tap of the potentiometer being connected to the
      output of the amplifier and the arm of the potentiometer being connected
      through resistor 95 to the input of the amplifier. The arm of the
      potentiometer is mechanically coupled to the output of gear 87. The
      potentiometer is connected so that it has the non-linear (curved)
      resistance characteristics over the travel range of its arm as shown in
      FIG. 3, the precise characteristics of the potentiometer being
      non-critical. Thus, it can be seen that at the center tap position which
      corresponds to the 180.degree. wind vane position that there is maximum
      negative feedback, to minimize amplifier gain while with the potentiometer
      arm at either of the opposite ends of its travel, minimum negative
      feedback is provided to make for highest amplifier gain.
PAR  Referring now to FIG. 6, a limiter circuit which may be utilized in
      implementing limiters 75 and 82 is schematically illustrated. This limiter
      circuit provides both positive and negative limiting. Input signals are
      fed through resistor 100 to amplifier 101. The output of the amplifier is
      fed to the voltage divider comprising resistors 103 and 104. A negative
      feedback signal is fed from the junction between resistors 103 and 104
      through diodes 106 and 107 and resistor 105 to the input of amplifier 101.
      Diodes 106 and 107 may be silicon diodes which start to conduct at 0.6
      volts. Thus, when the voltage at either one or the other of the diodes is
      greater than plus or minus 0.6 volts, negative feedback is provided to the
      amplifier, this feedback holding the output of the amplifier constant with
      increases in the input voltage thereto. Resistor 108 is used to provide
      self bias for the amplifier.
PAR  Referring now to FIGS. 7 and 8, an alternative gear and indicator
      arrangement which may be utilized in the system of the invention is
      illustrated. It is to be noted that this arrangement can be used to equal
      advantage with systems other than that of the present invention. The
      indicator arrangement of FIGS. 7 and 8 provides a vernier indication when
      the boat is "close-hauled", i.e., when the boat is steered to an apparent
      wind angle between 20.degree. and 40.degree. in which range accurate
      steering is required since even a 1.degree. heading change makes a large
      change in headway. This indicator arrangement provides a second indicator
      dial which more accurately indicates apparent wind direction for use when
      such wind direction is between 20.degree. and 40.degree., either to the
      port or starboard of boat heading.
PAR  As illustrated in FIG. 7, in implementing this type of indication, motor 18
      is used to drive 70/1 gear 110, which in turn drives 3/1 gear 112 and 1/3
      gear 114. The output of gear 112 drives main indicator pointer 115a of
      indicator 115, this indicator pointer operating in the same manner as
      pointer 22a of indicator 22 described in connection with FIGS. 2 and 4.
      Gear 114 drives pointer 115b, the gear ratios between pointers 115a and
      115b being such that pointer 115b makes nine revolutions for each one
      revolution of pointer 115a. Thus, when the apparent wind direction is
      between 20.degree. and 40.degree. to the port or starboard of boat
      heading, as indicated by the presence of pointer 115a opposite specially
      marked areas 115c or 115d, a vernier or "fine" indication of the apparent
      wind direction is provided to enable more accurate steering by the
      helmsman. While pointer 115b will rotate other than during a close-hauled
      condition, precise indication by pointer 115 b as to the apparent wind
      direction is only provided in these ranges. A closed-hauled condition is
      indicated by the presence of pointer 115a opposite marked areas 115c or
      115d. It is to be noted that indicator pointers 115a and 115b are always
      in the same half sector of the indicator when the apparent wind direction
      is in the predetermined close-hauled range.
PAR  Referring now to FIG. 8, a preferred embodiment of indicator 115 is shown.
      As can be seen, pointer 115a indicates the apparent wind direction for all
      directions on dial scale 115e. Pointer 115b only indicates readings
      between 20.degree. and 40.degree. in conjunction with dial scale 115f. The
      existence of a close-hauled condition is indicated by means of marked
      areas 115c and 115d so that the operator can readily ascertain when the
      readings provided by pointer 115b are valid. This display thus provides an
      easy to read indicator for the helmsman for use in accurately steering the
      boat when in the close-hauled condition.
PAR  The system of the invention thus provides means for facilitating the
      steering of a sailboat to obtain a desired wind track and for maintaining
      this track.
PAR  While the invention has been described and illustrated in detail, it is to
      be clearly understood that this is intended by way of illustration and
      example only and is not to be taken by way of limitation, the spirit and
      scope of this invention being limited only by the terms of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sailboat steering indicator system comprising:
PA1  means for sensing the apparent wind direction relative to boat heading and
      providing a mechanical signal in accordance therewith,
PA1  means for converting said mechanical signal to an electrical signal,
PA1  means for generating an electrical signal in accordance with changes in
      boat rudder position from its neutral position and including means for
      effecting washout of signal components representing steady rudder
      positions,
PA1  means for summing said electrical signals in opposite polarity
      relationship, the signal in accordance with apparent wind direction being
      modified to anticipate apparent wind angle changes in response to rudder
      changes, and
PA1  means for providing a wind track reading in accordance with the output of
      said summing means for use in guiding the steering of said sailboat to a
      desired heading relative to wind direction.
NUM  2.
PAR  2. The system of claim 1 wherein said means for providing a wind track
      reading in accordance with the output of said summing means includes means
      for converting the output of said summing means to a mechanical signal and
      indicator means responsive to said mechanical signal.
NUM  3.
PAR  3. The system of claim 2 wherein said means for converting the output of
      said summing means to a mechanical signal comprises a motor driven by the
      output of said summing means and a gear driven by the motor, the gear
      driving said indicator means.
NUM  4.
PAR  4. In a sailboat steering indicator system,
PA1  means for providing a mechanical signal in accordance with wind direction
      relative to boat heading,
PA1  means for converting said mechanical signal to an electrical signal,
PA1  transducer means coupled to the boat rudder for generating an electrical
      signal in accordance with departures of the boat rudder from its center
      position,
PA1  amplifier-washout circuit means connected to receive the output of said
      transducer means for amplifying the electrical signal in accordance with
      rudder departures and washing out steady state components of said signal,
PA1  means for summing the electrical signal outputs of said converting means
      and said amplifier-washout circuit means in opposite polarity
      relationship,
PA1  means for converting the output of said summing means to a mechanical
      signal and
PA1  indicator means for providing a wind track reading in response to said
      mechanical signal for use in guiding the steering of said sailboat to a
      desired heading relative to wind direction.
NUM  5.
PAR  5. The system of claim 4 wherein said means for converting the output of
      said summing means to a mechanical signal comprises a motor driven by the
      output of said summing means and a gear driven by the motor, the gear
      driving said indicator means.
NUM  6.
PAR  6. The system of claim 5 and further including an electrical generator
      driven by said motor, said generator having an output voltage in
      accordance with the speed of rotation of said motor, the output of said
      generator being fed to said amplifier-washout circuit in a polarity such
      as to counteract the "washout" effect of said circuit.
NUM  7.
PAR  7. The system of claim 4 wherein said means for converting said mechanical
      signal in accordance with wind direction comprises a function generator
      for varying the amplitude of the signal as a function of wind vane
      position.
NUM  8.
PAR  8. The system of claim 4 wherein said amplifier-washout circuit means
      comprises a first amplifier and a second amplifier operating as a Miller
      integrator, said second amplifier having an effective time constant which
      is comparatively long and being connected to provide negative feedback
      from the output of said first amplifier to the input thereof.
NUM  9.
PAR  9. A sailboat steering indicator system comprising:
PA1  a wind vane for sensing the apparent wind direction relative to boat
      heading and providing a mechanical signal in accordance therewith,
PA1  means for converting said mechanical signal to an electrical signal
      comprising a synchro transmitter coupled to the wind vane and a synchro
      control transformer coupled to the synchro transmitter, said control
      transformer receiving a mechanical negative feedback signal from said
      means for converting the output of said summing means to a mechanical
      signal,
PA1  means for generating an electrical signal in accordance with changes in
      boat rudder position from its neutral position,
PA1  means for summing said electrical signals in opposite polarity
      relationship, and
PA1  means for providing a wind track reading in accordance with the output of
      said summing means for use in guiding the steering of said sailboat to a
      desired heading relative to wind direction including means for converting
      the output of the summing means to a mechanical signal and indicator means
      responsive to said mechanical signal.
NUM  10.
PAR  10. The system of claim 9 wherein said means for converting the mechanical
      signal in accordance with wind direction to an electrical signal
      additionally comprises a function generator for varying the amplitude of
      said signal as a function of wind vane position.
NUM  11.
PAR  11. A sailboat steering indicator system comprising:
PA1  means for sensing the apparent wind direction relative to boat heading and
      providing a mechanical signal in accordance therewith,
PA1  means for converting said mechanical signal to an electrical signal,
PA1  means for generating an electrical signal in accordance with changes in
      boat rudder position from its neutral position, comprising transducer
      means coupled to the rudder for generating an electrical signal in
      accordance with departures of the rudder from its center position and
      amplifier-washout circuit means for amplifying the electrical signal and
      washing out steady state components thereof,
PA1  means for summing said electrical signals in opposite polarity
      relationship, and
PA1  means for providing a wind track reading in accordance with the output of
      said summing means for use in guiding the steering of said sailboat to a
      desired heading relative to wind direction.
NUM  12.
PAR  12. The system of claim 11 wherein said amplifier-washout circuit means
      comprises a first amplifier and a second amplifier operating as a Miller
      integrator, said second amplifier having an effective time constant which
      is comparatively long and being connected to provide negative feedback
      from the output of said first amplifier to the input thereof.
NUM  13.
PAR  13. A sailboat steering indicator system comprising:
PA1  a wind vane for sensing the apparent wind direction relative to boat
      heading and providing a mechanical signal in accordance therewith,
PA1  means for converting said mechanical signal to an electrical signal,
PA1  means for generating an electrical signal in accordance with changes in
      boat rudder position from its neutral position,
PA1  means for summing said electrical signals in opposite polarity
      relationship, and
PA1  means for providing a wind track reading in accordance with the output of
      said summing means for use in guiding the steering of said sailboat to a
      desired heading relative to wind direction, including means for converting
      the output of said summing means to a mechanical signal and indicator
      means responsive to said mechanical signal, said converting means
      comprising a motor driven by the output of the summing means, said
      indicator means including a first dial portion and first pointer for
      indicating all apparent wind directions and a second dial portion and
      second pointer for indicating apparent wind directions in a predetermined
      close-haul range, first gear means driven by said motor for driving said
      first pointer and second gear means driven by said motor for driving said
      second pointer, whereby said second pointer has a substantially higher
      rotation than said first pointer for any given rotation of said motor.
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ABST
PAL  An electromagnetic flow meter comprising a circuit for generating signals
      proportional to the intensity of an A.C. magnetic field impressed on a
      fluid running through a pipe; a first switch rendered conducting for a
      prescribed period simultaneously with an A.C. voltage obtained in
      proportional to the period of the A.C. magnetic field; a second switch
      actuated after the conduction of the first switch; a circuit for
      integrating outputs corresponding to the flow rate of a fluid obtained
      through the first switch and further integrating said outputs with an
      opposite polarity; a circuit for rendering the second switch nonconducting
      when an output from said integration circuit reaches a referential level;
      and a circuit for generating an output corresponding to the period in
      which said outputs are integrated, for each operating cycle of said
      integration circuit.
BSUM
PAR  This invention relates to an electromagnetic flow meter and more
      particularly to improvements on an A.C. electromagnetic flow meter.
PAR  An A.C. electromagnetic flow meter is so designed as to apply an A.C.
      magnetic flux to a fluid passing through a pipe and detecting signals
      corresponding to the amount of said fluid running through the pipe per
      unit time. In this case, however, an A.C. magnetic flux applied to a fluid
      varies with the voltage of a power source, giving rise to errors in
      measuring the flow rate of a fluid. To eliminate such errors, it may be
      contemplated to connect, for example, a transformer in series to a device
      for applying an A.C. magnetic flux to a fluid to draw out an A.C. voltage
      proportional to said A.C. magnetic flux and dividing a signal representing
      the flow rate of the fluid by said A.C. voltage. This process can indeed
      save a signal denoting said flow rate from the effect of fluctuation in
      the voltage of a power source. However, additional provision of such a
      division circuit for a flow meter unavoidably renders the entire
      arrangement complicated and results in the high cost of a flow meter
      device. Moreover, a noise signal of a phase shifted 90.degree. from that
      of a power source voltage caused by electromagnetic coupling in the flow
      meter is included in the detecting signal in addition to the signal
      proportional to flow rate. This 90.degree.-shifted noise has an amplitude
      comparable with that of the source voltage and constitutes a significant
      factor in generating errors of detection. To avoid said 90.degree.-shifted
      noise, it may be contemplated to rectify a detection signal using, for
      example, a synchronous rectifier. However, this also leads to the
      complicated arrangement and high cost of a flow meter as a whole. In
      addition, the circuit elements included in the prior art A.C.
      electromagnetic flow meter whose characteristics vary with ambient
      temperature also exert a very disadvantageous effect on the precision with
      which the flow rate of a fluid passing through a pipe should be
      determined.
PAR  It is accordingly the object of this invention to provide a high precision
      electromagnetic flow meter capable of effectively eliminating errors
      resulting from fluctuations in the voltage of a power source,
      90.degree.-shifted noises and changes in ambient temperature by means of a
      simple arrangement.
PAR  According to an aspect of this invention, there is provided an
      electromagnetic flow meter which comprises a pipe for conducting a fluid;
      a magnetic flux-generating device for applying an A.C. magnetic flux to
      the fluid running through the pipe; a detection circuit for detecting a
      signal denoting a product arrived at by multiplying together the inner
      diameter of the pipe, the density of said magnetic flux and the velocity
      of the fluid; a device for generating an A.C. voltage in proportional to
      said A.C. magnetic flux; a first switch supplied with said detection
      signal; a first switch-controlling circuit for closing said switch for at
      least a positive or negative half period of the A.C. voltage thus
      generated; an A.C.-D.C. converting circuit for changing the A.C. voltage
      to a D.C. voltage; a second switch supplied with an output from said
      A.C.-D.C. converting circuit; means for reversing the polarity of an
      output from the second switch from that of the detection signal; an
      integration circuit for integrating outputs from the first switch and then
      integrating outputs from the second switch; a second switch-controlling
      circuit for closing the second switch after the positive or negative half
      period and opening said second switch when the integrated outputs reach a
      referential level; and an output device for producing an output indicating
      the flow rate of a fluid corresponding to the period in which outputs from
      the A.C.-D.C. converting circuit are integrated, for each operating cycle
      of the integration circuit.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a block circuit diagram of an A.C. flow meter according to an
      embodiment of this invention;
PAR  FIG. 2 presents the wave forms of signals by way of illustrating the
      operation of the flow meter of FIG. 1;
PAR  FIG. 3 is a block circuit diagram of a flow meter digitally indicating an
      output denoting the flow rate of a fluid obtained by the invention;
PAR  FIG. 4 is a block circuit diagram of a flow meter according to another
      embodiment of the invention;
PAR  FIG. 5 shows the wave forms of signals by way of illustrating the operation
      of the flow meter of FIG. 4;
PAR  FIG. 6 is a block circuit diagram of a flow meter according to still
      another embodiment of the invention;
PAR  FIG. 7 indicates the wave forms of signals by way of illustrating the
      operation of the flow meter of FIG. 6;
PAR  FIG. 8 is a block circuit diagram of a further embodiment of the invention;
PAR  FIG. 9 presents the wave forms of signals by way of illustrating the
      operation of the flow meter of FIG. 8;
PAR  FIG. 10 is a block circuit diagram of still further embodiment of the
      invention; and
PAR  FIG. 11 indicates the wave forms of signals by way of illustrating the
      operation of the flow meter of FIG. 10.
DETD
PAR  Referring to FIG. 1, a pair of exciting coils 3a, 3b are provided outside
      of a pipe 2 through which a conductive fluid 1 flows. The exciting coils
      3a, 3b are connected in series to an A.C. source 4. An A.C. magnetic flux
      generated by each of said exciting coils 3a, 3b is applied at right angles
      to the flow line of a fluid 1 traveling through the pipe 2. An
      electromotive force is produced in the directions perpendicular to both
      the flow line of the fluid 1 and the A.C. magnetic flux applied to said
      fluid 1. A pair of signal-detecting electrodes 5a, 5b are provided on the
      inner walls of the pipe 2 to detect said electromotive force. A voltage
      detected across said electrodes 5a, 5b has a magnitude proportional to the
      flow rate of the fluid 1 passing through the pipe 2.
PAR  A detection signal appearing between the electrodes 5a, 5b is amplified by
      an A.C. type differential amplifier 6, an output from which is impressed
      through a resistor 7 on one of the electrodes of a first switch 8
      consisting of, for example, a field effect transistor (hereinafter
      referred to as "an FET"). A signal supplied to the first switch 8 is
      further conducted upon its closure to an arithmetic operation amplifier 9
      and also to the input terminal of an integration circuit 11 consisting of
      a capacitor 10 connected between the input and output terminals of said
      arithmetic operation amplifier 9.
PAR  The primary winding of a transformer 12 is connected in series to the
      exciting coils 3a, 3b, and both ends of the secondary winding of said
      transformer 12 are connected to a resistor 13. This arrangement causes
      both ends of the resistor 13 to be impressed with an A.C. voltage
      proportional to the magnitude of a magnetic flux applied to the fluid 1
      from the exciting coils 3a, 3b. One end of the resistor 13 is grounded and
      the other end thereof is connected to one end of a phase shifter 16
      consisting of a resistor 14 and capacitor 15 and also to one end of an
      A.C.-D.C. converting circuit 19 consisting of a diode 17 and capacitor 18.
      An output from the phase shifter 16 is supplied to one positive input
      terminal of a comparator 21 included in a first switch-controlling circuit
      20. Since the other negative input terminal of the comparator 21 is
      grounded, an output from the phase shifter 16 is conducted to a
      switch-driving circuit 22 and also to an inverter 24 of a second
      switch-controlling circuit 23, each time said output is brought to a
      negative level. The phase shifter 16 is used to attain a coincidence
      between an output from the A.C. type differential amplifier 6, namely, the
      phase of a signal detecting the flow rate of a fluid and the phase of a
      signal supplied to said one positive input terminal of the comparator 21.
      Accordingly, an output from the switch-driving circuit 22 is supplied to
      the first switch 8, namely, the gate electrode of the FET 8 as a
      switch-controlling signal, each time the polarity of a detection signal is
      turned negative, so as to close first switch 8. Therefore, the integration
      circuit 11 is supplied with a signal representing the negative half period
      of the detection signal.
PAR  An output from the integration circuit 11 is delivered to one positive
      input terminal of a comparator 25, the other negative input terminal of
      which is grounded. Thus, the comparator generates an output, when an
      output from the integration circuit 11 has a higher level than zero. The
      output terminal of the comparator 25 is connected to one input terminal of
      the NAND gate 26 of the second switch-controlling circuit 23, the other
      input terminal of said NAND gate 26 being supplied with an output from the
      inverter 24. An output from the NAND gate 26 is delivered through an
      inverter 27 to the input terminal of a switch-driving circuit 28. An
      output from the switch-driving circuit 28 is supplied as a
      switch-controlling signal to the gate electrode of an FET constituting a
      second switch 29 and also to the gate electrode of an FET used as a third
      switch 30.
PAR  The second switch 29 is supplied through a resistor 31 with an output from
      the A.C.-D.C. converting circuit 19. A D.C. signal of negative polarity
      from said converting circuit 19 is further conducted through the second
      switch 29 to the input terminal of the integration circuit 11. Since the
      diode 17 has the indicated polarity, a detection signal from the first
      switch 8 and a signal from the second switch 29 have opposite polarities.
      Therefore, the integration circuit 11 integrates outputs from the first
      switch 8 and those from the second switch 29 in opposite directions by
      turns.
PAR  One electrode of the third switch 30 is connected to a terminal 33
      impressed with a referential voltage E.sub.s and the other electrode of
      said third switch 30 is connected to the input terminal of a smoothing
      circuit 36. Referential numeral 37 denotes the output terminal of the
      subject flow meter.
PAR  There will now be described by reference to FIG. 2 the operation of an A.C.
      electromagnetic flow meter of FIG. 1. A detection signal appearing between
      the signal-detecting electrodes 5a, 5b and supplied to the first switch 8
      through the amplifier 6 and resistor 7 has a sine wave form shown in, for
      example, FIG. 2 (a). This detection signal contains a noise component
      shifted 90.degree. in phase from the detection signal as illustrated in
      FIG. 2 (b). Thus, a composite signal consisting of said detection signal
      and noise presents a wave form indicated in FIG. 2 (c). Namely, an input e
      to the A.C. type differential amplifier 6 may be expressed by the
      following formula:
      ##EQU1##
      where: B = density of a magnetic flux applied to a fluid 1
PA1  D = inner diameter of a pipe 2
PA1  v = velocity of a fluid passing through the pipe 2
PA1  E.sub.n = amplitude of a noise shifted 90.degree. in phase
PAR  An output E.sub.1 amplified by the differential amplifier 6 is the one
      where only portions represented by the constant terms D and E.sub.n are
      amplified. With said constant terms D and E.sub.n denoted by k.sub.1 and
      k.sub.2 respectively, the output E.sub.1 may be expressed as follows:
      ##EQU2##
PAR  Since an output M from the phase shifter 16 has the same phase as the wave
      form of a detection signal shown in FIG. 2 (a), an output from the
      comparator 21 also has the same phase as indicated in FIG. 2 (f), causing
      the first switch 8 to be rendered conducting and nonconducting by turns as
      illustrated in FIG. 2 (d). Namely, the FET 8 is turned on only when the
      signal E.sub.1 has a negative level and turned off only when said signal
      E.sub.1 has a positive level. Thus a detection signal continues to be
      supplied to the integration circuit 11 through the first switch 8, while
      the phase of FIG. 2 (a) is shifted, for example, from 0 to .pi.. As
      apparent from FIG. 2 (a), the detection signals have a negative level for
      a period from 0 to .pi. and are effectively integrated by the integration
      circuit 11. Since, however, the 90.degree.-shifted noise has a negative
      level for a period from 0 to .pi./2 and a positive level for a period from
      .pi./2 to .pi., the result of integration carried out for a period from 0
      to .pi. has a value of zero. This means that the 90.degree.-shifted noise
      is effectively suppressed by the integration circuit 11. An output E.sub.2
      from the integration circuit 11 may therefore be expressed by the
      following equation:
      ##EQU3##
      where: CR = time constant of integration undertaken by the integration
      circuit 11
PA1  T = a period from 0 to .pi.
PAR  Thus, the integration circuit 11 continues to integrate outputs from the
      first switch 8 in the positive direction as shown in FIG. 2 (g). Since, at
      this time, a signal supplied to one input terminal of the comparator 25
      has a zero level, an output from the comparator 25 is brought to a state
      indicated by a logical code 1, when an output from the integration circuit
      11 turns positive. This output of 1  has a wave form indicated in FIG. 2
      (e). Where, under this condition, an output M from the phase shifter 16
      has its level reduced to zero, the first switch 8 is rendered
      nonconducting and an output from the comparator 21 is brought to the state
      of a logical code 0. Said output of 0 is inverted to a signal of 1 (FIG. 2
      (f)) by the inverter 24. This inverted output of 1 from the inverter 24 is
      supplied to the NAND gate 26 together with an output of 1 from the
      comparator 25. The NAND gate 26 delivers an output of 0 to the inverter
      27, which in turn supplies an output of 1 to the switch-driving circuit
      28. Upon receipt of an input of 1, the switch-driving circuit 28 sends a
      switch-driving signal to the second and third switches 29, 30 so as to
      close them. At the point of time .pi., an output E.sub. 3 from the
      A.C.-D.C. converting circuit 19 bearing the wave form of FIG. 2 (h) is
      supplied to the integration circuit 11 through the second switch 29 and
      inverter 32. An output from the integration circuit 11 is linearly
      attenuated, as shown in FIG. 2 (g), in the negative direction down to a
      zero level during a period of T1. Where an output from the integration
      circuit 11 has its level reduced to zero, then an output from the
      comparator is brought to the state of 0 as indicated in FIG. 2 (e). On the
      other hand, an output from the inverter 24 maintains the state of 1 as
      shown in FIG. 2 (f). Consequently, an output from the NAND gate 26 is
      changed to 1 indicated in FIG. 2 (h), causing the switch-driving circuit
      28 to be reset by a 0 output from the inverter 27 and the second and third
      switches to be turned off. FIG. 2 (i) presents the wave form of a signal
      obtained on the output side of the third switch 30.
PAR  To explain the above-mentioned operation by means of equations, an output
      E.sub.3 from the A.C.-D.C. converting circuit 19 bears a proportion only
      to exciting current or the density B of a magnetic flux. With k.sub.3
      taken to be a constant, therefore, said output E.sub.3 may be expressed as
      follows:
EQU  E.sub.3 = k.sub.3 B                                        (4)
PAR  now let T.sub.1 of FIG. 2 (g) represent the period required for an output
      E.sub.2 from the integration circuit 11 to have its level reduced to zero
      after the second switch 29 is closed at the point of time .pi.. Then the
      following equation results:
      ##EQU4##
      Therefore, the following equation is derived from the equations (3), (4)
      and (5):
EQU  T.sub.1 = k.sub.4 v T                                      (6)
PAL  where k.sub.4 is a constant. As apparent from the above equation (6),
      T.sub.1 is unrelated to the density B of a magnetic flux. Since T is
      constant, T.sub.1 denotes a value only proportional to the velocity v of
      the fluid 1 running through the pipe 2. Therefore, the ratio of T.sub.1 to
      T always maintains a value only proportional to the velocity v of the
      fluid 1.
PAR  Since the third switch 30 is rendered conducting for the same period of
      T.sub.1 (FIG. 2 (i)) as the second switch 29, a D.C. voltage obtained from
      the output terminal 37 of the flow meter by smoothing the referential
      voltage E.sub.s in the smoothing circiut 36 also bears proportion only to
      the velocity v of the fluid 1, thereby providing an analogue signal
      representing the accurate flow rate of the fluid 1 free from the
      90.degree. shifted noise and variations in the density B of a magnetic
      flux. Since the aforesaid equation (6) does not include the constants C
      and R associated with the elements of the integration circuit 11, it is
      possible to avoid errors in measuring the flow rate of a fluid 1 which
      might otherwise arise from a characteristic variations of the contents C
      and R and of amplifiers, etc. caused by the variations of the ambient
      temperature and secular change.
PAR  Since, as mentioned above, the flow meter of this invention indicates its
      output essentially in the form of time T or time ratio T.sub.1 /T, said
      flow meter can show the flow rate of a fluid 1 not only in the form of an
      analogue output using a smoothing circuit 36 as in the embodiment of FIG.
      1, but also in the form of a digital output.
PAR  FIG. 3 is a block circuit diagram of the flow meter of this invention which
      can indicate the flow rate of a fluid in the form of a digital output.
      According to this arrangement, an output, for example, from the
      switch-driving circuit 28 of FIG. 1 is supplied to a NAND gate 41 together
      with a clock pulse generated by a clock pulse generator 40. Namely, an
      output from the switch-driving circuit 28 is used as a gate signal and
      clock pulses having a number corresponding to a period of T.sub.1 are
      divided in frequency by a frequency divider 42. Thereafter, the frequency
      divided clock pulses are supplied to a proper counter 43. Thus, the flow
      rate of a fluid 1 can be easily indicated by digital signals. The
      accumulated value of the output pulses is proportional to the accumulated
      amount of fluid flowing in the flow meter.
PAR  Further, if the switch-driving circuit 28 and switch 30 of FIG. 1 are
      connected, though not shown, by a known photocoupler consisting of, for
      example, a light emitting diode and phototransistor, then electric
      insulation can be effected between the flow meter and an output indicator.
      This arrangement offers the advantage of preventing errors in measuring
      the flow rate of a fluid, particularly in case the flow meter and output
      indicator are remotely separated from each other.
PAR  Since the time-constant of the A.C.-D.C. converting circuit 19 of FIG. 1 is
      very large, one cannot obtain the output voltage of the circuit 19 in
      proportion to the voltage of the power supply in case of a rapid variation
      of the power supply voltage. This causes an error in measuring the flow
      rate of the fluid.
PAR  FIG. 4 shows a circuit arrangement of a flow meter according to another
      embodiment of this invention which has been improved from the flow meter
      of FIG. 1 to elevate the precision of measurement in view of the above
      drawbacks of Embodiment of FIG. 1. The parts of FIG. 4 which are the same
      as those of FIG. 1 are denoted by the same numerals and description
      thereof is omitted. Now let it be assumed that an output from the
      differential amplifier 6 is a sine wave signal bearing the phase of FIG. 5
      (a). Then, an output from the comparator 21 is a positive pulse having, as
      shown in FIG. 5 (b), a width corresponding to the negative period of an
      output from the differential amplifier 6. This positive pulse is supplied
      from the comparator 21 to the switch-driving circuits 22a, 22b, inverter
      50 and a switch-driving circuit 51 at the same time. An output from the
      inverter 50 takes the form of a pulse signal shown in FIG. 5 (c) which is
      of the opposite polarity to an output from the comparator 21.
PAR  Where a switch-driving signal is supplied from the comparator 21 to the
      switch-driving circuit 22a, then the first switch 8 is closed. As the
      result, outputs from the differential amplifier 6 are supplied to the
      integrator 11 for integration for a period, for example, from 0 to .pi..
      Thus an output from the integrator 11 increases as shown in FIG. 5 (d) for
      a period from 0 to .pi..
PAR  On the other hand, the output terminal of the phase shifter 16 is connected
      through a resistor 52 and FET switch 53 to the negative side terminal of
      an operational amplifier 54 constituting the A.C.-D.C. converting circuit
      19, causing the switch-driving circuit 22b to be operated by an output
      from the comparator 21 for a period from 0 to .pi.. As the result, the FET
      switch 53 is closed and an output from the phase shifter 16 is conducted
      to the operational amplifier 54. Accordingly, the comparator 54 generates
      an output progressively increasing from the point of time 0 to the point
      of time .pi. as shown in FIG. 5 (e). This increased output is delivered to
      the second switch 29 through the resistor 31. A capacitor 55 and FET
      switch 56 are connected parallel between the input and output terminals of
      the operational amplifier 54. The FET 56 has its operation controlled by a
      signal from the switch-driving circuit 57.
PAR  An output from the integration circuit 11 is supplied to the comparator 25,
      which in turn produces an output having a fixed amplitude as shown in FIG.
      5 (f) which increases according to an output from the integration circuit
      11 bearing the wave form indicated in FIG. 5 (d). Said output from the
      comparator 25 is conducted to the NAND gate 26 together with an output
      from the inverter 50 having the wave form of FIG. 5 (c). The NAND gate 26
      is supplied with two input signals indicated by logical codes of 1 and 0
      for a period from 0 to .pi.. Accordingly, an output from the NAND gate 26
      takes the form of 1, and an output from the inverter 27 maintains the form
      of 0 as shown in FIG. 5 (g) for a period from 0 to .pi.. An output from
      the NAND gate 26 is delivered to the NAND gate 58 together with a signal
      supplied to one input terminal of said NAND gate 26. Since input signals
      to the NAND gate 58 maintain the forms of 0 and 1 respectively for a
      period from 0 to .pi., an output from the NAND gate 58 is brought to the
      state of 1. Therefore, an output from the inverter 59 presents the state
      of 0 as shown in FIG. 5 (h). Since said output from the inverter 59 is
      delivered to the switch-driving circuit 57, the FET switch 56 remains open
      for a period from 0 to .pi., causing an output from the operational
      amplifier 54 to be charged in the capacitor 55.
PAR  Further, the switch-driving circuit 51 is operated by an output from the
      comparator 21 for a period from 0 to .pi.. Accordingly, an FET switch 60
      is closed and the referential voltage E.sub.s is impressed on the negative
      side input terminal of an integration circuit 61.
PAR  Since a driving signal is not supplied from the inverter 59 to a
      switch-driving circuit 62, an FET switch 63 is opened and the integration
      circuit 61 integrates E.sub. s signals supplied from the FET switch 60 and
      produces an output progressively increasing from the point of time 0 to
      the point of time .pi. as shown in FIG. 5 (i). An output from the
      integration circuit 61 is delivered to the FET switch 30, but the
      switch-driving circuit 28b is not supplied with a driving signal.
      Therefore, the output terminal 37 of the flow meter does not generate an
      output. Since a signal supplied to one input terminal of the NAND gate 41
      remains in the state of 0, said gate 41 is not opened, nor a digital
      output terminal 64 is supplied with a clock pulse from the clock pulse
      generator 40. During a period from 0 to .pi., a 90.degree.-shifted noise
      contained in an output from the differential amplifier 6 is of course
      effectively suppressed in the integration circuit 11 as in the case of
      FIG. 1.
PAR  When an output from the differential amplifier 6 has its phase shifted to
      .pi., an output from the comparator 21 has its level brought to zero in
      synchronization with said output from the differential amplifier 6. As the
      result, the FET switches 8, 53, 60 are opened through the switch-driving
      circuits 22a, 22b, 51, causing an output from the inverter 50 to take the
      form of 1 as shown in FIG. 5 (c) for a period from .pi. to 2.pi.. A 1
      output from the inverter 50 is conducted to the NAND gate 26. Since, at
      this time, an output from the comparator 25 maintains the form of 1 as
      indicated in FIG. 5 (f), an output from the NAND gate 26 is brought to the
      state of 0, causing the switch-driving circuit 28a to be actuated by a 1
      output from the inverter 27. The FET switch 29 is closed by an output from
      the switch-driving circuit 28a and the integration circuit 54 delivers an
      output bearing the wave form of FIG. 5 (e) to the integration circuit 11.
      An output from the integration circuit 19 has an opposite polarity to an
      output from the differential amplifier 6. Therefore, the integration
      circuit 11 carries out integration in the opposite direction starting from
      the point of time .pi.. An output from said integration circuit 11 is
      linearly attenuated from the point of time .pi. as shown in FIG. 5 (d) and
      falls to a zero level after a period of T.sub.1.
PAR  Since, during the period of T.sub.1, an output from the inverter 27 takes
      the form of 1 as shown in FIG. 5 (g), and an output from the inverter 59
      is brought to the state of 0 as indicated in FIG. 5 (h), an output from
      the integrator 61 still maintains a value attained at the point of time
      .pi. through the opening of the switch 63, namely, presents the wave form
      of FIG. 5 (i). the switch-driving circuit 28b is actuated to close the
      switch 30 and an output bearing the wave form of FIG. 5 (j) appears on the
      output side of said switch 30. At this time, a 1 output from the inverter
      27 opens the NAND gate 41, causing clock pulses from the clock pulse
      generator 40 as shown in FIG. 5 (k) to appear at the digital output
      terminal 64 of the flow meter. When, therefore, clock pulses appearing at
      said digital output terminal 64 are counted as in the case of FIG. 3, then
      the flow rate of a fluid can be digitally indicated.
PAR  Where an output from the integration circuit 11 falls to zero in a period
      of T.sub.1 after the point of time .pi., then an output from the
      comparator 25 is brought to the state of 0, and an output from the NAND
      gate 26 takes the form of 1. As the result, an output from the NAND gate
      58 presents the state of 0 and an output from the inverter 59 which is
      supplied to the switch-driving circuit 57 is turned to the state of 1,
      causing the FET switch 56 to be closed. Accordingly, short circuiting
      takes place across the input and output terminals of the integration
      circuit 54, an output from which rapidly falls to zero as shown in FIG. 5
      (e).
PAR  An output from the inverter 27 is brought to the state of 0 as shown in
      FIG. 5 (g), and the switches 29, 30 are opened, causing outputs from the
      digital output terminal 64 and the analogue output terminal 37 to fall to
      zero.
PAR  Where an output from the differential amplifier 6 has its phase shifted to
      2.pi., then an output from the comparator 21 appears again. At this time
      an output from the inverter 50 takes the form of 0 and an output from the
      inverter 59 is brought back to the state of 0. Operation during a period
      from 2.pi. to 4.pi. is the same as during a period from 0 to 2.pi.. The
      larger the amount of a fluid 1 running through the pipe 2, the more
      increased an output from the diferential amplifier 6. As the result, the
      voltage integrated by the integration circuit 11 during a period from 0 to
      .pi. or from 2.pi. to 3.pi. grows higher. Since an output from the
      integration circuit 54 has a constant voltage, the period of T.sub.1 in
      which an amount of outputs is integrated in the opposite direction is
      lengthened to the same extent as that to which an amount of outputs
      integrated in the normal direction increases. Thus the flow rate of a
      fluid 1 passing through the pipe 2 bears a proportional relationship with
      the period T.sub.1 of reverse integration. Consequently an analogue output
      from the output terminal 37 of the flow meter or a digital output from its
      output terminal 64 indicates a magnitude proportional to the flow rate of
      a fluid 1 traveling through the pipe 2.
PAR  FIG. 6 is a circuit diagram of a flow meter according to still another
      embodiment of this invention. There will now be described the operation of
      this embodiment by reference to FIG. 7 showing the wave forms of signals
      appearing in said embodiment. An output signal from the differential
      amplifier 6 which has detected the flow rate of a fluid 1 conducted
      through the pipe 2 has a sine wave as shown in FIG. 7 (a). During a period
      from 0 to .pi. in which there appears a signal detecting the flow rate, an
      output from the comparator 21 takes the form of 0 as shown in FIG. 7 (b)
      and consequently an output from the inverter 50 is brought to the state of
      1 as shown in FIG. 7 (c). An output from the inverter 50 is supplied to
      one input terminal of the NAND gate 26 and also to a delay circuit 70.
      This delay circuit 70 produces an output in a time t after the delay
      circuit 70 is supplied with an output from the inverter 50. An output from
      said delay circuit 70 is conducted to the switch-driving circuits 57, 71
      and inverter 72. The FET switches 56, 73 are rendered conducting by the
      switch-driving circuits 57, 71 for a period from 0 to .pi.. Therefore,
      outputs x and y from the integration circuits 11, 54 are reduced to zero
      as shown in FIGS. 7 (e) and (f).
PAR  When an output from the differential amplifier 6 has its phase shifted to
      .pi., then an output from the comparator 21 takes the form of 1 as
      indicated in FIG. 7 (b), and in consequence outputs from the inverter 50
      and delay circuit 70 are brought to the state of 0 as shown in FIGS. 7 (c)
      and (d). As the result, the switch-driving circuits 57, 71 are deenergized
      to open the switches 56, 73, and the integration circuits 11, 54 commence
      integration. Since an output from the comparator 21 maintains the form of
      1 as indicated in FIG. 7 (b) for a period from .pi. to 2.pi., the switches
      8, 53 are closed by the switch-driving circuits 22a, 22b. Outputs from the
      differential amplifier 6 and phase shifter 16 are integrated, as shown in
      FIGS. 7 (e) and 7 (f) by the integration circuits 11, 54 respectively.
      These integrated outputs x, y are supplied to a multiplier-divider 74
      together with a referential voltage E.sub.s (referred to as z throughout
      the embodiment of FIG. 6). The multiplier-divider 74 carries out the
      arithmetical operation of said three inputs x, y and z by the formula of
      x.sup.. z/y.
PAR  Where an output from the differential amplifier 6 which has detected the
      flow rate of a fluid 1 has its phase shifted to 2.pi., then an output from
      the comparator 21 takes the form of 0 and an output from the inverter 50
      is brought to the state of 1. Under this condition, the switches 8, 53
      remain open and the switches 56, 73 are also left open. Accordingly, an
      output from the integration circuit 11 maintains a value attained when the
      phase is shifted to 2.pi. as shown in FIGS. 7 (e) and (f). On the other
      hand, an output from the delay circuit 70 maintains the state of 0 and an
      output from the inverter 50 is kept in the state of 1, until a delay time
      T.sub.1 passes from the point of time 2.pi.. Therefore, an input to the
      NAND gate 26 takes the form of "1,1" and an output therefrom presents the
      state of 0. As the result, a driving signal bearing the wave form of FIG.
      7 (g) is supplied to the switch-driving circuit 28b to open the switch 30.
      An output from the multiplier-divider 74 bearing the wave form of FIG. 7
      (b) appears on the output side of the switch 30. This output passes
      through the smoothing circuit 34 and appears at the output terminal 37 of
      the flow meter as an analogue signal indicating the flow rate of a fluid 1
      traveling through the pipe 2.
PAR  Throughout the foregoing embodiments, integration in the integration
      circuit 11 was carried out once for each period of an output voltage from
      the amplifier 6. However, this invention is not limited to such
      arrangement, but may be so designed as to effect integration in said
      integration circuit 11 once, for example, for every two periods of an
      output voltage from the amplifier 6. FIG. 8 exemplifies the latter case.
      The parts of FIG. 8 the same as those of FIG. 4 are denoted by the same
      numerals. Referring to FIG. 8, the output terminal of the comparator 21 is
      connected to the terminal T of a binary flip-flop circuit 81, one of the
      input terminals of an AND gate 82 and the input terminal of an inverter
      83. The output terminal Q of the flip-flop circuit 81 and the output
      terminal of the inverter 83 are connected to both input terminals
      respectively of an AND gate 84, whose output terminal is connected to the
      input terminal of the driver 28. The output terminals of the inverter 83
      and comparator 25 are connected to both input terminals respectively of an
      AND gate 85, whose output terminal is connected to one of the input
      terminals of an AND gate 86 and the input terminal of a driver 28b. The
      other input terminal of the AND gate 86 is connected to the output
      terminal of the clock generator 40. The output terminal of the AND gate 86
      is connected to the output terminal of the digital signal output terminal
      64.
PAR  One end of the secondary winding of the transformer 12 is directly
      connected to the minus input terminal of a comparator 87, whose plus input
      terminal is grounded. The output terminal of the comparator 87 is
      connected to the terminal T of a binary flip-flop circuit and one of the
      input terminals of an AND gate 90. The other input terminal of the AND
      gate is connected to the output terminal Q of a flip-flop circuit 88. The
      output terminal of the AND gate 90 is connected to the input terminals of
      the drivers 22b, 51. The output terminal of an inverter 89 is connected to
      one of the input terminals of an AND gate 91. The output terminal Q of the
      flip-flop circuit 88 is connected to the other input terminal of the AND
      gate 91, whose output terminal is connected to the input terminals of the
      drivers 57, 62.
PAR  There will now be described by reference to FIG. 9 the operation of a flow
      meter according to the embodiment of FIG. 8. Now, let it be assumed that
      an output signal es from the amplifier 6 has a substantially sine wave
      form as shown in FIG. 9 (a). In this case, it is assumed that the
      90.degree.-shifted noise component is not contained in the signal es.
      Therefore, a signal er induced on the secondary side of the transformer 12
      has a substantially sine wave form as indicated in FIG. 9 (b). Both
      signals have, as illustrated, different phases, because the phase of the
      exiting current in the exiting coils 3a, 3b is differed from that of the
      magnetic flux generated by the coils 3a, 3b because of the electromagnetic
      loss therein. The signal er is transmitted to the phase shifter 16 to have
      its phase equalized with that of the signal es, and then conducted to the
      plus terminal of the comparator 21. Accordingly, an output signal TS.sub.1
      from the comparator 21 has, as shown in FIG. 9 (c), a positive level
      synchronizing with the positive level period of the signal es. When set by
      a signal TS.sub.1, the flip-flop circuit 81 generates an output signal
      TS.sub.2 from the output terminal Q. This terminal Q output signal
      TS.sub.2 is produced, as shown in FIG. 9 (d), at the rise of the signal
      TS.sub.1, and extinguished at the succeeding rise of said signal TS.sub.1.
      An output signal TS.sub.3 from the AND gate 82 whose input terminal is
      supplied with the signals TS.sub.1, TS.sub.2 is given forth once, as shown
      in FIG. 9 (e), for every two periods of the signal es. The output signal
      TS.sub.3 is delivered to the driver 22a to render the FET 8 conducting.
      Operation of the FET 8 causes the signal es to be supplied to the
      integration circuit 11, for example, for a period extending from 0 to .pi.
      so as to be integrated. An output signal eIO generated from the
      integration circuit 11 for said 0 to .pi. period has a wave form shown in
      FIG. 9 (i).
PAR  Voltage er induced on the secondary side of the transformer 12 is further
      directly delivered to the minus terminal of the comparator 87. An output
      signal Tr.sub.1 from the comparator 87, therefore, takes, as shown in FIG.
      9 (f), the form of a positive pulse in correspondence to the negative half
      period of the signal er. The output terminal Tr.sub.1 is supplied to the
      terminal T of the flip-flop circuit 88. The output terminals Q, Q thereof
      give forth signals Tr.sub.2, Tr.sub.2 of opposite polarity respectively.
      The output signal Tr.sub.2 from the terminal Q of the flip-flop circuit 88
      is produced, as shown in FIG. 9 (g), at the rise of one pulse of the
      signal Tr.sub.1, and extinguished at the rise of the succeeding pulse of
      said signal Tr.sub.1. The two signals Tr.sub.1, Tr.sub.2 are conducted to
      the AND gate 90, whose output terminal gives forth, as shown in FIG. 9
      (h), a signal Tr.sub.3 for every two periods of the signal er. The signal
      Tr.sub.3 is supplied to the drivers 22b, 51 to put them into operation. As
      the result, the FET's 53, 60 are rendered conducting, the signal er is
      supplied to the integration circuit 19 through the resistor 52 and FET 53,
      and D.C. voltage E.sub.s is impressed on the integration circuit 61
      through the FET 60.
PAR  While the signal Tr.sub.3 is being produced, the signal Tr.sub.1 is
      supplied to the inverter 89, and the output terminal Q of the flip-flop
      circuit 88 generates a signal Tr.sub.2. At this time, the drivers 57, 62
      are not supplied with any signal from the AND gate 91 and the FET's 56, 63
      remain inoperative. As the result, the integration circuits 19, 61 are
      actuated to carry out integration in the positive direction, as shown in
      FIGS. 9 (j) and (m), for a period corresponding to the signal Tr.sub.3,
      giving forth integrated signals ero, eQ. Where the signal Tr.sub.1 is
      extinguished during the 0 to .pi. period, the inverter 89 produces a
      signal of 1. The AND gate 91 supplies a drive signal to the drivers 57, 62
      to render the FET's 56, 63 conducting. Output signals ero, eQ from the
      integration circuits 19, 61 are held at the levels obtained at that time,
      as shown in FIGS. 9 (j) and (m).
PAR  Where the comparator 21 gives forth an output signal TS.sub.1 of 0 when an
      output signal es from the amplifier 6 has a phase of .pi., then the
      inverter 83 produces an output signal TS.sub.1 of 1. Since, at this time,
      an output signal TS.sub.2 from the output terminal Q of the flip-flop
      circuit 81 has a level of 1, the AND gate 84 is opened, and the driver 28
      is driven by an output signal from the AND gate 84. As the result, the FET
      29 is operated and an integrated output signal ero held by the integration
      circuit 19 is delivered to the integration circuit 11 through the resistor
      31 and FET 29. When the integration circuit 11 which produces a negative
      integratd output signal eIO during the 0 to .pi. period is supplied with a
      positive signal ero, said integrated output signal eIO rises in the
      positive direction as shown in FIG. 9 (i) and is returned to zero level in
      a time T.sub.1 after the point of time .pi..
PAR  Where the comparator 21 gives forth an output signal TS.sub.1 of 0 at the
      point of time .pi., then an output signal of 1 from the inverter 83 is
      also delivered to the AND gate 85. Since, at this time, an output signal
      CO from the comparator 25 has a level of 1, as shown in FIG. 9 (k), the
      AND gate 85 gives forth an output signal TO of 1, as shown in FIG. 9 (l).
      The output signal TO opens the AND gate 86 and actuates the driver 28b. A
      clock pulse signal from the clock pulse generator 40 is conducted from the
      AND gate 86 to the digital output terminal 64. Operation of the driver 28
      renders the FET 30 conducting, causing the signal eQ of FIG. 9 (m) to be
      supplied to the smoothing circuit 34 through the FET 30. At this time, a
      signal eO is generated from the analogue output terminal 37 via the
      smoothing circuit 34.
PAR  When an output signal eIO from the integration circuit 11 is brought to
      zero level in a time T.sub.1, which is proportional to the flow rate,
      after the point of time .pi., then the comparator 25 gives forth a signal
      CO of 0 to close the AND gate 85. As the result, an output signal T.sub.0
      from the AND gate 85 is set at a level of 0 to put the FET 30 out of
      operation, thereby extinguishing the output signals from the digital
      output terminal 64 and analogue output terminal 37 which correspond to the
      period T.sub.1. When the signal Tr.sub.1 is brought to a level of 0 during
      the period of 2.pi. to 3.pi., the AND gate 90 is closed to render the
      FET's 53, 60 inoperative, with the result that the signals er, E.sub.s
      cease to be supplied to the integration circuits 19, 61, and that the
      output signals ero, eQ are brought to zero level, as shown in FIGS. 9 (j)
      and (m).
PAR  In the succeeding period of 3.pi. to 4.pi., the signals Tr.sub.3, ero, eQ
      rise all alike, and an integrated output signal eIO is again obtained at
      the point of time 4.pi.. The foregoing operation is repeated thereafter.
PAR  FIG. 10 shows the block circuit diagram of a flow meter according to a
      further embodiment of the invention where integration in the integration
      circuit 11 is carried out once for every two periods of output voltage
      from the A.C. source 4. The parts of FIG. 10 the same as those of FIG. 8
      are denoted by the same numerals. Referring to FIG. 10, the output
      terminal of the AND gate 82 is connected to the input terminals of the
      driver 22a and inverter 95. The output terminal of the inverter 95 is
      connected to one of the input terminals of the AND gate 96, the other
      input terminal of which is connected to the Q output terminal of the
      binary flip-flop circuit 81. The output terminal of the AND gate 96 is
      connected to the input terminal of the driver 28b. The Q output terminal
      of the flip-flop circuit 81 is connected to one of the input terminals of
      the AND gate 84, the other input terminal of which is connected to the
      output terminal of the comparator 21 through the inverter 83. The output
      terminal of the driver 28b is connected to the gate electrode of the
      sampling FET 30 included in a sampled value holder 38. One of the
      electrode terminals of the sampling FET 30 is connected to the plus
      terminal of an operational amplifier 39, the output terminal of which is
      connected to the analogue signal output terminal 37.
PAR  There will now be described by reference to FIG. 11 the operation of the
      embodiment of FIG. 10. The signals es, er, TS.sub.1, TS.sub.2, TS.sub.3,
      Tr.sub.1,Tr.sub.2, Tr.sub.3 are the same as those of FIG. 8, as seen from
      FIGS. 11 (a) to 11 (h). Where the AND gate 90 generates a signal Tr.sub.3
      for a length of time extending between the point of time at which, for
      example, the signal es has a phase angle of -.pi. and that at which said
      signal es has a phase angle of 0, then the FET 53 is rendered conducting
      and the integration circuit 19 generates a signal ero as shown in FIG. 11
      (j). This signal ero is supplied to the multiplier-divider 74 as a Y
      signal. Since at this time, the output signal eIO from the integration
      circuit 11 which is supplied as an X signal to said multiplier-divider 74
      has a level of zero, an output signal eQ from said multiplier-divider 74
      continues to have a zero level as shown in FIG. 11 (k). When the voltage
      signal es has a phase angle of 0, then the AND gate 82 gives forth a
      signal TS.sub.3 to actuate the driver 22a, and the voltage signal es is
      conducted to the integration circuit 11 so as to be integrated, and an
      output signal eIO from the integration circuit 11 increases in the
      negative direction as shown in FIG. 11 (i). While a signal Tr.sub.3
      maintains a level of 0 for the period in which the phase angle of said
      signal Tr.sub.3 changes from 0 to .pi., then the FET 53 is rendered
      inoperative, and the output signal ero from the integration circuit 19
      thereafter maintains the level obtained at that time. The
      multiplier-divider 74 which is supplied with three input signals X, Y, Z
      during the above-mentioned period extending between the phase angles 0 and
      .pi. generates a progressively increasing signal eQ as shown in FIG. 11
      (k).
PAR  When the voltage signal es has a phase angle of .pi., the comparator 21
      produces a signal TS.sub.1 of 0, and the inverter 83 gives forth a signal
      of 1. Since, at this time, a Q output signal from the flip-flop circuit 81
      has a level of 1, the AND gate 84 is opened, causing a driving signal to
      be supplied therefrom to the FET 73 through the driver 28. As the result,
      the FET 73 is actuated and the output signal eIO from the integration
      circuit thereafter maintains the level obtained at that time as shown in
      FIG. 11 (i). When said output signal eIO is thus held at a certain level,
      then the three input signals X, Y, Z supplied to the multiplier-divider 74
      and in consequence an output signal eQ therefrom also have a fixed level
      as shown in FIG. 11 (k). When the output signal eQ has a fixed level and
      the signal TS.sub.3 has its level shifted to 0, then the AND gate 96 is
      opened. Accordingly, the FET 30 is operated by the driver 28b, causing the
      output signal eQ from the multiplier-divider 74 to be supplied to the
      sampled value holder 38. Accordingly, the output terminal 37 of the
      operational amplifier 39 gives fort a signal eo whose sampled level value
      has been held as shown in FIG. 11 (l). This signal eo continues to be
      produced until the AND gate 96 is closed upon the shifting of the level of
      the signal TS.sub.2 to 0. Namely, said signal eo appears for a length of
      time corresponding to half the period of the output voltage signal es from
      the amplifier 6 which denotes a measured flow rate. When the output signal
      Tr.sub.1 from the comparator 87 has its level brought to 0 during a period
      extending between the phase angles 2.pi. and 3.pi. and in consequence the
      AND gate 90 is closed, then the signal ero also has its level set at 0.
      The multiplier-divider 74 now supplied with a Y signal (ero) of 0
      generates an output signal eQ also of 0. When the signal TS.sub.1 has its
      level brought to 0 at the point of time at which said signal TS.sub.1 has
      a phase angle of 3.pi., then the FET 8 is rendered inoperative and the
      integration circuit 11 generates a signal eIO of 0. The integration
      circuit 11 thereafter repeats the above-mentioned cycle of operation with
      a length of time extending between the phase angle points -.pi. and 3.pi.
      taken as one period.
PAR  Further, if the sample-hold time is properly set shorter than that of one
      shown in FIG. 11 (l), the output of this flow meter will be obtained
      within one cycle of the signal er.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electromagnetic flow meter comprising a pipe for conducting a fluid;
      a magnetic flux generator for applying an A.C. magnetic flux to a fluid
      traveling through the pipe; a detection circuit fitted to the pipe so as
      to generate a detection signal proportional to a product arrived at by
      multiplying together the inner diameter of the pipe, the density of the
      A.C. magnetic flux and the running speed of the fluid; a device for
      generating an A.C. voltage proportional to the A.C. magnetic flux; a first
      switch supplied with the detection signal; a first switch-controlling
      circuit for closing the first switch for at least a positive or negative
      half period of the generated A.C. voltage; an A.C.-D.C. converting circuit
      for converting said A.C. voltage to a D.C. voltage; a second switch to
      which an output from said A.C.-D.C. converting circuit is supplied with an
      opposite polarity to the detection signal; an integration circuit for
      integrating outputs from the first switch and thereafter integrating
      outputs from the second switch; a second switch-controlling circuit for
      closing the second switch after said positive or negative half period and
      opening the second switch when an output from the integration circuit
      reaches a referential level; and an output device for producing an output
      indicating the flow rate of the fluid corresponding to the period in which
      outputs from the A.C.-D.C. converting circuit are integrated, for each
      operating cycle of said integration circuit.
NUM  2.
PAR  2. An electromagnetic flow meter according to claim 1 wherein the first
      switch-controlling circuit comprises a phase shifter for causing the phase
      of an output from the A.C. voltage generator to coincide with the phase of
      a detection signal; a comparator supplied with an output from the phase
      shifter and designed to compare the level of an output from the phase
      shifter with the referential level and produce an output signal in
      synchronization with the detection signal; and a first switch-driving
      circuit for closing the first switch according to an output from the
      comparator.
NUM  3.
PAR  3. An electromagnetic flow meter according to claim 2 wherein the A.C.-D.C.
      converting circuit comprises a second switch-driving circuit actuated by
      an output from the comparator; a third switch having its operation
      controlled by an output from the second switch-driving circuit and
      connected at one end to the output terminal of the A.C. voltage generator;
      an amplifier for arithmetic operation whose negative terminal is connected
      to the other end of the third switch and whose positive terminal is
      grounded; an integration capacitor connected between the input and output
      terminals of the arithmetic operation amplifier; and a fourth switch
      connected parallel to the integration capacitor and rendered conducting
      for a prescribed period after the second switch is opened.
NUM  4.
PAR  4. An electromagnetic flow meter according to claim 1 wherein the A.C.-D.C.
      converting circuit includes a rectifying circuit consisting of a diode
      connected at one end to the output terminal of the A.C. voltage generator;
      a capacitor connected between the other end of the diode and the ground;
      and a resistor connected between the other end of the diode and the second
      switch.
NUM  5.
PAR  5. An electromagnetic flow meter according to claim 1 wherein the second
      switch-controlling circuit comprises a comparator whose positive terminal
      is supplied with an output from the integration circuit and whose negative
      terminal is grounded; a NAND gate, one input terminal of which is supplied
      with an output from the comparator and the other input terminal of which
      is supplied with an output from the first switch-controlling circuit
      through a first inverter; and a switch driving circuit supplied with an
      output from the NAND gate through a second inverter and designed to
      deliver an output to the second switch.
NUM  6.
PAR  6. An electromagnetic flow meter according to claim 1 wherein the output
      device consists of a third switch having its operation controlled by an
      output from the second switch-controlling circuit; a power source
      connected to one end of the third switch so as to supply a direct current
      having a referential voltage; and a smoothing circuit connected to the
      other end of the third switch, thereby producing from the output terminal
      of the flow meter an analogue output corresponding to the flow rate of a
      fluid passing through the pipe.
NUM  7.
PAR  7. An electromagnetic flow meter according to claim 6 wherein the output
      device comprises a fourth switch connected at one end between the power
      source for supplying a direct current having a referential voltage and the
      third switch and operated in synchronization with the first switch; an
      operational amplifier whose negative terminal is connected to the other
      end of the fourth switch whose positive terminal is grounded and whose
      output terminal is connected to the third switch; an integration capacitor
      connected between the input and output terminals of the operational
      amplifier; and a fifth switch connected parallel between both ends of the
      integration capacitor, and closed for a prescribed period after the second
      switch is opened.
NUM  8.
PAR  8. An electromagnetic flow meter according to claim 1 wherein the output
      device comprises a clock pulse generator for generating clock pulses; a
      NAND gate, one input terminal of which is supplied with an output from the
      clock pulse generator and the other input terminal of which is supplied
      with an output from the second switch-controlling circuit; frequency
      dividing means supplied with an output from the NAND gate and designed to
      divide the frequency of said output into a prescribed number of
      components; and a counter for counting the frequencies of outputs from the
      frequency dividing means.
NUM  9.
PAR  9. An electromagnetic flow meter comprising a pipe for conducting a fluid;
      an A.C. source; a magnetic flux generator connected to the A.C. source to
      apply an A.C. magnetic flux to a fluid traveling through the pipe; a
      detection circuit fitted to the pipe to generate a detection signal
      proportional to a product arrived at by multiplying together the inner
      diameter of the pipe, the density of the A.C. magnetic flux and the
      running speed of the fluid; a transformer connected to the A.C. source; a
      device connected to the secondary winding of the transformer to generate
      an A.C. voltage in proportional to the A.C. magnetic flux; a first switch
      supplied with the detection signal; a second switch connected to the
      secondary winding of the transformer; a first integration circuit
      connected to the first switch; a second integration circuit connected to
      the second switch; a third switch supplied with an output signal from the
      second integration circuit; means for connecting the output terminal of
      the third switch to the input terminal of the first integration circuit; a
      first switch-controlling circuit for closing the first switch for half the
      period of the A.C. voltage generated; a second switch-controlling circuit
      for closing the third switch immediately after said half period in which
      the first switch is closed; gate-signal generating means for giving forth
      a gate signal for the period in which an output signal from the first
      integration circuit reaches a prescribed level after the closing of the
      third switch; a second gate circuit opened upon receipt of the gate
      signal; a clock pulse generator for supplying clock pulses to the first
      gate circuit; means for impressing a D.C. voltage on the second gate
      circuit; and an output device supplied with digital and analogue output
      signals denoting the flow rate of a liquid from the output terminals of
      the first and second gate circuits.
NUM  10.
PAR  10. An electromagnetic flow meter according to claim 9 wherein the output
      device comprises a NAND gate supplied with output signals from the first
      inverter and delay circuit; a second inverter supplied with an output
      signal from the NAND gate; a driver supplied with an output signal from
      the second inverter; and means for holding the sampled value of an output
      signal from the multiplier/divider when supplied with an output signal
      from the driver.
NUM  11.
PAR  11. An electromagnetic flow meter comprising a pipe for conducting a fluid;
      a magnetic flux generator for applying an A.C. magnetic flux to a fluid
      traveling through a pipe; a detection circuit fitted to the pipe so as to
      generate a detection signal proportional to a product arrived at by
      multiplying together the inner diameter of the pipe, the density of the
      A.C. magnetic flux and the velocity of the fluid running through the pipe;
      an A.C. voltage generator for generating an A.C. voltage in
      synchronization with the A.C. magnetic flux; a first switch supplied with
      the detection signal; a second switch supplied with the A.C. voltage; a
      first switch-controlling circuit for closing the first and second switches
      for at least a positive or negative half period of the generated A.C.
      voltage; first and second integration circuits for integrating outputs
      from the first and second switches respectively; an inverter connected to
      the output terminal of the first switch-controlling circuit; a delay
      circuit connected to the output terminal of the inverter; an
      integration-controlling circuit for zeroing integrated outputs from the
      first and second integration circuits; a multiplier-divider supplied with
      outputs x and y from the first and second integration circuits and an
      output z from a power source for generating an output having a referential
      voltage and designed to carry out the arithmetic operation of said three
      outputs by the formula of x.sup.. z/y; and an output device for producing
      an output indicating the flow rate of the fluid passing through the pipe
      from an output from the multiplier-divider.
NUM  12.
PAR  12. An electromagnetic flow meter according to claim 11 wherein the sampled
      value-holding means comprises a switch whose operation is controlled by an
      output signal from the driver and one terminal of which is supplied with
      an output signal from the multiplier-divider; an operational amplifier
      connected to the other terminal of said switch and a capacitor connected
      between said other terminal of the switch and the ground.
NUM  13.
PAR  13. An electromagnetic flow meter comprising a pipe for conducting a fluid;
      an A.C. source; a magnetic flux generator connected to the A.C. source to
      apply an A.C. magnetic flux to a fluid traveling through the pipe; a
      detection circuit fitted to the pipe to generate a detection signal
      proportional to a product arrived at by multiplying together the inner
      diameter of the pipe, the density of the A.C. magnetic flux and the
      running speed of the fluid; a transformer connected to the A.C. source; a
      device connected to the secondary winding of the transformer to generate
      an A.C. voltage synchronous with the A.C. magnetic flux; a first switch
      supplied with the detection signal; a second switch connected to the
      secondary winding of the transformer; a first integration circuit
      connected to the first switch; a second integration circuit connected to
      the second switch; a referential voltage source; a multiplier-divider
      supplied with output signals X, Y from the first and second integration
      circuits and an output signal Z from the referential voltage source to
      carry out an arithmetic operation of (X/Y).sup.. Z; and a sampled value
      holder for holding the sampled value of an output signal from the
      multiplier-divider for at least half the period of the A.C. voltage.
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ABST
PAL  Thermocouples are disposed in the flame exhaust passage and exteriorly on
      the housing of each ionization detector to monitor the flame status
      thereof within an environment of widely varying temperature. A temperature
      differential signal is derived from the thermocouples of each ionization
      detector, with each temperature differential signal being compared to a
      common threshold level at which an indication of a flameout condition
      occurs. The indication of a flameout condition in each ionization detector
      is varied relative to the temperature differential thereof through a
      variable gain amplification stage. Switches are disposed for individually
      interrupting each temperature differential signal and flameout conditions
      occurring in any one or more of the ionization detectors are identifiable
      therewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus by which flameout conditions in
      ionization detectors are monitored within an environment of widely varying
      temperature. Flame ionization detectors are commonly used in analytical
      equipment, such as gas chromatographs, wherein the environmental
      temperature varies widely and the flame status of each ionization detector
      must be monitored to assure that the results derived therefrom are
      accurate. Hitherto, the most common approach taken to the monitoring of
      flame status in such equipment had been to hold a polished metal object
      above the flame exhaust and observe whether a fogging condition occurs
      thereon. Of course, this approach is predicated on the theory that such
      fogging will only be caused by water vapor in the exhaust when the flame
      is lighted. Therefore, flame status very often becomes more difficult to
      detect with this approach when the environmental temperature within the
      equipment is between room temperature and the temperature of the exhaust.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of this invention to provide apparatus for monitoring the
      flame status of ionization detectors within equipment having an
      environment between room temperature and the temperature of the flame
      exhaust.
PAR  It is the further object of this invention to provide an adjustable
      flameout indication set level within such flame status monitoring
      apparatus.
PAR  It is a still further object of this invention to provide flameout
      indications for a plurality of ionization detectors from a single
      indicator within such flame status monitoring apparatus.
PAR  These objects are accomplished according to the present invention by
      deriving a flame status signal for each ionization detector through a
      differential amplifier from thermocouples which are disposed in the flame
      exhaust passage and on the housing of each ionization detector. The flame
      status signal from each differential amplifier is directed to a means for
      indicating a threshold level and the flameout indication thereof is
      adjustable at each differential amplifier which includes an operational
      amplifier with a variable negative feedback resistor connected thereto.
      Switching means for interrupting the flame status signals is disposed
      between the threshold level indicating means and each differential
      amplifier with flameout conditions being traced to particular ionization
      detectors thereby after an indication occurs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The manner in which these and other objects of the present invention are
      achieved will be best understood by reference to the following
      description, the appended claims, and the attached drawing, wherein:
PAR  FIG. 1 is a block diagram for the flame monitoring apparatus of this
      invention;
PAR  FIG. 2 is a schematic diagram for one embodiment of this invention by which
      the flame status in a single ionization detector is monitored; and
PAR  FIG. 3 is a schematic diagram for a second embodiment of this invention by
      which the flame status in a plurality of ionization detectors is monitored
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawing, and more particularly to FIG. 1, there is
      illustrated a block diagram for the flame monitoring apparatus of this
      invention. As is very common in the art of gas chromatography, a flame
      ionization detector 10 having a housing 12 and a flame exhaust passage 14
      is disposed within an environment of widely varying temperature.
      Thermocouples 16 and 18 are disposed on the housing 12 and in the flame
      exhaust passage 14, respectively, and each thermocouple output is
      separately connected to one input of a differential amplifier 20. A means
      for indicating transgression through a threshold level is connected to the
      output of the differential amplifier 20.
PAR  Of course, a temperature differential will exist between the flame exhaust
      passage 14 and the housing 12 while the flame of the ionization detector
      10 is lighted and when a flameout condition occurs, this temperature
      differential drops to zero over some period of time. Therefore, by setting
      the threshold level of the indicating means to correspond with the output
      from the differential amplifier 20 at some time after the flame
      extinguishes, a flameout condition will be indicated. Naturally, the
      response time of a flameout condition indication increases as the
      threshold level of the indicating means is lowered and environmental
      temperatures near that of the flame must be considered when the threshold
      level is set. By locating both thremocouples 16 and 18 on the ionization
      detector 10, each thermocouple output is affected in substantially the
      same manner by the environmental temperature and therefore, the flame
      status is monitored with substantial independence of the environmental
      temperature encountered. However, those skilled in the art will realize
      without further explanation that only one of the thermocouples 16 and 18
      need be disposed on the ionization detector 10 to develop the temperature
      differential by which the flame status is monitored with the apparatus of
      this invention.
PAR  Although many types of differential amplifiers and threshold level
      indicating means are known in the art, one particularly appropriate
      circuit for the apparatus of this invention is illustrated in FIG. 2. The
      differential amplifier 20 in this circuit includes an operational
      amplifier 22 with a variable negative feedback resistor 24 connected
      thereto, while the threshold indicating means includes a comparator 26 and
      a transistor 28 which are interconnected to apply a voltage across an
      indicator 30 when the output of the differential amplifier 20 transgresses
      through a threshold level. Any comparator known in the electrical arts
      could be utilized in the circuit of FIG. 2, however, an operational
      amplifier 32 having a positive feedback resistor 34 connected thereto is
      most appropriate. Otherwise, the base of the transistor 28 is connected to
      the output of the comparator 26 and to each of first and second DC voltage
      terminals 36 and 38, respectively, through reversebiased diodes 40 and 42,
      respectively. The inputs of the comparator 26 are connected separately to
      the first DC voltage terminal 36 and to the output of the differential
      amplifier 20. Also, the first DC voltage terminal 36 is connected to the
      collector of the transistor 28 through the indicator 30, while the second
      DC voltage terminal 28 is connected to the emitter of the transistor 28.
      Although the transistor 28 is illustrated as an NPN type in FIG. 2, those
      skilled in the art will certainly recognize that a PNP type could have
      been utilized therein. Furthermore, such artisans will also recognize that
      the input resistors to the operational amplifiers 22 and 32 are
      conventional in the differential amplifier 20 and the comparator 26
      respectively, and the resistors disposed between the output of the
      comparator 26 and the base of the transistor 28 conventionally relate
      current to voltage for biasing purposes. Although, the voltages to be
      applied to the first and second DC voltage terminals 36 and 38 can only be
      determined after the type of transistor has been selected, a positive DC
      voltage is applied to the first DC voltage terminal 36 and the second DC
      voltage terminal 38 is grounded, in the circuit of FIG. 2.
PAR  Because the comparator 26 in the circuit of FIG. 2 has an inverted output
      relative to its predominant input, the transistor 28 is non-conductive
      until the output from the differential amplifier 20 transgresses the
      positive level on the first DC voltage terminal 36. Therefore, that
      positive level is the threshold at which the transistor 28 becomes
      conductive to apply a voltage across the indicator 30 from between the
      first and second DC voltage terminals 36 and 38. Of course, the output
      from the differential amplifier 20 corresponds to the temperature
      differential by which the flame status is monitored and this output can be
      set to the threshold level for any magnitude of the temperature
      differential by adjusting the gain of the differential amplifier 20 with
      the variable negative feedback resistor 24. Otherwise, any negative signal
      on the base of the transistor 28 is grounded through diode 42, whereas any
      positive signal thereon is limited to the positive level at the first DC
      voltage terminal 36 by diode 40. Furthermore, those skilled in the art
      will certainly recognize that either audio or visual devices could be
      utilized as the indicator 30 and that only the high and low levels of the
      voltage which is applied across the indicator 30 would be utilized if the
      ionization detector were disposed within analytical equipment having
      readouts adapted for use in digital computation.
PAR  The circuit of FIG. 2 can be readily modified to individually monitor the
      flame status in a plurality of ionization detectors, as illustrated in
      FIG. 3. Thermocouples 16' and 18' respectively, are disposed on a housing
      and in a flame exhaust passage of a second ionization detector in the
      circuitry of FIG. 3. The outputs of thermocouples 16' and 18' are
      separately connected to the inputs of a second differential amplifier 20'.
      A second comparator 26' is disposed with the inputs thereof connected
      separately to the first DC voltage terminal 36 and to the output of the
      second differential amplifier 20'. The output of the second comparator 26'
      is commonly connected with the output of the first comparator 26 to the
      base of the transistor 28. Switching means is disposed between the base of
      the transistor 28 and the output from each of the comparators 26 and 26'
      for independently interrupting current flow therebetween, such as single
      pole, single throw switches 44 and 46. Diodes 48 and 50, respectively, are
      also disposed between the base of the transistor 28 and the output from
      each of the comparators 26 and 26' to block passage of any negative signal
      from the latter. Although any type of indicator could again be utilized in
      the circuitry of FIG. 3, a light-emitting diode 52 is disposed therein
      such that a voltage is applied thereacross when the transistor 28 is
      conductive.
PAR  Assuming that the switches 44 and 46 are closed, the transistor 28 in the
      circuitry of FIG. 3 only becomes conductive through the diodes 48 and 50
      when the output of either or both comparators 26 and 26' is positive. Of
      course, this only occurs when the output of either or both differential
      amplifiers 20 and 20' transgress the threshold level set at the first DC
      voltage terminal 36, as discussed previously in regard to the circuitry of
      FIG. 2. Of course, a voltage is applied across the light-emitting diode 52
      when the transistor 28 is conductive to provide a visual indication of a
      flameout condition in either or both of the ionization detectors.
      Thereafter, the flameout condition is traced to either or both of the
      ionization detectors by individually opening each of the switches 44 and
      46 and then opening both switches 44 and 46 simultaneously until the
      light-emitting diode 52 is extinguished. Although the flame status of only
      two ionization detectors is monitored in the circuitry of FIG. 3, those
      skilled in the art will realize without further explanation that any
      number of ionization detectors could be monitored with the apparatus of
      this invention. When the flame status of more than two ionization
      detectors is monitored with the apparatus of this invention, the switches
      utilized therein must first be individually opened and thereafter, every
      possible combination of simultaneously opened switches must be tried until
      the light-emitting diode 52 is extinguished.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Flame monitoring apparatus for at least one ionization detector within
      an environment of widely varying temperature, comprising:
PA1  a thermocouple disposed in the flame exhaust passage of each ionization
      detector;
PA1  a thermocouple disposed on the housing of each ionization detector;
PA1  a differential amplifier for the outputs from said thermocouples of each
      ionization detector, each said differential amplifier having the inputs
      thereof separately connected to the thermocouple outputs; and
PA1  means for indicating when the output from any one of said differential
      amplifiers transgresses a threshold level.
NUM  2.
PAR  2. The apparatus of claim 1 wherein each said differential amplifier
      includes an operational amplifier with a negative feedback resistor
      connected thereto, said feedback resistors being variable to individually
      set the differential outputs from said thermocouples to correspond with
      said threshold level.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said threshold level indicating means
      includes an indicator across which a voltage is applied from between first
      and second voltage terminals by a transistor, said transistor having the
      base thereof commonly connected to the outputs of said differential
      amplifiers through a comparator for each such output and separately
      connected to each said voltage terminal through a reverse-biased diode,
      each said comparator having the inputs thereof connected separately to
      said first voltage terminal and to the output of one said differential
      amplifier, said first voltage terminal also being connected to said
      indicator and said second voltage terminal also being connected to the
      emitter of said transistor, said indicator being connected to the
      collector of said transistor with the voltage being applied thereacross by
      said transistor after the output from any one of said differential
      amplifiers reaches the voltage level of said first voltage terminal.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said indicator includes a
      light-emitting diode.
NUM  5.
PAR  5. The apparatus of claim 3 wherein each said comparator includes an
      operational amplifier.
NUM  6.
PAR  6. The apparatus of claim 3 wherein said transistor is of the NPN junction
      type.
NUM  7.
PAR  7. The apparatus of claim 3 wherein said indicator includes a
      light-emitting diode and each said comparator includes an operational
      amplifier.
NUM  8.
PAR  8. The apparatus of claim 3 wherein said indicator includes a
      light-emitting diode and said transistor is of the NPN junction type.
NUM  9.
PAR  9. The apparatus of claim 3 wherein each said comparator includes an
      operational amplifier and said transistor is of the NPN junction type.
NUM  10.
PAR  10. The apparatus of claim 3 wherein said indicator includes a
      light-emitting diode, each said comparator includes an operational
      amplifier, and said transistor is of the NPN junction type.
NUM  11.
PAR  11. Flame monitoring apparatus for a pair of ionization detectors within an
      environment of widely varying temperature, comprising:
PA1  a pair of first thermocouples, said first thermocouples being individually
      disposed in the flame exhaust passage of one ionization detector;
PA1  a pair of second thermocouples, said second thermocouples being
      individually disposed on the housing of one ionization detector;
PA1  a pair of differential amplifiers, each said differential amplifier having
      the inputs thereof connected separately to the outputs from said first and
      second thermocouples of one ionization detector;
PA1  a pair of comparators, each said comparator having the inputs thereof
      connected separately to a first voltage terminal and to the output of one
      said differential amplifier;
PA1  a transistor having the base thereof commonly connected to both outputs
      from said comparators;
PA1  a pair of diodes, said diodes being individually connected to reverse bias
      the base of said transistor relative to said first voltage terminal and
      relative to a second voltage terminal, said second voltage terminal being
      also connected to the emitter of said transistor;
PA1  switching means disposed between the base of said transistor and each
      output from said comparators for independently interrupting current flow
      therebetween; and
PA1  an indicator connected to the collector of said transistor, said first
      voltage terminal being also connected to said indicator with a voltage
      from between said first and second voltage terminals being applied across
      said indicator by said transistor after the output from either of said
      differential amplifiers reaches the voltage level of said first voltage
      terminal and thereafter, the flame status of each ionization detector
      being determinable through said switching means.
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ABST
PAL  An improvement has been made to a cryogenic liquid level detection system
      of the type wherein a small electrical current is passed through a
      filament of superconducting material to generate a voltage proportional to
      the length of the filament above the liquid level. This improvement
      involves automatically interrupting the current flow immediately upon the
      growth of the normal resistance state of the filament above the liquid
      down to the liquid surface. Normally current flow is then reinitiated
      after a preset time interval. In this manner there is a minimum energy
      input to the liquid from the current and thus evaporative losses of the
      liquid are minimized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the measurement of the level of
      cryogenic liquids in dewars and the like, and more particularly to
      cryogenic liquid level detector systems utilizing current-carrying
      superconductor filaments as the detector element.
PAR  Liquefied gases such as helium, oxygen, hydrogen and nitrogen are
      frequently utilized as coolants, fuels, etc., for many processes and
      apparatus. For example, extensive use is now made of superconducting
      magnetic coils which must be operated at temperature approaching
      0.degree.K. Even superconducting transmission lines are under
      investigation. A typical coolant for superconducting applications is
      liquid helium which produces a temperature of about 4.2.degree.K. Because
      of the heat input to any such system, the helium evaporates and must be
      replaced. This is normally accomplished by attaching a container (dewar)
      of liquid helium to the system. Since the cryogenic liquid levels are not
      easily viewed, some form of level detector must be utilized in all of the
      systems and dewars. Such a detector provides a signal proportional to the
      liquid level, and the associated circuitry may initiate a refilling
      operation when the level reaches a set low point. Generally a detector
      which provides a continuous indication of the level is preferred over
      fixed-point detectors. Such a detector is provided by a filament of
      superconducting material vertically suspended in the dewar and positioned
      so that the gas-liquid interface in the dewar moves along the filament. A
      current is passed through the filament and the voltage generated across
      the filament is a measure of the level of the interface. This voltage is
      created because the portion of the filament above the liquid level is in
      the normal resistance state of the superconducting material and exhibits
      at least a moderate electrical resistance. This is in contrast to the
      superconducting state where the resistance is substantially zero. Normally
      a small heater in contact with the filament assures the existence of the
      normal state above the level. The generated voltage is therefore relatable
      to the level of the liquid. Further description of a typical cryogenic
      liquid level detector may be found in my publication "A Superconducting
      (Nb-Ti) Liquid Helium Level Detector," Advances in Cryogenics Engineering,
      Vol. 15, p. 124 (1970), Plenum Press. Another description may be found in
      U.S. Pat. No. 3,267,730.
PAR  One concern of any user of a cryogenic system is the minimization of
      evaporative losses. Although the superconductor filament level detector
      utilizes only a small current, e.g., &lt;100 mA, the power input due to this
      current increases the liquid loss. One partial solution known in the art
      involves periodically, at a fixed time interval, applying the current so
      that the level is sampled intermittently. Since there is a time delay in
      reaching a stabilized voltage for a given liquid level each time current
      flows in the filament, due to the progression or growth of the normal
      resistance zone down to the gas-liquid interface, the on-time of the
      current must be sufficiently long to assure a stable voltage at the lowest
      possible liquid level. Such a detector system with a fixed time interval
      is marketed by Intermagnetics General Corporation of Guilderland, N.Y.
      Even this method of intermittent current flow at regular intervals
      introduces undersirable heating and evaporative losses.
PAC  SUMMARY OF THE INVENTION
PAR  According to my invention, current is intermittently passed through the
      filament of superconducting material of a liquid level detector. This
      current flow is automatically stopped whenever the output voltage is
      substantially stabilized for any liquid level and the voltage across the
      filament is then sampled. Normally, after a preset time interval, the
      current flow is again initiated and it continues until the output voltage
      is again stabilized for a new (or same) liquid level. Thus, the current
      on-time is regulated by the level of the liquid, i.e., shorter times for
      higher levels, and a true minimum of energy is imparted to the liquid by
      the liquid level detector.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph illustrating the voltage-time response of a
      superconductor filament, partially submerged in liquid helium, when
      subjected to a step function of current;
PAR  FIG. 2 is a graph illustrating the derivative (rate of change) of the
      voltage across a filament of superconducting material partially submerged
      in liquid helium as a function of time after initiation of a constant
      current flow through the filament;
PAR  FIG. 3 is a schematic block diagram of the system of my invention which
      minimizes energy input for any level of cryogenic liquids; and
PAR  FIG. 4 is a schematic circuit diagram of an electrical circuit to
      accomplish my invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  When no current is flowing through the filament of superconductortype
      liquid helium level detectors and no heat is applied, the portion of the
      filament above the surface of the helium attains a superconducting state
      due to the temperature of the ambient gas. Upon the simultaneous
      application of heat and current, the top of the filament is converted to
      the normal resistance state and this normal state "grows" down to the
      gas-liquid interface. During this gradual transition and growth, the
      voltage generated along the filament increases in a generally linear
      manner as illustrated in FIG. 1. Because of the linear increase, the rate
      of change (the derivative) of the voltage remains constant as illustrated
      in FIG. 2. As the front of the transition approaches the liquid level
      there is some slowing down of the voltage increase, and a reduction in the
      derivative, which results in the knees of the responses. When the
      transition is complete, i.e., the normal state reaches the liquid, the
      voltage becomes constant for a particular liquid level and the derivative,
      dV/dt, approaches zero.
PAR  I have utilized the voltage rate change, specifically the approach to zero,
      to control the time interval of current flow to the superconductor
      filament liquid level detector. A schematic block diagram of my invention
      is shown in FIG. 3. A detector element with a superconductor filament 10
      is at least partially immersed in a body of liquid helium 11 having a
      liquid surface or level 12. The top of the filament is provided with a
      juxtaposed heater 13 in a conventional manner. A current source 14 is
      connected to the filament 10 and heater 13 through current switch 15 by
      leads 16, 17 and 18. Lead 18, together with leads 19, 20 connect a voltage
      measurement system 21 across the length of filament 10. A rate sensor 22
      is connected to the filament 10 or to the voltage measurement system 21
      with lead 23, and this rate sensor 22 is connected to current switch 15
      through lead 24. Although not shown, the filament, heater and current and
      voltage taps may be assembled within a cylindrical body in a conventional
      manner. Openings would be provided in the body to admit the liquid to the
      filament and to permit exit of any gas.
PAR  In a normal operation of this generalized embodiment of my invention, the
      detector element (comprising the heater and the filament mounted within a
      suitable support) is placed in a dewar or other container and liquid
      helium is added until at least a portion of the filament is submerged. Due
      to the low temperature of the gas phase above the liquid all of the
      filament becomes superconducting as discussed above. Current from source
      14 is then supplied, through switch 15, to the heater 13 and filament 10.
      As illustrated in FIG. 1, initially there is substantially no voltage
      generated across filament 10 because of the superconducting state thereof.
      However, after 50-100 msec the heater 13 will have produced a small region
      of normal resistance state in the filament 10, the front of which will
      progress under the application of the current toward the gas-liquid
      interface. This causes the voltage across the filament to increase in a
      generally linear manner, as shown in FIG. 1, and the rate of change is
      constant at dV/dt.sub.M (see FIG. 2). As the gas-liquid interface is
      approached, the voltage becomes essentially constant and thus the rate of
      increase of voltage changes until there is no increase (dV/dt = 0) as the
      normal resistance state substantially reaches the interface.
PAR  At a suitably low value of dV/dt, e.g., dV/dt.sub.S, where
      0.ltoreq.dV/dt.sub.S &lt;  dV/dt.sub.M, the rate sensor 22 causes switch 15
      to open and current ceases to flow through filament 10 and heater 13.
      Thus, the level detection system returns to its initial condition. A timer
      (not shown) may be associated with switch 15 to reinitiate current flow
      after a suitable delay so as to periodically repeat the cycle. Thus, it
      will be seen that current flows only during the time necessary to move the
      normal state front to the liquid level and that this time varies as a
      function of the liquid level (see FIGS. 1 and 2). Accordingly, a minimal
      amount of energy is introduced by the liquid level detector thus
      minimizing evaporation of the helium.
PAR  A detailed circuit diagram of an embodiment of my invention is shown in
      FIG. 4. At the upper left is a conventional current source 25 which
      supplies a desired current, e.g., &lt;100 mA, through transistor Q1 to
      connection 26 of a sensor unit (not shown). The return from the sensor is
      through connection 27 and diode 28, the purpose of which will be discussed
      hereinafter.
PAR  The rate of change of the voltage (dV/dt) at connection 26 is sampled
      through lead 29 and by the R-C differentiating unit 30. The
      differentiating unit is connected to a Schmitt trigger 31 by lead 32. The
      existence of a significant dV/dt, as during the constant period indicated
      in FIG. 2, causes transistor Q7 of the trigger 31 to inactivate transistor
      Q8. The existence of the aforementioned diode 28 gives rise to an
      immediate dV/dt as soon as current flows from source 25. When the dV/dt
      reaches a set low value, dV/dt.sub.S, the value of which is determined by
      resistors 33, 34, the trigger 31 is flipped whereby transistor Q8 is
      enabled to create a signal, via lead 35, to a first comparator 36 which,
      in turn, opens the gate of FET Q9 in a holding circuit 37. This causes the
      voltage across connections 38, 39, and amplified in a voltage sensing
      circuit 40, to be sampled and held for a short time so as to be recorded.
PAR  After the voltage is sampled for a short time, as established by resistor
      41 and condenser 42, the first comparator 36 initiates a signal to a
      second comparator 43 through lead 44. The second comparator 43, in turn,
      produces a signal for a timer 45 which is transmitted on lead 46. The
      signal to the timer 45 turns off the detector current through transistor
      Q1 as controlled by IC-7 and transistors Q2 and Q3. A time delay until the
      current is turned on again is determined primarily by the values of
      resistors 47, 48 and condenser 49 within the timer 45.
PAR  The operation of the circuit is then repeated at a frequency governed by
      the set "off" time and the variable "on" time which is proportional to the
      level of the liquid. It will be apparent that, for a slowly changing
      liquid level, the "off" time may be set for a long period or a manual
      switch may be used to further reduce the power input to the liquid helium
      system. The "on" time will automatically be the minimum input due to the
      manner of operation.
PAR  A liquid level detector system according to the circuit of FIG. 4 was
      constructed and tested with a 12 inch sensor fabricated from a wire of
      Nb-48Ti (T48B manufactured by Supercon Div., Norton Co., Natick, Mass.).
      The sensor was immersed vertically in a dewar containing liquid helium.
      The current source was set to supply about 70 mA to the sensor. Upon
      initiation of current flow there was about a 50 msec delay prior to the
      development of measurable voltage across the sensor during a period of
      forming a small region of normal resistance state in the wire. Thereafter
      the normal state progressed along the wire at a rate of about 20 cm/sec
      until the normal state region extended to near the liquid surface. During
      the progression of the normal state along the superconductor wire the
      voltage across the sensor increased in approximately a linear manner and
      the rate of change was similar to that of FIG. 2. When the normal state
      reached the surface of the liquid the voltage became constant and the rate
      approached zero. The current to the superconductor wire was automatically
      interrupted at this point. After an appropriate interval of time, as set
      by the parameters of the timer circuit, the operation was automatically
      repeated. Due to a slight decrease in level the time required for the
      normal state to reach the liquid level increased incrementally. Testing
      continued and it was found that approximately 1.4 sec was required for the
      normal state to progress along the entire twelve inch Nb-Ti wire when only
      exposed to the cold gas above the liquid.
PAR  From these tests it may be seen that if a uniform pulsing rate is used, as
      in the prior art, the current must flow for at least 1.4 sec for a 12 inch
      Nb-Ti sensor and a proportionally greater time for longer sensors. During
      the time when the sensor is substantially submerged a deleterious quantity
      of power is introduced thereby increasing liquid helium evaporation.
      However, with my invention, no matter what length sensor is used, the
      power input to the cryogenic system by the liquid level detector is always
      a minimum at any liquid level position. This is a greater advantage with
      longer sensors.
PAR  A generalized form of my invention has thus been described as well as a
      specific embodiment. It will be apparent that other embodiments within the
      framework of the general form may be constructed without departing from my
      invention to minimize the heat input to a body of cryogenic liquid from a
      superconducting liquid level detector. In addition, although I have used a
      constant current flow in the filament to achieve these results, it is
      obvious that a variable current could be used to achieve the same type of
      power input reduction.
PAR  Furthermore, my invention has been described with particular application to
      a liquid helium level detector utilizing a Nb-Ti superconductor filament.
      This should not be construed as a limitation of my invention for it may be
      used with other superconductor materials such as Nb-25Zr, annealed Ta,
      Pb-Sn in liquid helium. It may also be used with other superconducting
      filaments having a critical temperature near but above the normal boiling
      point of any cryogenic liquid. For example, several Nb-Ge superconductors
      exhibit a critical temperature of about 22.degree.-23.degree.K and thus
      may be useful in liquid hydrogen where the normal boiling point is
      20.4.degree.K. My detector system would be useful to minimize the
      evaporation of hydrogen using such a detector element in the manner
      described above.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cryogenic liquid level detector system for use with a superconductor
      filament at least partially submerged in a cryogenic liquid to obtain a
      voltage signal proportional to the liquid level and to minimize energy
      input to the cryogenic liquid, which comprises:
PA1  a current source for supplying current to the filament and to a heater
      associated with the filament for producing a normal resistance state in
      the filament and causing the normal resistance state to progress along the
      filament to the liquid level;
PA1  voltage measuring means connected across the filament for producing the
      voltage signal proportional to the liquid level;
PA1  a switch connected between the current source and the filament; and
PA1  sensing means, responsive to the progression of the normal resistance state
      along the filament, connected to the filament and to the switch for
      interrupting the current to the filament and the heater upon the arrival
      of the normal resistance state in the filament at substantially the liquid
      level whereby energy input to the liquid is minimized for any liquid
      level.
NUM  2.
PAR  2. The cryogenic liquid level detector system of claim 1 wherein the
      sensing means comprises: a voltage derivative circuit monitoring the rate
      of change of the voltage across the filament and providing an output
      signal proportional to the rate of change of the voltage; and circuitry
      responsive to a set low value of the output signal of the derivative
      circuit providing an output signal to initiate operation of the switch to
      interrupt the current to the filament and heater.
NUM  3.
PAR  3. The cryogenic liquid level detector system of claim 2 further comprising
      a timer connected to the switch to automatically reinitiate current to the
      filament and heater for repetitive operation.
NUM  4.
PAR  4. The cryogenic liquid level detector system of claim 2 wherein the
      current source provides a substantially constant value of current.
NUM  5.
PAR  5. The cryogenic liquid level detector of claim 2 wherein the switch
      comprises: a first comparator, responsive to output signal of the sensing
      means, connecting the voltage measuring means to the filament; and a
      second comparator providing a signal to the current source to interrupt
      current to the filament and heater.
NUM  6.
PAR  6. A method of minimizing energy input to a cryogenic liquid by a level
      detector of the type wherein a constant value electrical current flowing
      through a filament of superconducting material at least partially
      submerged in the liquid produces a voltage proportional to the position of
      the liquid level along the filament, which comprises:
PA1  passing the constant value electrical current through the filament and a
      heater juxtaposed to the filament whereby a region of normal resistance
      state is created in the filament;
PA1  continuing the flow of said current to extend the region of normal
      resistance state to substantially the level of the liquid;
PA1  sensing the arrival of the region of normal resistance state at
      substantially the level of the liquid;
PA1  causing the cessation of current flow upon the arrival of the region of
      normal resistance state at substantially the level of the liquid; and
PA1  measuring the voltage immediately prior to the cessation of the current
      flow.
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ABST
PAL  The pressure of a fluid is applied to an elongated resiliently yieldable
      element in direction transverse to the elongation thereof, so as to obtain
      a yielding of the element which is proportional to the fluid pressure. The
      degree of deflection is measured with an indicator device, and the
      indicator of the indicator device is arrested at the point at which it
      indicates maximum deflection. An apparatus for carrying out the method is
      also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the measuring of fluid pressure,
      and more particularly to a method of measuring the peak pressure in
      liquids and gases, and to an apparatus for carrying out the method.
PAR  There are many applications, for instance in combustion engines, in
      compressors, in pumps or hydraulic systems, where it is important to know
      the peak pressure of a liquid or a gas, in order to be able to properly
      dimension various components in dependence upon this peak pressure, to
      adjust various components in dependence upon this peak pressure and/or to
      properly control a particular device in dependence upon this peak
      pressure.
PAR  It is known from the prior art to provide an indicator device which uses a
      metal stylus to scribe onto a specially prepared paper a graph which
      indicates pressure conditions and fluctuations in a liquid or gas.
      However, in order to be able to determine the peak pressure it is
      necessary to read out the diagram which is prepared by this device, since
      a direct indication of the peak pressure is not provided.
PAR  A further prior-art construction, disclosed in German patent No. 1,112,657,
      does provide for the indication of peak pressure in a fluid. This device
      operates with a pressure chamber and a one-way valve and indicates the
      peak pressure by means of a measuring device which for purposes of
      indicating the peak pressure may be provided with a so-called drag
      pointer. The basic concept of providing a direct indication of the peak
      pressure is advantageous in this prior-construction, but it has been found
      that in the event of rapid pressure fluctuations the device will not
      operate accurately due to the finite gas volume in the pressure chamber
      and the masses of the movable parts, so that it can be employed only for
      measurements within a certain range if accurate results are required.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of the invention to overcome the
      disadvantages of the prior art.
PAR  More particularly, it is an object of the invention to provide a method of
      measuring peak pressure in fluids which avoids the aforementioned
      disadvantages.
PAR  Still more particularly, it is an object of the invention to provide such a
      method which permits the measuring of peak pressure in fluids, and which
      will provide accurate indications even if the pressure of the fluid should
      fluctuate rapidly.
PAR  An additional object of the invention is to provide such a method wherein a
      deflectable bar spring is employed.
PAR  Another object of the invention is to provide an apparatus for carrying out
      the invention.
PAR  In keeping with the above objects, and with others which will become
      apparent hereafter, one feature of the invention resides in a method of
      measuring peak pressure in fluids which, briefly stated, comprises the
      steps of applying the pressure of a fluid to an elongated resiliently
      yieldable element transversely thereof, so as to obtain yielding of the
      element in proportion to the fluid pressure, measuring the degree of
      deflection with an indicator device, and arresting the indicator of the
      indicator device at the point indicating maximum deflection.
PAR  Deflectable resiliently yieldable elements, i.e. bar springs, are already
      known in measuring devices and are provided with a stylus arrangement
      which scribes on a paper record carrier as the bar spring is deflected.
      The present invention employs a different principle, utilizing instead a
      measuring gauge of the type having a dial and a pointer which moves on the
      dial and thus indicates the degree of deflection of the bar spring and,
      hence, the fluid pressure acting upon the bar spring.
PAR  The present invention has a further purpose, namely to prevent overshooting
      of the measuring instrument, that is the gauge, which could be used by
      rapid pressure fluctuations and the inertia of the movable components.
PAR  By arresting the indicator of the indicator device at the point indicating
      maximum deflection, the peak pressure is measured and indicated, and by
      having a restoring force acting upon the indicator device, which restoring
      force is coordinated with the breaking force of the brake used for
      arresting the indicator, the overshooting of the measuring device is
      precluded.
PAR  The device used for arresting the indicator is a friction brake which
      advantageously has a guide member provided with a slot in which a carriage
      can shift, carrying friction pads, the device further being provided with
      brake members which maintain the carriage in its respective position under
      the influence of springs, such as leaf springs.
PAR  The friction pads advantageously are of a material the coefficient of
      static friction of which is at least substantially equal to its
      coefficient of dynamic friction, and polytetrafluoroethylene has been
      found to be particularly advantageous for this purpose. The carriage
      itself may be of aluminum.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partly broken away side view of an apparatus for carrying out
      the present invention;
PAR  FIG. 2 is an enlarged detail view, with portions removed for better
      illustration, of the measuring gauge in the embodiment of FIG. 1; and
PAR  FIG. 3 is a section of an enlarged scale of the friction brake used in the
      embodiments of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing in detail, and firstly to FIG. 1, it will be seen
      that in this embodiment the apparatus is based, as mentioned earlier, upon
      the principle of deflecting a spring bar. Reference numeral 1 identifies a
      carrier or support on which an elongated resiliently yieldably deflectable
      bar spring 2 is mounted, being secured at one end (the left-hand end) in
      the support 1. A cylinder and piston unit 3, 4 is also mounted in the
      support 1, having a portion 5 by means of which it can be threadedly
      secured in a tapped bore provided for this purpose in the support 1.
      Reference numeral 12 identifies a piston guide wherein the piston 3 of the
      unit 3, 4 is shiftable and a pin 11 prevents turning of the piston guide.
PAR  Thus far, the device of FIG. 1 is known from the prior art. However, in the
      prior art the deflection of the bar spring 2, which occurs when a fluid (a
      gas or a liquid) under pressure is allowed to act via the cylinder 4 upon
      the piston 3 and thus to displace the latter upwardly in FIG. 1 and
      deflect the spring 2, this movement would act upon a stylus which would
      scribe a curve upon a paper carrier or the like. In contradistinction
      thereto, the present invention utilizes a measuring gauge 6 which is
      mounted on the support 1 and held in place by a holder 10 and a bracket 7.
      Such measuring gauges are entirely conventional, having a dial as
      illustrated, upon which a pointer turns, although it is of course possible
      for the dial to turn with reference to a fixed mark provided on the gauge
      6. To obtain the displacement of the pointer or the dial, the gauge 6 is
      provided with a plunger 8 which can shift upwardly and downwardly in FIG.
      1 and the free end of which engages the free end 9 of the piston 3.
PAR  Thus, when pressure which varies as a function of time, such as the
      pressure prevailing in the cylinders of a combustion engine, is admitted
      into the cylinder 4 to act on the piston 3, the latter is displaced in
      response to the pressure variations between an initial position and a
      plurality of displaced positions which correspond to the instantaneous
      values of the pressure. The free end of the spring 2 is deflected from the
      position corresponding to the initial position of the piston 3 until the
      force exerted by the spring 2 on the piston 3 equals the instantaneous
      force exerted by the fluid on the piston 3, at which time a position of
      instantaneous equilibrium is achieved. As the pressure varies, the piston
      3 and the free end of the spring 2 will move toward the positions of
      instantaneous equlibrium corresponding to the then prevailing pressure in
      the cylinder 4. As the piston 3 moves in the upward direction as
      illustrated in FIG. 1, the plunger 8 is displaced in the same direction,
      but the plunger 8 does not share the oscillating movement of the piston 3
      and of the free end of the spring 2; rather, the plunger 8 is only
      displaced in one direction, that is upwardly, until it reaches a displaced
      position corresponding to the peak value of the pressure during a time
      interval, at which time the brake 13 prevents the return or, for that
      matter, any other movement of the plunger 8, regardless of the fact that
      the pressure in the cylinder 4 may have fallen below the peak value.
PAR  FIG. 2 shows the construction of the gauge 6 in more detail. It will be
      seen that reference numeral 13 identifies a friction brake which is
      described in more detail in FIG. 3, and reference numeral 16 a restoring
      spring one end of which is connected to a pin 19 that is mounted on a
      guide 17 of the brake 13, and the other end of which is connected to a
      screw or similar element 20 that is provided on the plunger 8. The spring
      16 therefore tends to restore the plunger to its starting position when
      the plunger 8 is deflected by the piston 3.
PAR  The friction brake 13 is shown in section in FIG. 3 and will be seen to
      have the guide 17 formed with a slot in which a carriage 14,
      advantageously but not necessarily made of aluminum, can shift. The
      carriage 14 is coated or provided with friction pads of a material having
      a coefficient of static friction which at least substantially equal to its
      coefficient of dynamic friction, polytetrafluoroethylene being especially
      suitable for this purpose. A pair of leaf springs 15 is provided, serving
      the purpose of pressing two brake members 21 against the carriage 14 which
      latter is connected with the plunger 8 by means of a pin 18.
PAR  It will be appreciated that when a source of liquid or gas under pressure,
      whose peak pressure is to be measured, is connected with the device
      according to the present invention so as to act via the cylinder 4 upon
      the piston 3, as indicated by the arrow in FIG. 1, a force is exerted upon
      the piston 3 which in FIG. 1 acts in upward direction. This displaces the
      piston and causes bending of the spring 2 until an equilibrium is reached
      between the resistance of the spring 2 and the force acting upon the
      piston 3. As the piston 3 moves in the upward direction, it displaces the
      plunger 8 in the same direction, and during this movement the carriage 14
      which is connected via the pin 8 with the plunger 18, is shifted between
      the two brake members 21 which are pressed against it in the guide 17 by
      the leaf springs 15. The carriage is thus displaced accordingly.
PAR  This friction brake in the gauge 6 has the purpose to compensate the force
      which results from the mass acceleration of the plunger 8 and the carriage
      14, and to permit a direct reading out of the maximum or peak pressure in
      the fluid after every measuring incident. The deflection of the plunger 8
      causes the already partially stressed restoring spring 16 to be further
      stressed and, in conjunction with the friction in the friction brake 13,
      this tends to oppose the movement of the plunger 8. The entire braking
      force acting upon the plunger 8 is supplied approximately to one half by
      the friction brake 13 and approximately to one half by the restoring
      spring 16, and this combination of the effects of the friction brake 13
      and the restoring spring 16 prevents to a large extent the wearing of the
      friction material of the brake 13 on the one hand, and then overshooting
      of the plunger 8 and hence a false indication on the gauge 6, on the other
      hand.
PAR  As already pointed out earlier, it is advantageous if the carriage 14 is of
      aluminum which is coated or otherwise provided with pads of
      polytetrafluoroethylene, a material wherein the dynamic coefficient of
      friction and the static coefficient of friction are substantially equal so
      that no stick-slip movements can occur, and a smooth continuous
      displacement of the plunger 8 is guaranteed. This results in exact and
      readily reproducible measured values.
PAR  The resistance that is opposed to the movement of the plunger 8 is
      furnished, as pointed out above, to the extent of approximately one half
      by the friction brake 13, and to the extent of approximately the other
      half by the restoring spring 16. This maximum resistance of one half that
      is furnished by the restoring spring 16 obtains, of course, when the
      restoring spring is fully stressed.
PAR  It is advantageous if the materials for the components for the friction
      brake 13 are so selected that the force with which the leaf spring 15
      press the brake members 21 against the carriage 14 will remain constant in
      the event of temperature changes. This temperature compensation guarantees
      minimum wearing away of the friction surfaces. It can be obtained in an
      advantageous manner by using the aforementioned polytetrafluoroethylene
      layers as friction pads on the carriage 14 made of aluminum, and by making
      the brake members 21 of steel. However, other combinations of materials
      are possible also and should be understood to be encompassed herein.
PAR  The present invention provides for a method which overcomes the
      disadvantages of the prior art, and provides a measuring apparatus or
      device which is simple in its construction and highly reliable in its
      operation. The apparatus provides for a direct indication of the peak
      pressure that is measured, and can be used at operational ranges wherein
      the prior art devices were not suitable, for instance at frequencies up to
      2000 rotations per minute.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the type described above.
PAR  While the invention has been illustrated and described as embodied in the
      measuring of peak pressure values in fluids, it is not intended to be
      limited to the details shown since various modifications and structural
      changes may be made without departing in any way from the spirit of the
      present invention.
PAR  Without further analysis, the foregoing will so full reveal the gist of the
      present invention that others can, by applying current knowledge, readily
      adapt it for various applications without omitting features that, from the
      standpoint of prior art, fairly constitute essential characteristics of
      the generic or specific aspects of this invention.
PAR  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for determining the highest peak value of fluctuating fluid
      pressure which varies over time, comprising a housing; indicating means
      including a plunger mounted in said housing for movement between a
      starting position and a plurality of indicating positions corresponding to
      different peak values of the pressure; means for detecting the
      instantaneous value of the pressure of the fluid and including an
      actuating element mounted in said housing for displacement in a path
      between an initial position and a plurality of displaced positions, and an
      elongated resiliently yieldable element extending transversely to said
      path and having one end portion fixedly mounted in said housing at a
      location laterally spaced from said path and a free end portion extending
      into said path and connected to said actuating element to urge the same
      toward said initial position so that said actuating element is displaced
      toward a displaced position as the pressure varies toward the peak value
      thereof and is displaced toward the initial position as the pressure
      varies away from the peak value thereof by the action of said yieldable
      element, said actuating element being operatively connected to said
      plunger to move the same from said starting position into a respective
      indicating position and from an indicating position corresponding to a
      lower peak value into an indicating position corresponding to a higher
      peak value of the pressure, said actuating element being disconnected from
      said plunger when the former is displaced towards said initial position
      thereof; and friction brake means acting on said plunger so as to retain
      the same in its indicating position during the displacement of said
      actuating element towards said initial position thereof and to prevent
      said plunger from moving beyond the respective indicating position
      corresponding to the highest peak value of the pressure.
NUM  2.
PAR  2. Apparatus as defined in claim 1, said friction brake means including a
      guide member; and further comprising a restoring spring having one end
      secured to said plunger and another end secured to said guide member.
NUM  3.
PAR  3. Apparatus as defined in claim 2, wherein the restoring force of said
      spring in the fully stressed condition thereof is substantially in a
      condition of equilibrium with the braking force exerted by said friction
      brake means.
NUM  4.
PAR  4. Apparatus as defined in claim 5, said guide member having a slot, and
      said friction brake means further including a brake carriage slidable in
      said slot, friction pads on said carriage, brake members and spring acting
      upon said brake members so that the latter frictionally engage said
      carriage.
NUM  5.
PAR  5. Apparatus as defined in claim 4, wherein said friction pads are of a
      material having a coefficient of static friction which substantially
      equals its coefficient of dynamic friction.
NUM  6.
PAR  6. Apparatus as defined in claim 5, wherein said material is
      polytetrafluoroethylene.
NUM  7.
PAR  7. Apparatus as defined in claim 5, wherein said carriage is of aluminum;
      and said material of said friction pads is polytetrafluoroethylene.
NUM  8.
PAR  8. Apparatus as defined in claim 1, wherein said friction brake means is
      composed of materials which are selected to provide temperature
      compensation of the friction braking force.
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ABST
PAL  In a preferred embodiment of the invention, there is provided a laminated
      vessel wall which is able to enclose electrically conductive liquid with a
      know electrical property and which vessel laminated wall has alternate
      electric conductive and non-conductive layers of horizontally-lying
      whole-circumscribing frame elements lying one stacked on the other, the
      non-conductive layers being transparent for easier observation of the
      position of the liquid, and the position of the liquid within the enclosed
      vessel wall can be determined outside of the vessel wall by using the
      electrical conductivity of the electric-conductive layer which establishes
      a closed electrical circuit through the liquid and the vessel wall by
      directing conducted through a convenient outer measuring mechanism having
      a sliding contact contactable separate with each of the conductive layers,
      and this measurement of the position of the liquid being accomplished by
      the establishment of electrical circuit through the liquid, a conductive
      layer of the vessel wall and the outside measuring mechanism.
BSUM
PAR  This invention is directed to a vessel for registering fluid pressure by
      liquid level along the wall of the vessel.
PAC  BACKGROUND OF THE INVENTION
PAR  Prior to the present invention, there have existed numerous techniques of
      measuring the position of the liquid in an enclosed vessel. One of the
      most common measuring devices in this category is the MERCURY MANOMETER in
      which the height of the mercury column is used to counterbalance a
      pressure of gaseous or liquid origin. The simplest manometer is
      transparent with glass or plastic wall of which the height of the mercury
      column can be determined by visual inspection thereof and comparing to
      calibrated height markings along the column, since the mercury column
      height determination gives the magnitude of the pressure. Some corrections
      were needed to account for the expansion of the liquid mercury due to
      variable temperatures and to account for the meniscus effect between
      mercury and the vessel wall of the column.
PAR  Another known method uses magnets placed at an upper face of the mercury
      within the column and the height position of the magnet can be determined
      from outside of the vessel wall by the conventional magnetic flux-dection.
PAR  Other known methods use photoelectric-cell and light combinations to
      determine the height of the upper surface of the mercury column as
      registered through a transparent wall. These prior methods all have some
      disadvantages with regard to the accuracy of the mercury column height
      measurements.
PAR  Visual reading of the mercury column is tedious and is characteristically
      inaccurate. Measurement of column height by the magnet magnetic flux
      position requires complicated and expensive electrical parts and labor,
      and accuracy of such readings are affected by factors such as temperature,
      wall thickness and the like. Photoelectric-cell measuring techniques for
      measuring mercury column height is also complicated and dependent on
      transparency of the vessels column wall, the accuracy and functioning of
      which is hampered by particles from the mercury forming a thin coating
      layer along the inner face of the column above intermittent upper surface
      levels of the mercury.
PAR  Mercury is the heaviest liquid that can be used for these measurements, but
      other liquids are sometimes used if the magnitude of the pressure to be
      measured is low and if a very high precision is needed, beyond the
      precision possible with mercury.
PAC  SUMMARY OF THE INVENTION DISCLOSURE
PAR  Objects of the invention include the overcoming of one or more of the
      difficulties and problems and disadvantages of the types discussed above.
PAR  Another object is to obtain a new much stronger wall which is able to
      withstand high pressures, especially adapted for measuring pressures
      greater than the magnitude and range of pressure possible by a mercury
      column apparatus which uses the prior method known as "BACKPRESSURE
      APPLICATION", which prior method embodies the application of a known
      counterbalancing pressure at one side of the mercury column and applies a
      somewhat higher pressure at the other side of the mercury column and the
      difference of the two pressures can be measured on the height of the
      mercury column of the manometer. In contrast, the conventional prior
      manometer walls have been unable to withstand elevated pressures at such
      magnitude. Correction of measured pressure measured by the backpressure
      method is a part of the measuring technique since the known pressure will
      change its volume and pressure during measurement according to the
      Boyle-Mariotte and other gas laws which also effect the measured pressure.
PAR  Another object is to obtain an advantage of an electrical signal source for
      measuring and controlling events of a system related to the pressure
      magnitudes, such as controlling the magnitude of the pressure with a high
      degree of precision by use of an electrical circuitry and measuring
      mechanism, such as a system requiring the opening or closing valves for
      the reducing or increasing of pressure by using a mercury column together
      with the novel device of this invention.
PAR  Other objects become apparent from the preceding and following objects.
PAR  One or more objects of the present invention are obtained by the invention
      as defined herein.
PAR  Broadly the invention includes an enclosed space-defining vessel having an
      upwardly-extending laminated wall which is built-up from stacked
      alternately-occuring horizontally-extending thin typically flat-faced
      layers of electrically conductive sheets separated from one-another by
      alternately-occurring similarly flat-faced thin layers of electrically
      non-conductive sheets. Within the enclosed space, when the liquid therein
      changes its height-level position due to any reason such as pressure
      and/or temperature, etc. The specially built laminated wall of stacked
      layers permits accurate measurement of the column height position of the
      liquid by electrical technique, by using the outside part of the wall for
      electrical monitoring the inside height position of the upper surface of
      liquid. This monitoring includes the preferred employment of a sliding
      contact of a variable switch for selective contact with a particular
      conductive layer and/or counting of the number of conducting layers and/or
      the length by any conventional calibrated element, which thereby obtains
      accurate measurement of the height position of the electrically-conductive
      liquid.
PAR  The invention further includes any equivalent mechanism for similar
      monitoring by electrical mechanism, including the use of elements such as
      direct wiring contacts for each conductive-layer sheet, and including the
      use of mechanisms and equipment for taking eletrical measurements of the
      discontinuity of the electrical circuit as effected and represented by the
      height position of the upper surface of the liquid, and the like.
PAR  The invention contemplates alternate use of any of all liquids, in an
      enclosed or partly enclosed vessel, with known liquid electric properties,
      including also even non-conductive liquids when a thin layer of conductive
      and light density liquid can produce the signal for electrical measurement
      of the liquid position.
PAR  A first liquid having a low electrical conductivity can be used within this
      invention by placing a thin layer of conductive second liquid above it
      where the conductive second liquid density is lower than that of the first
      liquid such that the second liquid on top of the first liquid; and
      electrical conductance through the second liquid gives indication of the
      position of the upper surface of the measuring first liquid by electrical
      indicator means receiving current through the electric conductive walls.
DRWD
PAC  THE FIGURES
PAR  FIG. 1 illustrates a cross sectional side view of a first embodiment of the
      present invention designed in accord with basic design utilized for
      conventional U-shaped manometers, which inventive embodiment utilizes a
      known-density conductive liquid therein such as mercury.
PAR  FIG. 2 illustrates an alternate second other embodiment in side
      cross-sectional view of the design typical of a single-tube manometer of
      the type where pressure is applied at the top of a surface of the liquid
      therein to cause liquid to rise in the single-tube.
PAR  FIG. 3 illustrates an in-part front-side-top perspective in-part exploded
      view of stacked alternate electrically conductive and electrically
      non-conductive vessel column-forming layers of the manometer first
      embodiment of FIG. 1.
PAR  FIG. 4 illustrates a third still other alternate embodiment of the present
      invention in partial-exploded view thereof for an in-part view of this
      embodiment in front-side top respective view.
PAR  FIG. 5 illustrates a fourth still other embodiment in an in-part view in
      side-top perspective.
PAR  FIG. 6 illustrates a cross-sectional side view of the embodiment of FIG. 5
      as taken along lines 6--6 thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In greater detail, the embodiment of FIG. 1 embodies a manometer columnar
      wall built-in by laminated layers of thin sheets stacked one upon top of
      the other which are alternately electrically conductive and electrically
      non-conductive sheets held together by anchoring bolt rods and nuts on
      each of opposite sides of the liquid flow base defined through the center
      of each of the conductive and non-conductive sheets or plates. In this
      embodiment, the pressure to be measured is applied at one side as
      indicated where the arrow symbol indicates pointed in a downward
      direction, and the height of the liquid 30 rises as a result of such
      downward pressure, the rising of the liquid 30 being in the other side
      counter-balancing column such that the weight of the liquid 30 counter
      balances the downward pressure, this column of this particular embodiment
      being open to the atmosphere. Represented merely as a typical type which
      may be employed, a contact switch measures the electrical current pass in
      circuit through the electrically conductive metal sheet or plate through
      the outside portion thereof as a sliding contact of flexible nature such
      that the movable contact switch may be moved to search-out and locate the
      liquid upper surface by determining the discontinuity of electrical
      circuit through the consecutive alternate electrically conductive sheets
      or plates. The details of this embodiment are further shown in the
      respective exploded in-part view of FIG. 3, showing the separate nature of
      the interspersed non-conductive and conductive alternating sheets, as well
      as symbolically showing in an in-part view the contact switch variably
      movable along the other surface of the columnar wall of laminated
      conductive and non-conductive sheets or plates. It is to be noted that the
      securing elongated bolts are composed of non-conductive material or
      alternately include a coating or insulation of non-conductive material to
      prevent the passing of current between consecutive plates by directions
      other than by the liquid as a conductor medium.
PAR  FIG. 2 in contrast thereto illustrates a single-tube manometer of the
      present invention where the pressure is applied at the top of the liquid
      in the bottom container and causes the liquid to rise within the laminated
      columnar wall such that electrical circuit is closed through the
      conductive layer of the conductive sheet with which the electrical contact
      switch registers along the outer surface when the liquid is at its height
      corresponding to the inner end contact surface of the plate for contact
      therewith the liquid. This particular embodiment of FIG. 2, as contrasted
      to the pulley-system of the FIG. 1 embodiment, utilizes a toothed-bar
      arrangement along with the variable position contact switch rise upwardly
      and downwardly controllably.
PAR  For the present invention electrical flow from the variable switch may be
      conventional wiring as for example is illustrated for FIG. 2, but also may
      advantageously being a part of the cord pulley system as illustrated in
      the embodiment of the FIG. 1.
PAR  In the FIG. 4 third embodiment it is illustrated that the alternate layers
      of electrically conductive sheets and the interspersed non-conductive
      sheets are held together by force exerted by interlocked size and top
      plates securely anchored (not shown) to the bottom vessel portion by any
      of desired and/or conventional means.
PAR  FIGS. 5 and 6 differs from the prior embodiment in that for a single column
      in which the liquid rises upon the application of downward pressure on the
      liquid within the vessel therebelow, the column is composed of the
      alternate plates, and inter-spersed non-conductive layers fixed in only
      partially around the liquid containing space, separated by insulating wall
      section from an electrically-conductive wall section extending upwardly
      along its longitudinal axis to transverse varying levels of a liquid upper
      surface such that irrespective as to the height of the mercury or other
      liquid within the space, the liquid is always in contact therewith for
      electrical conductive through the liquid to the conductive plates in
      contact with the liquid.
PAR  In greater detail, FIGS. 1 and 2 illustrate preferred embodiments of the
      invention in the form of a conventional mercury manometers. In particular,
      these general types of manometers consist of a bottom container 10 and
      10a, and typically vertical walls 12, 12' and 12a which by this invention
      are laminated by the alternate layers of electrically conductive and
      non-conductive sheets 14 and 14a and 16 and 16a, and the mercury 18 and
      18a is placed within, shown within the columnar spaces as column mercury
      30 and 30a. The pressure is applied at one side of the FIG. 1 U-shaped
      manometer at 20 or at the top FIG. 2 of the single column's embodiment
      mercury surface at 20a where the compressed gas or fluid 20 and 20a
      respectively above the mercury 18 and 18a. The compacted stack of sheets
      are held together by bolts 24 and 24a and nuts 26 and 26a and a frame 28
      and 28a suitable to make a firm structure. FIG. 3 shows some perspective
      view details of the FIG. 1 embodiment, better illustrating relative
      positions of various elements. After applying the pressure at the points
      marked by arrows at points 20 and 20a the mercury 18 and 18a will rise as
      columnar mercury 30 and 30a as upper mercury surface 32 and 32a are forced
      downwardly. The magnitude of the applied pressure at points 20 and 20a can
      be calculated by knowing the difference of the height between the two
      columns of the FIG. 1 embodiment and by knowing the density of the liquid.
      Some corrections are calculated and made due to the temperature,
      atmospheric pressure, meniscus liquid effects and the like. The simplest
      type of the conventional manometer is open to the atmospheric pressure at
      the side other than the pressure application.
PAR  However the atmospheric pressure can be replaced by a known pressure as in
      the FIG. 2 embodiment and the measurements are made over that pressure in
      the range of the manometer. The lamination-reinforced walls 12 and 12d
      permit the measurement of much greater pressures than the prior
      manometer's which are measurable at walls.
PAR  The height of the upper surfaces of mercury columns 30 and 30a can be seen
      through non-conductive transparent sheets 16 and 16a alternately spaced
      between electrically-conductive sheets 14 and 14a.
PAR  The height of the upper surfaces of the columns are determined electrically
      when a low current electrical potential such as 3 to 10 volts is placed to
      make an electrical circuit between the bottom containers 10 and 10a and
      the conductive sheets 14 and 14a at the top of the mercury column where
      the sliding contacts 34 and 34a is moved upwardly and downwardly by hand
      turning of a knob 36 in the FIG. 1 embodiment or by a small electric motor
      36a in the FIG. 2 embodiment moving up and down.
PAR  The FIG. 1 knob 36 is connected to the sliding contact car 40 by small
      wheels 42 and wiring mechanism 43 which allows the hand turning force on
      knob 36 to the change of the position of the sliding switch contact car.
      The wheels 40 and 42 are supporting the wire mechanism 43 and wheels 40
      and 42 are mounted on the frame of the manometer at points 46. Plates 28
      and 29 are parts of the manometer frame.
PAR  The sliding contacts 34 and 34a can indicate the presence of the electrical
      circuit through conductive sheets up to the height of mercury columns 30
      and 30a, and there will be a point above the upper surfaces of columns 30
      and 30a at which no circuit can be established and is the indicative of
      the top of the mercury column 30 and 30a. The thinner the laminated sheets
      14 and 16 are the more accurate the determination of the mercury column's
      height can be. The motorized small variable switch car 36a moves to and
      fro upwardly and downwardly on bar 48 and the car is secured by wheels 49
      and 50 and make the possible movement vertically. The motor of variable
      switch car 36a can be manually or automatically triggered by the
      electrical circuit to move the switch car 36a up as far as the circuit is
      disconnected when it stops. Both sliding contacts 34 and 34a can be
      connected to a conventional counting mechanism as mechanism 51 of FIG. 1
      which typically would show the height of the column 30 directly converted
      to pressure.
PAR  Openings 52 of FIG. 1 symbolizes a deairing outlet of the U-shape
      manometer.
PAR  FIG. 3 illustrates the details of the laminated sheets 14 and 16 of FIG. 1
      which are alternately conductive and non-conductive and are held together
      by bolts 24 and nuts 25 which are sealed against upper and lower faces of
      the laminated walls 12. The sliding contact 34 illustrates one of the many
      methods that can be used to make observation of the electrical circuit
      outside of the wall.
PAR  FIG. 4 illustrates a third version in-partial exploded view in which bolts
      of prior Figures are not used to hold the laminated wall together but
      where the securing pressure is exerted by the side and top plates to make
      a sturdy and secure structure. FIG. 4 illustrates the laminated
      electrically-conductive and non-conductive sheets 14b and 16b
      respectively, with somewhat different shape having projection 15b which
      serves as a track on which the sliding contact car 40b with its contact
      34b can move to and fro upwardly and downwardly, utilizing friction for
      grasping against the uneven surface of the wall. Plates 54, 56 and 58
      represent the plates at the sides and at the top.
PAR  The FIGS. 5 and 6 embodiment, like the FIG. 4 embodiment, includes a flange
      projection 15c on which a variable switch (not illustrated) is slidably
      secured as in the FIG. 4 embodiment. This embodiment has alternately
      stacked electrically-conductive and non-conductive plates 14c and 16c
      separated from conductor wall section 64 by electrically insulating wall
      sections 60 and 62. However in the column space separating the conductive
      sheets 14 and conductor 64, as shown in FIG. 6, is low specific gravity
      conductor liquid 66 floating on an electrically non-conductive liquid 68,
      circuit being closable by the contact of conductor liquid with conductor
      64 and a sheet 14c when contact 34 is thereagainst, at the top of the
      height of the column of liquids 68 and 66. FIG. 6 utilizes bolt holes and
      bolts in each of 60, 64 and 62 and 14c to secure-together the structure.
PAR  The uses of the inventive structures of the present invention are many and
      various, the preceding illustrated embodiments being merely a preferred
      area of technological use of great utility known to the inventor.
PAR  Accordingly, it is within the scope of the invention to make such
      variations and/or substitution of equivalents as would be apparent to a
      person of ordinary skill.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid level indicating device comprising in combination: a container
      vessel substantially enclosable of and containable of a liquid, the
      container vessel having at least one substantially uprightly extending
      wall including a series of electrical contacts separate from one-another
      arranged serially substantially uprightly along an inner surface of the
      wall, each electrical contact having an electrical lead extending
      exteriorly of the vessel and of said wall separate from leads of others of
      the series of electrical contacts, a vessel electrical terminal means for
      providing electric current to liquid within the vessel such that
      electricity is conductable therefrom through an upper portion of the
      liquid into one of said series of contacts in intimate electrically
      conducting contact with the upper portion of the liquid, electrical power
      means for providing electricity connected operatively to said vessel
      electrical terminal means, and a multiple-contact variable selector switch
      means mounted for intermittent connection in circuit serially electrically
      through said electrical power means and one of said electrical contacts in
      the liquid for said series of electrical contacts selectively such that a
      height of liquid within said container vessel is determinable by
      observance of which of a higher of said series is conductable of current
      therethrough and through the respective lead thereof, said upright wall
      comprising a series of alternate layers of conductive elements and
      non-conductive elements with the non-conductive elements electrically
      isolating alternate ones of the conductive elements from one-another, the
      electrically conductive elements being said series of electrical contacts
      at inner ends thereof.
NUM  2.
PAR  2. A liquid level indicating device of claim 1, and an electrically
      conductive liquid contained within said container vessel.
NUM  3.
PAR  3. A liquid level indicating device of claim 3, and a non-conductive liquid
      within said container vessel, said non-conductive liquid being of a
      specific gravity more that specific gravity of said electrically
      conductive liquid.
NUM  4.
PAR  4. A liquid level indicating device of claim 2, and a conduit conductable
      of fluid under pressure, extending within said vessel structure and
      intimate therewith to a point sufficient to effect isolated fluid contact
      with an isolated upper surface below said liquid such that fluid pressure
      applied through the conduit onto the isolated upper surface will cause a
      rise in liquid level of liquid within said container vessel along said
      upright wall thereof at locations exterior to the conduit, to function as
      a manometer.
NUM  5.
PAR  5. A liquid level indicating device of claim 4, in which said container
      vessel is a closed vessel such that fluid within the enclosed container
      vessel above the liquids upper face is compressible by and upon rise of
      the liquid within the container vessel.
NUM  6.
PAR  6. A liquid level indicating device of claim 4, in which said conduit
      comprises a separate series of alternate layers one on top of the other of
      electrically conductive elements and non-conductive elements spaced
      therebetween isolating alternate ones of the electrically conductive
      elements of the separate series.
NUM  7.
PAR  7. A liquid level indicating device of claim 2, in which said series of
      alternate layers defines a section extending uprightly as a fractional
      part of inner and outer surfaces of said upright wall, and in which
      remaining sections extending uprightly as remaining fractional parts of
      inner and outer surfaces of said upright wall includes a conductor element
      operatively connected in electrical series for conducting electricity when
      in contact with said liquid and insulating means for electrically
      isolating said conductor element from said layers of conductive elements,
      such that electrical flow is affectable by circuit completion through said
      liquid when the liquid is at a height sufficient to be in electrically
      conductive contact with each of said conductor element and at least one of
      said electrical contacts when circuit with said selector switch means is
      closed.
NUM  8.
PAR  8. A liquid level indicating device of claim 1, in which said series of
      alternate layers defines a section extending uprightly as a fractional
      part of inner and outer surfaces of said upright wall, and in which
      remaining sections extending uprightly as remaining fractional parts of
      inner and outer surfaces of said upright wall includes a conductor element
      operatively connected in electrical series for conducting electricity when
      in contact with said liquid and insulating means for electrically
      isolating said conductor element from said layers of conductive elements,
      such that electrical flow is affectable by circuit completion through said
      liquid when the liquid is at a height sufficient to be in electrically
      conductive contact with each of said conductor element and at least one of
      said electrical contacts when circuit with said selector switch means is
      closed.
PATN
WKU  039437701
SRC  5
APN  5213525
APT  1
ART  244
APD  19741106
TTL  Midstream urine specimen collection device
ISD  19760316
NCL  10
ECL  1
EXP  Swisher; S. Clement
NDR  1
NFG  4
INVT
NAM  McDonald; Bernard
STR  18212 Pacific Coast Highway
CTY  Malibu
STA  CA
ZIP  90265
CLAS
OCL   73421R
XCL    4110
EDF  2
ICL  G01N  110
FSC   73
FSS  421 R
FSC    4
FSS  110
FSC  128
FSS  2 F;295
UREF
PNO  3635091
ISD  19720100
NAM  Linzer
OCL   73421R
UREF
PNO  3722503
ISD  19730300
NAM  Hovick
OCL    4110
UREF
PNO  3848581
ISD  19741100
NAM  Cinqualbre
OCL  128  2F
LREP
FRM  Christie, Parker & Hale
ABST
PAL  A midstream urine sample collector in which three separate detachable
      containers are supported from and interconnected by a frame including a
      fluid passage which interconnects the three containers. The first
      container is a disposable bag of flexible material which connects to the
      fluid passage at a point lower than the connection of the passage to the
      other two containers. An inlet receiving a funnel directs the urine stream
      into the passage, the urine flowing into the first container because it is
      at the lowest level. Once the first container is filled, fluid flows
      through the passage into the second and third containers in that order.
      The second container is a removable centrifuge vial which can then be used
      to run the sample tests. Means is provided for cutting off flow of fluid
      in and out of the first container once it is filled to prevent
      contamination of the fluid in the second container, which receives the
      midstream sample.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to urine specimen collectors, and more particularly
      to a device for collecting a contamination-free midstream urine sample.
PAC  BACKGROUND OF THE INVENTION
PAR  In making tests on urine samples, it is necessary to collect a sample which
      is free of any contaminants. It is therefore desirable to collect the
      sample from midstream so that the urethra and other areas of the urinary
      tract can be flushed out by the initial stream. Because it is difficult or
      in some cases impossible for the patient to interrupt the stream so as to
      pass part of the stream before collecting the sample, it is desirable to
      have a urine collection device which automatically diverts a portion of
      the midstream into a specimen container for analysis without interruption
      of the stream by the patient. One such collection device is described in
      my copending application Ser. No. 363,383, filed May 24, 1973. However,
      there is a need for an inexpensive specimen collector which automatically
      collects a midstream sample and that is convenient to use and can be
      easily sterilized.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved midstream urine sample
      collection device which has no moving parts and which can be packaged in a
      minimal space. The present invention further provides a urine collection
      device in which the forestream and any excess after the midstream sample
      is taken is collected in disposable containers made of flexible material,
      while the midstream sample container is preferably a standard centrifuge
      vial or the like which can be easily sterilized and reused.
PAR  In brief, the collection device of the present invention includes a frame
      member having a fluid passage interconnecting three outlets. Three
      containers are detachably connected to the frame member at the three
      outlets. An inlet member provides a downwardly extending opening which
      connects into the fluid passage. The passage at the opening to the inlet
      member and the opening to the first container is positioned at a lower
      level than the fluid passage at the openings to the second and third
      containers. Thus fluid entering the inlet member first runs into the first
      container. Means is provided for interrupting the flow of fluid into the
      first container when a predetermined amount of fluid has been received in
      the inlet member to prevent any of the fluid in the first container from
      entering the second container and contaminating the sample.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention reference should be made to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a top view of the preferred embodiment of the present invention;
PAR  FIG. 2 is an end view;
PAR  FIG. 3 is a sectional view taken on the line 3--3 of FIG. 1; and
PAR  FIG. 4 is a partial view of an alternative embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing in detail, the numeral 10 indicates generally the
      frame of the urine collection device which preferably is molded from a
      suitable plastic material capable of withstanding temperatures sufficient
      to produce sterilization. The frame includes a top wall 12, supporting
      side walls 14 and 16, and end walls 18 and 20. The side walls may be
      tapered outwardly at the bottom to provide a wide stable base for
      supporting the collection device on a flat horizontal surface.
PAR  On the underside of the top 12 there is molded a fluid conduit which
      interconnects three outlet nipples 22, 24 and 26. The outlet nipple 22
      projects horizontally outwardly from the end wall 18 and is preferably
      cylindrical in shape to provide an outlet passage 28. The end of the
      outlet nipple 22 is terminated in a plane which extends at an angle to the
      axis of the nipple so that the bottom of the nipple projects out further
      from the side wall 18 then the top of the nipple. A disposable bag 29 of
      elastic material fits over the nipple and hangs downwardly from the nipple
      to receive any fluid from the passage 28.
PAR  The nipple 24 projects vertically downwardly from the inside of the top
      wall 12 and is adapted to receive a standard centrifuge tube 30, the open
      end of which is adapted to fit over the nipple 24. The tube may be either
      pressed in position on the nipple or be held by the standard half-turn
      bayonet lock type connection. The nipple 24 has a central passage 32
      extending vertically and which is of substantially smaller diameter than
      the inside of the tube 30.
PAR  The third nipple 26 similarly projects downwardly from the inside of the
      top wall 12 and includes an opening or passage 34. The fluid conduit
      provides a passage 36 extending horizontally between the opening 34 and
      the nipple 26 and the opening 32 and the nipple 24. In addition, the fluid
      conduit provides a fluid passage 38 which extends between the opening 32
      and the nipple 24 and the opening 28 and the nipple 22. A disposable bag
      37 of elastic material fits over the nipple 26 to catch any fluid
      overflowing from the sample tube 30.
PAR  The urine sample is admitted to the fluid conduit by means of a vertically
      extending passage 40 which opens into the passage 38 at an intermediate
      level above the opening 28 but below the openings 32 and 34. A removable
      funnel 42, preferably made by rolling a flat sheet of pre-cut material
      into a conical shape and inserting the small end into the top of the
      passage 40, is provided.
PAR  In operation, the urine stream is directed into the funnel 42 which in turn
      directs it into the passage 40. The initial or forestream flows downwardly
      through the opening 28 in the nipple 22 into the first flexible container
      or bag 29 hanging on the end of the nipple 28. As the bag begins to fill
      with fluid, the weight of the fluid stretches the bag across the opening
      28 so as to seal off the opening against further flow. The urine then
      rises in the passage 38 and flows through the opening 32 into the sample
      tube 30. When the tube 30 fills up, overflow goes into the flexible bag
      container 37 attached to the nipple 26. The bags 29 and 37 can then be
      removed and disposed of while the tube 30 is detached from the nipple 24
      and dispatched to the laboratory for a urinalysis. It will be noted that
      the nipple 24 projects down into the tube 30 and, because of the
      relatively small opening 32, displaces a portion of the volume of the tube
      at the top. This insures that when the tube is removed, the level of fluid
      in the tube 30 drops sufficiently below the top of the tube to prevent or
      reduce the chance of spillage. An air vent 44 allows air to bleed off as
      the urine displaces the air in the containers.
PAR  An alternative arrangement for blocking flow of urine through the opening
      28 into the first container is shown in FIG. 4. Here the container bag
      passes up over a beam 46 extending in front of the opening 28. The beam 46
      is supported from the end wall 18 and acts to partially support the weight
      of the container. As the container fills with fluid, the weight of the
      fluid increases the force with which the flexible bag presses against the
      top of the beam 46. Thus the neck of the bag becomes pinched off after a
      predetermined amount of fluid enters the bag. Various other arrangements
      may be provided to achieve the same effect, such as providing a noose
      around the neck of the bag 29 which tightens as the weight of the fluid in
      the bag stretches the neck. Alternatively, a buoyant ball may be inserted
      in the bag, the ball rising in the bag as the level of fluid rises until
      the ball is wedged into the neck of the bag, cutting off further flow of
      fluid into the bag.
PAR  From the above description, it will be seen that a very simple device is
      provided for collecting midstream urine samples. The frame with its fluid
      passages can be molded of plastic material, for example, and made
      inexpensive enough that it could be a throwaway item. Alternatively, it
      may be made of a material which would be sufficiently durable in the
      presence of heat to permit sterilization and reuse. The first and third
      container bags are disposable, as is the funnel. The first bag is
      automatically sealed off when it is filled with a predetermined weight of
      fluid, preventing any of the forestream from flowing back up out of the
      container and contaminating the midstream sample collected in the tube 30.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for collecting a urine sample comprising a frame member having
      a fluid passage, three containers detachably connected to the frame
      member, the passage opening into each of the three containers, an inlet
      member opening downwardly into the passage, the passage at the opening to
      the inlet member and opening to the first container being lower than the
      passage at the openings to the second and third containers when the urine
      collecting apparatus is in normal operative position, whereby fluid
      entering the inlet member first runs into the first container, the opening
      to the second container being intermediate the opening to the first and
      third containers, whereby fluid entering the inlet member runs into the
      second opening to fill the second container before filling the third
      container, the first container being of flexible disposable material
      having a neck portion, the frame having a nipple forming the first opening
      with the open end of the neck of the first container fitting over the
      nipple, and means engaging the neck of the container to pinch off the neck
      under the weight of the fluid added to the first container.
NUM  2.
PAR  2. Apparatus of claim 1 further including means interrupting flow of fluid
      to the first container when a predetermined amount of fluid has been
      received in the inlet member.
NUM  3.
PAR  3. Apparatus of claim 1 wherein the third container is made of flexible
      disposable material.
NUM  4.
PAR  4. Apparatus of claim 3 wherein the means engaging the neck comprises means
      forming an edge engaging the neck of the first container, the container
      hanging downwardly over the edge so that the weight of the container is
      partially supported by said last named means.
NUM  5.
PAR  5. Apparatus of claim 1 wherein the second container is a sterile
      centrifuge sample vial.
NUM  6.
PAR  6. Apparatus of claim 5 wherein the frame means includes means providing a
      fluid-tight connection to the sample vial, the connection means including
      means projecting into the vial from the frame means to displace part of
      the volume in the vial.
NUM  7.
PAR  7. A midstream urine specimen collection device comprising a forestream
      container and a midstream container, rigid conduit means connected to the
      two containers, inlet means coupled to the conduit means for receiving the
      urine stream, the conduit means having a section between the inlet means
      and the midstream container that is higher than the level of the conduit
      means at any point between the inlet means and the forestream container
      when in the normal operating position, whereby fluid entering the inlet
      means flows first into the forestream container, the forestream container
      including a flexible neck connecting the container to the conduit means,
      and means forming a ridge across which the flexible neck passes between
      the container and the conduit means, the weight of fluid in the container
      pulling the neck against the ridge for pinching off the neck when the
      weight of fluid in the forestream container reaches a predetermined level.
NUM  8.
PAR  8. The apparatus of claim 7 further including means responsive to the
      weight of fluid in the forestream container for interrupting flow in the
      forestream container when the forestream container has received a
      predetermined amount of fluid.
NUM  9.
PAR  9. Apparatus of claim 8 further including overflow means connected to the
      conduit means for receiving fluid after the midstream container is filled.
NUM  10.
PAR  10. A midstream urine specimen collection device comprising a forestream
      container, a midstream container, and an overflow container, rigid conduit
      means connected to the three containers at the top of the containers, the
      inlet conduit having a portion extending upwardly between the forestream
      and midstream containers, means coupled to the conduit means at an
      intermediate level along the upwardly extending portion for receiving the
      urine stream, and means responsive to the weight of fluid in the
      forestream container for sealing off flow between the conduit and the
      forestream container when the forestream container has received a
      predetermined weight of fluid.
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ABST
PAL  Power material adapted to be used in combination with a powder material
      manufacturing apparatus having a substantially vertical passage for
      passing manufactured powder material downwardly therethrough, said
      sampling device including a rotatable disc having a portion projecting
      into the vertical passage so that a part of the powder material passing
      through the passage is deposited on the disc and taken out the passage
      through rotation of the disc.
BSUM
PAR  The present invention relates to a material sampling device and more
      particularly to a powder material sampling device.
PAR  In an apparatus for continuously manufacturing powder milk or the like
      powder material, it is often required to take out a portion of the powder
      material for the purpose of testing it in respect of water content and
      other physical property thereof.
PAR  It is therefore an object of the present invention to provide a powder
      material sampling device which is simple in construction and can be
      readily accommodated in a powder material manufacturing system.
PAR  The above and other objects of the present invention can be accomplished by
      a powder material sampling device comprising a rotatable disc having a
      portion projecting into a substantially vertically disposed powder
      material passage through which powder material is passed downwardly. A
      portion of the powder material is thus deposited on the projected portion
      of the disc and taken out of the passage simply by rotating the disc. When
      it is desired to perform water content test, the sampling device may be
      combined with an appropriate test equipment such as an ultra-red ray water
      content measuring device. When such a type of measuring device is combined
      with the sampling device of the present invention, it is necessary to
      provide means for leveling off the deposited layer of the powder material.
DRWD
PAR  The above and other objects and features of the present invention will
      become apparent from the following descriptions of the present invention
      taking reference to the accompanying drawings, in which:
PAR  FIG. 1 shows a vertical sectional view of a powder material sampling device
      in accordance with one embodiment of the present invention; and
PAR  FIG. 2 is a plan view of the sampling device shown in FIG. 1.
DETD
PAR  Referring now to the drawings, there is shown a vertical powder material
      passage 1 which may be connected with a spray drying tower of a powder
      material manufacturing apparatus (not shown). As shown in FIG. 2, the
      passage 1 is of a circular cross-section and provided with a sidewardly
      projecting sampling chamber 2 which is also of a circular cross-section.
      In the sampling chamber 2, there is provided a rotatable disc 3 which is
      rotatably supported by a vertical shaft 4. As shown in the drawings, the
      rotatable disc 3 has a portion projecting into the passage 1. The vertical
      shaft 4 has a pulley 5 secured to the lower end thereof and driven by a
      suitable drive source (not shown) so that the shaft 4 is rotated in the
      direction as shown by an arrow 6 in the drawings. Thus, a part of powder
      material passing downwardly through the passage 1 is deposited on the
      portion of the disc 3 projecting in the passage 1, and taken out of the
      passage 1 by rotating the disc 3. In the illustrated embodiment, the
      sampling chamber 2 is provided at its upper wall with a transparent window
      7 through which physical properties such as water content of the powder
      material on the disc 3 is measured by using an appropriate device such as
      an ultra-red ray type measuring device (not shown). When the water content
      of the powder material is measured through the window 7 by an ultra-red
      ray type measuring device, it is required to level off the powder material
      layer on the disc 3. For this purpose, the upper wall of the sampling
      chamber 2 has a leveling blade 8. The leveling blade 8 has a lower edge
      which is spaced from the upper surface of the disc 3 by a predetermined
      distance so that, when the disc 3 is rotated with powder material
      deposited thereon, the powder material is leveled off when it passes
      through the spacing between the leveling blde 8 and the disc 3. As shown
      in FIG. 2, the sampling chamber 2 is further provided at its upper wall
      with a scraping blade 9 which has a lower edge disposed closely adjacent
      to the upper surface of the disc 3 so as to scrape off the powder material
      from the disc 3. Since the sampling chamber 2 has a bottom wall 10 which
      is inclined downwardly toward the passage 1, the scraped powder material
      is returned to the passage 1 after the test is performed.
PAR  Thus, it will be apparent that, according to the present invention, it is
      possible to perform a continuous sampling and continuous physical property
      measurement in a continuous powder material manufacturing apparatus.
PAR  Although the present invention has been shown and described with reference
      to a preferred embodiment, it should be noted that the invention is in no
      way limited to the details of the illustrated arrangement but changes and
      modifications may be made without departing from the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a powder material manufacturing apparatus having a substantially
      vertical passage for passing manufactured powder material downwardly
      therethrough, a sampling device for the powder material which comprises a
      sampling chamber provided adjacent to the vertical passage, a rotatable
      disc disposed substantially horizontally in said sampling chamber and
      having a portion projecting into the passage, and means for rotating said
      disc so that powder material deposited on the projecting portion of the
      disc can be taken out of the passage into the sampling chamber through
      rotation of the disc.
NUM  2.
PAR  2. Sampling device in accordance with claim 1 in which said sampling
      chamber has an upper wall provided with a transparent window through which
      a physical property of the powder material on the disc can be measured.
NUM  3.
PAR  3. Sampling device in accordance with claim 2 in which means is provided at
      the upstream side of the window as seen in the direction of rotation of
      the disc for leveling the powder material deposited on the disc.
NUM  4.
PAR  4. Sampling device in accordance with claim 3 in which said leveling means
      is a leveling blade secured to the upper wall of the sampling chamber and
      having a lower edge spaced from the disc by a predetermined distance.
NUM  5.
PAR  5. Sampling device in accordance with claim 2 in which means is provided at
      the downstream side of the window as seen in the direction of rotation of
      the disc for scraping the powder material from the disc.
NUM  6.
PAR  6. Sampling device in accordance with claim 5 in which said scraping means
      comprises a scraping blade secured to the upper wall of the sampling
      chamber and having a lower edge disposed closely adjacent to the disc.
NUM  7.
PAR  7. Sampling device in accordance with claim 5 in which said sampling
      chamber has a bottom wall inclined downwardly toward the passage so that
      the powder material scraped of the disc is returned to the passage along
      the bottom wall.
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ABST
PAL  This invention describes a convertible measuring container that comprises
      three parts; an upper part, a bottom part, both of which can be removably
      joined and sealed to a central cylindrical part, all three parts being of
      the same internal diameter. A sight glass is provided for accurately
      reading the surface level of the liquid in the container. By making a
      plurality of interchangeable central cylindrical parts, all of which have
      the same sealing means, the volume of the container can be changed, at
      will, from any one to another of a selected number of different volumes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies in the field of volumetric measurement of liquids. More
      particularly, it is concerned with the design of a type of volumetric
      standard for use in the measurement of liquids which can be simply and
      rapidly assembled for different precise volumes.
PAR  In the testing of meters or other fluid measuring devices a standard volume
      is often required. In the prior art this has customarily been done by
      providing a variety of containers of different sizes which have been
      manufactured and calibrated for specific volumes. Thus, to satisfy the
      overall needs of a calibrating organization, a large number of different
      size containers is required, as for instance, in converting from U.S.
      volumetric units (gallons, etc.) to metric units (liters, etc.).
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of this invention to provide a design of a precise
      volumetric measuring container which can be adjusted in volume by simply
      and rapidly inserting a different central part to a three-part container,
      so that the top and bottom parts can be used with a variety of
      intermediate central parts to cover a wide range of different volumes.
PAR  This and other objects are realized and the limitations of the prior art
      are overcome in this invention by constructing the container out of at
      least three parts; a top part, an intermediate central part, and a bottom
      part. The top and bottom parts are made of rigid metal and are generally
      in a hemispherical or a conical shape to provide greater stiffness and
      rigidity, and to minimize denting, which might alter the internal volume.
PAR  The top and bottom parts are designed to be fitted to different central
      cylindrical parts, of the same internal diameter, but of different axial
      length. Thus by changing the length of the central part, a container of
      different volume can be provided. Simple and convenient means are provided
      for attaching and sealing the top and bottom parts separately to the
      central part.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the principles and details of the invention will
      be evident from the following description, taken in conjunction with the
      appended drawings, in which:
PAR  FIGS. 1 and 3 represent a side elevation and top view of the container of
      this invention.
PAR  FIG. 2 is a vertical cross section, taken through one embodiment of this
      invention.
PAR  FIGS. 4 and 5 illustrate alternate methods of sealing the top and bottom
      parts to the central part.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and in particular to FIGS. 1, 2 and 3, these
      represent different views of a preferred embodiment of this invention. The
      overall container is identified by the numeral 10. The container comprises
      a minimum of three parts, namely, an upper part or housing indicated by
      numeral 12, a lower part or housing 14 and an intermediate or central
      cylindrical part or housing 16. All three parts have the same internal
      diameter so that when they are clamped together and sealed at their
      joints, a complete container is provided of a specific selected internal
      volume.
PAR  The upper part 12 has a cylindrical neck portion 22 at its top. This neck
      portion may be extended by an extra cylindrical portion 24 which is
      slipped over the neck portion and sealed to it. There is an opening in the
      wall of the upper part to which a short neck 30 is sealed. The neck 30
      contains a packing gland, into which is sealed a glass tube 32. Liquid
      placed in the container will rise also in the glass tube and the level of
      the liquid can be read against a scale 35 marked on a vertical plate 34
      behind the glass tube 32.
PAR  The upper and lower parts are shown as hemispherical. This is for the
      purpose of providing a rigid surface that is least likely to change volume
      under outside forces or to form dents which can change the internal volume
      of the container. It is possible, however, to use other shapes,
      particularly conical shapes, which have substantially the same properties
      as the hemispherical shapes.
PAR  In the drawings no means are shown for supporting the container on legs.
      This, of course, can be done as is well known in the art. Special
      cylindrical receptacles, such as 19, can also be provided, which will
      support the container by means of the brackets such as 36A, etc.
PAR  One of the most important parts of the container lies in the manner of
      clamping the three parts together so that there is a tight metal to metal
      fit of the three parts, and a complete liquid seal at the joints between
      the top and middle parts and between the bottom and middle parts. Three
      embodiments of such clamping means are shown in FIGS. 2, 4 and 5.
PAR  Consider first FIG. 2. In this embodiment thin rings 42, 44 of metal are
      fastened to the outside of the upper and lower parts 12, 14, with their
      edges flush with the bottom edge 18 of the upper part and the top edge of
      the lower part of the container. The rings 42 and 44 must be sealed to the
      upper and lower parts. The central part comprises a ring 16 of the proper
      inner diameter so that the inner surface will be flush with the inner
      surfaces of the top and bottom parts. "O"-rings 46 are provided against
      which the rings 42 and 44 press and seal the joints.
PAR  A plurality of tabs or brackets 36, 37, 38 and 39, on the upper part and
      corresponding tabs or brackets 36A, 37A, 38A and 39A are provided on the
      lower part. These are to clamp against the upper edge of the ring 42 and
      the lower edge of the ring 44, to bring them close together so that the
      rings 42 and 44 will press and seal against the "O"-rings 46. The width 58
      of the internal surface of the central part is of precise dimension, as is
      the internal diameter and other dimensions of the upper and lower parts of
      the container, so that the internal volume will be correct and constant.
      The outer portion of the ring 16 is of such dimension that there will be
      clearance between the tabs 37 and 37A, for example, as they are pulled
      together by means of screws 40, to clamp the upper and lower parts against
      the seal rings 46.
PAR  In FIG. 2 the seal rings 42 and 44 are themselves fastened to and sealed to
      the upper and lower parts respectively. They seal independently against
      "O"-rings which are inserted into the central part 16. All that is
      required is to press the three parts together. The tabs 37, 37A, for
      example, need not be fastened to the upper and lower parts but can be
      separated from them since they simply clamp against the rings 42 and 44.
      For example, conventional C-clamps or the like, could be used to hold
      these together. The tabs 37, etc. can, of course, be continuous rings.
PAR  FIG. 4 shows another embodiment in which the upper and lower parts are
      sealed independently, by means of "O"-rings, to the central part 50. Here
      the "O"-rings are inserted in an outer wall, so that they will seal
      against the outer surface of the upper and lower parts. In order to clamp
      the three parts together, the tabs 52, 52A, for example, must be fastened
      to the upper and lower hemispheres, such as by means of welding, 48, 48A,
      for example. When it is desired to change the volume of the container,
      screws 40 are removed and a central part 50 of longer axial dimension is
      inserted and the upper and lower parts again clamped and sealed to the
      central cylindrical part 50 as before.
PAR  FIG. 5 illustrates a third embodiment in which larger rings 54 and 54A are
      fastened and sealed to the upper and lower parts 12 and 14 respectivey, by
      means such as welds 60 and 60A. In this embodiment the central part 56 is
      of a simpler construction, which comprises a simple ring having parallel
      upper and lower faces, into which are inserted "O"-rings 46. To assemble
      the container the upper and lower parts are set on top of the central
      portion 56 and the bolts 40 are screwed tight so that the rings 54 and 54A
      will seal against the "O"-rings 46.
PAR  It will be clear that this embodiment of FIG. 5 requires a continuous ring
      around the bottom edge of the top part 12 and around the top edge of the
      bottom part 14, since the rings must be sealed to the top and bottom
      parts, so that they can themselves be sealed to the central part. In
      contrast, the embodiment of FIG. 4 can utilize simple tabs or brackets
      although it also can use a continuous ring which is tack welded to the
      outer surface of the upper and lower parts. In FIG. 2 the tabs or brackets
      are not necessarily fastened to the upper and lower portions but are used
      simply as clamps to hold the three parts together.
PAR  In FIG. 2 a lower hemispheere 14 is shown. In addition, other positions of
      the lower hemisphere are shown in dashed lines 14A and 14B. These would be
      the position of the bottom part with increasing thickness to the central
      part 16.
PAR  In order to preserve the dimensional stability of the containers they are
      usually constructed of stainless metal, or they can be enameled to prevent
      corrosion or they can be polished and maintained so as to be free of
      corrosion.
PAR  The figures illustrate the upper and lower parts being constructed in the
      form of hemispheres. It will be equally useful to use a conical shaped
      container which has comparable rigidity to the hemispherical shape. These
      are preferred to right circular cylindrical containers since there may be
      some flexibility in the plane bottom and top surfaces which could alter
      the internal colume of the container.
PAR  While the invention has been described with a certain degree of
      particularity it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplification, but is to be limited only by the scope
      of appended claim or claims, including the full range of equivalency to
      which each step thereof is entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A convertible measuring container comprising:
PA1  a. an upper housing having the lower end thereof open;
PA1  b. a lower housing having the upper end thereof open and the lower end
      thereof closed, the open upper end of said lower housing having an
      internal diameter substantially equal to the internal diameter of the
      lower open end of the upper housing:
PA1  c. a central housing removably interposed between the upper and lower
      housings and having the opposite ends thereof open, said open ends of the
      central housing having an internal diameter substantially equal to the
      internal diameters of the open lower end of the upper housing and the open
      upper end of the lower housing, said central housing being interchangable
      with substantially identical central housings of varying lengths to
      selectively vary the overall volume of the container;
PA1  d. fastening means provided at the joints between the central housing and
      the upper and lower housings for removably securing the central housing
      therebetween; and
PA1  e. sealing means cooperating with the fastening means for precluding
      leakage of fluid between the central housing and the upper and lower
      housings.
NUM  2.
PAR  2. The convertible measuring container as in claim 1 including:
PA1  cylindrical tubular gauge means, and means to attach and seal said tubular
      means to said upper housing.
NUM  3.
PAR  3. The convertible measuring container as in claim 1 wherein the central
      housing includes a plurality of different cylindrical housings each of
      different axial length.
NUM  4.
PAR  4. The convertible measuring container as in claim 1 in which said upper
      housing includes a hemispherical section in open communication with the
      central housing, and said lower housing is of a hemispherical
      configuration.
NUM  5.
PAR  5. The convertible measuring container as in claim 1 in which said upper
      and lower housings are sealed directly to said central housings.
NUM  6.
PAR  6. The convertible measuring container as in claim 1 in which said upper
      and lower housings are attached and sealed to separate circular rings, and
      said rings are independently sealed to said central housing.
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ABST
PAL  A sensing device with a sensing coil that moves an indicator member about
      an axis in response to changes in predetermined conditions and an
      optically reflective member associated with the indicator member on the
      coil to generate a virtual image of the indicator member in a reading
      plane. The application also encompasses the method of operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous devices are on the market today to sense various conditions such
      as humidity and temperature. One of the more common forms of these sensing
      devices uses a coil of a spirally wound laminated sensing member in which
      one layer of the laminate is relatively insensitive to changes in the
      condition being sensed while another layer is sensitive to the condition
      being sensed. This sensitive layer changes in dimension in response to
      changes in the sensed condition. This causes the coil to move in a
      predictable manner in response to changes in the sensed condition. Thus,
      by fixing one end of the member and connecting the other end of the member
      to an appropriate mechanism, the movement of the coil can be used to drive
      a pointer and thus quantify the movement.
PAR  Most devices of this type provide a means to connect the circular movement
      of the coil to a pointer rotatable about the axis of the coil. The pointer
      then operates in a reading plane normal to the axis of the coil. One
      problem with such construction is that the interconnection between the
      coil and pointer is costly to produce and calibrate. This has resulted in
      the devices being manually assembled thereby subjecting the coil to
      contamination and damage. Further, the power to drive the pointer was
      difficult to obtain from the coil thereby reducing its accuracy and
      response time.
PAC  SUMMARY OF THE INVENTION
PAR  These and other problems and disadvantages associated with the prior art
      are overcome by the invention disclosed herein by providing a sensing
      device which is simple in construction, inexpensive to manufacture, and
      accurate in operation. The quantified reading is optically displayed in
      the reading plane of the device normal to the axis of the sensing coil
      without the requirement of any mechanical connections between a pointer
      and the sensing coil. No power from the coil is required to generate the
      indicated reading in the reading plane.
PAR  The apparatus of the invention includes a support, a sensing coil
      comprising a spirally wound sensing element carried by the support and
      having an indicator attached to the outer sensing surface defined by the
      member, and an optical means defining at least one optical surface which
      has an arc thereon concentric with the axis of the coil for creating a
      virtual image of the indicator in a reading plane substantially normal to
      the axis of the coil. Thus, there is no mechanical connection between the
      coil and the indicating image generated in the reading plane.
PAR  The method of the invention includes placing a member which is moved along
      a sensing surface defined by the member in response to changes in the
      certain predetermined conditions and which has an indicating means thereon
      moved along the sensing surface as the member is moved and optically
      generating a virtual image of the indicator means in a viewing plane
      displaced from said sensing surface.
PAR  These and other features and advantages of the invention disclosed herein
      will become more fully understood upon consideration of the following
      specification and accompanying drawings wherein like characters of
      reference designate corresponding parts throughout the several views and
      in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of two embodiments of the invention ready for use;
PAR  FIG. 2 is a face view of the invention of FIG. 1;
PAR  FIG. 3 is an enlarged longitudinal cross-sectional view taken along line
      3--3 in FIG. 2;
PAR  FIG. 4 is a cross-sectional view of the invention taken along line 4--4 in
      FIG. 3;
PAR  FIG. 5 is a view similar to FIG. 4 of an alternate embodiment of the
      invention;
PAR  FIG. 6 is an enlarged partial face view of the embodiment of FIG. 5; and,
PAR  FIG. 7 is a view similar to FIG. 4 of another embodiment of the invention.
DETD
PAR  These figures and the following detailed description disclose specific
      embodiments of the invention, however, it is to be understood that the
      inventive concept is not limited thereto since it may be embodied in other
      forms.
PAC  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, it will be seen that the sensing device 10 is
      illustrated as a hygrometer 10.sub.H and a thermometer 10.sub.T mounted in
      a piece of tubing T to sense the temperature and humidity of the fluid
      medium passing through tubing T. Because the construction is the same for
      both versions of the sensing device 10 except for the specific material
      used in the sensing element, only the sensing device 10.sub.H will be
      described in detail with the same reference numbers applied to the sensing
      device 10.sub.T.
PAR  As more specifically seen in FIGS. 3 and 4, the sensing device 10 includes
      generally a housing 11, a lens 12, a sensing member 14 and a support 15.
      The housing 11 is a tubular member having a side wall 16 defining a
      central passage 18 therethrough and having a centerline CL. The inner end
      of side wall 16 has an annular mounting flange 19 formed therein through
      which the passage 18 opens. The outer end of side wall 16 has an annular
      lens flange 20 formed therein through which the opposite end of passage 18
      opens. An angled section 21 connects flanges 19 and 20 so that flanges 19
      and 20 and section 21 are all concentric about centerline CL.
PAR  The lens 12 is carried in housing 11 and retained therein by the lens
      flange 20. The lens 12 is made of an optically transmitting material and
      includes an annular body 25 defining an inside cylindrical surface 26
      concentrically about the centerline CL, an outside cylindrical surface 28,
      an optical surface 29 connecting the inside and outside surfaces 26 and
      28, and a top surface 30. A support disk 31 integral with the inside top
      portion of body 25 closes the upper end of the opening in body 25 to form
      a sampling chamber 32. The surfaces 26, 28 and 29 are concentric while the
      top surface 30 is normal to surfaces 26 and 28. The optical surface 29
      defines an included angle .phi. with the inside surface 26 thus making
      optical surface 29 conical. Thus, it will be seen that the lens 12 is an
      annular prismatic lens. When the angle .phi. is approximately 45.degree.
      and the material of the lens has a refractive index of at least 1.50 (one
      such material is polystyrene), the light received at the inside surface 26
      approximately normal thereto will be totally reflected onto the top
      surface 30 making the lens 12 totally reflective internally provided an
      air space 35 is left between lens surface 29 and section 21. A lip 36 is
      formed around the bottom of surface 29 to hold lens 12 so that the air
      space 35 is left as seen in FIG. 3.
PAR  When the lens 12 is positioned in housing 11, the lens flange 20
      frictionally engages the outer cylindrical surface 28 to retain lens 12 in
      position in housing 11. This positions the surfaces 26 and 29
      concentrically with respect to the centerline CL so that surface 28
      defines the included angle .phi. with respect to centerline CL. The top
      surface 30 is normal to centerline CL to define the reading plane RP.
PAR  The support 15 is mounted centrally on disk 31 so that it is concentric
      with centerline CL and projects into chamber 32. The support 15 is a
      cylindrical hollow post with an annular side wall 40 closed at one end by
      end wall 41. An abuttment 42 is provided around the side wall 40 on the
      back side of the disk 31 to position the sensing member 14 as will become
      more apparent.
PAR  The sensing member 14 has a similar configuration for both the hygrometer
      10.sub.H and thermometer 10.sub.T although the material of the member 14
      is different for each. The member 14 is a coil formed by a condition
      responsive laminate 50 arranged in a spiral configuration. The laminate 50
      has a base layer that is relatively insensitive to changes in the
      condition being sensed while another layer in the laminate is sensitive to
      changes in the condition being sensed. This causes the laminate to deflect
      as the condition sensitive layer expands and contracts in such a way that
      the coil moves as is known in the art. The coil 14 for use in hygrometer
      10.sub.H uses a hygroscopic material for the condition sensitive layer
      such as that described in U.S. Pat. No. 3,301,057. The coil 14 for use in
      thermometer 10.sub.T uses a conventional bi-metal material which is known
      in the art.
PAR  The coil 14 is mounted on the support 15 within the sampling chamber 32 so
      that the centerline of coil 14 coincides with the centerline CL from which
      the spiral flight of laminate 50 emanates. The outside surface 51 of
      laminate 50 defines a sensing surface S.sub.s which is oriented
      substantially parallel to centerline CL. The inner end 52 of laminate 50
      may be formed in a circular arrangement as seen in FIG. 4 to facilitate
      mounting the laminate onto the post 15. An appropriate adhesive 54 may be
      used to attach the inner end 52 to post 15 such as a double faced pressure
      sensitive adhesive. The outer free end 55 of laminate 50 has an indicator
      tab 56 attached to the outside surface 51 thereof facing the inside
      cylindrical surface 26 of lens 12. As the coil 14 moves, the indicator tab
      56 is moved within the sensing surface S.sub.s in response to changes in
      the condition to be sensed. The abuttment 42 maintains the coil 14 spaced
      from disk 31 so that it is free to move in chamber 32.
PAR  As indicated by the light rays L in FIG. 4, it will be seen that lens 12
      generates a virtual image of the tab 56 in the reading plane RP which can
      be viewed. This is because the light rays from tab 56 are reflected by the
      optical surface 29. Thus, the readout of the device 10 is transferred from
      the sensing surface S.sub.s to the reading plane RP optically rather than
      mechanically as has been done in the prior art. This results in the use of
      a coil 14 which is simple in construction so that it lends itself to mass
      production and has no power loss as is encountered in the prior art.
PAR  A label 60 is attached to the top surface 30 of lens 12 and is provided
      with appropriate indicia 61 to quantify the changes in the position of the
      tab 56 along the sensing surface S.sub.s. The label 60 may be attached
      with a suitable adhesive.
PAR  A deflector 65 is carried by housing 11 and extends from the sampling
      chamber 32 out through the mounting flange 19 into tubing T a distance
      d.sub.1. The deflector 65 is a hollow tubular member having an annular
      side wall 66 closed at its projecting end by end wall 68. The deflector 65
      is mounted on flange 19 by circumferentially spaced spokes 69 so that it
      is concentric about centerline CL. The diameter of deflector 65 is
      considerably less than the inside diameter of flange 19 so that an open
      mouth 48 to chamber 32 is provided between spokes 69. This causes a vortex
      to be generated in the fluid medium passing through tubing T so that the
      fluid medium is circulated into the sampling chamber 32. This constantly
      supplies a fresh sample of the fluid medium to chamber 32 to provide
      constant monitoring. By selecting the length d.sub.1 greater than the
      radius of tubing T, good representative samples of the fluid medium will
      be supplied to chamber 32.
PAR  Referring to FIGS. 5 and 6, an alternate embodiment of the sensing device
      is illustrated and designated 110. Those components of the device 110
      thats common to the device 10 have like reference numbers applied thereto.
      The device 110 is designed to sense conditions in the ambient atmosphere
      rather than flow in the tubing. The support member 115 has been modified
      from support member 15. Support member 115 is a cylindrical hollow post
      with an annular side wall 140 closed by end wall 141. The open end of post
      115 is received through a hole 134 in the disk 31 of lens 12 and an
      abuttment 142 is provided around side wall 140 in the vicinity of the open
      end of the post which engages the back side of disk 31 so that the open
      end of post 115 projects beyond the top surface 30 of lens 12. Slots 144
      extending through side wall 140 from the arcuate retaining tabs 145
      therebetween to hold the post 115 in position in hole 34. The slots 144
      also serve to connect the sampling chamber 32 with the open end of post
      115. This allows air to flow into chamber 32 through mouth 148 between
      flange 19 and post 115 and out of chamber 32 through slots 144 and the
      open end of post 115 as seen in FIG. 5 to give good sampling quality.
PAR  An appropriate mounting member 170 is provided on the projecting end of
      post 115 such as the suction cup illustrated. This allows the device 110
      to be mounted on a surface or a wall in a room in which the conditions are
      to be sensed. The length of the post 115 is such that sufficient clearance
      c.sub.1 is provided between flange 19 and the mounting surface MS to
      insure good air flow through the device 110.
PAR  It will also be noted that the label 160 has a hole 162 therethrough over
      the hole 34 in lens 12 so that the open end of post 115 projects
      therethrough. This allows the air to circulate through post 115.
PAR  Another embodiment of the device is seen in FIG. 7 and designated 210. The
      device 210 operates in substantially the same manner as the device 10 and
      those portions common to device 10 have the same reference numbers. The
      sensing device 210 includes a housing 211 with tubular side wall 216
      defining a central passage 218 therethrough about centerline CL. An
      annular mounting flange 219 is formed at one end of wall 216 and an
      annular holding flange 220 is formed at the opposite end of wall 216
      connected by an angled section 221 defining the angle .phi. with
      centerline CL.
PAR  An optically reflective member 212 is mounted on the section 221 which has
      an annular body 225 defining an angled optically reflective surface 229
      also defining the angle .phi. with respect to centerline CL. The surface
      229 serves the same function as surface 29 in lens 12. The member 212 is
      illustrated as a mirror.
PAR  A transparent support disk 231 is mounted in an appropriate recess 222 on
      the inside top edge of flange 220 closes the upper end of passage 218 to
      form a sampling chamber 232 in housing 211. A central hole 234 is provided
      through disk 231 to mount a support 215 which carries sensing member 14.
      Thus, it will be seen that the member 212 serves the same purpose as lens
      12 to generate an optical image of the indicator tab 56 in the reading
      plane RP defined by the top surface 230 of disk 231 which is substantially
      normal to the centerline CL.
PAR  It will be understood by those skilled in the art that an endless variety
      of configurations could be applied to surfaces 26, 29 and 30 of lens 12 to
      create some special effect in the virtual image of indicator tab 56
      generated in the reading plane RP. For example, the optical surface 29
      shown as a conical surface could be made toric aspherical for the purpose
      of magnifying or reducing the apparent size of the indicator tab 56 in the
      optically generated virtual image. Likewise, the surface 30 could be
      aspherized for a similar result.
PAR  While specific embodiments of the invention have been disclosed herein, it
      is to be understood that full use may be made of modifications,
      substitutions and equivalents without departing from the scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sensing device for indicating changes in a certain predetermined
      condition such as temperature and humidity in a fluid medium comprising:
PA1  a fixed support post having a first central axis;
PA1  a sensing coil including a spiral wound sensing element having an inner
      end, an outer end, and a second central axis, said sensing element having
      a substantially constant width along its length, said sensing element
      defining an outside surface thereon of said substantially constant width
      along its length generally parallel to said central axis and said sensing
      element expanding and contracting in response to changes in the certain
      condition in the fluid medium to open and close said coil said inner end
      of said sensing element of said coil affixed to said post to support said
      coil so that said second central axis of said coil coincides with said
      first central axis of said support post so that said inner end of said
      sensing element is relatively fixed while the remainder of said sensing
      element moves as said sensing element expands and contracts;
PA1  an indicator affixed to said outside surface of said sensing element, said
      indicator having a width substantially equal to the width of said sensing
      element, said indicator lying within the confines of said outside surface
      of said sensing element at a prescribed position along the length of said
      outside surface so that said indicator moves with said sensing element as
      said sensing coil opens and closes;
PA1  an annular optically reflective member fixably carried by said support post
      concentrically about said first and second central axes outboard of said
      sensing coil, said optically reflective member defining an annular
      optically reflective surface thereon concentric about said first and
      second central axes, said reflective surface laterally aligned with said
      outside surface of said sensing element and with said indicator, said
      optically reflective surface defining a prescribed including angle with
      respect to said first and second central axes so that an optical image of
      said indicator is generated in a reading plane normal to said central
      axis; and,
PA1  indicia means operatively associated with said optical image of said
      indicator in said reading plane to quantify the movement of said indicator
      on said sensing element of said coil.
NUM  2.
PAR  2. The sensing device of claim 1 wherein said optically reflective member
      includes an annular internally reflective prismatic lens concentric about
      said first and second central axes; said lens defining a first annular
      inside surface concentric about said central axis and parallel thereto, a
      second annular surface concentric about said central axis and lying in a
      plane generally perpendicular to said central axis, said second annular
      surface defining said reading plane, and said optically reflective surface
      outboard of said first annular surface so that light received through said
      first surface will be reflected by said optically reflective surface to
      said second surface; and further including a support disk integral with
      the inside of said lens adjacent said second surface, said support disk
      fixedly carried by said post to fixedly support said lens so that said
      first surface is concentric about said first and second central axes and
      said sensing coil is laterally aligned with said first surface and lies
      between said support post and said first surface of said lens, said disk
      and said lens defining a sampling chamber in which said coil is located
      having a sampling opening thereto in communication with the fluid medium.
NUM  3.
PAR  3. The sensing device of claim 2 wherein said indicator includes a tab
      attached to said outside surface of said sensing element at said outer
      end.
NUM  4.
PAR  4. The sensing device of claim 3 further including a tubular housing
      mounting said lens therein, said housing extending around said lens
      adjacent said reflective surface and a closed air space defined between
      said optically reflective surface on said lens and said housing to cause
      only the optical image of said indicator and said outside surface of said
      sensing element to be seen in said reading plane.
NUM  5.
PAR  5. The sensing device of claim 4 further including a piece of tubing
      defining a central passage therethrough having a centerline and through
      which the fluid medium to be sampled is passing, said tubing defining a
      hole therein mounting said housing so that said first and second central
      axes are oriented generally perpendicular to said centerline of said
      passage, said housing further including an annular flange extending
      through said hole in said tubing in sealing engagement with said tubing,
      said annular flange defining an inlet passage therethrough having a first
      prescribed diameter in communication with said sampling opening to said
      sampling chamber at one end and in communication with said passage through
      said tubing at the other end; and further including an elongate
      cylindrical deflector member having a second prescribed outside diameter
      smaller than said first diameter and having a deflector centerline, said
      deflector member carried by said housing so that the deflector centerline
      of said deflector member coincides with said first and second central axes
      and said deflector member extends through said inlet passage in said
      flange into said central passage through said tubing to generate a vortex
      in the fluid medium passing through said central passage in said tubing
      and cause some of the fluid medium to be circulated through the inlet
      passage and into the sampling chamber to place the fluid medium in
      communication with said sensing element.
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PAL  A method and apparatus for accurately holding a sample at a temperature in
      the range below 0.degree.C by maintaining a constant temperature drop
      between an apparatus holding the sample and a coolant which is at a lower
      temperature, accompanied by inflow and outflow of small amounts of heat.
      The sample may be a measuring gas whose moisture content is to be set by
      establishing a given dew point temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for setting a given temperature
      in the temperature range below 0.degree.C at a sample, particularly for
      setting a given moisture content in a gas at dew points in such
      temperature range, and to an apparatus for practicing the method.
PAR  In order to be able to perform certain types of experiments, such as, for
      example, sintering experiments with oxidic nuclear fuels in gas
      atmospheres having a defined low moisture content, it is necessary to
      employ devices which permit a defined and reproduceable setting of a
      moisture content for a measuring gas having a dew point in the range
      between -30.degree. and -65.degree.C. Studies of the properties of oxidic
      nuclear fuels such as UO.sub.2 -- PuO.sub.2 for fast breeder reactors have
      demonstrated the necessity for being able to set a defined oxygen/metal
      ratio in the oxide on the basis of the moisture content of a
      hydrogen-containing measuring gas.
PAR  It is known to set given moisture contents in a gas, for example in
      air-conditioning systems by initially continually humidifying the gas and
      then extracting moisture therefrom, for example in a cooling trap, until
      the desired residual moisture content has been obtained.
PAR  It is also known to set given temperatures in the range below 0.degree.C at
      a sample with the aid of cooling devices such as, for example,
      refrigerators, low temperature cryostats or Peltier cells and to control
      these cooling devices by means of thermostats.
PAR  Significant drawbacks of these known methods and apparatuses are the high
      costs for the apparatus involved, the relatively large space requirement,
      the relatively high operating costs, the large moisture and ice quantities
      that must be converted, and the corresponding large structural size
      required for the humidifying and freezing devices.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to permit the setting of
      a given temperature at a sample, and thus the establishment of a desired
      gas moisture content, in the range of 0.degree.C to about -90.degree.C
      with very low expenditure for the apparatus and with low energy
      requirement.
PAR  This and other objects are accomplished, according to the present
      invention, by maintaining, between an apparatus for holding the sample and
      a coolant which is at a lower temperature level, a constant temperature
      drop, accompanied by inflow and outflow of small amounts of heat.
PAR  More specifically, in accordance with the present invention, at low
      temperatures and with small quantities of heat flowing in and out, a
      stationary temperature drop is maintained between a coolant, such as
      liquid nitrogen for example, and a gaseous medium, such as a measuring
      gas, whose moisture content is to be set by a given dew point temperature
      in order to achieve a constant temperature such as the dew point
      temperature which can be varied between the lowest temperature i.e. the
      temperature of the coolant and the highest temperature i.e. the inlet
      temperature of the measuring gas.
PAR  It has here been found to be particularly advantageous to conduct a gas
      which is laden with moisture over a surface which is kept at a given
      temperature so that the gas reaches a temperature below the dew point
      temperature, whereby part of the moisture in the gas is deposited on the
      surface in the form of a condensate and is there converted to a layer of
      ice, after that the measuring gas being conducted over this ice layer so
      that, initially, the relative humidity of the gas is less than 100% and,
      after a sufficiently long period of dwell in the region of the ice layer,
      it reaches a given constant percentage which is near 100% of the
      saturation vapor pressure which corresponds to the given temperature.
PAR  A particularly simple device for setting a given moisture content in a gas
      includes an adjustable cooling trap disposed in a first insulated vessel
      which is in turn disposed within a second insulated vessel, the second
      insulated vessel being partially filled with a liquid coolant whose level
      is kept constant during operation by means of a level controller, the
      first insulating vessel being immersed with its lower end into the liquid
      coolant and a thermocouple for measuring the dew point temperature being
      disposed at the point of gas flow direction reversal in the cooling trap.
      A thin-walled heat conducting tube of a material with good heat-conducting
      properties, such as copper for example, is inserted into the first
      insulating vessel and a thermal insulation, for example a foamed plastic,
      is disposed between the inner wall of the first insulating vessel and the
      heat conducting tube.
PAR  The advantages obtained with the present invention are, in particular, that
      due to the small amounts of heat flowing in and out, it is possible to set
      and maintain, with simple means, a constant temperature drop between a
      coolant, e.g. liquid nitrogen, and the sample, and that it is only
      necessary to provide simple devices which do not take up much space and
      whose operating costs are extremely low.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational cross-sectional view of a humidifying cell in
      accordance with the invention.
PAR  FIG. 2 is a diagrammatic view of a device according to the invention for
      setting a given moisture content in a gas.
PAR  FIG. 3 is a diagram showing moisture contents as a function of dew point
      temperatures, used in explaining the operation of the invention.
PAR  FIG. 4 is a diagram showing the dependence of the actual and apparent
      moisture content on flow-through in systems according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a preferred embodiment of a humidification cell 1 according to
      the invention, which substantially includes a cooling trap 2 formed by a
      tubular, elongate vessel 4 whose lower end 3 is closed and which has a
      circular cross section, and a tube 5 concentrically disposed in vessel 4
      and hermetically sealed, at its upper end 6, to the inner wall of vessel
      4. Tube 5 is connected, via an inlet valve 7, with a gas inlet line 8, and
      the annular chamber 9 formed between vessel 4 and tube 5 is connected to a
      gas outlet line 11 via an outlet valve 10.
PAR  The cooling trap 2 is disposed in a first insulated vessel 12 and the
      latter is in turn disposed in a second insulated vessel 13. The second
      insulated vessel 13 is filled in part with a liquid coolant 14, for
      example liquid nitrogen, whose level is kept constant on a predetermined
      value during operation by means of a level control 15. The first insulated
      vessel 12 enters with its lower end into the liquid coolant 14. The
      cooling trap 2 is displaceably mounted in a thin-walled copper tube 16 for
      a good axial heat conduction. The copper tube 16 extends over the entire
      length of the first insulating vessel 12, is wrapped in aluminum foil 42
      on its outside and insulated against the interior wall of the first
      insulated vessel 12 by means of a heat insulating substance 43, which may
      be, for example, a foamed plastic.
PAR  Vessels 12 and 13 may each be, for example, a double walled vessel having
      the region between the walls under vacuum.
PAR  The humidification cell 1 may be used, for example, to set a given moisture
      content in a gas at dew points in the temperature range below 0.degree.C.
      A few auxiliary instruments are required in this case, and these may be
      arranged as shown in FIG. 2.
PAR  Referring now specifically to FIG. 2, dry measuring gas, e.g. helium, is
      obtained from a bottle 17 and is conducted, in order to set a constant
      preliminary gas pressure, through a pressure control valve 18 and a gas
      flow meter 19, and, via a gas inlet line 8 to the cooling trap 2. A bypass
      which can be connected into the gas inlet line 8 via three-way valves 20
      includes a device 21 for humidifying the gas. The cooling trap 2 can thus
      be fed via inlet valve 7 (FIG. 1) either with dry measuring gas or with
      gas charged with H.sub.2 O. A standard, known analysis cell 22 for
      measuring the moisture content of the measuring gas coming from the
      cooling trap is connected to the gas outlet line 11. The moisture content
      values obtained in the analysis cell 22 are indicated, after appropriate
      amplification, in an indicator 23 and are recorded by a multiple-input
      recorder 24.
PAR  The dew point temperature of the measuring gas is measured at the point of
      gas flow direction reversal in the cooling trap 2 by means of a
      thermocouple 25 which is fastened at the lower end 3 of the cooling trap
      2, either at the outside or the inside of vessel 4.
PAR  The level of liquid coolant 14 is controlled by a thermocouple 26 whose
      output voltage is supplied to an electronic control device 27 in a level
      control unit 15 to control a magnetically-operated valve 28 of a reservoir
      29 for liquid coolant, e.g. nitrogen, which valve connects the vapor space
      at the top of reservoirs 29 with the atmosphere. Magnetic valve 28 is thus
      held open as long as the tip of the thermocouple 26 is wetted by the
      coolant 14 disposed in the second insulated vessel 13. If the wetting is
      interrupted because the coolant level drops, a sudden change in
      temperature occurs at thermocouple 26 which actuates, as a change in
      voltage, a switching pulse for closing valve 28. Thus a pressure increase
      occurs in reservoir 29 because of continued evaporation of coolant so that
      liquid coolant is conducted into the second insulated vessel 13 through an
      insulated line 30. The filling process is monitored by a thermocouple 31
      disposed in the inlet opening to vessel 13. In the lower third of the
      reservoir 29 a thermocouple 32 is disposed to monitor the fill level
      thereof and emit a warning signal when a given minimum fill level is no
      longer being maintained.
PAR  The measured voltages produced by thermocouples 25, 26, 31 and 32 are
      recorded by multiple-input recorder 24 as are the moisture values measured
      by analysis cell 22.
PAR  At the beginning of the operation, about 20 l/h to 50 l/h of gas moistened
      with water -- this gas or the measuring gas being, for example, highly
      pure helium, helium containing 5% hydrogen, highly pure argon, or argon
      containing 5% hydrogen -- is conducted through the cooling trap 2. The gas
      is moistened by passage through humidifying device 21. An ice layer thus
      forms on the inner walls of tube 5. After about 1 hour the bypass can be
      switched off and dry measuring gas can be used.
PAR  FIG. 3 shows the water content of the measuring gas in volume parts per
      million in dependence on the dew point temperature. Curve 33 constitutes
      the theoretical saturation curve, while curve 34 is the saturation curve
      determined by the apparatus of the invention. The apparently inherent
      difference between these two curves can be reproduced and depends
      substantially on the arrangement of the thermocouple 25 provided to
      measure the dew point temperature. It is here a prerequisite that the
      analysis cell 22 be accurately calibrated to handle 100 normal liters per
      hours, on which flow curve 34 is based. Curves 35, 36 and 37 are the
      result of measured values obtained with flowthroughs of 75, 50 and 20
      normal liters per hour, respectively, and a measuring gas of the
      composition of highly pure helium with 5% hydrogen.
PAR  Curves 35, 36 and 37 depict apparent moisture contents below saturation.
      The deviations from the saturation curve 34 are a result of the
      flowthrough dependence of the measured values on the analysis cell 22
      employed.
PAR  FIG. 4 shows, to a linear scale, the water content of the measuring gas in
      volume parts per million in dependence on the dew point temperature. The
      theoretical corresponding water content, in volume parts per million, is
      also indicated linearly along the dew point axis. The associated
      theoretical dew points are evident from curve 33 of FIG. 3.
PAR  Curve 38 shows the actual water content indicated by analysis cell 22 for a
      flowthrough of 100 NL/h. Curves 39, 40 and 41 show apparent water content
      values measured by analysis cell 22 for the highly pure helium containing
      5% H.sub.2 which was employed as the measuring gas at flowthroughs of 75,
      50 and 20 NL/h, which do not correspond to the calibration of the analysis
      cell. By vertical projection of the apparent measured value from curve 39,
      40 or 41 on curve 38, the actual water content can be determined from the
      ordinate.
PAR  In order to maintain a constant temperature drop between the coolant 14,
      having a constant temperature -- e.g. liquid nitrogen at its boiling point
      -- and the measuring gas flowing into the cooling trap 2 at its upper end
      6 having a constant temperature all parameters which influence the heat
      balance are kept constant.
PAR  Such parameters are the rate of flow of the measuring gas, its inlet
      temperature, the immersion depth of the first insulating vessel 12 into
      the coolant 14 and finally the uncoated length of the cooling trap 2 and
      of the heat conducting copper tube 16 which stand out at the upper end of
      the second insulating vessel 13.
PAR  Within this constant temperature drop any constant temperature at the point
      of gas flow direction reversal in the cooling trap can be set by axial
      adjustment of the cooling trap.
PAR  Other methods for achieving a given constant temperature at the point of
      gas flow direction reversal are the variation of the level of the coolant
      14, the variation of the constant temperature by changing the type of
      coolant or an additional electrical heating of the heat conduction copper
      tube 16 at its upper end.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for giving a gas a predetermined moisture content at a dew
      point in a temperature range below 0.degree.C, comprising: a first
      insulated vessel; a cooling trap disposed in said first insulated vessel;
      a second insulated vessel in which the first insulated vessel is disposed;
      a mass of liquid coolant partially filling said second insulated vessel;
      level control means operatively arranged for maintaining said coolant
      above a predetermined level in said second vessel, said first insulated
      vessel being immersed with its lower end into the liquid coolant; means
      for causing such gas to flow through said cooling trap; and a first
      thermocouple disposed at the point of gas flow direction reversal in said
      cooling trap for measuring the dew point temperature of the gas.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said cooling trap comprises a
      tubular, elongate vessel having a circular cross section and closed at its
      lower end; a tube concentrically disposed within said elongate vessel,
      said tube being open at its lower end and being gastightly connected to
      said elongate vessel at its upper end, with the lower ends of said tube
      and said elongate vessel defining an annular gap; a gas inlet line
      connected at the upper end of said tube to be in communication with the
      interior of said tube; an inlet valve disposed in said inlet line; a gas
      discharge line connected to be in communication with said annular gap
      between said elongate vessel and said tube; and an outlet valve disposed
      in said discharge line.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein said cooling trap further
      comprises a thin-walled tube of a material with good heat-conducting
      properties inserted into said first insulated vessel; and a body of
      thermal insulation disposed between the inner wall of said first insulated
      vessel and said thin-walled tube.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein said thin-walled tube is formed
      of a rolled sheet metal whose ends overlap one another and form a parting
      line which extends parallel to the axial direction of said thin-walled
      tube.
NUM  5.
PAR  5. Apparatus as defined in claim 3 further comprising a layer of aluminum
      foil wound around the outer surface of said thin-walled tube.
NUM  6.
PAR  6. Apparatus as defined in claim 1 wherein said level control means
      comprise a second thermocouple disposed in the annular space between said
      first insulated vessel and said second insulated vessel for monitoring the
      level of said liquid coolant.
NUM  7.
PAR  7. Apparatus as defined in claim 6 wherein said level control means
      comprises: a reservoir containing a mass of such liquid coolant; a
      ventilating line communicating with the top of said reservoir; a
      magnetically operated valve disposed in said ventilating line; and an
      electronic control device connected to control delivery of liquid coolant
      from said reservoir to said second insulated vessel; said second
      thermocouple being connected to control the operation of said control
      device.
NUM  8.
PAR  8. Apparatus as defined in claim 7 further comprising: a gas bottle
      containing such gas and having a supply outlet connected to said gas inlet
      line; a low pressure control valve and a gas flowthrough monitor connected
      between said bottle and said gas inlet line; means for charging the gas
      with water vapor; and switching means for selectively placing said water
      vapor charging means in the gas flow path between said bottle and said gas
      inlet line.
NUM  9.
PAR  9. Apparatus as defined in claim 8 further comprising: an analysis cell
      disposed in said gas outlet line for measuring the moisture content of the
      gas leaving said coolant trap; and an indicator provided with an amplifier
      connected to the output of said analysis cell.
NUM  10.
PAR  10. Apparatus as defined in claim 9 further comprising: a third
      thermocouple disposed for monitoring the supply of coolant to said second
      insulated vessel; a fourth thermocouple disposed for monitoring the level
      of liquid coolant in said reservoir; and a multiple-input recorder
      connected to record the measuring signals produced by said thermocouples
      and said analysis cell.
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ABST
PAL  A method is disclosed for changing the inert gaseous content of a volume
      including hydrocarbon vapors to air without producing an explosive
      mixture. First a sample is obtained from the volume and then mixed with
      air to form a gas mixture. During the mixing, the mixture is monitored for
      values including percentage in tenths of lower explosive limit and
      percentage of oxygen. Then the values are evaluated to see if the mixture
      forms an explosive mixture; and, if so, the volume is purged with an inert
      gas prior to ventilating the volume with air to remove the inert gaseous
      content including hydrocarbon vapors from the volume without producing an
      explosive mixture of the hydrocarbon vapors and air.
PAL  Apparatus is also disclosed for use with the method. A sampling hose is
      located in a gaseous sample volume of inert gas and hydrocarbon vapors. It
      is connected to a valve to regulate the flow of gas through it. A second
      valve is connected to a source of air. These valves are also connected to
      respective sides of a tee so that the sample volume and air begin to mix
      in it as the mixture passes to a catalytic combustion indicator. The
      indicator reads percent oxygen and the percent (as a decimal) of the lower
      explosive limit.
PAL  The results may be recorded graphically or may be displayed on digital
      means by using two analog-to-digital converters, a summer and a digital
      display. One converter emits a unit pulse series for each tenth of the
      lower explosive limit; the other emits a unit pulse series for each
      percent of oxygen. These pulses are added in the summer and displayed on a
      digital display.
PARN
PAC  RELATED APPLICATION
PAR  This application is related to and is a continuation-in-part of applicant's
      copending application Ser. No. 461,178, filed Apr. 15, 1974, and captioned
      "Method of Predicting the Explosiveness of a Volume Containing Inert Gas
      and Hydrocarbon Vapors When Mixed with Air", now abandoned. The entire
      disclosure of this copending application is hereby incorporated by
      reference as though set forth at length.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for changing the inert gaseous content
      of a volume containing hydrocarbon vapors to air without producing an
      explosive mixture. More specifically, the invention relates to changing
      the inert gaseous content of a discharged crude-oil tank containing inert
      gas including hydrocarbon vapors to air without producing an explosive
      mixture in the presence of air.
PAR  2. Description of the Prior Art
PAR  Ocean oil-transportation companies are very interested in finding
      procedures and systems which will reduce the risks of fires or explosions
      occurring aboard their vessels, particularly those related to fires or
      explosions in the cargo tanks. As a result, a number of inerting systems
      have been installed on VLCC's (very large crude carriers) to displace the
      non-liquid content of these cargo tanks as a safeguard. Although an
      inerted cargo tank cannot support a fire or an explosion, a difficulty may
      arise when an inerted tank is being ventilated with air, that is,
      gas-freed in order to replace the inert gas with outside air. This
      gas-freeing of a tank allows men to freely enter the tank to do repairs
      without being poisoned or asphyxiated, as well as eliminating the
      potentially explosive hydrocarbon vapors. It is noted that this same
      problem occurs in petroleum refineries and other places where hydrocarbon
      vapors and air may mix.
PAR  Inerted tanks contain too little oxygen to support combustion; though they
      may contain, either throughout their volume or in isolated pockets, high
      concentrations of hydrocarbon vapors. When such a tank is ventilated with
      air, the tank atmosphere or inert gaseous content including hydrocarbon
      vapors may reach a stage of dilution where the supplied air has provided
      enough oxygen to mix with the hydrocarbon vapors and produce a combustible
      mixture that will explode when exposed to a source of ignition.
PAR  The current practice to eliminate the possibility of a combustible mixture
      forming is to purge the tank with a predicted flow volume of inert gas for
      a prescribed time, for example two hours, which has been empirically
      demonstrated to produce relatively hydrocarbon vapor-free volumes. Yet,
      there are three drawbacks to this method: one is that the particular
      system may be different from its state when a previously "safe" purge time
      was determined since hydrocarbon vapors may be formed from the residue in
      the tank during purging; second, the operation wastes both inert gas and
      time, since generally purging is continued longer than needed; third, a
      situation may arise when the volume of inert gas that was delivered was
      less than predicted.
PAR  Another way to test inerted tanks of low oxygen content is to mix a sample
      from the tank with air by mechanical flow proportioning devices, such as
      rotameters and pumps, before testing. Though these devices result in
      reliable data, they are not portable.
PAR  Another device, called a "flow proportioning valve," is available that
      connects to portable gas analyzers, detectors or indicators consisting of
      interchangeable orifices of different sizes which fix the percentage of
      air mixed with a sample. Since presently available detectors need oxygen
      of 11 to 21% of the volume to function, they cannot operate without such a
      valve when they are used to measure a sample from an inerted tank which
      contains an oxygen volume of less than 11%. The flow proportioning valve,
      however, is sensitive to the resistance of the sample feed line; thus, air
      proportion varies as the feed line and orifices accumulate foreign matter
      or the feed line length increases. For example, for a given orifice
      setting, the percentage of air dilution can vary from 24% with 1/8
      inch-diameter tube, 2 feet long, to 51% for a similar tube 4.5 foot long,
      to 69% for a tube 15 feet long. Further distortion of readings is due to
      possible leaks in the feed line and the positive pressure that must be
      maintained in the inert gaseous volume to prevent the entrance of outside
      air in the volume.
PAR  The present invention can eliminate or substantially reduce the error that
      may be introduced by currently available system.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this invention comprises a method for changing the inert gaseous
      content of a volume containing a mixture of inert gas and hydrocarbon
      vapors to air without producing an explosive mixture of hydrocarbon vapors
      and air in the volume. The steps of the method in general are: obtaining
      an inert gaseous sample from the volume; mixing the sample with air to
      form a mixture; monitoring it for values including the percent of
      hydrocarbons of the minimum required for combustion and percentage of
      oxygen. These values will then be evaluated to determine if the content of
      the volume and the air can produce an explosive mixture during ventilation
      and, if so, the volume is purged with an inert gas such as flue gas or
      nitrogen prior to ventilating the volume with air. The present invention
      also includes the step of converting the monitored percentages to whole
      numbers and summing these numbers together.
PAR  If the sum is greater than 21, the volume must be purged with an inert gas
      until the sum of numbers is 21 or less, at which time the volume may be
      gas-freed, i.e., ventilated with air to remove the inert gas. By plotting
      the values which were monitored on a graph, a graphic display of the exact
      path, in relation to its lower explosive limit, that the inert gaseous
      content of the volume being measured will follow when mixed with air is
      possible.
PAR  Apparatus is also disclosed for use with the method. A sampling hose is
      located in a gaseous sample volume of inert gas and hydrocarbon vapors. It
      is connected to a valve to regulate the flow of gas through it. A second
      valve is connected to a source of air. These valves are also connected to
      respective sides of a tee so that the sample volume and air begin to mix
      in it as the mixture passes to a catalytic combustion indicator. The
      indicator reads percent oxygen and the percent (as a decimal) of the lower
      explosive limit.
PAR  The results may be recorded graphically or may be displayed on digital
      means by using two digital-to-analog converters, a summer and a digital
      display. One converter emits a unit pulse series for each tenth of the
      lower explosive limit; the other emits a unit pulse series for each
      percent of oxygen. These pulses are added in the summer and displayed on a
      digital display.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates apparatus assembled in accordance with the preferred
      embodiment of the present invention.
PAR  FIG. 2 is a graph for conveniently illustrating the method of the present
      invention.
PAR  FIG. 3 is a second graph for conveniently illustrating the method of the
      present invention.
PAR  FIG. 4 illustrates the apparatus shown in FIG. 1 connected to
      analog-to-digital equipment which uses the method of the invention to
      display the results on a digital display.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As indicated in FIG. 1, sampling hose 106 is connected at respective ends
      to both a volume or tank containing inerted gas and hydrocarbon vapors and
      tank sample valve 103. Connected to tee 104 is outside air valve 102, tank
      sample valve 103, and catalytic combustible indicator 100, such as a
      Bacharach-J.W., Model GPK, instrument, through conduit 101. Tank sample
      valve 103 and outside air valve 102 are stainless-steel needle valves
      which respectively control the flow of sample content and air to mix
      initially in tee 104 and throughout conduit 101.
PAR  Catalytic combustible indicator 100 is an instrument which includes a pump
      or other means for allowing only one-way flow through valves 102 and 103
      and two meters. One meter 120 of indicator 100 measures the percentage of
      oxygen in a sample volume. The other meter 121 measures the fraction or
      percentage of the lower explosive limit (LEL) of a sample volume. (The LEL
      is the minimum quantity of hydrocarbon vapors needed to support
      combustion.) Meter 121 gives the LEL reading by comparing d.c. current
      flowing through a resistor including a platinum filament with hydrocarbon
      vapors oxidizing on its surface with a similar resistor that is isolated
      from it. Measurable current, however, occurs only when the hydrocarbon
      vapors are in the presence of sufficient oxygen, that is, 11 to 21% of the
      measured volume. This meter preferably gives readings as a decimal
      equivalent in tenths of LEL of the sample.
PAR  The operation in accordance with the present invention begins with the
      closing of mixing valves 102 and 103. Sampling hose 106 is inserted in the
      volume or tank to be tested prior to connecting hose 106 to tank sample
      valve 103. The positive pressure within the tank or a preattached sampling
      hose siphon causes the inert gaseous content of the tank to displace the
      outside air in hose 106. When all the outside air in hose 106 is
      displaced, the hose is connected to tank sample valve 103. At this time,
      indicator 100 is turned on, then outside air valve 102 is opened wide.
PAR  With air valve 102 wide open and tank sample valve 103 closed, the oxygen
      meter 120 of unit 100 will read approximately 21%. Tank sample valve 103
      is then opened--preferably slowly enough so as not to lower the indicator
      meter reading of oxygen below 11% of the volume--until the other meter 121
      of indicator 100 registers between 0.0 and 1.0 of the LEL (by definition
      1.0 is the LEL of any given mixture) and the volume of oxygen registers
      between 11 and 21%. The tenths of LEL and percent oxygen of the sample are
      respectively read as values when both meters are steady and valves 102 and
      103 are open. One can convert the values to whole numbers, and if these
      summed numbers are more than 21, the inert gaseous-air mixture will
      explode in the presence of a source of ignition. Further purging with
      inert gas is required until the summed values (after converting to whole
      numbers the tenths of LEL and percentages of oxygen) are 21 and less, at
      which time the tank mixture can be ventilated with air.
PAR  The following describes a means for recording the sum of the whole numbers
      representing the fraction of LEL and percentage of oxygen (see FIG. 4). It
      comprises several digital and analog components: a first and a second
      analog-to-digital converter, 115 and 116, a summer 117, and a digital
      display 118. The first converter 115 is connected to oxygen meter 120 and
      emits an electric pulse or a unit pulse series for each percentage of
      oxygen in the sample. The second converter 116 is connected to catalytic
      combustion indicator 121 and emits a pulse or a unit pulse series for each
      fraction (in tenths) of LEL. Both pulses are fed to summer 117, which adds
      them. From here, they are displayed on a digital display 118, which has a
      reset switch (not illustrated) to clear and replace the display value when
      desired. The display digitally shows the sum, for example, in FIG. 4, the
      sum of 20 is displayed. In place of the display, a red light may be used
      to indicate a sum more than 21 and a green light if the sum is 21 or less.
PAR  On the other hand, one may use a graph (as a means for recording) such as
      one of those illustrated in FIGS. 2 and 3. Both graphically show the
      explosive range in diagonal lines. For example, the graph of FIG. 2 has
      the tenths as a deciminal equivalent of the fractions of LEL plotted along
      the x-axis and the whole number percentages of oxygen along the y-axis.
      Intersecting vertical lines defining the tenths of LEL of the volume are
      drawn through the lines corresponding to whole percentage values of oxygen
      on the graph.
PAR  A straight line can be drawn through the point representing coordinates of
      the two monitored values and a second point corresponding to a 0.0 lower
      explosive limit and an oxygen content of 21%. If this line crosses the 1.0
      vertical LEL line, inert gas must be added to the volume. If the line does
      not intersect the vertical LEL line, the volume may be ventilated with
      air; during ventilation it is desirable that the volume be monitored as
      above to make sure that the volume does not generate additional
      hydrocarbon vapors that could produce an explosive mixture.
PAR  The second graph, illustrated in FIG. 3, is similar to the first graph;
      however, it has a critical dilution line plotted on the graph. This line
      sets the standard whether or not a tank containing hydrocarbon vapors and
      air will produce an explosive mixture. The critical dilution line is a
      straight line passing through a point whose coordinates are 0.0 LEL and
      21% oxygen and a point whose coordinates are 1.0 LEL and 11% oxygen. If
      the point corresponding to the readings of tenths of LEL and percent
      oxygen of the volume is on or below the critical dilution line, then the
      tank or volume may be ventilated so as to gas-free the tank or volume
      without producing an explosive mixture. If, however, the point is above
      the critical dilution line, further purging with inert gas is required
      until the readings when plotted will give a point on or below the critical
      dilution line.
PAR  Further, the accuracy of this method using either of the two graphs may be
      checked by varying the sample entering indicator 100 so that a different
      set of coordinates can be plotted on the graph. The sample is varied by
      further opening or closing, but not completely, tank sample valve 103.
      (This will change both the oxygen meter and the LEL meter readings.) The
      method has been correctly conducted and indicator 100 is proven to be
      accurate if the plotted coordinates of the new values are on the straight
      line previously drawn with the prior values described above. This accuracy
      check is consistent with the fact that the plotted values are a graphic
      display of the exact path that the sample and the volume being measured
      take when mixed with air; such a feature is not available with currently
      used methods.
PAR  To safely carry out ventilation of a tank even after its monitored values
      indicate the tank may be safely ventilated, it is emphasized that it is
      necessary to monitor the tank by taking new values while it is being
      ventilated. This is prudent because hydrocarbon vapors may continue to
      form even during the ventilation process, making it feasible that an
      explosive mixture may be produced. If it does become apparent that an
      explosive mixture is possible, the ventilation process is stopped and
      purging is begun again until a point is reached where ventilation can
      safely be resumed. In short, the method described above is repeated.
PAR  By following the procedure described, the time expended in conducting
      purging operations is minimized, since the present invention allows one to
      predict precisely when purging can stop. For the same reason, the expense
      of inert gas such as nitrogen, which may not be readily available, is
      minimized. Furthermore, reading distortion due to feed line length, leaks
      or foreign matter in the valves or the feed line is nonexistent because
      this method measures the amount of oxygen that actually reaches the
      detecting device and not an assumed exact proportion. Most importantly,
      the present invention and indicator used with it are readily checked for
      accuracy by merely taking new values of the sample and plotting them as
      noted above.
PAR  The terms and expressions used in the preceding are terms of description
      and not of limitation; there is no intention in the use of the terms and
      expressions to exclude any equivalents of the features shown and described
      which are feasible within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of changing the inert gaseous content of a volume containing an
      inert gas mixture including hydrocarbon vapors to air without producing an
      explosive mixture of hydrocarbon vapors and air in said volume,
      comprising:
PA1  obtaining a sample of inert gas including hydrocarbon vapors from a volume
      having an inert gaseous content including hydrocarbon vapors;
PA1  mixing said sample with air to form a mixture;
PA1  monitoring said mixture as it is being mixed for values including tenths of
      lower explosive limit and percentage of oxygen;
PA1  determining from said values if said gaseous content of said volume and air
      can form an explosive mixture and, if so, purging said volume with inert
      gas prior to ventilating said volume with air to displace the inert gas
      from said volume without producing an explosive mixture of hydrocarbon
      vapors and air.
NUM  2.
PAR  2. The method of claim 1 further characterized by converting said values to
      whole numbers and, if the summed said whole numbers exceed 21, purging
      said volume with an inert gas; monitoring said volume until the summed
      whole numbers are 21 and less; and ventilating said volume with air to
      displace the inert gas from said volume when the summed whole numbers are
      21 and less.
NUM  3.
PAR  3. The method of claim 1 further characterized by monitoring said volume
      while said volume is being ventilated with air for new values including
      tenths of lower explosive limit and percentage of oxygen; determining from
      said new values if said gaseous content of said volume and air can form an
      explosive mixture; if so, purging said volume with inert gas prior to
      ventilating said volume with air to displace the inert gas from said
      volume.
NUM  4.
PAR  4. A method of changing the inert gaseous content of a volume containing an
      inert gas mixture including hydrocarbon vapors to air without producing an
      explosive mixture of hydrocarbon vapors and air in said volume,
      comprising:
PA1  obtaining a sample of inert gas including hydrocarbon vapors from a volume
      having an inert gaseous content including hydrocarbon vapors;
PA1  mixing said sample with air to form a mixture;
PA1  monitoring said mixture as it is being mixed for values including tenths of
      lower explosive limit and percentage of oxygen;
PA1  providing a graph having the tenths of the lower explosive limit of the
      volume plotted along one edge of the graph and the percent oxygen of the
      volume along another edge of the graph;
PA1  finding the point on the graph which corresponds with coordinates
      representing the values of tenths of lower explosive limit and percent
      oxygen of said volume; and
PA1  adding inert gas to said volume for a period of time if the point is above
      the critical dilution line prior to ventilating said volume with air to
      remove the inert gas from said volume without producing an explosive
      mixture of hydrocarbon vapors and air.
NUM  5.
PAR  5. The method of claim 4 further characterized by monitoring said volume
      while said volume is being ventilated with air for new values including
      tenths of lower explosive limit and percentage of oxygen;
PA1  finding a point on the graph which corresponds with coordinates
      representing said new values;
PA1  finding a point on the graph representing 0.0 lower explosive limit and 21%
      oxygen;
PA1  drawing a straight line through each of said points;
PA1  determining if said line crosses a vertical line representing the lower
      explosive limit of said volume; and
PA1  adding inert gas to said volume for a period of time if the point is above
      the critical dilution line prior to ventilating said volume with air to
      remove the inert gas from said volume without producing an explosive
      mixture of hydrocarbon vapors and air.
NUM  6.
PAR  6. The method of claim 4 further characterized by varying the sample being
      monitored;
PA1  monitoring said varied sample for new values;
PA1  finding a new point on the graph which corresponds with coordinates
      representing said new values; and
PA1  determining if said new point is on the straight line previously drawn.
NUM  7.
PAR  7. A method of changing the inert gaseous content of a volume containing an
      inert gas mixture including hydrocarbon vapors to air without producing an
      explosive mixture of hydrocarbon vapors and air in said volume,
      comprising:
PA1  obtaining a sample of inert gas including hydrocarbon vapors from a volume
      having an inert gaseous content including hydrocarbon vapors;
PA1  mixing said sample with air to form a mixture;
PA1  monitoring said mixture as it is being mixed for values including tenths of
      lower explosive limit and percentage of oxygen;
PA1  providing a graph having the tenths of the lower explosive limit of the
      volume plotted along one edge of the graph and the percent oxygen of the
      volume along another edge of the graph;
PA1  finding a first point on the graph which corresponds with coordinates
      representing the values of the tenths of lower explosive limit and percent
      oxygen of said volume;
PA1  finding a second point on the graph representing 0.0 lower explosive limit
      and 21% oxygen;
PA1  drawing a straight line through said first point and said second point;
PA1  determining if said straight line crosses a vertical line representing the
      lower explosive limit of said volume;
PA1  adding inert gas to said volume, and if said straight line intersects said
      vertical line prior to ventilating said volume with air to remove the
      inert gas from said volume without producing an explosive mixture of
      hydrocarbon vapors and air.
NUM  8.
PAR  8. The method of claim 7 further characterized by monitoring said volume
      while said volume is being ventilated with air for new values including
      tenths of lower explosive limit and percentage of oxygen;
PA1  finding a first point on the graph which corresponds to coordinates
      representing said new values;
PA1  finding a second point on the graph representing 0.0 lower explosive limit
      and 21% oxygen.
PA1  drawing a straight line through said first point and said second point;
PA1  determining if said line crosses a vertical line representing the lower
      explosive limit of said volume; and
PA1  adding inert gas to said volume if said straight line intersects said
      vertical line prior to ventilating said volume with air to remove the
      inert gas from said volume.
NUM  9.
PAR  9. The method of claim 7 further characterized by varying the sample being
      monitored;
PA1  monitoring said varied sample for new values;
PA1  finding a new point on the graph which corresponds with coordinates
      representing said new values; and
PA1  determining if said new point is on the straight line previously drawn.
NUM  10.
PAR  10. Apparatus for predicting the potential explosiveness of a gaseous
      volume containing inert gas and hydrocarbon vapors when air is added or
      substituted for said inert gas in said volume, comprising:
PA1  means for obtaining a gaseous sample of said inert gas and hydrocarbon
      vapors;
PA1  means for mixing said sample with air to form a resultant mixture thereof;
PA1  means for measuring the fraction of the lower explosive limit of the
      hydrocarbon vapors in said resultant mixture, said lower explosive limit
      being the unit minimum quantity of hydrocarbon vapors in a gas needed to
      support combustion;
PA1  means for separately measuring the percentage of oxygen in said resultant
      mixture; and
PA1  means for summing said measurements of said fraction of the lower explosive
      limit and the percentage of oxygen, said sum being an indication of the
      explosiveness of said inert gas and hydrocarbon vapors when mixed with
      air.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said means for summing comprises:
PA1  a first analog-to-digital converter connected to said means for separately
      measuring the percentage of oxygen so that said first analog-to-digital
      converter emits a unit pulse series for each percentage of oxygen;
PA1  a second analog-to-digital converter connected to said means for measuring
      the fraction of the lower explosive limit of the hydrocarbon vapors so
      that said second analog-to-digital converter emits a unit pulse series for
      each fraction in tenths of the lower explosive limit;
PA1  a summer connected to said first and second converters to add the unit
      pulse series of each to form a sum; and
PA1  a digital display connected to said summer to display said sum.
NUM  12.
PAR  12. The apparatus of claim 10 wherein said means for determining said sum
      comprises a graph having two axes wherein the percentage of oxygen is
      plotted along one axis and said fraction of the lower explosive limit is
      plotted along the other axis;
PA1  said graph having a first line defining the lower explosive limit, said
      first line being straight and passing through a first point corresponding
      to 11% oxygen and the lower explosive limit, denoted as 1.0, and a second
      point corresponding to 21% oxygen and said lower explosive limit on said
      graph;
PA1  whereby on said graph a second straight line is drawn through a first point
      whose coordinates represent the measured fraction of the lower explosive
      limit and the measured percentage of oxygen and a second point whose
      coordinates are 0.0 as the fraction of the lower explosive limit and an
      oxygen content of 21%;
PA1  so that if said second line crosses the first line, more inert gas must be
      added to the volume, and if said second line does not intersect said first
      line, the volume may be vented with air.
NUM  13.
PAR  13. The apparatus of claim 10 wherein said means comprises a graph having
      two axes whereon the fraction of the lower explosive limit is plotted as a
      decimal equivalent along one axis and the percentage of oxygen is plotted
      along the other axis;
PA1  said graph having a critical dilution line constructed thereon, said line
      being a straight line passing through a point whose coordinates are 0.0
      fraction of the lower explosive limit and 21% oxygen and a second point
      whose coordinates are the lower explosive limit, denoted as 1.0, and 11%
      oxygen;
PA1  so that if a point corresponding to the readings of the fraction of lower
      explosive limit and percent oxygen of the mixture is on or below the
      critical dilution line, the volume from which said sample is obtained may
      be ventilated so as to gas-free the volume without producing an explosive
      mixture;
PA1  and if the point is above the critical dilution line, said volume is purged
      with inert gas until a subsequent point whose coordinates correspond to
      subsequent monitored readings of the fraction of lower explosive limit and
      percent oxygen of said volume is on or below the critical dilution line.
NUM  14.
PAR  14. Apparatus for predicting the explosiveness of a volume containing inert
      gas and hydrocarbon vapor when mixed with air, comprising:
PA1  a sampling hose having one end locatable in a gaseous volume containing a
      mixture of inert gas and hydrocarbon vapors to which it is desirable to
      add air;
PA1  at least a pair of valve means, one of said valve means being connectable
      to the other end of said sampling hose to regulate the flow of said
      gaseous mixture through said hose, the other valve means being connectable
      to a source of air to regulate the flow of oxygen therethrough;
PA1  a tee having three innerjoined passages wherein the two passages are
      respectively connected to each of said pair of valve means;
PA1  a catalytic combustion indicator having its inlet connected to the third
      passage of said tee so that a selectively combinable sample of said
      gaseous mixture and air may be regulated by said valves to flow to said
      indicator, said indicator including means to measure the fraction of the
      lower explosive limit and the percentage oxygen of the combined sample;
      and
PA1  means for recording the sum of said measurements as an indication of the
      explosiveness of said volume containing said mixture of inert gas and
      hydrocarbon vapors if air were added to said volume.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said means for recording the sum
      comprises:
PA1  a first analog-to-digital converter connected to said means for separately
      measuring the percentage of oxygen so that said first analog-to-digital
      converter emits a unit pulse series for each percentage of oxygen;
PA1  a second analog-to-digital converter connected to said means for measuring
      the fraction of the lower explosive limit of the hydrocarbon vapors so
      that said second analog-to-digital converter emits a unit pulse series for
      each fraction in tenths of the lower explosive limit;
PA1  a summer connected to said first and second converters to add the unit
      pulse series of each to form a sum; and
PA1  a digital display connected to said summer to display said sum.
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ABST
PAL  A fluidic G sensor for monitoring the acceleration or deceleration of a
       mile includes a hollow cylinder containing an inertial mass, e.g., a
      piston, which is supported by a diaphragm pressurized by gas. The gas
      pressure is supplied from an external source and is metered into the
      diaphragm chamber through a fixed orifice. Gas is discharged from the
      chamber through two vent orifices, one fixed and the other variable. The
      fixed vent orifice represents the output load and leads to a fluidic
      Schmitt Trigger. The variable vent orifice is modulated by diaphragm
      motion and serves to control the pressure under the diaphragm as a
      function of acceleration of the piston. A dashpot formed between the
      piston and the upper closed end of the cylinder, which contains a small
      orifice open to ambient pressure, is employed to damp the oscillation of
      the piston and thereby stabilize the output pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the flight of a missile, such as an aerospace vehicle, the launch
      trajectory is extremely important. A critical factor in this part of the
      flight is the propulsion system. Its performance can be measured in many
      ways using on board instruments for sensing pressure, temperature, fuel
      flow, etc. The most direct method for measuring the performance of the
      engine is to measure the acceleration which it produces on the vehicle.
      Conventional sensing methods require precise and complex mechanisms to
      develop a force signal proportional to the acceleration and to transmit
      this signal to the system, usually as an electrical signal. Precision
      pivots and flexures are needed together with bulky and heavy electrical
      transducers to read the signal.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a novel fluidic device for
      measuring the acceleration of a space vehicle or the like.
PAR  Another object is to provide a fluidic device of said type, which is highly
      reliable and accurate, of low cost and simple design having a minimum
      number of moving parts and imposing a minimum power drain on the fluid
      supply.
PAR  Other objects will become apparent from the following description of the
      invention.
PAR  In accordance with the present invention, there is provided a novel fluidic
      device for sensing the acceleration of an aerospace vehicle and the like,
      which comprises an inertial mass, such as a freely slidable piston,
      contained in a housing, e.g., a hollow cylinder, wherein the inertial mass
      is supported by a flexible diaphragm, which is pressurized by a fluid in a
      chamber below th diaphragm. The fluid pressure under the supporting
      diaphragm is supplied from an external source and is metered into the
      chamber under the diaphragm through a fixed orifice. Fluid is vented from
      the chamber through two outlet ports, one of which is a fixed orifice and
      the other a variable orifice. The variable orifice is modulated by the
      motion of the diaphragm and serves to control the pressure under the
      diaphragm as a function of (proportional to) the acceleration of the
      inertial mass. The fixed vent orifice represents the output load and leads
      to a Schmitt Trigger or other actuating device responsive to such output
      load. The closed cylinder space above the piston contains a small orifice,
      which is open to ambient, e.g., atmospheric, pressure. This space forms a
      dashpot, which is employed to damp the oscillation of the piston and
      thereby stabilize the output pressure.
PAR  Besides its use for sensing setback acceleration of a missile during launch
      and boost, the novel fluidic device of the present invention can also be
      employed to measure setforward deceleration due to aerodynamic drag.
PAR  The term inertial mass, as used in the specification and claims, denotes a
      body which is disposed in the fluidic device in such a manner that it is
      free to respond to a force of acceleration or deceleration when said
      device is subjected to such force.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic view of a fluidic accelerometer of the present
      invention.
PAR  FIG. 2 is a partial cutaway view in longitudinal cross-section of a fluidic
      accelerometer of the present invention.
PAR  FIGS. 3 and 4 set forth curves showing the transient response to the
      simultaneous application of gas supply pressure and acceleration of a
      device, which does not incorporate damping.
PAR  FIG. 5 shows the transient response to the simultaneous application of gas
      supply pressure and acceleration of a device, which incorporates damping.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the fluidic accelerometer 10 comprises a piston 12,
      fabricated of aluminum or other suitable material, having beveled ends 13
      and closely fitted but freely slidable in hollow cylinder 14 of suitable
      material, e.g., aluminum. The cylinder 14 is open at one end 16 and closed
      at the other end except for a small opening 18 communicating with the
      atmosphere. The piston is supported on a fluid impermeable diaphragm 20 of
      suitable flexible material, such as silicone rubber, and provides a
      clearance or chamber 21 above itself in the cylinder 14. Diaphragm 20 is
      clamped between the open end 16 of the cylinder 14 and an aluminum cover
      plate 22 by screws (not shown), which pass through said plate into the
      cylinder end. The cover plate 22 contains an annular raised rim or flange
      24 equal in diameter to the hollow cylinder 14, thereby forming a chamber
      26 between the diaphragm 20 and the cover plate 22. Also, the cover plate
      22 is provided with one fixed fluid inlet orifice 28, one fixed fluid
      outlet or vent orifice 30, which is smaller than inlet orifice 28, and one
      variable fluid outlet or vent orifice 32, all of which communicate with
      the chamber 26 and are sized to ensure subsonic fluid flow. The variable
      fluid outlet orifice 32 is located in a raised annular portion 34 in the
      center of cover plate 22 so that the distance, x, between the variable
      outlet orifice 32 and the diaphragm 20 is substantially less than the
      distance between the diaphragm and each of the other orifices 28 and 30
      located in the cover plate to the side of said variable vent orifice.
PAR  In operation, initially fluid under pressure, such as from a gas supply
      bottle, is introduced through the fixed fluid inlet orifice 28 into the
      chamber 26, thereby forcing the diaphragm 20 from its seat on the variable
      outlet orifice 32 and permitting the fluid to escape through said variable
      orifice. A small pressure is built up in the chamber 26 which corresponds
      to the gravitational attraction force or weight of the piston 12. As
      acceleration is applied to the accelerometer 10, the force acting upon the
      inertial mass, i.e., the aluminum piston 12, forces the diaphragm 20 down,
      thereby changing the distance x between the diaphragm and the variable
      outlet orifice 32 and thus partially blocking said orifice. The resulting
      pressure buildup in chamber 26 is extremely sensitive to changes in the
      distance x between the diaphragm 20 and the variable outlet orifice 32. At
      a given level of acceleration, a force balance is created in which the
      force on the piston 12 due to the pressure P.sub.c in chamber 26 balances
      the acceleration force, so that the piston comes to rest. The
      acceleration, a, is proportional to this value of pressure according to
      the equation a = KP.sub.c, where K is a constant. The value of this
      pressure is a measure of acceleration. The fluid pressure in chamber 26,
      as vented through fixed outlet orifice 30, represents the output load of
      the accelerometer and is passed through a suitable conduit to a fluidic
      Schmitt Trigger or other actuating device responsive thereto.
PAR  FIG. 2 shows a fluidic accelerometer of the present invention connected to
      a fluidic Schmitt Trigger. The fluidic accelerometer 50 comprises a hollow
      cylinder 52, which is open at one end 54 and closed at the other end 55
      except for a small opening 56 communicating with the atmosphere. The
      closed end has a flange 58 containing bolts (not shown) for attaching the
      accelerometer to the missile. The cylinder 52 contains a piston 60 with
      beveled ends 62, which is supported on a flexible diaphragm of silicone
      rubber 64 and terminates short of the closed cylinder end 55 to form a
      chamber 66 containing opening 56. The cylinder 52 is attached to a
      transfer block 68, interconnecting plates 70, manifold block 72 and
      Schmitt Trigger 74 by bolts 76, which are fastened to flange 77 carried by
      the open end of cylinder 52. The diaphragm is clamped between the transfer
      block 68 and the flange 77, and an annular washer 78 is positioned in
      peripheral grooves 79 and 80 in flange 77 and transfer block 68,
      respectively, to prevent excessive (destructive) pressure from being
      applied to flexible diaphragm 64. The transfer block 68 contains a shallow
      cylindrical cup 82, which forms a chamber 83 with diaphragm 64. The cup 82
      has one fixed fluid inlet orifice 84, one fixed fluid outlet orifice 86,
      which may or may not be smaller than inlet orifice 84, and one variable
      fluid outlet orifice 88 which is larger than both fixed orifices 84 and 86
      and is located in a raised annular portion in the center of cup 82, the
      variable outlet orifice 88 being closer to diaphragm 64 than the other
      orifices 84 and 86. The orifices 84 and 86 are connected to chamber 83 by
      conduits 90 and 92. Inlet orifice 84 communicates with a conduit (not
      shown) through plates 70 and block 72 leading to a gas supply. Outlet
      orifice 86 communicates with a conduit (not shown) through plates 70 and
      block 72 leading to the Schmitt Trigger 74. The variable orifice 88 is
      connected to conduit 94, which communicates with a conduit (not shown) in
      plates 70 and block 72 leading to an atmospheric vent.
PAR  The device is operated as follows: Initially, pressure gas is introduced
      through the fixed fluid inlet orifice 84 into chamber 83, forcing
      diaphragm 64 from its seat on the variable outlet orifice 88 and thus
      permitting the gas to escape through said orifice. As the device is
      accelerated, the force acting on the piston 60 forces the diaphragm 64
      down, which partially blocks orifice 88 and thus results in a pressure
      buildup in chamber 83. The gas pressure in chamber 83, which represents
      the output of the fluidic accelerometer 50, is vented through the fixed
      outlet orifice 86, and other conduits (not shown) to the fluidic Schmitt
      Trigger 74.
PAR  When an undamped device of the foregoing type is employed, the device limit
      cycles, i.e., it produces a continuous oscillation of the output pressure
      signal from the fixed outlet orifice (items 30 and 86 in FIGS. 1 and 2,
      respectively), which can last indefinitely and hence is generally
      unacceptable. For example, th transient response of a device, which does
      not incorporate damping, to the simultaneous application of fluid supply
      pressure and a 15 G step acceleration is shown in FIGS. 3 and 4. The
      operation of the device can be interpreted directly from FIG. 3. When the
      rising chamber 26 pressure reaches and exceeds the value necessary to
      balance the forces, the piston 12 begins to move. The pressure continues
      to rise until the piston reaches a displacement sufficient to balance the
      input and output flows. The pressure then begins to decrease, but is still
      above its balanced value and the displacement of the piston continues to
      increase. As the pressure drops below the balanced value, the displacement
      of the piston starts to decrease. When the displacement of the piston
      falls below the balanced value, the pressure begins to rise again and the
      device limit cycles. This lag between the pressure rise and piston
      displacement results primarily from the compressibility of the fluid and
      the kinetic energy of the mass.
PAR  The problem of limit cycling of the device can be overcome in a practical
      and simple manner by utilizing the top chamber volume 21 containing
      orifice 18 above the piston 12 as a dashpot to effect damping. The volume
      of the dashpot chamber 21 and size of the orifice 18 can be adjusted to
      provide the optimum damping effect. The orifice 18 can be a single opening
      or advantageously a porous plug, which distributes the fluid flow through
      a multiplicity of small openings over a relatively wide area and therefore
      is still operative in the event some openings become blocked for any
      reason. The use of the top chamber volume as a dashpot provides a simple
      and effective means for overcoming limit cycling and does not require any
      additional fluid consumption, any added size or weight or excessive
      manufacturing cost.
PAR  When damping is employed, an initial overshoot reading or peak in the
      pressure in chamber 26 and the output pressure signal from fixed outlet
      orifice 30 occurs when the fluid pressure is initially applied. As a
      result a discrete time is required for the output pressure to stabilize or
      settle. This overshoot reading is caused by the initial shock wave of the
      fluid flow and levels out quite rapidly at lower G levels due to less
      acceleration restraint of the inertial mass (piston).
PAR  Table I illustrates the effect of the head clearance (volume of the dashpot
      chamber 21) and top vent diameter (size of dashpot orifice 18) on the
      transient response characteristic (pressure in chamber 26) of a device
      illustrated in FIGS. 1 and 2 employing an aluminum piston of 0.5 in.
      diameter and 1.4 in. length.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                Supply                                                         
                     Top              Limit                                    
                Orifice                                                        
                     Vent  Head  Supply                                        
                                      Cycling                                  
                Diameter                                                       
                     Diameter                                                  
                           Clearance                                           
                                 Pressure                                      
                                      Frequency                                
     Example                                                                   
          No. G's                                                              
                (Inches)                                                       
                     (Inches)                                                  
                           (Inches)                                            
                                 (psig)                                        
                                      (Hz)                                     
     __________________________________________________________________________
     I    14.21 .018 .06   .02   6    286                                      
     II   14.21 .010 .06   .02   6    242                                      
     III  14.21 .031 .015  .02   6    222                                      
     IV   14.21 .031 .01   .02   6    237                                      
     V    10.0  .031 .06   .02   6    140                                      
     VI   10.0  .031 .01   .02   6    --                                       
     __________________________________________________________________________
PAR  A case where limit cycling ceases is illustrated by Example VI (FIG. 5)
      which reached a steady chamber 26 pressure in 30 msecs. (Compare Example
      V, FIG. 4). This case employed a 10G input and required approximately 10
      times the flow of Case I at 14.21G. To provide a steady chamber 26
      pressure at the 14.21G level a supply orifice of 0.04 inches in diameter
      was required. This introduced an appreciable increasse in gas flow. The
      transient response including the overshoot of pressure was comparable to
      FIG. 5.
PAR  The fluid accelerometer of the present invention operates with extremely
      small fluid consumption, which is of primary importance in small
      self-contained, compact, high performance systems. Of particular
      significance is the size of the fixed inlet orifice 28 which determines
      the fluid consumption of the device. Tests have shown that a 10 mil
      diameter inlet orifice can be employed with acceptable results, whereby
      the gas consumption is extremely small (about 1/20 standard cubic feet per
      minute (1 atmosphere at 70.degree.F) using an aluminum piston of 0.5 in.
      diameter and 1.4 in. length and gas supply pressure of 5-10 psig.
PAR  It is preferred to employ a fluid pressurized diaphragm to support the
      piston in the fluid accelerometer. However, the invention is not limited
      thereto. Thus, by employing a piston, which is sufficiently closely fitted
      and lubricated as to prevent excessive flow of fluid between the piston
      and cylinder walls and be freely slidable within said cylinder, it is
      possible to support the piston by fluid pressure directly and thereby
      design and operate the fluidic accelerometer of the present invention, as
      described above, without the use of the supporting diaphragm.
PAR  The foregoing disclosure and drawings are merely illustrative of the
      principles of this invention and are not to be interpreted in a limiting
      sense. We wish it to be understood that we do not desire to be limited to
      exact details of construction shown and described, because obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluidic device for sensing acceleration of a missile, which comprises:
PA1  a tubular housing having a closed first end containing an orifice
      communicating with the atmosphere and a second end closed by a flexible
      diaphragm;
PA1  an inertial mass slidably contained in said housing and supported by said
      diaphragm;
PA1  a chamber having a wall including said diaphragm, said chamber having one
      fixed fluid inlet orifice, one fixed fluid outlet orifice and one variable
      fluid outlet orifice, wherein said variable fluid outlet orifice is
      modulated by the movement of said diaphragm; and
PA1  a dashpot formed between said inertial mass and said housing closed first
      end containing said orifice;
PAL  whereby when pressurized fluid is introduced through said fixed inlet
      orifice to pressurize said chamber and said diaphragm and the fluidic
      device is subjected to an acceleration force, the inertial mass due to
      said force exerts a counterpressure on said diaphragm, and causes said
      flexible diaphragm to move and thereby modulate said variable fluid outlet
      orifice so that the pressure in said chamber, including the output
      pressure signal from said chamber delivered through said fixed fluid
      outlet orifice, is proportional to said acceleration force, while said
      dashpot damps the oscillation of said inertial mass and thereby stabilizes
      said output pressure signal.
NUM  2.
PAR  2. The device of claim 1, wherein the tubular housing is a hollow cylinder
      and the inertial mass is a piston.
NUM  3.
PAR  3. The device of claim 1, wherein the distance between said variable fluid
      outlet orifice and said diaphragm is less than the distance between said
      diaphragm and said fixed fluid inlet and outlet orifices in said chamber.
NUM  4.
PAR  4. The device of claim 3, wherein the orifice in said dashpot is a porous
      plug.
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PAL  A circuit breaker operating apparatus comprising an operating piston
      connected to an operating member for operating a breaking section, holding
      means for mechanically maintaining the operation-complete state of the
      operating piston at the time of completion of its operation, spring means
      for giving a restitutive force to the operating member, and means for
      releasing an operating medium acting on the operating piston at the time
      of completion of its operation. The holding means includes a first lever
      connected to the operating piston and a second lever having an end
      connected to the first lever and the other end adapted to be locked by
      lock means. The lock means is so simple as to be arranged at an optimum
      position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a circuit breaker operating apparatus, or more in
      particular to a circuit breaker operating apparatus suitable for
      high-speed operation of a large-capacity circuit breaker.
PAR  2. Description of the Prior Art
PAR  With the recent increase in the demand for electric power, there are more
      and more installations of high power transmission line circuit network,
      any breakdown of which is liable to lead to an extensive power failure. In
      order to minimize the effect of such an accident, the point of breakdown
      is required to be isolated from the rest of the circuit network
      immediately. This requires high-speed breaking operation of a circuit
      breaker provided in the network.
PAR  If the circuit breaker is required to operate at high speed, its operating
      apparatus must be also actuated at high speed.
PAR  A conventional high-speed circuit breaker has such an operating apparatus
      that an operating medium such as compressed air is used to obtain
      operating force for either breaking or closing operation, and the
      restitutive force of a spring stored during such an operation is utilized
      to derive force of other operation. For simplicity's sake, the description
      below assumes an arrangement in which the operating and closing forces are
      derived from an operating medium and a spring respectively. In an
      apparatus in which, after the operating medium acts on the operating
      piston connected to an operating member for operating the breaking section
      the circuit-broken condition is maintained by the operating medium, it is
      necessary to release the operating medium acting on the operating piston
      at the time of closing the circuit breaker, making it difficult to perform
      the closing operation at high speed. Further, in the event that the
      operating medium is reduced in pressure for some reason or other, the
      apparatus cannot maintain the circuit-broken condition and is liable to be
      undesirable closed state.
PAR  To improve this situation, another conventional circuit breaker operating
      apparatus has been proposed in which the circuit-broken state is
      maintained mechanically by holding means at the time when the breaking
      operation is completed and at the same time all the operating medium
      acting on the operating piston is exhaused so that the operating medium
      can not act to prevent the closing operation when the circuit breaker is
      closed next. This conventional apparatus makes possible a high-speed
      breaking and closing operation. However, the disadvantages of such
      improved conventional apparatus are in that the holding means for holding
      a large mechanical operating force is considerably bulky and hence the
      arrangement of such holding means at a position facilitating its own
      installation and inspection is difficult at the time of installation.
PAC  SUMMARY OF THE INVENTION
PAR  Generally, an object of the invention is to provide a circuit breaker
      operating apparatus capable of operating at high speed.
PAR  Specifically, an object of the invention is to provide a circuit breaker
      operating apparatus simple in construction.
PAR  Another object of the invention is to provide a circuit breaker operating
      apparatus capable of arrangement suitable for various types of circuit
      breakers, and especially, capable of being easily arranged in such a
      manner that the holding means for mechanically holding the circuit-broken
      state is easily assembled or dismantled.
PAR  According to one aspect of the invention, there is provided a circuit
      breaker operating apparatus comprising an operating piston connected to an
      operating member for operating a breaking section, admission valve means
      for supplying an operating medium to the operating piston, spring means in
      which restitutive force stored during the operation of the operating
      piston and which delivers the stored restitutive force to the operating
      member, means for releasing the operating medium acting on the operating
      piston upon completion of the operation of the operating piston, and
      holding means for mechanically holding the operation-complete state of the
      operating piston and releasing it at the time when said operating piston
      is restituted; the holding means including a first lever connected to a
      member which is in turn connected to the operating piston for rectilinear
      movement and a second lever having an end connected mechanically to the
      first lever and the other end locked by the holding device. This
      arrangement makes it possible to arrange the holding means at any
      appropriate position around the member in rectilinear motion, thereby
      facilitating the assemblage and dismantling of the holding means as well
      as high speed operation and simple construction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional view showing an embodiment of a circuit breaker
      operating apparatus according to the invention when the circuit breaker
      thereof is in its closed state.
PAR  FIG. 2 is a sectional view showing the same operating apparatus when the
      circuit breaker is in its broken state.
PAR  FIG. 3 is a sectional view showing another embodiment of the circuit
      breaker operating apparatus according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the accompanying drawings, a grounded tank 10 filled with an
      insulating gas such as SF.sub.6 is provided therein with a breaker section
      13 including a fixed contact member 11 and a movable contact member
      adapted to be attached to and to move away from the fixed contact member
      11. The fixed contact member 11 and the movable contact member 12 are
      insulated from the grounded tank 10 by being supported on an insulating
      cylinder 14 and an insulating cylinder 15 respectively. A leadout section
      10a is formed on the upper portion of the grounded tank 10, and a bushing
      16 stands upright on the lead section 10a. Surrounding the lead-out
      section 10a is a current transformer 17 for detecting the current flowing
      through a central conductor. The movable contact member 12 is connected
      through link means 18 to an insulating rod 19 running through the
      insulating cylinder 15, the insulating rod 19 being connected through link
      means 20 to an operating member or rod 21. The operating rod 21 is
      connected to an operating piston 24 through a first lever 23 and a second
      lever 22. One lever 20a  of the link means 20 is arranged in a case 25,
      while the other lever 20c is arranged outside of the case 25. The
      respective levers 20a and 20c are connected by means of a rotary shaft 20b
      which is rotatably mounted through the wall of the case 25 in a complete
      air-tight manner. The other lever 20c of the link means 20 is pivotally
      connected to the operating rod 21 so that the link means 20 can rotate
      about the shaft 20b as the operating rod 21 moves. The contact force for
      maintaining the contact members 11 and 12 of the breaking section 13 in
      the closed state and the closing force for bringing the contact members 11
      and 12 into the closed state are supplied by the restitutive force of a
      compression spring 28 interposed between the case 25 and a spring base 27
      fixed on an operating rod 26 connected to the operating rod 21.
      Arrangement of the compression spring 28 is facilitated by positioning it
      on the opposite side of the operating rod 21 as viewed from the operating
      piston 24.
PAR  An operating cylinder 29 which slidably guides the operating piston 24 is
      provided with an admission valve 30 for supplying compressed air to the
      operating piston 24 therethrough. FIG. 1 shows the state in which the
      compressed air is prevented from being supplied to the operating piston 24
      by the closed admission valve 30. A high pressure chamber 31 is formed on
      the opposite side of the admission valve 30 to the operating piston 24,
      and a control valve 32 is provided inside of the high pressure chamber 31
      opposedly to the admission valve 30 so that compressed air acts on the
      control valve 32 in such a direction as to close the admission valve 30.
PAR  The high pressure chamber 31 communicates all the time with an air tank 33
      filled with compressed air, and the admission valve 30 is closed by the
      control valve 32. On the opposite side to the high pressure chamber 31
      with respect to the control valve 32, there is an air-supplying subchamber
      34 which the compressed air is supplied to and exhausted from by the
      action of a pilot valve means 35.
PAR  On the other hand, the second lever 22 coupled with the operating rod 21
      has an end adapted to engage a lock means 36, and is pivotally supported
      on a holding pin 22a substantially at the central portion thereof. The
      lock means 36 comprises a lock lever 37 for locking the second lever 22, a
      reset rod 40 with one end provided with a roller 38 running on the lock
      lever 37 and with the other end engaged with a hook 39, and
      electromagnetic means 41 for actuating the hook 39. The lever 22 has at an
      end thereof a roller 42 running on the lock lever 37. The reset rod 43
      connected to an end of the lever 22 is connected to both an auxiliary
      switch 44 and another electromagnetic means 45. The lock lever 37 and
      reset rod 40 are so arranged as to be pressed in the counter-clockwise
      direction by compression springs 46 and 47, whereas the hook 39 is urged
      in the clockwise direction by a tension spring 48.
PAR  The breaking or tripping operation of the apparatus with the
      above-mentioned construction will be explained below.
PAR  When the electromagnetic means 45 is excited to render the pilot valve
      means 35 open, the compressed air is introduced into the air-supplying
      subchamber 34 thereby to increase the pressure therein. As a result, the
      control valve 32 is rendered open to thereby open the admission valve 30
      to enable the compressed air to act on the operating piston 24 to urge the
      operating piston 24 in such a direction as to cut off the main current.
      Thus, the operating rod 21 is actuated through the first and second levers
      23 and 22 to move to the left as viewed in FIG. 1. The actuation of the
      operating rod 21 causes the movable contact member 12, through the link
      means 20, the insulating operating rod 19 and the link means 18, to move
      away from the fixed contact member 11 to the right as viewed in FIG. 1.
      With the movement of the movable contact member 12 away from the fixed
      contact member 11, puffer means 49 compresses an arc extinguishing gas,
      and the resulting compressed arc extinguishing gas is blown against arcs
      formed between the contact members 11 and 12 thereby to extinguish it and
      cut off the current. In this process, the compression spring 28 stores its
      restitutive force when it is compressed by the spring base 27 as the
      operating rod 26 operated by the operating rod 21 is moved in the left
      side as viewed in FIG. 1. At the final stage of this circuit-breaking
      operation, the movement of the operating rod 26, and, therefore, of the
      operating piston 24 is restricted by a dash pot 50.
PAR  During the circuit-breaking cycle, the roller 42 provided at the end of the
      second lever 22 moves left along the lock lever 37, so that at the end of
      the circuit-breaking cycle the lock lever 37 engages the lever 22 in a
      lock state and further permits the reset rod 40 to be locked by the hook
      39 as shown in FIG. 2. Further, the auxiliary switch 44 and the pilot
      valve means 35 are energized through the reset pilot 43 so that the broken
      condition of the circuit is detected through the auxiliary switch 44 and
      the compressed air acting on the control valve 32 stops being introduced
      into the air-supplying subchamber 34, respectively, while at the same time
      exhausting the compressed air from the air-supplying subchamber 34. As a
      result, the admission valve 30 is closed by the compressed air acting on
      the control valve 32 from the side of the high-pressure chamber 31 or
      right side of the valve 32 as viewed in FIG. 1, thereby stopping supply of
      the compressed air to the operating piston 24. At the same time, the
      compressed air is exhausted out of the operating cyclinder 29 through an
      exhaust hole 51 thereby to eliminate the pressure thus far applied to the
      operating piston 24. But, the broken state of the circuit is maintained
      mechanically by the lock means 36.
PAR  Next, the circuit-closing operation will be explained. When the
      electromagnetic means 41 is excited, the hook 39 is urged upwards. The
      fact that the end of the second lever 22 is urged right by the restitutive
      force of the compression spring 28 causes the lock lever 37 and reset rod
      lever to be rotated clockwise, thereby disengaging the end of the lever 22
      from the lock lever 37.
PAR  As a result, the operating rod 21 is urged right by the restitutive force
      of the compression spring 13 thereby to close the circuit by driving the
      movable contact member 12 of the breaking section 13 through the link
      device 20 and the insulating operating rod 19. At the same time, the
      operating piston 24 is driven by the compression spring 28 to move left
      because of the absence of compressed air acting thereon to make possible a
      high-speed circuit closing process without working against the circuit
      closing force.
PAR  In the above-described apparatus, the second and first levers 23 and 22
      constitute part of holding means for mechanically holding the
      circuit-broken state of the circuit-breaker as well as function as part of
      link means for transmitting the operating force from the operating piston
      24 to the breaking section, thus minimizing the number of required
      component elements.
PAR  The link means and the holding means, if arranged to operate in the same
      plane as in the preceding embodiment, will give rise to difficulties in
      space utilization, assembly work and inspection.
PAR  Such difficulties are overcome by the embodiment described below with
      reference to FIG. 3. In FIG. 3, those components which are identical to
      those shown in FIG. 1 and FIG. 2 are given the same identifying numerals
      as were used in FIGS. 1 and 2.
PAR  It will be seen that a grounded tank 10 containing a breaking section and
      being filled with an insulating gas is arranged in parallel to the
      operating means and has a protrusion 10b which contains an insulating
      operating rod 19 connected to a link means 20. The link mechanism 52
      comprising an operating rod 21, the link means 20 and the insulating
      operating rod 19 for transmitting an operating force from an operating
      piston 24 to the breaking section (not shown) operates in a plane
      perpendicular to the sheet of the drawing. Apart from the link mechanism
      52 for transmitting the operating force to the breaking section, the
      operating piston 24 is coupled with a first lever 53 which is in turn
      coupled with a second lever 55 having an end coupled to the first lever 53
      and the other end provided with a roller 54 adapted to be locked by a lock
      lever 37 of lock means 36. Thus, at the time point when the operating
      piston 24 has completed its circuit-breaking operation, the roller 54 of
      the second lever 55 is locked by the lock lever 37 thereby to mechanically
      maintain the circuit-broken state. The embodiment under consideration is
      arranged in such a way that the link mechanism 52 for transmitting the
      operating force to the breaking section operates in a plane perpendicular
      to the operating plane of the lock means 36. This arrangement permits
      holding means including the first and second levers 53 and 55 and the lock
      means 36 and provided in a housing 56 to be easily assembled and inspected
      from the side of the housing 56. Also, in view of the fact that the first
      lever 53 is connected to the operating piston 24 always adapted for
      rectilinear motion, arrangement of relative positions of the links of the
      holding means is easily designed. Instead of the first lever 53 directly
      coupled with the operating piston 24 as in the case of FIG. 3, the first
      lever 53 may alternatively be coupled with a member coupled to the
      operating piston 24 for rectilinear motion.
PAR  This arrangement in which, in addition to the link mechanism 52 for
      transmitting the operating force to the breaking section, the first and
      second levers 53 and 55 are connected to the operating piston 24 or to a
      member connected to the operating piston 24 for rectilinear motion makes
      it possible for the link mechanism 52 to operate not only in the plane
      perpendicular to the operating plane of the holding means but at any
      desired angle thereto without changing the link ratio of the holding
      means, with the result that the holding means can be disposed at an
      optimum position taking into consideration the ease with which the
      apparatus is assembled and inspected as well as the space utilization.
PAR  It goes without saying that unlike the above-described embodiments in which
      the circuit-breaking force is derived from the operating medium and the
      circuit-closing force from the tension of a spring, the invention is
      applicable with equal effect to the case in which the circuit-breaking and
      circuit-closing force are derived from the spring tension and operating
      medium respectively.
PAR  As will be seen from the foregoing description, the apparatus according to
      the invention comprises an operating piston coupled to an operating member
      or rod for operating the breaking section, admission valve means for
      supplying an operating medium to the operating piston, spring means which
      stores restitutive force during the operation of the operating piston and
      delivers it to the operating member, means for releasing the force applied
      by the operating medium to the operating piston at the time of completion
      of the piston operation, and the holding means including the first lever
      connected to the member coupled to the operating piston for rectilinear
      motion and the second lever having an end connected mechanically to the
      first lever and the other end adapted to be locked by the lock means, so
      that the operation-complete state of the operating piston is mechanically
      maintained and is released when the operating piston is restituted. Thus,
      it is possible to provide a circuit breaker operating apparatus which is
      capable of operating at high speed and has holding means being simple in
      construction and being arranged at a most suitable position.
CLMS
STM  We claim:
NUM  1.
PAR  1. A circuit breaker operating apparatus comprising: an operating piston
      connected to an operating member for operating a breaking section;
      admission valve means for supplying an operating medium to said operating
      piston; spring means in which restitutive force is stored during the
      operation of said operating piston and which delivers the stored
      restitutive force to said operating member; means for releasing said
      operating medium acting on said operating piston upon completion of the
      operation of said operating piston; and holding means including a first
      lever connected to said operating piston for rectilinear motion and a
      second lever having an end adapted to be locked by lock means and the
      other end mechanically coupled to said first lever; said holding means
      mechanically maintaining the operation-complete state of said operating
      piston and releasing said state at the time when said operating piston is
      restituted.
NUM  2.
PAR  2. A circuit breaker operating apparatus according to claim 1, in which
      said first lever is directly coupled to said operating piston.
NUM  3.
PAR  3. A circuit breaker operating apparatus according to claim 1, in which
      said operating piston and said operating member are connected through said
      first and second levers.
NUM  4.
PAR  4. A circuit breaker operating apparatus according to claim 1, in which
      said lock means comprises a lock lever for locking said second lever, a
      reset rod for restricting the operation of said lock lever, and a hook for
      restricting the operation of said reset rod, said hook releasing said
      reset rod by being energized by electromagnetic means.
NUM  5.
PAR  5. A circuit breaker operating apparatus according to claim 1, in which
      said spring means and said operating piston are disposed on opposite sides
      of link means provided on the middle portion of said operating member for
      operating said breaking section, said link means changing the direction of
      operation of said operating member by 90.degree..
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ABST
PAL  A universal joint for small angle deflections having a driving element
      which is rotatable about an axis of rotation wherein the driving element
      is connected to a driven member by a suspension means which comprises at
      least two gimbal elements, each gimbal element is connected to the driving
      element and to the driven element by at least two flexure hinges, each of
      the longitudinal axes of the flexure hinges forming an angle of the same
      magnitude with the axes of rotation of the driving and driven elements
      when the universal joint is in a rest position. A method for fabricating
      such a multigimbal universal joint for small angle deflections in
      one-piece wherein integral flexure hinges having such longitudinal axes
      are provided by forming pairs of adjacent bores in a blank and wherein the
      driving elements, the driven element and at least two gimbal elements
      therebetween are formed by electrical discharge machine techniques.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of fabricating universal joints, in
      particular, to the art of fabricating a means for suspending the rotor
      element of a gyroscope from a driving element or shaft.
PAR  One application for a universal joint for small angle deflections is found
      in the art of making free gyroscopes. A free gyroscope having a spinning
      rotor element may be mounted on a supporting structure so that the
      supporting structure can be turned or translated without applying
      disturbing torques to the rotor. In a practical device control torques are
      applied to the rotor element for processing the rotor element in a
      controlled manner. A free gyroscope customarily includes angular sensing
      devices for detecting angular misalignment between its rotor spin axis and
      either its shaft axis or a housing-fixed axis. The angular misalignment so
      detected may then be used, after appropriate amplification, to apply a
      torque to a supporting structure, such as a gimbal element of an inertial
      platform, to cause the supporting structure to follow the rotor spin axis
      thereby nulling the angular misalignment. Alternatively, a sensed angular
      misalignment may be utilized to apply a torque directly to the rotor
      element in what is known as "caged" or "captured" operation.
PAR  One of the ways a free gyroscope rotor element is maintained free is to
      support it by vibrating gimbal elements as disclosed in U.S. Pat. No.
      3,678,764, issued July 25, 1972,  and assigned to the same assignee as the
      present invention. The means for suspending the rotor element of that
      patent has separately fabricated gimbal elements and torsion bars with
      corresponding torsional axes angularly offset with respect to one another.
      U.S. Pat. No. 3,709,045 also discloses a two-piece suspension means with a
      pair of gimbal elements having corresponding torsional axes angularly
      offset from each other.
PAR  Other prior art patents teach the assembling, from separate pieces, of
      suspension means having a pair of gimbal elements in parallel alignment.
      Examples of patents teaching an inner hinge unit attached to an outer
      hinge unit are U.S. Pat. Nos. 3,354,726; 3,585,866; 3,614,894; 3,700,289;
      and 3,700,290. These prior art patents show two dissimilar gimbal elements
      attached to a shaft and to a rotor in a symmetrically parallel manner,
      i.e., the shaft-attached torsional axes of the gimbal elements aligned
      with respect to one another and the rotor attached torsional axes of the
      gimbal elements are aligned with respect to one another.
PAR  A flexure suspension having a single gimbal element is disclosed in U.S.
      Pat. No. 3,700,290.
PAR  Assembly of individual parts to form the flexure suspensions of the prior
      art requires extreme precision and adherence to close tolerances to
      fabricate a suspension unit having good performance characteristics.
      Misalignment of one or more axes of a flexure suspension used in a
      precision instrument such as a gyroscope will be a source of error in the
      performance of the gyroscope. Generally, assembly of the individual parts,
      for example by beam welding, brazing, etc. will cause some distortion to
      the parts during assembly and/or misalignment of the parts. For example,
      in flexure suspensions of the prior art it is difficult to achieve
      precisely a predetermined angle formed between corresponding flexure axes
      of multiple gimbal elements whether the angle is of zero degrees, of
      ninety degrees or has some other value. In addition, it is also difficult
      to achieve the desired result that each of the flexure axes of the gimbal
      elements precisely intersects all others at a common center point. Also,
      it is difficult to establish the center of gravity of a flexure suspension
      means precisely at the geometrical center of the suspension in both the
      radial and axial directions. Failure to achieve these alignments degrades
      performance characteristics and operating characteristics and degrades the
      accuracy of the instrument.
PAR  Additionally, the necessary precision alignment for a suspension formed or
      fabricated from separate parts requires extremely sophisticated
      fabricating and assembly equipment, and requires skilled personnel to
      perform the necessary alignment operations. Therefore it is desirable to
      fabricate a multigimbal flexure suspension from a single piece of
      material.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other disadvantages of the universal joints and flexure
      suspension means of the prior art are overcome by providing a universal
      joint for small angle deflections which has a rotatable driving element
      connected to a driven element by at least two gimbal elements, and a
      plurality of flexure hinges, each gimbal element being connected between
      the driving element and the driven element by at least two flexure hinges,
      each flexure hinge having a flexure axis and a longitudinal axis. Each
      longitudinal axis of a flexure hinge is orthogonal to the flexure axis of
      the flexure hinge and also forms an angle of the same magnitude with
      respect to the axes of rotation of the driving and driven elements
      whenever these elements are in the null position, i.e., when their spin
      axes are colinear. In the preferred embodiment the longitudinal axes of
      the flexure hinges are parallel with respect to one another and with
      respect to the axes of rotation of the driving and driven elements when
      the universal joint is in a null position. Juxtaposed integral stops at
      each crossover of the gimbal elements limit the angular freedom of the
      driving element and the driven element with respect to one another and
      thereby reduce the likelihood of damage to the universal joint due to
      handling.
PAR  Such a universal joint may be precisely fabricated in one piece by a novel
      method including the steps of: forming in a blank a holding means for
      receiving a rotatable drive shaft; forming a predetermined number of pairs
      of parallel, adjacent apertures in the blank having a predetermined
      minimum spacing between one another, each aperture of said pair of
      adjacent apertures having a center axis which is equally offset from a
      radial flexure axis, each pair of adjacent apertures having a longitudinal
      axis therebetween which forms an angle of the same magnitude with respect
      to the axis of rotation as does the longitudinal axis of every other pair
      of parallel apertures, each pair of apertures having a predetermined
      angular spacing about the axis of rotation; removing material from the
      blank to form axial slots according to a predetermined pattern for a
      driving element, including said holding means, a driven element, at least
      a pair of gimbal elements and a plurality of flexure hinges; and removing
      material from the blank to form radial slots which separate the blank into
      a driving element, a driven element, and at least two gimbal elements,
      each gimbal element being connected to the drive element and to the driven
      element by flexure hinges.
PAR  In the preferred embodiment the centerlines of the plurality of apertures
      are copolanar and the flexure axes of the plurality of flexure hinges
      intersect at a common point on the axis of rotation of the driving
      element.
PAR  It is therefore an object of the invention to provide a new and improved
      one-piece universal joint.
PAR  It is another object of the invention to provide a universal joint that can
      be easily fabricated with a saving not only of time but also of cost.
PAR  It is also an object of the invention to provide a universal joint whose
      basic operating parameters are inherently optimized.
PAR  It is yet another specific object of the invention to provide a universal
      joint having at least two gimbal elements wherein the flexure axes of each
      gimbal element have a predetermined angular spacing with respect to a
      corresponding flexure axis of the other gimbal elements.
PAR  It is yet another object of the invention to provide a universal joint
      having substantially equal translational stiffness in both radial and
      axial directions.
PAR  It is a specific object of the invention to provide a universal joint
      having at least two gimbal elements with a center of gravity at the center
      of suspension of the universal joint.
PAR  It is another specific object of the invention to provide a universal joint
      having a plurality of flexure hinges wherein the longitudinal axis of each
      flexure hinge is substantially parallel to an axis of rotation of the
      universal joint when the universal joint is in the null position.
PAR  It is still another specific object of the invention to provide a universal
      joint having at least two gimbal elements suspended by a plurality of
      flexure hinges wherein the flexure axes of each gimbal element intersect
      one another at a common point.
PAR  It is a still further specific object of the invention to provide a
      rotatable universal joint having at least two gimbal elements wherein
      there is substantially no axial displacement between those end surfaces of
      the gimbal elements which are transverse to the axis of rotation and are
      displaced in the same direction from the center of suspension of the
      gimbal elements.
PAR  It is one more specific object of the invention to provide a universal
      joint having juxtaposed integral stops at each crossover of at least two
      gimbal elements for limiting angular freedom of the gimbal elements.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of a flexure suspension of
      the invention connecting a pair of gimbal elements to a driving element
      and to a driven element;
PAR  FIG. 2 is a side view of a portion of the embodiment of FIG. 1;
PAR  FIG. 3 is an exploded view of a first embodiment of the universal joint of
      the invention having a pair of gimbal elements;
PAR  FIG. 4 is a perspective view showing juxtaposed integral stops positioned
      at one crossover of a pair of gimbal elements;
PAR  FIG. 5 is a cross-sectional view of a gyroscope incorporating the first
      embodiment of a multigimbal flexure suspension of the invention;
PAR  FIG. 6 is a perspective view of the basic elements of an ideal gyroscope
      theorized in the prior art;
PAR  FIGS. 7, 8, 9 and 10 are diagrams used in describing the preferred
      operation of the universal joint of the invention;
PAR  FIGS. 11 and 12 are plan views of a second embodiment of the invention
      having three gimbal elements; FIGS. 11A through 11F are partial sectional
      views taken along the lines 11A through 11F in FIG. 11.
PAR  FIG. 13 is a cross-sectional view of a multisensor embodying the universal
      joint of the invention;
PAR  FIG. 14 is a plan view of one portion of a partially completed third
      embodiment of the invention and a partial sectional view of the remaining
      portion;
PAR  FIG. 15 is a side view of the third embodiment shown in FIG. 14;
PAR  FIG. 16 is a plan view of a first side of a completed third embodiment of
      the universal joint;
PAR  FIG. 17 is a cross-section taken on 17--17 in FIG. 16;
PAR  FIG. 18 is a plan view of a second side of a completed third embodiment of
      the universal joint;
PAR  FIG. 19 is a side view of the third embodiment shown in FIG. 16 taken on
      19--19 in FIG. 18; and
PAR  FIG. 20 is a side view of a portion of a fourth embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF AN EMBODIMENT OF THE INVENTION HAVING TWO GIMBAL ELEMENTS
PAR  In FIG. 1 there is shown a perspective view of one embodiment of the
      universal joint of the invention showing only the basic elements of a
      gyroscope. Universal joint 10 has a pair of gimbal elements with the
      center of gravity of the gimbal elements located at the center of
      suspension of the gimbal elements. Universal joint 10 comprises a driving
      element 12, having a drive axis of rotation 13, a driven rotor element 14,
      having a driven axis of rotation 15, and a suspension means comprising a
      pair of gimbal elements 18 and 20 having a center of suspension 19 and a
      plurality of flexure hinges. Rotor element 14 may have a substantially
      cylindrical shape. In the first embodiment driving element 12, rotor
      element 14, and gimbal elements 18 and 20 have end surfaces which are
      substantially coplanar. The end surfaces comprising one end of driving
      element 12, of rotor element 14, of gimbal element 18, and of gimbal
      element 20 are substantially coplanar in transverse plane 21 and the
      opposite end surfaces of each of these elements are substantially coplanar
      in transverse plane 23 when universal joint 10 is in a null position as
      defined below. When rotor element 14 is in a null position as shown in
      FIG. 1, rotor axis 15 is colinear with drive axis 13. Drive element 12 has
      a bore 22 for receiving a drive shaft.
PAR  The embodiment shown in FIG. 1 is fabricated according to the method which
      is described below for the fabrication of the preferred embodiment shown
      in FIGS. 14-19. According to the method slots are cut in a blank piece of
      material to form in one piece of material elements 12, 14, 78, 20
      connected by a plurality of flexure hinges.
PAR  There is shown in FIG. 1 a flexure hinge 24 which is compliant in bending
      about a flexure axis but rigid about axes orthogonal to this flexure axis.
      The terms "compliant" and "compliance" as used herein mean the reciprocal
      of the spring rate of a flexure hinge. That is, gimbal elements 18 and 20
      substantially isolate rotor element 14 from angular motions of driving
      element 12 about sensitive axes which are perpendicular to axis 13. The
      flexure axes described below are such sensitive perpendicular axes.
      Flexure hinges and their characteristics are described in an article
      entitled "How to Design Flexure Hinges" by J. M. Paros and L. Weisbord
      which was published in Machine Design, Nov. 25, 1965, pages 151 through
      156. Although the flexure hinges taught herein are integral with gimbal
      elements, a driving element and a driven rotor element, it is to be
      expressly understood that such flexure hinges may be separately
      fabricated, as taught on the referenced article, and used to form the
      novel universal joint of the invention. However, such separate fabrication
      is not preferred.
PAR  The two-gimbal element embodiment shown in FIG. 1 includes a total of eight
      such flexure hinges for suspending rotor element 14 from driving element
      12 by means of gimbal element 18 and gimbal element 20. Each gimbal is
      connected to driving element 12 by one pair of flexure hinges having
      colinear flexure axes and to rotor element 14 by another pair of flexure
      hinges having colinear flexure axes. In the first, second and third
      embodiments shown herein the longitudinal axes of the flexure hinges are
      substantially parallel with respect to one another and with respect to the
      axis of rotation of the driving element when the universal joint is in a
      null position. The null position is defined below in the description of
      FIG. 2.
PAR  The geometry of flexure hinge 24 is shown in more detail in FIG. 2. The
      other elements shown in FIG. 1 are discussed below.
PAR  FIG. 2 is a side view of a cutaway portion of universal joint 10 showing
      flexure hinge 24 in a side elevation view. It should be observed that
      although FIG. 2 shows the apertures forming flexure hinge 24 and all the
      associated axes, flexure hinge 24 is itself not visible in this side view
      as hinge 24 is behind driven element 14. Flexure hinge 24 has a flexure
      axis 25 which radially extends from the rotor axis of rotation 15. Flexure
      hinge 24 is compliant about flexure axis 25. That is, it bends or flexes
      about this axis. Flexure hinge 24 also has a cross axis 26 and a
      longitudinal axis 27 which are both perpendicular to flexure axis 25. In
      the null position of universal joint 10 as illustrated in FIG. 2, the axis
      27 is also parallel to drive axis 13 and to rotor axis 15. The null
      position is defined as the equilibrium position which exists in the
      absence of angular displacement between axes 13 and 15. Axes 13 and 15 are
      colinear only in the null position. In gyroscopic embodiments the null
      position would exist in response to the cessation of angular rate inputs
      about sensitive axes. The various embodiments are shown in the drawings as
      being in the null position.
PAR  The cross axis of the flexure hinge is perpendicular to the flexure axis
      and lies in a plane which is defined by the flexure axis and by any one of
      the infinite number of shortest lines from a point on one surface to a
      point on the other surface of the flexure hinge. In other words, such a
      line extends from a point on one surface of the flexure hinge 24 to a
      point on the other surface of the flexure hinge where the flexure hinge
      has a minimum thickness. Longitudinal axis 27 of flexure hinge 24 is
      perpendicular to flexure axis 25 and to the cross axis 26. It is to be
      understood that the term "longitudinal axis" of a flexure hinge as used
      herein for describing the first, second and third embodiments shown in
      FIGS. 1-19 means an axis which also satisfies the additional following
      condition. The longitudinal axis lies in a plane defined by the flexure
      axis of the flexure hinge and the colinear axes of rotation of the driving
      and driven elements. For example, in FIG. 2 longitudinal axis 27 is but
      one of the infinite number of lines lying in a plane defined by colinear
      axes of rotation 13 and 15 and flexure axis 25, and, in addition,
      longitudinal axis 27 extends parallel to axes 13 and 15, which, it will be
      recalled, are assumed at rest, and thus colinear, throughout the
      description of the structure.
PAR  Chordal slot 28 is a planar surface formed to facilitate forming apertures
      in the cylindrical surface of rotor element 14. Flexure hinge 24 is formed
      by a pair of apertures or bores which have centerlines or axes which are
      preferably coplanar with flexure axis 25 and which are substantially
      equally displaced from longitudinal axis 27. Aperture 30 is such a bore
      with a centerline 31 and a radius 33. Centerline 31 is displaced from
      longitudinal axis 27 by offset distance 35. Similarly, aperture 36 is a
      bore having a centerline 37 and a radius 39. Centerline 37 is offset from
      longitudinal axis 27 by an offset distance 41. Offset distance 41 is equal
      in magnitude but opposite in direction to offset distance 35. Thus the
      side elevation of flexure hinge 24 is a necked-down portion 42 having a
      minimum thickness 43. The necked-down portion 42 has a cross section which
      is symmetrical about longitudinal axis 27 and about cross axis 26. Flexure
      hinge 24 extends radially inwardly a distance which is a function of the
      desired spring rate and of the geometry of the design. The
      three-dimensional aspects of flexure hinge 24 and other features of
      universal joint 10 may be better understood by reference to FIG. 3 which
      is an exploded view of universal joint 10.
PAR  For purposes of illustration FIG. 3 depicts gimbal elements 18 and 20
      axially displaced in opposite directions from the center of suspension 19
      of driving element 12 and rotor element 14. Gimbal elements 18 and 20 are
      each attached by two flexure hinges to drive element 12 and by two flexure
      hinges to rotor element 14. In FIG. 3 the attachment between the gimbal
      elements and the driving element and the rotor element is shown broken at
      the flexure hinges. It must be understood that the drawing of FIG. 3 is
      primarily for understanding the structure of one embodiment of the
      invention. In reality gimbal elements 18 and 20 are physically interwoven
      and interconnected with the other elements so that they could not be
      separated as shown in FIG. 3. Gimbal elements 18 and 20 are preferably
      geometrically identical, oriented with one gimbal element being the mirror
      image of the other except rotated ninety degrees about axes 13 and 15 one
      with respect to the other. In other words, the end surfaces of gimbal
      element 18 which normally lie in transverse plane 21 are identical to but
      are rotated ninety degrees with respect to the end surfaces of gimbal
      element 20 which normally lie in transverse plane 23. (Transverse planes
      21 and 23 are shown in FIGS. 1 and 2.)
PAR  Consider now the eight flexure hinges which rotatably connect rotor element
      14 to gimbal elements 18 and 20 and gimbal elements 18 and 20 to driving
      element 12. Each of these eight flexure hinges comprise a necked-down
      portion between a pair of parallel apertures as discussed above with
      reference to FIG. 2. In FIG. 3 it can be seen that flexure hinge 24
      extends radially inwardly behind chordal slot 28 and connects rotor
      element 14 to gimbal element 20. Flexure hinge 44 has a flexure axis 45
      which is colinear with flexure axis 25 and orthogonal to axes 13 and 15.
      Flexure hinge 44 has a longitudinal axis 47 which is parallel to axes 13
      and 15. Flexure hinges 24 and 44 have the same compliance characteristics
      and form a connection which may be described as a "rotor-attached" hinge
      connection for rotation of gimbal element 20 about colinear axes 25 and
      45. For purposes of illustration axes 25, 27, 45 and 47 are shown for both
      the portion of flexure hinge 24 which is a part of rotor element 14 and
      for the other portion of flexure hinge 24 which is an integral part of
      gimbal element 20. Although each of the eight flexure hinges has a cross
      axis only cross axis 26 of flexure hinge 24 is shown in FIG. 3.
PAR  gimbal element 20 is connected to driving element 12 by a pair of flexure
      hinges which have colinear flexure axes and parallel longitudinal axes.
      The colinear flexure axes of the pair of hinges connecting gimbal element
      20 to drive element 12 are angularly offset about drive axes 13 and 15
      from colinear axes 25 and 45. More particularly, flexure hinge 48 has a
      flexure axis 49 and a longitudinal axis 51. Flexure hinge 52 has a flexure
      axis 53 which is colinear with flexure axis 49 and has a longitudinal axis
      55 which is parallel to longitudinal axes 51, 27 and 47 and to axes 13 and
      15. Axes 49 and 53 are orthogonal to axes 25 and 45. Flexure hinges 48 and
      52 have the same compliance characteristics and form a connection which
      may be described as a "shaft-attached" compliant hinge connection for
      rotation of gimbal element 20 about colinear axes 49 and 53.
PAR  By design the center of gravity of gimbal element 20 lies at the common
      intersection 19 of flexure axes 25, 45, 49 and 53. In this embodiment the
      intersection of the flexure axes of gimbal element 20 and the center of
      gravity of gimbal element 20 is achieved by design of a symmetrical form
      having its mass equally divided on either side of a plane defined by the
      flexure axes 25, 45, 49 and 53.
PAR  Gimbal element 18 is similarly connected to rotor element 14 by a pair of
      colinear flexure hinges 56 and 60 and to driving element 12 by a second
      pair of colinear flexure hinges 64 and 68.
PAR  Flexure hinge 56 (having a flexure axis 57 and a longitudinal axis 59) is
      one of two hinges connecting gimbal element 18 to rotor element 14.
      Flexure hinge 60 (having a flexure axis 61 and a longitudinal axis 63) is
      the other flexure hinge connecting gimbal element 18 to rotor elment 14.
      Flexure axes 57 and 61 are colinear. Flexure hinges 56 and 60 form a
      rotor-attached hinge connection for rotation of gimbal element 18 about
      coaxial axes 57 and 61.
PAR  Flexure hinge 64 (having a flexure axis 65 and a longitudinal axis 67) and
      flexure hinge 68 (having a flexure axis 69 and a longitudinal axis 71) are
      the colinear flexure hinges connecting gimbal element 18 to drive element
      12. Flexure axes 65 and 69 are colinear and angularly offset by ninety
      degrees about axes 13 and 15 with respect to colinear flexure axes 57 and
      61. Longitudinal axes 59, 63, 67 and 71 are parallel one with respect to
      another, they are parallel with respect to the longitudinal axes of the
      flexure hinges of gimbal element 20, and they are parallel with respect to
      axes 13 and 15.
PAR  Flexure axes 25 and 45 are colinear with flexure axes 65 and 69. Similarly
      flexure axes 57 and 61 are colinear with flexure axes 49 and 53.
PAR  The center of gravity of gimbal element 18 lies at the common intersection
      19 of flexure axes 57, 61, 65 and 69. Gimbal element 18 is designed to be
      identical to gimbal element 20 and therefore has substantially the same
      mass distribution as gimbal element 20.
PAR  In addition, flexure axes 25, 45, 49, 53, 57, 61, 65 and 69 all intersect
      drive axis of rotation 13 and rotor axis of rotation 15 at a common point
      19, thus establishing a system of three mutually orthogonal coordinate
      axes.
PAR  The coaxial flexure axes of each flexure hinge connection of each gimbal
      element are orthogonal to the corresponding axes of the hinge connection
      of the other gimbal element. Colinear axes 25 and 45 of gimbal element 20
      are orthogonal to colinear axes 57 and 61 of gimbal element 18. Colinear
      axes 49 and 53 of gimbal element 20 are orthogonal to colinear axes 65 and
      69 of gimbal element 18.
PAR  Also shown in FIG. 3 are eight threaded apertures 72, 74, 76, 78, 80, 82,
      84 and 86. Four of these apertures are located in gimbal element 18 and
      the other four in gimbal element 20. Each of these apertures contains an
      associated one of eight adjustable balance weights 73, 75, 77, 79, 81, 83,
      85 and 87. The use of the balance weights is discussed in detail below.
PAR  In FIG. 3 there are shown two juxtaposed stops 88 and 90 which are integral
      with gimbal elements 18 and 20 respectively. There are a total of four
      pairs of juxtaposed integral stops which limit the freedom of angular
      displacement of rotor element 14 relative to driving element 12. Not all
      of these integral stops are visible in the perspective of FIG. 3. In other
      words, the integral stops limit deflection about the flexure axes of the
      universal joint. The primary purpose of the integral stops is to prevent
      damage to the universal joint during fabrication. At each crossover of
      gimbal elements 18 and 20 there is a pair of juxtaposed integral stops,
      one on one gimbal element and one on the other gimbal element as shown in
      detail in FIG. 4. When the rotor flexes to a predetermined angle, the
      stops butt against one another thereby preventing excessive deflection
      about a flexure axis. There is a gap between each pair of juxtaposed
      integral stops sufficient to permit a deflection in the order of 20 to 30
      milliradians about a corresponding flexure axis of the hinge. The stops
      will not limit deflection of the rotor element 14 when it is spinning
      because in the conventional manner of operating a gyroscope the spin axis
      of the rotor element is maintained in alignment with the spin axis of the
      driving element by a servo control means (not shown). The integral stops
      each have the general shape of a tooth which would touch the opposite
      tooth if an excessive angle of rotor deflection angle were reached. In a
      gyroscope having a universal joint with such integral stops another
      well-known means would be utilized to limit deflection about the flexure
      axes before the integral stops abut one another. For example, a
      conventional stop plate may be used to prevent the integral stops from
      gnawing on one another and to prevent excessive deflection of the rotor
      element during operation of the gyroscope. Fabrication of the integral
      stops is discussed below.
PAR  Referring now to both FIG. 1 and FIG. 5, there is shown in FIG. 5 a cross
      section of a free-rotor flexure-suspended gyroscope similar to the one
      described in U.S. Pat. No. 3,678,764 except that universal joint 10 has
      been substituted for the suspension means of this prior art gyroscope. The
      gyroscope shown in FIG. 5 includes a drive shaft 104, a universal joint
      10, and an inertial wheel 106. The universal joint 10 interconnects drive
      shaft 104 and inertial wheel 106. Inertial wheel 106 may be bonded to
      rotor element 14.
PAR  The operating principle of the gyroscope is based on angular decoupling of
      a spinning gyro rotor such as inertial wheel 106 from a driving shaft 104.
      To understand this concept consider the connection between the wheel and
      shaft to be a frictionless universal joint. In such a universal joint
      there would be minimal restraint to angular motion between the wheel and
      shaft. In addition such a universal joint provides high resistance to
      translational motion parallel and perpendicular to the spin axis.
PAR  When the moment of inertia of each of the gimbal elements is adjusted in
      accordance with a tuning equation, the spinning rotor is free to deflect
      through small angles without experiencing reaction torques. Thus a
      substantially frictionless universal joint is achieved. This concept is
      explained in more detail below and in U.S. Pat. No. 3,678,764. The dry,
      i.e. fluidless, tuned rotor feature eliminates all of the disadvantages of
      pigtail power leads, mass instability, radiation sensitivity, fluid
      stratification, gimbal pivots, etc. which are common to fluid-filled
      gyroscopes.
PAR  In FIG. 1 it can be seen that the inertial wheel 106 is attached to rotor
      element 14 which is in turn attached by flexures to the two gimbal
      elements 18 and 20. Gimbal elements 18 and 20 are attached to the drive
      element 12 with flexure hinges. The inertial wheel 106 and universal joint
      10 comprise the entire sensitive element. As shown in FIG. 5, the shaft
      104 may be supported by a housing or case 108 with a pair of preloaded
      ball bearings 110. Ball bearings in this instrument are not part of the
      sensitive element and therefore have no influence on mass imbalance of the
      inertial wheel 106.
PAR  Capacitance pickoffs comprising a plurality of plates 112, in cooperation
      with flange 113 of inertial wheel 106, form four capacitor pairs for
      sensing angular motion of the gyro housing relative to the rotor element.
      The pickoff signals may then be nulled by torquers as described below and
      servo loops (not shown) and thereby providing two axes of inertial
      stabilization or angular rate measurements. The four capacitance pickoffs
      are equiangularly spaced around the flange 113 (only one pickoff being
      shown in FIG. 5).
PAR  A means for applying eddy current torque to the inertial wheel 106 is shown
      in FIG. 5. A second conductive flange 114 is positioned around and at the
      other side of inertial wheel 106. Flange 114 fits into the gaps of four
      circumferentially symmetrically disposed electromagnets 115a, 115b, 115c,
      and 115d (only magnet 115d is shown in FIG. 5). Each of the electromagnets
      has an electric coil which is connected to be controlled by -- for example
      -- control means such as computers or servo means (not shown). The coils
      of the electromagnets are 116a, 116b, 116c and 116d (two of which are
      shown in FIG. 5). The electromagnets are supported on a bracket attached
      to housing 108. When it is desired to apply a torque to inertial wheel
      flange 114 about an axis (not shown) passing through magnets 115a and
      115c, magnets 115a and 115c are energized. The eddy currents induced in
      flange 114 react with the flux field to produce this torque. When it is
      desired to apply a torque to flange 114 about an axis (not shown) passing
      through the center of magnets 115b and 115d, magnets 115b and 115d are
      energized.
PAR  Isolation from external magnetic fields is provided by housing 108 which
      may be made of a high permeability steel.
PAR  The spin motor may be a three-phase hysteresis synchronous motor to drive
      the shaft 104, universal joint 10, and inertial wheel 106 at a desired
      speed. The spin motor comprises stator windings 117, hysteresis ring 118,
      and web 119.
PAR  Consider now the operation of the universal joint of the invention. An
      understanding of its operation may be facilitated by reference to a
      theoretically ideal tuned rotor element of a gyroscope.
PAR  An idealized gyroscope that demonstrates the general concept could be a
      rotor element spinning in a vacuum and attached to a shaft through an
      infinitely compliant joint comprising a necked-down section of the shaft
      as shown in FIG. 6. Such a joint is to be considered as being infinitely
      weak in bending. Since the necked-down shaft is considered to be
      infinitely compliant it cannot exert any torques on the rotor; and if the
      center of gravity of the rotor element lies at the center of support of
      the joint, there cannot be any torques on the rotor due to acceleration or
      vibration. Assuming the rotor element could be operated in a vacuum and
      completely magnetically shielded, no other source of torque would exist.
      Thus the rotor element would be free to spin undisturbed and would not
      drift. That is, the rotor axis would remain fixed with respect to inertial
      space. The ideal gyroscope would have zero spring rates. For example, if
      the rotor element of a perfect two-axis tuned-rotor gyroscope were
      displaced angularly from the spin axis of its drive shaft, the rotor
      element would continue to spin at its new position with no tendency to
      realign itself to the shaft axis of rotation.
PAR  Approximation of this ideal gyroscope in actual practice presents several
      problems. One goal is to provide a substantially infinitely compliant
      joint that is also strong enough to support a rotor against linear
      accelerations. Assume the necked-down shaft of the ideal gyroscope is
      first replaced with a one-piece universal joint having at least a pair of
      gimbals, as shown in FIGS. 1 and 5: This would give the rotor element
      complete angular freedom while supporting it against acceleration. To
      avoid uncertainties in error torques, the pivot means in the universal
      joints must be substantially frictionless. Such pivots are achieved by
      using elastic flexure hinges in torsion rather than conventional bearings.
      However, the practical instrument may exhibit error torques which would
      cause a rotor previously displaced from the shaft axis of rotation to
      realign itself with the shaft axis.
PAR  One such undesired error torque would arise if the direction of the spin
      axes of the rotor element and of the drive shaft do not coincide when the
      gyroscope is in a captured condition. Such a misalignment would occur, for
      example, if there were an offset in the pickoffs used to detect the
      position of the spin axis. Assuming the absence of other sources of torque
      on the rotor, an offset in the pickoffs of a captured gyroscope would
      result in a bending of the flexure hinges. Bending of the flexure hinges
      would, in turn, produce a torque on the rotor element, tending to align
      the rotor element with the drive shaft. Since the rotor element has
      angular momentum, this torque would produce the well-known effect of
      precessing the spin axis of the rotor element around in a cone. This
      torque developed by the bending hinges is known as an in-phase spring
      rate.
PAR  If the spin axis of the rotor element and of the drive shaft are not
      aligned, each gimbal element must vibrate back and forth to accommodate
      the relative motion. Since a gimbal element has a finite mass and moment
      of inertia, it must be acted on by torques to produce this motion, and
      these torques are produced partly by reactions on the drive shaft and
      partly by reactions on the rotor element. The reaction torques on the
      rotor element provide a compensating mechanism. Mathematically these
      torques of the gimbal elements are identical to a negative in-phase spring
      rate. They may be adjusted to make the rotor element precess in a cone but
      in the opposite direction to the precession produced by the bending action
      of the flexure hinges. Adjustment of gimbal negative spring rates to
      cancel the torsional positive spring rates at a particular spin speed of
      the rotor is known as "tuning" the gyroscope. The conditions of tuning a
      free-rotor gyro having a single intermediate gimbal suspended between a
      rotor and a shaft are described in an article entitled "Dynamically Tuned
      Free Rotor Gyroscope" published in Control Engineering, June, 1964, pages
      67 through 72.
PAR  The stiffness of this negative spring is determined by the moment of
      inertia of the gimbal elements. The general torque expression is given by
      the stiffness of the negative spring:
EQU  dynamic spring rate for each gimbal = N.sup.2 (C-A-B)
PAL  where N = spin frequency and A, B and C are gimbal principal moments of
      inertia about the spin axis and about the flexure axes. The strength of
      the effective spring rate is proportional to the moment of inertia of the
      gimbal element about the spin axis minus the moments of inertia about the
      two flexure axes. If the gimbal element were infinitely thin, this
      expression would approach zero; the negative spring rate is proportional
      to the height of the gimbal element in the direction of the spin axis. In
      practice the positive spring rates of the individual flexure hinges are
      preferably matched to one another within an accuracy of about five
      percent, and the effective height of each gimbal element is adjusted by
      means of adjustment screws so that the total spring rate is substantially
      zero.
PAR  For a gyro in the free mode (no capturing) a direct or in-phase net spring
      rate causes nutation of the rotor (a slow coning motion) directly
      proportional to the extent the rotor axis is offset from the spin axis.
      For example, a direct spring rate arises if the spin frequency is
      different from the tuned frequency of the gimbal suspension, i.e. if the
      suspension is not perfectly tuned. Torque is developed about the same axis
      as the initial displacement, which in turn causes the rotor to precess
      about an axis at right angles to the displacement axis. Since there is no
      energy dissipation in this spring, the rotor axis of spin does not return
      to the shaft axis of spin but continues to precess in a cone about the
      shaft axis.
PAR  The magnitude of the in-phase spring rate for off-tuning conditions is
EQU  .theta. /.theta. = (.DELTA.N) /F.sub.m
PAL  where .DELTA.N is the difference between the tuned frequency and the actual
      spin frequency and F.sub.m is a term called the figure of merit. F.sub.m
      for any given instrument is equal to HN/K.sub.T, where H is the angular
      momentum of the rotor, N is the spin frequency, and K.sub.T is the sum of
      all the torsional spring rates of the hinge suspension. A net in-phase
      spring rate due to off-tuning is eliminated by adjusting the moments of
      inertia of the gimbal elements in the manner taught below. The universal
      joint of the invention may be implemented in a gyroscope which
      substantially eliminates error torques arising because of the
      rectification of vibrations occurring at a frequency equal to twice the
      spin frequency of a rotor element. Such rectified error torques may also
      be substantially eliminated by adjustment of the moments of inertia of the
      gimbal elements. Ball bearings utilized to support the shaft produce
      vibrations at harmonics of the spin frequency. Unless compensatory
      adjustments are made, tunedrotor gyros will rectify such vibrations at
      twice the spin frequency. The effect can be severe, typically of the order
      of 5.degree./hr/sec of amplitude of the vibration at a frequency of twice
      the spin frequency if no compensation is made.
PAR  To understand this effect more fully, consider an example where the flexure
      hinges along one axis of a gimbal element are relatively stiff compared to
      hinges along the other axis of the gimbal element. If the gyro is
      subjected to angular vibration, the hinges must twist by an amount equal
      to the amplitude of the vibration, thus producing a direct spring torque
      on the rotor element. Normally these spring torques will average to zero
      over each cycle of vibration, but not in the case of synchronous vibration
      at twice the spin frequency 2N. In the worst case the positive half-cycles
      of angular displacement will twist a stiff flexure hinge while the
      negative half-cycles will twist a weak, i.e. a less stiff, flexure hinge.
      The result is a net average torque on the rotor element. For actual
      flexure hinges this effect can be practically eliminated by careful
      matching of the spring rates of the flexure hinges.
PAR  However, the negative dynamic spring rate produced by the motion of the
      gimbal inertias is highly asymmetrical. To explain this phenomenon more
      fully, assume that an angular rate is applied about an axis fixed with
      respect to the housing of the instrument. The torque transmitted to the
      rotor element at any given instant is a function of the position of the
      rotor element at that instant. For a single gimbal element it can be seen
      that the gimbal element is coerced to follow the shaft angular rate when
      the shaft-attached flexure axis is at right angles to the axis of the
      input rate, but is not coerced to follow the shaft when it is in line with
      the axis of the input rate (because of its low torsional stiffness).
      Essentially, then, the rotor element is alternately torqued with high
      gyroscopic torques when the input angular rate acts across the "hard" axis
      of the gimbal but is not torqued with high gyroscopic torques when the
      input angular rate acts on the "soft" axis. If a condition can be met such
      that the high angular rates in one direction occur when there is strong
      gyroscopic coupling to the rotor, but for the high angular rates in the
      opposite direction the transmitted torques are very weak, then there will
      be a net rectification in favor of the high coupling direction. This
      condition does exist for angular vibration inputs at twice the spin
      frequency and only at this frequency. Analysis has shown, however, that
      this rectification effect is canceled by the torques applied to the rotor
      element by a properly matched second gimbal element attached at right
      angles to the first, or by second and third gimbal elements equiangularly
      spaced around the spin axis from the first gimbal element and matched to
      effectively cancel the torque vectors of the three gimbal elements, and so
      forth for universal joints having four or five gimbal elements.
PAR  The universal joint of the invention preferably includes at least two
      independent gimbal elements having their gimbal inertias adjusted to
      achieve cancellation of the spring rates and cancellation of torques due
      to vibrations about casefixed input axes at twice the spin speed. For
      example, the gimbal elements will rectify 2N vibration, but the
      rectification torques will be equal and opposite, provided that the
      gimbals are carefully matched for this characteristic. The matching is
      accomplished with the same balance weights used to tune the gyro to zero
      net spring rate at the operating frequency.
PAR  The following paragraphs restate the teachings of U.S. Pat. No. 3,678,764
      and describe the equations of motion of such a gyroscope, the tuning
      conditions, and the conditions for substantial suppression of errors
      caused by applied torques at frequency 2N.
PAR  In FIG. 7 is shown a simplified diagram of the rotor 120, the shaft 122 and
      the gimbal element 124 with coordinates adapted for ease of analysis and
      simplicity of the equations. Similarly, FIG. 8 is a simplified diagram of
      the rotor 120, shaft 122 and another gimbal element 126 having coordinates
      which simplify the analysis and which result in simplified equations. The
      coordinate axes are defined as follows:
PAR  A right-hand set of orthogonal coordinate axes X, Y, Z are defined upon the
      supporting housing (not shown in FIGS. 7 and 8).
PAR  The rotatable shaft 122 has affixed therein a right-hand set of orthogonal
      coordinate axes x, y, z in which the coordinate z coincides with the
      coordinate Z of the housing-fixed set of coordinates X, Y, Z. The x, y
      coordinates rotate with the shaft 122 and define a plane which is at right
      angles to the driving shaft axis z.
PAR  A right-hand orthogonal set of coordinates x.sub.1, y.sub.1, z.sub.1 is
      defined in the gimbal element 124 with the x.sub.1 axis coinciding with
      the x axis of the shaft 122, as shown particularly in FIG. 7.
PAR  A right-hand orthogonal set of coordinates x.sub.2, y.sub.2, z.sub.2 is
      defined in the gimbal element 126 as shown particularly in FIG. 8, with
      the y.sub.2 axis coaxial with the y axis of the shaft 122.
PAR  A right-hand orthogonal system of coordinates x', y', z', as shown
      particularly in FIGS. 7 and 8, is defined on the rotor 120 with the x'
      axis coaxial with the x.sub.2 axis. The y' axis is coaxial with the
      y.sub.1 axis.
PAR  The torsional spring constants of the springs connecting the shaft 122 and
      the gimbal 124 along the x, x.sub.1 axes are designated K.sub.x1 ' and
      K.sub.x1 ". The spring constants of the springs connecting the shaft 122
      and the gimbal 126 along the y.sub.2, y axes are designated K.sub.y2 ' and
      K.sub.y2 ". The spring constants of the springs connecting the gimbal 124
      to the rotor 120 along the y.sub.1 axis are designated K.sub.y1 ' and
      K.sub.y1 ". The spring constants of the springs connecting the gimbal
      element 126 and the rotor 120 along the x.sub.2 axis are designated
      K.sub.x2 ' and K.sub.x2 ".
PAR  In the following equations K.sub.x is the total positive spring rate which
      acts along the x axes and K.sub.y is the total positive spring rate which
      acts along the y axes:
EQU  K.sub.x = K.sub.x1 ' + K.sub.x1 " + K.sub.x2 ' + K.sub.x2 "
EQU  K.sub.y = K.sub.y1 ' + K.sub.y1 " + K.sub.y2 ' + K.sub.y2 " (1)
PAR  The damping coefficient D.sub.x1 is defined for gimbal element 124 for its
      rotation about the x.sub.1 axis. The damping coefficient D.sub.y1 is
      defined for gimbal element 124 for its rotation about the y.sub.1 axis.
      Similarly, the damping coefficients D.sub.x2 and D.sub.y2 are defined for
      gimbal element 126 for its rotation about the x.sub.2 and the y.sub.2
      axes, respectively. In the following equations, it is assumed that the
      damping coefficients are zero. The effect of a damping coefficient is to
      shorten the time constant of the device. Hence the value of the damping
      coefficient must be maintained small enough that it does not affect the
      operation of the device.
PAR  The principal moments of inertia for gimbal element 124 are defined as
      A.sub.1, B.sub.1, C.sub.1 about the x.sub.1, y.sub.1, z.sub.1 axes,
      respectively. The principal moments of inertia for gimbal element 126 are
      defined as B.sub.2, A.sub.2, C.sub.2 about the x.sub.2, y.sub.2, z.sub.2
      axes, respectively. Because of the symmetry of the gimbal elements 124 and
      126 and of the rotor 120, the products of inertia are zero.
PAR  The principal moments of inertia for rotor 120 are defined as A, B, C about
      the x', y', z' axes, respectively.
PAR  FIGS. 9 and 10 are diagrams showing the relationship between the housing or
      case-fixed coordinates X, Y, Z and the rotor-fixed coordinates x, y, z for
      the purpose of explaining the resolution of angles, angular rates and
      torques which are applied about the case-fixed axes X, Y into the
      rotor-fixed axes coordinate system x, y, z. The angular velocity of the
      shaft is defined as "N." Angular rates applied to the housing or case
      perpendicular to the Z axis may be resolved into components .phi..sub.X
      and .phi..sub.Y about the case-fixed axes X and Y, respectively. The
      angular rates .phi..sub.x and .phi..sub.y may then be resolved into
      angular rates about the shaft-fixed axes x, y, z. Similarly, torque acting
      on the gimbals (or rotor) from the housing or case about an axis
      perpendicular to the Z axis may be resolved into components M.sub.X and
      M.sub.Y about the X and Y axes, respectively. The M.sub.X and M.sub.Y
      components may be resolved about the shaft-fixed axes x and y.
PAR  The spin axis z' of the rotor 120 is, in general, not constrained to be
      coaxial with the axes z and Z. The rotor 120 may be considered to be
      angularly displaced, relative to shaft 122, about the x and y axes. The
      angular displacements of the rotor 120, relative to the shaft 122, about
      the x and y axes of the shaft 122, are designated .theta..sub.x and
      .theta..sub.y, respectively.
PAR  For the above definitions, the equations of motion of the rotor 120
      relative to the shaft 122 are:
     (A + A.sub.1) .THETA..sub.x + [K.sub.x + N.sup.2 (C + C.sub.1 - B -       
     B.sub.1)].THETA..sub.x +                                                  
     N (C - A -B) .THETA..sub.y = - (A + A.sub.1)[.phi..sub.X cos Nt +         
     .phi..sub.Y sin Nt]+                                                      
     N (C + C.sub.1 + A - B + A.sub.1 - B.sub.1)[.phi..sub.X sin Nt            
     - .phi..sub.Y cos Nt]+                                                    
     M.sub.X cos Nt + M.sub.Y sin Nt                                           
PAL  and
TBL  (B + A.sub.2) .THETA..sub.y + [K.sub.y + N.sup.2 (C + C.sub.2 - A -       
     B.sub.2)] .THETA..sub.y -                                                 
     N (C - A - B) .THETA..sub.x = + (B + A.sub.2) [.phi..sub.X sin Nt -       
     N (C + C.sub.2 + B - A + A.sub.2 - B.sub.2) [.phi..sub.X cos Nt +         
     .phi..sub.Y sin Nt] -                                                     
     M.sub.X sin Nt + M.sub.y cos Nt                                           
PAR  It can be shown from these equations that if the torsional spring rates are
      adjusted, and the moments of inertia are adjusted, the rotor acts
      substantially as a free rotor, while eliminating rectification torques
      from the rotor caused by oscillatory inputs on the shaft at twice the spin
      frequency N. The general conditions for such adjustments are:
      ##EQU1##
      for rectification suppression, and
      ##EQU2##
      for perfect tuning; where;
EQU  J = 1/2[A.sub.2 + B.sub.2 - C.sub.2) + (A.sub.1 + B.sub.1 - C.sub.1)] (5)
EQU  .DELTA.j = 1/2[(a.sub.2 + b.sub.2 - c.sub.2) - (a.sub.1 + b.sub.1 -
      c.sub.1)]                                                 (6)
EQU  k = 1/2 [k.sub.x + K.sub.y ]                               (7)
EQU  .DELTA.K = 1/2 [K.sub.x - K.sub.y ]                        (8)
PAL  and N equals angular velocity of shaft 122 in radians/second.
PAR  For a practical instrument,
EQU  .DELTA.K/K &lt;&lt; 1 and (A + B - C) &gt;&gt; J                       (9)
PAL  therefore equations (3) and (4), to a close approximation, reduce to:
EQU  .DELTA.J.apprxeq. .DELTA.K/N.sup. 2                        (10)
PAL  and
EQU  J.apprxeq. K/N.sup.2                                       (11)
PAL  rearranging equations (10) and (11) and substituting equations (5), (6),
      (7) and (8),
EQU  (K.sub.x - K.sub.y).apprxeq.N.sup.2 (A.sub.2 + B.sub.2 - C.sub.2 - A.sub.1
      - B.sub.1 + C.sub.1)                                      (12)
PAL  for 2N rectification suppression, and
EQU  (K.sub.x + K.sub.y) .apprxeq. N.sup.2 (A.sub.1 + A.sub.2 + B.sub.1 +
      B.sub.2 - C.sub.1 - c.sub.2)                              (13)
PAL  Note by adding equations (12) and (13)
EQU  K.sub.x = N.sup.2 (A.sub.2 + B.sub.2 - C.sub.2)            (14)
PAL  and by subtracting equation (12) and (13)
EQU  K.sub.y = N.sup.2 (A.sub.1 + B.sub.1 - C.sub.1)            (15)
PAR  thus, for a given set of springs having composite spring constants K.sub.x
      and K.sub.y as defined in equation (1), it is possible to adjust the
      gimbal inertias by balance weights to achieve the desired conditions of
      both proper tuning and also zero 2N rectification.
PAR  In applying the foregoing analysis to a practical embodiment rotor 120 may
      be considered to be the dynamic equivalent of rotor element 14 and
      inertial wheel 106. Similarly, shaft 122 may be considered to be the
      dynamic equivalent of drive element 12 and shaft 104.
PAR  There are a number of parameters considered in the design of the two gimbal
      embodiment of the universal joint of the invention shown in FIGS. 1-5. For
      purposes of discussion these design parameters may be grouped in terms of
      design choices, inertia characteristics of the multiple gimbals, stiffness
      of the flexure hinges connecting gimbal elements to the rotor element and
      to the drive element, and the geometry of the suspension system of gimbals
      and flexure hinges.
PAR  One of the initial design choices to be made is the selection of a material
      from which the one-piece universal joint is to be made. The material
      selected should have a low hysteresis. Utilization of a material having
      low hysteresis will contribute to the minimization of damping caused by
      oscillations about the torsion axes.
PAR  Another primary design choice in the fabrication of a gyroscope utilizing
      the universal joint of the invention is the selection of a spin speed for
      gyro motor, shaft, inertial wheel and universal joint. Selection of a spin
      speed is related to specific designs for these rotating elements of a
      gyroscope and is not a part of the invention. For purposes of the
      following discussion, it will be assumed that an appropriate spin speed of
      the gyro has been selected.
PAR  It will also be assumed that the inertial wheel has no (or can be adjusted
      to substantially eliminate) mass unbalance and radial unbalance.
PAR  There are two interrelated design parameters which should be considered in
      order to achieve a tuned condition (i.e. cancellation of the spring rates
      of the suspension system) and to achieve cancellation of constant torques
      acting on the rotor generated by rectification of vibrations of the shaft
      occurring at substantially twice the spin frequency. The conditions for
      achieving both proper tuning and also zero 2N rectification are set forth
      in equations (14) and (15) above. Satisfaction of the conditions of
      equations (14) and (15) is achieved by adjusting balance weights which
      vary the moments of inertia of the gimbal elements. Selection of the same
      moments of inertia of the gimbal elements and torsional stiffness for the
      flexure axes minimizes the range of balance adjustment needed to achieve
      the two conditions.
PAR  According to another design parameter, radial and axial stiffness of the
      universal joint 10 are preferably approximately equal. Anisoelasticity of
      the suspension (i.e. substantially unequal stiffness) in the radial and
      axial directions will generate a torque on the rotor if accelerations act
      along both the spin axis and input axes simultaneously. For example,
      isoelasticity of the suspension means may be achieved by making the
      U-shaped sections of gimbal elements 18 and 20, as shown in FIG. 3, the
      appropriate thickness so that axial compliance is equal to radial
      compliance.
PAR  According to the next design parameter, the center of gravity of the gimbal
      elements is preferably at the center of suspension of the universal joint
      in both the axial and radial directions. If this condition is not met, the
      universal joint will contribute to spin axis mass unbalance and to radial
      unbalance of the combined universal joint and inertial wheel system.
      Recall that it was assumed that the inertial wheel is balanced in both the
      radial and axial directions. Ease in achieving this design parameter is
      one of the significant advantages of the universal joint of the invention.
      Because the universal joint of the invention is fabricated from a single
      piece of material, the center of suspension may be established with very
      fine tolerances using ordinary machining techniques. In the embodiment of
      the universal joint shown in FIGS. 1-5, the center of gravity of the
      flexure hinge is established by a symmetrical design and may be adjusted
      in the axial direction by means of the gimbal balance weights.
PAR  According to another design parameter, for embodiments having two gimbal
      elements the axis of one gimbal element is angularly offset about the spin
      axis ninety degrees relative to the corresponding axis of the other gimbal
      element. For example, colinear flexure axes 49 and 53 of rotor-attached
      flexure hinges 48 and 52 in FIG. 3 comprise one axis of gimbal element 20
      and are preferably offset ninety degrees with respect to colinear flexure
      axes 65 and 69 of rotor-attached flexure hinges 64 and 68. Ease in
      achieving this design parameter is also one of the principal advantages of
      the universal joint of the invention. Because the universal joint is
      fabricated from a single piece of material, the angular offset of the
      flexure axis can be precisely controlled by ordinary machining techniques.
      Nonorthogonality between the flexure axis of one gimbal element relative
      to the flexure axis of the other gimbal element produces an effect known
      as angular or rotational quadrature for vibrations at twice the spin
      frequency. This effect is a bias shift occurring for angular vibrations at
      twice the spin speed which cannot be completely minimized by inertia
      adjustments alone. The torque is called quadrature because it acts at
      ninety degrees with respect to the torque produced by not adjusting the
      gimbal inertias according to equations (14) and (15). This torque which
      acts in quadrature is due to the nonorthogonality between the gimbals'
      axes of attachment.
PAR  In accordance with yet another design parameter the flexure axes of the
      gimbal elements will preferably intersect one another. In other words,
      there is preferably no skewness of the two flexure axes of each gimbal
      element. For example, colinear flexure axes 49 and 53 intersect colinear
      flexure axes 25 and 45. Ease of achievement of this design parameter is a
      major advance of the universal joint of the invention. Skewness of the
      flexure axis would result in a different pendulosity of the rotor about
      one axis of the universal joint relative to the other axis. This
      separation of axes would cause a bias shift to occur for linear vibration
      acting along the case-fixed input axes at twice the spin speed. It is
      possible to cancel the adverse effect of the skewness by adjustment. See,
      for example, U.S. Pat. No. 3,538,776. However, the substantially complete
      achievement of this design parameter of the universal joint of the
      invention renders such adjustments virtually unnecessary. If there is any
      drift of this sort in the universal joint of the invention, it can be
      eliminated by differentially adjusting the centers of gravity of the
      gimbals by adjusting their balance weights. However, any reduction in the
      amount of gimbal pendulosity adjustment needed to cancel this error source
      is beneficial. For a given range of adjustment of the balance weights in
      the gimbal elements, a reduced requirement to eliminate gimbal pendulosity
      at twice the spin speed means that more of the range of adjustments
      remains for other purposes.
PAR  According to still another design parameter for two-gimbal embodiments the
      two flexure axes of each gimbal element are preferably orthogonal with
      respect to one another.
PAR  If they are not orthogonal and if a skewness exists, bias shift
      proportional to steady accelerations in a radial direction will be caused
      since a torque develops about the same axis as the applied acceleration.
      This effect is called quadrature unbalance because the torque from this
      error source is orthogonal to a torque resulting from mass unbalance. A
      gyro having either a quadrature unbalance or a mass unbalance is sensitive
      to gravity, or accelerations, acting at right angles to the spin axis.
PAR  Quadrature unbalance can also be caused not only by nonorthogonality
      between the rotor-attached flexure axis and the shaft-attached flexure
      axis of each gimbal element but also by skewness, as discussed above, in
      combination with the nonorthogonality of corresponding axes of the two
      gimbal elements.
PAC  DESCRIPTION OF AN EMBODIMENT OF THE INVENTION HAVING THREE GIMBAL ELEMENTS
PAR  There is shown in FIGS. 11 and 12 a second embodiment of the invention
      having three gimbal elements. It is to be understood, however, that the
      principal of the invention is general and the design of the gimbal
      elements may vary widely. For example, the shape of the gimbal elements
      may be varied, gimbal elements need not be symmetrically shaped, the
      gimbal elements may cross over one another or they may not cross over, the
      gimbal elements need not be equiangularly spaced, and the gimbal elements
      need not have identical moments of inertia.
PAR  FIGS. 11 and 12 show three gimbal elements equiangularly spaced about an
      axis of rotation with each gimbal element spanning an angle of ninety
      degrees about that axis. FIG. 11 is a plan view primarily showing the
      rotor element of the universal joint and FIG. 12 is a plan view primarily
      showing the drive element of the universal joint.
PAR  Universal joint 200 is a one-piece universal joint made in accordance with
      the principles of the invention and comprising a drive element 202 having
      an axis of rotation 203, a rotor element 204 having an axis of rotation
      205, three identical gimbal elements 206, 208 and 210, and six flexure
      hinges each having two radially separated parts with a common flexure
      axis. Drive element 202 has a bore for receiving a drive element (not
      shown). Universal joint 200 may be used in a tuned gyro such as the gyro
      shown in FIG. 5. In other words, the embodiment shown in FIGS. 11 and 12
      may be substituted for universal joint 10 in any application including the
      one discussed above and shown incorporated in the tuned gyro of FIG. 5.
      Universal joint 200 is fabricated in accordance with the method described
      below for fabrication of the preferred embodiment shown in FIGS. 15-19.
PAR  In the embodiment shown in FIGS. 11 and 12 the three gimbal elements are
      each connected to drive element 202 and to rotor element 204 by a pair of
      flexure hinges. The flexure hinges of universal joint 200 are of the same
      type as the flexure hinges of universal joint 10 with each flexure hinge
      having a flexure axis and a longitudinal axis. In this embodiment each
      flexure hinge comprises a pair of necked-down portions of material. Each
      flexure hinge is formed by forming a pair of parallel holes in the same
      manner as described above for the first embodiment shown in FIGS. 1-5. The
      flexure hinge formed by the material between the pair of adjacent parallel
      holes is separated into two radially separated parts during the
      fabrication process by a cut with an electrical discharge machine. This
      separation cut is discussed in more detail below.
PAR  The flexure hinges of universal joint 200 and of other embodiments of the
      invention may be formed by drilling parallel holes or by the use of an
      electrical discharge machine technique or by any other suitable technique.
      The cross section of each hole need not be a full circle if electrical
      discharge machine techniques are used, for example. Also, the curvature of
      the two walls of the necked-down portion of each hinge need not be that of
      a circle.
PAR  Flexure hinge 212 integrally connects gimbal element 206 to rotor element
      204. Flexure 212 has two radially separated parts, namely hinges 212a and
      212b. Flexure hinges 212a and 212b have a common flexure axis 213 and
      longitudinal axes 215a and 215b. Longitudinal axis 215a is shown in FIG.
      11A. Axes 215a and 215b are parallel to one another and are parallel to
      axes of rotation 203 and 205 when the universal joint is in a null
      position. Recall that in the null position there is no rotation of any
      gimbal element about its flexure axis. Flexure hinges 212a and 215b each
      have a cross axis as defined above for flexure hinge 24 but not shown in
      FIGS. 11 and 12.
PAR  Similarly, gimbal element 208 is connected to rotor element 204 by a
      flexure hinge 216 having two parts, namely flexure hinges 216a and 216b.
      Flexure hinges 216a and 216b have a common flexure axis 217 and they have
      parallel longitudinal axes 219a and 219b. When the universal joint is in a
      null position, axes 219a and 219b are also parallel to axes 203 and 205
      and to the longitudinal axes at the other hinges.
PAR  Flexure hinge 220 is a third flexure hinge which connects gimbal element
      210 to rotor element 204. Flexure hinge 220 also has two parts, namely
      flexure hinges 220a and 220b. Flexure hinges 220a and 220b have a common
      flexure axis 221 and a pair of parallel longitudinal axes 223a and 223b.
PAR  Each flexure hinge connecting a gimbal element to drive element 202 is
      similar to the rotor-attached flexure hinge for that gimbal element but is
      offset about the axes 205 and 203 by an angle of ninety degrees. For
      example, flexure hinge 224 connects gimbal element 206 to drive element
      202 and has a flexure axis 225 offset ninety degrees from axis 213 about
      axes of rotation 203 and 205. Flexure hinge 224 has two parts, namely
      flexure hinges 224a and 224b. Flexure hinges 224a and 224b have
      longitudinal axes 227a and 227b, respectively, which are parallel to one
      another and also parallel to axes of rotation 203 and 205 when the
      universal joint is in the null position.
PAR  Flexure hinge 228 integrally connects drive element 202 and gimbal element
      208. Flexure hinge 228 has two parts, namely flexure hinges 228a and 228b.
      Flexure hinges 228a and 228b have a common flexure axis 229 and parallel
      longitudinal axes 231a and 231b, respectively. The longitudinal axes 231a
      and 231b are parallel to axes of rotation 203 and 205 when the universal
      joint is in the null position.
PAR  Flexure hinge 232 connects gimbal element 210 to drive element 202. Flexure
      hinge 232 has two parts, namely flexure hinges 232a and 232b. Flexure
      hinges 232a and 232b have a common flexure axis 233 and parallel
      longitudinal axes 235a and 235b, respectively. Longitudinal axes 235a and
      235b are parallel to axes of rotation 203 and 205 when the universal joint
      is in the null position. Longitudinal axis 235a is shown in FIG. 11C.
PAR  All the flexure axes 213, 217, 221, 225, 229 and 233 intersect axes of
      rotation 203 and 205 at a common point. All of the longitudinal axes 215a
      and 215b, and 219a and 219b, 223a and 223b, 227a and 227b, 231a and 231b,
      and 235a and 235b are parallel to one another and parallel to axes of
      rotation 203 and 205 when the universal joint is in the null position.
PAR  Consider now certain other features of the embodiment shown in FIGS. 11 and
      12. Each gimbal has a threaded aperture therein and two balance weights
      for adjusting gimbal inertia. Gimbal element 206 has an aperture 238 and a
      pair of balance weights 240a and 240b therein. Each balance weight is a
      screw rotatable in the threaded aperture. Gimbal element 208 has a
      threaded aperture 242 and a pair of balance weights 244a and 244b therein.
      Similarly, gimbal element 210 has a threaded aperture 246 and a pair of
      balance weights 248a and 248b therein. Adjustment of one of the weights in
      each aperture is achieved by an access hole through the other weight. For
      example, access to balance weight 240b is accomplished through a hole in
      balance weight 240a.
PAR  In this embodiment drive element 202, rotor element 204 and gimbal elements
      206, 208 and 210 each have a pair of end surfaces which are axially
      displaced from one another, one transverse end surface of drive element
      202, rotor element 204, gimbal element 206, gimbal element 208, and gimbal
      element 210 is in transverse plane 251, and the other transverse surface
      of each of these elements is in transverse plane 253. Transverse planes
      251 and 253 are shown in FIG. 11E. In other words, there is no axial
      displacement among those end surfaces of drive element 202, rotor element
      204, and gimbal elements 206, 208 and 210 which are situated in the same
      axial direction along axes 203 and 205 from the intersection of all the
      flexure axes of the hinges.
PAR  It will be appreciated from FIGS. 11 and 12 that the center of gravity of
      universal joint 200 is at its geometric center, i.e. at the intersection
      of the flexure axes with the axes of rotation. The intersection of the
      flexure axes with the axes of rotation is known as the center of
      suspension.
PAR  Drive element 202 has three equiangularly spaced arms. For a universal
      joint having three gimbal elements the preferred spacing between the
      flexure axes of the flexure hinges connecting each gimbal element to the
      driving element is 120.degree.. For such a universal joint the preferred
      spacing between the flexure axis of the flexure hinge connecting each
      gimbal element to the driving element and the flexure axis of the flexure
      hinge connecting that gimbal element to the rotor element is 90.degree..
      According to this preferred spacing of flexure hinges, the flexure hinges
      connecting each gimbal element to the rotor element would have their
      flexure axes spaced apart 120.degree. about the spin axes of the rotor
      element and the driving element.
PAR  As described above each flexure hinge in the embodiment shown in FIGS. 11
      and 12 has two radially separated parts. Each flexure hinge of the three
      gimbal embodiment is formed by drilling a pair of parallel apertures in
      accordance with the method discussed below. Slot cuts are made according
      to this method for the purpose of removing a center section of the
      necked-down portion of material forming each flexure hinge. Removal of a
      section of the necked-down portion of material reduces the torsional
      stiffness of the flexure hinge to a desired value. The two parts of each
      flexure hinge remaining after a slot cut are preferably radially separated
      by as large a distance as possible in order to provide the universal joint
      with a high axial stiffness.
PAR  The operation of the second embodiment shown in FIGS. 11 and 12 is similar
      to the operation of the first embodiment shown in FIGS. 1-5 as discussed
      above. More particularly, a gyroscope incorporating the second embodiment
      shown in FIGS. 11 and 12 would preferably be operated as a tuned,
      free-rotor gyro and would preferably be adjusted to eliminate error due to
      sensitivity to shaft vibrations that occur at a frequency equal to twice
      the spin frequency. In other words, a gyro having three gimbal elements is
      operated in a manner which satisfies equations similar to (12) and (13)
      above. In a multigimbal universal joint each gimbal element produces an
      error moment having a magnitude and direction. If the gimbal elements are
      symmetrical, the magnitude of the error moments will be substantially
      identical. Therefore, the angular spacing of the gimbal elements about the
      rotor spin axis may be selected and adjusted so that the resultant of all
      these moments produced by the individual gimbal elements is equal to zero.
      A universal joint having three gimbal elements is described in U.S. Pat.
      No. 3,678,764. The characteristics of such a device are also discussed in
      a paper entitled "Dynamically Tuned Gyros in Strapdown Systems," presented
      at the Advisory Group for Aerospace Research and Development Conference on
      Inertial Navigation Components and Systems, Oct. 2-5, 1972, and in a paper
      entitled "Theory of Errors of a Multigimbal-Elastically Supported, Tuned
      Gyroscope," published in the IEEE transactions on Aerospace and Electronic
      Systems, Volume AES-9, No. 3, May, 1972, both papers authored by Robert J.
      G. Craig. In the embodiment shown in FIGS. 11 and 12, the moments of
      inertia of the gimbal elements are controlled by adjustment of balance
      weights 240, 244 and 248.
PAR  In FIG. 13 there is shown a multisensor 300 for sensing both linear
      accelerations and angular displacements incorporating two universal
      joints. Of the gyroscopes described above, each utilizes a rotor element
      which is insensitive to linear acceleration. The rotor element may be made
      sensitive to linear acceleration, if desired, by making it pendulous, i.e.
      by displacing its center of mass to one side of the plane of its
      attachment to its shaft. Multisensors are described more completely in
      U.S. Pat. Nos. 3,678,764 and 3,382,726. Multisensor 300 has two
      gyroscopes, one pendulous and one nonpendulous, mounted on the same
      driving shaft. The pendulous gyroscope utilizes a universal joint 10a,
      identical to universal joint 10 described above, but having its center of
      gravity 301 adjusted to a point displaced along the axis of the drive
      shaft 302 from the center of suspension 303a. The non-pendulous gyroscope
      has its center of gravity located at the center of suspension 303 of
      universal joint 10. Universal joint 10 is described above. The pendulous
      gyroscope measures both angular and linear accelerations. All the other
      adjustments of the balance weights of universal joint 10a are identical to
      the adjustments of universal joint 10 as described above. The
      non-pendulous gyroscope senses only angular displacements. The signal
      representing only angular displacements is subtracted from the signal
      representing both linear accelerations and angular displacements to
      produce a signal which is a measure and representative of only linear
      accelerations. The multisensor of FIG. 13 incorporates inertial wheels and
      is in general similar to the gyroscope shown in FIG. 5 except that it is
      double-ended, i.e. it has two inertial wheels, two sets of torquers and
      two sets of pickoffs, etc. but a single drive motor.
PAR  A pendulous gyro on one end of a multisensor may be simply produced by
      adjusting rotor weights in the inertial wheel (not shown) and to some
      extent by the balance weights of universal joint 10a along the spin axis
      of drive shaft 302. For example, if all of the rotor weights are axially
      displaced along the spin axis the center of graity can be moved from the
      center of suspension to make the gyro pendulous.
PAR  Multisensor 300 is an instrument capable of measuring angular rates each of
      two sensitive axes as well as linear acceleration along these same
      sensitive axes. This is accomplished by two inertial wheels 304 and 306,
      freely suspended from a single motor driven shaft 302, one balanced and
      having high annular momentum to measure rates, the other pendulous along
      the spin axis and having low angular momentum to measure acceleration.
      Each inertial wheel has its associated pickoffs and torquers sensitive
      about two principal axes. Electronics (not shown) may be used to provide
      amplification of gyro output signals and a closed two-axis servo loop for
      the accelerometer rotor. Torquer currents monitored externally to the
      multisensor are a measure of accelerations.
PAR  The multisensor may be constructed by enclosing the motor stator between
      two housing halves and welding the parts together. Precision ball bearings
      310 support the shft 302 which carries both gyro and accelerometer
      inertial wheels and the hysteresis ring 312. A combination limit stop and
      dynamic balance plate 314 is attached to and rotates with each rotor
      element. Pickoffs and torquers (not shown in FIG. 13) are conventionally
      mounted directly to the case in the manner shown in FIG. 5. Each inertial
      wheel may have screw adjustments for other sources of unbalance such as
      radial unbalance and mass unbalance. The gimbal elements have screw
      adjustments for resonant frequency and twice spin vibration sensitivity,
      both translational and rotational. Covers 320 and 322 provde a vacuum seal
      and a magnetic shield.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION AND THE PREFERRED
      METHOD OF MAKING IT
PAR  Consider now the method of making the preferred embodiment of the universal
      joint of the invention. It is to be understood that although the method of
      making the universal joint is described for the preferred embodiment, the
      method may also be applied to the fabrication of the embodiment shown in
      FIGS. 1-5 and the embodiment shown in FIGS. 11 and 12 and to the
      fabrication of other embodiments of the universal joint of the invention.
      It is also to be understood that some of the method steps described below
      are optional and that the order of the various operations may be varied by
      one skilled in the art without depparting from the concept of the
      invention.
PAR  The preferred embodiment has flexure hinges located near the perimeter of
      the rotor element to facilitate measurement of the thickness of the
      necked-down portions of material comprising the flexure hinges.
      Measurements of these thicknesses are utilized in calculating the positive
      spring rate of each gimbal element. Recall that the positive spring rate
      of the flexure hinges and the counteracting moments of inertia of the
      gimbal elements which are effectively negative spring rates are caused to
      cancel each other by the procedure described above as "tuning" the gyro.
PAR  A one-piece universal joint may be fabricated from a round bar stock of a
      material such as a high carbon alloy steel or other similar material
      having high strength. The diameter of the bar will of course determine the
      outer diameter of the driven element of the universal joint to which an
      inertial wheel will be attached.
PAR  Referring now to FIG. 14 and to FIG. 15, a blank 400 of material is cut
      from bar stock. The thickness of the blank will be controlled by design
      considerations for the ultimate use of the universal joint. In a gyroscope
      the diameter of the driving shaft and the size of the inertial wheel will
      be primary factors in determining the thickness and diameter of the blank
      400 from which the universal joint is fabricated.
PAR  A hole 402 having a center axis 403 colinear with the center axis of
      cylindrically shaped blank 400 is bored from either side of the blank. The
      diameter of hole 402 is selected so that blank 400 may later be mounted on
      a drive shaft (not shown).
PAR  Chordal slots 404a, 404b, 404c and 404d, as shown in FIG. 15 are milled at
      a spacing of ninety degrees from one another about center axis 403. The
      four chordal slots 404 each provide a planar surface to facilitate the
      drilling of parallel holes.
PAR  Next, four pairs of parallel holes are drilled in blank 400. One pair of
      holes 408 and 410 will form a necked-down portion 406 of material which
      will ultimately comprise two radially separated flexure hinges having a
      common flexure axis 407. Holes 408 and 410 are shown by way of example in
      FIGS. 14 and 15 in a two-gimbal element embodiment. The centerlines of the
      remaining three pairs of parallel holes are preferably equiangularly
      spaced at 90.degree. intervals about center axis 403 from the centerline
      407 between holes 408 and 410. The centerlines of all eight of the
      individual holes are coplanar in a plane transverse to axis 403. The
      centerline of each individual hole of each pair of holes extends at the
      same distance from its flexure axis. For example, centers 409 and 411 of
      holes 408 and 410, respectively, are at equal distances from centerline
      407 which is also the flexure axis of the flexure hinges being fabricated.
      Cross axis 412 is perpendicular to the flexure axis 407. Each necked-down
      portion of material has a longitudinal axis which is perpendicular to the
      corresponding flexure axis and is parallel to center axis 403. For
      example, necked-down portion 406 has a longitudinal axis 413. Each pair of
      holes is drilled to a predetermined depth in blank 400 but could
      alternatively be drilled all the way through the blank. Of course, if
      holes were drilled all the way through the blank, spaced ninety degrees
      around the center axis 403, only two pairs of holes would be needed to
      produce the four necked-down portions. The depth of the holes is a matter
      of design choice and the desired stiffness for the flexure hinge is of
      course a prime consideration in determining a depth.
PAR  Three additional necked-down portions 414, 416 and 418 of material are
      identical to necked-down portion 406 of material and are formed in the
      manner described above. Each necked-down portion of material so formed
      will ultimately be separated into two flexure hinges by electrical
      discharge machine cuts. For example, necked-down portion 406 will later be
      cut into a flexure hinge connecting one gimbal element to a driving
      element and another flexure hinge connecting the other gimbal element to a
      rotor element.
PAR  In the next step, eight holes 420, 422, 424, 426, 428, 430, 432 and 434 are
      drilled and tapped in blank 400. Of these holes, the center of each is at
      an equal distance from axis 403 and the holes have centerlines parallel to
      axis 403. The purpose of these holes is to receive adjustable balance
      weights as discussed above. The location of the holes is a function of the
      design of a particular embodiment being fabricated.
PAR  Blank 400 may next be subjected to a heat treatment to increase its
      hardness. Heat treating is well known in the art.
PAR  According to the preferred method of the invention, blank 400 is next
      precisely dimensioned. The cylindrical surface of the blank may be ground
      to a precise outer diameter. The sides of the blank may be lapped to be
      precisely parallel. Aperture 402 may be ground to a precise inner
      diameter. Each pair of holes for forming a flexure hinge may be ground to
      define the flexure hinge to be formed more precisely. For example, holes
      408 and 410 may be ground to a larger diameter and/or holes 408 and 410
      may be ground to decrease the distance between their centerlines 409 and
      411. Preferably, the centerlines 409 and 411 of holes 408 and 410,
      respectively, are maintained equidistant from flexure axis 407.
PAR  Next, the electrical discharge machine techniques are utilized to produce
      axially oriented slots in blank 400. The electrical machining process is
      well known in the industry and electrical discharge machines are available
      from various sources. For example, a Charmilles D10 electrical discharge
      machine may be utilized with electrodes especially designed to make the
      slot cuts in blank 400.
PAR  A handbook of machining procedures entitled "Electrical Machining,
      Spark-Erosion Machines, Technology Generators" is available from the
      Charmilles Engineering Works Ltd., Geneva, Switzerland. Electrical
      discharge machining is described in a book entitled "Electrical Discharge
      Machining for the 1970's" by Leland J. Quackenbush and William N.
      Lawrence. The book is available from the Industrial Development Division
      Institute of Science and Technology, The University of Michigan, 2200
      North Campus Blvd., Ann Arbor, Mich. 48105, U.S.A.
PAR  Turning now to FIGS. 16, 17 and 18 there are shown three views which show
      the structure of the preferred embodiment and the electrical discharge
      machine cuts. For example, slots 433a, 433b, 433c and 433d which pass all
      the way through blank 400 may be produced by one electrical discharge
      machine electrode. Slots 435 may be made by another electrode. It is
      pointed out that slots 435a and 435b do not extend all the way through
      blank 400. The relative depth of some of the slot cuts from the end
      surfaces are shown in FIG. 17. The order of making slot cuts of course may
      be varied. Also, it would of course be possible to vary the design of the
      electrodes. For example, all six slots 433 and 435 could be made by one
      integral "cookie-cutter" type electrode. The side of blank 400 from which
      slots 435 are cut will hereinafter be referred to as the first side.
PAR  Referring now to FIG. 18, the blank 400 is turned over to position it for
      cutting from the opposite side from slots 435 (hereinafter referred to as
      the second side of the blank 400). Slots 437a and 437b extend partially
      through blank 400 in an axial direction and have concentric walls in the
      radial direction.
PAR  Slots 439a, 439b, 439c and 439d comprise four identical, equiangularly
      spaced slots cut all the way through blank 400 in the axial direction and
      having concentric walls in the radial direction.
PAR  Similarly, slots 441a, 441b, 441c and 441d comprise four identical,
      equiangularly spaced slots which are cut entirely through blank 400 in the
      axial direction and which have concentric walls in the radial direction.
PAR  Slots 443a, b, c and d, e, f, g and h are cut all the way through blank 400
      in the axial direction and each have parallel walls extending to a
      generally radial direction. There are a total of eight slots 443 formed in
      one cut of the electrode of the electrical discharge machine.
PAR  Next, blank 400 is placed with the first side uppermost as shown in FIG.
      16. Slots 445 are cut part of the way through blank 400 in the axial
      direction and each have parallel walls extending in a generally radial
      direction. There are four slots 445a, b, c and d.
PAR  Next, four slots 447a, 447b, 447c and 447d are cut from the second side as
      shown in FIG. 18. Slots 447 correspond to slots 445 but are rotated
      90.degree. about axis 403 and are on the opposite side of blank 400 from
      slots 445. Each slot 447 extends only part of the way through blank 400 in
      the axial direction and has a pair of parallel walls extending in a
      generally radial direction.
PAR  Slots 449 are cut partially through blank 400 in the axial direction from
      the first side. There are two different shapes of slots made by this cut,
      slots 449a, b, c, d of one shape and slots 449e, f, g and h of another.
PAR  Slots 451a, b, c, d, e, f, g and h total eight in number and correspond to
      slots 449a, b, c, d, e, f, g and h, respectively, but are cut from the
      second side of blank 400 and are offset 90.degree. with respect to slots
      449. Each slot 451 is cut only part of the way through blank 400 in an
      axial direction.
PAR  Slots 453 are cut with one electrode from the first side. There are four
      slots 453a, b, c and d each passing part of the way through blank 400 in
      an axial direction. Slots 455 are cut from the second side of the blank
      and are offset 90.degree. with respect to slots 453. There are four slots
      455a, b, c and d each cut only a part of the way through blank 400 in an
      axial direction.
PAR  Once more, blank 400 is turned over and a pair of slots 457a and 457b are
      cut from the first side each extending only a part of the way through
      blank 400 in an axial direction.
PAR  Slots 459a and b correspond to slots 457a and b but are cut from the second
      side of the blank and are offset ninety degrees about axis 403 with
      respect to slots 457a and b, respectively.
PAR  Slots 461a, b, c and d are cut all the way through blank 400.
PAR  Blank 400 is now at a stage where the gimbal elements are separated by
      slots from a drive element and a rotor element except for the integral
      flexure hinges connecting the various elements and except for the material
      at the points where gimbals cross over.
PAR  If integral stops are omitted in the design, a stop plate may be
      temporarily cemented to blank 400 to prevent excessive stresses during the
      fabrication process, especially during the step when the gimbal elements
      are separated from one another. However, where integral stops are used for
      preventing excessive stress, the stop plate is not utilized.
PAR  As pointed out above, isoelasticity of the suspension means should be a
      design goal. The axial and radial translational stiffnesses, i.e.
      compliance, of the suspension means should be as nearly equal as possible.
      In attempting to obtain isoelasticity in the axial and radial directions,
      the stiffness of the entire suspension means coupling the rotor element to
      the drive element is considered. For the universal joints of the invention
      the translational stiffness is usually greater in the axial direction,
      i.e. along the axes of rotation of the driving element and the driven or
      rotor element. One may therefore weaken the suspension means axially to
      adjust the axial stiffness to be equal to the radial stiffness. For
      example, the axial stiffness may be weakened by forming slots in the
      section of a gimbal element opposite either a rotor-attached or opposite a
      shaft-attached flexure hinge. Slots 463a and b, as shown in FIG. 16,
      weaken the axial stiffness of one gimbal element. These slots are formed
      from a first side of blank 400 and extend partially through the blank
      toward flexure hinges 418 and 414, respectively. Similarly, slots 465a and
      465b are formed in the second side of blank 400, as shown in FIG. 18.
      Slots 465a and b, as shown in FIG. 18, similarly extend from the second
      side partially through the blank and are located opposite flexure hinges
      416 and 406, respectively. Slots 463a and b and 465a and b weaken the
      suspension means in the axial direction by effectively decreasing the
      stiffness of the connections to the driving element. Alternatively, other
      slots could be utilized to weaken the translational stiffness of
      connections to the rotor element.
PAR  Referring to FIG. 3, similar slot cuts could be made in the U-shaped
      sections of gimbal elements 18 and 20 to weaken the axial compliance of
      the suspension means. Such a slot cut would be made in the "bottom of the
      U" opposite each of the flexure hinges 48, 52, 64 and 68 to weaken the
      connection to driving element 12.
PAR  The size of the slot cuts for adjusting isoelasticity may be calculated
      from well-known principles and may be varied by experiment to adjust the
      axial compliance to be equal to the radial compliance of a suspension
      means.
PAR  The slot cuts to adjust isoelasticity may be formed by removing material by
      standard machining procedures such as drilling, boring, milling,
      electrical discharge machine techniques, or by the use of laser
      techniques.
PAR  In FIGS. 16 and 18 there are shown in phantom the shape of an electrode for
      cutting four radial slots 467a, b, c and d with an electrical discharge
      machine. These slots separate the gimbal elements. FIG. 19 shows one such
      slot. For a universal joint having two gimbal elements for slots would be
      cut at equiangular spacing around axis 403 to separate the gimbal elements
      from each other.
PAR  FIGS. 16 and 18 show in phantom the depth of the four slotos 467a, b, c and
      d. Optionally, the shape of the electrode will leave a post shown in
      phantom in FIG. 16. A final slot 469 is cut with a thin electrode to
      separate each post into two portions 466 and 468 with each portion being
      integrally attached to a different gimbal element. These two slots are
      repeated at ninety degree intervals about axis 403 to form gimbal elements
      470 and 472 (adjustment screws not shown).
PAR  Gimbal element 470 is flexibly connected to driving element 474 by two
      flexure hinges having colinear flexure axes and to rotor element 476 by
      two flexure hinges also having colinear flexure axes. Gimbal element 472
      is flexibly connected to driving element 474 by two flexure hinges having
      colinear flexure axes and to rotor element 476 by two flexure hinges also
      having colinear flexure axes. The flexure hinges are shown in phantom in
      FIGS. 16 and 18. The flexure hinges of the preferred embodiment have
      flexure axes, cross axes and longitudinal axes located according to the
      conditions described above for orientation of corresponding axes of the
      embodiment shown in FIG. 3.
PAR  The embodiments of the universal joint of the invention described thus far
      have each incorporated flexure hinges having longitudinal axes
      substantially parallel to the axis of rotation of a driving element when
      the universal joint is in the null position. However, it is to be
      understood that it is also within the scope of the invention to position
      the centers of each pair of parallel holes forming a necked-down portion
      of material so that the centers are axially offset and not coplanar in a
      plane transverse to the axis of rotation of the driving element. More
      specifically, if the centers of each pair of holes forming a flexure hinge
      are axially offset so that the flexure axes of all of the flexure hinges
      are still coplanar in a plane transverse to the axis of rotation of a
      driving element, the necked-down portion of material of each flexure hinge
      will have a longitudinal axis which is substantially perpendicular to the
      axis of rotation of the driving element when the universal joint is in a
      null position. This fourth embodiment of the invention may be fabricated
      by using the techniques disclosed herein.
PAR  In FIG. 20 there is shown broken away a universal joint 500 wherein each
      flexure hinge has its longitudinal axis in a plane substantially
      perpendicular to the axis of rotation of the driving element and
      substantially perpendicular to the axis of rotation of the driven element.
      Only one flexure hinge is shown in FIG. 20 but any of the three
      embodiments described above and other embodiments may be made with flexure
      hinges each having the orientation with respect to the spin axes as shown
      in FIG. 20.
PAR  In FIG. 20 universal joint 500 has a drive axis 501 of rotation
      corresponding to axis 13 of the universal joint 10 as shown in FIG. 1 and
      a driven axis 503 of rotation corresponding to axis 15 in FIG. 1. There is
      shown a flexure hinge 504 having a flexure axis 505 and a longitudinal
      axis 507 which are both in a plane substantially perpendicular to axes 501
      and 503 when flexure hinge 504 is in a null position. Flexure hinge 504 is
      formed by drilling or otherwise making a pair of apertures 508 and 510.
      Apertures 508 and 510 have centerlines 509 and 511, respectively.
      Centerlines 509 and 511 are offset from flexure axis 505 an equal distance
      and they are parallel to flexure axis 505. Flexure hinge 504 has a cross
      axis 513 parallel to axes 501 and 503 when universal joint 500 is in the
      null position. The longitudinal axes of a universal joint having all of
      its flexure hinges oriented with respect to the driven and driving axes of
      rotation, as shown in FIG. 20, are coplanar. That is, the longitudinal
      axes would all lie in a plane perpendicular to the driven and driving axis
      of rotation assuming that the centers of the apertures forming the flexure
      hinges all lie in a pair of parallel planes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a universal joint:
PA1  a. a driving element having a first axis of rotation;
PA1  b. a driven element having a second axis of rotation;
PA1  c. at least a pair of gimbal elements each coupled to said driving element
      and to said driven element; and
PA1  d. a plurality of flexure hinges for coupling each said gimbal element to
      said driving element and to said driven element, said flexure hinges
      flexing to permit small angular misalignment between said first and second
      axes of rotation, each said flexure hinge having a flexure axis, a cross
      axis and a longitudinal axis, said cross axis being perpendicular to the
      flexure axis and colinear with a line extending from one wall of the
      flexure hinge to the other between points of minimum thickness, said
      longitudinal axis being perpendicular to said flexure axis and to said
      cross axis, first ones of said plurality of flexure hinges flexibly
      connecting said gimbal elements to said driving element, each said first
      flexure hinge having a flexure axis radially extending from said first
      axis of rotation, second ones of said plurality of flexure hinges flexibly
      connecting said gimbal elements to said driven element, each said second
      flexure hinge having a flexure axis radially extending from said second
      axis of rotation said flexure hinges being oriented so that each of said
      longitudinal axes forms an angle of substantially the same magnitude with
      said first and second axes of rotation when said first and second axes of
      rotation are colinear one with the other.
NUM  2.
PAR  2. The device as claimed in claim 1 wherein said flexure hinges are
      oriented so that the angle formed between each said longitudinal axis and
      said axes of rotation is substantially 0.degree..
NUM  3.
PAR  3. The device as claimed in claim 2 further including a drive shaft, an
      inertial wheel and a means for rotating said drive shaft, said drive shaft
      connected to said driving element, said inertial wheel connected to said
      driven element wherein a resulting device comprises a gyroscope for
      sensing angular motions.
NUM  4.
PAR  4. The device as claimed in claim 3 further including a second, pendulous
      inertial wheel element connected to rotate with said driving element by at
      least a second pair of gimbal elements and a second plurality of flexure
      hinges wherein the resulting device comprises a multisensor for generating
      signal respresentative of angular motions and linear accelerations.
NUM  5.
PAR  5. The device as claimed in claim 4 wherein each said stop is an integral
      part of a gimbal element.
NUM  6.
PAR  6. The device as claimed in claim 1 wherein said flexure hinges are
      oriented so that the angle formed between each said longitudinal axis and
      said axes of rotation is substantially ninety degrees.
NUM  7.
PAR  7. The device as claimed in claim 1 wherein said driven element comprises a
      rotor element of a gyroscope, said rotor element having a second axis of
      rotation, said gimbal elements substantially isolating said rotor element
      whenever said driving element deflects about at least one of said flexure
      axes, said gimbal elements isolating said rotor element from angular
      motions of said driving element about an axis perpendicular to said first
      axis of rotation.
NUM  8.
PAR  8. The device as claimed in claim 7 wherein said plurality of flexure
      hinges are positioned with respect to said driving element and with
      respect to said rotor element so that the flexure axis of each said first
      flexure hinge connecting each gimbal element to said driving element is
      angularly offset about said axes of rotation with respect to the flexure
      axis of a second flexure hinge connecting that gimbal element to said
      rotor element.
NUM  9.
PAR  9. The device as claimed in claim 7 wherein said plurality of flexure
      hinges are positioned with respect to said driving element and to said
      rotor element so that the flexure axis of each said first flexure hinge is
      angularly offset about said axes of rotation with respect to the flexure
      axis of each other said first flexure hinge and so that the flexure axis
      of each said second flexure hinge is angularly offset about said axes of
      rotation with respect to the flexure axis of each other said second
      flexure hinge.
NUM  10.
PAR  10. The device as claimed in claim 7 wherein said driving element and said
      rotor element are substantially isolated from one another by three gimbal
      elements, each said gimbal element being connected to said driving element
      by at least one said first flexure hinge and connected to said rotor
      element by at least one said second flexure hinge.
NUM  11.
PAR  11. The device as claimed in claim 7 wherein the principal moments of
      inertia of said gimbal elements and the spring constants of said flexure
      hinges are predetermined to cause said rotor element to have substantially
      the characteristics of a free rotor.
NUM  12.
PAR  12. The device as claimed in claim 7 wherein each said flexure hinge has a
      cross-sectional area perpendicular to its flexure axis which includes a
      necked-down portion of material, said cross-sectional area being
      symmetrical about said longitudinal axis.
NUM  13.
PAR  13. The device as claimed in claim 1 wherein said driving element, said
      rotor elements, said gimbal elements and said plurality of flexure hinges
      comprise one integral piece of material.
NUM  14.
PAR  14. The device as claimed in claim 13 wherein said driven element comprises
      a rotor element of a gyroscope, said rotor element having a second axis of
      rotation, said gimbal elements substantially isolating said rotor element
      whenever said driving element deflects about at least one of said flexure
      axes.
NUM  15.
PAR  15. The device as claimed in claim 14 wherein each said flexure hinge
      comprises a compliant portion formed between a pair of apertures, the
      apertures having walls substantially parallel to its flexure axis.
NUM  16.
PAR  16. The device as claimed in claim 15 wherein said plurality of flexure
      hinges are positioned with respect to said driving element and with
      respect to said rotor element so that the flexure axis of each said first
      flexure hinge connecting each gimbal element to said driving element is
      angularly offset about said axes of rotation with respect to the flexure
      axis of a second flexure hinge connecting that gimbal element to said
      rotor element.
NUM  17.
PAR  17. The device as claimed in claim 16 wherein said plurality of flexure
      hinges are positioned with respect to said driving element and to said
      rotor element so that the flexure axis of each said first flexure hinge is
      angularly offset about said axes of rotation with respect to the flexure
      axis of each other said first flexure hinge and so that the flexure axis
      of each said second flexure hinge is angularly offset about said axes of
      rotation with respect to the flexure axis of each other said second
      flexure hinge.
NUM  18.
PAR  18. The device as claimed in claim 17 wherein the principal moments of
      inertia of said gimbal elements and the spring constants of said flexure
      hinges are predetermined to cause said rotor element to have substantially
      the characteristics of a free rotor.
NUM  19.
PAR  19. The device as claimed in claim 18 wherein the principal moments of
      inertia of said gimbal elements and the spring constants of said flexure
      hinges are selected to cause substantial cancellation of all constant
      torques generated by rectification of vibrations occurring at
      substantially twice the speed of rotation of said rotor element.
NUM  20.
PAR  20. The device as claimed in claim 19 wherein said driving element and said
      rotor element are substantially isolated from one another by three gimbal
      elements, each said gimbal element being connected to said driving element
      by at least one said first flexure hinge and connected to said rotor
      element by at least one said second flexure hinge.
NUM  21.
PAR  21. The device as claimed in claim 1 wherein a pair of gimbal elements
      include at least one pair of juxtaposed stops for limiting the rotation of
      said pair of gimbal elements about a preselected flexure axis, one of said
      pair of stops being mounted on each of said pair of gimbal elements, said
      stops having a gap between whenever said first and second axes of rotation
      are colinear and abutting one another whenever said pair of gimbal
      elements rotate about said preselected flexure axis with respect to one
      another through a predetermined angle and in a direction closing said gap.
NUM  22.
PAR  22. A method for fabricating a one-piece universal joint having flexure
      hinges which flexibly interconnect intermediate elements with a driven
      element and with a driving element which has a rotational axis, the method
      comprising:
PA1  a. forming a first set of axial slots from one surface of a blank to form
      portions of a driving element, a driven element, at least a pair of gimbal
      elements;
PA1  b. forming a second set of axial slots from an opposite surface of the
      blank to form other portions of said driving element, said driven element,
      said gimbal elements, said first and second set of slots radially
      separating said elements from one another;
PA1  c. forming a plurality of flexure hinges for rotatably connecting each said
      gimbal element to said driving element and for rotatably connecting each
      said gimbal element to said driven element; and
PA1  d. forming another set of radial slots in said blank for axially separating
      said driving element, said driven element and said gimbal elements so that
      the remaining connections between said elements consist of said flexure
      hinges.
NUM  23.
PAR  23. The method according to claim 22 and further comprising the step of
      forming a plurality of apertures in said blank, a first one of said
      apertures adapted to receive a drive shaft and the remaining ones of said
      plurality of apertures arranged in a predetermined pattern about said
      first aperture and each adapted to receive a balance weight.
NUM  24.
PAR  24. The method according to claim 23 characterized in that the blank is a
      circular metal disc and the steps of forming the first and second sets of
      axial slots and the radial slots are performed such that the central
      portion of the disc becomes the driving element whose rotational axis
      coincides with the axis of the disc and such that the first one of said
      aperatures adapted to receive a drive shaft is an aperture in the driving
      element.
NUM  25.
PAR  25. The method according to claim 22 wherein the step of forming a
      plurality of flexure hinges is performed prior to the step of forming a
      first set of axial slots.
NUM  26.
PAR  26. The method according to claim 22 wherein the steps of forming said
      first set of slots and forming said second set of slots are interspersed
      by first forming some of the slots in said first set, then forming some of
      the slots in said second set, then forming others of the slots in said
      first set and then forming others of the slots in said second set.
NUM  27.
PAR  27. The method according to claim 22 wherein the steps of forming said
      first and second sets of slots are interspersed by forming first ones of
      the slots in said first set, forming first ones of the slots in the said
      second set which are substantially identical in shape to said first ones
      in said first set, forming second ones of the slots in said second set and
      forming second ones of the slots in said first set which are substantially
      identical in shape to said second ones in said second set.
NUM  28.
PAR  28. The method according to claim 22 wherein the step of forming a
      plurality of flexure hinges comprises forming a plurality of adjacent
      apertures according to said pattern, each pair of apertures having
      juxtaposed, substantially parallel walls for forming a flexure hinge
      therebetween, the flexure hinge having a flexure axis substantially
      parallel to said walls.
NUM  29.
PAR  29. The method according to claim 22 and further comprising the step of
      forming a third set of axial slots from said surfaces of said blank for
      adjusting the axial translational stiffness of the universal joint to be
      substantially equal to its radial translational stiffness.
NUM  30.
PAR  30. The method according to claim 26 wherein each slot in said third set of
      slots extends from one said surface partially through a gimbal element and
      is located in a gimbal element at a position opposite a flexure hinge.
NUM  31.
PAR  31. A one-piece universal joint having at least a pair of gimbal elements
      made according to the process claimed in claim 22.
NUM  32.
PAR  32. The method as claimed in claim 22 wherein the steps of forming a first
      set of axial slots, forming a second set of axial slots and forming
      another set of radial slots are each performed using electrical discharge
      machining technology.
NUM  33.
PAR  33. The method according to claim 22 wherein each flexure hinge is formed
      by drilling a pair of adjacent holes in the blank.
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ABST
PAL  A preset positioning device which is suitable for push-button tuners, and
      in particular for car radios.
PAL  The device has a frame with a locator and a reference both mounted on the
      frame and both movable relative to the frame through respective ranges of
      corresponding positions. Means are provided for setting of the locator to
      a desired position. An actuator is operable either to move the reference
      to store a set position of the locator or to move the locator to take up a
      pre-set position stored by the reference.
BSUM
PAR  The present invention relates to a pre-set positioning device. Such a
      device has a locator which is movable relative to a frame. A desired
      position for the locator may be pre-set in the device. When the locator is
      not in the desired position it may be returned to that position by
      operating an actuator to re-set the position of the locator to the desired
      position.
PAR  A typical application for a pre-set positioning device is in a push-button
      tuner such as is commonly used for car radios or for television sets. The
      locator of the positioning device is linked to a tuning circuit of the
      tuner is such a way that the position of the locator determines the
      frequency, and hence the station, to which the tuner is tuned. Each of the
      push-buttons comprise a separate actuator for selecting a different
      station and each must initially be pre-set to move the locator to a
      position in which the tuner is tuned to a desired station.
PAR  This description is mainly in terms of a pre-set positioning device for
      push-button tuners, but there are other applications in which a pre-set
      positioning device can be useful, as for example in the control of machine
      tools.
PAR  Due to the adverse conditions under which a car radio, because it is
      mobile, has to operate, the I.F. bandwidth is limited to a degree such
      that a tuning frequency error of .+-. 2Kc's will show a perceptible change
      in sensitivity. This is a re-set error normally allowed on a standard push
      button tuner due to the practical limits imposed by its mechanics. It
      would however be more desirable to reduce this to .+-. 1Kc. The standard
      medium wave broadcast band is 1100 KHz wide so a tolerance of .+-. 2Kc's
      represents 1/550th of the tuning core movement. The total movement of the
      core to cover the band is usually 10mm and can have up to 30%
      non-linearity so that under the worst conditions to obtain re-set accuracy
      the tuning must be re-positioned to within .+-. 0.013mm or for a tuning
      accuracy of .+-. 1Kc 0.0065mm.
PAR  Present pre-set positioning devices have variable position stops which can
      be fixed in a desired position along an actuator (push-button). The
      position of a stop along an actuator acts as a reference memory which
      stores the desired position. When the actuator is operated its stop
      engages the locator which is biased to press against it. To meet the
      accuracy requirements outlined above such an arrangement needs to have an
      actuator which moves over an accurately determined path so that the stop,
      while remaining in the same position relative to the actuator, also
      ensures that the locator takes up the same position relative to the frame
      each time its position is re-set. This imposes severe tolerance restraints
      during manufacture and is also unsatisfactory in that the mounting of the
      actuator tends to be the part of the positioning device which wears most
      in use. These tolerance and wear problems have been overcome in the past
      either by making the actuators very accurately and solidly (which is
      expensive) or by sacrificing accuracy so that periodic re-setting of an
      actuator is required after a few operations.
PAR  The preset positioning device of the present invention has a frame, a
      locator mounted on the frame and movable relative to the frame through a
      first range of settable positions, setting means for moving the locator to
      set its position, a reference for storing the position of the locator also
      mounted on the frame and movable relative to the frame through a second
      range of positions corresponding to the positions of the first range, and
      an actuator operable in a first mode to move the reference to store a set
      position of the locator and a second mode to move the locator to take-up a
      pre-set position of the reference.
PAR  The setting means may simply consist of a part of the locator which is
      conveniently placed for use as a handle by an operator who wishes to set
      the position of the locator. Alternatively the setting means may include
      some form of linkage between a setting knob or handle and the locator. It
      may be desirable in that case to provide a clutch mechanism to disengage
      the setting means when the actuator is operated, or at least while the
      actuator is operated for moving the locator.
PAR  The modes of operation of the actuator could simply be determined by
      whether the setting means is used to hold the locator in position, in
      which case the first mode of operation will ensue with the reference
      moving to store the locator position, or whether the setting means is
      released leaving the locator free to move, in which case the second mode
      of operation will ensue. This method of separating the two modes relies on
      friction holding the reference in place.
PAR  A preferred method of distinguishing the two modes is for the device to
      have a clamp for fixing the position of the reference. In the first mode
      of operation the actuator is operated to release the clamp before moving
      the reference and then to re-clamp the reference once it is in position.
      In the second mode of operation the reference remains clamped and the
      locator is moved. It would also be possible to have a clamp for the
      locator to clamp it when the reference is unclamped.
PAR  The actuator may comprise a push-button which, when pushed, causes a
      comparator to bring the locator and the reference into corresponding
      positions. The comparator is preferably mounted on the actuator and
      operated each time the actuator is operated regardless of the mode.
PAR  The important point is that the reference (which performs a function
      analogous to the more usual stop) is mounted on the frame instead of on
      the actuator. This allows the actuator to have relatively sloppy
      tolerances since it only has to bring the reference and the locator into
      corresponding positions which can be done with a loosely mounted
      comparator.
PAR  In a preferred embodiment the reference may include a pin made from
      high-grade steel (e.g. a roller suitable for a roller bearing). The
      locator has a corresponding pin. To bring these two parts into
      corresponding positions their pins are aligned by a comparator which
      consists of a Y-shaped member made of nylon with splayed prongs and a
      throat in which the pins are a push fit. When the actuator is operated the
      splayed prongs engage the pins and guide them to the throat. The
      comparator and a free one of the pins are free to move and so both of the
      pins and the throat end up in a position determined by the fixed one of
      the pins.
PAR  When the pre-set positioning device is used with a tuner it is preferable
      for the locator to act directly on a variable tuning device to avoid
      engineering tolerance problems on a linkage between the locator and the
      tuning device.
DRWD
PAR  An embodiment of the invention, as applied to a push-button radio tuner
      will be described in detail by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is an exploded perspective view of a tuner push-button device
      looking outwards from the inside of the tuner and showing the positioning
      components;
PAR  FIG. 2 is an exploded view similar to FIG. 1 showing the tuning components;
PAR  FIG. 3 is a partially cutaway perspective view showing the positioning
      components assembled; and
PAR  FIG. 4 is a similar view to FIG. 3 showing the tuning components assembled.
DETD
PAR  Referring to FIGS. 1 and 3, a tuner front plate 10 of a standard size to be
      fitted in a car has two round holes 12 and 14 near its ends for a tuning
      knob and a volume control knob respectively, an elongate hole 16 occupying
      most of the upper half of its centre region for a tuning display, five
      generally square holes 18 beneath the tuning display hole 16 for passing
      push-buttons, and a backwardly projecting tray 20 for mounting the
      positioning mechanism. The front plate 10 also has various holes for
      receiving fixing screws and slots for locating a top cover 22 of the tray
      20.
PAR  The tray has two upstanding ends 24 and 26 adjacent the outermost ones of
      the push-button holes 18 so that the push-bottons are all received into
      the tray 20 between the ends 24 and 26. It has a flat floor 28 over the
      rear half of its underside and an elongate cut-out 30 occupying the front
      half of its underside. The front and rear edges of the floor 28 are bent
      upwards and the front edge 32 has five slots 38 which act as guides for
      the push-buttons which also pass through the holes 18. The ends of the
      tray 24 and 26 are pierced by respective key-hole shaped apertures 34 and
      36 for holding a tuning bar 40 which is the locator of the positioning
      device and is free to move to left and to right, parallel to the front
      plate 10 while sliding through the apertures 34 and 36. The tuning bar 40
      has five upstanding pins 42 which are of a size to pass through the slot
      parts of the key-hole shaped openings 34 and 36.
PAR  The tray cover 22 has two locating slots 51 and 52 which hold upwardly
      projecting tongues on the ends 24 and 26. The cover 22 overhangs the end
      24 of the tray 20 and provides a base on which the tuning components are
      mounted. The part of the cover 22 which is over the tray has five similar
      sets of slots and deformations; one set for each push-button. The sets
      each comprise a slot 53 aligned with its corresponding hole 18 for guiding
      a lock-arm 60, a bearing hole 54 near the end of the slot 53, two dents 55
      forming an equilateral triangle with the bearing hole 54 and a
      banana-shaped slot 56 having curved sides centred on the bearing hole 54.
      The dents 55 serve to maintain the angular position of a reference lock 62
      on the top of the cover while the bearing hole 54 and the banana-shaped
      slot 56 are used in conjunction with a reference arm 57 which is pivoted
      at the bearing hole 54 by a rivet 58 and which has a lock-engaging hook 59
      that projects through the banana-shaped slot 56 and curves over the top of
      the cover 22. The end of reference arm 57 which is free to move in the
      banana-shaped slot 56 has a downwardly directed reference pin 44 (see FIG.
      3) which is aligned with a pin 42 of the tuning bar.
PAR  Each push-button comprises a push-rod 70 comprising two relatively broad
      flat portions 71 and 72 slightly joggled with respect to each other and a
      relatively long narrow backwardly projecting tail 73 which is joggled
      further below the rear portion 72 than the rear portion 72 is joggled
      below the front portion 71. The edges of the rear portion 72 engage lower
      slots 74 in the sides of the generally square holes 18 and the tail 73
      passes through one of the guide holes 38. Wrapped around the tail 73 is a
      coil compression return spring 75 which occupies the cut-out 30 and acts
      between the front edge 32 of the floor and the joggle between the tail 73
      and the rear portion 72 of the push rod 70 to bias the push-button
      forwardly.
PAR  A switch lever 80 is free to slide on the floor 28 and has cam shaped
      grooves 82 one of which engages the tail 73 of a push-button each time any
      push-button is operated and causes the switch lever to move to left or to
      right. The switch lever 80 may be used to switch between long wave and
      medium wave.
PAR  The rear end of the rear flat portion 72 of the push-rod 70 has sloping
      cam-shoulders 76 for engaging a clutch operator 121 to release the tuning
      mechanism of the tuner from the tuning knob when the push-button is
      operated. This is described below with reference to FIGS. 2 and 4. The
      rear flat portion 72 also has a bearing 77 in which a spacer 78 is mounted
      to hold a comparator 90. The comparator is made of plastics material such
      as nylon or acetal and comprises a Y-shaped member with backwardly
      directed splayed prongs 91 and 92 leading to a throat 93. The forward end
      of the comparator 90 has squared shoulders 94 which engage the sides 64 of
      the hole 18 and prevent the push-button being pulled out through the front
      plate 10 of the tuner.
PAR  The forward flat portion 71 of the push-rod 70 has a longitudinally
      extending centre slot 79 through which a button-engaging pin 84 passes to
      fix a plastics button 85 to the push rod 70 the push-rod is received in a
      lower slot 87 of the button 85. A button latch 86 is also fixed by the pin
      84 and the assembly of the button 85, the pin 84 and the latch 86 is free
      to slide along the push rod for the length of the slot 79. Also engaged
      with the pin 84 is a longitudinally-extending slot 61 of the lock arm 60
      which is received in an upper slot 88 of the button 85. This sliding
      button arrangement is well known in push-button tuners and the arrangement
      is such that when the button 85 is pulled forwardly the latch 86 engages
      the end of the push-rod 70 and prevents the button 85 from sliding back
      along the push-rod 70 until the push-rod 70 meets a stop. Then the latch
      86 will ride up over the end of the push-rod 70 and be returned to its
      normal position on top of it.
PAR  FIG. 2 shows tuning components to the same perspective as the positioning
      components in FIG. 1, and FIG. 4 shows the components assembled. Three
      tuning coils 101 have movable cores 102 which are connected to a core
      carriage 103. The core carriage 103 has a bore 104 for receiving the
      tuning bar 40 and sideways movement of the tuning bar 40 causes the cores
      102 to move in-and-out of their coils 101 and hence vary the tuning of the
      tuner. The core carriage 103 has an upstanding flange 105 capped by a rack
      gear 106. This flange 105 and rack 106 projects upwardly through a slot
      107 in the cover 22 of the tray 20. The coils 101 are mounted on a
      downwardly projecting end 108 of the cover 22.
PAR  Next to the slot 107 on the cover there is a pivot 109 for tuning drive
      wheel 110. The drive wheel has a small diameter pinion 111 for engaging
      the rack 106 and larger diameter friction bevel 112 for engaging a bevel
      115 on a tuning spindle 116 which is held in the tuning knob hole 12 by a
      bush 117. The tuning spindle 116 passes through a clutch arm 120 near to
      the bevel 115 in an arrangement for lifting the spindle bevel 115 off the
      drive bevel 112 during operation of a push-button so that there is no
      tendency to try to spin the tuning spindle 115 when the tuning is altered
      by operating a push-button. A clutch operator 121 lies near the front of
      the front plate 10 and is cammed to operate the clutch arm 120 by the cam
      shoulders 76 of the push-buttons.
PAR  Tuning is indicated by a lever arrangement 130 having an upstanding pointer
      131 which is visible in the tuning display hole 16 and having two pivot
      points 132 and 133 which pivot about pins 134 and 135 on the cover 22. The
      lever arrangement 130 is driven by a link connected to a pin 136 on the
      core carriage 103. The cover 22 has a slot 137 through which the pin 136
      projects.
PAR  To pre-set a push-button to a desired station the procedure is as follows.
      Firstly the desired station is tuned by turning the tuning spindle 116 to
      move the cores 102 in their coils 101. The relative diameters of the bevel
      friction gears 112 and 115 and of the drive wheel bevel 112 and the pinion
      111 provide a considerable reduction for ease of tuning. When a desired
      station has been tuned the tuning bar 40 will be in a desired position
      which will be set by locking one of the reference pins 44 over one of the
      tuning-bar pins 42. Thus tuning spindle 116 and the components linking it
      to the tuning bar 40 constitute the setting means of this pre-set
      positioning device.
PAR  Normally the reference arm 57, although pivoted about the rivet 58, is
      clamped into position by means of the reference-lock 62 jamming between
      the hook 59 and the cover 22. The lock 62 is held in position by a bridge
      66 on the lock arm 60. To unlock the reference arm 57 the button 85 is
      pulled forwards causing the pin 84 to slide in the slot 79 of the push-rod
      70 and to take the lock-arm 60 forwards with it. The lock 62 is then free
      to rock so that its forward end 65 goes up and its rear end disengages the
      hook 59 of the reference arm 57. A tongue on the forward end 65 prevents
      complete disengagement of the lock 62 from the bridge 66 while the dents
      55 in the cover 22 prevent lateral movement of the lock 62. When the
      button 85 is pulled forwards it is held in the forward position by the
      latch 86 but the lock remains free to slide relative to the button 85. The
      shoulders 94 of the comparator 90 provide the stop against which the
      button 85 is pulled along the push-rod 70.
PAR  The button is then pushed backwardly. As it moves the first action is for
      the cam shoulders 76 to engage the clutch operator 121 and cause the
      clutch arm 120 to rotate and lift the spindle bevel 115 off the drive
      wheel bevel 112. This action is pointless in the set mode of operation but
      prevents attempts to spin the spindle 116 during operation in a reset
      mode. The next action is for the prongs 91 and 92 of the comparator 90 to
      engage the pin 42 of the tuning bar and 44 of the reference arm. Since it
      is free to rotate the comparator rotates so that the throat 93 ends up
      embracing both pins in the position of the more fixed pin which in this
      instance is the tuning bar pin 42. The reference pin now has the same
      position to the tuning pin and because both pins are made of accurately
      dimensioned steel (being roller bearings) and because the comparator has a
      resiliently tight throat 93 the positioning is sufficiently accurate for
      tuning over the medium wave. The last action is for the button latch 86 to
      ride up back onto the push-rod 70 allowing the button to move back along
      the push-rod 70 and thereby return the lock arm 60 to its rear position.
      This action jams the reference arm 57 in position by means of the
      reference-lock 62.
PAR  After the push-button has been released the original station may be
      re-tuned simply by pushing-in the push-button without any of the pulling
      forward complications. The lock-arm 60 does not move for a normal throw of
      the push-button and it keeps the reference arm 57 locked in position.
      Subsequent pushing-in of the push button again causes the comparator to
      bring the two pins in alignment in the position of the more fixed pin
      which is now the locked reference pin 44. There is no need for a locking
      system for the tuning bar 40 since friction proves to be sufficient, but
      if there were need then it could be provided on the same lines as the
      tuning clutch release and switched on by any of the lock arms 60 taking up
      a forward (unlocked) position.
PAR  It may be advantageous to arrange for the clutch to be disengaged for the
      shortest possible time, i.e. only during the time in which the tuning bar
      40 is acutally being moved by the comparator during a reset operation. A
      first advantage of such an arrangement would be that less reliance would
      be placed on the tuning bar remaining in position because of friction
      during a setting operation, and a second advantage would be that a
      position of the button would exist, after alignment of the locator and the
      reference but before the reference is clamped in which a final tuning
      adjustment could be made using the tuning knob to move both the locator
      and the reference together. Naturally the clutch acting mechanism would be
      more complicated with such an arrangement.
PAR  Clearly it is advantageous for the comparator 90 to bring the reference pin
      44 and the pin 42 of the tuning bar (the locator) together so that the
      dimensional stability of the comparator is of very little importance.
      However the bringing together of reference and locator is not essential
      and a device could be devised in which the comparator held the reference
      and the locator at some predetermined distance apart.
PAR  Because of the small number of moving parts associated with the preset
      tuning and because there are no linkages between the tuning bar 40 and the
      tuning elements 101 and 102 normal engineering tolerances may be used for
      the construction of the push-button tuner in spite of accuracy
      requirements and also the machanism may be made smaller than has
      previously been possible. This has advantages in that there may now be
      room for a tape cassette or tape cartridge transport mechanism and a
      push-button tuner to be fitted in a standard car-radio sized opening. In
      the embodiment described the display would have to be reduced in height
      and the tape cassettes inserted through the hole 16. Embodiments have been
      made both with tape cassette and with tape cartridge transport mechanisms
      for the 7 inches .times. 2 inches size of standard car-radio opening but,
      at present, only an embodiment with a tape cassette transport mechanism
      has been made for the smaller 7 inches .times. 42 mm size of standard
      car-radio opening.
CLMS
STM  I claim:
NUM  1.
PAR  1. A preset positioning device comprising a frame, a locator mounted on the
      frame and movable relative to the frame through a first range of settable
      positions, the locator having a locator pin mounted thereon and movable
      therewith, a setting means for moving the locator to set its position, a
      reference pin mounted on the frame and movable relative to the frame
      through a second range of positions corresponding to the positions of the
      first range, and an actuator operable in a first mode to move the
      reference pin to store a set position of the locator pin and in a second
      mode to move the locator pin to take up a preset position stored by the
      reference pin, the actuator having a comparator with two forwardly splayed
      prongs and an aligning throat at the junction of the two prongs, the
      prongs being arranged to engage both of the said pins and cam them into
      the aligning throat.
NUM  2.
PAR  2. A preset positioning device according to claim 1 including a clamp for
      fixing the position of the reference pin except during the first mode of
      operation of the actuator.
NUM  3.
PAR  3. A preset positioning device according to claim 1 wherein the reference
      pin and the locator pin are aligned axially in the aligning throat.
NUM  4.
PAR  4. A preset positioning device according to claim 1 wherein the reference
      pin and the actuator pin are aligned radially in the aligning throat.
NUM  5.
PAR  5. A preset positioning device according to claim 1 wherein the reference
      pin and the locator pin are both made of accurately dimensioned steel.
NUM  6.
PAR  6. A preset positioning device according to claim 1 wherein the comparator
      is made of plastics material.
NUM  7.
PAR  7. A preset positioning device according to claim 1 wherein the actuator is
      a push-button assembly disposed to move at right angles to the direction
      of movement of the locator.
NUM  8.
PAR  8. A preset positioning device according to claim 1 wherein the reference
      pin is mounted on an arm which is rotatable about a fixed point of the
      frame, the resulting arc of movement of the reference pin being
      substantially parallel to the range of movement of the locator.
NUM  9.
PAR  9. A push-button tuner comprising the preset positioning device of claim 1
      associated with tuning means.
NUM  10.
PAR  10. A combined push-button car radio tuner and tape player which includes
      the preset positioning device of claim 1 and thereby leaves sufficient
      space for a tape container to be introduced into the tape player through a
      gap between the push-buttons and the edge of the standard-sized hole
      provided for radios in cars.
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ABST
PAL  An improved planetary gear drive, employing multiple countershafts to
      reduce the loads carried by the individual components, is disclosed
      wherein at least one helical gear set having sets of oppositely inclined
      oblique teeth is mounted for axial movement on a common shaft to transmit
      power from a drive component to a power component. A compression spring,
      disposed contiguous with one face of the helical gear set, cooperates with
      the oppositely inclined teeth of the helical gear set to resiliently move
      the helical gear set axially along its shaft to equalize the axial force
      components on its oppositely skewed sets of teeth. The invention may be
      embodied at any one of several different points in the gear train.
BSUM
PAR  In a heavy duty transmission the distribution of drive-shaft power along
      multiple countershafts is advantageous because it reduces the forces and
      torque acting on the individual components and particularly on the
      enmeshed teeth of the mating gears.
PAR  Such a design, however, requires that the gears, and supporting bearings be
      machined to dimensions within very narrow tolerances. In order that the
      parts of such a multiple-counter-shaft transmission design need be made
      only to conventional tolerances, it has been the practice to avoid
      gear-bearings on the centeral fixed shaft. It is conventional even for
      planetary drives to omit a bearing for the sun-gear or to resiliently
      support the planetary gears radially on the ring gear in order to achieve
      an equal distribution of the torque along all the lines of power
      distribution.
PAR  Such a solution to the problem has the disadvantage that oscillations and
      noise are produced by the resiliently supported planetary gears.
      Furthermore, such gear drives must be relatively large because the
      bearings of the resiliently supported gears must be located as far away as
      possible from the point at which the teeth of such resiliently supported
      gears mesh.
PAR  It is an object of this invention to avoid these disadvantages while
      providing for an internal division of power in gear drives without the
      need for machining the individual components to tolerances exceeding
      conventional finishing tolerances, and without causing oscillations and
      noise due to resilient suspension of the planetary gears.
PAR  In accordance with this invention, a transmission having split double
      helical gears and power distribution gear is provided in which at least
      one of the drive gears and the power gear have teeth which are oppositely
      obliquely disposed with respect to the axes of the gear wheels so that the
      forces exerted by the driving gear through its teeth to the power gear
      while under load are biased by springs in an axial direction so that the
      axial force components of the drive gear teeth are equalized with the
      axial force component of the teeth of the power gear.
PAR  When utilizing this arrangement, all gears and shafts of the drive unit may
      be supported in the conventional manner and the advantages of the power
      division may be fully utilized.
PAR  In one embodiment of the invention, the gears transmitting torque from the
      drive components to the power components are radially supported at their
      shafts on roller or needle bearings. Additionally, each of these gears is
      provided with an axial ball bearing on both of its faces or at least on
      its compression face, as determined by the angle of the tooth with respect
      to the axis of the gear wheel. The bearing race is mounted on the gear
      shaft and is prevented from relative rotational movement with respect to
      the shaft, but permitted some axial movement. A compression spring or a
      belleville spring resists axial movement of the race.
DRWD
PAR  The invention will be discussed below by means of embodiments illustrated
      by the attached drawings.
PAR  FIG. 1 illustrates in section a planetary drive in lengthwise
      cross-section, wherein the power distribution takes place through the
      planetary gears and where these planetary gears are axially and
      elastically supported on flanged supporting shafts;
PAR  FIG. 2 illustrates a truck transmission gear drive in diagrammatic form,
      with 10 forward and 2 reverse gear ratios, having two transmission
      countershafts, and where the gears of one of the transmission
      countershafts may be axially resiliently supported;
PAR  FIG. 3 is a longitudinally section taken along the line A-B of FIG. 4;
PAR  FIG. 4 is a cross-section of a drive gear assembly taken along the line C-D
      of FIG. 3;
PAR  FIG. 5 is a section taken along the line E-F of FIG. 4.
DETD
PAR  Referring now more specifically To FIG. 1, a transmission having a sun gear
      4 in a planetary drive system is driven in the direction of arrow 3 by
      shaft 1. Needle bearings 2 are provided between shaft 1 and a flange of
      internally toothed ring gear 8. Ring gear 8 is supported by ball-bearings
      6 in a housing 7. A brake band 5 about the periphery of ring gear 8 is
      provided to stop rotation of ring gear 8. Flange 10 supports planetary
      gears 9 having teeth enmeshed with sun gear 8. Power is transferred from
      flange 10 to power shaft 11 when ring gear 8 is not rotated and planetary
      gears 9 rotate about their axis and "walk" between ring gear 8 and sun
      gear 4. Power shaft 11 is supported by ball-bearings 12 in housing 7. The
      flange 10 and power-shaft 11 are made of one piece. The planetary gears 9,
      with oppositely sloped or inclined teeth 9.sub.1 and 9.sub.2, are radially
      supported by needle bearings 13 on flange supported shafts 10.sub.1.
      Resilient axial support of the planetary gears 9 is obtained by means of a
      ball bearing 14 whose inner race 14.sub.1 is axially movable on the
      flange-supported shaft 10.sub.1, and a cooperating belleville spring 15
      which abuts flange 10.
PAR  In operation of the embodiment of FIG. 1, power supplied through shaft 1
      rotates sun gear 4 having oblique teeth 4.sub.1. Teeth 4.sub.1 engage
      teeth 9.sub.2 of the two planetary gears 9 and rotate the planetary gears
      9 which through engagement of teeth 9.sub.1 with internal teeth 8.sub.1
      carried by ring gear 8 rotate ring gear 8. When a braking action is
      applied through brake 5, ring gear 8 stops rotating. Planetary gears 9
      then rotate about the axis of shaft 1 on sun gear 4 and ring gear 8
      causing flange 10 to rotate which causes rotation of shaft 11. The teeth
      9.sub.2 and teeth 4.sub.1 are inclined with respect to the axis of sun
      gear 4 in opposite directions so they intermesh. Spring 15 biases bearing
      races 14.sub.1 and bearings 14 on shafts 10, towards planetary gears 9,
      urging the oppositely inclined teeth into engagement.
PAR  The truck transmission illustrated diagrammatically in FIG. 2 is a
      clutch-shifted drive with ten forward and two reverse gear ratios and
      comprises a transmission drive having elements 17-43 and a planetary group
      drive 44. The transmission drive is provided with a power distribution
      means having two transmission countershafts with helical transmission
      gears. The transmission gears of one of the shafts are resiliently
      supported in the axial direction. The transmission is driven by the engine
      through a universal coupling 16. Input gear 17 meshes with gears 18 and 19
      of the two transmission countershafts which are further equipped with
      gears 20 through 29. Gears 20 and 21 mesh with gear 30, gears 22 and 23
      mesh with gear 31, gears 24 and 25 mesh with gear 32, gears 26 and 27 mesh
      with gear 33 and gears 28 and 29 by means of reversing gears 34, 35 (not
      shown) mesh with gear 36 of main shaft 37. Clutch-supports 38, 39, 40 for
      double clutch couplings 41.sub.1 /41.sub.2, 42.sub.1 /42.sub.2, 43.sub.1
      /43.sub.2 are connected with main shaft 37. A total of five forward and
      one reverse gear ratios are made possible because of the gears and the
      shift-clutches. Doubling of the number of available ratios is achieved by
      the use of planetary group drive 44. In the drive 44, the ring gear
      44.sub.1 is prevented from rotation by brake 44.sub.2 during the first
      five forward gear ratios and is shunted by a coupling 44.sub.3 in the
      upper or second five ratios. Power output is obtained by another planetary
      drive 45, where flange 45.sub.1 is connected to a conical brake 46 which
      is water-cooled and used in low gear. Pinion or planetary gear 45,
      transmits power through gear 45.sub.2 and hollow shaft 47 to thereby
      rotate gear 48 which meshes with the front drive gear (not shown) acting
      on the distributor differential.
PAR  While the countershaft bearing the transmission gears 18, 20, 22, 24, 26,
      and 28 is a rigid unit with respect to these gears, the other countershaft
      is designed as a hollow shaft 49 rigidly connected to gears 21, 23, 25, 27
      and 29 and is movably supported against the resisting conical spiral
      spring 51 mounted on axle 50 so that it is solidly mounted in the drive
      housing. Drive gear 19, whose teeth are obliquely inclined oppositely to
      the teeth of gears 21, 23, 27, 29, is connected to hollow shaft 49 by a
      splined-shaft 49.sub.1 so as to be axially movable and is kept in place by
      a prestressed conical spiral spring 52.
PAR  FIGS. 3 through 5 show a gear-drive for a front wheel drive heavy
      commercial vehicle. Here, the brake acts on the drive shaft and is mounted
      at the axle drive (not shown). In order to save weight and to design the
      narrow space between axle journal and wheel for the transmission of the
      large low-gear and braking moments, the drive takes place in a
      power-distributed manner from the drive pinion supported in the wheel via
      two bilaterally spring-supported intermediate gears to the internally
      toothed drive gear rotating with the wheel.
PAR  As regards the wheel-drive of FIGS. 3, 4, and 5, the drive takes place via
      the universal-joint shaft 53 which is connected with the axle-drive and
      the geared brake on the side toward the center of the vehicle, which is
      not shown. Universal joint 54 drives helical pinion or gear 57 on
      taper-roller bearings 55 and 56, the teeth of pinion gear 57 meshing with
      the teeth 58.sub.1 and 59.sub.1 of intermediate gears 58 and 59. The
      oppositely inclined oblique teeth 58.sub.2 and 59.sub.2 of intermediate
      gears 58 and 59 mesh with the inside teeth of ring gear 60 and insure that
      even distribution of the tooth forces at four meshing points. In order
      that even distribution of tooth pressure will take place in both
      directions of rotation that is when the pinion or gear 57 is rotating in
      the driving as well as in the driven mode, intermediate gears 58 and 59
      are spring-supported on both their faces as indicated by FIG. 5. These
      intermediate gears 58 and 59 are radially supported by needle bearings 61
      and 62, and in the axial direction, by thrust ball-bearings 63, 64 and 65,
      66 respectively. Ball races 63.sub.1, 64.sub.1, 65.sub.1, 66.sub.1
      centered with the race seats on axles 67 and 68 respectively are supported
      by the pre-stressed belleville springs 69, 70, 71 and 72.
PAR  Pinion 57 is supported on the universal joint side by the taper-roller
      bearing 56 in axle-journal 73 and on the opposite side by the taper-roller
      bearing 55 mounted in holding-bracket 74. The bracket 74, together with
      the axle-journal 73 also supports intermediate-gear shafts or axles 67 and
      68, and is bolted to axle journal 73. Axle-trunnion 73.sub.1, through
      taper-roller bearings 75 and 76, supports the entire cast wheel-body 77,
      which is mounted in a conventional manner to rim 78 and is bolted to
      internally toothed ring gear 60. Axle-journal 73 supports projections
      73.sub.2 and 73.sub.3 on the side opposite trunnion 73.sub.1, whereby an
      axle 79 may be pivotally suspended from those projections. The space
      between the axle-journal 73 and the wheel-body which includes pinion 57,
      the two intermediate gears 58 and 59 and also drive gear 60, is sealed by
      means of sheet-cover 80 that is screwed into the axle-journal and a
      sealing ring 81.
PAR  The intermeshing teeth of two gears of the planetary gear system provided
      by the invention are inclined obliquely in opposite directions at an angle
      whereby their surfaces contact each other intimately when the teeth of the
      planetary gear are biased into contact with the teeth of the other gear by
      the belleville spring.
PAR  Although the invention has been described in detail for the purpose of
      illustration, it is to be understood that such detail is solely for that
      purpose and that variations can be made therein by those skilled in the
      art without departing from the scope and spirit of the invention except as
      it may be limited by the claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A gear drive comprising an input shaft, a toothed sun gear disposed on
      the said shaft for rotation therewith, a housing about the shaft, a ring
      gear disposed about the shaft and supported by the housing for rotation
      relative thereto and for rotation of the shaft relative to the ring gear,
      said ring gear having internal teeth, planetary gears having teeth which
      intermesh with teeth of the sun gear and teeth which mesh with teeth of
      the ring gear, a counter-shaft supporting such planetary gear, said
      planetary gear being axially slidable on the counter-shaft, an output
      shaft supported by said housing for rotation relative thereto, means
      comprising spaced flanges fixed to the opposite ends of the countershafts
      and to the output shaft supporting the countershafts, a bearing disposed
      between the countershaft and said planetary gear, resilient means for
      biasing said planetary gears on the countershaft to cause intermeshing of
      its teeth with those of the sun gear and ring gear, means for braking the
      ring gear, said teeth of at least one pair of gears having intermeshing
      teeth being oppositely obliquely disposed relative to the axes of the
      gears.
NUM  2.
PAR  2. The gear drive of claim 1 wherein the input shaft is a universal joint
      shaft connected to an axle drive, a helical toothed sun gear is mounted on
      the universal joint side of the universal joint shaft on tapered roller
      bearings, a pair of planetary gears are disposed on opposite sides of the
      sun gear with teeth intermeshing with those of the sun gear, a ring gear
      is disposed about the planetary gears with internal teeth meshing with
      teeth of the planetary gears, said teeth of the ring gear and planetary
      gears being oblique with respect to the gear axis, said planetary gears
      being spring supported to insure even distribution of tooth pressure in
      both directions when the sun gear is rotated.
NUM  3.
PAR  3. In a gear drive comprising a drive gear and a power take-off gear having
      teeth which mesh with teeth of the drive gear and absorb tooth-forces from
      the teeth of the drive gear, the improvement wherein the teeth of the
      drive gear and power take-off and gear are oppositely inclined helical
      teeth, said power take-off gear is disposed on a shaft for axially
      movement relative thereto, and resilient means for urging the teeth into
      intermeshing relationship with the teeth of the drive gear, whereby said
      power take-of gear is resiliently mounted on said shaft for axial motion
      when drive gear rotates until the axial components of the peripheral tooth
      forces of the drive teeth is in equilibrium with the axial components of
      the peripheral tooth forces of the power take-off teeth.
NUM  4.
PAR  4. The gear system of claim 3 wherein the resilient means are belleville
      springs.
NUM  5.
PAR  5. The gear system of claim 3 wherein said the drive gear is a sun gear
      carried on a drive shaft and has obliquely inclined teeth meshed with
      teeth on planetary gears inclined oppositely to be parallel with the teeth
      of the sun gear, said planetary gears are radially supported with roller
      bearings on their countershafts and with ball bearings on the compression
      side thereof as determined by the direction of inclination of the teeth,
      said ball bearings comprising a bearing race, and a compression spring
      biasing said planetary gear teeth into intermeshing contact with the teeth
      of the sun gear.
NUM  6.
PAR  6. A planetary gear drive for a vehicle comprising a drive shaft, a sun
      gear fixed to one end of the drive shaft for rotation therewith, an
      internally toothed ring gear disposed about the shaft and having a
      centrally disposed annular flange forming a hub rotatably supported on the
      drive shaft by needle bearings, a housing, said hub being rotatably
      supported in the housing with ball bearings, means for braking the ring
      gear, a power output shaft coaxial with the drive shaft, an annular flange
      extending radially outwardly from the output shaft and fixed thereto for
      rotation, said flange on the output shaft being rotatably supported in
      said housing, circumferentially spaced shafts fixed against relative
      rotation with the said annular flange on the output shaft and having their
      longitudinal axes disposed in planes parallel to the axis of the drive
      shaft and radially spaced from the drive shaft, a planetary gear rotatably
      mounted with needle bearings on each of the flange supported shafts, said
      planetary gears having inclined power take-off teeth meshing with the
      internal teeth of the ring gear and axially spaced oppositely inclined
      drive teeth meshing with the teeth of the sun gear for power take-off,
      ball bearings about the flange supported shaft disposed against each
      planetary gear adjacent to the flange on the output shaft, and belleville
      springs biasing the ball bearings about the flanged supported shafts
      towards the planetary gears urging the oppositely inclined teeth into
      engagement whereby because of the opposite inclination of the planetary
      gear teeth and the biasing action of said springs the planetary gears move
      axially under load on the flange supported shafts until the axial forces
      on the drive teeth are at equilibrium with those of the power take-off
      teeth.
NUM  7.
PAR  7. A gear drive comprising a universal joint having a drive shaft and a
      driven shaft, a helical toothed sun gear mounted on the driven shaft, an
      axle-journal and a holding bracket, said driven shaft being supported by
      bearings in the axle-journal at one end and by bearings in the holding
      bracket, a pair of planetary gears each having axially spaced oppositely
      inclined oblique first and second teeth, the first teeth meshing with
      teeth of the sun gear, a ring gear, the said second teeth meshing with
      teeth on the ring gear, said planetary gears being radially supported by
      needle bearings and axially supported by axially spaced thrust bearings
      disposed against each face of the planetary gear, and resilient means
      supporting the thrust bearings on a planetary gear shaft for biasing the
      teeth of the planetary gears into contact with the intermeshing teeth of
      the other gears.
NUM  8.
PAR  8. The gear drive of claim 7 wherein the resilient means are belleville
      springs, the planetary gear shafts are supported at one end by the axle
      journal and at the other end by the holding bracket, said holding bracket
      is removably secured to the axle journal, a rim, a cast wheel-body mounted
      on the rim and removably secured to the ring gear, an axle trunnion
      supporting the cast wheel-body through roller bearings, a pair of
      projecting members supported by the axle journal on its side opposite the
      axle trunnion, an axle pivotally suspended from said projections, and
      means for sealing space between the axle-journal and the wheel body in
      which the sun gear, the planetary gears and ring gear are disposed.
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ABST
PAL  A device for transmitting the displacement of a pressure-responsive element
      is situated in pressure space. The device is provided with a base
      hermetically held to a shell which confines the pressure space, and has a
      hole covered by the diaphragm hermetically held along the external
      perimeter of the hole. The device incorporates also a force-bar passing at
      the center of the diaphragm, with the end of the force-bar protruding
      inside the shell being adapted to interact with the pressure-responsive
      element, while its end extending outwards from the shell serves
      essentially as the output of the device; the output of the force-bar
      carries a cross-bar interconnected therewith through a resilient member to
      which, secured with their one ends, are two struts whose other ends are
      secured to the base, with the axes of the struts being approximately in
      the same plane with the axis of the diaphragm; provision is also made for
      a means adapted to vary the position of the axes of the struts, with such
      means being constructed as adjustable stops provided in the cross-bar and
      adapted to interact with the force-bar.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of instrument making and has particular
      reference to devices for transmitting the displacement of a
      pressure-responsive element situated in a pressure space which are made
      use of in, say, differential pressure gauges operating on the
      force-balance principle.
PAC  PRIOR ART
PAR  One prior-art device for transmitting the displacement of a
      pressure-responsive element situated in pressure space confined within a
      shell comprises the base plate provided with a hole and secured in the
      shell; the diaphragm hermetically held to the base along the external
      perimeter of the hole in the base plate so as to close said hole; the
      force-bar passing through the hole in the base plate and through the
      diaphragm at its center, with said force-bar being connected with one of
      its ends to the pressure-responsive element, while the other end thereof
      serves as the output of the device; the cross-bar mounted on the force-bar
      outside the pressure space; two struts arranged one on each side of the
      diaphragm lengthwise its axis, with said struts being secured with their
      ends to the base plate and to the cross-bar so that the longitudinal axes
      of the struts are approximately in the same plane with the axis of the
      diaphragm and a means for varying the position of the axes of the struts
      (cf. U.S. Pat. No. 3,440,885).
PAR  As a rule, actual constructions show some misalignment of the plane of the
      strut axes with the center of the diaphragm which is the point of
      application of the resultant force developed static pressure exerted upon
      the diaphragm, so that a variation in the static pressure beings about an
      error in transmitting the displacement of the pressure-responsive element
      from the static pressure space into atmosphere, with this being due to a
      parasitic moment on the force-bar deflecting the latter from its initial
      position.
PAR  There exists a problem now to carry into effect ways for aligning such
      devices with the view of reducing their errors due to static pressure
      variations that exert upon the diaphragm.
PAR  A number of solutions of said problem are hitherto known, and in
      particular, a device for displacement of the ends of struts which are
      secured to the base, however, such a device is bulky, complicated to
      manufacture and fails to provide stable alignment which in time adversely
      affects the accuracy of measurements.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a device for
      transmitting the displacement of a pressure-responsive element situated
      pressure space which ensures high-accuracy alignment of the position of
      strut axes.
PAR  It is another object of the present invention to provide a device of the
      character set forth hereinbefore which ensures a stable alignment of the
      position of the strut axis lasting for a lengthy period of time.
PAR  It is another object of the present invention to provide a device of the
      character set forth hereinbefore which is simple from the structural
      viewpoint.
PAR  Such objects are accomplished in a device for transmitting the displacement
      of a pressure-responsive element situated in a pressure space, comprising
      a base hermetically held to a shell which confines the pressure space, and
      provided with a hole covered with a diaphragm hermetically held along the
      external perimeter of the hole, and a force-bar passing at the center of
      said diaphragm, one end of said force-bar protruding inside the shell
      being adapted to interact with the pressure-responsive element, while the
      other end of the force-bar extending outwards of the shell serves
      essentially as the output of the device and carries a cross-bar to which
      are secured with one of their ends, two struts, the other ends of which
      are secured to the base, with the axes of said struts being approximately
      in the same plane with the axis of the diaphragm, and also means for
      varying the position of the strut axes, according to the invention, the
      cross-bar is connected to the force-bar through a resilient member while
      the means for varying the position of the strut axes comprise adjustable
      stops in the cross-bar, adapted to interact with the force-bar.
PAR  It is desirable that the resilient member constructed as a thin-walled
      cylinder enclosing the force-bar with one end connected to the force-bar,
      while its other end is locked-in with the cross-bar.
PAR  It is also favorable that diametrally opposite holes be provided in the
      thin-walled cylinder, with the axis of said holes lying in the same plane
      as the struts.
PAR  It is expedient that the stops be constructed as screws arranged in the
      cross-bar square to the axis of the force-bar on both sides thereof.
PAR  The cross-bar may be implemented as a flange with a central hole whose
      diameter is somewhat larger than the diameter of the force-bar.
PAR  The thin-walled cylinder can advantageously be constructed integral with
      the flange.
PAR  The struts may be round-sectioned rods.
PAR  The device for transmitting the displacement of a pressure-responsive
      element situated in a pressure space, carried into effect according to the
      present invention, features the following advantages over the known
      prototypes:
PAR  The present device is distinguished by a high-accuracy alignment of the
      strut axes so that only minor error occurs in response to the static
      pressure variations of the medium within a reasonably broad range (say,
      from 0 to 400 kgf/cm.sup.2) effective in the zone of the
      pressure-responsive element.
PAR  Another advantage inherent in the present device resides in a stable
      alignment of the axes of the struts thereof and, consequently, remaining
      high measuring accuracy within a prolonged period of time.
PAR  The device made according to the present invention is structurally simple
      and involves no special equipment for being manufactured or adjusted, nor
      does it require highly skilled specialists for calibration.
PAR  Due to space-saving arrangement of the struts and means for varying the
      position thereof, as well as due to small dimensions of the cylindrical
      base, the device is convenient for use in small-sized instruments.
PAR  Other objects and advantages will become apparent from the following
      description of a specific embodiment thereof taken with reference to the
      accompanying drawings forming a part thereof, wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional diagrammatic view of a device for transmitting the
      displacement of a pressure-responsive element as in combination with a
      differential-pressure transducer, according to the invention;
PAR  FIG. 2 is a fragmentary section taken on the line II--II through a portion
      of the device of FIG. 1;
PAR  FIG. 3 is a section taken on the line III--III in FIG. 2;
PAR  FIG. 4 is a portion A of FIG. 1 showing the stops in one of the extreme
      adjusted positions thereof; and
PAR  FIG. 5 is a fragmentary sectional view of a device for transmitting the
      displacement of a pressure-responsive element as in combination with a
      level gauge, according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Reference being now directed to the accompanying drawings, FIG. 1 shows the
      device for transmitting the displacement of a pressure-responsive element
      situated in pressure space (viz., a differential pressure-responsive
      element in the given particular case) to comprise a base 1 defined by a
      cylindrical sleeve 2 with a flange 3 on whose face a cylindrical
      projection 4 is provided. A hole or bore 5 in the base is tightly sealed
      by a diaphragm 6 having a cylindrical beading or annular flange 7 the
      external perimeter thereof retain the diaphragm 6 on the cylindrical
      projection 4 by welding, for example.
PAR  The device comprises also a force-bar 8 passing through the hole 5 in the
      base 1 and through the diaphragm 6 at its center, with the force-bar 8 and
      the diaphragm 6 being tightly sealed thereto by welding. The end of the
      force-bar 8 located on the non-pressure side of the diaphragm 6 (i.e.,
      outside the pressure space confined within a casing 9 and a cover 10)
      carries a cross-bar which in the given particular embodiment of the device
      is made as a flange 11 with a central hole 12 through which the force-bar
      8 passes at a certain clearance defined by virtue of the difference in the
      diameters of the hole 12 and the force-bar 8. The cross-bar is connected
      to the force-bar 8 by way of a resilient member, and in the embodiment
      under consideration is defined by a thin-walled cylinder 13 integral with
      the flange 11 and enclosing the force-bar 8. The thin-walled cylinder 13
      has one end welded to the force-bar 8, while the flange 11 is free to move
      with respect to the latter within the defined clearance.
PAR  Whenever the thin-walled cylinder is defined by an independent element, its
      other end is held to the flange by welding.
PAR  In addition, the device has two struts 14 (FIG. 2) constituted by
      round-section rods and located on the diametrally opposite sides of the
      diaphragm 6. With their ends, the struts 14 are held fast in holes 15 of
      the base 1 and in holes 16 of the flange 11 by welding. The longitudinal
      axes of the struts 14 lie approximately in the same plane with the axis of
      the diaphragm 6. Means is provided for varying the position of the axes of
      the struts, viz., adjustable stops defined by screws 17 and 18 (FIG. 1)
      and arranged in the flange 11 on the opposite sides so as to interact with
      the force-bar 8.
PAR  The adjustable stops may alternatively be implemented as wedge blocks.
      However, the provision of the stops as screws is structurally simpler. To
      reduce the bending stiffness of the thin-walled cylinder 13 when the
      flange 11 moves with respect to the force-bar 8, provision is made in the
      cylinder for diametrally opposed holes 19 (FIG. 2) whose axis lies in the
      same plane with the struts 14.
PAR  The base 1 is hermetically secured (by welding) to the casing 9 (FIG. 1)
      which accommodates a differential pressure-responsive diaphragm 20 (i.e.,
      pressure-responsive element). The longitudinal axes of the struts 14 (FIG.
      2) are arranged in a plane perpendicular to the direction of displacement
      of the diaphragm 20 (FIG. 1) under the effect of differential pressure.
      The diaphragm 20 is held along its external perimeter to the casing 9 by
      welding and hermetically sealed to the cover 10 by a seal ring 21.
      Pressure-tight chambers 22 and 23 established by the diaphragm 30 serve
      for admitting the pressures under measurement thereto through holes 24 and
      25. The diaphragm 20 interacts with the end of the force-bar 8 by way of a
      resilient member 26 defined, in the given particular case by an elastic
      band with its one end welded at the center of the diaphragm 20 and with
      the other end locked-in with the end of the force-bar 8 by means of a
      screw 27.
PAR  It can be seen in FIG. 3 representing a section on the line III--III in
      FIG. 2, that the axes of the struts 14, the axes of the holes 19 and the
      axes of the diaphragm 6 are arranged approximately in the same plane,
      while the axes of the stops, viz., a screws 17 and 18 lie in the plane
      perpendicular to the aforesaid plane.
PAR  FIG. 4 illustrates the portion A of FIG. 1 showing the stops, viz., the
      screws 17 and 18 in one of their extreme adjusted positions.
PAR  FIG. 5 fragmentarily shows the present device for transmitting the
      displacement of a pressure-responsive element situated in a pressure space
      as in combination with another embodiment of the pressure-responsive
      element, viz., a level-gauge float 28. The level float 28 indicates the
      level of a fluid 29 contained in a hermetically sealed shell 30, in which
      a pressure other-than-atmospheric is maintained. In this case, the base 1
      of the device for transmitting the displacement of a pressure-responsive
      element is hermetically held to the shell 30 over the free surface of the
      liquid 29 in such a way that the axis of the force-bar 8 is approximately
      parallel to such surface. The end of the force-bar 8 protruding into the
      shell 30 is connected to a resilient member 31, a wire cable in the given
      particular case, through the screw 27, while the other end of the
      resilient member 31 is held to the level float 28.
PAR  The device for transmitting the displacement of a pressure-responsive
      element situated in pressure space operates as follows;
PAR  Displacement of a pressure-responsive element, viz., the diaphragm 20 (FIG.
      1) caused by the effect of differential pressure admitted to pass into the
      chambers 22 and 23 through the holes 24 and 25, is transmitted via the
      resilient member 26 to the end of the force-bar 8 which is situated in a
      static-pressure space; "under static Pressure" means the pressure
      effective inside the chamber 22 and exerting upon the device (i.e., the
      diaphragm 6) for transmitting the displacement of a pressure-responsive
      element; as a result, the force-bar 8 pivots about an axis defined as the
      intersection of the plane of arrangement of the diaphragm 6 with the plane
      of arrangement of the two longitudinal axes of the struts 14 (pivot axis
      of the force-bar 8), and the output end of the force-bar 8 located on the
      other side of the diaphragm 6 outside the static-pressure space, moves in
      proportion with the displacement of the diaphragm 20.
PAR  The resultant force developed by the pressure applied to the diaphragm 6,
      is taken by the struts 14 which keep the force-bar 8 against movement
      lengthwise the axis thereof. However, when the pressure force is not
      passed through the pivot axis of the force-bar 8, a moment of reaction
      force is created on the force-bar 8 and causes the latter to rotate
      through an angle about its pivot axis, resulting in an error in the
      measurement of the displacement of the diaphragm 20. To compensate for
      said error, the screws 17 and 18 interacting with the force-bar 8 are
      shifted, with the result that the flange 11 is turned with respect to the
      force-bar 8 by virtue of a bending of the thin-walled cylinder 13 as shown
      in FIG. 4. As a result, the longitudinal axes of the struts 14 (FIG. 2)
      change their position and, consequently, the position of the pivot axis of
      the force-bar 8 is changed accordingly when the displacement of a
      pressure-responsive element situated in pressure space is transmitted.
PAR  Calibration of the device for transmitting the displacement of a
      pressure-responsive element is carried out by shifting the screws 17 and
      18 when equal pressures pass into the chambers 22 and 23 to attain such a
      position of the longitudinal axes of the struts 14, in which the pivot
      axis of the force-bar 8 will coincide with the point of application of the
      resultant force of pressure exerted upon the diaphragm 6, i.e., the output
      end of the force-bar 8 will not move. In this case, the device for
      transmitting the displacement of a pressure-responsive element will be
      invariant with respect to static pressure and, consequently, will provide
      a high-accuracy transmission of the displacement of a pressure-responsive
      element.
PAR  Discussed above is the operation of the device in conjunction with a
      differential-pressure transducer.
PAR  The operation of the device for transmitting the displacement of a
      pressure-responsive element in combination with a liquid level gauge
      occurs in a similar way.
PAR  In response to a change in the level of the liquid 29, (FIG. 5) the buoyant
      force exerted upon the level float 28 varies accoringly and acts through
      the resilient member 31 upon the force-bar 8, thus causing its output end
      to move.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for transmitting the displacement of a pressure-respensive
      element situated in pressure space confined within a shell, comprising: a
      base hermetrically held to said shell; said base having a hole; a
      diaphragm hermetrically held along the external perimeter of said hole; a
      force-bar having opposite ends, said force-bar passing at the center of
      said diaphragm and hermetically held therein; one end of said force-bar
      being adapted to interact with said pressure-responsive element; the other
      end of said force-bar serving essentially as the output of the device; a
      cross-bar provided at said output end of the force-bar; a resilient
      member, whereby said cross-bar is held to said force-bar; two struts
      having axes which lie approximately in the same plane with the axis of
      said diaphragm; said struts having opposite ends, said struts being
      secured with one of their ends to said base; the other end of said struts
      being secured to said cross-bar; and a means for varying the position of
      the axes of said struts relative to the force bar; said means being
      defined by adjustable stops provided in said cross-bar and adapted to
      interact with said force-bar.
NUM  2.
PAR  2. The device as claimed in claim 1, wherein said resilient member is
      defined by a thin-walled cylinder having opposite ends, said cylinder
      enclosing said force-bar and with its one end connected to the latter,
      while the other end thereof is locked-in with said cross-bar.
NUM  3.
PAR  3. The device as claimed in claim 2, wherein said thin-walled cylinder has
      diametrally opposite holes whose axis lies in the plane of arrangement of
      said struts.
NUM  4.
PAR  4. The device as claimed in claim 1, wherein said stops are defined by
      screws arranged in said cross-bar square to the axis of said force-bar on
      both sides thereof.
NUM  5.
PAR  5. The device as claimed in claim 1, wherein said cross-bar is defined by a
      flange provided with a central hole whose diameter is somewhat larger than
      the diameter of said force-bar.
NUM  6.
PAR  6. The device as claimed in claim 5, wherein said struts are defined by
      round-section rods.
NUM  7.
PAR  7. The device as claimed in claim 5, wherein said resilient member is
      essentially a thin-walled cylinder having a vacant end, said cylinder
      being integral with said flange and with its vacant end secured to said
      force-bar.
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ABST
PAL  The striker is mounted in a barrel for axial reciprocal movement thereby to
      impart successive hammer blows to the end of a tool shank element
      extending into one end of said barrel. An actuator is connected to the
      piston by lost-motion means. A motor driven, mechanical crank assembly is
      connected to the actuator for reciprocating the piston such that its
      velocity in the hammer-direction is greater than its velocity in the
      return-direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  The present invention relates to portable power tools of the hammer type.
      More particularly, the invention relates to power tools of this type
      wherein a striker, usually in the form of a piston, is reciprocated by
      power means for imparting successive impact blows to the end of a tool
      shank element.
PAR  2. The Prior Art
PAR  Many prior art tools of the type under consideration employ pneumatic means
      for reciprocating the striker piston. In this regard, reference is made to
      Naslund U.S. Pat. No. 3,114,423, assigned to the assignee of the present
      invention; this patent discloses such a pneumatically operated hammer
      device. According to the tool shown in the Naslund patent, a first piston
      is reciprocated within a barrel by the usual crankshaft and connecting rod
      assembly. A second piston, i.e., a striker piston, is freely mounted in
      the barrel and is pneumatically reciprocated as a consequence of the
      reciprocation of the first mentioned piston.
PAR  The use of pneumatic means for reciprocating the striker permits the
      development of high impact blows, and minimizes the development of rebound
      shocks due to the pneumatic cushion between the aforementioned pistons.
      These pneumatic systems reciprocate the striker or free piston in a manner
      such that its velocity in the hammer-direction, i.e., the direction toward
      the tool shank element, is greater than the velocity of the striker in the
      opposite direction, i.e., the returndirection. Or stated another way, the
      energy of such a pneumatically  operated striker piston is greater in its
      hammerdirection than in its return-direction. The feature of having the
      piston returned at a lower velocity, and consequently developing less
      energy, is of course advantageous in that the rebound shocks or forces are
      minimized thereby contributing to operator comfort and increased tool
      life.
PAR  Such power hammers suffer from certain disadvantages. In this regard,
      problems are often encountered in attempting to maintain the necessary air
      seal between the pistons and the cylinder, especially for long periods of
      time and under adverse conditions to which tools of this type are
      subjected. Because of this seal problem, it is often difficult to start
      pneumatic tools in cold weather. Also, it is sometimes difficult to employ
      a completely sealed lubrication system with certain types of pneumatic
      tools.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The present invention provides a power hammer wherein the striker piston is
      reciprocated by mechanical means, as opposed to pneumatic means, in a
      manner such that the movement of the striker closely approximates the
      movement of a pneumatically operated striker. Thus, the present invention
      provides a power hammer which includes the advantages of a pneumatically
      operated hammer but not the disadvantages thereof. In other words, the
      present invention provides a power hammer wherein the piston striker is
      reciprocated for developing high energy forces in the hammer-direction and
      low energy forces in the return-direction, such that rebound and shock
      forces to the operator are reduced. These features are achieved without
      the necessity of maintaining extremely close tolerances, or using sealing
      rings, as is necessary in the case of pneumatically operated tools.
      Moreover, the power hammer of the present invention permits the use of a
      completely sealed lubrication system.
PAR  A primary object of the present invention is the provision of a new and
      improved power hammer having a mechanically operated striker piston which
      is reciprocated such that its velocity in the hammer-direction is greater
      than its velocity in the return-direction.
PAR  Another object of the present invention is the provision of a power hammer
      of the type described wherein the striker piston is mechanically
      reciprocated by means of a compound mechanical crank assembly such that
      the energy of the piston as it moves in its hammer-direction is greater
      than the energy of the piston as it moves in its return-direction.
PAR  Still another object of the present invention is the provision of a power
      hammer according to the foregoing object, wherein such mechanical crank
      assembly is connected to the striker piston by means of a lost-motion
      connection.
PAR  These and other objects and advantages of the invention will become
      apparent from the following specification disclosing a preferred
      embodiment shown in the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a power hammer embodying the present
      invention;
PAR  FIG. 1A is a fragmentary, enlarged, longitudinal section of the power tool
      of FIG. 1 showing the portion thereof embodying the present invention;
PAR  FIGS. 2A, 2B and 2C are sequential, diagramatic views illustrating the
      manner of operation of the crank assembly which reciprocates the striker
      piston; and
PAR  FIG. 3 is a graph representing movement of the striker piston of the
      present invention and the pistons of prior art, pneumatically operated
      tools.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the present invention is embodied in a portable,
      rotary power hammer, generally designated 10. Such tool includes a casing
      or housing 11 having a forwardly extending, cylindrical casing 12. A
      generally cylindrical, motor enclosure 14 is connected to the casing 11;
      this enclosure supports a suitable motor, preferably an electric motor
      having a rotary output shaft 15 (FIG. 1A). The portable power tool 10
      includes a handle 16 supporting an operating trigger 17.
PAR  The power tool 10 shown for purposes of illustration is of the type adapted
      to impart hammering only, rotation only, or combined hammering and
      rotation movements to a tool bit (not shown) adapted to be detachably
      secured in place by a suitable retainer mechanism 18. Rotary movement to
      the tool bit may be selectively controlled by manual operation of a
      selector lever 20. At this time it should be mentioned that the present
      invention is not to be limited for use in power hammers of the rotary
      type; the present invention has equal applicability to power tools which
      impart hammering action only to the tool bit element.
PAR  Referring now to FIG. 1A, the end of the rotary output member 15 includes a
      formation of teeth 22 in meshing engagement with the teeth of a gear 23,
      the latter being mounted on a crankshaft, generally designated 24. The
      gear 23 is connected with the crankshaft 24 by means of a key 25. The
      crankshaft includes cylindrical portions 27 and 28 engaged with respective
      bearing assemblies 29 and 30, the latter supporting the crankshaft 24 for
      rotation about its longitudinal central axis.
PAR  The crankshaft 24 includes an annular formation of teeth 32 in meshing
      engagement with the teeth on a gear 33, the latter being rotatably mounted
      on a shaft 34. The gear 33 includes an annular face 33a in frictional
      engagement with an annular face 35a formed on a disc 35, which disc is
      connected to the shaft 34 for imparting rotation thereto. Disc-type spring
      washers 37 urge the annular faces 33a, 35a into frictional engagement with
      each other; such faces form part of a torque release clutch of well known
      construction to those skilled in the art and consequently such clutch
      requires no detailed description herein.
PAR  The shaft 34 includes cylindrical formations 39, 40 engaged with respective
      bearing assemblies 41, 42 thereby mounting this shaft for rotation about
      its longitudinal central axis. The shaft 34 includes a frusto-conical
      formation of teeth 43 in meshing engagement with a frusto-conical
      arrangement of teeth 45, the latter being formed on one end of a sleeve
      46. This sleeve is mounted on a barrel 48 for rotation relative thereto.
PAR  The sleeve 46 includes an annular formation of clutch teeth 49 arranged for
      selective interengagement with a complimentary series of clutch teeth 50
      formed on a sleeve 51. This sleeve is mounted on the barrel 48 for limited
      axial movement relative thereto; the sleeve 51 is keyed to the barrel 48
      such that rotation of the former is imparted to the latter. Axial movement
      of the sleeve 51 relative to the barrel 48, for engaging and disengaging
      the clutch teeth 49, 50, is controlled by the manually operated selector
      lever 20.
PAR  It should be apparent that rotation will be imparted to the barrel 48 at
      times when the clutch teeth 49, 50 are in meshing engagement with each
      other. Thus, rotation of the barrel may be selectively controlled by the
      operator. Such a rotary disconnect mechanism, which of itself forms no
      part of the present invention, is disclosed and claimed in Consoli et al.
      U.S. Pat. No. 3,837,409, assigned to the assignee of the present
      invention; reference should be had to that patent for a detailed
      explanation of this disconnect or clutch mechanism.
PAR  The inner end of the barrel 48 is received within the sleeve 46, the latter
      being journaled for rotation in the casing 11 by an annular bearing
      assembly 53. The forward end of the barrel is suitably journaled in the
      casing 12 and is open at its forward end for receiving the end of a tool
      chank element (not shown). Preferably, the barrel 48 receives a
      reciprocally mounted tappet 54 for transferring successive impact blows to
      the end of such tool shank element. Reference may be had to the
      aforementioned Consoli et al. patent for a description of a suitable
      tappet or impact transferring member.
PAR  A sleeve 56 is slidably mounted within the inner end of the barrel 48 for
      axial reciprocal movement therein. A striker piston 57 is slidably mounted
      within the sleeve 56 for axial reciprocal movement relative to the latter.
      The piston 57 includes a blind bore 58 in communication with a transverse
      or diametrically extending bore 59. The blind bore 58 receives a generally
      cylindrical actuator retainer 60, which retainer includes a diametrically
      extending through bore 61 in which an actuator pin 62 is received.
      Opposite ends of the actuator pin are received in opposed apertures formed
      in the walls of the sleeve 56; thus, the actuator pin 62 moves in unison
      with the sleeve 56.
PAR  The retainer 60 includes a first, generally cylindrical recess 64 which
      cooperates with the innermost portion of the blind bore 58 to capture a
      coil spring 65. The actuator retainer includes an oppositely disposed,
      generally cylindrical recess 66 which cooperates with the bore 58 to
      receive another coil spring 67. This coil spring is held in place by a
      disctype plug 68, the latter being received in an enlarged bore portion
      58a and held therein by a C-ring 70.
PAR  It will be noted that the inside diameter of the bore 59 in the striker
      piston 57 is substantially greater than the outside diameter of the
      actuator pin 62; the annular spaces thus formed between the inside of the
      bore 59 and the outside of the pin 62 define a lost-motion connection
      between the actuator pin 62 and the striker piston 57, the purpose of
      which connection will be explained hereinbelow. The springs 65, 67 serve
      to control or cushion relative movement between the striker piston and
      this actuator pin to reduce shock and vibration forces.
PAR  A pin 72 has its respective opposite ends received within opposed apertures
      formed in the walls of the sleeve 56. This pin is pivotally engaged with
      one end of a connecting rod 73. The other end of this connecting rod is
      pivotally engaged with a pin 74 through the agency of a roller bearing
      assembly 75. The pin 74 is integral with a crankshaft, generally
      designated 76, which crankshaft includes a counter-weight portion 77. The
      counter-weight is in turn integral with a cylindrical crankshaft portion
      78 which is journaled within a bore 79 formed in a housing plate 80, this
      portion of the crankshaft being journaled by roller bearing assemblies 82
      and 83.
PAR  The pin 74 forming part of the crankshaft 76, and eccentrically disposed
      with respect to the axis of rotation of the latter, includes a
      reduced-in-diameter pin portion 85 which is pivotally engaged with one end
      of a rod 86, as by means of a roller bearing assembly 87. This rod is also
      pivotally engaged with a pin 89 through the agency of a roller bearing
      assembly 90. The pin 89 is integral with and eccentric to a counter-weight
      formation 92, all forming part of the crankshaft 24.
PAR  The crank assembly constituted by the aforedescribed crankshafts 24, 76 and
      the connecting rods 73, 86 is constructed in accordance with the
      principles of a so-called six-link or drag-link mechanism, the latter
      being known per se in the field of mechanical movements. A feature of such
      a crank assembly is the ability to move a member in one direction with a
      velocity substantially greater than the velocity of such member during its
      movement in the return or opposite direction. As a consequence of this
      variation in velocity, the energy of such member is greater in its first
      direction of movement than in its second or opposite direction of
      movement. The operation of the present invention can best be understood by
      reference to FIGS. 2A, 2B and 2C.
PAR  FIG. 2A illustrates the crank mechanism as it commences accelerating the
      striker piston 57 toward the impact receiving tappet 54. The striker will
      achieve its maximum velocity about midway through its stroke toward the
      tappet 54, i.e., about midway during its stroke in the hammer-direction.
      During the initial portion of this forward movement, the actuator pin 62
      will be in engagement with the forward walls of the bore 59.
PAR  After the actuator pin 62 passes the midpoint of its stroke in the
      hammer-direction, the latter will commence to slow down as it approaches
      the end of its stroke in this direction. However, this deceleration of the
      actuator pin 62, as a consequence of its connection with the crank arm
      assembly, will not be transferred to the striker piston 57, due to the
      action of the lost-motion connection between the striker and the actuator
      pin.
PAR  FIG. 2B shows the arrangement of the various parts just prior to the time
      the striker 57 impacts against the tappet 54. At the point of impact, the
      striker 57 is still moving and very close to its maximum velocity, slowing
      down somewhat, of course, due to the action of friction. At the point of
      impact, the pin 62 will have reached what may be termined a "dead-center"
      position and will be commencing its movement in the return-direction.
      Again, the aforementioned lost-motion connection permits this relative
      movement between the striker 57 and the actuator pin 62 to permit an
      impact blow of maximum impact to be transferred to the tappet 54. It
      should be understood that the crank assembly itself does not stop the
      striker 57 or reverse its direction of movement; the striker is stopped as
      a consequence of its impacting engagement with the tappet 54.
PAR  FIG. 2C shows the arrangement of the various parts as the actuator pin 62
      and the striker 57 are moving in the returndirection. Now, the pin 62 will
      be in engagement with the rear walls of the bore 59. As mentioned above,
      inherent in the crank assembly is its ability to move the actuator pin 62
      and striker piston 57 in the return-direction at a velocity which is less
      than the velocity in the hammer-direction. In the embodiment shown for
      purposes of illustration, the velocity of the actuator pin 62 and striker
      57 in the return-direction is about 50 percent of the velocity in the
      hammer-direction; this results in the energy of the striker in its
      hammer-direction being about 3 times the energy of the striker in its
      return-direction. It should be understood that the respective lengths of
      the various crank arms and connecting rods may be varied to achieve a
      return velocity anywhere in the range of a few percent to 100 percent of
      the velocity in the hammer-direction.
PAR  The rather slow acceleration of the striker in its return-direction, as a
      consequence of its lower velocity in this direction, reduces the reaction
      forces which are felt by the operator of the tool. This feature
      contributes to reduced operator fatigue and to longer life of the tool.
PAR  Referring now to FIG. 3, curve 100 represents the movement of the power or
      mechanically operated piston forming part of the pneumatic system
      disclosed in the aforementioned Naslund patent, such curve being plotted
      against time as the abscissa and displacement as the ordinate. Curve 101
      represents movement of the pneumatically operated piston or striker
      disclosed in the Naslund patent. The broken line curve 102 represents
      movement of the striker 57 according to the present invention; the
      positions of the striker illustrated in FIG. 2A, 2B and 2C are indicated
      on the curve 102. It is seen that the movement of the striker according to
      the present invention closely approximates the movement of a pneumatically
      operated piston, as in the aforementioned Naslund patent.
PAR  Thus, the present invention provides a power hammer wherein a piston is
      reciprocated solely by mechanical means and in a manner closely
      approximating the manner in which a pneumatically operated piston is
      actuated. That is to say, according to the present invention a striker
      piston is mechanically reciprocated with a velocity in its hammerdirection
      substantially greater than the velocity in its opposite or
      return-direction. The power hammer according to the present invention does
      not require extremely close tolerances between the various moving parts.
      The mechanical actuating means of the present invention may be sealed from
      the atmosphere thus facilitating lubrication by a completely sealed system
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. In a power hammer of the type which imparts successive hammer blows to
      the end of a tool element, the improvement comprising:
PA1  a. rectilinear guide means;
PA1  b. a striker piston mounted by said rectilinear guide means for reciprocal
      axial movement in a hammer-direction and in a return-direction, said
      piston serving to impart a hammer blow to a tool element as the former
      moves in the hammer-direction;
PA1  c. a piston actuator mounted for oscillatory movement in a hammer-direction
      and in a return-direction and lost-motion means connecting said actuator
      with said piston such that oscillatory movement of the former, imparts the
      aforesaid axial reciprocal movement to said piston, said lost-motion means
      permitting limited axial movement of said piston relative to said actuator
      when the latter reaches the end portions of its stroke of oscillatory
      movement;
PA1  d. a motor having a rotary output member; and
PA1  e. mechanical means connecting said rotary output member with said actuator
      thereby to convert rotary movement of the former into said oscillating
      movement of the latter, said mechanical means being capable of moving said
      actuator in its hammer-direction at a velocity which is greater than the
      velocity of the actuator in its returndirection, whereby said piston is
      also moved in its hammer-direction at a velocity which is greater than the
      velocity of the piston in its return-direction.
NUM  2.
PAR  2. The improvement according to claim 1 wherein said mechanical means
      comprises a crank assembly of the compound type.
NUM  3.
PAR  3. The improvement according to claim 2 wherein said crank assembly is of
      the six-link drag type.
NUM  4.
PAR  4. The improvement according to claim 1 wherein said striker piston
      includes a diametrically extending bore, said actuator including a pin
      received within said bore, the diameter of said bore being greater than
      the diameter of said pin, said pin and the walls of said bore constituting
      said lost-motion means.
NUM  5.
PAR  5. The improvement according to claim 4 further defined by, spring means
      interposed between said pin and said piston for cushioning relative
      movement between the former and the latter.
NUM  6.
PAR  6. The improvement according to claim 2 wherein said crank assembly
      includes:
PA1  a. a first crank arm driven by the rotary output member of said motor and
      including an eccentrically mounted pin;
PA1  b. a second crank arm mounted for rotation about an axis parallel with the
      axis of rotation of said first crank arm, which second crank arm includes
      an eccentrically mounted pin;
PA1  c. a first connecting rod connected at its respective opposite ends to said
      pins; and
PA1  d. a second connecting rod connected at its respective opposite ends to
      said actuator and to the pin on said second crank arm.
NUM  7.
PAR  7. The improvement according to claim 2 wherein said crank assembly
      includes:
PA1  a. a crank shaft having an eccentrically mounted pin;
PA1  b. a connecting rod connected at its respective opposite ends to said pin
      and to said actuator; and
PA1  c. crank means connecting said pin with the rotary output member of said
      motor for rotating said crankshaft at a variable velocity such that the
      energy of said striker piston, as it travels in its hammer-direction, is
      greater than the energy of said striker piston, as it travels in its
      returndirection.
NUM  8.
PAR  8. The improvement according to claim 7 further defined by:
PA1  a. said crank means including another crankshaft driven by the rotary
      output member of said motor and including an eccentrically mounted pin;
      and
PA1  b. another connecting rod connected at its respective opposite ends to the
      pins on said crankshafts.
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ABST
PAL  A storable rack assembly to be used to drive a paper stop of a buckle-type
      sheet folding pan includes a perforate reversed crown extension spring
      attached at its outer end to the paper stop while the opposite end thereof
      is coiled within a housing. A rotatable sprocket located outside of the
      housing meshes with perforations in the reversed-crown extension spring to
      drive the spring and thereby move the paper stop. An indicator mechanism
      for indicating the amount of movement of the paper stop includes an
      indicator sprocket, which rotates with the rotatable sprocket and meshes
      with apertures in an indicator steel band. The storable rack assembly is
      mounted on a bias bar which, in turn, is pivotally mounted on the fold
      pan.
PARN
PAR  This is a division of application Ser. No. 314,923, filed Dec. 14, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates broadly to buckle-type sheet folding machines and
      more particularly to mechanisms for adjusting paper stops in fold pans of
      buckle-type sheet folding machines.
PAR  Stated briefly, a buckle-type folding machine normally comprises a series
      of rollers and fold-pan assemblies. A sheet of paper to be folded is
      inserted between two rotating rollers of a first roller set and is driven
      by these two rollers into a fold pan of a fold-pan assembly. A forward
      edge of the sheet eventually strikes a paper stop in the fold-pan;
      however, the two rollers continue to feed the sheet forward. Thus, the
      sheet buckles and the bulge of this buckle eventually extends between two
      rollers of a second roller set. These rollers fold the sheet at the bulge
      and feed this folded edge into a second fold pan of a second fold pan
      assembly. Upon striking a second paper stop there is a new buckle in the
      sheet and this buckle is, in turn, inserted between two rollers of a third
      roller set. This process continues until the sheet is folded a desired
      number of times.
PAR  In most buckle-type folding machines the paper stops of the fold pan
      assemblies are adjustable so that the positions of folds on sheets can be
      controlled.
PAR  In most prior art sheet folding apparatus it is difficult to accurately
      adjust the positions of paper stops, and, in some prior art devices, it is
      actually necessary to remove the fold pan assemblies in order to adjust
      their positions.
PAR  U.S. Pat. No. 3,495,818 to Marian describes a sheet folding apparatus
      wherein paper stops can be adjusted relatively easily by means of negator
      springs. In this device, two sets of springs are wound on a single shaft
      for each paper stop. Extensions of one set of the springs are attached
      directly to a front side of the paper stop and extensions of the other
      spring set extend around pulleys and are attached to the back side paper
      stop. With this arrangement the two sets of springs tend to oppose one
      another and balance the position of the paper stop. To change the position
      of the paper stop the shaft is rotated.
PAR  Marian's device, however, requires a relatively large amount of space and
      is somewhat complicated in structure. It is therefore an object of this
      invention to provide an adjusting apparatus for paper stops which is
      accurate and convenient to use, but yet is relatively small and
      uncomplicated.
PAR  The adjusting mechanisms of some prior-art devices include indicating means
      for indicating the positions of adjustable paper stops. Some of these
      indicating devices are inaccurate and some of them are difficult to read.
      It is therefore yet another object of this invention to provide an
      indicating device for a paper stop adjusting means which is accurate and
      relatively easy to read.
PAR  Another problem which exists in the prior art is that of making folds on
      sheets which are perpendicular or parallel with printed material on the
      sheets. Normally, paper stops are perpendicular with longitudinal axes of
      fold pans so that sheet edges registered by paper stops are also
      perpendicular with longitudinal axes of the fold pans. The resulting folds
      of such sheets are parallel with these registered edges. However, it is
      often the case that printed material on sheets is not perpendicular or
      parallel with the sheets' edges. It is, therefore, sometimes desirable to
      register the sheets at slight angles relative to the fold pans'
      longitudinal axes so that folds can be made square with the printed
      material. Thus, it is yet another object of this invention to provide a
      paper-stop adjusting means which can be used to position a paper stop at
      an angle relative to a fold pan's longitudinal axis.
PAC  SUMMARY OF THE INVENTION
PAR  According to the principles of this invention a fold pan's paper-stop
      adjusting linkage comprises reversed-crown extension springs. The
      reversed-crown extension springs are designed so that their extended
      portions and coiled portions are balanced, with no tendency toward either
      coiling or extending. Shaft-mounted sprockets drive extended portions of
      the reversed-crown extension springs which, in turn, drive the paper stop.
      The sprockets are mounted on a shaft which is manually rotated. Also
      mounted on the shaft is an indicator sprocket for driving a steel band
      having indicia thereon to indicate the position of the paper stop. The
      shaft and sprockets are mounted on a biasing bar which is pivotable
      relative to the fold pan. Thus, the sprockets can be placed at an angle to
      the fold pan. This, in turn, moves the paper stop to a angled position
      relative to the fold pan.
PAR  The reversed-crown extension springs can be used to move the paper stop to
      a forward position, where it acts as a deflector which prevents a paper
      sheet from entering the fold pan. An abutment mechanism is used to
      properly position the paper stop when it is used as a deflector. If the
      biasing bar of this invention is positioned to place the paper stop at an
      angle relative to the fold pan when the paper stop is used as a deflector,
      the mechanism automatically squares the paper stop relative to the fold
      pan.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention as illustrated in the accompanying
      drawings, in which reference characters refer to the same parts throughout
      the different views. The drawings are not necessarily to scale, emphasis
      instead being placed upon illustrating the principles of the invention in
      a clear manner.
PAR  FIG. 1 is a schematic side view of a portion of a folding machine employing
      principles of this invention;
PAR  FIG. 2 is an isometric view of a fold-pan assembly employing principles of
      this invention;
PAR  FIG. 3 is a sectional view taken on line 3--3 in FIG. 2;
PAR  FIG. 4 is a side view of a reversed-crown extension spring employed in the
      FIGS. 1-3 embodiment of this invention;
PAR  FIG. 5 is a sectional view taken on line 5--5 in FIG. 4;
PAR  FIG. 6 is a sectional view taken on line 6--6 in FIG. 4;
PAR  FIG. 7 is an enlarged view of an indicator assembly employed in the FIGS.
      1-3 embodiment of this invention;
PAR  FIG. 8 is a sectional view taken on line 8--8 in FIG. 7;
PAR  FIG. 9 is a sectional view taken on line 9--9 in FIG. 2; and
PAR  FIG. 10 is a view similar to the sectional view of FIG. 9 but depicts
      another embodiment of a pivoting mechanism of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown a portion of a sheet folding
      machine 10 which includes a first roller set 12, a second roller set 14
      (having a common roller with the first roller set 12), a first fold-pan
      assembly 16, a second fold pan assembly 18, and a register assembly 20.
      The first and second fold pan assemblies 16 and 18 include paper stops 22
      and 24 and paper stop adjusting devices 26 and 28.
PAR  Referring now to FIG. 2 where the first pan assembly 16 is shown in more
      detail -- it should be understood that, although not also shown in detail,
      the second fold pan assembly 18 is essentially the same as the first fold
      pan assembly 16 -- the first fold pan assembly 16 comprises top and bottom
      plates 30 and 32 which define a space 34 between them and a fold pan mouth
      36 for receiving paper sheets.
PAR  The paper stop 22 is movable in the space 34. It can be seen in FIG. 3 that
      tooth-like stopping members 40 of the paper stop 22 extend both downwardly
      through slits in the bottom plate 32, and upwardly through slits in the
      top plate 30. Thus, sheets are prevented from wedging between the stopping
      members 40 and either the top or bottom plates 30 and 32. Rollers 42,
      mounted on the paper stop, 22 make contact with longitudinal edges of the
      top plate 30 to aid the paper stop 22 in moving easily in the space 34.
PAR  A support bar 41 is mounted across the bottom of the bottom plate 32 for
      the purpose of supporting segments of this plate.
PAR  At least two abutment screws 44 are mounted on the top surface of the paper
      stop 22 at such a height that they will make contact with an abutment bar
      46, mounted on the top surface of the top plate 30, when the paper stop 22
      is moved to the fold pan mouth 36. The tooth-like stopping members 40 can
      easily pass under the abutment bar 46. The purpose of this will be
      described below.
PAR  Attached to the paper stop 22 are reversed-crown extension springs 48
      suitable springs of this type are described in U.S. Pat. No. 2,956,795 to
      Foster.
PAR  Basically, with reference to FIGS. 4, 5, and 6, an extended portion 50 of
      such a spring has a cross section 52 with a "cross-sectional curvature" in
      which a concave side is away from a central axis 53 of a coiled portion
      54. The coiled portion 54 has a substantially flat cross section 56. Such
      a reversed-crown extension spring is prestressed so that it tends toward a
      coiled condition 54; however, as it moves toward a coiled condition it
      must flatten the cross curvature of the extended portion 50 of the spring.
PAR  The reversed-crown extension springs of this invention have cross
      curvatures of such amounts that they balance the tendency of the springs
      to coil; thus, zero forces are required to maintain the springs in
      extended or coiled conditions.
PAR  Portions of these springs which are extended tend to remain extended and
      are rigid enough to prevent movement of the paper stop 22 due to forces of
      paper sheets hitting the paper stop.
PAR  Returning to FIG. 2, coiled portions 54 of the reversed-crown extension
      springs 48 are stored in spring housings 58, which are shown in more
      detail in FIG. 3. The spring housings 58 provide internal guides 60 for
      aiding in coiling the reversed-crown extension springs 58. It can be seen
      in FIG. 3 that an extended segment 62 of the reversed crown extension
      spring 48 assumes a cross curvature configuration.
PAR  The reversed-crown extension springs 48 have accurately-spaced
      rectangularly-shaped apertures 66 (FIG. 2) positioned longitudinally
      thereon which mesh with sprockets 68 located in the spring housings 58.
      When the sprockets 68 are rotated they cause the reversed-crown extension
      springs 48 to coil, or uncoil, depending on the direction in which they
      are rotated. Rotating the sprockets 68 also causes the extended segments
      62 of the reversed-crown extension springs 48 to move longitudinally along
      the fold-pan assembly 16, and, in turn, move the paper stop 22 toward and
      away from the fold-pan mouth 36.
PAR  The sprockets 68 are mounted on a drive rod 70 which is rotated by means of
      a knob 72. The spring housings 58 are fixidly mounted on a bias bar 74 and
      the drive rod 70 is mounted for rotation on flanges 76 of the bias bar 74.
      The drive rod 70 can be locked at various angular positions by means of a
      locking knob 77. Also mounted on a flange 76 of the bias bar 74 is an
      indicating assembly 80.
PAR  The indicating assembly 80, shown in greater detail in FIGS. 7 and 8
      comprises an indicator housing 82, an indicator drive sprocket 84, a
      spring steel scale 86, storage rollers 88 and guide rollers 90. The
      indicator drive sprocket 84 is mounted on the shaft 70 to turn with the
      shaft. Teeth of the indicator drive sprocket 84 mesh with apertures (not
      shown) in the spring steel scale 86 to transfer portions of the spring
      steel scale from one of the storage rollers 88 to the other. The upper
      surface of the spring steel scale 86 has graduated indicia thereon which
      can be read through a transparent aperture 92 in the top of the indicator
      housing 82, relative to an index mark 94 on the indicator housing 82. Such
      a reading provides an indication of the position of the paper stop 22
      because of the continuous, positive linkage formed by the reversed-crown
      extension springs 48, the sprockets 68, the drive rod 70 and the indicator
      drive sprocket 84.
PAR  Returning to FIG. 2, the bias bar 74 is pivotally attached to the top plate
      30 at its center by means of pivot screw 96. A guide pin 98, at one end of
      the bias bar, extends through a slot 100 in the bias bar 74 and is
      anchored in the top plate 30. A lock screw 102 (FIG. 9), at the other end
      of the bias bar, extends through a slot 104 in the bias bar and is also
      anchored in the top plate 30. A lock-screw knob 106 (FIGS. 2 and 9), can
      be screwed down on the biasing bar 74 to lock it into a fixed position
      relative to the top plate 30. An indicator 108 mounted on the bias bar 74
      indicates this relative position on a graduated scale on the top plate 30.
PAR  In operation, with reference to FIG. 1, a paper sheet from the paper
      register assembly 20 is fed by the first roller set 12 into the first fold
      pan assembly 16 until its forward edge hits the paper stop 22, at which
      time the sheet buckles. The buckle is folded by the second roller set 14
      and the forward edge of the fold is fed into the second fold pan assembly
      18 until it hits the stop 24. Again a buckle and fold occur.
PAR  With reference to FIG. 2, when it is desired to adjust the positions of the
      paper stops 22 or 24 (FIG. 2 is concerned with the paper stop 22 however,
      paper stop 24, is similarly adjusted) the knob 72 is turned. This, in
      turn, turns the sprockets 68 which move the extended segments 62 of the
      reversed-crown extension springs 48 longitudinally. This of course, moves
      the paper stop 22 to a desired position. The location of the paper stop 22
      can be read from the spring steel scale 86 of the indicator assembly 80,
      which is also moved when the knob 72 is rotated via the indicator drive
      sprocket 84.
PAR  If it is desired to fold paper sheets whereon printed matter is slightly
      skewed relative to the sheet's edge, the lock-screw knob 106 (FIGS. 2 and
      9) is loosened, and the bias bar 74 is manually pivoted about the pivot
      screw 96. The lock-screw knob 106 is then tightened. This operation places
      the bias bar 74 at an angle relative to the top and bottom plates 30 and
      32. Since the spring housings 58 and the drive rod 70 are mounted on the
      bias bar 74, it follows that the paper stop 22 is also placed at an angle
      relative to the top and bottom plates 32 via the reversed crown extension
      springs 48. Thus, paper sheets which are stopped by the paper stop 22 are
      placed on a slight angle relative to the fold-pan assembly 16 so that a
      fold can be made which is squared with printed matter on the sheets rather
      than with leading edges of the sheets.
PAR  FIG. 10 depicts another embodiment of a mechanism for pivoting the bias bar
      74 relative to the top and bottom plates 30 and 32. In this mechanism, a
      linkage is formed between the top plate 30 and the bias bar 74 by means of
      an eccentric cam 110 (FIG. 10) which is attached to a knob 112 via a shaft
      114. The eccentric cam 110 is positioned in an opening 116 in the top
      plate 30 and the shaft 114 is journaled in a slot 118 in the bias bar 74.
      The slot 118 is longitudinally arranged perpendicular to the plane of the
      sheet on which FIG. 10 is drawn. A lock screw 120 extends through a slot
      122 in the bias bar 74 and is screwed into the top plate 30. To operate
      this mechanism, the knob 112 is rotated so that the eccentric cam 110
      causes rotation of the bias bar 74 about the pin 96 and the lock screw 120
      is then tightened.
PAR  When the paper stop is used as a deflector it is moved to a forward
      position at the fold-pan mouth 36 and squared with the fold pan assembly
      16. To square the paper stop the lock-screw knob 106 is loosened. The
      paper stop 22 is then moved to the forward position so that one of the
      abutment screws 44 makes contact with the abutment bar 46. The
      reversed-crown extension spring nearest the abutment screw which first
      contacts the abutment bar 46 causes the bias bar 74 to pivot about the
      pivot screw 95 until the other squaring abutment screw also makes contact
      with the squaring bar 46. The lock-screw knob 106 is then tightened. Thus,
      the paper stop 22 is automatically squared with the fold pan assembly 16.
PAR  It should be understood that the paper stop adjusting device of this
      invention requires relatively few parts but yet can be easily operated and
      is accurate.
PAR  The reversed-crown extension springs are self storing and, therefore,
      provide economy of space.
PAR  Further, the indicating assembly of this invention provides an accurate,
      and easily readable, indication of the position of the paper stop.
PAR  Still another advantage of this invention is that it allows operators to
      produce folds which are squared with printed matter on sheets when the
      printed matter is skewed relative to edges of the sheets.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments, it will be appreciated by those
      skilled in the art that various changes in form and detail may be made
      therein without departing from the spirit and scope of the invention. For
      example, it would be possible to use a crown spring wherein the convex
      side of the crown is in a direction away from the center of a coil.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege are claimed are defined as follows:
NUM  1.
PAR  1. A rack-and-pinion type linkage system for converting rotary motion into
      linear motion and thereby moving an object along a linear path said
      rack-and-pinion type linkage system comprising:
PA1  a rack housing, said rack housing defining a chamber, said rack housing
      further defining a guiding surface located outside, but adjacent to, said
      chamber and being tangentially disposed to said chamber;
PA1  a crown extension spring being unattached to supporting structure along its
      length, said crown extension spring having a linear extended portion
      projecting outside said chamber across said guiding surface and being
      attached to said object at an outer end portion thereof only, and a
      stored, coiled, portion located in said chamber, said crown extension
      spring having a series of apertures longitudinally disposed therealong;
PA1  a pinion assembly comprising a gear means rotatably mounted on said housing
      adjacent said guiding surface, but on the opposite side of said spring
      extended portion from said guiding surface, for driving said crown
      extension spring, said gear means having teeth which mesh with said
      apertures; and
PA1  a drive means linked to said gear means for rotating said gear means in
      either of opposite selected directions in response to application of an
      external force to said drive means, thereby linearly moving said
      crown-extension-spring extended portion, along with said attached object
      and selectively coiling and uncoiling said crown-extension-spring coiled
      portion.
NUM  2.
PAR  2. A rack-and-pinion type linkage system as claimed in claim 1 wherein is
      further included an indicating means linked to said gear, said indicating
      means including a measuring scale which moves proportionately to the
      rotation of said gear and including indicia thereon for indicating the
      extent to which the crown-extension-spring linear extended portion
      projects outside said chamber.
NUM  3.
PAR  3. A rack-and-pinion type linkage system as claimed in claim 2 wherein:
PA1  said indicator includes an indicator drive gear which is linked to, and
      rotates with, said rotatable gear; and
PA1  said scale means comprises an elongated indicating band having apertures
      therein which mesh with said indicator drive gear, said elongated band
      having said indicating indicia thereon;
PA1  whereby, as said rotatable gear is rotated said indicator drive gear is
      also rotated and moves said indicating band longitudinally to indicate the
      extent to which said crown extension spring is coiled and uncoiled.
NUM  4.
PAR  4. A rack-and-pinion type linkage system as claimed in claim 1 wherein said
      drive means comprises a manual knob.
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ABST
PAL  A mechanism for the actuation of an adjusting device such as, for example,
      a fresh-air flap in a motor vehicle, in which the adjusting member is
      operatively connected with at least one rotatable lever and the lever
      cooperates with an actuating member which is displaced along a rectilinear
      guide path; the actuating member is constructed fork-shaped for the
      entrainment of the lever and the entrainment takes place by way of a
      roller, rotatably supported at the lever, which in one end position of the
      adjusting member is supported with prestress at a prong of the fork-shaped
      actuating member.
BSUM
PAR  The present invention relates to a mechanism for the actuation of an
      adjusting member, such as, for example, a fresh-air valve or flap in a
      motor vehicle, whereby the adjusting member is operatively connected with
      at least one rotatably supported lever and the latter cooperates with an
      actuating member which is displaced along a rectilinear guide path or
      track.
PAR  Such types of adjusting mechanisms are disclosed in the German
      Offenlegungsschrift No. 1,655,102 and are suited advantageously for the
      regulation of valves and distributor flaps. Their use for the adjustment
      of fresh-air valves or flaps, however, is not appropriate because, for
      example, in the closed position, an automatic opening of the flap or valve
      may take place by the dynamic pressure acting upon the fresh-air flap
      whereby in addition to undesired draft appearances, also disturbing wind
      noises occur.
PAR  Though one has already attempted to achieve a fixing of the closed position
      by the use of an over-dead-center point spring, i.e., by the use of a
      spring having a toggle action, a large lost motion path had to be accepted
      in connection therewith up to the point of response of the fresh-air flap.
PAR  It is the aim of the present invention to provide an actuating mechanism in
      which in at least one end position a locking of the adjusting member to be
      actuated takes place so that an automatic adjustment is impossible.
      Furthermore, it is to be achieved by the present invention that upon
      leaving an end position, a response of the adjusting member takes place as
      immediately as possible.
PAR  Consequently, a mechanism for the actuation of an adjusting device, for
      example, such as a fresh-air flap in a motor vehicle is proposed, whereby
      the adjusting member is operatively connected with at least one rotatably
      supported lever and the latter cooperates with an actuating member which
      is displaced along a rectilinear guide path or track, whereby according to
      the present invention, the actuating member is constructed fork-shaped for
      the entrainment of the lever, and whereby the entrainment takes place by
      way of a roller rotatably supported at the lever, which in one end
      position of the adjusting device is supported with prestress at a prong or
      tine of the fork-shaped actuating member.
PAR  Though it is already disclosed in the German Offenlegungsschrift No.
      2,041,809 to construct fork-shaped the free end of an adjusting lever
      connected with a flap for the purpose of accommodation of a sliding pin,
      no support function is ascribed to this fork-shaped end in any end
      position.
PAR  A sliding-off of the actuating member from the roller is prevented if the
      roller is provided at least with one inclined surface, for example,
      extending circumferentially at an end face.
PAR  A springy support producing a certain prestress of the actuating member in
      one end position can take place in that the roller is provided with a
      running or contact surface of an elastic material. However, the roller may
      also consist in its entirety of an elastic material. Dimensional
      deviations due to manufacturing reasons can be compensated for in a simple
      manner by these measures. The same effect is also obtained if the
      adjusting member is springily or elastically supported in an end position.
      The roller may also consist of a far-reachingly inelastic material such
      as, for example, metal.
PAR  A wedging or jamming of the fork-shaped actuating member may be avoided if
      the latter is guided in a manner safe against canting in proximity to its
      longitudinally displaceable support.
PAR  Accordingly, it is an object of the present invention to provide a
      mechanism for the actuation of an adjusting device which avoids by simple
      means the aforementioned shortcomings and drawbacks encountered in the
      prior art.
PAR  Another object of the present invention resides in an installation for the
      actuation of an adjusting device, such as a fresh-air flap, in which an
      automatic opening of the flap is precluded while at the same time
      eliminating annoying wind noises and undesired draft appearances.
PAR  A further object of the present invention resides in a mechanism for the
      actuation of an adjusting device in which relatively little lost motion is
      required before a response takes place out of the closed position.
PAR  Still a further object of the present invention resides in a mechanism of
      the type described above in which a locking of the adjusting member to be
      actuated takes place in at least one end position so that an automatic
      adjustment thereof becomes impossible.
PAR  A further object of the present invention resides in a mechanism for the
      actuation of an adjusting device which is simple in construction,
      relatively inexpensive to manufacture and install and which effectively
      prevents also any jamming of the mechanism.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a plan view on an adjusting mechanism in accordance with the
      present invention; and
PAR  FIG. 2 is a cross-sectional view taken along line II--II of FIG. 1.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      thoughout the two views to designate like parts, reference numeral 1
      designates a guide rail adapted to be secured laterally which accommodates
      a rectilinear guide track 2. A fork-shaped actuating member 3 is
      longitudinally displaceably arranged along this guide track 2 by means of
      a handle portion 4. Two prongs 5 and 6 result from the fork-shaped
      construction of the actuating member 3 which effect an entrainment of a
      rotatably supported lever 7 by way of a rotatable roller 8 arranged at its
      free end. The lever 7 is rigidly connected with an adjusting member 9
      which in the illustrated embodiment is constructed as throttle valve of a
      fresh-air supply mechanism illustrated in dash and dot lines. In the
      closed position of the adjusting member 9, the peripheral seal 10 thereof
      abuts elastically at the housing wall 11 of the fresh-air supply
      mechanism, whereby a support with a certain prestress establishes itself
      between the roller 8 consisting, for example of metal, and the prong 6. It
      is prevented thereby that the adjusting device 9 is able to open
      automatically.
PAR  The same support effect can also be achieved in that the roller 8 which,
      for the better guidance of the actuating member 3, includes lateral
      inclined run-up surfaces 12 (FIG. 2), is made of an elastic material or
      includes at least a contact or running surface of elastic material.
PAR  The guide rail 1 is connected in an advantageous manner (not illustrated in
      detail) directly with the housing generally designated by reference
      numeral 13 of the fresh-air supply mechanism and guides the angularly bent
      actuating member 3 in a slot 14 safely against canting or edging (FIG. 2).
      If one moves the actuating member 3 out of the illustrated position toward
      the right, as viewed in FIG. 1, then the supporting effect is lifted, and
      the roller 8 is taken along by the prong 5 already after a short
      lost-motion path.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A mechanism for the actuation of an adjusting means in which the
      adjusting means is operatively connected with at least one rotatably
      supported lever means and said lever means cooperates with an actuating
      means which is displaced along a substantially rectilinear guide path,
      characterized in that the actuating means is constructed fork-shaped for
      the purpose of taking along the lever means, and in that the entrainment
      takes place by way of a roller means rotatably supported at the lever
      means, said roller means being supported in one end position of the
      adjusting means with prestress at a prong of the fork-shaped actuating
      means.
NUM  2.
PAR  2. A mechanism according to claim 1, characterized in that the adjusting
      means is a fresh-air flap of a motor vehicle.
NUM  3.
PAR  3. A mechanism according to claim 1, characterized in that the roller means
      is provided with at least one inclined surface.
NUM  4.
PAR  4. A mechanism according to claim 1, characterized in that said inclined
      surface is an inclined surface provided circumferentially at an end face
      of said roller means.
NUM  5.
PAR  5. A mechanism according to claim 4, characterized in that the roller means
      is provided with a contact surface of an elastic material.
NUM  6.
PAR  6. A mechanism according to claim 4, characterized in that the roller means
      consists of an elastic material.
NUM  7.
PAR  7. A mechanism according to claim 4, characterized in that the adjusting
      means is elastically supported in an end position and that the roller
      means consists of a far-reaching non-elastic material.
NUM  8.
PAR  8. A mechanism according to claim 7, characterized in that the roller means
      consists of metal.
NUM  9.
PAR  9. A mechanism according to claim 4, characterized in that a means is
      provided for securely guiding the fork-shaped actuating means against
      canting, said means for securely guiding being disposed in proximity to
      said guide path of said actuating means.
NUM  10.
PAR  10. A mechanism according to claim 1, characterized in that the roller
      means is provided with a contact surface of an elastic material.
NUM  11.
PAR  11. A mechanism according to claim 1, characterized in that the roller
      means consists of an elastic material.
NUM  12.
PAR  12. A mechanism according to claim 1, characterized in that means are
      provided for elastically supporting said adjusting means in an end
      position and that the roller means consists of a far-reaching non-elastic
      material.
NUM  13.
PAR  13. A mechanism according to claim 12, characterized in that the roller
      means consists of metal.
NUM  14.
PAR  14. A mechanism according to claim 1, characterized in that a means is
      provided for securely guiding the fork-shaped actuating means against
      canting, said means for securely guiding being disposed in proximity to
      said guide path of said actuating means.
NUM  15.
PAR  15. An adjusting arrangement comprising:
PA1  an adjusting member,
PA1  means for rotatably mounting said adjusting member so as to be displaceable
      between at least a first end position and a second end position,
PA1  lever means connected to said adjusting member for selectively displacing
      the same,
PA1  an actuating means for actuating said lever means including a fork member,
PA1  means for displaceably mounting said actuating means,
PA1  means provided on said lever means for entraining said lever means with
      said actuating means, and
PA1  means for prestressing said means for entraining at one fork of said fork
      member when said adjusting member is in one of said end positions.
NUM  16.
PAR  16. An arrangement according to claim 15, wherein said means for
      displaceably mounting said actuating member includes a guide member.
NUM  17.
PAR  17. An arrangement according to claim 16, wherein said entraining means
      includes at least one roller means provided on said lever means.
NUM  18.
PAR  18. An arrangement according to claim 17, wherein said prestress means
      includes a contact surface of elastic material provided on said at least
      one roller means.
NUM  19.
PAR  19. An arrangement according to claim 17, wherein said adjusting member is
      a substantially disk-shaped throttle valve, said prestress means includes
      a peripheral seal of elastic material provided on said throttle valve.
NUM  20.
PAR  20. An arrangement according to claim 19, wherein said roller means
      includes a contact surface of inelastic material.
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ABST
PAL  A drive system comprising a prime mover such as an engine providing a drive
      shaft, a shell supported by the shaft for rotation relative to the shaft,
      a split groove pulley mounted on the shaft, the pulley including one
      flange secured to the shaft for rotation therewith and a complementary
      flange connected to the shell for rotation therewith, the flanges defining
      a space axially therebetween, an adjustably movable take-up pulley having
      a belt-tightening position and a belt-loosening position, and a belt
      trained about the pulleys. When the belt is tightened by the take-up
      pulley, the shell and complementary flange rotate with the shaft and the
      said one flange, i.e., the belt provides a driving connection between the
      two flanges. When the belt is loosened, the driving connection is broken
      such that the one flange and shaft rotate relative to the complementary
      flange and the shell. The said one flange provides means for drawing air
      into the space between the flanges for cooling the belt when the shaft is
      driven and for providing air flow which positions the belt when it is
      loosened away from the rotating flange.
BSUM
PAR  The present invention relates to clutching devices, and more particularly
      to belt clutches of the type disclosed and claimed in U.S. Pat. No.
      2,957,561 issued Oct. 25, 1960 to Orly Musgrave. Such belt clutches
      comprise a drive shaft, a split groove pulley mounted on the shaft, the
      pulley including one flange secured to the shaft for rotation therewith
      and a complementary flange which rotates relative to the shaft and which
      may be drivingly connected, for instance, to another element. A belt is
      trained about that split groove pulley and means is provided for
      tightening and loosening the belt. When the belt is tight, the belt
      provides a driving connection between the two flanges such that the
      complementary flange is driven with the flange secured to the shaft. When
      the belt is loosened, the complementary flange is not driven by the flange
      which is secured to the shaft.
PAR  The Orly Musgrave U.S. Pat. No. 2,957,561 discloses such a clutch
      arrangement for use on a riding lawn mower comprising an engine, the drive
      shaft of which extends downwardly through an opening in the frame of the
      mower. A shell is mounted on the drive shaft for rotation relative to the
      shaft. A grass cutting blade is mounted on the shell for rotation
      therewith. Then, a split groove pulley is mounted on the shaft above the
      shell, the pulley including an upper flange secured to the shaft for
      rotation therewith and a lower or complementary flange secured to the
      shell for rotation therewith. The flanges, of course, define a space
      axially therebetween. A second pulley and means for mounting the second
      pulley on the frame for movement toward and away from the first-mentioned
      pulley between a belt-tightening position and a belt-loosening position
      are provided. A belt is trained about the pulleys whereby, when the second
      pulley is in its belt-tightening position, the shell and lower flange and
      blade rotate with the upper flange and shaft and, when the second pulley
      is in its loosening position, the driving connection between the upper and
      lower flanges is broken and the belt is out of engagement with the upper
      flange. Generally, another pulley is used drivingly to connect the drive
      shaft to the transmission for the lawn mower.
PAR  For safety reasons, when the belt is loosened, a brake is moved against the
      lower pulley flange to keep that flange and the blade from rotating. This
      means that the lower flange and blade and, in fact, the belt are
      stationary when the upper flange and drive shaft are driven at speeds of
      from 800 rpm to 1,000 rpm during idling and even higher speeds during
      running or moving of the mower to the place of cutting. Such engines
      generally run between 2,500 rpm and 2,800 rpm during running and cutting
      operations.
PAR  Each of the flanges has a radially inner annular portion, a radially outer
      annular portion and an intermediate annular portion therebetween. The belt
      is engageable with the outer annular portions when it is in its tightened
      condition. When the belt is in its loosened condition, it rests upon the
      outer annular portion of the lower flange to provide a narrow space
      between the belt and the outer annular portion of the upper flange which
      is rotating.
PAR  In prior art systems, problems have developed when the belt is in its
      loosened condition and stationary on the stopped lower flange. The
      problems involve contacting of the stationary belt to the rotating upper
      flange. This contacting or rubbing action of the upper pulley flange heats
      the belt and causes a compound to cook out of the belt. This compound,
      which is sticky, actually sticks the belt to the pulley flanges, making it
      difficult to disengage the clutch. Further, excessive heating shrinks the
      belt to aggravate the problem of the sticky compound.
PAR  It is an object of my present invention to provide a flow of air that will
      cool the belt while it is standing still and which will position the belt
      downwardly away from the upper pulley flange which is rotating.
      Specifically, my objective is to cool the belt while it is standing still,
      which is significantly different from cooling a belt and pulley while
      running. I am aware of prior art which shows air scoops or serrations for
      cooling a pulley and belt which generate heat when the belt is driven at
      high speeds about the pulley. U.S. Pat. No. 2,707,402 issued May 3, 1955;
      No. 2,850,852 issued Sept. 9, 1958; and No. 3,229,424 issued Jan. 18, 1966
      are representative of such prior art.
PAR  While my present invention provides cooling air which will tend to cool the
      belt when the belt clutch is engaged, that is not the primary reason why I
      provide such a cooling means or air flow means.
PAR  An object of my invention, therefore, is to provide such a belt clutch in
      which the upper flange or the flange which is driven by the shaft is
      provided with means for drawing air into the space between the flanges for
      cooling the belt when the shaft is driven and particularly when the lower
      flange or complementary flange and belt are stationary when the shaft is
      driven.
PAR  Another object of my invention is to provide such an air drawing means
      which will provide an air flow tending to hold the stationary belt out of
      contact with the rotating upper flange.
PAR  Other objects and features of my present invention will become apparent as
      this description progresses.
DRWD
PAR  To the accomplishment of the above and related objects, this invention may
      be embodied in the form illustrated in the accompanying drawings,
      attention being called to the fact, however, that the drawings are
      illustrative only, and that change may be made in the specific
      construction illustrated and described, so long as the scope of the
      appended claims is not violated.
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary sectional view showing the belt clutch of the
      present invention in a riding lawn mower environment;
PAR  FIG. 2 is a sectional view showing the clutch in the disengaged condition;
      and
PAR  FIG. 3 is a fragmentary sectional and enlarged view taken generally along
      the lines 3--3 in FIG. 1.
DETD
PAR  Referring now particularly to the drawings, it will be seen that I have
      shown a portion of a lawn mower 10 comprising a frame 12 upon which an
      engine 14 is mounted and held stationary thereon by means such as the
      illustrated bolt 16 and nut 18. The engine 14 provides a drive shaft 20
      which extends vertically downwardly under the mower and upon which a
      pulley 22 is mounted for rotation with the shaft. This pulley 22 may be
      connected by a belt (not shown) to the transmission of the wheel drive
      unit of the mower (also not shown). In the illustrative embodiment, the
      pulley 22 is formed with a downwardly extending cylindrical sleeve 24
      receiving the distal end of the shaft 20 and an indentation or protrusion
      26 which extends into the keyway 28 of the shaft to cause the pulley 22 to
      rotate with the shaft. A bearing sleeve 30 is mounted upon the downwardly
      extending sleeve 24 and a cylindrical shell 32 is mounted upon that sleeve
      30. In the illustrative embodiment, a blade 34 is fastened to the shell 32
      by means such as the illustrated screw 36. The shell 32, in the
      illustration, has a concentric bore 38 in its lower end which receives a
      central raised portion 40 of the blade to center the blade. Such
      structure, of course, is merely illustrative in that the blade 34 may be
      connected to the shell 32 by any number of conventional techniques.
PAR  Then, a split groove pulley 46 is mounted on the shaft 20, the pulley
      including an upper flange 48 which is secured to the shaft 20 for rotation
      therewith and a lower flange 50 which is secured to the shell 32 for
      rotation therewith. In other words, the lower flange 50 and the shell 32
      will rotate independently of the shaft 20. The upper flange 48 has an
      inner annular portion 52, outer annular portion 54, and intermediate
      annular portion 56 while the lower flange 50 has an inner annular portion
      58, outer annular portion 60, and intermediate annular portion 62. Also,
      the lower flange 50 is provided with a peripherally and downwardly
      extending flange portion 64 against which a brake operates as will be
      discussed hereinafter. Lugs, such as indicated at 66, drivingly connect
      the lower flange 50 to the shell 32, the lugs 66 extending upwardly
      through openings formed in the flange 50.
PAR  In the illustrative embodiment, the bearing 30 and shell 32 are secured
      against axial movement downwardly off the shaft 20 by means of a bearing
      end plate 70 which is secured to the shaft 20 by means of a screw 72 which
      is threaded axially upwardly into the end of the shaft as indicated at 74.
PAR  A belt 82 is trained about the pulley 46 and another pulley 84 which is
      bearing mounted on a shaft 86 disposed in mounts 88 on the frame 12 such
      that the shaft 86 extends through an opening 90 in the frame. The opening
      90 is elongated such that the pulley 84 can move toward and away from the
      axis of the shaft 20 as indicated by the arrows 92. In other words, the
      pulley 84 is adjustably movable between its belt-tightening position and
      belt-loosening position. Any number of means may be used for holding the
      pulley 84 in its two positions. Such means are disclosed in the Musgrave
      U.S. Pat. No. 2,957,561 mentioned above.
PAR  Also, as disclosed in the Musgrave U.S. Pat. No. 2,957,561, a brake 98 is
      connected to the pulley 84 as indicated at 100 such that, when the pulley
      84 is in its belt-loosening position, the brake 98 is engaged with the
      downwardly extending flange 64 to stop the flange 50 of the pulley 46 and
      more importantly, to stop the blade 34 from rotating with the shaft 20.
PAR  In the illustrative embodiment, the intermediate annular portion 56 of the
      upper pulley flange 48 is formed with a plurality of air scoops 108 which
      draw air into the space between the pulley flanges to cool the belt 82 and
      to position the belt 82 downwardly against the outer annular portion 60 of
      the lower flange 50 when the belt is loosened. Particularly, a part of the
      air drawn into the axial space between the flanges 48, 50 is exhausted
      radially outwardly through the narrow space between the belt and the outer
      annular portion 54 of the upper flange as indicated by the arrows 116.
      This movement of the air keeps the belt out of engagement with the
      rotating upper flange to stop any rubbing action which would generate heat
      in the belt. The movement of the air also cools the belt.
PAR  Each of the scoops 108 is a peripherally extending depression opening
      toward the space between the pulley flanges 48 and 50 and the forward end
      of which is open as indicated at 110, i.e., the end facing the direction
      of rotation.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a drive system including an engine providing a drive shaft, a shell
      supported by said shaft for rotation relative to said shaft, a split
      groove pulley on said shaft, said pulley including one flange secured to
      the shaft for rotation therewith and a complementary flange connected to
      said shell for rotation therewith, said flanges defining a space axially
      therebetween, an adjustably movable take-up pulley having a
      belt-tightening position and a belt-loosening position, and a belt trained
      about said pulleys whereby, when said belt is tightened by said take-up
      pulley, said shell and complementary flange rotate with said shaft and
      said one flange, the improvement in which said one flange provides means
      for drawing air into said space between said flanges for cooling said belt
      when said shaft is driven, each said flange including a radially inner
      annular portion, a radially outer annular portion and an intermediate
      annular portion therebetween, said belt, in its loosened condition, being
      engaged with the radially outer annular portion of said complementary
      flange and out of engagement with said one flange and said belt, in its
      tightened condition, being engaged with both radially outer annular
      portions, said air drawing means being positioned to draw air into the
      space between said intermediate portions, a part of which air escapes from
      said space radially outwardly to flow between the radially outer portion
      of said one flange and said belt when said belt is in its loosened
      condition, thereby to hold said belt out of engagement with said one
      flange.
NUM  2.
PAR  2. The improvement of claim 1 in which the intermediate annular portion of
      said one flange is formed to provide a plurality of air scoops serving as
      said air drawing means.
NUM  3.
PAR  3. The improvement of claim 1 in which each said scoop is a peripherally
      extending depression opening toward the space between said flanges and
      open at one end facing the direction of rotation of said one flange.
NUM  4.
PAR  4. In a drive system including an engine providing a drive shaft, a shell
      supported by said shaft for rotation relative to said shaft, a split
      groove pulley on said shaft, said pulley including one flange secured to
      the shaft for rotation therewith and a complementary flange connected to
      said shell for rotation therewith, said flanges defining a space axially
      therebetween, an adjustably movable take-up pulley having a
      belt-tightening position and a belt-loosening position, and a belt trained
      about said pulleys whereby, when said belt is tightened by said take-up
      pulley, said shell and complementary flange rotate with said shaft and
      said one flange, the improvement in which said one flange provides means
      for drawing air into said space between said flanges for cooling said belt
      when said shaft is driven, said air drawing means and said flanges being
      disposed to direct a part of the air drawn into said space radially
      outwardly to flow between said one flange and said belt when said belt is
      in its loosened condition thereby to hold said belt out of engagement with
      said one flange.
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ABST
PAL  A film advancing-fluid spreading apparatus for progressively distributing a
      released mass of a processing composition across an exposed photosensitive
      layer of a film unit carrying a pod wherein the processing composition is
      contained. A pair of pressure-applying members having juxtaposed surfaces
      are rotatably mounted for contacting and advancing upper and lower
      surfaces of the film unit therebetween to distribute a layer of the
      processing composition across the photosensitive layer of the film unit.
      One of the pair of pressure-applying members includes a pinion axially
      coupled thereto which receives energy from a motor connected to a power
      transmitting system including a coupler whereby energy is transferred from
      the motor to rotate the pinion in a predetermined direction. The coupler
      permits a transfer of energy through the power transmitting system to the
      pinion when the film advancingfluid spreading apparatus is operating in a
      driving mode, and substantially prevents the transfer of energy from the
      pinion back through the power transmitting system to the motor when the
      pressure-applying member having the pinion axially coupled thereto is
      manually rotated in the predetermined direction.
BSUM
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to copending application Ser. No. 466,399 filed
      on even date herewith in the names of Andrew S. Ivester and Bruce K.
      Johnson and entitled Photographic Film Processing Apparatus Having A
      Protective Device.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to photography and, more particularly to an improved
      film advancing-fluid spreading apparatus for use with cameras of the
      self-developing type.
PAR  2. Description of the Prior Art
PAR  The prior art is replete with fluid-spreading apparatus for use with
      cameras of a self-developing type. A variety of forms of photographic
      apparatus has been proposed wherein each film unit included in an
      assemblage of a succession of individual photographic film units is moved,
      following exposure, between a pair of pressure-applying members for
      releasing a processing composition carried by the film units and
      distributes the processing composition within the film unit. Movement of
      successive photographic film units between the pressure-applying members
      is effected by manually pulling or drawing each film unit aided by a
      leader or similar element attached thereto. The film unit is advanced by
      positioning the pressure-applying members such that they function to
      receive a portion of the film unit therebetween whereupon the portion of
      the film unit is grasped and manually withdrawn between the
      pressure-applying members towards the exterior of the camera. While being
      essentially satisfactory, the apparatus necessitates a camera structure
      complicated by an inclusion of a requisite means for storing and
      manipulating a plurality of leaders such that each leader is made
      available on the exterior of the camera. A disadvantage inherent in this
      class of fluid spreading apparatus is a requirement that the photographic
      film unit be withdrawn from the camera between the pressure-applying
      members at a uniform rate and in a straight line whereby the processing
      composition is uniformly dispersed across a photosensitive layer of the
      assemblage. Failure to do so often results in an uneven spreading of the
      processing composition whereby portions of the exposed photosensitive
      layer not contacted thereby will remain undeveloped.
PAR  Another class of fluid spreading apparatus includes means for engaging the
      film unit near its trailing end and advancing the assemblage into the bite
      of a pair of non-rotating pressure-applying members as shown in U.S. Pat.
      Nos. 2,477,324 and 2,873,658. The major drawback with apparatus of the
      type set forth in these two patents is that the film unit used in U.S.
      Pat. No. 2,477,324 must be substantially rigid or thick in order to
      withstand pressures exerted thereon in moving the assemblage into the bite
      of the pressure-applying members, while the film unit in U.S. Pat. No.
      2,873,658 must be substantially rigid or thick in order to enable the film
      unit to drive the pressure-applying members as the film unit is moving
      therebetween. Increasing the thickness and/or rigidity of the assemblage
      adds to material and manufacturing costs and in a case of increased
      thickness subtracts from compactness of a cassette wherein the assemblage
      of film units is retained and the camera wherein the cassette is adapted
      for use.
PAR  An advancement in fluid spreading apparatus has been introduced wherein the
      film unit is advanced and processed subsequent to exposure by a motorized
      system. The system automatically, upon receiving a signal that the film
      unit has been exposed within a camera, advances the exposed film unit into
      the bite of a pair of pressure-applying members adapted to receive the
      film unit and continues its movement at a uniform rate toward the camera's
      exterior while spreading a processing composition between elements of the
      film unit as shown in U.S. Pat. No. 3,776,118. A motor included in the
      system is connected by a gear train to one of the pair of
      pressure-applying members, thereby imparting rotary motion in a
      predetermined direction thereto and serves to advance the film unit
      between the pair of pressure-applying members to provide the film unit
      with complete coverage of the processing composition during a processing
      cycle. While serving to eliminate some of the undesirable features of the
      aforementioned fluid spreading apparatus, the sytem does not provide a
      convenient method for manually rotating the pressure-applying members
      whereby remnant deposits of the processing composition may be removed
      therefrom, or more importantly, for manually withdrawing the film unit
      between the pressure-applying members to complete the processing cycle
      which may have been interrupted by a malfunction of the motorized system
      whereby the film unit lies arrested between the pressure-applying members
      in a partially processed state. Manual rotation of the pressure-applying
      member may present an excessive loading condition to each member of the
      system including the motor due to the necessity to overcome a mechanical
      advantage provided in the system's design which becomes a mechanical
      disadvantage when energy is transmitted back through the system which
      could lead to extensive damage thereto.
PAR  From the foregoing, it can be seen that there is a need for a drive system
      for a fluid spreading apparatus having at least one rotatable
      pressure-applying member. wherein energy may be transmitted to the
      pressure-applying member to rotate it in a predetermined direction but
      which substantially prevents energy from being transmitted by rotation of
      the pressure-applying member back through the drive system.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a photographic apparatus and, more particularly,
      to a film advancing-fluid spreading apparatus for use with a film
      assemblage of the type described in U.S. Pat. No. 3,779,770.
PAR  The film assemblage described in the aforementioned patent includes a film
      cassette of unitary construction including spaced forward and rear walls,
      a pair of side walls and leading and trailing end walls which cooperate to
      enclose a plurality of thin, flexible, film units of the type more fully
      described in U.S. Pat. No. 3,415,644. The film cassette's forward wall is
      provided with a rectangular exposure aperture which is generally
      coextensive with the area of the film unit to be exposed and at least one
      elongated slot which extends rearwardly along one lateral side of the
      forward wall and at least part way down the cassette's trailing end wall.
      One end of the cassette is provided with an elongated exit slot through
      which film units may be moved, one at a time, i.e., the slot has a depth
      only slightly greater than the thickness of one film unit and less than
      the combined thickness of two film units, as more fully described in the
      aforementioned U.S. Pat. No. 3,779,770. A resilient platen is positioned
      between the stack of film units and a battery located adjacent the
      cassette's rear wall. The platen is provided to urge a foremost film unit
      against the forward wall such that its photosensitive layer is located in
      position for exposure and the leading edge or edge of the film unit is in
      alignment with the exit slot.
PAR  The film assemblage is adapted to be located within a camera in position
      for exposure of the foremost film unit. Mounted within the camera is a
      film advancing apparatus including a film engaging member which is adapted
      to extend into the slot in the cassette's forward and trailing end walls
      and engage the foremost film unit at or near its trailing end or at its
      trailing edge prior to moving it through the exit slot in the cassette and
      into the bite of a pair of pressure-applying members mounted adjacent a
      leading end of the foremost film unit. The pressure-applying members are
      adapted to receive the film unit as it moves out of the exposure position
      through the exit slot and drive the film unit toward the exterior of the
      camera while simultaneously spreading a processing composition between
      layers of the film unit.
PAR  The camera is provided with a motor powered by the battery included within
      the cassette and operates in a driving mode to transmit power through a
      power transmitting system having one end coupled to the motor and an
      opposite end adapted to be coupled to a pinion axially coupled to one of
      the pressure-applying members thereby providing continuous movement of the
      exposed film unit from the exposure position within the cassette to a
      position between the pressure-applying members and the exterior of the
      camera. The power transmitting system includes a coupler positioned
      whereby energy is transferred from the motor to the pinion for rotating
      one of the pressure-applying members in a predetermined direction and
      prevents transmission of power back through the power transmitting system
      to the motor when the motor and the power transmitting system are no
      longer operating in the driving mode and an attempt is made to drive the
      system by manually rotating the pinion in the predetermined direction. The
      rotating pressure-applying members continue the uninterrupted movement of
      the film unit toward the exterior of the camera while simultaneously
      rupturing a pod containing the processing composition located near the
      leading end of the film unit and spreading the processing composition
      between photosensitive and image-receiving layers of the film unit to
      initiate formation of a visible image within the film unit as is well
      known in the art. After the processing composition has been spread between
      the photosensitive and image-receiving layers, the film unit is moved to
      the exterior of the camera out of the bite of the pressure-applying
      members where the user may grasp the film unit and after a predetermined
      period of time view the positive image of the scene photographed.
PAR  In a preferred embodiment, one of the components of the film
      advancing-fluid spreading apparatus, i.e., the pressure-applying members,
      may be manually operated should a malfunction develop in the motor or in
      the power transmitting system. The pressure-applying members are
      preferably pregapped to provide for initially spacing the
      pressure-applying members apart such that the film-engaging member may
      advance the foremost film unit into a position wherein a leading end
      portion of the film unit is between the pressure-applying members. The
      separation of the pressure-applying members provided by the pregapping is
      substantially less than the film unit's thickness such that the
      pressure-applying members adjust by further increasing the separation to
      accommodate the film unit when received therebetween and subsequently
      return to the pregapped position upon the passing of the film unit. Manual
      rotation of the pressure-applying members may be performed when the motor
      is rendered inoperative and out of the driving mode by rotating the
      pressure-applying member having the pinion attached thereto in the
      predetermined direction of by grasping the leading end portion of the film
      unit and pulling the film unit between the pressure-applying members
      whereby rotation of the pressure-applying members will continue to advance
      the film unit toward the exterior of the camera while simultaneously
      spreading the fluid processing agent between photosensitive and
      image-receiving layers of the film unit.
PAR  The coupler, included in the power transmitting system, disengages the
      power transmitting system from the pinion when the pressure-applying
      member is manually rotated in the predetermined direction whereby the
      pinion is free to rotate about its own axis thereby preventing damage to
      the power transmitting system and to the motor.
PAR  The power transmitting system is designed to provide a unidirectional drive
      to the pinion with each member thereof having a specific relationship to
      each adjoining member included in the system. Therefore, careful
      consideration must be given during construction thereof to a factor known
      to those skilled in the art as a mechanical advantage which theoretically
      represents the ratio of a force exerted by a member to the force acting
      upon the member. When the power transmitting system is inoperative, an
      attempt to reverse the driving mode from the pinion back through the power
      transmitting system to the motor operates at a mechanical disadvantage
      thereby subjecting the members included in such transmission to a
      requisite load which may exceed a permissible load established therefor in
      determining endurance strengths of each of the members and result in
      substantial damage to one or all of the members. The coupler provides the
      film advancing apparatus with a device which isolates the pinion whereby
      forces acting against manual rotation of the pinion are disengaged
      therefrom and the film unit can be conveniently withdrawn from the camera
      between the pressure-applying members; or, the pressure-applying members
      can be conveniently rotated and foreign substances removed therefrom
      without undue thought or activity.
PAR  Accordingly, an object of the present invention is to provide a
      photographic apparatus including a film advancing-fluid spreading
      apparatus, a motor, a power transmitting system coupled to the motor
      operating in a driving mode to advance a film unit, subsequent to
      exposure, leading edge first into the bite of a pair of juxtaposed
      pressure-applying members whereby the film unit is processed and moved
      from an exposure position into a second position exterior to the camera,
      and a coupler included in the power transmitting system operating to
      transfer energy through the power transmitting system to a driver coupled
      to one of the pressure-applying members for rotating the pressure-applying
      member in a predetermined direction and substantially prevents a transfer
      of energy from the pressure-applying member back through the power
      transmitting system into the motor when the pressure-applying member is
      rotated in the predetermined direction.
PAR  It is yet another object of the present invention to provide a film
      advancing-fluid spreading apparatus which upon manual rotation of one of a
      pair of pressure-applying members in the predetermined direction
      automatically isolates the pressure-applying members from a power
      transmitting system used to transfer energy from a motor to the
      pressure-applying member when the motor is operating in a driving mode,
      whereby the pressure-applying members may be manually rotated to remove
      foreign substances therefrom, or a malfunction in the power transmitting
      system or the motor renders the system inoperative and a film unit is
      arrested between the pressure-applying members in a partially processed
      state, the film unit may be manually withdrawn therefrom by grasping a
      protruding edge of the film unit and pulling the film unit until the film
      unit is clear of the pressure-applying members thereby driving the said
      one pressure-applying member in the predetermined direction to complete
      the process without damaging the power transmitting system or the motor.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the apparatus possessing the
      construction, combination of elements, and arrangements of parts which are
      exemplified in the following disclosure and the scope of the application
      which will be indicated in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be made to the following detailed description taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is an enlarged perspective view of a film advancing-fluid spreading
      apparatus shown having a power transmitting system partly in section, and
      a pair of pressure-applying members operatively coupled thereto operating
      in a motorized driving mode;
PAR  FIG. 2 is a schematic view of a coupling device of the instant invention
      shown in a coupled position as illustrated in FIG. 1;
PAR  FIG. 3 is an enlarged perspective view of the film advancing-fluid
      spreading apparatus shown having an inoperative power transmitting system,
      partly in section, and a coupler operatively uncoupling the power
      transmitting system from the pair of pressure-applying members; and
PAR  FIG. 4 is a schematic view of the coupling device of the instant invention
      shown in an uncoupled position as illustrated in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A photographic apparatus including the present invention finds particular
      utility in the treatment of photographic film assemblages of the type
      including all materials required to produce a finished photographic print.
      The film assemblage includes a photosensitive image-recording layer
      adapted to be exposed to produce an image; a second, or image-receiving
      element adapted to be superposed with the photosensitive layer, at least
      during processing to aid in distributing a viscous processing composition
      in contact with the exposed photosensitive layer, and a rupturable
      container or rupturable pod including a viscous processing composition
      adapted, when distributed in contact with the exposed photosensitive
      layer, to produce a positive image. Film assemblages of this type may take
      a number of different forms including, for example, separate
      photosensitive and second sheets adapted to produce a single print or a
      plurality of prints; or individual film units each including a pair of
      layers of sheets coupled with or secured to one another in face-to-face
      relationship and adapted to be exposed and processed to produce a single
      print. The viscous processing composition is supplied in the rupturable
      pod coupled with one or both layers and adapted to be moved together with
      the superposed layers through a passage between a pair of pregapped
      juxtaposed pressure-applying members; or the processing composition may be
      supplied from a source not associated with the superposed layers and
      dispensed between the elements for subsequent spreading in a thin layer
      during movement of the elements between the pressure-applying members.
      Each film assemblage or film unit is adapted to be processed by advancing
      the film unit, rupturable pod foremost, between the pressure-applying
      members for dispensing its contents in response to the application of
      compressive pressure to the rupturable pod. Accordingly, the film unit is
      designed to be advanced from the photographic apparatus into the light
      immediately after the viscous processing composition is distributed within
      the film unit, which indicates that spreading of the processing
      composition must be complete and effective to prevent further exposure of
      the photosensitive elements almost immediately as the spreading occurs.
PAR  Referring in more detail by reference characters to FIGS. 1 and 2, the
      present invention is designed to be incorporated into a compact
      self-developing photographic apparatus such as a camera, which in many
      respects generally conforms to camera structure disclosed and described in
      considerable detail in U.S. Pat. No. 3,714,879. In the form of the camera
      described in the above-mentioned patent, the present invention may be
      adapted for use therewith and comprises a film advancing-fluid spreading
      apparatus 10 for use in moving film unit 12 between lower and upper
      pressure-applying members 14 and 16, respectively, to spread the viscous
      processing composition by advancing a leading end 18 of the film unit 12
      into the bite of the pressure-applying members 14 and 16 and driving the
      lower pressure-applying member 14 in a predetermined direction whereby
      upper pressure-applying member 16 rotates in an opposite direction in
      frictional engagement with the film unit 12. The lower pressure-applying
      member 14 preferably receives power for rotation thereof from an electric
      motor 20 receiving energy from an energy source such as a suitable battery
      or a plurality of suitable batteries (not shown); a power transmitting
      system comprising a coupler device 48 and which includes at an input end
      driving pinion 22 coupled to a shaft 24 of the motor 20, gears 26 and 28,
      and at an output end thereof gear 30. When the apparatus 10 is operating
      in a driving mode, wherein the film unit 12 is advanced into the bite of
      pressure-applying members 14 and 16, the coupler device 48 comprising link
      34, resilient member 36, and coupler gear 32 is in mesh with pressure
      member pinion 38 whereby energy received from the motor 20 via the power
      transmitting system is transmitted to rotate the lower pressure-applying
      member 14 in the predetermined direction when the fluid advancing-fluid
      spreading apparatus 10 is operating in the driving mode.
PAR  The film advancing-fluid spreading apparatus 10 is constructed to deliver
      rotary motion in a predetermined direction and uniform angular velocity to
      the pressure member pinion 38 and provides a unidirectional mechanical
      advantage whereby minimal input energy received from the energy source by
      the motor 20 is capable of delivering sufficient power to drive the power
      transmitting system, coupler gear 32, and the pressure member pinion 38
      thereby advancing the film unit 12 at a rate which assures complete
      distribution of the processing composition upon the exposed photosensitive
      layer of the film unit 12. Therefore, the motor 20 is dependent upon power
      input from the battery sufficient to provide for advancement of the film
      unit 12 between the pressure-applying members 14 and 16 at a substantially
      constant predetermined speed subsequent to exposure of the film unit's
      photosensitive layer and to advance the film unit 12 from an exposure
      position within a cassette, into the bite of pressure-applying members 14
      and 16.
PAR  The lower pressure-applying member 14 constitutes a driving member for the
      pair of pressure-applying members 14 and 16 in that it includes the
      pressure member pinion 38 axially coupled thereto which in turn is coupled
      to the motor 20 through the power transmitting system. Pressure-applying
      members 14 and 16 are adapted to progressively advance the film unit 12
      between the pressure-applying members 14 and 16, whereby a compressive
      force exerted thereon by the pressure-applying members 14 and 16 first
      effects a rupturing of the rupturable pod (not shown) containing the
      viscous processing composition and then serve to progressively distribute
      a released mass of the processing composition across the exposed
      photosensitive layer of the film unit 12 as the film unit progressively
      passes therebetween.
PAR  Subsequent to exposure, the motor 20 operating in the driving mode supplies
      energy to the power transmitting system which is transferred by the
      coupler device 48 to the pressure member pinion 38 whereby the
      pressure-applying member 14 is rotated in the predetermined direction (as
      viewed schematically in FIG. 2). The motor 20 supplies rotary motion to
      shaft 24 having driving pinion 22 axially connected thereto whereby gear
      members of the power transmitting system 26, 28 and 30 are set into
      rotation causing the coupler gear 32 of the coupler device 48 to rotate in
      a counter direction to the pressure member pinion 38 in mesh therewith. It
      is important to note the power transmitting system may consist of any
      number of gears or rolling surfaces necessary to transmit power from the
      motor 20 to the pressure member pinion 38. The major consideration is the
      rate and direction of rotation of pressure member pinion 38 which must be
      driven in the predetermined direction at a rate sufficient to advance the
      film unit 12 between pressure-applying members 14 and 16 to assure that
      the processing composition is spread completely across the exposed
      photosensitive layer of the film unit 12. A further requisite is for the
      pressure member pinion's rotational axis 42 and rotational axis 44 of gear
      30 to be located in a plane which does not contain the rotational axis 46
      of the coupler gear 32 whereby link 34 axially coupled to axes 44 and 46
      is permitted to pivot about axis 44 and gear 30 in a manner explained in
      detail in the following paragraphs.
PAR  The camera includes a mechanism (not shown) which operates automatically to
      engage a rear edge 40 of the exposed film unit 12 and advance it from
      within the cassette into the bite of the rotating pressure-applying member
      14 and pressure-applying member 16 whereby the film unit 12 is advanced
      therebetween to the exterior of the camera whereat it may be grasped by
      the user.
PAR  Continuous operation of the power transmitting system is a necessity during
      a processing cycle wherein the exposed film unit 12 is advanced between
      the pressure-applying members 14 and 16 and the viscous processing
      composition is distributed across the exposed photosensitive layer of the
      film unit 12. Should the film advancing-fluid spreading apparatus 10 fail
      to continue operating during the processing cycle due to one of a number
      of possible reasons, e.g., a malfunction whereby the motor 20 fails to
      continue operating in the driving mode, or the energy source, the battery,
      fails to continue to supply sufficient power to the motor 20 to complete
      the processing cycle; it is possible for a film unit 12 to be arrested
      between the bite of the pressure-applying members 14 and 16 in a partially
      processed state (as shown in FIG. 3). Failure to move the film unit 12
      subsequent to such a stoppage would result in a loss of the exposed scene
      recorded thereon. In order to complete the processing cycle, the film unit
      12 must be manually withdrawn between the pressure-applying members 14 and
      16 by grasping a leading edge 18 thereof and pulling the film unit 12
      therefrom whereby the pressure member pinion 38 is forced to perform at a
      mechanical disadvantage in order to reverse the driving mode from an
      energy receiving pressure member pinion 38 to an energy suplying motor 20.
      Other probable danger areas to consider if the apparatus 10 were driven in
      a reverse direction, i.e., from the pressure member pinion 38 to the motor
      20, would include overcoming built-in losses due to inaccuracies in
      forming and spacing gear teeth, inertia included in the power transmitting
      system, and friction losses and mechanical drag included in the motor 20
      when at rest and inoperative. To reverse the driving mode from the
      pressure member pinion 38 to the motor 20 would substantially amplify
      dynamic loading of many of the components of the film advancing-fluid
      spreading apparatus 10 during advancement of the film unit 12 and possibly
      load the system beyond such a system's design load despite a generous
      safety factor which may have been included for each component, and thereby
      subject the components to substantial damage, extensive repair and render
      the film advancing-fluid spreading apparatus 10 completely inoperative.
PAR  Accordingly, the present invention operates to permit a transfer of energy
      from the motor 20 to the pressure member pinion 38 and to substantially
      prevent the transfer of energy from the pressure member pinion 38 back to
      the motor 20 as can be seen in FIGS. 3 and 4. The arrangement of the
      rotational axes 42, 44 and 46 of pinion 38, gear 30 and coupler gear 32,
      and a vertical component of a peripheral force transmitted to coupler gear
      32 during manual rotation of the pressure member pinion 38 in the
      predetermined direction, cooperate with the link 34, axially coupled to
      coupler gear 32 and gear 30, to urge coupler gear 32 and link 34 to pivot
      counterclockwise about axis 44 and thereby disengage coupler gear 32 from
      pressure member pinion 38 to prevent the transfer of rotational energy
      therefrom. The link 34 additionally provides a take-up feature which
      maintains a proper axial center-to-center distance between the axis 44 of
      gear 30 and axis 46 of the coupler gear 32 thereby assuring that the
      center relationship of the axis 46 of coupler gear 32 is maintained during
      pivotal movement of the disengagement link 34 and coupler gear 32 about
      axis 44 of gear 30 during the disengagement of coupler gear 32 from
      pressure member pinion 38. The resilient member 36, having one end thereof
      coupled to ground and an opposite end coupled to the link 34, restricts
      the counterclockwise pivotal movement of link 34 and coupler gear 32 from
      a first position, wherein the coupler gear 32 is in mesh with gear 30 and
      pressure member pinion 38 (as shown in FIGS. 1 and 2) to a second position
      wherein coupler gear 32 is pivoted about axis 44 away from and disengaged
      from pressure member pinion 38 (as shown in FIGS. 3 and 4). When the
      coupler gear 32 and the link 34 have pivotally moved into the second
      position, the resilient member 36 tends to urge the coupler gear 32 and
      link 34 back into the first position whereupon continued rotation of the
      lower pressure-applying member 14 in the predetermined direction pivots
      the coupler gear 32 and the link 34 about axis 44 between the first and
      second positions until the processing cycle has been completed and the
      rear edge 40 of the film unit 12 has passed between pressure-applying
      members 14 and 16. Although gears have been shown as means for
      transmitting energy from the motor 20 to the pressure member pinion 38, it
      should be obvious that other suitable rolling surfaces such as clutches
      and friction wheels may be used for the same purpose. Also, motor 20 may
      be battery operated, manually cranked or spring operated to drive the
      power transmitting system in the driving mode.
PAR  It should be obvious to one skilled in the art that although the power
      transmitting system including the coupler device 48 has been described as
      operatively coupled to the lower pressure-applying member 14, that the
      upper pressure-applying member 16 may be adapted to be operatively coupled
      to the power transmitting system for rotation thereof in an opposite
      predetermined direction to advance the film unit 12. The pressure member
      pinion's rotational axis 42 and the rotational axis 44 of gear 30 in mesh
      with the coupler gear 32 would once again be located in a plane which does
      not contain the rotational axis 46 of the coupler gear 32 and would be
      displaced in a direction opposite to that previously described whereby the
      coupler 32 and the link 34, axially coupled thereto, would be pivotally
      moved about axis 44 during manual rotation of the pressure member pinion
      38 thereby disengaging coupler gear 32 from pressure member pinion 38 and
      preventing the transfer of energy therefrom through the power transmitting
      system to the motor.
PAR  This invention may be practiced or embodied in still other ways without
      departing from the spirit and essential character thereof. The specific
      and preferred embodiments described herein are therefore to be considered
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims and all variations which come within the
      meaning of the claims are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Photographic apparatus comprising:
PA1  a pair of juxtaposed pressure-applying members including at least one
      roller adapted to be driven in a predetermined direction for spreading a
      processing composition across an exposed area of a photosensitive element
      while simultaneously advancing the element therebetween;
PA1  means attached to said one roller for driving said one roller in said
      predetermined direction;
PA1  means for supplying power for rotating said drive means;
PA1  means coupled to said power supplying means for transmitting power,
      received from said power supplying means at an input end thereof, to an
      output end; and
PA1  means for coupling said output end of said power transmitting means to said
      drive means, said coupling means being mounted for automatic movement
      between a first position, wherein power received at said output end is
      transmitted to said drive means for rotation of said roller in said
      predetermined direction and a second position wherein said coupling means
      substantially prevents the transfer of power from said drive means to said
      output end of said power transmitting means during manual rotation of said
      roller in said predetermined direction.
NUM  2.
PAR  2. Photographic apparatus as defined in claim 1 wherein said coupling means
      includes a pair of rotatably supported members.
NUM  3.
PAR  3. Photographic apparatus as defined in claim 2 wherein said power
      transmitting means and said drive means comprise a plurality of gears.
NUM  4.
PAR  4. Photographic apparatus as defined in claim 3 wherein said coupling means
      includes at least one gear.
NUM  5.
PAR  5. Photographic apparatus as defined in claim 4 wherein said coupling means
      further includes a link having a first end pivotally attached to said
      output end of said power transmitting means and a second end coupled to
      said one gear for enabling said coupling means to move from said first
      position into said second position during manual rotation of said roller
      in said predetermined direction.
NUM  6.
PAR  6. Photographic apparatus as defined in claim 5 wherein said coupling means
      further includes biasing means attached to said link for urging said
      coupling means out of said second position into said first position.
NUM  7.
PAR  7. Photographic apparatus including a film advancing-fluid spreading
      apparatus for spreading a processing composition across an exposed area of
      a photosensitive element and a power transmitting system coupled to a
      motor for operating said film advancing-fluid spreading apparatus,
      comprising:
PA1  a pair of juxtaposed pressure-applying members including at least one
      roller mounted to be rotated in a predetermined direction for advancing
      the exposed photosensitive element between said pressure-applying members
      while distributing the processing composition across the element;
PA1  a motor;
PA1  a gear train including a first gear coupled to said motor;
PA1  a second gear coupled to said roller for driving said roller in said
      predetermined direction;
PA1  an intermediate gear rotatably mounted for enmeshment with said first and
      second gears; and
PA1  means for disengaging said intermediate gear from said second gear during
      manual rotation of said roller in said predetermined direction, said
      disengaging means having a first end pivotally connected to an axis of
      rotation of said intermediate gear and a second end rotatably mounted
      about an axis of rotation of said first gear for automatic pivotal
      movement of said intermediate gear about said first gear's axis from a
      first position wherein said intermediate gear is in mesh with said first
      and second gears and said motor is driving said second gear to a second
      position wherein said intermediate gear is out of mesh with said second
      gear during manual rotation of said roller in said predetermined
      direction.
NUM  8.
PAR  8. Photographic apparatus as defined in claim 7 wherein said disengagement
      means further includes biasing means for urging said intermediate gear out
      of said second position into said first position.
NUM  9.
PAR  9. Photographic apparatus as defined in claim 8 wherein said biasing means
      includes spring means for restricting angular rotation of said
      disengagement means about said axis of said first gear.
NUM  10.
PAR  10. Photographic apparatus as defined in claim 7 wherein said axes of said
      first, second and intermediate gears are arranged such that peripheral
      forces transferred to said intermediate gear by said first and second
      gears are in a direction which tends to maintain sasid intermediate gear
      in said first position when said first gear is set in motion by said motor
      and to move said intermediate gear into said second position when said
      second gear is rotated by said roller during manual rotation of said
      roller in said predetermined direction.
NUM  11.
PAR  11. Photographic apparatus as defined in claim 7 wherein said disengagement
      means includes means for pivotally connecting it to said intermediate and
      first gears such that peripheral forces generated by manual rotation of
      said roller and said second gear in said predetermined direction are not
      transferred by said intermediate gear to said first gear and said motor.
NUM  12.
PAR  12. Photographic apparatus as defined in claim 11 wherein said
      disengagement means further includes means for securely maintaining a
      center distance between said first gear and said intermediate gear when
      said intermediate gear is in said first and second position.
NUM  13.
PAR  13. Photographic apparatus as defined in claim 7 wherein said first, second
      and intermediate gears are rotatably mounted such that an axis of rotation
      of said second gear is in the same plane as said axis of rotation of said
      first gear and said axis of rotation of said intermediate gear is spaced
      outside of said plane containing the rotational axes of said first and
      second gears for enabling said intermediate gear to pivotally move about
      said rotational axis of said first gear between said first and second
      positions.
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ABST
PAL  A gear wheel support of composite construction and comprising a gear wheel
      support sleeve with an internal abutment pillar secured in abutting
      relationship with an abutment pillar protruding from a face of a carrier,
      these pillars together comprising a flexible spindle co-axial with the
      sleeve with an annular clearance between this spindle and the sleeve.
BSUM
PAR  This invention relates to gears, and whilst primarily concerned with the
      mounting of pinions in epicyclic gearing, may also be applicable to other
      forms of parallel shaft mounted gear trains. The expression "epicyclic
      gearing" is used herein to refer to gear arrangements comprising a central
      sun pinion, a plurality of planet pinions meshed therewith, and an annulus
      gear surrounding the planet pinions and meshed therewith; the planet
      pinions being supported on cantilevered spindles which are mounted upon a
      carrier which may be static or rotational in operation.
PAR  In consideration of epicyclic gearing that utilises cantilever planet
      pinion mountings, attached to a rotational carrier, for the purpose of
      facilitating a load sharing function, in a manner similar to that which is
      described in British Pat. No. 1,101,131, difficulty has been experienced
      in pre-determining the extent of individual spindle flexure, and of
      ensuring the similar behaviour of a complete set of spindles so mounted.
      This is because with cantilevered spindles, secured to carriers and to
      pinion support sleeves by the use of interference fits, their deflections,
      under the influence of forces acting within the gearing configuration,
      arise partly from normal elastic deformation of the spindle and partly
      from minute relative movements between surfaces in contact at the
      engagement of the spindle with the carrier and the engagement of the
      spindle with the co-axial spindle support sleeve. The small movements
      cause indeterminate friction forces. The interference fits required for
      such an arrangement are dependent on workshop tolerances. It is thus
      difficult to control or determine this dependent component of deflection.
PAR  The total deflection is of particular importance when radial deflections of
      the spindle occur due to centrifugal force, causing excursions of the
      planet pinions in excess of the tolerable displacement for the correct
      meshing of the planet pinions with their mating gears. For example, such
      conditions arise in cases where the planet carriers operate at high
      rotational speeds, as for aircraft or gas turbine applications, or where
      the effective mass, angular velocity, and geometrical location of the
      flexible pin assemblies, including the planet pinions, combine towards the
      generation of centrifugal forces causing deflections in the radial
      direction greater than can be accepted.
PAR  A further shortcoming of such methods of planet pinion support, in cases
      where centrifugal loading becomes significant, is that the centroid of the
      assembly comprising planet pinion, bearing, co-axial sleeve, and flexible
      spindle, tends to be located beyond the transverse plane which bisects the
      planet pinion tooth face width, towards the unsupported end of the
      cantilever. This introduces speed dependent couples which cause
      mal-distribution of tooth load and incorrect meshing of the gear teeth. In
      order to avoid such undesirable features the centre of mass of the
      assembly should lie in the transverse plane coincident with the plane in
      which the width of the tooth face is bisected. In this condition the axes
      of the planet pinions will remain parallel to that of the sun pinion and
      the annulus gear, irrespective of transmitted loads or the rotational
      speed prevailing.
PAR  According to one aspect of the present invention there is provided a
      flexible, cantilevered, gear wheel support of composite construction and
      comprising a gear wheel support sleeve with an internal abutment pillar
      secured in abutting relationship with an abutment pillar protruding from a
      face of a carrier, these pillars together comprising a flexible spindle
      carrying the gear wheel support sleeve and capable of deflecting
      elastically, in use of the support, under gear load, the spindle being
      co-axial with the sleeve with an annular clearance between this spindle
      and the sleeve.
PAR  According to another aspect of the present invention there is provided a
      gear train having gear wheels mounted on gear wheel supports, each support
      being as just defined, and in which the pillars abut one another at a
      point along the spindle formed thereby that is the point of contraflexure
      of the spindle when, in use of the support, the spindle deflects under
      gear load; this point of contraflexure, the abutment faces of the pillars
      and the effective centre of mass of the support being in a common plane
      transverse of the spindle and that contains the line of action of the gear
      tooth load.
DRWD
PAR  For a better understanding of the invention and to show how the same may be
      carried into effect, reference will not be made, by way of example, to the
      accompanying drawings, in which:
PAR  FIG. 1 is a detail, in sectional side view, of an epicyclic gearing,
PAR  FIG. 2 is a section taken on the line II--II of FIG. 1,
PAR  FIGS. 3A and 3B are load, sheer force, bending moment and deflection
      diagrams relative to the gear of FIGS. 1 and 2,
PAR  FIGS. 4, 5 and 6 are similar side views of alternative forms of a detail of
      the gear of FIGS. 1 and 2,
PAR  FIG. 7 is a section taken on the line VII--VII of FIG. 6,
PAR  FIG. 8 is a diagram illustrating deflection patterns that occur in the gear
      of FIGS. 1 and 2,
PAR  FIG. 9 is an elevation of an epicyclic gear,
PAR  FIG. 10 is a sectional side view of a detail of the gear of FIG. 9,
PAR  FIG. 11 is a sectional view taken on the line XI--XI of FIG. 10, and
PAR  FIG. 12 is a sectional view taken on the line XII--XII of FIG. 11.
DETD
PAR  In the gear of FIGS. 1 and 2 the carrier 1 is formed with a plurality of
      integral abutment pillars 2 which protrude from one common face 1A of the
      carrier 1. Each pillar 2 has associated with it a sleeve 3 with an
      internal abutment pillar 4 that abuts the pillar 2, at faces 2A, 4A of the
      pillar 2 and the pillar 4 respectively, in such a manner that the sleeve 3
      is positioned co-axially about its associated abutment pillar 2 with an
      annular clearance 5 around the pillar 2. Each sleeve 3 is retained with
      the carrier 1 by a draw bolt 6 co-axial with the associated abutment
      pillars 2, 4 and fastened by a nut 7 that bears against the carrier face
      1B that is opposite the face 1A. Each pair of pillars 2, 4 so secured
      together constitutes a flexible cantilever member on which there is
      mounted, carried by the outer surface of the sleeve 3, a planet pinion 8
      which is free to rotate thereon, but is meshed with a sun pinion 9 and an
      annulus gear 10.
PAR  For a better understanding of the arrangement it is necessary to consider
      the bending moments and sheer forces induced in the assembly in the loaded
      or operational configuration. These are illustrated in FIGS. 3A and 3B and
      it can be shown that in the ideal case with a uniformly distributed tooth
      load over the length of the planet pinion, which might be regarded as
      equal to a total tooth load "W", acting at the mid-length of the pinion,
      and with a flexible cantilever member in the form of a simple cantilever
      pin of uniform section, and length l, there will be a bending moment of -
      (Wl/2) at the inner end of the pin, affixed to the carrier, and a bending
      moment of + (Wl/2) at the outer end of the pin, affixed to the sleeve.
      This presupposes that the slopes at each end of the pin are equal, and
      that the axis of the sleeve in the deflected condition remains parallel to
      the axis of symmetry in the unloaded state, a necessary condition for the
      correct functioning of the gears. The aforementioned bending mements
      reduce linearly towards the mid-point of the length of the pin, at which
      point they vanish as this is the point of contraflexure.
PAR  In the present gear this position is chosen for the point of contact
      between the faces 2A and 4A of each pair of abutment pillars 2, 4, thus
      nullifying any tendency for the abutting surfaces to separate or become
      misaligned due to bending action, and hence avoiding the need for any
      extra tension in the bolt fastener to counter such forces. As will be seen
      from FIG. 3A there is a uniform shear force W throughout the length of the
      flexible member and it is an additional feature of the present gear to
      cater for the shearing action at the discontinuity (at the faces 2A, 4A)
      and yet preserve concentric alignment of the mating parts by means of a
      close tolerance fitting surface or land 6A (FIGs. 1 and 2) in the shank of
      the draw bolt 6. Alternatively, this can be achieved by the employment of
      mating male and female concentric tapered faces 2A', 4A' (FIG. 4) on
      pillars 2', 4'; close fitting concentric spigot 2A" and recess 4A" (FIG.
      5) on pillars 2", 4"; or faces 2A'", 4A'" (FIGS. 6 and 7) on pillars 2'",
      4'", which faces carry co-operating radial splines, serrations, or teeth.
      In all these forms a pin 6'  having a plain shank is used.
PAR  An additional feature provided is that flexibility is incorporated in the
      assembly at the base of each abutment pillar 2 by providing a circular
      recess 11 in the face 1B of the carrier 1, concentric with the axis of the
      associated pillars 2/4 so as to form a circular diaphragm 12 around the
      base of these pillars, the flexure of which relative to the remainder of
      the carrier 2 in the loaded condition will be additive to that of the
      abutment pillars 2/4 fast therewith. By selecting an appropriate thickness
      and diameter for the diaphragm 12 its flexure, when resisting bending
      moments carried by the abutment pillars 2/4, can be selected. Hence, under
      a given load, the overall deflection of the cantilevered assembly,
      supported by the diaphragm, resulting from elastic deformation only and
      not influenced by interference fits and workshop tolerances, is clearly
      defined and can be predetermined.
PAR  In similar manner, the circular diaphragm 13 forming the base of the
      internal abutment pillar 4 at the web of the sleeve 3 is likewise arranged
      to contribute flexibility by flexing relative to the remainder of the
      sleeve 3.
PAR  FIG. 8 illustrates, diagrammatically, how flexure of the diaphragms 12, 13,
      in the ideal case, contributes to the flexure of the member formed by the
      pillars 2/4, to produce overall deflection y, by allowing pivoting at the
      ends of the member 2/4. In practice, the assembly represented by each
      abutment pillar 2 protruding from a face of the carrier 1 and the abutting
      sleeve pillar 4, joined thereto by the tensioned draw bolt 6, can be a
      beam of non-uniform section throughout its length as shown in FIG. 1.
      This, however, has the disadvantage that whilst the point of
      contraflexure, with the bending moments applied as described previously
      still lies at the mid-length of the beam, the change of slope over the
      length of abutment pillar 2, although of opposite sign, will no longer be
      equal to the change of slope over the length of the abutting sleeve pillar
      4 because of the different section moduli of these two parts.
      Consequently, in the loaded condition, the desired parallelism between the
      axis of the planet pinion and the axes of the mating gears would cease to
      be maintained but, incorporating the circular diaphragms as flexible
      members and selecting their thicknesses appropriately, the degree of
      constraint offered by each can be varied, that is the flexure that one
      diaphragm adds to the flexure of the member 2/4 attached thereto can be
      selected to be different from that which the other diaphragm adds. Thus
      the change of slope for each member 2, 4 of the composite member 2/4 can
      be controlled to give equal changes of slope each side of the mid-point of
      the member thereby to ensure that parallelism is maintained, independent
      of load, within the elastic properties of the material from which the
      component parts are made.
PAR  Alternatively, flexibility at the bases of the abutment pillars 2 may be
      provided by forming an annular channel in the face 1B of the carrier 1,
      the pitch circle of which is coincident with that of the pillars 2. The
      thickness at the base of this channel and the width of the channel at the
      base can be selected to control the degree of constraint as in the case of
      the circular diaphragms.
PAR  In order to nullify the effects of centrifugal force which in some cases
      can be significant and likely to prevent the correct meshing of the gears,
      it becomes necessary to ensure that in the radially deflected
      configuration of each member 2/4, the sleeve 3 remains parallel to the
      axis of symmetry as for tangential deflections, and this is achieved by
      ensuring that the centroid of the cantilevered planet pinion mounting is
      contained within the same plane as that which contains the center of
      action of the tooth load.
PAR  FIG. 1 shows the construction adopted to lighten the sleeve pillar 4, by
      the provision of a recess 14 for accepting the head of the draw bolt 6,
      which itself is positioned as close as practicable to the point of
      contraflexure, thus ensuring that the mass centre of each cantilevered
      assembly similarly lies as close as possible to this position. The mass
      centre of the remaining components of the assembly which are not
      coincident with the point of contraflexure, viz: the major part of the
      shank of the draw bolt 6, and the nut 7 and the protruding abutment pillar
      2 integral with the carrier 1, will be seen to lie on the carrier side of
      the desired position. Thus by selection of mass distribution, the moment
      of action of the two centroids can be combined to effect a unified
      centroid, positioned so as to be coincident with the point of
      contraflexure. A further feature for positioning the centre of mass in the
      desired location, whilst not imparing the flexibility of the member 2/4,
      may be achieved by introducing a slight increase of section within the
      unsupported end of each sleeve 3, as shown at 16 in FIG. 1.
PAR  It has been explained that with the gear proposed, in which flexible
      diaphragm-like supports are positioned at the ends of the spindles
      constituted by the members 2/4, the flexure of the supports together with
      their respective draw bolts can contribute to the elasticity of the
      spindle assemblies to produce a deflection pattern similar to that shown
      in FIG. 8. This diagram illustrates the effect of a load which passes
      through the centroid of the spindle assembly. In such cases, the spindle
      assembly will flex in the manner shown, irrespective of the direction of
      loading, and flexure will occur in the plane transverse to the axis of
      rotation. In practice, the planet pinion receives one component of load in
      the tangential direction, due to forces transmitted through the gear, and
      a second component of load in the radial direction due to centrifugal
      force. The resultant force derived of these two components produces
      excursions of the planet pinions about their true mounting centres.
PAR  In order to cater for cases where the centrifugal loading is particularly
      high, it becomes necessary to impose a limit on the radial component of
      deflection, and it is in the following manner that such directional
      restrictions of spindle flexure may be achieved, to enable the carrier
      member to be operable at very high rotational speeds. The total spindle
      flexure is therefore proportioned such that the assembly is more resistive
      to radial loads than to tangential loads.
PAR  Referring now to FIGS. 9 to 12, this further additional feature is achieved
      by the introduction of stiffening webs 17 in the carrier recesses 11, (or
      in the annular channel that can replace these recesses 11), and/or similar
      webs 18 at the sleeve 3. The webs are arranged integrally with each
      diaphragm support in such a manner as to provide resistance to loads which
      are imposed in the radial direction thereby to constrain the cylindrical
      outer surface of the sleeve to remain parallel to the axis of rotation of
      the gears in the specific deflecting condition, the webs 17 and 18 being
      formed at each end of kidney-shaped portions of the recesses in the
      spindle support diaphragms.
PAR  It is by means of the combined spindle and diaphragm flexure obtainable by
      constructing to the configuration so described that excusions from the
      true mounting centre of each planet pinion so mounted will perform a load
      sharing function within the gear train, and yet ensure accurate engagement
      of all meshing gear teeth at proportionally higher rotational carrier
      speeds than would be obtainable by existing methods of planet pinion
      mounting.
PAR  The flexural excursions of the assembly, under operational loads, in the
      radial direction or in the tangential direction, can be controlled
      independently or proportionally as may be desired by selecting the
      dimensions of the stiffening webs.
PAR  If desired, instead of the pillars 2, 4 being integral with the carrier 1
      and sleeve 3 respectively, as is the case in the construction so far
      described, they may be formed separately from the carrier 1 and sleeve 3,
      and respectively secured to the carrier 1 and sleeve 3 by electron beam
      welding.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gear wheel support of composite construction and comprising a gear
      wheel support sleeve, an internal abutment pillar fast with the gear wheel
      support sleeve, a carrier, and an abutment pillar protruding from a face
      of the carrier, the pillar being secured in abutting relationship and
      together comprising a flexible spindle co-axial with the sleeve, and
      carrying the gear wheel support sleeve, this spindle being capable of
      deflecting elastically, in use of the support, under gear load, there
      being an annular clearance between the spindle and the sleeve.
NUM  2.
PAR  2. A gear wheel support according to claim 1, wherein the pillars abut one
      another at a point along the spindle formed thereby that is the point of
      contraflexure of the spindle when, in use of the support, the spindle
      deflects under gear load.
NUM  3.
PAR  3. A gear wheel support according to claim 2 and further comprising a nut
      and bolt securing the pillars in said abutting relationship, the bolt
      being co-axial with the pillars.
NUM  4.
PAR  4. A gear wheel support according to claim 3, wherein the head of said bolt
      is positioned on one side of what is the point of contraflexure of the
      spindle in use of the support, the bolt head being disposed in a recess in
      the sleeve pillar so as to be close to said point; and wherein the major
      part of the shank of the bolt, the nut that secures the bolt, and the
      carrier abutment pillar all lie on the other side of this point, the
      arrangement being such that in operation the effective centre mass of the
      support is coincident with said point of contraflexure.
NUM  5.
PAR  5. A gear wheel support according to claim 4, wherein the sections of the
      pillars differ from one another whereby the flexing characteristics of the
      pillars differ from one another by a predetermined extent.
NUM  6.
PAR  6. A gear wheel support according to claim 5, wherein the section of the
      sleeve is increased at a zone that lies on said other side of said point.
NUM  7.
PAR  7. A gear wheel support according to claim 3, wherein the bolt has a land
      along its shank that is a close tolerance fit in the pillars where they
      abut one another.
NUM  8.
PAR  8. A gear wheel support according to claim 3, wherein the pillars abut one
      another at mating female and male concentric tapered faces.
NUM  9.
PAR  9. A gear wheel support according to claim 3, wherein the pillars abut one
      another at a close fitting concentric recess and engaging spigot
      arrangement.
NUM  10.
PAR  10. A gear wheel support according to claim 3, wherein the abutting faces
      of the pillars carry cooperating radial splines, serrations or teeth.
NUM  11.
PAR  11. A gear wheel support according to claim 1, wherein the zones of the
      carrier and the sleeve at which the respective ends of the pillars are
      secured to the carrier and the sleeve are of diaphragm form so as to be
      capable of flexing relative to the remainder of the carrier and sleeve,
      flexure of the zones in use of the support being additive to flexure of
      the spindle.
NUM  12.
PAR  12. A gear wheel support according to claim 11, wherein the flexing
      characteristics of said zones are such that the flexure which one adds to
      flexure of the spindle differs from the flexure which the other adds to
      flexure of the spindle.
NUM  13.
PAR  13. A gear wheel support according to claim 12, wherein said zone of the
      carrier is formed by the base of a circular recess in the carrier.
NUM  14.
PAR  14. A gear wheel support according to claim 12, wherein said zone of the
      carrier is formed by the base of a channel in the carrier.
NUM  15.
PAR  15. A gear wheel support according to claim 12, wherein either or both of
      said zones are stiffened to provide resistance to loads imposed in the
      radial direction in operation.
NUM  16.
PAR  16. A gear wheel support according to claim 1, wherein the support sleeve
      pillar is integral with the support sleeve; and wherein the carrier pillar
      is integral with the carrier.
NUM  17.
PAR  17. A gear wheel support according to claim 1, wherein the support sleeve
      pillar is united with the support sleeve by means of a weld effected by
      electron beam welding; and wherein the carrier pillar is united with the
      carrier by means of a weld effected by electron beam welding.
NUM  18.
PAR  18. A gear train having gear wheels mounted on gear wheel supports, each
      support being of composite construction and comprising a gear wheel
      support sleeve, an internal abutment pillar fast with the gear wheel
      support sleeve, a carrier, and an abutment pillar protruding from a face
      of the carrier, the pillars being secured in abutting relationship and
      together comprising a flexible spindle co-axial with the sleeve, and
      carrying the gear wheel support sleeve, this spindle being capable of
      deflecting elastically, in use of the support, under gear load, there
      being an annular clearance between the spindle and the sleeve, and in
      which the pillars abut one another at a point along the spindle formed
      thereby that is the point of contraflexure of the spindle when, in use of
      the support, the spindle deflects under gear load; this point of
      contraflexure, the abutment faces of the pillars and the effective centre
      mass of the support being in a common plane transverse of the spindle and
      that contains the line of action of the gear tooth load.
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ABST
PAL  A driving and a driven spur gear, lying in a common plane, are operatively
      coupled with each other through the intermediary of an idler gear in mesh
      therewith, the idler gear being radially shiftable against a resilient
      force in the common plane of rotation. The tangent to any tooth flank of
      both the driving and the driven gear at its point of contact with a tooth
      of the idler gear includes a pressure angle .alpha. with the common
      diameter of the meshing gears; the angle .delta. between the two common
      diameters should be so chosen that the two tangents are substantially
      perpendicular to each other, with .delta. - 2.alpha. = 90.degree. for
      rotation in one direction and .delta. +2.alpha. =90.degree. for rotation
      in the opposite direction.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to a planar gear train serving for the
      transmission of a torque from an input shaft to an output shaft via a
      driving and a driven spur gear, the two shafts being parallel to each
      other.
PAC  BACKGROUND OF THE INVENTION
PAR  If two meshing spur gears are perfectly coplanar and free from
      manufacturing defects, the entrainment of the driven gear by the driving
      gear will not subject either shaft to flexural stresses. Such perfection,
      however, is not realizable in practice; thus, even minor irregularities in
      the tooth profile will give rise to unbalanced forces resulting at least
      in objectionable noise, especially during high-speed operation.
PAR  It has been proposed to remedy this drawback by an elastic mounting of
      either or both shafts, thereby facilitating a lateral yielding of the
      corresponding gears in the presence of stresses due to structural
      irregularities. Such attempts, however, have not been very successful and
      give rise to additional problems, particularly where large torques are to
      be transmitted by these shafts.
PAC  OBJECTS OF THE INVENTION
PAR  The object of our present invention, therefore, is to provide an improved
      gear train eliminating these inconveniences.
PAC  SUMMARY OF THE INVENTION
PAR  We realize this object, in accordance with our present invention, by the
      interposition of an idler gear between the driving and the driven spur
      gear, this idler gear being so mounted as to be limitedly shiftable in a
      radial direction within the common plane of rotation of the three meshing
      gears. Such an arrangement enables the two principal gears, i.e. the
      driving and the driven spur gear, to be rigid with their respective shafts
      which in turn can be journaled in ordinary bearings, the shiftability of
      the idler gear accommodating whatever lateral stresses may occur. In order
      to hold the teeth of the idler gear securely in mesh with the coacting
      spur gears, the radial shifting of the idler gear should be resisted by an
      elastic force. This may be accomplished by a resilient mounting of that
      gear on a rigid axle; a limited swivelability of the idler gear with
      reference to the plane rotation may also be desirable.
PAR  In accordance with an important further feature of our invention we have
      found that, for effective suppression of lateral stress components exerted
      upon the input and/or output shafts, the angular spacing of the two
      principal gears with reference to the axle of the associated idler gear
      should be so chosen that the tangent to the active tooth flank of the
      driving gear at its point of contact with a tooth of the idler gear is
      generally perpendicular to the tangent of the active tooth flank of the
      driven gear at its point of contact with another tooth of the idler gear,
      at the instants when each of the two points of contact lies on a common
      diameter of the idler gear and the respective principal gear. The angle
      .delta. included between these two common diameters depends on the
      direction of rotation, being obtuse in one instance and acute in the
      other. More particularly, with .alpha. denoting the angle included between
      the tangent and the corresponding common diameter, .delta. should
      substantially equal 90.degree.+ 2.alpha. for one direction of rotation
      (with the teeth of the idler gear moving from the driving to the driven
      gear over a minor part of a circle) and should substantially equal
      90.degree.- 2.alpha. for the opposite direction of rotation (i.e. with the
      teeth of the idler gear moving from the driving to the driven gear over a
      major part of a circle). As the usual value of .alpha. is approximately
      20.degree., this calls for .delta. .apprxeq. 130.degree.in the first case
      and .delta..apprxeq. 50.degree.in the second case; certain deviations from
      these optimum values are, however, permissible in most instances. For
      greater flexibility in the relative positioning of the gears, especially
      with .delta. &lt; 90.degree., it is advantageous to make the radius of the
      idler gear substantially larger than that of the two principal spur gears.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIGS. 1A and 1B are schematic views of a planar gear train embodying our
      invention, with opposite directions of rotation;
PAR  FIG. 2 is a similar schematic view serving to explain the geometric
      relationships of the gears in FIGS. 1A and 1B;
PAR  FIG. 3 is a perspective view of a gear train embodying the principles
      explained with reference to the preceding Figures; and
PAR  FIG. 4 is a cross-sectional view of an idler gear included in the gear
      train of FIG. 3, shwoing details of its mounting. showing
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The planar gear train illustrated in the drawing consists of two principal
      gears, i.e. a driving spur gear 1 and a driven spur gear 2, meshing with a
      larger spur gear 3 in a common plane therewith. Gear 3 is an idler and is
      limitedly shiftable in any radial direction, within the common plane of
      rotation, against a resilient centering force provided by an elastic
      mounting as more fully described hereinafter with reference to FIGS. 3 and
      4. Gears 1 and 2 are rigid with respective shafts shown in FIG. 3, i.e. an
      input shaft 21 and an output shaft 22. Inpur shaft 21 is journaled in
      fixed bearings 24 and is set in rotation by a motor 25; output shaft 22 is
      journaled in fixed bearings 26 and is coupled to a load 27.
PAR  In FIG. 1A the driving gear 1 is shown to rotate counterclockwise, as does
      the driven gear 2; in FIG. 1B these two gears rotate in the clockwise
      direction. Gears 1-3 have been represented in these Figures by their pitch
      circles having centers C.sub.1, C.sub.2, C.sub.3.
PAR  The common diameter of gears 1 and 3, represented by a line 8 passing
      through centers C.sub.1 and C.sub.3, includes a central angle .delta. with
      the common diameter of gears 2 and 3, represented by a line 9 passing
      through centers C.sub.2 and C.sub.3. In the positions illustrated in FIGS.
      1A and 1B, line 8 also passes through a point 6 which is the point of
      contact between the active flank of a tooth of gear 1 and the confronting
      flank of a tooth of gear 3. Similarly, line 9 passes through a point of
      contact 7 between the active flank of a tooth of gear 2 and a confronting
      flank of a tooth of gear 3. The tangents 4 and 5 to the tooth flanks at
      these points of contact include with each other an angle here shown to be
      exactly 90.degree.. They also include a pressure angle .alpha. with the
      corresponding common diameter 8 or 9.
PAR  In FIG. 1A, where .delta. also marks the arc traversed by a tooth of the
      clockwise-rotating idler gear 3 in passing from driving gear 1 to driven
      gear 2, .delta. .apprxeq. 90.degree.+ 2.alpha.. In FIG. 1B, where the arc
      traversed by a tooth of the counterclockwise-rotating gear 3 in moving
      from driving gear 1 to driven gear 2 equals 360.degree. - .delta., we find
      that .delta. .apprxeq. 90.degree. - 2.alpha.. Thus, the gear trains in
      FIGS. 1A and 1B satisfy the relationship .delta. .+-. 2.alpha. .apprxeq.
      90.degree., with the zone 2.alpha. determined by the direction of
      rotation, which represents the optimum arrangement for reasons that will
      now be explained with reference to FIG. 2.
PAR  The gears in FIG. 2 are shown rotating in the same direction as in FIG. 1A,
      i.e. counterclockwise in the case of gears 1, 2 and clockwise in the case
      of gear 3. Here, however, the central angle .delta. included by common
      diameters 8 and 9 has been intentionally shown much smaller than in FIG.
      1A; tangents 4 and 5, intersecting at a point 10, therefore define an
      acute angle .delta. - 2.alpha. deviating by more than 50.degree. from a
      right angle. Any irregularity in the tooth profile of gear 1, and/or any
      inexactitude in the mounting of that gear, will give rise to a lateral
      force f.sub.0 in a direction perpendicular to the tangent 4, i.e. along a
      line 11. At the point of contact 7 between the teeth of gears 2 and 3 this
      stress component generates a force f.sub.1 whose vector, it will be noted,
      includes an angle .delta. - 2.alpha. with a line 12 lying normal to the
      tangent 5. The component f.sub.2 of this force along the flank normal 12
      has a magnitude
EQU  f.sub.2 .apprxeq. f.sub.1 cos (.delta. - 2.alpha.)
PAL  which goes to zero for .delta. - 2.alpha. .apprxeq. 90.degree..
PAR  If, therefore, the angles .alpha. and .delta. are interrelated as described
      with reference to FIG. 1A, any radial shifting of idler gear 3 due to such
      a lateral force f.sub.0 will occur in a tangential direction with
      reference to the engaged tooth of gear 2 so as not to exert any lateral
      stress upon same. By the same token, any irregularity in the tooth profile
      and/or mounting of gear 2 will not subject the gear 1 to unbalanced
      stresses.
PAR  It will be readily apparent that the same holds true for the arrangement of
      FIG. 1B.
PAR  In FIGS. 3 and 4 the idler gear 3 is supported, through the intermediary of
      ball bearings 14 and an elastic ring 30, on a shaft 23 which is journaled
      in fixed bearings 28. This mode of mounting allows the gear 3 to shift
      limitedly in any radial direction within its plane; ring 30 alone affords
      a limited swivelability relative to that plane.
CLMS
STM  We claim:
NUM  1.
PAR  1. A planar gear train comprising:
PA1  a driving spur gear on an input shaft;
PA1  a driven spur gear on an output shaft parallel to said input shaft;
PA1  an idler gear having teeth in mesh with respective teeth of said spur
      gears, all said gears lying in a common plane of rotation transverse to
      said shafts; and
PA1  yieldable mounting means for said idler gear enabling limited radial
      shifting thereof in said plane;
PA1  the teeth of said spur gears having flanks engaging the teeth of said idler
      gear at points of contact each lying on a common diameter of said idler
      gear and the respective spur gear, the tangents to the flanks of the teeth
      of said driving and driven spur gears at said pressure points being
      generally perpendicular to each other.
NUM  2.
PAR  2. A gear train as defined in claim 1 wherein said mounting means comprises
      an elastic support.
NUM  3.
PAR  3. A gear train as dedined in claim 1 wherein said common diameters include
      with each other a central angle .delta. and include with each of said
      tangents a pressure angle .alpha., said central angle .delta. being
      substantially equal to 90.degree. .+-. 2.alpha. with the sign of 2.alpha.
      determined by the direction of rotation.
NUM  4.
PAR  4. A gear train as defined in claim 3 wherein said pressure angle .alpha.
      is on the order of 20.degree..
NUM  5.
PAR  5. A gear train as defined in claim 1 wherein said idler gear has a radius
      substantially exceeding that of each of said spur gears.
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ABST
PAL  A horizontal load shaft, projecting from a gear housing, is driven from a
      hydrostatic motor via a bevel pinion meshing with a bevel gear fixed to
      the shaft inside the housing. The motor and the bevel pinion form a unit
      detachably mounted on the gear housing, with the bevel pinion projecting
      inwardly from above.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a drive mechanism designed to rotate a load
      about a substantially horizontal axis.
PAC  BACKGROUND OF THE INVENTION
PAR  In certain heavy-duty machinery, such as cement mixers, a generally
      horizontal load shaft is driven through a speed-reducing gear train from a
      motor detachably mounted on the gear housing. This mounting is designed to
      facilitate replacement of worn parts and, with the motor shaft extending
      laterally into the housing, also enables the same to be constructed in a
      more compact manner for accommodation in a narrow space, e.g., between the
      driver's cab and the tumbler of a cement-mixing vehicle. The heavy-duty
      motor finds a firm support on a seating surface at the top of the gear
      housing.
PAR  In conventional drives of this nature, the gear train includes a bevel
      pinion journaled in a sleeve which is interposed between the motor and the
      seating surface of the gear housing. The presence of two separate
      attachments, namely the pinion mounting and the motor, creates
      difficulties during assembly since unavoidable manufacturing tolerances
      introduce dimensional differences which must be compensated with the aid
      of spacers or shims to ensure a proper mesh between the pinion and the
      bevel gear driven thereby.
PAC  OBJECTS OF THE INVENTION An object of my present invention, therefore, is
      to provide an improved drive mechanism for the purpose set forth which
      obviates these problems of assembly and allows persons unskilled in the
      transmission art, such as the driver of an automotive cement mixer, to
      make needed replacements on the spot with a minimum loss of operating
      time.
PAR  Another object is to provide a more compact assembly of this nature.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, I provide a driving unit
      detachably mounted on the gear housing of a drive mechanism of the
      aforedescribed type, this unit including a casing for the motor with a
      peripheral flange resting directly on the seating surface of the housing.
      A drive shaft positively coupled with the motor extends into the gear
      housing and carries a bevel pinion meshing with a bevel gear on the load
      shaft when the detachable unit is in place.
PAR  In a preferred construction, the motor is of the hydrostatic type and has
      an inclined axis, its casing being correspondingly inclined to provide
      more space between itself and the load.
PAR  According to a more particular feature of my invention, the motor casing
      and the bevel pinion are provided with extensions which form confronting
      surfaces within the gear housing; an antifriction bearing of the ball or
      roller type interposed between these surfaces is held under a clamping
      pressure exerted by fastening means including a nut on a threaded
      extremity of the drive shaft projecting beyond the pinion, with insertion
      of a washer or the like between the bearing and one or both of the two
      confronting surfaces to compensate for manufacturing tolerances. Since the
      assembly of the motor and the pinion into a unit takes place at the
      factory, prior to the installation of that unit on the gear housing, no
      further dimensional adjustment need be carried out by the installer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a view in sectional elevation of a conventional drive mechanism
      for a cement mixer; and
PAR  FIG. 2 is a view similar to FIG. 1, showing my present improvement.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  Reference will first be made to the conventional drive mechanism of FIG. 1
      which comprises a gear housing 12 forming at its top an annular seating
      surface 11 for a sleeve 10A provided at its top with a flange 18. A bevel
      pinion 5A is journaled in the sleeve 10A, with the aid of ball bearings 16
      and 17, for rotation about a vertical axis 0. Flange 18 has threaded bores
      30 for screws designed to fasten a nonillustrated motor to it; the motor
      has a shaft with male threads mating with a threaded bore 19 in the upper
      end of pinion 5A. This pinion meshes with a large bevel gear 6 which is
      keyed to a horizontal shaft 15 centered on an axis 7; shaft 15 drives a
      cantilevered load 29, e.g. a cement-mixing drum or tumbler, illustrated
      only in part.
PAR  Ball bearing 16 has an upper race received in a bottom recess of a collar
      32A which integrally depends from sleeve 10A and passes through an
      aperture 31 of housing 12 surrounded by seating surface 11. The lower race
      of bearing 16 is secured by screws 33A to a ring 34A which rests on
      shoulders formed by the projecting teeth of pinion 5A. A knurled nut 35 is
      threaded onto the upper part of the pinion body and maintains it in fixed
      position with reference to bearings 16 and 17.
PAR  Shaft 15 is journaled in housing 12 with the aid of ball bearings 2 and 27.
      Bevel gear 6 has a face 13 held against a shoulder 14 of shaft 15 by the
      bearing 27 and a washer 26 of suitable thickness received in a mounting
      28. The position of gear 6 is so chosen that the vertex S of its meshing
      cone lies at the intersection of axes 0 and 7; this of course, should also
      be the vertex of the meshing cone of pinion 5A. The distance c of the
      midplane of the teeth of gear 6 from axis 0 is determined by the width of
      washer 26. With the spacing b of the seating surface 11 from shaft 7
      invariably determined by the dimensions of housing 12, the distance a
      between that surface and the midplane of the teeth of pinion 5A depends on
      the depth of insertion of the pinion and can be adjusted, in order to
      compensate for manufacturing tolerances, by the interposition of a washer
      8A of suitable thickness between surface 11 and the confronting surface 9A
      of sleeve 10A. The choice of a suitable washer is critical and requires a
      close inspection of the assembled parts. Also, screws (not shown) serving
      to fasten the collar 10A to housing 12 must pass through this washer.
PAR  In FIG. 2, in which elements corresponding to those of FIG. 1 have been
      designated by the same reference characters, the construction of gear
      housing 12 and the parts permanently mounted therein is the same as in
      FIG. 1. The lower portion of a detachable unit 1 projects through aperture
      31 into the gear housing, this portion including a pinion 5B meshing with
      bevel gear 6. Unit 1 comprises a cylindrical casing 10 which contains a
      hydrostatic motor 3; plungers 3' of this motor engage a head 20 of a
      vertical drive shaft 4 which is threadedly fitted into a bore 23 of pinion
      5B and is journaled in the lower part of casing 10 by ball bearings 21 and
      22. A flange 10' of that casing is directly secured to gear housing 12 by
      screws 32 (only one shown) received in the same threaded bores which in
      the conventional system of FIG. 1 accommodate fastening screws for the
      sleeve 10A. The underside 9 of flange 10' rests on the seating surface 11
      without interposition of any shim or washer.
PAR  A collar 10" integral with casing 10 extends through aperture 31 into the
      gear housing 12 and, with interposition of a washer 8, embraces the upper
      race of a ball bearing 25 whose lower race is secured by screws 33 to a
      ring 34 resting on shoulders formed by the teeth of pinion 5B. Ring 34 and
      collar 10" form a pair of confronting horizontal surfaces between which
      the bearing 25 and the washer 8 are held under moderate pressure by the
      threaded connection between shaft 4 and pinion 5B at bore 23. This
      connection is maintained by a counternut 24 screwed onto a threaded tip of
      a reduced shaft end 4' which axially traverses an unthreaded restricted
      extension of bore 23 in the lower end of the pinion.
PAR  With this arrangement, distance a is determined at the factory by choice of
      a suitable washer 8 and need not concern the person who installs the unit
      31 on the gear housing 12. Distances b and c are, of course, fixed as in
      the prior-art construction of FIG. 1.
PAR  Hydrostatic motor 3 has an axis A inclined with reference to axis O in the
      direction away from the load 29; the surrounding casing 10 slopes in the
      same direction in its upper part.
PAR  A comparison between the structures of FIGS. 1 and 2 will show that, given
      a motor of similar dimensions in the conventional system, the drive
      mechanism according to my invention is considerably more compact while
      being easier to install and to disassemble.
PAR  Collar 10" could, of course, be replaced by equivalent structure, such as
      an annular array of lugs or ring segments, establishing an upper abutment
      surface for bearing 25 and washer 8. That washer also helps hold in
      position a stationary ring 36 forming an oil seal.
CLMS
STM  I claim:
NUM  1.
PAR  1. A drive mechanism for a load rotatable about a substantially horizontal
      axis, comprising:
PA1  a gear housing formed at its top with an aperture surrounded by an annular
      seating surface;
PA1  a load shaft journaled generally horizontally in said housing and
      projecting from a side thereof;
PA1  a bevel gear keyed to said load shaft inside said gear housing; and
PA1  a driving unit detachably mounted on said housing, said unit including a
      casing outside said housing having a peripheral flange resting directly on
      said seating surface, a motor inside said casing, a drive shaft positively
      coupled with said motor extending through said aperture into said housing,
      a bevel pinion on said drive shaft meshing with said bevel gear inside
      housing, said drive shaft having a threaded extremity projecting beyond
      said pinion, said casing and said pinion being provided with extensions
      forming confronting surfaces in said housing, an antifriction bearing
      interposed between said extensions, spacing means inserted between said
      bearing means and one of said confronting surfaces for establishing a
      predetermined depth of penetration of said pinion into said housing, and
      fastening means including a nut on said extremity holding said pinion,
      said bearing and said spacing means in position.
NUM  2.
PAR  2. A drive mechanism as defined in claim 1 wherein said drive shaft extends
      at right angles to said load shaft, said motor being centered on an
      inclined axis and being coupled to an upper end of said drive shaft inside
      said casing.
NUM  3.
PAR  3. A drive mechanism as defined in claim 2 wherein said drive shaft is
      provided with a transverse head inside said casing, said motor having an
      inclined axis and comprising a set of hydrostatically actuated plungers
      linked with said head.
NUM  4.
PAR  4. A drive mechanism as defined in claim 3 wherein said casing slopes
      upwardly away from a load-carrying extremity of said load shaft.
NUM  5.
PAR  5. A drive mechanism as defined in claim 1 wherein said spacing means
      comprises an annular washer.
NUM  6.
PAR  6. A drive mechanism as defined in claim 5 wherein said washer is
      interposed between said bearing and the extension of said casing.
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ABST
PAL  The invention contemplates a marine outboard gear assembly, usable in an
      outboard motor or an inboard-outboard drive, and featuring (a) constant
      drive of the meshing gears which transfer power to the propeller-shaft
      axis, and (b) selective spring-clutching direct to the propeller shaft,
      thereby (c) utilizing the meshing gears for lubricant circulation as long
      as the engine is operating and whether or not the clutch is engaged and
      (d) reducing to an absolute minimum the drag and inertial effects
      operative upon the propeller shaft when the boat is moving in the
      declutched condition, i.e., propeller windmilling. Also featured is a
      particular subassembly of gear and clutch parts on the propeller shaft
      whereby desired axial clearance can be readily pre-adjusted and selected,
      prior to assembly to the gear case.
PARN
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 499,292, filed August 21, 1974.
BSUM
PAR  This invention relates to the construction of marine outboard drive gear
      and has particular utility in smaller sizes of outboard motors, although
      the principles of the invention are also applicable to larger-size
      outboards and to inboard-outboard drive units.
PAR  It is an object of the invention to provide an improved construction of the
      character indicated.
PAR  Another object is to provide improved lubrication for the complete drive
      train of a marine outboard assembly of the character indicated, regardless
      of the engaged or disengaged condition of the drive and as long as the
      engine is operating.
PAR  It is a specific object to provide a construction of the character
      indicated, wherein axial clearances of parts carried by the propeller
      shaft can be readily preselected and adjusted.
PAR  A further specific object is to meet the above objects with a construction
      in which the location of clutched engagement of engine output to the
      propeller shaft is at the propeller shaft itself.
PAR  A general object is to meet the indicated objects with a construction of
      relative simplicity, reliability of operation, ease of maintenance and low
      cost, and offering minimum drag resistance to propeller rotation when in
      unclutched condition.
DRWD
PAR  Other objects and various further features of novelty and invention will be
      pointed out or will occur to those skilled in the art from a reading of
      the following specification, in conjunction with the accompanying
      drawings. In said drawings, which show, for illustrative purposes only, a
      preferred form of the invention:
PAR  FIG. 1 is a vertical sectional view through most of the gear-case assembly
      portion of an outboard marine drive assembly of the invention; and
PAR  FIG. 2 is a plan view of a keyed part of the assembly of FIG. 1.
DETD
PAR  The invention is shown in application to an assembly comprising a gear case
      10 having intersecting bores 11-12 on vertical and horizontal axes for
      rotary accommodation of an upstanding drive shaft 13 and of a propeller
      shaft 14. The gear case 10 includes various other upstanding passages such
      as a lubricant passage 15 and a control-element passage 16, and the lower
      end of the case includes a fin or skid formation 17 for bottom protection
      of the blade sweep of the propeller (not shown) carried at the splined
      outer projecting end 18 of shaft 14.
PAR  A beveled drive gear 20 at the lower end of shaft 13 is in constant mesh
      with a beveled driven gear 21 which is rotatable on or with respect to a
      reduced cylindrical surface 19 near the inner end of the propeller shaft
      14. As shown, a splined coupling 22 unites adjacent ends of the drive
      shaft 13 and of the stub-shaft portion 23 of gear 20; spaced needle-roller
      assemblies 24-25 establish their concentric rotary support in the bore 11,
      and a thrust washer 26 axially locates gear 20 to the gear-case casting.
PAR  Axially spaced points of bearing support are also provided for the
      propeller shaft 14. A first of these points is at a needle-roller assembly
      27 fitted to the bore of an annular plate member or bearing carrier 28,
      which is shown to have an inner circular base flange fitted to a
      counterbore portion 29 in the propeller-shaft bore 12; an outer circular
      flange of the carrier 28 is also supported in a counterbore portion of the
      propeller-shaft bore 12, being keyed by means 30 against rotation therein.
      A clamp ring 31 has threaded engagement to the threaded outer end 32 of
      the counterbore and retains the assembly, as will later be more fully
      explained. Needle-roller means 27 ride a central cylindrical surface 33 of
      shaft 14, and seal means 34 fitted to the carrier 28 also engages surface
      33.
PAR  The second point of propeller-shaft support is provided by
      antifriction-bearing means 35, shown as a large ball-bearing assembly with
      inner and outer race rings and having combined radial and thrust load
      capability. Bearing 35 directly supports the driven gear 21, and the
      reduced cylindrical surface 19 of shaft 14 is rotatably positioned by the
      bore of gear 21. As shown, a threaded nut or ring 36 secures the inner
      ring of bearing 35 against a shoulder on gear 21, and the outer ring of
      bearing 35 is supported in and by counterbore 29, being driven against a
      shim 35' and the radial shoulder 37 at which counterbore 29 ends; axial
      location against shoulder 37 is applied by clamp ring 31, via a stainless
      steel thrust washer 31' the bearing carrier 28, a spacer ring 38 and the
      outer ring of bearing 35; and a resilient O-ring seal 39 carried at a
      relieved end of ring 38 completes the sealed integrity of the inner volume
      and contents of the gear case 10. A local axial projection 28' of carrier
      28 into the limited angular space between two locating lugs 38' on the
      spacer ring 38 assures keyed orientation of ring 38 with respect to the
      casing, via key means 30, to provide alignment of the shift shaft 52 with
      its passage through ring 38 as illustrated.
PAR  A larger-radius cylindrical shaft portion 40, between surfaces 19 and 33,
      establishes a shoulder 41 which serves one direction of axial location of
      the shaft 14. A thrust washer 42 may be interposed between gear 21 and
      shoulder 41 to keep the turns of spring 50 clear, but is not essential as
      the propeller shaft 14 will always be driven forward by thrust of the
      propeller when clutch 50 is engaged. The inner axial end of shaft 14 is
      threaded to accept stop-nut means 43 and its adjustment against a washer
      44 for axially limiting the other direction of motion of the shaft 14.
      Washer 44 (see FIG. 2) is formed for keyed relation to shaft 14, being
      shown with a chordal flat 45 in its bore, to match a local milled flat 46
      at the inner end of shaft 14. The clearance between the shoulder 41 and
      gear 21 is adjusted by the setting of stop-nut 43 to prevent wrap down of
      the spring coil 50 between gear 21 and shoulder 41.
PAR  To complete the description, and as a feature of the invention, clutch
      means carried on the propeller-shaft axis provides for selective
      engagement and disengagement of the entire drive train with respect to the
      ultimately driven element, namely the propeller-shaft itself. As shown,
      and preferably at least for smaller-size outboard-motor applications, such
      clutch means is of the coil-spring variety, as shown for example and
      described for a different environment in Armstrong U.S. Pat. No.
      2,760,613. Such a clutch involves close multiple turns of spring stock,
      preferably of rectangular section and overlapping adjacent matching
      cylindrical surfaces, i.e., of the same radius, on the parts to be
      selectively engaged. In the form shown, the hub end of gear 21 is reduced
      to establish a cylindrical surface 49 of radius matching that of shaft
      surface 40, and a helical coil spring 50 overlaps both these surfaces.
      Spring 50 is located between a shaft bead or shoulder 50' and the shoulder
      defined by forming the reduced surface 49, and, consistent with the
      description in said patent, one end of spring 50 is outwardly bent from
      the helix (e.g., tangential to the path of the helix) to define a toe 51
      the rotary sweep of toe 51 upon driven rotation is in the path of
      selective axial movement of a control element or rod 52 (in passage 16),
      remotely actuable by means not shown. In its retracted position, rod 52
      clears the path of driven movement of toe 51 and the clutch remains
      engaged, thus locking gear 21 to the propeller shaft 14, for driving the
      boat; in its downwardly projected position, rod 52 intercepts toe 51 to
      relieve all clamping action of spring 50 on the surface 49, thereby
      disengaging shaft 14 from the entire drive mechanism. It will be
      understood that the toe 51 is so formed as to harmlessly escape rod 52 in
      the event of a reverse-drive rotation which may accompany a back-fire or
      kick-back of the engine, all as explained in said patent.
PAR  The described construction will be seen to have achieved all stated objects
      in a particularly effective manner. As to lubrication, the meshing gears
      20-21 are caused to run as long as the engine is operating, and regardless
      of the engaged or disengaged condition of the clutch means 50; the gear
      case will have been filled with lubricant, to the level of the
      conventional filler port and plug 53, and so the constant running of gears
      20-21 will mean continued circulation of lubricant at all times, as for
      example upward in bore 15, through the opening 54 and down the remnant
      passage space within bore 11. A passage 54' between bores 11 and 16
      completes a vent line between bores 11, 15 and 16 which prevents the
      trapping of air when oil is added or changed.
PAR  The keying of washer 44 to the propeller shaft 14 means that no relative
      rotation of gear 21 on shaft 14 can ever be the cause of losing the
      preselected setting of stop-nut means 43 on shaft 14. Moreover, the
      relation of gear 21, bearing 35, and clutch 50 on shaft 14 means that they
      together constitute a unit-handling subassembly, readily accessible for
      servicing and adjustment when bodily removed from the gear case;
      unthreading release of ring 31 enables simple removal of carrier 28, key
      30, and spacer 38, along with and without disturbing the unit-handling
      integrity of this subassembly. Furthermore, upon their reassembly to the
      gear case, key 30 assures correct angular registry, and shoulder 37
      assures correct axial positioning for the meshing gears 20-21. No amount
      of clamping force via ring 31 can upset or impair these relationships;
      neither can a particular preselected axial-gap, clearance, or preload via
      nut means 43 be affected by such clamping. Thus, for example, for a 4-hp
      application, a 40 ft.-lb. torque is recommended for the clamped
      application of ring 31; while stop-nut 43 is adjusted to provide a
      clearance of between 0.010 (0.254 mm) and 0.015 inch (0.381mm) between the
      shoulder 41 and the adjacent end of gear 21.
PAR  While the invention has been described in detail for the preferred
      embodiment, it will be understood that modifications may be made without
      departure from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A marine outboard gear assembly, comprising a gear case having an
      upstanding drive bore with a drive shaft mounted for rotation therein, the
      lower end of said case having a propeller-shaft bore communicating with
      the lower end of the drive bore and open to the rear of said case, a
      propeller shaft and means supporting the same for rotation in the
      propeller-shaft bore and otherwise closing the open end of the
      propeller-shaft bore, meshing drive and driven gears on said respective
      shafts, said drive gear being fixed to said drive shaft and said driven
      gear being rotatably overlapped and axially captive with respect to a
      portion of said propeller shaft, and one-way-engaging clutch means
      coacting between said driven gear and said propeller shaft, said clutch
      means including selectively operable means for effectively enabling and
      disabling the one-way-engageability thereof, whereby said meshing gears
      are both driven as long as said drive shaft is driven, and whereby
      essentially only said driven shaft rotates when the propeller is
      "windmilling."
NUM  2.
PAR  2. The gear assembly of claim 1, in which said gear case has lubrication
      passages communicating with the region of intersection of said bores and
      serving the drive-shaft mounting, whereby lubricant circulation is
      available from gear-mesh action as long as said drive shaft is driven and
      regardless of the clutched or unclutched condition of the propeller shaft.
NUM  3.
PAR  3. The gear assembly of claim 1, in which a bearing directly and rotatably
      supports said driven gear with respect to the propeller-shaft bore at a
      location of driven-gear overlap with said propeller shaft, said location
      being axially inwardly spaced from the end-closing location of
      propeller-shaft support in the bore.
NUM  4.
PAR  4. The gear assembly of claim 3, in which said clutch means is disposed
      between said locations.
NUM  5.
PAR  5. The gear assembly of claim 3, in which said bearing is an antifriction
      bearing having combined thrust and radial load capability.
NUM  6.
PAR  6. The gear assembly of claim 5, in which said bearing is a ball bearing.
NUM  7.
PAR  7. The gear assembly of claim 1, in which said case includes a
      control-element passage, and remotely operable control means for
      selectively operating said clutch means via the control-element passage.
NUM  8.
PAR  8. The gear assembly of claim 1, in which the axially inner portion of said
      propeller shaft is characterized by a cylindrical surface for the
      rotatable mounting of said driven gear, and axial-retention means
      rotatable only with said propeller shaft and positioned to directly
      contact and axially locate said shaft with respect to said driven gear,
      said axial-retention means including at the inner end of said propeller
      shaft a removable element having keyed relation to said propeller shaft.
NUM  9.
PAR  9. The gear assembly of claim 8, in which the inner end of said propeller
      shaft is threaded, said axial-retention means including a nut for
      adjustably positioning said keyed removable element.
NUM  10.
PAR  10. The gear assembly of claim 1, in which the axially inner portion of
      said propeller shaft is characterized by a reduced cylindrical surface
      between a radial shoulder and a threaded end, said driven gear having a
      bore rotatable on said cylindrical surface and being retained at one end
      by said shoulder, a removable retaining ring on the threaded end of said
      propeller shaft for direct retaining contact with the other axial end of
      said driven gear, and adjustable nut means on said threaded end for
      selectively positioning said retaining ring, said retaining ring having a
      keyed relation to said propeller shaft, whereby relative rotation of said
      propeller shaft and driven gear cannot disturb the adjustment of said nut
      means.
NUM  11.
PAR  11. The gear assembly of claim 1, in which the axially inner portion of
      said propeller shaft is characterized by a reduced cylindrical surface
      between a radial shoulder and the inner end of the propeller shaft,
      removable means carried by said inner end for retaining said driven gear
      for rotation on said cylindrical surface, regions of said driven gear and
      of said propeller shaft adjacent said shoulder being characterized by
      cylindrical surfaces of substantially the same radius, said radius being
      larger than that of said reduced cylindrical surface, and said clutch
      means being of the coiled-spring variety and in axial overlap with both
      said larger-radius surfaces.
NUM  12.
PAR  12. The gear assembly of claim 11, and including a thrust washer carried by
      said reduced cylindrical surface and axially interposed between said
      shoulder and said driven gear.
NUM  13.
PAR  13. The gear assembly of claim 1, in which the propeller-shaft bore
      includes a cylindrical counterbore defining a radial shoulder in the axial
      region of gear meshing, a unit-handling antifriction bearing of combined
      radial and thrust load capability and having inner and outer ring spaced
      by antifriction elements for supporting said driven gear in said
      counterbore with said outer ring positioned by said shoulder, said
      propeller shaft and said driven gear and said clutch means and said
      antifriction bearing constituting a unit-handling subassembly selectively
      enterable into the propeller-shaft bore for support of said driven gear in
      desired meshing engagement with said dirve gear when the inner axial end
      of said outer bearing ring is counterbore-located by said shoulder; said
      means supporting said propeller shaft and closing the propeller-shaft bore
      comprising a removable annular member supported by said counterbore and in
      axial-positioning relation to the outer axial end of said outer bearing
      ring; whereby a subassembly comprising said propeller shaft, said driven
      gear, said antifriction bearing, and said clutch may be removed as a unit
      with said removable annular member.
NUM  14.
PAR  14. The gear assembly of claim 13, and means including a clamp ring
      threadedly engaged to the outer end of the counterbore for applying axial
      clamp force to said annular member and to said antifriction bearing
      against said shoulder.
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ABST
PAL  An articulated handle comprises a firm arm pivotally mounted on a
      stationary support and a second arm pivotally mounted on the first arm to
      pivot perpendicular relative to pivotal movements of the first arm. A
      lever is also pivotally mounted on the support and a connecting rod is
      pivotally interconnected between the lever and the second arm. The valve
      stems of adjacent control valves are operatively connected to the first
      arm and to the lever, respectively, whereby movement of the handle in one
      direction will actuate one valve and movement of the handle in a second,
      perpendicular direction will reciprocate the other valve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Hydraulic circuits, adapted to control the actuation of various cylinders
      and the like employed on earthworking vehicles, oftentimes utilize a
      single lever control for alternately or simultaneously actuating two or
      more valves. Many such controls are bulky, complex, expensive to
      manufacture and do not always provide the precise control required for
      actuation purposes.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a compact, non-complex and
      economical single lever control adapted to actuate two or more valves
      individually or simultaneously.
PAR  The single lever control embodiment comprises a stationary support having
      the first arm of an articulated handle pivotally mounted thereon for
      pivotal movement about a first axis. The handle's second arm is pivotally
      mounted on the first arm for rotation about a second axis, disposed
      transversely relative to the first axis. An extension, connected to the
      first arm, is adapted for attachment to the stem of a first valve whereas
      connecting means, pivotally connected between the support and the second
      arm, is adapted for attachment to the stem of a second valve whereby
      movement of the handle about the first axis will reciprocate the first
      valve and movement of the handle about the second axis will reciprocate
      the second valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects of this invention will become apparent from the following
      description and accompanying drawings wherein:
PAR  FIG. 1 is an isometric view of a single lever control embodying this
      invention;
PAR  FIG. 2 is a side elevational view of the single lever control as it would
      appear mounted in an enclosure, shown in cross section;
PAR  FIG. 3 is a view similar to FIG. 2, but showing the single lever control
      and enclosure in front elevation; and
PAR  FIG. 4 is a view similar to FIG. 1, but showing a modification of the
      single lever control.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1-3 illustrate a single lever control 10 comprising an upright
      stationary support 11 having a bifurcated first bracket 12 and an L-shaped
      second bracket 13 secured on opposite sides thereof. An aritculated handle
      comprises a first arm 14 mounted on bracket 12 by a pivot pin 15 for
      pivotal movement about a first axis A. A second arm 16 is mounted on the
      first arm by a pivot pin 17 for pivotal movements about a second axis B,
      preferably disposed in perpendicular and vertically spaced relationship
      with respect to axis A.
PAR  An extension 18 is secured to first arm 14 by means of a common hub 19 to
      thus form a bellcrank therewith. The extension is pivotally connected to a
      valve stem 20 by first linkage means comprising a pair of links 21. The
      upper ends of the links are connected to the extension by a pivot pin 22
      whereas the lower ends of the links are connected to the valve stem by a
      pivot pin 23. The valve stem is reciprocally mounted for linear movements
      in the housing of a first control valve 24 to selectively move a valve
      spool (not shown) or the like to communicate hydraulic fluid therethrough.
PAR  A lever 25 of a connecting means is pivotally mounted on support bracket 13
      by a pin 26 for pivotal movements about a third axis C, preferably
      disposed perpendicular to second axis B and parallel to first axis A. The
      connecting means further comprises a connecting rod 27 universally
      interconnected between the lever and second arm 16 of the handle by ball
      and socket connections 28 and 29, respectively. A second linkage means,
      comprising a pair of links 30, is connected to lever 25 by a pivot pin 31
      and to the upper end of a valve stem 32 by a pivot pin 33. The second
      valve stem is reciprocally mounted for linear movements in the housing of
      a second control valve 34 to selectively move a valve spool (not shown) or
      the like to communicate hydraulic fluid therethrough.
PAR  Referring to FIGS. 2 and 3, the single lever control is mounted within a
      stationary enclosure 35 defining a horizontally disposed elongated opening
      36 through the top thereof. A combined sealing and handle guide means 37
      comprises an arcuately shaped cover plate 38 secured over the opening by
      rivets 39 or the like. The centrally disposed arcuately shaped portion of
      the cover and an elongated slot 40 are preferably defined by a radius
      R.sub.1 having its center at first axis A. The arcuately shaped slot
      extends in the general direction of axis B and is formed through the cover
      plate to conform to the handle movements in the direction of such axis.
PAR  A pair of flexible rubber or plastic strips or sealing means 41 are
      disposed over slot 40 and are secured between cover 38 and parallel metal
      strips 42 by rivets 43. As more clearly shown in FIG. 3, an arcuate
      portion 44 of second arm 16 protrudes through a slit defined between
      strips 41 so that the edge of a first strip faces upwardly and the edge of
      the second strip faces downwardly to substantially encapsulate such first
      arm portion therebetween. Such arcuate portion of the handle is preferably
      defined by a radius R.sub.2 having its center at second pivot axis B to
      permit the first arm 16 of the handle to be pivoted about the axis with
      little, if any, transverse movement.
PAR  FIG. 4 illustrates a slight modification of the FIGS. 1-3 single lever
      control wherein like numerals are used to depict corresponding parts with
      numerals depicting modified constructions in FIG. 4 being accompanied by
      an a. In particular, a first arm 14a of the handle and a separate hub 19a
      are both pivotally mounted on a pivot pin 15a. A lug 45 is secured to hub
      19a and has a pin 46 secured thereon which loosely engages an aperture 47
      formed through first arm 14a. Thus, an actuating extension 18a for first
      valve stem 20 defines a bellcrank with hub 19a and lug 45 that is loosely
      connected to first arm 14a of the handle by interengaging coupling means
      comprising pin 46 and aperture 47.
PAR  In operation, the operator may pivot the handle of the FIGS. 1-3 single
      lever control in the X direction illustrated in FIG. 1 to pivot the handle
      about the first axis A. Such movement will pivot extension 18 about such
      axis to selectively reciprocate valve stem 20 to actuate control valve 24.
      When the handle is moved in the Y direction, perpendicular to the X
      direction, first arm 16 of the handle will pivot about second axis B to in
      turn pivot lever 25 of the connecting means about third axis C. Valve stem
      32 of valve 34 will thus reciprocate to selectively direct hydraulic fluid
      through control valve 34. It should be noted that the handle may be moved
      in a compound direction, intermediate directions X and Y, to
      simultaneously control the movements of first and second valve stems 20
      and 32, respectively.
PAR  Due to the arcuate shape of cover 38 and handle portion 44, defined by
      radii R.sub.1 and R.sub.2 respectively, the handle can be manipulated in
      either or both the X and Y directions without being displaced with respect
      to slot 40. Such construction aids in maintaining the sealing means,
      comprising rubber flaps 41, in a close encapsulating position around
      handle portion 44 to prevent the infiltration of dirt or the like into
      enclosure 35 and to isolate noise generated within the enclosure.
PAR  The FIG. 4 single lever control embodiment functions substantially in the
      same manner except that interengaging coupling means comprising pin 46 and
      aperture 47 loosely connect first arm 14a of the handle to extension 18a.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A single lever control adapted to actuate separate valves comprising
PA1  a stationary support
PA1  an articulated handle comprising a first arm pivotally mounted on said
      support for pivotal movement about a first axis and a second arm pivotally
      mounted on said first arm for pivotal movement about a second axis
      disposed transversely relative to said first axis,
PA1  an extension, adapted for attachment to a stem of a first valve, connected
      to said first arm by interengaging coupling means and extending
      transversely of said first axis, and
PA1  connecting means, adapted for attachment to a stem of a second valve,
      connected to said second arm, said connecting means being pivotally
      connected to said support for pivotal movement about a third axis disposed
      transversely of said second axis and at least generally parallel to said
      first axis.
NUM  2.
PAR  2. The invention of claim 1 wherein said connecting means comprises a lever
      having its first end pivotally mounted on said support and its second end
      pivotally connected to a connecting rod, said connecting rod further
      pivotally connected to said second arm.
NUM  3.
PAR  3. The invention of claim 1 wherein said first and second axes are
      substantially positioned in perpendicular and vertically spaced
      relationship relative to each other.
NUM  4.
PAR  4. The invention of claim 1 further comprising first and second control
      valves each having a stem reciprocally mounted therein for linear movement
      in a direction transverse to said first and second axes and first and
      second linkage means pivotally interconnecting said extension and said
      connecting means, respectively, with a respective one of said valve stems
      whereby pivotal movement of said handle about said first axis will
      reciprocate one of said valve stems and pivotal movement of said handle
      about said second axis will reciprocate the other one of said valve stems.
NUM  5.
PAR  5. The invention of claim 1 wherein said extension is secured to said first
      arm.
NUM  6.
PAR  6. The invention of claim 1 further comprising an enclosure having said
      single lever control mounted therein, said enclosure comprising a cover
      plate defining an elongated slot therethrough and flexible sealing means,
      defining a normally closed elongated slit therethrough, normally covering
      said slot, the second arm of said handle protruding through said slot and
      said slit.
NUM  7.
PAR  7. The invention of claim 6 wherein an arcuate portion of said cover plate
      and said slot are at least generally defined by a radius having said first
      axis as its center.
NUM  8.
PAR  8. The invention of claim 6 wherein an arcuate portion of said second arm,
      protruding through said slit, is at least generally defined by a radius
      having said second axis as its center.
NUM  9.
PAR  9. A lever control, having an articulated handle comprising a first arm
      pivotally mounted therein and a second arm pivotally mounted on said first
      arm for pivotal movement transverse to pivotal movement of said first arm,
      mounted in an enclosure comprising a cover plate defining an arcuate slot
      therethrough and flexible sealing means, defining a normally closed
      elongated slit therethrough, normally covering said slot, the second arm
      of said handle protruing through said slot and said slit and said first
      arm mounted for pivotal movement about an axis which is the center for a
      radius at least generally defining said arcuate slot.
NUM  10.
PAR  10. A lever control, having a handle pivotally mounted therein, mounted in
      an enclosure comprising a cover plate defining a slot therethrough and
      flexible sealing means, defining a normally closed slit therethrough,
      normally covering said slot, said handle protruding through said slot and
      said slit and mounted for pivotal movement about an axis, disposed within
      said enclosure, which is the center for a radius at least generally
      defining an arcuate portion of said handle which protrudes through said
      slot and said slit whereby the arcuate path of travel of said arcuate
      portion through said slot and said slit will remain substantially constant
      upon manipulation of said handle.
NUM  11.
PAR  11. A single lever control adapted to actuate separate valves comprising
PA1  a stationary support,
PA1  an articulated handle comprising a first arm pivotally mounted on said
      support for pivotal movement about a first axis and a second arm pivotally
      mounted on said first arm for pivotal movement about a second axis
      disposed transversely relative to said first axis,
PA1  an extension, adapted for attachment to a stem of a first valve, connected
      to said first arm by interengaging coupling means and extending
      transversely of said first axis, said interengaging coupling means
      comprising means forming an aperture in said first arm and a pin,
      extending in the general direction of said first axis, secured to said
      extension and positioned in said aperture, and
PA1  connecting means, adapted for attachment to a stem of a second valve,
      pivotally connected to said support and further pivotally connected to
      said second arm.
NUM  12.
PAR  12. A single lever control adapted to actuate separate valves comprising
PA1  a stationary support,
PA1  an articulated handle comprising a first arm pivotally mounted on said
      support for pivotal movement about a first axis and a second arm pivotally
      mounted on said first arm for pivotal movement about a second axis
      disposed transversely relative to said first axis,
PA1  an extension, adapted for attachment to a stem of a first valve, connected
      to said first arm and extending transversely of said first axis,
PA1  connecting means, adapted for attachment to a stem of a second valve,
      pivotally connected to said support and further pivotally connected to
      said second arm, and
PA1  an enclosure having said single lever control mounted therein, said
      enclosure comprising a cover plate defining an elongated slot therethrough
      and flexible sealing means, defining a normally closed elongated slit
      therethrough, normally covering said slot, the second arm of said handle
      protruding through said slot and said slit, an arcuate portion of said
      second arm, protruding through said slit, being at least generally defined
      by a radius having said second axis at its center.
NUM  13.
PAR  13. A single lever control adapted to actuate separate valves comprising
PA1  a stationary support
PA1  an articulated handle comprising a first arm pivotally mounted on said
      support for pivotal movement about a first axis and a second arm pivotally
      mounted on said first arm for pivotal movement about a second axis
      disposed transversely relative to said first axis,
PA1  an extension, adapted for attachment to a stem of a first valve, connected
      to said first arm and extending transversely of said first axis,
PA1  connecting means, adapted for attachment to a stem of a second valve,
      pivotally connected to said support and further pivotally connected to
      said support for pivotal means being pivotally connected to said support
      for pivotal movement about a third axis disposed transversely of said
      second axis and at least generally parallel to said first axis and
PA1  an enclosure having said single lever control mounted therein, said
      enclosure comprising a cover plate defining an elongated slot therethrough
      and flexible sealing means, defining a normally closed elongated slit
      therethrough, normally covering said slot, the second arm of said handle
      protruding through said slot and said slit and wherein an arcuate portion
      of said cover plate and said slot are at least generally defined by a
      radius having said first axis as its center.
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ABST
PAL  A system for detecting the state of a gear box. Sliding gear selector rods
      control gear shift forks, and carry notches into which bars may fall. Each
      of such bars actuates an electrical device for emitting a binary bit. All
      of the binary bits together form a coded element the reading of which is
      made with reference to a binary standard to determine the position of the
      selector rods, which in turn determines the gear ratio or state of the
      gear box.
BSUM
PAR  The present invention relates to a new method and a new device intended to
      detect the state of a gear box at any given time, that is, to detect
      whether the gear box is in neutral, or else which gear is engaged.
PAC  BACKGROUND OF THE INVENTION
PAR  Systems are known which are used to detect the state or instantaneous
      position of a gear box. Such known systems use electrical limit contactors
      which are intended to detect the position of each of the sliding rods
      which carry the gear control forks.
PAR  These known systems have various drawbacks, in particular:
PAR  A. Since each sliding rod is likely to have three positions, to wit, two
      end positions of engaged gear and one central position of neutral gear, it
      is necessary to provide at least three electric contactors on each rod.
      This leads to provide, for instance, fourteen contactors on an eight-speed
      gear box, or twenty-one contactors on a fourteen-speed gear box. It will
      be readily understood that such a great number of contactors makes the
      gear box expensive, fragile, difficult to keep in good order, and exposed
      or subject to frequent failures.
PAR  B. Since each contactor must be set by the corresponding rod, the workshop
      manufacturing the gear boxes is led to deal both with mechanical parts and
      electric micro-switches; since these two operations require normally quite
      differently qualified workers, it is not very convenient to group them in
      the same shop.
PAR  C. The gear box must have been wholly designed in a special way, so that it
      is not possible to equip existing boxes.
PAR  The object of the present invention is to obviate such drawbacks by
      providing a simple and inexpensive device which is readily added to gear
      boxes of a standard type in an independent shop.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method for detecting the state of a gear
      box, comprising the steps of controlling the various gear ratios of the
      gear box by means of movable members, and generating binary bits in
      response to the relative positions of the movable members, all of such
      binary bits together constituting a coded element. The method also
      includes the step of detecting the coded element with reference to a
      binary standard, and detecting the state of the gear box by determining
      the instantaneous position of the movable members by such detection of the
      coded element with reference to the binary standard.
PAR  The present invention also provides a system for detecting the state of a
      gear box, comprising, in combination, first means for controlling the
      various gear ratios of the gear box, and second means for generating
      binary bits in response to the relative positions of said first means, all
      of said binary bits together constituting a coded element. There is also
      provided third means for detecting the coded element with reference to a
      binary standard. There is also provided fourth means for detecting the
      state of the gear box by determining the instantaneous position of said
      first means by such detection of the coded element with reference to the
      binary standard.
PAR  The method according to the invention for detecting the state of a gear
      box, the various forward, reverse and neutral gear ratios of which are
      controlled by movable members such as sliding gear selector rods, is
      characterized in that a binary logical count code is used for detecting at
      every moment the position of the whole of said movable members, so that
      each of the possible states of the gear box is characterized by one
      element of a binary coding standard, all the elements of which have a same
      number of bits.
PAR  Pick-up means are provided to define each bit. Of course, said means may be
      of any known type, such as mechanical, electrical (micro-switches),
      pneumatic (pneumatic elements of binary logic), optical, hydraulic, or
      electronic.
PAR  According to a first feasible embodiment, electric limit micro-switches are
      used, each of which is capable of taking up either an open position or a
      closed position. Thus, with only five micro-switches, a 5 bit coding
      standard is available, that is, a standard capable of detecting 2.sup.5 =
      32 states of the gear box at a maximum.
PAR  It will be seen that such an arrangement would be suitable for detecting
      all the possible states of a thirty speed gear box, which is widely
      exceeding the practical cases encountered. (Note: the number of possible
      states of a gear box is generally equal to that of the gears plus two, to
      wit, number of gears + general neutral position + reverse gear).
PAR  A detecting device according to the invention for carrying the above method
      into practice is characterized in that it includes pick-up means mounted
      on the casing of the gear box, the number of said means being equal to
      that of the movable members such as sliding gear selector rods, each of
      said pick-up means supplying a "0" bit or a "1" bit at every moment, while
      all said bits together constitute a coded element, the reading of which is
      then made by known means, with reference to a binary standard.
PAR  According to another feature of the invention, the coding standard is
      constituted by:
PAR  notches cut out at calculated and/or predetermined locations on the backs
      of the movable members controlling the gear box (for instance, on the
      backs of the gear selector rods which slide side by side, in parallel
      relationship to each other);
PAR  movable transverse bars, each of which bears elastically on the backs of
      all the selector rods to which they are perpendicularly oriented, in a
      manner such that a bar falls when each rod presents a notch opposite said
      bar;
PAR  binary micro-switches, each of which is fitted to a transverse bar and
      emits, for instance, a "0" bit if the bar has fallen into the aligned
      notches, and a "1" bit if at least one selector rod has prevented said bar
      from falling down.
PAR  It will be seen that such an arrangement offers many advantages, as
      regards, in particular,
PAR  1. Reliability -- Since the number of wires, tubes, or microswitches is
      substantially reduced, the maker is able to use apparatus of a better
      quality without increasing the overall cost of the device.
PAR  2. Manufacture -- The manufacture is simplified as regards both the wiring
      and the mechanical assembling.
PAR  3. Accommodation -- All the pick-up means are fitted to the removable
      casing of the gear box, which allows manufacturing and equipping said
      casing in a workshop separate from that where the gear boxes are
      manufactured. It is thus possible to use qualified and specialized workers
      for each operation. Moreover, it is possible to fit the cover or casing
      thus obtained to existing gear boxes.
PAR  4. Repairing -- Repairs are simplified, in particular by a reduction in the
      number of possible errors in the electric wirings. Moreover, the fact that
      the device is simple has a good psychological effect on the mind of the
      repairer or serviceman.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view illustrating the principle of the method according to
      a first possible embodiment of the present invention, as regards a system
      with one bar and two gear selector rods.
PAR  FIG. 2 is a side perspective view of the embodiment depicted in FIG. 1.
PAR  FIG. 3 is an exploded schematic view illustrating the arrangement of the
      notches on the backs of four selector rods of a six speed gear box, and
      indicating the two possible positions for each micro-switch associated
      with each transverse bar according to a second possible embodiment of the
      present invention.
PAR  FIG. 4 shows the disposition of the four bars provided for the eight
      selector rods of a gear box with fifteen forward gears according to yet a
      third possible embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Two selector rods 101 and 102 disposed side by side are shown in FIGS. 1
      and 2. Each rod can slide in the directions indicated by the arrows 103
      and 104. The rod 101 carries in a known way a gear fork (not shown), while
      the rod 102 carries another gear fork (not shown).
PAR  The back of the rod 101 is provided with two notches 105 and 106, and the
      back of the rod 102 includes likewise two notches 107 and 108.
PAR  The rods 101 and 102 are disposed in parallel relationship to each other. A
      transverse bar 109 is disposed so as to bear on said two selector rods 101
      and 102. The bar 109 is carried by two arms 110 pivotally mounted on a
      fixed transverse axis 111.
PAR  Elastic return means (springs or the like) apply or urge the bar 109 onto
      the backs of the rods 101 and 102, as shown by the arrow 112 (FIG. 2).
PAR  The operation is as follows:
PAR  If two notches such as 106 and 108 become aligned, the bar 109 falls into
      said notches and occupies a lowermost position.
PAR  If, on the contrary, owing to the selector rods 101 and 102 sliding, two
      notches do not happen to be aligned below the bar 109, the latter does not
      fall down, but remains in its uppermost position.
PAR  In the case shown in FIGS. 1 and 2, for instance, only one notch, viz.,
      108, lies under the bar 109, and the latter remains thus in its uppermost
      position by lying on the back of the rod 101.
PAR  The bar 109 is connected through its arms 110 to a binary detector which
      emits, for instance,
PAR  a "0" bit if the bar 109 is in its lowermost position,
PAR  a "1" bit if said bar 109 is in its uppermost position.
PAR  FIG. 3 shows how to use the above system by mounting three transverse bars
      109, 209 and 309 on the backs of four selector rods I, II, III and IV of a
      gear box having six forward gears 1, 2, 3, 4, 5 and 6, and one reverse
      gear AR.
PAR  The transverse bar 109 is connected to a binary detector a; the transverse
      bar 209 is connected to a binary detector b; and the transverse bar 309 is
      connected to a binary detector c. Said detectors a, b and c may, for
      example, be electric switches having two positions "0" and "1".
PAR  The case illustrated in FIG. 3 corresponds to the general neutral position
      of the gear box: the three transverse bars 109, 209 and 309 are in their
      lowermost positions after falling into the aligned notches of the rods I,
      II, III and IV.
PAR  On the other hand, for other positions of the sliding selector rods, three
      bit coded numbers are obtained by the binary detectors, which numbers
      correspond to the following standard:
TBL  GEAR                                                                      
     RATIOS   BARS                                                             
     ______________________________________                                    
            bit 109   bit 209     bit 309                                      
     ______________________________________                                    
     Neutral  0           0           0                                        
     1        0           0           1                                        
     2        0           1           0                                        
     3        0           1           1                                        
     4        1           0           0                                        
     5        1           0           1                                        
     6        1           1           0                                        
     AR       1           1           1                                        
     ______________________________________                                    
PAR  It will be seen that this allows detecting the state of the gear box by
      using only three detectors a, b, and c.
PAR  FIG. 4 shows the disposition of four transverse bars 109, 209, 309 and 409
      on eight selector rods I, II, III, IV, V, VI, VII and VIII of a gear box
      having fourteen forward gears, a reverse gear, and a neutral position.
PAR  In a general way, it will be seen that the method according to the
      invention allows equipping a gear box, while using a much smaller number
      of binary detectors or switches than in the conventional systems with
      limit switches.
PAR  By way of example, the following table illustrates a comparison for gear
      boxes with 5, 6, 8 or 14 gear ratios in forward motion:
TBL  Number Number                   Coded solution                            
     of     of       Conventional system                                       
                                     according to                              
     forward                                                                   
            possible                 the invention                             
     gears states    Number of Number of                                       
                                       Number Number                           
           of the    limit     electric                                        
                                       of     of                               
           gear box  switches  wires   contacts                                
                                              wires                            
     ______________________________________                                    
     3       7        9        10      3      4                                
     6       8       11        12      3      4                                
     8      10       14        15      4      5                                
     14     16       21        22      4      5                                
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for detecting the state of a gear box, comprising the steps of:
PA1  controlling the various gear ratios of said gear box by means of movable
      members;
PA1  generating binary bits in response to the relative positions of said
      movable members, all of said binary bits together constituting a coded
      element;
PA1  detecting said coded element with reference to a binary standard; and
PA1  detecting the state of said gear box by determining the instantaneous
      position of said movable members by such detection of said coded element
      with reference to said binary standard.
NUM  2.
PAR  2. A method according to claim 1, wherein:
PA1  the various forward, reverse and neutral gear ratios are controlled by
      movable members such as sliding rods; and
PA1  a binary logical counting code is used for detecting at every moment the
      position of the whole of said movable members, so that each of the
      possible states of the gear box is characterized by an element of a binary
      coding standard, all the elements of which have the same number of bits.
NUM  3.
PAR  3. A method according to claim 1, characterized in that each bit is defined
      by a detector which analyzes the whole of said sliding rods of said gear
      box.
NUM  4.
PAR  4. A method according to claim 3, characterized in that each detector is
      constituted by an electric two-position micro-switch which is capable of
      taking up either an open position or a closed position to emit "0" and "1"
      bits.
NUM  5.
PAR  5. A method according to claim 2, characterized by using no more than three
      bits for a gear box having six forward gears.
NUM  6.
PAR  6. A method according to claim 2, characterized by using no more than four
      bits for a gear box having fourteen forward gears.
NUM  7.
PAR  7. A system for performing a method for detecting the state of a gear box
      including the steps of controlling the various gear ratios of said gear
      box by means of movable members, generating binary bits in response to the
      relative positions of said movable members, all of said binary bits
      together constituting a coded element, detecting said coded element with
      reference to a binary standard, and detecting the state of said gear box
      by determining the instantaneous position of said movable members by such
      detection of said coded element with reference to said binary standard,
      said system comprising, in combination:
PA1  first means for controlling the various gear ratios of said gear box;
PA1  second means for generating said binary bits in response to the relative
      positions of said first means, all of said binary bits together
      constituting said coded element;
PA1  third means for detecting said coded element with reference to said binary
      standard; and
PA1  fourth means for detecting the state of said gear box by determining the
      instantaneous position of said movable means by such detection of said
      coded element with reference to said binary standard.
NUM  8.
PAR  8. A detection device for carrying into effect a method for detecting the
      state of a gear box including the steps of controlling the various gear
      ratios of said gear box by means of movable members, generating binary
      bits in response to the relative positions of said movable members, all of
      said binary bits together constituting a coded element, detecting said
      coded element with reference to a binary standard, and detecting the state
      of said gear box by determining the instantaneous position of said movable
      members by such detection of said coded element with reference to said
      binary standard, and wherein the various forward, reverse and neutral gear
      ratios are controlled by movable members such as sliding rods, and a
      binary logical counting code is used for detecting at every moment the
      position of the whole of said movable members so that each of the possible
      states of the gear box is characterized by an element of a binary coding
      standard, all the elements of which have the same number of bits, said
      detection device including detectors mounted on the casing of said gear
      box, the number of said detectors being equal to that of said movable
      members such as sliding rods, while ach of said detectors supplies at
      every moment a "0" bit or a "1" bit, all of said bits together forming a
      coded element the reading of which is then made with reference to a binary
      standard.
NUM  9.
PAR  9. A detection device according to claim 8, characterized in that said
      coding standard is constituted by:
PA1  notches provided at calculated locations on the backs of the movable
      members which control the gear box;
PA1  movable transverse bears, every one of which bears elastically on the backs
      of all the sliding rods to which it is perpendicularly oriented so that,
      when every rod presents a notch opposite a bar, the latter falls into said
      aligned notches;
PA1  binary micro-switches fitted each to one of said transverse bars, each
      micro-switch omitting for instance a "0" bit if the bar to which it is
      associated has fallen into aligned notches, and a "1" bit if at least one
      rod has prevented said bar from falling.
NUM  10.
PAR  10. A detection device according to claim 8, characterized in that the
      whole of the detectors are carried by the removable casing of said gear
      box, which allows, merely by exchanging the casings, to equip an existing
      gear box of a known type with said detection device by providing notches
      on the backs of the sliding gear selector rods of said existing gear box.
PATN
WKU  039437930
SRC  5
APN  5241146
APT  1
ART  345
APD  19741115
TTL  Collapsible steering wheel column
ISD  19760316
NCL  7
ECL  1
EXP  Hermann; Allan D.
NDR  2
NFG  6
INVT
NAM  Stedman; Robert N.
CTY  Chillicothe
STA  IL
ASSG
NAM  Caterpillar Tractor Co.
CTY  Peoria
STA  IL
COD  02
CLAS
OCL   74492
XCL  188  1B
EDF  2
ICL  B62D  118
FSC   74
FSS  492;493
FSC  188
FSS  1 B;1 C
UREF
PNO  2179959
ISD  19391100
NAM  Schroedter
XCL  188  1B
UREF
PNO  2189870
ISD  19400200
NAM  Sluyter
XCL  188  1B
UREF
PNO  2639626
ISD  19530500
NAM  Snyder
OCL   74493
UREF
PNO  2819063
ISD  19580100
NAM  Neidhart
XCL  188  1B
UREF
PNO  3483768
ISD  19691200
NAM  Glass
OCL   74492
UREF
PNO  3583530
ISD  19710600
NAM  DeVenne
OCL  188  1B
UREF
PNO  3699824
ISD  19721000
NAM  Staudenmayer
OCL   74492
UREF
PNO  3744338
ISD  19730700
NAM  Komatsu et al.
OCL   74492
UREF
PNO  3776062
ISD  19731200
NAM  Ito
OCL   74492
UREF
PNO  3798994
ISD  19740300
NAM  Hollins
OCL   74492
LREP
FR2  Walters; Ralph E.
ABST
PAL  A collapsible steering wheel column of the resettable type for motor
      vehicles that progressively absorbs the energy of an operator's body which
      is thrust upon the steering wheel in an accident or crash. The steering
      column includes two longitudinally extending and telescopically slidable
      coacting members. The members are held in a normal operating position by a
      resilient torus between their interface and are rotatably coupled to each
      other. The torus is set in a radially inwardly facing annular recess of
      the outer member while the inner circumference of the torus is received in
      an opposing radially outwardly facing annular recess of the inner member
      to maintain a normal operating position until a disengaging impact force
      occurs. The outer member carries a shock-absorbing resilient pad with a
      central bore that is axially and radially engaged by a tapered conical
      portion on the other member upon telescoping movement. The pad
      progressively cushions and absorbs the energy from the impact upon the
      steering wheel. The column is resettable to its normal operating position
      by pulling apart the telescopically slidable coacting members so that the
      inner circumference of the resilient torus is compressed back into the
      annular recess of the inner member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to collapsible steering wheel columns of the
      resettable type for motor vehicles.
PAR  Pertinent prior art includes the following U.S. Patents: Fergle U.S. Pat.
      No. 3,487,710; Weiss, U.S. Pat. No. 3,540,304; Olsen U.S. Pat. No.
      3,678,777 and Hollins U.S. Pat. No. 3,798,994.
PAR  In accordance with one prior art device, it is proposed that one of the
      shafts of a steering column on a motor vehicle either telescope outwardly
      or collapse inwardly by the activation of an explosive charge during the
      initial stages of a serious crash or accident. In a sub-critical crash,
      the force would be insufficient to activate the explosive charge but the
      shafts would still telescope one into the other to absorb the energy from
      the impact force of operator movement into the steering wheel. Obviously,
      this arrangement is very complex and requires replacement parts after each
      crash before the steering wheel column can be used again. Although this
      construction might be suitable for some automobile applications, it is
      hardly applicable for construction equipment which often requires the
      vehicle to be put back into operation shortly after the accident or crash.
PAR  Still other proposals include the provisions of tubular members between the
      steering wheel and the support brackets of the column. Such members are
      designed to absorb energy by controlled deformation of the member when an
      impact load is exerted against the steering wheel. Besides various other
      limitations, these steering wheel columns are not resettable without new
      parts after an accident.
PAR  Another proposal employs a padded cushion between the steering wheel and
      the instrument panel of the vehicle. The steering wheel column is
      comprised of telescoping members that are held in a fixed operating
      position by gripping spring fingers until the fingers are forced out of
      their respective indentations by the operator being thrust against the
      steering wheel which results in the steering wheel collapsing toward the
      padded cushion. The cushion is expected to absorb the energy from the
      impact and to protect the driver from injury. In practice, however, the
      fingers of an operator could easily be pinched between the steering wheel
      and the cushion in a crash. Moreover, because there is a rigid support
      member beneath the cushion which limits the energy absorption abilities of
      the cushion, there may be inadequate absorption of the impact force in
      case of a serious crash.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a collapsible
      steering wheel column for protecting the operators of motor vehicles and
      construction equipment from serious injury in the event of being thrust
      against the steering wheel in an accident or crash.
PAR  Another object and feature of this invention is to provide a steering wheel
      column in which the energy of the impact is absorbed by the progressive
      compression of a resilient pad within the column by a compacting means
      carried by the column member, which telescopes into the other member.
PAR  A further object and feature of this invention is to provide a collapsible
      steering wheel column for motor vehicles which is immediately resettable
      after an accident to its original operating position without the
      requirement of new parts or tools.
PAR  A still further object and feature of this invention is to provide a safety
      steering wheel column of the resettable type which is readily adaptable
      for use on construction equipment.
PAR  In accordance with the presently preferred embodiment of this invention, an
      energy-absorbing steering column of the resettable type includes two
      longitudinally extending telescopically slidable coacting members which
      are supported and enclosed within a tubular housing for rotation therein.
      One is a rotatable lower coacting tubular member and the other is a
      rotatable upper coacting tubular member which is constructed with a
      radially outwardly facing annular recess including a ramp surface and a
      tapered conical lower portion which are partially disposed within the
      lower coacting member. The upper coacting member also includes a means
      extending radially outwardly into engagement with the lower coacting
      member for longitudinally stabilizing the telescopically slidable movement
      and for providing a rotary drive connection between the coacting members.
      The lower coacting member includes a radially inwardly facing annular
      recess opposite the recess in the upper coacting member. A resilient torus
      is disposed in both recesses for retaining the coacting members in a fixed
      axial disposition with respect to one another until the application of a
      disengaging impact force upon the steering wheel attached to the upper
      coacting members. A shock-absorbing resilient pad with a backing plate is
      carried within the lower coacting member. This pad is progressively
      compressed both axially and radially by the tapered conical lower portion
      of the upper coacting member which passes through a central opening in the
      pad and comes into contact with the sides of the central opening. Thus,
      the coacting members telescopically collapse one into the other during an
      impact load such as the operator's body being thrust upon the steering
      wheel during a crash or accident.
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon reference to the
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of one embodiment of the invention showing a
      steering wheel, coacting members of the steering column, and housing
      brackets;
PAR  FIG. 2 is an enlarged sectional view embodying the invention of the
      collapsible steering column;
PAR  FIG. 3 is a section of the column taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged sectional view of the steering column of FIG. 1 after
      an impact load upon the steering wheel;
PAR  FIG. 5 is a sectional view of a second embodiment of the collapsible
      steering column; and
PAR  FIG. 6 is a section taken along line 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning first to FIG. 1, the collapsible steering wheel column 10 includes
      a steering wheel 12 attached to an upper longitudinally extending member
      14 which coacts with a lower longitudinally extending member 16 by
      telescopically sliding into the lower member 16. A rigid housing 18
      encompasses the lower coacting member 16 which is journalled for rotation
      therein by a bearing 20 as best seen in FIG. 2. The housing 18 is secured
      to bracket 22 by a semicircular cap 24 with bolts 26. The bracket 22
      attaches the steering column 10 to the vehicle body structure (not shown).
      The lower end of the coacting member 16 (also not shown) is coupled to a
      steering linkage assembly which responds in a conventional manner to turn
      the wheels of the vehicle.
PAR  Referring now to FIGS. 2 and 3, the upper coacting member 14 includes a
      radially outwardly facing annular recess 28 with a ramp surface 30, a
      generally square-shaped driving flange 32, inwardly adjacent to the
      annular recess 28, and a compacting conical lower portion 34 with a disc
      36 threadably attached to its tip 38, all of which are at least partially
      disposed within the lower coacting member 16. The annular recess 28
      borders the interface between the coacting members 14 and 16. The driving
      flange 32 mates with a square-shaped bore 40 within the lower coacting
      member 16 to provide a direct rotary coupling between the coacting members
      14 and 16 so that a turn of the steering wheel 12 also rotates both
      coacting members 14 and 16. The disc 36 is slidably received in a circular
      bore 42 of the coacting member 16. Because the driving flange 32 and the
      disc 36 are widely spaced apart on the upper coacting member 14, together
      they provide longtitudinal stability to the upper coacting member 14 when
      it telescopes into the lower coacting member 16 during an axial impact
      force on the steering wheel 12.
PAR  The lower coacting member 16 includes a radially inwardly facing annular
      recess 44 which is opposite the annular recess 28. A resilient torus 46 is
      disposed in both annular recesses 28 and 44 of the coacting members 14 and
      16, respectively, for retaining the members in a fixed axial disposition
      with respect to one another until the application of a disengaging impact
      force upon the steering wheel 12. Further, a shock-absorbing resilient pad
      48 with a central opening 50 is backed by a plate 52 which also has a
      central opening 54. The pad 48 and the backing plate 52 are located at the
      bottom of the square bore 40 and both encircle a part of the conical lower
      portion 34 between the drive flange 32 and the disc 36.
PAR  In operation, as shown in FIG. 4, the upper coacting member 14
      telescopically slides or collapses axially into the lower coacting member
      16 under an impact force on the steering wheel 12 which disengages the
      retaining torus 46. The driving flange 32 and the disc 36 pilot the
      telescoping upper coacting member 14 as it collapses into the lower
      coacting member 16. The stiffness of the resilient torus 46 and the angle
      of the ramp surface 30 determine the amount of impact force which is
      necessary before the disengagement of the steering column 10 is
      accomplished by the axial and radial compression of the resilient torus
      46. This feature has the advantage of permitting light impact forces
      during normal operating conditions to be absorbed without a premature
      collapsing of the steering column 10.
PAR  As the upper coacting member 14 slides downwardly, the energy of the impact
      is absorbed by the resilient pad 48 which is progressively compressed both
      axially and radially by the tapered conical lower portion 34 of the upper
      coacting member 14. The amount and rate of energy absorption is determined
      by the stiffness of the resilient pad 48 and the taper of the conical
      lower portion 34 of the upper coacting member 14. The taper of the conical
      lower portion 34 and the location of the backing plate 52 with its central
      opening 54 determines the amount of collapse of the upper coacting member
      14 into the lower coacting member 16 before the conical portion 34 comes
      into contact with the central opening 54 which stops any further
      collapsing of the steering column 10.
PAR  The present invention is also concerned with the resettability of the
      steering column 10 for normal operation after it is once collapsed in an
      accident. This is accomplished by pulling the steering wheel 12 connected
      with the upper coacting member 14 outwardly which compresses the resilient
      torus 46 an amount sufficient to re-engage it in the annular recess 28 of
      the upper coacting member 14.
PAR  A second embodiment is shown in FIGS. 5 and 6 and is substantially similar
      to that previously described. The two differ primarily in that the drive
      means between the upper and lower coacting members 14 and 16 is
      accomplished by a splined drive member 56 in place of the disc 36 and the
      splined drive member 56 is nonrotatably attached to the end of the upper
      coacting member 14 by a key 58, washer 60, and cap screw 62. An internal
      splined mating bore 64 for the splined member 56 replaces the circular
      mating bore 42 of the disc 36. An annular flange 66 on the upper coacting
      member 14 closely mates with a circular bore 68 in the upper end of the
      lower coacting member 16 to replace the square driving flange 32. The
      widely spaced flange 66 and splined member 56 provide longitudinal
      stability to the upper coacting member when it collapses into the lower
      coacting member 16. The resilient retaining torus 46, the resilient
      energy-absorbing pad 48 and its backing plate 52 all function in a manner
      as previously described in the first embodiment.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an energy absorbing collapsible steering column for motor vehicles of
      the resettable type, a steering wheel drivingly connected to two
      longitudinally extending, telescopically slidable coacting members, a
      housing for rotatably receiving one of said coacting members and adapted
      to be supported by brackets attached to the frame of said vehicle, means
      for transferring the rotation of one coacting member to the other coacting
      member, the improvement comprising: means defining opposed annular
      recesses on said members at their interface; a first resilient means
      disposed within said annular recesses intermediate said coacting members
      for retaining said members in a fixed axial disposition with respect to
      one another until a predetermined disengaging impact load upon said
      steering wheel; a second resilient means within one of said coacting
      members for progressively absorbing the energy from said impact force; and
      a compacting means responsive to relative movement between said coacting
      members for compressing said second resilient means both axially and
      radially during an impact force to effect energy absorption, said coacting
      members being easily resettable to their normal fixed axial disposition
      with respect to one another by compressing said first resilient means both
      axially and radially in a direction opposite to the impact load in order
      to re-engage the first resilient means in the annular recesses of each
      coacting member; said second resilient means comprising an elastomeric pad
      having an aperture therein and said compacting means comprising a tapered
      conical portion receivable in said aperture.
NUM  2.
PAR  2. An energy absorbing steering wheel column of the resettable type having
      a steering wheel drivingly connected to two longitudinally extending
      telescopically slidable coacting steering column members, and a tubular
      housing enclosing said coacting members for rotation therein, said column
      comprising: a first rotatable tubular member, said first member having a
      radially inwardly facing annular recess; a second rotatable member having
      a radially outwardly facing annular recess opposite said annular recess in
      the first member, said second member including a ramp surface adjacent the
      corresponding annular recess, a tapered conical portion and means
      extending radially outwardly into engagement with said first member for
      longitudinally stabilizing the telescopically slidable movement between
      said members and being at least partially disposed within said first
      member, said stabilizing means on said second member further forming a
      rotary drive coupling with said first member; a resilient torus, said
      torus being disposed in both said annular recesses for retaining the first
      and second members in a fixed axial disposition with respect to one
      another until the application of a disengaging impact force upon said
      second member; and a shock absorbing resilient pad with a backing plate
      being positioned within said second member and including a central opening
      for axially receiving said tapered conical portion whereby a load upon the
      steering column exceeding the predetermined impact force axially
      compresses and disengages the torus from said radially outwardly facing
      annular recess along said ramp surface and said stabilizing means pilots
      the second member into the first member so that the tapered conical
      portion progressively compresses both axially and radially the shock
      absorbing resilient pad, the collapsed coacting members being resettable
      to their normal fixed axial disposition before impact without special
      servicing tools by effecting relative axial movement between said members
      until said torus is retained in both said annular recesses.
NUM  3.
PAR  3. In an energy absorbing collapsible steering column of the resettable
      type having a steering wheel, two rotatable and longitudinally extending
      coacting shafts, and a tubular housing with said coacting shafts rotatable
      therein, the improvement comprising: a telescopically slidable interface
      between said coacting shafts; means for establishing a direct rotary drive
      coupling between said coacting shafts, said coupling means also
      longitudinally stabilizing the telescopic slidable movement between said
      coacting shafts; a first resilient means intermediate said coacting shafts
      for retaining said steering column in an operational position up to a
      predetermined impact load before allowing said telescopic slidable
      movement; a compacting means for absorbing the energy from said impact
      load including a second resilient means intermediate said coacting shafts
      and a tapered conical portion on one of said shafts for progressively
      compressing both axially and radially said second resilient means to
      absorb the energy from said impact load.
NUM  4.
PAR  4. An energy absorbing collapsible steering wheel column of the resettable
      type according to claim 3 wherein one shaft includes a non-circular bore
      and said rotary drive coupling means is a non-circular flange adjacent to
      said first resilient means slidably mated within said bore.
NUM  5.
PAR  5. An energy absorbing collapsible steering wheel column of the resettable
      type according to claim 3 wherein said rotary drive coupling means
      comprises mating splined surfaces on said shafts.
NUM  6.
PAR  6. An energy absorbing collapsible steering wheel column of the resettable
      type according to claim 3, wherein said longitudinal stabilizing means
      includes a flange and a disc spaced apart from the flange, said tapered
      conical portion being between the flange and disc.
NUM  7.
PAR  7. An energy absorbing collapsible steering wheel column of the resettable
      type according to claim 3 wherein said first resilient means has a central
      bore and is compressed radially and axially by a ramp surface extending
      through said central bore during a disengaging impact force which then
      permits one of the coacting shafts to collapse into the other shaft, and
      the steering column can later be reset to an operating position by a
      similar compression of the first resilient means in a direction opposite
      to the collapsing direction.
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ABST
PAL  An operating mechanism mounted to a bicycle, which is provided with a
      winding body for winding up thereto a control wire, which is formed
      separately from a lever rotatably supported to a fixed shaft which is
      secured onto a bracket member of the bicycle, and also the winding body
      and the lever are separately pivotally supported to the shaft; a sliding
      member insertably mounted between the both; and a restraining mechanism
      mounted between the winding body and the fixed shaft, whereby it is made
      possible to correct an inaccurate action of an operative demise such as a
      derailleur, brakes or the like, which action is caused by fluctuation of
      the stroke of the lever-turning as a result of elongation of the control
      wire or the like.
BSUM
PAR  This invention relates to an operating mechanism for actuating the
      operative means such as a derailleur and brakes which are used for a
      bicycle.
PAR  Conventionally, an operating mechanism of this kind comprises a bracket
      member secured to a bicycle frame, a fixed shaft unrotatably mounted to
      the bracket member and a lever rotatably supported onto the fixed shaft,
      and is provided with a control wire of which one terminal is retained on
      the operative means and of which the other terminal is retained on the
      outer periphery of the lever body, thus the lever is adapted to be turned
      for stretching the control wire so as to actuate the operative means.
PAR  However, in use of such an operating mechanism for a long time, the control
      wire becomes somewhat elongated or an outer cable covering the wire
      becomes somewhat shortened, therefore, the operative means may act
      unsteadily in response to the stroke of the lever turn to result in the
      occurrence of such a problem as an inaccurate operation of the means.
PAR  For solving this problem it was suggested that an adjusting bolt be fitted
      to the retaining terminal of the outer cable, through which the outer
      cable is connected to the lever or the operative means, thus the adjusting
      bolt is controllable for adjusting the length of outer cable.
PAR  In this method the bolt is not only adjusted by hand but also accompanied
      by a locknut which tightens the bolt in a manner not to disturb the
      adjusted position of the bolt by vibration during bicycle movement. As the
      result, firstly, a sensible adjustment may be expected to be inaccurate,
      secondly, the adjustment is so handled that after release of the locknut
      the adjusting bolt is rotatively adjusted, thereafter, the former is
      tightened to secure the latter, and thus the handling is considerably
      troublesome because it takes much time and labor.
PAR  A main object of the invention is the provision of an operating mechanism
      which automatically adjusts the length of a control wire or an outer cable
      in case that the former is enlongated or the latter is shortened. Another
      object of the invention is the provision of an operating mechanism which
      is capable of holding the lever so that the initial position thereof may
      always be made regular while the automatic adjustment may be performed as
      above mentioned, thereby being free from errors caused by dislocation of
      the lever in operation thereof.
PAR  This invention is characterized in that the operating mechanism is so
      constructed that the same is provided with a lever for controlling a
      control wire and a winding body or a drumlike shaped portion of the lever
      for winding up the control wire thereon, which are separately rotatably
      supported with respect to a fixed shaft respectively; a slide member
      between the lever and the winding body, which is slidable to make only the
      lever turn, when the rotatory resistance more than a predetermined
      resistance is applied on the winding body; and a restraining mechanism
      between the winding body and the fixed shaft, which serves as a stopper
      for preventing the winding body from its restoration in excess of the
      predetermined range.
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PAR  The above mentioned objects and other objects of the invention will become
      apparent from the following description of embodiments with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 is an elevational view of an operating mechanism of the invention,
PAR  FIG. 2 is a sectional view taken on line II--II in FIG. 1,
PAR  FIG. 3 is a partially cutaway sectional view taken on line III--III of FIG.
      2,
PAR  FIG. 4 is a sectional view corresponding to FIG. 3, of a modified
      embodiment having a ratchet means as a retraining mechanism,
PAR  FIG. 5 is a sectional view corresponding to FIG. 2, of another modified
      embodiment having a clutch spring means as a slip coupling, and
PAR  FIGS. 6 to 10 are illustrations for explaining the operation of the
      operating mechanism of the invention.
DETD
PAR  Referring to the drawings, an operating mechanism for a bicycle in
      accordance with the invention aims at the operation of derailleurs. In
      FIGS. 1 to 3, the reference numeral 1 denotes a bracket member which is
      fixed to a frame member, for example, a top tube frame (not shown) of a
      bicycle through an outer band 11 for tightening the former to the latter,
      and is unrotatably secured with a cylindrically shaped fixing shaft 2.
PAR  The reference numeral 3 denotes a winding body for winding a control wire
      10 thereon, which is rotatably supported on the outer periphery of the
      fixed shaft 2 and comprises a winding portion 32 and an axle portion 31
      having a shaft hole at the center thereof respectively. The winding
      portion 32 is provided at the outer periphery thereof with an annular
      groove 33 for retaining the control wire 10 thereto and at a portion of
      the same outer periphery with a recess 36 accommodating therein a
      retaining member 10a attached to an terminal of the control wire 10.
PAR  At the inner peripheral surface of the winding portion 32 are formed an
      annular groove 34 and a deeper arciform groove 35 which regulates a free
      rotation of the winding body 3.
PAR  The reference numeral 4 denotes a lever formed separately of the winding
      body 3, which consists of a plate member of which the root portion is
      formed of a shaft hole perforated therethrough so that the plate member is
      rotatably supported onto the outer peripheral surface of the axle portion
      31.
PAR  The lever 4 is mounted to the winding body in a manner that the former is
      insertibly engaged at the shaft hole thereof with the outer periphery of
      the axle portion 31 of which the foremost annular end portion is so
      caulked that the lever and the winding body are rotatable and axially
      movable to each other, thereafter, the axle hole of the latter is
      insertibly engaged with the outer periphery of the fixed shaft 2 and a
      check bolt 5 is screwably engaged with inner periphery of the fixed shaft
      2.
PAR  The reference numeral 6 in FIG. 2 denotes a disk spring formed in an
      annular dished shape, which is provided between the winding body 3 and the
      lever 4 and applies a given frictional resistance on the both
      respectively. The disk spring 6 normally rotates together with the winding
      body and the lever, however, when the winding body is affected in rotation
      thereof by the rotatory resistance more than predetermined resistance, the
      spring 6 becomes slidable with respect to the winding body 3 so that the
      lever may only be turned isolating it from the former. Furthermore, when
      the check bolt 5 is tightened in screwable engagement with the winding
      body, the disk spring 6 is pressed to lessen the spaced interval between
      each lateral surface of the winding body and the lever body so that the
      given frictional resistance can be applied on these opposite surfaces of
      the both and also the tightening force of the check bolt 5 is transmitted
      to the lever body through the disk spring 6 to result in applying the same
      between the bracket member 1 and the lever 4.
PAR  In addition, such frictional resistance is greater in strength than that of
      the return spring (not shown) of the derailleur, therefore, the gear
      shifting operation of the lever body 4 causes a high speed stage of a
      moving bicycle to be maintained. Thus, the disk spring 6 serves as a slip
      coupling which is an important element of the invention, that is, upon
      applying the rotatory resistance to the rotation of winding body 3 by
      means of a rotation restraining mechanism as described hereinafter, the
      same becomes slidable against the lever body 4 so as to be isolated from
      linkage with the lever 4.
PAR  Incidentally, the slip coupling may be formed of a directly contactable
      winding body and a lever body or of other members contactably inserted
      between the both, in place of the disk spring, where the lever body 4 is
      individually provided with the rotatory resistance over the strength of
      the return spring. Further, a clutch spring 8 as shown in FIG. 5 or other
      slidable clutch may be available for the slip coupling.
PAR  In a case of use of the clutch spring 8, a portion thereof is coiled around
      the axle portion 31 and one end 8a thereof is retained to the lever body
      4.
PAR  The clutch spring 8 is so constituted that when the lever 4 is turned in
      the direction of winding the control wire 10 around the winding portion,
      the winding body 3 is rotated together with the lever, on the contrary,
      when the lever is turned in the reverse direction of the above mentioned,
      the winding body 3 is subjected to the rotatory resistance more than a
      predetermined resistance so that the clutch spring may be slidable with
      respect to the winding body whereby the lever 4 is only turned
      irrespectively of the same.
PAR  The reference numeral 7 denotes a coiled clutch spring of which one end is
      substantially right-angularly bent to be formed in a short hook end
      entering the control groove 35 and a coiled portion is slidably mounted
      around the outer periphery of the fixed shaft 2. This clutch spring 7
      serves as a rotation restraining mechanism of the winding body 3 which is
      another important element as well as the above-mentioned slip coupling in
      accordance with the invention.
PAR  In use of the clutch spring 7 for such restraining mechanism as above
      mentioned, the spring is so formed that the inner diameter thereof in
      normal becomes slightly smaller than the outer diameter of the fixed shaft
      2 and the coiled portion thereof is released when the lever 4 is handled
      for making the winding body 3 rotate in the direction of winding up the
      control wire thereon.
PAR  In the case that the lever is turned to make the winding body rotate in the
      winding direction of the control cable thereon, a first face 35a forming
      one end of the arciform control groove 35 is brought into contact with the
      hook end 7a of the clutch spring 7, and then a further rotation of the
      clutch spring 7, namely, the rotation of the winding body 3 over the range
      controlled by the length of the control groove 35, may cause the first end
      surface 35a to urge the hook end 7a of the clutch spring 7 in the same
      direction so as to make the clutch spring rotate furthermore. In this
      case, the clutch spring 7 is left as is released so as to be slidable
      against the fixed shaft 2 without any resistance with respect to the
      winding body 3, thus the turn of the lever 4 making the winding body 3
      rotate together therewith through the disk spring 6.
PAR  On the contrary, even though a second face 35b forming the other end of the
      arciform control groove 35 is brought into contact with the hook end 7a of
      the spring 7 in the reverse turn of lever so that the winding body 3 may
      be rotated together with the spring 7, the spring 7 is coiled onto the
      fixed shaft 2 as it is tightened thereby to prevent the winding body 3
      from a further rotation thereof.
PAR  The action of the clutch spring 7 will be more particularly described in
      FIGS. 6 to 10.
PAR  Referring to FIG. 6, the lever 4 in a horizontal position is, as shown in
      FIG. 7, stood upright so that the derailleur may shift the gear from a
      high speed to a low speed. In this case, when the lever is turned in a
      range of an angle, e.g., 90.degree., regulated by the control groove 35 so
      that the derailleur accurately operates for gear-shifting, the clutch
      spring 7 is subject to any effect to be left at a standstill with the
      control groove 35, however, in case that the lever is turned in excess of
      the predetermined range defined by the control groove, namely, the
      elongation of the control wire causes the lever to be excessively turned
      to the extent of .alpha. as is shown in FIG. 8, the first end face 35a of
      the control groove 35 is brought into contact with the hook end 7a of the
      clutch spring 7 so as to urge the hook end to make the clutch spring
      rotate clockwise.
PAR  The extent .alpha. is corresponding to a surplus from elongation of the
      control wire 10, which is added to the predetermined turning angle of the
      lever thereby making it possible to accurately operate the derailleur with
      the lever handling.
PAR  Nextly, for gear-shifting to a high speed after a low speed gear-shifting
      with the derailleur, the lever 4 must be restored to the original position
      thereof, then the lever becomes turned at an angle more than regulated
      with the control groove 35, namely, at 90.degree. plus .alpha..degree. as
      shown in FIG. 8, therefore, the winding body 3 rotating together with the
      lever may, as shown in FIG. 9, be brought into contact with the hook end
      7a at the second end face 35b of the control groove 35 thereof before the
      lever reaches the original position, i.e., the upright position thereof,
      The turn of lever is still continued to urge the hook end so that the
      clutch spring 7 is tightened around the fixed shaft 2, thus the winding
      body 3 being restrained from a further rotation thereof by means of the
      stopper of hook end 7a.
PAR  In restorative rotation of the winding body 3, a great rotatory resistance
      is applied between the lever 4 and the winding body 3 upon restraint of
      rotation of the latter, thus the sliding mechanism enforces, as shown in
      FIG. 10, the winding body 3 to be in a halt and the lever 4 turns to reach
      the initial position thereof.
PAR  Accordingly, in the case that the control wire 10 is elongated to be
      fluctuated with respect to the length of the outer cable 20, the clutch
      spring 7 acts to cause the winding body 3 to be displaced to the extent of
      an angle of .alpha..degree. corresponding to the excessive length of the
      wire, that is, the winding body is adapted to rotate relatively of the
      lever 4 so as to absorb the excessive length therewith, where no
      alternation is caused in the lever 4 location at the low and the high
      speed gear-shifting.
PAR  The embodiment of the invention is, as aforegoing, provided with the clutch
      spring 7 for serving as the mechanism restraining the restorative rotation
      of the winding body 3 over the predetermined rotative range thereof,
      however, it is preferable that the fixed shaft 2 is, as shown in FIG. 4,
      provided at the outer periphery thereof with ratchet teeth 22 and a
      ratchet pawl 9 engageable therewith so that the latter may always be
      engaged with the former, thereby making the winding body 3 restrained from
      the restorative rotation over the given rotative range thereof.
PAR  The abovementioned operating mechanism is used for derailleurs and is
      similarly available for brakes of a bicycle.
PAR  As is fully understood from the above-mentioned description, in a case that
      fluctuation of the length of the control wire or that of braking distance
      from wear of brake shoes causes the control wire not to accurately
      transmit the lever operation to the above operative means, the winding
      body is made rotatable relatively of the lever so that the fluctuation of
      the control wire length or of braking distance may automatically be
      absorbingly corrected whereby the trouble for a conventional manual
      adjustment of the control cable becomes unnecessary at all. In addition,
      such as automatic adjustment may be carried out rapidly and exactly
      because of check and correction thereof by the action of the winding body
      in every operation of the lever, resulting in no fear that a rider is in
      jeopardy caused by his negligence of adjustment of the control cable, thus
      he can ride a bicycle in safety by means of proper control of the
      operating means as the above mentioned. In addition, whenever the
      fluctuation of the wire length or the braking distance may be absorbingly
      corrected by means of the winding body, the lever is properly positioned
      so that the operating mechanism of the invention is suitable for being
      provided with an operation indicator.
PAR  As many apparently widely different embodiments of this invention may be
      made without departing from the spirit and scope thereof, it is to be
      understood that the invention is not limited to the specific embodiments
      thereof except as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An operating mechanism for operating, through a control wire, a
      derailleur fitted to a bicycle, comprising;
PA1  a a bracket member secured onto a frame member of the bicycle;
PA1  b a fixed shaft which is secured to said bracket member,
PA1  c a winding body for winding said control wire thereon, which is rotatably
      mounted to said fixed shaft, said winding body being provided with a
      fixing means for fixing a terminal of said wire thereto,
PA1  d a lever which is rotatably mounted onto said fixed shaft,
PA1  e a restraining mechanism mounted between said winding body and said fixed
      shaft, which serves to restrain the winding body from a further return
      rotation thereof over a predetermined rotatable range after the same
      rotates excessively of said range, and
PA1  f a slip coupling insertibly mounted between the root portion of said lever
      and said winding body, said slip coupling being slidable so as to permit
      the lever only to be turned when said winding body is restrained from
      being rotatably restored by said restraining mechanism.
NUM  2.
PAR  2. The operating mechanism according to claim 1, wherein the frictional
      contact of said winding body with the root portion of said lever serves as
      said slip coupling.
NUM  3.
PAR  3. The operating mechanism of claim 1, wherein a resilient and deformable
      contact member is inserted between said winding body and the root portion
      of said lever so that both become frictionally contactable with each other
      through said contact member which thereby serves as the slip coupling.
NUM  4.
PAR  4. The operating mechanism according to claim 1, wherein a slidable clutch
      is used for said slip coupling.
NUM  5.
PAR  5. An operating mechanism for operating, through a control wire, a
      derailleur fitted to a bicycle, comprising;
PA1  a. a bracket member secured onto a frame member of the bicycle,
PA1  b. a fixed shaft which is secured to said bracket member,
PA1  c. a winding body for winding said control wire thereon, which is rotatably
      mounted to said fixed shaft, said winding body being provided at the outer
      peripheral surface thereof with a fixing means for fixing a terminal of
      said control wire thereto and at the inner peripheral surface thereof with
      a control groove formed in an arciform at an inner portion of the winding
      body, said groove controlling said winding body to be freely rotated
      within a range defined by the same,
PA1  d. a lever which is rotatably mounted onto said fixed shaft,
PA1  e a restraining member which is provided at the control groove of said
      winding body, said member restraining the winding body from an excessively
      restorable rotation thereof over a predetermined range when the winding
      body is restored, and
PA1  f a slip coupling insertibly mounted between the root portion of said lever
      and said winding body, which becomes slidable so as to permit the lever
      only to be turned when said winding body is restrained from being
      rotatably restored by said restraining member.
NUM  6.
PAR  6. The operating member according to claim 5, wherein a clutch spring is
      used for said restraining mechanism, said clutch spring being slidably
      wound around said fixed shaft, entering the control groove of said winding
      body at one hook end of the spring, being formed of an inner diameter
      thereof slightly smaller than the outer diameter of said fixed shaft at
      the normal condition of the spring, and being coiled in the direction such
      that the spring is released when said lever is operated to allow the
      winding body to be rotated directionally of winding up said control wire
      whereby when the winding body rotates in said direction the clutch spring
      makes the winding body freely rotatable although a first end face of the
      control groove is brought into contact with the hook end of said clutch
      spring, and, when the winding body rotates in the reverse direction,
      namely, in the direction of restoration thereof, a second end face of the
      control groove is brought into contact with said hook end so that the
      winding body may be restrained from a further rotation thereof.
NUM  7.
PAR  7. The operating mechanism according to claim 5, wherein an engageable
      member is used for said restraining member, said member being engageable
      with the outer periphery of said fixed shaft in restorable rotation of
      said winding body.
NUM  8.
PAR  8. The operating mechanism according to claim 7, wherein a ratchet is
      employed as said engageable member and a ratchet wheel engageable with
      said ratchet is provided at the outer periphery of said fixed shaft, said
      ratchet wheel having teeth which are directed slantways outwardly with
      respect to the direction of winding up the control wire with said winding
      body, said ratchet and said ratchet wheel being operable in a manner that
      when said winding body rotates in the direction of winding up the control
      wire therewith the both are not engageable with each other so that the
      winding body may be freely rotatable even though said ratchet may be
      brought into contact with a first end face of said control groove, and, in
      restorable rotation of the winding body, the contact of said ratchet with
      a second end face of said control groove causes said ratchet and ratchet
      wheel to be engageable with each other, thereby restraining the winding
      body from a further rotation thereof.
NUM  9.
PAR  9. An operating mechanism for operating, through a control wire, a
      derailleur fitted to a bicycle, comprising;
PA1  a. a bracket member fixed to a frame member of the bicycle,
PA1  b. a fixed shaft secured to said bracket member,
PA1  c. a winding body for winding up said control wire thereto, which is
      rotatably supported with said fixed shaft, said winding body being
      provided at the outer periphery thereof with a fixing means for fixing a
      terminal of said wire thereto, a control groove formed at an inner
      peripheral surface thereof, and with an axle portion at one end portion
      extending in the axial direction thereof,
PA1  d. a lever rotatably mounted onto the outer periphery of the axle portion
      of said winding body,
PA1  e. a restraining member which is provided at the control groove of said
      winding body, said member restraining the winding body from an excessive
      restorable rotation thereof over a predetermined range in restoration of
      the winding body, and
PA1  f. a slip coupling inserted between said winding body and the root portion
      of said lever, said slip coupling being slidable so as to permit the lever
      only to be turned when said winding body is restrained from being
      rotatably restored by said restraining member.
NUM  10.
PAR  10. The operating mechanism according to claim 9, wherein said slip
      coupling is constructed in a manner that a clutch spring is wound around
      the axle portion of said winding body and retained at one end thereof to
      the root portion of said lever so that when said lever is turned in the
      direction of winding up said control wire, said clutch spring enforces
      said winding body to be rotatable with said lever, and, when rotating in
      the reverse direction of the winding direction of the wire, the winding
      body is subjected to a rotatary resistance more than a predetermined
      resistance so as to be slidable with respect to the lever, resulting in
      rotation of the lever only.
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ABST
PAL  A floor-mounted bracket at the passenger's side of the front seat rotatably
      supports a rigid linkage rod, which extends laterally over to the driver's
      brake pedal. An auxiliary brake pedal is adjustably attached to this rod
      for rotating the rod in a direction to apply the vehicle brakes when the
      auxiliary foot pedal is depressed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various proposals have been made heretofore for auxiliary brake controls on
      automobiles to enable a driving instructor sitting in the passanger's side
      of the front seat to apply the brakes of an automobile operated by a
      student driver. Such prior proposals have not been entirely satisfactory
      because of various factors, including the undue complexity of the linkage
      between the auxiliary brake pedal and the driver's brake pedal, the
      unsatisfactory manner in which the auxiliary brake pedal and this linkage
      are supported physically, the lack of ready adjustability to suit the
      preferences of individual driving instructors, and the obstruction of the
      feet and legs of the driving instructor. Examples of such proposals for
      this general purpose are disclosed in the following U.S. patents: Nafe et
      al U.S. Pat. No. 2,647,414; Berman U.S. Pat. No. 2,677,976; Holum U.S.
      Pat. No. 2,720,121; Garver U.S. Pat. No. 2,814,212; Rose U.S. Pat. No.
      3,174,359; and Allgaier U.S. Pat. No. 3,435,703.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a novel and improved auxiliary brake
      operator for actuation from the passenger's side of the front seat which
      is of rugged and simplified construction and is eminently practical for
      use in driver training automobiles. It has a floor-mounted support bracket
      at the passenger's side of the front seat which is readily adjustable to
      different positions for the comfort and convenience of each individual
      driving instructor. A rigid linkage rod is rotatably supported by this
      bracket and it extends laterally over to the driver's brake pedal. The
      auxiliary brake pedal (for operation by the driving instructor) is
      slidably adjustable on this linkage rod.
PAR  The principal object of this invention is to provide a novel auxiliary
      brake operator for an automobile to enable the vehicle brakes to be
      operated by a driving instructor on the passenger's side of the front
      seat.
PAR  Further objects and advantages of this invention will be apparent from the
      following detailed description of a presently-preferred embodiment
      thereof, which is shown in the accompanying drawings, in which:
DRWD
PAR  FIG. 1 is a top plan view of the present invention connected to the
      driver's brake pedal in an automobile;
PAR  FIG. 2 is a vertical longitudinal section taken along the line 2--2 in FIG.
      1 and showing the attachment of the present auxiliary brake operator to
      the driver's brake pedal unit;
PAR  FIG. 3 is a view taken vertically along the line 3--3 in FIG. 1 and showing
      in end elevation the mounting bracket and the auxiliary brake pedal unit
      of the present brake operator, as well as the driver's brake pedal unit on
      the other side of the car;
PAR  FIG. 4 is a fragmentary perspective view showing the mounting bracket, the
      auxiliary brake pedal unit, and the linkage rod at the passenger's side;
      and
PAR  FIG. 5 is an exploded perspective view of the clamp assembly for attaching
      the linkage rod to the driver's brake pedal unit.
DETD
PAR  Before explaining the disclosed embodiment of the present invention in
      detail, it is to be understood that the invention is not limited in its
      application to the details of the particular arrangement shown, since the
      invention is capable of other embodiments. Also, the terminology used
      herein is for the purpose of description and not of limitation.
PAR  In the following description, the terms of direction, "front" and "rear",
      are used with reference to the front and rear of the automobile itself.
PAR  Referring first to FIG. 1, the present brake operator is intended for use
      on an automobile of standard design having the usual brake pedal unit 10
      at the driver's side in front. This driver's brake pedal unit has a foot
      pedal 11 attached to the lower end of a downwardly and rearwardly inclined
      rigid arm 12 whose upper end is pivotally supported. When the foot pedal
      is depressed, the arm 12 pivots counterclockwise in FIG. 3 and causes the
      brakes to be applied in a well-known manner which forms no part of the
      present invention and hence need not be disclosed in detail.
PAR  As shown in FIG. 3, the vehicle has a floor in the front seat compartment
      which includes an upwardly and forwardly inclined flat floorboard 13, also
      of known design, on the front seat passenger's side of the usual
      transmission hump 14 (FIG. 1).
PAR  In accordance with the present invention, a bracket 15 is adjustably
      mounted on this inclined floorboard to support an auxiliary brake pedal
      unit 16, which is coupled to the driver's brake pedal unit 10, in a manner
      to be described, such that the vehicle brakes can be applied by the front
      seat passenger.
PAR  The bracket 15 has a base 17 with a flat bottom face 18 for direct
      engagement with the inclined floorboard 13, as shown in FIG. 3 from which
      it will be evident that this base extends parallel to this inclined
      floorboard. The base 17 has a pair of elongated slots 19 (FIG. 4) near its
      opposite ends, and these slots pass respective mounting screws 20 (FIG. 3)
      which are threaded into the inclined floorboard 13. The elongation of
      these slots permits the bracket base to be adjuted up or down along the
      inclined floorboard 13 after screws 20 have been loosened.
PAR  The mounting bracket 15 has an upstanding rigid post 21, which is inclined
      rearward and upward from the base 17 of the bracket when the latter is
      mounted on the inclined floorboard 13, as shown in FIG. 3. At its upper
      end the bracket has a rearwardly and downwardly extending segment 22
      attached to the upper end of the post 21. This segmemnt has a circular
      opening 23, which is spaced rearward from the upper end of post 21.
PAR  A rigid linkage rod 24 of circular cross section has its right end
      rotatably received in the bracket opening 23. This rod extends laterally
      (to the left) from the bracket 15 over to a location directly in front of
      the foot pedal 11 of the driver's brake pedal unit 10. The linkage rod 24
      extends generally horizontal, but if necessary it may be bent to pass
      freely over the transmission hump 14 in the floor. The left end 24a of
      this linkage rod, which is in front of the driver's brake pedal unit 10,
      is offset downwardly from the rotatably mounted right end of this rod.
PAR  As best seen in FIG. 5, the left end 24a of the rod carries a
      forwardly-projecting, generally U-shaped member 25 which snugly straddles
      the arm 12 of the driver's brake pedal unit 10, as best seen in FIG. 2. A
      flat plate 26 extends across the front edge of this arm 12, as shown in
      FIGS. 2 and 3. This plate has a pair of openings 27 (FIG. 5) for passing
      the screw-threaded ends 25a of the opposite legs of the U-shaped member
      25. A pair of nuts 28 (FIG. 2) are threaded onto these ends of the
      U-shaped member, and they clamp the U-shaped member and the plate 26
      tightly on the arm 12 of the driver's brake pedal unit 10 in the manner
      shown in FIG. 2.
PAR  With this arrangement, the linkage rod 24 is rigidly coupled to the
      driver's brake pedal unit 10 so that when the rod is rotated
      counterclockwise in FIGS. 3 and 4 this causes the driver's brake pedal
      unit 10 to move counterclockwise in FIG. 3 enough to apply the vehicle
      brake. Such rotation of the rod 24 can be effected by actuating the
      auxiliary brake pedal unit 16, located at the passenger's side of the
      front seat.
PAR  As shown in FIG. 4, this auxiliary brake pedal unit has a foot pedal 30 at
      its lower end, a rigid shank 31 extending upward and forward from this
      foot pedal, and a sleeve 32 attached to the upper end of this shank and
      slidably passing the linkage rod 24. A set screw 33 is threadedly mounted
      in an opening in this sleeve and is engageable with the linkage rod 24 to
      lock the sleeve 32 to the rod. When this set screw is loosened, the
      auxiliary brake pedal unit 16 may be adjusted laterally by sliding the
      sleeve 32 along the rod 24 to whatever position is most comfortable for
      the front seat passenger.
PAR  With this arrangement, with the set screw 33 tightened the auxiliary brake
      pedal unit 16 at the passenger's side is rigidly coupled to the linkage
      rod 24 so that the depression of the foot pedal 30 of this unit will cause
      a corresponding rotation of the rod 24 for applying the vehicle brake.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an auxiliary brake operator for acutation from the passenger's side
      of the front seat of an automotive vehicle which has brakes and a driver's
      brake pedal unit for operating the brakes, said auxiliary operator having:
PA1  a bracket for attachment to the floor of the vehicle on the passenger's
      side;
PA1  a rigid linkage rod rotatably supported by said bracket and extending from
      the bracket laterally over in front of the driver's brake pedal unit and
      clamped to the driver's brake pedal unit;
PA1  and an auxiliary brake pedal unit on the passenger's side for rotating the
      linkage rod in a brake-applying direction when the auxiliary brake pedal
      is depressed;
PAL  the improvement wherein:
PA1  said bracket has an upwardly and forwardly inclined base for direct
      engagement with the inclined floorboard of the vehicle below the
      dashboard, said base having slots therein which are elongated
      longitudinally of the base for adjustment of the bracket position with
      respect to mounting bolts which extend down through said slots and into
      the inclined floorboard.
NUM  2.
PAR  2. An auxiliary brake operator according to claim 1, wherein said bracket
      has an upstanding post which is inclined rearward and upward from said
      base and carries said rigid rod at its upper end.
NUM  3.
PAR  3. An auxiliary brake operator according to claim 1, wherein said auxiliary
      pedal unit has a sleeve at its upper end which is slidable along said
      linkage rod to adjust the lateral position of the auxiliary pedal unit,
      and a set screw on said sleeve for selectively locking it to said linkage
      rod.
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ABST
PAL  A pawl member is formed as an integral structure from a synthetic plastics
      material, the said member having a pawl tooth extending outwardly from a
      body part and including a tail for co-operation with an abutment to load
      the tooth into or out of engagement with a co-operating ratchet formation
      the member being so designed having regard to its intended context as to
      operate within the strain limit of the material concerned during normal
      usage.
BSUM
PAR  The invention concerns pawl members and has more particular reference to
      pawl members which are intended to be resiliently urged towards or away
      from a co-operating ratchet formation.
PAR  There are many instances wherein a pawl is resiliently urged in a given
      direction into or out of engagement with a co-operating ratchet formation,
      the loading usually being derived from a spring or the like engaged with
      the pawl and operating against a suitable seating. Various examples are to
      be found, for instance, in epicyclic change-speed gear hubs for bicycles,
      where pawls are provided for transmitting a drive between relatively
      rotatable elements, the spring loading applied in this context generally
      being light. Another example is to be found in the trigger control
      mechanism for such an epicyclic change-speed gear hub, the pawl, in this
      case, being subjected to relatively heavy spring loading and co-operating
      with a selected one of a plurality of detent formations on a ratchet plate
      and wire guide for locating such structure angularly about a pivot point
      thus longitudinally to adjust a control wire.
PAR  Resiliently loaded pawls of this general kind have been used for many years
      with success, despite the inconvenience and cost of assembly and the
      possibility of malfunctioning due to spring failure or displacement.
PAR  The primary object of the present invention is to provide an alternative to
      the pawl/spring combination as hitherto used which will be equally
      effective in operation and which will avoid the risk, present with
      conventional combinations, of malfunction due to spring displacement.
PAR  According to the present invention, a pawl member comprises a pawl body
      including mounting means adapted for co-operation with a suitable seating
      for support relative to a ratchet formation for co-operation therewith, at
      least one pawl tooth on or extending outwardly from the body, and a tail
      for loading the pawl tooth into or out of engagement with the said ratchet
      formation, the said pawl member being moulded as an integral structure
      from a synthetic plastics material or appropriate elasticity
      characteristics.
PAR  By "appropriate elasticity characteristics" is meant a characteristic which
      will provide for a ready resilient flexibility in an element of a
      relatively small cross-sectional dimension and a substantial rigidity in
      an element of a relatively large cross-sectional dimension.
PAR  In practice, the "cantilever type" springs which comprise the pawl members
      are designed to operate within the "strain-limit" of the materials
      involved, thus to ensure substantially complete elastic recovery of the
      pawl member after deformation, it being important that the spring is not
      constantly under load if satisfactory spring performance is to be
      achieved.
PAR  The invention also includes structures embodying a pawl member as aforesaid
     .
DRWD
PAR  The invention will now be described further, by way of example only, with
      reference to the accompanying drawings illustrating several embodiments
      thereof and in which:
PAR  FIG. 1 shows in perspective view, a first embodiment as used in the context
      of a trigger control for an epicyclic change-speed gear hub;
PAR  FIG. 2 is a corresponding view of a second embodiment as used in the
      context of an epicyclic change speed gear hub;
PAR  FIG. 3 is a perspective view of a third embodiment, again as used in the
      context of an epicyclic change speed gear hub; and
PAR  FIGS. 4, 5 and 6 show, diagrammatically, typical applications of the pawl
      members of FIGS. 1, 2 and 3 respectively.
DETD
PAR  Referring now to the drawing, and in particular to FIG. 1 thereof, a pawl
      member comprises a body part 11 having a tail 12 formed integrally
      therewith, the body part having mounting means defined by a through bore
      13 therein for engagement with a mounting pin, not shown, to locate the
      pawl member in a requisite position relative to a ratchet formation, not
      shown. The body part includes an elongate pawl tooth 11a engageable with
      the ratchet formation, the remote end 11a' of such tooth 11a being of
      thicker cross-section than the adjacent parts thereof.
PAR  In use, see now FIG. 4 in which the pawl member is shown in the context of
      a trigger control for the cable of a bicycle change-speed gear, the tail
      12 engages an abutment 41 to preclude rotation of the pawl member in an
      anti-clockwise direction, as seen in the drawing, and to load the pawl
      tooth into engagement with a co-operating ratchet tooth, whilst the
      dimension of the pawl tooth 11a both in the longitudinal and transverse
      directions thereof, are such, having regard to the material from which the
      pawl member is produced, that the pawl tooth 11a will flex to permit the
      pawl member to ride over a ratchet tooth 42a on movement of the ratchet
      plate 42 consequent upon displacement of the trigger 43 in the direction
      of arrow 44 about pivot axis 45 but will be of adequate rigidity to
      restrain normal motion of the ratchet plate in the reverse direction.
      Displacement of the ratchet plate to permit adjustment in the reverse
      direction is effected in conventional manner.
PAR  The embodiment shown in FIG. 2 is of a somewhat similar kind to that shown
      in FIG. 1 in that the pawl body part 21 has a tail 22 formed integrally
      with and extending therefrom, which tail 22 is intended to engage an
      abutment to prevent rotation of the pawl member about a fixed axis, and to
      load the pawl member towards an operative position. The pawl member has a
      cylindrical lug 23 for engagement with a suitable seating (not shown) to
      mount the member, the axis of such lug constituting the fixed axis
      aforesaid. As with the embodiment of FIG. 1, the body part of the pawl
      member shown in FIG. 2 likewise includes a pawl tooth 21a of such
      dimensions, having regard to the nature of the material from which the
      pawl member is fabricated, as to be flexible to permit the pawl member to
      over-ride a ratchet formation engaged therewith and moving relative
      thereto in a first direction, whilst normally preventing motion of the
      said formation in the reverse direction. A typical application of the pawl
      member of FIG. 2 is shown in FIG. 5, the pawl member being co-operable
      with ratchet teeth 51 on a control cam 52 rotatably mounted on a shaft 53,
      the structure being a part of an epicyclic change-speed gear hub for a
      bicycle. The tail 22 operates against an abutment 54 to hold the pawl
      member against rotation in the clock-wise direction and such tail serves
      resiliently to load the pawl tooth into engagement with the ratchet teeth.
PAR  A still further form of pawl member is illustrated in FIG. 3, such pawl
      member having a body part 31 formed with a tail 31a, a mounting lug 31b
      and a pawl tooth 31c, the member being of integrally moulded construction.
      In contra-distinction to the embodiments of FIGS. 1 and 2, the pawl tooth
      is substantially rigid, whilst the tail 31a is flexible and serves to
      engage a suitable abutment for urging the said body part out of engagement
      with a co-operating ratchet formation, the body part being cammed into
      such engagement by a means not shown.
PAR  A typical application of the pawl member of FIG. 3 is shown in FIG. 6, the
      pawl member being embodied in the same structure as is illustrated in FIG.
      5.
PAR  Whilst a range of possible synthetic plastics materials may well be
      available for use in producing the pawl member of the present invention,
      we prefer to use polyacetal or nylon 66, such materials having been found
      to possess adequate wear resistance and stability characteristics. Other
      possible materials are, for example, the polyphenylene sulphuderesins or
      carbon fibres, although economic considerations may well militate against
      their adoption.
PAR  Generally, the pawl member will be produced by injection moulding, although
      in some cases, for example, as with the embodiment of FIG. 1, the member
      can be cut from an extruded rod of appropriate transverse cross-section.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pawl member comprising a pawl body including mounting means adapted
      for co-operation with a suitable seating for support relative to a ratchet
      formation for co-operation therewith, at least one pawl tooth extending
      outwardly from the body and a tail portion extending outwardly from the
      body for loading the pawl tooth in a predetermined position relative to a
      co-operating ratchet formation, the said pawl member being moulded as an
      integral structure from a synthetic plastics material of appropriate
      elasticity characteristics.
NUM  2.
PAR  2. A pawl member as claimed in claim 1 wherein the tail portion is of
      limited resilient flexibility for the two-fold purpose of co-operating
      with an abutment to limit rotation of the pawl member and of loading the
      pawl tooth as aforesaid.
NUM  3.
PAR  3. A pawl member as claimed in claim 1 wherein each pawl tooth is
      resiliently flexible.
NUM  4.
PAR  4. A pawl member as claimed in claim 1 wherein the mounting means comprises
      a lug extending from the body part and defining a pivot axis for the
      structure.
NUM  5.
PAR  5. A pawl member as claimed in claim 1 moulded from polyacetal.
NUM  6.
PAR  6. A pawl and ratchet mechanism including a pawl member comprising a pawl
      body including mounting means adapted for co-operation with a suitable
      seating for support relative to the ratchet formation for co-operation
      therewith, at least one pawl tooth extending outwardly from the body and a
      tail portion extending outwardly from the body for loading the pawl tooth
      in a predetermined position relative to the co-operating ratchet
      formation, the said pawl member being moulded as an integral structure
      from a synthetic plastics material of appropriate elasticity
      characteristics.
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ABST
PAL  A pedal for a bicycle which permits two people who are seated in close
      tandem relation to pedal the bicycle using a single crank and sprocket
      assembly. The pedal normally has an elongated shaft carried at one end by
      the crank and normally will have three arms extending radially at axially
      spaced points along the elongated shaft. The arms are angularly aligned
      about the elongated shaft and connected by tread surfaces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to bicycles having two seats in closely spaced tandem
      relationship and particularly to apparatus for permitting each of the
      riders to contribute pedalling action to a conventional chain and sprocket
      drive.
PAR  The prior art includes various means by which two people may be seated on a
      bicycle. Most commonly a package rack disposed over the rear wheel is
      utilized as a second seat. Less common but also relevant is the apparatus
      shown in Ridgway, U.S. Pat. No. 2,715,342 issued Aug. 16, 1955. That
      patent shows a journal clamp on the support for the primary seat which
      carries a generally horizontal bar to support a second seat. The prior art
      includes various apparatus which is that shown in Sykes, et al, U.S. Pat.
      No. 3,307,425 issued Mar. 7, 1967 which provides an axial extension to a
      conventional pedal. In this form of the apparatus one rider positions his
      feet on the inboard portion of each pedal and the other rider positions
      his feet on the outboard portion of each pedal. Such apparatus has not
      been widely accepted because it is relatively cumbersome to use. Another
      apparatus having some similarity is shown in Lofquist, et al, U.S. Pat.
      No. 1,977,235 issued Oct. 16, 1934. That apparatus uses two pedals joined
      on a bar which is carried by the crank of the bicycle. The pedals are
      joined by the spring. Such apparatus has not been widely accepted because
      of its relative complexity.
PAR  Accordingly it is a primary object of the invention to provide apparatus
      which will enable a second bicycle rider to contribute a portion of the
      power to pedal a bicycle and which will be simple to use as well as to
      manufacture.
PAR  It is still another object of the invention to provide apparatus which will
      be functionally satisfactory so that it will be widely accepted in
      facilitating the sale of relatively inexpensive bicycles having the
      capabilities of so-called "bicycles built for two" at a greatly reduced
      cost.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one form of the invention a pedal which comprises an
      elongated shaft having one end engaging the crank of a bicycle sprocket
      and chain drive assembly. The elongated shaft has at least two arms
      extending radially from at least two axially spaced points. The arms are
      angularly spaced about the axis of the elongated shaft at identical
      positions and have connecting between them treads for a rider's feet.
PAR  Preferably there will be three arms and they will extend from each of two
      points at angular increments of 120.degree.. The treads may be belted or
      staked on the arms in a manner which permits rotation about the axis
      thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which I regard as my invention, it
      is believed the invention will be better understood from the following
      description taken in conjunction with the accompanying drawing which:
PAR  FIG. 1 is a side elevational view of the pedal in accordance with the
      invention;
PAR  FIG. 2 is a front elevational view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a sectional view taken through the line 3--3 of FIG. 2; and
PAR  FIG. 4 is a sectional view taken through the line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2 there is shown a pedal 10 in accordance with
      the invention. An elongated shaft 12 has threads 14 disposed at one end
      thereof together with a locking nut 16 for engagement with a crank (not
      shown) of a conventional pedal and sprocket drive apparatus of the bicycle
      (not shown). Carried at axially spaced points on the elongated shaft 12
      are arm assemblies 18. Each arm assembly 18 has in the embodiment
      illustrated three arms spaced at 120.degree. increments which extend
      radially at equal distance. The arm assemblies are free to rotate about
      the elongated axis 12. The arm assemblies 18 are disposed in phased
      relationship about elongated axis 12 so that the angular orientation is
      the same for each. Carried between each arm is a tread 20 which is
      concentric with a shaft 22 as is best seen in FIG. 3. The shaft 22
      normally will be steel and the tread 20 will be normally rubber. The exact
      manner of fixing the ends of the shaft 22 to the arm assembly 18 may vary
      without departing from the spirit of the invention and may include nuts 26
      or staked connections 28. All or both forms are shown in FIGS. 1 and 2
      although normally all the connections for the shafts 22 will be the same
      and the representation in the figures is merely to illustrate the
      alternate forms of connection. Referring to FIG. 4 there is shown a cross
      section of the elongated shaft 20 which normally will be made of steel.
      Although other metals may also be used to reduce the weight of the
      assembly. Various other changes may be made in the apparatus without
      departing from the spirit of the invention and it will be understood that
      those skilled in the art that the apparatus may be utilized with
      conventional single speed bicycles, three speed bicycles and even ten
      speed bicycles.
PAR  The apparatus provided avoids the problem of merely letting the second
      rider's feet dangle uselessly or attempting to place his feet on top of
      the feet of the first rider. In addition the bicycle in accordance with
      the invention will accommodate two cyclists but is far less bulky to store
      and is much lighter in weight than the conventional bicycle built for two.
      In operation one cyclist will place his feet across two of the three
      pedals 20. This will maintain the orientation of the third pedal 20 and
      permit the two cyclists to simultaneously pedal with their legs in a
      "nested" relationship.
CLMS
STM  Having thus described the invention, what I claim as new is:
NUM  1.
PAR  1. A pedal for a bicycle for two operators comprising: an elongated shaft
      configured for engaging at one end of the crank of a drive mechanism of
      said bicycle; a pair of generally planar members extending radially
      respectively from two axially spaced points along said shaft; each of said
      members having three angularly spaced apart elongated arms radiating from
      said shaft; the respective arms of the pair of members being axially
      aligned; three generally cylindrical tread members axially directed
      respectively between the free ends of said aligned arms, said arms being
      of sufficient length to enable the toe of the foot of one of the operators
      to be inserted radially between one of the treads and the shaft as a
      stirrup so that said pedal may be simultaneously engaged by a leg of each
      of the operators in nested relationship, one over the other.
NUM  2.
PAR  2. The pedal of claim 1 wherein said arms of each of said planar members
      are spaced apart at 120.degree. increments.
NUM  3.
PAR  3. The pedal of claim 2 wherein each of said treads is tubular, having a
      central bore, and rod means extending through said central bore and
      secured at its opposite ends to said opposed arms.
PATN
WKU  039437981
SRC  5
APN  3996824
APT  1
ART  345
APD  19730924
TTL  Power transmitting mechanism
ISD  19760316
NCL  5
ECL  1
EXA  McKenzie, Jr.; Frank H.
EXP  Scott; Samuel
NDR  2
NFG  2
INVT
NAM  Sato; Kenichi
CTY  Toyota
CNT  JA
ASSG
NAM  Aisin Seiki Kabushiki Kaisha
CNT  JA
COD  03
PRIR
CNT  JA
APD  19721002
APN  47-099195
CLAS
OCL   74682
XCL   74710
EDF  2
ICL  F16H 3706
FSC   74
FSS  710;710.5;789;682;695;700;750 R;705
UREF
PNO  3021729
ISD  19620200
NAM  Chambers et al.
XCL   74682
UREF
PNO  3109326
ISD  19631100
NAM  Holtan
XCL   74710
UREF
PNO  3505904
ISD  19700400
NAM  Williams, Jr.
XCL   74710
UREF
PNO  3739647
ISD  19730600
NAM  Crooks
XCL   74682
LREP
FRM  Oblon, Fisher, Spivak, McClelland & Maier
ABST
PAL  A power transmitting mechanism for a vehicle includes planetary gear means
      adapted so as to receive an output torque of a transmission and having
      power trains of different speed ratios, a differential gear means for
      distributing the output torque from the planetary gear means to the wheel
      drive shafts, a chain interposed between both gear means so as to thereby
      establish a mechanical connection therebetween, and a sprocket wheel
      disposed upon a ring gear of the planetary gear means and engaged with the
      chain.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a power transmitting mechanism
      for a vehicle, and more particularly to a power transmitting mechanism for
      a vehicle for transmitting the torque from the vehicle transmission to the
      wheel drive shafts.
PAR  Conventionally, various power transmitting mechanisms have been proposed.
      Such mechanisms comprise planetary gear means having power trains of
      different speed ratios for producing various output torques from the
      transmission and a differential gear means for distributing the output
      torque of the planetary gear means to the wheel drive shafts. In such
      mechanisms, however, a connecting means including a chain and a sprocket
      wheel for mechanically connecting both gear means to each other is
      arranged and designed independently of both gear means, and this results
      in large construction costs. Therefore, the limitation in design which
      must accommodate the power transmitting mechanism within a limited space
      is substantial.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved power transmitting mechanism for obviating the above-mentioned
      drawbacks.
PAR  Another object of the present invention is to provide an improved power
      transmitting mechanism wherein planetary gear means having power trains of
      different speed ratios comprises a sun gear, first and second planetary
      pinion gears, carriers and a ring gear, the ring gear being provided with
      a sprocket wheel which meshes with a chain interposed between the
      planetary gear means and a differential gear means.
PAR  Still another object of the present invention is to provide an improved
      power transmitting mechanism which is simple in construction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Various other objects, features and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawing, wherein:
PAR  FIG. 1 is a cross-section view showing one embodiment of a power
      transmitting mechanism constructed according to the present invention and
      showing its cooperative parts; and
PAR  FIG. 2 is a cross-section view taken along line 2--2 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, a main housing 10 of a conventional vehicle
      transmission has a casing 11 secured thereto by means of bolts, not shown.
      Secured to the casing 11 through means of pins 13 and bolts 14 is a cover
      12 which, in turn, has connected thereto a bearing retainer 15 by means of
      bolts 16, the bearing retainer 15 having a dust cover 17 secured thereto
      through means of bolts 18. An output shaft 19 of the transmission extends
      through the housing 10, the casing 11, the cover 12 and the bearing
      retainer 15 and is journaled within bearings 20 and 21 which are retained
      within housing 10 and retainer 15 by means of a large portion of the
      output shaft 19 and a block 22, respectively.
PAR  Disposed within the casing 11 is a planetary gear mechanism, generally
      indicated by the reference character 23, an annular sun gear 24 being
      splined as at 24a so as to mate with splines 19a provided upon output
      shaft 19. Two tubular members 25 and 26 are disposed upon opposite sides
      of sun gear 24 and are slidably arranged upon the output shaft 19, splines
      25a and 26a being respectively provided thereon so as to mesh with gear
      members 27a and 28a of annular carrier plates 27 and 28, respectively. A
      plurality of pinion shafts 29 have both their ends supported by means of
      the carrier plates 27 and 28, and rotatably mounted upon the shafts 29,
      through means of bearings 31 and 32, are first planetary pinion gears 30
      which are provided with gear members 30a for meshing with a gear 24b of
      sun gear 24. Each of the pinion gears 30 also meshes with a corresponding
      gear of secondary planetary pinion gears 33 which are mounted, through
      means of bearings 35 and 36, upon a plurality of pinion shafts 34 which
      are also supported, at both their ends, by means of the carrier plates 27
      and 28. The number of pinion gears 30 is the same as that of gears 33, and
      the second pinion gears 33 are provided with external gears 33a for
      meshing with an internal gear 37a provided upon a ring gear 37, the latter
      gear 37a also meshing with splines 38a and 39a respectively disposed upon
      annular disc plates 38 and 39. These disc plates 38 and 39 are splined as
      at 38b and 39b so as to mesh with splines 40a and 41a provided upon
      annular members 40 and 41 which are adapted to slide upon the tubular
      members 25 and 26, respectively.
PAR  Within the planetary gear mechanism 23 having the aforedescribed structure,
      the carrier plates 27 and 28 are rotatably disposed with respect to the
      shaft 19 through means of the tubular members 25 and 26, and are also
      arranged so as to support both sets of pinion gears 30 and 33. The
      mechanical connection between the output shaft 19 and the carrier plates
      27 and 28 is selectively controllable, as will be more apparent
      hereinafter, whereupon the planetary gear mechanism 23 is able to
      accommodate different change speed adjustments, that is to say, the output
      of the same functions as two power trains of different speed ratios as
      required for certain adjustments of the transmission.
PAR  The output of the planetary gear mechanism 23 is transmitted to a chain 42
      which is engaged with a sprocket wheel 37b which is provided upon the
      outer periphery of the ring gear 37, the chain 42 being associated with a
      differential gear mechanism, generally indicated by the reference
      character 43, as will be more apparent hereinafter. A change-over means or
      shiftable sleeve member 44 which is splined as at 44a so as to engage
      splines 45b of a hub 45, also includes a notch 44c which is adapted to be
      engaged by means of a shifter fork, not shown, for changing the speed
      adjustments of the transmission, the sleeve member 44 thus being adapted
      to be shifted toward the right or left upon the hub 45 from a neutral
      position to operative positions.
PAR  When the sleeve member 44 is moved toward the right, an external gear 44b
      is meshed with an internal gear 46a of a stationary ring 46 so as to
      prevent rotation of the sleeve member 44, which of course also results in
      preventing the hub 45 from rotating. The hub 45 also has splines 45a which
      engage with splines 26b of the tubular member 26, thus, the rightward
      movement of the sleeve member 44 also prevents the carrier plate 28 from
      rotating through means of the splines 26a and 28a. Under such conditions,
      rotational movement of the sun gear 24 is transmitted to the ring gear 37
      through means of the pinion gears 30 and 33, or in other words, the torque
      from the output shaft 19 is transmitted to the ring gear 37 in response to
      the gear ratio between the sun gear 24 and the ring gear 37.
PAR  Similarly, when the sleeve member 44 is shifted toward the left by means of
      the fork, the splines 44a of the sleeve member 44 now mesh with splines
      41b of the member 41 and also mesh with the splines 45b. As a result, the
      ring gear 37 is interconnected with the carrier plate 28 through means of
      the plate 39, the member 41, the sleeve member 44, the hub 45 and the
      tubular member 26. Consequently, the sun gear 24, the pinion gears 30 and
      33, and the ring gear 37 are all rotated as a unit together with the
      output shaft 19 without any gear ration existing therebetween. The
      rotation of the output shaft 19 is thus transmitted to the differential
      gear mechanism 43 through means of the planetary gear mechanism 23 and the
      chain 42, the torque from the output shaft 19 not being increased or
      decreased.
PAR  In the instance that the sleeve member 44 is in the illustrated neutral
      position, if the ring gear 37 is subjected to a load from the differential
      gear mechanism 43 through means of the chain 42, the rotation of the sun
      gear 24 causes carriers 27 and 28 to rotate through means of pinion gears
      30 and 33, and thus the member 26, the hub 45 and the sleeve member 44 are
      rotated. However, all of these components are merely rotated in an idle
      state because of the impressed load, and thus, the planetary gear
      mechanism 23 delivers no output torque when the sleeve member 44 is
      positioned in the neutral position. It should be noted that a gear 48 may
      be provided upon the output shaft 19 and that the gear 48 may be
      associated with suitable means, not shown, so as to thereby obtain the
      output for power take-off use, for example, for a crane. Accordingly, it
      is possible to obtain the output torque for the crane even if the sleeve
      member 44 is in its neutral position. Stationary ring 46 may of course be
      secured to the bearing retainer 15 by means of bolts 47 and the annular
      members 40 and 41 may be provided with bearings 49 and 50, respectively.
PAR  The construction and operation of the differential gear mechanism 43 will
      now be explained. Engaged with the chain 42 is a ring gear 51, having a
      gear tooth 51a, which is secured to a carrier 52 through means of bolts
      53, and the carrier 52 supports pinion shafts 54 so that they may rotate
      as a unit. Pinions 55 of the bevel gear type, and having gear teeth 55a,
      are free to rotate upon the pinion shafts 54, and meshing with the pinions
      55 are gear teeth 56a and 57a of two side gears 56 and 57, respectively,
      which are disposed within the housing in opposed relation with the side
      gear 56 being concentric with the inner end portion of a drive shaft 58
      which is provided, for example, for driving the vehicle front wheels, not
      shown, while the side gear 57 is concentric with the inner end portion of
      a drive shaft 59 which is provided for driving the vehicle rear wheels,
      not shown. A flange 60 upon drive shaft 58 is connected to the front
      wheels through means of a propeller shaft, not shown, and a further
      differential gear means, also not shown, and likewise, the drive shaft 59
      is connected to the rear wheels through means of a brake drum housing 61,
      a propeller shaft, not shown, and a further differential gear means, also
      not shown. The brake drum which is shown only by the housing 61 thereof is
      of course associated mechanically with a parking or hand brake, not shown,
      and as the brake drum is well known, a detailed explanation thereof will
      be omitted.
PAR  The carrier 52 is rotatably supported within the casing 11 and cover 12 by
      means of bearings 62 and 63 respectively, and the shafts 58 and 59 are
      rotatably supported through means of bearings 64 and 65 disposed within
      bearing retainers 66 and 67, respectively, which are secured to the casing
      11 and the cover 12 by means of bolts 68 and 69, respectively. A multiple
      disc clutch 70 comprises alternate discs which are notched around their
      inner peripheries so as to engage the teeth of side gear 56, and
      intermediate discs which are similarly notched around their outer edges
      for engagement with splines formed upon a cam retainer 74. The cam
      retainer 74 engages the pinion shafts 54 through cam means, not shown,
      provided upon the retainer 74 and the pinion shafts 54 and is thus rotated
      with the pinion shafts 54. The clutch discs are permitted some axial
      movement relative to one another but they are normally biased tightly
      together by means of a dished spring 71 slidably interposed between the
      carrier 52 and the disc clutch 70. Another multiple disc clutch 72, dished
      spring 73, and cam retainer 75 are similarly disposed with regard to the
      pinion shafts 54 and the side gear 57, a differential locking mechanism
      thereby being constructed by means of the various elements mentioned
      above.
PAR  Thus, for example, when the vehicle is travelling in a straight line and
      the pinion gears 55 do not rotate relative to the carrier 52, the pinion
      gears 55 and the side gears 56 and 57 rotate together and both drive
      shafts 58 and 59 therefore rotate together at the same speed. Accordingly,
      the torque transmitted from the planetary gear mechanism 23 is transmitted
      to the drive shafts 58 and 59 through means of the ring gear 37, the chain
      42, the ring gear 51, the carrier 52, the shafts 54, the pinion gears 55
      and the side gear 56, and similarly through means of the ring gear 37, the
      chain 42, the ring gear 51, the carrier 52, the shafts 54, the pinion
      gears 55 and the side gear 57, respectively. At this time, the disc
      clutches 70 and 72 will not fulfill their locking functions because the
      frictional resistance forces existing between the discs of each of the
      clutches 70 and 72 will not be of the requisite magnitude.
PAR  Assuming however that one of the wheels loses traction, such as for
      example, when one of the wheels is on ice or the like, then a relative
      rotation between the shafts 58 and 59 will occur. In this manner, one of
      the drive shafts, for example, drive shaft 58, which is associated with
      the wheel having no traction rotates at a speed greater than the
      rotational speed of the carrier 52 while the remaining shaft 59 rotates at
      a slower speed than that of the carrier 52. As a result, the side gears 56
      and 57 rotate relative to the retainers 74 and 75 so that substantial
      frictional resistance forces will be produced between the discs of the
      clutch 70 and between the discs of the clutch 72 by means of the dished
      spring 71 and 73. Furthermore, lateral movements of both retainers 74 and
      75 occur due to such relative rotation, and such movements will then be
      increased by the cam means in a conventional manner. Thus, the clutches
      perform their locking functions between the discs so as to cause the
      shafts 58 and 59 to rotate with the carrier 52. The torque from the
      planetary gear mechanism 23 is now able to be transmitted to the shafts 58
      and 59 through means of the retainer 74, the clutch 70 and the side gear
      56 in addition to the torque transmitted as mentioned above, and also
      through means of the retainer 75, the clutch 72 and the side gear 57 in
      addition to the torque transmitted as mentioned above.
PAR  When the vehicle turns a corner, relative rotation between the shafts 58
      and 59 will also occur, and under these conditions, wherein the difference
      in rotation between the shafts is comparatively low, the discs of the
      clutches 70 and 72 are arranged for sliding movement corresponding to the
      difference in rotation whereby the clutches 70 and 72 will not perform
      their locking functions. As will be clear from the description
      hereinbefore, the torque from the output shaft 19 of the transmission is
      transmitted to the differential mechanism 43 through means of the
      planetary gear mechanism 23, the sprocket wheel 37b provided upon the ring
      gear 37 of the planetary gear mechanism, and the chain 42, whereupon the
      same may then be distributed to the shafts 58 and 59.
PAR  Obviously, many other modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A power transmitting mechanism for a vehicle comprising:
PA1  planetary gear means, disposed within a stationary casing of said vehicle
      and including fixed engaging means thereon, including a sun gear disposed
      upon an output shaft of a transmission so as to thereby receive a torque
      output from said transmission, first planetary pinion gears meshed with
      said sun gear, second planetary pinion gears meshed with said first
      planetary pinion gears, carriers which are adapted so as to support said
      first and second planetary pinion gears and a ring gear meshed with said
      second planetary pinion gears;
PA1  change-over means associated with said planetary gear means and said fixed
      means of said stationary casing for selectively controlling said planetary
      gear means so as to produce different torque outputs as required, whereby
      when said change-over means is engaged with said planetary gear means free
      from said fixed stationary casing means, said ring gear is rotatable in
      unison with said output shaft to directly transmit the torque from said
      output shaft to said ring gear, and when said change-over means is engaged
      with said fixed stationary casing means, said carriers are fixed relative
      to said output shaft so as to transmit the torque from said sun gear to
      said ring gear with a different ratio,
PA1  a differential gear means opeatively associated with said planetary gear
      means for distributing the torque output from said planetary gear means to
      the vehicle wheel drive shafts and including a carrier and a ring gear
      secured thereto;
PA1  a chain interposed between said planetary gear means and said differential
      gear means;
PA1  a sprocket wheel provided upon said ring gear to said planetary gear means
      and engaged with said chain;
PA1  a second sprocket wheel provided upon said ring gear of said differential
      gear means also being engaged with said chain; and
PA1  said ring gear of said differential gear means and said ring gear of said
      planetary gear means being positioned on respectively parallel axes in a
      substantially common place plane whereby the torque output from said
      planetary gear means is transmitted to said differential gear means
      through said chain.
NUM  2.
PAR  2. A power transmitting mechanism as set forth in claim 1, wherein said
      differential gear means further comprises differential locking means for
      establishing a mechanical connection between said ring gear of said
      differential gear means and said drive shafts upon the occurrence of
      relative rotation between said drive shafts.
NUM  3.
PAR  3. A power transmitting mechanism as set forth in claim 1, wherein:
PA1  said planetary gear means further includes tubular means meshed with said
      output shaft and with said carrier; and
PA1  said change-over means includes a sleeve member meshed with tubular member
      and slidable thereon.
NUM  4.
PAR  4. A power transmitting mechanism as set forth in claim 1, wherein:
PA1  said second planetary pinion gears are provided with external gears meshed
      with internal gears of said ring gear, the number of said external gears
      of said second planetary pinion gears being different from the number of
      said internal gears of said ring gear.
NUM  5.
PAR  5. A power transmitting mechanism as set forth in claim 3, wherein said
      planetary gear means further includes:
PA1  annular means disposed upon said tubular means and
PA1  disc plate means meshed with said annular means and with said ring gear,
PA1  said sleeve member being engageable with said annular means so as to
      thereby interconnect said ring gear with said carrier through said disc
      plate means, said sleeve member, and said tubular member.
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ABST
PAL  Controls for automatic transmissions of the four-forward-speed type having
      two shift valves equipped with solenoid valves in a hydraulic system, and
      a manual valve for changing over the fluid passages or lines in the
      reverse and forward speed regions. The automatically controlled shift
      positions in the first to fourth speed ranges in the forward speed region
      and the shift positions to be assumed by restricting the shift range by
      manual operation are attained by means of the two solenoid valves in
      response to signals from an electric control system.
PARN
PAR  This is a continuation of application Ser. No. 440,003 filed Feb. 6, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to controls using an electronic control system for
      automatic transmissions of the four-forwardspeed type equipped with a
      hydraulic torque converter.
PAR  All conventional controls for automatic transmissions have depended upon
      hydraulic control systems for their shift control. On the other hand,
      controls employing electronic control systems have already been proposed
      which positively determine the shifting points by electrically determining
      the vehicle speed and throttle opening and setting the shift pattern which
      permit the power train design to meet sports-car-like specifications.
      Controls of the electronically controlled type, when incorporating an
      electric control system, tend to be expensive. When the number of shift
      positions is limited, e.g., to three speed positions, the number of parts
      required for such controls is correspondingly small and it poses no
      practical problem. However, with a greater number of shift positions,
      e.g., four or five speed positions, a larger number of parts will be
      needed, thereby giving rise to an economic disadvantage. In addition, the
      increased number of shift positions will complicate the shift pattern and
      call for greater precision in the sensing of the vehicle-speed and
      throttle-opening and of the shift pattern setting. In this connection, the
      provision of an electric control system is highly advantageous.
PAR  The present invention therefore has for its object to simplify the
      construction of controls of the electronically controlled type for
      four-forward-speed automatic transmissions.
PAC  SUMMARY OF THE INVENTION
PAR  To this end, the controls provided in accordance with this invention
      comprise a manual valve for the fluid control circuit which shifts and
      controls the fluid pressure in only the forward and reverse passages or
      lines, and two shift valves for shifting the pressure in the forward lines
      in response to shifting signals from an electric control circuit, so that
      automatic shifting to any of the four forward speeds is made possible with
      the fluid pressure in the reverse lines and one of the two shift valves
      providing a reverse speed.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of the disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated and described preferred embodiments of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In The Drawings:
PAR  FIG. 1 is a schematic illustration of a four-forwardspeed automatic
      transmission incorporating the present invention, so arranged that engine
      braking is always applicable;
PAR  FIG. 2 is a schematic circuit diagram of a hydraulic control circuit for
      the above arrangement;
PAR  FIG. 3 is a diagram of electric control circuitry for the same arrangement;
PAR  FIG. 4 is a schematic illustration of a four-forwardspeed automatic
      transmission incorporating the present invention, so arranged that engine
      braking is selectively applicable; and
PAR  FIG. 5 is a schematic circuit diagram of a hydraulic control circuit for
      the above arrangement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 to 3, there is shown an embodiment of the present
      invention as incorporated in a four-forwardspeed-and-one-reverse automatic
      transmission so constructed as to be capable of engine braking at all
      times. In FIG. 1, an engine crankshaft 1 is shown as connected to an
      output shaft 6 through a torque converter 2, an input shaft 3, a front
      clutch 4, an intermediate shaft 5, and a gear unit 10. The drum side of
      the front clutch 4 is connected to the hub side of a rear clutch 7, the
      drum side of which is provided with a third brake 8. The gear unit 10 has
      three sets of single planetary gears 11, 12, 13. A ring gear 19 and a sun
      gear 20 for the planetary gears 12, 13 are in mesh with the intermediate
      gear 5. The sun gears 14, 17 for the planetary gears 11, 12 are associated
      with the rear clutch 7. A ring gear 16 for the planetary gear 11 is
      connected to a planet-pinion carrier 23. Pinions 18, 21 of the planetary
      gears 12, 13 are held on pinion shafts in a planet-pinion carrier 23,
      which in turn is connected to the output shaft 6. Another carrier 15'
      holding the pinion 15 of the planetary gear 11 is provided with a second
      brake 24. The ring gear 22 of the planetary gear 13 is associated with a
      first brake 25 and a reverse brake 26, which have a common brake plate but
      use different brake pistons.
PAR  With the construction described above, the power delivered from the
      crankshaft 1 through the torque converter 2 to the input shaft 3 is thence
      transmitted to the intermediate shaft through the agency of the front
      clutch 4, thus establishing forward drive. At this point, the first brake
      25 is actuated to restrain the rotation of the ring gear 22, the second
      brake 24 to restrain the rotation of the carrier 15', and the third brake
      8 to restrain the rotation of the sun gears 14, 17, and the rear clutch 7
      is engaged to provide power input to those sun gears, so that the output
      shaft 6 attains the first, second, third, and fourth speeds in succession
      to permit engine braking at any desired moment. Power for reverse
      operation may be directed to the output shaft by the engagement of the
      rear clutch 7 instead of the front one and by the actuation of the reverse
      brake 26 along with the first brake 25 thereby to restrain the rotation of
      the ring gear 22.
PAR  The shifting functions of the components are tabulated in Table 1, in which
      the reference numerals denote the clutches and brakes, which are
      represented by circles in the cases where they are operable.
TBL                Table 1                                                     
     ______________________________________                                    
                   4   7     25     24   8   26                                
     ______________________________________                                    
     1st speed, w/engine brake                                                 
                     O           O                                             
     2nd speed       O                O                                        
     3rd speed       O                     O                                   
     4th speed       O     O                                                   
     Reverse               O     O             O                               
     ______________________________________                                    
PAR  FIG. 2 illustrates an exemplary hydraulic control circuit for selectively
      actuating the clutches 4, 7 and brakes 8, 24, 26 of an automatic
      transmission. Pressure fluid pumped up from an oil reservoir 30 by an oil
      pump 31 is set to a predetermined pressure level by a regulator valve 32,
      and is delivered through a line 33 to a manual valve 40. From the manual
      valve the fluid flows through a first-to-second shift valve 50 equipped
      with a solenoid valve 65 and through a second-to-third shift valve 70
      equipped with a solenoid valve 90, and then is supplied or drained in
      hydraulic servo mechanisms 4', 7', 8', 24', 25', 26' which in turn operate
      the clutches 4, 7 and brakes 8, 24, 25, and 26. The manual valve 40 is
      adapted to move to any of its seven positions or ranges, i.e., Park,
      Reverse, Neutral, Drive, Drive-3, Drive-2, and Drive-1. This valve
      comprises a spool 44 which is formed with lands 41 to 43, and has ports
      45, 46, 47 and drain ports 48, 49. The port 46 communicates with the line
      33, and the ports 45, 47 communicate with hydraulic servo mechanisms 4',
      26' via lines 34, 35, respectively.
PAR  The first-to-second shift valve 50 consists of a spool 55 which is loaded
      with a spring 51 at one end and has lands 52, 53, 54, and a hydraulic
      fluid chamber 62 formed with ports 56 to 58, drain ports 59, 60, and an
      exhaust orifice 61. The port 57 and chamber 62 are communicated through
      passages 36, 37 branched from the line 34. The solenoid valve 65 includes
      a plunger 67 adapted to open and close the exhaust orifice 61 under the
      urging of a spring 66, and a coil 68. When the solenoid valve 65 is
      de-energized, the plunger 67 closes the exhaust orifice 61 and a fluid
      pressure produced in the chamber 62 forces the spool 55 to move to the
      left, establishing communications between the ports 56 and 57 and between
      the port 58 and drain port 60. When the chamber 62 is not supplied with
      fluid or when the solenoid valve 65 is energized with the coil 68 excited
      so that the plunger 67 recedes to open the exhaust orifice 61, the spool
      55 is moved backward to the right and communications are established
      between the port 56 and drain port 59 and between the ports 57 and 58.
PAR  The second-to-third shift valve 70 consists of a spool 77 loaded with a
      spring 71 at one end and having lands 72 to 76, and a hydraulic fluid
      chamber 88 having ports 78 to 85, drain port 86 and orifice 87. The ports
      78, 82 are communicated with the oil line 35 via a line 95; the port 79
      with the hydraulic servo 7' via a line 96; the ports 80, 84 with the ports
      56, 58 of the first-to-second shift valve 50 via lines 97, 98; the port 81
      with the hydraulic servo 8' via a line 99; the port 83 with the hydraulic
      servo 25' via a line 100; the port 85 with the hydraulic servo 24' via a
      line 101; and the fluid chamber 88 with the line 37 via a line 102. The
      solenoid valve 90 consists of a plunger 92 which is urged by a spring 91
      at one end and by a coil 93 to open and close an exhaust orifice 87. When
      a fluid pressure has been produced in the chamber 88 upon de-energizing of
      the solenoid valve 90, in the same manner as above described, the spool 77
      is moved to the left and communications are maintained between the ports
      79 and 80, 81 and 82, 83 and 84, and between the port 85 and drain port
      86. When the fluid chamber 88 has been exhausted or the solenoid valve is
      energized, the spool 77 is moved back to the right, providing
      communications between the ports 78 and 79, 80 and 81, 82 and 83, 84 and
      85. The lines 37, 102 are provided with orifices 103, 104'. Between a line
      100 and the pressure-applying side of the regulator valve 32, there is
      connected a line 104 for increasing the fluid pressure during the first
      speed and reverse operations.
PAR  Thus, when the manual valve 40 is in the Park range position, its ports 45,
      47 are closed by the lands 42, 43, and in the Neutral range position, the
      port 46 is closed by the land 42 and all the hydraulic servos 4', 7', 8',
      24' to 26' are exhausted regardless of any electric signals from the
      solenoid valves 65, 90. In the reverse position, the manual valve 40 has
      its ports 46, 47 communicated so that the fluid pressure from the line 33
      is supplied to the hydraulic servo 26' via the line 35. At this point, the
      fluid chamber 88 of the second-to-third shift valve 70 is exhausted and
      the spool 77 is moved to the right. As a result, the pressure from the
      line 35 is delivered to the servo 7' by way of the lines 95, 96 and also
      the servo 25' via the line 100, so as to actuate the clutch 7 and brakes
      25, 26 for reverse operation.
PAR  With the manual valve 40 in the Drive position, communication is
      established between its ports 45 and 46 to permit the pressure from the
      line 33 to be supplied to the servo 4' through the line 34 and cause the
      clutch 4 to be engaged for forward operation. In this stage, the solenoid
      valve 65 is energized and the spool 55 of the first-to-second shift valve
      50 is moved to the right, whereas the solenoid valve 90 is de-energized
      and the pressure from the chamber 88 forces the sppool 77 of the
      second-to-third shift valve 70 to the left. Accordingly, the pressure from
      the line 34 is supplied to the servo 25' via the lines 36, 98, 100, and
      the first brake 25 is thereby activated to provide the first speed. If, at
      this time, the solenoid valve 90 is energized, too, and the spool 77 of
      the second-to-third shift valve 70 is moved back to the right, then the
      pressure from the line 98 is directed to the servo 24' through the line
      101, and the second brake 24 is activated to provide the second speed. If
      the solenoid valve 65 is de-energized while the solenoid valve 90 is
      energized, the pressure from the chamber 62 causes the spool 55 of the
      first-to-second shift valve 50 to move back to the left. Consequently, the
      pressure from the line 30 is supplied to the servo 8' through the lines
      97, 99 and the third brake 8 is activated to provide the third speed. If,
      in this stage, the solenoid valve 90 is de-energized, too, the pressure
      from the line 97 is supplied to the servo 7'  through the line 96 and the
      rear clutch 7 is actuated to provide the fourth speed. When the manual
      valve 40 is shifted to the Drive-3, -2, and -1 range positions, its spool
      44 is moved to the right in the order mentioned. In each position the
      lands 41, 42 maintain the communication between the ports 45 and 46 and
      have the servo 4' supplied with the fluid. Also, in the same manner as in
      the Drive position, the solenoid valves 65, 90 are energized or
      deenergized. However, because the shift points in the respective ranges
      are changed by the electric control circuitry to be described later, the
      manual valve 40 provides, in the Drive-3 range position, the first to
      third gear ratios or speeds; in the Drive-2 position, the first and second
      speeds; and, in the Drive-1 range, the first speed only.
PAR  The above-described relations between the shift ranges and the functioning
      of the solenoid valves 65, 90, i.e., which is energized and which is not,
      are tabulated in Table 2. The numerals indicate the valves which are
      energized when represented by "0" and these de-energized when represented
      by "X".
TBL                Table 2                                                     
     ______________________________________                                    
                      65       90                                              
     ______________________________________                                    
     Park range         X          X                                           
     Reverse "          X          X                                           
     Neutral "          X          X                                           
     1st speed range    O          X                                           
     2nd   "            O          O                                           
     3rd   "            X          O                                           
     4th   "            X          X                                           
     ______________________________________                                    
PAR  FIG. 3 illustrates an example of the electric control circuitry for
      energizing or de-energizing the solenoid valves 65, 90. A vehicle-speed
      detector 105 of a known type is connected to four comparators 107 to 110
      through a signal generator 106 which converts a given number of pulses
      into an analog value. A throttle opening detector 111 of a known type
      which detects the throttle opening corresponding to the engine load is
      likewise connected to the comparators 107 to 110 via a signal generator
      112 which generates signals as converted to voltages and a signal
      correction circuit 113. In response to the input of a signal from the
      shift range setter 120, the signal correction circuit 113 determines the
      response characteristics of the system to the throttle opening signal and
      changes the reference level to the comparators 107 to 110 so that the
      shift pattern for the Drive range is made dissimilar to that for the
      Drive-3, -2, or -1 range. The comparators 107 to 110 compare the vehicle
      speed signal and throttle opening signal and, depending on the
      relationship between the two, they function in the following way. When the
      transmission arrangement is in the first speed range, only the comparator
      107 emits a signal 1; in the second speed range, the two comparators 106,
      108 emit a signal 1; in the third speed range, the three comparators 107
      to 109 emit a signal 1; and in the fourth speed range, all the comparators
      107 to 110 emit a signal 1. Of these comparators, 107 to 109 are connected
      to the solenoid valves 65, 90, respectively, through inhibit circuits 114,
      116, and OR circuits 117, 118; the comparator 108 is connected to both OR
      circuits 117, 118 via an inhibit circuit 115; and the comparators 108 to
      110 are connected to the inhibit sides of the inhibit circuits 114 to 116.
      The shift range setter 120 has seven switches 121 to 127 which are adapted
      to be turned ON or OFF in a manner corresponding to the Park, Reverse,
      Neutral, Drive, Drive-3, Drive-2, and Drive-1 ranges. Of these switches,
      121 to 123 are connected together to the inhibit sides of the inhibit
      circuits 114 to 116, and the remaining switches 124 to 127 are connected
      to the signal correction circuit 113.
PAR  Thus, in the case of Park, Reverse, or Neutral range, the inhibit circuits
      114 to 116 act to make the input signals to the OR circuits 117, 118 zero,
      with the result that the solenoid valves 65, 90 are de-energized. In the
      case of the Drive range, the switch 124 turns ON and the signal correction
      circuit 113 determines the shift pattern. In the first speed range, the OR
      circuit 117 emits a signal, upon the receipt of a signal from the
      comparator 107, to energize the solenoid valve 65 alone. In the second
      speed range, a signal from the comparator 108 causes the inhibit circuit
      114 to function, but, because the signal is applied as an input to both OR
      circuits 117, 118 to produce output signals, the solenoid valves 65, 90
      are energized. In the third speed range, a signal from the comparator 109
      activates the inhibit circuit 115 and therefore the solenoid valve 65 is
      de-energized. In the fourth speed range, a signal from the comparator 110
      causes the inhibit circuit 116 to act so that the solenoid valve 90 is
      de-energized, too.
PAR  Next, in the case of the Drive-3 range, the switch 125 is turned ON and the
      signal correction circuit 113 changes the shift points for the third and
      fourth speed ranges, and, in the first, second, and third speed ranges,
      the solenoid valves 65, 90 are energized and de-energized in the same
      manner as above described. In the case of the Drive-2 range, the switch
      126 is turned ON and the shift points for the second and third speed
      ranges are changed and the valves are energized and de-energized in the
      same way as for the first and second speed ranges. Further, in the case of
      the Drive-1 range, the switch 127 is turned ON and the shift points for
      the first and second speed ranges are changed and the valves are energized
      and de-energized in the same manner as for the first speed range alone.
PAR  In the manner described, the solenoid valves 65, 90 are energized and
      de-energized in accordance with the applicable ranges and shift stages as
      given in Table 2. In such an event the signal correction circuit 113 may
      correct not merely the throttle opening signal but the vehicle speed
      signal instead, or both, so as to change the shift pattern for each of the
      forward speed ranges.
PAR  FIGS. 4 and 5 illustrate an automatic transmission of the
      four-forward-speed-and-one-reverse type embodying the present invention
      which is free from engine braking during normal forward operation in the
      first speed range. Referring specifically to FIG. 4, the construction is
      practically the same as that shown in FIG. 1, except that a one-way clutch
      27 is added between the ring gear 22 of the planetary gear 13 and the
      case. As the front clutch 4 is engaged to transmit the engine power
      thereby to rotate the ring gear 22, the one-way clutch 27 is engaged, too,
      so as to restrain the rotation of the ring gear 22 in the same way as when
      the first brake 25 is actuated. When driven to the reverse by the power
      from the output shaft 6, the one-way clutch 27 remains inactive to set the
      ring gear 22 free and provide the first speed without the capability of
      engine braking. The first speed without engine braking is provided where
      it is shifted to the second and further speeds, such as the Drive,
      Drive-3, and Drive-2 ranges in the forward shift region, in order to
      reduce the shock of shifting from the first to second and further speed
      positions. The Drive-1 range along attains the first speed with the
      capability of engine braking through the agency of the first brake 25.
PAR  In the same manner as in Table 1, the shift patterns described above may be
      tabulated in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
                    4   7     25     24   8   26  27                           
     ______________________________________                                    
     1st speed (D, 3, 2 ranges)                                                
                      O                             O                          
     2nd speed (D, 3, 2 ranges)                                                
                      0                0                                       
     3rd speed (D, 3 ranges)                                                   
                      O                     O                                  
     4th speed (D range)                                                       
                      O     O                                                  
      1 range         O           O                                            
      R range               O     O             O                              
     ______________________________________                                    
PAR  FIG. 5 shows an exemplary hydraulic control circuitry for selectively
      activating the clutch 7 and brakes 8, 24 to 26 of the automatic
      transmission, by energizing and de-energizing the solenoid valves 65, 90
      in the same way as tabulated in Table 2, through the same electrical
      control circuitry as given in FIG. 3. Like the one shown in FIG. 2, this
      arrangement includes the manual valve 40, first-to-second-shift valve 50
      equipped with the solenoid valve 65, second-to-third shift valve 70
      equipped with the solenoid valve 90, and hydraulic servo mechanisms 4',
      7', 8', 24' to 26'. The manual valve 40 has an additional port 130, and
      the fluid line 100 leading to the servo 25' is provided with a valve 140
      for actuating the first brake. The port 130 of the manual valve 40 is
      formed between the ports 46 and 47, in such a manner as to be communicated
      with the port 46 by the lands 42, 43 when the valve is in either the Park
      or Reverse range. In the Drive-1 range, too, it is communicated with the
      port 46 by means of the lands 41, 42. The valve 140 consists of a spool
      144 which is loaded with a spring 141 at one end and has lands 142, 143,
      and the surrounding wall formed with ports 145, 146, a drain port 147, and
      a fluid chamber 148. Both ports 145, 146 are communicated with the line
      100, and the fluid chamber 148 communicates with the port 130 of the
      manual valve 40 through a line 149.
PAR  In the Park range position, the manual valve 40 supplies fluid pressure
      from its port 130 to the line 149, and the pressure produced in the
      chamber 148 of the valve 140 moves the spool 144 to the left and
      establishes communication between the ports 145 and 146, but, in the
      absence of pressure in the line 100, the hydraulic servo 25' is exhausted.
      In the case of the Reverse range, the ports 145 and 146 of the valve 140
      are communicated just as in the Park range, and the fluid pressure fed to
      the line 100 by the second-to-third shift valve 70 is supplied to the
      servo 25'. In the Drive, Drive-3, and Drive-2 ranges, the port 130 of the
      manual valve 40 is not supplied with fluid pressure, and therefore the
      spool 144 in the valve 140 is moved to the right, so that the
      communication between the ports 145 and 146 is interrupted by the land
      142. Thus, during the first speed, the hydraulic servo 25' is exhausted
      even though the line 100 is supplied with the fluid pressure as the
      solenoid valves 65, 90 are energized and de-energized. This causes
      shifting to the Drive-1 range and supply of the pressure to the port 130,
      with the result that the valve 140 is actuated and the pressure from the
      line 100 is supplied to the hydraulic servo. From then on, shifting is
      accomplished entirely in the same manner as with the arrangement of FIG.
      2. Using the electric control circuitry of FIG. 3, the first speed status
      with or without engine braking is selectively attained.
PAR  As has been described above, the present invention permits controls for
      automatic transmission of the four-forward-speed type to have only two
      solenoid valves 65, 90 regardless of the design whereby engine braking is
      either attained at any desired point or is selectively applicable. This
      simplifies the structure of the electrical and hydraulic control circuitry
      and accordingly offers a saving in the manufacturing cost. Among other
      advantages, as in the case of the first embodiment, the hydraulic circuit
      from the manual valve 40 is common with the Drive, Drive-3, -2, and -1
      ranges and the shift control is accomplished by signals from the
      electrical control circuit, and therefore the construction of the fluid
      passages and lines is simplified and the designing of the valve body may
      be accomplished easily.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an automatic transmission for an automotive vehicle of the
      four-forward-speed type having shiftable gear means for changing the power
      transmission ratio of said transmission, said gear means being structured
      to provide a plurality of shift ranges including four forward speed ranges
      and a reverse range, gear shift means including means for setting a
      plurality of gear shift ranges and hydraulic servo means for controlling
      transmission clutch and brake means to effect shifting of said gear means
      in response to pressure fluid supplied to or drained from said hydraulic
      servo means, said hydraulic servo means including four hydraulic servo
      mechanisms for controlling shifting in said forward speed ranges and one
      hydraulic servo mechanism for providing reverse speed operation, a
      hydraulic fluid source, and a hydraulic control circuit for controlling
      flow of pressure fluid to and from said hydraulic servo mechanisms, a
      control system comprising:
PA1  signal generating means for generating electrical signals representative of
      the operating condition of said vehicle;
PA1  logic circuit means responsive to said gear shift means for emitting
      electrical signals in accordance with the signals received from said
      signal generating means, said emitted signals being representative of the
      shift range setting of said gear shift means and of the operating
      condition of said vehicle;
PA1  a manual valve included in said hydraulic control circuit connected for
      flow communication with said hydraulic fluid source and including first
      and second port means, and means for selectively communicating said first
      and second port means with said fluid source;
PA1  a first shift valve having said first port means of said manual valve
      connected thereto, and including a pair of output ports and means for
      selectively communicating said manual valve first port means with said
      pair of output ports;
PA1  a second shift valve connected to said pair of output ports of said first
      shift valve, and including a first pair and a second pair of output ports
      and means for selectively individually communicating said pair of output
      ports of said first shift valve with said first and said second pair of
      output ports of said second shift valve;
PA1  means individually connecting each of the ports of said first and second
      pair of output ports of said second shift valve with one each of said
      forward speed hydraulic servo mechanisms;
PA1  said first and second shift valves operating to selectively supply pressure
      fluid from said first port of said manual valve to said four foward speed
      servo mechanisms to perform shifting within said four foward speed ranges
      in accordance with the shift range setting of said transmission;
PA1  shift valve actuating means responsive to said logic circuit means to
      control operation of said first and second shift valves in accordance with
      signals emitted from said logic circuit means; and
PA1  means for communicating said second port of said manual valve with said one
      reverse speed hydraulic servo mechanism by way of one of said first and
      second shift valves so that there may be obtained four forward speeds
      including a first forward speed capable of providing engine braking at all
      times and one reverse range.
NUM  2.
PAR  2. A control system according to claim 1 wherein one of said four hydraulic
      servo mechanisms is arranged to attain a first forward speed and wherein
      said manual valve includes a third port, each of said three ports of said
      manual valve being capable of being communicated with said hydraulic
      pressure source, respectively, during forward drive, reverse drive, and
      first speed with engine braking, said system including valve means
      provided in said hydraulic control circuit for supplying hydraulic
      pressure in said one of said four hydraulic servo mechanisms arranged to
      attain a first forward speed to be communicated by the fluid pressure from
      said third port of said manual valve to attain four forward speeds
      including a first speed that is selectively capable either of providing or
      not providing engine braking and one reverse range.
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ABST
PAL  A hand held power driven screw driving tool having a spring disengageable
      driving clutch and a retractible nosepiece for receiving a screw to be
      driven by a bit attached to a driven member of the clutch, there being
      associated with the nosepiece an adjustable travel control nut engaging a
      retractible sleeve projecting from the nosepiece, the nut being cooperable
      with a stop within the housing of the tool upon retraction of the sleeve
      to a preadjusted limit to curb the driving action of the tool and to allow
      disengagement of the clutch as the screw is finally entered into the work.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in power driven screw driving tools,
      particularly the hand held type. More particularly, it is concerned with
      an improved retractible nosepiece for the tool.
PAR  The improvement is a screw travel control feature incorporated in the
      nosepiece which is operable during a screw driving operation to control
      the depth to which the screw may be entered into the work.
PAR  The control feature is of an adjustable nature. It may be adjusted as
      needed to enable a screw to be seated to a precise depth relative to the
      work surface.
PAR  A desirable advantage of the improvement is that it enables the tool to
      drive a screw into the work to a point where the head of the screw has a
      precise seated relation to the surface of the work.
PAR  In accordance with the invention, there is provided a screw driving tool
      comprising a housing, a screw driving bit supported in the housing so as
      to follow as a unit with the housing a screw as it is being driven by the
      bit into a work surface, a slide member supported by the housing for
      relative axial retractible movement having a normal position projecting
      axially beyond the housing and the bit and adapted to be retracted into
      the housing relative to the housing and bit upon being pressed into
      contact with a work surface, and stop means carried by the housing having
      cooperation with the slide member to limit the extent of retraction of the
      slide member into the housing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing:
PAR  FIG. 1 is a longitudinal fragmentary sectional view of a hand held power
      driven screw driving tool in which a retractible nosepiece embodying the
      invention is shown at rest in its normal position; only so much of the
      tool and nosepiece is shown as is needed to explain the invention;
PAR  FIG. 2 is a detail showing the unlocked or ball released condition of the
      nosepiece in which condition the head of a screw may be passed in either
      direction beyond the locking balls;
PAR  FIG. 3 is a detail showing the nosepiece in gripping relation to the head
      of a screw entered into the nosepiece beyond the balls;
PAR  FIG. 4 is a detail showing the nosepiece in pressed relation to a screw
      preparatory to driving the screw into a work surface;
PAR  FIG. 5 is a detail showing the nosepiece at a stage in the driving of the
      screw in which the nosepiece has obtained an unlocked or ball released
      condition; and
PAR  FIG. 6 is a detail showing the nosepiece in its final stage in the driving
      of the screw in which the screw is fully seated and the depth control nut
      has obtained a position preventing further entry of the screw into the
      work.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Reference is now directed to the accompanying drawing wherein the improved
      retractible nosepiece 10 is illustrated in association with a conventional
      hand held power driven screw driving tool in which a spindle 11 carrying a
      screw driving bit 12 is axially slidable relative to the housing 13 of the
      tool; and wherein the drive shaft 14 of a rotary motor is associated with
      the spindle by means of an axially disengageable clutch 15.
PAR  The spindle carries at its rear a face-jaw driven clutch member 16 which is
      engageable against the bias of a clutch spring 17 with an opposed face-jaw
      driving clutch member 18. The latter is connected with the drive shaft 14
      of the motor and is restrained against axial movement relative to the
      housing.
PAR  The spindle has a normal position as in FIG. 1, wherein a shoulder of the
      spindle rests upon a shoulder 19 of the housing under the bias of the
      clutch spring, the latter normally holding the driven clutch member
      disengaged from the driving clutch member. The spindle is retractible
      relative to the housing and the clutch spring to engage the clutch
      members.
PAR  The nosepiece includes a supporting coupling 20 whereby it is removably
      attached as a unit to the front end or bottom of housing 13 in axial
      extension of the latter. The coupling has a threaded connection at 21 with
      the housing. The nosepiece defines a central passage 22 into which a
      headed screw 23, intended to be driven, may be entered for engagement with
      the bit. The entrance to the nosepiece has a coned surface as a guide to
      facilitate entry of the screw head first. The tip of the bit extends
      proximate the entrance where it may be visibly engaged with the head of
      the screw.
PAR  The nosepiece includes in slidable relation to one another, and to the
      housing and coupling 13, 20, a cylindrical outer or ball release sleeve
      member 24, and a cylindrical inner or ball holding slide or sleeve member
      25.
PAR  The outer sleeve 24 extends slidably and axially through an open bottom end
      of the coupling; and it is limited in its extended normal position (as in
      FIG. 1) by abutment of a flange 26 about its upper end upon an internal
      shoulder of coupling 20.
PAR  The inner sleeve 25 extends slidably through the outer sleeve. It has a
      normal position under the bias of a return compression spring 27 in which
      a shoulder 28 intermediately of its ends abuts upon and exerts a
      compressive force upon a resilient element, such as a rubber O-ring 30,
      seated atop the flange 26 of the outer sleeve. In the normal or extended
      position of the inner sleeve its nose end 31 protrudes out of and beyond
      the bottom or front end of the outer sleeve (as shown in FIG. 1).
PAR  The inner sleeve has near its lower end a group of ball pockets or holes 32
      (here three, one being shown) extending radially through its side wall.
      The several holes lie in the same plane, and are spaced circumferentially
      equally apart. A locking ball 33 is disposed in each hole. Each ball is of
      greater diameter than the radial extent of the hole.
PAR  An inturned lip about the inner edge of each hole prevents the ball from
      dropping out of the hole into passage 22. When the ball limits against the
      lip it protrudes into the passage, and its opposite surface protrudes
      slightly beyond the inner diameter of the outer sleeve.
PAR  The inner sleeve has limited axial travel relative to the outer sleeve as
      determined by the cooperation of the balls with either the upper or lower
      annular edge of an annular internal groove 34 in the outer sleeve. In the
      extended normal position of the inner sleeve (as in FIG. 1) its forward
      end protrudes beyond the outer sleeve and the balls are locked against or
      limit upon the lower annular edge 35 of the groove. In this extended
      position of the inner sleeve, the balls protrude into the central passage
      22 to define a releasable throat or restriction of lesser diameter than
      the head of the screw 23 so as to normally block passing of the screw head
      into the central passage beyond the balls.
PAR  The inner sleeve 25 has a retracted second position in which its normally
      protruding nose end 31 is flush with that of the outer sleeve, and in
      which position the several balls are registered with and movable into the
      groove 34 of the outer sleeve upon inward movement of the head of the
      screw (as in FIG. 2). The groove is deep enough in its radial dimension to
      allow the balls to be moved out of the central passage sufficiently to
      permit the head of the screw to pass in either direction beyond the balls.
PAR  A back-up ring nut 36 is disposed in the central passage 22 in coaxial
      surrounding relation to the driving bit and with clearance from the
      latter. It has a threaded rear portion engaged at 37 with an internal
      threaded portion of the inner sleeve. It has a forwardly extending skirt
      38, against the forward or bottom end of which the head of a screw passed
      sufficiently beyond the balls is adapted to abut. The back-up nut 36
      serves to provide a uniform backing support to the head of the screw as
      the latter is being initially driven by the bit.
PAR  The back-up nut has a forwardly limited position relative to a shoulder 39
      of the inner sleeve to provide a predetermined clearance 40 between the
      forward end of the nut and the balls. This allows reception with some
      tolerance between the nut and the balls of a screw head of a predetermined
      thickness after the head of the screw has been moved rearwardly beyond the
      balls (as indicated in FIG. 3). The threaded connection 37 of the nut with
      the inner sleeve permits relative adjustment of the nut to accommodate
      between it and the balls screw heads of various thicknesses.
PAR  Drive slots are provided in the head of the back-up nut for application of
      a proper tool for making adjustments of the nut. The adjustment is made
      before coupling the nosepiece to the tool.
PAR  The inner sleeve is formed with threads 42 on its outer surface which are
      engaged with internal threads of a screw travel or depth control nut 43
      and of a lock-nut 44, the latter underlying the control nut. The
      peripheries or outer surfaces of nuts 43 and 44 slidably bear upon the
      inner surface of coupling 20. The return spring 27 is limited between an
      internal shoulder 45 of the control nut and an overhead shoulder 46 of the
      housing whereby the load of the spring is transmitted through the control
      nut to the inner sleeve.
PAR  The control nut 43 and inner sleeve are axially slidable as a unit relative
      to coupling 20. The body of the control nut extends rearwardly beyond the
      rear end of the inner sleeve. The overall combined length of the control
      nut and inner sleeve is adjustable. To this end, the control nut is
      axially adjustable relative to the inner sleeve, so that at a
      predetermined time during an operation of the tool in driving a screw into
      a work surface, the rear end 47 of the control nut will cooperate with or
      abut a shoulder stop 48 of the housing of the tool to stop further forward
      travel of the tool just before the screw becomes finally seated. The
      driven clutch member then under the force of its spring momentarily
      overrides the driving clutch member to its disengaged condition, allowing
      the bit to finally seat the screw, as indicated in FIG. 6. A lock-nut 44
      serves to lock the control nut in its adjusted position.
PAR  Adjustments may be made to the control nut before coupling the nosepiece to
      the housing. However, for the convenience of the operator an initial
      adjustment may be made of the control nut in this manner, and a finer or
      precise adjustment may be made after coupling of the nosepiece to the
      housing. For this purpose, the control nut is provided with a group of
      radial holes 49 about its side wall with which engagement may be had by
      means of a suitable adjusting tool entered through a group of openings or
      slots 51 (here three one being shown) in the side of the coupling. Holes
      50 in the lock-nut 44 are similarly exposed through the openings 51 for
      turning the lock-nut as needed to lock the control nut in its adjusted
      position.
PAR  In summary of the operation of the nosepiece as improved by the screw
      travel or depth control feature: As a screw 23 is manually inserted head
      first into the inner sleeve through the front end of the nosepiece, its
      head is seated over the tip of the driving bit 12 and placed in contact
      with the undersurfaces of the protruding balls (as in FIG. 1). Further,
      inward manual insertion of the screw simultaneously slides the bit with
      the spindle 11 rearwardly against the bias of the clutch spring 17, and
      acts through the balls 33 to slide the inner sleeve 25 together with the
      elements connected to its rearwardly against the bias of the return spring
      27. In this action, the inner sleeve is unseated from its pressed relation
      to the resilient O-ring 30. The latter in relaxing exerts a forward force
      upon the outer sleeve 24, serving to avoid movement of the latter
      rearwardly together with the inner sleeve. Normally, the looseness of the
      outer sleeve relative to the inner sleeve avoids such unitary movement.
      However, the O-ring action serves to ensure against such movement. As the
      balls become registered with the groove 34 in this rearward movement of
      the inner sleeve relative to the outer sleeve, the head of the rearwardly
      moving screw cams the balls aside into the groove (as shown in FIG. 2)
      sufficiently to enable it to be passed beyond them.
PAR  After the screw head is moved beyond the balls into the clearance 22
      between the back-up nut 36 and the balls 33, and is next manually released
      by the operator, the return force of the relaxed spring 27 upon the inner
      sleeve dislodges the balls from the shallow groove 34 and returns the
      inner sleeve to obtain the locked position shown in FIG. 3, corresponding
      to its normal extended position. Upon return of the inner sleeve to the
      latter position, the balls again protrude into the nosepiece central
      passage, but now at the underside of the head of the screw. Also, as a
      consequence of the manual release of the screw, the driving bit moves
      forwardly under the bias of the clutch spring 17 to press and clamp the
      head of the screw firmly against the balls (as shown in FIG. 3).
PAR  With the screw now firmly gripped and locked in the FIG. 3 position in the
      nosepiece, and with the working end of the screw visibly projecting out of
      the nosepiece, the operator can, without fear of losing the screw,
      maneuver the tool about in any direction needed to precisely locate the
      screw relative to the work.
PAR  To next drive the screw into the work against which it has been positioned,
      the operator presses forwardly on the tool causing the housing 20 with the
      coupling 13 to move forwardly relative to the spindle and bit 11, 12 to
      engage the driving clutch member 18 with the driven clutch member 16
      against the bias of the clutch spring 17. In this action, the return
      spring 27 forces the inner sleeve 25 forwardly until the back-up nut 36
      limits against the head of screw 23. The balls are carried in this
      movement of the inner sleeve a corresponding distance clear of the
      underside of the head of the screw; and the loosely disposed outer sleeve
      24 slides downwardly relative to the coupling and the inner sleeve until
      the upper annular edge 52 of its groove 34 limits or locks upon the
      several balls (as in FIG. 4). The outer sleeve in obtaining the latter
      position protrudes at its nose end slightly beyond the inner sleeve.
PAR  While continuing to exert a forward thrust upon the tool the operator
      activates the motor causing the driving bit 12 to drive the screw into the
      work. As the screw progressively enters the work, the housing and bit as a
      unit follow it.
PAR  The back-up nut 36 serves to stabilize the screw during the initial stage
      of driving it into the work. As the screw progressively enters the work,
      the back-up nut follows it in spring loaded contact with its head.
      Eventually, as the tool is moving forwardly with the screw, the outer
      sleeve contacts the work surface and is forced upwardly to register its
      groove 34 with the balls, at which time the bottom ends of both sleeves
      will become level or flush with each other. Next, as the screw continues
      entering the work, both sleeves are retracted or forced by the work
      surface upwardly relative to the downwardly moving screw and housing of
      the tool. In this action, the balls are cammed by the screw out of its
      path into groove 34 (as shown in FIG. 5). The screw is then driven past
      the balls as the inner sleeve together with the outer sleeve continue to
      be retracted into the housing.
PAR  The adjustment made of the control nut 43 relative to the inner sleeve 25
      and to the housing is such that at the time the end shoulder 47 of the
      control nut moves into abutment with the stop 48 of the housing, the screw
      will have reached a point short of being finally seated in the work. The
      arrested condition of the inner sleeve with the housing of the tool and
      the abutting relation of the nose end 31 of the inner sleeve with the work
      surface prevents further downward or axial travel of the tool. Whereupon
      this action, the driving clutch member overrides the driven clutch
      momentarily to its axially disengaged condition sufficiently to cause the
      bit to finally seat the screw, as in FIG. 6.
PAR  If during the driving action it should develop that the arrested condition
      of the shoulder 47 of the inner sleeve 25 with the stop 48 of the housing
      occurs before the screw can be fully seated by the bit, an adjustment of
      the control nut would be made to increase the space normally existing
      between the end shoulder 47 of the inner sleeve and the stop shoulder 48
      of the housing. On the other hand, the adjustment would be made to
      decrease this space, if it develops that the screw is overseated into the
      work.
PAR  These adjustments normally will require only a slight angular turning of
      the lock-nut 44 and the adjustable depth control nut 43 in one direction
      or the other relative to the inner sleeve. While this adjustment could be
      made after disassembling the nosepiece from the housing, it would normally
      be made by engaging the lock-nut or the control nut, as needed, by means
      of a proper tool or implement, which may be the shank of a screw, through
      the side slots or openings 51 provided for that purpose and angularly
      moving it as needed in one direction or the other.
PAR  To avoid angular movement of the inner sleeve 25 together with the control
      and lock nuts 43, 44 during an adjustment action, suitable means which may
      take various forms is provided. Here, for this purpose a rod may be
      manually inserted through a hole 53 (FIG. 1) in the outer sleeve 24 and
      engaged with a slot 54 in the inner sleeve. Then, while manually holding
      the rod to restrain angular movement of the inner sleeve, angular
      adjustment of nuts 43, 44 may be readily made.
PAR  Following seating of the screw in the work and subsequent lifting of the
      tool from the screw, the components of the tool and nosepiece restore to
      normal.
PAR  The depth control feature is a means of providing a simple attachment to a
      standard positive clutch screw driver. This results in the use of a
      standard clutch to disengage at a preset travel of a screw head relative
      to the work. The seating relation of the head of the screw to the work
      surface is accordingly controlled by proper adjustments of the control and
      lock nuts. A further advantage is that the bit always stays engaged in the
      screw head, thereby avoiding damage and facilitating its future removal in
      case of repair. By having the adjustments nuts 43, and 44 internally of
      the housing, they are protected against damage during use of the tool or
      when resting the tool upon a surface. The slots in the outer housing
      facilitate quick adjustment of the nuts by using a standard screw as a
      tool, without the necessity of removing the housing.
CLMS
STM  I claim:
NUM  1.
PAR  1. A screw driving tool comprising a housing, a screw driving bit supported
      in the housing so as to follow as a unit with the housing a screw as it is
      being driven by the bit into a work surface, a slide member supported by
      the housing for relative axial retractible movement having a normal
      position projecting axially beyond the housing and the bit and adapted to
      be retracted into the housing relative to the housing and bit upon being
      pressed into contact with a work surface, stop means carried by the
      housing having cooperation with the slide member to limit the extent of
      retraction of the slide member into the housing, the slide member being a
      sleeve disposed in the housing in surrounding relation to the bit, and
      adjustable means for controlling the extent of retraction of the slide
      member into the housing; wherein the adjustable means includes a travel
      control nut having threaded engagement with the sleeve and extending in
      its body axially rearwardly beyond the sleeve, the control nut being
      selectively operable to increase or decrease the overall length of the
      combined sleeve and control nut; and wherein the housing includes a side
      opening allowing access of a tool for making adjustments to the control
      nut.
NUM  2.
PAR  2. A screw driving tool as in claim 1, including a lock nut threaded upon
      the sleeve adapted for locking adjusted positions of the control nut.
NUM  3.
PAR  3. A screw driving tool as in claim 2, wherein the side opening allows
      access of a tool for making adjustments to the lock nut.
NUM  4.
PAR  4. In a hand held power driven screw driving tool including a housing and a
      screw driving bit supported in the housing, a retractible nosepiece
      comprising an outer and an inner sleeve member disposed in axial slidable
      relation to each other, a coupling in which the inner and outer sleeves
      are supported for relative axial retraction and extension, the outer
      sleeve projecting axially through an open front end of the coupling and
      having a rear flange normally abutting upon an internal supporting
      shoulder of the coupling, the inner sleeve normally projecting axially out
      of a front end of the outer sleeve and having a rear flange overlying the
      rear flange of the outer sleeve, the coupling having a rear end detachably
      coupled to a front end of the housing and being in axial extension of the
      housing, the inner sleeve being disposed in coaxial surrounding relation
      to the driving bit, a spring biasing the inner sleeve in its normally
      projected relation to the outer sleeve and to the coupling, the inner
      sleeve being retractible into the coupling upon being pressured over its
      front end against a work surface, and stop means in the housing having
      cooperation with an end shoulder of the inner sleeve for arresting further
      retraction of the inner sleeve relative to the housing; wherein control
      means is provided for adjusting the length of the inner sleeve and thereby
      varying the extent of its retraction into the coupling; and wherein the
      control means is a control nut having threaded engagement with the inner
      sleeve and projecting in its body beyond the rear of the inner sleeve.
NUM  5.
PAR  5. In a hand held power driven screw driving tool as in claim 4, wherein a
      lock nut having a threaded connection with the inner sleeve underlies the
      control nut for locking adjusted positions of the control nut relative to
      the inner sleeve.
NUM  6.
PAR  6. In a hand held power driven screw driving tool as in claim 5, wherein
      the coupling is provided with a side opening allowing access of a proper
      tool for making adjustments of the control nut.
NUM  7.
PAR  7. In a hand held power driven screw driving tool including a housing and a
      screw driving bit supported in the housing, a retractible nosepiece
      comprising an outer and an inner sleeve member disposed in axial slidable
      relation to each other, a coupling in which the inner and outer sleeves
      are supported for relative axial retraction and extension, the outer
      sleeve projecting axially through an open front end of the coupling and
      having a rear flange normally abutting upon an internal supporting
      shoulder of the coupling, the inner sleeve normally projecting axially out
      of a front end of the outer sleeve and having a rear flange overlying the
      rear flange of the outer sleeve, the coupling having a rear end detachably
      coupled to a front end of the housing and being in axial extension of the
      housing, the inner sleeve being disposed in coaxial surrounding relation
      to the driving bit, a spring biasing the inner sleeve in its normally
      projected relation to the outer sleeve and to the coupling, the inner
      sleeve being retractible into the coupling upon being pressured over its
      front end against a work surface, and stop means in the housing having
      cooperation with an end shoulder of the inner sleeve for arresting further
      retraction of the inner sleeve relative to the housing; a motor driven
      shaft, an upper driving clutch member carried by the shaft, a lower driven
      clutch member carrying the bit, a clutch spring normally disengaging the
      driven clutch member axially from the driving clutch member, the clutch
      members being engageable against the force of the spring upon pressuring
      the bit into engagement with a screw head, the driven clutch member being
      adapted following the arrest of the inner sleeve to angularly override the
      driving clutch member and move axially to a disengaged condition under the
      load of the clutch spring so as to impart a final degree of rotation to
      the bit and as a consequence to a screw engaged by the bit.
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ABST
PAL  A tool set including a plurality of tools each having a pair of integrally
      connected elongate shanks disposed at an angle relative to each other and
      an elongate tool-holding body having a channel open along one of its
      longitudinal sides and at one of its ends for storing the tools therein
      with one shank of each tool supported on the base of the channel. A pivot
      member extending laterally of the channel and spaced outwardly from the
      base of the channel overlies the shanks of the tools in the channel. A
      tool is slidable longitudinally of the body to shift one tool shank
      outwardly to expose a working part thereon and the pivot member permits
      swinging of the other tool shank outwardly to expose a working part
      thereon. A frictional, shank-engaging clip engages the shanks of the tools
      in the channel to hold them either in stored or selected working positions
      relative to the body. The tools decrease in cross-sectional dimensions
      progressing from one to the other laterally of the channel. The base of
      the channel and the overlying pivot member converge on progressing
      laterally of the channel to produce a selected sliding fit with the tools,
      also serving to inhibit rotation of the tools about axes extending
      longitudinally of the holding body.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a tool set, and more particularly to a tool set
      including a plurality of elongate tools held in a common body in such a
      manner that working parts at opposite ends of the individual tools may be
      exposed for operation.
PAR  Workmen often find it necessary to have with them tool sets including tools
      of various sizes. An example of such a set are allen wrenches which are
      hexagonal in cross section and have varying cross sectional sizes. As is
      known, such allen wrenches generally have interconnected long and short
      shanks which are disposed substantially at right angles to each other.
      Although the invention will be described herein primarily with regard to
      allen wrenches, it should be understood that tools other than allen
      wrenches may be adapted to a tool set as described herein.
PAR  In the past, various holders for tool sets have been devised. However, such
      prior holders generally have either been expensive, bulky, of complex
      construction, or have not provided the required convenience of holding the
      tools in a manner best suited for operation.
PAR  A general object of the present invention is to provide a novel tool set
      including a plurality of tools, each of which has a pair of integrally
      connected, elongate shanks disposed at a substantial angle relative to
      each other and a holding body in which the tools are held either in stored
      or selected working positions, which set is simply and economically
      constructed and provides a convenient and compact tool holder for a
      workman.
PAR  More specifically, an object of the invention is to provide a novel tool
      set including a plurality of tools having elongate, angularly disposed
      shanks and a tool-holding body in which the tools may be held either in
      stored position, with one set of shanks of the tools extending
      longitudinally of the body and with the other set of shanks extending
      laterally of the body, or in selected working positions. Holding means in
      the body is operable either to hold the tools in their stored position, or
      permit manual shifting of a tool to a first working position shifted
      longitudinally of the body away from the other tools to expose a working
      portion on one shank of the tool or a second working position wherein the
      other shank of a tool is shifted outwardly from the body and the other
      tools to expose its associated working part.
PAR  A further object is to provide such a novel tool set in which a tool
      therein may be either shifted longitudinally of the body and away from the
      other tools in the set to expose one of its shanks and the working part
      thereon, or it may be swung about a pivot member in the body with the
      other shank portion extending laterally outwardly from the body to expose
      the working part on the other shank portion.
PAR  A still further object is to provide such a novel tool set in which a tool
      is held against rotation relative to the body when held in either its
      stored or one of its working positions, thus to be held in a selected
      position relative to the body for operation by a user.
PAR  Yet another object is to provide a novel tool set including a plurality of
      tools having integrally connected, elongate shanks disposed at substantial
      angles relative to each other and a holding body which compactly holds a
      plurality of such tools when in their stored, nonoperative position, yet
      which permits sliding of a tool longitudinally outwardly from the body to
      expose the working part on one shank of the tool or swinging of the other
      shank of a tool outwardly from the tool-holding body to expose the working
      part on such other shank.
DRWD
PAC  DRAWINGS
PAR  These and other objects and advantages will become more fully apparent as
      the following description is read in conjunction with the drawings
      wherein:
PAR  FIG. 1 is a perspective view of a tool set according to an embodiment of
      the invention;
PAR  FIG. 2 is an enlarged top plan view of such a tool set;
PAR  FIG. 3 is a cross-sectional view taken generally along the line 3--3 in
      FIG. 2;
PAR  FIG. 4 is an end elevation view of the tool set; and
PAR  FIG. 5 is a side elevation of a portion of the tool set illustrated in FIG.
      3, illustrating a tool in the set with one of its shanks swung to a
      position extending laterally outwardly from a tool holding body in the set
     .
DETD
PAC  DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION
PAR  Referring to the drawings, at 10 is indicated generally a tool set
      constructed according to an embodiment of the invention. Broadly speaking,
      the set includes an elongate tool-holding body 12 which receives and
      stores a plurality of tools therein such as the opposed sets of allen
      wrenches 14, 16, 18 on the top side of the holder as illustrated in the
      drawings, and second set of allen wrenches 22, 24, 26 on the bottom side
      of the holding body as illustrated.
PAR  As is conventional, and referring to wrench 18 for example, an allen wrench
      in the set has a first, or short, shank, or leg 18a and long, or second,
      shank, or leg, 18b disposed at substantially a right angle to each other.
      The two shanks are integrally connected to each other by an arcuate
      connecting portion 18c. Each of the wrenches has a hexagonal cross
      section, with the wrenches diminishing in cross-sectional size on
      progressing successively from wrench 14 to wrench 24. Each hexagonal
      wrench shank has six elongate, substantially planar, angularly disposed
      sides extending longitudinally of the shank on a wrench. The outer ends of
      each of the shanks which would be inserted into the hexagonal cavity in an
      allen-head screw are referred to herein as the working parts on the
      associated shanks of the wrenches.
PAR  As is best seen in FIGS. 2 and 3, each of the tool shanks has a projection
      30 on one of its planar sides in a position spaced longitudinally inwardly
      on the shank from the end of the shank.
PAR  Describing body 12, it includes a pair of elongate, substantially planar,
      parallel, laterally spaced side plates 34, 36. An elongate, rectangular,
      base plate 38, also referred to as a shank support member, extends between
      and is secured adjacent its opposite longitudinal margins to side plates
      34, 36 intermediate the longitudinal edge margins of the side plates. As
      is best seen in FIG. 4, base plate 38 is disposed at an angle other than a
      right angle relative to side plates 34, 36. As is illustrated in FIG. 4,
      opposite surfaces of base plate 38 have a plurality of substantially
      parallel, flat-bottomed grooves 44, 46, 48, 50, 52, 54, 56 which extend
      fully longitudinally of the base plate and are adapted to receive and
      support a planar side of each of wrenches 14, 16, 18, 20, 22, 24, 26,
      respectively.
PAR  Side plates 34, 36 and base plate 38 define opposed sides and the base
      respectively, for a first channel extending longitudinally of the body in
      which tools 14, 16 and 18 are received, and a second channel on the
      opposite side of the body within which tools 20, 22, 24, 26 are received.
      Each channel is open along a side of the body opposite base plate 38 and
      at its opposite ends. The wrenches are illustrated in FIGS. 1-4 in solid
      outline in what is referred to herein as a stored position with a
      longitudinal planar side of the long shank of each wrench received in and
      supported in its associated groove in the base plate, and its short shank,
      or leg, extending normally outwardly from the base plate through the open
      side of the channel. The short shanks of tools 14, 16 and 18 project
      outwardly from holder 12 in a direction opposite the direction from which
      the short shanks of tools 20, 22, 24, 26 project.
PAR  A plurality of elongate spring clips 60 having a somewhat U-shaped cross
      section are secured to base plate 38 and project outwardly therefrom
      between adjacent tools in the holder. The spring clips frictionally engage
      sides of the wrenches yieldably to hold them in a selected position within
      the holder as will be explained in greater detail below.
PAR  An elongate, cylindrical pivot pin, or member, 64 extends laterally of the
      channel holding wrenches 14, 16 and 18 and is secured adjacent its
      opposite ends to side plates 34, 36 respectively. Pin 64 extends
      substantially normal to side plates 34, 36 and is spaced outwardly from
      base plate 38, whereby base plate 38 and pin 64 converge on progressing
      laterally of the channel in a direction from side plate 34 toward side
      plate 36. The spacing between base plate 38 and pivot pin 64 is such that
      a sliding fit is provided for wrenches 14, 16 and 18 whereby they may
      slide longitudinally of the holder but opposed sides of each wrench are so
      engaged by pin 64 on one side and the base of its associated groove on the
      other side as to inhibit rotation of the wrench about an axis parallelling
      the longitudinal axis of the holder.
PAR  An elongate, cylindrical pivot pin 68 extends between side plates 34, 36
      substantially normal to the side plates and is secured adjacent its
      opposite ends to the side plates in the channel housing wrenches 20-26. On
      this side of the holder base member 38 and pivot pin 68 converge on
      progressing laterally of the holder from side plate 36 toward side plate
      34. The spacing between base plate 38 and pivot pin 68 is such that
      wrenches 20-26 may slide longitudinally of the holder but opposed planar
      sides thereof are engaged by pivot pin 68 and the base of their associated
      grooves to inhibit rotation about axes extending longitudinally of the
      holder.
PAR  The construction of the tool set thus described permits shifting of
      selected tools in the set between their compactly stored positions as
      illustrated in solid outline in FIGS. 1-4, a first operating position in
      which a tool is shifted longitudinally of the holder to expose the working
      part on the short shank of the tool (as illustrated in dot-dashed outline
      in FIG. 3), and a second working position in which the long shank of a
      tool is swung outwardly to a position extending substantially normal to
      base plate 38 (as illustrated in FIG. 5) with the working part of the long
      shank thus exposed for operation.
PAR  Explaining the operation of the tool set, when the wrenches are in their
      stored position, as illustrated in solid outline in FIGS. 1-4, spring
      clips 60 frictionally grip and hold a portion of the long shank of each
      tool adjacent its end which joins with the short shank. The pivot pin in
      the channel associated with the tools overlies the long shanks of the
      tools thus held in the spring clips to inhibit their swinging outwardly
      from the channel. To position the working part on the short shank portion
      of a tool in an exposed position for operation, a tool, such as tool 18,
      is manually slid longitudinally outwardly from an open end of the channel
      to the position illustrated in dot-dashed outline in FIG. 3. With the tool
      18 thus slid longitudinally outwardly, projection 30 thereon engages pivot
      pin 64 to inhibit removal of the tool. The frictional force of spring clip
      60 engaging tool 18 may be overcome by manual force to slide the tool
      outwardly to expose its working part. With the tool thus slid outwardly to
      a first operating position, with its working part exposed as illustrated
      in dot-dashed outline in FIG. 3, opposed planar sides of the long shank of
      the tool are still held between base member 38 and pivot pin 64 to inhibit
      rotation of the tool about an axis parallelling the longitudinal axis of
      the holder. The tool thus is able to be used by a workman to turn a part
      with the tool being held firmly in the holder.
PAR  Should the user desire to expose the working part at the outer end of a
      long shank of a tool, it is a simple matter to slide the tool
      longitudinally of the holder toward its associated pivot pin and at such
      time as the short shank comes into contact with the pivot pin to rotate
      the long shank outwardly and away from the base member to the position
      illustrated in FIG. 5 for tool 18 with its long shank extending normally
      outwardly from the tool holder base 38 and its short shank captured
      between pivot pin 64 and base plate 38. Again, a projection 30 engaging
      pivot pin 64 inhibits removal of the tool from the holder. Also, when the
      long shank portion of the tool is swung outwardly, the short shank portion
      comes to a position to be held by a spring clip 60 thus to prevent the
      short shank portion from shifting laterally in the holder and thus holding
      the tool against rotation to more firmly hold it for operation by a user.
PAR  Each tool in the set thus may either be held in a stored position in the
      holder as illustrated in solid outline in the figures, shifted
      longitudinally outwardly from an end of the holder to expose the working
      part on its short shank, or be swung outwardly from the holder to expose
      the working part on its long shank. In each of these positions, the tool
      is held by a spring clip and a portion of the tool is maintained captured
      between a pivot pin and base plate 38, to firmly hold the tool for
      convenient operation by the user.
PAR  While a preferred embodiment of the invention has been described herein, it
      should be apparent to those skilled in the art that variations and
      modifications are possible without departing from the spirit of the
      invention.
CLMS
STM  It is claimed and desired to secure by Letters Patent:
NUM  1.
PAR  1. A tool set comprising
PA1  a plurality of tools, each having a pair of integrally connected, elongate
      shanks disposed at a substantial angle relative to each other, with each
      shank having a working part at its outer end,
PA1  an elongate tool-holding body having an elongate shank support member
      extending longitudinally of said body for receiving said tools and
      permitting manual shifting of a tool therein between a stored position
      held adjacent the other tools in said set with a shank thereof adjacent
      and extending longitudinally of said tool-holding body with one elongate
      side of the tool shank against said support member, a first working
      position shifted longitudinally of said body whereby one of said shanks of
      the tool is spaced from the body with its associated working part exposed,
      and a second working position wherein the other shank of said tool is
      shifted outwardly from said body and from said other tools to expose its
      associated working part, and
PA1  holding means in said body for holding a tool in a selected position
      comprising a pivot member secured to said body and spaced outwardly from
      said shank support member, about which pivot member said tool is swingable
      to place said tool in its second operating position with said other tool
      shank extending outwardly from said shank support member and its one shank
      captured between said pivot member and shank support member.
NUM  2.
PAR  2. The tool set of claim 1, wherein said holding means further comprises
      means for engaging and securing said one shank against shifting laterally
      of said body when said other tool shank extends outwardly from said shank
      support member.
NUM  3.
PAR  3. A tool set comprising
PA1  a plurality of tools, each having a pair of integrally connected, elongate
      shanks disposed at a substantial angle relative to each other, with each
      shank having a working part at its outer end,
PA1  an elongate tool-holding body having an elongate channel defined therein
      extending longitudinally of said body, said channel having an elongate
      base with a longitudinal side of said channel opposite said base being
      open, said channel receiving said tools and permitting manual shifting of
      a tool therein between a stored position held adjacent the other tools in
      said set with a shank thereof adjacent and extending longitudinally of
      said tool-holding body and the other shank of the tool extending outwardly
      from said base through said open side of the channel, a first working
      position shifted longitudinally of said body whereby one of said shanks of
      the tool is spaced from the body with its associated working part exposed,
      and a second working position wherein the other shank of said tool is
      shifted outwardly from said body and from said other tools to expose its
      associated working part, and
PA1  a pivot member secured to said body, extending laterally of said channel,
      spaced outwardly from said base and overlying one shank of a tool in said
      channel when the tool is in its stored position, said pivot member
      providing a pivot about which a tool may be swung to place the tool in its
      second working position with its said other shank extending outwardly at a
      substantial angle from said channel with its one shank being captured
      between said pivot member and the base of said channel.
NUM  4.
PAR  4. The tool set of claim 3, which further comprises means in said channel
      for frictionally engaging and holding said other tool shank when said tool
      is in its second working position.
NUM  5.
PAR  5. The tool set of claim 3, wherein one set of shanks of said tools are
      held in side-by-side, substantially parallel relationship in said channel
      between said base and pivot member when in their stored positions, said
      shanks of the tools in said set have cross-sectional dimensions which
      decrease progressively from one tool to the next upon progressing in one
      direction laterally of said channel, and said base and pivot member
      converge on progressing in said one direction to maintain a substantially
      preselected sliding fit between said tools and the base and pivot member.
NUM  6.
PAR  6. The tool set of claim 3, which further comprises stop means for
      inhibiting removal of said tools from said body.
NUM  7.
PAR  7. The tool set of claim 3, which further comprises a second channel in
      said body extending substantially parallel to said first-mentioned channel
      and opening in a direction opposite said first-mentioned channel, a second
      plurality of tools having angularly disposed shanks, and second holding
      means for holding said second set of tools in stored positions in said
      second channel with one set of their shanks extending substantially
      parallel to the base of said second channel and their other set of shanks
      projecting outwardly from the channel in a direction opposite the
      projection of said shanks in said first-mentioned set of tools.
NUM  8.
PAR  8. The tool set of claim 7, which further comprises a second pivot member
      extending laterally of said second channel, spaced outwardly from the base
      of said second channel and overlying one shank of a tool in said second
      channel when the tool is in its stored position and providing a pivot
      about which such tool may swing to place the same in a working position
      with its said one shank extending outwardly at a substantial angle from
      said second channel with its other shank captured between said second
      pivot member and the base of said second channel.
NUM  9.
PAR  9. The tool set of claim 8, which further comprises means in said second
      channel for frictionally engaging and holding the other shank of a tool in
      said second channel when said tool is in its said working position.
NUM  10.
PAR  10. The tool set of claim 8, wherein said first and second pivot members
      extend substantially parallel to each other laterally of the tool-holding
      body, and which further comprises an elongate shank support member
      disposed intermediate said first and second pivot members and extending
      longitudinally of said body defining the bases for said first and second
      channels, said shank support member on progressing in one direction
      laterally of said tool-holding body converging on said first pivot member
      and diverging from said second pivot member.
NUM  11.
PAR  11. A tool set comprising
PA1  a plurality of tools, each having a pair of integrally connected, elongate
      shanks disposed at a substantial angle relative to each other with each
      shank having a working part at its outer end,
PA1  an elongate tool-holding body including means defining an elongate channel
      extending longitudinally thereof, said channel having an elongate base and
      an open side extending longitudinally of said channel opposite said base
      for receiving tools in stored positions with one shank of each tool
      adjacent and substantially paralleling the base of the channel and the
      other shank of each tool extending outwardly from said base through said
      open side of the channel, and permitting shifting of a tool between said
      stored position, a first working position shifted longitudinally of said
      body whereby said other shank portion of the tool is spaced from the body
      with its associated working part exposed, and a second working position
      wherein said one shank portion of the tool is shifted outwardly from said
      body and said other tools to expose its associated working part, and
PA1  holding means in said body for holding a tool in a selected position, said
      holding means comprising a pivot member secured to said body, extending
      laterally of said channel, spaced outwardly from said base and overlying
      one shank of a tool in said channel when the tool is in its stored
      position and providing a pivot about which the tool may be swung to place
      the tool in its second working position with its said one shank extending
      outwardly at a substantial angle from said channel and its other shank
      captured between said pivot member and the base of said channel, and means
      frictionally engaging a tool shank in said channel yieldably to hold the
      same in a selected position in said channel.
NUM  12.
PAR  12. The tool set of claim 11, wherein said means frictionally engaging a
      tool shank comprises means for engaging opposed sides of a tool shank
      facing laterally of said channel to inhibit shifting of the tool shank
      laterally of said channel.
NUM  13.
PAR  13. The tool set of claim 12, wherein a tool shank has a plurality of
      angularly disposed, substantially planar sides extending longitudinally of
      the shank and said holding means comprises means for engaging a pair of
      opposed sides of a tool shank and holding said tool shank against rotation
      about a pivot axis extending longitudinally of said tool-holding body.
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PAL  Pratt & Whitney -- The Star-turn, 12-30, N/C Chucker from American
      Machinist Magazine, Feb. 19, 1973, p. 44.
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ABST
PAL  A turning machine with a rotary work spindle and a slide having a lower
      carriage movable in parallelism with the axis of the spindle, an upper
      carriage movable on the lower carriage at right angles to the spindle
      axis, and a tool support on the upper carriage. The tool support is
      comprised of two indexable turrets, each having a plurality of tools
      therein, and a common indexing means so that the turrets are indexed
      simultaneously.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in tool packing and
      management thereof in turning machines. Automatic turning machines utilize
      multiple tools which must be selectively positioned in the working zone by
      automatic means. To achieve versatility in storing and applying tools,
      many state-of-the-art machines use indexable turrets for both outside
      diameter turning and inside diameter turning (commonly referred to as
      "boring"), and the turrets are individually positioned on their respective
      way systems and slides. Further, the individual turrets each have an
      indexing drive to present new tools to the way vector paths.
PAR  The outside diameter turning turrets generally comprise indexable drums
      with the cutting tools extending outward from the drum center, along
      radial paths. Similarly, prior art boring turrets have boring bars
      extending radially outward from the indexing center, looking like spokes
      radiating from a wheel hub. The arrangement of these types of turrets
      requires multiple way systems to avoid the intrusion of the two tool
      turrets with the work and with each other when indexing for successive
      cuts.
PAR  It is, therefore, an object of the present invention to provide a tool
      arrangement which will provide an inexpensive automatic tool changing
      system for turning machines.
PAR  Another object of the invention is to provide a tool arrangement which is
      capable of high density tool packing when used on machines for outside and
      inside turning operations.
PAR  A further object of the invention is to provide a high density tool
      arrangement which permits use of outside and inside turning tool turrets
      and prevents interference of one with the other.
PAC  SUMMARY OF THE INVENTION
PAR  The invention contained herein lies in a machine tool having a frame
      supporting a rotary work spindle wherein a single set of ways is provided
      for movement of a lower carriage in a Z-axis; that is, parallel to the
      work axis. A second, upper, carriage is movable on a single set of ways on
      the lower carriage so that the upper carriage may be moved at a
      substantially right angle to the spindle axis. A tool support is mounted
      on the upper carriage comprising two indexable turrets. The turret nearest
      the work spindle face carries a plurality of internal turning bars
      extending from a circular pattern about the indexing center, and arrayed
      so the axes of all bars are parallel to the work spindle axis.
PAR  The turret farthest from the work spindle face is conical, base extending
      downward, and carries a like plurality of outside turning tools arrayed
      baseward along the conical surface of the turret and, further, the conical
      turret has a cone surface and respective tool mounted substantially at
      right angles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view of a prior art turning machine showing the
      internal and external turning tool turrets and their respective individual
      way systems.
PAR  FIG. 2 is a front elevational view of a turning machine showing the
      multiple tool turrets of the within invention and their respective way
      systems in relation to a work spindle axis.
PAR  FIG. 3 is a plan view of the upper and lower carriages, work spindle,
      internal and external turning tool turrets, and common indexing means,
      taken in the direction of arrow 3, of FIG. 4.
PAR  FIG. 4 is an end elevation, taken along the line 4-4 of FIG. 3, showing the
      machine frame, work spindle axis, upper and lower slides, and internal and
      external turning tool turrets.
DETD
PAC  PRIOR ART
PAR  Referring to FIG. 1, we can see a representative prior art type of machine
      1 which shows an external turning tool turret 2 mounted on its individual
      way systems 3, and drive systems 4, that is, having its own lower carriage
      5 slidable in the Z-axis (parallel to the work spindle axis), and an upper
      carriage 6 for movement in the X-axis, (normal to the work spindle axis).
PAR  The usual type of internal turning tool turret 7 is shown having all tools
      8 arrayed as spokes emanating from the central indexing axis 9 and
      separate way systems 10 are shown for movement in the Z-axis and X-axis.
PAR  It is seen, therefore, that the prior art device such as shown in FIG. 1,
      requires duplication of axis feed prime movers to move the carriages in
      their respective vectors, and separate indexing prime movers are required
      to index the turrets. Further, the machine takes on an overall larger
      profile because of the clearance movement that is needed to prevent
      intrusion of tools when being indexed.
PAR  Other prior art devices include the turning machine disclosed in U.S. Pat.
      No. 3,486,209, which shows a prior art machine using one set of ways for
      each of the X and Z-axes, but does not present the tools to the workpiece
      in the manner of the present invention needed for efficient tool handling
      during a machining cycle. Further, a series of multiple tool turret
      configurations are disclosed in U.S. Pat. No. 3,786,539, but none of the
      series presents a configuration for handling outside diameter turning
      tools and boring tools which will give the relatively high density tool
      packing arrangement of the present invention, for a given machine
      envelope.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 2 and 3 show a machine frame 11, work spindle axis 12, work spindle
      face 13, and a workpiece 14 shown mounted to the work spindle 15. A way
      system 16 is shown on the machine frame 11 parallel to the work spindle
      axis 12. This way system 16 is referred to as the Z-axis, i.e., parallel
      to the work spindle axes.
PAR  A lower carriage 17 is shown mounted on the Z-axis ways 16 and the lower
      carriage 17 is propelled back and forth on the Z-axis ways 16 by a prime
      mover 18 and a screw 19. The lower carriage 17, in turn, has a way system
      20 mounted to it, which is substantially at a right angle to the work
      spindle axis 12. An upper carriage 21 is mounted on the ways 20 of the
      lower carriage 17 and a second prime mover 22 and screw 23 are provided to
      drive the upper carriage 21 along this vector which is called the X-axis.
PAR  This upper carriage 21 carries a tool support 24 within which is rotatably
      mounted two indexable turrets 25. The first turret 26 nearest the work
      spindle face 13 contains a plurality of internal turning tools 27
      extending outward from the face 28 of said turret 26 on a circular
      pattern, and further wherein all of the internal turning tools 27 lie with
      their axes parallel to the work spindle axis 12.
PAR  A second, "crown" turret 29 having an equal plurality of external turning
      tools 30 is shown on the face 31 of the tool support 24 which is farthest
      from the work spindle face 13. This "crown" turret 29 is shaped as a
      frustrum of a cone having its base 32 pointing downward away from the tool
      support 24.
PAR  The external turning tools 30 are arrayed along the conical surface 33 with
      their tool tips 34 extending baseward. The mounting face 31 for this
      second tool turret 29 is mitered off so that the center line 35 of the
      turret 29 makes an angle "A" with a line "B," normal to the work spindle
      axis 12, equal to one-half the included cone angle "C," thus the side 36
      of the turret 29 with its respective tool 30 is substantially normal to
      the work spindle axis 12. Angle "A" may be varied to present desired tool
      angle reliefs to the workpiece. A common indexing prime mover 37, is
      drivingly connected through an appropriate gear train 38 to both turrets
      25 to provide simultaneous indexing movements thereto.
PAR  Turing now to FIG. 4, we see an end elevational view showing that the way
      system 16 for supporting the lower carriage 17 is tilted rearward away
      from the vertical plane so that both ways 16 support the carriage 17 and
      the line of vision for the operator is not obstructed.
PAR  The internal boring tools 27 are configured on their respective circular
      tool pattern so that when an external tool 30 is in contact with the
      workpiece 14 the chordal height "H" of two adjacent internal turning tools
      27 on the circular tool pattern, is such that the tools will not touch the
      topmost surface 39 of the headstock 40. Thus, a minimum size workpiece 14
      may be turned by an external turning tool without internal tools 27
      touching the top of the headstock 40.
PAR  When a tool index is required, the upper carriage 21 with its tool support
      24 is retracted slightly upward so both turrets 25 can be indexed
      simultaneously and there will be no interference with the headstock 40.
PAR  FIG. 2 shows the tool configuration of the within invention illustrating
      the very compact tool arrays requiring only one indexing prime mover 37
      and only one set of ways 16, 20 for each of the vectors of motion, "X,"
      and "Z." This improved configuration results in a very high density
      packing of tools within a minimum envelope of machine frame 11, and
      further, results in a simplified system of ways and tools and thus,
      results in a improved efficiency of the machine because of the shorter
      distances which are needed to be moved to accomplish index of tools.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material, and spirit thereof.
      It is not, however, desired to confine the invention to the exact form
      herein shown and described but it is desired to include all such as
      properly come within the scope claimed.
CLMS
STM  Therefore, what is claimed as new and desired to to be secured by Letters
      Patent is:
NUM  1.
PAR  1. In a machine tool, the combination comprising:
PA1  a. a frame;
PA1  b. a work spindle rotatably mounted on said frame for carrying a workpiece
      to be machined;
PA1  c. a slide, including a lower carriage reciprocably mounted on said frame
      substantially parallel to the axis of said work spindle, and further
      including an upper carriage reciprocably mounted on said lower carriage
      substantially radial to the axis of said work spindle; and
PA1  d. a tool support mounted on said upper carriage carrying two rotatably
      mounted turrets, each of which is provided with a plurality of tool
      holders, wherein one of said turrets is nearest the work spindle face
      measured along an axis parallel to the work spindle axis and carries
      internal turning tools and further wherein the other of said turrets is
      farthest from the work spindle face and carries external turning tools.
NUM  2.
PAR  2. The combination of claim 1, wherein the internal turning tool - carrying
      turret is mounted with its central axis of rotation parallel to the work
      spindle axis and has internal turning tools projecting parallel to one
      another and to said central axis from a circular pattern disposed toward
      the work spindle face.
NUM  3.
PAR  3. The combination of claim 1, wherein the external turning tool - carrying
      turret comprises a frustum of a cone, the base of which extends generally
      toward the work spindle axis, having tools arrayed baseward along the
      sides of said frustum, and further wherein said frustum is mounted with
      its central axis of rotation at an angle to a line normal to said work
      spindle axis substantially equal to one half the cone angle, such that as
      a frustum side-mounted tool is presented to the work spindle face, all
      other tools on said frustum will be directed away from the work spindle
      face.
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ABST
PAL  At least two longitudinally spaced and axially adjustable anti-friction
      bearings are provided on a support and each of these has an inner and an
      outer race. A spindle is rotatably journalled in these bearings and has
      one end adjacent one of the bearings. The spindle is subject to the action
      of axial forces acting upon one end in direction toward another end of the
      spindle which is adjacent the other bearing. A pressure-exerting
      arrangement adjacent the other end serves to exert upon the other bearing
      a counter force acting in direction towards the one end of the spindle and
      tending to shift the spindle counter to the axial forces, and a
      transmitting arrangement transmits the counter force to the outer race of
      the one bearing to adjust the same axially relative to the spindle in
      accordance with the shifting of the latter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a mounting arrangement for a spindle, and
      more particularly to a mounting arrangement for a spindle which is subject
      to axially directed forces.
PAR  Many spindles, particularly tail spindles, are subject to axially directed
      forces. In such cases, special problems occur with respect to the axial
      forces which are transmitted to the spindle bearings, and other problems
      concern the problem of preventing the rotation of the spindle in an
      out-of-round manner, and the adjustment of the bearing play.
PAR  It is known from the prior art to provide two or three roller bearings for
      the spindle in order to withstand the axially acting forces. These roller
      bearings must be precisely coordinated with reference to one another, a
      task which requires a great skill and substantial time. Despite this,
      difficulties still occur because the axial forces which are transmitted to
      and must be absorbed by any particular one of the bearings of the set
      cannot be determined with any degree of exactitude.
PAR  In the case of tail spindles it is known to absorb axial forces acting upon
      them in that the rear end of the spindle is configurated as a piston which
      extends into a cylinder chamber, an annular seal being provided, to admit
      pressure fluid into the cylinder chamber to act upon the piston-portion of
      the spindle so as to counteract the axial force acting upon the spindle
      and to release the spindle bearing which is subject to this axial force.
      In this prior-art construction the rear spindle bearing has a cylindrical
      projection formed at the end of the piston portion and located within the
      pressure chamber. Since a relatively large amount of hydraulic fluid
      travels through this chamber, the rear spindle bearing tends to be heated
      by this fluid, particularly when the spindle rotates at higher speeds, and
      the oil in the bearing itself becomes heated. This is evidently
      disadvantageous, as is the further fact that the extent to which bearings
      can be relieved in this manner is either constant and therefore cannot be
      adjusted or particular fluctuations in the axial force acting upon the
      spindle, or else it must be re-adjusted porportional to the axial force
      acting upon the spindle, each and every time the force varies, by means of
      a pressure regulating valve.
PAR  This prior-art arrangement is therefore also not satisfactory, and neither
      are other approaches which have been suggested in the prior art but have
      not led to a satisfactory elimination of the problems resulting from the
      action of axially directed forces upon a respective spindle.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to overcome the
      disadvantages of the prior art.
PAR  More particularly, it is an object of the present invention to provide a
      mounting arrangement for a spindle which is subject to axially directed
      forces, which mounting arrangement avoids the aforementioned
      disadvantages.
PAR  Still more specifically, it is an object of this invention to provide such
      a mounting arrangement wherein at least one of the spindle bearings can be
      relieved of the action of the axial force that is exerted upon the
      spindle.
PAR  Another object of the invention is to provide such a mounting arrangement
      wherein the individual loading of the spindle bearings can be determined
      with reference to a maximum axial force acting upon the spindle, and
      wherein it is always assured, when axial forces are acting upon the
      spindle, that the front bearing for a spindle is free of play in radial
      direction, independently of temperature conditions.
PAR  In keeping with these objects, and with others which will become apparent
      hereafter, one feature of the invention resides in a mounting arrangement
      for a spindle which is subject to axially directed forces. Briefly stated,
      this mounting arrangement comprises support means, at least two
      longitudinally spaced and axially adjustable anti-friction bearings on the
      support means and each having an inner and an outer race, and a spindle
      rotatably journalled in the bearings and having one end adjacent one of
      the bearings. The spindle is subject to the action of axial forces acting
      upon the one end in direction toward an other end of the spindle which is
      adjacent to the other of the bearings. Pressure-exerting means is provided
      adjacent the other end and operative for exerting upon the other bearing a
      counter force acting in the direction towards the one end and tending to
      shift the spindle counter to the axial forces. Transmitting means
      transmits the counter force to the one bearing for axially adjusting the
      same relative to the spindle in accordance with the shifting of the
      spindle.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particularly in the appended claims. The invention
      itself, however, both as to its construction and its method of operation,
      together with additional objects and advantages thereof, will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an axial section through one embodiment of the invention;
PAR  FIG. 2 is an axial section through an embodiment of the invention used for
      mounting a tail spindle;
PAR  FIG. 3 is a fragmentary section taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a hydraulic circuit diagram for the embodiment in FIG. 2; and
PAR  FIG. 5 is a view similar to FIG. 2, illustrating a further embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a mounting arrangement mounting a working spindle 10
      having a centering tip 12, in a head stock 14. The spindle 10 is subject
      in use to axially directed forces acting upon it in the direction of the
      arrow F. It is mounted for rotation in a front anti-friction bearing 16
      and a rear anti-friction bearing 18, the terms "front" and "rear"
      referring to the centering tip 12 upon which the force F will act. These
      bearings 16 and 18 are axial bearings; there is further provided a radial
      bearing 20 which is located between the bearings 16 and 18, and
      particularly located adjacent the bearing 18. Bearing 20 could also be
      replaced with a grooved ball bearing. In the illustrated embodiment all of
      the bearings 16, 18 and 20 are in form of axially adjustable tapered
      roller bearings, but they could also be replaced with other axially
      stressable bearings, for example inclined ball bearings or the like.
PAR  The bearing 18 has an outer race 22 and the bearing 16 has an outer race
      24; each of the bearings of course also has an inner race in the usual
      manner. The outer races 22 and 24 are axially adjustable within the
      housing formed by the head stock 14; the outer race 26 of the bearing 20
      is also axially adjustable. Located between the bearings 16 and 20 is a
      transmitting arrangement which in this embodiment is in form of an axially
      elastically yieldable device, for example (as shown in FIG. 1) of a sleeve
      28 which surrounds the spindle 10 with clearance has one end abutting the
      outer race 24 of the bearing 16, and an outer end abutting the compression
      spring 30 which also surrounds the spindle 10 and engages the outer race
      26 of the bearing 20. The two elements 28 and 30 thus have the constant
      tendency to axially prestress the bearing 16, thereby assuring a
      temperature-independent journalling of the spindle 10 in the bearing 16
      which is free of radial play.
PAR  The inner races of the bearings 18 and 20 are mounted ahead of ring nuts 32
      and interposed sleeve 34 and washer 36 (which transmit counter pressure to
      the inner races, as will be discussed later) on a cylindrical rear portion
      38 of the spindle 10. A portion 38 which also carries the ring nuts 32,
      extends through a piston 40 which is arranged coaxially with reference to
      the spindle 10 and is shiftable in a cylinder 42 that is appropriately
      mounted, for instance on the head stock 14 by means of the illustrated
      flange and screws. An annular collar 44 of the piston 40 which extends
      axially forwardly of the same engages the outer race 22 of the bearing 18.
      The cylinder 42 and the piston 40 together define a pressure chamber 46
      which communicates with a fluid line 48 by means of which hydraulic
      pressure fluid may be admitted into and vented from the chamber 46.
PAR  When a workpiece (not shown) engaging the centering tip 12 of the spindle
      10 exerts upon the latter an axial force F in the direction of the arrow
      shown in FIG. 1, this force would normally have to be absorbed by the
      bearing 16. According to the present invention the bearing 16 is relieved,
      i.e. the force F is distributed between the bearing 16 and the bearing 18,
      in that the application of pressure medium via the line 48 into the
      chamber 46 causes the piston 40 to move counter to the force F and to act
      upon the outer race 22 of the bearing 18, shifting the outer race 22
      axially counter to the force F. In becoming shifted in this manner, the
      outer race 22 takes along the inner race of the bearing 18 via the tapered
      rollers of the bearing and causes an axial force upon the spindle 10 which
      shifts the same counter to the force F. The bearing 20 is also taken along
      at the same time. As this force is transmitted via the inner race of the
      bearing 16 (which moves with the spindle 10), the bearing 16 is relieved
      of a portion of the force F and the radial play which would normally
      occcur as a result of such a relief, is compensated. By appropriate
      selection of the pressure which acts in the chamber 45 upon the piston 40,
      and by coordinating this pressure with the force F, it is possible to so
      regulate the relief of the bearing 16 that the bearings 16 and 18 will
      have approximately equal lifetimes.
PAR  The embodiment in FIGS. 2-4 illustrates the journalling of a tail spindle
      52 having a workpiece engaging portion 50. The spindle 52 is rotatably
      journalled in a spindle sleeve 60 by means of a front spindle bearing 52
      and a rear spindle bearing 56, as well as a radial bearing 58. In
      contradistinction to the embodiment of FIG. 1, the embodiment in FIGS. 2-4
      has only the outer bearing race 62 of the bearing 56 and the outer bearing
      race 64 of the bearing 58 mounted for axial adjustment within the sleeve
      60. The outer bearing race 66 of the front bearing 54 is mounted so that
      it cannot move axially. In this embodiment, as in the preceding one, the
      bearings are axially pre-stressable tapered roller bearings. The outer
      race 62 of the bearing 56 cooperates with an annular collar 68 of a piston
      72 which is guided in a cylinder 70 of the sleeve 60. A further cylinder
      74 is formed in the sleeve 60 and located rearwardly of the piston 72,
      communicating with the passage in which the piston 72 is guided. A fixed
      piston 76 is mounted in the cylinder 74, e.g. a piston 76 which does not
      move and whose piston rod 78 extends outwardly through the closure member
      80 for the cylinder 74 and is connected to a stationary mount 82. The
      piston rod 78 is provided with two longitudinally extending channels 84
      and 86; the channel 84 communicates with the cylinder chamber 85 of the
      cylinder 74, and the channel 86 communicates with the cylinder chamber 87
      of the cylinder 74. The cross-section of the cylinder 74 is larger than
      the diameter of the piston 72 (compare FIG. 2) so that the cylinder
      chamber 85 located at the side of the piston 72 has an annular surface
      portion 88.
PAR  The sleeve 60 is axially shiftable in a guide 90 of a tail stock 92. FIG. 3
      shows that the guide 90 is provided in diametrally opposite surface
      portions of its inner circumferential surface with respective recesses or
      pockets 94, 96. The pocket 94 communicates with a channel 98 through which
      pressurized hydraulic fluid may be supplied to it. The pocket 96
      communicates with a no-pressure line 100 so that hydraulic fluid which is
      squeezed out of the pocket 94 and enters into the annular gap between the
      guide 90 and the sleeve 60 can collect in the pocket 96 and run off
      through the line 100. Advantageously, the arrangement of the two
      diametrally opposite pockets 94 and 96 will be such that the radial force
      resulting from the pressure developed in the pocket 94 and acting upon the
      sleeve 90, will act in direction of the cutting force.
PAR  Analogously to the arrangement of FIG. 1, the embodiment of FIGS. 2-4
      provides a pressure-transmitting arrangement in form of a cylinder sleeve
      102 which surrounds the spindle intermediate the bearings 54 and 58, and
      which cooperates with the compression spring 104. The purpose of the
      arrangement in this embodiment is to maintain the outer bearing race 64 of
      the bearing 58 in constant contact with the tapered rollers of the bearing
      58.
PAR  It should be understood that in the embodiment of FIGS. 2-4 the sleeve 60
      itself constitutes a part of the transmitting arrangement, as will become
      apparent from the following description of the operation.
PAR  If a workpiece (not shown) exerts an axial force F upon the engaging
      portion 50 and therefore upon the spindle 52, pressure fluid, particularly
      hydraulic fluid such as oil, is admitted into the pressure chamber 85,
      acting upon the piston 72 with a counterforce F.sub.1 and moving the
      piston 72 counter to the force F. Analogously to the arrangement of FIG. 1
      the spindle 52 is shifted (to the left in FIG. 2) and the spindle bearing
      54 is relieved. To assure in every axial position of the spindle 52 that
      there is no radial play at the spindle bearing 54, an additional force
      F.sub.2 acts upon the annular surface 88, under the influence of which the
      sleeve 60 itself shifts counter to the direction of the force F. The
      sleeve 60 moves the outer bearing ring 66 of the bearing 54 into contact
      with the tapered rollers of the bearing. When the forces F.sub.1 and
      F.sub.2 are appropriately accommodated to one another, this assures a
      particularly simple and fully automatic load distribution between the
      bearings and makes possible a selection of the degree of relief afforded
      the bearing 54 in such a manner that both of the bearings 54 and 56 will
      have approximately equal lifetimes.
PAR  Aside from the pressure relief and elimination of radial play in the
      bearing 54, it is further possible to achieve with the embodiment of FIGS.
      2-4 that a precise setting of the bearings to eliminate play, as is
      required in all the prior-art spindle bearings, can be omitted, and that
      elimination of play is assured both when the bearings are cold and when
      they are hot.
PAR  It is advantageous to utilize the present invention in a machine not only
      to mount the tail spindle, but also to mount the working spindle of the
      machine (as per FIG. 1). In such a case both of the mounting arrangements
      can then be supplied with pressure fluid by means of a common hydraulic
      pump unit 110, as shown in FIG. 4. In this connection it is advantageous
      if the pressure fluid is supplied to the chamber 46 (of the embodiment of
      FIG. 1) via a line 112 and the line 48, the line 112 being connected to
      the channel 84 of the piston 76 or the piston rod 78 thereof. The channel
      84, or the line 112 can also be provided with a branch conduit 114 which
      leads to the channel 98 of the pocket 94, whereas the channel 86 can be
      connected to a line 116. The lines 112 and 116 may be selectively
      connected with the hydraulic pump unit 110 by means of a four-way
      two-position valve 118, in order to alternately supply pressure fluid to
      the compartment 85 to operate the piston 72, and in the compartment 87 to
      retract the sleeve 60. If the compartment 85 receives pressure fluid, then
      the pressure fluid in the compartment 87 is expelled via the channel 86
      and the valve 118 into the reservoir of the unit 110. During this movement
      the sleeve 60 shifts towards the left in FIG. 4 until the workpiece
      engaging portion 50 engages a workpiece (not shown). Together with the
      beginning of the movement of the sleeve 60 the line 48 receives pressure
      fluid which is at relatively low pressure, e.g. 5 bar, during the forward
      movement of the sleeve 60. When the portion 50 engages the workpiece the
      working pressure increases, e.g. to 10-60 bar, in the compartment 85 and
      in the lines 112, 114. This pressure now acts in the pocket 94 (compare
      FIG. 3) and any pressure fluid which leaks out of the pocket 94 into the
      pocket 96 is vented via the channel 100 and the line 120. Pressure which
      develops in the pocket 94 creates a radially acting force Fr (compare FIG.
      3) which results from the respective dimensions of the pockets in the
      fluid pressure selected by the pressure regulating valve 122 shown in FIG.
      4. This radial force Fr urges the sleeve 60 against the opposite wall and
      thus assures a defined play-free orientation. Since the radial force Fr is
      proportional to the pressure selected with the regulating valve 122, and
      therefore proportional to the axial force F.sub.2 acting upon the sleeve
      60, an appropriate selection of the dimensions of the pocket 94 will
      assure that at any desired selected fluid pressure a playfree radial
      engagement of the sleeve 60 with the adjacent wall will be obtained,
      without preventing the sleeve 60 from axial movement. Thus, the sleeve 60
      can perform an axial compensating movement even though the force Fr acts
      upon it. When the sleeve 60 is retracted the valve 112 is moved to its
      other operating position in which pressure fluid can flow from the
      compartment 85 via the channel 84 and a one-way valve 124 in no-pressure
      state, and the channel 86 receives pressure fluid which is admitted into
      the compartment 87 to retract the sleeve 60.
PAR  FIG. 5, finally, shows still a further embodiment of the invention, again
      illustrated with respect to the journalling of a tail spindle. This
      embodiment differs from that of FIGS. 2 and 3 in that the rear spindle
      bearing 56 serving to absorb axial forces has located adjacent to it a
      further spindle bearing 130 for the spindle 52. In this embodiment the
      respective outer races 62 and 32 of the bearings 56 and 130 are both
      axially adjustable in order to relief the front spindle bearing 52. Each
      of the races 62 and 132 has associated with it a piston 72 or 134,
      respectively. Piston 72 has a collar 68 which acts upon the race 62; the
      piston 72 is shiftable within the piston 134 which in turn acts an
      intermediate sleeve 136 upon the outer race 132 of the bearing 130. The
      outer race 62 of the bearing 56 is axially shiftably mounted within the
      sleeve 136.
PAR  In the embodiment of FIG. 5, as in FIGS. 2 and 3 the diameter of the
      compartment 85 is substantially greater than the diameter of the annular
      piston 134, so that the axial force which acts in the compartment 85 is
      subdivided into the axial force components F.sub.1, F.sub.2 and F.sub.3 is
      appropriate coordination of the diameter D of the compartment 85 and the
      diameters d1 and d2 of the pistons 72 and 134. The force components
      F.sub.1 and F.sub.2 act upon the pistons 72 and 134, respectively, and the
      force component F.sub.3 acts upon the sleeve 60.
PAR  The hydraulic circuit arrangement shown in FIG. 4 can of course be utilized
      in combination with the embodiment in FIG. 5 and the embodiment in FIG. 1.
PAR  Particularly in the case of arrangements such as that of FIG. 1, or
      analogous to it, wherein it is a working spindle that is mounted rather
      than a tail spindle, it is advantageous both in terms of the desired force
      relief for the axial bearings and to eliminate the possibility of radial
      play of the front bearing, if not only the outer race of the rear bearing
      but also the outer race of the front bearing is axially movable in the
      housing. This assures that the transmitting arrangement will always
      maintain the outer race of the front bearing in contact with the bearing
      elements of the same, for example the tapered rollers, in turn assuring
      that there will never be any radial play irrespective of the operating
      temperature at which the arrangement is at any given time, i.e. whether
      its components are cold or warm or hot.
PAR  The embodiment of FIG. 5, utilizing two bearings at the rear end of the
      spindle, is particularly advantageous in applications where the spindle,
      especially the tail spindle, is subject to rather high axial forces F. The
      utilization of the pockets 94 and 96, described above in connection with
      their operation, overcomes a particular problem of the prior art which is
      encountered in tail spindles and spindle sleeves therefor. Radial play
      existing between the spindle sleeve and the guide of the tail stock in
      which the spindle sleeve is received in such construction, always posed a
      substantial problem and in the prior art either required clamping sleeves
      which were operated mechanically or hydraulically, or a slotted tail stock
      housing which could be drawn together transversely of the slot by means of
      clamping screws. This of course was complicated and required additional
      space, aside from the fact that whenever any of these arrangements were
      operated to eliminate the radial play they also tended to prevent the
      spindle sleeve from moving axially. Moreover, many of the clamping sleeves
      used were elastically yieldable in radial direction and therefore did not
      readily perform their intended function anyhow. The use of the pockets 94
      and 96, and the components which supply pressure fluid to the pocket 94,
      eliminates all of these problems in the manner described above. Of course,
      the pocket 94 could be utilized by itself, but I currently prefer to
      utilize it in conjunction with the pocket 96.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      mounting arrangement for a spindle which is subject to axially directed
      forces, it is not intended to be limited to the details shown, since
      various modifications and structural changes may be made without departing
      in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A mounting arrangement for a spindle which is subject to axially
      directed forces, comprising support means; at least two longitudinally
      spaced and axially adjustable anti-friction bearings on said support means
      and each having an inner and outer race; a spindle rotatably journalled in
      said bearings and having one end adjacent one of said bearings, said
      spindle being subject to the action of axial forces acting upon said one
      end in direction toward an other end of the spindle which is adjacent the
      other of said bearings; pressure-exerting means adjacent said other end
      and operative for exerting upon said other bearing a counter force acting
      in direction towards said one end and tending to shift said spindle
      counter to said axial forces; and transmitting means for transmitting said
      counter force to said one bearing for axially adjusting the same relative
      to said spindle in accordance with the shifting of said spindle.
NUM  2.
PAR  2. A mounting arrangement as defined in claim 1, wherein said
      pressure-exerting means engages and axially adjusts said outer race of
      said other bearing.
NUM  3.
PAR  3. A mounting arrangement as defined in claim 1, wherein said transmitting
      means engages and axially adjusts said outer race of said one bearing.
NUM  4.
PAR  4. A mounting arrangement as defined in claim 1, wherein said
      pressure-exerting means comprises wall means forming a cylinder chamber
      adjacent said other bearing at an axial end of the latter which faces away
      from said one bearing, a piston movable in said chamber into engagement
      with the outer race of said other bearing, and means for admitting
      pressure fluid into said chamber to urge said piston against said outer
      race of said outer bearing.
NUM  5.
PAR  5. A mounting arrangement as defined in claim 1; and further comprising an
      axially adjustable radial bearing also journalling said spindle for
      rotation.
NUM  6.
PAR  6. A mounting arrangement as defined in claim 5, wherein said radial
      bearing is arranged axially adjacent said other bearing intermediate the
      same and said one bearing; said transmitting means comprising an axially
      elastically yieldable force-transmitting element surrounding said spindle
      with radial spacing and bearing upon said outer race of said one bearing
      and upon an outer race of said radial bearing.
NUM  7.
PAR  7. A mounting arrangement as defined in claim 6, wherein said element
      comprises a sleeve having an endface abutting one of said outer races of
      said one bearing and said radial bearing, and a compression spring
      abutting an opposite endface of said sleeve and acting upon the other of
      said outer races of said one bearing and said radial bearing.
NUM  8.
PAR  8. A mounting arrangement as defined in claim 1, wherein said outer race of
      said one bearing is mounted in said support means for adjustable
      displacement axially of said spindle.
NUM  9.
PAR  9. A mounting arrangement as defined in claim 4, wherein said support means
      comprises a tailstock, and a spindle sleeve surrounding said spindle and
      bearings and being axially movlable relative to said tailstock; said
      spindle sleeve having a further cylinder chamber axially adjacent said
      piston and open to a free axial endface of the latter, and a further
      piston in said further chamber and fixedly connected with said spindle
      sleeve and formed with fluid channels, the first-mentioned piston having a
      fluid-impinged surface in said chamber whose area is smaller than the
      cross-sectional surface area of said further chamber.
NUM  10.
PAR  10. A mounting arrangement as defined in claim 9; and further comprising a
      radial bearing journalling said spindle adjacent said other bearing; said
      transmitting means comprising a transmitting element which respectively
      engages an outer race of said radial bearing and the axially fixed outer
      race of said one bearing.
NUM  11.
PAR  11. A mounting arrangement as defined in claim 9; further comprising an
      additional axially adjustable bearing journalling said other end of said
      spindle at an axial side of said other bearing which faces away from said
      one bearing, and additional pressure-exerting means for said additional
      bearing and including an additional piston, said additional piston and an
      outer race of said additional bearing being axially adjustable within the
      first-mentioned piston.
NUM  12.
PAR  12. A mounting arrangement as defined in claim 9, said tailstock having a
      passage accommodating said spindle sleeve and having an inner surface
      formed with at least one compartment open to an outer circumferential
      surface of said spindle sleeve and connectable to a source of pressure
      fluid.
NUM  13.
PAR  13. A mounting arrangement as defined in claim 12; further comprising at
      least one additional compartment formed in said inner surface of said
      passage opposite the first-mentioned compartment, and an outflow port
      communicating with said additional compartment, so that pressure fluid
      escaping from its first-mentioned compartment can collect in said
      additional compartment and be vented therefrom in a said outflow part.
NUM  14.
PAR  14. A mounting arrangement as defined in claim 12, wherein said compartment
      is arranged for said pressure fluid therein to exert a radial force acting
      upon said spindle sleeve in direction transversely of the elongation of
      the same.
NUM  15.
PAR  15. A mounting arrangement as defined in claim 13, wherein said
      compartments have approximately equal dimensions.
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ABST
PAL  A spring-loaded live center formed by an adapter mounted on a ball bearing
      live center. The adapter includes a hollow locating housing arrangeable on
      the live center, a center slidably arranged in a central bore of the
      hollow housing, and a spring disposed within and extending from a recess
      provided in the center. The spring biases the center against the live
      center. A longitudinal groove and a wedge-shaped groove are provided in
      the center for permitting screws, and the like, disposed in holes provided
      in the housing to cooperate with the grooves and limit the sliding
      movement and to lock the center, respectively, relative to the housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a spring-loaded live center, and
      particularly to an adapter permitting the conversion of a standard ball
      bearing live center, and the like, to a spring-loaded live center.
PAR  2. Description of the Prior Art
PAR  Many O. D. grinders are provided with what is known as a dead head which
      has several disadvantages as compared to what is known as a live head.
      Basically, a dead head does not have a resilient feature while a live head
      is provided with a suitable spring to provide a resilient cushion. Thus, a
      grinder, and the like, provided with a live head is easier to set up,
      easier to operate, and is more accurate when grinding shoulder locations,
      groove locations, and the like.
PAR  Patents considered pertinent to this invention are as follows:
      994,581    R. H. Fay       June 6, 1911                                  
     1,361,120   G. Weatherby    Dec. 7, 1920                                  
     2,463,385   B. A. Holohan   Mar. 1, 1949                                  
     2,971,413   G. H. Rohm      Feb. 14, 1961                                 
     3,071,996   G. H. Rohm      Jan. 8, 1963                                  
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a spring-loaded live
      center that will convert a dead head to a live head.
PAR  It is another object of the present invention to provide an adapter for
      converting a ball bearing live center, and the like, to a spring-loaded
      live center.
PAR  These and other objects are achieved according to the present invention by
      providing a spring-loaded live center formed by a ball bearing live center
      and an adapter which converts the ball bearing live center to a
      spring-loaded live center.
PAR  A preferred adapter, according to the present invention includes a hollow
      locating housing arrangeable on a live center. A center provided with a
      recess is slidably arranged in a center bore of the hollow housing, while
      a spring is arranged within the recess of the center so as to extend
      therefrom for abutting a surface of the associated ball bearing live
      center.
PAR  A pair of holes are advantageously provided in the housing so as to
      cooperatively match a longitudinal groove and a wedge-shaped groove
      provided in the center. By arranging elements such as screws in the holes
      in the housing so as ends of the elements extend into the grooves, the
      longitudinal groove will act to limit movement of the center within the
      housing and the wedge-shaped groove will act to lock the center against
      movement relative to the housing. In this manner, the center can be easily
      and accurately locked in a predetermined desired position.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view showing a workpiece mounted in a
      spring-loaded live center according to the present invention.
PAR  FIG. 2 is a fragmentary, sectional view taken generally along the line 2--2
      of FIG. 1, but drawn to a larger scale.
PAR  FIG. 3 is a sectional view taken generally along the line 3--3 of FIG. 2,
      but with the ball bearing live center removed.
PAR  FIG. 4 is an exploded perspective view showing an adapter according to the
      present invention which permits conversion of a ball bearing live center
      to a spring-loaded live center.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to FIG. 1 of the drawings, a spring-loaded
      live center 10 according to the present invention is formed by a standard
      ball bearing live center 12 having a boss-like end which will be referred
      to herein as locating diameter 14. Conventional screw threads 16 (FIG. 2),
      and the like, are provided on locating diameter 14 for threadingly
      receiving mating threads provided on an adapter 18 which cooperates with
      live center 12 to convert same to a spring-loaded live center 10. A
      suitable workpiece 20 is shown mounted on adapter 18.
PAR  Referring now to FIGS. 2-4 of the drawings, adapter 18 includes a hollow
      locating housing 22 provided with a centrally arranged bore 24 and a
      counterbore 26 having internal screw threads 28. Counterbore 26 is
      arrangeable fitting over locating diameter 14, with the screw threads 28
      provided in counterbore 26 cooperatively engaging with screw threads 16
      provided on locating diameter 14 to retain housing 22 on live center 12.
PAR  A center 30 having a frusto-conical end 32 is provided in the other end
      thereof with a central recess 34. This center 30 is slidably arrangeable
      in bore 24 of housing 22. A conventional helical coiled spring 36, and the
      like, is arranged within recess 34 so as to extend therefrom for abutting
      at one end of the spring a face 38 forming part of locating diameter 14 of
      live center 12.
PAR  A pair of holes 40 and 42 are provided in housing 22. Although these holes
      40, 42 are advantageously arranged in opposed, or 180 degree apart,
      relationship with respect to one another, the relationship of the holes
      with respect to one another is not critical. A longitudinal groove 44 is
      provided in center 30 and is arranged for matching with one of the holes
      40, 42, hole 40 being illustrated in the drawings as so matched, while a
      wedge-shaped groove 46 is also provided in center 30 and is arranged for
      matching with the other of the holes 42, 40, hole 42 being illustrated in
      the drawings as so matched, when longitudinal groove 44 matches the one of
      the holes 40, 42. A pair of elements, such as the illustrated screws 48
      and 50, are arranged in holes 40 and 42 for projecting into grooves 44 and
      46. It will be appreciated that holes 40 and 42 should be provided with
      internal screw threads for cooperating with screws 48 and 50 to provide a
      threading engagement between the screws 48 and 50 and holes 40 and 42.
      When screw 48, which may be the illustrated setscrew, is arranged
      projecting into longitudinal groove 44, interaction between the tip of
      screw 48 and groove 44 acts to limit the length of travel of center 30 in
      bore 24 relative to housing 22. Projection of screw 50 into wedge-shaped
      groove 46 will act, in a known manner, to lock center 30 in a
      predetermined position relative to housing 22. It will be readily
      understood that the inclined abutment surface of groove 46 will prevent
      movement of center 30 toward face 38, and will resist by friction movement
      of center 30 toward workpiece 20. In this manner, a restraining
      arrangement is provided which will restrict movement of center 30 relative
      to housing 22, and simultaneously permit adjustment of center 30 in
      housing 22 to receive a projecting portion of a workpiece such as portion
      52 of workpiece 20. The conical recess 54 of portion 52 permits reception
      of frusto-conical end 32 of center 30 in the workpiece. A substantially
      planar face 56 of housing 22 provides an abutment surface for workpiece
      20.
PAR  As will be readily understood from the above description and from the
      drawings, the spring-loaded live center will permit a, for example, O. D.
      grinder (not shown) and the like provided with a dead head to operate like
      the grinder has a live head. This live head operation makes the grinder
      easier to set up, easier to operate, and more accurate when grinding
      shoulder locations, groove locations, and the like. Since the insertion of
      live center 12 into the grinder and the exact manner of clamping workpiece
      20 into adapter l8 are performed in the conventional manner, the
      installation of a live center 10 according to the present invention into a
      grinder, and the like, will not be described herein.
PAR  It will be appreciated that the addition of spring 36 to live center 12
      will result in a resilient "cushion" effect for workpiece 20 that
      effectively converts a dead head to a live head.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. An adapter for converting a ball bearing live center to a spring-loaded
      live center, comprising, in combination:
PA1  a. a hollow locating housing arrangeable onto a live center;
PA1  b. said housing having a workpiece locating end face;
PA1  c. a center provided with a recess and slidably arranged within the hollow
      housing;
PA1  d. a spring arranged within the recess of the center and extending
      therefrom for abutting the live center;
PA1  e. a pair of holes diametrically opposed to each other provided in the
      housing and communicating with the central bore of the housing;
PA1  f. a longitudinal groove provided in the center and arranged for matching
      with one of the holes:
PA1  g. a wedge-shaped groove provided in the center and arranged for matching
      with the other of the holes when the longitudinal groove matches the one
      of the holes;
PA1  h. a pair of elements arranged in the holes for projecting into the
      grooves, one of the elements projecting into the longitudinal groove for
      limiting the length of travel of the center in the bore relative to the
      housing, and the other of the elements projecting into the wedge-shaped
      groove for locking the center in a predetermined position relative to the
      housing; and
PA1  i. the housing is provided with a counterbore arranged for fitting over a
      boss-like end of the live center which forms a live center locating
      diameter, and with thread means arranged in the counterbore for engaging
      with cooperating locating diameter threads, the locating diameter forming
      a face against which the spring abuts.
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ABST
PAL  A method and apparatus for producing staple fibers of a predetermined
      length from a substantially endless tow of fibers. The tow of fibers is
      fed onto needles carried in rows on a carrier under tension. The carrier
      is rotated past a cutting area and a depositing area. As the rows of
      needles pass the cutting area the tow of fibers is raised away from the
      surface of the carrier to enable cutting of the fibers by a cutter blade.
      The cut fibers are held by the needles until such reach the depositing
      area wherein the particular row of needles is retracted to deposit the cut
      fibers on a receiving means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for the production
      of staple cut fibers and more particularly to the method and apparatus for
      cutting tows of endless filament fibers to produce cut fibers of
      predetermined lengths which can be subsequently made into sliver.
PAR  It is well known to produce staple fibers by cutting a tow of filament
      fibers with a rotating knife that creates a pulling cutting effect. One
      such device is disclosed in German Pat. No. 964,213 which discloses two
      sets of endless conveyor belts, each set of which includes a pair of belts
      that touch each other. The two sets of belts are positioned on opposite
      sides of a cutting area. Between adjacent guide rollers of the sets of
      conveyor belts is a guiding slot. The tow of fibers is spread in an
      arcuate fashion and fed to the cutting area so that rotating circular
      knives can cut the endless fibers into predetermined lengths as the fibers
      move through the guiding slot. During the cutting operation the tow of
      fibers are held by the guide rollers of the feeding and removing
      conveyors. In such an apparatus however, the free ends of the cut endless
      fibers have to be moved ahead by the conveyors and guided into the grip of
      the guide rollers since the continuity of the fibers have been interrupted
      by the cut. This cannot be achieved very satisfactorily since the flexible
      fiber ends are free and tend to move to the side when they hit the guide
      rollers of the removing conveyors. As a result, the parallel alignment of
      the fibers is interfered with since a large amount of fiber ends are not
      being held by the guide rollers of the removing conveyors. Therefore, a
      precise and good quality sliver of uniform length fibers cannot be
      achieved.
PAR  In another device, such as disclosed in German Pat. No. 928,119 a
      continuously moving fiber tow is placed in a circumferential groove of a
      rotating wheel and guided in it to a cutting area. At the cutting area a
      rotating knife passes through radial slots provided in the rotating wheel
      for cutting the tow of fibers which is being held in place on the wheel
      before and after the cutting area by steel fingers. This apparatus
      however, has one drawback in that the fibers fall freely from the wheel
      after cutting and their partial alignment and orientation is lost.
PAR  Still another device for cutting a tow of endless fibers is disclosed in
      German Pat. No. 683,113. In this device a needle bed is positioned between
      a pair of feeding cylinders and a pair of removing cylinders. The tow of
      fibers passes between the needles in the needle bed and is cut by a
      cutting disc that moves transversely of the direction of the tow so that
      each is a reflected image of the preceeding cut. One disadvantage of such
      a device is that the cutting takes place between the feeding cylinders and
      the needle bed which tends to interfere with the parallel alignment of the
      fibers.
PAR  Another problem is that only cut fibers can be produced that are longer
      than the distance between the pairs of feeding cylinders and the needle
      bed since only then is a necessary support provided for the fiber
      filament.
PAR  The cutting through spaces between the needles of the needle bed has the
      advantage that the tow of filament fibers is being forced to stay between
      the pair of feeding cylinders and the needle bed and therefore staples of
      shorter lengths can be cut. The disadvantage of the uncontrolled freedom
      of movement of the cut fibers between the needle bed and the pair of
      removing cylinders remains however with this device especially with short
      fibers, and therefore an even fiber sliver cannot be produced. In
      addition, the material has an unsteady support on the needle bed since the
      needles of the needle rods have to be spaced apart to allow the knife to
      cut through the spaces between the needles. Since the knife has contact
      with the needle rod body while the filament fibers lying on the same are
      being cut, an overall unsatisfactory cutting quality results and the
      possibility of damaging the knife and the needle rod body arises.
PAC  SUMMARY OF THE INVENTION
PAR  This invention includes a method and apparatus for producing fibers of a
      predetermined length from at least one tow of substantially endless
      fibers. The method includes depositing a tow of fibers on rows of needles
      carried on a carrier; moving the carrier with said fibers carried thereon
      to a cutting area; cutting the tow of fibers into predetermined lengths
      along said rows of needles at an angle to the direction of movement of the
      carrier and the rows of needles; and moving the carrier to a receiving
      area for removing the cut lengths of fibers from said carrier and
      depositing same on a receiver, all such without giving up the parallel
      alignment of the fibers.
PAR  The tow of fibers carried by the rows of needles is raised away from the
      carrier as the needles are moved into the cutting area for spacing the tow
      of fibers from the surface of the carrier to enable a free cutting of the
      fibers. The row of needles are retracted into the carrier as the needles
      approach the receiving area for depositing the cut fibers onto a receiver.
PAR  The apparatus for carrying out the above mentioned method includes an
      endless movable carrier which has rows of needles carried thereon defining
      a needle bed. The rows of needles are circumferentially spaced around the
      carrier at an angle relative to the direction of movement of the carrier.
      A tow of fibers is deposited on the needle bed under tension. A rotatable
      cutting blade is provided for cutting said tow of fibers into
      predetermined lengths as said fibers pass through said cutting area. In
      one such embodiment the carrier is a rotating cylinder having
      circumferentially spaced radially extending slots provided therein. A
      needle rod is carried within each of the slots for supporting a row of
      needles at a angle relative to the direction of travel of the cylinder. A
      cam follower is positioned on opposite sides of the cylinder for engaging
      the needle rods so as to move the rows of needles up from the surface of
      the cylinder as they approach the cutting area for holding the fibers away
      from the surface of the cylinder during cutting. The needle rods are moved
      radially inwardly within the cylinder as the rods approach the delivery
      area so as to dislodge the fibers from the needles.
PAR  The fibers are deposited onto a receiving means in the form of a conveyor
      belt which can have guides positioned on opposite sides thereof. To reduce
      the friction with the guides and to aid in moving the fibers forward, one
      of the guides can be movable in the direction of the transport. A short
      second conveyor is positioned above the transport conveyor for pressing
      the cut fibers against the transport conveyor as such are moved forward.
      If desired, a drafting means may be added after the transport conveyor and
      the second conveyor and if so the guide rolls of these two conveyors and
      the belts passing therearound may form the first point of clasping of the
      drafting device. The drafted fibers may be turned into a sliver by placing
      the cut fibers onto two conveyors which run together in the form of a
      funnel. In one particular embodiment, the two conveyors may change
      direction so as to change the direction of flow of the fibers. After the
      fibers leave the funnel shaped conveyors such can be, if desired, fed into
      other processing devices such as a stuffer box and can.
PAR  Accordingly, it is an important object of the present invention to provide
      an apparatus for cutting tows of fibers into predetermined lengths.
PAR  Still another important object of the present invention is to provide a
      device for cutting fibers into predetermined lengths while maintaining the
      fibers in parallel relation.
PAR  Still another important object of the present invention is to provide a
      method and apparatus for cutting tows of fibers with rotating knives in a
      meticulous manner while maintaining the fibers in parallel alignment even
      after the cutting so as to produce a sliver of uniform fibers.
PAR  These and other objects and advantages of the invention will become
      apparent upon reference to the following specification, attendant claims
      and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view partially in schematic form illustrating a
      device constructed in accordance with the present invention,
PAR  FIG. 2 is a more detailed plan view of the device illustrated in FIG. 1,
      particularly showing the drive mechanisms therefor,
PAR  FIG. 3 is an enlarged perspective view with portions cut away for purposes
      of clarity illustrating a carrier cylinder utilized in the invention,
PAR  FIG. 4 is an enlarged side elevational view illustrating a needle rod
      utilized on the cylinder of FIG. 3,
PAR  FIG. 5 is an enlarged plan view illustrating the cylinders of FIGS. 1, 2
      and 3,
PAR  FIG. 6 is a perspective view illustrating a modified form of the invention
      wherein a different type of carrier is utilized,
PAR  FIG. 7 is a plan view of the transport conveyor with fibers being carried
      thereon and guided by a pair of spaced guide plates, and
PAR  FIG. 8 is a perspective view illustrating a modified device for
      transporting the cut fibers to further processing and storage equipment.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring in more detail to FIG. 1 of the drawings there is a device
      constructed in accordance with the present invention. The device includes
      a rotating cutting head 1 having rotating circular knives 11, 12 and 13
      provided thereon. Positioned adjacent the rotating cutting head 1 is a
      carrier 2 provided for transporting a tow of fibers K under tension to the
      cutting head 1. The carrier 2 is in the form of a cylinder provided with
      circumferentially spaced rows of needles 21 provided thereon defining a
      needle bed. A cutting area is defined at a junction where the cutting head
      1 engages the tow of fibers K carried on the cylinder 2.
PAR  The tow of fibers K are cut on the cylinder 2 and such are carried to a
      receiving area where they are deposited on a conveyor 3 which is carried
      between guide rollers 31 and 32. The conveyor has an upper run which
      passes closely adjacent the lower surface of the cylinder 2 for receiving
      the cut fibers from the cylinder 2. Positioned above the transport
      conveyor 3 and directly forward thereof is a second shorter conveyor which
      works in conjunction with conveyor 3 to transport the cut fibers. The
      conveyor 33 is supported on the quide rolls 34, 35 and 36. The drive
      mechanisms for the conveyors and drafting devices which will be
      subsequently discussed, will not be disclosed in detail since such is
      conventional. The second conveyor 33 is supported on rollers 34, 35 and
      36.
PAR  After the fibers leave from between the conveyors 3 and 33, such if
      desired, can be fed to a drafting device 4 followed by a tape forming
      device 41 and stuffer box 42.
PAR  Positioned above the cylinder 2 is a bow-shaped bar 10 (FIG. 1 and FIG. 2)
      which serves to gather the tow K of filament fibers and to aid in
      maintaining such under tension as it is fed onto the cylinder 2.
PAR  The cutting head 1, which is supported in a frame 14, is rotatable and
      swingable and has at least one circular rotatable knife 11 provided
      thereon. If desired, however, more knives such as illustrated at 12 and 13
      may be attached to the rotating cutting head 1. The drive for the circular
      knives 11, 12 and 13 is provided by a motor 15 whose shaft is connected
      with the shaft upon which the knives 11 are carried by belts. Such
      produces a repeating cutting action.
PAR  The drive mechanism for the cutting head 1 is provided by a motor (not
      shown) that is connected to shaft 5. Belts 51 and 52 coupled around
      pulleys carried on shafts 54 and 54a are used for driving the bevel gear
      drive 53. The bevel gear drive 53 in turn, is coupled by a second bevel
      gear drive (not shown) to a shaft upon which the rotatable cutting head is
      mounted for rotating the cutting head 1.
PAR  The shaft 54, which is rotated by belt 51 transfers its movement by means
      of a belt 55 to a shaft (not shown in FIG. 2) which has a gear wheel at
      its end which meshes with a gear wheel 56 carried on the end of shaft 57
      for rotating the cylinder 2.
PAR  The shaft 5 also rotates the guide rollers 31 and 36 (FIG. 1) of the
      conveyors 3 and 33 with belts (not shown), preferably in such a way that
      the moving speed of the conveyor belts 3 and 33 is adjustable but normally
      slower than the circumferential speed of the cylinder 2. Thus, it can be
      seen since the cylinder 2 and the cutting head 1 are driven from the same
      shaft 5 that the speed of rotations thereof are synchronized.
PAR  A plurality of needle rows are circumferentially spaced in radially
      extending slots 24 provided in the cylinder 22. The needles of each of the
      rows have their lower ends supported on a support plate 26 by any suitable
      means. The support plate 26 is, in turn, mounted on a needle rod 22 that
      has outwardly extending heads 23 provided on the outer ends thereof which
      are provided to travel in stationary cam followers 25 provided on both
      sides of the cylinder 2. The track carried in the template defining the
      cam follower 25 is of such a configuration that a continuous in and out
      movement is imparted to the circumferentially spaced rows of needles as
      the cylinder 2 is rotated.
PAR  While only a single row of needles is shown in FIG. 3, it is to be
      understood that similar rows of needles 21 are circumferentially spaced
      around the cylinder 2 in radially extending slots 24. The spacing between
      the rows of needles 21 should be small so that the lengths of fibers cut
      can be varied from a short fiber to a long fiber while still maintaining a
      gripping action on the fibers by the teeth of adjacent rows of needles 21.
PAR  As shown in FIG. 4, the density of the needles adjacent the ends of the
      support plate 26 is greater than in the middle so that the fibers on the
      outer edges of the tow will be gripped securely while the majority of the
      fibers are concentrated adjacent the central portion of the support plate
      26.
PAR  As shown in FIG. 5 the radially extending slots 24 in the cylinder body 2
      in which the needle rod 22 and rows of needles carried thereon are guided,
      are placed at an angle .alpha. to their direction of movement and the
      rotating circular knife 11 moves along the needle rows parallel thereto.
      As previously mentioned, since both the cutting head 1 and the cylinder 2
      are rotated by the same drive motor, connected to shaft 5, the rotation of
      such is synchronized so that the cutting knife 11 moves down the row of
      needles 21 during the cutting operation parallel thereto without
      interfering or striking them.
PAR  In operation the cutting device is fed with at least one tow of fibers
      which has been previously loosened and separated. The tow is gathered by
      the bow-shaped bar 10 to the width of the cylinders 2 and preferably put
      down under tension onto the cylinder 2 which forms the carrier. At the
      point of deposit the needles rows 21 of the needle rods 22 are still on
      the inside of the cylinder 2. However, needle rows 21 move out
      continuously immediately after the deposit of the tow onto the cylinder
      surface 2 as a result of the heads 23 riding in the cam followers 25
      placing the tow K on the needles. As the cylinder 2 rotates further the
      needle rods 22 move radially outwardly from the surface of the cylinder 2
      so that the support plate 26 grasps the tow K and lifts it from the
      surface of the cylinder 2. Therefore, as the needle rows 21 approach the
      cutting area where the cutting knives 11 through 13 are positioned, the
      tow of fibers K rests freely on the support plate of the needle rod 22 out
      of contact with the surface K of the cylinder. While the tow of fibers K
      are held away from the surface of the cylinder 2 the circular knife 11
      moves between adjacent needle rows at an angle fitted to the movement of
      the needle rows and penetrates as far as necessary through the tow of
      fibers to cut them. At the same time the needle rows 21 create a holdback
      force in the direction of the surface of the cylinder 2 and the support
      plate 26 creates a force in the direction against the cut of the circular
      knife so as to enable the rotatable cutter 11 to make a precise, complete
      and steady cut thereof.
PAR  The cut fiber package is in a parallelogram shape and remains under the
      force guidance of at least one needle row 21 since the cut fibers extend
      thereacross. These cut fibers are carried on the needle rows 21 until they
      reach a point of deposit a without giving up the parallel alignment of the
      fibers in direction of transport. The cut pieces of fibers are deposited
      on the conveyor 3 as the needle rows 21 are gradually retracted back into
      the cylinder by the cam followers 25. As can be seen, the needles are
      retracted until their points are at least below the surface of the
      cylinder by the time they have reached the point a of deposit. At the same
      time the edges of the slots 24 of the cylinder 2 slide the cut fibers from
      the needles.
PAR  It is also possible to use a jet of air for aiding in blowing the cut
      fibers off of the needle rows 21 if desired. In such an apparatus the air
      sream could move through the slots 24.
PAR  Since the upper run of the conveyor 3 reaches at least to the point a of
      deposit closely adjacent to the cylinder 2, it holds the fibers tightly
      and guides the cut pieces of fibers while they are being deposited on the
      conveyor 3. In that manner the pieces of cut fibers are laid on the
      conveyor 3 in the manner that they were cut and retain their parallel
      alignment.
PAR  If, as mentioned above, the speed of conveyor 3 is slower than the speed of
      rotation of the needle rows 21 the single parallelogram shaped fiber
      packages produced by the individual cuts are pushed together in the
      direction of movement of conveyor 3 which is favorable to the subsequent
      drafting operation. The fiber package produced by the individual cuts of
      the tow are wedged between the transport conveyor 3 and the second upper
      conveyor 33. These two conveyors guide the packages under a clasping force
      to the drafting device 4. The clasping point created between the guide
      rollers 32 and 36 of the conveyors 3 and 33 may form part of the drafting
      operation performed by the drafting device, which is subsequently followed
      by any suitable mechanism such as a tape forming device 41 and a stuffer
      box 42 for producing a staple sliver.
PAR  In a modified form of the invention instead of utilizing a cylinder 2,
      another carrier for the tow of fibers can be utilized such as illustrated
      in FIG. 6. This particular carrier includes a rotating endless belt 6
      which is being guided over three guide rollers 62, 61 and 63. The belt has
      needles rows 64 with support plates 65 at their foot provided thereon. The
      needle rows are carried at an angle .alpha. to the direction of the
      movement of the belt 6 in the same manner as the needle rows 21 on the
      cylinder 2. A circular knife 16 is moved along the needle rows 64 for
      cutting the tow of fibers.
PAR  A second rotating endless band 7 is guided over the band 6 in such a way
      that it also moves along the guide rollers 62 and 63 and a third guide
      point created by a guide roller 71.
PAR  The guide roller 71 is placed at a distance from guide roller 61 upon which
      band 6 is carried and below the area where the guide roller 61 and 63 of
      band 6 are located. Band 7 has spaced slot, (not shown) provided therein
      which correspond to the spacing of the needle rows 64 on the band 6. The
      slots as well as the needle rows 64 are at an angle .alpha. to their
      direction of movement. The needle rows and the slots are so positioned
      relative to each other that the needle rows 64 with the support plates
      extend through the slots provided in the belt 7 as such approaches the
      cutting knife 16.
PAR  The function of the carrier shown in the embodiment of FIG. 6 is the same
      as that of the cylinder 2 discussed above. The needle rows 64 are
      gradually moved out of the belt 6 a distance until the support plate 65
      lifts the tow that is to be cut from the surface of the conveyor belt 7.
      The tow of fibers passes over the upper roller 62 as indicated by the
      arrow downwardly through the needle row 64 and back over the conveyor belt
      72 as indicated by the arrow associated therewith. After the tow of fibers
      has been cut by the cutting blade 16 the cut pieces are carried by the
      needle rows downwardly for depositing such onto the conveyor 72. As can be
      seen, as the rows of needle 64 approach the roller 61 the belts 6 and 7
      separate withdrawing the needle rows 64 below the surface of the belt 7
      causing the fibers carried thereon to be deposited onto the upper surface
      of the conveyor 72. The conveyor 72 moves slower than the needle rollers
      64 in the same manner as the embodiment in FIG. 1 and the parallel
      alignment of the fibers is maintained.
PAR  A device constructed in accordance with the present invention may have
      further alteration. For example, conveyor 3 may be provided with fiber
      guides on both sides of conveyor 3 between cylinder 2 and the guide roller
      35 of the conveyor 33 (FIG. 1). These guides can for instance, be in the
      form of vertically extending plates 8 and 81 as shown in FIG. 7 for
      securing the fiber packages F which are fixed on the conveyor 3 at an
      angle to their direction of movement. The plates 8 and 81 may be
      stationary but it has been proven to be more advantageous for plate 81,
      which is lcoated at the side of conveyor 3 and which holds the fiber
      package F to be movable in the direction of transport so as to reduce the
      friction between the fiber packages F and the plate. The plate 81 can be
      moved in a cyclic motion by the rotation of motor 82. Connected to the
      output of motor 82 by means of a belt 83 is a roller 85. A spaced roller
      86 is connected by a belt 84 to the shaft upon which roller 85 is rotated.
      It can be seen that the plate 81 is eccentrically connected to the rollers
      85 and 86 so that as the rollers 85 and 86 are rotated the plate 81 is
      cyclically moved to aid in moving the fibers in the direction of flow on
      the conveyor 3.
PAR  If the conveyor 33 is eliminated, which is possible, plates 8 and 81 which
      serve as fiber guides, may extend to the end of conveyor 3.
PAR  A further variation of the device is illustrated in FIG. 8. Here the
      conveyors 3 and 33 are followed by two funnel-shaped conveyors 9 and 91
      whose transport direction has been turned 90.degree. vertically to the
      transport direction to conveyor 3. The guide roller 36 of conveyor 33 and
      the guide roller 32 of conveyor 3 are placed horizontally so that the
      fiber packages are guided downwardly through the funnel formed at the
      receiving end of conveyors 9 and 91. The fiber packages are guided by a
      vertical plate 92 into the funnel. In moving through the clasping point
      formed by conveyors 9 and 91, the fiber packages are turned 90.degree.
      around the transport axis and form a solid web which can be drafted
      without interference in the drafting device 4. The first clasping point of
      the drafting mechanism is created by the guide rolls 93 and 94 at the exit
      of conveyors 9 and 91.
PAR  The drafted fiber web is gathered by a tape forming device 41 and after
      passing through a stuffer box 42 is deposited in a can 43. The present
      invention contemplates a method and device for producing a highly uniform
      staple sliver from one or more tows of substantially endless filament
      fibers of any fineness. Different materials can be used to achieve
      mixtures. Also, a variation of the staple configuration is possible, for
      example, by an irregular distribution of the knife assembly on the cutting
      head or by feeding tows of different tensions thereto.
PAR  The various lengths of fibers cut depends on the distance that the needle
      rows are spaced from each other and such can be varied by changing the
      drive gears 56 for the cutting head 1 and the cylinder 2 so as to vary the
      speed of rotation therebetween. That way the circular knife 11 can be
      moved for example between every second or third needle row 21 of the
      needle bed rather than between every row of needles 21 of the needle bed.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for producing predetermined lengths of fibers from an
      endless tow of fibers comprising:
PA1  a. a carrier;
PA1  b. means for moving said carrier in a first direction;
PA1  c. transverse rows of needles carried on said carrier;
PA1  d. said transverse rows of needles being positioned on said carrier at an
      angle relative to said first direction of movement of said carrier;
PA1  e. means for continuously depositing said endless tow of fibers on said
      transverse rows of needles in a path parallel to said first direction of
      movement of said carrier;
PA1  f. a rotating cutting blade, and
PA1  g. means for repeatedly moving said rotating cutting blade substantially
      transverse to said tow of fibers as said fibers are moved by said carrier
      on said rows of needles for cutting said fibers into predetermind lengths.
NUM  2.
PAR  2. The apparatus as set forth in claim 1 wherein, said means for moving
      said rotating cutting blade moves said rotating cutting blade across said
      moving tow of fibers at an angle corresponding to the angle of said
      transverse rows of needles.
NUM  3.
PAR  3. The apparatus as set forth in claim 1, wherein said carrier is a
      rotating carrier.
NUM  4.
PAR  4. The apparatus as set forth in claim 1 wherein;
PA1  a. said carrier is a rotating cylinder;
PA1  b. circumferentially spaced radially extending slots provided in said
      cylinder;
PA1  c. a needle rod supporting each of said transverse rows of needles within a
      respective slot; and
PA1  d. a cam follower means carried adjacent said rotating cylinder for moving
      said rows of needles with said tow of fiber thereon in and out relative to
      the surface of said cylinder for enabling cutting and depositing of said
      fibers.
NUM  5.
PAR  5. The apparatus as set forth in claim 4 wherein said cam follower
      includes:
PA1  a. a stationary template carried on opposed sides of said cylinder;
PA1  b. a track provided in a side wall of each of said templates for receiving
      said needle rods and guiding said needle rods radially in and out as said
      cylinder is rotated.
NUM  6.
PAR  6. The apparatus as set forth in claim 4, wherein:
PA1  a. said needles supported on said rods are spaced closer together adjacent
      the ends of said rods than in the middle of said rods.
NUM  7.
PAR  7. The apparatus as set forth in claim 6 wherein the surface on said rods
      adjacent where a foot portion of said needles are supported on said rods
      provides a supporting surface for said tow of fibers.
NUM  8.
PAR  8. The apparatus as set forth in claim 4 wherein, said rotating cutting
      blade is positioned relative to said cylinder for cutting said tow of
      fibers when said row of needles with said tow carried thereon is moved out
      from the surface of said cylinder.
NUM  9.
PAR  9. The apparatus as set forth in claim 8 further comprising:
PA1  a. a transport conveyor carried adjacent said cylinder for receiving said
      cut fibers from said cylinder, and
PA1  b. said transport conveyor having a slower surface speed than the speed
      that said cylinder rotates said rows of needles.
NUM  10.
PAR  10. The apparatus according to claim 9 wherein:
PA1  a. said transport conveyor is an elongated conveyor belt;
PA1  b. guide means positioned on both sides of said conveyor belt for
      maintaining said cut fibers on said belt as said fibers are being
      transported.
NUM  11.
PAR  11. The apparatus as set forth in claim 10 wherein:
PA1  a. one of said guide means is movable with said conveyor belt.
NUM  12.
PAR  12. The apparatus as set forth in claim 9 further comprising:
PA1  a. a second conveyor superimposed on said transport conveyor for aiding in
      transporting said cut fibers.
NUM  13.
PAR  13. The apparatus as set forth in claim 12 further comprising:
PA1  a. superimposed guide rollers supporting said transport conveyor and said
      second conveyor in an extended position;
PA1  b. a drafting device positioned adjacent and following said guide rollers
      for receiving said cut fibers from between said transport conveyor and
      said second conveyor;
PA1  c. said transport conveyor and said second conveyor adjacent said guide
      rollers engaging said cut fibers and defining a clasping point for said
      drafting device.
NUM  14.
PAR  14. The apparatus as set forth in claim 12 further comprising:
PA1  a. a pair of conveyors following said transport conveyor and said second
      conveyor for receiving cut fibers therefrom.
PA1  b. said pair of conveyors being positioned relative to each other for
      defining a funnel shaped receiving end and an exit end turned 90.degree.
      to said receiving end for changing the direction of flow of aid cut
      fibers.
NUM  15.
PAR  15. A method of producing fibers of a predetermined length from at least
      one tow of substantially endless fibers comprising:
PA1  a. depositing said tow of fibers on rows of needles carried on a carrier;
PA1  b. moving said carrier with said fibers carried thereon to a cutting area;
PA1  c. cutting said tow of fibers into predetermined lengths along said rows of
      needles at an angle to the direction of movement of carrier and rows of
      needles, and
PA1  d. moving said carrier to a receiving area for removing said cut lengths of
      fibers from said carrier and depositing same onto a surface of a moving
      receiver.
PA1  e. moving said surface of said receiver closely adjacent said carrier at
      said receiving area as said cut lengths of fibers are deposited thereon
      for maintaining said cut lengths of said fibers in parallel alignment
      during transfer from said carrier onto said receiver.
NUM  16.
PAR  16. The method of producing fibers of a predetermined length as set forth
      in claim 15 further comprising:
PA1  a. raising said rows of needles with said tow of fibers carried thereon
      away from said carrier as said rows of needles are moved into said cutting
      area for enhancing the cutting of said tow of fibers.
NUM  17.
PAR  17. The method of producing fibers of a predetermined length as set forth
      in claim 15 further comprising:
PA1  a. moving said rows of needles inwardly relative to said carrier as said
      carrier approaches said receiver for aiding in removing said cut fibers
      from said rows of needles and depositing same on said receiver.
NUM  18.
PAR  18. The method of producing fibers of a predetermined length as set forth
      in claim 17 further comprising:
PA1  a. placing said tow of fibers under tension as said tow of fibers is
      deposited on said row of needles on said carrier.
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ABST
PAL  A tire truing machine that has a continuously orbiting band saw moving
      across a tool guide that has a plurality of adjustable guide members that
      can be shaped to the profile of the tire to be trued or contoured to a
      preexisting cam profile with the cumulative guide members defining an
      arcuately shaped recess or guide which positions the cutting edge of a
      band saw adjacent to the tread of a pneumatic tire in a precise profile
      control. The tire is chucked and rotated as the band saw operates on the
      tread surface or portions thereof to the profile set or adjusted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a tire truing machine and more particularly to a
      new and improved tire truing machine which employs a band saw as the
      cutter.
PAR  In the manufacture of tires and through the use thereof, it is not
      infrequent that small degrees of out-of-roundness occur which cause
      vibration, uneven wear, and poor roadability. Where out-of-roundness
      occurs, unless steps are taken to correct such unevenness, further
      imbalance will develop within the tire. Due to the high speeds at which
      vehicles now travel, it is extremely important to have tires that are
      extremely uniform in their radial dimension.
PAR  Several types of tire truing machines are employed. One such machine
      employs a trimming knife that is moved transversely across the face of a
      tire while others employ grinding wheels or an abrading tire rasp to
      remove material therefrom. In the case of grinding wheels, one problem
      encountered is that the material removed is not uniform due to the tread
      design, wherein the grinding wheel removes chucks of rubber tire tread at
      the edges of the tire elements or blocks. Such elements or blocks are of
      various configurations including rectangular, diamond, square or
      triangular shapes. Machines employing trimming knives must be traversed
      across the face of a tire slowly to assure a smooth cut, which is time
      consuming. The present invention overcomes these deficiencies and is able
      to feather the trimming cut to the contour of the original tire without
      removing excess material in a rapid accurate manner.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates an apparatus for truing pneumatic tires
      wherein a continuously moving band saw is guided for a small portion of
      its orbit over guide means which have a plurality of adjustable segments,
      or members, that have their forwardly disposed portion recessed to guide
      an endless band saw along the periphery of a tire. Such members or guide
      segments are adjustable to the profile of a cam and to the depth of cut
      such that as a tire is rotated, the continuously moving band saw trims or
      skives the circumferential tread to a uniform radial dimension. Guide
      means are provided which maintains the precise position of the band saw in
      its trimming or skiving operation.
PAR  It is an object of this invention to true tires in a uniform accurate
      manner providing a profile cut that is consistent with the full profile of
      the tire whose edges are feathered during the truing operation to enhance
      the aesthetic quality of the tire. It is important that such trimmed cut
      be accurate to enhance its quality of performance as well as its
      appearance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a tire truing machine with a tire
      chucked for rotation;
PAR  FIG. 2 is an enlarged fragmentary side view of the segments of the tool
      holder which guides the endless band-saw;
PAR  FIG. 3 is an enlarged front elevation view of the tool holder shown in
      FIGS. 1 and 2;
PAR  FIG. 4 is a cross-sectional view of the tool holder;
PAR  FIG. 5 is an enlarged plan view of a plate in the tool holder;
PAR  FIG. 6 is a perspective view of one of the intermediate adjustable
      segments;
PAR  FIG. 7 is a perspective view of one of the front elevational view of a
      modified form of the invention;
PAR  FIG. 8 is a front elevational view of a modified form of the tire truing
      machine with a portion of the tire shown in cross section;
PAR  FIG. 9 is an enlarged fragmentary plan view of the segments of the modified
      form's tool holder shown in FIG. 8 which tool holder guides the endless
      band-saw;
PAR  FIG. 10 is a side elevational view of the tool holder shown in FIG. 9 with
      the various segments adjusted to the profile of a control cam, which is
      contoured to that of a tire profile;
PAR  FIG. 11 is a cross-sectional view of the end portion of the tool holder
      shown in FIG. 9 showing the end segment and its guiding of the endless
      band-saw;
PAR  FIG. 12 is a side elevational view of one of the end adjustable segments of
      the modified form tool holder with a portion thereof shown in
      cross-section;
PAR  FIG. 13 is a side elevational view of one of the intermediate adjustable
      segments of the modified form of the tool holder with a portion thereof
      shown in cross-section;
PAR  FIG. 14 is a fragmentary front elevational view of a further modified form
      of the invention showing a tool holder guiding an endless band-saw;
PAR  FIG. 15 is a cross-sectional view of the tool holder taken on lines 15--15
      of FIG. 14 showing the band-saw in a contour for cutting the run-out on
      the profile of a tire;
PAR  FIG. 16 is a cross-sectional view of the tool holder and guide means taken
      on lines 16--16 of FIG. 14;
PAR  FIG. 17 is a cross-sectional view of the band-saw guide taken on lines
      17--17 of FIG. 4;
PAR  FIG. 18 is a cross-sectional view of a modified form of the tool holder and
      band-saw guide;
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings wherein like references characters designate
      like or corresponding parts throughout the several views. There is shown
      in FIG. 1 a structural support means having a plurality a vertical
      extending supports 10, which support vertically spaced, horizontally
      extending frame members 11 and 12. Such frame members 11 and 12 suitably
      support for rotation shafts 13 and 14 which have rim flanges 15 and 16
      mounted on adjacent ends thereof. Such rim flanges 15 and 16 are movable
      toward and away from each other to provide chuck means for supporting a
      tire T for rotation therewith. Suitably mounted on the frame members are
      driving means such as a motor, transmission means and a clutch elements to
      provide rotation to the rim flanges 15 and 16 and a tire T mounted
      therebetween in a manner old and well known in the art. FIG. 1
      diagrammatically illustrates this feature, and reference is made to U.S.
      Pat No. 3,552,200 which illustrates one example of a drive means for such
      rim flanges. Suitably secured to one of the vertically extending supports
      10 are a pair of horizontally extending guide member 18 and 19. A carriage
      member 20 is reciprocably mounted on the guide members 18 and 19 by bosses
      21 and 22. Only two bosses 21 and 22 are shown connected to carriage
      member 20, although more bosses may be employed to provide greater
      stability in guiding carriage member 20 to and from the tire T in a manner
      to be described. The head end of a pneumatic cylinder 23 which is suitably
      secured to the structural frame members such as one of the vertically
      extending supports 10, has its piston rod suitably secured to a bracket 24
      whereby pressurization of the rod end of cylinder 23 moves the carrier
      member 20 towards the rotational axis of tire T. A pair of parallel guide
      ways 25 are mounted on carrier member 20. A tool slide member 26 is
      mounted on carrier member 20 with its respective edge portions slidably
      received by the guide members 25 to guide the movement thereof. Tool slide
      member 26 has a threaded boss 27 to threadedly receive a threaded shaft
      28. A boss 29 substantially in alignment with bosses 27 is mounted on
      carrier member 20 to provide means for journaling for rotation the one end
      portion of threaded shaft 28. Such one end portion of threaded shaft 28
      has a knurled knob 30 secured thereto to provide means for rotating
      threaded shaft 28 whereby tool slide member 26 is moved toward and away
      from the axis of the tire T. Tool slide member 26 (FIG. 2) has a pair of
      forwardly disposed bosses 31 secured thereto which journal for rotation
      threaded shafts 32--32. The lower portion of threaded shaft 32 has
      sprocket means 33 secured thereto for rotating such threaded shafts in a
      manner to be described. The upper end portions of threaded shafts 32 are
      threadedly connected to a tool support 34. Such tool support 34 is shown
      in plan view in FIG. 5 and comprises an elongated member with bosses
      35--35 at the respective end portions which threadedly receive the
      threaded shaft 32. The one side portion of tool support 34 has a plurality
      of projections 36 on one side thereof defining a plurality of recesses 37
      therebetween. The other side portion of the tool support 34 has a
      plurality of rearwardly extending projections 38 which define a plurality
      recesses 39 therebetween. Each of said rearwardly extending projections 38
      has an elongated recess 40 for purpose to be described. The reciprocable
      movement of tool support 34 relative to tool support means 26 is guided
      between a pair of spaced side plates 42--42, which side plates are
      suitably secured to tool slide member 26. The one side edges of plates
      42--42 are interconnected by an end plate 43. Extending between and
      secured to the side plates 42 and end plate 43 is a cover plate 4. Spaced
      from cover plate 44 and secured to side plates 42 is a bridge plate 45.
      Positioned between plate 44 and 45 is a cam plate 46 having a cam slot 48
      therein that is contoured to the shape of the desired cut to be made on
      the profile of a tire.
PAR  Secured to each pair of aligned projections 36 and 38 of tool support 34 is
      an elongated rectangular shaped guide member 50. Each guide member 50 has
      a bore 51 which receives a threaded bolt 52 which suitably secures the
      respective guide members 50 to the tool support 34 for movement therewith.
      The top portion of each bolt 52 is rounded to frictionally engage the cam
      slot 48 on cam plate 46. The forwardly disposed portion of guide member 50
      has an abutment 53 extending upwardly therefrom providing a flat surface
      54 for contacting the bottom surface of a band saw. Mounted on the tool
      support 40 is a U-shaped guide member 60, which has a pair of downwardly
      depending leg portions 61 and 62 defining a recess 63 therebetween. The
      guide members 60 are positioned on the tool support 34 between respective
      guide members 50 such that the respective leg portions 61 and 62 are
      received by the respective recesses 37 and 39, whereby the recess 63 is of
      sufficient depth that relative adjustment of the tool support 34 will not
      interfere with the position of the guide members 60. As viewed in FIG. 6,
      the forwardly disposed portion of guide member 60 has an upwardly
      extending projecting member or abutment 65 that cooperates with an
      adjacent flat surface 66 to provide a recess that acts as a guide means
      for a band saw to be described. The abutment 53 on guide member 50
      cooperates with the flat surface 54 to provide a recessed portion that
      cooperates with the projecting member 65 and flat surface 66 of guide
      member 60 to provide a guideway therethrough for guiding the band saw to
      be described. The intermediate portion of guide member 60 has a threaded
      bore 67 which receives a threaded bolt 70 whose rounded head portion acts
      as an abutment means which frictionally engages the cam slot 48 of cam
      plate 46 to position the projecting member 65 into the desired position
      relative to the central axis of the tire to guide the cutting edge of the
      band saw.
PAR  The undersurface of tool slide member 26 has an idler sprocket 72 suitably
      secured thereto. Trained about sprockets 33 and 72 is a chain drive 73
      which controls the rotation of shafts 32 and the relative positioning of
      tool support 34. One of the shafts 32 has an additional sprocket keyed
      thereto (FIG. 2) about which is trained a drive chain 74 which is
      connected to a drive motor 75 which controls the rotation of the sprockets
      33 and the shafts 32.
PAR  Mounted on the one end portion of carriage 20 is a pulley 76. Mounted on
      the other end of carriage 20 is a pair of spaced pulleys 77 and 78. A
      motor 80, mounted on carriage 20 has its output connected via a chain 81
      to drive pulley 78. Suitably trained about pulleys 76, 77 and 78 is a band
      saw 82 having a continuous outer cutting edge 83. Mounted on carriage 20
      are a pair of motors 90 and 91 having their output shafts connected to
      grinders 92 and 93. The respective grinders 92 and 93 are adjusted by a
      control means depicted generally as 95 in FIG. 1 which in turn is
      controlled by a pair of electronic sensors 96 and 97. Sensor 96 and 97
      direct a beam across the path of the cutting edge 81 of band saw 82 and
      upon sensing of a gap, such sensors send a signal to control means 95 to
      adjust the grinders and also to control motor 75 which raises the tool
      support 34.
PAR  In the operation of the tire truing apparatus described, the operator
      places a tire T on the tire rim flanges 15 and 16 and inflates the tire T
      from a suitable pressure source via suitable conduit means. The tool slide
      member 26 is then conditioned to shape the band saw 82 to the profile of
      the tire to be trued. The cam plate 46 has the cam slot 48 engaging the
      respective heads of bolts 52 and 70 thereby positioning the guide means
      which includes guide members 60 and 50 such that the band saw 82 adjacent
      to the tire T is contoured to the shape of the crown profile of a tire T.
      The tire T is then rotated and motor 80 energized to orbit the band saw
      82. The head end of cylinder 23 is pressurized which moves its piston rod
      along with bracket 24 and carriage 20 leftward as viewed in FIG. 1, which
      thereby moves the guide means in a leftwardly direction to position the
      edge of the band saw 82 into cutting engagement with the tire T. The tool
      slide member 26 along with the guide means and the cutting edge of the
      band saw 80 guided thereby can be moved incremently toward the central
      axis of the tire T by rotating threaded shaft 28 which may be done by a
      stepping motor or by a programmed control circuit. The cutting edge 83 of
      the band saw 82 is continuously monitored by sensors 96 and 97 which
      provide an output signal to control the energization of motor 75 which in
      turn provides for the rotation of sprockets 33 via chains 74 and 73 to
      control of incremental movement of tool support 34 and its guide means
      relative to the tool slide member 26 which adjusts the position of the
      cutting edge 83 relative to the tire T. Grinders 91 and 92 are operable to
      keep a sharp cutting edge on the band saw 80.
PAR  A modification of the apparatus is illustrated in FIGS. 8 through 18
      wherein there is shown in FIG. 8 a support means 110 which includes a base
      111 and an inverted U-shaped member 112. Mounted on U-shaped member 112
      are ways for guiding the movement of a carriage C toward and away from a
      tire T'.
PAR  A motor M-1 is suitably secured to the cross brace portion of the U-shaped
      member 112 having its output shaft 113 connected to a nut on carriage C
      for adjusting its position relative to the T'. Pulleys 114 and 115 are
      suitably journaled on the respective end portions of carriage C, about
      which is trained an endless band-saw S'. Idler rollers 116 and 117 are
      mounted on the forward portion of carriage C to guide the band-saw S'
      toward and away from the tool support means 120.
PAR  Carriage C has a pair of spaced guideways 121 connected together via
      bracket means on which is mounted a motor M-2. Tool support means 120 is
      mounted for linear adjustment on guideways 121. Motor M-2 has its output
      shaft 122 connected to tool support means 120. Mounted on one of the
      vertically extending legs of U-shaped member 112 is a tire support means
      or a chucking means which includes a housing 125 which supports for
      rotation a shaft 126. The one end of shaft 126 has secured thereto a quick
      dismount tire flange 127, which flange 127 supports for rotation therewith
      a tire T'. Other chucking means may be used other than those shown.
PAR  Suitably mounted upon support means 110 is a variable speed motor 129 which
      has its output shaft operatively connected via belt 130 to drive shaft 126
      and tire T'. Shaft 126 has a passageway 131 extending longitudinally
      therethrough which connects to a passageway in tire flange 127 which, in
      turn, communicates with the tire T'. The passageway 131 is connected by a
      rotary union 132 and conduit 133 to a suitable pressure source by which
      tire T' is inflated.
PAR  A variable speed motor 134 mounted on carriage C has its output connected
      to a pulley 135 which is keyed to pulley 14. Biasing means 136 is
      connected to pulley 115 to maintain a tension thereon as well as the
      band-saw S' trained about pulleys 114 and 115. Suitable control means not
      shown are provided to vary the speed of motor 134 to provide preselected
      speeds for band-saw S' over a suitable range of values. Band-saw S' is
      trained about pulleys 114, 115, 116 and 117, as well as the respective
      guide segments 140a and 140b of tool support means 120 to be described.
PAR  Tool support means 120 has a plate member 141, a U-shaped upper plate
      member 142 with a U-shaped channel 143 interconnecting such plate members
      141-142. The U-shaped upper plate 142 has an elongated bar 144 that
      extends across the one end portion, defining a recess 145 between the base
      of the U and the bar 144. Bar 144 acts as an abutment for a purpose to be
      described. Slidably mounted in the tool support means 120 are the
      plurality of rectangular shaped guide segments, or guide members 140a and
      140b. Segments 140a alternate with segments 140b. The respective rear
      upper portion of each guide segments 140a and 140b has a projection or
      abutment means 146. Segments 140a and 140b alternate in their construction
      with respect to the outermost or forwardlymost portion, wherein all of the
      segments 140a have a projection 147 while segments 140b have projection
      148. Projections 147 and 148 are recessed as at 147a and 148a respectively
      such that such recesses cooperate in their side by side relationship as
      shown in FIG. 14 to form an adjustable arcuately shaped guideway for the
      band-saw S' with the bottom surface of the guideway limiting any axial
      displacement of the band-saw to assure an accurate movement of the
      band-saw S'. All of the segments 140a and 140b have a slot 149 which
      permits a rod 150 to extend longitudinally therethrough. The one end
      segment designated 140a' has its slot counterbored as at 149' to
      accommodate the enlarged head 150' of the rod 150 for clamping the
      segments into position. The center segment designated 140b' (FIG. 9) may
      be fixed to the tool holder 120, which segment 140b' acts as a reference
      point from which the other segments are adjusted.
PAR  Suitably secured to the lower plate member of tool support means 120 is a
      support member 152, which member 152 has a bore 153 extending
      therethrough. As seen in FIG. 10, tool support 120 has a pair of spaced
      support members 152, however, only one member 152 will be described.
      Member 152 includes a plate member 152' that is recessed, such that a
      motor 154 mounted thereon has its output gear 155 located in such recess,
      in which recess is also journaled for rotation an internally threaded nut
      156. Nut 56 is secured to a spur gear 157 which meshes with output gear
      155. An externally threaded tubular sleeve 158 threadedly engages nut 56
      for adjustment by the rotation of nut 156 relative to sleeve 158. Rotation
      of sleeve 158 is prevented by making its upper end portion square and
      being received by a square recess in member 152. A cylindrical member 160
      with a rearwardly extending stem 161 is slidably received by bore 153 in a
      tubular sleeve member 178. Member 160 is slotted as at 162 (FIG. 10) to
      provide a guideway for the band-saw S'. The end portion of stem 161 has an
      abutment 163 such that with a spring 164 encompassing such stem 161 such
      spring 164 biases such stem rightwardly as viewed in FIG. 11 to maintain
      member 160 in contact with tubular sleeve 158. Such member 160, stem 161,
      abutment 163 and its related adjustment means provides a guide means that
      facilitates the positioning of the band-saw to control the depth of cut
      made on a tire as it is trued by the band-saw. Such guide means controls
      the position of the band saw as it comes toward the tool support 120 for
      passage therethrough and away therefrom.
PAR  The upper plate member 142 has bores 170 which receive a cap screw 171 that
      threadedly engages support member 152. Lower plate member 141 has an
      elongated slot 172 to facilitate the adjustment of support member 152 and
      cylindrical member 160 along with its guideway for the band-saw S'. An air
      bag 173 is located in a chamber defined by the upper plate 142, lower
      plate 141 and U-shaped channel 143 with a pressure source and control
      means suitably connected thereto to control the pressurization and
      deflation thereof. A cam plate 175 has its forward edge in abutting
      engagement with abutment 144 and its profile edge 176 in contact with
      projections 146 to limit the movement of segments 140a and 140b. The
      profile edge 176 is shaped to the full profile of a tire or variations
      therein as where it is desired to trim the crown of the tire at the
      shoulder regions only.
PAR  A pneumatic cylinder 180 having its piston rod 181 pivotally connected to
      one end of a lever arm 182 is operative to actuate the rod 150. Lever arm
      182 has its intermediate portion pivoted to a clevis 183 and its other end
      bifurcated to engage a slot in rod 150, which has a nut threaded thereon.
      Pressurizing the head end of cylinder 180 pivots the lever arm 182
      clockwise such that enlarged head 150' releases all segments 140a and
      140b, whereas pressurizing the piston rod end of cylinder 180 pivots lever
      arm 182 counterclockwise, which action through rod 150 and head 150' locks
      all segments 140a and 140b in their respective positions after such
      segments are positioned for guiding the band-saw. Such action of the
      cylinder 180 and rod 150 acts as a locking means for the segments 140a and
      140b. Suitable means may be provided to adjust the movement of tool
      support means 120 laterally or transversely into the tire.
PAR  In the operation of the tire truing apparatus described, the operator
      places a tire T' on the tire flange 127 and inflates the tire from a
      suitable pressure source via conduit 133 and passageway 131. The tool
      holder 120 is then prepared to shape the guide means thereon to the
      profile of the tire to be trued. The head end of cylinder 180 is
      pressurized which moves the piston rod 181 in a clockwise direction as
      viewed in FIG. 10 which thereby moves the bar 150 in a rightwardly
      direction to an unclamping position to permit movement of the segments
      140a and 140b. Air bag 173 is then pressurized which moves the respective
      segments forwardly as depicted in FIG. 10 such that the respective
      projections 146 come in contact with the profile edge 176 of cam plate
      175. The depth of cut may be adjusted by the energzation of motor 154
      which rotates the threaded nut 156 to move the sleeve 158 upwardly or
      leftwardly as shown in FIG. 11 to position the slotted cylinder 160 to the
      depth of cut desired. The movement of the saw blade S' through the tool
      holder 120 is facilitated since cylinder 160 is permitted to rotate in the
      bore 153 of tubular guide member 178. The respective segments 140a and
      140b are then clamped in their adjusted position by the pressurization of
      the piston rod end of cylinder 180 which moves clamping bar or rod 150
      leftwardly as viewed in FIG. 10 such that the enlarged head portion 150'
      engages the counterbore portion 149' of slot 149 and clamps the respective
      segments in position on the tool holder 120. The guideway defined by the
      projections 147 and 148 of the segments is a full profile of the tire to
      be trimmed.
PAR  A modification of the positioning of the segments for a full profile cut
      may be varied by the removal of the cam plate 175 and upon pressurization
      of the air bag 173, the respective segments 140a and 140b are moved into
      contact with the profile of the tire and thereafter the locking means are
      actuated to secure the segments in the true profile of the tire. Motor M-2
      is energized sufficiently to back off the tool holder from engagement of
      the tire and thereafter the operation is similar to that of the original
      embodiment. Motors 129 and M-1 energized to rotate tire T' and band-saw
      S'. The operator then moves tool support means 120 via energization of
      motor M-2 into proper position which may be aided by suitable stop means
      or limit switches located on the U-shaped member 112 in a manner well
      known and understood in the art. As the tire T' is rotated past the
      rapidly orbiting band-saw S', the band-saw is adapted to skive an
      extremely fine layer of approximately 0.001 to 0.002 of an inch or more
      off different portions of the tire, thus truing a tire to a uniform radial
      dimension. Such skiving can be accomplished on the tread portions,
      feathering the skived portions. The apparatus rapidly performs the truing
      operation since the band-saw is traveling at a high rate of speed as the
      tire is rotated. Such operation may be performed in one complete
      revolution of the tire, or, if desired, several revolutions, depending on
      the number of passes desired.
PAR  A further modification of the apparatus described is shown in FIGS. 14
      through 16 wherein like parts are designated by like numerals with such
      apparatus being similar in all respects to the original embodiment
      described in FIGS. 1 through 6, except for the guide means used to guide
      the band-saw. The carriage C, similar to carriage C of FIG. 1 is
      controlled by motor M-1 on guideways for movement toward and away from a
      tire to be trued. Carriage C has pulleys 114 and 15 suitably journaled on
      the respective end portions thereof, about which pulleys 114 and 115 an
      endless band-saw S' is adapted to travel as previously described.
PAR  The outermost roller means 190 is mounted on the pivotal support means 191,
      suitably pivotally secured to the carriage C for pivotal movement about a
      shaft 192. Such support means 191 has a bore 193 which rotatively receives
      the support shaft of a pair of rollers 194 and 195, which rollers 194 and
      195 have their adjacent inner peripheral edges champered or beveled such
      that the tapering side portions of the cutting edge of the saw S' is
      guided by the rotation of the champered peripheral edges while the
      outermost cutting edge of the band-saw S' is maintained out of contact
      with the rollers. Guide roller means 190 additionally has an arcuate guide
      plate member 196 having an arcuate surface 197 which aids in the guiding
      of the saw S' to and from the tool support 120. This embodiment shows 2
      pairs of rollers 190 at the outermost end portion of the carriage C,
      however, an additional guide roller means 190 may be mounted on the
      arcuately shaped plate member 196 closely adjacent to the tool holder 120.
      Guide plate member 196 may have a plurality of V-shaped grooves 196' to
      reduce the heat build-up substantially. The present embodiment discloses a
      roller support means 200 pivotally secured in the bore 153 of the tool
      holder 120 and having a shaft 201 journaled for rotation thereon. Shaft
      201 supports a pair of guide rollers 194-195 identical to the rollers
      previously described, whose beveled inner peripheral edges guiding the saw
      blade through the segments 140a and 140b. Such roller support means 200
      may be mounted on the arcuately shaped plate member 196 in lieu of the
      mounting on the edge of the tool holder 120. These alternatives are
      obviously desirable to maintain a flexible guide means for the saw blade
      S', as it moves through the tool holder 120 and past the respective
      pulleys 114 and 115. Additional adjusting means for the saw which controls
      the depth of cut is shown in FIG. 15 wherein the lower plate member 121
      has a bracket 205 suitably connected thereto, having a pair of spaced
      bores 206 and 207 which threadedly receive a screw member 208 that extends
      through the respective bores 206 and 207 for engagement with the blade S'.
      An internally threaded nut 209 journaled for rotation on bracket 205
      threadedly engages member 208 for adjusting the position of the screw 208
      and the saw blade S'. The operation of the modified form of the tire
      truing apparatus is similar to that described of the original embodiment
      except that the saw blade S' is more precisely controlled in its movement
      to and from the tool holder 120 providing a more accurate means for
      preventing any run out of the band-saw to obtain precise means for
      controlling the radial dimension of a tire which materially improves its
      quality and uniformity.
PAR  The cam 175 can be adjusted laterally by providing a bracket 210 that is
      secured to cam 174 while the other end extends rearwardly over upper plate
      member 142. Secured on the upper surface of plate member 142 are a pair of
      spaced screw means 212 which can abuttingly engage the rear portion of
      such bracket 210. Only one of such screw means 212 will be described. A
      bracket 213 is secured to the plate member 142 being centrally threaded to
      receive a screw 214. Screw 214 has a lock nut 215 threaded onto screw 214
      such that screw 214 can be locked in position by running nut 215 into
      abutting engagement with bracket 213. Cam 175 can be adjusted by the
      manipulation of the respective screw means 212. A band-saw sharpening
      means 137 is suitably mounted on the carriage C adjacent to one of the
      pulleys to maintain the sharp edge on the band-saw S'.
PAR  Various modificatons are contemplated and may be resorted to by those
      skilled in the art without departing from the described invention as
      hereinafter defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for truing tires comprising a support means, chuck means
      mounted on said support means for supporting a tire, drive means
      operatively connected to said chuck means for rotating said chuck means
      and a tire mounted thereon about a central axis of rotation, a carriage
      mounted on said support means for movement toward and away from said
      central axis, power means connected to said carriage for moving said
      carriage, pulley means mounted on said carriage, an endless band saw
      mounted on said support means and trained about said pulley means for
      movement thereon, said band saw having a forwardly disposed cutting edge,
      tool support means mounted on said carriage, said tool support means
      having guide means thereon, the outer edge of said guide means operative
      to guide said band saw in the shape of a tire profile, cam means
      operatively connected to said guide means for shaping the profile thereof
      to corresponding shape said band saw to maintain said band saw a
      predetermined distance and shape from said central axis during passage
      through said tool support means.
NUM  2.
PAR  2. A tire truing machine as set forth in claim 1 wherein said band saw has
      a cutting edge and side portions tapering into said cutting edge, and said
      guide means operative to engage said side portions to guide said band
      passing therethrough.
NUM  3.
PAR  3. An apparatus for truing tires as set forth in claim 2 wherein grinding
      means are mounted on said carriage in the path of movement of said band
      saw for sharpening of said endless band saw during orbital movement on
      said carriage.
NUM  4.
PAR  4. An apparatus for truing tires as set forth in claim 3 wherein said guide
      means includes a plurality of guide members moveable linearly toward and
      away from said axis of rotation, cam means in said tool support means,
      said guide members having a guideway therethrough for guiding said
      band-saw, said cam means operatively connected to said guide members to
      position said guide members to shape said guideway into a curved path to
      the profile of a tire to be trued.
NUM  5.
PAR  5. A tire truing machine comprising support means, chuck means mounted on
      said support means for supporting a tire for rotation about a central
      axis, motive drive means connected to said chuck means for rotating said
      chuck means and a tire mounted thereon about said central axis, a carriage
      mounted in said support means for movement toward and away from said
      central axis, power means connected to said carriage for moving said
      carriage, a circular endless band-saw mounted on said carriage, drive
      means connected to said band-saw for driving said band-saw through an
      orbital path, tool support means mounted on said support means, tool
      support means having guide means thereon, said guide means having a
      plurality of guide members, each of said guide members adjustable toward
      and away from said central axis, cam means on said guide means connected
      to said guide members for positioning said guide members relative to each
      other, and each of said guide members having a guiding portion on its
      outer end portion that are cooperative with adjacent guiding portions to
      provide a guiding recess to guide said band-saw in a portion of its path
      to trim the outer peripheral surface of a tire as it is held and rotated
      by said chuck means.
NUM  6.
PAR  6. A tire truing machine as set forth in claim 5 wherein each of said guide
      members are moveable relative to each other.
NUM  7.
PAR  7. A tire truing machine as set forth in claim 5 wherein motive drive means
      are connected to said guide means for adjusting said guiding recess of
      said guide means in a plane that is normal to the direction of movement of
      said guide members toward and away from said central axis.
NUM  8.
PAR  8. A tire truing machine comprising support means, chuck means mounted on
      said support means for supporting a tire for rotation about a central
      axis, motive drive means connected to said chuck means for rotating said
      chuck means and a tire mounted thereon about said central axis of
      rotation, a circular endless band saw mounted on said support means, drive
      means connected to said band saw for driving said band saw through an
      orbital path, tool support means mounted on said support means, said tool
      support means having guide means thereon for engaging a portion of said
      band saw to guide said band saw in a portion of its orbital path to trim
      the outer peripheral surface of a tire rotated by said chuck means, cam
      means operatively connected to said guide means for shaping said guide
      means into a predetermined curvilinear pattern for guiding that portion of
      the orbital path of said band saw for cutting a tire.
NUM  9.
PAR  9. A tire truing machine as set forth in claim 8 wherein said guide means
      has a plurality of guide members movable in a direction toward or away
      from said central axis, and each of said guide members has an abutment
      engagable by said cam means to position said movable member in a given
      position relative to said central axis and adjoining movable members.
NUM  10.
PAR  10. A tire truing machine as set forth in claim 8 wherein said guide means
      has a plurality of guide members, each of said guide members having a
      forwardly disposed recess portion for engaging a portion of said band saw
      to guide said band saw as it passes therethrough.
NUM  11.
PAR  11. A tire truing machine as set forth in claim 8 wherein said guide means
      has a plurality of guide members, and each of said guide members has a
      forwardly disposed recessed portion that is cooperative with adjacent
      recessed portions to define a curved track for guiding said band saw
      therethrough.
NUM  12.
PAR  12. A ire truing machine as set forth in claim 11 wherein adjusting means
      is operatively connected to said guide means for moving alternate guide
      members and their recessed portions in a direction that is parallel to the
      plane of blade of said band saw.
NUM  13.
PAR  13. An apparatus for truing tires comprising a support means; chuck means
      mounted on said support means for supporting a tire; drive means
      operatively connected to said chuck means for rotating said chuck means
      and a tire mounted thereon about a central axis of rotation; a carriage
      mounted on said support means for movement toward and away from said
      central axis; power means connected to said carriage for moving said
      carriage; pulley means mounted on said carriage; an endless band-saw
      mounted on said support means and trained about said spaced pulleys for
      movement thereon; said band-saw having a forwardly disposed cutting edge,
      tapering side edges and side portions merging with said tapering side
      edge; tool support means mounted on said carriage; said tool support means
      having guide means; the outer edge of said guide means operative to shape
      said band-saw into a non-linear contour of the shape of a tire profile;
      roller means cooperative with said guide means and engageable with said
      band-saw to maintain said band-saw a predetermined distance from said
      central axis during passage through said tool support means; and said
      roller means includes pairs of rollers with adjacent champered peripheral
      side portions rolling engaging said tapering side edges of said band-saw.
NUM  14.
PAR  14. A tire truing machine as set forth in claim 13 wherein biasing means
      are operatively connected to said guide means to maintain said band saw in
      contact with said roller means.
NUM  15.
PAR  15. An apparatus for truing tires as set forth in claim 14 wherein grinding
      means are mounted on said carriage in the path of movement of said
      band-saw for sharpening of said endless band-saw during movement on said
      carriage.
NUM  16.
PAR  16. An apparatus for truing tires as set forth in claim 4 wherein said
      roller means are mounted in a pivotal support, a guide plate is mounted on
      said pivotal support for guiding said band-saw from said roller means to
      said tool support, and said guide plate is serrated in cross section.
NUM  17.
PAR  17. A tire truing machine comprising support means, chuck means mounted on
      said support means for supporting a tire for rotation about a central
      axis, motive drive means connected to said chuck means for rotating said
      chuck means and a tire mounted thereon about said central axis, a carriage
      mounted on said support means for movement toward and away from said
      central axis, power means connected to said carriage for moving said
      carriage, a circular endless band-saw mounted on said carriage, drive
      means connected to said band-saw for driving said band-saw through an
      orbital path, tool support means mounted on said support means, tool
      support means having a plurality of guide segments, each of said segments
      moveable toward and away from said central axis, lock means on said tool
      support means and connected to said guide segments for locking the
      adjusted positions of said guide segments relative to each other, and each
      of said segments having a projection in its outer end portion, the
      projections of all of said segments are cooperative to define a recess
      that guides said band-saw in a portion of its path to trim the outer
      peripheral surface of a tire as it is held and rotated by said chuck
      means.
NUM  18.
PAR  18. A tire truing machine as set forth in claim 17 wherein one of said
      segments is fixed to said tool holder, and the remaining ones of said
      segments being moveable relative to said one segment.
NUM  19.
PAR  19. A tire truing machine as set forth in claim 18 wherein said segments
      have abutments on their rearward portion, said lock means includes a cam
      with a cam profile mounted on said tool holder, and an inflatable air bag
      operative upon inflation to position said abutment of said segments into
      contact with said cam profile which position said outer edges into the
      shape of the crown of a tire.
NUM  20.
PAR  20. A tire truing machine as set forth in claim 18 wherein guide roller
      means are positioned adjacent to said tool holder for guiding said saw
      blade to and from said tool holder, and each of said guide roller means
      includes a pair of rollers having adjacent beveled peripheral edges that
      cooperatively engage a tapering portion of said band-saw adjacent to the
      cutting edge to guide said cutting edge of said band-saw relative to said
      central axis for the truing operation as said band-saw passes through said
      tool holder.
NUM  21.
PAR  21. A tire truing machine as set forth in claim 20 wherein one of said
      guide means has a spring biased portion operative to maintain contact with
      that portion of said band-saw remote from said cutting edge.
NUM  22.
PAR  22. A tire truing machine as set forth in claim 20 wherein one of guide
      segments has adjusting means connected thereto for adjusting the position
      of said one segment on said tool holder, and said last mentioned adjusting
      means has an abutment operative to contact that portion of said endless
      band-saw remote from said cutting edge and positions said band-saw
      relative to said central axis in cooperation with said guide roller means.
NUM  23.
PAR  23. A tire truing machine as set forth in claim 18 wherein said saw has a
      cutting edge and adjacent tapering side portions, and said tool support
      has a plurality of guide means engaging said tapering side portions for
      guiding said band-saw through said tool holder.
NUM  24.
PAR  24. A tire truing machine as set forth in claim 23 wherein certain ones of
      said segments have portions biased into contact with said band-saw to
      maintain said band-saw in contact with said guide means.
NUM  25.
PAR  25. An apparatus for truing tires comprising a support means, chuck means
      mounted on said support means for supporting a tire, drive means
      operatively connected to said chuck means for rotating said chuck means
      and a tire mounted thereon about a central axis of rotation, a carriage
      mounted on said support means for movement toward and away from said
      central axis, power means connected to said carriage for moving said
      carriage, pulley means mounted on said carriage, an endless band-saw
      mounted on said carriage and trained about said spaced pulleys for
      movement thereon, said band-saw having a forwardly disposed cutting edge,
      tool support means mounted on said carriage between said spaced pulleys,
      said tool support means having guide means moveable linearly toward and
      away from said axis of rotation, cam means on said tool support means
      operative to abut said guide means to shape the outer edge of said guide
      means to the profile of a tire to be trued, said guide means including
      means operative to engage said band-saw and maintain said band-saw a
      predetermined distance from said central axis during passage through said
      tool support means, adjusting means operatively connected to said cam
      means for adjusting the lateral position of said cam means and shifting
      the contour of said guide means in responses thereto.
NUM  26.
PAR  26. An apparatus for truing tires as set forth in claim 25 wherein said
      band-saw has tapering side portions adjacent to said cutting edge, and
      wherein said guide means engaging said band saw for maintaining said
      predetermined distance includes guide rollers operative to engage the side
      portions of said band-saw to position and maintain said cutting edge a
      predetermined distance from said central axis.
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ABST
PAL  An automated envelope opener receives a stack of unopened envelopes of
      varying sizes, types and shapes, and feeds these envelopes individually to
      a cutting station. An edge of each envelope is automatically aligned with
      a reference surface, whereby each such aligned envelope edge can be cut at
      the cutting station by a rotating multi-toothed cutter and stationary
      anvil which are also aligned with the reference surface. In a preferred
      embodiment, means are additionally provided for shingling and stacking the
      envelopes after they have been cut open.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates generally to the automation of office procedures
      with respect to mail handling, and in particular comprises an automated
      envelope opener.
PAR  2. Description of the Prior Art:
PAR  Business and government organizations presently receive enormous volumes of
      mail daily. For example, the large volumes of remittance mailings received
      by utility companies, petroleum companies, department stores and other
      retail enterprises, publishers, banks and other lending institutions,
      insurance companies, credit card operations, medical and dental group
      practitioners, taxing authorities, licensing bureaus, and a host of other
      types of activities, demonstrate the need for an efficient incoming mail
      handling capability for such organizations. The projections of the U.S.
      Post Office indicate that the daily volumes of such mailings will increase
      appreciably in the future. Use of automated envelope opening apparatus
      would be an essential feature of any efficient office procedure for
      handling such large volumes of mail.
PAR  The requirements for an efficient envelope opening apparatus that would be
      suitable for a high-volume mail handling operation are simple to state.
      First, the apparatus must be capable of a high rate of envelope
      throughput. Second, the apparatus must be capable of mechanically cutting
      an entire edge of each envelope so that "finish" cutting by hand will not
      be necessary. Third, the apparatus must be capable of cutting the edge of
      each envelope without damaging, or being damaged by, any of the contents
      thereof. The third requirement, that the apparatus not damage or be
      damaged by the contents of the envelope, is especially critical where the
      contents of the envelope might include tabulation cards, encoded checks or
      folded documents, or where the contents of the envelope might include
      documents that are attached together by metal paper clips or staples. In
      addition, it would be expected that an efficient envelope opening
      apparatus would be easy to operate, require minimum operator attention,
      and provide maximum safety to office personnel.
PAR  It should be noted that envelopes generally are not of uniform size and
      shape. Even in the case of remittance mailings where it is usual to
      provide customers with standardized return envelopes, customers may
      frequently choose to substitute odd-sized envelopes for various reasons.
      Furthermore, there are many other types of activities, including product
      promotions, commercial announcements, and coupon-return advertisements,
      which generate incoming correspondence mailed in envelopes that vary
      considerably in size and shape. It should also be noted that, even in the
      case of standardized return envelopes, the manufacturing specifications
      for such envelopes rarely require that the opposite edges of each envelope
      be strictly parallel. In other words, most envelopes are not perfect
      rectangles -- a fact that must be taken into account in the design of any
      automated apparatus for aligning an envelope edge with a cutting
      mechanism.
PAR  With presently available envelope opening machines, the problem of opening
      an edge of each envelope in a large stack of envelopes without damaging
      the contents of the envelopes has not been satisfactorily solved.
      Typically, with presently available envelope opening apparatus, quantities
      of unopened envelopes must first be placed in electrically operated
      jogging or vibrating machines to force the contents of each envelope away
      from the edge to be cut. Alternatively, the envelope opening procedure may
      require a manual operation wherein the operator tamps the envelopes, a
      handful at a time, against a table top to force the contents of each
      envelope away from the edge to be cut.
PAR  In addition, with many presently available envelope opening machines, it is
      necessary for the operator to manually hold the envelopes during the
      envelope cutting operation. The cuttting instrument of presently available
      envelope opening machines is typically a rotating-disk type of knife,
      which requires that a considerable portion of the envelope edge be exposed
      for cutting. With many presently available envelope opening machines, the
      operator must guide the envelopes manually toward the cutting station in
      order that the envelope edges to be cut will be properly aligned with
      respect to the cutting instrument.
PAR  With envelope opening machines known to the prior art, the envelope edge to
      be cut is not precisely referenced with respect to the alignment of the
      cutting instrument. Consequently, with such prior art machines, the
      cutting instrument must be set to cut an appreciable strip from the
      envelope edge so that a high proportion of envelopes fed to the cutting
      station will in fact be cut open. The cutting instrument setting is
      usually adjustable, but in practice it has been found necessary to use a
      setting of approximately 1/16 of an inch or more. Any smaller setting
      would result in incomplete cutting of too many of the envelopes in a batch
      of envelopes of typical size. Such a wide cut frequently results in damage
      to the contents of some envelopes, even where a jogging operation has
      preceded the cutting operation. Also, such a wide cut frequently causes
      paper clips or metal staples to become caught in the cutting blades, often
      damaging the cutting blades.
PAR  Furthermore, with envelope opening machines known to the prior art, the
      cutting operation is usually intermittent because of the necessity of
      first jogging or tamping each new batch of envelopes to be opened. Also,
      the requirement of operator attention to the feeding of envelopes toward
      the cutting station necessarily requires that the machine be operated at a
      throughput rate which is substantially less than the maximum possible
      operating speed of the cutting instrument.
PAR  In addition, with envelope opening machines known to the prior art, waste
      cuttings require special handling to be removed from the vicinity of the
      cutting station.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an efficient automated
      envelope opener that requires no operator attention during the envelope
      opening operation.
PAR  It is also an object of this invention to provide a high-throughput
      envelope opener that does not require any jogging or tamping of the
      envelopes prior to the cutting operating to force the contents of the
      envelopes away from the edges to be cut.
PAR  It is likewise an object of this invention to provide an automated envelope
      opener in which waste cuttings are removed from the vicinity of the
      envelope cutting instrument without special handling of the waste
      cuttings.
PAR  It is a further object of this invention to provide a high-throughput
      envelope opener that completely cuts from end to end an edge of each
      envelope in a batch of envelopes.
PAR  It is also a further object of this invention to provide an envelope opener
      in which one sheet of an envelope is cut slightly closer to the envelope
      edge than is the other sheet of the envelope, whereby the separation of
      the two sheets of the opened envelope is facilitated so as to make easier
      the subsequent extraction of the contents of the envelope.
PAR  It is also a further object of this invention to provide an envelope opener
      in which the paper edges of each sheet of the opened envelope are blunt or
      "feathered" rather than sharp, whereby personnel who extract the contents
      of the envelope can more easily avoid cutting their fingers on the paper
      edges.
PAR  Another object of this invention is to provide an envelope opening machine
      that can open a random mix of envelopes of various sizes, types and
      shapes.
PAR  A related object of this invention is to provide an envelope opening
      machine that can open a random mix of envelopes of various sizes, types
      and shapes in a precisely uniform manner.
PAR  Yet another object of this invention is to provide an automated envelope
      opening machine that is unaffected in its operation by the presence of
      metallic objects such as paper clips or staples in the envelopes to be
      opened.
PAR  A particular object of this invention is to provide a high-speed envelope
      opening machine which combines automatic feeding of a large batch of
      envelopes to a cutting instrument, automatic cutting of an edge from each
      envelope in the batch, automatic stacking of the opened envelopes in a
      shingled arrangement, and automatic removal of waste cuttings from the
      vicinity of the cutting instrument with convenient collection of the waste
      cuttings.
PAR  A more particular object of this invention is to provide a high-speed,
      high-throughput envelope opening machine in which envelopes can be placed
      on a feeder means to a cutting instrument or can be removed from a
      stacking device after having been cut open while the cutting instrument is
      in operation and without interruption of the cutting operation.
PAR  An object of this invention, in detail, is to provide an automated envelope
      opening machine having a means for aligning an edge of each envelope of a
      batch of envelopes of various sizes, types and shapes with a particular
      reference surface, and a means for cutting the aligned edge of each
      envelope by a rotating toothed cutter and stationary anvil that are
      disposed to cut substantially along that reference surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional view of an envelope opener according to the
      present invention.
PAR  FIG. 1A shows an envelope with an edge thereof being cut by the rotating
      toothed cutter and stationary anvil according to this invention.
PAR  FIG. 2 shows a view of the envelope opener of FIG. 1 taken along line 2--2.
PAR  FIG. 3 shows a view of the envelope opener of FIG. 1 taken along line 3--3.
PAR  FIG. 4 shows in greater detail the conveyor means of the envelope opener of
      FIG. 1 for transporting envelopes to the cutting instrument.
PAR  FIG. 5 shows a view of the conveyor means of FIG. 4 taken along line 5--5.
PAR  FIG. 6 shows a view of the conveyor means of FIG. 4 taken along line 6--6.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  An automated envelope opening machine 10 according to the present invention
      is illustrated in the accompanying drawing. An input hopper 11, which is
      shown at the upper left in FIG. 1, receives a stack 12 of unopened
      envelopes of various sizes, types and shapes. As indicated by the
      directional arrows in FIGS. 1 and 4, unopened envelopes pass individually
      from the bottom of the stack 12 onto a transport conveyor 20 which
      transports them from left to right past a cutting station 30 as seen in
      FIGS. 4 and 6. At the cutting station 30, a rotating cutting instrument 31
      (which is preferably a multi-toothed cutter similar to a milling cutter)
      in combination with a stationary anvil 32, opens each of the envelopes in
      turn as they pass from left to right on the conveyor 20. The opening of
      each envelope is accomplished by cutting away an edge thereof, as
      illustrated in FIG. 1A. After having been opened, each envelope continues
      to be transported by the conveyor 20 to the right for a relatively short
      distance until the envelope reaches the right-hand end of the conveyor 20,
      at which time the opened envelope is projected further to the right into a
      receiving volume 14 because of the inertia acquired by the envelope while
      on the conveyor 20. A limiting plate 15 arrests the forward motion of the
      projected envelopes, and causes each opened envelope in turn to drop onto
      another conveyor 40 which is disposed underneath the conveyor 20. The
      conveyor 40 causes the opened envelopes to be transported from right to
      left, counter to the directon of motion of the unopened envelopes. The
      conveyor 40 does not run continuously, but rather runs only when envelopes
      are passing along the conveyor 20 so as to produce a shingled arrangement
      of the opened envelopes thereon as illustrated in FIG. 1. It is noted that
      the conveyor 40 with its associated means (to be described hereinafter)
      for producing the shingled arrangement of the opened envelopes is an
      optional feature of the preferred embodiment of the present invention, and
      that for particular purposes it might be desirable to make an automated
      envelope opening machine which merely uses the envelope opening feature
      described herein without utilizing the shingling feature. In such a case,
      an output hopper could be installed in the receiving volume 14 to collect
      the opened envelopes as they are projected from the conveyor 20.
PAR  The hopper 11 comprises a rear wall 16 which is tilted by an appropriate
      angle from the vertical, for example, by 30 degrees, as can be seen in
      FIG. 3. The unopened envelopes are stacked in the hopper 11 with the
      envelope edges that are to be cut open being in contact with the rear wall
      16. In the usual case, a long edge of each envelope will be placed in
      contact with the rear wall 16. The tilt of the rear wall 16 from the
      vertical serves to bias the envelopes against the rear wall 6 and thus
      eliminates the need for any front envelope confining wall parallel to the
      rear wall 16. The hopper 11 also comprises an envelope confinement plate
      17 which is perpendicular to the rear wall 16, and which serves as a
      forward reference surface for feeding the envelopes to the cutting station
      30 and for preventing the envelopes from falling to the right onto the
      conveyor 20. The hopper 11 also comprises an additional envelope
      confinement plate 18 which is a plane inclined at a suitable angle from
      the horizontal, for example, ten to twenty degrees, as can be seen in
      FIGS. 1 and 4. The plate 18 provides a restraint to prevent the stacked
      envelopes from falling to the left, and also assists in feeding the
      envelopes individually from the bottom of the stack 12 onto the conveyor
      20 by providing an elevation of the trailing end of each envelope as it
      passes onto the conveyor 20. The inclined plate 18 is adjustably movable
      to the right or to the left by a thumb screw 19 disposed within a slot,
      the length of the slot being determinative of the extent to which the
      plate 18 can be moved. The plate 18 is positioned according to the length
      of the envelopes so as to raise the trailing edge of the bottommost
      envelope to a suitable height for convenient single feeding of the
      envelopes onto the conveyor 20.
PAR  The means for feeding the bottommost envelope of the stack 12 onto the
      conveyor 20 comprises a pair of parallel rubber feeder belts 21 and 21'
      disposed under the stack 12 and in contact with the bottommost envelope of
      the stack 12. The feeder belts 21 and 21' are endless belts which pass,
      respectively, over the pulleys 23 and 24 for the belt 21 and over the
      pulleys 23' and 24' for the belt 21', so that each feeder belt has an
      upper portion which moves from left to right and a lower portion which
      moves from right to left. In an operating embodiment of this invention, it
      has been found helpful to provide a pair of rollers 25 and 26, which are
      affixed to the framework of the machine 10, for vertical support of the
      feeder belts 21 and 22. The upper portions of the feeder belts 21 and 21'
      are in contact with the bottommost envelope in the stack 12. When the
      machine 10 is operating, the movement of the feeder belts 21 and 21' tends
      to move the bottommost envelope from left to right because of friction
      between the rubber belts and the envelope surface. Because of the weight
      of the upper envelopes on the bottommost envelope, motion of the
      bottommost envelope from left to right tends to cause envelopes on top of
      it to move from left to right also. Therefore, a separator assembly is
      used to provide single one-at-a-time feeding of the envelopes from stack
      12 by means of the feeder belts 21 and 21' onto the conveyor 20.
PAR  The separator assembly comprises a pair of wheel-like stones 27 and 27' of
      carborundum or other similar material which are mounted on levers 28 and
      28', respectively, that pivot about bearing points in such a way that
      tension springs 29 and 29' (not shown), respectivey, urge the stones 27
      and 27' down into contact with the upper surface of any envelope moving
      from the bottom of the hopper 11 toward the conveyor 20. The separator
      stones 27 and 27' are mounted immediately to the right of the confinement
      plate 17 as seen in FIG. 4. The vertical clearance between the separator
      stones 27 and 27' and the feeder belts 21 and 21' is adjustable by means
      of adjustment screws 22 and 22' (not shown) depending upon the average
      thickness of the envelopes to be opened. As the feed belts 21 and 21' move
      the bottommost envelope to the right, the envelopes in the stack 12 above
      the bottommost envelope also tend to move to the right. However, those
      envelopes above the bottommost envelope which might tend to pass under the
      confinement plate 17 thereupon come into contact with the separator stones
      27 and 27'. In particular, the upper surface of the envelope immediately
      above the bottommost envelope in the stack 21 comes into contact with the
      separator stones 27 and 27'. Since the coefficient of friction between
      paper and rubber is greater than the coefficient of friction between paper
      and the abrasive material (e.g., carborundum) of which the separator
      stones are made, the bottommost envelope can be moved freely by the feeder
      belts 21 and 21' from left to right onto the conveyor 20 while the
      envelope immediately above the bottommost envelope is restrained by the
      separator stones 27 and 27'. Since the coefficient of friction between the
      separator stones and paper is greater than the coefficient of friction
      between paper and paper, the bottommost envelope moves freely to the right
      while the next envelope immediately on top of the bottom envelope is
      restrained. Consequently, when the bottommost envelope has passed onto the
      conveyor 20, the envelope which was immediately on top of it becomes in
      turn the bottommost envelope and can in its own turn pass singly onto the
      conveyor 20.
PAR  After an envelope passes from the feeder belts 21 and 21' onto the conveyor
      20, it is moved to the right and urged into contact with a guiding
      reference surface 33 by the conveyor 20. The reference surface 33 is
      coplanar with the rear wall 16 of the hopper 11; and the envelope edge
      which is to be cut open is urged into contact with this reference surface
      33. As can be seen in FIG. 5, the feeder belts 21 and 21' and the conveyor
      20 are oriented at a suitable angle with respect to the reference surface
      33, for example, two to three degrees, in order to bias the motion of the
      envelopes into firm contact with the reference surface 33.
PAR  The conveyor 20 comprises an endless belt, which may be made of treated
      woven cloth, and which is tensioned between a drive roller 41 and a driven
      roller 42. The pulleys 23 and 23' are integral with the driven roller 42,
      so that the driven roller 42 serves to drive the feeder belts 21 and 21'.
      Disposed at intervals beneath the conveyor 20 are a suitable number of
      idler rollers, as shown in FIG. 4 by the reference numbers 43, 44, 45 and
      46, to provide vertical support for the conveyor 20 so that the envelopes
      will be maintained on a substantially unvarying horizontal plane in their
      passage from left to right toward the cutting station 30. In order to hold
      the envelopes firmly on the conveyor 20, a series of hold-down idler
      rollers are provided which bear gently but firmly down upon the envelopes
      as they pass in turn toward the cutting station 30. As shown in FIG. 4,
      the hold-down idler rollers 52, 53, 54, 55, 56 and 51 are each mounted to
      a frame member of the machine 10 by a corresponding leaf spring 62, 63,
      64, 65, 66 and 61, respectively. The hold-down roller 51 is mounted
      vertically above the drive roller 41, the hold-down roller 52 is mounted
      vertically above the driven roller 42, and the hold-down rollers 53, 54,
      55 and 56 are mounted vertically above the conveyor supportive idler
      rollers 43, 44, 45 and 46, respectively. The conveyor supportive rollers
      and the hold-down rollers are aligned with the conveyor 20 so as to urge
      the envelopes into contact with the reference surface 33.
PAR  In order to prevent an envelope from "climbing" the reference surface 33, a
      hold-down restraining plate 34 is mounted against the reference surface
      33. The hold-down plate 34, which may suitably be approximately 1/4 inch
      thick, is mounted approximately 1/4 inch above the plane of the conveyor
      20. Thus, as an envelope passes along the conveyor 20 toward the cutting
      station 30, it is confined to a vertical space of not more than 1/4 of an
      inch and cannot climb higher up the reference surface 33. The hold-down
      plate 34 may be adjustably mounted to provide a choice of vertical
      clearances depending upon the maximum thickness of the envelopes to be
      opened. The hold-down plate 34 may also be mounted at a slight angle with
      respect to the horizontal plane of the conveyor 20 to provide a higher
      clearance at the left-hand end of the plate 34 and a lower clearance at
      the right-hand end. In this case, the hold-down plate 34 will receive
      puffy envelopes and serve to flatten them as they pass toward the cutting
      station 30.
PAR  The cutting station 30 comprises a rotating multi-toothed cutting
      instrument 31, having a plurality of blades disposed on a circular support
      structure that rotates in a plane perpendicular to the plane of the
      reference surface 33. In particular, the cutting instrument 31 preferably
      comprises a circular toothed cutter similar to a milling cutter. Each
      tooth of the cutter 31 comprises a blade whose cutting edge remains always
      parallel to the reference surface 33 as the circular cutter 31 undergoes a
      complete rotation. The plane of the reference surface 33 lies tangent to
      the circular cutter 31, and the edge of each blade will "cut" the plane of
      the reference surface 33 during each rotation of the cutter 31. The cutter
      31 is mounted on a shaft 36 which is rotationally driven by a belt 37,
      which is driven by a motor 60 as will be described more fully hereinafter.
      The cutter 31 is rotated at a high speed, which typically may be 2400
      revolutions per minute. Disposed axially from the cutter 31 is a
      stationary sharpened anvil 32, which may be constructed of a standard
      screw-mounted carbide cutting tip of the type frequently used in machining
      operations. The anvil 32 is rigidly mounted on an adjustable bar (not
      shown) which is pivotally attached to the cutting station assembly
      slightly below the centerline of the rotating cutter 31. The anvil 32 is
      adjusted to provide substantially zero clearance between the anvil 32 and
      the rotating blades of the cutter 31. Thus, as each blade passes by the
      anvil 32 during the rotation of the cutter 31, each of the blade will
      remove a small portion of the edge of the envelope which abuts the
      reference surface 33. The total number of cuts removed from the envelope
      edge is a function of the speed of the envelope in passing along the
      conveyor 20 past the cutting station 30, the rate of rotation of the
      cutter 31, and the number of teeth (i.e., cutting blades) in the cutter
      31. The anvil 32 is mounted parallel to the horizontal plane of the
      conveyor 20; and the cutter 31 is mounted so that its cutting blades
      protrude out from the reference surface 33 by a small amount determined by
      the depth of the cut desired for the envelope edge. Normally, a cut of
      only a few thousandths of an inch is all that is desired. Thus, as an
      envelope moves from left to right, its edge to be cut open is urged into
      contact with the reference surface 33 and is forced past the cutting
      station 30 where a small portion of the envelope is cut away. Only the
      minimum amount of envelope material that must be removed to open the
      envelope is actually cut away. In practice, it has been found that an
      envelope can be fully opened along an edge from end to end without damage
      to the contents of the envelope, even where the contents of the envelope
      lie immediately adjacent the edge which is cut open. In order to control
      the precision of the cutting more fully, a flat spring 35 may be attached
      to the hold-down plate 34 so as to bear down against the envelope edge
      which is to be cut and to urge it firmly against the anvil 32. The flat
      spring 35 serves to force bent envelope corners to lie in the plane of the
      conveyor 20, thereby providing a straight envelope edge for presentation
      to the cutting blades.
PAR  It is a feature of the milling-cutter type of cutting instrument of this
      invention that the cut edges of envelopes that have been cut by the cutter
      31 wll be blunt or "feathered" to the touch, as contrasted with the
      oftentimes sharp edges that result from cuts made with a circular blade
      that rotates parallel to the orientation envelope edge which is to be cut.
      This feature is a decided advantage to personnel who will subsequently
      remove the contents of the opened envelopes. Sharp opened envelope edges
      can cause hangnails and inflict nasty cuts on the fingers. The occurrence
      of such injuries is minimized with an envelope opener according to the
      present invention.
PAR  It is another feature of the milling-cutter type of cutting instrument of
      this invention that the rotating motion of the cutter 31 serves to draw
      air in through the draft hole 38 in the housing of the cutter 31 and in
      through the gap exposing the cutter. In effect, the rotating cutter 31
      also serves as an induction fan or blower to draw the small envelope
      cuttings away from the cutter 31 down into a tube 80 located beneath the
      cutter 31. The tube 80 leads conveniently to a waste basket placed
      underneath the machine 10.
PAR  After an envelope has been cut open, it will continue moving to the right
      on the conveyor 20. In moving to the right, the opened envelope will
      depress a switch lever 47 that operates the shingling conveyor 40 which is
      disposed underneath the conveyor 20. It is significant that the upper
      portion of the shingling conveyor 40 is thereby caused to move from right
      to left only when envelopes are actually being opened. In this way,
      shingling of the opened envelopes along the conveyor 40 can be
      accomplished. The location of the shingling conveyor 40 below the conveyor
      20 provides for high capacity envelope stacking with a minimum of floor
      space needed by the machine.
PAR  The shingling conveyor 40 comprises an endless belt, which may be made of
      treated woven cloth, and which is tensioned between rollers 48 and 49 as
      shown in FIG. 1. The shingling conveyor assembly is most conveniently
      attached to the main structural frame of the envelope opening machine 10.
      Roller 48 is a drive roller which is attached to the shaft 71 of an
      electric motor 70, and the motor 70 is activated when the switch lever 47
      is depressed as discussed above. The shingling conveyor 40 causes the
      opened envelopes to move from right to left. An output hopper 81 may
      conveniently be located at the left-hand end of the shingling conveyor 40
      to receive the opened envelopes.
PAR  Power to drive the transport conveyor 20 is provided by the electric motor
      60, which is mounted on shock mounts 82 and 83 in order to reduce
      vibration and noise. Affixed to the shaft 84 of the motor 60 is a drive
      pulley 85 around which the belt 37 is fitted. Power that is transmitted by
      the belt 37 to a pulley 86 on the shaft 36 upon which the cutter 31 is
      mounted causes the cutter 31 to rotate. The cutter shaft 36 is
      substantially parallel to the shaft 84 of the motor 60, whereas the axis
      of the drive roller 41 of the conveyor 20 is approximately perpendicular
      to the shaft 84. Therefore, in order to drive the conveyor 20 from the
      motor 60, it is necessary to change the direction of the belt 37 after it
      passes the pulley 86 on the cutter drive shaft 36. This change of
      direction is accomplished by a fairlead assembly which comprises two
      pulleys 87 and 87' (not shown) which guide the belt 37 around to the
      proper orientation for engaging the drive roller 41. The drive roller 41
      drives the conveyor 20 and also drives the roller 42, which in turn drives
      the feeder belts 21 and 21'.
PAR  Although this invention has been described herein with respect to a
      particular preferred embodiment, it will be recognizeed by those skilled
      in the art that various specific changes in the form and arrangement of
      parts may be made without departing from the spirit and scope of the
      invention. Consequently, the description herein is not to be construed in
      a limiting sense but rather is to be understood as being illustrative of a
      particular embodiment of the invention which is limited only by the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An envelope opening machine comprising conveyor means for transporting
      an envelope along a linear path to a cutting station, bias means for
      constraining an edge of said envelope to assume an orientation parallel to
      a reference plane at said cutting station, cutting means disposed adjacent
      said path, said cutting means comprising a plurality of blades which are
      parallel to said reference plane at said cutting station, said blades
      being rotatable in a plane perpendicular to said reference plane and being
      disposed inside a housing to contact said envelope edge at said cutting
      station, said housing being apertured so that the rotation of said blades
      causes air to be drawn into said housing thereby causing an air draft for
      automatically blowing envelope edge cuttings away from said cutting
      station, and means for rotating said blades.
NUM  2.
PAR  2. The apparatus of claim 1 further comprising means for receiving a
      plurality of envelopes to be opened, and means for feeding said envelopes
      one at a time from said receiving means to said conveyor means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said envelope receiving means comprises
      means for forming a stack of said envelopes one on top of another, and
      wherein said feeding means comprises means for feeding said envelopes one
      at a time from the bottom of said stack to said conveyor means.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said means for feeding said envelopes
      from the bottom of said stack comprises belt means disposed to make
      frictional contact with the bottommost envelope of said stack and to move
      said bottommost envelope toward said conveyor means, and separator means
      disposed to make frictional contact with the next envelope immediately
      above said bottommost envelope in said stack so as to restrain passage of
      said next envelope toward said conveyor means until said bottommost
      envelope has passed toward said conveyor means.
NUM  5.
PAR  5. The apparatus of claim 1 comprising planar surface means disposed
      parallel to said path, said planar surface means determining said
      reference plane, and wherein said bias means comprises means for providing
      a nonparallel orientation of said conveyor means relative to said path so
      that the edge of said envelope that is to be cut is urged into contact
      with said planar surface means.
NUM  6.
PAR  6. The apparatus of claim 1 further comprising means disposed adjacent said
      path for flattening said envelope as said envelope passes to said cutting
      station.
NUM  7.
PAR  7. The apparatus of claim 1 further comprising anvil means disposed
      adjacent said path at said cutting station so that said envelope edge to
      be cut passes between at least one of said blades and said anvil at said
      cutting station.
NUM  8.
PAR  8. The apparatus of claim 1 further comprising means disposed adjacent said
      cutting station for leading said envelope edge cuttings to waste disposal
      means.
NUM  9.
PAR  9. An envelope opening machine comprising means for receiving a plurality
      of envelopes to be opened, means for feeding said envelopes one at a time
      from said receiving means to a conveyor means for transporting each
      envelope along a linear path to a cutting station, bias means for
      constraining an edge of said envelope to assume an orientation parallel to
      a reference plane at said cutting station, cutting means disposed adjacent
      said path, said cutting means comprising a blade which is parallel to said
      reference plane at said cutting station, said blade being disposed to
      contact said envelope edge at said cutting station, shingling conveyor
      means disposed below said transport conveyor means to said cutting
      station, said shingling conveyor means being arranged to receive envelopes
      that have been opened at said cutting station, and switch means responsive
      to the exit of each opened envelope from said cutting station for causing
      said shingling conveyor means to move only when envelopes are being
      opened.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said shingling conveyor means moves
      the opened envelopes in a shingled arrangement in a direction opposite to
      the direction of motion of the unopened envelopes toward said cutting
      station.
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ABST
PAL  An improved fully mechanized sawmill is provided which is composed of
      structurally independent modules which are removably mounted on a platform
      composed of a plurality of side-by-side longerons supported horizontally
      on files of spaced-apart vertical piers and columns. The longerons provide
      horizontal stress support for the platform along the files of piers and
      columns perpendicularly to the cutting axis of the sawmill, and the
      modules mounted thereon provide horizontal stress support for the platform
      along the ranks of the piers and columns parallel to the cutting axis. In
      addition, improved mechanisms and techniques are provided for handling and
      selecting the sawlogs to be cut, for selecting and distributing the pieces
      cut therefrom according to shape and utility, and for stacking and
      handling the distributed pieces at preselected locations according to
      shape and utility.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to improved sawmill methods and apparatus, and more
      particularly relates to an improved sawmill design and operating concept.
      In addition, the invention relates to a novel sawmill concept wherein
      improved methods and apparatus are provided for performing certain of the
      various functions now performed in sawmills of conventional design.
PAR  It is well known that trees are harvested to provide lumber and wood pulp,
      and that such felled trees are carried to sawmills for this purpose after
      being de-topped and delimbed, and perhaps also debarked. It is also well
      known that the sawlogs are sliced into lumber, railroad ties or timbers,
      and the like, by longitudinally carrying them to and from a revolving
      circular saw. It is further well known to provide mechanical devices for
      moving and handling the sawlogs in the sawmill, and also to provide other
      such devices for moving and handling the lumber and timbers which are
      produced. What is not well known is that, because of economic and social
      changes occurring during the past few decades, a need has arisen for a
      different type of sawmill. More particularly, what is required is a
      sawmill which is simpler, easier, cheaper and much quicker to erect and
      put into operation, which is also operable with a minimum number of
      persons, which is simpler and easier to maintain and repair, and which may
      be conveniently disassembled for removal and re-erection at another
      operating site.
PAR  A sawmill may be characterized as a system wherein certain functions or
      steps in a process are performed. The initial point in the process may be
      considered to be the "log deck" where sawlogs are positioned in a manner
      such that they may be taken, one at a time, to be cut into lumber and the
      like. Thus, a "nose section" is preferably provided between the log deck
      and the carriage and saw section for the purpose of selecting and
      transferring each sawlog to the carriage which travels back and forth
      between a revolving circular saw blade.
PAR  When a slice is taken from a sawlog or cant which is secured on the
      carriage, it may be either a board or timber, or it may be a so-called
      "slab" which is useless for purposes of providing lumber. It is desirable
      to segregate different pieces at the time they are cut from the sawlog,
      and thus means is preferably provided for depositing a slab on a first
      conveyor section leading to a chipper or the like, and for depositing
      lumber and timber-sized pieces on two or more other different conveyors
      leading, respectively, to lumber and railroad tie "decks."
PAR  It will be apparent from the foregoing that the typical sawmill is a large
      and complex system which is expensive and time-consuming to install and
      put into operation. However, the cost and complexity of sawmills has been
      greatly enhanced, during recent years, by the need to mechanize as much of
      the operation as possible. This, in turn, has resulted in making sawmills
      relatively permanent installations, which is inconsistent with an inherent
      need to be moved, from time-to-time, to move convenient sites.
      Accordingly, the many small, relatively portable sawmills of the past have
      now been largely replaced by a proportionately fewer number of much larger
      and relatively permanently installed sawmills which are, in turn,
      completely dependent on a transportion system which can accumulate and
      supply sawlogs from a wide area.
PAR  Accordingly, there has long been a need for a mechanical sawmill which
      requires a minimum number of personnel to operate, but which is also
      capable of being erected in a shorter length of time, which can be
      disassembled and removed to another operating site without effectively
      being destroyed as an operating unit, and which is simpler and therefore
      easier and cheaper to maintain. The various features and techniques which
      are employed to provide the large sawmills of the prior art are inherently
      inconsistent with providing all of these features in the same operating
      unit, and thus simplicity and portability have accordingly been sacrificed
      in favor of mechanization.
PAR  These disadvantages of the prior art are overcome with the present
      invention, and novel sawmill methods and apparatus are herewith disclosed
      for providing a sawmill which is operable with a minimum number of
      persons, which is relatively simple and quick to erect and put into
      operation at a substantially lower cost, which may be easily disassembled
      and reassembled at a new location, and which further includes improved and
      novel component sections for performing various of the aforementioned
      functions or steps.
PAC  SUMMARY OF INVENTION
PAR  In a preferred form of the present invention, a novel sawmill design is
      provided which is basically comprised of a platform formed by a plurality
      of piers or columns arranged in ranks and files and carrying a plurality
      of hollow longitudinal structural members hereinafter referred to as
      "longerons"  which extend or lie across the various files of piers or
      columns to provide two preselected functional or operating levels. The
      various operating sections of the mill is therefore composed of a
      plurality of "modules" which are merely set down in straddle fashion on
      the longerons at various locations relative to the vertical cutting plane
      or "saw line" of the mill, as well as with respect to the two operating
      levels.
PAR  As will hereinafter be apparent, mounting the modules on a platform of this
      type can be done in only a few days, and thus a sawmill of this type can
      also be erected in a fraction of the time required to erect a conventional
      sawmill. More important, however, a sawmill of the type contemplated by
      the present invention can be disassembled and re-erected at another site
      by merely unfastening and removing the modules from the longerons, (as
      well as disconnecting the various pneumatic and electrical conduits and
      connections which are necessarily provided between the various modules).
PAR  It will be seen in the detailed description hereinafter provided that the
      platform is itself a feature of the present invention, wherein the
      platform is basically a plurality of vertical support members arranged in
      a rank and file to support a plurality of longerons carried by files of
      these vertical members at one of two operating levels or elevations. The
      longerons, which connect the files of piers or columns, provide strength
      to the assemblement of piers, columns and longerons, in a lateral
      direction perpendicular to the cutting line of the sawmill, and the
      modules which straddle and rest on the longerons connect and strengthen
      the assembled sawmill in the lateral direction parallel to the cutting
      line.
PAR  Although a sawmill constructed in this fashion will basically perform the
      same functions as those performed or sought to be performed by
      conventional sawmills, redesign of the sawmill to incorporate the modular
      concept has permitted or required redesign of the modules whereby they are
      structurally independent of each other (except for interconnection of
      electrical cables and pneumatic hoses, etc.). Thus, many if not all of the
      various modules are not limited in usefulness to the sawmill system and
      method of the present invention, but may be effectively interconnected in
      and operated as a part of conventional sawmill. For example, the various
      log, lumber and tie deck assemblies hereinafter described are substantial
      improvements over corresponding portions of conventional sawmills, and the
      lumber and tie stacker assemblies may be used with particular advantage in
      any type of sawmill or other similar system, as will hereinafter be
      apparent.
PAR  Another feature of the present invention is the provision of various novel
      devices and techniques for mechanically handling not only the sawlogs
      which are sought to be cut, but also the boards, timbers and other pieces
      severed therefrom. In addition to the aforementioned lumber and tie
      stacker apparatus, novel and improved means is provided with the carriage
      and saw section or module for selectively depositing the saw several
      pieces on one of three different conveyor sections depending on whether
      the piece is a slab, a plank or board, or a railroad tie or other like
      size of timber. Also, novel routing means is provided for transferring
      boards or ties from the conveyor sections to selected ones of a plurality
      of lumber and tie deck assemblies and other components of the system, all
      without the use of any manual labor other than the sawmill operator.
      Accordingly, not only is the sawmill of the present invention cheaper and
      easier to erect, it may ideally be operated by only one person as will
      hereinafter be apparent.
PAR  These and other features and advantages of the present invention will
      become apparent from the following detailed description, wherein reference
      is made to the figures of the accompanying drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a simplified conceptual representation of the operating levels of
      a sawmill embodying the concept of the present invention.
PAR  FIG. 2 is a simplified functional representation of the various functional
      modules, in a sawmill as depicted in FIG. 1, with respect to its sawline
      or cutting axis.
PAR  FIG. 3 is a simplified pictorial representation of a platform suitable for
      the purposes of the present invention.
PAR  FIG. 4 is a more detailed pictorial representation of a portion of the
      structure illustrated in FIG. 3.
PAR  FIG. 5 is a simplified pictorial representation of one of the components of
      the structure illustrated in FIG. 4.
PAR  FIG. 6 is a simplified pictorial representation of one of the parts of the
      component depicted in FIG. 4.
PAR  FIG. 7 is a simplified pictorial representation of another part of the
      component depicted in FIG. 4.
PAR  FIG. 8 is a pictorial representation of another portion of the supporting
      platform depicted in FIG. 3.
PAR  FIG. 9 is a pictorial representation of another different portion of the
      structure depicted in FIG. 3.
PAR  FIG. 10 is a pictorial representation of a further different portion of the
      structure depicted in FIG. 3.
PAR  FIG. 11 is a pictorial view of a portion of one of the components of the
      sawmill depicted generally in FIG. 2.
PAR  FIG. 12 is another different view of the structure depicted in FIG. 11.
PAR  FIG. 13 is a simplified pictorial view of another of the component parts of
      the sawmill depicted generally in FIG. 2.
PAR  FIG. 14 is a simplified pictorial view of another portion of the sawmill
      depicted generally in FIG. 2.
PAR  FIGS. 15A and 15B are pictorial representations of another component of the
      sawmill depicted in FIG. 2.
PAR  FIG. 16 is a different representation of the apparatus depicted in FIG. 15.
PAR  FIG. 17 is another view of the apparatus depicted in FIGS. 15 and 16.
PAR  FIG. 18 is a more detailed pictorial view of another different component of
      the sawmill generally represented in FIGS. 1 and 2.
PAR  FIG. 19 is a pictorial view, partly in cross section, of the internal
      details of the apparatus depicted in FIG. 18.
PAR  FIG. 20 is another pictorial view of the apparatus illustrated in FIGS. 18
      and 19.
PAR  FIG. 21 is a pictorial representation of a portion of the apparatus
      depicted in FIGS. 18-20.
PAR  FIG. 22 is another different pictorial representation of the apparatus
      illustrated in FIG. 21.
PAR  FIG. 23 is a further different pictorial view of a portion of the apparatus
      depicted in FIGS. 21 and 22.
PAR  FIG. 24 is a pictorial representation, partly in cross section, of the
      internal details of a portion of the apparatus depicted in FIG. 18.
PAR  FIG. 25 is another view of the apparatus depicted in FIG. 24.
PAR  FIG. 26 is a pictorial representation of the details of another portion of
      the apparatus depicted in FIG. 18 illustrating the position of certain
      components during its operation.
PAR  FIG. 27 is another view of the apparatus depicted in FIG. 26.
PAR  FIG. 28 is another different view of the apparatus depicted in FIGS. 26 and
      27.
PAR  FIG. 29 is a pictorial representation of another portion of the apparatus
      decpited in FIGS. 26-28.
PAR  FIG. 30 is a similar pictorial view of the apparatus illustrated in FIG.
      29.
PAR  FIG. 31 is a different pictorial view of the apparatus depicted in FIGS.
      29-30.
PAR  FIG. 32 is a pictorial representation of another portion of the sawmill
      depicted in FIGS. 1-3.
PAR  FIG. 33 is a different pictorial view of the apparatus depicted in FIG. 32.
PAR  FIG. 34 is another pictorial view of the apparatus depicted in FIGS. 31-32.
PAR  FIG. 35 is a functional diagram of a portion of the pneumatic operating
      components and system employed in a sawmill of the type embodying the
      concept of the present invention.
PAR  FIG. 36 is a functional diagram of a portion of the electrical operating
      components and system employed in a sawmill of the type embodying the
      concept of the present invention.
PAR  FIG. 37 is a pictorial representation of means for protecting and
      supporting electrical cables and leads required to energize the apparatus
      depicted in FIG. 36.
PAR  FIG. 38 is a pictorial representation, partly in cross section, of the
      apparatus depicted in FIG. 37.
PAR  FIG. 39 is an exploded pictorial representation of a portion of the
      apparatus illustrated in FIG. 38.
DETD
PAC  DETAILED DESCRIPTION
PAR  As hereinbefore explained, the present invention contemplates a sawmill
      which is composed of a plurality of modules each mounted on a supporting
      platform at a particular location and at one of three functional
      elevations hereinafter referred to as Elevations I, II and III. Referring
      now to FIG. 1, there may be seen a simplified functional representation of
      a sawmill embodying this concept with respect to such locations and
      different levels or elevations. Accordingly, it will be seen that the
      depicted sawmill is composed of a log deck assembly 2 which is
      perpendicularly arranged with respect to a carriage and saw section 6. As
      will hereinafter be explained in detail, the motive power for the carriage
      and saw section 6 may be provided by a suitable feedworks base section 4
      aligned longitudinally with such carriage and saw section 6. The log deck
      assembly 2 is interconnected with the carriage and saw section 6 by a nose
      section 3 aligned longitudinally with the log deck assembly 2, and which
      is perpendicular to the carriage and saw section 6.
PAR  Referring again to FIG. 1, it will be seen that the sawmill further
      includes suitable roller bed sections 9 and 10, and a slab conveyor
      section 11, which are aligned parallel with, and along the side of, the
      carriage and saw section 6. Perpendicular thereto and displaced
      "downstream" from the carriage and saw section 6, there may be seen a pair
      of lumber deck assemblies 12 and 13 arranged side-by-side and extending at
      right angles from the roller bed sections 9 and 10 in one direction
      therefrom, and a transfer deck assembly 22 extending in an opposite
      direction from the end of the roller bed sections 9 and 10. As will be
      further explained in detail, the purpose of the roller bed section 9 is to
      carry lumber from the carriage and saw section 6 to a selected one of the
      two lumber deck assemblies 12 and 13, whereas the purpose of the other
      roller bed section 10 is to carry railroad ties or other larger such
      pieces from the carriage and saw section 6 to the transfer deck assembly
      22. There may be further seen a third roller bed section 15 arranged
      perpendicularly to and across the opposite end of the transfer deck
      assembly 22, in parallel with the other two roller bed sections 9 and 10,
      which connects the transfer deck assembly 22 with the four tie deck
      assemblies 16-19.
PAR  Referring again to FIG. 1, it will be seen that the lumber deck assemblies
      12 and 13 are each respectively interconnected with the lumber roller bed
      section 9 by one of a pair of lumber stacker sections 20-21, and also by
      one of a pair of pull-off assemblies 20A-21A, and that the transfer deck
      assembly 22 is interconnected with the timber roller bed section 10 by
      another pull-off assembly 22A. In addition, the transfer deck assembly 22
      is joined at its other end to the third roller bed section 15 by a trimmer
      section 14 and a push-off assembly 14A.
PAR  As hereinafter stated, each of the various aforementioned components are
      further positioned at one of three levels or elevations, depending upon
      their respective functions within the system. In particular, the various
      lumber and tie deck assemblies 12-13 and 16-19, as well as the transfer
      deck assembly 22, are located at Elevation I, as are the three roller bed
      sections 9-10 and 15. Similarly, the various stacker and pull-off sections
      20-21 and 23-26 are located at Elevation I, which is the lowest of the
      three functional elevations in the system. The log deck assembly 2 and
      nose section 3 are located at Elevation II, and the carriage and saw
      section 6 is located at Elevation III which is the highest functional
      elevation in the system. The position of feedwords base 4 is at Elevation
      I.
PAR  As will hereinafter be explained in detail, sawlogs are positioned along
      the length of the log deck assembly in a manner parallel to the carriage
      and saw section 6. Accordingly, the nose section 3 operates to select and
      transfer a sawlog from the log deck assembly 2 to the carriage and saw
      section 6, preferably by rolling it or pushing it sideways onto the
      carriage portion of the carriage and saw section 6. After the log is
      properly secured thereon, the log is then carried longitudinally back and
      forth to slice it into lumber or railroad ties or the like, each board or
      other piece tending to fall sideways from the carriage and saw section 6
      onto the appropriate one of the two roller bed sections 9-10. Those pieces
      considered to be lumber area, of course, longitudinally carried by the
      roller bed section 9 to the appropriate one of the two lumber deck
      sections 12-13.
PAR  As will hereinafter be explained in detail, the function of the two
      pull-off sections 20A-21A is to transfer the board or other piece onto the
      corresponding one of the two stacker sections 20-21, and that component
      may thereafter be employed to transfer such piece onto the selected one of
      the two lumber deck assemblies 12-13. Railroad ties and other such larger
      pieces or timbers provided by the carriage and saw section 6 will, as
      hereinbefore stated, be deposited longitudinally on the other roller bed
      section 10 to be carried to the transfer deck assembly 22. Accordingly,
      such railroad tie or timber is removed onto the transfer deck assembly 22
      by another pull-off section 22A similar in design and function to the
      pull-off assemblies 20A-21A hereinbefore mentioned, whereby the transfer
      deck assembly 22 may carry such tie to the trimmer section 14. Thereafter,
      the tie is transferred onto the third roller bed section 15 by either a
      push-off assembly 14A, or by another pull-off assembly, for transfer to
      the appropriate one of the four tie deck assemblies 16-19. The system will
      also include four tie stacker sections 23-26, and four pull-off assemblies
      23A-26A, for the purpose of removing such ties from the roller bed section
      15, and for the purpose of thereafter stacking them appropriately onto one
      of the four tie deck assemblies 16-19 as will hereinafter be explained in
      detail.
PAR  Referring now to FIG. 2, there may be seen another functional
      representation of the various components of the sawmill depicted in FIG.
      1, wherein these components are depicted with respect to movement of
      sawlogs and lumber throughout the system. Accordingly, the system may be
      seen to include a rub bar assembly 5 which prevents the carriage 27 from
      being thrown from the rails of the carriage and saw section 6 by the
      impact of the slapper bar 37 (see FIG. 14) on a sawlog being driven onto
      the carriage 27, a driving means 195 of conventional design for energizing
      the rotary saw (not specifically depicted in FIGS. 1 and 2), and a
      suitable cage or control booth 30 for accommodating the operator of the
      sawmill. Further, there may be seen that the sawmill includes a conveyor
      belt section 11 which is composed of an endless belt arranged beside and
      parallel with the carriage saw section 6 for carrying away slabs and other
      debris not suitable for use as lumber or railroad ties or the like. FIG. 2
      also depicts the location of each triple leg assembly 200, which is a
      component more particularly described and depicted in FIGS. 10-12.
PAR  Referring now to FIG. 3, there may be seen another different pictorial
      representation of the sawmill illustrated in FIGS. 1-2 and more
      particularly showing the platform hereinbefore described for the purpose
      of supporting the various modules and components at the appropriate one of
      the three elevations hereinbefore mentioned with respect to FIG. 1. In
      particular, the platform may be seen to be composed of a plurality of
      vertical strength members hereinafter referred to as piers 44, which are
      adapted to provide the lowest Elevation I. A similar vertical strength
      member, hereinafter referred to as a column 45, is used to provide support
      for components located at the intermediate Elevation II. In addition, it
      may be seen that extension members 70 may be located on top of piers 44
      for the purpose of also providing support at the intermediate Elevation
      II.
PAR  The highest Elevation III may be considered to be the top surface of the
      rails 74 of the carriage and saw section 6, and which is composed of a
      pair of railroad-type rails 74, each mounted on a rail bed member 73,
      which, for present purposes, may be a rectangular hollow channel member or
      other suitable structural device.
PAR  Referring again to FIG. 3, it may be seen that the columns 45 are intended
      to support both the log deck assembly (not depicted in FIG. 3) and the
      nose section 3, as well as a portion of each of the two rail bed members
      73. Piers 44 are provided to carry longerons 50, as may be seen in FIG. 4,
      and the rail bed members 73 may therefore be supported on the upper ends
      of extension members 70 mounted on these longerons. The feedworks base 4,
      which supports a feedworks 42 for driving the carriage 27, is centrally
      supported at Elevation I by a pair of piers 44. It also includes the
      return stop assembly 32 which, in turn, is centrally supported at
      Elevation II by vertical extension members 70 mounted on piers 44, and is
      also connected to one end of the two rail bed members 73 for the purpose
      of structurally integrating these components into the assembly formed by
      the platform. As may be further seen, a second stop assembly 31 is mounted
      at the opposite ends of the rail bed members 73, at Elevation I, on one of
      the two longerons 50 which support the first lumber deck assembly 12,
      although it is also interconnected with the other ends of the two rail bed
      members 73 to achieve structural unity.
PAR  As hereinbefore stated, the platform composed of the piers 44, columns 45
      and other members are connected together into a structural unit by the
      various modules such as the carriage saw section 6 and the lumber and tie
      deck assemblies 12-13 and 16-19 which are mounted thereon. As indicated in
      FIG. 3, however, one or more diagonal braces 46-47 may be suitably
      employed at points adjacent the ends of the carriage saw section 6,
      however, because of stress created by movement of the carriage 27 and its
      impact upon one or the other of the two stop assemblies 31-32.
PAR  The carriage 27, which is depicted in FIG. 3 and which functions to support
      a sawlog intended to be cut into lumber, may be of any suitable design
      such as that illustrated in U.S. Pat. No. 3,566,933. Accordingly, the
      carriage 27 may include two or more knee assemblies 28-29 and other
      components such as an appropriate carriage dial 179 to indicate the
      lateral position of the knee assemblies 28-29 and sawlog (not depicted) on
      the carriage 27. Accordingly, the control booth 30 is appropriately
      positioned adjacent to but on the opposite side of the circular saw blade
      34, not only to better observe the cutting operation provided by the saw
      blade 34 but also to observe readings indicated by the dial 179.
PAR  Referring again to FIGS. 2-3, it will be seen that the depicted sawmill is
      basically composed of a plurality of functional components or modules
      which are interconnected together on a platform composed, fundamentally,
      of piers 44, columns 45 and longerons 50. The piers 44 and columns 45 are,
      of course, arranged in ranks and files to provide vertical support for the
      modules, and the longerons 50 provide strength to the platform along the
      files of piers 44 and/or columns 45. Accordingly, when a module such as
      the lumber deck 12 is disposed on two longerons 50, it also provides
      strength between the ranks of piers 44 which support it.
PAR  Referring now to FIG. 4, there may be seen a partial but different view of
      the platform depicted in FIG. 3 and composed of the various vertical
      structural members hereinbefore referred to as piers 44. Each of these
      piers 44 may be seen to be provided at its upper end with an inverted
      short saddle member 51 composed of a piece of channel or the like, and of
      a size to receive and hold, without binding, a square tubular member
      referred to as a longeron 50. The purpose of the various longerons 50,
      which are carried on files of piers 44, is to establish the aforementioned
      lowest functional Elevation I in the sawmill, and thus these longerons 50
      operate to support either a vertical extension member 70 or an operating
      module such as the lumber deck assembly 12. It will therefore be seen that
      the lumber deck assembly 12 is composed of a pair of long saddle members
      71 which, in turn, each include a spaced-apart pair of chain assemblies 86
      and 87. Lumber is loaded on the two chain assemblies 86-87, and may
      therefore be moved laterally thereon by means of movement of movable
      chains therein (not depicted).
PAR  Since Elevations I and II are established by the longerons 50, it will be
      apparent that piers 44 and columns 45 must be appropriately mounted. As
      may be seen in FIGS. 5-7, such mounting is preferably performed by digging
      a posthole 52 an appropriate depth in the earth 63, by disposing in such
      posthole 62 a base pad assembly 57, and by supporting such base pad
      assembly 57 in the posthole 62 by means of concrete 64. More particularly,
      the base pad assembly 57 may be seen to be composed of a rectangular metal
      plate 58 and three lengths of metal supporting rod 59-61 each having one
      end built in the manner of a right angle. The angular ends of the rod
      59-61 are appropriately welded to the underside of the plate 58, as
      suggested in FIG. 6, whereby the plate 58 will provide a supporting pad
      for the pier 44 when the base pad assembly 57 is appropriately mounted in
      the hole 62. After the concrete 64 has set, its level is measured by
      conventional means for the purpose of determining the length of the pier
      44 which is necessary to support a longeron 50 at Elevation I. In this
      respect, the height of Elevation I above the surface of the earth 63 is
      not significant, but the height of Elevations II and III above Elevation I
      is, of course, material to the operation of the sawmill.
PAR  Referring again to FIG. 5, it will be seen that the pier 44 (or column 45)
      is preferably welded onto the upper surface of the plate 58 of the base
      pad assembly 57 and that two or more sleeves 52-53 or other tubular
      members are appropriately welded to the sides of the inverted short saddle
      51 which is positioned on the upper end of the pier 44. It will be noted
      upon use of the present invention that the weight of the various
      components sought to be supported on the longerons 50 will be sufficient
      to provide immobility of these modules and components and corresponding
      structural integrity to the platform composed of the piers 44, columns 45
      and longerons 50. In some instances, it may be desirable to further secure
      one portion of the platform to another, and thus it may be seen in FIGS. 5
      and 7 that a U-tie bolt 54 may be inserted over the longeron 50 and
      through the sleeves 52-53, whereby the longeron 50 may be further
      connected to the pier 44 by nuts 55-56 on the ends of the U-tie bolt 54.
      It will also be seen, however, that this manner of interconnecting the
      components of the platform may also be used, as will hereinafter be
      depicted, to connect the modules and components of the system to the
      longerons 50 of the platform, and that both erection and disassembly of
      the sawmill are relatively simple and rapid expedients. The various piers
      44 and columns 45 must, of course, be cut from the plates 58 of the
      various base pad assembles 57, and may not be re-useable if they are too
      short to support a longeron 50 at Elevation I at the new site. It is not
      ordinarily practical, however, to salvage the base pad assemblies 57 which
      are embedded in the concrete-filled holes 62.
PAR  Referring now to FIG. 8, there may be seen a detailed and pictorial
      representation of the portion of the platform depicted in FIG. 3 and
      composed of the portion supporting the carriage and saw section 6. More
      particularly, it may be seen that the rail bed members 73 are composed of
      a pair of rails 74 each mounted on elongate rectangular hollow members
      which are positioned on either cross-tie members 206, which are channel
      members carrying a pair of spaced-apart inverted short saddles 51, or on
      cross-tie extension assemblies 72 which, in turn, are mounted on longerons
      50 at Elevation I. As further indicated in FIGS. 3 and 8, some of these
      longerons 50 are supported at Elevation I by piers 44, and some are
      supported at the intermediate Elevation II by columns 45, depending on
      whether the longerons 50 are located to carry a cross-tie 206 or a
      cross-tie extension assembly 72. As may further be seen in FIG. 8, a
      cross-tie assembly 72 is a unit composed of a pair of vertical extension
      members 70 mounted on a long saddle member 71 and carrying a cross-tie
      member 77. Referring again to FIG. 8, it will be noted that the long
      saddle member of the cross-tie extension assembly 72 is provided with a
      pair of sleeves 76 on each side at a location adjacent the lower ends of
      the vertical extension members 70. Accordingly, the cross-tie extension
      assembly 72 may be fixedly secured to the longeron 50 upon which it rests
      by a plurality of U-tie bolts 54 inserted through the sleeves 76 and
      extending around either the longerons 50 or the short saddle member 51 on
      the upper end of the pier 44.
PAR  Similar sleeves 76 may be provided on the adjacent sides of the inverted
      saddle members 76 positioned on the upper ends of the vertical extension
      members 70 for the purpose of containing U-tie bolts 54 in the manner
      hereinbefore explained. It will be noted, however, that these upper
      positioned U-tie bolts 54 engage a snubbing block 75 which is welded or
      otherwise affixed to the sides of the rail bed support member 73. Each
      rail bed member 73 rests in one of the short saddle members 51 of the
      cross-tie member 77, and thus the short saddle members 51 are provided
      with sleeves 76 located to correspond with the location of the sleeves 76
      on the inverted saddle member 51 fixed to the upper end of the column 45.
      Accordingly, the rail bed member 73, which is also provided with a second
      pair of snubbing blocks 75 at this location, may be secured to the
      cross-tie channel member 206 and columns 45 by means of longer U-tie bolts
      54 extending through the sleeves 76 on both the upper inverted short
      saddle member 51 fastened to the cross-tie saddle 206, and the lower
      inverted saddle member 51 fastened to the upper end of the column 45.
PAR  Referring now to FIG. 9, there may be seen a more detailed pictorial
      representation of the major components of the platform and carriage and
      saw section 6 depicted in FIG. 3. More particularly, it may be seen that
      the rails 74 are mounted on the upper surface of the rail bed members 73
      and that the ends of the rail bed members 73 are arranged to mate with the
      base members of the two stop assemblies 31 and 32. More particularly, the
      rail bed members 73 are each connected to the base members 85 by means of
      connecting bolts 80 and nut 81 extending through each of a pair of sleeves
      78 and 79 mounted on the rail bed member 73 and base member 85,
      respectively. Referring now to the first stop assembly 32, it will be seen
      that this module is composed of a pair of leg members 83 mounted on the
      two base members 85 and supporting in horizontal arrangement a
      shock-absorbing bumper 49 in a channel-like bumper holder 82. Strength is
      provided against impacts on the bumper 49 by angle brackets 84 as well as
      the tie-bolt 80 which interconnects the rail bed member 73 to the base
      member 85.
PAR  It will be noted in both FIG. 3 and FIG. 9 that the base member 85 of the
      stop member 32 rests not only on the vertical extension members 70 of a
      cross-tie extension 72 but also on the floor 43 of the feedworks base 4
      which carries the feedworks 42. Accordingly, the floor 43 is also provided
      with a saddle member 65 to rest on the longeron 50 which is carried by the
      pier 44, and which supports the floor 43 of the feedworks base 4.
PAR  Referring again to FIG. 9, it may be seen that the other stop assembly 31
      is more simply composed of a pair of vertical leg members 83 supporting an
      impact-absorbing bumper 48 mounted horizontally across the two base
      members 85 in a similar bumper holder 82. The leg members 83 are further
      joined to the base members 85 by a pair of short angle brackets 199. The
      stop assembly 31 is supported by a cross-tie extension assembly 72 on a
      pair of piers 44, and on another pair of piers 44 by a further assembly of
      components which include a cross-strut 90 spanning and interposed between
      the two base members 85 and a pair of horizontal struts 89, a special
      vertical extension column 70A and an angle bracket 70B. The special
      vertical extension column 70A is mounted on a short saddle member 65 for
      suitably engaging a longeron 50 carried by the second pair of piers 44.
PAR  Referring now to FIG. 13, there may be seen another pictorial view of a
      portion of the carriage and saw section 6 and also the related portions of
      both the supporting platform and the rail bed sections 9 and 10 and the
      conveyor belt section 11. More particularly, there may be seen a pictorial
      illustration of the longeron 50 extending across two or more piers 44 at
      Elevation I and supporting the vertical extension column 70 which carries
      the rail 74 mounted on the rail bed member 73. There may also be seen a
      more detailed illustration of both the roller bed sections 9 and 10 as
      mounted on the longeron 50, and also the conveyor belt section 11 as
      disposed on the longeron 50. As hereinbefore stated, the carriage 27 which
      rides on the rails 74 is adapted to carry a sawlog longitudinally with
      respect to the roller bed sections 9 and 10 and in gripping contact with
      the knee assemblies 28 on the carriage 27. The first cut taken from a
      sawlog will produce a "slab" having no value for lumber purposes but which
      is salvageable for purposes of conversion to pulp. Accordingly, when a
      slab is produced the flip board 102 which is a portion of the slab flip
      board section 7 is arcuately raised about the hinge 103 and the slab (not
      depicted in FIG. 13) may then fall into the space between the higher
      support member 107 adjacent the carriage 27 and the lower support member
      108 and extension support member 109 on the opposite side. More
      particularly, the slab will fall into the U-trough 97 and onto the endless
      belt 113 which, as indicated in FIG. 2, will move to carry the slab away
      from the carriage and saw section 6 to an appropriate discharge point such
      as a conventional chipper assembly (not depicted). It may be seen in FIG.
      2 that the endless belt depicted in FIG. 13 must travel over a substantial
      distance. Accordingly, and as further depicted in FIG. 13, the conveyor
      belt section 11 may suitably include one or more belt support rollers 96
      located beneath the conveyor belt section 11 for supporting the return
      portion of the endless belt 113.
PAR  Referring again to FIG. 13, it will be seen that the flip board 102 rests
      on the lip portion of a suitable support member 106, which is mounted on
      the upper end of the higher support member 107, and which extends toward
      and immediately underneath the projecting lip or edge of the deck of the
      carriage 27. The purpose of the support member 106 is to span the gap
      between the carriage 27 and the slab flip board 102.
PAR  Referring again to FIG. 13, it will be seen that the two roller deck
      sections 9 and 10 are composed of a plurality of rollers 110 rotatably
      mounted between channels 111 which, in turn, are mounted on an array of
      spaced-apart lower support members 108. The purpose of the extension
      support member 109 is to provide for angular positioning of both the flip
      board 102 which is a portion of the slab flip board section 7 and the flip
      board 104 which is a portion of the lumber flip board 8. The two flip
      boards 102 and 104 are mounted to form an inclined plane extending
      generally from the deck of the carriage 27 at its upper end and to the
      rollers 110 of the second roller bed section 10 at its lower end.
      Accordingly, if the piece severed from the sawlog on the carriage 27 is a
      slab or otherwise relatively worthless piece, the flip board 102 is raised
      pivotally about the hinge 103 by a pneumatic cylinder (not depicted)
      whereby the severed piece will thereupon fall onto the endless belt 113.
      If the severed piece is of salable size and shape, however, the first flip
      board 102 is left resting on the support member 106, and the second flip
      board 104 may be elevated about its hinge portion 105 by suitable means
      such as a pneumatic cylinder (not depicted). In this event, the severed
      piece will roll across the support member 106 and first flip board 102 and
      thereafter onto the rollers 110 composing the first roller bed section 9.
      As hereinbefore stated, the first roller bed section 9 is arranged to
      carry pieces to the lumber deck assemblies 12-13. Accordingly, the second
      flip board 103 will only be raised if the severed piece is of lumber
      dimension, and it will be left down on the upper end of the extension
      support member 109 if the severed piece is, instead, suitable for railroad
      tie purposes or the like. In this event, the severed piece will roll
      across the support member 106 and both flipboards 102 and 104 to the
      rollers of the second roller bed section 10 and may then be carried down
      to the receiving end of the transfer deck assembly 22.
PAR  It will be noted that the rollers 110 are provided with belt grooves 116
      for receiving driving belts, whereby the rollers 110 may be rotated by
      suitable means to travel the severed pieces to their intended
      destinations. In addition, curb rails 112 are appropriately included to
      keep the severed pieces from sliding off of the rollers 100 during their
      travel thereon.
PAR  As hereinbefore stated, it is a concept of this invention to provide a
      sawmill composed of modules which, though functionally interconnected with
      each other, are substantially structurally independent of each other.
      Furthermore, it is another concept or feature of the invention that
      certain modules are constructed according to a standard design whereby
      they may be interchangeable, and whereby parts from one module may each be
      substituted for parts used for a different purpose in another module, as a
      temporary expedient to maintain productivity during relatively short
      intervals.
PAR  As an example of the interchangeability of various modules in the system
      depicted herein, it should be noted that the log deck assembly 2 is
      substantially the same as the lumber deck assemblies 12-13, the transfer
      deck assembly 22, and also the four tie deck assemblies 16-19. The
      different nomenclature employed herein is, therefore, not intended to
      indicate a difference in construction but only a difference in function or
      purpose within the system.
PAR  Referring now to FIG. 14, there may be seen a more detailed pictorial view
      of the log deck assembly 2 as it is functionally interconnected with the
      nose section 3 and carriage and saw section 6. As hereinbefore stated, the
      only difference between the log deck assemblies 2 and the lumber deck
      assemblies 12-13, transfer deck assembly 22 and the tie deck
      assembly-16-19, is its location and function within the saw mill
      hereinbefore described with respect to FIGS. 1-3. Accordingly, the
      log-deck assembly 2 (and also the other referenced modules) may be seen to
      be a structural unit resting upon a pair of spaced apart longerons 50
      which, together with the aforementioned columns 45 comprise the supporting
      platform. The log deck assembly 2 is composed of the two chain assemblies
      86-87 supported on a pair of long saddle members 71 by a plurality of
      vertical support members, whereby a plurality of saw logs 98 may rest on a
      pair of endless chains 100. A suitable driving means 101 is also
      preferably included for the purpose of connecting power through an
      appropriate gear reduction assembly 118 and driving chain 119 to drive the
      chains 100 in a manner to carry the saw logs 98 from one end of the log
      deck assembly 2 to the other end. More particularly, saw logs 98 which are
      brought to the saw mill by trucks and the like and loaded onto the log
      deck assembly 2 at one end, and are then carried by chains 100 to the
      other end of the log deck assembly 2 for discharge, one-by-one, onto the
      nose section 3 of the saw mill. Accordingly, control means (not depicted
      in FIG. 14) will be appropriately located in the control booth 30 whereby
      the operator can start and stop travel of the saw logs 98 as may be
      desired.
PAR  Referring again to FIG. 14, there may be seen a more detailed pictorial
      representation of one especially suitable form of nose section 3 and which
      is more particularly described and explained in the copending patent
      application, Ser. No. 470,338, which was filed May 16, 1974, by Harold A.
      Pryor and Roy R. Pryor. Accordingly, it will be noted that the nose
      section 3 is designed to provide two functions, i.e., the nose section 3
      selectively accepts saw logs 98 from the log deck assembly 2 for transfer
      to the carriage 27 of the carriage and saw section 6, and it also operates
      to manipulate any saw log 98 which may become juxtaposed between the log
      deck assembly 2 and the carriage and saw section 6. Thus, the nose section
      3 is provided with two or more crescent-shaped stop and loader members 36
      which are rotatable about a driving shaft 36A, and which have a
      curvilinear edge to catch and support a saw log 98. More particularly,
      when the stop and loader members 36 are rotated in a counter-clockwise
      direction, the outwardly curving surface 36B of each loader member 36 will
      be rotated below the top of the log deck assembly 2 and the inwardly
      curving surface or edge 36A will be presented to accept the saw log 98 at
      the end of the log deck assembly 2. After a saw log 98 has rolled onto the
      curved edge 36A of the loader members 36, the log members 36 are rotated
      in an opposite clockwise direction to dump the saw log 98 carried thereon
      onto the sloping rails 39, and also to elevate the outwardly curved edges
      36B of the log members 36 to block any other saw log 98 from rolling off
      of the log deck assembly 2 and onto the nose section 3.
PAR  As previously noted, a well formed saw log 98 will tend to roll up the
      rails 39 and into abutting engagement with the knee assemblies 29 of the
      carriage 27, whereby the saw log 98 may be engaged by the dogs of the knee
      assemblies 29 and carried to the saw blade 34. Many saw logs 98 are
      crooked or have flattened portions along their circumference, and may even
      have a vestage of one or more branches extended from their surfaces,
      whereby such saw logs 98 may not roll along the rails 39 in a proper
      manner. In the event such an irregular or reluctant saw log 98 does not
      travel entirely along the length of the rails 39 to the deck of the
      carriage 27, or if such sawlog 98 becomes irregularly positioned on the
      rails 39, a slapper bar 37 may be rotated in a counter-clockwise direction
      to strike the sawlog 98 from behind and drive it onto the deck of the
      carriage 27.
PAR  As hereinbefore stated, the nose section 3 is one of the modules which is
      structurally independent of the other portions of the sawmill.
      Accordingly, it may be seen that the nose section 3 is also provided with
      a pair of long saddle members 71 to permit the nose section 3 to be
      mounted as a unit on the longerons 50 which carry both the log deck
      assembly 2 and the carriage and saw section 6.
PAR  Referring again to FIG. 14, it will be seen that the carriage 27, which is
      positioned on the rails 74 carried by the rail bed members 73, is located
      between the rub bar assembly 5 and the nose section 3. More particularly,
      the carriage 27 travels from a location between the rub bar assembly 5 and
      the nose section 3 to and past the circular saw blade 34. When a sawlog 98
      is discharged from the loader arms 36 onto the rails 39, it does not
      usually strike the knee assembly 29 with heavy impact. When the sawlog 98
      on the rails 39 is struck by the slapper bar 37, however, the sawlog 98
      will often strike the knee assembly 29 with an impact sufficient to drive
      the carriage 27 off of the rails 74. Thus, the rub bar assembly 5 is
      located to backup the carriage 27 at this point.
PAR  As further indicated in FIG. 14, the rub bar assembly 5 is comprised of a
      pair of vertical struts 93, which support an impact-absorbing bumper 91
      located in a channel-like bumper holder 92, and which are vertically
      mounted on long saddle members 71. The rub bar assembly 5 further
      conveniently has angle brackets 94 to reinforce the vertical struts 93
      against impact delivered by the sawlog 98 through the knee assemblies 29
      and the deck of the carriage 27.
PAR  As indicated in FIG. 14, the nomenclature "sawlog" is conventionally
      applied to a log which has not previously been longitudinally sliced.
      After a sawlog has received at least one cut by the circular saw 34,
      however, the portion remaining on the deck of the carriage 27 is
      conventionally referred to as a "cant." Accordingly, the apparatus
      depicted in FIG. 14 illustrates the carriage 27 as supporting a cant 99.
PAR  It should be noted that the various modules are not only constructed so as
      to be installed in the system by merely supporting them on the longerons
      of the platform; many of them are further designed so as to properly space
      themselves, one from another, according to function. For example, the long
      saddle members 71 of the log deck assembly 2, the nose section 3, and the
      rub bar section 5, and the cross-tie saddle member 206 of the carriage and
      saw section 6, are of predetermined lengths such that, when butted
      together on the longerons 50, these modules will be spaced together in a
      properly functional manner within the sawmill. Since these components must
      also be located with respect to the saw line illustrated in FIG. 2,
      however, it will first be necessary to locate either the nose assembly 3
      or the carriage and saw section 6 with respect to the saw line, before the
      other modules can be properly installed.
PAR  Referring again to FIG. 3, it will be noted that if a board or tie is to be
      delivered to an appropriate location along the lengths of the roller bed
      section 9-10, some means must be provided for stopping the board or tie as
      it travels along these components. This may be done by stopping the
      rotation of the roller members 110, but this is unsatisfactory since the
      board or tie will tend to continue sliding forward along the surfaces of
      the immobilized roller members 110.
PAR  Referring now to FIGS. 15-17, there may be seen a plurality of pictorial
      views of a stop assembly 115 which may be used to selectively stop a board
      or tie as desired, and which is preferably interconnected with a triple
      leg 200 in one or the other of the various roller bed sections 9-10 and
      15, as will further be explained. More particularly, the stop assembly 115
      may be composed of a plate 120 pivotally mounted on a rocker bar 121 by a
      pair of spaced-apart sleeve members 122-123. The rocker bar 121, in turn,
      is pivotally mounted between a pair of spaced-apart vertical arms 124-125
      having a pivot rod 137 located between their lower ends. The vertical arms
      124-125 are, in turn, interconnected with a pair of vertical support
      members 130-131 by means of a pair of pivot arms 132 and 134
      interconnected at one end to the rocker bar 121, and at their other ends
      to a pivot rod 138 extending between the two vertical support members
      130-131. Another pair of lower pivot arms 133 (only one being visible) are
      interconnected between the vertical arms 124-125 and the vertical support
      members 130-131 by the pivot rod 137 at one end and another pivot rod 136
      at the other end. In addition, a pneumatic cylinder 139 is pivotally
      anchored at one end to the pivot rod 136 by a spacing sleeve 171, and its
      piston rod 140 is pivotally linked to the rocker bar 121. As indicated in
      FIG. 15A, extension of the piston rod 140 rotates the vertical arms
      124-125 to raise the upper edge of the plate 120 above the level of the
      channels 111 which support the roller members 110 of the roller deck
      assemblies. Alternatively, and as indicated in FIG. 16, retraction of the
      piston arm 140 will lower the vertical arms 124-125 to retract the plate
      120 below the upper surfaces of the roller members 110. Thus, when the
      plate 120 is elevated as indicated in FIG. 15A it will block a board or
      timber 114 being carried by the roller members 110. On the other hand, if
      the plate 120 is retracted as in FIG. 16, the timber 114 can travel past
      without interference by the stop assembly 115.
PAR  Referring again to FIGS. 15-17, it may be seen that an appropriate limit
      switch 129 may be interconnected with one of the two vertical support
      members 130-131 to position its whisker 128 to be engaged by an actuator
      arm assembly 127 fixed to the rear surface of the plate 120. More
      particularly, the plate 120 is normally tilted against the upper ends of
      the vertical arms 124-125 by suitable spring means 126 to lower the end of
      the actuator arm assembly 127 below the whisker 128. When the plate 120 is
      elevated to stop a timber 114 as indicated in FIG. 15A, the colliding
      timber 114 will rotate the plate 120 only far enough to cause the
      actuating arm assembly 127 to lift the whisker 128 and thereby actuate the
      limit switch 129. This, as will further be explained, will actuate the
      appropriate pull-off assembly to remove the timber from the particular
      roller bed section.
PAR  Referring now to FIG. 15B, it may be seen that the actuator arm assembly
      127 is preferably composed of a square hollow tube 127A of a length
      sufficient to reach from the plate 120 to the whisker 128 of the limit
      switch 129. In addition, a shorter length of rectangular tubing 127B is
      also provided immediately beneath the square tube 127A. The plate 120
      tends to receive very heavy impacts, and thus the purpose of the
      rectangular or oblong tubing 127B is to provide support for the square
      tube 127A.
PAR  Referring now to FIG. 18, there may be seen a simplified pictorial
      representation of the pull-off assembly 23A, wherein it may be seen how
      its two pull-off arms 141-142 of this portion of the sawmill are
      functionally positioned with respect to both the roller bed section 15
      which interconnects with the four tie deck assemblies 16-19, and also with
      respect to the lifting arms 161-163 of the stacker section 23. As
      hereinbefore stated, timbers are deposited, one at a time, on the roller
      bed section 15 to be carried longitudinally to the appropriate one of the
      four tie deck assemblies 16-19, the appropriate one being selected by
      elevation of the plate 120 of a stop assembly 115 as hereinbefore
      mentioned. When the timber strikes the plate 120 and thereby actuates the
      limit switch 129 contained therein, this will actuate a pneumatic cylinder
      within each of the two pull-off arms 141-142, as will hereinafter be
      explained. Each of these two cylinders is interconnected with a dogging
      tooth 143 or 145 which projects above the upper surface of the two
      pull-off arms 141-142 on the opposite side of the timber, and thus
      retraction of the piston rods connected to these teeth 143 and 145 will
      drag the timber sidesways across the pull-off arms 141-142 and,
      accordingly, onto the arms 161-163 of the tie stacker assembly 23.
PAR  Referring more particularly to FIGS. 19 and 20, there may be seen a
      detailed representation of the internal components of the pull-off arm 141
      depicted in FIG. 18 and which is similarly representative of the internal
      configuration of the other pull-off arm 142. Accordingly, the pull-off arm
      141 may be seen to be a rectangular hollow member having a larger section
      141A containing a suitable pneumatic cylinder 148, and a smaller section
      141B having a slot 144 in its upper surface. The cylinder 148, which is
      suitably anchored by pin 159, has the free traveling end of its piston rod
      149 connected to a suitable link bar 152 by a clevis 150 and clevis pin
      151, and the link bar 152 is preferably disposed within the smaller
      portion 141B of the pull-off arm 141 on a pair of rollers 153 (only one
      visible in FIG. 19). The dogging tooth 143, in turn, is pivotally
      interconnected by a pivot pin 155 between a pair of spaced-apart tooth
      brackets 154 (only one visible in FIG. 19) mounted on top of the link bar
      152. Referring again to FIG. 19, it will be seen that a suitable switch
      156 is arranged in the larger portion 141A with a whisker 157 disposed to
      be deflected by an actuator projection 158, which is mounted on the side
      of the link bar 152, and which actuates the switch 156 upon retraction of
      the piston shaft 149 into the cylinder 148.
PAR  Referring again to FIGS. 19 and 20, it may be seen how the tooth 143 is
      arranged and adapted to engage the timber 147 to draw it onto the arms
      161-163 of the tie stacker, upon retraction of the piston rod 149 into the
      cylinder 148, but to underride the timber 147 whenever the piston rod 149
      is extended from the cylinder 148. The advantage thereby derived is that
      the pull-off assembly will only move a timber 147 in one direction and
      will not push it back onto the roller bed section 15 upon extension of the
      piston rod 149 for the purpose of taking a subsequent timber from the
      roller bed section 15.
PAR  Referring now to FIGS. 21-23, there may be seen a more detailed pictorial
      representation of the link bar 152 and pull-off tooth 143. Accordingly,
      the link bar 152 may be seen to be a rectangular body having pinhole 160
      at one end for receiving the clevis pin 151, and having a pair of rollers
      153 mounted adjacent its other end. The actuator 158 may be seen to be an
      angular projection mounted on the side of the link bar 152 at a location
      suitable for timely engagement of the whisker 157 of the limit switch 156
      depicted in FIGS. 18 and 19. The dogging tooth 143 may be seen to be a
      flat body having a right-triangular configuration and secured between the
      two tooth brackets 154 on top of the link bar 152 by means of the tooth
      pivot pin 155, and further having laterally projecting portions which act
      as counterweights to maintain the tooth 143 in a normally erect position
      relative to the link bar 152.
PAR  Referring again to FIG. 22, it may be seen that the engaging surface 143B
      of the tooth 143 is the longer right side of the triangle defined by the
      tooth 163, and that when the hypotenuse side 143A is driven against the
      timber 147 depicted in FIGS. 19 and 20, the tooth 143 will yieldably
      rotate under the timber 147 instead of displacing it from its location on
      the tie stacker arms 161-163. Alternatively, when the engaging surface
      143B of the tooth is brought into contact with a timber 147 or the like,
      the tooth 143 is rotated clockwise to bring its short side into abutting
      engagement with the top of the link bar 152, whereby further rotation of
      the tooth 143 is prevented, and whereby the tooth 143 then opposes the
      timber 147 to displace it along the length of the arms 161-163 of the tie
      stacker assembly.
PAR  Referring again to FIG. 2, it will be noted that the timbers which are
      received from the trimmer section 14 are pushed onto the roller bed
      section 15 by a push-off assembly 14A. This component of the system is
      entirely the same as the pull-off assembly 20A, except that its tooth 143
      is reversed with respect to its position as indicated in FIG. 22, and that
      the cylinder 148 and piston rod 149 in FIGS. 19 and 20 are operated in a
      manner opposite to that hereinbefore described. With such an arrangement,
      the hypotenuse side 143A of the tooth 143 will be drawn yieldably against
      the timber, to rotate the tooth 143 under the timber during retraction of
      the piston rod 149 into the cylinder 148, and the engaging side 143B of
      the tooth 143 will be pushed into contact with the timber to shove it from
      the trimmer section 14 onto the roller bed section 15 upon extension of
      the piston rod 149 from the cylinder 148. Alternatively, of course, a
      pull-off assembly may be used at this location in the system instead of
      the push-off assembly 14A.
PAR  Referring again to FIG. 18, it will be seen that the tie stacker portion of
      the pull-off and tie stacker assembly 23 is composed of an arrangement of
      three lifting arms 161-163 which are fixedly positioned on a rotatable
      cross-bar 169, whereby rotation of the cross-bar 169 will elevate the
      lifting arms 161-163 to deposit timbers carried thereon onto the lifting
      pads 180 and 181 of the tie deck assembly 18.
PAR  Referring now to FIGS. 29-31, there may be seen how the lifting arms
      161-163 may be elevated by an arrangement of components interconnected
      with the center arm 163 and composed of pneumatic cylinders 231 and 237.
      More particularly, cylinder 231 is anchored between a pair of spaced-apart
      elevation arms 230-230A which are pivotally mounted at one end on the
      cross-bar 169, and which are pivotally connected to the cylinder 231 by an
      anchor pin 235 slidably disposed in a spacing sleeve 244 extending between
      the arms 230-230A and fixedly attached to the base of the cylinder 231.
      The piston arm 232 extending from the cylinder 231 is interconnected with
      a bracket 246 on the lower surface of the center arm 163 by a clevis 233
      and clevis pin 234. The other pneumatic cylinder 237, which is anchored at
      its base between the arms 230-230A by a sleeve 245 and anchor pin 236, is
      connected at its other end through the piston shaft 238 to a bracket 241
      mounted on a short saddle 242 by a clevis 239 and clevis pin 240. The
      short saddle 242 is, in turn, mounted on a brace 243 or other suitable
      portion of the platform hereinbefore described, by U-tie bolts (not
      depicted) as previously explained.
PAR  The particular tie stacker configuration depicted in FIGS. 29-31, wherein
      two cylinders are employed instead of only one, provides a number of
      advantages over the stackers and other similar apparatus of the prior art.
      In the first instance, it will be noted that whenever it is sought to
      elevate the center arm 163 with only one cylinder, the cylinder will
      necessarily assume a very sharp angle of attitude with respect to the
      center arm 163 either at the beginning of the elevation or at its point of
      termination in a vertical position, for the reason that the arm 163 is
      being rotated through a relatively large angle (i.e., 90.degree. or more).
      With the two-cylinder arrangement depicted in FIGS. 29-31, however, the
      cylinders 231 and 237 always maintain a substantial angle of attitude
      relative to the lifting arm 163, at all points of travel between
      horizontal and vertical. This, in turn, provides a second advantage
      wherein the amount of pneumatic driving force required when the arms
      161-163 are either at horizontal or vertical may be substantially reduced.
      In other words, when only a single cylinder is employed it must have a
      capability which is substantially greater than the combined capability of
      both of the two cylinders 231 and 237 employed as hereinbefore described.
PAR  A third advantage, which is particularly important, derives from the fact
      that the combination of the two cylinders 231 and 237 permits the
      elevation of the lifting arm 163 with a more controllable amount of force
      at all positions during its rotation between horizontal and vertical.
      Thus, the lifting arm 163 can be moved at a speed such that the timbers
      147 carried thereon are not thrown forward onto the lifting pads 180 and
      181 of the tie deck assembly 18 but are stacked thereon in the manner
      sought to be provided with this apparatus. In this respect, it should be
      noted that pneumatic cylinders tend to vary with respect to their internal
      friction, and thus it is difficult to control such cylinders in a
      preselected manner whenever close tolerances of movement are required. By
      using a two-cylinder arrangement rather than only one, as in the case of
      the prior art, the two cylinders tend to cooperate in this regard, whereby
      they effectively operate as a single cylinder having a driving force which
      averages out the variations arising because of differences of internal
      friction in their internal components.
PAR  In normal operation of this apparatus, it is conventional as well as
      desirable to actuate the pull-off arms 141-142 to load five timbers 147
      onto the lifting arms 161-163 of the tie stacker assembly 23, before the
      arms 161-163 of the tie stacker assembly are elevated to deposit this
      stack of timbers 147 onto the tie deck assembly 18. In actual operation,
      each timber 147 may be deposited across the lifting arms 161-163 only to
      the extent that the dogging teeth 143 and 145 can travel along the slots
      144 and 146 in the pull-off arms 141-142. As each timber 147 is pulled
      onto the lifting arms 161-163 by the dogging teeth 143 and 145 in the
      pull-off arms 141-142, the subsequent timber 147 will push the preceding
      timber or timbers thereon further down the lifting arms 161-163. Such
      travel will only occur, however, until the first timber loaded thereon
      comes into abutting engagement with the angular stops 166-168 mounted on
      the three lifting arms 161-163. Thereupon, the cylinder 174 located within
      the center lifting arm 163 may be actuated to retract the piston shaft 176
      until the clamping tooth 165 grips the last loaded timber 147 and draws
      all five timbers into locking engagement against the stop 168. Thus, the
      five timbers are held secured together by the clamping tooth 165 during
      elevation of the lifting arms 161-163 by the cylinders 231 and 237,
      thereby avoiding any tendency for the stack of five timbers 147 to topple
      over in disarray on the tie deck assembly 18.
PAR  Referring again to FIGS. 24-25, it will be seen that the clamping tooth 165
      is a T-shaped component having its shank portion pivotally connected to
      the free traveling end of the piston shaft 176 by a clevis 177 and clevis
      pin 178 and having rollers 172 for facilitating movement of the clamping
      tooth 165 within and along the length of the center lifting arm 163. It
      will also be seen that the clamping tooth is only extended up through the
      slot 164 and above the surface of the lifting arm 163 when the piston
      shaft 176 is retracted to bring the clamping tooth 165 into engagement
      with the timbers 147. Thus, a portion of the lower wall section of the
      lifting arm 163 is preferably bent outwardly thereof in the manner of a
      downwardly extending flap 173, whereby the rollers of the clamping tooth
      165 will roll downwardly on this flap 173 to drop the engaging portion of
      the clamping tooth 165 below the upper surface of the lifting arm 163, and
      whereby timbers 147 may be drawn onto the lifting arms 161-163 of the tie
      stacker assembly without interference by the clamping tooth 165.
PAR  Referring now to FIGS. 18 and 26-28, it may be seen that the outer lifting
      arms 161-162 are each provided with a suitable stack pusher member 190
      pivotally mounted thereon by means of sleeve bearings 215 and 216. In
      addition, lifting pads 180-181 are appropriately mounted adjacent the
      inner surfaces of the two chain assemblies 86-87 of the tie deck assembly
      18. More particularly, the lifting pad 180 may be seen to be pivotally
      supported with respect to the chain assembly 86 by means of a shorter
      pivot arm 183 at one end of the lifting pad 180 and a longer pivot arm 182
      at its other end. In addition, a pneumatic cylinder 184 is interconnected
      by a pin 186 rotatably linked to a bracket 185 mounted on or adjacent the
      lower surface of the chain assembly 86 and having its piston rod 187
      connected to the lower end of the longer pivot arm 182 by a clevis and pin
      assembly 188. Accordingly, when the piston rod 187 is extended from the
      cylinder 184, the lifting pad 180 will be elevated by the pivot arms
      182-183 above the upper surface of the chain assembly 86, and when the
      piston rod 187 is retracted, the lifting pad 180 is retracted below the
      upper surface of the chain assembly 86. Although not specifically depicted
      in the accompanying drawings, it will be noted that the lifting pad 181 is
      similarly connected to and movable with respect to the other chain
      assembly 87.
PAR  Referring again to FIGS. 26-28, it will be noted that when the center arms
      161-163 are elevated to a vertical position, the piston rod 187 is
      extended from the cylinder 184 to elevate the pads 180 and 181 above their
      respective chain assemblies 86-87, and the stack of timbers 147 carried
      thereon may then be deposited on the lifting pads 180-181.
PAR  When another five timbers have been received onto the lifting arms 161-163
      of the tie stacker section 20, and when the arms 161-163 are again
      elevated to a vertical position, this additional stack of timbers will
      again be set down on the elevated lifting pads 180-181. To prevent the
      second stack of timbers from interfering with the first deposited stack of
      timbers 147, it will be noted that the rotatable stack pusher 190, which
      is rotatable freely in the appropriate one of the two bearings 215-216,
      and which is balanced to keep the position depicted in FIGS. 26-28, will
      be brought into abutting engagement with the first stack of timbers 147 to
      push them forward along the two lifting pads 180-181. Each time the
      lifting arms 161-163 are elevated to a vertical position, the two stack
      pushers 190 will therefore be brought into abutting engagement with the
      preceding stack or stacks of timbers to shove them out of the way and to
      thereby prevent them from being toppled over by the arrival of the
      subsequent stack of timbers 147.
PAR  As hereinbefore explained, lumber which is carried by the roller bed
      section 9 for loading onto the lumber deck assemblies 12 and 13 must be
      deposited thereon by means of the two lumber stacker sections 20-21
      depicted in FIG. 2. The lumber stacker section 20 depicted in FIGS. 32-34
      is basically the same as the tie stacker section 23 depicted and described
      in FIGS. 18 and 24-28, and is therefore elevated by the same type of
      apparatus depicted in FIGS. 29-31. Accordingly, it will be seen in FIG. 32
      that the lumber stacker section 20 is comprised of three lifting arms
      161A-163A fixedly mounted on an appropriate cross-bar 169A. It is not
      necessary to stack lumber received onto the lifting arms 161A-163A,
      however, and thus the center lifting arm 163A need not contain clamping
      apparatus such as the cylinder 174 and clamping tooth 165 depicted in
      FIGS. 24-25. The center arm 163A therefore need not be provided with the
      slot 164 which is required to accommodate the clamping tooth 165, as
      depicted in FIGS. 32, but it is always convenient for purposes of
      interchangeability to use components of like design.
PAR  As hereinbefore stated, lumber received onto the lifting arms 161A-163A is
      not required to be neatly stacked in the same manner as are the timbers
      147 which are carried by the lifting arms 161-163 of the tie stacker
      assembly, and it is only necessary that such lumber be displaced
      completely from the roller bed section 9 before the lifting arms 161A-163A
      are elevated to deposit the lumber onto the lumber deck assembly 12.
      However, the two outside lifting arms 161A-162A of the lumber stacker 20
      are preferably provided with a pair of upwardly projecting triangular fins
      210-211 to cause lumber dragged thereon by the dogging teeth 143 and 145
      of the pull-off arms 141-142, to jump forward down the length of the
      lifting arms 161A-163A. In this respect, it will be noted that the smaller
      fin 210 is preferably located adjacent the end of each of the two lifting
      arms 161A-162A, and that the larger fin 211 is located further down the
      length of the arms 161A-162A. In addition, each of the two fins 210-211 is
      positioned with its longer side directed toward the lumber being received
      from the roller bed section 9.
PAR  Referring again to FIG. 32, it will be noted that since the lumber received
      onto the lifting arms 161A-163A is not intended to be neatly stacked onto
      the lumber deck assembly 12, as hereinbefore explained, the stack pusher
      members 190 depicted in FIGS. 18 and 26-28 are not required. On the other
      hand, it is desirable to provide means for preventing lumber piled onto
      the lumber deck assembly 12 from falling back onto the lifting arms
      161A-163A, and thus discs 213-214 are preferably mounted rotatably in the
      sleeves 215-216 for preventing this from occurring.
PAR  Referring now to FIGS. 33-34, it will be seen how lumber 207 which is drawn
      onto the lifting arms 161A-163A by the dogging teeth 143 and 145 of the
      pull-off arms 141-142 will tend to sweep over the fins 210 and 211 to be
      piled in a random fashion on the lifting arms 161A-163A. When the lifting
      arms 161A-163A are elevated to a vertical position, the lumber 207 tends
      to fall forward onto the rotatable discs 213-214. Since these discs
      213-214 are both freely rotatable in the sleeves 215-216, however, the
      lumber 207 will continue forward, away from the vertically erect lifting
      arms 161A-163A onto the chain assemblies 86-87 of the lumber deck assembly
      12. Since the lumber deposited thereon may be accumulated in a random
      fashion, as hereinbefore stated, the lumber deck assembly 12 need not be
      provided with the lifting pads 180-181 and actuating components therefor,
      as previously described with respect to FIG. 18.
PAR  Referring now to FIGS. 10-12, there may be seen a detailed pictorial
      representation of the triple leg 200 hereinbefore mentioned with respect
      to FIGS. 2, and more especially illustrating how this component is
      employed in the sawmill structure to provide a number of functions and
      benefits. More particularly, the triple leg 200 is designed to couple two
      or more portions of the various roller bed sections 9-10 and 15 together
      as operating units, and to support the assembled roller bed sections 9-10
      and 15 on the piers 44 at the Elevation I. In addition, the triple leg 200
      is designed to provide means for coupling driving power from one portion
      of the roller bed section to another, and to support an idling roller 193,
      as will hereinafter be explained. Other functions of the triple leg 200
      include providing support for either portion 141A or portion 141B of a
      pull-off assembly 141, and to support two or more such pull-off assemblies
      either in side-by-side relationship or in reverse relationship wherein one
      of the two pull-off assemblies has had its tooth 143 reversed to provide
      push-off rather than pull-off, as in the case of the push-off assembly
      employed to transfer ties onto the roller bed section 15 from the trimmer
      section 14. Also, the triple leg 200 provides support for the lifting arms
      161-163 of each of the tie stacker assemblies, and also for the lumber
      stackers depicted in FIG. 32.
PAR  Referring more particularly to FIG. 11, it will be seen that the triple leg
      200 is composed of a pair of upright leg brackets 223-224 spaced apart
      along a short saddle 205 and each having a pair of oppositely projecting
      arms 203 adapted to be bolted to the adjacent ends of the channel members
      111 of the roller bed section 10 or the like. The short saddle 205 is, of
      course, mountable on the appropriate longeron 50, and therefore is
      preferably provided with sleeves 76 for holding two or more U-tie bolts
      54. As may further be seen in FIG. 11, the upper portion of each of the
      two leg brackets 223-224 is provided with a pair of upwardly extending
      support arms 202 spaced adjacent the ends of the channel members 11, and
      another pair of inside support arms 204. It will thus be seen that a pair
      of arms 202 and 204 function to support a pull-off assembly 141, or the
      idler roller member 193 may be located therebetween as illustrated in FIG.
      11.
PAR  Referring again to FIGS. 11-12, it will be seen that the space between
      adjacent outside and inside support arms 202 and 204 accommodates the
      smaller portion 141B of a pull-off assembly 141, whereas the space between
      the two inside arms 204 will accommodate the larger portion 141A of such a
      pull-off assembly. Accordingly, two pull-off assemblies 141 may be laid
      side-by-side, as hereinbefore explained.
PAR  Referring again to FIG. 11, it may be seen how the triple leg 200 functions
      as a connecting link for driving the various roller members 110 in two
      separate sections of a roller bed section 10 or the like. More
      particularly, it will be seen that the roller members 110 in one of the
      two sections will be interconnected by an endless drive belt 192, which is
      passed about a driving sheave or pulley 191 adapted to carry two belts.
      The second belt 198 carried by the two sheaves 191 is an endless member
      extending over a pair of pulleys 189, each of which is slidably mounted in
      a vertical slot 197 in the adjacent vertical leg bracket 223 or 224 of the
      triple leg 200. Accordingly, the two pulleys 189 may be secured in the
      slot 197 at an appropriate position by suitable bolts or locking means
      196, in order to apply the proper amount of tension to the connecting belt
      198. Thus, rotation of the belt 192 in the lefthand section of the roller
      bed, which rotates the roller members 110 therein, will also rotate the
      connecting belt 198 by rotating the sheave 191. Rotation of the connecting
      belt 198 will, of course, rotate the sheave 191 and roller members 110 in
      the other section of the roller bed section 10.
PAR  As hereinbefore stated, the triple leg 200 provides a suitable means for
      positioning the stop assembly 115, which is described in FIGS. 15-17.
      Thus, the vertical support members 130-131, which provide support for the
      pivot arms 132-134, may be seen to be positioned between the two leg
      brackets 223-224.
PAR  As hereinbefore stated, it is the function of the triple leg 200 also to
      provide support for the lifting arms 161-163 of the tie stacker assembly
      depicted in FIG. 18. Only one of the three legs of the tie stacker need be
      supported, however, and thus a single rest 201, having the configuration
      of an angle member, may be fixed to one of the two support arms 202-203,
      as indicated in FIGS. 10-11.
PAR  With reference to the pull-off assemblies 141, which may be laid across and
      supported by the triple leg 200, it should be noted that these assemblies
      are preferably provided with some form (not depicted) of projection for
      engaging one or more of the support arms 202 and 204. Accordingly, this
      prevents the pull-off assemblies 141 from being displaced horizontally
      while resting on the triple leg 200.
PAR  Referring now to FIG. 35, there may be seen a simplified functional
      illustration of the major pneumatically-actuated driving means
      hereinbefore mentioned with respect to the other components. In
      particular, there may be seen in FIG. 35 a functional representation of a
      suitable source of pneumatic pressure 250, which source 250 is suitably
      connected through line 251 to the pressure input ports B of each of a
      plurality of solenoid-actuated valves 252-256 which, in turn, have an exit
      port A vented to the atmosphere, an outlet pressure port C opened to
      intake port B upon actuation of the respective solenoid, and an intake
      port D coupled to a hydraulic return line 252B. The normal position of
      each of these valves 252-256 is to couple intake port B to exit port D
      therein. Thus, when the valve is actuated, port D will be interconnected
      with port A to provide an exhaust or return route to atmosphere, and ports
      B and C will be interconnected to route pneumatic pressure from the source
      250 and pressure line 251 to the components sought to be energized.
PAR  Referring in particular to FIG. 35, it will be seen that the actuating
      cylinder of the stop assembly 115 is normally in a retracted position to
      position the plate 120 below the surface of the roller bed section. If the
      solenoid 260 is energized, however, pneumatic pressure will be coupled
      across ports B and C to the pressure line 252A leading to the pressure
      port P of the pneumatic cylinder 139, and the exhaust line 252B leading
      from the exit port R of the cylinder 139 will be connected through ports A
      and D in the valve 252 to atmosphere. Thus, energizing the solenoid 260
      will extend the shaft 140 to elevate the plate 120 to intercept the timber
      114, as indicated in FIG. 15A. Releasing the valve 252, however, will
      cause it to revert to its normal position wherein ports A and C are
      connected to the atmosphere, and pressure from the source line 251 through
      ports B and D will cause the piston shaft 140 to be retracted within the
      cylinder 139. Referring again to FIG. 35, it will be seen that since the
      pull-off assemblies are generally provided in pairs, the pneumatic system
      depicted in FIG. 35 herein will incorporate at least two cylinders 148
      with piston rods 149. As indicated, the normal position of the valve 253
      is with ports A and C interconnected and ports B and D interconnected.
      Thus, when the valve 253 is actuated and ports B and C are then
      interconnected, pressure from line 251 will be applied to line 253B and
      the upper intake port R of the cylinder 148. Thus, pressure from line 253B
      into port R in the cylinder 148 will cause retraction of the piston rod
      149 therein, line 253A between port P of the cylinder 148 and port D of
      the valve 253 being the return route for this cylinder 148.
PAR  As hereinbefore stated, there are two cylinders involved with two pull-off
      arms. It is especially desirable that both cylinders operate in
      synchronism with each other, and thus lines 254A-B are interconnected
      respectively to ports P and R of cylinder 148A, the same as with lines
      253A-B and cylinder 148.
PAR  As indicated in FIG. 35, the cylinder 174 which positions the clamping
      tooth 165 is interconnected to be controlled by the same control valve 255
      which is interconnected to control the two lifting cylinders 231 and 237
      depicted in FIGS. 29-31. The reason for this is that it is necessary to
      draw the clamping tooth 165 into compression against the stack of five
      timbers 147 at the very instant that the lifting cylinders 231 and 237 are
      energized to raise the lifting arms 161-163. On the other hand, it may
      also be seen in FIG. 35 that the cylinder 174 has its piston rod 176
      extended whenever the piston rods 232 and 238 are retracted within
      cylinders 231 and 237. This is accomplished by coupling ports P of the
      lifting cylinders 231 and 237 to the pressure line 255A which
      interconnects port C of the valve 255 with port R of the clamping cylinder
      174. Similarly, ports R of the lifting cylinders 231 and 237 are
      interconnected with line 255B which is interconnected with port P of the
      clamping cylinder 174. Accordingly, when the control valve 255 is
      energized, pressure from line 251 will be delivered through ports C and B
      of the valve 255 and line 255A to extend piston rods 232 and 238 at the
      same time that piston rod 176 is retracted within the cylinder 174 to
      engage the clamping tooth 165 against the stack of timbers 147.
PAR  In this regard it should be noted that the clamping cylinder 174 is not
      only smaller, relative to the lifting cylinders 231 and 237, but it is
      faster acting due to the fact that piston rod 176 will only travel a
      relatively short distance in either direction along its length.
      Accordingly, when the valve 255 is actuated, the clamping cylinder 174
      will immediately draw the clamping tooth 165 into engagement with the
      stack of timbers 147 before the lifting cylinders 231 and 237 have lifted
      the lifting arms 161-163 even a short distance from horizontal. On the
      other hand, when the control valve 255 is released for the purpose of
      returning the lifting arms 161-163 to horizontal, the cylinder 174 will
      react immediately to disengage the clamping tooth 165 from the stack of
      timbers 147 before the lifting cylinders 231 and 237 have effectively
      moved away from vertical. Thus, the lifting arms 161-163 may be lowered
      away from vertical, leaving the stack of timbers 147 standing undisturbed
      on the lifting pads 180-181.
PAR  It should be noted that the lifting pads 180-181 are normally permitted to
      remain erect until a suitable number of stacks of timbers 147 have been
      deposited thereon, and the lifting arms 161-163 have been returned to
      horizontal at the end of a cycle. Accordingly, control valve 256 may be
      energized to connect power through line 256A to port R in the cylinder 184
      which positions the lifting pad 180, and also to port R of the matching
      cylinder 184A which controls the other lifting pad 181. Thus, piston rods
      187 and 187A will be retracted simultaneously to lower the two lifting
      pads 180-181 as a unit to deposit the accumulated stacks of timbers 147
      onto the chains 100 of the chain assemblies 86 and 87 of the tie deck
      assembly 18. The chains 100 may then be shifted by the driving means 101
      depicted in FIG. 14 to transport the timbers to another location to make
      room for a next succeeding accumulation of timbers. De-energizing the
      solenoid 264 will permit the control valve 256 to be returned to normal,
      whereby pressure from line 251 will again be supplied through ports B and
      D of the valve, and line 256B to ports P of the cylinders 184 and 184A.
      This will again extend the piston rods 187-187A to re-elevate the lifting
      pads 180-181, line 256A providing an exhaust route from ports R of the
      cylinders 184-184A to ports A and C of the valve 256.
PAR  As hereinbefore stated, the dogging tooth 143 may be reversed to permit the
      pull-off arms 141 and 142 in FIG. 18 to operate as a "push-off" assembly.
      Referring again to FIG. 35, therefore, if the cylinder 148 is incorporated
      in an assembly 141 which is used to push rather than pull, then line 253A
      will be connected to port R of the cylinder 148, and line 253B will be
      connected to port P, whereby the piston rod 149 will move oppositely of
      the manner hereinbefore explained. It will further be noted that the limit
      switch 156 depicted in FIGS. 19-20 must be repositioned whereby its
      whisker 157 will be actuated upon extension of the piston rod 149, rather
      than by retraction for pull-off purposes. Appropriately, therefore, the
      switch 156 may be located at the end of the small portion 141B of the
      assembly 141 whereby the whisker 157 may, for example, be deflected by the
      link bar 152 or one of the rollers 153.
PAR  Referring now to FIG. 36, there may be seen a simplified schematic diagram
      illustrating the electrical circuits and control switches for operating
      examples of the various components hereinbefore described. In particular,
      circuitry illustrated therein is representative of the circuits required
      to control and energize the roller bed section 15, the roller bed section
      9, the valves 253-254 which are necessary to operate any one of the
      various pull-off assemblies, the valve 255 which is required to operate
      any of the tie or lumber stacker sections, the motor 101 which energizes
      any one of the tie deck assemblies 16-19, and the valve 256 which operates
      any one of the lifting pads which may be found on any one of the tie deck
      assemblies 16-19. For purposes of simplification, it will be noted that
      those switches represented in FIG. 36 by double-dashed lines will be found
      located in the control booth 30, and those switches represented in FIG. 36
      by only a single dashed line will be found located on or adjacent the
      component sought to be controlled.
PAR  Referring again to FIG. 36, therefore, it will be seen that a master switch
      271 is provided for connecting power from a suitable electrical source 270
      to the circuitry which, in turn, includes a stop relay switch 272 for
      energizing the solenoid of the stop positioning relay 274 in any of the
      various stop assemblies 115 which are located throughout the system, and
      which are illustrated in FIGS. 15-17. Accordingly, when the relay 274 is
      energized, it will be seen to couple power through the first of three sets
      of contacts to the solenoid 260 by way of a stop override switch 273, and
      also to couple power through its second set of contacts to hold the relay
      274 closed after the switch 272 is reopened. In addition, power is
      connected through the third set of contacts of the relay 274 to energize
      the motor 288, whereby the plate 120 is now elevated to intercept the
      timber 114 being carried on the rollers 110 of the roller bed section 15.
      As hereinbefore stated, switch 129 is closed by impact of the timber 114
      on the plate 120, whereby power is coupled through the first set of
      contacts of the stacker safety relay 292 to energize the solenoid of the
      pull-off relay 290. Note that the pull-off relay 290 may be energized at
      any time by the pull-off start switch 276. The pull-off relay 290 will now
      close to couple power from the normally closed pull-off return switch 277
      and the two normally closed switches 156 and 156A to be found inside the
      two pull-off assemblies 141-142, to latch the pull-off relay 290 closed.
      Power to the solenoid of the stop positioning relay 274 will now be broken
      to reopen the relay 274, and the solenoids 261-262 of the pull-off control
      valves 253-254 will now be energized to pull the timber 114 off of the
      roller bed section 15 and onto the lifting arms 161-163 of the tie stacker
      assembly 23. Note also that when the pull-off relay 290 is energized, the
      motor 288 which drives the roller bed section 15 is de-energized because
      of reopening of the stop control relay 274.
PAR  As hereinbefore stated, retraction of the piston arms 149-149A will open
      the two switches 156-156A, thereby disconnecting power from the solenoid
      of the pull-off relay 290, whereby the solenoids 261-263 will be
      de-energized and the teeth of the pull-off assemblies will be returned to
      their normal position. When five ties 147 have been drawn into the lifting
      arms 161-163 of the tie stacker assembly 23, and when switch 170 has been
      closed, power will now pass through the appropriate contacts of the now
      reclosed pull-off relay 290 and the middle contacts of the normally closed
      stacker safety relay 292 to energize the solenoid of the stacker relay
      291. Closing this component will connect a latching circuit to the relay
      by way of its first two contacts and the stacker limit and return switches
      279-280, and will connect power through its second two contacts to
      energize the solenoid 263 of the stacker control valve 255. Accordingly,
      the lifting arms 161-163 of the tie stacker assembly will now be elevated.
PAR  As soon as the arms 161-163 are elevated a short interval, however, the
      stacker safety switch 281 will be released to close its bottom contacts to
      energize the stacker safety relay 292. Power will now be disconnected from
      the solenoid of the pull-off relay 290 to keep the pull-offs from
      operating while the lifting arms 161-163 of the stacker section are in an
      elevated position. In addition, power is further disconnected from the
      coil of the stacker relay even though the switch 170 is still closed by
      the weight of the ties 147. Note further that, when the stacker safety
      relay 292 is opened, the lifting pads may not be retracted even if the
      solenoid 264 of the pad control valve 256 is energized by closure of the
      pad-down limit switch 282.
PAR  When the lifting arms 161-163 reach their full point of elevation, this
      will open the stacker limit switch 279 to break the latching circuit which
      is holding the stacker relay closed. Note that this same effect can be
      achieved, of course, by opening the stacker return control switch 280
      located in the control booth 30. Power will now be removed from the
      solenoid 263 of the stacker control valve 255, whereby the lifting arms
      161-163 will be returned to their horizontal position to await arrival of
      the next timber being carried on the roller bed section 15. At this point,
      it will be noted that the stacker safety switch 281 is returned to its
      normal position, thereby breaking the circuit to the coil of the stacker
      safety relay 292, which will now revert to its closed position,
      reconnecting power to the pad-down limit switch 282. If this component has
      been closed, the solenoid 264 of the pad control valve 256 will be
      energized to actuate cylinders 184-184A. In this regard, it may be noted
      that solenoid 264 may be energized at any time by closure of the lifting
      pad control switch 283.
PAR  As hereinbefore explained, whenever a preselected number of stacks of ties
      has been received on the lifting pads 180-181, the pads-down limit switch
      282 will be closed to connect power to the solenoid 264 of the pad control
      valve 256. The pads 180-181 will now be retracted by the cylinders
      184-184A until the deck start switches 286-287 (one being actuated by each
      pad) are closed to couple power to the motor 101 which shifts the stacks
      of ties along the tie deck assembly and away from the pads until the
      pads-down limit switch is released to de-energize solenoid 264. The pads
      180-181 will then be re-elevated to release the deck start switches
      286-287 and thus de-energize the motor 101. When a stack of ties is
      carried to a certain distance along the tie deck assembly, however, it
      will eventually depress and close the deck limit switch 285 to disconnect
      power to the coil of the deck safety relay 293. If the deck control switch
      284 is positioned as illustrated in FIG. 36, power will now be connected
      through the upper pair of contacts of the deck safety relay 293 to provide
      a latching circuit for this component, and power will be disconnected from
      the deck start switches 286-287 to stop the motor 101 and thereby prevent
      ties from being carried off the end of the tie deck assembly. Positioning
      the deck control switch 284 to its alternative position will break the
      latching circuit to the deck safety relay 293 to permit it to return to
      its normal position, and will also connect power to re-energize the motor
      101 as long as long as switch 284 is in its alternative position.
PAR  As may be seen in FIGS. 32-34, a typical lumber deck assembly 12 will not
      be provided with the lifting pads 180-181 which are incorporated with the
      tie deck assemblies. In addition, the motor 288 which operates the roller
      bed section 15 will not be involved with the operation of the lumber
      stackers, but the lumber roller bed section 9 having motor 289 will be
      involved. Accordingly, the lifting arms 161A-163A of the lumber stacker
      20A depicted in FIG. 32 will be elevated upon actuation or closure of
      switch 212 to again connect power to the relay 291, the same as
      hereinbefore described. Actuation of the switch 129 will again close the
      pull-off relay 290 to pull a board or plank onto the lifting arms
      161A-163A of the lumber stacker 20. Note that power is now applied through
      the bottom two contacts of relay 290 to energize the lumber roller bed
      stop relay 294 to break the energized circuit to the motor 289 which
      drives the roller bed section 9. When switch 212 is closed, this will
      again energize the relay 291 to again energize the solenoid 263, as
      hereinbefore described. As soon as switch 212 is closed, power will be
      connected through the stacker safety switch 281 to energize the tie deck
      motor 101, as well as to energize the stacker relay 291. As soon as the
      lifting arms 161A-163A are elevated far enough to release the stacker
      safety switch 281, however, power will be removed from the tie deck motor
      101 and will be connected to actuate the stacker safety relay 292. Thus,
      the lumber deck assembly will be actuated to carry lumber previously
      deposited thereon only far enough to remove it from lumber again being
      deposited thereon by the rising lifting arms 161A-163A.
PAR  As hereinbefore stated, the hollow longerons 50 are not only employed to
      support the various modules but are also used to provide support as well
      as protection for electrical cables which must necessarily be extended
      between the components previously discussed with respect to FIG. 36. On
      the other hand, access is required to these cables at points intermediate
      the ends of the longerons 50, and also provision must be had for
      connecting other similar ducts to the longerons 50 at selected locations
      between their ends.
PAR  Referring now to FIGS. 37-39, there may be seen pictorial illustrations of
      apparatus which has been found particularly suitable for this purpose.
      Referring more especially to FIG. 37, there may be seen an exemplary form
      of duct assembly 300 which includes a junction box 301 adapted to be
      interconnected between an aperture 305 (see FIG. 38) in the bottom of the
      longeron 50 and a rectangular duct extending at right angles to the
      longeron 50. More especially, the junction box 301 may be seen to be
      provided with curvilinear surfaces 302 to support the cables 310 contained
      therein against deformation or damage, such surfaces or curvilinear wall
      portions 302 being conveniently provided by taking a one-fourth round
      section of the wall of a metal tube or the like of proper radius. The
      junction box 301 may be seen to be interconnected with an inverted short
      saddle 51 which, as hereinbefore described, may be connected with the
      longeron 50 by means of U-tie bolts 54 and sleeves 76.
PAR  Referring now to FIG. 38, it may be seen that access may be had to the
      cables which transfer from the junction box 301 to the longeron 50, either
      by disconnecting the U-tie bolts 54 and removing the junction box 301 from
      the longeron 50, or by removing the access door 303 which is connected to
      the end of the junction box 301 by means of screws 304 or other suitable
      fasteners.
PAR  As indicated in FIGS. 37-38, provision may be required for connecting an
      extension duct 306 to the duct 308 at an angle less than 90.degree.. This
      may be conveniently effected by providing a pair of pipe sections 307 to
      the sides of an aperture in the duct 308, and by thereafter welding the
      extension 306 to the pipe sections 307. The advantage of employing pipe
      sections 307 in this manner is that their surfaces are rounded to protect
      the cables from abrasion, and thus similar components may conveniently be
      used at the aperture 305 in the longeron 50.
PAR  Referring now to FIG. 39, there may be seen a pictorial representation of
      the components which secure and protect electrical cables 310 when
      extending out of a duct 308 or the like. More particularly it will be
      noted that brackets 311 may be secured to spaced-apart edges of the end of
      the duct 308, and may also be provided with threaded apertures for
      receiving the screws 304. The opening in the end of the duct 308 is
      preferably closed by a pair of plates 312-313, each of which has a screw
      aperture 315 for matching the hole in the brackets 311, and which is also
      provided with one or more spaced-apart circular recesses 316. Accordingly,
      when the plates 312-313 are secured to the end of the duct 308 by the
      screws 304, the end of the duct 308 will be closed except for one or more
      holes formed by the matching recesses 316. Thus, one or more suitable
      couplings 314 are preferably provided in the recesses 316 to fixedly
      secure cables passing out of the duct 308 in the manner depicted in FIG.
      38. Note also that means such as the plates 312-313 may be employed
      instead of the access door 303 in FIG. 38.
PAR  Referring again to FIG. 14, it will be noted that the elevation and tilt of
      the rails 39 of the nose section 3 should be rather precisely established
      in order that a sawlog 98 will roll properly onto the deck of the carriage
      27. Accordingly, a pluarlity of shims 225 and the like are preferably
      included as a part of the nose section 3, whereby the positioning of this
      module may, from time to time, be selectively convenient.
PAR  Referring again to FIG. 4, it will be noted that lumber deck assembly 12 is
      depicted as straddling two longerons 50. Such an assembly may be
      constructed to straddle or rest on three or more longerons 50 to
      accommodate boards of greater length, of course, without departing from
      the concept of the present invention. In this regard, the log deck
      assembly 2, the nose section 3, and the other modules of the system may be
      similarly adapted.
PAR  The concept of a modular-type sawmill depends, of course, on the definition
      of the term "module." As used herein, therefore, a module is any component
      of the system which, like the nose section 3 and log deck section 2, is
      both self-contained and independently operable. Accordingly, the
      components described and depicted herein, which are considered to be
      modules are the log deck section 2, the nose section 3, the carriage and
      saw section 6, the conveyor assembly as hereinafter described, each of the
      two lumber deck assemblies 12-13, the transfer deck assembly 22, and each
      of the tie deck assemblies 16-19. The conveyor assembly is composed of the
      two roller bed sections 9-10 and the conveyor belt section 11, the various
      triple legs 200 interconnected therein, the stop assemblies 145 in the
      triple legs 200, and the flip board sections 7-8. The pull-off assemblies
      20A-21A, and other like components, are also a part of the conveyor
      assembly inasmuch as they are supported by the triple legs 200 rather than
      being disposed on longerons 50. Similarly, the lumber stacker sections
      20-21 and the tie stacker sections 23-26 are part of the lumber deck and
      tie assemblies 12-13 and 16- 19, respectively, since they are mounted on
      these components rather than on longerons 50 as self-contained modules.
PAR  Referring again to FIGS. 1 and 2, it should be noted that the log deck
      assembly 2, the two lumber deck assemblies 12-13, the transfer deck
      assembly 22, and the four tie deck assemblies 16-19 are all basically the
      same in design. Any differences such as the tie stackers 23-26 are
      additions only, and thus all of these components are basically
      interchangeable.
PAR  It will be apparent from the foregoing that many other variations and
      modifications may be made in the structures described herein without
      substantially departing from the basic concept of the present invention.
      Accordingly, it should be clearly understood that the forms of the
      invention described herein and depicted in the accompanying drawings are
      exemplary only and are not intended as limitations in the scope of the
      present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved modular sawmill comprising
PA1  a platform assembly composed of a plurality of vertical supporting members
      spaced in ranks and files and a plurality of longerons each horizontally
      disposed on one of said files of supporting members for forming a vertical
      supporting frame structurally independent of said other vertical
      supporting frames and further establishing at different preselected
      elevations a plurality of vertically spaced horizontal operating planes
      bisected by a vertical cutting plane,
PA1  a carriage and saw section removably mounted on a plurality of said
      longerons at a selected one of said operating planes for receiving and
      longitudinally slicing a sawlog longitudinally arranged in said cutting
      plane, and
PA1  a self-contained nose section removably mounted on and straddling a
      plurality of said longerons at said selected one of said planes and
      operable independently of said carriage and saw section to receive and
      laterally position a sawlog and the like longitudinally in said cutting
      plane for engagement by said carriage and saw section.
NUM  2.
PAR  2. The sawmill described in claim 1, further comprising a self-contained
      and independently operable first deck section removably mounted on and
      straddling a plurality of longerons at said one of said planes on the
      opposite side of said nose section from said carriage and saw section for
      receiving and supporting sawlogs arranged parallel to said cutting plane
      and for laterally travelling said supported sawlogs to said nose section.
NUM  3.
PAR  3. The sawmill described in claim 2, further comprising self-contained and
      independently operable conveying section removably mounted on and
      straddling a plurality of said longerons at another lower one of said
      operating planes and parallel with and spaced on the opposite side of said
      cutting plane from said carriage and saw section for receiving and
      longitudinally routing slices of sawlogs cut by said carriage and saw
      section to at least one preselected location.
NUM  4.
PAR  4. The sawmill described in claim 3, wherein said conveying means includes
PA1  a first independently operable roller bed assembly arranged parallel with
      said cutting plane and removably mounted on and straddling a plurality of
      said longerons at said lower plane for longitudinally receiving and
      travelling to a first preselected location a first type of slice of sawlog
      cut by said carriage and saw section, and
PA1  a second independently operable roller bed assembly arranged parallel with
      said first roller bed assembly on the opposite side thereof from said
      cutting plane and removably mounted at said lower plane on and straddling
      a plurality of said longerons for longitudinally receiving and travelling
      to a second preselected location a second type of slice of sawlog cut by
      said carriage and saw section.
NUM  5.
PAR  5. The sawmill described in claim 4, wherein said conveying means further
      includes an independently operable conveyor belts means arranged parallel
      with and between said cutting plane and said first roller bed assembly and
      removably mounted at said lower plane on and straddling a plurality of
      said longerons for longitudinally receiving and travelling to a third
      preselected location a third type of slice of sawlog cut by said carriage
      and saw section.
NUM  6.
PAR  6. The sawmill described in claim 5, wherein said conveying means further
      includes independently operable means for separating each of said slices
      onto a selected one of said roller bed and conveyor belt assemblies.
NUM  7.
PAR  7. The sawmill described in claim 6, wherein said separating means
      comprises
PA1  a first rectangular shutter member mounted slopingly above said conveyor
      belt assembly to provide a ramp-like surface descending from said cutting
      plane to said first roller bed assembly, and
PA1  a second rectangular shutter member mounted slopingly above said first
      roller bed assembly to provide a continuation of said ramp-like surface
      descending from said first roller bed assembly,
PA1  said first shutter member having hingedly interconnected with said first
      roller bed assembly for arcuately upward movement to reveal said conveyor
      belt assembly to slices of said third type arriving thereto and to block
      said third type slices from said first roller bed assembly,
PA1  said second shutter member being hingedly interconnected with said second
      roller bed assembly for arcuately upward movement to reveal said first
      roller bed assembly to said slices of said second type arriving thereto
      and to block said second type of slices from said second roller bed
      assembly.
NUM  8.
PAR  8. The sawmill described in claim 3, further comprising
PA1  stop means independently operable to stop a selected one of said slices at
      said one preselected location, and
PA1  removal means responsive to said stop means for laterally removing said
      stopped slice from said conveyor assembly.
NUM  9.
PAR  9. The sawmill described in claim 8, wherein said stop means comprises
PA1  a rectangular plate means,
PA1  elevating means for vertically supporting said plate means at said one
      preselected location to block said selected slice carried thereto by said
      conveying section, and
PA1  switch means responsive to said plate means for energizing said removal
      means.
NUM  10.
PAR  10. The sawmill described in claim 9, wherein said removal means is
      interconnected with said conveyor means to pull said stopped slice
      laterally from said conveying section.
NUM  11.
PAR  11. The sawmill described in claim 9, wherein said removal means is
      interconnected with said conveyor means to push said stopped slice
      laterally from said conveying section.
NUM  12.
PAR  12. The sawmill described in claim 8, further comprising
PA1  a self-contained deck section removably mounted on and straddling a
      plurality of said longerons and independently operable to receive and
      store said stopped slice from said removal means.
NUM  13.
PAR  13. An improved modular sawmill comprising
PA1  a platform assembly composed of a plurality of vertical supporting members
      spaced apart in ranks and files and a plurality of horizontally arranged
      longerons each disposed on a file of said supporting members for
      establishing at different preselected elevations a plurality of vertically
      spaced-apart horizontal operating planes and a vertical cutting plane
      bisecting said operating planes,
PA1  a carriage and saw section removably arranged on a plurality of said
      longerons at a selected one of said operating planes and longitudinally
      movable in said cutting plane,
PA1  a self-contained and independently operable log deck assembly removably
      disposed on and straddling a plurality of said longerons at said selected
      one of said operating planes and spaced from said carriage and saw section
      a preselected distance from said cutting plane, and
PA1  a self-contained and independently operable nose section removably disposed
      on and straddling a plurality of said longerons at said selected one of
      said operating planes and functionally arranged between said log deck
      assembly and said carriage and saw section for laterally transferring a
      sawlog into said cutting plane.
NUM  14.
PAR  14. The sawmill described in claim 13, further comprising self-contained
      and independently operable conveyor means removably straddling a plurality
      of said longerons at a lower one of said operating planes and in parallel
      with said cutting plane for receiving and routing longitudinal slices of
      sawlogs cut by said carriage and saw section.
NUM  15.
PAR  15. The sawmill described in claim 14, wherein said conveyor means includes
PA1  a first roller bed section mounted on a pair of said longerons at said
      lower operating plane adjacent and parallel to said cutting plane and
      extending to a first discharge location,
PA1  a second roller bed section mounted on a pair of said longerons at said
      lower operating plane adjacent and parallel to said first roller bed
      section and extending to a second discharge location,
PA1  first stop means interconnected with said frist roller bed section and
      vertically extendable thereabove at said first discharge location to
      receive and stop a slice of sawlog carried by said first roller bed
      section and received thereon from said carriage and saw section, and
PA1  second stop means interconnected with said second roller bed section and
      vertically extendable thereabove at said second discharge location to
      receive and stop a slice of sawlog carried by said second roller bed
      section and received thereon from said carriage and saw section.
NUM  16.
PAR  16. The sawmill described in claim 15, further comprising
PA1  first removal means straddling a pair of said longerons at said lower
      operating plane and interconnected with said first roller bed section for
      laterally removing a slice of sawlog stopped by said first stop means from
      said first roller bed means, and
PA1  second removal means straddling a pair of said longerons at said lower
      operating plane and interconnected with said second roller bed section for
      laterally removing a slice of sawlog stopped by said second stop means
      from said second roller bed means.
NUM  17.
PAR  17. The sawmill described in claim 16, further comprising
PA1  third stop means interconnected with said first roller bed section and
      vertically extendable thereabove at a third different discharge location
      to receive and stop a slice of sawlog carried by said first roller bed
      section past said first location, and
PA1  third removal means straddling a pair of said longerons at said lower
      operating plane and interconnected with said first roller bed section for
      laterally removing said slice of sawlog stopped by said third stop means
      from said first roller bed section.
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ABST
PAL  A continuously moving web passes over a fixed female die, which die is
      slotted to define a U-shaped cutting edge. A cylindrical punch rotates on
      an axis above the path of the web so that a cutting edge defined at the
      free end of the punch moves into the slot defined in the fixed die to cut
      a tab in the web. The length of the tab so cut can be varied by changing
      the relative speed of movement between the punch and that of the web, and
      the punch is mounted at an offset to its rotational axis. If such offset
      is positive, that is in the direction of rotation, the tab can be formed
      to "lead" the web. Providing the offset in the opposite or negative
      direction, the tab "trails" the web.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to rotary tab cutters, and deals more
      particularly with a rotating male punch which cooperates with a fixed
      slotted female die so as to cut a continuously moving web and form a tab
      in the web.
PAR  An object of the present invention is to provide a device for cutting a tab
      from a continuously moving web, which device includes male and female die
      parts having their cutting edges so designed that they hold their edges
      for a period of use far in excess of that heretofore possible with prior
      art continuous motion web cutters of the crescent type. Further, these die
      parts are uniquely constructed and mounted so that they are easily
      resharpened and readjusted even when they do become worn as a result of
      such relatively long periods of use.
PAR  A device constructed in accordance with the present invention includes a
      fixed female die part across which the web moves, and which fixed die has
      a slot defining a U-shaped cutting edge. A cylindrical punch member is
      mounted in a shaft, at an offset, so that a semi-circular cutting edge on
      the end of the punch moves into the slot of the fixed die, and the speed
      of movement of the punch is matched to that of the web so as to form a tab
      therein. The length of the tab's sides can be extended as a result of
      varying the relative speed between the punch and the web. Providing the
      offset in one rotational direction cuts a "trailing" tab, and offsetting
      the punch in the opposite direction in the shaft cuts a "leading" tab in
      the continuously moving web.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an apparatus incorporating the present
      invention, the web to be cut is illustrated in phantom lines and the means
      for feeding the web, and for cutting the web into segments of
      predetermined length, is illustrated in schematic fashion.
PAR  FIG. 2 is a vertical sectional view taken generally on the line 2--2 of
      FIG. 1, that is looking in the downstream direction with respect to the
      path of travel of the web.
PAR  FIG. 3 is a horizontal sectional view taken generally on the line 3--3 of
      FIG. 1 and illustrates in plan view the configuration of the fixed female
      die and its associated supporting structure.
PAR  FIGS. 4a- 4d inclusively illustrate, in a sequence of views, the movement
      of the rotating punch with respect to the fixed female die in the process
      of cutting a trailing tab from the continuously moving web.
PAR  FIGS. 5a -5d inclusively illustrate, in a sequence of views, the motion of
      the rotating punch in the process of cutting a leading tab from the
      continuously moving web.
PAR  FIG. 6 is a horizontal sectional view taken generally on the line 6--6 of
      FIG. 1, and illustrates the means for rotating the shaft associated with
      the punch, together with the means for adjusting both the speed of
      rotation of the shaft, and also the phase adjustment of such shaft with
      respect to a web cutoff device, also illustrated in FIG. 1.
PAR  FIG. 7 is a graph illustrating the relationship between the tangential
      speed of the projecting punch, as a function of its angular position, and
      illustrates the variations in the tangential speed of this punch, at an
      angular position at which it cuts the web, relative to the constant speed
      of the web.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning now to the drawings in greater detail, FIG. 1 shows in somewhat
      schematic fashion the essential elements of an apparatus incorporating the
      present invention, said apparatus including feed rolls 10, 10 which rolls
      are adapted to feed a continuous web W, of paper material such as is
      commonly used for the outer wrapper of a gum package or the like,
      generally in the direction of the arrow indicated in FIG. 1 at reference
      letter W. As is conventional practice such an apparatus also includes
      cutter means 12, for severing the web W at predetermined longitudinally
      spaced locations in order to provide a wrapper of suitable size for
      packaging a predetermined number of gum sticks or the like. In accordance
      with the present invention a tab cutting device is provided upstream of
      the cutter 12 so as to form a crescent shaped tab in the web at a position
      correllated to that longitudinal portion at which the web will be severed
      by the cutter 12.
PAR  A gum package wrapper is generally provided with such a tab to permit the
      package to be readily opened, either as a result of including a tear strip
      with an end portion protruding through the opening defined by the cut tab,
      or as a result of providing a tab which projects from the wrapped package
      in order to permit the consumer to tear open the package in a convenient
      manner. In any event, it is important to note that the operation of the
      cut-off device 12 is timed with respect to that of the rotary tab cutter
      to be described, such that the tab is formed at a position where the
      cut-off device 12 will ultimately sever the web. Obviously the cut-off
      blade of device 12 will be itself notched so as to leave the tab attached
      as is conventional practice with such devices.
PAR  Turning next to a more detailed description of the tab cutter, a rotating
      shaft 14 is shown in FIG. 1, and is driven in timed relationship with the
      speed of movement of the web W such that a rotating punch 16 cooperates
      with a fixed die 18 located below the path of travel of the web in order
      to form the desired tab as a result of the cutting process achieved by
      these novel die elements. The rotating punch 16 mounted in the shaft 14
      follows a path of movement illustrated in FIGS. 4a, 4b, 4c and 4d, and it
      is noted that the tab configuration produced thereby will be of the
      "trailing" type, that is trailing tab will be produced on the trailing
      edge of the wrapper segment cut by the cut-off device 12 from the
      continuous web W.
PAR  In an alternative configuration of the invention the punch 16 is provided
      on the opposite side of the axis of rotation of the shaft 14 with the
      result that the punch 16 follows the path of movement depicted in FIGS.
      5a, 5b, 5c and 5d resulting in a leading tab configuration whereby the tab
      is formed at the leading edge of the paper web segment produced by the
      cut-off device 12. In the drawings, FIGS. 1, 2, 3 and 6 relate
      specifically to the configuration for producing a "trailing" tab, but it
      will be apparent from the description to follow that a simple reversal of
      the punch position in the shaft 14 will result in a so-called "leading"
      tab construction in the cut-off web segments.
PAR  FIG. 2 shows a fixed machine frame 20 adapted to support the rotating
      rotary tab cutting device of the present invention, and being part of a
      larger machine of the type adapted to handle a web of material such as wax
      paper material, which web may include a layer of aluminum foil or the
      like, suitable for use in the wrapping or packaging of gum sticks. A
      support bracket 22 is mounted to the machine frame by screws 24, 24 and a
      support member 26 is welded to the upper surface of the bracket 22. The
      member 26 includes an upstanding boss 26a at the front thereof, that is at
      the right hand side as viewed in FIG. 2, and a rear upstanding boss 26b
      both of which bosses are integrally attached to the member 26. The front
      boss 26a includes a threaded opening which carries a stop screw 28 and
      associated lock nut 30 such that the fore and aft position of a block 32
      can be adjusted in a direction laterally with respect to the
      longitudinally moving web W. A compression spring 34 acts between a fixed
      nut 36 at the rear side of the member and urges the block 32 forwardly. As
      best shown in FIG. 1 the block 32 is also adjustably positioned
      longitudinally as a result of upstream and downstream stop screws 38 and
      40 together with their associated lock nuts 42 and 44 respectively. Two
      screws 46, 46 extend upwardly through spacers 47, 47, and through openings
      in the member 26, being threadably received in the block 32 such that the
      block 32 is securely anchored to the member 26.
PAR  The fixed female die 18 is thus adjustably mounted in both the fore and
      aft, and the longitudinal direction. The female die 18 is anchored
      vertically in the block 32 by means of two screws 48, 48 best shown in
      FIG. 2. These screws 48, 48 extend upwardly through enlarged openings,
      provided for this purpose in the bracket 22 and associated member 26, and
      also through enlarged openings in the block 32, and the upper end portion
      of said screws 48, 48 are threadably received in the female die 18. Thus,
      the die 18 is not adjustable vertically or laterally with respect to the
      block 32, retaining ears being provided on the block, as indicated
      generally at 32a and 32b, in order to prevent relative motion therebetween
      in the lateral direction. The screw 28 and associated return spring 34
      provided opposite said screw 28 permit fore and aft movement of the block
      32, and hence of the female die 18, in a direction which can be considered
      to be lateral in connection with the longitudinal direction of movement of
      the web W.
PAR  Turning now to more detailed description of the female die 18, FIG. 3 shows
      this member as being of generally rectangular shape, and having a flat
      upper surface across which the web is adapted to move as mentioned
      previously. An outwardly, or upwardly open, U-shaped slot is provided in
      the female die 18 and the slot extends downwardly through the die member
      18 being opened in the downstream direction, as also indicated in FIG. 3.
      The inner or upstream end of the said slot is well adapted to being formed
      is a relatively economical milling or boring operation. More particularly,
      the upper face of the die 18 together with the U-shaping cutting edge so
      oriented with respect to the web path that the legs of the U-shaped
      cutting edge extend in a downstream direction. The base of the U-shaped
      cutting edge can be seen from FIG. 3 to be arcuate or elliptical in
      configuration such that the inner portion of the base of the U comprises a
      semi-ellipse. This ellipse is adapted to be conventionally formed as a
      result of utilizing a milling cutter with a circular cross section at its
      cutting edge. The radius of such cutting edge preferably has a dimension
      indicated generally at r in FIGS. 4a and 5a. As a result of providing a
      fixed female die 18 of this particular configuration it will be apparent
      to those skilled in the art that the U-shaped cutting edge defined at its
      upper surface 18b can be easily sharpened in an economic fashion either by
      a milling cutter or a reamer, and/or by a process of grinding the top or
      upper face 18b of the female die 18. The radius r bears a predetermined
      relationship to the diameter d (d = 2 .times. r) of the cylindrical punch
      16 to be described. However, prior to leaving the description of the fixed
      female die 18 it should be noted that the cutting edge 18c of the latter
      will have to be precisely oriented if the rotating punch 16 is to form a
      tab in accordance with the present invention. Thus, the reasons for
      providing for precise positioning of the female die 18 as described
      hereinabove with reference to FIGS. 1, 2, and 3 will be appreciated.
PAR  Actually, the female die 18 as located in the same position with respect to
      the center of rotation 14a of the rotating punch 16 in both the set-up
      illustrated in FIGS. 4a-4d inclusively, and also in FIGS. 5a-5d
      inclusively.
PAR  Turning next to a description of the cylindrical punch member 16, FIG. 1
      shows the shaft 14 for supporting said punch 16 so that one laterally
      extending side edge of the punch is located in a common plane with the
      axis 14a of rotation of the shaft 14. The cylindrical punch 16 has a
      projecting end which is precisely ground normal to the axis of the punch
      so that the end face of the punch 16 is perpendicular to the center line
      of the punch 16, and thereby defines a generally circular cutting edge.
      The trailing edge half, or semi-circular portion of said circular cutting
      edge is adapted to cooperate with the elliptical cutting edge in the fixed
      female die 18 to form the desired tab in the web W. Just as with the
      female die 18 it is possible to fabricate the cutting edge of the punch in
      an inexpensive manner. The circular cutting edge of the punch can be
      easily fabricated by a grinding operation, and further, it is noted that
      both the punch and the female die have cutting edges which can be
      conveniently sharpened, thereby reducing downtime in the machine or
      apparatus itself.
PAR  The movable, or rotating punch 16 is received in a circular bore provided
      for this purpose in the shaft 14 and the end portion opposite the circular
      cutting edge is preferably threaded so as to be threadably received in the
      shaft 14. A lock nut 50 is also provided on the threaded end of the punch
      16, which end also includes a slot 52 to permit the vertical position of
      the punch to be conveniently adjusted relative to the upper face 18b of
      the fixed female die 18, in order to set-up the tab cutting device in a
      manner to be described in greater detail hereinbelow. It is further noted
      that a flat 54 is provided parallel the axis of the bore in which the
      punch is located so as to facilitate this set-up operation. A
      perpendicular flat 56 is adapted to abut the lock nut 50 in order to
      anchor the punch 16 relative to the axis 14a of the shaft 14 once the
      desired set-up has been achieved. As shown in FIG. 1 the punch 16 is
      off-set radially in the shaft 14 by an amount corresponding to the radius
      of the punch 16, or at least one-half its diameter d, as depicted
      schematically in FIG. 4a.
PAR  With reference to FIGS. 4a- 4d inclusively the punch 16 is there shown in a
      series of views so as to illustrate the action of the rotating punch 16
      with respect to the fixed female die 18 in forming a "trailing" tab in the
      continuously moving web. The tangential speed of the cutting edge of the
      moving punch die 16 is preferably slightly greater than that of the moving
      web W so as to avoid tearing or crowding of the web material during the
      tab cutting operation depicted in FIGS. 4a-4d inclusively. FIG. 4a shows
      the radius of the path of movement for the punch die 16 by reference
      letter R.
PAR  An alternative embodiment is depicted in FIGS. 5a-5d inclusively wherein
      the punch 16 is located in positive offset relationship to the center of
      rotation 14a of the shaft 14, that is, the offset X is provided in leading
      relationship to the direction of rotation of the punch 16. More
      particularly, the punch 16 rotates in the same counterclockwise direction
      as depicted in FIG. 4a, but whereas in FIG. 4a the offset X is negative,
      that is opposite the direction of rotation, the offset X in FIG. 5a is
      provided in the opposite or positive direction. The set-up of FIG. 5a-5d
      inclusively is intended to provide a tab which "leads" the web, and the
      speed or rotation for the cutting edge of the punch 16 is preferably made
      slightly less than that of the web W being cut, again to avoid tearing or
      crowding of the web material during the tab cutting process. It is
      important to note that in both the alternative version depicted in FIGS.
      5a-5d inclusively, and in the above version depicted in FIG. 1 and FIGS.
      4a-4d inclusively, the fixed female die 18 is located in the same relative
      position with respect to the axis of rotation 14a for the shaft 14. Thus,
      the only difference between these two embodiments is related to the speed
      of rotation of the cutting edge for the punch 16 and also in the mounting
      for the punch wherein the punch is either offset positively as depicted in
      FIG. 5 associated with a negative relationship between the punch speed and
      the speed of the web, or the punch is offset negatively as depicted in
      FIG. 4a as associated with a positive relationship between the punch speed
      and that of the web.
PAR  FIG. 7 illustrates this speed relationship and also provides a graphic
      comparison of the effects achieved as a result of increasing this speed
      differential between the punch and the web. As shown in FIG. 7 if the
      speed differential is maximized the length of the tab is correspondingly
      increased for a trailing tab. On the other hand, and as also depicted in
      FIG. 7, where the speed of the punch corresponds closely to that of the
      web a tab of crescent shape is cut in the web with no appreciable
      elongation of such tab. Means is provided for varying the speed of the
      shaft 14 so as to achieve the results depicted schematically in FIG. 7,
      and also means is provided for coordinating the location of the tab in the
      web so that the cut-off device 12 mentioned previously can be coordinated
      with the formation of the tab in the web to facilitate the proper forming
      of a package.
PAR  In the version of this invention depicted in FIG. 4a, it is the trailing
      semi-circular portion of the cutting edge at the end of the rotating punch
      die 16 which cooperates with the elliptically spaced cutting edge 18c of
      the fixed die 18 in order to form the trailing tab, whereas in the FIG. 5a
      version it is the leading semi-circular portion of the cutting edge in the
      rotating punch die 16 which cooperates with the fixed female die to form
      the oppositely disposed leading tab. However, in both the FIG. 4a and the
      FIG. 5a versions the cylindrical punch die 16 can be conveniently located
      for set-up merely by orienting the axis of the punch vertically as shown
      in FIG. 4a and FIG. 5d respectively as a result of the flat 54 provided
      for this purpose in the shaft 14. A predetermined vertical spacing must be
      adhered to as indicated generally at 58 in FIG. 4a between the lower end
      of the punch 16 and the upper face 18b of the fixed die 18. So too, when
      the shaft is configured to receive a punch in the manner depicted in FIG.
      5a, rotation of the punch to the position shown in FIG. 5d will permit
      vertical adjustment of this punch 16 with respect to the upper face 18b of
      the fixed die 18 such that the predetermined vertical spacing, indicated
      generally at 60, will be obtained. As mentioned previously, the fixed die
      18 is located at the same predetermined offset relationship with respect
      to the axis of rotation 14a. It will be apparent that the time and effort
      required to achieve the desired set-up of a device constructed in
      accordance with the present invention is greatly facilitated due chiefly
      to the unique arrangement and geometries of the male and female die
      members themselves.
PAR  Turning next to a more detailed description of the means for rotating the
      shaft 14 in which the cylindrical punch die 16 is mounted, FIG. 6 shows a
      mechanism for rotating the shaft 14. An input drive to this mechanism is
      indicated generally at 62, whereby the gear 64 is rotated in a direction
      opposite that desired for the shaft 14, the gear 64 being provided on a
      hollow shaft 66 rotatably supported in the fixed frame 20 of the machine
      by means of bearings 68, 68. The clamp bolt 70 extends through the hollow
      shaft 66, and is threadably received on one of two meshing eccentric
      gears, 72 and 74, such that the eccentric gear 72 can be clamped to the
      driven gear 64 and caused to rotate therewith. A flange 71 on the shaft 66
      abuts the drive gear 64. However, the clamp bolt permits the relative
      angular position of the input drive gear 64 and the eccentric gear 72 to
      be varied so as to correlate the locations for the tabs cut in the web W,
      with the cut off point determined by the rotating blade provided in the
      cut off device 12 mentioned previously with reference to FIG. 1. The shaft
      14 is oriented parallel to the shaft 66 and is driven in the opposite, or
      desired direction by the meshing eccentric gear 74, which gear 74 is
      adapted to be adjusted angularly with respect to its shaft 14. This latter
      adjustment permits varying the speed of the punch relative to that of the
      web as referred to previously and as depicted schematically in FIG. 7. The
      means for clamping the eccentric gear 74 to the shaft 14 comprises a clamp
      ring 76 having a central hub portion 78 secured to the shaft 14 and
      defining a plurality of arcuate slots (not shown) for loosely receiving
      screws 80, 80 which screws are threadably received in the eccentric gear
      74 such that the angular position of the output shaft 14 can be varied
      with respect to that of the eccentric gear 74. This arrangement permits
      the speed of the punch 16 to be varied with respect to the speed of the
      web at least through a desired range of values such as indicated generally
      at 82 in FIG. 7. Replacement of the shaft 14 with a shaft such as that
      described hereinabove with reference to FIG. 5a, that is with a shaft
      wherein the punch 16 is mounted so that it leads the direction of
      rotation, will allow the relative angular spped relationship between the
      punch 16 and that of the web W to be varied within the range depicted
      schematically at 84 in FIG. 7.
PAR  FIG. 6 also shows the means for rotatably supporting the shaft 14, said
      means including axially spaced bearings 86, 86 and a nut 90 which is for
      preloading these bearings 86, 86 to assure that the precise position of
      the punch 16, in the direction perpendicular that of the web travel is
      closely maintained during operation of the device.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for cutting a tab from a continuously moving web, said device
      comprising a fixed female die below the path of movement of the web and
      having a flat face which defines an outwardly open slot having a U-shaped
      cutting edge so oriented with respect to the web path that the legs of the
      U extend downstream in the direction of movement of the web, the base of
      the U being arcuate, a movable punch die of cylindrical configuration and
      defining at least a semi-circular cutting edge at one end, means rotatably
      supporting said punch die so that said semi-circular cutting edge moves
      downwardly into said slot and in said downstream direction to cooperate
      with said arcuate fixed cutting edge for shearing the web.
NUM  2.
PAR  2. The device according to claim 1 wherein said means rotatably supporting
      said punch die comprises a shaft rotatable on an axis spaced above said
      web path and oriented perpendicular said downstream direction, and means
      mounting said punch die to said shaft so that said cylindrical punch is
      oriented and rotates in a radial plane with respect to said shaft, but
      with the axis of symmetry of said punch being offset from a true radial
      direction with respect to said shaft, said semicircular cutting edge on
      said punch die being defined by the end face of the cylindrical punch
      which end face is oriented normal to the axis of symmetry of the
      cylindrical punch.
NUM  3.
PAR  3. The device according to claim 2 wherein said slot defining said U-shaped
      cutting edge in said fixed female die has a lateral width approximately
      equal to the diameter of said cylindrical punch die, and wherein that
      portion of said slot defining said arcuate base segment of said fixed
      U-shaped cutting edge comprises a surface of revolution with a diameter
      also approximately equal that of said cylindrical punch die, and which
      surface has its axis oriented in said radial plane said axis being
      inclined with respect to the plane defined by said web path.
NUM  4.
PAR  4. The device according to claim 2 wherein said punch die is offset in said
      shaft by an amount at least one-half that of said punch diameter.
NUM  5.
PAR  5. The device according to claim 2 wherein said punch die is offset in said
      shaft such that the offset is positive, that is in the direction of shaft
      rotation.
NUM  6.
PAR  6. The device according to claim 2 wherein said punch die is offset in said
      shaft such that the offset is negative, that is opposite the direction of
      shaft rotation.
NUM  7.
PAR  7. The device according to claim 4 wherein said punch die is offset in said
      shaft such that the offset is positive, that is in the direction of shaft
      rotation.
NUM  8.
PAR  8. The device according to claim 4 wherein said punch die is offset in said
      shaft such that the offset is negative, that is opposite the direction of
      shaft rotation.
NUM  9.
PAR  9. The device according to claim 3 wherein said punch die is offset
      radially in said shaft such that the offset is positive, that is in the
      direction of shaft rotation, and manually adjustable means for presetting
      the rotational speed of said shaft such that said punch cutting edge
      travels at a tangtial speed at or slightly below that of the continuously
      moving web.
NUM  10.
PAR  10. The device according to claim 3 wherein said punch die is offset
      radially in said shaft such that the offset is negative, that is opposite
      the direction of shaft rotation, and manually adjustable means for
      presetting the rotational speed of said shaft such that said punch cutting
      edge travels at a tangential speed at or slightly above that of the
      continuously moving web.
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PAL  A rotary perforating apparatus for forming the guide perforations in
      photographic film, wherein the mechanism which controls the movements of
      the punch carrier arms comprises a control disc which rotates
      eccentrically with respect to a film-supporting wheel, and wherein the
      punch carrier arms are connected to said control disc through control arms
      which may perform a spacial swinging movement, thereby to provide a
      mechanism which is little subject to wear, and wherein standard ball
      bearings and ball joints may be used.
BSUM
PAR  The present invention relates to a rotary perforating apparatus for
      perforating a travelling web. The invention is primarily intended for
      embodiment in apparatus for forming the guide perforations in photographic
      film and the like.
PAR  The perforating of photographic film is necessarily a precise operation in
      that close tolerances must be maintained for the reason that correct
      travel of the film is possible only when there is exact registration and
      engagement of the teeth of sprocket wheels with the perforations in the
      film. Economy in manufacturing practice requires that film perforation be
      accomplished at high speeds, say greater than 100 m/min, and therefore
      perforating apparatus of the rotary type has been developed which comprise
      a plurality of individual perforator assemblies, each including a pivotal
      punch carrier arm and a die, disposed side-by-side in a series around the
      periphery of a rotatable web supporting wheel, said cam means for
      controlling the movement of the punch carrier arms so that during rotation
      of said wheel the punch carrier arms of the successive assemblies are
      displaced towards the web-supporting wheel to cause a web passing through
      the apparatus to be perforated at successive positions along its length by
      the punch elements on said carriers.
PAR  The cam means constitute a serious problem in the proper operation of the
      described apparatus.
PAR  In the case the cam means have the form of a stationary disc which is
      provided with a recessed cam path wherein rollers may roll which are fixed
      either directly, or indirectly through the intermediate arm, to the punch
      carrier arms so as to control the position of the punch carrier arms by
      their bodily displacement, as disclosed for instance in United Kingdom
      Pat. No. 1,314,163 filed May 9, 1969 by Gevaert-Agfa N. V. it is shown
      that the rollers are subject to appreciable wear. This increased wear is
      not at all surprising if one considers the fact that the speed of these
      rollers may easily exceed 200 revolutions per minute for 150 revolutions
      per minute of the web-supporting wheel, and that during each revolution of
      the web-supporting wheel the direction of rotation of the rollers is
      reversed twice as a consequence of the rolling of the rollers on the outer
      and the inner wall of the cam groove alternately as the punch carrier arms
      move alternately towards and away from the web supporting wheel. The
      biasing of the punch carrier arms, by means of springs so that the rollers
      which control their movement always roll on the same wall of the cam
      groove raises considerable difficulties, since springs for effecting such
      biasing must necessarily have a rather great number of turns in view of
      the important displacement of the punch carrier arms to warrant a
      sufficiently long life time of such springs. Springs of the required size
      cannot be incorporatd in the usual type of rotary perforating apparatus,
      unless the dimensions of the cam control mechanism are increased to offer
      sufficient space for the mounting of such springs.
PAR  The punch carrier arms can be displaced by a cam ring which rotates with
      and at the same angular speed as the web-supporting wheel, but is
      eccentric with respect to such wheel. In that case the problem of
      excessive wear between a cam and cam-follower rollers on the punch carrier
      arms does not arise. An apparatus employing a rotatable cam ring and
      web-supporting wheel one of which is mounted eccentrically with respect to
      the other is disclosed in U.S. Pat, No. 2,760,576 of Dudley W. C. Spencer
      issued Aug. 28, 1956. In the nature of the design of that apparatus the
      clearance between the dies and the punches when the punches are in the
      retracted position, is very limited so that the web must be transversely
      bowed in order to become properly located on the web-supporting wheel.
      High-quality light-sensitive photographic material does not allow such
      distortion and thus the punch carrier arms should be fully withdrawn in
      order to avoid any substantial torsion of a web about its longitudinal
      axis. If the degree of eccentricity between the cam disc and the
      web-supporting wheel were to be increased, that would permit a greater
      displacement of the punch carrier arms to be obtained. However, the punch
      carrier arms are in the form of flexible metal blades each of which
      becomes progressively flexed bby direct bearing contact of the cam ring
      therewith to cause the punch to pass through the web. There is some
      relative sliding movement between the blades and cam ring during such
      flexure and if the degree of eccentricity were to be increased as referred
      to the frictional contact would be greater. Moreover such an increase in
      eccentricity would reduce the period of time, or in other terms the
      angular displacement of the web-supporting wheel, which is available for
      the punches to engage the web for the perforation theroef. The problem is
      accentuated by the fact that in contrast to a control of the displacement
      of the punch carrier arms by means of a stationary cam member in which
      there is almost complete freedom on the design of the cam track or
      profile, when control is exercised by a disc which rotates with the
      perforator wheel there is no such freedom of choice of the cam track or
      profile since each point on the disc follows a truly circular path. The
      only parameter which may independently be varied in the eccentricity
      between the axes of the web perforator wheel and of the disc controlling
      the punch carrier arms. An increase of the eccentricity decreases the
      angular displacement of the web-supporting wheel during which the punches
      effect perforation of the web.
PAR  The object of the present invention is to provide a rotary perforating
      apparatus in which the displacements of the punch carrier arms are
      positively controlled by control means which rotates with the
      web-supporting wheel; and in which the clearance available for the
      movement of the web onto and off the web-supporting wheel can be made
      adequate to avoid any necessity for the web to be bowed, without involving
      problems of friction in the control mechanism. The invention can be
      carried out using standard ball bearings or ball joints for the pivotal
      connections in the control mechanism for the punch carrier arms.
PAR  In accordance with the present invention, a rotary perforating apparatus
      for performing a travelling web comprises a frame in which a rotatable
      web-supporting wheel is mounted for supporting part of a web during its
      advance through the apparatus in contact with such wheel, a plurality of
      web perforator assemblies, each including a punch carrier arm pivoted in a
      radial plane of the wheel and a die, such assemblies being disposed
      side-by-side in a series around the periphery of said wheel, and means
      which during rotation of said wheel cause the punch carrier arms of the
      successive perforator assemblies to be swung towards the web-supporting
      wheel to cause a web passing through the apparatus to be perforated at
      successive positions along its length by punch elements on said carrier
      arms, such means comprising a member mounted for rotation with and at the
      same angular speed so that of the web-supporting wheel, and a control arm
      for each of the punch carrier arms, each said control arm being pivotally
      connected at one end to said member and at the opposite end to the
      corresponding punch carrier arm, the points of pivotal connection of said
      control arms to said member being disposed on a notional circle which is
      eccentric with respect to said web-supporting wheel.
PAR  It is convenient for the member to which the said control arms are pivoted
      to be a circular disc or the like member to which the said arms are
      pivoted at points located at or near its periphery. For convenience in
      description the said member will hereafter be referred to as the control
      disc but the member need not be in the form of a disc.
PAR  The reduced wear of the means which control the operation of the punch
      carrier arms in the apparatus according to the invention is caused thereby
      that the connection of the control arms with the control disc and the
      punch carrier arms occurs via pivotal connections. Such connections afford
      a very positive control of the movement of the punch carrier arms.
      Preferably such connections carry out angular displacements which are not
      greater than about 20.degree. between the extreme positions, this as
      distinct from known rollers which engage successively one or the other of
      two opposite walls of a cam groove, and which have to rotate at speeds
      exceeding 2000 revolutions per minute.
PAR  The ends of the control arms which are connected to cam disc perform a
      rotating movement, as seen from the web-supporting wheel, in a plane which
      is normal to the axis of the cam disc, rather than a linear movement which
      is radial with respect to the web-supporting wheel. The radius of this
      circular movement equals the eccentricity of the cam disc in respect to
      the web-supporting wheel.
PAR  The opposite ends of the control arms perform a movement in a radial plane
      of the web-supporting wheel as a consequence of their connection to the
      punch carrier arms.
PAR  The period of time during which a punch engages the web should be
      preferably so long that in the operation of the apparatus, the web is
      engaged by the punch or the punches of at least one punch carrier arm at a
      time. In the absence of such engagement the punch or the punches of one
      punch carrier arm may not yet have contacted the web as the punch or the
      punches of the adjacent carrier arm have retracted already from the web
      after the perforation. A lapse of time would thus exist during which no
      punch would engage the web and under such conditions it is difficult to
      obtain an accurate web perforation. Thus, the punch or the punches of at
      least one punch carrier arm should at any time engage the web on the
      web-supporting wheel and whereas such engagement does not necessarily
      involve that the punches should be completely depressed so as to enter the
      corresponding holes of the die, they preferably engage the web over the
      complete thickness of said web.
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PAR  The invention will now be described hereinafter by way of example with
      reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a diagrammatic illustration of an apparatus according to the
      present invention,
PAR  FIG. 2 is a detailed sectional view of an apparatus taken in a plane which
      comprises the axes of both the control disc and the web-supporting wheel,
PAR  FIG. 3 is a diagrammatic front elevational view according to the arrow 3 of
      FIG. 2, illustrating the swinging movement of the control arms of the
      punch carrier arms,
PAR  FIG. 4 is a diagrammatic illustration of an arrangement which illustrates
      the swinging movement of a control arm.
DETD
PAR  The apparatus which is diagrammatically illustrated in FIG. 1 comprises a
      wheel 10 which is fixedly attached to a shaft 11 rotatable in a bearing
      12, and a control disc 13 which is fixedly attached to a shaft 14
      rotatable in a bearing 15. The wheel 10 is provided along its periphery
      with a plurality of closely angularly spaced perforator assemblies, each
      comprising a punch carrier arm 16, represented by a triangle in the
      figure, and a cooperating die 19. Each arm 16 is arranged for pivotation
      in a radial plane of the wheel round a pin 17, whereas the corresponding
      dies 19 are fixedly attached to the circumference of the wheel 10. The
      arms 16 carry at one extremity the punches 18 which cooperate with holes
      in the dies 19 to perforate a web which is conveyed over the wheel along a
      path 20 indicated in dash and dot lines.
PAR  The opposite end of each punch carrier arm 16 is pivotally connected at a
      point 21 to one end of a control arm 22, the opposite end of each such
      control arm being pivotally connected to the control disc 13 at a point
      23. The points 23 are spaced from each other over angular intervals that
      equal the angular spacing between the successive perforator assemblies and
      that are located on a circle 25 that centre of which coincides with the
      axis of the control disc 13, see FIG. 3. For the sake of clarity the
      points 23 have been illustrated somewhat remote of the control disc 13 in
      FIG. 1 but it should be understood that they are points which actually
      occupy a fixed position on the control disc 13.
PAR  Means is provided, not shown in simplified FIG. 1, for rotating the control
      disc and the web-supporting wheel at equal angular speeds and it may be
      seen that a punch carrier arm 16 moves from its operative position, shown
      at the upper part of the figure, to its inoperative position, shown at the
      lower part of the figure, as the wheel 10 and the control disc 13 are
      rotated over 180 angular degrees.
PAR  Referring to FIGS. 2 and 3, the perforating apparatus comprises a
      web-supporting wheel 10 which is fitted on a widened portion 26 of a shaft
      27, e.g. by means of heat-shrinking. The shaft is rotatably journalled in
      a bore 28 in a generally cylindrical stationary bearing block 29 through
      radial needle bearings 30 and axial thrust ball bearings 31 and 41. The
      axis of the bore and of the shaft is indicated by the dash and dot line 32
      and it may be seen that this axis is eccentric over a distance e with
      respect to the axis of the bearing block 29 which is indicated by dash and
      dot line 33. The bearing block 29 has a conical portion 34 and a
      cylindrical portion 35, both portions having as common axis the axis 33.
PAR  Through radial needle bearings 36 and axial thrust bearings 37 and 38 the
      cylindrical portion 35 rotatably suports a bushing 39 to which at one end
      a control disc 13 is fitted by means of socket screws such as the screw 42
      illustrated. The opposite end of the bushing 39 is provided on its
      periphery with an elevated rim portion which is provided with gear teeth
      43. For the ease of the further description these gear teeth will be
      called the gear 43 of the control disc 13.
PAR  The conical portion 34 of the bearing block is pressed in a corresponding
      conical opening in a supporting element 44 which is generally cylindrical,
      except for a small flat portion at the upper side which will be described
      later, and extends through a circular opening 45 of the stationary machine
      frame 46. The supporting element 44 is fixedly attached by socket screws
      (not numbered in the figure) to an upstanding wall 47 of generally
      elongate triangular shape, see FIG. 3. The upstanding wall 47 is fitted to
      the machine frame 46 by means of three bushings 48 and cooperating stud
      screws 49 with rings 50. The bushings 48 and the stud screws 49 serve
      equally to fit a wall opposite to the wall 47. Said opposite wall may be
      identical to the triangular wall 47 and may comprise parts for supporting
      the right-hand half of the web-supporting wheel and the corresponding
      control disc, not shown in the drawing. Said further parts may be
      identical to the parts described already hereinbefore, and therefore they
      need no further attention in the present description.
PAR  The shaft 27 of the web-supporting wheel 10 is provided at its left-hand
      extremity with gear wheels 51, 52 and 53. The gear wheel 51 is intended
      for cooperation with a timing belt or the like for driving roller parts,
      not shown in the drawing, for pulling the web with a pre-determined
      tension from the web-supporting wheel. The gear wheel 52 meshes with a
      driven gear wheel for rotation of the apparatus. The gear wheel 53 meshes
      with a pinion 54 fitted to a shaft 55 that is rotatably journalled in a
      bearing block 56. The bearing block 56 has a flat base 57 and is fitted
      therewith to the flat portion of the upper side of the supporting element
      44 described hereinbefore. A second pinion 58 which is provided at the
      opposite extremity of the shaft 55 meshes with the gear wheel 43 of the
      control disc 13. The gear ratio between gear wheel 53 and pinion 54 equals
      that between gear wheel 43 and pinion 58 so that the angular speeds of the
      web-supporting wheel 10 and of the control disc 13 are necessarily equal.
PAR  The web-supporting wheel 10 is provided with a plurality of perforator
      assemblies on its periphery, spaced at equal angular intervals. Each
      perforator assembly comprises a die base member 59 which is provided with
      parallel upstanding end portions 60 and 61 between which a punch carrier
      arm is pivotally journalled, such as the left-hand arm 62 shown which may
      pivot on a pin 63 in a radial plane of the wheel 10. Each punch carrier
      arm carries at one end a punch element 64 which is provided at one end (or
      at each end in which case the element is made reversible) with one or more
      punch pins 93 which may cooperate with the corresponding holes in a die 65
      which fits into the die base member 59. The die holes communicate through
      bores 68 and 69 in a preforator assembly and in the periphery of wheel 10
      with a ringlike chamber 70 in the wheel for the removal of the punched-out
      slugs through a radial passage 71 and an axial passage 72 in the wheel
      shaft. The dies may further be provided with a central recessed portion
      wherein an underpressure may be maintained for securing a firm adhesion of
      the film to the dies, but since these details as well as other details
      relative to the construction of the perforator assemblies and the fitting
      of these assemblies to the web-supporting wheel are not relevant to the
      gist of the present invention, reference should be taken to the prior art
      literature in particular United Kingdom Pat. No. 1,314,163 filed May 9,
      1969 by Gevaert-Agfa N. V. for further details of these subjects.
PAR  The control of the operation of the perforator assemblies occurs as
      follows.
PAR  Each punch carrier arm 62 is connected with its end opposite to the end
      supporting the punch elements to a control arm 73. This connection occurs
      through a ball-joint 74, the outer ring of the ball-joint being pressed in
      a corresponding bore in the arm 73, the inner ring of the coupling being
      connected by a pin 75 between upstanding wall portions of a forked member
      76. At its lower end, said forked member has a stud 77 that passes through
      a corresponding bore in the end of the punch carrier arm and that is
      fixedly attached by means of a nut 78.
PAR  The opposite ends of the control arms 73 are pivotally connected to the
      control disc 13 at positions which are spaced at equal angular intervals,
      and which are situated on a circle as mentioned already hereinbefore.
PAR  The pivotal connection of each said opposite end of a control arm to the
      control disc occurs by meanas of a forked member 85 which has a stud 90
      mounted for pivotation by means of a bearing 91 about an axis which runs
      parallel with the axis 33 of the control disc, and which has also a pin
      84, the axis of which is normal to said first axis, and about which the
      arm 73 may pivot by means of a bearing 80.
PAR  The bearing 80 is a conventional radial ball bearing whereas the bearing 91
      is a combination of a radial and a thrust bearing.
PAR  Referring to FIGS. 2 and 3, the operation of the apparatus is now described
      for the case of a clockwise rotation of the web-supporting wheel, although
      it will be understood that operation in the reverse direction is equally
      feasible if the direction of feed of the web is reversed. The web to be
      perforated in a light-sensitive photographic film on a triacetate base
      with a width of 16 mm, which must be provided at either edge with edge
      perforations.
PAR  The diameter of the circular periphery on which the film is supported
      amounts to about 218 mm. Thirty perforator assemblies are provided on the
      wheel. Each perforator assembly has two punch carrier arms and one common
      die, and each of the punch carrier arms supports a punch element with
      three parallel punch pins which in their operative positions are located
      in a plane which is normal to the axis of the wheel. The wheel 10 and the
      control disc 13 are driven at a constant speed through driving wheel 52.
      The film 82 is fed to the wheel over rollers which are braked through a
      slip clutch so that a constant film tension is secured. In the same way,
      the film is pulled from the wheel by rollers driven via a slip clutch by
      the gear wheel 51 so that a constant web tension may be obtained. The
      unperforated film 82 enters the apparatus in the vicinity of the 7 o'clock
      position (FIG. 2) by conveyance around a guide roller 83 shown in broken
      lines and journalled in the framework of the apparatus with its axis
      running parallel to the axis of the wheel 10. The punch carrier arms in
      the reach of this guide roller are in fully retracted position and thus
      the film is led onto the surface of the die elements on the wheel without
      interferences from such arms.
PAR  The film contacts the dies at about the 8 o'clock position and follows the
      wheel periphery until about the 5 o'clock position where the film looses
      contact with the wheel and is led to a winding devices, not shown.
PAR  The punch elements are in fully depressed position by the time the 12
      o'clock position is reached, the operative stroke of the punch carrier
      arms taking place from the 8 to the 12 o'clock position, the the
      retracting stroke occurring from the 12 to the 4 o'clock position. The
      angular displacement of the wheel during which a punch is engaging the
      film amounts from 9.5.degree. before to 9.5.degree. after the 12 o'clock
      position of the wheel, whereas the angular wheel displacement during which
      a punch completely extends through the film amounts to 13 degrees, i.e.
      6.5 degrees before and 6.5 degrees after the 12 o'clock position.
PAR  Considering the fact that each punch carrier arm covers 12.degree. of the
      periphery of the web-supporting wheel since there are 30 perforator
      assemblies for 360 angular degrees, it may be seen that the machine
      fulfills the condition that at any given time the punch or the punches of
      at least one punch carrier arm engage(s) the web preferably through the
      complete thickness of the web.
PAR  The described punch movement results from the swinging movement of the
      control arms. The movements comprise a swinging of the inner ends of the
      arms in a radial plane of the wheel as illustrated in FIG. 1, and a
      swinging movement of the outer ends of the arms in a plane which is normal
      to the axis of the control disc as illustrated in FIG. 2.
PAR  The movement of the outer ends of the control arms 22 is the most curious
      of both movements, and it may be shown that during each orbit of a point
      23 of a control arm 22 around the axes of the control disc and the
      web-supporting wheel, such control arm end traces with respect to the
      pivotal axis of the punch carrier arm, a perfectly circular path about an
      orbiting axis in a plane normal to the axis of the wheel. The circular
      path is spatially fixed in relation to the pivotal axis of the
      appertaining punch carrier arm (i.e. axis 17 in FIGS. 1 and 4 and the axis
      of pivot pin 63 in FIG. 2). This is illustrated in FIG. 4 which is a
      diagrammatic view in the direction of the arrow 4 in FIG. 1, and wherein
      the circle 24 drawn in dash and dot lines represents the movement of a
      point 23 on the control disc 13 to which the end of a control arm 22 is
      connected, relative to the pivotal axis 17 of the associated punch carrier
      arm 16, during one revolution of the web-supporting wheel. The radius r of
      the circle 24 corresponds with the eccentricity e between the axes 32 and
      33 of the web-supporting wheel end of the control disc.
PAR  The adjustment of the perforation depth, that is the greatest distance over
      which the punches may enter the dies, may individually occur by adjusting
      the vertical position of the punch elements 64 on the punch carrier arms
      62 by loosening the socket head screws 89, see FIG. 2 as known in the art.
      A much smoother control of the perforation depth is obtained, however, if
      the pins 84 of the rotational connections of the control arms 73 are
      arranged for slight parallel displacement. The control of this
      displacement of the rotational axis may occur in a very simple form if
      each pin 84 will support the inner ring of a radial ball bearing 80 has a
      cylindrical portion the axis of which is offset with respect to the
      general axis of said pin. If each pin is mounted for rotation round its
      general axis in the member 85, then the position of the inner ring of the
      radial ball bearing which is supported on such offset cylindrical portion
      of the pin, may be adjusted by rotation of such pin, and a rotation of the
      pin 84 over 180 angular degrees may permit an adjustment of the
      perforation depth over a total course of some tenths of a millimeter.
PAR  The adjustment of the perforator assemblies on the wheel 10 may be based on
      the mating of very accurately machined groove and tongue arrangements in
      cooperating parts as known in the art, but it is also possible to obtain
      the same and often even a greater accuracy of perforation, if the position
      of the different elements, which may be the cause of inaccurate
      perforations, may be individually adjustable under a microscope by means
      of push and pull screws or through the intermediary of wedges which may be
      displacable by such push and pull screws.
PAR  In the operation of the apparatus according to the present invention, it
      was shown that perforation could continue for many thousands of hours
      without any substantial wear of the parts of the mechanism which control
      the operation of the punch carrier arms.
PAR  Whereas rotary perforating apparatus of the type comprising rollers which
      cooperate with a stationary cam track, such as disclosed in the patent
      mentioned hereinbefore, start to get very noisy for web speeds greater
      than about 120 m/min mainly as a consequence of the intermittent contact
      of the rollers with the walls of the cam track, the apparatus according to
      the present invention produces no substantial noise, except for the noise
      produced by the operation of the punches, and this for speeds which exceed
      a web speed of 150 m/min.
PAR  It will be understood that the present invention is not limited to the
      described embodiment. The apparatus may comprise one series of punch
      carrier arms rather than the two series of arms described hereinbefore.
      Such one series of punch carrier arms may carry two punches or two sets of
      punches spaced in the axial direction of the wheel so that one series of
      arms may yet produce two rows of perforations in a web.
PAR  Each punch element may comprise three punches which simultaneously pierce
      the web. Alternatively each punch element may be provided with only one or
      two punches which act simultaneously if the mutual spacing of the
      perforations on the web or the sufficiently close mounting of the
      perforator assemblies on the wheel allow such reduction of the number of
      punches per element.
PAR  The pivotal connection of the control arms at their inner ends may also
      occur by means of two radial bearings as shown for the connections of the
      outer ends to the control disc, rather than by a ball joint. A coupling of
      both ends of the control arms by means of a ball joint may give
      unsatisfactory results since in such case the arm is also free to rotate
      on its longitudinal axis and thereby its end portions may strike portions
      of the forked members to which the outer rings of such ball-joints are
      fitted.
PAR  The apparatus may also be driven via the control disc, rather than via the
      web-supporting wheel, and the rotational coupling of both rotatable
      elements may also occur by sprocket wheels and chains, timing belts or the
      like.
CLMS
STM  We claim:
NUM  1.
PAR  1. Rotary perforating apparatus for perforating an advancing web,
      comprising a frame, a rotatable web-supporting wheel mounted on said frame
      for supporting a section of the web during its advance, a plurality of web
      punch assemblies, each including a punch carrier arm pivoted in a radial
      plane of the wheel, a punch on said arm, and a die for receiving said
      punch, arranged in spaced side-by-side relation in series around the
      periphery of said wheel, said means operative during rotation of said
      wheel to pivot the punch carrier arms of the successive perforator
      assemblies towards the web-supporting wheel to perforate successive
      sections of the web supported on said wheel, said means comprising a
      control member mounted on said frame for rotation with and at the same
      angular speed as the web-supporting wheel, and a control arm for each web
      punch assembly, each control arm being pivotally connected at one end to
      said control member and at the opposite end to the corresponding punch
      carrier arm, the points of pivotal connection of said control arms to said
      control member being arranged in a circle which is eccentric with respect
      to the axis of rotation of said web-supporting wheel.
NUM  2.
PAR  2. Rotary perforating apparatus according to claim 1, wherein each said
      control arm is connected to said control member through a first coupling
      permitting rotation of such arm about a first axis which runs parallel
      with the axis of rotation of such member, and through a second coupling
      permitting rotation of such arm about a second axis which is normal to
      such axis of rotation.
NUM  3.
PAR  3. Rotary perforating apparatus according to claim 2, wherein means is
      provided for individual slight adjustment of the position of said second
      axis.
NUM  4.
PAR  4. Rotary perforating apparatus according to claim 1, wherein each said
      control arm is pivotally connected to the corresponding punch carrier arm
      occurs through a ball-joint.
NUM  5.
PAR  5. Rotary perforating apparatus according to claim 1, wherein said
      web-supporting wheel and said control member are both rotatably mounted
      with respect to a common stationary and generally cylindrical bearing
      member, the control member being rotatably journalled on the outer
      periphery of said bearing member and the web-supporting wheel being
      rotatably journalled in a bore in said bearing member, the axis of said
      bore being offset with respect to the axis of said cylindrical bearing
      member.
NUM  6.
PAR  6. Rotary perforating apparatus according to claim 1, wherein the control
      member and the web-supporting wheel are provided with gear wheels meshing
      with rotational coupling means to drive the control member and the
      web-supporting wheel at said equal angular speeds.
NUM  7.
PAR  7. Rotary perforating apparatus according to claim 6, wherein said
      couplinlg means comprises a shaft which is freely rotatable about a final
      axis, and two pinions fixedly attached to said shaft, one pinion meshing
      with the gear wheel of the control member and the other pinion meshing
      with the gear wheel of the web-supporting wheel, the gear ratios between
      the pinions and the corresponding gear wheels being equal to each other.
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ABST
PAL  The musical instrument has a keyboard which may be arranged to have either
      seven or five lower digitals per octave span. The musical tones are
      electrically keyed by means of digital switches. A scale selector switch
      changes the connections between the digital switches and the tone
      generator circuits so that either the seven tone diatonic scale or a
      pentatonic scale is played on consecutive lower digitals of the keyboard.
PAL  The top parts of the upper digitals are easily removable and
      interchangeable. Most of the upper digitals are black. When the keyboard
      is arranged for playing in a pentatonic scale, the E.music-sharp. upper
      digital in each octave is white, serving as a landmark for the player.
      When the keyboard is arranged for playing in the diatonic scale, the
      inactive E.music-sharp. and B.music-sharp. digitals are white.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  My musical instrument has a keyboard with only five lower digitals per
      octave span, to play a pentatonic scale. In the preferred embodiment, one
      upper digital is disposed between each two adjacent lower digitals. The
      top parts of the upper digitals are easily removable and interchangeable,
      so that the keyboard can be rearranged with seven lower digitals per
      octave span, to play the diatonic scale.
PAR  The musical tones are electrically keyed. A scale selector switch is
      provided to switch from one pentatonic scale to another, or to the
      diatonic scale.
PAR  2. Description of the Prior Art
PAR  The origin of the standard keyboard is obscure. The article on "Keyboard"
      in the 1954 edition of Grove's Dictionary of Music and Musicians states,
      "We are without definite information as to the origin of the keyboard . .
      . The first keyboard would be diatonic . . . When the row of sharps was
      introduced, and whether at once or by degrees, we do not know. We find
      them complete in a trustworthy pictorial representation of the 15th
      century." Pitch selecting mechanisms were developed in the 19th century.
      Organs with pentatonic and hexatonic keyboards are described in my
      copending U.S. patent applications Ser. No. 395,002, filed 9-7-73, and now
      U.S. Pat. No. 3,845,685, and Ser. No. 486,973, filed 7-10-74 and now U.S.
      Pat. No. 3,865,004.
PAR  I have found that children rapidly acquire an appreciation of music if they
      are encouraged to experiment and improvise simple melodies and harmonies
      in a pentatonic scale. Elimination of the two semitonal intervals from the
      diatonic scale decreases the likelihood of getting unwanted pitch
      combinations and greatly increases the ability to pick out a tune. Early
      training of relatively young children is possible if they are allowed to
      sing songs and simultaneously play them on a keyboard instrument. The
      keyboard serves as a direct graphical representation of tonal
      relationships for the singer. This approach, attempted on the traditional
      keyboard, is marred by the danger of hitting the wrong digital, with its
      distracting influences. The danger is greatly reduced on my simplified
      keyboard, where the number of either lower or upper digitals per octave
      span is equal to the number of fingers on the hand.
PAR  Moreover, children's small hands can span an octave more easily if the
      number of lower digitals in a keyboard is reduced below the traditional
      number of seven per octave span.
PAR  When children are learning sight singing, they become confused by the
      traditional musical notation which sometimes represents a particular note
      on the line of a staff, and at other times in a space between the lines.
      More confusion is caused when a boy who has been trained to sing on the
      treble staff must learn to sing on the bass staff, where the lines and
      spaces are differently labeled. In music written for my pentatonic
      instrument, some of my notes are always assigned to lines, the other notes
      are always assigned to spaces. Moreover, the labeling of the lines in the
      lower staff is the same as the labeling in the upper staff.
PAC  SUMMARY OF THE INVENTION
PAR  My invention is a keyboard-type musical instrument such as a piano or organ
      which is specially adapted to play a pentatonic scale on the lower
      digitals. The keyboard contains five lower digitals per octave span, where
      the length of an octave span is defined as the center-to-center distance
      between two digitals which control tones an octave apart. In the preferred
      embodiment, the number of upper digitals per octave span is five: if both
      lower and upper digitals are included, the number of digitals per octave
      span is ten. (See FIG. 3)
PAR  The instrument contains an absolute pitch selecting mechanism which
      uniformly shifts upward or downward the pitches controlled by the various
      digitals of the keyboard.
PAR  One object of my invention is to reduce the octave span of the keyboard so
      that small hands can span the octave.
PAR  A second object of my invention is to reduce the complexity of the musical
      scale available on the lower digitals, to encourage melodic and harmonic
      improvisation by children.
PAR  A third object of my invention is to provide a simple pentatonic notation
      which is compatible with the hexatonic notation described in my
      above-mentioned U.S. Pat. No. 3,865,004. In these notations, notes of the
      major triad are always positioned on lines of a staff and the other notes
      are always located in spaces between lines. Moreover, a particular note of
      the muscial scale is always located in the same position on a lower staff
      as it is on an upper staff.
PAR  A fourth object of my invention is to provide a scale selecting mechanism
      so that traditional diatonic music may be played on the lower digitals of
      the keyboard.
PAR  A fifth object of my invention is to provide removable and interchangeable
      upper digitals that may be used as landmarks on the keyboard when it is
      arranged for either five or seven lower digitals per octave span.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 shows the traditional keyboard.
PAR  FIG. 2 shows the labeling of the lines and spaces in the traditional treble
      and bass staves.
PAR  FIG. 3 shows my special keyboard for use with the tonal pentatonic scale.
PAR  FIG. 4 shows music rewritten for playing on my pentatonic keyboard.
PAR  FIG. 5 shows a top view of a black upper digital block of my keyboard.
PAR  FIG. 6 shows a side view of a black upper digital block of my keyboard.
PAR  FIG. 7 shows an end view of a black upper digital block of my keyboard.
PAR  FIG. 8 is a side view of a key channel.
PAR  FIG. 9 is an end view of a key channel.
PAR  FIG. 10 is an end view of a white upper digital block.
PAR  FIG. 11 is a wiring diagram of my scale selecting switch.
PAR  FIG. 12 is a block diagram showing a musical system using my scale
      selecting switch.
PAR  FIG. 13 is a wiring diagram of an absolute pitch selecting switch.
PAR  FIG. 14 is a block diagram showing other embodiments of my invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the traditional keyboard has seven lower digitals per
      octave span. To avoid ambiguity, I define the octave span as the
      center-to-center distance between digitals which control tones an octave
      apart. Although defined as a center-to-center distance, this distance may
      of course be measured between any corresponding points of the two
      digitals, or between the cracks to the immediate left or right of the
      digitals.
PAR  Present keyboard instruments employ an equitempered scale with twelve
      different pitches per octave span separated by equal musical intervals of
      a semitone. The traditional keyboard with its seven lower digitals and
      five upper digitals can play each of these twelve pitches per octave span.
      In FIG. 1 the seven lower digitals to the left play the diatonic scale,
      which is characterized by the sequence of musical intervals of
      1-2-1-2-2-2-1 semitones.
PAR  These intervals add up to 12 semitones, so that the pitch to the right of
      the last interval is just one octave higher than the pitch preceding the
      first interval of the sequence. The next seven lower digitals repeat the
      diatonic scale an octave higher, and so on.
PAR  In order to avoid other ambiguities, I generally use the terms "tone" and
      "pitch" in a relative way to describe a musical sound relative to other
      tones in a musical scale. When I intend the term pitch in an absolute
      sense, I use the specific term "absolute pitch". A musical scale is
      characterized by the musical intervals between its tones, not by their
      absolute pitch.
PAR  I reserve the term "note" for the label itself (such as C or D) which is
      used to specify a digital and the tone it activates. When a staff is used
      to record music on paper or blackboard, each musical tone is indicated by
      a note on the staff. Starting at the left of the keyboard in FIG. 1, the
      seven lower digitals included in an octave span are labeled C, D. E. F, G,
      A, B. The positions of the seven different notes on the treble and bass
      clefs are indicated in FIG. 2.
PAR  The traditional system of notation has the serious disadvantage that a
      particular note may be positioned on either a line or a space, and it is
      positioned differently in the treble and bass staves. For example, the
      note E is placed on the bottom line of the treble staff, but also in the
      fourth space up of the treble staff and the third space up on the bass
      staff. Children find this notation confusing, especially when learning to
      sing at sight or to play by ear. The large number of notes in the diatonic
      scale and the large distance between notes an octave apart add to their
      difficulties.
PAR  In an attempt to reduce these difficulties, I have constructed an
      electrically keyed organ having a keyboard with a reduced octave span
      containing only five lower digitals. These digitals play the tonal
      pentatonic scale which is a natural scale comparatively easy to sing. The
      keyboard contains one upper digital between each pair of adjacent lower
      digitals, making a total of 10 digitals per octave span. The instrument
      includes an absolute pitch selector switch. This allows tonal pentatonic
      music at any absolute pitch to be written in the key of C, with a fixed
      sol-fa syllable assigned to each lower digital, as shown in FIG. 3. In
      accordance with U.S. custom, a fixed letter label may also be assigned to
      each lower digital.
PAR  Depending on where one starts it, the tonal pentatonic scale may be
      considered to be made up of the five tones do, re, mi, so, la of the
      diatonic scale, or five tones do, re, fa, so, la of the diatonic scale. I
      prefer the first of these alternatives as a basis for my system of
      pentatonic notation. Thus six consecutive lower digitals, labeled C, D, E,
      G, A, C control tones with the sequence of musical intervals 2-2-3-2-3
      semitones.
PAR  In the three cases above where the interval between adjacent pitches of the
      pentatonic scale is two semitones, there can be only a single pitch. I
      label these three pitches D.music-flat., E.music-flat., and A.music-flat.:
      they are controlled by three upper digitals located between the adjacent
      lower digital pairs C-D, D-E, and G-A respectively. In the two cases where
      the interval between adjacent pitches of the pentatonic scale is three
      semitones, there is a choice between two pitches to be controlled by the
      single upper digital located between the adjacent lower digital pairs E-G
      and A-C. In a preferred embodiment these pitches correspond to the two
      pitches F, B of the diatonic scale which are missing from the pentatonic
      scale. Since F is one semitone above E, and B is one semitone below C,
      these pitches are naturally labeled E.music-sharp. and C.music-flat.
      respectively. FIG. 3 shows the tonic sol-fa assignment to each lower
      digital and the above letter labels for both lower and upper digitals.
PAR  My pentatonic notation uses three-line staves as shown in FIG. 4. A dot on
      the left end of the center line of one staff represents the middle C
      digital. Other staves can represent octaves above or below the middle C
      octave. The three lines of each staff represent the tones G, C, E which
      form an inversion of the major triad. The spaces between the lines in each
      staff represent the tones A and D.
PAR  On my keyboard, each upper digital playing E.music-sharp. is white and has
      a groove on top, while the other four upper digitals in the octave span
      are black and are flat on top. This irregularity provides a landmark which
      assists the player. For example, the C digital is the third lower digital
      to the right or left of each E.music-sharp. digital.
PAR  Many well known melodies may be played entirely on the lower digitals of my
      organ. The notes and words of "Taps" are shown in FIG. 4. In this case the
      notes, like all bugle notes, fall only on lines of the staff. Other well
      known melodies included in the tonal pentatonic scale are "Auld Lang
      Syne", "Comin' Thru' the Rye", "Swing Low, Sweet Chariot", "Nobody Knows
      the Trouble I've Seen".
PAR  With a keyboard containing several octaves of this pentatonic scale, it is
      possible to start on five different lower digitals and obtain sequences of
      musical intervals of 2, 2, 3, 2, 3, semitones, 2, 3, 2, 3, 2 semitones,
      3,2,3,2,2 semitones, 3, 2, 2, 3, 2 semitones or 2, 3, 2, 2, 3 semitones. I
      include all five of these sequences as different modes of the same
      pentatonic scale, which in this case is commonly called the tonal
      pentatonic scale.
PAR  The first of the above modes is used in the above named melodies. The last
      mode above corresponds to the five tones do, re, fa, so, la of the
      diatonic scale. Since it starts seven semitones above the starting point
      of the first mode, melodies based on this mode would have as keynote the
      note G (In the pentatonic notation of FIG. 3 and 4). Thus the keynote of
      the most popular mode of the tonal pentatonic scale always falls on the
      center line of the staff, while the keynote of the next most popular mode
      always falls on the bottom line of the staff.
PAR  To help children remember which tones are associated with the lines and
      which with the spaces of the staff, I slightly change the traditional line
      syllable names do-mi-so to do-mo-so and the traditional space syllable
      names re-la to ra-la. This frees the names "re" and "mi" for those who use
      syllables ending in "e" and "i" to name the series of flats and sharps.
PAR  In order that my instrument may be useful to those trained in the
      traditional manner and having music written in the traditional manner, the
      lower digitals may be rearranged in the traditional pattern with seven
      lower digitals per octave span and groups of two and three black upper
      digitals per octave span. For this purpose the upper part of each upper
      digital, which I call the digital block, is made easily removable from its
      key channel. Referring to FIGS. 8 and 9, the screws which customarily hold
      the digital block to its key channel are replaced with banana plugs 7,
      which are well known expandible plugs commonly used as electrical
      connectors. FIGS. 5 and 7 show top and end views respectively of a digital
      block. FIG. 6 is a cross-sectional view showing how holes 8 in the upper
      part of each digital block are drilled out to receive the banana plugs 7.
      When the digital block is pressed down over its key channel, it is held
      firmly in place by friction with the two banana plugs.
PAR  When the keyboard is arranged for the diatonic scale, it has five black
      upper digitals per octave span, disposed as shown in FIG. 1. The inactive
      E.music-sharp. and B.music-sharp. upper digitals are white, and have a
      groove in the top, as shown in FIG. 10. When the keyboard is thus arranged
      to play in the diatonic scale, the connections between the tone generator
      circuits and the digital switches are changed by means of a scale
      selecting switch, diagramed in FIG. 11.
PAR  Referring to FIG. 11, pushbuttons 1, 2, 3, 4, 5, 6 are of the lock-release
      type. When one pushbutton is locked down, the previously locked pushbutton
      is released. Such arrays of switches, also termed interlocking switches,
      are well known. They are manufactured by ALCO Electronic Products, Inc.,
      by UID Electronics Corporation, and by Standard Grigsby Division of Sun
      Chemical Corporation. Pushbutton 1 closes the array of switch contacts 11,
      pushbutton 2 closes an array of contacts 12, and so on. When pushbutton 1
      is activated, digital terminals 27 are connected to tone terminals 28 so
      that the musical intervals corresponding to successive lower digitals
      above the C digitals are 2, 2, 1, 2, 2, 2, 1 semitones. This is the
      diatonic scale. Tone terminals 28 are identified by the traditional letter
      labels. Digital terminals 27 are labeled in accordance with the pentatonic
      notation of FIGS. 3 and 4.
PAR  Referring to FIG. 11, the middle C tone terminal is directly connected to
      the middle C digital terminal without intervention of switches When
      pushbutton 1 is locked down, the middle D.music-flat., D, E.music-flat., E
      tone terminals are connected to the middle D.music-flat., D,
      E.music-flat., E digital terminals. The F tone terminal is connected to a
      digital terminal labeled G in pentatonic notation. If the digital
      terminals were labeled in accordance with the traditional notation of FIG.
      1, then when pushbutton 2 is locked down, the F tone terminal of FIG. 11
      would be connected to the F digital terminal, the G.music-flat. tone
      terminal would be connected to the G.music-flat. digital terminal, and so
      on throughout the keyboard.
PAR  When pushbutton 2 is locked down, pushbutton 1 is released, switch array 12
      is closed. Digital terminals 27 are then connected to tone terminals 28
      with the same labels, so that the C, D, E, G, A tone terminals are
      connected throughout the keyboard to digital terminals labeled C, D, E, G,
      A. This is the tonal pentatonic scale. For clarity, I show only 25 tone
      terminals centered on middle C, connected to 29 digital terminals.
PAR  In addition to the diatonic and tonal pentatatonic scales, my scale
      selecting switch provides four other arrays of switch contacts which
      facilitate musical composition and playing in semitonal pentatonic scales.
      One of these four arrays of switches is closed by each of the pushbuttons
      3, 4, 5, or 6 of FIG. 11.
PAR  Referring to FIG. 11, when pushbutton 3 is locked, switch array 13 is
      closed, and the C, D, E, F, G.music-flat., G, A.music-flat., and B tone
      terminals are connected to C, D.music-flat., D, E, E.music-sharp., G, A,
      C.music-flat., digital terminals respectively. When pushbutton 4 is
      locked, switch array 14 is closed, and the same connections are made as in
      the pushbutton 3 case, except that the B.music-flat. tone terminal is
      connected to the A digital terminal. The sequences of musical intervals
      corresponding to all six switch positions are shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Switch Scale             Interval Sequence                                
     Position                                                                  
     ______________________________________                                    
     1      Diatonic          2-2-1-2-2-2-1                                    
     2      Tonal Pentatonic  2-2-3-2-3                                        
     3      Semi-tonal Pentatonic                                              
                              4-1-2-1-4                                        
     4      Semi-tonal Pentatonic                                              
                              4-1-2-3-2                                        
     5      Semi-tonal Pentatonic                                              
                              4-1-2-4-1                                        
     6      Semi-tonal Pentatonic                                              
                              4-1-4-2-1                                        
     ______________________________________                                    
PAR  Table 2 shows the tones corresponding to each pentatonic digital for the
      five pentatonic scales of Table 1, using labels used conventionally for
      tones of the diatonic scale in the key of C. Each column corresponds to
      one of the pentatonic digitals as labeled in FIG. 3. The labels of the
      lines and spaces and of the digitals need not be changed when playing in
      the semitonal scales, but then the correspondence between the pentatonic
      note and digital names of the diatonic scale will be lost. This
      correspondence is particularly close for the tonal pentatonic scale, as
      may be seen in Table 2 by a comparison of the pentatonic digital names in
      the heating with the position 2 tones.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Tones Corresponding to Pentatonic Digitals                                
             D.music-flat.                                                     
                  E.music-flat.                                                
                       E.music-sharp.                                          
                            A.music-flat.                                      
                                  C.music-flat.                                
     Pentatonic                                                                
           C    D    E    G    A     C                                         
     Digital                                                                   
     __________________________________________________________________________
             D.music-flat.                                                     
                  E.music-flat.                                                
                       F    A.music-flat.                                      
                                  B                                            
     Switch                                                                    
           C    D    E    G    A     C                                         
     Position                                                                  
     __________________________________________________________________________
             D    --   G.music-flat.                                           
                            --    B                                            
           C    E    F    G    A.music-flat.                                   
                                     C                                         
     __________________________________________________________________________
             D    --   G.music-flat.                                           
                            A     B                                            
           C    E    F    G    B.music-flat.                                   
                                     C                                         
     __________________________________________________________________________
             D    --   G.music-flat.                                           
                            A     --                                           
           C    E    F    G    B     C                                         
     __________________________________________________________________________
             D    --   G    B.music-flat.                                      
                                  --                                           
           C    E    F    A    B     C                                         
     __________________________________________________________________________
PAR  A scale selecting switch for selecting between the diatonic scale and the
      whole tone scale is disclosed in my U.S. Pat. No. 3,141,371. However, I
      have found that the tonal pentatonic scale is much more satisfactory than
      the whole tone scale for teaching music to beginners. The present
      invention therefore provides selection of pentatonic scales.
PAR  The relationship between my scale selecting switch and other components of
      my organ is shown in FIG. 12. The tone generator circuits are Hartley
      oscillators of a type well known in the organ industry. They oscillate
      continuously, and are made to sound by connection through digital switches
      to the amplifier and loudspeaker, as shown in FIG. 12. The amplifier and
      loudspeaker are of a conventional type well known in the organ industry.
      As shown in FIG. 12, my scale selector switch and an absolute pitch
      selecting switch are interposed between the tone generator circuits and
      the digital switches, with the pitch selector switch next to the tone
      generator circuits and the scale selector switch next to the digital
      switches. Thus the tone terminals 28 of FIG. 11 are connected to the tone
      generator circuits via the absolute pitch selecting switch. By means of
      this switch, the absolute pitch of the musical output can be adjusted to
      suit different voices.
PAR  Of course, when the music is altered by the absolute pitch selecting
      switch, the intervals between successive tones are characteristically
      unaltered; on the other hand, the scale selecting switch does change the
      intervals between tones corresponding to adjacent digitals on the
      keyboard, but it does not change the absolute pitch corresponding to
      middle C on the keyboard. The scale selecting switch and the absolute
      pitch selecting switch operate independently of each other.
PAR  Referring to FIG. 13, showing an absolute pitch selecting switch,
      pushbuttons 36 are of the lock-release type like those shown in FIG. 11.
      The pushbutton marked 0 closes the array of contacts 40, the pushbutton
      marked +1 closes the array of contacts 41, and so on. Tone terminals 44
      are connected to digital terminals 45 through one of the seven arrays of
      switches 37 . . . 43. For clarity, I show only 33 tone terminals connected
      to 27 digital terminals. In FIG. 13, both the tone terminals and the
      digital terminals are identified by use of the traditional notation.
PAR  When pushbutton 0 is locked down, the central array of contacts 40 is
      closed, the C digital terminal is connected to the C tone terminal, D
      digital terminal is connected to the D tone terminal, and so on. When
      pushbutton +1 is locked, pushbutton 0 is released, the array of contacts
      41 is closed; the same digital terminals are each connected to tone
      terminals which produce absolute pitches one semitone higher. When
      pushbutton +2 is locked, the array of contaccts 42 is closed, the C
      digital terminal is connected to the D tone terminal, the D digital
      terminal is connected to the E tone terminal, and so on. No tone is
      sounded until one of the digitals in the keyboard is depressed. Absolute
      pitch selecting switches for keyboard instruments are well known. The
      present pitch selecting switch is like that shown in my U.S. Pat. No.
      3,141,371.
PAR  Operation of the absolute pitch selecting switch does not necessarily
      affect the naming of the musical tones that result. For example, in FIGS.
      4 and 3, the first two notes are read as G, the pentatonic G digital is
      struck, and the resulting tone may be called G regardless of which
      absolute pitch selector pushbutton is activated.
PAC  OTHER EMBODIMENTS
PAR  In the preferred embodiment of my invention, both the scale selecting
      switch and the array of digital switches carry audio frequency electric
      signals which are then amplified and made audible by means of a
      loudspeaker. In other embodiments, either or both switch arrays may
      instead carry direct current signals as shown in FIG. 14.
PAR  Referring to FIG. 14, the tone generator circuits, pitch selector switch,
      amplifier and loudspeakers are the same as in FIG. 12. The audio frequency
      signals in this case do not pass through the digital switches on their way
      to the loudspeaker; they instead pass through digitally-controlled relays.
      The power supply shown in FIG. 14 provides electrical power for the set of
      relays. These digitally controlled relays are preferably of the solid
      state switching type common in modern electronic organs. A description is
      found in: Crowhurst, Norman H., Electronic Organs Vol. 2, Howard Sams &
      Co., Inc., 1969, page 77-94. Individual relays are activated by DC
      currents generated in the DC power supply and keyed by individual digital
      switches.
PAR  The scale selecting switch may be located between the tone generator
      circuits and the relays, in which case it carries audiofrequency signals.
      But preferably it is located between the digital switches and the relays,
      as shown in FIG. 14. In this case the scale selecting switch carries D C
      signals which are used to activate audiofrequency signals.
PAR  While my invention has been described with reference to an electric organ,
      it is applicable to any other electrically keyed musical instrument such
      as a piano or accordian. In the case of an accordian, the terms "up" and
      "down" are to be understood as opposite directions normal to the plane of
      the keyboard. The term "keyboard" is used generically to include the
      pedalboard or clavier of an organ. The term "digital" includes the pedal.
      The tones controlled by the upper digitals may be different from those
      shown for the preferred embodiment. Some of the upper digitals may be
      omitted from the keyboard. The instrument is not necessarily equipped with
      an absolute pitch selector.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrically keyed musical instrument having:
PA1  a keyboard containing a total of at least 25 digitals, including at least
      15 lower digitals and at least 10 upper digitals, each upper digital
      activates at least one upper digital switch, each lower digital activates
      at least one lower digital switch,
PA1  a plurality of tone generator circuits tunable in a twelve tone scale with
      12 semitones per octave,
PA1  scale selecting means having a plurality of operating states, providing
      electrical connections with said tone generator circuits and said digital
      switches such that pitches activated by said digitals always increase when
      proceeding from left to right on the keyboard, wherein the improvement
      comprises:
PA1  at least one of said operating states of said scale selecting means
      provides five lower digitals per octave span playing the tones of a
      pentatonic scale, and at least two upper digitals per octave span playing
      tone intermediate to the tones of said pentatonic scale.
NUM  2.
PAR  2. The musical instrument of claim 1 in which one of said operating states
      provides seven lower digitals per octave span playing the seven tones of
      the diatonic scale.
NUM  3.
PAR  3. The musical instrument of claim 1 in which said five lower digitals per
      octave span play the C, D, E, G, A tones constituting the tonal pentatonic
      scale.
NUM  4.
PAR  4. The musical instrument of claim 1 including a source of electrical
      power, a plurality of at least 25 relays, each of said upper and lower
      digital switches activating at least one of said relays.
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PAL  A touch responsive sensor for an electronic keyboard musical instrument of
      a variable capacitor type, which comprises a pair of electrodes spaced
      apart from each other, and an intermediate electrode interposed between
      the pair of electrodes and separated from each of the pair of electrodes
      by a dielectric. The intermediate electrode is movable from near one of
      the pair of electrodes toward the other of the pair of electrodes in
      accordance with the movement of each playing key of the electronic musical
      instrument. Thus, in the course of a key depressing movement, first and
      second touch responsive controlling signals are derived from,
      respectively, between the one of the pair of electrodes and the
      intermediate electrode and between the other of the pair of electrodes and
      the intermediate electrode in accordance with the variation of capacitance
      produced therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention relates to a key-operated touch responsive sensor to be used
      in an electronic keyboard musical instrument and more particularly to a
      sensor device for deriving controlling signals in accordance with the
      displacement of a key depressed in an electronic musical instrument.
PAR  2. Description of the prior art
PAR  In electronic musical instruments, a technique is utilized for minutely
      controlling a musical sound in accordance with the movement of a key
      depressed, which is called "touch control" or "touch responsive control."
      Such touch responsive control has so far been effected by the detection of
      the depression speed of a key or minute displacements thereof at
      key-depressed positions with the use of photoelectric elements or
      semiconductor pressure sensitive elements, thereby controlling the tone
      volume or the tone color therewith. According to such conventional
      techniques, however, the semiconductor elements have the defect of showing
      large temperature dependence characteristics, while the photoelectric
      elements have the shortcoming of being slow in response. Thus, additional
      circuits are necessary for removing such drawbacks, resulting in a
      complicated and expensive structure. Further, there has been proposed no
      touch responsive control means which detects and utilizes both the
      depression speed of a key and the minute displacement of the key at
      key-depressed positions.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention, therefore, is to provide a touch responsive
      sensor means having a simple and economical structure and rapidly
      responding to the depression speed of a key and to the minute displacement
      of the key in the depressed state.
PAR  According to an embodiment of this invention, there is provided a touch
      responsive sensor comprising a pair of fixed electrodes and a movable
      intermediate electrode mechanically coupled with a key, thereby forming
      variable capacitors with fixed electrodes, the capacitances of the
      variable capacitors well representing the movement of the key. The touch
      responsive sensor according to this invention is rapid in its response,
      has no drawback of temperature dependence characteristic, and is simple
      and economical. The touch responsive sensor according to this invention
      provides different kinds of controlling signals for the depression speed
      of a key and for the minute displacement of the key in depressed state,
      enabling sophisticated expression in musical performance.
DRWD
PAR  Other objects, features and advantages of this invention will become
      apparent in the following detailed description made in conjunction with
      the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view of a touch responsive sensor for use in an electronic
      keyboard musical instrument according to an embodiment of this invention,
      shown with a corresponding key.
PAR  FIGS. 2A to 2C are schematic side views of the touch responsive sensor of
      FIG. 1 in various operational states for illustrating the operation of the
      sensor.
PAR  FIG. 3 is a schematic electrical representation of a touch responsive
      sensor according to another embodiment of this invention.
PAR  FIGS. 4 and 5 show the essential parts of touch responsive sensors
      according to further embodiments of the present invention.
PAR  FIGS. 6A and 6B are typical characteristics of the capacitance variation
      and the tone controlled volume variation obtained through the sensor of
      this invention.
PAR  FIGS. 7 is a schematic electrical block diagram of an electronic musical
      instrument embodying the touch responsive sensor according to this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In an electronic keyboard musical instrument, a plurality of playing keys
      are arranged side by side with key 1 and 1' shown in FIG. 1. Each key 1 is
      pivotally supported with a member 2 at its rear end and is held in a
      non-depressed state by a coiled spring 3 so that the key is movable in a
      vertical direction with the support member 2 as a fulcrum. The downward
      movement of the key 1 is limited by a felt-wearing member 5 extending from
      a frame 4. An actuator 6 is provided on the under-side of the key 1. The
      actuator 6 is engaged with a stopper 7 which is mounted on the frame 4 and
      is provided with a buffer member 8 formed of felt to limit the upward
      movement of the key 1. Below the actuator 6 is provided a sensor mount 9
      mentioned in detail hereinafter. The sensor mount 9 comprises a substrate
      10 fixed to the frame 4 and an up-standing member 11 fixed to the
      substrate 10 with nylon screws 16. The substrate 10 and upstanding member
      11 are made of an electrically insulating material, such as a bakelite. On
      the upper end of the upstanding member 11, a plate spring 18 and an upper
      electrode plate 20 of electrically conducting material are fixed in
      face-to-face and spaced-apart relation by a nylon screw 17. An
      intermediate electrode plate 19 of electrically conducting material is
      fixed on a free end portion of the plate spring 18 so as to be in close
      proximity of the upper electrode plate 20. The intermediate electrode
      plate 19, made, for example, is clad with a thin layer of a dielectric
      material 19a, such as alumite (corrosion resistant oxide film), so that
      the upper electrode plate 20 is separated from the intermediate electrode
      plate 19 by a dielectric to produce a capacitance therebetween. The
      intermediate electrode plate 19 is extended further at the free end
      thereof than the upper electrode plate 20, and the exposed upper surface
      of the intermediate electrode plate 19 is capable of being depressed by
      the actuator 6. A projection 12 is provided on the substrate 10 under the
      intermediate electrode 19. A lower electrode plate 14 made of an elastic
      and electrically conductive material such as a conductive rubber is fixed
      on the projection 12 through an electrically conductive plate 13. A
      sufficient space is formed between the intermediate electrode plate 19 and
      the lower electrode plate 14, so that the latter plate 14 can travel, in
      accordance with the movement of the key 1, from a position wherein the
      electrode plate 19 is in contact with the upper electrode plate 20 through
      the dielectric 19a to a position wherein the electrode plate 19 comes in
      contact with the lower electrode plate 14. An electric terminal 15 is
      connected to the lower electrode 14 through the conductive plate 13. Other
      electric terminals 21 and 22 are connected to the intermediate and upper
      electrodes 19 and 20, respectively. The upper electrode 20 may be formed
      of a single metal plate or an insulator plate having a metallic layer on
      the side facing the intermediate electrode plate 19. The dielectric
      separating the intermediate electrode plate 19 from each of the upper and
      lower electrode plates 20 and 14 may be made of such material as ceramics,
      glass, mica, polystyrene, and air.
PAR  Instead of the above-mentioned example, dielectric or insulating layers may
      be provided on the upper and lower electrodes 20 and 14 and the
      intermediate electrode 19 may be formed of an elastic conductor such as a
      conducting rubber. The use of the elastic conductor as the intermediate
      electrode is effective not only for absorbing shocks caused by the
      actuator 7, but also for producing a uniform contact between the electrode
      plates 19 and 20 all over the contacting surfaces thereof. Further, the
      intermediate electrode 19 may be magnetized by loading a magnet, utilizing
      a magnetized conductive rubber, etc. and magnetic material such as iron
      may be disposed at the upper and lower electrodes so that the discontact
      and the contact of the intermediate electrode from the upper electrode and
      to the lower electrode become clear and sharp.
PAR  In the state shown in FIG. 1, the key 1 is not depressed and is held
      horizontal with the actuator 6 engaged with the stopper 7. Once, however,
      the key 1 is depressed, the actuator 6 depresses down the intermediate
      electrode 19 against the resiliency of the spring plate 18 toward the
      lower electrode 14.
PAR  The operation of the key structure of FIG. 1 will be described in detail
      hereinbelow, referring to FIGS. 2A to 2C. In FIG. 2A, the intermediate
      electrode 19 is not depressed by the actuator and a relatively large
      electrostatic capacitance is formed between the electrode 19 and the upper
      electrode 20 through a very short separation (equal to the thickness of
      the thin dielectric layer formed on the electrode 19 or 20). In this
      instance, the intermediate and the lower electrodes 19 and 14 are
      separated from each other by a larger distance than between the electrodes
      19 and 20, and accordingly the electrostatic capacitance therebetween is
      not so large. As the key is being depressed, the actuator begins to make
      contact with and depresses the intermediate electrode 19. FIG. 2B shows
      such an intermediate state. In this state, the electro-static capacitance
      between the upper and intermediate electrodes 20 and 19 is decreased due
      to the increase in the separation therebetween, while the electro-static
      capacitance between the intermediate and lower electrodes 19 and 14 is
      increased a little due to the decrease in the separation between these
      electrodes 19 and 14, when compared with the state shown in FIG. 2A. FIG.
      2C shows a state where the intermediate electrode 19 is depressed further
      downward so that it makes contact with the lower electrode 14. In such a
      state, the capacitance between the electrodes 19 and 20 is further
      decreased, while that between the electrodes 19 and 14 is further
      increased. In such a case, the use of an elastic material such as a
      conductive rubber for the lower electrode 14 as is described above is very
      effective for removing shocks. Further, in this state, if the intermediate
      electrode 19 is made of an elastic material, varying of the contact area
      between the electrodes 19 and 14 is facilitated.
PAR  As is apparent from the above description, capacitance variation of two
      variable capacitances included in a face-to-face electrode type capacitor
      having a movable intermediate electrode coupled with the movement of a key
      is derived through terminals 15, 21 and 22 color. In utilized to control
      the tone volume and/or the tone color.In the touch responsive sensor of
      the structure as described above, at the beginning of a key depression the
      capacitance variation between the electrodes 19 and 20 is attained in
      accordance with the depression speed (or more precisely the variation of
      positions) of the key and, at depressed positions if the key is minutely
      moved up and down, another capacitance variation between the electrodes 19
      and 14 is attained in accordance with that minute displacements of the
      key. Thus, according to the touch responsive sensor of this invention, a
      controlling signal corresponding to the depression speed of a key can be
      derived through the terminals 21 and 22 and may be utilized, for example,
      to control the rising characteristic of a musical tone, and another
      controlling signal corresponding to the minute displacements of the key in
      depressed states can be derived through the terminals 21 and 15 and may be
      utilized, for example, for controlling the sustaining state of a musical
      tone. Thus, this invention provides variations in the musical performance
      and enhances the expression of an electronic musical instrument. Further,
      the touch responsive sensor according to this invention is simply formed
      of an opposed electrode type capacitor which is of low cost and has
      basically lower temperature dependence characteristics than a
      semiconductor element and faster response speed than a photoelectric
      element.
PAR  FIG. 3 shows another embodiment of the touch responsive sensor according to
      this invention, in which a common upper electrode 20a is provided for all
      the intermediate electrodes 19a. Usually, the respective intermediate
      electrodes 19a are driven by the respective keys and thus cannot be formed
      into a common electrode. But the upper and/or lower electrodes may be
      formed into a common electrode. The use of a common electrode can simplify
      the structure. In the embodiment of FIG. 3, an alternating voltage source
      30 is connected between the upper electrode 20a and the lower electrodes
      and output signals S.sub.o are derived out from equivalent
      interconnections of the variable capacitor C1 and C2 formed between the
      upper electrode 20a and the intermediate electrodes 19a and between the
      intermediate electrodes 19a and the lower electrodes.
PAR  FIGS. 4 and 5 show alternations of the electrode shape for the capacitor
      formed of an upper electrode and an intermediate electrode. In the example
      of FIG. 4, semi-circular cut-aways 50 are provided in the upper and the
      intermediate electrodes 20b and 19b near the contacting portion thereof.
      In FIG. 5, an upper electrode 20c and an intermediate electrode 19c are
      both formed triangular. Of course, these irregular outer shapes may be
      formed only in either of the upper and intermediate electrodes. In these
      examples, when the intermediate electrode 19b or 19c is depressed in the
      direction indicated by an arrow X to increase the separation from the
      upper electrode 20b or 20c, the capacitance shows less variation at the
      beginning of the depression but steep variation appears at the
      intermediate as is shown in FIG. 6A. Using the capacitance variation
      characteristics as shown in FIG. 6A, mild attack control of the tone
      volume as shown in FIG. 6B can be achieved.
PAR  FIG. 7 shows the system of an electronic musical instrument embodying the
      present touch responsive sensors. A touch responsive sensor 31 is
      equivalently shown by a parallel connection of a series circuit of a
      variable capacitor C1 and a fixed capacitor Co and another series circuit
      of a variable capacitor C2 and a fixed capacitor Co, and an alternating
      voltage from an alternating voltage source 30 is applied to the sensor 31.
      The terminal voltage of the variable capacitor C1 is rectified by a
      rectifier 32 and supplied to an amplifier 35 through a differentiator 34.
      The terminal voltage of the other variable capacitance C2 is rectified by
      a rectifier 33 and supplied to the amplifier 35. The output signal of this
      amplifier 35 is applied to the respective input terminals of a voltage
      controlled amplifier 38 for controlling the tone volume and a voltage
      controlled filter 39 for controlling the tone color. The tone signals
      generated from tone signal generators 36 are selected through keying
      circuits 37 interlocked with the keys in the keyboard, and are subjected
      to amplitude control in the voltage controlled amplifier 38. The output
      signal of this voltage controlled amplifier 38 is given a predetermined
      musical tone spectrum in the voltage controlled filter 39 and is derived
      from a loud speaker system 41 through an amplifier 40.
PAR  When a key is depressed, the variable capacitance C1 decreases in
      accordance with the depression speed and the terminal voltage increases.
      The terminal voltage of the capacitor C1 is rectified by the rectifier 32
      and differentiated by the differentiator 34 to form a signal representing
      the depression speed of the key. This depression speed signal is applied
      to the voltage controlled amplifier 38 and the voltage controlled filter
      39 through the amplifier 35 so as to control the tone volume and the tone
      in attacking state. Next, when the key approaches the maximum depressed
      position, the other variable capacitance C2 increases. At such depressed
      position, the capacitance C2 varies remarkably in accordance with the
      minute displacement of the key and the terminal voltage of the capacitance
      C2 varies accordingly and hence varies the terminal voltage of the
      capacitance C1. The signal corresponding to the terminal voltage variation
      of the capacitance C2 is rectified and amplified through the rectifier 33
      and the amplifier 35, and when used for controlling the tone volume and
      the tone color in the sustaining state. For example, when an operator
      finely vibrates a key near the maximum depressed position, the tone volume
      and the tone color are also given a vibrational characteristic.
CLMS
STM  We claim:
NUM  1.
PAR  1. A touch responsive sensor for obtaining electric signals in accordance
      with the movement of each key in an electronic musical instrument,
      comprising first and second electrodes of electrically conductive material
      spaced apart from each other, an intermediate electrode of electrically
      conductive material interposed between said first and second electrodes
      and electrically insulated from each of said first and second electrodes
      by a dielectric, means for maintaining said intermediate electrode
      adjacent said first electrode, said intermediate electrode being
      reciprocatively operable by the key and movable from near said first
      electrode toward said second electrode, producing variations of
      capacitance therebetween, the movement of said intermediate electrode
      generating a first touch responsive controlling signal in accordance with
      the variation of capacitance produced between said first and intermediate
      electrodes and a second touch responsive controlling signal in accordance
      with the variation of capacitance produced between said second and
      intermediate electrodes.
NUM  2.
PAR  2. A touch responsive sensor according to claim 1, wherein said dielectric
      is a layer formed on the outer surface of said intermediate electrode.
NUM  3.
PAR  3. A touch responsive sensor according to claim 1, wherein at least one of
      said first and second electrodes includes a magnetic material member and
      said intermediate electrode includes a magnetized member.
NUM  4.
PAR  4. A touch responsive sensor according to claim 1, wherein at least one of
      said intermediate and second electrodes is made of an elastic and
      electrically conductive material.
NUM  5.
PAR  5. A touch responsive sensor according to claim 1, further comprising
      actuator means fixed to the key for moving said intermediate electrode.
NUM  6.
PAR  6. A touch responsive sensor according to claim 2, wherein said
      intermediate electrode is formed of an aluminum plate clad with an
      electrically insulating oxide film.
NUM  7.
PAR  7. A touch responsive sensor according to claim 1, wherein at least one of
      said first and intermediate electrodes has an irregular outer shape.
NUM  8.
PAR  8. A touch responsive sensor according to claim 2, wherein said
      intermediate electrode is in contact with said first electrode through
      said dielectric formed on the intermediate electrode.
NUM  9.
PAR  9. A keyboard structure for an electronic musical instrument comprising a
      plurality of keys arranged side by side, a first single electrode of
      electrically conductive material, a plurality of intermediate electrodes
      of electrically conductive material each disposed corresponding to one of
      said plurality of keys, a second electrode of electrically conductive
      material disposed below each of said intermediate electrodes said first
      single electrode being common to all of said intermediate electrodes, each
      of said intermediate electrodes being electrically insulated from each of
      said first and second electrodes by a dielectric and being mechanically
      coupled with each of said keys and movable from near said first electrode
      toward said second electrode, producing variations of capacitance between
      said first and each of said intermediate electrodes, the movement of said
      intermediate electrode generating a first touch responsive controlling
      signal in accordance with the variation of capacitance produced between
      said first electrode and each of said intermediate electrodes and a second
      touch responsive controlling signal in accordance with the variation of
      capacitance produced between said second electrode and each of said
      intermediate electrodes.
NUM  10.
PAR  10. In an electronic musical instrument of type having a plurality of tone
      generator circuits for producing tone signals, a plurality of manually
      operable keys adapted for movement to a depressed position each having
      associated therewith a touch responsive sensor for producing an electrical
      sensor signal which varies as a function of key depression, and circuit
      means connected to said touch responsive sensors and to said tone
      generators for producing audio signals as a function of said sensor signal
      and said tone signal the improvement wherein said touch responsive sensor
      comprises first and second electrodes of electrically conductive material
      spaced from each other, an intermediate electrode of electrically
      conductive material interposed between said first and second electrodes
      and electrically insulated therefrom by a dielectric, means for
      maintaining said intermediate electrode adjacent said first electrode and
      means for engaging said intermediate electrode to cause reciprocal
      movement thereof with said key away from said first electrode and towards
      said second electrode and wherein said circuit means includes means
      connected to said electrodes for generating a first control signal in
      accordance with variations in capacity between said first and intermediate
      electrodes during the initial movement of said intermediate electrode and
      means for generating a second control signal in accordance with variations
      in capacity between said second and intermediate electrodes in the
      depressed position of said key.
NUM  11.
PAR  11. In an instrument as in claim 10 wherein said first control signal
      generating means includes means for differentiating the electrical between
      said first and intermediate electrodes to produce a signal indicating key
      depression speed.
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ABST
PAL  An automatic music playing system including a matrix circuit and manual
      play switches both connected to tone signal generators, each of said
      manual play switches consisting of a series connection of a resistor and a
      switch and a capacitor connected between the interconnection of said
      resistor and switch and the input terminal of a corresponding tone signal
      generator so that the output signals of said matrix circuit is absorbed in
      said capacitor when said switch is closed and an on-off switch operation
      triggers the corresponding tone signal generator, and each of said tone
      signal generators including two oscillating transistors connected with a
      feed-back loop and provided with a damping resistor.
BSUM
PAR  This invention relates to an automatic music playing system which
      automatically excites a plurality of tone source circuits in a
      predetermined music pattern and automatically plays a desired rhythm
      and/or melody.
PAR  As is well known, an automatic music playing system consists of a tempo
      signal generating circuit for determining the tempo of the automatic play,
      a frequency divider for dividing the frequency of the tempo signal, a
      matrix circuit for determining the pattern of rhythm or melody to be
      played automatically in response to the outputs of the frequency divider,
      a group of tone signal generators triggered by the output of the matrix
      circuit for electronically generating quasi-sound signals of base-drum,
      etc., a low frequency amplifier circuit for synthesizing and amplifying
      the output signals of the respective tone signal generators, and a
      loudspeaker system driven by this amplifier circuit. Many kinds of
      automatic rhythm playing systems for use as an accompaniment to an
      electronic organ are commercially available. These conventional automatic
      music playing systems, however, are complicated and expensive and further
      can only play a repetitive performance of a predetermined rhythm.
PAR  An object of this invention is to provide an automatic music playing system
      provided with manual play switches, thereby extending the use of other
      systems.
PAR  Another object of this invention is to provide a simple and low-cost
      automatic music playing system, thereby bringing the automatic music
      playing into wide use.
PAR  For this purpose, this invention intends to provide a cheap and simple
      matrix circuit, tone signal generators of low-cost capable of generating
      excellent tones in a wide temperature range, and a simple reset circuit
      for resetting a tempo signal generating circuit and a frequency divider so
      as to begin the automatic musical performance always at the first beat.
PAR  According to one aspect of this invention, there is provided an automatic
      music playing system comprising a tempo signal generating circuit for
      generating a pulse signal determining the tempo of an automatically played
      rhythm, a frequency dividing circuit for dividing the frequency of the
      pulse signal of said tempo signal generating circuit, a matrix circuit for
      receiving the output signals of said frequency dividing circuit and
      generating a plurality of driving signals of predetermined patterns, a
      plurality of manual play switch circuits, a plurality of tone signal
      generating circuits for generating tone signals for rhythm sounds based on
      the signals derived from said matrix circuit and said manual play switch
      circuits, an amplifier for amplifying the output of the tone signal
      generating circuits, and a loudspeaker system.
PAR  According to this invention, there is provided an economical and convenient
      automatic music playing system capable of playing with an arbitrary rhythm
      by a manual switch and of offering variation by adding and erasing the
      sounds of snare drums during the automatic playing of rock etc.
DRWD
PAR  The above and other objects, features and advantages of this invention will
      become apparent from the following detailed description when taken in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of an embodiment of the automatic music playing
      system according to this invention;
PAR  FIG. 2 is a concrete circuit diagram showing one example each of the tempo
      signal generator 1, the frequency divider 2 and the reset circuit 3 of
      FIG. 1;
PAR  FIG. 3 is a concrete circuit diagram of the matrix circuit 4 of FIG. 1;
PAR  FIG. 4 is a logic table illustrating the function of the matrix circuit 4
      of FIG. 3; and
PAR  FIG. 5 is a concrete circuit diagram of one example each of a manual play
      switch 5, and a tone signal generator 6 of FIG. 1.
DETD
PAR  Description of the present automatic music playing system hereinbelow will
      be made on a preferred embodiment referring to the accompanying drawings.
      FIG. 1 shows an embodiment of the automatic music playing system according
      to this invention, in which a tempo signal generator 1 for determining the
      tempo of the automatic play supplies an output signal to a frequency
      divider 2 consisting of a plurality of cascade-connected flip-flops. A
      reset circuit 3 is connected with the tempo signal generator 1 and the
      frequency divider 2 for resetting both of these. The flip-flops in the
      respective stages of the frequency divider 2 provide required pulse
      signals to a matrix circuit 4. A group of switch circuits for manual play
      5 provides similar output signals to those of the matrix circuit 4. A
      plurality of tone signal generators 6 is driven by the output signals of
      the matrix circuit 4 and the manual play switch circuits 5 and generates
      quasi-sound signals of bass drum, etc. An amplifier 7 synthesizes and
      amplifies the output signals of the respective tone signal generators and
      drives a loudspeaker system 8 to generate rhythm sounds. According to the
      above structure, a desired rhythm can be played manually as well as a
      predetermined rhythm by the automatic play. Further, desired tone signal
      generators can be removed from the connecton in the automatic play.
PAR  FIG. 2 shows one concrete example each of the tempo signal generator 1, the
      frequency divider 2 and the reset circuit 3. The tempo signal generator 1
      comprises a conventional astable multivibrator consisting of transistors
      TR.sub.1 and TR.sub.2, resistors R.sub.1 to R.sub.9, capacitors C.sub.1
      and C.sub.2, and a diode D.sub.1. The oscillation frequency of the
      multivibrator, i.e. tempo, can be varied by controlling the resistance
      R.sub.2. A bistable multivibrator 21, i.e. a flip-flop, consists of
      transistors TR.sub.3 and TR.sub.4, resistors R.sub.11 to R.sub.17 and
      capacitors C.sub.4 to C.sub.6 and is driven by a signal at the collector
      of the transistor TR.sub.2 of the astable multivibrator 1 through the
      capacitor C.sub.4. Flip-flops 22, 23 and 24 consist of similar circuits to
      that of the flip-flop 21 and are driven by the output of the flip-flops
      21, 22 and 23, respectively. The reset circuit 3 comprises a capacitor
      C.sub.3 connected between the common emitter line of the transistors
      TR.sub.2, TR.sub.4, . . . and the ground and a series connection of a
      resistor R.sub. 10 and a switch SW connected in parallel to the capacitor
      C.sub.3. The operation of the switch SW will be described further. When
      the switch SW is closed, the astable multivibrator 1 and the flip-flops
      21, 22, 23 and 24 perform normal oscillation and frequency division. If
      the switch SW is opened in this state, the emitters of the transistors
      TR.sub.2, TR.sub.4, . . . of the astable multivibrator 1 and the
      flip-flops 21, 22, 23 and 24 become to be connected with the ground only
      through the capacitor C.sub.3 and then the emitter voltage of those
      transistors TR.sub.2, TR.sub.4, . . . rises to reset all of these
      transistors TR.sub.2, TR.sub.4, . . . into the offstate.
PAR  When the switch SW is closed again after the transistors TR.sub.2,
      TR.sub.4, . . . are reset into the offstate, the charge stored in the
      capacitor C.sub.3 is discharged through the resistor R.sub.10 and the
      switch SW. Thus, the emitter voltage of the transistors TR.sub.2,
      TR.sub.4, . . . recovers the normal state and the astable multivibrator 1
      and the flip-flops 21, 22, 23 and 24 begin the normal operation again.
      Here, on closing the switch SW, if there occurs chattering in the switch
      SW, the effect thereof on the multivibrator 1 and the flip-flops 21, 22,
      23 and 24 can be eliminated by setting a large value for the time constant
      of the capacitor C.sub.3 and the resistor R.sub.10.
PAR  FIG. 3 shows a concrete example of the matrix circuit for automatically
      playing respective rhythms of march, waltz, fox-trot, rock, etc. with the
      use of respective tone signal generators for the sounds of bass drum,
      snare drum, cymbal etc. Input lines denoted as a, b, b, . . . , e and e
      receive pulses a formed at the collector of the transistor TR.sub.2 of the
      astable multivibrator 1, pulses b at the collector TR.sub.3 of the
      flip-flop 21, pulses b at the collector of the transistor TR.sub.4, and
      similar output pulses c, c, d, d, e and e of the flip-flops 22, 23 and 24.
      The matrix circuit 4 comprises a plurality of NOR circuits consisting of
      resistors R.sub.18 to R.sub.39, rhythm selector switches S.sub.1 to
      S.sub.5r, and transistors TR.sub.5 to TR.sub.8, and differentiator
      circuits consisting of resistors R.sub.40 to R.sub.42, capacitors C.sub.7
      to C.sub.9 and diodes D.sub.2 to D.sub.4. The tone signal generator
      circuit 6 comprises tone signal generators BD, SD and CY triggered by the
      outputs of the respective differentiator circuits for generating the
      respective sounds of bass drum, snare drum and cymbal. Assumption is made
      here that the interlocked rhythm selector switches S.sub.1 to S.sub.5 are
      thrown to fixed terminals 1. In this state, the base of the transistor
      TR.sub.5 is applied with the pulses b, c and d through the resistors
      R.sub.18 to R.sub.20 and the switch S.sub.1. Thus, this transistor
      TR.sub.5 is cut off only when all the output pulses b, c and d of the
      frequency divider 2 becomes of low level at the same time. When any one of
      the output pulses b, c and d of the frequency dividers 2 becomes of high
      level, said transistor TR.sub.5 is turned on. Setting that the signal at
      the collector of the transistor TR.sub.5 is a logic variable X, X = 1 when
      the transistor TR.sub.5 is cut off, i.e. the collector is at a high level,
      X = 0 when the transistor TR.sub.5 is turned on, i.e. the collector is at
      a low level, and the logic value of signals b, c and d is 1 when the
      respective signals are at a high level and is 0 when they are at a low
      level, the above operation can be expressed by the formula X = b + c + d,
      i.e. a NOR logic formula. This is equivalent to the logic of an AND
      circuit expressed by X = bcd according to the theory of De Morgan.
PAR  At the time when the transistor TR.sub.5 switches from the off-state to the
      on-state, the differentiator circuit consisting of the resistor R.sub.40,
      the capacitor C.sub.7 and diode D.sub.2 works to generate a negative pulse
      at the output terminal. The tone signal generator BD for generating the
      sound of bass drum is driven by this pulse.
PAR  Regarding the transistor TR.sub.6, the base is alway applied with the
      output pulses c and d of the frequency divider 2 through resistors
      R.sub.24 and R.sub.25. Thus, the transistor TR.sub.6 can be cut off only
      when the pulses c and d are simultaneously at the low level. Here,
      however, this transistor TR.sub.6 is connected in series to the transistor
      Tr.sub.7. Thus, the collector voltage of the transistor TR.sub.6 maintains
      the high level if the transistor TR.sub.7 is cut off even when the
      transistor TR.sub.6 is in the on-state. Namely, the collector voltage of
      the transistor TR.sub.6 becomes of the high level when either one of the
      transistor TR.sub.6 or TR.sub.7 is cut off. This forms an OR logic
      circuit.
PAR  When the switches S.sub.1 to S.sub.5 are connected to fixed terminals 1,
      the base of the transistor TR.sub.7 is connected to the +B voltage source
      through the switch S.sub.4 and the resistance R.sub.26 and the transistor
      TR.sub.7 is always in the on-state. Thus, the differentiator circuit
      consisting of the resistor R.sub.41, the capacitor C.sub.8 and the diode
      D.sub.3 provides a negative pulse for driving the tone signal generator SD
      for generating the sound of snare drum only when the transistor TR.sub.6
      having been cut off becomes to be turned on. As for the transistor
      TR.sub.8, the pulse signal d is applied to the base from the frequency
      divider 2 through the resistor R.sub.34 and the switch S.sub.5. The
      transistor TR.sub.8 is turned off when the pulse signal d is at the low
      level. A negative pulse is generated from the differentiator circuit
      consisting of the resistor R.sub.42, the capacitor C.sub.9 and the diode
      D.sub.4 when the transistor TR.sub.8 is driven from the off-state to the
      on-state, and triggers the tone signal generator CY for generating the
      sound of cymbal.
PAR  As is described above, when the selection switches S.sub.1 to S.sub.5 are
      thrown into terminals 1, the tone signal generators BD, SD and CY for
      generating the sounds of bass drum, snare drum and cymbal are energized by
      the differentiated pulses generated when the signals expressed by the
      following logic formulae (1) change from the high level to the low level.
PAL  Thus, as is shown in the logic table of FIG. 4, the rhythm of march will be
      played automatically.
PAR  Similarly, when the selection switches S.sub.1 to S.sub.5 are thrown into
      fixed terminals 2, 3, or 4, the tone signal generators are energized by
      the differentiation pulses generated when the signals expressed by the
      respective following formulae (2), (3) or (4) change from the high level
      to the low level to automatically play the rhythm of waltz, fox-trot or
      rock as is seen in the logic table of FIG. 4.
PAL  In the logic formulae (1) to (4), the NOR logic expressions, for example c
      + d for SD in formulae (1), correspond to the logic operation of the
      circuit of the concrete example and the AND logic expressions, for example
      cd for SD in formulae (1), can be easily derived from the logic table of
      FIG. 4. Transformation between the NOR logic expression and the AND logic
      expression is done, as is well known, by the theory of DE Morgan in the
      Boolean Algebra. When a matrix circuit is formed of combinations of NOR
      circuits consisting of resistors and a transistor and OR circuits
      consisting of a series connection of transistors, as in the present
      embodiment, not of conventional AND-OR circuits by diodes, it can be made
      at a lower cost and further amplifying waveform-shaping circuits as
      required for the diode AND-OR circuits become unnecessary due to the
      amplifying function of the transistor in the NOR circuit, thereby
      simplifying the circuit structure.
PAR  Next, concrete examples of the manual play switches 5 and the tone signal
      generators will be described. The group of manual play switches 5
      comprises a plurality of switching circuits corresponding to the tone
      signal generators, respectively. Each switching circuit is formed as shown
      by a block 5(BD) in FIG. 5. In FIG. 5, the transistor TR.sub.5, the
      resistors R.sub.37 and R.sub.40, the diode D.sub.2 and the capacitor
      C.sub.7 form a part of the matrix circuit 4, more particularly the part
      for energizing the tone signal generator for bass drum sound, and
      correspond to those similarly referenced in FIG. 3. The manual play
      switching circuit for the bass drum sound 5(BD) consists of a resistor
      R.sub.43, a capacitor C.sub.10 and a push button switch S.sub.6. A block
      6(BD) is a part of the tone signal generators 6, i.e. the bass drum sound
      signal generator.
PAR  The operation of the manual play switch will be described hereinbelow. When
      the manual play switch S.sub.6 is set in the off-state, a negative
      differentiation pulse is generated through the differentiating circuit
      consisting of the capacitor C.sub.7 connected to the collector of the
      transistor TR.sub.5 and the resistor R.sub.40 at the moment when the
      transistor TR.sub.5 changes from the off-state to the on-state. The
      negative pulse excites the tone signal generator 6(BD) through the diode
      D.sub.2. Namely, it drives the tone signal generator 6(BD) at a timing
      determined by the matrix circuit 4 to perform automatic play. Next, when
      the manual play switch S.sub.6 keeps the on-state, the differentiation
      pulse due to the on-off change of the transistor TR.sub.5 appearing at the
      interconnection of the resistor R.sub.40 and the capacitor C.sub.7 is
      absorbed by the capacitor C.sub.10 connected between the interconnection
      of the resistor R.sub.40 and the capacitor C.sub.7 and the ground through
      the closed switch S.sub.6, and thereby looses the energy of exciting the
      tone signal enerator 6(BD) through the diode D.sub.2. Namely, when the
      switch S.sub.6 is held to be cloed, the tone signal generator can no
      longer be excited even when the matrix circuit supplies driving signals to
      the tone signal generator.
PAR  Next, description will be made on the case of closing the manual play
      switch S.sub.6 instantaneously when the transistor TR.sub.5 keeps the on-
      or off-state. When the transistor TR.sub.5 keeps the on- or off-state, the
      voltage at the interconnection of the resistor R.sub.40 and the capacitor
      C.sub.7 is substantially at the source voltage +B. Therefore, if the
      manual play switch S.sub.6 is momentarily turned on and off, a
      differentiation pulse is produced at the interconnection of the resistor
      R.sub.40 and the capacitors C.sub.7 and C.sub.10 due to the function of
      the resistors R.sub.40 and R.sub.43 and the capacitor C.sub.10. This
      negative pulse drives the tone signal generator 6(BD) through the diode
      D.sub.2 to generate the sound of bass drum. Namely, a predetermined sound
      can be generated by an on-off operation of the manual play switch S.sub.6.
      Here, although description is made on the assumption that the transistor
      TR.sub.5 keeps the on- or off-state, similar operation can be done even in
      the automatic play.
PAR  The manual play switches for the tone signal generators for the snare drum
      and cymbal have similar structure and operation to those of said manual
      play switch for the tone signal generator for generating the sound of bass
      drum.
PAR  Next, a concrete example of the tone signal generators 6 will be described.
      An example of the bass drum sound signal generator 6(BD) is shown in FIG.
      5. An oscillating transistor TR.sub.9 has a collector connected to the
      voltage source +B through a resistor R.sub.44 and an emitter grounded
      through a variable resistor R.sub.49. Another transistor TR.sub.10
      achieves the temperature compensation for the transistor TR.sub.9 and the
      impedance transformation, and has an emitter grounded through a resistor
      R.sub.47 and connected to the base of the transistor TR.sub.9, and a
      collector directly connected to the voltage source +B. Series connections
      of resistors R.sub.45 and R.sub.46, and capacitors C.sub.11 and C.sub.12
      are connected between the collector of transistor TR.sub.9 and the base of
      the transistor TR.sub.10 in parallel. The interconnectons of the resistors
      R.sub.45 and R.sub.46 and the capacitors C.sub.11 and C.sub.12 are
      connected to the voltage source +B through a capacitor C.sub.13 and a
      resistor R.sub.50. Namely, the resistors R.sub.45, R.sub.46 and R.sub.50
      and the capacitors C.sub.11, C.sub.12 and C.sub.13 form a known twin-T
      null circuit. The driving pulse for the tone signal generator is applied
      to the interconnecton of the resistors R.sub.45 and R.sub.46 through the
      diode D.sub.2.
PAR  Schematic description will be made on the operation, hereinbelow. The
      transistors TR.sub.9 and TR.sub.10 are usually in the on-state. When a
      negative pulse is applied to the interconnection of the resistors R.sub.45
      and R.sub.46, the transistor TR.sub.10 is turned off first. When the
      transistor TR.sub.10 is turned off, the emitter voltage thereof and hence
      the base voltage of the transistor TR.sub.9 decrease. Thereby, the
      transistor TR.sub.9 becomes to be cut off. Then, the collector voltage of
      the transistor TR.sub.9 increases to thereby turn on the transistor
      TR.sub.10. When the transistor TR.sub.10 is turned on, the emitter voltage
      thereof increases to thereby turn on the transistor TR.sub.9. When the
      transistor TR.sub.9 is turned on, the collector voltage of the transistor
      TR.sub.9 decreases to thereby turn off the transistor TR.sub.10. The tone
      signal generator 6(BD) repeats the above cycle until the energy
      attentuates, i.e. damped oscillation. The duration of the damped
      oscillation is determined by the loop gain of this circuit and can be
      controlled by the variable resistance R.sub.49. The oscillation frequency
      is determined by the selection of the circuit constants of the twin-T null
      circuit connected between the collector of the transistor TR.sub.9 and the
      base of the transistor TR.sub.10. The output of this tone signal generator
      is derived from the emitter of the transistor TR.sub.9 and applied through
      a low frequency amplifier to a loudspeaker system to provide the sound of
      bass drum. In such tone signal generators, the oscillation frequency and
      the attenuation time can be varied by varying the circuit constants of the
      twin-T null circuit and the emitter resistance R.sub.49 for the transistor
      TR.sub.9 to constitute various tone signal generators for generating
      various tones such as low bongo, high bongo, etc.
PAR  According to the results of experiments carried out by the present
      inventors, the method of applying a negative differentiation pulse to the
      interconnection of the resistors R.sub.45 and R.sub.46 as is described
      above was superior for generating excellent quasi-sounds without clicks.
      When it is preferred to generate clicking sounds, negative or positive
      differentiation pulse may be applied to the base of the transistor
      TR.sub.10.
PAR  It will be apparent that this tone signal generator can also be applied to
      other devices, such as the alarm in an alarm clock. The tone signal
      generators for the sound of snare drum and cymbal and the low frequency
      amplifier are those of conventional techniques and the details thereof are
      dispensed with from the description.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An automatic music playing system comprising:
PA1  a tempo signal generating circuit for generating a pulse signal determining
      the tempo of an automatically played rhythm;
PA1  a frequency divider circuit including a plurality of flip-flop circuits
      having output terminals in cascade connection with said tempo signal
      generating circuit for dividing the frequency of the pulse signal of said
      tempo signal generating circuit;
PA1  a matrix circuit connected to the output terminals of said plurality of
      flip-flop circuits and having output terminals for generating a plurality
      of driving signals of predetermined patterns;
PA1  a plurality of tone signal generating circuits connected to the output
      terminals of said matrix circuit for producing tone signals for rhythm
      sounds of musical instruments based on the driving signals from the matrix
      circuit;
PA1  a voltage source;
PA1  a plurality of manual play switch circuits provided between said matrix
      circuit and corresponding tone generating circuits, each said manual play
      switch circuit comprising means having an off-state to allow the driving
      signal from the matrix circuit to trigger the corresponding tone signal
      generating circuit, an on-state for clamping the matrix output to prevent
      the driving signal from triggering the tone signal generator circuit, and
      a momentary on-off state to provide a manually generated trigger signal
      for said tone signal generating circuit, each switch circuit comprising a
      series-connected manual switch and capacitor connected in parallel with an
      output of said matrix circuit, and a resistor connected between said
      voltage source and the junction of said manual switch and said capacitor;
PA1  an amplifier circuit connected to outputs of said tone signal generating
      circuits for amplifying and mixing tone signals produced by the tone
      signal generating circuits; and
PA1  a loudspeaker system connected to outputs of said amplifier circuit for
      converting the tone signals into sound waves.
NUM  2.
PAR  2. An automatic music playing system according to claim 1, in which said
      tempo signal generating circuit comprises an astable multivibrator
      including two transistors, and said frequency divider circuit comprises at
      least one flip-flop circuit including two transistors, said automatic
      music playing system further comprising a reset circuit including a
      further capacitor connected to the emitters of one transistor of each of
      said tempo signal generating circuit and said flip-flop circuit, and a
      series connection of a resistor and a switch connected in parallel to said
      further capacitor.
NUM  3.
PAR  3. An automatic music playing system according to claim 1, in which said
      matrix circuit includes a plurality of transistors each having an emitter,
      a base and a collector, whose bases are connected to respective output
      terminals of flip-flop circuits of said frequency divider circuits through
      predetermined groups of resistors, two of said transistors having such a
      connecton that the collector of one transistor is connected to the emitter
      of the other transistor and the tone generator driving signal is derived
      at the collector of said other transistor.
NUM  4.
PAR  4. An automatic music playing system according to claim 1, in which at
      least one of said tone signal generating circuits is a percussion sound
      signal generating circuit comprising a first series connection of at least
      two resistors, a second series connection of at least two capacitors, the
      first and second series connections being connected in parallel, another
      capacitor connected between the junction of said two series-connected
      resistors and said voltage source, another resistor connected between the
      junction of said two series-connected capacitors and said voltage source,
      and first and second oscillating transistors, each having a collector, a
      base and an emitter, the parallel connecton of the series-connected
      capacitors and the series-connected resistors being connected between the
      collector of said first transistor and the base of said second transistor,
      the base of said first transistor being connected to the emitter of said
      second transistor, and said junction of the series-connected resistors
      being supplied with the driving signal derived from said matrix circuit
      and said manual switch circuit.
NUM  5.
PAR  5. An automatic music playing system according to claim 1, wherein said
      manual switch has one terminal connected to the junction of said resistor
      and capacitor and a second terminal connected to ground.
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PAL  An electric organ tone generating system in which each organ tone is
      generated by an individual independent oscillator with built-in computer
      means for individually tuning each individual oscillator in turn from a
      fixed crystal controlled reference oscillator. All the individual
      oscillators are of identical construction except for the tuning components
      of the oscillator.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to the tone generating system of an electric organ in
      which each organ tone is generated by an individual oscillator, with each
      oscillator being of identical construction save for the frequency
      determining components.
PAR  The individual oscillators of the circuit are tuned by a master computer in
      the circuit which sets each oscillator, in turn, after comparing the
      output of the oscillator with a master reference crystal controlled
      oscillator.
PAR  Tone generating systems for electronic organs fall into two main
      categories; individual oscillator, and divider systems. The latter is most
      often found in lower priced organs, since only twelve oscillators are
      required to generate the top octave. Lower octaves are generated by binary
      division, which may be done at very low cost with digital IC's.
PAR  The individual oscillator system unquestionably provides better tonal
      quality; and has traditionally been used in larger, better quality organs.
      However, this approach is considerably more costly, since a highly stable
      oscillator, using expensive components, is required for each tone in the
      organ with as many as 97 in a single rank organ and several hundred in
      multi-rank designs. This system, by its very nature, does not lend itself
      to the use of integrated circuits.
PAR  With the use of low cost MSI and LSI integrated circuits, the invention
      produces an organ utilizing low cost, low stability oscillators.
      Automatically maintaining the tuning, by the circuitry devised results in
      the accuracy of the more expensive present systems. The invention consists
      of a tuning computer; with a high stability reference oscillator, and a
      set of tone generators.  The computer selects each individual tone
      generator in turn, compares its frequency to a representation of the
      correct frequency held in the memory, and provides a correct pulse to
      bring the specific tone generator back into tune.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a schematic diagram of the Tone Generating System;
PAR  FIG. 2 is a schematic diagram of the Tuning Computer;
PAR  FIG. 3A is a chart of the Timing Sequence of the Tuning Computer;
PAR  FIG. 3B is a chart of a second Timing Sequence of the Tuning Computer;
PAR  FIG. 3C is a chart of a third Timing Sequence of the Tuning Computer; and
PAR  FIG. 4 is a schematic diagram of the Tone Generator Keyer circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      illustrates the tone generating system in which a Tuning Computer selects
      sequentially the tone output signal of an individual Tone Generator 1, 2
      with twelve tone generators making up each octave of the organ. The signal
      of the selected Tone Generator is read by the Tuning Computer and compared
      with a reference signal from a crystal controlled oscillator. The computer
      then sends out a correction signal to the connected Tone Generator, to
      tune the Tone Generator.
PAR  As shown in FIGS. 2, 3A, 3B and 3C, the tuning Computer functions from the
      pulses of a 14Hz clock which provides a pulse to increment the SELECT
      counter which comprises a 4 bit note counter to select sequentially one of
      the twelve tone generators of an octave C, C sharp, D, D sharp, E, F, F
      sharp, G, G sharp, A, A sharp and B, and a 3 bit octave counter to select
      the desired octave 1, 2 . . . 8, thus a rank of 96 tone generators of 8
      octaves will be retuned every 7 seconds.
PAR  The operating sequence of the Tuning Computer is as follows with t.sub.1 .
      . . t.sub.5 representing time intervals shown in FIGS. 3A, 3B and 3C:
PA0  t.sub.1 :
PA1  a. SELECT Counter is advanced one note,
PA1  b. Control Flip-Flops X, Y, and Z are reset by the Monostable-Multivibrator
      (MSWV) which was triggered by the clock pulse,
PA1  c. Reference Oscillator input is inhibited
PA1  d. Timer is reset.
PA0  t.sub.2 :
PA1  a. Timer is preset to a count; selected by the note code; from the ROM
      (Read Only Memory).
PA0  t.sub.3 :
PA1  a. The tone generator selected by the 7 bit select code applies its signal
      to the READ Bus. This signal is divided down; to appear in the first
      octave; by the programable divider consisting of a binary divider chain
      and a data selector. The falling edge of READ flips control flip-flop X.
PA1  b. The reference oscillator gate is enabled and timer begins to count down
      toward zero.
PAC  Case I -- Tone Generator Frequency Too High
PA0  t.sub.4 :
PA1  a. READ goes `low` again
PA1  b. Q.sub.x goes low
PA1  c. Q.sub.y goes high, Q.sub.y goes low and locks X
PA1  d. Correct II goes high to decrease Tone Generator Frequency
PA0  t.sub.5 :
PA1  a. Timer reaches zero
PA1  b. Control Flip-flop Z flips, i.e. Q.sub.z goes high
PA1  c. Correct II returns low.
PAC  Case II -- Tone Generator Frequency Too Low
PA0  t.sub.5 :
PA1  a. Timer reaches zero
PA1  b. Q.sub.z goes high
PA1  c. Correct I goes high to increase Tone Generator Frequency
PA0  t.sub.6 :
PA1  a. READ goes low again
PA1  b. Q.sub.x goes low
PA1  c. Q.sub.y goes high
PA1  d. Q.sub.y goes low and locks X
PA1  e. Correct I goes low again
PAR  FIG. 4 illustrates the circuitry of the Tone Generator/Keyer.
PAR  An individual tone generator is selected by a low input on its select line.
      This enables the correct gates, and allows the oscillator signal to appear
      on the READ bus. A pulse on either Correct Bus will switch on its related
      current source, and the voltage on capacitor C.sub.1 will change by an
      amount proportional to the width of the Correct pulse, which was
      proportional to the tuning error; thus, tuning error will tend toward zero
      during successive tuning cycles. Tuning will be dependent only on the
      reference oscillator, and will not be affected by changes in generator
      component values due to environment or aging. One or more electronic keyer
      circuits may be included in the tone generator integrated circuit.
PAR  The system of the Preferred Embodiment may be modified at the discretion of
      the organ designer. The reference oscillator frequency may be varied
      during the 7 second tuning cycle to `stretch` the chromatic scale with
      lower octaves tuned flat, and higher octaves tuned sharp, to provide a
      controlled amount of `chorus` effect. Read and Correct lines may be
      time-multiplexed to allow a single Tuning Computer and Select Decoder to
      be used with several ranks of Tone Generators. Vibrato might possibly be
      added, if a Vibrato Kill circuit is included in the tone generator IC to
      disable the vibrato input during the 72 ms tuning interval.
PAR  The system is designed to be compatable with present LSI technology. The
      entire tuning computer, including memory and reference oscillator may be
      built into one LSI chip. All oscillators in the organ are identical,
      except for tuning components. Therefore, a tone generator chip could be
      designed and mass produced at low cost.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. Apparatus for generating a multiplicity of tones as required in an
      electronic organ comprising
PA1  a. a plurality of free running tone oscillators for producing each of said
      required tones, each of said tone oscillators including means for
      controlling the frequency thereof in response to a stored control voltage,
      means for altering said control voltage in response to a CORRECT pulse
      present on a CORRECT bus, a gate coupling said CORRECT bus to said control
      voltage altering means, a select input coupled to said gate for enabling
      said gate to pass pulses from said CORRECT bus to said control voltage
      altering means, a second gate coupled to said select input for enabling
      pulses from said tone oscillator to appear on a READ bus,
PA1  b. means for sequentially selecting each of said tone oscillators,
      including a source of auxilliary clock pulses, a binary counter, means
      coupling said clock pulses to said counter to increment said counter,
      means for decoding the content of said counter into a plurality of select
      lines, means coupling each of said select line to one of said tone
      oscillators via its select input,
PA1  c. logic means coupled to said selection means and to said CORRECT and READ
      bus including a frequency comparator, means coupling said comparator to
      said READ bus, storage means for storing a representation of each desired
      tone oscillator frequency, means coupled to said storage means for
      selecting said representation corresponding to said selected tone
      oscillator, means coupled to said frequency comparator for generating said
      CORRECT pulse in response to the difference between the frequency of said
      selected tone oscillator and said representation selected from said
      storage means, means coupling said CORRECT pulse generating means to said
      CORRECT bus.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said CORRECT pulse has a
      characteristic which is proportional to the magnitude of the difference in
      frequencies.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein each of said tone oscillators
      includes keyer means for coupling the signal of said tone oscillator to an
      OUTPUT bus in response to a keying signal.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein said binary counter comprises a
      note counter generating a note select code, and an octave counter
      generating an octave select code.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 including a programable divider circuit
      for dividing the signal from said selected tone oscillator appearing on
      said READ bus, in response to said octave select code.
NUM  6.
PAR  6. Apparatus according to claim 4 wherein said storage means comprises a
      Read Only Memory containing representations of the desired frequencies of
      each of the twelve notes of an octave, and wherein said means, coupled to
      said storage means for selecting said representation corresponding to said
      selected tone oscillator, is responsive to said note select code.
NUM  7.
PAR  7. Apparatus according to claim 4 wherein said frequency comparator
      includes a master reference oscillator and wherein said representation of
      said desired frequency is indicative of a number of cycles of said master
      reference oscillator.
NUM  8.
PAR  8. Apparatus according to claim 7 including means coupled to said master
      reference oscillator for varying the frequency thereof.
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PAL  A guitar containing fiber optic strands extending through the neck to
      conduct light from a source located in the body to fret markers on the
      fretted surface of the neck and the side surface facing the guitarist,
      thereby allowing the instrument to be played in the dark and producing a
      pleasing aesthetic affect.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to illuminated guitars and specifically to guitars
      having illuminated fret markers.
PAR  2. Objects of the Invention
PAR  It is the object of the present invention to provide a guitar having an
      illuminated neck which allows the guitar to be played in a dark or dim
      surrounding and also enhances the aesthetic appearance of the guitar
      without at the same time appreciably adding to its cost.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention broadly takes the form of a guitar having a light
      source located within a hollowed-out portion in the rear of the body and
      connected to a power source which may be external or of the portable
      battery type. A bundle of fiber optic strands are disposed within the neck
      extending from the light source to each of the individual fret markers,
      thereby illuminating the fret markers when the light is on. Some of the
      fiber strands also terminate on one side of the neck at positions adjacent
      the fret markers so as to be visible to the guitarist. This allows the
      guitar to be played in a dark or dim surrounding and also enhances the
      aesthetic appeal of the guitar as well.
DRWD
PAR  Other objectives, advantages, and applications of the invention will be
      made apparent by the following detailed description of the preferred
      embodiment of the invention. The description makes reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a guitar;
PAR  FIG. 2 is a rear view of the body of the guitar of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the guitar of FIG. 1 taken along line
      3--3; and
PAR  FIG. 4 is a transparent view of the neck of the guitar showing the
      orientation of the fiber optic strands.
DETD
PAR  The present invention broadly comprises a guitar 10 having a body 12 and an
      elongated neck 14 extending therefrom and fastened to the body at 16. The
      body 12 of the guitar 10, as depicted in FIGS. 1-3, is shown as having a
      solid construction, as opposed to the hollow-bodied type commonly found on
      most acoustic guitars. The body is illustrated in this manner only because
      it is anticipated that the primary use of the present invention will be in
      conjunction with electric guitars, which generally have solid bodies.
      There is, however, no functional reason why a hollow-bodied guitar could
      not also be used.
PAR  The guitar 10 has strings 18 which extend substantially its entire length
      from pegs 20 at the top of the neck 14 over a bridge 23 to a tail piece 22
      located at the base of the body 12. The guitar illustrated in FIG. 1 is
      shown as having a standard set of six strings, individually referred to as
      the E, A, D, G, B and High E strings.
PAR  The fact that the guitar has six strings, however, is not essential to the
      invention. A 12-string guitar, a 4-string bass, or even a banjo or ukulele
      could be substituted equally as well. As previously stated, the standard
      6-string electrical guitar is shown because the present invention is
      directed primarily for use in conjunction with such an instrument.
PAR  Set in the substantially flat surface 30 of the neck 14 of the guitar 10
      are a plurality of frets 33, 35 and 37 being representative thereof,
      transversely disposed at predetermined locations along its length. As will
      be apparent to those of ordinary skill in the music art, the frets allow
      the guitarist to produce a variety of different notes from the same string
      by reducing the effective length of the string when the string is
      depressed against one of the frets. Thus, the location of the frets along
      the neck 14 is determined by the change in the length of a string required
      for that string to produce the next higher half note. Thus, as can be
      seen, if the E-string is depressed against fret 31, the musical note
      produced when the string is played is an F. Similarly, the notes produced
      by playing the E-string when it is depressed against frets 32 and 33 are F
      sharp/G flat and G, respectively. A similar analysis obtains for the other
      five strings as well.
PAR  Disposed on the fretted surface 30 of the neck 14, between predetermined
      frets, are fret indicators, or fret markers, 33', 35' and 37' being
      representative thereof. These markers commonly appear adjacent the third
      33, fifth 35, seventh 37, ninth 39, 12th 42, 15th 45, 17th 47, and 19th 49
      frets, and are intended to aid the guitarist in properly positioning his
      left hand at the desired fret along the neck 14 of the guitar 10. A double
      fret marker 42' usually appears adjacent the 12th fret 42 indicating the
      next higher octave; e.g., the high E-string depressed against the 12th
      fret 42 corresponds to the next higher E, and so on.
PAR  A similar set of fret markers, 33", 35" and 37" being indicative thereof,
      also appear on the side surface 28 of the neck 14 at locations
      corresponding to the markers on the fretted surface 30, as shown in FIG.
      1. The side surface 28 also contains a double fret marker 42" indicating
      the location of the twelfth fret 42.
PAR  Referring to FIG. 2, the backside of the body 12 of the guitar 10 has a
      hollowed-out portion 54 which contains a light source 56 electrically
      connected to a power source comprised of a pair of batteries 58. A flap
      50, hinged at 52, is provided to cover the opening 54 so as to confine the
      light source 56 within the body 12 and to improve the appearance of the
      backside of the guitar 10. A switch 59 located on the body 12 controls the
      on/off condition of the light source 56.
PAR  The power source need not be internally located as shown, but may be an
      external source (e.g. wall outlet) which connects through a plug to a jack
      57 located on the body 12. The light source 56 would then, of course, be
      electrically connected to the jack 57, rather than to the batteries 58, as
      illustrated in FIG. 2.
PAR  It should also be noted that the light source 56 need not be located in the
      body 12 either, but alternatively, may be disposed within a hollowed-out
      portion on the backside of the neck 14, for example, or any other location
      within the guitar which will physically accommodate the light source 56.
      The backside of the body 12 has been selected as the preferred location
      because it provides easy access and the opening 54 is readily concealable.
PAR  A longitudinal channel or tunnel 59 is formed through the body and neck of
      the guitar, as shown in FIG. 3, originating at the hollowed-out portion 54
      in the body 12 and extending through the neck 14 to within the proximity
      of the third fret 43. Small holes are drilled into the neck 14 from each
      of the fret markers to the tunnel 59. A bundle of optically conductive
      strands 60, commonly referred to as fiber optics, are disposed within the
      tunnel 59. The bundle 60 contains one strand for each fret marker
      appearing on the fretted surface 30 and side 28 surfaces of the neck 14.
      The fiber optic strands 60, as shown in FIG. 4, extend from the light
      source 56 at the mouth of the tunnel 59 to each of the individual fret
      markers disposed on the neck 14 of the guitar. Thus, as will be apparent
      to those of ordinary skill in the fiber optic art, when the light source
      56 is on, the light emitted therefrom will be conducted through each of
      the strands 60 and emitted out their opposite ends, thereby giving the
      fret markers an illuminated appearance. This illuminated effect allows the
      guitar 10 to be played in a dark or dim surrounding by assisting the
      guitarist in locating the desired frets along the neck 14 of the guitar
      10.
PAR  In summary, a guitar is disclosed which contains means for illuminating the
      fret markers on the neck, allowing the guitar to be played in a dark or
      dim surrounding and at the same time adding to the aesthetic appeal of the
      guitar without significantly increasing its cost or affecting its musical
      quality.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A stringed instrument comprising a body, an optically opaque neck having
      a fretted surface, a light source disposed within said instrument, and at
      least one optically conductive strand disposed within said instrument and
      extending from said light source to a predetermined location on the
      fretted surface of said neck to provide a point of light on said opaque
      neck.
NUM  2.
PAR  2. The stringed instrument of claim 1 wherein said fretted surface contains
      at least one fret marker defining said predetermined location on said
      fretted surface of said neck.
NUM  3.
PAR  3. The stringed instrument of claim 2 wherein said fretted surface contains
      a plurality of fret markers disposed at predetermined locations on said
      fretted surface.
NUM  4.
PAR  4. The stringed instrument of claim 3 including a plurality of optically
      conductive strands extending from said light source to each of said fret
      markers on said fretted surface to illuminate said markers on said opaque
      neck.
NUM  5.
PAR  5. The stringed instrument of claim 1 wherein said light source is disposed
      within the body of said instrument.
NUM  6.
PAR  6. The stringed instrument of claim 5 including an electrical power source
      disposed within said body and electrically connected to said light source.
NUM  7.
PAR  7. A stringed instrument comprising an opaque body, a neck having a fretted
      surface and a side surface adjacent said fretted surface, a light source
      disposed within said instrument, and at least one optically conductive
      strand disposed within said neck and extending from said light source to a
      predetermined location on said side surface of said neck.
NUM  8.
PAR  8. The stringed instrument of claim 7 wherein said side surface contains at
      least one fret marker defining said predetermined location on said side
      surface of said neck.
NUM  9.
PAR  9. The stringed instrument of claim 8 wherein said side surface contains a
      plurality of fret markers disposed at predetermined locations on said side
      surface of said neck.
NUM  10.
PAR  10. The stringed instrument of claim 9 including a plurality of optically
      conductive strands extending from said light source to each of said fret
      markers on said side surface of said neck.
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ABST
PAL  A guitar neck which is cast of epoxy resin and a powdered filler,
      preferably of aluminum metal. This guitar neck, when fastened to a
      conventional guitar, is of greater strength than conventional laminate
      wood guitar necks and may be consequently formed of thinner construction,
      simplifying the playing and fingering of the guitar strings fitted on the
      neck.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention is a guitar neck which is cast of epoxy resin and a powdered
      filler, preferably of aluminum metal. This guitar neck, when fastened to a
      conventional guitar, is of greater strength than conventional laminate
      wood guitar necks and may be consequently formed of thinner construction,
      simplifying the playing and fingering of the guitar strings fitted on the
      neck.
PAR  The guitar neck of this invention may be employed on electric or acoustic
      guitars.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a side view of the invention installed on a guitar;
PAR  FIG. 2 is a plan view of the invention installed;
PAR  FIG. 3 is a fragmentary perspective view of the butt end of the invention;
PAR  FIG. 4 is a sectional view of the invention; and
PAR  FIG. 5 is a fragmentary perspective view of the underside of the butt end
      of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-5
      illustrate the guitar neck 10 which is of conventional shape and fitted at
      its butt end 12 into the body 15 of a guitar in customary fashion.
PAR  The guitar neck 10 is formed as a casting of a mixture 16 of epoxy resin
      and powdered filler, preferably aluminum metal powder.
PAR  The cast neck 10 may be manufactured more inexpensively and more rapidly
      than the conventional wooden guitar necks that it replaces.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention what I claim as new and desire to
      secure by letters patent of the United States is:
NUM  1.
PAR  1. A guitar neck consisting of a mixture of an epoxy resin and a powder
      filler.
NUM  2.
PAR  2. The combination as recited in claim 1 in which powdered aluminum metal
      is employed as the filler.
NUM  3.
PAR  3. The guitar neck of claim 1 wherein the neck is fabricated by casting.
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PAL  The split bolt comprises plural bolt segments having threaded outer
      surfaces which are brought radially together to render the bolt insertable
      into a complementary threaded recess, and spaced radially apart to cause
      the bolt threads to become engaged when an elongated, generally
      cylindrically shaped wedge member is inserted between the segments to
      space them into the threaded engagement. The wedge member has plural
      camming surfaces along the length thereof which engage corresponding
      camming surfaces on the inside surfaces of the bolt segments. Further, the
      bolt segments are interconnected by an elastic means which surrounds the
      segments and keeps them in surface contact with the wedge member inserted
      therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved split bolt for use in
      combination with an insert embedded in a concrete slab to provide for the
      attachment to the slab of a detachable means for lifting the object.
      Further, it is related to and an improvement over U. S. patent application
      Ser. No. 427,781, filed Dec. 26, 1973 and entitled "Split Bolt. "
PAR  In recent years, there has come into rather wide usage a form of building
      construction referred to as the tilt-up slab method wherein large concrete
      slabs are cast on the floor or the building or on a level ground surface,
      and then lifted to a vertical position and interconnected to form the
      walls of the building. The means used for lifting the slabs must be
      removable after the slabs have been lifted into place to present a smooth
      surface on the walls of the building. Generally, the lifting attachments
      are installed and removed at the building site. Therefore, they should be
      easily and rapidly installed and removed in order to save maximum time.
PAR  One practice to embed a nut member or insert in the concrete slab and then
      to attach a lifting eye to the slab by passing a bolt through the eye and
      threading it into the nut member or insert. While this provides a
      satisfactory anchoring for the lifting eye, it requires threading the bolt
      into the insert, which, because of small particles of concrete on the
      thread surfaces, may require the use of a wrench to thread the bolt into
      the insert. The result is an increase in the time required to erect the
      walls. Additional time is expended when a wrench is required to remove the
      bolt.
PAR  U. S. Pat. No. 3,456,547 solves some of the above problems by providing a
      bolt means which is rapidly inserted in a nut means or insert and requires
      only a partial revolution to lock the bolt securely in place. The bolt
      means is formed from a pair of separate longitudinal cylindrical segments
      such as are formed when a conventional bolt is split along its
      longitudinal axis into two bolt halves. A portion of the bolt along the
      longitudinal axis is removed so that when the two segments are placed
      together, they may be easily inserted into the nut means.
PAR  After the two bolt segments are inserted in the nut means, a key member or
      wedge is positioned between the bolt segments to separate them into
      engagement with the female threads on the nut means. To remove the bolt,
      the key is withdrawn and the two segments of the bolt are brought
      together. This disengaes the threaded surfaces and permits withdrawal of
      the bolt.
PAR  The split bolt disclosed in U. S. Pat. No. 3,456,547 is highly effective,
      but it has a disadvantage in that the wedge, or "key" as it is referred to
      in the patent, is not readily removed once the bolt is in use. After the
      slab is lifted and installed, the wedge must be extracted from between the
      bolt segments in order to remove the bolt. Tab or ear means are disclosed
      in U.S. Pat. No. 3,456,547 for gripping and lifting the wedge, but the
      forces of installing and securing the bolt, as well as lifting and
      transporting the object, frequently cause the "key" to become tightly
      gripped or wedged between the bolt portions, and therefore difficult to
      remove. Further, the key or wedge is relatively thin, as compared to its
      width, and is easily bent, resulting in further inconvenience by its being
      rendered unusable or requiring time to straighten it out so that it will
      slide between the bolt segments.
PAR  The split-bolt of U.S. patent application Ser. No. 427,781, is basically
      similar to that of U.S. Pat. No. 3,456,547 in that it has a similar type
      wedge. It improves upon the split-bolt of U.S. Pat. No. 3,456,547 because
      it has a further means to extract the wedge from between the bolt portions
      as well as a wedge shaped tip to cause the bolt segments to be spaced or
      wedged apart. But the split-bolt of Ser. No. 427,781 can still suffer from
      the inconvenience of the wedge member becoming bent.
PAR  A need therefore exists for an improved split-bolt which can be quickly,
      simply and efficiently inserted in and extracted from, e.g., a coil
      insert, while being durable enough that the wedge member will not become
      readily bent such as to render the split-bolt inoperative.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is an improved split bolt for use in combination with an
      embedded anchoring means for detachably securing a lifting means to
      concrete slabs of the like.
PAR  Broadly, the improved split bolt comprises plural bolt segments which are
      radially brought together, i.e., collapsed, to render the bolt readily
      insertable into a complementary threaded recess and radially spaced apart,
      i.e., expanded, to cause the outer, threaded surfaces of the bolt segments
      to become engaged threadably, and an elongated, generally cylindrically
      shaped wedge member insertable between the segments to space them into the
      threaded engagement.
PAR  The wedge member is preferably a stepped shaft or rod comprising a body
      portion of a series of integral, generally cylindrical sections of
      decreasing cross-sectional diameter having smooth frusto-conical
      transistions or steps therebetween. The arrangement of the steps or
      camming or wedging surfaces along the outer surface of the body portion of
      the wedge member results in a wedge which is stronger than those employed
      in the prior art split bolts heretofore described. The wedge member has a
      head at its largest (diameter) end and a cylindrical collar means which is
      located between the head end and the body portion, and which will restrict
      or limit the extent to which the wedge member can be inserted between the
      wedge segments.
PAR  The head of this wedge member is basically a cylindrical extension above
      the collar topped by a larger, cylindrical boss. When the wedge member is
      to be inserted, the boss on the head end can be struck with, e.g., a
      hammer, to cause the wedge member to move longitudinally and to be
      inserted between the bolt segments without fear of damaging the wedge
      member by bending it. The boss also provides a convenient means for
      grasping the wedge member when it is to be withdrawn from between the
      segments so that the segments can be brought together, i.e., to collapse
      the bolt, so that the split bolt can be removed.
PAR  The bolt segments preferably are such that together they describe a hollow,
      generally cylindrical interior or bore of decreasing cross-sectional
      diameter, which basically comprises a series of integral cylindrical
      openings or sections having frusto-conical transitions or steps from one
      section to another which correspond to the steps on the wedge or wedge
      member. When the wedge is inserted, the wedge steps will cam or wedge
      against the segment steps and cause the segments to be spaced apart
      radially, thus opening or expanding the bolt.
PAR  By interconnecting the bolt segments with an elastic member, preferably an
      elastic O-ring which surrounds the segments and which can be seated in a
      groove in the exterior surface of the segments, the segments will be held
      in an assembled relationship. When the wedge is inserted between the
      segments, the elastic member will expand radially, becoming larger in
      diameter, due to the outward radial force exerted by the wedge. When the
      wedge is withdrawn, the elastic member will exert an inward force on the
      segments due to the energy stored when it was expanded, causing the
      segments to move radially inward and toward one another. Thus the bolt
      will collapse essentially automatically.
PAR  The wedge points, i.e., the steps, are located along the body of the wedge
      member, as compared to being located at the tip of the wedge member as in
      the case of the heretofore mentioned prior art split bolts. This results
      in a body portion which is stronger, and so the wedge member of the
      present invention is less susceptible to bending. With the prior art wedge
      member, the force to space the bolt segments apart was generated at the
      tip end of the wedge member by an insertion force applied at the head end
      of the wedge member. Thus, the forces at each end of the wedge member
      consisted of an upward force due to the resistance of the segments to
      expand and a downward force due to the insertion motion at the head end.
      The whole length of the wedge was in compression, and so was susceptible
      to bending.
PAR  With the wedge members of the present invention, the resistance to
      expansion of the bolt segments occurs along the length of the wedge member
      as well as at the tip. There is less length along which the bending forces
      can act, and the plural camming points mean that there is less resistance
      at each point. Further, since part of the wedge member will be inserted
      between the segments before the wedging or camming surfaces will contact
      and generate an opposing force, there is guiding action which insures that
      the wedge member is aligned for insertion between the segments.
PAR  In the preferred embodiment, there will be three bolt segments, which are
      formed basically by drilling out the core to form the center bore. By
      using a step drill, the wedge or camming surfaces can also be formed. Once
      the center bore is formed the bolt is simply sawed into three segments.
      This a simpler and less expensive manufacturing process than is used to
      make the aforementioned prior art split bolts which require a more
      expensive cutting step to form the sloped interior surfaces of the
      segments.
PAR  It is therefore an object of the invention to provide an improved split
      bolt which is relatively simple, inexpensive, and durable, and further can
      be quickly and efficiently inserted and removed without the wedge member
      becoming bent or the like.
PAR  Other objects invention advantages of the inventin will be apparent from
      the following description, the accompanying drawings and the appended
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of an improved split bolt in accordance with
      the teachings of the invention;
PAR  FIG. 2 is an exploded view of the split bolt of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the split bolt of the invention, taken
      along the line 3--3 of FIG. 7;
PAR  FIG. 4 is an elevational view of one of the wedge member used in the split
      bolt of the invention;
PAR  FIG. 5 is an elevational view of one of the segments of the split bolt of
      the invention;
PAR  FIG. 6 is a view, partially in cross section along lines 6--6 in FIG. 3 and
      partially broken away, of a split bolt of the invention when it is
      collapsed and inserted in a threaded insert;
PAR  FIG. 7 is a view similar in FIG. 6, except that the split bolt is expanded;
PAR  FIG. 8 is an elevational view of a second embodiment of a wedge member for
      use in the split bolt of the invention;
PAR  FIG. 9 is an elevational view of a second embodiment of a bolt segment for
      use in the split bolt of the invention; and
PAR  FIG. 10 is a view similar to FIG. 6 of an improved split bolt incorporating
      the wedge member and bolt segments shown in FIGS. 8 and 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIGs. 1 and 2, the split bolt 10 is basically comprised of
      three substantially identical bolt segments 12 and wedge member 14. The
      segments 12 are interconnected by elastic members 16 which surround the
      bolt segments 12 and hold them in contact with wedge member 14. The
      insertion of wedge 14 between the segments 12 will cause them, as well as
      the elastic member 16, to expand radially and to bring threads 18 into
      engagement with the internal threads in a nut member 20 (FIGS. 6 and 7),
      which is provided with appropriate support legs and into which the split
      bolt is inserted when it is in use, e.g., holding in place a lifting ring
      which is represented (in FIG. 6) by collar 21 (the remainder of the ring
      being broken away). In its open or expanded state, i.e., when the segments
      have been spaced apart radially, the split bolt 10 can be threaded into a
      complementary threaded nut or bore. In the collapsed state, i.e., when the
      segments 12 are together, the split bolt 10 is readily capable of being
      inserted into or withdrawn from the same threaded nut or bore because its
      collapsed diameter is less than its full diameter.
PAR  The bolt segments 12 are formed by drilling or boring out the center of an
      ordinary bolt so that a bolt with a hollow center is formed. Then, the
      bolt is split, by sawing or the like, into the segments 12. Although three
      segments are shown and will be discussed, the invention is not limited to
      three segments, and so two or four or more segments could be used. Grooves
      22 are formed in the outer surfaces of the segments to hold the elastic
      members 16 in place and prevent them from moving up or down the bolt.
      Although the use of two elastic members is illustrated in FIGS. 1-7, the
      invention is not so limited, and one (as shown in FIGS. 8-10) or more can
      be used as desired. Further, the elastic members 16 can comprise any
      conventional elastic means, although the use of elastic O-rings is
      preferred.
PAR  The top of each bolt segment 12 comprises an enlarged head portion 25. When
      the bolt segments 12 are viewed overall, they resemble a normal bolt head.
      As illustrated in FIGS. 1 and 2, head sections 25 define, overall, a
      hexagonal head.
PAR  The segments 12 possess inner surfaces which together define a central bore
      30 into which the wedge member 14 is inserted. By drilling out the bore 30
      using a step drill, the bore 30 will comprise a series of integral
      cylindrical sections 32-35 of decreasing diameters. The difference between
      the diameters of adjacent sections will be approximately the same, i.e.,
      the difference between the diameters of sections 33 and 34 should equal
      the difference between the diameters of sections 34 and 35. In this way,
      each camming point will produce the same amount of radial movement and
      will result in a uniform expansion along the length of the segments.
PAR  The cylindrical sections 32-35 have transitional frusto-comical portions or
      steps 36-38 which are formed with a relatively small angle of taper with
      receipt to the surface of the cylindrical sections, e.g., an angle in the
      range of 10.degree.-30.degree., as compared to the axis of the wedge
      member. But, there is no criticality in the angle of the steps 36-38 as
      long as they perform their camming function (to be described in detail
      hereinafter), and they can be formed in the drilling operation by the step
      drill.
PAR  The wedge member 14 comprises a generally cylindrical body portion 40
      comprised of a series of integral cylindrical sections 42-44 of decreasing
      diameters joined by transitional frusto-conical portions or steps 45 and
      46, and having a frusto-conical tip end 47, the steps 45 and 46 and the
      tip 47 being essentially complementary to the steps 36-38 respectively.
      The head end portion 48 comprises an entended cylindrical section 49 which
      terminates in a cylindrical section or boss 50. The head end 48 and body
      portion 40 are preferably integral and have an integral, cylindrical
      collar means 51 therebetween.
PAR  When wedge member 14 is in use, the boss 50 can be grasped or struck to
      impart a longitudinal force and motion to the wedge to insert it between
      the segments 12. Collar means 51 will restrict the travel of wedge member
      14 when it is inserted by abutting against the top surface of the bolt
      section heads 25. This also results in the head end 48 being exposed so
      that it may be grasped to extract the wedge member 14 when the split bolt
      10 is to be collapsed and removed.
PAR  FIGS. 6 and 7 show the operation of the split bolt 10. In its initial or
      collapsed state, i.e., when the wedge member 14 is inserted in the bore 30
      formed by the elastically interconnected bolt segments 12, the wedge step
      46 and wedge tip 47 will contact the steps 37 and 38 of the bolt segments
      12. When the bolt segments are formed by sawing (for example) a drilled
      out bolt, enough bolt material is removed from between the segments that
      they can be brought together radially, i.e., collapsed, and form a bolt
      having a diameter less than the original bolt size and so can be readily
      inserted in a coil 20 inserted in concrete as shown in FIG. 6. In the
      collapsed state, the inside surfaces of cylindrical sections 33 and 34 of
      bolt segments 12 will be urged by elastic members 16 into contact with the
      outside surfaces of cylindrical sections 43 and 44 of wedge member 14.
      Thus in the collapsed state shown in FIG. 6 the split bolt 10 has the
      wedge member 14 partially inserted and wedge step and tip surfaces 46 and
      47 in contact with bolt segment step surfaces 37 and 38.
PAR  As wedge member 14 is inserted, e.g., by grasping boss 50 of head end 48
      and applying an axial force to the wedge member, the camming surfaces 46
      and 47 of the wedge will cam against the camming surfaces 37 and 38 of
      bolt segments 12 because the surfaces are at an angle. As the surfaces cam
      against one another, the force of the wedge member 14 being inserted
      causes the bolt segments 12 to be spaced apart radially and into contact
      with the nut member 20 (FIG. 7). Also, since the elastic members 16
      surround the bolt segments 12, they are forced to expand radially, and, in
      opposition to the expansion force, keep the bolt segments 12 in surface
      contact with the wedge member 14. At the same time that camming surfaces
      46 and 47 are acting to space the segments 12, surface 45 acts on the bolt
      head portion 25 of the segment 12. Thus as the wedge member 14 is
      inserted, there are three points at which the segments 12 are spaced apart
      by camming action. While the three cammming surfaces are shown, it should
      be understood that the invention is not limited to three points, and any
      number of plural points can be employed.
PAR  After the segments 12 have been spaced apart, i.e., the bolt 10 has been
      expanded, the segments 12 will be held apart because wedge sections 42, 44
      and 45 will move into line within cylindrical sections 32, 34 and 35 of
      the bolt segments 12, and hold the segments 12 in the spaced apart
      relationship wherein their threads engage the complementary threads in nut
      20. This expanded state is best shown in FIG. 7. To collapse the split
      bolt 10, the wedge member is axially extracted by grasping, e.g., boss
      member 50. The expanded elastic members 16 will return to their original
      shape and exert a radially inward force on the segments 12 causing them to
      move together and the bolt 10 to collapse.
PAR  In order to limit the travel of wedge member 14 in bore 30, pins 60 can be
      placed in each of the bolt segments 12, and slots 61 placed in those
      portions of wedge member 14 which face the bolt segments 12. The length of
      the slots 61 will determine the amount of travel for wedge member 14. The
      lowest end of slot 61 (FIG. 6) will be the collapsed state of bolt 10, and
      the highest end of slot 61 (FIG. 7) will be the expanded state of bolt 10.
PAR  FIGS. 8-10 show an alternative embodiment in the form of a modification of
      the split bolt of FIGS. 1-7. Basically, the differences between the
      embodiment of FIGS. 1-7 and that of FIGS. 8-10 are that each bolt segment
      70 has three cylindrical surface sections 71-73 (as compared to four in
      FIGS. 1-7) and two camming surfaces 74-75, the location of the pin 77 is
      different, the length of the slot 78 therefore is longer, and only one
      elastic member 79 is employed. But the split bolt of FIGS. 8-10 operates
      in basically the same manner as the split bolt of FIGS. 1-7.
PAR  The manufacture of the embodiment of FIGS. 8-10 is somewhat simplified
      since the bore defined by surfaces 71-73 has only three cylindrical
      sections. The wedge member 80 has three complementary sections 81-83 and
      two frusto-conical cam portions 84-85 in addition to its tapered tip 88.
      Otherwise, the operation of this embodiment is essentially the same as
      described in connection with FIGS. 1-7.
PAR  While the invention has been described in terms of a wedge member and bore
      of circular sections, it will be appreciated that other geometric shapes
      could be employed, including octagons, hexagons and triangles, but these
      will not be as preferable as the cylindrical shape because of the
      difficulties and expense of machining the non-circular shapes. Also, when
      the bolt segments are shown as provided with screw threads, that is not
      essential to the invention, and other configurations of interfitting
      sections could be used such for example as a series of matching
      circumferential grooves on both the segments and the insert with which the
      split bolt assembly is to be used. The term "threaded" is accordingly to
      be understood including such modification.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of the invention, it is to be understood that the invention is
      not limited to this precise form of apparatus, and that changes may be
      made therein without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bolt of the character described, comprising plural bolt segments which
      when radially brought together render said bolt readily insertable into a
      complementary threaded recess, which have outer surfaces threadably
      engageable with such a recess when said segments are radially spaced
      apart, and which have inner surfaces which in combination form a central
      bore comprising a series of plural, generally cylindrical sections of
      uniformly decreasing cross-sectional diameter defining female camming
      surfaces, and an elongated wedge member insertable between said segments
      to space said segments radially into such threadable relation, said wedge
      member having a head end, means limiting insertion of said wedge member to
      a position wherein said head end thereof extends a predetermined
      longitudinal distance from the upper ends of said segments, and a body
      portion of a series of plural generally cylindrical sections defining male
      camming surfaces between said sections whereby when said wedge member is
      inserted between said segments, said wedge steps will cam against segment
      steps causing said segments to be spaced apart radially and uniformly
      along the length of the segments.
NUM  2.
PAR  2. A bolt as in claim 1 further including elastic means for interconnecting
      said segments and maintaining said segments in surface contact with said
      wedge member.
NUM  3.
PAR  3. A bolt as in claim 2 wherein said elastic means commprises an elastic
      O-ring, said outer surfaces have a groove therein, and said O-ring is
      seated in said groove.
NUM  4.
PAR  4. A bolt as in claim 3 wherein there are two O-rings and grooves.
NUM  5.
PAR  5. A bolt as in claim 1 comprising pin members protruding inwardly from
      said inner surfaces of said segments and received in axial slots in the
      surface of said wedge member for travel in said slots limiting the axial
      travel of said wedge member.
NUM  6.
PAR  6. A bolt as in claim 5 comprising three segments each having a pin
      protruding therefrom into a complementary slot in said wedge member.
NUM  7.
PAR  7. A bolt as in claim 1 wherein there are four sections of said bore and
      three sections of said body.
NUM  8.
PAR  8. A bolt as in claim 1 wherein said limiting means comprises a generally
      cylindrical, integral collar located on said wedge member between said
      body portion and said head end and larger then the bore of said segments,
      whereby when said wedge member is inserted in said bore between said
      segments, said collar will limit the extent to which said wedge member can
      be inserted.
NUM  9.
PAR  9. In a bolt of the type having plural bolt segments which when radially
      brought together render the bolt insertable into a complementary threaded
      recess and which when radially spaced apart engage the outer threaded
      surfaces of said segments with the threaded recess, and having an
      elongated wedge member insertable between the segments to space them
      apart, the improvement comprising plural camming surfaces comprising
      plural, integral, generally cylindrical sections joined by uniform,
      transitional sections on said wedge member which engage and cam against
      corresponding camming surfaces on the inner surfaces of said bolt segments
      when said wedge member is inserted between said segments to cause said
      segments to be spaced apart radially and uniformly along the length of the
      segments.
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ABST
PAL  An improved railroad tie member is formed of two wooden half-ties which are
      secured together with one or more reverse threaded bolts arranged in
      parallel with the tracks. The bolts are preferably inserted in the tie
      halves whereby the bolts may be turned to resecure the two halves while
      the tie assembly is installed in the track.
PARN
PAR  This application is a division of our copending application, Ser. No.
      179,719, filed Sept. 13, 1971, for "Improved Railroad Tie" and issued May
      28, 1974 as U.S. Pat. No. 3,813,038.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to improved methods and apparatus for securing
      together a plurality of strength members and, more particularly, relates
      to improved methods and apparatus for fastening together two wooden
      timbers or the like. In a specific embodiment of the present invention, an
      improved assembly of such timbers is provided which are especially
      suitable for use as a railroad tie or the like.
PAR  It is well known that wood is an especially suitable material insofar as
      structural purposes are concerned, not only because of obvious factors
      such as cost, ease of fabrication, strength and rigidity, etc., but also
      because of its relatively long useful life. In other words, the cellular
      character of wood does not render a wooden beam subject to failure because
      of fatigue, whereas the same unfortunately cannot be said for even the
      best of steels. Accordingly, wood is still very much preferred over other
      substances in the manufacture of many types of strength members wherein
      the penalty for sudden failure may be unacceptable.
PAR  For example, it is well known that most railroad ties are still made of
      wood, notwithstanding the present availability of many other apparently
      better materials and notwithstanding the fact that the cost of wood has
      increased to a substantial extent. Nevertheless, there are a great many
      miles of railroad in the United States and throughout the world, and
      although the average useful life of a wooden railroad tie is surprisingly
      good, it is nonetheless the case that a great many replacement ties are
      required each year. Accordingly, the cost of each railroad tie (including
      the tie-in-place, as well as the tie intended as a replacement) is a
      significant cost factor in the operation of any railroad systems.
PAR  It is well known, however, that most railroad systems in the United States
      employ heavier rolling stock than is commonly used throughout other
      portions of the world. This, in turn, increases the cost of tie
      installation and replacement in the United States, since more substantial
      trackage is a concomitant requirement of heavier rolling stock.
      Furthermore, the trend is to larger, and therefore even heavier, rolling
      stock in the United States. Accordingly, this tends to increase the demand
      for more substantial (i.e., stronger) ties.
PAR  It will be obvious that since wood is usually sold on a "board foot" basis,
      a larger railroad tie will necessarily cost more than a smaller tie. What
      is not well known, however, is that since a tie is conventionally
      fabricated as a single unit, an increase in tie size necessarily produces
      a resulting decrease in the number of trees (saw logs) which are large
      enough for such purposes, and this in turn produces an abnormal increase
      in the cost of fabricating a wooden railroad tie.
PAR  Although there is some variation in the size of ties used in trackage in
      the United States, most ties are 8-9 inches wide and 6-7 inches thick,
      depending on factors such as the intended use of the trackage and the
      special need of the particular railroad involved. For example, all ties
      must be 7 inches thick or greater unless the tie is to be used for a
      siding or the like, whereupon it may be only 6 inches thick. Whether an
      8-inch wide tie is acceptable depends upon the weight which the tie may be
      expected to bear and upon the character of the road bed.
PAR  A tie which is expected to be used in a mainline track may be between 8 and
      9 feet long, also depending on the character of the road bed. On the other
      hand, a tie which is to be installed at a switch may be 16 feet long or
      even longer.
PAR  All ties are treated with preservative, since the ties which are installed
      in sidings are as subject to deteriorations from insect attack and the
      like, as are ties in a mainline track. On the other hand, the ties in
      sidings are expected to have a much longer useful life since they are
      rarely subjected to an impact of the same magnitude as will be felt by a
      main track tie each time a train passes over at a high velocity.
      Accordingly, only a small number of the 6-inch thick ties are required
      each year, just as only a relatively small number of extra-long ties are
      required for switch installation or replacement. Instead, the great bulk
      of all wooden railroad ties which are now purchased or fabricated in the
      United States will be within the following schedule of dimensions:
     Width     Thickness     Length                                            
     ______________________________________                                    
     8"        7"            8', 81/2' or 9'                                   
     9"        7"            8', 81/2' or 9'                                   
     ______________________________________                                    
PAR  It will be readily apparent that only a relatively large and therefore more
      expensive saw log is suitable for fashioning a railroad tie of these
      dimensions. Accordingly, it will readily be apparent why there has long
      been a demand for a way to fashion an acceptable railroad tie out of two
      or more separate pieces of smaller size.
PAR  It is old, of course, to join two pieces of wood together for the purpose
      of providing a single piece of larger size. Accordingly, it is concededly
      old to glue, nail or otherwise fasten together two smaller wooden boards
      or beam to form a single large beam. Accordingly, many attempts have been
      made to form a less expensive railroad tie out of two or more smaller and
      therefore cheaper pieces of wood. The problem is that a railroad tie is
      subjected to a massive impact each time a piece of rolling stock passes
      over at a high enough speed. Furthermore, the impact tends to be delivered
      tangentially to the tie, which increases the likelihood that the tie will
      be split.
PAR  Attempts have been made to glue two tie-halves together to form a tie which
      will endure this shock. A railroad tie is conventionally treated with a
      preservative such as creosote, however, and this treatment tends to
      adversely affect the stability of the bond which is sought to be formed.
      Moreover, the two tie-halves are not identical insofar as grain and cell
      formation characteristics are concerned, and if one half tends to yield to
      the impact to a different extent, this also tends to break the bond
      between the two halves.
PAR  Nail-type joints are obviously less secure than conventional glue joints
      between two pieces of wood. Nevertheless, various complex techniques such
      as that described in U.S. Pat. No. 985,470 have been proposed from time to
      time which were intended to react in a compensatory way to the type of
      shock to which a railroad tie is subjected when a train passes over at a
      high speed. No such nail-type technique has ever been found to be
      satisfactory for such purposes. There has long been a demand for a
      commercially acceptable railroad tie which is formed out of two separate
      pieces, however, as is indicated by the many attempts to provide such a
      product. For example, see U.S. Pat. No. 197,721 which issued Dec. 4, 1877;
      U.S. Pat. No. 875,856 (Jan. 7, 1908); U.S. Pat. No. 985,470 (Feb. 28,
      1911); U.S. Pat. No. 1,166,673 (Jan. 4, 1916); U.S. Pat. No. 1,436,573
      (Nov. 21, 1922); and U.S. Pat. No. 2,701,399 (Feb. 8, 1955).
      Notwithstanding the fact that this long-existing demand has recently grown
      more acute, however, all of these prior art methods and apparatus have so
      far proved unsuccessful.
PAC  SUMMARY OF THE INVENTION
PAR  As will hereinafter be explained in detail, a suitable railroad tie which
      is 9 inches wide, 8 inches thick, and 9 feet long may be formed by
      fastening together two pieces each 41/2 inches wide .times. 8 inches thick
      .times. 9 feet long in a side-by-side manner. In a preferred form of the
      present invention, each tie-half is provided with three equally
      spaced-apart drill holes located so as to be parallel with the two rails
      to be supported. Further, the drill holes in one tie-half are preferably
      located so as to align with corresponding drill holes in the other
      tie-half.
PAR  The two tie-halves are preferably secured together by a metal bolt or
      sleeve-like member having right-hand external threads about one end and
      having left-hand external threads about the other end. The sleeve member
      is also preferably split along its length and provided with a resilient
      capability. Accordingly, the sleeve is preferably arranged with each end
      at least partially inserted in a drill hole in one of the two tie-halves,
      whereby rotation of the sleeve in the proper direction will draw the two
      tie-halves into unitary conjunction with each other. The sleeve may have
      an internally located lug or stop portion, whereby a suitably designed
      wrench member may be inserted through the hole in the tie-half from the
      opposite side until it penetrates the sleeve. Thereafter, the wrench may
      be turned until it engages the lug or stop means and thereby rotates the
      sleeve to draw the tie-halves together.
PAR  The sleeve is preferably resilient in character, and especially insofar as
      it may be compressed into the drill holes in the two tie-halves.
      Accordingly, even though the tie-halves may subsequently shrink from
      dessication, the sleeve will expand to remain snugly fitted in the tie
      halves.
PAR  It is well known that when a wooden railroad tie is treated with creosote
      or other preservative in a conventional manner, the creosote cannot
      usually penetrate more than a limited distance into the wood. Since
      penetration is always from an external surface, it will be readily
      apparent that if the tie is formed of two tie-halves, and if the halves
      are treated before being joined together, the interior of the resulting
      tie will be treated to a much greater extent than will ever be the case
      with a tie which is formed as a single unit from a single saw log. On the
      other hand, the character of a wooden tie is substantially altered after
      such treatment, and thus it is difficult to join together two pretreated
      tie-halves.
PAR  In a preferred embodiment of the present invention, the sleeve is inserted
      into the sides of two tie-halves before they are treated, and then the two
      halves are brought into close proximity to each other. However, a space of
      about one inch is preferably permitted to remain between the two tie
      halves while the assembly is subjected to treatment. After treatment, the
      sleeve may then be rotated to finish drawing the two halves tightly
      together.
PAR  As will hereafter become apparent, it is a feature of the present invention
      to provide a novel railroad tie assembly which is substantially cheaper to
      make and which also has a substantially greater useful life.
PAR  Even if the tie-halves tend to shrink with age and to draw apart after
      being installed in the trackage, the wrench may be inserted into the
      fastener and rotated so as to tighten the assembly without the necessity
      of having to remove the tie from the trackage. Accordingly, to this extent
      it is a feature of the present invention to provide a railroad tie which
      may be repaired in situ.
PAR  As will also be apparent, the fastener which may be used for the purpose of
      making the railroad tie described herein may be any of several types.
      However, a novel fastener is also provided which is a particular feature
      of the present invention.
PAR  These and other features and advantages of the present invention will be
      apparent from the following detailed description, wherein reference is
      made to the figures in the accompanying drawings.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a pictorial representation of the major components in a section
      of railroad trackage containing an exemplary embodiment of the present
      invention.
PAR  FIG. 2 is a simplified pictorial representation of a portion of the
      apparatus depicted in FIG. 1.
PAR  FIG. 3 is another different view of the apparatus depicted pictorially in
      FIG. 1.
PAR  FIG. 4 is a more detailed illustration of another portion of the apparatus
      depicted only generally in FIGS. 1-3.
PAR  FIG. 5 is another different view of the apparatus depicted in FIG. 4.
PAR  FIG. 6 is a detailed pictorial representation of another embodiment of the
      apparatus depicted in FIGS. 4 and 5.
PAR  FIG. 7 is another view of the apparatus illustrated in FIG. 6.
PAR  FIG. 8 is a detailed pictorial representation of a further different
      embodiment of the apparatus depicted in FIGS. 4-7.
PAR  FIG. 9 is another view of the apparatus illustrated in FIG. 8.
PAR  FIG. 10 is another different pictorial representation of the apparatus
      depicted in FIG. 9.
PAR  FIG. 11 is a pictorial representation of a modified form of the fastener
      depicted in FIGS. 4 and 5.
PAR  FIG. 12 is a pictorial representation of a modified form of the fastener
      depicted in FIG. 6.
PAR  FIG. 13 is an end view of the fastener depicted in FIG. 12.
PAR  FIG. 14 is a pictorial representation of a modified form of the fastener
      depicted in FIG. 8.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, there may be seen a pictorial representation of a
      section of railroad trackage containing an exemplary embodiment of the
      present invention. In particular, there is included a pair of wooden
      half-ties 2 and 3 arranged in abutting side-by-side relationship to form a
      single whole tie for supporting a pair of conventional steel railroad
      rails 4 and 5. More particularly, the rails 4 and 5 are positioned on
      steel pads 6 and 7 and are fixedly secured thereto by the grip of
      broad-headed spikes 11 driven appropriately into the tie-halves 2 and 3
      through apertures in the pads 6 and 7.
PAR  It is customary to employ four spikes (two on each side) for securing a
      rail to a conventional "single-unit" tie. Accordingly, it will be noted
      that the rails 4 and 5 depicted in FIG. 1 are also each preferably secured
      to the two tie-halves 2 and 3 by four spikes 11 of conventional design.
      However, it should also be noted that of the two spikes 11 which are
      located on each side of each of the two rails 4 and 5, only one spike 11
      (on each side) is preferably driven into each of the two tie-halves 2 and
      3.
PAR  Referring again to FIG. 1, it should be further noted that it is not
      essential that the two tie-halves 2 and 3 be identical in size and shape,
      but only that the two "halves" 2 and 3 be of such size and shape that,
      when arranged in side-by-side relationship, they form an assembled tie of
      the proper size and shape. If the tie sought to be replaced or duplicated
      is 9 inches wide, 7 inches high (or thick), and 9 feet long, then each tie
      may conveniently be 9 feet long and 7 inches high, but only 41/2 inches
      wide.
PAR  Referring now to FIGS. 2 and 3, therefore, it may be seen that the two
      tie-halves 2 and 3 are preferably provided with one or more drill holes 12
      which, as indicated in FIG. 2, extend transversely through the two halves
      2 and 3 in parallel with the rails 4 and 5, and which are preferably
      located generally midway between the top and bottom surfaces of the two
      halves 2 and 3. Further, the drill holes 12 in each of the two tie-halves
      2 and 3 are suitably alignable with corresponding holes 12 in the other of
      the two tie-halves 2 and 3, whereby a tie-bolt 8 may be installed in at
      least one of the drill holes 12 in each of the two tie-halves 2 and 3.
PAR  More particularly, and as further indicated in FIG. 4, the tie-bolt 8 is
      preferably a hollow pin-like member having right-hand threads 9 at one end
      and left-hand threads 10 at the other. In addition, the inside center
      portion of the bolt 8 is preferably fashioned in the manner of some
      straight-sided polygon such as a hexagon or square, to form a socket 15 to
      receive a suitably shaped "Allen-type" wrench (not depicted). Accordingly,
      it will be apparent that the wrench may be thrust into one of two aligned
      holes 12 and into the socket 15 of the bolt 8 which is installed therein,
      and if the bolt 8 is rotated in the proper direction the two tie-halves 2
      and 3 may be drawn together, as indicated in FIG. 1, even after the two
      tie-halves 2 and 3 have been installed in trackage. Alternatively, the
      bolt 8 may also be rotated in the opposite direction if it is desired to
      spread the two halves 2 and 3 apart for any reason.
PAR  The length of the bolt 8 is not a particular feature of the present
      invention, but it will be apparent that it is necessary for the threaded
      ends 9 and 10 to be long enough to obtain a sufficient "bite" into the
      particular one of the two tie-halves 2 and 3 into which they may be
      inserted. Accordingly, it will be apparent from FIGS. 1-3 that the overall
      length of the bolt 8 may conveniently be on the order of the width of one
      of the two tie-halves 2 and 3, so that when the two halves 2 and 3 are
      joined together to support the rails 4 and 5, as illustrated in FIG. 1,
      the bolt 8 will extend about half-way into each of the two tie-halves 2
      and 3.
PAR  As hereinbefore stated, at least one bolt 8 must be provided in order to
      secure the two tie-halves 2 and 3 together. In such a case, the drill
      holes 12 containing this solitary bolt 8 are preferably located
      substantially midway between the ends of the two tie-halves 2 and 3.
PAR  On the other hand, if two or more drill holes 12 are provided in each of
      the two tie-halves 2 and 3, as suggested in FIGS. 1-3, then the outside
      two drill holes 12 are each preferably located midway between the adjacent
      end of the ties 2 and 3 and the adjacent one of the two rails 4 and 5, as
      in FIG. 3. If it is sought to provide an assembled tie of conventional
      size and shape, each of the two rails 4 and 5 will be located about
      eighteen inches from the ends of the tie-halves 2 and 3, and thus each of
      the two outside holes 12 will be preferably located about nine inches from
      the end of the halves 2 and 3.
PAR  Referring again to FIGS. 1-3, it will be seen that if the tie-halves 2 and
      3 are of a standard size, there are preferably three drill holes 12
      provided in each of the two halves 2 and 3. As further indicated, a
      tie-bolt 8 is preferably inserted in at least the two outside drill holes
      12.
PAR  As hereinbefore stated, wooden railroad ties must be treated with a
      preservative such as creosote in order to retard their deterioration. The
      various techniques by which the ties are treated are beyond the scope of
      the discussion. It is significant, however, that the creosote or other
      preservative is usually applied to the exterior of the ties and is thus
      absorbed to a varying degree. The ties are conventionally cut so that the
      grain of the wood almost always generally parallels the length of the tie.
PAR  The creosote will tend to penetrate into the ends of the ties to a
      considerable extent. However, only a limited degree of penetration or
      absorption can usually be obtained transversely of the grain of the wood
      (i.e., into the sides, top or bottom of the tie). Sometimes only about 30
      percent of the average railroad tie of conventioinal design is actually
      treated in an effective manner. Consequently, if the tie splits or is
      otherwise damaged in some manner after it is treated, but before it is
      installed, the split or fissure may open the untreated interior of the tie
      to attack by the elements.
PAR  It has long been desired to treat a greater percent of the tie with
      creosote, and thus elaborate systems and techniques have been proposed and
      developed for literally forcing the creosote further into the wood by the
      use of heavy pressures. None of these techniques has proved especially
      practical, and thus the conventional treatment is to simply immerse the
      ties in a creosote bath and to depend on the capillary structure of the
      wood cells to draw in the preservative.
PAR  Referring now to FIG. 2, however, there may be seen a pictorial
      representation of the tie assembly as it appears before creosoting and
      before installation. In particular, the two wooden tie-halves 2 and 3 have
      each been provided with three drill holes 12 at the appropriate locations,
      and in addition three tie-bolts 8 have been installed so that the ends
      having left-hand threads 9 are each partially inserted into the drill
      holes 12 in the tie-half 2, and so that the ends having right-hand threads
      10 are each partially inserted into the drill holes 12 in the other
      tie-half 3. Thus, each of the three tie-bolts 8 may appropriately be
      rotated enough that the two tie-halves 2 and 3 are now securely coupled to
      each other, but only enough so that there is nevertheless a clear gap 13
      therebetween.
PAR  Accordingly, it is a feature of the present invention that the tie-halves 2
      and 3 are preferably arranged as illustrated in FIG. 2 before being
      subjected to any sort of creosote bath. Thus, the creosote will now be
      absorbed into the tie-halves 2 and from the two surfaces forming the gap
      13, as well as through the other surfaces, and this is equivalent to
      inserting creosote into the center of a conventional tie at the same time
      it is bathed in creosote. It should also be noted that the portion of the
      drill holes 12 not occupied by a section of bolt 8 will also serve as an
      intake port for the creosote. For this reason, it will be clearly apparent
      that a railroad tie which is constructed according to the embodiment of
      the invention depicted in FIGS. 1-3 will absorb a much greater proportion
      of creosote -- perhaps as much as eighty percent.
PAR  Any of several different types of bolts 8 may be employed in the drill
      holes 12 depicted in FIGS. 1-3. In particular, however, an especially
      suitable bolt 8 is generally depicted in U.S. Pat. No. 3,242,553, and
      specifically depicted in FIGS. 4 and 5 hereof. Accordingly, the bolt 8 may
      be seen to be provided with threaded end portions 9 and 10, as
      hereinbefore described, but also with a non-threaded central section 20 of
      a smaller outside diameter than the threads 9 and 10 to avoid binding in
      the drill hole 12. The interior of the central section 20 is preferably
      fashioned in a rectangular or other polygonal manner to form the socket
      15, as hereinbefore explained. Since the tang of the Allen wrench (not
      depicted) must be thrust through the end of the bolt 8 to penetrate the
      socket 15, the inside 21 of the threaded portions 9 and 10 of the bolt 8
      is preferably larger in cross-section or diameter than the socket 15.
PAR  Referring now to FIGS. 6 and 7, there may be seen another type of fastener
      which is especially suitable for securing the two tie-halves 2 and 3
      together. In particular, there may be seen a sleeve bolt 30 having a
      generally cylindrical configuration but also being split longitudinallly
      to form a gap 39. The two ends 31 and 32 of the bolt 30 are also provided
      with left-hand and right-hand threads, respectively, with the threaded
      sections separated by a non-threaded center section 33 of slightly smaller
      outside diameter than the threaded ends 31 and 32. The inside surface 34
      of this sleeve bolt 30 may be seen to be uniform in diameter and
      configuration throughout the length of the bolt 30, and thus no socket
      portion is provided with this type of fastener as in the tie-bolt 8
      depicted in FIG. 4.
PAR  Referring again to FIGS. 6 and 7, however, there may be seen a flap-like
      rectangular portion of the center section 33 which is directed into the
      interior of the bolt 30 and which is hereinafter referred to as the flap
      35. Similarly, an oppositely directed flap 37 may also be provided as
      indicated therein.
PAR  Another significant feature of the sleeve bolt 30 depicted in FIGS. 6 and 7
      is that it is preferably resilient insofar as its cross-section is
      concerned, and that its edges which form the gap 39 are normally spread
      apart. When the bolt 30 is fitted into the drill hole 12 in a tie-half,
      however, the two oppositely beveled or slanted edges will tend to be
      pressed together, whereby the resilient character of the bolt 30 will
      reduce the possibility of slippage in the wood.
PAR  The purpose of the two flaps 35 and 37 is to provide means by which the
      sleeve bolt 30 may be rotated. As will be apparent, almost any form of
      tool may be used for this purpose if it can be inserted substantially
      non-rotatably into the center section 33 of the bolt 30. It is only
      necessary for the tool (note depicted) to have a surface capable of
      engaging either the abutting surface 36 of the flap 35 or the surface 38
      of the flap 37 in a non-slipping manner when rotated in the desired
      direction.
PAR  Referring now to FIGS. 8 and 9, there may be seen another slotted or split
      sleeve bolt 40 which is also provided with a small-diameter center section
      43 located midway between threaded end portions 41 and 42. However, it
      will also be noted that the inside 45 of the center section 43 is smaller
      than the inside 44 of the threaded end portions 41 and 42, and that the
      center section 43 is further provided with an interior keyway 49. Thus the
      tool (not depicted) which is suitable for the sleeve bolt 40 depicted in
      FIGS. 8 and 9 is preferably formed to be accommodated by the keyway 49.
PAR  As in the case of the bolt 30 depicted in FIGS. 6 and 7, it will be noted
      that the longitudinal edges 46 and 47 which form the gap 48 in the bolt 40
      are also beveled or canted. Referring to FIG. 10, therefore, it will be
      seen that if the diameter of the hole 51 in a tie or other timber 50 is
      substantially smaller than the "normal" diameter of the sleeve bolt 40,
      the bolt 40 can nevertheless be squeezed into the hole 51, because the
      slanted edge 46 will tend to slide on and ride under the oppositely
      slanted opposing edge 47. Moreover, even if the wood 50 shrinks or
      otherwise changes shape, whereby a more conventional bolt 8 might become
      loosened, relaxation of the tension will merely allow the bolt 40 to
      expand to an equal and compensating extent.
PAR  Although reference has been made to the present invention throughout as a
      primarily improved railroad tie, it will be apparent from the foregoing
      that the invention may be equally used in other applications. In
      particular, bridge or trestle timbers for even the smaller bridges are
      necessarily on the order of 6 inches by 17 inches by 26 feet long.
      Southern pine is the preferred type of wood for this purpose, not only
      because of its inherent toughness and good nail-retention character, but
      also because of its ability to absorb creosote or the like without any
      apparent adverse effect. Unfortunately, most Southern pine trees are too
      small in cross-section to be capable of providing a timber of such size.
PAR  The white or ponderosa pine tree is usually large enough for such a
      purpose, but it is unsuitable because it is too soft. Accordingly, the
      sole source of bridge timbers has heretofore been fir trees and redwoods
      of the type common to the West coast of North America. Even this type of
      tree is not entirely satisfactory, however, since wood of this kind does
      not readily absorb creosote. Pressure-type methods can be used to increase
      penetration by the creosote, but this seems to adversely affect the
      tensile strength of the wood. Thus, it will be apparent that the present
      invention is equally suitable for making bridge timbers and the like.
      Accordingly, this will not only provide a new type of bridge timber which
      is better than that previously in use, but it will also increase the value
      of the average yellow pine now growing throughout the southeastern parts
      of the United States.
PAR  It will be apparent that an essential feature of the present invention is a
      fastener which is not only adjustable while the tie is installed in the
      trackage, but which will also more securely fasten the two tie-halves 2
      and 3 together than those fastening devices heretofore sough to be used.
      Accordingly, it has been desirable to provide the tie bolts 8 hereinbefore
      described with buttress-type threads.
PAR  Referring now to FIG. 11, there may be seen a tie bolt 108 which is
      substantially similar in purpose and configuration to the tie bolt 8
      depicted in FIGS. 4 and 5, in that it is also a sleeve-like member having
      oppositely-directed threads about the exterior ends, and a non-threaded
      center section 120 of relatively small diameter. Further, it will be noted
      that the tie bolt 108 is also provided with a centrallylocated internal
      socket section 115 for receiving a wrench (not depicted), that this socket
      section 115 is also rectangular in cross section, and that it is
      relatively smaller in diameter than the inside diameter 121 of each of the
      threaded end portions. Nevertheless, it must also be noted that the
      threads 109 and 110 for the tie bolt 108 differ in one respect from the
      threads 9 and 10 depicted in FIG. 4, in that the threads 109 and 110 are
      buttress-type in configuration. Furthermore, and equally important for the
      principal purposes of this invention, it will be noted that the buttress
      threads 109 and 110 are "faced" toward the center or socket section 115 of
      the tie bolt 108, whereby the threads 109 and 110 will exert maximum
      "bite" or gripping effect against slippage tending to disengage either end
      of the tie bolt 108 from either of the two tie havles 2 and 3.
PAR  Referring now to FIGS. 12 and 13, there may be seen a slotted sleeve bolt
      130, which is substantially similar to the sleeve bolt 30 depicted in
      FIGS. 6 and 7, but which is provided with buttress threads on the end
      portions 131 and 132, rather than the threads on the end portions 31 and
      32 of the sleeve bolt 30 depicted in FIGS. 6 and 7. More particularly, the
      bolt 130 may be seen to have a non-threaded center section 133 of
      relatively smaller external diameter, although the inside diameter 134 of
      the bolt 130 may be uniform throughout its length.
PAR  The sleeve bolt 130 depicted in FIGS. 12 and 13 will thus appear to have
      all of the substantial features of the sleeve bolt 30 illustrated in FIGS.
      6 and 7. However, in the bolt 130 there is preferably provided only one
      flap 137 having an edge 138 positioned to receive the driving force of the
      wrench (not depicted) only when the wrench is rotated so as to embed the
      threaded ends 131 and 132 more deeply into the two tie halves 2 and 3,
      respectively. In other respects, the sleeve bolt 130 may be expected to
      function substantially the same as hereinbefore described with respect to
      the sleeve bolt 30. Thus, the bolt 130 is preferably given a resilient
      character insofar as lateral compression is concerned, and when the bolt
      130 is rotated in a clockwise direction (see FIG. 13), the slot 139 will
      narrow and perhaps even close. The advantage of the resilient character of
      the sleeve bolt 130 is that the bolt 30 can be squeezed to permit it to be
      inserted more quickly and easily into the bolt hole 12, but that after it
      is installed, the bolt 130 will expand and firmly embed itself into the
      wood to thereby oppose being withdrawn.
PAR  Referring now to FIG. 14, there may be seen another slotted fastener
      embodying the concepts of the present invention, and resembling in many
      respects the slotted sleeve bolt 40 depicted in FIG. 8. Accordingly, the
      threaded end sections 141 and 142 of the sleeve bolt 140 are preferably
      provided with oppositely directed external buttress-type threads
      positioned to oppose withdrawal of the bolt 140. The inside diameter 145
      of the socket or wrench portion or section 143 is preferably smaller than
      the inside diameter 144 of the threaded sections 141 and 142, and is
      further preferably provided with a keyway 149. It will thus be seen that
      when the driving portion or key of the wrench (not depicted) is inserted
      into the keyway 149, and is thereafter rotated to "screw" the threaded
      ends 141 and 142 of the bolt 140 into the tie halves 2 and 3, the slot 148
      will tend to be closed. The bolt 140 is preferably resilient in character,
      as hereinbefore described with respect to the bolt 130 in FIGS. 12 and 13,
      and thus the bolt 140 tends to resist being squeezed into the drill hole
      12 as hereinbefore explained. It should also be noted that the edges 146
      and 147 are beveled oppositely of each other, so that the sleeve bolt 140
      may be constricted before insertion into the drill hole 12, whereby the
      bolt 140 may be more quickly and easily installed in the tie halves 2 and
      3. Thus, the "leading" edge 146 is beveled oppositely of the "trailing"
      edge 147, whereby the leading edge 146 will ride under the trailing edge
      147 to facilitate constriction.
PAR  Various modifications and alterations may be made in the methods and
      apparatus hereinbefore described, and in the structures illustrated in the
      accompanying drawings. Accordingly, the methods and apparatus specifically
      described and depicted herein are included to be exemplary only and are
      not intended as limitations on the essential concepts of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved fastening device for securing two timbers or the like
      together to form a single strength member, comprising
PA1  a hollow bolt means having external oppositely-directed threads on each end
      and a non-threaded center section adapted to receive and rotatably engage
      a turning means inserted therein through one of said ends of said bolt
      means,
PA1  said bolt means further being resiliently compressible to be inserted into
      a pre-drilled hole in one of said timbers smaller in diameter than the
      normal diameter of said bolt means.
NUM  2.
PAR  2. The fastening devices described in claim 1, wherein said bolt means is
      provided with buttress-type threads on each of its ends.
NUM  3.
PAR  3. The fastening device described in claim 2, wherein said bolt means is
      longitudinally split apart along its length.
NUM  4.
PAR  4. The fastening device described in claim 3, wherein the edges of said
      bolt means confronting each other are each beveled but oppositely thereto,
PA1  and wherein the edge which progresses when said bolt means is rotated to
      pull said timbers together tends to ride into and under the edge which
      trails during such rotation.
NUM  5.
PAR  5. The fastening device described in claim 4, wherein said center section
      of said bolt means further includes an inwardly directed stop portion
      directed arcuately toward said trailing edge of said longitudinal split in
      said bolt means.
NUM  6.
PAR  6. An improved fastening device for locking together two wooden timbers or
      the like, comprising
PA1  a tubular member formed of metal and having two externally-threaded end
      portions separated by a non-threaded center section having an internal
      socket-like configuration,
PA1  said tubular member being longitudinally split and further provided with a
      resiliently squeezable character, whereby said threaded end portions may
      be inserted into pre-drilled holes in said timbers smaller than the normal
      diameter of said threaded end portions.
NUM  7.
PAR  7. The fastening device described in claim 6, wherein said tubular member
      is longitudinally split and radially and resiliently compressible for
      insertion into an aperture with a diameter smaller than the normal
      diameter of said tubular member.
NUM  8.
PAR  8. An improved fastener for securing two timbers and the like together to
      form a strength member, comprising
PA1  a compressible tubular bolt member having a divided sidewall and threads
      externally located on each end and oppositely directed for engaging and
      drawing together said timbers upon rotation of said bolt member therein,
PA1  said bolt member further being resiliently compressible upon rotation in
      one direction in said timbers and resiliently expandable upon rotation in
      the opposite direction therein.
NUM  9.
PAR  9. The fastener described in claim 8, wherein said bolt member is also
      compressible for slidable disposition at least partially into a
      pre-drilled hole in each of said timbers having a diameter smaller than
      the normal non-compressed diameter of said bolt member.
NUM  10.
PAR  10. The fastener described in claim 9, wherein said bolt member has a
      longitudinal split along one side for providing two confronting edges
      resiliently spaced apart and compressible together by rotation of said
      bolt member in said one direction in said holes in said timbers.
NUM  11.
PAR  11. The fastener described in claim 10, wherein said spaced apart edges are
      oppositely beveled whereby rotation of said bolt member in said one
      direction drives the leading one of said edges to and under the trailing
      one of said edges to compress said bolt member within said holes in said
      timbers.
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ABST
PAL  A tensile member such as a bolt fastener comprises an elongated body formed
      with an open-ended longitudinal bore extending through an intermediate
      region of the body. A tubular sleeve and a test rod extend coaxially into
      the bore and are secured therein at longitudinally spaced positions within
      the intermediate region. The tubular sleeve and the test rod each have a
      free end adjacent to the open end of the bore. Tensile stress within the
      intermediate region of the body of the tensile member is measured by
      measuring relative longitudinal displacement between the end faces of the
      sleeve and test rod at their free ends.
BSUM
PAR  This invention relates to a tensile member which is adapted to be used in
      association with means for indicating the tension to which the member is
      subjected. Such indicating means may be used to indicate the stress placed
      on a bolt or other tensionable fastener so that it may be stressed
      initially to a predetermined level, or may be used to indicate changes in
      stress over a period of time after installation of the fastener in a
      structure.
PAR  The invention relates more particularly to a tensile member of the type
      comprising an elongated body having an intermediate body portion of
      uniform cross section defining a measuring region, the body being formed
      with an open-ended longitudinal bore extending through the measuring
      region, and a test rod extending through the measuring region, and a test
      rod extending along the bore and secured to the body at one end within the
      intermediate body portion of the tensile member. When the tensile member
      is stressed, the free end of the test rod, which is not stressed, is
      displaced longitudinally relative to the end face of the tensile member by
      an amount determined by the applied stress. The displacement may be
      measured by means of any suitable gauge, which may or may not be
      permanently attached to the tensile member. A serious disadvantage of
      known tensile members with tension indicating means of this type is that
      errors due to stretch in an end region of the tensile member inevitably
      arise. For example, in the case of a tension indicating bolt of this kind,
      stress applied to the bolt causes a strain on the threaded bolt portion
      which affects the measured displacement. More generally, in any such
      tensile member in which stress is measured by detecting the longitudinal
      relative displacement between a stressed component and an unstressed
      component, the measured displacement is an indeterminate function of the
      true tensile stress within the measuring region of the tensile member.
PAR  According to the present invention this disadvantage is overcome by
      providing a tubular sleeve extending along the bore, and a test rod
      extending along the bore and through the sleeve, the sleeve and test rod
      being secured to the body of the tensile member at respective
      longitudinally spaced positions within the measuring region of the body,
      the sleeve and test rod each having a free end adjacent the open end of
      the bore, and being the said end faces providing a reference for
      measurement of elongation of the intermediate body portion whereby changes
      of tensile load on the tensile member can be determined.
DRWD
PAR  Embodiments of the invention will now be described by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal sectional view of a tension bolt with tension
      indicating means mounted at the bolt head;
PAR  FIG. 2 is a fragmentary sectional view of a second tension bolt with
      tension indicating means mounted at the threaded end of the bolt and
      secured thereto by magnetic means; and
PAR  FIG. 3 is a fragmentary sectional view of a third tension bolt with tension
      indicating means mounted on the bolt head by mechanical clamping means.
DETD
PAR  FIG. 1 shows a tension bolt 10 extending through a structural assembly 11
      and placed in tension by a nut 12 on the threaded end 13 of the bolt. The
      bolt has a head 14 which bears on one side of the structural assembly, and
      an elongated shank portion 15 of uniform cross section between the head 14
      and the threaded end 13; the shank portion 15 defines a measuring region.
      A longitudinal bore 16 extends along the axis of the bolt, the bore having
      an open end at the bolt head. A tubular sleeve 17, having a flange 18
      defining an end face, extends along the bore 16 and is secured to the body
      at a stepped region 19 of the bore 16, the stepped region 19 being of such
      a diameter as to provide a press fit for the end of the sleeve. A test rod
      20 extends along the bore 16 and through the sleeve 17, one end of the
      test rod being secured to the body at a second stepped region 21, the
      latter being of such a diameter as to provide a press fit for the end of
      the test rod. The sleeve and the test rod could, of course, be secured in
      alternative ways, as for example by welding, within the bore.
PAR  It is important to note that the sleeve 17 and the test rod 20 each have a
      free end adjacent to the open end of the bore 16, and so they are not
      placed under tension when the bolt 10 is stressed. In consequence the end
      faces at the free ends of the sleeve and the test rod provide a reference
      for measurement of the bolt tension within the measuring region of the
      bolt, more particularly within the region extending between the
      longitudinally spaced stepped regions 19 and 21, relative longitudinal
      displacement between said end faces providing a measure of the tensile
      load on the bolt within the measuring region. In cases where the assembly
      may be subjected to large temperature changes, the sleeve and the test rod
      should be of the same metal as the bolt, or at least of a metal having a
      similar coefficient of thermal expansion.
PAR  In order to measure the relative longitudinal displacement between the end
      faces of the sleeve and the test rod, in the embodiment shown in FIG. 1, a
      conventional dial gauge 22 is used. The dial gauge is mounted in a tubular
      adaptor 23 having a flange 24, the flange 24 having a circular recess
      which accomodates the end flange 18 of the sleeve. The adaptor is clamped
      to the head of the bolt by means of an annular permanent magnet 25 which
      fits over the tubular shank of the adaptor 23 and bears of the flange 24.
      In this embodiment it is envisaged, of course, that the bolt 10 and
      adaptor 23 are of steel.
PAR  FIG. 2 shows a modified arrangement in which the bolt 10 extends through a
      structural assembly 11 and is placed in tension by a nut 12 as before, but
      in which the bore 16 extends through the threaded region of the bolt and
      has an open end remote from the bolt head. A tubular sleeve 17 and a test
      rod 20 extend coaxially along the bore, and are secured to the bolt body
      at their lower ends by longitudinally spaced stepped regions of the bore
      whose diameters are such as to provide press fits for the sleeve and the
      test rod. As in the preceding embodiment, tensile load on the bolt within
      the measuring region between the secured ends of the sleeve and the test
      rod is determined by measuring the relative longitudinal displacement
      between the end faces at the free upper ends of the sleeve and test rod.
      As illustrated in FIG. 2, this relative displacement is measured by means
      of a transducer gauge 26 having a probe 27 which bears on the end face of
      the test rod 20, the transducer gauge being mounted in a tubular adaptor
      28 one end of which bears on the end face of the sleeve 17. The transducer
      gauge is so mounted by means of a lock nut 29 which bears on a stop 30
      fixed to the tubular adaptor. A compression spring 31 extends between a
      lower flange 32 of the adaptor and an annular retainer plate 33 to which a
      permanent magnet 34 is fixed.
PAR  FIG. 3 shows another modification. In this figure the reference numerals
      10, 11, 14, 16, 17, 20 and 26 respectively denote the tension bolt,
      structural assembly, bolt head, axial bore, tubular sleeve, test rod and
      transducer gauge. In this embodiment the transducer gauge is clamped to
      the bolt head by means of a cap 35 having a cylindrical flange 36 through
      which clamping screws 37 extend to engage the bolt head. A tubular adaptor
      38 having a radial flange 39 is located in a recess 40 of the cap by means
      of a compression spring 41 which bears on the flange 39. The upper part of
      the tubular adaptor 38 extends from the cap and the transducer gauge 26 is
      secured to this upper part by a lock nut 29 which engages a stop 30. Since
      the lower end of the tubular adaptor 38 bears on the end face of the
      sleeve 17, relative longitudinal displacements between the end faces of
      the sleeve and the test rod are measured by movements of the transducer
      gauge probe 27 which bears on the end of the test rod.
PAR  In each of these embodiments, in order to prevent rusting and corrosion,
      and to prevent ingress of foreign substances into the bore 16, the
      clearances within the bore may be filled with a resilient, non-hardening
      sealing compound such as a suitable RIV silicone.
PAR  Further, the open end of the bore may be adapted to receive a removable
      closure cap to protect the internal parts and surfaces at times when
      tensile load measurements are not required.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A tensile member comprising an elongated body having an intermediate
      body portion of uniform cross section defining a measuring region, the
      body being formed with an open-ended longitudinal bore extending through
      the measuring region, a tubular sleeve extending along the bore, a test
      rod extending along the bore and through sleeve, said sleeve and test rod
      being secured to the body at respective longitudinally spaced positions
      within said measuring region, said sleeve and test rod each having a free
      end adjacent the open end of the bore and providing an end face, said end
      faces providing a reference for measurement of elongation of the
      intermediate body portion whereby changes of tensile load on the tensile
      member can be determined.
NUM  2.
PAR  2. A tensile member according to claim 1, wherein the bore is open at one
      end only.
NUM  3.
PAR  3. A tensile member according to claim 1, wherein the body, sleeve and test
      rod are of the same material or materials having substantially the same
      coefficients of thermal expansion.
NUM  4.
PAR  4. In combination with a tensile member as claimed in claim 1, a linear
      gauge having bearing faces engageable with the end faces of the sleeve and
      the test rod, respectively, for reading out changes in tensile load
      according to relative longitudinal displacements between the end faces.
NUM  5.
PAR  5. A bolt type fastener comprising an elongated body having a head at one
      end, a threaded portion at the other end, and an intermediate shank
      portion of uniform cross section defining a measuring region, the body
      being formed with a longitudinal bore open at one end, a tubular sleeve
      extending along the bore from said open end to a first position within
      said measuring region, a test rod extending along the bore concentrically
      with the sleeve from said open end to a second position within said
      measuring region which is farther than said first position from the open
      end of the bore, said sleeve and test rod being secured to the body at
      said first and second positions respectively and each providing an end
      face adjacent to said open end, which end faces provide a reference for
      measurement of elongation of the measuring zone in accordance with the
      relative longitudinal displacement between the end faces whereby changes
      of tensile load on the fastener can be determined.
NUM  6.
PAR  6. A bolt type fastener according to claim 5, wherein the body, the sleeve
      and the test rod are of the same material or materials having
      substantially the same coefficients of thermal expansion.
NUM  7.
PAR  7. A bolt type fastener according to claim 5, wherein the bore is open at
      one end only, and wherein the body is adapted at said one end to receive a
      closure cap, therein being provided a closure cap for closing the open end
      of the bore.
NUM  8.
PAR  8. In combination with a bolt type fastener as claimed in claim 5, a linear
      gauge having bearing faces engageable with the end faces of the sleeve and
      the test rod, respectively, for reading out changes in tensile load
      according to relative longitudinal displacements between the end faces.
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PAL  This invention relates to a method of charging drill holes for blasting,
      according to which method solid and liquid components of an explosive
      substantially each of them separately but simultaneously are blown or
      pumped, respectively, through its individual hose channel into the drill
      hole within which the components are intermixed as a result of the
      simultaneous pumping and blowing operations. The invention relates also to
      various recipes for preparation of explosives possessing properties
      especially fitted for the method in consideration. The invention also
      comprises an apparatus suited for carrying out the method.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The endeavor of rendering easier and mechanizing the work of charging in
      connection with rock blasting has resulted in the development of different
      systems for introduction of explosive into drill holes or other cavities
      formed in rock, which cavities in the following specification and in the
      appended claims shall be understood to be included in the term "drill
      hole." Such systems exist in different embodiments, but can be grouped in
      the following three principal types:
PAC  THE PRIOR ART
PAR  1. The first type is the pneumatically operated charging apparatus for
      cartridges of the kind described in the U.S. Pat. No. 2,824,483, in the
      operation of which factory-made plastic explosives in cartridges made of
      paper or plastic material are conveyed or blown by means of compressed air
      through a tube or hose to a mouthpiece in the end of the hose inserted
      down into the drill holes where the wrapping of the cartridge is cut up by
      means of knives installed in the mouthpiece so that the explosive can be
      packed so as to completely fill out the hole with a density of charge
      amounting to up to 1.5 kgs per liter by imparting to the charging tube or
      pipe a reciprocating movement.
PAR  The pneumatic cartridge charging technique often affords optimum
      utilization of an existent hole volume, but has the drawback that the
      price of the explosive is increased by the costs for cartridging,
      packaging and shipping by involving the necessity of observing rigorous
      safety regulations due to the relatively high sensitivity of the
      explosive.
PAR  2. The second type is the pneumatically operated apparatus for powder
      charging, in the operation of which pulverulent or granulated explosive in
      bulk by means of compressed air is blown into the drill hole through a
      flexible tube or hose. The explosive, preferably consisting of crystalline
      or granulated (prilled) ammonium nitrate mixed with fuel oil -- which type
      of explosive has low initiation sensitivity and hereinafter will be
      denoted ANFO -- sticks to vertical or upwardly inclined holes, or to
      horizontal holes, when the granules of explosive with a relatively high
      speed strike on and completely or partly are crushed against, one another
      or the wall of the drill hole. This type of charging technique results in
      an inferior utilization of the volume at disposal of the drill holes
      because the density of charging becomes low, namely between 0.8 and 1.1
      kgs per liter. The explosive is also weaker per kilogram and has only 65
      per cent of the blasting effect of blasting gelatine. In a specific
      embodiment which can be applied to large, downwardly directed drill holes
      only, the charging with ANFO explosive is effected without propelling by
      compressed air, the explosive instead being advanced to the upper end of
      the drill hole by a feeder screw and caused to fall down under the action
      of gravity into the hole. The action of the ANFO explosives however, can
      be imperilled by water penetrating into the drill hole. Therefore, its use
      is limited to dry drill holes.
PAR  3. The third main type is that category where the explosive by addition of
      water has been made more or less a thin liquid slurry and also has become
      so insensitive to initiation that it can be pumped with a mechanical pump
      through a tube or hose to the opening in a downwardly directed drill hole.
      In this case also, the explosive is handled in bulk.
PAR  Explosives of this type which hereinafter will be called slurry explosives,
      result when compared with ANFO explosives, in a higher density of charge
      in the drill hole, viz from 1.2 to 1.6 kgs per liter, and can be
      manufactured in compositions having considerably greater blasting effect
      than ANFO explosives, as calculated both per kilogram and in particular
      per unit of volume of the drill hole. They have the disadvantage, however,
      that they cannot be used in upwardly directed or horizontal holes due to
      their liquid consistency which is a prerequisite for the pumping. The
      charging tube, wholly filled with the viscous explosive, becomes also
      heavy and difficult to handle especially in connection with the charging
      of drill holes having large diameter.
PAR  It is known that it is advantageous in connection with rock blasting to
      have a heavier bottom charge in the lower part of the hole and a weaker
      column charge in the remainder of the charged part of the drill hole.
      Therefore, two different types of explosive are often used in each
      individual drill hole. In a particular embodiment of the slurry charging
      system this is obtained by intermixing various ingredients of the slurry
      in immediate adjunction to the charging pump. In this way the proportions
      between the ingredients and therewith the bursting strength can be
      controlled in different portions of the hole.
PAR  In a particular embodiment of the slurry charging system thickening or
      gelling agents are added near the pump that pumps the explosive down into
      the drill hole. Thickening or gelling of the liquid phase prevents the
      explosive from slowly leaking out into fissures in the rock or some of its
      constituents from being dissolved in water-bearing rock formations. Some
      time after the explosive has come to rest in the drill hole, the explosive
      acquires a less fluid consistency. This time, which is determined by the
      velocity with which the solidification proceeds, is too long in hitherto
      known systems to permit use of the system in upwardly directed or even
      horizontal drill holes.
PAC  OBJECTS AND ADVANTAGES OF THE INVENTION
PAR  One main object of this invention is to provide a method for charging drill
      holes with an explosive mixture composed of solid and liquid constituents,
      and according to one main feature of the inventive method solid and liquid
      components for the explosive are introduced into drill hole each through
      its individual hose, the mainly solid components being advanced within the
      one hose in a manner known per se by a stream of compressed air, and the
      mainly liquid components, in a manner also known per se, streaming and
      preferably being pumped through the other hose to a spraying nozzle
      disposed at the end of the hose opening into the drill hole. Another
      characterizing feature of the invention is the use of specific
      compositions of explosive in which the content of the component in liquid
      state is lower and/or the content of gelatinizers and/or thickeners is
      higher than in previously utilized pumpable explosives of, for instance,
      the slurry type, and in which the liquid content is higher than in a
      pulverulent explosive of the ANFO type. According to the invention the
      volume of the hole, at least in the deeper part thereof, can be packed
      completely with an explosive with high charging density, such as e.g. from
      1.1 to 2.0 kgs per liter hole volume, while at the same time the explosive
      is imparted such a consistency that it sticks also to the walls of
      upwardly directed or horizontal holes, and if required can be protected
      against deterioration by extraction by partial or total dissolution in
      water penetrating into, or present in, the drill hole.
PAR  A further essential advantage of the invention is that the larger channel,
      through which the mainly solid components are fed in by a stream of
      compressed air, may be emptied of explosives between each charging step,
      e.g. every time when the charging of one drill hole has been finished.
      When compared with the slurry charging system having a comparable
      capacity, the charging tube therefore becomes lighter and easier to
      handle.
PAC  EXAMPLES
PAC  General Viewpoints
PAR  In connection with the machanization of the blasting and drilling work,
      considerable progress and great advantages from the viewpoint of safety
      can be obtained to the same extent as the explosive is imparted with
      reduced sensitivity to mechanical impact. The invention renders possible a
      substantial progress in this direction by the feature that the final
      consistency and composition specifically intended for initiation and
      detonation is attained only at the bottom or inner end of the drill hole.
      According to a particular composition as will become evident from Example
      1 to be given below, neither the liquid nor the solid component in itself
      is an explosive. In this way by handling the components separately rather
      than pre-mixing them to form an explosive substance, all those
      complications are eliminated with regard to manufacture, storage, shipping
      and handling at the site of the blasting operation, which reside in the
      fact that a substance is an explosive. In the strict way of interpretation
      every chemical compound and each mixture of chemical compounds can be
      defined as an explosive if it has the capacity of becoming decomposed or
      otherwise reacting chemically while releasing thermal energy (exothermic
      reaction). As is conventional practice, there are included in the
      following description in the group "non-explosives or not explosives,"
      such substances as e.g. ammonium nitrate and mononitrotoluene or much
      diluted highly explosive substances, which of course according to the
      strict definition can be designated as explosives, but which from the
      viewpoints of risk and handling in connection with the charging of drill
      holes due to their extraordinarily low sensitivity to initiation can be
      regarded as practically inert substances.
PAR  According to another composition (as Examples 2a, 2b, 2c and 3) one
      component is of course an explosive, but is safe when being handled;
      whereas the other component is not an explosive. In a third composition
      (Example 4) each of two components is an explosive in itself.
PAR  As will be indicated in Examples 1 through 4, the liquid component may
      either be an aqueous solution or emulsion or some substantially anhydrous
      liquid, emulsion or solution in such a liquid.
PAR  In this connection it is, on the one hand, especially advantageous to use
      as ingredients substances soluble in, or mixable or emulsifiable with
      water, which substances may be, but not necessarily must be, explosive in
      pure state, together with water-soluble oxygen delivering substances such
      as e.g. ammonium nitrate, sodium nitrate, calcium nitrate, and if desired
      with adjuvants such as chlorates or perchlorates. Examples of such
      ingredients are hydrazine and hydrazine nitrate or perchlorate, and
      furthermore nitrated glycols of varying linear or chain length, e.g.
      tetramethyleneglycol dinitrate or hexamethyleneglycol dinitrate.
      Additional examples are saturated aliphatic amines neutralised by nitric
      acid, among which monomethylene nitrate already has been mentioned as a
      particularly suitable compound.
PAR  On the other hand, there are especially suitable in addition to the
      substances mentioned in the examples of the same type, substantially
      anhydrous, but liquid components, such as e g partially nitrated aromatic
      or cyclic compounds, preferably in isomeric mixtures. Even in this case,
      the ingredients may in themselves be explosive substances. However, this
      property is not an indispensable condition.
PAR  At all events, the result obtained by means of the ingredients stated
      hereinbefore is that the liquid component itself either cannot be
      initiated to detonate or is so insensitive to initiation that it can be
      handled safely by equipment containing elements sliding relatively to one
      another, e g a rotary or reciprocative pump or a stop-cock.
PAR  In those cases where at least the one component is an explosive or where in
      some other way a varying mixing rate is functionally possible, the flow of
      one of the components can be varied and/or interrupted totally during the
      filling of the drill hole. In this way the charge in the inner portion of
      the hole can be made stronger than in the outer portion of the hole.
PAR  The protection against water in the drill hole can according to the
      invention be improved further over that inherent in a well packed charge
      due to its almost rigid consistency which only slowly is attacked by
      water, by having the composition contain thickening or gelling agents of
      conventional nature and known per se. According to a specific embodiment
      of the invention this is effected by admixing beforehand to the solid
      component a gelling agent for the liquid phase, e.g., guar gum, when this
      liquid phase is aqueous, amounting to a content of between 0.1 and 5.0 per
      cents by weight calculated on the final explosive composition, said agent
      upon the intermixture of the components within the drill hole thickening
      or gelling the liquid phase. An additionally improved protection against
      water, combined with an increase of the mechanical coherence, is obtained
      in a particularly advantageous embodiment by adding, in addition to the
      thickening or gelling agent admixed to the solid phase, an oxidizing agent
      to the liquid phase, said oxidizing agent cross-linking the gel. In those
      cases where the liquid phase is an aqueous one, an oxidizing agent of the
      type of alkali metal dichromate is preferred either alone or in
      combination with a soluble antimony compound. Also borax or polyacrylic
      amide may be employed together with gelling agents of the guar gum type.
      In general it is easily understood by an expert in the art that there are
      many other methods for thickening, gelling or in other ways protecting the
      final explosive composition against water, which are all made applicable
      by the present invention which keeps the adjuvants separated from one
      another and/or from some of the explosive components until the very moment
      they are all mixed together at the desired place of blasting in the drill
      hole.
PAC  SPECIFIC EXAMPLES 1 TO 4
PAR  From the Table presented hereinafter the compositions of both the liquid
      phase and the solid phase of the explosive mixture together with data
      regarding the density in drill holes, the calculated explosive energy Q
      and the gas volume V.sub.g as, well as, based on these data the weight
      strength for the final explosive mixture, are evident. The weight
      strength, which is a measure unit generally accepted in the field of rock
      blasting for defining the efficiency of a blasting explosive in
      disintegration of rock, has in conventional manner been computed from the
      formula
      ##EQU1##
      wherein Q.sub.o = 5000 Joules per gram and V.sub.o = 848 cm.sup.3 per
      gram.
PAR  The term oxygen balance is intended to indicate that surplus or deficit of
      oxygen gas which is left or required respectively, in a complete
      combustion of the components forming part of an explosive mixture or
      substance. The oxygen balance is stated in per cent by weight on the Table
      separately for, respectively, the solid phase, the liquid phase and the
      final explosive mixture.
TBL  __________________________________________________________________________
     Example No   1     2a    2b    2c    3     4                              
     __________________________________________________________________________
     Solid phase: (g O.sub.2 /g                                                
     solid phase/%/)                                                           
     Oxygen balance                                                            
                  33.1  -6.1  0.0   -3.4  26.7  19.1                           
     Ammonium nitrate                                                          
                  51.6  94.4  90.3  94.1  75.1  50.0                           
     Sodium nitrate                                                            
                  48.4                    24.9  39.0                           
     Fuel oil           5.6   3.5   5.3                                        
     Guar gum                 1.2   0.6                                        
     Aluminium                5.0               10.0                           
     Nitrocellulose                             1.0                            
     Liquid phase: (g O.sub.2 /g                                               
     liquid phase/%/)                                                          
     Oxygen balance                                                            
                  -99   0.34  0.34  0.23  -53.2 -44.0                          
     Isopropyl nitrate                                                         
                  100                                                          
     Nitromethane                         60.0                                 
     Glycerol trinitrate                        30.0                           
     Ethyleneglycol dini-                                                      
     trate                                      30.0                           
     Trinitrotoluene                      40.0                                 
     2.4-dinitrotoluene                         31.4                           
     2.6-dinitrotoluene                         8.6                            
     Monomethylamine nitrate                                                   
                        33.8  33.8  41.7                                       
     Ammonium nitrate   34.2  34.2  23.4                                       
     Sodium nitrate     10.6  10.6  7.2                                        
     Calcium nitrate                13.0                                       
     Water              21.4  21.4  14.6                                       
     Final explosive:                                                          
     Proportion by weight                                                      
     liquid phase to solid                                                     
     phase         25/75                                                       
                        30/70 29/71 29/71 33/67 30/70                          
     Density in drill hole                                                     
     (g/cm.sup.3) 1.35  1.39  1.40  1.47  1.45  1.40                           
     Explosive energy (kcal/g)                                                 
                  0.99  0.85  0.97  0.87  1.11  1.40                           
     Gas volume 1/g                                                            
                  0.698 0.973 0.913 0.956 0.785 0.591                          
     Weight strength                                                           
                  0.83  0.78  0.86  0.80  0.93  1.04                           
     Oxygen balance (g                                                         
     O.sub.2 /g explosive/%/)                                                  
                  0.8   -4.2  0.1   -0.2  0.3   0.0                            
     __________________________________________________________________________
DRWD
PAR  In the accompanying drawing an apparatus for carrying out the method of the
      invention is shown by way of example, in which drawing
PAR  FIG. 1 is a partially sectional side elevational view of the apparatus and
      a drill hole formed in a rock formation;
PAR  FIGS. 2 and 3 are enlarged sectional views taken along the line II--II of
      FIG. 1 and illustrating two alternative structures of a hose or flexible
      tube used with this apparatus and comprising two separate channels.
DETD
PAR  Referring now to the drawing, reference numeral 10 denotes a suitably
      hopper-shaped vessel for the solid, pulverulent or granular component of
      the explosive composition. Another vessel 12 is intended to receive the
      liquid component of said composition. Provided at the apertured bottom of
      the vessel 10 is a screw conveyer 14 which is driven by a motor 16 and
      which feeds the solid component into a vertical duct 18 the lower portion
      of which merges into a horizontal duct 20. Opening into the latter duct is
      an ejector 22 which through a pipe 23 is in communication with a source
      (not shown) for compressed air. Secondary ejector air may be taken in
      through a suction lattice 21 provided at the top of the vertical duct 18.
      The pulverulent component pouring down in the duct 18 is blown by the air
      enterng through the ejector 22 through the duct 20 and a hose or flexible
      tube 24 connected to said duct 20 and having such a length that it extends
      into and down within the drill holes to the vicinity of the inner end or
      bottom thereof. One such drill hole 26 is shown in FIG. 1 in a rock
      formation 28. The hose or pipe 24 is wholly or partly made of pliable or
      flexible material, and opens at its free end which is inserted into the
      drill hole to extend downwards therein. Another hose or tube 30, is
      coupled together with the hose or tube 24 and preferably imbedded in the
      same. The hose or tube 30 which thus has a minor cross-sectional area than
      the hose or tube 24, can either be molded in one piece together with the
      hose 24 as is shown in FIG. 2, or may constitute a separate element within
      the hose 24 as is shown in FIG. 3. The hose with the smaller diameter, in
      the present case the hose 30, extends along the hose with the larger
      diameter, in the illustrated embodiment the hose 24, to or adjacent the
      free end of the latter. One or both of the hoses, in the embodiments shown
      in the FIGS. 2 and 3, the outer one, may at its free or discharge end be
      equipped with a mouthpiece 32 for the control of the mixing process. The
      liquid component of the explosive mixture is supplied to the hose 30 with
      the minor diameter by means of a pump 34 located below the vessel 12 and
      driven by a motor 36. The pump 34 may be of the displacement type so as to
      obtain a dosing or controlled discharge of the liquid component by
      variation of the number of revolutions of the motor 36. Also the conveyer
      screw 14 may have variable speed for dosing of the supplied quantity of
      the solid component. A control of the quantity of supplied liquid phase
      can also be accomplished by means of an adjustable throttle valve, if
      desired in combination with an adjustable pump unit.
PAC  OPERATION OF THE PREFERRED APPARATUS
PAR  In the operation of the apparatus a simultaneous feeding of the two
      components is effected to the discharge end, which is held down into the
      drill hole, of the double-hose 24, 30. In this feeding operation the solid
      component is carried by an air stream, the liquid component being injected
      into the hole 26 and therein intimately intermixed with, and
      interconnecting the particles of, the solid component so as successively
      and completely to fill the drill hole with a charge 38 of explosive
      composition ready for initiation. The carrier air escapes in an upward
      direction through the drill hole 26. The composition of and the proportion
      between, the components of the explosives mixture are evident from the
      description hereinbefore. During the filling of the hole 26 at which time
      the hose 24, 30 successively is drawn out of the hole as it fills with the
      charge 38, the density of the charge and therewith its explosive strength
      can be reduced e.g. by reduction or, if desired, complete interruption of
      the supply of the liquid component.
PAR  While at least two specific embodiments of an apparatus for carrying out
      one preferred variant of the method according to the invention has been
      shown and described, it is to be understood that this is for the purpose
      of illustration only, and that the invention is not to be limited thereby,
      but its scope is to be determined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of charging a drill hole with an explosive mixture having a
      solid component and a liquid component, comprising
PA1  using a stream of compressed air to conduct the solid component into the
      drill hole and simultaneously delivering the liquid component into the
      drill hole at the same point as the solid component while maintaining the
      two components entirely separated from one another until they are
      delivered into the interior of the drill hole so that they are mixed with
      one another only when both are in the drill hole.
NUM  2.
PAR  2. A method of charging a drill hole according to claim 1, wherein the two
      components of the explosive mixture are conducted into the drill hole
      through separate hoses whose discharge ends terminate at said same point
      and are disposed in the drill hole, and the liquid component is pumped
      through its hose while the solid component is being forced by the stream
      of compressed air through its hose.
NUM  3.
PAR  3. The method as claimed in claim 1, wherein the rates at which the two
      streams of components are fed into the drill hole are adjusted relative to
      each other so that the explosive mixture formed by them and filling out
      the cross-section of the drill hole obtains a density
NUM  4.
PAR  4. The method as claimed in claim 3, wherein the obtained density exceeds
      1.2 grams per cubic centimeter.
NUM  5.
PAR  5. The method of charging a drill hole as claimed in claim 3, wherein the
      supply of the liquid component is adjustable during the charging process.
NUM  6.
PAR  6. The method as claimed in claim 1, wherein neither the solid nor the
      liquid component, until introduced into and intermixed one with the other
      in the drill hole, is an explosive.
NUM  7.
PAR  7. The method as claimed in claim 1, wherein the solid component, but not
      the liquid component that is introduced into the drill hole, is an
      explosive substance.
NUM  8.
PAR  8. The method as claimed in claim 1, wherein the proportion by weight of
      the liquid component introduced into the drill hole at the temperature of
      the rock surrounding the drill hole is higher than 6 per cent but lower
      than 40 per cent of the explosive mixture, and is so low as to cause the
      charge to have a consistency sufficient to cause it to stick to the walls
      of upwardly directed and horizontally extending drill holes.
NUM  9.
PAR  9. The method as claimed in claim 1, wherein the solid component introduced
      into the drill hole comprises a substantially oxygen-balanced mixture of
      ammonium nitrate and fuel oil.
NUM  10.
PAR  10. The method as claimed in claim 9, wherein the solid component contains
      an admixture of an adjuvant comprising also a substantially
      oxygen-balanced mixture of ammonium nitrate with at least one substance
      selected from the group consisting of aluminum, trinitrotoluene, and
      monomethylamine nitrate.
NUM  11.
PAR  11. The method as claimed in claim 7, wherein the solid component
      introduced into the drill hole contains between 0.1 and 5.0 per cent by
      weight, calculated on the weight of the whole explosive composition, of an
      agent adapted to gel said liquid component.
NUM  12.
PAR  12. The method as claimed in claim 11, wherein the gelling agent is a
      substance, selected from the group consisting of guar gum, polyacryl amide
      and nitrocellulose.
NUM  13.
PAR  13. The method as claimed in claim 12, wherein the solid component contains
      a gelling agent selected from the group consisting of guar gum and
      polyacryl amide, and
PA1  the liquid component contains at least one oxydizing agent for
      cross-linking the gelling agent, said oxydizing agent being an alkali
      metal di-chromate.
NUM  14.
PAR  14. The method as claimed in claim 7, wherein the solid component
      introduced into the drill hole contains between 0.1 and 5.0 per cent by
      weight, calculated on the whole weight, of the explosive composition of an
      agent adapted to thicken the liquid phase.
NUM  15.
PAR  15. The method as claimed in claim 6, wherein the liquid component mainly
      comprises an oxygen-balanced aqueous solution of at least one of the
      substances selected from the group consisting of monomethylamine nitrate,
      ammonium nitrate and sodium nitrate.
NUM  16.
PAR  16. The method as claimed in claim 15, wherein the liquid component in
      addition contains at least one other substance selected from the group
      consisting of a nitrate, chlorate, and a perchlorate.
NUM  17.
PAR  17. The method as claimed in claim 6, wherein the liquid component
      comprises at least one of the substances selected from the group
      consisting of trinitrotoluene, di-nitrotoluene, mono-nitrotoluene,
      nitromethane, isopropyl nitrate, glycerol-tri-nitrate and ethylene glycol
      di-nitrate.
PATN
WKU  039438210
SRC  5
APN  3758397
APT  1
ART  221
APD  19730702
TTL  Cartridge chamber for automatic firearm
ISD  19760316
NCL  4
ECL  1
EXP  Bentley; Stephen C.
NDR  2
NFG  3
INVT
NAM  Seifried; Paul
CTY  Badenweiler
CNT  DT
ASSG
NAM  Rheinmetall GmbH
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720704
APN  2232679
CLAS
OCL   89 16
EDF  2
ICL  F41F 1706
FSC   42
FSS  76;78
FSC   89
FSS  14;16
UREF
PNO  1163450
ISD  19151200
NAM  Pervelis
OCL   89 16
UREF
PNO  1355422
ISD  19201000
NAM  Pedersen
OCL   42 78
UREF
PNO  2992596
ISD  19610700
NAM  Hammer
OCL   89 16
FREF
PNO  605,136
ISD  19480700
CNT  UK
OCL   42 76R
LREP
FRM  Williamson, Bains & Moore
ABST
PAL  In an automatic firearm, the cartridge chamber at the barrel end is
      assembled of two elements and the interface between them is gas pressure
      sealed. Each element has a different number of gas pressure balance
      grooves leaving a minimum of support surface for the cartridge with
      resulting minimum of resistance against pulling of the empty cartridge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is concerned with an automatic firearm and in particular
      relates to the cartridge chamber of such firearms which have an
      intensified inertia breech mechanism and, in the cartridge chamber, are
      provived with a conical transition between bullet chamber and powder
      chamber, said transition portion serving as a stop means for the
      cartridge.
PAR  In all types of automatic firearms, gas pressure balance grooves permit an
      increase of the fire cadence and simultaneously the operation of the
      weapon will become substantially independent of the material quality of
      the cartridge, and dirty ammunition will not interfere with the firearm
      function.
PAR  In any case the number of such grooves and the length and width thereof
      will determine the abutment surface which remains in the cartridge chamber
      and on which the cartridge will be supported during the gas pressure
      development. Once the bullet has left the cartridge, a pressure balance
      will occur via said grooves. The bonding of the cartridge at the support
      surfaces and the finish of the latter determine the slide resistance of
      the cartridge in the weapon chamber, and this applies in particular to
      firearms having an intensified inertia breech mechanism.
PAR  For ammunition having a shoulder and cartridge neck, the possible maximum
      number of gas pressure balance grooves is, in known firearms, dependent
      upon the minimum diameter of the cartridge chamber which is here and in
      the following referred to as "bullet chamber."
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is the object of the present invention to improve such known automatic
      firearms with respect to reducing the slide resistance of the cartridge in
      the cartridge chamber in order to increase further the fire cadence
      thereby retaining the independency of cartridge material quality and
      cleanness.
PAR  The invention consists in that the cartridge chamber portion containing the
      powder chamber is formed by a tubular member mounted at the barrel and
      urged thereagainst, and that said tubular member is provided with gas
      pressure balance grooves exceeding in number those provided in the bullet
      chamber of the barrel. Due to the increased number of gas pressure balance
      grooves within the powder portion of the cartridge chamber, the surfaces
      which support the cartridge are, in their entirety, reduced and thus the
      slide resistance of the cartridge is substantially decreased.
PAR  In order to distribute the powder gases which leave the gas pressure
      balance grooves in the bullet chamber, equally to the greater number of
      grooves in the said tubular member it is preferred to provide the opposing
      faces of the weapon barrel and of the tubular member with inner shoulders
      or steps which, when abutting each other, confine an annular groove which
      opens to the chamber interior and receives a metallic sealing ring while
      simultaneously forming an annular gas distribution space. By chamfering
      the opposing end faces between the grooves of barrel and tubular member,
      said annular space may be increased in section and becomes conical in
      shape.
PAR  Preferably, the firearm barrel and the tubular member have guide cylinders
      provided with oppositely oriented screw threads permitting the urging of
      the elements against each other in a gas-tight manner within a tubular
      extension of a part of the breech mechanism.
PAR  The invention, features and advantages thereof will become fully apparent
      when reading the following detailed description of a preferred embodiment
      illustrated in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an axial section view of that portion of an automatic firearm
      which has been designed in accordance with the teachings of the invention,
PAR  FIG. 2 shows in enlarged scale a detail of FIG. 1, and
PAR  FIG. 3 shows in a further enlarged scale the detail encircled in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, a tubular member 2 containing the powder chamber C is
      mounted at the gun barrel 1 which is provided with the bullet chamber A
      and the transitional cone B. Barrel 1 and member 2 engage each other by
      means of a coupling bore 3 at the barrel end and a mating coupling collar
      4 of reduced diameter on the facing end of member 2. Within bullet chamber
      A and transitional cone B, the barrel is provided with pressure balance
      grooves 5, the number of these grooves being determined by the relatively
      small diameter of the bullet chamber A. Due to the relatively greater
      diameter of the powder chamber C, the tubular member 2 may be provided
      with a substantially greater number of pressure balance grooves 6. The
      increased number of such grooves 6 in member 2 permits substantially
      reducing the slide and bond resistance of the cartridge.
PAR  Barrel 1 and tubular member 2 have shoulders 7', 8' machined in the
      abutting faces 7 and 8, respectively, said shoulders confining together an
      interiorly open annular groove 9 which receives a cylindrical metallic
      ring 10 and defines an annular space for equally distributing the powder
      gases emanating from the pressure balance grooves 5 of the bullet chamber
      to the pressure balance grooves 6 in the tubular member 2. The cylindrical
      metal ring, because of its small wall thickness, will be axially deformed
      upon urging barrel 1 and member 2 against each other so that penetration
      of powder gases between the faces 7, 8 will be prevented. The annular
      space remaining in the annular groove 9 provides a gas communication path
      from the pressure balance grooves 5 of barrel 1 to the pressure balance
      grooves 6 in tubular member 2. As shown in FIG. 3, the abutting ends of
      barrel 1 and member 2 facing each other may be provided with chamfers 11
      and 12, respectively in order to increase the annular space so that it
      assumes the shape of a distribution cone 13. The chamfering preferably is
      designed such that both members 1, 2 retain an inner annular abutment rim
      14.
PAR  Barrel 1 and tubular member 2 are provided with guiding cylinders 15 and
      16, respectively, slidingly received within a tubular extension 17 of the
      locking member. By means of right-hand threads for barrel 1 and left-hand
      threads for member 2, both elements are urged against each other within
      said tubular extension. Tubular member 2 will be positioned with its rear
      face 18 spaced a desired distance from the locking surface (not shown) of
      the locking member.
PAR  By screwing the elements 1, 2 against each other, they will be connected in
      a gas tight manner due to the sealing ring 10.
PAR  Barrel 1 may be press-fitted in an axial direction into the tubular
      extension 17 of the locking member in case the barrel and locking member
      are machined for provision of a press fit. In order to check the gas tight
      sealing, tubular extension 17 has a vent bore 20.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an automatic firearm having a breech mechanism, with a cartrige
      chamber having a bullet chamber portion formed in the inner end of the
      barrel and a powder chamber portion adjacent thereto, and a conical
      transition portion therebetween serving as a stop for the cartridge, said
      transition portion being provided with gas pressure balance grooves, the
      improvement comprising:
PA1  a tubular member forming said powder chamber portion mounted adjacent to
      the inner end of the barrel of said firearm and bearing thereagainst;
PA1  a plurality of gas pressure balance grooves in said bullet chamber portion
      extending longitudinally thereof;
PA1  a plurality of pressure balance grooves in said tubular;
PA1  opposing inner shoulders on the respective opposing ends of the inner end
      of said barrel and of said tubular member, said shoulders defining
      together and forming an interiorally open annular groove; and
PA1  a cylindrical sealing ring seated within said annular groove against the
      outside circular wall surface thereof in outwardly spaced relation from
      the inner longitudinal surfaces of the inner end of said gun barrel and
      the adjacent end of said tubular member to thereby provide an annular
      space for the distribution of powder gasses flowing from said pressure
      balance grooves in said bullet chamber portion to said pressure balance
      grooves in said tubular member.
NUM  2.
PAR  2. A firearm as defined in claim 1 wherein:
PA1  the opposed ends of said barrel and said tubular member abut and are
      chamfered to thereby give a generally conical shape in transverse cross
      section to said annular space between the opposed, facing ends of said gas
      pressure balance grooves in said bullet chamber and said tubular member to
      thereby serve as a powder gas distribution chamber therebetween.
NUM  3.
PAR  3. A firearm as defined in claim 1 wherein:
PA1  the adjacent ends of said barrel and said tubular member each have
      cylindrical guide surfaces formed on the outer periphery thereof fitted
      into a tubular extension of a breech mechanism member, and adapted to be
      urged against each other.
NUM  4.
PAR  4. A firearm as defined in claim 3 wherein:
PA1  oppositely oriented threads are formed on said cylindrical guide surfaces
      of said barrel, said tubular member and said tubular extension to permit
      urging of said barrel and said tubular member against each other by means
      of a screwing motion within said tubular extension.
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ABST
PAL  Gear cutting tool. There is provided a toothed tool for the plunge cut
      shaving of a gear workpiece having in the tooth surfaces a plurality of
      grooves whose edges constitute cutting edges, which grooves are spaced
      apart to define increments on each tool tooth equal to the number of teeth
      of the workpiece or one whole multiple thereof, and wherein when the tool
      is in a crossed axes relationship with the workpiece axis said cutting
      edges of those tool teeth spaced circumferentially a number of teeth equal
      to the number of teeth on the workpiece, or an integral multiple thereof,
      define a helix whose portion diametrically opposite the common
      perpendicular between said axes when viewed along said axis toward said
      workpiece forms an angle with the workpiece axis which is smaller than the
      complement of the angle between the tool axis and the workpiece axis.
      Thus, when said tool axis is rotated with respect to said workpiece axis
      in a clockwise direction, said cutting edges form a lefthand helix and
      when said tool axis is rotated with respect to said workpiece axis in a
      counterclockwise direction, said cutting edges define a righthand helix.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a toothed tool, the tooth surfaces of which have
      grooves extending from the tooth addendum to the tooth dedendum forming
      cutting grooves for shaving of gears, same adapted for use on a machine in
      which the tool spindle is angularly rotated relative to the workpiece
      spindle, as seen from the tool toward the workpiece along the common
      perpendicular to the crossed axes in either a clockwise or a
      counterclockwise direction.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to use so-called shaving gears for precision working of gears,
      which shaving gears have grooves extending from the top to the bottom in
      the tooth surfaces and forming cutting edges. Tool and workpiece roll on
      one another with crossed axes, from which results a sliding of the one
      tooth surface relative to the counter surface in the axial direction of
      the tooth. The longitudinally sliding cutting edges remove chips. In the
      so-called plunge cut shaving there occurs, in contrast to all other
      shaving methods, no further longitudinal feed, so that the axial sliding
      caused by the crossed axes is the only longitudinal movement. In order
      that the cutting effect is distributed onto the entire axial length of the
      workpiece teeth, the cutting edges are arranged in a staggered manner on
      the successive tool teeth.
PAC  SUMMARY OF THE INVENTION
PAR  The basic purpose of the invention is to improve the action of the
      above-described tools for increasing the surface quality on the workpiece
      tooth surface. The inventor has found that the quality of the produced
      surface depends first on the direction of the crossed-axes angle and
      second on the nature of the staggering of the cutting grooves. The basic
      purpose of the invention is attained in the case of a crossed-axes angle
      having the tool axis rotated in clockwise direction with respect to the
      workpiece axis and with the tool having those cutting grooves in the tooth
      surfaces arranged in a left-handed helix wherein said helix is defined by
      grooves on teeth which latter are spaced apart circumferentially on the
      tool in increments equal to the number of teeth of the workpiece or a
      whole multiple thereof.
PAR  For a device, in which the crossed-axes angle has the tool axis rotated in
      a counterclockwise direction with respect to the workpiece axis, the
      purpose is attained by a tool on which the grooves in the tooth surfaces
      are arranged in a right-handed helix wherein said helix is defined by
      grooves on the teeth which are spaced apart circumferentially on the tool
      in increments equal to the number of teeth of the workpiece or a whole
      multiple thereof.
PAR  Thus, when the axes of tool and workpiece cross, the edges of said cutting
      grooves are positioned on corresponding sides on the tool teeth, to define
      a helix, and said teeth are spaced apart circumferentially in increments
      equal to the number of workpiece teeth. Same forms an angle 23 with the
      workpiece axis as viewed toward the tool with the workpiece lying
      therebelow and at and along the common perpendicular which angle 23 as
      seen on the side of the tool remote from the workpiece is smaller than the
      complementary angle to the crossed-axes angle, that is, said angle 23 is
      smaller than 90.degree. minus the crossed-axes angle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described with reference to the exemplary embodiment
      illustrated in FIGS. 1 to 5.
PAR  In the drawings:
PAR  FIG. 1 is a side view of the mating of a shaving gear and a workpiece.
PAR  FIG. 2 illustrates the shaving gear and the workpiece as seen from the
      shaving gear looking toward the workpiece.
PAR  FIG. 3 is an enlarged schematic illustration of the arrangement of the
      staggered cutting grooves, wherein only one tooth surface of the shaving
      gear teeth is illustrated in cross section. The surfaces were drawn of
      only those teeth which partake in the so-called spacing increments
      according to the invention, while the surfaces which are of no interest in
      this regard were omitted.
PAR  FIGS. 4 and 5 correspond to FIGS. 2 and 3 in illustrating a different
      embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1 and 2 illustrate schematically the engagement of a shaving gear 11
      with a toothed gear 12 which is to be worked by the shaving gear. The
      shafts 13,14, about which the elements rotate, are spaced from each other
      but lie in intersecting planes from which there results, during rolling a
      longitudinal sliding, such as in the direction of the arrow 15, of the
      shaving gear surface relative to the toothed gear surface. The teeth of
      the shaving gear have a number of grooves 16 in their surfaces, the edges
      of which grooves form cutting edges 17, which latter remove chips due to
      the longitudinal sliding. The support and drive of such a workpiece and
      tool (shaving gear) are already well known and are therefore neither
      illustrated nor described here. A mechanism for carrying out a
      longitudinal feed is not provided on the device or machine, so that the
      chips are removed merely as a result of the above-mentioned longitudinal
      sliding, same being generally identified with plunge cut shaving. In order
      that the edges of the several tool teeth do not always work the same
      surfaces of the gear and fail to work other surfaces, the grooves and thus
      the cutting edges are arranged in a staggered relationship, namely the
      staggering is carried out as shown in FIG. 3.
PAR  FIG. 3 schematically illustrates the unwinding of a shaving gear during
      multiple rotations, wherein, however, only one surface 18 of the teeth
      which are of interest in connection with the invention is illustrated. The
      teeth, or their surfaces, which lie between said teeth of interest are not
      illustrated; however, same are considered in the right column on the left
      side of FIG. 3 under Z.sub.2. The column Z.sub.2 indicates thus the
      sequence of the shaving teeth, which are identified by numbers 1', 2', 3',
      etc. In this example, the tool has seven teeth. The sequence 1' to 7' is
      repeated five times and it is illustrated schematically in FIG. 3 that the
      shaving gear will rotate five times during the illustrated analysis. Of
      course, it is recognized that a shaving gear has more than seven teeth in
      normal practice, but in contrast with the more normal situation as shown
      in FIG. 1, an unusually small number of teeth is here chosen for ease in
      illustration. In addition to the column Z.sub.2, a number column Z.sub.1
      is listed, which symbolizes the sequence of the workpiece teeth which mate
      with the shaving gear teeth during rolling. Here too, in contrast to FIG.
      1 for clarity, the very small number of teeth of five is chosen.
PAR  To explain the invention, attention will be confined to only the tooth 1 of
      the workpiece. At the start of a rolling sequence, one surface of the
      workpiece tooth 1 will contact the surface 18 of the shaving gear 1'.
      Thus, the surface of the workpiece tooth 1 is worked by the cutting edges
      17 of the shaving gear tooth 1' and said cutting edges lie in one plane
      1". As rolling continues, the workpiece tooth 1 will contact the next time
      the shaving gear tooth 6', the surface of which is illustrated in FIG. 3.
      (The surfaces of the teeth 2' to 5', since they are of no interest at this
      point, are not illustrated.) In order that the cutting edges 19 of this
      tooth works a different part of the workpiece tooth surface, the edges are
      offset by the amount t (called edge step) with respect to the edge 17, and
      hence the cutting edge of tooth 6' lies in the plane 2". Thus, during
      rolling, the workpiece tooth 1 contacts successively the shaving gear
      teeth 1' - 6' - 4' - 2' - 7' - 5'0 - 3'. This fixes the location of the
      edges of all shaving gear teeth. If one would transfer them onto the
      shaving gear surfaces which are not illustrated in FIG. 3, they would
      appear to lie at random on the surfaces. Their order is determined by the
      edges of the shaving gear teeth 1' - 6' - 2' - 7' - 5' - 3', which are
      axially spaced in movements equal to the number of teeth of the workpiece
      contacting the periphery of the shaving gear (tool), and same follow the
      helix 20 (or 20A in FIG. 5).
PAR  The lead direction of this helix is important. According to the inventor's
      discovery, an improved surface is obtained on the workpiece surface if the
      lead direction of the helix, wherein lies the cutting edges of the teeth
      which are spaced apart in the above-described increments, is selected with
      respect to the direction of the crossed-axes angle as described
      hereinafter.
PAR  To further explain the figures, it is also pointed out that FIGS. 1 and 2
      show a crossed-axes angle in which the tool spindle 13 is offset from the
      workpiece spindle in a clockwise direction. FIG. 3 schematically
      illustrates a shaving gear in which the grooves or cutting edges on teeth
      which are spaced circumferentially a number of teeth equal to the number
      of teeth on the workpiece, or an integral multiple thereof, form a
      left-handed helix.
PAR  A mirror image situation is illustrated in FIGS. 4 and 5 wherein the
      identifying numerals correspond to those of FIGS. 2 and 3 with the letter
      A added. Hence, no further description thereof is needed excepting to note
      that the rotation of the tool axis with respect to the workpiece axis in a
      cross axes relationship is here in a counterclockwise direction and that
      in such case the cutting edges of the teeth, spaced in the same manner as
      above described, lie in a right hand helix.
PAR  Thus, if one looks from the shaving gear toward the workpiece as
      illustrated in FIG. 2, the crossed-axes angle and lead direction of the
      helix 20 have the following relation with respect to one another.
PAR  When the crossed-axes angle 21 is formed by rotation of the tool axis with
      respct to the workpiece axis in a clockwise direction, the cutting edges
      on teeth spaced circumferentially as above described form a left-handed
      helix 22.
PAR  When the crossed-axes angle 21A is formed by rotation of the tool axis with
      respect to the workpiece axis in a counterclockwise direction, the cutting
      grooves on teeth spaced circumferentially a number of teeth equal to the
      number of teeth on the workpiece, or an integral multiple thereof, form a
      right-handed helix 22A.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a machine tool having a toothed tool wherein the tooth surfaces each
      have grooves extending from the tooth addendum to the tooth dedendum for
      forming cutting grooves for shaving of gears on a machine and wherein the
      tool spindle is rotated relative to the workpiece spindle as seen from the
      tool to the workpiece along the common perpendicular to the cross axes,
      the improvement comprising a plurality of selected circumferentially
      spaced first teeth on said tool, each pair of selected first teeth having
      a plurality of second teeth therebetween, the spacing between said
      selected first teeth being equal to the number of teeth of the workpiece
      times an integer, said cutting grooves on said selected first teeth being
      arranged on said selected first teeth to define a helix which, when viewed
      in a direction looking toward said workpiece along said common
      perpendicular, forms an angle with respect to the workpiece axis whose
      complement is less than the angle formed with respect to the workpiece
      axis by the tool axis, the cutting edges in said cutting grooves on said
      second teeth being out of alignment with said helix.
NUM  2.
PAR  2. The device of claim 1 where the integer is one.
NUM  3.
PAR  3. The device of claim 1 where the integer is more than one.
NUM  4.
PAR  4. In a machine tool having a toothed tool wherein the tooth surfaces each
      have grooves extending from the tooth addendum to the tooth dedendum for
      forming cutting edges for the shaving of gears on said machine and also
      having a workpiece spindle so arranged that the tool spindle is angularly
      displaced in a clockwise direction from the workpiece spindle, as seen
      from the tool to the workpiece along the common perpendicular to the cross
      axes of both thereof, the improvement comprising a plurality of selected
      circumferentially spaced first teeth on said tool, each pair of selected
      first teeth having a plurality of second teeth therebetween, the spacing
      between said selected first teeth being in increments equal to an integer
      times the number of teeth on the workpiece, the corresponding ones of the
      cutting edges in said cutting grooves on said selected first teeth being
      positioned and arranged to define a left hand helix when viewed from said
      tool to said workpiece along said common perpendicular, the cutting edges
      in said cutting grooves on said second teeth being out of alignment with
      said helix.
NUM  5.
PAR  5. The device of claim 4 wherein the integer is one.
NUM  6.
PAR  6. The device of claim 4 wherein the integer is more than one.
NUM  7.
PAR  7. In a machine tool having a toothed tool wherein the tooth surfaces each
      have grooves extending from the tooth addendum to the tooth dedendum for
      forming cutting edges for the shaving of gears on said machine and having
      further a workpiece spindle so arranged that the tool spindle is angularly
      displaced in a counterclockwise direction from the workpiece spindle, as
      same are seen from the tool to the workpiece along the common
      perpendicular to the cross axes of both thereof, the improvement
      comprising a plurality of selected circumferentially spaced first teeth on
      said tool, each pair of selected first teeth having a plurality of second
      teeth therebetween, the spacing between said selected first teeth being in
      increments equal to the number of teeth on the workpiece times a whole
      integer, the corresponding ones of the cutting edges in said cutting
      grooves on said selected first teeth being positioned and arranged to
      define a right hand helix when viewed from said tool to said workpiece
      along said common perpendicular, the cutting edges in said cutting grooves
      on said second teeth being out of alignment with said helix.
NUM  8.
PAR  8. The device of claim 7 wherein the integer is one.
NUM  9.
PAR  9. The device of claim 7 wherein the integer is more than one.
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ABST
PAL  A system for controlling a reciprocable double acting air motor including a
      pair of power valves for reversing the inlet and exhaust air to and from
      opposite sides of the piston in the air motor. The control apparatus
      includes a pair of snap opening pilot valves which are unseated in
      response to momentary mechanical engagement with the piston of the air
      motor and which are then pneumatically shifted open so that the energy to
      effect the pilot valve shift is derived from the air supply line and not
      from the air motor piston. The return of the pilot valves to the closed
      position is in response to pressure reversal in the air motor. The power
      valves each include a pair of chokes, one of which is continuously
      operable and is of moderate flow restriction and the other of which is
      intermittently operable and is of high flow restriction. These chokes
      cooperate to (1) cause completion or reversal of a shift cycle in the
      event of a loss of the pilot signal during the shift cycle and to (2)
      stabilize the valve and prevent bounce back from a seated condition. The
      control apparatus also includes a poppet type pressure regulating valve
      with self-aligning poppet seals.
BSUM
PAR  This invention relates to reciprocating pneumatic motors and particularly
      to pneumatic motors used for driving double acting liquid pumps.
PAR  The invention has particular utility, but is not intended to be limited, to
      reciprocating pumps and pneumatic motors for driving these pumps for
      pumping paint in the so called airless method of spray painting. In this
      spray method, the paint is projected from a small orifice nozzle under
      high pressure and continuity of even pressure is essential to obtain
      optimum results. Any departure from even pressure results in an irregular
      output of paint and this irregularity in turn degrades spray results.
PAR  A specific problem in the control of reciprocating pneumatic motors is that
      of admitting and exhausting air from the pneumatic motor cylinder with a
      minimum of time delay to effect reversal of the motor piston and with a
      minimum of motor piston energy absorption to initiate or trigger the
      reversal. The greater the time delay and the greater the energy absorption
      from the motor piston required to initiate the reversal, the greater is
      the loss of motive work done by the piston, and when the piston is used to
      drive a hydraulic pump, the greater is the decrease or dip in hydraulic
      outlet pressure. Otherwise expressed, the greater the time between steady
      state stroking conditions required to effect reversal of the pump driving
      pneumatic motor, the greater is the hydraullic pressure drop effected by
      the reversal. Similarly, the greater the mechanical energy taken from the
      air motor to cause the reversal, the greater is the hydralic pressure loss
      or drop at the pump outlet caused by the reversal.
PAR  Another problem in the control of reciprocating pneumatic motors is that of
      preventing the control and consequently the motor piston from stalling
      with the control in a dead-center position, particularly at low motor
      stroking rates. Prior art reversible pneumatic motor control systems have
      had the tendency for the control system to stall in a dead-center
      position, particularly as the seals and control elements become used and
      worn.
PAR  A further problem in the control of reciprocating pneumatic motors when
      precise output force is required, as for driving paint pumps, is accurate
      and highly responsive air pressure regulation. Typical diaphragm type
      regulators previously used for this purpose have been quite large in order
      to minimize sensitivity to supply pressure fluctuations and yet provides
      adequate flow capability, whereas more compact poppet type regulators have
      previously been undesirable due to high cost resulting from difficult
      construction requirements.
PAC  SUMMARY OF THE INVENTION
PAR  It has therefore been among the objectives of this invention to provide a
      very fast acting "closed center" control system for a double acting air
      motor operable to very quickly reverse the direction of the motor piston
      at the end of each stroke regardless of stroking rate.
PAR  Another objective of this invention has been to provide a control system
      for a double acting air motor operable to reverse the direction of motor
      piston movement in response to a minimum pilot signal and with a minimum
      loss of motor piston energy.
PAR  Still another objective has been to provide a control system for a double
      acting pneumatic motor which is substantially free of any tendency to
      stall in a dead-center position.
PAR  Another objective of this invention has been to provide a control system
      which includes a pilot valve exposed to the pressure of the control
      function and which is mechanically unseated, pneumatically shifted, and
      which returns to a reset position upon the establishment of line pressure
      in the motor chamber to which it is exposed.
PAR  Still another object of this invention has been to provide a compact poppet
      type pressure regulating valve with self-aligning poppet seals to provide
      minimum leakage and mechanical friction without requiring highly precise
      and complex construction.
PAR  The apparatus which accomplishes these functions comprises a pair of back
      to back three-ways valves which function as a four-way direction control
      valve to control the reversal of regulated air supply and exhaust to
      opposite ends of a pneumatic motor. The two three-way direction control
      valves include pairs of chokes, one of which is continuously operable and
      is of moderate flow restriction and the other of which is intermittently
      operable and is of high flow restriction.
PAR  One very important aspect of this invention is predicated upon the concept
      of utilizing a pair of chokes in each of the direction control valves, one
      of which chokes is continuously operable and is of moderate flow
      restriction and the other of which is intermittently operable and is of
      high flow restriction. These two chokes are so sized and located that they
      cooperate to effect:
PA1  1. completion or reversal of a shift cycle by the valve spool in the event
      of loss of the pilot signal during the shift, and
PA1  2. stabilization of the valve spool and the elimination of bounce back of
      the spool from a seated condition.
PAR  Movement of the direction control valves is controlled by a pair of pilot
      valves, each of which is exposed to the pressure in one end of the
      pneumatic motor. The pilot valves are held in a seated condition by a
      contamination of spring and pneumatic forces and are unseated in response
      to momentary mechanical engagement with the piston of the air motor. When
      mechanically unseated by the motor piston, the pilots are pneumatically
      snap shifted by air pressure from the air supply line. The pilots are then
      spring returned to a reset position in response to the reversal of
      pressures in the motor.
PAR  Another aspect of this invention is predicated upon this concept of pilot
      valves which are exposed to the pressure of the control function, i.e.,
      the motor chamber pressure, and which are mechanically unseated,
      pneumatically snap shifted and momentarily latched open by line pressure,
      and which return to the reset position upon the establishment of line
      pressure in the motor piston chamber. One advantage of this pilot valve
      construction is that it is mechanically started and pneumatically shifted
      so that the shifting energy is derived from the air line and not from the
      motor piston. Consequently, this construction eliminates air motor piston
      energy dips or hydraulic output pressure dips heretofore required to store
      the energy necessary to effect subsequent snap actuation of the pilot
      valve.
PAR  A characteristic of this control system is that it utilizes a pneumatically
      actuated momentary pilot signal together with a pneumatically latched
      direction control. Prior to this invention the practice was generally to
      utilize a mechanically actuated continuous pilot signal with a
      non-latching direction control as in U.S. Pat. No. 3,635,125 of S. R.
      Rosen et al. That mechanically actuated continuous pilot, non-latching
      direction control system required the energy to actuate the pilots to be
      stored in a pair of springs and it further required that the work to
      compress the springs be derived from the air motor piston. Consequently,
      storage of that energy resulted in a dip in the available work derivable
      from the air motor piston, and, since the piston was used to drive a
      hydraulic pump, it resulted in a hydraulic pressure dip at the pump
      outlet.
PAR  Another advantage of this particular control with its momentary pilot
      signal and latching direction control feature is that it eliminates the
      need to connect the pilots together either mechanically or pneumatically.
      Consequently, response rate and reliability are improved, failure analysis
      is simplified, and it is easier to repair the valves.
DRWD
PAR  These and other objects and advantages of this invention will be more
      readily apparent from the following description of the drawings in which:
PAR  FIG. 1 is a partially diagrammatic cross sectional view of a pneumatic
      motor and control system incorporating the invention of this application.
PAR  FIG. 2 is a view similar to FIG. 1 but illustrating the control system in a
      second stage of shift cycle.
PAR  FIG. 3 is a view similar to FIG. 2 but illustrating the control system in a
      third stage of shift cycle.
PAR  FIG. 4 is a view similar to FIG. 2 but illustrating the control system in a
      fully shifted position.
PAR  FIG. 5 is a cross sectional view of a pressure regulator valve used in the
      system of FIG. 1.
PAR  FIG. 6 is a chart of the shift cycle of one preferred embodiment of
      directional control valve incorporating the invention of this application.
PAR  FIG. 7 is a comparative plot of hydraulic pressure versus time of a liquid
      pumping system both with and without the invention of this application.
DETD
PAR  Referring to the drawings, and particularly to FIG. 1, there is shown a
      pumping system which incorporates the invention pneumatic control system
      of the application. That pumping system includes a double acting pneumatic
      motor 10 operable to drive a conventional double acting hydraulic pump 5.
      In one preferred application of this invention the double acting hydraulic
      pump is operable to pressurize and supply liquid paint to a spray gun 6. A
      complete description of such a pumping system, including a gun, a double
      acting hydraulic pump, and a pneumatic motor for driving the pump is
      contained in U.S. Pat. No. 3,635,125. For purposes of illustrating and
      describing that portion of the system, that patent is hereby incorporated
      by reference.
PAR  In the system of FIG. 1, air pressure for operating the motor 10 is
      supplied from an air pressure supply 14 through a pressure line 15 to a
      pressure regulator 16. From the pressure regulator the air at regulated
      pressure is supplied through a directional control valve 17 to one end of
      the motor cylinder 11 while air is simultaneously exhausted through the
      directional control valve from the opposite end of the motor cylinder. The
      reversal of the directional control valve 17 is controlled by a pair of
      pilot valves 18 and 19, bolted or otherwise fixedly secured to the
      opposite ends of the cylinder of the motor 10. When actuated by the piston
      12 of the motor, these pilot valves in cooperation with the directional
      control valve 17 are operative to effect a reversal of the pressure and
      exhaust air flow to the opposite ends of the motor through the motor ports
      20, 21.
PAL  Pilot Valves
PAR  The two pilot valves 18 and 19 are identical and, therefore, only one, 18,
      will be described in detail. In order to distinguish the corresponding
      components of the pilot valve 19, each has been given the same numerical
      designation as the corresponding component of pilot valve 18 but followed
      by a prime mark.
PAR  The pilot valve 18 comprises a valve body 25, bolted or otherwise fixedly
      secured to end wall 26 of the air motor 10. This valve body is bored so as
      to define coaxial bores 27 and 29 interconnected by a stepped bore 28 of
      intermediate diameter. The smaller diameter bore 29 of the valve body is
      coaxial with an aperture 30 in the end wall 26 of the motor 10. An air
      pressure supply port 31 of the valve body opens into and is in fluid
      communication with the large diameter bore section 27 of the body and a
      pilot signal port 32 of the valve is in fluid communication with the small
      diameter bore 29 of the body. A closed end valve sleeve 33 is mounted
      within the large diameter bore 27 of the body 25 and is secured therein by
      a snap ring 34. Slidable within a cylinder bore 35 of the sleeve is a
      generally cup shaped piston 36, the closed end of which contains a
      molded-in resilient valve seat 38. The valve seat 38 cooperates with a
      shoulder 39 of the valve body to separate chamber 52 from chamber 53 in
      the closed condition of the pilot valve. A spring 40 is operable between
      the sleeve 33 and the piston 36 to bias the piston 36 to the closed
      condition. The sealing diameter 39 is larger than the sealing diameter 35
      so that the air pressure in chamber 52 acts in conjunction with spring 40
      to hold the valve seat 38 against the shoulder 39 in the closed condition.
      Extending outwardly from the piston 36 through the bore 29 of the valve
      body and the aperture 30 in the end wall 26 into the interior chamber 43
      of the pneumatic motor 10 is a ported piston rod 41. This rod has an axial
      passage 42 which connects the chamber 43 of the motor 10 to the cylinder
      chamber 44 of the pilot valve so that the pressure interiorly of the pilot
      valve cylinder chamber 44 is the same as the pressure interiorly of the
      air motor chamber 43. The clearance between the bore 29 and the rod 41
      adjacent to chamber 53 is small but sufficient to maintain the pressure in
      chamber 53 essentially equal to that in the groove 49 when the valve seat
      38 is in contact with the shoulder 39 in the closed condition. In that
      condition the groove 49 is in communication with the exhaust port 50,
      resulting in essentially atmospheric pressure in chamber 53. The piston
      rod 41 is fixedly secured to the piston 36 by riveting or similar means at
      45 so that the piston and piston rod move in unison. Alternately, the rod
      41 and the piston 36 may be formed as a single integral part.
PAR  In operation, the supply pot 31 of the pilot valve is connected to the
      pressure regulator by pneumatic supply lines 46, 47 and the pilot signal
      port 32 is connected to the pilot signal ports of the directional control
      valve 17 by air line 48. In the condition of the pilot valve depicted in
      FIG. 1, the pilot signal line 48 of the valve 18 is connected to the
      exhaust port 50 by the annular groove 49 in the periphery of the piston
      rod 41. When the motor piston 12, though, reaches the leftwardmost end of
      its motion, its top surface 51 contacts the end surface of the rod 41 and
      causes the rod to be moved leftwardly, thereby displacing the valve seat
      38 from sealing engagement with the shoulder 39. This has the effect of
      connecting the pilot valve chamber 52 to the chamber 53, thereby applying
      high pressure to the major inner end area of the piston 36. This high air
      pressure then rapidly snaps the piston 36 leftward, overcoming the bias of
      the spring 40 until the piston reaches the leftwardmost extent of its
      motion and momentarily latches the piston in that position. In this
      leftwardmost position of the piston 36, the groove 49 of the piston rod 41
      and the chambers 52, 53 connect the air pressure supply port 31 of the
      pilot valve to the pilot signal port 32 and the outer portion of the rod
      41 closes off the exhaust port 50, with the result that air at regulated
      system pressure is supplied from the line 47 through the pilot valve 18 to
      the pilot signal ports of the directional control valve 17. The small
      clearance between the rod 41 and the bore 29 intermediate the groove 49
      and the piston 36 establishes an intermittent restrictive choke 41-29 to
      prevent substantial interconnection between the supply port 31 and the
      exhaust port 50 during the initial opening motion of the pilot valve,
      thereby providing a "closed center" shift characteristic. The work to open
      the pilot valve is thus essentially provided by the supply line air
      pressure rather than by mechanical energy taken from the motor piston 12.
PAR  Resetting of the pilot valve is accomplished by air at high pressure
      entering the motor chamber 43 as a result of shifting the direction
      control valve 17. This high pressure air is communicated to the cylinder
      chamber 44 of the pilot valve through the axial passage 42 of the piston
      rod 41, placing all pressure forces on the pilot valve in balance. As the
      motor piston 12 then moves rightward out of contact with the rod 41, the
      spring 41 causes the pilot valve piston 36 to move to the right thereby
      extending the rod 41 into the chamber 43 and resetting the valve seat 38
      against the shoulder 39. The work to reset the pilot valve is thus
      provided from energy previously stored in the spring 40 by the regulated
      system air pressure during the opening of the valve.
PAL  Directional Control Valve
PAR  The directional control valve 17 functions to control inlet and exhaust air
      flow from the respective end ports 20, 21 of the air motor 10.
      Structurally, it consists of a pair of three-way valves mounted back to
      back and functionally operable as a four-way directional control valve to
      control the inlet and exhaust of air from the motor cylinder 11. The two
      three-way directional control valves or so called "power valves" 60, 61
      are identical and are mounted in a common valve body 62 having identical
      end plates 63, 64. The only difference is that they are reversed end for
      end within the valve body and biased leftward or in the same direction by
      springs 107, 107". Since the two are identical, only one, the lowermost
      one illustrated in FIG. 1, will be described in detail. The identical
      parts of the two valves 60, 61 will be given the same numerals except that
      the numerals for the corresponding parts in the upper valve are followed
      by a prime mark. For the sake of clarity, the two valves are divided
      within the housing by the dashed line 65. Further, the pressure regulator
      16 and also the supply lines 46 and 46' are schematically shown as
      external elements although they may be and are in a preferred embodiment
      contained within the valve body 62.
PAR  The valve body 62 has a stepped bore 66 therein within which a valve spool
      67 is slidable. The bore 66 is divided into a large diameter section 68
      and a smaller diameter section 69. Extending radially outwardly from the
      small diameter bore 69 there is an exhaust channel 71 which is connected
      by an exhaust passage 72 to the exterior of the valve body. A pair of
      channels, one a control channel 73, and the other a supply pressure
      channel 74, extend outwardly from the larger diameter section 68 of the
      bore 66. The control channel 73 is connected by a passage 75 to a control
      port 76 of the valve. The supply channel 74 is connected by a passage 77
      to the supply port 78 of the valve. The shoulder between the stepped
      sections of the bore 66 is defined by a resilient seal 79, which, as
      explained more fully hereinafter, cooperates with a rounded protrusion or
      torus of the valve spool to form a seal between the exhaust channel and
      the control channel of the valve. A valve sleeve 70 is mounted within the
      large diameter section 68 of the bore. This sleeve is ported by apertures
      116 so that its interior chamber 59 is open to the air pressure supply
      channel 74.
PAR  There are two pilot signal ports 80, 81 which extend into the opposite end
      plates and are in fluid communication with the opposite end chambers 82,
      83 of the power valve 61. These ports 80, 81 are connected by the
      pneumatic lines 48 and 48' respectively to the pilot signal ports 32, 32'
      of the pilot valves.
PAR  The power valve spool 67 comprises a pair of piston ends 85, 86, between
      which there are two lands 87, 88. The larger of these two lands 87 is
      slidable within the large diameter bore 68 with which it forms a choke
      87-68 of moderate restriction. It has a protrusion or torus 89 formed on
      its radial surface which is engageable with the valve seat 79 to form a
      seal between the exhaust channel and the control channel of the power
      valve. The larger diameter land 87 is of a width greater than the width W
      of the control channel 73 so that in passing across the control channel it
      blocks the channel. Consequently, the large diameter land 87 continuously
      forms a restrictive barrier between the high pressure supply channel 74 of
      the valve and the low pressure exhaust channel 71 irrespective of the
      position of the large diameter land within the bore 68, thereby providing
      a "closed center" shift characteristic.
PAR  The small diameter land 88 is located adjacent the large diameter land 87,
      but is separated from it by a resilient valve seat 110 mounted within an
      annular groove of the spool 67. A protrusion or torus 112 formed on the
      inner radial face of the valve sleeve 70 is engageable with the valve seat
      110 to form a seal between the supply pressure channel 74 and the control
      channel 73 of the power valve. The land 88 is cooperable with the smaller
      bore 111 of the valve sleeve 70 to form a tightly restricted choke 88-111
      between the two when they are in axial alignment. A flow passage is
      provided between the face 118 of the land 88 and the piston end 86 by a
      triangular section 117 in the spool 67. The outermost extent of this
      triangular section forms three guide ribs continuous with the periphery of
      the land 88 to guide the land through the bore 111. As explained more
      fully hereinafter, this tightly restricted choke 88-111 is intermittently
      operable during the stroke of the spool 67 and is cooperable with the
      moderate choke 87-68 to expedite the shifting movement of the spool within
      the valve body.
PAR  In one preferred embodiment, the clearance between the land 88 and the bore
      111 of the sleeve 70 is approximately 0.002 inches when the two elements
      are axially aligned and the clearance between the land 87 and the bore 68
      is approximately 0.008 inches. As explained more fully hereinafter, this
      larger clearance between the large diameter land and associated bore 68
      and the relatively smaller clearance between the land 88 and its
      associated control bore 111 are essential to the operation of the system.
PAR  The end piston 85 of the spool 67 operable within the bore 69 comprises an
      enlarged diameter end section 91 of the spool, a disk 92 secured over an
      end hub 93 of the spool by a washer 94 and machine screw 95 and a cup seal
      96 contained between the disk 92 and the end section 91.
PAR  The piston 86 on the opposite end of the valve spool operable within the
      bore 120 is formed by a pair of disks 100, 101 mounted over a generally
      hub shaped end section 102. A cup seal 103 is contained between the two
      disks 100, 101 which are secured on the end of the hub by a washer 105 and
      a machine screw 106. The disks 92, 100, 101 are identical as are the seals
      96, 103 and the retaining washers 94, 105 and screws 95, 106.
PAR  The compression spring 107 is located within the bore 120 of the sleeve 70
      and has one end bearing against the inside edge of the plate 64 and the
      opposite end bearing against the outer end of piston 86. This spring
      functions to bias the valve spool to the leftwardmost position, the
      position illustrated in FIG. 1. The purpose of this bias is to establish a
      predetermined consistent position for the spools 67, 67' when the air
      pressure supply is removed.
PAR  The exhaust channel 71 of the valve is selectively connectable to the
      control means 73 by a groove 115 in the periphery of the valve spool 67.
      When the valve spool is moved to the right to a position in which the
      control channel 73 is open to the groove 115, the exhaust channel 71 is
      operatively connected to control channel 73. Alternately, when the valve
      spool is in its leftwardmost position as depicted in FIG. 1, the air
      pressure supply channel 74 is connected to the control channel 73 by the
      radial apertures 116 in the valve sleeve 70 and the longitudinal flats 117
      on the surface of the spool 67.
PAL  Operation of Control System
PAR  The control system of FIG. 1 can best be explained with reference to FIGS.
      1-4 and with reference to the chart of FIG. 6. This chart incorporates at
      its heading dimensions for several sections of a preferred embodiment of
      the power valve 61. These dimensions are not absolute for the concept of
      the power valve, but the relative sizes and clearances are fundamental to
      an understanding of the operation of the power valve. Accordingly, they
      have been incorpoated into the chart and into an explanation of the
      operation of the system.
PAR  Referring first to the chart (FIG. 6) and to FIG. 2, it will be seen that
      in the preferred embodiment, the left seat protrusion 89 has an effective
      diameter D at the point at which it contacts the seat 79 of 1.180 inches
      and that diameter circumscribes an area of 1.0936 inches.sup.2. The
      diameter of the bore 69, referred to as the left pilot, and so labeled in
      FIG. 2, is 1.031 inches and it circumscribes an area of 0.8348
      inches.sup.2. It will further be seen that in the preferred embodiment the
      diameter of the bore 68, referred to as the left choke and so labeled in
      FIG. 2, is 1.250 inches which encompasses an area of 1.2272 inches.sup.2.
      The clearance of the left choke between the land 87 and the bore 68 is
      between 0.007 and 0.009 inches.
PAR  In this preferred embodiment, the effective diameter E of the right seat
      protrusion 112 is 0.856 inches and this diameter circumscribes an area of
      0.5755 inches.sup.2. The diameter of the inside bore 120 of the sleeve 70,
      referred to as the right pilot and so labeled in FIG. 2, is 1.031 inches
      which encompasses an area of 0.8348 inches.sup.2. The diameter of the
      small bore 111 in this preferred embodiment, referred to as the right
      choke, is 0.750 inches and this circumscribes an area of 0.4418
      inches.sup.2. The clearance of the right choke between the land 88 and the
      bore 111 is between 0.001 and 0.003 inches.
PAL  Startup
PAR  The control system is shown in a startup position in FIG. 1. In this
      startup position, both of the power valve spools 67, 67' are in their
      leftwardmost position as determined by the bias of the springs 107, 107".
      In this leftwardmost position of the power valves, the regulated supply
      pressure is connected by the spool 67 to the control power 76 which is in
      turn connected to the motor inlet port 21. Simultaneously, the opposite
      port 20 of the pneumatic motor 10 is connected to the control port 76'
      which is in turn connected by the spool 67' to the exhaust channel 71' and
      exhaust passage 72". Consequently, the motor piston 12 is urged at startup
      to the left as viewed in FIG. 1.
PAR  At startup, the two pilot valves are also in the condition illustrated in
      FIG. 1. The valves are supplied with air at regulated supply pressure via
      the lines 47, 47', but that air remains entrapped within the chambers 52,
      52' because of the pilot valves being in a closed position.  pg,20
PAR  At startup and until the condition of the control circuit is changed by
      contact of the motor piston 12 with the rod 41 of the pilot valve 18, the
      net effect of the supply air pressure acting on the spools 67, 67' is to
      maintain them latched in their leftwardmost seated position.
PAL  Lower Power Valve Spool Hold Left on Seat
PAR  With reference to FIG. 1 and line 1 of the chart of FIG. 6, it will be seen
      that the lower power valve spool 67 is held left while the piston 12 moves
      leftwardly by the high pressure air in the supply channel 74 acting
      against the right surface of the large land 87. As mentioned hereinabove,
      there is a moderate clearance between the large land 87 and the bore 68 so
      that the high pressure air effectively operates over the area encompassed
      by the diameter D when the spool 67 is in the left seated condition. That
      area is the area circumscribed by the point of contact of the torus 89
      with the seal 79. Simultaneously, there is an oppositely directed force
      generated by the high supply pressure acting against the piston 86 to urge
      the spool in a rightward direction. The net force, though, because the
      area encompassed by the diameter D of the large land is greater than the
      area encompassed by the piston 86, urges the spool to the left with a
      force proportional to this difference in area. In the example that net
      difference in area is 0.2588 inches.sup.2. Otherwise expressed, that
      difference in area, 0.2588 inches.sup.2 times the pressure in the supply
      channel 74 is operative to hold the spool in its leftwardmost position.
      This condition corresponds to the upper power valve spool hold condition
      shown in FIG. 4.
PAL  Lower Power Valve Spool Hold Left Off Seat
PAR  If the lower valve spool 67 should move rightwardly to a position in which
      the torus 89 of land 87 is unseated from the seal 79 as in FIG. 2, or if
      the seal 79 should fail, either because of wear or because of the presence
      of foreign matter preventing an effective seal, the net force tending to
      urge the piston leftwardly is increased so as to more strongly urge the
      spool 67 toward the seated condition. This increase occurs because as soon
      as the land 87 moves to an unseated condition relative to the seal 79, the
      left radical face of the land 87 is in communication with air at
      atmospheric pressure. In this condition, the effective area of the land 87
      to which high pressure is exposed is the complete diameter of the land or
      so called "left choke" area, rather than the diameter of the circle
      encompassed by the point of contact of the protrusion 89 with the seal 79.
      Consequently, the net force urging the spool 67 leftwardy in this hold
      left off seat condition is proportional to the area encompassed by the
      peripheral diameter of the land 87 less the area encompassed by the
      diameter of the piston 86, or 0.3924 inches.sup.2 in the example depicted
      in the chart of FIG. 7. This condition corresponds to the upper power
      valve spool hold condition shown in FIG. 3.
PAL  Upper Power Valve Spool Hold Left on Seat
PAR  Referring to FIG. 1 and line 7 of the FIG. 6 chart, there is depicted the
      condition which obtains to hold the upper power valve spool in the
      leftwardmost position at startup and during the stroke of the piston 12
      from the right to the lefthand side of the cylinder. In this leftwardmost
      position of the spool 67', high pressure air in the supply channel 74' is
      operative over the area of the piston 86' to urge the spool in the
      leftward direction while simultaneously that same pressue is operative
      over the area of the seal between the protrusion 112' and the seat 110' to
      urge the spool 67' rightwardly. The net effect of that air pressure is to
      hold the spool 67' in the leftwardmost position with a force proportional
      to the difference in area between the right pilot and the area encompassed
      by the right seat, or 0.2593 inches.sup.2 in the preferred embodiment.
      This condition corresponds to the lower power valve spool hold condition
      shown in FIG. 4.
PAL  Upper Power Valve Spool Hold Left Off Seat
PAR  The condition which obtains when the upper power valve 67' moves to the
      right off of the right seat or when the seal between the protrusion 112'
      on the sleeve and the valve seat 110' is broken is depicted in FIG. 2 and
      line 8 of the FIG. 6 chart. When this seal is broken or as when the upper
      spool 67' moves slightly to the right, the net force tending to move the
      spool 67'  back to the left increases from the hold left condition. This
      increase is effected because of the presence of the right choke or tight
      diametral clearance between the bore 111' of the sleeve and the peripheral
      surface of the land 88'. Since the right choke is substantially more
      restrictive than the left choke between the land 87' and the bore 68',
      when the right choke is engaged and the spool 67' is off the right seat
      the pressure between the two chokes is essentially atmospheric. Therefore,
      as the seat 110' moves out of contact with the protrusion 112', the area
      of the spool 67' exposed to the high pressure effectively decreases to the
      area of the land 88' rather than the area enclosed within the line of
      contact between the protrusion 112' and the valve seat 110'. That decrease
      of effective area exposed to the high pressure air diminishes the net area
      exposed to a rightward force so that the net force which urges the spool
      67' to the left increases and becomes proportional to the differential in
      area between the right pilot and the right choke, or 0.3930 inches.sup.2
      in the example. This condition corresponds to the lower power valve spool
      hold condition shown in FIG. 3.
PAL  Lower Power Valve Spool Crack Right
PAR  As soon as the air motor piston 12 contacts the rod 41 of the pilot valve,
      the motor piston 12 causes the rod and pilot valve piston 36 to move
      inwardly and unseat the pilot valve. As soon as this unseating of the
      pilot valve occurs, high pressure air is dumped from the chamber 52 of the
      pilot valve to the underside of the pilot valve piston 36. This causes the
      piston 36 and rod 41 to move inwardly in a snap action, thereby connecting
      the high pressure air chambers 52, 53 to the pilot signal port 32 of the
      pilot valve through the groove 49 of the rod 41. This high pressure pilot
      signal from the pilot valve is then transmitted via lines 48 to the pilot
      signal ports 80, 80' of the directional control valve 17.
PAR  Upon the high pressure pilot signal arrival at the ports 80, 80' of the
      directional control valve, both spools 67, 67' initiate movement toward
      the right as viewed in FIG. 1. The two spools then move in parallel and
      essentially in unison toward the rightwardmost position.
PAR  The force tending to move the lower spool 67 off of its leftwardmost seated
      position is then a function of the areas of the spool 67 exposed to high
      pressure. That force is shown in line 3 of FIG. 6 as proportional to the
      area of the left pilot minus the difference in area between the left seat
      and the right pilot, or a net 0.5760 inches.sup.2 in the example. This net
      force is sufficient to overcome the bias of the spring 107 and initiates
      rightward movement of the lower spool 67. This condition corresponds to
      the upper power valve spool cracking condition shown in FIG. 4.
PAL  Lower Power Valve Spool Shift Right
PAR  As soon as the protrusion 89 of the lower spool moves out of engagement
      with the valve seat 79, the complete left side of the land 87 is exposed
      to the exhaust channel with the result that the effective area of the land
      exposed to high pressure from the supply channel 74 is the complete area
      of the land or so-called left choke area. This is the condition
      illustrated in FIG. 2 of the drawings. Consequently, the force tending to
      move the spool from the cracked condition and to shift it to the right
      after disengagement of the protrusion 89 from the seat 79 is proportional
      as in line 4 of FIG. 6 to the area of the left pilot minus the difference
      in area between the left choke and the right pilot, or 0.4424 inches.sup.2
      in the example. This condition corresponds to the upper power valve spool
      shift condition shown in FIG. 3.
PAR  Referring to the line 5 of FIG. 6 and FIG. 3 of the drawings, the condition
      is charted and illustrated which obtains when the small land 88 enters the
      bore 111 forming the more restrictive choke 88-111. When this occurs, the
      net effect is to substantially increase the force tending to move the
      spool 67 rightward. Upon entrance of the land 88 into the bore 111 the
      more restrictive choke 88-111 overcomes the less restrictive choke 87-68
      and serves as the barrier between the high pressure supply channel 74 and
      the exhaust channel 71. In this condition the force tending to continue
      the rightward movement of the spool 67 is proportional to the area of the
      left pilot plus the difference in area between the right pilot and the
      right choke or 1.2278 inches.sup.2 in the example. This force then acts on
      the spool 67 and carries it rightward until it reaches the right seated
      condition in which the seat 110 is engaged with the protrusion 112 of the
      valve sleeve 70. This condition corresponds to the upper power valve spool
      shift condition shown in FIG. 2.
PAR  It is to be noted that even if the pilot signal to the port 80 were lost
      after the land 88 reached the bore 111, the net force derived from the
      high air pressure in the chamber 74 acting on the difference in area
      between the right pilot and the right choke would cause the spool 67 to
      complete its shift cycle. Alternatively, if the pilot signal were lost
      before the land 88 reached the bore 111, the net force derived from the
      high air pressure in the chamber 74 acting on the difference in area
      between the left choke and the right pilot would return the spool 67 to
      its starting position.
PAL  Lower Power Valve Spool Seat Right
PAR  The condition which obtains when the lower spool reaches its rightwardmost
      seated condition is depicted in FIG. 4 and in line 6 of FIG. 6. When the
      spool 67 reaches the rightwardmost seated position under pilot pressure,
      the net force between the seat 110 and the protrusion 112 is proportional
      to the area of the left pilot plus the difference in area between the
      right pilot and the right seat, or 1.0941 inches.sup.2 in the example.
      This condition corresponds to the upper power valve spool seating
      condition shown in FIG. 1.
PAL  Upper Power Valve Spool Crack Right
PAR  Referring back to FIG. 1, there is illustrated the condition of the upper
      spool 67' when the high pressure pilot signal arrives at the pilot signal
      port 80' of the upper power valve 60. With reference to line 9 of FIG. 6
      it will be seen that the force then tending to move the spool 67' of the
      power valve 60 rightwardly is proportional to the area of the right pilot
      less the difference in area between the right pilot and the right choke.
      Otherwise expressed, high pressure fluid contained in the chamber on the
      left side of the piston 86' tends to move the spool 67' rightwardly with a
      force which is proportional to the area of the piston while at the same
      time the pressure contained in the chamber to the right of the piston 86'
      tends to move the piston to the left with a force which is proportional to
      the difference in area between the right pilot and the right choke, or
      0.5755 inches.sup.2 in the example. This condition corresponds to the
      lower power valve spool cracking condition shown in FIG. 4.
PAL  Upper Power Valve Spool Shift Right
PAR  As soon as the spool 67' moves slightly to the right, the condition
      illustrated in FIG. 2 and described mathematically in line 10 of FIG. 6 is
      effected. At that time the force tending to continue the rightward shift
      of the spool 67' is proportional to the area of the right pilot less the
      difference in area between the right pilot and the right choke, or 0.4418
      inches.sup.2 in the example. This condition corresponds to the lower power
      valve spool shift condition shown in FIG. 3.
PAR  As the upper spool 67' continues to move to the right, the smaller land 88'
      moves to the position of FIG. 3 in which it is clear of the bored 111'. At
      this point, the force tending to move the spool 67' to the right becomes
      proportional to the area of the right pilot plus the difference in area
      between the left choke and the right pilot, or 1.2272 inches.sup.2 in the
      example of line 11 of FIG. 6. This condition corresponds to the lower
      power valve spool shift condition shown in FIG. 2.
PAR  It is to be noted that even if the pilot signal to the port 80' were lost
      after the land 88' left the bore 111', the net force derived from the high
      air pressure in the chamber 74' acting on the difference in area between
      the left choke and the right pilot would cause the spool 67' to complete
      its shift cycle. Alternatively, if the pilot signal were lost before the
      land 88' left the bore 111', the net force derived from the high air
      pressure in the chamber 74' acting on the difference in area between the
      right pilot and the right choke would return the spool 67' to its starting
      position.
PAL  Upper Power Valve Spool Seat Right
PAR  When the upper spool 67' reaches its rightwardmost seated condition under
      pilot pressure, as illustrated in FIG. 4, the net force between the seat
      79' and the protrusion 89' is proportional to the area of the right pilot,
      plus the difference in area between the left seat and the right pilot, or
      1.0936 inches.sup.2 in the example of line 12 of FIG. 6. This condition
      corresponds to the lower power valve spool seating condition shown in FIG.
      1.
PAL  Reverse Direction Shift of Power Valves
PAR  The two power valves then remain in the position illustrated in FIG. 4
      throughout the shift cycle of the air motor piston 12 until the motor
      piston contacts the rod 41' of the pilot valve 19. At that point, the
      pilot valve shifts and the high pressure signal is transmitted through the
      pilot valve and line 48' to the pilot signal ports 81, 81' of the
      direction control valve 17. The two power valve spools 67, 67' then shift
      leftwardly in the same manner that the two shifted rightwardly, except the
      forces tending to move the lower spool to the left are the same as had
      formerly been applied to the upper spool to effect its rightward movement
      and vice versa. In other words, because of the end for end reversal of the
      two spools within the valve body, the forces tending to effect the
      movement of one spool in the reverse direction are exactly the same forces
      as previously applied to effect the movement of the other spool in the
      first direction.
PAR  It can also be seen from the preferred embodiment quantitatively defined in
      FIG. 6 that the area versus position relationships are such as to cause
      the spools 67, 67' to shift essentially in unison even though they are in
      opposed orientation with respect to the concurrent motions.
PAL  Effects of the Dual Chokes in the Operational Sequence
PAR  It is to be noted that in the course of shifting to the right the upper
      power valve spool 67' reaches a position as soon as the small land 88
      emerges from the bore 111' in which the upper power valve will complete
      its shift cycle even if the pilot signal to the port 80' is lost. At that
      point, the net force created by the high pressure air supply in the valve
      markedly increases toward a rightward seated position. Similarly, in
      shifting to the right, the lower spool 67 reaches a position when the
      small land 88 enters the bore 111 from which it will complete its shift
      cycle even if the pilot signal to the port 80 is lost. This change between
      the engaged and disengaged conditions of the land 88 occurs at the
      mid-point of the shift cycle.
PAR  From this explanation of the operational sequence of the two power valves,
      it will be appreciated that the dual chokes, one of which (the left choke)
      is less restrictive but is continuously operable in the shift cycle and
      the other of which (the right choke) is more restrictive but is only
      intermittently operable in the shift cycle, cooperate to achieve a twofold
      effect; that is they cooperate to:
PA1  1. avoid the power valve spools becoming stalled in an intermediate
      position by causing the shift cycle to be completed in the event of a loss
      of the pilot signal to the power valves after the mid-point of the shift
      cycle or to be reversed to the starting position in the event of a loss of
      pilot signal prior to the mid-point of the shift cycle.
PA1  2. cause the power valve spools to have stability when seated in either a
      hold left or hold right position because the net force holding them seated
      increases as soon as they move off the seat. This stability is illustrated
      by a comparison of lines 1 and 2 of the chart of FIG. 6 and by a
      comparison of lines 7 and 8 of FIG. 6.
PAR  It can be seen that the stability of shift and seating plus the "closed
      center" characteristic provided by the power valve chokes in combination
      with the pneumatically shifted "closed center" pilot valves which are
      latched open until motor pressure is established constitute a valve system
      of substantial redundancy and therefore of high reliability. At the same
      time, the elements comprising this system are quite simple, do not demand
      great precision in their manufacture and can tolerate significant wear
      without interrupting the system function.
PAR  A primary functional advantage of the control system depicted in FIG. 1 is
      illustrated graphically in FIG. 7. In this figure, time is plotted along
      the abscissa and hydraulic pressure derived from the hydraulic pump 5 is
      plotted along the ordinate. The solid line 160 indicates the hydraulic
      pressure at the outlet side of a double acting hydraulic pump 5 actuated
      by the air motor 10 and controlled by the control system of FIG. 1. Each
      time the air motor 10 reverses direction as at the points 161, 162, there
      is a slight dip in the hydraulic pressure at the outlet of the pump 5.
      This dip though is much smaller than has heretofore been achievable with
      conventional prior art control systems, as, for example, that disclosed in
      U.S. Pat. No. 3,635,125. The output pressure derivable from a control
      system such as that illustrated in U.S. Pat. No. 3,635,125  is illustrated
      by the dashed line 163 of FIG. 7. It is to be noted that there is a predip
      163a in the dashed line 163. This predip is caused by the extraction of
      motor piston energy to compress or cock the pilot valve control springs
      which are subsequently utilized to effect the reversal of the pilot
      valves. The practice of this invention not only reduces the depth of the
      pressure dip, but it also completely eliminates the predip which
      previously had occurred immediately prior to a stroke reversal.
PAL  Pressure Regulator
PAR  The pressure regulator 16 employed in the embodiment of FIG. 1 may be a
      conventional diaphragm type pressure regulator available commercially from
      any number of suppliers. However, a preferred compact poppet type
      regulator is illustrated in FIG. 5. This regulator is of a modular design
      that may be "plugged" into a bore in a control valve body, as, for
      example, into the body 62 of FIG. 1. As a consequence of this modulator
      construction the regulator 16 may easily be installed and removed from the
      valve body for purposes of replacement or service.
PAR  The regulator valve module comprises the regulator valve body 200, a valve
      spool 205, a valve spool biasing spring 206, a pressure setting adjustment
      cap 207, and a pair of spring cups 208, 209 retaining a pressure setting
      adjustment spring 210.
PAR  The regulator valve body 200 is adapted to be fitted into a bore 201 of the
      housing body 62. The bore 201 is intersected and in fluid communication
      with an inlet air passage 203 of the housing 62 and an outlet air passage
      204. The outlet passage 204 intersects the bottom of the bore 201, while
      the passage 203 intersects the side wall of the bore.
PAR  The regulator valve body 200 is generally shaped as a sleeve upon which
      there are two radially extending flanges. One of the flanges 211 is
      hexagonally shaped and is adapted to seat within a parallel sided recess
      212 and in the top surface of the housing 62 to prevent rotation and to be
      secured therein against axial motion by a retainer clip 213. The clip 213
      is in turn secured to the housing by a screw 214. The other flange 216
      extends radially outwardly from the sleeve near the top and is threaded as
      at 217 for reception of the threaded bore 218 in the adjusting cap 207.
      Near its lower end, the valve body has a series of apertures 220 extending
      therethrough in the horizontal plane of the inlet air passage 203. These
      apertures connect the inlet air passage 203 to the interior of the sleeve.
PAR  The interior of the body 200 is stepped so as to define a large diameter
      bore 225 at the upper end and a smaller diameter bore 226 at the lower
      end. This lower diameter bore 226 acts as a cylinder within which the
      valve spool 205 is movable. The valve spool 205 is generally tubular in
      shape and has a stepped internal bore 227 which extends axially through
      the spool and terminates in a hexagonally shaped opening 236 at the bottom
      of the spool. At its upper end the spool terminates in an outwardly
      extending flange 228 which is generally square except for four arcuate
      corners which cooperate with the bore 225. From the upper surface of the
      flange 228 there protrudes a semicircular torus 229. This torus or
      protrusion from the top surface of the sleeve cooperates with the bottom
      surface of the spring cup 208.
PAR  The lowermost outer end of the valve spool terminates in a threaded end
      section 230. A valve seat 231, preferably made of a slightly resilient
      material, as for example an acetal polymer, is retained on the spool by a
      nut 237 threaded over the end 230 of the spool. This seat has a radially
      extending flange the top surface of which is spherically tapered as at 232
      to provide a self-aligning resilient valve element for the piston. This
      tapered seat cooperates with the bottom inside edge 233 of the valve body
      to form the tapered poppet seal 234 of the valve.
PAR  Intermediate its ends, the valve spool is fitted with a low friction lip
      seal 235 cooperating with the bore 226. The bore 226 and the edge 233 are
      approximately the same diameter to negate any force effect from the inlet
      air pressure. The spool diameter 238 immediately adjacent the lip seal 235
      operates in conjunction with the arcuate corners of the flange 228
      cooperating respectively with the bores 225, 226 to generally align the
      valve seat 231 with respect to the edge 233 in a zone within which precise
      self-alignment of the poppet seal 234 can reliably take place. The spool
      is biased in the absence of force from the adjustment spring 210 to a
      position in which the poppet seal 234 is closed by the light biasing
      spring 206.
PAR  Adjustment of the valve is effected by compression of the spring 210. At
      its upper end, the spring 210 fits around the hub 241 of the cup 209. This
      latter cup is free to self-align as a consequence of its being supported
      solely by a ball 243 upon which it is free to rock. The ball in turn is
      fitted into a portion of a semi-spherical recess 244 in the cap 207, and
      in a similarly shaped recess 245 in the top surface of the spring cup. At
      is lower end the spring 210 fits around the hub 240 of the spring cup 208
      which is preferably made of a slightly resilient material, as for example
      an acetal polymer. The spring cup 208 cooperates with the protrusion 229
      on the spool 205 to form the flat poppet seal 239. In the preferred
      embodiment the cups 208, 209 are identical.
PAR  The force imposed by the spring 210 on the cup 208 is constrained to be
      central to the cup by the upper ball support 245. This central force
      acting in conjunction with a pivotal reaction at any point of the
      protrusion 229 causes the cup 208 to be self-aligning in parallel relation
      to the contact edge of the protrusion 229.
PAR  In operation, air is supplied through the air inlet passage 203 of the
      housing 62, through the apertures 220 in the sleeve, into the interior
      chamber 246 of the valve body. If the air pressure in the outlet passage
      204 multiplied by the area of the poppet seal is less than the net spring
      force applied to the spool, the spring force opens the poppet seal 234
      allowing inlet air to enter the passage 204. In the event that the air
      pressure in the passage 204 multiplied by the area of the poppet seal 239
      is greater than the force applied by the spring 210, the outlet pressure
      is reduced by unseating the spring cup 208 from the protrusion 229, thus
      allowing outlet air to vent through the upper end of the valve body and
      through the exhaust port 250 of the sleeve to atmosphere. The valving
      areas are preferably selected so that the outlet venting pressure is
      slightly higher than the outlet filling pressure to avoid valving
      instability or chatter.
PAR  In order to increase the regulated air pressure in the outlet passage 204,
      the compression of the spring 210 is increased so that a greater outlet
      air pressure force is required to close the poppet seal 234.
      Alternatively, to reduce the regulated air pressure in the outlet passage
      204, the compression of the spring 210 is reduced so that a lesser outlet
      air pressure force is required to open the poppet seal 239 allowing outlet
      air to escape to atmosphere through the chamber 249 in the upper end of
      the valve body.
PAR  The primary advantage of this regulating valve resides in its provision of
      self-aligning poppet valves operating in cooperation with a moving spool
      which has minimal resistance to axial displacement as a consequence of
      being fitted with only one dynamic pressure retaining lip seal 235. The
      acetal polymer tapered valve seat 231 at the bottom of the valve spool
      serves to self-align the poppet seal 234 as well as providing slight
      resilience which compensates for minor irregularities in the elements
      comprising that poppet seal. Simmilarly, the acetal polymer spring cup 208
      acts in cooperation with the centrally supported spring 210 and the
      protrusion 229 to self-align the poppet seal 239 as well as providing
      slight resilience which compensates for minor irregularities in the
      elements comprising that poppet seal.
PAR  While I have described a preferred embodiment of my invention, persons
      skilled in the art to which this invention pertains will readily
      appreciate changes and modifications which may be made without departing
      from the spirit of my invention. Therefore, I do not intend to be limited
      except by the scope of the following appended claims.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. Apparatus for controlling the transmission of fluid pressure to a
      double-acting fluid motor cylinder for driving a reciprocating piston
      therein, comprising directional control valve means, fluid pressure supply
      means, first and second pilot operating valves for transmitting fluid
      pressure from said pressure supply means alternately to opposite ends of
      said directional control valve means, said directional control valve means
      being operable to alternately supply fluid pressure to one end of said
      motor cylinder while exhausting fluid from the opposite end of said motor
      cylinder, said directional control valve means comprising
PA1  a valve body having a pair of stepped bores therein, each of said stepped
      bores being intersected and in fluid communication with an exhaust
      channel, a pressure supply channel and a motor supply channel,
PA1  a valve spool slidably mounted within each of said stepped bores, said
      spools each having two poppet sealing elements thereon operable with
      respect to said motor supply channel to alternatively connect said motor
      supply channel to said exhaust channel and supply channel,
PA1  means including a pair of chokes operable to assist in axially positioning
      each of said spools in said stepped bores,
PA1  one of said pair of chokes being a continuously operable choke of moderate
      restriction between said spool and said stepped bore,
PA1  the other of said pair of chokes being an intermittently operable choke of
      high restriction between said spool and said stepped bore, and
PA1  a spring in each of said bores operable to bias said spools axially toward
      one end position in said stepped bores.
NUM  2.
PAR  2. The apparatus of claim 1 in which said stepped bores are each defined in
      part by a sleeve fixedly mounted in said valve body, said sleeves having a
      portion of one of said chokes formed thereon.
NUM  3.
PAR  3. The apparatus of claim 2 in which one of said two poppet sealing
      elements of said spool includes a resilient valve seal disposed on each of
      said valve spools, said sleeves each having a sealing element formed
      thereon and cooperable with said resilient seals on said spools to effect
      a pressure seal between said spools and stepped bores in one end position
      of said spools in said bores.
NUM  4.
PAR  4. The apparatus of claim 1 which further includes a resilient valve seat
      disposed in each of said stepped bores, one of said two poppet sealing
      elements of each of said spools comprising a sealing element cooperable
      with said resilient seals of said stepped bores to effect a pressure seal
      between said spools and stepped bores in one end position of said spools
      in said bores.
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ABST
PAL  An electro-hydraulic system for controlling a hydraulic function includes a
      pump and reservoir connected to the function through an electro-hydraulic
      control valve, a pair of pilot operated check valves normally preventing
      fluid flow from the function, a pilot passage between the pump and check
      valves to pressurize and open the check valves, an electro-hydraulic drain
      valve connected to the pilot passage, and control means for the control
      and drain valves. The control means is responsive to a feedback signal
      from the hydraulic function and an operator-controlled input signal within
      a predetermined range to close and open the drain and control valves,
      respectively. The control means may further require the presence of a
      second input signal, such as a simple reference signal or a signal
      provided in response to operation of an additional function, before
      operating the control and drain valves. With this arrangement, the system
      is fail-safe inasmuch as the hydraulic function will not operate in the
      event of hydraulic or electrical failure, if the hydraulic function and
      the operator input signal difference is above or below predetermined
      maximum and minimum values, or in the absence of the second input signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to hydraulic systems and more
      particularly to electro-hydraulic systems.
PAR  In the past, various types of electro-hydraulic control systems have been
      developed, some employing mechanical, electrical or hydraulic feedback
      means, but none included provisions for preventing any movement of the
      hydraulic function in the event of any one or combination of mechanical,
      electrical or hydraulic failure.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object to provide an electro-hydraulic system incorporating
      combined electric and hydraulic circuitry to prevent movement of a
      hydraulic function upon the failure of electric or hydraulic power or if
      predetermined parameters are not satisfied.
PAR  The above and additional objectives and advantages of the invention will
      become apparent to those skilled in the art by a reading of the following
      detailed description of a preferred embodiment of the invention when taken
      in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawing is an electrical and hydraulic schematic illustrating the
      features of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the hydraulic system according to the
      invention includes a main variable displacement, pressure compensated,
      hydraulic pump 10 supplied from a reservoir 12 and supplying pressurized
      fluid through a supply line 14 to a first port in the first side of a
      control valve 16. A reservoir line 18 connects a second port in the first
      side of the control valve 16 with the reservoir 12.
PAR  A first port in the second side of the control valve 16 is connected by a
      first fluid passage 20 to a first port in a fluid motor or hydraulic
      cylinder 22. The hydraulic cylinder 22 is representative of any of the
      conventional hydraulic functions. Interposed in the first fluid passage 20
      between the cylinder 22 and the control valve 16 is a first conventional
      pilot-operated check valve 24. A second port in the second side of the
      control valve 16 is connected to a second port in the rod end of cylinder
      22 by a second fluid passage 26 and interposed in the second fluid passage
      26 between the control valve 16 and the cylinder 22 is a second
      conventional pilot-operated check valve 28.
PAR  A pilot passage 30 is connected to the supply line 14 and to the pilots of
      the check valves 24 and 28. A restrictor 32 is interposed in the pilot
      passage 30 between the supply line 14 and the check valves 24 and 28. A
      solenoid operated, normally-open drain valve 34 which opens to the
      reservoir 12 is connected to the pilot passage 30 between the restrictor
      32 and the check valves 24 and 28.
PAR  The operator input occurs at a manually operable selector potentiometer 40
      which is connected to a power source 75 and which includes a selector
      wiper 42 connected by an operator's command lead 44 to a difference
      amplifier circuit 46 of known circuit configuration. The output of the
      cylinder 22 is sensed by a motor sensor potentiometer 50 which is
      connected to the source 75 and which includes an output wiper 52 mounted
      on a cylinder rod 54 of the cylinder 22. An output sensor lead 56 connects
      the motor sensor potentiometer 50 to the difference amplifier circuit 46.
PAR  A difference signal lead 58 connects the difference amplifier circuit 46 to
      amplifier means 60 which includes first, second, and third "windowed"
      amplifier circuits 61, 62, and 63 of known circuit configurations. A first
      control valve lead 66 connects the first amplifier circuit 61 with an
      operator means or a first control valve solenoid 68 for selectively moving
      the control valve 16 to one side of a center-off position to connect the
      first fluid passage 20 to the reservoir 12 and the second fluid passage 26
      to the pump 10. A second control valve lead 67 connects the third
      amplifier circuit 63 with an operator means or a second control valve
      solenoid 69 for selectively moving the control valve 16 to another side of
      the center-off position to connect the first fluid passage 20 to the pump
      10 and the second fluid passage 26 to the reservoir 12.
PAR  A drain valve lead 70 connects the second amplifier circuit 62 to an
      operator means or drain valve solenoid 72 which moves the drain valve 34
      for selectively connecting and blocking the pilot passage 30 to and from
      the reservoir 12.
PAR  If desired, the reference voltages for the difference amplifier circuit 46,
      or the first and third amplifier circuits 61 and 63, or the second
      amplifier circuit 62 can be used as additional input signals as will be
      well understood by those skilled in the art. For example, the reference
      voltages can be altered by a signal to an electro-hydraulic control valve
      for an additional function so that the second amplifier circuit 62 will
      not provide signals to the drain valve solenoid 72 unless the control
      valve for the additional function is actuated, thus requiring sequential
      or simultaneous operation of the functions. The requirement for actuation
      of the additional functions or similar requirement can be referred to as
      programed or predetermined parameters.
PAR  In the following description of operation the presence of reference
      voltages for the amplifier circuits will be assumed except where noted.
PAR  To operate the hydraulic system, the operator moves the selector wiper 42
      to a desired position which produces a signal proportional to that
      position and sends the signal to the control means which includes the
      amplifier circuits 46, 61, 62 and 63, and the solenoids 68, 69, and 72.
      Starting in the difference amplifier circuit 46 the selector signal is
      compared with the signal produced by the output wiper 52 of the motor
      sensor potentiometer 50 representative of the position of the cylinder rod
      54.
PAR  When the selector signal is greater than the motor sensor signal, a
      positive difference signal is produced by the difference amplifier circuit
      46. It should be noted that the difference signal is described herein as
      positive, negative, or null, but that the polarity and value of the
      various signals may be chosen to suit the application as would be evident
      to one skilled in the art.
PAR  Although all three amplifier circuits 61, 62, and 63 receive all the
      difference signals, each amplifier circuit restricts activation and
      amplification to those difference signals which fall within predetermined
      "windows" or ranges established for each amplifier circuit. A positive
      difference signal which indicates a significant difference and which does
      not indicate a substantial difference, as would be evident to one skilled
      in the art, falls within the positive "window" or a first predetermined
      range of difference signals established for the third amplifier circuit
      63. This difference signal is amplified by the third amplifier circuit 63
      to produce an amplified positive signal. The amplified positive signal
      activates the second control valve solenoid 69 so as to move the control
      valve 16 to connect the first fluid passage 20 to the pump 10 and the
      second fluid passage 26 to the reservoir 12.
PAR  Simultaneously, the second amplifier circuit 62 which also amplifies
      signals within the first predetermined range of difference signals
      amplifies the positive difference signal so as to provide an amplified
      positive signal to activate the drain valve solenoid 72 to position the
      drain valve 34 to block the pilot passage 30 from the reservoir 12. This
      permits the fluid pressure in the pilot passage 30 to increase and operate
      the pilots in and open the check valves 24 and 28. When the check valves
      24 and 28 are open, the pump 10 supplies pressurized fluid to the first
      port of the cylinder 22 and the second port of cylinder 22 is connected to
      the reservoir 12 causing the cylinder rod 54 to extend.
PAR  When the selector signal is less than the motor sensor signal, a negative
      difference signal is produced by the difference amplifier 46. A negative
      difference signal within a negative "window" or second predetermined range
      of difference signals is amplified by the first amplifier circuit 61 to
      produce a negative signal which activates the first control valve solenoid
      68 to shift the control valve 16 to the position wherein the first fluid
      passage 20 is connected to the reservoir 12 and the second fluid passage
      26 is connected to the pump 10.
PAR  Simultaneously, the second amplifier circuit 62, which amplifies and
      changes the signals within the second predetermined range of difference
      signals, processes the negative difference signal to produce an amplified
      positive signal to activate the drain valve solenoid 72 to block the pilot
      passage 30 from the reservoir 12. Thus, the check valves 24 and 28 are
      opened to connect the pump 10 to the second port of cylinder 22 and the
      reservoir 12 to the first port causing the cylinder rod 54 to retract.
PAR  When the two signals are approximately equal and there is only a slight
      difference, the difference signal produced falls between the first and
      second predetermined ranges so that a null signal or no signal is produced
      by the amplifier means 60. This in turn means that the control valve
      solenoids 68 and 69 and the drain valve solenoid 72 are not activated and
      the control valve 16 and the drain valve 34 are in their center-off and
      open-to-reservoir positions, respectively. With the control valve 16 in
      the center-off position both the pump 10 and the reservoir 12 are
      disconnected from the first and second fluid passages 20 and 26. The fluid
      pressure in the pilot passage 30 between the restrictor 32 and check
      valves 24 and 28 is not sufficient to operate the pilots because the drain
      valve 34 connects the pilot passage 30 to the reservoir 12 and the
      restrictor 32 prevents pressure buildup. Thus, the cylinder rod 54 is
      prevented from moving.
PAR  In the event that there is a substantial difference between the selector
      signal and the motor sensor signal, the difference signal will be outside
      the first and second predetermined ranges of difference signals so that
      the null signal will be produced by the amplifier means 60 and movement of
      the cylinder rod 54 is prevented. Substantial differences would occur when
      there is an over-shoot such as when either the selector wiper 42 or the
      cylinder rod 54 is moved too rapidly for the other to follow, or when the
      positions of the cylinder rod 54 and the selector wiper 42 are
      substantially misaligned during a shutdown of the system and remain
      misaligned after startup.
PAR  In the event of a mechanical failure such as the jamming of either the
      control valve 16 or the drain valve 34, the operative valve would still be
      capable of stopping the cylinder 22. If the control valve 16 jams in an
      open position, the drain valve 34 will reduce the pressure in the pilot
      line 30 causing the first and second check valves 24 and 28 to close and
      prevent the flow of fluid to and from the cylinder 22. If the drain valve
      34 jams in an open position, the pressure in the pilot line 30 will be
      reduced causing the first and second check valves 24 and 28 to close; and,
      if the drain valve 34 jams in a closed position, a variation of the output
      wiper 52 from the setting of the selector wiper 42 will cause the
      centering of the control valve 16 in the off position to prevent flow to
      and from the cylinder 22.
PAR  In the event of an electrical power failure, the signals to the operator
      means 68 and 72 will null, causing the control valve 16 to move to its
      neutral ports-blocked position, and the drain valve 34 to connect the
      pilot passage 30 to the reservoir 12. Thus, movement of the cylinder rod
      54 will be prevented by the closing of the check valves 24 and 28 and by
      the disconnection of the first and second fluid passages 20 and 26 from
      the pump 10 and the reservoir 12.
PAR  In the event of hydraulic power failure while electrical power is
      available, the fluid pressure in the pilot passage 30 will decrease
      closing the first and second check valves 24 and 28 and preventing flow
      through the first and second fluid passages 20 and 26 regardless of the
      position of control valve 16. A combined hydraulic and electrical power
      failure will result in both the check valves 24 and 28 closing and the
      control valve 16 centering in the off position.
PAR  If the reference voltages for the amplifier means 60 are being used as
      additional input signals to indicate the fulfillment of programed
      parameters, a signal from the difference amplifier circuit 46 will not
      result in a signal from the amplifier means 60 unless the parameter is
      fulfilled and the reference voltages or signals are applied to the
      amplifier means 60.
PAR  Thus, an electro-hydraulic system has been presented wherein a hydraulic
      function is responsive to the position of an operator's selector and
      wherein movement of the function will be stopped upon a mechanical,
      electrical, or hydraulic failure; or in the absence of the fulfillment of
      programed parameters.
PAR  While the invention has been described in conjunction with a specific
      embodiment, it is to be understood that many alternatives, modifications,
      and variations will be apparent to those skilled in the art in light of
      the aforegoing description. Accordingly, it is intended to embrace all
      such alternatives, modifications, and variations that fall within the
      spirit and the scope of the intended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic system comprising: a fluid reservoir; a source of
      pressurized fluid; fluid function means providing an output and having at
      least one port; fluid passage means connected to the port; function
      control means operatively associated with the source for controlling the
      pressurized fluid in the fluid passage means; pilot operated check valve
      means disposed in the fluid passage means normally preventing flow of
      fluid away from the function means and including pressure responsive means
      to open the check valve means and permit the flow of fluid away from the
      function means when supplied with pressurized fluid; pilot passage means
      connected to the pressure responsive means; pressure control means
      exclusive of the function control means for the pilot passage means for
      selectively pressurizing and exhausting the pilot passage means; manually
      operable means providing an input proportional to desired function means
      output; and control means operatively associated with the function control
      means and the pressure control means responsive to the manually operable
      means input to connect the fluid passage means to the source and to
      pressurize the pilot passage means in response to the presence of the
      input.
NUM  2.
PAR  2. A hydraulic system as claimed in claim 1 wherein the function control
      means includes control valve means operatively associated with the fluid
      passage means for selectively interconnecting the reservoir and source
      thereto, the pilot passage means connects the pressure responsive means to
      the source, and the pressure control means includes drain valve means
      connected to the pilot passage means for selectively connecting and
      blocking the pilot passage means to and from the reservoir.
NUM  3.
PAR  3. A hydraulic system as claimed in claim 1 wherein the manually operable
      means includes selector means for providing an input signal proportional
      to the desired function means output; amplifier means in the control means
      connected to the selector means for amplifying the signals therefrom;
      operator means in the control means associated with the control valve
      means responsive to the amplified signal from the amplifier means to
      connect the fluid passage means to the source; and operator means in the
      control means associated with the pressure control means responsive to the
      amplified signal from the amplifier means to block the pilot passage means
      from the reservoir.
NUM  4.
PAR  4. A hydraulic system as claimed in claim 3 wherein the amplifier means
      includes means responsive to programed parameters to selectively effect
      amplification of the selector means signal.
NUM  5.
PAR  5. A hydraulic system as claimed in claim 3 including restrictor means
      interposed in the pilot passage means between the source and the pressure
      control means preventing buildup of pressurized fluid sufficient to
      operate the check valve means while the drain valve means is connected to
      the reservoir.
NUM  6.
PAR  6. A hydraulic system comprising: a fluid reservoir; a source of
      pressurized fluid; hydraulic function means providing an output and having
      at least one port; fluid passage means connected to the port; control
      valve means operatively associated with the fluid passage means for
      selectively interconnecting the reservoir and the source thereto; pilot
      operated check valve means disposed in the fluid passage means normally
      preventing flow of fluid from the function means to the control valve
      means and including pressure responsive means to open the check valve
      means and permit the flow of fluid from the function means to the control
      valve means when supplied with pressurized fluid; pilot passage means
      connecting the pressure responsive means to the source; drain valve means
      connected to the pilot passage means for selectively connecting and
      blocking the pilot passage means to and from the reservoir; manually
      operable selector means providing a signal proportional to desired
      function means output; function sensor means operatively associated with
      the function means for sensing function means output and providing a
      signal proportional thereto; and control means operatively associated with
      the control valve means and the drain valve means responsive to the
      signals from the selector means and the function sensor means to connect
      the fluid passage means to the source in response to a predetermined
      difference between the signals and to connect and block the pilot passage
      means to and from the reservoir in response to the absence and the
      presence of a difference, respectively, between the signals.
NUM  7.
PAR  7. A hydraulic system as claimed in claim 6 wherein the control means
      includes difference means responsive to the difference between the
      selector means signal and the function sensor means signal to provide a
      difference signal; amplifier means connected to the difference amplifier
      means for amplifying the difference signals therefrom; operator means
      associated with the control valve means responsive to the amplified
      difference signals from the amplifier means to connect the fluid passage
      means to the source; and operator means associated with the drain valve
      means responsive to the amplified difference signals from the amplifier
      means to block the pilot passage means from the reservoir.
NUM  8.
PAR  8. A hydraulic system as claimed in claim 7 wherein the difference
      amplifier means includes means responsive to programed parameters to
      selectively effect the providing of the difference signal.
NUM  9.
PAR  9. A hydraulic system as claimed in claim 7 wherein the amplifier means
      includes means responsive to programed parameters to selectively effect
      amplification of the difference signal.
NUM  10.
PAR  10. A hydraulic system as claimed in claim 7 wherein the amplifier means
      includes means for restricting amplification of the difference signals
      affecting the operator means associated with the control valve means to
      the difference signals within a predetermined range of difference signals.
NUM  11.
PAR  11. A hydraulic system as claimed in claim 7 wherein the amplifier means
      includes means for restricting amplification of the difference signals
      affecting the operator means associated with the drain valve means to the
      difference signals within a predetermined range of difference signals.
NUM  12.
PAR  12. A hydraulic system as claimed in claim 11 wherein the amplifier means
      further includes means for restricting amplification of the difference
      signals affecting the operator means associated with the drain valve means
      to difference signals within a second predetermined range of difference
      signals.
NUM  13.
PAR  13. A hydraulic system as claimed in claim 12 further including restrictor
      means interposed in the pilot passage means between the source and the
      drain valve means preventing buildup of pressurized fluid sufficient to
      operate the check valve means while the drain valve means is connected to
      the reservoir.
NUM  14.
PAR  14. A hydraulic system comprising: a fluid reservoir; a source of
      pressurized fluid; hydraulic function means providing an output and having
      a first and second ports; first and second fluid passage means connected
      to the first and second ports, respectively; control valve means
      selectively movable to either side of a neutral position to connect the
      first fluid passage means to the reservoir and the second fluid passage
      means to the source or the first fluid passage means to the source and the
      second fluid passage means to the reservoir; first and second pilot
      operated check valve means disposed in the first and second fluid passage
      means, respectively, normally preventing flow of fluid from the first and
      second ports, respectively, to the control valve means and including
      pressure responsive means to open the check valve means and permit the
      flow of fluid from the first and second ports to the control valve means
      when supplied with pressurized fluid; pilot passage means connecting the
      pressure responsive means to the source; drain valve means exclusive of
      the control valve means connected to the pilot passage means for
      selectively connecting and blocking the pilot passage means to and from
      the reservoir; manually operable means providing an input proportional to
      desired function means output; control means operatively associated with
      the control valve means and the drain valve means responsive to the
      manually operable means input to change the interconnections of the
      control valve means and to interconnect and block the pilot passage means
      to and from the reservoir in response to the absence and presence,
      respectively, of the input.
NUM  15.
PAR  15. A hydraulic system as claimed in claim 14 wherein the manually operable
      means includes selector means for providing an input signal proportional
      to the desired function means output; amplifier means in the control means
      connected to the selector means for amplifying signals within a first and
      a second predetermined range of signals therefrom; operator means in the
      control means associated with the control valve means responsive to the
      amplified signals from within the first predetermined range of signals to
      connect the first fluid passage means to the reservoir and the second
      fluid passage means to the source and responsive to the amplified signals
      from within the second predetermined range of signals to connect the first
      fluid passage means to the source and the second fluid passage means to
      the reservoir; and operator means in the control means associated with the
      drain valve means responsive to the amplified signals from within the
      first and second predetermined range of signals to block the pilot passage
      means from the reservoir.
NUM  16.
PAR  16. A hydraulic system as claimed in claim 15 wherein the amplifier means
      includes means responsive to programed parameters to selectively effect
      amplification of the selector means signals.
NUM  17.
PAR  17. A hydraulic system as claimed in claim 15 including restrictor means
      interposed in the pilot passage means between the source and the drain
      valve means preventing buildup of pressurized fluid sufficient to operate
      the check valve means while the drain valve means is connected to the
      reservoir.
NUM  18.
PAR  18. A hydraulic system comprising: a fluid reservoir; a source of
      pressurized fluid; hydraulic function means providing an output and having
      a first and second ports; first and second fluid passage means connected
      to the first and second ports, respectively; control valve means
      selectively movable to either side of a neutral position to connect the
      first fluid passage means to the reservoir and the second fluid passage
      means to the source or the first fluid passage means to the source and the
      second fluid passage means to the reservoir; first and second pilot
      operated check valve means disposed in the first and second fluid passage
      means, respectively, normally preventing flow of fluid from the first and
      second ports, respectively, to the control valve means and including
      pressure responsive means to open the check valve means and permit the
      flow of fluid from the first and second ports to the control valve means
      when supplied with pressurized fluid; pilot passage means connecting the
      pressure responsive means to the source; drain valve means connected to
      the pilot passage means for selectively connecting and blocking the pilot
      passage means to and from the reservoir; manually operable selector means
      providing a signal proportional to desired function means output; function
      sensor means operatively associated with the function means for sensing
      function means output and providing a signal proportional thereto; and
      control means operatively associated with the control valve means and the
      drain valve means responsive to signals from the selector means and the
      function sensor means to connect the first fluid passage means to the
      reservoir and the second fluid passage means to the source in response to
      a difference between the signals within a first predetermined range of
      differences and to connect the first fluid passage means to the source and
      the second fluid passage means to the reservoir in response to a
      difference between the signals within a second predetermined range of
      differences and to connect and block the pilot passage means to and from
      the reservoir in response to the absence and the presence of a difference,
      respectively, between the signals.
NUM  19.
PAR  19. A hydraulic system as claimed in claim 18 wherein the control means
      includes difference amplifier means responsive to the difference between
      the selector means and the function means signals to provide a difference
      signal; amplifier means connected to the difference amplifier means for
      amplifying difference signals within a first and second predetermined
      range of difference signals; operator means associated with the control
      valve means responsive to the amplified difference signals from the
      amplifier means within the first range of differences to connect the first
      fluid passage means to the reservoir and the second fluid passage means to
      the source and responsive to the amplified difference signals from the
      amplifier means within the second range of difference signals to connect
      the first fluid passage means to the source and the second fluid passage
      means to the reservoir; second amplifier means connected to the difference
      amplifier means for amplifying the difference signal therefrom; operator
      means associated with the drain valve means responsive to the amplified
      difference signal from the second amplifier means to block the pilot
      passage means from the reservoir.
NUM  20.
PAR  20. A hydraulic system as claimed in claim 19 wherein the difference
      amplifier means includes means responsive to the presence or absence of
      programed parameters to respectively effect or not effect the providing of
      the amplified difference signal.
NUM  21.
PAR  21. A hydraulic system as claimed in claim 19 wherein the amplifier means
      includes means responsive to the presence or absence of programed
      parameters to respectively effect or not effect amplification of the
      amplified difference signal.
NUM  22.
PAR  22. A hydraulic system as claimed in claim 19 wherein the second amplifier
      means includes means responsive to the presence or absence of programed
      parameters to respectively effect or not effect amplification of the
      difference signal.
NUM  23.
PAR  23. A hydraulic system as claimed in claim 19 including comparator means in
      the control means responsive to the difference between the selector means
      signal and the function sensor means signal to provide a difference
      signal; amplifier means in the control means connected to the comparator
      means for amplifying difference signals within a first and second
      predetermined range of difference signals therefrom; operator means
      associated with the control valve means responsive to the amplified
      difference signals from the amplifier means within the first predetermined
      range of difference signals to connect the first fluid passage means to
      the reservoir and the second fluid passage means to the source and
      responsive to the amplified difference signals from the amplifier means
      within the second predetermined range of difference signals to connect the
      first fluid passage means to the source and the second fluid passage means
      to the reservoir; and operator means associated with the drain valve means
      responsive to the amplified difference signals from the amplifier means
      within the first and second predetermined range of difference signals to
      block the pilot passage means from the reservoir.
NUM  24.
PAR  24. A hydraulic system as claimed in claim 19 further including restrictor
      means in the pilot passage means between the source and the drain valve
      means preventing buildup of pressurized fluid sufficient to operate the
      check valve means while the drain valve means is connected to the
      reservoir.
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ABST
PAL  A load supporting hydraulic system having a pilot operated main control
      valve is provided with pilot controlled load check valve operative to
      permit free flow of fluid from said control valve toward the load
      supporting means of the system in response to pilot pressure and to block
      fluid flow from the load supporting means toward the control valve. The
      system includes valve means operative independent of the main control
      valve to permit the load check valve to be opened by fluid pressure in the
      load supporting means to allow fluid flow therefrom to the reservoir. The
      system further includes safety valve means for blocking fluid flow to
      pilot control means.
PARN
PAR  This is a division, of Ser. No. 244,822, Filed April 17, 1972 now Pat. No.
      3,805, 678.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Hydraulic and other similar fluid control circuits are commonly used in
      applications wherein a fluid motor is utilized for substantially vertical
      elevational adjustment of relatively large loads and is at times required
      to support the load in an elevated position. This type of application
      results in several problems with respect to the desired function under all
      conditions as well as safety to the equipment, operator, and service
      personnel.
PAR  For example, most such systems use a sliding spool directional control
      valve in which the spool must have a radial operating clearance with a
      bore in the valve body to permit relatively free movement of the spool.
      When the motor is required to support the load in an elevated position,
      the annular clearance between the spool and the valve bore provides a
      leakage path which can result in downward drifting of the load. One
      solution to this leakage problem is to interpose a poppet type load check
      valve between the load supporting end of the fluid motor and the control
      valve to isolate the load supporting pressure from the control valve as
      disclosed in U.S. Pat. No. 3,127,688 the Hein, et al. When it is desired
      to lower the load, it is necessary to permit the load check valve to open
      so that fluid may be displaced from the load supporting end of the motor.
      This is accomplished in Hein, et al by venting the load check valve across
      the directional control valve spool when the control spool is actuated to
      a load lowering position. This has the disadvantages of increasing the
      overall length of a rather large, expensive control valve and further
      requires precise machining therein to provide the proper timing
      relationship of the vent ports in the valve body to the vent grooves in
      the control spool to insure that the load check is vented only when it is
      desired to lower the load.
PAR  It is also necessary to permit opening of the load check valve when it is
      necessary to lower the load in the absence of fluid pressure in the system
      due to a stalled engine or a failure in the control circuit. although the
      Hein, et al system has this capability with a manually actuated control
      spool as depicted therein, such system would be operative in a control
      system utilizing a pilot actuated control spool. In pilot actuated control
      systems, when pilot pressure fails it is neccessary to bypass the main
      control spool for returning fluid from the load supporting end of the
      motor to the reservoir, since pilot pressure will not be available for
      shifting the control spool to the load lowering position.
PAR  Another serious problem attendant to pilot actuated systems, when pressure
      is available in the pilot control circuit, is inadvertent actuation of the
      pilot valve to an operative position, which can result in unwanted
      movement of the load. Such inadvertent actuation of the control system
      could result in damage to the mechanism being actuated by the fluid motor
      or serious injury to any persons in the area of the equipment.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide control system
      for load supporting fluid motors that overcomes the above problems of the
      prior art.
PAR  Another object of this invention is to provide an improved fluid control
      system for load supporting fluid motors having positive leakage control
      and yet provide safe functional control of the load under both operative
      and inoperative conditions.
PAR  Another object of this invention is to provide an improved fluid control
      system for load supporting fluid motors so as to achieve the desired
      operational characteristics in both operative and inoperative conditions
      of the circuit in a manner which is safe for the vehicle and personnel in
      the immediate area with a minimum of expense and without undue
      complication of the main control valve.
PAR  Other objects and advantages of the present invention will become more
      readily apparent upon reference to the accompanying drawings and following
      description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a fluid control circuit embodying the
      principles of the present invention with certain valves depicted in
      longitudinal cross-section.
PAR  FIG. 2 is a schematic of a modified pilot circuit for the system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and more particularly to FIG. 1, there is
      schematically illustrated a fluid control system embodying the principles
      of the present invention, generally indicated by the reference numeral 1,
      operatively connected to control a load supporting fluid motor 2. The
      motor includes a cylinder 3 having a piston 4 reciprocally mounted therein
      to define a head end chamber 5 and a rod end chamber 6. A rod 7 has its
      inner end secured to the piston and extends outwardly of the cylinder. The
      head end of the motor is pivotally supported as indicated at 8 to a base
      or vehicle 9 with the outer end of the rod connected intermediate the ends
      of a load supporting arm 10. A load 11 which may be representative of an
      implement mounted on a vehicle is mounted at the outer end of the load
      supporting arm 10 which has its other end pivotally supported at 10a to
      the base or vehicle 9. The system of the present invention is particularly
      adapted for machines such as hydraulic loaders and excavators.
PAR  The control system includes a pump 12 which draws fluid from a reservoir 13
      for supply through a line 14 to a pilot operated main control valve 15
      which is selectively positionable between a neutral or hold position A and
      either one of two operative positions B and C. The control valve 15
      communicates with the reservoir 13 by way of a line 17 and a main return
      line 19. The control valve further communicates with a load supporting or
      head end of the motor 2 by way of a line 20 and with an opposite or rod
      end of the motor by way of a line 21. A relief valve 23 selectively
      controls communication between the pump output line 14 and return line 19
      to limit the maximum pressure in the control system.
PAR  A pilot control system indicated generally at 31 for operation of valve 15
      includes a pump 32 which draws fluid from reservoir 13 for supply through
      a line 33 to a pilot control valve indicated generally at 34. The pilot
      control valve communicates with the reservoir by way of a line 35 and
      further communicates with the opposite ends of the main control valve by
      way of the pilot lines 36 and 37.
PAR  The pilot control valve 34 has a neutral position designated D at which the
      pilot lines 36 and 37 are in communication with the reservoir and the pump
      output line 33 is blocked. The pilot valve 34 also has two operative
      positions designated E and F which are effective to alternately
      communicate the pump to one end of the valve 15 while communicating the
      opposite end of that valve with the reservoir for actuation of the main
      control valve to either of its operative positions B or C. A pressure
      responsive relief valve 39, pilot operated by a control line 39a, controls
      communication between the pump output line 33 and the reservoir by way of
      a line 40 to limit the maximum pressure in the pilot system to a
      predetermined level.
PAR  When the load 11 is stopped in an elevated position such that it must be
      supported by the motor 2, fluid pressure in the head end of the motor must
      be positively retained to avoid downward drift of the load due to leakage.
      Most control valves such as that schematically depicted at 15 are of the
      sliding spool type which necessarily include an annular clearance between
      the valve spool and the body to permit relatively free movement of the
      spool. This annular clearance permits leakage which is unacceptable in
      load supporting situations of this type, in that it permits downward
      drifting of the load as such leakage occurs.
PAR  In order to provide positive leakage control for the load supporting end of
      the motor, a load check valve indicated generally at 42 is disposed in
      line 20 intermediate the head end of the motor and the main control valve
      15. The load check valve includes a body 43 having a port 44 which
      communicates with a valve bore 45. The port 44 terminates at its inner end
      with a chamfered seat 46. An annular groove 47 is interposed the inner
      ends of the port 44 and the bore 45 for communication therewith and
      communicates through a passage 48 with a port 49. The port 44 is in
      communication with the main control valve 15, whereas port 49 communicates
      directly to the load supporting end of the motor 2.
PAR  The load check valve 42 comprises a valve member 50 disposed in the valve
      bore 45 and is resiliently biased by a spring 51 toward the port 44 for a
      sealing seated engagement with the seat 46. When the check valve is seated
      as illustrated, it blocks communication between the ports 44 and 49 to
      isolate the load supporting pressure in the motor from the control valve
      to prevent leakage from the motor therethrough. The check valve 50 further
      includes a stepped outer diameter providing a shoulder 53 which is exposed
      to the load supporting pressure in the annular groove 47. The load
      supporting pressure acting on the shoulder generates a valve opening force
      opposing the bias of the spring 51 and urges the check valve away from the
      chamfered seat. Restricted communication between the annular groove 47 and
      the valve bore 45 behind the check valve which portion constitutes a
      control chamber 54, is provided by an orifice 55 in the check valve. The
      orifice is in constant registry or communication with the annular groove
      47. This permits the load supporting pressure in the head end of the motor
      to assist spring 51 in urging the check valve toward a closed position
      since the area of the check valve exposed to the pressure in chamber 54 is
      greater than that of the shoulder 53. When the pressure is relieved from
      chamber 54, the higher pressure acting on shoulder 53 overcomes the spring
      pressure, forcing valve element away from its seat 46, as will be
      explained below.
PAR  The valve body 43 further includes a return port 57 and a valve bore 58
      disposed in coaxial relation to the return port. An annular groove 59 is
      formed in the body in encircling relation to the valve bore and is further
      disposed in communicating relation between the passage 47 and the port 49.
      A threaded plug 60 threadably engages the outer end of the bore 58 and
      includes an inwardly facing recess 61. Since the motor 2 is subject to
      external forces acting thereon which may result in excessive pressure in
      the head end of the motor, a relief valve indicated generally at 62 is
      disposed in the body 43 between the load check valve 50 and the load
      supporting end of the motor.
PAR  The relief valve 62 includes a cartridge 63 having an inner end 64
      threadably secured to the body. The cartridge includes a passage 65
      communicating between the return port 57 and a valve bore 66 with the
      intersection therebetween being defined by a conical seat 67. The valve
      bore 66 terminates at the opposite end of the cartridge with a counterbore
      68, which is communicated by an orifice 69 with the annular groove 59 by
      way of an annular relief 70 in the bore 58. A relief dump spool 71 is
      slidably mounted in bore 66 and includes a seating end 72 for selective
      sealing engagement with seat 67.
PAR  An outer biasing end of the spool 71 forms, with the recess 61 in the plug,
      a control chamber 75. A spring 76 is disposed in the control chamber in
      biasing relation to the biasing end 74 of the spool to urge the spool into
      sealin contact with the seat 67 normally to block communication between
      the return port and the annular groove 59.
PAR  The seating end 72 of the spool 71 is of relatively smaller diameter than
      the body of the spool, thus forming a shoulder 78 exposed to fluid
      pressure in the annular groove 59. The spool 71 further includes a central
      chamber 79 which communicates through a passage 80 with the control
      chamber 75. The chamber 79 also communicates through a passage 81 with the
      return port 57 by way of the passage 65. The passages 80 and 81 are
      relatively larger than the orifice 69 so that fluid flow therethrough will
      result in a differential pressure across the orifice. A spring biased
      poppet 83 is disposed in the chamber 79 and is urged into closing relation
      with the passage 80 normally to block communication between the chamber 75
      and the return port.
PAR  A motor line relief valve 85 is substantially identical to the relief valve
      62 and is disposed in pressure limiting relationship between the motor
      line 21 and the return line 19 to limit the maximum pressure in the rod
      end of the motor and the associated motor line. An anticavitation check
      valve 86 is disposed in a line 87 communicating between the return line
      and the motor line to allow make up fluid flow to the motor line at any
      time the pressure is motor line is lower than the pressure in the return
      line.
PAR  When the main control valve 15 is actuated to position B to communicate
      fluid pressure to the rod end of motor 2, it is necessary that the check
      valve 50 be opened to allow fluid displaced from the head end of the motor
      to return to the reservoir. For this purpose, a vent line 89 provides
      communication between the control chamber 54 and a normally closed vent
      valve indicated schematically at 90. The valve 90 is normally biased to
      the position shown to block communication between the line 89 and the
      reservoir 13. Pilot line 37 communicates with the valve 90 by way of a
      line 93 such that pressure in the pilot line is effective to urge the
      valve toward an open position. This communicates the vent line and the
      control chamber to the reservoir.
PAR  An anti-cavitation valve 94 is disposed in fluid communication controlling
      relation between the motor line 20 and the return line 19. A line 95
      communicates between the valve 94 and the motor line 20 with a line 96
      communicating between the anti-cavitation valve and the return line. The
      anti-cavitation valve includes a body 97 with means defining an outlet
      port 98 and an inlet port 99 which are interconnected by an annular groove
      100. The valve body further defines a valve bore 102 coaxially aligned
      with port 99 and separated therefrom by the annular groove. The valve bore
      has an open outer end which is closed by a threaded plug 103 which
      includes a vent port 104. A check valve member 106 is reciprocally
      disposed in the valve bore and includes a body portion 107 and a valving
      portion 108 of relatively smaller diameter which is adapted to seat in the
      end of an inlet port 99. The check valve, plug 103, and valve bore 102
      cooperate to define a control chamber 109 opposite the valving portion
      108. An orifice 110 in the check valve provides restricted communication
      between the groove 100 and the control chamber. A spring 111 is disposed
      in the control chamber in biasing relation to the check valve to urge it
      into sealing engagement with the inner end of the inlet port to block
      communication between the inlet port and the outlet port.
PAR  Control chamber 109 is communicated through a line 112, a line 113, a line
      114, and return line 35 to reservoir 13. In order to control communication
      between the control chamber and the reservoir, a manually actuated
      normally closed valve 116 is disposed in the line 112 and may be
      selectively opened to vent the control chamber to the reservoir. In like
      manner, the line 89 communicating with control chamber 54 of valve 42 is
      communicable with the reservoir 13 by way of a line 117 and lines 113, 114
      and 35. A manually controlled normally closed valve 119 is disposed in the
      line 117 for selectively controlling communication between control chamber
      54 and the reservoir.
PAR  Means to prevent inadvertent actuation of the control valve, such as when
      the operator is mounting or dismounting the vehicle, is desirable since
      this unwanted movement could result in damage to the load or implement or
      injury to personnel in the area. For this purpose, a manually actauted
      safety valve 121 is disposed in fluid controlling relation between a line
      122 communicating with the pilot control line 39a and a line 123
      communicating with the reservoir. When the pilot system is operative, the
      safety valve is spring biased to a closed position G, as shown, to block
      communication between the lines 122 and 123 so as to render pilot relief
      valve 39 functional to maintain pressure in the pilot system.
PAR  When it is desired to disable the pilot system, such as when the operator
      is dismounting the machine, the safety valve is actuated to a position H.
      This is effective to establish communication between the lines 122 and 123
      to vent the relief valve and permit it to open at a relatively low
      pressure and direct the output of pump 32 to the reservoir by way of the
      line 40. The pressure required to open the relief valve under these
      conditions is not sufficient to actuate the valve element of main control
      valve 15 and the pilot system is rendered inoperative. Inadvertent
      operation of the motor 2 and resultant movement of load 11 is thus
      prevented.
PAR  Since the manually controlled valves 116 and 119 would normally be located
      remote from the operator station, it is desirable to provide additional
      control for venting of the control chambers 54 and 109. For this purpose,
      line 113 communicates with safety valve 121 such that the safety valve
      controls communication between the lines 113 and 114. When the safety
      valve 121 is in the position shown, the line 113 is communicated to the
      line 114 whereas movement of the safety valve to position H blocks
      communication between the lines. Line 114 is further connected to pilot
      valve 34 and is blocked from communication with return line 35 and the
      reservoir when the pilot valve is in the neutral D position shown.
PAR  Referring now to FIG. 2, there is illustrated an alternate embodiment of a
      pilot system for the system of the present invention. The pilot system of
      FIG. 2 differs from that of FIG. 1 in that the safety valve is operative
      to cut off entirely the supply of fluid of the pilot system. The pilot
      system of FIG. 1, on the other hand, is operative to vent the pilot fluid
      to tank and thereby reduce the pilot pressure to an inoperative level. In
      either case, the safety valve functions to render the pilot system
      inoperative.
PAR  Identical elements in the FIG. 2 embodiment are identified by the same
      reference numerals, as in the previous embodiment. A comparison of the
      embodiments of FIG. 1 and FIG. 2 will disclose that the pilot supply line
      33 (FIG. 1) is now controlled by new safety valve 125 (FIG. 2) and becomes
      new supply lines 126 and 127. The safety valve 125 operates in the G
      position to provide communication of pilot fluid by way of lines 126 and
      127 to the pilot control valve 34. Communication is also established
      between lines 113 and 114 in this position (G) as in the previous
      embodiment.
PAR  When the safety valve 125 is positioned in the H position, communication
      between lines 126 and 127 is blocked so that the supply of pilot fluid to
      the pilot system is entirely cut off. This renders the pilot system
      inoperative so that inadvertent movement of valve 34 will not result in
      movement of the load supporting implement. When the system is in this
      condition, pilot fluid is returned by way of relief valve 39 to sump 13.
      In all other respects the entire system remains the same.
PAC  OPERATION
PAR  While the operation of the present invention is believed apparent from the
      foregoing description, further amplification will be made in the following
      summary. With respect to the FIG. 1 embodiment, with the vehicle engine
      running, such that fluid pressure is available in pilot circuit 31 and
      motor control circuit 1, the operator mounts the vehicle and shifts the
      safety valve 121 to the position shown. This blocks communication between
      lines 122 and 123 such that the relief valve 39 is functional to establish
      pilot pressure in the supply line 33 to make the pilot system operational.
PAR  When the operator desires to adjust the elevational position of load 11
      upward, he shifts pilot valve 34 to its operative position E to
      communicate pilot supply line 33 to the lower end of control valve 15 by
      way of pilot line 36. This moves the control valve to position C to
      communicate the pump 12 with the head end of the motor 2 by way of the
      motor line 20 and the load check valve 50. As the motor is extended, the
      fluid displaced from the rod end 6 is returned to the reservoir by way of
      the motor line 21, control valve 15, line 17, and the return line 19.
PAR  Lowering of the load by retraction of the motor is accomplished by moving
      the pilot valve to its position F for communicating the output of the
      pilot pump 32 through the pilot line 37 to the upper end of the valve 15
      as viewed in the drawing. This moves the main control valve to its B
      position to communicate the output of pump 12 with the rod end of the
      motor to lower the load 11. Since the load check valve element 50 normally
      blocks flow from the head end of the motor forward the main control valve,
      it is necessary to permit that check valve to open so that fluid displaced
      from the head end of the motor may return to the reservoir. For this
      purpose, the pilot pressure in pilot line 37 is communicated through line
      93 to shift the valve 90 to establish communication between the control
      chamber 54 by way of vent line 89 and the reservoir 13. Since fluid is
      permitted to flow out of the control chamber 54 at a faster rate than the
      fluid entering the control chamber by way of the orifice 55, a pressure
      differential is generated across the orifice. The higher pressure in the
      annular groove 47 acts on the shoulder 53 of the check valve to urge it
      toward an open position in opposition to the bias of the spring 51. This
      establishes communication between the head end of the motor and the port
      44 such that fluid displaced from the motor may return to the reservoir by
      way of the motor line 20 and the return lines 17 and 19.
PAR  Should stalling of the vehicle engine or other failure in the control
      circuits result in the loss of pressure for actuating the motor with the
      load in an elevated position, it is desirable to lower the load to the
      ground to permit servicing of the system. Under these conditions, the
      operator moves the safety valve 121 to position H to vent the pilot system
      and block communication between lines 113 and 114 as previously described.
      The operator will then manually open valves 116 and 119 to establish
      communication between the line 113 and the lines 112 and 117 respectively.
      The safety valve is then returned to the position shown to establish
      communication between the line 113 and the line 114.
PAR  After the above conditioning has been accomplished, the operator may now
      control lowering of the load with the pilot control valve 34. This is
      accomplished by moving the pilot valve to position F which communicates
      the line 114 with the reservoir by way of the line 34. This permits flow
      out of the control chambers 54 and 109 so as to generate a pressure
      differential across the orifices 55 and 110. With the control chamber 54
      vented, the load supporting pressure in annular groove 47 acts on the
      shoulder 53 to urge the valve 50 toward an open position. This
      communicates the load supporting pressure to the motor line 20, the line
      95, the port 98, and the annular groove 100. This pressure in the annular
      groove acts on the shoulder 106a to urge the check valve 106 toward an
      open position to communicate the load supporting end of the motor with the
      port 99 and hence to the return line 19 by way of line 96.
PAR  This permits the load 11 to move downward by displacing fluid from the head
      end of the motor through the flow path just described. Since the motor is
      contracting, the rod end chamber 15 will be expanding and the displaced
      fluid returning toward the reservoir through the line 96 is available
      through the line 87 and the anti-cavitation valve 86 to fill the rod end
      of the jack and thus avoid cavitation. Once the load 11 is safely lowered,
      the manually controlled valve 116 and 119 may be moved to the closed
      position to restore the circuit for normal operation once the failure has
      been repaired.
PAR  When the operator is required to dismount the vehicle with the engine
      running, he moves safety valve 121 to position H. This establishes
      communication between the line 122 and the line 123 to vent the control
      line 39a for the relief valve 39. The relief valve may now open at a
      relatively low pressure to return the output of pump 32 to reservoir 13 by
      way of line 40. Under these conditions, should the pilot valve 34 be
      inadvertently moved to one of its operative position, the pressure in the
      pilot system will not be sufficient to actuate the main control valve 15.
      This prevents inadvertent movement of the motor and the load 11 to avoid
      damage to the equipment or injury to personnel. When the operator mounts
      the vehicle, he returns the safety valve to the position shown to again
      render the pilot system operative by blocking communication between the
      lines 122 and 123.
PAR  In view of the foregoing, it is readily apparent that the structure of the
      present invention provides an improved fluid control system for load
      supporting fluid motors having positive leakage control. This is
      accomplished while still retaining safe functional control of the load
      under both operative and inoperative conditions of the control circuit.
      This functional desiderata is further achieved with a minimum of cost and
      without undue complication of the relatively large main control valve.
PAR  While the invention has been described and shown with reference to
      particular embodiments, it will be apparent that variations might be
      possible that would fall within the scope of the present invention, which
      is not intended to be limited except as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid control system comprising:
PA1  a source of pressurized fluid including a reservoir;
PA1  a load supporting fluid motor having a load supporting chamber and an
      opposed chamber defined by a piston received in a cylinder;
PA1  a pilot actuated main control valve responsive to a predetermined minimum
      pilot pressure to control cummunication between said main source of fluid
      pressure and said load supporting chamber of said fluid motor for
      alternately establishing communication of said main source with said load
      supporting chamber and communication of said load supporting chamber with
      said reservoir;
PA1  a pilot control system including a source of pilot fluid and means
      including a pilot control valve connected to operate said main control
      valve;
PA1  a relief valve for establishing a predetermined pilot fluid pressure in
      said pilot control system and including pressure responsive means
      responsive to said predetermined fluid pressure to open said relief valve
      and bypass fluid from said pilot control system to said reservoir;
PA1  a safety valve disposed in fluid flow controlling relation between said
      source of pilot fluid and said pilot control valve and having an operative
      position to permit operation of said pilot system with said predetermined
      minimum pilot pressure and a safety position to render said pilot control
      system inoperative;
PA1  a load check valve having a control chamber and disposed between said load
      supporting chamber of said fluid motor and said main control valve so as
      to permit free flow of fluid from said control valve toward said load
      supporting end and to normally block fluid flow from said load supporting
      end toward said control valve;
PA1  means responsive to said pilot control system for opening said load check
      valve in response to pilot actuation of said main control valve to allow
      fluid flow from said load supporting chamber toward said control valve and
      said reservoir; and,
PA1  bypass vent means manually positionable for venting said control chamber
      via said pilot control valve and permit said load check valve to open in
      response to fluid pressure in said load supporting chamber in the absence
      of pilot pressure for actuation of said main control valve.
NUM  2.
PAR  2. The fluid control system of claim 1 comprising:
PA1  a motor line communicating between said main control valve and said load
      supporting chamber, and said load check valve disposed in said motor line;
PA1  a control valve bypass line communicating between said motor line and said
      reservoir;
PA1  an anti-cavitation valve disposed in said control valve bypass line
      normally positioned to block fluid flow from said motor line toward said
      reservoir and said opposed chamber; and
PA1  vent means for selectively venting said anti-cavitation valve and permit
      said anti-cavitation valve to open and communicate said motor line with
      said control valve bypass line and said reservoir and said opposed chamber
      in the absence of pressure in said pilot control system.
NUM  3.
PAR  3. The fluid control system of claim 2 wherein said vent means includes a
      manually positionable valve remote from said safety valve; and
PA1  a vent line communicating said bypass vent means and said manually
      positionable valve with said reservoir, said safety valve disposed in said
      vent line so as to block said vent line in said safety position and to
      open said vent line when in said operative position.
NUM  4.
PAR  4. The fluid control system of claim 3 wherein said pilot control valve is
      disposed in said vent line between said safety valve and said reservoir so
      that opening of said load check valve and said anti-cavitation valve is
      controlled by moving said pilot control valve to said operative position
      in the absence of fluid pressure in said pilot control system.
NUM  5.
PAR  5. A control system for a load supporting hydraulic motor, said system
      comprising:
PA1  a load supporting hydraulic motor;
PA1  a source of pressurized fluid;
PA1  means including a main control valve operative to selectively communicate
      fluid between said load supporting hydraulic motor and said source;
PA1  a load check valve operatively positioned between said load supporting
      hydraulic motor and said control valve to permit free flow of fluid from
      said control valve toward said motor and operative to block fluid flow
      from said motor to said source;
PA1  independent valve means independent of said main control valve for
      controlling said load check valve to permit said load check valve to be
      opened in response to fluid pressure in said load supporting motor and
      allow fluid flow therefrom to be returned to said source;
PA1  pilot control means including a pilot control valve and a source of low
      pressure pilot fluid for actuating said main control valve and said
      independent valve means; and,
PA1  safety valve means for blocking communication of pilot fluid to said pilot
      control valve.
NUM  6.
PAR  6. The control system of claim 5 wherein said safety valve means includes a
      first position for communicating said pilot control valve with said load
      check valve for thereby controlling said load check valve by said pilot
      control valve when said source of low pressure pilot fluid fails and a
      second position for blocking communication of said source with said pilot
      control valve and for blocking communication of said pilot control valve
      with said load check valve.
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ABST
PAL  In a hydraulic motor or pump comprising a casing, a shaft, means
      journalling said shaft in said casing, an eccentric on said shaft, a
      bearing block within said casing and about said eccentric and having a
      bore permitting relative rotation between said bearing block and said
      eccentric, a plurality of hydraulic cylinders formed and grouped in said
      bearing block radially about said eccentric in a common plane normal to
      the axis of said shaft, a plunger slidable in each of said cylinders, said
      plunger having an outer end face, flat faces of abutments formed in said
      casing at its internal surface for engagement with said outer end faces of
      said plungers, respectively, means urging said plunger in the direction of
      said face abutment of said casing during the operation of said motor or
      pump, and said bearing block having a port communicating between its bore
      and the interior of each of said cylinder interior, whereby pressure
      liquid is admitted to the cylinders in turn one after another during the
      operation of said motor or pump, an improvement in hydrostatic pressure
      supporting means for keeping said plunger in balance comprises a centrally
      disposed recess formed in said outer end surface of said plunger in
      alignment with the axis of said plunger and a port formed in said plunger
      communicating said recess with said cylinder interior.
PARN
PAR  This is a continuation, of application Ser. No. 420,944 filed Dec. 30,
      1973, which is a continuation of application Ser. No. 212,291 filed Dec.
      27, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hydraulic motors and pumps. For convenience of
      description however, reference is hereinafter made mainly to hydraulic
      motors.
PAR  Hydraulic motors are known comprising a casing having a plurality of
      hydraulic cylinders radially grouped about a floating bearing block, and a
      shaft journalled in said casing having an eccentric working in a
      cylindrical bore of the bearing block, the hydraulic cylinders being
      arranged to transmit liquid pressure to the bearing block imparting to it
      a circular motion with resultant rotation of either the eccentric with the
      motor shaft or rotation of the motor casing and hydraulic cylinders the
      shaft remaining stationary.
PAR  Generally, this type of hydraulic motor suffer two types of energy losses,
      namely mechanical friction loss and leakage loss of high pressure liquid,
      which decrease efficiency. Mechanical friction, mainly, sliding friction
      results in shortening the useful life of parts. Leakage of pressure liquid
      will cause a temperature elevation of the pressure liquid when it is
      recirculated for use. The temperature elevation of the working liquid will
      then cause a decrease in the viscosity of the liquid with the result of a
      further leakage.
PAR  If it is possible to apply hydrostatic bearing means to the sliding
      surfaces of the main parts of a hydraulic motor to keep each main part in
      a substantially perfect hydrostatic balance, this would result in a great
      decrease in the friction loss at mechanical pressure contact sliding parts
      and would also make it possible to decrease the leakage loss to the
      minimum. Thus, this solution of the problem is very effective to improve
      performance and obtain a hydraulic motor of highest efficiency adapted for
      high pressure running.
PAR  Attempts have been made to utilize hydraulic static bearing means between
      the plunger and the bearing block or between the plunger and the casing of
      hydraulic motors or pumps of the type described. For example, the
      hydraulic motor disclosed in U.S. Pat. No. 3,036,557 comprises a casing, a
      shaft, means journalling said shaft in said casing, an eccentric on said
      shaft, a bearing block within said casing and about said eccentric and
      having a bore permitting relative rotation between said bearing block and
      said eccentric, a plurality of hydraulic cylinders grouped radially about
      the axis of said shaft in a common plane normal to said axis, said
      cylinders being located in one of the members of the two comprising said
      casing and said bearing block, a hollow plunger in each cylinder and
      displaceable therein, resilient means urging said plunger in the direction
      of the other of said members, a pressure-retaining ring at the interface
      between said plunger and said other of said two members, said ring and the
      plunger end adjacent to said ring having openings in continuity with one
      another and with the plunger interior, and said bearing block having a
      port communicating between its bore and the volume defined by said plunger
      interior and said openings, whereby pressure liquid admitted to the
      cylinders in turn one after another during the operation of the motor
      exert direct thrust on the eccentric without the intermediary of
      mechanical means. The pressure retaining ring allows the pressure liquid
      to act over an area within the ring thus keeping the bearing block in
      balance and also provides for any misalignment between the surface of the
      bearing block and the inner end of the plunger.
PAR  In the hydraulic motor disclosed in the above mentioned U.S. patent, the
      pressure chamber for a hydrostatic bearing is formed either in the bearing
      block or in the interior surface of the casing. Since there is a relative
      sliding movement between the top or bottom end surface of the plunger and
      the cooperating interior surface of said casing or the cooperating surface
      of the bearing block, the pressure chamber for a hydrostatic bearing
      formed in the casing or the bearing block cannot be kept in alignment with
      the axis of the plunger. This produces a lateral moment which must be
      supported by the wall of the cylinder. Any pressure on the wall of the
      cylinder increases the friction between the plunger and the cylinder. On
      the other hand, in order to support by the cylinder the moment acting on
      the plunger the contact length of the plunger with the cylinder must be
      relatively long. A long contact length of the plunger is disadvantageous
      in that the sealing engagement between the top or bottom surface of the
      plunger and the cooperating surface of the casing or the bearing block is
      ready to be lost because any lateral movement of the plunger with respect
      to the cylinder is completely constrained by the cylinder.
PAR  On the other hand, recently there has been eager demand for a hydraulic
      motor which has superior performance in connection with starting and
      very-low speed operation, or presents a minimum difference between
      starting torque and running torque and which ensures smooth rotation
      without casing slip stick.
PAR  With the above in mind, the present invention is intended to provide a
      hydraulic motor or pump wherein the loaded sliding surfaces of the main
      parts are arranged to support loads in a hydrostatic bearing fashion to
      minimize contact surface pressure due to mechanical (solid-to-solid)
      contact between parts on loaded sliding surfaces, and friction loss to
      loaded sliding surfaces and particularly adverse effects due to coulombs
      friction are minimized and wear is also minimized, so that the motor or
      pump has a long life and is adapted for use at high pressures.
PAR  Another object of the invention is to provide a hydraulic motor or pump
      whose external dimensions are small as compared with its effective
      displacement (volume displaced).
PAR  A further object of the invention is to provide a hydraulic motor whose
      rotating parts have a small amount of moment of inertia as compared with
      the torque generated.
PAR  A still further object of the invention is to provide a hydraulic motor
      whose compressive volume is small as compared with the displacement.
PAR  An additional object of the invention is to provide a hydraulic motor or
      pump which is relatively small in the number of components, easy to
      manufacture and inexpensive.
PAR  Yet another object of the invention is to provide improvements in hydraulic
      motors and pumps thereby to simplify their construction and increase their
      efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  With the attainment of the above mentioned object in view, the invention
      provides an improved hyraulic motor or pump in which the pressure of the
      liquid admitted to the cylinders in turn one after another during the
      operation is made to exert direct thrust on the eccentric. The hydraulic
      motor or pump according to the invention includes a casing, a shaft, means
      journalling said shaft in said casing, an eccentric on said shaft, a
      bearing block within said casing and about said eccentric and having a
      bore permitting relative rotation between said bearing block and said
      eccentric, a plurality of hydraulic cylinders formed and grouped in said
      bearing block radially about said eccentric in a common plane normal to
      the axis of said shaft, a plunger axially slidable in each of said
      cylinders, said plunger having an outer end surface, flat faces of
      abutments formed in said casing at its internal surface for engagement
      with said outer end surfaces of said plungers, respectively, means urging
      said plunger in the direction of said face of abutment of said casing
      during the operation of said motor or pump, and said bearing block having
      a port communicating between its bore and said cylinder interior, whereby
      pressure liquid admitted to the cylinders in turn one after another during
      the operation of said motor or pump exerts direct thrust on the eccentric.
      The hydraulic motor or pump according to the invention further includes an
      improved hydrostatic pressure supporting means for keeping each of the
      plungers in pressure balance. The improved hydrostatic pressure supporting
      means comprises a centrally disposed recess formed in said outer end face
      of said plunger alignment with the axis of the plunger and a port formed
      in each of said plungers communicating said recess with said cylinder
      interior. The effective area of said recess in said outer end face of said
      plunger is large enough to keep said plunger in pressure balance in the
      direction of the axis of said plunger. The piston may be only engageable
      at its limited length with the interior wall of said cylinder. The limited
      length of the engageable portion of said plunger may be less than one
      tenth of the diameter of said plunger.
PAR  In the above mentioned hydraulic motor or pump according to the invention,
      at least one high pressure liquid column is radially formed on one side of
      the eccentric of the shaft, the hydraulic pressure serving to directly
      produce a shaft turning moment, and moreover, the bearing block and
      plungers are maintained in substantially perfect hydrostatic balance. The
      contact between the plunger and the cylinder in which it is fitted may be
      nearly line contact thereby giving some freedom to the plunger with
      respect to the bearing block, thereby securing close contact between the
      outer end face of each plunger and the inner surface of the casing.
PAR  The casing of the motor or pump is preferably provided with a drain through
      which leakage liquid in the interior of said casing may be discharged to a
      tank outside of said casing and through which occassionally a liquid
      pressure may be supplied to the interior of said casing for an idle
      operation of said motor or pump.
PAR  In a modified embodiment of the invention the outer peripheral surface of
      the eccentric is formed in a cone. The cooperating bearing block has,
      accordingly, a conical central bore engageable with the conical outer
      peripheral surface of the eccentric for a relative rotation therebetween.
      The flat faces of abutments formed in the casing are also extending in
      planes parallel to the generatrix of the conical outer peripheral surface
      of the eccentric. With this arrangement, the degree of fitting between the
      eccentric and the bearing block can be improved, which, in turn,
      facilitates the machining of the eccentric and the central bore of the
      bearing block.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  By way of example some constructional forms of hydraulic motors
      incorporating the foregoing and other features of the invention are
      illustrated on the accompanying drawings.
PAR  FIG. 1 is an axial section, taken along the lines of 1--1 of FIG. 2, of a
      motor embodying the invention;
PAR  FIG. 2 is a cross section taken along the lines 2--2 of FIG. 1;
PAR  FIG. 3 shows an illustration of the pressure balance on a plunger of a
      motor illustrated in FIGS. 1 and 2;
PAR  FIGS. 4 (a) and 4 (b) show views for explanation of the pressure balance on
      the bearing block of the motor illustrated in FIGS. 1 and 2;
PAR  FIGS. 5 and 6 are explanatory views showing the principle of torque
      generation in a shaft and a casing of the motor illustrated in FIGS. 1 and
      2, respectively;
PAR  FIG. 7 is an explanatory view showing the principle of operation of the
      motor according to the invention; and
PAR  FIG. 8 is a fragmental view of another embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention will be described with reference to embodiments thereof.
      Although the apparatus may be used as a pump, it will be described below
      as a hydraulic motor.
PAR  In the hydraulic motor illustrated in FIGS. 1 and 2, a motor shaft 11 is
      supported for rotation by a pair of roller bearings 12, 13 which are then
      carried by a casing 14. The casing 14 comprises a side wall body 14 (a), a
      front end cover 14 (b) and a rear end cover 14 (c). The front and rear end
      cover 14 (b) and 14 (c) carry the roller bearings 12 and 13, respectively.
PAR  The shaft 11 has an eccentric 15 between the two bearings 12 and 13. The
      eccentric 15 is arranged to rotate in the cylindrical bore 16 of a bearing
      block 17 having substantially the form of a pentagon in end view. The
      center of the bearing block 17 is coincident with the axis of eccentricity
      of the eccentric 15. The periphery of the eccentric 15 of the motor shaft
      11 is formed with two oppositely situated arcuate grooves 18 and 19
      separated from one another at both ends by lands 20 and 21 constituting in
      effect valve means as described hereinbelow.
PAR  The cylinder block 17 is rotatably fitted on the eccentric 15 with a narrow
      clearance therebetween and is formed with an odd number of radial
      cylinders 22. In the embodiment illustrated in FIGS. 1 and 2, five
      cylinders are shown. Each cylinder has an outer end opening and a radial
      port 23 communicating the interior of the cylinder 22 with the cylindrical
      bore 16. The radial ports 23 are covered and uncovered by the aforesaid
      arcuate grooves 18 and 19 and lands 20 and 21 of the eccentric 15 as the
      eccentric and the motor shaft rotate.
PAR  A hollow plunger 30 is slidable in each hydraulic cylinder 22 and has its
      outer end face 31 which is usually kept in sealing contact with the
      interior surface of the casing 14. The casing 14 is formed at the interior
      surface of its side wall body 14a with flat faces 32 of abutments which
      are oppositely disposed to the respective cylinders 23. The outer end face
      31 of the plunger 30 is in sealing contact with the flat face 32 in the
      interior wall of the body 14a. The plunger 30 is always urged toward the
      inner wall of the casing 14 by a coil spring 33 which is inserted between
      the plunger 30 and the inner bottom shoulder 34 of the cylinder 22. The
      reference numeral 35 indicates a spring retainer disposed on the shoulder
      34 at the bottom of the cylinder 22.
PAR  The plunger 30 is in sliding contact at a ring 36 made of an elastic
      material with the inner wall of the cylinder 22. According to the
      invention the contact length between the periphery of the plunger 30 and
      the inner wall of the cylinder 22 may be reduced to a very short length as
      compared with the diameter of the plunger 30. For example, the contact
      length in the axial direction of the plunger 30 at the ring 36 may be less
      than one tenth of the inner diameter of the cylinder 22. The ring 36 is
      also effective for preventing the liquid leakage between the plunger 30
      and cylinder 22.
PAR  According to the invention hydrostatic pressure supporting means is
      provided for keeping the plunger 30 in a perfect pressure balance.
      Hydrostatic pressure supporting means comprises a centrally disposed
      recess 41 formed in the outer end face 31 of the plunger 30 and a port 42
      formed in the plunger 30 communicating the recess 41 with the cylinder
      interior. The port 42 is preferably formed along the axis of the plunger
      30. It should be noted that the central recess 41 is always concentrically
      disposed with respect to the axis of the cylinder 22.
PAR  Any rotation of the bearing block 17 is only allowed within a limited range
      which is defined by laterally extending pins 50 secured to the casing 14.
      The reference numeral 51 indicates recesses formed in the peripheral
      surface of the bearing block 17 for engagement with said pins 50,
      respectively. Any movement of the bearing block 17 in the direction of the
      axis of the shaft 11 is constrained by collars 52 inserted between the
      opposite ends of the block 17 and the bearings 12, 13, respectively.
PAR  As clearly shown in FIG. 2, no more than two pins 50 are engaged in their
      corresponding recesses 51 at a given time during operation. This feature
      is instrumental in achieving the aforementioned advantages.
PAR  The side wall body 14a of the casing 14 may comprise five separate pieces
      14aa of a crescent-shaped section having a flat face 32 and five distance
      pieces 14ab between each adjoining two crescent pieces 14aa. The crescent
      pieces 14aa are secured by radial screws 55 to the front and rear end
      covers 14b and 14c and the distance pieces 14ab are secured by lateral
      screws 56 to the front and rear end covers 14b and 14c thereby to form a
      complete casing 14.
PAR  The front end cover 14b is further covered by an oil stop cover 61 having
      an oil seal 62.
PAR  Two ducts 63 and 64 extend along the motor shaft 11 parallel to its axis,
      these ducts communicating at one end each with one of the aforesaid
      arcuate groves 18 and 19 in the eccentric 15 and at the other end each
      with one of two annuli 65 and 66 formed adjacent one another in the motor
      shaft 11. A distributor sleeve 67 surrounds this end portion of the motor
      shaft. This sleeve 67 has a pair of radial port 68 and 69 which
      communicate the annuli 65 and 66, respectively. The reference numerals 70,
      71 and 72 indicate seal rings for preventing liquid leakage between the
      distributor sleeve and the shaft 11. The shaft 11 is further provided with
      a drain 73 communicating the interior of the casing 14 through a port 74
      to the liquid tank outside the casing so that any leakage liquid in the
      casing may be discharged therethrough.
PAR  Assuming the port 68 to be functioning as the inlet port, the inflowing oil
      flows along the duct 63 into the arcuate groove 18. The oil then flows
      through the port 23 into the cylinders A and B which are in condition of
      communication with the arcuate groove 18 (FIG. 2). On the other hand, the
      oil in the cylinder D and E which are in condition of communication with
      the arcuate groove 19 flows through the ports 27 of the cylinders D and E,
      the arcuate groove 19 and the duct 64 to the outlet port 69. The volume of
      each of the cylinders A and B is reduced while the volume of each of the
      cylinders D and E is expanded with the result that the shaft 11 is caused
      to rotate in the direction of the arrow X in FIG. 2. At the state as shown
      in FIG. 2, the cylinder C which is closed by the land 20 of the eccentric
      15 is in condition of non-working.
PAR  Since the arrangement of the invention is symmetrical, it will be
      selfevident that if the inlet and outlet ports for working fluid are
      reversed the output shaft 11 will be rotated in the opposite direction.
PAR  The most important feature of the invention is the absence of parts which
      slide under pressure towards each other by a force proportional to working
      fluid pressure, which will now be described in detail hereinbelow.
PAR  Since the conventional hydraulic motors, in most cases, receive a moment or
      lateral pressure proportional to the fluid pressure acting between the
      plunger and the inner wall of the cylinder, it has presented various
      problems due to a large friction force in high pressure operation,
      particularly at the time of starting.
PAR  FIG. 3 shows the balance of forces exerted by hydraulic pressure acting on
      a plunger 30. If the spring force is neglected and the plunger diameter is
      Dp, then the force Fp tending to push up the plunger is as follows:
      ##EQU1##
      where P is the hydraulic pressure in the cylinder.
PAR  On the other hand, as for the force Fp' tending to push down the plunger 30
      by the hydraulic pressure in the pressure recess 41 in the top face 31 of
      the plunger, if the effective diameter of the circular recess 41 is Dp',
      the force Fp' is given as follows:
      ##EQU2##
PAR  Therefore, by suitably selecting Dp', it becomes possible that Fp nearly
      equals Fp'. For the practical purpose, Dp' is selected so that Fp' is
      slightly less than Fp.
PAR  In FIG. 3, the reference numeral 80 indicates an annular recess which is
      formed concentrically with the circular recess 41 in the top face of the
      plunger 30. The provision of the annualr recess, per se, is known in the
      conventional hydrostatic pressure bearing.
PAR  The above mentioned substantially perfect balance of the plunger in its
      axial direction can only be obtained with the provision of a centrally
      disposed recess in the top face of the plunger. It will be understood that
      if the top face of the plunger is flat and the cooperating face in the
      inner wall of the casing has a pressure pocket for a hydrostatic pressure
      bearing, such perfect pressure balance as mentioned above can never be
      obtained because the pressure pocket is not always in central alignment
      with the axis of the plunger and the cylinder during the relative sliding
      operating between the top face of the plunger and the cooperating face in
      the inner wall of the casing.
PAR  In the case of the type in which output rotation is derived from the casing
      with the shaft 11 fixed, there is an upwardly directed centrifugal force
      due to the mass of the plunger, but this force, like the spring force, if
      of negligible degree as compared with the force exerted by the hydraulic
      pressure.
PAR  In order to ensure a perfect contact of the top face of the plunger with
      the cooperating face of the casting even if there is some machining error,
      it is highly desirable that the length of contact l of the plunger with
      the cylinder be small as compared with its diameter, as shown.
PAR  Next, reference will be made to the balance of forces exerted by the liquid
      acting on the cylinder block 17. FIG. 4(a) shows a liquid pressure acting
      on the two cylinders A and B, while FIG. 4(b) shows a liquid pressure
      being admitted into the cylinder C besides the cylinders A and B. Where
      there are five cylinders as in this embodiment, there are two cases, one
      in which two cylinders are subjected to high pressure, the other in which
      three cylinders are subjected to high pressure, these cases occurring
      alternately.
PAR  The hydraulic pressure externally pushing the block toward the center in
      the condition shown in FIG. 4(a) is represented by two vectors F.sub.A and
      F.sub.B. These two vectors are of the same magnitude. Namely,
      ##EQU3##
PAR  The angle between them is 2 .pi./5.
PAR  Therefore, the resultant vector F.sub.AB of the vectors F.sub.A and F.sub.B
      is on the bisector of the angle between F.sub.A and F.sub.B, as shown. The
      magnitude thereof is as follows:
      ##EQU4##
PAR  As shown, let F.sub.AB.sub.' be the liquid pressure tending to push back
      the block outwardly from the inner surface of the central bore in the
      block forming the rotary sliding surface in contact with the eccentric
      portion of the output shaft.
PAR  As shown, when the hydraulic pressure is acting on the region of an arc LM
      (the smaller side) and if the effective width of the pressure region at
      right angles with the paper is called b, the magnitude of the vector
      F.sub.AB.sub.' is as follows:
EQU  F.sub.AB.sub.' = a b p
PAL  where a is the length of the chord LM. Further, the direction of the vector
      F.sub.AB.sub.' coincides with that of the perpendicular bisector of the
      chord LM. Since L and M are points in lands at the boundries between the
      cylinders E and A and between the cylinders B and C, respectively, if the
      width of the land g is small enough, the line LM is at right angles with
      the direction of the resultant vector F.sub.AB of F.sub.A and F.sub.B, as
      is apparent from the FIG. 4(a). Therefore, F.sub.AB.sub.' which lies on
      the perpendicular bisector of the line LM is opposite to F.sub.AB.
PAR  Further, by selecting the width b of the pressure region so that
      ##EQU5##
EQU  F.sub.AB.sub.' = F.sub.AB
PAL  Thus, statically it is possible to maintain a perfect hydraulic balance.
PAR  If the value of b is selected in this manner, hydrostatic balance can also
      be maintained in the case where the hydraulic pressure acts on three
      cylinders as shown in FIG. 4(b). In this case, the hydraulic force
      externally pushing the block toward the center is represented by three
      vectors F.sub.A, F.sub.B and F.sub.C, as shown, and the direction of the
      resultant vector F.sub.ABC of these three vectors is the same as that of
      F.sub.B, as shown. On the other hand, the hydraulic force tending to push
      back the block outwardly from the inner surfaces of the cylindrical bore
      is due to the hydraulic pressure acting on the region of the large arc LN,
      and if it is represented by a vector F.sub.ABC.sub.', it lies on the
      perpendicular bisector of the chord LN. Since L and M are points in lands
      at the boundaries between the cylinders E and A and between the cylinders
      C and D, respectively, if the widths of the lands are small enough, the
      line LM is at right angles with the resultant vector F.sub.ABC of F.sub.A,
      F.sub.B and F.sub.C, as is apparent from the Figure. Therefore, F'.sub.ABC
      is opposite to F.sub.ABC.
PAR  Assuming that there are F.sub.D and F.sub.E and their resultant vector
      F.sub.DE as shown, the resultant vector of F.sub.DE and F.sub.ABC becomes
      equal to the resultant vector of all the vectors F.sub.A, F.sub.B,
      F.sub.C, F.sub.D and F.sub.E. Of course, they are balanced with each other
      to become zero, so that F.sub.ABC is equal in magnitude to F.sub.DE. (But
      it is opposite in direction). Further, since F.sub.DE is equal in
      magnitude to F.sub.AB,
EQU  f.sub.abc = f.sub.de = f.sub.ab
PAL  on the other hand, as is apparent from the FIGS. 4(a) and 4(b),
EQU  LN = LM = a,
PAL  and,
EQU  F.sub.ABC.sub.'  = LNbP = a b P
PAL  therefore
EQU  F.sub.ABC.sub.'  = F.sub.AB.sub.' = F.sub.AB = F.sub.ABC ,
PAL  so that perfect balance can be maintained.
PAR  While the embodiment shown in FIG. 4 has been described as having five
      cylinders, generally where there are 2n + 1 cylinders, there are two cases
      alternate with each other; in one case n cylinders are under high pressure
      and in the other n + 1 cylinders are under high pressure. It is possible
      to maintain hydraulic balance in these two cases simultaneously. This is
      the same as the embodiment comprising five cylinders.
PAR  FIG. 5 shows the principle of torque generation by the output shaft and
      corresponds to FIG. 4(a). Since the vector F.sub.AB representing the force
      due to the hydraulic pressure acting on the outer periphery of the
      eccentric of the output shaft has a torque arm e' with respect to the
      center of rotation O of the shaft 11, there is generated an output torque
      of F.sub.AB .times. e'. In this case, the radial load F.sub.AB is
      supported by the pair of bearings 12, 13 (FIG. 1).
PAR  FIG. 6 is a view used for the explanation of a reaction torque to which the
      casing of the hydraulic motor is subjected, the condition of pressure
      action being the same as in the case of FIG. 4(a).
PAR  Since the vectors F.sub.A and F.sub.B representing the forces due to the
      hydraulic pressure act through the center O' of the eccentric, they are
      each eccentric by an amount of e with respect to the center O of the
      casing (the center of the output shaft). Since the vectors F.sub.A and
      F.sub.B have torque arms e.sub.A and e.sub.B, respectively, with respect
      to the center O, there is a reaction torque which is equal to
EQU  FA .times. e.sub.A + F.sub.B .times. e.sub.B
PAL  acting on the casing. Since action and reaction are equal, this torque is
      equal in magnitude to the output torque F.sub.AB .times. e'  of the shaft.
PAR  If the clearance between the periphery of the eccentric and the cylindrical
      bore formed in the bearing block is not negligible, the problem will arise
      with respect to the pressure liquid leakage at the lower pressure side in
      the cylindrical bore in which the eccentric is fitted. Particularly if the
      lower pressure side of the motor has still an effective pressure, for
      example, as in the case where the lower pressure side of the motor is
      connected to the higher pressure side of another motor for series
      connection, the pressure liquid leakage will become a serious problem. On
      the other hand, if a heated liquid is suddenly supplied through the inlet
      duct formed in the shaft to the motor, the shaft may be prevented from
      rotation due to the so-called "thermal shock" which is caused by a
      difference in thermal expansion between the eccentric of the shaft and the
      bearing block.
PAR  The above occasional disadvantages can be avoided by the utilization of an
      eccentric in the form of a cone. FIG. 8 illustrates another embodiment of
      the invention for this purpose. In FIG. 8, like numerals indicate similar
      parts to those indicated in FIGS. 1 and 2. In the embodiment illustrated
      in FIG. 8, the eccentric 15 of the shaft 11 is formed in a cone having a
      slight gradient generatrix. The bearing block 16 has a conical bore
      engageable with the conical eccentric 15 for a relative rotation
      therebetween. The flat face of abutment formed in the inner wall of the
      casing is extending in a plane parallel to the generatrix of the conical
      eccentric 15. Accordingly, the coaxis of the plunger 30 and the cylinder
      22 extends in a direction perpendicular to the generatrix of the conical
      eccentric 15. Preferably, the bearing block is biased as by a spring (not
      shown) toward the larger diameter of the conical eccentric so that the
      conical bearing block may be engaged with the eccentric with the smallest
      possible clearance. Any thrust may be counteracted by providing a thrust
      bearing 81 and/or a liquid pressure chamber 82 which is formed around a
      journal portion of the shaft 11.
PAR  With the above arrangement, the degree of fitting between the eccentric
      portion and the bearing block can be improved, which, in turn, facilitates
      the machining of the eccentric portion and the inner surface of the
      bearing block.
PAR  The present invention may also be embodied in the form of double type,
      triple type, etc. hydraulic motors or pumps, in which case greater merits
      may be obtained. That is, two, three or more eccentric portions may be
      formed on a single output shaft and as many bearing blocks as are required
      are engaged thereto. In this case, a plurality of bearing blocks may be
      integrally formed. In such embodiment, the machining cost is reduced and
      yet it is possible to provide a motor which produces high torque and which
      can be used as a low speed pump to advantage as well.
PAR  The hydraulic motor of the invention is designed to operate in such a
      manner that, as shown in FIG. 7, a shaft S at the center and a casing C
      surrounding it exert turning moments on each other in an
      action-and-reaction fashion through radial high pressure liquid columns
      (in the case shown two liquid columns L.sub.1 and L.sub.2).
PAR  Therefore, the radially installed pistons P.sub.1 - P.sub.5 are no more
      than cylindrical seal members for holding pressure liquid columns so far
      as their essential function is concerned. Therefore, as already described
      in detail in the above, not only the plungers but also the bearing block
      are perfectly statically balanced, not taking part in the transmission of
      force through mechanical contact. The central shaft S is subjected to a
      turning moment in the direction of solid line arrow shown in FIG. 7 to
      have an output torque tending to rotate it in that direction, while the
      casing C is subjected to a turning moment in the direction of broken line
      arrow, so that it will have an output torque tending to rotate it in that
      direction if the central shaft is fixed.
PAR  As has been described so far, according to the present invention since the
      transmission of force by mechanical contact is not effected, various
      problems including wear and friction of main parts, particularly torque
      loss at the time of starting and slip stick during very-low speed
      operation can be solved and a highly efficient long-life hydraulic motor
      or pumps can be obtained.
PAR  While the embodiments described so far comprise five cylinders, the number
      of cylinders is not limited to five. Further, the mechanism for preventing
      the rotation of the bearing block has been described as comprising five
      pins and five cooperating recesses but it is, of course, possible to use
      various known mechanism for preventing such rotation. Further, by limiting
      the degree of freedom of the fitting between the pistons and cylinder
      block to some extent, such rotation-preventive mechanism can be dispensed
      with. Further, in the present embodiments, a type has been shown in which
      the casing is fixed and the shaft is rotated, but it is also possible to
      provide another type in which the shaft is fixed and the casing is rotated
      by one revolution to derive output, in which case the distributor becomes
      unnecessary since it is possible to introduce working liquid directly into
      the central shaft.
PAR  In the case where the apparatus illustrated in FIGS. 1 and 2 is used as a
      motor, the spring 33 may be omitted because a force urging the plunger 30
      toward the casing side wall 14a is obtained by a pressure difference
      between the interior of the cylinder and the pressure recess 41 at the
      time of starting the operation. In this connection, the recess 41 must be
      communicated through a throttle port 42 to the interior of the cylinder
      22.
PAR  The hydraulic motor illustrated in FIGS. 1 and 2 may also be operated for
      free wheeling. For this purpose, the spring 33 in each cylinder is omitted
      and a pressure liquid is introduced through the drain 73 into the casing
      14 with both the two ports 68 and 69 being open to a low pressure (a
      tank). With this arrangement, even if a torque is given to the shaft 11
      from the exterior, the motor can be rotated with a minimum possible drag
      torque. During such free wheeling operation like this, the plungers are
      all spaced from the inner wall of the casing and pressed toward the faces
      of the respective inner most positions in the cylinders.
PAR  As has been described in detail so far, since the present invention
      composes a hydraulic engine causing almost no wear and friction out of a
      few simple components, it is highly durable and inexpensive having many
      industrial merits.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a hydraulic motor or pump comprising a casing, a shaft, means
      journalling said shaft in said casing, an eccentric on said shaft, a
      bearing block within said casing and about said eccentric and having a
      bore permitting relative rotation between said bearing block and said
      eccentric, a plurality of hydraulic cylinders formed and grouped in said
      bearing block radially about said eccentric in a common plane normal to
      the axis of said shaft, a plunger slidable in each of said cylinders, said
      plunger having an outer end face, flat faces of abutments formed in said
      casing at its internal surface for engagement with said outer end faces of
      said plungers, respectively, means urging said plunger in the direction of
      said face of abutment of said casing during the operation of said motor or
      pump, and said bearing block having a port communicating between its bore
      and the interior of each of said cylinders, pressure liquid being admitted
      to the cylinders in turn one after another during the operation of said
      motor or pump, the improvement comprising a centrally disposed recess
      formed in said outer end surface of each said plunger in alignment with
      the axis of said plunger, a port formed in said plunger communicating said
      recess with said cylinder interior, said centrally disposed recess having
      an area almost equal to that of the pressure bearing surface of said
      plunger, a shoulder on each of said plungers to engage the cylinder wall
      at a limited length, restraining means formed between said casing and said
      bearing block for limiting the range within which said bearing block is
      allowed to rotate with respect to said casing, said restraining means
      including a number of laterally extending pins affixed to said casing and
      a number of generally semicircular cooperating recesses formed in the
      peripheral surface of said bearing block, said number of said pins and
      recesses being equal to the number of said hydraulic cylinders, said pins
      being engageable by said recesses such that during operation no more than
      two pins are in physical contact with their corresponding recesses, and
      said bearing block being carried about said eccentric such that the
      radially directed hydraulic forces exerted by the liquid acting on said
      block are always balanced with the liquid pressures within said cylinders
      during the operation of said motor or pump.
NUM  2.
PAR  2. A hydraulic motor or pump as defined in claim 1, in which said limited
      length of the engageable portion of said plunger is less than one tenth of
      the diameter of said plunger.
NUM  3.
PAR  3. A hydraulic motor or pump as defined in claim 1, in which said casing is
      provided with a drain through which leakage liquid in the interior of said
      casing may be discharged to a tank outside of said casing and through
      which occassionally a liquid pressure may be supplied to the interior of
      said casing for an idle operation of said motor or pump.
NUM  4.
PAR  4. A hydraulic motor or pump as defined in claim 1, in which the outer
      peripheral surface of said eccentric is formed in a cone, said bearing
      block having a central conical bore engageable with said conical outer
      peripheral surface of said eccentric for a relative rotation therebetween,
      and said flat faces of abutments formed in said casing are extending in
      planes parallel to the generatrix of said conical outer peripheral surface
      of said eccentric.
NUM  5.
PAR  5. A hydraulic motor or pump as defined in claim 1 wherein the sectional
      area of each of said hydraulic cylinders and the effective pressure
      receiving area of the inner surface of said bore on which liquid pressure
      acts to urge said bearing block radially are correlatively dimensioned
      such that radially directed hydraulic forces exerted by said liquid acting
      on said bearing block are always balanced with liquuid pressures within
      said cylinders during operation of said motor or pump and each plunger is
      positioned in its corresponding cylinder with its central axis
      substantially aligned with that of said cylinder.
NUM  6.
PAR  6. A hydraulic motor or pump as defined in claim 1 which further includes a
      distributor sleeve adjacent said casing and surrounding said shaft,
PA1  said distributor sleeve being formed with two generally radially extending
      ports at different axial positions with respect to each other, and wherein
      said shaft is formed with:
PA1  two generally arcuate grooves on essentially opposite sides of said
      eccentric,
PA1  two generally annular grooves on the portion of said shaft enclosed within
      said distribution sleeve, each of said annular grooves being in
      communication with one of said ports in said distribution sleeve, and
PA1  two ducts formed generally central of said shaft, each of said ducts
      communicating one of said annular grooves with one of said arcuate
      grooves, such that one of said ports acts as an inlet port for the
      introduction of actuating fluid and the other port acts as an outlet port
      for said actuating fluid.
NUM  7.
PAR  7. A hydraulic motor or pump as defined in claim 6 wherein said casing
      includes:
PA1  a number of generally crescent-shaped sections, each having an essentially
      flat inner surface adjacent the outer end face of one of said plungers,
      the number of said crescent-shaped sections being equal to the number of
      said cylinders;
PA1  an identical number of distance pieces, each of said distance pieces being
      affixed between adjacent crescent-shaped sections;
PA1  a front end cover; and
PA1  a rear end cover adjacent said distribution sleeve, each of said covers
      affixed to said crescent-shaped members essentially perpendicular thereto
      for enclosing said cylinders.
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PAL  The invention refers to an axial-piston pump or motor, having a piston
      which defines, with a cylinder, a chamber. A first end of the piston bears
      against a plate by means of a hydrostatic shoe having a cavity in the
      bearing face, a duct connecting the chamber to that cavity and being
      furnished with a constriction.
PAL  The piston has a recess which is arranged in the cylindrical portion of its
      second end remote from the first end, the constriction being constituted
      by the clearance lying between at least one collar portion of the piston
      which separates the recess from the chamber and the cylinder. A second
      recess is provided in the piston, the constriction being located between
      the first and second recesses.
PAL  The invention is applicable to the execution of a pump having high
      operational characteristics, particularly as far as concerns pressure.
BSUM
PAR  This invention is concerned with improvements in pumps or motor fluid
      mechanisms.
PAR  It is known that certain motor or pump piston-mechanisms have their pistons
      furnished with shoes bearing against a plate. These consist, for example,
      of variable-flow pumps in which the said plate is, in addition, of
      adjustable orientation.
PAR  A hydrostatic axial bearing is arranged in the shoe in order to facilitate
      its sliding on the plate. The feed with fluid under pressure is ensured in
      known manner from the fluid under pressure contained in the chamber
      defined by the piston in question, by means of a duct arranged in the
      piston. A constriction consisting up to now of a calibrated nozzle is
      arranged in this duct.
PAR  The need of a calibrated nozzle introduces well known disadvantages due to
      calibration of small parts and in addition, on the functional plane, leads
      to unforeseeable modifications of the characteristics of the bearing
      because of impurities which in service come to block the said nozzle
      partially or totally.
PAR  The present invention has the intention of correcting this state of things
      and proposes in order to do this a piston of a new type in which the
      constriction by cleaning itself in the course of operation avoids the
      aforesaid risks of blocking.
PAR  According to this invention there is provided a motor or pump
      fluid-mechanism, including a piston, a cylinder in which the piston is
      slidable and with which the piston defines a chamber into which fluid is
      admitted and delivered successively during operation, a first end bearing
      a reaction plate, a hydrostatic shoe bearing on the plate, engaged by a
      first end of the piston and having a cavity in the bearing face, a first
      recess in the cylindrical portion of the second end of the piston remote
      from the first end, a duct connecting the cavity to the first recess, and
      a constriction which is constituted by the clearance lying between at
      least one collar portion of the piston separating the first recess from
      the chamber, and the cylinder, a second recess being arranged in the said
      collar portion, which is distinct from the first recess and which is in
      permanent communication with the chamber by means of a secondary duct
      bored in this piston, the construction constituted by the clearance lying
      between the portion of the collar separating the first recess from the
      second recess, and the cylinder,
PAR  Preferably the duct connecting the cavity to the first recess is internal
      to the piston, the said internal duct comprises a first portion which
      extends substantially parallel with the axis of the piston and which opens
      out of the said piston through the first end and a second portion which
      extends substantially radially in the piston and which connects the said
      first recess to the first portion of this internal duct.
PAR  The invention will be better understood and secondary characteristics as
      well as their advantages will become apparent in the course of the
      description of embodiment given below by way of example.
PAR  It is to be understood that the description and the drawings are given only
      by way of indication and non-restrictively.
DRWD
PAR  Reference will be made to the attached drawings in which:
PAR  FIGS. 1 and 2 are axial sections of two variants in execution of a piston,
      the variant of FIG. 2 being in accordance with the invention.
DETD
PAR  Referring to FIG. 1 it will be observed that a piston 1 is mounted to slide
      in the bore 2 of a cylinder arranged in the cylinder-block 3 of an
      axial-piston pump. One of the end transverse faces, the face 4 of the
      cylinder-block 3 is arranged opposite a fluid distribution facing 5 which
      has an inlet port 6 and an exhaust port 7. The cylinder-block 3 is
      moreover mounted to rotate with respect to the distribution facing 5 about
      an axis perpendicular to its plane face 4.
PAR  The pump likewise includes a plate 8 which is inclined with respect to the
      axis 9 of the piston 1 about an axis parallel with the plane of the
      Figure. The piston 1 bears at a first end 1a against a shoe 10 which in
      turn bears against the plate 8. In fact a cavity 11 is arranged in the
      face 10a of the shoe 10, which is arranged opposite the plate 8 and is fed
      with fluid under pressure through a hole 13 drilled in the shoe 10. The
      shoe 10 consequently constitutes a hydrostatic bearing, a fluid film 12
      being interposed between the face 10a of the shoe 10 and the face 8a of
      the plate 8 arranged opposite. The faces 8a and 10a  are separated by the
      value of an operational clearance J.
PAR  A chamber 14 is defined by the second end 1b of the piston 1, the bore 2
      and the distribution facing 5 and is put in communication successively
      with the ports 6 and 7. It is to be observed that a recess 15 is arranged
      in the cylindrical portion of the piston 1 next to the end 1b and is
      separated from the end face 1b by a collar 16. A diametral assembly
      clearance K is arranged between the collar 16 and the bore 2 of the
      cylinder.
PAR  It will be observed finally that a duct with two arms 17 and 18 arranged in
      the piston 1 permanently connects the hole 13 drilled in the shoe 10 to
      the recess 15. The arm 17 of the duct is coaxial with the piston 1 and
      opens out at the end 1a of the piston 1 opposite the hole 13, whereas the
      arm 18 which extends radially in the piston 1 connects the recess 15 to
      the arm 17.
PAR  The variant illustrated in FIG. 2 repeats the elements already indicated
      previously and referenced by the same reference numbers. It will be
      observed, however, that the single collar 16 of the piston as FIG. 1 is
      replaced by a collar in two portions 16a and 16b, the latter being defined
      by the end face 1b of the piston 1, whilst a second recess 19 separates
      the two said portions 16a and 16b and the portion 16a is in turn arranged
      between the recesses 15 and 19. A secondary duct 20 drilled in the piston
      1 connects the end face 1b of the said piston 1 to the recess 19.
PAR  It may again be indicated that the arms 17 and 18 of the duct connecting
      the recess 15 to the hole 13 have any sort of dimensions and in particular
      do not have the necessity of being calibrated. On the other hand the
      height H of the collar 16 and the diametral clearance K which separates it
      from the bore 2, and similarly the height Ha of the portion 16a and again
      the diametral clearance separating the said portion 16a from the bore 2,
      must have relatively accurate values. In fact the cylindrical passage
      arranged by this clearance K constitutes a constriction the value of which
      intervenes in the characteristics of the hydrostatic bearing comprising
      the cavity 11 and the clearance J.
PAR  The functioning of the arrangements which have been described is very
      simple. The fluid under pressure contained in the chamber 14 communicates
      with the recess 15 by means of the constriction arranged between the
      collar 16, in the case of FIG. 1, or the portion 16a of the collar in the
      case of FIG. 2, and the bore 2 of the cylinder. The fluid in the recess 15
      therefore feeds without the interposing of any constriction whatever, the
      cavity 11 and the fluid film 12.
PAR  Because of the sliding of the piston 1 in the bore 2 an impurity interposed
      between the collar 16 (or the portion 16a and the bore 2 would be
      displaced automatically. It is found actually in service that no impurity
      comes to be inserted in the clearance K. Consequently the value of the
      constriction remains quite definite and constant on an average over a
      period. Furthermore this constriction is much easier to execute than a
      calibrated nozzle.
PAR  It is known further that the clearance between the piston 1 and the bore 2
      has its greatest variations at the ends of the said piston. According to
      this way of thinking, the execution as FIG. 1 can lead to troublesome
      instantaneous variations in the clearance K. In order to mitigate this
      disadvantage the execution as FIG. 2 can be adopted, in which the
      clearance K between the portion 16a and the bore 2 is much less affected
      by variations in the head of the piston, the said portion 16a not being
      directly next to the end 1b of the said piston.
PAR  The invention is not limited to the embodiments which have been given but
      on the contrary covers any variants upon them which might be applied to it
      without departing from its scope or its spirit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A motor or pump fluid-mechanism including a piston having a cylindrical
      sidewall, a cylinder in which said piston is slidably mounted for axial
      movement, one end face of said piston defining one end of a chamber in
      said cylinder into which chamber fluid is admitted and delivered
      successively during operation of said mechanism, a reaction plate, a
      hydrostatic shoe bearing on said reaction plate, said hydrostatic shoe
      engaging the end of said piston opposite said one end face and having a
      bearing face adjacent and facing said reaction plate, a cavity in said
      bearing face facingly adjacent said reaction plate, a first recess in said
      cylindrical sidewall portion of said piston adjacent the end of the piston
      remote from the end of the piston engaging said reaction plate, a duct
      connecting said cavity to said first recess for providing fluid
      communication therebetween, a second recess in the cylindrical wall
      portion of the piston located between and spaced from said first recess
      and said first end face of said piston, a collar portion of said piston
      separating said first recess from said second recess with said collar not
      contacting said cylinder, a constriction constituted by the clearance
      space lying between the outer periphery of said collar portion of the
      piston and the cylinder providing restricted flow communication between
      said second recess and said first recess and a secondary duct bored in the
      piston between said chamber and said second recess for providing fluid
      communication between said chamber and said second recess whereby
      hydraulic pressure in said chamber is communicated to said secondary duct
      to said second recess then through said constriction to said first recess
      then to said cavity through said duct connecting said first recess and
      said cavity thereby providing constant flow characteristics between said
      chamber and said cavity which does not vary as the piston cylindrical
      sidewall wears because the collar portion of the piston does not contact
      the cylinder wall and therefore provides an essentially constant flow of
      construction which is self-cleaning.
NUM  2.
PAR  2. The invention of claim 1 wherein said duct connecting said cavity to
      said first recess is positioned internally of the piston.
NUM  3.
PAR  3. The invention of claim 2 wherein said internal duct comprises a first
      portion extending substantially parallel to the axis of said piston and
      having one end in communication with said end face of said piston and
      having its opposite end communicating with a second portion extending
      substantially radially in said piston and having its outer end in
      communication with said first recess.
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ABST
PAL  In a rotary machine a piston member articulated to a rotary drive member
      reciprocates in a piston-reciprocation chamber in a piston block mounted
      for rotation obliquely to the drive member. The piston member comprises a
      first length, whose cross-section decreases with increasing distance in
      opposite directions from a plane of maximum cross-section corresponding to
      the chamber cross-section, and an adjacent length, whose cross-section
      decreases with increasing distance from the first length, engaging in the
      chamber for torque transmission between the drive member and the block via
      the piston member.
BSUM
PAR  This invention relates to rotary machines and is applicable to axial piston
      pumps and motors.
PAR  A known kind of axial piston machine comprises a rotary drive shaft, a
      rotary piston block which is inclined at an angle, either fixed or
      adjustable, to the axis of the drive shaft, and piston reciprocably
      arranged in corresponding open piston-reciprocation chambers in the piston
      block and, at ends remote from the block, articulated to a drive plate
      fast with the drive shaft. Transmission of torque from the drive shaft to
      the piston block (if the machine is working as a pump) or from the piston
      block to the drive shaft ( if the machine is working as a motor) is
      effected solely by way of the pistons on account of their engagement with
      the piston block in the piston-reciprocation chambers. Usually, each
      piston is provided with an associated piston rod which is articulated
      within the piston and has at its free end the ball of a ball joint, this
      ball being received in a ball seat in the drive plate.
PAR  Entrainment of the piston block by the piston members of such a machine in
      cardan-less manner may be effected by providing each piston, at its side
      remote from the piston head, with a relatively long piston skirt at a
      conically opening inner side of which the piston rod bears, thereby
      entraining the piston block by way of the piston. Alternatively, the
      entrainment function of the piston rods is effected in direct contact with
      the walls of the piston-reciprocation chambers. As a variant of this
      alternative, the piston rods may entrain the piston block by means of a
      star-shaped entrainment member which is fast with the block (U.S.
      Specification No. 1,137,283).
PAR  The present invention aims at simplifying the construction of the piston
      members whilst allowing adequately sealed reciprocation of the members in
      the piston-reciprocation chambers and adequate engagement of the piston
      members with the piston block for the transmission of rotary drive between
      the drive shaft and the piston block.
PAR  With this end is view, the present invention provides a rotary machine
      comprising:
PAR  A ROTARY DRIVE MEMBER;
PAR  A ROTARY PISTON BLOCK HAVING PORTIONS WHICH DEFINE AN OPEN
      PISTON-RECIPROCATION CHAMBER HAVING A CENTRAL CHAMBER AXIS ALONG WHICH THE
      CHAMBER EXTENDS WITH UNIFORM CROSS-SECTIONAL DIAMETER INTO THE BLOCK;
PAR  BEARING MEANS MOUNTING THE ROTARY DRIVE MEMBER FOR ROTATION ABOUT A FIRST
      AXIS, FIXED RELATIVE TO THE BEARING MEANS;
PAR  MOUNTING MEANS MOUNTING THE ROTARY PISTON BLOCK FOR ROTATION ABOUT A SECOND
      AXIS WHICH IS OBLIQUE TO THE SAID FIRST AXIS AND IS SPACED FROM THE SAID
      CENTRAL CHAMBER AXIS;
PAR  AND A PISTON MEMBER HAVING AN END PORTION ARTICULATED TO THE SAID ROTARY
      DRIVE MEMBER AT A LOCATION SPACED FROM THE SAID FIRST AXIS AND HAVING A
      MAIN PORTION RECEIVED IN THE SAID PISTON-RECIPROCATION CHAMBER FOR
      RECIPROCATION THEREIN, THE SAID MAIN PORTION COMPRISING:
PA1  A first piston length, having a cross-sectional plane at which it has a
      maximum cross-sectional diameter corresponding to the said uniform
      cross-sectional diameter, for sliding sealingly in the said
      piston-reciprocation chamber, the said first piston length decreasing in
      cross-sectional diameter with increasing distance in opposite directions
      from the said cross-sectional plane, and a second piston length, located
      to one end of the said first piston length, of cross-sectional diameter
      decreasing with increasing distance from the said first piston length, for
      engaging with the rotary piston block in the said piston-reciprocation
      chamber to transmit rotary drive between the said drive member and the
      block.
PAR  It will be appreciated that in a rotary machine embodying the present
      invention the mounting means for the piston block may be adapted to permit
      adjustment of the inclination between the first, drive-member axis and the
      second, piston-block axis. Alternatively, however, these axes may be fixed
      relative to one another.
PAR  It will be further appreciated that, generally, a rotary machine embodying
      the invention will have a whole set of piston members such as described
      above, in which case a whole set of corresponding piston-reciprocation
      members is provided in the piston block of the machine.
PAR  In addition to a second piston length such as referred to above, the main
      portion of the or each piston member of a rotary machine embodying the
      present invention may also comprise a third piston length which is located
      to that end of the first piston length remote from the second piston
      length and which, like the latter, is of decreasing cross-sectional
      diameter with increasing distance from the first piston length, this third
      piston length serving the same purpose as the second piston length.
      Moreover, the main portion of a piston member of a rotary machine
      embodying the invention may be formed with a radial constriction between
      the first and second piston lengths. Alternatively or additionally, the
      main portion of the piston member may, if this main portion includes a
      third piston length, be formed with such a constriction between the first
      and third piston lengths. However, it is also possible for the first and
      second piston lengths and/or the first and third piston lengths to merge
      with one another without discontinuity. Advantageously, the first piston
      length is of part-spherical shape while the second piston length and, if
      present, the third piston length are of frusto-conical shape.
PAR  Advantageously as regards sealing of a piston member in its associated
      piston-reciprocation chamber, there is formed in the main portion of the
      piston member a circumferentially extending groove in which a piston ring
      is received. This groove may run around the main portion of the piston
      member in the region of its above-mentioned first piston length, or it may
      be formed between this first piston length and the above-mentioned second
      piston length. Moreover, if the main portion of the piston member includes
      a third piston length such as mentioned above, such a groove may,
      alternatively or additionally, be formed between the first and third
      piston lengths. Preferably, the piston ring associated with the or each
      such groove has a radially outer circumferential surface of part-spherical
      shape for bearing against the wall of the relevant piston-reciprocation
      chamber. Preferably, too, the associated piston ring is accommodated in
      its groove with radial play or clearance.
PAR  U.S. Specification No. 2,956,845 proposes an axial piston machine, having a
      shaft rotating with the piston block and a piston guiding plane inclined
      relative to the shaft axis (swash-plate machine), in which a piston
      packing is formed with a split piston ring whose sliding surface is of
      spherical shape and has a diameter corresponding to the diameter of the
      relevant piston-reciprocation chamber. In one constructional form of this
      machine, the pistons thereof, which with the associated piston rods
      perform angular movements relative to the rotary axis of the piston block
      during operation, are fast with the piston rods, i.e. each piston and its
      associated piston rod are formed as a single piston member. In this
      arrangement, the external surface of each piston is part-spherical and has
      a radius and a centre of curvature corresponding with those of the sliding
      surface of the associated piston ring. The piston members are designed in
      this fashion solely for the purpose of achieving a good sealing effect.
      The transmission of rotary drive is neither provided by the piston members
      nor is it possible, since the part-spherical shape of each piston is
      expressely adapted to the shape and position of the sliding surface of the
      associated piston ring or rings and is also intended to enhance the
      sealing effect for leakage oil if, on account of angular movements
      performed by the piston, relatively large guiding forces should be set up
      between the piston and the wall of an associated piston-reciprocation
      chamber.
PAR  In contrast, in a suitably constructed form of rotary machine embodying the
      invention, the piston members allow both the necessary sealing and the
      transmission of rotary drive between the drive member and the piston block
      by way of the piston members to be achieved.
DRWD
PAR  For a better understanding of the invention, and to show how it may be
      carried into effect, reference will now be made, by way of example, to the
      accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic sectional view of a rotary machine embodying the
      invention, and
PAR  FIGS. 2 to 4 are respective views, partially in section, of three forms of
      piston member for such a machine.
DETD
PAR  The illustrated rotary machine is an axial piston machine having a drive
      shaft 1 mounted in shaft bearing means of a machine housing 2. The shaft 1
      carries a drive plate 3 in one piece therewith. By means of respective end
      portions in the form of ball-joint balls 10, piston members 4 are
      articulated to the drive plate 3 for universal-joint movement relative
      thereto. The main portions of the piston members 4 are received for
      reciprocation in respective open piston-reciprocation chambers provided by
      cylindrical bores 5 extending in parallel through one face of a rotary
      piston block 6. The piston members 4 engage with the piston block 6 in
      such manner that rotary drive is transmitted between the drive plate 3 and
      the block 6 by way of the piston members. The magnitude of the stroke of
      the piston members 4 in the bores 5 when the machine is in operation
      depends on the degree of obliquity between the rotary axis 8 of the shaft
      1 and the rotary axis 7 of the piston block 6. The piston block 6 is
      mounted in the machine by means of a central journal 11 articulated to the
      drive plate 3 by a ball-joint 9 and bears - in the loaded condition of the
      machine, under the action of the hydraulic forces and, in the unloaded
      condition of the machine, only under the force of a compression spring 12
      arranged between the journal 11 and the piston block 6 - on a
      complementary control member 13 bearing on a cylindrical guide face 14
      defined by a housing part 15 of the machine.
PAR  For varying the inclination of the rotary axis 7 of the piston block 6
      relative to the rotary axis 8 of the shaft 1 and, therewith, for varying
      the magnitude of the stroke performed by the piston members 4 in the
      cylinder bores 5, there engages in the complementary control member 13 an
      adjusting pin 16 which is fast with an adjusting rod 17 mounted for
      displacement in the machine housing part 15 in a bore 18. Coupled with the
      adjusting rod 17 is an adjusting mechanism (not shown) whereby the
      adjusting rod 17 can be displaced in the longitudinal direction, so that
      the pin 16 displaces the control member 13 along the cylindrical guide
      face 14, accompanied by pivoting of the piston block 6 about a pivot axis
      19 passing through the centre of the ball-joint 9 perpendicularly to the
      plane of FIG. 1. Formed in the control member 13 are inflow and outflow
      bores (control ports - not shown in FIG. 1) which selectively connect the
      cylinder bores 5, in dependence upon the pivot position of the piston
      block 6, with inflow and outflow connections (also not shown) in the
      housing part 15.
PAR  The piston members 4 may take any of the forms illustrated in FIGS. 2 to 4.
      In each case the illustrated form of piston member comprises an end
      portion in the form of a ball-joint ball 10 that is integral with a main
      portion which includes a first piston length 21 of part-spherical shape
      symmetrically arranged so that the cross-sectional diameter of the piston
      length 21 decreases with increasing distance from a plane 20 of maximum
      cross-sectional diameter corresponding to the diameter of the cylinder
      bores 5, the centre of curvature of the part-spherical surface of the
      piston length 21 coinciding with the point of intersection of the plane 20
      and a central longitudinal axis 22 of the piston member.
PAR  Located to each end of the piston length 21 in the case of FIGS. 2 and 3
      but only to one end of the piston length 21 in the case of FIG. 4 is an
      adjacent piston length 23 or 24 of frusto-conical shape. The piston
      lengths 23 24 are arranged so as to be of decreasing cross-sectional
      diameter with increasing distance from the piston length 21. In the case
      of FIG. 1, the piston length 21 of part-spherical shape merges with each
      of the piston lengths 23 and 24 without discontinuity, i.e. the surfaces
      of the piston lengths 23 and 24 meet the surface of the piston length 21
      tangentially. In the case of FIGS. 3 and 4, the main portion of the piston
      member is formed with a radial constriction (such as the constriction 25
      in FIG. 3) located between the piston length 21 and the piston length 23.
      In the case of FIG. 3, such a constriction (the constriction 25) is also
      formed between the piston length 21 and the piston length 24. Such
      constrictions may be expedient inter alia for manufacturing reasons.
      Formed in the region of the piston length 21 or between the piston length
      21 and at least one of the piston lengths 23 and 24 is a
      circumferentially-extending groove 26 for receiving a piston ring 27. The
      piston ring 27 is guided with radial play or clearance in the groove 26.
      It may be designed as a one-piece ring or a split ring which is elastic or
      is under the working pressure of the machine. The radially outer surface
      thereof intended to bear against the wall of the corresponding cylinder
      bore 5 is of part-spherical shape.
PAR  The piston length 23 or 24 of a piston member such as illustrated in FIGS.
      2, 3 or 4 engages with the wall of a corresponding cylinder bore 5 so as
      to allow the transmission of rotary drive between the drive plate 3 and
      the piston block 6 by way of such a piston member, the piston length 21 of
      such a piston member serving, with the aid of the piston ring 27 received
      in the groove 26, to ensure sealed sliding of the piston member in the
      bore.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary machine comprising:
PA1  a rotary drive member;
PA1  a rotary piston block having portions which define an open
      piston-reciprocation chamber having a central chamber axis along which the
      chamber extends with the uniform cross-sectional diameter into the block;
PA1  bearing means mounting the rotary drive member for rotation about a first
      axis, fixed relative to the bearing means;
PA1  mounting means mounting the rotary piston block for rotation about a second
      axis which is oblique to the said first axis and is spaced from the said
      central chamber axis;
PA1  and a piston member having an end portion articulated to the said rotary
      drive member at a location spaced from the said first axis and having a
      main portion received in the said piston-reciprocation chamber for
      reciprocation therein, the said main portion comprising:
PA2  a first piston length of part-spherical shape for sliding exclusively
      sealingly in the said piston-reciprocation chamber, so as to form an
      articulatedly movable sealing location, said part-spherical shape having a
      cross-sectional plane at which it has a maximum cross-sectional diameter
      corresponding to the said uniform cross-sectional diameter, the said first
      piston length decreasing in cross-sectional diameter with increasing
      distance in opposite directions from the said cross-sectional plane,
PA2  and a second piston length of frusto-conical shape being located to one end
      of the said first piston length and having a cross-sectional diameter
      decreasing with increasing distance from the said first piston length, for
      engaging with the said rotary piston block in the said
      piston-reciprocation chamber to transmit rotary drive between the said
      drive member and the block.
NUM  2.
PAR  2. A rotary machine as claimed in claim 1, wherein said first and second
      piston lengths merge with one another without discontinuity.
NUM  3.
PAR  3. A rotary machine as claimed in claim 1, wherein the said main portion is
      formed with a radial constriction between said first and second piston
      lengths.
NUM  4.
PAR  4. A rotary machine as claimed in claim 1, wherein the said main portion is
      formed with a circumferentially-extending groove between the said first
      and second piston lengths, and a piston ring is received in the groove,
      said piston ring having a radially-outer circumferentially-extending
      surface of part-spherical shape and being accommodated in said groove with
      radial clearance.
NUM  5.
PAR  5. A rotary machine as claimed in claim 1, wherein the said main portion
      further comprises a third piston length of a frusto-conical shape located
      to that end of the said first piston length which is remote from the said
      second piston length, of cross-sectional diameter decreasing with
      increasing distance from the said first piston length, for engaging with
      the said rotary piston block in the said piston-reciprocation chamber to
      transmit rotary drive between the said rotary drive member and the block.
NUM  6.
PAR  6. A rotary machine as claimed in claim 5, wherein the said first and third
      piston lengths merge with one another without discontinuity.
NUM  7.
PAR  7. A rotary machine as claimed in claim 5, wherein the said main portion is
      formed with a radial constriction between the said first and third piston
      lengths.
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ABST
PAL  A vehicle wheel spring brake actuator has a service braking piston and
      cylinder assembly and an auxiliary parking or emergency braking piston and
      cylinder assembly, the emergency braking piston being spring biassed
      towards a brake-applying position and normally held off by an opposing
      fluid pressure, upon release of which the spring force is transferred
      through the emergency braking piston and a force transferring member to
      the service braking piston to apply the brake. A quick release device is
      movable through a small distance to permit relative movement between the
      force transferring member to release the applied brake, the release device
      and the force transferring member extending through the emergency braking
      piston freely and with clearance.
BSUM
PAR  This invention relates to vehicle wheel brake actuators of the kind
      (hereinafter referred to as the kind set forth) comprising a first fluid
      pressure operable member working in a first cylinder for service braking,
      a second fluid pressure operable member working in a second cylinder for
      parking or emergency braking, the second member being spring biased
      towards a brake-applying position and being normally held off in an
      inoperative position by an opposing fluid pressure, force transferring
      means supported at its inner end and extending axially outwardly and
      movable with the second member upon release of the opposing fluid pressure
      so that the spring biassing force is transferred through the second member
      and the force transferring means to the first member, and release means
      manually movable to permit axial movement of the force transferring means
      relative to the second member in its brake-applying position to release
      the brake.
PAR  It is known to mount the release means directly on the second member, the
      spring biasing force being transferred from the second member to the force
      transferring means through the release means when the opposing fluid
      pressure is released.
PAR  It is, however, not always practical or possible to mount the release means
      on the second member for movement therewith and the present invention
      provides a vehicle wheel brake actuator of the kind set forth wherein the
      force transferring means and the release means extend through the second
      member in its inoperative position freely and with clearance, the force
      transferring means being engageable with the second member upon release of
      the opposing fluid pressure.
PAR  In one particular known actuator the release means is a bolt screw
      threadedly connected through the second member, which is a piston, the
      bolt engaging the force transferring member when the second member is in
      its brake-applying position so that unscrewing of the bolt relative to the
      piston releases the brake.
PAR  Because the need to release the brake manually generally occurs relatively
      infrequently, the bolt can become corroded in the piston so that it is
      difficult or impossible to release the brake. If the bolt cannot be
      unscrewed, rotation thereof effects corresponding rotation of the piston
      within its cylinder with resultant damage to the piston seal and
      consequent fluid leakage when pressure is restored. This leakage can
      permit continuous partial brake application with the dangerous result that
      the brake becomes overheated and inefficient.
PAR  Furthermore, the known actuator has the disadvantage that the release bolt
      has to be unscrewed through a length at least equal to the stroke of the
      first member i.e. the length of travel between its inoperative and brake
      applying positions, to release the brake. Such an unscrewing action can be
      time-consuming and, in confined spaces, quite difficult.
PAR  Another feature of the present invention aims at overcoming the
      disadvantages of the above mentioned known actuator and provides a vehicle
      wheel brake actuator of the kind set forth, wherein the force transferring
      means is disengaged from the second member in its inoperative position and
      engageable therewith upon release of the opposing fluid pressure, and
      wherein the release means is a manually operable quick release means
      movable to disengage the force-transferring means from the second member
      in its brake-applying position to permit axial movement of the
      force-transferring means relative to the second member to release the
      brake.
PAR  The term "quick release means" refers to release means which requires
      movement through only a short distance relative to the stroke of the first
      member to disengage the force-transferring means from the second member
      and permit movement of the first member to its inoperative position.
PAR  The actuator may be pneumatically or hydraulically operable.
DRWD
PAR  Several embodiments of vehicle wheel brake actuators in accordance with the
      invention will now be described, by way of example with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a sectional view of one form of brake actuator incorporating one
      form of release means,
PAR  FIG. 2 is a sectional view of another form of brake actuator incorporating
      the release means of FIG. 1,
PAR  FIG. 3 is a sectional view of the brake actuator of FIG. 1, but
      incorporating a different form of release means,
PAR  FIG. 4 is a sectional view of the brake actuator of FIG. 2, but
      incorporating the release means of FIG. 3,
PAR  FIG. 5 is a sectional view of another actuator incorporating yet another
      release means, and
PAR  FIG. 6 is cross sectional view taken substantially on the line 6--6 of FIG.
      1.
DETD
PAR  Each of the actuators is illustrated in its inoperative (i.e. "brakes off")
      position and comprises a housing 1 having a part 1a screw threadedly
      connected to an annular flange part 1b within which a piston 2 is
      sealingly slidable. The piston 2 is biassed to the left as shown by a coil
      compression spring 3, the piston being held in the position shown by fluid
      pressure in a chamber 4 which is connected to a fluid pressure source.
PAR  A service brake piston assembly 5 comprises an inner part 6 and an outer
      part 7 respectively carrying seals and is slidable in a central cylinder 8
      with which ports 9, which are connected to the pressure source,
      communicate. The piston assembly 5 engages or is integral with a push rod
      11 which is arranged to actuate a mechanism on the associated wheel brake
      in a known manner.
PAR  In the actuator of FIG. 1, the cylinder 8 has a bore of constant diameter
      and the piston assembly parts 6 and 7 constitute separate pistons, the
      part 6 constituting the service brake piston, and the part 7 constituting
      an anti-compounding piston subject in operation to the service brake
      pressure in cylinder 8.
PAR  The release means 12 is carried by a force-transferring member 13
      integrally attached at its inner end to the outer piston 7. A bush 17 is
      screw threadedly connected at or near the other outer end of the release
      member 13, and is a loose fit within a radially outer bush 15 screw
      threadedly connected to the piston 2, the bushes having complementary
      shoulders, which are normally spaced apart and which permit movement of
      the inner bush 14 relative to the outer bush 15 in an axial direction to
      the left as seen in the drawings but which prevent relative axial movement
      in the other direction.
PAR  In normal operation of the actuator, the chamber 4 is pressurised to hold
      off the piston 2 and service brake operation is effected by supplying
      fluid pressure to the cylinder 8 through the ports 9 to move the inner
      piston 6 to the left to actuate the brake. During service brake operation
      the piston 7 remains stationary and is held against an annular shoulder 10
      at the right hand end of the cylinder 8 by the fluid pressure in the
      cylinder.
PAR  In the event of pressure failure, the service brake piston will be moved to
      apply the brake when the chamber 4 is relieved of pressure, the bias of
      spring 3 causing movement of the piston 2, release member 13 and thus the
      piston assembly 5 to the left to apply the brake. The brake thus applied
      can be released manually by unscrewing the member 13, which is integral
      with inner piston 7, from the bush 14, which is frictionally held against
      rotation by the bush 15. The member 13 is thus moved axially relative to
      the piston 2 to permit movement of the inner piston 6 to the right to
      release the brake.
PAR  The outer end of the bush 14 protrudes through the bush 15 and may be
      provided with flats so that it can be held by a spanner against rotation
      while the member 13 is unscrewed.
PAR  In an optional arrangement as shown in FIG. 6 the bush 14 is non-circular,
      for example oval-shaped and the hole of the outer bush as a similar
      non-circular shape, so that the bush 14 need only be partially rotated
      through an angle of about 90.degree. relative to the outer bush 15 to move
      the shoulders of the bushes out of co-operation with each other and permit
      movement of the member 13 and inner piston 7 to the right to release the
      brake.
PAR  The arrangement of FIG. 2 is generally similar to that of FIG. 1, the main
      differences being that the piston parts 6 and 7 are integral to form a
      single service brake piston, and the inner part 6 has a larger diameter
      than the outer part 7. The bore of the cylinder 8 is suitably stepped at
      8a to accommodate the different piston parts and in the illustrated
      inoperative condition of the actuator, the piston 6 engages the stop 8a.
      The operation of the actuator and particularly the release means 12 is
      generally the same as that of FIG. 1.
PAR  The actuator of FIG. 3 is similar to that of FIG. 2 but having different
      release means 12. In this case the release means is carried by the
      force-transferring member 16 integrally attached at its inner end to the
      outer piston part 7 and having a pair of diametrically opposed
      longitudinal slots or grooves 17 in its surface and a circumferential
      groove 18 crossing the longitudinal groove 17 near the other outer end of
      the release member 16. A bush 19 surrounds the circumferential groove and
      carries a pair of diametrically opposed pins or pegs 20 which co-operate
      with the circumferential groove 18 in the normal positon to prevent
      relative axial movement between the member 16 and the bush 19. The bush 19
      has a shoulder which co-operates with a complementary shoulder on the
      piston 2 to allow movement of the bush only in a direction to the left as
      seen in the drawings, the shoulders normally being spaced apart.
PAR  The operation of the actuator is generally the same as the previously
      described actuators, but in the event of a pressure failure the brake is
      released by partial rotation of the member 16 through an angle of say
      90.degree. until the pegs 20 are aligned with the longitudinal slots 17,
      the member 16 and inner piston 7 then being moved to the right to permit
      movement of the piston 6 to release the brake.
PAR  The actuator of FIG. 4 is similar to that shown in FIG. 1 but having the
      release means of the actuator of FIG. 3. Its operation is generally
      similar to the above described actuators.
PAR  The actuator illustrated in FIG. 5 has a service brake piston assembly 5
      similar to that of FIGS. 2 and 3, but has different release means 12. In
      this embodiment the piston 2 has a screw-threaded central aperture 21
      which receives a threaded annular thrust member 22 having a pair of
      opposed frusto-conical surfaces 23,24.
PAR  The force-transferring means comprises a push rod 25 having its inner end
      integral or otherwise fast with brake piston 7 and the other outer end
      located within the bore of the thrust member 22. The push rod 25 has a
      counterbore 26 in its outer end within which is located a release plunger
      27 having a frusto-conical or wedge portion 28. A plurality of balls 29
      are respectively retained in circumferentially spaced apertures in the
      wall of the counterbore 26 in abutting engagement with the frusto-conical
      portion 28 of plunger 27 by a cylindrical member 31 which is retained in
      position by an end cap 32 screw-threadedly connected in the outer, open
      end of counterbore 26. The plunger 27 is biased by a coil compression
      spring 33 into engagement with the balls 29 and has an elongate portion 34
      which projects outwardly through the end cap 32.
PAR  If the fluid pressure in chamber 4 is released for parking brake operation
      or as a result of a pressure failure, the piston 2 and the thrust member
      22 are moved to the left under the bias of spring 11. The frusto-conical
      surface 23 of the thrust member 22 wedges the balls 29 and moves the push
      rod 25 and the piston assembly 5 to the left to apply the brake. In normal
      parking brake operation, the brake is released by reintroducing fluid
      pressure into chamber 4 to move the piston 2 against the bias of spring
      11. If there is a pressure failure the brake is released by pressing the
      portion 34 of the plunger 27 against the bias of spring 33. This enables
      the balls 29 to move radially inwardly out of engagement with the surface
      23 of the thrust member 22 to allow the push rod 25 and thus the piston
      assembly 5 to move to the right to release the brake.
PAR  The frusto-conical surface 24 enables the piston 2 to be automatically
      restored to its normal position when pressure is restored after failure.
      In the released condition the thrust member 22 is to the left of balls 29,
      but when pressure is applied to chamber 4 the piston 2 moves to the right
      and the tapered surface 24 of thrust member 22 urges the balls 29 radially
      inwardly against the wedge portion 28 of plunger 27 to compress the spring
      33, thus permitting the thrust member 22 to ride over the balls to its
      illustrated position.
PAR  It will be appreciated that in each of the above described embodiments the
      force transferring and release means are supported independently of the
      piston 2 so that there is no danger of the release means being corroded in
      the piston due to non-use. Thus, the piston 2 will not be damaged when the
      release means is operated to release the brake when the pressure has
      failed. Furthermore, there are described above quick-release arrangements
      in which the release means merely has to be moved through a small distance
      compared with the stroke of the piston assembly 5, for example by partial
      rotation, say through an angle of 90.degree., or by small axial movement.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vehicle wheel brake actuator comprising a first cylinder, a first
      fluid pressure operable member working in said first cylinder for service
      braking, a second cylinder, second fluid pressure operable member working
      in said second cylinder for parking or emergency braking, spring biassing
      means urging said second member towards a brake-applying position, said
      second member being normally held-off in an inoperative position by an
      opposing fluid pressure, force transferring means having axially inner and
      outer ends, said force-transferring means being supported at said inner
      end and extending axially outwardly and being movable with said second
      fluid pressure operable member upon release of said opposing fluid
      pressure whereby the force of said spring biassing means is transferred
      through said second member and said force transferring means to said first
      member, said force transferring means extending freely and with clearance
      through said second member and being disengaged from said second member
      when in its inoperative position and being engageable therewith upon
      release of said opposing fluid pressure, and manually operable quick
      release means movable to disengage said force transferring means from said
      second member in its brake-applying position, whereby to permit axial
      movement of said force transferring means relative to said second member
      to release said brake the clearance between and disengagement of said
      force transferring means and said second member in its inoperative
      position being such that there is unobstructed spacing between said second
      member and all of the force transferring means so as to prevent said force
      transferring means from being corroded in said second member due to
      non-use.
NUM  2.
PAR  2. An actuator according to claim 1, wherein said force transferring means
      is supported at said inner end in said first cylinder and carries at said
      outer end said release means.
NUM  3.
PAR  3. An actuator according to claim 2, wherein said force transferring means
      is integral with said first member, and wherein said first cylinder has a
      stop formed therein to limit axial outward movement of said first member,
      whereby said force transferring means is held out of engagement with said
      second member in its inoperative position.
NUM  4.
PAR  4. An actuator according to claim 2, comprising an anti-compounding piston
      in said first cylinder subject to service braking pressure, wherein said
      first cylinder has a stop formed therein to limit axial outward movement
      of said first member, whereby said force transferring means is held out of
      engagement with said second member in its inoperative position.
NUM  5.
PAR  5. An actuator according to claim 1, wherein said second member defines an
      aperture of non-circular cross-section, and wherein said release means
      comprises a sleeve of complementary cross-section secured to said outer
      end of said force-transferring means and located within said aperture and
      normally spaced from said second member, whereby in one relative angular
      position substantial movement of said sleeve relative to said second
      member in one axial direction is prevented and in another angular position
      such relative movement is permitted.
NUM  6.
PAR  6. An actuator according to claim 1, wherein said release means comprises a
      sleeve assembly carried by said force-transferring means and normally
      spaced from said second member and prevent from substantial axial movement
      relative to said second member, said sleeve assembly including a plurality
      of radially inwardly extending projections, and wherein said force
      transferring means includes means defining a circumferential recess at
      said outer end, said projections normally co-operating with said
      circumferential recess to prevent substantial relative axial movement
      between said sleeve assembly and said force-transferring means, and means
      defining a plurality of longitudinally extending recesses, whereby
      rotation of said force transferring means relative to said sleeve assembly
      aligns said projections with respective one of said longitudinal recesses
      to permit axial movement of said force-transferring means relative to said
      second member.
NUM  7.
PAR  7. An actuator according to claim 1, wherein said force-transferring means
      comprises a plurality of movable members projecting radially therefrom,
      said second member having a surface which is normally spaced from but
      engageable with said movable members to prevent substantial axial outward
      movement of said force transferring means relative to said second member,
      and wherein said release means comprises a release member carried by and
      axially movable relative to the force-transferring means, said release
      member engaging said movable members and being axially movable to permit
      radially inward movement of said movable members out of engagement with
      said surface of said second member to effect release of said force
      transferring means.
NUM  8.
PAR  8. An actuator according to claim 7, wherein said force-transferring means
      defines a counterbore in said outer end having a wall with radial
      apertures extending therethrough said movable members being constituted by
      balls respectively mounted with said apertures, and wherein said release
      means comprises a plunger constituting said release member and having a
      frusto-conical surface, spring means biassing said plunger to a position
      in which said surface engages said movable member to urge the latter
      radially outwardly, a sleeve member surrounding said force transferring
      means and defining apertures therein aligned with said apertures in said
      counterbore wall and of smaller diameter than said balls, whereby said
      balls are retained in said counterbore wall.
NUM  9.
PAR  9. The vehicle wheel brake actuator of claim 1 wherein a part of said first
      cylinder extends co-axially into said second cylinder, said second fluid
      pressure operable member having sliding and sealing engagement with the
      exterior surface of said extending part and including a central
      cylindrical part, said force transferring means being received within said
      central cylindrical part with its inner end supported in the extended part
      of said first cylinder and its outer end extending freely and with
      clearance through an aperture in the central cylindrical part of said
      second member when it is in its inoperative position, and cooperating
      abutment means carried by the central cylindrical part of said second
      member and said force transferring means for moving the latter with said
      second member upon release of said opposing fluid pressure.
NUM  10.
PAR  10. The vehicle wheel brake actuator of claim 9 wherein said cooperating
      abutment means are constructed and arranged to be movable out of
      cooperating engagement with each other, said quick release means
      comprising manually operable means for selectively disengaging said
      abutment means when said second member is in its operative position.
NUM  11.
PAR  11. The vehicle wheel brake actuator of claim 10 wherein the abutment means
      are arranged to be disengaged for quick release by partial rotation of one
      abutment means relative to the other.
NUM  12.
PAR  12. The vehicle wheel brake actuator of claim 10 wherein one of said
      abutment means is movable radially relative to the other to effect
      disengagement, and axially moveable releasable locking means for retaining
      said radially moveable abutment means in its cooperating position relative
      to the other abutment means.
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ABST
PAL  An actuating force generating device has a multi-stage cylinder body
      consisting of a plurality of cylinders having different diameters and
      arranged in series; a plurality of pistons slidably fitted in the
      cylinders, respectively; fluid ports each provided in the cylinders to
      discharge or introduce fluid from or into the cylinders; a container
      provided in the rear of the multi-stage cylinder body; a piston rod
      forming an actuating end projecting from the multi-stage cylinder body,
      said rod extending through a rod guide and being affixed to the forward
      piston; and a resilient member adapted to urge the rearmost piston
      forwardly.
BSUM
PAR  This invention relates to an actuating force generating device and, more
      particularly to a device adapted to generate an actuating force of
      predetermined different levels.
PAR  A control means is known which controls the actuating force at its intended
      levels by varying the hydraulic pressure in a hydraulic actuator or the
      like. However, for achieving actuating forces controlled for accurately
      predetermined levels, it is not recommendable to use a regulating means
      such as a hydraulic regulating valve, because of the resultant complicated
      construction.
PAR  It is accordingly the principal object of the invention to provide an
      actuating force generating device which may selectively generate actuating
      forces of different levels at a desired timing and which is simple in
      construction, has a high level of reliability and is low in cost.
PAR  According to the present invention, there is provided an actuating force
      generating device comprising: a multi-stage cylinder body consisting of a
      plurality of cylinders having different diameters and arranged in series;
      a plurality of pistons slidably fitted in said cylinders, respectively;
      fluid ports each provided in said cylinders to discharge or introduce said
      fluid from or into said cylinders; a container provided in the rear of
      said multi-stage cylinder body; a piston rod forming an actuating end
      projecting from said multi-stage cylinder body, said piston rod extending
      through a rod guide and being affixed rigidly to the forward piston; and a
      resilient means adapted to urge the rearmost piston forwardly.
PAR  It should be noted that the aforesaid resilient means may be a compression
      spring or gas adapted to be compressed in a container.
PAR  The multi-stage cylinder body should preferably be such that a plurality of
      pistons are provided in series and in a concentric relation, with a
      cylinder of the smallest diameter being positioned forward, one having the
      second smallest diameter coming next, and thus one having the largest
      diameter being placed in the rearmost position.
PAR  Where compressed gas is used as a resilient means, it is preferable to
      provide a pressure regulating means which is adapted to regulate the gas
      pressure and/or to provide a temperature compensating means adapted to
      compensate for the variation in gas pressure caused due to variation in
      temperature.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent from reading the ensuing description in conjunction with the
      drawings which show embodiments of the invention.
PAR  FIG. 1 is a longitudinal cross-sectional view of one embodiment of the
      invention, coupled with a diagrammatic view of one example of an
      associated hydraulic system;
PAR  FIG. 2 is a partial cross-sectional view of one modification of the
      embodiment of FIG. 1, which enables adjustment of a spring force;
PAR  FIG. 3 is a longitudinal cross-sectional view of the essential part of the
      modification of the embodiment, utilizing gas pressure as a resilient
      means in place of a spring;
PAR  FIGS. 4 through 6 are partial, longitudinal cross-sectional views of a
      modification of the embodiment of FIG. 3, in which FIG. 4 shows means for
      compensating for variation in gas pressure caused due to temperature
      variation, FIG. 5 shows means for adjusting the gas pressure by the use of
      a step motor, and FIG. 6 shows means for regulating gas pressure manually;
PAR  FIG. 7 shows one example of a hydraulic pressure control system adapted to
      regulate the control hydraulic pressure automatically in a multi-staged
      fashion; and
PAR  FIG. 8 shows one modification of the embodiment of FIG. 7.
DETD
PAR  Referring now to FIG. 1, shown at 1 is a multi-stage cylinder body
      consisting of a cylinder 2 of a small diameter and a cylinder 3 of a large
      diameter integral with said cylinder 2. In this embodiment, the
      multi-stage cylinder body 1 is in two stages.
PAR  Designated at 4 is a small diameter piston fitted sealingly with a seal 5
      in the small diameter cylinder 2, said piston 4 being adapted to move
      through the cylinder 2 axially and slidably.
PAR  Shown at 6 is a large diameter piston fitted sealingly with a seal 7 in
      said large diameter cylinder 3, said piston 6 being adapted to move
      through the cylinder 3 axially and slidably.
PAR  Designated at 8 is a piston rod with an actuating end which externally
      projects through a seal 10 provided in a rod guide 9 of said multi-stage
      cylinder body 1, said rod 8 having the other end rigidly affixed to one
      end face of said small diameter piston 4. Thus, the aforesaid actuating
      end may urge a piston of a brake cylinder or the like. A chamber 11 is
      defined by the multi-stage cylinder body and the small diameter piston 4.
      Shown at 12 is a container threaded on said multi-stage cylinder body 1
      and said container 12 is capable of moving axially of said body 1. A
      chamber 13 is defined by the right hand face of the large diameter piston
      6 and the container 12, while a chamber 14 is defined by the left hand
      face of the large diameter piston 6 and the multi-stage cylinder body 1
      plus the right hand face of the small diameter piston 4, as shown.
PAR  A spring seat 15 is provided in the chamber 13, and a connecting rod 16
      extends from one end of said spring seat 15. The connecting rod 16 extends
      movably and sealingly through a seal 17 and through the large diameter
      piston 6 and is affixed integrally with the other face of the small
      diameter piston 4. It should be recognized that, in this embodiment, the
      small diameter piston 4 has the same diameter as the connecting rod 16.
      This is intended to prevent the generation of an undesirable force acting
      in a rightward or leftward direction due to the pressure in the chamber
      14, which pressure acts on the small diameter piston 4 and the connecting
      rod 16.
PAR  Shown at 18 is a stop positioned in said chamber 14 and affixed to said
      connecting rod 16. Designated by 19 and 20 are fluid ports each formed in
      said chambers 11 and 14, on the left hand end of the drawing, for
      discharging or introducing the fluid into and withdrawing fluid from said
      chambers, respectively. The fluid is supplied into the chambers 11 and 14
      through the fluid ports 19 and 20. The stop normally abuts the left hand
      face of the large diameter piston 6 as shown during the inoperative
      condition, and the stop 18, coupled with the small diameter piston 4, will
      move to the left to be separated from the large diameter piston 6 due to
      the action of the spring (which will be referred to in detail
      hereinafter), when the fluid within the chamber 11 is discharged from the
      multi-stage cylinder body 1.
PAR  Designated at 21 is an annular sleeve portion fixed to said large diameter
      piston 6 on the right hand in the drawing. In this respect, the sleeve
      portion 21 corresponds in its role to the connecting rod 16 of the small
      diameter piston 4. Furthermore, the sleeve portion 21 has a spring seat 22
      in the right hand end thereof as shown. In this embodiment, the sleeve
      portion 21 is formed integrally with the large diameter piston 6.
PAR  Shown at 23 is an annular stop fixed to the inner wall of the large
      diameter piston 3 whose right hand position is limited by means of an
      extension 24 abutting on the stopper 23, said extension 24 extending from
      the sleeve portion 21 further rearwardly of the spring seat 22. The
      aforesaid extension 24 is integral through the sleeve portion 21 with the
      large diameter piston 6 and positioned around the outer circumference of
      the spring seat, while extending to the right from the spring seat 22, as
      shown.
PAR  Designated at 25 is an adjusting screw the one end of which is positioned
      in the chamber 13 of the container 12 and the other end of which forms an
      adjusting end 26 threaded in the wall of said container 12 in externally
      projecting relation therefrom.
PAR  The end of the adjusting screw 25 is integral with a spring seat 27
      corresponding in its role to the spring seat of the large diameter piston
      6.
PAR  Shown at 28 is a coil spring provided intermediate the spring seat 15 and
      the spring seat 27, said coil spring 28 being adapted to urge the small
      diameter piston 4 via connecting rod 16 to the left, as shown. Designated
      at 29 is a coil spring provided intermediate the spring seat 22 of the
      large diameter piston 6 and the inner wall of the container 12, said coil
      spring 29 being adapted to urge the large diameter piston 6 via sleeve
      portion 21 to the left, as shown. With this arrangement, assuming that the
      fluid in the chamber 14 is open to atmosphere, the coil spring 29 urges
      the small diameter piston 4 via the large diameter piston 6, stop 18 and
      connecting rod 16. Stated differently, the spring forces of the coil
      springs 28 and 29 act on the small diameter piston 4.
PAR  Meanwhile, the chamber 13 in the container 12 is open to atmosphere through
      a small diameter hole 30 provided in the wall of the container 12. Shown
      at 31 is a flange integral with the left hand end of the multi-stage
      cylinder body 1 for the purpose of attaching the device to driven means,
      such as for instance, a brake cylinder (not shown) thereto.
PAR  Shown at 32 is check valve provided for the multi-stage cylinder portion 1
      and serving to permit the passage of the fluid from the chamber 11 to the
      chamber 14 but blocking the passage thereof from the chamber 14 to the
      chamber 11.
PAR  Now, a description will be given of the control system of the apparatus
      including the aforesaid actuating force generating device.
PAR  A pipe 41 has one end connected with the aforesaid port 19 and the other
      end is connected with a port `a` of a three-port-two-position
      electromagnetic valve 42. Connected at one end with a port `b` of the
      electromagnetic valve 42 is a pipe 43, the other end of which is connected
      with a pump 44, while a port `c` of the electromagnetic valve 42 is open
      to a tank 46 through the pipe 45. When a solenoid 42' of the
      electromagnetic valve 42 is unexcited, the electromagnetic valve 42 holds
      the position `A` as shown, in which the port `a` of the electromagnetic
      valve 42 is in communication with the port `c`, while the port `b` is
      maintained in a closed position, whereby the fluid in the chamber 11 is in
      communication with the tank 46. When the solenoid 42' of the
      electromagnetic valve 42 is excited, then the port `b` will communicate
      with the port `a`, while the port ` c` is maintained closed. At this time,
      the fluid in the pump 44 is capable of flowing into the chamber 11. When
      the feeding of electric current to the solenoid 42' of the electromagnetic
      valve 42 is interrupted, then the position of the electromagnetic valve 42
      will be shifted from position B to A instantaneously due to the action of
      the spring 42".
PAR  A pipe 47 has one end connected with said port 20 and the other end is
      connected with a port `e` of a three-port-two-position electromagnetic
      valve 48. The port `f` of the electromagnetic valve 48 is connected with a
      pump 44, while a port `g` is connected via pipe 50 with the tank 46. When
      the solenoid 48' of the electromagnetic valve 48 is not excited, then the
      valve 48 maintains the position C, and the port `e` will be in
      communication with the port `g`, while the port `f` is maintained closed.
      When the solenoid 48' is excited, then the valve assumes the position D
      from the position C, whereby the port `e` will communicate with the port
      `f`, while the port `g` is maintained closed. When the feeding of electric
      current to the solenoid 48' is interrupted, then the electromagnetic valve
      48 will assume the position C from position D instantaneously under the
      action of the spring 48". The solenoids 42' and 48' are normally
      maintained in a conductive condition in which the electromagnetic valves
      42 and 48 are in the positions opposite those shown in the drawing. As
      shown in the drawing, the solenoids 42' and 48' are maintained in a
      conductive condition.
PAR  Turning now to the operation of the apparatus of the invention, a
      description will be given with reference to a brake for use in a vehicle
      controlled by means of a computer.
PAR  A brake cylinder (not shown) is connected with the flange 31. When a slow
      stop is desired for the vehicle, (The term `slow stop` as used herein is
      used in contrast to a `sudden stop` and means that the final braking
      pressure is low.), the electric current to the solenoid 42' of the valve
      42 will be interrupted. Then, due to the action of the spring 42" of the
      electromagnetic valve 42, the position of the valve 42 is shifted from
      position B to A, whereby the small diameter piston 4, which is being urged
      under the action of the spring 28, is urged to the left, such that the
      fluid in the chamber 11 is discharged to the tank 46 in turn through pipe
      41, port `a`, port `c` and pipe 45. The leftward movement of the small
      diameter piston 4 will cause the piston rod 8 to urge the piston (not
      shown) of the brake cylinder, thereby braking a vehicle. In this case,
      only the spring force of the spring 28 acts on the brake cylinder.
PAR  For returning the small diameter piston 4 from the left to right, i.e., to
      its home position, the solenoid 42' of the electromagnetic valve 42 is
      excited, whereby the pressure fluid will be fed from the pump 44 to the
      chamber 11. When the apparatus of the invention is maintained in an
      inoperative condition, electricity will normally be consumed at the pump
      44 or solenoid 42', and such electricity may be fed from electric system
      of the vehicle.
PAR  Since the chamber 11 will be open to the tank 46 when the solenoid 42' is
      in a non-conductive condition, the failure of the brake to act can be
      avoided, said failure being caused by the failure of the fluid in the
      chamber 11 to be discharged due to trouble in the electric system.
PAR  When a sudden stop is desired for the vehicle, the feeding of the
      electricity to the solenoids 42' and 48' of electromagnetic valves 42 and
      48 is interrupted. Then, the fluid in the chambers 11 and 14 will be
      discharged to the tank 46 through pipes 41, 45, 47 and 50, whereupon the
      small and large diameter pistons will move to the left, thereby urging the
      piston of said brake cylinder. At this time, in case the discharging speed
      of the fluid from the chamber 11 is greater than that of the fluid from
      the chamber 14, then the brake in the vehicle will be actuated (The
      actuating force in this case corresponds to the spring force of the spring
      28 in the small diameter piston 4.) and then the piston of the brake
      cylinder will be urged under the actions of said spring 28 plus spring 29,
      from the time when the large diameter piston 6 abuts the stop 18 on the
      small diameter piston 4, with the result that a very great braking force
      is obtained. Conversely, in case the discharging speed of the fluid from
      the chamber 14 is greater than that of the fluid from the chamber 11, then
      the large diameter piston 6 will move, while urging the small diameter
      piston 4 with the stop 18 and, as a result, the spring force of the
      springs 28 and 29 will act on the piston of the brake cylinder, as in the
      previous case. On the other hand, when it is desired to restore the small
      and large diameter pistons 4 and 6 to the initial positions, as in the
      case use only of the small diameter piston 4, the solenoids 42' and 48' of
      the electromagnetic valves 42 and 48 will be excited to thereby supply
      pressure fluid from the pump 44 to the chambers 11 and 14. The rightward
      movements of the small and large diameter pistons 4 and 6 are limited by
      the provisions of stop 23 for the large diameter piston 6 and the stop 18
      for the small diameter piston 4.
PAR  As can be seen from the drawing of the present embodiment, the outer
      diameters of small diameter piston 4 and connecting rod 16, and the inner
      diameter of seal 17 of the large diameter piston 6 are identical. However,
      as long as the outer diameter of the small diameter piston 4 and the inner
      diameter of seal 17 of the large diameter piston 6 are identical, the
      diameter of the connecting rod 16 may be reduced without causing an extra
      force which might, in either right hand or left hand direction, be created
      on the small diameter piston 4 due to the fluid pressure in the chamber
      14.
PAR  Part of the device is a regulating mechanism for the springs 28 and 29,
      i.e., a regulating mechanism to regulate the force urging the pistons of
      the brake cylinder. When the container 12 is rotated relative to the
      multi-stage cylinder body 1, the container 12 will move either to the
      right or to the left, since the container is threaded on the
      multi-cylinder body 1, such that the spring force of the springs 28 and 29
      can be varied simultaneously therewith. On the other hand, when the
      adjusting screw 25 is further threaded into wall of the container 12, then
      only the spring force of the spring 28 will be varied. On the other hand,
      if the adjusting screw 25 is set so as not to move, before the container
      12 is moved, then only the spring force of the spring 29 will be varied.
      In this respect, however, if the pitch of the adjusting screw 25 is the
      same as the pitch of the threaded portion of the multi-stage cylinder body
      1, then the spring force of the spring 28 will be maintained constant,
      even if the spring force of the spring 29 is varied by rotating the
      container 12.
PAR  A description will now be given of the operation of the check valve 32.
      Assume that, upon a sudden stop of a vehicle, the chamber 11 happens to
      fail to be opened to the tank 46 due to trouble in the electromagnetic
      valve 42. Then, the large diameter piston 6 will urge the small diameter
      piston 4 through the stop 18, whereby the fluid in the chamber 11 will be
      brought under pressure, and then the pressurized fluid flows into the
      chamber 14 through the check valve 32 to flow into the tank 46. This
      causes the piston rod 8 to urge the piston of the brake cylinder to
      actuate a brake on the vehicle.
PAR  Meanwhile, if the regulating mechanism for the spring 28 is absent, the
      other end of the spring 28 is designed to bear against the inner wall of
      the container 12. Meanwhile, it should be noted that it is simple and easy
      to make the device of the present invention a three-stage cylinder body.
PAR  FIG. 2 illustrates a modification which itself permits the adjustment of
      the spring force for the springs 28 and 29, itself. With this arrangement,
      a spring seat for the outer spring 29 is in a threaded engagement with the
      wall of container 12 while the spring seat 27 for the inner spring is in a
      threaded engagement with the spring seat 67, the respective adjusting ends
      of said spring seats 67 and 27 projecting from the wall of the container
      12 in either direction. In passing, it is possible to maintain the
      compression rate of the spring 28 can constant despite the rotation of the
      adjusting screw 65, by making the pitch of the adjusting screw 65 the same
      as that of the adjusting screw 25.
PAR  FIG. 3 illustrates the principle of a modification which uses gas pressure
      in place of springs 28 and 29. A container 12' defines a closed chamber
      13', with which is enclosed the gas under pressure of, for instance, about
      20 to 40 kg/cm.sup.2. The gas as used herein may be air or nitrogen gas.
PAR  The embodiment shown differs from that shown in FIG. 1, in that gas
      pressure will not be exerted on both pistons by the mere use thereof.
      However, the construction and operation of the other portions except for
      the above-mentioned are similar to each other, and hence a description
      will be omitted for such portions. The parts shown in FIG. 3 similar to
      those in FIG. 1 are given the same reference numerals.
PAR  FIG. 4 shows a temperature compensating means which is adapted to avoid
      influence on the pressure in the gas chamber 13' due to variation in
      temperature.
PAR  A gas pressure regulating piston 80 is slidably provided in a gas chamber
      13', and a chamber 81 open to atmosphere is provided in the rear of the
      piston 80. A compression spring 82 located in the chamber 82 acts on the
      piston 80. An increase in the pressure in the gas chamber results in the
      compression in the spring 82, whereby the piston 80 will be moved (to
      right of the drawing) to compensate for the pressure variation.
PAR  The minimization of variation in the gas pressure provides minimization of
      variation in the braking force and thus the device is advantageous for use
      in a brake system for a vehicle.
PAR  In passing, shown at 83 is a seal, at 84 an air passage and at 85 a closed
      end of the container 12'.
PAR  FIGS. 5 and 6 show one example of a regulating device for use in regulating
      the gas pressure.
PAR  As shown in FIG. 5, a step motor 90 is provided in the end portion 85 of
      the container 12'. The induction elements 88 of the step motor 90 are
      provided integrally with the end portion 85, with a rotor 87 being
      integral with an adjusting screw 86.
PAR  When an electric signal is fed to the step motor 90, the gas pressure
      regulating piston 80 will slide either to the left or to the right as
      shown, due to the adjustment of the adjusting screw 86, thereby adjusting
      for a variation in the gas pressure.
PAR  FIG. 6 shows another embodiment adapted to regulate the pressure in the gas
      chamber 13'. The container 12' consists of two parts 12" and 12"' provided
      in a mutually engaging relation. The part 12"has a threaded portion 91 on
      its outer circumferential surface, while the part 12'" has a threaded
      portion 92 on its inner peripheral surface. The engagement of the threaded
      portion 91 with the threaded portion 92 defines chamber 13', in which a
      high pressure gas is enclosed. In this case, the part 12'" serves as cover
      for the part 12". Shown at 93 is a seal provided between the parts 12" and
      12'".
PAR  FIGS. 7 and 8 show other embodiments of a control circuit of the apparatus
      of the invention.
PAR  In FIG. 7, a pipe 41 has one end connected with a fluid port 19 and the
      other end is open to a tank 46. Provided in the pipe 41 are a
      three-port-two-position electromagnetic valve 42, a check valve 55 and a
      pump 44.
PAR  Connected between the check valve 55 and the pump 44 is a relief valve 56
      which is open to the tank. Connected with the three-port-two-position
      electromagnetic valve 42 is a pipe 38, with which are connected a
      plurality of pipes 41 a, 416 . . . 41n in parallel with each other, said
      pipes connecting a two-port-two-position electromagnetic valve 39 and an
      accumulator 40 arranged in series. Gases having different pressures are
      enclosed in the accumulators 40a, 40b, . . . 40n, respectively.
PAR  When the electromagnetic valve 42 is in the `A` position as shown, the port
      `a` communicates with the port `c`, while the port `b` is maintained in a
      closed position. Thus, the fluid from the pump 44 will be introduced via
      check valve 55 and pipe 41 to the fluid port 19 and then in the chamber
      11, thus urging the piston 4. When the piston 4 assumes the position as
      shown, then the piston will stop, whereby the pressure in the chamber 11
      as well as in the pipe 41 will be raised. Then, the relief valve 56 will
      be actuated to change the pump to an unloaded condition. When electric
      current is fed to the electromagnetic valve 42 to change the position
      thereof to position B, then the port `a` will be closed, while the ports
      `b` and `c` will communicate with each other.
PAR  When the electromagnetic valve 39a is opened, the fluid will flow into the
      accumulator 40a, whereupon the piston rod 8 will project from the cylinder
      1 outwardly. However, since there exists pressure within the accumulator
      40, the rod 8 will project with a force of the product of the effective
      pressure-bearing-area and the balance between the gas pressure in the gas
      chamber or spring force and the pressure within the accumulator 40a,
      thereby urging a driven means.
PAR  When the piston rod has completed its operation and it is desired to
      restore it to its initial position, the electromagnetic valve 42 is
      switched to the position A. Then, the fluid which has been introduced into
      the accumulator 40a will be discharged through piping (not shown) into the
      tank. As a result, the electromagnetic valve 39a will be closed after the
      completion of the discharging of the fluid. When the pump 36 is operated
      again, then the piston will move to the left, being ready for the
      subsequent operation.
PAR  In this manner, the projecting speed of the piston rod can be varied to
      predetermined levels by utilizing the pressure differences between the
      fluid in cylinder and the gas within the accumulators 40a, 40b, . . . 40n.
      Meanwhile, the accumulators 40a, 40b, . . . 40n can be actuated
      simultaneously, or the accumulator 40b can be actuated at a certain time
      interval after the operation of the accumulator 40a.
PAR  FIG. 8 shows a further embodiment of the control circuit of the invention.
      In this case, however, a variable type relief valve is used in place of
      the aforesaid two-port-two-position electromagnetic valve 39 and
      accumulator 40.
PAR  A pipe 38 is connected with the port `b` of the four-port-two-position
      electromagnetic valve 42 and includes a variable type relief valve 56' and
      has an end open to the tank 46. With this arrangement, the force of a
      piston rod urging a driven means is determined by the pressure difference
      between the pre-set pressure of the relief valve and the pressure in the
      gas chamber. On the other hand, when the urging force is desired to be
      changed, the pre-set pressure of the adjustable relief valve 56' is
      varied, and thereby the urging force may be varied to a desired level.
PAR  With the circuit of this arrangement, unlike the case where the chamber 11
      is open from the fluid port 19 via a simple choke means to a tank, the
      pressure remains in the pipe 41 and the chamber 11 during the operation of
      the piston rod, not to mention, after the piston rod has projected, such
      that the force urging the driven means may be maintained constant. Since
      the choke means only determines the projecting speed of the piston rod by
      means of its resistance, the pressure in the chamber 11 and pipe 41, after
      the piston rod has been displaced to the leftward end within the cylinder
      1, will be reduced to atmospheric, and accordingly the eventual acting
      force will be determined by the pressure in the gas chamber or by the
      force of a spring.
PAR  The following advantages achieved, when gas is used in place of springs:
PA0  1. Since the piston rod serving to urge the driven means is displaced due
      to the expansion of gas, there is less variation in the force acting on
      the piston rod as compared with a mechanical spring.
PA0  2. The use of gas permits the use of a gas pressure regulating mechanism
      having a simple construction, and thus the pressure variation of gas in
      the gas chamber can be obtained with ease. In addition, the mechanism
      thereof is simple, free of troubles and low in cost.
PA0  3. The provision of the gas pressure and temperature compensating mechanism
      makes possible a substantially constant gas pressure despite variation in
      the ambient temperature.
PA0  4. Because of the provision of the push rod having a diameter smaller than
      that of the large diameter piston, the fluid pressure required for
      restoring the piston rod to the initial condition, after the piston rod
      has been displaced, can be less than the gas pressure in the gas chamber.
PAR  The actuating force generating device of the present invention may be
      advantageously used for a brake system for use in a vehicle under computer
      control as well as for a hydraulic brake system for a general type
      vehicle, and in addition for a hydraulic device for use in a press machine
      or the like and an actuating device for use in an automatic control
      device, etc.
PAR  Particularly in the case of the use in a vehicle brake system, the brake
      means is so designed as to be actuated by means of springs or compressed
      gas in the event of trouble, such that the safety of the vehicle will be
      insured. Furthermore, the braking force may be adjusted commensurate to
      the speed of a vehicle or R.P.M. of the wheels thereof, such that the
      deceleration of the vehicle can be achieved smoothly, and hence it may be
      used as an anti-skid device. Still furthermore, if it is used as a heavy
      duty brake which is adapted to be actuated by detecting a vehicle or
      obstacle running ahead of a driver, a collision can be prevented
      successfully. In such a case, one of the electromagnetic valves as shown
      in FIG. 1 may be connected with a detecting means for the purpose of
      automatic actuation, while the other valve may be actuated manually or may
      be a foot-step type control valve.
PAR  It will be understood that the above description is merely illustrative of
      preferred embodiments of the invention. Additional modifications and
      improvements utilizing the discoveries of the invention can be readily
      anticipated by those skilled in the art from the present discoveries and
      such modifications and improvements may fairly be presumed to be within
      the scope and purview of the invention as defined by the claims that
      follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An actuating force generating device comprising a two stage cylinder
      body consisting of small and large diameter cylinders arranged coaxially,
      small and large diameter pistons respectively slidably positioned in said
      cylinders, the forward end of each of said cylinders having a fluid port
      therein, a piston rod affixed to the end of said small diameter piston
      remote from said large diameter piston and having a forward actuating end
      projecting outwardly from the small diameter cylinder, a container
      disposed adjacent to the large diameter cylinder at the end of said
      cylinder body, remote from said small diameter cylinder, a connecting rod
      extending slidably through the large diameter piston in sealing relation
      therewith and connected to said small diameter piston, means on said
      connecting rod transmitting actuating force from the large diameter piston
      to the connecting rod, first resilient means disposed in said container
      coupled only to said large diameter piston, and second resilient means in
      said container coupled only to the rear end of said connecting rod, a
      portion of the force being transmitted of said first and second resilient
      means to said large diameter piston and the remainder of the force to said
      connecting rod, whereby, when hydraulic liquid which has been introduced
      into said small diameter cylinder is discharged therefrom said remainder
      portion of the force of said resilient means may be transmitted to said
      piston rod for generating an actuating force.
NUM  2.
PAR  2. An actuating force generating device as claimed in claim 1, in which
      said first and second resilient means includes two springs one engaging
      said large diameter piston and the other engaging with the rear end of
      said connecting rod.
NUM  3.
PAR  3. An actuating force generating device as claimed in claim 2, in which
      said container includes two spring seats for said two springs respectively
      which seats are adjustable from outside of said cylinder body
      independently.
NUM  4.
PAR  4. An actuating force generating device as claimed in claim 1, in which
      said cylinder body has a liquid passage therein which allows liquid flow
      from the small diameter cylinder to the large diameter cylinder.
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ABST
PAL  A spring brake unit for use in a vehicle braking system comprises a
      housing, a piston movable therein and connected to a brake or brake
      linkage, a spring interposed between the piston and a detachable end wall
      on the housing and urging the piston in a direction to apply the brakes
      fluid under pressure being introduced to the housing in a controlled
      manner to hold the piston in brake-off position, and the housing and/or
      detachable end wall being formed to define one or more drainage channels
      opening into a gaiter which bridges the joint between them and which
      includes a drain outlet.
BSUM
PAR  This invention relates to spring brake units for use in vehicle braking
      systems. Such brake units normally comprise a cylindrical housing, a
      piston movable axially therein and having operative connection with the
      brake or brake linkage, a loading spring operating to urge the piston in a
      direction to apply the brakes and means for introducing pressure fluid to
      the housing in such manner that the piston is normally held in an
      inoperative position but, on a reduction or failure of the supply of
      pressure fluid, said wall moves under the action of its loading spring to
      apply the brakes. Such units are sometimes constructed as separate
      entities although they are often combined with a fluid pressure-actuated
      brake motor to form an assembly having a common output rod.
PAR  In spring brakes as above described the loading spring is often located
      between the piston and a detachable housing end wall which is of dished
      formation and is retained within the open end of the housing by a spring
      circlip or equivalent means. It has been found that in such units,
      particularly where there is provision for breathing, moisture tends to
      collect in the spring chamber defined by said movable wall and said end
      wall and such moisture can have a deleterious effect on the smooth working
      of the unit.
PAR  It is an object of the present invention to provide for such a unit a
      housing construction which overcomes this defect.
PAR  According to the invention a spring brake unit for use in vehicle braking
      systems comprises a housing, a piston for direct or indirect connection,
      in use, with the brake or brake linkage and movable axially within the
      housing, under the action of a spring located between one side of the
      movable piston and a detachable housing and wall, to apply the brakes upon
      reduction or failure of supply of pressure fluid to the other side of the
      piston, wherein either or both of the housing and the detachable end wall
      are so formed as to define one or more drainage ports, the joint between
      the two parts of the housing being bridged by a gaiter into which the port
      or ports open and which includes a drain outlet.
PAR  In one embodiment, the detachable end wall fits within an enlarged rim
      portion on the housing and a series of axially extending slots are formed
      around the inner face of the rim portion so that the rim portion and end
      wall together define the drainage ports.
PAR  Preferably, the drain outlet comprises a radially extending channel
      communicating with the interior of the gaiter and a flap which normally
      closes the channel, but is arranged to yield to permit drainage. In a
      preferred embodiment, the flap is formed from resilient material and is
      integral with the gaiter.
DETD
PAR  An embodiment of the invention will now be described by way of example with
      reference to the accompanying drawing which is a cross-section of a spring
      brake unit 2 according to this invention in combination with a fluid
      pressure-actuated brake motor 4.
PAR  A piston 5 is slidable within an open ended housing and defines a chamber 8
      to which high pressure fluid is introduced to hold the piston 5 in an
      inoperative position against the action of a spring 9.
PAR  The open end 10 of the cylindrical housing or body 12 comprises an enlarged
      rim portion 14 in the inner face of which is formed a series of eight,
      axially-extending equally-spaced slots 16, a thickened rim 17 on the
      detachable end plate 18 being retained within this enlarged portion by a
      spring circlip 20 received in an annular groove formed in the wall of the
      housing body 12. The slots 16 permit the spring chamber to breathe whilst
      at the same time allowing any moisture forming in the spring chamber 24 to
      drain to the exterior of the end wall. Embracing the joint between the
      body 12 and the end plate 18 is a flexible annular gaiter 22 of synthetic
      or natural rubber or a synthetic plastics material, resiliently held in
      place on the unit and into which moisture drains from the spring chamber
      24. The gaiter 22 is provided at one point with a radially-extending
      drainage channel 26. In use, the gaiter is positioned on the unit as shown
      in the drawing, such that the drainage channel 26 is at the lowest point
      and extends downwardly. A resilient flap 28, integral with the gaiter, is
      provided at the inner end of the drainage channel 26 which yields to
      permit drainage moisture to escape, but which normally closes the channel
      to prevent the entry of dust or other foreign matter into the gaiter and
      thus into the unit.
CLMS
STM  We claim:
NUM  1.
PAR  1. A spring brake unit for a vehicle braking system comprising a housing
      member having a detachable end wall member providing an annular joint
      between said members, a piston axially movable within the housing member
      and defining a spring chamber between the piston and end wall and a fluid
      pressure chamber on the opposite side, means on the piston extending
      through said fluid pressure chamber for connecting said piston to the
      vehicle brakes, spring means in said spring chamber axially extending
      between said piston and said end wall, said spring means being compressed
      and held in energized condition by said piston when there is a
      predetermined pressure in said fluid pressure chamber and being adapted to
      expand and displace said piston in the brake applying direction when there
      is less than said predetermined pressure in said fluid pressure chamber,
      means providing a gaiter circuferentially surrounding and bridging said
      joint, means defining at least one moisture drainage port in at least one
      of said members opening into the gaiter at said joint, and a normally
      closed drain outlet in said gaiter.
NUM  2.
PAR  2. A unit according to claim 1, wherein the detachable end wall member fits
      within an enlarged rim portion on the housing member and wherein a series
      of axially extending slots are formed around the inner face of the rim
      portion so that the rim portion and end wall member together define the
      drainage ports.
NUM  3.
PAR  3. A unit according to claim 1, wherein the drain outlet comprises a
      radially extending channel communicating with the interior of the gaiter
      and a flap which normally closes the channel to block entry of foreign
      matter but is arranged to yield to permit drainage of moisture from the
      spring chamber.
NUM  4.
PAR  4. A unit according to claim 3, wherein the flap is formed from resilient
      material and is integral with the gaiter.
NUM  5.
PAR  5. A unit according to claim 1, wherein the gaiter is formed from rubber or
      a synthetic plastics material.
NUM  6.
PAR  6. A unit according to claim 1, wherein said gaiter is an integral unit of
      resilient material resiliently held in place on said members.
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ABST
PAL  A method and apparatus for the handling of tow in the manufacture of filter
      rods containing particulate material. The process is characterized by
      feeding a continuous web of filter material, folding the edges of the web
      beneath the center portion of the web, and forming the shaped web into a
      longitudinally extending channel with the edges of the web beneath the
      base of the channel. The web so formed is then processed into a filter rod
      by depositing particulate material into the channel at axially spaced
      positions and gathering the web and particulate material into a filter rod
      with the particulate material forming a center core. The apparatus
      disclosed includes means for feeding a continuous web of filter material,
      aperture defining means in the path of the web for receiving the web
      through said aperture and folding the web edges beneath the center portion
      of the web, means in the path of the web feed for forming the folded web
      into a channel. The apparatus also includes filter rod forming means
      comprised of means for depositing particulate material into the channel at
      axially spaced positions and means for gathering the web and particulate
      material into a filter rod.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for the manufacture of
      filter plugs for use in cigarettes and like articles.
PAR  More particularly, this invention relates to a method and apparatus for the
      manufacture of such filter plugs from a web of material, such as cellulose
      acetate, with particulate material deposited on said web and gathered with
      said web to form the filter plug.
PAR  Specifically, the invention relates to a method and apparatus for the
      handling of tow to provide for a channel of web material into which
      particulate material can be deposited at spaced positions axially thereof
      to accurately control the location of the particulate material in each
      filter plug ultimately cut from the formed filter rod.
PAR  2. Description of the Prior Art
PAR  Throughout the last decade, the tobacco industry has focused considerable
      attention on providing high quality filtering components having a zone,
      region or part thereof comprised of loose particulate or granular
      material. Typically, this material lies between sections of filtering
      material such as cellulose acetate, or paper, which have been gathered
      into a conventional plug form with the particulate material
      circumferentially bounded by a plug wrapper.
PAR  In other instances it has been deemed desirable to position the particulate
      material within or throughout other filtering material such as cellulose
      acetate. In regard to the latter, particulate material is typically
      provided at spaced positions along a web of filter material such as
      cellulose acetate and the web and particulate material are then gathered
      into a filter rod by garniture assemblies.
PAR  Numerous difficulties, however, have developed in attempting to place
      particulate material accurately on a web being fed through a high speed
      filter forming machine and in maintaining the particulate material in a
      desired position as it is being gathered into a filter rod.
PAR  If the particulate material within a filter plug is to achieve its desired
      end, that of filtering the smoke, the smoke must flow through the minute
      spaces between the particles of the material so that the surfaces of the
      particles are exposed to the smoke. Moreover, it is critical that a
      reasonable degree of consistency be provided as the filtering capability
      of the cigarettes so that the taste and pressure drop does not vary widely
      among cigarettes of the same brand.
PAR  Accordingly, it is a primary object of this invention to provide a new and
      improved method and apparatus for forming filters containing particulate
      material which will alleviate the aforementioned difficulties in the art.
PAR  It is also a primary object of this invention to provide such a new and
      improved method and apparatus that may be utilized commercially in
      relation to high speed cigarette making operations in an inexpensive and
      efficient manner.
PAR  A further object of this invention is to provide such a method and
      apparatus which will produce a high quality filter plug having the desired
      characteristics for properly filtering the smoke and being of a shape and
      character that is acceptable to provide a high quality smoking article.
PAR  It is another object of this invention to provide such a method and
      apparatus wherein the ultimate disposition of the particulate material
      within the filter plug can be accurately controlled to provide consistency
      of filtering and smoking characteristics.
PAR  It is also an object of this invention to provide a method and apparatus
      which minimizes the loss of particulate material during processing, thus
      minimizing housekeeping problems.
PAR  Additional objects and advantages of the invention will be set forth in
      part in the description which follows and in part will be obvious from the
      description, or may be learned by practice of the invention. The object
      and advantages of the invention may be realized and obtained by means of
      the instrumentalities and combinations particularly pointed out in the
      appended claims.
PAC  Summary of the Invention
PAR  To achieve the foregoing objects, and in accordance with the purposes of
      this invention as embodied and broadly described herein, the method of
      this invention comprises the steps of feeding a continuous web of filter
      material having opposed edges, shaping the web to provide web portions in
      first and second planes, said first plane overlying said second plane,
      said opposed edges being positioned in said second plane and forming the
      shaped web into a channel with the opposed edges at the base thereof.
PAR  To also achieve the foregoing objects and in accordance with the purpose of
      this invention as embodied and broadly described herein, the apparatus of
      this invention comprises means for feeding a continuous web of filter
      material, means in the path of said feed for folding edges of the web into
      a plane beneath the plane of the center portion of said web and means in
      the path of said feed for forming the folded web into a channel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention consists of the novel parts, constructions, arrangements,
      combinations, and improvements shown and described. The accompanying
      drawings which are incorporated in and constitute a part of the
      specification illustrate one embodiment of the invention, and together
      with the description, serve to explain the principles of the invention.
PAR  FIG. 1 is a side elevational view of the apparatus of this invention.
PAR  FIG. 2 is a plan view of a segment of a filter rod produced by the
      apparatus of FIG. 1 having a portion broken away to show the plug wrapper,
      filtering material and a center core of particulate material. The
      transverse-lines designate the points at which the rod is cut to form the
      individual filter plugs.
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 2 showing the
      construction of the filter plug formed by this invention.
PAR  FIG. 4 is a side elevational view of a portion of the apparatus illustrated
      in FIG. 1 showing the web being fed through a guide, a trumpet and beneath
      a deposition wheel where particulate material is deposited into a channel
      shaped web.
PAR  FIG. 5 is a sectional view of a web taken along lines 5--5 of FIG. 4
      showing the web as it passes through the guide.
PAR  FIG. 6 is a sectional view taken along lines 6--6 of FIG. 4 showing the web
      as it passes through the trumpet and is formed into a channel about a rib
      in the trumpet.
PAR  FIG. 7 is a sectional view of the web after it has passed beneath the
      deposition wheel showing the web in a channel shape with a deposit of
      particulate material therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an apparatus 10 is illustrated including a frame 11
      having operatively mounted thereon, a web feeding assembly 14, a guide 16,
      a trumpet 18, particulate material deposition assembly 20, conveying tape
      assembly 22, garniture 24, wrapper sealing assembly 26, and a filter plug
      cutting assembly 28. The web 30 described and illustrated in relation to
      this invention is comprised of a fibrous cellulose acetate. Filter
      materials such as paper, bulk yarn, other filamentary tow or any other
      suitable material may be utilized.
PAR  The material to be deposited on the web must have the desired absorbative
      and adsorbative properties, and be either in particulate or granular form.
      The particulate material may be finely divided charcoal, silica gel,
      volcanic salts, ion exchange resins, clays and the like. A particular
      additive contemplated by this invention is the ion exchange resin
      "DUOLITE" which may be of the type disclosed in commonly assigned U.S.
      Pat. No. 3,716,500 granted July 13, 1973.
PAR  In the illustrated embodiment, the web 30 is initially subjected to a web
      treating assembly, not illustrated, which includes a tow opening unit for
      spreading or blooming the tow in a manner well known to the art, and a
      conventional plasticizer applicator. The plasticizer typically utilized
      for cellulose acetate tow is triacetin.
PAR  The web 30 so treated is fed by assembly 14 comprised of a delivery roll 34
      and roller 36 to guide 16 where manipulation of the tow to achieve the
      desired result of this invention is initiated.
PAR  In accordance with the invention, means are provided in the path of web 30
      for folding the edges of the web into a plane beneath the plane of the
      center portion of the web. Preferably this is accomplished by guide means
      16. The guide 16, illustrated in FIGS. 1 and 5, includes a shaft portion
      38 for mounting to the frame 11, and an aperture forming portion 40 at the
      end of shaft portion 38.
PAR  The portion 40 defines an aperture having a width normal to the axis of the
      web 30 of lesser dimension than the transverse dimension of the web. As
      illustrated, the aperture is defined by arcuately shaped surfaces 42. The
      surfaces 42 cause the edges of the web to fold inwardly beneath the center
      portion of the web 30.
PAR  Once the tow is placed within the guide 40 it will continue to feed from
      delivery roll 34 in a manner which converts the flat web into the folded
      configuration as illustrated in FIG. 5. In this configuration, the edges
      of the tow are folded inwardly beneath the center portion of the tow, as
      illustrated in FIG. 5. The aperture defined through the guide portion 40
      may take various shapes; however, it is deemed preferable that the
      aperture be rounded, for instance, a circular or eliptical form. In this
      manner, the web does not bind as it is fed through the guide 16.
PAR  In accordance with the invention, means are provided in the path of feed of
      web 30 for forming the folded web into a channel. Preferably this channel
      forming means is comprised of trumpet 18. Trumpet 18 includes a housing 44
      having opposed receiving and exit openings 46 and 48 respectively
      communicating with a through chamber 50. The upper sidewall 52 of the
      trumpet 18 contains a rib member 54 extending in the illustrated
      embodiment from the receiving opening 46 to the exit opening 48. As shown
      in FIG. 6, rib member 54 projects inwardly of chamber 50 for engaging web
      30 centrally thereof, causing web 30 to form a generally U-shaped
      cross-sectional configuration.
PAR  The formation of web 30 into a channel member with the edges of web 30
      disposed beneath the base of the channel provides a significantly more
      stable web structure. Particulate material may be placed in deposits on
      this structure and moved through a garniture for folding the sidewalls of
      the channel over the particulate deposits in such a manner that the
      deposits stay in place until appropriately secured by the folded web. The
      combination of the guide 16 and the trumpet 18 consistently provide for
      the formation of the web into such a channel with the edges of the web
      positioned beneath the base of the channel to produce a consistency of
      filter plug construction heretofore unknown to the art.
PAR  In accordance with this invention, means for depositing particulate
      material into the channel so formed by the guide 16 and trumpet 18 is
      provided by the deposition assembly 20. The assembly 20 includes a hopper
      56, a deposition wheel 58, a retaining shoe 60 and a wheel casing 62. The
      deposition wheel 58 includes a plurality of recesses 66 in its outer rim
      which, upon rotation receive material from hopper 56 by gravity feed. The
      wheel 58 is then rotated through approximately 180.degree., where, as
      shown in FIG. 4, the particulate material is deposited in the
      channel-shaped web 30. The material is retained in the recesses 66 during
      rotation by means of the retaining shoe 60.
PAR  The web 30 upon leaving the exit opening in a channel-shaped configuration
      is received between a grooved roller 68, having a channel-shaped groove 70
      formed in its rim, and the deposition wheel 58. The grooved roller 68
      assists in retaining the channel shape of web 30.
PAR  The deposition wheel 58 is driven in a conventional manner at a speed in
      relation to the speed of conveyance of the channel-shaped web 30. The
      relative speeds of the two, determining the spacing between the deposits
      of particulate material.
PAR  In accordance with the invention, means are provided for gathering the web
      and particulate material into a filter rod with the particulate material
      forming the center core. This gathering means is illustrated herein as
      garniture 24. Garniture 24 is a conventional barrel-type folder which,
      over its length, folds or rolls the sidewalls of the channel-shaped web 30
      into overlying relation to the particulate material deposits or, in the
      areas where there were no deposits it simply folds the web material
      together into a conventional plug section.
PAR  At the point where the channel-shaped web passes beneath the deposition
      wheel 58, a filter wrapper 74 is fed between the web 30 and the conveying
      tape 70 from a reel 72. The wrapper 74 is formed about the web material in
      a conventional manner, and is sealed in assembly 26.
PAR  The assembly 26 includes an adhesive applicator 76 and a heater 78. The
      adhesive applicator applies a strip of adhesive to one edge of the wrapper
      74, which is then moved into overlying relation to the other edge of the
      wrapper to adhere said edges together in an overlapping joint. The
      adhesive is then heat-set by the heater 78 before the filter rod is
      conveyed to the filter plug cutting assembly 28.
PAR  In the cutting assembly 28, the formed filter rod is cut into individual
      filter plugs, in a conventional fashion. Referring to FIG. 2, the filter
      rod is cut along the transverse dash lines of FIG. 2 to provide individual
      filter plugs 80, each having a wrapper 74 disposed about its periphery,
      and containing therein, filter material 30, in this instance cellulose
      acetate, and a core of particulate material 82. Because of the
      construction of the web 30 in the particular channel-shaped configuration
      formed by the described apparatus, the individual deposits of particulate
      material are retained accurately in position in the center of each of the
      individual plugs 80. This avoids any migration of the particulate material
      through the plug 80, and particularly prevents such migration from
      extending to the edges of the plug 80 where the particulate material might
      contact the mouth of the ultimate user of the filter.
PAR  In accordance with this invention, the method of manufacturing
      tobacco-smoke filters having particulate material therein commences with
      the feeding of a continuous web 30 of filter material disclosed herein as
      cellulose acetate. As previously discussed, however, other web materials
      may be utilized. The feeding of the web may occur continuously or
      intermittently, depending upon the nature of the operation desired.
PAR  In accordance with this invention, the method then includes the step of
      forming the web 30 into a channel having the opposed edges of the web 30
      at the base of the channel.
PAR  Preferably, the channel is formed such that the opposed edges of the web
      lie at the outer surface of the channel beneath the base of the channel.
      In this manner, the sidewalls of the channel, as illustrated in FIG. 7 are
      comprised of numerous plys being joined by a plurality of bends or folds
      at the upper edge of said sidewalls providing an extremely stable,
      channel-shaped configuration for receiving the particulate material, and
      retaining the material in place until the sidewalls are folded and secured
      about the particulate material.
PAR  In accordance with this invention, the channel previously described is
      achieved by first shaping the web 30 to provide web portions 90 and 92 in
      first and second planes, said first plane overlying said second plane,
      with the edges of the web 30 being positioned in the second plane.
PAR  Preferably the flat web 30 is shaped into the configuration of FIG. 5 by
      folding the edges of web 30 beneath the center portion 90 of web 30. This
      folding is achieved by moving the web 30 through the aperture in guide 16
      which has a lesser transverse dimension than web 30. This forces the
      opposed edges of the web inwardly beneath the center portion 90 and into
      the second plane. The result is a web 30 having a generally rounded
      cross-sectional shape with a hollow interior.
PAR  After passing through the guide 16, web 30 is directed through trumpet 18
      in such a manner that the portion 90 of the web 30 is impressed by rib
      member 54 to force that portion downwardly to define the base of the
      channel as illustrated in FIG. 6. This moves the center of the web or
      portion 90 which was previously located in the first plane into contacting
      relation with the web portion 92. Thus web portion 90 generally forms the
      interior surface of the channel with web portion 92 forming the exterior
      surface of the channel.
PAR  In accordance with this invention, the process then includes the step of
      depositing particulate material into the formed channel at axially spaced
      positions. Referring to FIG. 4, this step occurs by passing the web 30
      beneath the deposition wheel 58 which transfers particulate material via
      recesses 66 from the hopper 56 into the channel-shaped web 30. If an
      intermittently fed web is utilized, other types of deposition mechanisms
      would be employed for accomplishing this step of the method.
PAR  In accordance with this invention, the web is then gathered with the
      particulate material into a filter rod, with the particulate material
      forming a center core. This is accomplished in the illustrated embodiment
      by passing the web of particulate material into the garniture 24. The
      garniture 24 gradually, as the web passes through, folds the sidewalls of
      the channel over the particulate material, or in the instance where no
      particulate material exists, as between the deposits, into a type of
      overlapping relation to provide the cylindrical filter plug.
PAR  At this point, the wrapper 74 is joined with the web 30 and is wrapped
      about the web 30 for sealing in assembly 26. In a conventional fashion,
      adhesive is applied to the wrapper 74 by an applicator 76 and is heat-set
      by heater 78 to provide a finished filter rod. The rod is then passed to
      cutter assembly 58 where it is cut in conventional fashion into individual
      filter plugs of the nature of those illustrated in FIGS. 2 and 3.
PAR  It will be apparent to those skilled in the art that various modifications
      and variations could be made in the method and apparatus constituting this
      invention without departure from the scope or the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for handling a tow of web material in the manufacturing of
      tobacco smoke filters having particulate material therein comprising:
PA1  a. feeding a continuous web of filter material having opposed edges;
PA1  b. shaping the web to provide web portions in first and second planes, said
      first plane overlying said second plane, said opposed edges being
      positioned in said second plane; and
PA1  c. forming the shaped web into a channel with the opposed edges at the base
      on the opposite side from the trough of said channel thereof.
NUM  2.
PAR  2. A method as recited in claim 1 wherein said channel is formed by moving
      the center of said web portion in the first plane into contacting relation
      with the web portion in the second plane.
NUM  3.
PAR  3. A method as recited in claim 1 wherein said web is shaped by folding the
      edges of said web beneath the center portion of said web.
NUM  4.
PAR  4. A method is recited in claim 1 wherein the web is shaped by moving said
      web through an aperture of a lesser transverse dimension than said web
      causing the edges of said web to fold into said second plane forming a tow
      of generally tubular shape.
NUM  5.
PAR  5. A method as recited in claim 4 wherein said aperture has rounded edges
      forming said web into a rounded cross-sectional shape with a hollow
      interior.
NUM  6.
PAR  6. A method as recited in claim 1 further including the steps of depositing
      particulate material into said channel at axially spaced positions and
      gathering said web and particulate material into a filter rod with the
      particulate material forming a center core at spaced positions in said
      core.
NUM  7.
PAR  7. A method as recited in claim 1 wherein the sidewalls and base of said
      channel are comprised of substantially equal thicknesses of filter
      material.
NUM  8.
PAR  8. A method as recited in claim 1 wherein the gathering into a filter rod
      occurs by folding the sidewalls of the channel shaped web over the
      deposit.
NUM  9.
PAR  9. A method of manufacturing tobacco smoke filters having particulate
      material therein comprising:
PA1  a. feeding a continuous web of filter material having opposed edges;
PA1  b. forming said web into a channel having the opposed edges of said web at
      the base of said channel on the opposite side from the trough of said
      channel;
PA1  c. depositing particulate material into said channel at axially spaced
      positions; and
PA1  d. gathering said web and particulate material into a filter rod with the
      particulate material forming a center core.
NUM  10.
PAR  10. A method as recited in claim 7 wherein the channel-shaped web is formed
      by folding a flat web, such that the edges underlie the center portion of
      the web and moving the center portion of said web downwardly to form the
      base of the channel.
NUM  11.
PAR  11. A method as recited in claim 10 wherein the folded web defines a hollow
      interior and is generally rounded.
NUM  12.
PAR  12. An apparatus for handling a tow of web material in the manufacturing of
      tobacco smoke filters comprising:
PA1  a. means for feeding a continuous web of filter material;
PA1  b. means in the path of feed of said feeding means for folding edges of the
      web into a plane beneath the plane of the center portion of said web; and
PA1  c. means in the path of feed of said feeding means for forming the folded
      web into a channel.
NUM  13.
PAR  13. The apparatus of claim 12 wherein the folding means is comprised of a
      guide having means defining an aperture through which the web passes, said
      aperture having a width normal to the axis of the web of lesser dimension
      than the transverse dimension of the web.
NUM  14.
PAR  14. The apparatus of claim 13 wherein the aperture defining means defines a
      rounded aperture.
NUM  15.
PAR  15. The apparatus of claim 12 wherein the channel forming means comprises a
      housing for receiving the tow, said housing having opposed openings
      through which the web passes, said web bearing against one interior
      surface of said housing and a rib member extending along said surface and
      projecting inwardly therefrom to engage the web centrally thereof and
      cause the web to form a U-shaped configuration.
NUM  16.
PAR  16. The apparatus of claim 15 wherein the housing is trumpet shaped having
      a large web receiving opening and a small web exit opening.
NUM  17.
PAR  17. The apparatus of claim 13 further including means for depositing
      particulate material into the channel formed by said web at axially spaced
      positions and means for gathering the web and particulate material into a
      filter rod with the particulate material forming a center core.
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ABST
PAL  A bag comprising an inner lining of plastics film and an outer layer of
      paper comprises a folded closure at least at one end. The folding of the
      inner lining is incorporated in the folding of the outer layer but is
      secured by means of separate adhesive. The inner lining and outer layer
      are made from respective flattened tube sections of which the inner tube
      section projects from the outer tube section at that end where the folded
      closure is to be made. During one stage in the folding of the end closure,
      a tongue formed in the projecting part of the inner tube section is turned
      over so that at this position the inner tube section is set back from the
      corresponding edge of the outer tube section.
PARN
PAR  This is a divisional application of Ser. No. 301,760 filed Oct. 30, 1972
      and now abandoned.
BSUM
PAR  The invention relates to a valved bag or sack (hereinafter referred to
      simply as a bag) having a folded base closure and comprising a single or
      multi-ply outer layer of paper and an internal lining made from plastics
      film. The invention also extends to a method of making such a bag.
PAR  In known bags of this kind, the internal lining is made as a flat bag and
      is closed by transverse weld seams. Although this results in an air-tight
      closure for the lining, the lining will lie uniformly against the outer
      layer only if the outer layer is also in the form of a flat bag having
      straight transverse closure seams. If the outer layer is furnished with a
      folded base closure, for example with a folded cross-bottom closure,
      cavities are formed between the lining and the outer layer and these
      cavities give rise to difficulties during filling of the bag.
PAR  More important, the formation of the internal lining as a flat bag closed
      by transverse weld seams prevents the incorporation of an efficient
      filling valve because, if the internal lining is made in accordance with
      German Patent Specification No. 1,802,854 or German Gebrauchsmuster
      Specification No. 7,043,121, it must be provided with a filling orifice in
      the vicinity of the filling valve by means of a suitable incision or an
      interruption in the transverse weld seam; this filling orifice very easily
      tears open during filling of the bag and then makes the filling valve
      useless.
PAR  The invention aims to provide a bag of the kind referred to in which the
      internal lining lies intimately against the outer lining even in the
      region of the folded closure without the formation of cavities, and in
      which a smooth valve tube can be incorporated as a filling vlave without
      the need for incisions that might weaken the bag.
PAR  According to the invention, the end of the internal lining adjacent the or
      each folded closure end of the bag is connected to the outer lining by
      means of transverse adhesive seams and is incorporated in the folded
      closure of the outer layer in such a way that its end projects beyond the
      end edges of the corner folds and the inner side flap of the outer layer
      and is foreshortened in the region of the outer side flaps of the outer
      layer by an amount which is substantially equal to the amount of overlap
      between these side flaps, the projecting portions of the internal lining
      being closed with adhesive applications of their own.
PAR  This construction of the bag permits the adhesion of a valve tube onto the
      corner flaps of the still-open base closure, it being possible to stick
      the valve tube peripherally to the base fold of the internal lining and to
      give the latter an airtight closure by means of adhesive seams of its own.
      The valve tube opens directly into the interior of the interal lining.
PAR  In production of the bags, the internal lining and the outer layer are each
      made from flattened tube sections. In order to avoid the need for stamping
      out rectangular portions from the inner tube section, the length of the
      stamped-out portions being equal to the length of the side flaps of the
      base closure and the depth being equal to the amount by which the inner
      tube section projects beyond the outer tube section plus the distance by
      which the side flaps of the outer tube section overlap, so that during
      formation of the base closure the internal lining will not cover the
      overlapping parts of the side flaps of the outer layer and therby hinder
      the adhesion of same to one another, it is preferred that a tongue defined
      on the projecting portion of the inner tube section by incisions is turned
      over through 180.degree. in the region of the outer side flap of the outer
      layer at a distance from the end of the outer side flap corresponding to
      the amount of overlap of the two side flaps, the tongue then being adhered
      to the outer layer at the turned-over edge.
PAR  Such turning over permits the production of bags from inner and outer tube
      sections having straight ends by an efficient high speed process in
      accordance with our own German Patent Specification No. 16,11,710.5. In
      this high speed process, a series of plastics inner tube sections that
      overlap at their ends are synchronously applied to a web of paper that is
      destined to form the outer tube sections and that is provided with
      transverse perforations at intervals equal to the desired length of the
      outer tube sections, the inner tube sections being attached to the web so
      that the transverse perforations extend closely adjacent the overlapping
      portions of the inner tube sections, whereupon the web is closed to tube
      form about the inner tube sections. Subsequently, individual bag sections
      each consisting of an inner and an outer tube section are successively
      torn off along the transverse perforations and are led away for finishing
      the bags.
PAR  By means of the present invention, the known method for forming bags in
      which only one end of the inner lining is incorporated in the folded base
      closure of the outer layer is modified in that the inner tube sections are
      connected to the outer tube section both at the top and at the bottom by
      means of transverse lines of adhesive applied to the paper web in the
      region of the ends of the inner tube section that project beyond the
      transverse perforations, one of the lines of adhesive lying closely
      adjacent the transverse perforations and the other lying at a spacing
      therefrom that is substantially equal to the amount of overlap of the side
      flaps of the outer layer, and that the edge of the inner tube section is
      turned over through 180.degree. about the line of adhesive that is at a
      spacing from the perforations, the base closure being effected after
      application of adhesive to the edges of the still-open base closure of the
      inner and outer tube sections such that the region containing the
      turned-over edge of the inner tube section forms the outer side flap.
PAR  To form bags in which both ends of the inner tube section are incorporated
      in a respective base closure, the known mehtod is modified in that the
      amount of overlap of the inner tube sections is equal to twice the
      distance by which the inner tube section is desired to project beyond the
      edges of the corner folds and side flaps of the outer tube section, the
      succession of overlapping inner tube sections is so connected to the web
      of outer tube sections by transverse lines of adhesive that the transverse
      perforations lie centrally of the overlaps. The overlying end of each
      inner tube section being connected to a lower face of the paper web by a
      line of adhesive which lies outside the region of overlap by being set
      back at a given spacing from the transverse perforations and being
      connected to an upper face of the paper web by a line of adhesive which
      lies within the region of overlap closely adjacent the transverse
      perforations whereas the underlying end of each inner tube section is
      connected to the lower face of the web by a line of adhseive which lies
      within the region of overlap closely adjacent the transverse perforations
      and is connected to the upper face of the web by a line of adhesive which
      lies outside the region of overlap by being set back at the same said
      given spacing from the transverse perforations, the said given spacing
      being substantially equal to the amount of mutual overlap of the side
      flaps of closure of the outer tube section. When the individual bag
      sections are subsequently severed along the perforations, each inner tube
      section will project from the outer tube section at both ends and it can
      be adhered to the outer tube section on the one hand closely adjacent the
      edge of the outer tube section and on the other hand at the said given
      spacing therefrom. The folded closure can therefore be formed at both ends
      of the tube sections in the manner described.
PAR  The invention will now be described with reference to the accompanying
      drawings which illustrate individual characteristic phases in the
      production of bags that are provided with a cross-bottom closure at one or
      both ends, the cross-bottom closure of the internal lining being
      incorporated in the cross-bottom closure of the outer layer and being
      provided with its own adhesive to form an air-tight seal, one of the
      closures of the bag being equipped with a filling valve.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a plan view of a paper web that is destined to form the outer
      tube sections and, superposed on the web, a series of overlapping inner
      tube sections, in the formation of bag sections in which the inner tube
      sections project from the outer tube sections at both ends;
PAR  FIG. 2 illustrates the FIG. 1 arrangement after the paper web has been
      closed to a tube;
PAR  FIG. 3 is a section on the line III--III in FIG. 2;
PAR  FIG. 4 shows a bag section after the outer layer has been severed from the
      paper web;
PAR  FIG 1a is a plan view corresponding to that of FIG. 1 but in which each bag
      section is to comprise an inner tube section that projects from the outer
      tube section at only one end;
PAR  FIG. 2a is a view of the FIG. 1a arrangement after the paper web has been
      closed to form a tube;
PAR  FIG. 3a is a longitudinal section on the line IIIa--IIIa in FIG. 2a;
PAR  FIG. 4a illustrates a bag section after the outer tube section has been
      severed from the tubular web shown in FIG. 2a;
PAR  FIG. 5 is a fragmentary enlarged plan view of a bag section after one end
      has been opened up to form a folded cross-bottom closure of which the side
      flaps are still open;
PAR  FIG. 6 is a fragmentary plan view corresponding to that of FIG. 5 after the
      closure has been formed, and
PAR  FIG. 7 is a section on the line VII-VII in FIG. 6.
DETD
PAR  In the manufacture of lined bags according to the present invention and
      provided with folded closures at both ends, bag sections are necessary in
      each of which the inner tube section projects from both ends of the outer
      tube section. To make such bag sections, for example in accordance with
      German Patent Specification No.  16,11,710.5, a series S of overlapping
      inner tube sections S.sub.1, S.sub.2 ..... made from plastics film is
      continuously advanced in the direction of the arrow a in FIG. 1 and
      synchronously applied to a paper web A that is also fed in the direction
      of the arrow a. At intervals corresponding to the desired length L of the
      outer tube sections, the web A is provided with lines of transverse
      perforations P. The paper web is destined to form outer tube sections
      A.sub.1, A.sub.2 ...... (see FIGS. 2 and 3). The overlap at the ends of
      the inner tube sections is designated 2x and is equal to twice the amount
      x by which each inner tube section is to project from each end of the
      outer tube section (see FIG. 4). The series S of inner tube sections and
      the web A are so superposed that the perforations P lie centrally of the
      overlaps at the ends of the inner tube sections, as will be readily
      apparent from FIGS. 1 and 3. Both the inner and outer tube sections are
      provided with incisions E and F, respectively, which are arranged
      symmetrically to the transverse perforations P and which will later define
      side flaps for the end closures (FIG. 5). These incisions are applied by
      circular rotary knives before the inner tube sections are applied to the
      web A. In the vicinity of each line of perforations P, four rows or lines
      1, 2, 3, 4 of adhesive are applied to the paper web. it will be seen from
      FIG. 3 that the lines 1 and 2 of adhesive are associated with the end of
      an inner tube section which overlies an adjacent inner tube section whilst
      the lines 3 and 4 are associated with the underlying end of each inner
      tube section. The line 1 of adhesive connects the overlying end to a lower
      face of the web A after the latter has been folded around the flattened
      inner tube sections. The line 1 of adhesive lies outside the region of
      overlap by being spaced from the transverse perforations P by a distance
      y. The line 2 of adhesive connects the overlying end of each tube section
      to an upper face of the outer tube section and is disposed within the
      region of overlap closely adjacent the perforations P. For the underlying
      end of each inner tube section, the line 3 of adhesive lies within the
      region of overlap closely adjacent the perforations P and produces a
      connection to the lower face of the outer tube section whereas the line 4
      of adhesive is spaced a distance y from the perforations P and effects a
      connection to the upper face of the outer tube section. The distance y by
      which the lines 1 and 4 of adhesive are spaced from the perforations P is
      substantially equal to the mutual overlap of the side flaps of each folded
      end closure of the outer tube section (see FIG. 5). It will be seen from
      FIG. 1 that the lines 2 and 4 lie to each side of the inner tube sections
      and do not make a connection to the inner tube sections until the web A
      has been folded to lie on top of the inner tube sections.
PAR  After the web A has been folded and the inner tube sections become joined
      to it at both faces, any suitable severing mechanism is used to tear off
      the leading bag section along the perforations P. No difficulty is
      encountered in separating the inner tube sections because they simply
      overlap one another. After separation, each inner tube section projects
      from both ends of the associated outer tube section by the amount x.
      Subsequently, each bag section is fed to a closure-forming station to form
      a closure such as that shown in FIGS. 5 and 6 at each end of the bag
      section.
PAR  By reason of the lines 1, 2, 3, 4 of adhesive, each inner tube section is
      readily incorporated in the folded closure. Referring to FIG. 5, the
      corner folds and side flaps of the closures formed in the inner tube
      section project beyond the edges 5, 5'; 6, 6' of the corner folds 7, 7'
      and side flaps 8, 8' of the closure in the outer tube section. One side
      flap of the inner tube section thus covers the edge 6 of the side flap 8
      of the closure in the outer tube section whilst the other side flap of the
      inner tube section is spaced by the distance y from the edge 6' of the
      side flap 8' of the closure in the outer tube section. During opening up
      of the bag section, the part 9 of the side flap of the inner tube section
      associated with the side flap 8' of the closure of the outer tube section
      is turned over through 180.degree. about the line 1 of adhesive in the
      direction of the arrow b. In this way the side flap 8' becoms exposed
      along a strip having a width y equal to the mutual overlap y of the side
      flaps 8, 8' of the outer tube section in the finished closure. By
      staggering the incisions E, F in FIGS. 1, 2 and 4 by an amount z, the
      corner folds of the inner tube section wil project beyond the side edges
      of the corner folds 7, 7' of the outer tube sectin by the same distance z
      whereas the side flaps 8, 8' of the outer tube section project beyond the
      side edges of the side flaps of the inner tube section by the amonut z.
PAR  This construction of the folded end closure, which is still open, permits
      the application of strips 10, 10' and 11, 11' of adhesive to bring about a
      tight seal for the outer tube section and inner tube section,
      respectively, after the closure has been finally folded.
PAR  The side flap 8 is folded over first through 180.degree. about a fold line
      12. Thereafter the side flap 8' is folded about a fold line 12' onto the
      side flap 8 to overlap the latter by the distance y. This causes the inner
      tube section to be hermetically sealed by means of the strips 11, 11' of
      adhesive and this air-tight seal of the inner tube section is quite
      independent of the folding in the outer tube section that is secured by
      means of the adhesive strips 10, 10'.
PAR  The manner of folding as described with reference to FIGS. 5 and 6 readily
      permits a valve tube V to be applied before the side flaps 8, 8' are
      folded over. The valve tube V opens into the interior of the inner tube
      section and is peripherally connected to the inner tube section by means
      of the adhesive strips 11. The valve tube is also peripherally joined to
      the outer tube section by means of the adhesive strips 10 so that the
      inner tube section is not unduly stressed when a filling valve is
      inserted.
PAR  A multi-ply web of paper can be used for the outer tube sections instead of
      the single ply web. By laterally staggering the plies of the paper web and
      correspondingly staggering the transverse perforations in the individual
      plies lengthwise of the web, each ply can be individually secured by
      adhesive when the end closure is eventually formed.
PAR  In some cases it may be sufficient if only one end of each bag is formed
      with a folded closure. In that case the inner tube section of each bag
      section need project from only one end of the associated outer tube
      section.
PAR  To make such bag sections, for example in accordance with the teachings of
      German Patent Specification No.  16, 11, 710.5, a series S' of overlapping
      inner tube sections S'.sub.1, S'.sub.2 ...... of paper fed in the
      direction of the arrow a in FIG. 1a is synchronously applied to a paper
      web A' that is also fed in the direction of the arrow a and that is
      provided at intervals corresponding to the desired length L' of the outer
      tube sections with transverse perforations P'. The amount of overlap of
      the inner tube sections is x' and equals the distance by which one end of
      each inner tube section is to project from the associated outer tube
      section. The series of inner tube sections is so applied to the paper web
      A' that the perforations P' lie closely adjacent the overlapping regions
      of the inner tube sections. The parts of the inner tube sections
      projecting beyond the perforations P' are provided with incisions E'
      whilst the paper web is provided with incisions F' that extend up to the
      perforations. In the region of the transverse perforations P' there are
      two rows or lines 3', 4' of adhesive which are applied to the paper web A'
      so that the line 3' lies closely adjacent the perforations whilst the line
      4' is spaced a distance y therefrom, this distance y being substantially
      equal to the amount by which the side flaps of the outer tube section are
      eventually to overlap in the finished end closure (FIG. 6). As evident
      from FIG. 1a, the line 3' of adhesive connects each inner tube section to
      a lower face of the outer tube section, is disposed within the region of
      overlap and lies closely adjacent the perforations P'. The line 4' of
      adhesive lies to both side of the inner tube section and does not make a
      connection with the inner tube section until the web has been folded about
      the inner tube section as shown in FIGS. 2a and 3a. When a bag section is
      now severed, the inner tube section will project from only one end of the
      outer tube section and at this end a folded closure is then formed and
      secured with adhesive in the same way as described with refrence to FIGS.
      5 and 6.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a bag of the type comprising a single or multiply
      outer tube section of paper and a plastics inner tube section having at at
      least one end of said inner tube section a folded cross-bottom closure
      which is incorporated in a folded cross-bottom closure at the
      corresponding end of said outer tube section and in which the folded
      closure at only one end of the inner tube section is incorporated in the
      folded closure of the outer tube section, comprising the steps of
      synchronously applying a succession of overlapping flattened plastics
      inner tube sections to a paper web, which has transverse perforations at
      intervals equal to the intended length of the outer tube sections, in an
      arrangement such that the transverse perforations extend closely adjacent
      the overlapping portions of the inner tube sections, folding the web
      around the inner tube sections to form flattened outer tube sections, and
      severing from the web along the transverse perforations successive
      flattened bag sections each comprising one outer tube section and one
      inner tube section that projects from the outer tube section with one end,
      the ends of the inner tube sections that project beyond the transverse
      perforations are connected at both faces to the outer tube section by
      adhesive applied to the latter along two lines, one line of adhesive being
      closely adjacent the perforations and the other being set back from the
      perforations at a spacing substantially equal to the mutual overlap of the
      side flaps of the closure of the outer tube section, and wherein, during
      opening of the outer tube section for the purpose of forming the folded
      closure, a tongue defined on the projecting portion of the inner tube
      section by incisions is turned over through 180.degree. along the set-back
      line of adhesive in the region of the side flap that is folded over first,
      further adhesive is applied to the margins of the still open closure folds
      of the inner and outer tuber sections, and the closures are then made in a
      manner such that the region containing the turned-over tongue is folded
      over last of all.
NUM  2.
PAR  2. A method of making a bag of the type comprising a single or multiply
      outer tube section of paper and a plastics inner tube section having at at
      least one end of said inner tube section a folded cross-bottom closure
      which is incorporated in a folded cross-bottom closure at the
      corresponding end of said uter tube section and in which folded closures
      at both ends of the inner tube sections are incorporated in the folded
      closures of the outer tube sections, comprising the steps of synchronously
      applying a succession of overlapping flattend plastic inner tube sections
      to a paper web, which has transverse perforations at intervals equal to
      the intended length of the outer tube sections, in an arrangement such
      that one end of each inner tube section underlies the end of one adjacent
      inner tube section and the outer end overlies the end of another adjacent
      inner tube section, folding the web around the succession of inner tube
      sections to form flattened outer tube sections, and severing from the web
      along the transverse perforations successive flattened bag sections each
      comprising one outer tube section and one inner tube section, wherein the
      overlap of the inner tube sections is equal to twice the distance by which
      the inner tube section is desired to project beyond the edges of the
      corner folds and side flaps of the folded closure of the outer tube
      section, the succession of overlapping inner tube sections is so connected
      to the web of outer tube sections by transverse lines of adhesive that the
      transverse perforations lie centrally of the overlaps, the overlying end
      of each flattened inner tube section being connected to a lower face of
      the paper web by a line of adhesive which lies outside the region of
      overlap by being set back at a given spacing from the transverse
      perforations and being connected to an upper face of the paper web by a
      line of adhesive which lies within the region of overlap closely adjacent
      the transverse perforations whereas the underlying end of each flattened
      inner tube section is connected to the lower web face by a line of
      adhesive which lies within the region of overlap closely adjacent the
      transverse perforations and is connected to the upper face of the web by a
      line of adhesive which lies outside the region of overlap by being set
      back at the same said given spacing from the transverse perforations, the
      said given spacing being substantially equal to the amount of mutual
      overlap of the side flaps of the closure of the outer tube section, and
      wherein, during opening of the outer tube section for the purpose of
      forming the folded closure, a tongue defined on each projecting portion of
      each inner tube section by incisions is turned over through 180.degree.
      about the associated set-back line of adhesive, further adhesive is
      applied to the margins of the still-open closure folds of the inner and
      outer tube sections, and the closures are then made in a manner such that
      the regions containing the turned-over tongues are folded over least of
      all.
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ABST
PAL  An apparatus for the folding and flat-sealing of the bottom of a
      liquid-proof package with a roof-shaped folded closure and inwardly folded
      gable walls starting with a tubular package blank, comprising a plurality
      of mandrels for carrying the blanks, means for advancing the mandrels
      progressively through a plurality of stations to be operated upon, means
      for folding gables on the blanks, and means for folding the roof on each
      blank after a gable folding operation, the means for folding the gables
      and the roof being positioned to operate on a blank in the course of the
      passage of said blank on a mandrel between two successive stations. Cams
      are provided so that while the operative members of the folding tools move
      relative to the blank in order to effect their folds, the points of
      initial contact between the operative members and blank are substantially
      maintained throughout the respective folding operation to minimize
      possiblity of damage to the coating with which such blanks are provided.
BSUM
PAC  BACKGROUND
PAR  The invention relates to an apparatus for folding and flat-sealing the
      bottom of a liquid-proof package having integral tuck-folded closures, the
      tubular blank of the package being placed on a mandrel wheel and the
      folding operation being effected by fold tools having a controlled
      movement.
PAR  Such an apparatus serves as a source of supply for a machine for filling
      and closing tuck-fold packages made of paper, cardboard or the like. The
      packages which it processes have on their internal and external surfaces a
      thermoplastic coating to protect the supporting material of the package
      against penetration by moisture. The plastic coating simultaneously
      serves, through appropriate heat treatment and the application of
      pressure, for sealing the bottom closure of the tubular package blank.
      Since the plastic coating serves in the areas of the closure for heat
      sealing as well as moisture-proofing, two factors are important in the
      achievement of a leak-proof package, namely the so-called "open time,"
      during which the heated plastic coating must remain tacky, and the
      prevention of the destruction of the heat-softened coating material by the
      folding tools which move on the surfaces of the folding panels of the
      package, thus producing attrition.
PAR  Sealing machines for the production of bottoms on packages are known, in
      which tubular package blanks are mounted on the mandrels of a mandrel
      wheel and this mandrel wheel carries the mounted blanks stepwise to the
      individual stations equipped with the appropriate processing devices, the
      bottom parts of the tubular package blank being heated, creased, folded
      and sealed in the individual steps. This procedure has the disadvantage
      that, on account of the many steps necessary, a very high initial
      temperature is needed in order to render the plastic coating tacky,
      thereby creating the danger of overheating, which might impair the
      adhesive strength of the coating. Another kind of damage has also
      frequently been found due to relative movements of the folding tools on
      the surfaces of the folding panels, since the plastic coating is scraped
      off by the folding tools. In addition, the working edges of the folding
      tools become increasingly contaminated and thus no longer assure proper
      folding action. Also, the necessary cleaning of the tools requires that
      the machine be shut down. All these disadvantages are ultimately the cause
      of leaky packages, and they must be eliminated.
PAR  The invention is addressed to the problem of performing the folding process
      in the quickest possible manner, with adequate heating of the carton. In
      addition, the folding and sealing are to be executed in a single operation
      so as to prevent the folded panels from changing position during the
      sealing operation. The most important objective, however, is to avoid
      damage to the coating and to protect the working edges of the folding
      tools against contamination by the adhesive coating, so that a uniform,
      high quality fold will be made, resulting in a liquid-proof package having
      good stability due to its flat-folded bottom.
PAC  THE INVENTION
PAR  This problem is solved in accordance with the invention by the fact that
      the folding tools momentarily following the movement of the package during
      the folding action are so arranged and controlled by cams that no relative
      movement takes place between the working edges of the folding tools and
      the parts of the package on which they are acting.
PAR  The arrangement is furthermore such that both the tools for folding the end
      panels of the closure and the tools for folding the side panels of the
      closure are disposed within range of the movement of a mandrel between two
      successive stations, the end panel folding tools being disposed pivotingly
      in pairs on a shaft driven by the mandrel wheel, each tool having two arms
      and being provided at its extremity opposite the working end with a cam
      follower cooperating with a stationary cam.
PAR  In further development of the invention, the closure side panel folding
      tool is disposed pivotingly at the free end of a cam controlled angular
      lever, this tool being joined at its pivot point to cam follower lever
      having at its free end a cam follower wheel which is guided in a curved
      groove of finite length, the apparatus being so constructed that the
      working edge of the folding tool is located in the prolongation of the
      axis of rotation of the cam follower.
PAR  In the construction of the sealing plunger, the sealing face is equipped
      with lateral supporting means for the purpose of supporting the narrow
      sides of the package.
PAR  The advantages achieved with the invention consist especially in the fact
      that, due to the small interval between the closure end panel folding
      tools and the closure side panel folding tools, it has been made possible
      by the invention to perform the entire folding process within the shortest
      possible distance and thus within a minimum of time, and also within a
      single working step. Also, once the working edges of the folding tools
      have assumed their point of contact with the closure end panel, they do
      not change it during the folding action, so that no damage can be done to
      the still soft and tacky coating of the package. Another advantage is that
      the said tool edges do not become contaminated, and this manifests itself
      in a uniform, flat and square bottom on all of the packages.
DRWD
PAR  An embodiment of the invention is represented in the drawing, and is
      described in detail hereinbelow.
PAR  FIG. 1a is a general view of the mandrel wheel showing the arrangement of
      the folding tools,
PAR  FIG. 1b is a top plan view of the cam controlling the tools which fold the
      tuck panels of the bottom closure,
PAR  FIG. 2 is a diagrammatic representation of the process whereby the bottom
      is folded,
PAR  FIGS. 3a and 3b are perspective views illustrating the engagement of the
      tuck panel folding tools,
PAR  FIGS. 4a and 4b are perspective views illustrating the end position of the
      tuck panel folding tools,
PAR  FIGS. 5a to 5c show the side panel folding tool in three different
      positions, and
PAR  FIG. 6 is a cross sectional view of the sealing station.
DETD
PAR  As it can be seen in FIG. 1a, the sealing apparatus, of which only the
      mandrel wheel 1 is shown with the units cooperating directly with it, has
      six stations, I to VI, into which each mandrel 2 - 7 is moved, each having
      a package 8 - 11 drawn over it.
PAR  The manner of operation of the above-described sealing apparatus is as
      follows: In Station I the foremost tubular package blank 13 in stack 13 is
      singled out and opened up to its final cross-sectional configuration. The
      package 14 thus prepared is then pushed onto the empty mandrel of mandrel
      wheel 1. The next stepping action of the mandrel wheel 1 carries package
      14 as well as packages 8 and 9 successively through the stations II and
      III in which the plastic coating on both sides in the bottom fold area 15,
      16, 17, of the package is heated and thus rendered tacky by means of the
      heating heads 18 and 19. Between the stations III and IV, while the
      package is continuously advanced, first the folding in of the side panels
      of the closure takes place, and then the tuck folding of the end panels.
      This folding process is followed by the complete sealing flat of the
      bottom of the package by means of the sealing plunger 20 in station IV. In
      the next station V, the bottom-sealed package 11 is stripped from the
      mandrel 6 and placed on a conveyor 21 which then carries it to a filling
      machine, which is not shown. The final station VI in the processing
      circuit is an idle station which can be used for the cooling of the
      mandrels 2 to 7.
PAR  The folding process represented diagrammatically in FIG. 2 shows at a the
      open tubular package blank whose closure end panels 22 and 23 are
      increasingly tuck-folded inwardly at b and c. At d, the side panels 24 and
      25 have just contacted one another at their edges. In this position the
      folding tool which folds the side panels makes contact with the crease 26
      and bends the panel 24 inwardly along the crease. The side panel 24 is
      thereby pushed beneath side panel 25 which will then be on top of it; this
      can be seen at e. At f the package is shown with the bottom completely
      folded and sealed flat.
PAR  In FIGS. 3a to 4b, the folding movement of the end panel tuck-folding tools
      is represented in two positions. FIGS. 3a and 3b show the engagement of
      the package by the folding tool, and FIGS. 4a and 4b show the maximum
      depth of penetration of the folding tools into the bottom closure area 15,
      16, 17, of the package, each in two different elevational views. The
      construction of the tuck-folding tool is described herewith: On a square
      shaft 29 driven by mandrel wheel 1 through gears 27 and 28, two
      tuck-folding tools 30 and 31 are pivotingly mounted. The working part of
      the tuck-folding tools 30 and 31 consists of the fingers 32 and 33, whose
      tips, which contact the intersection of the folding creases 34, 35 and 36,
      are of a rounded shape. At the extremities 37 and 38 opposite the fingers
      32 and 33, respectively, on the double-armed tuck-folding tools 30 and 31,
      respectively, there are disposed the rounded cam follower wheels 39 and
      40, respectively, which cooperate with a cam 42 disposed on a stationary
      crosspiece 41. A tension spring 43 urges the cam followers 39 and 40
      constantly against the cam 42, so that the movement of the tuck-folding
      fingers 32 and 33 will be equal during each revolution of the shaft.
PAR  The manner of operation of the end panel tuck-folding device will now be
      described. The first contact between the gable or tuck-folding fingers 32
      and 33 and the end panels 22 and 23, respectively, is intensified by the
      stationary cam 42 as the clockwise rotation of shaft 29 progresses (see
      also FIG. 1b ), since the tuck-folding fingers 32 and 33 are moved towards
      one another about the pivot points 44 and 45. This causes the end panels
      22 and 23 to be folded inwardly along what will later be the bottom edges
      46 nd 47 of the package. In FIGS. 4a and 4b, the cam followers 39 and 40
      are in contact with the highest parts of the cam, bringing fingers 32 and
      33 to their maximum depth of penetration, thus completing the inward
      folding of the end panels 22 and 23. Through the rotatory movement of the
      mandrel wheel 1, represented by arrow 48, and through the rotation of
      shaft 29, represented by arrow 50, and also through the cam-controlled
      inward movement of the tuck-folding tools 30 and 31, represented by the
      arrows 51 and 52, it has become possible for the tuck-folding fingers 32
      and 33 to actually contact package 9 at only one point each throughout
      their entire movement, and thus avoid damaging the now tacky plastic
      coating.
PAR  After the tuck-folding operation is completed, the tool 53 (FIGS. 5a-5c )
      for the folding of the side or roof panels of the closure, which consists
      of cam 54, bell crank 55, lever 56 and folding blade 57, cam groove 58 and
      cam follower 59, is set in motion. Since during the folding process the
      package 9 is advanced virtually continuously, the side panel 24 undergoes
      an acceleration in its inward folding, which is imparted by the folding
      blade 57 controlled by cam 54. In order that the folding blade 57 may
      contact the side panel 24 along only one line, namely along the folding
      crease 26, during the entire folding process, without any relative
      movement, the working edge 61 of the folding blade 57 must follow a curved
      path, which is represented by the broken line 62. This additional movement
      of folding blade 57, which differs from the generally arcuate movement
      corresponding to the radius of the bell crank 55 about the pivot point 63,
      is produced by the cam follower wheel 59 which is guided in cam groove 58.
      For the transmission of the curvilinear movement of cam follower 59, the
      latter is connected to lever 56 at articulation 64 by means of a lever
      which lies parallel to said lever 56 and is concealed by the latter. Since
      the edge 61 of the folding blade 57 coincides precisely with the extended
      axis of rotation of cam follower 59, and line 62 is simultaneously the
      center line of the cam curve and the line of movement of edge 61, the
      movement of cam follower 59 is transferred to the folding blade in a ratio
      of 1:1.
PAR  The side panel folding process represented in FIGS. 5a to 5c is started by
      the twofold cam control of folding blade 57 when the side panel 24 is
      first contacted at folding crease 26 by edge 61. As the package 9
      continues its advancement, represented by the arrow 48, the margin of the
      opposite side panel 25 comes in contact with a supporting means 65 which
      is stationary during the folding process. Side panel 25 is at first
      retarded by this contact to the same degree that the side panel 24 is
      accelerated, but as the folding action progresses the velocity ratios
      change, since now side panel 24 is bent along the folding crease 26, while
      side panel 25 undergoes no change of its shape (FIG. 5b).
PAR  In FIG. 5c, the folding of the bottom has been completed to such an extent
      that the folding blade 57 can be withdrawn and the sealing plunger 20 can
      be moved upwardly against the mandrel 4. Since the internal and external
      plastic coating on package 9 is still tacky, all of the doubled-over
      portions of the package are sealed together completely and flatly. After
      the sealing action has been completed, the mandrel wheel 1 steps one
      station further, causing the entire process described above to be
      repeated.
PAR  In FIG. 9 there is shown a cross section taken through a mandrel 2-7 and
      the sealing plunger 20, with package 9 in the position for sealing. Here
      it is possible to see how the sealing plunger 20 is provided with lateral
      plates 66 and 67 for the purpose of preventing the sides of package 9 from
      bulging outwardly on account of the junction between the multilayer folded
      closure and the single-layer package wall.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for the folding and flat sealing of the bottom of a
      liquid-proof package with a roof-shaped folded closure and inwardly folded
      gable walls starting with tubular package blanks, comprising a plurality
      of mandrels for carrying said blanks, means for advancing said mandrels
      progressively through a plurality of stations to be operated upon, means
      for effecting gable folding on said blanks, and means for effecting roof
      folding on each blank after a gable folding operation, said gable folding
      means and said roof folding means being positioned to operate on a blank
      in the course of the passage of said blank on a mandrel between two
      successive stations and each of said gable folding means and said roof
      folding means including blank contracting means and cam means controlling
      each of said blank contacting means, each cam means being shaped so that
      its respective blank contacting means after initially contacting a blank
      moves with said blank between said two successive stations and remains in
      contact therewith at the initially contacted location until said blank
      contacting means has completed its operation on said blank.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said gable folding means
      includes a shaft driven with said mandrel advancing means, said blank
      contacting means comprising a pair of folding tools pivotingly connected
      to said shaft, each folding tool having a contact finger at one end and a
      cam follower at its other end, said cam means including a stationary cam
      which is contacted by said cam followers, whereby said folding tools pivot
      about their pivotal connections and said fingers move relative to their
      initial points of contact with said blank causing said blank to be folded
      with formation of gables.
NUM  3.
PAR  3. An apparatus according to claim 2, wherein said roof folding means
      includes a bell crank lever, and a cam guiding one end of said bell crank
      lever, the other end of said bell crank lever being pivotingly connected
      to said roof folding blank contacting means, said roof folding cam means
      including a rotatable cam follower operatively connected with said roof
      folding blank contacting means and a cam track guiding said cam, whereby
      said cam causes said bell crank lever to pivot which in turn causes said
      cam-guided roof folding blank contacting means to move relative to its
      initial contact with said blank to effect said roof fold, said rotatable
      roof folding cam follower being operatively connected with said roof
      folding blank contacting means so that the blank contacting edge of said
      roof folding blank contacting means lies along the extended axis of
      rotation of said roof folding cam follower, said apparatus further
      including a U-shaped sealing plunger having two legs connected by a base
      and positioned adjacent the second of said two successive stations, and
      means for displacing said plunger toward a blank-carrying mandrel at said
      second station, whereby the legs of said plunger contact opposite sides of
      the folded package while the base of the plunger contacts the bottom of
      said package.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein said roof folding means
      includes a bell crank lever, and a cam guiding one end of said bell crank
      lever, the other end of said bell crank lever being pivotingly connected
      to said roof folding blank contacting means, said roof folding cam means
      including a cam follower operatively connected with said roof folding
      blank contacting means and a cam track guiding said cam, whereby said cam
      causes said bell crank lever to pivot which in turn causes said cam-guided
      roof folding blank contacting means to move relative to its initial
      contact with said blank to effect said roof fold.
NUM  5.
PAR  5. An apparatus according to claim 4, wherein said roof folding cam
      follower is rotatable and is operatively connected with said roof folding
      blank contacting means so that the blank contacting edge of said roof
      folding blank contacting means lies along the extended axis of rotation of
      said roof folding cam follower.
NUM  6.
PAR  6. An apparatus according to claim 1, including a U-shaped sealing plunger
      having two legs connected by a base and positioned adjacent the second of
      said two successive stations, and means for displacing said plunger toward
      a blank-carrying mandrel at said second station, whereby the legs of said
      plunger contact opposite sides of the folded package while the base of the
      plunger contacts the bottom of said package.
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PAL  The invention relates to a method for wrapping a continuous filter rod and
      producing tobacco-smoke filter sections which comprises feeding a wrapping
      strip of a thermoplastics film material, particularly a heat-shrinkable
      thermoplastics material, past an applicator for applying adhesive to the
      edges of the strip and, together with a filtering medium, to garniture
      means for wrapping the said strip around the said medium, which means
      includes a sealing station consisting of or comprising a cooled long
      folder, provided with a semicylindrical groove closely matching the rod
      size and of a length sufficient to permit setting of the adhesive to form
      a seam between the said edges, and feeding the wrapped rod thus produced
      to a cut-off device with guiding means for the cut-off sections.
      Preferably the adhesive is a solvent for the thermoplastics material.
BSUM
PAR  This invention concerns a method for the production of tobacco smoke filter
      rod. It is primarily concerned with the production of filters of a kind,
      described in U.S. Pat. No. 3,800,805 and Application Ser. No. 366,756,
      comprising one or more filter sections and a wrapping of heat-shrinkable
      thermo-plastics film material. When a cigarette is smoked through such a
      filter and the burning coal approaches, hot smoke from it will cause the
      wrapping material to shrink and produce constriction or displacement of a
      component of the filter.
PAR  Methods of wrapping a continuous filter rod or multiple-component filters
      with normal wrapping material such as paper are well known, but
      difficulties arise with a wrapping material of thermoplastics film because
      of the different properties of this material, generally high flexibility
      and elasticity, low surface friction and a tendency to produce static
      electricity. The present invention seeks to provide a method and means of
      production by which such difficulties can be avoided or overcome.
PAR  According to the invention, a method of wrapping a continuous filter rod
      and producing filter sections comprises feeding a wrapping strip of a
      thermoplastics film material past an applicator for applying adhesive to
      the edges of the strip and, together with a filtering medium, to garniture
      means for wrapping the said strip around the said medium, which means
      includes a sealing station consisting of or comprising a cooled long
      folder provided with a semicylindrical groove closely matching the rod
      size and of a length sufficient to permit setting of the adhesive to form
      a seam between the said edges, and feeding the wrapped rod thus produced
      to a cut-off device with long guiding means for the cut-off sections. The
      filtering medium is suitably a cellulose acetate tow, but other fibrous or
      foam filtering materials may be employed. The method can be usefully
      applied whether the ultimate product is single or multiple filter
      sections.
PAR  The invention is applicable with particular advantage where the
      thermo-plastics material is a heat-shrinkable material. Suitable
      thermoplastics film materials are polyvinylidene chloride, polyethylene,
      polypropylene, polyester and polystyrene materials slit to strips of width
      corresponding to normal plug-wrap width, which may be between 10-40 mm,
      preferably 20-30 mm. The reeled strip may be placed on the bobbin holder
      of a filter-rod making apparatus, which may be a machine of a known kind
      except as hereinafter set forth.
PAR  The adhesive used is preferably a solvent for the thermoplastics material
      used.
DRWD
PAR  A preferred manner of carrying the invention into effect will now be more
      fully described by way of example and with reference to the accompanying
      drawing, in which:
PAR  FIG. 1 is a diagrammatic side elevation of a filter-producing apparatus,
PAR  FIG. 2 a section to a larger scale on the line II--II in FIG. 1, and
PAR  FIG. 3 a vertical section through an adhesive-feeding device, also, to a
      larger scale.
DETD
PAR  A tow 1 of filtering material, for example of cellulose acetate fibres,
      from a two processing unit 2 and a strip 3 of heat-shrinkable
      thermoplastics film material from a reel 4 are fed to a garniture 5. The
      unit 2 may comprise tow-opening means of known kind and the tow from it is
      fed to the garniture 5 through a collecting funnel 6. Because the film
      material is considerably more flexible than normal paper wrapping
      material, the strip 3 must be well guided on its path from the reel 4 to
      the garniture 5. The precise guidance means will naturally depend upon the
      relative disposition of the reel 4. A suitable arrangement for the
      right-hand part of the path, including guide rollers and a guiding and
      supporting surface 3a, is shown in FIG. 1. The garniture comprises a lower
      base plate 7 with a semicylindrical longitudinal groove 8 (FIG. 2) of
      diameter equal to the diameter of the filter rod to be made plus an
      allowance, say 1 mm, for the thickness of the usual garniture tape, and a
      long folder 9. The base plate 7 has a flared entry which allows the
      garniture tape, initially flat, to be turned upwards at the edges. The
      garniture tape 10 passes, at the exit end of the garniture, around an
      expansible drum 11 and thence back to the entry. The garniture also
      comprises a tongue piece 12 and short folders 13 of conventional design.
      However, in order to reduce the pressure on the rod and avoid stretching
      of the film in the short folders 13, these may be raised slightly by shims
      inserted between them and the base plate 7.
PAR  The long folder 9 comprises a block with a semicylindrical longitudinal
      groove 14 having a diameter equal to that of the groove 8. The block is
      cooled by either refrigerated water or cooled compressed air. As shown, it
      is cooled by water circulated through a cooling unit 15 and water pipes
      16. The water passes through a longitudinal cavity 17 (FIG. 2) in the
      block behind an inset plate 18 in which the groove 14 is formed, a water
      seal 18a being interposed. The long folder extends from immediately beyond
      the short folders 13. The height of the long-folder block 9 may be
      adjustable, suitably by supporting it pivotably or hingably. Preferably,
      the short folders 13 are cooled by air supplied at 20 and vented to
      atmosphere.
PAR  Beyond the long folder 9, there is a cut-off device 21 provided with a
      gauge head, suitably of Solex type, for monitoring the diameter of the
      wrapped rod. The cut-off device may be of generally known construction,
      but the gauge head should be of larger size than would conventionally be
      employed in order to prevent jamming of the rod due to electrostatic
      forces associated with the thermoplastics film material.
PAR  Adhesive for application to one edge of the thermoplastics strip 3 to form
      an eventual longitudinal seam or like seal is fed from a tank 22 to a
      nozzle 23, with an adjustable flow-regulating needle valve, which is
      located just below the entry to the garniture 5. The adhesive may be so
      fed under gravity or applied pressure. Preferably, however, it is fed
      under a controlled head by the arrangement shown in FIG. 3, whereby an
      even feed can be ensured. Adhesive from a reservoir 24 passes under
      gravity through a tube 25 with a stepped outlet into a chamber 26 to which
      air at atmospheric pressure is admitted at 27. The adhesive passes from
      the chamber 26 to the nozzle 23 through a tube 28. Preferred adhesives are
      ethyl acetate, methylisobutyl ketone or tetrahydrofurfuryl alcohol. Other
      suitable adhesives are ketone-type adhesives, such as methyl ethyl ketone,
      acetone, or cyclohexanone, mixtures thereof, possibly together with
      tetrahydrofurfural, or an alcohol, for instance, tetrahydrofurfuryl
      alcohol.
PAR  Located below the nozzle 23 is a second nozzle 29 which applies to the film
      3, along its center line, gum fed through a tube 30 from a container 31
      which is maintained under the pressure of compressed air supplied at 32.
      This gum will serve to bind the rod of filtering material to the wrapper
      in known manner. A suitable gum is polyvinyl acetate.
PAR  In the operation of the apparatus so far described, the tow from the funnel
      6 and the film tape 3, furnished with the seam adhesive and gum, together
      enter the garniture 5 on the garniture tape in the usual manner. The rod,
      formed by the wrapping action of the tongue 12 and short folders 13, is
      fed through the long folder 9 in which setting of the adhesive occurs. The
      temperature of this folder is preferably 5.degree. below ambient
      temperature, suitably 0.degree. to 30.degree.C, to avoid damage to the
      film and prevent evaporation of the solvent. The temperature and rate of
      circulation of the cooling medium must be adjusted for maintaining the
      temperature. The length of the long folder must be suitable for the
      purpose, having regard to the rate of rod feed and the cooling provided.
      In a typical case, a length of 43 cm and a temperature of 25.degree.C were
      found to be appropriate. As indicated above, the profile of the channel
      8,14 is designed closely to match the rod diameter so that the tow and
      strip become almost totally enrobed in the garniture tape. This reduces
      friction and assists in securing good setting of the adhesive and minimum
      risk of side slip of the seam between the strip edges during setting.
PAR  When the long folder 9 is clamped down to the garniture base 7, it should
      totally enclose the enrobed rod. However, the apparatus should be operated
      with a relatively low pressure in the folder. This is necessary in order
      to reduce problems associated with the driving of a thermoplastics
      material having a low friction coefficient and to avoid squashing the rod,
      and/or overstretching the film and/or tow. On the other hand, if the
      pressure is excessively reduced, it will not be possible to maintain the
      drive without considerable slip. Sufficient bulk filling of the filter rod
      and suitable filling of the long folder for a required pressure can be
      obtained by selection of the properties of the tow.
PAR  Beyond the long folder, the wrapped rod produced passes, without the
      garniture tape 10, into the cut-off device 21. Because the rod may be more
      flexible than a normal filter rod, it may be advantageous, for the better
      control of the rod, to extend the length of the usual ledgers in the
      cut-off device. Also channel guides may be provided at the approach to the
      ledgers and at the exit to ensure that the cut sections, which are
      pliable, remain in the prescribed path.
PAR  The cut-off sections are conveyed by way of a conventional fluted drum 33
      to a catcher belt 34 below, the sections being removed by ejectors or
      pickers 35 projecting from below into circumferential grooves 36 in the
      drum. Due to electrostatic forces, the rod sections tend to cling to the
      surface of the flutes. To assist removal, therefore, provision is made for
      blowing the sections from the drum 33 by compressed air applied inside the
      bottom part of the latter. Ionized air jets may also be employed to
      overcome or reduce build-up of static electricity on the rod. Such jets
      may be located at convenient positions between the exit of the garniture 5
      and the drum 33.
PAR  If the filtering material is cellulose acetate tow, the properties of the
      tow are important. Preferably a tow of high packing density is chosen in
      order to obtain a rod of good shape, good length and good smoking
      properties, for example 300,000-80,000 g total denier preferably
      37,000-50,000 g total denier. Instead of a tow, the filtering medium may
      be paper or a known foam filtering material.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of wrapping a continuous filter rod and producing tobacco-smoke
      filter sections, comprising feeding without heating a wrapping strip of a
      heat-shrinkable thermoplastics film material past an applicator for
      applying adhesive to the edges of the strip and, together with a filtering
      medium, to garniture means for wrapping the said strip around the said
      medium, which means includes a sealing station comprising a cooled long
      folder provided with a semicylindrical groove closely matching the rod
      size and of a length sufficient to permit setting of the adhesive to form
      a seam between the said edges, and feeding the wrapped rod thus produced
      to a cut-off device with guiding means for the cut-off sections.
NUM  2.
PAR  2. A method according to claim 1, wherein the wrapping strip and filter
      medium are fed to the long folder by way of a short folder which is also
      cooled, the cooling of the short folder being effected by a flow of air
      through the folder.
NUM  3.
PAR  3. A method according to claim 1, wherein the adhesive is a solvent for the
      thermoplastics material.
NUM  4.
PAR  4. A method according to claim 1, wherein the filter medium comprises a
      cellulose acetate tow.
NUM  5.
PAR  5. A method according to claim 1, wherein the wrapping strip and filter
      medium are fed to the long folder by way of a short folder which is also
      cooled.
NUM  6.
PAR  6. A method according to claim 1, wherein the cooling of the long folder is
      effected by a flow of cold water through the folder.
PATN
WKU  039438368
SRC  5
APN  4976908
APT  1
ART  344
APD  19740815
TTL  Apparatus for removing fumes from the space above a cooking appliance in
      a restaurant
ISD  19760316
NCL  37
ECL  1
EXA  Capossela; Ronald C.
EXP  O'Dea; William F.
NDR  4
NFG  6
INVT
NAM  Kuechler; Irvin R.
CTY  San Bernardino
STA  CA
ASSG
NAM  Vent-Cair, Inc.
CTY  San Bernardino
STA  CA
COD  02
CLAS
OCL   98115K
XCL   55439
XCL   55467
XCL   55DIG36
XCL   98 36
XCL  126299B
EDF  2
ICL  F23J 1102
FSC   55
FSS  DIG. 36;439;440;467
FSC   98
FSS  36;115 K
FSC  126
FSS  299 R;299 A;299 B
UREF
PNO  2868108
ISD  19590100
NAM  Peterson
OCL   98115K
UREF
PNO  3021777
ISD  19620200
NAM  Smith
OCL   98115K
UREF
PNO  3207058
ISD  19650900
NAM  Gaylord
OCL   98115K
UREF
PNO  3664255
ISD  19720500
NAM  Kuechler
OCL   98115K
UREF
PNO  3841062
ISD  19741000
NAM  Molitor et al.
OCL   98115K
LREP
FR2  Gausewitz; Richard L.
ABST
PAL  A vortex-type smoke hood, in which the liner of the hood is substantially
      continuously curved in such manner that the vortex action is improved
      greatly. One result is that the supply air velocity may be increased by a
      major amount, without causing "bouncing" of air and fumes out of the hood.
      The curved wall produces the additional benefit of rendering more smooth
      the flow path of the inlet air.
PAL  In a second embodiment, a plate shelf and/or pass-through are combined with
      the hood, creating a very convenient relationship and one whereby the cook
      remains highly comfortable.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of smoke hoods for removing grease and
      smoke from the spaces above cooking appliances, particularly in
      restaurants.
PAR  2. Description of Prior Art
PAR  The original patent in the field of vortex-type smoke hoods for cooking
      appliances is U.S. Pat. No. 3,664,255, issued May 23, 1972. Although the
      invention of such patent is believed to be a major one, the specific
      apparatus shown and described therein did not permit achievement of the
      fullest benefits of the large upper vortex. Stated more specifically, the
      velocity of the supply air in the apparatus of such patent could be
      increased only to a limited extent. Further increases resulted in
      "bouncing" or "rebounding" of supply air and of entrained fumes down out
      of the hood and into the room.
PAR  A relatively high velocity of supply air to the vortex, especially the
      upper vortex, is important for a number of reasons. The vortex principle
      causes a first centrifugal separation of grease to occur in the capture
      chamber, before the air and fumes pass through the filter. An analogy to
      the centrifugal grease separation in the upper vortex would be a jet
      traveling at high speed toward a cliff to bomb a target on the side
      thereof. As the jet (analogous to the air) pulls up, the bomb (analogous
      to a grease particle) is released -- so that the forward "bomb" (grease)
      velocity sends it at high speed into the cliff (analogous to the filter).
      The grease after impinging against the filter clings thereto instead of
      passing up the chimney. A second centrifugal grease separation action then
      occurs in the filter itself, as stated below.
PAR  The faster the air flow in the vortex (especially the upper vortex) in the
      capture chamber, the more effective the stated centrifugal
      grease-separation action therein.
PAR  Additional important reasons for creating a high-velocity upper vortex
      include a substantial simplification in the method by which the apparatus
      is set up for use. As explained in the above-cited patent, by far the
      greatest part of the air which passes out through the filters is not
      supplied from the room (the kitchen) but instead comes directly from the
      outside of the room. For example, in a typical installation only about 10%
      of the air comes from the room whereas 90% of the air comes from the
      outside. In attempting to achieve the desired balance between air supply
      to the hood, and air exhaust therefrom, it is important that the operator
      not be hampered by inability to increase the volume of the air supply
      sufficiently by increasing its velocity. As stated above, the operator
      would be so hampered if the otherwise-desired intake air velocity were so
      great as to cause rebound of air and smoke into the room.
PAR  The present apparatus achieves very effective separation of grease from the
      cooking fumes, yet permits a relatively simple set-up procedure.
      Furthermore, it is capable of withstanding substantial variations in the
      speeds of the supply and exhaust blowers (that is, speeds of the supply
      and exhaust air) without malfunctioning to a substantial degree.
PAR  Relative to a different aspect of the present disclosure, there have long
      existed restaurants which have plate shelves and/or pass-throughs beneath
      the smoke hoods. However, such restaurants did not achieve anything
      approximating the economy, efficiency, etc., of the shelf-smoke hood
      combination disclosed herein. In particular, there were no (insofar as
      applicant is aware) forced-flow smoke hoods which were so constructed that
      only a natural convective flow of air and cooking fumes passed upwardly
      adjacent the pass-through and/or the plate shelf.
PAR  In the above-cited patent, the baffle plate or member 54 was adjustable as
      described therein. The baffle 18 of the present disclosure is preferably
      (for economy reasons) fixed instead of adjustable. Such fixed baffle 18,
      the lip 19 at the rear edge thereof, and the central support 22 therefor,
      have all been on the market more than one year prior to the filing date of
      the present application and thus constitute prior art.
PAC  Summary of the Invention
PAR  The present invention provides a substantially continuously curved wall at
      the upper portion of the capture chamber, the curve being such as to
      permit creation of a high-velocity upper vortex of air and cooking fumes.
      Furthermore, there is provided at the front portion of such curved wall a
      relatively wide liner extension, which extension aids greatly in
      preventing high-velocity upper vortex air and fumes from passing
      downwardly out of the hood. Instead, the vortex air and fumes are directed
      substantially parallel to and above the curtain of inflowing supply air.
      The results are surprising increases in vortex action, in ease of set-up
      and adjustment, and other factors.
PAR  The forward region of the curved wall defines, at the side thereof remote
      from the capture chamber wherein the vortex exists, a curved vertical
      throat region which aids in smoothly directing the down-flowing supply of
      inlet air.
PAR  In a second embodiment, there is provided above the forward region of the
      cooking appliance at least one wall or shelf, preferably a plate-storage
      shelf and/or a pass-through shelf. Air from the room drawn rearwardly over
      the upper portion of the stove or other cooking appliance, by the upwardly
      rising hot air therefrom, entrains cooking fumes. The hot air and fumes
      then convect upwardly, rearwardly of the stated wall or shelf, through the
      open bottom of the capture chamber. Thereafter, the air and fumes are
      entrained in the laminar curtain of inlet air and are directed toward the
      filters. Some of the air and fumes are whirled around in the upper and
      lower vortexes before flowing through the filters.
DRWD
PAC  Brief Description of the Drawings
PAR  FIG. 1 is a vertical sectional view of the present smoke hood apparatus for
      removing fumes from the space above a cooking appliance, the ceiling of
      the room in which the smoke apparatus is disposed being unshown;
PAR  FIG. 2 is a vertical sectional view taken on line 2-2 of FIG. 1, and
      looking rearwardly, such FIG. 2 also illustrating the extended plenum and
      the exhaust blower;
PAR  FIG. 3 is a horizontal sectional view on line 3--3 of FIG. 2, illustrating
      filter means;
PAR  FIG. 4 is an isometric view illustrating the substantially curved liner of
      the capture chamber of the smoke hood;
PAR  FIG. 5 is a vertical sectional view taken on line 5--5 of FIG. 1, and
      looking in a forward direction; and
PAR  FIG. 6 is a partially schematic view illustrating a second embodiment of
      the invention, wherein wall means are interposed between the forward
      region of the cooking appliance and the forward region of the smoke hood.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Except as specifically stated herein, the apparatus is substantially the
      same as that described and claimed in U.S. Pat. No. 3,664,225, issued May
      23, 1972, for Apparatus and Method for Removing Fumes from the Space Above
      a Cooking Appliance. The disclosure of said patent is hereby incorporated
      by reference herein as though set forth in full.
PAR  As described in said U.S. Pat. No. 3,664,255, a supply blower is employed
      to draw air from a region exterior to the room in which the cooking
      appliance is disposed, and supplies such air (referred to as inlet air)
      downwardly through a duct means (the lower region of which is shown at 10
      in the present patent application, FIGS. 1, 5 and 6) to a supply chamber
      (numbered 11 in the present patent application) and thence to a generally
      horizontal throat portion (numbered 12 in the present application) which
      may also be generally described as a director means.
PAR  From the throat portion 12, the incoming air flows in a stream or air
      curtain 13 which is inclined upwardly and rearwardly and which is
      generally perpendicular to filter means 3a. Some of the air in curtain 13
      passes directly through the filter means 3a; some of the air therein
      passes upwardly and forms part of a large-diameter upper vortex 16; and
      some of the air passes downwardly and forms part of a small-diameter lower
      vortex 17. Eventually, all of the inlet air from throat 12 (not only that
      which flows directly through the filter, but also that which recirculates
      for a period of time in the upper and lower vortexes 16 and 17) passes
      through the filter means 3a and is exhausted to the exterior of the room
      as described below.
PAR  The housing of the present smoke hood apparatus comprises an open-bottomed
      capture and entrainment chamber "C" into which grease-containing fumes
      pass from the cooking appliance which is disposed beneath the smoke hood
      apparatus. In such capture and entrainment chamber C, the
      grease-containing fumes are entrained in the air curtain 13 and therefore
      are directed at high velocity toward the filter means 3a. Furthermore, and
      particularly when the inlet air from the exterior of the room is
      relatively cool (although it is emphasized that the inlet air is almost
      always substantially cooler than the upflowing fumes) there is a
      substantial chilling action having a tendency to solidify the grease
      particles in the fumes. As the filter means 3a are approached, some of the
      air and fumes in air curtain 13 swerves upwardly into the upper vortex 16,
      whereas other of the air and fumes swerves downwardly into the lower
      vortex 17. However, despite such swerving of the air, the entrained heavy
      grease particles continue their forward motion and tend to impinge against
      the filter 3a, the result being a centrifugal separation action which
      occurs in the capture and entrainment chamber C. The grease particles
      which impinge against the filter means 3a cling thereto and run down into
      trough means described in the cited U.S. Pat. No. 3,664,255.
PAR  The filter means 3a is best shown in FIG. 3, and is described in U.S. Pat.
      No. 3,566,585, issued Mar. 2, 1971, for a Grease-Extracting Apparatus. The
      disclosure of said patent is hereby incorporated by reference herein as
      though set forth in full. Said filters are numbered 3a in the present
      application, and are preferably operated in the open mode (FIG. 4 of said
      U.S. Pat. No. 3,566,585), not in the closed mode (FIG. 5 of said patent).
      The numbers shown in FIG. 3 of the present application correspond to the
      numbering in said U.S. Pat. No. 3,566,585, except that in each instance
      the suffix "a" has been appended to the elements in FIG. 3 of the present
      application.
PAR  In the filter means 3a, a second centrifugal separation action occurs (in
      addition to the above described separation occurring by direct
      impingement), so that the degree of grease removal from the cooking fumes
      is very great. However, it is highly important that the flow of air and
      fumes through the filter means 3a be substantially uniform throughout the
      entire width of the filter means. The achievement of such substantially
      uniformity is effected, without clogging up of screens, etc., by grease
      particles, as described in detail in my copending application Ser. No.
      336,970,  filed Mar. 1, 1973, for Apparatus and Method for Extracting
      Grease and Smoke, now abandoned. Said patent application is hereby
      incorporated by reference herein as though set forth in full. Such
      application describes an extended plenum 150 which communicates with the
      plenum chamber or exhaust chamber 27 on the downstream side of the filter
      means 3a. Referring to FIG. 2 of the present application, the extended
      plenum 150 communicates with an exhaust blower 44 which discharges
      filtered air and fumes to the ambient space outside of the room wherein
      the cooking appliance is disposed.
PAR  The above-mentioned generally horizontal throat portion 12 is defined on
      the lower side thereof by an upwardly inclined baffle plate 18 having a
      further upwardly inclined lip 19 at the rear edge thereof. For reasons of
      economy of production, and maintenance of the precise desired angles, the
      baffle plate 18 and its lip 19 are preferably fixed in position, for
      example by angle bars 21 which are suitably secured to the side walls of
      the apparatus and are shown in FIGS. 1 and 5. To prevent sagging of the
      central region of the baffle plate 18, a connector element 22
      (incorporating a turnbuckle) is connected between the central region of
      the baffle plate and the central region of the substantially continuously
      curved member (described below) thereabove.
PAR  As described in said U.S. Pat. No. 3,664,255, not all of the inlet air from
      the duct means 10 passes through the throat 12, since some passes
      downwardly through a gap 23 (FIG. 1) and then strikes a ledge means 24
      disposed at the front portion of the apparatus. The ledge means 24
      redirects the air rearwardly toward the capture and entrainment chamber C.
PAC  THE SUBSTANTIALLY CONTINUOUSLY CURVED VORTEX LINER
PAR  Referring particularly to FIGS. 1 and 4, the upper liner of the upper
      vortex portion of capture and entrainment chamber C is designated
      generally by the reference numeral 31, and may sometimes be referred to as
      the vortex liner. Such vortex liner has a rearward-most first portion 32,
      the lower edge 33 of which is adjacent the upper face of filter means 3a.
      From such lower edge 33, the first portion 32 curves upwardly and
      forwardly to a region 34 which is spaced above and substantially forwardly
      of the lower edge 33.
PAR  A relatively narrow, flat, downwardly-inclined second portion 36 extends
      from region 34 forwardly and downwardly to a region 37. The narrow second
      portion 36 is just wide enough to receive a light fixture 39, preferably
      florescent, which fixture is mounted thereabove and is registered with an
      opening 41 (FIG. 4) in the second portion.
PAR  From region 37, the vortex liner 31 curves downwardly and forwardly to form
      a curved third portion 42. The third portion 42 curves downwardly and
      forwardly with a relatively small amount of curvature, to a region 46 best
      shown in FIG. 1. From region 46, the vortex liner 31 curves downwardly and
      substantially vertically to form a forwardmost fourth portion 47, the
      lower edge of such fourth portion 47 being at a region 48. The vortex
      liner 31 then curves downwardly and rearwardly, with a relatively sharp
      curvature, to form a fifth portion 49 between regions 48 and 50.
      Thereafter, the vortex liner extends rearwardly and generally horizontally
      to form a sixth portion 51 (which may be termed a "linear extension")
      terminating in a rear edge 52.
PAR  The sixth portion 51 is substantially flat and substantially horizontal,
      this being in contrast with the upwardly and rearwardly inclined baffle
      plate 18 therebelow and in contrast with the much more upwardly and
      rearwardly inclined lip 19 on such baffle plate 18. It is emphasized that
      the sixth portion 51 extends rearwardly a very substantial distance from
      the generally vertical curved fourth portion 47 of the vortex liner 31.
      Stated otherwise, the two portions 49 and 51 of the vortex liner combine
      to form a relatively wide (front to back) section thereof, such wide
      section extending rearwardly from the generally vertical curved fourth
      portion 47.
PAR  This wide section (portions 49 and 51) of the vortex liner performs the
      function of insuring that the rapidly vortexing air and fumes in the upper
      vortex 16 are directed rearwardly generally toward the filter means 3a, as
      distinguished from being directed or bounced downwardly out of the capture
      and entrainment chamber C and into the room. The section comprising
      portions 49 and 51 cooperates with the remaining portions of the vortex
      liner in preventing such bouncing even though the velocity of the inlet
      air passing into the chamber from the generally horizontal throat portion
      12 may be very high.
PAR  It is pointed out that the air in the upper vortex 16 which passes above
      the sixth portion 51 of the vortex liner is only slightly inclined
      relative to the air curtain 13, being generally parallel thereto. It is
      also pointed out that the sixth portion 51, which is substantially
      horizontal, converges relative to the lip 19 at the rear edge of baffle
      plate 18. There is thus being formed a generally vertical nozzle opening
      53 at the rear edge of the generally horizontal throat 12, such nozzle
      opening 53 being generally between rear edge 52 and the rear edge 54 of
      lip 19. The opposed edges 52 and 54, and the nozzle opening 53
      therebetween, and the inclined lip 19, cooperate with baffle plate 18 and
      other elements in insuring that the air entering the chamber C as the air
      curtain 13, and also the air in the upper vortex 16, do not bounce out of
      the chamber C but instead remain in the desired paths as indicated by the
      arrows in FIG. 1.
PAR  The nozzle is formed by the relatively long and inwardly tapering walls 51
      and 18. These walls not only cause an increase in velocity of air entering
      chamber C from the throat portion 12, but direct, constrict and shape the
      flow of this air to enhance the vortex.
PAR  The radius of curvature of first portion 32 of the vortex liner 31 is
      relatively large, for example about 15 inches in a typical installation.
      The radius of curvature of the third portion 42 is even larger, for
      example about 18 inches in a typical installation. The radius of curvature
      of the generally vertical fourth portion 47 of the vortex liner is much
      smaller, such as about 71/2 inches, whereas the radius of curvature of the
      fifth portion 49 is the smallest, namely about 3 inches in a typical
      installation. In such typical installation, the portion 51 extends about 8
      inches rearwardly from the generally vertical fourth portion 47.
PAR  It is to be noted that the vortex liner 31 not only defines the upper
      vortex 16 in chamber C, but that the right hand portion (relative to FIG.
      1) of the vortex liner defines the rear wall of the supply chamber 11.
      Furthermore, the fourth portion 47 of the vortex liner 31 forms the rear
      wall of a vertical throat portion 56 defined between the vortex liner and
      the front wall 45 of the apparatus. The smoothly curving rear walls of
      supply chamber 11 and of vertical throat portion 56, which are thus formed
      by the vortex liner 31, aid in the supply of a smooth flow of air from the
      duct means 10 to the horizontal throat portion 12.
PAR  As best shown in FIGS. 1 and 2, the rear edge 52 at the lower region of the
      vortex liner is return bent so that it will be smooth and relatively
      strong. Furthermore, the lower edge 33 at the rear region of the vortex
      liner is bent upwardly to form a flange 57. Such flange 57 preferably
      bends around the sheet metal element which forms the upper support for the
      filter means 3a.
PAC  EMBODIMENT OF FIG. 6
PAR  Except as specifically stated below, the smoke hood shown at the upper
      region of FIG. 6 is identical to that described heretofore in this
      specification.
PAR  The smoke hood is shown as being mounted adjacent a vertical wall 61 which
      separates the kitchen 62 from, for example, the dining rooom 63 of a
      restaurant. In the illustrated embodiment, there is a pass-through opening
      64 in such vertical wall 61, through which cooked food is passed by the
      chefs to waitresses in the dining room 63. The pass-through opening 64 is
      disposed a substantial distance above the upper surface 66 of a stove or
      other cooking appliance 67.
PAR  In accordance with the illustrated embodiment, wall means are interposed
      between the forward region 68 of the upper surface 66 and the forward
      region 69 of the smoke hood thereabove. In the illustrated embodiment
      there are three such wall means, one being a horizontal shelf 72 which is
      suitably mounted in horizontal relationship and generally level with the
      lower region of pass-through opening 64, the second being a horizontal
      plate shelf 73 which is also suitably mounted in horizontal position but
      level with the upper region of pass-through 64, and the third being a wall
      74 which is mounted below the forward portion of the capture and
      entrainment chamber C.
PAR  The shelf 72 extends entirely through the pass-through opening 64, but an
      intermediate portion 75 of shelf 72 is open and provided with a perforated
      element or grill 76 through which fumes may pass upwardly from the stove
      67 to the smoke hood. Thus, the chef may store food, etc., on the front
      (right in FIG. 6) portion of the shelf 72, and then, when desired, slide
      the food over the grill 76 and through the pass-through opening 64 to the
      rear region of shelf 72, where it is easily and conveniently picked up by
      the waitresses.
PAR  The plate shelf 73 is a storage area for clean plates which are maintained
      relatively warm due to the proximity of a chimney 79 which is defined
      above the grill 76 of the shelf 72 and to the rear of the plate shelf 73.
      Stated more specifically, the upper region of the chimney 79 is defined
      between the wall 61 of the room and a vertical wall 80 which extends
      upwardly from the rear edge of plate shelf 73 to the rear edge of wall 74.
PAR  In the operation of the embodiment of FIG. 6, the front (right in FIG. 6)
      region of shelf 72 acts somewhat in the nature of the upper portion of a
      fireplace in a household living room. Thus, air from the kitchen 62 tends
      to be drawn inwardly from the kitchen (away from the cook) into the space
      between stove surface 66 and the front region of the shelf 72, due to the
      heat generated by the stove 67 (which acts something in the nature of a
      household fireplace). This convective air flow path curves upwardly
      relatively adjacent vertical wall 61 and passes through the grill 76 to
      the chimney 79 and thence into the open-bottomed capture and entrainment
      chamber C. In passing over the upper surface 66 of the stove 67, the
      convectively flowing air picks up the grease-laden cooking fumes and
      carries them upwardly therewith into such chamber C, so that the fumes are
      separated and filtered and exhausted as described in detail previously in
      this specification.
PAR  Although the embodiment illustrated in FIG. 6 incorporates the pass-through
      opening 64 and the associated shelf 72 and grilled opening 75, these may
      be omitted in some restaurants. The vertical wall 62 would then be
      continuous and void of an opening, and the shelf 72 and the grill 76 would
      then be omitted. Air would then convect upwardly from the stove 67 and
      would tend to be relatively adjacent the vertical wall 61. It would pass
      upwardly through the chimney 79 to the chamber C.
PAR  The wall 74 preferably comprises a panel or sections of panels which may be
      removed for gaining access to the filters 3a. With the wall 74 removed,
      the filters 3a may be easily withdrawn through the resulting opening so
      they may be cleaned.
PAR  The foregoing detailed description is to be clearly understood as given by
      way of illustration and example only, the spirit and scope of this
      invention bein limited solely by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for filtering fumes in the space above a cooking appliance in
      a room which comprises:
PA1  a. wall means to define a capture and entrainment chamber adapted to be
      disposed above a cooking appliance in a room and to receive grease-laden
      fumes from said cooking appliance,
PA1  b. grease filter means exposed to said chamber,
PA1  c. blower means to supply air at high velocity directly to said chamber and
      to draw air and fumes from the side of said filter means remote from said
      chamber,
PA2  said blower means being connected to effect said supply of air without
      depleting from said room more than a minor fraction of the air passed
      through said chamber,
PA1  d. means to direct air from said blower means through said chamber in a
      high-velocity curtain flowing toward said filter means,
PA2  whereby grease-laden fumes from said cooking appliance are entrained in
      said curtain and directed toward said filter means, and
PA1  e. means to cause a large portion of the air and fumes from said curtain to
      flow in a large-diameter high-velocity vortex located above said curtain,
PA2  said last-named means comprising a curved wall shaped to enhance said
      vortex and to minimize the tendency of air and fumes to bounce or rebound
      downwardly out of said chamber and into said room.
NUM  2.
PAR  2. The invention as claimed in claim 1, in which said filter means is
      adapted to collect grease particles impinged directly thereagainst from
      said chamber, and is also shaped to effect a rapid reversal of the flow
      direction of air and fumes passing therethrough whereby a centrifugal
      grease-separation action is effected within said filter means.
NUM  3.
PAR  3. The invention as claimed in claim 1, in which said director means
      recited in clause (d) is disposed below said curved wall, and in which
      said curved wall substantially continuously curves starting from a region
      above said filter means, thence upwardly and away from said filter means,
      and thence downwardly toward said director means.
NUM  4.
PAR  4. The invention as claimed in claim 3, in which said curved wall has an
      extension at the lower portion thereof above said director means, said
      extension being so shaped and located that air and fumes in said vortex
      are directed generally parallel to and adjacent the air and fumes in the
      upper part of said curtain, whereby air and fumes from said vortex flow
      generally toward said filter means and do not bounce out of said chamber
      and into said room.
NUM  5.
PAR  5. The invention as claimed in claim 4, in which said extension extends
      toward said filter means for a major distance from the downwardly curved
      portion of said curved wall.
NUM  6.
PAR  6. A vortex-type grease hood for removing grease from the fumes generated
      by a cooking appliance, which comprises:
PA1  a. wall means to define a capture and entrainment chamber having opening
      means to admit therein the grease-laden cooking fumes from a cooking
      appliance,
PA1  b. grease filter means having one side exposed to said chamber,
PA1  c. means to define an exhaust plenum on the side of said filter means
      remote from said chamber,
PA1  d. blower means to draw air and fumes from said exhaust plenum, and also to
      supply air to said chamber at relatively high velocity,
PA1  e. director means to cause the air thus applied to said chamber to pass
      therethrough in a curtain toward said filter means for impingement
      thereagainst,
PA2  said curtain entraining therein said grease-laden cooking fumes from said
      cooking appliance, said curtain and said filter means being so related to
      each other that a large part of the air and fumes in said curtain do not
      pass immediately through said filter means to said exhaust plenum but
      instead swerve away from said curtain in a large-diameter high-velocity
      vortex, and
PA1  f. liner means to guide and enhance said vortex and cause air and fumes
      therefrom to pass through said filter means to said exhaust plenum,
PA2  said liner means having one region relatively adjacent said filter means
      and another region relatively adjacent said director means, said liner
      means being curved between said one region and said other region in order
      to permit the air velocity in said vortex to be high, and in order to tend
      to prevent bouncing of air and fumes out of said chamber into the room in
      which said cooking appliance is disposed.
NUM  7.
PAR  7. The invention as claimed in claim 6, in which said liner means has a
      relatively sharply curved portion adjacent said director means, and has
      relatively gradually curved portions remote from said director means.
NUM  8.
PAR  8. The invention as claimed in claim 6, in which said liner means has one
      gradually curved portion adjacent said filter means and which curves
      upwardly and away from said filter means, and has another gradually curved
      portion which is connected to said one gradually curved portion and which
      curves downwardly and away from said filter means.
NUM  9.
PAR  9. The invention as claimed in claim 6, in which said liner means has an
      extension connected to said other region and extending generally toward
      said filter means, said extension also being a part of said director means
      recited in clause (e).
NUM  10.
PAR  10. The invention as claimed in claim 9, in which said director means
      further comprises an upwardly-inclined baffle disposed beneath said liner
      extension and spaced therefrom whereby air from said blower means passes
      between said baffle and said liner extension and thence toward said filter
      means.
NUM  11.
PAR  11. The invention as claimed in claim 10, in which said baffle has an
      upwardly bent lip portion at the edge thereof relatively adjacent said
      filter means.
NUM  12.
PAR  12. The invention as claimed in claim 6, in which said opening means
      recited in clause (a) is directly open to said room.
NUM  13.
PAR  13. The invention as claimed in claim 6, in which said opening means
      recited in clause (a) communicates with said room through a chimney means,
      said chimney means being adapted to extend downwardly toward the cooking
      appliance with which said grease hood is associated.
NUM  14.
PAR  14. The invention as claimed in claim 6, in which said liner means has a
      first portion relatively adjacent said filter means and which curves
      upwardly and forwardly from the vicinity of the upper edge of said filter
      means, a second portion which extends downwardly and forwardly from said
      first portion, a third portion which curves downwardly and forwardly from
      said second portion, a fourth portion which curves downwardly from said
      third portion, and a fifth portion which curves downwardly and rearwardly
      from said fourth portion.
NUM  15.
PAR  15. The invention as claimed in claim 14, in which the curvature of said
      first portion is relatively gradual, that of said third portion is more
      gradual than that of said first portion, that of said fourth portion is
      less gradual than that of said third portion, and that of said fifth
      portion is relatively sharp.
NUM  16.
PAR  16. The invention as claimed in claim 14, in which said second portion is
      substantially flat and has a light fixture mounted therein.
NUM  17.
PAR  17. The invention as claimed in claim 14, in which a liner extension is
      connected to the rear region of said fifth portion, said liner extension
      also forming part of said director means, said liner extension extending a
      substantial distance toward said filter means in a direction generally
      parallel to said curtain.
NUM  18.
PAR  18. The invention as claimed in claim 15, in which said liner extension is
      substantially flat.
NUM  19.
PAR  19. The invention as claimed in claim 6, in which said filter means is
      adapted to collect grease particles impinged directly thereagainst from
      said chamber, and is also shaped to effect a rapid reversal of the flow
      direction of air and fumes passing therethrough whereby a centrifugal
      grease-separation action is effected within said filter means.
NUM  20.
PAR  20. The invention as claimed in claim 6, in which said blower means
      communicates with said director means through a generally vertical throat
      region, said throat region being defined between a front wall of the
      grease hood and a generally vertical curved portion of said liner means.
NUM  21.
PAR  21. The invention as claimed in claim 20, in which a liner extension is
      connected to said liner means adjacent said director means, said liner
      extension also forming part of said director means, said liner extension
      extending toward said filter means to an edge or lip, said edge or lip
      being much less remote from said filter means than is said generally
      vertical curved portion of said liner means.
NUM  22.
PAR  22. A grease hood system for use with a room in which a cooking appliance
      is disposed, which comprises:
PA1  a. wall means to define an open-bottomed capture and entrainment chamber,
PA1  b. grease filters mounted along the rear side of said chamber,
PA1  c. a vortex liner forming part of said wall means and having a rear region
      located relatively adjacent the upper edges of said filters,
PA2  said vortex liner curving upwardly and forwardly from said rear region and
      then curving downwardly and forwardly to a forward region spaced a major
      distance from said rear region,
PA1  d. an extension connected to said forward region of said vortex liner,
PA2  said extension extending rearwardly a substantial distance,
PA1  e. a baffle spaced below said extension,
PA1  f. blower means,
PA1  g. means to define an exhaust plenum on the side of said filters remote
      from said chamber,
PA1  h. inlet means to conduct air to the space between said extension and said
      baffle for flow into said chamber, and
PA1  i. means to associate said blower means, said exhaust plenum and said inlet
      means in such manner that air and fumes are drawn through said filters
      from said chamber, and air is passed at high velocity to said inlet means
      for flow into said chamber.
NUM  23.
PAR  23. The invention as claimed in claim 22, in which said filters are
      inclined forwardly from the vertical whereby the upstream faces of said
      filters face somewhat downwardly toward the open bottom of said chamber,
      and in which said forward region of said vortex liner is at a much lower
      elevation that that of said rear region thereof.
NUM  24.
PAR  24. The invention as claimed in claim 22, in which said baffle inclines
      upwardly and rearwardly and has an upwardly-bent lip region at the rear
      edge thereof.
NUM  25.
PAR  25. The invention as claimed in claim 22, in which said means recited in
      clause (i) effects said drawing of air and fumes from said chamber, and
      said passing of air at high velocity to said inlet means, without
      depleting fromo the room in which said cooking appliance is disposed a
      major percentage of the air passing through said chamber.
NUM  26.
PAR  26. The invention as claimed in claim 25, in which said blower means
      comprises an exhaust blower connected to said exhaust plenum and
      exhausting to a region exterior to the room in which the cooking appliance
      associated with said grease hood is disposed, and further comprises an
      intake blower connected directly to said inlet means.
NUM  27.
PAR  27. The invention as claimed in claim 22, in which said extension is at an
      elevation substantially the same as that of the lower regions of said
      filters.
NUM  28.
PAR  28. The invention as claimed in claim 22, in which said exhaust plenum is
      extended for a major distance from said filters, whereby to prevent rapid
      increase in the velocity of air and fumes passing from said filters toward
      said blower means.
NUM  29.
PAR  29. The invention as claimed in claim 22, in which said filters include
      components adapted to effect suden reversals of the directions of flow of
      air and fumes therethrough, whereby to effect a centrifugal filtering
      action therein.
NUM  30.
PAR  30. The invention as claimed in claim 22, in which means are provided to
      cause a portion of the air and fumes passing through said chamber to form
      a small vortex in the region of said chamber below said filters, and in
      which deflector means are provided to cause the air and fumes in said
      small vortex to exhaust through said filters instead of passing downwardly
      into the room wherein the cooking appliance with which said grease hood is
      associated is disposed.
NUM  31.
PAR  31. The invention as claimed in claim 22, in which chimney means are
      provided below said wall means and extend at least a substantial distance
      downwardly toward the cooking appliance with which the grease hood system
      is associated, whereby to enhance the upward flow into said chamber of
      fumes from said cooking appliance.
NUM  32.
PAR  32. The invention as claimed in claim 22, in which said vortex liner has a
      generally vertical portion located above said extension, and in which said
      extension extends rearwardly a substantial distance from said generally
      vertical portion.
NUM  33.
PAR  33. The invention as claimed in claim 32, in which said substantial
      distance is at least about eight inches.
NUM  34.
PAR  34. The invention as claimed in claim 32, in which a tapering nozzle is
      defined between said extension and said baffle.
NUM  35.
PAR  35. The invention as claimed in claim 22, in which said grease hood has a
      forward wall spaced forwardly from said forward region of said vortex
      liner, and in which said inlet means recited in clause (h) conducts air to
      the upper portion of said grease hood for downward flow between said
      vortex liner and said forward wall to the space between said extension and
      said baffle.
NUM  36.
PAR  36. The invention as claimed in claim 34, in which said nozzle directs air
      into said chamber in a curtain and substantially directly toward said
      filters.
NUM  37.
PAR  37. Apparatus for removing grease from the fumes generated by a cooking
      applicance, which comprises:
PA1  a. wall means to define a capture and entrainment chamber adapted to be
      disposed above a cooking appliance in a room and to receive grease-laden
      fumes from said cooking appliance,
PA1  b. grease filter means for removing grease from said grease-laden fumes,
PA2  said filter means being exposed to said chamber,
PA1  c. blower means to supply air at high velocity to said chamber and to said
      filter means, and to draw air and fumes from the side of said filter means
      remote from said chamber,
PA2  said blower means being connected to supply a major fraction of said supply
      of air passed through said chamber from regions exterior to said room, and
PA1  d. vortex means to enhance grease separation by causing a large portion of
      the air and fumes flowing through said chamber to circulate in a
      large-diameter high-velocity vortex above said chamber,
PA2  said vortex means comprising a curved wall shaped to enhance said vortex
      and to minimize escape of air and fumes downwardly out of said chamber and
      into said room.
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ABST
PAL  A dual purpose cooking device is provided in which foods may be cooked
      simultaneously on a barbecue grill and a rotisserie bar. The cooking
      device is portable, versatile, and efficient. Cooking temperature and
      speed are varied by adjusting height of fuel tray and barbecue grill.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A popular outdoor summer activity has always been barbecuing, whether it be
      simply a family affair or on a larger scale. A variety of barbecue grills
      and hibachies are sold each year to at least partially satisfy the demand
      for cooking devices used in such activities. These known devices are
      typically comprised of an open grill supported over a charcoal tray.
      Although such devices satisfy the demand of smaller groups of people such
      as families, etc., they normally have insufficient cooking capacity for
      larger groups. Although it is possible to make such devices larger, or to
      use a number of smaller devices, these devices are generally not very
      versatile or practical. For example, such devices do not have the
      capability of cooking very large pieces of meat such as whole pigs,
      turkeys, chickens, etc.
PAR  While large pieces of meat can be cooked in socalled "open-pit" barbecues,
      this procedure is cumbersome and time-consuming. Consequently, much
      planning and organization goes into this type of cooking. Furthermore,
      this type of cooking does not simultaneously allow for conventional
      barbecuing of smaller pieces of meat such as steaks or hamburgers.
PAR  In spite of the great popularity and demand for a variety of barbecued
      foods there has not heretofore been provided a cooking device which has
      sufficient capacity for large groups and which has sufficient versatility
      to handle meat of varying sizes. The present invention provides such a
      cooking device.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a dual purpose
      barbecue grill and rotisserie cooking device in which foods may be cooked
      simultaneously to any desired degree. Furthermore, the device is portable
      and can be easily assembled and disassembled if desired. The cooking
      device comprises:
PA1  A. two upright end frame members each preferably having legs on the bottom
      thereof, and preferably at least one of the frame members has wheels
      rotatably mounted to the legs,
PA1  B. an elongated handle member (preferably U-shaped) detachably mounted to
      the end frame members in such a manner that the frame members face each
      other but are separated along the handle member,
PA1  C. side panels attached to the handle member between the end frame members,
      at least one of the side panels having means for permitting air flow
      therethrough,
PA1  D. an elongated rotisserie bar extending between the end frame members and
      rotatably mounted to each end frame member,
PA1  E. fuel tray means below said rotisserie bar, wherein the distance between
      said tray means and said rotisserie bar is controlled by first adjustable
      support means,
PA1  F. grill means disposed between the fuel tray means and the rotisserie bar,
      wherein the distance between said tray means and said grill means is
      controlled by second adjustable support means, and
PA1  G. power means for causing rotation of the rotisserie bar.
PAR  The novel cooking device is particularly suited for events supported by
      large groups such as social clubs, churches, lodges, resorts, country
      clubs, motels, hotels, etc. The novel cooking device also cooks foods
      quickly and efficiently and is easy to control.
PAR  Furthermore, the cooking device is portable and collapsible so that it can
      be easily moved, stored, assembled, etc.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention is further described in more detail hereinafter with
      reference to the accompanying drawings wherein like reference characters
      refer to the same parts throughout the several views and in which:
PAR  FIG. 1 is a side view of one embodiment of the novel cooking device of the
      invention;
PAR  FIG. 2 is a cross-sectional view of the cooking device of FIG. 1; and
PAR  FIG. 3 is an exploded view of a coupler device used to connect the
      rotisserie bar to the drive means.
DETD
PAR  In FIGS. 1 and 2 there is shown one embodiment of cooking device 10
      comprising two upright end frame members 12 each having legs 14 on the
      bottom thereof. In this embodiment both end frame members have wheels 16
      rotatably mounted on the legs. Frame members 12 are generally made of
      metal for best structural integrity. The legs 14 are preferably integral
      with the frame members.
PAR  An elongated U-shaped handle member 18 extends the length of the cooking
      device and is detachably mounted to the end frame members 12 in such a
      manner that the frame members face each other but are separated along the
      arms of the handle. Although handle 18 is shown as an integral member it
      is not necessary for this to be so. Preferably the handle member 18 is a
      round metal rod or pipe in U-shape so that the end frame members may be
      simply slipped onto the handle member through appropriate holes in the
      frame members. The frame members 12 may be removably fastened to the
      handle member, if desired, by appropriate pins, bolts, or other fastening
      means.
PAR  Side panels 20 are attached to each arm of the U-shaped handle 18 between
      the end frame members. Preferably, both of the side panels 20 have means
      for permitting air flow therethrough. This is shown in this embodiment as
      louvers 22, although instead of louvers one may simply use holes through
      the side panels. The openings in the side panels permit air to flow
      therethrough which then becomes quickly heated. The heated air rises
      rapidly to the food above and causes it to cook faster. The result is that
      air is continually being heated and circulated upward to speed the cooking
      process.
PAR  Preferably, one or both of the side panels are hingably attached to the
      arms of the handle member. This may be accomplished, for example, as shown
      in the drawings wherein the top edge of the side panels are partially
      wrapped around the arms of handle member 18. The hingably attached side
      panels may be swung out and upward by means of handle 23 after turning
      clip means 21.
PAR  Rotisserie bar 24 is rotatably supported on the top portions of the frame
      members 12 by means of bushings or bearings 26. Prongs 28 on bar 24 serve
      to anchor the food to be cooked thereon. Preferably, rotisserie bar 24 is
      connected to drive means 30 by means of slidably engageable coupler device
      32 (shown in more detail in FIG. 3). This coupler device permits easy
      disengagement of the rotisserie bar from the drive means and also assures
      proper rotation of the rotisserie bar even if it should be bowed under the
      weight of the food being cooked thereon.
PAR  Fuel tray means 34 is disposed below the rotisserie bar 24 and is
      preferably suspended by means of chain members 36 from the arms of handle
      member 18. The relative distance between the tray means 34 and rotisserie
      bar 24 may be varied by unhooking the chain members from catch means 38
      and lowering or raising the tray to the desired level and then again
      hooking the chain member onto the catch means. Other conventional
      adjustable support means may be used in place of chain members 36 and
      catch means 38. Tray means 34 may also include means for catching and
      retaining grease dripping down from meat being cooked on grill means 40
      and rotisserie bar 24. Fuel tray means 34 may comprise one tray or several
      trays.
PAR  Grill means 40 is disposed between fuel tray 34 and rotisserie bar 24 and
      is suspended by means of chain members 42 from the arms of handle member
      18. The relative distance between grill means 40 and fuel tray 34 may also
      be varied by lowering or raising grill means 40 using chain members 42 in
      the same manner as chain members 36 are used. Grill means 40 is open so
      that radiant heat and heated air may pass through it to also reach food
      cooking on the rotisserie bar 24. Grill means 40 is preferably made of
      metal and may comprise one or more separate grills. Steaks or hamburgers,
      for example, may be cooked on grill means 40 while other larger pieces of
      meat are being simultaneously cooked on rotisserie bar 24.
PAR  Preferably hood member 44 at least partially houses rotisserie bar 24 to
      help keep heat from escaping. The hood is typically made of metal.
PAR  Power means 46 causes the rotation of the rotisserie bar and is preferably
      a variable speed electric motor, and power cord 47 is connected to a power
      source. Preferably power means 46 is connected to drive means 30 which may
      be, for example, a gear reduction box or similar device. It is also
      preferable for power means 46 and drive means 30 to be capable of turning
      the rotisserie bar both forwards and backwards.
PAR  The cooking device of the invention is very versatile in that it is capable
      of simultaneously cooking various types of food to any desired degree. The
      device is also very efficient since it is capable of cooking large pieces
      of meat at a faster rate than possible with conventional barbecue devices.
PAR  Other variations are possible within the scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dual purpose barbecue grill and rotisserie cooking device comprising:
PA1  a. two upright end frame members,
PA1  b. an elongated handle member detachably mounted to said end frame members
      in such a manner that said frame members face each other but are separated
      along said handle member,
PA1  c. side panels attached to said handle member between said end frame
      members, at least one of said side panels having means for permitting air
      flow therethrough,
PA1  d. an elongated rotisserie bar extending between said end frame members and
      rotatably mounted to each said end frame member,
PA1  e. fuel tray means below said rotisserie bar, wherein the distance between
      said tray means and said rotisserie bar is controlled by first adjustable
      support means,
PA1  f. grill means disposed between said fuel tray means and said rotisserie
      bar, wherein the distance between said tray means and said grill means is
      controlled by second adjustable support means, and
PA1  g. power means for causing rotation of said rotisserie bar.
NUM  2.
PAR  2. A cooking device in accordance with claim 1, further comprising a hood
      member at least partially housing said rotisserie bar.
NUM  3.
PAR  3. A cooking device in accordance with claim 1, wherein said handle member
      is U-shaped and there is at least one side panel attached to each arm of
      said handle member.
NUM  4.
PAR  4. A cooking device in accordance with claim 3, wherein at least one of
      said side panels is hingably attached to one of said arms of said U-shaped
      handle member.
NUM  5.
PAR  5. A cooking device in accordance with claim 1, wherein said first
      adjustable support means comprises chain members connected at one end to
      said tray means and at the other end to first catch means.
NUM  6.
PAR  6. A cooking device in accordance with claim 1, wherein said second
      adjustable support means comprises chain members connected at one end to
      said grill means and at the other end to second catch means.
NUM  7.
PAR  7. A cooking device in accordance with claim 1, wherein said power means is
      operatively connected to a drive means which is in turn operatively
      connected to said rotisserie bar.
NUM  8.
PAR  8. A cooking device in accordance with claim 7, wherein said drive means is
      connected to said rotisserie bar by means of a slidably engageable coupler
      device.
NUM  9.
PAR  9. A cooking device in accordance with claim 1, wherein said power means
      comprises a variable-speed electric motor.
NUM  10.
PAR  10. A cooking device in accordance with claim 1, wherein said side panel
      means for permitting air flow therethrough comprises louvers therein.
NUM  11.
PAR  11. A cooking device in accordance with claim 1, wherein said upright end
      frame members each have legs on the bottom thereof and at least one of
      said frame members has wheels rotatably mounted to said legs.
PATN
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ABST
PAL  There is provided by this invention a device for holding solid materials
      while affording passage of liquids through the device which has an element
      that is open at the top and at the bottom, there being attachable to the
      element at its bottom walls a plate which in operative position spans the
      four walls at the bottom and is closely positioned to, but out of contact,
      with the bottom edges of the four walls and thus affords a gap for the
      ingress and egress of liquids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have been described and made available a large number of cooking
      utensils which afford basting during cooking processes. Certain of these
      devices provide means for removing excess liquids, such as the excess fats
      during frying of foods, in order that the fat content may be reduced.
      Further, a number of these devices contain various elements for supporting
      food material at certain localities to prevent scorching and burning of
      the food. Also, it is old to introduce directly into the interior of
      materials flavoring liquids during the cooking. However, there has been a
      need for a device which affords a way of utilizing the natural juices that
      are produced during roasting as a flavoring fluid for other foods that are
      in a particulate form, such as rice. It is well known, of course, to place
      such foods as potatoes directly in the roasting pan along with the
      material to be roasted and to cook such and baste such during the
      preparation of the roast. Hitherto, there has been no convenient way of
      handling grains, such as rice, in a roasting process.
PAR  Accordingly, it is an object of this invention to provide a cooking utensil
      that allows one to cook and baste particulate foods during cooking
      processes being applied to other foods, such as a ham, a fowl, or a beef
      roast. A further object is to provide such an utensil that is of such a
      size and construction that it may be easily placed in the roasting pan, in
      a frying pan, pressure cooker or the like and readily removed. A further
      objective is to provide such a device that is effective in containing the
      small particles of such a food as rice while at the same time allowing the
      passage of liquids into and out of the device. These and other aims will
      be seen hereinafter with reference to the drawings and the following
      description all of which is given for illustrative purposes only.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the upper section of the device and
      illustrating how the bottom, clip-on portion is attachable to the upper
      section;
PAR  FIG. 2 is a plan view of the top section of FIG. 1 but with the bottom
      section in the attached position;
PAR  FIG. 3 is taken on line 3--3 of FIG. 2; and
PAR  FIG. 4 is an end view of the assembled device.
DETD
PAC  DESCRIPTION OF THE DRAWINGS AND EMBODIMENTS
PAR  As can be seen in FIG. 1 the upper section 10 of the device is made up of
      the four walls 11, 12, 13 and 14. This upper section has no bottom, the
      connected walls forming an opening at the bottom and an opening at the
      top. In the top edges of the walls 12 and 14 there is provided a gap or
      cutaway section 15 adapted to receive in locking relationship the clips 16
      and 17 attached to the bottom section 18. These clips are spring-like
      members that are fixed to the respective bottom walls 19 and 20 of bottom
      18 though they may be fixed to the top element 10, or they may be separate
      devices fixed to neither but adapted to clip to both to hold the sections
      10 and 18 together. While the other side walls of bottom section 18 may be
      similarly equipped with spring clips, such are not necessary, and in fact,
      a single attaching means such as element 16 can be used effectively.
      However, the provision of the two clips 16 and 17 affords an easier
      handling of the device, two being preferred.
PAR  The phantom lines shown in FIG. 1 illustrate how the bottom section and the
      top section go together to form the complete container of this invention.
      The assembled container is shown in FIGS. 2, 3 and 4. In FIG. 2, a plan
      view, the top sections 21 and 22, respectively, of clips 16 and 17 are
      shown in a locked relationship with the top edges of walls 12 and 14. The
      overhanging sections 21 and 22 of the respective clips hold the bottom 18
      in a fixed relationship with the top section 10. The bottom section 18
      cannot slide in any horizontal direction because the retaining walls 23 of
      the cut-away sections 15 prevent such movement. FUrther, the bottom
      section 18 will not move in vertical directions because the frictional
      contact between the retaining walls 23 of cut-away sections 17 with the
      side walls 24 of clips 16 and 27 prevent such movement.
PAR  Therefore, there is maintained at all times a gap 25, shown in FIGS. 3 and
      4, between the bottom edges of the walls 11, 12, 13 and 14 and the top
      surface 26 of bottom 18. The cut-away sections 15, while convenient and
      preferred, are not essential since the strength of the clips 16 and 17 and
      the resultant frictional contacts may make for sufficient rigidity. In any
      event gap 25 is such that it prevents the falling out of small particles
      of foods, such as kernels of rice, and yet at the same time allows liquids
      to pass out of the device of this invention and into the roasting pan into
      which it is placed or whatever other receptacle the device of this
      invention is being used with in the cooking processes or in steps used
      before or after the cooking processes.
PAR  As shown in FIG. 3, there is also provided a handle 31 which is removable.
      Each of the uppermost top sections of clips 16 and 17 has an extension 27
      and 28, respectively, shown in FIGS. 1 and 3. In each of these extending
      sections there is a hole 29 and 30, respectively. The ends of the handle
      31 are conveniently placed in those apertures, the ends 32 and 33 being of
      such lengths that they can be slid back and forth in the holes to provide
      the entrance first of the one and then the other and repositioning to hold
      the handle in lifting relationship with the assembled container as shown
      in FIG. 3.
PAR  In FIG. 4, an end view of the assembled device, the handle has been omitted
      for convenience.
PAR  In using the device, one simply spreads clips 16 and 17 apart sufficiently
      to allow top section 10 to be placed in close relationship with bottom
      section 18 followed by the positioning of the top sections 21 and 22 of
      the clips 16 and 17 into their respective cut-away portions 15. The user
      then has a container into which can be placed any number of particulate
      foods, such as rice, in any amount as is desired. The assembled device
      then is placed into the roasting pan, not shown for convenience, allowing
      the bottom 18 to rest directly on the bottom of the roasting pan. The gap
      25 is a gap of about 1/32 inch to about 1/8inch, but in any event is less
      than the thickness of the individual pieces of the particulate material.
      The clips are, of course, flexible and by varying the tilt of the clip
      with respect to the side walls, thickness of the gap can be varied
      sufficiently for safe operations. In other words, the gap is of such a
      dimension that the individual pieces or kernels of the pulverized or
      particulate food, such as rice, cannot fall out of the assembled device.
PAR  In using the device, an amount of food to be treated is placed in the
      device either before or after the device has been placed in the roasting
      pan that contains the roast or other food that is to be cooked. The bottom
      section 18 rests directly on the bottom of the roasting pan. There is
      always present gap 25, for as explained above, the device is so
      constructed that once assembled the gap is in a fixed position. The weight
      of the particulate food resting on the top surface of bottom 18 also
      assures the presence of gap 25.
PAR  Generally, the particulate food that is being used, such as rice, has been
      precooked, although this is not necessary. However, with most grains
      precooking is desired since a considerable amount of time is involved in
      cooking such an item as rice. Further, having the kernels of rice in a
      precooked state assures the desired flavoring in a shorter period of time,
      since the individual kernels are swollen and are more readily penetrated
      by the flavoring fluids. The user simply gathers together the natural
      juices that have been formed during the roasting and pours the liquid into
      the top section, distributing it as desired over the particulate foods
      that are contained in the device and allowing the liquid to flow
      downwardly by gravity, thus effecting absorption and allowing any excess
      to pass out through gap 25 and back into the roasting pan. The device also
      permits the flow of fluids in the bottom of the pan naturally into the gap
      25 and into the foods contained in the bottom if there is sufficient
      material in the bottom of the roasting pan to get up to the top surface 26
      of bottom 18. In any event the user effects the basting procedure to the
      extent that he desires and then inserts the handle 31 into the device and
      removes the device of this invention at such time when the process has
      been finished to his desire. Then by simply moving clips 16 and 17
      sufficiently from gaps 15, the user can tilt bottom 18 downwardly and dump
      out the contents, or he can remove it completely and then remove the
      particulate material from top surface 26 into such other container as is
      desired.
PAR  Another use can be illustrated in which unwanted grease is removed as it is
      formed. For example, the bottom 18 can, in effect, be used as a frying pan
      or surface by placing the device in a conventional frying pan of proper
      size or on a grill so that bottom 18 is heated. Bacon or similar materials
      to be fried when placed on top of surface 18 can be fried under conditions
      in which the fat that is melted flows out of the device as the cooking
      occurs. If desired, a cover, not shown for convenience, may be supplied
      but generally this is not needed as one usually desires the open access to
      the device to effect basting or to watch the cooking as it progresses.
PAR  The device of this invention is readily assembled and disassembled. The
      surfaces thereof are largely flat and expansive, thus affording ready
      cleaning. This is an extremely important advantage with such a material as
      rice, the cooking of which generally leads to difficult cleaning of the
      devices used in its cooking. There are no small perforations used in any
      parts of the device other than, of course, the handle holes 29 and 30, but
      these do not come into cooking relationship with any of the food
      materials. Thus, the tedious and difficult cleaning of tiny or small holes
      is entirely avoided. Another advantage of the device of this invention
      rests in the fact that different foods which require different times can
      be treated separately and at the end of their treating periods, they may
      be again all placed in the container of this device and kept in the
      roasting pan to be kept warm until such time as they are to be served.
PAR  While the invention has been disclosed herein in connection with certain
      embodiments and certain structural and procedural details, it is clear
      that changes, modifications or equivalents can be used by those skilled in
      the art; accordingly, such changes within the principles of the invention
      are intended to be included within the scope of the claims below.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for placement on the bottom of a cooking utensil and for
      holding solid materials while affording passage of liquids therethrough
      comprising an element having four walls and being open at the top and the
      bottom; and a plate attachable in operative position with said element
      resting said bottom of close to said utensil and spanning said opening at
      said bottom of said element and becomes closely positioned to, but out of
      contact with, the bottom edges of said walls, thus affording a gap for the
      ingress and egress of said liquids.
NUM  2.
PAR  2. A device in accordance with claim 1 in which device said gap is in the
      range of about 1/32 of an inch to about 1/8 of an inch.
NUM  3.
PAR  3. A device in accordance with claim 1 in which said attachable plate is
      unperforated and contains means for attaching it to said element.
NUM  4.
PAR  4. A device in accordance with claim 3 in which said attaching means
      comprises clips.
NUM  5.
PAR  5. A device in accordance with claim 4 in which said clips when in attached
      position have a portion thereof extending above the top edges of the walls
      of said element.
NUM  6.
PAR  6. A device in accordance with claim 5 in which each of said extending
      portions of said clips contains a hole.
NUM  7.
PAR  7. A device in accordance with claim 6 in combination with a handle
      mountable to said device in said holes.
NUM  8.
PAR  8. A device in accordance with claim 3 in which the top edges of said walls
      of said element bear a flange.
NUM  9.
PAR  9. A device in accordance with claim 3 in which each of two opposite walls
      of said element has a cut-away section in it.
NUM  10.
PAR  10. A device in accordance with claim 9 in which said cut-away sections are
      so dimensioned to afford ready and effective attachment of said plate by
      clipping means.
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ABST
PAL  A frame supports a burner box incorporating heating means and having a
      liquid filled boiler section thereabove. The frame further has an overhead
      beam with a movable trolley from which a mesh cooker is suspended for
      immersion into the heated liquid and for removal therefrom.
PAL  The apparatus is preferably mobile and is supplied with ground wheels and
      stabilizing means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to apparatus used in the preparation of boiled
      foods, specifically to an improved cooker particularly useful in boiling
      substantial quantities of seafood and like materials for outdoor
      gatherings.
PAR  2. Statement of Prior Art
PAR  The cooking technique of temporary immersion of foods in boiling liquids
      has long been known. Also, various mobile apparatus for cooking has been
      previously proposed. Exemplary of the patented art on this subject are the
      below listed U.S. patents:
     Patent No. Patentee       Issued                                          
     ______________________________________                                    
      275,516   E. M. Perhacs &                                                
                               April 10, 1883                                  
                F. Neumuller                                                   
      887,940   L. Hohnke      May 19, 1908                                    
      981,608   G. Beyer       Jan. 17, 1911                                   
     1,011,080  J. Rau         December 5, 1911                                
     1,127,064  W. A. Mills    February 2, 1915                                
     1,263,804  A. S. Rice     April 23, 1918                                  
     1,263,805  A. S. Rice     April 23, 1918                                  
     1,285,304  W. C. Merrill  November 19, 1918                               
     1,331,241  J. W. Converse February 17, 1920                               
     1,335,941  V. De Carlo    April 6, 1920                                   
     2,948,798  W. H. C. Ness  August 9, 1960                                  
     ______________________________________                                    
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a large volume boiler for seafood and
      similar food substances which is particularly applicable to the
      preparation of such foods at large gatherings. The mobility of the
      apparatus adapts it for use at picnics and the like, and the frame of the
      unit is supplied with ground engaging leveling and stabilizing means
      whereby the apparatus is usable in irregular terrain.
PAR  The apparatus provides for vertical movement of an open grid cooker into
      and out of the boiling medium, and for forward and aft movement of the
      cooker, whereby the contents of the cooker may be placed within or removed
      from the boiling medium safely.
PAR  A cooking arrangement in accordance with the foregoing permits maintenance
      of the boiling mediium at cooking temperatures at all times thereby
      avoiding delays for re-heating occasioned when direct access to the medium
      is necessary. This in turn results in the capability of the apparatus to
      produce substantial quantities of cooked foods in minimum time.
PAR  Other and further objects and advantages of the invention will become
      apparent to those skilled in the art from a consideration of the following
      specification when read in conjunction with the annexed drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of mobile cooking apparatus constructed
      and assembled in accordance with the teachings of this invention;
PAR  FIG. 2 is a top plan view thereof;
PAR  FIG. 3 is a rear elevational view showing the cooker in operating position;
PAR  FIG. 4 is an enlarged perspective view showing details of the leveling and
      stabilizing means of the invention; and
PAR  FIG. 5 is an enlarged sectional view on line 5--5 of FIG. 1, looking in the
      direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus of this invention is generally identified in the drawing by
      reference numeral 10 and comprises a mobile apparatus of the trailer type
      adapted to be moved from place-to-place by a suitable prime mover. The
      apparatus 10 comprises an open horizontal frame 12 including a forward
      cross channel 14 and rear cross channel 16. The forward and rear cross
      channels are connected by elongated longitudinal frame channels 18 and 20
      spaced inwardly from the outer extremities of the cross channels. Fenders
      22 and 24 are secured to fender mounting channels 26, 28 and 30, 32
      respectively, on either side of the frame.
PAR  A series of grate members 34 are mounted between the channel 26 and the
      forward cross channel 14, and similar grate members 36 are provided
      between the channels 14 and 30. An outer L form bar 38 and 40 is supplied
      as the outer grate member on each side of the frame. In like manner, aft
      of the fenders, grate members 42 extend between the channels 28 and 16,
      and grate members 44 connect the channels 16 and 32, each side having an
      outer L form bar, 46, 48, respectively. The grate members provide side
      platforms to enable operators of the apparatus to have convenient access
      to the components during cooking operations.
PAR  Internally of the side platforms, the frame is supplied with a series of
      grates 50 which extend between the longitudinal frame channels 18 and 20.
      Forward of these grates is a metallic storage box 52 comprising side walls
      54 and a top rim 56. This container is employed to store materials prior
      to cooking, such as live seafoods, or for the temporary storage of
      materials after cooking.
PAR  Mounted on the frame side channels 18 and 20 aft of the grating 50 is a
      closed boiler 58 of dual compartment form. The boiler comprises a lower
      burner box 60 in which are positioned a plurality of heating components,
      preferably gas burners 62. Such burners are supplied with fuel through a
      series of conduits 64 which extend to a source as shown in FIG. 1. A
      central plate 66 provides a top for the burner box and a base for a liquid
      type boiler section 68 defined by a vertical annular wall 70 having and
      open top 72. The boiler section is adapted to contain a cooking medium for
      the materials to be cooked, such as suitably seasoned water or the like.
      Drainage of the boiler following use is accomplished through a pipe 67
      having a valve 69 therein. A further series of grates 74 are fixedly
      secured between the frame side channels rearwardly of the boiler 58.
PAR  Extending vertically from the rear of the frame are upright structural
      members 76 and 78. Angle beams 80, 82 extend from the upper ends of the
      structural members toward one another and are interconnected by a
      horizontal cross brace 84, forming a vertical yoke assembly. An identical
      yoke is supplied at the forward end of the frame, comprising upright
      structural members 86, 88, angle beams 90, 92 and a brace 94. An elongated
      I beam 96, having a central vertical rib 98, a base 100 extending
      outwardly on each side of the rib, and a similar top bar 102 spans the
      distance between the braces 84 and 94 extending over the full extent of
      the longitudinal center line of the frame.
PAR  A trolley 104, FIG. 5, comprising a housing 106 has a slot 108 with side
      walls 110, 112 spaced sufficiently apart to admit the base 100 of the I
      beam therebetween. A series of stub axles 114, 116 extend inwardly from
      the side walls 110 and 112, and caster wheels 118, 120 are rotatably
      mounted thereon. Thus, the trolley is movable longitudinally on the I beam
      throughout substantially its full extent by contact of the caster wheels
      on the base 100. The housing contains a take-up reel 122 of conventional
      design from which a cable 124 extends through an opening 126 of the
      housing. The cable carries a ring 128 on its distal end.
PAR  A mesh cooker 130 comprising an open top basket 132 has a series of hanger
      cables 134 connected from its periphery to the ring 128. The cooker is
      dimensioned to fit within the confines of the boiler wall 70. Thus, the
      cooker and its contents may be immersed in the cooking medium by manual
      lowering of the cooker on its cables. When cooking time has expired, the
      basket may be raised and moved away from the heat source for serving.
      Alternatively, the contents may be retained in warm condition by retaining
      the basket in elevated position above the heated cooking medium in the
      position shown in FIG. 1 of the drawing.
PAR  The frame is, as indicated above, mobile, ground wheels 136 being secured
      on axles 138 suitably mounted in the side channels 18 and 20. A forward
      yoke assembly, including side bars 140, 142 and grate bars 144 is
      connected to a draft tongue 146 which is in turn connected to the prime
      mover when the device is being moved from place-to-place.
PAR  FIG. 4 discloses the details of a leveling and stabilizing assembly for the
      frame. At corner locations on the forward and rear channels 14 and 16,
      vertical sleeve members 148 are fixedly secured. The sleeves have clamp
      screws 150 extending thereinto, and elongated bars 152 are positioned for
      vertical adjustment in the sleeves. A plate 154, with rigidifying side
      flanges 156 is mounted on the lower end of each bar. When the unit is
      positioned for use, the clamp screws are loosened and the plates placed in
      suitable ground contacting positions. The screws are then tightened to
      stabilize the unit in selected level position.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mobile cooker comprising:
PA1  a supporting frame having a substantially horizontal base;
PA1  a burner box mounted on said base and having a side wall and a top plate;
PA1  a boiler section comprising a vertical wall with an open top, the wall
      extending from the top plate of the burner box;
PA1  an overhead beam located on said frame, the overhead beam being supported
      at its ends by vertical posts on said frame, over said boiler section, the
      overhead beam having a central rib and a base extending outwardly on each
      side of the rib;
PA1  a trolley comprising a housing having spaced apart casters movably engaged
      on each of said bases of said beam;
PA1  the trolley including a reel assembly;
PA1  cable means extending from the reel assembly for raising and lowering an
      open frame cooker into and out of the boiler section;
PA1  said open frame cooker being of mesh form and being movably suspended by
      said trolley on said overhead beam and being adapted for vertical
      alignment with the boiler section and for movement into and out of said
      section;
PA1  the frame being provided with ground wheels;
PA1  leveling means on said frame, adjustable for terrain contour and movable to
      upward storage positions for transit;
PA1  the leveling means including a series of tubular sleeves secured in
      vertical positions on the frame; and
PA1  means for heating the burner box, said means comprising a series of burners
      in the boiler section.
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ABST
PAL  A pocket bun baking device including a pan, a female die means, and die
      supporting means connected to the female die means and to the pan. The
      female die means includes a plurality of pocket dies and bun divider
      plates. The die supporting means are rods connected to the top of each
      pocket die and divider plate. Both ends of each rod are movably connected
      to the top edge of the pan with the female die means positioned in the
      pan. The rod ends are movable to unlock the female die means in order that
      the female die means can be moved upwardly out of the pan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new and improved pocket bun bakery pan and,
      more particularly, to a pan movably connected to a plurality of pocket bun
      dies that are positionable in and out of the pan.
PAR  In the past, buns such as hotdog buns have been designed with preformed
      pockets therein. Such preformed pocket buns have been manufactured by
      cutting and removing a pocket portion from the bun prior to wrapping the
      buns. Such design features are shown in U.S. Design Pat., Ser. No. 205126.
      Various other methods of manufacturing pocket buns are shown to be old in
      the U.S. Pat., Ser. No. 2330410. The prior art shows that the methods of
      manufacturing pocket buns is both cumbersome and costly.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This present invention relates to a pocket bun baking device and method of
      manufacturing pocket buns. The pocket bun baking device includes a pan of
      shallow depth having a depth equal to the height of the buns to be
      manufactured. The pan is connected to a mounted means having distal ends
      movable from a working position to an unlocked position to allow the arms
      to be moved upwardly from the pan. Projecting downwardly from the rod
      means are a plurality of pocket bun dies each of which is in the shape of
      rectangular box or container with a closed bottom and rounded edges.
      Between each pocket bun die is a downwardly projecting bun divider plate.
      When the dough is placed in the pan the ends of the rod means are held in
      a generally horizontal position above the pan. After the dough is placed
      in the bottom of the pan the rod means and the downwardly projecting
      pocket dies and bun divider plates are forced downwardly into the dough
      into a generally horizontal working position. A portion of the dough is
      moved upwardly into the spaces between each divider plate and each pocket
      die. Thereafter the dough rises further upwardly between each pocket die
      and divider plate to automatically form a pocket in each bun and to
      provide a separation breaking area between each pocket in each bun.
      Thereafter, the rods, pocket dies and bun divider plates may be removed
      directly upwardly after unlocking the rod ends. The distal ends of rods
      and flange members on the pan provide a locking device.
PAR  It is an object of this invention to provide a new and improved pocket bun
      pan device.
PAR  It is a further object of this invention to provide a non-complex pocket
      bun pan device and method of manufacturing pocket buns in an economical
      manner.
PAR  A further oject of this invention is to provide pocket buns that are easily
      separated from one another without cutting the bun.
PAR  In accordance with these and other objects which will be apparent
      hereinafter, the instant invention will now be described with particular
      references to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an isometric view of the pocket bun baking device;
PAR  FIG. 2 is a top view of the pocket bun baking device;
PAR  FIG. 3 is a side view of the pocket bun baking device; and
PAR  FIG. 4 is an end view of the pocket bun baking device.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the pocket bun baking device, generally
      referred to as number 2 includes a pan of 4 of shallow depth having the
      depth equal to the height of the buns to be manufactured by the improved
      method. The pan 4 is connected at 6 and 6' to rod means 8 having a distal
      end 8'. The second rod means 10 having distal end 10' is connected at 7
      and 7' to pan 4. The rods means are movable from a working position as
      shown in FIG. 1 to an upper position as shown in FIG. 3. Projecting
      downwardly from the rod means 8 and 10 are a plurality of pocket bun dies
      such as 12, 12', 12", and 12'", etc., each of which are in the shape of
      rectangular box or containers with a closed bottom such as 14, 14', 14",
      etc. with rounded edges such as 16, 16', 16", etc. Between each pocket bun
      die 12, 12', 12", etc. is a downwardly projecting bun divider plates 18,
      18', 18", etc.
PAR  The rod means 8 and 10 includes rod 20 and 22 with connected portions 24
      and 24' and 26 and 26' at the proximal ends of the rods. The pan 2 has
      flange members 28 and 28' and 30 and 30' that surround a portion of the
      connecting portions 24 and 24' and 26 and 26' to connect the rod means 8
      and 8' to the pan. The distal ends 24, 24', 26 and 26' of the rods 20 and
      22 and the flange members 28, 28', 30 and 30' over notches 6 and 7 on the
      pan 2 provide a locking device for the pan and rods.
PAR  When the dough is placed in the bottom of the pan 2, the rod means 8 and 10
      and the downwardly projecting pocket dies 12, 12', etc. and bun divider
      plates 18 and 18', etc. are forced downwardly into the dough into a
      generally horizontal position. A portion of the dough is moved upwardly
      into the spaces between each divider plate and each pocket die. The dough
      then rises upwardly into the spaces between each divider plate and each
      pocket die. Thereafter, the dough rises further upwardly between each
      pocket die such as 12, 12', etc. and divider plate such as 18, 18', etc.
      to automatically form a pocket in each bun and to provide a separation
      breaking area between each pocket in each bun. Upon completion of the
      baking process the rods, dies and dividers are removed as shown in FIG. 3.
PAR  The instant invention has been shown and described herein in what is
      considered to be the most practical and preferred embodiment. It is
      recognized, however, that departures may be made therefrom within the
      scope of the invention and that obvious modifications will occur to a
      person skilled in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A pocket bun device comprising:
PA1  a pan, having a fixed bottom and sides with an open top,
PA1  a die holding means removably mounted to opposite sides of said pan for
      vertical movement out of said pan,
PA1  a plurality of generally open rectangular box-shaped pocket bun dies
      projected downwardly from and rigidly connected to said die holding means,
      said dies having a bottom member positioned generally parallel to said
      bottom of said pan in a mounted position and during removal, and
PA1  a plurality of bun divider means projecting downwardly from and connected
      to said die holding means, and divider means are positioned between all
      said pocket bun dies.
NUM  2.
PAR  2. A pocket bun divice as set forth in claim 1 wherein said die holding
      means is movable to fully open the top of said pan to allow the pan to be
      filled and movable into a mounted working position covering the pan to
      provide pocket-divided buns.
NUM  3.
PAR  3. A pocket bun device as set forth in claim 2 wherein said pan includes a
      locking means to removably fix said die holding means to said pan.
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ABST
PAL  Air withdrawn from a food smokehouse is divided into two branches. The air
      in one of the branches enters a chamber in which is a bladed air agitator.
      The chamber includes two water sprays with the water contacting the air
      and the blades. From that chamber the air sequentially passes through a
      cyclone separator and a demister. The air from the two branches is then
      recombined. After being recombined, the air passes through a heater and a
      humidifier. Part of the recombined air also may pass through a smoke
      generator.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Some food processing requires the food to be cooked under controlled
      humidity and temperature conditions. A "smokehouse" for the processing of
      ham, bacon and the like is exemplary. As the food is cooked, it gives off
      moisture which acts to increase the humidity in the processing chamber.
      The conventional procedure has been to exhaust part of the air from the
      processing chamber to atmosphere while admitting ambient air so as to
      lower the humidity in the processing chamber to the desired condition.
      WIth the advent of concern for air pollution, this conventional procedure
      has been a problem, particularly in a smokehouse in which smoke is present
      to produce desired flavor and appearance results in the food. Discharging
      that smoke to atmosphere became undesirable.
PAR  One solution (see U.S. Pat. No. 3,199,436) was to heat the air before it
      was discharged to atmosphere to a sufficiently high temperature to oxidize
      the smoke. This has not been a completely satisfactory solution because it
      increases the heat pollution of the atmosphere and results in increased
      energy (heat) consumption.
PAR  Another proposal (see U.S. Pat. No. 3,805,686) has been to remove moisture
      laden air from the smokehouse, lower the temperature of that removed air
      to below its dew point to thereby extract water therefrom and thereafter
      return that lower humidity air to the smokehouse. The smokehouse humidity
      is controlled by varying the amount of air withdrawn from the smokehouse.
      Thus if little humidity reduction is required for the air in the
      smokehouse, only little air is withdrawn and dehumidified before its
      return to the smokehouse; while if a substantially large humidity
      reduction is required, a large amount of air is withdrawn, dehumidified
      and returned. While this avoids discharging smokehouse air to atmosphere,
      it creates a problem in smokehouse operation. It is important in
      smokehouse operation to have substantially uniform air flow, and air
      conditions, throughout the smokehouse at all times. Otherwise, the foods
      in various parts of the smokehouse are not processed uniformly since they
      are being subjected to different processing conditions depending upon
      their location. Modulating the amount of the air that is withdrawn,
      dehydrated and reinjected into the smokehouse will vary the airflow
      patterns and air conditions in different parts of the smokehouse.
PAR  In the present invention a closed system is employed so as to obtain the
      advantage of not discharging smokehouse air to atmosphere, but at the same
      time the airflow through the smokehouse is maintained constant. Thus the
      smokehouse operator can be sure that once he has established airflow
      patterns in the smokehouse to achieve uniform conditions therein, these
      airflow patterns will not be changed by a variance in the quantity of air
      being circulated. In the present invention this is done by dividing the
      air in the air circulation system into two streams. One of these streams
      is dehumidified while the other is not. Before the streams are
      reintroduced into the smokehouse they are recombined. Thus instead of
      changing the quantity of the total airflow, the proportion of the airflow
      to be dehumidified is varied so as to vary the overall amount of
      dehumidification in accordance with the varying requirements of the
      smokehouse.
PAR  Another feature of the present invention resides in the apparatus employed
      for dehumidification of the partial stream of air that is subjected to
      dehumidification. This partial stream is first introduced into a
      turbo-exchanger which achieves a high degree of contact between cool water
      and the air, as well as the contact between the air and relatively large
      surface areas also cooled by the water. From the turbo-exchanger the air
      passes sequentially through a cyclone separator and a demister, the
      combination of which is extremely effective in extracting substantially
      all water particles from the air stream. Obviously, if there is a carry
      over of water particles in the air stream, this reduces the effectiveness
      of the dehumidification process. A further advantage of this
      turbo-exchanger and the cyclone is the degree of efficiency achieved in
      the extraction of smoke particles from the air passing therethrough.
PAR  When the smokehouse is to be opened for the removal of food therefrom and
      the insertion of a new batch of food to be processed, it is important that
      the smoke in the smokehouse, and the system generally, not be discharged
      to atmosphere. Through the use of the present invention, the air in the
      smokehouse and the system can be purged of smoke before the smokehouse is
      opened.
PAR  Further objects and advantages of the invention will be apparent from the
      following description taken in conjunction with the drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of an embodiment of the invention; and
PAR  FIG. 2 is a section of the turbo-exchanger as seen at line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  The following disclosure is offered for public dissemination in return for
      the grant of a patent. Although it is detailed to ensure adequacy and aid
      understanding, this is not intended to prejudice that purpose of a patent
      which is to cover each new inventive concept therein no matter how others
      may later disguise it by variations in form or additions or further
      improvements.
PAR  FIG. 1 illustrates a smokehouse, generally 10, in which there is food 11 to
      be processed. Communicating with the smokehouse at an exhaust connection
      12 and at an intake connection 13 is a closed air conduit means, generally
      14, through which the air of the smokehouse is withdrawn, conditioned and
      returned to the smokehouse. The form of these connections with the
      smokehouse are diagrammatic and form no part of the present invention. One
      of the various forms of connection known to the art for obtaining
      uniformity of air distribution and airflow within the smokehouse would be
      employed.
PAR  From the exhaust connection 12 the air flows through a duct 16 to a
      modulating valve 17. At this point the air stream is divided into two
      branches, generally 18 and 19. The two branches are recombined at a
      modulating valve 20. Branch 19 comprises only a single duct 21.
PAR  Branch 18 includes a duct 23 leading from valve 17 to a turbo-exchanger,
      generally 24. This turbo-exchanger includes a housing 25. Within the
      housing is an air agitator comprising blades 26 extending in radial planes
      from a hub 27. Hub 27 is secured to a shaft 28. The shaft is connected to
      a motor 29 which rotates the air agitator. A plurality of water spray
      nozzles 31 extend into the housing 25 to direct sprays of water into the
      housing to contact the air therein as well as to contact the blades 26.
      These nozzles are connected to a manifold 32.
PAR  Housing 25 exhausts through a duct 33 into the intake of a cyclone
      separator 34. From the exhaust of the cyclone separator a duct 35 directs
      the air into the intake of a demister 36. The cross-sectional area within
      demister 36 is quite large as compared to the cross-sectional areas of the
      ducts, e.g., 35. Thus the airflow through a unit of cross-sectional area
      in the demister is comparatively slow. Within the demister is a unit in
      the nature of a filter 37 which serves to extract particles of water from
      the air. Such units are known in the art as, for example, the products
      sold by Diversified Metal Products, Inc. under the trademark DIVMET. The
      exhaust from the demister enters a duct 38 leading to modulating valve 20
      and to an exhaust valve 39. When valve 39 is open the air from the
      demister is exhausted to atmosphere.
PAR  A water drain conduit leads to a sump 43 from turbo-exchanger 24, cyclone
      separator 34 and demister 36. From the sump 43 a water conduit 44 leads to
      spray nozzle manifold 32. Water conduit 44 includes a pump 45 to supply
      the water from the sump to the nozzles 31 under pressure, a water cooler
      46 and a filter 47. The latter two items filter and cool the water before
      it arrives at the spray nozzles 31.
PAR  From modulating valve 20 the recombined air stream passes through a duct 49
      to a heater 50. A duct 51 carries the air from heater 50 to a modulating
      valve 52 which directs the air into ducts 53 and 54, as desired. Duct 54
      communicates with a smoke generator 55 which, like duct 53, discharges
      into a duct 56. Duct 56 communicates with the intake of a pump or blower
      57. Duct 56 also communicates with an intake valve 61, the other side of
      which is open to ambient air for those occasions in which it is desired to
      draw air into the system. A duct 58 connects the outlet of blower 57 to a
      humidifier 59. Humidifier 59 communicates with intake opening 13 of the
      smokehouse through a duct 60.
PAR  Within the smokehouse 10 are wet and dry bulb sensors 65 to ascertain the
      temperature and humidity conditions in the smokehouse. This information is
      relayed to an automatic control apparatus 66, as indicated by lines 67. In
      accordance with a predetermined program (and the smokehouse conditions
      determined by sensors 65), the automatic control apparatus controls the
      operation of modulating valve 17, exhaust valve 39, modulating valve 20,
      air heater 50, water cooler 46, modulating valve 52, intake valve 61 and
      humidifier 59, as indicated by lines 68-75, respectively. The general type
      of such automatic control apparatus is described in U.S. Pat. No.
      3,440,950, although there used for a somewhat different smokehouse system.
PAC  OPERATION
PAR  A constant volume of airflow is maintained through air conduit means 14.
      Upon arriving at modulating valve 17 the air being withdrawn from the
      smokehouse is divided between branches 18 and 19. If the air in the
      smokehouse requires but little dehumidification, the proportion of air
      through branch 18 is comparatively small and the major portion of the
      total airflow passes through branch 19. For example, if it is desired to
      maintain a relative humidity of twenty-five percent and a dry bulb
      temperature of 100.degree.F. in the smokehouse at a particular part of the
      processing cycle, it would be necessary that only about ten percent of the
      recirculating air go through the branch 18. The remaining ninety percent
      of the air would pass through branch 19. Since only ten percent of the air
      is being cooled, the amount of heat that must be replaced by the air
      heater 50 is significantly smaller than is the case when one hundred
      percent of the air passes through the dehumidifying branch 18. Conversely,
      if the sensors 65 determine that the humidity in the smokehouse is
      substantially in excess of that desired for the particular phase of the
      smokehouse operation, the control apparatus 66 sets modulating valves 17
      and 20 so that the airflow through branch 18 is comparatively higher and
      that through branch 19 is comparatively lower. Similarly, if the
      processing is at a phase at which the amount of smoke in the smokehouse is
      to be significantly reduced or eliminated, the control apparatus would
      dictate a relatively high flow of air through branch 18 so that the air
      would be washed free of smoke.
PAR  In any event, the air of branch 18 is cleaned and/or dehumidified. If it is
      only to be cleaned, the control apparatus 66 would dictate that the water
      cooler 46 become inoperative. If the air is to be dehumidified the water
      cooler 46 would be operative to chill the water to a temperature below the
      dew point of the air being withdrawn from the smokehouse at exhaust
      connection 12. The water sprays from nozzles 31 not only directly contact
      the air in housing 25 but also chill the impeller blades 26. These blades
      present a large surface area for contact with the air. Thus by maintaining
      these blades in a cool condition they serve to cool the air by contact
      therewith. Furthermore, the water flung off these blades by centrifugal
      force provide a secondary spray for contact with the air. Thus the
      turbo-exchanger does a very effective job of washing and/or cooling the
      air. Of course, cooling the air below its dew point causes water to be
      extracted therefrom in the form of water particles (mist and/or drops).
PAR  A substantial amount of the water in the turboexchanger will flow out
      through drain 42. However, a significant amount of the water particles
      will be entrained in the airflow flowing through discharge duct 33. Were
      this air to be reheated without the entrained water particles first being
      extracted thereform, those water particles would evaporate and again
      increase the water content (humidity) of the air. The extracted water also
      carries off other contaminates, e.g., smoke particles. The cyclone
      separator 34 is effective to remove the majority of the entrained water
      particles from the air. As a precaution against the failure of the cyclone
      separator to extract substantially all water particles from the air, the
      demister 36 is employed as a secondary extractor. By using the cyclone
      separator ahead of the demister, the extraction load on the demister is
      greatly decreased. There will be very little entrained water particles
      after the air leaves the demister in duct 38.
PAR  After the two air streams are recombined at modulating valve 20, the air is
      then heated by heater 50 to the temperature required by the desired
      processing conditions in the smokehouse. In some instances, conventional
      smokehouses include air heaters directly within the smokehouse. Air heater
      50 can then be used merely as a supplement to temper the circulating air
      before it is reintroduced into the smokehouse. Some processors may prefer
      to have only the air heater in the smokehouse, in which case air heater 50
      could be utilized there rather than between ducts 49 and 51.
PAR  In the processing stages in which smoke is to be present in the smokehouse,
      the control apparatus actuates valve 52 so that at least part of the air
      stream enters duct 54 and passes through smoke generator 55. Otherwise,
      all of the air stream is directed through duct 53. After leaving the
      blower 57, the air passes through humidifier 59 before reentering the
      smokehouse. During those parts of the processing operation in which it is
      necessary to extract humidity from the air, it will undoubtedly not be
      necessary to operate humidifier 59 to add water to the air. However,
      certainly at some stages the processor is likely to desire more humidity
      in the smokehouse than that present therein. For example, at the inital
      stages of the processing operation the humidity in the smokehouse may be
      relatively low due to the fact that ambient air was initially present and
      the food has not been cooked sufficiently to vaporize much of the water
      therein. At such stages, the control apparatus would operate the
      humidifier to add moisture to the air sufficient to raise the humidity to
      the required level.
PAR  Before opening the smokehouse at the end of the processing operation, the
      control apparatus would open valves 39 and 61 and direct all (or
      substantially all) of the airflow through duct 18. Thus air would be
      withdrawn from the smokehouse at exhaust connection 12 and washed in
      branch 18 before being discharged to atmosphere through valve 39. Unless
      heat pollution control were important, water cooler 46 would be shut down
      during this part of the cycle. The opening of valve 61 permits fresh air
      to enter the system to replace the air being extracted. Thus the
      smokehouse would be purged of its smoke laden air. When that purging is
      completed, the system would be shut down and the processor could open the
      smokehouse for the removal of the food already processed and its
      replacement by unprocessed food.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for conditioning the air in a food processing chamber
      means, such as a smokehouse, which apparatus includes air conduit means
      communicating with the smokehouse at an exhaust connection and an intake
      connection and through which the air to be conditioned is withdrawn from
      the chamber means at the exhaust connection and through which the air
      after conditioning is returned to the chamber means at the intake
      connection, said conduit means including a device which reduces the
      temperature of withdrawn air, at least one of said means including an air
      heating device for maintaining the air temperature in said chamber means
      at food processing temperature, the improvement comprising:
PA1  at least part of said conduit means between said connections including two
      branches and modulating valve means for establishing the proportions of
      the total amount of withdrawn and returned air which passes through each
      of said branches;
PA1  said air temperature reducing device being in one of said branches;
PA1  whereby the amount of the air subjected to temperature reduction may be
      varied without varying the total amount of withdrawn and returned air.
NUM  2.
PAR  2. In an apparatus as set forth in claim 1, wherein said temperature
      reducing device reduces the temperature of the air in said one branch
      below the dew point to thereby remove moisture thereform.
NUM  3.
PAR  3. In an apparatus as set forth in claim 2, wherein said temperature
      reducing device comprises means for contacting the air in said one branch
      with water having a temperature lower than the temperature of the air
      exhausted from the smokehouse.
NUM  4.
PAR  4. In an apparatus as set forth in claim 3, wherein said one branch of said
      conduit means includes, downstream from said temperature reducing device,
      means for seperation of water particles from the air.
NUM  5.
PAR  5. In an apparatus as set forth in claim 4, wherein said separation means
      includes a cyclone separator.
NUM  6.
PAR  6. In an apparatus as set forth in claim 5, wherein said separation means
      includes a demister downstream from said cyclone separator.
NUM  7.
PAR  7. In an apparatus as set forth in claim 6, wherein said temperature
      reducing device includes a housing, air agitating means in said housing
      and rotatable with respect to said housing, said air agitating means
      having blades, power means connected to said air agitating means for
      rotating the same, and a plurality of water spray means in said housing
      for introducing sprays of water into said housing, said spray means
      directing at least part of the sprays of water onto said blades.
NUM  8.
PAR  8. In an apparatus as set forth in claim 7,
PA1  wherein said housing, said separator and said demister include drain means;
      and
PA1  including water conduit means connected to said drain means and to said
      nozzle means for returning the water from said drain means to said nozzle
      means under pressure, said water conduit means including a pump, a filter
      and water cooler means.
NUM  9.
PAR  9. In an apparatus as set forth in claim 1, wherein said temperature
      reducing device comprises means for washing the air in said one branch
      with water.
NUM  10.
PAR  10. In an apparatus as set forth in claim 9, wherein said one branch of
      said conduit means includes, downstream from said temperature reducing
      device, means for separation of water particles from the air.
NUM  11.
PAR  11. In an apparatus as set forth in claim 10, wherein said separation means
      includes a cyclone separator.
NUM  12.
PAR  12. In an apparatus as set forth in claim 11, wherein said separation means
      includes a demister downstream from said cyclone separator.
NUM  13.
PAR  13. In an apparatus as set forth in claim 12, wherein said temperature
      reducing device includes a housing, air agitating means in said housing
      and rotatable with respect to said housing, said air agitating means
      having blades, power means connected to said air agitating means for
      rotating the same, and a plurality of water spray means in said housing
      for introducing sprays of water into said housing, said spray means
      directing at least part of the sprays of water onto said blades.
NUM  14.
PAR  14. In an apparatus as set forth in claim 13,
PA1  wherein said housing, said separator and said demister include drain means;
      and
PA1  including water conduit means connected to said drain means and to said
      nozzle means for returning the water from said drain means to said nozzle
      means under pressure, said water conduit means including a pump and a
      filter.
NUM  15.
PAR  15. In an apparatus as set forth in claim 14,
PA1  wherein said valve means has a setting at which all of the air from said
      exhaust connection is directed through said one branch; and
PA1  said air conduit means includes valve means downstream from said demister
      for opening said one branch to atmosphere;
PA1  whereby the air may be withdrawn from the smokehouse, washed, have the
      water particles extracted and thereafter exhausted to atmosphere.
NUM  16.
PAR  16. In an apparatus as set forth in claim 9,
PA1  wherein said valve means has a setting at which all of the air from said
      exhaust connection is directed through said one branch; and
PA1  said air conduit means includes valve means downstream from said air
      washing device for opening said one branch to atmosphere;
PA1  whereby the air may be withdrawn from the smokehouse, washed and thereafter
      exhausted to atmosphere.
NUM  17.
PAR  17. In an apparatus for conditioning the air in a food processing chamber
      means, such as a smokehouse, which apparatus includes air conduit means
      communicating with the smokehouse at an exhaust connection and an intake
      connection and through which the air to be conditioned is withdrawn from
      the chamber means at the exhaust connection and through which the air
      after conditioning is returned to the chamber means at the intake
      connection, said conduit means including a device for contacting the air
      with water for conditioning the air, the improvement wherein said device
      comprises:
PA1  a housing, air agitating means in said housing and rotatable with respect
      to said housing, said air agitating means having blades, power means
      connected to said air agitating means for rotating the same, and a
      plurality of water spray means in said housing for introducing sprays of
      water into said housing, said spray means directing at least part of the
      sprays of water onto said blades.
NUM  18.
PAR  18. In an apparatus as set forth in claim 17, wherein said conduit means
      includes, downstream from said housing, means for separation of water
      particles from the air.
NUM  19.
PAR  19. In an apparatus as set forth in claim 18, wherein said separation means
      includes a cyclone separator.
NUM  20.
PAR  20. In an apparatus as set forth in claim 19, wherein said separation means
      includes a demister downstream from said cyclone separator.
NUM  21.
PAR  21. In an apparatus for conditioning the air in a food processing chamber
      means, such as a smokehouse, which apparatus includes air conduit means
      communicating with the smokehouse at an exhaust connection and an intake
      connection and through which the air to be conditioned is withdrawn from
      the chamber means at the exhaust connection and through which the air
      after conditioning is returned to the chamber means at the intake
      connection, said conduit means including a device for contacting the air
      with water for conditioning the air, the improvement comprising:
PA1  said conduit means including, downstream from said device, means for
      separation of water particles from the air, said separation means
      including a cyclone separator.
NUM  22.
PAR  22. In an apparatus as set forth in claim 21, wherein said separation means
      includes a demister downstream from said cyclone separator.
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ABST
PAL  A cabinet dehydrator for long term preservation of food under close control
      of time temperature and humidity. Intake air is obtained from the
      surrounding atmospher and displaced into the dehydrator over electrical
      heating elements by a blower. This heated air is ported upwardly adjacent
      the shelves and thereafter normally laterally between the shelves. Baffles
      are manually set to control the amount of hot air displaced across a given
      shelf. Humidity controls function to regulate the rate at which moisture
      is caused to be withdrawn from the food being dehydrated.
BSUM
PAC  BACKGROUND
PAR  1. Field of Invention
PAR  The present invention relates generally to dehydration of food and more
      particularly to novel dehydrators and methods for home use in preserving
      food under close time, temperature and humidity restraints.
PAR  2. Prior Art
PAR  Prior art proposals for preservation of food through dehydration have
      included sun drying, kitchen oven drying and special equipment drying.
      Naturally, the time and temperature requirements will vary substantially
      depending upon the food being dehydrated and the type of equipment, if
      any, being used. Time and temperature data for a given food is normally
      determined empirically and there are a number of publications available
      indicating time and temperature conditions which produce the best results
      for a given meat, vegetable or fruit to be dehydrated. For example, see
      Mountain Valley Book of Home Food Dehydrating by Jay P. and Shirley S.
      Bills, 1973, which was printed by Keith W. Watkins, Logan, Utah. The end
      object in each case is to preserve food products in which so much of the
      product's natural moisture is removed that spoilage micro-organisms
      (yeasts, molds and bacteria), even though present in a living condition in
      the dehydrated product, are unable to grow or multiply.
PAR  Sun curing is as old as field cutting and drying of hay and has been
      applied to fruits, vegetables and meats for human consumption. The method,
      however, is the most unsatisfactory of those available since it demands a
      "rainless" season of bright sunshine and high temperature coincident with
      the period of time when the vegetable or fruit is at full maturity and not
      yet spoiled. If a succession of sunny days does not occur at the proper
      time, the fruits and vegetables will spoil.
PAR  Kitchen oven drying is also normally unsuitable because of poor ventilation
      and inability to properly control temperature at a sufficiently low range
      to produce dehydration without excessive vitamin loss. Also, precise
      control of humidity is impossible and air movement highly restricted.
PAR  Several special construction dehydrators have been proposed in the past.
      Each of those known to the Applicant has been inadequate in terms of the
      rate at which drying can be facilitated by dehydration of a given food
      while properly preserving color, flavor and quality; temperature control
      has been inadequate frequently resulting in incomplete drying and
      protracted time exposure or too high a temperature followed by excessive
      vitamin loss. Excessive air flow results in case hardening where the inner
      moisture is sealed and spoilage or inferior product results; and/or
      precise control of humidity conditions in the vicinity of the food being
      dehydrated and inadequate circulation of the air about the food has
      protracted dehydration or resulted in unacceptable or inferior dehydrated
      products.
PAC  BRIEF SUMMARY AND OBJECTS OF THE INVENTION
PAR  The present invention comprises novel home dehydrators, each preferred
      dehydrator comprising a cabinet with a blower, a heater for influent air,
      structure for strictly though selectively channeling hot air into
      contiguous relation with food upon one or more removable shelves and
      thereafter to exhaust, with controls for accurately setting, maintaining
      and monitoring temperature within a suitable range to efficiently
      dehydrate without excessive vitamin loss and for controlling the rate of
      air displacement at any point in time within the dehydrator thereby
      maintaining the best humidity level in the air adjacent the food, which
      must be substantially below saturation.
PAR  With the foregoing in mind, it is a primary object of the present invention
      to provide novel dehydrators for home utilization.
PAR  It is another paramount object of the present invention to provide a
      dehydrator capable of obtaining a uniform heat distribution at all points
      within the dehydrating chamber thereof so that all food therein will
      dehydrate at an even rate.
PAR  A further important object of the present invention is the provision of a
      dehydrator with controls to insure the retention of nutrients in
      dehydrated food.
PAR  It is a further significant object of the present invention to provide a
      dehydrator comprising a thermostatically controlled heater for influent
      air and structure for strictly though selectively channeling air into
      contiguous relation with food being dehydrated and thereafter to exhaust
      whereby dehydration is efficiently accomplished in a minimum amount of
      time.
PAR  It is another principal object of the present invention to provide a
      dehydrator with electronic feedback controls to accurately control time,
      temperature and humidity during dehydration of food.
PAR  These and other objects and features of the present invention will be
      apparent from the following detailed description, taken with reference to
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a perspective representation of one presently preferred
      dehydrator embodiment according to the present invention, with parts
      broken away for the purpose of clarity;
PAR  FIG. 2 is a vertical cross section from front to back of the dehydrator of
      FIG. 1;
PAR  FIG. 3 is a rear elevation view, with parts broken away for clarity, of the
      dehydrator of FIG. 1;
PAR  FIG. 4 is a front elevation view of a second presently preferred dehydrator
      embodiment according to the present invention with parts broken away for
      purposes of clarity;
PAR  FIG. 5 is an elevation view of one side of the dehydrator of FIG. 4, with
      parts broken away for purposes of clarity;
PAR  FIG. 6 is the other side elevational view of the dehydrator of FIG. 4;
PAR  FIG. 7 is an enlarged fragmentary perspective representation of the air
      flow control mechanisms of the dehydrator of FIG. 4;
PAR  FIG. 8 is one suitable electrical system for the dehydrator of FIG. 4;
PAR  FIG. 9 is a presently preferred circuit diagram of the air temperature
      control center of FIG. 8; and
PAR  FIG. 10 is a presently preferred circuit diagram of the blower motor
      control center of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Reference is now made to FIGS. 1-3 of the drawings wherein like numerals
      are used to designate like parts throughout. FIG. 1 illustrates in
      perspective a dehydrator 10 for home utilization. The dehydrator 10
      comprises a cabinet comprising side walls 12 and 14, bottom wall 16, top
      wall 18, back wall 20 and a front, air-tight door 22 hinge connected to
      the side wall 14 at hinge 24. While the described components of the
      cabinet are illustrated as being of sheet metal, such can be appropriately
      insulated as desired or other suitable materials may be used in
      fabricating cabinet 10.
PAR  The top 18 of the cabinet comprises a chimney 26 which opens at port 28 to
      the atmosphere. Exhaust therefrom may, if desired, be suitably channeled
      from within the home or the like through any suitable structure such as a
      kitchen hood and exhaust system of conventional type. The unit may also be
      used outdoors.
PAR  The door 22 has a handle 30 for opening and closing the same to place food
      within or remove food from the interior of the cabinet of the dehydrator
      10.
PAR  An influent air blower 32, which may be of conventional squirrel cage
      configuration with a variation speed motor, is mounted to a constricted
      air displacement channel 34, which is defined primarily by said back wall
      20, opposed sides 36 and a rear cover 38. Air from the atmosphere as
      indicated by arrow 40, FIG. 2, is caused to be received into the
      constricted channel 34 through port 42 near the top thereof by operation
      of blower 32, the air entering the intake 44 of the blower and being
      discharged at conduit 46.
PAR  It is to be observed that one or more electrical heating elements 50 is
      disposed within the influent constricted channel 34. At essentially the
      lower end of the heating element or elements 50, the constricted channel
      34 is downwardly progressively divergently enlarged by a flairing of the
      respective walls 36 as illustrated at 52 in FIG. 3. Baffles or diffusers
      54 are disposed internal of the divergently enlarged chamber portion 56,
      the edges of the baffles 54 being connected respectively to the back wall
      20 and the rear cover 38. As a result, the air displaced from the
      divergently enlarged chamber portion 56 into bottom chamber 58 is
      essentially uniformly diffused and of even temperature throughout the
      chamber 58. The chamber 58 is formed by a relatively narrow passageway
      defined by the bottom 16 of the cabinet, the side walls 12 and 14 together
      with a chamber top plate 60 with the top plate 60 spanning to and being
      connected with rear wall 20 and the bottom wall 16 spanning to and being
      connected with cover plate 38, as best illustrated in FIG. 2. A front face
      62 closes the chamber 58, permitting ingress of heated air at intake port
      64, which spans between side walls 12 and 14, and egress of heated air
      across the entire width of the cabinet at port 66 as illustrated by arrow
      68 (FIG. 2).
PAR  Thus, the dehydrating interior of the cabinet is that space between top
      wall 18 and the bottom plate 60, and between the front door 22 and the
      rear wall 20 and between the two side walls 12 and 14.
PAR  A plurality of horizontally aligned shelf supports 70 are suitably rigidly
      mounted in opposite pairs to the side walls 12 and 14 respectively. These
      supports are illustrated as being in the nature of metal angles with the
      vertical leg thereof being attached to the associated wall and the other
      leg projecting inwardly in a horizontal plane. Removable shelves 72 rest
      respectively upon opposed supports 70. Said shelves 72 may be of suitable
      grating (porous) material permitting air to elevate in a generally
      vertical fashion from shelf to shelf together with or as a component of
      air displaced laterally across the space between two adjacent shelves, as
      hereinafter more fully explained. Each shelf may be covered with a net
      made from nylon. The openings permit air flow and the net prevents food
      such as bananas, summer squash, etc. from sticking to the shelf.
      Alternatively, each shelf 72 may be comprised of solid material such as
      sheet metal either with or without plastic coating, such as teflon,
      permitting air displacement between shelves along essentialy horizontal
      corridors only. This corridor displacement is illustrated by arrows 74 in
      FIG. 2. If desired some shelves may be solid (and some perforated) to
      prevent vertical movement of air from areas where potentially offensive
      food (e.g. food containing garlic) is being dried.
PAR  A damper shaft 76 is disposed in horizontal alignment with each shelf 72.
      Each damper shaft 76 is rotatably though snugly mounted to opposed side
      walls 12 and 14 and has an exterior handle 78 (FIG. 1) which may be
      manually manipulated to selectively set each of the cantilever damper
      blades 80 respectively mounted to damper shafts 76.
PAR  Thus, the operator of the dehydrator may individually select the angle at
      which each damper blade 80 is disposed to thereby either prohibit
      elevation of air vertically upward from port 66 beyond the adjacent shelf
      (by placing said damper plate 80 in horizontal alignment with the adjacent
      shelf) or at a suitable acute angle to control the amount of air permitted
      to be vertically elevated from port 66 to the next adjacent space between
      shelves. Consequently, for example, if food to be dehydrated were placed
      only on the bottom shelf, the second damper blade 80 could be set in a
      horizontal attitude to channel all of the influent heated air across the
      bottom shelf for the purpose of drying the food thereon. In addition, for
      example, if all of the shelves contained food, and upon examination, the
      food on the lower two shelves at a given point in time is nearly
      completely dehydrated whereas the food on shelves thereabove is
      progressively less dehydrated, the lower two dampers could be placed in a
      vertical orientation, the middle dampers at an angle greater to the
      horizontal than to the vertical and the top one or two dampers at an angle
      greater to the vertical than to the horizontal thereby increasing the
      amount of air reaching the elevated shelves and decreasing the amount of
      air distributed to the lower shelves.
PAR  It is to be appreciated that the dehydrator 10 will comprise a thermostat
      by which the electrical element or elements 50 are controlled and some
      form of blower speed control for maintaining a suitable humidity within
      the dehydrating interior of the cabinet well below saturation. Suitable
      controls of this type are illustrated in FIG. 8 and will hereinafter be
      described in conjunction therewith. Dehydrating temperature should not
      exceed 145.degree. F.
PAR  Reference is now made to the second disclosed dehydrator embodiment and
      illustrated in FIGS. 4-8, being there denominated by the numeral 100. The
      home dehydrator 100 comprises a cabinet comprising side walls 112 and 114,
      a bottom wall 116, a top wall 118, a back wall 120 and a front, air-tight
      door 122 hinge connected to the side wall 112. The mentioned wall
      construction may be of the type heretofore described in conjunction with
      the embodiment of FIGS. 1-3.
PAR  The top 118 of the cabinet comprises a chimney 126 which extends vertically
      upward and opens at port 128 to the atmosphere. The top 118 comprises an
      access lid 119 hinged to the remainder of the top at 121. See FIG. 4.
PAR  The door 122 has a handle 130 by which the door is opened and closed to
      accommodate food ingress and egress.
PAR  An influent air blower 132, which may be of conventional squirrel cage
      configuration having a variable speed motor M, is mounted to the
      dehydrator 100 along side wall 112 near the top thereof, a portion of the
      blower extending into cabinet recess 129. Air blower 132 causes
      introduction of influent air at port 133, the influent air being
      constricted through air displacement channel 134. Channel 134 is defined
      primarily by said side wall 112, opposed sides 136 and a rear cover 138.
      Air from the atmosphere, as indicated by arrows 140, is caused to be
      received into the constricted channel 134 and along the channel as
      indicated by arrows 141.
PAR  One or more electrical heating elements 150 is disposed within the channel
      134 to cause elevation of the temperature of the influent air. The
      constricted channel 134 becomes downwardly progressively divergently
      enlarged immediately beyond the lower end of the heating element 150 as is
      shown at wall portions 152. Baffles or diffusers 154 are disposed
      internally of the chamber and its enlargement, the edges of the baffles
      154 being connected respectively to the back wall 120 and the rear cover
      138. As a result, the air displacement from the divergently enlarged
      chamber portion 156 into the bottom air chamber 158 is essentially
      uniformly diffused and of even elevated temperature throughout.
PAR  The chamber 158 is formed by a relatively narrow passageway defined by the
      bottom wall 116 of the cabinet, the front and back 120 and 122, and a
      chamber top plate 160, with the top plate 160 spanning to and being
      connected with side wall 114. Thus, heated air ingresses at intake port
      164 of the chamber 158 and is distributed entirely across the width and
      length of the cabinet escaping from the chamber 158 through port 166 (FIG.
      4).
PAR  The chimney 126 connects along its front to a concealed plate 167 and is
      integral therewith. The plate 167 is fixed in the illustrated position
      (see FIG. 4), and serves to define a narrow air effluent passage 169, by
      which air reaches the chimney 126.
PAR  Thus, the dehydrating interior of the cabinet is that space between the
      upper concealed plate 167, the bottom plate 160 and between the two side
      walls and the front and rear of the cabinet respectively.
PAR  A plurality of horizontally aligned shelf supports 170 are suitably rigidly
      mounted to the walls of the cabinet. These supports are in the nature of
      angles with one leg of each vertically aligned angle lying in a common
      vertical plane and the other leg lying in spaced horizontal planes each
      containing one opposed horizontal leg of two spaced angles. Removable
      shelves 172 rest by gravity upon opposed horizontal legs of each pair of
      supports 170. These shelves 172 may be of any suitable material such as
      grating or may be solid with or without suitable plastic coating, or some
      of each depending upon the utilization intended and particularly the need
      to specifically channel air in horizontal corridors to best dehydrate
      food. The corridor displacement is illustrated by arrows 174 in FIG. 4.
PAR  A damper shaft 176 is disposed in horizontal alignment with each shelf 172.
      Each damper shaft 176 is snugly rotatably mounted to the cabinet and has
      an exterior handle 178 (see especially FIG. 7), which may be manually
      manipulated to selectively set each of the cantilevered damper blades 180,
      one each being mounted to each damper shaft 176.
PAR  Thus, the operator of the dehydrator may individually select the angle at
      which each damper blade 180 is disposed to thereby either prohibit
      elevation of hot air vertically upward from port 166 beyond the adjacent
      shelf (by placing said damper plate 180 in horizontal alignment with the
      adjacent shelf) or at a suitable acute angle to control the amount of air
      permitted to be vertically elevated from port 166 to the next adjacent
      space between shelves.
PAR  As is best evidenced from FIGS. 4 and 7, each space between adjacent
      shelves is closed at one side by a stationary vertical plate 181, each
      plate 181 having a plurality of circular openings 183 which in the absence
      of other constraints permit heated air issuing upward from port 166 to be
      introduced between any two shelves, depending upon the settings of the
      plurality of damper blades 180 inter alia.
PAR  A sliding plate 185 is disposed for front-back reciprocable displacement
      adjacent each stationary plate 181, being slightly less in length than the
      distance from the front to the back of the cabinet and spanning vertically
      between the lower edge of the vertical leg of the angle support 170 above
      the plate 185 and the top face of the next lower support 170, the shelves
      172 being spaced from the plate 181 to accommodate the indicated movement.
      Thus, the door 122 may be opened and the sliding plates 185 selectively
      manually set so as to control the amount of overlap between apertures 183
      in the plate 181 and adjacent apertures 187 in the sliding damper plate
      185. Thus, the control of air displacement along the horizontal corridor
      between shelves is controlled not only by the setting of damper blades 180
      but also the setting of sliding plates 185 in relation to stationary
      plates 181.
PAR  It is to be appreciated that any suitable conventional electrical control
      system may be utilized in conjunction with the dehydrators earlier
      described, the embodiment of FIG. 8 being one suitable form which may be
      used with the dehydrator 100. The dehydrator is intended to be used with
      household 110 volt electrical power using the cord 190. Cord 190
      communicates electrical power to the master control 192 which is of
      conventional design and preferably contains a thermal circuit breaker to
      protect the entire electrical system. Also a relay may connect to a
      separate temperature sensor which senses the temperatures of the hot air
      being introduced into dehydrating chamber resulting in shut down of the
      dehydrator in the event said temperature exceeds a desired limit. The
      off/on switch 194, which is shown as being exposed, may be used to
      activate or inactivate control 192. When activated, the control 192
      communicates electrical power to an air temperature control center 196 and
      to a blower motor control center 198 by use of conventional conductors.
      Air temperature control dial 200 may be used to manually establish a
      predetermined air temperature level for the dehydrator, the control 196
      thereafter communicating in a selective fashion electrical energy to the
      heating element 150 to establish said temperature in a conventional
      fashion. The desired temperature is established by utilization of a
      temperature sensor 202 disposed at any suitable location within the
      dehydrator 100, the output of which controls the power to the heater
      elements or element 150 in accordance with the setting of dial 200.
PAR  A humidity sensor 204 communicates signals representative of humidity at
      the effluent chimney 126 to control center 198. Control center 198, in
      response thereto, controls the humidity within the dehydrator by
      controlling the rate at which the motor M of the blower 132 displaces air
      into the dehydrator, the humidity level at any point in time being
      indicated by humidity indicator 206. A micro-switch 208 is disposed
      adjacent each shelf in the path of the associated damper plates 180. The
      damper plate or plates, actuates the adjacent switch 208 communicating a
      signal to control 198 causing the RPM of motor M to be reduced a
      predetermined amount. When a given damper plate 180 is in the horizontal
      position, a micro-switch 208 senses said condition and communicates an
      electronic signal to the control center 198 causing an appropriate
      adjustment in the rate at which motor M rotates the blower 132.
PAR  Specific reference is made to the circuit diagram of FIG. 9 which
      illustrates the presently preferred solid state air temperature control
      circuit 196. The full wave diac-triac phase control network of circuit 196
      determines the amount of electrical power supplied to heating element 150
      which in turn determines the temperature of the heated air. On each
      successive half wave of AC line voltage input, capacitor C1 is caused to
      charge through the series resistances of temperature sensor 202 and manual
      temperature control potentiometer 200. At a given level of charge C1
      causes diac 210 to conduct and trigger triac 209. As triac 209 triggers it
      effectively becomes a closed switch to provide a complete electrical
      circuit for heating element 150 thereby providing electrical power to that
      element. Air heated by element 150 is caused to flow around and passed
      temperature sensor 202. Any change in air temperature changes the
      resistance value of sensor 202 causing a change in charge time for
      capacitor C1. If the air temperature increases, temperature sensor 202
      will increase in resistance thereby causing capacitor C1 to charge at a
      slower rate which in turn delays the conduction time of diac 210 and
      trigger time of triac 209 relative to the input AC waveform. Triggering
      triac 209 later in the waveform provides a reduced conduction period for
      electrical current to flow through heating element 150 thereby decreasing
      the power supplied to the element and reducing its temperature. This in
      turn reduces the air temperature until it reaches the stable temperature
      desired. Potentiometer 200 provides a manual adjustment for temperature
      selection by changing the resistance in the charge path of capacitor C1
      which then functions as previously described to control air temperature.
      Resistor R5 and capacitor C2 serve to aid in turning off triac 209.
PAR  Reference is made to the circuit diagram of FIG. 10, which illustrates a
      presently preferred solid state blower motor control center. The full wave
      diac-triac phase control network of circuit 198 determines the amount of
      electrical power supplied to blower motor M which in turn determines its
      speed and the air flow to the dehydrating unit. On each successive half
      wave of AC line voltage input, capacitor C3 is caused to charge through
      the series-parallel combination of resistors consisting of humidity sensor
      204, micro-switch resistors R3 and potentiometer 216. At a given level of
      charge capacitor C3 causes diac 214 to conduct and trigger triac 212. As
      triac 212 triggers it effectively becomes a closed switch to provide a
      complete electrical circuit for blower motor M thereby providing
      electrical power to the motor. As the humidity of the air passing humidity
      sensor 204 changes, the resistance of the sensor changes causing a change
      in the charge time of capacitor C3. If the humidity of the air increases,
      the resistance of sensor 204 decreases thereby causing capacitor C3 to
      charge faster which in turn causes conduction of diac 214 and triggering
      of triac 212 earlier in the AC waveform. Triggering triac 212 earlier in
      the AC waveform provides an increased conduction period for electrical
      current to flow to blower motor M with a resultant increase of its speed
      and consequent increase of air flow. Increasing the air flow through the
      dehydrator tends to reduce the relative humidity at the humidity sensor.
      Electrical feedback through control 198 continues until the desired stable
      humidity is achieved.
PAR  To reduce the dehydrator air flow to a level satisfactory for the use of a
      given number of shelves or a single shelf, micro-switches 28 are made to
      open as the damper vanes 180 are closed to channel air through selected
      shelves. As a micro-switch opens, resistor R3 is taken out of the parallel
      circuit thereby increasing the resistance in the charge path of C3 causing
      it to charge at a slower rate which in turn delays the conduction time of
      diac 214 and triggering of triac 212 relative to the input AC waveform.
      Triggering triac 212 later in the waveform provides a reduced conduction
      period for electrical current to flow to blower motor M thereby decreasing
      the blower motor speed and reducing the air flow.
PAR  Transformer T and full wave bridge rectifier B provide a source of direct
      current to power humidity indicator 206. Indicator 206 is caused to vary
      with resistance changes in humidity sensor 204 as it senses humidity
      changes in the air flowing out of the dehydrator thereby providing a
      visual indication of the humidity level within the dehydrator. Capacitor
      C5 connected across the output of the bridge rectifier is a filter
      capacitor. Potentiometer 216 is for compensating and calibrating purposes.
      Resistor R1 and capacitor C4 serve to aid in turning off triac 212 while
      resistor R4 is a current limiting resistor to protect the humidity
      indicator.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. A dehydrator for home utilization comprising:
PA1  a cabinet having a food access door and defining influent air passageway
      means, air distribution means, a dehydrating enclosure and effluent air
      pathway means;
PA1  blower means for continuously displacing air from the surrounding
      atmosphere seriatim through the passageway means, the air distribution
      means, the dehydrating enclosure and the pathway means;
PA1  heating means disposed within the passageway means for elevating the
      temperature of influent air being displaced therethrough;
PA1  an electrical control system comprising a thermostat disposed within the
      cabinet which connects to and regulates the heating means to cause air
      temperature not to exceed 145.degree. F.;
PA1  a plurality of shelf supports attached to the interior of the cabinet;
PA1  a plurality of removable shelves, each resting in vertically spaced
      relation one to the next upon said shelf supports within the dehydrating
      enclosure, the space between adjacent shelves comprising a horizontal
      corridor for heated air to pass across food resting upon the top of the
      lower of said adjacent two shelves to dry the same; and
PA1  a plurality of selectively settable air flow control means disposed within
      the dehydrating enclosure to respectively determine the amount of air from
      the air distribution means permitted to reach each horizontal corridor.
NUM  2.
PAR  2. A dehydrator according to claim 1 wherein the influent air passageway
      means are disposed at one vertical wall of the cabinet and comprise a
      constricted conduit in which the heating means are disposed and a
      progressively divergently enlarged confinement having air diffusing means
      therein.
NUM  3.
PAR  3. A dehydrator according to claim 1 wherein the air distribution means
      comprise a hollow chamber spanning essentially the entire bottom of the
      cabinet.
NUM  4.
PAR  4. A dehydrator according to claim 1 wherein the blower means are disposed
      upstream of the passageway means and comprise a variable speed motor to
      control the rate at which air is displaced through the dehydrator.
NUM  5.
PAR  5. A dehydrator according to claim 4 wherein the electrical control system
      comprises a humidity sensor located within the cabinet downstream of the
      horizontal corridors which connects to and regulates the rate of
      dehydration by controlling the speed of the variable speed motor of the
      blower means.
NUM  6.
PAR  6. A dehydrator according to claim 1 wherein the effluent air pathway means
      comprise a chimney extending above the top of the cabinet and a vertical
      channel below the chimney, the vertical channel being in fluid
      communication with each horizontal corridor.
NUM  7.
PAR  7. A dehydrator according to claim 1 wherein at least some of said shelves
      are porous, accommodating rise of air therethrough.
NUM  8.
PAR  8. A dehydrator according to claim 1 wherein at least some of said shelves
      are non-porous, thereby channeling air solely parallel to each horizontal
      corridor between shelves receiving hot air.
NUM  9.
PAR  9. A dehydrator for home utilization comprising:
PA1  a cabinet having a food access door and defining influent air passageway
      means, air distribution means, a dehydrating enclosure and effluent air
      pathway means;
PA1  blower means for continuously displacing air from the surrounding
      atmosphere seriatim through the passageway means, the air distribution
      means, the dehydrating enclosure and the pathway means;
PA1  heating means disposed within the passageway means for elevating the
      temperature of influent air being displaced therethrough;
PA1  an electrical control system comprising a thermostat disposed within the
      cabinet which connects to and regulates the heating means to cause air
      temperature not to exceed 145.degree. F.;
PA1  a plurality of shelf supports attached to the interior of the cabinet;
PA1  a plurality of removable shelves, each resting in vertically spaced
      relation one to the next upon said shelf supports within the dehydrating
      enclosure, the space between adjacent shelves comprising a horizontal
      corridor for heated air to pass across food resting upon the top of the
      lower of said adjacent two shelves to dry the same;
PA1  selectively settable air flow control means disposed to determine the
      amount of air from the air distribution means permitted to reach each
      horizontal corridor; and
PA1  the air flow control means comprise a plurality of rotatable damper means,
      one disposed adjacent each shelf, each damper means having manual
      selectively settable means for placing said damper means in an orientation
      between off and on thereby diverting all or a desired part of air striking
      said damper means to the adjacent horizontal corridor.
NUM  10.
PAR  10. A dehydrator according to claim 9 wherein said air flow control further
      comprises juxtaposed apertured plates disposed at the air intake to each
      horizontal corridor, one said plate being displaceable in respect to the
      other whereby apertures of each may be aligned or misaligned in whole or
      in part to control the amount of air entering said horizontal corridor.
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ABST
PAL  A waste compactor having a casing with an opening in the front wall thereof
      with a wheeled cart movable into the casing and holding a container to
      receive waste material with means for locking the cart to the casing, a
      loading chute carried by the cart and compacting structure in the casing
      including a fluid operated movable disc having a downwardly concave
      contour to have compacting forces acting radially inwardly toward the
      centerline of the compacting force and exerting a predetermined maximum
      pressure for a sufficient period of time to impart a "set" to the waste
      material in the container carried by the cart.
PARN
PAR  This is a division of application Ser. No. 359,198 filed May 9, 1973 now
      U.S. Pat. No. 3,869,978.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to waste compactors having a motor operated
      compacting member which exerts a predetermined force on the waste
      material.
PAR  In recent years, a large number of waste compactors have come on the market
      with such devices having either fluid or electric motor driven platens for
      causing compaction of waste material in a container which is removably
      held within a casing. Many of these devices having included a cart for
      holding the container into which the waste material is inserted and
      compacted, and with a loading chute associated integrally with a casing
      which receives the cart.
PAR  In such prior art devices, the size of the loading chute is limited, since
      it is integral with the casing and with the casing still requiring an
      opening to receive a container or a portable cart carrying the container.
      Additionally, these devices have required substantial structural strength
      for the casing which receives the container, with or without a cart,
      because of the outward component of the forces applied to the material
      being compacted by the flat platen which is moved downwardly with
      considerable force against the waste material.
PAC  SUMMARY
PAR  The waste compactor disclosed herein has a casing with a front wall opening
      to receive a cart carrying a container to receive the waste material to be
      compacted. The cart has a loading chute integral therewith, whereby the
      loading chute may be large than found in the prior art devices to
      facilitate loading of waste into the container positioned within the
      casing. Additionally, the mounting of the loading chute to the cart
      permits the extension of an inner end of the loading chute to a position
      overlying the container when the loading chute is opened to make certain
      that all waste material directed onto the loading chute travels into the
      container.
PAR  The waste container disclosed herein has compacting structure including a
      downwardly concave disc engageable with the material to be compacted
      whereby the material being compacted under the disc has movement and force
      applied thereto in a radially inward direction toward the centerline of
      the compacting force with a resultant reduction in the stress areas of the
      container holding the waste material and a lighter structural design of
      the compactor casing because of the lack of lateral outward forces. Also
      the compacted volume of waste material is of variable density with the
      highest density of compacted material at the centerline of the applied
      force and with lesser density progressively outward to the maximum radial
      dimension of the compacted material from the centerline of compacting
      force. Further the downwardly concave disc is carried by the cylinder of a
      fluid motor with the piston rod thereof secured at its upper and whereby
      only the concave disc and cylinder are exposed to the waste material with
      the piston rod not being so exposed to minimize the exposure of the piston
      rod to dirt and waste material.
PAR  The compactor has electrical and hydraulic controls providing for safe
      manual operation of the compactor and with provision for applying a
      predetermined force against the waste material for a period of time to
      obtain a "set" to the compacted material before elevating the concave
      disc.
PAR  A primary object of the invention is to provide a waste compactor having
      new and improved results, with one or more of the unique structural
      features set forth above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective elevational view of the waste compactor with a cart
      associated therewith and having the loading chute in open loading
      position;
PAR  FIG. 2 is a vertical section on an enlarged scale of the waste compactor
      and taken generally along the line 2--2 in FIG. 1;
PAR  FIG. 3 is a fragmentary vertical section, taken generally along the line
      3--3 in FIG. 2;
PAR  FIG. 4 is a schematic of the hydraulic operating circuit and the electrical
      control circuit for the compactor; and
PAR  FIG. 5 is a fragmentary view, similar to FIG. 2, showing an alternative
      embodiment of cart for use in the waste compactor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The waste compactor, as shown generally in FIGS. 1 and 2, had a casing,
      indicated generally at 10, with a plurality of exterior walls including a
      front wall 11 having an opening in approximately the lower half thereof to
      receive a portable cart, indicated generally at 12. The casing 10 includes
      a base plate 15 supporting a plurality of wheels 16 to provide mobility
      for the waste compactor. An enclosing rear wall 17 extends upwardly for
      the height of casing. An intermediate frame member 18 spans the interior
      of the casing and is spaced from an upper frame member 19 similarly
      spanning the casing.
PAR  A compacting chamber is provided within the casing at a location beneath
      the frame member 18 and includes an interior rear wall 20 along with a
      pair of interior side walls in spaced-apart relation with one of these
      side walls being indicated at 21. The opening in the casing front wall 11
      is approximately of the same height as the compacting chamber in the
      casing to receive the cart 12. The cart has a pair of spaced-apart
      similarly shaped frame members 30 and 31 which are spanned at their upper
      ends by a handle 32 and at their lower ends by a panel 33. The lower ends
      of the frame members 30 and 31 carry a pair of wheels 34 and 35,
      respectively, providing for cart mobility.
PAR  The cart frame members 30 and 31 are additionally spanned by an upturned,
      generally U-shaped channel member 36 which, as shown in FIG. 2, fits
      immediately under the lower edge of the front wall 11 of the casing when
      the cart 12 is in the casing.
PAR  The cart 12 has a bottom panel 40, with a pair of upstanding side walls at
      the sides of the cart, with one of these side walls being shown at 41 to
      receive a container C, such as a cardboard box, for the waste material.
      This box may have closing flaps and when positioned within the compactor
      the container would be open with the flaps extending upwardly and with the
      upper level of an extended flap C-1 being indicated by the broken line 42.
PAR  The cart 12 also has a loading chute extending for substantially the entire
      width thereof and equal to approximately one-half the height of the cart.
      This loading chute has a front door 45 which is hinged, as indicated at
      46, to the cart frame members 30 and 31 and which has a pair of side
      panels 47 and 48 with a convexly curved upper surface and each terminating
      in an upturned end to limit the outward movement of the loading chute. The
      upturned end for the side panel 47 is shown at 49 in FIG. 2, and abuts
      against a surface at the rear of the U-shaped channel 36 of the cart. The
      loading chute door 45 has a lower inner end 50 extending beyond the pivot
      axis for the door defined by the pivot connections 46 whereby the lower
      end 50 overlies the container held by the cart to assure delivery of all
      waste material directed onto the loading chute into the container. A
      gravity-type latch 55 carried by the U-shaped channel member 36 functions
      to hold the loading chute door 45 in closed position.
PAR  The cart 12 is locked in position to the casing of the waste compactor by
      structure including a pair of pivot hooks positioned one at each front
      lower corner of the casing, with one hook being shown at 60 in FIGS. 1 and
      2. These hooks are upwardly open and define pivot blocks whereby a cart,
      which is tilted slightly counterclockwise from the position shown in FIG.
      2 will be resting on the wheels 34 and 35 and can be moved into the
      compactor casing to bring a pair of pins carried one on each of the cart
      frame members 30 and 31 into positions overlying the hooks 60. The pin
      associated with the cart frame member 31 is shown at 61. The cart is then
      pivoted clockwise about the pivot block hooks 60 into fully seated
      position in the casing and with the wheels 34 and 35 raised above the
      floor. Withdrawal of the cart is accomplished by reversal of the foregoing
      movements.
PAR  With the cart 12 positioned as shown in FIG. 2, it is then securely locked
      to the casing by a pair of lock pawls 65 and 66 (FIGS. 2 and 3) which are
      carried by a pair of casing mounted bearing members 67 and 68 for
      extension downwardly through the lower edge of the front wall 11 of the
      casing. These locking pawls engage behind a flange of the U-shaped channel
      36 of the cart 12, as shown in FIGS. 2 and 3, to securely lock the cart to
      the casing. These pawls 65 and 66 are operated by means of a movable panel
      70 which coacts with an opening 71 in the front wall 11 of the compactor
      casing. When the front panel 70 is lowered, the lock pawls 65 and 66 are
      extended. This action is accomplished by a pair of toggle linkages
      including pivotally interconnected links 72 and 73 for the lock pawl 65
      with the link 73 being pivotally connected to a support 74 within the
      casing. An actuating link 75 extends between the movable panel 70 and the
      pivot interconnection 76 between the links 72 and 73. A corresponding link
      structure is provided for the lock pawl 66. With the front panel 70 shown
      lowered in FIG. 3, the lock pawls are extended and, when the front panel
      70 is raised, the toggle links are broken to raise the lock pawls 65 and
      66. The operation of the lock pawls by the front panel 70 is a safely
      feature in that the front panel 70, in closing the opening 71 in the front
      wall of the casing, blocks access to a control panel 80 for the compactor,
      as shown in FIG. 2. The locking of the cart to the casing by lowering of
      the front panel 70 assures that the cart is in locked position before
      before an operator can have access to the control panel 80. Movement of
      the front panel 70 is facilitated by an outwardly extending handle 81 and
      the front panel 70 is held in upper position to close the opening 71 by a
      pair of compression springs 82 and 83 associated one with each of the lock
      pawls 65 and 66 and acting between the bearing members 67 and 68 and the
      pivot pin at the lower end of links 72. A guide rod 84 extends downwardly
      from the front panel 70 and is guided in a housing 85 secured to the
      interior of the front wall 11 of the compactor.
PAR  The compaction of waste material delivered into a container in the cart 12
      is obtained by lowering of a downwardly concave disc 90 which is shown in
      section in FIGS. 2 and 4. The disc is carried at the lower end of a
      cylinder 91 of a hydraulic motor, with the cylinder guided in a spider 92
      supported by the transverse frame member 18. A piston rod 93 extends
      upwardly out from the cylinder 91 and is held against movement with
      respect to the transverse frame member by having the upper end thereof
      attached to a block 94 by a pair of cap screws 95. The block 94 is part of
      a welded bridge structure including vertical members 94a and 94b which are
      welded to members 94c spanning the spaced bars of the upper frame member
      19. The construction of the cylinder 91 is shown in detail in FIG. 4,
      wherein the piston rod 93 has a piston 96 at its lower end with the rod
      having a pair of internal fluid channels 97 and 98 with these channels
      being provided by a bore within the piston rod and a tube 99 within the
      bore. The tube 99 extends through the piston 96 to deliver fluid to the
      underside of the piston 96 while the channel 97 communicates with the
      space above the piston 96 through a plurality of lateral openings 100. The
      downwardly concave disc 90 and the cylinder 91 are caused to move
      downwardly to compact waste material when fluid under pressure is supplied
      to a line 101 leading to the tube 99 defining the fluid channel 98. The
      cylinder and concave disc 90 are caused to move upwardly when fluid under
      pressure is supplied to a line 102 communicating with the fluid channel 97
      which, in passing through the openings 100, acts upon the upper end of the
      cylinder 91. With this construction, the piston rod 93 is remote from
      waste material and dirt whereby continued reliable operation of the piston
      and cylinder is assured.
PAR  The downwardly concave compacting disc functions to consolidate the waste
      material toward the centerline of the compacting force. The material is
      compacted under the radially concave section to have the forces acting
      radially inwardly toward the centerline of the compacting force. This
      functions to reduce the stress areas in the container for the waste
      material as well as permitting a lighter structural design of the casing
      structure defining the compacting chamber because of the lack of lateral
      outward forces and gives a variable density of the compacted material with
      the highest density at the centerline of the compacting force and with the
      density decreasing outwardly away from the centerline of the compacting
      force.
PAR  The supply of fluid under pressure to either of the lines 101 or 102 is
      under the control of an electrical control circuit, indicated generally at
      110 in FIG. 4, which controls a hydraulic circuit, indicated generally at
      111 in FIG. 4. The hydraulic circuit includes a pump 112 driven from a
      motor 115 with the pump inlet connected to tank through a line 116 and the
      pump outlet flowing through a pressure relief valve 117 to a
      solenoid-operated four-way valve 118. Pressure flows to the valve through
      a line 119 with a tank port connection connected to tank through a line
      120. With the solenoid 121 deenergized and with the pump 112 operating, a
      spring 122 positions the valve 118 in the position shown in FIG. 4 wherein
      pressure fluid passes to line 102 to lift the cylinder 91 and the concave
      compacting disc 90. Energization of the solenoid 121 shifts the valve 118
      to change the connections with pressure fluid passing to line 101 to lower
      the cylinder 91 and the concave compacting disc. Upon deenergization of
      the solenoid, the spring 122 returns the valve 118 to the position shown
      for lifting or maintaining the cylinder 91 in the elevated position.
PAR  The cylinder will descend to various levels, dependent on the waste level
      in the container. The level is controlled by the detected pressure in the
      hydraulic circuit. A suitable valve 123, such as a holding valve, holds
      the cylinder 91 in the upper position when inactive.
PAR  The electrical control circuit 110 includes three manual switches located
      in the control unit 80 at the front of the compactor casing including a
      start switch 130, a return switch 131 and a stop switch 132. With the cart
      12 in position and the loading door 45 locked, operation of the start
      switch 130 sends a signal to the solenoid driver 135 which pulls in the
      solenoid valve 121. At this time, pump motor 115 has not started,
      therefore there is no flow of fluid through the valve 118. A time delay
      circuit 136 also receives the signal from the solenoid driver and after a
      short delay sends a signal through an OR gate 137 which actuates the motor
      driver 138 to start the motor 115 for the pump 112. This causes lowering
      of the cylinder 91 and the concave compacting disc 90 and waste material
      is compacted until the pressure builds up to a predetermined level as
      detected by a signal taken from the flow line 101 through a control line
      140 which applies the high pressure signal to a high pressure detecting
      and time delay unit 141. The delay unit 141 provides a sufficient holding
      time of the high pressure applied to the waste material to squeeze some
      "set" into the waste material. It has been found that a fivesecond delay
      will accomplish this purpose. After the predetermined time delay, a signal
      is emitted from the time delay unit 141 to pass by control leads 142 and
      143 to the solenoid driver 135 and cause deenergization of the solenoid.
      The deenergization of the solenoid 121 results in shift of the valve 118
      back to the position shown in FIG. 4 and the cylinder 91 is raised. Return
      of the cylinder 91 to raised position is detected by a detecting unit 146
      which sends a signal through control lead 147 to the motor driver unit 138
      to cause stopping of the motor 115.
PAR  The manually operated return switch 131, may be operated at any time
      including during a cycle and sends a signal through control lead 160 to
      cause starting of the motor 115 for the fluid pump if the motor has not
      been operating and also sends a signal through a control lead 161 to an OR
      gate 162 which controls the solenoid deiver 135 to deenergize the solenoid
      121 whereby the cylinder 91 will be caused to elevate. The operation of
      the stop switch 132, at any time during the cycle of operation, sends a
      signal through the control lead 165 to cause the motor driver unit 138 to
      stop the motor 115 for the pump and also sends a signal through the
      control lead 166 to the OR gate 162 to the solenoid driver unit 135 to
      deenergize the solenoid 121 with the result that the cylinder 91 will stop
      immediately.
PAR  An additional control feature is an interlock unit 170 which includes a
      detection switch on the casing 10 to detect that the cart 12 is in
      position in the casing of the compactor and that the loading chute is
      closed. If the cart is not in position or the loading chute is open, the
      signal is sent by the interlock unit 170 through a control lead 171 to the
      leads 165 and 166 whereby the motor 115 is stopped and the solenoid 121 is
      deenergized.
PAR  An alternate form of cart is shown in association with a compactor in FIG.
      5, with the cart being generally the same construction as that shown in
      the other Figures. The same structural parts have been given the same
      reference numerals with a prime affixed thereto.
PAR  The cart 12' is constructed for supporting a container, such as a plastic
      bag, with a loading chute having a door 45' leading to an internal frame
      200 generally cylindrical in plan, and provided with an external groove
      whereby an elastic band 201 can hold the upper rim of the plastic bag in
      position with the base of the bag resting on a bottom panel 202. The
      vertical height of the bag is supported by a cylindrical wall extending up
      from the base panel 202, including a fixed wall section 203 and a hinged
      wall section 204 hinged at 205 which may be pivoted out of the way to
      permit lateral withdrawal of a filled bag after removal of the cart from
      the compactor casing. Alternatively, the parts on cart 12' may be shaped
      to hold a rectangular bag or other container.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compactor including a casing with a front wall having an opening to
      receive a cart, means to removably lock said cart to said casing,
      including a pair of hooks at the lower end of the casing, a pair of pins
      on the cart engageable in said hooks, and latch means carried on the
      casing to engage said cart and hold said hooks and pins in engagement,
      said cart having a front wall which closes off said opening when the cart
      is in locked position, means on said cart to hold a container for
      receiving material to be compacted, said cart front wall being defined at
      least in part by a loading chute mounted for pivotal movement relative to
      the remainder of the cart, and compacting means within the casing
      including a disc, means including a fluid motor for lowering said disc
      against material in the container to exert forces acting downwardly and
      inwardly on said material, and means for maintaining the force at a
      maximum value for a number of seconds to impart some "set" to the
      material.
NUM  2.
PAR  2. A compactor as defined in claim 1 including an electrical control
      circuit with a plurality of manually operated control buttons, said casing
      having a movable panel covering said control buttons, and said latch means
      being operatively connected to said movable panel whereby a cart is locked
      in place when said control buttons are exposed.
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PAL  Apparatus for compacting discarded wastepaper, cardboard boxes and the like
      into bale form comprising a container having a floor, a platen movable
      downwardly toward the floor for compacting the material, and a drive means
      for pulling the platen downwardly. The drive means includes a pair of
      upright screws drivingly connected to opposite ends of the platen, a pair
      of pulleys engaged with the lower ends of the screws, and a pair of drive
      belts which connect the pulleys to a motor, which is positioned on the
      back wall of the container at substantially equal distances from each
      screw. Turning of the pulleys by the motor additionally rotates the screws
      thereby driving the platen up or down. A pair of circuit interrupting
      switches are electrically associated with the motor and engage the drive
      belts. The switches are operable to shut off the motor in response to belt
      breakage.
BSUM
PAC  Background of the Invention
PAR  Baling machines which compact material into bale form have been in use for
      many years. Many have utilized motor-driven assemblies in which the motor
      has been located on the side or top of the baler. Since the motor occupies
      a considerable amount of space, this adds greatly to the width or height
      of the machine. Also, some previous balers have employed belts in the
      process of driving the compressing platen downwardly. These belts are,
      however, subject to breakage. Should a belt break during the baling
      process, serious damage could be done to the machine before the motor
      could be turned off. It is an object of the present invention, therefore,
      to provide a baling maching which uses a minimum amount of space. Another
      object of the invention is to provide a means for immediately shutting off
      the motor of belt driven machines in response to belt breakage.
PAC  Summary of the Invention
PAR  The compactor apparatus of this invention provides, in a preferred form, a
      motor assembly mounted on the back of the machine, thus decreasing the
      width and height of the machine. This does not greatly increase the
      front-to-back space requirements for the machine, as space must be
      provided in back of the machine for maintenance in any case. The present
      invention also provides circuit interrupting switches engaged with the
      drive belts which detect belt breakage and immediately shut off the motor
      in case either belt breaks.
PAR  The compactor apparatus comprises a container having a floor, a housing on
      the container, a platen movably mounted in the container, and a drive
      system for moving the platen downwardly toward the floor to compact
      material in the container. The necessary downward pulling forces are
      provided by a pair of upright screws located at opposite ends of the
      platen, a pair of nuts mounted on the screws and secured to the platen,
      and a drive mechanism for rotating the screws to thereby drive the platen
      downwardly. The drive mechanism includes a pair of pulleys engaged with
      the lower ends of the screws, a motor mounted on the back wall of the
      housing and having a drive shaft provided with a pair of pulleys, and a
      pair of belts each of which encircles a screw pulley and a motor pulley,
      so that turning of the pulleys by the motor serves to rotate the screws
      and drive the platen downwardly. A pair of circuit interrupting switches
      are electrically connected to the motor and have movable actuating arms
      which engage the belts so that breakage of a belt allows the arm to move
      to a position in which the circuit is interrupted and the motor is
      immediately shut off.
DRWD
PAR  Further objects, features and advantages of this invention will become
      apparent from a consideration of the following description, the appended
      claims and the accompanying drawing in which:
PAR  FIG. 1 is a rear elevational view of the compactor apparatus of this
      invention, with parts of the housing broken away for purposes of clarity;
      and
PAR  FIG. 2 is a sectional view of the apparatus, taken from substantially the
      line 2--2 in FIG. 1.
DETD
PAR  With reference to the drawing, the compactor apparatus of this invention,
      indicated generally at 10, is shown in FIG. 1 as consisting of a container
      12 having a rear wall 14, a front wall 15 and side walls 16 which form a
      compacting chamber 18 in which paper and paper products are to be
      compressed. A platen 20 is mounted in the chamber 18 for up and down
      movement toward and away from a floor 22. A housing 21 encloses the
      container 12.
PAR  A pair of upright screws 24 are rotatably mounted at opposite ends of the
      platen 20 to supply the necessary downward pulling forces therefor. Nuts
      26 are threadably mounted on the screws 24, and the platen 20 is connected
      to the nuts 26 by upright arms 28 which extend between the ends of platen
      20 and the nuts 26. Rotation of the screws 24 causes the nuts 26 to move
      up or down which in turn serves to drive the platen 20 upwardly or
      downwardly. The screws 24 are driven by pulleys 30 secured to their lower
      ends.
PAR  A motor 36, mounted on plates 38 secured to the apparatus 10 and disposed
      rearwardly of the rear wall 14, has a downwardly extending drive shaft 39.
      A pair of pulleys 34 are secured to the drive shaft 39 at positions in
      horizontal alignment with the pulleys 30 on the screws 24. The motor 36 is
      located so that the pulleys 34 are equally spaced from the pulleys 30. As
      a result, a pair of belts 32 and 33, of substantially equal length, can be
      trained about the pulleys 30 and 34 so as to provide for driving of the
      pulleys 30 in response to operation of the motor 36. As shown in FIG. 2,
      the pulleys 30 and 34, and the belts 32 and 33, are relatively arranged so
      that the belts 32 and 33 are disposed in a substantially V-formation with
      the pulleys 34 at the apex of the V.
PAR  In the operation of the machine 10, material to be compacted is placed in
      the chamber 18 with the platen 20 in its upper position shown in FIG. 1.
      The motor 36 is then operated to turn the pulleys 34 thereby driving the
      belts 32 and 33 and the pulleys 30, to in turn rotate the screws 24 and
      drive the platen 20 downwardly. The material in chamber 18 is then
      compacted between the platen 20 and the container floor 22. The motor 36
      is then operated to reversely rotate the screws 24 and return the platen
      20 to its upper position for the start of another cycle. Fully compacted
      material is removed from the chamber 18 through a pair of doors 40.
PAR  A pair of circuit interrupting switches 42 having movable actuating arms 44
      are secured to the motor mounting plates 38. The switches 42 are
      positioned so that the actuating arms 44 are engaged with the belts 32 and
      33 as shown in FIGS. 1 and 2. The switches 42 are structured so that the
      arms 44 are urged toward positions opening the switches and interrupting
      the circuits. However, during normal operation of the apparatus 10 the
      belts 32 and 33 exert sufficient pressure on the arms 44 to maintain the
      switches 42 in closed positions. In the event that a belt 32 or 33 should
      break, however, the pressure on the switch arm 44 normally engaged by the
      belt is relieved and the arm 44 will automatically move to a position
      opening the switch. The switches 42 are circuit connected to the motor 36
      so that in the event either switch is opened, operation of the motor 36 is
      discontinued. This arrangement prevents a situation in which, by virtue of
      belt breakage, one of the screws 24 is being rotated while the other
      remains idle. This situation causes tilting of the platen 20 and resultant
      damage to the apparatus 10 prior to shut off of the motor 36. In the
      apparatus 10 of this invention, whenever one of the belts 32 or 33 breaks,
      one of the switches 42 automatically provides for shut-off of the motor 36
      to preclude damage to the apparatus.
PAR  From the above description it is seen that the present invention provides a
      compact baling machine 10, in which the motor 36 is located on the back of
      the machine 10. The motor 36 is operable to turn a pair of pulleys 34
      which are connected to a pair of screw pulleys 30 by means of a pair of
      drive belts 32 and 33. The screw pulleys 30 rotate a pair of upright
      screws 24 which in turn drive a compressing platen 20. Circuit
      interrupting switches 42 are provided to shut off the motor 36 in response
      to breakage of the drive belts 32 and 33.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Compactor apparatus comprising a container having a a floor, front and
      rear walls, and a pair of side walls, a platen movable downwardly in said
      container toward said floor, means for moving said platen downwardly
      comprising a pair of upright screws located adjacent said side walls and
      at opposite ends of said platen, nuts threadably mounted on said screws,
      means securing said platen to said nuts, means for rotating said screws to
      thereby move said nuts and thus said platen toward and away from said
      floor, said means for rotating said screws comprising a motor disposed
      rearwardly of and adjacent said rear wall and having a drive shaft, said
      motor being positioned so that said drive shaft is at substantially equal
      distances from said upright screws, a pair of pulleys on the lower ends of
      said screws, a pair of pulleys mounted on said drive shaft, a pair of
      drive belts, each of said drive belts extending around one of said motor
      drive shaft pulleys and one of said screw pulleys, so that the rotation of
      said motor pulleys by said motor provides for rotation of said screw
      pulleys, thereby rotating said screws and moving said platen upwardly or
      downwardly, a pair of switches having actuator members, each of said
      actuator members being positioned in contact with one of said drive belts
      and electrically connected to said motor, each of said switches being
      operable to shut off said motor in response to breakage of the belt
      engaged by the actuator therefor.
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ABST
PAL  A hay baler including a mobile chassis having a bale chamber and a
      power-driven plunger reciprocably mounted in the chamber for cyclically
      compressing hay in the chamber. A pickup lifts the windrowed hay from the
      ground and a feeding mechanism is reciprocably powered from the plunger to
      feed the hay into the bale chamber. The feeding mechanism includes a
      carriage mounted for reciprocation on a horizontal wall structure. A
      plurality of hay engaging fingers is pivotally suspended from the carriage
      beneath the wall structure for moving the hay from the pickup to the bale
      chamber. Each of the hay feeder fingers is removably secured to the
      carriage by a clamp disposed above the respective fingers. Openings are
      defined through the wall structure through which the clamps and the
      fingers are successively removable to facilitate replacement of worn or
      damaged fingers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to hay balers and more specifically to an
      improved feeding mechanism for the baler facilitating replacement of the
      feeder fingers thereof.
PAR  2. Prior Art
PAR  The prior art over which the present invention provides an improvement is
      exemplified by the cross feed mechanism 25 in a hay baler shown in U.S.
      Pat. No. 3,486,439. The carriage 49 supports a plurality of feeder fingers
      55-58 and is supported for reciprocation in parallel guide rails 59 and
      60. As shown in FIG. 3 the opposed rails 59 and 60 include coplanar
      surfaces defining the top wall structure for the cross feed housing 23.
PAR  In order to replace any of the feeder fingers 55-58 it is necessary to
      disconnect the carriage 49 from its cable drive structure, slide the
      carriage out of the rails 59 and 60, turn the carriage over to expose the
      fingers, remove the finger pivot shaft 63, and then remove the finger. The
      new finger is installed and the procedure is reversed.
PAR  It is apparent that the above procedure requires considerable
      time-consuming effort. The time involved may be particularly significant
      when replacement is required during the baling operation which must be
      rapidly completed due to considerations of crop conditions, weather, etc.
PAC  SUMMARY
PAR  The invention provides means for removably clamping the feeder fingers to
      the carriage of a cross feed mechanism which permits the fingers to be
      rapidly removed and replaced. More specifically, the carriage and the
      superposed wall structure are designed and cooperatively arranged to
      permit the fingers to be unclamped and removed upwardly from the carriage
      and through the wall structure. Consequently, it is unnecessary to remove
      the carriage with all the required steps set out above. A unique clamp is
      utilized to removably hold the feeder finger in operative position and is
      designed to be removed through the wall structure.
PAR  The primary object of the invention is to provide an improved baler cross
      feed mechanism wherein the feeder fingers thereof are quickly and easily
      replaceable with the result that delays or interruptions in field
      operation are minimized.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragamentary plan view of the principle components of a hay
      baler incorporating the removable feeder finger system of the invention;
PAR  FIG. 2 is an enlarged fragmentary view of the feed chamber and finger
      carriage structure of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary sectional view taken in the direction of
      lines 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged fragmentary side elevation view of the baler of FIG.
      1;
PAR  FIG. 5 is a fragmentary enlarged sectional view taken along lines 5--5 of
      FIG. 2: and
PAR  FIG. 6 is an exploded view of the finger mounting structure of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1 there is shown some of the basic structure of a
      hay baler adapted for towing behind a PTO-equipped tractor for picking up
      windrowed hay and forming successive compacted and tied bales. The baler
      includes a longitudinally extending bale chamber 10 of generally
      rectangular section. A plunger 12 is slidably mounted within the bale
      chamber 10 for reciprocation in hay-compression and return strokes.
PAR  The plunger 12 is power driven from the towing tractor through suitable
      shafting (not shown) coupled to a flywheel 14. The power is transferred
      from the flywheel 22 through a gear type transmission 16 to a crank
      assembly 18. The crank assembly 18 includes parallel arms 20 and 22
      interconnected and journalled at 24 to a pitman 26 pivotally connected to
      the plunger 12.
PAR  In accordance with usual construction the baler includes a hay pickup shown
      generally at 28 power driven from the plunger drive for lifting the
      windrowed hay upwardly and then rearwardly into a feed chamber shown
      generally at 30 disposed at right angles to the bale chamber 10. The
      chamber 30 includes a floor 32 (FIG. 1), a rear wall 34 (FIG. 3), and a
      top wall structure comprising a pair of transversely-spaced parallel
      plates 36 and 38 extending longitudinally of the feed chamber. The hay is
      moved along the feed chamber 30 and into the bale chamber 10 in timed
      relation to reciprocation of the plunger 12.
PAR  The mechanism for feeding the hay into the bale chamber includes a
      track-mounted reciprocating carriage 40 of H-shape as viewed in plan
      supporting a plurality of depending teeth 42 (preferably four in number)
      for engaging and moving the hay. As shown in FIG. 3 the feed chamber top
      plates 36 and 38 include inwardly and downwardly inclined sections 44 and
      46 disposed in opposed relation to define parallel tracks for the carriage
      40 in conjunction with the undersides of the top portions of the plates 36
      and 38.
PAR  The carriage 40 includes a pair of longitudinally-spaced transverse
      sections 48 and 50 rigidly interconnected by an elongated plate 52. Each
      of the sections 48 and 50 includes pairs of end plates 54, 54 and 56, 56.
      Wooden bearing blocks 58 are bolted between the pairs of end plates 54 and
      56 so as to be disposed in pairs on the respective carriage sections 48
      and 50. As best shown in FIG. 3 the blocks 58 are shaped to rest on the
      inclined ramp sections 44 and 46 so as to slidably support the carriage
      for reciprocation.
PAR  As mentioned above, the carriage 40 is reciprocated in timed relation to
      reciprocation of the plunger 12. As shown in FIGS. 1 and 4 an elongated
      toothed rack 60 is slidably mounted on the exterior of the bale chamber 10
      between a pair of support and guide rails 62 and 64. The plunger 12 is
      connected to the rack 30 by a pin 66 which projects through an elongated
      slot (not shown) in the bale chamber wall. As shown in FIG. 4 a shaft 68
      is mounted on the bale chamber 10. A pinion gear 70 is coupled to the
      lower end of the shaft 68 in driven engagement with the toothed rack 60.
PAR  A pulley 72 is secured to the upper end of the shaft 68 above the level of
      the bale chamber 10. As shown in FIG. 1 a second pulley 74 is mounted on
      the feed chamber 30 near its outer end on the same level as the pulley 72.
      An elongated flexible belt 76 is trained on the pulley 72 and 74 so as to
      extend therebetween in first and second runs 78 and 80. The carriage is
      coupled to the belt run 78 as structure best shown in FIGS. 2 and 3. A
      U-shaped plate 82 is welded to the forward end of the plate 52 of the
      carriage 40. A laterally separable block 84 is bolted into complemental
      engagement with the belt run 78 and is, in turn, bolted to the plate 82 by
      shear bolts 86.
PAR  In accordance with the invention means are provided for releasably
      retaining the feed fingers 42 on the carriage 40 enabling quick and easy
      removal and replacement of the fingers when required. Each of the four
      feed fingers 42 is mounted on the carriage 40 by means including a channel
      member 88 disposed laterally inboard of the four bearing blocks 58 of the
      carriage. In practice the channel members 88 extend between the end plates
      54 and 56 and are welded in place so as to be rigid with the carriage. As
      best shown in FIG. 6 each of the channel members 88 has an opening 90
      defined therethrough for receiving the feed finger 42. The opening 90 is
      defined in side elevation by pairs of downwardly inclined surfaces 92
      which converge at transversely spaced and aligned seat portions 94 which
      are rectangular in side profile.
PAR  Each of the fingers 42 is made of a plastic material and includes a hub 96
      at the upper end. A pivot shaft or pin 98 of polygonal cross section
      extends through the hub 96 and projects beyond the opposite sides of the
      finger. Three elongaged elastomeric members 100 are interposed between the
      shaft 98 and the finger hub 96 to provide a resilient pivot mounting of
      the finger 42 on the shaft 98.
PAR  It will be seen that the seat portions 94 will receive the finger mounting
      shaft 98 thereon with a complementary fit against the lower surface of the
      shaft. The finger 42 is retained in operative position by means including
      a clamp 102 releasably coupled to the carriage and engageable with the
      shaft 98. As shown in FIGS. 5 and 6 the clamp 102 includes a pair of
      downturned flanges 104 generally triangular in side elevation adapted to
      straddle the hub 96 of the finger 42. A notch 106 is defined in the lower
      apex of each of the flanges 104 to engage the protruding ends of the
      finger shaft 98 with a complementary fit thereon. The forward end of the
      clamp 102 includes a flat tab 108 shaped and sized to project into a slot
      110 defined through the end plate 54. The rearward end of the clamp 102 is
      drilled at 112 and the channel member 88 is drilled at 114 in registry
      with the opening 112. A nut 115 is welded to the underside of the channel
      88 in registry with the opening 114. A bolt 116 projects through the
      aligned openings 112 and 114 and is threadedly received in the weld nut
      115 to retain the clamp 102 in operative position. As shown generally in
      FIG. 1 and more specifically in FIGS. 2 and 5, a pair of access openings
      118 is defined through the top plates 36 and 38 spaced apart and sized to
      permit the clamp 102 and finger 42 to be withdrawn upwardly therefrom and
      installed downwardly therethrough.
PAR  The removal and replacement of the feed fingers 42 is a relatively simple
      procedure. The carriage 40 is moved to dispose a pair of the clamps 102
      beneath the openings 118. The bolt 116 is removed and the clamp 102 is
      pulled out of the slot 110 and removed upwardly through the opening 118.
      This frees the finger 42 for removal upwardly through the opening 90 of
      the channel member 88 and through the access opening 118. A replacement
      finger is then inserted through the openings 118 and 90 and the pivot
      shaft 98 is received on the seat portions 94. It will be noted that the
      inclined surfaces 92 guide the shaft 98 downwardly into the seat portions
      94. The clamp 102 is then inserted through the access opening 18 and into
      the slot 110. The bolt 116 is then threadedly inserted into the nut 115
      and tightened. The complementary engagement of the notches 106 against the
      ends of the shaft 98 firmly sets the shaft into the seat portions 94.
PAR  By the foregoing Applicants have provided a simple and effective means for
      accomplishing the object of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a hay baler having a bale chamber, a feed chamber communicating with
      the bale chamber, a wall structure defining the top of the feed chamber, a
      carriage reciprocably mounted on the wall structure for movement toward
      and away from the bale chamber, at least one feeder finger suspended from
      the carriage beneath the wall structure and extending into the feed
      chamber for moving hay toward the bale chamber, structure facilitating the
      replacement of the feeder finger comprising:
PA1  a clamp on said carriage for retaining said finger in operative position;
PA1  means for disconnecting said clamp from said carriage;
PA1  and an opening defined through said wall structure above said clamp and
      finger of a size permitting said clamp and finger to be moved upwardly
      therethrough, said finger including a pivot shaft projecting therethrough,
      said carriage including an upwardly facing seat for receiving said shaft,
      said clamp including a downwardly facing seat engageable with said shaft
      to releasably retain it between said seats.
NUM  2.
PAR  2. In a hay baler having a bale chamber, a feed chamber communicating with
      the bale chamber, a wall structure defining the top of the feed chamber, a
      carriage reciprocably mounted on the wall structure for movement toward
      and away from the bale chamber, at least one feeder finger suspended from
      the carriage beneath the wall structure and extending into the feed
      chamber for moving hay toward the bale chamber, structure facilitating the
      replacement of the feeder finger comprising:
PA1  a clamp on said carriage for retaining said finger in operative position;
PA1  means for disconnecting said clamp from said carriage;
PA1  and an opening defined through said wall structure above said clamp and
      finger of a size permitting said clamp and finger to be moved upwardly
      therethrough, said carriage including a portion through which a slot is
      defined, said clamp including a first end shaped to project into said slot
      so as to be retained therein, and bolt means releaseably securing the
      opposite end of said clamp to said carriage, whereby said clamp is
      removable upon releasing said bolt means and withdrawing said first end
      from said slot.
NUM  3.
PAR  3. In a hay baler having a bale chamber, a feed chamber communicating with
      the bale chamber, a wall structure defining the top of the feed chamber, a
      carriage reciprocably mounted on the wall structure for movement toward
      and away from the bale chamber, at least one feeder finger suspended from
      the carriage beneath the wall structure and extending into the feed
      chamber for moving hay toward the bale chamber, wherein the improvement
      resides in structure for releasably retaining the finger on the carriage
      comprising:
PA1  a transverse pivot shaft projecting beyond the opposite sides of said
      finger;
PA1  a seat defined on said carriage for receiving the oppositely projecting
      ends of said shaft;
PA1  and a clamp mounted on said carriage in releasable engagement with said
      shaft to hold it in said seat.
NUM  4.
PAR  4. The subject matter of claim 3, wherein said shaft is polygonal in cross
      section, said seat and said clamp having shaft-engaging portions
      complemental to said polygonal cross section thereby retaining said shaft
      against rotation;
PA1  and means effective between said finger and said shaft permitting limited
      swinging movement of said finger about said shaft.
NUM  5.
PAR  5. The subject matter of claim 4, including an opening defined through said
      wall structure above said clamp and said finger of a size permitting said
      clamp and finger to be removed upwardly therethrough.
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ABST
PAL  In one exemplar embodiment, an apparatus for impressing identifying
      characters into the end face of metal bar stock is disclosed. A stamping
      apparatus operates in conjunction with conventional bar stock drawing and
      cutting machines. The stamping apparatus has a die positioning member
      adapted for pivotal movement carrying a character imprinting die that is
      extended and locked in the path of the moving bar stock. The force of the
      bar stock moving against the die imprints the identifying characters in
      the end face of the bar stock. Just prior to cutting of the bolt blank
      from the bar stock the cutting machine signals the bolt stamping apparatus
      and the die positioning member begins to pivot and retract into the
      apparatus housing thereby relieving the pressure between the end face of
      the bar stock and the die. The die positioning member continues to pivot
      into the housing as the cutting machine cuts the bolt blank from the bar
      stock and allows the bolt blank to fall free for collection. The bar stock
      is advanced again and the die positioned to repeat the imprinting process
      on the next bolt blank.
PARN
PAR  This is a division, of application Ser. No. 325,145, filed Jan. 19, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus and methods of imprinting identifying
      characters on the end face of metal bar stock. More precisely, this
      invention relates to the imprinting of identifying characters on the end
      face of bolt blanks.
PAR  As a safety measure, the American Society for Testing and Materials (ASTM)
      requires as a part of its standard that all bolts, stud and headed, carry
      identifying characters in order to identify the bolt manufacturer in the
      event of bolt failure. This requirement is part of the ASTM designation
      A193. Accordingly, all bolts manufactured to ASTM standards must carry the
      identifying characters. For headed bolts the characters can be imprinted
      in the head forging process, but in the manufacture of stud bolts, the
      characters have to be separately imprinted. Various methods are used to
      imprint the identifying characters. The characters can be hand stamped but
      this is slow and costly because of the labor involved. Some machines have
      been designed to take bolt blanks and impress the identifying characters
      on the bolt blanks in a separate operation. This is also costly, since a
      separate machine is needed to handle the bolt blanks and to stamp the
      characters thereon. Also involved is additional labor in operating a
      separate machine, loading and unloading the machine with bolt blanks prior
      to further processing.
PAR  Accordingly, one primary feature of the present invention is to provide
      means for impressing identifying characters on the end face of bolt blank
      bar stock before the bolt blank has been cut, thereby eliminating the need
      for a separate stamping operation.
PAR  Another feature of the present invention is to provide a method of
      impressing identifying characters on the end face of bolt blank bar stock
      prior to cutting the bolt blank that does not interfere with the cutting
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention remedies the problems of the prior art by providing
      method and apparatus to impress identifying characters on the end face of
      bolt blank bar stock just prior to the cutting operation of forming a bolt
      blank.
PAR  In accordance with a principle of this invention, an apparatus for
      impressing identifying characters on the end face of advancing bolt blank
      bar stock as the bar stock is supplied to a cutting machine is provided,
      comprising: a die with selected identification characters thereon,
      positioning and locking means for positioning and locking said die in the
      axial path of travel of the advancing bar stock to allow the end face of
      said advancing bar stock to engage said locked die and exert continued
      pressure against the die, said pressure exerted by the bar stock being
      sufficient to impress said die characters into the end face, and switch
      means connected to the cutting machine for generating a signal just prior
      to the time the cutting machine cuts the bar stock into a bolt blank said
      positioning and locking means receiving said signal and in response
      thereto unlocking said die and repositioning said die out of the axial
      path of the bar stock to relieve said pressure between the end face of the
      bar stock and said die after impression of the identifying characters on
      the end face just prior to the bar stock being cut into a bolt blank by
      the cutting machine.
PAR  In accordance with another principle of this invention, a method of
      impressing identifying characters on the end face of advancing bolt blank
      bar stock as the bar stock is supplied to a cutting machine is provided,
      the method comprising the steps of: positioning a die containing the
      identifying characters in the axial path of travel of the advancing bar
      stock, locking said die in said position in the path of travel of the
      advancing bar stock, engaging said locked die with the end face of said
      advancing bar stock, said end face of said bar stock exerting continued
      pressure against the die as the bar stock attempts to advance against said
      locked die, said pressure exerted by the end face of the bar stock being
      sufficient to impress said die characters into the end face, and unlocking
      said die and repositioning said die out of the axial path of travel of the
      bar stock to relieve said pressure between the end face of the bar stock
      and said die for allowing cutting of said bar stock into a bolt blank.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the manner in which the above recited advantages and features
      of the invention are attained can be understood in detail, a more
      particular description of the invention may be had by reference to
      specific embodiments thereof which are illustrated in the appended
      drawings, which drawings form a part of this specification. It is to be
      noted, however, that the appended drawings illustrate only typical
      embodiments of the invention and therefore are not to be considered
      limiting of its scope where the invention may admit to further equally
      effective embodiments.
PAR  In the drawings:
PAR  FIG. 1 is a side view of a bolt blank bar stock drawing and cutting machine
      with the bolt stamping apparatus in place.
PAR  FIG. 2 is a simplified schematic diagram of the bolt blank bar stock
      drawing and cutting machine showing the bolt stamping apparatus engaging
      the bar stock.
PAR  FIG. 3 is a fragmentary detailed side elevational view of one embodiment of
      the bolt stamping apparatus.
PAR  FIG. 4 is a top view of the embodiment of the bolt stamping apparatus shown
      in FIG. 3 and taken along lines 4--4.
PAR  FIG. 5 is a schematic diagram showing one embodiment of the cutting machine
      switch actuation for signaling the reciprocating means.
PAR  FIG. 6 is a side view of the bolt stamping apparatus including the position
      adjusting means.
PAR  FIG. 7 is a top view of the bolt stamping apparatus including position
      adjusting means taken along line 7--7 of FIG. 6.
PAR  FIG. 8 is a fragmentary detailed side elevational view of a second
      embodiment of the bolt stamping apparatus.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a typical bolt blank bar stock drawing and cutting
      machine with a bolt stamping apparatus according to this invention is
      shown. The bolt stamping apparatus 10 for stamping selected identification
      characters on the end of the bolt blank cut from a solid bar stock 12 is
      shown. The apparatus 10 projects inwardly of an impact cutting machine 16
      for cutting bolt blanks from the bar stock 12, the bar stock being fed to
      the cutting machine by a drawing machine 14. The drawing machine 14 and
      cutting machine 16 may be any conventional bar stock drawing and cutting
      machines.
PAR  Bolt stamping machine 10 is supported on a pair of parallel tubular members
      26 mounted to and projecting from the end of the cutting machine 14.
      Tubular members 26 support the bolt stamping apparatus 10 which is movable
      thereon by means of a position adjusting means 24 operated by hand wheel
      30. The position adjusting means is supported by a supporting means or
      bracket 28. The bolt blanks 13 after stamping and cutting are typically
      moved via discharge chute 18 onto a conveying means 20 where they are
      moved to a hopper or container 22 for collection for use in the next step
      of the bolt making operation.
PAR  FIG. 2 illustrates in schematic form the operation of the bolt stamping
      machine 10 in conjunction with the drawing and cutting machines 14 and 16,
      respectively. The bar stock 12 is fed to feed rollers 34 by means of a
      hitch feed 36 where it is then passed through a guide tube 32 and enters
      the cutter heads 38. The bar stock continues through the cutting heads 38
      until it contacts the character printing die 40 of bolt stamping apparatus
      10. As the rollers and hitch feed continue to move the bar stock
      horizontally against the die head the pressure exerted by bar stock 12
      against the die 40 is sufficient to impress the die characters into the
      end face of the bolt blank. The die 40 is carried by a die positioning
      member 42 adapted for pivotal movement about pivot pin 46 in the direction
      shown by the arrows. In FIG. 2, member 42 is shown in its extended and
      locked position allowing bar stock 12 to engage die 40. The bar stock
      exerts approximately 10,000 lbs. pressure against the locked die. After
      the characters have been imprinted on the end face of bar stock 12, and
      just prior to the cutting of the bar stock into a bolt blank 13, the
      cutting machine 16 signals (by conventional circuitry not shown) stamping
      apparatus 10 which unlocks die positioning member 42, and begins to
      retract member 42 into the housing 53 thus releasing the pressure applied
      by bar stock 12 on die 40. The cutters 38 then cut bar stock 12 into a
      bolt blank 13, along the "cut off line" shown, which falls away and is
      directed by chute 18 onto a conveyor 20 where the bolt blanks are carried
      to a container 22 for collection pending further disposition. The member
      42 continues to retract into housing 53 to its open position. Immediately
      after cutters 38 cut bolt blank 13 from bar stock 12, member 42 is
      extended once again to position die 40 in the path of the advancing end
      face of bar stock 12. The whole process of stamping, cutting of the bolt
      blank, retraction and extension of member 42 is repeated for each new bolt
      blank cut.
PAR  FIGS. 3 and 4 illustrate the preferred embodiment of the bolt stamping
      apparatus. Die 40 with imprintable characters thereon is mounted on a die
      positioning member 42 shown in its down and locked position. The end of
      bar stock 12 is shown engaging die 40 to imprint the characters on the end
      face of the bar stock. Member 42 pivots about pivot pin 46 that is mounted
      between the two sections of the housing 53. The upper portion of the
      member 42 carries a link pin 54 which is attached to a first toggle link
      50. A second toggle link 48 is shown pivoting about pivot pin 52 mounted
      in the housing 53 and is linked to the first toggle link 50 by means of a
      link pin 56. Link pin 56 projects through an arcuate slot 55 in the sides
      of the housing 53. Link pin 56 also carries a forked link 60 that is in
      turn attached by link pin 58 to the forked end 65 of a drive shaft 64
      operated by a reciprocating means 62. Reciprocating means 62 may
      conveniently be a pneumatic, hydraulic or electro mechanical cylinder 66
      appropriately mounted by means of bolts 67 to a reciprocating means
      support bracket 68. The support bracket 68 is carried by mounting assembly
      69.
PAR  The reciprocating means 62 drives shaft 64 in a reciprocating motion
      upwardly and downwardly. The down stroke motion of drive shaft 64 drives
      forked line 60 downwardly, pivoting toggle links 48 and 50 downwardly and
      driving member 42 down into its extended position for allowing die 40 to
      engage the advancing bar stock 12. As the drive shaft 64 continues its
      downward movement, toggle link 48 swings down until it contacts stop
      shoulder 57. The stopping of toggle link 48 stops the downward travel of
      shaft 64 and positions toggle link 50 in its most downward position to
      extend member 42. With toggle link 48 abutting stop 57, the respective
      center lines of toggle links 48 and 50 are within a 3.degree. angle of
      each other, effectively locking the toggle links in place about the axis
      of link pins 52, 54 and 56. It is this locked position which holds member
      42 in its extended position to enable die 40 to engage the end of the
      advancing bar stock 12 and resist the pressure applied by the end face of
      bar stock 12 to imprint the die characters. Stop 57 also functions to stop
      the motion of toggle links 48 and 50 in order to hold member 42 in its
      fully extended position and not allow member 42 to begin to retract as
      would be the case if shaft 64 was allowed additional downward travel.
PAR  Just prior to the time that the cutters 38 (see FIG. 2) cut the bar stock
      12, a switch associated with the cutter actuating mechanism (not shown)
      signals reciprocating means 62 and reciprocating means 62 causes drive
      shaft 64 to move upwardly thus unlocking toggle links 48 and 50 and
      pivoting die member 42 slightly upwardly, thereby releasing the pressure
      between the die 40 and the end face of bar stock 12. As soon as the die
      pressure has been released, the cutters 38 (see FIG. 2) cut the bar stock
      and form a bolt blank 13. But drive shaft 64 is simultaneously being moved
      upwardly and member 42 is pivoted upwardly into the housing 53 to its
      retracted position shown by the dotted lines at 44, allowing the bolt
      blank 13 to fall free (see FIGS. 1 and 2). As soon as the drive shaft 64
      has moved upwardly its full motion, the reciprocating means returns drive
      shaft 64 down to its extended position thereby pivoting the die support
      member 42 into its extended and locked position. With member 42 in its
      extended position die 40 is again positioned in the path of the advancing
      bolt blank 12. The pressure exerted by the bolt blank 12 to impress the
      characters of the die into the bolt blank end face is repeated, as is the
      upward movement of member 42 to release the die stamping pressure on the
      end face of bar stock 12 and to pivot member 42 away from the bar stock to
      allow the bolt blank 13 to fall free after it is cut.
PAR  The signaling circuit for signaling the reciprocating means 62 just prior
      to the time that the cutters are to be actuated is not shown in FIGS. 3
      and 4. However, the cutting apparatus can signal the reciprocating means
      in any conventional manner at a point in time just prior to the time that
      the cutting action is to take place. The signaling apparatus may be a
      micro switch closed by the cutting mechanism of machine 16 and a signal
      transmitted to a valve communicating with reciprocating means 62 to
      reverse the action of the drive shaft. This operation is continuously
      repeated for each bolt blank that is cut and stamped.
PAR  Support bracket 68 and mounting assembly 69 are carried by an upper bracket
      assembly 70 which is suitably connected to a lower bracket assembly 72
      mounted on parallel tubular members 26 to allow horizontal positioning of
      apparatus 10 along tubular members 26 as will be hereinafter further
      described.
PAR  FIG. 5 is a schematic diagram showing the cutting machine actuation of a
      switch means for signaling the reciprocating means when the time has come
      to retract the die. Cutting heads 38 are shown mechanically driven by
      rotors 114. Bar stock 12 is in place against die 40 with the die
      positioning means 42 in its extended and locked position. One of the
      rotors 114 has been modified to include a cam 115 that will engage a micro
      switch 116 just prior to driving the cutting head 38 into cutting
      engagement with the bar stock. Switch 116 closes an electrical circuit via
      conductor 118 to actuate an electromechanical valve 120 that operates the
      piston 122 of hydraulic or pneumatic cyliner 66.
PAR  Compressed air or hydraulic fluid is applied to valve 120 via tubing 128.
      Valve 120 applies the compressed air or hydraulic fluid via tubing 126 or
      tubing 124 to cylinder 66 to drive piston 122 upwardly or downwardly. When
      switch 116 is actuated by cam 115, valve 120 applies compressed air or
      hydraulic fluid via tubing 126 to drive piston 122 and shaft 64 upwardly,
      thereby unlocking member 42 and relieving the applied pressure between the
      end face of bar stock 12 and die 40. As piston 122 continues upwardly,
      member 42 is retracted and cutters 38 cut the bolt blank from bar stock
      12, and the bolt blank 13 (see FIG. 2) falls free for collection.
PAR  When piston 122 has reached its maximum upward travel, valve 120 switches
      back to allow compressed air or hydraulic fluid to pass via tubing 124 to
      drive piston 122 downwardly and lock member 42 in its extended position.
      Die 40 is positioned in the axial path of travel of bar stock 12 and the
      next character impressing operation takes place. Switch 116 and valve 120
      are ready for the next actuation by rotor cam 115 to repeat the retraction
      of member 42.
PAR  Referring now to FIGS. 1, 6 and 7, the horizontal position adjusting means
      24 of stamping apparatus 10 is shown mounted on parallel tubular members
      26 that extend horizontally from the cutting machine 16. Mounting assembly
      69 is mounted on a sliding member 71 mounted within upper bracket assembly
      70 and means are provided for allowing a small arcuate adjustment of the
      housing 53 in the horizontal plane as shown by arrows A and B. This
      adjustment allows for a slight adjustment in the plane of impact of die 40
      with the end face of bar stock 12. The adjustment of housing 53 pivots
      about die 40 as a center point and can be canted 3.degree. either side of
      center. The adjustment in the direction shown by arrows A and B may be
      accomplished by means of loosening bolts 82 and adjusting bolts 77 to move
      mounting assembly 69 arcuately in a horizontal plane. Bolts 82 move in
      slots 84. The above action laterally moves the plane of impact of die 40
      to give the best and sharpest impression of the die characters into the
      end face of bar stock 12. Once die 40 is correctly positioned, then bolts
      82 are again tightened as are bolts 77.
PAR  Mounted at the ends of tubular support members 26 is a bracket and guide
      assembly 74 that is attached to supporting means 28 which may conveniently
      be a bracket attached between bracket and guide assembly 74 and the floor
      or the base of the cutting machine as shown in FIG. 1. Bracket and guide
      assembly 74 carries a screw member 76 attached to a hand wheel 30 and
      engages a threaded member 78 attached by means of supports 80 to the upper
      brackets assembly 70. As handwheel 30 is rotated, the screw member 76
      threadedly engages the threaded member 78 and causes the threaded member
      78, the attached upper bracket assembly 70 and mounting assembly 69 to
      move horizontally along tubular support members 26. Accordingly, for
      various lengths of bolt blanks desired, the bolt stamping apparatus 10 may
      be quickly and conveniently moved to a correct position to accommodate the
      correct bolt blank length that is to be cut from the advancing bar stock
      12. Members 70 and 72 are allowed to move along support members 26 by
      loosening bolts 79. When correctly positioned, tightening bolts 79 lock
      members 70 and 72 to the support members 26.
PAR  FIG. 8 illustrates a second embodiment of the bolt stamping apparatus. In
      this embodiment, a die positioning member 92 carries a character
      impressing die 40 for engaging the end of bar stock 12. Member 92 pivots
      about a pivot pin 96. A sliding member 98 moves vertically within housing
      103 and is shown in its downward position engaging and locking member 92
      in place against the pressure exerted by the advancing bar stock 12.
      However, just before the cutters (see FIG. 2) cut bar stock 12 into a bolt
      blank, the reciprocating means 108 is signaled, as hereinbefore described,
      and the drive shaft 104 is moved upwardly unlocking member 92 and
      releasing the die impressing force between die 40 and the end of bar stock
      12. At the same time as the bar stock is being cut into a bolt blank 13 as
      hereinabove described, the upwardly moving drive shaft 104 causes cam
      surface 100 of slide member 98 to engage the cam surface 102 of member 92
      and pivots member 92 about pivot pin 96 to a retracted position as shown
      by the dotted lines at 94.
PAR  In the retracted position, member 92 removes die 40 from the path of bar
      stock 12 and allows the cut bolt blank to fall free for collection as
      hereinabove described. Drive shaft 104 may be suitably connected to
      sliding member 98 by means of a threaded portion 106. Reciprocating means
      108 may of course be a conventional pneumatic or hydraulic cylinder
      mounted by means of mounting bracket 112 to the housing 103. Upper bracket
      70 and lower bracket assembly 72 would conventionally mount housing 103 to
      the parallel tubular members 26 as hereinabove described.
PAR  Upon the downstroke of drive shaft 104, after the bolt blank has been cut,
      slide member 98 is driven downwardly thus allowing member 92 to pivot
      downwardly into its extended position and presenting die 40 to the
      advancing face of the bar stock 12. As drive shaft 104 continues
      downwardly it drives slide member 98 into locking engagement with member
      92 thus locking the member in place and allowing the pressure exerted by
      the end face of bar stock 12 to impress the die characters into the end
      face. The sequence of locking member 92 in its extended position and
      unlocking and retracting the member from contact with the bar stock is
      repeated for each bolt blank that is to be stamped.
PAR  Numerous variations and modifications may obviously be made in this
      structure herein described without departing from the present invention.
      Accordingly, it should be clearly understood that the forms of the
      invention herein described and shown in the figures of the accompanying
      drawings are illustrative only and are not intended to limit the scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a bolt cutting machine, apparatus for impressing
      identifying characters on the end face of advancing bolt blank bar stock
      as the bar stock is supplied to a cutting machine, comprising
PA1  a die with selected identification characters thereon, positioning and
      locking means for positioning and locking
PA2  said die in the axial path of travel of the advancing bar stock to allow
      the end face of said advancing bar stock to engage said locked die and
      exert continued pressure against the die, said pressure exerted by the bar
      stock being sufficient to impress said die characters into the end face,
      and
PA2  switch means connected to the cutting machine for generating a signal just
      prior to the time the cutting machine cuts the bar stock into a bolt
      blank,
PA2  said positioning and locking means receiving said signal and in response
      thereto unlocking said die and repositioning said die out of the axial
      path of the bar stock to relieve said pressure between the end face of the
      bar stock and said die after impression of the identifying characters on
      the end face but just prior to the bar stock being cut into a bolt blank
      by the cutting machine,
PA1  a die positioning member being connected to said machine, said die
      positioning member carrying said die and having pivotal movement to
      position said die in the axial path of the advancing bar stock and to
      remove said die from the axial path of the bar stock, said die positioning
      member having a cam surface formed thereon,
PA1  a reciprocating drive means being connected to said die positioning member
      and having a drive shaft attached thereto, said reciprocating drive means
      imparting linear movement to said drive shaft,
PA1  actuator means being connected to said reciprocating drive means and
      controlling energization of said reciprocating drive means, said actuator
      means being electrically responsive and being electrically connected to
      said switch means, said actuator means operating in response to said
      electrical signals from said switch means, and
PA1  a cam member attached to said drive shaft and engaging said cam surface of
      said die positioning member for positioning and locking said member and
      said die into the axial path of the advancing bar stock upon the
      downstroke of said reciprocating drive means and unlocking said retracting
      said member to position said die out of the axial path of the bar stock
      upon the upstroke of said reciprocating drive means.
NUM  2.
PAR  2. The apparatus as described in claim 1, wherein said cam member is driven
      by said drive shaft into physical contact with said die positioning member
      to prevent pivotal movement by said member.
NUM  3.
PAR  3. In combination with a bolt cutting machine, apparatus for impressing
      identifying characters on the end face of advancing bolt blank bar stock
      as the bar stock is supplied to a cutting machine, comprising:
PA1  a housing fixed to the cutting machine,
PA1  a die with selected identification characters thereon,
PA1  a die positioning member carrying said die and
PA2  having pivotal movement into and out of said housing, said die positioning
      member movable out of said housing to position said die in the axial path
      of the advancing bar stock and movable into said housing to remove said
      die from the axial path of the bar stock, said die positioning member
      having a cam surface formed thereon,
PA1  a reciprocating drive means mounted adjacent said housing for operating a
      drive shaft,
PA1  a cam member attached to said drive shaft and engaging said cam surface of
      said die positioning member for pivoting said member into and out of said
      housing and locking said member with said die disposed in the path of
      travel of the advancing bar stock to allow the end face of said advancing
      bar stock to engage said locked die, said pressure exerted by the bar
      stock being sufficient to impress said die characters into the end face,
      and actuator means being connected to said reciprocating drive means and
      operating responsive to electrical signals to impart controlling actuation
      to said reciprocating drive means,
PA1  switch means connected to the cutting machine for generating an electrical
      signal just prior to the time the cutting machine cuts the bar stock into
      a bolt blank, said actuator means receiving said electrical signal and
      causing movement of said cam member by said reciprocating drive means to
      unlock said die positioning member and allow the die sufficient movement
      to relieve said pressure between the end face of the bar stock and said
      die after impression of the identifying characters on the end face but
      just prior to the bar stock being cut into a bolt blank by said cutting
      machine, and said reciprocating drive means further cooperating with said
      engaging and locking means and said die positioning member to retract said
      member into said housing for repositioning said die out of the axial path
      of the bar stock to allow the cut bolt blank to fall free for collection.
NUM  4.
PAR  4. The apparatus as described in claim 3, wherein said cam member is
      responsive to movement of said drive shaft moving into physical contact
      between said die positioning member and said housing to lock said member
      in place.
NUM  5.
PAR  5. In a machine for cutting bar stock into bolt blanks, the improvement
      comprising apparatus for impressing identifying characters on the end face
      of advancing bolt blank bar stock as the bar stock is supplied to a
      cutting machine, said apparatus comprising:
PA1  a die support structure being connected to said machine;
PA1  a die with selected identification characters thereon;
PA1  a die positioning member being pivotally connected to said die support
      structure, said die positioning member carrying said die and adapted for
      pivotal movement to position said die in the axial path of the advancing
      bar stock and to remove said die from the axial path of the bar stock,
      said die positioning member having cam surface means formed thereon;
PA1  a reciprocating drive means being connected to said die support structure
      and having a drive shaft attached thereto;
PA1  a cam member attached to said drive shaft and engaging said cam surface
      means of said die positioning member for positioning and locking said
      member and said die into the axial path of the advancing bar stock upon
      the downstroke of said reciprocating drive means and unlocking said
      retracting said member to position said die out of the axial path of the
      bar stock upon the upstroke of said reciprocating drive means;
PA1  signal means connected to the cutting machine for generating a signal just
      prior to the time the cutting machine cuts the bar stock into a bolt blank
      and for transmitting said signal to said reciprocating drive means; and
PA1  said reciprocating drive means receiving said signal and in response
      thereto unlocking said die and repositioning said die out of the axial
      path of the bar stock to relieve said pressure between the end face of the
      bar stock and said die after impression of the identifying characters on
      the end face but just prior to the bar stock being cut into a bolt blank
      by the cutting machine.
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ABST
PAL  In a high speed printing apparatus of the type in which ions produced
      between electrodes carrying a high voltage are passed through a mist of
      ink to cause selective particles of the ink to effect printing, there is
      provided an air circulating system in which the air containing the mists
      of ink is recovered, treated and again transferred to the printing
      portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Increasing demand for high speed operation of central processing units of
      electronic computers causes need for high speed processing output devices,
      i.e. high speed printing apparatus.
PAR  In one of the typical types of printing apparatus, there is a printing
      system in which ink is supplied to the nozzle under a slight pressure so
      that the ink forms as a hemispherical shape at the tip of the nozzle, and
      the ink is drawn in droplet form by applying an electric field between an
      accelerating electrode positioned a few milimeters ahead of the nozzle and
      the nozzle, and droplets of ink are moved toward the surface of the
      recording paper by applying a high electric field between the nozzle and
      platen. The droplets of ink are electrostatically deflected in both
      directions (right and left) to print characters or symbols on the surface
      of the recording paper.
PAR  Another typical printing apparatus is one in which ions produced between
      electrodes carrying high voltage are passed through mists of ink and the
      particles of ink are selectively adhered to the surface of the recording
      paper to obtain printing. The present invention relates to this type of
      printing apparatus.
PAR  The printing system will be described in detail. The ionization of the air
      is carried out by utilizing corona discharge. Application of a few
      thousand volts to a very thin conductor cause a corona discharge to occur,
      and molecules such as oxygen, nitrogen or the like in the air surrounding
      this conductor are ionized. The ions produced around this conductor are
      attracted to the platen side by the electric field existing between the
      back of the recording paper and the platen.
PAR  The ink of this system are agitated by supersonic waves, changed into a
      mist having drops with diameters of 5 to 20 .mu. and suspended in the air.
      This mist is fed between the platen and a source of corona discharge by
      pneumatic pressure in the same direction as that of the feeding paper and
      at approximately the same speed as that of the feeding paper. Thus, said
      ions are passed into the mist of ink, adhered around the mist, moved in
      the combined directions of electrostatic force and the force of the flow
      of the mist, and adher recording paper positioned between the platens.
PAR  The general configuration of the type of apparatus used is shown in the
      block diagram of FIG. 1, and comprises two parts, a main body 11 and a
      control part 12. The main body 11 has a paper feeding device 13, a
      printing part 14, a mist generating part 15, an ink circulating device 16
      and a mist treatment device 17, and the control part 12 has a control
      circuit 18 and a driving circuit 19 for the mist generating device.
PAR  Thus, in the above-mentioned type of high-speed printing device, ink mists
      being fed in front of the recording paper are recovered and fed to the
      condensor, therein separated to the ink solution and the air, and the air
      is discharged outside the apparatus. However, this air has a smell
      produced by the solvent of the ink and cause the operator discomfort.
PAR  It is an object of the present invention to provide a system in which the
      separated air is again fed to the printing part and circulated, and is
      prevented from being leaked outside the apparatus, as little as possible.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, mists of ink are collected with the printing part
      being substantially sealed, said mists of ink being separated into air and
      ink portions. The separated air is transferred to the mist tank in which
      the ink is changed into a mist condition for converting the air into the
      ink mist, while the air is utilized for a directional air stream for
      transferring the mists of ink generated from the mist tank to the
      recording paper.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic view showing the type of apparatus on which the
      present invention may be used.
PAR  FIG. 2 is a view showing the circulating system for the air which forms the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  High voltage is applied between the anode 101 and cathode 102 and a stream
      of ink mist layer 103 is generated therebetween. The stream of ink mist
      layer 103 is generated by the ink solution 105 in the mist tank 104 being
      vibrated by the vibrating members 106 and 107 comprising piezoresonators,
      and the layer 103 is transferred to the front of the recording paper 109
      by air discharged from a discharge port 108 for the air. Aperture plate
      110 mounted in front of the anode 101 comprises a through hole 111,
      control electrode 112 and common electrode 113, and said through hole 111
      and control electrode 112 are opposed by one another in the row direction
      of the recording paper 109, arranged in a plurality of numbers to control
      the transfer of ions. Reference numbers 114, 115, 116 and 117 are passages
      for feeding air in this system, all designated generally as an air
      recirculating system.
PAR  Describing the printing operation in brief, in accordance with the printing
      pattern made by a character register (not shown), control electrodes 112
      of the aperture plate 110 are set to a predetermined voltage. Ions
      produced proximate of the anode 101 move towards the cathode 102, and some
      of the ions are obstructed by the aperture plate 110 and some of them pass
      into the stream of ink mist 103 through the aperture 111. At this time,
      ions attached with particles of ink move toward cathode 102 and are
      adsorbed on the recording paper 109 and the dots are printed thereon.
      Desired characters are printed by the dots by making the ions as the main
      scan and the feed of the recording paper 109 as the sub-scan.
PAR  Operations of the above-described configuration will now be described.
PAR  At first, the air is fed into the mist tank 104 from passage 116, the
      stream of ink mist layer 103 is fed between the aperture plate 110 and
      cathode 102 as well as to the front surface of the aperture plate 110
      through the passage 115 and prevents the particles of ink from adhering to
      the through hole thereof. Further, the air is fed through the passage 116
      in such a manner that the portions other than the printed portion of the
      recording paper 109 are not soiled. One wall 118 of the passageway 114 and
      the opposite wall 119 of the passage 117 are respectively in contact with
      the recording paper 109 and keep the printing portion in an approximately
      closed or sealed condition.
PAR  The mists of ink are recovered from opening 120 through passage 114 and
      transferred to a condensor 121 where the mists are liquified and separated
      into an ink solution portion and an air portion, the air being further
      transferred to the printing part through the passageways 115, 116 and 117.
PAR  As described above, the present invention is provided with circulating
      paths in which each time the air containing the mists of ink is treated
      the same air is again transferred to the printing part, and since the air
      containing the ink mists is not fed to the outside of the apparatus, the
      smell of the ink is prevented from leaking out of the apparatus.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An air recirculating system for a high speed printing apparatus in which
      ionized particles are mixed with an air-ink mist to cause printing on a
      platen, said air-ink mist being formed by vibrating a tank containing said
      ink, said printing apparatus comprising an anode, a cathode, with said
      mist being passed therebetween, recording paper for receiving ink to be
      deposited thereon, an aperture plate and control electrode located between
      said anode and said ink mist to control the deposition of ink on said
      recording paper, wherein the improvement comprises passage means for
      forming air streams between said ink mist and said aperture and control
      plates and between said ink mist and said recording paper, respectively
      for preventing soiling of said aperture and control plates, said air
      recirculating system comprising means to recover the air ink mist after it
      passes said platen, means for separating said air from said ink, and
      conduit means for carrying said separated air to the tank for forming said
      air-ink mist.
NUM  2.
PAR  2. An air recirculating system for a high speed printing apparatus as set
      forth in claim 1, wherein said means for separating said air from said ink
      comprises a condensor.
NUM  3.
PAR  3. An air recirculating system as set forth in claim 1, wherein said
      passage means comprises a pair of spaced apart passageways located on
      opposite sides of said ink-mist for carrying said ink-mist past said
      platen.
NUM  4.
PAR  4. An air recirculating system as set forth in claim 3, further comprising
      a second passageway connected between said conduit means and said tank for
      carrying said ink-mist out of said tank.
NUM  5.
PAR  5. An air recirculating system as set forth in claim 4, wherein said
      spaced-apart passageways and said second passageway are connected together
      and to said conduit means.
NUM  6.
PAR  6. An air recirculating system for a high speed printing apparatus as set
      forth in claim 5, wherein said conduit means comprises directional control
      means for causing the air-ink mist generated in said tank to be
      transferred to the platen.
NUM  7.
PAR  7. An air recirculating system for a high speed printing apparatus as set
      forth in claim 5, wherein said recirculating system comprises means for
      sealing the air-ink mist within the printing apparatus.
NUM  8.
PAR  8. An air recirculating system for a high speed printing apparatus as set
      forth in claim 7, wherein said means for sealing comprises a wall section
      contacting the upper portion of said platen and another wall section
      contacting the lower portion of said platen, the printing occurring on
      said platen portion between said upper and lower portions, said platen
      portion facing said air-ink mist.
NUM  9.
PAR  9. An air recirculating system for a high speed printing apparatus as set
      forth in claim 8, wherein said means to recover the air-ink mist comprises
      a conduit formed at least in part by said wall section contacting said
      upper portion of said platen.
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ABST
PAL  In a high speed printing apparatus in which ions produced between
      electrodes, to which is applied a high voltage, are passed through mists
      of ink, and particles of ink adhere to the ions to cause the printing
      operation to be conducted, said apparatus is characterized in that the air
      is supplied in such a way that only the desired printing width is left
      between the recording paper and the ink mists.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Increasing demand for high speed operation of the central processing unit
      of an electronic computer requires high speed operation of the output
      device, i.e. a high speed printing device, and various types of printing
      systems have been developed.
PAR  In one typical printing system, there is a system is which inks are
      supplied to the nozzle under a slight pressure so that the ink is
      projected in a hemispherical shape at the tip of the nozzle and is drawn
      in droplet form by applying an electric field between an accelerating
      electrode positioned a few milimeters ahead of the nozzle and the nozzle.
      The droplets of the ink then move toward the surface of the recording
      paper by applying a high electric field between the nozzle and the platen,
      said droplets of the ink being electrostatically deflected in both
      directions (right and left) to print characters or symbols on the surface
      of the recording paper.
PAR  As another typical printing apparatus, there is a system in which the ions
      produced between the electrodes receiving a high voltage are passed
      through the ink mists and the particles of the ink selectively adhere to
      the surface of the recording paper to cause printing. The present
      invention relates to this latter type of system.
PAR  The printing system will be described in detail. Corona discharge is
      utilized for ionization of the air. Application of a few thousand volts to
      very thin conductors causes corona discharge, and molecules such as
      oxygen, nitrogen or the like in the air surrounding this conductors are
      ionized. The ions produced around these conductors are attracted to the
      platen side by an electric field existing between the platen of the back
      surface of the recording paper and the conductor.
PAR  The ink is agitated by supersonic waves and changed into the mists having
      molecules 5 to 20 .mu. diameter and being suspended in the air. The mist
      is fed between the platen and a source of corona discharge by pneumatic
      pressure in the same direction and at the same speed as that of the paper
      being fed. Thus, the ions project into the ink mist, adhere around the
      mist, move in the combined directions of the electrostatic force and the
      mist stream and, adhere to the recording paper positioned between the
      platens and are impressed thereon.
PAR  The configuration of this system is shown in the block diagram of FIG. 1
      and comprises two parts: a main body 11 and a control part 12, the main
      body 11 having a paper feeding device 13, printing part 14, mist
      generating part 15, ink circulating device 16 and mist treatment device
      17, and the control part 12 having control circuit 18 and driving circuit
      19 for the mist generating device.
PAR  Thus, in the above-mentioned high-speed printing apparatus, the printing
      capacity, i.e. a number of characters which can be printed in one row, is
      set at approximately 136 characters, so that if the printing operation is
      conducted on the recording paper having a narrow printing width, there are
      some disadvantages in that disturbance of the air stream at both end
      portions of the recording paper by the paper feeding sprockets holes or
      the ends of the paper cause the portions adjacent to the sprocket holes of
      the recording paper or back bars and the aperture plate or the like to
      become soiled so that the characters become blurred, faded and unclear.
PAC  Object
PAR  It is an object of the present invention to provide a system in which the
      end portions of the recording paper are detected by a suitable means such
      as mechanical, electrical and optical means, and air curtains are provided
      so as to leave only the desired printing width of the recording paper
      available for the mist of ink and thereby, the correct stream of the ink
      mists is always maintained within the printing width.
PAR  It is a further object of the present invention to provide such a system in
      which the blowing pressure is always maintained constant irrespective of
      the change of the blowing width and thereby the ink mist flow is prevented
      from being disturbed.
PAR  It is still a further object of the present invention to provide such a
      system in which the structure of the fan or blowing mechanism is small.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides such a system in which a width of the air
      feeding port is adjusted so as to leave only the desired printing width
      between the recording paper and the mists of ink available for the blowing
      air and the air blow is separately supplied to the printing surface and
      the surface which does not require printing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic view illustrating the principle of the present
      invention.
PAR  FIG. 2 is a side elevational view, in section, of one embodiment of the
      present invention.
PAR  FIG. 3 is a plan view of the printing portion of the system, of which the
      inlet port for the mists of ink in the embodiment in FIG. 2 is eliminated.
PAR  FIG. 4 is an exploded schematic perspective view of another embodiment of
      the present invention.
PAR  FIG. 5 is a partial broken away side elevational view of the assembly of
      the embodiment shown in FIG. 4.
PAR  FIG. 6 is a plan view showing the relationship between the belt and the air
      supplying tank.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  At first, describing the printing operation in brief, control electrode 102
      of an aperture plate 101 is selected to receive a predetermined voltage,
      in accordance with the printing pattern made by a character register (not
      shown). Ions are produced around an anode 103 and move toward a cathode
      104; some of them are obstructed by aperture plate 101 and some of them
      are pass through a through-hole 105 and move into an ink mist stream 106.
      At this time, the ions attached with to the particles of ink are further
      moved toward the cathode 104 and are absorbed on recording paper 107 and
      thereby dots are printed thereon. This printing operation is made to be a
      main scan operation and the feeding of the recording paper 107 is made to
      be a sub-scan operation, and thereby the desired characters are printed in
      dots.
PAR  Thus, as shown in FIGS. 2 and 3, air supplying ports 108 are constructed so
      as to adapt the ports to the printing width. Further specific embodiments
      thereof are shown in FIGS. 4 to 6, in which 107 is the recording paper,
      109 is a belt having a circular section in which both ends are attached to
      the printing apparatus, 110 and 111 are pointer having guide rollers 112,
      113 and 114, 115 respectively engaging with belt 109 at about a central
      portion thereof and one end thereof, 116 is an indicating plate showing a
      printing width a with movement of the pointers 110 and 111 and U-shaped
      portion 117 of the belt 109 and being adjusted to the same size as that of
      the printing width a by movement of said pointers 110 and 111.
PAR  The numerals 118 and 119 designate knobs which are used when the pointers
      110 and 111 are moved, 120 designates a mist tank, 106 the ink mist, 121
      an air supplying tank constructed integral with said mist tank and
      provided with a plurality of holes 123 for discharging the air supplied by
      the fan 122, 124 is a cover provided to cover the mist tank 120 over the
      pointers 110 and 111, and 125 is an inlet port for ink mist.
PAR  According to the high speed printing machine comprising the components
      described above, first, the pointers 110 and 111 are set on the indicating
      plate 116 in accordance with the printing width A of the recording paper
      107. Thus, the U-shaped portion 117 of the belt 109 is set to the printing
      width A. The air transferred onto the mist tank 120 from the fan mechanism
      122 through the air supplying tank 121 are, as shown in FIG. 6, divided
      into two flows, namely one for U-shaped portion 117 and the other for
      another portion. The air discharged into the U-shaped portion 117 of the
      belt 109 flows towards the indicating plate 116 and the air discharged
      outside the U-shaped portion 117 flows out towards the recording paper
      107. That is to say, the air is transferred toward the recording paper,
      except at the place where the printing operation is conducted.
PAR  As described above, in accordance with the present invention, one
      continuous belt is set to the printing width by two sets of guide rollers
      provided on the right and left sides of the printing apparatus, air is
      transferred between the recording paper and ink mists in the region where
      the printing operation is not conducted, and in the region of printing,
      the air under constant pressure is always transferred rearward away from
      the printing recording paper.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. For a high speed printing apparatus which performs its printing
      operation by charging ink droplets of an ink mist when said mist passes a
      pair of electrodes such that said droplets adhere to ions, said ink
      particles ionically charged being selectively adsorbed on a recording
      paper to form printed symbols, curtain means for blocking said ionically
      charged ink droplets from the portion of said recording paper where
      printing does not occur, said curtain means comprising an air stream, said
      air stream forming a barrier in front of said portion of said recording
      paper where printing does not occur.
NUM  2.
PAR  2. Curtain means according to claim 1, comprising means for directing said
      air stream between said recording paper and said ink mist.
NUM  3.
PAR  3. Curtain means according to claim 1, comprising means for adjusting the
      position of said air stream to accommodate different widths of printing
      area.
NUM  4.
PAR  4. Curtain means according to claim 2, comprising blower means to form an
      air pressure and divider means for dividing said pressure to form said air
      stream forming said barrier.
NUM  5.
PAR  5. Curtain means according to claim 4, comprising duct means extending
      beyond each end of the printing width of said recording paper, said duct
      means being connected with said blower means, said divider means
      separating said duct means into a printing portion and a portion where
      printing does not occur.
NUM  6.
PAR  6. Curtain means according to claim 5, wherein said duct means extends in a
      line, said divider means comprises a movable belt, said movable belt
      traversing said line of duct means at said portion where printing occurs
      to form said portion where printing does not occur and form said air
      curtain.
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ABST
PAL  A mechanical squeegee apparatus directed for use with and mounted on a
      stencil screen printing device. The apparatus includes a longitudinal
      support bar and a lateral support bar which is mounted for movement along
      the longitudinal bar and which extends transversely thereof and over said
      screen. A squeegee is mounted on the lateral bar for free movement along
      its length and for substantially free rotational movement relative to the
      lateral bar on an axis vertical and perpendicular to that of the lateral
      bar. The free lateral movement and the substantially free rotational
      movement allows the squeegee to be used to sweep ink from the side edges
      of the screen toward the center without the use of an intermediary device
      such as a hand-held card or scraper.
BSUM
PAC  BACKGROUND AND FIELD OF INVENTION
PAR  This invention relates to improvements in the stencil screen printing art
      and more particularly to squeegee mechanisms for applying ink evenly over
      patterned printing screens.
PAR  In manual stencil screen printing in contrast to the high-speed printing, a
      pattern is designed on a fine fabric screen. The pattern defines which
      areas ink can or cannot pass through. The screen is securely mounted on a
      frame of generally rectangular configuration. The fabric to be printed in
      held tautly beneath the frame and the screen is positioned over the fabric
      in close contact therewith. The ink is pressed through the screen in
      accordance with the pattern by a hand-held squeegee which is a relatively
      rigid, rubber, blade-like element by which the ink is swept across the
      surface of the screen.
PAR  The squeegee is either a separate element which is hand held or which is
      mechanically connected to the framework by suitable linkages and guide
      rods permitting movement in predetermined paths over the screen. This
      invention is directed toward improvements in the latter type of squeegee.
PAR  The prior art mechanical squeegees include supporting guide rods which are
      attached to the framework by suitable mounting means and to which the
      squeegee is attached. The squeegee generally is permitted to move freely
      in one direction which is the direction in which the squeegee is facing
      and which will be termed the "longitudinal" direction herein. However, it
      is not permitted free movement laterally; that is, in the direction of its
      longitudinal axis. Usually, the squeegee is locked in a fixed position
      along the length of its lateral support. Hence when the squeegee is moved
      in the longitudinal direction, it is limited to a path whose width is
      substantially equal to the length of the squeegee blade. One of the main
      advantages of the mechanical arrangements is that the guide rods insure
      that the squeegee applies a uniform, downward force on the printing screen
      for a selected path. One of its disadvantages, however, is its limited
      movement in only a single path as mentioned above, longitudinally, when in
      operation. It can not effectively "sweep" the ink from the perimeter of
      the screen to the center since it is prohibited from rotational movement
      and free lateral movement. Frequently a second, hand-held squeegee, card,
      scraper, or the like is used in conjunction with a mechanical squeegee to
      sweep ink from the outer edges of the screen toward the center. This is a
      messy procedure and ink is quite likely to get on the user's hands and
      clothes.
PAR  It is an object of this invention to provide a mechanical squeegee
      apparatus which combines the advantages of both the mechanical squeegee
      and the hand-held squeegee. While the mechanical squeegees of the prior
      art are faster and much neater than the hand-held squeegee, they can not
      duplicate the movements of the hand-held squeegee in sweeping the ink from
      the outer confines of the screen toward the center and into the design
      area.
PAR  It is another objective of this invention to provide a squeegee which can
      move freely longitudinally and laterally and can be rotated or twisted
      about a vertical axis to an angular orientation relative to its paths of
      travel over the screen.
PAR  It is a further objective of this invention to provide a squeegee apparatus
      which can be mounted as a unit on existing printing screen frames.
PAR  It is another objective of this invention to provide a squeegee apparatus
      having a handle attached to the squeegee blade in such a manner that by
      the operator using one hand only the squeegee can be passed through all of
      the various movements.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a device which combines the advantages of the
      conventional mechanical squeegees and hand-held squeegees known to the
      prior art, and more particularly the device includes a longitudinal
      support bar on one side of a printing screen frame, a lateral support bar
      mounted for free movement on the longitudinal support bar and extending
      transversely to the longitudinal support bar and over the screen area. A
      squeegee and a holder therefor are mounted on the lateral support bar for
      free movement along the length thereof and for limited rotational movement
      about a vertical axis extending perpendicularly to the longitudinal axis
      of the support bar. Mounting means are provided for attaching the device
      to a printing screen.
PAR  The means for attaching the blade and holder to the lateral support bar
      includes a framework comprised of an inverted U-shaped member having a
      pair of spaced side walls. A handle is attached to the U-shaped member. A
      pair of upper and lower roller bearings are journaled in the side walls.
      The upper and lower bearings engage upper and lower surfaces of the
      support bar and the side walls of the U-shaped member are spaced apart a
      distance greater than the cross sectional width of the lateral support bar
      such that the U-shaped member and the squeegee may be twisted or rotated
      relative to the lateral support bar. The squeegee is further attached to
      the attachment means by a pivotal connection which permits limited pivotal
      movement on a horizontal axis such that the squeegee blade is permitted to
      move to less than a vertical disposition, leaning towards its particular
      path of travel. In the prior art the handle is usually connected to the
      lateral bar and not directly to the squeegee blade holder. Hence, the
      blade had to be locked in a predetermined position relative to the lateral
      support bar. The handle then was used to move the lateral bar to which the
      squeegee was attached. Here, the handle is connected directly to the
      squeegee to move it relative to the lateral support bar.
PAR  These and other objects of the invention will become more apparent to those
      skilled in the art by reference to the following detailed description when
      viewed in light of the accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the device of this invention mounted on a
      printing screen frame;
PAR  FIG. 2 is a side view in elevation of the device of FIG. 1;
PAR  FIG. 3 is a view taken along the lines 3--3 of FIG. 2; and
PAR  FIG. 4 is a front view in elevation of the device of FIG. 1.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings wherein like numerals indicate like parts, a
      stencil printing screen 10 is stretched taut over a generally rectangular
      frame 12 which includes side walls 14. As mentioned earlier herein, the
      screen is patterned to permit ink to flow through various parts of the
      screen to which a design is to be applied. Ink is deposited onto a screen
      surface and spread over the screen and through the interstices thereof by
      means of a squeegee mechanism generally indicated by the numeral 16. The
      mechanism 16 includes a longitudinal support bar 18 which extends along
      one side of the frame 12 and which is supported at each end by an upright
      standard 20. The standards 20 are provided with apertures 22 which receive
      the ends of bar 18. Clamps 24 are attached to a pair of opposite side
      walls 14 of the frame 12 and are retained thereon by means of a thumb
      screw 26. Supporting uprights 28 are affixed to the clamps 24 and are
      bolted to the standards 20 by means of fasteners 30. Fasteners 30 are
      received in oblong slots 32 which permit relative vertical movement
      between the standards 20 and uprights 28 such that the standards 20 and,
      therefore, the rod 18 can be adjusted to the proper height relative to the
      screen surface.
PAR  Laterally extending bar 36 extends transversely to the longitudinal axis of
      the bar 18 and out over the patterned area of the screen. The bar 36 is
      freely movable along the length of the bar 18 and is connected thereto by
      means of cylindrical bearing 39 which is encased in housing 38.
PAR  The longitudinal and lateral support bars 18 and 36 function as supports
      and guides for two directions of movement os a squeegee 40 which is
      attached to the bar 36 in a manner now to be described. The squeegee 40
      includes a body member 42 and a blade-like rubber member 44, the latter of
      which engages the upper surface of the screen 10 to spread the ink over
      the patterned area. A blade holder or clamp 46 tightly grips the body 42
      of the squeegee 40 and is retained thereon by the inwardly directed
      flanges 48 on the lower edges of the side walls 50 which are received in
      longitudinal grooves 52 in the body 42. A thumb screw 54 is provided to
      insure tight engagement.
PAR  The means for attaching the squeegee to the transverse bar 36 for free
      movement thereon will now be described. A framework 60, comprising an
      inverted U-shaped channel member, has upper and lower bearing members 62
      and 64 in the form of roller bearings journaled in side walls 66 and 68
      thereof. The rollers 62 and 64 engage upper and lower surfaces 70 and 72
      respectively of the lateral support bar 36 in the manner best seen in FIG.
      4. The spacing between the upper and lower rollers 62 and 64 is such that
      the bar 36 is snuggly received therein to preclude vertical movement of
      the squeegee relative to the lateral support bar 36.
PAR  The side walls 66 and 68 of the channel member 60, however, are spaced
      apart a distance greater than the cross sectional width of the lateral bar
      36 such that the framework 60 can be twisted or rotated, to a limited
      extent, about a vertical axis relative to the longitudinal axis of the
      lateral bar 36. This movement is shown in FIG. 1 and is more clearly seen
      in FIG. 3 as represented by the arrows. This type movement is not found in
      conventional prior art mechanical squeegee devices which limit the free
      movement of the squeegee to a longitudinal or front and back movement. In
      other words, the squeegee of this invention is mounted for free movement
      on the bar 36 to simulate the movements of a hand-held squeegee but having
      the benefits of the support of the lateral and longitudinal bars to afford
      uniform pressure to the screen. Since the squeegee can be rotated or
      twisted in a manner shown in the drawings, during operation ink can be
      swept from the edges of the screen to the patterned area without the need
      for an intermediary device such as a hand-held card or scraper. The handle
      80 is attached to the upper portion 63 of the framework 60 for operational
      control of the squeegee.
PAR  The squeegee 40 is connected to the framework 60 through a pair of
      transverse, horizontal pivotal connections 82 and 84. The first pivotal
      connection 84 includes a rod 86 which is received in apertures in
      extensions of the side walls 68 below the lower bearing member 64. The rod
      86 is retained in position by means of a threaded fastener 88. A collar or
      sleeve 90 is positioned over the rod 86 for rotational movement thereon.
      Welded or otherwise affixed to the underside of the sleeve 90 and
      extending in a direction transverse to the sleeve 90 is a pivotal
      connection 82 comprising a U-shaped member 92 which supports a rod 94.
      Received over the rod 94 is a sleeve 96 which is rotatably mounted
      relative to the rod but which is affixed by welding or otherwise to the
      sleeve 90 of the pivotal connection 84. The result is essentially a
      universal connection between the squeegee 40 and the means attaching the
      blade to the lateral bar 36. As best seen in FIGS. 1 and 4, the upper end
      of the squeegee blade 40 is tilted toward its direction of travel by means
      of the pivotal connection 82. In that position the squeegee provides the
      optimum amount of pressure relative to the frictional coefficient between
      the squeegee and screen and maintains consistency in spreading the ink
      over the screen.
PAR  A pair of flared extensions 100 and 102 extend from the side walls 66 and
      68 of the frame 60 and receive stop means 104 and 106 in the form of thumb
      screws having bumpers 108 and 110. The bumpers, which are adjustable by
      means of the thumb screws, limit the pivotal movement of the squeegee 40
      about the pivotal connection 82.
PAR  The squeegee of this invention constitutes an improvement over the prior
      art by combining the advantages of manual squeegees with those of the
      heretofore known mechanical squeegees in providing means which permits
      relative rotational or twisting movement between the squeegee 40 and the
      laterally extending bar 36, which permits free movement axially of bar 36,
      and which provides a direct connection between handle 80 and the squeegee.
      The result is that the operator, by using one hand and without need of an
      intermediary device, can "sweep" the screen 10 in a series of arc-like
      movements to move ink from the outer perimeters of the screen toward the
      center or patterned area.
PAR  In a general manner, while there has been disclosed an effective and
      efficient embodiment of the invention, it should be well understood that
      the invention is not limited to such embodiment as there might be changes
      made in the arrangement, disposition, and form of the parts without
      departing from the principle of the present invention as comprehended
      within the scope of the accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A squeegee apparatus for use with a printing screen and frame therefor
      comprising a longitudinal support mounted on said frame, a lateral support
      bar mounted for movement longitudinally of said longitudinal support bar
      and extending transversely to said longitudinal support bar and over said
      screen, a squeegee blade assembly, comprising a squeegee blade having a
      longitudinal axis and attaching means for attaching said squeegee blade to
      said lateral support bar for free movement along said lateral bar and for
      substantially free rotative movement about an axis extending vertically
      and perpendicularly to said lateral bar, means attached to said squeegee
      blade assembly for directly moving said squeegee blade relative to said
      longitudinal support bar and to said lateral support bar in sweeping
      movements over said printing screen to force ink therethrough, and
      mounting means for mounting said squeegee apparatus on said frame.
NUM  2.
PAR  2. The apparatus of claim 1 including wherein said means for directly
      moving said squeegee blade comprises a handle affixed to said assembly.
NUM  3.
PAR  3. The apparatus of claim 1 and including a pivotal connection between said
      squeegee blade and said attaching means permitting relative pivotal
      movement between said squeegee blade and said attaching means along an
      axis parallel to the axis of said squeegee blade.
NUM  4.
PAR  4. The apparatus of claim 1 wherein attaching means includes a framework,
      upper and lower bearing elements journaled in said framework, said lateral
      support bar having upper and lower surfaces engaged by said upper and
      lower bearing elements.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said upper and lower bearing elements
      are roller bearings.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said framework includes a pair of side
      walls, said roller bearings being journaled in said side walls, the
      distance between said side walls being greater than the cross-sectional
      width of said lateral bar.
NUM  7.
PAR  7. The apparatus of claim 4 and including a first pivotal connection
      between said squeegee blade and said attaching means permitting relative
      pivotal movement between said squeegee blade and said attaching means
      along an axis parallel to the longitudinal axis of said squeegee blade.
NUM  8.
PAR  8. The apparatus of claim 7 and including stop means on said attaching
      means for limiting said pivotal movement between said attaching means and
      said squeegee blade means.
NUM  9.
PAR  9. The apparatus of claim 7 and including a second pivotal connection
      connecting said first pivotal connection to said attaching means, the axis
      of said second pivotal connection means extending transversely to the axis
      of said first pivotal connection.
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ABST
PAL  A device for rolling up onto a core a stencil or ink screen being removed
      from a duplicator, in which a pair of rotatable core holding members is
      located adjacent the or a duplicator cylinder and at least one of the
      members is driveable from the cylinder by means of a drive wheel carried
      on a pivotable lever.
BSUM
PAR  THIS INVENTION relates to stencil duplicators and more particularly to a
      device useful for assisting in removing stencils or ink screens from such
      machines. Stencils and ink screens are at present removed entirely by hand
      and it is an object of this invention to provide mechanical means for
      assisting the removal.
PAR  According to one aspect of the present invention we provide a duplicator
      including means located adjacent the or a cylinder of the duplicator for
      rolling up a stencil or screen as it is peeled from the duplicator. With
      such a device, one of the ends of the stencil or screen may be removed
      from the cylinder of the machine, or in the case of a twin cylinder
      machine, one of the cylinders, and attached to said means which then roll
      up the stencil or screen. A slot or other attachment means could, of
      course, be provided in any suitable form of means to roll up the stencil
      or screen.
PAR  More particularly, according to a second aspect of the present invention,
      we provide a stencil or screen removing device comprising a rotatable core
      positionable adjacent the cylinder or a stencil of a duplicator. With this
      arrangement, when a stencil or ink screen is to be removed, one of its
      ends can be lifted from the cylinder and placed on the core whereon it may
      adhere due to the ink on it. Alternatively an end can be fitted in a slot
      in the core, or connected to the core by other attachment means. The core
      and machine cylinder are than rotated to roll the stencil or screen up.
PAR  According to a third aspect of the invention we provide a device for
      removing a stencil or screen from a duplicator cylinder, comprising
      rotatable core holding members and means for mounting such members
      adjacent the or a cylinder of a duplicator.
PAR  The core may take any practical form, for instance it could be a flat card,
      but in a presently preferred construction it is in the form of a roller,
      and is preferably tubular, being made, for instance of thin cardboard or
      plastics material. The core is expected to be extremely simple and cheap
      to make, so that a stencil which is no longer required may be discarded
      with a core within it, or a stencil or screen can be stored for a time
      when wrapped on the core.
PAR  If a stencil or screen is being removed from a machine cylinder, its free
      end can be attached to the core by the adhesion provided by the ink which
      will be on the stencil. It is also possible to remove a stencil by
      initially detaching its other, or "head" end from the cylinder. Stencil
      heads usually include a stiff strip by which the stencil is initially
      attached to the cylinder. The core or other means to roll up the screen or
      stencil can have a slot to receive this strip, or projections to engage
      some or all of the perforations normally provided in the strip. Any other
      form of attachment means may of course be provided.
PAR  Similar considerations apply to removing ink screens, for instance for
      temporary storage while ink of a different color and therefore a different
      screen is used. Again, the screen can be removed with either end leading
      into the roll, and attachment means can be provided, and can typically
      comprise one or more slots to accommodate the springs and header bar
      normally provided at the free end of the screen. The springs could,
      alternatively, be clipped to the core or whatever other means are provided
      for rolling the screen up.
PAR  The disposition of the apparatus relative to the cylinder will depend on
      which of the head or free end of the screens and stencils are to lead into
      the roll.
PAR  The means to roll up the stencil or screen is preferably drivable in order
      to roll up a screen or used stencil. It is preferred for the drive to be
      taken from the actual cylinder of the machine, although it could equally
      be taken from the main machine drive unit by another mechanical route, or
      have its own drive unit. Where a core is used, at least one of the core
      engaging members is preferably drivable in this way.
PAR  One way of taking the drive from the cylinder is to provide one or more
      drive wheels which are movable to engage the cylinder surface and are
      respectively drivingly connected to, for instance, one or both of the core
      engaging members. A preferred aspect of the invention is to locate the
      core engaging members or other means to roll up a screen or stencil
      together with one or more respective drive wheels on pivotable levers
      which allow the drive wheels to be movable in and out of engagement with
      the cylinder.
PAR  Thus, more particularly, according to the second aspect of the invention,
      we provide apparatus for holding a core adjacent the or a cylinder of a
      stencil duplicating machine including two core engaging members each
      mounted on a lever, at least one member being drivingly connected to a
      drive wheel mounted on the associated lever, the levers being rotatable to
      cause the drive wheel to engage the cylinder.
PAR  The levers are preferably mounted on a common bar.
PAR  It has been found advantageous to employ an arrangement wherein the or each
      such drive wheel is in driving contact with a secondary wheel coaxial with
      and fixed to a core holding member, where provided.
PAR  In the case of a core in the form of a roller, it has been found that
      making the secondary wheel smaller than the drive wheel and the drive
      wheel about the same diameter as the roller, so that the roller surface
      speed will be greater than the cylinder surface speed, ensures tension in
      the stencil or screen during removal from the cylinder which will provide
      a clean and neat removal and rolling up. A suitable ratio of roller to
      cylinder surface speeds is 1.sup. 1 /3:1. A similar arrangement can
      obviously be achieved with other shapes of core, or with other means to
      roll up the screen or stencil.
PAR  Where the levers are mounted on a common bar, a control means to control
      rotation of the bar and engagement of the drive wheels with the cylinder
      can be provided. One such control means comprises a two-member
      articulation linkage of which one member is rotatable with the bar, the
      second member being pivoted to the first member and spring urged in a
      direction to cause engagement of the drive wheels with the cylinder.
      Preferably a fixed pin engages in a slot in said second member, the slot
      is long enough to allow for movement of the second member between
      positions in which the drive wheels are engaged and disengaged with
      respect to the cylinder, and the slot has a recess at one end to
      accommodate the pin to hold the second member against the spring action in
      a position holding the drive wheels clear of the cylinder.
PAR  In order to provide for simple loading and removal of cores, one of the
      core engaging members is preferably axially slidable away from the other
      to allow the cores to be placed in or taken from a position between them.
      Where the members are mounted on levers, the appropriate lever can be
      slidable.
PAR  Where the cores are of tubular form, the core engaging members could be
      part-conical, but in one preferred form they are discs, preferably with
      knurled peripheries, to fit inside the ends of tubes forming the cores.
      The secondary drive wheels, if provided, preferably also have knurled
      peripheries, while the drive wheels are preferably provided with
      frictional surfaces or tyres, conveniently having peripheral grooves in
      which rubber or elastomeric O-rings are placed. This also ensures that the
      cylinder of the machine is not damaged. The wheels and discs may be of
      plastics material.
PAR  As a further feature, it is possible to arrange for automatic engagement
      between the drive wheels and the cylinder when the cylinder is in the
      correct rotational position to permit detaching the end of the screen or
      stencil which is to lead into the roll. The provision of a suitably shaped
      cam, suitably on the cylinder axis, to engage for instance one of the
      levers, or a projection thereon, is one way in which this can be achieved.
PAR  The invention also provides a stencil duplicating machine including such
      apparatus and/or a stencil or screen removing device.
DRWD
PAR  In order that the invention may be more clearly understood, the following
      description is given, merely by way of example, with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is an elevation of one form of apparatus according to the invention
      which is particularly adapted for removing stencils; and
PAR  FIG. 2 is a view of the line II--II of FIG. 1.
DETD
PAR  FIG. 1 shows an apparatus according to the invention mounted between left
      and right hand side frames 1, 2 of a twin cylinder duplicating machine
      adjacent the upper cylinder 20 thereof.
PAR  The apparatus comprises a bar 3, which has a D-section, pivoted between the
      side frames.
PAR  A cranked lever 4 is fixed to the bar 3 near the left hand side frame 1,
      while a second cranked lever 5 is slidable on, but rotatable with, the bar
      3 near the right hand side frame 2.
PAR  At the outer end of each cranked lever 4, 5 is rotatably mounted a drive
      wheel 6, 7. These drive wheels are of plastics material and have
      peripheral grooves in which are located O-rings 8, 9 serving as tyres to
      engage the cylinder 20.
PAR  The drive wheels 6, 7 are in surface contact with knurled, plastics,
      secondary drive wheels 10, 11, respectively, freely rotatably mounted on
      the levers 4, 5. Coaxial with, and fixed to rotate with, the secondary
      drive wheels are core holding members in the form of knurled discs 13 on
      which is mounted a core roller in the form of a hollow cylinder 12. Each
      secondary drive wheel 10 or 11 and its associated disc 13 may be integral.
      The core roller 12 obscures the left hand disc, but is shown cut away in
      part at its right end to show part of one of the two discs 13.
PAR  A control means for the apparatus is capable of pivoting the two levers
      simultaneously and includes a two-lever articulation linkage 14, 15, of
      which a first lever 14 is fast with the D-shaped bar 3 between the right
      hand lever 5 and side frame 2 for rotation with the lever 5. Between lever
      5 and lever 14 is a compression spring 16 on the bar 3 urging lever 5 to
      the left as shown.
PAR  The control means shown clearly in FIG. 2 comprises, in addition to pivoted
      levers 14, 15 of the articulation linkage, a pin 17 on side frame 2
      engaging in an L slot 18 in lever 15. A tension spring 19 connects pin 17
      to lever 15, urging lever 15 to the left. Leftward movement of lever 15
      would cause clockwise rotation of lever 14 and thus bar 3, bringing drive
      rollers 6, 7 into contact with the machine cylinder, shown at 20 in FIG.
      2. Lever 15 can be retained in its position as shown in FIG. 2, however,
      by the pin 17 engaging in the recess formed by the shorter limb of the L
      slot at the left end of the slot.
PAR  The apparatus is operated as follows.
PAR  When a stencil is to be removed from the cylinder 20, a core roller 12 is
      placed on and between the discs by moving lever 5 to the right to allow
      positioning of the core roller and releasing it again to engage the core
      roller. Spring 16 causes the core roller 12 to be firmly held.
PAR  Lever 15 of the control mechanism is then simply raised, whereon tension
      spring 19 can rotate bar 3 until drive wheels 6, 7 contact cylinder 20 on
      either side of a stencil thereon.
PAR  The free end of the stencil is lifted manually from the cylinder, placed on
      the core roller 12 and pressed thereagainst. The ink and moisture present
      will provide sufficient adherence.
PAR  Appropriate rotation of the cylinder 20 will then cause the stencil to be
      rolled up on roller 12, and thus removed from the cylinder.
PAR  The roller 12 can be simply removed by sliding lever 5 on bar 3 (see FIG.
      1), and the drive wheels 9 can be disengaged from the cylinder by simply
      pressing lever 15 of the control means to the right (as viewed in FIG. 2)
      until pin 17 engages in the recess in slot l8 to hold the lever 15 with
      the spring 19 in tension.
PAR  Lateral movement of lever 5 along the bar 3 and movement of the drive
      wheels to and from the engaging position with the cylinder could be
      arranged to occur in response to one control movement. Thus, if one of the
      levers of the control means is arranged to engage a camming surface on
      rotational movement of bar 3, a simultaneous movement axially of bar 3
      could be transmitted to lever 5. Alternatively lever 5 could engage a
      camming surface for this purpose, and many other arrangements to provide
      this result can be envisaged allowing a roller to be placed between the
      discs and the discs moved together simultaneously with engagement of the
      drive wheels with the cylinder.
PAR  It is also possible for stencils themselves to form the required roller,
      rather than to provide a separate roller. This can be achieved by adapting
      the stencil backing sheet, which is normally provided with a stencil and
      removed therefrom once the stencil has been placed on the duplicating
      machine, such that the backing sheet can be rolled up to provide the
      roller to be fitted on the roller engaging members.
PAR  Finally, it is known from British Patent Specification No. 1,185,100 that
      for loading stencils onto the cylinder(s), it is useful to pass them over
      a rotatable feed roller parallel to the cylinder and under a ridge
      provided on the machine cover. The result is a tensioning and smoothing of
      the stencil as it is loaded, making correct loading easier. A core of this
      invention or the bar 3 of the core holder, may be positioned to serve also
      as this feed roller, so that a dual function may be served by the
      invention.
PAR  The embodiment particularly described above could also be used for rolling
      up screens, particularly with the slot 12a or other attachment means (not
      shown) provided to accommodate the heading bar and springs. The apparatus
      could also, if it were positioned on the other side of the cylinder,
      remove a stencil with the head leading, again, particularly the slot 12a
      is provided to receive the head strip on the stencil.
CLMS
STM  The embodiments of the invention, in which an exclusive privilege or
      property is claimed, are defined as follows:
NUM  1.
PAR  1. A device for the use with a stencil duplicator having a rotary cylinder
      about which is wrapped a stencil or ink screen, said device serving the
      purpose of receiving the stencil or ink screen as it is removed from the
      rotary cylinder, comprising:
PA1  a. a frame;
PA1  b. a pair of core holding members freely rotatably mounted on said frame
      and axially aligned for releasably holding a core therebetween adjacent to
      and parallel with the rotary cylinder of a stencil duplicator;
PA1  c. lever means mounted adjacent at least one of said core holding members
      to be pivoted toward and away from the rotary cylinder of a stencil
      duplicator;
PA1  d. a drive wheel freely rotatably carried by said lever means and being
      drivingly connected with said one core holding member whereby rotation of
      said drive wheel produces rotation of said core holding member;
PA1  e. mounting means on said frame mounting said lever means for pivotal
      movement between a first position whereat the drive wheel carried by said
      lever means is in rolling contact with an adjacently located rotary
      cylinder of a stencil duplicator and is driven thereby whereupon a stencil
      or ink screen carried on the rotary cylinder would be removed and taken up
      on a core releasably held by said core holding members after the stencil
      or ink screen has been started on the core and a second position whereat
      the drive wheel would be out of rolling contact with adjacently located
      rotary cylinder; and
PA1  f. pivoting means for pivoting said lever means between said first and
      second positions.
NUM  2.
PAR  2. A device according to claim 1 wherein the core holding members are discs
      with knurled peripheries.
NUM  3.
PAR  3. A device according to claim 1 wherein one of the core holding members is
      movable towards and away from the other.
NUM  4.
PAR  4. A device according to claim 1 wherein said lever means includes a pair
      of levers one located adjacent each said core holding member.
NUM  5.
PAR  5. A device according to claim 4 wherein each said core holding member is
      mounted on the adjacent lever.
NUM  6.
PAR  6. A device according to claim 5 wherein there are two drive wheels, one
      carried by each said lever.
NUM  7.
PAR  7. A device according to claim 6 wherein a second drive wheel is fixed to
      rotate with each said core holding member, said second drive wheels being
      drivingly engaged with said drive wheels.
NUM  8.
PAR  8. A device according to claim 7 wherein said drive wheels are of large
      diameter than said second drive wheels.
NUM  9.
PAR  9. A device according to claim 5 wherein said mounting means comprises a
      bar rotatably mounted on said frame, and the two levers are non-rotatably
      secured on said bar.
NUM  10.
PAR  10. A device according to claim 9 wherein said pivoting means comprises a
      two member articulation linkage of which one member is rotatable with the
      bar, the second member being pivoted to the first member and spring urged
      in a direction to cause said bar to pivot to said first position.
NUM  11.
PAR  11. A device according to claim 10 wherein a fixed pin engages in a slot in
      said second member, the slot being long enough to allow for movement of
      the second member to pivot the bar between its first and second positions,
      and the slot having a recess at one end to accommodate the pin to hold the
      second member against the spring action while holding the bar in the
      second position.
NUM  12.
PAR  12. A device according to claim 1 further including a core releasably held
      by said core holding members.
NUM  13.
PAR  13. A device according to claim 12 wherein the core has a slot to receive
      an end of said stencil or screen.
NUM  14.
PAR  14. A device according to claim 12 wherein said core is cylindrical roller.
NUM  15.
PAR  15. A device according to claim 14 wherein said core is hollow.
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ABST
PAL  A screen setting apparatus accurately locks a screen in position so that
      reference marks of the screen come directly in line with reference marks
      of a printing table, which table secures a sheet material to be printed.
      The apparatus comprises three registration devices, a screen having
      reference marks thereon, a screen fixing device, and a printing table
      securing a sheet material to be printed and having reference marks. The
      three registration devices are a first registration device, the reference
      mark of the printing table corresponding to a fixed relationship of the
      second registration device (i.e., a reticle) and a third registration
      device. The reticle is lined up with the reference mark of the screen and
      then the screen is locked in opposition by connecting the screen fixing
      device with the first registration device.
BSUM
PAR  This invention relates to a device for setting a screen employed in a
      screen printing apparatus to a correct position with respect to a sheet
      material to be printed.
PAR  There exists a high demand to set the screen to the correct position of the
      screen printing machine, particularly where precise pattern printings are
      required as for instance in preparing patterns for printed circuit boards.
PAR  However, in the screen printing, a slight space or gap is usually provided
      between the screen and a sheet material to be printed, so as to allow the
      screen to be easily removed from the sheet material after the printing
      operation. The space, however, makes it practically impossible to
      correctly register reference points or marks inscribed on both the sheet
      material to be printed and the screen since it is quite difficult to look
      through the screen to register the both marks. Therefore, when an
      additional pattern printing is to be effected upon the sheet material
      which has already been printed with a pattern or patterns, it has been
      practiced heretofore to place the sheet material at a fixed position and
      then perform trial printings so as to register the reference marks on the
      screen to the other reference marks on the sheet material so that the
      former are lined up with the latter and, thereby, set the screen in
      position with respect to the sheet material.
PAR  It is apparent that such a registration which employs the trial printings
      is troublesome and time consuming, and often results in inaccuracy of the
      registration. Also, the effective operation of the printing apparatus must
      be suspended during such trial printings.
PAR  Accordingly, an object of the present invention is to provide a screen
      setting device in which no trial printing is needed.
PAR  Another object of the present invention is to provide a screen plate
      setting device which easily and precisely registers reference marks
      provided on a screen to other reference marks which are provided on a
      printing table or a sheet material to be printed, and thereby, accurately
      registers the screen in position with respect to the sheet material.
PAR  According to the present invention, there is provided a screen setting
      apparatus which is assembled with a screen printing apparatus comprising a
      printing table on which a sheet material to be printed is placed and set
      at a predetermined position, a printing machine frame above the printing
      table, and a screen fixing frame which will be mounted to the printing
      machine frame. The screen plate setting device comprises first reference
      means mounted to the printing machine frame with a predetermined
      horizontal distance and direction from first reference marks provided on
      the printing table or the sheet material, and a gauge means slidable along
      the fixing frame and temporarily secured to the fixing frame. The gauge
      means has second reference means adapted to cooperate with second
      reference marks provided on the screen, and third reference means adapted
      to cooperate with the first reference means. The second reference means is
      spaced from the third reference means in such a manner that horizontal
      distance and direction between the former and the latter are aligned with,
      or corresponded with, those of the first reference means and the first
      reference marks.
PAR  The screen setting device according to the present invention is so
      constructed that, after sliding the gauge means along the fixing frame in
      order that the second reference means on the gauge means may be accurately
      referred, or registered with the second reference marks provided on the
      screen, the gauge means is secured to the fixing frame. At this position,
      the third reference means on the gauge means are away from the second
      reference means with the horizontal distance and direction which are same
      as those between the first reference means on the printing machine frame
      and the first reference marks provided on or away from the sheet material,
      so that, when the third reference means, e.g. an aperture or a stud, and
      the second reference means, e.g. a reticle, the both of which are fixedly
      positioned with the fixed horizontal distance and direction therebetween,
      are respectively lined up with the first reference means on the printing
      machine frame and the first reference marks provided on the printing table
      or on the sheet material to be printed. Accordingly, when the third
      reference means are vertically scanned with the first reference means, the
      reference mark of the screen comes directly in line with, i.e., are
      registered with the first marks of the printing table. Thus, when the
      fixing frame of the screen is secured to the printing machine frame, the
      screen takes a correct position with respect to the sheet material to be
      printed.
PAR  Accordingly, in the present screen setting device, there is no need of
      trial printings as necessitated in the conventional setting operations, so
      that the setting operation of the screen becomes easy and accurate and,
      thereby, improves the printing efficiency.
PAR  The objects and advantages of the present invention will become more
      apparent from the following description when taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a side view showing a screen setting device according to a first
      embodiment of the present invention,
PAR  FIG. 2 is a perspective view showing the deassembled screen setting device
      of the embodiment shown in FIG. 1,
PAR  FIG. 3 is a perspective view showing a deassembled screen setting device of
      a second embodiment of the present invention,
PAR  FIG. 4 is a partially exposed perspective view showing the assembled screen
      setting device of the embodiment shown in FIG. 3, and
PAR  FIG. 5 is diagramatical plane views showing relative positions of reference
      points, i.e. marks and reference means, wherein FIG. 5(a) shows relative
      positions of reference marks on a sheet material to be printed and first
      reference means on a printing machine frame, and FIG. 5(b) shows relative
      positions of second and third reference means on a gauge means.
PAR  FIG. 6 is a perspective view of the device of another embodiment.
PAR  Referring first to a screen printing machine shown in FIG. 4, it comprises
      a printing table 1 on which a sheet material 2 to be printed is placed, a
      printing machine frame 10 which is above and opposing to the printing
      table 1, and a fixing frame, which is indicated generally by the numeral
      20, for a screen 21. As shown best in FIG. 4, the printing table 1 has a
      side stopper 3 and front stoppers 4 both projecting above the upper
      surface of the printing table 1 to secure the sheet material 2 in
      position. Accordingly, the sheet material 2 having been transferred on the
      printing table 1 is forced against the stoppers 3 and 4 and, thereby, set
      at a predetermined position shown in FIG. 4. The sheet material 2 has two
      reference points, i.e. reference marks 5, 5'. The term "sheet print means"
       refers to the sheet material 2 on the printing table 1 or to the printing
      table 1 itself and the marks 5, 5' may be on the sheet material 2 or on
      the printing table 1.
PAR  The printing machine frame 10 has a horizontal intermediate frame 11 in
      which the fixing frame 20 is supported and secured through fixing members
      12, 12' and 13, 13'. The printing machine frame 10 also has two brackets
      14, 14' which support blocks 15, 15'. Two pairs of upper and lower beams
      16, 17 and 16', 17' extend from the blocks 15, 15' above and across the
      frame sections 20(a), 20(c) of the fixing frame 20 (see FIG. 2). A
      squeegee (not shown) is movably connected to the lower beam 17, 17'.
PAR  The fixing frame 20 has the screen 21 fixed at the lower surface thereof.
      The screen 21 has opposing reference points, i.e. reference marks 22, 22'
      inscribed thereon.
PAR  Referring now to a screen setting device according to a first embodiment of
      the present invention shown in FIG. 2, the device comprises first
      reference means 30, 30' mounted to the printing machine frame 10, and a
      gauge means 40 slidable along the fixing frame 20 and temporarily secured
      to the latter by means of threaded pins 44, 44' and brackets 42, 42', a
      detail of which will be described later. The first reference means 30, 30'
      comprises a reference member 31, 31' having a lower taper end 32, 32' and
      a block 33, 33' slidably connecting the reference member 31, 31' to the
      upper beam 16, 16' of the printing machine frame 10. The reference member
      31 is connected to the block 33, 33' in such a manner that the former can
      be moved along the beams 16, 16' 20. The lower taper end 32 of the
      reference member 31 is usually urged upwards by a spring (not shown)
      contained in the block 33, but extends downwards when an upper head 34,
      34' is pushed down. The gauge means 40 comprises a gauge bar member 41
      which has a length substantially equal to a distance between the frame
      sections 20(b), 20(d) of the fixing frame 20, and between channelled
      brackets 42, 42' which are slidable along the fixing frame 20b, 20d. The
      gauge bar member 41 has slots 43, 43' formed in the lengthwise direction
      at opposite end portions thereof, through which threaded pins 44, 44' pass
      to connect the gauge bar member 41 to the brackets 42, 42' by way of
      threaded holes 45, 45'. Inside of the slots 43, 43' of the gauge bar
      member 41 are provided reference holes 46, 46' (third reference means)
      through which the lower taper ends 32, 32' of the reference members 31,
      31' are to be fitted when projected downwardly. The gauge bar member 41
      has downwardly projecting angled members 47, 47' adjacent to the reference
      holes 46, 46' as well shown in FIG. 2. The angled members 47, 47' have
      through-holes at the horizontal foot portions thereof and transparent
      members having register marks 48, 48' (second reference means) reticles or
      cross hairs therein are attached to the through holes. One of the foot
      portions 48, 48' extends in the opposite direction to function as a
      balancing member 50 of the gauge bar member 41. The channeled brackets 42,
      42' have fixing screws 51, 51' which fixedly secure the brackets at a
      desired position after the brackets are slid along the fixing frame to the
      desired position.
PAR  In operation, after setting the sheet material 2 to be printed to the
      predetermined position defined by the side stopper 3 and the front
      stoppers 4, the position of reference members 31, 31' are determined in
      such a manner that the horizontal distance and direction from the
      reference mark 5 on the sheet material 2 to the taper end 32, 32' of the
      reference members 31, 31' may be equal to those from the reference mark 49
      on the gauge bar member 41 to the reference hole 46 in the gauge bar
      member 41 as shown in FIGS. 5(a) and 5(b). The gauge bar member 41 is
      loosely connected to the channelled brackets 42, 42' by the threaded pins
      44, 44'. The brackets 42, 42' are slided along the fixing frame sections
      20b, 20d until the reference marks 49, 49' on the gauge bar member 41 are
      registered with the reference marks 22, 22' on the screen 21. The slots
      43, 43' in the gauge bar member 41 allow the latter to move in its
      longitudinal direction, so that the accurate registration of the both
      reference marks 49, 49' and 22, 22' is insured. At the position where the
      both reference marks 49, 49' and 22, 22' are registered, the gauge bar
      member 41 is firmly connected to the brackets 42, 42' by the threaded pins
      44, 44'. Thus, when the fixing frame 20 is assembled to the printing
      machine frame 10 shown in FIG. 4 in such a manner that the taper ends 32,
      32' of the reference members 31, 31' are fitted in the reference holes 46,
      46' of the gauge bar member, the reference marks 22, 22' on the screen 21
      become registered with the reference marks 5, 5' on the sheet material.
      Thus, the screen 21 takes correct printing position with respect to the
      sheet material 2. After securing the fixing frame 20 to the printing
      machine frame 10, the gauge bar member 41 is removed from the fixing frame
      20 to allow the operation of the squeegee.
PAR  In a second embodiment shown in FIGS. 3 and 4, gauge means 60 comprises a
      gauge bar member 61, small plate members 62, 62' and channelled brackets
      63, 63'. The gauge bar member 61 has a longitudinal length which is
      slightly smaller than a distance between opposing frame sections of the
      fixing frame 20. The gauge bar member 61 has downwardly projecting
      reference protuberances 64, 64' (third reference means) at both end
      portions thereof. The small plate members 62, 62' have slots 64, 65'
      adjacent to the ends thereof and reference hole 66, 66'. Threaded pins 67,
      67' penetrate through the slots 66, 67', respectively, to secure the small
      plate members 62, 62' to the brackets 63, 63', and the reference
      protuberances 64, 64' are fitted to the reference holes 66, 66',
      respectively. The brackets 63, 63' and other structures are substantially
      same as those described and shown in connection with the first embodiment.
PAR  In operation, after setting the sheet material 2 to the predetermined
      position, the position of reference member 31, 31' is determined in such a
      manner that the horizontal distance and direction from the reference marks
      5, 5' on the sheet material 2 to the taper ends 32, 32' of the reference
      members 31, 31' may be equal to those from the reference marks 49, 49'
      (second reference means) on the gauge bar member 61 to the reference
      protuberances 64, 64'. Then, the reference protuberances 64, 64' are
      fitted in the reference holes 66, 66' in the small plate members 62, 62'.
      The small plate members 62, 62' are connected to the channelled brackets
      63, 63' by the threaded pins 67, 67'. The brackets 63, 63' are slided
      along the fixing frame 20 so that the reference marks 49, 49' on the gauge
      bar member 61 are registered with the reference marks 22, 22' on the
      screen 21. The slots 65, 65' in the small plate members 62, 62' allow the
      gauge bar member 61 to move in the longitudinal direction thereof, so the
      accurate registration of the both reference marks 49, 49'  and 22, 22' is
      insured. At the position where the both reference marks 49, 49' and 22,
      22' are registered, the brackets 63, 63' and the small plate members 62,
      62' are firmly connected to the fixing frame 20 by the threaded pins 44,
      44' and then the brackets 63, 63' are firmly fixed to the fixing frame 20
      by the fixing screws 51, 51'. Then, the gauge bar member 61 is removed
      from the small plate members 62, 62'. Thus, when the fixing frame 20 is
      assembled to the printing machine frame 10 in such a manner that the taper
      ends 32, 32' of the reference members 31, 31' are fitted in the reference
      holes 66, 66' of the small plate members 62, 62', the reference marks 22,
      22' on the screen plate 21 become registered with the reference marks 5,
      5' on the sheet material 2.
PAR  In the second embodiment, as the gauge bar member 61 is removed after
      setting the small plate members 62, 62' to the determined positions, the
      assemblage of the fixing frame 20 to the printing machine frame 10 becomes
      easier. Especially, it is convenient when the fixing frame 20 having been
      once set to the determined position is removed from the printing machine
      frame 10 and is then assembled therein for reuse.
PAR  In the above-mentioned both embodiments, although the reference marks 5, 5'
      are inscribed upon the sheet material 2 for simplification of explanation,
      such reference marks or reference points may be provided outside of the
      sheet material as shown at reference numeral 5a, 5b in FIG. 6. In this
      case, also the reference points or marks 22a, 22b (FIG. 6) on the screen
      21 are provided so that they will be registered with the reference marks.
PAR  Other modifications and alterations may be made as shown in FIG. 6, for
      example, the gauge bar member 41 and the channelled brackets 42, 42' in
      the first embodiment may be integral with each other. Furthermore, though
      the reference members 31, 31' have the taper ends 32, 32' which fit in the
      reference holes 46, 46' of the gauge bar member 41 or the reference holes
      66, 66' of the small plate members 62, 62' shown in FIG. 3, the present
      invention is not limited in construction to the abovedescribed preferred
      embodiments of the reference members 31, 31'. Furthermore, the reference
      marks 49, 49' inscribed on the transparent material attached to the foot
      portions 48, 48' of the gauge bar member 41 can be replaced by taper-end
      projections like pins 49a, 49b as shown in FIG. 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a screen printing machine comprising a sheet print means including a
      printing table on which a sheet material to be printed is placed and set
      at a predetermined position, a printing machine frame above said printing
      table, a rectangular shaped screen fixing frame, having opposed frame
      sections, to be mounted to said printing machine frame, and a
      non-transparent screen attached to said fixing frame and having a pattern
      to be printed on said sheet material (2), the improvement of which
      comprising a screen setting apparatus comprising first reference points
      (5, 5', 5a, 5b) provided on said sheet print means, first reference
      members (30, 30') slidably mounted on said printing machine frame (10) to
      have a predetermined distance and direction (D) from said first reference
      points (5, 5'), second reference points (22, 22', 22a, 22b) provided on
      said screen (21), a pair of brackets (42, 42', 63, 63') slidably mounted
      on said opposite fixing frame sections (20b, 20d), a bar member (40, 60)
      removably mounted on said brackets at both end portions thereof, said bar
      member having first reference marks (49, 49', 49a, 49b) to be vertically
      lined up with said second reference points on said screen, and second
      reference means (64, 64', 46, 46') to be vertically lined up and
      physically engaged with said first reference members (30, 30') with the
      horizontal distance and direction (D') between said first reference marks
      and said second reference means being fixedly predetermined, wherein after
      sliding and adjusting said first reference members along the printing
      machine frame in such a manner that the horizontal distance and direction
      (D) from said first reference points on said sheet material are made equal
      to those between said first reference marks and second reference means on
      said bar member and when said first reference marks and second reference
      means on said bar member are vertically lined up and physically engaged
      with second reference points on said screen and said first reference
      members, respectively, said second reference points on said screen are
      registered with said first reference points on said sheet print means,
      thereby aligning said pattern with said sheet print means.
NUM  2.
PAR  2. A screen setting apparatus as claimed in claim 1 wherein said printing
      machine frame (10) has a pair of beams (16, 16') which extend above and
      across said screen fixing frame (20) transverse to said bar member (40,
      60), and said first reference members (30, 30') are slidably mounted on
      said beams.
NUM  3.
PAR  3. A screen setting apparatus as claimed in claim 2 wherein said first
      reference members (30, 30') are mounted on said beams (16, 16').
NUM  4.
PAR  4. A screen setting apparatus as claimed in claim 3 wherein said bar member
      (40, 60) has angled members (47, 47') in which said first reference marks
      (49, 49') are provided.
NUM  5.
PAR  5. A screen setting apparatus as claimed in claim 4 further comprising
      small plate members (62, 62') placed upon said brackets (63, 63') to be
      fixed thereon and provided with holes (66, 66') in which said second
      reference means (64, 64') are downwardly projecting protuberances at both
      end portions of said bar member (60) and said first reference members (30,
      30') are downwardly projecting pins (32, 32').
NUM  6.
PAR  6. A screen setting apparatus as claimed in claim 4 wherein said bar member
      (40) has slots (43, 43') provided at both end portions thereof, through
      which threaded pins (44, 44') are penetrated to allow said bar member to
      move in the lengthwise direction thereof and to connect said bar member
      (40) to said brackets (42, 42').
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ABST
PAL  A shell defining a semicylindrical printing saddle formed on one
      longitudinal side with a plate mount for receiving one end of a flexible
      printing plate having printing indicia thereon and on its opposite
      longitudinal side with a pair of circumferentially outwardly opening bores
      having sleeves mounted therein and terminating at their inner extremities
      in respective axially rearwardly facing stop surfaces. A biasing bar
      projects coextensive with the saddle adjacent such other side and includes
      a mount for receiving the opposite end of such printing plate. The biasing
      bar is formed with through bores confronting the respective cavities and
      has received therein self-contained latch devices including cylindrically
      shaped hollow latch housings projecting through such sleeves and into the
      respective cavities. The housings are each formed with radially outwardly
      opening latch passages and a pair of latch balls is provided for selective
      shifting radially outwardly through such passages to engage behind the
      aforementioned stop surfaces. Axially projecting plungers are received in
      such housings and selectively engage such latch balls to drive them
      radially outwardly through such passages to engage behind the respective
      stop surfaces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a saddle which is mounted on a printing
      drum for receipt thereon of a flexible printing plate on which indicia to
      be printed is formed.
PAR  2. Description of the Prior Art
PAR  In the printing industry, it has been common practice to employ a large
      number of rotary printing presses having rotary printing cylinders which
      have semicylindrical saddle shells mounted on the opposite sides thereof
      for receiving respective relatively thin photo-engraved plates on which
      the material to be printed has been formed. The many different
      arrangements have been proposed for removably mounting such printing
      plates on the saddles in a rapid and efficient manner. One such
      arrangement contemplates providing mounting pegs along one side of the
      saddle for receipt thereover of bores formed in one end of the printing
      plate and then providing a biasing bar along the opposite side of such
      saddle which is biased outwardly away from the saddle. Such biasing bar
      also employs pegs over which bores formed in the opposite end of the
      printing plate may be received to then enable such biasing bars to be
      retracted so the printing plate may be mounted on one end on the saddle
      and on the opposite end on such bar and the bar then released to bias the
      plate to a tensioned condition about the saddle. This arrangement suffers
      the shortcoming that mounting of the printing plate on the saddle is
      relatively difficult and time consuming, requiring the drum to be advanced
      three different times during mounting of the printing plate and four
      different times for dismounting thereof.
PAR  Various devices have been proposed for locking such biasing bar in a
      retracted position during mounting and dismounting of the printing plate
      to thus expedite such mounting and dismounting procedure. A device of this
      type is shown in U.S. Pat. No. 3,696,744. However, all such locks known to
      applicant suffer the shortcoming that they are constructed of several
      different components which require individual assembly in the saddle and
      bar, thus consuming considerable time and rendering the saddle itself
      prohibitively expensive to manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  The printing saddle of the present invention is characterized by a
      self-contained latch carried in the biasing bar of a saddle shell and
      projectable through a sleeve mounted in a cavity in the adjacent edge of
      the shell and including an actuator operable to engage a latch element
      behind the interior end of such shell to latch the bar in its retracted
      position. The actuator may be selectively released to retract such latch
      element from its latching position to thus free the biasing bar to assume
      its tensioning position maintaining the printing plate in tension about
      the saddle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a printing press saddle embodying the
      present invention;
PAR  FIG. 2 is a broken perspective view, in enlarged scale, of one edge of the
      printing press saddle shown in FIG. 1;
PAR  FIG. 3 is a broken perspective view, in enlarged scale, of a biasing bar
      utilized with the printing press saddle shown in FIG. 1;
PAR  FIG. 4 is a broken perspective view showing the biasing bar in the printing
      press shown in FIG. 3 being assembled together;
PAR  FIG. 5 is a broken perspective view depicting the printing press saddle and
      biasing bar shown in FIG. 4 assembled together;
PAR  FIG. 6 is a vertical sectional view taken along the line 6--6 of FIG. 5;
PAR  FIG. 7 is a vertical sectional view, in enlarged scale, taken along the
      line 7--7 of FIG. 5, and showing the biasing bar in its retracted
      position; and
PAR  FIG. 8 is a vertical sectional view, similar to FIG. 7, but showing the
      biasing bar in its released position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The printing press saddle of the present invention includes, generally, a
      semicylindrical shell 11 (FIG. 1) having circumferentially projecting
      mounting pins 13 along one axial side thereof and a biasing bar 15 (FIG.
      5) disposed axially along the opposite side thereof. Referring to FIGS. 2,
      4 and 7, the side of the shell 11 adjacent the biasing bar 15 is formed
      with a pair of outwardly opening bores 21 defining cavities in which
      tubular stop sleeves 23 are press fit. As shown in FIGS. 3 and 7, the bar
      15 has self-contained latches, generally designated 25, mounted therein
      and formed with barrels 27 received telescopically in the sleeves 23 and
      formed on their inner extremities with radially outwardly opening
      conically shaped passages 29 through which latching balls 31 are
      selectively shifted radially by means of a plunger actuator, generally
      designated 33, to selectively engage such balls behind the inner end of
      the sleeve 23 to selectively lock the biasing bar 15 in the retracted
      position shown in FIG. 7. Mounting pins 34 are spaced along the bar 15 to
      cooperate with the pins 13 in mounting a flexible printing plate 38 from
      the saddle shell 11.
PAR  The shell 11 is preferably of aluminum construction and has the individual
      bores 21 (FIG. 2) drilled in the one edge thereof proximate the respective
      axial opposite ends of such shell and such edge is further formed with a
      longitudinally extending slot 36 for receipt of the biasing bar 15.
PAR  The biasing bar 15 preferably projects the full length of the shell 11 and
      is formed with a longitudinally extending square-in-cross-section head 37
      (FIG. 4) having a thin web 39 projecting circumferentially therefrom to be
      received slidably in the slot 36. Such web 39 is cut back at 41 proximate
      the respective latches 25, and if formed with a pair of transversely
      elongated slots 45 for receipt of roll pins 47 which are inserted in bores
      or holes 48 formed in the shell 11 to project through such slots 45 to
      limit and guide circumferential travel of the bar 15. Referring to FIG. 3,
      respective bores 46 are formed proximate the opposite extremities of such
      bar 15 in alignment with the stop sleeves 23 for press fit receipt of the
      latches 25. As shown in FIGS. 2 and 4, two pair of bores 51 are formed in
      the shell 11 on opposite sides of the respective latches 25 for receipt of
      the respective one extremities of biasing springs 55 and confronting bores
      53 are formed in the biasing bar 15 for receipt within such respective
      bores of the opposite extremities of such biasing springs.
PAR  Referring to FIGS. 7 and 8, each latch 25 is self-contained and includes a
      cylindrical tubular housing defining the telescopical barrel 27 on one
      extremity and a tubular receiver 58 on the opposite extremity thereof for
      receipt in the bore 46. The radial latch bores 29 are formed medially in
      the individual tubular barrel 27 with the walls on the sides thereof which
      face axially inwardly with respect to such barrels defining abutment
      surfaces for engaging the peripheries of the individual latching balls to
      trap such balls against the stop surfaces defined by axially inner ends 59
      of the cylindrical stop sleeves 41. The interior of such barrel is
      enlarged-in-cross section at the inner extremity thereof to form an
      annular shoulder 61 having a peripheral skirt 62 projecting axially
      therefrom. A flat plate 64 is received within the skirt 62 and such skirt
      is swaged radially inwardly thereabout to secure such plate in position. A
      coil spring 66 is sandwiched between such plate 62 and the proximate end
      of the plunger 33 to urge such plunger to its extended position. The
      opposite end of the barrel 27 is formed with an in-turned rim 63 which
      acts as a stop to hold the plunger 33 captive. The plunger 33 is necked
      down at its outer extremity to form an annular shoulder 70 to abut against
      the rim 63 and then projects through the opening defined by the rim 63 and
      is then formed with a relatively large diameter button 65 on its outer
      extremity.
PAR  The plunger 33 is formed medially with a reduced-in-diameter spool 71 which
      tapers conically outwardly at its opposite extremities to the full
      diameter of such plunger, the axially inner conical end of such spool
      defining a tapered actuating cone 72. The plunger 33 projects axially
      inwardly beyond the spool 71 to form a cylindrical holding tip 74
      registerable with the ball passages 29 to hold the balls 31 in their
      radially extended positions shown in FIG. 7. Referring to FIGS. 3 and 7,
      it is important that the ball-receiving passages are conically shaped
      taper inwardly as they extend radially outwardly to terminate in a
      retaining aperture having a diameter slightly smaller than the diameter of
      the balls 31 to thereby hold such balls 31 captive during assembly of the
      latches 25 in the bar 15 while allowing the peripheries of such balls to
      project therefrom to lock against the end 59 of the stop sleeves 23 as
      shown in FIG. 7 when the latch 25 is in its latching position.
PAR  Referring to FIGS. 3 and 7, the barrel 27 is formed at its outer extremity
      with a circumferential groove 82 which aligns with a transverse bore 84
      formed in the bar 15. A roll pin 86 projects through the bore 84 with the
      intermediate portion thereof being received in the groove 82 to lock the
      barrel 27 in place on such bar.
PAR  From the foregoing, it will be apparent that during fabrication of the
      saddle of the present invention, the stop sleeves 23 may be easily press
      fit into the respective receiving bores 21 (FIG. 2) and the latches 25 may
      likewise be conveniently press fit into their bores 46 in the biasing bar
      15 and locked in position by the locking pins 86. Referring to FIG. 4, the
      biasing springs 55 may then have their respective one extremities inserted
      in the respective bores 51 on the shell 11 and the biasing bar 15 then
      brought into position with the web 39 (FIG. 4) slidably received in the
      receiving slot 36. Concurrently, the respective latch barrels 27 will be
      freely telescoped through the sleeves 23 and the projecting extremities of
      the springs 55 received in the respective biasing bores 53. The roll pins
      46 may then be inserted through their receiving bores 48 in the shell 11
      and through the respective slots 45 in the web 39 to thus retain the
      biasing bar 15 captive on the saddle. Thus, the biasing bar 15 is easily
      installed on the saddle in three quick steps, thus contributing immensely
      to the efficiency of manufacture.
PAR  In operation, a flexible printing plate 38 may conveniently have the bores
      formed on one end thereof received over the pins 13 (FIG. 1) projecting
      from the side of the shell 11 remote from the bar 15, and the remainder of
      the plate 38 then wrapped about the outer periphery of the shell 11. With
      the biasing bar 15 depressed and locked in the retracted position shown in
      FIG. 7, the trailing end of such plate may then have the bores therein
      received over the pins 34 projecting from such bar 15, it being
      appreciated that such plate is also formed with openings 52 (FIG. 7) for
      passage of the latch buttons 65. The latch buttons 65 may then be
      depressed to shift the spools 71 axially inwardly within the barrel 27 to
      the position shown in FIG. 8 to shift the holding tip 74 out of alignment
      with the latching balls 31 and register such spools 71 with such balls to
      free such latching balls to move radially inwardly to the position shown
      in FIG. 8. The bar 15 will then be urged circumferentially outwardly under
      the influence of the springs 55 (FIG. 6) to the position shown in FIG. 8,
      thus applying tension to the printing plate 38 to maintain such plate
      tensioned about the shell 11. When both saddles on a particular drum are
      loaded in this manner, the drum is ready for rotation and consequent
      printing of the indicia formed on the printing plate.
PAR  From the foregoing, it will be apparent that the printing saddle of the
      present invention is relatively convenient and economical to manufacture
      and provides a convenient and effective means for mounting a printing
      plate on a rotary printing saddle.
PAR  Obviously, many modifications and variations of the present invention may
      be made with regard to the foregoing detailed description without
      departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A saddle for mounting a flexible printing plate from a cylindrical drum
      comprising:
PA1  a longitudinally extending semicylindrical saddle shell formed on one
      longitudinal side with a plate mounting device for receiving one end of
      said plate and on its opposite longitudinal side with at least one
      outwardly opening cavity;
PA1  a sleeve mounted in said cavity and defining a stop surface facing inwardly
      of said cavity;
PA1  an elongated biasing bar projecting axially along said opposite side of
      said saddle and including printing plate fastening means for receiving the
      end of the said plate opposite said one end, said bar being shiftable from
      an extended to a retracted position and being formed with a bore
      confronting said cavity;
PA1  biasing means biasing said bar away from said saddle;
PA1  limit means limiting travel of said bar away from said saddle;
PA1  a self-contained latch formed at one extremity with a tubular housing
      received in said bore and terminating in an open end, said latch being
      further formed with a barrel projecting axially from said bore for free
      telescopical receipt in said sleeve and having at least one transversely
      extending passage means aligned behind said stop surface when said bar is
      in its retracted position, said housing still further including first
      abutment means adjacent said passage means and facing said open end;
PA1  latching element means disposed in said barrel for shifting transversely
      through said passage means to a latching position engaged behind said stop
      surface;
PA1  retaining means in said barrel for retaining said latching element from
      escape transversely outwardly from said passage means;
PA1  said latch further including a plunger received in said housing and
      operative upon axial shifting thereof in said sleeve to a first axial
      position to urge said latching element transversely outwardly in said
      passage means to said latching position and upon shifting of said plunger
      to a second axial position to release said latching element for retraction
      from said latching position to release said housing from said stop surface
      for axial sliding relative thereto; and
PA1  a spring contained in said latch to bias said plunger to said second
      position whereby upon assembly said entire self-contained latch may be
      inserted in said bore as a unit.
NUM  2.
PAR  2. A saddle according to claim 1 wherein:
PA1  said barrel includes a skirt projecting axially inwardly beyond the axially
      inner end of said plunger, plate means covering the end of said skirt and
      said spring is in the form of a coil compression spring interposed between
      said plate means and the adjacent end of said plunger.
NUM  3.
PAR  3. A saddle according to claim 1 wherein:
PA1  said plunger includes an actuator button projecting from said open end of
      said housing and is formed on the inner extremity thereof with a radially
      projecting peripheral flange and said housing is formed at said open end
      with a radially in-turned rim overlying said flange for abutment thereby
      to limit axially outward travel of said plunger.
NUM  4.
PAR  4. A saddle according to claim 1 wherein:
PA1  said passage means includes a pair of oppositely disposed passages and said
      latching element means includes a pair of latching balls for travel in
      said respective passages and wherein, further, said plunger is formed with
      an annular groove for receipt of said balls when said plunger is in said
      second position and an enlarged-in-cross-section holding tip registered
      with said passages when said plunger is in said first position.
NUM  5.
PAR  5. A saddle according to claim 1 wherein:
PA1  said sleeve is tubular shaped and is sized for being press fit into said
      cavity.
NUM  6.
PAR  6. A saddle according to claim 1 wherein:
PA1  said saddle is formed in said opposite side with an axially projecting
      circumferentially outwardly opening slot; and
PA1  said bar is formed with a guide web received slidably in said slot.
NUM  7.
PAR  7. A saddle according to claim 1 wherein:
PA1  said latching element is in the form of a sphere; and
PA1  said transverse passage means tapers transversely outwardly and inwardly to
      terminate in an exterior end having a smaller cross section than said
      latching element to retain said latching element captive against escape
      from said exterior end.
NUM  8.
PAR  8. A saddle according to claim 6 wherein:
PA1  said limit means includes a pair of spaced apart holes formed in said
      saddle and projecting across said slot and further includes a pair of
      circumferentially projecting slots formed in said web in alignment with
      said respective holes, said limit means further including limit pins
      inserted through said holes and respective slots.
NUM  9.
PAR  9. A saddle according to claim 1 wherein:
PA1  said receiver is formed in its periphery with a transversely extending
      groove and said biasing bar is formed with a transverse bore aligned with
      said groove and said latch further includes a holding pin frictionally
      received in said transverse bore and engaged with said groove to secure
      said latch housing in position.
NUM  10.
PAR  10. A saddle according to claim 1 wherein:
PA1  said plunger is necked down adjacent said one end to form an axially
      projecting neck and is then enlarged-in-cross-section to form a shoulder
      facing said open end and said latch housing is formed at said open end
      with an inturned rim encompassing said neck and engagable by said shoulder
      to hold said plunger captive in said housing.
NUM  11.
PAR  11. A saddle for mounting a flexible printing plate from a cylindrical drum
      as set forth in claim 1 wherein:
PA1  said latch element is in the form of a latching ball having a diameter
      greater than said predetermined diameter.
NUM  12.
PAR  12. A saddle for mounting a flexible printing plate from a cylindrical
      drum, comprising:
PA1  a semicylindrical saddle shell formed on one side with a plate mounting
      device for receiving one end of said plate on its opposite side with at
      least one outwardly opening cavity;
PA1  a sleeve mounted in said cavity and defining a stop surface facing inwardly
      of said cavity;
PA1  an elongated biasing bar projecting axially along said opposite side of
      said saddle and including printing plate fastening means for receiving the
      end of said plate opposite said one end, said bar being shiftable from an
      extended to a retracted position and being formed with a bore confronting
      said cavity;
PA1  biasing means biasing said bar away from said saddle;
PA1  limit means limiting travel of said bar away from said saddle; and
PA1  a self-contained latch including an elongated tubular housing formed on one
      extremity with a receiver received in said bore and being open on the one
      end and formed in its extremity opposite said one extremity with a
      transversely outwardly projecting and radially inwardly converging conical
      latch passage terminating at its outer extremity in a reduced-in-cross
      section aperture having a predetermined diameter, a latch element disposed
      in said housing for projection radially outwardly through said passage to
      engage said stop surface and having a cross section of sufficient size to
      be restricted from escape outwardly through said aperture, said latch
      further including an axially with respect to said housing projecting
      actuator in said housing and engaged on one extremity with said latch
      element and projecting on its opposite extremity from said open end, said
      actuator being operative upon actuation thereof to drive said latch
      element outwardly in said passage to engage with said stop surface and
      upon deactuation thereof to free said latch element for travel
      transversely
NUM  13.
PAR  13. A saddle for mounting a flexible printing plate from a cylindrical drum
      as set forth in claim 12 wherein:
PA1  said plunger is necked down adjacent said one end to form an axially
      projecting neck and is then enlarged-in-cross section to form a shoulder
      facing said open end and said latch housing is formed at said open end
      with an inturned rim encompassing said neck and engagable by said shoulder
      to hold said plunger captive in said housing.
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PAL  A blasting mat made up of arcuate vehicle tire members arranged in hinged
      together groups. The mat has rigid joining means along its sides
      permitting the mat to be hingedly joined side-by-side with other mats to
      form a larger protective cover. The mat has means for protecting the
      joining means from damage during blasting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to blasting mats.
PAR  This invention relates in one aspect to a blasting mat made from a
      plurality of resilient, flexible members which mat has rigid joining means
      permitting it to be readily, detachably joined to one or more similar mats
      to cover areas larger than the area covered by a single mat.
PAR  The resilient, flexible members forming the blasting mat preferably
      comprise arcuate segments cut from used vehicle tires.
PAR  2. Description of Prior Art
PAR  Blasting mats made from used vehicle tires are known as shown in Canadian
      Pat. No. 753,870 issued Mar. 7, 1967, to Lionel Belanger. These mats have
      the advantage of being relatively inexpensive yet are relatively tough and
      long wearing. However, the mats are made in fixed sizes. A contractor
      wishing to use a mat of this type for a particular job must obtain a mat
      of a size suited for the job. However, the mat may not be large enough, or
      it may be too large requiring excessive handling, for the next job. Thus
      the contractor must keep mats of different size on hand to efficiently
      handle the various jobs encountered, and this can be expensive.
PAR  Further disadvantages of the known fixed-size mats, particularly those of
      larger size, are the difficulty encountered in handling them in the field
      and also the cost in repairing or replacing them if a minor portion of the
      mat is damaged during blasting.
PAR  It is an object of this invention to provide a blasting mat of the type
      which can be readily detachably joined side-by-side to one or more similar
      blasting mats.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention in one tangible embodiment comprises a blasting mat
      made of a plurality of resilient, flexible members, the mat having rigid
      joining means along at least one side thereof permitting it to be
      detachably joined to a similar mat.
PAR  The mat preferably has protective means for covering the joining means to
      prevent the joining means from being damaged during blasting.
PAR  The resilient, flexible members forming the mat preferably comprise
      arcuate, used vehicle tire segments.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention will now be described in detail having reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a front view of one embodiment of the blasting mat of the present
      invention;
PAR  FIG. 2 is a view showing how the mat members are formed from a used vehicle
      tire;
PAR  FIG. 2A is a detail view of one of the mat members;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 1 showing a
      detail of the mat;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 of FIG. 1;
PAR  FIG. 5 is a cross-sectional view similar to FIG. 3 showing details of other
      embodiments of blasting mats;
PAR  FIG. 6 is a cross-sectional view similar to FIG. 4 showing details of the
      other embodiments shown in FIG. 5; and
PAR  FIG. 7 which is located next to FIG. 4, shows how a plurality of the
      blasting mats can be joined together.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The blasting mat 1 of the present invention comprises a plurality of
      flexible, resilient members 3. The members 3, one of which is shown in
      FIG. 2A, preferably consist of arcuate segments formed by cutting up used
      vehicle tires 5 in six pieces 3 as shown by dotted lines in FIG. 2. Each
      member 3 has a tire tread portion 7 and a tire sidewall portion 9. A hole
      11 is provided at each end of one of the portions, in each member,
      preferably the sidewall portion 9 as shown. The holes are used in joining
      the members 3 together to form the blasting mat as will be described. If
      desired, end sections 13 of the portion not containing the holes 11, in
      this case the tread portion, can be removed to facilitate assembly of the
      mat, although this is not essential.
PAR  To form the mat, the arcuate members 3 are assembled into successive groups
      15A, 15B, 15C, 15D, 15E. Five groups are shown although more groups can be
      used in making up a mat of a desired length. In each group the members 3
      are aligned longitudinally and the sidewall portions 9 are substantially
      parallel. The tread portions 7 overlap. The sidewall ends 17 of the
      members 3 in each group are interleaved with the sidewall ends of the
      members in adjacent groups to an extent that the holes 11 in adjacent ends
      17 are aligned as shown in FIG. 4. Rigid side plates 19 are provided on
      each side of each group. Each side plate 19 has a mounting hole 21 at each
      end 23. The ends of the side plates of adjacent ones of groups 15A, 15B,
      etc. overlap with the holes 21 aligned. The aligned holes 21 are also
      aligned with the aligned holes 11 in the interleaved members.
PAR  Tie means are passed through the aligned holes 11 and 21 to join adjacent
      ones of groups 15A, 15B, etc. together while at the same time holding the
      members 3 in each group 15A, 15B, etc. together at their ends 17 between
      their respective plates 19. In one embodiment shown in FIGS. 1, 3 and 4,
      the tie means can comprise tie bolts 25. Nuts 27, threaded on the ends of
      the tie bolts 25, hold the members 3 together as shown in FIGS. 3 or 4.
      The tie bolts 25 hingedly join adjacent ones of groups 15A, 15B, etc.
      together. To maintain a predetermined width of the mat 1 at its ends, the
      free or non-interleaved ends of the members 3 in the end groups 15A and
      15E can be separated by spacers 29. The mat 1, so constructed, may be made
      in one or two standard widths, such as approximately 24 or 36 inch widths
      for example, and of any suitable length.
PAR  To form a larger protective cover than that provided by one mat, two or
      more mats 1 may be joined in side-by-side relationship. To be able to join
      the mats in this manner, each mat is provided with rigid joining means 31,
      located along each long side 35 of the mat. These joining means 31, in one
      embodiment as shown in FIGS. 3 and 4, comprise eye bolts 33. One pair of
      eye bolts 33 is bolted onto each side plate 19 of each end group (15A and
      15E) and on every other group (15C). As shown in FIG. 5, the eye bolts 33B
      along each side 35B of one mat 1B can be aligned with, and bolted to by
      bolts 37, eye bolts 33A on one side 35A of a second mat 1A and eye bolts
      33C on one side 35C of a third mat 1C to form a larger protective cover.
PAR  The eye bolts 33 on each mat also provide means for receiving lifting
      cables so that the mats can be easily handled in the field.
PAR  To protect the eye bolts 33 from damage during blasting, the mat has
      suitable protective means. Preferably, these protective means are provided
      by the tread portion 7 of the outer arcuate members 3 in each group 15 of
      the mat. To this end, approximately half the members 3 in each group is
      arranged as a set 41 with their tread portions 7 facing in one direction
      and the other half of the members 3 is arranged as a second set 43 with
      their tread portions 7 facing in the opposite direction. The outer tread
      portions 7 of each set 41, 43, as seen in FIG. 3, overlie the eye bolts 33
      associated with each set and thus protect them during blasting.
PAR  Preferably, the mat is constructed to have two usable surfaces. Therefore,
      in assembling each group 15, every second arcuate member 3B is inverted so
      that its tread portion 7B faces away from the tread portion 7A of the
      adjacent, non-inverted members 3A as shown in FIGS. 1 and 3. This provides
      tread portions on both mat surfaces, and protection for the eye bolts 33
      form either side, thus permitting either surface of the mat to be placed
      adjacent the blasting area.
PAR  In another embodiment of the invention, as shown in FIGS. 5 and 6, the
      rigid joining means 31 can comprise out-turned ends 41 of every second
      rigid side plate 19' on each side of the mat. Each out-turned end 41 has a
      through hole 43 which is substantially perpendicular to the mounting hole
      21 in the plate adjacent each end 41. The ends 41 of the side plates 19'
      can replace the separate eye bolts 33 used in joining mats together in
      side-by-side relationship thus providing a more inexpensive mat.
PAR  In still another embodiment of the invention, as shown in FIGS. 5 and 6,
      the tie means can comprise cables 45 instead of the bolts 25. Each cable
      45 replaces two tie bolts 25, with the cables passing from one side 35 of
      the mat to the other side 35' through one set of aligned holes 11, along
      one side plate 19 to the next adjacent set of aligned holes 11, and
      through these holes back to the one side 35 of the mat where the cable
      ends are joined by a suitable clamp 47.
PAR  The cables 45 can be used with either the flat side plates 19, shown in
      FIGS. 3, 4 or the alternative arrangement of flat side plates 19 and side
      plates 19' with out-turned ends 41, as shown in FIGS. 5,6.
PAR  When the members 3 in each group 15 of a two surfaced mat are arranged in
      sets 41, 43 as shown in FIG. 3, with the tread portions 7A and 7B of the
      members 3 in set 41 facing out in one direction and the tread portions 7A
      and 7B of the members 3 in the other set 43 facing out in the opposite
      direction, a gap may appear where the sets 41, 43 abut particularly if the
      tie rods or cables are not very tight. The gap can occur because the
      change-overs 49, 51 in direction of the tread portions 7A, 7B takes place
      at the same time on both surfaces. To minimize the possibility of a gap,
      it is preferred to have the changeover 49' of the direction in which the
      tread portions 7A face, occur on the one surface, at a slightly different
      location from the changeover 51' of the direction in which tread portions
      7B face in the other mat surface. This is shown in FIG. 5 where the
      changeover 51' in tread direction on the bottom surface occurs at a
      location spaced from changeover 49' on the top surface by a few members.
PAR  A problem is sometimes encountered in threading the members 3 on rods or
      tubes when assembling the members 3 into a mat 1. It has been found that
      the members 3 are usually more easily threaded when the inner surface 53
      of the casing leads during threading. Why this is so is not known.
      However, when threading the members 3 onto a rod or tube in the direction
      of arrow A as shown in FIG. 5, it is easier when surfaces 53A, 53B of
      casing sections 9A, 9B lead. Thus it is preferred to delay the changeovers
      49, 51, or 49', 51' until nearly all of the members 3 are threaded with
      surfaces 53A, 53B leading. Thus only a few members 3, with the inner
      surfaces 53A, 53B now trailing which makes for more difficult threading,
      need be threaded. The changeovers 49, 51, or 49', 51' are therefore
      preferably located near or adjacent one side 35, 35' of the mat rather
      than in the middle of the mat.
PAR  Mats made in accordance with the present invention provide the following
      advantages:
PAR  A plurality of these mats can reduce the expense involved in blasting
      operations by eliminating the need of having to keep many different
      large-sized mats on hand. For each job, the proper size cover can be built
      up by joining together the required number of smaller-sized mats
      constructed according to the present invention.
PAR  A further advantage is that if one mat is damaged during blasting, in using
      the protective cover made of several mats, the damaged mat can be readily
      replaced without having to replace the entire protective cover.
PAR  Another advantage is that the mats can be readily handled individually in
      the field, since they need not be joined until required at the job site.
CLMS
STM  We claim:
NUM  1.
PAR  1. A blasting mat comprising a plurality of flexible, resilient members;
      rigid joining means along at least one side of the mat for use in
      detachably, hingedly joining the mat to at least one other similar mat;
      and protective means covering the joining means to prevent damage to the
      joining means during blasting.
NUM  2.
PAR  2. A blasting mat as claimed in claim 1 wherein the protective means are
      formed by a portion of some of the flexible, resilient members forming the
      mat.
NUM  3.
PAR  3. A blasting mat as claimed in claim 1 wherein the flexible, resilient
      members comprise arcuate vehicle tire segments, each segment having a tire
      tread portion and a tire sidewall portion.
NUM  4.
PAR  4. A blasting mat as claimed in claim 1 wherein the flexible, resilient
      members comprise arcuate vehicle tire segments, each segment having a tire
      tread portion and a tire sidewall portion, the tire segments arranged in
      successive, hinged-together groups.
NUM  5.
PAR  5. A blasting mat as claimed in claim 1 wherein the flexible, resilient
      members comprise arcuate vehicle tire segments, each segment having a tire
      tread portion and a tire sidewall portion, the tire segments arranged in
      successive hinged-together groups, each group having one series of
      segments forming one mat surface, and another adjacent series of segments
      forming the other mat surface.
NUM  6.
PAR  6. A blasting mat as claimed in claim 5 wherein the tread portions of the
      segments on one side of each series face in a direction opposite to the
      direction faced by the tread portions of the other segments of each
      series.
NUM  7.
PAR  7. A blasting mat as claimed in claim 6 wherein the changeover in direction
      faced by the tread portions occurs near or adjacent one side of the mat.
NUM  8.
PAR  8. A blasting mat as claimed in claim 6 wherein the changeover in direction
      faced by the tread portions in the one series occurs at a location
      slightly spaced from the location the changeover occurs in the other
      series.
NUM  9.
PAR  9. A blasting mat comprising a plurality of arcuate members formed from
      vehicle tires, each member having a tire tread portion and a tire sidewall
      portion, the members arranged in successive, hinged-together groups and
      rigid joining means along the sides of at least some of groups permitting
      the mat to be detachably joined to a similar mat; the members in each
      group being arranged so as to have one of the two tire portions covering
      the joining means of that group from at least one side of the mat.
NUM  10.
PAR  10. A blasting mat comprising a plurality of flexible, resilient members,
      each member composed of an arcuate vehicle tire segment, each segment
      having a tread portion and a sidewall portion, the members arranged in
      groups, each group having one series of segments forming one mat surface
      and another adjacent series of segments forming the other mat surface, the
      tread portions of the segments on one side of each series facing in a
      direction opposite to the direction faced by the tread portions of the
      other segments of each said series, the point of changeover in direction
      faced by the tread portions occuring near or adjacent one side of the mat.
NUM  11.
PAR  11. A blasting mat as claimed in claim 10 wherein the point of changeover
      in direction faced by the tread portions in one series of each group
      occurs at a location spaced from the location the point of changeover
      occurs in the other series.
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ABST
PAL  Ejection head for projectiles, rockets or the like having at least one
      ejection section including a carrier plate, a plurality of ejection tubes
      for containing active elements mounted annularly about the carrier plate,
      a descent controller connected to the carrier plate wherein the tubes are
      movable from a folded position to a spread-apart position for discharging
      the active elements contained therein. A locking device is provided for
      locking the tubes in the folded position and a spreading device is
      provided for spreading the tubes apart with a pyrotechnical element being
      provided for generating compressed gas for triggering the locking device
      to unlock the ejection tubes and causing the spreading device to spread
      the ejection tube apart.
BSUM
PAR  The present invention relates to an ejection head for rockets or the like
      having ejection tubes annularly mounted on a carrier plate equipped with a
      parachute, which tubes are arranged to be spread apart by a predetermined
      angle and contain active elements such as munitions or the like.
PAR  Ejection heads have been known wherein the active elements to be ejected
      are released from only a single tube, by opening the tube during the free
      fall of the tube, for example by means of pyrotechnical charges, and thus
      strewing the active element contents around. However, this arrangement has
      the disadvantage that a nondirectional ejection and thus an uncontrollable
      distribution of the active elements on the ground occur.
PAR  It is also known to accommodate the charge in the shape of active elements
      directly in a rocket head, without any container, so that, when the rocket
      case is ejected, the distribution, i.e. release, of the active elements
      commences immediately. Here again, the distribution of the active elements
      on the ground is left up to coincidence.
PAR  Further, an ejection head for rockets has been proposed wherein several
      connected ejection tubes in which the active elements to be ejected are
      housed, are movably arranged on a carrier plate and can be simultaneously
      spread apart by a predetermined angle. The ejection tubes, in this
      connection, can be moved by way of hinges, and a limiter ring,
      mechanically adjustable prior to the firing of the rocket, determines,
      i.e. limits, the spreading angle of the ejection tubes. Moreover, an
      additional guidance is provided for the ejection tubes in that tube straps
      are pushed over the ejection tubes, which straps are slidingly movable and
      connected with one another by hinges. In such an ejection head, the
      loading capacity is limited, since the spreading mechanism as well as the
      guidance of the ejection tubes operate in a purely mechanical manner.
PAR  It is an object of the present invention to provide an ejection head for
      the reception of active elements which provides for the release of the
      active elements on the ground in definite, repreducible and
      predeterminable distribution patterns, in addition to affording a large
      optionally variable loading capacity.
PAR  This object is attained by providing an ejection head having a
      pyrotechnical element which produces compressed gas for triggering an
      unlocking device and a spreading device for the ejection tubes. By
      coupling the unlocking with the spreading of the ejection tubes, in
      accordance with the present invention, a flawless functioning, as well as
      the obtaining of the desired spreading angle are ensured at any time.
      Moreover, the spreading device is constructed so that it can be locked in
      a desired final position, i.e. the spreading position. This is
      accomplished according to the invention, for example, by arranging, for
      spreading the ejection tubes, an annular slide member which is centrally
      disposed in the zone between the carrier plate and the ends of the
      ejection tubes pivotably attached thereto, which slide member is
      controlled by means of the pyrotechnical element which produces compressed
      gas. The unlocking device is constructed, in accordance with the
      invention, so that the ejection tubes are arranged about an axially
      extending central holding pipe having a thrust rod guided in the interior
      thereof and being movable by the compressed-gas-producing pyrotechnical
      element. The ejection tubes are locked by a sleeve member displaceable by
      the thrust rod and arranged on the holding pipe, which sleeve member is
      equipped with claws or extension portions engaging the ejection tubes. It
      is also possible to accomplish the locking action by other members which
      engage the ejection tube and/or the end of the ejection tube at the front
      face. Thus, when the pyrotechnical element which produces compressed gas
      is ignited, the thrust rod is displaced, on the one hand, according to
      this invention, whereby the sleeve member retaining the ejection tubes is
      released, and, on the other hand, the slide member and thus the ejection
      tubes are thereby moved into their angular position.
PAR  In accordance with a further feature of the invention, the carrier plate is
      equipped with ejection tubes arranged in multiples in axial succession
      with these multiples being joined together to obtain separable ejection
      sections. In this way, it is not only possible to obtain a higher loading
      capacity, but also to strafe a predetermined target zone at uniform
      intervals with a higher hitting density.
PAR  The ejection sections are separated, for example, by way of a
      pyrotechnically destructible predetermined rupturing zone which can be
      activated at a given time after dropping the rocket head casing. The
      predetermined rupturing zone is formed at the hollow shank, receiving a
      pyrotechnical charge, of a flange bolt attached with the head surface to
      the carrier plate and threadedly joined by its shank portion to the
      holding pipe for the ejection tubes. The flange bolt establishes the
      mechanical connection between the ejection sections which, after severing,
      permits the separate ejection of each ejection unit.
PAR  In order to attain a maximally high packing density of the active elements
      in the ejection tubes, a further feature of the invention provides for
      fashioning the ejection tube, as seen in cross section, as an
      approximately equilateral triangle with rounded and/or truncated corners.
      In this way, a relatively closed and densely packed circular ring of
      active elements can be provided. The ejection of the active elements from
      the individual ejection tubes is effected, in accordance with a further
      feature of this invention, for example by arranging at the portion of the
      ejection tube on the bottom side, which is pivotably attached to the
      carrier plate, at least one compressed gas generator in a well formed by a
      sabot. This compressed gas generator is then ignited at the appropriate
      time. Depending on the configuration of the active elements employed, the
      compressed gas generator can be disposed eccentrically with respect to the
      cross section of the ejection tube.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more obvious from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, several embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a schematic view of a rocket with ejection head;
PAR  FIG. 2 shows a longitudinal sectional view of an ejection section;
PAR  FIG. 3 shows the spreading mechanism of the ejection section of FIG. 2;
PAR  FIG. 4 shows a partial longitudinal section through an ejection tube;
PAR  FIG. 5 shows a cross section through the ejection tube of FIG. 4; and
PAR  FIG. 6 shows a cross section through an ejection section of FIG. 2.
DETD
PAR  Referring now to the drawings wherein like reference numerals are utilized
      to designate like parts throughout the several views, there is shown
      schematically in FIG. 1 a projectile such as a rocket having ejection
      sections 40 housed in a casing 35 and covered at the front end by the tip
      36 of the rocket. This part, also called ejection head and/or rocket nose,
      is joined firmly but separably to the rocket engine 37. After the rocket
      has been fired, the ejection head of the rocket is released, over a
      predetermined target zone, by removing the rocket head casing and is
      separated from the rocket engine, i.e. the remainder of the rocket. In
      case several ejection sections are provided, these are also separated from
      one another. A parachute serves for the stabilization of the ejection
      sections which parachute makes sure that the openings of the ejection
      tubes of the sections are oriented vertically downwardly. After the
      ejection sections, stabilized by parachute, are dropping downwardly, the
      unlocking and spreading devices of the ejection tubes are activated, and
      the ejection tubes are spread out from a folded position and eject the
      active elements. The ground area to be strafed is determined, on the one
      hand, by the spreading angle of the ejection tubes, but, on the other
      hand, also by the construction of the parachutes. The following figures
      illustrate in greater detail the construction of the device separating the
      individual ejection sections from one another or from the remainder of the
      rocket, as well as the spreading mechanism and the unlocking means of the
      ejection tubes of one section, and also the packing of the active elements
      in an ejection tube and the ejection of these elements.
PAR  In the ejection section 40 shown in FIG. 2, the ejection tubes 19 are
      provided in an annular arrangement about a carrier plate 3. At their
      bottom ends, the ejection tubes have the suspension fork 42 serving to
      pivotably mount the tubes to the joint pins 41 at the carrier plate 3. The
      connection of the ejection sections to one another and to the rocket
      engine is effected by means of a flange bolt 1. The head surface of the
      flange bolt 1 is joined, via screws 2, with the carrier plate 3 of one of
      the ejection sections 40 or with the rocket engine. The threaded portion 4
      of the hollow flange shank of the flange bolt is threadedly inserted in a
      holding pipe 5 which is arranged in a centrlaly axial position between the
      ejection tubes 19 and pertaining to the subsequent ejection section. After
      the rocket head casing 35 has been removed and the sections 40 are
      exposed, a charge 34 which is disposed in the shank 4 of the flange is
      ignited with a time delay via an electronic, mechanical, or pyrotechnical
      member. The charge 34 is dimensioned so that the expansion of the
      combustion gases separates the shank of the flange bolt 1 at a
      predetermined breaking zone 6.
PAR  The stabilizing parachute 7 which is attached to the carrier plate 3 is
      disposed respectively between the individual ejection sections. In order
      to prevent any hot gas particles or metal particles from damaging the
      parachute 7 during the separation, an elastic envelope 8 of, for example,
      polyethylene, surrounds the predetermined breaking zone 6. After the
      separation of the predetermined breaking zone 6, the head surface with the
      shank 4, up to the rupturing zone 6, of the flange bolt 1 remains with one
      ejection section and/or the rocket engine, while the shank portion 4 with
      the threaded section up to the rupturing zone 6 remains at the other
      ejection section.
PAR  The ejection tubes are unlocked and spread apart as follows: At one end of
      the centrally guided holding pipe 5, a compressed gas generator 9 is
      arranged at the carrier plate 3 in a tubular flange member 38 with a
      spacing 45 from the bolt 1. Up to the instant of ignition of the
      compressed gas generator 9, the ejection section is in the locked
      condition. The thrust rod 10 is guided in the holding pipe 5 and bolted
      together with the latter by a shear pin 12. The thrust rod 10 is disposed
      directly behind the compressed gas generator 9. At the other end, the
      thrust rod 10 is joined via a pin 13 to a sliding bushing. The pin 13 is
      slidingly mounted in the slotted hole 15 of the holding pipe 5. The sleeve
      16 is disposed over the sliding bushing 14 and fixed in position by a
      shoulder. In the other direction, the sleeve 16 is secured axially by the
      retaining ring 17 seated in a corresponding groove of the sliding bushing
      14. The sleeve 16 has an extension portion 16a which may be claw members
      on its end face, each of these extension portions engaging an eye portion
      18 of the ejection tubes 19 so as to retain the tubes in the folded
      position.
PAR  After the ejection sections have been separated and stabilized by the
      parachute 7, i.e. after the ejection tubes 19 have been oriented
      downwardly with their openings and the section has been stabilized in that
      its pendulating movement has ceased to a certain extent, the compressed
      gas generator 9 is ignited, for example electrically by means of a timing
      member. The thus-liberated gas causes movement of the thust rod 10 so as
      to shear the shear pin 12 and presses the thrust rod 10 into contact with
      the threaded portion 4 of the sheared-off flange bolt 1 which has remained
      in the holding pipe 5. By the axial movement of the thrust rod 10, the
      sliding bushing 14 is entrained via the pin 13, which bushing, in turn,
      presses the sleeve 16 downwardly to such a degree that its extension of
      claw portions 16a slide out of the eyes 18 of the ejection tubes 19. The
      compressed gas which expands in the stagnation space 20 behind the gas
      generator 9 flows through the bores 21 of the holding pipe 5 and presses a
      slide member 22 against an abutment 23 at the holding pipe 5. A disk 24,
      forming part of the slide member 22, presses against the bottom of the
      ejection tubes 19 and places the latter into the spread-apart position
      predetermined by the angular surfaces of the hinge arms 43 of the carrier
      plate 3. Due to the fact that the edge of the bottom of the ejection tubes
      19 slides over the annular rim of the axially displaced slide disk 24 and,
      when the slide member 22 contacts the abutment 23, rests thereon, the
      ejection tubes 19 are arrested in their angular position. The slide member
      22, in turn, can no longer slide back into its initial position, since the
      gas pressure is preserved in the gas stagnation space 20 of the slide
      member 22. The use of compressed gas generators 9 makes it possible to
      prevent damage to the ejection tubes 19 or at the joints, by the
      relatively gradually effective expansion of the gas. Thereafter, the
      active elements are ejected from the tubes 19.
PAR  In order to attain a high packing density of active elements 26 in the
      ejection head, the ejection tubes 19 are fashioned as tubes 27 having a
      triangular contour with rounded and/or truncated corners as shown in FIGS.
      5 and 6.
PAR  As shown in FIG. 4, in the portion 28 of the ejection tubes on the bottom
      side, a sabot 29 is disposed which is sealed with respect to the tube
      wall. The sabot 29 has one or two wells 39 engaging into sleeves 44 of one
      or two active elements 26 resting on the sabot 29 and respectively, one
      compressed gas generator 30 is disposed in the wells. The wells are
      preferably arranged eccentrically with respect to the cross section of the
      ejection tube. An exactly dimensioned free space 31 is provided between
      the compressed gas generators 30 and the bottom side of the sabot which
      space is formed from the spacing of the sabot bottom and the ejection tube
      bottom, as well as from the zone around the compressed gas generators 30
      in the sabot wells. A mounting disk 32 is provided at the ejection opening
      of the ejection tube 19 which disk is attached to the walls of the
      ejection tube by means of shear elements 33. If the compressed gas
      generator or generators 30 are ignited, a pressure is built up in the
      space 31, which pushes the sabot 29 and thus the active elements 26 out of
      the ejection tubes 19, while overcoming the shearing force of the shearing
      elements 33 by means of which the mounting disk 32 is attached. It is also
      possible to couple the cover at the front end of the ejection tubes with
      the release of the ejection tubes, so that, when the latter are unlocked
      and spread apart, the ejection tubes are also opened.
PAR  It is noted that the manner of stacking ejection sections with parachutes
      and utilizing the parachute for stabilization and control of descent after
      the ejection sections have been separated is disclosed in copending,
      commonly assigned application, Ser. No. 300,226 filed Oct. 24, 1972, now
      U.S. Pat. No. 3,857,338.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It should therefore be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. Ejection head of projectiles, rockets and the like, comprising at least
      one ejection section including a carrier plate, a plurality of ejection
      tubes for containing active elements mounted annularly about the carrier
      plate, means for controlling the descent of the ejection section connected
      to the carrier plate, the ejection tubes being movable from a folded
      position to a spread-apart position, means for locking the ejection tubes
      in the folded position, means for spreading the ejection tubes apart, and
      pyrotecnical element means for generating compressed gas for triggering
      the locking means to unlock the ejection tubes and for causing the
      spreading means to spread the ejection tubes apart.
NUM  2.
PAR  2. Ejection head according to claim 1, wherein the means for controlling
      the descent of the ejection section includes a parachute.
NUM  3.
PAR  3. Ejection head according to claim 1, wherein the ejection tubes have one
      end thereof connected to the carrier plate and the spreading means
      includes an annular slide member disposed centrally in the zone between
      the carrier plate and the ends of the ejection tubes pivotally connected
      thereto, the slide member being movable in response to the generated
      compressed gas for pivoting the ejection tubes with respect to the carrier
      plate.
NUM  4.
PAR  4. Ejection head according to claim 1, wherein the carrier plate is
      provided with a central holding pipe extending in the axial direction, the
      ejection tubes being disposed annularly about the holding pipe, the
      holding pipe being provided with a thrust rod guided in the interior
      thereof and movable in response to the generated compressed gas.
NUM  5.
PAR  5. Ejection head according to claim 4, wherein the locking means includes a
      sleeve slidably mounted on the holding pipe, the sleeve being provided
      with engagement means for engaging ejection tubes of the ejection section,
      the sleeve being displaceable in response to the movement of the thrust
      rod for moving the engagement means out of engagement with the ejection
      tubes.
NUM  6.
PAR  6. Ejection head according to claim 5, wherein the spreading means includes
      an annular slide member having an annular disk portion and a tubular
      portion extending therefrom, the annular slide member being mounted for
      sliding movement on the holding pipe and the disk member being positioned
      for engagement with the ends of the ejection tubes at which the ejection
      tubes are pivotally connected to the carrier plate, the annular slide
      member being responsive to the generation of compressed gas for movement
      with respect to the holding pipe and for simultaneously forcing the
      ejection tubes outwardly to pivot about the pivotable connection thereof.
NUM  7.
PAR  7. Ejection head according to claim 6, wherein the carrier plate is
      provided with annular surface portions for limiting the spread-apart
      position of the ejection tubes, and the annular slide member in response
      to the generated compressed gas is retained in a displaced position
      thereof and in engagement with surface portions of the ejection tubes so
      as to maintain the ejection tubes in the spread apart position thereof.
NUM  8.
PAR  8. Ejection head according to claim 7, wherein the carrier plate is
      provided with a member having a bore therethrough and in communication
      with the interior of the holding pipe, the pyrotechnical element means
      being disposed within the bore of the member for supplying compressed gas
      to the interior of the holding pipe.
NUM  9.
PAR  9. Ejection head according to claim 5, comprising a plurality of ejection
      sections, the plurality of ejection sections being interconnected in axial
      succession and arranged to be separable from one another.
NUM  10.
PAR  10. Ejection head according to claim 9, comprising means for
      interconnecting the ejection sections, the interconnecting means being
      provided with a predetermined rupturing zone for separating adjacent
      ejection sections from one another.
NUM  11.
PAR  11. Ejection head acording to claim 10, wherein the interconnecting means
      includes a flange bolt having its head surface attached to the carrier
      plate and having its shank portion threadedly connected to the holding
      pipe, the shank portion having a hollow portion arranged for receiving a
      pyrotechnical charge, the predetermined rupturing zone being provided at
      the hollow shank portion and being rupturable in response to the ignition
      of the pyrotechnical charge.
NUM  12.
PAR  12. Ejection head according to claim 11, further comprising elastic
      envelope means surrounding the shank portion of the flange bolt.
NUM  13.
PAR  13. Ejection head according to claim 11, wherein the holding pipe is
      arranged to be ruptured at the predetermined rupturing zone of the flange
      bolt so as to separate the ejection sections from one another.
NUM  14.
PAR  14. Ejection head according to claim 13, wherein the descent retarding
      means is disposed between ejection tubes of the adjacent ejection section
      and an elastic envelope means surrounds the holding pipe in the region of
      the shank portion of the flange bolt for preventing damage to the descent
      retarding means during the separation of the ejection sections from one
      another upon rupturing of the predetermined rupturing zone.
NUM  15.
PAR  15. Ejection head according to claim 1, wherein each ejection tube of an
      ejection section has an approximately equilateral triangular
      cross-sectional shape with at least one of rounded and truncated corners.
NUM  16.
PAR  16. Ejection head according to claim 1, wherein each ejection tube has a
      bottom end which is pivotally attached to the carrier plate and a front
      end, a sabot being provided proximate the bottom end of the ejection tube
      and forming at least one recess for receiving at least one compressed gas
      generator therein.
NUM  17.
PAR  17. Ejection head according to claim 16, wherein the at least one recess is
      arranged eccentrically with respect to the cross section of the ejection
      tube.
NUM  18.
PAR  18. Ejection head according to claim 17, wherein each ejection tube is
      provided with a plurality of active elements therein, the active elements
      being ejected from the ejection tube in response to activation of the at
      least one compressed gas generator received in the at least one recess of
      the sabot.
NUM  19.
PAR  19. Ejection head according to claim 1, wherein each ejection tube has a
      front end and a bottom end which is pivotally attached to the carrier
      plate, cover means being provided for closing off the front end of the
      ejection tube, and shear means being provided for attaching the cover
      means to the ejection tube.
NUM  20.
PAR  20. Ejection head according to claim 8, comprising a plurality of ejection
      sections, the plurality of ejection sections being interconnected in axial
      succession and arranged to be separable from one another.
NUM  21.
PAR  21. Ejection head according to claim 20, comprising means for
      interconnecting the ejection sections, the interconnecting means being
      provided with a predetermined rupturing zone for separating adjacent
      ejection sections from one another.
NUM  22.
PAR  22. Ejection head according to claim 21, wherein the interconnecting means
      includes a flange bolt having its head surface attached to the carrier
      plate and having its shank portion threadedly connected to the holding
      pipe, the shank portion having a hollow portion arranged for receiving a
      pyrotechnical charge, the predetermined rupturing zone being provided at
      the hollow shank portion and being rupturable in response to the ignition
      of the pyrotechnical charge.
NUM  23.
PAR  23. Ejection head according to claim 22, wherein the holding pipe is
      arranged to be ruptured at the predetermined rupturing zone of the flange
      bolt so as to separate the ejection sections from one another.
NUM  24.
PAR  24. Ejection head according to claim 23, wherein the descent retarding
      means is disposed between ejection tubes of the adjacent ejection section
      and an elastic envelope means surrounds the holding pipe in the region of
      the shank portion of the flange bolt for preventing damage to the descent
      retarding means during the separation of the ejection sections from one
      another upon rupturing of the predetermined rupturing zone.
NUM  25.
PAR  25. Ejection head according to claim 24, wherein each ejection tube has a
      bottom end which is pivotally attached to the carrier plate and a front
      end, a sabot being provided proximate the bottom end of the ejection tube
      and forming at least one recess for receiving at least one compressed gas
      generator therein.
NUM  26.
PAR  26. Ejection head according to claim 25, wherein the at least one recess is
      arranged eccentrically with respect to the cross section of the ejection
      tube.
NUM  27.
PAR  27. Ejection head according to claim 26, wherein each ejection tube is
      provided with a plurality of active elements therein, the active elements
      being ejected from the ejection tube in response to activation of the at
      least one compressed gas generator received in the at least one recess of
      the sabot.
NUM  28.
PAR  28. Ejection head according to claim 27, further comprising cover means for
      closing off the front end of the ejection tube, and shear means for
      attaching the cover means to the ejection tube, the shear means being
      responsive to the force applied to the cover means by the active elements
      upon activation of the at least one compressed gas generator received in
      the at least one recess of the sabot for shearing and releasing the cover
      means from the ejection tube.
NUM  29.
PAR  29. Ejection head according to claim 28, wherein each ejection tube of an
      ejection section has an approximately triangular cross-section shape
      cross-sectional at least one of rounded and truncated corners.
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ABST
PAL  1. A fluid fuze comprising:
PA1  A. a fluid detector,
PA1  B. a pure fluid computer, said computer having an input connected to said
      uid detector and an output,
PA1  C. said pure fluid computer including a bi-stable fluid amplifier and at
      least one pulse converter, and
PA1  D. a fluid utilization device connected to an output of said pure fluid
      computer.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment to me of any royalty thereon.
BSUM
PAR  This invention relates to pure fluid systems and more particularly to pure
      fluid fuzes.
PAR  The advent of pure fluid amplification techniques (pure fluid systems) has
      given the military the possibility of substituting pure fluid components
      for many of the complex electronic and electromechanical devices now
      performing such tasks as warhead safing, arming, and fuzing. The potential
      reliability, reproducibility, environmental ruggedness, immunity to
      countermeasures and jamming, safety, reduction in weight and size, and low
      production cost represent significant military advantages. Pure fluid
      devices have no moving parts, and in many applications can perform in
      place of an electronic or mechanical device.
PAR  One area proposed for the use of pure fluid systems is projectile and/or
      missile control. The ruggedness, reliability, immunity from jamming, and
      cheapness are all advantages of such a system. Several such systems have
      been proposed, and missile control or fuzing systems employing pure fluid
      components have commonly employed either self-contained, inertial type
      systems, or if they are designed for object detection and/or environmental
      sensing, they have employed conventional electronic detection techniques.
      Such systems using conventional inputs are adequate and necessary, for
      some applications. However, this type of system does interject one
      potentially weak link in the system -- expensive, temperamental and
      jammable -- the sensor.
PAR  One object of this invention is to provide a missile control and/or fuze
      which is pure fluid. That is, the system employs a fluid detector and an
      integrated fluid computer eliminating the need for electro-pneumatic or
      mechanical-pneumatic transducers.
PAR  Another object of this invention is to provide a pure fluid, shock wave
      detection, fuzing system.
PAR  An additional object of this invention is to provide a pure fluid distance
      computer.
PAR  Still another object of this invention is to provide a pure fluid fuzing
      system which does not need to carry a fluid supply and which is safe to
      handle and store before firing.
PAR  A further object of this invention is to provide a differentiator sensitive
      to a fluid shock wave which can actuate a bi-stable fluid amplifier.
PAR  One more object of this invention is to provide a fluid integrator.
PAR  An additional object of this invention is to provide a fluid operated
      distance computer.
PAR  One further object of this invention is to provide a pure fluid detector
      with a single fluid signal input detector.
PAR  These and other objects of the present invention are accomplished through
      the use of a fluid detector probe in combination with a pure fluid
      computer.
DRWD
PAR  The specific nature of the invention, as well as other objects, aspects,
      uses and advantages thereof, will clearly appear from the following
      description and from the accompanying drawing, in which:
PAR  FIG. 1 represents a missile employing the teachings of this invention
      approaching a target.
PAR  FIGS. 2(a), 2(b) and 2(c) are plan views of one embodiment of this
      invention which is shock wave operated.
PAR  FIGS. 3(a) and 3(b) are plan views of a distance computing embodiment of
      this invention.
PAR  FIG. 4 shows one embodiment of a fluid operated detonator.
DETD
PAR  FIG. 1 shows an attacking missile 10 with a fluid detector probe 11 mounted
      thereon. The probe 11 is essentially a piece of tube in the embodiment
      shown, and this is satisfactory for most purposes. The fluid (air or water
      in most applications) surrounding the missile 10 enters the probe 11 and
      is the input signal to a fluid computer inside the missile, as will be
      explained subsequently. The pure fluid computer aboard the missile
      operates upon the received signal from probe 11 to cause a desired
      operation.
PAR  Mounted on the missile 10 is a small air scoop 12. This scoop 12 can supply
      the fluid to operate the fluid computer. Where this type of fluid computer
      supply is employed, two beneficial results are achieved. No auxiliary
      fluid supply is required -- a weight and space saving -- and some safing
      and arming is achieved since there can be no power to the fluid computer
      until the missile is launched.
PAR  FIG. 2 shows the single probe 11 in combination with a shock wave detector
      and distance computer indicated generally at 20. Fluid flow in the
      computer is indicated by the arrows.
PAR  FIG. 2(a) represents the state of the computer before the arrival of the
      shock wave.
PAR  FIG. 2(b) represents the state of flow in the computer immediately after
      the shock wave has arrived and at detonation.
PAR  FIG. 2(c) shows the fluid flow conditions at a time after that shown in
      FIG. 2(b).
PAR  The fluid computer 20, shown in FIG. 2 has two stages, although skilled
      persons will realize that the stages shown are only representative of the
      type and number of stages which may be employed. In order to provide a
      more sophisticated operation, several additional elements could be
      employed.
PAR  The first stage of the fluid computer 20 is a shock actuated fluid
      amplifier 21. The fluid amplifier 21 consists of a power jet nozzle 22
      connected to a power supply 23 which, in a preferred embodiment, is
      connected to a fluid scoop 12. On the side of the power jet nozzle 22 are
      right and left control jets 24 and 25. Down stream from the power nozzle
      22 are two output receiver channels 26 and 27. The right channel 26
      exhausts outside the missile and the left channel 27 is connected to the
      next stage of the computer. The fluid power jet issuing from nozzle 22 is
      baised to normally flow out of exhaust channel 26, as indicated by the
      arrows in FIG. 2(a). This may be accomplished by any of a number of
      schemes known in the art. Amplifier 21 may be biased by placing the
      splitter 28 slightly to the left of the centerline of the power nozzle 22.
      However, normally a symmetrical amplifier may be used, sufficient bias
      being provided by nozzle 25, as will appear below.
PAR  The right control nozzle 24 is connected to the single probe 11 by channel
      29 and the left control nozzle 25 is connected to the single probe 11 by
      channel 30. The channel 29 is of low inertness and high resistance, while
      channel 30 is of relatively high inertness and low resistance. This
      relation between lines 29 and 30 may be achieved by making channel 30
      longer than channel 29 and placing a porous plug resistor in the line 29
      (not shown). The low resistance in channel 30 allows more flow to nozzle
      25, biasing the stream into channel 26. The low inertness of channel 29
      means that changes in input pressure will be transmitted to nozzle 24
      ahead of nozzle 25.
PAR  The next stage of the computer 20 is a fluid pulse converter 32 which is
      connected to output channel 27 of amplifier 21. This pulse converter 32
      has a fluid power supply 33, (preferably fed from fluid scoop 12) a power
      jet nozzle 34, right and left control nozzles 36 and 37 and right and left
      output channels 38 and 39.
PAR  This bi-stable fluid element is fully disclosed in U.S. Pat. No. 3,001,698
      issued to R. W. Warren, to which reference is made for details of
      construction and operation.
PAR  The operation of the pulse convertor is: fluid flow from power supply 33 is
      initially directed out of exhaust channel 38. This can be accomplished, as
      pointed out in the aforementioned Warren patent, by making the system
      slightly asymmetrical. One way to do this is to locate the nozzle 34
      closer to the right wall 38w which forms one side of channel 38. Flow in
      channel 38 is one stable state of the pulse converter 32, and flow from
      power supply 33 continues out of channel 38 until a fluid pulse is
      received from amplifier 21 via channel 27 and a nozzle 42. A fluid pulse
      applied to the convertor 32 via nozzle 42 causes the fluid stream to
      switch out of channel 38, become attached to the left hand wall 39w and
      issue from channel 39 into a fluid operated detonator 63. One suitable
      fluid operated detonator is shown in FIG. 4 and will be described
      subsequently.
PAR  The overall operation of the fuze 20 may now be explained in connection
      with FIGS. 2(b) and 2(c) in conjunction with FIG. 2(a). FIG. 2(a) shows
      the initial flow state with fluid flow from power supply 23 issuing
      exhaust channel 26 and fluid flow from pulse convertor 32 exhausting from
      channel 38.
PAR  Before the arrival of a shock wave, fluid enters the probe 11 and passes
      through channel 29 and 30 to nozzles 24 and 25. Since line 30 is of lower
      resistance than line 29, this fluid does not tend to switch power jet
      issuing from nozzle 22.
PAR  A shock wave detected by the probe 11 causes the amplifier 21 to switch.
      The mechanism can be seen in FIG. 2(b). The shock wave detected by the
      probe 11 is transmitted through the low inertance, high resistance line 29
      and reaches the right hand nozzle 24 before the shock wave transmitted
      through high inertance channel 30 reaches nozzle 25. The high pressure
      associated with the shock wave causes the power jet from nozzle 22 to
      momentarily switch and issue from the left hand channel 27. This flow in
      channel 27 is applied through nozzle 42 to pulse convertor 32, causing it
      to switch into the left hand output 39, and this output is applied to
      fluid utilization device 63.
PAR  FIG. 2(c) shows the final state. After the shock wave has passed, the
      amplifier 21 returns to its initial state with fluid issuing from exhaust
      channel 26. However, pulse convertor 32 is bi-stable and fluid from the
      power supply 33 continues to be applied to detonator 63 via channel 39.
      When sufficient fluid has been applied to detonator 63, it functions.
PAR  FIG. 3 illustrates another embodiment of this invention which can measure
      the distance traveled by a vehicle or warhead to which it is attached. One
      fuzing application of this pure fluid distance measuring scheme is for the
      fuzing bomblets of a cluster warhead. In a cluster warhead the principle
      missile or bomb explodes, releasing a large number of secondary explosives
      or bomblets. The desired operation is to have these secondary bomblets
      detonate at a predetermined distance away from the principal bomb. As will
      appear, the embodiment of FIG. 3 is admirably suited for this application.
PAR  The embodiment of FIG. 3 is comprised of pure fluid detector probe 41, the
      same as that used in the embodiment of FIG. 2, connected to a two stage
      computer 42. The first stage of computer 42 is a time-velocity integrator
      43. The second stage of the computer 42, in the particular embodiment
      shown, consists of two fluid pulse convertors 45 and 46, identical to
      those described in the aforementioned Warren patent.
PAR  With the computer 42 carried by a missile traveling in the direction of the
      arrows, fluid enters the probe 41 and is applied to the integrator 43. The
      integrator 43 is essentially a bi-stable fluid amplifier biased so that
      flow is initially from the exhaust channel 47. One way this can be
      accomplished, as previously mentioned, is by placing the splitter 48 to
      the left of the centerline of nozzle 49. Control nozzles may also be
      provided in the conventional manner in integrator 43 in order to provide
      bias and help insure stable operation. In the exhaust channel 47 there is
      a fluid capacitor 51 and a fluid resistor 52. Where the fluid is
      compressible, such as air, the fluid capacitor 51 can be merely an
      expanded chamber with a non-aligned inlet and outlet. If it is
      incompressible fluid, such as water, a flexible diaphragm chamber must be
      used. The resistor 52 can be a porous plug.
PAR  The integrator 42 operates as follows: fluid entering probe 41 initially is
      directed into the exhaust channel 47. This fluid "charges" the RC
      combination of capacitor 51 and resistor 52 until the pressure in this
      channel has reached a predetermined amount. When this predetermined back
      pressure has been reached, it causes the fluid flow to become detached
      from the right hand wall 47w of channel 47, switch, and flow from an
      output channel 53. Flow continues in channel 53 until the pressure builds
      up in that channel and decreases in channel 47, then the flow switches
      back to channel 47. This produces an output pulse to the counting stage 55
      (enclosed in the dotted lines) of the computer 42. The output pulse rate
      will be dependent upon the rate of fluid build up in the fluid
      resistor-capacitor network in exhaust channel 47. The build up rate
      depends upon the velocity-time product of the vehicle as it moves through
      the fluid medium. The output of the first stage represents the product of
      the velocity and time in a digitalized form, and this represents the
      distance the vehicle has traveled.
PAR  In order to provide for a certain fixed distance before detonation a two
      stage counter 45 is provided. Obviously, the number of stages will be
      dependent upon the distance (delay) desired, and for some applications
      none will be required. The two stage counter 55 is identical in operation
      to the counter shown in FIGS. 4 through 9 of the aforementioned Warren
      U.S. Pat. No. 3,001,698, and a detailed explanation would merely be
      repetitious and unnecessary.
PAR  The overall operation of the fuze may be seen from the flow patterns in
      FIGS. 3(a) and 3(b). Initially the flow pattern is that shown in FIG.
      3(a). Fluid entering probe 41 charges capacitor 51. Fluid power feeding
      pulse convertor 45 (preferably from scoop 12) is caused initially to flow
      into the right hand channel 56 due to a geometric bias. Fluid flow in
      pulse convertor 46 is also initially directed into the right hand channel
      57 by a bias.
PAR  After the capacitor 51 has charged, and the power stream switches, the flow
      configuration is that shown in FIG. 3(b). Fluid power in output channel 53
      causes flow in pulse convertor 45 to switch and be issued from channel 58.
      This switching of convertor 45 does not affect the flow in convertor 46
      and its flow continues in channel 57.
PAR  The flow in integrator 43 switches back to channel 46 after the pressure in
      that channel has decreased and capacitor 51 is again charged. Flow in
      pulse convertors 45 and 46 are unaffected by this switching of the
      integrator 43 into channel 47, and the flow in 45 and 46 remains as shown
      in FIG. 3(b).
PAR  The next output pulse from integrator 43 in channel 53 causes convertor 45
      to switch producing flow in channel 56. This flow in channel 56 causes
      convertor 46 to switch, producing flow in channel 59 which is connected to
      detonator 63 causing the fuze to function.
PAR  FIG. 4 shows one embodiment of a fluid activated detonator 63 which may be
      used in the practice of this invention. The fluid operated detonator
      consists of casing 61 with explosive powder 62 at one end. A percussion
      cap 64 is located beneath a striker 65 mounted on a plunger 66. The cap 64
      and the striker 65 are held apart by a spring 67.
PAR  In operation, the output of the fluid computer is connected to the end 68
      and an output from the computer applies pressure to the plunger 66. This
      fluid pressure forces the plunger down, with the striker 65 hitting cap 64
      detonating explosive 62. This explosion can initiate an explosive train to
      a main explosive carried by the missile.
PAR  It will be apparent that the embodiments shown are only exemplary and that
      various modifications can be made in construction and arrangement within
      the scope of the invention as defined in the appended claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A fluid fuze comprising:
PA1  a. a fluid detector,
PA1  b. a pure fluid computer, said computer having an input connected to said
      fluid detector and an output,
PA1  c. said pure fluid computer including a bi-stable fluid amplifier and at
      least one pulse converter, and
PA1  d. a fluid utilization device connected to an output of said pure fluid
      computer.
NUM  2.
PAR  2. A fluid fuze comprising:
PA1  a. a fluid shock wave detector probe,
PA1  b. a fluid computer, said computer having a fluid input signal means and a
      fluid output signal means, said input signal means connected to said shock
      wave detector,
PA1  c. said fluid computer including a bi-stable fluid amplifier, and
PA1  d. a fluid operated detonator connected to an output of said fluid
      amplifier.
NUM  3.
PAR  3. A fluid shock wave detector comprising:
PA1  a. a bi-stable, pure fluid amplifier having a power jet nozzle, a plurality
      of fluid receiving channels with means to bias jet flow from said nozzle
      into a first one of said channels, and fluid signal control means adapted
      to direct said jet flow into a second one of said channels upon receipt of
      a shock wave, and
PA1  b. a detector probe, an input to said probe in an ambient fluid, and an
      output of said probe connected to said signal control means.
NUM  4.
PAR  4. A fluid shock wave detector comprising:
PA1  a. a bi-stable fluid amplifier having a power jet nozzle, a first and a
      second fluid receiving channel, and a first control nozzle adapted to
      direct a flow from said jet nozzle into said first channel and a second
      control nozzle adapted to direct a flow from said jet nozzle into said
      second channel, and
PA1  b. a detector probe, an input to said probe in an ambient fluid and an
      output of said probe connected to said first and second control nozzles by
      separate channels, one of said channels having a low resistance and a high
      inertance, and the other of said channels having a high resistance and low
      inertance.
NUM  5.
PAR  5. A fluid fuze comprising:
PA1  a. a fluid probe, said probe oriented with respect to a missile carrying
      said probe that the amount of fluid entering said probe is proportional to
      the velocity of said probe through a fluid,
PA1  b. a pure fluid integrator, said integrator producing a fluid pulse output,
PA1  c. means to count said output pulses, said counting means producing an
      output after a predetermined number of counts, and
PA1  d. said counter output connected to a fluid operated detonator.
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ABST
PAL  In a hot gas generator with lamellar powder charge, the charge comprises a
      plurality of powder lamellae disposed side by side at regularly spaced
      intervals and projecting from a flexible shoe in which they are anchored
      by partial penetration into the shoe of anchoring teeth provided along one
      marginal edge portion of each lamella, so that between two teeth of the
      same lamella there is a communication aperture communicating the spaces on
      each side of the lamella. This permits instantaneous balancing of
      pressures between the various spaces, and minimizes the amount of the
      lamellae outside the normal process of combustion. The powder charge is
      assembled in the form of a mat with upstanding lamellae, and the mat or
      shoe is then shaped and formed to conform to a selected portion of the
      combustion chamber of a hot gas generator. In producing the charge, the
      lamellae are arranged and temporarily fixed to a first plate, with the
      anchoring teeth remote therefrom, and the first plate is then brought into
      facing relationship with a second plate on which a layer of polymerizable
      or curable plastic has been spread, such that the anchoring teeth
      partially penetrate and implant themselves in the plastic, after which the
      plastic is polymerized or cured, and the plates removed.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to hot gas generators whose function results from
      combustion of a very rapidly burning powder charge (duration of
      combustion, of the order of a few milliseconds to a few centiseconds),
      generating a very considerable output of hot gases (of the order, for
      example, of about a hundred or several hundred kg/second), such hot gas
      generators being usable, for instance, in the propulsion of self-propelled
      projectiles, in the firing of a projectile from a recoilless gun, in
      igniting the solid propellant charge of a rocket stage, etc.
PAC  BACKGROUND AND SUMMARY
PAR  It has already been proposed, in French application No. 69/23972 of July
      15, 1969, now French Pat. No. 2,053,681 of Apr. 16, 1971 that the powder
      charge of such hot gas generators be constituted by a plurality of
      lamellae of powder disposed side by side and fixed by a continuous
      peripheral zone to a common support (hereinafter called "shoe ), which
      arrangement simultaneously ensures a predetermined relative positioning of
      the said lamellae with respect to each other, the imparting to the charge
      assembly of the character of a single block, and the fixing of the charge
      thus constituted to the combustion chamber wall of the hot gas generator.
PAR  However, this earlier solution has not yielded entire satisfaction for
      certain uses, because it requires, for the anchoring of each lamella to
      the common shoe, a continuous fixation zone along which a continuous
      marginal strip (of no inconsiderable width) of the lamella in question
      will be embedded in the body of the shoe.
PAR  This arrangement entails the drawback of subtracting from the normal
      combustion process all this marginal strip embedded in the shoe, and at
      the end of combustion considerable residues remain (in shop jargon called
      "leftover plugs" or "leftover carrots") that escape the normal combustion
      process and continue to burn, emitting tongues of flame and smoke
      prejudicial to the concealment of mechanisms equipped with such hot gas
      generators. Moreover, the continuity of the lamella fixation zone forms,
      at the level of the implantation of such lamellae, a kind of barrier that
      prevents any communication between the compartments defined by said
      lamellae, which impedes the balancing of pressures there, reduces
      combustion output, and causes risk of rupture or tearing in the
      implantation zones of the said lamellae.
PAR  The invention is intended to obviate these drawbacks of hot gas generators
      with a one-piece lamellar powder charge, whereof the lamellae are
      implanted in a common shoe along a continuous marginal zone of fixation.
PAR  The invention thus relates to the development of a hot gas generator with
      lamellar powder charge, in which on the one hand the portion of the
      lamellae outside the normal process of combustion is less, and wherein on
      the other hand there is, upon firing of the charge, an almost
      instantaneous balancing of pressures between the various compartments
      defined by the said lamellae.
PAR  The powder hot gas generator of the invention comprises a one-piece
      lamellar powder charge, constituted by a plurality of lamellae of powder
      disposed side by side, regularly spaced, and fixed to a common shoe that
      ensures the relative positioning of the said lamellae with reference to
      each other, allowing fixation of the one-piece charge thus constituted to
      the combustion chamber wall of the hot gas generator, said generator being
      characterized in that each lamella comprises, in its marginal zone along
      which it is fixed to the common shoe, anchoring teeth embedded over only
      part of their height in the said shoe, so that between any two successive
      teeth of the same lamella there will be an aperture constituting a
      communication between the spaces on either side of the said lamella.
PAR  Because of this arrangement, there is on the one hand reduction to the
      minimum of the portion of the powder lamellae that does not participate in
      the normal combustion process, which portion is solely limited to the
      embedded parts of the lamella anchoring teeth, and on the other hand
      because of the apertures in question, it is possible to effect
      communication between the various compartments separating the successive
      lamellae, which communication allows a balancing of pressures between said
      compartments from the beginning of the combustion resulting in an increase
      in combustion yield and better mechanical resistance of the one-piece
      powder charge unit to the dynamic forces of the gases.
PAR  It is well to note, to avoid any ambiguity in the matter of the term
      "lamella," that this term designates thin flat elements, advantageously
      between a few tenths of a millimeter and a few millimeters, the contour of
      the lamellae generally but not necessarily being quadrangular, especially
      rectangular.
PAR  In this case, i.e., in the case of rectangular lamellae, the width or
      height is preferably between 5 and 50 mm.
PAR  The anchoring teeth of the lamellae then advantageously have a height and
      length that is between one tenth and one third of the width of said
      lamellae.
PAR  As to the number of anchoring teeth provided along the marginal fixation
      zone of each lamella, this is obviously a function, among other
      parameters, of the length of the said fixation zone, but it seems that the
      anchoring teeth in question may advantageously be provided, within the
      dimensional ranges preferentially indicated above for the lamellae and
      their anchoring teeth, in a proportion of one tooth for every 2 to 6
      centimeters along the marginal fixation zone.
PAR  In the above described case of rectangular lamellae, the marginal fixation
      zone will be along the large side of the lamellae.
PAR  In any case, the depth of implantation of the anchoring teeth in the
      fixation shoe is preferably between one quarter and three quarters of the
      height of said teeth, said implantation depth being advantageously of the
      order of half the height of the teeth.
PAR  As used herein, the width or height of, for instance, a rectangular lamella
      is the dimension of the main rectangular portion, measured normally to the
      shoe or mat, and the length is measured normally to the width or height.
      The height and length measurements of the anchoring teeth are measured as
      indicated in FIG. 2 of the drawings.
PAR  As far then as the shoe that serves as support for such a lamellar charge
      is concerned, it is preferably made of flexible polymerizable plastic,
      advantageously of the silicone family, such a shoe then preventing the
      advantage of being readily adaptable to the combustion chamber wall and of
      lending itself to an advantageous anchoring process, which will be more
      explicitly described below.
PAR  In this matter, preferably a "flat" manufacturing process is chosen, which
      leads to production of a blank that enters into the framework of the
      invention and that is presented as a kind of lamellar mat, whereof one of
      the faces is constituted by the outer portion of the shoe and the other by
      the outer portion of the powder lamellae, disposed parallel to one
      another.
PAR  It is then possible to cut from this lamellar mat, pieces that correspond
      to the developed surface of the finished charge, and then if necessary
      adapt these pieces to the geometric characteristics of the combustion
      chamber wall on which the lamellar powder charge is to be fixed, e.g. by
      adhesion.
PAR  Thus, in the case of a cylindrical combustion chamber whose side wall may
      receive a lamellar powder charge, a rectangular or square blank will be
      cut from the mat, one of the dimensions corresponding to the length of the
      charge and the other to the external circumference, said blank then being
      rolled to a cylindrical configuration.
PAR  The process of the invention for the manufacture, starting with a mat of a
      lamellar powder charge whereof the lamellae are anchored in the shoe by
      means of teeth provided along the marginal fixation zone of each lamella,
      is characterized by the following successive stages:
PAR  provisional fixation on a first plate, of sheets of toothed powder lamellae
      disposed in parallel and adjacent, or separated from one another;
PAR  spreading on a second plate, of a layer (possibly reinforced with glass
      fabric) of polymerizable plastic material, said layer being intended to
      constitute the charge shoe;
PAR  before polymerization of said layer is completed, putting said first and
      second plates in a mounting arrangement so designed that the teeth of the
      lamellae will be partly embedded in the shoe in the course of
      polymerization;
PAR  completion of the polymerization of the shoe;
PAR  removal of the two plates, the shoe then enclosing the teeth of the powder
      lamellae (partly embedded teeth);
PAR  cutting out the lamellar charge thus prepared;
PAR  shaping the said charge, if necessary, for its adaptation in the combustion
      chamber of the hot gas generator.
DETD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  To illustrate the various arrangements in question, preferred (but non
      limitative) embodiments will now be described, with reference to the
      attached drawing, in which:
PAR  FIG. 1 shows, in perspective and with cut parts and cut away parts, a hot
      gas generator with a propulsion function, designed according to the
      invention.
PAR  FIG. 2 is a view in perspective, with part cut away, of a powder lamella
      belonging to the propellant charge of said generator.
PAR  FIGS. 3 to 5 show schematically successive characteristic phases of a
      process according to the invention for the manufacture of the propellant
      charge of the generator illustrated in FIG. 1.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a hot gas generator, with large gaseous output and short
      duration of combustion, for propulsion of a projectile, said generator
      comprising a cylindrical envelope 1 whose lateral wall, of a diameter of
      112 mm, is lined with a lamellar one-piece powder charge constituted by a
      plurality of powder lamellae 2, rectangular in configuration, disposed in
      radial planes and regularly separated from each other. Each lamella has a
      thickness of 0.3 mm, a length of 165 mm, and a width of 12.6 mm. The
      charge unit comprises 490 lamellae, but for the sake of clarity in the
      drawing, this number has been considerably reduced.
PAR  Each lamella 2 is anchored in a common shoe 3 of flexible plastic, of the
      silicone family, said shoe itself adhering to the internal wall of
      envelope 1.
PAR  In accordance with the invention, each powder lamella 2 is anchored in shoe
      3 by teeth 4 provided in the number of four along one of the large sides
      of the lamella, said teeth 4 being embedded in shoe 3 over only part of
      their height (advantageously one half) so that between two successive
      teeth of the same lamella, there is an aperture 4a that effects
      communication between the spaces on either side of the lamella in
      question.
PAR  FIG. 2 shows part of such a powder lamella 2, whereof teeth 4 present a
      height or width h of 2 mm and a length l of 3 mm, the implantation depth
      of the teeth then being about 1 mm.
PAR  To develop such a one-piece lamellar charge, there may advantageously be
      used a "flat" process, which leads to the production of a lamellar mat,
      the most characteristic phases of which process are schematically shown in
      FIGS. 3 to 5.
PAR  The above mentioned process comprises the following successive stages:
PAR  lamellae 2 are disposed edgewise parallel to each other with their teeth on
      the same side, presenting an interval between each two successive
      lamellae, the said lamellae being fixed in this arrangement by gluing
      their un-toothed edge to an adhesive strip 5 which is glued to a first
      plate 6,
PAR  a second plate 7 receives a layer 3a of polymerizable silicone plastic
      material, which may be reinforced with glass fabric,
PAR  at the start of the setting of said layer 3a, the first plate 6 is
      presented opposite second plate 7, after insertion of lateral insert
      elements 8 whose height in such that teeth 4 of lamellae 2 penetrate to
      half their height in layer 3a of the polymerizing plastic material,
PAR  once polymerization of layer 3a has been completed, there is removal of
      plates 6 and 7 and adhesive strip 5,
PAR  after which, the lamellar mat is cut, to obtain the desired dimensions.
PAR  FIG. 3 shows, in an exploded view, powder lamellae 2 joined by adhesive
      strip 5, the first plate 6 before gluing of said strip, and the second
      plate 7 with layer 3a of polymerizable plastic material.
PAR  FIG. 4 illustrates the presentation to each other of plates 6 and 7 with
      partial penetration of teeth 4 of powder lamellae 2 in layer 3a which is
      in the process of polymerization.
PAR  FIG. 5 finally shows the lamellar mat obtained after removal of plates 6
      and 7 and adhesive strip 5 and after cutting of the polymerized layer that
      then constitutes the shoe 3 of said mat, which shoe has embedded in it
      teeth 4 of lamellae 2, up to half the height of said teeth.
PAR  It then suffices to roll this mat to a cylindrical configuration to obtain
      the annular propellant charge with lamellae 2 as illustrated in FIG. 1.
PAR  It is obvious, and derives moreover from what has already been said, that
      the invention is in no way limited to those of its modes of application
      and embodiments that have been specially indicated, but it includes on the
      contrary variants thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a hot gas generator having a combustion chamber wall, a lamellar
      powder charge disposed along at least a portion of said wall, said powder
      charge including a unitary lamellar powder charge comprising a plurality
      of powder lamellae disposed side by side at regularly spaced intervals and
      fixed to a common shoe so as to project therefrom and define spaces
      between adjacent lamellae, each lamella being fixed to said shoe by spaced
      anchoring teeth formed in a marginal edge portion and embedded only
      partially in said shoe, such that the spaces between adjacent teeth on the
      same lamella form apertures communicating the spaces on each side of the
      lamella.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein each lamella is quadrangular.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein each lamella is generally
      rectangular and of a width between 5 and 50 mm.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 wherein the height and the length of the
      teeth projecting from the margin of each rectangular lamella are between
      one-tenth and one-third of the width of the lamella.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 wherein the anchoring teeth of each
      lamella are provided in a proportion of one tooth for every 2 to 6
      centimeters along said marginal edge portion.
NUM  6.
PAR  6. Apparatus as claimed in claim 3 wherein said marginal edge portion is of
      a length longer than the width of the lamella.
NUM  7.
PAR  7. Apparatus as claimed in claim 1 wherein the depth of implantation of the
      teeth of each lamella is between one-fourth and three-fourths of the
      height of the teeth.
NUM  8.
PAR  8. Apparatus as claimed in claim 1 wherein said shoe is configured such
      that one wall thereof lies adjacent the combustion chamber wall, and said
      lamellae project inwardly from the other wall thereof.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 wherein said shoe is configured as a
      cylinder, and said lamellae project radially inwardly therefrom along
      lines off fixation parallel to the longitudinal axis of the cylinder.
NUM  10.
PAR  10. A lamellar powder charge mat for forming the powder charge of a hot gas
      generator, comprising a flexible shoe in the general form of a flat mat,
      and a plurality of powder lamellae upstanding from one face of the shoe in
      generally parallel orientations and adjacent but regularly spaced from
      each other, each lamella having anchoring teeth along one marginal edge
      portion, said teeth being formed as continuations of the lamella, said
      teeth being partially embedded in said shoe such that the spaces between
      adjacent teeth on the same lamella form apertures communicating the spaces
      on each side of the lamella.
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ABST
PAL  In track surfacing, a downward thrust is exerted upon the abutting ends of
      the adjacent rails at a rail joint, the abutting rail ends are
      simultaneously upwardly bent above the correct track level against the
      downward thrust and the ballast is tamped under the ties in the region of
      the joint. For this purpose, control means is arranged to discontinue
      actuation of the operating means of the track level correction means used
      to bend the abutting rail ends upwardly when the rail joint level has
      reached a set limit.
BSUM
PAR  The present invention relates to improvements in track surfacing, and more
      particularly to a method and apparatus for correcting the level of a track
      and upwardly bending the rail joints of the track.
PAR  As is well known, the rail joints are the first sections of a corrected
      track to sag. As the ties under the joints settle below the corrected
      level, the abutting rail ends fastened to the ties are deformed, i.e. they
      are bent downwardly. It has, therefore, been proposed to work on the rail
      joints one or two weeks before a given track section is surfaced. This
      preparatory work on the rail joints involves lifting them above the
      desired corrected level of the track section to be obtained by the
      subsequent surfacing operation and to tamp ballast under the lifted joints
      by a special rail joint tamping machine. In a suspended joint, for
      instance in a welded track rail, the two ties adjacent the rail joint are
      tamped to lift the downwardly bent abutting rail ends above the desired
      corrected track level and to fix them at that superelevated level. The
      subsequent train traffic will then eventually align the superelevated
      joints with the level of the remainder of the corrected track.
PAR  None of the conventional methods has produced a long lasting accurate level
      of the abutting rail ends of a rail joint. The depression of rail joints
      is caused, for example, by very dirty ballast providing only a relatively
      weak support for the track rail joints. At such points, the abutting rail
      ends of the joint rapidly sink and cannot be held in alignment by the
      loads to which passing trains may subject them. These misalignments of the
      track joints impair the comfort and even the safety of the trains riding
      such tracks. Furthermore, the double work on the track involved in the
      joint pre-treatment of the prior art is uneconomical and fails to obtain
      the accuracy of track levels desired for present-day train speeds.
PAR  While combined rail joint lifting and tamping machines are known and
      improve the economy of the track correction operation, it has not been
      possible with these machines to correct the bent abutting rail ends at the
      rail joints during the surfacing operation which involves the
      superelevation of the rail ends above a corrected level determined by a
      reference system.
PAR  Whether the joints are worked on separately or during the surfacing
      operation, as outlined hereinabove, if they are badly deformed, the
      fishplates connecting the abutting rail ends will have to be straightened
      out or replaced before the joints can be leveled.
PAR  In the leveling and tamping of track, it has also been proposed to prevent
      an upward arching of the track in the region of the tamping unit. In this
      operation, no part of the track is forcibly bent above the corrected track
      level, and it cannot overcome the disadvantages connected with leveling of
      rail joints outlined hereinabove.
PAR  It is the primary object of this invention to provide a method and
      apparatus for the rapid, economical and accurate leveling of abutting rail
      ends at rail joints.
PAR  It is another object of the invention to provide a continuous leveling of
      rail joints during the correction and tamping of the entire track section
      of which the rail joints form a part.
PAR  The above and other advantages and objects of the present invention are
      accomplished in a method of surfacing a track, wherein the track has a
      controlled corrected level determined by a reference system, by exerting a
      downward thrust on the abutting ends of the adjacent ends at the rail
      joints while upwardly bending the abutting rail ends above the controlled
      level against the downward thrust, controlling the upward bending stroke
      to limit the same, and tamping ballast under the ties in the region of the
      joints.
PAR  This method has the advantage that the abutting rail ends at the rail
      joints are bent upwardly above the corrected track level in one operation
      and all the ties whose level is changed by the bending of the rail ends
      may be tamped at the same time. This provides a secure support for the
      rail joints and considerably improves the ability of the track to sustain
      high-speed train traffic. The method has the further advantage of making
      it possible to work on rail joints during relatively brief train traffic
      intervals. Furthermore, the resistance moment of the upwardly bent rail
      ends, combined with the tamped ballast thereunder and possibly a
      superelevation of the ties in the region of the joint beyond the level of
      the remainder of the track, counteracts the loads and impact of the train
      wheels as they run from one rail end to the abutting rail end, i.e. the
      depression of the track rails at their joints.
PAR  The joints are rapidly and accurately leveled and this, in turn, expedites
      the surfacing of the entire track section. Since the accurate and secure
      leveling of the joints makes it possible to extend the time intervals for
      correction and also saves such extra operations as the manual replacement
      of fishplates, which are bent with the rail ends according to the
      invention, the method is very economical. Furthermore, because the
      abutting rail ends are bent against a counter-thrust, the extent of
      bending is limited and may be accurately controlled.
PAR  The invention also provides a mobile track surfacing apparatus comprising
      track raising means in the region of the abutting rail ends for bending
      the rail ends upwardly, control means for actuating the track raising
      means and for discontinuing the actuation after the abuting rail ends have
      been bent upwardly above a controlled track level. The control means
      includes limit means associated with each rail for delimiting the upward
      bend of the abutting rail ends, and downward thrust means are spaced from
      the track raising means in the region of at least one of the abutting rail
      ends. In such an apparatus, this invention provides the improvement of the
      track level correction means comprising track raising tool means arranged
      to engage at least one of the abutting rail ends for bending the rail ends
      in the region of the joints above the corrected rail level. The control
      means is arranged to discontinue actuation of the operating means of the
      track level correction means when the track has reached the limit means,
      and the downward thrust means is arranged spaced from the track raising
      tool means in the region of at least one of the abutting rail ends.
PAR  Such an apparatus has a relatively simple structure and, since conventional
      track tampers usually have reference-controlled tamping units and track
      raising tools arranged close to an undercarriage, relatively few and
      inexpensive changes in such conventional machines suffice to adapt them
      for the practice of the present invention. With the apparatus of this
      invention, it is possible to obtain an even and accurate track level over
      a considerable length of track if the bending of the rail joints and
      preferably also the track lifting is accurately controlled. Such accurate
      control assures that abutting rail ends at the joints are bent upwardly to
      the desired extent above the desired correction track level and this is
      important because excess bending of the rail ends would endanger the
      saftey of the track and could lead to derailments. Furthermore, suitable
      selection of the location of the downward thrust means in the apparatus of
      the invention within the region of at least one of the rail ends makes it
      possible to impart the proper bend to the abutting rail ends at the joint.
      This selection depends on local conditions and may be adjusted to light or
      heavy rails so that the length of the rail ends to be bent may be
      accurately delimited. Experience has shown that this length usually
      extends over two ties at each side of the rail joint and this
      experimentally determined distance may be taken into account in the
      construction of the apparatus and the location of the thrust means therein
     .
DRWD
PAR  The above and other objects, advantages and features of the present
      invention will become more apparent from the following detailed
      description of some now preferred embodiments thereof, taken in
      conjunction with the accompanying drawing wherein
PAR  FIG. 1 is a schematic side elevational view of one embodiment of the
      apparatus of this invention;
PAR  FIG. 2 is a like view of a second embodiment; and
PAR  FIG. 3 is a like view of a third embodiment.
DETD
PAR  Referring now to the drawing which illustrates mobile track surfacing
      apparatus for correcting the level of track 4 consisting of two rails
      fastened to ties 5 resting on ballast (not shown), apparatus 1 of FIG. 1
      comprises main frame 2 mounted on undercarriages 3, 3 for mobility on
      track 4. A so-called suspended rail joint 6 is formed by two abutting rail
      ends 7, 8 which are welded together, the joint being located between two
      adjacent ties 5.
PAR  The abutting rail ends at the joint are bent upwardly from the depressed
      position shown in broken lines to the desired position above the corrected
      track level shown in full lines by a track raising tool means mounted on
      frame 9, the illustrated tool means being a jack with rail engaging clamp
      10. Frame 9 is mounted on apparatus frame 2 by means of jacks 11 so that
      it may be vertically adjusted and has two undercarriages, wheeled axles or
      rollers 12 for mobility on the track when the frame has been lowered into
      track engaging position. When desired, the entire frame may be lifted off
      the track by means of jacks 11.
PAR  The track raising tool means is mounted on frame 9 intermediate and
      preferably about centered between running gears 12, 12 and rail engaging
      clamp 10 may be constituted by any suitable type of rail engaging hooks or
      rollers mounted for engagement with, and disengagement from, the rail, or
      it may be a magnetic rail engaging device. For raising the abutting rail
      ends and bending them upwardly at the joint, the rail engaging clamp is
      affixed to the piston rod of pressure fluid operated jack 13 which is
      vertically movable. The illustrated thrust means exerting a downward
      pressure on abutting rail ends 7 and 8 consists of running gears 12, 12
      mounted on frame 9 on either side of the track raising tool means. Rollers
      14, 14 are affixed to pressure fluid operated jacks 15 for vertical
      movement in respect of frame 9 and they are shown in this embodiment to be
      fixable in an adjusted vertical position by a mechanical stop 16 arranged
      to hold the rollers in the adjusted vertical position. This arrangement of
      the rollers enables the upward bending of the rail ends to be accurately
      controlled and, since rollers 14, 14 are mounted on a mobile frame, they
      may be accurately positioned on the track and both rollers have the same
      support base. This makes it easy to control the vertical adjustment of the
      rollers. To control this vertical adjustment, graduated scale 17 is
      mounted on frame 9 and a cooperating pointer may be mounted on the rail
      engaging clamp to show the relative vertical movement between the clamp
      and the frame and, as illustrated, sensor 17' is mounted on the rail for
      upward movement therewith and this movement may be read on scale 17 with
      which sensor 17' cooperates.
PAR  In this embodiment, frame 9 with vertically movable rollers 14, 14 and
      scale 17 with cooperating sensor 17' serve as reference determining the
      actual level of the track and the extent of the upward bend of the
      abutting rail ends at the joint. Scale 17 is a suitable transducer, such
      as a slip resistance or transformer, converting the vertical movement of
      sensor 17' into a corresponding signal.
PAR  Pressure fluid operated jacks 11, 13, 15 are arranged in a hydraulic fluid
      circuit including hydraulic fluid delivery system 18 mounted on main frame
      2 of track surfacing apparatus 1. Track raising tool means 10, 13
      constitute track level correction means for lifting the track to a
      corrected level and for bending the abutting rail ends at joint 6 above
      the corrected level, and the hydraulic fluid circuit provides means for
      operating jacks 13 and 15 of the track level correction means including
      rollers 14, 14 which constitute track correction limit means. Control
      means 19 actuates the operating means by controlling the delivery of
      hydraulic fluid to jacks 13 and 15, a simplified circuit diagram of
      control 19 being shown in FIG. 1.
PAR  It should be noted that the upward bending of the rail joint is shown to an
      exaggerated scale in all figures of the drawing. In actual practice, the
      average upward bend of the abutting rail ends of main tracks is about 3 to
      5mm on a measuring base of 1.5 m while it may reach up to about 10 mm in
      branch tracks. The acceptable tolerance for depressions at rail joints of
      a main track is less than 1 mm.
PAR  As schematically shown in FIG. 1, track surfacing apparatus 1 may also
      carry various track maintenance tools 20, such as screwdrivers, oilers,
      spike drivers or the like. Also shown in this figure is track tamping and
      leveling machine 21 coupled to track surfacing apparatus 1 for common
      movement therewith in the working direction indicated by the horizontal
      arrows so that the entire track section may be leveled and tamped
      simultaneously with the work on the rail joints, the latter preceding the
      former in the working direction.
PAR  The details of control 19 and the entire operation of surfacing apparatus
      1, which is responsive thereto, will now be described.
PAR  Control 19 comprises respective control elements 22, 23 for controlling
      delivery of hydraulic fluid to jacks 13 and 15, respectively, the
      illustrated control elements consisting of solenoid valves in the
      hydraulic fluid circuit so as to control the vertical movement or position
      of rail clamp 10 and rollers 14. These valves are actuated by instrument
      24 forming part of the control. The hydraulic fluid circuit comprises a
      hydraulic fluid sump and fluid delivery conduit 25, constant speed pump 26
      in conduit 25 delivering the fluid from the sump to the jacks, the control
      being arranged in the conduit and the sump and pump being mounted on main
      frame 2 at 18.
PAR  Instrument 24 for actuating jacks 13 and 15 may be remote controlled by an
      operator by mounting switch arrangement 27 at the operator's console.
PAR  Transducer 17, 17' is electrically connected to instrument 24 to transmit a
      signal corresponding to the track level sensed by sensor 17' at one of the
      abutting rail ends to the instrument. When apparatus 1 reaches a position
      at rail joint 6 and the two abutting rail ends 7, 8 are in the deformed
      position shown in broken lines, i.e. they have been depressed, the signal
      from transducer 17, 17' will cause instrument 24 to actuate valve 23.
      Solenoid valve 23 is mounted in hydraulic fluid delivery branch conduits
      28, 29 connecting fluid storage tankes 30, 31 with jacks 15, 15. Actuation
      of valve 23 places the fluid storage tanks into communication with their
      associated jacks, the hydraulic fluid being stored in tank 31 at a higher
      pressure than in tank 30. The resultant supply of hydraulic fluid to the
      jacks moves rollers 14, 14 into engagement with rails ends 7, 8 and senses
      the vertical position of the rail ends in respect to the reference
      constituted by frame 9.
PAR  The deformation of the rail joint, i.e. its vertical deviation of the track
      level, is converted by transducer 17, 17' into a corresponding signal,
      i.e. a measuring voltage or current transmitted to instrument 24 where it
      is compared to a value set to indicate the desired level. The signal from
      the transducer, which corresponds to the extent of the depression at joint
      6 sensed by sensor 17', also causes instrument 24 to actuate control
      element 22. Actuation of valve 22 places the hydraulic fluid sump into
      communication with associated jack 13 through conduits 25 and 32 so as to
      move rail engaging clamp 10 upwardly and to bend rail ends 7, 8 into the
      position shown in full lines. Running gears 12 of frame 9 serve as thrust
      means to exert a counter or downward pressure on the rail ends while they
      are being bent upwardly by track raising tool 10, 13, the running gears
      also delimiting the length of the rail ends being bent.
PAR  The above-described control produces a high accuracy of the bending
      operation since the termination thereof as well as the control of the
      limiting means for the upward bending are related to common reference 9.
      Upward bending of the rail ends moves rollers 14, 14 and sensor 17'
      upwardly, the relative movement of sensor 17' in respect of scale 17
      changing the control signal transmitted to instrument 24, causing closing
      of valves 22, 23 when the joint has been bent upwardly above the corrected
      level of the track. Afterwards, the upwardly bent rail joint is tamped by
      succeeding tamper 21. It is advantageous if surfacing apparatus 1 bends
      each succeeding rail joint immediately before the tamping in a
      continuously proceeding track tamping operation.
PAR  As shown by the double-headed arrows, running gears 12, 12 may be mounted
      for adjustment on frame 9 in the direction of track elongation, track
      raising tool 10, 13 being substantially centered between the running
      gears, with the rollers 14, 14 arranged between the track raising tool and
      a respective one of the running gears. With such an arrangement, the
      configuration of both rail ends adjoining the joint will be substantially
      the same so that the same conditions will prevail regardless of the
      direction of traffic. This is particularly advantageous where traffic in
      both directions is carried by a single track. The adjustability of the
      running gears, which serve as thrust means, is advantageous becuase a
      proper selection of their relative distance makes the apparatus adaptable
      to various types of rails. Heavier rails, for instance, require a larger
      spacing of the thrust means from each other than light rails.
PAR  Also, a motor may be mounted on frame 9 to make the apparatus for bending
      the rail ends at the joint self-propelled and movable on the track
      independently of apparatus 1.
PAR  The apparatus will be more readily adjustable to local conditions if the
      frame carrying the track level correction means and the thrust means is
      mounted on, or coupled to, apparatus frame 2 for adjustment in the
      direction of track elongation. This makes it possible to work only on the
      rail joints without raising adjoining sections of the track. The upward
      bending of the abutting rail ends may thus be strictly limited to a
      desired distance from the joint and lifting of the track section beyond
      the joint can be avoided. The adjustability of the frame carrying the
      track level correction means in relation to the main apparatus frame has
      the advantage of making it possible to tamp not only the tie at the joint
      but also the adjacent ties while the abutting rail ends at the joint are
      bent upwardly. This produces a particularly solid tie support in the
      region of the joint and thus improves the durability of the corrected
      track.
PAR  An apparatus of this type, with an adjustable frame carrying the track
      level correction means, is illustrated by way of example in FIG. 2. Frame
      33, which is equivalent to frame 9 in FIG. 1, is coupled to the frame of
      any suitable or conventional mobile track tamping and leveling machine 35
      by pressure fluid operated cylinder-and-piston coupling 34 so that frame
      33 may be moved in the direction of track elongation in relation to
      machine 35. Similarly to the arrangement of FIG. 1, track raising tool 36
      is mounted on the frame intermediate its two running gears to enable the
      abutting rail ends at the rail joint to be bent upwardly, frame 33 and
      rollers 37, 37 serving as a reference for the raising of tool 36. As
      hereinabove described in connection with the embodiment of FIG. 1, tool 36
      is operated to bend the abutting rail ends upwardly until they are engaged
      by rollers 37, 37 during the advancement of the machine and the bending
      operation, the vertical position of the rollers having been preadjusted
      and fixed in the adjusted position. In this case, frame 33 and the two
      fixed rollers 37 serve as a reference, the rollers being pre-adjusted in
      their vertical position to provide the desired degree of bending, accurate
      values for the bending of the rail ends not being necessary in this
      surfacing operation. The operator at console 38 may control operating
      means 39 for the vertical adjustment of rollers 37, 37 and the vertical
      movement of track raising tool 36.
PAR  After abutting rail ends 7, 8 have been bent upwardly, ties 5 are tamped by
      tamping tool unit 40 of machine 35, the tamping tool unit being arranged
      behind the track raising tool in the working direction indicated by the
      horizontal arrow. During the tamping operation, hydraulically operated
      coupling 34 maintains tool 36 and rollers 37, 37 at the adjusted distance
      so as to assure an accurate tamping of the ties in the region of the rail
      joint and a solid support for the joint by the tamped ballast.
PAR  In the embodiment of FIG. 3, the track surfacing apparatus of the present
      invention is incorporated into a type of mobile track tamping and leveling
      machine 41 which operates with a tensioned wire 42 constituting the
      reference system determining the corrected track level. As is conventional
      in such machines and, therefore, not described in detail herein, such a
      reference system comprises transducer 43 cooperating with tensioned wire
      42 to determine the actual track level in the region of tamping tool unit
      44, the transducer being supported on abutting rail ends 45, 46 to
      indicate their level and converting this distance measurement in respect
      to wire 42 into a control signal, all in a well known manner. Contrary to
      the welded rails of FIGS. 1 and 2, joint 47 of abutting rail ends 45, 46
      is formed by a fishplate connecting the rail ends and fastened to a double
      tie at the joint.
PAR  Control console 51 of the machine incorporates a control substantially
      equivalent to control 19 described in connection with the embodiment of
      FIG. 1. Therefore, only essential parts of this control have been
      schematically shown in the circuit diagram of FIG. 3. Control elements 52,
      53, which are equivalent to valves 22, 23 of control 19, actuate drive 54
      for track raising tool 49 and drive 55 for the tamping tools of unit 44.
      Transducer 43 transmits its control signal corresponding to the measured
      track level to comparator device 56 associated with instrument 57 for
      setting the threshold of device 56.
PAR  One threshold of comparator device or gage 56 is set so that, when the
      track in the region of tamping unit 44 has reached the corrected level
      determined by reference wire 41, the device transmits a signal to the
      control element associated with drive 54 to hold track lifting unit 49 in
      the vertical position it has reached after the lifting stroke x has been
      complated. If the track lifting unit is operated by a hydraulic jack, the
      control element may be a solenoid valve in the hydraulic fluid delivery
      conduit leading to the jack, closing of this valve holding the fluid in
      the jack cylinder chamber above the jack piston so that unit 49 is held in
      its vertical position. The second threshold of device 56 is set so that
      the device transmits a signal to the other control element associated with
      drive 55 to terminate the closing movement of the tamping tools and thus
      to end the upward pressure by the tamped ballast when the abutting rail
      ends have been bent upwardly above the corrected track level by additional
      stroke x.sub.1. Again, if the reciprocable tamping tools are operated by a
      hydraulic drive, which may turn a threaded spindle reciprocably moving the
      tamping tools on rotation thereof, the associated control element may be a
      solenoid valve in the hydraulic fluid delivery conduit leading to drive
      55, closing of the valve by the control signal terminating the drive
      actuation.
PAR  As shown in FIG. 3, the tamping tool unit is of the type wherein the
      tamping tools "encase" the end of each tie and the intersection of the
      rail and tie, i.e. unit 44 comprises pairs of reciprocable tamping tools
      arranged for immersion in the cribs adjacent the tie and a reciprocable
      tamping tool arranged for immersion in the ballast adjacent the tie end.
      Upward bending of the abutting rail ends from the position shown in broken
      lines to that shown in full lines by stroke x.sub.1 is produced solely by
      tamping ballast under the double tie to which joint 47 is fastened, the
      track at this point being raised by the upward pressure of the tamped
      ballast. Rear axle 48 of machine 41 and track lifting unit 49 are so
      spaced in the direction of track elongation according to the invention
      that they engage the track rails in the region of abutting rail ends 45,
      46. Thus, running gear 48 and unit 49, after it has been blocked in the
      vertical position of the corrected track level, serve as thrust means
      counteracting the upward bend of the rail joint. The bending of the rail
      joint is limited by roller 50. In this manner, only the deformed portion
      of the abutting rail ends is upwardly bent above the corrected track
      level, this rail joint bending operation proceeding very economically and
      accurately during the intermittent lifting and tamping of a track section
      during an otherwise conventional continuous track surfacing operation, the
      rail joint bending requiring a minimum of additional parts on the machine.
      Thus, where the rear axle of track tamping and leveling machine 41 and its
      track lifting unit are so spaced that they will engage the abutting ends
      of two adjacent rails forming a rail joint, the conventional control of
      the track tamping and lifting means only requires an additional control
      element to block or hold the track lifting unit at the corrected track
      level during the bending operation.
PAR  The embodiment of FIG. 3 is particularly useful on main lines since they
      require frequent track surfacing operations so that the rail joints
      usually are not too strongly deformed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of surfacing a track consisting of two rails fastened to
      ties, abutting ends of adjacent ones of the track rails forming rail
      joints, wherein the track has a controlled level, the steps of upwardly
      bending the abutting rail ends above the controlled track level while
      simultaneously exerting a downward thrust on the abutting rail ends,
      controlling the upward bending stroke to limit the same, and tamping
      ballast under the ties in the region of the upwardly bent rail joints to
      maintain them upwardly bent.
NUM  2.
PAR  2. In the method of claim 1, the steps of lifting the abutting rail ends to
      bend the same upwardly and subsequently tamping the ballast.
NUM  3.
PAR  3. In the method of claim 1, the steps of lifting the track to a corrected
      track level controlled by a reference and upwardly bending the abutting
      rail ends above the corrected track level.
NUM  4.
PAR  4. In a mobile apparatus for surfacing a track consisting of two rails
      fastened to ties, abutting ends of adjacent ones of the track rails
      forming rail joints, the track having a controlled level:
PA1  1. track raising means in the region of the abutting rail ends for bending
      the rail ends upwardly,
PA1  2. control means for actuating the track raising means and for
      discontinuing the actuation after the abutting rail ends have been bent
      upwardly above the controlled track level, the control means including
PA2  a. limit means for delimiting the upward bend of the abutting rail ends,
PA1  3. downward thrust means spaced from the track raising means in the region
      of at least one of the abutting rail ends, and
PAR  4. tamping means in said region for tamping ballast under the ties.
NUM  5.
PAR  5. In the mobile track surfacing apparatus of claim 4, the limit means
      consisting essentially of vertically adjustable rail engaging abutment
      means and means for fixing the abutment means in a vertically adjusted
      position.
NUM  6.
PAR  6. In the mobile track surfacing apparatus of claim 4, the tamping means
      being mounted behind the track raising means in the working direction of
      the apparatus.
NUM  7.
PAR  7. In the mobile track surfacing apparatus of claim 4, a track lifting
      means for lifting the track to a corrected level, a reference system for
      determining the corrected track level, and means for actuating the track
      lifting means in controlled response to the reference system.
NUM  8.
PAR  8. In the mobile track surfacing apparatus of claim 4, a reference for
      determining the upward bend of the abutting rail ends, a transducer
      cooperating with the reference system and transmitting a control signal to
      the control means, the control means including a control circuit
      comprising the transducer, a control device receiving the control signal
      from the transducer, and control elements operated by the control device
      for discontinuing the actuation of the track raising means and operating
      the limit means.
NUM  9.
PAR  9. In a mobile apparatus for surfacing a track consisting of two rails
      fastened to ties, abutting ends of adjacent ones of the track rails
      forming rail joints, the track having a controlled level:
PA1  1. track raising means in the region of the abutting rail ends for bending
      the rail ends upwardly,
PA1  2. control means for actuating the track raising means and for
      discontinuing the actuation after the abutting rail ends have been bent
      upwardly above the controlled track level, the control means including
PA2  a. limit means for delimiting the upward bend of the abutting rail ends,
PA1  3. downward thrust means spaced from the track raising means in the region
      of at least one of the abutting rail ends,
PA2  a. the downward thrust means including a frame bridging a respective one of
      the rail joints and running gears mounted on the frame and imparting a
      downward thrust to the abutting rail ends, and
PA1  4. tamping means for tamping ballast under the ties.
NUM  10.
PAR  10. In the mobile track surfacing apparatus of claim 9, a main apparatus
      frame mounting the tamping means, and means for coupling the rail joint
      bridging frame to the main apparatus frame, the coupling being adjustable
      to change the distance of the running gears from the main apparatus frame
      in the direction of track elongation.
NUM  11.
PAR  11. In the mobile track surfacing apparatus of claim 9, the limit means
      consisting of two vertically adjustable roller abutments respectively
      engaging a respective one of the abutting rail ends and means for fixing
      the roller abutments in a vertically adjusted position, the roller
      abutments being mounted on the frame intermediate the running gears and
      the track raising means.
NUM  12.
PAR  12. In the mobile track surfacing apparatus of claim 9, a pair of the
      running gears mounted for adjustment in the direction of track elongation
      on the frame.
NUM  13.
PAR  13. In the mobile track surfacing apparatus of claim 9, the frame being
      self-propelled.
NUM  14.
PAR  14. In the mobile track surfacing apparatus of claim 9, a transducer
      cooperating with the reference system and transmitting a control signal to
      the control device and an instrument for adjusting the threshold of the
      control device to produce the first and second outputs.
NUM  15.
PAR  15. In a mobile apparatus for surfacing a track consisting of two rails
      fastened to ties, abutting ends of adjacent ones of the track rails
      forming rail joints, the track having a controlled level:
PA1  1. track raising means in the region of the abutting rail ends for bending
      the rail ends upwardly,
PA1  2. control means for actuating the track raising means and for
      discontinuing the actuation after the abutting rail ends have been bent
      upwardly above the controlled track level, the control means including
PA2  a. limit means for delimiting the upward bend of the abutting rail ends,
PA1  3. downward thrust means spaced from the track raising means in the region
      of at least one of the abutting rail ends,
PA1  4. tamping means for tamping ballast under the ties,
PA2  a. the tamping means constituting the track raising means in the region of
      the abutting rail ends for bending the rail ends upwardly,
PA1  5. a track lifting means for lifting the track to a corrected level,
PAR  6. a reference system for determining the corrected track level,
PA1  7. means for actuating the track lifting means in controlled response to
      the reference system,
PA1  8. a main apparatus frame carrying the track lifting means and the ballast
      tamping means, and having a running gear spaced from the tamping means a
      relatively short distance so as to engage one of the abutting rail ends
      when the tamping means is substantially centered over a respective one of
      the rail joints and the track lifting means being spaced from the tamping
      means a relatively short distance so as to engage the other abutting rail
      end when the tamping means is so centered, and
PA1  9. the control means comprising a first control element blocking the track
      lifting means in the vertical position assumed when the track lifting
      means has lifted the track to the corrected level, the running gear and
      the blocked track lifting means constituting the downward thrust means, a
      second control element discontinuing operation of the tamping means to
      terminate upward bending of the abutting rail ends against the downward
      pressure of the thrust means, and a control device connected to the first
      and second control elements, a first output of the control device
      operating the first control element to block the track lifting means at
      the corrected track level and a second output of the control device
      operating the second control element to discontinue operation of the
      tamping means above said level.
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ABST
PAL  This is a machine for doing work on railroad track and includes a mechanism
      for setting new tie plates on top of ties so that a new rail may be
      accurately positioned thereon. The machine is specifically constructed and
      arranged to accurately set the tie plates so that they do not require
      further adjustment prior to laying the new rail. The machine is
      self-propelled and automatic so that it does not require an attendant,
      other than possibly personnel to feed tie plates to it.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is in the field of railroad track working machines and is
      specifically concerned with a machine for setting new tie plates on top of
      the ties so that a new rail may be laid thereon.
PAR  A primary object of the invention is a machine of the above type which will
      be quite accurately set tie plates so that they do not require further
      adjustment or alignment before a new rail is laid.
PAR  Another object is a machine of the above type which will replace about four
      men.
PAR  Another object is a machine of the above type which does not need an
      operator and is practically foolproof.
PAR  Another object is a tie plate setter which is constructed to eliminate the
      step of pregauging the tie plates before laying a new rail.
PAR  Another object is a tie plate setter which is constructed to eliminate
      putting the new tie plates down the center of the track, but rather is
      designed and arranged to bring them up from the shoulder and accurately
      position them on the ties.
PAR  Another object is a tie plate setter which is practically completely
      automatic in that one or two men or attendants feed tie plates from the
      shoulder, either one shoulder or the other, and the machine automatically
      indexes itself along the track from tie to tie, depositing a tie plate on
      each tie, automatically stops if it is short of tie plates and
      automatically refuses to accept more tie plates when it is enough in
      transit or storage.
PAR  Another object is a tie plate setter which is specifically balanced so that
      a wheel, skid or what-have-you does not run over the just set tie plates,
      thereby eliminating misalignment of the tie plates after they are set.
PAR  Another object is a tie plate setter which is specifically constructed to
      bring tie plates up from the shoulder which eliminates the safety problems
      involved with tie plates lying between the rails.
PAR  Another object is a machine of the above type which completely replaces or
      eliminates the necessity for a pregauger.
PAR  Another object is a traction unit for a machine of the above type which is
      operative during working and inoperative during travel.
PAR  Another object is a tie plate setter that will work in either direction and
      for either rail.
PAR  Another object is a machine of the above type which drops or deposits the
      plates onto the tops of the ties with a miminum of bounce or disturbance.
PAR  Another object is a tie plate setter of the above type constructed to
      handle various size tie plates.
PAR  Another object is a machine of the above type which, while it does not
      require an operator, is arranged so that it will not run away from its
      attendant.
PAR  Other objects will appear from time to time in the ensuing specification
      and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective of the machine;
PAR  FIG. 2 is a rear view of the machine;
PAR  FIG. 3 is a top plan view of the machine;
PAR  FIG. 4 is an enlarged view of a portion of FIG. 3;
PAR  FIG. 5 is an end view of FIG. 4;
PAR  FIG. 6 is a side view of FIG. 4;
PAR  FIGS. 7-9 are different operative positions of the mechanism in FIG. 6;
PAR  FIG. 10 is a side view of the traction mechanism;
PAR  FIG. 11 is a section taken along line 11--11 of FIG. 10;
PAR  FIG. 12 is a front view of a modified form or addition;
PAR  FIG. 13 is a side view of FIG. 12;
PAR  FIG. 14 is an end view of a further modification;
PAR  FIG. 15 is a side view of FIG. 14; and
PAR  FIG. 16 is a circuit for the unit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIGS. 1-3 the unit has been shown or indicated generally at 10 and
      includes what may be considered a generally rectangular frame 12 with four
      wheels 14, one generally at each corner, on suitable axles with a
      propulsion mechanism, explained later, and driven by a suitable prime
      mover such as a gasoline or diesel engine 16 mounted on the frame. The
      unit has been shown on railroad track where ties 18 are positioned on
      ballast with a rail 20 on tie plates 22. It will be noted that only one
      rail has been shown in position and the location 24 for the other rail is
      blank. The object of the present machine is to position new tie plates
      along the ties, from one tie to the next, so that a new rail may
      thereafter be laid on top of the tie plates in the other rail location 24.
      A tractor unit 25 may be positioned on one side, as explained later. The
      frame also carries or supports a suitable tank or container 26 for
      hydraulic oil to be used in the hydraulic system, explained in detail
      hereinafter, and a gasoline or fuel tank 28 for the prime mover.
PAR  As shown in FIG. 3, the frame itself has a cutout or slot 30 on one side,
      which might be referred to as the working side, where a plate handler 32
      is positioned. The plate handler is constructed and arranged to deposit
      new tie plates on top of the ties, one at a time, with a minimum of free
      fall, so that the plates will not bounce but rather will be accurately
      positioned in registry and gauge with the in place rail 20. The frame
      supports a conveyor which extends across the machine and laterally out
      each side for a predetermined or suitable distance. The conveyor in fact
      is made up of two sections which might be considered independent
      conveyors, first a short conveyor or section 34 which extends out from the
      working side of the frame, and a long conveyor or section 36 which extends
      out from the other side. The conveyors or sections 34 and 36 are in many
      ways quite similar and each may include a conventional belt extending
      around rollers at each end with intermediate rollers or plates or what
      have you for intermediate support, all of which is mounted on booms or
      extensions connected to the frame which in detail, in and of itself, is
      not important. Guides 38 are positioned on each side of the conveyor belt,
      each guide having an upstanding outer edge 40 and an inclined inner
      surface 42 with the spacing between the inner surfaces being such that a
      tie plate will only fit when disposed with its long dimension inward. This
      is to say that since a tie plate is rectangular and not square, the inner
      edges of the inclined surfaces 42 will only allow the narrow side of a tie
      plate to pass. At the same time, the guides are constructed and arranged
      so that the plates can be picked up off of the shoulders by one or more
      workmen or attendants and placed somewhat casually or thrown between the
      guides 38, the only criteria being that the long dimension of the plates
      should be more or less inward. The inclined surfaces 42 will properly
      align and center the plates therebetween and allow them to drop down on
      the belt which will move them inward to the plate handler 32. It will be
      understood that each of the conveyors has the same or similar guide
      mechanisms or plates 38 so that an attendant may pick up plates from
      either shoulder. The short conveyor 34 is pivoted by brackets at 44 so
      that it may be raised or pivoted back to the dotted line position 46 in
      FIG. 2 for traveling. Any suitable catch, lock or clasp may be used to
      hold it in its folded back position. The long conveyor 36 is also broken
      at a location adjacent the outer edge of the frame with brackets or pivots
      48 which allow it to be raised to the broken line position 50 in FIG. 2
      for traveling. The shorrt conveyor 34, if used, will feed plates directly
      to the plate handler 34 on the working side of the machine, whereas if the
      plates are on the other shoulder, the long conveyor 36 will feed them
      inwardly all the way across the machine to the plate handler.
PAR  The plate handler itself is shown in detail in FIGS. 4-6 and is generally
      in the shape of a box or a chute, open top and bottom, with a cross
      section that more or less matches the size of the tie plates. The box or
      chute has similar end walls 52 flared somewhat at each end at 54 and
      mounted by suitable bolts or studs 56, the heads of which are welded as at
      58 to the back of the walls 52 with the other end passing through a
      support plate 60 and adjustably held therein by locknuts 62. Thus the
      spacing between the walls 52 may be varied or adjusted so that the short
      dimension of different size tie plates may be accurately and easily
      accommodated and guided. The other walls are defined by plates 63, as
      shown in FIG. 5, which are pivoted at their upper ends, and are clamped in
      position by a mechanism 64, so that their lower ends can be spaced to
      accommodate different size tie plates. For quite accurate positioning, the
      tie plates have sliding extensions 65, which through a bolt and slot
      arrangement 66, shown in FIG. 6, allows the extension to actually rest on
      and slide along the tops of the ties when the feed chute or box is in its
      working position, with the forward and rear edges of the extensions
      rounded somewhat so that the extensions will ramp up on the ties. It will
      be noted in FIGS. 5 and 6 that the upper and lower ends of the walls or
      plates 52 and 63 are open with the inner ends 67 and 68 of the short and
      long conveyors, respectively, terminating at or adjacent the upper end of
      the plate handler. Thus the plates, whether they come from the long or the
      short conveyor, will be fed into the open upper end and allowed to drop
      down the chute. At a suitable location pairs of fingers or retainers are
      pivoted at 69 on the outside of the chute or box with upper and lower
      fingers 70 and 72 projecting therefrom through opening 74 and 76 in the
      sidewalls or plates 52. A suitable power cylinder 78 in FIG. 6 may operate
      the fingers through a linkage 80 with a cross link 82 between the fingers
      so that the movement of one moves the other, the arrangement being such
      that both of the upper fingers 70 will be "in" at the same time or "out,"
      with the same being true of the lower fingers 72.
PAR  A sequence of events is shown in FIGS. 7-9 in which the other related
      mechanisms, plates, etc. has been removed so that the action of the tie
      plates moving through the feed setter as controlled by the fingers may be
      understood. In FIG. 7 the upper fingers 70 are "in," with the lower
      fingers 72 "out." A first tie plate has been brought into the box or chute
      from either the short or long conveyor and is dropped on top of the upper
      fingers and supported here. At a certain time the power cylinder 78 rocks
      the fingers to the FIG. 8 position in which the upper fingers 70 open
      dropping the plate down to the lower fingers 72 which have closed. Thus
      the plate will be, first, held in the upper position, then dropped, caught
      and held in the lower position. Next, at a certain time the power cylinder
      rocks the fingers back, which causes the lower fingers to retract,
      dropping the first tie plate in a short free fall to the top of the tie.
      This closes the upper fingers to the FIG. 9 postition to accept a second
      tie plate from either one conveyor or the other. It will be noted that the
      position of the lower fingers 72 is such that the tie plate will be
      dropped as short a distance as possible. This is to say that the bottom
      end of the feed chute or box and the location of the lower fingers 72
      should be as close to the top of the tie as possible so that the free fall
      of the tie plate is at a minimum to avoid any bounce, rebound, or uneven
      contact when it hits the tie, which may cause skewing or misalignment.
PAR  The entire plate handler 32 is constructed to be raised and lowered between
      an upper position on the frame for traveling, as indicated generally at 84
      in FIG. 2, and a lower position, indicated generally at 86, for working.
      In FIGS. 5 and 6 the feeder mechanism may be considered to be in the lower
      or working position. This raising and lowering is accomplished by upper
      and lower pantograph or parallelogram links 88 pivoted at 90 to the inner
      edge of the box or chute and on the other end at 92 to the frame. A power
      cylinder 94 is arranged to raise and lower the mechanism. The short
      conveyor 34 is mounted on the outside of the box by pivots 96 and the long
      conveyor is mounted on the inside by pivots 98, each having its own
      hydraulic motor mounted thereon, as at 100 and 102, to drive the belts.
      Since the two conveyors are actually mounted on the sides of the box or
      chute, they will be raised and lowered with it, as shown in the various
      broken line positions in FIG. 2 and the frame is constructed with a tunnel
      through it, as indicated generally at 104 in FIG. 1, so that the conveyors
      may be raised and lowered.
PAR  As shown in FIGS. 1 and 3, bumpers or contact elements 106 are mounted on
      each end of the frame and in the arrangement shown, take the form of an
      elongated rod or contact element mounted on extensions 108 which pivot to
      the frame and control switches 110 which, when energized, shut down the
      propulsion unit. The object of this is that if the unit should bump into
      another track-working machine, the bumper 106 will pivot up which will
      shut down the propulsion unit, regardless of which direction the machine
      is moving, so that the automatic operation of the unit will cease which
      will require the operator or attendant to restart the machine.
PAR  On the nonworking side of the frame, at each end, roller assemblies 112
      shown in FIG. 1 may be positioned which engage both sides of the railhead
      to keep the machine on the single rail and accurately positioned. This
      insures accurate lateral positioning of the tie plates, as they are
      deposited on the other side.
PAR  In FIGS. 10 and 11 the tractor element 25 has been shown in detail and it
      should be understood that it may be removably clamped or connected to
      either of the wheels 14 on the working side of the frame, with the
      arrangement being such that the drive from the wheel will pass through to
      the tractor tread. The frame of the machine may include a manual or power
      crane or boom to handle the tractor unit during mounting or removing, if
      desired, and it may be stored in any suitable location. As shown, the
      arrangement includes a pair of brackets 114 connected to the main frame of
      the machine and extending down to accept two or more quick disconnect
      handles 116 which removably connect a subframe 118 thereto, the subframe
      carrying the tractor tread.  The subframe 118 has an upper sprocket 12
      rotatably mounted thereon at 122 with a crawler frame 124 therebelow
      adjustably connected to the subframe as at 126 to tension the tractor
      chain. The crawler frame 124 carries a series of wheels or rollers 128,
      shown in this case as six, although it could be more or less, spaced
      therealong over which a chain 130 passes. Wheel 14 carries a sleeve or
      adapter 132 connected thereto by a series of bolts 134 or the like and
      splined or keyed at 136 to the large upper sprocket 120 so the drive from
      the axle and wheel will power the upper sprocket and, in turn, will
      operate the chain.
PAR  As shown, the chain is adapted to move along the tops of the ties and the
      longitudinal extent along the lower rollers 128 should be such that, even
      on curves where the ties may diverge, the tractor should not fall into the
      crib between ties.
PAR  The machine automatically moves from tie to tie and a finger or feeler 138
      may extend down, as shown in FIGS. 5 and 6, and, upon contacting a tie,
      may deenergize the propulsion mechanism so that the machine stops. A
      second contact element or feeler 140, shown in FIGS. 5 and 6, may detect
      when a tie plate enters the upper end of the chute or box, from either
      conveyor. For example, the feeler 140 would know and signal when a tie
      plate was held by the upper fingers -- the FIG. 7 position. This would
      signal the machine to move to the next tie, and operate cylinder 78 in
      FIG. 6 to rotate the fingers from the FIG. 7 to the FIG. 8 position,
      dropping the ready tie plate to the lower fingers 72. As soon as feeler
      138 contacted the next tie, propulsion would stop and cylinder 78 would be
      reversed to rock the fingers from the FIG. 8 to the FIG. 9 position,
      thereby dropping the ready tie plate from the ready position of FIG. 8 to
      the top of the tie. At the same time the upper fingers would move in to
      accept another tie plate. If another tie plate did not arrive at the upper
      end of the box or chute, feeler 140 would not be deflected and the machine
      would not propel to the next tie.
PAR  To insure that the machine stops quickly and accurately, a braking or
      clamping mechanism may be used, along the lines shown in FIGS. 12 and 13
      which may take the place of either one or both derailing roller units 112
      in FIG. 1. Each brake or clamp may include a subframe 142 pivoted above at
      144 and removably pinned below at 146 so that the lower end 146 may be
      removed and the entire unit pivoted up for traveling with pin 146 being
      put in aligned holes 147 to hold it up. Two clamps are used, one 148 fixed
      and the other 150 pivoted at 152, each having wearing pads or jaws 154 and
      156 opposite the sides of the railhead, and dimensioned to clear the joint
      bars as shown in FIG. 12. The fixed jaw 154 is preferably on the inside
      which is the gauge side to insure accurate lateral positioning of the new
      plates. But under certain circumstances it might be otherwise. A cylinder
      158 or the like is pivoted between their upper ends to force the bearing
      pads or clamping jaws toward each other to tightly grip the railhead. A
      spring loaded pin 160 also bears against arm 150 so that the clamping jaws
      are always slightly preloaded against the sides of the railhead. The
      spring is light enough such that when the unit is propelled, the jaws will
      slip along the sides of the railhead. The advantage of the spring is that
      when cylinder 158 is energized, clamping will be immediate with no lost
      motion or slack in the system. Thus, as soon as propulsion stops, the
      brakes will be immediately applied by the rail clamps which will cause the
      machine to come to an immediate and accurate stop which insures precise
      positioning of the tie plates. One fixed jaw or face has the advantage
      that it will serve as a bench mark for accurate positioning of the entire
      frame and thus the plate setter.
PAR  An alternate tie detector is shown in FIGS. 14 and 15 and the arrangement
      shown may be considered to be mounted on the outside of the box or plate
      setter generally in the position of detector 138 in FIGS. 5 and 6. The
      detector in FIGS. 14 and 15 includes generally duplicate tie contact
      elements for traveling in either direction, so only one will be referred
      to in detail.
PAR  A tie contacting roller 162 is mounted by a suitable bracket 164 on the
      bottom of a rod 166 which extends up through a guide or sleeve 168 to a
      detector 170 with a key arrangement 172 so that the roller may be held up
      in traveling position, as shown on the left side of FIG. 15, or may be
      lowered to float and engage ties and the ballast as shown on the right
      side in FIG. 15. The detector or sensor 170 may be of the type in which a
      light emitting diode and photo transistor receiver are aligned and
      positioned on the frame with a bracket or extension on the push rod
      disposed to interrupt or block the light (the full position in FIG. 14)
      when the roller 162 is down on the ballast and to be up and allow light
      flow (the broken line position of FIG. 14) when roller 162 is on top of a
      tie. The roller 162 is of a size such that it will roll across the ballast
      in the crib and will ramp up on the top of the tie without a great deal of
      resistance. The electrical element 170 may also be an interrupted light
      photocell arrangement or any suitable electricial contact and is arranged
      to signal when the operation roller falls off of the leading edge of a tie
      to stop the machine.
PAR  Considering FIG. 15, when the machine is moving in the direction of the
      arrow, the right side roller will be free to float in its tube or guide
      168, which is the position shown, and the roller on the left will be up,
      pinned and inoperative. Thus the leading roller, depending upon the
      direction of movement of the machine, is operative and the trailing roller
      is held up so that it does not roll over and possibly misalign a just
      positioned tie plate.
PAR  In FIG. 16 a circuit has been shown in which a pump 174, suitably driven by
      engine 16, supplies fluid to a propulsion system 176 through a suitable
      solenoid control valve 178 so that hydraulic motors 180, suitably connect
      to the axles, may propel the unit. An emergency hand pump 182 may be used,
      if desired. Fluid may also flow through a second connection 184 to an
      engine start control valve 186, also solenoid operated, so that load will
      not be on the main propulsion pump 174 when starting. A main line 188
      carries fluid through a branch line 190 to the brake cylinders 158 and
      also to cylinder 78, through a suitable solenoid controlled valve 192 for
      operating the plate setter fingers with a side line 194 carrying fluid
      through a manual control valve 196 to the conveyor motors 100-102 so that
      operation of the conveyors and the plate setter mechanism will be
      coordinated. Another line 198 through a manual control valve 200 carries
      fluid to the lift cylinders 94 for raising and lowering the plate setter
      for working or traveling.
PAR  The use, operation and function of the invention are as follows:
PAR  The device is intended to enable one may to accurately position tie plates
      on the ties following adzing and preceding gauging of the rail, whichever
      is first. The machine will operate in either direction and for either
      rail. The operator only needs to start the machine and it will propel
      itself, in step by step fashion from one tie to the next, while the
      operator or attendant may be down on the shoulders placing the tie plates
      on either one conveyor or the other. The conveyor will feed a storage
      plate immediately above the plate release mechanism, which is located in
      the adzed area of the tie and at proper gauge. The plates will
      automatically be dropped onto the ties as they arrive at their proper
      location. The machine will automatically stop when it has dropped the last
      plate or when its storage has enough plates. If the machine is out of
      plates and stops, it cannot run away from its attendant. It will not keep
      moving down the track even though plates are not being deposited on the
      ties. In short, it is self-regulating in the sense that it will be either
      working properly or it will stop. It does not require close supervision by
      the attendant to make sure that it in fact is depositing plates on each
      tie.
PAR  Additionally, the positioning of the plates is quite accurate, due to the
      limited free fall and the accurate positioning and operation of its
      handling mechanism so that the plates do not require subsequent gauging
      prior to laying the new rail. Previously railroads have put new tie plates
      right in the middle of the track and then men were obligated to put them
      on the adzed ties at the proper location, properly orient them, then
      pregauge them with some sort of a mechanism prior to laying the new rail
      which was a haphazared operation. A rail gang would have two men out ahead
      who would pick up the tie plates from the shoulder and move them up to a
      position between the rail. Next, there would be two men behind them who
      would move the tie plates from the center position out to the adzed
      position on the tie. Then two more men would run some sort of a pregauging
      machine which would accurately position the new tie plates both laterally
      and longitudinally so that a new rail could then be laid. This made a
      total of six men. The present machine requires one and, at the most, two
      men. A man can be down on the shoulder picking up tie plates and throwing
      them on the end of one of the conveyors. The plates will be properly
      oriented and fed in by the conveyor to the plate handler. One man can work
      either on the near shoulder or the far shoulder. The machine itself may be
      unattended and will move step by step down the track depositing tie plates
      on the adzed position of each tie. The bumper mechanism allows the machine
      to move in either direction and if it overtakes another piece of equipment
      and bumps into it, the propulsion unit will be deenergized and the
      attendant will be required to come up and restart the machine. This calls
      to the attention of the attendant that he has overtaken another machine in
      the rail gang.
PAR  The crawler-tractor is put on the forward or leading wheel on the operative
      side of the machine so that it is running across the adzed positions on
      the ties. The trailing wheel on the working side will be above the newly
      positioned tie plate, by approximately the amount of rail height. The
      trailing wheel will not be running over and knocking the new tie plate out
      of position. The balancing arrangement is such that the machine will
      operate and be stable on its three point contacts, i.e. the two wheels on
      the nonoperative side plus the tractor in either position. Thus, after the
      gauger deposits a tie plate on the adzed position, the machine does not
      thereafter run over it or otherwise contact it. So its position should
      remain the same and be accurate.
PAR  Tie plates come in different sizes so the plate handle has its sides
      adjustable so that it may be set for any size tie plate in current use.
PAR  Various features of the invention disclosed and claimed herein are
      independent of each other and could well be used on other types of
      equipment. For example, the bumper technique on front and back which
      deenergizes the propulsion unit requiring manual starting again could well
      be used on other types of unattended railway maintenance machine and is
      not restricted to a plate setter. While the conveyor arrangement is highly
      desirable and considered an important part of the invention, other
      features of the device could be used where the plates are carried in a
      separate storage car and not thrown on the shoulder. Or the machine itself
      might be large enough to carry an adequate number of plates which could be
      manually placed in the plate handler by an attendant. However, putting the
      plates on the shoulder of the right-of-way and bringing them up to the
      adzed position on the ties is quite conventional and the conveyor
      arrangement shown is preferred.
PAR  Also, the conveyor arrangement might be used with a plate handler which
      physically lowers the tie plate from the ends of the conveyors down to the
      adzed position and does not let them drop in a series of steps, for
      example a plate handler that magnetically or mechanically grips and lowers
      the plates in a suitable manner from the inner end of the conveyor. The
      tractor tread does not have to be a removable element, but might be an
      integral part of the machine which could be raised and lowered, rather
      than being attached to a wheel. Nor does the tractor necessarily have to
      line up and run over the adzed positions on the ties. A tractor tread in
      the arrangement and location shown has the advantage that it will provide
      sufficient traction to move the machine, but it might be positioned
      elsewhere. The position shown is preferred so that the tread runs over the
      adzed places on the ties for level or smooth operation and a minimum of
      disturbance or bouncing. A gripping or tread arrangement might be used on
      one or both of the wheels on the other side to obtain whatever traction is
      necessary and the leading support on the operative side, next to the plate
      handler, might be a special wheel arrangement which could be lowered to
      engage the ties while working and raised to engage the rail while
      traveling. Or it might be a combination of wheels, one which could be
      lowered and would be smooth for use while working and a second flanged
      wheel at a somewhat higher location for traveling.
PAR  The braking arrangement shown in FIGS. 12 and 13 has the advantage that
      braking takes place immediately when propulsion ceases. Also, the brakes
      grab the rail itself so the machine comes to a quite accurate instant stop
      with little if any overtravel. Although the distance from one tie to the
      next is short, a machine of this type will have sufficient momentum that
      it may well coast or overtravel slightly. Thus an instantaneous,
      quickacting, braking mechanism that insures accurate positioning is highly
      desirable.
PAR  The tie detector arrangement in FIGS. 14 and 15 has the advantage that
      there is no wear on a dragging element, nor does the detector itself roll
      or drag across the just-positioned plate. The arrangement will operate in
      either direction and requires a minimum of operator-adjustment. The
      detector of FIGS. 14 and 15 might be used with any type of track-working
      machine and is not necessarily restricted to a tie plate handler.
PAR  While a preferred form of the invention and several variations thereof have
      been shown, it should be understood that numerous additional
      modifications, changes, substitutions and alterations may be made without
      departing from the invention's fundamental theme.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a machine for setting tie plates on top of the ties for a railroad
      track, a wheeled frame adapted to be moved along the track, a laterally
      disposed conveyor on the frame for bringing plates into the frame from the
      shoulder of the right-of-way, and a plate handler on the frame for
      lowering the plates, one at a time, for a conveyor to the ties constructed
      and arranged so that the plates will contact the top of the ties with
      their lower surfaces generally parallel to the upper surface of the ties
      and with a minimum of free fall thereafter so that the tie plates will be
      accurately positioned on the ties.
NUM  2.
PAR  2. The structure of claim 1 further characterized by and including a power
      drive for the conveyor, and means for automatically energizing and
      deenergizing the power drive in response to the operation of the plate
      handler so that when the plate handler has a certain number of plates in
      process, the conveyor will be stopped, and vice versa.
NUM  3.
PAR  3. The structure of claim 2 further characterized in that the plate handler
      includes a vertical chute on the frame arranged to receive plates adjacent
      its upper end and to deposit them on the tops of the ties at its lower
      end.
NUM  4.
PAR  4. The structure of claim 3 further characterized by and including a
      plurality of fingers projecting at various levels into the chute and
      retractable therefrom so that the tie plates will fall down through the
      chute in steps.
NUM  5.
PAR  5. The structure of claim 3 further characterized in that the chute is
      constructed as a unit and arranged to be raised on the frame for traveling
      and lowered so that its lower end closely approaches the tops of the ties
      for working.
NUM  6.
PAR  6. The structure of claim 1 further characterized in that the plate handler
      is disposed on one side of the frame and aligned vertically with the
      location of one rail, and the conveyor includes two conveyor sections, a
      short section which extends out laterally from the side of the frame
      adjacent the plate handler, and a long section which extends across the
      frame from the plate handler and laterally out the other side so that
      plates may be fed to the plate handler from either shoulder.
NUM  7.
PAR  7. The structure of claim 1 further characterized by and including guides
      on the sides of the conveyor spaced relative to each other and arranged
      relative to the conveyor so that when tie plates are dropped on the
      conveyor, the guides will align and orient them for proper reception and
      handling by the plate handler.
NUM  8.
PAR  8. The structure of claim 1 further characterized by and including a tie
      detector on the frame for detecting when the machine is properly
      positioned over a tie, a propulsion unit on the frame making the machine
      self-propelled, and a control between the propulsion unit, tie detector
      and plate handler constructed and arranged so that when the tie detector
      senses that a tie is aligned with the plate handler, the propulsion unit
      will be deenergized so that the machine will stop over the detected tie
      and the tie handler will operate to deposit a plate on the tie.
NUM  9.
PAR  9. The structure of claim 8 further characterized by and including a bumper
      on at least one end of the frame and a cutout control between the bumper
      and the propulsion unit so that when the bumper contacts an object on the
      track, such as another machine, the propulsion unit will be temporarily
      deenergized.
NUM  10.
PAR  10. The structure of claim 1 further characterized in that the conveyor
      folds up so that it is above the frame for traveling instead of extending
      to one side thereof.
NUM  11.
PAR  11. In a machine for handling tie plates for use in railroad track work, a
      frame adapted to be moved down the track, a conveyor on the frame for
      transporting tie plates thereon, and inclined guides on each side of the
      conveyor spaced and arranged so that when tie plates are deposited on the
      conveyor, the dimensioning is such that the tie plates will be aligned and
      oriented with their long dimension in the direction of conveyor movement.
NUM  12.
PAR  12. The structure of claim 11 further characterized in that the conveyor is
      disposed laterally on the frame and extends out to one side of the track
      so the tie plates on the shoulder may be picked up and deposited on the
      conveyor which will cause the plates to be fed inwardly to the frame.
NUM  13.
PAR  13. In a machine for setting tie plates on top of the ties for railroad
      track, a wheeled frame adapted to be moved down the track, a plate handler
      on the frame for lowering tie plates from an elevated position down to the
      ties, one at a time, with their lower surfaces generally parallel to the
      upper surface of the ties, the plate handler being constructed and
      arranged so that the plates will contact the tops of the ties after a
      minimum of free fall so that the tie plates will be accurately positioned
      on the ties, and means for supplying tie plates to the plate handler.
NUM  14.
PAR  14. The structure of claim 13 further characterized in that the
      plate-supplying means includes a laterally disposed conveyor on the frame
      extending out from one side thereof for bringing plates into the plate
      handler from the shoulder of the right of way.
NUM  15.
PAR  15. The structure of claim 13 further characterized in that the plate
      handler includes a vertical chute on the frame arranged to receive plates
      adjacent its upper end and to deposit them on the tops of the ties at its
      lower end.
NUM  16.
PAR  16. The structure of claim 15 further characterized by and including a
      plurality of fingers projecting at various levels into the chute and
      retractable therefrom so that the tie plates will fall down through the
      chute in steps.
NUM  17.
PAR  17. The structure of claim 15 further characterized in that the chute is
      constructed as a unit and arranged to be raised on the frame for traveling
      and lowered so that its lower end closely approaches the tops of the ties
      for working.
NUM  18.
PAR  18. In a machine for setting tie plates on top of ties for railroad track,
      a wheeled frame adapted to be moved down the track, a plate handler on the
      frame for lowering tie plates from an elevated position down to the ties,
      one at a time, the sides of the plate handler being adjustable so that it
      will handle different size tie plates, and means on the frame for
      supplying tie plates to the plate handler, the tie plate handler being in
      the form of a vertical chute arranged to receive plates adjacent its upper
      end and to deposit them on the tops of the ties at its lower end, the
      sides of the chute being adjustable toward and away from each other to
      accept different size tie plates.
NUM  19.
PAR  19. In a machine for setting tie plates on top of the ties for railroad
      track, a wheeled frame adapted to be moved down the track, a plate handler
      on the frame for lowering new tie plates down to the ties, one at a time,
      and a mounting for the plate handler so that it may be raised for
      traveling and lowered to a position close to the tops of the ties for
      working.
NUM  20.
PAR  20. In a machine for setting tie plates on top of the ties for railroad
      track, a wheeled frame adapted to be moved along the track, a laterally
      disposed conveyor structure on the frame for bringing tie plates into the
      frame from the shoulders of the right-of-way, and a plate handler on the
      frame for positioning the tie plates on the tops of the ties, the plate
      handler being disposed on one side of the frame and aligned generally with
      the location of one rail, and the conveyor structure including two
      conveyor sections, a short conveyor section which extends out laterally
      from the side of the frame adjacent the tie handler, and a long conveyor
      section which extends across the frame from the plate handler and
      laterally out the other side of the frame so that tie plates may be fed to
      the plate handler for either shoulder.
NUM  21.
PAR  21. In a machine for doing work automatically on railroad track unattended,
      a wheeled frame adapted to move down the track step-by-step, a propulsion
      unit on the frame for making the machine self-propelled, means for the
      frame for doing work on the track, a contact element on at least one end
      of the frame and at a level above the rail, and a switch operated by the
      contact element and interconnected to the propulsion unit so that the
      machine automatically moves down the track doing work thereon but when the
      contact element engages an object on the track, such as another
      track-working machine or the like, the propulsion unit will be
      automatically deenergized, thereby requiring operator intervention to
      start the automatic operation of the machine again, the machine being
      constructed to set tie plates on top of the ties, a laterally disposed
      conveyor on the frame for bringing tie plates into the frame from the
      shoulder, and a plate handler on the frame for lowering tie plates from
      the conveyor to the tops of the ties.
PATN
WKU  039438597
SRC  5
APN  5269636
APT  1
ART  355
APD  19741125
TTL  Shelf attachment
ISD  19760316
NCL  10
ECL  1
EXP  McCall; James T.
NDR  1
NFG  8
INVT
NAM  Boone; Philip
STR  15 Fenwick Road
CTY  Winchester
STA  MA
ZIP  01890
CLAS
OCL  108 50
XCL  108 27
XCL  242 552
XCL  248204
XCL  312242
EDF  2
ICL  A47B 3500
FSC  242
FSS  55.2;55.55;55.53;55.3
FSC  211
FSS  5;16
FSC  312
FSS  242;39
FSC  108
FSS  27;50
FSC  248
FSS  27;204
FSC   D6
FSS  97
UREF
PNO  3168275
ISD  19650200
NAM  Grondin
OCL  248205A
UREF
PNO  3409340
ISD  19681100
NAM  Clark
XCL  242 55.3
UREF
PNO  3709576
ISD  19730100
NAM  Lemoine
OCL  312138A
UREF
PNO  3799467
ISD  19720200
NAM  Bauman
XCL    4  1
UREF
PNO  3837595
ISD  19740900
NAM  Boone
OCL  242 55.3
UREF
PNO  D232606
ISD  19740900
NAM  Boone
XCL   D6 97
ABST
PAL  A compact shelf-like device which is readily attachable to a standard
      toilet-tissue dispenser without need of special tools. The device is
      adapted to hold one or more toilet accessories conveniently.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The subject invention is principally concerned with an attachment device
      providing a toilet-tissue dispenser with a shelf-like appurtenance for
      holding one or more items against displacement, e.g., items readily
      accessible and especially useful at that location such as a container of
      prewetted sheet material, a cleansing liquid, etc. The shelf, which may be
      open or include a cover, comprises a support or bracket portion which is
      adapted to firmly engage designated portions of a standard toilet-tissue
      dispenser composed, for example, of either a ceramic material or a metal.
      It may be installed readily so as to be positioned either above, below, or
      to the side of the roll of toilet-tissue, the choice depending upon the
      nature of the item borne and preference. The device may be composed of
      metal or a combination of metal and a plastic, and is so constructed as to
      provide a firm support.
PAR  In accordance with the foregoing considerations, objects of the invention
      are: to provide a sturdy shelf-like device for ready attachment to a
      standard toilet-tissue dispenser; to provide a device of the character
      described which comprises means for attachment to the conventional bores
      formed in the forwardly projecting posts of the toilet-tissue dispenser in
      a manner permitting normal installation or removal of a roll of paper; to
      provide a device which includes alternate means for engaging the dispenser
      posts; to provide a device as set forth while accomodates to differently
      shaped dispenser arms or bores of different diameter, to provide a device
      of the type stated which is adapted to support an item in either a
      vertical or horizontal position, held lightly or firmly; and to provide a
      device as characterized which, optionally, is essentially open, which
      includes side portions and which may include a cover. Other objects of the
      invention will in part be obvious and will in part appear hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The novel features which are believed to be characteristic of the invention
      are set forth with particularity in the appended claims. The invention,
      however, both as to its organization and its method of operation will best
      be understood from the following description when read in connection with
      the accompanying drawing wherein like numbers have been employed in the
      different figures to denote the same parts and wherein:
PAR  FIG. 1 is a diagrammatic perspective view of one form of the shelf-like
      device of the invention attached in a given manner to a toilet-tissue
      dispenser so as to be positioned above the latter;
PAR  FIG. 2 is a side view of attaching means of FIGS. 1 and 4;
PAR  FIG. 3 is a front view of additional attaching means:
PAR  FIG. 4 is a diagrammatic perspective view of another form of the shelf-like
      device attachable to the dispenser of FIG. 1 to position the shelf below
      the dispenser;
PAR  FIGS. 5 and 6 are fragmentary perspective views of alternate means for
      positioning the shelf element above or below the dispenser, respectively;
PAR  FIG. 7 is a fragmentary perspective view of a modified form of shelf
      element attached to the side of the dispenser; and
PAR  FIG. 8 is a side view of alternate attaching means.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 there is shown one form of the shelf-like device 10 of the
      invention mounted on a conventional toilet-tissue dispenser 12. The device
      10 comprises the shelf or tray element 14 having side-walls 16, a cover 18
      (optional) pivotally mounted at hinge 20, and mounting means therefor
      including a pair of elongated arms 22 firmly attached to shelf element 14
      so as to extend downwardly at an acute angle. A grommet-like stud member
      24, more particularly shown in FIG. 2, is fixedly attached to the lower
      extremity of each arm means 22, the shelf, arms and studs thus effectively
      constituting a unitary structure. The center of gravity of the device 10
      is such that shelf element 14 is biased toward wall 26 on which the
      dispenser 12 is mounted or against a surface of the dispenser per se
      adjacent thereto.
PAR  As more clearly shown in FIG. 2, each stud member 24 comprises a ring
      section 24a, and a projecting eyelet section 24b integral therewith and
      including bore portions 24c adapted to accept the extremity of a standard
      paper-roll-bearing spindle 25. Stud member 24 is formed to firmly engage
      bore surface areas 28 of the posts 12a. Means for providing this firm
      engagement are exemplified by the split segments 24d or may include a
      resilient compressible surface material, an adhesive, etc.
PAR  Means for holding or locking the shelf element firmly in place may include
      an adhesive, preferably pressure sensitive, at 30, or a tab element 32,
      integral with the device 10, which is adapted to be inserted behind the
      body of the dispenser 12 in a small slot 34 formed in the wall 26 or in
      the dispenser itself. FIG. 3 illustrates the tab element 32 as of a
      slidable type comprising the engaging tab component 32a having an
      overturned actuating end 32b mounted between guide portions 36 formed in
      the rear side-wall 16. Alternatively, the tab element may be of a fixed
      type attached to the shelf element 14 or to extremeties of the arms 22 and
      adapted to insertion in a slot or slots by manipulation of the entire
      device 10. The slot can be formed in either the wall or rear surface of
      the dispenser by a small file or other forming means in a matter of
      moments. The shelf element 14 and cover 18 may be composed, for example,
      of a suitable thermoplastic material such as a polycarbonate, ABS, etc.
      The arms 22 and stud members 24 are preferably composed of a metal such as
      a stainless steel, aluminum, or brass of an appropriate rigidity and
      strength.
PAR  In FIG. 4 there is illustrated an underslung mounting of the shelf element
      14a adapted to attachment to the dispenser 12 of FIG. 1, the stud members
      24 being identical to those above described and adapted to insertion in
      the bores 28 of the dispenser posts 12a. Pressure sensitive adhesive means
      may be located at 38 for holding the device in position or locking means
      such as an arm 40, pivoted at 40a and adapted to insertion of its
      extremity in a slot at 42 may be employed.
PAR  FIGS. 5 and 6 illustrate, respectively, modified means for mounting the
      shelf element above or below the toilet-tissue dispenser. The mounting
      means of FIG. 5 comprises a pair of elongated, vertically disposed arms 44
      integral with and extending downwardly from shelf 14. A pair of short arms
      46 project horizontally from the vertical arms and are interconnected at
      their extremities by a cross-piece 46a. Arms 46 and the cross-piece 46a
      upon the upper marginal area 12b of the dispenser. A cross-piece 48
      interconnects the vertical arms adjacent to their lower extremities and
      bears upon the upper surface of the dispenser post 12a. A horizontal arm
      50 having an overturned extremity 50a engaging the rear surface of the
      dispenser or a slot thereat provides a locking action against tilting of
      the shelf element. A tab element 32 engages a slot 34 behind or within the
      rear surface of the dispenser and constitutes additional holding or
      locking means. The entire device 10 can be installed readily by first
      slipping it downwardly into position and then fastening the tab 32 and arm
      50 to anchor it firmly.
PAR  In FIG. 6 there is shown mounting means for the shelf element 14 comprising
      a pair of vertical arms 52, to at least one one of which is attached the
      shelf. A pair of short arms 54 extends horizontally from the vertical arms
      and are interconnected at their extremities by a cross-piece 54a. Arms 54
      and the cross-piece bear upon the upper marginal area 12b of the
      dispenser. A tab 32 engages the rear surface of the dispenser in the
      manner previously described. A cross-piece 56 interconnects the vertical
      arms 52 and bears upon the upper surface of the dispenser post 12a. A
      second cross-piece 58 interconnects the lower extremities of the vertical
      arms. A positioning or locking lug 60 serves to hold the vertical arms
      against forward movement. Lug 60 may be in the form of a small tapered
      piece of plastic or other material bonded to the side surface of post 12a.
      The device is installed by sliding it downwardly and rearwardly into
      position.
PAR  For ultimate strength and rigidity, it is to be understood that the
      mounting means of FIG. 5 and 6 is duplicated relative to the other
      dispenser arm 12a (not shown) with the shelf element 14 extending
      horizontally between the pair of mounting means thus provided.
PAR  In FIG. 7 there is illustrated attachable mounting means for a shelf
      element 62 located to the side of dispenser 64. The dispenser 64 includes
      a pair of forwardly extending posts 64a (one shown) differing in form and
      dimensions from those previously described but the mounting means is
      equally adapted to engage the posts 12a. The mounting means comprises a
      pair of vertical arms 66, to the lower end of at least one of which is
      attached the shelf element 62. A pair of short arms 68 project
      horizontally from the upper extremities of the vertical arms and are
      interconnected by the angular, slightly flexible cross-piece 70. The arms
      68 and cross-piece 70 bear upon the upper marginal area 64a of the
      dispenser. A tab element 32 engages the rear surface of the dispenser as
      previously described. A second angular cross-piece 73 is fastened to the
      lower extremities of the vertical arms 66. Intermediate of the extremities
      of the vertical arms 66 there is provided means for varying the spacing
      between the arms for accomodating two dispenser posts (12a or 64a) of
      relatively different thickness. The illustrated camming means includes the
      angular arm section 66a and the slidable ring 74. Other means such as
      thumbscrew clamping means may be employed for a similar purpose. In this
      example the forward position of the vertical arms 66 is fixed by contact
      of the innermost arm with the ring portion of a stud member 24 which it
      may be assumed has been inserted in the bore of post 64a. The horizontal
      arm 76 illustrates a possible interconnection with a similar mounting
      means engaging the other dispenser post 64 (not shown). The device is
      installed by sliding it downwardly and rearwardly into position, the ring
      74 then being moved to adjust the spacing of the vertical arms 66 relative
      to post 64a. The angular cross-pieces 70 and 73 may then be pinched or
      opened as the need may be.
PAR  FIG. 8 shows a simplified mounting of a shelf element 14b as a releasable
      attachment positioned above a toilet-tissue dispenser 78. However, a
      slight preliminary modification of the dispenser 78 is necessary to
      provide slotted portions 78a and 78b. Furthermore, the device is adapted
      to support objects of only moderate weight. An angular arm 80, firmly
      attached to shelf element 14b, engages the slotted portion 78a of the
      dispenser. Locking means in the form of a slidable pin or bolt is adapted
      to engage the tapered slot 78b in the dispenser. A pair of the mounting
      means illustrated may be included advantageously, that is one at each
      transverse end of the shelf element 14b.
PAR  In the examples of FIGS. 1 and 4, the extremities of arms 22 and 22a may,
      of course, be attached to other portions of the shelf elements 14 and 14a,
      e.g., forwardly of those shown as, for example at locations 14b and 14c,
      to provide a greater rigidity.
PAR  It will be apparent that an interchange of certain of the means shown in
      the several examples is readily possible. The arms 22 and stud members 24
      may be so constructed that stud members having eyelet portions of
      different diameter can be threaded or snapped into the arms to accomodate
      to dispensers having bores of varying diameter.
PAR  The mounting means may suitably be composed of metal components, stamped as
      unitary pieces or welded together, The shelf element may be in the form of
      an injection molded piece of a plastic composition or a plastic on a metal
      frame to which the arms are attached. Components such as braces, gussets
      and the like may be added to provide further strength.
PAR  It is to be noted as an important feature that the support means are so
      fastened to edge or marginal portions of the shelf element as to leave the
      sides and surface areas thereof unobstructed for ready placement and
      removal of items carried thereby. This is especially important relative to
      the device of FIGS. 4 and 6 where the location of the shelf element may
      prevent it from being readily visible. Where it is desired to hold an item
      fixedly on the shelf element, as for manipulation of a part or removal of
      its contents, one or more of the wall portions may be formed or additional
      holding means be included for the purpose.
PAR  It will be understood that the subject invention may be practiced or
      embodied in other ways without departing from the character or spirit
      thereof. The preferred embodiment described herein is to be regarded,
      therefore, as illustrative and not restrictive, the scope thereof being
      indicated by the appended claims, and all variations which come within the
      meaning of the claims are intended to be embraced therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shelf-supporting device for attachment to a conventional toilet-tissue
      dispenser of a type having a pair of forwardly extending posts with bore
      portions formed therein for accepting the extremities of a spindle bearing
      a roll of toilet-tissue, said device comprising:
PA1  a shelf element of given area and shape adapted to be positioned
      horizontally and mount thereon at least one object;
PA1  means incorporated with said shelf element for holding said object against
      inadvertent displacement;
PA1  a plurality of rigid arm means at least one end of which is attached to and
      projects angularly from marginal portions of said shelf element for
      releasably engaging at least one given portion of the dispenser; the
      location of the attachment of said arm means and the angle of their
      disposition enabling the surface of said shelf element to be substantially
      free of obstruction for ready placement, removal or manipulation of said
      object;
PA1  means for holding a rear surface of said supporting device at a position
      adjacent to a rear surface of said dispenser whereby said shelf element is
      established at a horizontal position and substantially fixed against
      movement; and
PA1  means for locking said supporting device at said position.
NUM  2.
PAR  2. A shelf-like supporting device as defined in claim 1 wherein said arm
      means are adapted to engage given portions of the forwardly-extending
      posts of the dispenser.
NUM  3.
PAR  3. A shelf-like supporting device as defined in claim 1 wherein that end of
      each said arm means which is opposite to said one end thereof is in the
      form of a grommet-like element adapted at a first part to engage one of
      said bore portions and at a second part to accept a spindle extremity.
NUM  4.
PAR  4. A shelf-like supporting device as defined in claim 1 wherein said arm
      means includes at least one pair of rigid elongated members which project
      substantially vertically downwardly from at least one marginal portion of
      said shelf element and are adapted to bear against the sides of at least
      one of said forwardly-extending posts, said shelf 4(cont.) element thereby
      being positioned above said roll of toilet-tissue.
NUM  5.
PAR  5. A shelf-like supporting device as defined in claim 4 but wherein said
      elongated members project upwardly, said shelf element thereby being
      positioned below said roll.
NUM  6.
PAR  6. A shelf-like supporting device as defined in claim 1 wherein are
      included horizontally disposed positioning means bearing upon at least one
      given portion of said dispenser for establishing the plane of said shelf
      element with respect to said roll of toilet-tissue.
NUM  7.
PAR  7. A shelf-like supporting device as defined in claim 1 wherein are
      included pairs of said arm means adapted to engage both of the
      forwardly-extending posts of the dispenser, said shelf element lying
      laterally between said arm means.
NUM  8.
PAR  8. A shelf-like supporting device as defined in claim 1 wherein said shelf
      element is so connected to said arm means as to extend laterally to one
      side of said dispenser.
NUM  9.
PAR  9. A shelf-like supporting device as defined in claim 2 wherein the spacing
      between arm means is adjustable to accomodate to relatively different
      forms and dimensions of said posts of the dispenser.
NUM  10.
PAR  10. A shelf-like supporting device as defined in claim 3 wherein said
      grommet-like element is releasably attached to said arm means and may be
      replaced by another of different dimensions to accomodate to bores in the
      dispenser posts or spindles of varying dimensions.
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ABST
PAL  An expendable pallet skid device formed from a metal strip having vertical
      legs extending from opposite ends of the strip and slotted to enable
      straps to secure two or more pallet skids to the bottom of a container or
      other articles, such as stacks of corrugated sheets, boxes, laminar metal
      sheets, plywood, or other items, to enable the load to be lifted and
      transported by the forks of a fork lift or pallet truck.
BSUM
PAC  THE FIELD OF THE INVENTION
PAR  This invention relates generally to pallet devices for utilization in
      connection with material to be handled by lift trucks.
PAC  THE PRIOR ART
PAR  Most pallet devices have heretofore been made from wooden runners
      supporting a platform and extending for the length of the platform. Pallet
      devices have also been attained by attaching wooden runners to the bottom
      of a container or load, which extend for the length of a container or load
      so the forks of a fork lift truck can only be inserted between the pallet
      skid devices. The articles to be transported must thus be physically
      loaded on the platform or where the wooden runners are attached to a load,
      the forks of a fork lift truck can extend under the load from only two
      directions, and the mounting of the skids to the bottom of the load
      materially increases the weight of the container or load and the resultant
      shipping cost of the container or load.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an inexpensive light-weight pallet
      device is provided in the form of independent skids having vertically
      extended legs at opposite ends and designed to be strapped conveniently to
      a container, a stack of corrugated boards or boxes, laminar metal sheets,
      plywood or other items, to support the container or other items above the
      ground, to be lifted by the forks of a fork lift truck extending either
      between the pallet skid devices or between the legs thereof, or at any
      angle with respect to the legs.
PAR  Each pallet skid device is formed from a metal strip having vertical legs
      formed from opposite ends of the strip, enabling the body of the strip to
      be strapped or otherwise detachably secured to the bottom of a load to be
      lifted by the forks of a fork lift truck, since in many cases the load to
      be shipped may be used to form a pallet. The runners are, therefore, all
      that is required since the load itself may form the pallet, thereby
      eliminating the necessity of an additional platform to support the load.
PAR  The present invention, therefore, provides an inexpensive pallet skid
      device in which skids having opposite vertical legs are so constructed and
      arranged as to be strapped to the bottom of a load so the fork of a fork
      lift truck may be inserted along the bottom of the load from any selected
      side and angle.
PAR  The invention also converts the bottom of the container or bottom articles
      of a stack of articles to a pallet by the use of a plurality of simplified
      skids formed from a strip of metal, to have opposite legs and a body
      connecting the legs together, to be detachably attached to the bottom of a
      container or other articles to be transported. The invention also provides
      a series of pairs of connected detachable legs for supporting a load to be
      lifted by the forks of a fork lift truck either from the ends, sides or
      from any angle relative to the container or other articles.
PAR  Other advantages, features and objects of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in side elevation of a container having two pallet skid
      devices constructed in accordance with the principles of the present
      invention strapped to the bottom of the container, to support the
      container above the ground.
PAR  FIG. 2 is a view in side elevation of the pallet skid device illustrated in
      FIG. 1, showing the pallet skid device strapped to a container.
PAR  FIG. 3 is an end view of the pallet skid device shown in FIGS. 1 and 2.
PAR  FIG. 4 is a fragmentary side elevational view of the pallet skid device,
      showing the body of the pallet skid device broken away.
PAR  FIG. 5 is a transverse sectional view taken substantially along line V--V
      of FIG. 4, illustrating the beaded construction along the edges of the
      body of the pallet skid device.
PAR  FIG. 6 is an end view of a modified form of pallet skid device constructed
      in accordance with the principles of the present invention.
PAR  FIG. 7 is a partial fragmentary side elevational view of one end portion of
      the pallet skid device shown in FIG. 6.
PAR  FIG. 8 is a transverse sectional view taken through the body of the pallet
      skid device.
PAR  FIG. 9 is a fragmentary plan view of the pallet skid device shown in FIGS.
      6 through 8, with the body of the pallet skid device broken away.
PAR  FIG. 10 is a view in side elevation of still another form in which the
      invention may be embodied.
PAR  FIG. 11 is a sectional view taken substantially along line XI--XI of FIG.
      10.
PAR  FIG. 12 is a transverse sectional detail view taken substantially along
      line XII--XII of FIG. 10.
PAR  FIG. 13 is a partial fragmentary sectional view taken substantially along
      line XIII--XIII of FIG. 10.
PAR  FIG. 14 is a sectional view taken substantially along line XIV--XIV of FIG.
      10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1 and 2 of the drawings, I have shown a typical container 10 in
      the form of a box or carton supported on two spaced pallet skid devices
      11, elevating the bottom of the container above the ground, to accommodate
      the forks of a fork lift truck to come into engagement with the bottom of
      the container from either the ends or the sides thereof or from any angle
      relative to the ends or sides of the container. The container 10 may be a
      corrugated container, but may also be a fiber board container or a wooden
      box, or may be a corrugated, fiber, wooden board or metal sheet adapted to
      support a stack of flat boards or other flat articles thereon.
PAR  Each pallet skid device 11 may be stamped or otherwise formed from an
      elongated strip of sheet metal, forming the strip into a horizontally
      extending body 12 having vertical legs 13 bent downwardly from opposite
      ends thereof. The body 12 of the strip is shown in FIG. 5 as being in the
      general form of an inverted channel having a central web 15, beads 16, 16
      integrally formed by a pressing or stamping operation to depend from
      opposite ends of the web and terminating into upright flange portions 17,
      17 extending along opposite sides thereof and upwardly of the bottoms of
      the beads along the body portion 12 of the pallet skid device. The leg
      portions of the pallet skid are of a similar form except beads 16a in
      alignment with the beads 16 face outwardly and the flanges face inwardly.
      This adds to the strength of the skid at the joint between the legs and
      body. The beads 16 extending along opposite sides of the web 15 provide an
      integral reinforcement for the pallet skid structure, resisting bending or
      buckling of the body and reinforcing the legs to support relatively great
      compressive loads.
PAR  The legs 13, 13 are further reinforced against bending relative to the body
      of the pallet skid device by pressing inwardly at the corners between the
      body and legs with a die or other device, to provide a flattened portion
      of the webs of the legs and body, extending at an angle with respect to
      the legs and body and forming an integral inwardly pressed gusset 19. A
      slot 20 extends through the gusset 19 and accommodates a strap 21 to pass
      therethrough and strap the pallet skid device to the bottom of a
      container, board, plate, sheet or other article, to be held in spaced
      relation with respect to the ground, to be lifted by the forks of a fork
      lift truck and the like.
PAR  As, for example, in FIG. 1, I have shown forks 22 of a fork lift truck
      extending inwardly from the side of the container between the pallet skid
      devices, to lift the container and pallet skid devices vertically. In FIG.
      2 I have shown similar forks 22 of a fork lift truck extending under the
      container and pallet skid devices from an end of the container to effect
      lifting of the container and pallet skid devices. The forks, however, may
      come under the container from any desired angle relative to the ends and
      sides of the container. It should also be understood that while I have
      only shown two pallet skid devices 11 in supporting engagement with the
      bottom of the container 10, that more than two pallet skid devices may be
      used if desired.
PAR  It should also be noted that in FIG. 2 the body 12 is of sufficient length
      to space the outer sides of the legs 13 slightly outwardly of the sides of
      the container as a protection against crushing loads.
PAR  In the form of the invention illustrated in FIGS. 6 through 9, each pallet
      skid device is formed from an inverted channel 23 having a web 24 and
      parallel flanges 25 extending downwardly from opposite sides thereof and
      for the length of the channel. Opposite legs 26 of the pallet skid device
      are formed by bending the opposite ends of the channel downwardly along a
      uniform arc to provide the reinforcement of an arch. The legs 26 are cut
      away to form slots 27 extending downwardly therealong. The material in the
      legs is then bent to extend horizontally from the body of the pallet skid
      device to positions approximating the ends of the legs as indicated by
      reference numeral 28 and is then bent upwardly to form an upwardly
      extending retainer flange 29, engageable with a side of a container 10, to
      retain the container from movement along the body. A strap 31 is shown as
      extending along the bottom of the web 24 and through the slots 27 and
      upwardly along the outsides of the retainer flanges 29, to strap the
      container to the respective pallet skid device, as in the form of the
      invention illustrated in FIGS. 1 through 5.
PAR  The pallet skid device of FIGS. 10 to 14 is made from a single channel-like
      member having legs 32 bent downwardly from opposite ends of a channel-like
      body member 33. The body member 33 of the pallet skid device is shown in
      section in FIG. 11 and is in the form of a downwardly opening channel
      having a base 35 and depending flanges 36 with ribs or beads 37 embossed
      in said flanges from the insides thereof, to extend outwardly of said
      flanges. The ribs 37 extend along the flanges 36 of the channel in the
      space between the legs 32 of the pallet skid device, and stop short of
      said legs.
PAR  The pallet skid device may be formed from a unitary channel-like blank
      having the ribs 37 pressed outwardly of the flanges 36 along the body
      portion of the blank. The flanges 36 of the blank may be slit to
      accommodate the ends thereof to be bent at right angles with respect to
      the body thereof, to form support legs 32. As the flanges 36 are slit and
      bent about opposite ends of the body member 33 they are pressed inwardly
      to come along the insides of the legs 36 of the body member into close
      contact therewith. The apparatus for slitting, bending and pressing the
      flanged portions of the legs 32 inwardly to cause the flanged side
      portions of the legs to move under the flanges 36 of the body in close
      contact therewith may perform these operations by the proper design and
      use of a progressive die in one continuous series of operations. The
      apparatus and die may be of a form well known to those skilled in the art,
      and is no part of the present invention, so need not herein be shown or
      described further.
PAR  As the legs 32 are bent in position at right angles with respect to the
      body 33 of the blank, rib shaped shear forms are pressed inwardly of the
      flanges 36 and flanged portions 40 of the legs 32 and extend diagonally of
      the flanges 36 adjacent opposite ends thereof and into and along the upper
      portions of the flanged portions of the legs 32. The shear forms 39 at
      opposite ends of the flanges 36 face in opposite directions and are
      pressed inwardly from opposite flanges 36 of the body 33 into the flanged
      portions 40 of the legs 32. Said rib shaped shear forms form an
      interlocking shear connection between said flanges and flanged portions of
      said legs and in effect form a shear form weld between the legs 32 and
      body 33, and gusset the legs to the body 33 and positively hold the legs
      32 at right angles with respect to the body 33, with the ends of the
      flanged portions of said legs 40 engaging beneath the base 35 of the body
      33. This provides a strong load supporting pallet skid device of a simple
      and improved construction without the necessity of spot welding or any
      further fabrication.
PAR  The flanged portions 40 of the legs 32 are flared outwardly at the base of
      said legs, as indicated by reference numeral 41 to provide a widened base
      for the pallet skid device.
PAR  Flanges 44 extend inwardly from the bottom portions of the webs of the legs
      32. Other flanges 45 extend inwardly from the bottom portions of the
      bottom flared portions 41 of the flanges 40 of the legs 32, as shown in
      FIG. 14. These flanges together with the widened base for the legs 32
      formed by the pallet skid device, formed by flaring the legs outwardly as
      they approach the ground, enlarge the bearing area of the legs on the
      floor and, besides forming a stable base for the pallet skid device form a
      protection for softer surfaces on which a load may be sitting.
PAR  In FIG. 12, I have shown a transverse slot 46 extending through a leg 32
      adjacent to the top thereof, and substantially in alignment with the
      bottom of the web 35 of the body 33. Each leg 32 has a similar slot 46
      which accommodates a strap or like connector to extend through said legs
      in engagement with the underside of the web of the body 33 and upwardly
      from said legs along opposite sides of a load, such as a container or
      other article to be supported on a pair of parallel spaced pallet skid
      devices, as in the forms of the invention illustrated in FIGS. 1 to 9. I
      have also shown horizontal slots 47 spaced along the flanges 36, to
      receive straps or the like, extending at right angles to the straps
      extending through the slots 46 extending through the legs 32.
PAR  The form of pallet skid device just described provides a low cost rugged
      structure particularly adapted for heavy loads, which may be strapped to
      stay with the load until delivery and then thrown away, or which may be
      removed and reused as the load is placed on a truck, railway car or other
      vehicle. This device can be provided in almost any suitable length
      practical for common use, as for example, from 1 foot to 10 feet and over.
PAR  It may be seen from the foregoing that several simple, rugged and
      inexpensive forms of pallet skid devices have been provided, which may be
      formed from a section of beaded or channelled sheet metal to provide a
      body and vertical legs extending perpendicularly of the body, for
      supporting the body and container or articles thereon in vertically spaced
      relation relative to the ground. It may further be seen that two or more
      pallet skid devices may be provided to support a container, board, stack
      of boards or other materials above the ground to be lifted by the forks of
      a lift truck, and that the forks of the lift truck are not confined to
      extend inwardly from only two sides to lift the load, as is customary with
      most present-day pallets, but may be extended under the load from either
      side or either end of the load or at an angle relative to the load.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a pallet skid device, at least two independent skids, each having an
      elongated horizontal body portion channel-like in cross section and having
      legs channel-like in cross section extending downwardly from opposite ends
      of said body at right angles with respect thereto and formed integrally
      therewith, the legs having slots extending transversely thereof arranged
      to accommodate the strapping of an article to be lifted to said body
      portion by the insertion of strapping means through said slots and about
      said body portion, to support a load in vertically spaced relation with
      respect to the ground, and provide a free space between said legs both
      longitudinally of said skids and transversely thereof and thereby
      accommodate the forks of a fork lift truck to come into lifting engagement
      with the bottom of the load from the ends or sides of the load and at
      angles relative to the ends and sides of the load without interference by
      said pallet skid device, said body having beads extending along opposite
      sides thereof and depending therefrom, forming the body into a downwardly
      opening channel extending for the length thereof, and said legs having
      beads extending along opposite sides thereof aligned with the beads
      extending along the body and extending outwardly of said legs and forming
      said legs into outwardly opening stiffened channels.
NUM  2.
PAR  2. The pallet skid device of claim 1,
PA1  wherein the legs are bent at right angles with respect to the body, and
PA1  wherein integral gussets pressed inwardly of the corners of the junctures
      of the legs with the body form reinforcing gussets retaining the legs in
      perpendicular relation relative to the body.
NUM  3.
PAR  3. In a pallet skid device,
PA1  at least two skids, each having an elongated horizontal body portion
      channel-like in cross section having an outer web and flanges depending
      therefrom and having legs formed integrally therewith and extending
      downwardly from said body and having an outer web and flanges extending
      inwardly therefrom and underlapping the flanges of the body, and the upper
      ends of the flanges of the legs having abutting engagement with the
      underside of the web of the body to form a gusseting support therefor,
PA1  integrally formed stiffening means extending along the flanges of the body
      between the legs of the pallet skid device and oppositely facing shear
      forms extending diagonally along the flanges of the body and pressed into
      the flanges of the legs to positively retain said legs to the flanges of
      the body,
PA1  said integrally formed stiffening means comprising embossments in the form
      of rounded beads extending outwardly along the flanges of the body between
      the legs of the pallet skid device.
NUM  4.
PAR  4. In a pallet skid device,
PA1  at least two skids, each having an elongated horizontal body portion
      channel-like in cross section having an outer web and flanges depending
      therefrom and having legs formed integrally therewith and extending
      downwardly from said body and having an outer web and flanges extending
      inwardly therefrom and underlapping the flanges of the body, and the upper
      ends of the flanges of the legs having abutting engagement with the
      underside of the web of the body to form a gusseting support therefor,
PA1  integrally formed stiffening means extending along the flanges of the body
      between the legs of the pallet skid device and oppositely facing shear
      forms extending diagonally along the flanges of the body and pressed into
      the flanges of the legs to positively retain said legs to the flanges of
      the body, the lower portions of said legs having integrally formed ground
      engaging flanges forming a protection for softer surfaces on which a load
      supported on said pallet skid devices may be sitting, a slot extending
      through each leg adjacent the base of the body of the channel, and
      laterally aligned longitudinally spaced horizontal slots extending through
      the flanges of the body adjacent the tops of said flanges, said slots in
      said legs and flanges accommodating straps to pass therethrough for
      strapping a load to the body of the pallet skid device.
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ABST
PAL  Air admittance ports in the wall of a refuse burning furnace are provided
      with reciprocable sleeve members which in the first hand govern the air
      flow, but also may be used to scrape the ports free of deposits. These
      sleeves are interconnected in groups so they can be manipulated
      simultaneously for cleaning purposes, but nevertheless may be adjusted
      individually as well as group-wise for flow governing purposes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With many types of refuse burning furnaces, especially those burning waste
      liquor produced when pulping wood, the combustion air is supplied through
      a comparatively large number of ports located at different levels in the
      furnace walls.
PAR  Air distribution boxes are fitted outside of the walls. An air box is
      usually subdivided into sections, each feeding a certain number of ports
      and being provided with throttling means for governing the flow of air.
      Especially with furnaces burning wood pulping waste liquor it is essential
      to be able to maintain the air pressure within the section, and thereby
      the velocity of the air flowing out of the port, within certain,
      predetermined levels.
PAR  In order to attain this it is, however, not sufficient to govern the air
      flow solely by the throttling means, but each port ought to have a
      governing member located as close to its mouth as is practically possible.
PAR  In this manner, the size of the passage opening may be adjusted
      individually at each port, so the desired velocity is obtained at the
      mouth of the port. By the throttling means, the air pressure within the
      air box section is determined with respect to the desired outflow velocity
      and thus also the total volume of air.
PAR  With refuse burning furnaces, and especially those of the pulping industry,
      thick deposits will be formed on the inward faces of the furnace walls,
      which brings about special difficulties with respect to the individual
      governing of the passage areas at the individual ports. As has been
      mentioned above, the governing member is located as close to the mouth of
      the port as is possible in order to obtain the desired result, viz. to
      maintain the flow velocity with varying volumes of air.
PAR  The location of the governing member so close by the mouth of the passage
      implies a risk that droplets of slag running down the wall, or being
      carried by the turbulent gases, are thrown into the port, where they will
      clog the governing means. This is cooled by the air flowing through the
      port, so the governing member will soon be completely cemented to the
      walls of the port and must be mechanically chopped free when an adjustment
      is to be performed.
PAR  It is evident that this type of governing means is not well suited for
      automatic operation, and therefore the adjustment has to be done manually.
      Manual attention to so many governing means as are provided in a refuse
      burning furnace cannot be made as rapidly as is desirable in order to
      obtain the best combustion results.
PAC  CROSS REFERENCNE TO RELATED ART
PAR  A novel type of individually adjustable governing means has been proposed
      in U.S. application Ser. No. 444.152 now U.S. Pat. No. 3,875,904 by
      Ingemar Astrom, co-inventor in the present application; the governing
      means includes a sleeve member, the inward end of which extends into the
      air passage port and the cross sectional area of which increases in the
      direction away from the wall. The outward end of this sleeve member is
      displaceable within the air box, but is closed with respect thereto, so
      all air is forced to flow into the port, through the annular clearance
      defined between the sleeve member and the walls of the port. The degree of
      opening will be determined by the axial displacement of the sleeve member
      within the tapering entrance to the port.
PAR  Experience has shown the accumulation of frozen slag at the mouth of the
      port, when using this type of governing means, will not build up to such
      extent as to restrict the movement of the sleeve member. This type of
      governing means would therefore be suited for automatic operation. The
      sleeve member may also be used for scraping off the slag accumulated at
      the mouth of the port, if it is occasionally brought such far into the
      passage, that its inward end will pass completely therethrough.
PAC  FURTHER BACKGROUND TO THE INVENTION
PAR  The reason for supplying the combustion air through so large a number of
      ports located at different levels is a desire to distribute the air as
      evenly as possible over the cross section of the furnace, which, beside
      advantages with respect to completeness of combustion and heat reclaiming
      properties, also reduces the risk of local concentrations of active
      corroding gases, such as H.sub.2 S, and other gases tending to produce bad
      smells in the environment.
PAR  It is further to be remembered that the parameters of the waste liquor fuel
      will vary, which makes it desirable to determine the distribution of the
      air within the furnace so as to correspond to the volume of the fuel and
      its properties.
PAR  The fuel dry substance, and the heat value thereof, may for instance with
      the cellulose pulp waste liquor vary within wide limits during a
      comparatively short period of time. In order to obtain optimum combustion,
      a minimum of local concentration of active corroding gases and also a
      minimum of operational troubles resulting from heavy deposits at the
      superheater and economiser heating surfaces, it will be necessary closely
      to adjust the air distribution to comply with the occasional conditions on
      the fuel supply side.
PAR  There has, for a long time, been a desire to obtain a programmed air supply
      control with this type of furnaces, with means for accommodating for the
      throttle adjustment positions, as well as of the air distribution selected
      during an operational period.
PAR  It is evident that it will be possible to obtain a full control of the air
      distribution only if the air ports can be kept "technically clean" as a
      clogging of the ports will not occur uniformly around the perimeter of the
      furnace, or at the different air box levels, respectively. Such uneven
      clogging of the ports will detrimentally affect the air distribution.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, thus, pertains to a device for operating air
      governing means of a refuse burning furnace, which is provided with a
      number of air admittance ports in its walls, said ports communicating with
      an air box and being each provided with a governing member, movable
      forwards and backwards in relation to said port in order to determine the
      volume of air passing through the pertaining port, said member being
      further adapted to perform a displacement beyond the governing movement to
      make its inward end penetrate through the port to remove deposits
      accumulated on the walls thereof. The invention is characterized in that
      the governing members are interconnected in groups, each including a
      number of units, to which a displacement for removal purposes is
      simultaneously imparted by means of a mechanism including a shaft
      extending outside of the air box, and an externally threaded screw member
      is non-rotably secured to the air box, and encloses the extending end of
      said shaft to cooperate therewith for axial displacement thereof, and an
      axially secured, but freely rotatable nut is mounted at the air box for
      cooperation with the screw member and is further provided with a worm gear
      wheel, and a rotatable rod, having a mating worms for cooperation with
      worm wheels at a number of operating mechanisms and fitted at the same air
      box, extends along said air box.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary perspective of a furnace wall, as viewed from the
      outside, and having an air box (partially broken away) attached thereto,
PAR  FIG. 2 is an enlarged cross section through an air box at a governing
      mechanism, and
PAR  FIG. 3, on a larger scale, shows a detail of the governing mechanism.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 shows a portion of the wall of a refuse burning furnace for instance
      a waste liquor furnace. This wall is, in a well known manner, composed of
      a number of parallel water cooled tubes 10, which ae interconnected by
      means of fins, welded to the tubes so a gas tight structure is obtained.
      By bending two adjacent tubes apart, it is possible in such a wall to
      obtain sufficient space for an air passage port 11. A number of such ports
      communicate with an air box 12, located outside of the wall, this box in
      turn being connected to a supply conduit (not shown) from an air preheater
      by means of a branch conduit 13. The wall is covered by insulating
      material, not shown in the drawing.
PAR  As has been mentioned above, the air boxes 12, of which there are a number
      located at different levels and along the different walls of the furnace,
      are subdivided into sections, each serving a limited number of ports. With
      the embodiment shown in FIG. 1, the objective is that each section shall
      serve four ports, and the branch conduit 13 leading thereto is provided
      with a throttling member (not shown).
PAR  At each port there is a governing member formed as a sleeve 14, which in
      operation will extend more or less into a frame member 15, defining the
      passage port 11. The cross sectional area within this frame member
      increases as has been mentioned above, in the direction away from the
      wall, and it is evident that different axial displacement positions of
      sleeve 14 will determine the magnitude of the annular clearance through
      which air can flow out. The sleeve 14 is, at its end remote from the
      furnace, sealingly connected to the outward wall 17 of the air box by
      means of a bellows 16, so air is prevented from entering into the sleeve.
      The air flowing along the outside of the sleeve will bring about a
      sub-pressure inside the sleeve and this facilitates such cleaning
      operations which occasionally must be performed by way of a cleaning
      opening 18 fitted in a cover 19, which outwardly defines the bellows with
      respect to the air box wall. This cover furthermore is provided with an
      inspection window 20, which makes it possible to look into the furnace.
PAR  It is desirable on the one hand to be able to adjust the governing
      mechanism in a number of air box-sections simultaneously, and on the other
      hand to be able to perform cleaning operations with groups within the
      different sections by means of the governing mechanism, but without
      influencing the occasional adjustment thereof. That is, the governing
      mechanism members will, after termination of the cleaning operation, be
      brought back to the governing position desired for the moment.
PAR  For each group of governing mechanisms there is an actuator, which in FIG.
      2 is shown as a double acting pressure fluid piston motor 21, which is
      supplied with pressure fluid, preferably compressed air, through conduits
      22 and 23. Each sleeve 14 is supported by a guide 24, which runs along a
      rod 25 within the air box. The four sleeves within the group here
      described are interconnected by a yoke 29, and are connected to the piston
      rod 26 of the pressure fluid motor. The stroke of this pressure fluid
      motor 21 is sufficient for bringing the inward ends of the respective
      sleeves through the pertaining ports 11 and the sleeves will, during such
      movement, scrape the walls of the ports free of accumulated deposits. The
      supply of pressure fluid is governed by means of a valve 27, which in turn
      is controlled by a monitoring apparatus 28 of well known type, which at
      certain predetermined intervals puts the pressure fluid motor in operation
      and permits it to perform a predetermined number of strokes. The
      monitoring apparatus 28 may of course directly or indirectly, by
      programmed components, serve a number of pressure fluid motors in such a
      manner that all sections of the air box will be operated in turn, one
      after the other.
PAR  The pressure fluid motor is here described as a double acting unit, but it
      evident that it may be single acting, in which case its piston will be
      returned by spring action.
PAR  In order to be able to perform a simultaneous adjustment of the position of
      the governing members at several sections, but nevertheless make possible
      an individual adjustment of said members at the different sections, the
      pressure fluid motor 21 is provided with a shaft 30, or an extension of
      its piston rod, which reaches through the wall 17 of the air box. This
      shaft 30 is enclosed in a tubular, externally threaded sleeve 31, which
      cooperates with a nut 32. This is provided with a flange 33, by which it
      is mounted at the air box wall 17 in such a manner that the nut is secured
      against axial movements, but may rotate freely in relation to the wall. A
      worm screw wheel 34 is formed integral with the nut. The worm screw wheel
      mates with a corresponding worm mounted at rod 35, which extends along the
      furnace wall past a number of air box sections and having worms 34 at each
      actuating mechanism along the same.
PAR  Shaft 30 cooperates with sleeve member 31 by way of an adjustment device
      including a screw 36, which may be turned by a means of a knob 37 which is
      mounted at the end of the screw member by means of a washer 38, so it is
      axially secured with respect to the screw member but may rotate in
      relation thereto. Screw 36 is provided with an axial slot 39, into which a
      radially directed peg 40 extends. Rotation of the knob will thus displace
      screw 36 and thereby change the stop position for shaft 30. A scale 47
      (FIG. 2) is fitted at the screw member adjacent to nut 32, so it is easy
      to read the adjustment position. A corresponding scale is provided at knob
      37.
PAR  It is evident that rotation of rod 35 will bring the screw member 31
      towards, or away from the air box wall 17 and thereby will alter the rest
      position for the piston within the pressure fluid motor. This will
      determine the governing position for the sleeves which are the members
      primarily determining the air flow. Rod 35 may be operated by hand, or
      preferably by a motor, a number of such rods being interconnected so
      remote control of the air supply may be obtained.
PAR  The outward end of shaft 30 is formed with a conically tapering face 41,
      which forms a cam for cooperation with the sensor part 42 of an end
      position switch 43. The screw member 31 is provided with an axially
      directed slot 44, through which the sensor 42 extends past the screw
      member towards shaft 30. A screw 48 also extends into this slot, primarily
      to prevent rotation of screw member 31.
PAR  An axially displaceable rod 45 is attached to one of the sleeves 14,
      adjacent to the pressure fluid motor 21 and extends through the air box
      wall. This rod 45 will, during a cleaning operation, be displaced together
      with the sleeves, and its outward end is adapted to cooperate with a
      second end position switch 46, which thus will be acted upon when the
      system returns to its ordinary rest position.
PAR  When shaft 30 is moved inwards, sufficient to permit end position switch 43
      to sense the conical cam 41 at the end of shaft 30, switch 43 will
      activate a solenoid. This will reverse valve 27, which then will blow off
      the pressure from the outward (remote from the furnace) cylinder end of
      pressure fluid motor 21, while it simultaneously supplies pressure fluid
      to its inward end (adjacent to the furnace cylinder). The piston will then
      move outwards (away from the furnace), bringing along the governing
      sleeves until a mechanical contact between shaft 30 and screw 36 has been
      reached, i.e. to the desired governing position. In this position rod 45
      will also actuate the end position switch 46, which will supply current to
      a lamp indicating that the group of sleeves has been returned to the
      desired position.
PAR  The device above described, permitting individual adjustment of the
      governing members, makes possible an automatic cleaning of the air passage
      ports and provides the necessary pre-requisits, for a remote control of
      the air supply.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for operating air governing means of a refuse burning furnace
      comprising a number of air admittance ports in its walls, said ports
      communicating with an air box and each port being provided with a
      governing member, movable forwards and backwards in relation to said port
      and including means to determine the volume of air passing through the
      pertaining port, said member including means adapted to perform a
      displacement beyond a governing movement and having an inward end
      penetratable through the port to remove deposits accumulated on the walls
      thereof, the improvement in which the governing members comprise
      interconnected groups, each group including at least two units which are
      simulataneously displaceable for removal by means of a mechanism including
      a shaft extending outside of the air box, an externally threaded screw
      member non-rotatably secured to the air box enclosing the extending end of
      said shaft to cooperate therewith for axial displacement thereof, an
      axially secured, freely rotatable nut mounted at the air box in
      cooperation with the screw member and provided with a worm gear wheel, and
      a rotatable rod extending along said air box having mating worms
      cooperating with worm wheels at a number of operating mechanisms fitted at
      the air box.
NUM  2.
PAR  2. The device according to claim 1, in which the shaft and the screw member
      include a mechanism for adjusting the relative axial positions of the said
      shaft and screw member.
NUM  3.
PAR  3. The device according to claim 1, in which the operating mechanism
      includes a pressure fluid cylinder device, the screw member being provided
      with an axial slot, the extending end of the shaft being formed with a
      cam, and a switch member for controlling pressure fluid supply to the
      cylinder device includes means cooperating with said cam at the axial slot
      in the screw member.
NUM  4.
PAR  4. The device according to claim 3 in which said fluid cylinder device
      comprises a double acting pressure fluid cylinder device, including an
      operating mechanism carrying a rod movable parallel to the operating
      mechanism and adapted, in an end position, corresponding to that of normal
      governing position, to actuate a second switch member, which supplies
      current to a lamp indicating that the governing device has been brought
      back to governing position.
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ABST
PAL  A sugar cane planting apparatus has a conveyor which is preferably
      continuous and has spaced horizontal trough elements for taking up sugar
      cane billets from a supply bin and arranged to discharge the billets one
      at a time to a planting head with the billets arranged parallel to the
      direction of motion of the apparatus whereby the billets are planted
      substantially in end-to-end relation. For controlling the billet supply,
      the conveyor extends upwardly and is cranked so that any second billet
      lying on top of a billet in the trough rolls back into the bin and any
      upstanding billet is deflected by a fixed deflecting plate in the upper
      crank part. A casing guides the billets on the downward run, each billet
      falling from the trough (in which it is moved on the upward run) when the
      trough turns over the top of the conveyor, the billet falling onto the
      back of the preceding trough.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to sugar cane planting apparatus.
PAR  In the past, cane has been cut and stripped by hand before being fed
      manually as a long stick into a planting machine which is mounted on a
      tractor. The planting machine receives the cane and chops it into short
      billets which are then laid in a trench and covered by earth as the
      tractor moves across a previously ploughed field. It will be apparent that
      this planting operation is relatively slow, requires a large amount of
      manpower and is accordingly extremely expensive. These problems have long
      to be recognised but the applicants are not aware of others offering an
      effective solution.
PAR  The present invention has the object of minimising labour needed to plant
      sugar cane and to provide for accurate and efficient planting to occur so
      that acceptable yields will result.
PAR  It is known to harvest sugar cane using harvesting machines which chop the
      sugar cane into so-called "billets" which typically may be 40 cm. long.
      After harvesting the cane is then processed, although it is necessary to
      remove any superfluous exterior vegetable matter associated with the cane
      before processing.
PAR  The present invention is particularly concerned with apparatus designed to
      use sugar cane billets which for the purpose of planting rather than
      processing will be green cane, i.e. cut before any of the superfluous
      matter, known as trash, is burnt off or otherwise removed. Typically each
      billet will have two or three "eyes" which will be the point from which
      new shoots will originate when the billet is planted. The shoots will then
      emerge from the soil and grow to form sugar cane for the next harvest.
PAC  SUMMARY OF THE INVENTION.
PAR  The invention consists in a sugar cane planting apparatus in which an
      upwardly extending conveyor is provided for conveying billets from a
      storage bin to a discharge point. The billets are taken up by billet
      supply means which move upwardly and during the upward run are subjected
      to the effect of an overhang in the upper portion of the conveyor so that
      any second billet lying on top of a first billet supported on a billet
      support of the billet supply means tends to roll off and fall back into
      the bin. Furthermore, a wall is provided in the upper portion of the
      conveyor so that as the billet support moves adjacent the wall any
      upstanding billet is ejected back into the bin. Guide means are provided
      for guiding the billets in turn from the discharge station arranged at the
      top of the conveyor down to a point in the bottom portion of the apparatus
      which is adapted to co-operate with a planting head.
PAR  By use of the invention cane planting can be provided for on an efficient
      basis which minimises manpower.
PAR  As far as the economics are concerned, use of the present invention permits
      effective use to be made of expensive harvesting machines at a time of
      year at which they are not usually used and this permits use of invested
      capital. It would be possible to plant sugar cane using a machine
      embodying the present invention with one man driving a tractor to which
      the machine is fixed, one man at another location operating a chopper
      harvester and another man operating a truck to convey the cut billets from
      the harvester to the planter. This compares with a traditional method
      comprising one man on a tractor and two men on a machine if it is a double
      row machine, and many persons for cutting and stripping the cane by hand
      and subsequently loading the planting machine.
PAR  In an important and preferred embodiment of the invention, the conveyor is
      a continuous conveyor, for example comprising trough-like elements spaced
      at intervals transversely across the conveyor and a moving element such as
      a chain for carrying and moving the trough-like elements.
PAR  However, it is to be understood that other embodiments are also possible.
      For example, a reciprocating element could be used for the purpose of
      sequentially supplying sugar cane billets to the discharge station.
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PAR  Other features which can be embodied with advantage in arrangements
      embodying the present invention will become apparent from the following
      description of an embodiment of the invention which is described by way of
      example. In the drawings:-
PAR  FIG. 1 is a perspective view from the front of a sugar cane planting
      apparatus;
PAR  FIG. 2 is a somewhat schematic front cross-sectional view illustrating one
      of the bins and conveyors of the machine of FIG. 1 with portions of the
      bin shown in elevation; and
PAR  FIG. 3 is a side view of part of the apparatus of FIG. 1 with certain
      apparatus components being illustrated in elevation.
DETD
PAR  In the drawings, the apparatus shown is a two-row apparatus for
      simultaneously planting two parallel rows of sugar cane, the apparatus
      comprising a pair of conveyors 1 mounted on a framework 2 which also
      carries a pair of small supply bins 3 for supplying sugar cane to the
      conveyors. This unit is adapted to be supported on the back of a tractor
      through a conventional three-point linkage, the frame 2 carrying suitable
      brackets 4 for this linkage. Thus, the height of the apparatus above the
      ground can be controlled by adjusting the linkage on a tractor. At the
      bottom of each conveyor a planting head 5 is provided, the planting head
      comprising a plough-like nose 6 for forming a furrow in previously
      ploughed ground, side walls defining a central cavity through which sugar
      cane is to be dropped and a rear wall portion 7 shaped to push the earth
      to cover the billet when laid.
PAR  The apparatus also includes a trailer bin 8 which is pivotally connected
      through a pivotal connection 9 shown best in FIG. 3 to the rear of the
      frame 2, the trailer bin having its own single wheel 10 for supporting the
      bin on the ground. The purpose of the trailer bin is to permit a large
      supply of billets to be loaded into the apparatus to permit a substantial
      acerage to be planted in one operation.
PAR  Reference will now be made to FIG. 2 for the purpose of describing in
      detail one of the conveyors and its associated supply bin 3. The other
      conveyor and bin is a mirror image configuration.
PAR  The supply bin 3 has spaced front and rear walls extending vertically the
      front wall being co-planar with the leading face of the casing of the
      conveyor 1, and an inclined wall 11 which provides effectively a side wall
      and floor down which the billets tend to fall to the bottom corner of the
      bin. The remaining wall of the bin is effectively provided by a lower
      portion 12 of the upward run of the conveyor which extends upwardly to a
      bend 13 from which point an upper portion 14 of the upward run overhangs
      back towards the bin 3 for the purpose of ejecting surplus billets. The
      top of the conveyor 15 defines a discharge station for discharging one
      billet at a time. The descent of the billet along the downward run 16 of
      the conveyor is controlled by guide means which in this embodiment are
      provided by the rear face of each billet supply element 17 in co-operation
      with an exterior casing 18 and wall means is the form of an interior sheet
      structure 19 disposed adjacent the sides of the billet supply elements 17.
PAR  It will be noticed that the conveyor runs in a clockwise direction as shown
      in the drawing, each billet supply element 17 in turn being moved up
      through the bin 3. Each supply element 17 is in the form of a trough
      extending transverse the conveyor between respective chains 20 at each
      side of the conveyor, suitable-sprocket wheels 21 being provided at the
      top, bottom and bend of the conveyor for guiding the chains. One of the
      sprocket wheels is driven by a chain drive geared to the main wheels of
      the tractor, the gear ratio being chosen such that the billets are dropped
      in end-to-end relationship. Each chain runs in an appropriate steel
      channel 22 for guarding purposes and conveniently the end faces of each
      billet supply element 17 runs in the channel section also to retain
      billets at the trough ends.
PAR  It will be noticed that each supply element is provided by a flat bar
      having a large upwardly extending lip 23 (when considering the element on
      the upward run of the conveyor) and a small downwardly extending lip 24.
      As each supply element turns the bottom of the conveyor, the lips move
      adjacent a shielding plate 25 extending up into the bin by an amount
      approximately equal to the spacing of the supply elements. For clarity the
      bin 3 is shown empty but normally it will be kept full of billets which
      move into the spaces above each element 17 during its motion. Each element
      17 will normally pick up several billets and normally one of the billets
      will adopt a lying down attitude with other billets lying on top of it or
      standing up. It is necessary to eject these superfluous billets and this
      is provided by the overhang in the upper portion 14 of the conveyor. It
      will be observed that the inner sheeting 19 extends completely around the
      conveyor adjacent the inner side of each supply element 17 to prevent
      billets falling into the interior of the conveyor.
PAR  As the supply elements 17 reach the overhang portion, any second billet
      lying on a first billet will fall off and fall back into the bin 3, this
      arrangement being provided by suitably dimensioning the supply elements
      and in particular the height of the upstanding lip. Any billet standing up
      will fall off by virtue of its engagement with a sheeting 19.
PAR  When each supply element reaches the top of the conveyor, the billet falls
      to land on the back of the preceding supply element, the small retaining
      lip being sufficient to retain the single billet until it reaches the
      bottom of the conveyor and drops (see billet 26 in the drawing) into the
      planting head 5 which is illustrated schematically.
PAR  Referring now to FIG. 3, the trailer bin 8 has a conveyor 27 at its front
      wall which is forwardly inclined and overhangs partially the top opening
      to the bins 3. This conveyor 27 is adapted to be driven by a hydraulic
      motor under the control of the driver so as to keep the bins 3 full.
PAR  When the load in the bin tends to be diminished then a hydraulic ram 28 is
      operable to tilt upwardly the bin about a pivotal mounting 29 at the
      forward bottom edge of the bin. It is also possible to construct an
      embodiment in which only the floor and rear wall portion of the bin is
      displaced, the sides and front wall and conveyor 22 remaining fixed. The
      trailer bin can readily be towed behind a tractor because only a central
      wheel 10 is provided, this being pivotally mounted as at 30 about a
      vertical pin.
PAR  For the purpose of moving the apparatus between planting locations, the
      three-point linkage on the tractor is operated to raise the conveyor unit
      which in turn raises the front end of the trailer bin by virtue of the
      pivotal connection 9.
PAR  The apparatus also includes further advantageous features which are
      illustrated in FIG. 1. A pivotable flap 31 is mounted at the top of the
      adjacent side walls of the bins 3, the flap being pivotable about a
      horizontal axis extending in the direction of movement of the apparatus. A
      handle 32 extends upwardly for gripping by a driver of a tractor on which
      the apparatus is mounted and a retaining device (not shown) is provided
      for retaining the flap in an angled position. The purpose of the flap is
      to preferentially direct billets downwards from the conveyor 27 of the
      trailer bin into whichever of the bins 3 has a reduced quantity of billets
      therein.
PAR  At each side of the apparatus, the frame 2 carries suspension brackets 33
      on which respective tamping rollers 34 are mounted directly behind the
      respective planting heads 5 so that the soil covering the planted billets
      is pressed down.
PAR  To assist the tractor driver, an adjustable guide arm 35 is provided at
      each side of the apparatus, each guide arm having a vertical rod 36. The
      relevant rod 36 is positioned over the adjacent row of billets which have
      already been planted so that the desired billet spacing across the field
      is provided. The arms 35 can be pivoted inwardly for retracted positions
      and for narrowing the position for transport on the rod.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sugar cane planting apparatus comprising
PA1  a. means for mounting the apparatus for movement across a field along a
      planting path;
PA1  b. a bin for receiving a supply of sugar cane billets;
PAR  c. a billet discharge station;
PA1  d. a conveyor having an upward run extending upwardly from a billet take-up
      point within the bin for delivering billets to said billet discharge
      station;
PA1  e. billet supply means included in the conveyor for engaging and conveying
      said billets and comprising billet supports dimensioned and shaped to
      support a single billet for delivery to said discharge point;
PA1  f. means for transmitting driving force to said billet supply means for
      supplying said billets sequentially and intermittently to said discharge
      station;
PA1  g. guide means mounted for guiding downward motion of billets from said
      discharge station, the guide means for delivering the billets for planting
      with the longitudinal direction of each billet extending substantially
      parallel to said planting path;
PA1  h. said upward run of the conveyor having an upper portion overhanging said
      bin whereby any second billet lying on top of a first billet supported on
      a billet support falls back into said bin; and
PA1  i. wall means located at said upper portion of said upward run for
      deflecting back into said bin any billet upstanding from a billet support.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said transmitting means
      comprises a driven axle at one end of the conveyor and a second axle at
      the other end of the conveyor, flexible continuous elements at respective
      sides of the conveyor mounted for motion on the axles, and each of said
      billet supports comprises an element having end portions mounted on said
      flexible continuous elements.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein each said billet support
      extends substantially parallel to said plainting path and said guide means
      comprises a downwardly extending enclosed zone of substantially
      rectangular shape, the length thereof extending substantially parallel to
      said planting path.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein each said billet supply element
      is a rigid element providing a trough slightly larger than said billets.
NUM  5.
PAR  5. Apparatus as claimed in claim 3, wherein said wall means is provided by
      a fixed plate extending adjacent said upward run along which said billet
      supports move.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, wherein said fixed plate extends around
      the conveyor to provide a backing plate immediately behind said billet
      supports on the return run of the conveyor.
NUM  7.
PAR  7. Apparatus as claimed in claim 4, wherein each said rigid element has a
      surface facing away from the direction of motion thereof and uppermost
      during downward motion thereof, said guide means being co-operating with
      each rigid element for supporting a billet during downward motion thereof,
      the supported billet having been discharged from the next succeeding rigid
      element at the discharge station, the billet falling under gravity onto
      the rigid element.
NUM  8.
PAR  8. In combination, apparatus as claimed in claim 1, wherein said means for
      mounting the apparatus comprises mounting brackets whereby the apparatus
      can be supported on a vehicle, and a sugar cane planting head mounted on
      the bottom of the guide means for co-operation therewith.
NUM  9.
PAR  9. The combination as claimed in claim 8, and further comprising a bulk
      supply trailer bin having wheel means, connection means for connecting the
      trailer bin to the planting apparatus, bin means for receiving and holding
      a large supply of billets and conveyor means selectively operable to
      transport billets to said bin of the planting apparatus.
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ABST
PAL  Mechanism for planting plants in soil in standard clods, the entire
      operation being carried out without manual intervention in selected
      locations.
PAL  It comprises a vertical planting tube 1 suspended from an arm 2 carried by
      a self-propelled appliance. A mechanisms unit integral with a cage 3 can
      slide along the tube 1, controlling on one hand the opening and closing of
      the jaw 5, and, on the other hand, the compaction of the earth.
PAL  The invention can be used for transplanting any species of plant under
      difficult conditions (ground containing stones and tree stumps) or through
      plastic sheets.
BSUM
PAR  The subject of the invention is a machine for planting plants that have
      been grown in standard pots.
PAR  It is known that planting machines of the conventional type used in
      agriculture and sylviculture consist of a blade which makes a furrow in
      the ground, a mechanism for depositing plants in the bottom of the furrow,
      and a member for bringing back earth onto the roots of the plant. Such
      equipment is carried or pulled by a continuously advancing tractor.
PAR  The utilisation of such planting machines with a blade is impossible in all
      cases in which obstacles prevent a continuous furrow from being made. Thus
      tree stumps and stones in forest areas which have been levelled and which
      it is desired to replant, constitute obstacles in the path of conventional
      planting machines. Likewise, in agriculture, the presence of sheets of
      plastic material for controlling weeds, prevents planting, as is the case
      with various market garden crops, among which are strawberries.
PAR  There are manual planting tubes on the market, consisting of a hollow tube,
      of which the lower end is provided with a jaw. This latter is intended to
      facilitate the penetration of the tube into the ground, thanks to the
      angle shape it assumes when it is closed. After the tube has been driven
      onto the ground, the jaw is opened, so causing a hole of geometrical shape
      to be formed in the ground. The plant, whose roots must be held in clod of
      corresponding shape, is introduced through the hole in the tube and made
      to conform to the previously formed cavity. The consolidation of the earth
      around the plant is effected with a heel, after the planting tube has been
      extracted. The conveyance of the plants, the preparation of the hole and
      consolidation of the earth, is effected by the muscular energy of the
      operators involved. This operation procedure is suitable for land with
      obstacles, but is slow and laborious.
PAR  The object of the present invention is to overcome the disadvantages of the
      devices existing up to now by providing a planting machine for mounting on
      an agricultural tractor, capable of planting plants in selected places,
      without obstacles in or on the ground interfering with its operation.
PAR  This result is obtained, according to the invention, by mounting on the end
      of an articulated arm fixed to a tractor, a planting tube, along which a
      mechanisms unit integral with a cage can slide. The arm is operated by an
      appropriate device such as a hydraulic jack, which provides the energy
      required for the operation of the planting machine.
DRWD
PAR  An embodiment of a machine for planting plants in standard clods, in
      accordance with the invention, will be described hereafter, by way of
      non-limitative example, with reference to the accompanying drawings. In
      these drawings:
PAR  FIG. 1 is a schematic section showing the relative position of the various
      components of the planting machine in the transport position, before the
      jaw has closed.
PAR  FIG. 2 is a section showing how the energy required for consolidation is
      stored on one of the three accumulators arranged respectively at
      120.degree..
PAR  FIG. 3 details the opening process of the jaw.
PAR  FIG. 4 shows the process involved in unlocking the consolidation weights.
PAR  FIG. 5 is a perspective view of the base 4 on which the cage 3 pivots.
PAR  FIG. 6 shows the unlocking system of the movable jaw on a 1/1 scale.
PAR  The movement of the jaw 5 which causes a cavity to be formed in the ground
      and in which the plant is placed, is controlled by an assembly of
      mechanical joints and cams, assembmed in the form of a cage 3 fitted to
      the tube 1 and through which the tube can slide.
PAR  In addition, the cage 3 comprises consolidation devices 6 which apply earth
      around the plant as soon as the latter has been put into the ground.
PAR  The planting tube support on the tractor is stopped above the point where
      the plant is to be put into the ground.
PAR  After a plant has been placed in the planting tube 1, the driver lowers the
      support arm 2. The planting cage 3 comes into contact with the ground by
      its base 4 and stops there. The planting tube 1 is pushed through the cage
      3 by the support arm 2 actuated by the jack. In its descending movement,
      the tube 1, which carries a collar 7, loads the springs 8 of the
      consolidation weights 6. These weights 6 stay in the high position, the
      mechanism being locked by the catch 9.
PAR  The planting tube 1, in its closed position, penetrates into the ground and
      then, at the end of its course, an arm 10 integral with the movable jaw 5
      comes into contact with an abutment 11 carried by the cage. The jaw opens
      and the plant falls into the cavity that has been made. The movable jaw is
      locked in its open position by a nipple 12 applied by a spring 15.
PAR  The movement of the jack is then reversed. The planting tube 1 is pulled
      upward. It slides through the cage 3, its weight maintaining the latter on
      the ground. In passing, the collar 7, with which it is provided, causes
      the consolidation weights 6 to be unlocked which are then projected onto
      the ground and compact the earth around the plant.
PAR  The course of the tube 1 through the cage 3 is limited by the collar 7,
      which pulls the cage from the ground during the last phase of the
      ascending operation.
PAR  The cage, being in its maximum high position, it is possible to unlock the
      jaw 5 by actuating an electro-magnet 13, which causes the nipple 12
      holding the movable jaw 5 in position to retract. By reason of its weight,
      the latter is applied against the fixed jaw 14.
PAR  The operator feeds another plant into the tube, and moves the tractor to
      the next planting point.
PAR  The cage is provided at its lower part with an articulated base 4 which
      enables it to rock in a plane perpendicular to that of the push of the
      support arm 2. The base 4 conforms to the irregularities of the ground and
      enables the cage to to pivot in order to follow the movement of the arm 2
      and the arm 1.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A mechanism for planting plants in soil in standard clods comprising a
      cage means, a planting tube, said tube being guided by said cage means for
      vertical reciprocatory movement, a support arm adapted for connection to a
      self-propelled vehicle and being connected to said tube, said support arm
      having means to reciprocate said tube, jaw means attached to the lower end
      portion of said tube to produce a hole in soil, means for opening and
      closing asid jaw means upon reciprocation of said tube, soil compacting
      weights connected by cam means to said cage means, means for raising said
      weights when said tube descends and for releasing said weights when said
      tube ascends to compact soil about a plant inserted into said hole, said
      latter means including said cam means positioned for actuation by
      reciprocating movement of said tube.
NUM  2.
PAR  2. A mechanism according to claim 1 further comprising a collar carried by
      said tube, said collar supporting said cage means when said cage means is
      lifted off the ground.
NUM  3.
PAR  3. A mechanism according to claim 2, wherein said means for raising and
      releasing said weights is actuated by said collar during reciprocating
      movement of said tube.
NUM  4.
PAR  4. A mechanism according to claim 1 further comprising spring means
      connected to said weights and to said cage means, said spring means being
      stretched by said means for raising said weights when said tube descends
      and being released by said means for releasing said weights when said tube
      ascends, whereby said weights are propelled to compact the soil around the
      plant.
NUM  5.
PAR  5. A mechanism according to claim 1 wherein said jaw means comprise a fixed
      jaw and a movable jaw having an integrally attached arm, said attached arm
      pivotably connected to said fixed jaw, whereby said movable jaw opens as
      said attached arm contacts an adjustable abutment attached to said cage
      means when said jaw means nears the end of its descent into soil.
NUM  6.
PAR  6. A mehcanism according to claim 5 including a locking mechanism carried
      by said attached arm for locking said movable jaw in an open position when
      said tube begins its ascent.
NUM  7.
PAR  7. A mechanism according to claim 6 including means for closing said
      movable jaw when said tube is at a height sufficiently above that of the
      plant to prevent damaging the plant.
NUM  8.
PAR  8. A mechanism according to claim 1 wherein said cage means is pivotably
      connected to a base by a pin which is perpendicular to the plane of action
      of said tube and said support arm.
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ABST
PAL  A carriage-mounted sewing machine with special stitch forming means and an
      advance power trimmer are driven as a unit along the rails of a railway
      sewing machine bed by operation of the sewing machine motor and a unique
      clutch arrangement coupled with the carriage train drive for the railway
      bed. The stitching mechanism features an improved looper arrangement
      whereby precisely the necessary degree of slack is produced in the butt
      seam stitches to enable the spliced carpet sections to "butt out"
      perfectly without a gap and without overlapping at the butt seam or
      buckling. A specialized presser foot and throat plate arrangement allows
      the butt seaming of carpet sections up to two inches in total thickness.
      Carpet scrap is reduced to a minimum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The formation of a neat, secure and practically invisible seam or splice
      between two sections or rolls of modern-day wide gage carpet has been a
      formidable problem for quite some time in the industry. The older method
      for seaming carpet sections with a lap seam causes two joined carpet edges
      to protrude at about 90.degree. from the carpet plane, and in addition to
      being unsightly causes difficulties in a shearing machine in that the
      machine must be stopped and its blades elevated so that the spliced carpet
      may be advanced with its protruding seam beyond the shearing blades. The
      customary lap seam causes at least a 12 inch waste strip on a 15 foot wide
      carpet roll, and a similar wastage will occur with the carpet printing
      operation. The carpet industry for a long time has wasted thousands of
      dollars daily because of the customary lap seaming of carpeting.
PAR  In awareness of the above industry problem, some prior art proposals have
      been brought forth with the objective of forming butt seams between carpet
      edges which require joining and some examples of the known patented prior
      art for this purpose are contained in U.S. Pat. Nos. 2,655,885 and
      3,440,981. So-called railway sewing machines of more general utility are
      also known in the prior art.
PAR  In general, the prior art proposals for producing butt seams or splices
      between carpet sections have not been entirely satisfactory and practical
      for several reasons. Among these reasons is the inability of conventional
      sewing machines to handle the large thicknesses of modern-day pile
      carpeting where two superposed sections to be joined will measure up to 2
      inches in thickness. Also, the prior art machines customarily can handle
      only a single thickness or gage of much less than the above-specified
      total thickness which the machine of the present invention can easily
      handle. In the invention, a novel presser foot and throat plate structure
      is provided to deal with this thickness problem and works with great
      efficiency.
PAR  More importantly, the prior art machines seem to be incapable through their
      stitch-forming mechanisms to consistently form a butt seam with precisely
      the required slack in the stitches to eliminate gapping between the two
      carpet sections or overlapping the buckling at the seam as when
      insufficient slack is present in the stitching. By means of an improved
      and very efficient sewing head involving a novel looper arrangement, and
      increased sewing needle stroke, the machine of the invention has been
      enabled to form consistently and reliably an ideal butt seam or splice
      between wide carpet sections which is almost perfectly uniform across the
      full width of wide gage carpet, up to fifteen feet and more. More
      particularly, a novel extension finger on one of the two loopers of the
      stitch-forming mechanism assures the formation of precisely the proper
      amount of slack in the thread from which the butt seam stitches are
      formed, thus enabling the two joined carpet sections to "butt out" in the
      desired manner after formation of the seam and the unfolding of the two
      carpet sections into a common plane. The butt seam produced by means of
      the invention can be made virtually invisible and certainly far superior
      in appearance as well as durability and consistency to anything heretofore
      known in the industry.
PAR  Another very important improvement feature over the prior art in the
      present machine is the pivotal mounting of the sewing machine or head and
      the powered carpet trimmer immediately in advance of the sewing head on
      the carriage which supports both. This pivotal mounting of sewing machine
      and trimmer on right angular pivot axes enables a mechanic to easily gain
      access to the sewing head for making repairs without the necessity for
      removing the machine from the carriage or railway bed. This represents
      another significant saving of labor and time.
PAR  Still another important feature of the invention resides in the mated
      arrangement of the power trimmer and sewing machine on the common carriage
      in such a way that the trimmer produces a perfectly straight edge on the
      carpet sections immediately ahead of the stitching operation, with the
      scrap trimmings falling to the floor prior to the entry of the carpet
      sections into the stitch forming mechanism. Carpet scrap or waste is
      reduced to the absolute minimum by means of the invention.
PAR  Another significant feature of the invention resides in the use of an
      electric clutch between the driving sprocket for the carriage and the gear
      speed reducer coupled with the sewing machine drive motor. By this
      arrangement, the clutch will be energized only when the electric drive
      motor is energized so as to propel the carriage carrying the sewing
      machine and trimmer along the railway bed through the engagement of the
      carriage drive sprocket and a fixed length of sprocket chain which spans
      the railway bed lengthwise. When the sewing machine motor is off, the
      electric clutch becomes inactive and thus allows the carriage to be
      wheeled manually anywhere along the track of the railway frame, the drive
      sprocket for the carriage merely free-wheeling at this time.
PAR  Other important features and advantages of the invention will become
      apparent during the course of the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING FIGURES
PAR  FIG. 1 is a perspective view of a carpet butt seam forming machine
      embodying the invention.
PAR  FIG. 2 is an end elevational view thereof, partly in section, to show more
      clearly an air-operated carpet clamping means.
PAR  FIG. 3 is an enlarged transverse vertical section through the machine taken
      substantially on line 3--3 of FIG. 1.
PAR  FIG. 4 is a vertical section taken on line 4--4 of FIG. 3.
PAR  FIG. 5 is a bottom plan view of the carriage and other mechanism in FIG. 4.
PAR  FIG. 6 is a perspective view of an improved arrangement of presser foot and
      throat plate utilized on the sewing machine.
PAR  FIGS. 7 to 13, inclusive, are sequential views showing the step-by-step
      formation of stitching with proper slack to produce a butt joint between
      carpet sections which will butt out properly.
PAR  FIG. 14 is a fragmentary perspective view of two superposed carpet sections
      and the butt seaming of stitching formed by the machine and still being
      formed by the cooperating needle and looper mechanism.
PAR  FIG. 15 is a further perspective view of the superposed carpet sections
      viewed at their leading edges after completion of the stitching and prior
      to the butting out of the seam or joint.
PAR  FIG. 16 is a perspective view of the finished butt seam after swinging of
      the spliced carpet sections into a common plane in the butting out
      operation.
PAR  FIG. 17 is a schematic end elevational view showing the joining of the ends
      of old and new carpet rolls by the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail wherein like numerals designate like
      parts, and referring initially to FIGS. 1 through 6, a railway sewing
      machine frame or base 20 includes two parallel elevated side rails 21,
      each supporting a carriage guide track 22 along the inner side and bottom
      thereof, and extending continuously for the length of the railway bed, or
      frame.
PAR  At one side of the railway frame, a power-operated carpet clamping bar 23
      extends coextensively with and parallel to the adjacent frame rail 21.
      This clamping bar 23 is guided for vertical movement by end vertical
      guideways 24 on the frame 20 and rigid therewith. The ends of clamp bar 23
      are secured to piston rods 25 of air cylinder raising and lowering units
      26 also located at the ends of the frame 20, and having conventional
      controls to coordinate their operation so that the clamp bar at proper
      times may be raised to a non-clamping position or lowered to an active
      clamping position, both positions being shown in FIG. 2 is broken and full
      lines, respectively. The clamping bar always remains parallel to the
      underlying rail 21 which forms the other element of the carpet bar
      clamping means along one side of the machine.
PAR  A carriage plate 27 forming the movable support of a sewing machine and
      trimmer, yet to be described, has paired vertical and horizontal guide
      rollers 28 and 29 at its four corners rollingly engaging horizontal and
      vertical flanges of the parallel guide tracks 22, whereby the carriage
      plate is accurately guided in its movement along the railway frame 20.
PAR  A modified sewing machine 30 and a power trimmer 31 are bodily mounted on
      carriage plate 27 to travel therewith, with the trimmer 31 immediately
      ahead of the sewing machine, FIG. 1, with reference to the forward
      direction of movement of the carriage during the carpet butt seaming
      operation, as indicated by the arrow in FIG. 1.
PAR  The trimmer 31 has a vertical trimming blade 32 whose lower edge projects
      somewhat below the top edge of the adjacent rail 21, FIG. 4, to enable the
      rotary trimming blade to cut through two thick layers of carpet 33 and 34
      while the same are being firmly gripped by the clamp bar 23. The trimmer
      unit has an independent electric drive motor 35 to power the horizontal
      drive shaft 36 of circular blade 32. As shown in the drawings, this
      trimmer blade operates in a vertical plane slightly inwardly of the sewing
      maching needle so as to trim off narrow strips of excess carpeting from
      the two layers 33 and 34, just ahead of the stitching operation as the
      carriage is moving along the railway tracks. A minimum of carpet waste is
      entailed and the sewing machine need not be stopped in its operation until
      the two carpet sections are completely spliced or butt seamed along their
      entire widths. It will be appreciated that the carpet sections 33 and 34
      are respectively attached to old or nearly exhausted and new carpet rolls
      37 and 38 in the practical operation of the machine, as schematically
      shown in FIG. 17.
PAR  The trimmer blade 32 has an upper guard 39 for safety and the lower edge of
      the blade projects through a slotted horizontal plate 40 forming a
      customary part of the power trimmer.
PAR  To assist a mechanic in repairing the equipment without the necessity for
      removing the sewing machine 30 from the carriage plate 27, both the
      trimmer 31 and sewing machine are pivotally mounted to the carriage plate
      on pivot axes which extend at right angles to each other. Referring to
      FIG. 4, the trimmer unit 31 including its motor is secured fixedly to the
      tops of a spaced pair of U-shaped hinge arms 41 which extend in vertical
      planes around the forward edge of carriage plate 27 and are pivotally
      secured to the lower side of the carriage plate near its leading edge, as
      indicated at 42 in the drawings. The pivot or hinge axis for the trimmer
      31, therefore, extends transversely of the carriage guide tracks 42. In
      FIG. 4, the trimmer 31 is shown in broken lines in the non-use position
      away from the sewing machine 30 to clear the area around the sewing
      machine for service work. The trimmer is shown in the active use position
      in full lines in FIG. 4.
PAR  In a similar manner, the base 43 of the sewing machine 30 has its rear end
      hinged or pivoted at 44 to the carriage plate 27 on an axis extending
      longitudinally of the track 22 and at right angles to the pivotal axis 42
      of trimmer 31. This mounting enables the sewing machine 30 to be swung
      upwardly for servicing without removing it from the carriage, as shown in
      broken lines in FIG. 3. The arrangement is simple and reliable and saves
      considerable time and labor particularly when minor repairs or adjustments
      of the equipment are needed, and it is desired not to shut down the entire
      machine for any appreciable time.
PAR  The sewing machine stitching means, yet to be described, is powered by an
      electric motor 45 suitably mounted on the bottom of the carriage plate 27
      and this motor also serves to propel the carriage plate along the railway
      frame 20 during carpet butt seaming operations. The shaft of the motor 45
      extends transversely of the tracks 22 and the rearward end of the motor
      shaft 46 is connected with a belt transmission means 47 which extends
      upwardly through a slot 48 in carriage plate 27 and is coupled with the
      sewing machine drive shaft 49. The motor shaft 46 also powers a second
      belt transmission means 50 just inwardly of the means 47, and the belt
      means 50 extends forwardly of the motor 45 and is coupled to the input
      shaft 51 of a gear speed reducer 52, also secured to the bottom of
      carriage plate 27. The two shafts 46 and 51 are parallel and at right
      angles to the tracks 22.
PAR  The output shaft 53 of speed reducer 52 is connected through a U-joint 54
      with an electric clutch 55 which, when energized, transmits power from the
      shaft 53 to a driving sprocket gear 56 for the carriage plate 27. The
      driving sprocket gear 56 engages the bottom of a length of sprocket chain
      57 extending along one side of the railway frame 20 with its opposite ends
      attached to the ends of the frame 20. Thus, the length of chain 57 is a
      stationary element in the drive system for the carriage plate 27. A pair
      of idler sprocket gears 58 close to and on opposite sides of the driving
      sprocket gear 56 engage the top of sprocket chain 57 to maintain a rolling
      slack loop 59 therein as the carriage moves lengthwise of the frame 20.
      The three sprocket gears 56 and 58 are bodily mounted on the carriage
      plate 27 so that they may travel along the chain. A bracket means 60 is
      provided on the carriage, FIG. 5, for the support of the idler sprocket
      gears 58 on a pair of short stub shafts 61, as shown.
PAR  Whenever the motor 45 is energized to operate the sewing machine, the
      electric clutch 55 will also be energized so that the sprocket gear 56
      will be driven by the motor to advance the carriage plate 27 on the tracks
      22 in the direction of the arrow in FIG. 1 during a carpet butt seaming
      operation.
PAR  When the motor 45 is turned off, the clutch 55 will be de-energized, thus
      rendering sprocket gear 56 free-wheeling. This allows the carriage plate
      with the sewing machine and trimmer to be returned manually to the
      upstream end of the railway frame prior to the start of a new seaming
      operation and allows the carriage plate to be moved freely to any position
      on the tracks 22 without interference from the sprocket gearing which is
      free-wheeling, as stated.
PAR  As shown in FIG. 1, a control post 62 on the carriage plate 27 mounts a
      pair of on and off switches 63 for the two motors 45 and 35 of the sewing
      machine and trimmer, respectively.
PAR  As previously mentioned, a modified conventional sewing machine is utilized
      for the stitching of the thick carpet layers which may have a total
      thickness of two inches. The machine has been modified to provide the
      necessary increased needle stroke and looper movement to perform the
      necessary operations. Additionally, the customary feed dog means of the
      sewing machine has been removed, inasmuch as the machine is propelled on
      the railway track support or frame 20 relative to the carpet which is held
      by the described clamping means. Therefore, there is no necessity for a
      feed dog.
PAR  Additionally, as shown in FIG. 6 and elsewhere in the drawings, a modified
      sewing machine throat plate 64 is provided in the invention having an
      upstanding abutment 65 to engage and position the trimmed edge of the
      carpeting as the sewing machine moves therealong with the carriage plate
      27. Similarly, a modified large sheet metal presser foot 66 is employed to
      accommodate large carpet thicknesses, and the presser foot includes an
      adjustable downturned lip or flange 67 in spaced opposed relation to the
      abutment 65 and traveling along the trimmed edge of the carpet layers 33
      and 34 during the butt seaming operation.
PAR  The modified and improved stitch forming means of the sewing machine shown
      particularly in FIGS. 7 through 13 of the drawings forms a very important
      and critical feature of the invention, in that the arrangement allows the
      machine to form butt seam stitching unfailingly with a precisely
      controlled amount of slack in the stitching which permits the proper
      "butting out" of the carpet illustrated in FIG. 16 without an unsightly
      gap or buckling or overlapping which would occur if too much or too little
      slack were allowed in the stitching.
PAR  More particularly, the improved stitching mechanism comprises the usual
      reciprocating machine needle 68 by means of which the primary
      stitch-forming thread 69 is carried through the superposed carpet layers
      33 and 34 to be joined with a butt seam, as shown in FIG. 16. A first
      looper 70 on a rocker shaft 71 in the base of the sewing machine 30
      cooperates with the needle 68 in a known manner to carry a second thread
      72 into interlocking relation with the primary thread 69 as shown in
      sequence views FIGS. 7 through 13. FIGS. 14 and 15 also picture the
      interlocking of the two threads 69 and 72 in the stitching forming the
      carpet butt seam. A cooperating large looper 73 on an independent rocker
      shaft 74 in the base of the sewing machine oscillates in timed relation
      with the looper 70 in the formation of the interlocking stitching
      according to a general mode of operation which is well-known in the art
      and graphically illustrated in the drawings with clarity, and therefore
      need not be described in great detail.
PAR  In the invention, however, the looper 73 carries a unique and critical
      longitudinal finger attachment 75, which is the key element in the
      formation of the required slack in the stitching to allow the proper
      butting out of the carpet seam in FIG. 16.
PAR  The preliminary conventional steps of the stitch formation are shown in
      FIGS. 7 through 12 where initially the needle carrying the primary thread
      69 and the looper 70 with secondary thread 72 coact as illustrated. In
      FIGS. 7 and 8, the needle 68 carries the thread 69 through the two carpet
      layers 33 and 34 and produces a thread loop below the carpet layers.
      Substantially simultaneously in FIGS. 8, 9 and 10, the looper 70 carries
      the secondary thread 72 through the loop of the thread 69 beneath the
      carpet and carries the loop formed in the thread 72 well beyond the
      trimmed edges of the two carpet layers.
PAR  Following this, in FIGS. 11, 12 and 13, the second looper 73 by means of
      its forked end 76, a conventional feature, picks up the loop in thread 72
      as the looper 70 is retracted, and carries this loop around the trimmed
      edges 77 of the carpet layers as clearly depicted in FIG. 13. On the next
      down stroke of the needle 68, FIGS. 13 and 14, the thread 69, when being
      passed through the carpet layers, will cause a repetitive interlocking of
      the thread 69 with the bights 78 of the loops in the thread 72. It may be
      mentioned here that the far side of FIG. 14 represents the trimmed carpet
      edges 77 around which the loops of thread 72 are drawn by the looper 73,
      and the near side of FIG. 14 shows the carpet layers cut off at the plane
      of the loops in thread 69 where these loops pass through the carpeting and
      are interlocked at the bottom of the two carpet layers with the thread 72.
      Again, as thus far described, the formation of the stitching is largely
      conventional except for the modifications of the sewing machine to permit
      increased needle and looper strokes necessary to accommodate thick
      carpeting.
PAR  The critical and necessary action of the finger 75 takes place in FIGS. 12
      and 13 to provide the previously mentioned precise amount of slack in the
      stitching thread 69 to allow the proper butting out of the splice when the
      joined carpet sections 33 and 34 are unfolded, as shown in FIG. 16, with
      their pile faces downwardly and the butt seam stitches of the thread 69
      facing upwardly through the carpet backing material. As shown particularly
      in FIG. 13, this required slack in the thread 69 is developed during each
      descent of the needle 68 after its first descent through the carpet in
      FIGS. 7 and 8. During each following descent of the needle, FIG. 13, the
      thread 69 carried by the eye of the needle is pulled across the top of the
      finger 75 thus creating the extra slack in the thread or yarn 69 as the
      looper 73 is withdrawn toward its original position. This extra slack
      formed by the action of the finger 75 is very essential in assuring the
      proper butting out of the splice between the two carpet sections, as
      discussed previously.
PAR  When the butt seaming operation progresses in the described manner across
      the full width of the two carpet layers while they are clamped in the
      machine, the sewing machine and trimmer are turned off and this
      deactivates the clutch 55 and the clamp bar 23 is deactivated and raised
      to release the spliced carpet layers which would now appear as in FIG. 15.
      The two layers are now unfolded into a flat plane which is the butting out
      operation referred to above and the product will then appear as in FIG.
      16. FIG. 17 merely shows schematically the relationship of an old or
      nearly spent carpet roll 37 relative to a fresh roll 38 with which it is
      being spliced or butt seamed by means of the invention. In FIG. 17, the
      carpet backing layers are face-to-face and the carpet piles are outermost,
      as in FIG. 15 and FIGS. 7 through 14.
PAR  Another feature which should be emphasized is the arrangement whereby the
      trimmer blade 32 traveling on the frame 20 immediately ahead of the
      stitch-forming means removes the carpet scrap cleanly and allows it to
      fall on the floor so as to avoid any possible entanglement with the
      stitch-forming means. Also the trimmer blade is arranged as close as
      possible to the vertical plane of the sewing machine needle, as indicated
      by the phantom lines 32 in FIG. 7 and also in FIG. 3, in the interest of
      reducing the carpet scrap and wastage to an absolute minimum.
PAR  It is to be understood that the form of the invention herein shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for butt seaming two carpet sections comprising a horizontal
      railway sewing machine frame including spaced parallel frame sides, a
      vertically movable power operated carpet clamping bar arranged above and
      extending lengthwise of one frame side for clamping superposed carpet
      sections in fixed relationship at the top of said frame, a pair of
      parallel longitudinal tracks on said frame sides below the tops of the
      frame sides and substantially coextensive lengthwise therewith, a carriage
      plate having opposite side guide rollers disposed between the frame sides
      with the guide rollers engaging and supported by said tracks, a sewing
      machine mounted bodily on the carriage plate between the frame sides and
      extending transversely of the frame sides and tracks with its sewing head
      facing one frame side and clamping bar and being approximately at the
      elevation of the top of said frame, said sewing machine pivoted to the
      carriage plate on a pivot axis parallel to said tracks whereby the sewing
      machine may be rocked upwardly on its pivot and rearwardly away from said
      clamping bar and the underlying frame side, a power driven rotary carpet
      edge trimmer on the carriage plate closely in advance of the sewing
      machine and having a transverse horizontal axis cutter blade operating in
      a vertical plane and spaced slightly laterally inwardly of the sewing head
      needle means with reference to said clamping bar, said trimmer pivoted to
      the leading portion of said carriage plate on a pivot axis transverse to
      said tracks and substantially at right angles to the pivot axis of said
      sewing machine, a sewing machine drive motor secured to the bottom of the
      carriage plate and having transmission gearing operatively connected to
      the sewing machine above said plate, a length of sprocket chain disposed
      at an elevation below the carriage plate and said tracks and extending
      lengthwise of said frame with its ends attached to the opposite frame
      ends, said chain arranged near the frame side having said clamping bar
      above it, a carriage driving sprocket gear engaged with said chain and
      operable to propel said carriage plate, sewing machine and trimmer along
      said tracks, and an electric clutch means coupled between said driving
      sprocket gear and said sewing machine drive motor whereby said sprocket
      gear is powered by said clutch means only when said drive motor is
      energized and is free-wheeling when the motor and clutch means are
      de-energized.
NUM  2.
PAR  2. A machine as defined by claim 1, and said sewing machine having a throat
      plate provided with an upstanding abutment engageable with the trimmed
      carpet edge, and a cooperating presser foot having a dependent flange
      above and in alignment with said abutment to also engage said trimmed
      edge.
NUM  3.
PAR  3. A machine for butt seaming carpet sections comprising a railway sewing
      machine frame, power-operated carpet clamping means extending along one
      side of the frame, a carriage structure mounted for longitudinal movement
      on said frame, stitch forming means and carpet edge trimming means on the
      carriage structure to move therewith with the trimming means in advance of
      the stitch forming means, a drive motor for the stitch forming means on
      the bottom of the carriage structure and drivingly coupled with the stitch
      forming means, transmission means on the bottom of the carriage structure
      coupled with said drive motor and including an electric clutch,
      cooperative drive gearing for the carriage structure on the frame and
      carriage structure including a rotary drive element on the carriage
      structure coupled to said clutch and driven through the clutch when the
      latter and the drive motor are energized and being free-wheeling when the
      clutch and motor are de-energized to allow free manual shifting of the
      carriage structure on said frame in any direction, said stitch forming
      means comprising a vertically reciprocating needle for carrying a primary
      thread through superposed carpet sections, a cooperating presser foot and
      throat plate between which the carpet sections are held by the clamping
      means during a butt seaming operation and each having a vertical edge
      abutment following the trimmed edges of the carpet sections during butt
      seaming, a pair of cooperating loopers mounted for timed oscillatory
      movement below said throat plate, one looper carrying a secondary thread
      which interlocks with the primary thread during the butt seaming
      operation, the other looper adapted to engage secondary thread during
      retraction of said one looper and to carry loops of the secondary thread
      around the trimmed edges of the carpet sections, and a finger extension on
      the top of said other looper and moving therewith into the path of descent
      of said needle, whereby and primary thread carried by the needle is caused
      to pass over said finger extension transversely during the interlocking
      stitch formation, the finger extension forming extra slack in the primary
      thread at the points where such thread passes over the finger extension
      and said extra slack allowing the butt seam carpet sections to butt out
      properly upon completion of the seaming operation.
NUM  4.
PAR  4. A machine as defined in claim 3, and said finger extension comprising an
      elongated element attached to the top arm of said other looper in closely
      spaced parallel relation to the top arm and extending slightly ahead of
      the forked tip of the top arm whereby the primary thread will unfailingly
      pass over the top of the finger extension.
PATN
WKU  039438651
SRC  5
APN  0173126
APT  1
ART  353
APD  19700306
TTL  Controlled delivery of yarn
ISD  19760316
NCL  5
ECL  1
EXP  Schroeder; Werner H.
NDR  4
NFG  9
INVT
NAM  Short; Joe T.
CTY  West Point
STA  GA
INVT
NAM  Knight, Jr.; Lee H.
CTY  Savannah
STA  GA
INVT
NAM  Frentress; Zane
CTY  Chamblee
STA  GA
INVT
NAM  Boteler; Winston C.
CTY  Atlanta
STA  GA
ASSG
NAM  Deering Milliken Research Corporation
CTY  Spartanburg
STA  SC
COD  02
RLAP
COD  71
APN  798846
APD  19681223
PSC  03
RLAP
COD  81
APN  535640
APD  19660307
PSC  03
CLAS
OCL  112 79R
EDF  2
ICL  D05C 1518
ICL  D05C 1532
FSC  112
FSS  79 R;79 A;266;410
FSC   66
FSS  132;84;86 A
FSC  318
FSS  138
FSC  310
FSS  49
UREF
PNO  2784689
ISD  19570300
NAM  MacCaffray, Jr.
OCL  112 79A
UREF
PNO  2932181
ISD  19600400
NAM  MacCaffray, Jr.
XCL  112 79A
UREF
PNO  2940405
ISD  19600600
NAM  Parlin
OCL  112 79A
UREF
PNO  3001388
ISD  19610900
NAM  MacCaffray, Jr.
XCL  112 79A
UREF
PNO  3016029
ISD  19620100
NAM  Card
OCL  112 79A
UREF
PNO  3089442
ISD  19630500
NAM  Short
OCL  112 79R
UREF
PNO  3203378
ISD  19650800
NAM  Dedmon
OCL  112 79R
UREF
PNO  3241017
ISD  19660300
NAM  Madsen et al.
OCL  318138
UREF
PNO  3247815
ISD  19660400
NAM  Polevitzky
OCL  112 79R
UREF
PNO  3327499
ISD  19670600
NAM  Schmidt et al.
OCL  112 79R
LREP
FR2  Wilburn, Jr.; Luke J.
FR2  Petry; H. William
ABST
PAL  A method and apparatus for use in a tufting operation to advance variable
      yarn lengths toward the needles of a tufting machine for the formation of
      tufted pile loops having lengths varied in accordance with a predetermined
      pattern.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of our copending application, Ser. No. 798,846 filed
      Dec. 23, 1968, now abandoned, which is itself a continuation of our
      previous application Ser. No. 535,640 filed Mar. 7, 1966, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  1. Field of the Invention:
PAR  THIS INVENTION RELATES TO YARN FEEDING AND, MORE PARTICULARLY TO THE
      CONTROLLED DELIVERY OF YARN FROM A YARN SOURCE TO A FEEDING MEANS SUCH AS
      A NEEDLE.
PAR  2. Description of the Prior Art:
PAR  There is a wide variety of products which are formed by feeding one or more
      lengths of yarn through a backing material. Usually, each length of yarn
      is fed through the backing material by successive movements of a needle or
      similar device and in many of these products it is desired that each
      length of yarn fed through the backing material be varied in a
      predetermined manner with successive movements of the needle or similar
      device. Typical of products of this type are tufted fabrics in which loops
      of yarn define a pattern.
PAR  It is to the production of products such as tufted fabrics that the
      invention disclosed herein is ideally suited. This is because such
      products characteristically require that the lengths of yarn fed through a
      backing material be delivered to a needle or similar device in a
      controlled manner in order to provide loops of yarn of a selected height
      or of a plurality of selected heights and because such yarn length control
      has not been satisfactorily provided by the prior art.
PAR  For example, loop length control in the prior art has generally been
      achieved by controlling the length of yarn delivered to a needle
      throughout each stitching cycle of a tufting machine. Since the length of
      yarn which must be delivered throughout a stitching cycle for a loop of
      yarn of relatively low height is less than the length of yarn which must
      be delivered throughout s stitching cycle for a loop of yarn of greater
      height, the yarn is usually delivered at different yarn delivery rates to
      a needle during successive stitching cycles.
PAR  In the prior art, this change in yarn delivery rate from one stitching
      cycle to the next is generally not well defined and causes a pattern
      formed by loops of yarn of varying height to be poorly defined. Moreover,
      this change in yarn delivery rate from one stitching cycle to the next
      places the yarn during successive stitching cycles under varying degrees
      of tension. With yarn having a relatively high degree of elasticity, these
      varying degrees of tension, in the relatively long lengths of yarn which
      characterize yarn length control in the prior art, result in slackening
      and tightening of the lengths of yarn and in conditions such as bowstring
      vibrations in the lengths of yarn, friction between adjacent lengths of
      yarn, frequent entanglement of adjacent lengths of yarn, and where fluid
      pressure is being used to feed the lengths of yarn, variations in the
      amount of fluid pressure required to feed the yarn. When any of these
      conditions exists in the delivery of yarn, it is difficult to avoid
      frequent yarn breakage or to prevent one loop of yarn from having
      different characteristics from another loop of yarn.
PAR  It is also characteristic of yarn length control in the prior art for the
      length of yarn delivered to a needle for forming a loop of yarn of a
      particular height to include not only that length of yarn required for the
      loop of yarn but also that length of yarn required for a back stitch.
      Thus, the change in yarn delivery rate from one stitching cycle to the
      next which is generally characteristic of yarn length control in the prior
      art also results in those particular lengths of yarn required for the
      formation of back stitches being delivered over varying portions of the
      stitching cycles, each portion being dependent upon yarn delivery rate.
      The formation of back stitches can be more uniform if the particular
      length of yarn required for a back stitch is delivered to a needle during
      that portion of each stitching cycle in which back stitches are formed.
      Such uniformity is difficult to achieve where backstitch lengths of yarn,
      as in the prior art, are delivered during the loop forming portions of the
      stitching cycles.
PAR  Moreover, the failure of yarn length control in the prior art to deliver a
      particular length of yarn, such as the length of yarn required for a back
      stitch, during a particular portion of a stitching cycle, rather than
      during the entire stitching cycle, makes that coordination between needle
      motion and the delivery of a length of yarn which is necessary for the
      formation of floats on the back of a tufted fabric difficult to achieve.
      Either a failure to achieve this coordination or the lack of back stitch
      uniformity frequently encountered in the prior art will serve to cause a
      lack of uniformity in loops of yarn and poor pattern definition.
PAR  Yarn length control in the prior art is not only characterized by the
      foregoing and other difficulties in controlling the length of yarn
      delivered to a needle, but it is also frequently characterized by
      limitations in the variations in the lengths of yarn which can be obtained
      and in the speed at which they can be obtained. These limitations in turn
      limit the variety of patterns which can be obtained for a tufted fabric
      and the speed at which a tufting machine may be operated.
PAR  Where these limitations have been individually avoided in the prior art,
      they have been avoided only by the use of apparatus in which the means for
      delivering the varying lengths of yarn required for a pattern is difficult
      and expensive to manufacture and maintain. Moreover, almost all apparatus
      required for yarn length control in the prior art have caused expensive
      down time of a tufting machine when a change in pattern is desired.
PAC  SUMMARY OF THE INVENTION:
PAR  The invention disclosed herein overcomes these and other difficulties and
      limitations encountered in the prior art in the delivery of yarn to a
      needle as a result of one or more of the following features of the
      invention. The invention may deliver in an improved manner yarn at a
      constant yarn delivery rate to the needle and with the length of yarn
      delivered during each stitching cycle being determined by the length of
      time during the stitching cycle that the yarn is being delivered rather
      than by the yarn delivery rate at which the yarn is being delivered. In
      addition, the invention provides for the delivery during selected portions
      of selected stitching cycles of a controlled length of yarn for a back
      stitch and a separate controlled length of yarn for one or more loops of
      yarn. Moreover, the invention may advance yarn increments of uniform
      length varying the number of increments advanced in successive cycles to
      selectively vary the length of different loops in accordance with a
      predetermined pattern.
PAR  Since the invention may deliver yarn at a constant yarn delivery rate to a
      needle regardless of the amount of yarn to be delivered, the different
      lengths are delivered under the same tension. Moreover, the invention may
      be readily practiced with or embodied in apparatus which delivers a length
      of yarn to a needle from a point relatively close to the needle. Thus,
      even with yarn having a relatively high degree of elasticity, the
      slackening and tightening in the lengths of yarn and the resulting
      bowstring vibrations in the lengths of yarn, friction between adjacent
      lengths of yarn, the entanglement of adjacent lengths of yarn which have
      characterized the prior art are effectively eliminated. The absence of
      slackening and tightening in the lengths of yarn also makes the invention
      ideally suited to the feeding of yarn through a needle by the flow of a
      fluid.
PAR  Moreover, where loops of yarn of varying height are used to form a pattern,
      the control over the length of yarn delivered to each needle during each
      stitching cycle which is provided by varying the duration of yarn delivery
      results in a pattern definition which is superior to that obtained in the
      prior art. Similarly, the control provided by the invention over the
      length of yarn delivered to each needle during each stitching cycle
      provides a back stitch uniformity not possible in the prior art. This is
      because the lengths of yarn required for the forming of back stitches may
      be readily delivered during that portion of each stitching cycle in which
      back stitches are formed rather than during varying portions of a
      stitching cycle as in the prior art. This control over the delivery of
      lengths of yarn also provides for the delivery of a length of yarn during
      that portion of a stitching cycle required for that coordination between
      needle motion and the delivery of a length of yarn which is necessary for
      the forming of floats on the back of a tufted fabric.
PAR  In addition to these and other advantages with respect to the precise
      control of lengths of yarn, the invention provides this control at
      substantially any practical tufting machine speed of operation and in a
      manner which permits the almost instantaneous changing of patterns defined
      by various lengths of yarn. Thus, the invention substantially eliminates
      the limitation on tufting machine speed and the expensive down time of a
      tufting machine which have characterized yarn length control in the prior
      art. Furthermore, patterns are provided by the invention in a manner which
      permits an almost unlimited variety of patterns, each of which is
      relatively inexpensive to establish and maintain. This is because every
      length of yarn can be independently controlled over the entire width of a
      tufted fabric and over substantially any practical length of a tufted
      fabric with a compact and relatively inexpensive pattern means. Further,
      subtle pattern variations may easily be established by delivery of
      variable numbers of short, uniform increments of yarn.
PAR  These and other improvements in the delivery of yarn for yarn length
      control are disclosed herein in terms of a yarn delivery apparatus
      including a delivery means having a plurality of yarn advancing means,
      such as feed roller means, mounted at fixed feeding stations along the
      respective yarns. Each of said yarn advancing means delivers yarn to a
      needle, preferably by intermittant operation and at a substantially
      constant yarn delivery rate. The delivery means also includes a plurality
      of separate driving means for respectively driving said advancing means.
      The duration of time during which the driving means operates determines
      the length of yarn delivered to the needle. The yarn delivery apparatus
      also includes a control means for varying the duration of time during
      which the driving means operates over a wide range in order to provide for
      a wide range of yarn lengths and where desired, to provide for a plurality
      of separate lengths of yarn, such as those for a back stitch and a loop of
      yarn, during each stitching cycle. Thus, the driving means is operable to
      drive the feed roller means through successive time intervals to advance
      successive increments of yarn with the control means being operable to
      vary the number of said time intervals per cycle during which increments
      of yarn are fed to form different loops.
PAR  The aforestated difficulties in the art are also alleviated by the
      utilization of a novel method of yarn delivery encompassed by this
      invention. In this method a feeding force is applied to individual yarns
      through successive time intervals to advance successive increments of
      yarn. The method further includes the step of selectively varying the
      number of said time intervals during a tufting cycle during which
      different lengths of yarn are fed to some different ones of said tufted
      loops to thereby vary the relative lengths of the different loops in
      accordance with a predetermined pattern. Preferably such increments of
      yarn are of a uniform length to facilitate the utilization of pattern
      control means for providing widely varied tufted patterns.
PAR  Numerous other features and advantages of the present invention will be
      apparent from consideration of the specification, taken in conjunction
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  FIG. 1 is a schematic presentation of a tufting machine having an
      embodiment of the delivery means mounted thereon;
PAR  FIG. 2 is an enlarged view of the embodiment of the delivery means shown in
      FIG. 1;
PAR  FIG. 3 is a sectional view of that embodiment of the delivery means shown
      in FIG. 2 taken in line 3--3 in FIG. 2;
PAR  FIG. 4 is a block diagram of an embodiment of the yarn delivery apparatus
      with a tufting machine and patchboard and with the prepraration of a
      tufted fabric pattern for input to the control means represented;
PAR  FIG. 5 is a block diagram of an embodiment of the yarn delivery apparatus;
PAR  FIG. 6 is a schematic diagram of the machine responsive portion of the
      control means;
PAR  FIG. 7 is a schematic diagram of one of the pulse generating units in the
      output portion of the control means;
PAR  FIG. 8 is a schematic diagram of the selector portion of the control means;
      and,
PAR  FIG. 9 is a schematic diagram of the yarn delivery means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  These figures and the following detailed description disclose a specific
      embodiment of the invention but the invention is not limited to the
      details disclosed since it may be embodied in other equivalent forms.
PAR  The invention in yarn length control disclosed herein is particularly well
      adapted to controlling the delivery of yarn to the plurality of needles
      used in the production of tufted fabrics. Moreover, it is particularly
      well adapted to the production of tufted fabrics by tufting machines using
      a plurality of hollow needles which pierce a backing material and through
      which yarn is fed by the flow of a fluid such as air. This is because the
      control of the length of yarn delivered to each hollow needle effectively
      controls the yarn fed through or along a backing material by the hollow
      needle.
PAR  Accordingly, the invention is disclosed herein in terms of an embodiment of
      the invention for delivering yarn to the plurality of hollow needles of a
      tufting machine. However, it will be understood that the embodiment may be
      used in the production of other products and that other embodiments of the
      invention may be used in the tufting art as well as in other arts.
PAR  The tufting machine 10 with which the invention is disclosed herein is a
      conventional tufting machine comprising a base portion 11 and an upper
      housing 12 extending from one side of the tufting machine 10 to the other.
      Uprights 13 located at the ends of the tufting machine 10 support the
      upper housing 12 in spaced relation to the base portion 11. Within and
      extending the length of the upper housing 12 is a rotatable shaft 14
      having fixedly positioned along its length a plurality of eccentrically
      mounted cylindrical members 15.
PAR  Each cylindrical member 15 is inserted into the upper end 16 of a bearing
      member 17 which at its lower end is pivotally connected at 18 to the upper
      end of a push rod 19. Each push rod l9 is mounted for vertical sliding
      movement in a bearing sleeve 20 carried by the upper housing 12 and each
      push rod 19 has its lower end fixedly connected to a needle bar 21.
PAR  The needle bar 21 has a plurality of hollow needles 22 distributed along
      its length in a plurality of rows and each hollow needle 22 extends
      through an opening 23 in a presser foot 24 carried by the lower end of a
      bracket 25 attached to the upper housing 12. The base portion 11 carries a
      needle plate 26 which is arranged in conventional manner to support a
      backing material 27 as it passes from feed rolls 28 to take-up rolls 29
      beneath the presser foot 24. It will now be understood that rotation of
      the shaft 14 by any suitable power means (not shown) will cause
      reciprocating motion of the needle bar 21 which in turn causes the hollow
      needles 22 to pass back and forth through the backing material 27.
PAR  In the tufting machine 10 chosen to illustrate an embodiment of the
      invention disclosed herein, the hollow needles 22 are of a conventional
      type through which yarn is fed by fluid from within the needle bar 21
      flowing within the hollow needles 22. Fluid is provided the needle bar 21
      through a tube 31 from a source of fluid under pressure (not shown). It
      will now be understood that the tufting machine 10 disclosed herein is of
      conventional design and that with the rotation of the shaft 14 and the
      feeding of the backing material 27 from some conventional source (not
      shown) across the tufting machine 10 by the feed rolls 28 and the take-up
      rolls 29, a plurality of loops of yarn 33 will be formed, with the forming
      and the size of each loop of yarn 33 by a hollow needle 22 being
      determined by the length of yarn 56 delivered to each hollow needle 22
      during a stitching cycle. It is to the delivery of lengths of yarn 56 to
      each of the plurality of hollow needles 22 that that embodiment of the
      invention disclosed herein is directed.
PAR  Whether the invention is used with a tufting machine 10 such as that
      described above or to meet other requirements for the delivery of yarn,
      the invention can be best understood in terms of a yarn delivery apparatus
      comprising a delivery means which when operative delivers yarn to a yarn
      feed means such as a hollow needle 22 at a substantially constant delivery
      rate, and a control means for controlling the operation of the delivery
      means. The delivery means and control means can in turn be best understood
      by considering each separately.
PAR  The delivery means of the yarn delivery apparatus disclosed herein
      comprises a plurality of separate driving means illustrated as motors 40
      positioned adjacent the upper housing 12. The motors 40 each have an
      integral flange 41 at one end by which each motor 40 is attached to an
      angle member 42 or an angle member 43 by bolts 37. The horizontal portions
      44 of the angle members 42 and 43 are attached to a support bracket 45
      extending from the upper housing 12 and the vertical portions 46 of the
      angle members 42 and 43 extend parallel to each other in spaced
      relationship to provide a yarn delivery area 49.
PAR  The delivery means further includes yarn advancing means illustrated as a
      feed roller means at fixed feeding stations along respective yarns for
      applying a frictional feeding force to respective yarns 56. The feed
      roller means illustrated herein includes a plurality of roller assemblies
      each having a cylindrical delivery roll 50 preferably defining an abrasive
      drive surface 51, to provide increased frictional engagement with the
      yarn, in cooperative relation with an idler roller 53. The feed roller
      means is rotated by said driving means through successive time intervals
      within individual cycles of movement of the tufting needles 22 to move
      successive increments of yarn past said feed roll 50. Thus, by varying the
      number of successive time intervals during which the yarn is fed, varying
      lengths of yarn may be made available to the tufting needles for the
      formation of tufted loops of various lengths.
PAR  The drive shaft 48 of each moter 40 extends through the angle member 42 or
      43 on which the motor 40 is mounted into the yarn delivery area 49, and
      mounted on each drive shaft 48 within the yarn delivery area 49 is the
      cylindrical delivery roll 50. The cylindrical surface 51 of each delivery
      roll 50 is recessed between two flanges 52 and is abrasive or rough in
      character. Inserted between the flanges 52 of each delivery roll 50 is the
      periphery of an idler roller 53 mounted for free rotational movement on
      one of a plurality of shafts 54 extending between the angle members 42 and
      43.
PAR  The idler rollers 53 are of rubber or similar material and are positioned
      so that their peripheral surfaces 55 engage the cylindrical surfaces 51 of
      the delivery rolls 50. Thus, each idler roller 53 will serve to press a
      length of yarn 56 against the cylindrical surface 51 of a delivery roll 50
      as the length of yarn 56 passes from a creel or other yarn source (not
      shown) to a hollow needle 22. One manner in which a length of yarn 56 may
      pass from a yarn source to a hollow needle 22 is best shown in FIG. 3
      where it will be seen that the length of yarn 56 passes from a yarn source
      over guide bars 57 positioned above the yarn delivery area 49, thence to
      and beneath an idler roller 53, thence between the idler roller 53 and a
      delivery roll 50, thence over the delivery roll 50 and finally downwardly
      through a yarn guide board 47 to a hollow needle 22. As each length of
      yarn 56 passes between the idler roller 53 and the delivery roll 50, the
      length of yarn 56 is firmly gripped between the idler roller 53 and the
      delivery roll 50 and it will not be understood that lengths of yarn 56 are
      delivered to the plurality of hollow needles 22 only by rotation of the
      delivery rolls 50.
PAR  The motors 40 are conventional pulse responsive motors of known type in
      that the drive shaft 48 of each motor 40 rotates a predetermined amount in
      response to each electrical pulse to the motor. Thus, the rotation of the
      drive shaft 48 of each motor 40 and of a delivery roll 50 mounted thereon
      is a function of the number of electrical pulses to the motor 40, and for
      a particular circumference of the delivery roll 50, each pulse to the
      motor 40 will deliver a particular length of yarn 56 from the delivery
      area 49 to a hollow needle 22.
PAR  In that embodiment of the delivery means disclosed herein, all of the
      delivery rolls 50 have the same circumference and each delivery roll 50
      delivers lengths of yarn 56 to a particular hollow needle 22. Thus, it
      will be understood that the length of yarn 56 delivered to a particular
      hollow needle 22 is controlled by selectively varying the number of
      electrical pulses to the motor 40 driving the delivery roll 50 which
      delivers the length of yarn 56 to that particular hollow needle 22 and
      that the lengths of yarn 56 being delivered during a single stitching
      cycle to the plurality of hollow needles 22 are controlled from one hollow
      needle 22 to another by selectively varying the number of electrical
      pulses going to each of the plurality of motors 40 during the stitching
      cycle. More importantly, it will be understood that by selectively
      controlling the number and the time of occurrence of electrical pulses to
      the plurality of motors 40, the lengths of yarn 56 delivered to the hollow
      needles 22 are controlled to provide loops of yarn 33 which have a wide
      variety of predetermined heights and which are formed during periods
      beginning at a wide variety of predetermined points during the period of
      time required for a stitching cycle.
PAR  Thus, with the backing material 27 moving at a constant rate to the left as
      represented in FIG. 1 and with the circumferences of the delivery rolls 50
      being selected so that the rotational movement of each delivery roll 50 in
      response to a single electrical pulse to a motor 40 delivers that length
      of yarn 56 required for a back stitch 61, simultaneous single pulses to
      all of the motors 40 cause those lengths of yarn 56 required for back
      stitches 61 to be delivered simultaneously to all of the hollow needles
      22. When these simultaneous electrical pulses are provided at that point
      in the stitching cycle at which it is desired for back stitches 61 to be
      formed, the back stitches 61 will be formed at this point and only at this
      point.
PAR  Similarly, simultaneously initiated groups of electrical pulses to the
      motors 40, subsequent or prior to the pulses for the back stitches 61 in a
      stitching cycle cause lengths of yarn 56 to be delivered to the hollow
      needles 22 for forming loops of yarn 33 at that point in a stitching cycle
      at which it is desired to form the loops of yarn 33. The actual length of
      yarn 56 delivered to each hollow needle 22 by a motor 40 and in each loop
      of yarn 33 is dependent upon the number of pulses in the group of pulses
      to the motor 40 and it will be understood that the motors 40 may be pulsed
      for varying intervals of time throughout and at any time during that
      portion of a stitching cycle which is subsequent to the heels 13a of the
      hollow needles 22 pressing the ends of the back stitches 61 against the
      backing material 27 as the hollow needles 22 initially penetrate the
      backing material 27 and which is prior to the hollow needles 22 clearing
      the backing material 27 upon their subsequent withdrawal from the backing
      material 27. Moreover, it will be understood that during any particular
      stitching cycle, the pulses to a motor 40 may be in successive groups and
      may overlap in time of occurrence the pulses to another motor 40.
PAR  Since the motors 40 rotate at a substantially constant average rotational
      speed while rotating in response to electrical pulses, it will also be
      understood that a length of yarn 56 required for a loop of yarn 33 of
      relatively low height is delivered to a hollow needle 22 during a short
      interval of time and that a length of yarn 56 required for a loop of yarn
      33 of greater height is delivered to a hollow needle 22 during a greater
      interval of time which is generally initiated at the same point in a
      stitching cycle as the short interval of time so that the intervals of
      time are overlapping. Thus, the lengths of yarn 56 required for loops of
      yarn 33 of various heights are all delivered to the hollow needles 22 at a
      substantially constant yarn delivery rate but for intervals of time of
      different duration during a stitching cycle, the duration of the interval
      during which a length of yarn 56 is delivered to a particular hollow
      needle 22 being dependent upon the number of pulses to the motor 40
      delivering lengths of yarn 56 to that particular hollow needle 22.
PAR  Since the delivery of the lengths of yarn 56 required for back stitches 61
      is always initiated at the same predetermined point in the stitching cycle
      of the tufting machine 10, it will be understood that the back stitches 61
      formed by all hollow needles 22 during a stitching cycle and by all hollow
      needles 22 during successive stitching cycles are always substantially
      uniform. It will also be understood that by delivering to a hollow needle
      22 during a stitching cycle that length of yarn 56 required to form a
      float on the back of the backing material 27 and by properly relating
      delivery of this length of yarn 56 to the position of the hollow needle
      22, a length of yarn 56 is provided for the forming of a float at exactly
      that point in the stitching cycle at which it is required rather than
      throughout the entire stitching cycle as in the prior art.
PAR  Similarly, it will be understood that since the delivery of the lengths of
      yarn 56 required to form loops of yarn 33 is initiated to all hollow
      needles 22 at a particular point in a stitching cycle and since the
      delivery of each length of yarn 56 is terminated at a particular point in
      the stitching cycle depending upon the height of the loop of yarn 33 to be
      formed from the length of yarn 56, each loop of yarn 33 is formed by a
      particular length of yarn 56 which is separate and distinct from previous
      and other lengths of yarn 56 for back stitches 61 and other loops of yarn
      33. Thus, the height of each loop of yarn 33 is closely controlled and is
      entirely dependent upon the length of yarn 56 delivered to a particular
      hollow needle 22 during a stitching cycle.
PAR  However, it should be realized that lengths of yarn 56 for back stitches 61
      and lengths of yarn 56 for loops of yarn 33 may be delivered as combined
      lengths of yarn 56 to the hollow needles 22 in conventional manner by
      eliminating any pause in the electrical pulses to the motors 40 required
      for separate delivery of lengths of yarn 56 for back stitches 61 and
      lengths of yarn 56 for loops of yarn 33. Under these circumstances, back
      stitches 61 and loops of yarn 33 are differentiated as in the prior art by
      the motion of the hollow needles 22 through the backing material 27, and
      the back stitches 61 can be formed either prior or subsequent to the loops
      of yarn 33. When the invention is used in this manner, the delivery of the
      lengths of yarn 56 is nevertheless initiated and terminated at
      predetermined points in a stitching cycle which accurately determine the
      length of each length of yarn 56 and which may be readily varied. Thus,
      the invention still provides a control of the heights of the loops of yarn
      33 not possible in the prior art.
PAR  From the foregoing, it will be seen that the delivery of a length of yarn
      56 to a hollow needle 22 at a constant delivery rate during one or more
      successive time periods of varying duration during a stitching cycle
      provides a highly versatile means for delivering a length of yarn 56 to a
      hollow needle 22 or similar device. For example, if a motor 40 driving a
      delivery roll 50 is pulsed when a length of yarn 56 for a back stitch 61
      is required a greater number of times than is necessary to provide a
      length of yarn 56 for a back stitch 61, and, in addition is pulsed at
      another point in the stitching cycle to provide a length of yarn 56 for a
      loop of yarn 33 as described above, loops of yarn 33 are formed on both
      sides of the backing material 27 and a two-sided tufted fabric is
      produced. Other arrangements of pulses to the motors 40 during a stitching
      cycle or during successive stitching cycles will now be apparent to those
      skilled in the art who will understand the invention provides for an
      almost infinite variety of tufted fabric patterns.
PAR  The control means of the yarn delivery apparatus disclosed herein is for
      controlling the operation of the delivery means disclosed above and can
      most easily be understood in terms of the block diagram shown in FIG. 4
      which shows the yarn delivery apparatus and includes not only the control
      means and the delivery means but also a tufting machine 10 and means for
      providing that input to the control means required for the production by
      the tufting machine 10 of a tufted fabric pattern.
PAR  The control means regulates the drive means to selectively vary the number
      of time intervals per tufting cycle during which successive increments of
      yarn preferably uniform in length, are continuously or intermittently fed
      to form different loops to thereby vary the number of yarn increments fed
      to said different loops to vary the relative lengths of said different
      loops in accordance with a predetermined pattern. Thus, the control means
      varies the duration of yarn advancement in successive cycles to advance
      yarn lengths varied in accordance with a predetermined pattern.
PAR  Preferably, the control means is comprised of means for storing coded data,
      such as digital data, corresponding to said predetermined pattern and
      electrical means to convert the coded data into code related electrical
      signals. The drive means is responsive to such electrical signals to feed
      varying numbers of yarn increments. Where the converting means converts
      said coded data to groups of electrical pulses, the number of pulses being
      code related, a drive means is provided which is responsive to the number
      of pulses received to supply a proportional number of yarn increments.
PAR  The converting means may be a binary to analogue converter means for
      conversion of coded binary characters to discrete groups of electrical
      pulses. Preferably, the binary to analogue converter includes a reading
      means for transfer of data from such storage or support means as a
      magnetic tape, a binary counting means for issuance of a signal
      proportional to the binary character read from the storage means, pulse
      generating means operatively coupled to a yarn delivery means by a pulse
      output line and gating means in said output line responsive to the signal
      from the counting means for opening and closing said output line to
      selectively permit and prevent respectively the transfer of pulses to the
      drive means.
PAR  In addition, the converting means includes means for controlling the
      reading and counting cycles whereby the transmission of said pulses will
      occur at selected intervals so that the yarn is delivered in timed
      sequence to the movement of the needle means. Preferably, cooperative
      means are connected to the movable needle means and the reading and
      counting control means for regulating the reading and counting cycles
      responsively to the position of the needle means. In this manner, reading,
      counting and pulse delivery may occur at any time or times in each cyclic
      movement of the needle means. Thus, separate yarn lengths may be delivered
      at different times for formation of loops and back stitches.
PAR  From FIG. 4, it will be seen that information defining a tufted fabric
      pattern 80 in terms of loops of yarn 33 of various heights is converted
      into punchcards 81 for input to a digital computer 82 which is programmed
      for the preparation of a data storage means disclosed as a pattern program
      tape 83. With the control means disclosed herein, the pattern program tape
      83 contains a series of binary coded characters, each binary coded
      character being equivalent to a decimal number representing the relative
      height of a particular loop of yarn 33 in that group of loops of yarn 33
      formed by the hollow needles 22 during a single stitching cycle. Each
      series of binary coded characters is followed by a similar series of
      binary coded characters for each group of loops of yarn 33 required to
      define the complete pattern 80 in a predetermined number of successive
      stitching cycles. Thus, there is a plurality of series of binary coded
      characters in sequence on the pattern program tape 83 corresponding to the
      plurality of stitching cycles required for a particular complete pattern
      80.
PAR  The pattern program tape 83 is a conventional magnetic tape having the
      binary coded characters magnetically recorded thereon and it will be
      understood that the pattern program tape 83 also contains validating and
      other information which will become apparent when the control means is
      described in detail below. More importantly, it will be understood that
      the preparation of the pattern program tape 83 is conventional and within
      the skill of those skilled in the art. Once the control means is
      understood it will also be understood that the input to the control means
      may be from other than a pattern program tape 83.
PAR  In that embodiment of the invention disclosed herein, the control means
      includes a tape reader 84 to provide an electrical input from the pattern
      program tape 83 to a means for converting said coded data into code
      related electrical signals illustrated as a binary to analogue converter
      and with a patchboard 85 to distribute the output of the control means to
      the motors 40. The tape reader 84 and the patch board 85 are conventional
      and will be only briefly described to that extent necessary for a full
      understanding of the control means.
PAR  The control means is generally shown in FIG. 5 where it will be seen that
      the control means further includes a machine responsive portion 100, an
      output portion 200, and a selector portion 300. The output portion 200
      includes two convertor means illustrated as binary to analogue convertors
      or pulse generating units 201 and 202 which are identical to each other.
      Thus, only one pulse generating unit 201 is shown in detail in FIG. 7 and
      from FIG. 7, it will be seen that the pulse generating unit 201 comprises
      a plurality of bi-stable element groups 203 and 204. The number of
      bi-stable elements 205, 206 and 207 in the bi-stable element group 203 and
      the number of bi-stable elements 205', 206' and 207' in the bi-stable
      element group 204 is dependent upon the number of binary digits in the
      binary coded characters used to represent the various heights of loops of
      yarn 33 in the pattern 80, and the number of bi-stable element groups 203
      ad 204 is dependent upon the number of different heights of the loops of
      yarn 33 which it is desired to provide simultaneously during each
      stitching cycle of the tufting machine 10.
PAR  Thus, the pulse generating unit 201 shown in FIG. 7 is adapted for binary
      coded characters which contain three binary digits corresponding to
      decimal numbers and relative heights of loops of yarn 33 ranging from zero
      to seven and for two different heights of loops of yarn 33 per stitching
      cycle of the tufting machine 10. However, it should be understood that the
      number of bi-stable elements 205, 206, 207, 205', 206' and 207' in the
      bistable element groups 203 and 204 may be increased to permit the binary
      representation of a larger range of decimal numbers and relative heights
      of loops of yarn 33, and that the number of bi-stable element groups 203
      and 204 may be increased to provide simultaneously for more than two
      different heights of loops of yarn 33 during each stitching cycle.
PAR  One input terminal 208 of each of the three bi-stable elements 205, 206 and
      207 in the bi-stable element group 203 is connected through a two-input
      and gate 209 to a reading head 210, 211 or 212 of the tape reader 84.
      Similarly, one input terminal 208' of each of the bi-stable elements 205',
      206' and 207' in the bi-stable element group 204 is connected through a
      two-input and gate 209' to the reading head 210, 211 or 212. The
      arrangement is such that an electrical pulse caused by a binary digit read
      by the reading head 210 is simultaneously fed to a two-input and gate 209
      connected to the input terminal 208 of the bi-stable element 205 and to a
      two-input and gate 209' connected to the input terminal 208' of the
      bi-stable element 205'. Similarly, an electrical pulse caused by a binary
      digit read by the reading head 211 is simultaneously fed to a two-input
      and gate 209 connected to input terminal 208 of the bi-stable element 206
      and to a two-input and gate 209' connected to the input terminal 208' of
      the bi-stable element 206' , and an electrical pulse caused by a binary
      digit read by the reading head 212 is simultaneously fed to a two-input
      and gate 209 connected to the input terminal 208 of the bi-stable element
      207 and to a two-input and gate 209' connected to the input terminal 208'
      of the bi-stable element 207'. Thus, it will be understood that each
      binary digit in successive binary coded characters on the pattern program
      tape 83 causes an electrical pulse to be fed or not fed to a two-input and
      gate 209 connected to a bi-stable element 205, 206 or 207 in the bi-stable
      element group 203 and simultaneously to a corresponding two-input and gate
      209' connected to a bi-stable element 205', 206' or 207' in the bi-stable
      element group 204. Whether an electrical pulse is or is not fed to a
      two-input and gate 209 or 209' is dependent in conventional manner upon
      the nature of the binary digit.
PAR  It is by selectively providing a second input to the two-input and gates
      209 and 209' that the electrical pulses caused by binary digits in
      successive binary coded characters alternately pass through the two-input
      and gates 209 into the bi-stable elements 205, 206 and 207 and through the
      two-input and gates 209' into the bi-stable elements 205', 206' and 207'.
      This selective second input to the two-input and gates 209 and 209' is
      provided through the two-input and gates 214 and 215 which have a common
      input at 216 from the machine responsive portion 100. The second input to
      two-input and gates 214 and 215 is provided at 217 and 218 respectively
      from the selector portion 300.
PAR  Thus, if the pulse generating unit 201 has an input at 216 from the machine
      responsive portion 100 and is provided with inputs at 217 and 218 in
      sequence from the selector portion 300, the two inputs required at the
      two-input gates 214 and 215 are provided in sequence to the two-input and
      gates 214 and 215. As will be understood from the description of the
      machine responsive portion 100 and the selector portion 300 below, these
      sequential inputs at the two-input and gates 214 and 215 are coordinated
      with the passage of successive binary coded characters on the pattern
      program tape 83 beneath the reading heads 210, 211, and 212 so that
      electrical pulses caused by one binary coded character correspond in time
      at the two-input and gates 209 with a second input from the two-input and
      gate 214 caused by the input at 217 and the electrical pulses caused by
      the next binary coded character correspond in time at the two-input and
      gates 209' with a second input from the two-input and gate 215 caused by
      the input at 218.
PAR  With all of the bi-stable elements 205, 206, 207, 205', 206' and 207' in
      the same initial stable state and responsive to an input at the input
      terminals 208 and 208', the presence of an input at a two-input and gate
      209 and 209' from both a reading head 210, 211 or 212 and a two-input and
      gate 214 or 215 causes the bi-stable element to which the two-input and
      gate 209 or 209' is connected to change from its initial stable state to
      its alternate stable state. Similarly, the absence of an input from a
      reading head 210, 211 or 212 at a two-input and gate 209 or 209' in the
      presence of an input from a two-input and gate 214 or 215 will not
      influence a bistable element.
PAR  Thus, the stable state conditions of the bi-stable elements 205, 206 and
      207 in the bi-stable element group 203 subsequent to simultaneous inputs
      at 216 and 217 and from reading heads 210, 211 and 212 are dependent upon
      the binary coded character which was read by the reading heads 210, 211
      and 212 simultaneously with the inputs at 216 and 217. Similarly, the
      stable state conditions of the bi-stable elments 205', 206' and 207' in
      the bi-stable element group 204 subsequent to simultaneous inputs at 216
      and 218 and from reading heads 210, 211 and 212 are dependent upon the
      binary coded character which was read by the reading heads 210, 211 and
      212 simultaneously with the inputs at 216 and 218.
PAR  For example, a binary coded character of 101 causes the bi-stable elements
      205, 206 and 207 to be in their alternate, initial, and alternate stable
      states respectively. It is these and similar changes in the stable states
      of the bi-stable elements 205, 206, 207 and similar changes in the
      bi-stable elements 205', 206', and 207' which are used in the bi-stable
      element groups 203 and 204 to provide inputs representative of a
      particular height of a loop of yarn 33. This will be understood by
      considering the bistable element group 203 in further detail.
PAR  Each pulse generating unit 201 and 202 includes a pulse generator 220 which
      continuously provides a pulsing input to three-input and gate 221 in the
      bi-stable element group 203. A second input to this three-input and gate
      221 is provided from a three-input and gate 222 through an inverter 223
      which serves to provide an input at the three-input and gate 221 only when
      the three inputs to the three-input and gate 222 are dissimilar. The three
      inputs to the three-input and gate 222 are from the initial stable output
      terminals 224 of the three bi-stable elements 205, 206 and 207 in the
      bi-stable element group 203. Thus, when the bi-stable elements 205, 206
      and 207 are placed in different stable states in response to the binary
      digits in a binary coded character, there is a second input at the
      three-input and gate 221 to supplement the continuous input from the pulse
      generator 220. The third input required at the three-input and gate 221 is
      provided at 225 from the machine responsive portion 100. The machine
      responsive portion 100 provides an input at 225 alternately with the input
      at 216 and with the input from the three-input and gate 222, this input at
      225 to the three-input and gate 221 causes a pulsing output at 226 from
      the three-input and gate 221 in response to pulses from the pulse
      generator 220.
PAR  Each input terminal 208 of the bi-stable elements 205, 206 and 207 is
      connected to a three-input and gate 227 and a second input terminal 228 of
      each bi-stable element 205, 206 and 207 is connected to a three-input and
      gate 229. One input to each of the three-input and gates 227 is from the
      output terminal 224 corresponding to the other input terminal 228 of the
      same bi-stable element 205, 206 and 207. Similarly, one input to each of
      the three-input gates 229 is from the output terminal 230 corresponding to
      the other input terminal 208 of the same bi-stable element 205, 206 and
      207. A second input to all of the three-input and gates 227 and 229 is
      provided by the input at 225 from the machine responsive portion 100 and a
      third input to the three-input and gates 227 and 229 connected to the
      input terminals 208 and 228 of the bi-stable element 205 is provided by
      the output of the three-input and gate 221. Thus, with an input at 225 and
      a pulsing output at the three-input and gate 221, the bi-stable element
      205 changes its stable state in response to each pulse from the pulse
      generator 220.
PAR  The output at the output terminal 224 of the bi-stable element 205 is not
      only to the three-input and gate 222 but also to the three-input and gates
      227 and 229 connected to the input terminals 208 and 228 of the bi-stable
      element 206. and at these three-input and gates 227 and 229 provides a
      third input when there is an input at 225. As a result, the bi-stable
      element 206 changes its stable state in response to the output at the
      output terminal 224 of the bi-stable element 205. Similarly, the output at
      the output terminal 224 of the bi-stable element 206 is not only to the
      three-input and gate 222 but also to the three input and gates 227 and 229
      connected to the input terminals 208 and 228 of the bi-stable element 207
      where it causes a change in the stable state of the bi-stable element 207
      in response to the output at the output terminal 224 of the bi-stable
      element 206.
PAR  Those familiar with the art will understand this arrangement of bi-stable
      elements 205, 206 and 207 as an arrangement responsive to the pulsing
      output at the three-input and gate 221 and in which all of the bi-stable
      elements 205, 206 and 207 are in their initial stable states only after
      that number of electrical pulses from the pulse generator 220 which
      correspond decimally to the binary coded character represented by their
      stable states prior to the electrical pulses. It will be understood that
      when all of the bi-stable elements 205, 206 and 207 are placed in their
      initial stable states, the input to the three-input and gate 221 from the
      three-input and gate 222 is removed and there is no further pulsing output
      at the three-input and gate 221 to the bi-stable element group 205 and at
      the output 226. Thus, the number of electrical pulses at the output 226 is
      the number of pulses corresponding to a binary coded character on the
      pattern program tape 83 and it is in this manner that a binary coded
      character on the pattern program tape 83 becomes a particular number of
      pulses at the output 226.
PAR  One input to the motors 40 is the output 226 and a second and
      simultaneously provided input is the output at 226' from the bi-stable
      element group 204 which is responsive to the same inputs at 216 and 225 as
      the bi-stable element group 203. The pulse generating unit 202 is
      alternately responsive with the pulse generating unit 201 to the inputs at
      261' and 225' from the machine responsive portion 100 and serves to
      provide simultaneous outputs 240 and 240' which alternate with the
      simultaneous outputs 226 and 226'. These outputs 226, 226', 240 and 240'
      serve to rotate the motors 40 by amounts determined by the number of
      pulses in each particular output and since each output 226, 226', 240 and
      240' corresponds to a binary coded character on the pattern program tape
      83 which in turn corresponds to a loop of yarn 33 of a particular height,
      the motors 40 deliver particular lengths of yarn 56 to the hollow needles
      22 as the motors 40 rotate.
PAR  The outputs 226, 226', and 240 and 240' may be connected directly to the
      motors 40 or may be connected to the input terminals of the patchboard 85.
      The patchboard 85 is of conventional type and as indicated in FIGS. 5 and
      9, each input to an input terminal 88 may be patched to a plurality of
      output terminals to provide a plurality of outputs to the motors 40.
PAR  The patchboard 85 is well adapted to situations in which the pattern of a
      tufted fabric is symmetrical about a longitudinal centerline of the fabric
      since the same height for a loop of yarn 33 is always required
      simultaneously on opposite sides of the centerline and since the motor 40
      delivering each loop of yarn 33 can be controlled from a single binary
      coded character on the pattern program tape 83 by patching in conventional
      manner. The patchboard 85 is also well adapted to situations in which the
      motors 40 are delivering lengths of yarn 56 to hollow needles 22 on a
      plurality of tufting machines 10. This is because the patchboard 85
      permits a single binary coded character to control the length of yarn 56
      delivered to a hollow needle 22 on each of the plurality of tufting
      machines 10. Other uses of the patchboard 85 will be immediately obvious
      to those skilled in the art.
PAR  The machine responsive portion 100 of the control means which provides the
      inputs at 216 and 225 for the pulse generating unit 201 and alternately at
      216' and 225' for the pulse generating unit 202 is best seen in FIG. 6.
      From FIG. 6, it will be seen that the machine responsive portion 100
      comprises two bi-stable elements 101 and 102 and that the bi-stable
      element 101 has a two-input and gate 103 connected to each of its input
      terminals 104. One input to both of the two-input and gates 103 is through
      a shaping element 105 from a micorswitch 106. The other input to each of
      the two-input and gates 103 connected to an input terminal 104 is from the
      output terminal 107 corresponding to the other input terminal 104.
PAR  One input terminal 108 of the bi-stable element 102 is connected to a
      two-input and gate 109 which has one input from the microswitch 106
      through the shaping element 105 and a second input from the output
      terminal 110 corresponding to the other input terminal 111 of the
      bi-stable element 102. The input terminal 111 is connected to a two-input
      and gate 112 which has one input from a reading head 113 and a second
      input from the output terminal 114 corresponding to the input terminal
      108.
PAR  It will now be understood by those skilled in the art that with this
      arrangement, the bi-stable element 101 changes its stable state each time
      the microswitch 106 operates and that an output is alternately provided at
      one and then the other of its output terminals 107. One output terminal
      107 of the bi-stable element 101 provides the input 216 to the pulse
      generating unit 201 and the input 225' to the pulse generating unit 202
      and the other output terminal 107 of the bi-stable element 101 provides
      the input 216' to the pulse generating unit 202 and the input 225 to the
      pulse generating unit 201.
PAR  Thus, it will be understood that the operation of the microswitch 106
      serves to alternately enable one pulse generating unit 201 or 202 to
      receive binary coded characters from a pattern program tape 83 while the
      other pulse generating unit 201 or 202 is providing pulses to the motors
      40 in accordance with previous binary coded characters. It will also be
      understood that the two pulse generating units 201 and 202 permit
      operation of the control means at maximum efficiency since one pulse
      generating unit 201 or 202 is receiving binary coded characters while the
      other pulse generating unit 201 or 202 is pulsing the motors 40.
PAR  The microswitch 106 is mounted in the upper housing 12 where it is engaged
      by a pawl 90 extending from a cylindrical member 15 once during each
      stitching cycle of the tufting machine 10. In FIG. 1 the microswitch 106
      is positioned to be engaged by the pawl 90 at that point in each stitching
      cycle at which it is desired for the motors 40 to deliver lengths of yarn
      56 to the hollow needles 22 for the forming of loops of yarn 33. It will
      be understood that the motors 40 deliver lengths of yarn 56 to the hollow
      needles 22 at this point because the closing of the microswitch 106 causes
      an input at 225 to pulse generating unit 201 or an input at 225' to the
      pulse generating unit 202. An input at either 225 or 225' causes
      electrical pulses to the motors 40 as described above.
PAR  It will also be understood that the point in the stitching cycle at which
      the motors 40 deliver lengths of yarn 56 to the hollow needles 22 may be
      varied by simply varying the point in the stitching cycle at which the
      microswitch 106 is engaged by the pawl 90. This can be most conveniently
      accomplished by slidably mounting the microswitch 106 on a block 92 within
      the upper housing 12 so that the rotational position of the shaft 14 at
      which the microswitch 106 is engaged by the pawl 90 is variable by
      slidable movement of the microswitch 106 along the block 92.
PAR  The reading head 113 which provides one input to the two-input and gate 112
      is at the tape reader 84 and provides an electrical pulse to the two-input
      and gate 112 each time it reads a character on the magnetic tape which
      corresponds in position on the magnetic tape with the last binary coded
      character in the last series of binary coded characters in a plurality of
      successive series of binary coded characters defining the heights of the
      loops of yarn 33 in a complete pattern for a tufted fabric. Thus, there is
      an input from the tape reader 84 to the two-input and gate 112 each time
      the delivery by the motors 40 of the lengths of yarn 56 required for a
      complete pattern of loops of yarn 33 is completed.
PAR  The output terminal 110 of the bi-stable element 102 corresponding to the
      input terminal 111 provides an input to the tape reader 84 which stops
      tape advance in the presence of the input and causes tape advance in the
      absence of the input. The initial stable state of the bi-stable element
      102 is that which provides an output at its output terminal 110 and an
      input to the tape reader 84 and as a result, when the bi-stable element
      102 is in its initial stable state the pattern program tape 83 is not
      being advanced by the tape reader 84.
PAR  The initial stable state output at the output terminal 110 of the bi-stable
      element 102 also provides one input to the two-input and gate 109
      connected to the other input terminal 108 of the bi-stable element 102.
      Thus, upon initial starting of the tufting machine 10 and the initial
      closing of the microswitch 106, the second input to the two-input and gate
      109 caused by the closing of the microswitch 106 changes the stable state
      of the bi-stable element 102 from its initial stable state to its
      alternate stable state. This removes the output at the output terminal 110
      and the input to the tape reader 84. As a result, the pattern program tape
      83 advances and will continue to advance until an input from the reading
      head 113 corresponding to the end of a complete pattern complements the
      input from the output terminal 114 of the bi-stable element 102 at the
      two-input and gate 112 and causes the bi-stable element 102 to change to
      its initial stable state.
PAR  Thus, it will be understood that upon initial starting of the tufting
      machine 10, the closing of the microswitch 106 causes the pattern program
      tape 83 to advance and that this advance continues until an input is
      provided to the bi-stable element 102 from the pattern program tape 83 to
      signify that the plurality of series of binary coded characters defining a
      complete pattern has passed the reading heads 210, 211 and 212. Restarting
      of the tufting machine 10 or its continued operation and the closing of
      the microswitch 106 will cause the further advance of the pattern program
      tape 83 so that a new pattern or the same pattern may pass the reading
      heads 210, 211 and 212.
PAR  The selector portion 300 of the control means provides the inputs 217 and
      218 by which the binary coded characters in a series of binary coded
      characters are passed to selected bi-stable element groups 203 and 204 in
      the pulse generating unit 201 and selected bi-stable element groups 203'
      and 204' in the pulse generating unit 202. From FIG. 8, it will be seen
      that the selector portion 300 comprises two bi-stable elements 301 and
      302, each having a two-input and gate 303 connected to both of its input
      terminals 304. One input to all of the two-input and gates 303 is from a
      reading head 305 at the tape reader 84. This reading head 305 reads a
      timing character on the pattern program tape 83 which coincides with each
      binary coded character on the pattern program tape 83. Thus, there is a
      pulse input to every two-input and gate 303 in the selector portion 300
      each time a binary coded character is read by the reading heads 210, 211
      and 212.
PAR  The output terminals 310 and 311 of the bi-stable element 301 provide the
      second inputs to the two-input and gates 303 of the bi-stable element 302.
      Similarly, the output terminals 312 and 313 of the bi-stable element 302
      provide the second inputs to the two-input and gates 303 of the bi-stable
      element 301. Thus, with each pulse input from the reading head 305
      corresponding to a binary coded character, the bi-stable element 301
      changes its stable state and the bi-stable element 302 changes its stable
      state. The input 217 to pulse generating units 201 and 202 is the output
      at output terminal 310 of the bi-stable element 301 and the input 218 to
      the pulse generating units 201 and 202 is the output at the output
      terminal 313 of the bi-stable element 302 at which there is an output in
      response to an input from the output terminal 311 of the bi-stable element
      301.
PAR  Those skilled in the art will understand that this arrangement results in
      the inputs 217 and 218 occurring alternately in response to repeated
      inputs from the reading head 305 so that successive binary coded
      characters will pass to one and then the other bi-stable element group
      203, 203', 204, 204' in the pulse generating units 201 and 202. Those
      skilled in the art will also recognize that the selector portion 300 may
      be expanded by the addition of bi-stable elements 301 and 302 and that the
      outputs 217 and 218 may be alternated with additional outputs in response
      to repeated inputs from the reading head 305. This permits embodiments of
      the control means disclosed herein having more than two bi-stable element
      groups in each pulse generating unit 201 and 202 so that the simultaneous
      delivery of lengths of yarn 56 of more than two different lengths to the
      motors 40 may be obtained. Moreover, it should again be emphasized that
      the number of binary digits in each binary coded character and the
      variation in number of pulses available for delivering various lengths of
      yarn 56 to the hollow needles 22 may be increased by simply adding
      additional bi-stable elements in each bi-stable element group 203, 203',
      204 and 204'.
PAR  The motors 40 may be pulsed with single pulse to deliver lengths of yarn 56
      for back stitches 61 and may be separately pulsed to deliver lengths of
      yarn 56 for loops of yarn 33 of various heights by using a pattern program
      tape 83 having a suitable arrangement of binary coded characters. Such a
      pattern program tape 83 is well within the skill of those skilled in the
      art.
PAR  However, it has been found that the simultaneous pulsing of the motors 40
      to provide a single pulse to all the motors 40 at a particular time during
      each stitching cycle so that the motors 40 will deliver lengths of yarn 56
      for back stitches 61 is conveniently accomplished, as shown in FIG. 9, by
      directly and simultaneously pulsing all the motors 40 through a shaping
      element 96 from a microswitch 97 positioned to be engaged by the pawl 90
      at that point in each stitching cycle at which it is desired for the
      motors 40 to deliver lengths of yarn 56 for back stitches 61. In FIG. 1
      this microswitch 97 is positioned to be engaged by the pawl 90 as the
      hollow needles 22 move toward the backing material 27 at the start of each
      stitching cycle. However, as with the microswitch 106, the microswitch 97
      is positioned for slidable movement along a bracket 98 so that the point
      in the stitching cycle at which it is engaged by the pawl 90 and at which
      the motors 40 deliver lengths of yarn 56 to the hollow needles 22 for back
      stitches 61 may be readily varied.
PAR  The invention in the controlled delivery of yarn from a yarn source to a
      feeding means disclosed herein will be understood from the foregoing
      detailed description of a yarn delivery apparatus adapted to provide a
      pattern of loops of yarn 33 of a plurality of heights for a tufted fabric.
      However, a brief description of the operation of this yarn delivery
      apparatus will serve to emphasize the adaptability of the invention to
      many other applications.
PAR  The basic method followed by the described apparatus includes the step of
      applying a feeding force to individual yarns for advancement of said yarns
      to make lengths of the respective yarns available to the needles for
      formation of loops and back stitches. In addition, the method includes the
      step of selectively varying the lengths of yarn advanced toward selective
      needles during the same tufting cycles as well as to the same needles
      during successive tufting cycles. More specifically, the feeding force may
      be applied to individual yarns to advance yarn increments of uniform
      length to the tufting needles with selective control of the feeding force
      to vary the number of said yarn increments advanced to selected needles
      during selected tufting cycles to vary the relative lengths of the pile
      loops formed thereby in accordance with a predetermined pattern.
PAR  This method also encompasses the application of said feeding force at a
      fixed point longitudinally of the path of movement of respective yarns for
      selectively variable time periods in successive tufting cycles to advance
      toward said needles selectively variable yarn lengths, proportional to
      said time periods to thereby form loops of different lengths. The
      application of the feeding force may be applied during selected time
      periods such that the length of yarn desired to form a loop of a
      predetermined length may be provided during a first time period in the
      tufting cycle with a second yarn length for providing a back stitch of a
      desired length provided during a second time period in the tufting cycle.
      Preferably, the back stitch length of yarn is provided after the tufting
      needles are withdrawn from the backing material. Of course, by varying the
      length of yarn provided for formation of the back stitch and controlling
      the speed of the backing material, the back stitch itself may provide a
      second loop on a side of the backing material thereby providing a tufting
      fabric with pile loops on both faces.
PAR  When used with a tufting machine 10 or in other applications, the yarn
      delivery apparatus is provided with an input comprising a plurality of
      binary characters to define the height of each loop of yarn 33. Each of
      these binary characters is fed to the output portion 200 of the control
      means which provides a pulse output in which the number of electrical
      pulses is the decimal equivalent of the binary coded character.
PAR  The delivery means of the yarn delivery apparatus is operatively responsive
      to the pulse output of the control means and delivers a length of yarn 33
      proportional in length to the number of pulses in a pulse output in
      response to each pulse output from the control means. The control means
      provides a plurality of pulse outputs simultaneously and successively and
      as a result, various lengths of yarn 33 may be delivered simultaneously
      and in sequence.
PAR  However, the length of yarn 33 delivered is always defined by a binary
      coded character or by the input from another pulse source such as the
      microswitch 97 and is of a particular predetermined length. Thus, a
      pattern defined by loops of yarn 33 is readily produced from any other
      convenient source of binary coded characters arranged to define the
      pattern in terms of the heights of the loops of yarn 33.
PAR  Regardless of the source of the pattern input to the yarn delivery
      apparatus, each length of yarn 56 is delivered at a substantially constant
      yarn delivery rate at that time at which the length of yarn 56 is
      required. The result is substantially complete control over the tufting of
      a pattern and a pattern which has good definition, in which back stitches
      61 and loops of yarn 33 are substantially uniform, and which may include
      floats and other previously difficult to achieve features. Moreover, the
      variety of patterns is almost limitless, since it is limited only by the
      variety of pulses to the motors 40 which those skilled in the art will
      recognize as being almost limitless.
PAR  It will also be recognized by those skilled in the art that a pattern may
      be changed almost instantly so that the down time of a tufting machine 10
      characteristic of pattern changes in the prior art is substantially
      eliminated by the invention. Moreover, since each pattern may be simply a
      plurality of binary coded characters on tape 83 or a similar source of
      electrical input to the control means and since each length of yarn in a
      pattern may be individually controlled regardless of pattern or pattern
      repeat length and width, the invention permits an almost unlimited variety
      of patterns to be prepared and maintained at substantially less expense
      per pattern than has been general in the prior art.
PAR  In addition, since only the delivery means need be placed adjacent a
      tufting machine 10, the invention permits lengths of yarn 33 to be
      controlled from a delivery area 49 relatively close to the needles 22 and
      without restricting the use of the invention or the tufting machine
      because of space limitations. Moreover, the placing of the delivery area
      49 relatively close to the needles 22 in combination with the
      substantially uniform tension in the lengths of yarn 56 provided by the
      constant yarn delivery rate substantially eliminates the slackening and
      tightening of the lengths of yarn 56 characteristic of the prior art.
      This, in turn, eliminates the bowstring vibrations in lengths of yarn, the
      friction between adjacent lengths of yarn, the frequent entanglement of
      adjacent lengths of yarn, and where fluid pressure is used to feed lengths
      of yarn, the variations in the amount of fluid required to feed the yarn
      which have been common in the prior art.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a tufting apparatus which includes means for moving a backing
      material along a path of travel, a plurality of yarn carrying tufting
      needles disposed transverse to said path, means for effecting relative
      cyclical movement between the needles and the backing material
      transversely of said path to cause penetration of the needles through and
      withdrawal of the needles from the backing material during each cycle, and
      means for feeding different controlled lengths of yarn to said needles to
      form in the backing material yarn loops of correspondingly different
      lengths extending from one side of the backing material and yarn back
      stitches extending between said loops on the other side of the backing
      material, the improvement in said controlled yarn feeding means which
      comprises:
PA1  feed roller means mounted at fixed feeding stations along the respective
      yarns for applying a frictional feeding force to individual yarns to move
      the yarns past said fixed stations,
PA1  drive means to rotate said feed roller means through successive
      substantially uniform time intervals within individual cycles to move
      successive increments of yarn past said fixed stations, said drive means
      comprising a plurality of electrical pulse responsing stepping motors, and
PA1  means to control the operation of said drive means to selectively vary the
      number of said time intervals per cycle during which increments of the
      yarn are fed to form different ones of said loops to thereby vary the
      number of increments which are fed to said different loops and thus vary
      the relative lengths of said different loops in accordance with a
      predetermined pattern, said control means including means for transmission
      to said stepping motors of selectively variable numbers of electrical
      pulses.
NUM  2.
PAR  2. An apparatus as recited in claim 1 wherein said control means comprises
      means for storing coded data corresponding to said predetermined pattern
      and electrical means to convert the coded data into code related
      electrical pulses which are transmitted by said pulse transmission means.
NUM  3.
PAR  3. In a tufting apparatus which includes means for moving a backing
      material along a path of travel, a plurality of yarn carrying tufting
      needles disposed transverse to said path, means for effecting relative
      cyclical movement between the needles and the backing material
      transversely of said path to cause penetration of the needles through and
      withdrawal of the needles from the backing material during each cycle, and
      means for feeding different controlled lengths of yarn to said needles to
      form in the backing material yarn loops of correspondingly different
      lengths extending from one side of the backing material and yarn back
      stitches extending between said loops on the other side of the backing
      material, the improvement in said controlled yarn feeding means which
      comprises:
PA1  feed roller means mounted at fixed feeding stations along the respective
      yarns for applying a frictional feeding force to individual yarns to move
      the yarns past said fixed stations,
PA1  drive means to rotate said feed roller means through successive
      substantially uniform time intervals within individual cycles to move
      successive increments of yarn past said fixed stations, and
PA1  means to control the operation of said drive means to selectively vary the
      number of said time intervals per cycle during which increments of the
      yarn are fed to form different ones of said loops to thereby vary the
      number of increments which are fed to said different loops and thus vary
      the relative lengths of said different loops in accordance with a
      predetermined pattern; said control means comprising:
PA1  means for storing coded digital data in the form of binary characters
      corresponding to said predetermined pattern, and electrical binary to
      analog converter means, operatively connected to said storage means and to
      said drive means, for converting the binary characters into discrete
      groups of electrical pulses and for transmitting said groups to said drive
      means, the number of pulses in each group being proportionally related to
      said coded digital data and to the number of increments of yarns supplied
      during a selected period to comprise a yarn length, and said drive means
      being responsive to said number of pulses received to supply a
      proportional number of yarn increments;
PA1  said binary to analog converter means comprising means for reading binary
      characters, binary counting means operatively coupled to said reading
      means for issuance of a signal proportional to a binary character, pulse
      generating means operatively coupled to said drive means by a pulse output
      line, and gating means in said output line responsive to said binary
      counting means signal and being operatively connected to said counting
      means for opening and closing said output line to thereby transmit the
      pulses to said drive means.
NUM  4.
PAR  4. An apparatus as recited in claim 3 wherein said converter means further
      includes means for converting the reading and counting cycles whereby the
      transmission of said pulses will occur at said intervals whereby yarn is
      delivered in timed sequence to the movement of the needles.
NUM  5.
PAR  5. An apparatus as recited in claim 4 wherein said needles are movable
      through various positions for manipulation of the yarn and including
      cooperative means connected to said needle moving means and said reading
      and counting cycle control means for controlling said cycles responsively
      to the position of said needles.
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ABST
PAL  The rotary hook of a sewing machine is provided with a beak portion which
      extends substantially tangentially outwardly away from the circumferential
      wall of the rotary hook to capture the needle thread loop at new point
      radially outwardly of the rotary hook thereby allowing for a shorter
      needle stroke so that the tip of the needle does not penetrate into the
      bobbin supporting basket.
BSUM
PAR  This invention relates to a rotary hook for sewing machine having a basket
      and an outer hook rotating about a horizontal axis around said basket,
      said outer hook having a bottom and a circumferential wall provided with a
      beak, the outer hook being moreover provided with a body-guard attached to
      the circumferential wall and about a portion thereof in the beak area.
PAR  In the known rotary hooks of this kind, the beak extends as an extension of
      the outer hook circumferential wall, concentrically about the hook
      rotating axis.
PAR  By the formation of a stitch, the needle through which is threaded the
      upper thread, reaches the lowermost position thereof then goes back up
      somewhat so that the upper thread which does not go up therewith, forms a
      loop relative to the needle eye. Said loop is then taken along by the
      rotary hook beak over the basket. Inside the basket lies the lower thread,
      which is generally wound on a bobbin. In-between the needle goes back up
      and the loop pulled by the hook is then made taut and forms together with
      the lower thread, a stich.
PAR  In the known hooks, the upper thread loop should thus be formed by the
      location of a break in the outer hook circumferential wall as the beak is
      located by said break in the extension of the remainder of said
      circumferential wall. As the loop is formed level with the needle eye, the
      needle point should lie in the lowermost position thereof, inside the
      basket, by going through an opening in the basket circumferential wall. As
      the needle in the lowermost position thereof enters with the point thereof
      the basket, the size of the bobbin with the lower thread is limited.
      Indeed, said bobbin may only extend between the basket bottom and the
      needle in the lowermost position thereof. This limited size required of
      the bobbin even if it does not comprise a serious drawback in the rotary
      hooks which have a bobbin case, becomes a substantial limitation of the
      lower thread supply in the case of sewing machines in which the rotary
      hook is not provided with a bobbin case, the bobbin being arranged
      directly inside the hook basket.
PAR  The fact that the needle point in the lowermost position thereof lies
      inside the basket results from the needle travel and is dependent on the
      size and the shape of the rotary hook. However the lower the needle lies
      in the lowermost position the lower it will also lie in the uppermost
      position thereof and the lower the needle lies in the uppermost position
      the higher is the danger of breaking said needle. It is when the needle
      lies in the uppermost position thereof or adjacent said position that the
      material to be stitched is fed, thus taking in the upper thread along the
      feeding direction and the lower the needle lies at that moment, the
      sharper becomes the angle formed by the upper thread which runs between
      the needle and the material and the higher is then the danger that the
      needle will be bent and by the lowering thereof then strikes some machine
      part and breaks. Moreover the lower the needle lies in the uppermost
      position, the less thick can be the material to be stitched as during the
      material feeding, said needle should remain outside the material.
PAR  The invention has for an object to obviate the above drawbacks and to
      provide a rotary hook whereby the needle point does no more have to enter
      the basket inner volume in the lowermost needle position. The hook
      according to the invention thus allows the selection of the uppermost
      needle point end position at a level higher than the one of known needles
      for one and the same sewing machine. For this purpose according to the
      invention, the outer hook beak end lies further away from the hook
      rotating axis than the circumferential wall of said outer hook. With the
      hook according to the invention, as the outer hook beak does project
      outwards, it takes the loop along when said loop lies higher than what is
      required with the known rotary hooks.
PAR  The invention has also for an object to provide the hook with means for
      braking the lower thread which are of particular interest when the lower
      thread supply is mounted directly on the basket without a bobbin case.
PAR  For this purpose the rotary hook according to the invention comprises a
      brake for the lower thread, mounted on the basket circumferential wall.
PAR  In a preferred embodiment of the invention, the brake is comprised of a
      spring that bears partly at least against the outer side of an
      inwardly-recessed portion of the basket circumferential wall, said spring
      being provided with an opening for the lower thread that opens on the
      basket inner side in such a way that said lower thread can be pulled
      through said opening between the spring outer side and the inner side of
      said portion of the basket circumferential wall.
DRWD
PAR  Other details and features of the invention will stand out from the
      description given below by way of non limitative example and with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a front elevation view of a rotary hook according to the
      invention, as mounted in a sewing machine shown but partly, the rotary
      hook cover being shown open.
PAR  FIG. 2 is a section along line II--II in FIG. 1, the basket cover being
      shown closed.
PAR  FIG. 3 is a section along line III--III in FIG. 1, with the cover also
      closed.
PAR  FIG. 4 is a section along line IV--IV in FIG. 1 with the cover closed but
      with the bobbin not shown.
PAR  FIG. 5 is a section along line V--V in FIG. 1, with the cover closed and
      the bobbin not shown.
PAR  In the various figures, the same reference numerals pertain to similar
      elements.
PAR  The rotary hook shown in the figures which is shown generally in 53, is
      essentially comprised of three parts, namely a basket 1, an outer hook 2
      rotating about a horizontal axis around the basket and a bobbin 3 located
      inside the basket. The basket 1 comprises a circular bottom 4 which lies
      at right angle to the rotating axis of hook 2 and which is provided with
      openings 5. The bottom 4 bears a substantially cylindrical wall 6 which is
      provided on the outer side thereof with a circumferential rib 7 in
      parallel relationship with the bottom 4 and which is broken in 45. The
      bottom 4 does not have on the inner side thereof any projection or
      pivot-pin. That edge of circumferential wall 6 removed from basket bottom
      4, is provided over a substantial portion of the circumference thereof
      with an outer rim 8 having a notch 10 for receiving a positioning finger
      42 shown in FIG. 3, which prevents the basket rotating together with the
      outer hook 2. The notch 10 continues in a side recess 10' in rim 8 for the
      passage of the upper thread 9 as shown in FIG. 1.
PAR  The basket 1 is moreover provided with a cover 11 attached by means of a
      hinge to the edge of wall 6. The cover 11 retains the bobbin 3 with the
      lower thread 9, lying loose inside the basket 1. In the closed position,
      the cover 11 touches the upper edge of wall 6. The hinge 12 has a fixed
      part attached to the edge of wall 6; said part 46 is provided on the side
      thereof facing the basket inner side, with a conical recess 13. The cover
      11 is provided in turn with a fork 47 lying on either side of the fixed
      hinge part 46. The fork 47 and the hinged part 46 are joined by a pin 48.
      In the cover, facing recess 13 is provided a cylindrical recess 14 inside
      which is received a spring 15 which pushes a bolt 16 outwards against the
      fixed part 46 of hinge 12. When the cover 11 is swung to the closed
      position, the bolt 16 lies out-of-center in recess 13; during the opening
      of cover 11, the bolt 16 is pushed away from opening 13 by compressing
      spring 15; said arrangement comprises a locking of cover 11 in the closed
      position.
PAR  The basket 1 is provided with a spring brake 17 for the lower thread 9.
      Said brake is comprised of a small spring plate 17 which is attached to
      wall 6 by means of a screw 18. The pressure of spring 17 can be adjusted
      by means of a set screw 18'. When the rotary hook is mounted in a sewing
      machine, the notch 10 in rim 8 is located on the hook upper side; under
      such conditions, the small brake plate 17 extends from the hook bottom
      along that direction opposite the hook rotating direction when looking at
      the hook from the side of cover 11 of basket 1. On that portion of the
      circumference thereof that begins along the spring rotating direction,
      somewhat in front of the end 19 of the small brake plate 17 and up to
      adjacent that end of the small brake plate 17 attached by the screws
      18,18', the basket wall 6 is double in that partion thereof adjacent that
      edge removed from basket bottom 4; in 49 has been shown the separation
      between both partitions 6', 6" thus formed; the rim 8 follows the outer
      partition 6" . The small spring plate 17 extends from the outer side of
      circumferential wall 6 in the space 49 between partitions 6', 6" and bears
      resiliently against the outer partition 6". That end of spring 17 located
      in space 49 forms a point 19 which is slightly curved outwards and lies
      level with a opening 20 provided in wall 6 on the inner side of rim 8. The
      small spring plate has a groove 21 which extends from that edge removed
      from basket bottom 4 towards said bottom and point 19 thereof. To said
      groove 21 in spring 17 corresponds a somewhat larger groove 22 in wall 6.
      The lower thread 9 extends from the bobbin 3 through the grooves 21 and 22
      and then between that spring surface facing the outer partition 6" and
      said partition towards the hook outer side by going through notch 10' of
      wall 10 after following a path determined by the point 19 of spring plate
      17. By the location of groove 21, the spring 17 has a sharp corner 23
      which is directed on the one hand towards the inner side of basket 1 and
      on the other hand, away from bottom 4. Said corner has for purpose to
      guide the thread when threading the machine and to catch the lower thread
      and retain same inside the basket when said thread has some slack. A
      recess 43 shown in FIG. 5 and in phantom in FIG. 1, is provided in cover
      11 to receive said sharp corner 23 and allow the lower thread 9 to pass
      through.
PAR  The basket 1 contains a bobbin 3 with a hollow axis 24 and two flanges 25.
      As it is clear from FIG. 3, the transition between the hollow axis and the
      flanges 25 is radiused to prevent the lower thread wound about the hollow
      axis 24, catching by the junction of axis 24 with flanges 25. To each
      flange 25 is further attached a small rod 26 which extends across the
      opening and which serves as gripping member for the bobbin.
PAR  The outer hook has a bottom 27 and a circumferential wall 28 which
      surrounds wall 6 of basket 1; the outer hook 2 further comprises a
      clamping ring 29 which is made fast by means of screws to the outer side
      of circumferential wall 28 so as to enclose basket 1 in the outer hook.
      Finally, the outer hook 2 has on that side opposite the clamping ring 29,
      a curved body-guard 30 which is also attached by means of screws to the
      outer side of circumferential wall 28. The bottom 27 of hook 2 that lies
      at right angle to the rotating axis, is provided with a sleeve 31 for
      making hook 2 fast to a driving shaft. Inside said sleeve 31 is made fast
      by means of a screw 32, a replaceable auxiliary sleeve 44 the inner
      diameter of which fits the diameter of the sewing machine driving shaft.
      The wall 28 of hook 2 is locally broken by a location that merges in the
      position shown in FIG. 2, with the break 45 in the rib 7 of basket 1. By
      the break location, the front end of wall 28 along the outer hook rotating
      direction shown by arrow 33, forms a sharp beak 34 located in extension of
      that edge of wall 28 removed from bottom 27. The inner side of wall 28
      forms to the exception of the location of beak 34, a cylindrical cover
      which is concentric with the rotating axis.
PAR  The beak 34 projects outwards relative to the diameter of circumferential
      wall 28. As shown in the drawings, the beak 34 runs away relative to the
      rotating axis of hook 2, approximately tangentially to the circumferential
      wall 28. The inner side of the end of beak 34 lies at a distance a of
      about 2.5 mm relative to the trace of wall 28 by the break in said wall.
      The body-guard 30 ends towards beak 34, in a point-shaped end 51 that lies
      nearer bottom 27 of hook 2 than beak 34. The sharp beak 34 of outer hook 2
      projects outside body-guard 30. The outer side of beak is stepped inwards
      relative to the outer side of wall 28 of outer hook 2, in that area 51
      where the beak 34 connects to wall 28; in 52 has been shown the small
      slanting surface joining beak 34 to circumferential wall 28.
PAR  The clamping ring 29 or gip ends on that side facing beak 34 in a point 35
      located in the break in wall 28. Adjacent the clamping ring, the wall 28
      has a height which is lower than the height of wall 28 by the location of
      body-guard 30. Level with the free edge thereof located underneath the
      clamping ring, the circumferential wall 28 has a groove 36 which also
      extends over that portion of wall 28 to which is attached the body-guard
      30; said groove 36 slidingly receives rib 7 of basket 1.
PAR  Finally, wall 6 of basket 1 has an opening 37 for needle 38 which lies
      directly behind rim 8 by the location of notch 10. The rotary hook 53 is
      arranged below the needle-plate 39 of the sewing machine. The positioning
      finger 42 prevents basket 1 rotating and retains same in such a position
      that opening 37 in the circumferential wall 6 of basket 1 lies below the
      needle hole 40 in needle-plate 39. In FIGS. 1 and 3 have only been shown
      besides the rotary hook 53, the needle 38, the needle-plate 39 and the
      feed dogs 41 for the material to be stitched. The needle 38 has been shown
      in solid lines in the drawings in that position where the upper thread
      loop is formed, and in phantom in the lowermost position thereof. As shown
      in FIG. 3, in said lowermost position, the needle point lies outside the
      inner volume of basket 1.
PAR  To form a stich, the threaded needle 38 goes down, passes through the
      material to be stitched and the needle hole 40 and enters the openings 37
      in the circumferential wall 6 of basket 1. The rotating movement of the
      outer hook 2 is so synchronized with the alternating vertical movement
      that when said needle goes through the material to be stitched and the
      needle hole 40, the break in the circumferential wall 28 of outer hook 2
      lies underneath the needle, in such a way that said needle comes to lie
      between the beak 34 and the point 51 of the body-guard 30 on the one hand
      and the point 35 of the clamping ring 29 on the other hand, to enter the
      opening 37 of basket 1. As soon as the needle has reached the lowermost
      position thereof, it goes upwards over a small distance of about 2 mm,
      whereby a loop is formed in the upper thread. The beak 34 of outer hook 2
      then enters said loop and takes same along over the basket 1. The
      remaining movement of outer hook 2 and the other parts of the sewing
      machine are as usual. As the beak end lies farther away from the rotating
      axis of hook 2 than the wall 28 of said hook 2, the upper thread loop does
      not have to come as low as in the known rotary hooks in which the beak end
      lies approximately in the extension of the circumferential wall of the
      outer hook. There results the series of advantages mentioned above; a
      further advantage lies in the needle 38 lying in the lowermost position
      thereof higher than with the known rotary hooks, a smaller portion of the
      length thereof goes through the material to be stiched and a larger
      portion remains freely in the air; there results therefrom a smaller
      friction of the needle in the sewing machine and a better cooling of said
      needle which reduces the danger of the thread breaking due to the needle
      heating and allows to raise the sewing machine speed.
PAR  It should also be noted that in FIG. 1 has been shown in phantom that
      position of the beak 34 of outer hook 2 which corresponds to the lowermost
      position of needle 38.
PAR  In another embodiment of the invention, the bobbin 3 is a throw-away bobbin
      of paper or plastics and the lower thread 9 wound on the bobbin is
      slightly glued-in whereby the tendency of the lower thread windings to
      come loose when the pulling thereon stops suddenly but the bobbin 3 still
      rotates somewhat due to the inertia, is reduced. In another variation, the
      rotary hook does not comprise any bobbin but the lower thread forms a
      small cop wound on itself which can thus be arranged as such in basket 1.
      In such a case, it is also advantageous to slightly glue-in the thread.
PAR  In another variation, the basket 1 has no cover; the lower thread supply is
      retained inside the basket 1 either by a compressed air stream directed
      inside the basket, or by a magnetic ring which is retained by magnetic
      attraction against the metal basket 1.
PAR  It must be understood that the invention is in no way limited to the above
      embodiments and that many changes may be brought therein without departing
      from the scope of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary hook assembly for a sewing machine of the type having a needle
      which reciprocates between an upper position and a lower position and
      which is provided with an eye for an upper stitch-forming thread and a
      rotary hook rotatable about a horizontal axis having a non-rotating basket
      therein for the reception of a stitch-forming lower thread about which
      said rotary hook rotates, said hook having a bottom wall extending
      perpendicular to said horizontal axis which passes through the center of
      said bottom wall and a circumferential wall extending axially to a front
      edge, a break in said circumferential wall extending from said front edge
      in the direction of said bottom wall and defining a beak portion adapted
      to capture a loop of the upper thread formed at the level of the needle
      eye when the needle moves upwardly from its lower position to its upper
      position, said beak portion projecting outwardly relative to the outer
      hook circumferential wall, said outer hook being further provided with a
      body-guard attached to the circumferential wall,
PA1  the improvement residing in that said beak projects substantially
      tangentially outwardly relative to the outer hook circumferential wall to
      an extent which enables it to capture the needle loop of the needle which
      in its lowest position is outside the interior of the inner basket and
      said body-guard is provided with a point-shaped end adjacent to and
      disposed radially inwardly of said beak.
NUM  2.
PAR  2. A rotary hook assembly as set forth in claim 1, wherein the outwardly
      projecting distance of the beak end inner surface from the circumferential
      wall inner surface is about 2.5 mm measured along a radius of said
      circumferential wall.
NUM  3.
PAR  3. A rotary hook assembly as set forth in claim 1, wherein a brake is
      mounted on the basket circumferential wall, said brake being a spring
      plate that bears partly at least against the outer side of an
      inwardly-recessed portion of the basket circumferential wall, said spring
      plate being provided with an opening for the lower thread that opens on
      the basket inner side in such a way that said lower thread can be pulled
      through said opening between the spring outer side and the inner side of
      said portion of the basket circumferential wall.
NUM  4.
PAR  4. A rotary hook assembly as set forth in claim 3, wherein the spring plate
      is made fast by means of at least one screw to the basket wall outer side
      and said plate is provided at the other end thereof with a point that runs
      slightly away from the rotating axis adjacent the free edge of the basket
      circumferential wall.
NUM  5.
PAR  5. A rotary hook assembly as set forth in claim 3, wherein the opening in
      the spring plate forms a groove slanting towards the basket bottom and the
      sharp angle portion formed between said groove and that edge removed from
      the basket bottom, of the spring plate which is slightly bent inwards
      relative to the basket and away from the bottom, and enters a groove
      provided in the basket circumferential wall by the location of the groove
      provided in the spring plate.
NUM  6.
PAR  6. A rotary hook as claimed in claim 1 wherein said basket has no pivot for
      a bobbin, cover means being mounted on said basket for retaining the lower
      thread supply and locking means being provided to maintain the cover in
      closed position on said basket.
NUM  7.
PAR  7. A rotary hook assembly as set forth in claim 1 wherein said cover being
      hinged on the basket by means of a hinge comprising a hinge part
      projecting from the basket circumferential wall edge, said hinge fixed
      part being provided on that side facing the cover in the closed position
      thereof, with a recess and the second hinge part supported by the cover
      comprises a spring received inside a cover recess and a bolt pushed under
      the action of said spring against the hinge fixed part, said bolt being
      forced in the cover closed position, inside the fixed hinge part recess.
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ABST
PAL  Process for the production of a hollow body of revolution and/or container
      including the successive steps of forming a dish-shaped blank by a
      non-cutting shaping operation, forming a bottom portion and an adjoining
      tubular portion from the blank by a turning operation, and stretching at
      least the upper part of the bottom portion and the tubular portion to form
      a convex bottom and pipe portion respectively to form the thin walled body
      of revolution.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a process for the production of a particularly
      thin-walled body of revolution, consisting of a pipe and a dish-shaped,
      convex bottom, for example for an internal pressure vessel. This body of
      revolution generally does not rotate about its axis, but rather is to be
      understood to mean, in this connection, a body of revolution or rotation
      which can be constructed in accordance with Guldin's rule.
PAR  It has been contemplated to manufacture a pipe and bottom, as indicated
      above, separately from each other, and then to weld these parts together
      to form the aformentioned body of revolution. This is relatively
      complicated and expensive. Also, this body of revolution in this case
      shows an interruption in its smooth line of material. The welding bond
      and/or the welding seam is not very desirable in most cases. However, a
      production of the body of revolution, for example, by turning from a solid
      material requires a large quantity of starting material and is likewise
      complicated and costly.
PAR  It is an object of this invention to produce the body of revolution with a
      much smaller amount of starting material from a single piece.
PAR  This object is attained, according to the invention, by producing a
      dish-shaped blank, adapted to the configuration of the aforementioned
      bottom, by means of a non-cutting shaping method; providing this blank, by
      a turning operation, with a turned bottom portion deformable by stretching
      to obtain this bottom or the respective bottom portion and with an
      adjoining turned tubular portion deformable by stretching to obtain the
      aforementioned pipe; and producing the above-mentioned body of revolution
      by stretching these two turned portions.
PAR  For the manufacture of this blank of a metal, particularly steel, but also
      aluminum, by a non-cutting shaping operation, especially by forging,
      preferably drop forging, a much smaller quantity of starting material is
      required than for the turning of the body of revolution from a solid
      piece. This is so because the wall thickness of the dish-shaped blank is
      relatively minor and its required axial extension is relatively small.
      This blank can be produced, due to its relatively minor axial extension,
      by a non-cutting shaping step, especially by drop forging. Additional
      advantages of the invention reside in that a great dimensional accuracy of
      the body of revolution is attained, that this body does not show an
      interruption in the smooth line of material at the transition from the
      bottom to the tubular section, and does not show a welding bond or seam,
      either, at that point; and that the expenditures for material and
      production are relatively minor and the method is uncomplicated. The
      process of this invention makes it possible to manufacture an extremely
      lightweight body of revolution.
PAR  A stretching step as mentioned above refers especially to a cold-forming
      method, for example if a blank of steel is involved, and to a hot-forming
      process, for example in case of a blank of titanium.
PAR  The following embodiments of the process of this invention render this
      process even more advantageous, in particular increase the above-mentioned
      dimensional accuracy, improve the smooth line of the material at the
      aforementioned transition zone, and even further reduce the axial
      extension of the blank:
PAR  The stretching of the turned bottom portion is, in particular a projection
      stretching process, which is also called a projection stretch-forming
      pressing step. The stretching step for the tubular turned portion is
      especially a cold extrusion process. In particular, the turned bottom
      portion assumes, by the turning operation, the shape of an outwardly
      projecting bead and has a wall thickness increasing toward the turned
      tubular portion. The longitudinal cross-sectional area and the length of
      the bead are so large that, due to the stretching step, the desired wall
      thickness and curved length of the bottom and/or the associated bottom
      portion are attained. The turned bottom portion is stretched, in
      particular, by means of a pressure or stretching mandrel and by means of
      pressure or stretching rollers. Advantageously, the above-mentioned bead
      is fashioned, by the turning operation, with a shoulder for the engagement
      of pressure or stretching rollers. This has the result that the material,
      starting right from the stretching step, flows and is not ruptured.
      However, due to the turning operation, the turned pipe portion is
      provided, in particular, with a uniform wall thickness. In most cases,
      this wall thickness is larger than the maximum wall thickness of the
      above-mentioned bead. This wall thickness is so large that, together with
      the length of the turned tubular portion, the desired wall thickness and
      length of the pipe are obtained by the stretching process. In most
      instances, the volume of the turned tubular portion is selected so that,
      after stretching, the wall thickness of this tube (pipe) is as large or
      approximately as large, as the wall thickness of the bottom or bottom
      portion. However, the volume can also be chosen so that, after stretching,
      the wall thickness of the pipe is twice as large, or approximately twice
      as large, as the wall thickness of the bottom or bottom portion. This is
      of special importance for the manufacture of internal pressure vessels,
      which will be explained below.
PAR  A process according to the invention for the production of a container by
      means of the process of this invention as set out hereinabove resides in
      that two above-mentioned bodies of revolution, having the same pipe
      diameter, are manufactured, and the two pipes thereof are joined at their
      end faces with each other by welding or soldering. The thus-obtained
      container has only a single weld seam. Furthermore, a process of this
      invention for the manufacture of a container from a body of revolution
      produced according to the process of this invention resides in that the
      body of revolution is provided, at its open end, with a likewise
      dish-shaped, convex bottom, by joining this bottom and the pipe via their
      end faces with each other by means of welding or soldering. The
      thus-obtained container likewise has only a single weld seam.
PAR  In both cases, the welding step is preferably an electron beam welding
      procedure, since the high dimensional accuracy attained by the process of
      this invention ensures a satisfactory bond by means of electron beam
      welding. For example, tolerances of less than 0.04 mm. can be obtained at
      a pipe diameter of approximately 300 mm. and a pipe wall thickness of 2
      mm.
PAR  According to an aforementioned container manufacturing method, an internal
      pressure vessel can also advantageously be produced by utilizing
      especially that aforementioned embodiment of the process, according to
      which the wall thicknesses of the pipe and of the bottom are the same, or
      approximately the same, and wherein the two pipes and/or the pipe, after
      this welding or soldering bonding step, are and/or is provided with a
      wound jacket of fiber-reinforced synthetic resin or wire, absorbing at
      least part of the internal pressure. This jacket is preferably so strong
      and/or so firm and so thick that it absorbs about 50 % of the internal
      pressure and/or the internal pressure forces, while the pipes or pipe
      likewise absorb or absorbs about 50%. This is very advantageous, because
      the body of revolution having identical wall thicknesses of its pipe and
      its bottom can be manufactured at low expenditure and with a very smooth
      flow of the line of material at the transition from the bottom to the
      pipe-shaped portion. At the same internal pressure, without this jacket,
      however, the wall thickness of the pipe must be about twice as large as
      that of the bottom. If desirable or necessary, the two bottoms can
      additionally be provided with a wound jacket of the aforementioned type,
      absorbing at least part of the internal pressure. The internal pressure of
      the container, which can be relatively high, can stem from a gaseous or
      liquid medium which is to be housed in the container. The above-mentioned
      fiber-reinforced synthetic resin is preferably a carbon-fiber-reinforced
      plastic. Such an aforementioned body of revolution or container is
      intended, for example, for the reception of a gaseous or liquid medium in
      an automotive vehicle, an aircraft, or a space vehicle.
PAR  The bottom of the body of revolution is preferably hemispherical, but it
      can also have some other configuration, such as a semielliptic shape, or
      the like, for example.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 of the drawings shows an example for conducting the process of this
      invention to produce a thin-walled body of revolution of the
      above-described type, illustrating a longitudinal section through the
      dish-shaped forms of the various process steps, wherein these forms, for
      the sake of simplicity, are shown on only one side of the axis;
PAR  FIGS. 2 and 3 of the drawings show embodiments of finished bodies of
      revolution as manufactured in accordance with the process of this
      invention, in a longitudinal sectional view; and
PAR  FIG. 4 of the drawing shows an embodiment of a container produced by way of
      the process of this invention, in a front view.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  According to FIG. 1, a forged blank is shown in dot-dash lines. This blank
      is a body of revolution according to Guldin's rule, is dish-shaped, and
      extends from the central zone first relatively flat -- section 10 -- and
      then more steeply -- section 11. This blank 10, 11 is adapted to the shape
      of the hemispherical bottom of the body of revolution to be produced from
      the blank. This bottom is illustrated, starting with the central zone,
      first by the shaded portion and then in thin lines. The body of revolution
      to be produced, i.e., the finished body, has, following this bottom and/or
      a part 13 of this bottom, a relatively long, cylindrical pipe 19, the wall
      thickness of which is equal to that of the bottom or bottom portion 13.
      The dish-shaped blank 10, 11 comprises, in spite of its axially relatively
      minor extension from the central zone, one behind the other the parts from
      which this bottom and this pipe are produced. The shaded portion 12 of
      this bottom is manufactured from part 10 of the blank 10, 11 by a turning
      operation. The portion 13 of this bottom, shown in thin lines, is produced
      from parts 10 and 11 of the blank by a turning procedure and a subsequent
      projection stretching of the thus-obtained turned bottom portion. The
      turned bottom portion obtained by this turning step includes a bead or
      bulge 14 projecting radially toward the outside, beginning with a shoulder
      15 for pressure or stretching rollers, not shown, and the wall thickness
      of which increases toward the tubular turned portion 16; all of this is
      achieved by this turning operation. The turned tubular portion 16 follows
      the bulge 14 and is produced from portion 11 of the blank by a turning
      step. The turned pipe portion 16 is cylindrical and is oriented coaxially.
      The wall thickness of this latter portion is more than twice as large as
      the maximum wall thickness of the bulge 14, measured at point 17.
PAR  First the bottom portion 12 is turned, then the shoulder 15 and the bulge
      14, and then the turned tubular portion 16, all of this being done by
      means of numerical control or by means of a copying template. Thereafter
      follows the projection stetching of the bulge 14 to form the bottom
      portion 13; the point 17 ends up at point 18 -- axial end of part 13 --
      whereafter a cold extrusion of the turned pipe portion 16 to form the pipe
      19 is effected, in most cases by means of different pressure or stretching
      rollers. The following is not illustrated separately for the sake of
      simplicity: The projection stretching of the bulge 14 is accomplished on a
      hemispherical, rotating pressure or stretching mandrel; the cold extrusion
      of the turned pipe portion 16 takes place on a cylindrical, rotating
      extrusion mandrel; the body to be stretched is firmly clamped onto the
      respective mandrel.
PAR  The volume of the turned pipe portion 16 is selected so that, after the
      cold extrusion step, the wall thickness of the pipe 19 is as large as the
      wall thickness of the bottom portion 13. This can also be seen clearly
      from FIG. 2.
PAR  In contrast thereto, in the body of revolution according to FIG. 3, the
      volume of the turned tubular portion has been chosen so that, after the
      cold extrusion step, the wall thickness of the pipe is twice as large as
      the wall thickness of the bottom.
PAR  If, by means of the above-described process, two bodies of revolution as
      set forth above, with the same pipe diameter, are produced, and the two
      pipes 20 and 21 are subsequently welded together by way of their end
      faces, the container or internal pressure vessel of FIG. 4 is obtained,
      having a single weld seam 22.
PAR  Although the invention resides primarily in the combination of process
      steps as described above and set out in the appended claims, the following
      dimensional example is included to aid those skilled in the art in
      practicing the invention. This dimensional example is in no way intended
      to limit the scope of the claims. In a practical example, the wall
      thicknesses, referring to FIG. 1, may be as follows: 2 mm. for part 12
      adjacent the shoulder 15; 3 mm. for the bulge 14 at the shoulder 15 with a
      constant taper of bead 14 to a thickness of 5 mm. at point 17; 12 mm. for
      part 16. After completion of the process steps, when forming the body of
      revolution shown in FIG. 2, the thicknesses of 12, 13, and 19 will be 2
      mm. (it being noted that portion 12 is completed during the turning
      operation). The selected thicknesses for the wall is dependent on the
      desired strength necessary for the in-use internal pressure to be
      experienced by a container formed with the body of revolution. When the
      lower portion 12, 13 is formed as a hemisphere, the diameter of this
      hemispherical portion and the cylindrical portion 19 will be the same in
      the finished container. For example, the diameter of the pipe portion 19
      can be in the range of 250 to 1300 mm. with wall thicknesses of 1 to 3 mm.
PAR  As noted above, the part 12 is produced in final form by turning, with
      parts 14 and 16 being subsequently stretched. The bulge 14 may be disposed
      more closely to the axis of the container than in the illustrated FIG. 1
      embodiment so as to have only a very small part 12 to be completed by the
      turning operation. This bulge 14 which has a conical type shape after the
      turning operation is projection stretched by being deformed to a
      hollow-spherical or the like part by way of pressure or stetching rollers
      applied thereto, with shoulder 15 facilitating application of these
      rollers. The hollow cylinder portion 16 is deformed to a thin, longer
      hollow cylinder by way of further pressure or stretching rollers in a cold
      extrusion process. When the blanks are constructed of steel, the bulge 14
      is projection-stretched in the cold state and portion 16 is also cold
      extruded. In embodiments using a blank of titanium, bulge 14 is projection
      stretched in the warm state and 16 is also warm extruded.
PAR  In embodiments utilizing reinforcing fibers, such fibers are preferably of
      an organic resin, such as polyester, epoxy resin, or polyamide, however
      the material could also be a metal such as aluminum. The diameter of the
      individual fibers is preferably in the range of between 0.1 to 0.3 mm.
      Referring to FIG  4, crosswise windings are first produced, the winding
      operation being carried out continuously in multiple laps from one bottom
      to the other in spiral configuration, particularly two to three layers.
      Then, the cylindrical part is continuously provided with windings,
      preferably two to three additional layers, with each of the layers having
      a thickness of, for example, 1 mm. when the wall thickness of the
      container is 1.7 mm. For bodies designed to withstand approximately 300
      atmospheres internal pressure, a total winding thickness of approximately
      10 is preferred. For lesser internal pressures, lesser thickness of
      windings can be used.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process of producing a thin-walled body of revolution having a
      dish-shaped convex bottom adjoining a cylindrical pipe portion comprising:
PA1  forming a dish-shaped blank by a non-cutting shaping operation,
PA1  forming a bottom portion and an adjoining tubular portion from said blank
      by a cutting turning operation,
PA1  and stretching at least the upper part of said bottom portion and said
      tubular portion to form said convex bottom and said pipe portions
      respectively.
NUM  2.
PAR  2. Process according to claim 1, characterized in that the stretching of
      the turned bottom portion is effected by a projection stretching step.
NUM  3.
PAR  3. Process according to claim 2, characterized in that the stretching of
      the turned tubular portion is effected by an extrusion step.
NUM  4.
PAR  4. Process according to claim 3, characterized in that during the turning
      operation, the upper part of the bottom portion is provided with the shape
      of a radially outwardly projecting bulge having a wall thickness
      increasing in the direction of the turned tubular portion.
NUM  5.
PAR  5. Process according to claim 4, characterized in that during the turning
      operation said bulge is provided with a shoulder for engagement of
      pressure or stretching rollers.
NUM  6.
PAR  6. Process according to claim 4, wherein said radially outwardly projecting
      bulge is formed into a portion of said dish-shaped convex bottom by means
      of a projection stretching step.
NUM  7.
PAR  7. Process according to claim 3, characterized in that, during the turning
      operation, the tubular portion receives a uniform wall thickness.
NUM  8.
PAR  8. Process according to claim 3, characterized in that the volume of the
      turned tubular portion is formed so that, after the stretching step, the
      wall thickness of the pipe portion is approximately as large as the wall
      thickness of the adjoining convex bottom.
NUM  9.
PAR  9. Process according to claim 3, characterized in that the volume of the
      turned tubular portion is formed so that, after the stretching step, the
      wall thickness of the pipe portion is approximately twice as large as the
      wall thickness of the adjoining convex bottom.
NUM  10.
PAR  10. Process according to claim 3, characterized in that two aforementioned
      bodies of revolution, having the same pipe portion diameter, are produced,
      and that the two pipe portions thereof are joined via their end faces by
      welding or soldering to form a container.
NUM  11.
PAR  11. Process according to claim 10, characterized in that the welding step
      is an electron beam welding process.
NUM  12.
PAR  12. Process according to claim 3, characterized in that the body of
      revolution is provided at its open end at said pipe portion with a
      likewise dish-shaped, convex bottom portion, by joining this convex bottom
      portion and the pipe portion together by way of their end faces, by means
      of welding or soldering.
NUM  13.
PAR  13. Process according to claim 12, characterized in that the welding step
      is an electron beam welding process.
NUM  14.
PAR  14. Process according to claim 1, characterized in that stretching of the
      turned tubular portion is effected by an extrusion step.
NUM  15.
PAR  15. Process according to claim 1, characterized in that during the turning
      operation, the upper part of the bottom portion is provided with the shape
      of a radially outwardly projecting bulge having a wall thickness
      increasing in the direction of the turned tubular portion.
NUM  16.
PAR  16. Process according to claim 15, characterized in that, during the
      turning operation, said bulge is provided with a shoulder for the
      engagement of pressure or stretching rollers.
NUM  17.
PAR  17. Process according to claim 15, wherein said radially outwardly
      projecting bulge is formed into a portion of said dish-shaped convex
      bottom by means of a projection stretching step.
NUM  18.
PAR  18. Process according to claim 1, characterized in that, during the turning
      operation, the tubular portion receives a uniform wall thickness.
NUM  19.
PAR  19. Process according to claim 1, characterized in that the volume of the
      turned tubular portion is formed so that, after the stretching step, the
      wall thickness of the pipe portion is approximately as large as the wall
      thickness of the adjoining convex bottom.
NUM  20.
PAR  20. Process according to claim 19, characterized in that two aforementioned
      bodies of revolution, having the same pipe portion dimater, are produced,
      and that the two pipe portions thereof are joined via their end faces by
      welding or soldering to form a container.
NUM  21.
PAR  21. Process according to claim 20, characterized in that the two pipe
      portions, after being connected by welding or soldering, are provided with
      a wound jacket of a fiber-reinforced synthetic resin or of wire, for
      absorbing at least part of the internal pressure to be experienced in use
      of said container as an internal pressure vessel.
NUM  22.
PAR  22. Process according to claim 21, characterized in that additionally the
      two bottoms are provided with a wound jacket of the aforementioned type
      for absorbing at least part of the internal pressure.
NUM  23.
PAR  23. Process according to claim 19, characterized in that the body of
      revolution is provided at its open end at said pipe portions with a
      likewise dish-shaped, convex bottom portion, by joining this convex bottom
      portion and the pipe portion together by way of their end faces, by means
      of welding or soldering.
NUM  24.
PAR  24. Process according to claim 23, characterized in that the pipe portion
      and bottom portion, after being connected by welding or soldering, are
      provided with a wound jacket of a fiber-reinforced synthetic resin or of
      wire, for absorbing at least part of the internal pressure to be
      experienced in use of said container as an internal pressure vessel.
NUM  25.
PAR  25. Process according to claim 24, characterized in that additionally the
      two bottoms are provided with a wound jacket of the aforementioned type
      for absorbing at least part of the internal pressure.
NUM  26.
PAR  26. Process according to claim 1, wherein the pipe portion of said
      thin-walled body of revolution is cylindrical and further wherein said
      dish-shaped convex bottom is convex with respect to said pipe portion.
NUM  27.
PAR  27. Process according to claim 1, wherein said dish-shaped blank is adpated
      to the dish-shaped convex bottom of said thin-walled body of revolution.
NUM  28.
PAR  28. Process according to claim 27, wherein said dish-shaped blank is formed
      so that an axial cross section of said dish-shaped blank substantially
      encompasses the respective axial cross section of the dish-shaped convex
      bottom of said thinwalled body of revolution.
NUM  29.
PAR  29. Process according to claim 28, wherein said dish-shaped blank is formed
      from a relative flat section and a steeper section attached thereto, the
      cross section of the dishshaped convex bottom of said thin-walled body of
      revolution being encompassed by the respective cross section of said
      dish-shaped blank except at the location at which said relatively flat
      section joins said steeper section.
NUM  30.
PAR  30. Process according to claim 27, wherein said dish-shaped convex bottom
      is hemispherical, the maximum axial and radial dimension of said
      dish-shaped blank being approximately equal to the radius of said
      hemispherical bottom.
NUM  31.
PAR  31. Process according to claim 1, characterized in that the volume of the
      turned tubular portion is formed so that, after the stretching step, the
      wall thickness of the pipe portion is approximately twice as large as the
      wall thickness of the adjoining convex bottom.
NUM  32.
PAR  32. Process according to claim 1, characterized in that two aforementioned
      bodies of revolution, having the same pipe portion diameter, are produced,
      and that the two pipe portions thereof are joined via their end faces by
      welding or soldering to form a container.
NUM  33.
PAR  33. Process according to claim 32, characterized in that the welding step
      is an electron beam welding process.
NUM  34.
PAR  34. Process according to claim 1, characterized in that the body of
      revolution is provided at its open end at said pipe portion with a
      likewise dish-shaped, convex bottom portion, by joining this convex bottom
      portion and the pipe portion together by way of their end faces, by means
      of welding or soldering.
NUM  35.
PAR  35. Process according to claim 34, characterized in that the welding step
      is an electron beam welding process.
NUM  36.
PAR  36. Process according to claim 1, wherein said dish-shaped convex bottom is
      hemispherical.
NUM  37.
PAR  37. Process for producing a thin-walled body of revolution having a
      cylindrical pipe portion adjoining a dish-shaped bottom convex with
      respect to said pipe portion comprising:
PA1  forming a dish-shaped blank,
PA1  forming a bottom portion and an adjoining tubular portion from said blank
      by a cutting turning operation only, said bottom portion defining a lower
      part and an upper part, said lower part defining a sector of a sphere,
      said upper part defining a radially outwardly projecting bulge,
PA1  shaping the upper part of said bottom portion to form a hemisphere with the
      lower part of said bottom portion by a projection stretching step, and
PA1  stretching said tubular portion to form said pipe portion by a non-cutting
      shaping operation.
NUM  38.
PAR  38. Process according to claim 37, wherein said pipe portion is
      cylindrical.
NUM  39.
PAR  39. Process according to claim 38, wherein said tubular portion is
      cylindrical.
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ABST
PAL  A ship in which a string of heavy pipe is raised or lowered vertically
      beneath the ship at a substantially constant velocity in spite of heaving
      movement of the ship. The equipment for raising and lowering the pipe
      string is supported by the vessel through heave compensation means that
      permits vertical movement of the ship relative to the pipe raising and
      lowering mechanism. The heave compensation means is a passive damped
      pneumatic-hydraulic spring system for isolating the vertical movement of
      the ship from the pipe raising and lowering equipment. The spring system
      operates over a very wide range of load imposed by the raising, lowering
      and supporting of a very long heavy pipe string.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to heave compensation means for supporting a
      variable load on a marine vessel, and more particularly to a heave
      compensation system which isolates the load from the vertical movement or
      heave of the marine vessel.
PAC  BACKGROUND OF THE INVENTION
PAR  In our copending applications Ser. No. 479,092, filed June 13, 1974,
      entitled "Deep Ocean Mining Ship" by John R. Graham and Robert C. Crooke,
      inventors, and Ser. No. 479,091, filed June 13, 1974, entitled "Apparatus
      for Raising and Lowering Pipe String From a Floating Vessel", by Robert C.
      Crooke and Abraham Person, inventors, both assigned to the same assignee
      as the present invention, there is described a marine vessel equipped to
      carry out subsea mining operations on the ocean floor in ocean depths of 3
      to 4 miles. The mining equipment is lowered to the ocean floor from the
      surface vessel by means of an assembled string of pipe which is lowered
      section by section at substantially constant velocity by equipment
      supported on the deck of the vessel. Because the increasing load of the
      mining equipment on the string of pipe as more and more sections of pipe
      are added to reach these great depths, it is necessary to raise and lower
      the pipe at substantially constant velocity to avoid the very large forces
      that would be encountered in a rapid acceleration or deceleration of the
      pipe string. This constant velocity feed is accomplished, as described in
      the copending applications, by isolating the equipment that raises and
      lowers the pipe string from the vertical motions experienced by the
      floating vessel from which the mining equipment is supported.
PAR  The problem of supporting a string of pipe from a floating vessel is also
      encountered in carrying out subsea oil drilling operations and various
      schemes have heretofore been proposed for isolating the drill stem from
      vertical movements of the floating vessel. Such known arrangements for
      isolating the drill stem from the vertical movements of the supporting
      vessel have required some stable point of reference, such as a cable,
      riser, or other equipment which is anchored to the ocean floor. A
      servo-operated mechanism which senses vertical movements of the vessel
      relative to the reference adjusts the linkage between the vessel and the
      pipe string to provide compensating adjustment in the supporting
      structure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to heave compensation means which is
      passive in its operation and requires no reference connected to the ocean
      floor. Rather, the present invention is directed to a passive damped
      string arrangement for supporting the pipe feed mechanism and associated
      pipe string from the deck of the vessel. The stiffness of the spring
      system, the damping and natural frequency can be controlled to provide
      effective isolation of the load from the periodic and transient vertical
      movements of the vessel even though the load varies over a very wide range
      as does the period and amplitude of the vertical motions of the supporting
      vessel.
PAR  This is accomplished in brief by providing a stable platform which is
      supported from and vertically movable in relation to the deck of a
      floating vessel. Load transfer between the platform and the vessel is
      through hydraulic rams. The hydraulic rams in turn are connected to
      accumulators in which the hydraulic fluid from the ram interfaces with a
      volume of pressurized gas. The volume of pressurized gas in turn is
      pneumatically connected to a plurality of pressurized gas containers
      through valving means which permit the number of containers connected into
      the system at any one time to be controlled. The accumulators are also
      connected to a compressor for controlling the amount of gas in the system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the invention reference should be made
      to the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of a vessel incorporating the features of the
      present invention;
PAR  FIGS. 2A and 2B together provide a sectional view taken athwartships
      showing details of the pipe-handling system;
PAR  FIG. 3 is a partial sectional view taken in a fore and aft direction of the
      ship showing details of the pipe-handling system;
PAR  FIG. 4 is a perspective view, partially cut away, of the heavy lift system
      and heave compensation system;
PAR  FIG. 5 is a detailed sectional view of the heave compensating ram; and
PAR  FIG. 6 is a schematic diagram of the hydraulic-pneumatic system of the
      heave compensator.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the numeral 10 indicates generally a ship designed to
      incorporate the features of the present invention for use in subsea mining
      operations. The ship is provided with a moon pool 12 located amidships
      which gives access to the water and the ocean floor. Mining equipment (not
      shown) can be stored in the large opening of the moon pool during transit
      and can be lowered from the moon pool 12 to the ocean floor by a string of
      pipe which is assembled in sections and raised to lowered by a
      pipe-handling system. The pipe-handling system includes an A-frame base 16
      which bridges the moon pool 12 amidships of the vessel 10. A derrick 18 is
      supported over the moon pool on the A-frame 16 through a gimbal system 20
      which permits the derrick to maintain a vertical position even though the
      ship may be rolling or pitching.
PAR  Referring to FIGS. 1 and 3, the pipe-handling system 14 is shown in greater
      detail. The A-frame 16 is supported from the main deck 22 of the ship 10
      by four support pedestals 24. The A-frame support structure 16 includes a
      pair of end trusses 26 and 28 which bridge the moon pool between the
      support pedestals 24. The trusses 26 and 28 are tied together by
      horizontal girders 30 and 32 adjacent the top of the trusses, the girders
      30 and 32 being spaced apart to leave an opening through which the lower
      end of the derrick structure 18 extends.
PAR  To provide heave compensation, the gimbal system 20 on which the derrick 18
      is mounted is supported on the A-frame 16 by an arrangement which permits
      relative vertical movement between the ship 10 and the gimbal system 20 on
      which the derrick is supported. As seen in FIG. 3, the trusses 26 and 28
      have vertically extending frame members 38 and 40 which provide vertically
      extending guide surface 42 and 44, respectively. Movable in the guide
      surfaces 42 of the frame member 38 is a gimbal bearing yoke 46, while a
      similar gimbal bearing yoke 48 is vertically movable in the guide surface
      44 of the frame member 40. Heave compensating rams, indicated generally at
      50 and 52, provide an adjustable support, in the manner hereinafter
      described in more detail, between the bottom of the yokes 46 and 48 and a
      base frame portion 53 of the trusses 26 and 28 of the A-frame structure
      16.
PAR  The yokes 46 and 48 respectively support axially aligned shafts 54 and 56
      on which are journaled the outer gimbal frame 58 by means of bearings 61
      and 63. As best seen in FIG. 1, the outer gimbal frame 58 is an open
      rectangular structure. An inner gimbal frame 60 is in turn supported
      within the outer gimbal frame 58 by means of coaxial stub shafts 62 and
      64. These shafts are journaled in bearings 66 and 68 mounted on opposite
      sides of the outer gimbal frame 58. The derrick 18 is supported on the top
      of the inner gimbal frame 60. As shown in FIG. 2A, the derrick includes a
      rig floor 70 which in turn is supported on four legs 72 at each of the
      corners to the top of the inner gimbal frame 60.
PAR  Supported below the derrick floor 70 within the inner gimbal ring 60 and
      extending down into the opening through the A-frame support 16 is the
      heavy lift equipment by means of which a pipe string can be raised and
      lowered through the moon pool to and from the ocean floor. This heavy lift
      equipment includes a pair of upper hydraulic cylinders 74 and 75 mounted
      on the inner gimbal frame 60 on either side of the vertical centerline
      along which the pipe string is raised and lowered. See FIG. 3. The
      cylinders 74 and 75 operate vertically extending piston rods 76 and 77
      which extend downwardly and are joined at their lower ends to a bridging
      upper yoke assembly 78. The upper yoke assembly 78 includes hydraulically
      operated means for releasably supporting the pipe string at a pipe joint
      so that hydraulic actuation of the upper cylinders 74 and 75 imparts
      vertical movement to the pipe string.
PAR  Extending down beneath and supported from the inner gimbla frame 60 is an
      open cage structure 80 which terminates at its lower end in a platform 82
      on which is mounted two lower hydraulic cylinders 84 and 85. The lower
      hydraulic cylinders are positioned fore and aft of the vertical
      centerline, whereas the upper hydraulic cylinders 74 and 75 are located to
      starboard and port of the vertical axis. The lower cylinders 84 and 85
      actuate piston rods 86 and 87 which are coupled at their lower ends to a
      lower pipe supporting yoke assembly 88. Like the upper yoke assembly 78,
      the lower yoke assembly 88 is also arranged to releasably engage the pipe
      string at a pipe joint. Thus, hydraulic actuation of the lower cylinders
      84, 85 likewise is capable of imparting a lowering or raising motion to
      the pipe string. The lower end of the cage structure 80 is provided with
      ballast for the purpose of lowering the center of gravity of the derrick
      and associated heavy lift system to a point below the plane of the gimbal
      axes. The derrick therefore tends to ride in a vertical position within
      the gimbal support under the influence of gravity, substantially isolated
      from the rolling and pitching movement of the ship. The pipe string load
      in the derrick structure further enhances this result.
PAR  Referring to FIG. 4, the heave compensation and heavy lift system are shown
      in perspective. The pipe string is indicated at 90. The pipe string is
      made up of a plurality of detachable sections, each section having an
      internally threaded collar 92 at the upper end of the pipe section in
      which another pipe section is stabbed and threaded into a locked position.
      The collar 92 of each section provides a shoulder 93 by means of which the
      load imposed by the pipe string can be transferred to either the upper
      yoke 78 or lower yoke 88.
PAR  Hydraulic power for the operation of the heavy lift cylinders 74, 75 and
      84, 85 is provided from hydraulic pumps (not shown) through flexible lines
      95 extending from manifolds 94 mounted on the top of supports 96 extending
      from the deck 22 on either side of the moon pool. The lines connect to
      manifolds mounted on the inner gimbal structure. The flexible hoses permit
      free movement of the gimbal system.
PAR  To minimize dynamic stresses in the pipe string, a heave compensation
      system is provided which permits relative motion between the gimbal
      platform and the vessel, while providing a load transfer path between the
      vessel and the gimbal platform. As pointed out above in connection with
      FIG. 4, the entire gimbal structure, including the outer gimbal 58 and
      inner gimbal 60, is supported on a pair of rams 50 and 52 which are part
      of the heave compensation system. Associated with each of the rams are a
      pair of hydraulic cylinders 150 and 152, respectively, which operate in
      synchronism with the rams 50 and 52. As hereinbefore described in detail,
      these cylinders are used to support the load imbalance between the two
      rams and to maintain the fore and aft axis of the gimbal system parallel
      with the deck of the vessel.
PAR  Referring to FIG. 6, the heave compensating system is shown schematically.
      Each of the rams 50 and 52 is in effect a dash pot, hereinafter described
      in more detail in connection with FIG. 5, which is hydraulically connected
      to an associated accumulator, indicated respectively at 154 and 156. Each
      accumulator includes a floating, unsealed piston 158 which separates oil
      in the bottom half of the accumulator from air in the top half of the
      accumulator. The top of the accumulators 154 and 156 in turn are connected
      through a common pneumatic line including an On/Off valve 160 to a
      compressor 162 through a check valve 164. The compressor 162 pumps more
      gas into the system to thereby cause the rams, under a given load, to
      expand and raise the gimbal structure. The output of the compressor is
      also connected to an air bank consisting of 24 identical sets of six air
      bottles each, one such set being indicated at 166. As shown in FIG. 4, the
      air bottoles are prreferably arranged in four groups of 36 bottles
      positioned at the four corners of the A-frame support.
PAR  The six air bottles of each set are connected through a common manifold and
      through an On/Off valve 170 to the pneumatic output line from the
      compressor 162. Each set of air bottles is provided with a pressure-relief
      valve 172 and a drain valve 174. A system-relief valve 176 is provided on
      the output of the compressor to limit the maximum pressurization of the
      system. A remotely operated vent 178 permits venting of the system to
      reduce the gas in the system and thereby cause the rams 50 and 52, under a
      given load, to contract and lower the gimbal system.
PAR  The load leveling system provided by the cylinders 150 and 152 includes
      hydraulic lines connecting the hydraulic fluid in the top of the cylinders
      150 and 152 associated with ram 50 to the bottom of the cylinders 150 and
      152 associated with ram 52 and connecting the bottom of the cylinders 150
      and 152 associated with ram 50 to the top of the cylinders 150 and 152
      associated with ram 52. Thus, any unbalanced load tending to push one ram
      down more than the other is distributed to the other ram by the
      load-leveling system.
PAR  Hydraulic pumps 180 and 182 are provided for making up hydraulic fluid in
      the respective rams 50 and 52. A pump 184 is used to pressurize the
      load-leveling system through a makeup and pressure-balance control 186.
      The control 186 includes valve means for controlling the fluid volume of
      one side or the other to level the system and to adjust for differences in
      load imposed on the respective rams.
PAR  Details of the rams 50 and 52 are shown in FIG. 5. The ram includes two
      telescoping closed-end cylinders, an outer lower cylinder 188 and an inner
      upper cylinder 190. Functionally, the upper cylinder operates as a piston
      moving up and down in the lower cylinder. The bottom of the lower cylinder
      188 is mounted on the base frame portion 53 of the A-frame 16. A flexible
      pad 191 of suitable yieldable material is provided between the bottom of
      the ram and the supporting surface to permit some tilting of the ram on
      its support. Similarly, the top of the upper cylinder 190 engages the
      bottom of the yoke 48 that supports the outer gimbal frame 58. A flexible
      pad 193 of yieldable material is interposed between the top of the ram and
      the bottom of the yoke to permit some tilting of the ram. Thus the pads
      191 and 193 limit any bending movement imposed on the two cylinders of the
      ram. The leveling cylinders 152 are mounted on either side of the lower
      outer cylinder 188. The cylinders 152 are attached to flanges 189
      projecting from the top of the lower cylinder 188.
PAR  Hydraulic fluid is connectd from external piping 195 through the bottom of
      the lower cylinder 188. The pad 191 acts as a gasket to provide a
      fluid-tight connection at the bottom of the ram to the piping 195. A
      concentrically positioned tube 192 projects up inside the upper cylinder
      190 through an opening 194 in the partially closed lower end of the upper
      cylinder 190. The inside of the tube 192 is connected through radial
      slotted openings 195 into the interior of the upper cylinder 190 and
      through a radial opening 197 into the interior of the lower cylinder 188.
      A sleeve 199 extends concentrically around the tube 192 and the opening
      194. The upper end of the lower cylinder 188 is formed with an opening 196
      through which the upper cylinder extends, the opening being provided with
      suitable sealing means such as one or more O-rings and piston rings 198
      for providing a fluid-tight sliding interface at the opening 196 with
      outer surface of the upper cylinder 190.
PAR  In operation, it will be seen that as the load forces the upper cylinder
      downwardly, fluid is forced from the lower cylinder through the opening
      194 into the upper cylinder and out the fluid inlet through the center of
      the tube 192. Some oil is also forced out the relatively small opening
      197. Upward movement of the upper cylinder 190 causes fluid to be drawn
      from the fluid inlet into the upper cylinder and down through the opening
      194 into the interior of the lower cylinder 188. The annular space formed
      by the opening 194 and the tube 192 restricts the flow of fluid between
      the upper and lower cylinder, thereby acting to damp the rate at which the
      system operates.
PAR  At the lower end of the outside of the tube 192, an enlarged tapered
      surface 200 is provided to control the damping at the limit of the stroke
      of the ram. The tapered surface gradually restricts the area of the
      annular space as it enters the opening 194, thereby increasing the damping
      substantially and finally blocking all fluid flow at the extreme lower
      limit of the stroke. At the upper limit of the stroke, the tapered surface
      202 has a similar effect. However, even after the taper blocks off flow
      through the opening 194, oil still moves to the lower cylinder through the
      opening 197 but at a greatly restricted rate. Further upward movement
      causes the sleeve 199 to gradually close off the openings 195 to stop any
      further upward movement of the upper cylinder 190. This arrangement acts
      to prevent the rams from producing destructive forces in the event the
      load on the gimbal system is suddenly lost, as by a break in the pipe
      string.
PAR  Referring again to FIGS. 5 and 6, the ram midstroke control, indicated
      generally at 204, provides for a manual control of the midstroke or mean
      level of the rams to prevent the rams from exceeding their working stroke
      limit. Suitable sensing means, indicated at 206 in each of the rams,
      provides an electrical signal which indicates the position of the upper
      cylider relative to the lower cylinder. This signal is applied to a visual
      display device 207, such as an oscillograph, at the ram midstroke control
      204, permitting the operator to visually monitor the change in position of
      the rams and to ascertain if the rams are operating in the mid-range of
      their stroke. The ram midstroke control 204 provides remote control of the
      compressor 162 and the vent valve 178. Since the mean level of the ram
      will vary as the applied load is changed due to lifting or lowering of the
      pipe string or other factors, such as temperature variations which can
      affect the mean level of the ram stroke, it is necessary for the operator
      to adjust the system by turning on the compressor 162 from time to time to
      raise the upper ram cylinders as the load increases, or open the vent
      valve 178 to lower the upper ram cylinders as the load decreases. It will
      be understood that the ram midstroke control could be replaced by a
      servo-system which responds to the mean stroke level and adjusts the
      system by operating the compressor 162 or vent valve 178 automatically to
      correct the error between any variation of the mean level from the desired
      midstroke position of the rams.
PAR  The stiffness of the heave compensating system, that is, the amplitude of
      the stroke of the rams under operating conditions, is controlled by
      varying the volume of the pneumatic side of the system. This is
      accomplished by reducing or increasing the number of sets of air banks,
      such as the set 166, connected in the sytem at any one time. By opening or
      closing the vent valve 170 in respective ones of the 24 air bank sets, the
      volume of the pneumatic system can be varied over a wide range. The
      operator thereby adjusts the stroke amplitude of the rams under varying
      conditions to keep the rams operating safely within the stroke limits.
PAR  From the above description it will be seen that the present invention
      provides an arrangement by which a string of pipe, representing a very
      widely varying load, can be raised or lowered at substantially constant
      velocity from a heaving vessel. The hydraulic-pneumatic system provides a
      passive damped spring support for the gimbal-mounted load. The spring
      constant (stiffness) is adjustable, as is the deflection with load.
CLMS
STM  What is claim is:
NUM  1.
PAR  1. Heave compensation apparatus for supporting a load on a floating vessel
      subject to periodic and transient short term vertical movements,
      comprising a pair of hydraulic rams supporting the load on the vessel,
      each ram including a pair of relatively movable members defining a
      fluid-tight space that changes in volume with relative movement between
      the two members, said space being filled with hydraulic fluid, accumulator
      means connected to said space for receiving hydraulic fluid from and
      supplying fluid to said space with changes in volume, a source of
      compressed gas connected to the accumulator means for applying pressure to
      the hydraulic fluid, the movable member of each of the rams being
      cylindrical with one member inside the other, the outer ends of the
      cylindrical members being closed to form a fully enclosed space that
      varies in volume as the two members move relative to each other, a tube
      extending into the volume from the outer end of one of the cylindrical
      members, the tube being secured to said one cylindrical member and
      providing a fluid passage connecting the enclosed space to the exterior of
      the ram, whereby fluid may move into and out of the variable volume
      defined by the two cylindrical members, the other cylinder having an inner
      wall transverse to the tube to divide the interior space into two regions,
      the inner wall having an opening through which the tube extends, and means
      for providing a passage for movement of fluid between the two regions.
NUM  2.
PAR  2. Apparatus of claim 1 wherein said last named means includes an annular
      space between said inner wall and the outside of said tube.
NUM  3.
PAR  3. Apparatus of claim 2 wherein the outisde of the tube tapers over a
      portion of its length to vary the size of said annular space with relative
      movement between the two members.
NUM  4.
PAR  4. Apparatus of claim 1 wherein the tube has radial openings adjacent the
      inner end, and means movable with one of said cylindrical members for
      covering and uncovering said radial openings with relative movement
      between the two members.
NUM  5.
PAR  5. Heave compensation apparatus for supporting a load on a floating vessel
      subject to periodic and transient short term vertical movements,
      comprising a pair of hydraulic rams supporting the load on the vessel,
      each ram including a pair of relatively movable members and means defining
      a fluid-tight space that changes in volume with relative movement between
      the two members, said space being filled with hydraulic fluid, accumulator
      means connected to said space for receiving hydraulic fluid from and
      supplying fluid to said space with changes in volume, a source of
      compressed gas connected to the accumulator means for applying pressure to
      the hydraulic fluid, and load leveling means including hydraulic means
      associated with each ram, the hydraulic means comprising a cylinder and
      piston connected respectively to the two members of the associated ram,
      and fluid means connecting the space on respective sides of the piston
      associated with one ram to the space on the opposite sides of the piston
      associated with the other ram.
NUM  6.
PAR  6. Apparatus of claim 5 further including means for selectively changing
      the total volume of said source of compressed gas for a given load on the
      rams.
NUM  7.
PAR  7. Apparatus of claim 5 furter including means for adjusting the quantity
      of said compressed gas to maintain the average volume of the gas constant
      with changes in the average magnitude of the load supported by the rams.
NUM  8.
PAR  8. Apparatus of claim 5 further including means for increasingly
      restricting the flow of hydraulic fluid into and out of the rams as the
      rams approach the limits of movement of the two members.
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ABST
PAL  A submarine boat of the engineless type wherein the propulsion and vertical
      displacement thereof are distinctively obtained by cooperatively changing
      the longitudinal angle of inclination or pitch attitude and the buoyancy
      thereof. This submarine boat includes an elongated shell having apertures
      allowing water in and out thereof, an air-tight cabin, a pair of bellows
      extending lengthwise longitudinally of the shell and each having an open
      end communicating with the cabin, hydraulic cylinders extending into the
      bellows and connected to the other end of the latter respectively, and
      separate two-way valves connected to the hydraulic cylinders respectively
      to selectively actuate the latter, thereby producing selective expansion
      or contraction of the bellows.
BSUM
PAR  This invention relates to a submarine boat and, more particularly, to a
      submarine boat of the engineless type.
PAR  A submarine device of the above type has anteriorly been proposed wherein
      the propulsion is said to be produced by taking on water at the front or
      expelling water at the rear, both to change the attitude of the device and
      impart forward propulsion thereto. Obviously, with this anterior concept,
      the propulsion essentially relies on pumping water in at the front and out
      at the rear in association with a change of attitude of the device. There
      results a relatively complex system with inherent maintenance and
      operation disadvantages.
PAR  It is a general object of the present invention to provide a submarine boat
      of the above type with a simple propulsion system wherein the propulsion
      is achieved by a mere change of longitudinal attitude of the submarine
      boat and the use of simple expandible and contractible devices.
PAR  It is a more specific object of the invention to provide a submarine boat
      of the above type with an elongated gliding shell, a pair of bellows into
      the latter and hydraulic cylinder and piston units selectively actuatable
      to expand and contract the bellows, thereby changing the longitudinal
      angle of inclination or pitch attitude and producing a resultant rising or
      sinking glide of the submarine boat.
DRWD
PAR  The above and other objects and advantages of the invention will be better
      understood in the light of the following detailed description of a
      preferred embodiment thereof, which is illustrated, by way of example, in
      the accompanying drawings, wherein:
PAR  FIG. 1 is a lateral view of a submarine boat according to the invention;
PAR  FIG. 2 is a transverse cross-sectional view as seen along line 2--2 in FIG.
      1; and
PAR  FIG. 3 is a longitudinal elevation view of the same submarine boat showing
      the shell thereof in longitudinal cross-section to reveal the internal
      parts.
DETD
PAR  The illustrated submarine boat includes an outer shell 1, of elongated
      shape, forming outwardly reducing or tapering opposite front and rear
      ends. A pair of annular rigid partitions 2 and 3 are circumferentially
      secured air tight against the inner wall of the shell 1 in parallel
      spaced-apart relationship along the length of the submarine. A floor panel
      4 is peripherally secured air tight to the opposite lateral sides of the
      shell 1 and to the annular rigid partitions 2 and 3. Thus, the floor panel
      4 is of rectangular planar contour and defines a cabin forming a cabin
      space 5 with the partitions 2 and 3 and the opposite lateral sides of the
      shell 1.
PAR  Access into or exit from the cabin space 5 is obtained through a hatch 6
      overlying the cabin space. The shell 1 has a central top opening
      surrounded by an annular rim 7 having a flat top suface. A cupola 8 is
      secured air tight to an annular frame 9 and the latter is pivoted at 10,
      in any suitable manner, to allow opening and closing of the hatch 6. The
      cupola 8 is preferably formed of transparent material, such as glass or
      transparent plastics. A handle and a latch, of any appropriate and known
      types, may form part of the hatch 6 to conveniently open and tightly close
      the latter.
PAR  Water inlet and outlet apertures 11 are provided into the wall of the shell
      1, allowing free passage of water in and out of the latter. A light 12,
      suitable for marine use, is swivelly mounted on the cupola 8 and is
      rotated from the inside by a handle 13, or any other suitable expedient,
      such as the search-lights now installed on vehicles and, in particular, on
      police cars.
PAR  A front bellows 14 is secured endwise by a ring 15 against the forward face
      of the annular rigid partition 2 and projects forwardly of the latter,
      longitudinally of the shell 1. Similarly, a rear bellows 16 is secured
      endwise by a ring 15 against the rear face of the annular rigid partition
      3 and projects rearwardly of the latter, longitudinally of the shell 1.
      Thus, the pair of bellows 14 and 16 are aligned with the central apertures
      of the annular partitions 2 and 3 and allow free air circulation from one
      bellows to the other passing by the cabin chamber 5. A hollow conical
      member 17 has its open larger end secured air tight to the outer end of
      each bellows 14 and 15 and projects in alignment therewith. Guide bars 18
      are secured endwise and rigidly against the outer face of each annular
      partition 2 and 3 and extend lengthwise of the corresponding bellows
      adjacent the periphery thereof to laterally guide the same. A rigid
      abutment member, or cruciform plate 19, is secured to each annular
      partition 2 and 3 and extends across the central aperture thereof. A
      hydraulic cylinder and piston unit extend axially into each bellows and
      includes a hydraulic cylinder 20 having its closed end abutting against
      the corresponding abutment plate 19 and a piston 21 abutting at its free
      end against the corresponding conical member 17 into the apex thereof.
PAR  A pump 22, driven by an electric motor and a battery, not shown, supplies
      compressed hydraulic fluid to a line 23. The latter is connected to a pair
      of two-way valves, of any suitable type, mounted into the control box 24
      and actuated by control levers 25 respectively. Each of the two valves is
      connected by a pair of hydraulic fluid lines 26 to the opposite ends of
      the corresponding cylinder 20.
PAR  A rudder 27 is pivotally mounted by an upright pivot 28 under the rear of
      the submarine boat. A handle bar 29 is fixed to the upper end of a
      steering post 30 having a pulley 31 secured to the lower end thereof under
      the floor panel 4. A steering cable 32 is looped around the pulley 31, a
      pulley 33 on the upper end of the pivot 28 and auxiliary pulleys 34, 35.
PAR  A pair of pedals 36 and 37 are pivotally connected to the upper end of a
      pair of pedal arms 38 and 39 which are pivoted on a transverse pin or rod
      40. A pair of push rods 41 are pivotally connected at their front end to
      the lower end of the pedal arms 38, 39 and at their rear end to sliding
      rods 42 carried by brackets 43. The rods 42 slidably project outwardly
      through the wall of the shell 1 and have each a pedal unit connected
      thereto and including flaps 44. The latter are arranged, as is well known,
      to provide forward propulsion upon fore and aft reciprocal sliding of the
      rods 42.
PAR  A seat 45, of adjustable height, is provided into the cabin chamber 5 and a
      padded back-rest 46 is secured against the rear partition 3.
PAR  To submerege the submarine, the bellows must be actuated to provide both
      the required weight or density for sinking and a nose-down attitude or
      inclination. This is produced by fully contracting the front bellows 14
      and partly the rear bellows 16. Thus, the submarine starts to sink with
      the front slightly lower than the rear. The submarine then starts to glide
      forwardly and downwardly. The process is reversed and, thus, the center of
      floatation is shifted rearwardly, causing the submarine to glide forwardly
      and upwardly. When rising, the sum of the effective volumes of the bellows
      is caused to be increased to increase floatation by proper control of the
      bellows as above.
PAR  When at rest, one can use pedals 36 and 37 for a slight displacement.
PAR  The repeated lowering and raising, as aforementioned, produce up and down
      advances. Obviously, the submarine can move in reverse in the same manner.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A submarine boat comprising an elongated apertured shell defining a
      front end and a rear end, an air-tight cabin located in said elongated
      shell intermediate said front end and said rear end, a pair of expandible
      and contractible bellows extending longitudinally of and inside said shell
      on opposite sides of said cabin respectively, each of said bellows having
      one end secured endwise to said cabin in communication therein, and each
      being longitudinally expandible and contractible toward and away from said
      cabin and said one end, and hydraulic piston means connected to said
      expandible and contractible bellows and adapted to selectively expand and
      contract the latter.
NUM  2.
PAR  2. A submarine boat as defined in claim 1, wherein said hydraulic piston
      means includes a pair of hydraulic cylinder and piston units extending
      longitudinally axially inside said bellows respectively.
NUM  3.
PAR  3. A submarine boat as defined in claim 2, wherein each of said bellows has
      said one end open and in communication with said cabin and each of said
      hydraulic cylinder and piston units is fixed at the opposite ends thereof
      to said cabin at said one end of the corresponding bellows and to the
      other end of the latter respectively.
NUM  4.
PAR  4. A submarine boat as defined in claim 3, wherein said front end and said
      rear end are tapering away from each other and said shell has apertures
      therethrough allowing passage of water in and out of said shell upon
      selective expansion and contraction of said bellows.
NUM  5.
PAR  5. A submarine boat as defined in claim 4, further including articulated
      paddling fins exteriorly connected to said shell and pedals mounted in
      said cabin and connected to said paddling fins for actuation thereof.
NUM  6.
PAR  6. A submarine boat as defined in claim 5, further including a pump,
      conduits connecting said pump to said hydraulic cylinder and piston units,
      and a pair of manual two-way control valves connected to said conduits in
      association with said hydraulic cylinder and piston units respectively and
      selectively operable for actuation of the latter.
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ABST
PAL  1. A system of the character disclosed for protecting a vessel against
       todo attack comprising a gimbals mechanism including an outer ring
      pivotally secured to said vessel and an inner ring pivotally secured to
      the outer ring with the axis of oscillation of the inner ring arranged in
      a horizontal plane, a pendulum device secured to said inner ring and
      having the axis of oscillation thereof arranged in registry with a
      vertical plane through the keel of the vessel when the vessel is on an
      even keel, a plurality of rocket tubes, means for securing said rocket
      tubes to said pendulum device in spaced relation with respect to each
      other and with the longitudinal axes of the tubes arranged at the same
      predetermined elevation when the vessel is on an even keel whereby rockets
      projected from said tubes will have substantially the same predetermined
      fixed range as the vessel rolls and pitches, said rocket tubes also having
      a divergent angular setting with respect to each other such that rockets
      projected therefrom will strike the surface of the water to form an
      overlapping explosive pattern at said predetermined fixed range of
      sufficient explosive force to destroy an oncoming torpedo within said
      pattern when the rockets are detonated, a directional sound emitting and
      echo detecting means arranged on the vessel with the field of sound
      emission and detection thereof projecting outwardly from the side of the
      vessel, said emitting and detecting means emitting sound signals into the
      water in the path of travel of said oncoming torpedo and thereafter
      receiving the reflected signals therefrom, heterodyne means for beating
      the reflected sound signals with the emitted sound signals to derive
      differential frequency signals representative of the speed of the oncoming
      torpedo, filter means responsive to the output of said heterodyne means
      for passing only differential frequency signals representative of a
      predetermined range of speeds, time measuring circuit means operatively
      connected to receive said emitted signals and the differential frequency
      signals passed by said filter means for measuring the elapsed time between
      the emitted signals and their respective differential frequency signals
      passed by said filter means, said measured elapsed time corresponding to
      the distance of the torpedo from the vessel, and electroresponsive means
      operatively controlled by said time measuring circuit means to ignite the
      propellant charge of rockets disposed within the tubes when the torpedo
      moves into said pattern.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAR  This invention relates to a system and apparatus for protecting a vessel
      against attack from enemy underwater devices and more particularly to an
      apparatus of this type which is carried by the vessel for detecting the
      presence of an oncoming torpedo and to propel an explosive charge into the
      water in the path and adjacent the torpedo where the explosive charge will
      detonate adjacent the torpedo when the torpedo approaches to a
      predetermined distance from the vessel.
PAR  In anti-torpedo systems of this type heretofore devised, a plurality of
      flexible tubes or streamers have been towed by a moving vessel, one of
      such streamers being towed by the vessel and maintained at a safe distance
      on each side of the vessel by paravanes, the streamers being maintained at
      a predetermined depth beneath the surface of the water. In such a system,
      each streamer has arranged therein explosive charges and microphone
      devices disposed at intervals along the length of the streamer and
      operative to fire the explosive charges to thereby destroy the torpedo
      when the torpedo approaches within a predetermined distance of the
      microphones and the explosive charges. Such a device is disclosed and
      claimed in the copending application of Nelson N. Estes, Ser. No. 517,201
      filed Jan. 6, 1944 for Anti-Torpedo System U.S. Pat. No. 2,979,015.
PAR  Such devices have not proved entirely satisfactory under all conditions of
      service for the reason that considerable difficulty has been experienced
      in streaming the apparatus from the vessel and the difficulties
      encountered in making replacements after the streamer has fired.
PAR  The present invention comprises a plurality of directional transducers
      secured to the hull on each side of the keel at spaced points along the
      length of the vessel and preferably such that no structure projects beyond
      the side of the vessel to be damaged when the vessel is warped into a
      pier. The transducers are arranged such that the field of transmission and
      response of the transducer extends outwardly from the side of the vessel
      and the field of response of each transducer slightly overlaps the
      response field of the adjacent transducer. Each transducer is
      intermittently connected to a source of high frequency oscillations by a
      ping switch to produce short bursts of high frequency energy radiating
      outwardly from the vessel through the water. The ping switch also provides
      a connection to a lapse of time measuring circuit during the transmission
      period which establishes a timing reference at the moment of transmission.
      An amplifier is also connected to the transducer to receive signals which
      are reflected back from the oncoming torpedo. The elapsed time between
      each of the transmitted and reflected signals decreases as the torpedo
      moves toward the transducer. Furthermore, the received signals have an
      apparent frequency shift in accordance with the well-known Doppler effect
      as a result of the relative motion between the torpedo and the transducer
      as the torpedo continues its run toward the vessel. The reflected signal
      is heterodyned with the oscillator signal at the transmitted frequency to
      produce a beat frequency signal. This signal is utilized to operate the
      lapse of time measuring circuit which, in turn, is effective to operate a
      relay to close a firing circuit. The firing circuit is employed to ignite
      a propellant charge to propel a rocket, depth charge, or the like, from
      the vessel and cause an explosion or series of explosions in the water and
      adjacent the torpedo thereby to destroy, disable or deflect the torpedo
      from the vessel. This occurs when the elapsed time between the transmitted
      and reflected signals has been reduced to a predetermined value and the
      beat frequency is within a predetermined range, that is, when the torpedo
      is moving at a velocity corresponding to this frequency range and reaches
      a predetermined distance from the vessel.
PAR  One of the objects of the present invention is to provide a new and
      improved method and apparatus for protecting a vessel against torpedo
      attack.
PAR  Another of the objects is to provide new and improved means for the
      continuous protection of a vessel against attack from torpedoes which are
      launches in consecutive order toward the vessel.
PAR  Another of the objects is to provide protection for a vessel against
      torpedo attack which will not reduce the speed of the vessel and which is
      unaffected by rapidly moving cross currents.
PAR  Another of the objects is to propel rockets, depth charges or the like from
      the vessel and into the path of an oncoming torpedo to cause detonation
      adjacent the torpedo in response to a signal received from the torpedo
      when the torpedo approaches to a predetermined distance from the vessel.
PAR  Another object is to project signals outwardly from a vessel and into the
      surrounding water and to propel rockets, depth charges or the like into
      the water and adjacent the torpedo when the elapsed time between projected
      signals and signals reflected from an oncoming torpedo reaches a
      predetermined value.
PAR  Another of the objects is to provide means for maintaining the elevation of
      the rocket or depth charge launcher constant regardless of pitch and roll
      of the vessel.
PAR  Another of the objects is to provide a firing circuit for launching
      rockets, depth charges or the like from the deck of a vessel into the path
      of an omcoming torpedo in response to Doppler signals reflected from the
      torpedo when the torpedo reaches a zone remote from the vessel thereby to
      cause an explosion within the water adjacent the torpedo sufficient to
      render the torpedo ineffective to damage the vessel.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings wherein:
PAR  FIG. 1 is a diagrammatic plan view of a vessel illustrating the torpedo
      protection system of the present invention according to a preferred
      embodiment thereof employed for detecting and destroying an omcoming
      torpedo;
PAR  FIG. 2 is a view taken along line 2--2 of FIG. 1 and showing the firing
      control system of the present invention;
PAR  FIG. 3 is a somewhat enlarged plan view of a rocket launcher employed in
      the system of the present invention; and
PAR  FIG. 4 is a view of the rocket launcher taken along line 4--4 of FIG. 3.
DETD
PAR  Referring now to the drawings in which like numerals of reference are
      employed to designate like parts throughout the several views and more
      particularly to FIG. 1 there is shown thereon a vessel 10 equipped with an
      anti-torpedo device of the present invention comprising a plurality of
      rocket launchers, generally designated 11 and arranged along the vessel at
      spaced intervals. Each rocket launcher 11 comprises three launching tubes
      12 which are secured to and supported by support rack 13 with the axes of
      the right and left tubes aimed to the right and left respectively with
      respect to the axis of the center tube substantially as shown. The tubes
      12 of each rocket launcher are arranged in a fan-like manner such that the
      rockets 17, when simultaneously projected from the tubes and exploded
      within the water, set up patterns as shown at 16 at a predetermined
      distance from the vessel such, for example, as 175 feet and in mutual
      spaced relationship. The explosion patterns 16 for all of the launcher
      tubes 12 have been disclosed in FIG. 1 to illustrate the destructive zones
      thus set up on each side of the vessel. It will be understood, however,
      that each destructive zone 16 occurs only when the rocket for producing it
      has been projected into the water and fired therewithin. It will further
      be understood that the individual launchers 11 project their rockets 17
      into the water selectively in accordance with signals received from the
      oncoming torpedo indicative of the need for firing thereof to intercept
      the torpedo.
PAR  It has been well established that a 50 pound explosive charge detonated
      within a radius of 40 feet of torpedo, will render the torpedo
      ineffective. As will be hereinafter more fully explained, each rocket
      carries an explosive charge arranged to detonate in response to a
      predetermined depth of submersion or in response to the explosion of an
      adjacent rocket within the water, whichever occurs first, and thus, to
      form a barrage to destroy or render ineffective any torpedo within the
      destructive range thereof, all rockets of a particular group preferably
      firing simultaneously to increase the effectiveness of the barrage. The
      effective explosive area of each of the rockets, as aforementioned, is
      designated by the area enclosed by the circular dashed line 16.
PAR  The support rack 13 is affixed at the upper end of a pendulum arm 19 and a
      weight member 18 is affixed at the lower end of a depending arm 20, FIG.
      4. The pendulum arms 19 and 20 are mounted within an inner gimbals ring
      14, which is pivotally supported on outer gimbals ring 15 by a pair of
      axially aligned pivot pins 22. The outer ring 15 is pivotally supported on
      cylindrical frame 24 by a pair of axially aligned pivot pins, shown by a
      dotted circle referenced by numeral 23, which are mounted thereon to
      pivotally support outer ring 15 in the same manner as pins 22 support ring
      114 but disposed so that the axis thereof is coplanar with and
      perpendicular to the axis of pins 22 whereby the axis of oscillation of
      the inner gimbals ring is in the horizontal plane. The cylindrical frame
      24 is secured to the deck of the vessel as shown in FIG. 2. In this
      manner, the pendulum arms 19 and 20 are maintained vertical by the weight
      18 regardless of the oscillation of the gimbals mechanism generally
      designated 21. The gimbals mechanism 21 is supported preferably on the
      deck of the vessel with the pendulum arms 19 and 20 preferably coinciding
      with the longitudinal center line of the vessel when the vessel is on an
      even keel. By reason of this novel arrangement, each of the launching
      tubes 12 is maintained substantially at a fixed elevation with respect to
      the surface of the water as the ship rolls and pitches which results in
      maintaining the range of the rockets substantially constant in order that
      the rockets will enter the water at a predetermined distance from the
      vessel. It will, of course, be understood that the range of the rockets is
      determined, within certain limits, by the angle of elevation of the
      launching tubes 12 and the impelling force of the propellant charge
      disposed within the rockets.
PAR  The rockets or depth charges are of the type in which means are provided
      for causing detonation thereof at a predetermined depth of submergence
      such, for example, as 40 feet. Any mechanism suitable for this purpose may
      be employed for detonating the rockets at a predetermined depth such, for
      example, as the mechanism disclosed in U.S. Pat. No. 1,368,569 issued to
      Chester T. Minkler, Feb. 15, 1921, for Hydrostatic Mine.
PAR  In order to ignite the propellant charge of the rocket at the proper time
      to project a rocket from its respective launching tube 12 into the path of
      the oncoming torpedo and adjacent thereto when the torpedo approaches
      within a predetermined distance from the side of the vessel, a circuit
      diagrammatically shown in FIG. 2 is provided which operates to ignite the
      propellant charge of the rocket when sound waves initiated by a sound
      emitting device on the vessel and impinging on the casing of a torpedo are
      refected back to the sound emitting device (which now operates as a
      microphone) after a predetermined interval corresponding to a
      predetermined distance between the torpedo and the vessel. A circuit well
      suited for use in connection with the present invention is schematically
      illustrated in FIG. 2.
PAR  The sound emitting and receiving device preferably comprises a
      magnetostrictive or crystal transducer 25 secured below the water-line to
      the hull of the vessel and having a flexible water-tight diaphragm 28
      secured thereto. The transducer 25 is of the type having a useful
      directional broadcast and pick-up field of response designated by the
      dashed line 26 which forms a directional field pattern of response within
      the water extending outwardly from the side of the vessel. As shown by the
      dotted lines 26 in FIG. 1, the directional broadcast field of each
      transducer is a broad fan-like directional beam which overlaps the
      directional beams of adjacent transducers located on the same side of the
      vessel, thereby presenting an unbroken signal wave front through which no
      oncoming torpedo can pass undetected while the detecting system is in
      operation. A waterproof cable 29 comprises a conductor path 37 which forms
      an electrical connection from the speaker 25 through ping switch 31 to
      oscillator 32, FIG. 2. The oscillator 32 is adapted to intermittently
      energize the transducer 25 by means of ping switch 31 to broadcast a high
      frequency square wave pulse signal such, for example, as 20 K. C. into the
      water in a pattern as shown at 26, the repetition rate being controlled by
      the ping switch to have a time interval sufficient for the maximum range
      of detection desired. Also connected to the transducer 25 by conductors 29
      and 36 is amplifier 34.
PAR  Intermediate the sound emitting intervals, the amplifier 34 receives a
      signal when the echo or reflected sound from the torpedo energizes the
      speaker 25 with a reflected signal. The oscillator 32 and amplifier 34 are
      connected by conductors 40 and 41 respectively to a heterodyne detector 42
      which passes the received signals from the amplifier 34 in the form of a
      beat frequency signal by way of conductor path 43 to the filter 44. These
      beat signals will have sum and difference components due to the difference
      between the frequency of oscillator 32 and the frequency of the received
      signals. For a moving target, the received signals will have a frequency
      different from that of the oscillator 32 due to the Doppler shift
      aforesaid and the frequency of the difference signal supplied to filter 44
      will depend on the relative speed of the torpedo with respect to the
      vessel.
PAR  The range of beat frequencies which will be encountered can be determined
      from known data regarding the speed of torpedoes, and filter 44 can be
      designed to pass only those frequencies which will result from a moving
      torpedo. The filter 44 operates to filter out or reject all frequencies
      above or below this band of predetermined frequencies such, for example,
      as frequencies less than 50 cycles per second and frequencies greater than
      500 cycles per second. The filter 44 is operatively connected by way of
      conductor path 45 with a lapse of time measuring circuit 50 for
      controlling the operation of a firing circuit, generally designated 46, by
      means of control relay C and the slow release relay SR. The firing circuit
      is operated when signals are received by the timing circuit 50 via
      conductor path 45 a predetermined time after the transmission ping signal
      is received thereby via conductor 48, it being understood that the ping
      switch includes means for disconnecting conductor 48 from the oscillator
      and the transducer concurrently with the disconnecting of the oscillator
      from the transducer. This predetermined time corresponds to the interval
      required for the transmitted wave to travel to the torpedo and back to the
      hydrophone when the torpedo is for example, 225 feet athwartship and in
      the vicinity of where the rockets will enter the water such as, for
      example, 175 feet athwartship.
PAR  This firing control operation may be accomplished, for example, when timing
      circuit 50 is of the same general type as that disclosed in the copending
      application of Ford L. Johnson et al. for Distance Measuring Apparatus,
      Ser. No. 657,310, filed Mar. 26, 1946, wherein the average value of
      current, which is caused to flow during the interval between the
      transmitted and received pulses, is taken as a measure of the distance
      between the transmitting body and the reflecting surface. In such an
      arrangement, a control relay C is used in lieu of ammeter 169 of the
      circuit of the aforesaid copending application of F. L. Johnson et al.,
      relay C being of a suitable type adapted to release when the average value
      of current supplied thereto from circuit 50 has decreased to a
      predetermined value corresponding to a distance of the torpedo from the
      vessel at which it is desired to fire the rocket.
PAR  Relay C has a pair of make contacts 53 which are connected in parallel with
      the pair of break contacts 54 of the relay SR and across the opened
      manually operable switch S of the firing control circuit 46 by means of
      leads 58 and 59. This circuit 46 is preferably of the type disclosed in
      the copending application of Edward A. Gaugler, Ser. No. 56,601, filed
      Oct. 26, 1948 for Induction Firing Device for a Rocket Motor wherein the
      switch S is initially closed and a firing pulse is supplied by way of
      conductor path 55 to a primary induction coil disposed adjacent the rocket
      launching tube 12 when the switch S is momentarily opened. The energy in
      the primary coil is transferred inductively to a secondary coil carried by
      the rocket and is utilized to fire the rocket propellant charge.
PAR  For purposes of the present invention switch S is not used and is retained
      in an open position, the function of the switch being supplied by reay
      switches 53 and 54. Switch 54 initially closes the circuit across switch
      S, and this condition is additionally provided by switch 53 as relay C
      operates in response to current received via conductors 51 and 52 from
      circuit 50. As relay C operates, a second pair of contacts 56 thereof are
      closed after contacts 53 close and complete a circuit for energizing relay
      SR from circuit 50. As relay SR operates, switch 54 opens, the circuit
      across switch S being maintained closed by switch 53 until the current
      from circuit 50 drops to the predetermined value aforesaid. Relay SR has a
      lower drop-out current than relay C and has a slow release time provided
      by copper slub 57 whereby switch 53 opens before switch 54 closes upon
      opening of switch 56 as relay C releases, firing circuit 46 thus being
      operated as switch 53 opens.
PAR  Alternatively, timing circuit 50 could be a combination of a delayed gate
      pulse generator and a type of circuit well known in the art as a
      coincidence circuit. The coincidence circuit is provided with two inputs
      and an output and has the characteristic of producing no output signal
      unless the two inputs receive signals simultaneously. To be used in the
      present invention, one input of the coincidence circuit would be supplied
      with a delayed enabling gate pulse generated by the generator in response
      to the transmitted ping received thereby via conductor path 48 and
      occurring a predetermined time after the ping, this time corresponding to
      the predetermined distance at which it is desired to intercept the
      oncoming torpedo. The coincidence circuit is ready to produce an output if
      the second input thereof connected to conductor path 45 receives a signal
      during the existence of the gate pulse. Thus, when the torpedo has a speed
      providing the correct Doppler to produce a signal at conductor path 45 and
      that signal occurs at the predetermined time after the transmitter ping,
      i.e., the time of the generated gate pulse, the two inputs of the
      coincidence circuit are simultaneously energized and an output signal is
      produced at conductors 51 and 52. This output signal in turn can be used
      to momentarily energize both relays C and SR. The sequence of operation of
      these relays will then be the same as hereinbefore described, the only
      difference being that the current supplied by the coincidence output
      signal will cease in both relays at the same time. Relay C will still drop
      out first because of the delayed drop out of relay SR thereby providing
      the same sequence of opening of switch 53 before closing switch 54
      aforesaid, whereby firing circuit 46 is actuated.
PAR  Of course, the output pulse of the coincidence circuit could also be used
      directly to supply the control gap breakdown voltage to trigger the gas
      tube circuit disclosed in the aforesaid copending application of E. A.
      Gaugler in a manner which is well known to those skilled in the art.
PAR  Thus the firing circuit will energize an electroresponsive squib of the
      rocket thereby to initiate the ignition of the rocket motors of the three
      rockets in the launching tubes 12 at the proper moment to permit the
      rockets to encounter the oncoming torpedo. It will be noted that the
      conductors are shown in the circuits as a single line or path.
PAR  The operation of the anti-torpedo device of the present invention will now
      be described.
PAR  The oscillator 32 operates to energize the transducer 25 to broadcast a
      high frequency square wave impulse signal into the water in a pattern
      enclosed within the dashed line 26, the impulse signal repetition rate
      being controlled by the ping switch 31 and adjusted to have a time
      interval corresponding to the maximum range of detection to be employed.
      As the sound reaches the oncoming torpedo 47 it is echoed back from the
      torpedo to the transducer. If a sound wave is reflected from torpedo 47
      during the listening interval between two such signals, the sound is
      amplified by 34. When the amplified signal of proper frequency
      corresponding to the relative velocity of the torpedo with respect to the
      transducer is received, the detector 42 passes the received signals
      through the filter 44. These signals operate the firing circuit 46 when
      the reflected signals occur at the predetermined time interval after the
      transmitted impulse corresponding to a distance in excess of the desired
      distance of intercepting the torpedo. As the firing circuit 46 operates,
      the rockets in the tubes 12 connected to the transducer individual
      thereto, project the rockets from the tubes to strike the water at a
      distance of, say, 175 feet from the side of the vessel into the path of
      the oncoming torpedo.
PAR  As the rockets sink within the water, the rocket detonating device operates
      to detonate the explosive charge when the rocket reaches the predetermined
      depth of submergence which will successfully render any torpedo within a
      radius of 40 feet ineffective to destroy the vessel. It will be understood
      that the detonating device of the rocket is so constructed and arranged
      that the detonation of one rocket will cause simultaneous detonation of
      the adjacent rockets so that the three rockets provide an overlapping
      barrage which is effective to destroy any underwater ordnance device
      within a range of 40 feet of any rocket.
PAR  Whereas the system has been described in particularity with reference to
      three rocket launchers and three underwater transducers respectively
      associated therewith for protecting one side of the vessel and a like
      number of rocket launchers and transducers for protecting the opposite
      side of the vessel from torpedo attack, it will be understood that this
      has been done for the purpose of description and that, if desired, a
      greater or lesser number of rocket launchers and transducers may be
      employed for this purpose. Furthermore, if desired, the rocket launchers
      may be arranged in two rows respectively along the sides of the vessel in
      lieu of the single line arrangement of rocket launchers disclosed on the
      drawings. Also, if desired, the number of rocket launchers on each rocket
      turret may be increased or decreased and the angle of elevation of each of
      the launchers may be varied to effect a desired explosive zone within the
      water as the rockets explode. It should also be understood that the
      transducers of the present invention have a response pattern which is
      directional in character and that the response patterns of these
      transducers as shown on FIG. 1 for the purpose of illustration may differ
      from the actual response patterns of the hydrophones or transducers under
      the actual conditions of service.
PAR  Regardless of the actual shape of these response patterns, it is an
      important feature of the invention that the patterns of the transducers
      disposed along one side of the vessel overlap whereby there is no
      possibility of a torpedo passing between the response areas of a pair of
      adjacent transducers without causing the operation of the system.
      Furthermore, the angle between the center line of each of the response
      patterns and the vessel may be varied at will, it being merely necessary
      to maintain the response patterns of the transducers in overlapping
      relation and to adjust the settings of the rocket turrets such that the
      composite explosive zone of the rockets fired therefrom is substantially
      symmetrically disposed with respect to the response pattern of the
      associated transducer and falls within the response pattern and the
      explosive zones are adapted to form a continuous barrage along the sides
      of the vessel sufficient to prevent a torpedo passing through the barrage.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. For example, it will be
      understood that, when desired, filters which are sharply tuned to the
      Doppler frequencies above the transmitted frequencies may be employed in
      lieu of detector 42 and filter 44. Moreover, it may be desired under
      certain conditions to cause pinging operation of the transducers 25 only
      when a torpedo has been first detected thereby in response to sound
      received directly from the torpedo, the sound received by the transducer
      closest to the torpedo having the greatest intensity and relay circuit
      means, for example, responsive to sound of this greatest intensity being
      employed to connect this transducer for pinging operation. It is therefore
      to be understood that within the scope of the appended claims the
      invention may be practiced otherwise than as specifically described.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A system of the character disclosed for protecting a vessel against
      torpedo attack comprising a gimbals mechanism including an outer ring
      pivotally secured to said vessel and an inner ring pivotally secured to
      the outer ring with the axis of oscillation of the inner ring arranged in
      a horizontal plane, a pendulum device secured to said inner ring and
      having the axis of oscillation thereof arranged in registry with a
      vertical plane through the keel of the vessel when the vessel is on an
      even keel, a plurality of rocket tubes, means for securing said rocket
      tubes to said pendulum device in spaced relation with respect to each
      other and with the longitudinal axes of the tubes arranged at the same
      predetermined elevation when the vessel is on an even keel whereby rockets
      projected from said tubes will have substantially the same predetermined
      fixed range as the vessel rolls and pitches, said rocket tubes also having
      a divergent angular setting with respect to each other such that rockets
      projected therefrom will strike the surface of the water to form an
      overlapping explosive pattern at said predetermined fixed range of
      sufficient explosive force to destroy an oncoming torpedo within said
      pattern when the rockets are detonated, a directional sound emitting and
      echo detecting means arranged on the vessel with the field of sound
      emission and detection thereof projecting outwardly from the side of the
      vessel, said emitting and detecting means emitting sound signals into the
      water in the path of travel of said oncoming torpedo and thereafter
      receiving the reflected signals therefrom, heterodyne means for beating
      the reflected sound signals with the emitted sound signals to derive
      differential frequency signals representative of the speed of the oncoming
      torpedo, filter means responsive to the output of said heterodyne means
      for passing only differential frequency signals representative of a
      predetermined range of speeds, time measuring circuit means operatively
      connected to receive said emitted signals and the differential frequency
      signals passed by said filter means for measuring the elapsed time between
      the emitted signals and their respective differential frequency signals
      passed by said filter means, said measured elapsed time corresponding to
      the distance of the torpedo from the vessel, and electroresponsive means
      operatively controlled by said time measuring circuit means to ignite the
      propellant charge of rockets disposed within the tubes when the torpedo
      moves into said pattern.
NUM  2.
PAR  2. In a device of the character disclosed for igniting a propellant charge
      of an ordnance device when an oncoming torpedo reaches a predetermined
      distance from a vessel comprising, a casing secured to the keel of the
      vessel, a transducer enclosed within said casing and including a flexible
      diaphragm in communication with the surrounding water for transmitting
      sound waves toward the torpedo and for receiving the reflected sound waves
      therefrom, means for measuring the elapsed time between the transmitted
      waves and the reception of the reflected waves from said torpedo and
      corresponding to the distance of the torpedo from the vessel, said means
      including a detector for beating the reflected sound waves with the
      transmitted sound waves to derive differential frequency signals which are
      proportional to the speed of the oncoming torpedo and time measuring
      circuit means which is responsive to transmitted sound waves and only to
      derived differential frequency signals representative of a predetermined
      range of speeds for developing electrical characteristics correlative to
      the elapsed time between the transmitted sound waves and their respective
      differential frequency signals within said predetermined range of speeds,
      and means responsive to said electrical characteristics for igniting said
      propellant charge when said measured elapsed time corresponds to said
      predetermined distance.
NUM  3.
PAR  3. A system of the character disclosed for protecting a vessel against
      attack from an oncoming torpedo comprising a gimbals mechanism including
      an outer ring horizontally pivoted on the vessel and an inner ring
      pivotally secured to the outer ring, a pendulum device in registry with
      the vertical plane through the keel of the vessel and secured to the inner
      ring, a plurality of rocket launching tubes secured to said pendulum
      device with the tubes elevated and trained with respect to each other to
      project negatively buoyant rockets therefrom at a predetermined range from
      the side of the vessel, each of said tubes being spaced at a predetermined
      distance with respect to the adjacent rocket tube, said rockets being
      projected into the path of an oncoming torpedo when the torpedo is
      detected, each of said rockets having a pressure responsive device therein
      adapted to detonate the rocket and the adjacent rocket thereto when the
      rockets simultaneously sink to a predetermined depth beneath the surface
      of the water for forming an overlapping destructive zone sufficient to
      destroy a torpedo within said zone, a directional sound emitting and echo
      detecting means arranged on the vessel and having the sound emission and
      detection field thereof projecting into said destructive zone, said
      emitting and detecting means being adapted to emit sound signals toward
      said torpedo and thereafter receive the echoed signals therefrom, circuit
      means operatively connected to said sound emitting and echo detecting
      means for measuring the elapsed time between the emitted and echoed
      signals and corresponding to the distance of the torpedo from the vessel,
      said circuit means including a detector for beating the received echoed
      signals with the emitted sound signals to derive differential frequency
      signals which are proportional to the speed of the oncoming torpedo and
      time measuring circuit means which is responsive to the emitted sound
      signals and only to derived differential frequency signals representative
      of a predetermined range of speeds for developing variable electrical
      characteristics correlative to the elapsed time between the emitted sound
      signals and their respective differential frequency signals within said
      predetermined range of speeds, and means operatively connected to receive
      said electrical characteristics for igniting the propellant charge of the
      rockets when an electrical characteristic, indicative of an oncoming
      torpedo entering said destructive zone, is received thereby.
NUM  4.
PAR  4. An explosive moving object detection and destruction system for
      protecting a vessel comprising, in combination, a plurality of missile
      propelling devices having means for maintaining the firing range thereof
      substantially fixed at a predetermined distance from the vessel, a signal
      source for each of said devices for producing a high frequency signal, a
      transducer for each signal source operatively connected to its respective
      signal source to radiate said frequency signals in broad fan-like
      directional beam, the transducers being arranged on the vessel so that the
      beams of adjacent transducers overlap thereby presenting an unbroken
      signal wave front through which no explosive moving object may pass
      undetected, said transducers being intermittently enabled to alternately
      radiate said signal and receive echo signals reflected from an explosive
      moving object, detecting means for each transducer and coupled to its
      respective transducer and signal source for beating the received echo
      signals with said high frequency signal to derive a differential signal
      corresponding to the speed of the explosive moving object, time measuring
      circuit means for each transducer coupled to receive said high frequency
      signal at the instants of radiation thereof and being of such character as
      to receive only differential frequency signals representative of a
      predetermined range of speeds of moving objects, said measuring circuit
      means being operable in response to said received high frequency and
      differential frequency signals to develop electrical characteristics
      indicative of the elapsed time intervals between the instants of
      radiations of the high frequency signal and the reception of the
      respective echo signal, said measured elapsed time intervals corresponding
      to approaching distances of the moving objects from the vessel, and
      electroresponsive means for each transducer coupled to the output of its
      respective time measuring circuit and operatively connected to its
      respective one of said devices to propel the missiles of its respective
      one of said devices when the moving object is measured to be substantially
      at a distance as to be intercepted at said predetermined distance by the
      propelled missiles.
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ABST
PAL  A submerging system for marine structure which comprises a floating capsule
      structure, sumbersibly anchored by a lever pivoted at one end to the
      bottom of the floating structure and at its opposite end to a mooring
      block fixed to the sea bottom, a land based winch being provided for
      submerging the structure and a cable is connected to the bottom of the
      capsule structure by way of a pulley supported from the sea bottom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a submerging system for marine structure.
PAR  Heretofore, the marine structure has been often suspended or submerged in
      the sea by a certain mechanical operation. However, any convenient way to
      move the marine structure upwardly and downwardly has not been developed
      and for this purpose an extremely complicate mechanical arrangement will
      be required.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a general object of the invention to provide a novel
      submerging system for marine structure which is movable upwardly and
      downwardly in the sea by a simple operation.
PAR  More especially, there is provided in accordance with the invention, a
      submerging system for marine structure which comprises a floating
      structure, an anchoring means for submersibly anchoring the floating
      structure and a winch means for submerging the floating structure.
PAR  The floating structure is an air-tight capsule formed preferably in a
      symmetric trapezoidal shape to reduce the hydraulic pressure to be applied
      thereto. The anchoring means comprises a lever means pivoted at its one
      end to the bottom of the floating structure and at its opposite end to a
      mooring means fixed to the sea bottom. Further, the winch means includes a
      winch fixed on the land and a cable connected to the bottom of the
      floating structure through a pulley means fixed to the sea bottom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A more complete understanding of the invention may be gained from the
      following description and from the annexed drawing which illustrates a
      pictorial view of the arrangement embodying the invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, the reference numeral 10 designates a capsule
      type restaurant structure which is prefabricated on the land and then
      placed on the sea. The structure 10 is provided with a bracket 12 at a
      middle bottom thereof. Over the bracket 12 is mounted a shaft 14 which
      holds one end of a cable 16 supplied and extended from a winch 18 fixed on
      the land, by way of a pulley 20 fixed to the sea bottom.
PAR  To the shaft 14 is also pivotably connected one end of a support lever 22
      which is further pivoted at its opposite end to a mooring block 24 fixed
      to the sea bottom.
PAR  On submerging the structure, the winch is worked to draw the structure
      downwardly through the cable and the support lever inhibits any
      oscillation of the structure to ensure a stable submersion of the
      structure.
PAR  Since the air-tightened capsule structure operates as a float, the
      submerged structure may be moved upwardly by merely releasing the winch.
PAR  While a certain preferred embodiment of the invention has been illustrated
      by way of example in the drawing and particularly described, it will be
      understood that modification may be made in the constructions and that the
      invention is no way limited to the embodiment shown.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for maintaining a marine structure at a selected depth and in
      a substantially fixed position within a body of water and comprising a
      flotation, air tight, capsule, anchoring means comprising lever means
      pivoted non-rotatably at one end thereof to a bottom end portion of said
      capsule, a mooring block permanently fixed to the bed of said body of
      water and having the opposite end of said lever means connected thereto
      pivotally about a horizontal axis and nonrotatably, and a land based winch
      means for raising and lowering said marine structure within said body of
      water and, in cooperation with said lever means, for maintaining said
      marine structure at a selected depth and lateral distance from said
      mooring block in a substantially fixed vertical plane said winch means
      including a winch fixed to the land, a length of cable connected between
      the bottom end of the capsule and said winch, and pulley means permanently
      fixed to said water bed underlying the capsule, said cable extending
      substantially vertically downwardly from said capsule to be operatively
      connected about said pulley means and thence to said winch, whereby said
      winch may be operated to position said marine structure at the desired
      depth and said lever means and cable cooperate to maintain said structure
      at the selected depth and lateral distance from said mooring block.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein a bracket is provided on the
      capsule at the middle of the bottom thereof and a shaft is mounted on the
      bracket, said shafting holding one end of the cable and pivotably mounting
      said one end of said lever.
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ABST
PAL  A ship for the transport of liquid or gaseous cargo (especially liquid gas)
      in tanks comprises a plurality of supporting hulls, a plurality of cargo
      tanks, and a connection structure superimposed on said hulls and
      maintaining the tanks spaced above the hulls and accessible from all
      sides. The abeam dimension of the tanks is preferably smaller than the
      abeam dimension of the connected hulls.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a ship for the transport of liquid or
      gaseous cargo in tanks.
PAR  An example of such a ship is a tanker for the transport of liquid gases
      having a boiling point below ambient temperature at atmospheric pressure,
      typically a boiling point below -100.degree.C. Such a ship must be built
      as a double hull ship according to pending requirements; i.e., a ship with
      a double bottom and side tanks. Within the innermost ship's skin are the
      insulated cargo tanks and a second barrier--between cargo tanks and the
      innermost skin--to keep the liquid gas away from the innermost skin in
      case of leakage of a cargo tank, so that leaking gas cannot undercool the
      ship's hull and thus cause cold brittleness which might lead to fracture
      of the ship's hull. Furthermore, as additional security for said ships,
      transversely extending cofferdam partitions are prescribed as subdivisions
      between the insulated cargo tanks.
PAR  Such double hull ships are not entirely satisfactory for a number of
      reasons.
PAR  The enclosure of the cargo tanks, insulations, second barrier, side tanks
      and double bottom, etc. all require considerable ship space. And because
      the side tanks tend to be relatively narrow to conserve ship space, the
      cargo tanks, positioned immediately interiorly of the side tanks, are very
      vulnerable in case of collision.
PAR  Because it is at least difficult, and often impossible, to directly inspect
      the integrity of the tanks, the insulation and the second barrier, all
      spaces between the cargo tanks and the innermost ship's hull have to be
      neutralized with the aid of inert gas. In order to determine the existence
      of leakage from the cargo tanks, the inert gas must be continuously
      examined regarding the presence of traces of the cargo in the cargo hold.
PAR  The construction of the cargo tanks, the insulation and the second barrier
      (or leak pans) inside the ship's hull is both complicated and expensive to
      manufacture and maintain. For example, a special steel having a high
      cold-resistance characteristic must be utilized in the construction of
      those elements of the ship's hull abutting or enclosing the cargo tanks.
      Also irrespective of the pressure exerted by the cargo, difficulties often
      arise in connection with use of the various tanks, particularly in the
      integrity of welded seams and the second barrier.
PAR  The object of the invention is to provide a ship for the transport of
      liquid or gaseous cargo in tanks which is more efficient in its use of
      ship space, safer in the event of collision, easier to repair in the event
      of leaks, less complicated in structure, and more economical to build and
      operate.
PAC  SUMMARY OF THE INVENTION
PAR  A ship for the transport of liquid or gaseous cargo (especially liquefied
      gas) in tanks comprises a plurality of supporting hulls, a plurality of
      cargo tanks, and a connection structure maintaining the tanks spaced above
      the hulls and accessible from all sides. The abeam dimension of the tanks
      is preferably smaller than the abeam dimension of the connected hulls. The
      connecting structure may be disposed entirely above the water line of the
      ship, or at least in part below the water line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a side view of the first embodiment of a ship according to the
      invention;
PAR  FIG. 2 is a top plan view of the ship according to FIG. 1;
PAR  FIG. 3 is a cross section view taken along the line III--III of FIG. 2;
PAR  FIG. 4 is a side view of a second embodiment;
PAR  FIG. 5 is a top plan view of the ship according to FIG. 4;
PAR  FIG. 6 is a cross section view taken along the line VI--VI of FIG. 5;
PAR  FIG. 7 is a side view of a third embodiment;
PAR  FIG. 8 is a cross section view taken along the line VIII--VIII of FIG. 7,
      and
PAR  FIGS. 9, 10 and 11 are side views of a ship illustrating three alternative
      tank constructions.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and in particular to FIGS. 1-3 illustrating
      the first embodiment of the present invention, the tanker has the shape of
      a catamaran with the supporting hulls 10 and 11 being of substantially
      rectangular cross section. A connection structure, here consisting of the
      four connection elements 12, 13, 14 and 15, maintains the hulls 10, 11 in
      longitudinally extending (i.e., stem-to-stern) substantially parallel
      disposition and supports the three cargo tanks 16, 17 and 18 spaced above
      the hulls 10, 11. The tanks 16-18 are longitudinally arranged, each being
      of substantially cylindrical configuration with spherical ends. Near the
      stem in front of the front tank 16 a navigating-bridge 19 is positioned on
      top of the connection element 12, whereas on the stern behind the rear
      tank 18 a deckhouse 20 is positioned on top of the connection element 15.
PAR  Referring now to FIGS. 4-6, therein illustrated is a second embodiment of
      the present invention, the second embodiment being similar to the first
      embodiment with two longitudinal rectangular hulls 21, 22, three
      transversely extending cargo tanks 23, 24 and 25, and a connection
      structure comprised of four connection elements 26, 27, 28 and 29.
PAR  Referring now to FIGS. 7-8, therein illustrated is a third embodiment of
      the present invention. Two torpedo-shaped hulls 31, 32 of rounded cross
      section are maintained in axially parallel disposition totally below the
      water level by a connection structure 33 which itself extends in part
      below the water level and comprises connection elements 34, 35, 36 and 37.
      Cylindrical cargo tanks 38, 39 and 40 are supported above the water line
      in longitudinal disposition by the connection structure 33.
PAR  In FIGS. 9, 10 and 11 a number of alternative tank constructions are shown.
      FIG. 9 illustrates longitudinally extending cylindrical tanks 16, 17, and
      18; FIG. 10 illustrates transversely extending rectangular tanks 41, 42,
      43 and 44; and FIG. 11 illustrates longitudinally spaced spherical tanks
      51, 52, 53, 54 and 55.
PAR  It will be noted that in each of the embodiments according to the present
      invention, the cargo tanks are arranged above the hulls, so that fore and
      aft side partitions, double bottoms and cofferdam partitions become
      superfluous. The only purpose of the hulls is to deliver the necessary
      floating capacity and to receive the engine installation. Furthermore as
      the abeam (i.e., width or side-to-side) dimension of the tanks are less
      than the abeam dimension of the connected hulls (as connected by the
      connecting structure), the tanks are protected from side collisions. Also,
      where the connection structure is disposed entirely above the water line
      of the ship, as illustrated in connection with the first and second
      embodiments, the connection structure is protected from side collisions
      below the water line.
PAR  Each hull can be efficiently subdivided by means of one or more
      longitudinal partitions and a prescribed number of transverse partitions.
      The tank spaces thus created can serve to receive the necessary ballast
      liquid when sailing in ballast, or serve as cargo for liquid and/or dry
      cargo, such as oil, grain, general cargo and the like. The ship's hulls
      are connected to one another by suitable transverse connections, like the
      elements 12, 13, 14 and 15 of the connection structure, so that torsion,
      transverse and longitudinal forces can be efficiently received and
      distributed.
PAR  The various cargo tanks are arranged on the connection structure in such a
      way as to be freely accessible from all sides thereby facilitating both
      the detection and repair of tank leaks. To preclude hull damage from
      possible small leakages, for instance in the cargo tank or the related
      piping, provision is easily made to insure that the escaping liquid gas
      will not come in direct contact with one of the ship's hulls. Accordingly,
      the hulls may be made of normal ship-building steel, rather than
      cold-resistant material. For example, fluid conducting means 56
      schematically indicated only in FIG. 6, made of cold-resistant material
      may be arranged in a plane under the tanks and above the hulls to receive
      leaking liquid gas and to discharge the leakage to the water.
      Alternatively, closed leak pans of cold-resistant material may be disposed
      between the ship's plates under the cargo tanks or an additional platform
      deck of cold-resistant material can be arranged under the cargo tanks.
PAR  A ship according to the present invention is useful not only for the
      transport of liquid natural gas, as described above, but also for other
      liquid or gaseous cargoes and especially for dangerous cargoes such as
      chemical products which require as much protection as possible against
      loss of cargo tank integrity due to collision damage. The cargo tanks may
      be of any configuration, preferably cylindrical, rectangular or spherical
      configuration, and the hulls may be of any cross section, preferably
      rectangular or rounded (torpedo-shaped) cross section.
PAR  Now that the preferred embodiments of the present invention have been shown
      and described, various additions and modifications thereof will become
      readily apparent to those skilled in the art. Accordingly, the spirit and
      scope of the present invention is to be limited not by the foregoing
      specification, but only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A ship for the transport of liquid or gaseous cargo in tanks, comprising
PA1  A. a plurality of supporting hulls,
PA1  B. a plurality of cargo tanks for liquefied gas, and
PA1  C. a superimposed connection structure connecting said hulls and
      maintaining said tanks in a protected environment spaced above and between
      said hulls and accessible from all sides;
PA1  said hulls being disposed at least in part below the water line of said
      ship, said connection structure being disposed at least in part above said
      water line, and said tanks being disposed entirely above said water line.
NUM  2.
PAR  2. The ship according to claim 1, wherein the abeam dimension of said tanks
      is smaller than the abeam dimension of said connected hulls.
NUM  3.
PAR  3. The ship according to claim 1 wherein a member of cold-resistant
      material is disposed in a plane beneath said tanks and above said hulls to
      receive tank-leakage.
NUM  4.
PAR  4. The ship according to claim 1 wherein said connection structure is
      disposed at least in part below the water line of said ship.
NUM  5.
PAR  5. The ship according to claim 1 wherein said connection structure is
      disposed entirely above the water line of said ship.
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ABST
PAL  A ballasting system for oil tankers and other ships for separating the oil
     nd the water ballast which eliminates oil contamination and pollution in
      ballasting and deballasting ships. Flexible fabric-reinforced or
      stretchable membranes are attached in liquid sealing relationship within
      the oil tank all around at the athwartships quarter-points to thereby
      preclude flow between the oil and ballast water. Ballast water is
      contained in the tank on one side of the membranes while the oil cargo or
      the flowable cargo is separated on the other side of the membranes. The
      entire tank can be maintained full for ship stability and prevention of
      sloshing of the fluids.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefore.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The instant invention relates generally to ship ballasting systems and more
      particularly to a ballasting system using membranes that separate the oil
      and the water ballast therefore eliminates oil contamination and water
      pollution.
PAR  It is well known in the art of ships and particularly oil tankers that the
      ship rides dangerously high in the water when its fuel tanks, oil cargo
      tanks, or cargo holds are empty. The ship lacks roll stability, is subject
      to severe bending stresses in hog and sag, steerage is difficult, and the
      ride gives discomfort to the crew. For these reasons, it is common
      practice to "ballast" the ship by filling the tanks and holds with
      seawater when they are empty or even when partially empty of oil. Further,
      it is the practice to pump in ballasting water to facilitate the pumping
      out of the oil cargo from oil tankers.
PAR  Heretofore, there have been no attempts made to positively separate the oil
      and the water ballast because they are considered substantially immiscible
      and have different specific gravities with oil being the lighter and
      therefore always floating on top of the water. However, it is possible for
      the oil and water to emulsify particularly at the interface due to
      churning during pumping or sloshing during transit. For this reason, when
      off-loading a cargo of oil, some water is carried over to contaminate the
      delivered oil. Also, moisture-laden air vented into the tank causes water
      build-up. Furthermore, a particular problem exists when the tanker takes
      on a load of oil and deballasts at the same time in that a significant
      amount of oil goes overboard entrained with the ballast water to
      contaminate and pollute the area. This oil eventually finds its way to
      local beaches making them unfit for use and kills much wildlife.
PAR  Another problem associated with the state-of-the-art ballasting method is
      that it contributes greatly to repair costs of the ship because the
      seawater causes corrosion in the tanks. Periodically, the tanks must be
      drained, steam cleaned, scaled, and repainted. If the tanker has been
      carrying gasoline or other highly flammable products, this repair is
      extremely dangerous. It is also obvious that this old ballasting method is
      wasteful of the contaminated portion of oil, be it crude oil, heating oil,
      jet fuel, or gasoline cargo or fuel for the ship's propulsion.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide a new and
      improved ballasting system for oil cargo ships and other ballasting ships.
PAR  Another object of the instant invention is to provide a ballasting system
      that reduces the waste of oil and the necessity of frequent repair.
PAR  Still another object of the present invention is to provide a ballasting
      system for ships which eliminates contamination of the oil cargo and
      pollution of the seas, harbors, and beaches.
PAR  A further object of the instant invention is to provide a ballasting system
      for ships which completely separates the oil cargo and water ballast, yet
      functions like the conventional ballasting system.
PAR  Briefly, these and other objects of the present invention are attained by
      the use of a pair of fabric reinforced flexible membranes attached in
      liquid sealing relationship within, and dividing an oil tank into separate
      sections. The membranes are loosely draped and secured at their edges at
      the athwartships quarter points of the tank, that is, at distances of
      one-quarter, and three-quarters across the width of the tank to the
      overhead structure, the fore and aft bulkheads or walls, and the bottom.
      For convenience, the invention will be discussed with regard to an oil
      tanker ship and the assumption that the ballasting water is contained
      between the pair of membranes near the center of the tank while the oil
      cargo is contained in the separate outer portions of the tank, completely
      separated from the water. The membranes are loosely draped and can readily
      move back and forth as the oil or water replace and displace each other in
      ballasting or de-ballasting operations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention and many of the attendant
      advantages thereof will be readily appreciated as the same become better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings wherein FIG. 1 is
      a schematic transverse cross-section view of a tank in an oil tanker with
      100% cargo; and FIGS. 2a and 2b are schematic transverse cross-sectional
      views of an oil tank with other percentages of cargo.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like reference numerals designate
      corresponding parts throughout the several views, there is shown generally
      in FIG. 1 an oil cargo tank 10, formed in an oil tanker, having an upper
      transverse flanged web 12 supporting a deck 13 and a lower transverse
      flanged web 14 welded to the hull 15, both having an I or T beam
      cross-section. Each of the transverse webs shown are terminated at the
      sides with a port bulkhead 16 and a starboard bulkhead 18. Reinforcing
      angles 20 further strengthen the attachment to the bulkheads 16 and 18. A
      plurality of longitudinal frame members 22, and a keel 24 running the
      length of the ship and also having an I or T beam cross-section are welded
      to the transverse webs 12 and 14 to form the ship's structural frame and
      incidentally the tank 10. Since the transverse webs 12 & 14 are either I
      or T shaped, the floor and deck of the tank may be attached at either the
      top or bottom of the webs. However, as indicated the deck 13 is attached
      to the tops of the webs 12 while the bottom of the tank is split between
      the top and bottom of the webs 14 as shown.
PAR  Within the tank 10, according to the instant invention, are a pair of
      flexible membranes 26, made of cloth or fiber reinforced rubber, neoprene,
      polyethylene, or the like. Each membrane 26 is loosely draped in the tank
      and secured in liquid sealing relationship as with screw fasteners and
      clamping plates, or the like, at its edges along the fore and aft length
      of an overhead longitudinal 22, the forward bulkhead, a floor longitudinal
      22, and the after bulkhead at the athwartships quarter-points of the tank
      10 as shown in FIG. 1. Thus, the tank is divided into three sections A, B,
      and C across it's width these sections are watertight from each other. A
      lightweight perforated bulkhead 27 is installed between the membranes 26
      to avoid abrasion and overstressing of the membranes.
PAR  Near the bottom of the tank 10, between the transverse flanged webs 14, and
      fluidly communicating with the oil cargo sections A and C are oil cargo
      piping connections 28 for drawing off the oil. Fluidly communicating with
      the ballast section B at the bottom of the tank 10 is a ballast piping
      connection 30, which may be bifurcated for ease of flow of the seawater
      ballast in and out of the section B and avoid interference with the keel
      or other frame structure if no limbers are provided in the keel 24, and
      transverse 12 and 14 webs.
PAR  In operation, in addition to FIG. 1, reference may be made to FIG. 2a and
      2b wherein the tank 10 is shown in various filling conditions. As was
      discussed hereinbefore, it is desirable for ship stability to keep the
      tank 10 filled with oil cargo or seawater ballast. Therefore, as oil is
      pumped out of the tank sections A and C through the oil cargo connections
      28, seawater ballast enters the tank section B through the ballast
      connection 30. This operation may continue from a full oil tank as shown
      in FIG. 1, to the intermediate condition shown in FIG. 2a, and thence to
      where substantially all the oil has been pumped out as is shown in FIG.
      2b. It is evident from a view of the Figures, that seawater ballast has
      replaced in tank section B, the volume vacated by oil in tank section A
      and C, and that the loosely draped membranes 26 have separated and
      expanded into section A and C commencing at the bottom due to the higher
      specific gravity of the water. It is to be particularly noted that the
      membranes have at all times maintained the separation of the oil from the
      seawater precluding contamination of the oil. It is to be understood that
      this operation works equally well with a self-ballasting system, where
      ballasting water is pumped in and forces the oil cargo out at positive
      pressure, as well as the standard system, discussed above, where
      ballasting water is pumped in as from the fire main system or allowed to
      flow in as the oil is pumped out under negative pressure.
PAR  When the oil tanker is about to be loaded, the tank 10 is usually ballasted
      in tank section B with the membranes 26 expanded into sections A and C as
      shown in FIG. 2b. As the sections A and C fill with oil, the membranes 26
      begin converging at the top as shown in FIG. 2a, forcing out the
      ballasting water from tank section B through the ballast connection 30 to
      an overboard drain in the ship's hull. Due to the complete separation of
      the oil from the ballasting water by the membranes 26, the de-ballasted
      water is oil-free and will not pollute the water where the ship is
      floating.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. For example, this novel
      ballasting system can be used on any ship to ballast its fuel tanks and
      also has the advantage that the ballasting section B between the membranes
      is kept relatively clean and is smooth-walled, and readily could be used
      for carrying other cargo such as dry powders, grains, pellets and
      slurries, etc. It is therefore to be understood that within the scope of
      the appended claims, the invention may be practiced otherwise than as
      specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ship ballasting system separating the oil cargo and the water ballast
      sections comprising:
PA1  a substantially closed oil tank having an overhead structure, bulkheads,
      and a bottom;
PA1  a liquid cargo connection communicating with the oil cargo sections of said
      tank;
PA1  a ballast connection communicating with the ballast sections of said tank;
      and
PA1  a pair of flexible membranes attached in sealing relationship to said
      overhead structure, bulkheads, and bottom of said tank at the
      quarter-points thereby separating said oil tank into cargo sections and a
      ballast section; and a lightweight perforated bulkhead attached at said
      overhead structure, bulkheads, and floor at the vertical centerline of
      said oil tank between said pair of flexible membranes.
NUM  2.
PAR  2. The ship ballasting system of claim 1 wherein said flexible membranes
      are made of a fiber reinforced liquid impervious material.
NUM  3.
PAR  3. The ship ballasting system of claim 1 wherein said flexible membranes
      are made of a stretchable liquid impervious material.
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ABST
PAL  A free-running river mine disabler having a float which is propelled under
     he river surface by means of the river current. A wire cutter is towed
      along the river bottom by said float in such manner as to sever the
      ignition wires of electrically detonated mines.
BSUM
PAR  The present invention relates generally to wire cutters and, in particular,
      is a device for cutting the ignition wires of river mines, in order to
      effectively sweep and thereby prevent subsequent detonation thereof.
PAR  In the past, numerous devices have been employed for the cutting of marine
      mine ignition control wires, and, in many instances, they have been fairly
      satisfactory. However, for the most part, they have either been too
      specialized, or they otherwise leave a great deal to be desired, as far as
      results are concerned. For example, grapnels and chain drags, pulled by
      surface boats or other tractor means, are used to sever the ignition
      control wires that extend along the river bottoms between a watersubmerged
      marine mine and the human shore operator. Unfortunately, however, such
      devices are limited in their use, since they do not exactly follow the
      path of the boat when being towed around sharp river bends and, thus, they
      do not sweep some of the most critical areas. Furthermore, an enemy who is
      aware of such sweeping operations can usually repair cut wires, thereby
      making it necessary to conduct cutting operations immediately prior to the
      passage of the ships or vessels being protected. Moreover, men and crafts
      may be exposed to enemy fire during sweeping operations, which, obviously,
      is an undesirable situation.
PAR  The mine sweeping device constituting this invention overcomes most of the
      disadvantages of the prior art devices, including those mentioned above,
      inasmuch as it will sweep the entire channel of the river, including the
      sharp bends thereof, without requiring a tow-boat or manual or other
      guidance controls. Furthermore, the sweeping operations are done
      surreptitiously, which makes the enemy unaware that his mine has been made
      inoperative until he attempts to detonate it. Also, men and crafts are not
      exposed to dangerous enemy fire during sweeping operations. Moreover, once
      placed in the area to be swept, the device will sweep continuously and
      will change directions with each tidal reversal, if such exists. And, in
      addition, being cheap and simple, it requires no special skills or
      handling, and may be used economically in large numbers.
PAR  It is, therefore, an object of this invention to provide an improved river
      mine sweeper.
PAR  Another object of this invention is to provide a freerunning, unguided,
      mine sweeper that will sever electrically detonated marine mine ignition
      wires which are laying on or buried in a river bottom.
PAR  Still another object of this invention is to provide a method and means for
      surreptitiously cutting electrical conductors laying on or buried in a
      river bottom, sea floor, or the like.
PAR  A further object of this invention is to provide a freefloating,
      current-driven mine countermeasure vehicle.
PAR  Another object of this invention is to provide an improved method and means
      for cutting electrical conductors and cables laying on or buried in the
      floor of a body of water having a current which does not require a tractor
      vehicle towing means to be combined therewith to provide the motive power
      therefor.
PAR  Another object of this invention is to provide a marine mine wire cutting
      means that is easily and economically manufactured, maintained, handled,
      stored, and operated.
PAR  Another object of this invention is to provide an improved Riverine mine
      countermeasure.
DRWD
PAR  Other objects and many of the attendant advantages will be readily
      appreciated as the subject invention becomes better understood by
      reference to the following detailed description, when considered in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a quasi-pictorial view of the operations of the subject invention
      in a river environment;
PAR  FIG. 2 is a pictorial top view of a river having several bends and
      subaqueous "fences" extending thereacross at various locations, so as to
      retain the subject invention within the confines thereof during current
      reverses;
PAR  FIG. 3 is a schematic elevational view, with parts broken away, of the
      cutter portion of the invention;
PAR  FIG. 4 is a cross-sectional view taken at 4--4 of FIG. 3.
PAR  FIG. 5 is a top view taken along 5--5 of FIG. 3.
DETD
PAR  Referring now to FIG. 1, there is shown a pair of the subject mine
      countermeasure devices 11 and 12, the former of which is running free and
      the latter of which has snagged wire 13 of the electrical ignition wires
      13 and 14 of a marine mine 15. For the purpose of simplicity of
      disclosure, only two countermeasure devices have been disclosed herewith
      and only one thereof will be discussed in detail; however, it should be
      understood that as few or as many thereof may be used simultaneously or
      consecutively as is needed to provide the desired mine sweeping
      operations.
PAR  As depicted in FIG. 1, mine 15 is submerged within the river water and is
      held in place by a suitable anchor or weight 16. Weights 17 and 18 are
      usually also used to hold the ignition wires down on the river bottom
      which, of course, makes them difficult to acquire by most wire cutting
      means. The other ends of wires 13 and 14 usually extend upon the river
      bank to a camouflaged fire box or the like (not shown).
PAR  The preferred embodiment of the invention herewith disclosed contains a
      cutter assembly 21 which is connected by means of a flexible cable 22 to a
      styrofoam float 23. Although in this particular instance the aforesaid
      connecting means is defined as a flexible cable, a rigid rod or the like
      may be substituted therefor, if for any particular operational
      circumstance it is desirable to do so.
PAR  Float 23 preferably rides under the surface of river water 24, and in this
      particular view, it is being pulled to the left, as a result of the river
      current. Consequently, cutter assembly 21 is dragged along behind float 23
      and along the river bottom in such manner that it will plow therein and,
      thus, snag any mine ignition wires laying thereon or buried therein.
PAR  As previously suggested, a river 25 is illustrated in FIG. 2. This river is
      herewith illustrated to show the types of bends that it may contain and
      still not adversely affect the operation of the subject invention disposed
      therein.
PAR  In addition, an upstream fence 26 and a downstream fence 27 are shown,
      which are used to confine one or more of the mine sweepers disposed
      therebetween. Obviously, in the event the river current changes direction
      due to a change of tidal conditions, then fence 26 will become the
      downstream fence and fence 27 will become the upstream fence.
PAR  Fences 26 and 27 are of any suitable types and are preferably submerged in
      the river water in such manner that they will not be readily sighted by an
      enemy or disrupt navigation on the river. Accordingly, their respective
      heights and dispositions may be whatever the circumstances demand. A
      typical representation of fences 26 and 27 are cables that are too large
      to be snagged by cutter 21 but large enough to restrain the entire
      countermeasure device.
PAR  Referring now to FIGS. 3 and 4, cutter assembly 21 is shown in schematic
      structural detail and cross-section, respectively, as preferably having a
      two piece weighted body connected together as by welding or the like to
      form a housing 31 of substantially streamlined configuration, the
      streamlining thereof being of such design as to facilitate the movement of
      the entire cutter assembly from right to left (as shown in FIG. 3) through
      the water, as it is towed by its current driven float. The front portion
      of said cutter assembly contains a stabilizing fin 32, the front profile
      33 of which is curved downwardly and rearwardly in such manner as to guide
      an electrical conductor 34 down into a lower mouth 35. The lower portion
      of mouth 35 is composed of a plow blade 36, which is intended to dig
      through the river bottom 37 at some predetermined depth, in order to snare
      any wires 38 that may be buried therein.
PAR  The rear of throat end of mouth 35 contains a pair of hooked sections,
      barbs or hooks 39 and 40, which tend to hold any snared wire within the
      confines thereof, thereby preventing it from working its way back out of
      said mouth. As may readily be seen, the throat profile is of such
      curvature as to guide the snared wire into circular cutting wheels or saws
      41 and 42 which are mounted on a shaft 43 for rotation in any suitable
      bearings 44 and 45. Of course, bearings 44 and 45 are appropriately
      disposed in body 31 in any convenient manner for rigid support thereby.
PAR  Attached to shaft 43 is a driven sprocket gear 46, which is connected by
      means of a drive chain 47 to a drive sprocket gear 48 which, in turn, is
      rigidly attached to shaft 49. Shaft 49 is disposed for rotation in
      suitable bearings 51 and 52, which are, likewise, mounted securely in
      cutter body 31. Attached to shaft 49 are paddle wheels 53 and 54.
      Substantially all of the upper halfs of paddle wheels 53 and 54 are
      located within a water venturi or passageway 55 for movement by the river
      water flowing therethrough.
PAR  Cutter assembly 21 is, as previously mentioned, dragged along the river
      bottom by a tow cable or tow bar 22 which has the other end thereof
      connected to the float. Holes 56 provide tow cable 22 with connections
      points that may be used for making adjustments to provide substantially
      level "flight" of the entire cutting assembly for practically any river
      current velocity an river water and river bottom conditions.
PAR  As previously suggested, cutter 21 may be weighted in any convenient manner
      which will cause it to drag along the river bottoms and, to a certain
      extent, plow therein. For this purpose, a predetermined weight may be
      attached thereto as an integral part thereof. For example, plow 36 may
      include such a weight 57, although it should be understood that such
      weight may also be located at any other position on the cutter assembly
      which will provide stability and balance for any given operational
      circumstances.
PAR  The paddle wheel-circular saw drive mechanism mentioned above should be
      considered as being exemplary drive means only; hence, if so desired, a
      train of drive gears may be substituted for the drive and driven sprockets
      and the chain therebetween, inasmuch as so doing would merely be a matter
      of design choice, the making of which would be well within the purview of
      one skilled in the art having the benefit of the teachings herewith
      presented.
PAR  The operation of the subject invention will now be discussed briefly in
      conjunction with all of the drawing figures.
PAR  Because the entire device is easily handled, it may be dropped overboard
      into the river to be swept from a small boat, aircraft, or the like, as
      convenient during any given operation or tactical situation. Furthermore,
      any number thereof may be used for sweeping the electrical ignition wires
      of electrically detonated marine mines which may be laying on or buried in
      the river bottom. Of course, the more sweepers that are employed, the
      greater the probabilities that all of said wires are severed and, thus,
      the greater the probabilities that ships or the like can navigate the
      river with safety.
PAR  Because float 23 acts as the device that is responsive to the water power
      of the river current, it must be properly shaped and large enough to pull
      the cutter assembly along the river bottom. However, it should preferably
      not be so large as to be visible while in operation. In order to operate
      in a clandestine manner, the entire mine countermeasure device should
      remain under water at all times. This means that float 23, though buoyant,
      remains submerged at all times, and the length of tow cable 22 must be
      selected according to the depth of the river being swept and the attitude
      at which it is desired that cutter assembly 21 maintain while it is
      plowing along the river bottom. If necessary, the float may be camouflaged
      to prevent its being sighted by an enemy observing the river.
PAR  Once the subject minesweeper has been disposed in the water, it is powered
      by the river current. Because the entire device is properly weight
      balanced, and because it includes fin 32 which acts as a stabilizing and
      guidance means therefor, its general direction of travel is usually
      parallel to that of the river current and its attitude while traveling is
      such that leading edge 33, mouth 35, and plow 36 are in positions which
      facilitate the acquiring of any mine control wire contacted thereby.
PAR  Because the rivers in which this invention may be used may have tidal
      currents, the direction of water flow reverses therewith. Such reverses,
      of course, causes the subject mine sweeper to sweep back and forth in the
      river. However, in the event the sweeping operations are to be restricted
      in area, as shown in FIG. 2, underwater fences, which may, for example,
      actually be cables that are too large in diameter to enter the mouth of
      cutter 21, may be erected in such manner as to confine them thereto. As
      previously indicated, the fact that a particular river has many bends does
      not adversely affect the effectiveness of the invention. As long as there
      is sufficient current to carry it along, mine sweeping occurs.
PAR  Once a wire has been snared by mouth 35 of cutter 21, further movement of
      said cutter causes it to be moved back into contact with a circular
      cutting wheel, knife, or saw 41. At that time, one or both of two things
      occur that cause the snared wire to be severed. As a result of the wire
      being snared, the cutter begins to wobble, and the wobbling action of the
      cutter may cause the cutting of the wire as it is impacted numerous times
      against the cutting saw. Or, due to the rotation of the circular saw, the
      wire may be cut in two.
PAR  Rotation of circular saw 41 is effected by means of paddle wheel 53 being
      driven by the water flow through passageway 55, which in turn, through
      sprocket 48, chain 47, and sprocket 46, drives said saw 41. Obviously,
      movement of the saw teeth against the wire saws it in two.
PAR  In order to increase the probability of cutting a snared wire, or in order
      to expedite the cutting thereof, float 23 may be so shaped as to increase
      the wobbling action thereof and thus, increase the wobbling action of the
      entire cutter as well.
PAR  Although, as previously mentioned, the leading edge 33 of stabilizing fin
      32 is curved downwardly and rearwardly in such manner as to guide an
      electrical conductor 34 down into its lower mouth 35, it should also be
      designed so that the invention will not become snagged or fouled on logs
      or any other relatively large debris of the type usually found on river
      bottoms.
PAR  Instead of the aforementioned water current powered cutting saw, other
      cutter and power variations may be employed, if so desired. For instance,
      a cutter wheel may be powered by explosives, chemicals, batteries, or
      springs.
PAR  Furthermore, the subject mine countermeasure device may be modified to
      incorporate various acoustical markers which are launched or enabled upon
      the contact with an electrical conductor, thereby providing information to
      one navigating the river that an electrically controlled mine exists in
      that area. Further modification could also include bottom followers
      equipped with other types of sensors, such as metal detectors or the like,
      and means to mark, neutralize, or destroy a submarine mine.
PAR  Obviously, other embodiments and modifications of the subject invention
      will readily come to the mind of one skilled in the art having the benefit
      of the teachings presented in the foregoing description and the drawings.
      It is, therefore, to be understood that this invention is not to be
      limited thereto and that said modifications and embodiments are intended
      to be included within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Means for acquiring and cutting marine mine control wires laying on and
      buried in the bottom of a river:
PA1  a housing means;
PA1  passageway means of predetermined geometrical configuration located in said
      housing means for the controlled flow of river water therethrough;
PA1  cutting means mounted for rotation in said housing;
PA1  means mounted in said housing and extending within said passageway means
      for rotation therein in response to river water flowing therethrough;
PA1  means interconnecting said water responsive rotating means and the
      aforesaid cutting means for the driving thereof thereby;
PA1  means connected to said housing means for guiding the marine mine control
      wires to be cut into engagement with the aforesaid cutting means upon
      contact therewith; and
PA1  means connected to the aforesaid housing means for the propulsion thereof
      in such manner within said river that wires laying on and buried in the
      bottom thereof will be contacted, acquired, and guided for engagement with
      said cutting means by the aforesaid wire guiding means.
NUM  2.
PAR  2. The device of claim 1 wherein said cutting means mounted for rotation in
      said housing comprises a circular saw.
NUM  3.
PAR  3. The device of claim 1 wherein said cutting means mounted for rotation in
      said housing comprises a circular knife.
NUM  4.
PAR  4. The device of claim 1 wherein said means mounted in said housing and
      extending within said passageway means for rotation therein in response to
      river water flowing therethrough comprises a paddle wheel.
NUM  5.
PAR  5. The device of claim 1 wherein said means interconnecting said water
      responsive rotating means and the aforesaid cutting means for the driving
      thereof thereby comprises:
PA1  a first sprocket rigidly attached to said water responsive rotating means
      for rotation therewith;
PA1  a second sprocket rigidly attached to said cutting means for rotation
      therewith; and
PA1  a drive chain connected between said first and second sprockets.
NUM  6.
PAR  6. The invention of claim 1 further characterized by weight means
      effectively connected to said marine mine control wire guiding means for
      appropriately balancing, stabilizing, and downwardly pulling the entire
      marine mine control wire acquiring and cutting means.
NUM  7.
PAR  7. The invention according to claim 1 wherein said means connected to said
      housing means for guiding the marine mine control wires to be cut into
      engagement with the aforesaid cutting means upon contact therewith
      comprises:
PA1  a stabilizing fin connected to said housing in such manner as to extend in
      the forward running direction therefrom, said stabilizing fin having a
      leading edge that slopes downwardly and rearwardly;
PA1  a mouth disposed in the lower end of said stabilizing fin, said mouth being
      a continuation of the aforesaid leading edge and having a rearward throat
      which extends past the cutting edge of the aforesaid cutting means;
PA1  a plow blade integrally attached to the lower forward edge of said
      stabilizing fin in such manner that it will plow through a predetermined
      depth of the aforesaid river bottom as said entire marine mine control
      wire cutting means is pulled through the water of said river.
NUM  8.
PAR  8. The invention of claim 7 further characterized by a pair of barbs
      disposed in the throat end of said mouth in substantially contiguous
      relationship with the aforesaid cutting means for holding of acquired
      wires therein.
NUM  9.
PAR  9. The device of claim 1 wherein said means connected to the aforesaid
      housing means for the propulsion thereof in such manner within said river
      that wires laying on or buried in the bottom thereof will be contacted,
      acquired, and guided for engagement with said cutting means by the
      aforesaid wire guiding means comprises:
PA1  a float having a predetermined buoyancy, size, and shape, which is
      responsive to a river current in such manner as to be carried along
      therewith while being submerged therein; and
PA1  a flexible cable connected between said float and the aforesaid marine mine
      control wire guiding means.
NUM  10.
PAR  10. The invention of claim 9 further characterized by means disposed
      between said marine mine control wire guiding means and the aforesaid
      flexible cable for adjusting the relative positions thereof.
NUM  11.
PAR  11. The device of claim 1 wherein said means connected to the aforesaid
      housing means for the propulsion thereof in such manner within said river
      that wires laying on or buried in the bottom thereof will be contacted,
      acquired, and guided for engagement with said cutting means by the
      aforesaid wire guiding means comprises:
PA1  a float having a predetermined buoyancy, size, shape, which is responsive
      to a river current in such manner as to be carried along therewith while
      being submerged therein; and
PA1  a rigid rod connected between said float and the aforesaid marine mine
      control wire guiding means.
NUM  12.
PAR  12. The invention of claim 11 further characterized by means disposed
      between said marine mine control wire guiding means and the aforesaid
      rigid rod for adjusting the relative positions thereof.
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ABST
PAL  A method of launching and recovering self-propelled submersibles by using a
      drogue below the surface of the water where comparatively stable
      conditions exist. A probe on the submersible is unlatched from or latched
      to the drogue during relative movement therebetween when it is desired to
      release or recover the submersible. The apparatus includes a suitable
      drogue, a probe connected to the submersible, and releasable latching
      device in the drogue and on the probe.
PARN
PAR  This is a continuation of application Ser. No. 338,085, filed Mar. 5, 1973,
      now abandoned.
BSUM
PAR  This invention relates to method and apparatus for launching and recovering
      self-propelled submersibles.
PAR  The use of small self-propelled submersibles by industry and the military
      for exploration of the sea, the sea floor, and the inspection and
      servicing of under-sea equipment and installations is increasing steadily
      throughout the world. The ability to launch and recover these vessels is
      limited by the state of the sea at the time, and this controls their
      utilization.
PAR  One of the limiting factors to the use of these submersibles is the
      difficulty in launching and retrieving them in rough seas. Numerous
      different harnesses and sling arrangements have been devised for
      recovering the submersibles, but these do not overcome the problem of
      recovery in rough seas. As a result, these vessels can be launched and
      recovered only when the sea conditions are relatively mild. An elaborate
      elevator device has been devised for recovering submarines, but this is
      very expensive, relatively complicated, and not too practical for everyday
      use with relatively small submersibles.
PAR  The method and apparatus according to the present invention make it
      possible to launch and recover submersibles in comparatively rough
      weather, thus greatly increasing the periods during which these
      submersibles can be used. It is known that not far below the surface of
      the sea comparatively stable conditions exist no matter how rough the sea
      state is at the surface. It is proposed that the main part of the
      launching and recovery be accomplished below the surface of the sea where
      the comparatively stable conditions exist. The main difficulty is in
      getting a line on the submersible, and this is done in the area of stable
      sea conditions. Thus, the present invention is mainly concerned with
      recovering the submersibles, although the reverse technique is used to
      launch them.
PAR  The method of the present invention teaches launching and recovering a
      submersible in water by means of a probe element releasably latchable with
      a drogue element, one of said elements being connected to a cable and the
      other of said elements being connected to the submersible, comprising
      moving the drogue element relative to the probe element or vice versa
      through the water at a level below the surface thereof where comparatively
      stable conditions exist at the moment of latching together or unlatching
      the probe element and the drogue element.
PAR  The method according to the present invention of recovering a small
      self-propelled submersible from the water in which the submersible is
      operating by means of a drogue element and a probe element, one of said
      elements being connected to cable means and the other of said elements
      being connected to the submersible, and which comprises towing one of said
      elements by the cable means through the water at a level below the surface
      thereof where comparatively stable conditions exist, said drogue element
      and said probe element having co-operative latching components thereon,
      unlatching said components to free the submersible from the cable means or
      latching said components together to secure the submersible to the cable
      means.
PAR  In carrying out a preferred form of this method a drogue is towed by a
      recovery vessel through a cable connected to the drogue. The drogue is
      designed to have trimmable negative buoyancy, which is set in any suitable
      manner, such as by means of flotation and ballast tanks on the drogue, and
      the towing cable will be of material selected for slight negative buoyancy
      as well as tensile strength. These features will ensure that the drogue
      will take up its correct attitude when towed at the submersible recovery
      speed, with the length of the cable controlled to maintain the drogue at a
      desired depth below the sea surface. It should be noted that submersible
      recovery speed will be considerably slower than the normal cruising speed
      of the submersible. Due to the catenary taken up by a cable of more than a
      minumum length, the drogue tows in a relatively stable condition virtually
      uneffected by surface sea conditions. The drogue is shaped to ensure
      stable towing characteristics through the water with minumum turbulence
      and drag. If desired, the drogue may have suitable vanes projecting
      therefrom for this purpose.
PAR  It is preferable to tow the cable by a vessel having a ramp extending down
      into the water and along which the cable extends. With this arrangement,
      when the cable is drawn or winched in, the submersible is drawn to the
      ramp and up the latter. It is preferable to guide the cable so as to keep
      it moving up the ramp in a predetermined line while keeping it taut.
PAR  The method of launching the submersible according to this invention
      comprises paying out the cable from the vessel with the probe of the
      submersible latched to the drogue until the submersible reaches the
      desired depth where stable conditions exist beneath the surface of the
      water, and then releasing the probe from the drogue to free the
      submersible.
PAR  Apparatus according to the present invention comprises a drogue having an
      attaching end and a receiving end, a cable connected to said attaching end
      to extend from a recovery vessel, a probe connected to the submersible,
      and a releasable latch arrangement having cooperating parts within the
      drogue and on the probe whereby insertion of the probe into the drogue
      releasably connects the submersible to said drogue. The apparatus may be
      such that the elements thereof are reversed, that is, the drogue may have
      a probe projecting therefrom, and a receiver for the probe may be attached
      to the submersible.
DRWD
PAR  This method and the apparatus according to the present invention will be
      more clearly understood from the following description and the
      accompanying drawings, in which
PAR  FIG. 1 diagrammatically illustrates apparatus according to this invention,
      including a submersible with one form of probe,
PAR  FIG. 2 is a side elevation, partly in section, of the apparatus of FIG. 1,
PAR  FIG. 3 is a side elevation of a submersible with an alternative form of
      probe in its normal position and just about to engage a drogue,
PAR  FIG. 4 is a side elevation of the submersible of FIG. 3 showing the probe
      engaging the drogue and both of these elements in a lifting position,
PAR  FIG. 5 diagrammatically illustrates an arrangement with the probe on the
      drogue and a receiver on the submersible,
PAR  FIG. 6 is an enlarged side elevation of the drogue with its latch element,
      flotation and ballast tanks, and the latch element of the submersible
      probe,
PAR  FIG. 7 is an enlarged longitudinal section through a latching arrangement
      for the drogue and probe showing the various elements in their normal
      positions,
PAR  FIG. 8 is a view similar to FIG. 7, but showing the elements in their
      latching positions and,
PAR  FIG. 9 is a cross-section taken on the line 9--9 of FIG. 8.
DETD
PAR  Referring to FIGS. 1 to 4 of the drawings, 10 diagrammatically illustrates
      a recovery vessel having a ramp 11 inclined downwardly so that its lower
      end is below the surface 12 of the water within a well 13 formed in the
      vessel. A winch 15 is mounted on the deck of the vessel forward of the
      ramp, and a fairlead roller 16 is positioned at the threshold 17 of the
      ramp.
PAR  A cable 22 is wound on winch 15 and extends downwardly over the ramp and
      through a tubular fairlead 24, and has a drogue 26 connected to its outer
      or free end. This drogue can be of any desired shape so that it will have
      stable towing characteristics with a minimum of turbulence and drag as it
      is towed through the water. In this example, the drogue is cone-shaped, as
      shown, and it may have holes 27 therein, as shown in FIGS. 1 to 5 to help
      reduce turbulence and drag. Alternatively, the drogue may be in the form
      of a cage-like structure made of steel rods 28 as shown in FIG. 6. In
      either case, the drogue has flotation and ballast tanks 29 and 30
      respectively an attaching or apex end 31 to which cable 22 is secured, and
      a large open opposite receiving end 32.
PAR  A pair of control cables 33 and 34 are connected to fairlead 24 and extend
      laterally therefrom to winches 35 and 36 upon which the cables are wound,
      said winches being mounted on the deck of vessel 10 on opposite sides of
      well 13.
PAR  A small self-propelled submersible 40 has a probe 41 mounted thereon and
      projecting forwardly therefrom. The submersible can be manoeuvered so that
      the end of probe 41 is moved through the open receiving end 32 of drogue
      26 and into the latter. Suitable latching means is provided for releasably
      connecting the probe to the drogue. Any suitable latching mechanism can be
      used for this purpose, and a novel latch arrangement which is particularly
      suitable is hereinafter described.
PAR  When it is desired to recover submersible 40, winch 15 is operated to pay
      out cable 22 while vessel 10 moves forwardly through the water. Sufficient
      cable is paid out relative to the speed of the vessel and buoyancy of the
      drogue and cable to maintain drogue 26 at a desired level beneath the
      surface 12 of the water. Comparatively stable conditions exist at this
      level regardless of how rough the sea is at its surface.
PAR  The submersible 40 is manoeuvered so as to move probe 41 into drogue 26
      where the latching means operates to connect the probe to the drogue. If
      the submersible has a suitably located viewing port, the approach and
      mating of the probe and drogue can be carried out visually. Suitable light
      means on the submersible will help this operation. As an alternative,
      sensors, such as active or passive sonar, can be used to enable the
      submersible to locate and mate with the drogue. As this type of sensing
      equipment is well known in the art, it does not require description
      herein.
PAR  As the recovery vessel and the drogue are moving through the water during
      the manoeuvering of the submersible, the drogue and submersible remain
      quite stable relative to each other so that the mating operation is easily
      accomplished.
PAR  Once the drogue and probe are latched together, cable 22 is reeled in by
      winch 15. As this operation continues, the drogue followed by the
      submersible is drawn over fairlead roller 16 and up on to ramp 11. In
      actual practice, winch 15 and the ramp may be positioned so that the
      submersible is drawn up on to the deck of the vessel in order that the
      submersible can be moved to any desired location therein. As vessels
      having inclined ramps extending down into the water, such as marine cable
      laying vessels, are well known, the vessel has been only diagrammatically
      illustrated herein.
PAR  As the submersible is being drawn towards the vessel 10, winches 35 and 36
      can be operated to shift fairlead 24 back and forth so as to maintain
      cable 22 in proper position relative to the vessel. When fairlead 24 is
      engaged by the drogue, winches 35 and 36 can be allowed to pay out their
      respective cable in such a way as to keep cable 22 in its proper position
      relative to ramp 11 and so as to maintain this cable taut at the crucial
      time when the submersible is being drawn out of the water.
PAR  FIG. 3 illustrates submersible 40 with an alternative form of probe 48.
      This probe is hingedly connected to the submarine at 49 above the center
      of gravity thereof, and it normally extends in a substantially horizontal
      position forwardly of the submersible, said probe being releasably held in
      this position by a clamp 52 mounted on the hull of the submersible.
PAR  With this arrangement, the submersible is manoeuvered in the manner
      described above until the end of probe 48 enters drogue 26. However, with
      this alternative arrangement, cable 22 may run over the sheaves of a
      suitable crane, not shown, mounted on the deck of a recovery vessel. In
      this case, when the drogue and probe are secured together, cable 22 is
      winched in until the submersible is directly below the crane, at which
      time probe 48 has swung upwardly into a vertical position, as shown in
      FIG. 4. Continued winching in of cable 22 raises the submersible in a
      vertical direction until the latter is clear of the water and can be swung
      on to the deck of the recovery vessel.
PAR  This recovery vessel moves forwardly so as to draw probe 26 through the
      water as the submersible is being manoeuvered to insert probe 48 into the
      drogue. Once the connection has been made, the vessel is stopped so that
      it and the submersible are stationary when the latter is in the position
      shown in FIG. 4 to allow the submersible to be pulled upwardly through the
      water with as much control thereof as possible.
PAR  Alternatively, the recovery vessel can be stationary with the cable and
      drogue suspended vertically from a suitable crane. The submersible, with
      its probe vertical as shown in FIG. 4, can now make a vertical approach to
      the stationary drogue to make contact and latch in the probe.
PAR  In this mode of operation the drogue will be designed to have a suitable
      negative buoyancy and vertical drag profile so that its sea damped
      vertical motion will not follow the vertical heaving motion of a pitching
      rolling recovery ship. This will result in a reasonably steady target for
      the submersible probe to home in on. When the probe is engaged and
      latched, the submersible can then be winched vertically upwards. The use
      of suitable "constant tension winches" will enable this to be carried out
      without any violent irregular motion of the submersible due to vertical
      heaving motions of the recovery ship.
PAR  FIG. 5 illustrates a probe 52 connected to and projecting rearwardly from
      drogue 26, and a receiver 53 on the outer end of probe 41 of the
      submersible 40 of FIGS. 1 and 2. The latching arrangement for this version
      is the same as that for the elements of FIG. 1, excepting that the mating
      parts of the latch are reversed in the embodiment of FIG. 5.
PAR  It is obvious that probe 52 and receiver 53 can be mounted on the drogue
      and submersible probe in the manner illustrated in FIG. 5.
PAR  When the arrangements of FIGS. 1 to 5 are used to launch the submersible,
      cable 22 is paid out with the drogue and probe, or drogue probe and
      submersible probe receiver secured together. This continues until the
      submersible reaches the desired depth, and then the latch arrangement is
      unlatched to free the submersible.
PAR  FIGS. 6, 7 and 8 illustrate a novel and desirable latch arrangement 60 for
      drogue 26 and the probe of the submersible. This latch arrangement
      includes a female member 64 which is adapted to be fixedly secured within
      the drogue near the apex end thereof. This member 64 has a cylindrical
      passage 65 therein extending from a conical or outwardly diverging
      entrance 67 opening out from the end 68 of the member, to a conical cavity
      69 at the end of said passage. A passage 71 extends forwardly from cavity
      69 through member 64 to its end within drogue 26. An annular groove 73 is
      formed in the wall of passage 65 and has bevelled walls 74 and 75 therein.
PAR  A male member 78 is mounted on the end of the probe of the submersible,
      such as probe 41. Member 78 includes an elongated tubular head 82 fixedly
      secured at its inner end 83 to the outer end of probe 41, said head having
      a conical tip 84 at its opposite outer end. A sleeve 87 is concentrically
      mounted within tubular head 82 and is fixedly connected thereto by one or
      more pins 88. Sleeve 87 is formed with an enlargement 89 which forms a
      shoulder 90 at one end of an annular space 91 between said sleeve and the
      inner surface of head 82, in which a tubular cocking slide 94 is slidably
      mounted. Slide 94 has a cylindrical projection 95 of reduced diameter
      projecting forwardly therefrom, said projection having a bevelled end 97.
      A plurality of coil springs 100 fit in and project rearwardly from sockets
      102 formed in slide 94. These springs at their outer ends bear against
      shoulder 90 so as to bias the cocking slide forwardly in head 82. A
      shoulder 105 formed on slide 94 is positioned to abut against a shoulder
      106 formed on head 82 to limit the outward movement of the cocking slide.
PAR  An annular internal groove 109 is formed in cocking slide 94 substantially
      midway between its opposite ends. Although not absolutely necessary, this
      groove is formed with an inclined after wall 110 and a radial forward wall
      111.
PAR  A plurality of latching balls 115 are provided for head 82, each ball being
      located in a radial passage 116 in said head adjacent the base of tip 84
      thereof. An annular flange 118 projects inwardly of the entrance of each
      passage 116 to prevent latching ball 115 from moving out of said passage.
      It will be noted that when ball 115 is seated on the flange, it projects
      outwardly from head 82, and it is pressed against said flange by the
      bevelled end 97 of slide 94 under the biasing action of its springs 100.
      At the same time, the latching ball is completely outside of the inner
      wall 120 of cocking slide 94, said inner wall being axially aligned with
      the inner wall 121 of sleeve 87.
PAR  A cylindrical latch pin 125 is slidably mounted within sleeve 87, and has a
      reduced cylindrical projection or nose 126 slidably fitting in an axial
      passage 127 formed in tip 84 of head 82 and opening outwardly from the
      forward end of said tip. Latch pin 125 is formed with an annular bevel
      shoulder 130 which is normally spaced rearwardly just clear of said
      passages 116 and balls 115 therein. The latch pin is formed with an
      annular groove 135 which, when said pin is in its normal position,
      overlies a plurality of circumferentially spaced holes 137 in sleeve 87,
      in each of which a locking ball 138 is located. Each locking ball projects
      into groove 135 at this time to lock pin 125 to stationary sleeve 87,
      cocking slide 94 retaining the balls in this position at this time.
PAR  Groove 135 is formed with an after inclined wall 142 and a less inclined
      forward wall 143. A spring 146 is mounted within latch pin 125 and extends
      between a wall 147 formed in said pin rearwardly and out of the pin to a
      stop 149 connected to sleeve 87 just clear of the latch pin.
PAR  When member 78, which forms the head or tip of probe 41, is moved by the
      probe into drogue 26, tip 84 of head 82 moves through the entrance 67 of
      female member 64 until it enters cavity 69. As tip 84 advances through
      passage 65 of member 64, latching balls 115 are shifted radially inwardly
      of head 82, the reduced nose 126 of latch pin 125 making this possible. As
      the balls are bearing against the beveled end 97 of cocking slide 94,
      movement of these balls inwardly, shifts the cocking slide rearwardly
      relative to the latch pin. When the slide is moved in this manner, groove
      109 is moved into alignment with locking balls 138 so that the latter are
      urged by inclined wall 142 under the action of spring 146 against latch
      pin 125 out of groove 135 and into groove 109 of retracted slide 94 to
      lock said slide in this position to stationary sleeve 87. This forward
      movement of the latch pin presses bevel shoulder 130 against balls 115 to
      force said balls outwardly into groove 73 of female member 64, and this
      permits pin 125 to move further forwardly under the action of spring 146,
      locking balls 115 in groove 73, as shown in FIG. 8. This actually locks
      head 82 and consequently member 78 to member 64. Thus, at this time, probe
      41 is positively locked to drogue 26 through latching arrangement 60.
PAR  The members 64 and 78 can be released from each other and the latching
      arrangement reset merely by inserting a blunt instrument through passage
      71 of member 64 and into passage 127 within the tip 84 of head 82 and
      against the end of nose 126 of latching pin 125. Movement of the latching
      pin rearwardly shifts the reduced nose 126 thereof into line with balls
      115, thereby freeing said balls to move radially inwardly. Continued
      rearward movement of pin 125 causes the entire member 78 to move with it.
      Balls 115 are moved inwardly by the sloping side 74 of groove 73. At the
      same time, groove 135 of pin 125 is moved into alignment with balls 138.
      As cocking slide 94 is biased forwardly by springs 100, the bevel wall 110
      of groove 109 in the cocking slide forces balls 138 into groove 135 of the
      latch pin to lock the latter to stationary sleeve 87. Slide 94 is now free
      to slide forward under axial load of spring 146 and its bevelled end 97
      forces balls 115 radially outwards to make contact with flange 118 in
      radial passage 116. Thus, the apparatus is cocked and ready for another
      latching operation.
PAR  The apparatus can be released and reset from within submersible 40. This
      can be accomplished by a rod 155 connected at one end to latch pin 125 at
      156 and at its opposite end to a piston 158 slidably mounted in a cylinder
      159 mounted within and connected to the rearward end 83 of head 82 of
      member 78. Fluid passages 162 and 163 open into opposite ends of cylinder
      159. The piston is moved back and forth in the cylinder by fluid, such as
      air or liquid, directed into either end of the cylinder through tubes 165
      and 166 which extend from passages 162 and 163 into the submersible where
      they are connected to a suitable fluid source and control system. Fluid
      directed through tube 165 into the cylinder 159 moves piston 158 and,
      consequently, latch pin 125 rearwardly from the position shown in FIG. 6
      to cock the mechanism.
PAR  Alternately, passage 162 can open out to the sea so that piston 158 is
      exposed to sea pressure, while tube 166 extends into the submersible. If
      this tube 166 is hydraulically sealed, rising sea water pressure
      associated with increased depth below the surface will have no effect when
      the piston is in its forward position, the submersible being connected to
      the drogue at this time. However below a certain depth, release of this
      hydraulic lock will allow the ambient sea pressure to drive piston 158
      rearwardly and so release the catch and allow the probe to separate from
      the drogue.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of recovering a small self-propelled submersible in water by
      means of a probe element releasably latchable with a drogue element, one
      of said elements being connected to the end of a cable which extends
      downwardly and horizontally to said one element and the other of said
      elements being connected to the submersible, comprising moving that
      element connected to the cable horizontally through the water at such a
      speed that the velocity, weight and length of the downwardly and
      horizontally extending cable maintain the latter element at a level below
      the surface of the water where comparatively stable conditions exist and
      where the movement of the latter element is essentially independent of
      vertical movements at the surface of the water and the latter element
      presents a rearwardly facing receiving means as it is moving, moving the
      other of said elements horizontally to said first element at a little
      greater speed and in line with said first element until latching together
      of said elements occurs upon said horizontal movement, to connect the
      submersible to the cable at said level, the latching resulting from said
      horizontal movements being effective to prevent further relative motion
      between the probe and drogue.
NUM  2.
PAR  2. A method as claimed in claim 1 in which said cable is towed by a vessel
      having a ramp extending down into the water and along which the cable
      extends, and when said cable is drawn in the submersible is drawn to the
      ramp, and then drawing said submersible up said ramp.
NUM  3.
PAR  3. A method as claims in claim 2 including guiding the cable as it is drawn
      in to keep the cable and the submersible moving up the ramp in a
      predetermined line while keeping said cable taut.
NUM  4.
PAR  4. A method as claimed in claim 1, said element connected to the cable
      being the drogue, and the element connected to the submersible being the
      probe.
NUM  5.
PAR  5. A method as claimed in claim 4, wherein moving the drogue through the
      water comrises towing it from a vessel to which the upper end of the cable
      is connected.
NUM  6.
PAR  6. A method as claimed in claim 5, and including drawing in the cable after
      latching to move the submersible to a desired position for removal from
      the water.
NUM  7.
PAR  7. A method of recovering a small self-propelled submersible from the water
      in which the submersible operates, comprising towing a drogue horizontally
      through the water by a cable extending downwardly and horizontally
      rearwardly from a moving recovery vessel to the drogue, controlling the
      speed of the vessel and the length of the cable so that the velocity,
      weight and length of the downwardly and horizontally extending cable
      maintain the drogue at a level below the surface of the water where
      comparatively stable conditions exist and where movements of the drogue
      are essentially independent of the vertical movements of the recovery
      vessel due to wave motion at the surface, said drogue having latching
      means therein which face rearwardly as the drogue is being towed
      horizontally, manoeuvering a submersible having a probe thereon
      horizontally at a little greater speed than the drogue and in horizontal
      alignment therewith to insert the probe horizontally into the drogue until
      the probe is latched to the drogue upon said horizontal movement, such
      that said latching resulting from horizontal movements is effective to
      prevent further relative motion between the probe and drogue, and drawing
      in the cable to move the submersible out of the water.
NUM  8.
PAR  8. A method as claimed in claim 7 including keeping the recovery vessel
      moving while the cable is being drawn in.
NUM  9.
PAR  9. A method as claimed in claim 8, including drawing the submersible up a
      ramp on the recovery vessel by drawing in the cable.
NUM  10.
PAR  10. A method as claimed in claim 9, including guiding the cable as it is
      drawn in to keep the cable and the submersible moving up the ramp in a
      predetermined line while keeping said cable taut.
NUM  11.
PAR  11. Apparatus for launching and recovering a small self-propelled
      submersible from the water in which the submersible operates comprising a
      drogue having an attaching end and a rearwardly facing receiving end, a
      cable connected at its free end to said attaching end and extending
      downwardly and rearwardly from a recovery vessel to the drogue, the drogue
      constructed of a shape with an apex and a rearwardly increasing outer
      cross-section to provide stable towing characteristics, the length of the
      cable and the buoyancy and shape of the drogue and cable constituting
      means for maintaining the drogue at a desired level below the surface of
      the water and for keeping the drogue independent of the vertical movements
      of the surface vessel due to wave movements at the surface of the water as
      the drogue moves horizontally through the water at said level, a
      horizontally extending prove connected to the submersible, and a
      releasable latch means having co-operating parts within the drogue and on
      the probe for inserting the probe horizontally into the drogue to
      releasably connect the submersible to the dorgue and the cable such that
      relative motion between the probe and drogue are prevented.
NUM  12.
PAR  12. Apparatus as claimed in claim 11 in which said drogue is substantially
      cone-shaped, said drogue having an apex at one end and a large open
      opposite end forming respectively said attaching and receiving ends.
NUM  13.
PAR  13. Apparatus as claimed in claim 11 in which the probe extends forwardly
      from the submersible.
NUM  14.
PAR  14. Apparatus as claimed in claim 11 in which the probe is hingedly
      connected at an inner end thereof to the submersible over the center of
      gravity of the latter, and including means releasably retaining the probe
      in a position extending forwardly of the submersible, said probe when
      released being swingable into a substantially vertical position.
NUM  15.
PAR  15. Apparatus as claimed in claim 11 in which said releasable latch means
      comprises a female member mounted in the drogue, a male member mounted on
      the probe, and a latch on the male member which on movement of said male
      member into the female member releasably latch said members together.
NUM  16.
PAR  16. Apparatus as claimed in claim 11 in which said releasable latch means
      comprises a female member mounted in the drogue and having a passage
      extending longitudinally thereof, an annular groove formed within said
      female member and opening into said passage, a male member mounted on the
      probe, latching balls mounted in the male member, and means resiliently
      urging said balls outwardly to a limited degree in a radial direction,
      whereby movement of the male member into the female member first depresses
      said balls which are then urged into said annular groove upon movement
      into the line therewith to latch said members together.
NUM  17.
PAR  17. Apparatus as claimed in claim 16 including means releasably locking the
      balls in said annular groove.
NUM  18.
PAR  18. Apparatus according to claim 11, including floatation and ballast tanks
      on the drogue to maintain the latter at said desired level below the
      surface of the water.
NUM  19.
PAR  19. Apparatus for launching and recovering a small self-propelled
      submersible from the water in which the submersible operates comprising a
      drogue, a cable connected at its free end to the drogue and extending
      downwardly and rearwardly from a recovery vessel to the drogue, the drogue
      constructed of a shape with an apex and a rearwardly increasing outer
      cross-section to provide stable towing characteristics, the length of a
      cable and the buoyancy of the drogue and cable constituting means for
      maintaining the drogue at a desired level below the surface of the water
      and for keeping the drogue independent of the vertical movement of the
      surface vessel due to wave movements at the surface of the water as the
      drogue moves horizontally through the water at said level, a horizontally
      extending probe connected to and projecting outwardly and rearwardly from
      the drogue, a horizontally extending receiver connected to the submersible
      and a releasable latch means having co-operating parts within the receiver
      and on the probe for inserting the probe horizontally into the receiver to
      releasably connect the submersible to the drogue and the cable such that
      relative motion between the probe and drogue are prevented.
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ABST
PAL  A water-jet is mounted rigidly entirely outboard of the boat and driven
      from an inboard engine by an interconnecting chaft through the transom.
      The tail nozzle is mounted concentric of and spaced from the pump chamber
      of the jet and extends rearwardly therefrom axially thereof. A butterfly
      trim vane is pivotally mounted on a transverse horizontal axis in the tail
      nozzle and is adapted to close the nozzle for blocking the jet and
      compelling a reverse flow of the water from the pump through passages
      between the pump chamber and tail nozzle. A steering vane is mounted on a
      vertical axis rearwardly of the tail nozzle and carries a rudder disposed
      beneath the jet steering vane for steering during reversal of the jet. The
      engine exhaust is introduced to the jet stream within the tail nozzle and
      has a by-pass operable during reverse of the jet stream.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a water-jet boat drive.
PAR  This art is still looking for a simple, durable generally maintenance free
      and low cost water-jet drive.
PAR  Boat manufacturers greatly prefer units that can be installed with little
      change in boat design. This means a preference for units secured solely to
      the transom of the boat and extending rearwardly therefrom without
      requiring any change in the construction of the bottom of the boat.
PAR  Most transom attached water-jet units present problems in trim adjustment
      and also in reverse drive. Some proposals forget trim adjustment
      completely and direct the jet stream selectively to either side in
      reverse, while other proposals would mount the unit dirigibly and shunt
      the jet downwardly in reversing thereby dangerously tending to lift the
      stern of the boat and drive the bow into the water.
PAR  None of the proposals applicant is aware of have any means for disposal of
      the engine exhaust through the jet.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention the entire waterjet unit is rigidly
      attached to the rear of the boat transom and constitutes a generally
      tubular housing with an inlet disposed at a slight downward angle from the
      bottom of the boat rearwardly from the transom, the housing terminating in
      a jet nozzle disposed axially at a slight upward angle to the plane of the
      boat bottom to effect a more efficient planing of the boat.
PAR  A supplementary tail jet nozzle is tandemly disposed concentrically with
      respect to the pump housing with the skirt of the jet nozzle radially
      spaced from the pump housing to provide a reverse path for the jet stream
      that generally surrounds the pump housing during reversal of the drive.
PAR  A butterfly vane in the supplementary nozzle is disposed on a horizontal
      transverse axis and is controlled to adjust the trim of the boat during
      forward boat drive and to completely close the jet nozzle and reverse the
      jet stream outside the pump housing for reverse boat drive.
PAR  Steering of the boat is effected by a suitable vane or other means at the
      discharge mouth of the jet nozzle to divert the jet stream selectively to
      either side of the forward direction of boat movement.
PAR  A supplemental steering rudder extends downwardly from the generally
      vertical shaft of the steering vane to assist in forward steering of the
      boat and also to provide steering of the boat when reversing.
PAR  The engine exhaust is introduced through the skirt of the jet nozzle to the
      jet stream and enters the stream by induction and is discharged therewith
      into the water behind the boat. upon reversal of the jet stream the
      exhaust is diverted from the jet and allowed to escape into the air.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate the preferred mode of carrying out the
      invention as presently contemplated by the applicant.
PAR  In the drawings:
PAR  FIG. 1 is a vertical longitudinal axial section through the jet drive and
      the rear portion of the boat showing its connection to the inboard engine
      drive;
PAR  FIG. 2 is a top plan view of the construction of FIG. 1 with parts broken
      away and sectioned;
PAR  FIG. 3 is a rear end elevation of the construction of FIG. 1 with parts
      broken away and sectioned.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, the water-jet boat drive illustrated comprises a
      jet pump 1 secured to the rear side of the transom 2 of a boat 3 and
      driven from the inboard engine 4 by means of transmission 5 and drive
      shaft 6 extending through the boat transom and carried by suitable thrust
      bearings 7.
PAR  The jet pump 1 comprises a tubular housing 8 having its forward open inlet
      end facing downward just behind the boat and generally in the plane of the
      boat bottom except for a slight angle of approximately 7.degree.
      downwardly and rearwardly thereof to effect a scooping of the water into
      the inlet or mouth of the housing as the boat moves forwardly in the
      water.
PAR  The rear end of tubular housing 8 is enlarged to receive the impeller 10 of
      pump 1 and is belled to receive the diffuser head 11 of the pump.
PAR  The impeller 10 is carried by drive shaft 6 and comprises a hub 12 with a
      series of blades 13 thereon adapted to give a longitudinal rearward thrust
      to the water causing it to flow rapidly through tubular housing 8 in
      response to rotation of the impeller.
PAR  The diffuser head 11 comprises a jet nozzle or tubular housing 14 secured
      in the belled rear end of housing 8 by a gland ring or nut 15 threaded
      into the latter and bearing against an outward shoulder 16 on housing 14.
PAR  The housing 14 extends rearwardly from shoulder 16 in a gradually reduced
      diameter of generally frusto-conical shape to discharge the water
      rearwardly from the pump through a jet nozzle opening 17 axially of shaft
      6.
PAR  The housing 14 contains a series of radial circumferentially spaced
      diffuser vanes 18 which are designed to remove the rotary component of
      movement of the water resulting from the rotation of blades 13, as the
      water passes to and through the jet nozzle 17.
PAR  The diffuser vanes 18 carry a central hub 19 which contains a bearing 20
      for the rear end of shaft 6.
PAR  The hubs 12 and 19 are generally complemental in providing a torpedo shaped
      central hub within the pump for streamlined flow of the water thereover.
PAR  The shaft 6 extends forwardly of hub 12 through a stationary sleeve 21 and
      through bearings 7 to the inside of boat 3.
PAR  The forward end of shaft 6 carries a drive sprocket 22 which is driven by
      an endless cog belt 23 from a similar sprocket 24 on the output shaft 25
      of transmission 5.
PAR  An auxiliary jet nozzle 26 is disposed in tandem to and axially aligned
      with jet nozzle 17.
PAR  The skirt of tail jet nozzle 26 is of generally larger diameter than jet
      nozzle 17 and housing 14 to provide a radial space 27 therebetween.
PAR  The belled end of housing 8 has a plurality of radially extending
      circumferentially spaced ribs 28 thereon adapted to fit inside the forward
      end of tail nozzle 26.
PAR  Each rib 28 has a rearwardly facing shoulder 29 thereon against which the
      tail nozzle 26 abuts and is secured by suitable bolts.
PAR  The tail nozzle 26 extends rearwardly from the mouth of jet nozzle 17 in
      alignment therewith to receive the water jet and discharge it into the
      surrounding body of water or air, as the case may be.
PAR  As circular trim vane 30 is disposed inside tail nozzle 26 and mounted on a
      horizontal pivot shaft 31 extending through the walls of the nozzle.
PAR  The vane 30 may be pivotally actuated or adjusted by any suitable means
      such as the lever 32 fixed to one end of the shaft 31 and actuating member
      33 connected thereto and operable from within the boat 3.
PAR  Adjustment of vane 30 angularly away from a position parallel to the axis
      of the jet stream from jet nozzle 17, effects a corresponding change in
      direction of the jet stream either upwardly or downwardly to provide the
      desired trim of the boat.
PAR  The trim vane 30 also serves to provide for reversal of the boat, as when
      the vane is pivoted to a position completely closing the tail nozzle 26,
      thereby forcing the water being discharged through jet nozzle 17 to
      reverse its flow and to be discharged forwardly through the space 27
      around the outside of housings 8 and 14.
PAR  Steering of the boat is provided by a steering vane 34 mounted on a
      vertical shaft 35 carried by upper and lower brackets 36 and 37,
      respectively, extending rearwardly from the discharge end of tail nozzle
      26.
PAR  The steering vane 34 is normally disposed in the vertical plane of the
      drive shaft 6 and axis of the jet stream discharging through tail nozzle
      26.
PAR  Angular displacement of steering vane 34 to either side of its normal
      position diverts the jet stream to one side or the other to effect
      steering of the boat.
PAR  For this purpose a lever or tiller arm 38 on the upper end of shaft 35 is
      actuated by any suitable means such as the actuating member 39 connected
      to arm 38 and extending into boat 3 for operation by suitable steering
      mechanism therein.
PAR  When the boat is reversed as previously described steering is effected by a
      rudder 40 secured to the lower end of vertical shaft 35 and extending
      downwardly into the surrounding water.
PAR  Rudder 40 is actuated by shaft 35 simultaneously with steering vane 34 and
      serves to cooperate therewith in steering the boat when moving forward as
      well as the steering means when the boat is moving in reverse.
PAR  Where engine 4 has a substantial exhaust, as in the case of an internal
      combustion engine, it is desirable to discharge the exhaust into the jet
      stream without interfering with the thrust of the jet.
PAR  For this purpose an engine exhaust conduit 41 extends through the transom 2
      and into the larger end of tail nozzle 26 from which the exhaust induced
      into the jet stream along with water and/or air flowing through space 27.
PAR  In order to prevent possible entrance of water into exhaust conduit 41 when
      the jet stream is reversed by vane 30, a normally open check valve in the
      form of pivotal flap 42 is provided in conduit 41 and a relief valve 43
      allows the escape of exhaust from conduit 41 when the pressure rises
      therein above check valve 42.
PAR  A suitable grill 44 protects the mouth of inlet 9, and sleeve 21 protects
      shaft 6 from entanglement with weeds and the like, should they enter
      through the grill.
PAR  The construction described above provides a jet drive that has all of the
      advantages of simplicity of assembly and installation, with balanced
      forces on the butterfly trim and steering vanes, with appropriate fixed
      bearing support for the drive shaft at both ends, and with engine exhaust
      into the jet stream.
PAR  By reason of the construction, it is possible to mount the shaft 6 to
      extend upwardly rearwardly at a slight angle of about 7.degree. from the
      general plane of the bottom of the boat so that planing of the boat is
      facilitated and there is less drag at planing speeds.
PAR  The construction provides two jet nozzles in tandem with their housings
      concentric and spaced radially to provide for the reverse flow
      therebetween, and with the trim vane in the second nozzle to effect a
      closing of the same for establishing the reverse flow.
PAR  The thrust of the reverse flow is generally parallel to the drive shaft 6
      and gives only a slight lift force so that, if desired, the reverse flow
      can be effected to slow down forward movement of the boat without danger
      of driving the bow into the water.
PAR  Various modes of carrying out the invention are contemplated within the
      scope of the following claims particularly pointing out and distinctly
      claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A water jet drive for a boat, adapted to be secured to the back of the
      boat transom to be driven by an inboard powered shaft extending through a
      sealed opening in the transom near the bottom of the boat and comprising
      when installed on a boat, a tubular housing fixedly secured to the boat
      transom and having an open water pickup inlet at its forward end facing
      downwardly at the general level of the bottom of the boat and to the rear
      of the transom, said housing extending rearwardly and upwardly from said
      inlet and having an impeller chamber terminating in a jet nozzle generally
      above the plane of the bottom of the boat and disposed axially at a slight
      angle rearwardly and upwardly of said plane whereby the water flows in a
      substantially straight path upwardly and rearwardly from said inlet to and
      through said nozzle, a substantially non-flexible drive shaft extending
      through the boat transom and into said impeller chamber axially of said
      jet nozzle, and an impeller carried by said shaft in said impeller
      chamber.
NUM  2.
PAR  2. The drive of claim 1 and a thurst bearing supporting the forward end of
      said drive shaft in the region of said boat transom, a frictionless
      bearing supporting the rear end of said drive shaft in said impeller
      chamber, and diffuser vanes supporting said last named bearing in said jet
      nozzle.
NUM  3.
PAR  3. The drive of claim 1 in which said inlet is disposed at an angle of
      approximately 7.degree. downwardly from the plane of the boat bottom.
NUM  4.
PAR  4. The drive of claim 1 in which said jet nozzle and shaft are disposed at
      an angle of approximately 7.degree. upwardly from the plane of the boat
      bottom.
NUM  5.
PAR  5. The drive of claim 1 in which said inlet is disposed at an angle of
      approximately 7.degree. downwardly and rearwardly from the plane of the
      boat bottom, and said jet nozzle and shaft are disposed at an angle of
      approximately 7.degree. rearwardly and upwardly from the plane of the boat
      bottom.
NUM  6.
PAR  6. A water jet drive for a boat, adapted to be secured to the back of the
      boat transom to be driven by an inboard powered shaft extending through a
      sealed opening in the transom near the bottom of the boat and comprising
      when installed on a boat, a tubular housing rigidly secured to the boat
      transom and having an open water pickup inlet at its forward end facing
      downwardly at the general level of the bottom of the boat and to the rear
      of the transom, said housing extending rearwardly and upwardly from said
      inlet and having an impeller chamber terminating in a jet nozzle generally
      above the plane of the bottom of the boat and disposed axially at a slight
      angle rearwardly and upwardly of said plane, a drive shaft extending
      through the boat transom and into said impeller chamber axially of said
      jet nozzle, an impeller carried by said shaft in said impeller chamber, an
      auxiliary jet nozzle disposed rearwardly in tandem to said first named jet
      nozzle and generally axially aligned therewith with the skirt of said
      auxiliary jet nozzle extending forwardly over and generally concentrically
      spaced from said first named jet nozzle and rigidly secured thereto, and
      means to close said auxiliary jet nozzle to force the water discharged
      from said first named jet nozzle to reverse its course and to be
      discharged forwardly through said space between said nozzles.
NUM  7.
PAR  7. The drive of claim 6 in which said means comprises a vane mounted in a
      circular portion of said auxiliary jet nozzle and pivotally adjustable
      upon a horizontal axis to provide for trim adjustment of the boat.
NUM  8.
PAR  8. The drive of claim 7 and an internal combustion engine disposed inboard
      of the boat and connected to drive said drive shaft, an exhaust conduit
      for said engine leading to the space between said jet nozzles, a check
      valve in said conduit to prevent water rising therein, and a relief valve
      for escape of exhaust from said conduit when said check valve is closed.
NUM  9.
PAR  9. The drive of claim 7 and a steering vane pivotally operable upon a
      vertical axis rearwardly of said auxiliary jet nozzle, and an auxiliary
      steering rudder extending downwardly into the surrounding water beneath
      said steering vane and operable therewith, said rudder additionally
      serving to steer the boat upon reversal in direction thereof.
NUM  10.
PAR  10. The drive of claim 6 and an internal combustion engine disposed inboard
      of the boat and connected to drive said drive shaft, an exhaust conduit
      for said engine leading to the space between said jet nozzles, a check
      valve in said conduit to prevent water rising therein, and a relief valve
      for escape of exhaust from said conduit when said check valve is closed.
NUM  11.
PAR  11. The drive of claim 6 and a steering vane pivotally operable upon a
      vertical axis rearwardly of said auxiliary jet nozzle, and an auxiliary
      steering rudder extending downwardly into the surrounding water beneath
      said steering vane and operable therewith, said rudder additionally
      serving to steer the boat upon reversal in direction thereof.
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ABST
PAL  A protective mounting plate arrangement for removably supporting an
      outboard motor on a boat transom. One protective plate mounted on the rear
      side of the transom is formed with a pair of recessed vertical grooves for
      receiving and guiding arms of a motor clamp into precise predetermined
      position. Secured to the forward side of the transom are plates which
      define a pair of recesses for receiving the screw heads of the motor
      clamp. Such mounting plate arrangement protects the transom from scarring
      and damage during mounting of the motor and precisely orients and
      positively retains the motor in its desired operating position.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to outboard motor mountings, and more
      particularly, to a protective mounting plate arrangement adapted to be
      secured to the transom of a boat for removably supporting an outboard
      motor.
PAR  It is an object of the invention to provide an improved outboard motor
      mounting plate arrangement for a boat transom which facilitates placement
      of the motor onto the transom and precisely locates and retains the motor
      at the same position each time the motor is used.
PAR  Another object is to provide a mounting plate arrangement as characterized
      above which prevents scarring or other damage to the transom during
      placement or removal of the outboard motor onto the boat.
PAR  A further object is to provide a mounting plate arrangement of the above
      kind which positively retains a motor secured thereon from even slight
      disorientation due to vibrations during long periods of use.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description taken in connection with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a fragmentary perspective view of a boat transom equipped with a
      mounting plate arrangement of the present invention and having an outboard
      motor secured thereto;
PAR  FIG. 2 is an enlarged fragmentary section of the illustrated transom and
      mounting plate arrangement taken in the plane of line 2--2 in FIG. 1;
PAR  FIG. 3 is an enlarged top view of the illustrated transom and mounting
      plate arrangement taken in the plane of line 3--3 in FIG. 1;
PAR  FIG. 4 is an enlarged plan view of one of the mounting plates on the inside
      or forward side of the transom taken in the plane of line 4--4 in FIG. 3;
      and
PAR  FIG. 5 is a plan view of the mounting plate on the rear side of the transom
      taken in the plane of line 5--5 in FIG. 3.
DETD
PAR  While the invention is susceptible of various modifications and alternative
      constructions, a preferred embodiment has been shown in the drawings and
      will be described below in detail. It should be understood, however, that
      there is no intention to limit the invention to the specific form
      disclosed, but, on the contrary, the intention is to cover all
      modifications, alternative constructions and equivalents falling within
      the spirit and scope of the invention.
PAR  Turning now more particularly to the drawings, there is shown a boat
      transom 10 having a mounting plate arrangement 11 embodying the invention
      with a typical outboard motor 12 removably positioned thereon. The motor
      12 has U-shaped clamps 14 of the usual type which each include a
      substantially flat arm portion 15 for engaging the rear side of the
      transom 10 and a front arm portion 16 with a clamping screw 18 carried
      therein. The clamping screws 18 each threadably engage their respective
      arm 16 and have an enlarged circular head 19 for clamping engagement with
      the inside of the transom. A handle 20 at the opposite end of each screw
      18 facilitates its rotational adjustment. The clamps 14 are mounted at
      opposite ends of a pivot rod 22 which extends through a sleeve 21 fixed to
      the motor 12. The motor 12 may thereby be pivoted about the rod 22
      relative to the clamps 14 and transom 10. To enhance the rigidity of the
      straight legs 15 of the clamps 14, a bolt 23 is connected between the
      straight legs and secured in place by nuts 23a. The straight leg 15 of
      each clamp also is provided with a protruding flange 24 having a series of
      apertures 25 arranged in a radial array for the purpose of permitting the
      motor to be secured at any one of several pivoted positions by a suitable
      pin.
PAR  In accordance with the invention, protective mounting plates are secured on
      both front and rear sides of the transom and serve to facilitate
      positioning of the motor onto the transom at exactly the same location
      each time the motor is used and positively retain the motor in such
      position during even prolonged use. In the illustrated embodiment, a
      single large rectangular plate 30 is mounted on the rear side of the
      transom 10 and a pair of plates 31 are mounted on the inside or front side
      of the transom. The plates 30, 31 each are mounted on the transom with
      their upper surfaces substantially flush with the upper surface of the
      transom, and preferably are made of a relatively hard material, such as a
      lightweight metal. The plates 30, 31 have a plurality of apertures 32 that
      permit them to be secured to the transom by screws 34. The apertures 32 in
      this case each are countersunk so that the screw heads are flush with the
      outer surface of the plates.
PAR  In keeping with the invention, the rear plate 30 is provided with a pair of
      spaced vertical recessed grooves 35 for receiving the straight motor clamp
      arms 15 and guiding their movement such that the motor is properly and
      precisely centered on the transom. In order to insure that the clamp arms
      15 are directed into the grooves 35, the upper end of each groove is
      flared outwardly to form a camming surface 36. The rear plate 30 is
      further formed with a horizontal groove 37 and semicircular recesses 37a
      disposed opposite the ends of the horizontal groove 37. The horizontal
      groove 37 will receive the bolt 23 and the recesses 37a will receive a
      respective one of the nuts 23a so as to permit the motor clamp to be
      mounted flush with the transom mounting plates. The inside protective
      plates 31 also each are formed with a circular recessed area 38 adapted to
      receive the head 19 of the respective screw clamp 18 when the motor is
      being secured in proper position on the transom. It will be understood
      that the plates 30, 31 may be designed such that the motor will be located
      in position for optimum operation each time it is mounted on the boat.
PAR  From the foregoing, it will be seen that since both the inner plates 31 and
      the outer plate 30 are substantially flush with the top of the transom 10,
      the transom is protected by the plates from scarring or damage which
      otherwise occurs from frequent removal and replacement of the motor onto
      the boat. The vertical slots 35 in the rear plate 30 also greatly
      facilitates positioning of the motor to its precise operating location on
      the transom. Furthermore, the vertical slots 35, together with the screw
      clamp receiving recesses 38, positively retain a motor secured thereon in
      its operating position and prevent even slight disorientation of the motor
      from vibrations during even long operating periods.
PAR  While in the illustrated embodiment two separate plates have been shown on
      the inside of the transom, it will be understood that a single plate
      similarly could be used which includes a pair of spaced recesses. The use
      of separate plates, however, permits somewhat greater flexibility in
      locating the recesses 38 for the screw clamps of a particular motor and
      also permits some saving in material. It is important, however, that the
      plates be mounted with their upper edges flush with the upper surface of
      the transom, and preferably they are sufficiently large so as to
      effectively protect the transom from damage during mounting of the motor.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A boat transom mounting plate arrangement for removably supporting an
      outboard motor having a pair of U-shaped clamps which each have one arm
      with an adjustable clamping screw and a second substantially straight arm
      spaced therefrom comprising a first mounting plate secured on the rear
      side of said transom and having an upper edge substantially flush with the
      upper edge of said transom, said first plate being formed with a pair of
      spaced apart vertical grooves extending downwardly from the upper edge of
      said plate a second plate means mounted on the front side of said transom,
      said second plate means having an upper edge flush with the upper edge of
      said transom and defining a pair of recessed areas, said first plate
      grooves having widths substantially equal to the widths of said flat clamp
      arms for receiving and guiding said arms into precise lateral position on
      said transom so that said clamping screws are laterally aligned with said
      recesses and may be screwed into said recesses whereby said first plate
      vertical grooves and said second plate means recesses positively retain
      said motor in predetermined position.
NUM  2.
PAR  2. The mounting plate arrangement of claim 1 in which the upper end of each
      of said vertical grooves is flared outwardly to form at least one camming
      surface for guiding said straight clamp arms into said grooves.
NUM  3.
PAR  3. The mounting plate arrangement of claim 2 in which said first plate is
      formed with a horizontal groove extending between said vertical grooves
      for receiving a horizontal connecting member between said second
      substantially straight clamp arms.
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PAL  A system for utilizing a power assit for rotating a boat motor about a
      vertical axis near the stern of the boat. The power assist is provided by
      a small rudder mounted along the center line of the motor and positioned
      in a vertical plane through the axis of the propeller and aft of the
      propeller in the slip stream. Means are provided to operate the small
      rudder by the apparatus that controls the rotation of the motor, the
      rotation of the rudder being effected prior to applying torque to rotate
      the motor assembly. In operating the turning control for rotating the
      motor assembly, there is a slack condition whereby the first movement of
      the control rotates the small rudder into a position whereby the moving
      slip stream from the propeller exerts a torque tending to rotate the motor
      assembly in the desired direction. If the torque is insufficient to rotate
      the motor, movement of the control in a continuing direction applies a
      torque to directly rotate the motor assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the operation of boat motors such as outboard motors mounted on the
      backboard of a boat or the pivoted power unit of an inboard-outboard boat,
      mechanism that supports the motor to the boat carries a vertical axis
      about which the motor assembly or the power unit itself rotates. In
      steering the boat a rudder is not used. In place of the rudder, the entire
      motor assembly is turned and with it, of course, the propeller shaft is
      turned so that the slip stream is directed to the stern of the boat at an
      angle to the axis of the boat, causing the stern to be forced in one
      direction or the other across the axis, thereby rotating the boat and
      heading the bow in a desired direction.
PAR  Physically rotating the motor assembly is arduous, especially with larger
      size motors, and this invention is adapted to provide an assisting torque
      to rotate the motor assembly by using the slip stream of the propeller to
      exert a force on a small rudder positioned to the rear of the propeller.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a simple rudder and
      control means, whereby by turning the rudder in the slip stream of the
      propeller a torque is exerted on the motor assembly tending to rotate the
      motor assembly about its axis.
PAR  It is a further object to control the rudder rotation by the same lever
      that operates to directly rotate the motor assembly.
PAR  The preliminary operation of the rudder is such as to expose one side or
      the other of the rudder to the moving slip stream set up by the propeller.
      This applies a torque about the axis of rotation of the motor assembly
      thereby causing the motor assembly to be rotated, or at least to be
      assisted in its rotation, by the force of the slip stream on the rudder.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of this invention and a better
      understanding of the principles and details of the invention will be
      evident from the following description, taken in conjunction with the
      appended drawings, in which:
PAR  FIGS. 1 and 2 represent respectively elevation and plan views of an
      outboard motor assembly.
PAR  FIG. 3 illustrates a third view of a portion of the motor assembly
      including the additional apparatus of this invention.
PAR  FIG. 4 illustrates a detail of the control mechanism.
PAR  FIG. 5 illustrates a second embodiment of the invention using a "push-pull"
      cable as the control means.
PAR  FIG. 6 indicates schematically the action of the improvement of this
      invention.
PAR  FIG. 7 illustrates another embodiment of this invention using two small
      rudders.
PAR  FIG. 8 illustrates the action of the embodiment of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and in particular to FIGS. 1, 2 and 3 there
      is shown an elevation view in FIG. 1 of a more or less standard outboard
      motor assembly indicated generally by the numeral 10. This includes a
      motor section 12 and an upper housing portion 11 with a propeller 14. Not
      shown are the drive shafts and gears, etc. which are well known in the
      art. The anti-cavitation panel 16 is a horizontal plate mounted about the
      propeller and extending towards the rear thereof. At the aft end of the
      panel 16 is a tubular member 20 serving as an axis of rotation for a rod
      22 journalled in the tube 20. The rod 22 carries a small rudder 24 having
      two downwardly depending parallel wings 25 and 26, although it is
      understood that this is by way of example only in that one, two, three or
      more wings may be employed. The shape of the rudder is such that the major
      area of the wings is displaced behind the axis 21 of rotation of the
      rudder.
PAR  As will be seen in FIG. 2 the axis of rotation of the motor assembly is
      indicated by the dashed circle 44. A control lever 28 is shown linked to
      an axis 30 on a rotatable link 32 which rotates about an axis 34 attached
      to the motor assembly. There is a pin 38 attached to the motor assembly
      which slides in a slot 36, so that by pushing or pulling on the rod 28 in
      the directions of the arrow 29, the plate 32 can rotate through a small
      angle depending upon the length of the slot 36. This is shown in greater
      detail in FIG. 4. Threaded holes and screws 39 and 40 are shown in the
      ends of the slot 36. Screws 39 and 40 can be screwed into the plate 32 and
      locked therein. By this means the free space for movement of the pin 38 in
      the slot 36 can be adjusted as desired. By pushing on the control rod 28
      to the right the plate 32 will rotate until the screw 40 presses in the
      pin 38 and the plate 32 cannot rotate any further. Further force to the
      right on the rod 28 will then cause a torque to be exerted on the motor
      assembly about the axis of rotation 44, which will rotate the motor
      assembly in a clockwise direction so that the propeller will move to the
      left. A contrary force (on the left) on the rod 28 will cause the rotation
      of the motor assembly in the opposite (counterclockwise) direction.
PAR  It is desired to provide an assisting force so that by pushing on the rod
      28 the assist force will become effective before the play is taken up
      between the pin 38 and the screws 39 and 40, which limit the length of the
      slot 36. There is a bolt 42 about which the rod 46 can rotate. The rod 46
      is connected at its aft end to a pin 48 in a lever 50, which rotates about
      a vertical axle 52. As shown more clearly in FIG. 1 this axle 52 connects
      to an arm 55, which is pivoted by means 54 to a second rod 56, which is
      pivoted to another arm 58, which is clamped to the vertical rod 22 which
      controls the position of the rudder 24. By pushing to the right on the
      lever 28 the plate 32 is caused to rotate pushing the rod 46 to the rear
      and by means of links 54, 55, 56 and 58 causing a counterclockwise
      rotation of the rudder 24 to the dashed position shown as 26'.
PAR  Referring now to FIG. 6, which is a schematic view of the propeller 14 on
      the propeller shaft 15 creating a slip stream indicated by the dashed line
      84. Aft of the propeller and on a vertical plane through the axis of the
      propeller is the rod 22 which supports the rudder 24 and which is
      rotatably mounted in the bearing 20. When the rudder is turned to the
      position shown which corresponds to the dashed position 26'  of one of the
      two depending arms of the rudder, it will be seen that the slip stream
      element 87 strikes the side wall of the leg 26, causing a tangential force
      86 and a perpendicular force 88 to be applied to the rudder. This force 88
      acting through the arm 92 around the axis of rotation 44 of the motor
      assembly, tends to rotate the entire apparatus about the axis 44 in
      accordance with arrow 90.
PAR  The magnitude of the force 88 and therefore of the torque to rotate the
      motor assembly depends upon the position of the rudder with respect to the
      propeller and the area of the legs 26, 25, for example and the speed of
      rotation of the propeller and therefore the velocity of the slip stream.
      At high speed it is likely that there will be sufficient torque to rotate
      the motor assembly supplied only by the force of the slip stream on the
      rudder. In this design the rudder comprises two parallel rudder surfaces,
      which provide an increased force and therefore an increased torque to
      rotate the motor assembly.
PAR  The play provided in the slot 36 should be such that the rudder 24 can be
      turned to its maximum angle, which is shown to be approximately
      30.degree.. In this position the perpendicular force 88 will be at an
      angle that it will supply a sizable torque around the axis 44. Then
      pushing on the control 28 to the right will cause full excursion of the
      rudder before the force exerted by control 28 becomes effective on the
      motor assembly itself, due to the plate 32 driving against the pin 38.
      Therefore at high speed of rotation where the assisting force on the
      rudder can do the entire job, all that is necessary by forcing the control
      28 to the right, is to rotate the rudder and the rotation of the motor
      assembly will follow the movement of the control 28 without any extra
      force being exerted to directly rotate the motor assembly manually.
PAR  At low speeds and low slip stream velocities it may be that there will be
      insufficient torque to rotate the motor assembly entirely alone and,
      therefore, the torque provided will only assist the manual rotation which
      will be effected by pushing the control 28 to the right until the plate 32
      is locked against the pin 38 and further force on 28 will cause a torque
      to rotate the motor assembly directly.
PAR  Referring now to FIG. 5, another embodiment of this apparatus is shown in a
      schematic diagram. There is an arm 60 which has a slide fit into a tubular
      member 64. There is a slot 66 cut into the member 64 and a pin 68 passed
      through the member 60 so as to provide a limited motion in the direction
      of arrows 62, inwardly or outwardly in the member 64. The member 64 is
      attached by bolt means 70 to the leading portion of the motor assembly 11
      which is adapted to rotate (not shown) about the axis 44, which is well
      known in the art. Pressure on the rod 60 until the pin 68 hits the right
      end of the slot 66 and further pressure on the member 60 will cause the
      motor assembly to rotate clockwise about the axis 44. With the member 60
      positioned with its pin 68 in the center of the slot, a "push-pull"
      operating member 72 is clamped with its casing in a clamp 74 attached to
      the member 64 and with the internal rod 76 clamped by member 78 attached
      to the operating member 60. Pushing to the right on the member 60 will
      cause the internal rod to slide to the right inside the casing 72.
PAR  The other end of the casing 72 is clamped by means 80 to the plate 16 of
      the motor assembly. The internal rod 76 is clamped by means 84 to the arm
      82 which is supported on the vertical shaft 22 attached to the rudder 24.
      It is clear that a relative movement to the right of the rod 76 will cause
      a movement to the left of the arm 82 and cause the rudder 24 to rotate in
      a counterclockwise direction into the position 26' shown in FIG. 2. In
      this position the slip stream of the propeller moving backwardly in a
      direction parallel to the axis of the propeller will cause a torque of the
      motor assembly about its axis 44 in a clockwise direction.
PAR  In a similar way a movement to the left of the member 60 will cause a
      rotation of the rudder in a clockwise direction, which will then put a
      torque on the motor assembly causing it to move in a counterclockwise
      direction. The play permitted between the pin 68 and the ends of the slot
      66 is sufficient so that in the normal course of events the torque
      provided by the rudder will be enough to rotate the motor assembly so that
      there will be only a small torque required to move the member 60 either to
      the right or to the left, the principal torque for rotating the motor
      assembly being provided by the slip stream on the rudder.
PAR  Referring now to FIG. 7 there is shown a preferred embodiment of this
      invention. This has the same operating member 60, push-pull rod 76 and
      sheath 72 as in FIG. 5. However, there are shown two rudders 24A, 24B.
      These are placed in positions displaced to the left and right of the axis
      of the propeller 14 in such positions where they are in the strongest part
      of the slip stream of the propeller. There are drilled holes through the
      levers 94A, 94B attached to the rudder posts 22A, 22B, through which the
      rod 76 passes. Collars 96A, 96B are attached to the rod 76. A tube 100 is
      received on the rod 76 between the levers 94A and 94B.
PAR  It will be clear, that when the rod 76 moves to the left in accordance with
      arrow 98B, the collar 96B presses on the arm 94B and turns the rudders to
      the position 24B'. Spring means 99A, 99B are provided to return the
      rudders to their position parallel to the axis of the propeller after the
      rod moves to its central position shown in FIG. 7.
PAR  When the rod 76 moves to the right in accordance with arrow 98A the collar
      96A presses on the rudder arm 94A to turn the rudders in a clockwise
      direction. The movement of rod 76 to the right moves by action of switch
      160 rudder 24B, and in similar manner the movement to the left affects
      rudder 24A.
PAR  The situation when the rudders 24A or 24B are turned is shown in FIG. 8.
      The slip stream element 84B acting on the turned rudder 24B creates a
      tangential force 86 and a perpendicular force 88. The force 88 acting
      through the arm 92 causes a torque tending to rotate the motor assembly in
      the direction 90. If the rudder 24A is turned to position 24A', then a
      reverse torque is provided tending to rotate the motor assembly in a
      direction opposite to arrow 90.
PAR  The turning rudder or wing of this invention works like a trim tab in that
      it utilizes the force of flow of water from the propeller to orient the
      motor or power unit. The apparatus may be used in place of the trim tab
      commonly installed on outboard motors and inboard-outboard power units to
      compensate for rotation of the propeller. The wings 25 and 26 (when two
      are used as illustrated, or when one, three or more are used) become, in
      effect, automatic trim tabs to orient the motor or power unit in the
      direction desired by the driver with a very minimum steering force
      required.
PAR  The apparatus is easy to apply, particularly the embodiment of FIG. 5. It
      is an important safety feature as it permits quicker and easier driving
      control, especially when used with larger motors and at higher speeds.
PAR  While the invention has been described with a certain degree of
      particularity, it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. Power steering system for outboard motors or inboard-outboard power
      units, comprising:
PA1  a. a motor assembly having a power shaft and gears driving a propeller
      mounted on a horizontal rearward extending shaft, the motor assembly
      adapted for rotation about a hinge means having a vertical axis, said axis
      of rotation on the side of said motor assembly opposite to that of said
      propeller, said hinge means being adapted to be clamped to the stern of a
      boat;
PA1  b. at least one control rudder means mounted on a vertical axis aft of said
      propeller and positioned in the slip stream of said propeller;
PA1  c. a tubular socket attached to the forward portion of said motor assembly,
      the socket having a longitudinal slot therein;
PA1  d. a cylindrical elongated arm means slidably received in said socket, the
      arm means being actuatable by a user;
PA1  e. a pin affixed to said arm means slidably received in said slot in said
      socket providing limited movement of said arm means before guiding force
      is applied to said socket and thereby said motor assembly; and
PA1  f. means coupling said arm means to said control rudder means;
PA1  whereby when said arm means is pushed in one direction it will cause said
      rudder to rotate counterclockwise with respect to said motor assembly,
      whereby force of the slip stream on said rudder will cause torque to be
      applied to said motor assembly to rotate said motor assembly in a
      clockwise direction and vice versa.
NUM  2.
PAR  2. A power steering system according to claim 1 wherein said means coupling
      said arm means to said control rudder means includes multiple rigid
      linkage means.
NUM  3.
PAR  3. A power steering system according to claim 1 wherein said means coupling
      said arm means to said control rudder means includes a flexible cable
      longitudinally slidable in a tubular sheath.
NUM  4.
PAR  4. A power steering system for outboard motors or inboard-outboard power
      units according to claim 1 wherein said control rudder means includes two
      spaced control rudders each mounted on a vertical axis aft of and one on
      each side of said propeller and including:
PA1  a rod extending between said rudders;
PA1  a first and second collar on said rod, one being outside of each of said
      rudders; and
PA1  a tube received by said rod between said rudders, said means coupling said
      arm means to said control rudder being coupled to said rod.
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ABST
PAL  Cue indicia applied to one or both side edges of a magnetic tape may be
      directly viewed through the conventional cartridge viewing window as the
      tape is being reeled in either direction.
PAL  The application of edge marked cue indicia may be performed automatically
      in conjunction with the recording of commercially pre-recorded tapes,
      automatically in conjunction with cartridge tape loading or manually in
      the case of home recorded tapes.
PARN
PAR  This is a division of application Ser. No. 199,475 filed Nov. 17, 1971, now
      U.S. Pat. No. 3,810,246.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Magnetic tape cartridges of the "cassette" type met with instant public
      acceptance following their introduction in the early 1960's and, in the
      ensuing years, have created one of the largest and fastest growing
      industries in the world with expected sales for the year 1971
      approximating upwards of 1 billion units. The compact unit-handled
      characteristic of these cartridges coupled with their excellent audio
      reproduction qualities, low cost and capability of being concomitantly
      erased and re-recorded make them ideally suited for such diverse uses as
      entertainment, education, business communications and the like. Although
      the great majority of cassette cartridge sales are of unrecorded tape for
      subsequent home recording by the user, there is a very substantial, and
      fast growing, market for pre-recorded cassettes.
PAR  A typical cartridge tape may include a double track system whereby the full
      tape length may be played or recorded along one-half the tape width in one
      direction after which time the cartridge may be reversed and the remaining
      half tape width played or recorded as the tape is transported in the other
      direction between selectively driven reels. Double track tapes of this
      type typically provide program lengths up to 90 minutes which, as will be
      apparent, may include a large number of separate recordings which are
      normally spaced by ten second unrecorded, or audio pause, intervals when
      the tape is running at normal record or playback speed. The machines which
      play these tapes are provided with high speed forward and rewind controls
      for quickly advancing or rewinding a tape to the desired program selection
      and it is the fast and accurate location of the audio pause intervals
      immediately prior to selected ones of the plurality of recorded programs
      that comprises the subject matter of the invention.
PAR  Prior methods of locating audio pause intervals within the total length of
      recorded tape have included footage counting instrumentation requiring
      special equipment which is both expensive and impractical for use with
      "cassette" type cartridges; a relatively accurate but prohibitively
      expensive system of splicing colored pieces of plastic or paper into the
      tape reel; a reflection viewing system employing a movably mounted mirror
      to constantly reflect cue markings applied on the non-recorded tape
      surface through the viewing window; and the most common and least
      expensive but highly inaccurate system involving the placement of an index
      adjacent the viewing opening whereby the tape diameter may be estiminated
      by visual comparison with the index. Because of the very high volume of
      "cassette" type cartridge sales and their relatively low selling cost it
      is apparent why inexpensive indexing systems are required.
PAR  "Cassette" type cartridge tapes are transported between their selectively
      driven reels with the tape recording surface facing outwardly relative to
      the cartridge housing and reel axes so that the recording surface will be
      in position to engage the playback/record and erase heads as
      conventionally positioned in the playback and recording machines with
      which the cartridges are used. Consequently, the recording surface faces
      outwardly as it is wound between the reels and may be seen through the
      conventional viewing window as the tape is being reeled in either
      direction. Although the placement of cue or index markings, in the form of
      ink, dye, paint or other like indicial markings on the recording surface
      over the non-recorded audio pause intervals would provide an excellent
      method of enabling one to directly view these cue markings for the
      determination of a particular selection along the tape length; the
      presence of such markings on the recording surface would render the tape
      unusable for subsequent recordings since such markings diminish the
      recording properties of the tape. Inasmuch as the great majority of
      cartridge tapes are destined to be used for multiple erasures and
      recordings it is apparent that the presence of cue markings on the
      originally recorded surface is an impractical approach to the problem.
PAR  Inasmuch as any finite tape interval will never occupy the precise same
      radial position with respect to its supporting reel axis upon successive
      windings due to inherent reel and/or tape slippage and variations in
      winding tensions applied to the tape; it is apparent that a particular
      tape interval cannot be located with reproducible accuracy as a function
      of wound tape diameter. Such locating systems involving index markings on
      the cartridge housing, at best, provide nothing more than a rough
      estimation of tape interval locations and then only if the particular
      index marking to be associated with the wound reel diameter has been
      previously noted and recorded as on the outer cassette housing.
      Nevertheless, this highly inaccurate locating system is the only one
      presently in widespread use since it represents an acceptable compromise
      on the basis of cost and assembly procedures as among the aforenumerated
      systems. Thus, both the tape splice and reflection viewing systems provide
      absolute reproducible accuracy of tape interval locations since tha tape,
      itself, is cue marked and the relationship of the marks to the desired
      intervals are independent of variations in reel diameter upon subsequent
      windings. The tape splice system, however, involves a physical alteration
      of the tape which is not only a fairly expensive process but renders that
      particular portion of the tape unsuitable for subsequent recordings while
      the reflection viewing system involves an alteration of cartridge assembly
      procedures and introduces an additional moving part thus increasing the
      likelihood of tape fouling.
PAR  The primary purpose of the invention is to provide a tape cueing system
      that combines the reproducible accuracy of the reflection viewing system
      with the simplicity of the index comparison viewing system while requiring
      no alteration whatsoever of a conventional tape cartridge and not
      affecting subsequent tape recording over the cue marked portions of the
      tape.
PAC  SUMMARY OF THE INVENTION
PAR  The location of predetermined finite tape intervals within a reel of wound
      tape are determined by cue markings either applied to the tape, as in the
      nature of a coating, or as an impregnated portion of the tape along such
      finite intervals to one or both side edges of the tape. The application of
      a plurality of such cue markings along one side edge of a like plurality
      of finite tape intervals presents an appearance of the wound reel, when
      viewed in elevation parallel to the axis of reel rotation, as including a
      plurality of concentric bands. Normally each concentric band will
      represent the audio pause interval between recorded selections, which
      recorded selections may, of course, be either audio alone or audio-visual
      selections.
PAR  The concentric bands are thus directly visible through the normal cartridge
      viewing window and one may go directly to a desired selection at fast
      forward or rewind speed. At the time the particular concentric band
      disappears from the pay-out reel, the stop button is depressed and the
      tape is in position to play back or record that section of tape
      immediately following the cue marked interval.
PAR  It is important that the cue markings be applied in such a manner that
      their positionment relative to each other and the unmarked portions of the
      tape be independent of any variations in reel diameter upon subsequent
      windings. This is desirably achieved by marking of the tape edge while the
      interval being marked is not wound on a reel.
PAR  The edge markings are, of course, applied in one or more colors contrasting
      with the normal tape color.
PAR  The usual 4 second audio pause interval between recorded selections of
      pre-recorded tapes translates to an 8 inch linear tape interval and it has
      been found that the edge marking of a conventional "cassette" tape over
      such an 8 inch interval presents a circular band, when the tape is reeled
      to include the marked portion, that is readily visible even at a distance
      of several feet through the cassette viewing window.
PAR  Thus, for example, in the case of a pre-recorded cassette containing six
      recorded selections separated by edge marked audio pause intervals, the
      fully wound pay-out reel would display five concentric bands; the radially
      outermost band indicating the pause interval between the first and second
      selections. The entire recorded intervals may be edge marked, if desired,
      using the same or different colored cue markings which may be separated by
      unmarked pause interval portions. This would, of course, present much
      larger concentric bands when viewed on a wound reel. Similarly, and as
      would be suspected from the foregoing, the latter portion of a recorded
      selection may be edge marked with the edge marking continuing into and
      throughout the pause interval which permits one to use the pause interval
      as the cueing position while yet presenting a cue band of desired band
      width.
PAR  The concentric bands, or cue marings, may be rendered even more visible by
      the positionment of a small elongated magnifying lens over the viewing
      window.
PAR  The application of the invention to non-recorded tape cartridges may
      involve either edge marking of the tape by a home user or edge marking of
      the tape at closely spaced, predetermined intervals at a time prior to
      placement of the tape in the cassette. This premarking of the unrecorded
      tape renders unnecessary any subsequent marking by a user which is a
      highly desirable feature of the invention. Thus, if the unrecorded tape be
      premarked at frequent intervals such as, for example, 1 minute intervals
      based upon normal playing speed; a user will simply advance his tape to
      the next cue mark after finishing one recording before commencing a
      subsequent recording. Each recorded selection will thus commence at one
      particular concentric band, or cue mark, which cue marks may be correlated
      with the selection title by appropriate written entry on a label applied
      to the face of the cassette.
PAR  In the case of pre-recorded tapes, cue indicia may be applied to a side
      edge of the tape contemporaneously with the conventional recording thereof
      at intervals along the tape length spaced as a function of the recorded
      interval. Similar edge marking equipment may be activated as a function of
      running tape length moving past the marking station to pre-mark
      non-recorded tape prior to its assembly with a cartridge housing. Finally,
      a home marking system may be employed whereby a home user may withdraw a
      length of tape from its cartridge and edge mark the same at any desired
      location.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a tape cartridge containing an edge marked
      pre-recorded tape;
PAR  FIG. 2 is a plan view of a tape cartridge containing a non-recorded tape
      whose edge markings are equally spaced along the tape length;
PAR  FIG. 3 is a plan schematic illustration of a system for recording and edge
      marking a magnetic tape;
PAR  FIG. 4 is a fragmentary elevational view of the marking station taken along
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 4 but with the
      printing roller shown in a lower nonprinting position;
PAR  FIG. 6 is a fragmentary plan view of marking station apparatus that may be
      substituted for that shown in FIG. 5;
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is a sectional view taken along line 8--8 of FIG. 6;
PAR  FIG. 9 is a plan view of a home edge marking system; and
PAR  FIG. 10 is a sectional view taken along line 10--10 of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 is depicted a magnetic tape cartridge 10 including relatively
      driven pay-out and take-up reels 12, 14 between which a magnetic tape 16
      is adapted to be transported between the illustrated fully wound position
      on reel 12 and a fully wound position on reel 14. A plurality of cue marks
      applied to a side edge of tape 16, preferably when the tape is in an
      unwound condition as subsequently described, define a plurality of
      concentric bands 18 upon viewing the wound tape parallel to the axes of
      reel rotation. Minor arcs of the concentric cue bands are, of course,
      visibly exposed through the conventional viewing window 20 at all times
      irrespective of which reel 12 or 14 the tape is wound upon. In the
      particular embodiment shown in FIG. 1, each concentric band or cue marking
      18 is located intermediate a recorded selection. Each recorded selection
      is preferably correlated with its immediately preceding cue marking 18,
      when considered in the direction of playback tape transport, by
      appropriate indicating means imprinted on the face of label 22 secured to
      a side of tape cartridge 10. Thus, for example, assuming eight recorded
      selections on tape 16; the eight selections may be written or imprinted on
      a selection chart 24 with a separate lead line 26 extending from each
      imprinted selection on chart 24 to either the outer periphery of the tape,
      as in the case of the first selection, or to the concentric cue band
      immediately preceding the second through eighth indicated selections. The
      indicating lead line 26 associated with the first selection, which is the
      radially outermost recorded selection 28 as on the fully wound reel 12 in
      FIG. 1, extends merely to the outer periphery 30 of the wound tape since
      such outer periphery is readily visible through viewing window 20. Each of
      the lead lines 26 associated with the remaining seven selections extend
      into a generally tangential alignment with a corresponding cue band
      immediately preceding the indicated selection.
PAR  The tape shown in cartridge 10 is in position to play the first recorded
      selection 28. Following a playing of this selection if it then be desired
      to play the fourth selection; the tape is simply advanced onto take-up
      reel 14, at fast forward speed, until the third cue band 32 begins to
      disappear from pay-out reel 12. The fast forward advance is then
      terminated and the tape is advanced at normal playback speed to play the
      fourth selection which is indicated in the reel wound condition of FIG. 1
      by reference character 34.
PAR  It is, of course, apparent that one may simply count the cue bands 18 to
      arrive at a desired selection rather than relying on the assistance of
      lead lines 26 as is specifically illustrated in connection with the
      unrecorded tape 36 shown in FIG. 2 as housed within a cartridge 38. Tape
      36 was originally edge marked along substantially equally spaced intervals
      along the length of the tape either by a coating operation, as
      subsequently described, or by a modification of the original tape
      manufacturing process. This latter process involves imparting a color or
      other indicial characteristic to the body of the tape, itself, during the
      manufacturing process such as by admixing or adding a dye which may extend
      throughout the width and breadth of the tape body over the desired equally
      spaced intervals. It will be apparent that if the entire width and breadth
      of the tape body is dye marked along those discrete intervals of tape
      length which are to serve as the cue marked intervals, the color of the so
      dye marked or impregnated intervals will be clearly visible at the tape
      side edge to the same extent as would those side cue markings applied as a
      coating to the finished tape. A similar result is achieved if only the
      tape breadth is dye marked adjacent one or both side edges. The result of
      the edge markings spaced at equal intervals along the tape length,
      irrespective of whether the same be created by a coating operation on the
      finished tape or a coloring operation incorporated during the tape
      manufacturing process, is to create the concentric bands 40 which are
      readily visible through viewing opening 42.
PAR  In use, cartridge 38 is inserted into a conventional player/recorder and
      the tape advanced onto take-up reel 44 as the tape is recorded with a
      desired selection in conventional manner. If the recorded selection should
      terminate with the outer play-out reel periphery intermediate the third
      and fourth cue bands 46, 48, for example, the user simply advances the
      tape, at fast forward speed, until the fourth cue band begins to disappear
      from the pay-out reel. A succeeding selection may then be recorded
      commencing at the fourth cue band 48. The tape may be fully recorded in a
      similar manner thus assuring that each selection, except the first,
      commences at one of the cue bands. Appropriate notations on a suitable
      chart or the like then permits one to go immediately, via fast rewind or
      fast forward speed to a desired selection.
PAR  It is important to note that both cartridges 10 and 38 are conventional to
      all respects and, of course, include a viewing opening on either side
      thereof whereby cue markings applied to either side edge of the tape may
      be directly observed.
PAR  It is obvious that the cue bands could be applied directly to a tape side
      edge while the tape is in a wound condition, such as by a stencil or the
      like; however, the reproducible accuracy of program location would be
      seriously impaired due to the difficulty in locating precise tape
      intervals and inherent variations in subsequently wound reel diameters as
      previously discussed. The practicability of directly edge marking a wound
      reel of tape is further impaired by the difficulty in avoiding movement of
      the marking medium onto the recordable surface of the tape.
PAR  The tape is desirably edge marked along the appropriate intervals while the
      tape is in an unwound condition. It has been found that an eight inch edge
      marked interval, as measured along the tape length, produces a highly
      visible band which is readily discernible from a distance of several feet
      and that this marking interval is sufficiently long to allow for user
      reaction time to stop the fast moving tape at the desired position. Longer
      marking intervals may, of course, be used which will increase the cue band
      width as viewed on the wound tape reel. Alternatively, the recorded
      intervals of the tape may be edge marked, in different colors, if desired.
      Irrespective of the manner in which the cue bands are applied, it will be
      apparent from FIGS. 1 and 2 that one may easily determine the pause
      interval between recorded selections by observing the disappearance or
      appearance of the cue bands on the pay-out and take-up reels,
      respectively.
PAR  In FIG. 3 is schematically illustrated a preferred method of commercially
      recording a magnetic tape 50 from a master tape 52 and simultaneously
      applying edge cue markings intermediate the recorded selections.
PAR  The preparation of the master tape is entirely conventional with the single
      exception that a signal outside the audible range is recorded on the
      master tape at the normal "pause" intervals intermediate the usual audibly
      recorded program selections. This may be effected in any desired manner
      such as by the activation of a sonic relay and low frequency record head
      as a function of audible signal termination as during that interval
      between recorded selections. Desirably, the inaudible signal will be
      recorded within the "pause" intervals at the time the master tape is
      prepared though it is obvious that a pre-recorded master tape may be so
      inaudibly recorded to convert the same into one suitable for the practice
      of the invention. Although a single slave tape 50 is illustrated as being
      recorded and edge marked in accordance with the invention, it will be
      understood that a plurality of slave tape record and marking stations 54
      are normally associated with a master tape 52 to produce a multiplicity of
      edge marked slave recordings at the same time. It will be further obvious
      that the presence of the inaudible signal on the master tape in no way
      affects its use in a conventional slave recording system where the cue
      marking is not applied.
PAR  The record and marking station 54 includes supply pay-out and take-up reels
      56, 58 for the continuous seriatim transport of tape 50 past record,
      sensing, marking and drying stations 60, 62, 64, 66. A suitable length of
      master tape 52 is transported in any desired manner past a playback head
      69 which is suitably connected, in a manner as illustrated in the
      drawings, with the slave tape record head 60. The usual synchronized, high
      speed transport of the slave and master tapes thus results in the
      duplication of the master tape recording on the slave tape which, in the
      case of the instant invention, also results in the recording of the
      inaudible signal at the "pause" intervals on the slave tape 50. One
      specific illustration of the manner in which these inaudibly recorded
      pause intervals may be used to insure that a side edge of the tape 50 is
      visibly marked is shown in FIGS. 4-5. In a broader sense, any desired
      manner of sensing the "pause" interval between recorded selections could
      be used to activate the marking means.
PAR  Basically, as tape 50 is transported, program selections are recorded
      thereon at record head 60 as are the inaudible recordings between the
      audibly recorded selections. When one of the inaudibly recorded intervals
      passes over sensing station 62, in the form of a limited sensitivity play
      back head which is responsive to the inaudible signal, a sonic relay is
      activated which, in turn, initiates a marking operation at the marking
      station to visibly mark a side edge of tape 50 at the particular "pause"
      interval detected at the sensing station. When sensing head 62 no longer
      detects the inaudible signal, as when another audibly recorded selection
      is passing there-across, the sonic relay and marking station are
      deactivated. Assuming for simplicity of illustration the recording and cue
      marking of a single track tape, one manner in which the foregoing is
      accomplished will become apparent from the following detailed description
      of FIGS. 3-5 wherein the tape 50 moves from left to right as viewed in
      FIG. 3.
PAR  The marking station is illustrated substantially in its entirety in FIGS. 4
      and 5 and includes a rotatable Vee printing roller 68, an inking transfer
      roller 70, a printing ink reservoir 72 and a printer control assembly 74.
PAR  Vee printing roller 68 includes a small wicking pad 76 or other porous
      material, positioned at the apex of the Vee roller, through which the
      particular printing ink 78 being used will migrate by capillary action. It
      will be apparent that a side edge 80 of tape 50 is adapted to come into
      marking contact with the porous pad 76 during its transport across marking
      station 64, This marking position of the printing roller 68 relative to
      tape side edge 80 is clearly shown in FIG. 4 and the cross sectional
      relationship of the tape to the printing roller is indicated in FIG. 5
      wherein the phantom line showing of tape 50 illustrates the manner in
      which the side edge of the tape would be drawn across pad 76. It will be
      understood that in the printing roller position of FIG. 5, which
      corresponds to the lower phantom line position of FIG. 4, the path of tape
      transport lies above the printing roller.
PAR  It is important that the printing ink not be applied to the recorded
      surface of tape 50 at a distance of more than a few thousandths of an inch
      from the side edge 80. Accordingly, the density of porous material 76 is
      chosen to insure that the cutting motion of tape edge 80 moving
      thereacross does not cut into the pad. Alternatively, wicking pad 80 could
      be made of "Porex" which is a porous metal or the ink could simply be
      applied via a steel roller portion rather than the porous pad.
PAR  Printing roller 68 is rotated in any desired manner which may comprise a
      small constantly driven electric motor, not shown, mounted on roller
      support arm 82 and geared to or directly driving printing roller shaft 84.
      Although a somewhat better marking action is achieved when the linear
      speed of marking pad 76 is different from the linear speed of tape 50, the
      reduction in wear on the tape edge 80 and pad 76 makes it desirable to
      match the linear speeds of the marking pad and tape.
PAR  Roller support arm 82 is mounted for pivotal movement between the phantom
      and solid line positions of FIG. 4 about the axis of a fixed pivot 86
      under the combined influences of gravity, a compression spring 88 and a
      solenoid operator 90 which is interconnected between fixed structure, not
      shown, and roller support arm 82. The bias of compression spring 88 is
      selected to be insufficient to oppose the downward movement of roller
      support arm 82 to the position of FIG. 5 by gravity. The purpose of spring
      88 is simply to reduce the power requirements of solenoid 90 to move the
      printing roller upwardly to the tape edge printing position. Inking
      transfer roller 70 is freely rotatable on its shaft 92 and is frictionally
      driven by printing roller 68 in the position of FIG. 5.
PAR  Solenoid operator 90 is activated to raise the printing roller to a tape
      edge printing position by the circuit shown in FIG. 3 wherein sonic relay
      94 is activated by the inaudible signal picked up at sensing station 62 to
      close solenoid 96 and bring power supply 98 in circuit with the solenoid.
      It will be recalled that the inaudible signal is recorded on tape 50 at
      record station 60 udring the interval between recorded selections.
      Printing roller 68 is thus elevated to the tape edge printing position of
      FIG. 4 to cue mark tape edge 80 over that interval during which the
      inaudible signal is received at sensing station 62. When the inaudible
      signal is terminated as by a recorded selection passing sensing station
      62, sonic relay 94 is deactivated and switch 96 is opened to break the
      energizing circuit to solenoid 90. Printing roller support arm 82 then
      pivots downwardly under the influence of gravity to effect a frictional
      driving engagement between the constantly rotating printing roller 68 and
      transfer roller 70 to again ink pad 68 in preparation for the next marking
      cycle. After passing across the marking station, tape 50 is passed through
      drying station 66 prior to the time the recorded and edge marked tape is
      reeled on master supply reel 58 from whence it will subsequently be drawn
      for assembly with a tape cartridge of the type shown in FIG. 1, for
      example. Take-up and supply reels 56, 58 are, of course, supported on
      generally horizontal supports of any desired type when oriented as shown
      in FIG. 3 and the tension of tape 50 may be maintained by the addition of
      desired tensioning rollers. Alternatively, if the orientation of reels 56,
      58 be displaced 90.degree. from the position of FIG. 3, additional idle
      rollers would be employed to alter the path of tape travel across marking
      station 64 so that tape 50 is substantially vertically oriented at the
      time of its engagement with printing roller 68.
PAR  In FIGS. 6-8 is schematically illustrated an alternate edge marking system
      which may be substituted for that shown in FIG. 3. A marking roller 100 is
      constantly rotated about an axis generally parallel to the path of tape
      travel and is supported for limited movement into and out of marking
      engagement with the tape edge 80. In the embodiment of FIGS. 6-8, the
      inking fountain 102 is mounted for movement along with marking roller 100
      as by being supported on the same solenoid controlled support arm
      therewith generally after the manner described in connection with the
      support arm 82 of FIG. 4. Thus, roller 100 is constantly rotated by a
      motor, not shown, and is in constant inking engagement with fountain 102.
      The fountain and roller are moved vertically as a unitary assembly between
      the marking position of FIG. 7 and a lower position vertically spaced from
      tape edge 80. A constantly driven cleaning roller 104 is preferably
      mounted for continuous engagement with the non-recordable surface of tape
      50.
PAR  In the tape edge marking position of FIGS. 6-8, printing roller 100 rotates
      in a counterclockwise direction, as viewed in FIG. 7, to apply ink 106 to
      the tape edge 80 while the tape is acting, in effect, as a doctor blade to
      remove ink from the roller. This is to insure that the tape edge is well
      marked and the excess ink tends to accumulate on the nonrecordable surface
      of the tape from which it is removed, at least in part, by the subsequent
      passage of the tape into engagement with cleaning roller 104 which rotates
      in opposition to the direction of tape transport therepast. It is not
      necessary that cleaning roller 104 remove all the ink accumulated on the
      back or non-recording surface of tape 50 but simply that the ink on the
      back surface be smoothed to a thin film which does not affect tape
      fidelity. The relationship of parts shown in FIG. 7 assures that no ink
      may reach the recording surface of the tape. The cleaning roller 104 may
      be supplied with a solvent for the ink to completely remove the same from
      the back surface of the tape, if desired.
PAR  It is obvious that non-recorded tapes may be pre-marked at regular or
      irregular intervals with but slight modification of the equipment shown in
      FIG. 3 wherein any conventional footage counter could be utilized to
      activate switch 96. Alternatively, the precise same apparatus of FIG. 3
      could be used to pre-mark unrecorded tape by simply omitting the audible
      recording on master tape 52. In other words, the master tape would be
      prepared containing only those spaced recordings to which sonic relay 94
      responds.
PAR  One manner in which non-recorded tapes may be marked by a home user is
      illustrated in FIGS. 9 and 10. A base 108 provides a frictionally biased
      rotatable support for a spindle 110 and a freely rotatable support for a
      spindle 112. A knurled hand knob 114 is removably keyed to the upper end
      of spindle 112 and both spindles are provided with keys 116 for removable
      interengagement with the conventional key elements 118 on the cartridge
      reels 120, 122. A cone shaped idler 124 having a small tape edge engaging
      flange 126 is positioned at an end of base 108 remote from spindles 110,
      112 and adjacent an inking pad 128.
PAR  In use, the tape cartridge 130 is placed in a conventional record/playback
      machine and the first selection is recorded in conventional fashion with
      the tape 132 moving from the payout reel 120 onto the take-up reel 122.
      After the first selection is recorded, cartridge 130 is removed from the
      machine, turned over so that its opposite side faces downwardly, and
      placed on spindles 110, 112. The knurled head knob 114 is then engaged
      with take-up spindle 112. While holding knob 114 to preclude any one of
      the tape containing the recorded selection from being withdrawn from the
      take-up reel 122; the point of a pencil is inserted in the conventional
      opening at the base of cartridge 130 where the conventional
      record/playback head engages the tape and a loop of tape is withdrawn. Due
      to the fact that take-up reel 122 is held stationary by the user, the loop
      of tape is necessarily drawn from the pay-out reel containing the
      non-recorded portion of the tape. The natural lay of the tape as so
      withdrawn is, of course, vertically oriented as shown in FIGS. 9 and 10.
      The loop of tape is then reeved over cone shaped roller 124 and comes to
      rest with its lower side edge against roller flange 126 with the lower
      side edge 134 of the tape resting on the surface of inking pad 128. Knob
      114 is then rotated to rotate take-up reel 122 clockwise to withdraw more
      tape from the pay-out reel which passes to the take-up reel via printing
      pad 128 and roller 124. This unwinding movement of the tape from pay-out
      reel 120 is resisted by the frictionally biased rotatable mounting of
      spindle 110 which tensions the tape. The tension thus applied to the tape
      coacts with the downward taper of roller 124 to continually bias the tape
      downwardly against inking pad 128 and roller flange 126. After a suitable
      interval of tape has been edge marked by movement across inking pad 128,
      the tape loop is removed from roller 124 and rewound into cartridge 130.
      Thereafter, the cartridge is then again reversed so that the backside, as
      shown in FIG. 9, is again facing upwardly and the cartridge is replaced in
      the machine for a subsequent recording.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tape cartridge, comprising; a generally rectangular housing having a
      viewing opening there-through; rotatable reel means mounted within said
      housing; a length of recordable tape wound on said reel means; said
      recordable tape having a recordable surface extending substantially
      entirely across the width thereof; cue means for visually locating desired
      segments of the total tape length in the wound condition of the tape
      during winding and unwinding of the tape from the reel means including a
      plurality of cue markings along and confined only to a path including a
      side edge of the wound tape and a few thousandths of an inch of the side
      adjacent thereto defining a plurality of circular bands substantially
      concentric with the axis of rotation of said rotatable reel means and
      viewable through said viewing opening; and each said circular band being
      radially spaced from a next adjacent band by an unmarked length of said
      tape side edge whereby each spaced cue band comprises a cue reference mark
      relative to and contrasted with the adjacent unmarked tape length, the
      appearance and disappearance of said circular bands during winding and
      unwinding respectively comprising an indication of the desired segment.
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ABST
PAL  An etch timing device for timing the etching of aluminum products and the
      like includes support members for supporting aluminum foil therebetween in
      a bath of etchant, the aluminum foil having dimensions corresponding to
      the quantity of aluminum to be etched in the bath. One of the support
      members is in a fixed position while the other is movable vertically
      relative to the first member. The movable support member is connected to
      the lower end of a rod which is slidably mounted in a hollow elongate body
      member mounted in association with the bath. The upper end of the rod
      extends above the height of the body member when the aluminum foil is
      supported and includes a visual indicator and stop means, typically a ring
      integrally formed with the upper end of the rod. When the ring moves
      downwardly upon dissolving of the aluminum foil, this provides a visual
      indication to the operator that the required etching has been completed.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention is directed to an etch timing device, more
      particularly to a timing device for the etching of metals.
PAC  BACKGROUND OF THE INVENTION
PAR  In the etching of metals, such as in the etching of aluminum products, the
      item such as an extrusion is immersed in a bath of an etchant such as
      sodium hydroxide solution in the case of aluminum. The quantity of metal
      to be removed is known and the time required usually is calculated
      assuming a known strength of etchant. However, this timing method is not
      satisfactory since its accuracy depends on a knowledge of the precise
      strength of the sodium hydroxide or other etchant solution, and errors may
      readily arise.
PAC  SUMMARY OF INVENTION
PAR  The present invention provides an etch timing device which indicates
      precisely that the desired quantity of metal has been etched irrespective
      of the concentration of the etchant solution. The present invention will
      be described hereinafter with particular reference to the etching of
      aluminum using a sodium hydroxide etchant solution, although it will be
      understood that other etchants may be used.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 illustrates an etch timing device in accordance with one embodiment
      of the invention in association with an etch tank;
PAR  FIG. 2 is a detailed perspective view of the etch timing device of FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawings, an etch tank 10 contains an aqueous solution of
      sodium hydroxide 12 of any desired concentration to etch an aluminum
      product 14. An etch timing device 16 is associated with the tank 10 and
      provides a visual warning when the required etching of the aluminum
      product 14 has been completed.
PAR  The etch timing device 16, illustrated in more detail in FIGS. 2 and 3,
      includes an elongate hollow body member 18. In the embodiment illustrated
      the body member 18 is of substantially square cross section although any
      other suitable cross sectional form may be used. A threaded bolt 20 is
      attached, in any convenient manner, to one face of the body member 18 for
      mounting of the timing device 16 on the tank 10. Any other suitable
      mounting means may be employed.
PAR  A clip 22, or other suitable support means, is mounted in fixed position
      relative to the body member 18. In the illustrated embodiment, the clip 22
      is mounted on an arm 24 having a first part extending outwardly from one
      side of the body member 18 and a second part extending upwardly from the
      first part.
PAR  The clip 22 may be of any suitable form to grip a strip of aluminum in
      releasable manner and an alligator clip may be used.
PAR  The body member 18 has a bore 26 extending the length thereof. The bore 26
      may have any convenient cross sectional shape, typically circular.
PAR  A rod-like movable member 28 is situated partially in the bore 26 and is
      slidable relative to the body member 18 in the bore 26. At its lower end,
      the movable member 28 terminates in an integral arm 30 extending
      transverse to the axis of movement of the movable member 28.
PAR  A clip 32, or other suitable support means, is fixedly mounted at the outer
      end of the arm 30 in opposed relation to the clip 22. The clip 32 may be
      of any suitable form to grip a strip of aluminum in releasable manner,
      typically an alligator clip.
PAR  The clips 22 and 32 cooperate to grip an aluminum foil element 36
      therebetween. When the clips 22 and 32 are in the foil element 36 gripping
      position, a substantial length of the movable member 28 extends above the
      upper extremity of the body member 18 and is prevented from downward
      sliding movement by the gripping of the foil element 36 by the clips 22
      and 32.
PAR  The body member 18, the movable member 28 and the clips 22 and 30 should be
      constructed of etchant-resistant material, suitably stainless steel or
      alkali- and acid-resistant plastic material.
PAR  At the upper end of the movable member 28 is ring 34 formed integrally with
      the remainder of the movable member 28.
PAC  OPERATION
PAR  In operation, an aluminum foil element 36 of dimensions such that it will
      be consumed by the etchant when the quantity of aluminum to be etched from
      the product 14 has been removed, is supported between the clips 22 and 32
      and the lower portion of the device 16 is immersed in the etchant bath 12
      along with the aluminum product 14. The projection of the ring 34 above
      the height of the body member 18 indicates to the operator the supporting
      of the aluminum foil element 36 between the clips 22 and 32.
PAR  When the aluminum foil element 36 has been consumed, corresponding to the
      time when the required amount of aluminum has been etched from the product
      14, the movable element 28 slides downwardly under the force of gravity
      relative to the body member 18 until the ring 34 rests on the upper end of
      the body member 18. The movement of the ring 34 to this position indicates
      usually to the operator that the required etching of the product 14 has
      been completed and hence the product 14 should be removed from the tank
      10.
PAR  The construction illustrated in the drawings provides a visual etch timing
      device. The visual signal may be supplemented, if desired, by an audible
      alarm which is actuated by the downward movement of the movable member 28
      when the aluminum foil element 36 has been consumed.
PAR  Modifications are possible within the scope of the present invention.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. An etch timing device comprising
PA1  first and second etchant-resistant support members adapted to cooperatively
      support a strip of etchant-consumable material therebetween in a bath of
      etchant,
PA1  an elongate body member of etchant-resistant material adapted to be mounted
      in fixed position association with the bath of etchant, said body member
      having an axial bore formed therethrough, and
PA1  a movable rod-like member of etchant-resistant material and extending
      through the axial bore in said body member and axially movable in sliding
      relation to said body member,
PA1  one of said support members being mounted on said body member and the other
      of said support members being mounted on the lower end of said movable
      rod-like member,
PA1  said support members being located external of the body member in straight
      line alignment and parallel to the axis of the bore in said body member,
PA1  said rod-like member, when said first and second support members are in the
      strip-supporting position, extending beyond the upper extremity of said
      body member.
NUM  2.
PAR  2. The timing device of claim 1 wherein said first and second support
      members each is an alligator clip, the clips being positioned with their
      jaws facing each other.
NUM  3.
PAR  3. The timing device of claim 1 wherein a visual indicator means is
      provided at the upper end of said movable rod-like member.
NUM  4.
PAR  4. The timing device of claim 1 including a ring integrally formed with the
      upper end of the movable rod-like member, said rod-like member being
      movable between a first position wherein said support members are adjacent
      one another and capable of supporting said strip of etchant-consumable
      material and said rod-like member extends beyond the upper extremity of
      said body member and a second position wherein said support members are
      spaced apart from each other and are incapable of supporting said strip
      and said ring engages said upper extremity of said body member.
NUM  5.
PAR  5. The timing device of claim 4, wherein said first and second support
      members each is an alligator clip, the clips being positioned with their
      jaws facing each other.
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PAL  A TV channel indicator is disclosed where the channel numbers 1 to 9 are
      indicated substantially in the center part of the indicator, which also
      coincides with that of the channel numbers 10 to 99.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a numerical character indicator, for example, for
      use in TV channel indicators which indicate numerical characters by using
      a combination of segments such as light emission diodes which is
      electrically energized to emit light or liquid crystals which absorb or
      reflect light.
PAR  So far, where segments of these kinds are used for TV channel indicators,
      the segments are arranged in groups which are arrayed for each digit,
      respectively, in order that one segment group indicates numerals of the
      first order and another segment group indicates numerals of the second
      order. But with such an indication system, when a channel number covers
      two digits, it is required to array two sets of segment groups such as the
      groups A and B on the right and left sides as shown in FIG. 14. In such a
      case, when the numeral to be indicated is of a single digit ranging 1 to
      9, either one of the left or right segment groups A or B will be used, and
      when numerals formed of two digits ranging 10 to 99 are to be indicated,
      both the left and right groups A and B are used so that the left group A
      indicates a numeral of second order and the right group B indicates a
      numeral of first order.
PAR  With the numerical characters indicated in such a way as mentioned above,
      the numerals of one digit ranging 1 to 9 are indicated in either the
      right-hand or left-hand portion of the channel indicator window, resulting
      in less than desirable perception to observers. Further, if either the
      left or right segment groups A or B should malfunction, thereby indicating
      only one digit of a numeral which normally should have two digits, it is
      very difficult to discern the presence of such a malfunction.
PAC  SUMMARY OF THE INVENTION
PAR  This invention solves the afore-mentioned shortcomings inherent to the
      prior art, and in which single digit numerals ranging 1 to 9 are
      individually indicated near the central part of an indicator window by
      providing primary groups of indicating segments which have secondary
      groups of segments interposed therebetween, at least one secondary group
      cooperating with adjacent primary groups to indicate the single-digit
      numerical characters and at least the primary groups being used to
      indicate the first digit and the second digit, in order that the numerals
      ranging 1 to 9 or numerals ranging 10 to 99 are indicated on all the
      segments and in the central position of the indicator window.
PAR  Accordingly, one object of this invention is to provide an improved TV
      channel indicator.
PAR  Another object of this invention is to provide a numeric character
      indicator comprising a plurality of segment groups to indicate numerical
      characters of two digit, i.e., 10 to 99 and a secondary segment group
      which cooperates to indicate numerical characters of one digit, i.e., 1 to
      9.
PAR  Another object of this invention is to provide an improved channel
      indicator where the central part of the indicator always coincides with
      that of the numeric characters regardless of the characters to be
      indicated therein.
PAR  Other objects, features and advantages of this invention will become
      apparent from the following description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-7 show embodiments according to this invention;
PAR  FIGS. 8-13 show electric connection diagrams to illustrate the signal
      transmission paths according to the embodiment of FIG. 1;
PAR  and FIG. 14 shows a schematic diagram of segments used in prior art.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 show a secondary segment group 3 composed of segments 3a, 3b
      and 3c interposed between a primary segment group 1 composed of segments
      1a, 1b, 1c, 1d, 1e, 1f and 1g arranged in figure 8-shape and a primary
      segment group 2 composed of segments 2a, 2b, 2c, 2d, 2e, 2f and 2g also
      arranged in figure 8-shape. In this case, a one-digit numeral identified
      by the reference numeral 4 ranging 1 to 9 is indicated by the cooperation
      between the secondary segment group 3 primary segment groups 1 and 2,
      particularly the segments 1b, 1c and 2e, 2f which are parts of the primary
      segment groups 1 and 2.
PAR  Where the numerals to be indicated span over two digits, i.e., second order
      numerals, the indication is made by using only the primary segment groups
      1 and 2 of FIGS. 1 and 2. When a one digit numeral is to be indicated, the
      numeral can be indicated using both of the primary segment groups 1 and 2
      and the secondary segment group 3, as shown in FIG. 2. In the case of FIG.
      2, an indication of two digit numerals may be carried out in the same
      manner as in FIG. 1 above.
PAR  FIGS. 3 and 4 show the case in which three primary segment groups 11, 12
      and 13 are arranged with secondary segment groups 14 and 15 interposed
      therebetween. FIGS. 5 and 6 show the case in which the secondary segment
      groups 24, 25 and 26 alternate with the primary segment groups 21, 22 and
      23.
PAR  The arrangement shown in FIG. 7 is similar to the embodiments of FIGS. 3
      and 4 in that the secondary segment groups 34 and 35 are interposed
      between the primary segment groups 31, 32 and 33, but features a wide
      primary segment group 32 at the center in order to indicate the
      single-digit or two-digit numerals as shown. 6 in Figure represents a
      window frame for housing the character indicator.
PAR  With reference to the arrangement shown in FIG. 1 mentioned indicated, for
      example, the method to obtain indications of particular numerals by
      applying an electric current to selective segments, is illustrated in
      FIGS. 8 and 9 for of the case of one digit (1 to and the 9) and in FIGS. 8
      and 10 for the case of two digits (10 to 99). This method consists of
      feeding electrical outputs to the segments identified by reference letters
      in FIG. 8 through segment decoder 8 or decoders 8 and 8a by way of, for
      example switches 7 or switches 7 and 7a which may be of known type as in
      adders and typewriters.
PAR  If now it is intended to indicate a one digit numeral such as 3,  the
      switch 7 corresponding to the character 3 may be activated as shown in
      FIG. 11, to energize only the segments o, f, e, q and p. If it is intended
      to indicate the numeral 8, the switch 7 corresponding to the character 8
      may be activated in order that electric signals are applied to individual
      segments o, f, e, q, j, i and p, as shown in FIG. 12.
PAR  FIG. 13 shows the instance wherein a two digit numeral is, in this case the
      indication 33. A decoder 8 for the digit of one order and a decoder 8a for
      the digit the second order are provided between the switch 7 and
      particular segments which are energized for this character indication.
PAR  9 in FIGS. 11 to 13 represents diodes to insulate the circuit of each
      numeral from the circuit of other numeral.
PAR  By interposing a secondary segment group between primary segment groups as
      in this device, it is possible to eliminate the uncomfortable perception
      of characters which are displaced from the center of the channel indicator
      window, i.e., enabling the display of numerals correctly at the center of
      the indication window whether they may be one digit numerals or two-digit
      numerals, and in addition, allowing easy discovery of malfunctions of a
      segment group, and requiring less total number of segments.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A numeric character indicator unit formed of an array of selectively
      energizable light transmitting segments, said segments being arranged in a
      plurality of primary segment groups having at least one secondary segment
      group interposed therebetween, means for selectively energizing the
      segments in said secondary group and segments in at least one adjacent
      primary group to display single-digit numerals 1 to 9, and means for
      selectively energizing the segments in no less than two primary groups of
      segments to display two-digit numerals 10 to 99, said two digits being
      spaced apart by at least one of a primary and secondary group.
NUM  2.
PAR  2. The numeric character indicator unit of claim 1 consisting of two
      primary segment groups, each being capable of indicating all single-digit
      numerals, and a secondary segment group interposed therebetween.
NUM  3.
PAR  3. The numeric character indicator unit of claim 1 consisting of three
      primary segment groups arranged alternately with two secondary segment
      groups wherein single-digit numerals are indicated by at least one
      secondary segment group in cooperation with both adjacent primary segment
      groups and each digit of a two-digit numeral is indicated by an end
      primary segment group in cooperation with a secondary segment group.
NUM  4.
PAR  4. The numeric character indicator unit of claim 1 consisting of three
      primary segment groups arranged alternately with three secondary segment
      groups wherein single-digit numerals are indicated by at least one
      secondary segment group in cooperation with both adjacent primary segment
      groups and two-digit numerals are indicated by the combination of an end
      primary segment group in cooperation with an adjacent secondary segment
      group and an end secondary group in cooperation with an adjacent primary
      segment group.
NUM  5.
PAR  5. The numeric character indicator unit of claim 1 wherein each primary
      segment group is comprised of a seven-segment array in figure 8
      configuration and each adjacent secondary segment group is comprised of a
      three-segment horizontal array.
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ABST
PAL  Indicator for safety ski binding. As a direct acting indicator for a safety
      ski binding a leaf spring is fixed at one end within a binding component
      and its other end is constrained for movement in a straight line aligned
      with, or at least parallel with, the direction of an applied force but is
      free to move along such line. Thus, the magnitude of such force determines
      the position of said spring and a portion of the spring may then be
      utilized, such as being viewed through a window, to indicate the magnitude
      of such force. The said force being equal or proportional to the setting
      of the spring opposing release of the ski binding, the position of said
      indicator spring will comprise an indication of the force required to
      release the ski binding. Different embodiments disclosed show different
      possible specific arrangements of indicator spring.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a device for adjusting and indicating the
      relative position of spring-controlled ski binding components wherein
      associated marks are provided on the ski binding components. On one
      component marks comprise openings provided thereon and on the other
      component the marks comprise surface and/or dot-shaped markings and
      wherein in particular three markings are used.
PAC  BACKGROUND OF THE INVENTION
PAR  A device which indicates the initial stress on the spring of a
      spring-loaded indicator is known from German Offenlegungsschrift No.
      2,200,768. However, a disadvantage of this device is that the indication
      depends on the relative position of the indicator. Further, it is not
      possible for technical reasons to maintain the relationship between the
      operating and indicating end of the indicator in a relationship which is
      suitable for a satisfactory indication.
PAR  A different indicating device to indicate the necessary force between two
      coupling halves and the associated cables to release the cable lock is
      described in Austrian Patent No. 243,658. In this device, there is an
      indicating lever which moves against the force of a spring until a release
      finger hits the stop plate. However, the correct adjusting of this device
      requires much work and is time consuming.
PAR  In Swiss Patent No. 488,467 there is provided for indicating or adjusting
      the release force, an indicating device which comprises a jaw with a
      windowed hood, which hood carries the locking bolt of the lift-type
      locking device and further includes a scale which swings past the inside
      of the window, said scale being coupled with the spring clamping sleeve.
      According to a further development of this known construction the movement
      of the adjusting screw is transferred onto an indicating bar which can
      carry out a pivoting movement about its pivot axis. On the surface of the
      indicating bar, there appear the symbols or numbers which can be read
      through the indicating window. These symbols or numbers represent a
      measurement for the tension of the spring. The disadvantage of this known
      construction consists in that the entire indicating device must be
      positioned horizontally in the ski binding and due to limited space this
      presents design difficulty.
PAR  The objective of the present invention is to produce an indicating device
      which can be arranged in a space-saving manner in safety ski bindings,
      wherein the indicator and its operating device are themselves of maximum
      simplicity.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an improvement over that of U.S. Pat. No.
      3,489,122 to which reference is made.
PAR  The purpose above stated is attained according to the invention by
      providing the indicator as an elastic element which is supported on a
      movable part of the adjusting device, wherein a varying portion of the
      indicator moves in front of or below the markings. By this inventive
      construction, the indicating device can be designed in a simple and
      space-saving manner, wherein the desired magnification of motion is
      provided through the relationship between the point of abutment of the
      indicator onto the adjusting device and the indicating portion of the
      indicator.
PAR  A preferred embodiment of the invention comprises a device wherein the
      elastic element is secured at one of its ends onto a fixed part of the ski
      binding and the other of its ends is supported on the movable component of
      the adjusting device. Further the central zone of the elastic element is
      arranged in front of or below the markings as a directly operated
      indicator. This embodiment has the advantage that the elastic element
      which serves to return the indicator into the initial position is itself
      constructed as an indicator.
PAR  According to a further characteristic of the invention, the elastic element
      can be arranged parallel to the longitudinal axis of the adjusting device
      of the ski binding. This arrangement enables the relationship between
      longitudinal adjustment and indication to be particularly advantageous.
PAR  According to a still further feature of the invention, a separate indicator
      can be arranged in the central zone of the elastic element. This
      construction has the advantage of still greater magnification of the
      change relationship between adjusting and indicating mechanism.
PAR  A preferred form of this type comprises an elastic element arranged between
      the pivot point of the indicator and the support point of the indicating
      device on the adjusting device. This embodiment has the advantage that the
      elastic element can be shorter but yet the same relationships as in the
      preceding case can be achieved. This diminishes the expense of the
      indicating device.
PAR  According to a different inventive characteristic, the elastic element is
      secured at one of its ends on a fixed component of the ski binding and is
      supported with its central zone on the movable part of the adjusting
      device and the other, free, end comprises the indicator. This embodiment
      has the advantage that the elastic element can be arranged with its
      longitudinal extent partly parallel to the adjusting device, which enables
      its length and thus also the indicating relationship to remain unchanged
      but shortens the overall length.
PAR  According to a still different inventive characteristic, the end of the
      elastic element comprising the indicator, consists also of an elastic
      material which is constructed resiliently with reference to the first
      elastic element in the direction of the markings. This embodiment permits
      a transversely lying arrangement of the indicating device with respect to
      the adjusting device.
PAR  According to a further inventive thought the indicating device can for the
      preceding embodiment be coupled with an additional helical spring. In this
      case both the first elastic element and also the, if necessary, separate
      indicator can be made of a weak material and the helical spring can be
      provided alternatively as a tension or compression spring. Thus, a
      reliable indication is assured for both cases.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further details of the device of the invention will be discussed more in
      detail in connection with the exemplary embodiments which are illustrated
      in the drawings, in which:
PAR  FIGS. 1 and 2 illustrate a support of a first exemplary embodiment of the
      invention.
PAR  FIG. 3 is a longitudinal cross-sectional view of a ski binding with a
      second embodiment of the invention, and
PAR  FIG. 4 is a partial cross-sectional view of a ski binding with a third
      exemplary embodiment.
DETD
PAC  DETAILED DESCRIPTION
PAR  The indicating device which in FIGS. 1 and 2 is illustrated only
      schematically consists substantially of an elastic element, for example a
      leaf spring 2, which is secured in the ski binding element 1 and is
      supported at its free end on a movable portion of the adjusting device for
      adjusting the release force of such ski binding element. Said adjusting
      device is here indicated only by an arrow 7. If an adjustable part of the
      adjusting device moves in the direction of the arrow 7, the elastic
      element 2 reaches the position which is indicated by a dash-dotted line.
      The central part 2' of the elastic element 2 may thus act as an indicator
      which moves below the opening 3 comprising a window. The markings 8 which
      are exemplarily provided beside the window 3 are in a predetermined
      relationship to the position of the adjusting device and indicate the
      respective adjusting strength of the spring for the ski binding parts,
      namely to determine the release force. FIG. 1 clearly shows that the
      longer the arm H of the indicator 2, the greater the path of adjustment X
      of the central zone 2' of the elastic element 2 in relationship to the
      adjusting path Y of the adjusting device. The initial position is
      indicated in the figure by two point-dashed lines. The adjusting path of
      the indicator 2' is illustrated between two markings, namely with the
      length H1 or H2 of the indicator 2'.
PAR  In the embodiment according to FIG. 2, the indicator 2' is secured in the
      central zone 2" of the elastic element 2. The free end of the indicator 2'
      moves in front of the markings 8 of the window 3. In this case the path of
      adjustment of the indicator 2' depends on the relationship of the arm
      length H1 of the elastic element 2 and L of the indicator 2', wherein also
      in this case for an adjusting path Y of the adjusting device there occurs
      a movement of the indicator 2'. Also for this case a different position of
      the elastic element 2 or of the indicator 2' is indicated by a dash-dotted
      line.
PAR  In the embodiment according to FIG. 3, an adjusting screw 10 is arranged in
      the ski binding 1 by means of a threaded nut 9 which is held in the ski
      binding 1. A ring disk 5 is fixedly wedged to the adjusting screw 10. The
      disk can be flat or have an inclined plane or as illustrated in the
      exemplary embodiment it can be provided with steps 4. The elastic element
      2 is placed on the outer surface of the disk 5, which elastic element is
      at the same time fixedly secured at one of its ends on the ski binding
      element 1. The free end of the elastic element 2 serves as an indicator
      2'. Same moves in front of the window 3 which is provided with markings 8.
      Depending on the respective position of the disk 5, the contact zone of
      the elastic element 2 changes and thus changes the position of the
      indicator 2' with respect to the window 3. Due to the construction of the
      outer surface of the disk 5 in an inclined or steplike manner, the various
      indicating values are practically independent from the support point of
      the elastic element 2 on the disk 5. If the outer surface of the disk 5 is
      constructed circularly, the markings 8 are not only calibrated for the
      effective path of adjustment of the adjusting screw 10, but also based on
      the effect of the variable position of the edge 5' of the disk 5. The
      calculations which are required for such lie within the general knowledge
      of the average man skilled in the art and therefore do not need to be
      described further.
PAR  Another exemplary embodiment is illustrated in FIG. 4, in which the elastic
      element 2 is secured in the ski binding 1 on a pivot point 6. The
      construction and securement of the adjusting screw 10 in the threaded nut
      9 with the wedged-on disk 5 is done in the same manner as in the exemplary
      embodiment of FIG. 3. Here the elastic element 2 rests on the edge 5' of
      the disk 5. The indicator 2' moves below the window 3 which is arranged in
      the ski binding 1, the indicator 2' being connected resiliently to the
      elastic element 2 so that in any desired position of the elastic element
      2, the indicator 2' lies on, or at least is guided parallel with, the
      window 3.
PAR  FIG. 4 additionally illustrates a compression spring 11 secured on a
      locking pin 12 which is fixedly arranged in the ski binding 1. This
      construction enables both the elastic element 2 and also the indicator 2'
      to be made of a very thin material because the indicating device is urged
      against the edge 5' of the disk 5 by means of the compression spring 11.
PAR  Alternatively, it is easily conceivable to make the arrangement in such a
      manner that the helical spring 11 comprises a tension spring positioned on
      the other side of the window 3.
PAR  Further constructions are possible within the scope of the invention
      without exceeding the scope of its protection. Thus, for example, in the
      first exemplary embodiments the indicator can extend from the swivel point
      to the window and only the distance between the pivot point and point of
      action be bridged by an elastic element. In this way, the elastic element
      may be shortened and the indicating device may be made at less cost. For
      the second exemplary embodiment, the flexible element could for example be
      limited to the zone in which it extends substantially parallel to the
      longitudinal axis of the adjusting screw. The mounting portion could then
      be made from a low-quality material. For the construction of FIG. 4, this
      same modification can be applied to mounting or stem end of the spring
      even if a separate spring is used.
PAR  Although particular preferred embodiments of the invention have been
      disclosed above for illustrative purposes, it will be understood that
      variations or modifications thereof which lie within the scope of the
      appended claims are fully contemplated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An indicator device for indicating the relative position of ski binding
      components, comprising:
PA1  a ski binding element having indicia means thereon;
PA1  adjusting means mounted on said ski binding element, said adjusting means
      including movable carriage means supported for movement relative to said
      ski binding element in response to an adjustment of said adjusting means;
      and
PA1  a leaf spring secured at one end to said ski binding element and slidingly
      engaging at its central zone said carriage means, said leaf spring being
      flexed in response to a movement of said carriage means, the other end of
      said leaf spring being a free end which is positioned adjacent said
      indicia means to define an indicator and being movable in response to a
      flexing of said leaf spring so that a movement of said free end of said
      leaf spring relative to said indicia means in response to a flexing of
      said leaf spring will indicate said relative position of said ski binding
      components.
NUM  2.
PAR  2. An indicator device according to claim 1, wherein the longitudinal axis
      of said leaf spring is generally parallel to the longitudinal path of
      movement of said carriage means.
NUM  3.
PAR  3. An indicator device according to claim 1, wherein said leaf spring is
      pivotally secured to said ski binding element at said one end and is
      resiliently flexed into engagement with said carriage means.
NUM  4.
PAR  4. An indicator device according to claim 1, including an additional spring
      for urging said leaf spring into engagement with said carriage means.
NUM  5.
PAR  5. An indicator device according to claim 1, wherein said leaf spring is
      fixedly secured to said ski binding element at said one end and is
      resiliently flexed into engagement with said carriage means.
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ABST
PAL  There is disclosed a UHF tuner channel indicating device adapted for use in
      a television receiver. In this device, two drums which carry digits in the
      unit digit and tens digit, respectively, for indicating channel numbers,
      are placed coaxially with each other and rotatably, with the drum carrying
      the unit digits being placed inwardly of the other drum, said drums being
      coupled to a rotary device of a tuner, whereby one turn of the unit-digit
      carrying drum causes the tens digit carrying drum to rotate by one-tenth
      turn by means of an intermittent shifting mechanism, thereby indicating a
      channel number in two digits.
BSUM
PAR  This invention relates to a channel indicating device for use in a
      television receiver, and more particularly to a channel indicating device
      for a UHF detent tuner which deals with a plurality of channels and is
      adapted to switch from one channel to another and select same
      intermittently but positively.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  At the present time, 12 channels in a VHF frequency zone and 70 channels in
      UHF frequency zone are commonly alloted for television broadcasting. The
      VHF tuner adapted to receive 12 channels in the VHF frequency zone,
      selects a desired channel through progressive tunning, while the UHF tuner
      adapted to receive 70 channels in the UHF frequency zone, selects a
      desired channel through continuous tunning. In UHF tuners, 70 channels are
      covered in a rotational angle of about 180.degree. of a variable
      condensor, and thus an angle alloted to one channel is no more than
      2.5.degree., presenting difficulties with selecting channels. Accordingly,
      it is desired that progressive and detent type channel selection such as
      in VHF tuner be applied to UHF tuner.
PAR  However, in providing a progressive and detent type UHF tuner, there remain
      problems of how to indicate a selected channel out of 70 channels
      definitely or how to associate such an indicating method with the tuner.
PAR  It is an object of the invention to provide a device for indicating a
      selected channel number definitely, for UHF tuner having detent means for
      each of 70 channels.
PAR  According to a channel indicating device of the present invention, there
      are provided a pair of drums, on which are printed digits from 0 to 9 or
      on which is attached a paper or the like having digits printed thereon,
      whereby a number in one or two digits may be indicated thereon, said pair
      of drums being placed coaxially with each other and rotatably, with the
      drum which carries digits in the unit digit place being placed inwardly of
      the other and being coupled to a rotary device of a tuner, whereby one
      turn of the unit-digit carrying drum causes the tens-digit carrying drum
      to rotate by one-tenth turn by means of an intermittent shifting
      mechanism, thereby indicating a channel number in two digits.
DRWD
PAR  FIG. 1 is a plan view of a UHF tuner embodying the present invention;
PAR  FIG. 2 is a side view of FIG. 1;
PAR  FIG. 3 is an enlarged, longitudinal cross-sectional view of a rotary
      mechanism;
PAR  FIG. 4 is a cross-sectional view taken along the line IV--IV of FIG. 3;
PAR  FIG. 5 is a cross-sectional view taken along the line V--V of FIG. 3;
PAR  FIG. 6A is an exploded, perspective view of a channel indicating device;
PAR  FIG. 6B is a perspective view of one element of the device in FIG. 6A;
PAR  FIG. 6C is a perspective view of the intermittent feeding gear in the
      device of FIG. 6A;
PAR  FIG. 7 is a plan view of another embodiment of the invention; and
PAR  FIG. 8 is an exploded, perspective view of a channel indicating device of
      FIG. 7.
DETD
PAR  The above mentioned and other objects and features will become apparent
      from the following detailed description taken in conjunction with the
      drawings which indicate embodiments of the invention.
PAR  In the drawing, shown at 1 is a tuner body covering the whole UHF
      television zone by rotating a tuner shaft through an angle of 180.degree.,
      and the aforesaid tuner may be roughly adjusted by rotating a channel
      switching shaft 2, while watching a channel indicating device 3, and may
      be closely adjusted through rotation of a close adjusting shaft 4.
PAR  As shown in FIG. 2, a shaft 101 of the tuner 1 is coupled by way of an
      idler gear 102 to the channel switching shaft 2. The idler gear 102
      consists large and small gears 103 and 104, while the large gear 103
      meshes with a gear 106 on a gear 105 having a pin, said gear 105 being
      journaled on the channel switching shaft 2. The small gear 104 meshes with
      an internal gear 108 on a variable-condensor gear 107. Shown at 109 is a
      switching cam having ten cam-projections 110, and the aforesaid cam is
      fixed on the channel switching shaft 2. The channel switching shaft may be
      rotated intermittently but with the aid of the cam-projections 110. The
      gear 105 having a pin is urged against the switching cam 109 under a
      frictional force of a wave washer 111, whereby the gear 105 may be rotated
      together with the channel switching shaft 2.
PAR  The rotational movement of the channel switching shaft 2 is transmitted
      through gear 105 having a pin to the idler gear 102, after which the
      rotation is decelerated and transmitted to variable-condensor gear 107 to
      thereby rotate the gear 107, resulting in the rotation of the tuner shaft
      101.
PAR  The gear ratio of gear 106, of gear 105 having a pin, large and small gears
      103 and 104 of idler gear 102 and internal gear 108 of the
      variable-condensor gear 107 is so selected that several turns of the
      channel switching shaft 2 may lead to the coverage of the entire frequency
      zone of the tuner 1, while the switching cam 109 is split into 10
      divisions. As has already been clear, one cam projection 110 of the
      switching cam 109 is attendant on one channel, such that any desired
      channel may be selected by switching or turning the channel switching
      shaft 2, intermittently but positively, along the peripheral surface of
      the cam projections 110 of the switching cam 109. A close adjusting shaft
      4 is fitted on the channel switching shaft 2. As shown in FIG. 3, the
      close adjusting shaft 4 is fitted on the channel switching shaft 2 in such
      a manner that the former may rotate together with the latter during the
      aforesaid intermittent rotation of the latter and that at the time of
      close adjustment, the former may rotate independently of the latter.
      Mounted on the tip portion of the close adjusting shaft 4 is a first gear
      112, as shown in FIG. 5. The first gear 112 meshes with an epicyclic gear
      114 which is fitted on a pin portion 113 of the gear 105 having a pin. The
      epicyclic gear 114 meshes with an internal gear 116 which is fitted on a
      dial shaft 115.
PAR  The pin portion 113 provided on the gear 105 having a pin fitted in an
      elongated hole 117 provided in a switching cam 109 (Refer to FIG. 4) in a
      manner to rotate independently of the switching cam 109. The extent of the
      rotation of the pin portion 113 is confined within the circumference of
      the elongated hole 117.
PAR  The close adjustment is carried out in the following manner.
PAR  When the close adjusting shaft 4 is rotated, the first gear 112 will be
      rotated. Then, the epicyclic gear 114 which meshes with the first gear 112
      and the internal gear 116 mounted on the dial shaft 115 and is held
      herebetween, will be rotated in a direction opposite that of the first
      gear 112. As the epicyclic gear 114 rotates, the pin 113 moves along the
      elongated hole 117, together with the rotation of the epicyclic gear 114.
      The movement of the pin 113 will cause the gear 105 having a pin to
      rotate, whereby the idler gear 102 and variable-condensor gear 107 will be
      rotated, and thus the tuner shaft 101 will be rotated for close
      adjustment.
PAR  The aforesaid dial shaft 115 is fitted on the close adjusting shaft 4 and
      fitted in the switching cam 109 by means of pin 118, as shown in FIG. 4.
      As a result, the dial shaft 115 rotates together with the channel
      switching shaft 2.
PAR  As shown in FIGS. 1, 2 and 3, shown at 5 is a third shaft fitted on the
      outer circumference of the dial shaft 115, and the third shaft has a spur
      gear 6 at one end thereof. The third shaft 5 is rotated by and together
      with the rotation of the channel switching shaft 2. In FIG. 6A, there is
      shown at 7 a bracket having a boss hole 8 in its center, with the bottom
      surface of the boss hole being lowered from the flat surface of the
      bracket 7. On the other hand, there is provided a cut-out 10 in the flat
      portion of the bracket 7, while an upright pin 11 is provided on the
      bottom portion 9.
PAR  Designated at 12 is an indicator-drive-shaft having a crown gear 13 thereon
      at one end thereof. The crown gear 13 is so arranged as to mesh with the
      spur gear 6 affixed on the aforesaid third shaft 5 and has such a gear
      ratio that one divisional rotation of the channel switching shaft 2 will
      rotate an indicator drive shaft 12 by 1/10 turn. The indicator-drive-shaft
      12 is formed with a gear shaped, shifting portions 14 and 15 (see FIG. 6A)
      on the inner side thereof and has a shaft 16 in its center, with said
      shaft 16 being formed with a groove 17. The indicator-drive-shaft 12 is
      rotatably fitted in the center hole 8, and prevented from withdrawal, by
      means of a E-ring 18 fitted in the groove 17.
PAR  Shown at 19 is an intermittent feeding gear having teeth of alternatively
      different lengths 20 and 21, thus presenting staggered alignment at
      respective one end thereof. The intermittent shifting gear 19 is rotatably
      fitted on the pin 11 and adapted to mesh with tooth shaped portions 14 and
      15 on the indicator drive shaft 12, intermittently, such that one turn of
      the drive shaft 12 will cause one intermittent movement.
PAR  Shown at 22 is a drum which indicates digits in the tens place and provided
      with a bottom having an internal gear 23 and a hole in its center. The
      drum 22 is made of a transparent material, and the outer peripheral
      surface thereof is formed with transparent digit portions in which there
      are left transparent digits 25 covering from 0 to 9, with the remaining
      portions being left opaque while there are provided a plurality of square
      transparent portions 26, with each of said transparent portions being
      positioned between the two transparent digit portions, and thus one can
      watch a digit in the unit place through the aforesaid transparent portion.
      In this case, the digits 25 and 26 may not be printed, and a film, tape or
      the like carrying such digits thereon may be wound around the aforesaid
      peripheral surface of a drum. In this respect, if the tape runs in contact
      with the inner peripheral surface of the drum 22, then there will result a
      lesser clearance between the digits in the unit and tens places, whereby
      improved sense of integrality of the binary digits may be provided. The
      indicator-drive-shaft 16 is rotatably fitted in the hole 24 in the drum
      22, while the intermittent shifting gear 19 meshes with the internal gear
      23 (FIG. 6B). It follows then that one turn of the indicator-drive-shaft
      12 causes the rotation of the drum 22 by 1/10 turn by means of the
      intermittent mechanism, i.e., a digit in the tens place is shifted to the
      next position.
PAR  Shown at 27 is a drum which indicates digits in the unit place, and the
      drum 27 is made of a semi-transparent material, having a boss hole 28 in
      its center. The outer peripheral surface of the drum 27 is inserted within
      the drum 22 and rotatable therein. On the other hand, the outer peripheral
      portion of the drum 22 is formed with transparent portions 30, through
      which one can watch the digit 29 from 0 to 9 as well as the digit 25 in
      the second unit tens place, with the remaining portions being left opaque.
      The indicator-drive-shaft 16 is inserted in the boss hole 28 in the drum
      27. The drums 22 and 27 are set so as to bring the position of the channel
      switching shaft 2 in alignment with the indication of a channel, after
      which the drum 27 is fixed on the shaft 16 by means of a screw 31 firmly.
      At the same time, the bracket 7 is fixed rigidly by means of a screw 32 to
      the tuner body 1, with the gear 6 being in mesh with the crown gear 13. In
      passing, when the drum 27 which carries digits in the unit place is to be
      assembled to the drum 22 which carries digits in the tens place, it is
      recommendable that a clearance A be provided between transparent portions
      26 and 30, thereby preventing interference of the portion 26 with the
      portion 30.
PAR  As is apparent from the foregoing description, the rotation of gear 6
      follows the intermittent rotation of the channel switching shaft 2 to
      thereby rotate the crown gear 13, such that the drum which carries digits
      in the unit place is rotated by 1/10 turn, commensurate to the one
      intermittent turn of the channel switching shaft 2, whereby digits will
      appear, one after another, in the transparent portion 26 of the drum 22
      which carries digits in the tens place. When the drum 27 which carries
      digits in the unit place is rotated by one turn, the shifting-tooth shaped
      portion 14 and 15 on the indicator drive shaft 12 will mesh with a wide
      tooth shaped portion 20 of the intermittent shifting gear 19, and then the
      intermittent shifting gear 19 will be rotated by a distance corresponding
      to two teeth, such that the drum 22 which carries digits in the tens place
      will be rotated by 1/10 turn.
PAR  During the time other than the aforesaid case, the narrow tooth shaped
      portion 21 rests on the surface 42 of the ridge portion 41 on the
      indicator drive shaft 12, while two wide tooth shaped portions 20 are in
      contact with the inner surface of the ridge portion 41, with the result
      that the intermittent feeding gear 19 will not be allowed to rotate, with
      its position maintained constant. As a result, the drum which carries
      digits in the tens place will not be allowed to rotate. The channel
      indication will proceed in such a manner thereafter.
PAR  FIGS. 7 and 8 show another embodiment of the invention. The difference of
      the present embodiment from the previous lies in the construction of the
      indicating drums. In other words, according to the present embodiment, the
      direction of a rotary shaft of the drum is changed by an angle of
      90.degree., whereby the digits to be indicated on the drum move in a
      vertical direction. The construction of the drums themselves and the
      mechanism for driving drums are substantially the same as those of the
      previous embodiment, except for the indicating method of digits on drums.
      The similar parts in FIG. 7 are given the same reference numerals as those
      in FIG. 1. The description will be given on the construction of the drums
      with reference to FIG. 8.
PAR  Shown at 33 and 34 are drums which carry digits in the tens and unit
      places, respectively, and hence correspond to drums 22 and 27,
      respectively. There are provided transparent digit portions on the outer
      peripheral portions thereof which carry transparent digits 35 and 36, with
      the remaining portion being left opaque, while there are provided
      transparent portions 37 and 38, through which one can watch digits 35 and
      36, with respective remaining portion being printed.
PAR  In assembling of the drum 33 to the drum 34, it is recommendable to provide
      a small clearance B between transparent digit portions 33 and 34, as shown
      in FIG. 7.
PAR  With the aforesaid embodiments, a light source is placed inwardly of the
      drum 27 or 34 which carry digits in the unit place to illuminate the
      digits, and for this reason there are provided digit-transparent portions
      which indicate digits 25 and 35 as transparent figures. However, if
      required, the digits themselves need not be transparent, but portions 26
      and 37.
PAR  It will be understood that the above description is merely illustrative of
      preferred embodiments of the invention. Additional modifications and
      improvements utilizing the discoveries of the present invention can be
      readily anticipated by those skilled in the art from the present
      disclosure, and such modifications and improvements may fairly be presumed
      to be within the scope and purview of the invention as defined by the
      claims that follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A UHF tuner channel indicating device comprising:
PA1  a channel switching shaft;
PA1  a rotary device including a first gear directly rotatable together with
      said channel switching shaft, and an indicator drive means including an
      indicator drive shaft transverse to said channel switching shaft, said
      indicator drive means having a crown gear in mesh with said first gear of
      said rotary device and said crown gear being fixed to said indicator drive
      shaft for driving said indicator drive shaft by said channel switching
      shaft;
PA1  a first cylindrical indicating drum having an indication section on a
      peripheral surface thereof for indicating unit digits, said first
      cylindrical indicating drum being fixed for direct rotation with said
      indicator drive shaft;
PA1  a second cylindrical indicating drum having an indication section on a
      peripheral surface thereof for indicating tens digits, said second
      cylindrical indicating drum having a diameter greater than that of said
      first drum and being mounted coaxially about said first cylindrical
      indicating drum with at least a portion of the peripheral surfaces of each
      of said first and second indicating drums being mutually overlapping with
      portions of the peripheral surface of at least one of said drums being
      transparent such that a two digit UHF channel indicating number is
      displayed, and said second indication drum being rotatable with respect to
      said indicator drive shaft; and
PA1  intermittent gear means for operatively connecting said second drum to said
      indicator drive shaft for intermittently rotating said second indicating
      drum by transmitting the rotation of said indicator drive shaft to said
      second drum for only one-tenth of a turn of said crown gear, so that said
      UHF channel indicating number is progressively displayed as said channel
      switching shaft is turned.
NUM  2.
PAR  2. A UHF tuner channel indicating device as set forth in claim 1, wherein
      said intermittent gear means comprises a gear sector provided on an
      internal side wall of said crown gear, a second gear formed at a lower
      portion of said second cylindrical indicating drum adjacent to said gear
      sector, and an intermittent feeding gear meshing with both said gear
      sector and second gear, said feeding gear having longer length teeth and
      shorter length teeth in alternate relation so that said longer length
      teeth mesh with said gear sector while said longer and shorter teeth mesh
      with said second gear for intermittently rotating said second indicating
      drum by one-tenth turn upon one turn of said crown gear.
NUM  3.
PAR  3. A UHF tuner channel indicating device as set forth in claim 2, wherein
      said intermittent feeding gear is rotatably supported on a pin of a
      bracket, said bracket being located stationarily between said second
      cylindrical indicating drum and said crown gear.
NUM  4.
PAR  4. A UHF tuner channel indicating device as set forth in claim 3, wherein
      said second drum for indicating tens digits includes said transparent
      portions for displaying said unit digits, said first drum having said
      units digits adjacent to said transparent portions of said second drum.
NUM  5.
PAR  5. A UHF tuner channel indicating device as set forth in claim 4, wherein
      said tens digits and said transparent portions for displaying unit digits
      of said second drum are both transparent, said tens digits and said
      transparent portions being located on the outer peripheral surface of said
      second drum with the remaining portions thereof being opaque, and wherein
      said first drum includes portions corresponding to said tens digits on
      said second drum, said portions of said first drum and said unit digits of
      said first drum being semi-transparent with the remaining portions thereof
      being opaque.
NUM  6.
PAR  6. A UHF tuner channel indicating device as set forth in claim 4, wherein
      an illuminating means is included inwardly of said first drum such that
      both unit and tens digits are illuminated through transparent portions of
      both said drums.
NUM  7.
PAR  7. A UHF tuner channel indicating device as set forth in claim 1, wherein
      said first and second drums are each divided into a portion being provided
      with digits and a second portion adjacent thereto, said portions being
      disposed on the periphery of said drums in juxtaposition along the axis of
      said drums, and wherein said second drum indicates said tens digits on the
      left-hand half portion of the outer peripheral surface thereof with the
      remaining right-hand half portion being transparent, said transparent half
      portion being adapted to display unit digits of said first drum
      therethrough.
NUM  8.
PAR  8. A UHF tuner channel indicating device as set forth in claim 7, wherein
      an illuminating means is included inwardly of said first drum such that
      both unit and tens digits are illuminated through transparent portions of
      both said drums.
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ABST
PAL  A helix of wire having predetermined dimensions is encircled by a sleeve of
      selected material which conforms to the exterior surface configuration of
      the helix. When a gas is applied into one end of the helix-sleeve
      combination, an audio frequency signal appears at the other end of the
      helix-sleeve combination having a frequency which increases in steps
      proportional to the entrance pressure of the gas flowing through the
      helix-sleeve combination, or proportional the changes in the mass rate of
      flow of the gas through the helix-sleeve combination.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fluidic frequency generator and more
      particularly to a fluidic frequency generator whose output frequency in
      cycles per second (cps) is proportional to the pressure in terms of pounds
      per square inch (psi) of a gas applied to the input thereof or to the
      changes in the mass rate of gas flow through the generator.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a fluidic frequency
      generator whose output frequency is proportional to either of the above
      mentioned predetermined characteristics of gas flowing through the fluidic
      frequency generator.
PAR  A feature of the present invention is the provision of a fluidic frequency
      generator comprising: a helix of wire having predetermined dimensions; and
      a sleeve of selected material disposed to encircle and conform to the
      exterior surface configuration of the helix; the helix and the sleeve
      cooperating to provide at one end thereof an audio frequency in response
      to a gas applied to the other end thereof, the audio frequency being
      proportional to a predetermined characteristic of the gas flowing through
      the helix and the sleeve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Above-mentioned and other features and objects of this invention will
      become more apparent by reference to the following description taken in
      conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is an elevational view partially in cross-section of a first
      embodiment of a fluidic frequency generator in accordance with the
      principles of the present invention;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a testing arrangement to enable determining the relationship
      between a predetermined characteristic of a gas applied to the input of
      and the frequency of the audio frequency signal output of the fluidic
      frequency generator of FIG. 1; and
PAR  FIG. 4 is a longitudinal cross-sectional view of a second embodiment of a
      fluidic frequency generator in accordance with the principles of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, there is illustrated therein a first embodiment
      of a fluidic frequency generator in accordance with the principles of the
      present invention which includes a helix 1 of wire, such as music wire and
      a sleeve 2 of a selected material, such as plastic, encircling helix 1 and
      conforming to the exterior surface configuration of helix 1.
PAR  In a reduction to practice of fluidic frequency generator of FIG. 1 the
      length of the resulting tube is 10 inches long, the helix 1 is formed of
      music wire having a diameter of 0.075 inches and a pitch diameter of 0.370
      inches with six turns per inch while the plastic sleeve 2 has a thickness
      of 0.010 inches and is shrunk over helix 1. The outer diameter of the
      combined helix and plastic sleeve has a dimension of 0.437 inches.
PAR  When the fluidic frequency generator was tested employing the arrangement
      of FIG. 3, the relationship between the output frequency with increasing
      input gas or air pressure was observed and are presented hereinbelow in
      Table I. The frequencies produced as indicated in Table I were observed on
      the frequency meter 3, such as an oscilloscope, to be fairly pure and
      occurred in stepped transitions as illustrated in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
                OUTPUT                                                         
     PRESSURE   FREQUENCY     MULTIPLYING                                      
     in psi     in cps        FACTOR                                           
     ______________________________________                                    
                1250          1                                                
                1680                                                           
                2500          2                                                
                2850                                                           
                3570                                                           
     20         5000          4                                                
     ______________________________________                                    
PAR  The reason that the fluidic frequency generator of FIG. 1 produces the
      frequencies illustrated in Table I with increasing pressure of the input
      gas is believed to be due to the fact that a gas or air column vibrates
      sympathetically to set up stationary waves that have a frequency
      proportional to the pressure of the input gas.
PAR  Employing the fluidic frequency generator of FIG. 1 having the dimensions
      as set forth hereinabove wherein the length (L) is 10 inches or 0.835 feet
      the theory of vibration of air columns as applied to open tubes is applied
      to the fluidic frequency generator of FIG. 1 and the following information
      was obtained as indicated in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Fundamental Wavelength:                                                   
                     .lambda. = 2/1 L = 1.67  ft. at f.sub.f                   
     First Overtone  .lambda. = 2/2 L =  .835 ft. at f.sub.1                   
     Second Overtone .lambda. = 2/3 L =  .566 ft. at f.sub.2                   
     Third Overtone  .lambda. = 2/4 L =  .417 ft. at f.sub.3                   
     Fourth Overtone .lambda. = 2/5 L =  .334 ft. at f.sub.4                   
     Fifth Overtone  .lambda. = 2/6 L =  .278 ft. at f.sub.5                   
     Sixth Overtone  .lambda. = 2/7 L =  .239 ft. at f.sub.6                   
     Seventh Overtone                                                          
                     .lambda. = 2/8 L =  .209 ft. at f.sub.7                   
     ______________________________________                                    
PAR  Accordingly, based upon f = c/.lambda., where c is equal to the velocity of
      sound at room temperature and atmospheric pressure and is equal to 1090
      ft./sec., there is obtained as shown in Table III the frequencies of
      vibration of each of the wavelengths presented in Table II.
TBL                TABLE III                                                   
     ______________________________________                                    
     f.sub.f = 1090/1.67 =  652 cps                                            
                      f.sub.4 = 1090/.334 = 3260 cps                           
     f.sub.1 = 1090/.835 = 1305 cps                                            
                      f.sub.5 = 1090/.278 = 3920 cps                           
     f.sub.2 = 1090/.566 = 1930 cps                                            
                      f.sub.6 = 1090/.239 = 4560 cps                           
     f.sub.3 = 1090/.417 = 2610 cps                                            
                      f.sub.7 = 1090/.209 = 5200 cps                           
     ______________________________________                                    
PAR  It has been determined experimentally that the frequencies in Table III are
      not quite correct since radiation from the open end of the open tube has
      been neglected. To take account of this, the length L in the formula of
      Table II must be slightly increased. If, for instance, a 5% correction
      were applied, the truer frequency for the open tube of 10 inches in length
      would be as shown below in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
                ACTUAL                                                         
                MEASURED                                                       
     THEORETICAL                                                               
                VALUES                                                         
     VALUES     OF GEN.                                                        
     FOR OPEN TUBE                                                             
                OF FIG. 1     VARIATION                                        
     ______________________________________                                    
     f.sub.f =  620                                                            
     f.sub.1 = 1245                                                            
                f.sub.1 = 1250                                                 
                              &lt;1%                                              
     f.sub.2 = 1830                                                            
                f.sub.2 = 1680                                                 
                               9%                                              
     f.sub.3 = 2480                                                            
                f.sub.3 = 2500                                                 
                              &lt;1%                                              
     f.sub.4 = 3100                                                            
                f.sub.4 = 2850                                                 
                               9%                                              
     f.sub.5 = 3730                                                            
                f.sub.5 = 3750                                                 
                              &lt;1%                                              
     f.sub.6 = 4350                                                            
                f.sub.6 =  ?  ?                                                
     f.sub.7 = 4950                                                            
                f.sub.7 = 5000                                                 
                              &lt;1%                                              
     ______________________________________                                    
PAR  As can be seen from the above open tube analysis as found in Tables II-IV,
      there is a close correlation between the excitation of the open tube and
      that of the fluidic frequency generator of FIG. 1. It should be noted that
      a particular vibrating frequency is triggered and maintained by a
      particular mass rate of gas flow through the configuration disclosed in
      FIG. 1. Thus, it is possible to use the configuration of the fluidic
      frequency generator of FIG. 1 to monitor changes in the mass rate of gas
      flow through a tube.
PAR  The fluidic frequency generator of FIG. 1 will have utility as a gas
      pressure to frequency translator, a mass rate of gas flow to frequency
      translator, a gas logic circuit component and a monitoring device for the
      mass rate of gas flow in a tube.
PAR  Referring to FIG. 4, there is illustrated therein a second embodiment of a
      fluidic frequency generator in accordance with the principles of the
      present invention which includes a helix 1a of wire, such as music wire
      and a sleeve 2a of metal encircling helix 1a. The operation of this
      embodiment is as described with respect to the first embodiment of FIGS. 1
      and 2.
PAR  While I have described above the principles of my invention in connection
      with specific apparatus it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of my invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluidic frequency generator comprising:
PA1  a helix of wire having predetermined dimensions;
PA1  a sleeve of selected material disposed to encircle and conform to the
      exterior surface configuration of said helix; and
PA1  means containing a pressurized gas having a pressure greater than the
      atmosphere, said means being coupled to one end of said helix and said
      sleeve to direct said pressurized gas for flow through said helix and said
      sleeve from said one end to the other end of said helix and said sleeve;
PA1  said helix and said sleeve cooperating to provide at said other end an
      audio frequency in response to said gas flowing through said helix and
      said sleeve, said audio frequency being proportional to a predetermined
      characteristic of said gas flowing through said helix and said sleeve.
NUM  2.
PAR  2. A generator according to claim 1, wherein
PA1  said predetermined characteristic is the pressure of said gas.
NUM  3.
PAR  3. A generator according to claim 1, wherein
PA1  said predetermined characteristic is the change in the mass rate of flow of
      said gas.
NUM  4.
PAR  4. A generator according to claim 1, wherein
PA1  said selected material is a plastic material.
NUM  5.
PAR  5. A generator according to claim 4, wherein
PA1  said predetermined characteristic is the pressure of said gas.
NUM  6.
PAR  6. A generator according to claim 4, wherein
PA1  said predetermined characteristic is the change in the mass rate of flow of
      said gas.
NUM  7.
PAR  7. A generator according to claim 1, wherein
PA1  said selected material is a metal.
NUM  8.
PAR  8. A generator according to claim 7, wherein
PA1  said predetermined characteristic is the pressure of said gas.
NUM  9.
PAR  9. A generator according to claim 7, wherein
PA1  said predetermined characteristic is the change in the mass rate of flow of
      said gas.
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ABST
PAL  An arrangement for applying adhesive to insoles of shoes in a lasting
      operation comprising a U-shaped applicator having passages therethrough
      for extruding cement upon the insole. An array of criss-crossed channels
      drain surplus adhesive from the extrusion arrangement. The extrusion
      arrangement includes V-shaped grooves which apply the adhesive to the
      insole.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates generally to shoe lasting machines, and, more
      particularly, to adhesive extrusion arrangements for applying adhesive to
      shoe bottoms.
PAR  2. Prior Art
PAR  Machines for lasting end portions of shoe uppers such as toe lasting
      machines and heel lasting machines generally have some sort of adhesive
      applying devices. Such devices are usually arranged to apply adhesive in
      fluid condition to marginal portions of insoles positioned on the bottom
      of lasts so that marginal portions of the shoe uppers on the lasts may be
      wiped inwardly over the last bottom and secured to the insoles.
PAR  An example of an adhesive applying device suitable for use in a toe lasting
      machine is disclosed in U.S. Pat. No. 3,422,797 and assigned to the
      assignee of the present application. As disclosed, the device includes a
      generally U-shaped nozzle member having a surface provided with a groove
      extended therearound. Means are provided for engaging the surface with the
      bottom face of an insole of a shoe assembly on a last supported in the
      machine so that adhesive extruded through the groove may be applied to
      marginal portions of the insole.
PAR  Another example of an adhesive applying device is that shown in FIGS. 4 and
      5 of U.S. Pat. No. 3,840,929, and also assigned to the assignee of the
      present invention. The arrangement shows a U-shaped plate having a knurled
      appearance which is provided by a waffle iron-like series of generally
      orthogonal V-shaped grooves forming frusto-pyramids between the grooves
      and an array of ports for extruding adhesive onto an insole.
PAR  Yet another arrangement for applying adhesive to an end of an insole is
      shown in U.S. Pat. No. 3,570,454 and assigned to the assignee of the
      present invention. The device extrudes adhesive out of a groove that is
      capable of being adjusted to accommodate a variety of shoe sizes.
PAR  As adhesive applying members of much of the prior art apply adhesive for
      example to the bottom of a left shoe, an outer portion of the heelward end
      portion of the adhesive applying member may not be completely covered by
      the shoe bottom. Adhesive on the exposed portion of the applying member
      will therefore not be applied to the shoe bottom and, unless it drains or
      is cleaned away quickly, may result in a buildup of adhesive in this
      region with the possibility that the excess adhesive may find its way
      between the upper and last beyond the edge of the bottom of the next shoe.
PAR  Accordingly, it is a general object of the invention to provide an adhesive
      nozzle applying arrangement that is simple to manufacture and has improved
      characteristics over the prior art, such as improved drainage of surplus
      adhesive from the nozzle area. Inasmuch as any one particular insole
      disposed upon the adhesive applying member may not cover up, contourwise,
      the entire area of the nozzle member, whether due to style, size, left or
      right of the particular shoe or whatever, surplus adhesive will be
      permitted to drain away and not harm the upper or clog the nozzle
      arrangement with excess adhesive that would otherwise have been applied to
      the insole.
PAR  The illustrative adhesive applying member is suitable for use in a pulling
      over and toe lasting machine generally similar to the machine described in
      copending U.S. application Ser. No. 433,207 filed Jan. 14, 1974, now
      abandoned.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an adhesive applying member suitable for use in a
      shoe lasting machine. The member comprises a body portion having a
      substantially U-shaped insole-confronting surface comprising arm portions
      corresponding to marginal portions of a forepart region of a shoe bottom
      and a toe end portion corresponding to marginal portions of a toe end
      portion of a shoe bottom. The heelward end region of each arm is provided
      with a plurality of V-shaped grooves extending generally lengthwise of a
      shoe, to which grooves adhesive is supplied by openings into said grooves,
      the grooves being interrupted by crosswise extending channels, deeper than
      the grooves, and being separated in a direction extending widthwise of the
      shoe by other channels extending lengthwise of the shoe, whereby surplus
      adhesive may readily drain away from the V-shaped grooves.
PAR  The invention also provides support means for supporting in said machine a
      shoe comprising an insole positined on the bottom of a last within an
      upper, as well as means for applying adhesive in liquid form to marginal
      portions of an insole.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above objects and advantages of the invention will become more readily
      apparent when viewed in conjunction with the following drawings, in which:
PAR  FIG. 1 is a perspective view of an adhesive applying member constructed in
      accordance with the principles of the present invention;
PAR  FIG. 2 is a plan view of a portion of the applying member; and
PAR  FIG. 3 is a view taken along the lines III-III of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and particularly to FIG. 1, there is shown in
      a preferred embodiment an adhesive applying member 10 for use with a shoe
      upper conforming machine. The adhesive applying member 10 may be utilized
      to apply a liquid cement such as a thermoplastic adhesive in molten
      condition to marginal portions of an insole of a shoe, not shown. The shoe
      (as referred to herein) typically comprises an upper and an insole
      assembled on a last, the upper being tensioned about the last, the
      adhesive being applied to the insole before the marginal portions of the
      upper are wiped inwardly with respect to marginal portions of the insole.
      The illustrative adhesive applying arrangement is generally similar,
      except as hereinafter described, to the adhesive applying arrangement
      disclosed in U.S. Pat. No. 3,840,929 and modified as disclosed in another
      copending application, U.S. Ser. No. 433,207.
PAR  The adhesive applying member 10 comprises a body portion 12, indicated in
      dot-dash lines in FIG. 1, having a substantially U-shaped or
      horseshoe-shaped body portion having arm shaped insole confronting
      surfaces 14 and 16 corresponding to marginal portions of a forepart region
      of an insole, and a toe end portion 18 corresponding to marginal portions
      of a toe end portion of an insole. It is to be noted that the adhesive
      applying member 10 could be used to apply adhesive to a heel portion of
      the shoe bottom but in this embodiment only the toe end of a shoe bottom
      will be described. Each of the arm portions 14 and 16 comprises a heelward
      end region provided with a plurality of V-shaped grooves 20 extending
      generally lengthwise of the shoe with adhesive being supplied to the
      grooves by openings 22. The V-shaped grooves 20 are interrupted by
      crosswise extending channels 24, deeper than the grooves and are separated
      in a direction extending widthwise of the shoe by an array of channels 26
      extending generally lengthwise of the shoe, whereby surplus adhesive may
      readily drain away from the V-shaped grooves 20.
PAR  Typically, the V-shaped grooves 20 may be about 0.6 to 0.7 cm. long and may
      be formed by generally planar faces 28, as shown in FIG. 3, having an
      included angle of about 60.degree. at the base of each groove 20. The
      width of the grooves 20 typically is about 0.24 cm. The lengthwise
      extending channels 26 may be one-fourth of a cm. wide and the crosswise
      extending channels 24 may be of generally similar width and may be
      inclined at an angle of about 45.degree., as seen in FIG. 2, to the
      lengthwise direction of a shoe supported on the adhesive applying member
      10. The channels 24 and 26 generally may be about 0.4 cm. deep. The
      heelward end portions of the arm portions 14 and 16 may be unitary with
      the toeward ends or may comprise separate metal blocks, preferably steel,
      and may be secured to the remaining portions of the arms 14 and 16 by an
      arrangement of bolts 32, only one being shown in the drawings. The grooves
      20 and channels 24 and 26 preferably are formed by machining operations in
      the blocks 30. If the adhesive applying member 10 is to be used in a
      machine as disclosed in said application Ser. No. 433,207, it may comprise
      two nozzle members, one supplying adhesive to arm portion 14 and the other
      supplying adhesive to the second arm portion 16 together with the toe end
      portion 18. The two nozzle members may be hingedly connected at the toe
      end portion 18 by a knuckle joint 25, as shown in FIG. 1 of said
      application, permitting opening and closing movements widthwise with
      respect to a shoe confronted by the adhesive applying member 10.
PAR  The openings 22 are provided by fine bores in each block 30 which lead from
      a recess 34 in the underside of each block 30. The recess 34 is closed by
      an opposed surface formed at the upper side of the associated arm portion
      14 or 16, to which the block 30 is bolted. An adhesive supplying passage
      36 extending through the body portion of each arm 14 and 16 has a passage
      38 leading therefrom into the recess 34. Hence, when adhesive in liquid or
      molten condition is fed through the supplying passage 36, it will pass
      into the passages 38, and then into the recess 34, and finally be extruded
      out the openings 22 into the several V-shaped grooves 20. The means for
      supplying adhesive to the adhesive applying member 10 may be arranged by
      feeding thermoplastic adhesive, in rod form, to passageways on heating
      blocks. Molten adhesive in this manner is forced out of the passageways in
      the heating blocks and extruded, after going through the appropriate
      aforementioned passageways, through outlet openings in the
      insole-confronting portions of the adhesive applying member to flood those
      portions with adhesive ready for application to the insole.
PAR  Thus, it is seen from the above description that the V-shaped grooves 20 of
      the adhesive applying member 10 provide adhesive receiving pockets, and
      the channels 24 and 26 provide a means whereby surplus adhesive may
      readily drain away from the V-shaped grooves 20 if the adhesive fed to the
      grooves is not applied to the shoe bottom during the operation of a shoe
      machine embodying the present invention during operation upon a shoe.
      Thus, any buildup of adhesive, and consequential problems of damage to the
      upper, will be avoided in the event that some of the grooves are not
      covered by an insole during a cycle of operations of the machine.
PAR  Although the invention has been described with a certain degree of
      particularity, it is susceptible to modifications such as the array or
      cross-sectional shape of the grooves 20, or channels 24 and 26 being of
      different cross section to what was described, or the grooves 20 may be
      replaced by dimples, or the channels 24 and 26 may be inclined on several
      planes. Therefore, the claims following are interpretive only and not in a
      limiting sense.
CLMS
STM  What we desire to claim by United States letters Patent is:
NUM  1.
PAR  1. A shoe machine having an adhesive applying arrangement comprising:
PA1  an adhesive applying member having a generally U-shaped shoe bottom
      confronting surface having end regions provided with a plurality of
      generally V-shaped grooves in said surface extending generally lengthwise
      with respect to a shoe disposed therewith;
PA1  said V-shaped grooves having a network of openings therein through which
      molten adhesive is extruded;
PA1  said V-shaped grooves in said surface being interrupted by generally
      crosswise extending channels, said channels being disposed deeper in said
      surface than said V-shaped grooves; and
PA1  said V-shaped grooves being separated from one another by another array of
      channels extending generally lengthwise of said adhesive applying member,
      whereby surplus adhesive may be drawn away from the V-shaped grooves into
      either channel arrangement.
NUM  2.
PAR  2. A shoe machine having an adhesive applying member as recited in claim 1,
      wherein said regions comprise machined blocks;
PA1  each of said blocks having a recessed portion on its underside and
      passageways extending from said recess to said V-shaped grooves;
PA1  said recess and said passageway permitting the flow of adhesive
      therethrough to be extruded in said V-shaped grooves to be applied to a
      shoe bottom confronted thereon.
NUM  3.
PAR  3. A shoe machine having an adhesive applying member as recited in claim 2
      wherein said blocks are clamped to an adhesive applying member by an
      arrangement of bolts therethrough.
NUM  4.
PAR  4. A shoe machine having an adhesive applying member as recited in claim 2
      wherein said generally U-shaped shoe bottom confronting surface is
      arranged to confront the toe end and associated marginal portions of a
      shoe bottom.
NUM  5.
PAR  5. A shoe machine having an adhesive applying member as recited in claim 2
      wherein said generally U-shaped shoe bottom confronting surface is
      arranged to confront the heel end and associated marginal portions of a
      shoe bottom.
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ABST
PAL  An improved apparatus is provided for developing an electrostatic charge
      image on a support being moved through a magnetic brush-forming field
      between a permanent magnet and a rotating cylinder that transports a
      powder mixture of toner particles and magnetizable carrier particles into
      said field from a supply of the mixture held in a tray. A wall of the tray
      bordering the path of the mixture on the cylinder is formed with an edge
      over which an excess of powder escapes instead of accumulating
      objectionably in a region between the support and the cylinder. As toner
      becomes deficient in the tray it is replenished by fresh powder mixture
      properly proportioned for use, which mixture is supplied into a shorter
      part of a trough that also receives the powder returned down the cylinder
      from the magnetic brush region. Screw conveyor means in this trough move
      its contents to an off-center opening therein from which mixed toner and
      carrier particles fall and are guided toward the center of the tray so as
      to be mixed with the material in the tray by especially formed mixing
      elements rotating therein. Further intensive mixing is assured by
      subjecting the mixture passing from the tray to the field of a permanent
      magnet mounted outside the tray in closely spaced relation to a lower
      portion of the surface of the cylinder. A central mixing element carries a
      brush for sweeping a window in the tray bottom through which the toner
      concentration is optically scanned. The rotary mixing elements have shafts
      mounted in powder shedding roller bearing bushings fitted into the side
      walls of the tray.
BSUM
PAR  This invention relates to an apparatus for the development of an
      electrostatic charge image on a support by use of a powder mixture
      comprising magnetizable carrier particles and particles of a dye or toner.
PAR  A type of such apparatus is known, for instance from U.S. Pat. No.
      3,639,051, in which a tray for holding a quantity of the powder mixture
      contains a magnetic brush forming cylinder mounted in bearings between the
      side walls and near the rear wall of the tray so that this cylinder can
      rotate freely, and which includes a permanent magnet cooperating with the
      cylinder and means for transporting supports carrying charge images over
      the cylinder, together with at least two mixing organs mounted in bearings
      between the side walls near the bottom of the tray and means for
      replenishing the supply of powder mixture in the tray.
PAR  Such a developing apparatus is used, for instance, in an
      electrophotographic copying machine, to bring the toner particles onto a
      sheetlike photoconductive material provided with a latent charge image.
      The cylinder is caused to rotate with its lower side immersed in the
      mixture of magnetizable particles and toner particles, so that a part of
      the mixture is carried upwards by the cylinder through the space between
      its surface and the rear wall of the tray. As the mixture arrives in the
      field of the permanent magnet, the magnetizable particles are lifted by
      the field to form a kind of brush on the surface of the cylinder. This
      brush comes into contact with the photoconductive material, which is
      guided over the upper side of the cylinder in a direction opposite to the
      direction of rotation of the cylinder. As a result, toner particles are
      attracted by the charge image onto the photoconductive material and
      convert the charge image into a powder image. The magnetizable particles
      and the non-attracted toner particles fall from the cylinder back into the
      tray upon leaving the magnetic field. At the same time the used quantity
      of toner particles is replenished by the addition of toner to the mixture
      in the tray in response to an optical measuring device, and the
      magnetizable particles and toner particles are continually mixed by the
      mixing organs in the tray so as to keep a mixture of substantially
      constant mixing proportion present near the cylinder.
PAR  It has been found that not only must the used quantity of toner particles
      be replenished, but also the magnetizable particles should be refreshed
      regularly, because these particles lose their activity progressively the
      more they have taken part in the developing process.
PAR  It is important, further, that no significant pressure be built up in the
      mixture of magnetizable particles and toner particles in the tray, for
      otherwise the toner particles will agglomerate. It therefore is desirable
      that the transport of the mixture to the cylinder from the place where the
      particles fall from the cylinder back into the tray, and/or from the place
      where the mixture is replenished, not be effected entirely by mechanical
      transport elements.
PAR  When a copying machine making use of apparatus of the type mentioned is set
      into operation after a considerable period of rest, it often occurs that
      the tribo-electric charge level of the developing power initially is
      relatively low, as a result of which objectionably weak copies are made
      during the initial operating period. In addition, for instance as a result
      of variations of the conditions of operation, the composition of the
      developing powder often differs too much from place to place in the tray,
      causing variations of the tribo-electric charge level. Consequently, the
      quality of the copies made undergoes great fluctuations and may sometimes
      even become unacceptable.
PAR  It therefore is also an object of the present invention to provide a
      developing apparatus of the type mentioned whereby the developing powder
      when leaving the tray always has a substantially homogeneous composition
      and an amply sufficient tribo-electric charge level.
PAR  According to the invention, it has been found that this can be attained by
      providing the developing apparatus not only with the magnet required for
      the formation of the magnetic brush but also with a magnet mounted on or
      close to the outside of the rear wall of the tray, or powder receptacle,
      at a location near a lower portion of the surface of the cylinder.
      Surprisingly it has appeared that the magnet so mounted also causes the
      formation of a higher magnetic brush having a very uniform meniscus
      between the rotating cylinder and the other magnet, which favorably
      affects the quality of the copies made.
PAR  According to the present invention, the mixture in the tray is replenished
      with a fresh mixture of magnetizable particles and toner particles in a
      certain mixing proportion, and the transport of the particles to the
      cylinder is effected to the extent practicable by a natural distribution
      of the particles. In the latter regard, however, a problem occurs in that
      the level of the mixture in the tray near the cylinder is of critical
      importance, since at too low or too high a level too little or too much,
      respectively, of the mixture is carried upwards by the cylinder, and in
      the latter case an accumulation of particles with an agglomerating or
      packing effect occurs in the upper working space which is bordered by the
      upper part of the cylinder, the rear wall of the tray and the sheetlike
      photoconductive material.
PAR  In order to obviate that problem, the apparatus according to the invention
      is provided not only with means for supplying a fresh mixture of
      magnetizable particles and toner particles to the tray but also with a
      powder overflow edge on the rear wall of the tray, which edge lies
      parallel to the axis of the cylinder at the level of a point between the
      highest point and the center of the cylinder. In consequence of this, the
      level of the mixture near the cylinder can be relatively high, because the
      accumulation mentioned cannot occur; instead, an excess of particles in
      the upper working space will escape freely over the overlow edge of the
      rear wall. Since a large part of the toner particles will already have
      been attracted by the photoconductive belt from the mixture in that space,
      the escaping mixture is relatively deficient in toner particles. It
      therefore can be removed without detriment, being replaced in the tray by
      a properly proportioned mixture of magnetizable particles and toner
      particles supplied into the tray.
PAR  As already indicated, it is of great importance that a mixture of
      magnetizable particles and toner particles having the same mixing
      proportion be present along the full length of the cylinder at all times.
      Since the mixing proportion of the particles falling down from any place
      along the cylinder depends on the extent to which the toner particles have
      been attracted by the electrostatic charge image on the support, this
      mixing proportion will usually vary over the length of the cylinder.
PAR  According to the invention, these variations in the mixing proportion are
      eliminated before the particles fall back into the tray, by the provision
      of a troughlike element parallel to the cylinder for receiving the powder
      mixture falling down from the cylinder, in the space between the front
      wall of the tray and the cylinder, this trough having an opening in it for
      discharging material from it toward the center of the tray, and having
      screwlike conveyor elements installed in it at either side of the opening
      for transporting the mixture received in the trough toward the opening.
PAR  In a preferred embodiment, the opening in the trough lies somewhat away
      from the center of the trough; a guide plate arranged below this opening
      is directed toward the center of the tray; and the means for supplying the
      fresh mixture of magnetizable particles and toner particles deliver this
      mixture into the shorter part of the trough. In this way the fresh mixture
      entering the trough is mixed with a smaller prportion of the particles
      which have fallen down from the cylinder, so that there is less difference
      between the respective quantities of particles moving toward the delivery
      opening in the trough from the parts of the trough at either side of this
      opening.
PAR  The screwlike conveying elements in the trough advantageously comprise a
      rotatable central shaft having a thread wound spirally about this shaft,
      with the extremities of the thread fixed on the shaft and the thread
      windings spaced from the shaft, i.e., their inside diameter being greater
      than the outside diameter of the shaft. The screwlike conveying elements
      at either side of the opening in the trough may have a common central
      shaft, or shafts connected with each other, and their respective thread
      windings may have opposite pitches. It is advantageous for these windings
      to overlap each other at least over the width of the opening in the trough
      and to oppose each other diametrically in the overlapping part.
PAR  In this way, the operation of the screwlike conveying elements causes parts
      of the mixture in the trough to be delivered through the trough opening
      alternatively from one side and then the other side of the opening in the
      trough. This is beneficial for the formation of a homogeneous mixture. For
      good mixing of the supplied fresh mixture with the mixture coming from the
      cylinder, it is further beneficial to provide a rod fixed parallel to the
      central shaft against the inner side of the thread windings of the
      screwlike conveying element located in the shorter part of the trough.
PAR  In order to assure good mixing of the particles which fall centrally into
      the tray through the trough opening with the particles already present in
      the tray, the mixing organs in the tray usually consist of rotatable
      oblong rollers which lie parallel to the cylinder and one behind another
      in a common plane. According to the invention, at least the roller closest
      to the front wall of the tray is provided with mixing pins arranged in two
      rows opposing each other diametrically, which pins protrude from the
      circumferential surface of the roller, and the mixing organ farthest from
      the front wall is provided with at least two bowlike protruding parts
      opposing each other diametrically, which parts each consists of a
      relatively thin rod that mainly extends parallel to the axis of the roller
      and is connected with the roller at least near the rod's extremities.
PAR  In one embodiment having three mixing rollers the central roller comprises
      three sections including a central section having a mainly smooth
      cylindrical surface and two end sections which are provided with mixing
      pins that protrude from the circumferential surface of the roller. In this
      case the roller farthest from the front wall is provided with three rods
      protruding as bows from its periphery. A first bow extends over almost the
      full length of this roller, and two shorter bows arranged diametrically
      opposite the first bow extend over lengths almost corresponding to the
      lengths of the end sections of the central roller.
PAR  In a second embodiment having three mixing rollers the central roller is
      identical with the first roller, i.e., the one closest to the front wall,
      and the third roller is provided with two identical bows arranged
      diametrically opposite each other. These bows are formed by wires which
      lie closer to the circumferential surface of the third roller along its
      central section than along its end sections.
PAR  A brush advantageously is fixed to the central part of the second mixing
      organ so as to sweep over a window in the bottom of the tray. This window
      serves in the known way for optically measuring the concentration of the
      toner particles in the mixture in the tray. The brush continually cleans
      the window in the bottom of the tray when the apparatus is in operation,
      so that the concentration of the toner particles in the mixture can be
      measured with greater precision.
PAR  Since the mixing organs in the tray are immersed completely in the mixture
      of magnetizable particles and toner particles, care must be taken to
      prevent powder particles, expecially the very fine toner particles, from
      reaching the bearings on which the mixing organs are supported in the side
      walls of the tray. For that purpose the invention contemplates that the
      mixing organs be mounted in those side walls on roller bearings placed in
      bearing bushings each having an end wall to which is joined a sleeve
      fitting in an opening in the side wall of the tray. The sleeve and the end
      wall of the bushing are made with an opening having a diameter fitting the
      shaft of the mixing organ, and the end wall of the bushing is cut away at
      one side of that opening to form a downwardly directed groove that extends
      through the side wall of the bushing. Thus, if powder particles should
      excape outward between the shaft of the mixing organ and the inner wall of
      the sleeve, these particles will fall downward through the groove and will
      therefore not travel into the roller bearings.
PAR  The bushings of the bearings which support the shafts of the mixing organs
      advantageously are each made with two diametrically opposite external
      surfaces forming flattenings on their side walls, and the respective
      bushings of the three adjacent mixing organs have their flattenings
      abutting one another near each side wall of the tray, so that the bushings
      cannot rotate with the shafts.
DRWD
PAR  The invention will be further understood from the following detailed
      description and the accompanying drawings of illustrative embodiments. In
      the drawings:
PAR  FIG. 1 is a cross-sectional view of an apparatus embodying the invention;
PAR  FIG. 2 is a perspective and exploded view of the principal parts of the
      apparatus of FIG. 1;
PAR  FIG. 3 is a plan view, partly in section, of the mixing organs in the lower
      portion of the powder collecting tray;
PAR  FIG. 4 is a side elevational view of one of the side walls of the apparatus
      of FIG. 1;
PAR  FIG. 5 is a section taken on the line V--V in FIG. 3;
PAR  FIG. 6 is a fragmentary front elevational view of a portion of the trough
      and the powder guide plate in FIG. 1;
PAR  FIGS. 7 and 8 are more detailed plan and side views of the screwlike
      conveying elements provided in the troughlike organ according to the
      invention; and
PAR  FIGS. 9 and 10 are plan and side views of another embodiment of one of the
      mixing organs.
DETD
PAR  The apparatus for the development of electrostatic charge patterns as shown
      in FIGS. 1 and 2 comprises a traylike holder or receptacle 1 for the
      developing powder mixture, having a bottom wall 2, a front wall 3, a rear
      wall 4, and two side plates 5 and 6 (FIG. 2) forming the side walls. A
      cylinder 7 is rotatably mounted between and in bearings of the side plates
      5 and 6. The cylinder cooperates with a permanent magnet 8 for the
      formation of the so-called magnetic brush.
PAR  A belt 13 of photo-conductive material is guided over the upper side of the
      cylinder 7 by means of rollers 9 and 10 and guides 11 and 12. The belt
      carries a charge image which is converted into a so-called powder image by
      means of the magnetic brush. Further, a troughlike organ 14 is provided
      between the side plates 5 and 6, in which organ there is also a screwlike
      conveying element 15 that extends between and is mounted in bearings in
      the side plates 5 and 6. This screwlike element is formed by a shaft 16
      (see also FIGS. 7 and 8) about which are arranged two coils or threads 17
      and 18 spirally wound with opposite pitch. Each of these threads has its
      ends fixed to the shaft 16, with the respective inner ends 19 and 19'
      fixed thereto at such points that the windings of the threads 17 and 18
      adjacent to these ends overlap each other and lie diametrically opposite
      each other over the width of an opening 21 formed in a side of the
      troughlike organ 14. The opening 21 is offset from the center of the
      trough 14, and a sloped guide plate 22 directed toward the center of the
      tray 1 (FIG. 6) is mounted outside the trough at and beneath the opening
      21. Further, a rod 20 lying parallel to the shaft 16 is fixed against the
      inside of the windings of coil 17.
PAR  A permanent magnet 53 is arranged against the rear wall 4 of the tray 1 at
      a location close to a lower portion of the surface of cylinder 7. The
      magnet 53 is mounted in a bracket 54 having an elongate, downwardly sloped
      plate fixed to its backward edge.
PAR  Three mixing elements 23, 24 and 25 are arranged rotatably in the tray
      between the side plates 5 and 6, being mounted in bearings at those
      plates. The first mixing element 23 (see FIG. 3) comprises a shaft having
      fixed thereon three sleeves 26, 27 and 28 provided with diametrically
      opposing radial teeth. The section mixing element 24 is formed by a shaft
      on which are fixed two sleeves 29 and 30 having diametrically opposing
      radial teeth, similar to those of the sleeves 26 and 28, which protrude
      into the spaces between the teeth of the sleeves 26 and 28, and a central
      sleeve 31, not provided with teeth, is provided on the shaft of mixing
      element 24 between the toothed sleeves 29 and 30. A brush 32 (FIG. 1) is
      fixed to the central sleeve 31 so that upon rotation of the mixing element
      24 this brush will sweep over a window 33 provided in the bottom wall 2 of
      the tray 1.
PAR  The third element 25 is formed by a shaft on which there is a sleeve
      provided with a long protruding bow 34 and with two shorter protruding
      bows 35 and 36 lying diametrically opposite end portions of the long bow
      34. As can be seen in FIG. 3, the bow 34 extends over substantially the
      whole length of the mixing element 25, while the bows 35 and 36 have
      substantially the same lengths as the toothed end sections 29 and 30 of
      the mixing element 24. Thus, only one protruding bow part is present
      opposite the central section of mixing element 25.
PAR  FIGS. 9 and 10 show another embodiment of a mixing element that is suitable
      for use in place of the mixing element 25. The element 39 of this
      embodiment is particularly useful in cases where a central mixing element
      in lieu of element 24 has three toothed sections similar to and meshing
      between those of the first mixing element 23. The mixing element 39 is
      formed by a shaft 39 having two diametrically opposite bows 37 and 38
      fixed thereto. These two bows extend over substantially the whole length
      of the mixing element, but they are bent toward each other along the
      central section of the element so that in this section each of the bows 37
      and 38 lies at a shorter distance from the shaft.
PAR  The shaft ends, or journals, of the mixing elements 23, 24 and 25 are
      supported rotatably in the side plates 5 and 6 by means of roller bearings
      40, 41 and 42 (see FIG. 4). Each set of these bearings is housed in a
      bushing 43, 44 or 45. Each of the bushings 43, 44 and 45 has an end wall
      46 (see FIG. 5) from which a hub or sleeve 47 extends axially so as to fit
      precisely into an opening in one of the side plates 5 or 6. An opening
      bored centrally through this hub 47 and the adjacent bushing end wall 46
      has an end portion of the shaft of one of the mixing elements extending
      through it into engagement with the set of bearings held in the bushing.
      At a location just outside the side plate 5 or 6, the end wall 46 of the
      bushing is cut away radially up to the shaft location, thus forming in the
      end wall a downwardly opening groove 48 which extends through a lower
      portion of the peripheral side wall of the bushing. In this way any toner
      paticles escaping between the shaft and the hub 47 of a mixing element
      through the opening of the hub will fall downward through the groove 48,
      without migrating into the roller bearings.
PAR  The bushings 43, 44 and 45 are each further provided with two diametrically
      opposite outside surfaces 49, forming flattenings, so that the respective
      bushings of the three adjacent mixing elements will abut one another along
      these flat surfaces near each side wall of the tray, as indicated in FIG.
      4. The bushings thus are prevented from rotating with the shafts, without
      need for fixing them tightly to the side walls of the tray.
PAR  When the apparatus described above is in operation the cylinder 7 rotates
      in the direction of the arrow A shown in FIG. 1, so that a portion of the
      mixture of magnetizable particles and toner particles present in the tray
      1 is transported with the surface of the cylinder. This developing powder
      is thus moved through the magnetic field formed between the permanent
      magnet 53 and the cylinder 7, in which field it undergoes an additional
      and extra strong mixing action due to the attracting and the transporting
      forces exerted by the cylinder on the magnetizable particles in the
      relatively shallow space between the surface of the cylinder and the tray
      wall 4 at the location of the magnetic field. Subsequently the developing
      powder arrives in the field of the permanent magnet 8, so that on the
      surface of the cylinder 7 a kind of brush is formed, which brushes against
      the belt of the photoconductive material 13 moving in the direction of the
      arrows B and thereby converts the latent charge image on this belt into a
      powder image. The movement of the cylinder 7 and the belt 13 in opposite
      directions produces an accumulation of the powder mixture in a region 50
      (FIG. 1) of the approach of the mixture to the apex of the cylinder, but
      since the rear wall is formed with an overflow edge 51 at a level between
      the apex and the center of the cylinder, any excess of the mixture tending
      to accumulate in region 50 can flow freely over the edge 51 so as to
      prevent a detrimental accumulation.
PAR  The elongate downwardly sloped side plate 55 of the magnet holding bracket
      54 deflects the powder falling from edge 51 laterally in a direction away
      from the magnet 53, thus preventing this powder from travelling to the
      magnet.
PAR  The magnetizable particles and the remaining toner particles in the powder
      mixture leaving the magnetic field of the permanent magnet 8 fall from the
      cylinder 7 into the trough 14, after which these particles are transported
      by the screwlike conveying element 15 to the opening 21, and pass through
      this opening 21 via the sloped guide plate 22 into the tray 1. Meanwhile,
      a fresh mixture of magnetizable particles and toner particles is brought
      into the troughlike organ 14 by means (not shown) which deliver the fresh
      mixture into the shorter part of organ 14 lying to one side of the opening
      21. Such means are generally known and are preferably of the type
      disclosed in British patent specification No. 1,349,729. The teaching of
      which has to be considered as being incorporated here. The mixture of
      magnetizable particles and toner particles collected in the tray 1 is
      continually mixed by the rotating mixing elements 23, 24 and 25, while the
      concentration of the toner particles in this mixture is measured optically
      via the window 33 by a scanning device 52. The window 33 is kept clean for
      the scanning by the sweeping action of the brush 32 fixed to the central
      mixing element 24.
CLMS
STM  We claim:
NUM  1.
PAR  1. In apparatus for developing an electrostatic charge image on a support
      by applying thereto a powder mixture of magnetizable carrier particles and
      toner particles, comprising a tray for holding a quantity of said mixture,
      said tray having a bottom wall, two side walls, a front wall and a rear
      wall, magnetic brush forming means including a cylinder mounted for
      rotation between said side walls in bearings thereon near said rear wall
      and a permanent magnet disposed above said cylinder, means for
      transporting said support over said cylinder through a magnetic field
      between said cylinder and said magnet, at least two mixing elements
      mounted for rotation between said side walls in bearings thereon near said
      bottom wall, and means for replenishing a deficiency of toner particles in
      the powder mixture in the tray, the improvement which comprises said rear
      wall having an overflow edge over which an excess of powder approaching
      the apex of said cylinder will escape at a level between said apex and the
      axis of the cylinder, and said replenishing means comprising means for
      supplying a fresh mixture of magnetizable particles and toner particles
      for admixture with the mixture returning to said tray from said magnetic
      field and the mixture in said tray.
NUM  2.
PAR  2. In apparatus according to claim 1, the further improvement which
      comprises another permanent magnet that is mounted on or close to the
      outside of said rear wall at a location opposite a lower portion of the
      surface of said cylinder so that powder being moved by said cylinder from
      said tray is passed through the field of this other magnet.
NUM  3.
PAR  3. Apparatus according to claim 2, said other magnet being mounted at or
      close to the location where the distance between said rear wall and said
      cylinder is the smallest.
NUM  4.
PAR  4. In apparatus according to claim 1, the further improvement which
      comprises a trough mounted in space between said front wall and said
      cylinder and lying substantially parallel to said cylinder, for receiving
      the powder mixture returned down the cylinder from said magnetic field,
      said trough having an opening in it for delivering powder from it towards
      a central region of said tray, and screwlike conveyor means rotatable in
      the portions of said trough at opposite sides of said opening, for
      transporting said returned mixture to said opening.
NUM  5.
PAR  5. Apparatus according to claim 4, said opening dividing said trough into
      two trough portions of unequal lengths, and a powder guide plate being
      mounted below said opening for directing powder delivered from said
      opening toward the center of said tray, said fresh mixture being delivered
      by said supplying means into the shorter portion of said trough.
NUM  6.
PAR  6. Apparatus according to claim 4, said conveyor means comprising a
      rotatable central shaft and a thread wound spirally about said shaft in
      each of said trough portions, said thread having its ends fixed to the
      shaft and its windings being spaced from the outside of the shaft.
NUM  7.
PAR  7. Apparatus according to claim 6, the respective spiral threads in said
      trough portions being on a common shaft and having opposite pitches.
NUM  8.
PAR  8. Apparatus according to claim 7, said threads overlapping each other and
      lying substantially diametrically opposite each other over the width of
      said trough opening.
NUM  9.
PAR  9. Apparatus according to claim 6, the inner side of the windings of said
      thread in said shorter trough portion having fixed thereto a rod lying
      substantially parallel to said central shaft.
NUM  10.
PAR  10. In an apparatus according to claim 1, wherein said mixing elements are
      rotatable oblong rollers lying substantially parallel to said cylinder and
      each near to another in a common plane, the further improvement which
      conprises at least the one of said rollers which is closest to said front
      wall having thereon two diametrically opposite rows of mixing pins
      protruding from its circumferential surface, and the one of said rollers
      farthest from said front wall having thereon at least two diametrically
      opposite bowlike protruding parts each of which comprises a relatively
      thin rod connected therewith at least near the ends of the rod and mainly
      extending substantially parallel to the axis of the roller.
NUM  11.
PAR  11. In apparatus according to claim 1, the further improvement which
      comprises said mixing elements including three rotatable oblong rollers
      lying substantially parallel to said cylinder and each near to another in
      a common plane, the roller closest to said front wall having two
      diametrically opposite rows of mixing pins protruding from its
      circumferential surface, the central roller comprising a central section
      having a predominantly smooth cylindrical surface and two end sections
      each of which has thereon mixing pins which protrude from its
      circumferential surface, and the roller farthest from said front wall
      having thereon protruding elongate elements in the form of bows, a first
      of which extends over nearly the full length of this roller and the other
      two of which lie diametrically opposite said first bow and each extends
      over a portion of the length thereof nearly corresponding to the length of
      one of said end sections of the central roller.
NUM  12.
PAR  12. Apparatus according to claim 1, the further improvement which comprises
      said mixing elements including three rotatable oblong rollers lying
      substantially parallel to said cylinder and each near to another in a
      common plane, the roller closest to said front wall having two
      diametrically opposite rows of mixing pins protruding from its
      circumferential surface, the central roller being substantially identical
      to said roller closest to said front wall, and the roller farthest from
      said front wall having protruding therefrom two substantially identical
      bows lying diametrically opposite each other and formed by wires which lie
      closer to the circumferential surface of said farthest roller in the
      central region thereof than in end regions thereof.
NUM  13.
PAR  13. Apparatus according to claim 12, said roller closest to said front wall
      and said central roller being installed with their repsective mixing pins
      so located that said pins of one of these roller protrude into the spaces
      between said pins of the other of them.
NUM  14.
PAR  14. Apparatus according to claim 11, wherein said bottom wall contains a
      window for optical scanning of the concentration of toner particles in
      said mixture in said tray, said central section of said central roller
      having fixed thereto a brush that sweeps over said window as the central
      roller is rotated.
NUM  15.
PAR  15. In apparatus according to claim 1, the further improvement which
      comprises said bearings of said mixing elements each being roller bearings
      held in a bushing having an end wall on which there is a hub fitting into
      an opening in one of said side walls, said hub and said end wall having an
      opening therethrough of a diameter to receive a shaft of one of said
      mixing elements, said end wall having formed therein from one side of said
      opening a downwardly directed groove extending through the lower side of
      the bushing for shedding away from the roller bearings powder particles
      that may pass between said shaft and said hub.
NUM  16.
PAR  16. Apparatus according to claim 15, each of said bearing bushings having
      at the outer side of its side wall two diametrically opposite
      substantially flat surfaces whereby the adjacent bushings of the bearings
      of adjacent mixing elements abut one another along respective flat
      surfaces thereof near each side wall of said tray.
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ABST
PAL  To provide simultaneous and efficient mixing and blending of the toner and
      carrier components of a multicomponent developer, there is a hybrid
      crossmixer comprising an auger-type active section and a pair of
      baffle-type passive sections. The crossmixer is used, for example, in a
      magnetic brush development system on the downstream side of the
      development zone. In that event, the partially denuded developer exiting
      from the development zone is split, with approximately half being routed
      to the active section and the other half being more or less equally
      divided between the two passive sections. Furthermore, the additional
      toner needed from time-to-time to maintain the toner concentration of the
      developer at a suitably high level enters the system via the active
      section of the crossmixer to ensure that it is rapidly blended in with the
      balance of the developer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to development systems for electrostatographic
      processors and, more particularly, to hybrid crossmixers for such systems.
PAR  In a conventional electrostatographic printing process of the type
      described in Carlson's U.S. Pat. No. 2,297,691 on "Electrophotography," a
      uniformly charged imaging surface is selectively discharged in an image
      configuration to provide a latent electrostatic image which is then
      developed through the application of a finely divided coloring material,
      called "toner." That process has enjoyed outstanding commercial success,
      especially in xerographic copiers and duplicators.
PAR  Xerography, of course, involves the use of a photoconductive imaging
      surface which is coated or otherwise deposited on an electrically
      conductive backing, such as a drum or an endless belt in a plain paper
      copier. There are, however, other types of electrostatographic processors.
      For example, there are some wherein the imaging surface is a uniformly
      charged electrically insulative member which is selectively discharged
      non-photographically -- e.g., by appropriately controlled stylii -- to
      provide a latent electrostatic image of the same general type as is
      photographically generated in a xerographic processor. Moreover, it should
      be understood that xerographic and similar electrostatographic processes
      are not limited to use in stand alone copiers and duplicators. For
      example, those processes have also been found to have utility in the
      facsimile art.
PAR  The vehicle normally used in electrostatographic processors to deliver the
      toner needed for development purposes is a multi-component developer
      comprising a mixture of toner particles and larger, so-called "carrier"
      particles. The materials for the toner and carrier (or, sometimes, carrier
      coating) components of the mixture are selected so that they are removed
      from each other in the triboelectric series, whereby electrical charges of
      opposite polarities tend to be imparted to the toner and carrier particles
      when they rub together. Furthermore, in making those selections,
      consideration is given to the triboelectric ranking of the materials to
      the end that the polarity of the charge nominally imparted to the toner
      particles opposes the polarity of the latent images which are to be
      developed. Consequently, in operation, there are competing electrostatic
      forces acting on the toner particles. Specifically, there are forces which
      at least initially tend to attract them to the carrier particles.
      Additionally, the toner particles are subject to being electrostatically
      stripped from the carrier particles whenever they are brought into the
      immediate proximity of or actual contact with an image bearing imaging
      surface.
PAR  Existing development systems commonly include a toner dispenser for adding
      additional toner to the developer supply from time-to-time so that its
      toner concentration remains at a suitably high level. Also, there
      typically is a crossmixer for mixing and blending the toner and carrier
      components of the developer so that the toner is more or less uniformly
      distributed throughout the developer and the triboelectric charging of the
      toner and carrier particles is promoted.
PAR  Surprisingly, available crossmixers still show a weakness when measured by
      their ability to carry out the mixing and blending functions
      simultaneously. As a general rule, passive crossmixers are effective
      mixing devices, but only marginally acceptable as blending devices. Active
      crossmixers on the other hand, normally are effective blending devices,
      but only marginally acceptable as mixing devices. As used herein, "mixing"
      refers to the distribution of the toner throughout the developer, and
      "blending" refers to the agitation of the developer which leads to the
      triboelectric charging of the toner and carrier particles.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide a crossmixer
      which is efficient both as a mixing device and as a blending device. More
      particularly, an object is to provide a compact and relatively simple
      crossmixer for effectively accomplishing the mixing and blending functions
      simultaneously.
PAR  To carry out these and other objects of the invention, there is a hybrid
      crossmixer comprising active and passive sections which are operated in
      parallel to simultaneously mix and blend the toner and carrier components
      of the developer circulating through the development system of an
      electrostatographic processor. A relatively simple and compact cross-mixer
      of the foregoing type comprises an auger-type active section and a pair of
      baffle-type passive sections. To take advantage of that crossmixer, the
      developer flow is split so that roughly one half of the developer passes
      through the active section while the other half is more or less equally
      divided between the two passive sections. The additional toner needed from
      time-to-time to maintain the toner concentration of the developer at a
      suitably high level is preferably routed through the active section to
      take advantage of its superior blending capabilities.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Still further objects and advantages of this invention will become apparent
      when the following detailed description is read in conjunction with the
      attached drawings, in which:
PAR  FIG. 1 is a fragmentary, sectional view of an electrostatographic processor
      having a development system including a hybrid crossmixer constructed in
      accordance with the present invention;
PAR  FIG. 2 is a plan view of the crossmixer;
PAR  FIG. 3 is an elevational view of the crossmixer as seen from the imaging
      surface side of the development system; and
PAR  FIG. 4 is a sectional view of the crossmixer taken along the line 4--4 in
      FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  While the invention is described in some detail hereinafter with specific
      reference to a certain embodiment, it is to be understood that there is no
      intent to limit it to that embodiment. On the contrary, the aim is to
      cover all modifications, alternatives and equivalents falling within the
      spirit and scope of the invention as defined by the appended claims.
PAR  Turning now to the drawings, and at this point especially to FIG. 1, there
      is an electrostatographic processor 11 (shown only in relevant part)
      having a magnetic brush development system 12 for developing latent
      electrostatic images carried by an electrically insulative imaging surface
      13 on the fly -- viz., as the imaging surface 13 moves through a
      development zone 14. In this instance, the processor 11 is a more or less
      conventional xerographic copier or the like having a rotatably driven drum
      15 coated with a photoconductive imaging surface.
PAR  As shown, the development system 12 comprises a housing 21 having a series
      of transport rolls 22-24 and a series of applicator rolls 25-28 for
      circulating developer along a path which runs from a sump 29 in the lower
      reaches of the housing 21, through the development zone 14, and then back
      to the sump 29 via a crossmixer 31. In keeping with generally accepted
      practices, the developer comprises a mixture of triboelectrically charged
      toner particles and ferromagnetic carrier particles. Advantageously, there
      is a port 32 for returning reclaimed toner to the development system 12
      from, say, a photoreceptor cleaning system (not shown). Additionally,
      there is a toner dispenser 33 for adding fresh or virgin toner to the
      developer from time-to-time so that its toner concentration remains at a
      suitably high level.
PAR  More particularly, in operation, developer is gravity fed through an
      elongated discharge orifice or slot 34 near the bottom of the sump 29 and
      is then magnetically constrained to follow a generally S-shaped path
      through the transport rolls 22-24 and to thereafter advance upwardly
      between the photoconductor 13 and successive ones of the applicator rolls
      25-28. To that end, the transport rolls 22-24 and the applicator rolls
      25-28 comprise individual permanent magnet assemblies 41-47 which are
      stationarily supported with separate non-magnetic sleeves 51-57,
      respectively. The magnetic assemblies 41-47 and the sleeves 51-57
      typically extend across substantially the full width of the development
      zone 14. Moreover, the sleeves 51-57 are rotatably driven (by means not
      shown) in the directions indicated by the arrows so that the developer
      magnetically entrained thereon under the influence of the magnetic fields
      provided by the magnetic assemblies 41-47 is transported, as above
      described, from the sump 29 to the last or uppermost applicator roll 28.
      After passing between that roll and the photoconductor 13, the developer
      is discharged onto a downwardly sloping ramp 58 which guides it into the
      crossmixer 31 as more fully described hereinbelow.
PAR  As is usually the case in development systems of this type, the sleeves
      54-57 of the applicator rolls 25-28 are spaced a predetermined short
      distance from the photoconductor 13, and the magnetic fields emanating
      from the magnetic assemblies 44-47 are shaped to cause the developer on
      the sleeves 54-57 to form bristle-like stacks or steamers which bridge
      that space. Hence, the developer brushes against the photoconductor 13
      while passing between the photoconductor and each of the sleeves 54-57,
      thereby developing any latent images which happen to be present.
      Desirably, of course, there is a more or less uniform flow of developer
      across the full width of the development zone 14. Consequently, in the
      illustrated embodiment, there is a trimmer bar 59 for leveling the profile
      of the developer entrained on the sleeve 51 of the first transport roll
      22.
PAR  Referring additionally to FIGS. 2-4, in accordance with this invention, the
      crossmixer 31 is a hybrid unit having an active section 61 and a pair of
      passive sections 62 and 63. As illustrated, the active section 61 includes
      a rotatably driven, compound auger 64 which extends across substantially
      the full width of the housing 21 within a generally J-shaped trough 65.
      The trough 65 partially surrounds the auger 64 which, in turn, has a
      right-hand helix 66 along approximately one half of its length and a
      left-hand helix 67 along the other half. The passive sections 62 and 63,
      on the other hand, are mounted on opposite sides of the housing 21 and
      contain separate sets of spaced apart internal baffles or vanes 68 and 69,
      respectively, which are inwardly and downwardly inclined. Suitably, the
      active section 61 and the passive sections 62 and 63 are supported with
      the housing 21 by a common frame.
PAR  To carry out the invention, the active section 61 and the passive sections
      62 and 63 are provided with parallel flows of developer from the last or
      uppermost applicator roll 28. The flow is divided so that roughly one half
      is routed to the active section 61 and the other half is more or less
      equally divided between the two passive sections. To accomplish that, the
      ramp 58 has three upwardly extending partitions 70-72 equidistantly spaced
      across its width so that it is effectively divided into four equally wide
      channels 73076. The outer two channels 73 and 76 guide developer into
      respective ones of the passive sections 62 and 63, and the inner two
      channels 74 and 75 guide developer into the trough 65 of the active
      section 61. The developer entering the passive sections 62 and 63 is
      deflected inwardly toward the center of the housing 21 by the baffles 68
      and 69, respectively, while enroute to the sump 29. Contraiwise, the
      developer entering the trough 65 is urged outwardly towards the opposite
      sides of the housing 21 by the auger 64 while enroute to the sump 29.
      Indeed, there preferably is a baffle plate 76 to prevent the developer
      from flowing out of the central portion of the trough 65. Thus, there is a
      very effective mixing pattern.
PAR  Some blending of the toner and carrier components of the developer takes
      place in the passive sections 62 and 63 of the crossmixer 31, but the
      active section 61 is far more effective from the standpoint. Accordingly,
      in keeping with one of the more detailed aspects of this invention, the
      return port 32 for the reclaimed toner and the toner dispenser 33 are
      vertically aligned with the flow path (i.e., one or both of the inner two
      channels 74 and 75) leading to the trough 65, thereby ensuring that
      substantially all of the additional toner is routed through the active
      section 61 of the crossmixer 31 before entering the sump 29. Ideally, of
      course, the additional toner is divided by the partition 71 so that half
      enters the right-hand side of the trough 65 and the other half enters the
      left-hand side of the trough 65.
PAC  CONCLUSION
PAR  In view of the foregoing, it will now be understood that a simple and
      compact hybrid crossmixer has been provided, and that the crossmixer has
      the distinct advantage of being able to simultaneously provide effective
      mixing and blending of multi-component developers. While the crossmixer
      has been described in connection with a magnetic brush development system
      for illustrative purposes, it will be apparent that the principles of the
      invention may be applied to other types of development systems.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a development system for developing latent electrostatic images
      carried by an imaging surface of an electrostatographic processor; said
      development system including a sump for storing a supply of developer
      having toner and carrier components, said means for circulating said
      developer along a predetermined path running from said sump, through a
      development zone, and then back to said sump; the improvement comprising
PA1  a hybrid crossmixer having parallel active and passive sections positioned
      in said path, and
PA1  flow splitting means in said path upstream of said crossmixer for dividing
      the circulating developer so that part passes through the active section
      of said crossmixer while another part passes through the passive section,
      whereby the toner and carrier components of said developer are
      simultaneously subjected to efficient blending and mixing.
NUM  2.
PAR  2. The improvement of claim 1 wherein said development system further
      includes means for supplying said developer with additional toner from
      time-to-time to maintain a suitably high toner concentration in said
      developer, and said toner supply means is positioned to add the additional
      toner via the active section of said crossmixer, whereby the additional
      toner is rapidly blended in with the balance of the developer.
NUM  3.
PAR  3. The improvement of claim 1 wherein said crossmixer comprises an
      auger-type active section and two baffle-type passive sections, and said
      flow splitting means guides approximately one half of the circulating
      developer into said active section while dividing the other half
      substantially equally between the two passive sections.
NUM  4.
PAR  4. The improvement of claim 3 wherein said development system further
      includes a housing extending across said development zone, the passive
      sections of said crossmixer are mounted on opposite sides of said housing
      and comprise respective sets of downwardly and inwardly inclined baffles
      for deflecting developer toward a central area of said housing, and the
      active section of said crossmixer extends across said housing and
      comprises a rotatable compound auger partially surrounded by a trough for
      urging developer outwardly toward the opposite sides of said housing.
NUM  5.
PAR  5. The improvement of claim 4 wherein said flow splitting means comprises a
      downwardly inclined ramp leading to said crossmixer, said ramp being
      partitioned widthwise of said development zone to provide separate
      channels for guiding developer into said passive sections and said active
      section of said crossmixer.
NUM  6.
PAR  6. The improvement of claim 5 wherein said development system further
      includes means for supplying said developer with additional toner as
      needed to maintain a suitably high toner concentration in said developer,
      and said toner supplying means is mounted on said housing above said ramp
      in vertical alignment with a channel leading to the active section of said
      crossmixer.
NUM  7.
PAR  7. In a magnetic brush development system having a housing including
PA1  at least one applicator roll for brushing a developer containing a mixture
      of triboelectrically charged toner and ferromagnetic carrier particles
      against an imaging surface of an electrostatographic processor as said
      imaging surface advances lengthwise of a development zone, and
PA1  a sump for storing a supply of said developer; the improvement comprising
PA1  a hybrid crossmixer having at least one active section and at least one
      passive section mounted in parallel in said housing downstream of said
      applicator roll and above said sump, and
PA1  a downwardly inclined ramp supported by said housing for guiding excess
      developer from said applicator roll to said crossmixer, said ramp being
      partitioned to route part of said excess developer to the active section
      of said crossmixer and another part of said excess developer to the
      passive section.
NUM  8.
PAR  8. The improvement of claim 7 wherein said crossmixer has
PA1  an active section comprising a trough extending across said housing, and a
      compound auger rotatably supported within and partially surrounded by said
      trough; and
PA1  a pair of passive sections mounted on opposite sides of said housing; and
      wherein
PA1  said ramp is partitioned widthwise of said development zone at regular
      intervals to guide approximately one half of the excess developer enroute
      to said crossmixer into the active section and to divide the other half of
      said excess developer substantially equally between said passive sections.
NUM  9.
PAR  9. The improvement of claim 8 wherein said auger has a left-hand helix and
      a right-hand helix extending outwardly from its center toward its opposite
      ends for urging developer in said trough outwardly toward the opposite
      sides of said housing, and each of said passive sections has a downwardly
      and inwardly inclined set of spaced apart baffles for deflecting developer
      inwardly toward a central area of said housing.
NUM  10.
PAR  10. The improvement of claim 8 wherein said development system further
      includes a toner dispenser mounted on said housing in vertical alignment
      with a portion of said ramp leading to the active section of said
      crossmixer for adding additional toner to said developer via the active
      section of the crossmixer.
NUM  11.
PAR  11. A method of mixing excess developer returning from the development zone
      in an electrostatographic processor with toner to provide a mixed and
      blended developer product comprising the steps of:
PA1  providing a hybrid crossmixer having an active section and a passive
      section;
PA1  dividing said excess developer into first and second portions;
PA1  concurrently passing said first and second portions of said excess
      developer into said active and passive sections, respectively;
PA1  dividing said toner into first and second portions; and
PA1  concurrently passing said first and second portions of said toner into said
      active and passive sections, whereby
PA1  a mixed and blended developer product is obtained.
NUM  12.
PAR  12. The combination recited in claim 11 further including the step of
      directing said blended product from each of said active and passive
      sections into a common collecting chamber.
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ABST
PAL  The pipeline milking system has a venting arrangement in the form of a
      receptacle having a milk inlet connected to a milking means, a milk outlet
      controlled by a float or the like and connected to the system's milk
      transport conduit, and an air outlet connected to a working vacuum source
      via a reducing means which comprises a control valve connected to a
      control vacuum source and operable to control the vacuum in the receptacle
      in relation to the control vacuum.
BSUM
PAC  THE DISCLOSURE
PAR  The present invention relates to pipeline milking systems of the kind
      comprising a vacuum conduit adapted to be connected to a milking means via
      a pulsator to provide a massage operation, and a milk transport conduit
      adapted to be connected to the milk-carrying portion of the milking means,
      a higher vacuum being prevalent in the milk transport conduit than in the
      vacuum conduit.
PAR  In such pipeline milking systems, the connection between the milk transport
      conduit and the milk-carrying portion of the milking means must be
      provided with an arrangement which reduces the vacuum to a value suitable
      for milking. In U.S. Pat. No. 3,783,837, granted Jan. 8, 1974, there is
      shown such a reducing arrangement comprising a membrane valve. However,
      the use of such a reducing arrangement in the milk conveying conduit has
      proved to involve the disadvantage that the milk must pass through a
      narrow opening or gap in the reducing arrangement. More particularly, the
      milk emanating from the milking means contains air in the form of bubbles,
      so that when the milk passes through this opening or gap, an intensive
      mixing of this air and the milk takes place, which affects the quality and
      durability of the milk.
PAR  It is also known to let the milk emanating from the milking means pass
      through a receptacle which is provided with an air outlet connected to the
      vacuum conduit and with a milk outlet controlled by a float and connected
      to the milk transport conduit. By means of the float, a predetermined milk
      level is maintained in the receptacle, which allows air to depart through
      the air outlet, whereby milk generally free of air emanates through the
      milk outlet. Such an arrangement is shown in German published
      specification 1,276,397. Since the air outlet is connected to the vacuum
      conduit, no vacuum control valve is required, because the vacuum in this
      conduit can be adjusted to a value suitable for milking. The arrangement
      has the drawback, however, that small amounts of milk in the form of
      bubbles or foam may accompany the air separated from the milk into the
      vacuum conduit, so that even this conduit must be cleaned after the
      milking operation.
PAR  The principal object of the present invention is to provide a pipeline
      milking system which overcomes the above-noted drawbacks.
PAR  A pipeline milking system made according to the invention is provided with
      a venting arrangement in the form of a receptacle having a milk inlet
      connected to a milking means, a milk outlet controlled by a float or other
      level-sensing means and connected to the milk transport conduit of the
      plant, and an air outlet which is connected via a reducing means to a
      working vacuum source. The system according to the invention is
      characterized in that the reducing means comprises a control valve which
      is connected to a control vacuum source and adapted to control the vacuum
      in the receptacle in relation to the control vacuum.
PAR  The control valve preferably comprises a so-called membrane valve which is
      known per se and the interior of which is divided by means of a membrane
      into two chambers, one of which is connected to the control vacuum source,
      the other chamber being connected to the working vacuum source and also to
      the air outlet of the receptacle.
DRWD
PAR  The invention will be described more in detail below with reference to the
      accompanying drawings, in which
PAR  FIG. 1 is a diagrammatic view, partly in section, of a first embodiment and
PAR  FIG. 2 is a similar view of a second embodiment of the invention.
DETD
PAR  The arrangement shown in FIG. 1 comprises a receptacle 1 having a milk
      inlet 2 which is connected to a milking means (not shown). At its lower
      end the receptacle 1 has a milk outlet 3 which is controlled by level
      sensing means shown as a float 4 and is connected by means of a hose 5 to
      a milk transport conduit 6. The float 4 is provided with a central,
      cylindrical pin 4a, the lower end of which closes the milk outlet 3 in the
      position shown. When the float moves upwards, the milk outlet is opened,
      the upward movement being restricted by a protrusion 1a extending
      downwards from the cover of the receptacle 1. At its upper end the
      receptacle has an air outlet 7 leading to a control valve 8. The interior
      of the valve 8 is divided by means of a membrane 9 into a right hand
      chamber 10, which is connected via a hose 11 and a conduit 12 to a control
      vacuum source (not shown), and a left hand chamber 13 which is connected
      to the air outlet 7 of the receptacle 1. The left hand valve chamber 13 is
      also connected to the milk transport conduit 6 via a hose 14 and a tube 15
      extending into the chamber and opening adjacent the membrane 9, whereby a
      narrow gap is formed between the end of the tube and the membrane.
PAR  In the vacuum conduit 12 there is a stable vacuum, for example, a vacuum of
      380 mm Hg, while there is a higher vacuum (e.g., 450 mm Hg) in the milk
      transport conduit 6 which, however, may vary due to certain disturbances.
      It should be pointed out that the above vacuum values are only examples,
      and other values may be used as well if appropriate with regard to the
      circumstances. The variations of pressure in the milk transport conduit 6
      are levelled out by the valve 8, whereby a constant vacuum is obtained in
      the receptacle 1. That is, when the vacuum in the conduit 6 increases or
      decreases, the membrane 9 will move to or from the tube 15, respectively.
      The size of the gap between the membrane and the end of the tube is
      thereby controlled, whereby a constant vacuum is maintained in the
      receptacle 1. It is desirable that the vacuum in the milking means
      connected to the milk inlet 2 be kept constant.
PAR  If it should be desirable to change the vacuum in the receptacle 1, this
      can be done by increasing or decreasing the vacuum in the conduit 12 and
      thereby changing the position of the membrane 9, whereby a corresponding
      change of the vacuum in the receptacle is obtained.
PAR  The float valve 4-4a is of a known design and serves to open the milk
      outlet 3 when the milk level in the receptacle exceeds a predetermined
      value and to shut the milk outlet when the level drops below this value,
      whereby flow of air through the outlet 3 is prevented.
PAR  Cleaning of the system is carried out by introducing cleaning liquid
      through the milk inlet 2, the flow being so heavy that the entire amount
      cannot pass out through the outlet 3, whereby a portion of the flow will
      pass through the valve 8 and the hose 14 to the conduit 6. All surfaces
      which might be contacted by the milk are thereby cleaned. The right hand
      valve chamber 10, and thus the hose 11 and the conduit 12, are completely
      isolated by the membrane 9 and consequently need not be cleaned.
PAR  Since the milk does not pass through the valve 8, no unfavorable mixing of
      milk and air takes place, as was previously the case when membrane valves
      were used. The air is instead separated from the milk in the receptacle 1,
      and the milk is then conveyed without being mixed with air to the milk
      transport conduit 6 to be transported further to a storage tank (not
      shown).
PAR  In the embodiment of the invention shown in FIG. 2, the hose 14 is
      connected to a separate working vacuum conduit 16 in which there is a
      vacuum of generally the same magnitude as that in the conduit 6 and which
      is preferably connected to the same vacuum source as is the conduit 6. In
      other respects, the system is the same as that described above with
      reference to FIG. 1. In this arrangement in FIG. 2, milk and air are thus
      transported in separate conduits from the receptacle 1. Mixing of air into
      the milk during the transport through the conduit 6 is thus prevented,
      which is advantageous especially in large pipeline milking systems and
      when ascending milk transport conduits are involved.
PAR  The cleaning of the system in FIG. 2 is performed in the same way as has
      been described with reference to FIG. 1. The cleaning liquid entering
      through the milk inlet 2 flows out partially through the hose 5 to the
      conduit 6 and partially via the valve 8 and the hose 14 to the conduit 16,
      whereby both said conduits become cleaned. Thus, as in the arrangement
      according to the above-mentioned German published specification 1,276,397,
      two pipe conduits must be cleaned after the milking. However, an advantage
      of the embodiment according to FIG. 2 is that the maintaining of a more
      even vacuum in the receptacle 1 is made possible. That is, the vacuum in
      the conduit 12 is not exposed to any disturbances and can therefore easily
      be kept constant, which is not the case in the known arrangement in which
      the vacuum in the vacuum conduit will vary due to uneven loading by the
      rest of the milking means connected to the conduit.
PAR  In the example illustrated in FIG. 1, the milk transport conduit 6 is
      connected to a vacuum source (not shown) for drawing the milk to a
      suitable collecting place; and since conduit 6 is thus subjected to a
      working vacuum, it may be considered in part as a working vacuum source.
      In FIGS. 1 and 2, since conduit 12 is connected to a vacuum source (not
      shown) which maintains a constant vacuum in conduit 12, the latter may be
      considered in part as a control vacuum source. In FIG. 2, as previously
      indicated, conduit 16 is a separate working vacuum source.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a pipeline milking system, the combination of a milk transport
      conduit, a working vacuum source, a control vacuum source, and a venting
      arrangement comprising a receptacle hermetically separated from the
      control vacuum source and having a milk inlet for connection to a milking
      means, the receptacle also having a milk outlet connected to the milk
      transport conduit, means operable to sense the milk level in the
      receptacle for controlling the milk outlet, the receptacle also having an
      air outlet, and reducing means connecting the air outlet to the working
      vacuum source, the reducing means including a control valve connected to
      the control vacuum source and operable to control the vacuum in the
      receptacle in relation to the control vacuum.
NUM  2.
PAR  2. The combination of claim 1, in which said control valve has a housing
      and a membrane dividing the interior of the housing into two chambers, one
      of said chambers being connected to the control vacuum source, the other
      chamber being connected to the working vacuum source and also to said air
      outlet of the receptacle.
NUM  3.
PAR  3. The combination of claim 1, in which said air outlet of the receptacle
      is connected to the working vacuum source by way of a separate vacuum
      conduit.
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ABST
PAL  Apparatus for preventing or retarding the freezing of water on a surface of
      a body of water, such as in a stock tank, includes a tank containing a
      quantity of volatile fluid, which functions as a heat pipe to distribute
      heat from a lower portion in the body of water to the surface to prevent
      ice on the surface from forming thereabout. The tank is ballasted to float
      just at the surface of the water, and additionally is anchored to control
      the positional location of the tank in the body of water. In one
      embodiment, a heat containing collar is employed surrounding the top
      portion of the tank, and within which the tank is free to move to contain
      the distributed heat. In another embodiment, the entire surface of the
      water in a stock tank is covered with an insulation layer having holes of
      spaced relationship to receive a plurality of heat pipe tanks.
PAL  In another embodiment of the invention, a heat pipe tank is connected to a
      control mechanism of a fill valve in a stock tank to control the water
      level during freezing temperature conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus for preventing freezing of water to
      provide access to drinking water for stock and to control the filling of
      stock tanks, and more particularly to such apparatus utilizing heat pipes
      having large heat transfer surface areas.
PAR  2. Description of the Prior Art
PAR  One of the severe problems encountered by cattlement is providing a source
      of water to their cattle, especially in the winter months. Commonly, water
      is provided in stock tanks, which are readily available and widely used.
      However, in the winter months, ice forms on the surface of the water in
      the stock tanks, and the cattle often are unable to break through the ice.
      Thus, the cattlemen must travel, sometimes several times a day in severely
      cold weather, to the tanks to break through the ice to the unfrozen water.
      This is a difficult and time consuming job, especially when the watering
      tanks are at remote locations, and when the ice thickness is of several
      inches.
PAR  In the summer months, although not as great a problem, the sun may heat the
      water to a temperature which the cattle find too warm, and they refuse to
      drink the water, which results in weight loss and other problems.
      Additionally, because of the warm summer sun, algae and other vegetative
      growths occur in the tank, which require special cleaning and other time
      consuming procedures.
PAR  The annoyance of the wintertime freezing problem has spawned several
      proposed solutions. For example, Baer in U.S. Pat. No. 3,618,569, proposes
      a continuous loop completely filled with fluid. Baer recognizes that water
      changes density at temperatures close to its freezing point. Before the
      water freezes, it becomes more dense, and sinks to a lower fluid level. As
      the water lowers in temperature, it becomes less dense, seeking a higher
      fluid level until it freezes, at which time the ice forms, beginning at
      the surface of the water. Thus, a temperature gradient exists in water
      near its freezing point, being increasinly warmer away from the surface.
      The Baer device is intended to carry the heat from the lower warmer fluid
      location to the surface, to retard the surface freezing. It is a
      continuous loop filled with fluid, such as alcohol, which circulates
      within the loop by convection. The loop, however, is symmetrical and is a
      balanced gravity system which carries, in practice, very little heat to
      the surface. It is therefore operable only for very minor freezing
      conditions.
PAR  Heat pipes have been proposed to retard ice formation, in such applications
      as on paving, or the like, in Tippmann, U.S. Pat. No. 3,195,619. Tippmann
      employs a number of elongated heat pipes extending into the ground beneath
      the pavement, and having a portion located within the paving material
      itself. The heat pipe has a fluid contained partially therewithin, which
      is evaporated by the warmer earth temperatures beneath the pavement. The
      vapor, seeking a lower partial vapor pressure within the pipe, rises to
      the region of the pipe within the pavement, whereupon, it gives up its
      heat to the pavement and condenses, flowing back downwardly to the lower
      warmer region of the pipe. The condensing of the fluid presents sufficient
      heat to keep the ice on the pavement melted, according to Tippmann.
PAR  The Tippmann heat pipe suggestion, however, is not practical in stock tank
      configurations for several reasons. First, the heat pipes disclosed by
      Tuppmann are of relatively small diameter. Consequently, unless a large
      number of such pipes were employed, an insufficient amount of heat would
      be transferred to the water within the tank. Even so, it is questionable
      whether a sufficient quantity of heat in the vicinity of a small diameter
      pipe in the ground exists to actually prevent ice formation in relatively
      extreme or severe temperature environments. Furthermore, even if such heat
      pipe were to be employed, the size of the opening in the ice would be too
      small to be useful for the cattle to gain access to the unfrozen water.
PAR  Another problem which is encountered during the winter is in the filling of
      the water tank, or in the maintaining of the fluid level within the tank.
      Ordinarily, stock tanks have a fill valve centrally located adjacent the
      bottom of the tank which is controlled by a float which, due to its
      buoyancy, is at the surface of the water within the tank. As the water
      level is depleted, the float decreases its distance from the fill valve,
      turning the valve on to fill the tank until a sufficient quantity of water
      is injected into the tank to raise the float to turn the valve off.
      However, during the winter months, the float becomes completely frozen
      into an ice layer across the top of the tank. Consequently, if the water
      level decreases to the point where the valve turned on, the valve may
      continue to run, since the float often becomes frozen in position,
      resulting in continual overflowing of the stock tank.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In light of the above, it is an object of the invention to present a system
      for preventing the formation of ice within a stock tank.
PAR  It is another object of the invention to present an apparatus for
      preventing stock tank icing which requires no attention.
PAR  It is yet another object of the invention to present an apparatus for
      controlling the water level within a stock tank during winter months when
      ice exists on the surface of the water.
PAR  It is still another object of the invention to present a system for
      preventing ice formation upon the surface of a stock tank during winter
      months, and which prevents the formation or growth of algae in the summer
      months, and which controls the temperature of the water in the stock tank
      during summer months.
PAR  These and other objects, features, and advantages will become apparent to
      those skilled in the art from the following detailed description when read
      in conjunction with the appended claims and accompanying drawings.
PAR  The invention, in its broad aspect, presents apparatus for preventing ice
      from forming on a surface of a body of water. The apparatus includes a
      heat conducting tank to float in the water adjacent its surface. A fluid
      partially fills the tank. The fluid has a boiling temperature of less than
      zero degrees centigrade to produce a vapor of the fluid within the tank
      when the tank is in the water. The vapor carries heat from a warmer lower
      portion of the tank to a cooler upper portion of the tank, to prevent ice
      from forming adjacent the upper portion. In another aspect of the
      invention, a weight is provided, and an interconnecting means such as a
      chain, interconnects the weight and the tank to maintain the position of
      the tank, for example, within reach of the stock.
PAR  In another aspect of the invention, apparatus for controlling a submerged
      fill valve having a control handle within a water tank in all weather
      conditions, including freezing temperatures, is presented. A heat
      distributing tank of heat conducting material floats in the water tank,
      extending from the surface of the water to a lower warmer region of the
      water. A volatile fluid is introduced into the distributing tank, the
      fluid having a boiling temperature less than zero degrees centigrade to
      produce a vapor in the distributing tank when the distributing tank is in
      the water tank. The vapor carries heat from the warmer lower portion of
      the distributing tank to an upper portion of the distributing tank to
      prevent ice from forming adjacent the upper portion in freezing
      temperature conditions. Means are provided interconnecting the control
      handle of the fill valve and the distributing tank, whereby the upper
      buoyant force of the distributing tank acts on the control valve to turn
      off the fill valve when the water tank is full.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention is illustrated in the accompanying drawing, wherein:
PAR  FIG. 1 is a side elevation in cross-section of a stock tank employing an
      ice preventing heat pipe tank adjacent its side for providing access to
      the unfrozen water for stock and an ice preventing heat pipe tank for
      controlling the fill valve, in accordance with the principles of the
      invention.
PAR  FIG. 2 is a side elevation of a heat pipe tank, showing one embodiment of
      ballasting the heat pipe tanks of FIG. 1 by using shot within the tank.
PAR  FIG. 3 is a side elevation of another embodiment for ballasting a heat pipe
      tank using a weight ring external to the tank.
PAR  FIG. 4 is a side elevation in cross-section of another embodiment of the
      ice preventing heat pipe tanks in accordance with the invention using heat
      containing insulating collars.
PAR  FIG. 5 is a side elevation in cross-section of another embodiment of the
      ice preventing heat pipe tanks in accordance with the invention using an
      insulating sandwich floated upon the water surface in a stock tank.
PAR  And FIG. 6 is a plan view of the ice preventing heat pipe tanks of FIG. 5.
DETD
PAR  In the various figures of the drawing, like reference numbers are used to
      denote like parts.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, a stock tank system 10 includes a common stock tank 11
      emplaced on the ground 13, or, partially buried, as shown. (Typically,
      stock tanks are about two feet deep, but can be partially buried, if
      desired, as shown, to prevent heat loss from the bottom walls of the
      tank.) The tank 11 is filled with water 14, and has a thin layer of ice 15
      on the top thereof.
PAR  In accordance with the invention, a tank 18, constructed as below
      described, is placed into the tank 11 adjacent its edge to provide access
      to the unfrozen water 14. The tank 18 is ballasted, as below described, to
      float with its top 19 at, or just above, the surface 22 of the water level
      within the tank 11. The position of the tank 18, that is, its proximity to
      the edge of the tank 11, is maintained by a weight 24 which is connected
      to the tank 18 by interconnecting means, such as a chain 25.
PAR  The tank 18 can be any desired size or shape. Ideally, it should be of
      sufficient height to extend well into the water 14 within the tank 11, but
      not so long as to contact the bottom of the tank when it is pushed
      downward by, for example, a cow seeking access to the unfrozen water. It
      has been found that ordinary butane tanks are particularly well suited for
      use in this application. Such butane tanks ordinarily are cylindrical
      shape of dimensions approximately one foot in length and one foot in
      diameter.
PAR  With respect to the tank itself, one embodiment thereof is shown in
      cross-section in FIG. 2, and denoted generally by the reference numeral
      30. As shown, the tank 31 has a valve at the bottom thereof to enable a
      quantity of a volatile fluid to be injected into it. (The tank 31, if it
      is of the commonly employed butane tank type, is merely inverted from the
      ordinary butane tank configuration.)
PAR  The tank 31 has means for ballasting it in the form of shot 34, as above
      indicated. A sufficient amount of the shot is placed within the tank 31 to
      weight it so that its top 19 is adjacent the surface, or just protruding
      above the surface 22 of the water 14 or ice 15 which may have formed
      thereupon.
PAR  A ring 35 is attached to the bottom of the tank 31 to which the position
      maintaining chain 25 can be attached. At this juncture it should be noted
      that the chain 25 together with the weight 24 are not intended to function
      to maintain the height of the tank 19 within the water 14. The height is
      maintained entirely by the ballast or shot 34. Rather, the chain and
      weight are intended to maintain the relative location of the tank 19
      adjacent the edge of the stock tank 11 within reach of the cattle.
PAR  Another configuration for the tank, in accordance with the principles of
      the invention, is shown in FIG. 3, and is denoted by the reference numeral
      40. The tank assembly 40 includes a tank 41, of similar construction to
      that described above with reference to the tank 31 in FIG. 2, except that
      the means for ballasting is in the form of a collar or ring 42, shown
      partially cut away, attached by wings or fins 43 and 44 to the walls of
      the tank 41. A ring or loop 46 is attached to the bottom of the tank for
      attachment to the position maintaining chain 25 and weight 24, in a manner
      similar to that described with reference to FIGS. 1 and 2.
PAR  To counteract the heat losses from the top of the tank 41, a layer of
      thermal insulation material, such as styrofoam or the like, 48, may be
      glued or affixed upon the top surface of the tank 41.
PAR  With reference again to FIG. 1, in addition to the use of such tank 18
      adjacent the side to provide access for the cattle to the water 14, a
      similar tank can be employed in connection with the fill valve 55, as
      shown by the tank assembly 50. The tank assembly 50 includes a tank 51 of
      similar configuration to that of the tank 18 above described, with the
      exception that it is unballasted, and allowed to float freely within the
      water 14. The tank 51 is attached by a chain 52 to the fill valve control,
      such as the valve handle 53 illustrated. The length of the chain 52 is
      chosen such that the tank 51 will be positioned when the water level is
      properly filled within the tank so that the top 58 is just above the
      surface of the water in the tank. Thus, in operation, the tank 58 will
      serve to keep the valve control lever 53 of the valve 55 urged upwardly to
      prevent the tank from being filled when the water in the tank is at the
      proper level. However, when the water level drops, the tank 58 also will
      drop, opening the valve 55 to fill the tank until the tank 58 rises to a
      sufficient level to close the valve 55 by its upward buoyant force.
PAR  An amount of volatile fluid (not shown) is injected into each of the tanks
      18 and 51. The tanks 18 and 51 therefore function essentially as heat
      pipes having very large heat transfer capabilities. The fluid introduced
      into the tanks should be of the type which vaporizes or boils at a
      temperature well below the freezing temperature of water. Therefore, with
      the fluid in the tank, as described, the heat of the denser warmer water
      near the middle and bottom portions of the tank 11 will be absorbed by the
      fluid to vaporize it. The vapor will tend to travel to a point within the
      tanks 18 and 51 at a lower vapor pressure, adjacent their cooler tops 19
      and 58. At this point, the heat within the vapor will be given off to the
      colder regions adjacent the tops 19 and 58, at which the ice in the tank
      11 is forming. Upon contacting the cooler wall of the tanks 18 or 51, the
      vapor is condensed, to drip back down to the warmer regions of the tank to
      repeat the process. The heat thus given off adjacent the top will cause
      the ice to melt in an annulus 26 surrounding and adjacent the top of the
      tank 19, thereby keeping the tank 18 free within the ice layer 15. An
      animal (not shown) attempting to drink the unfrozen water 14 within the
      tank 11, consequently, needs only to push downwardly on the top 19 of the
      tank 18, for instance, with its nose, displacing the tank 18 and enabling
      it to drink the water. When the animal has finished drinking, the tank 18
      will reenter the unfrozen area which it previously occupied, and maintain
      the unfrozen annulus as described.
PAR  Likewise, the tank 51 controlling the fill valve 55 will maintain an
      annulus 59 surrounding the top 58 of the tank 51. Thus, regardless of the
      level of the water within the tank 11, the tank 51 will not freeze into
      the ice, and the fill valve 55 will be effectively controlled to maintain
      the water level.
PAR  Because of the relative size of the tanks 18 and 51, a tremendous quantity
      of heat from the lower portions of the tank can be redistributed to the
      ice layer 15 across the top of the tank to the relatively small annuli 26
      and 59, respectively. Being essentially heat pipes with extremely large
      heat transfer surface areas available, theoretically, quantities of power
      in the megawatt range can be extracted from the warmer water 14 near the
      bottom of the stock tank 11.
PAR  It would be pointed out that the exact dimensions of the heat pipe tanks
      employed are not critical. The primary consideration in the choice of the
      tank dimensions is simply to provide a sufficient surface area to enable a
      large enough quantity of heat to be transferred from the warmer, deeper
      regions of the water to the cooler surface regions to prevent ice
      formation at the surface. This, in part, is dependent on the temperature
      ranges encountered. To illustrate this variability, for example, the fill
      valve control tank 51 is shown of smaller size than the drinking water
      providing tank 18.
PAR  In the actual fabrication of the heat pipe tanks described, as mentioned,
      readily available butane tanks can be handily employed. If, for example, a
      typical butane tank having a volume of approximately 0.7333 cubic feet is
      used, a vacuum is pulled within the tank to rid it of undesirable
      condensable gasses. The tank is then backfilled with a volatile fluid.
      Typically, a freon 11 can be backfilled in the tank, having a boiling
      temperature well below the freezing temperature of water. The tank itself
      should be metallic or of heat conducting material, and, should be nontoxic
      to cattle. Additionally, the particular gas or liquid or fluid used in the
      tank should be nontoxic to prevent injury to the animals in the case of
      leakage from the tank. The quantity of the fluid in the tank may vary, but
      it has been found that a typical 12-inch diameter butane tank functions
      suitably when filled with 1 to 2 pounds of freon 11. Other types of
      volatile fluids such as other types of freon, such as freon 22, freon 12,
      freon 11, or propane, ammonia, or other such fluid, or, in general, any
      fluorocarbon refrigerant, can be equally advantageously employed to serve
      as the volatile fluid. The main requirement of the volatile fluid
      employed, as above described, is that it be capable of transferring heat
      in the range of the freezing temperature of water. Thus, any fluid having
      a boiling temperature below zero degrees centigrade and having a critical
      temperature well below zero degrees centigrade can be used.
PAR  In applications in which more extreme temperatures are encountered, and in
      which thicker ice levels are likely to form upon the water surface, such
      as shown by the thicker ice layer 15' in FIG. 4, a collar of thermal
      insulation can be employed. Thus, with reference to the tank 17, a collar
      60 is used. The collar 60, shown partially cut away, is of doughnut shaped
      cross-section, of insulating material 62, and is sandwiched between metal
      retaining sheets 63 and 64. The insulating collar 60 serves to reduce the
      heat losses from the heat pipe tank 18 to the adjacent ice 15'. Thus, the
      heat given off from the top of the tank 18 is injected directly into the
      annulus between the tank 18 and the inner sheet 64 of the insulating
      sandwich 60. Similarly, an insulating sandwich 70 surrounds the heat pipe
      tank 50 which controls the fill valve 55 therebeneath. Thus, in more
      extreme environments, using the insulating sandwich cylinder around the
      heat pipe tanks enables the tanks to prevent icing over larger temperature
      ranges. It can be seen that the heat pipe tank assembly 17 effectively
      provides a fountain at which unfrozen water is made available, practically
      without regard to the freezing temperatures.
PAR  Desirably, the collar 60 is of length less than the length of the tank 18
      it surrounds. This allows a greater source of heat to the bottom portion
      of the tank 18 to be transported to the surface by the contained volatile
      fluid and vapor.
PAR  The sandwiches of insulating material 60 can, of course, be formed in other
      ways, which will be obvious to those skilled in the art, for example, by
      replacing the inner and outer sheets 63 and 64 with retaining rings, or
      other such configuration of parts.
PAR  Heat losses adjacent the heat pipe tanks can be provided in still other
      ways. For example, as shown in FIGS. 5 and 6, planar insulating sandwiches
      80 can be floated on the surface of the water 14. Holes 82-86 are provided
      at spaced intervals each to receive a respective heat pipe tank 17--17"'.
      As shown more particularly in FIG. 5, the sandwich 80 includes a planar
      layer 89 of thermal insulation such as styrofoam or the like, emplaced
      between two metal plates 87 and 88. The edges of the sandwich at which the
      insulation 89 is exposed, such as around the circumference of the
      sandwich, along the dividing line separating the halves of the sandwich,
      and around the various holes 82-86 are enclosed with a U-shaped channel
      90, appropriately formed to conform with the contours of the sandwich
      along the respective edges. The purpose of the U-shaped channels 90 is to
      prevent the water 14 from entering the sandwich between the metal layers
      87 and 88, and to prevent the insulation material from being accessible to
      the stock.
PAR  The sandwich 80 can be made, as shown in FIG. 6, to be conveniently
      emplaceable on the water surface in a circular shaped tank 11 by forming
      it of two semi-circular halves 92 and 93. Other convenient shapes can
      easily be devised to ease the handling and transportation problems as may
      be encountered in providing such insulating sandwich cover for individual
      stock tanks.
PAR  With the insulation sandwich 80 thus emplaced, the water in the tank 11
      will not freeze over the surface portions thereof covered by the
      insulation sandwich. The respective heat pipe tanks 17--17"' and 50 will
      prevent the water from freezing within the respective holes 84-86 formed
      through the insulation. Thus, in the wintertime, a stock tank employing
      the plurality of heat pipe tanks and the insulation layer will always have
      accessible unfrozen water available to the cattle, and the water will be
      maintained at the proper fill level.
PAR  The use of the insulation layer 80 has an additional advantage during the
      summertime months in that its use (without the respective heat pipe tanks)
      will restrict the sunlight to the interior of the tank 11. Thus, the
      growth of algae which is ordinarily encountered is retarded. Furthermore,
      because of the insulation layer 80, the temperature of the water 14 within
      the tank 11 will be maintained at an acceptable level.
PAR  Although the invention has been described and illustrated with a certain
      degree of particularity, it is understood that the present disclosure has
      been made only by way of example and that numerous changes in the details
      of construction and the combination and arrangement of parts may be
      resorted to without departing from the spirit and the scope of the
      invention as hereinafter claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for preventing ice from forming on a surface of a body of
      water, comprising:
PA1  a heat conducting tank to float in said water with a top portion adjacent
      said surface, and
PA1  a fluid only partially filling said tank,
PA1  said fluid having a boiling temperature less than zero degrees centigrade
      to produce a vapor of said fluid within said tank when said tank is in
      said water to carry heat from a warmer lower portion of said tank to a
      cooler upper portion of said tank, to prevent ice from forming adjacent
      said upper portion,
PA1  said tank having sides extending smoothly and continuously essentially
      vertically downward to the warmer lower portion of said water, whereby
      said tank remains movable if ice forms in said water.
NUM  2.
PAR  2. The apparatus from claim 1 wherein said fluid is a fluorocarbon
      refrigerant.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said fluid is selected from the group
      consisting of freon 22, freon 12 and freon 11.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said tank is of dimensions
      approximately 1 foot in length and 1 foot in diameter.
NUM  5.
PAR  5. The apparatus of claim 1 further comprising means carried by said tank
      for ballasting said tank to maintain its position adjacent said surface.
NUM  6.
PAR  6. The apparatus of claim 1 further comprising a weight to rest on a bottom
      surface of said body of water and means for interconnecting said weight
      and said tank to maintain its location in said body of water.
NUM  7.
PAR  7. A fountain for providing stock access to water under water freezing
      conditions, comprising:
PA1  a tank having dimensions of approximately one foot in diameter and one foot
      in length, and of heat conducting material for placement in the water,
PA1  means carried by said tank for ballasting said tank with an end of said
      tank adjacent the surface of the water,
PA1  a volatile fluid within said tank in a quantity of about one tenth of the
      volume of said tank,
PA1  said volatile fluid having boiling and critical temperatures below the
      freezing temperature of the water,
PA1  whereby said volatile fluid is vaporized by the heat of the warmer water
      adjacent the tank away from the surface and is condensed by giving up its
      heat to the cooler water adjacent the tank adjacent the surface to retard
      its freezing,
PA1  thermal insulating collar means surrounding said tank, said collar means
      being of length less than the length of said tank, and of diameter larger
      than said tank to enable said tank to freely float therewithin, to contain
      the heat given up by the condensing volatile fluid to within said collar,
      and,
PA1  means for ballasting said collar means to float with a portion thereof
      above the surface of the water, whereby the tank can be displaced by the
      stock for access to the water within said collar.
NUM  8.
PAR  8. The fountain of claim 7 further comprising a weight and means
      interconnecting said weight and said tank to maintain the position of said
      tank.
NUM  9.
PAR  9. The fountain of claim 7 wherein said collar comprises a cylinder of
      insulation material.
NUM  10.
PAR  10. The fountain of claim 7 wherein said ballast means for said collar
      comprises a layer of metal material encasing said insulation material on
      at least two sides thereof.
NUM  11.
PAR  11. The fountain of claim 7 wherein said volatile fluid is selected from
      the group consisting of freon 22, freon 11, and freon 12.
NUM  12.
PAR  12. The fountain of claim 7 wherein said collar comprises a planar sheet of
      insulation floated on the surface of said water having a hole therethrough
      within which said tank is located.
NUM  13.
PAR  13. Apparatus for controlling a submerged fill valve having a control
      handle, within a water tank, in all weather conditions, including freezing
      temperatures, comprising:
PA1  a heat distributing tank of heat conducting material to float in said water
      tank, said tank having smooth and continuous essentially vertical sides
      extending from a top water surface to a warmer lower region of the water,
PA1  a volatile fluid in said distributing tank having a boiling temperature
      less than zero degrees centigrade to produce a vapor in said distributing
      tank when said distributing tank is in said water tank, to carry heat from
      the warmer lower portion of said distributing tank to an upper portion of
      said distributing tank, to prevent ice from forming adjacent said upper
      portion in freezing temperature conditions, whereby said tank is movable
      and buoyant in said water in all weather conditions, and
PA1  means interconnecting the control handle of said fill valve and said
      distributing tank, whereby the upward buoyant force of said distributing
      tank acts on said control handle to turn off said fill valve when said
      water tank is full.
NUM  14.
PAR  14. The apparatus of claim 13 further comprising an insulating collar
      surrounding said distributing tank within which said distributing tank is
      free to move for reducing heat losses adjacent said distributing tank.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said insulating collar is of
      cylindrical shape coaxially surrounding at least the upper portion of said
      distributing tank.
NUM  16.
PAR  16. The apparatus of claim 14 wherein said collar is a planar sheet of
      insulation material floated on the surface of the water in said water tank
      and having a hole therethrough within which said distributing tank floats.
NUM  17.
PAR  17. The apparatus of claim 13 wherein said volatile fluid is selected from
      the group consisting of freon 22, freon 12, and freon 11.
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ABST
PAL  A waste unit adaptable for detachable mounting to the rear door of a horse
      trailer for catching and containing the droppings of a horse being
      transported in the trailer. The unit is formed of two open containers
      joined by U-shaped straps that fit over the top of a trailer door to fit
      the device on both sides of the attached trailer door.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention is a waste unit adaptable for detachable mounting to the rear
      door of a horse trailer for catching and containing the droppings of a
      horse being transported in the trailer. The unit is formed of two open
      containers joined by U-shaped straps that fit over the top of a trailer
      door to fit the device on both sides of the attached trailer door.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a side view in elevation of the invention in use;
PAR  FIG. 2 is a perspective view of the invention;
PAR  FIG. 3 is a side view of an alternate embodiment of the invention; and
PAR  FIG. 4 is a detail side sectional view of the adjustable fastener bolt.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1,
      2 and 4 show the Horse Waste Unit 10 which is hung over the top of the
      rear door 11 of a horse trailer 12 to keep the trailer clean while
      transporting a horse 13.
PAR  The waste unit 10 is in the form of a pair of open flexible plastic
      containers 20 and 21, each joined to a parallel leg 36A and 36B of a pair
      of U-shape straps 22 by thumb nuts 23 and screws 24 so that each container
      may be located at the desired height on the straps 22.
PAR  Both containers are formed with a flat end wall 31 and 32 that rests
      adjacent to an attached door side, with the opposed end wall 34 of the
      inside container 20 lying in a plane inclined to the flat end wall 31 so
      as to provide minimum interference with the rear hooves of a horse 13 in
      the trailer stall.
PAR  The inside container 20 and attached strap legs 36A may be deeper than the
      external container 21 and attached strap leg 36B.
PAR  If desired, only an inside container 20 may be mounted to the straps 22, as
      shown in FIG. 3.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrated and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by letters patent of the United States is:
NUM  1.
PAR  1. An attachable waste catcher unit that may be detachably mounted over the
      top of the door of a horse stall of a trailer comprising
PA1  An open flexible inside container, and an open flexible outside container,
      each joined to parallel legs of a pair of spaced U-shaped strap members,
      that are shaped to fit over the top edge of a horse stall trailer door
      said containers being made of a plastic material whereby each container
      maintains a flexible opening to receive waste and said inside container
      has a downwardly tapered wall means.
NUM  2.
PAR  2. The combination as recited in claim 1 in which each container is mounted
      by screws to the strap leg, with a plurality of mounting holes located on
      each strap leg to provide for independent adjustment of the height of each
      container to the top of the strap legs.
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ABST
PAL  An air-flow metering device for a fuel injection system of an internal
      combustion engine comprises a blade means installed in an intake pipe of
      the engine and turned by the air flowing therethrough, a blade turn
      detecting means and an air passing means for changing the air passing area
      thereof in combination with the blade means in accordance with the turning
      of the blade means, thereby to supply optimum air flow into the engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an air-flow metering device for a fuel injection
      system of an internal combustion engine, which meters the amount of the
      air flowing into the engine to precisely determine the corresponding
      amount of the fuel, thereby to supply optimum air-fuel mixture into the
      engine.
PAR  In a conventional air-flow metering device, a flap or a wind wheel is
      installed in the intake pipe, in which the inclination of the flap or the
      revolution of the wheel is taken as the representation of the air flowing
      into the engine, thereby to determine the amount of the fuel to be
      injected. However these conventional devices have some drawbacks, which
      are explained as follows. In case of installing the flap, as the flap is
      responsive to the vacuum pressure difference produced between the upstream
      and the down stream of the flap, when the throttle valve is opened widely,
      it is affected by the fluctuation of suction pressure of the engine.
      Further a check valve is required to protect the flap from engine back
      fire. Furthermore since the inclination is not proportioned to the amount
      of the air flow, a potentiometer is requried to provide complex
      characteristics to get a precisely correct signal with resultant high
      cost. On the other hand, in the case of an installed the wind wheel, it
      may be rotated excessively by its own inertia thereby to result in bad
      response, when the air velocity goes down rapidly. Further, as it produces
      an AC signal, it necessitates a D-A converter to get an analog signal
      representing the air flow, resulting in high cost.
PAC  SUMMARY OF THE INVENTION
PAR  With a view to overcoming the problems described above, it is a primary
      object of the present invention to provide an improved air-flow metering
      device which can easily obtain an electric signal representing the precise
      amount of the air flow with high response characteristic but without high
      cost, a potentiometer of complex construction and a check valve for
      preventing back fire. Another object of the present invention is to
      provide an air-flow metering device which comprises a blade means, a blade
      turn detecting means connected with the blade means, and an air passing
      means for changing the air passing area in accordance with the turning of
      the blade means.
PAR  The above and other objects, features and advantages of the present
      invention will be apparent from the following detailed description of a
      preferred embodiment thereof taken in conjunction with the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a schematic illustration of an internal combustion engine
      which includes an air-flow metering device for a fuel injection system
      according to the present invention.
PAR  FIG. 2 shows an enlarged cross-sectional view of the air-flow metering
      device of the present invention.
PAR  FIG. 3 shows a cross-sectional view taken along the line A--A of FIG. 2.
PAR  FIG. 4 shows a front view of a blade means shown in FIG. 2.
PAR  FIG. 5 shows a front view of a disk shown in FIG. 2.
PAR  FIG. 6 shows a circuit diagram of a control unit shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, numeral 1 designates an air cleaner, 2 an intake pipe,
      3 an engine, 4 a throttle valve mounted in the intake pipe to co-operate
      with an accelerator 5, 6 a fuel tunk, 7 a fuel pump. Numerals 8 designate
      fuel injectors injecting the fuel coming through a pressure regulator 9
      and a fuel pipe 10 by the fuel pump 7 into the engine 3. The fuel
      injectors 8 inject to supply the fuel in response to the operation of the
      needle valves 12 which are actuated by the solenoids 11. Numeral 13
      designates a control unit which produces the fuel injection signal applied
      to the solenoids 11 of the injectors 8 in accordance with the signals from
      a crank shaft turning angle detector 14 and an air-flow metering device 15
      thereby to supply optimum fuel into the engine 3.
PAR  Next, the air-flow metering device 15 will be explained referring to FIGS.
      2 to 5. Numeral 19 designates a retaining member fixedly installed in the
      intake pipe 2 with ribs 19a to support a shaft 18 therein rotatably
      through bearings 18a. Numeral 20 designates a balance spring having one
      end fixed to an end of the shaft 18 and the other fixed to the retaining
      member 19. Numeral 21 designates a sliding arm fixed on the same end of
      the shaft 18 as said balance spring. Numeral 22 designates an arcuate
      variable resistor fixed on the retaining member 19. The sliding arm 21
      slides on the variable resistor 22 with turning of the shaft 18. Numeral
      16 designates a blade means fixed on the other end of the shaft 18, which
      has a plurality of radial blades 17 which extend outwardly and are
      arranged to dispose at a suitable angle of attack with regard to the
      stream line of the air and a metering plate 24 having cut-off portions 25
      to control the air flow. This blade means 16 is turned around the shaft 18
      by the lifting force produced by the air flow. Numeral 26 designates a
      disk secured in the intake pipe 2 adjacent the metering plate 24. The disk
      26 has an aperture 26a which forms air passages 23 in combination with the
      cut-off portions 25 to pass the air therethrough into the engine.
PAR  The operation of above described embodiment is as follows. When the engine
      3 is started, the air is sucked through the intake pipe 2 into the engine
      3, which partially passes the intervening open area 16a between the
      neighboring blades 17 to produce the lifting force at the blades 17. As
      the result, the blade means 16 is turned some degree around the shaft 18
      until the lifting force balances the biasing force of the balance spring
      20 to make the sliding arm 21 slide on the variable resistor 22. Thus, the
      optimum amount of the air flows into the engine 3 through the air passages
      23 and also the electric signal representing the precise amount of the air
      can be obtained.
PAR  In the above construction, if the lifting force of the blades 17 is
      represented by "L," the velocity of the air is represented by "V" and the
      density of the air is represented by ".rho.," the relationship thereof can
      be expressed as;
EQU  L.alpha..rho.V.sup.2 ........                              (1)
PAL  on the other hand, if the spring constant of the balance spring 20 and the
      angular displacement of the blade means 16 or shaft 18 are respectively
      represented by K and .phi., the following formula can be obtained.
EQU  L.alpha.K.phi. ........                                    (2)
PAL  furthermore, if the weight flow rate of the air is expressed as G and the
      area of the air passages 23 is represented by "A" when the angular
      displacement of the blade means 16 is .phi., the following formula can be
      obtained.
      ##EQU1##
      From the above (1), (2) and (3) formulas, the next can be obtained.
      ##EQU2##
      Therefore, if the relationship between the area "A" of the air passages 23
      and the angular displacement ".phi." of the blade means 16 is made to be
      formulated as A .alpha..sqroot..phi. the formula (4) can be expressed by
      the following;
      ##EQU3##
      From the above, it has become clear that the angular displacement .phi. of
      the blade means 16 is proportioned to the air flow, that is weight flow
      rate G, so that the variable resistor 22 changes its resistance in
      proportion to the change of the weight flow rate G. Thus, the voltage
      signal representing the weight flow rate G is applied to the control unit
      13 from the variable resistor 22 to supply the optimum fuel corresponding
      to the air flow into the engine 3 through the fuel injectors 8.
PAR  Referring to FIG. 6 showing the electric circuit of the control unit 13,
      the foregoing variable resistor 22 is connected with minus terminal of the
      battery at one end, grounded at the other end and connected with the
      terminal 22a at the end of its sliding arm 21. The control unit 13
      comprises transistors 13a, 13b and 13c, an R-S flip-flop 13d,  a level
      changing comparator 13e, an integrator 13f, a comparator 13g, a NAND gate
      13h, inverters 13i and 13j, an AND gate 13k and an amplifier 131. The
      crank shaft turning angle detector 14 which comprises a cam 14a and
      contact points 14b and 14c sets or resets the R-S flip-flop 13d. The
      amplifier 131 which comprises two transistors connected in darlington
      circuit amplifies the injection pulse emitted from the AND gate 13k to
      energize the solenoids 11 of the fuel injectors 8 to inject the fuel. The
      integrator 13f integrates the output voltage signal of the air-flow
      metering device 15 during the time corresponding to the angular
      displacement of the crank shaft from 0.degree. to 180.degree. thereby
      producing the output voltage proportional to the amount of the air flow of
      one engine cycle. The integrated voltage is then discharged at a constant
      discharging rate during the time corresponding to the angular displacement
      of the crank shaft from 180.degree. to 360.degree., in which the time
      period from the beginning of the discharge to the end is proportioned to
      the integrated voltage and is utilized as the injection period. As the
      4-cycle engine completes its full cycle during the period corresponding to
      the crank angle displacement from 0.degree. to 720.degree., the second
      injection pulse is produced in the control unit 13 in this embodiment in
      the period corresponding to the crank angle displacement from 360.degree.
      to 720.degree..
PAR  Further, it is possible to use a photo electric device instead of the
      variable resistor 22 and sliding arm 21 such a device comprising a lamp, a
      photo-semiconductor and an interrupting plate interposed therebetween to
      interrupt the light reaching the photo-semiconductor according to the turn
      of the blade means 16. Furthermore a variable condenser and variable coil
      are also available as the turn detecting means in combination with an
      alternating current generator. In the above embodiment, when the back fire
      takes place, the combustion gas flows out of the air passages 23 without
      harming the intake apparatus, such as an air cleaner or a throttle valve.
      Thus no check valve for the back fire is necessary.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An air-flow metering device for a fuel injection system of an internal
      combustion engine comprising;
PA1  a retaining member fixed in an intake pipe of the engine so as not to
      interrupt air flowing therethrough into the engine,
PA1  a shaft rotatably supported by said retaining member,
PA1  a plurality of radial blades fixed to said shaft in said intake pipe, said
      blades having an angle of attack against a stream line of air flowing
      through said pipe so as to be turned by the lifting force produced by said
      air impinging on the blades,
PA1  a metering plate fixed to said blades to extend outwardly therefrom, said
      plate having at least one cut-off portion and being adapted to turn as
      said blades turn;
PA1  a disk fixed in said intake pipe adjacent said metering plate, said disk
      having at least one aperture therein in cooperative relationship with said
      cut-off portion for forming at least one air passage to said engine, said
      cut-off portion changing the cross sectional area of said air passage as
      the metering plate turns, and
PA1  an electric turn detecting means connected with said shaft for converting
      the turn of said shaft into an electric signal.
NUM  2.
PAR  2. An air-flow metering device for a fuel injection system as claimed in
      claim 1, wherein,
PA1  said electric turn detecting means comprises a variable resistor secured to
      said intake pipe and a sliding arm secured to said shaft to slide on said
      variable resistor as said shaft rotates thereby changing the resistance of
      said variable resistor.
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PAL  An injector for delivering fuel to at least one atomizer of a combustion
      engine comprises at least one pump communicating with the atomizer and
      control-means depending upon the pressure in the inlet manifold of the
      combustion engine for regulating the quantity of fuel to be atomized by
      the atomizer.
PAL  The invention has for its object to avoid, in the decelerating state of the
      combustion engine, environmentally polluting constituents in the exhaust
      gases of the combustion engine and to prevent spoiling of fuel.
PAL  This is achieved by providing the control-means with a switch for stopping
      the pump when the pressure in the inlet manifold drops below a given
      value. Soon after the decelerating state of the combustion engine is
      realized, this injector does no longer supply any fuel.
BSUM
PAR  The invention relates to an injector for delivering fuel to at least one
      atomizer of a combustion engine comprising at least one pump communicating
      with the atomizer and control-means depending upon the pressure in the
      inlet manifold of the combustion engine for regulating the quantity of
      fuel to be atomized by the atomizer.
PAR  Such an injector is known. The control-means regulate the quantity of fuel
      in dependence upon the power to be supplied by the combustion engine. When
      the combustion engine is decelerated, the quantity of fuel pumped towards
      the atomizer is small because a fuel valve is then closed. Until the
      instant of complete closure of said valve there is a period in which still
      a small supply of fuel is fed to the atomizer. A small quantity of fuel
      cannot be satisfactorily atomized so that when the prior art injector is
      employed the combustion of the imperfectly atomized fuel is incomplete and
      a considerable content of, for example, CH-compounds and/or CO polluting
      the environments is found in the exhaust gases of the combustion engine.
PAR  The invention has for its object to avoid, in the decelerating state of the
      combustion engine, environmentally polluting constituents in the exhaust
      gases of the combustion engine and to prevent spoiling of fuel.
PAR  This is achieved by providing the control-means with a switch for stopping
      the pump when the pressure in the inlet manifold drops below a given
      value. Soon after the decelerating state of the combustion engine is
      realized, this injector does no longer supply any fuel. In this way
      inadequate combustion in the decelerating state of the combustion engine
      is avoided with certainty.
PAR  In order to cause the switch to respond immediately to a drop of pressure
      in the inlet manifold below a predetermined minimum value the switch is
      preferably actuated by means of a barrel-shaped piston in a cylinder to be
      connected with the air inlet manifold of a combustion engine. This piston
      is preferably subjected via a central ball to the force of a resetting
      spring.
PAR  With this injector frictional resistance between the piston and the
      cylinder due to scraping of the piston is avoided.
PAR  The invention provides furthermore a combustion engine comprising an
      injector embodying the invention.
DRWD
PAR  The aforesaid and further features of the invention will be described more
      fully hereinafter with reference to a drawing.
PAR  In the drawing:
PAR  FIG. 1 is a plan view, partly broken away, of a preferred embodiment of an
      injector in accordance with the invention,
PAR  FIG. 2 is a sectional view taken on the line II--II in FIG. 1 with a
      schematically shown connection with a combustion engine,
PAR  FIG. 3 is a sectional view taken on the line III--III in FIG. 1,
PAR  FIG. 4 shows, on an enlarged scale, an atomizer and
PAR  FIG. 5 is a circuit diagram of an electronic circuitry.
DETD
PAR  Two pairs of electro-magnets 2 are fastened by means of bolts 6 to a
      mounting plate 1. Each of the electro-magnets 2 comprises a core 10 formed
      by a stack of magnet plates 23 and 24 and an energizing coil 14
      surrounding said core 10. Between each pair of alternately energized
      magnets 2 is pivotally arranged a sheet-like armature 18. Each armature 18
      is pivotally connected at one end 4 with projecting ears 37 of the magnet
      plates 23 of each of the pair of electro-magnets 2 by means of an elastic
      coupling formed by a ring 38 of elastic material, for example, a
      superpolyamide. Since the ring 38 is lodged in a recess with a clearance S
      of, for example, 0.2 mm, the armature 38 is slightly displaceable in its
      direction of length. At the free end 5 each armature 18 is provided with a
      cross-like coupling member 20, with which are connected two displacer
      bodies 22 of two fuel pumps 32. The stroke of the displacer bodies is
      determined by adjustable control-means arranged on either side of the
      coupling members 20 and formed by two wedges 26 and 33. Each pump 32
      comprises a pump chamber 29 communicating via an inlet valve 39 with a
      fuel inlet 27 and via an outlet valve 41 with a fuel delivery duct 28
      leading to an atomizer 30 of a combustion engine 31.
PAR  Into each pump housing 42 is pressed a hard-steel cylinder 59 with heavy
      compression fit. Afterwards the front face 60 of the cylinder 59 and of
      the pump housing 42 is ground to flatness. The pump housings 42 are
      disposed pairwise coaxially opposite one another and are held at a
      distance t  from one another by means of connecting means. These
      connecting means are formed by fitting pins 61 and bolts 62 securing the
      pump housings 42 rigidly to the mounting plate 1. By means of the fitting
      pins 61 the front faces 60 are held in accurate parallel relationship.
PAR  The displacement volume of each fuel pump 32 is determined by the stroke of
      the coupling member 20, which is adapted to reciprocate by means of an arm
      79 between the wedges 26 and 33.
PAR  Two blocks of housings 69 comprise each two joined pump housings 42,
      between which wedges 26 and 33 are arranged, which serve as common
      control-means for each of the pumps 32. The distance t and the coupling
      members 20 are small so that inaccuracies in pump outputs due to
      deformation of coupling members and/or due to mounting tolerances are
      slight.
PAR  A fourth arm 70 is provided with guide surfaces 71, which co-operate with
      the armature 18 in order to avoid tilting of the coupling member 20.
PAR  Each atomizer 30 comprises a needle 7, a conical end 21 of which is
      sealingly drawn to the seat 9 by a strong spring 8. Said end 21 is urged
      away from the seat 9 against the action of the spring 8 at a high pressure
      of fuel in a chamber 11 communicating with the fuel duct 28 and through a
      chamber 19 communicating herewith through a perforated collar 12 (see FIG.
      4).
PAR  Each electro-magnet 2 is controlled by a circuitry 17 shown schematically
      in FIG. 5. The transistors TR.sub.1 and TR.sub.2 together with the
      associated resistors R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 and
      the capacitor C constitute a monostable multivibrator. The resistor
      R.sub.1 and the capacitor C determine the time constant. The collector
      output of the transistor TR.sub.2 constitutes through the resistor R.sub.4
      the input of the transistor TR.sub.3, which serves as an amplifier for the
      current to be passed through the coil L.sub.1 of the electro-magnet 2.
      Across the coil L.sub.1 is connected a quenching diode D.sub.1. To the
      imput terminals K.sub.1 and K.sub.2 is connected a supply source 35,
      whereas the input K.sub.3 serves for the supply of a control-pulse which
      may originate from a pulse generator 34 coupled with the engine 31. The
      pulse generator 34 may be coupled with a cam shaft 13 of the combustion
      engine 31 and comprises a rotatable contact 15, which alternately engages
      one of the four contacts 16a, 16b, 16c and 16d for energizing sequentially
      the electro-magnets 2a, 2b, 2c and 2d. Each of said four contacts 16a,
      16b, 16c and 16d is connected to an input terminal K.sub.3 of the
      circuitry 17. In this way an atomizer 30 injects the fuel required for
      each combustion cylinder at the required instant in each cycle of the
      combustion engine 31. The order of succession of energization of the
      electro-magnets 2a and 2d is chosen so that in each cycle each of the
      wedges 26 and 33 is momentarily released from a coupling member 20 so that
      they can be displaced each with a slight force.
PAR  FIG. 3 illustrates the drive of the wedge 26 by means of a barrel-shaped
      piston 80 of a cylinder 73 communicating with the air inlet manifold 72 of
      the combustion engine 31.
PAR  A reset spring 74 engages centrally the piston 80 via a cup spring 75 and a
      ball 76. Frictional resistance due to scraping of the piston 80 is thus
      prevented from delaying the adjustment of the wedge 26. The cylinder 73
      has secured to it an electric switch 82, which is actuated by means of a
      rod 83 by the cup-spring 75 of the piston 80, when the pressure in the
      inlet manifold 72 drops below a given value, which may be about 200 mms Hg
      absolute value. The tension of the spring 74 and the switching position of
      the piston 80 indicated by dotted lines in FIG. 3 are chosen accordingly.
      Said given value lies between the pressures of about 250 and 150 mms Hg,
      produced in the inlet manifold 72 in the no-load state (stationary run)
      and with deceleration respectively. At the switching position of the
      piston 80 the wedge 26 is in the minimum position, in which the pumps 32
      deliver the minimum quantity of fuel required for a perfect atomization.
      The switch 82 is arranged between the accumulator 35 and the contact 15 so
      that when the switch 82 is put off, no control-pulses are emitted. The
      other wedge 33 is adjusted by a control-member 77 independently of the
      wedge 26, under the action of other factors such as atmospheric pressure
      or engine temperature. The wedge 33 and the control-member 77 may be
      omitted. In this case the distance t is smaller.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with an internal combustion engine provided with a fuel
      atomizer having a pressure-responsive outlet valve;
PA1  electrically actuated pump means for discharging fuel at intermittent
      intervals and at increasing volumetric rate during each such interval;
PA1  control means for varying the quantity of fuel discharged by said pump
      means during said intervals in accord with operating conditions of the
      engine;
PA1  conduit means connecting said pump means to said atomizer for directing
      fuel discharged by said pump means to said atomizer, said conduit means
      having finite volumetric capacity whereby at some minimum value of the
      quantity of fuel discharged by said pump means as controlled by said
      control means said atomizer can no longer adequately atomize the
      discharged fuel; and
PA1  switch means actuated in consonance with said control means for
      deenergizing said pump means when said pump means would otherwise
      discharge said minimum value quantity of fuel.
NUM  2.
PAR  2. In the combination defined in claim 1 wherein said control means
      includes an adjustable stop and a vacuum-controlled member connected to
      said stop, said engine having an air intake manifold and said
      vacuum-controlled member is connected to said manifold for actuation in
      response to pressure fluctuations therein.
NUM  3.
PAR  3. In the combination defined in claim 2 wherein said switch means is
      actuated by said vacuum-controlled member.
NUM  4.
PAR  4. In the combination defined in claim 3 wherein said vacuum-controlled
      member is in the form of a piston/cylinder assembly, the piston of which
      is barrel-shaped.
NUM  5.
PAR  5. In the combination defined in claim 4 wherein said stop is in the form
      of a wedge.
NUM  6.
PAR  6. In the combination defined in claim 2 wherein said vacuum-controlled
      member is in the form of a piston/cylinder assembly, the piston of which
      is barrel-shaped.
NUM  7.
PAR  7. In the combination defined in claim 6 wherein said stop is in the form
      of a wedge.
NUM  8.
PAR  8. In the combination defined in claim 1 wherein said pump means includes a
      variable volume fluid chamber and a movable member for varying the volume
      of said chamber, an armature connected to said movable member, and a pair
      of electromagnets disposed on opposite sides of said armature, and means
      for alternately energizing said electromagnets.
NUM  9.
PAR  9. In the combination defined in claim 8 wherein said control means
      includes an adjustable stop and a vacuum-controlled member connected to
      said stop, said engine having an air intake manifold and said
      vacuum-controlled member is connected to said manifold for actuation in
      response to pressure fluctuations therein.
NUM  10.
PAR  10. In the combination defined in claim 9 wherein said switch means is
      actuated by said vacuum-controlled member.
NUM  11.
PAR  11. In the combination defined in claim 10 wherein said vacuum-controlled
      member is in the form of a piston/cylinder assembly, the piston of which
      is barrel-shaped.
NUM  12.
PAR  12. In the combination defined in claim 11 wherein said stop is in the form
      of a wedge.
NUM  13.
PAR  13. In the combination defined in claim 9 wherein said vacuum-controlled
      member is in the form of a piston/cylinder assembly, the piston of which
      is barrel-shaped.
NUM  14.
PAR  14. In the combination defined in claim 13 wherein said stop is in the form
      of a wedge.
NUM  15.
PAR  15. In the combination defined in claim 8 wherein said control means
      comprises a pair of stops disposed on opposite sides of said armature, one
      of said stops being in the form of a wedge and being axially movable, said
      engine having an air intake manifold and said control means being in the
      form of a piston/cylinder assembly connected to said intake manifold for
      actuation thereby and said piston being connected to said wedge axially to
      move same.
NUM  16.
PAR  16. In the combination as defined in claim 15 wherein said switch means is
      actuated by said piston.
NUM  17.
PAR  17. In the combination defined in claim 16 wherein said piston is
      barrel-shaped.
PATN
WKU  039438937
SRC  5
APN  5013003
APT  1
ART  342
APD  19740828
TTL  Fluid coupling for an internal combustion engine
ISD  19760316
NCL  4
ECL  3
EXA  O'Connor; Daniel J.
EXP  Myhre; Charles J.
NDR  3
NFG  5
INVT
NAM  Tsubaki; Yousuke
CTY  Toyota
CNT  JA
INVT
NAM  Nakakubo; Tamio
CTY  Toyota
CNT  JA
ASSG
NAM  Toyota Jidosha Kogyo Kabushiki Kaisha
CTY  Toyota
CNT  JA
COD  03
PRIR
CNT  JA
APD  19740430
APN  49-47623
CLAS
OCL  123 4112
XCL  123 4111
XCL  123 4165
XCL  192 58B
EDF  2
ICL  F01P  702
FSC  123
FSS  41.11;41.12;41.65
FSC   64
FSS  26
FSC  192
FSS  58 B;82 T;103 C
UREF
PNO  3159254
ISD  19641200
NAM  Weir
OCL  192 58B
UREF
PNO  3648811
ISD  19720300
NAM  LaFlame
OCL  192 58B
UREF
PNO  3690428
ISD  19720900
NAM  LaFlame
OCL  192 58B
UREF
PNO  3840101
ISD  19741000
NAM  Peter
OCL  192 58B
LREP
FRM  Lane, Aitken, Dunner & Ziems
ABST
PAL  A coupling assembly for operatively connecting an output shaft of an
      internal combustion engine to a member associated with the engine such as
      a cooling fan, in which a rotor is fixed to the output shaft and a first
      casing is fixed relative to the member associated with the engine and
      surrounds the rotor. A first reservoir is defined within the first casing
      and contains a coupling fluid for transferring the torque of the rotor to
      the casing. A second casing is fixed to the first casing and defines a
      second reservoir for the fluid, with the second casing having a plurality
      of openings formed therethrough for permitting the fluid to pass from the
      first reservoir to the second reservoir to reduce the amount of torque
      transferred from the rotor to the first casing. An inertia valve is
      responsive to angular acceleration of the rotor and selectively controls
      the amount of fluid passing through the openings and thus the amount of
      torque transferred.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a coupling assembly for an internal combustion
      engine and, more particularly, to an assembly for affecting a fluid
      coupling between the output shaft of the engine and a cooling fan for the
      engine.
PAR  Cooling fans have long been used for cooling internal combustion engines.
      In some arrangements of this type, the cooling fan is driven by a pulley
      or the like which is directly connected to the main output shaft of the
      engine. As a result, the angular velocity of the fan increases in direct
      proportion to the increase in engine speed. Since the intensity of sound
      produced by the fan is in proportion to the sixth power of its velocity,
      it can be appreciated that the noise generated by the fan can reach very
      loud levels with corresponding increases in the engine speed.
PAR  It has been suggested to employ a fluid coupling between the engine output
      shaft and the fan in order to suppress the proportional increases in the
      fan velocity after a predetermined engine speed has been achieved in order
      to minimize the noise generated by the fan. However, in these
      arrangements, the fan velocity and resultant noise are reduced only during
      normal operation of the engine and are not reduced if the engine rotation
      is rapidly accelerated.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a coupling
      assembly between an engine output shaft and its cooling fan in which the
      fan velocity, and therefore its resultant noise, is minimized both in the
      normal operation of the engine and when the engine is rapidly accelerated.
PAR  It is a further object of the present invention to provide a coupling
      assembly of the above type in which the velocity of the cooling fan does
      not increase over a certain value even though the engine output torque is
      abruptly accelerated.
PAR  It is a more specific object of the present invention to provide a coupling
      assembly of the above type which converts the rotating torque of a rotor
      fixed to the output shaft of the engine into a rotational torque of an
      output casing to which a cooling fan is attached.
PAR  Toward the fulfillment of these and other objects, the coupling assembly of
      the present invention comprises a rotor fixed to the output shaft of an
      internal combustion engine, a first casing fixed to the cooling fan,
      surrounding said rotor and defining a first reservoir, a coupling fluid
      disposed in said reservoir for transferring the torque of said rotor to
      said casing, a second casing fixed to said first casing and defining a
      second reservoir for said fluid, said second casing having a plurality of
      openings formed therethrough for permitting said fluid to pass from said
      first reservoir to said second reservoir to reduce the amount of torque
      transferred from said rotor to said casing, and means responsive to an
      accelerated rotation of said rotor for selectively controlling the amount
      of fluid passing through said openings and thus controlling the amount of
      said torque transferred.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of an internal combustion engine
      connected to a cooling fan by the coupling assembly of the present
      invention;
PAR  FIG. 2 is a diagram showing comparative characteristic curves of a
      conventional coupling assembly of the above type when compared to the
      coupling assembly of the present invention;
PAR  FIG. 3 is a vertical cross-sectional view depicting the fluid coupling
      assembly of the present invention;
PAR  FIG. 4 is a partial cross-sectional view taken along the line a--a of FIG.
      3; and
PAR  FIG. 5 is an enlarged partial view of the assembly of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring specifically to FIG. 1, the reference numeral 1 refers to general
      to an internal combustion engine, and the reference numeral 2 to the
      coupling assembly of the present invention which connects the output shaft
      of the engine to a cooling fan 3.
PAR  In order to appreciate the features of the present invention, reference is
      made to FIG. 2 which depicts the operational curves achieved according to
      the coupling assembly of the present invention when compared to those of
      the prior art. In particular, the horizontal axis depicts the pulley
      velocity, or the angular velocity of the engine output shaft, while the
      vertical axis depicts the angular velocity of the fan. The curve
      designated by the reference numeral I refers to a prior art arrangement in
      which the pulley is directly connected to the shaft of the cooling fan,
      with the pulley velocity and the fan velocity thus increasing to direct
      proportion, resulting in a straight line curve.
PAR  Curve II refers to an arrangement in which a conventional fluid coupling is
      provided between the pulley and the shaft of the cooling fan, in which the
      cooling fan velocity does not increase over a predetermined velocity even
      though the pulley velocity continues increasing during normal operation of
      the engine. However, the arrangement depicted by curve II changes when the
      engine rotation is accelerated rapidly, resulting in the curve shown by
      the reference numeral III. In this curve, the reduction of the fan
      velocity over a certain velocity in response to increases in pulley
      velocity is not effective when the engine rotation is rapidly accelerated,
      since it is apparent from the latter curve that the fan velocity increases
      substantially proportionally to the pulley velocity under these
      conditions.
PAR  The reference numeral IV refers to the characteristic curve achieved
      according to the present invention which is similar to the curve II
      obtained for a conventional fluid coupling in a normal operation of the
      engine. In particular, according to the arrangement of the present
      invention, the fan velocity does not increase over a certain velocity
      despite continuous increases in pulley velocity even when the pulley
      velocity, or engine rotation, is rapidly accelerated.
PAR  The structural details of the coupling assembly of the present invention
      are shown in FIG. 3. In particular, a rotor 4 is directly connected to the
      output shaft of an engine and is adapted to drive a casing 5 which is
      rotatably mounted relative to the output shaft. To this end, the torque
      generated by the rotor 4 is converted into a torque for the casing 5
      through a fluid, such as oil, which is stored and treated in a manner to
      be described in detail later.
PAR  The casing 5 is fixed to an additional casing 6 and a fan shaft 7 is
      secured in both of the casings 5 and 6. A third casing 9 is directly
      connected to the casing 6 via a plurality of bolts in a conventional
      manner.
PAR  The coupling fluid is disposed in a reservoir defined between the casings 5
      and 6. A plurality of holes 10 extend through the casing 6 and communicate
      with a reservoir 11 defined between the casing 6 and the casing 9 to
      permit the flow of oil from the reservoir defined between the casings 5
      and 6 to the reservoir 11.
PAR  As better shown in FIGS. 4 and 5, an inertia valve 12 is disposed in the
      reservoir 11 and is connected to the casing 6 by a spring 13. A slot 15 is
      provided in the valve 12 which is slidably engaged by a pin 14 fixed to
      the casing 6. This, together with the spring 13, permits a limited
      rotational movement of the valve 12 relative to the casing 6. The valve 12
      is substantially annular in shape, and has a plurality of spaced holes 16
      and slots 17 extending therethrough. The design is such that the holes 16
      and the slots 17 are adapted to fall in and out of alignment with the oil
      holes 10 in the following manner.
PAR  In the normal operation of the engine, the valve 12 is positioned relative
      to the casing 9 as shown in FIG. 5, with the holes 16 in the valve 12 out
      of alignment with the oil holes 10 and with the slots 17 in alignment with
      the oil holes. As a result, upon rotation of the engine output shaft fluid
      passes from the reservoir between the casings 5 and 6 to the reservoir 11
      only through the slots 17. As a result of this relatively small movement
      of fluid between the two reservoirs, the quantity of fluid remaining in
      the reservoir between the casings 5 and 6 is relatively large, which
      results in the relatively large transmittal of torque from the rotor 4 to
      the assembly formed by the casings 5 and 6. Thus, the rotation of the
      casings 5 and 6 and therefore the fan speed increases with increases in
      the speed of the engine output shaft.
PAR  However, when the engine rotation is accelerated, the design is such that
      the valve 12 moves relative to the assembly in response to the angular
      acceleration, causing the slot 15 in the valve 12 to move relative to the
      pin 14. If this angular acceleration is sufficient to move the valve 12
      relative to the casing 6 to the extent that the pin 14 reaches the end of
      the slot, the holes 16 in the valve align with the oil holes 10, and the
      latter holes also align with a different portion of the elongated slots 17
      in the valve. In this position, the quantity of oil passing into the
      reservoir 11 is considerably increased, which reduces the amount of fluid
      in the reservoir between the casings 5 and 6, and therefore reduces the
      torque transmitted between the rotor 4 and the assembly formed by the
      casings 5 and 6. As a result, the speed of the casings 5 and 6 will not
      increase over the predetermined amount set by the movement of the valve
      12, despite the angular acceleration of the engine output shaft. Thus, the
      velocity of the fan attached to the casings 5 and 6 and the resultant
      noise is reduced when compared to that of the prior art arrangements.
PAR  In is noted that the inertia valve 12 of the coupling assembly of the
      present invention is designed to operate independently of any type of
      thermostat or the like used in connection with the coupling fluid. To this
      end, a bimetallic member 19 is mounted on the casing 9 and is adapted to
      sense temperature and rotate a thermal valve 18 which opens and closes an
      additional opening formed through a divider 20 communicating with the
      fluid reservoir 11. In particular, the bimetallic member 19 and the
      thermal valve 18 are connected to a rod 22 rotatably mounted in the casing
      9. The bimetallic member 19 is in a spiral form, with one end being fixed
      on a stay 23 attached to the casing 9 and the other end being connected to
      the rod 22. As temperature rises, the bimetallic member 19 extends thus
      forcing the rod 22 to rotate. As a result, the thermal valve 18 is also
      rotated to expose an opening 21 provided through the divider 20 through
      which oil may circulate back from the reservoir 11 to the reservoir
      between the casings 5 and 6. If the temperature of the bimetallic member
      19 is relatively low, the opening 21 remains closed by the valve 18, thus
      maintaining the oil within the reservoir 11.
PAR  It is understood that several variations may be made in the foregoing
      without departing from the scope of the invention. For example, other
      devices normally associated with an internal combustion engine may be
      driven by the coupling assembly of the present invention.
PAR  Still other variations may be made in the foregoing without departing from
      the scope of the invention as defined by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A coupling assembly comprising a rotor adapted for connection to a
      driving member, a first casing adapted for connection to a member to be
      driven, said first casing surrounding said rotor and cooperating with said
      rotor to define a first reservoir, a coupling fluid disposed in said first
      reservoir for transferring the torque of said rotor to said casing, a
      second casing fixed to said first casing and cooperating with said first
      casing for defining a second reservoir for said fluid, a plurality of
      openings extending through said first casing and communicating said
      reservoirs for permitting said fluid to pass from said first reservoir to
      said second reservoir to reduce the amount of torque transferred from said
      rotor to said first casing, and an inertia valve means connected relative
      to one of said casings and adapted to move relative to said openings in
      response to angular acceleration of said rotor for selectively controlling
      the amount of fluid passing from said first reservoir to said second
      reservoir and thus controlling the amount of said torque transferred, said
      valve means being adapted to attain a normal position relative to said
      first casing in which it blocks at least a portion of said openings, said
      valve having a plurality of openings extending therethrough and being
      adapted to move to another position in which its openings register with
      said openings in said first casing to permit said fluid to pass through
      said openings.
NUM  2.
PAR  2. The assembly of claim 1 further comprising a spring connecting said
      inertia valve to said second casing.
NUM  3.
PAR  3. A coupling assembly comprising a rotor adapted for connection to a
      driving member, a first casing adapted for connection to a member to be
      driven, said first casing surrounding said rotor and cooperating with said
      rotor to define a first reservoir, a coupling fluid disposed in said first
      reservoir for transferring the torque of said rotor to said casing, a
      second casing fixed to said first casing and cooperating with said first
      casing for defining a second reservoir for said fluid, a plurality of
      openings extending through said first casing and communicating said
      reservoirs for permitting said fluid to pass from said first reservoir to
      said second reservoir to reduce the amount of torque transferred from said
      rotor to said first casing, and an annular shaped inertia valve means
      disposed in a coaxial relationship to said rotor, said valve means being
      connected relative to one of said casings and adapted to rotate relative
      to said openings in response to angular acceleration of said rotor for
      selectively controlling the amount of fluid passing from said first
      reservoir to said second reservoir and thus controlling the amount of said
      torque transferred.
NUM  4.
PAR  4. The assembly of claim 3 further comprising a spring connecting said
      inertia valve means to said casing.
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PAL  An internal combustion engine having a plurality of pairs of pistons, each
      piston having a fixed connecting rod operating a ratchet on the crankshaft
      through a crank and pawls. The ratchet for each piston is coplanar with
      the connecting rod, and the two pistons of each pair are interconnected by
      a rocker arm for alternate piston return. Each pair of interconnected
      pistons operates independently of the other pairs so that if any pair is
      stopped through damage, the other pairs will not be affected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  The invention relates to internal combustion engines in which reciprocating
      pistons are connected to a crankshaft by a pawl-and-ratchet arrangement,
      to convert the linear piston movement to rotary motion. The invention is
      particularly applicable to internal combustion engines used in racing cars
      and other types of vehicles where the engine has high performance
      requirements. It is important in such engines that damage to a piston or
      its connected parts which prevents movement of that piston not interfere
      with operation of the undamaged portions of the engines.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a novel and improved internal
      combustion engine with a pawl-and-rachet drive between the pistons and
      crankshaft, in which the ratchets are in the planes of the connecting rods
      and thus act as efficient force-transmitting elements with a minimum of
      unbalanced forces on the parts.
PAR  It is another object to provide an improved internal combustion engine of
      this type in which simple and reliable means are provided for pairing the
      pistons so as to cause the two pistons of each pair to travel alternately
      in their compression strokes. This means is such that each pair of pistons
      will be independent of the others, permitting the engine to continue to
      operate when one pair can no longer reciprocate due to damage.
PAR  In summary, the invention comprises an internal combustion engine in which
      each piston has a fixed connecting rod, a rotatably mounted crankshaft, a
      ratchet on said crankshaft in the plane of the connecting rod, a pawl arm
      rotatably mounted on said crankshaft in the plane of said connecting rod,
      pawls carried by the pawl arm and engageable with the rachet, and a
      pin-and-slot connection between said pawl arm and connecting rod.
PAR  Further, the invention comprises an internal combustion engine having at
      least one pair of side-by-side pistons with parallel movement, connecting
      rods on said pistons, a rotatable crankshaft, ratchets on said crankshaft
      in the planes of said connecting rods, pawl arms rotatably carried by said
      crankshaft and having pawls engageable with said ratchets, means
      connecting said connecting rods to said pawl arms, and means for moving
      each piston of the pair through its compression stroke when the other
      piston is moving through its power stroke, said means comprising a rocker
      arm having a fixed central pivot disposed between said connecting rods,
      and axial slots in said connecting rods, the outer ends of said arm being
      disposed in said slots. The invention contemplates a plurality of such
      pairs of cylinders so that stoppage of any pair due to damage will not
      affect operation of the others.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially schematic side elevational view in cross section
      showing a piston from each of two pairs and the parts which connect them
      to the crankshaft.
PAR  FIG. 2 is an enlarged fragmentary plan view in cross section, with parts
      omitted, taken along the line 2--2 of FIG. 1, of the two pistons of a pair
      showing the rocker arm disposed between their connecting rods.
PAR  FIG. 3 is a fragmentary plan cross-sectional view taken along the line 3--3
      of FIG. 1 and showing the manner in which the pawl arm is rotatably
      mounted on the crankshaft; and
PAR  FIG. 4 is a fragmentary cross-sectional view in elevation taken along the
      line 4--4 of FIG. 3 and showing the pawl-and-ratchet construction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The internal combustion engine is generally indicated at 11 and comprises a
      cylinder block generally indicated at 12. In the figures, conventional
      engine parts have been omitted which are not essential for understanding
      of the present invention. As shown, the block has an oil pan 13, a
      horizontal rotatable crankshaft 14, and a plurality of pairs of pistons, a
      typical pair being indicated generally at 15 in FIG. 2. The pair of
      pistons 15 are slidable in cylinders 16. As illustrated, a second pair of
      pistons is seen partially and indicated generally at 17 in FIG. 1, these
      pistons being slidable in cylinders 18. Cylinders 16 and 18 are shown as
      being in angular relation although this may be varied to suit
      requirements.
PAR  The construction of the pistons in pair 15 and their associated parts is
      illustrative of the other piston pairs. Each piston 19 and 21 of pair 15
      are in side-by-side relation for parallel movement. The engine is shown as
      having a two-stroke cycle, with each piston carrying a plunger 22
      extending through the cylinder head 23 into a fuel injector chamber 24.
      This chamber has a fuel-and-air intake passage 25 with a check valve 26,
      and a passage 27 with a check valve 28 for forcing fuel from injector
      chamber 24 into cylinder 16. Thus, on each down or power stroke the
      fuel-air mixture will be drawn into chamber 22, and on each compression
      stroke the mixture will be forced from this chamber into the cylinder for
      ignition. Exhaust ports 29 may be provided in cylinder 16 in the usual
      manner for two-cycle engines (FIG. 1).
PAR  A connecting rod generally indicated at 31 is secured to each piston 19 and
      21 of each pair. The connection 32 between the connecting rod and piston
      is rigid so that there is no "wrist pin" action. The portion 33 of each
      connecting rod 31 adjacent its piston is illustrated as solid (FIG. 2).
      Diverging flanges 34 and 35 are formed on the connecting rod, and an
      elongated slot 36 is formed between these flanges at an intermediate
      portion of the connecting rod. The end of this slot adjacent connecting
      rod portion 33 is rounded as indicated at 37 in FIG. 2.
PAR  A rocker arm generally indicated at 38 is carried by the block and
      engageable with rounded slot ends 37. More particularly, block 12 has an
      inward extension 39 between the pistons of each pair, this extension
      having an elongated slot 41. Rocker arm 38 is pivotally mounted at 42
      within this slot and has a pair of arms 43 and 44 extending in opposite
      directions. The outer ends of these arms are disposed within slots 36, the
      arms being provided with surfaces 45 engageable by rounded slot ends 37.
      The location of pivot 42 is such that when one piston of a pair is in its
      uppermost position within the cylinder, the other piston will be in its
      lowermost postion. As each piston is driven downwardly on its end stroke,
      the rounded slot ends 37 of its connecting rod will engage rocker arm 38,
      causing the arm to return the other piston to its uppermost position.
PAR  Each rocker arm only controls the positions of the two pistons in its pair
      but has no connection with the other piston pairs of the engine. Thus,
      should one piston pair be unable to reciprocate, for example due to
      seizing, this will not affect rotation of the crankshaft by the other
      pistons.
PAR  A pawl arm generally indicated at 46 is provided for each connecting rod
      31. The pawl arm has a relatively wide end portion 47 surrounding
      crankshaft 14, and a ratchet generally indicated at 48 is non-rotatably
      mounted on the crankshaft in the plane of connecting rod 31. As seen in
      FIG. 3, a ratchet 48 is typically disposed between crankshaft bearings 49
      and 51. One ratchet 48 is provided for each piston.
PAR  An annular member 52 is disposed within pawl arm portion 47, and elements
      53 extend radially inwardly from member 52 toward ratchet 48. Pawls 54 are
      disposed in the spaces 55 between elements 53. Leaf springs 56 are each
      secured at one end to elements 53 and engage the outer surfaces of pawl
      54, urging them toward ratchet 48. Elements 57 are disposed at the inner
      ends of elements 53, and pawls 54 have hinge portions 58 resting on edges
      59 of elements 57 which project from one side of element 53. Thus, as pawl
      arm 46, member 52, elements 53 and 57, and pawls 54 rotate clockwise in
      FIG. 4 with respect to ratchet 48, pawls 54 will ride up ramps 60 of
      ratchet teeth 61 until they are snapped down by springs 56 in front of
      radial surfaces 62 of the ratchet teeth. Projections 63 on pawls 54 will
      engage edges 64 of elements 57 projecting from the other side of elements
      53 to limit inward movement of the pawls. When pawl arm 46 rotates
      counterclockwise in FIG. 4, pawls 54 will thus drive ratchet 48 and
      crankshaft 14.
PAR  A pair of spaced parallel arms 65 and 66 are formed at the outer end of
      each pawl arm 46. The outer end 67 of connecting rod 31 is disposed in the
      space 68 between arms 65 and 66, and carries a pin 69. This pin extends
      from both sides of connecting rod 67 into a pair of elongated slots 71 and
      72 formed in arms 65 and 66 respectively. It will be seen in FIG. 1 that
      this constitutes a driving connection between the connecting rod and pawl
      arm so that the pawl arm will be driven clockwise when piston 15 is moving
      downwardly through its power stroke, and will be returned counterclockwise
      when the piston moves upwardly through its compression stroke. When the
      piston is in its uppermost position within the cylinder, pin 69 will be at
      the rounded ends 73 of slots 71 and 72, whereas the pins will be at a
      midportion of the slot when the piston is in the lowermost position.
PAR  A stop generally indicated at 74 is provided for limiting the powered
      movement of each pawl arm. This stop is mounted within the housing and a
      typical construction is seen in FIG. 1. The stop has an upstanding member
      75 with a surface 76 aligned with and engageable by a flat surface 77 of
      the pawl arm. Surface 76 is preferably aligned with and at right angles to
      the axis of the piston and connecting rod. A resilient pad 78 is mounted
      on surface 76 and engageable by pawl arm surface 77 when the piston has
      reached its lowermost position. This will coincide with the other piston
      in the same pair reaching its uppermost position.
PAR  In operation, one piston in each pair will drive crankshaft 14 while the
      other piston is compressing its next change. With more than one pair of
      pistons, the driving may be staggered so that crankshaft 14 is being
      continually subjected to rotative forces from at least one piston.
      Considering piston pair 15 in particular, and starting from a position as
      shown in FIGS. 1 and 2 in which piston 19 is at the top of its stroke and
      piston 21 at the bottom, piston 19 will begin its downward or power
      stroke. This will cause its ratchet 48 to drive crankshaft 14 and at the
      same time cause rocker arm 38 to move piston 21 on its compression stroke.
      During the power stroke of piston 19 its pawls 54 will drive ratchet 48,
      while the pawls of piston 21 are riding up on ramps 60. Plunger 26 of
      piston 19 will draw the fuel-air mixture into chamber 24 whereas the
      plunger of piston 21 will force a fuel-air mixture from its chamber 24
      into its cylinder 16.
PAR  As piston 19 approaches the bottom of its stroke, it will uncover its
      exhaust port 29 so that the burned gases will escape. At about the time
      pawl arm 46 of piston 19 engages its stop 74, the fuel-air mixture in the
      cylinder of piston 21 will be ignited. Pistons 21 and 19 will then go
      through their power and compression strokes respectively.
PAR  Should either piston in any pair be prevented from movement, the other
      piston in that pair will also stop. However, this will not impede the
      operation and power output of the other piston pairs which will continue
      to drive crankshaft 14 in their usual manner.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an internal combustion engine, a plurality of pistons, each piston
      having a connecting rod fixed thereto, a rotatably mounted crankshaft, a
      plurality of one-way ratchets on said crankshaft, each ratchet being in
      the plane of a connecting rod, a pawl arm for each piston rotatably
      carried by said crankshaft, pawls carried by each pawl arm and engageable
      with said ratchet, and a pin-and-slot connection between each pawl arm and
      its connecting rod.
NUM  2.
PAR  2. The combination according to claim 1, each pawl arm having a portion
      surrounding its ratchet, elements extending inwardly from said pawl arm
      portion, said pawls being hinged to said inwardly extending elements, and
      springs carried by said inwardly extending elements and urging said pawls
      against said ratchet.
NUM  3.
PAR  3. The combination according to claim 1, the pin-and-slot connection
      comprising a pair of arms at the outer end of said pawl arm, a portion of
      the connecting rod being disposed between said arms, a pin carried by said
      connecting rod portion, and elongated slots in said arms within which said
      pin extends.
NUM  4.
PAR  4. The combination according to claim 3, said pistons being in pairs, each
      pair being in parallel side-by-side relation, and means interconnecting
      the connecting rods of each pair of pistons, said means being responsive
      to the downward stroke of one piston to urge the other piston in an upward
      direction.
NUM  5.
PAR  5. The combination according to claim 1, further provided with a stop for
      each pawl arm, said stop comprising a stationary member having a resilient
      pad in the path of an outer portion of the pawl arm and engageable by said
      outer end when the corresponding piston reaches the downward end of its
      stroke.
NUM  6.
PAR  6. In an internal combustion engine, at least one pair of side-by-side
      pistons with parallel movement, connecting rods secured to said pistons, a
      rotatable crankshaft, one-way ratchets on said crankshaft in the planes of
      said connecting rods, pawl arms rotatably carried by said crankshaft,
      pawls carried by said pawl arms and engageable with the ratchets, and
      means for moving each piston in an upstroke when the other piston moves in
      a downstroke, said last-mentioned means comprising a rocker arm having a
      fixed central pivot disposed between said connecting rods, and slots in
      said connecting rods, the outer ends of said arm being disposed within
      said slots.
NUM  7.
PAR  7. The combination according to claim 6, the ends of said slots adjacent
      their corresponding pistons being rounded, said arm ends in the slots
      having flat surfaces engageable with said rounded slot ends.
NUM  8.
PAR  8. The combination according to claim 6, there being a plurality of pairs
      of pistons, the reciprocation of each piston pair being independent of the
      other pairs, whereby stopping of one pair due to failure will not affect
      the crankshaft driving movement of the other pairs.
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ABST
PAL  An axial cylinder internal combustion engine having a cylindrical cam is
      provided with special cam roller followers subjected to oil under pressure
      to keep them in close operating contact with the radial cam surfaces. Oil
      pressure is also used to maintain the pistons in contact with the
      circumferential cam surface. The engine further includes a rotary valve
      for supplying a stratified charge to each cylinder and unique means for
      continuously lubricating the valve face.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to internal combustion engines having the cylinders
      parallel to the shaft; more particularly, it relates to such axial
      cylinder engines, which use a cylindrical cam driven by roller followers
      attached to the pistons.
PAR  2. Description of the Prior Art
PAR  Many styles of axial cylinder internal combustion engines wherein the
      cylinders are parallel to, and equidistant from, the main engine shaft
      have been developed. Such machines have been known in the past as barrel
      engines or simply round engines, because their distinguishing
      characteristic is the circular or cylindrical arrangement of the elements.
      Frequently, these engines are designed for conventional four cycle
      operation. A cylindrical cam couples the pistons to the drive shaft. Where
      ridge cams are used, cam followers on each piston track the radial
      surfaces of the rotating cam.
PAR  These engines contain inherent advantages of low cost, light weight, and
      small volume. Nevertheless, they have not been commercially successful. In
      axial cylinder engines, sharp load reversals are experienced by the
      reciprocating pistons, and such load reversals, particularly where
      accompanied by excessive clearance requirements, result in hammering
      contact at mating surfaces, noisy operation, and short life. To a large
      extent, the past deficiencies of these engines can be traced to the
      relatively large variations in the clearances among the mating parts due
      to manufacturing tolerances, thermal distortions and wear.
PAR  Rotary valves are well adapted for use with axial cylinder engines. They
      are simple and also compatible from the standpoint of low cost, high
      volumetric efficiency and quiet operation. While useful in a variety of
      rotary engines and developed in many forms, here too, no suitable engines
      have been produced, at least partly due to the excessive friction, sealing
      problems, overheating, and scoring which may be attributed to inadequate
      distribution of lubricants to the rubbing surfaces.
PAR  Those familiar with engine development also recognize the many attempts and
      the partial success that has been experienced in the utilization of
      stratified charges. Stratified charges are employed to achieve maximum
      ignition characteristics, efficient use of fuel, and complete combustion.
      Typically, the stratified charges are supplied to separate or distinct
      sections of a combustion chamber such that a richer fuel mixture will be
      ignited within a first section and a leaner mixture will thereafter be
      ignited in the second.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention brings together the general art of axial cylinder
      engines, rotary valves, and stratified charge delivery in a combination
      which produces a simple and efficient engine structure. This combination
      yields the advantages of the axial cylinder engine, the efficiency and
      quiet operation of rotary valves, and the high efficiency and maximum fuel
      utilization available through the use of stratified charges.
PAR  An object of the present invention is to provide an improved axial cylinder
      internal combustion engine.
PAR  Another object of the invention is to provide an improved axial cylinder
      engine with a minimized noise level, maximized service life, and ease of
      manufacture.
PAR  A more specific object of the invention is to provide an improved axial
      cylinder engine of the cylindrical cam type employing hydraulically
      positioned cam rollers, and pistons in order to minimize the effects of
      manufacturing tolerances and thermal distortions.
PAR  Another specific object of the invention is to provide an improved axial
      cylinder engine having a rotary valve structure with improved lubrication
      means.
PAR  Yet another object of the present invention is to provide an axial cylinder
      engine provided with a rotary valve and stratified charge system whereby
      the charge is stratified within each cylinder.
PAR  In accordance with one feature of the invention there is provided an axial
      cylinder engine having a cylindrical cam and cam follower rollers coupled
      to the pistons within each cylinder. Lubricant channels and ports are
      provided for supplying lubricant under pressure to the cam followers in
      order to urge them into contact with the camming surface.
PAR  In accordance with another feature of the invention there is provided an
      axial cylinder engine having a rotary valve coupled to the drive shaft and
      positioned at the cylinder head end of the engine. Each combustion chamber
      is partitioned into ignition and combustion sections, with separate valve
      ports to each section. Ignition means, such as a spark plug, is provided
      in each ignition section and the rotary valve selectively opens the
      ignition and combustion section ports to rich and lean fuel mixtures
      respectively, as the drive shaft rotates.
PAR  The rotary valve arrangement of the invention also features reciprocating
      lubrication means disposed within a slot or slots in the valve face. These
      means engage a camming groove in the engine block and effect a wiping
      action at the interface with the valve and thus insure continuous surface
      lubrication.
PAR  The enumerated objects and features of the invention as well as additional
      unique aspects of a particular illustrative embodiment will be more fully
      understood and appreciated from the following description which is made in
      conjunction with the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a longitudinal section taken
      through an axial cylinder internal combustion engine embodying the present
      invention;
PAR  FIG. 2 is a front end view of the engine illustrated in FIG. 1 with
      cut-away portions revealing the dual intake ports and the check valves
      supplying oil to the pistons;
PAR  FIG. 3 is an enlarged view of a typical piston employed in an engine
      embodying the invention, wherein a portion of the cylinder block is
      illustrated to show the arrangement of the oil entrapment and transfer
      compartment seals;
PAR  FIG. 4 is an enlarged cross-section taken along the lines 4--4 of FIG. 3
      showing the cam follower portions of a piston, the adjacent cylinder wall,
      and the cylindrical cam;
PAR  FIG. 5 is an enlarged cross-section taken along the lines 5--5 of FIG. 3
      showing the ports and check valves for entrapment of lubricant between the
      cylinder walls and piston;
PAR  FIG. 6 is a side view of the rotary valve and shaft of an engine embodying
      the invention;
PAR  FIG. 7 is a view of the rubbing surface of the rotary valve shown in FIG.
      6; and
PAR  FIG. 8 is a partial cross-section through the cylinder head taken along the
      lines 8--8 of FIG. 1, showing the pocket which isolates the rich fuel
      mixture within the main combustion chamber.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The axial cylinder engine 10 of FIGS. 1 and 2, has a plurality of cylinders
      11 disposed about its periphery. Each cylinder contains a reciprocating
      piston 12. The engine block is provided with cooling channels 13, through
      which cooling fluid may be circulated in the known manner. The head of
      each cylinder is divided into sections to maintain fuel-mixture separation
      until after ignition. Thus, FIGS. 1 and 8 show the rich fuel-mixture
      cylinder port 14 and FIG. 1 shows lean fuel-mixture cylinder port 15.
      These passages are completed to the fuel-mixture intake system via input
      ports 16 and 17 respectively.
PAR  The shaft 21 of the rotating valve assembly 20 is mounted along the axis of
      the engine in bearings 18 and 19. Cylindrical cam 30 is secured to shaft
      21 and imparts rotation thereto, so that the valve assembly and
      reciprocating piston movement are coordinated to effect four cycle
      operation. Cam rollers 40, 50, associated with each piston, couple the
      piston movement to the tapered side walls 31, 32 of the cam 30.
PAR  In a typical operating cycle a "rich" fuel-mixture is supplied to annular
      input passage 16 and a lean fuel-mixture is supplied to annular input
      passage 17. Rotary valve assembly 20 successively connects the input
      passages to each cylinder, durin the intake stroke. The fuel-mixture is
      then compressed and a spark is applied at the proper time to ignite the
      rich mixture. Details of timing and ignition are well known in the art and
      need not be explained herein. The burning rich mixture ignites the lean
      mixture to develop the combustion stroke, driving piston 12 to the right.
      On the return stroke, valve assembly 20 vents the cylinder via the single
      central exhaust passage 25.
PAR  The features which enable the present invention to improve the operating
      cycle, may be considered individually.
PAR  First, fuel stratification is effected by configuring the rich fuel-mixture
      input section at the head of each cylinder to keep the small amount of
      rich fuel-mixture substantially separated from the lean fuel-mixture until
      after ignition. Port 14 is much smaller and is effectively obstructed from
      the cylinder interior by partition 26.
PAR  The functioning of valve assembly 20 will be better appreciated by
      examination of FIGS. 6 and 7. Valve port 22 is dimensioned to interconnect
      the rich fuel-mixture annular passage 16 to cylinder port 14 and valve
      port 23 is dimensioned to interconnect the lean fuel-mixture annular input
      passage 17 to cylinder port 15. The valve assembly rotates
      counterclockwise, as viewed in FIG. 7, and thus valve exhaust port 24
      interconnects the cylinder head to the exhaust passage 25 at the end of
      each operating cycle.
PAR  The important function of lubricating the valve surface is accomplished
      with an oil spreader bar 27 mounted in a radial slot 28 on the face of the
      valve plate. Bar 27 has a projection 29 at one end, adapted to project
      into a mating sinusoidal groove 35 in the face of the engine block. Oil is
      supplied under pressure to slot 28 via a passage 36. Thus, as the valve
      assembly rotates, the sinusoidal groove 35 causes radial reciprocation of
      bar 27 and oil is continuously spread across the mating surfaces of the
      valve assembly and block. Bar 27 may ride freely within slot 28, or it may
      be pressed into contact with the opposed engine block face by a flat
      spring or similar biasing element. Clearly, the length of bar 27 and the
      amplitude of sinusoidal groove 35, determine the surface area swept by the
      lubrication bar.
PAR  Having described the manner in which fuel-mixture is admitted to the
      cylinders 11 and ignited to drive the pistons 12, consideration must be
      given to the structure which couples the linear piston movement to
      cylindrical cam 30. It is conventional in engines of this type to utilize
      tapered roller cam followers attached to the pistons and engaging
      conforming sloped faces of a nominally sinusoidal cam ridge which is
      configured to accommodate the four piston strokes required for a four
      cycle engine. The present engine employs unique hydraulically driven
      roller followers 40, 50 as shown in FIGS. 1 and 4. Each follower is
      coupled to its piston, as shown in FIG. 4, by pins 41 and 51. Each piston
      12 bears against the outer diameter or circumferential face 33 of cam 30.
      The skirts of the pistons 12 are configured to the contour of the cam
      ridge 33 as illustrated in FIG. 5.
PAR  In accordance with the invention, each piston 12 is provided with oil
      entrapment areas 60 which are formed by mounting continuous flexible
      sealing elements 61 in bearing contact against the adjacent cylinder wall.
      These sealing elements are affixed within suitable grooves in the piston
      skirt. In addition, each piston is provided with an oil pressure transfer
      area 62 which is similarly formed by mounting a continuous
      cylinder-wall-contacting flexible sealing element 63 within a groove in
      the piston skirt. These elements and their position are shown from various
      aspects in FIGS. 3, 4, and 5.
PAR  The cylinder block contains oil pressure galleries 65 which supply oil
      under pressure through check valves 66 to oil transfer holes 67 in each
      cylinder wall. Holes 67 are positioned to remain in registry with the oil
      entrapment areas 60 throughout the entire piston travel. Similarly, the
      cylinder block contains oil pressure galleries terminating in oil pressure
      holes 68 (FIG. 5) positioned in the cylinder wall to continuously register
      through the piston travel with the oil pressure transfer area 62.
PAR  Within each piston, oil passages 42 and 52 lead from the pressure transfer
      area 62 to the hollow follower pins 41, 51. Thus, oil from the main oil
      distribution system is supplied under pressure to the roller cam followers
      40, 50. Each piston is also provided with an oil passage 53 fitted with a
      check valve 54 to feed oil irreversibly from area 62 to a chamber 55 in
      which the follower pin 51 is axially slidable.
PAR  It is known that in reciprocating piston engines of this type, both gas
      pressure and inertia loads on the pistons pass from peak value to
      substantially zero at least once during each operating cycle of four
      strokes. With the roller followers 40, 50 and the sloping faces 31, 32 of
      cam 30 configured for minimum sliding contact as shown, these load produce
      components which tend to drive the pistons and their followers radially
      away from the cam. However, the oil pressure maintained at the oil
      transfer hole 68 causes oil to flow through the check valve 54 into the
      chamber 55 to force the follower pin 51 and its connected follower roller
      50 radially inward into contact with the mating surface 32 of cam 30
      whenever the outward load component on the follower is relatively low.
      When the outward load component on the follower 50 rises above the
      oil-pressure-created inward force, retreat of the follower from its
      position of contact with the cam is prevented by the oil in chamber 55 and
      the unidirectional nature of check valve 54. Thus, follower 50 is
      maintained in direct contact with the face of cam 30 throughout an entire
      load range.
PAR  The structure and hydraulic linkage of this invention is designed to
      maintain oil at suitable pressure by conventional pump means so that the
      oil flows from the oil gallery 65 in the block through check valve 66 into
      oil entrapment areas 60 in each piston 12 when the radially outward piston
      load component is relatively low. This oil under pressure is trapped
      within the space between the piston 12, the cylinder wall 11, and the
      sealing element 61, and effectively forces the piston 12 radially inward
      to assure firm contact with the outer surface 33 of cam 30. When the
      outward radial component of the piston load rises above the inward radial
      component produced by oil pressure in the oil entrapment areas 60, oil is
      prevented from flowing out of the entrapment areas by the unidirectional
      characteristic of check valve 67. The trapped oil prevents any substantial
      movement of the piston away from the cam 30. Direct contact between the
      piston 12 and the cam is thus maintained over the operating range of the
      engine and compensates for any manufacturing tolerances or thermal
      distortion that may be created during operation.
PAR  It should be understood that sufficient leakage is provided in both the oil
      entrapment areas 60 and the cam follower chambers 55 to accommodate the
      reduction in piston, follower and cam clearances, caused by temperature
      increases.
PAR  A particular embodiment of the invention has been shown and described. In
      several instances, references were made to modifications that would occur
      to those skilled in the art. Such modifications as well as numerous
      others, will be apparent. All modifications which come within the spirit
      and teachings of this disclosure, are intended to be covered by the
      following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An axial cylinder internal combustion engine having a reciprocating
      piston within each cylinder, a cylindrical cam having a fixed outside
      diameter, and radially extending camming surfaces; a pair of cam followers
      each in bearing contact with one of said camming surfaces and coupled to
      one of said pistons; said cam followers having a tapered surface
      conforming to the mating surface of said cam; a source of oil under
      pressure; an oil gallery behind at least one of said cam followers; and
      means for admitting oil to said gallery to force said one cam follower
      inwardly and into contact with the camming surface of said cam.
NUM  2.
PAR  2. An axial cylinder internal combustion engine as defined in claim 1,
      wherein said oil gallery is connected to said source of oil via a check
      valve which admits oil to said gallery only.
NUM  3.
PAR  3. An axial cylinder internal combustion engine as defined in claim 2,
      wherein each said piston further includes an axially disposed oil gallery
      in fluid communication with a port in the cylinder wall, said source of
      oil being connected to said port to supply oil thereto, said axially
      disposed oil gallery being interposed between said source of oil and said
      check valve.
NUM  4.
PAR  4. An axial cylinder internal combustion engine as defined in claim 3,
      wherein the portion of said piston between said cam followers is
      configured to conform and bear against the outside circumferential surface
      of said cam, a second oil gallery on the surface of said piston remote
      from that which bears against said cam, and means for admitting oil to
      said second oil gallery to force said piston inwardly and into contact
      with said circumferential surface.
NUM  5.
PAR  5. An axial cylinder internal combustion engine as defined in claim 4,
      wherein said second oil gallery is connected to said source of oil via a
      check valve which admits oil to said second gallery only.
NUM  6.
PAR  6. An axial cylinder internal combustion engine as defined in claim 1,
      wherein the portion of said piston between said cam followers is
      configured to conform and bear against the outside circumferential surface
      of said cam, a second oil gallery on the surface of said piston remote
      from that which bears against said cam, and means for admitting oil to
      said second oil gallery to force said piston inwardly and into contact
      with said circumferential surface.
NUM  7.
PAR  7. An axial cylinder internal combustion engine as defined in claim 6,
      wherein said second oil gallery is connected to said source of oil via a
      check valve which admits oil to said second gallery only.
NUM  8.
PAR  8. An axial cylinder internal combustion engine as defined in claim 1,
      further comprising a rotary valve coupled to rotate with said cylinder
      cam, said valve having a surface in contact with the cylinder head portion
      of said engine, and, said surface having ports therein to selectively
      control fuel input and exhaust output from each cylinder.
NUM  9.
PAR  9. An axial cylinder internal combustion engine as defined in claim 8,
      including a reciprocating lubricating element mounted for movement within
      a radial slot in the surface of said rotary valve.
NUM  10.
PAR  10. An axial cylinder internal combustion engine as defined in claim 9,
      comprising a circumferential groove in the cylinder head portion of said
      engine facing said valve, a projection from said lubricating element into
      said groove to effect said movement as the valve rotates, and means for
      supplying oil to said slot.
NUM  11.
PAR  11. An axial cylinder internal combustion engine as defined in claim 8,
      wherein said valve ports comprise an exhaust port positioned to establish
      fluid communication between each cylinder and a central exhaust passage
      once during each operating cycle of said engine, and two fuel input ports
      positioned to establish fluid communication between separate fuel input
      passages and segregated portions at the upper end of each cylinder, during
      each operating cycle of said engine.
NUM  12.
PAR  12. An axial cylinder internal combustion engine as defined in claim 11,
      wherein a smaller one of said segregated portions is provided in proximity
      to ignition means and a larger one of said segregated portions is in fluid
      communication with said smaller portion and possesses complete access to
      the face of the piston in each cylinder.
NUM  13.
PAR  13. An axial cylinder internal combustion engine as defined in claim 12, in
      combination with means for supplying a rich fuel-mixture to the fuel input
      passage connected to said smaller segregated portion, and means for
      supplying a lean fuel-mixture to the fuel input passage connected to said
      larger segregated portion.
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ABST
PAL  Apparatus for electronically modifying spark advance and dwell in a
      spark-ignited internal combustion engine. Conventional cam driven breaker
      points on the engine are initially set for the desired maximum spark
      advance. The signal from the breaker points is electronically delayed to
      reduce the spark advance by a predetermined constant value independent of
      the engine speed. Dwell is also electronically controlled to a
      predetermined constant value independent of the engine speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to ignition systems for spark-ignited internal
      combustion engines and more particularly to apparatus for electronically
      modifying spark advance and dwell in a spark-ignited internal combustion
      engine.
PAR  The ignition system of a conventional spark-ignited internal combustion
      engine includes a set of breaker points mounted in a distributor and an
      ignition coil. The breaker points are periodically closed to allow a
      current buildup in the primary winding of the ignition coil. An engine
      driven cam then opens the breaker points and the collapsing magnetic field
      in the core of the ignition coil establishes a high secondary voltage for
      firing a spark plug to ignite a compressed fuel-air mixture. The spark is
      timed to ignite the compressed fuel-air mixture at a predetermined
      position on the compression stroke. The degree of spark advance or retard
      is determined by various factors, some of which include engine design,
      engine speed, engine load, gas quality and exhaust emission standards. In
      a typical automobile engine, the spark advance is determined by three
      separate factors: the mechanical setting or orientation between the
      breaker points and the engine driven cam, a centrifugal advance which
      increases the spark advance as engine speed increases and a vacuum advance
      operated in response to the vacuum within the intake manifold on the
      engine. Another important factor in tuning an internal combustion engine
      is the dwell of the breaker points. Dwell may be defined as the ratio of
      he time that the breaker points are closed to the total time of an
      ignition cycle and is generally referenced as degrees in crankshaft
      rotation during which the breaker points are closed. The dwell affects the
      available voltage for firing the spark plugs and is most important at
      higher engine speeds where the breaker points are closed for a minimum
      time.
PAR  In the conventional spark-ignited internal combustion engine, spark advance
      and dwell must be mechanically set. The dwell is normally changed by
      adjusting the maximum gap in the breaker points. In many cases, the engine
      must be stopped and a cap must be removed from the distributor in which
      the breaker points are mounted for adjusting dwell. After dwell is
      adjusted, spark advance is set by physically rotating the distributor
      housing with respect to the engine driven camshaft which operates the
      breaker points. Any time the dwell is changed, the spark advance will be
      affected and therefore must be readjusted. It is sometimes desirable to
      have the capability of easily changing the spark advance and dwell for an
      internal combustion engine while such engine is running. For example,
      there is sometimes a need to easily modify the spark advance and dwell on
      a running engine for studying or demonstrating the effects of spark
      advance and dwell on conditions such as engine output power and engine
      exhaust emissions. However, the ignition system in a conventional internal
      combustion engine does not lend itself to easily modifying the spark
      advance and dwell while the engine is running or to modifying the dwell
      without affecting the spark advance.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, apparatus is provided for
      electronically modifying spark advance and dwell in a spark-ignited
      internal combustion engine while such engine is running. The breaker
      points on the engine are set for a maximum desirable spark advance. The
      spark advance is modified during operation of the engine by conventional
      centrifugal and vacuum advance mechanisms in the distributor. The
      apparatus is then inserted between the breaker points and the ignition
      coil for electronically delaying or retarding the application of power to
      the ignition coil by a time dependent upon engine speed to produce a
      preselected change in spark advance which is independent of engine speed.
      The dwell is also electronically controlled to give a preselected constant
      dwell independent of engine speed.
PAR  The signal from the engine breaker points is applied through filtering and
      shaping circuitry to generate a first pulse train in synchronism with the
      engine and having a uniform pulse width. The filtered and shaped signal is
      applied to two frequency-to-voltage converters and to a voltage controlled
      variable delay one shot multivibrator. One of the frequency-to-voltage
      converters controls the time delay of the multivibrator. The output of the
      multivibrator comprises a second pulse train having uniform width pulses
      which are retarded from the first pulse train by a time inversely
      proportional to the engine speed. However, as the engine speed increases
      the pulse width must decrease to maintain a constant dwell. Therefore, the
      output of the multivibrator is connected to a second variable delay one
      shot multivibrator. The second frequency-to-voltage converter controls the
      delay of the second multivibrator for decreasing the pulse width with an
      increase in pulse frequency caused by an increase in engine speed. The
      output of the second multivibrator is connected to operate a transistor
      switch for energizing the ignition coil on the engine. Spark advance may
      be changed at a location remote from the engine by adjusting the delay in
      the first multivibrator in relation to the engine speed and dwell may be
      changed by adjusting the delay in the second multivibrator in relation to
      the engine speed. Thus, spark advance and dwell are readily adjustable
      while the engine is running for studying or demonstrating their effect on
      the engine. Furthermore, the dwell may be changed without affecting spark
      advance.
PAR  Accordingly, it is a preferred object of the invention to provide apparatus
      for electronically mofifying spark modifying and dwell in a spark-ignited
      internal combustion engine.
PAR  Another object of the invention is to provide apparatus which permits easy
      adjustment of spark advance and dwell in a spark-ignited internal
      combustion engine while such engine is running.
PAR  Still another object of the invention is to provide apparatus which
      facilitates studying and demonstrating the effects of spark advance and
      dwell on a spark-ignited internal combustion engine while such engine is
      running.
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description, with reference being made to the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of apparatus according to the present
      invention for electronically modifying the spark advance and dwell in a
      spark-ignited internal combustion engine;
PAR  FIG. 2 is a detailed schematic circuit diagram of apparatus embodying the
      principles of the present invention; and
PAR  FIG. 3 is a graph showing signals appearing at various designated points in
      the circuit of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawings and particularly to FIG. 1, a block diagram is
      shown of apparatus 10 for electronically modifying spark advance and dwell
      in a spark-ignited internal combustion engine. The apparatus 10 is
      designed for insertion between existing breaker points 11 and the
      remainder of an ignition system 12 for a spark-ignited internal combustion
      engine. The ignition system 12 includes an ignition coil, a distributor
      and spark plugs (not shown). During normal operation of the engine, a cam
      13 is driven by the engine drive train for periodically opening and
      closing the breaker points 11. As the breaker points 11 are opened and
      closed in synchronism with the engine, a pulse train is generated for
      operating the ignition system 12 to ignite a compressed fuel-air mixture
      at the appropriate time in each of the cylinders of the engine. Normally,
      the breaker points 11 are connected between one side of a primary winding
      on the ignition coil and ground. The points are closed for a period of
      time determined by the mechanical dwell angle and the engine speed to
      allow a current buildup in the primary winding of the ignition coil. When
      the points are opened by the cam 13, the collapsing magnetic field in the
      ignition coil core establishes a high voltage across the secondary winding
      of the ignition coil for firing a spark plug selected by the distributor.
PAR  According to the present invention, the breaker points 11 are set for a
      predetermined maximum spark advance. The spark advance will be further
      increased from this setting by centrifugal and vacuum advance mechanisms
      in a conventional manner. The apparatus 10 is then inserted between the
      breaker points 11 and the ignition system 12 to electronically retard the
      pulse train for achieving desired spark advances less than the
      predetermined maximum advance. Ideally, the breaker points 11 generate a
      pulse train having a square or rectangular waveform. However, in practice
      the waveform is not uniformly smooth due to contact bounce as the breaker
      points 11 close and also due to electrical noise and voltage fluctuations
      in the power source from which the ignition system is operated. Therefore,
      the breaker points 11 are connected to filtering and shaping circuitry 14.
      The filtering and shaping circuitry 14 has a pulse train output consisting
      of a series of pulses having a leading edge synchronized with the opening
      of the breaker points 11 and a predetermined constant pulse width. The
      pulse train output from the filtering and shaping circuitry 14 is applied
      simultaneously to a first frequency-to-voltage converter 15, a second
      frequency-to-voltage converter 16 and a variable delay one shot
      multivibrator 17. The frequency-to-voltage converters 15 and 16 generate
      analog output signals having voltage levels which are determined by the
      frequency of the pulse train from the filtering and shaping circuitry 14.
      The voltage level of the output from the converter 15 establishes the time
      delay of the one shot multivibrator 17. As a result, the one shot
      multivibrator 17 generates an output pulse train similar to, but delayed
      from, the output of the filtering and shaping circuitry 14 by a time
      increment which decreases as the pulse frequency increases. Thus, at an
      idle or slow engine speed, the breaker points 11 will generate a
      relatively low frequency signal and the pulse train output from the
      multivibrator 17 will be delayed or retarded by a maximum time increment.
      As the engine speed increases from an idle, the converter 15 will decrease
      the delay in the pulse train caused by the one shot multivibrator 17. The
      actual decrease in the delay is preferably at a rate which maintains the
      modification in the spark advance constant. The decrease in the delay is
      required since the total cycle time decreases as the engine speed
      increases.
PAR  The output from the multivibrator 17 will comprise a pulse train having
      pulses synchronized for operating the ignition system 12 to fire the spark
      plugs. However, the pulses will be of a uniform narrow pulse width. The
      maximum pulse width is limited by the highest speed at which the engine is
      operated. As previously indicated, dwell may be defined as the ratio of
      the time the ignition points are closed to the total time of an ignition
      cycle and is normally expressed as degrees of crankshaft rotation during
      which the breaker points are closed. As the engine speed increases, the
      total time of an ignition cycle decreases and therefore the time that the
      breaker points are closed must also decrease to maintain a constant dwell
      angle. As a consequence, the uniform width pulses in the pulse train from
      the multivibrator 17 cannot be used directly for operating the ignition
      system 12.
PAR  A second variable delay one shot multivibrator 18 is connected to the
      output of the multivibrator 7 for maintaining the dwell constant
      throughout the operating speed range of the engine. The second
      frequency-to-voltage converter 16 is connected for controlling the delay
      produced by the multivibrator 18. As the engine speed increases, and hence
      the frequency of the signal applied to the input of the converter 16
      increases, the multivibrator 18 will decrease the delay which establishes
      the pulse width in an output pulse train. Thus, the multivibrator 18 will
      have a pulse train output in which the pulses are synchronized with the
      engine for controlling firing of the spark plugs in the engine ignition
      system 12. The pulse train will have a uniform dwell, regardless of he
      engine speed. The pulse train from the multivibrator 18 is applied to a
      transistorized or electronic switch 19 which controls current flow in the
      primary winding of the ignition coil in the engine ignition system 12.
PAR  The actual spark advance and dwell in the pulse train applied to the
      ignition system 12 may be readily varied or changed by means of the
      apparatus 10. The frequency-to-voltage converters 15 and 16, for example,
      may be provided with controls for calibrating the output voltage levels
      for any given input frequency. By changing the output level of the
      converter 15 for a fixed engine speed, the spark advance generated in the
      multivibrator 17 will be changed. Similarly, by varying the output level
      from the converter 16 for a fixed engine speed, the dwell angle
      established by the multivibrator 18 will be changed. Alternatively,
      controls may be provided in the multivibrators 17 and 18 for adjusting or
      changing the spark advance and dwell.
PAR  Turning now to FIGS. 2 and 3, the apparatus 10 for electronically
      controlling spark advance and dwell is shown in detail. The breaker points
      11 are connected between a common ground 24 and the base of a buffer
      transistor 25. The collector of the transistor 25 is connected to a
      positive power buss 26 while the emitter of the transistor 25 is connected
      through a resistor 27 to ground 24. A bias resistor 28 is connected
      between the base of the transistor 25 and the positive buss 26. The
      transistor 25 will be either conducting or non-conducting, depending upon
      the position of the breaker points 11. The emitter of the transistor 25 is
      connected to apply a signal or pulse train through a resistor 29 to the
      base of a transistor 30. The base of the transistor 30 is also connected
      through a resistor 31 to ground 24. The emitter of the transistor 30 is
      connected directly to ground 24 while the collector is connected through a
      resistor 32 to the positive buss 26. A capacitor 33 is connected between
      the collector and emitter of the transistor 30 for shunting the output of
      the transistor 30. FIG. 3A shows a typical pulse train appearing at the
      point A between the breaker points 11 and the base of the transistor 25 as
      the breaker points are driven by the cam 13. The resulting pulse train
      appearing at the output of the transistor 30, as designated by the point
      B, is shown in FIG. 3B. However, it will be appreciated that the graph
      shown in FIGS. 3A and 3B are idealistic. In reality, the breaker points 11
      may bounce when they are closed and arc when they are opened, resulting in
      noise on the pulse trains. The pulse trains may also vary in magnitude as
      a consequence of variations in and noise on the voltage applied to the
      positive buss 26 from the electrical system for the engine.
PAR  The output from the collector of the transistor 30 is applied to a one shot
      multivibrator for generating a uniform width pulse train synchronized with
      actuation of the breaker points 11. The one shot multivibrator includes a
      capacitor 34, an inverter 35, a capacitor 36 and an inverter 37. The
      pulsed output at the collector of the transistor 30 is applied through the
      capacitor 34 to the inverter 35. The output of the inverter 35 is in turn
      applied through the capacitor 36 to the inverter 37. A resistor 38 is
      connected between the input to the inverter 37 and ground 24 and a
      resistor 39 is connected between the output of the inverter 37 and the
      input of the inverter 35. Each time a pulse is applied from the collector
      of the transistor 30 to the capacitor 34, a constant or predetermined
      width pulse will appear at the output of the inverter 37. This pulse may,
      for example, be designed to have a one millisecond width. The output of
      the one shot multivibrator, as appearing at the output from the inverter
      37, is fed through two stages of amplification consisting of two
      transistors 40 and 41. Both transistors 40 and 41 are operated as emitter
      followers. The collectors of the transistors 40 and 41 are connected to
      the positive buss 26 while the emitter of the transistor 40 is connected
      through a resistor 42 to ground 24 and directly to the base of the
      transistor 41. The emitter of the transistor 41 is connected through a
      resistor 43 to ground 24 and is also connected to a junction 44. The
      output applied from the emitter of the transistor 41 to the junction 44
      will be a noise-free pulse train having constant pulse widths, as shown in
      FIG. 3C. It will be noted that the leading edges of the pulses in FIG. 3C
      correspond to the leading edges of the pulses in FIG. 3A generated at
      openings of the breaker points 11. The pulse train on the junction 44, as
      shown in FIG. 3C, is applied to inputs of the frequency-to-voltage
      converter 15, the frequency-to-voltage converter 16 and the variable delay
      one shot multivibrator 17.
PAR  The frequency-to-voltage converter 15 generates an analog output signal
      having a voltage level dependent upon the frequency of the pulse train
      appearing on the junction 44. The junction 44 is connected through a
      capacitor 45 and a diode 46 to the base of a transistor 47 in the
      converter 15. The junction between the capacitor 45 and the diode 46 is
      also connected through a diode 48 to the positive buss 26. The base of the
      transistor 47 is connected through a parallel resistor 49 and capacitor 50
      to the positive buss 26 and also through a series connected fixed resistor
      51 and variable resistor 52 to ground 24. The emitter of the transistor 47
      is connected through a resistor 53 to the positive buss 26 while the
      collector is connected through a resistor 54 to an output junction 55. A
      resistor 56 is also connected between the positive buss 26 and the
      junction 55. In operation, the capacitor 45, the diodes 46 and 48 and the
      capacitor 50 generate an output voltage which is dependent upon the input
      frequency on the junction 44. This voltage is amplified by the transistor
      47 and applied to the output junction 55. The variable resistor 52 is
      provided for calibrating the output from the frequency-to-voltage
      converter.
PAR  The frequency-to-voltage converter 16 is similar to the converter 15. The
      junction 44 is connected through a capacitor 57 and a diode 58 to the base
      of a transistor 59. The junction between the capacitor 57 and the diode 58
      is also connected through a diode 60 to the positive buss 26. The base of
      the transistor 59 is connected through a parallel resistor 61 and
      capacitor 62 to the positive buss 26 and through a series connected fixed
      resistor 63 and variable resistor 64 to ground 24. The emitter of the
      transistor 59 is connected through a resistor 65 to the positive buss 26
      and the collector is connected through a resistor 66 to an output junction
      67. A resistor 68 is also connected between the positive buss 26 and the
      junction 67. As with the converter 15, the capacitor 57, the diodes 58 and
      60 and the capacitor 62 generate a voltage which is proportional to the
      frequency of the pulse train on the junction 44. This signal is amplified
      by the transistor 59 and applied to the output junction 67. Thus, the
      signal appearing on the junction 67 is proportional to the frequency at
      which the breaker points 11 are actuated by the engine driven cam 13.
PAR  The frequency-to-voltage converter 15 and the variable delay one shot
      multivibrator 17 function to retard the pulse train appearing on the
      junction 44 by a predetermined time increment to obtain the correct timing
      for firing the spark plugs in the engine. The actual time increment that
      the pulse train on the junction 44 is retarded is determined by the
      voltage on the output junction 55 from the converter 15 and by the setting
      of a spark advance control within the multivibrator 17. The multivibrator
      17 primarily consists of an integrated circuit voltage level controlled
      dual comparator 69, which, for example, may consist of a type NE 555
      integrated circuit. The junction 44 is connected through a capacitor 70 to
      an input to the comparator 69. This input to the comparator 69 is also
      connected through a resistor 71 to the positive buss 26. The output
      junction 55 from the converter 15 is connected to a second input to the
      comparator 69 and also through a variable capacitor 72 to ground 24. The
      comparator 69 has an output 73 which is connected through a resistor 74 to
      the positive buss 26 and also is connected to the variable delay one shot
      multivibrator 18. The signal appearing on the output 73 from the
      comparator 69 is shown in FIG. 3D. The pulse train in FIG. 3D is similar
      to that in FIG. 3C except that it is retarded by a predetermined amount
      such that the leading edge of each pulse defines the desired time for
      firing the spark plugs in the engine. The actual degree to which the pulse
      train in FIG. 3D is retarded from the pulse train in FIG. 3C is controlled
      by the variable capacitor 72. The capacitor 72 has been shown as a single
      variable capacitor to simplify the drawings. However, the capacitor 72
      preferably consists of a plurality of fixed capacitors which are
      selectively connected to the junction 55 by means of a spark advance
      selector switch (not shown). The fixed capacitors may be selected to
      provide desired incremental changes or shifts in spark advance.
      Furthermore, continuously variable capacitors may not be readily available
      in desired ranges for use in the circuit of FIG. 2.
PAR  As shown in FIG. 3D, the pulse train appearing at the output 73 from the
      multivibrator 17 consists of a series of constant width pulses. The
      variable delay one shot multivibrator 18 modifies the width of the pulses
      in response to the frequency of the signal on the junction 44 for
      establishing a predetermined constant dwell angle. When the apparatus 10,
      and particularly the converter 16, is properly calibrated the dwell angle
      will remain constant throughout the speed range in which the connected
      engine is operated. The variable delay multivibrator 18 uses the analog
      signal on the output junction 67 from the frequency-to-voltage converter
      16 to control the pulse width in a manner similar to that in which the
      multivibrator 17 uses the analog output signal from the
      frequency-to-voltage converter 15 to control spark retard.
PAR  The output 73 from the multivibrator 17 is applied through a capacitor 76
      to an input to a voltage level controlled dual comparator 77. This input
      to the comparator 77 is also connected through a parallel resistor 78 and
      diode 79 to the positive buss 26. The output junction 67 from the
      converter 16 is connected to a second input on the comparator 77 and
      through a variable capacitor 80 to ground 24. The comparator 77 will
      produce a pulse train on an output 81 which is similar to the pulse train
      on the output 73 from the comparator 69, except that the pulse train has a
      dwell determined by the value of the capacitor 80. The output 81 is
      connected through a resistor 83 to the positive buss 26. The capacitor 80
      preferably consists of a plurality of calibrated capacitors which are
      selectively connected to the junction 67 by means of a dwell selector
      switch (not shown). A typical signal appearing at the output 81 from the
      comparator 77 is shown in FIG. 3E. It will be noted that the leading edges
      of the pulses of the pulse train in FIG. 3E correspond with the leading
      edges of the pulses in the pulse train of FIG. 3D.
PAR  The pulse train at the output 81 from the multivibrator 18 operates the
      transistor switch 19. The output 81 is connected through a resistor 84 to
      the base of a transistor 85. A capacitor 86 is also connected from the
      base of the transistor 85 to ground 24. The emitter of the transistor 85
      is connected through a diode 87 to ground 24 while the collector is
      connected through a resistor 88 to the positive buss 26 and through a
      resistor 89 to the base of a power switching transistor 90. The transistor
      90 controls current flow in a primary winding 91 of an ignition coil 92.
      The primary winding 91 is connected between a power source (not shown) for
      operating the engine, such as a 12-volt battery, and a junction 93. The
      junction 93 is connected through a capacitor 94 to ground and through an
      inductor 95 to the collector of the transistor 90. A capacitor 96 and a
      Zener diode 97 are also connected in parallel between the collector and
      the grounded emitter of the transistor 90.
PAR  During operation of the engine, the cam 13 causes the breaker points 11 to
      generate a signal of the type shown in FIG. 3A. The filtering circuitry
      14, the converters 15 and 16 and the multivibrators 17 and 18 function to
      generate a signal of the type shown in FIG. 3E. This signal is applied
      through a buffer amplifier transistor 85 to drive the power switching
      transistor 90 for controlling current in the primary winding 91 of the
      ignition coil 92. Current builds up in the primary winding 91 while the
      transistor 90 is conducting. When the transistor 90 is then switched to
      interrupt the current flow, energy stored in the core of the ignition coil
      92 induces a high voltage across a secondary winding 98 for firing a spark
      plug (not shown). During this time, the capacitor 94 functions in a manner
      similar to the capacitor normally connected in parallel with the breaker
      points 11 in an engine ignition system for completing the electrical path
      to ground 24. The inductor 95, the capacitor 96 and the Zener diode 97 are
      provided for protecting the transistor 90 from high voltage transients
      from the ignition coil 92.
PAR  The apparatus 10 is particularly suitable for use in either studying or
      demonstrating the effects of spark advance and dwell on the operation of a
      spark-ignited internal combustion engine. The capacitors 72 and 80 may be
      varied for determining the most efficient settings of spark advance and
      dwell, respectively, while the engine is operating. Or, an an alternative,
      the capacitors 72 and 80 may consist of accurately calibrated capacitors
      and switches for selectively connecting these capacitors in the circuit to
      obtain predetermined increments of spark advance and dwell to demonstrate
      the effects of spark advance and dwell in a classroom environment. The
      spark advance may be calibrated, for example, to permit selection ranging
      in five degree increments from minus five degrees, or a five degree retard
      from top dead center, to plus twenty degrees advance. Similarly, the
      capacitor 80 is switched for selecting accurate dwell angles ranging from
      a minimum of perhaps five degrees to a maximum of perhaps forty degrees or
      more in small increments.
PAR  Although the apparatus 10 has been described in operation with an internal
      combustion engine having breaker points 11 driven by a cam 13, it will be
      appreciated that other well known types of ignition timing pulse
      generators may be used in their place. For example, the breaker points 11
      may be replaced with a magnetic pickup and an amplifier. The magnetic
      pickup senses either the lobes on the cam 13 or lobes or magnets on a
      trigger wheel for generating pulses in synchronism with the engine. Or, in
      still another embodiment, the breaker points 11 may be replaced with an
      optical pickup. In place of the cam 13, a shutter is driven by the engine.
      A light source and a light sensor are positioned on opposite sides of the
      shutter. As the shutter rotates, the light sensor generates a pulse stream
      similar to that generated by the breaker points 11.
PAR  It will be appreciated that various other changes and modifications may be
      made in the above-described preferred embodiment of the invention. For
      example, a specific circuitry has been described for the
      frequency-to-voltage converters 15 and 16 and a specific circuitry has
      been described for the variable delay one shot multivibrators 17 and 18.
      However, the converters 15 and 16 may be replaced with other known types
      of frequency-to-voltage converters and the multivibrators 17 and 18 may be
      replaced with other known types of variable delay multivibrators. Various
      other changes and modifications may also be made without departing from
      the spirit and the scope of the claimed invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In an ignition system for a spark-ignited internal combustion engine
      including means for generating a timed pulse train synchronized with the
      engine, said pulse train having a predetermined spark advance curve, and
      an ignition coil for generating high voltage pulses for firing at least
      one spark plug in the engine, an electronic timing control circuit
      comprising, in combination, means for electronically modifying the timing
      and the pulse width of the engine generated pulse train to obtain a
      modified pulse train having a preselected modification in the
      predetermined spark advance curve for all engine speeds and having a
      predetermined dwell, and switch means responsive to such modified pulse
      train for controlling current flow in a primary winding of the ignition
      coil, said modifying means including frequency-to-voltage converter means
      having an analog output determined by the frequency of the engine
      generated pulse train, and time delay means responsive to such analog
      output for delaying the engine generated pulse train by a time increment
      which decreases linearly as the frequency of the engine generated pulse
      train increases whereby the preselected modification in the spark advance
      curve remains constant for all engine speeds.
NUM  2.
PAR  2. An electronic timing control circuit for an ignition system in a
      spark-ignited internal combustion engine, as set forth in claim 1, and
      including means for selectively changing the time increment in which the
      engine generated pulse train is delayed whereby the preselected
      modification in the predetermined spark advance curve is selectively
      changed.
NUM  3.
PAR  3. In an ignition system for a spark-ignited internal combustion engine
      including means for generating a timed pulse train in synchronism with the
      engine, said pulse train having a predetermined spark advance curve, and
      an ignition coil for generating high voltage pulses for firing spark
      plugs, an electronic timing control circuit comprising, in combination,
      means for generating a second pulse train having uniform width pulses
      delayed from pulses in said engine generated pulse train by a time
      increment which is inversely proportional to the frequency of the engine
      generated pulse train, such second pulse train having a spark advance
      modified from the predetermined spark advance curve by a preselected
      constant amount, means for generating a third pulse train having pulses
      synchronized with pulses in such second pulse train and having pulse
      widths inversely proportional to the frequency of the engine generated
      pulse train, such third pulse train having a predetermined constant dwell,
      and switch means responsive to such third pulse train for controlling
      current flow in a primary winding of the ignition coil.
NUM  4.
PAR  4. An electronic timing control circuit for an ignition system in a
      spark-ignited internal combustion engine, as set forth in claim 3, wherein
      said second pulse train generating means comprises frequency-to-voltage
      converter means having an analog output determined by the frequency of the
      engine generated pulse train, and time delay multivibrator means
      responsive to the engine generated pulse train for generating such second
      pulse train, said multivibrator means having a time delay controlled by
      the analog output from said frequency-to-voltage converter to decrease as
      the frequency of the engine generated pulse train increases.
NUM  5.
PAR  5. An electronic timing control circuit for an ignition system in a
      spark-ignited internal combustion engine, as set forth in claim 4 wherein
      said third pulse train generating means comprises second
      frequency-to-voltage converter means having an analog output determined by
      the frequency of the engine generated pulse train, and second
      multivibrator means responsive to such second pulse train for generating
      such third pulse train, said second multivibrator means controlling the
      pulse width in such third pulse train in response to the analog output
      from said second frequency-to-voltage converter to decrease the pulse
      width as the frequency of the engine generated pulse train increases.
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ABST
PAL  An ignition system for a rotary piston engine uses the position of the
      rotary piston to generate the ignition timing pulse. A sensor is mounted
      in the wall of the epitrochoidal housing at a point opposite a rotor apex
      seal when the piston is at the maximum advance position. The timing signal
      is delayed by appropriate circuits and triggers high voltage generating
      circuits that provide igniting voltages to the trailing and leading
      ignition plugs at the proper time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an ignition system for rotary piston
      engines in which the timing signal is generated by the position of the
      rotor apex seals. The timing signals are processed by electronic circuits
      to provide the proper timing delays to the high voltage generating means
      connected to the leading and trailing spark plugs.
PAR  Prior art ignition systems for rotary piston engines utilize a distributor
      timing mechanism driven from the crankshaft and operating in essentially
      the same manner as the distributors in reciprocating piston engines. U.S.
      Pat. No. 3,554,092 illustrates the operation of the mechanical distributor
      universally used in present day rotary piston engines. The mechanical
      distributor has the wear shortcomings of any mechanical system with the
      accuracy of the timing function gradually decreasing as the distributor
      gearing wears. Also, the higher rotational speeds of the rotary engine
      produce higher noise levels in the mechanical distributor systems. The
      higher engine RPM's also limit the usefulness of breaker points in the
      distributor since higher spring tension must be applied to keep the points
      from floating at the high RPM. This higher tension results in greater
      rubbing block wear and shorter point life.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a rotary piston engine ignition system which
      overcomes the above described disadvantages.
PAR  Accordingly, an essential object of the present invention is to provide an
      ignition system for use in a rotary engine in which the timing signal is
      derived directly from the position of the rotary piston.
PAR  Another object of the ignition invention is to provide a timing and
      ignition distribution system that does not require any rotating
      components.
PAR  A further object of the rotary ignition invention is to provide an ignition
      system that is capable of operating at high engine RPM's.
PAR  Still a further object of the invention is to provide an ignition system
      that provides a highly accurate timing pulse.
PAR  Yet a further object of the invention is to provide separate ignition
      timing for the trailing and leading spark plugs.
PAR  And yet another object of the invention is to provide an ignition system in
      which the timing can be electronically controlled to provide best engine
      performance at lowest emission levels.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of the combustion chamber of a rotary
      piston engine showing the timing sensor placement.
PAR  FIG. 2 is a block diagram showing the functional circuit blocks for one
      embodiment of the ignition system.
PAR  FIG. 3 is a side view of the combustion chamber showing the placement of a
      pair of timing sensors.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 the rotary piston internal combustion engine comprises a housing
      1 having an epitrochoid shaped inner wall 8. The housing further comprises
      end walls (not shown) within which crankshaft 4 is rotatably supported. A
      hub 3 with external gear teeth 5 is rigidly affixed to the end wall. A
      triangle shaped rotary piston 2 with internal gear teeth 6 on a portion of
      the inner surface is mounted for rotation about hub 3. An eccentric
      mounted on the crankshaft and slidingly contacting the non-geared portion
      of the inner surface of the rotary piston transmits torque to the
      crankshaft. The rotary piston 2 is provided with radially moving apex
      seals 7 which continuously sweep along inner wall 8 as the rotary piston 2
      rotates. In the arrangement a plurality of working chambers are formed
      between the rotary piston 2 and the inner wall 8 each of which varies in
      volume as the rotary piston 2 undergoes each cycle of four strokes of
      intake, compression, power and exhaust.
PAR  The inner wall 8 is provided with suitably spaced intake and exhaust ports
      10 and 9 and a pair of suitably spaced leading and trailing spark plugs 11
      and 12. Timing sensor 13 is positioned in housing 1 opposite an apex seal
      when the rotary piston is in the maximum advanced position. Timing sensor
      13 generates a timing pulse whenever apex seal 7 transverses the sensor
      area. Piston 2 is shown at the top dead center (TDC) point. Dashed-line
      piston 14 shows the position of rotary piston 2 at a later time in the
      combustion cycle.
PAR  The remaining structure of the rotary piston engine is well known to those
      skilled in the art and, therefore, the details thereof are omitted for the
      sake of brevity.
PAR  In FIG. 2 rotary piston 2, apex seals 7 and timing sensor 13 are shown in
      functional relationship. Timing pulse 15, generated when the apex seal 7
      traverses timing sensor 13 is connected to variable time delay circuits 20
      and 21. Engine signals such as r.p.m., manifold pressure, throttle
      position, choke valve position, and temperature are also fed to delay
      circuits 20 and 21 and modify the delay time to provide correctly timed
      ignition pulses 16 and 17. The ignition pulses actuate high voltage (H.V.)
      generators 23 and 22 which provide ignition sparks to trailing and leading
      spark plugs 12 and 11. Since ignition pulses 16 and 17 require different
      delays of the timing pulse, the engine signals to delays 21 and 20 are
      weighted differently in accordance with predetermined engine operating
      conditions and thereby produce different delay times. In normal operation
      leading spark plug 11 is ignited first and trailing spark plug 12 is
      ignited second. Since timing sensor 13 is positioned at the point where
      rotary piston 2 is positioned for maximum advanced timing, all timing
      signals other than at maximum advance require a delay prior to generating
      the ignition sparks.
PAR  In FIG. 3 a sensor pair comprised of first sensor 31 and second sensor 32
      are located in the wall of housing 1. The sensor pair produce a timing
      signal when apex seal 7 of rotary piston 2 passes between the sensors. The
      timing signal is further coupled to the circuits described in FIG. 2 to
      produce properly timed ignition sparks to the spark plugs. The utilization
      of a pair of sensors provides the capability for detecting the midpoint or
      null point between sensor outputs by utilizing the sensors in a bridge
      circuit arrangement. A bridge type circuit would have one sensor in each
      of the bridge arms and would produce a timing pulse signal when both
      sensor outputs were equal and not zero. This would occur when the apex
      seal was at the mechanical symmetry point between the sensors. By making
      the bridge arm gains unequal, an output timing pulse can be generated when
      the seal is at a point other than the symmetry point between the sensors.
      The sensor positioning and characteristics must be such that for all
      positions of the apex seal between the sensors, signals are generated in
      both sensors. Also, the detection point of the sensor pair can be
      electrically shifted about the physical midpoint to produce an exact apex
      seal sensor positioning.
PAR  In an operating system, many sensor types may be utilized. Where the
      housing is comprised of non-ferrous material, magnetic flux or inductive
      sensors in combination with a ferrous apex seal may be utilized to
      generate the timing pulse. In these applications the sensor body need not
      penetrate the chamber inner wall. The use of capacitance type sensors
      requires a projection of the sensor through the chamber wall with the
      active end of the sensor flush with the inner wall surface. Also, the apex
      seal may be constructed as a composite. The rubbing surface being of
      material having the necessary wear characteristics and the inner portion
      being of a material that will activate the sensor. Since it is possible to
      place the sensor at any of three points along the epitrochoidal surface to
      detect the apex seal position, the choice was made to place the sensor in
      the area where the temperature was the lowest. This point is located
      between the intake and compression chamber areas.
PAR  Although the present invention has been fully described by way of example
      with reference to the accompanying drawings, it is noted that various
      changes and modifications are apparent to those skilled in the art. For
      example, the H.V. generator may be an induction circuit, capacitor
      discharge or oscillator circuit of single or multiple ignition pulses.
      Such modifications are to be construed as included within the scope of the
      present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ignition system for an internal combustion engine having a housing
      and a rotary piston comprising,
PA1  a. apex seals attached to the rotary piston and contacting the housing
      wall,
PA1  b. a timing sensor attached to the housing, detecting the position of the
      seals and producing a timing signal output when the seal is in alignment
      with the sensor,
PA1  c. variable delay means for electrically delaying the timing signal and
      producing a delayed timing signal output,
PA1  d. high voltage generating means activated by the delayed timing signal and
      producing a high voltage signal,
PA1  e. spark plugs positioned in the combustion chamber, connected to the
      generating means and producing ignition sparks when the high voltage
      signal is generated.
NUM  2.
PAR  2. The combination of claim 1 wherein the variable delay means is delayably
      controlled by engine operating signals, RPM, temperature, throttle
      position and choke position.
NUM  3.
PAR  3. The combination of claim 1 wherein the apex seals are comprised of
      ferrous material and the engine housing is comprised of non-ferrous
      material.
NUM  4.
PAR  4. The combination of claim 1 wherein the timing sensor is positioned to
      detect the apex seal when the rotary piston is at the position
      corresponding to maximum ignition advance.
NUM  5.
PAR  5. The combination of claim 4 wherein the timing sensor is positioned
      between the intake and compression chambers.
NUM  6.
PAR  6. The combination of claim 1 wherein the timing sensor is comprised of a
      pair of sensors mechanically located in symmetrically opposed relationship
      about the apex seal detection point.
NUM  7.
PAR  7. The combination of claim 6 wherein the timing sensor pair is connected
      in a bridge arrangement to produce an electrical null output at the apex
      seal detection point.
NUM  8.
PAR  8. The combination of claim 7 wherein the seal detection point is
      electrically variable about the mechanical symmetry point.
NUM  9.
PAR  9. The combination of claim 1 wherein the variable delay means produces a
      first delayed timing signal and a second delayed timing signal and the
      spark plugs include a leading spark plug and a trailing spark plug, the
      leading spark plug being energized in coincidence with the first delayed
      timing signal, and the trailing spark plug being energized in coincidence
      with the second delayed timing signal.
NUM  10.
PAR  10. The combination of claim 1 wherein the high voltage generating means
      produces multiple high voltage output signals upon activation.
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ABST
PAL  Engine ignition is timed for each ignition cycle from a reference pulse
      corresponding to the time a piston in a particular one of the cylinders of
      the engine is at its upper dead-center point. This pulse is utilized to
      reset a counter that counts a series of pulses corresponding to each
      1.degree. of revolution of the crankshaft. The output of the counter is
      furnished to an evaluation circuit in which there is wired logic for the
      basic ignition timing and additional logic to take account of engine
      operating conditions, such as engine speed, engine temperature and intake
      manifold pressure. In an engine requiring unsymmetrical ignition timing, a
      pulse for each revolution of the cam shaft is utilized in an additional
      logic circuit to control a timing shift for alternate revolutions of the
      crankshaft. The pulses produced by the evaluation circuit are furnished to
      an ignition pulse generation circuit, which provides ignition pulses to
      the ignition system.
BSUM
PAR  This invention relates to an electronic ignition timing pulse generating
      circuit for an internal combustion engine and, in particular, to such a
      circuit for an engine which is provided with a pulse generator providing a
      sequence of pulses corresponding to equal increments of rotation of the
      crankshaft of the engine, for example 360 pulses per revolution, each
      corresponding to 1.degree. of rotation.
PAR  In known ignition pulse generating systems the timing of the ignition
      pulses is determined with reference to ignition timing start points, which
      are fixed angular locations of the crankshaft located about 60.degree.
      before the upper deadpoint of the respective pistons of each of the
      cylinders of the engine. These ignition start points form the starting
      point for determination of the actual ignition timing, which is subject to
      the momentary conditions of the engine, such as speed, temperature and
      intake manifold vacuum. The number of ignition timing start points
      referred to the crankshaft is equal to half the number of the pistons of
      the engine, whereas referred to the cam shaft there are as many ignition
      timing start points as the number of pistons.
PAR  In a known ignition timing system, a signal transmitter is provided with a
      rotor revolving at a speed proportional to the crankshaft speed that
      causes an integrator to provide a control pulse for ignition timing. This
      integrator is thereby put into action and builds the sum of a pulse
      sequence supplied by a second signal transmitter, likewise coupled to the
      crankshaft, the length of this pulse sequence being dependent upon the
      angle of rotation through which the crankshaft passes during the
      particular interval. At the output of the integrator there appears a
      staircase form signal with a rate of climb corresponding to the angular
      velocity of the crankshaft. The output voltage of the integrator is
      supplied to a comparator to which is also supplied a comparison voltage
      taking account of the current operating conditions of the engine. As soon
      as the two input voltages of the comparator reach a certain selective
      relation to each other, an ignition pulse is triggered and the integrator
      is at the same time reset. The next pulse of the first-mentioned signal
      transmitter then causes the operations just described to be repeated.
PAR  The difficulty of the system just described is due partly to the lack of
      precision of the integrator signal, the starting point of which and the
      rate of climb of the output voltage of which require accurate and uniform
      signals and partly in the nature of the comparison voltage carrying the
      information of the operation conditions of the engine, the magnitude of
      which corresponds to the sum of the individual influencing magnitudes, for
      example speed, temperature, loading, fuel, etc. Even though the generation
      of these magnitudes ought not to produce any particular difficulties, a
      superimposition of the individual measurements to combine their effects is
      certainly not easily provided. Special problems occur in this regard in
      the case of unsymmetrical ignition timing for multi-cylinder engines.
PAR  It is an object of the present invention, accordingly, to provide the basic
      ignition timing pulses, which may be referred to as the timing start
      pulses, on a basis which determines them with reference to a single
      specified point or positon of each crankshaft revolution.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, the upper dead-center point of a piston in one of the cylinders of
      the engine is used as a start of the timing operation for each revolution
      of the crankshaft and means are provided to produce an electrical pulse
      when the crankshaft passes through this point to reset a continuously
      running binary counter arranged to count pulses of which a certain number,
      for example 360, are produced for every revolution of the crankshaft at a
      rate corresponding to crankshaft speed. The outputs of the counter are
      supplied to an evaluation circuit that may be referred to as a computer
      means which determines the timing of the timing start pulses by the
      progress of the count, but subject also to taking account of the operating
      conditions of the engine. As previously mentioned, as soon as the upper
      deadpoint of the piston in the reference cylinder is again reached, the
      counter is reset to zero and starts over.
PAR  In a further development of the invention the evaluation circuit stores the
      angle of rotation through which the crankshaft must pass between the upper
      deadcenter point of the piston in the reference cylinder, and each of the
      ignition timing start points in the form of wired logic connections for
      the corresponding counting magnitudes that will be registered by the
      counter at those respective points. Furthermore, in the case of
      unsymmetrical timing a logic circuit is provided responsive both to a
      signal from the reference deadpoint and to another signal transmitter
      operated by cam shaft that makes only one revolution for the entire
      ignition cycle to produce an output furnished to the evaluation circuit to
      change its setting back and forth between settings for alternate
      revolutions of the crankshaft.
PAR  The advantages obtainable with the invention consist particularly in the
      requirement of only a single accurate signal per revolution of the
      crankshaft to which all the ignition timing may be referred, this single
      accurate signal being conveniently derived from the upper dead-center
      point of the piston of one of the cylinders of a multi-cylinder engine.
      This represents the possibility of a substantial saving for the motor
      manufacturer.
PAR  The timing intervals reckoned from the upper dead-center point of the
      piston in one of the cylinders provide the starting points for the
      corresponding determination of the actual ignition timing, which is
      automatically shiftable in response to certain engine conditions. A
      distributor, of course, is used to distribute the ignition pulses to the
      sparkplugs of the various cylinders.
DRWD
PAR  The invention is further described by way of example with reference to the
      annexed drawings, in which:
PAR  FIG. 1 is a block diagram of an electronic ignition timing system for an
      engine requiring symmetrical ignition timing;
PAR  FIG. 2 is a corresponding block diagram for the case of an engine requiring
      unsymmetrical ignition timing;
PAR  FIG. 3a is a diagram showing the circuit of a logic circuit required
      particularly for the case of unsymmetrical timing;
PAR  FIG. 3b is a diagram of another form of logic circuit of the kind
      particularly required for unsymmetrical ignition timing;
PAR  FIG. 4a is a circle diagram for graphical representation of the oppositely
      disposed ignition timing locations for a four-cylinder engine during one
      revolution of the crankshaft, and
PAR  FIG. 4b is a circle diagram for graphical representation of the position of
      the ignition timing locations of a six-cylinder engine using unsymmetrical
      timing.
DETD
PAR  As shown in FIG. 1, the positive pole of a direct current source not shown
      in the drawing is connected with the reset input 21 of a counter 20
      through a switch 10 operated by the crankshaft for marking the moment in
      which the piston in the reference cylinder is at its upper dead-center
      point. The counting pulse input 23 of the counter 20 is connected to an
      angular displacement indicator transmitter 13 provided to register angular
      displacement of the crankshaft. The counter 20 is of conventional form and
      may be, for example, of the RCA type commercially available under the
      designation CD 4029. The outputs of the counter 20 are provided over the
      conductors 22 to an evaluation circuit 25 built up of logic gates. This
      evaluation circuit is also a conventional commercially available circuit
      unit, sometimes called a decoder, for example the Texas Instruments type
      TMS 2000 JG. The block 50 of the diagram represents a second stage of
      evaluation connected over the conductor 27 with the evaluation circuit 25
      for causing the ignition timing to be modified by measured values of
      operating parameters of the engine, such as, for example, the pressure p,
      the speed n and the temperature T. Such circuits are also known in the
      art. Some suitable forms of construction for the block 50 are illustrated
      by the calculating circuits shown in U.S. Pat. No. 3,756,212. It is to be
      understood, however, that the functions represented by the separate blocks
      25 and 50 may be built into a single stage or in separate stages as
      indicated on FIG. 1, according to the nature of the influence to be
      produced in the circuit by the aforesaid operating parameters. The timing
      pulses as determined by the evaluation circuit are finally supplied on an
      ignition circuit 55 which produces pulses of a voltage suitable for
      ignition, which are distributed to the respective sparkplugs of the engine
      cylinders through a distributor 41 driven by a cam shaft 40 connected to
      the crankshaft.
PAR  FIG. 2 shows a block diagram for the electronic generation of timing pulses
      for unsymmetrical timing. The circuit components which also appear in FIG.
      1 are here given the same reference numerals. The circuit of FIG. 2 has an
      additional connection leading from the positive pole of the d.c. source
      (not shown), over a signal generator actuated by the cam shaft 40, for
      example a pulse generator producing one pulse per revolution of the cam
      shaft, over to the input 31 of a logic circuit 30. The second input 33 of
      the logic circuit 30 is connected over a conductor 11 with the circuit
      which provides one pulse per revolution of the crankshaft when the piston
      in the reference cylinder is at its upper dead-center point, this being
      the same pulse, or rather sequence of pulses, that is supplied to the
      resetting input 21 of the counter 20. The output 32 of the logic circuit
      30 is connected to an additional input of the evaluation circuit 25.
PAR  The form of the logic circuit 30 of FIG. 2 which is shown in FIG. 3a
      comprises a D-flipflop circuit 300 with a setting pulse input 310 and a
      synchronizing input 330. The characteristics and constitution of
      D-flipflop circuits are explained in "Digital Electronics in Measurements
      and Data Processing" by Dokter Steinhauer, published in the Philips
      textbook series, pages 11-21. Pages 46 and 47 of the same text show a
      forward counting circuit.
PAR  The noninverting output of the D-flipflop circuit 300 is used to supply the
      output of the logic stage 30 to the evaluation circuit 25.
PAR  In the circuit illustrated in FIG. 3b for the logic circuit 30 of FIG. 2, a
      bistable flipflop circuit composed of the NOR-gates 311 and 312 receives
      the inputs 31 and 33 of the logic stage 30. The input 33 of FIG. 2 is in
      this case one input to the NOR-gate 312, the output of which is coupled to
      the setting signal input of the D-flipflop circuit 300. This same input 33
      is also applied to the synchronizing input 330 of the D-flipflop circuit
      300, the output of which constitutes the output 32 of the logic circuit as
      a whole.
PAR  FIG. 3b shows the cross-connections of the NOR-gates 311 and 312, which
      provide the bistable operation of this circuit.
PAC  Operation of the Circuits of FIG. 1 and FIG. 2.
PAR  The closing of a switch 10 marks the upper deadcenter position of one of
      the pistons, this being the case both in FIG. 1 and FIG. 2. This momentary
      connection through the contacts of the switch 10 operated by the
      crankshaft clears the count information contained in the counter 20,
      resetting this counter to zero. As the crankshaft continues to revolve,
      the angular displacement pulse generator 13 produces a sequence of pulses
      the length of which sequence at any moment corresponds to the displacement
      of the crankshaft since passing the upper deadpoint of the piston in the
      reference cylinder, and this pulse sequence advances the counter 20
      progressively. The count value is supplied to the evaluation circuit 25
      over the conductors 22 and the evaluation circuit 25 provides preliminary
      ignition timing signals at its output 27. These go to the additional stage
      50 of the evaluation circuit where these preliminary ignition timing
      signals are used as starting values for the determination of the final
      ignition timing by taking account of the speed n, the temperature t and
      the pressure p, as provided by measurements made on the engine. The actual
      ignition pulses are produced by the ignition circuit 55 and they are then
      directed in turn to the sparkplugs of the individual cylinders by means of
      the distributor 41.
PAR  A four-cylinder internal combustion engine is convenient for consideration
      as a first example. The crankshaft will of course perform twice as many
      revolutions as the cam shaft, because of the four-stroke cycle of the
      engine in each cylinder. During a half revolution of the cam shaft or a
      full revolution of the crankshaft, it is accordingly necessary to produce
      two ignition pulses. In the case of symmetrical ignition, these are
      accordingly 180.degree. of the crankshaft revolution apart from each
      other, hence the ignition points are in opposed position. For triggering
      these ignition pulses, two timing pulses are necessary and these will have
      their timing controlled by the counting results of the counter in the
      circuits previously described. When the count produced in the counter 20
      corresponds with a count stored in binary form in the evaluation circuit
      25 and corresponding to the predetermined rotation angle of the
      crankshaft, the evaluation circuit 25 produces a timing pulse.
PAR  In the case of unsymmetrical ignition, a cam shaft signal is necessary for
      unambiguous determination of the individual timing signals. In the
      corresponding circuits of FIG. 2, there is utilized for this purpose not
      only a cam shaft signal produced by the pulse generator 12, but also a
      dead-center point signal from the switch 10 as a synchronizing pulse for
      the logic circuit 30. In this arrangement the cam shaft signal can be
      quite inaccurate, because the precision of synchronization is provided by
      the dead-center signal. A pulse sent out by the transmitter 12 and
      supplied to the logic circuit 30 over its input 31, as shown in FIG. 1,
      goes to the setting pulse input 310 of the D-flipflop circuit 300, but an
      output is produced only in connection with a signal produced by the
      deadcenter point switch 10. The circuit of FIG. 3b has the advantage
      compared with the circuit of FIG. 3a of providing an accurately defined
      signal at the setting pulse input 310 of the D-flipflop circuit 300. In
      this circuit both the dead-center point signal from the switch 10 and the
      cam shaft signal from the transmitter 12 produces a switching over of the
      bistable flipflop stage constituted of the two NOR-gates 311 and 312. The
      pulses produced at the output 32 of the logic stage 30 are supplied to the
      input 26 of the evaluation stage 25 for recognizing which of the alternate
      revolutions of the crankshaft is in progress. The significance of this
      factor is best understood with reference to FIGS. 4a and 4b. FIG. 4a is a
      diagram relating to the symmetrical timing of a four-cylinder internal
      combustion engine. In FIG. 4a both the pre-timing points ZM1 and ZM2 and
      also the ignition time points ZZP1 and ZZP2 are disposed symmetrically
      with respect to the center of the circle, which represents the cranskhaft
      revolution. The pre-timing point ZM1 here lies about 60.degree. before the
      upper dead-center point of the reference piston, that is, the upper
      dead-center point which results in the closing momentarily of the switch
      10. The ignition time point ZZP1 related to the pre-timing point ZM1 is
      disposed somewhat in advance of this upper deadcenter point. As the result
      of the symmetrical timing, it is sufficient in this example to determine
      two pre-timing points and hence the computation of two ignition time
      points, since successive sparks in the firing order of the cylinders
      succeed each other with equal time intervals and each piston has only one
      power stroke during two revolutions of the crankshaft.
PAR  FIG. 4b shows a circle diagram for the pre-timing points of a six-cylinder
      internal combustion engine having unsymmetrical ignition timing. In this
      case the pre-timing points, and likewise the related ignition time points,
      have a staggered distribution over a single cam shaft revolution, which is
      to say, over two crankshaft revolutions. In other words, the pre-timing
      points and the corresponding ignition time points for one revolution of
      the crankshaft are shifted in time compared to the rhythm determined by
      the corresponding points in the preceding and succeeding revolutions of
      the crankshaft.
PAR  The resetting of the counter 20 for each revolution of the crankshaft takes
      place by operation of the switch 10, which occurs at the same phase of the
      crankshaft revolution for every revolution, so that the counting cycle of
      the counter 20 in each case corresponds to one crankshaft revolution.
PAR  In order that the evaluation circuit 25 may be able to distinguish between
      the two crankshaft revolutions that occur during a single cam shaft
      revolution, a supplementary signal must be processed in the evaluation
      circuit. This signal is delivered by the logic circuit 30 and it occurs
      only once during a cam shaft revolution. This enables the evaluation
      circuit 25 to distinguish between the two equal counting cycles that are
      completed during a single cam shaft revolution. Wired logic thus
      identifies the alternate counting cycles, so that unsymmetrically disposed
      pretiming points can be used. Whether the pre-timing points are
      symmetrical or unsymmetrical makes no difference for the following
      computation of the ignition time points, which follow the pre-timing
      points in the same manner in each case. The period between the pre-timing
      point and the ignition time takes account of the momentary operation
      parameters of the engine, as for example the speed n, the pressure p (for
      example in the intake manifold) and the temperature T, these factors
      affecting the relative advance or retard of the ignition timing in a
      well-known manner that need not be described further here.
PAR  The mechanically controlled switch 10 is merely a symbolic indication of a
      means for indicating when the crankshaft is in such a position that the
      piston in a particular cylinder is at its upper dead-center point. There
      are a variety of transmitting devices that can provide a reference pulse
      of this character that are suitable for this purpose, provided that there
      is the desired accuracy for the generation of a pulse at the moment the
      piston in the reference cylinder is in its upper dead-center position.
      Other modifications and variations are also possible within the concept of
      the present invention. For example, instead of providing a pulse
      transmitter 13 that produces 360 pulses for each revolution of the
      crankshaft, thus one pulse for 1.degree. of rotation, it is of course
      possible to provide a pulse transmitter that produces more than 360 pulses
      per revolution or less than 360 pulses per revolution. It is, however,
      important that the number of pulses per revolution be a rational multiple,
      which may be a rational fractional multiple, of 360 per revolution and
      perferably a simple multiple of this character, since it is desirable to
      have the pre-timing pulse precede the ignition pulse by about 60.degree..
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for electronic generation of ignition timing pulses for an
      internal combustion piston engine having a plurality of pistons
      respectively operating in a plurality of cylinders to drive a common
      crankshaft, comprising:
PA1  means (13) for generating a sequence of pulses corresponding to equal
      increments of rotation of the crankshaft of the engine such that a
      multiplicity of pulses is produced during every complete revolution of the
      crankshaft;
PA1  counting means (20) for counting pulses of said sequence, including output
      means having a plurality of binary digit outputs for providing an output
      representative of crankshaft position with reference to the upper
      dead-center point of a permanently preselected piston of said engine;
PA1  evaluation circuit means (25, 50) responsive to outputs of said counting
      means and also to variations of at least one selected engine operation
      condition, for providing ignition timing pulses to the ignition system of
      said engine, said selected engine operation conditions, of which said
      evaluation circuit means is responsive to at least one, being engine
      speed, a temperature measured in the engine, and a pressure measured in
      the engine, said evaluation circuit means containing a circuit having
      logic connections arranged for detecting when said counting means reaches
      values of count respectively equal to predetermined angles of rotation of
      said crankshaft from a position in which said preselected piston of the
      engine is at its upper dead-center point; and
PA1  resetting means (10) for resetting said counting means (20) to a count
      starting condition when said preselected piston of the engine is at its
      upper dead-center point.
NUM  2.
PAR  2. Apparatus for electronic generation of ignition timing pulses as defined
      in claim 1, in which said engine requires unsymmetrical igntion timing and
      in which second pulse generating means (12) are provided for actuation by
      a cam shaft of said engine during alternate revolutions of said
      crankshaft, and in which, further, logic means are provided responsive to
      the provision of pulses during said alternate revolutions by said second
      pulse generation means and also responsive to pulses provided by said
      resetting means when a piston of the engine is at its upper dead-center
      point, for supplying an output to said evaluation circuit means for
      shifting the timing of said ignition timing pulses back and forth for
      alternate revolutions of said crankshaft.
NUM  3.
PAR  3. Apparatus for electronic generation of ignition timing pulses as defined
      in claim 2, in which said logic means comprises a D-flipflop circuit
      having a synchronizing input (330) connected to the output of said
      resetting means (10) and having a setting signal input (310) connected to
      the output of said second pulse generating means (12).
NUM  4.
PAR  4. Apparatus for electronic generation of ignition timing pulses as defined
      in claim 2, in which said logic means comprises a first (311) and a second
      (312) NOR-gates cross-connected, so that the output of one forms one of
      the inputs of the other, and also a D-flipflop circuit (300) having its
      signal setting input (310) connected to the output of said second NOR-gate
      (312) and its synchronizing input (330) connected to the output of said
      resetting means (12), to which the non-cross-connected input of said
      second NOR-gate is also connected, and in which, further, the
      non-cross-connected input of said first NOR-gate is connected to the
      output of said second pulse generating means.
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PAL  Atmospheric pressure compensating means for an engine intake system, which
      includes an air bypass passage extending between the upstream side and
      downstream side of a throttle valve in an engine intake passage, and a
      control valve provided in the bypass passage for controlling the bypass
      passage area in accordance with pressure difference between the
      atmospheric pressure and suction pressure in said intake passage so that
      said passage area is increased in response to a decrease in said pressure
      difference.
BSUM
PAR  The present invention relates to an internal combustion engine intake
      system having atmospheric pressure compensating means. More particularly,
      the present invention relates to means for introducing suitable amount of
      air into an internal combustion engine irrespective of change in
      atmospheric pressure.
PAR  In an internal combustion engine having carburetor means calibrated so as
      to provide a fuel-air mixture of an appropriate mixing ratio, it has often
      been experienced that when the engine is operated under a high altitude
      the amount of intake air is so decreased that it is stopped in an extreme
      condition during idling operation due to lack of oxygen. Further, in an
      engine having exhaust gas cleaning means such as a thermal reactor or a
      catalytic reactor, cleaning action of the exhaust gas cleaning means is
      reduced when the engine is operated at a high altitude due to a decrease
      in oxygen.
PAR  The present invention therefore has an object to eliminate the
      aforementioned problems as experienced in conventional engines.
PAR  A further object of the present invention is to provide an engine intake
      system having means for compensating change in atmospheric pressure.
PAR  A further objects of the present invention is to provide an intake system
      suitable for use in an internal combustion engine having exhaust gas
      cleaning means.
PAR  The above and other objects of the present invention can be achieved, in an
      intake system for an internal combustion engine having intake passage
      means provided with throttle valve means, by atmospheric pressure
      compensating means including air bypass passage means having one end
      opening to a portion of said intake passage means downstream side of the
      throttle valve means and the other end to another portion of said intake
      passage means upstream side of said throttle valve means, and control
      valve means provided in said bypass passage means for controlling passage
      area of said bypass passage means in accordance with pressure difference
      between the atmospheric pressure and suction pressure in said intake
      passage means, so that said passage area is increased in response to a
      decrease in said pressure difference.
PAR  In an intake system having air cleaning means, the bypass passage means may
      open to the air cleaning means, so that the wording "portion of the intake
      passage means upstream side of said throttle valve means" shall be
      construed as being broad enough to include such an arrangement that has an
      upstream end of the bypass passage means opening to the air cleaning
      means. It should further be noted that the present invention can be
      applied not only to an engine intake system having carburetor means but
      also to a fuel injection type engine intake system.
PAR  It is known that the difference between the atmospheric pressure and the
      intake suction pressure in an internal combustion engine decreases in
      proportion to an increase in altitude. According to the arrangement of the
      present invention, when an engine is operated at a high altitude,
      additional air is introduced into the engine whereby sufficient amount of
      oxygen can be supplied to the engine. According to a further aspect of the
      present invention, means is provided for bringing the control valve means
      into operation only during idling or low speed operation of the engine.
DRWD
PAR  The above and other objects and features of the present invention will
      become apparent from the following descriptions of preferred embodiments
      taking reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatical sectional view of an engine intake system in
      accordance with one embodiment of the present invention;
PAR  FIG. 2 shows operation of the control valve employed in the embodiment
      shown in FIG. 1 in one position;
PAR  FIG. 3 is a diagram showing the relationship between the altitude and the
      pressure difference between the atmospheric pressure and the intake
      suction pressure;
PAR  FIG. 4 is a diagram showing the relationship between the amount of intake
      air and the pressure difference between the atmospheric pressure and the
      intake suction pressure;
PAR  FIG. 5 is a sectional view showing another embodiment of the present
      invention.
PAR  FIG. 6 is a view similar to FIG. 2 showing the parts in another operating
      position.
DETD
PAR  Referring to the drawings, particularly to FIG. 1, there is shown an engine
      intake system including an intake passage 1 formed with a venturi 2. At
      the area of the venturi 2, there is provided a main fuel nozzle 3 as in a
      conventional engine intake system. Further, the intake passage 1 is
      provided with a throttle valve 4 at the downstream side of the venturi 2
      and a choke valve 5 at the upstream side of the venturi 2. At the upstream
      end of the intake passage 1, there is provided an air cleaner 6 which has
      a filter element 6a disposed therein. The intake passage 1 further has a
      slow port 7 and an idle port 8 which are connected through a fuel passage
      9 with a float chamber 10. An adjusting screw 11 is provided in the fuel
      passage leading to the idle port 8 so as to regulate the amount of fuel
      supplied through the port 8.
PAR  According to a feature of the present invention, a bypass passage 12 is
      provided in the intake passage 1. The bypass passage 12 opens at one end
      12a to the intake passage at the downstream side of the throttle valve 4
      and at the other end 12b at a portion of the intake passage 1 between the
      venturi 2 and the throttle valve 4. It should of course be noted that the
      upstream end of the bypass passage 12 may be opened directly to the air
      cleaner 6. In the bypass line 12, there is provided a control valve 13
      which comprises a valve housing 14 having a valve chamber 15 formed with a
      conical valve face 16. A valve member 17 is disposed in the valve chamber
      15 with an end 17a opposed to the conical valve face 16. A spring 18 is
      provided for urging the valve member 17 away from the conical valve face
      16.
PAR  In operation, air is taken through the air cleaner 6 into the intake
      passage 1 and passed therein through the venturi 2 and the throttle valve
      4. Under a normal operating condition, fuel is supplied from the main fuel
      nozzle 3 into the intake passage 1 at the venturi 2. Under an idling or
      low speed operation, however, the throttle valve 4 is closed and fuel is
      mainly supplied through the slow port 7 and the idling port 8. By
      adjusting the screw 11, the amount of fuel supplied through the idle port
      8 can be suitably adjusted so that suitable fuel-air mixture is provided
      for idling operation.
PAR  Referring now to FIG. 3, it is noted that the difference between the
      atmospheric pressure and the intake suction pressure decreases in
      proportion to an increase in the altitude under which the engine is
      operated. Therefore, in a conventional engine, the amount of air taken
      into the engine is remarkably decreased. According to the present
      invention, the control valve 13 serves to compensate for such a decrease
      in the amount of intake air. During engine idling operation at a standard
      altitude, a substantial pressure difference prevails across the throttle
      valve 4 as clearly noted in FIG. 3 so that the valve member 17 is
      displaced toward left against the action of the spring 18 as shown in FIG.
      2(a) so as to leave only a narrow clearance 19 between the end 17a of the
      valve member 17 and the conical valve face 16. However, when the engine is
      idled under a high altitude, the pressure difference is decreased so that
      the valve member 17 is displaced toward right as shown in FIG. 2(b) to
      increase the clearance 19. Thus, an increased amount of air is allowed to
      pass through the bypass passage 12. FIG. 4 shows the change in the amount
      of air taken into the engine through the bypass passage 12 with respect to
      the change in the difference between the atmospheric pressure and the
      engine intake suction pressure. Therefore, the arrangement shown in FIG. 1
      is effective to maintain a substantially constant mixing ratio of the
      fuel-air mixture taken into the engine during idling operation
      irrespective of change in altitude under which the engine is operated.
      Although the control valve 13 shown in FIG. 1 is always under operation as
      far as the engine associated therewith is operated, it should be noted
      that the bypass air through the passage 12 does not have any effect on the
      mixing ratio of the intake fuel-air mixture during normal engine operation
      since the upstream end 12b of the bypass passage 12 opens to the intake
      passage 1 at the downstream side of the main fuel nozzle 3.
PAR  Referring now to FIG. 5, there is shown a second embodiment of the present
      invention which comprises an engine intake passage 101 and a throttle
      valve 104 disposed therein. As in the previous embodiment, a bypass
      passage 112 is provided across the throttle valve 104. Further, in the
      bypass passage 112, there is provided a control valve 113 which comprises
      a valve housing 114 having a valve chamber 115 and a conical valve face
      116. A valve member 117 and a spring 118 is also disposed in the valve
      chamber 115. Adjacent to the inlet 114a to the valve chamber 115, the
      bypass passage 112 is provided with a diaphragm valve including a
      diaphragm 120 which is biased toward the valve housing 114 by a spring 121
      so as to close the inlet 114a. A diaphragm chamber 122 is defined by a
      housing 123 and connected through a conduit 124 with the intake passage
      101 at the downstream side of the throttle valve 104. In the conduit 124,
      there is provided a shut-off valve 125 which is actuated into open
      position by a solenoid 126 when it is energized through a switch 127 by an
      electric power source 128. In the illustrated arrangement, the valve 125
      is closed when the switch 127 is opened. During engine idling operation,
      the switch 127 is automatically closed by being interconnected for example
      with the throttle valve 104 so that the valve 125 is opened. Thus,
      negative pressure in the intake passage 101 is introduced into the
      diaphragm chamber 122 whereby the diaphragm 120 is displaced toward right
      so as to open the inlet 114a of the valve chamber 115.
PAR  From the above descriptions, it will be apparent that the present invention
      provides novel means for compensating changes in atmospheric pressure so
      that fuel-air mixture of uniform mixing ratio can be provided for idling
      operation irrespective of change in altitude under which the engine is
      operated. Although the invention has been shown and described with
      reference to specific embodiments, it should be noted that the invention
      is in no way limited to the details of the illustrated embodiments. For
      example, the invention has been described with reference to such
      embodiments that have conventional carburetors, however, the invention can
      of course be applied to a fuel injection type internal combustion engine.
      Thus, the scope of the invention shall be limited only by the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an intake system for an internal combustion engine having intake
      passage means provided with throttle valve means therein, an atmospheric
      pressure compensating device comprising:
PA1  a. air bypass passage means having one end communicating with the intake
      passage means on the downstream side of the throttle valve means and the
      other end communicating with the intake passage means on the upstream side
      of said throttle valve means,
PA1  b. control valve means in said bypass passage means for controlling the air
      flow therethrough,
PA1  c. said control valve means including a valve housing defining a valve
      chamber, and having a valve face and an air inlet, said valve chamber
      being in communication with said one end of said bypass passage means at
      said valve face and with said other end of said bypass passage means at
      said air inlet,
PA1  d. a valve member arranged for sliding movement in said valve housing and
      having one end opposed to said valve face to control a clearance space
      between said valve face and said valve number one end in response to the
      pressure difference between the atmospheric pressure and suction pressure
      in said intake passage means so that said clearance is increased in
      response to a decrease in said pressure difference,
PA1  e. spring means disposed in said valve housing for urging said valve member
      away from said valve face to increase said clearance.
NUM  2.
PAR  2. The atmospheric pressure compensating device in accordance with claim 1
      in which said intake passage means is provided with venturi means at the
      upstream side of said throttle valve means, and fuel nozzle means disposed
      at the venturi means, said other end of the bypass passage means being in
      communication with said intake passage means between the venturi means and
      the throttle valve means.
NUM  3.
PAR  3. The atmospheric pressure compensating means in accordance with claim 1
      including air cleaning means in the intake passage means and said other
      end of the bypass passage means is opened to said air cleaning means.
NUM  4.
PAR  4. The atmospheric pressure compensating device in accordance with claim 1
      including means for operatively conditioning said control valve means only
      during engine idling operation.
NUM  5.
PAR  5. The atmospheric pressure compensating device in accordance with claim 1,
      wherein said valve face of said valve housing is conical.
NUM  6.
PAR  6. The atmospheric pressure compensating device in accordance with claim 5,
      which further comprises disphragm valve means for closing said air inlet,
      said diaphragm valve means including a diaphragm normally biased toward
      said inlet in closing relationship therewith, a diaphragm chamber adjacent
      to said diaphragm, and means for introducing a negative pressure to said
      diaphragm chamber during engine idling operation so as to displace the
      diaphragm in spaced relationship with said air inlet of the valve chamber.
NUM  7.
PAR  7. The atmospheric pressure compensating device in accordance with claim 5
      in which said negative pressure introducing means comprises a conduit
      connecting said diaphragm chamber with the intake passage means at the
      downstream side of the throttle valve means, a solenoid operated shut-off
      valve disposed in said conduit, means for selectively actuating said
      solenoid operated shut-off valve means.
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ABST
PAL  For use with an internal combustion engine, typically the multi-cylinder
      variety, an apparatus which cooperates with the carburator and air intake
      manifold, which incorporates a flat plate-like member having appropriate
      passages enabling it to be bolted to an intake manifold below a
      carburator. The carburator mixes vaporized liquid fuel and air to provide
      a combustable mixture. The apparatus injects air at a point well within
      the intake manifold to enable the mixture of air injected thereat to
      disperse in the manifold air stream and flow to the cylinders of the
      engine for combustion. Air injected at this point is beneficial in
      improving fuel performance of the internal combustion engine. All other
      factors remaining equal, it provides better fuel economy.
BSUM
PAC  PRIOR ART
PAR  U.S. Pat. Nos.:
TBL         2,119,927 1,002,670                                                
            2,783,891 2,701,557                                                
            3,077,391                                                          
PAC  BACKGROUND OF THE INVENTION
PAR  The apparatus of the present invention is intended to provide improved fuel
      economy for vehicles. Large internal combustion engines have not been
      constructed with a view of optimum fuel economy. It is particular adapted
      for attachment to an older engine. Internal combustion engines of the sort
      constructed with a multi-barrel carburator opening into an intake manifold
      are of particular interest. In the ordinary internal combustion engine,
      the cylinders are arranged in banks of four each. An intake manifold sits
      centered on top of the engine. The intake manifold is a conduit extending
      to the intake valves of the several cylinders. It is a device adapted to
      deliver combustible air and fuel mixture to the cylinders flowing under
      vacuum pull as a result of the recirocating motion of the cylinders. The
      passages enable flow to one cylinder to be interrupted when that valve
      closes and the flow diverted to another cylinder. This is advantageous.
PAR  A central cavity or chamber in the intake manifold is constructed. This
      cavity or chamber communicates with branches which extend to the
      individual cylinder intake valves. In the customary construction of such
      an engine, a carburator is attached to the top side of the manifold.
      Carburators customarily have either two or four barrels, which are
      individual carburator mechanisms duplicated to attain better mixing and
      more even distribution. Each barrel incorporates a downwardly directed
      venturi communicated at the upper end with a common air cleaner and having
      carburator jets therein. Small and middle sized engines normally have two
      barrels while larger engines are typically constructed with four barrel
      carburators. The apparatus of the present invention is adapted to be an
      add-on device for pre-existing engines having a multi-barrel carburator
      communicated with an intake manifold. The apparatus of the present
      invention is particularly easy to install. Customarily, a carburator is
      bolted to the top side of the manifold by bolts which extend thereabove.
      The carburator is equipped with a flange plate having four bolt holes
      arranged at the corners. The present invention is inserted between the
      carburator and the manifold with gaskets above and below. It includes air
      inlet tubes positioned well below the opening of the manifold so that air
      is injected directly into the manifold passages.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an attachment for an internal combustion engine
      equipped with a multi-passage intake manifold and a carburator which is
      customarily bolted to the top side of the intake manifold. The two are
      temporarily separated, and the apparatus is placed between them. It
      comprises a generally thin and flat plate-like member having holes or
      passages matching those of the carburator and intake manifold.
PAR  The flat plate-like member is joined between the carburator and the intake
      manifold, preferably joined to both of them by appropriately shaped
      gaskets. The bolts preferably extend upwardly from the manifold through
      matching holes in the plate and through a flange on the carburator. This
      enables the members to be joined together to define leak-proof passages
      extending downwardly through the carburator through the apparatus of the
      present invention and into the intake manifold. A mixture of fuel and air
      flows through the passages into the intake manifold. The present invention
      has a separate tubing member which extends from an air intake remote from
      the apparatus to a point in the intake manifold. The air passages
      preferably extend downwardly and terminate in a T-shaped tubing member
      well within the intake manifold.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the carburator adaptor of the present
      invention showing details of construction; and,
PAR  FIG. 2 is a sectional view through the apparatus of FIG. 1 showing the
      equipment installed between a carburator and intake manifold, and
      particularly illustrating T-shaped tubes extending downwardly into the
      intake manifold for delivering fresh air thereat.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Attention is first directed to FIG. 1 which shows the present invention at
      10. It is adapted to be connected below a carburator 12 and above an
      intake manifold 14 shown in FIG. 2. The carburator 12 is typically a two
      or four barrel carburator of conventional construction. The intake
      manifold 14 is typically the type of manifold found on a regularly
      constructed and manufactured automotive engine such as a typical straight
      six or V-8 engine. The apparatus incorporates a generally rectangular flat
      body 16 which has an upper face 20 and a lower face 22. They are
      preferably parallel and spaced from one another. The flat body 16 is
      relatively thin, and needs only to be thick enough to accommodate the
      tubing to be described. The flat body 16 has an exterior contour matching
      the bottom flange on the carburator 12. It is shaped and constructed to
      match or abut the flange in joining the two together, preferably with a
      gasket 24 positioned therebetween. The gasket 24 provides a leak-proof
      seal.
PAR  The body 16 has bolt holes 26 at locations matching those found in the
      bottom flange of the carburator. It is intended to be interposed between
      the intake manifold 14 below the flange and carburator 12. The holes 26
      preferably match in location and diameter. They do not need to be threaded
      because the customary mode of construction is to utilize threaded bolts
      which engage threaded nuts above the flange.
PAR  The flat body 16 further incorporates larger openings 28. Two are shown in
      the illustrated embodiment although four can be provided. The large holes
      28 match the venturi passages or throats of the carburator 12. This
      permits streamlined air flow from the carburator to the manifold 14. The
      carburator may be equipped with two or four throats, and the plate 16 is
      provided with two or four matching holes or passages through it.
PAR  In FIG. 2, a tubing 30 is open at one end. If desired, an air cleaner can
      be placed over the open end. In ordinary circumstances, the air volume
      through the tubing 30 is reasonably small and it is not particularly
      necessary to incorporate an air cleaner. The device can be readily
      equipped with flapper valves, such as a butterfly valve, which can be
      selectively opened or closed. This is optional, however, and the apparatus
      is routinely used at all times so that the tubing 30 is open at its upper
      end. The end of the tubing 30 can be located relatively close or far from
      the carburator 12. Precise location is not critical.
PAR  The tubing 30 passes through one side wall of the plate 16. The tubing has
      an ID in the range of about one-eighth to about one-quarter inch. The size
      of the tubing is dependent on the size of the engine. The tubing 30 passes
      through the side wall of the plate 16. The plate 16 needs only be slightly
      taller than the tubing. The thickness illustrated in FIG. 2 has been
      exaggerated vertically for purposes of illustration. The plate 16 can have
      a height just slightly greater than the diameter of the tubing. The tubing
      is customarily circular although it can be rectangular in cross section.
PAR  A horizontal portion 32 of the tubing terminates at a dead end. The tubing
      32 connects with multiple branches. It connects with a first downwardly
      directed tee 34 and a second downwardly directed tee 36. The first tee is
      positioned in one carburator throat and the other is positioned in the
      other carburator throat. They begin within the carburator throats, but
      extend to a point below the carburator and on the interior of the intake
      manifold. They support transverse cross members which are opened at the
      exposed ends. This introduces fresh air which is drawn by vacuum flow into
      manifold 14. Air which is introduced into the manifold at this point is
      picked up by the flow of air and fuel mixture and provides a leaning of
      the mixture, thereby providing better combustion. The tee 34 is shorter
      than the tee 36. This variation places streams of air at the center
      location in the stratified air flow patterns established in the
      carburator, particularly at higher speeds. The apparently laminar flow
      carries the fresh air along to the cylinders.
PAR  In the event the apparatus of the present invention is used with a
      four-throat carburator, the horizontal branch 32 is preferably duplicated
      and the several tees are likewise duplicated so that one tee is positioned
      in each and every throat. They are not precisely in the throat, but are
      aligned with the carburator throat and are below it. The tees should
      extend to about the center of the manifold passages.
PAR  The tubing 32 and the tees 34 and 36 are preferably formed of the same
      diameter stock, approximating one-eighth to one-quarter inch ID.
      Preferably metal stock is used to maintain structural integrity.
PAR  The apparatus of the present invention provides measurable improvement. At
      low RPM situations, the intake manifold draws a substantial vacuum. The
      air flow is very substantial in comparison with the flow of air through
      the carburator itself. This provides leaning at low RPM situations. At
      high RPM situations, more air is introduced through the carburator 12. In
      these circumstances, the air flow through the tube 30 is limited, and even
      tends to be reduced somewhat because the pressure in the intake manifold
      is measurably reduced. At higher engine speeds, the mixture is typically
      lean enough for the circumstances and the relative percentage of air
      introduced with the fuel through the carburator is normally found
      adequate.
PAR  The foregoing is directed to the preferred embodiment of the present
      invention. The scope is determined by the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. An attachment in combination with an internal combustion engine, said
      attachment installed between a carburetor and an intake manifold of said
      internal combustion engine, said carburetor is equipped with a throat of
      specified diameter and said intake manifold has a mating opening to said
      carburetor, wherein an air-fuel mixture is delivered from said carburetor
      through said attachment to said intake manifold for distribution of said
      air fuel mixture through a number of passage means within said intake
      manifold to cylinders for combustion, said attachment comprising: a
      generally flat body with upper and lower parallel faces with passages
      therethrough which align with the throat of said carburetor and the mating
      opening of said intake manifold; a first seal, sealingly connecting the
      upper face of the attachment to a flanged bottom plate of said carburetor
      and a second seal, sealingly connecting the lower face of said attachment
      to a mating surface on said intake manifold; and including a tube which
      continuously injects fresh air into the intake manifold and is open to the
      atmosphere at one end and passes through a side wall of said attachment
      and transversely extends across the passages of said attachment and dead
      ends in one of said passages; said tube further comprises a downwardly
      directed tee shaped section for each passageway, the vertical section of
      each tee shaped section being connected to that portion of the tube which
      extends transversely across each passageway at the approximate center of
      each passageway, said tee shaped section having a pair of spaced openings
      at opposite ends of said tee shaped section cross arm and wherein said tee
      shaped section extends from said attachment to a point within the passage
      means of said intake manifold.
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ABST
PAL  A unit injector for a diesel engine wherein a spool valve body is connected
      with a pressurizing chamber in a main body so that fuel to be supplied
      from a fluid element is supplied into the pressurizing chamber to affect
      the injection stroke of a pump plunger and the spool valve is actuated by
      the supplied fuel pressure to be supplied by the fluid element.
BSUM
PAR  This invention relates to a unit injector for a diesel engine provided with
      a fluid element.
PAR  Heretofore, electromagnetic type unit injectors have been developed.
      However, when such a conventional unit injector is used in an engine which
      requires a great amount of injection, an electromagnetic valve, which has
      a large capacity and can be responsive in less time, must be used and in
      addition since it is troublesome to manufacture such an electromagnetic
      valve as described above, it has been difficult to obtain an expected
      performance.
PAR  It is an object of this invention to eliminate the disadvantages of the
      unit injector provided with said electromagnetic valve.
PAR  Other objects and advantages of this invention will be apparent from the
      following description.
DRWD
PAR  This invention will now be described with reference to some embodiments,
      reference being had to the accompanying drawing in which
PAR  FIGS. 1 and 2 schematically illustrate embodiments of this invention using
      a monostable fluid element, and
PAR  FIGS. 3 and 4 schematically illustrate embodiments of this invention using
      a bistable fluid element.
DETD
PAR  Within the injector body 1 there is formed a cylinder comprising a large
      diameter portion 2 and a small diameter portion 3, and an injection nozzle
      4 is mounted at the extreme end of the small diameter portion in the
      cylinder. A servo-piston 5 is slidably fitted in the large diameter
      portion 2 and a pump plunger 6 integral with the servo-piston 5 is
      slidably fitted in the small diameter portion 3. A pressurizing chamber 7
      is formed at the upper portion of the servo-piston 5 in the large diameter
      portion 2, this pressurizing chamber 7 being connected with an inlet 9a in
      a spool valve body 9 as a pilot valve. A pump plunger chamber 10 is formed
      at the lower end of the pump plunger 6 fitted in the small diameter
      portion 3 to connect with the injection nozzle 4 through a passage 10a and
      with an oil pump 12 through a pipe 11 provided with a check valve 11a
      which allows fuel to pass into the pump plunger chamber 10. Outlets 9b, 9c
      and 9d in the spool valve body 9 are connected with a drain pipe 13, and
      an inlet 9e is connected with a first output port 15a (when an input
      signal is not present) of a monostable fluid element 15. The drain pipe 13
      is connected with a tank 16. A fuel inlet 15b, which constitutes a
      principle jet of the monostable fluid element 15, is connected with the
      discharging side of the oil pump 12, and a second outlet port 15d when an
      input signal is entered an input port 15c is connected with the
      pressurizing chamber 7 through a check valve 17 which allows fuel to pass
      into the pressurizing chamber 7. A spool valve piston 18 housed in the
      spool valve body 9 is leftwardly biased by means of a spring 19, and
      piston portions 18a and 18b split by the annular groove are designed to
      open the outlet 9d and the inlet 9a at the right-hand end of the piston
      and to close them at the left-hand end thereof. Above the nozzle 4 there
      is provided a chamber 22 which slidably accommodates a piston 21 for
      setting the opening pressure to open the nozzle, to form a pressurizing
      chamber 23 thereabove, which is connected with the discharging side of the
      oil pump 12. A lower chamber 24 is connected with the tank 16 through the
      drain pipe 13 and a lower chamber 25 of the servo-piston 5 is also
      connected with the tank 16 through the drain pipe 13. Further, an
      accumulator 26 is provided on the discharging side of the oil pump 12 to
      maintain oil pressure constant, thus absorbing pulsation of fuel supplied
      under pressure by the operation of the unit injector.
PAR  With the above-described arrangement, the operation will now be described.
PAR  When an input signal is entered from the input port 15c of the monostable
      fluid element 15, the fuel supplied under pressure by means of the oil
      pump 12 through the inlet 15b flows and is deflected to flow towards the
      output port 15d. On the other hand, since the oil pressure does not act on
      the spool valve piston 18, the piston is moved leftwards through the
      action of the spring 19 to close the inlet 9a and the outlet 9c, and the
      fuel from the output port 15d enters the pressurizing chamber 7 through
      the check valve 17 to raise the fuel pressure within the pressurizing
      chamber 7, and the servo-piston 5 is then moved downwardly. Accordingly,
      since the check valve 11a is closed, the fuel within the pump plunger
      chamber 10 receives pressure corresponding to an area ratio between the
      servo-piston 5 and the pump plunger 6 and is fed into the injection nozzle
      4, and when this pressure becomes higher than the pressure to open the
      nozzle determined by the oil pressure and the area under pressure of the
      pressurizing chamber 23, the fuel is injected from the injection nozzle.
      Then, when an input signal to the input port 15c of the monostable fluid
      element 15 is interrupted, the fuel supplied under pressure from the oil
      pump 12 passes through the output port 15a and the inlet 9e and then
      enters the spool valve body 9 to cause the spool valve piston 18 to
      overcome the force of the spring 19 and to move rightwards, and as a
      result the outlet 9d is opened to allow the fuel to return into the tank
      16. At the same time the inlet 9a and the outlet 9c are opened and the
      pressurizing chamber 7 is connected with the fuel tank 16 for
      communication, then the fuel is supplied under pressure by the oil pump
      12. The fuel enters the pump plunger chamber 10 through the check valve
      11a to move the plunger 6 and the servo-piston 5 upwardly. Whereupon, a
      needle valve is closed by the pressure in the pressurizing chamber 23 and
      the injection nozzle 4 terminates its injection. As described above, it is
      understood that a time when the input signal to the input port 15c of the
      monostable fluid element 15 is interrupted corresponds to a time when the
      fuel is supplied into the pump plunger chamber 10, and a time when the
      input is applied corresponds to a time when fuel is injected. Therefore,
      the quantity of fuel injected is related to the time in which the input
      signal is applied to the fluid element, so that the quantity of the
      injection may be varied by varying said time and injection timing may be
      varied by varying timing in which the input signal is applied to the fluid
      element.
PAR  Since the injection characteristic may be varied by varying time and timing
      of the input signal applied to the fluid element, as mentioned above, the
      engine can be controlled by applying the optimum input for the
      characteristic required by the engine to the fluid element.
PAR  FIG. 2 illustrates a second embodiment of the present invention, in which a
      spool valve is actuated by an output of the fluid element to thereby
      operate the unit injector. In FIG. 2, like reference numerals designate
      corresponding parts to those in FIG. 1. The discharging side of the oil
      pump 12 is connected with the monostable fluid element 15 and a spool
      valve 29. This monostable fluid element 15 has the same construction as
      that shown in FIG. 1, and the spool valve 29 has three piston portions
      38a, 38b and 38c which are divided by two annular grooves and are tightly
      sealed and slidably fitted in the valve body. The valve body is provided
      with an inlet 29e leading the output port .a of the fluid element 15 to
      the piston portion 38a, an outlet 29d opened and closed by means of the
      piston 38a, inlets 29a and 39a and outlets 29c and 39c opened and closed
      by means of the piston 38b and an outlet 29b opened and closed by means of
      the piston 38c. The outlets 29d, 29c and 29b are all connected with the
      fuel tank 16. The inlet 29a is connected with the oil pump 12 and both
      inlet 39c and outlet 39a are connected with the pressurizing chamber 7 of
      the servo-piston 5 in the injector 1. An inlet 29f  leads to the other
      output 15d of the fluid element.
PAR  With the aforementioned construction, when the input signal 15c enters the
      fluid element 15, the principle jet 15b is deflected and enters the inlet
      29f of the spool valve 29 from the output port 15d to act on the piston
      38c, which is moved leftwards in the figure, and the piston 38b integral
      therewith opens the inlet 29a and the outlet 39a, while closing the inlet
      39c and the outlet 29c. Similarly, the piston 38a integral therewith
      closes the outlet 29d. After these pistons have been actuated, the outlet
      29b is opened. Therefore, fuel under pressure is supplied to the
      pressurizing chamber 7 in the injector through the inlets 29a and 39a for
      accomplishment of action similar to those as described with reference to
      FIG. 1, thereby injecting the fuel. When the input signal is removed from
      the fluid element, the principle jet acts on the piston 38a in the spool
      valve from the output port 15a to cause it to move rightwards, and as
      shown in the figure, fuel in the pressurizing chamber of the injector is
      pressed by the fuel pressure in the chamber 10 acting on the pump plunger
      6 and is returned to the fuel tank 16 through the inlet 39c and the outlet
      29c in the spool valve.
PAR  Although this invention has been described by way of the monostable fluid
      element in the aforementioned embodiments, a bistable fluid element may be
      used as shown in FIGS. 3 and 4. FIG. 3 illustrates a bistable type
      modified from the monostable fluid element as shown in FIG. 1, and FIG. 4
      illustrates a bistable type modified from the monostable fluid element as
      shown in FIG. 2.
PAR  In FIGS. 3 and 4, when an input signal once enters from an input port 35e
      and even if the input signal is interrupted, fuel supplied under pressure
      through an inlet 35b flows towards an output port 35f to urge the spool
      valve piston 18 rightwards, and the pressurizing chamber 7 is connected
      with the fuel tank 16. When an input signal once enters from an input port
      35g and even if the input signal is interrupted, fuel supplied under
      pressure through the inlet 35b flows towards an output port 35h and into
      the pressurizing chamber 7 to effect injecting the fuel.
PAR  As described above, the quantity of injection and timing of injection may
      be varied by varying an interval of the input signal alternately applied
      to the input ports 35e and 35g.
PAR  In accordance with this invention, the expected performance of the injector
      may readily be attained without using a magnet valve.
PAR  Many variations may be effected without departing from the spirit of this
      invention. It is to be understood that these, together with other
      variations in details, are anticipated by the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A unit injector for a diesel engine comprising, a main body comprising a
      cylinder, said cylinder having a large diameter portion and a small
      diameter portion, a servo-piston slidably fitted in said large diameter
      portion and a pump plunger connected with said servo-piston and slidably
      fitted in said small diameter portion, a pressurizing chamber being formed
      between the large diameter portion and the tip of said servo-piston, an
      injection nozzle connected at the end of said small diameter portion, a
      pump plunger chamber in communication with said injection nozzle and
      formed between said pump plunger and said injection nozzle, a fluid
      element and a spool valve body, said spool valve body being connected with
      said pressurizing chamber, means for supplying fuel under pressure to said
      fluid element, said fluid element having at least two outputs for
      selectively directionally controlling the supplied fuel, means to effect
      the injection stroke of said pump plunger when the fuel is supplied from
      one output of said fluid element, said spool valve being actuated by the
      supplied fuel pressure from another output of said fluid element to
      discharge the fuel in said pressurizing chamber and to supply the
      discharged fuel into said pump plunger chamber.
NUM  2.
PAR  2. A unit injector for a diesel engine as in claim 1, wherein said fluid
      element is adapted to receive an input signal to effect which of said
      outputs thereof is operative.
NUM  3.
PAR  3. A unit injection for a diesel engine as in claim 1, comprising a fuel
      tank wherein said spool valve comprises a first inlet port means connected
      to said pressurizing chamber, a first outlet port means connected to said
      fuel tank, and a slidable piston slidable to close the first outlet and
      inlet port means when said fuel in supplied to said pressurizing chamber
      and to open said first outlet and inlet port means when said fuel pressure
      is applied from said other output of said fluid element to said spool
      valve.
NUM  4.
PAR  4. A unit injector for a diesel engine as in claim 3, wherein said spool
      valve comprises spring means biasing to place said slidable piston in
      position to close said first outlet and inlet port means.
NUM  5.
PAR  5. A unit injector for a diesel engine as in claim 1, comprising an oil
      pump for supplying said supplied fuel pressure, a check valve connected
      between said oil pump and said pump plunger chamber, said check valve
      blocking fuel from flowing from said pump to said pump plunger chamber
      when the injection stroke of said pump plunger is effected and opening to
      permit fuel to flow into said pump plumger chamber when said spool valve
      is actuated by said other output of said fluid element.
NUM  6.
PAR  6. A unit injector for a diesel engine as in claim 3, wherein said spool
      valve comprises a second inlet port means and a second outlet port means
      for receiving said fuel under pressure and returning the same to said fuel
      tank when said slidable piston moves to open said first inlet and outlet
      port means.
NUM  7.
PAR  7. A unit injector for a diesel engine as in claim 1, wherein said spool
      valve comprises inlet and outlet port means, said slidable piston being
      controlled by fuel pressure to open one of said first or second inlet and
      outlet port means while closing the other of said first or second inlet
      and outlet port means.
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ABST
PAL  A fuel injection pumping apparatus comprises an injection pump which is
      driven in timed relationship with the associated engine, and a feed pump
      which supplies fuel under pressure to the injection pump. A throttle
      member controls the quantity of fuel which is supplied to the injection
      pump and a fluid pressure operable piston which is movable against the
      action of a spring to advance the timing of injection of fuel to the
      engine, the piston being subjected to the outlet pressure of the feed
      pump. A fluid pressure operable stop member is provided which when the
      apparatus is at rest, positions the piston to provide the correct timing
      of injection of fuel for starting purposes.
BSUM
PAR  This invention relates to liquid fuel injection pumping apparatus for
      supplying fuel to internal combustion engines, and of the kind comprising
      an injection pump driven in timed relationship with the associated engine,
      a feed pump for supplying fuel under pressure to the injection pump at a
      pressure which varies in accordance with the speed at which the apparatus
      is driven, a throttle member for controlling the quantity of fuel supplied
      to the injection pump and thereby controlling the quantity of fuel
      supplied to the associated engine, and fluid pressure operable means for
      controlling the timing of delivery of fuel by the injection pump.
PAR  The object of the invention is to provide such an apparatus in a simple and
      convenient form.
PAR  According to the invention, in a fuel injection pumping apparatus of the
      kind specified, said fluid pressure operable means comprises a fluid
      pressure operable piston which is movable against the action of resilient
      means to advance the timing of injection of fuel to the engine, the piston
      being moved by fuel under pressure from the outlet of the feed pump, and a
      fluid pressure operable stop member which when the apparatus is at rest,
      positions the piston to provide the correct timing of injection of fuel
      for starting purposes.
DRWD
PAR  One example of a liquid fuel injection pumping apparatus in accordance with
      the invention will now be described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a sectional side elevation showing one form of pumping apparatus
      to which the invention can be applied, and
PAR  FIG. 2 shows in sectional plan view a portion of the apparatus not seen in
      FIG. 1.
DETD
PAR  With reference to the drawings, there is provided a body part 1 which at
      one end contains a feed pump 2 of the kind comprising a rotary impeller
      provided with vanes. The inlet 3 and outlet 4 of this pump are
      interconnected through a relief valve 5 which regulates the pressure of
      fuel delivered to the rest of the apparatus in a manner dependent upon the
      speed at which the feed pump is driven. At the other end of the body part
      is contained a fuel injection pump which comprises a rotary head 6 formed
      at one end of a distributor 12 which serves to interconnect the rotary
      parts of the feed and injection pumps. Formed in the head is a transverse
      bore 7 containing a pair of reciprocable plungers 8 which through rollers
      9 at their outer ends, co-operate with a surrounding annular cam 10.
      Furthermore, the distributor is adapted to be driven in synchronism with
      an engine with which the apparatus is associated, through a drive shaft
      11.
PAR  Fuel from the feed pump 2 is fed through a passage 13 in the body part to
      an annular groove 14 in the periphery of the distributor and thence by way
      of a throttle valve 15 to a passage 16 in the body part which registers in
      turn as the distributor rotates, with a plurality of radially disposed
      passages 17 formed in the distributor. The passages 17 are in
      communication with an axial passage 18 in the distributor which opens at
      one end into the bore 7 in the head. Also extending from the axial passage
      18 is a radial passage 19 which is adapted to register in turn and as the
      distributor rotates with a plurality of outlet ports 20 formed in the body
      part and which are adapted for connection to the injection nozzles
      respectively of the cylinders of the associated engine.
PAR  The apparatus so far described, is well known and operates in the following
      manner. Fuel from the feed pump is fed intermittently by way of the
      throttle valve to the axial passage 18 in the distributor and thus serves
      to move the plungers of the injection pump outwardly. At appropriate
      instants in the cycle, the plungers are moved inwardly by the action of
      the cam and thereby serve to discharge fuel in turn to the engine
      cylinders.
PAR  Connected to the body part is an extension 21 in which is formed a cylinder
      22. Located within the cylinder is a piston 23 in which is formed an
      aperture 24 the latter when the extension 21 is secured to the body part,
      engaging an outwardly extending peg 29 on the annular cam 10.
PAR  Also provided is a second bore 25 which is formed co-axially with the first
      bore, but which has a slightly larger diameter. Located in this bore is a
      further piston member 26 and this is urged towards the piston 23 by means
      of a coiled compression spring 27. Moreover, engaging the piston 26 is a
      spring abutment 28, and interposed between the spring abutment 28 and the
      piston 23 is a pair of springs 30. The maximum extension of the springs 30
      is controlled by a peg mounted on the piston 23 and extending through the
      abutment 28, and having at its end a spring washer or the like. Moreover,
      the abutment 28 is provided with a projection 31 which can engage with an
      enlarged portion 32 of the peg.
PAR  Also provided is a fluid pressure operable stop 33 for engagement with the
      end of the piston 23 remote from the springs. The stop 33 is mounted on a
      piston member 34 which is located within a bore 35 formed co-axially with
      the other bores but having a diameter considerably larger than the
      diameters of the other bores. The stop member 33 is urged towards the
      piston 23 by means of springs 36 and the space accommodating the springs
      36 communicates with a drain by way of an aperture 37. A shock absorbing
      valve may be connected to the aperture 37 to minimise movement of the
      piston member 34 due to the reaction of the rollers 9 with the cam lobes.
PAR  The space intermediate the piston member 34 and the piston 23 is in
      communication by way of a passage 38 with the outlet 4 of the feed pump.
      Moreover, the space containing the spring 27 and bounded in part by the
      piston 26 is in communication with the passage 13 within the body part of
      the apparatus downstream of a restrictor 39 but upstream of the throttle
      14.
PAR  The spring 27 is weaker than the springs 36 so that in the rest position of
      the apparatus as shown in FIG. 2, the stop 33 has moved its maximum extent
      under the action of the springs 36 and it bears against the piston 23
      displacing it slightly against the action of the springs 27 and 30. This
      provides the required timing of injection of fuel for starting purposes.
      When the engine starts the pressure generated by the feed pump acting upon
      the large area of the piston 34 will immediately move same against the
      action of the springs 36, and this will then allow the piston 23 to move
      its maximum extent under the action of the springs 30 and 27. In other
      words after starting the engine, the timing of injection is slightly
      retarded.
PAR  As the speed of the engine increases, the piston 23 will move against the
      action of the springs thereby to advance the timing of injection. The
      actual timing of injection is responsive, both to the speed of the engine
      and also to the load of the engine. If the engine is running at high
      speed, but with low load, the throttle 15 will be more or less closed so
      that the pressure on the opposite sides of the restriction 39 will be
      practically the same. In this condition, the piston 26 will move under the
      action of the spring 27 and the fuel pressure to abut against the step
      defined between the bores 22 and 25. However, the piston 23 will move
      against the action of the springs 30 until the enlargement 32 on the peg
      contacts the projection 31 on the spring abutment 28. If now the load on
      the engine increases, so that the throttle valve is opened, the pressure
      on the downstream side of the restriction 39 will decrease so that the
      piston 26 will move as a unit with the piston 23 against the action of the
      spring 27 to further advance the timing of injection of fuel.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid fuel injection pumping means for supplying fuel to an internal
      combustion engine comprising; an injection pump, means for driving the
      pump in timed relationship with the associated engine, a feed pump
      including means for supplying fuel under pressure to the injection pump at
      a pressure which varies in accordance with the speed at which the
      apparatus is driven, a throttle member including means for controlling the
      quantity of fuel supplied to the injection pump and thereby controlling
      the quantity of fuel supplied to the associated engine, fluid pressure
      operable means for controlling the timing of delivery of fuel by the
      injection pump, said fluid pressure operable means comprising a fluid
      pressure operable piston which is movable against the action of resilient
      means to advance the timing of injection of fuel to the engine, means for
      moving the piston by fuel under pressure from the outlet of the feed pump,
      a fluid pressure operable stop member which when the apparatus is at rest,
      positions the piston to provide the correct timing of injection of fuel
      for starting purposes, further resilient means for effecting movement of
      the fluid pressure operable stop member to position the piston, said fluid
      pressure operable stop member including a further piston which is loaded
      by said further resilient means, means for subjecting the further piston
      to the pressure of fuel at the outlet of the feed pump, the area of the
      further piston subjected to the outlet pressure of the feed pump being
      greater than the area of the first mentioned piston which is subjected to
      the same pressure, means for providing a fluid pressure signal which
      varies in accordance with the quantity of fluid which is supplied to the
      engine, a third piston, means for subjecting the third piston to said
      fluid pressure with the third piston being positioned at the end of said
      first mentioned piston remote from said further piston, said third piston
      acting on said first mentioned piston through third resilient means, and
      said first mentioned resilient means acting on said third piston.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein the apparatus includes
      a restrictor, means for providing fuel to flow through the restrictor to
      the injection pump from the feed pump, and said fluid pressure being
      derived from downstream of the restrictor.
NUM  3.
PAR  3. The invention in accordance with claim 2 wherein the third resilient
      means comprises a coiled compression spring, and stop means on the
      apparatus for limiting the extent of compression of said spring.
NUM  4.
PAR  4. The invention in accordance with claim 3 wherein further stop means is
      on the apparatus acting to limit the movement of the third piston under
      the action of said fluid pressure.
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ABST
PAL  A fuel injection pumping apparatus for supplying fuel to an internal
      combustion engine in which there is provided a feed pump which supplies
      fuel from its outlet to an injection pump by way of a throttle valve. The
      outlet pressure of the feed pump is controlled by a relief valve which
      includes a valve element movable by the outlet pressure of the feed pump
      to spill fuel between the inlet and outlet of the feed pump. The valve
      element is subjected to a pressure which is generated by a device and
      which varies in accordance with the square of the speed at which the
      apparatus is driven. A pair of restrictors are disposed in a flow path
      between the outlet of the feed pump and the device and a branch conduit
      applies the pressure intermediate the restrictors to a fluid pressure
      operable device which controls the operation of the injection pump. One of
      the aforesaid pair of restrictors is adjustable in accordance with the
      setting of the throttle valve whereby the pressure of fuel supplied to the
      fluid pressure operable device will depend upon the amount of fuel
      supplied to the associated engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to liquid fuel injection pumping apparatus for
      supplying fuel to internal combustion engines, and of the kind comprising
      an injection pump driven in timed relationship with an associated engine,
      fluid pressure operable means for effecting adjustment of a component of
      the injection pump, a feed pump for supplying fuel to the injection pump
      during the filling periods thereof, and a throttle valve for controlling
      the amount of fuel supplied to the injection pump.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide such an apparatus in a simple and
      convenient form.
PAR  According to the invention, an apparatus of the kind specified comprises a
      relief valve including a valve member movable by the outlet pressure of
      the feed pump to an open position in which fuel is spilled from the outlet
      of the feed pump, resilient means acting to urge the valve member to the
      closed position, means for generating a first pressure which is lower than
      the outlet pressure of the feed pump, but which varies in accordance with
      the speed at which the apparatus is driven, conduit means through which
      said first pressure is applied to said valve member to assist the action
      of the resilient means, whereby the outlet pressure of the feed pump has a
      value higher than said first pressure, a further conduit interconnecting
      the outlet of the feed pump and said means whereby flow of fuel will occur
      along said further conduit due to the difference in pressure between the
      ends thereof, a pair of restrictors in said further conduit, a branch
      conduit extending from intermediate said restrictors, and through which
      the pressure intermediate said restrictors is transmitted to said fluid
      pressure operable means, with the size of one of said restrictors being
      adjustable in accordance with the setting of the throttle valve whereby
      the fluid pressure applied to said fluid pressure operable means will
      depend both upon the speed at which the apparatus is driven, and also upon
      the setting of the throttle valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Examples of fuel pumping apparatus in accordance with the invention, will
      now be described with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic representation of one example of an apparatus in
      accordance with the invention,
PAR  FIG. 2 is a fluid circuit diagram of a portion of the apparatus as seen in
      FIG. 1,
PAR  FIG. 3 is a graph showing various pressures existing in the arrangement of
      FIG. 1,
PAR  FIG. 4 is a fluid circuit diagram of a first modification,
PAR  FIG. 5 shows a practical embodiment of a portion of the apparatus of FIG.
      4,
PAR  FIG. 6 is a graph showing the pressures existing in the first modification,
PAR  FIG. 7 shows a second modification of the apparatus of FIG. 1,
PAR  FIG. 8 shows a fluid circuit of a third modification of the apparatus of
      FIG. 1,
PAR  FIG. 9 is a graph showing various pressures in the arrangement of FIG. 8,
PAR  FIGS. 10 and 11 are similar to FIGS. 8 and 9 and show a fourth
      modification,
PAR  FIG. 12 is a graph demonstrating a modification applicable to all the
      arrangements described, and
PAR  FIG. 13 shows a modification to the apparatus of FIG. 1 required to achieve
      the effect demonstrated in FIG. 12.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  Referring to FIG. 1 of the drawings, the apparatus comprises a body part in
      which is journalled a rotary cylindrical distributor member 10 which is
      shown divided into seven parts. The distributor member is adapted to be
      driven in timed relationship with the engine with which the apparatus is
      associated, and at one point, in the distributor member there is formed a
      transversely extending bore 11 in which is mounted a pair of reciprocable
      pumping plungers 12. Surrounding the distributor member at this point is
      an annular cam ring 13 having on its internal periphery, a plurality of
      pairs of diametrically disposed cam lobes. The cam lobes, through the
      intermediary of rollers respectively, act upon rotation of the distributor
      member, to move the pumping plungers 12 inwardly thereby to expel fuel
      contained within the transverse bore 11. The pumping plungers 12, together
      with the cam lobes constitute an injection pump.
PAR  The transverse bore 11 communicates with a passage 16 extending within the
      distributor member, and at one point this passage communicates with an
      outwardly extending delivery passage 14 which is adapted to register in
      turn, and as the distributor member rotates, with a plurality of outlet
      ports 15 formed in the body part. The outlet ports, in use, are connected
      to the injection nozzles respectively of the associated engine.
PAR  The passage 16 is in communication, by way of a check valve 17, with a
      passage 18, and this passage can be brought into communication with one
      end of a bore containing a slidable shuttle 19, by means of a rotary valve
      20. The aforesaid one end of the bore at other times, as will be
      explained, can be placed in communication with a feed passage 21 by means
      of a rotary valve 22.
PAR  The other end of the bore containing the shuttle can be placed in
      communication with a source of fuel at a high pressure by means of a
      rotary valve 23 or with a source of fuel at low pressure by means of a
      rotary valve 24. The valves 20, 22, 23 and 24 are formed in or on the
      distributor member 10 and are driven in timed relationship with the
      engine. In addition, also mounted on the distributor member is a feed pump
      25 of the rotary vane type and having an inlet 26 and an outlet 27. The
      inlet 26 is in communication with a supply of fuel 27a by way of a pair of
      filter units 28, 29 and a lift pump 30 is provided to ensure the supply of
      fuel to the feed pump. The output pressure of the feed pump 25 is
      controlled by a relief valve 31, the function of which will be described
      later in the specification. The outlet 27 of the feed pump communicates,
      by way of a passage 34a, with the valve 23, the purpose of which has
      already been explained.
PAR  The operation of the apparatus thus far described is as follows.
PAR  With the parts of the apparatus in the position shown in FIG. 1, fuel is
      flowing from the outlet of the feed pump by way of the valve 23 to said
      other end of the bore containing the shuttle 19 and the shuttle is being
      moved towards said one end of the bore. Fuel is therefore displaced from
      this end of the bore, and flows by way of the rotary valve 20 and the
      check valve 17 to the passage 16 and particularly to the bore 11. The
      plungers 12 are therefore moved outwardly by an amount dependent upon the
      quantity of fuel displaced by the shuttle 19.
PAR  During continued rotation of the distributor member, the passage 14 is
      brought into register with an outlet port 15, and during this time, the
      plungers 12 are moved inwardly, and fuel is displaced from the bore 11 to
      the appropriate engine cylinder. Also during this time, the rotary valves
      20 and 23 are closed and valves 22 and 24 are open so that fuel now flows
      to said one end of the bore containing the shuttle 19, and the shuttle is
      therefore moved towards the other end of the bore. The quantity of fuel
      which is supplied to the bore containing the shuttle is controlled by a
      metering valve 33, which will be described later and this therefore
      determines the quantity of fuel which is supplied to the injection pump
      during a filling stroke, and thereby, the amount of fuel which is supplied
      to the associated engine at each injection stroke. During continued
      rotation of the distributor member, the process described is repeated, and
      fuel is supplied to the engine cylinders in turn.
PAR  It will be appreciated that the shuttle 19 determines the maximum quantity
      of fuel which can be supplied by the apparatus at each injection stroke.
      The maximum quantity of fuel which is supplied to an engine is varied in
      accordance with the speed of the engine to provide shaping of the maximum
      fuel characteristic so that the maximum excursion of the shuttle must be
      made to vary in accordance with the speed of the engine. For this purpose,
      the shuttle 19 is provided with an extended end portion which can
      co-operate with a cam surface 34 formed on a spring loaded piston 35. The
      piston is movable against the action of its spring, by means of fuel
      supplied under pressure to one end of the cylinder by way of a passage 36.
      The pressure of the fuel which is supplied to the passage is dependent
      upon the speed at which the apparatus is driven, and the way in which it
      is derived will be explained later. The effect is that the axial setting
      of the piston 35 will be dependent upon the speed of the associated
      engine, and thereby the allowed excursion of the shuttle 19 will also be
      dependent upon the engine speed.
PAR  There is also provided a fluid pressure operable member in the form of a
      servo-piston 39, and this is connected to the cam ring 13 by means of a
      peg. The piston 39 is provided with a bore in which is mounted a spring
      loaded servo-valve 38. The servo-valve controls the admission or escape of
      fuel under pressure to and from one end of the cylinder containing the
      piston 39. The fuel under pressure supplied to the cylinder is derived
      from the outlet 27 of the feed pump, and the servo-valve 38 is subjected
      to a pressure existing in a branch conduit 45. As this pressure increases,
      the servo-valve 38 will be moved against the action of its spring towards
      the left as seen in FIG. 1, and the servo-piston will follow this
      movement, thereby moving the cam ring 13 angularly and altering the timing
      of injection of fuel to the engine. Considering now the metering valve 33
      this comprises a sleeve 40 which is fixed within the body of the
      apparatus. Within the sleeve there is mounted an axially slidable rod
      member 41, which at one end is provided with a head against which bear the
      toe portions of as illustrated, a pair of governor weights 43. The weights
      are mounted within a cage not shown, and the latter is driven by gearing
      from the distributor member 10 so that the speed of rotation of the
      weights is directly proportional to the speed at which the engine is
      driven. Extending axially within the rod member is a bore 46 which, at its
      end adjacent the weights, is closed by a plug. Moreover, intermediate its
      ends, the bore is provided with a restrictor 47. At its opposite end, the
      bore 46 is obturated by a valve member 48, with the latter being loaded by
      means of a coiled compression spring 49. The opposite end of the coiled
      compression spring is engaged by a movable abutment 50, the axial setting
      of which and thereby the force exerted by the spring 49, can be adjusted
      by means of a cam 51 connected to an operator adjustable member. The
      portion of the bore 46 which is closed by the plug, is in constant
      communication with the branch conduit 45, with this being achieved by a
      circumferential groove 52 on the rod member which is in constant
      communication with a port in the sleeve member 40, and communicating with
      the branch conduit 45. The other end of the passage 46 is in
      communication, by way of a restrictor 53, with a further circumferential
      groove 54 formed on the rod member. Moreover, formed in the sleeve is a
      port 55 which is in communication with the passage 21. The port 55 is
      positioned so that the groove 54 can have partial registration therewith
      for the purpose to be explained. Furthermore, the circumferential groove
      54 is in constant communication with the outlet 27 of the feed pump by way
      of a further port formed in the sleeve.
PAR  The right hand portion of the bore 46 is in constant and unrestricted
      communication by way of a further circumferential groove and a port 56,
      with the passage 36 which communicates with one end of the cylinder
      containing the piston 35. In addition, the port 56 is in constant and
      unrestricted communication with the chamber which contains a spring 57
      which loads a valve member 58 of the relief valve 31. The spring 57 urges
      the valve member 58 towards the closed position in which no fuel is
      spilled from the outlet of the feed pump. Finally, there is formed in the
      sleeve, a pair of spaced and communicating ports 59, 60. The port 59 is in
      constant communication with the circumferential groove 54, and the port 60
      can register to a varying amount depending upon the axial position of the
      rod member 41, with the circumferential groove 52. The port 60 and
      circumferential groove 52 constitute a variable restrictor 61 seen in FIG.
      2. Also seen in FIG. 2 is a throttle valve 62, with the latter being
      constituted by the port 55 and the circumferential groove 54, and also
      shown in FIG. 2 is a block 63 which represents the rod member 41, the
      weights 43 and the valve member 48.
PAR  In operation, the axial setting of the rod 41 is dependent upon the speed
      at which the engine is driven, and as the engine speed increases, the
      weights 43 will be moved outwardly thereby imparting, as shown in FIG. 1,
      movement towards the right against the action of the spring 49. As
      explained, the force exerted by the spring 49 can be varied, and if the
      spring force is increased, then for a given engine speed, the rod member
      will move towards the left against the action of the weights. The fuel
      pressure existing in the right hand end of the bore 46 is, by virtue of
      the restrictor 53 and the valve member 48, proportional to the square of
      the speed at which the engine is driven. In fact, the valve member 48 will
      be lifted slightly from the end of the passage 46 so that flow of fuel
      will occur through the restrictor 53. If for any reason, there is a
      tendency for the pressure to increase at a given speed, then the valve
      member will lift further to an increased flow of fuel.
PAR  The pressure in the right hand end of the passage 46 is allowed to act upon
      the valve member 58 of the relief valve 31 and in so doing it enhances the
      force exerted by the spring 57. The outlet pressure of the feed pump
      therefore will have a valve which is higher than the pressure existing in
      the right hand end of the passage 46 by an amount dependent upon the
      spring force.
PAR  The axial position of the rod member 41 determines the amount of fuel which
      flows to the injection pump during the filling strokes thereof. This, of
      course, is controlled by the throttle valve 62, which as previously
      stated, is represented by the port 55 and the circumferential groove 54.
      As the engine speed decreases for a given setting of the abutment 50, the
      groove 54 will move further into register with the port 55 thereby
      allowing an increased flow of fuel to the engine. Conversely, if the
      engine speed should increase, the amount of fuel flowing will be reduced.
      It will be seen therefore that a governor action is obtained. If the
      abutment 50 is moved by the operator, then movement of the rod 41 will
      occur until a new equilibrium position is established, and if, for
      example, the abutment 50 is moved towards the left, more fuel will be
      supplied to the engine so that the engine speed will increase. Conversely,
      if the abutment is moved towards the right, the amount of fuel supplied to
      the engine will decrease and therefore the engine speed will decrease.
PAR  The pressure which is applied through the branch conduit 45 will also be
      dependent upon the setting of the rod member 41. As the rod moves towards
      the left, then the size of the restrictor 61 will be reduced so that the
      pressure supplied by way of the branch conduit will more nearly approach
      the pressure existing in the right hand end of the passage 46, that is to
      say, it will approach the pressure which is proportional to the square of
      the speed. Conversely, as the rod member is moved towards the right, the
      size of the restrictor 61 will be increased and the pressure will more
      nearly approach the outlet pressure of the feed pump. In other words,
      while the pressure supplied through the branch conduit is dependent upon
      the speed at which the engine is driven, it is also dependent upon the
      axial setting of the rod 41 which is representative of the load on the
      engine.
PAR  FIG. 3 illustrates the variation in pressure with speed, and a lower curve
      referenced 64 represents the pressure within the right hand end of the
      passage 46 while an upper curve referenced 65 shows the outlet pressure of
      the feed pump. Both these pressures are, of course, insenstivie to
      viscosity, and it will be appreciated that for a given speed, variation in
      the setting of the metering valve by the operator will cause the pressure
      in the branch conduit 45 to vary along a substantially vertical line
      indicated at 66. It will be appreciated that with varying speed, then the
      pressure in the branch passage 45 will vary for a given load, along a
      curve indicated at 67 and disposed substantially parallel to the curves 64
      and 65.
PAR  In the example described, restrictor 53 is permanently in the fluid circuit
      with restrictors 61 and 47 connected in series and effectively in parallel
      with restrictor 53. It is possible to eliminate the restrictor 53, and the
      connection through it between the outlet of the feed pump and the device
      63. In this case, the restrictors 61 and 47 provide the flow of fuel
      necessary so that the device 63 can regulate the pressure, but it will be
      appreciated that in no circumstances can the restrictor 61 be closed,
      otherwise there would be no flow of fuel for control by the device 63.
PAR  In some instances, it is desirable to provide special adjustment of the cam
      ring 13 at idling speeds and to move the cam in the direction of advancing
      the timing. This can be achieved by modifying the apparatus shown in FIGS.
      1 and 2 as shown in FIG. 4, by providing an additional restrictor 68 in
      parallel with restrictor 61. Flow of fuel through the restrictor 68 is
      controlled effectively by the operator and for this purpose, the abutment
      50 shown in FIG. 1, is modified to provide the equivalent of a valve. As
      shown in FIG. 5, the abutment 50a is provided with a circumferential
      groove 69 which is in constant communication with the outlet of the feed
      pump. Moreover, the groove is arranged to register when the operator
      control member 51 is in the idling position, with a port 70 which
      communicates with the branch conduit 45. The effect of this modification
      is seen in FIG. 6. At idling speeds, the restrictor 61 is effectively
      by-passed so that the pressure in the branch conduit is the same as the
      outlet pressure of the feed pump. This condition pertains with increasing
      engine speed until the port 70 is gradually obturated by the abutment 50a
      and the curve of pressure in the branch conduit begins to follow the curve
      67 seen in FIG. 3.
PAR  An alternative arrangement to the arrangement shown in FIGS. 4 and 5 is
      shown in FIG. 7. In this arrangement, a piston 71 is provided and which
      controls the force exerted by the spring which acts against the head 38 of
      the servo-valve which is contained within the piston 39. One end of the
      cylinder containing the piston is in communication with the outlet of the
      feed pump by way of a restrictor 72, and this end of the cylinder is also
      in communication with a valve constituted by the operator adjustable
      abutment 50b. The valve includes a port 73 formed in the wall, and a
      circumferential groove 74 on the abutment and which is in constant
      communication with a drain. In the idling position, the groove 74 is in
      register with the port 73 so that the pressure acting upon the piston 71
      is low, and the piston is moved to the end of the cylinder thereby
      altering the setting of the servo-valve. As the operator adjusts the
      abutment 50b to increase the amount of fuel supplied to the engine, the
      groove 74 is moved out of register with the port 73 and the pressure to
      which the piston 71 is subjected increases, so that an adjustment in the
      setting of the servo-valve is obtained. A similar effect can be obtained
      by omitting the restrictor 72 and supplying fuel under pressure from the
      outlet of the feed pump by way of the valve constituted by the abutment.
      In this case, the axial positions of the port 73 and the groove 74 as seen
      in FIG. 7 are reversed and the groove 74 is in constant communication with
      the cylinder containing the piston 71 while the port 73 is in constant
      communication with the outlet of the feed pump. It will thus be seen that
      as the abutment is moved to increase the amount of fuel, fuel under
      pressure will be supplied to the cylinder containing the piston, and the
      effect will be exactly the same as with the arrangement of FIG. 7. It will
      be appreciated, however, that there will be no loss of fuel at idling
      speeds, and in particular when starting the engine.
PAR  In certain circumstances, it may be desirable for the curve 67 shown in
      FIG. 3, to converge with increasing speed, with the curve 64. This is
      achieved as shown in FIG. 8, by providing two additional restrictors 75
      and 76. Restrictor 75 is inserted in series with restrictor 61 and the
      outlet of the feed pump, while restrictor 76 is interposed between a point
      intermediate the restrictors 61 and 75 and a drain. The effect of this is
      seen in FIG. 9, and it will be seen that a curve 77 representing the
      pressure in the branch conduit 45 approaches with increasing speed, and
      for a given low load, the curve 64. The restrictors 75 and 76 can be
      provided by suitable shaping of the periphery of the sleeve 40 to provide
      a restriction adjacent the port 60 and a drain including a restrictor from
      adjacent the port 59 as seen in FIG. 1.
PAR  It may also be desirable to arrange that the pressure in the branch conduit
      45 when the load is high, diverges relative to the curve 64. This is
      illustrated in FIG. 11, with the curve in question being referenced 78. It
      will be seen that the low load curve 67 is substantially unaffected. The
      effect is achieved by providing an additional restrictor 79 which extends
      from the branch conduit 45 to a drain. The additional restrictor may be
      formed in the plug which closes the left hand end of the passage 46, of
      the rod member 41.
PAR  It is desirable for a given load on the engine that the metering valve
      position should remain constant throughout the speed range, and
      particularly at high loads. This avoids movement of the metering valve on
      the part of the operator, and which inevitably results in variations in
      the load signal in the branch conduit 45. In other words, while the load
      on the engine may be constant, the metering valve is being moved by the
      operator to maintain the load constant, and this movement effects an
      adjustment of pressure in the branch conduit so that the pressure varies
      as if the load were changing. In order to minimize this difficulty, the
      output pressure of the feed pump can be adjusted so that it more nearly
      corresponds with the pressure of fuel downstream of the metering valve,
      and which is required to effect movement of the shuttle 19 in the outward
      direction. FIG. 12 illustrates the curves 64 and 65 as previously
      described. A curve 80 represents the metering pressure at high load, and a
      curve 81 represents the modified output pressure of the feed pump which is
      obtained as will be described with reference to FIG. 13.
PAR  Referring to FIG. 13, this shows the relief valve 31a and it includes a
      fluted valve element 81 having a groove formed in its periphery which can
      be exposed beyond the end of a step in the cylinder in which it is
      located. The valve member 81 is urged by the pressure of fuel to expose
      the groove to allow spillage of the fuel from the outlet of the feed pump,
      with the spilled fuel flowing through a passage 82 back to the inlet of
      the feed pump. The wider portion of the bore in which the valve member is
      located, accommodates a piston 83 which is urged by a spring 84 into
      contact with the valve member 81. Moreover, the spring acts to oppose
      movement of the valve member by the fuel under pressure from the outlet of
      the feed pump. The chamber containing the spring 84 communicates, as in
      the previous examples, with a point intermediate the restrictor 53 and the
      device 63. The ratio of areas of the piston and valve member is a constant
      R and the force exerted by the spring 84 represents a constant K. The law
      of the curve 81a is RN.sup.2 + K. It will be appreciated that in this
      example, the force exerted by the spring 84 is less than that exerted by
      the spring 57. With this modification, the curves 80 and 81 become
      substantially parallel to each other so that for a given load on the
      engine, the setting of the rod member 41 does not have to be adjusted
      throughout the speed range. This modification can be applied to all the
      embodiments described and improves the performance thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid fuel injection pumping apparatus for supplying fuel to internal
      combustion engines, the apparatus comprising an injection pump adapted to
      be driven in timed relationship with an associated engine, fluid pressure
      operable means for effecting adjustment of a component of the injection
      pump, a feed pump for supplying fuel to the injection pump during the
      filling periods thereof, a throttle valve for controlling the amount of
      fuel supplied to the injection pump, a relief valve including a valve
      member movable by the outlet pressure of the feed pump to an open position
      in which fuel is spilled from the outlet of the feed pump, resilient means
      acting to urge the valve member to a closed position, means for generating
      a first pressure which is lower than the outlet pressure of the feed pump,
      but which varies in accordance with the speed at which the injection pump
      is driven, conduit means through which said first pressure is applied to
      said valve member to assist the action of the resilient means whereby the
      outlet pressure of the feed pump has a value higher than said first
      pressure, a further conduit interconnecting the outlet of the feed pump
      and said means whereby flow of fuel will occur along said further conduit
      due to the difference in pressure between the ends thereof, a pair of
      restrictors in said further conduit, a branch conduit extending from
      intermediate said restrictors, and through which the pressure intermediate
      said restrictors is transmitted to said fluid pressure operable means,
      with the size of one of said restrictors being adjustable in accordance
      with the setting of the throttle valve whereby the fluid pressure applied
      to said fluid pressure operable means will depend both upon the speed at
      which the injection pump is driven, and also upon the setting of the
      throttle valve.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 in which said means comprises a
      centrifugally controlled valve which spills fuel from downstream of said
      restrictors thereby to generate said first pressure.
NUM  3.
PAR  3. The apparatus as claimed in claim 2 including a third restrictor
      connected intermediate the outlet of the feed pump and said means.
NUM  4.
PAR  4. The apparatus as claimed in claim 2 in which it is the size of the
      upstream one of said pair of restrictors which is adjustable in accordance
      with the setting of the throttle valve.
NUM  5.
PAR  5. The apparatus as claimed in claim 4 including an axially movable rod
      member, a centrifugal weight disposed at one end of the rod member, a
      plate disposed at the other end of the rod member, resilient means acting
      on said plate in opposition to the force exerted by said weight, an
      operator adjustable member constituting an abutment for said resilient
      means, a bore extending within said rod member, a plug closing said bore
      at said one end of the member, the other end of said bore being closed by
      said plate, a restriction intermediate the ends of the bore, said
      restriction constituting the other restrictor of said pair of restrictors,
      a sleeve surrounding said rod member, a first port formed in said sleeve,
      a first groove formed in said rod member and communicating with the closed
      end of said bore, said first groove and first port constituting the
      upstream one of said pair of restrictors, a second port formed in said
      sleeve, a second groove in said rod member, said second groove and second
      port constituting said throttle valve, the arrangement being such that as
      the rod member is moved axially to adjust the degree of registration of
      said second port and second groove thereby to alter the amount of fuel
      supplied to the engine the degree of registration of said first port and
      the first groove will be altered, said plate lifting from the open end of
      said bore to generate said first pressure.
NUM  6.
PAR  6. An apparatus as claimed in claim 5 in which said second groove and said
      first port are in constant communication with the outlet of the feed pump
      and said first groove communicates with said fluid pressure operable
      means.
NUM  7.
PAR  7. An apparatus as claimed in claim 6 including passage means in the rod
      member and sleeve and through which the open end of said bore communicates
      with said relief valve.
NUM  8.
PAR  8. An apparatus as claimed in claim 7 in which said abutment and a
      surrounding wall define a fourth and variable restrictor connected in
      parallel with the one of said pair of restrictors, whereby at low speeds
      the pressure of fuel applied to said fluid pressure operable means will be
      substantially equal to the outlet pressure of the feed pump.
NUM  9.
PAR  9. An apparatus as claimed in claim 7 in which said fluid pressure operable
      means includes a spring loaded control valve which is subjected to the
      pressure in said branch conduit, the apparatus including a piston movable
      to adjust the force exerted by the spring loading the control valve, and
      valve means constituted by said abutment to adjust the pressure applied to
      said piston.
NUM  10.
PAR  10. An apparatus as claimed in claim 7 including a fifth restrictor
      interposed between the outlet of the feed pump and the upstream one of
      said pair of restrictors, and a sixth restrictor extending to a drain from
      intermediate said fifth restrictor and the upstream one of said pair of
      restrictors.
NUM  11.
PAR  11. An apparatus as claimed in claim 7 including a seventh restrictor
      position in a passage communicating with a drain and extending from said
      branch passage.
NUM  12.
PAR  12. The apparatus as claimed in claim 1 in which said relief valve includes
      a piston element subjected to said first pressure and engaging with the
      valve member to assist the action of said resilient means, the ratio of
      areas of the faces of the valve member and piston element which are
      subjected to fuel pressure being R, the speed/pressure characteristic of
      the output pressure of the feed pump being RN.sup.2 + K where N is the
      speed and K the spring constant.
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PAL  A throttle body for a rotary engine includes an electronically controlled
      single fuel injector with discharge pintle that is located above and
      between two counterrotating throttle valves with the fuel supply, rotor
      lubricating oil and idle air being directed through an orifice located
      below the injector. An atmospheric passage is interposed between the
      injector and the fuel supply orifice to serve as a vacuum break, through
      which a conical spray pattern is directed into the orifice which has walls
      contoured to receive the conical spray pattern and direct it in an
      unrestricted fashion as a spray cone into the intake manifold of a vehicle
      during low intake manifold vacuum conditions. The air passage serves to
      direct idle air through the orifice when throttle valves are closed to
      produce sonic mixing of idle air and fuel during operation of the engines
      at a high intake manifold vacuum.
BSUM
PAR  This invention relates to fuel supply systems for internal combustion
      engines and more particularly to a throttle body including a fuel injector
      in association therewith for supply of fuel to an intake manifold of an
      internal combustion engine.
PAR  Electronic fuel injection systems have been proposed for use in internal
      combustion engines to affect a close control of fuel supply into the
      intake manifold during engine operation.
PAR  Sonic injection systems of the type disclosed in U.S. Pat. No. 3,785,354,
      issued Jan. 15, 1974 to John W. Moulds includes an injector with the fuel
      injector nozzle at atmospheric pressure and with fuel admitted through a
      gallery through which part of the idle air to the engine is drawn and
      across which engine vacuum differential exists. When engine vacuum exceeds
      thirteen inches of mercury, the gallery air flow and injected fuel is
      directed through a sonic orifice to improve mixing of the idle air and the
      injector fuel prior to passage into the induction passage. The injector
      nozzle in such cases is maintained at atmospheric pressure and a fuel rail
      pressure regulator is not required. When such systems operate under low
      engine vacuum conditions, such as occurs during engine starting and under
      hard acceleration, the gallery air flow is non-sonic and the fuel spray
      pattern from the orifice passes as a hose stream into the induction
      passage with consequent reduction of mixing of the air-fuel charge prior
      to passage into the induction passage.
PAR  In other fuel injection systems, a non-sonic form of fuel injection is
      produced by mounting the injector nozzle into the intake manifold with the
      nozzle sensing engine vacuum. Examples of such systems are disclosed in
      U.S. Pat. Nos. 3,635,201 and 3,786,789, issued Jan. 18, 1972 and Jan. 22,
      1974 to Carl F. High and Paul N. Barr et al., respectively. In such
      arrangements, a pressure regulator is required to compensate for
      variations in fuel flow rate that occur in accordance with changes in
      engine vacuum. In such cases, a spray cone is produced at the nozzle
      outlet which produces improved mixing as compared to sonic injector
      arrangement under engine starting and hard acceleration conditions.
      However, the spray cone pattern does not produce as good an air-fuel
      mixture as a sonic injection system during engine operation at high intake
      manifold vacuum.
PAR  Accordingly, an object of the present invention is to provide an improved
      air-fuel induction system for an internal combustion engine, especially
      suited for use in rotary engine applications including a single
      electronically controlled fuel injector with a non-sonic spray pattern in
      the form of a diverging spray cone from a pintle in the injector outlet
      directed through an orifice configured to pass the full spray cone pattern
      into the intake manifold of the vehicle under low vacuum conditions in the
      intake manifold as produced during engine starting and hard acceleration
      operations and wherein means are provided to direct idle air through the
      orifice along with lubricant for the rotary engine parts so as to produce
      sonic mixing of the oil-air-fuel mixture under engine idle conditions for
      improved burning of the air-fuel mixture and for reducing metered oil flow
      into the rotary engine so as to improve engine life and durability.
PAR  Still another object of the present invention is to provide an improved
      air-fuel supply system for an internal combustion engine including an
      electronically controlled fuel injector having a pintle to produce a
      conical spray pattern and means for directing the conical spray pattern
      into the intake manifold of the vehicle under intake manifold conditions
      less than thirteen inches of mercury and wherein an orifice is in
      alignment with the spray cone pattern and configured to direct it without
      interference into the intake manifold under the aforesaid conditions and
      wherein further means are included to direct idle air through the orifice
      under idle conditions so as to produce sonic mixing of the spray cone
      pattern under engine idle and high engine vacuum conditions thereby to
      produce optimized air-fuel mixing during normal vehicle operation.
PAR  Still another object of the present invention is to provide an improved
      air-fuel carburetion assembly for use in internal combustion engines
      including a throttle body having an air-fuel passage therethrough open at
      opposite ends with one end adapted to be connected to the intake manifold
      of a vehicle engine and the opposite end thereof being covered by a
      throttle plate having a bore therethrough for passage of air into the
      engine under the control of a throttle valve; a fuel flow orifice through
      the throttle plate includes a small diameter inlet throat and a radially
      outwardly diverging outlet portion through which fuel is directed from an
      electronically controlled fuel injector having a nozzle with an outlet
      under the control of a movable pintle to produce a conical spray pattern
      of a shape which passes through the orifice without restriction so as to
      direct a spray cone pattern of fuel into the intake manifold of the
      vehicle under normal vehicle operations; and wherein air passage means are
      included in the throttle plate to isolate the spray nozzle from vacuum
      conditions within the engine and to direct idle air from the throttle
      plate bore through the orifice to produce sonic mixing of the spray cone
      pattern and idle air under high vacuum intake manifold conditions with the
      throttle plates closed.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein a preferred embodiment of the present invention is
      clearly shown.
DRWD
PAR  In the Drawings:
PAR  FIG. 1 is a view in vertical section of a throttle body and fuel injector
      arranged in accordance with the present invention;
PAR  FIG. 2 is a fragmentary side elevational view taken along the line 2--2 of
      FIG. 1, looking in the direction of the arrows;
PAR  FIG. 3 is a horizontal cross sectional view taken along the line 3--3 of
      FIG. 1, looking in the direction of the arrows;
PAR  FIG. 4 is a horizontal cross sectional view taken along the line 4--4 of
      FIG. 1, looking in the direction of the arrows;
PAR  FIG. 5 is a vertical sectional view taken along the line 5--5 of FIG. 1,
      looking in the direction of the arrows; and
PAR  FIG. 6 is an enlarged fragmentary sectional view of a tip portion of the
      fuel injection nozzle in the assembly of FIG. 1.
DETD
PAR  Referring now to FIG. 1, a single injector throttle body or housing
      assembly 10 is illustrated including a throttle body 12 having a
      convergent air-fuel flow passageway 14 therethrough with opposite open
      ends at 16 and 18. The throttle body 12 includes a flange 20 at the end
      opening 16 for connection to the intake manifold of an internal combustion
      engine, which, may be in the form of the intake manifold of a rotary
      engine of the type shown in U.S. Pat. No. 3,788,782, issued Jan. 29, 1974
      to Robert E. Morgan. The working components of such engines require a
      thorough mixing of air-fuel components in the fuel supply thereto as well
      as mixing of lubricant for the rotary components therein all of which is
      produced by means of the assembly 10.
PAR  The housing assembly 10 further includes a throttle plate 22 which is
      secured to the upper end surface 24 of the body 12 by suitable fastening
      means illustrated as screws 26, 28 which are threadably received within
      tapped holes 30, 32 in the upper end surface 24 of the body 10 as best
      seen in FIG. 1. The interface between the upper surface 24 of the throttle
      body 12 and the throttle plate 22 is sealed by means of a gasket 34. A
      support plate 36 of housing assembly 10 is secured to the upper surface 38
      of the throttle plate 22 by suitable fastening means such as a plurality
      of spaced screws 40, the shanks of which are illustrated in FIG. 4. The
      support plate 36 receives an air cleaner base 42 that is best illustrated
      in FIG. 3 as including an outer peripheral flange 44 and a plurality of
      radially inwardly directed lugs 46, 48, 50 each of which are secured by
      means of the screws 40 with respect to the support plate 36.
PAR  A non-sonic electronically controlled fuel injector 52 is fastened to the
      upper surface of the support plate 36 by means of a retainer plate 54
      having a pair of bifurcated arms 56, 58 located in overlying relationship
      with a shoulder 60 on a tubular outer housing 62 of the non-sonic fuel
      injector 52. The retainer plate 54 is secured to the upper surface of the
      support plate 36 by means of a screw element 64 for fixedly securing the
      injector in place on top of the assembly 10.
PAR  More particularly, the non-sonic fuel injector 52 is of a type more
      specifically set forth in U.S. Pat. No. 3,684,318, issued Aug. 15, 1972 to
      Clarence J. Eckert et al. It includes a pair of fuel supply ports 66, one
      of which is illustrated in FIG. 1 connected to a fuel supply tube 68
      having a rolled flange 70 thereon seated against an undercut shoulder 72
      in the upper surface of the support plate 36 and sealed with respect to
      the underside of a tube retainer 74 by means of an annular gasket 76
      seated in the undercut shoulder 72. The tube retainer 74 includes a pair
      of spaced apart bifurcated portions that hold the tube 68 within the
      support plate 36 for communication with a lateral bore 78 in the support
      plate 36 which is adapted to be connected to a pressurized fuel supply
      such as described in U.S. Pat. No. 3,684,318. As seen in FIG. 3, the fuel
      supply further includes a lateral port 80 on the opposite side of the
      plate 36 which is in communication with an open end of a second fuel
      supply tube 82 secured to the plate 36 and sealed with respect thereto by
      the same means as discussed with respect to the tube 68 and by means of a
      tube retainer 84 having the same configuration as retainer 74 for tube 68.
      The fuel supply is diagrammatically shown in FIG. 3 as including a fuel
      pump 85 that supplies fuel from a tank 87.
PAR  Fuel supply to the injector 52 is directed through a nozzle 86 supportingly
      received within a bore 88 located centrally of the plate 36. The nozzle 86
      includes an outlet opening 88 therefrom in communication with a fuel
      supply bore 90 in which is located a plunger 92 reciprocated with respect
      to the bore 90 by electromagnetic means (not shown) within the non-sonic
      flow nozzle 52. The plunger 92 includes a fluted guide portion 94 thereon
      having circumferentially spaced guide ribs 96 is sliding relationship with
      the inner wall of the bore 90 for flow of fuel to an outlet chamber 98 in
      communication with the outlet opening 88. An injector pintle 100 is
      located within the outlet opening 88 and includes a radially outwardly
      flared tip 102 thereon which serves to produce a non-sonic spray cone 103.
      The non-sonic injector is characterized by being operative independently
      of the intake manifold vacuum and does not require a pressure regulator to
      control the rate of fuel flow through the injector 52 in accordance with
      changes in the intake manifold vacuum.
PAR  In accordance with certain principles of the present invention, the
      throttle plate 22 includes a pair of throttle bores 104, 106 on either
      side thereof each in communication with the air-fuel passage 14 in the
      throttle body 12. Air flow to the bores 104, 106 is through bores 108, 110
      formed in the support plate 36 in overlying relationship to the bores 104,
      106 to receive air flow from an air cleaner connected to the base 42. The
      aligned bores 104, 108 and 106, 110 serve to direct mass flow of air into
      the throttle body 12 during engine operation. It is under the control of a
      pair of counterrotating throttle valves 112, 114 located respectively in
      the bores 104, 106. Valves 112, 114 are secured to shafts 116, 118
      respectively directed through shaft bores 120, 122 in the throttle plate
      22. The shaft 118 has an outboard end 124 thereon secured by means of a
      screw 126 to one end of a throttle lever 128 having a slot 130 formed in
      the distal end thereof which is secured over an upper bent end 132 of a
      throttle link 134. A return spring 136 is wound around the outboard end
      124 with one end thereof biased against plate 36 and the opposite end
      thereof biased against the lever 128 to spring bias the throttle valve 114
      into a closed position as shown in FIG. 5.
PAR  The shaft 116 includes an outboard end 138 secured to a second lever 140 by
      means of a screw 142. The lever 140 is bent outwardly at 144 to overlie
      the lever 128. It further includes a slot 146 in the end thereof which is
      also fit over the bent end 132. A return spring 136 is secured between the
      lever 140 and the plate 36 for biasing valve 112 into a closed position as
      shown in FIG. 5.
PAR  A bellcrank throttle actuator 148 is pivotally secured at 150 to the
      throttle body 12. One arm 152 thereof is connected to the end 154 of a
      throttle link 156 adapted to be connected by suitable means (not shown) to
      the accelerator pedal of a vehicle. A second leg 158 of the bellcrank 148
      is secured to a lower end 160 of the throttle link 134 whereby movement of
      the throttle link 156 to the left as viewed in FIG. 2 will cause the
      throttle link 134 to be pulled downwardly thereby to shift the levers 128,
      140 into the dotted line position as shown in FIG. 2 to produce
      counterrotation of each of the throttle valves 112, 114 to a vertically
      aligned wide open throttle position as shown in FIG. 2 wherein there is
      unrestricted communication through the throttle bores 104, 106 into the
      air-fuel passage 14.
PAR  In accordance with certain principles of the present invention, the
      throttle plate 22 includes a fuel supply orifice 162 located equidistantly
      between each of the bores 104, 106 as best seen in FIG. 5. The orifice 162
      includes a small diameter inlet throat 164 and a radially outwardly
      diverging outlet portion 166 thereon in communication with the passage 14.
      A transverse passage 168 is formed in the upper surface of the throttle
      plate 22 so as to intercommunicate each of the bores 104, 106 with the
      inlet throat 164 at a point above the valves 112, 114, as seen in FIG. 5.
      The inlet throat 164 is aligned colinearly of the outlet opening 88 in the
      nozzle 86 and in spaced relationship thereto across the transverse passage
      168. Passage 168 is maintained in communication with atmospheric pressure
      and thus serves as a vacuum break between the intake manifold vacuum as
      manifested in the air-fuel passage 14 thereby to isolate the nozzle 86
      from operational changes in intake manifold vacuum.
PAR  The support plate 36 includes a pair of threaded bores 170, 172 on one side
      thereof, each of which are adapted to be connected to a metered source of
      lubricant for flow through the assembly 10 to lubricate rotating parts of
      a rotary engine. Details of the metered lubricant system are set forth in
      the above-mentioned U.S. Pat. No. 3,788,782.
PAR  The bore 170 is in communication with an upwardly inclined passage 174 in
      plate 22 that communicates with a depression 176 in the upper surface of
      the throttle plate 22. Likewise, the bore 172 is in communication with an
      upwardly inclined passage 178 in plate 22 likewise in communication with
      the depression 176. The depression 176 communicates with the transverse
      passageway 168 at the inlet throat 164 whereby lubricant will flow through
      the orifice 162 to be thoroughly mixed with the fuel and air charge as
      they pass through the passage 14 into the intake manifold of a vehicle.
      The admission of the metered engine lubricating oil through the orifice
      162 produces improved oil, air and fuel mixing so that the metered oil
      flow rate can be reduced while improving engine life and durability.
PAR  In one working embodiment, the electronically controlled nozzle 86 has an
      outlet opening 88 of 0.063 inches diameter. The air passage 168 between
      the nozzle opening 88 and the inlet throat 164 has a depth of 0.218
      inches. The conical spray pattern from the nozzle 86 has an included angle
      of approximately 20.degree.. The orifice throat 164 has a depth of 0.080
      inches and a diameter of 0.100 inches. The diverging portion 166 has a
      maximum outlet diameter of 0.310 inches with a truncated cone shape
      including an angle of 30.degree.. This configuration of the orifice 162
      will assure that the non-sonic spray cone 103 will freely pass through the
      throttle plate into the passage 14 as a spray pattern to produce optimized
      mixture of air and fuel particles during the low intake vacuum mode of
      engine operation.
PAR  By virtue of the aforesaid arrangement, under engine operating conditions
      wherein a reduced vacuum is produced in the passage 14, for example, under
      engine starting and hard accelerations, the fuel supply to the passage 14
      is in the form of a conical spray pattern 103 that, under reduced intake
      manifold vacuum conditions, represents an optimum mode for mixing air,
      fuel and lubricant prior to passage into the intake manifold of the
      vehicle.
PAR  Slight variance in engine intake manifold vacuum does not effect the
      distribution of fuel as a spray cone from the nozzle 86 because of the
      vacuum break action of the transverse passage 168. The integrity of the
      spray cone with its optimized mixing of air and fuel in the passage 14 is
      achieved by virtue of the careful contouring of the inlet throat 164 and
      outlet portion 166 of the orifice 162. The contour of orifice 162 enables
      the physical shape of the cone 104 to freely pass from the non-sonic
      injector nozzle 86 into the passage 14 during reduced intake manifold
      vacuum engine operating modes.
PAR  During engine idle operation and high engine intake manifold vacuum
      conditions, the assembly 10 affords a further advantage in that the
      passage 168 will communicate the orifice 162 with atmospheric pressure at
      the inlet throat 164. With the throttle valves 112, 114 closed, under idle
      conditions, high intake manifold vacuum will exist on the outlet portion
      166. This will cause the idle air directed through the passage 168 and
      through the orifice 162 to be sonic thereby to produce an improved mixture
      of air with the spray cone 104 with resultant improved combustion of the
      air-fuel components within the engine so as to effect a reduction of
      emissions from the engine during this operating mode.
PAR  While the embodiments of the present invention, as herein disclosed,
      constitute a preferred form, it is to be understood that other forms might
      be adopted.
PAR  While
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel air induction system comprising a throttle body having opposite
      ends thereon including an inlet end in communication with atmosphere and
      an outlet end adapted to be connected to the intake manifold of a vehicle,
      said throttle body including a converging passage therein with a large
      diameter at the inlet end of said body and a reduced diameter at the
      outlet end of said body, a throttle plate secured on the inlet end of said
      body including a pair of throttle bores therethrough, a throttle valve
      located in each of said bores, means for producing counterrotation of said
      valves from a closed idle position to an open position within each of said
      throttle bores, said throttle plate including a fuel supply orifice
      therethrough located between each of said bores having an atmospheric
      inlet end and a diverging outlet in communication with said converging
      passage, said orifice serving as a vacuum break between engine intake
      manifold vacuum within said throttle body and atmosphere, passage means in
      said throttle plate in communication with each of said bores above said
      throttle valves operative to define an idle air path from atmosphere to
      said atmospheric inlet end of said orifice when said throttle valves are
      in their closed idle position, fuel injector means including a nozzle
      portion having an outlet and including an outwardly extending pintle
      movable with respect to said outlet port, means for directing fuel to said
      nozzle outlet and across said pintle to produce a conical spray pattern
      therefrom, means for supporting said nozzle portion in coaxially spaced
      relationship to said orifice to locate said pintle above the atmospheric
      inlet end to said orifice, said orifice in said throttle plate having its
      inner wall contoured to receive said conical spray pattern and direct it
      without interference as a non-sonic, atmospheric spray pattern into said
      throttle body under reduced intake manifold vacuum conditions, said
      orifice having idle air directed therethrough from said passage means
      under increased intake manifold vacuum conditions with said throttle
      valves in a closed position to produce a sonic idle air flow through said
      orifice for optimizing fuel-air mixing under idle operation.
NUM  2.
PAR  2. A fuel air induction system comprising a housing having an air-fuel
      passage therethrough including an inlet in communication with atmosphere
      and an outlet in communication with the intake manifold of an internal
      combustion engine, means defining a throttle bore for communicating said
      inlet and outlet ends of said housing, a throttle valve in said bore
      movable with respect thereto between closed and opened positions, means
      for operating said throttle valve in response to accelerator operation, a
      fuel flow orifice in said housing having an atmospheric inlet end in
      communication with the inlet end of said housing and an outlet end in
      communication with the outlet of said housing, passage means for
      communicating the atmospheric inlet end of said orifice with atmospheric
      pressure, fuel injector means including a nozzle with an outlet aligned
      colinearly of said orifice in spaced relationship to the atmospheric inlet
      end thereof, means including a pintle movable with respect to said nozzle
      outlet to produce a conical spray pattern at atmospheric pressure directed
      through the inlet end of said orifice, said orifice serving as a vacuum
      break between the outlet end of said housing and said nozzle, said orifice
      having an inner wall contoured as a divergent cone to permit unrestricted
      passage of said conical spray pattern from the atmospheric end of said
      orifice to the outlet end thereof thereby to direct a cone spray fuel
      pattern into the intake manifold for mixing with air under reduced vacuum
      conditions in the intake manifold, said passage means serving to direct
      idle air through said orifice when said throttle valve is closed under
      high intake vacuum conditions to produce a sonic flow of idle air through
      said orifice for producing sonic mixing of said atmospheric cone spray
      pattern and idle air during high intake vacuum engine operations.
NUM  3.
PAR  3. A carburetor for an internal combustion engine having an intake manifold
      with a reduced vacuum mode and a high vacuum mode therein during vehicle
      operation comprising: a throttle body having an air-fuel passage
      therethrough with opposite open ends, one of said ends adapted to be
      connected to the intake manifold of an engine, a throttle plate on the
      opposite open end of said throttle body including a throttle bore
      therethrough, a throttle valve located in said bore, means for rotatably
      supporting said valve within said bore for movement between closed and
      open positions, means forming a fuel flow orifice in said plate having an
      inlet throat section thereon and an outwardly diverging outlet portion
      thereon in communication with the inlet end of said throttle body, a
      support plate connected to said throttle plate, an electrically operated
      fuel injector secured on said support plate including a nozzle thereon
      having an outlet located in spaced, coaxial relationship to the inlet
      throat section of said fuel flow orifice, means including a movable pintle
      for directing a conical spray pattern from said nozzle outlet during a
      fuel injection, passage means forming a vacuum break in said throttle
      plate between said nozzle outlet and said fuel flow orifice to isolate
      said nozzle outlet from the vacuum conditions within the intake manifold,
      said orifice having its walls contoured to receive the conical spray
      pattern from said nozzle for unrestricted passage as a spray cone into the
      inlet end of said throttle body for mixture with air during engine
      operation at the reduced vacuum mode, said passage means serving to direct
      idle air from said throttle bore into said fuel flow orifice when said
      throttle valve is in a closed position to cause sonic flow of idle air
      through said fuel flow orifice during a high vacuum mode of operation to
      produce sonic mixing of said conical spray pattern of fuel with idle air.
NUM  4.
PAR  4. A carburetor assembly for association with an internal combustion engine
      having an intake manifold operative in low vacuum and high vacuum modes
      comprising: a throttle body having an air-fuel passage therethrough open
      at opposite ends thereof, one of said open ends adapted to be connected to
      the intake manifold of a vehicle, a throttle plate closing the other of
      said open ends including a pair of throttle bores directed therethrough, a
      throttle valve in each of said bores, means for rotatably actuating each
      of said throttle valves for movement between closed and open positions in
      counterrotation with respect to one another in response to vehicle
      accelerator operation, said plate including a fuel flow orifice directed
      therethrough at a point therein equidistantly spaced from the centerline
      of each of said bores, said orifice including a small diameter inlet
      throat and a radially outwardly diverging portion in communication with
      the air-fuel passage through said throttle body, fuel injector means
      including a nozzle having an outlet therefrom, a movable pintle axially
      movable with respect to said outlet in said nozzle for producing a conical
      spray pattern from said outlet, means for supporting said nozzle to locate
      said outlet therein colinearly of the longitudinal axis of said orifice in
      spaced relationship therewith, means defining a vacuum break passage
      between said nozzle outlet and the inlet throat to said orifice to isolate
      said spray nozzle outlet from vacuum conditions within said throttle body,
      said orifice having its walls contoured to accommodate the shape of said
      conical spray pattern from said nozzle to produce unrestricted passage of
      said conical spray into the air-fuel passage of said throttle body for
      mixing with air therein under low vacuum modes of engine operation, said
      vacuum break passage directing idle air from said throttle bores to said
      orifice when said throttle valves are in their closed position to produce
      sonic flow of idle air through said orifice under high vacuum operating
      modes for optimization of mixing air-fuel components directed through said
      orifice under idle conditions.
NUM  5.
PAR  5. A carburetor assembly for association with an internal combustion engine
      having an intake manifold operative in low vacuum and high vacuum modes
      comprising: a throttle body having an air-fuel passage therethrough open
      at opposite ends thereof, one of said open ends adapted to be connected to
      the intake manifold of a vehicle, a throttle plate closing the other of
      said open ends including a pair of throttle bores directed therethrough, a
      throttle valve in each of said bores, means for rotatably actuating each
      of said throttle valves for movement between closed and open positions in
      counterrotation with respect to one another in response to vehicle
      accelerator operation, said plate including a fuel flow orifice directed
      therethrough at a point therein equidistantly spaced from the centerline
      of each of said bores, said orifice including a small diameter inlet
      throat and a radially outwardly diverging portion in communication with
      the air-fuel passage through said throttle body, fuel injector means
      including a nozzle having an outlet therefrom, a movable pintle axially
      movable with respect to said outlet in said nozzle for producing a conical
      spray pattern from said outlet, means for supporting said nozzle to locate
      said outlet therein colinearly of the longitudinal axis of said orifice in
      spaced relationship therewith, means defining a vacuum break passage
      between said nozzle outlet and the inlet throat to said orifice to isolate
      said spray nozzle outlet from vacuum conditions within said throttle body,
      said orifice having its walls contoured to accommodate the shape of said
      conical spray pattern from said nozzle to produce unrestricted passage of
      said conical spray into the air-fuel passage of said throttle body for
      mixing with air therein under low vacuum modes of engine operation, said
      vacuum break passage directing idle air from said throttle bores to said
      orifice when said throttle valves are in their closed position to produce
      sonic flow of idle air through said orifice under high vacuum operating
      modes for optimization of mixing air-fuel components directed through said
      orifice under idle conditions, said throttle plate further including a
      groove in the upper surface thereof with one end thereon in communication
      with said vacuum break passage, lubricant bore means in said plate in
      communication with the opposite end of said groove for directing lubricant
      into said vacuum break passageway for flow through said fuel flow orifice
      during engine operation, said lubricant being thoroughly mixed with air
      and fuel during the sonic mode of operation to direct lubricant through
      said throttle body for passage into the intake manifold of an engine
      during its operation.
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ABST
PAL  The invention provides means to produce a spark for firing a mixture in an
      internal combustion, wherein the spark has a high steep voltage wave front
      followed by an elongated tail of lower voltage, by providing an induction
      coil, a capacitative voltage source and an inductive voltage source, and
      means for suitably applying both sources in parallel to the induction coil
      primary when a spark is required. Several alternative circuits are
      described, a capacitor providing the high voltage short duration wave
      front to initiate the spark, while an inductor, which may be part of a
      transformer supplies the longer duration low-voltage tail. The voltage to
      charge the capacitor may be derived by rectifying the output voltage of a
      step-up charging transformer.
BSUM
PAR  Prior Application: In Switzerland on July 27th, 1973 No. 11 022/73.
PAR  The present invention concerns a method and device for producing ignition
      pulses, more particularly for the ignition of combustible matters such as
      gas and air mixtures in internal combustion engines, by spark discharge.
PAR  In industry, sparks for igniting combustible substances, principally gas
      and air mixtures, are often required, particularly for internal combustion
      engines and oil burners. The spark energy required for the purpose is
      obtained by means of ignition systems in which either the rapid collapse
      of a magnetic field in an induction coil and the resultant induced voltage
      peak are used, as for example in coil ignition, or in which the electrical
      energy stored in a capacitor is discharged by means of a spark gap at the
      moment of ignition, as in high tension capacitor ignition, a pulse
      transformer being interposed in some cases.
PAR  Hitherto the above-mentioned coil ignition and the high-tension capacitor
      ignition have mainly been used for ignition pulse production, particularly
      for the operation of internal combustion engines in motor vehicles.
      However, coil ignition (and transistor controlled coil ignition) has the
      disadvantage that it only produces a slow rise in the high voltage wave
      front, whilst with high-tension capacitor ignition a rapid voltage rise is
      achieved, but the shorter duration of the resultant spark discharge is a
      disadvantage compared with the spark duration achieved by coil ignition
      and transistor coil ignition.
PAR  However both a rapid voltage rise and a long duration of the spark
      discharge are desired. In order to achieve this, it has been proposed to
      steepen the voltage rise in coil ignition and transistor coil ignition by
      providing a spark gap in series with the spark plugs, on the high tension
      side. However, the spark gap contacts tend to burn off rapidly and, in
      addition, severe high-frequency interference occurs; furthermore, the
      build-up of the high tension is adversely affected by possible shunts,
      such as dampness in the spark distributor.
PAR  The above-mentioned conditions may be represented in the following manner,
      if a spark discharge is considered per se;
PAR  During the discharge process a spark front is initially produced at the
      spark gap, i.e., an initial time of the spark discharge which is
      distinguished by a high discharge voltage and comprises the ignition
      period of the spark discharge and a time interval which immediately
      follows the ignition period.
PAR  The spark front is followed by a spark tail, i.e., the time of the spark
      discharge following the front in which there exists a comparatively low
      combustion voltage and which terminates with the extinction of the spark
      discharge. Since the spark front includes the time when ignition takes
      place, a high ionisation voltage with rapid voltage rise is desired for
      the formation of the spark front, so that reliable ignition is achieved
      under comparatively unfavourable conditions (sooted-up spark plugs,
      moisture in the combustion chamber or the like). In addition, the spark
      discharge should have a relatively long spark tail, so that, even under
      unfavourable igniting conditions (for example, poor mixing of the
      constituents of a gas and air mixture to be ignited) a sufficiently long
      action of the spark discharge and, consequently, reliable ignition of the
      combustible substance is ensured. As already indicated above, none of the
      types of ignition mentioned simultaneously fulfil these two essential
      conditions.
PAR  It is therefore an object of the present invention to provide a method and
      a device for the production of ignition pulses by which both a rapid
      voltage rise at the beginning of the spark discharge and also a long spark
      duration after the start of the spark discharge are achieved.
PAR  According to the present invention there is provided a method of igniting
      combustible substances such as gas and air mixtures in internal combustion
      engines, by spark discharge across a gap, including the step of initiating
      simultaneously or sequentially the discharge of an electric source of a
      capacitive character connected to a spark discharge gap and the discharge
      of an electric energy source of an inductive character also connected to
      said spark discharge gap, so that the energy for initiating or starting
      the spark discharge, i.e., for producing the spark front is derived mainly
      from the energy source of capacitive character, and the energy for
      maintaining the spark discharge, i.e., for producing the spark tail, is
      delivered mainly from the energy source of inductive character.
PAR  Further according to the present invention there is provided a device for
      carrying out the method, including the combination of at least one energy
      source of capacitive character coupled to the circuit of a spark discharge
      gap and at least one energy source of inductive character also connected
      to the circuit of the spark discharge gap.
PAR  By an energy source of capacitive character, an energy source is to be
      understood, whose energy is stored in the form of an electric field, e.g.
      in a capacitor; however, it may also be a battery or an accumulator, if
      these items are considered as large capacitors. On the other hand, by an
      energy source of inductive character, an energy source is to be understood
      whose energy is stored in the form of a magnetic field and/or is
      controlled by means of an inductance.
PAR  By the means of the present invention, ignition pulses may be obtained
      which have a very steep voltage rise derived from the energy source of
      capacitive character and therefore render possible reliable initiation of
      the spark discharge, and which also, due to the energy source of inductive
      character, renders possible reliable firing of the substance to be ignited
      by the spark discharge.
DRWD
PAR  Reference is now made to the accompanying drawings, which concern
      embodiments of the present invention, and in which:
PAR  FIG. 1 shows a first embodiment of the present invention;
PAR  FIG. 2 is a graph explaining the circuit arrangement according to FIG. 1;
PAR  FIGS. 3 - 8 show more embodiments of the present invention;
PAR  FIG. 9 is a graph explaining the mode of operation of the circuit
      arrangement according to FIG. 7;
PAR  FIG. 10 is a graph explaining the mode of operation of the circuit
      arrangement according to FIG. 8;
PAR  FIGS. 11 - 14 show other embodiments of the present invention;
PAR  FIG. 15 shows a graph explaining the mode of operation of the circuit
      arrangement of FIG. 14;
PAR  FIG. 16 shows an embodiment of the invention which corresponds in operation
      to the embodiment of FIG. 14, but is simpler, and
PAR  FIGS. 17 and 18 show other embodiments of the present invention.
DETD
PAR  The first embodiment of the present invention shown in FIG. 1 comprises a
      power transistor 1, the collector of which is in series with the primary
      winding of a charging transformer 2. When transistor 1 is turned on by
      current supplied to its input 3, a magnetic field is built up in the
      transformer 2 which, when the collector current is switched off by
      transistor 1 collapses and induces, in the secondary winding 4, a voltage
      which charges capacitor 5. During the charging of capacitor 5, the sum of
      the magnetic field energy in the transformer 2 and of the electrical
      energy in the capacitor 5 remains substantially constant, so that the
      capacitor energy increases during the charging of the capacitor with
      increasing time, at the cost of the magnetic field energy.
PAR  These circuit conditions are shown in FIG. 2 to a time base, where I.sub.T
      is the control current of transistor 1 occurring at the input 3; E.sub.M
      is the instantaneous magnetic field energy in the transformer 2 and
      E.sub.C is the instantaneous energy in the capacitor 5. At the time
      t.sub.O transistor 1 is turned on, whilst at the time t.sub.1 transistor
      is switched off. Between the time t.sub.O and t.sub.1, the magnetic energy
      E.sub.M reaches a saturation value. At the time t.sub.1, the magnetic
      field begins to collapse, whilst the charge in the capacitor 5 begins to
      rise, so that E.sub.C increases to a maximum value.
PAR  At a certain moment of time t.sub.2 after the switching off of the primary
      current in the transformer 2, the energy in the circuit is uniformly
      divided between the magnetic field of the transformer and the electrical
      field of the capacitor 5.
PAR  If, therefore, at this moment t.sub.2, a thyristor 7 is ignited by a
      control circuit 6 so that the primary winding of the ignition coil 8 is
      connected to the secondary winding 4 of the charging transformer 2 and the
      capacitor 5 in parallel, the capacitor 5 suddenly discharges through the
      ignition coil 8, so that a steep voltage front occurs across the spark gap
      9 and starts a spark; the discharge of the capacitor determines the form
      of the spark front in this case. On the other hand, the energy required
      during the remainder of the spark discharge, i.e., for the tail of the
      spark, is supplied by the magnetic energy from the charging transformer 3.
PAR  By changing the time t.sub.2 - t.sub.1 and by a suitable choice of the
      capacitor 5, any desired ratio of spark front to spark tail energy, and
      the height of the voltage rise at the spark front, can be secured.
PAR  The embodiment of the present invention shown in FIG. 3 corresponds
      substantially to the embodiment shown in FIG. 1, but, differs therefrom in
      that the control generator 6 is replaced by a zener diode 10 which is
      connected between the anode and the control electrode of the thyristor 7.
      By this means, the thyristor is ignited at a voltage determined by the
      zener diode 10, so that the height of the rapid voltage rise at initiation
      of the spark at the spark gap 9 becomes independent of the ignition energy
      within certain limits, so that a reduction in energy from the charging
      transformer 3 leads to shortening of the spark tail.
PAR  The embodiment shown in FIG. 4 differs from the previous embodiments in
      that, in addition to the charging transformer 2, the ignition coil 8 is
      also utilised as an energy storage for supplying the spark energy. For
      this purpose, the primary windings of the charging transformer and
      ignition coil are in series during the flow of current through transistor
      1. The energy stored in the ignition coil 8 therefore increases the energy
      for the spark front and tail in this embodiment. In the circuit according
      to FIG. 4, a diac 11 (multi-layer diode) is used instead of the thyristor
      7 and the zener diode 10 to perform the same function in the circuit of
      the primary winding of the ignition coil 8.
PAR  FIG. 5 shows an embodiment of the present invention which a voltage of
      approximately 1 - 2 kV is produced by an additional winding 12 on the
      charging transformer 3, this voltage charging capacitor 14 by means of
      diode 13. By connecting the capacitor 14 in series with the spark gap 9
      through the secondary winding 15 of the ignition coil 8, the latter
      capacitor supplies most of the energy for the spark tail, the inductive
      character of the voltage source for the spark tail being achieved by the
      inductive throttling effect of the secondary winding 15. Consequently, the
      ignition coil 8 is required principally to supply the rapid voltage rise
      by which a spark is initiated in the spark gap 9, and therefore this
      ignition coil can be made smalleer. smaller.
PAR  In the embodiment according to FIG. 5, the diode 13 itself is only
      necessary when the capacitor 14 is relatively large, so that it prevents
      current flowing backwards into the winding 12 from the capacitor which is
      not completely discharged after the collapse of the spark thus producing
      "ringing" or current alternations.
PAR  The embodiment of FIG. 6 differs from the embodiment of FIG. 5 in that the
      diode 13 and the capacitor 14 are omitted and therfore the energy for the
      spark tail is supplied directly from the additional winding 12 which is
      connected in series with the secondary winding 15 of the ignition coil 8,
      from collapse of the magnetic field of the charging transformer 2 when
      transistor 1 is switched off.
PAR  Other embodiments of the present invention are described in greater detail
      with reference to FIGS. 7 to 9. Whilst in the embodiments according to
      FIGS. 1 to 6, the ignition process was initiated by the collapse of a
      magnetic field, in the embodiments according to FIGS. 7 and 8, the
      initiation of the ignition process is effected at the beginning of the
      build-up of the magnetic field in the charging transformer 108. Both
      embodiments according to FIGS. 7 and 8 share the common feature that, upon
      the collapse of the magnetic field in the charging transformer 108, some
      of the released energy is stored in the ignition capacitor C.sub.Z. This
      storage of energy is achieved from a voltage induced in a secondary
      winding W.sub.1 of the charging transformer which charges the ignition
      capacitor C.sub.Z through diode D.sub.1, this diode D.sub.1 preventing
      current reversal, so that energy storage is maintained until the ignition
      capacitor C.sub.Z is discharged through a thyristor 101 and the primary
      coil 102 of the ignition coil 103. Due to the discharge, a very steep
      pulse of high voltage U.sub.F (for example  20 kV), which initiates a
      spark discharge in the spark gap 121, is produced by the secondary winding
      104.
PAR  Both the embodiments of FIGS. 7 and 8 use a converter 100 and a pulse
      generator 105 and therefore these parts of the circuit are not shown in
      FIG. 8.
PAR  The converter 100 comprises a power transistor 106 the collector-emitter
      path of which, together with a current source, is connected in series with
      a primary winding 107 of the charging transformer 108; a feed-back winding
      109 is provided on the charging transformer and is connected at one end to
      the base of the transistor 106, whilst its other end extends to the input
      terminal 110. The converter can be switched on by a positive pulse to the
      input 110; during the switched-on condition it delivers to this input 110
      a negative voltage induced in the feed-back winding 109. The converter
      receives its energy from the terminal U.sub.B which is connected to one
      end of the primary winding 107.
PAR  The control of the entire device is effected by means of the pulse
      generator and trigger unit 105, the control member of which is a
      mechanical circuit breaker 111, which may of course, be replaced by an
      electronic switch. The circuit breaker 111 receives a positive potential
      from the voltage source U.sub.B via series resistor 112, so that when the
      circuit breaker 111 is opened, the voltage at the point 113 jumps to the
      level of the voltage U.sub.B. This positive voltage jump is transmitted
      through the capacitor 114 and reaches the point 115 whence it passes
      through resistor 116 as a firing pulse to the ignition electrode of the
      thyristor 101. The positive voltage pulse also passes from the point 115
      through the diode 117 and the resistor 118 to the input terminal 110 and
      triggers the switching-on of the converter 100. The capacitor 119
      connected to input terminal 110 and to earth, is charged by the negative
      voltage present at the input terminal 110 during the switched-on time of
      the converter and thus prevents automatic triggering of the converter by
      the tail end of the pulse produced by the collapse of the magnetic field;
      this negative voltage is cancelled only by the positive voltage surge
      which is supplied from the point 113.
PAR  The diode 120, located between earth and the point 115, discharges
      capacitor 114 when the circuit breaker 111 is closed.
PAR  The magnetic field which is built up in the charging transformer 108 when
      the circuit breaker 111 is closed, collapses after a predetermined time
      which is substantially determined by the dimensions of the transformer and
      the capacitor 119. Upon the collapse of this magnetic field a voltage
      pulse is produce not only, as already described above, in the secondary
      winding W.sub.1 of the charging transformer, but also in the other
      secondary winding W.sub.2 which is provided in the embodiment of FIG. 7
      but has many more turns than the first secondary winding W.sub.1, for
      example, ten times the number of turns. Thus the capacitor C.sub.B
      connected in the series through the diode D.sub.2 to the secondary winding
      W.sub.2 receives a charging voltage which amounts to approximately 10
      times the value of the charging voltage of the ignition capacitor C.sub.Z,
      (for example, the latter charges to 400 volts, whilst the capacitor
      C.sub.B charges to 4 kV). The energy stored in the capacitor C.sub.B is
      used up during the firing of the spark gap 121, an inductive form of
      discharge from the capacitor C.sub.B being achieved in the spark gap and
      the capacitor C.sub.B connected in series therewith, by the series
      connection of the secondary winding 104 of the ignition transformer, so
      that stabilisation of the discharge and a long duration of spark are
      achieved.
PAR  The voltage ratios are shown in FIG. 9, the voltage U'.sub.w2 of the
      secondary winding W.sub.2 (without considering the loading of the
      capacitor C.sub.B) being shown in the upper part of this figure and the
      voltage U.sub.F across the spark gap 121 in the lower part. The circuit
      breaker 111 opens at the time t.sub.3, triggering thyristor 101, so that a
      spike pulse of the voltage U.sub.F is produced at the point t.sub.3, which
      initiates the spark. At the same time, on account of the switching-on of
      the converter 100 at the time t.sub.3, a negative voltage spike occurs
      which, has no effect because of the diodes D.sub.1 and D.sub.2. This
      negative voltage U'.sub.w2 continues from winding W.sub.2 until the
      transformer 108 is saturated and the operating transistor 106 is blocked
      at the time t.sub.4. The difference in time between t.sub.3 and t.sub.4
      is, as already mentioned above, determined by the dimensions of the
      charging transformer, the resistance of the winding 109 and the value of
      the capacitor 119. This time difference is selected so that it is greater
      than the duration of time T.sub.F  of the spark discharge, the latter
      being determined by the time constant which results from the value of the
      capacitor C.sub.B, its charging voltage, and the inductance of the
      secondary winding 104. When the transistor 106 blocks at the moment
      t.sub.4, due to the collapse of the magnetic field in the charging
      transformer a positive voltage pulse 122 appears which lasts for the time
      t.sub.5 - t.sub.4 and, as already mentioned, charges both capacitors
      C.sub.Z and C.sub.B again, so that, at the next ignition moment t.sub.6 at
      which the circuit breaker 111, which has since closed again, has reopened,
      a new spark ignition pulse can take place.
PAR  In this embodiment, the converter 100 is operated as a blocking converter,
      i.e., it gives up its energy only at the blocking moment, this energy
      depending only on the current in the primary winding 107 and can be made
      independent of the operating voltage U.sub.B by a suitable circuit. Thus
      the same amount of energy is always available for the spark.
PAR  A more detailed description of the embodiment of FIG. 8 is given below, in
      which both the converter and the trigger member are similar to the circuit
      components 100 and 105 in FIG. 7.
PAR  The essential difference between FIGS. 7 and 8 is the feature that the
      diode D.sub.2 of FIG. 7 is of reversed polarity, the capacitor C.sub.B is
      omitted, and the direction of winding of the secondary coil 104 of the
      ignition coil is reversed, so that the secondary winding 104 has its
      direction of winding opposed to the primary winding 102. The embodiment of
      FIG. 8 may also include a separate second secondary winding W.sub.2 of the
      charging transformer (after making the above alterations). The embodiment
      according to FIG. 8, however, is simplified further in that the winding
      W.sub.1 also fulfills the function of the winding W.sub.2 shown in FIG. 7.
      For this purpose one end of the winding W.sub.1 is connected to the diode
      D.sub.1 and to the diode D.sub.3 and thence to the secondary winding 104
      of the ignition coil and the spark gap 121.
PAR  In this case it is necessary to select the transformation ratio U between
      the primary winding 107 and secondary winding W.sub.1 so that when the
      converter 100 is switched on, sufficient voltage is produced to produce
      the necessary spark tail. At the same time, the capacitor C.sub.Z is
      calculated so that it is charged by the energy of the blocking pulse (the
      pulse produced in the winding W.sub.1 during the blocking of the
      transistor 106) to a voltage, for example 400 volts, which is sufficient
      to deliver a spark initiation pulse with the necessary high voltage from
      the ignition coil.
PAR  A voltage-time graph is shown in FIG. 10, the voltage U'.sub.w1 i.e., the
      voltage from the winding W.sub.1, being reproduced in the upper part, on
      the assumption that the winding is open; whilst the voltage U.sub.w1
      actually produced from the winding W.sub.1  is shown in the centre of FIG.
      10, and the lower part shows the output voltage U.sub.F at the spark gap
      121. At the moment t.sub.7 the converter 100 is switched on so that a
      spark initiation voltage U.sub.F of 25 kV is obtained, which ignites the
      spark. At the same time the voltage produced from the winding W.sub.1 when
      the converter is switched on, maintains the spark discharge through the
      diode D.sub.3 and the secondary winding 104 of the ignition transformer.
      When the converter 100 is switched off, a blocking pulse 123 is produced
      in the winding W.sub.1 at the time T.sub.8 and charges the capacitor
      C.sub.Z to the voltage U.sub.C, so that it reaches the necessary charging
      voltage of 500 volts at the time t.sub.9. When the converter 100 is
      switched on again, this cycle is repeated.
PAR  The advantage of the embodiment shown in FIG. 8 compared with that of FIG.
      7, resides in the feature that a longer spark combustion or tail time is
      ensured with a constant tail voltage during the entire switching-on phase
      (period between t.sub.7 and t.sub.8), because the tail voltage does not
      sink, due to the discharge of the capacitor C.sub.B.
PAR  Finally, FIGS. 11 and 12 show embodiments corresponding in principle to the
      embodiments of FIGS. 7 and 8, in which however the control of the
      switching-on of the primary winding of the charging transformer is
      effected externally by a transistor 1 and also the firing of the thyristor
      101 (as shown in connection with the primary circuit of the charging
      transformer and the control of the thyristor discharge in FIG. 1).
PAR  In FIGS. 11 and 12 the primary circuit of the charging transformer is such
      that a control pulse at the input 3 simultaneously reaches the base of the
      power transistor 1 and the control electrode of the thyristor 101, so that
      at the moment transistor 1 is switched on, thyristor 101 is also ignited
      by means of an external control e.g. by a small computor.
PAR  The advantage of the control shown in FIGS. 11 and 12 as compared with the
      embodiments of FIGS. 7 and 8 is that the switching-off of the converter
      and the primary winding 107 can be started immediately after the
      extinction of the spark discharge, through the external control, i.e., the
      blocking pulse at the moment t.sub.4 or t.sub.8 (FIGS. 9 and 10) is not
      triggered just when the charging transformer 108 becomes saturated. Thus
      the switching-on time of the primary winding is limited to the shortest
      possible duration and the energy of the current source is optimally
      utilised. This linking of the moment t.sub.4 or t.sub.8 to the end of the
      spark discharge is a great advantage in connection with different spark
      discharge periods which occur under various ignition conditions in the
      internal combustion engine.
PAR  In the embodiments of FIGS. 11 and 12, the control of the initiation of the
      spark discharge and the control of the switching-on of transistor 1 may be
      effected separately at terminals 3a and 3 by removing the bridge B, or in
      a predetermined time sequence, for which purpose a time delay component is
      inserted in place of the bridge B. In this manner it is possible to effect
      the initiation of the spark with a predetermined time lag relatively to
      the switching-on of the charging transformer 108, between t.sub.3 and
      t.sub.4 or t.sub.7 and t.sub.8. In the embodiment of FIG. 11 in which the
      energy for the spark tail is taken from the blocking pulse 123 (FIG. 10),
      it is also possible to trigger the spark discharge at any point between
      two energy-transmitting blocking pulses 123.
PAR  The embodiment of FIG. 13 is similar to one of the embodiments of FIG. 8 or
      12, but it differs from these in that the charging of the ignition
      capacitor C.sub.Z takes place during the switching-on or conducting phase
      of the charging transformer 108, whereas the ignition of the spark
      discharge is initiated by the blocking pulse. For this purpose the
      direction of the primary winding W.sub.1 is reversed as compared with the
      embodiments of FIGS. 8 and 12 (indicated by dots on the windings);
      furthermore, the diode D.sub.3 is omitted, because the voltage surge
      occurring when the charging transformer is switched on, is not sufficient
      to initiate the spark discharge, i.e., non-conducting spark gap 121
      assumes the function of the diode D.sub.3.
PAR  The embodiment of FIG. 14 represents a combination of the embodiments of
      FIGS. 7 and 8 so far as the circuit arrangement of the secondary side of
      the charging transformer 108 is concerned, whilst the primary side
      arrangement of the charging transformer includes a conventional negative
      feed-back power transistor for constant maximum current, which is
      controlled by a circuit breaker 111a.
PAR  Thus a full description of this embodiment is unnecessary, because on the
      secondary side of the charging transformer it resembles FIG. 7, whilst, in
      addition, the end of the secondary winding W.sub.1 not connected to earth,
      is connected through the diode D.sub.3 (FIG. 8) to the end of the
      secondary winding 104 not connected to the spark gap 121.
PAR  The various voltage-time curves are shown in FIG. 15, i.e., the voltage
      U.sub.w1 across the secondary winding W.sub.1, the voltage U.sub.CZ across
      the capacitor C.sub.Z, the voltage U.sub.CB across the capacitor C.sub.B
      and the voltage U.sub.Z across the spark gap 121.
PAR  The opening of the circuit breaker 111a is effected at the time t.sub.10,
      at which thyristor 101 is fired and the voltage U.sub.Z passes from a
      predetermined value of, for example, -1 to -2 kV to a value of -25 kV
      sufficient to trigger the spark discharge. At the same time, the ignition
      capacitor C.sub.Z is discharged, and also capacitor C.sub.B, but the
      latter slowly whilst supplying energy for the spark tail. The chain-dotted
      voltage U.sub.CB graph indicates how the discharge of C.sub.B would be
      effected if the path through the diode D.sub.3 was not present, whilst the
      full-line graph shows the actual form of the discharge of C.sub.B. It will
      be seen from this that the length of the spark tail 124 is increased.
      Since the re-charging of both capacitors C.sub.Z and C.sub.B is now
      effected during the control pulse 122 (FIG. 15) appearing upon the opening
      of the circuit breaker 111a at the time t.sub.11 and at the same time the
      voltage U.sub.Z rises to a value of -1 kV to -2 kV, it is necessary for
      the voltage U.sub.W1 to return to zero or a small value at a moment
      t.sub.12 before the appearance of the control pulse, so that the spark
      discharge is interrupted and the energy of the blocking pulse 122 is
      available from the capacitors C.sub.Z and C.sub.B for a new spark
      discharge beginning at the time t.sub.13. This is achieved by arranging
      that the circuit breaker 111a remains open for a longer time than is
      necessary to saturate the transformer 108, or at least until t.sub.12 when
      the transformer 108 has saturated.
PAR  Finally, the embodiment of FIG. 16 will now be described.
PAR  This embodiment represents a simplification of the embodiment of FIG. 14,
      and has the advantage that only one winding W.sub.1 is necessary. The mode
      of operation of this circuit corresponds exactly to the mode of operation
      of the arrangement of FIG. 14, with the same winding data as W.sub.1.
PAR  The secondary side circuit arrangement of the charging transformer 108 is
      as follows:
PAR  Compared with FIG. 14, the charging transformer has only one secondary
      winding W.sub.1 which is connected at one end 125 through diode D.sub.1 to
      one terminal of capacitor C.sub.Z and at the other end 126 through diode
      D.sub.2 polarised oppositely to diode D.sub.1, to one terminal of
      capacitor C.sub.B ; the other two terminals of these capacitors are
      earthed. The primary winding of the ignition coil 103 is connected at one
      end to a terminal of the capacitor C.sub.Z, and at its other end, through
      thyristor 101 to earth, and the terminal of the secondary winding 104 not
      connected to the spark gap 121 is connected to one terminal of capacitor
      C.sub.B. A diode (D.sub.3).sub.1 is connected in the same sense as diode
      D.sub.2 between D.sub.2 and the point 125. Finally, point 126 is connected
      to earth through a diode (D.sub.3).sub.2 polarised oppositely to diode
      D.sub.2.
PAR  The mode of operation of this embodiment is as follows:
PAR  In the blocking phase of the converter, which is located on the primary
      side of the charging transformer, the point 125 is positive and the point
      126 negative; during this phase the capacitors C.sub.Z and C.sub.B are
      charged through the diodes D.sub.1 and D.sub.2. The voltages to which the
      capacitors are charged, are the inverse of the values of the capacitors.
      If, for example, C.sub.Z has five times the value of C.sub.B (for example,
      C.sub.Z is 0.25 .mu.f and C.sub.B is 0.05 .mu.f), then C.sub.Z is charged
      to az 1/5th of the voltage of C.sub.B. Then the voltage at C.sub.Z is 400
      volts, which is necessary to effect the initiation of the spark from the
      ignition coil. This moment of charging the capacitors is at point t.sub.14
      in FIG. 15. The spark is ignited at the moment t.sub.10 or t.sub.13 if the
      primary current in the charging transformer 108 is switched on, or shortly
      thereafter. When the primary current in the charging transformer is
      switched on, point 125 becomes negative and point 126 is positive. With
      this polarity the diodes (D.sub.3).sub.1 and (D.sub.3).sub.2 conduct, and
      current flows through a circuit formed by the following components:
PAR  The secondary winding W.sub.1, diode (D.sub.3).sub.1, the secondary winding
      104, spark gap 121, earth and, finally, diode (D.sub.3).sub.2. At the same
      time capacitor C.sub.B supplies an additional current (as already
      described in connection with FIG. 7) in the same direction which flows
      through the secondary winding 104 and spark gap 121.
PAR  In the embodiment of FIG. 16 only one secondary winding W.sub.1, is
      therefore required, i.e., only half that of the embodiment of FIG. 14. In
      conclusion, it may be pointed out that the direction of the transformer
      windings is indicated in the usual manner by dots.
PAR  FIG. 17 shows another embodiment of the present invention corresponding in
      its mode of operation to the embodiment of FIG. 13, but using only one
      transformer 108 which also acts as an ignition coil. The transmission
      ratio between the primary winding 107 and the secondary winding W.sub.1 of
      the transformer 108 amounts to between 1 : 50 and 1 : 100. In parallel
      with the primary winding 107, which corresponds not only to the primary
      winding of the charging transformer 108 with the same reference numeral in
      FIG. 13, but also to the primary winding 102, of the ignition coil 103 in
      FIG. 13, the ignition capacitor C.sub.Z and the thyristor 101 are
      connected in series. Therefore the ignition capacitor C.sub.Z can be
      discharged through the primary winding 107 by means of the thyristor 101.
      When this happens, the secondary winding W.sub.1, which corresponds to the
      secondary winding of the ignition coil 103 in FIG. 13 and is consequently
      connected in series with a spark gap 121, produces a steep negative
      voltage pulse peak which initiates the spark front in the spark gap 121.
      The energy for the spark tail is supplied by the collapsing magnetic field
      of the transformer 108.
PAR  In order to charge the ignition capacitor C.sub.Z, it is connected, in
      series with the diode D.sub.1, to the ends of the secondary winding
      W.sub.1, so that the latter, as indicated by its reference numeral, also
      corresponds to the secondary winding of the charging transformer 108 in
      FIG. 13. When the transistor connected in the circuit of primary winding
      107 is switched on, a positive voltage peak is produced, due to the
      reversed winding direction of the secondary winding W.sub.1, in the
      secondary winding W.sub.1 which charges the ignition capacitor C.sub.Z
      through the high tension diode D.sub.1 operating in its conducting
      direction. The discharge of the ignition capacitor C.sub.Z is started at
      the moment the transistor 1 is switched off. Due to the inductance 127 in
      the collector-emitter circuit, which as shown is a winding of the
      transformer 108, a voltage peak is produced across the inductance 127
      which ignites the thyristor 101 by a connection to its firing electrode.
PAR  FIG. 18 shows an embodiment providing separate sparks at two spark gaps 121
      and 121', corresponding in principle to FIG. 8. Another thyristor 101' and
      ignition coil 103' are used in the same manner as the thyristor 101 and
      the ignition coil 103 coupled to the energy sources of inductive and
      capacitive character 108 and C.sub.Z respectively. The charging of the
      energy sources is effected after each spark across the spark discharge gap
      121 or 121', whilst the control pulses triggering the sparks are applied
      to the thyristors 101 and 101' respectively according to which spark gap
      is to be fired.
PAR  The principle described above may be applied to other embodiments of the
      present invention, whilst the number of separately controllable spark gaps
      can be increased to any desired number.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ignition device for an internal combustion engine comprising: an
      internal combustion engine, an ignition coil having a primary winding and
      a secondary winding, said secondary winding being adapted to be connected
      with a spark plug of said internal combustion engine, a source of direct
      current, a transformer, a first switching means of periodically connecting
      and disconnecting said source of direct current and the primary winding of
      said transformer, a capacitor, said capacitor being connected in parallel
      with the secondary winding of said transformer, the energy developed in
      said transformer when said switching means is non-conductive being partly
      transferred to said capacitor, a second switching device having current
      carrying terminals being connected with said capacitor and with the
      primary winding of said ignition coil, whereby the stored energy of said
      capacitor and the remaining magnetic energy of said transformer is
      transferred through said second switching device into the primary winding
      of said ignition coil when said second switching device is biased to a
      conductive condition, said second switching device being biased to
      conduction when the voltage across said capacitor reaches a predetermined
      value which is substantially lower than the voltage to which said
      capacitor would be charged by the available energy of said transformer and
      wherein said second switching device is a diac.
NUM  2.
PAR  2. An ignition device for an internal combustion engine comprising a low
      power ignition coil having a primary winding and a secondary winding, said
      secondary winding being connected with a spark gap, a source of direct
      current, a transformer having a primary winding and a secondary winding, a
      first switching device having a control terminal and being connected in
      series with said primary of said transformer and in series with said
      source of direct current, a second switching device having a pair of
      current carrying terminals and a control terminal, a capacitor, a charging
      circuit connecting said secondary winding of said transformer and said
      first capacitor for transferring energy from said primary winding to said
      capacitor when said first switching closes, a discharging circuit for
      discharging said capacitor into the primary winding of said ignition coil,
      said discharging circuit including the current carrying terminals of said
      second switching device, means coupling the control terminal of said
      second switching device to the control terminal of said first switching
      device whereby said second switching device is biased conductive when the
      first switching device opens, a circuit connecting said secondary winding
      of said ignition coil including a diode between said last named windings
      for delivering additional energy to the spark gap when said first
      switching device has opened.
NUM  3.
PAR  3. The ignition device of claim 2, wherein said capacitor is a first
      capacitor and wherein said circuit connecting said secondary winding of
      said transformer and said secondary winding of said ignition coil includes
      a second capacitor connected between said secondary winding of said
      ignition coil and ground, and a second diode connecting said secondary
      winding of said transformer and said second capacitor such that said
      second diode is in conductive condition when said first switching device
      is closed.
NUM  4.
PAR  4. An ignition device for an internal combustion engine comprising a low
      power ignition coil having a primary winding and a secondary winding, said
      secondary winding being connected with a spark gap, a source of direct
      current, a transformer having a primary winding and a secondary winding, a
      first switching device having a control terminal and being connected in
      series with said primary of said transformer and in series with said
      source of direct current, said first switching device and said transformer
      being connected as a triggerable blocking oscillator, a second switching
      device having a pair of current carrying terminals and a control terminal,
      a capacitor, a charging circuit connecting said transformer and said
      capacitor for transferring energy from said primary winding to said
      capacitor, when said blocking oscillator blocks, a discharging circuit for
      discharging said capacitor into the primary winding of said ignition coil
      including the current carrying terminals of said second switching device,
      means coupling the control terminal of said second switching device to the
      trigger input of the blocking oscillator whereby said second switching
      device is biased conductive when said blocking oscillator is triggered
      into its conductive duty cycle, a circuit connecting said secondary
      winding of said transformer and said secondary winding of said ignition
      coil including a diode between said last named windings for deliverying
      additional energy to the spark gap when said blocking oscillator is
      triggered into conductive duty cycle.
NUM  5.
PAR  5. The ignition device of claim 4, wherein said capacitor is a first
      capacitor and wherein said circuit connecting said secondary winding of
      said transformer and said secondary winding of said ignition coil includes
      a second capacitor connected between said secondary winding of said
      ignition coil and ground, and wherein a second diode is connected between
      said secondary winding of said transformer and said second capacitor such
      that said second diode is in conductive condition when said blocking
      oscillator blocks.
NUM  6.
PAR  6. The ignition device of claim 2, including a second ignition coil,
      wherein an additional charging circuit is connected from said transformer
      secondary to said capacitor and an additional discharging circuit is
      connected between said capacitor and second ignition coil, said
      discharging circuit including a third switching device.
NUM  7.
PAR  7. The ignition device of claim 4, including a second ignition coil,
      wherein an additional charging circuit is connected from said transformer
      secondary to said capacitor and an additional discharging circuit is
      connected between said capacitor and second ignition coil, said
      discharging circuit including a third switching device.
NUM  8.
PAR  8. An ignition device for an internal combustion engine comprising an
      internal combustion engine, an ignition coil having a primary and a
      secondary winding, said secondary winding being adapted to be connected
      with a spark plug of said internal combustion engine, a source of direct
      current, a switching device operative to periodically connect and
      disconnect said source of direct current and the primary winding of said
      ignition coil, a capacitor, a diode, a second switching device having
      current carrying terminals and a control terminal, the current carrying
      terminals of said second switching device being connected in series with
      said capacitor and with a tap of the primary winding of said ignition
      coil, whereby said capacitor discharges through said second switching
      device and through a part of the primary winding of said ignition coil
      when said second switching device is biased to conduction by a control
      voltage across another part of the primary winding of said ignition coil
      when said first switching device opens, said capacitor being recharged
      through said diode which is connected between the capacitor and the
      secondary winding of said ignition coil when said first switching device
      closes.
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ABST
PAL  In an internal combustion engine having at least two separated combustion
      chambers and at least two separated intake passages respectively connected
      with said combustion chambers, a communicating passage is provided between
      the intake passages and shut-off valve means is provided in the intake
      passages except one intake passage. The shut-off valve means is closed
      during engine starting and warming up period so that intake air is
      introduced only through said one intake passage whereby intake flow speed
      is increased to improve atomization of fuel.
BSUM
PAR  The present invention relates to an internal combustion engine and more
      particularly to an intake system for an internal combustion engine having
      a plurality of separated combustion chambers.
PAR  In an engine having a plurality of separated combustion chambers, it has
      been known to use a carburetor having a plurality of passages or barrels
      for supplying intake air separately into the combustion chambers. A
      two-stage carburetor used for this purpose has pairs of air passages or
      barrels, each pair including primary and secondary passages. The primary
      passages are used throughout the engine operation and the secondary
      passages are used in addition to the primary passages during high load
      engine operation.
PAR  Such an engine that has a carburetor of the aforementioned type is started
      by opening throttle valves for the primary barrels to a predetermined
      angle so that intake air is introduced through the primary passages into
      the associated combustion chambers. However, since intake air is allowed
      to pass all of the primary passages, it is difficult to attain sufficient
      air flow speed of such a degree that a satisfactory atomization of fuel
      can be ensured. Thus, it is difficult to raise temperature of exhaust gas
      cleaning means very rapidly so that the exhaust gas cleaning means comes
      into operation with a high efficiency immediately after engine start.
PAR  In order to solve the above problem, it has been proposed to provide an
      auxiliary carburetor so as to improve atomization of fuel and perform
      engine warm-up under a relatively high engine speed. This arrangement is
      disadvantageous, however, in view of the fact that the structural
      arrangement of fuel and air intake system becomes complicated.
PAR  Therefore, the present invention has an object to provide means for
      facilitating fuel atomization in an engine having a plurality of separated
      combustion chambers during engine start.
PAR  Another object of the present invention is to provide means for increasing
      intake air flow speed during engine start so that fuel atomization is
      facilitated and engine exhaust gas temperature can be increased.
PAR  A further object of the present invention is to provide an intake system
      for an internal combustion engine having a plurality of separated
      combustion chambers, in which only one of intake passages is opened so as
      to supply intake air into all of the engine combustion chambers.
PAR  The above and other objects of the present invention can be attained by an
      intake system for an internal combustion engine having at least two
      separated combustion chamber means, said intake system including first
      intake passage means having first throttle valve means and venturi means,
      second intake passage means having second throttle valve means and venturi
      means, means for connecting said first and second intake passage means
      respectively with said combution chamber means, communicating passage
      means for connecting said first and second intake passage means at
      portions downstream sides of said throttle valve and venturi means,
      shut-off valve means provided in said second intake passage means between
      said throttle valve means and said communicating passage means, means for
      opening said throttle valve means of said first intake passage means to a
      first predetermined opening and closing said shut-off valve means during
      engine starting and warming-up period, and means for returning said
      throttle valve means of the first intake passage means to a second
      predetermined opening which is smaller than said first predetermined
      opening and simultaneously opening said shut-off valve means after engine
      warming-up is completed. According to a preferred aspect of the present
      invention, auxiliary shut-off valve means is provided in said
      communicating passage means, and closed during normal operation of the
      engine so that the combustion chamber means do not have mutual influence.
DRWD
PAR  The above and other objects and features of the present invention will
      become apparent from the following descriptions of preferred embodiments
      taking reference to the accompanying drawings, in which:
PAR  FIG. 1a is a longitudinal sectional view of the engine intake system
      showing a basic concept of the present invention;
PAR  FIG. 1b is a cross-sectional view of the engine intake system shown in FIG.
      1a;
PAR  FIG. 2 is a schematic sectional view similar to FIG. 1a but showing a
      modified form of the present invention;
PAR  FIG. 3 is a schematic view of an engine intake system in accordance with
      one embodiment of the present invention;
PAR  FIG. 4 is a perspective view showing another embodiment of the present
      invention;
PAR  FIG. 5 is a perspective view similar to FIG. 4 but showing another
      embodiment of the present invention; and
PAR  FIG. 6 is a perspective view similar to FIGS. 4 and 5 but showing a further
      embodiment of the present invention.
DETD
PAR  Referring now to the drawings, particularly to FIGS. 1a and 1b, there is
      schematically shown an intake system having a four barrel type two-stage
      carburetor. The intake system includes two primary barrels or passages A
      and B and two secondary barrels or passages A' and B'. As shown in FIG.
      1a, the passages are connected with an intake manifold housing 1. The
      passage A has a main fuel nozzle 2 opening to the passage at a venturi
      portion 4 formed therein. Similarly, the passage B includes a main fuel
      nozzle 3 provided at a venturi portion 5. The passages A and B have
      throttle valves 6 and 7 which are interconnected with each other by an
      actuating rod 8. According to a feature of the present invention, the
      passage A is further provided with a shut-off valve 9 which is operated by
      an acutating rod 10 between a closed and an open positions. Further, in
      the manifold housing 1, the passages A and B are connected with each other
      by a communicating passage C.
PAR  In normal operation, the shut-off valve 10 is in fully open position and
      intake fuel-air mixture is taken into engine through the passages A and B.
      Under a heavy load condition, additional mixture is also taken into the
      engine through the passages A' and B' as well known in the art. According
      to the feature of the present invention, during starting and warming-up
      period of the engine, the shut-off valve 10 is closed and the throttle
      valve 7 is opened to a first predetermined opening. Thus, air is
      introduced into all combustion chambers of the engine only through the
      passage B. Therefore, sufficient air flow speed can be ensured in the
      passage B even at time of engine start, so that satisfactory atomization
      of fuel can be attained. After engine warming-up is completed, the
      shut-off valve 9 is opened.
PAR  The arrangement shown in FIG. 2 is substantially the same as that in FIG. 1
      but, in FIG. 2, a second shut-off valve 9' is provided in the
      communication passage C. The second shut-off valve 9' is interconnected
      with the first shut-off valve 9 so that the former is opened when the
      latter is closed and vice versa. In this arrangement, since the
      communicating passage C is closed during normal operation of the engine,
      any mutual influence among the combustion chambers can be avoided. It is
      of course possible to actuate the second shut-off valve 9' independently
      from the first shut-off valve 9.
PAR  In FIG. 3, there is shown an engine intake system embodying the feature of
      the present invention and including intake passages A and B for
      introducing combustible mixture into separated combustion chambers of an
      engine E. As described previously, the passage B includes a main fuel
      nozzle 3 provided at a venturi portion 5 thereof and a throttle valve 7. A
      choke valve 11 is also provided in the passage B and connected in certain
      relationship with the throttle valve actuating lever 14 through a lever 12
      and a connecting rod 13 as well known in the art. The throttle valve 7
      also has an L-shaped lever 15 secured thereto. One end of the lever 15 is
      connected through a connecting rod 16 with a lever 17 which is secured to
      the shut-off valve 9 in the passage A, so that the shut-off valve 9 is
      closed when the throttle valve 7 is opened. The connection between the
      throttle valve 7 and the shut-off valve 9 is such that, in response to an
      opening movement of the throttle valve 7 toward a first predetermined
      opening, the shut-off valve 9 is moved to a closed position and, when the
      throttle valve 7 is moved to a second predetermined opening which is
      smaller than the first predetermined opening, the shut-off valve 9 is
      moved to a substantially fully open position. The first predetermined
      position is so determined that sufficient intake air is allowed to pass
      into the combustion chambers through the passage B for warming up the
      engine. The shut-off valve 9 is also provided with a lever 18 which is
      connected with a spring 26 whereby the valve 9 is biased to closing
      direction.
PAR  The other end of the lever 15 is connected through a push-pull rod 19 with
      a diaphragm type actuating means 24 which includes a diaphragm 24a to
      define in the actuating means 24 an atmospheric pressure chamber 24b and a
      vacuum chamber 24c. The diaphragm 24a is connected with an end of the
      push-pull rod 19. The rod 19 is provided with a disc 20 which receives a
      spring 23 disposed between the disc 20 and the diaphragm means 24 so as to
      urge the rod 19 toward left. A stopper 22 is provided for determining the
      extreme left position of the rod 19. Thus, it will be understood that,
      when negative pressure is introduced into the chamber 24c, the push-pull
      rod 19 is moved toward right to close the throttle valve 7.
PAR  The vacuum chamber 24c is connected through a conduit 25 with a valve 30
      which is in turn connected through a vacuum reservoir 29, a check valve 28
      and a conduit 27 with the intake passage A at the downstream side of the
      shut-off valve 9. The valve 30 has a chamber 30a which is connected
      through a port 31a with a solenoid chamber 31 opened to the atmosphere
      through a port 31e. In the valve chamber 30a, there is disposed a valve
      member 31b which is actuated by a solenoid having a armature 31c and a
      coil 31f. The valve member 31b is biased toward left by means of a spring
      31d to interrupt communication between the valve chamber 30a and the
      vacuum reservoir 29 and, when the solenoid is energized, it is displaced
      toward right and open the vacuum chamber 24c to the vacuum reservoir 29
      simultaneously closing the port 31a. The solenoid coil 31f is connected
      through a main ignition switch IgSW and a thermo-switch SW-1 with an
      electric power source G. The thermo-switch SW-1 is disposed in such a
      position that the temperature of engine cooling water or an engine exhaust
      gas cleaning device 32 is sensed, and closed when the temperature reaches
      a predetermined value. A so-called neutral switch SW-2 is provided in
      parallel with the switch SW-1. The switch SW-2 is normally closed but
      opened when transmission of vehicle is shifted to the neutral position. A
      time delay switch SW-3 which is controlled by a timer T is also disposed
      in the circuit in parallel with the switches SW-1 and SW-2. The switch
      SW-3 is normally closed but opened only for a predetermined time interval,
      for example 20 minutes after engine start. In an alternative arrangement,
      the switch SW-3 may be closed when the engine speed reaches a
      predetermined value, for example 1400 rpm. It should also be noted that
      one or two of the switches SW-1, SW-2 and SW-3 may be omitted.
PAR  In operation, the main ignition switch IgSW is closed and the engine is
      started with the choke valve 11 closed and the throttle valves in the
      passages A and B and the shut-off valve 9 in the positions shown in FIG.
      3. Thus, intake air is supplied to all of the engine combustion chambers
      only through the passage B. When the engine warming up is completed, the
      thermo-switch SW-1 is closed to energize the solenoid coil 31f, whereby
      the valve member 31b is shifted toward right to introduce a suction
      pressure in the vacuum chamber 24c. Thus, the push-pull rod 19 is moved
      toward right to turn the throttle valve in a closing direction until a
      second predetermined opening is attained. At the same time, the shutter
      valve 9 is opened. Thereafter, intake air is introduced through both of
      the intake passages A and B. During normal operation of the engine, the
      opening of the throttle valve is manually controlled so as to provide a
      desired engine output without effecting the position of the shut-off valve
      9. For this purpose, a mechanism similar to those employed in the
      arrangements of FIGS. 4 through 6 may be used between the actuating rod of
      the throttle valve 7 and the lever 15.
PAR  Referring now to FIG. 4 which shows another embodiment of the present
      invention, there is shown an engine intake system including intake
      passages A and B. As in the previous embodiment, the passages A and B are
      respectively provided with throttle valves 6 and 7 which are secured to a
      common shaft 8. In the passage A, there is further provided a shut-off
      valve 9 which is connected with an actuating shaft 10. The shaft 8 has a
      radially projecting lug 33 at an intermediate portion and a lever 34
      secured to one end thereof. The lever 34 is adapted to be connected with a
      manually operated member such as an accelerating pedal (not shown) of a
      vehicle on which the engine is mounted, so that the position of the
      throttle valves 6 and 7 can be manually controlled as desired. A spring 35
      is provided between the lever 34 and a stationary portion of the vehicle
      so as to bias the shaft 8 in the direction shown by an arrow in the
      drawing to maintain the throttle valves 6 and 7 at a second predetermined
      position. The passages A and B are connected with a common intake passage
      P in which a choke valve 11 is disposed. The choke valve 11 has a shaft 21
      secured thereto and having a lever 36 at one end. The lever 36 has a lug
      portion 36a extending parallely to the shaft 21 toward the choke valve 11
      and a second lug portion 36b extending toward the opposite side of the lug
      portion 36a. The lug portion 36b is connected with one end of a bimetal
      element 37, the other end of the element 37 being connected with a
      rotatable rod 38 which has a lever 39 connected with a diaphragm device
      40. The diaphragm device 40 is connected through a conduit 40a with the
      passage A at the downstream side of the shut-off valve 9, or with the
      passage B at the downstream side of the throttle valve 7. An L-shaped
      lever 12a is rotatably mounted on the shaft 21 and connected at an
      intermediate portion thereof with an end of a wire 42, the other end of
      the wire 42 being connected with a rod 44 having a choke valve operating
      knob 41. The lever 12a has a lug portion 12b formed at one end thereof for
      abutting engagement with the lug portion 36 a of the lever 36. The other
      end of the lever 12a is connected with one end of a spring 47 which is
      secured at the other end to a stationary part of the vehicle. Thus, the
      lever 12a is normally biased counterclockwise as shown by an arrow in the
      drawing and this bias force is transmitted through the lever 36 to the
      shaft 21 to normally maintain the choke valve 11 in open position. When
      the knob 41 is actuated to pull the rod 44 and the wire 42, the lever 12a
      is rotated clockwise against the influence of the spring 47. Then, due to
      the nature of the bimetal element 37, the lever 36 is also rotated
      clockwise to move the choke valve 11 to the closed position.
PAR  In order to hold the rod 44 in the choke valve close position, a holding
      mechanism 43 is provided. The mechanism 43 includes a metal plate 45
      secured to the rod 44 and a solenoid 46 adapted to co-operate with the
      metal plate 45. The solenoid 46 is connected on one hand through a main
      ignition switch IgSW with an electric power source G and on the other hand
      grounded through switches SW-1a, SW-2a and SW-3a. It should be understood
      that the switches SW-1a, SW-2a and SW-3a are of normally closed type but
      serves functions corresponding to the switches SW-1, SW-2 and SW-3 in the
      previous embodiment. Thus, when the choke valve actuating knob 41 is
      pulled toward left in the drawing and the ignition switch IgSW is closed,
      the solenoid 46 is energized and hold the plate 45 and therefore the rod
      44 in the choke valve close position. Then, when either one of the
      switches SW-1a, SW-2a and SW-3a is opened, the solenoid 46 is de-energized
      and the rod 44 is allowed to return rightwardly.
PAR  The throttle valve shaft 8 rotatably carries a stopper lever 14a which has
      a stopper lug portion 14b extending from one end thereof parallely with
      the shaft 8. The other end of the lever 14a is connected through a
      connecting rod 13a with the lever 12a, so that when the lever 12a is
      rotated clockwise by pulling the knob 41 the rod 13a is moved downwardly
      and the lever 14a is also rotated in clockwise direction. The lug portion
      33 on the shaft 8 engages with the stopper lug portion 14b on the lever
      14a so that, when the lever 14a is rotated clockwise as described
      previously, the shaft 8 is also rotated clockwise to open the throttle
      valves 6 and 7 to a first predetermined opening which is larger than the
      second predetermined opening.
PAR  On the throttle valve shaft 8, there is rotatably mounted a lever 15a
      having a lug 15b for engagement with the stopper lug portion 14b. The
      lever 15a also has an arm 15c which is connected through a push-pull rod
      16a with a lever 17a secured to an end of the shut-off valve shaft 10 so
      that, when the lever 14a is rotated clockwise, the lever 15a and thus the
      lever 17a is also rotated clockwise to close the shut-off valve 9. A
      spring 26a is provided between an arm 18a on the lever 17a and a
      stationary part of the vehicle so that the shut-off valve 9 is normally
      biased in opening direction.
PAR  In operation, the main switch IgSW is closed and the knob 41 is pulled
      leftwardly. Then the knob 41 is held in the left position by the solenoid
      46. The lever 12a is then rotated clockwise to turn the lever 14a in the
      same direction. Thus, the choke valve shaft 21 is allowed to rotate
      clockwise under the influence of the bimetal element 37 to close the choke
      valve 11 and at the same time the throttle valves 6 and 7 are opened to
      the first predetermined opening. Further, the shut-off valve 9 is closed
      through the lever 15a, the rod 16a and the lever 17a. Therefore, intake
      air is supplied to all combustion chambers only through the passage B.
      When the engine is started and a suction pressure prevails in the intake
      passage B at the downstream side of the throttle 7, the diaphragm device
      40 serves to rotate the rod 38 counterclockwise. Thus, the choke valve 11
      is returned to the open position.
PAR  When either one of the switches SW-1a, SW-2a ans SW-3a is opened, the
      solenoid 46 is de-energized to release the knob 41 and the rod 44. The
      lever 12a is thus rotated counterclockwise under the influence of the
      spring 47 to turn the lever 14a counterclockwise. Then, the throttle valve
      shaft 8 is allowed to rotate under the influence of the spring 35 until
      the throttle valves 6 and 7 are moved to the second predetermined
      position. At the same time, the shaft 10 is rotated under the action of
      the spring 26a to open the sut-off valve 9. It should also be noted that
      in the arrangement of FIG. 4, the knob 41 may be manually returned to open
      the shut-off valve 9 and return the throttle valves 6 and 7 to the second
      predetermined opening.
PAR  FIG. 5 shows a further embodiment of the present invention which is
      different from the embodiment in FIG. 4 in that the shut-off valve 9 is
      actuated by a solenoid 49. For this purpose, the shut-off valve shaft 10
      has a lever 17b secured to one end thereof and the armature of the
      solenoid 49 is connected to the lever 17b. The electric power source G is
      connected with the solenoid 49 through a normally open switch 48 which is
      closed when the knob 41 is pulled. The operation of the arrangement in
      FIG. 5 is similar to that in the arrangement of FIG. 4 so that further
      descriptions will not be necessary.
PAR  In FIG. 6, there is shown a mechanism in which the concept of the present
      invention is applied to an engine intake system having an automatic choke
      valve control means. In the arrangement, the choke valve shaft 21 has a
      lever 36c with a lever 14c which is rotatably mounted on the throttle
      valve shaft 8. As shown in the drawing, the lever 14c has a slot 14e and
      the free end of the rod 13b is in engagement with the slot 14e. As in the
      previous embodiment, the lever 36c has a lug 36d which engages with the
      bimetal element 37. The lever 14c has a stopper lug 14d which is adapted
      to engage with the stopper 33 on the throttle valve shaft 8. A throttle
      position control lever 50 is mounted rotatably on the shaft 8 and engages
      with the lug 14d on the lever 14c so as to determined the position of the
      lever 14c. The control lever 50 is connected through a rod 51, a lever 52,
      a shaft 53, a lever 54 and a push-pull 55 with a throttle position
      controller 56 for determining the throttle position at the second
      predetermined opening. This opening of the throttle valves 6 and 7 can be
      adjusted by moving the rod 55 to rotate the lever 50 through the
      aforementioned linkage. The throttle position controller 56 may be of such
      a type that adjusts the position of the lever 50 in accordance with the
      temperature of the engine cooling water or the like. On the throttle valve
      shaft 8, there is also rotatably mounted a shut-off valve control lever
      15d which has a lug 15e for engagement with the lug 14d on the lever 14c
      so that it is rotated with the lever 14c when the latter is rotated
      clockwise. In normal position, the lug 15e is not always in engagement
      with the lug 14d for the purpose that any adjusting movement of the
      controller 56 does not affect on the opening position of the shut-off
      valve 9. The lever 15d is connected through a rod 16b with a lever 17c
      secured to the shut-off valve shaft 10. A solenoid 49a is operatively
      connected with the lever 14c and energized by the electric power source G
      through a circuit including a main ignition switch IgSW and normally
      closed switches SW-1a, SW-2a and SW-3a.
PAR  In operation, the ignition switch IgSW is closed to energize the solenoid
      49a. Then, the lever 14c is rotated clockwise with the result that the
      throttle valve shaft 8 and the shut-off valve shaft 10 are rotated
      clockwise to open the throttle valves 6 and 7 to the first predetermined
      opening and simultaneously close the shut-off valve 9. As the lever 14c
      rotates clockwise, the lever 36c is allowed to rotate clockwise under the
      influence of the bimetal element 37 so as to close the choke valve 11. As
      the engine temperature increases and/or suction pressure is produced in
      the intake passage, the bimetal element 37 and/or the diaphragm device 40
      serve to move the choke valve 11 toward opening direction. Since the rod
      13b engages with the lever 14c through the slot 14e, this movement of the
      choke valve 11 does not have any effect on the positions of the throttle
      valves 6 and 7 and the shut-off valve 9.
PAR  When either one of the switches SW-1a, SW-2a and SW-3a is opened, the
      solenoid 14c is de-energized and the lever 14c is allowed to rotate
      counterclocwise under the influence of the spring 47a. Thus, the throttle
      valves 6 and 7 are returned to the second predetermined positions and the
      shut-off valve 9 is opened.
PAR  From the above descriptions, it will be understood that, in accordance with
      the present invention, in an internal combustion engine have a plurality
      of separated combustion chambers supplied with combustible mixture through
      a plurality of intake passages, only one of the passages is used to supply
      mixture to all of the combustion chambers during engine starting and
      warming up period, so that the flow speed of mixture can be increased to
      obtain better atomization of fuel. This feature further provides a further
      advantage that the exhaust gas temperature can be increased contributing
      to an improved efficiency of exhaust gas cleaning device.
CLMS
STM  We claim:
NUM  1.
PAR  1. Intake system for an internal combustion engine having at least two
      separated combustion chamber means, said intake system including first
      intake passage means having first throttle valve means and venturi means,
      second intake passage means having second throttle valve means and venturi
      means, means for connecting said first and second intake passage means
      respectively with said combustion chamber means, communicating passage
      means for connecting said first and second intake passage means at
      portions downstream sides of said throttle value and venturi means,
      shut-off valve means provided in said second intake passage means between
      said throttle valve means and said communicating passage means, means for
      opening said throttle valve means of said first intake passage means to a
      first predetermined opening and closing said shut-off valve means during
      engine starting and warming-up period, and means for returning said
      throttle valve means of the first intake passage means to a second
      predetermined opening which is smaller than said first predetermined
      opening and simultaneously opening said shut-off valve means after engine
      warming-up is completed.
NUM  2.
PAR  2. Intake system in accordance with claim 1 in which auxiliary shut-off
      valve means is provided in said communicating passage means, means being
      further provided for opening said auxiliary shut-off valve means during
      the engine starting and warming-up period and closing the auxiliary
      shut-off valve means after engine warming-up is completed.
NUM  3.
PAR  3. Intake system in accordance with claim 1 which further comprises means
      for detecting operating condition of the engine and controlling said
      throttle valve means and said shut-off valve means in accordance with the
      engine operating condition.
NUM  4.
PAR  4. Intake system in accordance with claim 3 which further comprises choke
      valve means and in which said detecting means is a means for detecting
      position of operating mechanism of said choke valve means.
NUM  5.
PAR  5. Intake system in accordance with claim 3 in which said detecting means
      includes means for sensing engine temperature.
NUM  6.
PAR  6. Intake system in accordance with claim 1 which further includes means
      for operating said last mentioned means after a predetermined time from
      engine start.
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ABST
PAL  A carburettor throttle member is provided with two return springs. The
      first spring is tensioned between the carburettor body and a disk
      rotatably mounted on the carburettor shaft. The second spring is weaker
      than the first spring and is compressed between the disk and shaft. The
      two springs tend to rotate the disk in opposite direction. The first
      spring normally retains the disk and shaft in a predetermined angular
      position. In case of fracture of the first spring, the second spring moves
      the disk into abutment with the fixed stop, operates as a substitute
      return spring.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The invention relates to internal combustion engine carburettors of the
      kind which comprise, in an intake manifold, a throttling member carried by
      a rotary shaft and connected to an accelerator control which enables the
      driver to open such member against the force of resilient return means
      which act on such shaft and tend to return the throttling member into a
      minimum opening position corresponding to engine idling.
PAR  Such resilient return means have been formed by a single spring which is
      subjected to a deforming force when the driver opens the throttling
      member. Safety requirements now lay down that at least two separate return
      springs must be provided each of which is able to return the throttling
      member to its idling position. The simplest method would consist in
      disposing the two springs in parallel, but this would result in practice
      in doubling the force which the driver must exert to open the throttling
      member, since each spring must exert force adequate to enable it to
      reclose the throttling member on its own -- i.e., if the other spring
      breaks.
PAR  It is an object of the invention to provide such return means using two
      springs without however appreciably increasing the force required to open
      the throttling member and without substantially increasing the complexity
      of the construction.
PAR  To this end, the resilient return means of a carburettor comprises a member
      rotatable about the shaft carrying the usual throttle member or butterfly
      valve and two return springs. The first spring is tensioned between said
      member and the carburettor frame for exerting on said member a force
      urging it angularly in the direction of closure of said throttle member.
      Cooperating abutment means on said shaft assembly and member limit the
      extent of angular movement of said member and shaft under the action of
      said first spring. The second spring is compressed against said member and
      exerts a torque tending to rotate it in a direction opposite to that due
      to said first spring and lower than the torque of said first spring. Last,
      there is provided stationary abutment means for limiting the extent of
      movement of said member under the action of said second spring upon
      failure of said first spring.
PAR  The invention will be better understood from the following description with
      reference to the accompanying drawings, such description and drawings
      relating to a preferred embodiment.
DRWD
PAC  SHORT DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 show, respectively in elevation and as viewed from the right
      with portions cut away, the lower part of a carburettor whose throttling
      member occupies its minimum opening position (the first return spring not
      being shown in FIG. 1); and
PAR  FIGS. 3 and 4, similar to FIGS. 1 and 2, illustrate another embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1-2, a downdraught carburettor comprises a body 1 whose
      conventional elements are not illustrated. An intake duct 2 extends
      through the body and contains a throttling member or butterfly 3 secured
      to a rotary shaft by screws (not shown).
PAR  A gas control lever 5 is attached to the shaft 4 by suitable means such as
      a screw (not shown). An end portion of lever 5 is bent at 90.degree. and
      constitutes a stop finger 6. An opposite end portion of the lever is
      formed with a hole 7 for the attachment of a control cable (not shown)
      connected to the vehicle accelerator pedal. The cable when tensioned may
      draw lever 5 clockwise (in the direction indicated by arrow f in FIG. 1)
      thereby opening the butterfly 3.
PAR  The butterfly shaft 1 has a cylindrical projection 8 extending beyond the
      lever 5 and on which a rotary bush 9 is rotatably mounted. The bush 9 is
      retained by a washer 10 secured by a screw 11 or any other detachable
      locking means; a disk 12 secured to the bush 9 has a generally circular
      shape from which project two abutment lugs 13, 14 and an offset lug 15
      making two successive 90.degree. bends.
PAR  A first return spring 17 is tensioned between the lug 15 of the disk 12 and
      a lug 16 of the carburettor body 1 and biases the disk anticlockwise,
      thereby resiliently urging the lug 13 into abutment with the finger 6 and
      returning the butterfly into the minimum opening position in which it is
      shown in FIG. 1.
PAR  The return means also comprises a second spring 18 which is a helical
      torsion spring wound around the bush 9. One of the end portions 19 of the
      spring 18 bears against the lug 15; the other end 20 bears against the
      finger 6 and therefore tends to rotate the lever 5 counterclockwise --
      i.e., towards the minimum opening position of the butterfly 3.
PAR  The stiffness and initial stressing of the return spring 18 are selected
      for that spring to exert a lower troque than that of the spring 17 so that
      the latter will normally keep the lug 13 in contact with the finger 6.
PAR  The apparatus operates as follows: under normal operation the lever 5 and
      the disk 12 are moved en bloc either in the opening direction of the
      butterfly 3 by the accelerator control, or in the closure direction by the
      return spring 17 when the control is released.
PAR  If the spring 17 fails, the torsion spring 18 expands and rotates the disk
      12 in the direction indicated by the arrow f until the lug 14 abuts a stop
      21 carried by the carburettor body (as shown in chain-dot lines in FIG. 1)
      that stop being located at a place which is not reached in normal
      operation, even for maximum opening of the butterfly 3. The spring 18 is
      then supported by the stop 21, resiliently forces the finger 6 out of
      contact with the lug 13 and returns the lever 5, the shaft 8 and the
      butterfly 3 to the minimum opening position of the latter when the
      accelerator control is released.
PAR  The springs 17, 18 are preferably so proportioned that the driver will not
      notice any substantial variation in the resilient return force when the
      spring 18 is substituted for the spring 17 due to failure of the latter.
PAR  The modified embodiment illustrated in FIGS. 3 and 4 (in which for more
      clarity like elements to those illustrated in FIGS. 1 and 2 have like
      references followed by a) differs from the preceding embodiment mainly in
      the mounting of the second return spring.
PAR  Referring to FIGS. 3-4, the carburettor again comprises inter alia a
      butterfly 3a, shaft 4a, lever 5a having a finger 6a, and bush 9a fast with
      a disk 12a. However, lever 5a comprises a second abutment 31 the function
      of which will be explained hereinafter. While the disk 12a has abutment
      lugs 13a, 14a, the latter formed with a tab 25 at 90.degree. in relation
      to the plane of the disk, it has no lug unitary therewith; in place of the
      lug, there provided a bell crank lever 15a rotating on a pivot 22 parallel
      with the shaft 4a and carried by an appendix 23 of the disk 12a. The first
      spring 17a therefore tends to rotate the lever 15a in a direction such
      that its arm 24 abuts the bent tab 25 of the disk 12a. The disk 12a and
      the lever 15a thus rotate en bloc as long as the spring 17a  is in place
      and operates correctly.
PAR  Again, a second spring 18a is wound around the bush 9a. The first end 19a
      of spring 18a bears against the bent tab 25 of the disk. Its second end
      20a engages a notch 26 in the lever 15a.
PAR  The strength of the spring 18a and the ratio between the lengths of the
      arms of lever 15a are so selected that the spring 18a is not able to move
      the lever 15a clear of the bent tab 25 as long as the spring 17a exerts
      its normal return force.
PAR  The apparatus operates as follows: normally the return spring 17a and the
      accelerator control rotate the control lever and the disk en bloc, the
      spring 18a remaining locked in a prestressed condition. If the spring 17a
      breaks, the spring 18a rotates the lever 15a clockwise, tne end portion
      20a snaps out of the notch 26 and abuts the stop finger 31. The other end
      19a of the spring 18a then exerts on the bent tab 25 a force which moves
      the lever 5a into the position illustrated in chain dot lines in FIG. 3,
      that is into abutment against the fixed stop 21a. The spring 18a is then
      substituted for the spring 17a and exerts a return force against the stop
      finger 31.
PAR  The embodiment illustrated in FIGS. 3 and 4 has the advantage over that
      illustrated in FIGS. 1 and 2 that it provides an extra adjustment
      parameter (i.e., the ratio between the arms of the lever 15a). It has
      however the disadvantage of requiring a resetting of the spring 18a every
      time the spring 17a is replaced. A tool is required and there is the risk
      of the spring being forgotten. On the contrary, in the embodiment
      illustrated in FIGS. 1 and 2, the spring 18 remains in position and is
      automatically reset when a fresh spring 17 is attached.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a carburettor having an intake duct, an operator controlled rotary
      shaft carrying a throttle member, return means for biasing said shaft
      towards a minimum opening position of said throttle member, comprising:
PA1  a lever plate transverse to said shaft being fixedly and non-rotatably
      connected to said shaft;
PA1  a rotational member mounted for relative angular concentric rotation about
      the axis of said shaft;
PA1  a first spring tensioned between said member and stationary attachment
      means and exerting on said member a force urging it angularly in the
      direction of closure of said throttle member;
PA1  cooperating abutment means on said lever plate and rotational member for
      limiting the extent of relative angular movement of said rotational member
      and lever plate under the action of said first spring;
PA1  a torsion spring compressed against said rotational member and exerting a
      torque tending to rotate it in a direction opposite to that due to said
      first spring and lower than the torque of said first spring;
PA1  and stationary abutment means for limiting the extent of movement of said
      member under the action of said torsion spring upon failure of said first
      spring.
NUM  2.
PAR  2. A carburettor according to claim 1, wherein said torsion spring is
      prestressed by said first spring between said member and shaft assembly.
NUM  3.
PAR  3. A carburettor as set forth in claim 2, wherein said rotational member
      has a lug fast therewith and the first spring is attached to said lug.
NUM  4.
PAR  4. A carburettor as set forth in claim 3, wherein said rotational member
      comprises a bush having a sliding fit on the shaft and the torsion spring
      is a helical spring wound around said bush, one end portion of said
      torsion spring bearing against said lug of the rotary member and the other
      end portion thereof bearing against a lug of the lever plate.
NUM  5.
PAR  5. A carburettor as set forth in claim 4, wherein said lug constitutes said
      abutment means on said shaft assembly.
NUM  6.
PAR  6. In a carburettor having an intake duct and an operator controlled rotary
      shaft assembly carrying a throttle member, resilient return means for
      biasing said shaft assembly towards a minimum opening position of said
      throttle member comprising:
PA1  a disc mounted for relative angular concentric rotation about the axis of
      said shaft assembly;
PA1  a lever pivotally connected to the disc about an axis parallel to the axis
      of the shaft;
PA1  a first spring tensioned between one arm of said lever and stationary
      attachment means and exerting on said lever a force urging it angularly in
      the direction of closure of said throttle member, said first spring
      resiliently retaining the other arm of said lever against a stop formed on
      the disc;
PA1  cooperating abutment means on said shaft assembly and disc for limiting the
      extent of angular movement of said disc and shaft under the action of said
      first spring;
PA1  a second spring compressed against said disc and exerting a torque tending
      to rotate it in a direction opposite to that due to said first spring and
      lower than the torque of said first spring;
PA1  and stationary abutment means for limiting the extent of movement of said
      disc under the action of said second spring upon failure of said first
      spring.
NUM  7.
PAR  7. A carburettor as set forth in claim 6, wherein the second spring is a
      torsion spring wound on a bush connected to the disk and having a sliding
      fit on said shaft, one end of said torsion spring bearing against said
      disk of the rotary member, and the other end normally being retained by
      the lever when the latter is subject to the action of the first spring,
      and snapping free therefrom into abutment against means borne by said
      shaft assembly in the absence of the first spring.
NUM  8.
PAR  8. A carburettor as set forth in claim 7, wherein the other end of said
      torsion spring is engaged in a notch in the lever for exerting a force
      thereon tending to rotate the lever out of abutment against the disk.
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ABST
PAL  A one piece piston connected to a connecting rod, for high speed
      four-stroke cycle internal combustion engines, in which the piston top has
      a centrally arranged spherical combustion chamber with a constricted
      opening while the piston is made of cast iron, preferably of tough cast
      iron, or spheroidal cast iron, or malleable cast iron, and while the
      piston skirt below the piston ring grooves has two flattened surfaces
      located opposite to each other and perpendicular to the axis of the piston
      bolt and parallel to the piston axis. The flat surfaces are located
      approximately along the same plane as the outer wall of the spherical
      combustion chamber while bearings for the piston bolt extend at least
      approximately from flat surface to flat surface and while the connecting
      rod is firmly shrunk onto the piston bolt.
BSUM
PAR  The present invention relates to a one-piece piston connected to a
      connecting rod, for high speed four-stroke cycle internal combustion
      engines, especially for Diesel engines which operate in conformity with
      the fuel-wall application, according to which in the center of the piston
      head there is provided a spherical combustion chamber having a constricted
      opening.
PAR  Pistons of this type are generally known and disclosed, for instance, in
      German Pat. No. 865,683. Such pistons are made of light metal and
      frequently comprise a ring carrier of highly wearresistant material for
      the upper piston ring which is closest to the cylinder chamber. With
      pistons for self-drawing and particularly supercharged motors, at the
      combustion opening there is frequently an annular insert necessary which
      is made of heat-resistant material, whereby the manufacturing costs are
      still further considerably increased.
PAR  Pistons of the above mentioned type with a spherical combustion chamber,
      the axis of which coincides with the longitudinal axis of the piston, have
      a further drawback which considered for the entire motor likewise
      contributes to the manufacturing costs because in contrast to other motor
      structures such as combustion chamber troughs or combustion chambers
      partially provided in the cylinder head, turbulence chambers,
      antechambers, etc., a greater "compression height" is necessary. By
      "compression height" is meant the distance from the center of the piston
      bolt to the upper edge of the piston or the piston head. In view of this
      compression height, not only the weight of the piston is increased, but
      also the entire building height of the motor has to be increased with the
      same piston stroke because the distance from the center of the piston bolt
      eye to the center crankshaft eye of the connecting rod can in most all of
      the cases not be reduced in view of the floating of the counterweight on
      the piston mantle or the hub of the piston bolt through which distance the
      greater compression height could be equalized.
PAR  It is, therefore, an object of the present invention to provide a piston
      which will stand high load and will be resistant, with a connecting rod of
      the above mentioned type which can be reduced at low cost and will have a
      low compression height so that the building height of the entire motor can
      be reduced to customary sizes.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 represents a longitudinal section through a piston according to the
      invention, including the piston bolt and a portion of the connecting rod.
PAR  FIG. 2 represents a section taken along the line II-II of FIG. 1.
PAR  FIG. 3 illustrates a section taken along the line III-III of FIG. 2.
DETD
PAR  The piston according to the present invention with a connecting rod
      connected thereto is characterized primarily by a combination of the
      following features:
PAR  a. The piston consists of cast iron, preferably tough cast iron, spheroidal
      graphite cast iron or malleable cast iron.
PAR  b, The piston mantle is below the piston ring grooves in a direction
      perpendicular to the longitudinal axis of the piston bolt provided with
      two flattened surfaces which are located opposite to each other.
PAR  c. The flattened surfaces are substantially parallel to the longitudinal
      piston axis and are located approximately in a plane with the combustion
      chamber outer wall.
PAR  d. Piston bolt bearings are provided in the flattened surfaces.
PAR  e. The piston bolt is hollow and its supporting length corresponds at a
      maximum to the distance between the two flattened surfaces.
PAR  f. The piston bolt is by shrinking firmly connected to the connecting rod.
PAR  According to a further development of the invention, the surface of the
      piston is separately treated, especially by nitriding, whereby an
      improvement in the strength and sliding properties will be realized.
PAR  After industry has during the last few years in connection with the high
      speed four-stroke Diesel engines generally adopted the use of light metal
      pistons, it is no step back when again pistons of cast iron are used,
      because precisely for the present case, such cast iron pistons represent
      important advantages. Thus, in view of the higher strength, the wall
      thickness of the combustion chamber, in particular the combustion chamber
      bottom, may be reduced by approximately 50 percent. With a piston having a
      diameter of 125 millimeters, this means in particular that the combustion
      chamber wall instead of 8 - 9 millimeters drops with a light metal
      construction to approximately 4 - 5 millimeters whereby a reduction in the
      compression height will be possible. Furthermore, in view of the higher
      pressure strength of cast iron, the piston bolt bearings can be built
      narrower so that possibly no special bearing bushings are necessary. In
      view of the two flattened surfaces of the piston mantle which may,
      according to the feature c supra be so arranged that the gaseous forces
      are from the combustion chamber conveyed directly to the piston bolt
      bearings, a reduction in the length of the piston bolt is obtained. In
      addition to the shortening of the piston bolt, the shrink connection of
      the connecting rod eye and the piston bolt as set forth under f supra will
      permit a greater hollow bore in the piston bolt. As a result thereof, a
      saving in weight in the connecting rod eye -- piston bolt is realized.
      Moreover, in view of the arrangement of the piston bolt bearing with
      bearing play in the piston, the danger of hub breaks in view of the strong
      flattened portion of the piston bolt will be reduced.
PAR  Finally, the shrink connection will in addition to producing a reduction in
      weight also bring about a reduction in the compression height because the
      bushing for the connecting rod will not be needed so that 2 - 3
      millimeters can be saved. Moreover, the wall thickness of the connecting
      rod eye can be reduced by approximately 3 millimeters because the high
      bending stresses occurring in the connecting rod eye when the bolts are
      journaled in a floating manner, will be absent with the selected shrink
      connection.
PAR  Thus, all of the individual features listed above as elements of the above
      mentioned combination according to the invention serve together to solve
      the problem underlying the present invention. In this connection it is to
      be noted in particular that alone the idea to go back to cast iron, which
      fact represents a deviation from the development in this field, is to be
      considered an inventive step. A balance of weight is effected as already
      indicated several times by thinner wall thicknesses, narrower bearings,
      constriction of the piston mantle and shorter piston bolts with a greater
      inner bore, and smaller dimensions of the connecting rod eye.
PAR  Further advantages of a piston according to the invention can be seen in
      the fact that an annular carrier and an insert in the opening of the
      combustion chamber will, in view of the selected material, be superfluous.
PAR  The piston according to the invention is furthermore characterized in that
      the cold play between the piston and the cylinder bushing can, of course,
      be kept smaller, and it is furthermore characterized in that by a
      reduction of the dead chamber space in view of the smaller admissible
      tolerances and small piston top land, an improvement in the starting under
      cold conditions, especially when the motors operate in conformity with the
      fuel-wall application, is realized. Finally, the higher combustion chamber
      temperature aids in the formation of the mixture.
PAR  Relative to the machining of customary piston structures, the safety
      grooves and the free grinding turning operation in the direction of the
      bolt becomes superfluous.
PAR  Referring now to the drawings in detail, according to the structure shown
      in FIG. 1, the upper portion of a piston 1 comprises a combustion chamber
      wall 3 which forms the spherical combustion chamber 2. The combustion
      chamber wall 3 is by the piston top 4 connected to the annular portion 5
      of the piston mantle. The combustion chamber wall is through transmission
      webs 6 connected to the flattened surfaces 7 of the lower piston mantle 8.
      These flattened surfaces 7 are parallel to the longitudinal piston axis x,
      and are located approximately in a plane with the outer combustion chamber
      wall 3. These flattened surfaces 7, respectively comprise a bore 10 with
      bearing bushings 9 for receiving a hollow piston bolt 11 onto which the
      connecting rod 12, and more specifically a thin connecting rod eye 13
      thereof is shrunk upon. The top side of the connecting rod eye 13 is
      located directly below the combustion chamber wall 3 so that the distance
      from the center of piston bolt 11 to piston top 4 is as short as possible.
PAR  FIG. 2 shows more clearly than FIG. 1 that the piston mantle 8 at two
      oppositely located sides forms partially an extension of the annular
      portion 5 for receiving or absorbing the lateral forces and consists of
      one piece with said annular portion 5.
PAR  FIG. 3 illustrates the box shape of the lower piston mantle 8 especially
      the transition to the flattened surfaces 7.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In combination for Diesel engines: a one piece piston made of cast iron
      having a longitudinal axis and having a piston mantle provided in a closed
      form with a piston bottom and a piston top with a spherical combustion
      chamber in the central area of said piston top and with peripheral piston
      ring grooves, said combustion chamber having a constricted opening, said
      piston also being provided with a piston skirt having two oppositely
      located flat surfaces located in axially spaced relationship to said
      piston ring grooves and radially inwardly offset with regard to said
      piston ring grooves, a hollow piston bolt extending in transverse
      direction to the longitudinal axis of said piston between said flat
      surfaces of said piston, said flat surfaces being located parallel to the
      piston longitudinal axis and extending vertically at least approximately
      within the plane of two diametrically opposite outer wall portions of said
      combustion chamber, bearing means arranged within said piston and
      rotatably supporting piston bolt, and a connecting rod firmly shrunk upon
      said piston bolt so as to be fixedly connected thereto and having overall
      reduction in compression height realized therewith.
NUM  2.
PAR  2. A combination according to claim 1, in which said piston bolt has a
      supporting length equaling at a maximum the spacing between said flat
      surfaces.
NUM  3.
PAR  3. A combination according to claim 1, in which the upper surface of said
      piston has been nitrided.
NUM  4.
PAR  4. A combination according to claim 1, in which said piston consists
      entirely of tough cast iron.
NUM  5.
PAR  5. A combination according to claim 1, in which said piston consists
      entirely of spheroidal cast iron.
NUM  6.
PAR  6. A combination according to claim 1, in which said piston consists
      entirely of malleable cast iron.
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ABST
PAL  An improved oil cooling system for internal combustion engines includes a
      pressure relief block which replaces the standard oil cooler of the
      engine, and a finned radiator depending from the engine sump plate in the
      passing air stream. The oil is pumped through the engine to the pressure
      relief block, where it passes a high pressure relief valve and is diverted
      through the hoses to the finned radiator. The cooled oil leaves the
      radiator, passes through a low pressure relief valve, and returns to the
      sump. The entire system may be bolted onto an existing engine with no
      modification to the engine required, to provide greatly increased oil
      cooling capacity. Further, the entire or substantially the entire oil flow
      must pass through the cooling system prior to passage through any pressure
      relief valves or the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A common form of internal combustion engine is the air-cooled reciprocating
      engine with horizontally opposed cylinders. These engines were designed to
      be long-lived, low horsepower devices that could be easily serviced and
      maintained. Over the span of several decades, as the amount of freeway
      driving increased markedly, the greater average velocity of auto travel
      demanded a corresponding increase in engine horsepower output. To satisfy
      this demand, these aircooled engines were provided with greater cylinder
      displacements, while the engine block and ancillary parts remained
      relatively unchanged.
PAR  Axiomatically, an increase in power output is accompanied by an increase in
      heat generated in the engine. An important aspect of the cooling system is
      the oil cooler, which provides cool oil to moving parts which undergo the
      highest wear and generate the most heat. Although the air cooling system
      has proven to be sufficient to cool the cylinders and the engine block, it
      has been found, through many unfortunate engine breakdowns, that the oil
      cooling system cannot support the increased power of the engine. That is,
      the oil cooling radiator within the air shroud of the engine radiates so
      much heat that the nearby engine parts are not adequately cooled. Thus, a
      common occurrence is that nearby valves or bearings heat up and burn out,
      causing sudden, disasterous breakdowns which are expensive to repair.
PAR  Although a larger capacity, original equipment oil cooler designed to
      accommodate the modern engine prior output would obviously solve this
      problem, such a cooler has not been forthcoming from the manufacturers for
      many years. Millions of engines now in operation are subject to such
      breakdown, and are in need of modification. One such modification
      attempted in the prior art involved the diverting of a portion of the oil
      flow into an additional oil cooling radiator disposed in the cooling-air
      stream. These devices failed partly due to the fact that the additional
      radiator heated the airstream so that the engine as a whole was
      overheating.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved oil cooling system which
      sufficiently cools the entire oil flow of an internal combustion engine
      without adversely affecting the air cooling of the engine itself, and
      which is easily installed on existing engines without expensive or
      complicated procedures. The system includes an external oil cooling
      radiator which depends from the sump plate of the engine and which
      includes a central opening therethrough so that access to the oil sump
      itself is maintained. The radiator is fed through hoses which connect to a
      pressure relief block bolted to the engine in place of the original oil
      cooling radiator within the air cooling shroud.
PAR  The pressure relief block comprises a solid rectangular metal block with a
      plurality of apertures therethrough disposed to align with the existing
      holes and studs of the engine to facilitate bolting the pressure relief
      block directly to the engine. Passages drilled into the block define a
      pressure relief valve cavity, and channels which conduct the oil flow to
      the relief valve and thence to hose connections formed in the pressure
      relief block.
PAR  The system of the present invention is arranged so that oil is drawn from
      the sump by the existing oil pump, and forced under pressure to the
      pressure relief block. There the oil is diverted to different paths,
      according to engine conditions. Either the oil flows through the relief
      valve directly to the lubricating points in the engine, or past the relief
      valve, through hoses to the oil cooler and return, and thence to the
      lubricating points. The external oil cooling radiator provides greater
      heat exchanging capacity than the original equipment cooler and, due to
      its placement outside of the engine air cooling stream, does not diminish
      the cooling of other portions of the engine. It is most significant to
      note that in the present invention, the pressure relief valve is
      positioned downstream of the radiator so that the bulk of the engine oil
      will be required to pass through the cooler.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a schematic view of the existing lubricating system with the
      pressure relief valve closed.
PAR  FIG. 2 is a schematic view of the existing lubricating system with the
      pressure relief valve partially open.
PAR  FIG. 3 is a schematic representation of the existing lubricating system
      with the pressure relief valve fully open.
PAR  FIG. 4 is a schematic depiction of the oil cooling system of the present
      invention.
PAR  FIG. 5 is a cross-sectional view of the pressure relief valve of the
      present invention.
PAR  FIg. 6 is a cross-sectional view of the oil cooling radiator of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention generally comprises an improved oil cooling system
      which is used to modify an air cooled engine to provide increased heat
      exchanging capacity in the oil system. This improved system allows the
      engine to be operated continuously at high power levels without excessive
      wear. Further, the invention may be secured to an existing engine using
      ordinary mechanical skill and common tools, with no appreciable weight
      added to the engine.
PAR  As shown in FIGS. 1 through 3, the existing lubricating system typically
      includes an oil pump 11, which is provided with spur gears 12 driven by
      the camshaft. The spur gears cooperate to draw lubricating oil from the
      oil sump and pump it through passage 13. The existing oil system also
      includes a pressure-relief valve 14, which has a low pressure port 16
      communicating with passage 13. The valve 14 also is provided with a high
      pressure port 17 which leads to the oil sump, and a mid-pressure port 18.
      The port 18 leads to passage 19 which conducts oil to the moving parts
      requiring lubrication. The system is also furnished with an oil cooling
      radiator 21 connected between passage 13 and passage 19 by passage 20, and
      a pressure sensing switch 22 communicating with passage 13. The radiator
      21 is secured to the engine within the air cooling shroud.
PAR  During engine starting and initial warm up, the lubricating oil is cold and
      viscous, causing high oil pressure in the lubricating system. As depicted
      in FIG. 3, the high pressure forces the valve 14 fully open, so that all
      ports 16 - 18 are open. In this state, most of the oil flows through port
      17 back to the sump, while a portion of the oil flows through port 18 to
      lubricate the moving parts, thence falling back to the sump. Little of the
      oil passes through passage 13 to the oil cooling radiator.
PAR  As the engine warms, the oil viscosity and therefore the oil pressure
      subsides. In this condition, depicted in FIG. 2, the pressure relief valve
      is partly open, so that port 16 and port 18 are in open connection. The
      oil is free to flow either through passage 13 to the radiator 21 and
      thence to passage 19 to lubricating points, or through ports 16 and 18 of
      the valve 14 directly to passage 19 and the lubricating points. As the
      engine attains operating temperatures, the decreased oil pressure of less
      than approximately 40 lbs/in.sup.2 cannot operate the pressure relief
      valve 14 at all. Thus all of the hot oil is pumped through passage 13,
      cooled in the radiator 21 and thence goes to the lubricating points of
      passage 19.
PAR  As described in the foregoing, the radiator 21 has insufficient heat
      exchanging capacity due to its placement within the air cooling shroud,
      and to its size. The obvious solution, i.e., replacing the radiator 21
      with a larger external radiator, is equally unsatisfactory. When the
      engine is warming up, an external radiator contains therein cold, viscous
      oil which will flow only under high pressure. As evident from FIG. 3, this
      high pressure is diverted directly to the lubricating passage 19 until the
      engine and the radiator warm. Even after warming of the oil there is not
      sufficient pressure or flow to perform satisfactorily.
PAR  The improved lubricating system of the present invention provides an
      effective solution to the problems elucidated in the foregoing. As shown
      in FIG. 4, the invention utilizes the pump 11, the pressure relief valve
      14, the passage 13 and the lubricating passage 19 of the existing engine.
      In the valve 14, the spring 26 is replaced with a less resilient one that
      provides pressure relief at approximately 100 lbs/in.sup.2.
PAR  In the present invention the existing radiator 21 is removed, and in its
      place is installed a pressure relief block 27. The block 27, as shown in
      FIG. 5, comprises a rectanular metal solid with holes 28 therethrough to
      receive the mounting bolts and studs which originally mounted on the
      radiator 21. A central passage 29 extending into the block 27 is threaded
      at the outer end to receive a threaded plug 31 which seals the passage.
      Perpendicular to the passage 29 and extending into the block are a pair of
      passages 32 and 33. The shorter passage 33 opens into the middle of the
      passage 29, while the longer passage 32 communicates with the passage 29
      through the reduced diameter hole 34 at the inner end thereof. Both
      passages 32 and 33 are provided with threaded outer ends to receive hoses
      carrying oil under pressure.
PAR  Also within the block 27 is a passage 36 extending from the inner end 37 of
      the passage 32 and parallel to the passage 29. The block is furnished with
      a port 38 opening into the passage 36, and a port 39 opening into passage
      33. The ports 38 and 39 align and seal with holes in the engine block
      originally provided to conduct oil to and from the radiator 21. A metal
      ball 41 seals the holes 34 under the resilient urging of compressed spring
      42, forming a pressure relief valve 43 which is opened by high pressure
      oil (approximately 75 lbs/in.sup.2) within passage 32, conducting the oil
      into passage 33 and relieving the high pressure. It might be noted that,
      if desired, the pressure relief valve 43 may be positioned exteriorly of
      the block 27.
PAR  With the block 27 bolted to the engine hoses 46 and 47 are secured to the
      threaded portions of passages 32 and 33 respectively. These hoses 46 and
      47 respectively comprise the input line to, and the output line from, the
      external radiator 48. As shown in FIG. 6, the raditor 48 is bolted to the
      underside of the engine, in the stream of air passing the moving vehicle.
      The radiator includes a supply header 51 which feeds oil from line 46
      through a rank of parallel cooling pipes 52 to a return header 53, and a
      plurality of cooling vanes 54 linking the cooling pipes.
PAR  The return header is joined to line 47, and is also joined to a tube 56
      leading to the oil sump 57. Interposed in the tube 56 is a pressure relief
      valve 58, which typically opens at 40 lbs/in.sup.2. It should be noted
      that the vanes 54 are discontinuous near a sump plate 49, forming an
      aperture 59 through the radiator to permit access to the sump plate.
PAR  The improved lubricating system of the present invention functions in a
      manner different from the original system. With reference to FIG. 4, oil
      is pumped by the pump 11 from the sump 57 into passage 13. The oil passes
      pressure relief valve 14, which limits the pressure in passage 13 to 100
      lbs/in.sup.2. The oil flows through port 38 into the block 27, through
      passage 36 and 32, and past pressure relief valve 43 which limits the
      pressure to 75 lbs/in.sup.2. The oil flow through line 46, header 51,
      pipes 52 to header 53. The oil then returns through line 47 to passage 33
      of the block 27, through port 39 to passage 20 in the engine and to
      lubricating passage 19.
PAR  The pressure relief valve 58 limits the pressure of the oil entering
      passage 20 to 40 lbs/in.sup.2, the standard operating pressure of the
      lubricating system. The pressure relief valves 14 and 43 permit a high
      pressure to be applied to the input side of the radiator 48, so that the
      cold viscous oil problems of prior external radiator devices are obviated.
      Yet the oil supply to the lubricating passage 19 is at the rated pressure.
      This arrangement requires that a small portion of the oil flow passes
      through the valve 58 to the sump after undergoing cooling in the radiator.
      This flow to the sump is not detrimental since the existing pump 11 has a
      pumping capacity approximately five times the volume of oil required for
      effective lubrication.
PAR  Thus with the provision of a novel pressure relief block and an external
      radiator, and a unique and ingenious arrangement of pressure relief
      valves, the present invention provides a modified and improved lubrication
      system for internal combustion engines which increases the oil cooling
      capacity to support high sustained engine power output levels. Further,
      the invention may be installed with simple tools without extensive
      alterations to the existing engine.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved lubricating cooling system for an engine including a source
      of pressurized oil and a sump, wherein the improvement comprises: a heat
      exchanger disposed externally to the engine and provided with an input
      side connected to the source of pressurized oil and an output side, first
      pressure relief valve means connected between said input side and said
      output side of the heat exchanger for bypassing said heat exchanger only
      at oil pressures above a first fixed value, a supply line connecting said
      output side of said heat exchanger and the downstream side of said valve
      means to the lubricating points of the engine, and second pressure relief
      valve means connected between and heat exchanger output side and the oil
      sump for bypassing the lubricating points of the engine only at pressures
      above a second fixed value.
NUM  2.
PAR  2. The system of claim 1, including separate passage means directly
      connecting the input side of said heat exchanger with the lubricating
      points of the engine and the sump, and blocking means in said passage
      means for normally preventing the flow of oil through said passage means
      at least at pressures below and at pressures substantially higher than
      said first and second fixed values.
NUM  3.
PAR  3. The system of claim 2, wherein said blocking means is a third pressure
      relief valve means having two stages, with the first stage passing oil
      directly to the lubricating points of the engine and blocking the direct
      passage of oil to the sump only at oil pressures substantially higher than
      said first and second fixed values and lower than a third fixed value, and
      further directly passing oil to the lubricating points of the engine and
      the sump at oil pressures substantially higher than said third fixed
      value.
NUM  4.
PAR  4. The system of claim 3, wherein said first fixed value is substantially
      higher than said second fixed value.
NUM  5.
PAR  5. The system of claim 4, wherein said heat exchanger is secured with
      releasable fastening means to the engine and is disposed subjacent to sump
      plate of the engine.
NUM  6.
PAR  6. The system of claim 5, including an oil conduit fluid connected between
      the sump plate drain fitting of the engine and the output side of said
      heat exchanger substantially completely externally of the engine and
      having therein said second pressure relief valve means.
NUM  7.
PAR  7. The system of claim 1, wherein said first fixed value is substantially
      higher than said second fixed value.
NUM  8.
PAR  8. The system of claim 2, wherein said first fixed value is substantially
      higher than said second fixed value.
PATN
WKU  039439100
SRC  5
APN  5225965
APT  1
ART  344
APD  19741111
TTL  Gas broiler
ISD  19760316
NCL  33
ECL  1
EXP  Favors; Edward G.
NDR  4
NFG  7
INVT
NAM  White; Lyall B.
STR  1408 Jacobson Circle
CTY  Sun City Center
STA  FL
ZIP  33570
CLAS
OCL  126 41R
XCL   99409
XCL  426523
EDF  2
ICL  F24C  308
FSC  126
FSS  41 R;41 B;41 C
FSC   99
FSS  409;443 R;443 C
FSC  426
FSS  523
UREF
PNO  3257935
ISD  19660600
NAM  Temperato
OCL   99443R
UREF
PNO  3483815
ISD  19691200
NAM  Turrel
OCL   99409
LREP
FRM  Burd, Braddock & Bartz
ABST
PAL  Steaks, chops, hamburger patties or other meat to be broiled is
      reciprocated on a reciprocating grill transversely of a pair of elongated
      spaced apart horizontally disposed upper heat sources in such a manner
      that each of spaced apart outer ends of the meat to be broiled reaches the
      limit of its movement toward the elongated heat sources when it is in
      closest relationship to the heat source nearest to it. Power means are
      provided for reciprocating the grill in such a manner that heat input is
      substantially uniform over the entire area of the meat. A horizontal
      elongated heat source is provided below the grill in parallel relation to
      the upper heat sources an equal distance from each. The meat can be
      positioned on the grill on a platter, or sheet having upturned edges to
      retain the juices therein. The upper elongated heat sources are
      constituted as downwardly firing gas burners having cooking flames
      supplied from a relatively high pressure gas-air mixture and kindling
      flames supplied from a lower pressure gas-air mixture. The kindling flames
      burn at the base of each cooking flame and serve to kindle and maintain
      such cooking flame.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  This invention has relation to a gas fired broiler which can consistently
      produce broiled steaks and the like to minutely controlled specifications
      as to the amount of char or searing and as to the degree of doneness
      throughout. The invention also has to do with a down firing gas burner
      useful to produce such steaks.
PAR  It is known to broil meat such as hamburgers between upper and lower gas
      fired burners. See U.S. Pat. No. 3,604,336 to D. E. Straub, granted Sept.
      14, 1971 and U.S. Pat. No. 3,580,164 to E. D. Baker, granted May 25, 1971.
      These patents show the passing of meat to be broiled along an endless one
      way conveyor belt. They aford no opportunity for varying the flavor and
      cooking from piece to piece of the finished product. In fact, uniformity
      of cooking of the finished product is a major attribute or claim of these
      patents. Furthermore, where a straight Bunsen burner action is relied upon
      from the upper burner, that burner has to be positioned so close to the
      meat that excessive spattering occurs on the burner, and, in numerous
      instances, the setting is so close that any substantial non-uniformity in
      the thickness of the product being broiled results in the burner actually
      touching the top of the product. See U.S. Pat. No. 3,604,336, column 5,
      lines 10 through 15.
PAR  Attempts to elongate the downward flame by increasing pressure of the
      gas-air mixture result in flame-out due to mixture exceeding a velocity
      beyond which the flame can cling to the burner.
PAR  Downfiring gas burners are used to heat a ceramic plate to radiance. This
      forms a relatively very slowly controlled heat source, which is incapable
      of creating anything but one uniformly broiled piece of food after
      another. See U.S. Pat. No. 3,580,164, column 2, lines 47 through 52 and
      lines 59 through 65. Such an upper radiant heater must be even more
      closely spaced to an upper food surface to obtain comparable heating.
PAR  It has been suggested to control the heating and cooking of cheese
      sandwiches, hamburgers, french toast, bacon, pancakes, and the like as
      they pass along a one-way conveyor between a pair of heat sources by
      raising and lowering the upper source with respect to the food on the
      conveyor. See U.S. Pat. No. 3,646,880 to J. D. Norris, granted Mar. 7,
      1972. Once this adjustment has been made it is maintained as long as units
      of a particular uniform product are passing on through the broiler. This
      vertical adjustment is not useful to vary the cooking and flavor
      attributes of individual single pieces of steak or the like.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Two elongated, parallel, spaced apart, downwardly delivering upper heat
      sources are positioned above a reciprocating support for food to be
      broiled, this support being capable of moving the food back and forth
      underneath of the heat sources from a first limit position where a first
      end of the food is in vertical alignment underneath a first of said heat
      sources and a second of said heat sources is in overlying relation to the
      food to a second limit position where a second opposite end of the food is
      in vertical alignment beneath the second heat source and said first heat
      source is positioned over the food. Means are provided to reciprocate the
      food at such a rate that the heat input over the upper surface of the food
      is substantially uniform.
PAR  In the form of the invention as shown, the food to be broiled is situated
      on a plate which has turned up edges to conserve any juices cooking from
      the food.
PAR  An elongated heat source is situated beneath the reciprocating support, is
      in parallel relation to the upper heat sources and is spaced an equal
      distance from each of them.
PAR  In the form of the invention as shown, a pair of downwardly firing gas
      fired burners constitute the two upper heat sources. Each burner includes
      an inner cooking flame tube provided with a plurality of downwardly
      opening orifices, this tube being provided with a gas-air mixture under
      relatively high pressure. As shown herein, an outer kindling flame tube
      surrounds the cooking flame tube and is provided with orifices opening to
      the outer ends of the cooking flame orifices. This kindling flame tube is
      supplied with a gas-air mixture under a relatively lower pressure.
PAR  In the form of the invention as shown, a narrow slot is open along the
      kindling flame tube past each kindling orifice and extending to the
      vicinity of a pilot light. Gas-air mixture passing this slot provides a
      ribbon of ignition flame which ignites each of the kindling flames.
PAR  Means is provided for varying the vertical relationship of the upper flames
      and burners and the lower flames and burner with respect to the food to be
      cooked on the grill.
PAR  Timers are provided to preset the amount of time that heat will be supplied
      by the upper heat sources, the amount of time that heat is supplied by the
      lower burner and to control the main gas pipe, the reciprocating means,
      and an air pressure blower.
PAR  Safety devices of any usual or preferred design cut off the supply of all
      gas to the broiler should a malfunction occur.
DRWD
PAC  IN THE DRAWING:
PAR  FIG. 1 is a front elevational view of a broiler made according to the
      present invention;
PA1  Fig. 2 is a vertical sectional view taken on the line 2--2 in FIG. 1;
PAR  FIG. 3 is a vertical sectional view taken on the line 3--3 in FIG. 2;
PAR  FIG. 4 is a vertical sectional view taken on the line 4--4 in FIG. 4;
PAR  FIG. 5 is a fragmentary, substantially horizontal, sectional view taken on
      the line 5--5 in FIG. 4;
PAR  FIG. 6 is an enlarged fragmentary vertical sectional view also taken on the
      line 2--2 in FIG. 1; and
PAR  FIG. 7 is a diagrammatic and schematic representation of one form of
      electrical circuitry which will be useful in operating the illustrated
      version of the broiler of the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT:
PAR  A gas broiler 10 includes a platform 12 having legs (not shown) resting on
      a floor and having a horizontal table top 14 made of wood or other
      suitable material. A grill track frame 16 is supported on integral legs 18
      as at 20 on table top 14. Frame 16 consists of two symmetrical halves each
      of which include an inwardly facing channel-shaped grill track 22.
PAR  A horizontal, elongated, upwardly firing, heat source such as a Bunsen-type
      lower burner 24 is supported with respect to the frame 16 by plates 26
      which are integral with tracks 22 and are provided with slots 28. Lower
      burner support plates 30 are fixedly mounted with respect to lower burner
      24 and are equipped with butterfly nuts and bolts 31 fastened to plates 30
      and sliding in the slot 28 of plates 26 so that the vertical height of the
      burner 24 above the table top 14 can be adjusted. An upper heat source
      support frame 32 is threadably mounted at each of its outer ends into
      threaded height adjusting legs 34, 34. These legs are rotatably mounted in
      upper heat source support frame studs 36 which are integral with and
      extend upwardly from upper surfaces of each of the grill tracks 22. Two
      elongated, spaced apart, horizontally disposed, upper heaters 38, 38
      constitute an upper heat source and are mounted integrally with the upper
      heat source support frame 32 as best seen in FIG. 1.
PAR  The details of construction of the plates 26 and 30 and of the height
      adjusting legs 34 and studs 36 are omitted from the disclosures of FIGS.
      2, 4 and 6 for clarity of illustration; while a pervious warming or
      holding tray 40 has been omitted from FIG. 1 but is disclosed on top of
      the upper heat sources 38, 38 in FIGS. 2, 4 and 6.
PAR  A rectangular grill 42 includes spaced apart parallel bars 44 integrally
      connected to drive angle iron 46 and outer angle iron 48 as at 50. Grill
      support wheels 52 are rotatably mounted as at 54 on straps 56 which depend
      from upper legs of each of the angle irons 46 and 48. These wheels 52
      support the grill 42 on an interior horizontal surface of a lower
      horizontal leg of each of the grill tracks 22, as best seen in FIG. 1.
      This leaves the grill free to reciprocate back and forth between the upper
      heat sources 38, 38 and the lower heat source 24.
PAR  This reciprocation is accomplished by a reciprocating drive mechanism 58
      which is best seen in FIG. 2. It includes a reciprocating drive motor 60
      which is mounted on a stand 62 on table top 14, a gear box and gear casing
      64 integral with the motor casing and extending upwardly therefrom, a
      grill drive bar 66 rotatably mounted on driven axle 68 which extends
      outwardly from gear box 64, grill drive linkage 70 rotatably mounted in a
      grill drive linkage mounting fitting for adjustable positioning along
      drive bar 66, and grill drive tab 72 integral with and extending upwardly
      from a central portion of drive angle iron 46 of the grill 42. Drive
      linkage 70 is pivotally mounted with respect to the drive tab 72.
PAR  On opposite ends of grill drive bar 66 are integrally positioned motor
      speed-up cams 74, 74, operably aligned with switch arm 76 of a normally
      open micro switch 78 in position to close that micro switch when either of
      the cams 74 is in touch with the switch arm 76. This is for a purpose to
      be discussed later.
PAR  As best seen in FIG. 1, the lower heat source 24 includes an elongated
      burner body 80 having a plurality of vertical upwardly opening orifices 82
      therein. A gas venturi, air-intake section 84 which can be of any usual or
      preferred construction and is fed by a lower burner gas supply line 86
      connected to a gas main 88. A lower burner solenoid valve 90 is situated
      in lower burner supply line 86, and a master gas solenoid valve 92 is
      situated in gas main 88 between the source of gas supply (not shown) and
      lower burner gas supply line 86.
PAR  Upper heat sources 38, 38 also receive their gas from gas main 88 connected
      to an upper burner gas supply line 94, flow through which is controlled by
      an upper burner solenoid valve 96 located therein. Each of the upper heat
      sources 38 is similar to the other, so a description of one will actually
      be a description of both. In the form of the invention as shown, each
      upper heat source 38 is constituted as a downwardly firing upper gas
      burner 98, each such burner including an elongated inner cooking flame
      tube 100 provided with a plurality of vertically downwardly extending
      cooking flame pipes 101, each having a downwardly opening cooking flame
      orifice 102 open therethrough. It is an important feature of the invention
      that sufficient gas-air mixture is supplied to this cooking flame tube 100
      so that the cooking flames formed by the burning of this fuel as it leaves
      cooking flame orifices 102 will carry down into contact with the meat or
      other food which is being broiled after it has been situated on the
      reciprocating rectangular grill 42. The difficulty and impossibility of
      this accomplishment before the present invention concerned the fact that
      an air-gas mixture leaving the cooking orifices 102 under sufficient
      pressure to accomplish the above could not sustain a flame. It exceeded a
      "blow out" velocity. To render the cooking flames stable, kindling flames
      have been provided at four points around the base of each cooking plane
      orifice 102. This is accomplished by providing an elongated outer kindling
      flame tube 104 in surrounding relation to cooking flame tube 100. An
      elongated central metal strip 106 closes off the lowermost surface of the
      interior of the kindling flame tube 104 and this strip is provided with a
      plurality of orifices 108 each concentric with one of the cooking flame
      pipes 101 but in spaced relation thereto. Angle irons 110, 110 extend in
      spaced, parallel relation to the strip 106 and extend outwardly therefrom
      and are provided with generally vertically downwardly extending legs 112,
      112 and horizontally inwardly extending legs 114, 114. In sealing
      relationship to horizontal upper legs 114, 114 are parallel spaced apart,
      generally horizontal plates 116, 116, the spaced apart parallel facing
      edges 118 of which are spaced back from the outermost edges of the
      kindling flame orifices 108.
PAR  It is to be noted that the central elongated metal strip 106 does tend to
      combine with horizontal plates 116, 116 to close off the bottom of the
      kindling flame tube 104, but that the metal strip 106 is actually in
      slightly clearing relationship with respect to the plates 116, 116, being
      held in that relationship by spaced apart tack welds 120. Thus there is
      purposely some "leakage" of gas-air mixture between the elongated central
      metal strip 106 and the generally horizontal metal plates 116, 116, for a
      purpose to be described later. In the drawings, and particularly in FIG.
      4, the size of this "leakage" space has been over emphasized for clarity
      of illustration.
PAR  The supply of gas-air mixture to the cooking flame tube 100 and to the
      kindling flame tube 104 is perhaps best seen in FIGS. 1 and 3. A cooking
      flame supply pipe 122 includes a header 124 which is open to both cooking
      flame tubes 100 of each of the downwardly firing gas burners 98. A
      kindling flame supply pipe 126 includes a header 128 which is open to each
      of the kindling flame tubes 104.
PAR  As best seen in FIG. 3, a cooking gas venturi tube 130 is connected to a
      cooking gas supply line 132 which receives its gas from its connection
      with upper burner gas supply line 94. The venturi action of gas flowing
      from venturi 130 causes a reduction of pressure which tends to draw air
      into the cooking flame supply pipe 122 from a flexible air tube 140.
      Should the pressure of gas in the cooking gas supply line 132 be
      sufficient, sufficient air could be drawn in through the tube 140 from the
      atmosphere. However, gas pressure in the gas main 88 and in the cooking
      gas supply line 132 sufficient to entrain enough air into the cooking
      flame supply pipe 122 to get proper combustion will be in excess of
      pressures considered safe for use within buildings. Thus the use of high
      pressure gas will be limited to use of the broiler of the invention in
      outside locations where the dangers would be minimized and where the
      safety requirements could be met using such high pressure gas.
PAR  For use inside of a building, then, it is necessary to provide an
      additional source of air under pressure. This is done by providing a
      centrifugal blower 136 driven by blower motor 138. As best seen in FIGS. 1
      and 3, the flexible air tube 140 introduces air from the blower to the
      area adjacent the venturi 130 to the end that a relatively high pressure
      gas-air mixture passes along cooking flame supply pipe 122 and into the
      cooking flame tube 100. The proportion of air to gas is regulated by a
      cooking air control valve 134 in air tube 140 in the form of the invention
      as shown; although this could be replaced with a fitting with a fixed
      orifice therein. This air valve 134 and/or a valve 135 in 132 can also be
      used the length of cooking flame fed from orifices 102.
PAR  In order to obtain the proper gas-air mixture in the kindling flame tube
      104, a portion of the air from the centrifugal blower 136 is fed through a
      flexible air tube 142 to a similar or suitable venturi-air intake fitting
      144 which mixes this air with the gas from the upper burner gas supply
      line 94, this mixture being carried along the kindling flame supply pipe
      126 to each of the kindling flame tubes 104. A kindling air control valve
      145 in air tube 142 regulates the proportion of air to gas in kindling
      flame supply pipe 126.
PAR  In order to kindle the flames in the lower burner and in both of the upper
      burners, a pilot light 146 is situated on one end of one of the gas
      burners 98 is position to ignite gas-air mixture coming through the space
      between strip 106 and one of the plates 116. Telescoping vertical flash
      tube 148 has a bottom portion 150 fixedly mounted on lower burner 24 to
      receive gas-air mixture from at least one of the vertical orifices 82. A
      top portion 152 of the telescoping flash tube 148 is fixedly mounted to
      said gas burner 98 to be directly below pilot light 146. See FIG. 1.
PAR  When the pilot light 146 is lit and gas-air mixture is available to both
      the cooking tube and kindling tube above and the burner below, the gas-air
      mixture passing upwardly from the lower burner through vertical flash tube
      148 will be ignited by the pilot light as the pilot light also ignites a
      long ribbon of flame along the line where the gas-air mixture passes out
      between the strip 106 and one of the plates 116. This will instantaneously
      ignite the four separate kindling flames around each cooking flame orifice
      102, will ignite the cooking flame, and in turn these kindling flames will
      ignite the ribbon on the other side of the burner causing it to stretch
      from end to end of the upper burner 98.
PAR  A horizontal flash tube 154 having a longitudinally downwardly opening slit
      therealong is fixedly mounted to one end of each strip of the burners 98,
      and the unburned gases from between the strip 106 and a plate 116 of the
      unignited burner 98 will flow through the horizontal flash tube 154, be
      ignited by pilot light 146, and will thus flash back to cause that
      unlighted burner to be lighted.
PAR  Should the centrifugal blower 136 fail to operate, or should it operate at
      reduced air pressure, the action of the venturis which open to supply
      pipes 122 and 126 will be to draw in sufficient air through air tubes 140
      and 142 and through the inlet opening in that centrifugal blower so that
      combustion will take place. The flame thus ensuing will not be flame which
      is desirable in broiler, for example, but it will burn off any gas coming
      off of the burners so that unburned gases are not discharged in and around
      the broiler.
PAR  However, in order to insure that no gas is supplied to the upper burners
      98, 98 without a supply of air under pressure from the centrifugal blower
      136, a normally open, diaphragm operated, switch 156 is provided in
      position where the diaphragm is open to air pressure from the blower 136.
PAR  A first upper burner timer 158 is provided in a control box 160 which, as
      shown, is mounted under the table top 14; and a second lower burner timer
      162 is also located in that control box. A two gang, "Push to Start"
      switch 164 is also mounted in control box 160 and the control knobs for
      all three of these switches protrude through the box to be readily
      available to the operator of the broiler. In the form of the invention
      shown, the operation of the reciprocating drive motor 60, and the master
      gas and lower burner solenoid valves as well as the operation of the
      centrifugal blower and blower motor 138 are all controlled by the second
      timer 162; although it is recognized that a third timer could be provided
      to handle all of the above functions except that of the lower burner
      solenoid valve. The action of these various elements and of the other
      elements of the broiler will be explained in connection with the following
      disclosure of the operation of the broiler.
PAC  OPERATION
PAR  A piece of steak 168, chops, hamburger patties, or other meat to be broiled
      is placed on a "sizzle" platter 170, on a piece of aluminum foil with
      upturned edges, or on any other suitable pan, and, with the grill drive
      bar 66 in vertical position as seen in FIG. 2, the meat and pan are
      centered symmetrically beneath the upper heat sources 38, 38. The grill
      drive bar 66 is then rotated in couterclockwise direction to move fitting
      71 to horizontal relationship with respect to the driven axle 68, and the
      positioning of grill drive linkage mounting fitting 71 along the grill
      drive bar 66 is adjusted so that the right end of the meat will lie
      substantially directly under the output from the downwardly firing gas
      burner 98 located to the right in FIG. 6. Fitting 71 is then fastened in
      that position to drive bar 66 by any usual or desired means. Once this
      adjustment has been made, the grill drive bar can be rotated through
      180.degree., thus positioning the fitting 71 in horizontal relationship
      with respect to driven axle 68 but at the right side thereof as viewed in
      FIG. 2. This will automatically position the left end of the steak 168
      substantially directly under the cooking flame from the downwardly firing
      gas burner to the left in FIG. 6. Working from experience, the broiler
      operator will adjust the vertical relationship between lower burner 80 and
      the grill 42 if necessary by loosening butterfly nuts and bolts 31,
      adjusting the height of the lower burner 24, and again tightening the
      butterflies 31. Should experience dictate that a change should be made in
      the vertical relationship of the downwardly firing gas burners 98 with
      respect to the upper surface of the steak 168, this is accomplished by
      turning the handles on adjusting legs 34.
PAR  In general, if a relatively large degree of "sear" is desired with a
      relatively rare center, the burners will be brought closer to the meat
      and/or the length of the cooking flame will be extended. If the meat is to
      be well done but not to have much of a sear, the upper burners will be
      spaced at relatively greater distances than the lower burner and/or the
      length of the cooking flame reduced. Likewise, in order to obtain low
      sear, the heat and flame action from the upper burner can be cut off
      before the cooking is finished using the lower burner. Experience with the
      broiler will allow a user to learn rapidly the optimum burner height and
      flame settings, as well as the optimum cooking times for the upper burner
      and for the lower burner, depending on the nature and size of the meat,
      the thickness of the meat, and the individual preference of his
      "customers."
PAR  Based on this experience, the first upper burner timer 158 will next be set
      to predetermine the time that downwardly directing cooking flame wil be
      directed against the reciprocating meat; and the second lower burner timer
      162 will be set to predetermine the time that the lower burner will be
      activated. Since, in the usual case, the lower burner will be operated
      longer than the upper burner, in the form of the invention as shown, all
      of the controls turning off all of the functions of the broiler except the
      gas mixture to the upper burners is controlled by the second lower burner
      timer 162.
PAR  Now the broiler is ready to operate, and, as best seen in FIG. 7,
      depression of the "Push to Start" switch 164 will put both timers into
      action, closing the circuit between a "hot" electrical power input line
      172 through the timing mechanisms and back to a "ground" electrical power
      input line 174 in each of the timers 158 and 162. Activation of upper
      burner timer 158 by the "Push to Start" switch 164 causes the hot line 172
      to be connected to an upper burner solenoid line 176, and through the
      upper burner solenoid 96 to the ground line 174. This opens the valve 96,
      and allows passage of any gas reaching upper burner gas supply line 94 to
      pass to the upper burner.
PAR  Activation of lower burner timer 162 by the Push to Start switch 164
      connects the hot line 172 to a controls hot line 178. This activates
      reciprocating drive motor 60 through a reciprocating drive motor armature
      resistor 180 at a first, relatively slower speed. Also activated is blower
      motor 138, causing centrifugal blower 136 to deliver air pressure into the
      air tubes 140 and 142. This causes the normally open diaphragm operated
      switch 156 to close, activating master gas solenoid valve 92 to an open
      condition whereby gas can pass through that valve along the gas main 88.
PAR  Also activated by Push to Start switch 164 and continued in activation by
      lower burner timer 162 is lower burner solenoid valve 90.
PAR  Thus all three solenoid valves are open and air pressure is available from
      the blower 136, so the burners will ignite and burn in the manner set out
      above, and heat will be directed to the steak 168 moving, as it is, on the
      reciprocating grill 42. When the preset time on timer 158 has elapsed,
      power to upper burner solenoid line 176 will be interrupted, and the upper
      burner solenoid valve 96 will be closed, cutting off gas supply to the
      upper burners 98, 98. Since the centrifugal blower 136 is still operating,
      air will continue to be supplied through the burners 98,98 and any
      residual gas will be purged and burned.
PAR  It is to be noted that even if the cutoff of gas was occasioned by the
      closing of master gas solenoid valve 92 because of the end of the timing
      cycle or because of some malfunction in the system and its operation, the
      momentum of the centrifugal blower 136 and of the motor 138 will be such
      that there will be a continuation of flow of air through the lower burners
      sufficient to purge all of the gas from the lines, thus eliminating any
      possibility whatever of a gassy taste developing on the product. The air
      velocity during the purging is sufficient so as to prevent flashback.
PAR  In normal operation, however, after the time has come when it is desired to
      removed further heat from the upper burners, next the time will come when
      the lower burner is to shut down, and timer 162 will then interrupt the
      power to controls hot line 178, thus simultaneously shutting down
      reciprocating drive motor 60, and the movement of the reciprocating grill
      occasioned thereby; the master gas solenoid valve, and the lower burner
      solenoid valve; as well as the centrifugal blower 136. The piece of steak
      168, and the sizzle platter 170, can then be removed and served, or the
      steak can be turned over and the process repeated to obtain a controlled
      sear on the "flip side" of the steak if that should be desired.
PAR  If the reciprocating drive motor 60 were to operate at a constant speed
      throughout a 360.degree. revolution of the grill drive bar 66, the
      relatively slow movements of the grill toward the ends of each stroke
      would occasion an excess of heat input to the ends of the piece of steak
      168. For that reason, the drive of the reciprocating grill is such that
      its speed from beginning to end is relatively uniform. One way of
      accomplishing that is illustrated herein. The cams 74, 74 provided at
      either end of the grill drive bar 66 are in position to come into contact
      with the switch arm 76 of the normally open micro switch 78. When this
      occurs, the micro switch 78 shorts out the armature resistor 180 and thus
      causes a speed up of the reciprocating drive motor 60 until such time as
      the switch arm 76 moves clear of the cam 74, and the micro switch 78 once
      again opens. The drive during this central portion of the stroke is at the
      relatively slow speed again until the cam 74 at the opposite end of the
      grill drive bar 66 causes the micro switch 78 to close. Other means of
      obtaining a substantially uniform drive could be utilized.
PAR  As best illustrated in FIG. 6, a great share of the success of the broiler
      of the present invention is the ability to extend the flame from the gas
      burner down to where it impinges on the surface of the steak or meat
      product being broiled. The force of the gas flame from the top forces more
      intimate contact with the valleys as well as the hills of the surface of
      the meat, and heat transfer throughout the meat is much greater.
PAR  This result has been accomplished previously but with flames from the
      underside of the meat. However, the very act of putting the hot searing
      flame right against the meat from the bottom has caused an instantaneous
      melting of the juices and fats in the meat and the loss of those juices
      and fats down toward or through the flame. This results in some burning of
      these fats and juices, the production of soot and smoke and carcinogenesis
      particles some of which are carried back up and impair the flavor and
      wholesomeness of the broiled product.
PAR  Because of the length of the downward flame coming from the upper burners
      98 and the resulting large distance between those burners and the steak,
      any mean particles or fat or juices the "sizzle" or spatter upwardly will
      fall again to the surface of the meat without impinging on the hot burner.
      Any smoke that is formed passes harmlessly up and away, being carried up
      by the heat of the burners to position harmlessly away from the finished
      product.
PAR  In Bunsen-type burners formerly available for cooking from the top, the
      spatter of the meat would often cause difficulty and actually clogging the
      holes of the relatively close burner. This is also eliminated by the
      greater distance between the burner and the meat being broiled.
PAR  As perhaps most clearly seen in FIG. 1, the meat tray and meat product will
      often be narrower than the elongated upper burners and lower burner. Thus
      the heat from the lower burner does not all impinge on the underside of
      the meat product or its platter. A substantial portion of this heat passes
      upwardly past the narrow width of the platter. As best seen in FIG. 6, the
      spacing between the burners 98, 98 allows the direct heat from the lower
      burner to pass up to position where food products being cooked or warmed
      can benefit from this heat.
PAR  Similarly, it is to be noted that the burners 98, 98 are each tilted
      slightly outwardly away from each other so that heat impinging on the
      steak "bounches" or reflects off upwardly and to areas outside of the
      burners. If the burners were in a straight vertical position, much of this
      heat would be reflected back into the burners, thus unduly heating them
      and substantially shortening their useful life. Absence of direct or
      reflected heat on the upper burners keeps them cooler and reduces the
      tendency to flashback.
PAR  While the elongated outer kindling flame tube 104 is shown as being in
      surrounding relation to the inner cooking flame tube 100, and is shown as
      being fed by a kindling flame supply pipe 126 and a header 128 from a
      separate source of air under pressure in air tube 142 and from a separate
      upper burner gas supply line; it is to be understood that there are other
      effective ways of providing relatively lowr pressure gas-air mixtures to
      the kindling flame orifices 108. For example, the kindling flame supply
      pipe and header can be completely eliminated, and relatively tiny orifices
      or "bleed holes" can be provided from the interior of the cooking flame
      tube 100 into the kindling flame tube 104, thus to provide substanially
      lower pressure in the kindling flame tube and to the kindling flame
      orifices 108. Using this arrangement, the size and positioning of the
      kindling flame tube can be greatly changed without substantially affecting
      the operation of the downwardly firing upper burners.
PAR  As best seen in FIGS. 5 and 6, the high pressure cooking flames can extend
      downwardly from the burners without blowing out at the base because the
      relatively low pressure and highly stable kindling flames are impinging on
      each cooking flame around four sides thereof. It is to be understood that
      cooking flame orifices and kindling flame orifices can be so designed that
      one kindling flame is sufficient to keep one cooking flame ignited.
PAR  The presence of the constant ribbon of ignition flame running the entire
      length of the elongated upper burners 98 assures that should one or all or
      some of the kindling flames be momentarily extinguished for any reason,
      they will be instantaneously reignited by the ignition flame. While two
      ignition flames are shown on each burner, it is to be understood that a
      single ignition flame would suffice. Also, because of the stability of the
      kindling flames, a downwardly firing burner employing no special and
      constant ignition flame would also be effective.
PAR  It is to be noted that when the blower motor 138 is first activated, it
      takes some time for it and the centrifugal blower 136 to get up to full
      speed, even after sufficient pressure has been generated to operate the
      diaphragm operated switch 156. This results in the first gas-air mixture
      which reaches the burners being substantially "gas rich." This means that
      the mixture will ignite much more easily than the ultimate mixture. The
      upper burners, for example, will light from end to end almost instantly
      and this reduces the momentary expulsion of unburned mixture into the
      room.
PAR  Throughout this specification, the grill has been shown to reciprocate and
      the burners to remain fixed except for the ability to adjust the burners
      vertically. Early experience with the present invention has shown that
      equally effective results can be obtained as far as the broiling of the
      meat is concerned by holding the grill and the meat stationary and
      reciprocating all three burners back and forth as a unit. Reciprocating
      the top burners while holding the bottom burner or burners in fixed
      relation with respect to the meat being broiled will also be effective.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An apparatus for broiling a portion of food, said apparatus including a
      frame; an elongated, horizontal, downwardly delivering upper heat source
      having at least one elongated horizontal downwardly delivering heater
      supported on said frame; a grill for supporting a food portion to be
      broiled with respect to said frame and below said upper heat source; means
      adapted to reciprocate said upper heat souce with respect to said grill
      and said grill with respect to said upper heat source in a horizontal
      plane beneath said heat source and transversely of the longitudinal axis
      thereof in a manner to repeatedly bring all areas of a food portion on
      said grill into and out of vertical alignment beneath said heat source.
NUM  2.
PAR  2. The apparatus of claim 1 and a lower, upwardly delivering, heat source
      supported on same frame below said grill in generally centered vertical
      relation with respect to and underneath said upper heat souce.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the heat source includes at least two
      such horizontal upper heaters in spaced parallel relation to each other;
      and wherein there is means adapted to cause the heat input from said heat
      source to a food portion to be relatively even over an entire upper
      surface area of said food portion, said means to cause even heat input
      including said means adapted to reciprocate said grill with respect to
      said upper burners.
NUM  4.
PAR  4. The apparatus of claim 3 and an elongated, horizontal, upwardly
      delivering lower heat source supported on said frame below said grill in
      parallel relation to said upper heaters and equidistant from each.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said upper heaters are each constituted
      as downwardly firing upper gas burners.
NUM  6.
PAR  6. The apparatus of claim 5;
PA1  a. wherein said upper gas burners each include:
PA2  1. a cooking flame tube having vertical, downwardly opening cooking flame
      orifices therethrough, and
PA2  2. a kindling flame tube having downwardly opening kindling flame orifices
      therethrough;
PA1  b. said tubes being so arranged that said kindling flame orifices open to
      position immediately adjacent said cooking flame orifice openings;
PA1  c. means for supplying siad cooking flame tube with a combustible gas-air
      mixture under a pressure in excess of that at which flames fed by said
      cooking flame mixture through said cooking flame orifices can be sustained
      adjacent the cooking flame tube; and
PA1  d. means for supplying said kindling flame tube with a combustible gas-air
      mixture under a pressure such that flames fed by said kindling flame
      mixture through said kindling flame orifices will be stable and will
      kindle a cooking flame at each cooking flame orifice.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said upper burners are vertically
      adjustably mounted on the frame in relation to the grill; and said lower
      burner is vertically adjustably mounted on the frame in relation to the
      grill.
NUM  8.
PAR  8. The apparatus of claim 6 and means to ignite kindling flames at each
      kindling flame orifice.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said means to ignite includes:
PA1  a. a pilot light;
PA1  b. said kindling flame tube being provided with a continuous longitudinal
      ribbon flame slot open from the interior of said tube to position adjacent
      the opening of each of said kindling flame orifices from said kindling
      flame tube; and
PA1  c. a flash tube positioned to carry gas-air mixture from outside said slot
      to said pilot light and to carry flame from said pilot light to outside
      said slot.
NUM  10.
PAR  10. The apparatus of claim 8 and an elongated, horizontal, upwardly
      delivering lower heat source located below said grill in parallel relation
      to said upper burners and equidistant from each.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said lower heat source is constituted
      as an upwardly firing lower gas burner.
NUM  12.
PAR  12. The apparatus of claim 11 and means to ignite said lower gas burner.
NUM  13.
PAR  13. The apparatus of claim 6 wherein said means for supplying said cooking
      flame tube with a gas-air mixture includes:
PA1  a. an air pressure supply means;
PA1  b. a cooking gas supply line adapted to lead from a source of gas under
      pressure;
PA1  c. a cooking flame supply pipe open to said cooking flame tube;
PA1  d. an air tube open to a discharge outlet of said air supply means;
PA1  e. means for mixing gas from said supply line and air from said air tube
      and delivering it to said cooking flame tube through said supply pipe; and
PA1  f. means to control the ratio of gas to air delivered into said supply
      pipe.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said means for supplying said
      kindling flame tube with a gas-air mixture includes means for utilizing a
      portion of the output of air from said air pressure supply means.
NUM  15.
PAR  15. The apparatus of claim 8 wherein said means for supplying said cooking
      flame tube with a gas-air mixture includes:
PA1  a. an air pressure supply means;
PA1  b. a cooking gas supply line adapted to lead from a source of gas under
      pressure;
PA1  c. a cooking flame supply pipe open to said cooking flame tube;
PA1  d. a venturi tube on said cooking gas supply line and open into the cooking
      flame supply pipe;
PA1  e. an air tube open from a discharge outlet of the air pressure supply
      means to a low pressure zone in the cooking flame supply pipe adjacent the
      venturi tube; and
PA1  f. means to control the ratio of gas to air delivered into the supply pipe.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said means for supplying the kindling
      flame tube with a gas-ari mixture includes means for utilizing the portion
      of the output of air from said air pressure supply means.
NUM  17.
PAR  17. The apparatus of claim 16 wherein said means for utilizing a portion of
      the output of air from said air pressure supply means includes at least
      one bleed passageway open between said cooking flame tube and said
      kindling flame tube, said passageway being of size to permit said gas-air
      mixture in said cooking flame tube to establish and maintain a
      substantially lesser static pressure in said kindling flame tube than that
      in said cooking flame tube when said upper burner is in operation.
NUM  18.
PAR  18. The apparatus of claim 15 wherein said air pressure supply means
      includes an air pump of a type that, when inoperative, has an open passage
      for air from an entrance opening through said discharge outlet.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said air pump is a centrifugal
      blower.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said means for supplying said
      kindling flame tube with a gas-air mixture includes:
PA1  a. a kindling gas supply line adapted to lead from a source of gas under
      pressure;
PA1  b. a kindling flame supply pipe open to said kindling flame tube;
PA1  c. a venturi tube on said kindling gas supply line and open into the
      kindling flame supply pipe;
PA1  d. an air tube open from a discharge outlet of the centrifugal air blower
      to a low pressure zone in the kindling flame supply pipe adjacent the
      venturi tube; and
PA1  e. means to control the ratio of gas to air delivered into the kindling
      flame supply pipe.
NUM  21.
PAR  21. The apparatus as specified in claim 20, an elongated, horizontal,
      upwardly delivering, lower gas burner located below said grill in parallel
      relation to said upper burners and equidistance from them; a lower burner
      gas supply line adapted to lead from a source of gas under pressure; and
      means to ignite said lower burner.
NUM  22.
PAR  22. The apparatus of claim 21 and control means including:
PA1  a. normally closed upper burner valve means in the gas supply lines to said
      cooking flame tube and to said kindling flame tube;
PA1  b. a normally closed lower burner valve in the lower burner gas supply
      line;
PA1  c. an upper burner timer;
PA1  d. a lower burner timer,
PA1  e. means including manually operable "Push to Start" switches operable to
      actuate said upper burner valve means, said lower burner valve, said means
      to reciprocate said grill, said centrifugal blower, and said ignition
      means;
PA1  f. said cooking flame timer being operative to deactivate said upper burner
      valve means when a predetermined time period has elapsed after activation;
PA1  g. said lower burner timer being operative to deactivate said lower burner
      valve when a predetermined time period has elapsed after activation; and
PA1  h. means to deactivate said reciprocating means, said centrifugal blower
      and said ignition means upon deactivation of both said valves.
NUM  23.
PAR  23. The apparatus of claim 22 wherein said upper burner timer and said
      lower burner timer are adjustable to permit the amount of time said upper
      burners direct heat toward said grill and the amount of time said lower
      burner provides heat under the grill to be selectively predetermined.
NUM  24.
PAR  24. The apparatus of claim 23 wherein said upper burners are vertically
      adjustably mounted on the frame in relation to the grill; and said lower
      burner is vertically adjustably mounted on the frame in relation to the
      grill.
NUM  25.
PAR  25. The apparatus of claim 3 wherein said means adapted to reciprocate said
      grill incudes:
PA1  a. a crane arm rotatbly mounted with respect to said frame;
PA1  b. power means for rotating said crank arm once for each desired cycle of
      grill reciprocation; and
PA1  c. a grill drive linkage pivotally connected between said grill and said
      crank arm.
NUM  26.
PAR  26. The apparatus of claim 25 and adjustable means for pivotally connecting
      said linkage to said crank arm at different distances from the center of
      rotation of the crank arm to afford different lengths of reciprocation by
      the grill to accommodate different lengths of food portions.
NUM  27.
PAR  27. The apparatus of claim 26 wherein said means adapted to cause uniform
      heat input is constituted as means for speeding up the speed of rotation
      of the crank arm as that arm moves the grill through outer end portions of
      its movement.
NUM  28.
PAR  28. An apparatus for broiling a portion of food while positioned on a
      platter having an upstanding, juice-retaining lip around the outer
      periphery thereof, said apparatus including a frame; an elongated,
      horizontal, downwardly delivering, upper heat source having at least one
      elongated horizontal downwardly delivering heater; a grill adapted to
      support below said upper heat source a platter with an upstanding lip,
      and, on it, a food portion to be broiled; means adapted to reciprocate
      said grill with respect to said frame in a horizontal plane beneath said
      heat source and transversely of the longitudinal axis thereof in a manner
      to repeatedly bring all areas of a food portion on a platter on said grill
      into and out of vertical alignment beneath said heat source.
NUM  29.
PAR  29. The apparatus of claim 28 wherein the heat source includes at least two
      such horizontal upper heaters in spaced parallel relation to each other;
      and wherein there is means adapted to cause the heat input from said heat
      source to a food portion on a platter to be relatively even over the
      entire upper surface of said food portion; said means to cause even heat
      input including said means adapted to reciprocate said grill.
NUM  30.
PAR  30. The apparatus of claim 27 wherein said upper heaters are each
      constituted as downwardly firing upper gas burners.
NUM  31.
PAR  31. The apparatus of claim 30;
PA1  a. wherein said upper gas burners each include:
PA2  1. a cooking flame tube having vertical, downwardly opening cooking flame
      orifices therethrough; and
PA2  2. a kindling flame tube having downwardly opening kindling flame orifices
      therethrough;
PA1  b. said tubes being so arranged that said kindling flame orifices open to
      position immediately adjacent said cooking flame orifice openings;
PA1  c. means for supplying said cooking flame tube with a combustible gas-air
      mixture under a pressure in excess of that at which flames fed by said
      cooking flame mixture through said cooking flame orifices can be sustained
      adjacent the cooking flame tube; and
PA1  d. means for supplying said kindling flame tube with a combustible gas-air
      mixture under a pressure such that flames fed by said kindling flame
      mixture through said kindling flame orifices will be stable and will
      kindle a cooking flame at each cooking flame orifice.
NUM  32.
PAR  32. The apparatus of claim 31 and means to ignite kindling flames at each
      kindling flame orifice.
NUM  33.
PAR  33. The apparatus of claim 32 wherein said means to ignite includes;
PA1  a. a pilot light;
PA1  b. said kindling flame tube being provided with a continuous longitudinal
      ribbon flame slot open from the interior of said tube to position adjacent
      the opening of each of said kindling flame orifices from said kindling
      flame tube; and
PA1  c. a flash tube positioned to carry gas-air mixture from outside said slot
      to said pilot light and to carry flame from said pilot light to outside
      said slot.
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PAL  A solar heat exchanger comprises:
PAL  A. a base and an extended surface thereon for facing frontwardly toward the
      sun,
PAL  B. means communicating with said surface to conduct liquid to flow in
      dispersed condition adjacent said surface, and
PAL  C. a sheet overlying said surface and spaced therefrom sufficiently closely
      to cooperate therewith for filming the flowing liquid, said sheet adapted
      to receive solar radiation for promoting heat transfer to the filmed and
      flowing liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to solar heat collection, and more
      particularly concerns a solar heat collector of simple and inexpensive
      design and mode of operation, wherein solar heat is transferred to flowing
      liquid.
PAR  In the past, solar heat collection has involved relatively complex,
      expensive equipment. Where heat was transferred to liquid the amount of
      solar heat transferred to the liquid per unit of energy input to move the
      liquid was undesirably low, resulting in relatively low efficiency. In
      particular, no way was known to provide the simple, efficient,
      lightweight, modular solar heat collector having the wide range of utility
      as now afforded by the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide a solar heat collector
      overcoming the problems and shortcomings referred to. Basically, the
      collector comprises a base with an extended surface thereon to face
      frontwardly toward the sun; means communicating with that surface to
      conduct liquid to flow in dispersed condition adjacent that surface; and a
      sheet overlying the surface and spaced from it sufficiently to cooperate
      in filming the flowing liquid, the sheet adapted to receive solar
      radiation for promoting heat transfer to the filmed and flowing liquid. In
      one example, the sheet is translucent and the surface is dark or darkened
      to absorb solar radiation transmitted through the sheet and through the
      liquid film, for converting the absorbed radiation to heat to be
      transmitted to the filmed and flowing liquid. Further, a translucent panel
      may overlie the sheet in spaced relation thereto for producing a so-called
      "greenhouse" effect, to minimize convective heat loss. In another example,
      the sheet itself may incorporate, or constitute, a dark or darkened
      radiation absorber to produce heat conducted to the filmed and flowing
      liquid.
PAR  Additional objects include the provision of a base consisting of plastic
      material, the sheet also consisting of plastic material; the provision of
      metallic base and sheet elements; the provision of ducting communicating
      with the base to receive the draining liquid; the provision of multiple
      modular solar heat collector units as described and their connection in
      tandem or series; and the provision of means to cause the draining liquid
      to flow tortuously, as will be seen.
DRWD
PAR  These and other objects and advantages of the invention, as well as the
      details of an illustrative embodiment, will be more fully understood from
      the following description and drawings, in which:
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a side elevation, in section, showing a solar heat collector
      embodying the invention;
PAR  FIG. 2 is a frontal view showing a pair of heat collectors connected in
      series; and
PAR  FIG. 3 is a side elevation, in section, showing a modified collector.
DETD
PAC  DETAILED DESCRIPTION
PAR  The invention basically comprises a solar heat exchanger having a base and
      an extended surface thereon for facing frontwardly toward the sun; means
      communicating with that surface to conduct liquid to flow adjacent that
      surface, as by gravity flow; and a sheet overlying that surface and spaced
      therefrom to cooperate with the surface for filming the flowing liquid,
      the sheet adapted to receive solar radiation for promoting heat transfer
      to the flowing liquid. In FIGS. 1 and 2 the base 10 of the collector 11
      typically consists of molded plastic material, as for example polyurethane
      or ABS, which is lightweight and relatively inexpensive. The base, of
      rectangular outline, has opposite sides 12 and 13, top 14, bottom 15 and
      back and front surfaces 16 and 17. If desired, a lightweight metallic
      frame 18 may be provided to extend about the base, as seen in FIG. 1.
      Further, the base may itself consist of lightweight metallic material,
      particularly at surface 17.
PAR  Also in FIGS. 1 and 2, the means to conduct fluid to flow adjacent surface
      17, which is recessed into the base, may comprise a duct 20 extending
      horizontally laterally in the base beneath the level of surface 17, and
      small openings 21 communicating between duct 20 and the upper extent of
      surface 17. Duct 20 may consist of plastic pipe molded into the base, such
      pipe projecting at 20a in FIG. 2.
PAR  The sheet 22 in FIG. 1 consists of thin plastic material, as for example
      MYLAR, which is transparent, or at least translucent, to transmit sun
      light to impinge on surface 17. The latter is dark to absorb solar
      radiation, and may be covered with black paint for example; as a result,
      the absorbed radiation is converted to heat which is transferred by
      conduction to the water or liquid filming at 23 over and draining
      downwardly along the surface in the small gap between the surface 17 and
      sheet 22. Sheet 22 may be peripherally retained to the base in any
      suitable manner.
PAR  The surface 17 is typically tilted downwardly at an angle sufficient to
      promote downward drainage of the filming liquid 23 for reception and
      outward drainage as via a duct 24 in the base. FIG. 2 shows a modified
      duct 24a extending laterally from the lower interior of the base. That
      duct may be connected with the inlet 20a of an adjacent and like collector
      11, so that the liquid may be heated further. If desired, a pump may be
      utilized in the connecting pipe stretch 25, as indicated at 26. FIG. 1
      shows a support 27 extending from the rear side of the base to the ground
      level to retain the base in angled position with surface 17 directed
      toward impinging sunlight.
PAR  A further feature shown in FIG. 1 comprises a translucent or transparent
      panel 28 outwardly spaced from sheet 22 and extending generally parallel
      thereto. Panel 28, as for example consisting of plastic or glass, protects
      and confines space 29 containing air trapped between the sheet and panel,
      producing a so-called "greenhouse" effect. The latter is characterized by
      entrapment of heat in space 29 enhancing the heat collection and transfer
      efficiency of the device. Vents 30 in the base may release excess heat in
      space 29 so as to avoid melting of the plastic materials of which the
      collector unit is made.
PAR  If desired, the sheet 22 may itself be darkened so as to absorb solar
      radiation and transmit heat to the liquid filming and draining at 23. It
      should be observed that sheet 22 is flexible and tends to drape against
      surface 17 in the absence of liquid flow as described. Alternatively, the
      sheet 22 may be darkened and consist of metallic material closely spaced
      to surface 17, one example being aluminum painted a dark color on both
      sides.
PAR  In FIG. 3, the modified base 10a has button-like protuberances 35 molded or
      formed integrally therewith to stand out from water filming surface 17a.
      Sheet 22a then drapes or extends over the protuberances 35 for filming the
      liquid draining downward adjacent and between the protuberances. The
      latter may be staggered over the surface 17a to cause the liquid to flow
      tortuously, for enhanced heat transfer. Water supply and collection
      channels appear at 40 and 41.
PAR  In FIG. 2, inlet ducts 20a in successive collectors may be directly
      interconnected, and outlet ducts 24a may also be directly connected, so
      that the collectors are connected in parallel rather than series.
PAR  The surface of base 10 facing sheet 22 may consist of a thin metallic skin,
      such as aluminum.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a solar heat exchanger, the combination comprising
PA1  a. a base and an extended metallic surface thereon for facing frontwardly
      toward the sun, the base including plastic material at the rear side of
      said metallic surface,
PA1  b. means communicating through said plastic material and with said surface
      to conduct liquid to flow in dispersed condition adjacent the front side
      of said surface, and
PA1  c. a sheet overlying said surface and spaced therefrom sufficiently closely
      to cooperate therewith for filming the flowing liquid, said sheet adapted
      to receive solar radiation for promoting heat transfer to the filmed and
      flowing liquid,
PA1  d. a translucent panel overlying said sheet and spaced therefrom, and
PA1  e. said base having a portion extending at the peripheries of said panel
      and sheet to enclose said space therebetween, there being vent means in
      said base portion to release heat from said enclosed space.
NUM  2.
PAR  2. The heat exchanger of claim 1 wherein the sheet is translucent and said
      surface is relatively dark to absorb impinging solar radiation transmitted
      through the sheet and liquid film for converting the absorbed radiation to
      heat to be transmitted to the filmed and flowing liquid.
NUM  3.
PAR  3. The heat exchanger of claim 2 wherein said sheet consists of plastic
      material.
NUM  4.
PAR  4. The heat exchanger of claim 1 wherein said sheet includes a darkened
      layer to absorb impinging solar radiation for conversion to heat to be
      transmitted to the filmed and flowing liquid.
NUM  5.
PAR  5. The heat exchanger of claim 4 wherein said sheet consists of metallic
      material.
NUM  6.
PAR  6. The heat exchanger of claim 1 including ducting extending through said
      plastic material and communicating with said surface to receive and
      conduct liquid that has been heated in flowing adjacent said surface.
NUM  7.
PAR  7. The heat exchanger of claim 6 wherein said surface is tilted to extend
      downwardly at an angle relative to vertical to effect downward gravity
      flow of said liquid adjacent said surface.
NUM  8.
PAR  8. Multiple heat exchanger as defined in claim 6 with said ducting
      associated with one exchanger connected with said means to conduct liquid
      to another heat exchanger.
NUM  9.
PAR  9. The heat exchanger of claim 1 wherein there are protuberances extending
      between the sheet and said surface to cause the liquid to drain in a
      tortuous flow pattern.
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ABST
PAL  A belly-band having magnetic medical treatment apparatus attached thereto
      comprising a double layer main body including a rubberized textured outer
      layer and an inner cloth layer sewed together, first bristle hook pieces
      at one end and on one side of the main body, similar second bristle hook
      pieces, and a plurality of rows of magnet assemblies positioned between
      said outer and inner layers in an intermediate section of the main body
      between the opposite ends thereof.
BSUM
PAR  The present invention relates to a medical treatment apparatus, such as a
      belly-band to be worn around the belly of a user. In particular, the
      invention relates to a belly-band having magnetic medical treatment means
      attached thereto so that the belly-band can serve to protect the user's
      belly from being chilled and at the same time to magnetically treat any
      affected part of the user's body.
PAC  BACKGROUND OF THE INVENTION
PAR  Most of the prior art belly-bands have been formed by knitting woolen yarn
      or mixture of woolen yarn and rubberized yarns into a ring shape. Some of
      the prior art belly-bands are formed by a strip of cloth being wound
      around the belly of a user to protect the belly from being chilled.
      Furthermore, belly-bands which are particularly adapted to protect a
      person who rides a horse or motorcycle against gastroptosis have been
      proposed and employed with certain success and these belly-bands have been
      formed of a piece of leather having a buckle which secures the opposite
      ends of the band together. These leather belly-bands can not be used as a
      general purpose belly-band.
PAR  The knitted woolen or combined woolen and rubberized yarn belly-band has an
      advantage in keeping the belly warm, but such a knitted belly-band can not
      be satisfactorily held on the belly with the required firmness. In
      addition, after the knitted belly-band has been repeatedly used, the
      woolen yarns gradually lose their elasticity. As a result, the belly-band
      whose woolen yarns have lost their elasticity can not be held in position
      and frequently and/or invariably slip off the belly. Furthermore, the
      knitted prior art belly-band would become worn away to the degree that the
      belly-band can not be used for its expected practical purpose.
PAR  Although the belly-band comprising a strip of cloth as referred to above is
      less expensive as compared with the knitted belly-band, it requires
      tedious manual work in winding the belly-band around the belly of a person
      and a skill in obtaining a desired thickness of the band on the belly.
      That is, when the cloth belly-band is too tightly applied around the
      belly, the user feels a sense of compression. On the other hand, when the
      cloth belly-band is too loosely applied around the belly, the band would
      easily slip off the belly and become useless as the belly-band. The cloth
      belly-band further has the disadvantage that even if the cloth belly-band
      has been applied around the belly with a suitable tightness, each time the
      wearer eats a meal, he must loosen or unwind the belly-band and after the
      meal, he must rewind the band around the belly with a suitable tightness.
      In addition, it is difficult to maintain the ends of the cloth belly-band
      in a stabilized state.
PAR  In order to eliminate the disadvantages inherent in the prior art
      belly-bands referred to above, an improved belly-band has been proposed
      and the improved belly-band comprised a relatively thin rubberized web
      main body, a similar configurated relatively thick rubberized main body
      and having piles on the other side or exposed side, said main body and
      textured member being sewed together all along their peripheral edges, and
      a plurality of synthetic resin hook pieces sewed to the other side of the
      main body and having bristles on the exposed side whereby when the
      belly-band is applied around the belly of a user, the bristles of the hook
      pieces interlock with the piles of the textured member. Although the
      last-mentioned belly-band has successfully eliminated the disadvantages
      inherent in the knitted woolen yarns, combination of woolen yarns and
      rubberized yarns, leather and cloth belly-bands, the last-mentioned
      belly-band which is disclosed in U.S. Pat. No. 3,623,488 is only effective
      in protecting the user's belly from being chilled or in protecting a
      motorcycle or horse rider against gastroptosis, but it is ineffective in
      treating any affected part of the body of a wearer.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a medical treatment apparatus adapted to be
      removably secured to a body of the user or to a portion of the body of the
      user. The apparatus includes a flexible main body, and medical treatment
      means connected to the flexible main body. The medical treatment means is
      disposed on the flexible main body to provide at least one predetermined
      section on the flexible main body between the medical treatment means for
      receiving at least one bone of the user when the apparatus is secured to
      the user.
PAR  A principal object of the present invention is to provide a novel and
      improved medical treatment apparatus, such as a belly-band, having
      magnetic medical treatment means secured thereto which can effectively
      protect the belly of the wearer from being chilled or against gastroptosis
      and at the same time, treat any affected part of the wearer's body by the
      utilization of magnetism obtainable from the magnetic medical treatment
      means.
PAR  Another object of the present invention is to provide a novel and improved
      belly-band having magnetic medical treatment means attached thereto, in
      which the magnetic medical treatment means are quite simply and positively
      attached to the main body of the band.
PAR  Another object of the present invention is to provide a novel and improved
      belly-band having magnetic medical treatment means attached thereto in
      which the magnetic medical treatment means comprise a plurality of
      laterally spaced magnet rows each comprising a plurality of vertically
      spaced magnets are positioned in the intermediate section of the band
      between the opposite ends thereof with the spacing between adjacent magnet
      rows corresponding to the position of each of the bones in the back of the
      wearer and in which first bristle hook pieces are provided at one end of
      the band on one side thereof and second or mating bristle hook pieces are
      provided at the other end of the band on the other side thereof for
      selective interlocking with the first bristle hook pieces to thereby
      firmly hold the band on the belly of the wearer.
PAR  A further object of the present invention is to provide a novel and
      improved belly-band having magnetic medical treatment means attached
      thereto in which the magnetic medical treatment means are received in
      their attachment pieces and are held in position by means of adhesive
      cellophane tape or strips.
PAR  The above and other objects and attendant advantages of the present
      invention will be more apparant to those skilled in the art from a reading
      of the following detailed description in conjunction with the accompanying
      drawing which illustrates one preferred embodiment of a belly-band having
      magnetic medical treatment means attached thereto constructed in
      accordance with the present invention for illustrative purpose only, but
      not limiting the scope of the same in any way.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawing shows one preferred embodiment of a belly-band
      having magnetic medical treatment means attached thereto; in which
PAR  FIG. 1 is an elevational view of a belly-band, with a portion broken away,
      of the invention showing the inner or reverse side of the band which
      directly contacts the belly of a human body when worn on the belly;
PAR  FIG. 2 is a fragmentary view of said belly-band on an enlarged scale, with
      a portion of the innermost cloth layer of the band broken away, to show
      the novel magnetic medical treatment means of the invention; and
PAR  FIG. 3 is a cross-sectional view taken substantially along the line A -- A
      of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  The present invention will now be described referring to the accompanying
      drawing which shows one preferred embodiment of a medical treatment
      apparatus, such as a belly-band according to the invention. The belly-band
      generally comprises a main body 1 in the form of an expansible rubberized
      web which has such a length and width that, when worn around the belly of
      a user, the opposite free ends of the band will overlap one upon another
      and cover the entire belly. The main body 1 includes a substantially
      constant width intermediate section, and opposite end sections which have
      a width narrower than that of the intermediate section.
PAR  The main body 1 comprises an expansible thicker rubberized textured outer
      layer 2 to one side or the outer side of which a great number of napping
      piles 3 are adhered by means of a suitable conventional adhesive, and a
      thinner inner cloth layer 4 having substantially the same size as the
      rubberized textured outer layer 2 and sewed to the other side or inner
      side of the textured outer layer 2 all along the peripheral edges of both
      the layers. A folded rubberized strip 6 is applied all along 2 and 4,
      respectively, with the opposite folded portions of the strip 6 embracing
      the peripheral edges of both the rubberized textured and cloth layers and
      sewed to the two layers by means of a stitch thread 7 to thereby complete
      the main body 1. A small piece of cloth 5 is sewn to the side of the cloth
      layer 4 opposite from the rubberized textured layer 2 adjacent to one end
      or the right-hand end of the main body 1 (as seen in FIG. 1) and a portion
      6' of the top edge of the cloth piece 5 is left unsewed so as to provide a
      pocket. The unsewed portion of the top edge of the cloth piece 5 is also
      embraced by a folded rubberized strip sewed thereto.
PAR  Medical treatment means including a plurality of small cicular flat magnets
      8 are provided in four laterally spaced rows in the intermediate section
      of the main body 1 between the textured and cloth layers 2 and 4,
      respectively, and each row includes a plurality of vertically spaced
      magnets (four magnets in each row in the illustrated embodiment). The
      magnets 8 in each row are received in the corresponding number of holes 10
      formed in its associated attachment piece 9 which has a width greater than
      the diameter of the magnets 8 and which is held in position by means of an
      adhesive cellophane strip 11 applied on the side of the magnets 8 opposite
      from the attachment piece 9 and having a width smaller than the diameter
      of the magnets 8. A cloth strip 12 is further applied on the cellophane
      strip 11 and has a width greater than that of the attachment piece 9.
PAR  The cloth strips 12 are sewed to the inner side of the cloth layer 4 in the
      intermediate section of the main body 1 all along their peripheral edges
      as shown with numeral 13 so as to hold the magnets 8 in position. The
      attachment pieces 9 have substantially the same thickness as the flat
      circular magnets 8 and are formed of a foam synthetic resin (or the
      attachment pieces 9 may be formed of sponge rubber). The lateral spacing
      or predetermined section 14 between the adjacent vertical magnet rows is
      so selected that when the belly-band is properly worn on the belly of a
      user, the bones in the back of the user are positioned in the spacings 14.
PAR  A plurality of vertically-spaced hook pieces 15 formed of synthetic
      bristles are sewed to the inner side of the cloth layer 4 and thus, the
      inner side of the main body 1 at the end thereof opposite from the end
      where the cloth piece or pocket 5 is formed. Although not shown, similar
      mating bristle hook pieces are sewed to the outer side of the main body 1
      in a vertically spaced relationship and in a plurality of laterally spaced
      rows. The bristle hook pieces on the opposite sides of the main body 1
      interlock with each other when the user wears the belly-band around his
      belly so that the belly-band may be held on the belly with a suitable
      tightness and a comfortable elasticity afforded by the elasticity of the
      entire belly-band. The provision of the plurality of laterally spaced
      bristle hook pieces on the outer side of the main body 1 enables the user
      to select one suitable row of the mating bristle hook pieces out of the
      plural rows depending upon the peripheral size of his belly.
PAR  With the above construction and arrangement of the component parts of the
      belly-band having magnetic medical treatment means attached thereto
      constructed in accordance with the present invention, when the user wears
      the belly-band around his belly so as to position the spacings 14 between
      the adjacent magnet rows on the bones in the back of his body and then
      bring the bristle hook pieces 15 at one end of the main body into
      engagement with one selected row of the mating similar bristle hook pieces
      at the other end, the main body serves to protect the belly from being
      chilled, while the magnetism from the magnets penetrates deep into his
      body to treat the belly and other parts of his body.
PAR  And since the magnets are received in the hole in the foam synthetic resin
      attachment pieces and held in position by the cellophane strips 11 both of
      which attachment pieces 9 and cellophane strips 11 are sewed to the main
      body 1 together with the cloth strips 12, the magnets 8 can be firmly held
      against dislodgment and/or falling off. Furthermore, the belly-band can be
      easily worn by a user requiring no tedious procedure and enjoys a
      relatively prolonged service life. Finally, since the magnets 8 are
      received in the foam synthetic resin attachment pieces 9, only the area
      where the magnets 8 are located is hard and the remainder of the band is
      soft. As a result, the magnets 8 provide a kind of finger-pressure
      treatment action.
PAR  A medical treatment apparatus according to the present invention has been
      described above with reference to a belly-band. However, various other
      forms of such apparatus are also contemplated by the invention, e.g.,
      belts, garments, bands, waistcoats, underclothing, and other articles of
      apparel.
PAR  While only one embodiment of the invention has been shown and described in
      detail it will be understood that the same is for illustration purpose
      only and not to be taken as a definition of the invention, reference being
      had for this purpose to the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A magnetic medical treatment belly-band adapted to be removably secured
      to a body of a user or to a portion of the body of said user and wherein
      magnetic force is utilized to achieve a desired magnetic flux which is
      caused to act upon the body of the user, comprising, in combination:
PA1  a flexible main body having such a length that when it is worn around a
      portion of the body of said user, the opposite ends overlap each other;
PA1  and wherein said flexible main body includes:
PA1  a thick rubberized textured layer;
PA1  a thinner piece of cloth having a configuration substantially corresponding
      to that of said thick rubberized textured layer and sewed to one side of
      said thick rubberized textured layer;
PA1  said piece of cloth having a size smaller than that of said rubberized
      textured layer with respect to the length and width thereof;
PA1  a plurality of bristle hook pieces disposed on the side of said cloth piece
      opposite from said thick rubberized textured layer at one end of said main
      body;
PA1  a plurality of similar bristle hook pieces disposed on the side of said
      thick rubberized textured layer opposite from said cloth piece at the
      other end of said main body for selectively interlocking with said
      first-mentioned bristle hook pieces;
PA1  a pocket provided on said one side of said cloth piece adjacent said other
      end of said main body;
PA1  said flexible main body being provided with a plurality of magnet receiving
      detachment pieces disposed in laterally spaced rows between said
      rubberized textured layer and said cloth piece in the intermediate section
      of said main body between the opposite ends thereof;
PA1  and medical treatment means including a plurality of laterally spaced
      magnet rows interposed between said rubberized textured layer and said
      cloth piece in the intermediate section of said main body between the
      opposite ends thereof, said medical treatment means being connected to
      said flexible main body;
PA1  each of said magnet rows includes a plurality of vertically spaced magnets;
PA1  each said attachment piece having substantially the same thickness as said
      magnets and having a plurality of vertically spaced holes each receiving
      one of said magnets;
PA1  an adhesive tape which is connected to the magnets of each magnet row to
      hold said magnets in position and which is sewed to said one side of said
      cloth piece; and
PA1  said medical treatment means being disposed on said flexible main body to
      provide at least one predetermined section on said flexible main body
      between adjacent magnetic receiving attachment pieces for receiving at
      least one bone of said user when said belly-band is secured to said user.
NUM  2.
PAR  2. A medical treatment apparatus according to claim 1, wherein:
PA1  said flexible main body comprises an elongated elastic main body.
NUM  3.
PAR  3. A medical treatment apparatus according to claim 1, wherein:
PA1  each of said magnets is in the form of a circular flat magnet.
NUM  4.
PAR  4. A medical treatment apparatus according to claim 1, wherein:
PA1  said rubberized textured layer is expansible.
NUM  5.
PAR  5. A medical treatment apparatus according to claim 4, wherein:
PA1  said magnet receiving attachment pieces are formed of synthetic resin.
NUM  6.
PAR  6. A medical treatment apparatus according to claim 1, wherein said magnet
      receiving attachment pieces are formed of sponge rubber.
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ABST
PAL  A dental impression tray fastened to teeth in one quadrant, supports
      through a semi-rigid, non-resilient member, an electric transducer having
      an input probe positioned against the lingual surface of a tooth. A strip
      chart recorder is electrically coupled to the transducer and produces a
      graph in response to movement of the tooth caused by externally manually
      applied bi-directional forces on the tooth. A special tool is employed to
      apply forces, being adapted not only to movement of molars, but also
      incisors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to dentistry, and more particularly to a
      method and apparatus for graphically recording tooth mobility.
PAR  2. Description of the Prior Art
PAR  It is accepted knowledge that tooth loss in adults over (30) years of age
      is more a result of periodontal disease than caries. Periodontists
      (dentists specializing in the treatment of the supporting structures of
      the teeth) as well as many dentists in general practice, prescribe various
      medicaments, surgical procedures, and medical treatments to maintain the
      health of these structures. If treatment is not sought or is unsuccessful,
      the teeth of affected people will become mobile, be painful, and, in
      severe cases, if not extracted, will fall out. The primary supporting
      structures of teeth are usually thought of as the root, the periodontal
      membrane (sometimes referred to as the periodontal ligament) which
      separates the root from the bone. The bone, and the tissue which covers
      the bone.
PAR  The most pertinent work of which I am aware in this particular field of
      determining tooth mobility, is reported in the following literature:
PA1  1. An article entitled "An Electronic Strain Gauge for Measuring Oral
      Forces" reported in the Journal of Dental Research, Dec., 1948, Vol. 27,
      No. 6, Pgs. 705-712.
PA1  2. An article entitled "10 years of Tooth-Mobility Measurements" by Hans R.
      Mullemann which appeared in the Journal of Periodontometry, Pages 110
      through 122, Volume 31, 1960.
PA1  3. An article entitled "An Instrument for Measuring Horizontal Tooth
      Mobility" which appeared on pages 1 through 7 of the Technical Documentary
      Report No. SAM-TDR-63-58 dated August 1963 by the USAF School of Aerospace
      Medicine Aerospace Medical Division (AFSC), Brooks Air Force Base, Texas.
PAR  It is an object of my invention to provide an improvement in the art of
      determining tooth mobility.
PAC  SUMMARY OF THE INVENTION
PAR  Described briefly, according to a typical embodiment of the present
      invention, a quadrant stock impression tray is temporarily secured to a
      quadrant of teeth in one quadrant of a lower or upper arch of teeth. This
      tray is used to provide a support for a sensor having a probe engaging a
      tooth of interest. Force is manually applied to the tooth, and the
      movement thereof, detected by the sensor, is recorded on a permanent
      record, typically a strip chart. The sensor can be moved from
      tooth-to-tooth for checking each of the teeth, in one quadrant. For
      checking teeth in another quadrant, the tray is moved and temporarily
      secured to teeth in whichever quadrant is appropriate for enabling
      positioning of the sensor for response to the teeth of interest at that
      particular time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the sensor and mount located for measurement
      of mobility of a tooth in the lower (mandibular) arch on the patient's
      left side.
PAR  FIG. 2 is a view of the transducer assembly itself, in an axial direction.
PAR  FIG. 3 is a block diagram of the entire apparatus.
PAR  FIG. 4 is an illustration of a tool specifically adapted to the practice of
      this invention.
PAR  FIG. 5 is an electrical diagram.
PAR  FIG. 6 is a diagram showing an example of a chart produced as a result of
      the practice of the method of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, and particularly FIG. 1, a
      quadrant impression tray 11 is attached to the teeth in the patient's
      mandibular arch, on his right side. The material used is the conventional
      dental impression material used by dentists and dental technicians. Some
      of this material can be seen at 12 exuding from between the teeth and the
      tray.
PAR  A displacement transducer assembly 13 includes a cylindrical housing 14, a
      mounting post 15 affixed thereto, and an armature probe 16. A nut 17
      threaded onto post 15 secures thereto a loop at one end of a flexible
      non-resilient mounting arm 18, extending therefrom to a mounting stud 19
      secured to the tray 11. The non-resiliency is needed where the arm is made
      of a solid wire as shown, in order to facilitate positioning of the
      transducer, without spring-back. A material suitable for this wire is
      99.999% pure aluminum annealed at 1100.degree.F. for fifteen minutes after
      swaged, and subsequently air cooled. If such material work hardens, it can
      be restored by simply passing through an alcohol flame. The arm 18 has a
      loop at the end thereof adjacent the tray. It is received on the stud 19
      and secured in place by a nut 20 threadedly received on the stud. An
      electrical conductor assembly 21 extends from the transducer assembly to
      circuitry which will be described later.
PAR  The nut 17 serves a dual purpose in that it secures the arm to the
      transducer housing, and also serves to receive a sensor-tooth manipulating
      tool which is used to position the sensor as will be described
      hereinafter. Such manipulating tool 22 is shown in a tooth manipulating
      mode, with the special notched end 23 thereof engaging the second lower
      incisor to facilitate the pushing and pulling thereof to obtain a mobility
      measurement.
PAR  Referring now to FIG. 2, the axial view of the transducer assembly shows
      the probe 16 at the center and supported in the housing by means of a
      spiral leaf type of spring 24, which is secured to the transducer housing
      14 around the circle 26 and is secured to the probe 16 at the center. The
      nut 17 holds the looped portion 18a of the member 18 tight against the
      boss 27 on the housing 14. Therefore, as the arm serves to support the
      housing 14, and the housing supports the probe which is movable axially
      with respect to the housing. The probe is directly connected to an
      armature or core of material suitable for transducers, and which is
      mounted to the support spring 24, and thereby is movable axially inside
      the housing 14. This arrangement is shown schematically in FIG. 5. The
      transducer produces an output voltage linearly and directly proportional
      to the movement of the tooth and which is displayed graphically on an X-Y
      strip-chart recorder, as will be described hereafter.
PAR  Referring now to FIG. 3, other components of the apparatus are shown. The
      cable assembly 21 has conductors therein connected to an oscillator 29 and
      demodulator 31, the circuits of which are connected to the power supply 32
      and chart recorder 33. A conventional 6 volt DC power supply which is
      reasonably free of drift can be used. An example is the solid-state 1-15
      volt DC regulated supply, catalog No. KIT IP-18, shown on page 54 of the
      Heathkit, Jan. 1974 catalog published by the Heath Company, of Benton
      Harbor, Michigan 40922. For the chart recorder itself, the Heathkit
      12-speed recorder No. KIT IR-18M, shown on page 63 of the same catalog,
      has been used successfully. Other power supplies and recorders might also
      be used.
PAR  Referring now to FIG. 5, along with FIG. 3, the transducer housing 14 shown
      schematically contains the primary coil 34, secondary coils 36 and 37 and
      an armature core 38 shown disposed in a neutral position. The primary and
      secondary coils of the transformer cooperate to produce negative and
      positive output voltage. The primary and secondary have the same number of
      windings, typically 500 turns for each half of the center tapped primary,
      and 500 turns for each of the secondary windings. Therefore, there is no
      voltage change, the primary having a total of one thousand turns, 500
      turns in each half thereof. The armature probe is shown at 16, and the
      spring mounting for it is represented schematically at 24.
PAR  The input from the power supply 32 of FIG. 3 is applied to the input
      terminals 39 and 41 of the oscillator section. This section includes the
      transistors 42, 43 and 44, and appropriate biasing and other resistors for
      operation at 20,000 Hz.
PAR  Each secondary winding output is connected by a full wave rectifier as at
      46 and 47 to output terminals 48. These output terminals are thereby
      adapted to provide a demodulated direct current output whose voltage level
      is directly proportional to the displacement of the armature with respect
      to the windings. Thus the transducer has a carrier oscillator operating at
      20,000 Hz and a demodulator which produces a high-level DC output voltage
      proportional to the linear displacement of the core. It has extremely high
      resolution, zero hysteresis, and non-linearity less than plus or minus
      0.5% of the total stroke of the armature. It operates on approximately 6
      to 7 volt direct current input from the power supply.
PAR  The aforementioned recorder has a multi-range voltage divider circuit at
      its input to scale DC voltages to the 10-millivolt recorder input or other
      desired scale. The output of the circuit in the illustrated example may be
      of the 100 millivolt range, and can be readily scaled down to match the
      level of the input.
PAR  Referring now to FIG. 4, there is shown an example of the manipulating tool
      used for placement of the probe, and for movement of a tooth being
      checked. This includes a central stem 51 having a knob 52 linearly
      slidable thereon. A forked portion 53 is provided at one end. A tooth
      manipulator head 54 is provided at the other end and includes a point 56
      for reception in a bicuspid or molar, and a notch 57 opposite the point,
      for reception therein, of an incisor.
PAR  A linearly movable end cap 58 is associated with the forked portion 53 and
      cooperates therewith to provide a hexagonal aperture 59 of a size adapted
      to reception on the nut 17 on the transducer mounting stud 15 shown in
      FIG. 2. This cap 58 is linearly movable axially of the stem 51 by movement
      of the knob 52. This is because a pair of wires 61 and 62 is secured in
      the knob by set screws such as 63 threadedly received in the knob and
      jamming the wire 61 against the wall of the aperture in the knob receiving
      the wire.
PAR  A collar 64 is affixed to the stem 51 to limit linear movement of the knob
      and cap 58 in the direction of arrow 66. The movement is desirable in
      order to open the aperture 59 somewhat to facilitate placement of the tool
      on the nut, and then the knob is manually pulled opposite the direction of
      arrow 66 to the position shown in FIG. 4 thereby firmly gripping the nut
      17 and enabling the movement of the sensor so as to position the probe
      thereof against any desired tooth, without the dentist or technician
      needing to have any portion of his or her hand in the mouth of the patient
      during the positioning of the probe.
PAR  The length of the tool between the knob and the cap 58 is preferably about
      21/2 inches. The length of the portion from the knob to the head 54 is
      preferably at least four and one-half inches, in order to avoid
      interference of the head with the hand of the operator as the sensor or
      transducer is being moved from one position to another.
PAC  OPERATION
PAR  In the use of the apparatus, an impression tray is filled with a suitable
      impression compound, and placed in the patient's mouth, just as it would
      be to make a dental impression. When the material has reasonably well set
      (in 5 minutes or less), the manipulating tool of FIG. 4 is employed to
      locate the probe of the sensor against whichever tooth in the opposite
      quadrant of the arch, is to be checked first. The probe is placed against
      the lingual (tongue or palatal) surface of the tooth approximately 3 to 4
      millimeters below the chewing surface of posterior teeth, and
      approximately 2 to 3 millimeters below the biting edge of anterior teeth.
      The teeth to be measured are opposite the impression tray. If the device
      is fastened to the teeth on the lower right side of the mandibular arch,
      the teeth being measured are on the lower left of the mandibular arch.
      Thus, a right-side tray is used. This is the same for the upper arch
      except that, in practice, the device is usually fastened to the lower
      right side, and then to the upper left, before changing to the left-side
      tray.
PAR  Once the probe position has been established, the manipulating tool is
      removed from the sensor mounting nut, the pen on the recorder is
      positioned electrically about midway across the chart, and the chart drive
      is activated. When the pen has been positioned about midway, and the chart
      drive has been started, the tooth engagement head 54 of the tool is placed
      upon the tooth. Whether the point or the notch of the head is used,
      depends upon what kind of tooth it is. Once this is established, the chart
      paper is driven, and the tooth is pushed manually in a lingual direction
      until a definite resistance to further pushing is felt, whereupon the pen
      position is noted. Then the force is reversed on the tool, and the tooth
      is pulled labially until a definite resistance is felt, and the excursion
      of the pen toward the opposite side of the chart is noted. Then the tooth
      is released, and the chart drive is stopped. While it is stated here that
      the pen position is noted, it is not essential that a conscious effort is
      made to note the pen position at the limit of tooth mobility in the labial
      and lingual directions as it is one of the advantages of this invention,
      that a permanent record is made automatically on the chart. However, the
      operator may feel it desirable to personally monitor the activity of the
      pen while checking a particular tooth of interest so as to see when and
      where further tooth movement in response to increased application of
      force, rapidly diminishes or terminates.
PAR  Then, with the opposite end of the tool, the transducer is moved to the
      next tooth of interest. Once the probe has been satisfactorily settled
      against the tooth, the chart paper is again started, and the tooth is
      pushed and pulled, as described above. Then the chart drive is stopped,
      the probe moved to the next tooth and so-on, until all teeth in that
      quadrant have been checked.
PAR  Then the impression tray is removed, new compound is placed in it, and it
      is mounted on a quadrant of the upper arch. Once the impression material
      has set, the procedure is repeated.
PAR  Then a second impression tray, being a mirror image of first, for mounting
      on the other two quadrants, is employed. The sensor mounting arm is
      removed from the first tray and fastened to the second tray, secured in
      position thereon. Then new impression material is placed in the second
      tray, and the tray is placed in position on the teeth in one of the two
      quadrants in which mobility of teeth has been recorded just previously.
      Then the teeth in the opposite quadrant are checked as previously
      described. Finally, the second tray is removed, new impression compound is
      placed in it, and it is mounted on the teeth in the remaining quadrant
      which had not yet been used as a sensor mount, and the procedure is
      repeated.
PAR  This procedure enables production of a complete graphical representation of
      the mobility of all of the teeth in the patient's mouth.
PAR  Referring now to FIG. 6, there is shown a graph representing the results of
      the present invention applied to a tooth. In this particular example, the
      subject tooth of interest was the upper right central incisor. The
      recorder chart drive was such as to drive the chart paper in the direction
      of arrow 71, and the ink pen movement in response to input voltage was
      transverse to this direction. Accordingly, at point 72 the chart was at
      rest, while the sensor and probe were positioned against the lingual
      surface of the upper right central incisor. Once the positioning was
      satisfactory, so that the axial direction of the probe was substantially
      perpendicular to the lingual surface of the incisor at a point of contact
      of the probe therewith, the chart drive was started. At this particular
      time, the position of the armature in the sensor was such as to establish
      an output voltage represented by the base line 73. Slight pushing of the
      tooth toward the tongue, resulting in movement in the lingual direction,
      resulted in the pen movement producing the point 74 upon the graph.
      Immediate reversal or pulling action causing movement to labial resulted
      in pen movement to point 76 as the chart continued to move at a constant
      speed. Release of external pressure from the tooth resulted in return of
      the pen to the stable or rest value at 77. Then, for establishing the
      mobility of the tooth for comparison purposes with that of other teeth,
      the tooth was again pushed, resulting in movement to lingual causing the
      pen to move to the point 78 on the curve. At this point, a definite
      significant resistance to further movement of the tooth resulted in
      significantly increased force application without significant movement or
      further deflection of the pen, whereupon the force applied by the tool 22
      was reversed, causing movement to labial to the point where the force
      again rose significantly with comparatively no further movement of the
      tooth, as designated by the point 79 on the graph. Release of the external
      force resulted in return of the tooth to the rest position, and this is
      represented at line 81 on the graph, this being aligned with the rest
      voltage levels previously experienced at 73 and 77, thus confirming the
      reliability of the initial base line as a reference.
PAR  Then the chart was stopped at line 82 and the probe repositioned on the
      same tooth. This time, because of the repositioning of the sensor body or
      transducer housing, the relative position of the armature to the coils in
      the transducer was slightly changed. Accordingly, as the chart was
      restarted, the rest or normal tooth position voltage level was at line 83.
      Then, upon pushing the tooth, it moved to a point designated 84 at which
      significant increases in pushing force did not result in any significant
      or noticable change in movement. Immediately thereafter and without
      removing the tooth manipulating tool 22 from the tooth, the pulling action
      was commenced causing movement to labial to a point 86 at which the force
      again rose sharply with no noticable increase in movement. Then, upon
      removal of the tool from the tooth, it returned to its normal rest
      position at 87. Again, this voltage level was essentially the same as that
      at 83. Thus the tooth mobility is represented by the total excursion of
      the tooth in response to the pushing and pulling forces and indicated on
      the graph between the points 78 and 79, and 84 and 86. This value is
      essentially the same in both instances, even though the probe was moved
      from one location to another on the tooth, between the two tests on this
      particular tooth.
PAR  This same procedure has been employed on other teeth, and the total
      excursion between the maximum movement to lingual and maximum movement to
      labial has been compared as between teeth in different locations, and
      thereby provides a permanent and representative record of tooth mobility.
      It thus enables early detection of a problem, and also facilitates
      determination of the improvement or deterioration of tooth mobility for
      any particular tooth or teeth in a patient over a period of time from one
      visit to the office of the dentist, to the next visit. The reliability is
      significant because, as shown by the work with this equipment, and as
      reported in the aforementioned literature describing results obtained with
      mechanical devices, the movement of a healthy tooth in healthy gums beyond
      a total normal excursion, is extremely limited without application of
      sharply increased and excessive forces which are not necessary in this
      testing to obtain satisfactory results.
PAR  Because of the very minimal resistance to movement of the probe, due to its
      suspension in the transducer by the spiral spring, it readily responds to
      movement of a tooth in response to externally applied force on the tooth.
      Because of the built-in amplification, and the resulting high accuracy of
      the record produced, there is no requirement that a measured force be
      placed on the tooth. Perhaps the reason for this can be more readily
      understood by reference to the literature where it is reported that on a
      20 year old individual whose upper central incisor was pressed from rest
      position lingually with 100 grams of force, the tooth moved 9/100ths
      millimeters. When the force was increased to five hundred grams, the tooth
      moved an additional 4/100ths millimeter, for a total of 13/100ths
      millimeter. That report indicated the results where measured force was
      applied, and the resulting movement was measured mechanically. In contrast
      to that approach, the present invention employs a hand held instrument,
      rather than a measured force, so it is possible to first pull the tooth
      from rest position, and then push the tooth to displace it lingually, and
      thereby double the movement.
PAR  Extrapolating the above reported example, to the application of the method
      of this invention, the total excursion would be 18/100ths millimeter,
      9/100ths labially, and 9/100ths lingually. If the force were increased to
      500 grams in each direction, the additional total excursion to be expected
      would be 8/100ths millimeter. Therefore, considering that by the
      employment of the present invention, the pushing and pulling of a tooth
      with 100 grams of force in each direction would produce a total excursion
      of 18/100ths millimeter, initial movement, and the fact that an additional
      400 grams in each direction only produced an additional 8/100ths
      millimeter total excursion (of secondary movement), the advantage of the
      present invention can be readily recognized. Particularly, is this true
      when it is recognized that a normal tooth is very easily displaced from
      rest position to a point, and at that point, the force necessary to elicit
      movement increases quite rapidly and can result in discomfort to the
      patient. Thus, the present invention enables operation and significant
      graphic representation within the range of normal displacement with no
      discomfort to the patient. Nevertheless, while "normal" tooth mobility
      ranges are yet to be established, it is clear that in a periodontally
      involved tooth, initial movement is elicited quite easily and is of a
      greater magnitude than what has been noted thus far for normal teeth.
PAR  By obtaining a tooth mobility reading, it is possible to determine to some
      extent the decree that bone loss, inflammation and hyperemic tissues play
      in affecting tooth stability. Also, if there is no movement when a force
      is applied to a tooth, the condition is pathologic, and such a tooth is
      referred to as ankylosed.
PAR  A further advantage of this invention can be recognized when it is
      appreciated that a constant strong force of even 30 seconds duration, for
      example, against a healthy tooth, may act as an orthodontic force and
      increase the mobility of a tooth. Thus, I believe that the only safe way
      to protect a periodontally involved tooth is to use hand pressure to
      produce the initial movement of the tooth. Excessive force or prolonged
      force could cause irreversible damage and hasten the loss of the tooth.
      Therefore, this invention contributes significantly to the avoidance of
      the type and duration of forces which might be applied by other techniques
      in an effort to determine tooth mobility.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A method for determining the mobility of a tooth and comprising the
      steps of:
PA1  temporarily attaching sensor mounting means to at least one tooth;
PA1  supporting a sensor on said mounting means;
PA1  placing a probe of said sensor against a surface of a subject tooth whose
      mobility is of interest;
PA1  engaging said subject tooth with a tool and pushing and pulling said
      subject tooth;
PA1  sensing electrically the movement of said probe caused by pushing and
      pulling on said subject tooth;
PA1  and taking the electrical response derived from the electrical sensing step
      and supplying the response to a recorder and producing on said recorder a
      graph in accordance with the movement of said subject tooth.
NUM  2.
PAR  2. The method of claim 1 and further comprising the step of:
PA1  driving chart media in said recorder while pushing and pulling said subject
      tooth.
NUM  3.
PAR  3. The method of claim 2 and further comprising the step of:
PA1  leaving the media stationary while placing the probe against said subject
      tooth.
NUM  4.
PAR  4. The method of claim 2 and further comprising the steps of:
PA1  moving said sensor to a position adjacent another tooth;
PA1  and placing the sensor probe against said another tooth and pushing and
      pulling said another tooth and recording a graph on the movement of said
      another tooth in accordance with the movement of said another tooth.
NUM  5.
PAR  5. The method of claim 4 and further comprising the step of:
PA1  continuing to move said sensor to positions adjacent other teeth one at a
      time;
PA1  placing the sensor probe against said other teeth one at a time;
PA1  pushing and pulling said other teeth one at a time;
PA1  and recording graphs on the movement of said other teeth one at a time.
NUM  6.
PAR  6. The method of claim 5 and further comprising the step of:
PA1  comparing the total excursion of the graphs against a standard.
NUM  7.
PAR  7. The method of claim 1 wherein the step of attaching comprising the steps
      of:
PA1  mounting a quadrant impression tray to a first quadrant of teeth in a
      dental arch.
NUM  8.
PAR  8. The method of claim 7 and further comprising the steps of:
PA1  a. moving said sensor in succession to positions adjacent other teeth in a
      second quadrant;
PA1  b. placing a probe of said sensor against said other teeth in succession;
PA1  c. pushing and pulling each of said other teeth one at a time when said
      probe is against it;
PA1  d. sensing electrically the movement of said probe caused by pushing and
      pulling of said other teeth;
PA1  e. and taking the electrical response derived from the electrical sensing
      step of said other teeth on a recorder graph in accordance with the
      movement of said other teeth.
NUM  9.
PAR  9. The method of claim 8 and further comprising the steps of:
PA1  removing said tray from attachment to teeth in said first arch and mounting
      and attaching it to teeth in a third arch;
PA1  and repeating steps (a), (b), (c), (d), and (e) on teeth in a fourth arch
      one at a time;
PA1  and then removing said tray from teeth in said third arch.
NUM  10.
PAR  10. The method of claim 9 and further comprising the steps of:
PA1  attaching another quadrant impression tray to teeth in said second
      quadrant;
PA1  and repeating steps (a), (b), (c), (d), and (e) on teeth in said first
      quadrant;
PA1  then removing said another tray from attachment to teeth in said second
      quadrant and attaching it to teeth in said fourth quadrant;
PA1  and repeating steps (a), (b), (c), (d), and (e) on teeth in said third
      quadrant;
PA1  and removing said another tray from teeth in said fourth quadrant.
NUM  11.
PAR  11. Apparatus for checking the mobility of a tooth and comprising:
PA1  a dental impression tray securable to teeth in a quadrant of an arch of
      teeth;
PA1  a transducer mounted to said tray and having sensor means for application
      to a tooth of interest for detecting movement of the tooth relative to
      said impression tray, said transducer having signal output means for
      producing a signal thereon in response to detection of movement of the
      tooth of interest;
PA1  a recorder having signal input means;
PA1  and means coupling said transducer signal output means to said recorder
      signal input means for production of a record by said recorder in response
      to movements detected by said transducer.
NUM  12.
PAR  12. The apparatus of claim 11 and further comprising:
PA1  a manually deformable member holding said transducer in spaced relationship
      to said tray, said member being nonresilient, but manually deformable to
      facilitate application of said sensor means to various teeth in
      succession.
NUM  13.
PAR  13. The apparatus of claim 12 wherein:
PA1  said manually deformable member is a wire.
NUM  14.
PAR  14. The apparatus of claim 11 wherein:
PA1  said recorder is a moving chart recorder.
NUM  15.
PAR  15. The apparatus of claim 11 wherein:
PA1  said transducer is located entirely within a space less than the distance
      between molars on the opposite sides of the lower dental arch on an adult
      human being.
NUM  16.
PAR  16. The apparatus of claim 11 and further comprising:
PA1  an oscillator coupled to said transducer and producing electrical
      oscillations therein;
PA1  and a demodulator coupled to said transducer and included in the means
      coupling said transducer to said recorder to produce at the recorder
      signal input means, signals representative of tooth movement.
NUM  17.
PAR  17. The apparatus of claim 16 wherein:
PA1  said transducer sensor means includes a contact probe for touching a tooth
      and thereby movable to produce a response in the recorder.
NUM  18.
PAR  18. The apparatus of claim 17 wherein:
PA1  said oscillator is constructed to produce oscillations at about 20,000 Hz.
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ABST
PAL  An apparatus for the simultaneous measurement and remote recordation of the
      depth of the gingival sulci and other similar anatomical recesses. The
      apparatus comprises a periodontal depth probe with a protruding,
      removably-attached cylindrical probe tip partially ensheathed by a
      slideable tubular sleeve which is electrically connected via a transducer
      within the probe body to a remote recording device. Translational movement
      of the slideable tubular sleeve partially sheathing the probe tip varies
      an electrical signal between the probe and the remote recording device
      according to the length of probe tip exposed. An operator-controlled foot
      switch is connected between the probe and the remote recording device to
      allow the operator to insert the probe tip into the gingival sulcus and
      adjust the slideable sleeve until it touches the margin of the gingiva
      before actuating the remote recording device. When activated, the recorder
      produces a record of the electrical signal corresponding to the length of
      the exposed probe tip and thus representative of the depth of the gingival
      sulcus at the measured location. In one embodiment the movement of the
      slideable sleeve is converted into an electrical signal by proportionately
      exposing a light-sensitive circuit element, such as a photocell, to a
      fixed intensity light source enclosed in the probe handle. In a second
      embodiment the slideable sleeve is attached to an electrical contact point
      that is in movable contact with a series of fixed contact points or taps,
      each of which corresponds to a discrete length of exposed (unsleeved)
      probe tip. The remote recording device converts the electrical signals
      from either embodiment into a permanent record as well as a visual display
      of the measured sulcus depth at the various tooth locations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a portable, hand-held depth indicator of the type
      generally used by dentists to measure the depths of the gingival sulci.
      The gingival sulci are the spaces between the gingival tissues (gums) and
      the teeth. The depth of each gingival sulcus is measured from the margin
      of the gingiva (top of the gum) to the epithelial attachment (point where
      the gum attaches to the tooth). With the two most common diseases of the
      gums and teeth supporting structures, gingivitis (inflamation of the gums)
      and advanced periodontal disease (sometimes called pyorrhea), the gums
      become swollen and begin to stand away from the teeth. If not treated
      early enough, the gums may actually withdraw from the teeth, forming
      pockets which may become filled with bacteria and pus, and result in the
      eventual destruction of the attachment of the teeth to the supporting bone
      structure. Advanced periodontal disease has been estimated to cause more
      adult tooth loss then the more common dental caries (cavities).
PAR  The most effective protection against gingivitis and advanced periodontal
      disease is early detection of any change in the gingival sulci by the
      periodical measurement and recordation of the sulcus depths at various
      locations around each tooth. A common instrument often used for this
      purpose is a depth probe, similar to that disclosed in Ward U.S. Pat. No.
      3,058,225, comprising a handle with a fixed protruding sheath and a
      cylindrical probe tip extendable through the sheath and attached either
      directly to a mechanical indicator or indirectly, via electrical
      circuitry, to a current indicating device located on the probe handle. The
      major disadvantage with this conventional type of probe is that, to
      measure a sulcus depth, the sheath is rested on the margin of the gingiva
      while the probe tip is extended into the sulcus until it reaches the
      epithelial attachment. With such a probe the probe tip is not visible to
      the dentist as it is extended into the sulci and, if extended too far, may
      inadvertently penetrate or tear the epithelial attachment. In addition,
      since the depth measurement is indicated on the probe handle itself, the
      dentist must either measure and then record the individual measurements
      himself by hand, or employ an assistant to do the recording as the dentist
      calls out the measurements. Also, with the indicator on the handle itself,
      it is sometimes awkward or impossible, depending upon the location of the
      sulcus being measured, to read and record the measurement without removing
      the probe from the patient's mouth, thereby risking a disturbance of the
      measurement and a resulting erroneous reading. Since the normal mouth has
      from twenty-eight to thirty-two teeth and each tooth requires
      approximately six measurements, the time wasted by the separate
      measurement and recordation of each sulcus depth is considerable. Even if
      the electrical current indicating device is removed from the probe handle
      and placed where it can be more easily read, as suggested by Ward, the
      dentist must still stop and record each individual measurement himself or
      employ an assistant to do so.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is directed to an apparatus for simultaneously
      measuring and remotely recording the depth of the gingival sulci and, more
      particularly, to an apparatus employing a hand-held periodontal depth
      probe electrically connected to a remote recording device capable of
      producing a permanent visual record of the sulcus depth being measured
      whenever an operator-controlled foot pedal is depressed. The probe itself
      comprises a cylindrical-shaped body with a substantially rigid,
      removably-attached probe tip protruding from one end and a multi-conductor
      electrical cable emanating from the other. Partially sheathing the probe
      tip, beginning at the point where it attaches to the probe body, is a
      longitudinally-movable, tubular sleeve of flexible material slideably
      attached to the probe body. This slideable sleeve is, in turn, connected
      to a transducer within the probe body capable of converting the
      translational movement of the sleeve relative to the probe into an
      electrical signal. Attached to the movable sleeve is a finger rest to
      facilitate the movement of the sleeve forward and backward over the probe
      tip with one finger.
PAR  By using a probe with a fixed probe tip and a movable sleeve, in
      contradistinction to the prior art probe design which employs a fixed
      sleeve and a movable probe tip, there is considerably less danger of
      accidentally penetrating or tearing the epithelial attachment as the probe
      tip is inserted into the gingival sulcus. With the present invention the
      probe tip remains visible to the operator while it is inserted into the
      sulcus until it touches the epithelial attachment. Only then is the sleeve
      moved forward along the probe tip until it comes in contact with the
      margin of the gingiva. By inserting the probe tip first in its unsheathed
      condition, not only is there less chance of injury to the patient, but the
      probe is easier to place and hold in position while the measurement is
      being recorded. This is especially true when measuring the sulci around
      the molars where the various measuring points are difficult to reach.
PAR  Both the probe tip and the movable sleeve are replacable and can be
      detached from the probe for sterilization after each use. While a used tip
      and sleeve are being sterilized, a clean tip and sleeve can be attached
      and the probe re-used. In this manner, a single remote recording probe
      system can be used to measure the sulci of more than one patient with a
      minimum of delay between each use.
PAR  The multi-conductor cable from the probe body is connected to a
      moving-medium type recorder, such as a chart or strip recorder, capable of
      creating a permanent visual record of an input signal via electronic
      circuitry contained within the recorder enclosure. This electronic
      circuitry converts the electrical signal from the probe transducer into a
      second electrical signal, representing the length of exposed probe tip
      unsheathed by the movable sleeve, and also controls the actions of the
      recorder itself. Depending upon the recorder employed, the permanent
      record can be in either analog or digital form similar to that produced by
      a standard chart recorder or a small paper-tape adding machine
      respectively. Connected to the recorder control circuitry is an
      operator-controlled foot switch that is depressed by the probe operator
      each time it is desired to record the sulcus depth being measured by the
      probe. One mark or record is made each time the foot pedal is depressed.
      Thus, the probe operator need merely insert the probe tip into the sulcus,
      move the sleeve forward, and then depress the foot pedal to obtain an
      accurate measurement of the sulcus depth. There is no need for the
      operator to hand record each measurement or to employ an assistant to do
      so. The recording medium is automatically  advanced after each record and
      the measuring process may be interrupted and restarted as necessary. By
      using preprinted forms and following a prescribed sequence of measurements
      of the patient's teeth, each recorded depth measurement may be readily and
      automatically associated with the tooth location of the point being
      measured.
PAR  It is therefore a primary objective of the present invention to provide an
      apparatus for simultaneously and automatically creating a permanent and
      visible record of the depth of each gingival sulcus as it is measured.
PAR  It is a further objective of the present invention to provide a safe means
      for measuring the depth of the gingival sulci by utilizing a periodontal
      depth probe the tip of which is fully visible to the operator while it is
      being inserted into each sulcus.
PAR  It is an additional objective of the present invention to provide an
      apparatus for measuring and recording the depth of gingival sulci at
      numerous and various locations in a patient's mouth which can be
      conveniently used by a single unassisted operator.
PAR  It is a principal feature of the present invention that the components of
      the periodontal depth probe that come in contact with a patient are
      detachable so that they can be readily removed and replaced with
      sterilized components after each use.
PAR  It is a primary advantage of the present invention that accurate and safe
      measurements of individual gingival sulcus depth can be made even around
      those teeth that are difficult or awkward to reach with the measuring
      probe.
PAR  The foregoing and other objectives, features, and advantages of the present
      invention will be more readily understood upon consideration of the
      following detailed description of the invention taken in conjunction with
      the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an illustrative embodiment of the
      periodontal depth probe and remote recorder instrument of the present
      invention.
PAR  FIG. 2 is an enlarged perspective view of the periodontal depth probe
      assembly.
PAR  FIG. 3A is a sectional view of the front half of the depth probe assembly
      of the present invention taken along line 3--3 of FIG. 3.
PAR  FIG. 3B is a sectional view of the rear half of the preferred embodiment of
      the depth probe assembly of the present invention taken along line 3--3 of
      FIG. 2.
PAR  FIG. 3B' is a sectional view of the rear half of a second embodiment of the
      depth probe assembly taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is a detail sectional view taken along line 4--4 of FIG. 3B.
PAR  FIG. 5 is a detail perspective view of the multi-contact switch shown in
      the probe embodiment of FIG. 3B'.
PAR  FIG. 6 shows a segment of the printed tape output from the recording device
      of the instrument embodiment of FIG. 1.
PAR  FIG. 6A is a top view of a mandibular molar showing the six areas usually
      probed around each tooth in the mouth.
PAR  FIG. 7 is a sectional view illustrating the sleeve of the probe tip
      inserted and adjusted to measure the depth of the gingival sulcus of a
      tooth.
PAR  FIG. 8 is a schematic diagram of an exemplary strip chart recorder control
      circuit which may be employed with the remote recorder instrument of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the perspective view of FIG. 1, the preferred instrument
      embodiment of the present invention is seen to comprise a periodontal
      depth probe assembly 10, remote recording console 60, operator foot switch
      64, and their respective associated electrical conduits 13, 69 and 80
      connecting the console to the probe, the foot switch and a source of AC
      electrical potential, respectively. Depth probe assembly 10, as shown in
      the perspective view of FIG. 2 and the partial sectional view of FIG. 3,
      is seen to comprise a tubular metal probe body 11 generally cylindrical in
      form and having a partially ensheathed probe tip 12 protruding from its
      forward end and electrical cable 13 attached to its rearward end. The
      forward end 14 of probe body 11 is diametrically reduced and externally
      threaded to receive knurled probe tip retainer 15, and rearward end 16 is
      internally threaded to receive end cap 17.
PAR  Probe tip 12, protruding from the forward end of probe body 11, comprises a
      length of substantially rigid metal rod, preferably of stainless steel,
      with an arcuate forward extremity rounded at its tip and a right angle
      circular loop 25 formed at its rear for snap-in spring engagement by the
      interior retainer cap 15 which in turn is screwed on to the forward end 14
      of the probe body. The probe tip can be readily detached for sterilization
      or replacement by unthreading the retainer 15 and partially disassembling
      the probe as described later.
PAR  Slideably engaged in the forward bore 18 of probe body 11 is connecting
      tube 19, comprising a cylindrical tube diametrically reduced and
      externally threaded at its forward end 20 to receive finger rest 21.
      Formed along the axis of connecting tube 19 is bore 22, the rearward
      portion of which is diametrically larger than the forward portion to allow
      the insertion and retention of resilient friction tube 23. Formed along
      the forward length of connecting tube 19 is longitudinal slot 24 allowing
      limited reciprocal movement of connecting tube 19 past probe tip 12.
      Forward movement of connecting tube 19 is limited by the stop formed by
      the rear wall 26 of slot 24 striking probe tip 12 and rearward movement is
      limited by rear wall 27 of forward probe body bore 18.
PAR  Finger rest 21, which serves to connect probe tip sleeve 28 to sleeve
      connecting tube 19 and to facilitate one-finger longitudinal adjustment of
      sleeve 28 over the protruding length of tip 12, is formed from solid
      metal, cylindrically-shaped stock internally bored and threaded at both
      ends and having a rearwardly tapering bore 29 connecting front bore 30 to
      rear bore 31. The outer surface of finger rest 21 is axially reduced
      toward the center to facilitate its positive reciprocal control by one
      finger.
PAR  Probe tip sleeve 28 comprises a length of flexible tubing, preferably of a
      relatively soft smooth plastic material to minimize risk of injury to
      tissue material which it contacts, the inside diameter of which is
      slightly larger than the diameter of probe tip 12. Inserted into the
      rearward orifice of sleeve 28 is metal support tube 32, the inside
      diameter of which is also slightly larger than the diameter of probe tip
      12. Sleeve 28 is removably attached to finger rest 21, and thereby to
      connecting tube 19, by the frictional engagement of its rearward portion
      between resilient retainer ring 33 and support tube 32. Retainer ring 33
      is held in tapered bore 29 of finger rest 21 and compressed against sleeve
      28 by hollow retaining bolt 34 which is screwed into forward threaded bore
      30 of finger rest 21. Sleeve 28 is prevented from collapsing under the
      compressive force of retainer ring 33 by support tube 32 which is flanged
      at its rearward end to allow easy insertion and removal.
PAR  Connecting tube 19 is attached to connecting rod 35 via the frictional
      engagement of forward diametrically-reduced portion 36 of connecting rod
      35 by friction tube 23 seated in the rearward orifice of bore 22 of
      connecting tube 19. Thus, any longitudinal movement of probe tip sleeve 28
      is transferred into a similar longitudinal movement of connecting rod 35
      and this in turn is converted into a corresponding electrical signal by a
      suitable mechano-electrical motion transducer located in the rear handle
      portion of the probe body 11. In addition, the frictional connecting
      between connecting tube 19 and connecting rod 35 allows the sleeve
      retaining assembly, and thereby the probe tip, to be removed and replaced,
      as necessary, simply by unscrewing retainer cap 15 from the probe body and
      disengaging tube 19 from rod 35.
PAR  In one embodiment, shown in the sectional views of FIGS. 3B and 4, the rear
      portion of connecting rod 35 serves as a movable shield between a fixed
      intensity light source 36' and photoelectric cell 37. When probe tip
      sleeve 28 is moved forward, thereby moving connecting rod 35 forward, a
      proportionate area of photoelectric cell 37 is exposed to the light
      source. The resultant electrical signal produced by the photoelectric cell
      is carried from the probe body, and power for light source 36' is supplied
      to the probe, by respective conductors in cable 13. The forward movement
      of connecting rod 35 is limited, as shown in FIG. 3A, by the stop formed
      by annular bore shoulder 39 and annular rod shoulder 40 whereas rearward
      movement is limited by the forward face 41 of the light source support 42.
      Cable 13 is protected from accidental extraction from probe body 11 by
      frictional engagement with grommet 43 which is compressed against the
      cable by annular clip 44 and restrained from movement by end cap 17.
PAR  In an alternate embodiment of the present invention, shown in FIGS. 3B' and
      5, instead of the photocell transducer arrangement of FIG. 3B the rear
      extremity of connecting rod 35 includes fixedly-attached contact point 45
      in movable electrical communication with a series of spaced stationary
      contact points or taps 46 which are connected respectively by thin wire
      leads 46' to discrete incremental levels of externally-supplied votage
      potential. A total of ten separate voltage level taps 46 are shown;
      however, more could be employed if desired to increase the resolution of
      the instrument. As probe tip sleeve 28 is longitudinally positioned along
      probe tip 12, movable contact point 45 is sequentially brought into
      electrical communication with respective ones of the stationary taps,
      thereby impressing a corresponding voltage level onto conductor 47
      representing the length of probe tip then exposed. Conductor 47, as well
      as the conductors to the individual stationary contacts, are routed from
      probe body 11 via cable 13 which is frictionally retained in the orifice
      of end cap 17 by resilient grommet 43'.
PAR  Although only two forms of motion transducers for converting the
      translational position of probe tip sleeve 28 into an electrical signal
      representative of the exposed length of probe tip 12 are shown, it is to
      be understood that other transducer means known to the art could be
      coupled to the connecting rod 35 for this purpose, such as for example, a
      precision slidewire rheostat, a stationary inductor coil with a movable
      powdered iron core inserted therein, or a pair of stationary capacitor
      plates with a movable dielectric plate placed therebetween.
PAR  The remote recorder console 60, shown in FIG. 1, converts the analog
      voltage signal from the transducer in the probe assembly into a digital
      signal corresponding to the length of exposed probe tip 12. The recorder
      section of the console 60 in turn converts this digital signal into a
      permanent visual record such as paper tape 61. Referring to the segment of
      the paper tape record 61 shown in FIG. 6, the first group of six numerals
      in a horizontal row printed indicate, illustratively in millimeters, six
      depth measurement recordings made at spaced locations around a single
      tooth, as depicted in FIG. 6A. Each succeeding group of six printed
      numerals similarly represent depth measurements made on other teeth. The
      tape record can be advanced, either manually by thumb wheel 62 or one line
      at a time by depressing button switch 63 of foot control 64 or control tab
      65 on the console. Automatic spacing and tape advance would typically be
      provided the printer after each group of six measurements and as each row
      on the tape is completed.
PAR  Also included on the panel 66 of the console is position indicator 67 and
      depth measurement display 68. Position indicator 67 is a counter
      indicating the point, in a preselected sequence of measurements to be made
      by the operator at predetermined tooth locations in the mouth of a
      patient, at which the current measurement is being made. This is very
      useful if the operator should be interrupted in his sequence of
      measurements. Measurement display 68 provides a digital display of the
      length of probe tip currently exposed so that the operator has available
      for convenience of reference a reading of the depth measurement as it is
      being made. Pedal 70 on foot switch 64 is depressed whenever it is desired
      to make a permanent record of the value displayed by depth indicator 68.
      Although a digital recording device is indicated in FIG. 1, it is to be
      understood that an analog recording device, such as a strip or chart
      recorder, could also be employed without departing from the principles of
      the present invention.
PAR  In use, to measure and record the depth of the gingival sulci around a
      particular tooth, finger rest 21 is retracted to its far rearward position
      near probe tip retainer 15, and probe tip 12 is gently inserted into the
      sulcus, as shown in FIGS. 2 and 7, until the tip extremity comes in
      contact with gingival attachment 72. Finger rest 21 is then moved forward
      until probe tip sleeve 28 touches the margin of the gingiva 74. The length
      of probe tip exposed now corresponds directly to the depth of the sulcus,
      as measured from the margin of the gingiva to the gingival attachment. As
      probe tip 12 is inserted and finger rest 21 is being positioned, the
      length of unsheathed probe tip is being continuously displayed by depth
      display 68 on the recorder console 60. When the operator is satisfied with
      the placement and adjustment of the probe, pedal 70 on the foot switch 64
      is momentarily depressed, causing the measured depth to be recorded on
      tape medium 61 and position indicator 67 to be advanced to its next
      position. Thus, any number of depth measurements may be made and recorded
      without need for withdrawing the depth probe from the patient's mouth.
PAR  FIG. 8 is a schematic diagram of a circuit that may be used to control an
      analog strip recorder when such a recorder is employed as the recording
      means for the depth probe of the present invention. In the diagram, the
      rectangle labeled CR represents a voltage dropping and current rectifying
      circuit while the rectangle RE represents the drive mechanism for the
      recording stylus. Lamp 36, slideable connecting rod 35, which acts as a
      light shield, and photocell 37, while included in the schematic, are
      actually located in the body of the probe as described previously.
PAR  The initial conditions for the circuit are as shown in the diagram with
      contact Sb of single-pole double-throw switch S2 closed, relay contacts K1
      and K2 open, delay contacts D1a and D2a closed and delay contact D2a open.
      Standard AC power is applied to the circuit via terminals L1 and L2 when
      switch S1 is closed.
PAR  To record a depth measurement, the probe is positioned and adjusted as
      described earlier so that the unsheathed portion of probe tip 12
      represents the depth to be recorded. When the probe is so positioned and
      adjusted, the pole of switch S2, preferably located in an
      operator-controlled foot switch, is thrown from contact Sb to contact Sa,
      thereby energizing relay coil KC. With relay coil KC so energized, relay
      contacts K1 and K2 close to supply power to lamp 36 and chart drive motor
      M. Once closed, contacts K1 and K2 are locked by mechanical means.
      Connecting rod 35, because of its connection with probe tip sleeve 28,
      will be positioned to allow an amount of light corresponding to the length
      of unsheathed probe tip to reach photocell 37 causing an electrical signal
      to be generated and the recording stylus drive mechanism RE to be
      activated accordingly. Thus, as long as relay contacts K1 and K2 remain
      closed, the chart will be moved and a line will be drawn thereon
      representing the magnitude of the depth being measured.
PAR  The closing of relay contact K1 also energizes delay coils D1 and D2. A
      fixed period of time after delay coil D2 has been energized, delay
      contacts D1a and D2b will open, thereby disconnecting power from both lamp
      36 and chart motor M. At a longer period of time after delay coil D1 has
      been energized, delay contact D2a will then close. Assuming that the
      movable pole of foot switch S2 was only momentarily moved to contact Sa
      and has since been returned to contact Sb, the closing of delay contact
      D2a will energize relay coil KR which in turn will release the mechanical
      lock holding relay contacts K1 and K2 closed, allowing those contacts to
      open. The opening of relay contact K1 deenergizes delay coils D1 and D2
      allowing all delay contacts, and thereby the remainder of the circuit, to
      return to their initial positions. This sequence is repeated each time the
      movable pole of S2 is momentarily moved from contact Sb to contact Sa or,
      in other words, whenever the probe operator momentarily depresses the foot
      switch.
PAR  The terms and expressions which have been employed in the foregoing
      abstract and specification are used therein as terms of description and
      not of limitation, and there is no intention, in the use of such terms and
      expressions, of excluding equivalents of the features shown and described,
      or portions thereof, it being recognized that the scope of the invention
      is defined and limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for simultaneously measuring and remotely recording the
      depth of an anatomical recess comprising:
PA1  a. a hand-held depth probe body;
PA1  b. a substantially rigid, arcuate probe tip attached to said body for
      insertion into said recess;
PA1  c. a probe tip sleeve partially ensheathing said probe tip and slidably
      movable relative thereto for contact with the edge of said recess, said
      sleeve being of flexible material so as to permit said sleeve to conform
      to the arc of said probe tip as said sleeve is moved therealong;
PA1  d. transducer means for converting the position of said probe tip sleeve
      relative to said probe tip into a signal representing the depth of said
      recess;
PA1  e. means for converting said signal into a permanent record and visual
      display of said depth; and
PA1  f. means for actuating said signal conversion means on command to produce
      said record of said depth.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said transducer means comprises a
      mechano-electrical transducer located within said probe body and in
      communication with said slideable probe tip sleeve for converting the
      position of said probe sleeve relative to said probe tip into an
      electrical signal representative thereof.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said mechano-electrical tranducer
      comprises:
PA1  a. a fixed intensity light source;
PA1  b. a photocell opposed said light source for generating an electrical
      signal whose amplitude is responsive to the amount of radiation incident
      thereon from said light source; and
PA1  c. a movable light shield between said light source and said photocell and
      in communication with said probe tip sleeve so that movement of said probe
      tip sleeve relative to said probe tip varies the area of said photocell
      exposed to said light source.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said mechano-electrical transducer
      comprises:
PA1  a. a plurality of fixed electrical contacts each connected to respective
      incremental voltage levels; and
PA1  b. a movable electrical contact in communication with said probe tip sleeve
      and sequentially with said fixed contacts so that movement of said probe
      sleeve relative to said probe tip sequentially connects said movable
      contact to said respective voltage levels.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said signal conversion means comprises
      movable-media chart recorder means for converting said signal into a
      permanent visual record of said measurement.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said signal conversion means includes
      both printer means for converting said signal into a printed indicia
      representative of the value thereof onto a recording medium and display
      means for indicating the instantaneous value of said signal.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said actuating means includes an
      operator-controlled foot switch.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said signal conversion means is located
      at a remote position from said depth probe body and said transducer means.
NUM  9.
PAR  9. An improved hand-held depth probe of the type used to measure the depth
      of an anatomical recess wherein said depth is determined by the distance
      between the extremity of a probe tip inserted into said recess and the
      extremity of a probe tip sleeve partially ensheathing said probe tip and
      resting on the edge of said recess, wherein the improvement comprises:
PA1  a. an arcuate probe tip fixedly connected to the body of said depth probe;
      and
PA1  b. a probe tip sleeve slidably attached to said probe body and consisting
      essentially of flexible material so as to permit said sleeve to conform to
      the arc of said probe tip, whereby said probe tip can be fully inserted
      into the depth of said recess and held with said probe tip body at an
      angle offset from the angle of the depth dimension of said recess while
      said probe tip sleeve is adjusted to rest on the edge of said recess.
NUM  10.
PAR  10. The depth probe of claim 9 wherein said probe tip is detachably
      connected to said probe body for ready removal for sterilization or
      replacement when desired.
NUM  11.
PAR  11. An apparatus for simultaneously measuring and remotely recording the
      depth of an anatomical recess comprising:
PA1  a. means for measuring the depth of said anatomical recess;
PA1  b. transducer means for converting the depth measurement obtained by said
      measuring means into a signal representing said measurement;
PA1  c. means for converting said signal into a permanent record and visual
      display of said depth measurement;
PA1  d. means for actuating said signal conversion means on command to produce
      said record of said depth measurement; and
PA1  e. counter means for displaying the number of recorded depth measurements
      made from the start of a sequence of such measurements.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said signal conversion means includes
      printer means for recording and displaying a digital representation of
      said measurement on an elongate strip of paper tape.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said printer means includes means for
      displaying a sequence of said measurements in a group.
NUM  14.
PAR  14. The apparatus of claim 11 wherein said signal conversion means includes
      chart recorder means for recording an analog representation of said
      measurements on a movable medium.
NUM  15.
PAR  15. The apparatus of claim 11 wherein said signal conversion means includes
      digital means for displaying a numerical representation of the exposed
      length of said probe tip.
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ABST
PAL  A fluid pressure sensor for use internal to the human body including a
      completely ceramic sectioned outer shell having an opening therein for
      allowing fluid access to a thin metal diaphragm member. The thin metal
      diaphragm member is disposed between the sectioned outer shell by
      diffusion bonding in order to limit exposure of the human tissue solely to
      the diaphragm member and the ceramic shell. A variable tuned LC circuit is
      responsive to fluid pressure for establishing a predetermined electrical
      parameter. The electrical parameter is capable of affecting an
      electromagnetically responsive electrical circuit means located external
      to the human body for providing data indicative of the fluid pressure. The
      thin diaphragm member constitutes one plate of the LC circuit and the
      remainder of the LC circuit is located beneath the thin diaphragm member
      so as to be protected from fluid and moisture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to a fluid pressure sensor, and more particularly to
      a pressure sensor which can be used internal to the human body.
PAR  2. Description of Prior Art
PAR  Often intracranial pressure measurements and evaluations must be made at
      regular intervals over a long period of time, and in many instances for
      years. One measurement technique is the employment of a special type of
      needle which is inserted into the cranium. This approach is not only
      unpleasant but also introduces the danger of bacteria and hemorrhaging.
PAR  Other implantable pressure sensing devices have been suggested, but many of
      these prior art devices require contacts or probes to be connected to the
      sensing device during pressure measurements. Improvements over the contact
      or probe type of sensors suggest the implantation of an intracranial
      pressure sensing device devoid of probes or contacts during sensing. One
      known device employs a battery operated pressure related transmitting
      implanted device whose signal is sensed by telemetry techniques. However,
      this device has a relatively short lifetime since it requires batteries
      and moreover is size limited as it requires a mechanical switch.
PAR  Careful consideration also must be given to materials used to form the
      sensor housing in order to minimize tissue reactivity. The material must
      be safe to the human patient and also impervious to moisture. Entry of
      moisture or liquid into the electrical portions of the sensor
      deleteriously affect its operation.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an
      intracranial sensor for measuring fluid pressures which does not require
      direct connections to the outside world.
PAR  Another object of the present invention is to provide an intracranial
      pressure sensor which is safe to the human body and possesses a long
      lifetime.
PAR  A further object of the present invention is to provide an intracranial
      pressure sensor of a practical size which is safe to the human body and
      yet impervious to moisture so as to insure accurate functioning of the
      electrical portion of the device.
PAR  Another object of the present invention is to provide an intracranial
      pressure sensor device which exposes only a safe two-material system to
      human tissues.
PAR  A further object of the present invention is to provide an intracranial
      pressure sensor having a flexible diaphragm portion which is highly
      sensitive to pressure variations without allowing moisture or liquid to
      enter the electrical parameter portion of the device.
PAR  In accordance with the aforementioned objects, the present invention
      provides upper and lower ceramic shell members having a thin metal
      diaphragm secured at a peripheral shoulder portion disposed between the
      upper and lower members by a metallized diffusion bond. In response to
      fluid pressure, the metal diaphragm functions as part of the variable
      capacitor which interacts with attendant electrical impedance means
      located below the metal diaphragm for establishing a predetermined
      electrical parameter. The electrical parameter is capable of effecting
      electromagnetically responsive circuit means located external to the body
      for providing data indicative of fluid pressure. Only the ceramic members
      and a safe metal diaphragm member are exposed to human tissue.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially exploded cross-sectional view illustrating the upper
      and lower ceramic housing members and the pressure responsive variable
      electrical elements capable of establishing a predetermined electrical
      parameter.
PAR  FIG. 2 is a plot showing the high Q circuit response attainable with a
      structure of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now referring to FIG. 1, it illustrates a housing 10 comprising an upper
      and lower shell 12 and 14, respectively. The lower shell 14 includes a
      peripheral shoulder 16 which extends inwardly. The upper shell 12 contains
      a peripheral sidewall 18 which is adapted for engagement with an inner
      sidewall 20 associated with the lower shell 14. In this preferred
      embodiment both upper and lower shells 12 and 14 are formed from a high
      quality alumina material constituted by approximately 99.5 percent
      Al.sub.2 O.sub.3 and which, for example, is commercially available from
      the Coors Corporation. The ceramic upper shell 12 contains a centrally
      disposed opening 22 which allows fluid entry when the device is implanted
      in a human body.
PAR  A thin stainless steel metal diaphragm member 24 is bonded to the
      peripheral shoulder 16 by means of a gold diffusion bond. In the preferred
      embodiment the thin diaphragm member 24 is constituted by a 0.001 inch
      stainless steel medical grade metal member. In order to bond the thin
      diaphragm member 24 to the peripheral shoulder 16, a thin layer of gold 26
      is deposited on the shoulder 16. Also, a thin layer of gold 28 is
      deposited at the peripheral undersurface of the thin diaphragm 24 as shown
      at 28. Pressure is then applied to the upper surface of the diaphragm 24
      in the area indicated by arrow 30 in order to effect a diffusion bond
      between the gold layers 26 and 28. It was found necessary to employ an
      annealed metal diaphragm member 24 in order to prevent fracturing of the
      diaphragm member during application of the pressure for effecting the
      diffusion bond.
PAR  An insulator spacer 31 is secured to the undersurface of the diaphragm
      member 24. In addition to being pressure responsive, the diaphragm member
      24 constitutes one plate of a variable capacitor. The other plate of the
      capacitor is constituted by a 0.005 inch stainless steel 302 medical grade
      member 32 secured to the insulator spacer 31. In the preferred
      embodiments, the spacer 31 is constituted by a 0.005 inch thick polyimide
      material which is secured to the undersurface of member 24 and to the
      upper surface of member 32 by means of a suitable insulative adhesive,
      such as an epoxy film adhesive. An inductor is constituted by an epoxy
      coil form 0.085 inches thick and 0.010 diameter gold wires 41 and 42,
      respectively. The inductor is secured to member 32 by means of a suitable
      adhesive. A thin gold layer 40 extends across the entire length of the
      coil line and aids in obtaining the high Q resonant response illustrated
      in FIG. 2. Curve 44 represents the improved response obtained over curve
      46 measured without the layer 40. The thin gold layer is achieved by
      inserting a 36 gauge gold preform between member 32 and the coil form 41
      during assembly.
PAR  In order to form the unitary housing 10, the lower surfaces 18 and 20 are
      first ground and lapped and then the upper shell 18 is cooled to
      approximately -40.degree.F. and the lower shell 14 is heated to
      approximately 150.degree.F. This allows the top shell to be inserted
      within the lower shell and when the structure returns to ambient
      conditions, relative expansion and contraction of the upper and lower
      members insures an extremely tight fit between surfaces 18 and 20 for
      locking them together to form a unitary shell or housing.
PAR  In operation, the parallel tuned LC circuit formed by the variable
      conductor and inductor constitutes a high Q resonant circuit whose
      frequency varies as a function of spacing between the capacitor plates 24
      and 32. The capacitor value varies as a result of fluid pressure being
      exerted via opening 22 on the upper surface of diaphragm or capacitor
      plate member 24. Prior to sealing the upper and lower shells 12 and 14
      with the pressure joint, the tuned circuit is empirically calibrated to
      relate pressures to a plurality of associated peak resonant frequencies.
      Thus, an electromagnetically responsive sensor means 48 can be located
      external and in close proximity to the human body, such as a grid-dip
      transducer, and is effective to vary the frequency of an inductively
      coupled oscillator detector in order to provide an indication of the
      pressure being exerted on the diaphragm member 24. It can be seen that the
      entire device is fabricated from materials safe to the human body and
      thus, even in the event of a catastrophic failure such as a break in the
      seal between surfaces 18 and 20 or a rupture in the diaphragm member 24,
      the human body is not exposed to dangerous materials.
PAR  While the invention has been particularly shown and described in reference
      to the preferred embodiments thereof, it will be understood by those
      skilled in the art that changes in form and details may be made therein
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A body fluid pressure sensor for use internal to a human body,
      particularly intracranial, comprising:
PA1  a. a ceramic housing having an upper and lower member;
PA1  b. said lower member having an internal cavity recessed portion located
      within said ceramic housing and a peripheral shoulder portion extending
      inwardly from the upper portion of said internal cavity recessed portion
      and said upper member having an opening for body fluid;
PA1  c. a thin metal diaphragm member affixed at its outer edges to said
      peripheral shoulder portion;
PA1  d. a metallized diffusion bond for attaching said thin metal diaphragm
      member to said peripheral shoulder portion for hermetically sealing said
      internal cavity recessed portion;
PA1  e. an electrical impedance means located within said internal cavity
      recessed portion, said thin metal diaphragm member constituting a portion
      of said electrical impedance means and being responsive to fluid pressure
      on said thin metal diaphragm member for establishing a predetermined
      electrical parameter; and whereby
PA1  f. sensor means located external to the human body is responsive to said
      predetermined electrical parameter for providing data indicative of said
      fluid pressure.
NUM  2.
PAR  2. A fluid pressure sensor as in claim 1 wherein:
PA1  a. said electrical impedance means further comprises a metal plate
      insulatively spaced from said thin metal diaphragm member for constituting
      a capacitor and an inductor coupled to said capacitor for
      electromagnetically coupling to said sensor means located external to the
      human body for providing data indicative of said predetermined body fluid
      pressure being exerted on said thin metal diaphragm member.
NUM  3.
PAR  3. A fluid pressure sensor as in claim 2 wherein:
PA1  a. said upper member is secured to said lower member by an expansion joint.
NUM  4.
PAR  4. A fluid pressure sensor as in claim 3 wherein:
PA1  a. said metallized diffusion bond comprises a gold bond.
NUM  5.
PAR  5. A fluid pressure sensor as in claim 4 wherein:
PA1  a. said diaphragm member extends entirely across said internal cavity
      recessed portion so as to expose the human body only to said ceramic
      housing and said metal diaphragm member.
NUM  6.
PAR  6. A fluid pressure sensor as in claim 5 wherein:
PA1  a. said thin metal diaphragm member is annealed stainless steel.
NUM  7.
PAR  7. A fluid pressure sensor as in claim 6 wherein:
PA1  a. said ceramic housing comprises a high grade alumina material.
NUM  8.
PAR  8. A fluid pressure sensor as in claim 7 wherein:
PA1  a. said sensor means includes an inductively coupled frequency responsive
      oscillator means for measuring said electrical parameter.
NUM  9.
PAR  9. A body fluid pressure sensor for use internal to a human body,
      particularly intracranial, comprising:
PA1  a. a ceramic housing including an upper and lower member;
PA1  b. said upper member having an opening for allowing body fluid ingress,
      said lower member having an internal cavity;
PA1  c. a thin metal diaphragm member affixed at its outer edges to said lower
      member;
PA1  d. a metallized diffusion bond disposed between the thin metal diaphragm
      member outer edges and said lower member for hermetically sealing said
      internal cavity;
PA1  e. an electrical impedance means located within said internal cavity and
      coupled to said thin metal diaphragm member, said thin metal diaphragm
      member constituting a portion of said electrical impedance means and being
      responsive to body fluid pressure on said thin metal diaphragm member for
      establishing a predetermined electrical parameter; and whereby
PA1  f. sensor means located external to the human body is responsive to said
      predetermined electrical parameter for providing data indicative of said
      body fluid pressure.
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ABST
PAL  An instrument for cold conization of the cervix includes a pair of round
      nose, pivoted blades which are advanced by a camming mechanism as the
      instrument is rotated. During rotation of the blades they are
      progressively cammed to their closed position by a sliding actuator,
      thereby providing a continuous helicoid cut. The blade operating mechanism
      does not protrude beyond the diameter of the blades themselves at any
      time. In one form of the invention a screw mechanism causes automatic
      advance of the blades to produce a helicoid cut upon rotation of the body
      by the actuator.
PARN
PAR  This is a continuation of application Ser. No. 424,410, filed Dec. 13,
      1973, now abandoned.
BSUM
PAC  DESCRIPTION OF PRIOR ART
PAR  The U.S. Pat. to Marsh, No. 3,147,749, Sept. 8, 1964 discloses a cold
      conization instrument using non-rotary semi-spherical blades that are
      simply closed to produce a cutting action.
PAR  The U.S. Pat. to Kato, No. 3,628,522, Dec. 21, 1971 describes a conization
      instrument wherein two blades are pivotally mounted in a body and are
      advanced by a pair of sliding rods actuated by a screw mechanism when the
      body and rods are rotated. Due to the linkage arrangement between the rods
      and the blades, the blades, their mountings and their operating rods
      provide protuberances and since these elements are rotated during the
      operation, these protuberances will rotate with the instrument body.
PAR  The U.S. Pat. to Creelman, No. 3,357,422, Dec. 12, 1967 shows an instrument
      for conization of the cervix having a single blade that is pivoted on one
      side of the body and disposed on the opposite side thereof, and is
      operated by a sliding rod and linkage mechanism. This device is operated
      by first sequentially forming a sequence of plunging cuts and by then
      severing the specimen between the cuts by a one revolution operation of
      the instrument. Due to the manner in which the single blade is pivotally
      mounted on the body, protuberances are provided that will rotate with the
      instrument body upon rotation of the body during the operation.
PAC  SUMMARY OF THE INVENTION
PAR  The instrument of the present invention is designed to perform the
      operation in question by a process which will be termed "helicoid
      cutting". The instrument has a pair of round nosed blades that lie within
      a semi-spherical element. The principal elements of the instrument in one
      embodiment include a relatively small diameter rotatable body that
      pivotally mounts opposed pair of round nosed, side cutting blades. The
      blades are retained in the body by a removable body end that includes a
      tip or obturator for insertion into the cervical canal. Assembly of the
      tip and body retains the blades by simply gripping the ends of a pivot pin
      for the blades, which pin also extends through the tip member. The blades
      are advanced and retracted by a cam mechanism that lies totally within the
      confines of the generally smooth cylindrical body. This mechanism includes
      an actuator rod slidable in the body and having a pair of integral cams
      that slide in cam grooves formed in pivoted arms that mount the blades.
      The construction is such that there are no obstructions at the operating
      zone to damage surrounding tissue during rotation of the body for
      performance of the operation. A grip is loosely mounted on the body and
      the body turns within the grip during the operation. A single actuator rod
      which cams the blades from their open to their closed positions as well as
      retracting them, is keyed in a sturdy manner to the body so that the
      rotation of the actuator rod rotates the body and hence the blades within
      the handle grip as mentioned. A handle is removably attached to a proximal
      end of the actuator rod for facilitating combined rotation of the body and
      axial advance of the acutator rod for camming the blades during the
      operation.
PAR  In a modified form of the invention, rotation of the actuator handle
      automatically operates a screw mechanism, advancing the blades while they
      are rotating during the operation.
PAR  In addition to the features of presenting a smooth contour instrument
      without obstructions, the instrument of the present invention is
      constructed so that all of the instrument can be readily and completely
      disassembled for individual sterilization and possibly replacement of
      parts. The only tool required is a screw driver for removing four screws
      that hold the tip of the body portion to the main body portion for
      retaining the blade assembly. In the first embodiment of the invention,
      all the other parts are removed by simply flipping off two rubber O-rings
      and associated parts whereupon the various elements of the apparatus can
      be completely disassembled and sterilized individually, if required.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic view showing the distal end of the instrument
      during performance of an operation and indicating the specimen removed by
      the instrument.
PAR  FIG. 2 is a perspective view of the blade assembly.
PAR  FIG. 3 is a diagram showing the path of the blade during a portion of the
      helicoid cutting operation performed by the instrument.
PAR  FIG. 4 is a general view of the instrument, as seen when looking at the end
      of the pin that pivotally mounts the blades.
PAR  FIG. 5 is an enlarged, shortened section through the instrument, viewed as
      in FIG. 4, and showing the blades in their open or retracted position.
PAR  FIGS. 6 and 7 are sections taken as indicated on FIG. 5.
PAR  FIG. 8 is a veiw like FIG. 5 showing the blades in their advanced or closed
      position.
PAR  FIG. 9 is a still further enlarged view of the distal end of the instrument
      and seen as indicated at 9 -- 9 on FIG. 4.
PAR  FIG. 10 is an enlarged view like that of FIG. 9 with parts broken away and
      viewed as the instrument appears in FIG. 5.
PAR  FIG. 11 is a section taken at 11 -- 11 of FIG. 10.
PAR  FIG. 12 is a view of the body end portion and the blade assembly when
      removed from the main body portion and as viewed in the direction
      indicated at 12 -- 12 on FIG. 10.
PAR  FIG. 13 is a section taken as indicated at 13 -- 13 of FIG. 10.
PAR  FIG. 14 is a diagramatic perspective showing the blades partially
      disassembled but lined up to receive the pivot pin.
PAR  FIG. 15 is a view of the cam end of the actuator viewed as looking along
      line 15 -- 15 of FIG. 11.
PAR  FIG. 16 is a central longitudinal section of a modified form wherein the
      blades are automatically closed as the actuator is rotated, the blades
      being open or retracted.
PAR  FIG. 17 is a section like that of FIG. 16, with blades closed or advanced.
DETD
PAC  PRINCIPLES OF BLADE OPERATION
PAR  FIG. 1 shows an instrument 10 of the present invention in place for
      performance of a conization operation on the uterene cervix C. The
      instrument 10 includes a two part body indicated generally at 12 and
      having an elongated main portion 13 and a separate distal end portion 14
      secured to the main body portion by four screws 15, two of which appear in
      FIG. 1. The end portion 14 includes a top or obturator 16 for insertion
      into the endocervical canal, which tip is grooved at 17 to receive the
      blades when they are fully advanced to their closed condition. The end
      portion 14 of the body includes a flange 18 which serves as a stop and has
      rounded locater projections 18a (FIGS. 10 and 12). The stop flange 18 is
      secured to an enlarged flange 19 on the main body portion 13 by the
      aforesaid screws 15 and as mentioned, the flange 18 serves as a stop for
      controlling insertion of the instrument. Two round nosed, side cutting
      blades 20, 20a are pivotally mounted on a pin 21 (FIG. 2) having flat end
      portions 21a that are clamped between the two body portion flanges 18, 19
      for retaining the blades in the instrument.
PAR  As will be described in detail presently, the blades 20, 20a are
      simultaneously rotated and are progressively advanced or closed by a
      combined rotary and linear motion of an actuator indicated generally at
      30. In FIG. 1, it will be understood that only the distal end of the
      instrument appears. During the operation, as the blades are simultaneously
      rotated and advanced (closed) along arcuate paths, the blades follow a
      helicoid path partially and diagramatically indicated at "p" in FIG. 3,
      and the progressive side cutting action of the rotating blades 20, 20a,
      which are slowly advanced or closed during the operation readily removes a
      specimen such as that indicated at "a" in FIG. 1.
PAC  GENERAL APPEARANCE OF THE INSTRUMENT
PAR  FIG. 4 gives the overall appearance of the entire instrument of the present
      invention and reveals its smooth clean design with no rotary protuberances
      that project radially past the cutting blades 20, 20a. In addition to the
      parts just described in FIG. 1, FIG. 4 shows a handle 32 which is keyed to
      the proximal end of the blade actuator indicated generally at 30, and
      which is rotated while being simultaneously linearly advanced to close the
      blades during the operation. Also appearing in FIG. 4 is a grip 40 for the
      other hand of the surgeon. The grip 40 is a sleeve-like member in which
      the body 12 freely rotates during the operation and the grip is preferably
      provided with projections 41 to assist in steadying and guiding the
      instrument during the operation.
PAC  BLADE OR KNIFE CONSTRUCTION
PAR  The blades or knives 20, 20a have been briefly mentioned but an important
      feature of the present invention is the blade construction for cam
      operation, which obviates the need for linkages and externally protruding
      devices that rotate during the operation and hence present hazards. Also,
      the blades freely slip over the pivot pin 21, and the blade parts can be
      completely disassembled for sterilization, sharpening or replacement by
      removing the four screws 15 previously mentioned.
PAC  ADDITIONAL BLADE DETAILS
PAR  The general nature of the blades 20, 20a has been previously described with
      reference to FIG. 2. In addition to FIG. 2 reference is further made to
      Figures such as FIGS. 10 and 12 - 14 which show additional details of the
      blades. The blades 20, 20a are of basically the same construction, except
      that due to the manner in which they are hinged, they can be regarded as
      being of right and left hand with relation to their hinge construction.
      Referring to the blade 20 by way of example, it being understood that the
      blade 20a is of the same construction except for the offsetting of its
      hinge parts, the cutting portion of the blade is preferably formed so it
      will lie in a semi-spherical surface, and each blade has a rounded nose 22
      best seen in FIGS. 9 and 14 and a curved cutting edge 23 which is
      sharpened in the direction of rotation of the body, this direction being
      to the right as viewed from the proximal end of the instrument.
PAR  Each of the blades projects from the end of an arm 24, the outer end of the
      arm also being machined to lie in a semi-spherical surface. A similar arm
      24a is provided for the blade 20a. In order to permit pivotal mounting of
      the blades, the inner ends of the arms 24, 24a are provided with hinged
      sectors 25, 25a. These sectors are apertured in the usual manner to snugly
      receive the hinge pin 21 having flattened ends 21a as previously
      described.
PAR  As mentioned, the feature of the present invention is the non-projecting,
      substantially concealed operation of the blades. In order to provide for
      this compact mode of operation, each of the blade mounting arms 24, 24a
      has milled therein in a straight groove 26, 26a and each of these grooves
      is formed with semi-cylindrical sidewalls that provide cam surfaces. In
      order to receive the cam actuating mechanism associated with the actuator
      30, previously mentioned in general, the cam grooves 26, 26a have
      rearwardly facing slots 27, 27a to receive an actuator cam device. As will
      be described presently, the opposed semi-cylindrical cam surfaces of the
      grooves 26, 26a each receive a simple hemi-spherical cam element integral
      with the actuator 30 previously mentioned.
PAC  ACTUATOR AND BODY ASSEMBLY
PAR  In accordance with the present invention, the blade actuator 30 is slidably
      mounted in the main portion 13 of the body 12 for advancing and retracting
      the blades 20, 20a. Also, the actuator 30 is keyed directly to the main
      body portion 13 so that rotation of the actuator handle 32 rotates the
      entire body 12 and the blades pivotally mounted therein. Referring to
      FIGS. 5 and 8, actuator 30 is a rod-like member having enlarged end
      portions 33, 34 which slidably fit into corresponding bores in the main
      body portion 13 and having a reduced intermediate portion 35 to minimize
      friction. In order to key the body to the actuator the distal end of the
      actuator 30 is formed with a key or vane 36, which is notched and silver
      soldered into opposed grooves formed in the end portion 33 of the actuator
      (FIG. 11). The vane 36 slides in a slot 39 formed near the end of the main
      body portion 13, as best seen in FIG. 9. This construction keys the body
      12 to the actuator 30 so that rotation of the actuator handle 32 turns the
      body and hence the blades 20, 20a, without placing any strain on the blade
      mounting mechanism.
PAR  In order to advance and retract the blades, the actuator vane 36 is
      provided with a pair of cams 44, 44a (FIGS. 9 - 11) having hemispherical
      ends that slidably fit within the semi-cylindrical side walls of the blade
      arm grooves 26, 26a. The end of the actuator vane 36 is relieved at 48
      (FIG. 10) to clear the blade hinge sectors 25, 25a when the actuator is
      advanced to close the blades. The main body portion 13 has an enlarged
      slot 50 (FIGS. 9 and 13) for receiving the blades 20, 20a and the end
      portion 14 of the body is provided with a slot or groove 52 that forms a
      continuation of the body slot 50 as seen in FIG. 9. With this
      construction, linear motion of the actuator 30 in the body 12 cams the
      blades between their open and closed positions (FIGS. 5 and 8) and yet
      none of the blade operating structure projects past the outer peripheries
      of the blades themselves.
PAC  ASSEMBLY OF THE HANDLE WITH THE ACTUATOR
PAR  Referring to FIGS. 5 and 6, the handle 32 is detachably assembled with the
      actuator 30 so that all parts are readily removed for sterilization. The
      handle 32 is bored at 60 (FIG. 5) to receive the enlarged end portion 34
      of the actuator. The proximal end of the actuator is cross slotted at 61
      and the handle is cross slotted at 62 (FIG. 5) to receive a key 64, the
      periphery of which is rounded to follow the contour of the associated
      portion of the handle (FIG. 6). The key 64 is detachably held in its
      driving position by a detachable sleeve 66 which sleeve is retained by a
      readily removable rubber O-ring 68 fitting into a semicylindrical groove
      formed in the handle 32. Thus, by removing the O-ring 68, the sleeve 66
      and the key 64, the handle 32 can be removed, and all these parts are
      completely disassembled for sterilization.
PAC  ASSEMBLY OF THE GRIP AND BODY
PAR  After the actuator handle 32 has been removed, the grip 40 is also readily
      removed from the body. The grip 40 is retained on the body between a body
      shoulder 70 (FIG. 5) and the opposed ends of split ring sections 72, 73.
      These ring sections are internally grooved to snugly receive a low flange
      74 formed on the body, which construction also fixes the axial position of
      the split ring sections 72, 73. The ring sections are held in their
      assembled position by a removable sleeve 76 and the sleeve, in turn, is
      retained on the ring sections by a removable O-ring 78, formed of neoprene
      or the like, which ring is a duplicate of the O-ring 68 that retains the
      actuator handle in place. Thus, after the handle 32 has been removed from
      the actuator in the manner just described, the grip 40 can be removed from
      the body by removing the O-ring 78, the sleeve 76 and the split ring
      sections 72, 73 whereupon the grip 40 can be slipped entirely free of the
      body and the actuator.
PAR  Complete disassembly of the instrument is accomplished by removing the
      screws 15, the body tip portion 14, the blades 20, 20a and the blade pivot
      pin 21, as previously described. Thus every part of the instrument can be
      fully exposed for sterilization.
PAC  USE OF THE INSTRUMENT
PAR  Although the use of the instrument of the present invention has been
      outlined briefly, it will be herein summarized. During the operation
      access to the cervix is provided in accordance with conventional surgical
      techniques, which need not be described in detail. The blades 20, 20are
      retracted to the position of FIGS. 1 and 4 by holding the grip 40 with one
      hand and drawing the handle 32 toward the operator with the other hand.
      The tip of the obturator 16 is inserted into the endo-cervical canal, this
      motion being limited by the stop flange 18, behind the tip, (FIG. 1). The
      instrument is now manipulated by holding the grip 40 in one hand and
      rotating the handle 32 by the other hand, which action rotates the entire
      body 12 and hence the blades 20, 20a.
PAR  As the body and blades are thus rotated, the handle 32 is slowly advanced
      to close the blades. Since the ends or noses of the blades are rounded
      (FIG. 9) a certain amount of resistance to closing of the blades develops
      to provide a "feel" as to blade position. As a result, closing of the
      blades proceeds uniformly during rotation thereof to produce the helicoid
      cutting path "p" illustrated diagrammatically in FIG. 3.
PAR  Near the end of the cutting path the rounded noses of the blade rotatably
      enter the groove 17 (FIG. 9) in the tip 16 so that further rotation of the
      blades, even though they are brought up against the wall of the groove 18
      in the tip and hence can close no further, produces a final rotary cut
      that severs the specimen "a" (FIG. 1). The instrument is now withdrawn
      from the site of the operation bringing the clean and smoothly cut
      specimen "a" with it. Because of the smoothly contoured, non-projecting
      nature of the instrument, this operation is performed without damage to
      surrounding tissue.
PAC  MODIFIED FORM
PAR  In the modification shown in FIGS. 16 and 17, the helicoid path "p" of FIG.
      3 is obtained automatically, after insertion of the instrument, by simply
      rotating the handle 32a attached to the blade actuator rod 30a. In the
      description of the modified form of the invention, the reference
      characters for parts which are like those previously described are
      repeated, similar parts include a subscript letter and new reference
      numbers are applied only to parts that have no previous exact
      counterparts.
PAR  In the modified form of the invention, the major portion 13a of the body
      12a is rotatable within and is axially fixed relative to the grip 40a, as
      in the previous embodiment. However, in this embodiment the handle 32a,
      connected to the actuator 30a for camming the blades closed, is externally
      threaded into threads formed internally in the grip 40a, so that rotation
      of the handle 32a not only rotates the body 12a and the blades 20, 20a as
      before, but by means of the aforesaid construction causes the actuator 30a
      to advance relative to the rotating body. This closes the blades as they
      rotate and automatically produce the helicoid cut previously described.
PAR  In the automatic form the handle 32a includes a major portion 80 that is
      keyed at 82 to the actuator rod 30a. The handle portion 80 and the
      actuator rod 30a are retained together by a cap nut 84. The handle portion
      80 has a reduced diameter extension 85 which is externally threaded with
      Acme threads 86 for cooperation with mating threads 87 in the grip 40a.
      The grip 40a is rotatably mounted on the body portion 13a but is acially
      fixed relative to the body. The grip 40a has an internal bore 90 that is
      rotatable on the body portion 13a and the body portion has a radial flange
      92 for axially locating the grip. The grip is rotatably clamped against
      the body flange 92 by means of a friction washer 94 and a clamp nut 96
      threaded onto the grip. As mentioned, the grip has internal threads 87
      that mate with the external threads 86 on the handle portion extension 85
      and the grip is counterbored at 102 to receive the handle portion 80.
PAR  Before the operation the surgeon grasps the grip 40a with one hand and the
      handle 32a with the other and rotates the handle 32a in the direction
      which causes the body portion 80 to be pulled out along the grip. This
      pulls back on the actuator rod 30a and opens the blades as shown in FIG.
      16. The required direction of rotation of the handle is determined by the
      hand of the threads 86, 87.
PAR  The instrument is then inserted in the manner previously described and the
      handle 32a is rotated in the opposite direction so that the cooperating
      threads 86, 87 on the handle and the grip cause the actuator rod 30a to
      advance and slowly cam the blades 20, 20a toward their closed position.
      While this takes place, because of the keyed connection 82 between the
      handle 32a and the actuator rod 30a, and because of the sliding key
      connection 36 between the distal end of the actuating rod and the body 12a
      previously described, the body rotates and the blades 20, 20a rotate with
      the body, as they are advanced or closed by the screw construction just
      described. As a result the tips of the cutter blade take the helicoid path
      "p" shown in FIG. 3 and a specimen "a" like that of FIG. 1 is excised. It
      is to be noted that the groove 17 in the tip 16 is deep enough so that the
      last partial revolution of the handle, as the blades complete their
      incision, permits the blade to be cammed towards a closed position and
      into the groove 17 so that the final segment of tissue is cut at the end
      of the manipulation of the instrument.
PAR  It is to be noted that as in the previous embodiment there are no
      objectionable obstructions or projections on the portions of the
      instrument received in the body cavity and that all portions of the
      instrument can be completely disassembled from one another for
      sterilization if desired.
PAR  Although the best mode contemplated for carrying out the present invention
      has been herein shown and described, it will be apparent that modification
      and variation may be made without departing from what is regarded to be
      the subject matter of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An instrument for conization of the cervix of the type comprising an
      elogate body having a cervical body tip, a diametrical slot in said body
      behind said tip, opposed extendable and retractable knives pivotally
      mounted on said body within said slot, actuator means slidable within said
      body for advancing and retracting said knives, and a grip within which
      said body rotates; the improvement wherein said knives have radial
      mounting arms with radial cam follower means, said actuator means
      comprising a single rod keyed to and slidable along the axis of said body,
      a handle on the proximal end of said rod, and two cams on said actuator
      means disposed entirely within said body slot each cam making positive
      camming engagement with the cam follower means on one of said knife arms
      for pivoting said knives in both directions, said knives having rounded
      ends with side cutting edges for making continuous helical incisions as
      the body and knives are rotated and the knives are progressively advanced
      during said rotation by means of said rod.
NUM  2.
PAR  2. The instrument of claim 1, wherein said cam follower means comprises a
      slot in each of said radial knife mounting arm.
NUM  3.
PAR  3. The instrument of claim 2, wherein each of said cams projects laterally
      from a flat key member on the end of said actuator rod, said key member
      being slidably keyed to a diametral slot in said body.
NUM  4.
PAR  4. The instrument of claim 1, wherein said tip projects from a stop flange,
      said knives being longitudinally curved with said pivot at the center of
      curvature, said knives closely overlying said stop flange.
NUM  5.
PAR  5. The instrument of claim 1, comprising an external thread on said
      actuator means, said grip having a mating internal thread so that rotation
      of said actuator means handle while said grip is held both rotates said
      body and knives and pivots said knives.
NUM  6.
PAR  6. An instrument for conization of the cervix of the type comprising a body
      having a cervical body tip, opposed extendable and retractable knife means
      pivoted on said body behind said tip, and actuator means comprising a
      single rod slidable within said body for advancing and retracting said
      knife means; the improvement comprising a hand grip within which said body
      rotates, a diametral slot formed in said body, a pair of knives pivoted to
      said body within said slot, means for slidably keying said rod to said
      body so that rotation of said rod rotates said body within said hand grip
      and hence rotates said knives, and means for connecting said single rod to
      both knives to advance and retract the knives when the rod is slid back
      and forth in said body, said knives having rounded ends with side cutting
      edges for making a helical incision as the body is rotated and as the
      knives are progressively advanced during said rotation by means of
      simultaneously rotating and advancing said rod.
NUM  7.
PAR  7. An instrument for conization of the cervix of the type comprising an
      elongate body having a cervical body tip, a diametrical slot in said body
      behind said tip, an opposed extendable and retractable knife pivotally
      mounted on said body within said slot, actuator means slidable within said
      body for advancing and retracting said knife, and a grip within which said
      body rotates; the improvement wherein said knife has a radial mounting arm
      formed with cam follower means, said actuator means comprising a single
      rod keyed to and slidable along the axis of said body, a handle on the
      proximal end of said rod, and cam means on the distal end of said rod,
      said cam means making positive camming engagement with the cam follower
      means on said knife arm for pivoting said knife in both directions, said
      knife having a rounded end with a side cutting edge for making a
      continuous helical incision as the body and knife are rotated and the
      knife is progressively advanced during said rotation by means of said rod.
NUM  8.
PAR  8. An instrument for conization of the cervix of the type comprising an
      elongate body having a cervical body tip, a diametrical slot in said body
      behind said tip, an extendable and a retractable knife pivotally mounted
      on said body within said slot, actuator means slidable within said body
      for advancing and retracting said knife, and a grip within which said
      slot, actuator means slidable within said body for advancing and
      retracting said knife, and a grip within which said body rotates; the
      improvement wherein said knife has a radial mounting arm with radial cam
      follower means, said actuator means comprising a single rod keyed to said
      body and slidable along the axis of said body, a handle on the proximal
      end of said rod, and cam means rigidly mounted on the distal end of said
      actuator means and disposed within said body slot, said cam means making
      positive camming engagement with the cam follower means on said knife arm
      for pivoting said knife in both directions, said cam means keying said rod
      to said body, said knife having a rounded end with a side cutting edge for
      making a continuous helical incision as the body and knife are rotated and
      the knife is progressively advanced during said rotation by axial motion
      of said rod.
NUM  9.
PAR  9. An instrument for conization of the cervix of the type comprising a body
      having a cervical body tip, opposed extendable and retractable knife means
      pivoted on said body behind said tip, and actuator means comprising a
      single rod slidable within said body for advancing and retracting said
      knife means; the improvement comprising a hand grip within which said body
      rotates, said knife means comprising a pair of knives pivoted to said body
      within said slot, means for connecting said rod to said body so that
      rotation of said rod rotates said body within said hand grip and hence
      rotates said knives, and means for connecting said single rod to both
      knives to advance and retract the knives when the rod is slid back and
      forth in said body, said knives having rounded ends with side cutting
      edges for making a helical incision as the body is rotated and as the
      knives are progressively advanced during said rotation by means of
      simultaneously rotating and advancing said rod.
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ABST
PAL  The invention relates to a method for collecting a blood sample from a
      blood vessel, such as an artery, by means of a syringe, preferably of the
      type having a piston displaceably mounted within a cylinder which is
      provided with a hollow needle. Before the needle is inserted in the blood
      vessel from which the blood sample is to be collected the piston is
      displaced to a retracted position, and the cylinder space defined by the
      piston is vented to the atmosphere. The invention also relates to a blood
      sampling syringe having means for venting the cylinder space to the
      atmosphere in a retracted position of the syringe piston.
PARN
PAR  This is a continuation, of application Ser. No. 412,566, filed Nov. 5, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method and an apparatus or a syringe for
      collecting a blood sample from a human or animal blood vessel, such as an
      artery or vein.
PAR  2. Description of the Prior Art
PAR  Arteries are blood vessels through which blood is passed from the lungs to
      the tissues in human or animal bodies, and the blood is passed from the
      tissues back to the lungs through the veins. Therefore, artery blood
      contains oxygen being used for combustion or oxidation processes in the
      tissues, and the blood in the veins transports carbon dioxide generated in
      the oxidation processes back to the lungs. The object of certain blood
      examinations -- the so-called acid-base tests -- is i.e., to establish a
      value indicating the lung effectively or the oxygen contents of the artery
      blood.
PAR  Several methods for collecting blood samples to be used for the said tests
      are known. Thus, it is known to collect a blood sample from an artery by
      means of a syringe of the type having a cylinder provided with a hollow
      needle or hypodermic needle and a piston displaceably mounted in the
      cylinder. According to the said known method the main artery in the upper
      arm (arteria brachialis), in the wrist (arteria radialis), or in the thigh
      (arteria femoralis) is punctured by means of the syringe needle while the
      piston is in its advanced position, and thereafter a suitable blood sample
      is sucked into the syringe cylinder by retracting the piston. However, the
      arteries are rather deep-lying and not easily accessible, and therefore it
      may be rather difficult to hit the artery with the syringe needle and it
      cannot be ascertained whether the artery has been properly punctured by
      the needle before the piston of the syringe is being retracted in relation
      to the cylinder. In case no proper puncturing has taken place a new attept
      must be made to hit the artery. Furthermore, it is difficult to keep the
      syringe needle completely still after its puncture of the artery, partly
      because the position of the hands holding the syringe have to be changed,
      and partly due to the friction between the piston and the syringe
      cylinder. Therefore, during retraction of the piston the needle point may
      be moved to such an extent that it slips out of the artery and/or
      increases the size of the hole made in the artery wall. Due to these facts
      collection of blood samples from arteries by the known method described is
      painful as well as subject to risk, and therefore in a number of countries
      such collection of blood samples is allowed to be made by doctors only.
PAR  In order to avoid the painful and risky artery puncture to the farthest
      possible extent it is sometimes replaced by the so-called capillary tube
      technique involving local increase of blood circulation in a tissue (for
      example in a heel, an ear, or a finger tip) by massage, the action of
      heat, or in another manner, whereby the oxygen content of the blood in the
      said tissue is increased so that that the blood becomes similar to artery
      blood. In accordance with said capillary tube technique a blood sample is
      collected by making a small incision in the said tissue in order to create
      a small drop of blood which is sucked into a capillary tube by inserting
      one end thereof into a drop of blood. By making the previously mentioned
      tests of blood samples collected by the capillary tube technique it is
      possible to obtain an acceptable accuracy compared with corresponding
      measurements made on real artery blood, but naturally by using the
      capillary tube technique it is possible to collect only relatively small
      blood samples which are insufficient to be treated in modern fully
      automatic or semi-automatic blood analyzing apparatuses. Furthermore, it
      is not possible to use the capillary tube technique in collecting blood
      samples from patients suffering from shock, because the blood vessels in
      the tissues are constricted in such a shock condition.
PAR  It is also known to avoid the problems in connection with artery puncture
      by making the measurements desired on vein blood instead of on artery
      blood and thereafter on the basis of empirically determined normal values
      try to compensate for the errors appearing in the measuring results due to
      the use of the vein blood instead of artery blood. The lastmentioned
      method has the advantage that the blood sample collecting technique for
      vein blood is relatively simple, without risk, and substantially without
      pain, but the results obtained by the measurements are of course rather
      inaccurate.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention a method has been provided for collecting a
      blood sample from a human or animal blood vessel by means of a syringe
      which comprises a hollow needle and a syringe chamber communicating with
      one end of the bore in said hollow needle and having a volume variable
      between a first volume and a second, substantially reduced volume, said
      method comprising puncturing said blood vessel by the free end of said
      hollow needle while said syringe chamber attains its said first volume and
      while the syringe chamber is vented to the atmosphere. In blood vessels
      the blood pressure is higher than the atmospheric pressure and therefore
      blood will start flowing into the vented syringe chamber as soon as the
      blood vessel has been properly punctured by the needle point, and provided
      that at least part of the walls of the syringe chamber is made from a
      transparent material it is possible to see when blood flows into the
      syringe chamber, and thereby it may be ascertained whether the blood
      vessel has been punctured or not. When using the method according to the
      invention the syringe may rather easily be kept still because no piston
      has to be retracted in order to suck blood from the blood vessel as is the
      case in the known method described above. Thus, the method according to
      the invention makes it possible to collect blood samples from arteries
      with substantially less pain or inconvenience for the patient than when
      the described known method for collecting blood samples from arteries is
      used. Although the advantages of the method according to the invention
      have special relation to collection of blood samples from arteries the
      method according to the invention may also advantageously be used in
      connection with collection of blood samples from veins, especially when
      these samples later should be injected and analyzed in automatic or
      semi-automatic blood analyzing apparatuses.
PAR  Because it is normally of interest to measure i.a. the partial pressures of
      oxygen and carbon dioxide in the blood sample collected it is important to
      avoid that the blood sample is in contact with atmospheric air for an
      extended period of time, because gases dissolved in the blood samples
      would then diffuse out into the atmospheric air. According to the
      invention this may be avoided by blocking the communication between the
      syringe chamber and the ambient atmosphere as soon as a sufficient amount
      of blood has been collected in the syringe chamber. If desired, the air
      remaining within the syringe chamber may thereafter be expelled through
      the hollow needle in a manner known per se. It has been found that the
      contact between the atmospheric air and the free surface of the blood
      sample during collection of the same does not affect the results of the
      later measurements.
PAR  The syringe used in the method according to the invention may be of any
      suitable type. Thus, for example, the syringe chamber may be compressible
      so that the said first volume corresponds to an uncompressed condition of
      the syringe chamber whereas the said second, substantially reduced volume
      corresponds to a compressed condition of the syringe chamber. The syringe
      used is, however, preferably of the type having a cylinder and a piston
      arranged displaceably therein, and in that case the said first volume
      corresponds to a retracted position of the piston, whereas the said second
      volume corresponds to an advanced position of the piston.
PAR  The invention also relates to a blood sampling syringe for collecting a
      blood sample from a human or animal blood vessel, said syringe comprises a
      hollow needle, a syringe chamber communicating with one end of the bore in
      said needle and having a volume variable between a first volume and a
      second, substantially reduced volume, and means for venting said first
      volume of the syringe chamber to the atmosphere. The said syringe is
      preferably of the type having a cylinder and a piston displaceably
      arranged therein, and the cylinder wall is preferably partly or totally
      made from a transparent material, such as transparent plastic material.
      The syringe according to the invention may preferably be packed in sterile
      condition with the piston in its retracted position and with the inner
      cylinder chamber vented to the ambient atmosphere within the packing. The
      syringe is then ready for use as soon as it is removed from the packing.
      The syringe is preferably of the disposable type and made substantially
      from plastic material. It is not possible to use syringes made from
      plastic material in connection with the known method for collecting blood
      samples from arteries because of the relatively high friction between the
      piston and the inner cylinder wall. That friction is, however, of no
      importance in connection with the method according to the invention which
      does not involve displacement of the piston during collection of a blood
      sample.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be further described with reference to the drawings
      showing various embodiments of syringes according to the invention, and
      wherein
PAR  FIG. 1 is an elevational and partly sectional view of a first embodiment of
      the syringe according to the invention provided with an opening in the
      cylinder wall,
PAR  FIG. 2 is a similar view of a second embodiment having a longitudinally
      extending groove formed in the inner wall of the cylinder at one end
      thereof,
PAR  FIG. 3 is a cross-section viewd in the direction indicated by the arrows
      III -- III in FIG. 2,
PAR  FIG. 4 is a sectional view of a third embodiment of the syringe according
      to the invention having a piston rod with an axially extending through
      bore or passage.
PAR  FIG. 5 is an elevational and partially sectional view of a fourth
      embodiment of the syringe according to the invention having a
      longitudinally extending ridge formed on the inner wall of the cylinder at
      one end thereof,
PAR  FIG. 6 is a cross-sectional view in the direction indicated by the arrows
      VI -- VI in FIG. 5,
PAR  FIG. 7 is an elevational and partially sectional view in a fifth embodiment
      of the syringe according to the invention having a longitudinally
      extending venting tube arranged between the inner wall of the cylinder and
      the cylindrical surface of the piston,
PAR  FIG. 8 is an elevational and partially sectional view of a sixth embodiment
      and having a longitudinally extending rod-shaped member arranged between
      the inner wall of the cylinder and the cylindrical surface of the piston,
      and
PAR  FIG. 9 is a cross-section viewed in direction of the arrows IX -- IX in
      FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  All of the syringes shown on the drawing comprises a syringe cylinder 10
      having at one end a projection 11 with an outer surface formed
      substantially as a truncated cone and adapted to engage with a normal
      mounting member of a hollow needle or a hypodermic needle 11-(FIG. 8) in a
      known manner. A piston 12 having a piston rod 13 is displaceably mounted
      within the cylinder 10 which is preferably made of a transparent plastic
      material. The syringes shown are preferably of the disposable type.
PAR  Each of the syringes is provided with some kind of means making it possible
      to vent the cylinder space defined by the piston 12 in a retracted
      position thereof to the ambient atmosphere. In the embodiment shown in
      FIG. 1 the said venting means comprise an opening or hole 14 in the
      cylinder 10. When the syringe shown in FIG. 1 is to be used for collecting
      a blood sample from an artery or vein it is provided with a suitable
      hypodermic needle and the piston 12 is moved to its retracted position
      indicated by dotted lines if the piston is not already in that position.
      The cylinder space defined by the piston is now communicating with the
      atmosphere through the opening 14. The tip 11" of the syringe needle,
      which may preferably be a so-called tuberculine needle, may now be
      introduced into an artery or a vein, and when the blood vessel has been
      punctured by the needle point 11" blood will start flowing into the
      cylinder 10 due to the fact that the pressure within the blood vessel is
      above that of the atmosphere and that air may escape through the opening
      14 from the cylinder space defined by the piston 12. When a suitable
      amount of blood has flowed into the cylinder 10 the needle is retracted
      from the blood vessel and the communication between the cylinder space and
      the ambient atmosphere may now be disrupted by displacing the piston 12
      inwardly past the opening 14. Air which might be present within the
      cylinder space may simultaneously be expelled through the bore of the
      needle. The collected blood sample may be stored in the syringe until use
      and may then for example be injected directly into an automatically or
      semi-automatically functioning blood analyzer.
PAR  In the embodiment shown in FIGS. 2 and 3 the opening 14 is replaced by a
      longitudinally extending groove 15 which is formed in the inner wall of
      the cylinder 10 and communicates the cylinder space defined by the piston
      with the ambient atmosphere when the piston is positioned in its retracted
      position. In the embodiment shown in FIG. 4 the communication between the
      cylinder space defined by the piston 12 and the atmosphere is obtained by
      means of a through passage or bore which extends axially through the
      piston rod 13 and may be closed by means of a stopper 17 or another
      closure member. When the embodiment according to FIG. 4 is to be used for
      collecting a blood sample the stopper 17 is removed and the piston 12 is
      moved to its retracted position (if not already in that position) before
      puncturing of the blood vessel by means of the needle. When a blood sample
      has been collected the passage 16 may again be closed by means of the
      stopper 17.
PAR  The embodiment shown in FIG. 5 comprises a wedge-shaped ridge 18 formed on
      the inner wall of the cylinder 10 at one end thereof, and as shown in FIG.
      6 the said ridge provides a leak between the piston 12 and the surrounding
      cylinder wall when the piston is in its fully retracted position. The said
      leak establishes the necessary communication between the inner cylinder
      space and the ambient atmosphere during the collection of a blood sample.
PAR  A similar leak between the piston and the surrounding cylinder wall in the
      fully retracted position of the piston may be obtained by means of the
      embodiment shown in FIGS. 8 and 9 having a separate, rod-shaped member
      arranged between the inner wall of the cylinder 10 and the piston 12 in
      the retracted position thereof. In the embodiment shown in FIG. 7 the
      venting means comprises a corresponding tube-shaped member 20 which may be
      a section of a cannula forming a venting tube. When blood samples have
      been collected by means of the syringes shown in FIGS. 7 and 8 the
      communication between the cylinder space defined by the piston and the
      ambient atmosphere may be disrupted by removal of the rod-shaped member 19
      and the tube section 20, respectively.
PAR  The syringe embodiments shown in FIGS. 7 and 8 -- and possible also other
      embodiments of the syringe according to the invention -- may preferably be
      packed in a sterile packing with the piston 12 in its fully retracted
      position and with or without a hollow needle mounted on the projection 11.
      In case the syringe is packed with the needle 11' mounted thereon the
      packing contains a sterile syringe ready for use in collecting a blood
      sample.
PAR  It should be understood that the embodiments shown on the drawing and
      described above are examples only and that various modifications and
      changes may be made within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of collecting a blood sample for analyzing it, comprising;
PA1  providing a syringe chamber with a first end normally communicating with
      the atmosphere and with a hollow needle communicating with and extending
      from an opposite end of the chamber to a free end of the needle;
PA1  puncturing a blood vessel of a patient with the free end of the hollow
      needle;
PA1  thereupon holding the syringe chamber immobile relative to the patient to
      quiescently pass a stream of blood from the punctured blood vessel through
      the hollow needle, by body pressure of the patient into the chamber, until
      a blood sample of predetermined volume has been collected in the chamber;
PA1  then withdrawing the free end of the hollow needle from the blood vessel
      and terminating said holding of the syringe chamber; and
PA1  thereafter interrupting the communication of the first end of the syringe
      chamber with the atmosphere and reducing the volume of the chamber to
      forcibly expel blood therefrom for analyzing the blood.
NUM  2.
PAR  2. A method according to claim 1, wherein said blood vessel is an artery.
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PAL  A throwaway, one-time use signal sensing and telemetric transmitting device
      for use such as in the care of medical patients requiring a monitoring of
      a physiological function such as the cardiac function of the patient. The
      device includes one-time use self-powering battery means, adhesive means
      for attachment of the device to the patient and electrodes for sensing the
      physiological functioning. A disposable cover is removed to expose the
      adhesive means and the battery means are actuated to power the device at
      the time of use. The radio frequency transmitted signal is received on a
      suitable radio telemetry receiver for monitoring and recording as desired.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to physiological monitoring and recording devices,
      and in particular to telemetric forms of such devices.
PAR  2. Description of the Prior Art
PAR  Conventionally, the monitoring of a patient such as in an intensive care
      unit of a hospital has required vigilant surveillance by one or more
      nurses. More recently, monitoring means have been utilized in the form of
      electrical monitoring and recording devices which are connected to the
      patient by suitable electrical wires. Such conventional devices have
      required that the patient's bed be made electrically shockproof and it has
      been found that to suitably shockproof such a hospital bed costs
      approximately $2,500.00. Notwithstanding such expensive shockproofing, a
      number of patients have died each year as a result of electric shock
      because of failure of the system.
PAR  The use of such wiring limits the mobility of the patient and
      conventionally has required that the patient remain in the shockproof bed.
PAR  Because of the high cost of the equipment and the installation, the use
      thereof has been primarily limited to intensive care units of hospitals
      and, thus, such monitoring has not been readily available in connection
      with less serious patient problems.
PAR  It has been known in the prior art to use telemetric devices in connection
      with physiologic monitoring. One such device is shown in the Preston U.S.
      letters Pat. No. 3,212,496 which discloses a molecular physiological
      monitoring system wherein the voltage produced by the heart in the
      functioning thereof in sensed and transmitted to an EKG receiver and
      recording or display device. In Preston, the transducer system is
      implanted subcutaneously or externally.
PAR  Other patents which show different forms of transducers and telemetric
      physiological devices are shown in the U.S. letters Patent
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PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved throwaway, one-time use
      physiological signal sensing and transmitting telemetric device defined by
      a mounting element, electrodes carried by the mounting element, adhesive
      means carried by the mounting element for causing adherence of the
      mounting element to the skin of a patient with the electrodes in
      electrical-signal-receiving contact with the patient, a wireless
      transmitter carried by the mounting element connected to the electrodes
      for transmitting a signal corresponding to physiological information
      picked up by the electrodes, power means carried by the mounting element
      for operating the device, and means carried by the device for maintaining
      the device inoperative prior to a desired use and arranged to be readily
      manipulated to cause the device to be placed in a one-time operative
      condition, the element of the device being miniaturized to provide a low
      cost construction suitable economically to permit disposal of the device
      upon completion of a one-time use thereof.
PAR  The adhesive means of the device may comprise a nonallergenic adhesive
      backed pad carrying the sensing means and transmitting means. The
      electrodes may be maintained in electrical contact with the user's skin by
      the adhesive backed pad.
PAR  A battery may be provided in the device and means may be provided for
      preventing actuation of the battery until the desired use of the device.
PAR  The entire device may be made extremely small and at low cost permitting it
      to be economically considered as disposable after a one-time use. The
      electronics of the device may be formed as an integrated circuit chipboard
      or a discrete component printed circuit and the power requirements of the
      device may be made extremely small so that small, lightweight, low cost
      batteries may be employed in the device.
PAR  The adhesive pad may include suitable jelly for providing positive
      electrical contact of the electrodes with the user's body and may be
      provided with a removable protective cover maintaining the adhesive
      surface and jelly suitable for use upon removal of the cover.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a schematic representation of a patient provided with a signal
      sensing and telemetric transmitting device embodying the invention in
      connection with the transmitting of physiologic signals to a suitable
      receiver, monitor, and recorder;
PAR  FIG. 2 is a perspective view of the device in use in transmitting such
      signals;
PAR  FIG. 3 is a perspective view of the device with the protective cover
      partially removed;
PAR  FIG. 4 is a horizontal section taken substantially along the line 4--4 of
      FIG. 3;
PAR  FIG. 5 is an elevation of the electronic components of the device; and
PAR  FIG. 6 is a schematic wiring diagram of the electronic circuitry thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      physiologic signal sensing and transmitting telemetric device generally
      designated 10 is shown to comprise a device adapted to be affixed to the
      chest C of a patient for sensing a physiological function of the patient
      such as the cardiac function and transmitting suitable radio signals R
      corresponding thereto to a receiver 11 and a suitable monitor and
      recording device 12. The receiver 11 may be provided with a suitable
      antenna 13 for receiving the radio signals R at a location remote from the
      patient. The receiver may be installed in the same room with the patient,
      or at a central surveillance area as desired within the range of the
      transmitting device 10. The patient may utilize a conventional hospital
      bed B which need not be electrically shockproofed and is free to move
      about within the range of the transmitter with the device 10 remaining
      attached to the patient's body in the manner of a small adhesive bandage
      which may preferably be of the nonallergenic type.
PAR  As shown in FIG. 3, device 10 may comprise a block 14 of suitable
      nonallergenic foam plastic having a nonallergenic adhesive coated front
      surface 15 normally covered by a suitable protective sheet 16.
      Nonallergenic electrodes 17 and 18 project outwardly from the surface 15
      and a body of suitable electrically conductive nonallergenic jelly of
      conventional form 18 is provided in association with each electrode also
      suitably covered by the sheet 16 prior to use of the device. Each
      electrode illustratively may be formed of silver-silver chloride and
      comprise a circular electrode of approximately 3/4 inch diameter with the
      electrodes being spaced apart approximately 1 inch on center from the
      block 14.
PAR  A manually operable element 20 may be provided for effecting connection of
      the battery device to the electrical circuitry thereof as will be brought
      out more fully hereinafter. Thus, the device may be stored in a sterile
      pack for extended periods of time within the normal shelf life of the
      batteries and made available substantially instantaneously for use by the
      simple removal from the sterile pack and removal of the protective cover
      sheet 16 and manipulation of the battery actuator 20.
PAR  As shown in FIG. 4, the device may comprise a suitable electrical switch
      means having a pair of blades 22, or contact and blade on the printed
      circuit board, biased to contact each other upon removal of the manual
      control element 20 which comprises an insulating strip having an inner end
      23 normally disposed between the contact blades 22 and thereby maintaining
      the circuit from the battery open. Upon removal of the strip, the blade
      contacts close to establish the electrical circuit from the batteries 24
      which, in the illustrated form, comprise a series of 7 small Mallory Type
      MP-675 cells. The block 14 is relatively small and illustratively, may
      have a size of approximately 3 inch .times. 3 inch .times. 1/2 inch. The
      block is preferably formed of an insulating foam material, such as foam
      rubber, so that the batteries may be placed in electrical series by
      suitable mounting on the block with electrical leads 25 extending between
      the successive batteries, as shown in FIG. 4. One end of the series of
      batteries is connected to terminal 26 of the switch 21. The other terminal
      27 of switch 21 is connected to one terminal 28 of the electronic circuit
      means 29 and the other end of the battery series is connected directly to
      the other terminal 30 of the device 29. The electrodes 17 and 18 are
      connected respectively to a third terminal 31 and the terminal 28 of
      device 29, as shown in FIG. 4.
PAR  The electronic device 29 may comprise an integrated circuit chipboard or a
      discrete component printed circuit having extremely small size and being
      extremely economical of manufacture. The device 29 comprises means for
      amplifying the signal sent by the electrodes and transmitting it as a
      frequency modulated radio signal to the receiver 11. Broadly, the device
      10 includes an amplifier portion 32 and a transmitter portion 33. The
      transmitter preferably operates at a transmitting frequency of 204
      megacycles where the 7 batteries 24 provide a 9-volt output. The frequency
      of the transmitter is variable between 200 megacycles to 215 megacycles by
      suitable variation in the battery voltage and changing of the Q of the
      tank circuit of the Hartley oscillator transmitter 33. The transmitter
      draws approximately 3 milliamps at approximately 9 volts, so that the
      batteries as disclosed are continuously operable for a period of at least
      one week. The operating range of the transmitter is up to approximately
      100 feet or more.
PAR  Referring to FIG. 6, electrode 18 is connected to terminal 28 and electrode
      17 is connected to terminal 31 to provide an input to the amplifier stage
      32 of the device 10. Terminal 31 is connected through a 47 microfarad
      condenser to a base 35b of NPN transistor 35, or FET having the same
      characteristics. Base bias is provided by a 220 kilohm resistor 36 coupled
      from the collector 35c and base 35b of NPN transistor 35. An output is
      taken from the junction between a 15 kilohm load resistor 37 and collector
      35c of NPN transistor 35. The oscillator 33 comprises a modified Hartley
      oscillator device utilizing a tank circuit of a coil 38 illustratively
      having 2 flat hairpin turns 1/4 inch long by 1/8 inch between, printed on
      the foil side of the board, or 2 flat hairpin turns 1/4 inch long by 1/8
      inch between, of No. 22 solid wire mounted in line on the component side
      of the board. A suitable capacitor 39 is connected between center tap 40
      of the coil and the emitter 41e of an osciallator transistor 41. The tank
      circuit further includes a 22 picofarad capacitor 42. A 2-9 picofarad
      trimmer capacitor 42a is connected across capacitor 42 for fine tuning.
      The amplified signal from amplifier 32 is delivered to base 41b of
      transistor 41 for modulating a radio frequency output of the transmitter.
      The base is further coupled to a junction between capacitor 43 and a
      resistor 44 which are serially connected from emitter 41e to a junction
      between a load resistor 45 and coil 38.
PAR  The effective input impedance of the amplifier is approximately 10 kilohms
      and provides a stage gain of approximately 13 with a frequency response of
      from approximately 0.015 to 100 c.p.s. The input power to the oscillator
      is approximately 1 milliwatt. In the illustrated embodiment, the
      transistors 35 and 41 comprise Fairchild 2N708 or FET 2N5485 transistors
      having the same characteristics.
PAR  In operation, the cardiac function signal applied to electrodes 17 and 18
      upon amplification by the amplifier portion 32 of the device is
      transmitted from the coil 38 which serves as an FM radio transmitter with
      the intelligence being modulated thereon in the Hartley oscillator
      transmitter portion 33 of the device. This signal is received by the radio
      receiver 11 through the antenna 13 connected thereto and may be utilized
      as desired such as by delivery to a suitable monitor, alarm and recorder
      device 12. The monitor and recorder device may be physically associated
      with the radio receiver or may be remotely associated and connected
      thereto by suitable wires 46 as desired. In the illustrated embodiment,
      the receiver comprises a Fisher 500 FM receiver provided with a
      Hewlett-Packard 350-2700 preamplifier. The preamplifier may be provided
      with a high and low filter for filtering out high frequency interference.
PAR  Thus, in illustrating the invention, the device 10 has been shown as a
      built-up amplifier and transmitter utilizing conventional transistors and
      circuit components. Illustratively, the device 10 may be laid out as shown
      in FIG. 5. As discussed above, however, the circuit is amenable to
      provision in the form of an integrated circuit chipboard or a discrete
      component printed circuit for effectively minimized cost and size.
PAR  Thus, the device may be applied quickly to a patient by the simple readying
      thereof by removing the sheet 16 and adhesive attachment to the patient's
      chest along the sternum with the pullout strip 20 at the top. The receiver
      11 is tuned to the output frequency of the transmitter 33, which
      illustratively may be 204 megacycles. Switch 21 is then closed by removing
      the strip 20 from between the blades 22 whereupon the FM carrier will
      replace the institutional noise picked up by the transmitter as a quiet
      hush. The electrical functioning of the heart will then be viewable on the
      oscilloscope 47 of the receiver-recorder 11, 12. The device 10 is applied
      in the manner of a conventional bandage to the patient's body without
      complicated or extensive preparation of the patient. As the device is
      extremely simple and economical of construction, it may be utilized as a
      one-time use, throwaway device which permits high mobility of the patient
      while yet providing continuous monitoring of the sensed physiological
      function.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A throwaway, one-time use physiological signal sensing and telemetric
      transmitting device comprising: a mounting element; electrodes carried by
      said mounting element; adhesive means carried by said mounting element for
      causing a substantially one-time adherence of the mounting element to the
      skin of a patent with the electrodes in electrical-signal-receiving
      contact with said patient; a wireless transmitter carried by said mounting
      element connected to said electrodes for transmitting a signal
      corresponding to physiological information picked up by said electrodes;
      battery means carried by said mounting element for self-powered operating
      of said device; and means carried by the device for maintaining the device
      inoperative prior to a desired use and irreversibly manually operable to
      cause the transmitter to be placed in a one-time energized operative
      condition, the elements of the device being miniaturized to provide a low
      cost construction suitable economically to permit disposal of the device
      upon completion of a one-time use thereof.
NUM  2.
PAR  2. The throwaway sensing and transmitting device of claim 1 having means
      for covering the electrodes prior to use of the device.
NUM  3.
PAR  3. The throwaway sensing and transmitting device of claim 1 wherein said
      electrodes are laterally surrounded by said adhesive means.
NUM  4.
PAR  4. The throwaway sensing and transmitting device of claim 3 having means
      for covering the adhesive means and the electrodes prior to use of the
      device.
NUM  5.
PAR  5. The throwaway sensing and transmitting device of claim 1 wherein said
      mounting element comprises a body of foamed plastic.
NUM  6.
PAR  6. The throwaway sensing and transmitting device of claim 5 wherein said
      transmitter is enclosed in said mounting element.
NUM  7.
PAR  7. The throwaway sensing and transmitting device of claim 5 wherein said
      battery means is enclosed in said mounting element.
NUM  8.
PAR  8. The throwaway sensing and transmitting device of claim 1 wherein said
      means for maintaining the device inoperative includes a switch for
      controlling delivery of power from said battery means to said transmitting
      means and means for effectively irreversibly closing said switch to
      maintain the transmitter engaged for the useful life of the device.
NUM  9.
PAR  9. The throwaway sensing and transmitting device of claim 8 wherein said
      switch includes a pair of contacts biased toward a contacting relationship
      and said means for maintaining the device inoperative includes an
      insulator removably disposed between said contacts and means for effecting
      irreversible withdrawing of the insulator to permit said contacts to have
      maintained engagement and thereby energize the device continuously.
NUM  10.
PAR  10. The throwaway sensing and transmitting device of claim 1 wherein means
      are provided for providing good electrical contact between the patient's
      skin and said electrodes.
NUM  11.
PAR  11. The throwaway sensing and transmitting device of claim 1 wherein said
      mounting element comprises a nonallergenic pad.
NUM  12.
PAR  12. The throwaway sensing and transmitting device of claim 1 wherein said
      mounting element is a nonallergenic material.
NUM  13.
PAR  13. The throwaway sensing and transmitting device of claim 1 wherein said
      adhesive means is a nonallergenic material.
NUM  14.
PAR  14. The throwaway sensing and transmitting device of claim 1 wherein said
      electrodes are nonallergenic material.
NUM  15.
PAR  15. The throwaway sensing and transmitting device of claima 1 wherein
      nonallergenic means are provided for providing good electrical contact
      between the patient's skin and said electrodes.
NUM  16.
PAR  16. A throwaway, one-time use physiological signal sensing and telemetric
      transmitting device comprising: means for sensing a physiological
      condition of a patient and providing an input signal in conformity
      therewith; means for transmitting a radio frequency signal modulated by
      said input signal for reception by a suitable receiver; an adhesive backed
      pad carrying said sensing means and said transmitting means for adherence
      to a patient's skin as a result solely of urging of the adhesive back of
      the pad thereagainst; and battery means permanently associated with said
      pad and electrically associated with said transmitting means, said
      transmitting means including switch means for irreversibly actuating the
      device from said battery means at the desired time of use while
      maintaining the device inoperative until such time.
NUM  17.
PAR  17. The throwaway sensing and transmitting device of claim 16 wherein said
      sensing means comprises electrodes adapted to be maintained in electrical
      contact with the user's skin by said adhesive backed pad.
NUM  18.
PAR  18. The throwaway sensing and transmitting device of claim 16 wherein said
      transmitting means includes means for amplifying the input signal.
NUM  19.
PAR  19. The throwaway sensing and transmitting device of claim 16 wherein said
      adhesive backed pad is nonallergenic.
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PAL  An apparatus for connecting a testing electrode to a source of electrical
      energy having a housing for receiving a testing electrode and a member for
      connecting the testing electrode to a source of electrical energy. The
      invention is particularly characterized by contact means disposed about a
      common line, which face each other, and which are spaced apart by spring
      means, the arrangement being such that contact between the contact means
      of said housing and the contact means of said member can be effected by
      relative displacement of said housing and said member in the direction of
      said common line or by relative tilting of said housing and said member in
      any direction.
BSUM
PAR  This invention relates to apparatus for connecting a testing electrode to a
      source of electrical energy. The invention is especially applicable to
      electric pulp testers which comprise, as a source of energy, a battery
      housed in a handpiece, with a testing head mounted on the handpiece for
      receiving an active electrode.
PAR  Electric pulp testers should be easy to manipulate, and this means that it
      must also be possible for the instrument to be operated with a minimum
      number of manipulations. Known constructions comprise, in addition to an
      operating member for setting up the exciting current, a separate manually
      operable on-off switch. It may very readily happen that, on completion of
      the testing operation, it is forgotten to switch off the pulp testing
      instrument. The result of this is that electric component parts remain
      live after the testing time. In the case of battery-operated instruments,
      current is unnecessarily consumed and the battery can all too readily
      become rapidly discharged. This is of particular importance in the case of
      "cordless" pulp testers in which the battery is housed in the handpiece of
      the pulp testing instrument.
PAR  According to the invention there is provided apparatus for connecting a
      testing electrode to a source of electrical energy, including a housing
      for receiving a testing electrode, and a member for connection to a source
      of electrical energy, wherein said housing and said member are each
      provided with contact means disposed about a common line, which face each
      other and which are spaced apart by spring means, the arrangement being
      such that contact between the contact means of said housing and the
      contact means of said member can be effected by relative displacement of
      said housing and said member in the direction of said common line or by
      relative tilting of said housing and said member in any direction.
DRWD
PAR  In order that the invention may be fully understood and readily carried
      into effect it will now be described with reference to the accompanying
      drawing, in which:
PAR  FIG. 1 is a perspective view of an electric pulp tester in accordance with
      the invention,
PAR  FIG. 2 is a longitudinal section through part of the apparatus of FIG. 1,
      and
PAR  FIG. 3 is a part cut-away transverse section on the line III -- III of FIG.
      2.
DETD
PAR  FIG. 1 illustrates an electric pulp testing instrument comprising a
      rod-shaped handpiece 1 and a testing head 2. There are housed in the
      handpiece 1 batteries 17 and a block 18 including the electric component
      elements necessary for the generation of the exciting current. The testing
      head 2 receives an active electrode 3, the bent-over end of the testing
      tip of which is applied against the tooth to be tested. For adjusting the
      necessary intensity of the exciting current, there is provided an
      actuating element 4 which is provided with graduations, from which the
      intensity of the exciting current can be read. Attached to the handpiece
      is a housing 5, against which the testing head 2 bears with the
      interposition of spring elements. The housing 5 receives switching
      elements for switching the instrument on and off. The spring elements so
      space the testing head 2 away from the handpiece 1 and the housing 5 that
      it can readily be tilted in any direction and also shifted in the
      direction of the axis of the handpiece.
PAR  Details of the mounting and of the arrangement of the switching elements in
      the housing 5 are shown in FIGS. 2 and 3.
PAR  The testing head 2 includes an inner sleeve 6, in which the active
      electrode 3 is disposed. The sleeve 6 is connected at its innermost end to
      an insulating disc 7 on which there are disposed a number of contact
      tongues 8, preferably six. The parts 2, 6, 7 and 8 are spaced away from
      the switch housing 5, which is secured to the handpiece 1, by means of a
      compression spring 9. The switch housing 5 is substantially pot-shaped and
      is screwed on to a receiving member 10 associated with the handpiece 1.
      The receiving member 10 consists of insulating material and has a
      contactring 11 on the side opposite the contact tongues 8. The contact
      tongues 8 are arranged on the insulating disc 7 so as to extend radially
      away from its central axis, and are electrically connected together. The
      connection to the contact tongues 8 is effected by means of a contact lug
      12 and a spring 13. The contact lug 12 is connected to the battery, and a
      connecting member 14 extending out of the contact ring 11 is connected to
      the input of the electronic system for the generation of the exciting
      current. The output of the electronic system is connected to a connecting
      portion 15, which is in turn conductively connected to the switch housing
      5. The contact between the active electrode 3 and the switch housing 5 is
      made by way of the compression spring 9. The active electrode 3 may be
      pushed or screwed into the sleeve 6.
PAR  The handpiece 1 includes also a lamp 16 for indicating contact between the
      contact means 12 and 14.
PAR  When the testing tip is pressed on to the tooth to be tested, at least one
      of these six contact tongues 8 comes into contact with the contact ring
      11, whereby the circuit extending from the battery through the connecting
      lug 12 to the input of the electronic system is closed. When the testing
      tip, and hence the testing head 2, is relieved of load, the spring 9 lifts
      the contact tongues 8 from the contact ring 11, whereby the circuit is
      broken. On contactmaking, there may initially be energised an indicator,
      for example a pilot lamp, which serves to indicate to the surgeon when the
      pulp testing instrument is ready for operation.
PAR  The compression spring 9 is preferably so dimensioned that the switching
      contacts between the contact tongues 8 and the contact ring 11 are closed
      substantially at a bearing pressure in the range from 10 to 100 pond (i.e.
      10 to 100 g.dynes)
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Electrical pulp tester, comprising a handpiece, a testing head extending
      from one end of the handpiece and having a probe, adapted to be applied to
      a patient's tooth for testing its pulp, spring means connecting said
      handpiece with said testing head for a tiltable movement relatively to
      said handpiece and for a shiftable movement axially to the handpiece, a
      source of power within said handpiece for providing current supplied to
      the probe, switching means connecting said source of power with said probe
      for supplying and interrupting the supply of the current to said probe,
      said switching means having contact members arranged upon said testing
      head and other contact members arranged on said handpiece and adapted to
      close when said testing head is tilted or shifted.
NUM  2.
PAR  2. Pulp tester according to claim 1, wherein the contact members upon said
      testing head comprise a plurality of radially extending contact tongues
      and the contact members upon said handpiece comprise a ring shaped contact
      member.
NUM  3.
PAR  3. Pulp tester according to claim 2, wherein said switching means comprise
      a switch housing, said contact members being located within said housing,
      and a spring connected with said housing and urging the contact members
      away from each other.
NUM  4.
PAR  4. Pulp tester according to claim 3, comprising means connecting said
      switch housing to the handpiece.
NUM  5.
PAR  5. Pulp tester according to claim 4, wherein the last-mentioned means
      detachably connect said switch housing to the handpiece.
NUM  6.
PAR  6. Pulp tester according to claim 1, wherein said source of power consists
      of a battery.
NUM  7.
PAR  7. Pulp tester according to claim 1, comprising means indicating a contact
      between the first-mentioned contact members and said other contact
      members.
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PAL  A laryngoscope blade includes an upper wall, a lower wall, and a side wall
      joining the upper and lower walls. The upper wall includes an upper lip
      engaging portion and an upper gum engaging portion which are contiguous
      with one another. The lower wall includes a tongue engaging portion and a
      tip portion disposed for engaging and lifting the epiglottis. The gum
      portion is substantially parallel to a major extent of the lower wall,
      whereas the lip portion extends at an acute angle with respect thereto. An
      inner surface of the upper wall, at the juncture of the gum portion and
      the lip portion, is provided with a groove and the inner surface of the
      tip portion is provided with another groove. The bottom surfaces of the
      grooves are aligned with one another, such that a line of sight extends
      along such surfaces from each end of the blade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to laryngoscopes and more particularly to
      a laryngoscope blade which provides an increased viewing area.
PAR  2. Prior Art
PAR  A laryngoscope is an instrument employed for examining the larynx and also
      serves as an aid for inserting an endotracheal tube through the larnyx
      into the trachea. Present laryngoscopes employ a blade having a relatively
      small light source mounted near its tip. The blade has upper and lower
      walls for maintaining the patients gums spread apart and for depressing
      the tongue. A tip portion of the lower wall is employed for lifting the
      epiglottis and the larynx is examined by sighting between the upper and
      lower walls. When the epiglottis is lifted by the tip portion of the
      blade, an endotracheal tube can be inserted into the trachea. Usually, the
      trachea is depressed externally by the physician's fingers so that it is
      more closely aligned with the patient's mouth, thereby providing a larger
      viewing area within the larynx.
PAR  Examination of the larynx of patients under the age of about 6 months
      presents a problem not found in older patients. That is, such infant
      patients have a relatively short neck, inhibiting sufficient head movement
      to permit the physician to observe a sufficient portion of the larynx.
      More particularly, the restricted head movement of an infant does not
      permit as much alignment of the mouth with the trachea as can be obtained
      in older patients. Presently available laryngoscopes have a relatively
      narrow field of view. Accordingly, the use of presently available
      laryngoscope blades for the examination of the larynx of infants does not
      permit the physician to observe a sufficient amount of the larynx.
PAR  When an endotracheal tube is being inserted into the trachea by the
      physician, the physician's one hand must hold and manipulate the
      laryngoscope while the other hand is holding and inserting the
      endotracheal tube. As mentioned above, it is often necessary for the
      physician to externally depress the trachea to more closely align it with
      the mouth opening while inserting such an endotracheal tube. In order to
      perfrom all of these functions, the physician must employ some fingers of
      the hand holding the laryngoscope to externally depress the trachea.
      However, presently available laryngoscope blades are either too short,
      such that they cannot be employed for reaching the epiglottis of all
      patients, or are too long, such that the dual functions mentioned above
      cannot be performed by the same hand.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of the present invention to provide a
      laryngoscope blade which has a relatively large field of view.
PAR  Another object of the present invention is to provide a laryngoscope blade
      which is optimally dimensioned for use with infant patients.
PAR  Still another object of the present invention is to provide a laryngoscope
      blade which is dimensioned to permit the user thereof to employ the same
      hand which is holding the laryngoscope to externally depress the patient's
      trachea.
PAR  These and other objects of the present invention are attained by a
      laryngoscope blade which is flared at its viewing end to provide a larger
      field of view. That is, the laryngoscope blade of the present invention
      includes an upper wall and a lower wall, with the upper wall being formed
      of an upper lip engaging portion and an upper gum engaging portion which
      are contiguous with one another and the lower wall including a tip portion
      disposed for engaging and lifting the epiglottis. The upper gum engaging
      portion is substantially parallel to a major extent of the lower wall,
      whereas the upper lip engaging portion extends at an acute angle with
      respect to the lower wall, and such acute angle is dimensioned such that a
      line of sight exists from the viewing end of the blade along an inner
      surface of the juncture between the upper lip portion and the upper gum
      portion to an inner surface of the tip portion of the lower wall. This
      configuration provides the maximum field of view within the patient's
      larynx.
PAR  A feature of the present invention resides in the provision of grooves
      along the internal surfaces of the blade which lie along a line at the
      extreme end of the field of view, thereby increasing that field of view.
PAR  Another feature of the present invention resides in the provision of gum
      engaging surfaces which are relatively large in comparison to those of
      prior known laryngoscope blades to reduce the possibility of damage to the
      patient's gums.
PAR  It can be appreicated that the laryngoscope blade of the present invention
      provides a distinct advantage to the physician by increasing the field of
      view within the larynx by a considerable factor. As will be appreciated
      from the following description, this field of view in the laryngoscope
      blade of the present invention is increased more than twice that of prior
      known laryngoscope blades. Furthermore, the physician is provided with the
      advantage of being able to employ the same hand for holding and
      manipulating the laryngoscope and to externally depress the trachea.
PAR  These and other objects, features and advantages of the present invention,
      however, will be more fully realized and understood from the following
      detailed description, when taken in conjunction with the accompanying
      drawings, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of a known prior art laryngoscope blade.
PAR  FIG. 2 is a view in perspective of a laryngoscope blade constructed in
      accordance with the principles of the present invention.
PAR  FIG. 3 is a side view, partially in section, of the laryngoscope blade
      illustrated in FIG. 2.
PAR  FIG. 4 is an end view of the laryngoscope blade illustrated in FIG. 3.
PAR  FIG. 5 is an end view similar to that of FIG. 4 of the laryngoscope blade
      of the present invention, but rotated to illustrate the increased field of
      view which is attained thereby.
PAR  Like reference numerals throughout the various views of the drawings are
      intended to designate the same elements.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  U.S. Pat. No. 2,433,705 discloses a laryngoscope which includes a handle
      for housing one or more batteries, and a blade which is removably attached
      to the handle. The commercial embodiment of the blade disclosed in that
      patent is illustrated in FIG. 1 and represents one of the closest known
      prior art to the laryngoscope blade of the present invention. As shown in
      FIG. 1, the blade includes an upper wall 10, a lower wall 12 and a side
      wall 14. The lower wall 12 terminates in a tip portion 16 which is
      disposed for engaging and lifting the epiglottis, which is a layer of
      tissue extending over and guarding the opening of the larynx. In use the
      blade is inserted into a patient's mouth and the epiglottis is lifted by
      tip portion 16 so that the physician can sight between the upper and lower
      walls 10 and 12 to examine the larynx. A light source 18 mounted on the
      side wall 14 illuminates the area under examination. A head 20 is disposed
      for being mounted on a handle (not shown) which contains a source of
      electrical energy to energize the light source 18.
PAR  When the laryngoscope is to be employed for examining the larynx, the
      patient's head is rotated to its maximum limit, without causing injury to
      the patient, in a direction to align the mouth opening with the larynx as
      closely as possible. Thereafter, when the laryngoscope blade is inserted,
      the upper wall 10 is placed in contact with the patient's upper gum or
      teeth and the tip portion 16 engages and lifts the epiglottis. A field of
      view is then presented to the physician, with one edge of that field of
      view being defined by a phantom line in FIG. 1 designated with the
      reference numeral 22. The line of sight represented by the line 22 extends
      from an inner edge of the end of the upper wall 10, at the viewing end of
      the blade, to and tangentially across an inner surface of the tip portion
      16. The angle of the line 22 with respect to a line 24 extending across
      the inner surface of the lower wall 12, which angle is represented by the
      reference numeral 26, is approximately equal to 5.degree., and is no
      greater than 6.degree..
PAR  Because of the relatively short neck in infants, the head cannot be rotated
      as far as it can with older patients. As a result, if the same blade is
      employed for patients of all age brackets, the physician will have a
      smaller field of view when examining an infant patient with such a blade.
PAR  In order to bring more of the larynx into the field of view, it is a common
      practice to externally depress the trachea so that it becomes more closely
      aligned with the mouth opening. The distance between the gums and the
      epiglottis varies from patient to patient and is generally greater in
      older patients. Accordingly, if a relatively long laryngoscope blade is
      employed for examining the larynx of an infant patient, the physician
      cannot employ the same hand for holding the laryngoscope and for
      depressing the trachea. In the laryngoscope blade illustrated in FIG. 1,
      the distance from an edge 28 of the head 20 to the end of the tip portion
      16 is approximately 76 mm, whereas the optimum distance between these two
      points for infant patients is approximately 58mm.
PAR  The laryngoscope blade of the present invention overcomes the above
      mentioned disadvantages by dimensioning the length of the blade so that it
      more closely conforms to the appropriate anatomical structure of infants
      and by increasing the field of view through the blade. As shown in FIGS. 2
      and 3, the laryngoscope blade of the present invention includes an upper
      wall 30, a lower wall 32 and a side wall 34. The upper wall 30 includes an
      upper lip engaging portion 36 and an upper gum engaging portion 38 which
      are contiguous with one another. The lower wall 32 includes a tongue
      engaging portion 40 and a tip portion 42 for engaging and lifting the
      epiglottis. Light source 18 is mounted on and extends from the side wall
      34 to provide illumination to the area being examined. The lower wall 32
      is mounted on the head 20 which is, in turn, disposed for being mounted on
      a handle as mentioned above.
PAR  A groove 44 is provided in an inner surface of the upper wall 30 at the
      juncture of the lip portion 36 and gum portion 38. A second groove 46 is
      provided in an inner surface of the tip portion 42. It can be appreciated
      from FIG. 3 that the gum portion 38 is substantially parallel to a major
      extent of the lower wall 32, whereas the lip portion 36 extends at an
      acute angle with respect to the lower wall 32. This angle is shown in FIG.
      3 as being equal to 18.degree.. The tip portion 42 also extends at an
      angle with respect to the tongue portion 40 as shown in FIG. 3. Surfaces
      of the grooves 44 and 46 are aligned with one another, such that a line of
      sight 48 extends across such surfaces and is at an acute angle with
      respect to the lower wall 32, which angle is designated with the reference
      numeral 50. The acute angle 50 is equal to approximately 12.degree..
PAR  FIG. 4 illustrates an end view of the laryngoscope blade of the present
      invention with a line of sight of the observer being parallel to the lower
      wall 32. When the observer is provided such a line of sight as depicted in
      FIG. 4, the larynx opening is partially hidden from view. However, when
      the observer is positioned so that his line of sight is at an acute angle
      of approximately 8.degree. with respect to the lower wall 32, his view
      will be that as shown in FIG. 5 of the drawings. As shown therein, a
      dotted line 52 represents the larynx opening. It can be appreciated from
      the drawing that such an 8.degree. line of sight with respect to the lower
      wall 32 provides a complete view of the larynx opening with the
      laryngoscope blade of the present invention, whereas such an 8.degree.
      line of sight with prior known blades would completely obscure the
      opening. As mentioned above, a line of sight of 6.degree. with respect to
      the lower wall with prior known laryngoscope blades would be the limit at
      which the view would be occulted.
PAR  In a constructed embodiment of the present invention, the thickness of the
      walls 30, 32, and 34 was 0.070 inch and the thickness of the material at
      the bottom of the grooves 44 and 46 was 0.025 to 0.030 inch. The distance
      from the edge 28 to the end of the tip portion 42 was 58 mm. It is to be
      understood, however, that this distance may be in the range of 53 mm to 68
      mm. The critical dimension is the distance from the juncture of the lip
      portion 36 and the gum portion 38 to the end of the tip portion 42. This
      dimension should be in the range of 55 mm to 70 mm, with 60 mm being
      preferable. If this distance is decreased below 60 mm, the lip portion 36
      will, with some infant patients, act as a wedge against the patient's
      upper gum. As this distance is increased above 60 mm, the field of view is
      decreased.
PAR  When it is necessary to employ the laryngoscope blade, the time required to
      lift the epiglottis and insert an endotracheal tube is often essential,
      since the patient is usually not breathing. The laryngoscope blade of the
      present invention permits the physician to perfrom that operation in a
      minimum amount of time, since the field of view is considerably greater
      than that found in prior known laryngoscope blades. Furthermore, when the
      epiglottis has been lifted by the tip portion 42, the physician can employ
      the fingers of the same hand which is holding the blade to depress the
      trachea so that an endotracheal tube can be inserted therein with greater
      facility. It can also be appreciated from the drawings that the upper gum
      portion 38 is wider than that found in prior known blades so as to reduce
      the possibility of damage to the patient's gums and teeth.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A laryngoscope blade comprising an upper wall, a lower wall, and a side
      wall joining said upper and lower walls; said upper wall including an
      upper lip engaging portion and an upper gum engaging portion contiguous
      with one another; said lower wall including a tip portion disposed for
      engaging and lifting the epiglottis; said upper lip engaging portion
      overlying and extending at an acute angle with respect to a major extent
      of said lower wall and said upper gum portion overlying and being
      substantially parallel to a major extent of said lower wall; said acute
      angle being dimensioned such that a direct line of sight exists from one
      end of said walls along an inner surface of the juncture between said
      upper lip portion and said upper gum portion to an inner surface of said
      tip portion.
NUM  2.
PAR  2. The laryngoscope blade of claim 1, wherein said lower wall further
      includes a tongue engaging portion which is contiguous with said tip
      portion and is substantially parallel to said upper gum engaging portion;
      said tip portion being at an angle with respect to said tongue engaging
      portion which is approximately equal to the compliment of said acute
      angle.
NUM  3.
PAR  3. The laryngoscope blade of claim 1, wherein the inner surface of said
      juncture between said upper lip portion and said upper gum portion
      includes a concavity, such that the thickness of a portion of the material
      of said juncture is reduced in comparison to any contiguous material, and
      the inner surface of said concavity is positioned along and is parallel to
      said line of sight.
NUM  4.
PAR  4. The laryngoscope blade of claim 1, wherein the inner surface of said tip
      portion includes a concavity, such that the thickness of a portion of the
      material of said tip portion is reduced in comparison to any contiguous
      material, and the inner surface of said concavity is positioned along and
      is parallel to said line of sight.
NUM  5.
PAR  5. The laryngoscope blade of claim 1, wherein the inner surface of said
      juncture between said upper lip portion and said upper gum portion
      includes a first concavity, such that the thickness of a portion of the
      material of said juncture is reduced in comparison to any contiguous
      material, and wherein the inner surface of said tip portion includes a
      second concavity, such that the thickness of a portion of the material of
      said tip portion is reduced in comparison to any contiguous material, and
      the inner surfaces of said first and second concavities are positioned
      along and are parallel to said line of sight.
NUM  6.
PAR  6. The laryngoscope blade of claim 5, wherein said lower wall further
      includes a tongue engaging portion which is contiguous with said tip
      portion and is substantially parallel to said upper gum engaging portion;
      said tip portion being at an angle with respect to said tongue engaging
      portion which is approximately equal to the compliment of said acute
      angle.
NUM  7.
PAR  7. The laryngoscope blade of claim 6, wherein the minimum thickness of the
      material at said first and second concavities is no more than 0.030 inch.
NUM  8.
PAR  8. The laryngoscope blade of claim 6, wherein the angle between said line
      of sight and said lower wall is in the range of 10.degree. to 15.degree..
NUM  9.
PAR  9. The laryngoscope blade of claim 8, wherein the angle between said line
      of sight and said lower wall ie equal to approximately 12.degree..
NUM  10.
PAR  10. The laryngoscope blade of claim 8, wherein said acute angle is greater
      than the angle between said line of sight and said lower wall.
NUM  11.
PAR  11. The laryngoscope blade of claim 1, wherein said lower wall further
      includes a tongue engaging portion which is contiguous with said tip
      portion and is substantially parallel to said upper gum portion; and
      wherein the length of said tongue portion and said tip portion is in the
      range of 53 to 68 mm.
NUM  12.
PAR  12. The laryngoscope blade of claim 11, wherein the length of said tongue
      portion and said tip portion is equal to approximately 58 mm.
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ABST
PAL  A bar of soap inside a sponge is vibrated by motor and battery in the
      handle of a vibrator and a scratcher is formed by the front of the
      vibrator.
BSUM
PAR  I have invented a new and novel machine for massaging and cleaning at the
      same time. It can be understood in view of the accompanying figures.
DRWD
PAR  FIG. 1 is a side view of the vibrator showing details of its construction.
PAR  FIG. 2 is a top view of the vibrator showing its external appearance.
DETD
PAR  In FIG. 1, the vibrator case 10 has mounted on it a switch 20 which
      electrically activates a motor 30 powered by batteries 40 to drive a
      vibrator mechanism 50 which converts the rotating motion produced by the
      motor into reciprocal action which causes the front section 60 to vibrate.
      The front section has a receptacle 70 for holder comprising a bar of soap
      80 retained by the holder and a sponge 90 held in the receptacle 70 by a
      front 100 and mounted on the face of the holder a rear 110 clip. A
      scratcher is formed by the front end of the front section.
PAR  In FIG. 2, the vibrator case 10 has a switch mounted on the upper surface
      20 and the removable cap 130 for changing the batteries is visible. The
      front section 60 and the sponge 90, and the scratcher 120 are also
      visible.
PAR  Having described a preferred embodiment of my invention, it is understood
      that various changes can be made without departing from the spirit of my
      invention, and, I desire to cover by the appended claims all such
      modifications as fall within the true spirit and scope of my invention.
CLMS
STM  What I claim and seek to secure by Letters Patent is:
NUM  1.
PAR  1. A vibrator bath and cleaner, comprising:
PA1  A case,
PA1  A battery mounted in the case,
PA1  A switch mounted on the case, electrically connected to the battery,
PA1  A motor mounted in the case, electrically connected to the switch,
PA1  A vibrator mechanism mounted in the case, driven by the motor,
PA1  A front section attached to the case and vibrated by the vibrator
      mechanism,
PA1  The front of the front section forming a scratcher,
PA1  Retaining means formed in the front section to hold a holder, and
PA1  The holder comprising a retainer for a bar of soap and a sponge mounted on
      the face of the holder.
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ABST
PAL  A drying appliance for preventing athlete's foot, which is attached to the
      underside of the human toes and can absorb the moist, greasy and other
      secretions existing on the toes, on which a medicament can be applied
      and/or permeated.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  The present invention relates to a drying appliance for preventing
      athlete's foot, which is attached to the underside of toes in order to
      absorb any moist or greasy secretion on the toes. Among the salesmen, car
      drivers and others who wear shoes for a long time all day, especially
      those who tend to perspire are being annoyed with their feet getting moist
      due to sweat or other secretions as well as with the subsequently bad
      smelling. Under such an unsanitary state they are getting easily athlete's
      feet between their toes. Once they have athlete's feet, it is very
      difficult to cure athlete's feet easy and soon. Nevertheless, till now any
      effective measure to cure athlete's foot has not been adopted. For
      instance, those who are annoyed with athlete's foot have applied a
      medicament between toes, and have used to put on the well-ventilated shoes
      or sandals. However, when they walk applying a cotton-made tape band to
      the athlete's foot, due to the move of toes it loses easily its own
      function of absorbing moistness, and finally is detached from the toes.
      Therefore, for the time being it is not easy to cure athlete's foot
      occurring at the underside of toes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is carried out for the sake of overcoming the
      disadvantage described above.
PAR  The main object of the present invention is to provide a drying appliance
      which is firmly fixed to the underside of toes, and cannot be detached
      from it even if the toes are moved.
PAR  Another object of the present invention is to provide the drying appliance
      for preventing athlete's foot, which is made of such a specific shape and
      structure as to be fitted with various sizes of toes so that it cannot be
      detached from the underside of toes.
DRWD
PAR  These and other features and advantages of the invention will be understood
      clearly from the following description in conjunction with the
      accompanying drawing.
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front view showing how the drying appliance for preventing
      athlete's foot is fitted with the underside of toes.
PAR  FIG. 2 is a plan view of the drying appliance for preventing athlete's foot
     .
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENT
PAR  An exemplary embodiment of the drying appliance for preventing athlete's
      foot according to the present invention will now be described in detail
      with reference to the illustrated drawing. In FIG. 1 the drying appliance
      for preventing athlete's foot has four convex portions 7 and five concave
      portions 8 on the base 2. The former 7 is inserted into each space 6
      between toes (i.e. a big toe 3, three middle toes 4 and a little toe 5),
      and is held between toes. The latter 8 is attached to each underside of
      the five toes. And the drying appliance 1 is curved along a root line 10
      of toes so as to correspond to the shape of the root of the five toes 3,
      4, 5 as shown in FIG. 2.
PAR  The drying appliance for preventing athlete's foot may be made of a
      hygroscopic material such as fiber-shape paper and cotton, non-woven
      fabric consisting of a synthetic fiber of polyvinyl alcohol system and the
      like, on which a medicament can be applied and/or permeated.
      Alternatively, the base 2 can be separated from the convex and concave
      portions 7,8 combined with each other. In that case, the base 2 may be
      preferably made of somewhat rigid material as aforementioned so as to
      obtain its durability, while the convex and concave portions 7,8 may be
      made of a more soft material than that of the base 2, since they are
      directly fitted with the underside of the five toes. Then, the base 2 can
      be jointed with the convex and concave portions 7,8, on which surface a
      medicament can be applied and/or permeated. Alternatively, if an integral
      material consisting of the base 2 and the convex and concave portions 7,8
      will be molded, it is possible to provide each appliance 1 by cutting the
      integral material so as to correspond to the curved line 10 of the root of
      toes. Alternatively, it is also possible to attach to the surface of the
      convex and concave portions 7,8 a band (i.e. a gauze) to which a
      medicament is applied.
PAR  In accordance with the size and shape of toes, the convex portions 7,8 can
      be adjusted. It is quite possible to manufacture the larger, middle and
      smaller sized appliance 1 consisting of the base and the convex and
      concave portions by changing the height of the convex portion 7 or the
      distance d.sub.1 or the width d.sub.2 or the thickness D of the base 2.
PAR  The function of the present invention will be now described. Once there is
      shaped a hygroscopic material such as fiber-shape paper and cotton, and
      non-woven fabric consisting of a synthetic fiber of polyvinyl alcohol
      system, it has flexibility to some extent, so that the shape of the
      hygroscopic material is not disordered. By making use of its flexibility
      as well as the height from the concave portion 8 to the convex portion 7,
      when the drying appliance 1 is applied to the underside of toes so as to
      be held between toes, i.e. in the space 6 between the two toes the drying
      appliance can be well fitted with the underside of toes, consequently
      being able to be used free from care.
PAR  As described above, this drying appliance for preventing athlete's foot is
      made of a hygroscopic material on which a medicament can be applied and/or
      permeated. In addition, the drying appliance has an appropriate shape so
      as to be able to be fitted with the human toes and its root, that is the
      shape having the convex and concave portions so as to correspond to the
      underside of toes. Also, it is possible to manufacture different sized
      appliances 1 in accordance with the size and shape of each person's toes.
      Further, it is easy to attach the appliance to the underside of toes or to
      detach it from the underside of toes. Further, even if one uses the
      appliance 1 for many hours or moves his own toes continuously, it is not
      detached easily from the underside of toes.
PAR  In addition, since the appliance 1 can be manufactured by means of
      mass-production, its cost is inexpensive so that it is replaceable with a
      new one. Consequently, from the sanitary point of view, the appliance 1 is
      advantageous. In this way, the drying appliance for preventing athlete's
      foot has many advantages in the practical use.
CLMS
STM  What I claimed is:
NUM  1.
PAR  1. A disposable drying appliance for the toes of a foot for use to prevent
      athlete's foot, comprising a base member of stiff material which is
      permanently curved and bent to a general arc shape corresponding to the
      root of the toes and is adapted to be applied to the underside of the
      toes, said base member having upstanding flexible convex portions adapted
      to fit between the toes and defining adjacent concave portions adapted to
      receive the toes whereby the appliance is well-fitted to the underside of
      the toes, said base member and convex portions being constituted of a
      hygroscopic material capable of absorbing moisture.
NUM  2.
PAR  2. A drying appliance as claimed in claim 1 wherein a medicament to prevent
      athlete's foot is introduced into the hygroscopic material.
NUM  3.
PAR  3. A drying appliance as claimed in claim 2 and comprising four convex
      portions defining five concave portions, with the outer convex portions
      spaced inward from the outer concave portions.
NUM  4.
PAR  4. A drying appliance as claimed in claim 1 wherein the appliance material
      is paper or cotton.
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ABST
PAL  Disclosed herein is a splint comprising an elongated rectangular flat strip
      of malleable metal having a width sufficient to embrace the major width of
      an extremity such as an arm, a leg or a finger, and of thickness
      insufficient to provide requisite rigidity for a splint. The strip is
      initially rollable or foldable into a compact package for storage or
      shipment. When unrolled or unfolded into flat form, for application to an
      injured extremity, the strip is bent manually transversely between its
      ends to provide two legs connected by said transversely curved area, and
      the legs are manually then bent or folded longitudinally approximately
      midway between the longitudinal edges of the legs into U-form, said
      longitudinal bends or folds extending from the leg ends to the opposite
      sides of said transversely curved connecting area into which they merge.
      The said manually produced longitudinal bends result in non-uniform
      U-shaped transverse cross sections in the legs and impart splint-serving
      rigidity to the legs. The non-uniform character of the longitudinal
      U-shaped bends in the legs produces interrupted contact surfaces which
      permit passage of air between the splint and skin of the extremity to
      which it has been applied.
PARN
     This application is a continuation-in-part of Ser. No. 261,059, filed June
      8, 1972 now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a splint made of an elongated rectangular flat
      strip of malleable metal, such as aluminum, which is wide enough to
      embrace an arm, a leg or a finger, but insufficient in thickness to
      provide requisite rigidity to serve as a splint. The strip is initially
      rollable or foldable into a compact package for storage or shipment. When
      unrolled or unfolded to flat form, preparatory to application on an
      injured extremity, the strip is first manually folded or bent transversely
      between its ends to provide two legs connected by said transversely curved
      area, and the legs are then manually bent or folded longitudinally
      approximately midway between the longitudinal edges of the legs into
      U-form, said longitudinal bends or folds extending from the leg ends to
      the opposite sides of said transversely bent connecting area into which
      they merge. The manually shaped longitudinal folds or bends produce
      non-uniform U-shaped transverse cross sections in the legs and impart
      splint-serving rigidity to the legs. The non-uniform character of the
      manually formed longitudinal U-shaped bends in the legs produces
      interrupted contact surfaces which permit passage of air between the
      splint and skin of the extremity to which the splint has been applied. For
      application to arms, legs and fingers, the convex surfaces of the two legs
      face each other at opposite sides of the extremity; for other
      applications, such as neck injuries, the legs may be given longitudinal
      bends or folds which make the convex surfaces of the legs face away from
      each other or toward each other, as required by the particular injury.
PAC  Description of the Prior Art
PAR  Prior art splints comprising flat metal strips have been known, but the
      legs of such splints have not had manually produced, non-uniform
      skin-contacting surfaces which are the result of the manula bending or
      folding longitudinally between the longitudinal edges of the legs, said
      folds or bends extending from the free ends of the legs to the opposite
      sides of the previously manually produced transverse bend which connects
      the tow legs. An example of prior art structures of the type noted is
      disclosed in U.S. Pat. No. 2,506,464, in which two pivotally connected
      strips provide four legs for splinting a finger, and the legs are slightly
      curved transversely to provide stiffness to the legs and to provide a
      formed curvature in the stall for close fitting around the injured member.
      The formed curvature in the legs of this prior art device is of a uniform,
      machine formed character, not manually shaped, as distinguished from the
      manually formed longitudinal bends or folds which produce non-uniform
      transverse cross sections throughout the legs of this invention between
      the free ends of the legs and the opposite sides of the transverse bend or
      fold previously manually placed in the strip.
PAR  Other commonly used splints are made of straight wooden pieces, cardboard,
      and other materials, which cannot be washed, are unsanitary and
      cumbersome. Their unyielding character produces uninterrupted contact with
      the skin of the injured member, preventing air circulation essential to
      comfort.
PAR  The novel coating of the metallic strip employed in this invention,
      described hereinafter, renders the splint washable and re-usable, and
      permits X-ray of the injured member without removal of the splint.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is an elevational side view of an elongated rectangular flat strip
      of malleable metal from which the splint embodying my invention is made.
PAR  FIG. 2 is an isometric view of a splint embodying my invention made by
      bending the strip shown in FIG. 1.
PAR  FIG. 3 is a transverse sectional view in the plane of the line 3--3 of FIG.
      2.
PAR  FIG. 4 is an isometric view of the splint of FIG. 2 applied to a patient's
      arm.
PAR  FIG. 5 is a transverse sectional view in the plane of the line 5--5 of FIG.
      4.
PAR  FIG. 6 is an elevational side view of two splints embodying the invention,
      one applied to the chest and neck of a patient and the other to the back
      and neck.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the embodiment of the invention shown in the drawings, an elongated flat
      rectangular strip 10 of malleable metal, such as annealed aluminum, is
      coated with a material which is radiolucent and which protects the metal
      from corrosion, prevents sticking to the skin, and which is non-allergenic
      and washable. A coating of polyvinyl chloride applied to the metal strip
      in liquid form and cured to solid state has been found suitable for its
      intended purpose and permits the extremity to be x-rayed without removing
      the splint.
PAR  The width of the strip 10 is sufficient to substantially embrace the major
      width of the injured extremity and of a thickness insufficient to provide
      requisite rigidity for a splint, but the subsequent manual bending and
      folding of the strip 10 transforms it into an efficient splint-serving
      structure suitable for application to fingers, arms and legs, as well as
      for supporting necks and chins, with adequate resistance against flexure.
PAR  In its initial flat form, the relatively thin, coated metal strip 10 is
      rollable and bendable into a compact package for convenient storage and
      shipment.
PAR  For application to an injured extremity, the strip 10 is first bent
      manually transversely between its ends 11, 11, as indicated at 12, thereby
      providing two legs 13, 13, each having longitudinal edges 14, 14. The legs
      13 are connected by the transversely curved portion 12 which is manually
      bent and molded to extend around an elbow or under a foot or across the
      tip of an injured finger.
PAR  Next each of the legs 13 is manually bent longitudinally approximately
      midway between its longitudinal edges 14 as indicated by the longitudinal
      fold 15 which extends from the leg end 11 to a point 16 near the
      transverse bend 12, where the fold 15 merges into said curved area 12. The
      longitudinal fold 15 produces U-shaped transverse cross sections in the
      legs 13 which are non-uniform in that the bight of the U-shape varies but
      is of sufficient depth to impart splint-serving rigidity to the legs 13
      throughout their length, whether applied to a small short part such as a
      finger or a larger long part such as a leg. The longitudinal fold 15 is
      manually formed into U-shaped cross sections in each of the two legs,
      having the convex surfaces facing each other for application to
      extremities such as legs, arms and fingers. The transverse width of the
      longitudinal fold 15 varies, and since it is manually formed the sections
      are non-uniform. The fact that the transverse cross sections of the legs,
      between the transversely curved area 12 and the end edges 11, are
      non-uniform is advantageous because the convex surfaces thus have
      interrupted contact with the skin of the patient which permits passage of
      air adjacent the skin without detracting from the efficiency of the
      structure to serve as a splint.
PAR  The manually bent or molded longitudinal fold 15 gradually decreases in
      transverse width as it tapers toward the area 16 of the transverse fold
      12. After application to the injured extremity, further manual molding by
      pressing on the leg surfaces at opposite sides of the fold 15 may be done,
      but the effective stiffening of the legs to give them required rigidity is
      achieved by the bending of the legs longitudinally at 15 into U-shaped
      transverse cross sections between the ends 11 and the transversely curved
      area 12.
PAR  In FIG. 6 is shown apparatus for splinting a neck. This includes two
      splints made of two strips 10 heretofore described. One strip 10 is bent
      transversely betwen its ends as indicated at 20, 21, 22, and also bent
      transversely at 23 to form a chin rest 24. A longitudinal fold 25 is
      formed approximately midway between the longitudinal edges of the two
      legs, said longitudinal fold extending from near the transverse bends 20,
      22, upwardly toward the chin rest bend 23 or to the free edge of the other
      leg. In this embodiment, the convex surfaces of the folds 25 in the two
      legs may face away from each other or may face each other, as desired for
      the particular case. The splint described as applied to the chest and neck
      of the patient cooperates with a similar splint located on the back and
      neck, the two being held in operative positions by cords 26.
PAR  Apertures at opposite ends of the strip 10 are designated 17.
CLMS
STM  I claim:
NUM  1.
PAR  1. A splint for use on a body extremity comprising
PA1  a. An elongated rectangular flat strip of malleable and foldable metal
      having a width sufficient to substantially embrace the major width of the
      extremity and of a thickness insufficient to provide requisite rigidity
      for a splint,
PA1  b. a transverse bend formed in the strip which shapes the strip into two
      legs connected by a curved portion, and
PA1  c. a longitudinally extending rigidity-providing bend located generally
      midway between the longitudinal edges of the legs and extending from the
      ends of the legs to near the opposite sides of the transverse bend, the
      leg material at opposite sides of the longitudinal bend being U-shaped and
      extending at an obtuse angle, said longitudinally bent legs having
      non-uniform cross sections which permit circulation of air between the
      splint surfaces and skin of the splinted extremity, and said
      longitudinally bent legs having splint-serving rigidity at and adjacent to
      said longitudinal bend.
NUM  2.
PAR  2. The splint defined by claim 1, which is provided with a coating
      sufficiently flexible to bend with the strip without cracking or
      separating therefrom, the coating being non-allergenic and radiolucent
      polyvinyl chloride.
NUM  3.
PAR  3. A support for use adjacent the head of a patient, comprising
PA1  a. an elongated rectangular flat strip of malleable metal having a
      thickness which is relatively small compared to its width, whereby its
      stiffness in the direction perpendicular to its sides is minor and may be
      readily deformed manually,
PA1  b. a transverse bend formed between its ends into a bight portion and legs
      lying generally parallel,
PA1  c. said support adapted to lie against the chest of the patient, the upper
      end thereof being shaped to conform with and support the chin,
PA1  d. another like support adapted to lie against the back of the patient
      having an upper end shaped to conform to the neck and occiput,
PA1  e. means adapted to extend over the shoulders of the patient and secured to
      both supports for preventing downward movement thereof, whereby the neck
      of the patient is restrained against undesired movement, and
PA1  f. bends in the legs to provide curved cross sections for increasing the
      stiffness thereof.
NUM  4.
PAR  4. The method of applying a splint to an injured extremity which comprises
      the steps of
PA1  a. providing an elongated flat rectangular strip of malleable metal,
PA1  b. manually folding the strip between its ends and forming a transverse
      curved area and two generally parallel legs connected by said curved area,
PA1  c. manually folding or bending the legs longitudinally approximately midway
      between their longitudinal edges, said fold or bend extending
      longitudinally from the leg ends to near the opposite sides of said
      transversely curved area, said longitudinal bend or fold merging into said
      area, thereby forming non-uniform cross sections in said legs, and causing
      the leg material adjacent opposite sides of said longitudinal bend to
      extend at obtuse angles and impart splint-serving rigidity to said legs,
PA1  d. applying the legs to an injured extremity by bringing the facing
      surfaces of the legs into interrupted contact with the skin of the
      extremity, and
PA1  e. applying a bandage or tape to retain the splint on the extremity.
NUM  5.
PAR  5. The method defined by claim 4, which includes the step of manually
      molding the splint legs slightly to the extremity after application of the
      longitudinally bent legs to the extremity.
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ABST
PAL  An athletic mouthpiece of a composite construction is provided which has a
      relatively flexible, shock absorbing material in which is permanently
      imbedded a relatively rigid insert located to provide a backing for the
      upper front teeth. The insert, which in use is situated adjacent the
      lingual surfaces of the upper front teeth and at least a portion of the
      palate, aids in delocalizing the forces which penetrate the more flexible
      material, thereby preventing the concentration of forces in a small area
      which could result in oral injury.
PARN
PAR  This is a continuation of application Ser. No. 432,582, filed Jan. 11,
      1974, which was a continuation of prior application Ser. No. 346,852,
      filed on Apr. 2, 1973, which was a continuation of prior application Ser.
      No. 200,250, filed on Nov. 18, 1971, which was a continuation of prior
      application Ser. No. 755,185, filed on Aug. 26, 1968 all now abandoned.
BSUM
PAR  This invention relates to a mouthguard for protecting the teeth and related
      oral structures from damage due to shock.
PAR  Protective athletic mouthpieces generally fall in one of three classes -
      (1) the non-personalized, universal type; (2) the direct-formed type which
      is fitted within the user's mouth by direct contact; and (3) the custom
      type formed from a cast of the user's mouth.
PAR  This invention primarily relates to the latter type although its principles
      could be utilized in either of the first two classes. The cast-formed type
      allows the technician to manipulate the material without interference and
      in temperature ranges and chemical environments which are not minimized by
      the subject. Thus, this type is invariably better fitting, insuring
      greater protection with minimum breathing and speech interference. The
      cast-formed type of protection is recommended by dental experts.
PAR  The universal type requires closed jaws to hold it in place. Even then it
      is loose and cumbersome and speech and breathing interference is
      maximized. The direct-formed type is a vast improvement over the universal
      type; however, it too suffers from certain disadvantages occasioned by the
      fact that it is fitted directly in the mouth where it is difficult to
      properly shape and contour the material before it sets up. Uneven
      thickness is a particular problem with this mouthpiece type.
PAR  Whatever be the particular type of mouthpiece employed, the materials from
      which they are made are generally flexible to provide the shock absorbing
      properties which are needed. However, it has now been discovered that
      significantly greater protection can be achieved by the combination with
      the flexible, shock absorbing material of a rigid, backing support which
      will transmit the forces created by the blow and initially absorbed by the
      flexible material, thereby insuring decentralization of the forces rather
      than their localization at a point which would be damaged thereby.
PAR  The function of the rigid backing material may be understood from the
      following analogy. If an object such as a stick which is anchored in
      cement is struck with a blow, the force will be absorbed by the stick at
      the point of the blow and, if great enough, cause the stick to break,
      generally at the cement line. Similarly, if the same stick is braced from
      behind, the equivalent blow will be transmitted throughout the length of
      the stick thereby reducing the magnitude of the force over any point.
      Teeth represent the stick in the analogy; the supporting bone and
      periodontal ligaments represent the cement. As has now been discovered,
      the dual provision in a protective mouthpiece of a relatively flexible,
      shock, absorbing material and a more rigid force transmitting material
      provides the optimum in tooth protection. As stated above, while this
      combination of shock absorbing and force transmitting materials can be
      utilized in all three classes of protective mouthpieces, the recognized
      advantages of the cast-formed type make it the preferred one for purposes
      of this invention.
DRWD
PAR  In order to promote a fuller understanding of this invention, the attached
      drawings are provided, wherein:
PAR  FIG. 1 is a top view of the structure from which the mouthpiece of this
      invention is constructed;
PAR  FIG. 2 is a sectional view taken along line 1-1 of FIG. 1;
PAR  FIG. 3 is a perspective view of the mouthpiece of this invention;
PAR  FIG. 4 is a front elevational view of a mouthpiece according to this
      invention;
PAR  FIG. 5 is a top view of a mouthpiece according to this invention; and
PAR  FIG. 6 is a sectional view of FIG. 4 taken along line 6--6.
DETD
PAR  Referring to FIGS. 1 and 2, a blank designated by the numeral 3 is composed
      of a pair of sheets 5 and 7 of a flexible, shock absorbing material
      between which is interposed a backing plate or insert 9 of a force
      transmitting, rigid material (as compared to the material of sheets 5 and
      7). The insert 9 is preferably arcuate shaped as in the finished structure
      it will be located adjacent the lingual surface of at least the central
      incisors (see FIG. 5 and 6) and preferably adjacent at least the hard
      palate portion of the upper mouth as well (see FIG. 5). The individual
      sheets 5 and 7 are preferably of the same thickness. It is to be
      understood that only one sheet of flexible, shock absorbing material need
      be employed in combination with the relatively rigid, force transmitting
      material, in which case the latter material would be in direct contact
      with the lingual surfaces of the teeth rather than spaced therefrom by a
      thickness of one sheet of the shock absorbing, more flexible material.
PAR  The blank 3 can be prepared by making a sandwich of the sheets 5 and 7 with
      the insert 9 interposed in a generally central location, and heating the
      sandwich structure with coincident or subsequent compression to provide a
      blank wherein the top and bottom sheets are well bonded to one another
      with the insert securely located inbetween. In practice, the sheets 5 and
      7 are subjected to conditions of heat and pressure which cause the two
      sheets to flow together at the interface so that a bond line is not
      distinguishable.
PAR  Since the rigid insert 9 will preferably be located only adjacent the
      lingual surface of the teeth as well as the hard palate, it is located in
      blank 3 a sufficient distance from three adjacent edges (a, b, c, for
      example) of blank 3 so that an ample amount of flexible, shock absorbing
      material is present for the labial as well as the incisal and occlusal
      (biting) surfaces of the teeth. While the presence of the flexible, shock
      absorbing material on the labial and biting surfaces is not essential, it
      is considered preferably as possible protection against damage to the
      temporal mandibular joint.
PAR  FIGS. 3-6 illustrate a mouthpiece 11 consisting of an elongated shell of
      essentially U-shaped cross section, the shell being arcuately formed over
      its length to fit over a row of teeth. The U-shaped cross section of the
      shell is defined by an inner (lingual) upstanding portion 16, an outer
      (labial) upstanding portion 17 and a connecting portion 18 which overlies
      the biting (occlusal and incisal) surfaces of the user's teeth. The rigid
      backing plate or insert 9 is completely embedded in the inner upstanding
      portion 16 in a central position of the arcuate length thereof (FIG. 5) so
      that it will lie adjacent the lingual surfaces of the user's teeth when
      the mouthpiece 11 is properly positioned. In this embodiment, the inner
      upstanding portion 16 projects beyond the force transmitting insert 9
      upwardly and away from the outer upstanding portion 17 to form a palatal
      portion 15 for overlying at least a part of the user's hard palate, as
      shown in FIG. 6. In this preferred embodiment, the mouthpiece is designed
      to extend only as far back as the second bicuspids 19 (FIG. 5), and the
      insert plate 9 is shorter than the arcuate length of the inner upstanding
      portion 16. Protection beyond that point is generally not needed due to
      the protection afforded by the buccal fat pad in the cheek. Thus, there is
      no necessity for carrying the length of the protective mouthpiece to cover
      the molars as most mouth protectors are now constructed. Also, posterior
      to the upper molars is a gag reflex; activating this can be eliminated
      with a shorter mouthpiece without sacrificing the necessary protection. A
      further advantage of this design is that bicuspid teeth are the most
      bell-crowned teeth in the mouth; by carrying the design only to include
      the bicuspids, good retention will be attained while reducing gagging
      problems.
PAR  Referring to FIGS. 4 and 5, the positioning of the mouthpiece with respect
      to the mouth is shown. The mouthpiece extends along the biting surface to
      the second bicuspids 19 as mentioned above.
PAR  Referring to FIG. 6, this sectional view illustrates the manner in which
      the flexible, shock absorbing surface 11 conforms to the shape of the
      tooth while the more rigid, force transmitting insert 9 reinforces the
      shock absorbing surface 11 in the region of the lingual surface of the
      tooth, with a portion preferably extending rearward therefrom along a
      portion of the hard palate. The force of a blow struck along the direction
      of the arrow is thus initially absorbed by the mouthpiece adjacent the
      labial surface of the tooth and then diffused along the entire upper set
      of teeth as well as the mouthpiece by the rigid insert 9.
PAR  Whereas the force transmitting material should be relatively rigid at body
      temperature and the shock absorbing material relatively flexible at such
      temperature, it is a general requirement that each be relatively flexible
      at an elevated temperature (between 90.degree.-200.degree.C.) so that the
      blank composite can be readily molded to conform to the shape of the cast
      of the upper mouth. Preferably, both materials should be biologically
      inert and tasteless. Clear resinous materials are likewise preferred.
      These physical requirements are met by the combination of polyvinyl
      chloride polymers for the rigid, force transmitting material and
      copolymers of ethylene, especially ethylene and vinyl acetate, for the
      more flexible, shock absorbing material.
PAR  In general, the mouthpiece is prepared from a blank such as is illustrated
      in FIGS. 1 and 2 by first heating the blank until it acquires overall
      flexibility sufficient to be molded around a plaster cast of the upper
      mouth, then the heated blank placed over the plaster cast and a vacuum
      drawn which is sufficient to draw the blank tightly around the cast. After
      the blank has been shaped, the cast with the shaped blank in place is
      cooled, the mouthpiece trimmed to the desired shape, and removed.
PAR  The following non-limiting example is provided to gain a better
      understanding of the invention.
PAC  EXAMPLE
PAR  A blank is formed by placing a 0.03 in. thick insert of polyvinyl chloride
      which is semi-circular in shape (0.75 in. diameter) between two
      one-sixteenth inch thick sheets (5 in. wide and 5 in. long) of
      ethylene/vinyl acetate copelymer. The structure is then heated to about
      120.degree.C. and compressed between platens at a pressure of about 10 psi
      for ten minutes to fuse the two ethylene-vinyl acetate sheets together and
      secure the polyvinyl chloride insert inbetween. As a result, the overall
      thickness of the blank is about 0.125 in.
PAR  The mouthpiece is prepared by first heating the blank in boiling water
      (100.degree.C.) for about 1 minute. A cast of the subject's upper mouth is
      placed on a vacuum box, teeth extending upward, and the heated blank
      placed over the biting surface of teeth, making sure that the insert
      material will be drawn into the hard palatal area. A vacuum sufficient to
      draw the blank around the teeth and palatal areas of the cast is then
      pulled. Vacuum drawing can be supplemented or replaced with manual
      pressure to effect molding of the blank to the desired shape. After the
      desired shape is achieved, the cast and mouthpiece are cooled, trimmed to
      size and the mouthpiece removed.
PAR  An alternative procedure for making the blank from which the mouthpiece is
      prepared is to suspend the rigid insert in a mold and then inject the
      flexible material into the mold to form the blank.
PAR  The mouthpiece of this invention provides maximum protection to all tooth
      surfaces in the areas where needed, minimizes speech and breathing
      difficulties, eliminates gagging, and provides excellent retention. The
      materials of which it is constructed are readily available and present no
      toxicity or taste problems.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A protective mouthpiece comprising:
PA1  a. an elongated shell of flexible, shock absorbing polymeric material
      having an essentially U-shaped cross section defined by inner and outer
      upstanding portions and a connecting portion, the shell being arcuately
      formed over its length to fit over a row of teeth, said outer and inner
      upstanding portions and said connecting portion adapted to respectively
      overlie the outer, inner and biting surfaces of a user's teeth;
PA1  b. and an insert plate member of rigid, force transmitting material
      disposed in the inner upstanding portion only and completely embedded in a
      central position of the arcuate length thereof to lie adjacent said inner
      tooth surfaces when the mouthpiece is placed in the user's mouth.
NUM  2.
PAR  2. The mouthpiece defined by claim 1, wherein the insert plate is generally
      semicircular in shape.
NUM  3.
PAR  3. The mouthpiece defined by claim 1, wherein the length of the insert
      plate is substantially less than the arcuate length of said inner
      upstanding portion.
NUM  4.
PAR  4. The mouthpiece defined by claim 1, wherein:
PA1  a. said arcuate shell comprises a laminate formed from first and second
      thin sheets of said polymeric material;
PA1  b. and said insert plate member is disposed between said first and second
      thin sheets of polymeric material.
NUM  5.
PAR  5. The mouthpiece defined by claim 1, wherein said polymeric material and
      said rigid, force transmitting material become conformably flexible at
      elevated temperatures to permit molding thereof into a desired shape.
NUM  6.
PAR  6. The mouthpiece defined by claim 5, wherein the arcuate shell comprises a
      copolymer of ethylene and vinyl acetate, and the insert plate member
      comprises a polyvinyl chloride resin.
NUM  7.
PAR  7. The mouthpiece defined by claim 1, which further comprises a palatal
      portion projecting upwardly and away from the outer upstanding portion for
      overlying at least a part of the user's hard palate with the mouthpiece in
      place.
NUM  8.
PAR  8. A protective mouthpiece comprising:
PA1  a. an elongated laminate shell formed from first and second thin sheets of
      flexible, shock absorbing polymeric material, the shell having an
      essentially U-shaped cross section defined by inner and outer upstanding
      portions and a connecting portion, the shell being arcuately formed over
      its length to fit over a row of teeth, said outer and inner upstanding
      portions and said connecting portion adapted to respectively overlie the
      outer, inner and biting surfaces of a user's teeth;
PA1  b. an insert plate member of rigid, force transmitting material disposed in
      a central position of the arcuate length of the inner upstanding portion
      between said first and second thin sheets of polymeric material to lie
      adjacent said inner tooth surfaces when the mouthpiece is placed in the
      user's mouth;
PA1  c. said polymeric material and said rigid, force transmitting material
      being conformably flexible at elevated temperatures to permit molding
      thereof into a desired shape.
NUM  9.
PAR  9. The mouthpiece defined by claim 8, wherein the insert plate is generally
      semicircular in shape.
NUM  10.
PAR  10. The mouthpiece defined by claim 8, wherein the length of the insert
      plate is substantially less than the arcuate length of said inner
      upstanding portion.
NUM  11.
PAR  11. The mouthpiece defined by claim 8, wherein the arcuate shell comprises
      a copolymer of ethylene and vinyl acetate and the insert plate member
      comprises a polyvinyl chloride resin.
NUM  12.
PAR  12. The mouthpiece defined by claim 8, which further comprises a palatal
      portion projecting upwardly and away from the outer upstanding portion for
      overlying at least a part of the user's hard palate with the mouthpiece in
      place.
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ABST
PAL  An ear protector assembly which can be easily put on and removed, including
      a mount which is readily attached to the temple bar of an eyeglass frame,
      an arm having an inner end pivotably connected to the mount, and an
      earplug fixed to an outer end of the arm. The mount has fasteners that
      enable a workman to clamp the mount at a location along the temple bar
      wherein the earplugs properly enter his ears, and thereafter every time he
      puts on his eyeglasses and pivots the arms inwardly the earplugs will
      properly enter his ears. The earplug assemblies are primarily useful for
      mounting on safety glasses, so that a workman has to put on only one
      apparatus to simultaneously protect his eyes and ears.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of patent application Ser. No.
      346,746 filed Apr. 2, 1973 now U.S. Pat. No. 3,856,007.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ear protectors for blocking out loud noises are often worn by workmen who
      also must wear eyeglasses to protect their eyes and/or to correct for
      faulty vision. Such ear protectors, which normally include a band that
      fits over the head to support a pair of earplugs, are often considered
      inconvenient and annoying to workmen. This is because the ear protector
      constitutes another bulky item which has to be put on and taken off, and
      also because the bands are often annoying to adjust and often slip from
      the proper position.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the present invention, an ear
      protector assembly is provided which can be mounted on eyeglasses, so that
      the eyeglass frame holds the earplugs in place on the workmen or other
      wearer and eliminates the need to handle and store a separate ear
      protector device. Furthermore, the assembly permits rapid and accurate
      insertion of the earplug into the ear whenever the eyeglass frame is worn.
      The ear protector assembly includes a mount that can be attached to a
      temple bar of an eyeglass frame, an arm pivotably connected at one end to
      the mount, and an earplug mounted at a second end of the arm. The
      assemblies are utilized in pairs, one attached to each temple bar of the
      eyeglass frame. A workman handles his eyeglasses and the ear protector
      assemblies thereon as a single unit, first placing the ear loops of the
      temple bars over his ears and then pivoting the arms so the earplugs enter
      his ears. The mount of each assembly is slideable along the temple bar and
      can be permanently clamped in a desired position therealong, so that the
      workman does not have to make any adjustment each time he puts on the
      eyeglasses other than to pivot the arms into position. The mount has a
      pair of walls that form a part-spherical socket, and the arm has a ball
      which is held in the socket and which is large enough to resiliently
      spread the socket walls apart so that there is high friction to retain the
      arm in any position to which it is pivoted. The fact that only pivotal
      movement is involved in moving the earplugs into position each time the
      ear protector is used, means that smooth operation can be attained in a
      low cost device.
PAR  In another ear protector apparatus, the mount is a two-piece assembly, with
      a first member left substantially permanently on the temple bar of an
      eyeglass frame, and with a second member which can be easily slipped onto
      the first member and taken off again. The second member pivotally supports
      the arm which holds the earplug. After a day of work, a workman can slip
      off the second member so that his eyeglass has a typical eyeglass
      appearance and is appropriate to wear at home. The apparatus also includes
      a torsion spring which urges the arm to pivot toward the head to firmly
      hold the earplug against the ear, but the torsion spring does not
      interfere with up and down pivoting of the arm which is necessary to
      position the earplug at the ear canal.
PAR  The novel features that are considered characteristic of the invention are
      set forth with particularity in the appended claims. The invention will be
      best understood from the following description when read in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of ear protector assemblies constructed in
      accordance with the invention, shown mounted on an eyeglass;
PAR  FIG. 2 is a plan view of an ear protector assembly of FIG. 1;
PAR  FIG. 3 is a side elevation view of the ear protector assembly of FIG. 2;
PAR  FIG. 4 is a rear elevation view of the ear protector assembly of FIG. 2;
PAR  FIG. 5 is an exploded perspective view of an ear protector assembly
      constructed in accordance with another embodiment of the invention;
PAR  FIG. 6 is a partial sectional side view of the assembly of FIG. 5; and
PAR  FIG. 7 is a view taken on line 7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a pair of ear protector assemblies 10, 12 that are
      mounted on an eyeglass 14 that includes an eyeglass frame 16 and a pair of
      shatter resistant lenses 18, 20. The lenses 18, 20 may be of zero
      corrective power for those workmen or other wearers not otherwise
      requiring eyeglasses, and may be of a shape that corrects for vision
      defects for those workmen that require it. The frame includes a front
      section 22 that mounts on the bridge of the nose and a pair of temple bars
      24, 26 hinged to the front section and having a pair of ear loops 28, 30
      that loop over the ears. Each ear protector assembly includes a mount 32
      that is attached to a temple bar of the eyeglass frame, an earplug holder
      or arm 34 which is connected to the mount 32, and an earplug 36 that fits
      into an ear of the wearer. The two ear protector assemblies 10, 12 are
      identical, but each is assembled with the earplug 36 mounted on the side
      of its arm 34 which faces the wearer.
PAR  As also illustrated in FIGS. 2-4, the mount 32 has three walls, including
      an inside wall 38 (FIG. 4), an outside wall 40, and a connecting wall 42
      at the top. These walls form a slot 43 that receives the temple bar 24 of
      the eyeglass frame. The mount is of a resilient material such as a typical
      low cost plastic, and the walls 38, 42 are thin enough to deflect and
      clamp against the temple bar 24. A pair of screws 44 extending between the
      two walls 38, 40 can draw the walls together to clamp the mount at any
      position along the temple bar 24. The inner wall 38 has an inwardly
      extending wall portion 46 through which the screws 44 extend. The portion
      46 can contact the temple of the workman or other wearer to spread the
      temple bars 24, 26 slightly further apart than normal; this can result in
      more inward force against the temples of the wearer to stabilize the
      eyeglasses on the wearer when the earplugs are in his ear.
PAR  The mount 32 has a pair of bearing or socket walls 48, 50 that form a
      recess or socket 52 that is part of a sphere. The arm 34 has a ball 54 at
      the inner end thereof which is held in the socket 52, to form a universal
      coupling 55. Accordingly, the arm 34 is universally pivotable on the
      mount; that is, it can pivot in any direction about the center of the ball
      54. The arm 34 has an inner end portion 56 which extends downwardly from
      the ball 54 through an opening 58 at the bottom of the socket to help
      stabilize the arm position, and has an outer end portion 60 that extends
      rearwardly from the bottom of the inner portion 58. The outer portion 60
      is of strip-like shape and has three holes 62, 64, 66 extending
      therethrough. The earplug 36 includes a pod 68 with a tip portion 70 that
      fits partially into the ear canal of the wearer, and a flat base portion
      72 that lies flush against the face of the outer arm portion 60. A screw
      74 is embedded in the pod and has a threaded shank that extends through
      one of the holes 62 in the arm. A nut 76 threaded onto the screw 74 holds
      the earplug securely to the arm 34.
PAR  The ear protector assembly 10 is mounted on the temple bar 24 by slipping
      the mount 32 through the ear loop 28 or by removing the screws 44, hanging
      the mount on the straight portion of the temple bar, and reinstalling and
      partially tightening the screws. The workman then places the eyeglass
      frame 16 on his head and manipulates the ear protector assembly so that
      the tip of the earplug 36 can enter his ear canal. Such manipulation
      includes sliding the mount 32 along the temple bar 24 and pivoting the arm
      34. It also may be necessary to install the earplug 36 in a different one
      of the three holes 62-64 of the arm. After the assembly is in a
      configuration wherein the earplug properly enters the ear, the workman
      pivots the arm 34 outwardly to remove the earplug, takes off the
      eyeglasses, and tightens the screws 44. The position of the mount is then
      securely fixed along the temple bar, to facilitate subsequent use of the
      apparatus.
PAR  When the workman beings work in an environment which requires eye and ear
      protection, he merely picks up the eyeglass and ear protector assembly,
      places it on his head with the ear loops 28, 30 looped over his ears, and
      then pivots the arms 34 of the ear protector assemblies inwardly. The
      universal joint 55 formed by the ball 54 and socket 52 permits
      considerably manipulation by the workman to firmly seat the tip of the
      earplug in his ear, and yet the workman is assured of bringing the earplug
      to his ear canal with little effort. The socket walls 48, 50 of the mount
      can resiliently move apart and together a small distance and the ball 54
      is of a size to maintain the walls biased apart. This results in high
      friction at the universal joint 55, so that the arm 34 tends to retain its
      position. In spite of the high friction at the joint 55, pivoting of the
      arm in any direction is easily accomplished by a workman.
PAR  It would be possible to construct the mount 32 so that it smoothly slides
      on the temple bar 24 in everyday use. However, temple bars vary in
      thickness and height, so that it is difficult to provide a low cost mount
      that will smoothly slide on any temple bar. Furthermore, it is difficult
      to control sliding friction to maintain it at a constant level, and in
      fact, jamming tends to occur in low cost slider bearings where there is
      moderate friction. This can be contrasted with pivotal mounting wherein a
      moderate pivotal friction, without jamming, can be maintained with low
      cost parts. In adjusting the earplug positions, a workman merely has to
      move the arm 34 about a pivot joint, so that the action is smooth and the
      earplug is held against his ear after being inserted therein. The
      inwardly-extending wall portion 46 on each mount, which bears against the
      temple of the wearer, tends to spring apart the temple bars 24, 26, so
      that the apparatus presses with a low but definite pressure on the temple.
      This normally eliminates any slight looseness of the temple bars which is
      sometimes present in eyeglass frame that the wearer considers as properly
      fitting him. This slight outward spreading of the temple bars permits the
      earplugs to press inwardly with a slight force against the ear canal so
      that the earplugs are firmly seated therein. When the earplugs are fitted
      into the ear, they prevent forward movement of the eyeglass frame, so the
      frame does not slip forward onto the bridge of the nose, but is held
      firmly in place.
PAR  FIGS. 5-7 illustrate another ear protector assembly 60, which is also
      designed for installation on the temple bar 24 of an eyeglass, but which
      has even greater versatility. The assembly 60 includes a first mount
      member 62 supported on the temple bar at a location forward of the temple
      bar portion 28 that is received behind the ear. A second mount member 64,
      which pivotally supports an elongated holder 66 having a rearward end on
      which the earplug 36 is mounted, is designed to be rapidly attached and
      detached from the first mount member 62. The assembly also includes a
      spring 68 which urges the holder to pivot towards the ear to hold the
      earplug firmly in place, and a brake 70 which can hold the earplug away
      from the ear in spite of the spring. A corresponding assembly is provided
      for the other temple bar of the eyeglass.
PAR  The first mount member 62 is of a construction similar to the mounts 32, 34
      of FIG. 1, and includes a pair of screws 72 for fixing the mount position
      along the temple bars. However, the mount member 62 also includes a pair
      of receiving rails 74, 76 for detachably receiving the second mount
      member, by sliding down a dovetail slide 78 of the second mount member
      until a ledge 80 on the second mount member abuts a ledge 82 on the first
      mount member. The rails can be formed by any two wall portions that are
      not part of a circle, since the function of the rails is to permit
      slideable reception and prevent rotation after such reception. A workman
      installs the ear protector assembly by adjusting it to properly fit his
      ear, and then tightening the screws 72 to fix the position of the first
      mount member. Thereafter, the workman can remove the second mount member
      64, with the holder and earplug thereon, from the first mount member at
      the end of each work day. This enables the workman to wear the eyeglass
      after working hours without the earplugs or other highly noticeable
      attachments thereon. Only the first mount members 62 remain on the
      eyeglass frame, and they are normally not easily noticeable. At the
      beginning of the next working day, the workman merely slips the second
      mount member 64 onto the first one 62. The second mount member 64 is
      always returned to the same position, wherein the ledges 80 and 82 abut,
      and therefore the earplugs will always be positioned for rapid pivoting
      against the ear.
PAR  The second mount member 64 includes upper and lower parts 84, 86 (FIG. 6)
      that form a socket 88 that holds a ball 90 at one end of the earplug
      holder 66 and that form a chamber 92 that holds the torsion spring 68. The
      ball 90 can pivot about a vertical axis 94 to move the earplug towards and
      away from the ear, and can also pivot about a horizontal axis 96 to raise
      or lower the earplug. The torsion spring 68 is designed to urge the
      earplug towards the ear so that it presses with a force of several ounces
      against the ear to keep out noise, and yet to produce little if any upward
      or downward bias that would create unnecessary added force on the ear and
      that might tend to dislodge the earplug from its proper position at the
      entrance to the ear canal. This is accomplished by forming a slot 98 at
      the top of the ball 90 and by positioning the lower end 68L of the spring
      loosely in the slot. The upper end 68U of the spring is loosely installed
      in a slot 100 of the second mount member 64.
PAR  The spring 68 is installed with a torsional preload (as by rotating the
      upper mount part 84 by part of a turn before fixing it to the lower part
      86), so that the ball is urged to pivot about the vertical axis 94 to
      thereby urge the earplug into the ear. However, a limited degree of
      pivoting of the ball about any horizontal axis such as 96 can be performed
      without appreciable resistance from the spring. Thus, no appreciable
      upward or downward bias is imparted for a range of heights of the earplug,
      and yet a strong inward bias is produced, all in a simple and economical
      mechanism.
PAR  There are many applications where a workman wants to repeatedly move the
      earplugs 36 away from his ears for a short time and then back against his
      ears, as where the high intensity noise is intermittent. The ear protector
      assembly 60 permits this to be easily accomplished by providing a brake 70
      that can hold the earplug away from the ear in spite of the biasing of the
      spring 68. As best shown in FIG. 7, the ball 90 includes a pair of
      non-circular slots 102, 104; that is, the slots are not at a constant
      radius from the vertical pivot axis 94. A pair of brake portions in the
      form of pins 106, 108 fixed to the lower part 86 of the second mount
      member, lie in the grooves 102, 104 near the bottoms of the grooves. When
      the ball 90 is pivoted far in the direction of arrow 110, to move the
      earplugs away from the ear, the pins ride over corner portions 112 of the
      slots where the bottoms of the slots are furthest from the pivot axis 94.
      A workman can easily apply enough torque to pivot the ball so that the
      pins pass the corners, but the spring 68 cannot apply sufficient torque to
      move the ball back across the corners. Accordingly, the earplugs remain
      away from the ears until a workman pivots the holder 66 back towards the
      ears so the pins again pass the camming surfaces or corners 112.
      Thereafter, the ball pivots easily, and the spring can hold the earplugs
      against the ear.
PAR  Thus, the invention provides a low cost ear protector assembly which is
      used in conjunction with eyeglasses so that a workman has to store and
      handle only one item to protect his eyes and ears, and with the bulk of
      the combination being only slightly greater than that of an eyeglass
      alone. The ear protector assembly includes a mount that can slide along
      the temple bar and an arm pivotally connected to the mount and carrying an
      earplug. The mount includes fasteners for fixing its position along the
      temple bar. Accordingly, a workman merely has to operate the pivot in
      normal use to remove and replace the earplug, the use of only pivoting for
      this operation resulting in smooth operation with low cost parts. While it
      would be possible to utilize an arm that pivots about a single axis, the
      use of a universal pivot makes the mount very simple and still permits
      rapid installation of the earplug in everyday use. In one embodiment of
      the invention, the mount has two members, one always fixed on the eyeglass
      and the other being easily detached and reattached and carrying the
      earplug holder and earplug. A spring urges the holder to pivot towards the
      ear but without interfering with up and down pivoting, and a brake can
      hold the earplug away from the ear.
PAR  Although particular embodiments of the invention has been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently it is intended
      that the claims be interpreted to cover such modifications and equivalents
     .
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An ear protector for mounting on an eyeglass frame that has temple bars,
      comprising:
PA1  a mount having means for mounting on the temple bar of an eyeglass frame in
      front of the temple bar portion that lies on the ear;
PA1  an earplug holder having a first end formed to mount on said mount and a
      second end;
PA1  an earplug mounted on the second end of the earplug holder;
PA1  a universal pivot which couples said mount to said first end of said
      holder, to permit the holder to pivot about a first axis, so that the
      earplug can be moved up and down, and to permit the holder to pivot about
      a second axis which is angled from said first axis, so that the earplug
      can be also moved toward and away from the head; and
PA1  spring means coupled to said earplug holder for urging the holder to pivot
      in a predetermined direction about said second axis with substantially no
      bias about said second axis, whereby the earplug is urged towards the head
      with substantially no up or down bias.
NUM  2.
PAR  2. The ear protector described in claim 1 including:
PA1  brake means coupled to said holder and operable only at a predetermined
      pivotal position of said holder about said second axis, wherein the
      earplug lies away from the head, for retaining said holder against
      pivoting in a predetermined direction about said second axis, whereby to
      retain said holder against pivoting toward the head under the force of
      said spring.
NUM  3.
PAR  3. An ear protector for mounting on an eyeglass frame that has temple bars,
      comprising:
PA1  a first mount member having a slot for slideably receiving a temple bar,
      said mount member having fastener means for clamping the first mount
      member along the temple bar that lies in said slot, and said mount member
      having walls forming first rail means for receiving another rail means;
PA1  a second mount member having second rail means removably attached to the
      first rail means on the first mount member for permitting rapid attachment
      of said second mount member at a predetermined location and orientation
      thereon and rapid removal therefrom;
PA1  an elongated earplug holder having a first end mounted on said second mount
      member and a second end; and
PA1  an earplug mounted on the second end of said earplug holder, whereby to
      enable a workman to easily remove the earplug from the eyeglass frame and
      then replace it at a prefixed position that assures that the earplugs will
      lie opposite his ear.
NUM  4.
PAR  4. An ear protector for mounting on apparatus which is worn on the head,
      comprising:
PA1  a mount having a tubular portion with an open end;
PA1  an earplug and holder assembly including a lever member with an earplug at
      one end and a ball at the other end, said ball lying in said tubular
      portion of said mount and said ball having a slot; and
PA1  a torsion spring disposed in said tubular portion and having a first spring
      end coupled to the mount and a second spring end loosely received in said
      slot in said ball, whereby to urge the holder assembly to pivot in one
      direction so it can press against the ear and yet to permit the holder
      assembly to easily pivot in other directions to lie at the proper height
      to reach the ear.
NUM  5.
PAR  5. The ear protector described in claim 4 wherein:
PA1  said ball and said mount having brake portions that engage one another as
      said ball is pivoted in a direction against the spring bias to a
      predetermined position, said brake portions including means for holding
      the ball against pivoting back under the force of said spring when the
      brake portions are engaged, whereby to enable a workman to leave the
      earplugs away from his ears.
NUM  6.
PAR  6. Apparatus for protecting the eyes and ears comprising:
PA1  an eyeglass having a frame with a pair of lens openings and a pair of
      temple bars (24), the eyeglass also including a pair of lenses mounted in
      said lens openings;
PA1  a first mount member (62) having walls forming a slot which is wider than a
      portion of one of said temple bars for receiving one of said temple bars,
      said first mount member having fastener means (72) for clamping the walls
      of the slot onto a temple bar which lies in said slot to fix the position
      of the mount member thereon, and said mount member having a pair of rails
      (74, 76);
PA1  a second mount member (64) slideable onto and off from said rails to permit
      rapid attachment and detachment from said first mount member, said second
      member forming a ball-receiving socket (88) and a spring holding chamber
      (92);
PA1  an earplug holder (66) having a ball (90) at one end and an earplug (36) at
      the other end, said ball being disposed in said socket, and said ball
      having a slot (98) therein;
PA1  a torsion spring (68) lying in said chamber, with one end (68U) of the
      spring coupled to said second mount member and the other end (68L) loosely
      received in said slot (98) of said ball, whereby the spring urges the
      holder to pivot about a substantially vertical axis (94) to urge the
      earplug into the ear while not producing a substantial bias throughout
      limited pivoting about a horizontal axis (96) to raise and lower the
      earplug;
PA1  said ball having a camming surface (112), and said second mount member
      having a brake portion (106) including means for engaging said camming
      surface (112) when the holder is pivoted away from the ear, to resist
      return pivoting of the holder under the force of said torsion spring.
NUM  7.
PAR  7. Apparatus for protecting the eyes and ears, comprising:
PA1  an eyeglass having a frame with a pair of lens openings and a pair of
      temple bars, the eyeglass also including a pair of lenses mounted in said
      lens openings, said temple bars extending substantially normal to said
      lenses;
PA1  a pair of mounts, each having means securely engaging and mounting one of
      said mounts on a different one of said temple bars at a location spaced
      forward from the rear end of the temple bar to lie forward of the ear when
      the rear end of the temple bar lies behind the ear;
PA1  a pair of earplug holders, each having a forward end pivotally mounted on a
      corresponding one of said mounts and a rearward end which can be
      positioned to lie rearward of the forward end so as to lie opposite the
      middle of the ear; and
PA1  a pair of earplugs, each mounted on the rearward end of a corresponding
      earplug holder;
PA1  each of said mounts forming a socket and each of said holders having a ball
      at the forward end thereof which is held in the socket of the
      corresponding mount, to permit the holder to pivot about a first axis to
      move the earplug up and down as well as about a second axis to move the
      earplug towards and away from each other to thereby move toward and away
      from the ear of the wearer; and including
PA1  a pair of torsion spring means, each coupling a mount to a ball and loosely
      held to at least one of them, said spring means biasing each earplug
      holder towards the other to pivot about said second axis so the earplug
      moves against the ear, while providing substantially no bias to pivoting
      about said first axis.
NUM  8.
PAR  8. Apparatus for protecting the eyes and ears, comprising:
PA1  an eyeglass having a frame with a pair of lens openings and a pair of
      temple bars, the eyeglass also including a pair of lenses mounted in said
      lens openings, said temple bars extending substantially normal to said
      lenses;
PA1  a pair of mounts, each having means securely engaging and mounting one of
      said mounts on a different one of said temple bars at a location spaced
      forward from the rear end of the temple bar to lie forward of the ear when
      the rear end of the temple bar lies behind the ear;
PA1  a pair of earplug holders, each having a forward end pivotally mounted on a
      corresponding one of said mounts and a rearward end which can be
      positioned to lie rearward of the forward end so as to lie opposite the
      middle of the ear;
PA1  a pair of earplugs, each mounted on the rearward end of a corresponding
      earplug holder;
PA1  a pair of spring means, each coupled to the forward end of an earplug
      holder and biasing the holder to pivot inwardly towards the other holder
      and therefore towards the head of the wearer; and
PA1  a pair of brake means coupled to the forward ends of said earplug holders
      for preventing pivoting of the holders towards one another under the
      biasing of a corresponding spring when the holders are pivoted to a
      predetermined outward portion away from each other, whereby to hold the
      earplugs away from the wearer.
NUM  9.
PAR  9. Ear protection apparatus for use on an eyeglass having a frame with a
      pair of lens openings containing lenses and a pair of temple bars,
      comprising:
PA1  a pair of mounts having slot means receiving the temple bars of an
      eyeglass, whereby the mounts can be located at a range of positions along
      the temple bars;
PA1  a pair of earplug holders, each having a forward end pivotally mounted on a
      corresponding one of said mounts and a rearward end; and
PA1  a pair of earplugs, each mounted on the rearward end of a corresponding
      earplug holder;
PA1  each mount including a socket and each earplug holder including a ball at
      its forward end which is received in said socket, whereby to permit the
      holder to be pivoted up and down so it can lie opposite the ear canal, as
      well as toward and away from the ear to move against and away from the ear
      canal.
NUM  10.
PAR  10. Ear protection apparatus for use on an eyeglass having a frame with a
      pair of lens openings containing lenses and a pair of temple bars,
      comprising:
PA1  a pair of mounts having means for attachment at a plurality of fixed
      positions on the temple bars of an eyeglass;
PA1  a pair of earplug holders, each having a forward end pivotally mounted on a
      corresponding one of said mounts and a rearward end; and
PA1  a pair of earplugs, each mounted on the rearward end of a corresponding
      earplug holder;
PA1  each of said mounts has a first member which includes said means for
      attachment on a temple bar and a second member carrying the forward end of
      one of said holders on which one of said earplugs is mounted, said second
      member including means for rapid attachment and detachment from said first
      member, whereby a worker can wear his eyeglasses after working hours with
      only the first mount member thereon so that when he begins work again he
      can rapidly attach the first member with the holder and earplug thereon.
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ABST
PAL  The present invention refers to an improved, wholly disposable dental type
      syringe, comprising: a hollow, transparent cylindrical body which includes
      one open end having integral ears, and the other end closed, in which
      latter end is mounted a needle for injecting having two points, and on the
      inside of the hollow cylindrical body, ribs extending throughout its
      entire length; a piston which is hollow and open at one end, and includes
      in its closed end suction means, and at its open end curved arms, the
      piston being also the protector for the needle; and adjusting and guiding
      means, which holds an ordinary dental anesthesic cartridge in contact with
      the closed end of the hollow cylindrical body and, at the same time,
      guides the travel of the piston, the adjusting and guiding means being the
      protector for the suction means while the piston is the protector of the
      needle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the field of odontology we find that devices for applying anesthetics
      for local blockage consist only of a body in the form of a hollow cylinder
      and a piston, both metallic, to which devices for applying anesthetics an
      injection needle must be attached in order to use them.
PAR  These known devices for applying anesthetics present substantial drawbacks.
      Thus, as above indicated, they require separate needles, representing an
      additional expense.
PAR  Another problem presented by the known devices for applying anesthetics is
      the fact that, since the hollow cylindrical body is metallic, it must
      necessarily incorporate a window to permit observing the quantity of
      anesthetic applied to the patient. The window involves an added step of
      manufacture in forming the body of the device for applying anesthetics.
PAR  Another drawback presented by the known devices for applying anesthetics is
      the fact that there is no way to determine if a blood vessel has been
      struck, since there is no means for applying suction.
PAR  In addition to the problems mentioned, the known devices for applying
      anesthetics present the drawback that each time they are needed for use,
      it is necessary to sterilize them.
PAR  Finally, in addition to the drawbacks mentioned and the extra expense which
      they occasion, the known device is itself quite expensive, and we may
      conclude, uneconomic.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly one object of the present invention to provide an
      improved, wholly disposable dental type syringe, which is not merely a
      body and a piston but includes suction means, adjusting and guiding means,
      and an injection needle integrally mounted.
PAR  A further object of the present invention is to provide an improved, wholly
      disposable dental type syringe, which does not involve additional expense
      for the purchase of separate needles.
PAR  It is another object of the present invention to provide an improved,
      wholly disposable dental type syringe which does not require a window in
      order to observe the quantity of anesthetic administered to the patient
      because the body thereof is itself transparent. Furthermore, by the same
      token, in the manufacture of the syringes covered by the present invention
      no additional step is required to produce such window.
PAR  It is an additional object of the present invention to provide an improved
      wholly disposable dental type syringe with which it can be definitely
      determined if a blood vessel has or has not been struck, since it includes
      such suction means.
PAR  Another object of the present invention is to provide an improved wholly
      disposable dental type syringe which is obtained in sterile condition at
      the time of its purchase and which, accordingly, does not require
      sterilizing when anesthetic is to be applied to a patient.
PAR  Still another object of the present invention is to provide an improved
      wholly disposable dental type syringe which is very economical and
      practical.
PAR  Consequently, the present invention provides an improved wholly disposable
      dental type syringe comprising: a transparent, hollow, cylindrical body
      which includes one open end on which there are integral ears, and the
      other end closed, in which closed end is fixed a needle for injecting
      having two points, and on the interior of the said hollow cylindrical body
      there are ribs along its entire length; a hollow piston open at one of its
      ends, which includes on its closed end suction means, and at its open end
      curved arms, said piston also being the protector for the needle; and
      adjusting and guiding means which holds an ordinary dental anesthetic
      cartridge so that it remains in contact with the closed end of the hollow
      cylindrical body, and also guides the travel of the piston, said adjusting
      and guiding means being also the protector of the suction means when the
      said piston is the protector of the needle.
PAR  These and other objects to be obtained through the use of the present
      invention will be more clearly understood and better appreciated by means
      of the following description, which refers to the drawings of the
      preferred embodiment of the present invention.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical elevational view, which illustrates the wholly
      disposable dental type syringe of the present invention.
PAR  FIG. 2 is a longitudinal cross-sectional view of the wholly disposable
      dental type syringe of the present invention.
PAR  FIG. 3 is a conventional detailed cross-sectional view illustrating the
      wholly disposable dental type syringe of the present invention with a
      cartridge of dental anesthetic included within it.
PAR  FIG. 4 is a conventional broken longitudinal cross-sectional view of the
      adjusting and guiding means of the dental type syringe of the present
      invention.
PAR  FIG. 5 is a detailed view in conventional cross-section which illustrates
      another embodiment of the dental type syringe of the present invention.
PAR  FIG. 6 is a vertical elevational view of the wholly disposable dental type
      syringe of the present invention, which shows the piston protecting the
      needle and the adjusting and guiding means protecting the suction means.
PAR  FIG. 7 is a top plan view of the wholly disposable dental type syringe when
      the piston is protecting the needle.
PAR  FIG. 8 is a view in cross-section along line 8 -- 8 of FIG. 6, which shows
      how the piston is secured to the hollow cylindrical body when said piston
      is protecting said needle.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention refers to devices for applying anesthetic for local
      blockage, and specifically to improvements in a wholly disposable dental
      type syringe 11 which is composed of a transparent hollow cylindrical body
      12 which latter has one closed end in which is integrally secured an
      injection needle having two points 13. That point of the needle 13 which
      is held in the closed end of the transparent body 12 must project in such
      manner as to perforate an ordinary cartridge of dental anesthetic 14 (see
      FIG. 3).
PAR  On the open end of the hollow transparent cylindrical body 12 there are
      included integral ears 15 curving slightly toward the hollow transparent
      cylindrical body 12, which provide support for the dentist's fingers when
      using the wholly disposable syringe 11 of the present invention.
PAR  On the inside of the hollow cylindrical body 12 ribs 16 are provided along
      its entire length, said ribs 16 being not of uniform thickness, but rather
      somewhat thicker in their portion registering with the end portion of the
      cylindrical body 12 which carries the injection needle 13, said thickness
      diminishing to a minimum at portion registering with the open end of said
      cylindrical body 12. By means of these ribs 16 the cartridge of anesthetic
      14 is compelled to remain under pressure in the interior of the syringe
      11, thus becoming substantially fixed thereto, hence assuring the
      discardable character of the device of this invention, since it cannot be
      reused because the anesthetic cartridge 14 cannot be removed.
PAR  The wholly disposable syringe 11 includes, in addition, a hollow piston 17
      which is open at one end and which includes at its closed end a suction
      device 18.
PAR  The suction device 18 is a metallic component the end of which has the form
      of a harpoon head for corkpuller in order to effect positive engagement
      when it pierces a rubber plug 19 carried by all known types of dental
      anesthetic cartridges 14 at the end of said cartridges 14 which is
      opposite to that in which the needle 13 penetrates, in order to produce
      suction when the hollow piston 17 drawn outward after the patient has been
      injected, for the purpose of determining if a blood vessel has been
      struck.
PAR  The hollow piston 17 carries on its open end curved arms 20 the ends of
      which are directed toward one another to form a slightly open ring, the
      opening in which is sufficiently small so that the thumb of the person
      using the dental syringe does not pass through, and yet sufficiently large
      so that said opening will engage upon the hollow transparent cylindrical
      body 12. The ends of the arms 20 are also slightly concave in order to
      engage the cylindrical body 12 adequately, as above indicated. The said
      disposition is required, since the hollow piston 17 shields the needle 13
      when the disposable syringe 11 is packaged for sale.
PAR  In addition to the foregoing components, the dental syringe 11 includes an
      adjusting and guiding device 21 which forces the dental anesthetic
      cartridge 14 to register with the end of the cylindrical body 12 which
      includes the injection needle 13, in order that said needle 13 may
      penetrate into the inside of the dental anesthetic cartridge 14 above
      referred to, so that the anesthetic solution can be applied. At the same
      time, the adjusting and guiding device 21 guides the travel of the hollow
      piston 17.
PAR  The adjusting and guiding device 21 is of annular and frustro-conical
      shape, with a height of axial dimension slightly greater than the distance
      from the open end of the cylindrical body 12 to the corresponding end of
      the anesthetic cartridge, When the latter has been placed completely
      inside the said cylindrical body 12. Thus by means of the adjusting and
      guiding device 21 the anesthetic cartridge is pressed against the ribs 16
      until it reaches the required position within the syringe 11. Furthermore,
      also because of the abovementioned ribs 16, the adjusting and guiding
      device 21 becomes perfectly attached to the open end of the cylindrical
      body 12, so that its removal becomes very difficult, thus providing
      another of the characteristics tending to the total discard of the dental
      type syringe 11 of the present invention after a single use.
PAR  In addition, the adjusting and guiding device 21 has its base of smaller
      diameter with an interior diameter slightly less than the outside diameter
      of the hollow piston 17, in order to provide perfect guidance to the
      piston throughout its stroke, and also to the end that in the as-packed
      for sale condition the adjusting and guiding device 21 will be the
      protector of the suction device 18 when placed with light pressure on the
      end of the hollow piston 17 which carries the suction device 18 (please
      see FIG. 3).
PAR  Another embodiment of the disposable syringe of the present invention is
      that illustrated in FIG. 5, consisting of a hollow transparent cylindrical
      body 22 having both its ends open, so that the cartridge containing dental
      anesthetic 14 presents its end for engaging the needle projecting from the
      said cylindrical body 22. Accordingly, at the said end there may be
      included a needle 23 such as those already known in the market to adapt to
      this type of cartridge of dental anesthetic 14.
PAR  The remaining elements of this embodiment are similar to those of the
      embodiment above first described; that is, curved ears 24 carried on the
      opposite open end of the cylindrical body 22, a hollow piston 25 which
      carries at one end curved arms 26 and on the opposite end a suction device
      (not illustrated) and an adjusting and guiding device 27.
PAR  As the consequence of that hereinabove described, we may conclude that the
      syringe of the present invention affords all of the advantages above
      indicated, in that some of its elements are applicable in two types of use
      and in addition it is very practical and economical.
PAR  While the foregoing description has been drawn to the specific embodiments
      of the invention indicated, it will be understood by all those who are
      expert in the subject matter that any change in form and detail is
      included within the scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wholly disposable dental type syringe arranged in a packaged-for-sale
      form and rearrangeable to its disposition for operation, comprising in
      combination:
PA1  a hollow transparent cylindrical body capable of encasing a dental
      anesthetic cartridge and formed at its interior with ribs extending
      substantially the entire length of the hollow interior of the cylindrical
      body to prevent said cartridge from being removed therefrom, which hollow
      cylindrical body has one end open and the other end closed and is formed
      integrally with ears at said open end;
PA1  an injection needle which has two points at its opposite ends and is
      mounted in the closed end of said cylindrical body with one of said points
      projecting into the interior of said cylindrical body so that when the
      dental anesthetic cartridge is encased in the interior of the cylindrical
      body, the projecting point is introduced into said cartridge to contact
      the dental anesthetic;
PA1  a hollow piston removably attached to the closed end of the hollow
      cylindrical body, which hollow piston has one end open and the other end
      closed and is formed at its open end with curved arms forming an open ring
      having a clearance between the free ends of the arms substantially equal
      to the outside diameter of said cylindrical body, the free ends of the
      curved arms being slightly concave to embrace said cylindrical body;
PA1  a harpoon-like device mounted in the closed end of said hollow piston and
      projecting therefrom; and
PA1  protecting means removably attached to said hollow piston and covering said
      harpoon-like device, said protecting means comprising a frustoconical
      component of annual cross-section, the internal diameter of the smaller
      end of said component being slightly less than the external diameter of
      said hollow piston and the external diameter of said smaller end being
      less than the diameter of the open end of said cylindrical body, the
      external diameter of the larger end of said component being greater than
      the external diameter of said open end of the hollow cylindrical body, and
      the conicity of said frustoconical component being such that said
      component can be inserted into said open end of the hollow cylindrical
      body by a distance that is at least equal to the difference between the
      length of the interior of the hollow cylindrical body and the length of
      the dental anesthetic cartridge, said frustoconical component and said
      hollow piston being rearrangeable into said disposition for operation by
      introducing said frustonical component through the open end of the
      cylindrical body encasing the dental anesthetic cartridge until said one
      point of the needle is in contact with the dental anesthetic, and
      introducing said hollow piston into said cylindrical body through said
      frustoconical component.
NUM  2.
PAR  2. The wholly disposable dental type syringe of claim 1, wherein said ribs
      have a thickness which is greater in their portions registering with said
      closed end of the hollow cylindrical body and diminishes to a minimum in
      their portions registering with said open end of the hollow cylindrical
      body.
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ABST
PAL  An injection apparatus includes a housing having an ampule provided with
      medication therein, a needle at one end and a sealing piston in the other
      end of the ampule, the ampule disposed in position in one part of the
      housing, the second part of the housing is provided with first means for
      moving the ampule so that the needle extends out from the housing and into
      a body against which the housing is positioned as the second part is moved
      relative to the first part and second means for moving the piston in the
      ampule to express the medication therefrom into the body upon further
      movement of the second housing part relative to the first housing part.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Bee stings can be fatal to persons who are allergic to such stings if they
      do not receive an antitoxin within a short period after they have been
      stung by a bee. Thus, these people have to take proper precautions to have
      readily available or be in close proximity to an injection device in order
      to inject themselves or be injected with the antitoxin within the required
      time to save their lives. This is true also with regard to other bites,
      allergic reactions, asthmatics and allied problems.
PAR  A typical kit consists of a conventional syringe and a rubber-sealed
      container containing the antitoxin or a loaded syringe. Several drawbacks
      to this kit are noteworthy. The needle of the syringe has to be inserted
      through the rubber seal, the antitoxin has to be drawn into the syringe,
      aspirated and then injected into the body. This can be difficult for a
      person under emotional stress who is in emminent danger of losing his or
      her life unless the antitoxin is administered in time, because the
      container could be dropped and broken before being drawn into the syringe,
      the syringe could be broken, and, if aspiration of the syringe is not
      properly done, air could be injected into the body causing serious harm.
      Moreover, the mecessity of having to carry the syringe and antitoxin
      container can be difficult and subject them to breakage.
PAR  Complicated syringes using spring release mechanisms such as disclosed in
      U.S. Pat. Nos. 3,543,603; 3,496,937; 2,856,924; 3,702,609 and 3,742,948
      can be used, but these are expensive and susceptible to being
      accidentially actuated thereby not being available for emergency use.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an injection apparatus and more
      particularly to an injection apparatus for emergency situations.
PAR  An object of the present invention is to provide an injection apparatus
      including means for moving an ampule within a housing to a first position
      exposing the needle and a second position expressing the medication from
      the ampule.
PAR  Another object of the present invention is the provision of an injection
      apparatus wherein the housing thereof includes guide means along which the
      ampule moves and for guiding the ampule driving means out of engagement
      therewith upon the ampule reaching the first position.
PAR  A further object of the present invention is to provide an injection
      apparatus which includes a transparent housing to discern the condition of
      the ampule therein.
PAR  An additional object of the present invention is the provision of an
      injection apparatus including a two part housing with the parts
      telescopically movable relative to each other and which are provided with
      sealing means therebetween.
PAR  The foregoing and other objects of the invention will appear more fully
      from the following description and the accompanying drawing illustrating a
      preferred embodiment of the invention. It is to be understood that changes
      may be made from the exact details shown and described without departing
      from the principles of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional view illustrating the injection apparatus in
      its normally inoperative position;
PAR  FIG. 2 is a view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1 illustrating the ampule moved to a first
      position by movement of the housing parts relative to each other; and
PAR  FIG. 4 is a view similar to FIG. 1 illustrating the expressing of the
      medication from the ampule.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning now to the drawings an injection apparatus IA is illustrated which
      comprises a housing 10 including an ampule-holding section 12 and an
      operating section 14. Housing 10 is preferably molded from a suitable
      plastic material; it can be of any desired color, but it is preferable
      that it is transparent.
PAR  Ampule-holding section 12 has a relief area 16 in the bottom to enable
      needle 18 of ampule 20 to readily penetrate therethrough when ampule 20 is
      moved to its operative position as shown in FIG. 2. Spaced pairs of guide
      members 22 extend outwardly from the bottom of section 12 on opposite
      sides of relief area 16 and they receive ampule 20 therebetween.
      Projections 24 are provided on the inner surfaces of guide members 22 and
      they are disposed in a necked-down section 26 of ampule 20 to maintain
      ampule 20 in position so that ampule 20 does not move forward causing
      needle 18 to puncture relief area 16 accidentially. Projections 24 will
      however be deformed when ampule 20 is moved forward as will be explained
      hereafter. Guide members 22 are provided with beveled surfaces 30 at their
      free ends. Diametrical extensions 33 are provided by section 12 and they
      have arcuate surfaces 35 at their inner ends to provide additional guide
      means for ampule 20.
PAR  Ampule-driving members 32 extend outwardly from the bottom of operating
      section 14 and they move within the respective spaced pairs of guide
      members 22 when section 14 is moved relative to section 12. Cross arms 34
      are located at the free ends of ampule-driving member 32. Ampule-driving
      members 32 normally engage the inner end of ampule 20.
PAR  A radiused projection 36 is provided on the outer surface of section 12
      which normally mates with a recess 38 on the inner surface of section 14
      to maintain these sections in a normally-inoperative position and to
      provide a seal therebetween so that housing 10 is hermetically sealed to
      protect needle 18. Alternatively, an O-ring of suitable conventional
      sealing material can be disposed in recesses in sections 12 and 14 to
      provide the sealing condition.
PAR  In operation after a person has been stung by a bee, insect or bitten by a
      snake, housing 10 is placed against an area of the person's body,
      preferably against the arm adjacent the shoulder, pressure is applied to
      section 14 whereby amule-driving members 32 drive ampule 20 along guide
      members 22 deforming projections 24 and moving ampule 20 to a first
      position so that needle 18 punctures relief area 16 as shown in FIG. 3 and
      penetrates the exidermis of the body area to inter muscular area. Arms 34
      engage beveled surfaces 30 of guide members 32 and move or cam
      ampule-driving members 32 out of engsgement with the end of ampule 20 when
      ampule 20 has reached the first or needle operating position whereupon
      plunger 28 engages sealing piston 40 and moves it along ampule 20 thereby
      expressing the medication therein into the body of the afficted person as
      shown in FIG. 4, arms 34 moving along beveled surfaces 30 and the outer
      edges of members 22 while members 32 move between respective spaced pairs.
      Guide members 22 providing guide means along which ampule 20 is moved and
      along which arms 34 move.
PAR  As can be discerned, a unique and novel injection apparatus has been
      disclosed to be readily utilized by persons in danger of being stung by
      bees, wasps, insects or the like and which is simple in construction and
      easily operated to inject life-saving antitoxin into the body. Although
      the invention has been explained and illustrated with reference to a
      particular embodiment, it is to be appreaciated that various adaptations
      and modifications may be made without departing from the appended claims.
CLMS
STM  The invention is claimed in accordance with the following:
NUM  1.
PAR  1. An injection apparatus for injection of a medication from an ampule and
      into a person's body comprising:
PA1  a housing including an ampule-receiving section and an operating section,
      an ampule having a piston therein and a needle thereon disposed in said
      ampule- receiving section, said operating section being movable relative
      to said ampule-receiving section;
PA1  guide means provided by said ampule-receiving section along which said
      ampule is disposed;
PA1  ampule-driving means and plunger means provided by said operating section,
      said ampule-driving means driving a ampule along said guide means to a
      first position in said housing when said operating section is moved
      relative to said ampule-receiving section upon said housing being
      positioned against an area of the person's body thereby driving a needle
      through an end of said housing and into the person's body and said plunger
      means driving said piston in a ampule to a second position thereby
      injecting the medicine in the ampule into the person's body; and means
      provided by said ampule-driving means and said guide means to move said
      ampule-driving means out of engagement with said ampule when said ampule
      has reached said first position.
NUM  2.
PAR  2. An injection apparatus according to claim 1 wherein seal means are
      provided between said ampule-receiving section and said operating section.
NUM  3.
PAR  3. An injection apparatus according to claim 1 wherein said housing is
      transparent.
NUM  4.
PAR  4. An injection apparatus according to claim 1 wherein said guide means
      include means for maintaining said ampule in a normally-inoperative
      position.
NUM  5.
PAR  5. An injection apparatus according to claim 1 wherein said guide means
      comprise pairs of spaced members disposed on opposite sides of a central
      axis of said housing and diametrical extensions having arcuate inner
      surfaces.
NUM  6.
PAR  6. An injection apparatus according to claim 5 wherein said ampule-driving
      means comprise members that move between respective pairs of spaced
      members when said sections move relative to each other.
NUM  7.
PAR  7. An injection apparatus according to claim 1 wherein said means for
      moving said ampule-driving means comprise beveled surfaces on said guide
      means and arms on said ampule-driving means.
NUM  8.
PAR  8. An injection apparatus according to claim 1 wherein said
      ampule-receiving section has a relief area to enable said needle to easily
      puncture said housing when said ampule is moved to said first position.
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ABST
PAL  Structure for safely administering a medication orally in which a soluable
      medicated body is maintained on a rod during dissolution by the
      configuration of that portion of the rod embedded in the medicated body. A
      method of manufacturing an enlarged end for the rod comprises forming
      convolutions of coiled sheet material in which the sheet material is
      embossed before coiling. Handle means in angled relation to the rod and
      spaced from the medicated body prevents inadvertent swallowing of the
      medication and/or the rod. The handle means can be unitary with the rod or
      separable and reusable being made integral by a resilient gripping means.
BSUM
PAR  The invention is concerned with eliminating the hazard to safety in oral
      dissolution of a solid. More particularly, the invention relates to means
      for safely administering medication orally and to methods of manufacturing
      of such means.
PAR  In administering medication orally and gradually, e.g. medication which
      would be helpful in supplying cough relief for children, ordinary lozenges
      or cough drops present an inherent danger of inadvertent swallowing due to
      their small size and with the involuntary inhaling that occurs with
      sneezing or coughing. The danger of accidental swallowing is increased for
      children or adults when such medication is applied during bed rest.
PAR  Such dangers and other shortcomings of the prior means of applying
      medication orally are overcome by the present invention which provides
      means and methods of manufacturing such means for safely administering
      medication orally. A continuous search of medication is made available to
      provide continuous relief.
DRWD
PAR  Novel concepts and contributions of the invention are illustrated by the
      accompanying drawings. In these drawings:
PAR  FIG. 1 is a front view in elevation with a dotted line portion representing
      schematically a retention feature of the invention;
PAR  FIGS. 2 through 6 are enlarged, fragmentary, sectional views of retention
      means of the invention;
PAR  FIG. 7 is a traverse sectional view of FIG. 2 taken along the lines 7--7;
PAR  FIG. 8 is a front view embodying the invention in elevation of an
      embodiment of the invention having a unitary safety handle embodying the
      invention;
PAR  FIG. 9 is a plan view of a separable safety handle means embodying the
      invention;
PAR  FIG. 10 is a perspective view of the safety handle means of FIG. 9 showing
      the manner in which the handle means is spread to receive a rod;
PAR  FIG. 11 is a perspective view of the safety handle means of FIG. 9 clamped
      in position for use on a rod;
PAR  FIG. 12 shows a first step in the method of preparing a web of sheet
      material to form an enlarged end rod in accordance with the invention;
PAR  FIG. 13 shows the step of coiling the web of FIG. 12 to form such enlarged
      end;
PAR  FIG. 14 shows the finished rod, partly in cross section, and the manner in
      which the enlarged end improves adherence and secures the rod against
      removal from the medication.
PAR  FIG. 15 shows coiling of sheet material to form another embodiment of the
      rod means of the present invention; and
PAR  FIG. 16 is an enlarged, fragmentary cross-sectional view of the rod means
      being formed in FIG. 15.
DETD
PAR  In the accompanying drawings and the following detailed disclosure, the use
      described is a cough remedy type of medication. This medication can take
      the form of any of the well-known palliatives, demulcents, alleviants, or
      expectorants, antihistamines or other types of medication, often in a
      carrier. The medication, per se, is not part of the invention and can be
      prescription or non-prescription type. Such medication can comprise a hard
      sugar-base type, such as is used in the wellknown cough drop, or a
      taffy-like carrier.
PAR  An important concept of the invention is concerned with means for retention
      of a medication on a rod or stick during its dissolution in the oral
      cavity. This concept provides for retention and dissolution, continuously
      and gradually, reducing the opportunity for easy removal of a medication
      before dissolution and thus helps avoid the danger of asphyxia due to
      swallowing; a hazard to safety encountered with the ordinary cough drop.
PAR  As shown in FIG. 1, a portion of rod 20 is embedded in medicated body 22.
      The embedded portion 24, shown in dotted lines, represents means for
      retention of the medicated body 22 on the rod 20.
PAR  Retention means 24, schematically illustrated in FIG. 1, can take the form
      of varying cross-sectional configurations wherein the varying cross
      section contributes to the retention of medicated solid 22 on the rod. As
      shown in FIG. 2, a portion of the embedded rod 28 takes the form of a
      domeshaped head 30. Preferably, as shown in FIG. 7 which is a
      cross-sectional view transverse to the longitudinal axis of rod 22, the
      medicated body 22 should have a configuration so that the enlarged head 30
      is approximately uniformly spaced from the external surface portions of
      the medication for purposes of uniform dissolution and substantial
      uniformity of the retention aspects as the medication dissolves.
PAR  In the embodiments of FIGS. 3 through 5, a plurality of serrations, in
      transverse relationship to the rod means, comprise the retention means. In
      FIG. 3, a plurality of "V" shaped notches 34 are distributed about the
      periphery of rod 36. Such notched portion is embedded in the medication
      when the latter is in a semi-molten or plastic state so that the
      medication fills such preformed slots. This serrated configuration extends
      over at least a major portion of the embedded portion of rod 36. In
      accordance with the teachings of the invention, such serrations can extend
      over the full length of rod 36 and a unitary handle means to serve as an
      improved grip.
PAR  In FIG. 4 the grooves 42, which are of reduced diameter in relation to
      remaining portions 44, extend around the entire periphery of rod 40.
PAR  In FIG. 5, the varying cross-sectional configuration of rod 48 comprises
      the screw threads 50 at the embedded end 52 of rod 56. The V-shaped
      notches of FIG. 3, the peripheral grooves of FIG. 4, and the screw threads
      of FIG. 5 have a number of advantages in manufacture and application.
      These shapes can be readily formed in wood, plastic, or paper composition
      rods by cutting, molding, pressing, crimping, or embossing, or by
      embossing the sheet material from which the rod is formed as described
      later. Further, such configurations are readily insertable into medication
      when in the semi-molten or plastic state; the medication readily fills the
      recesses in the periphery to enhance the retentive strength. Further, such
      recesses can be readily extended over the full length of the rod.
PAR  In the embodiment of FIG. 6 a tapered head 58 is formed in rod 60. The
      tapered portion can have the configuration of a truncated cone with,
      preferably, its smaller end directed toward the external handle portion of
      rod 60. As described in relation to FIG. 2, the external surface
      configuration of the medication can generally conform to this tapered
      shape to facilitate uniform dissolution and retention. Also internal
      portions of the medicated body, especially with the dome-shaped head of
      FIG. 2 and the tapered head configuration of FIG. 6 can comprise a
      taffy-like confection which will facilitate molding and retention on these
      shapes. In such embodiment the medication can be coated on such internal
      portion.
PAR  A common characteristic of the safety features of FIGS. 2 through 6 is that
      the embedded portions of these handles are of varying cross section so as
      to firmly and effectively secure the rod means to the medicated solid
      together, decreasing the danger of inadvertent removal of the medication.
      Other safety features of the invention substantially eliminate swallowing
      by a person using a solid, soluable medication.
PAR  Important to the safety concept of the present invention is the prevention
      of injury during use; e.g., by falling on or bumping of the rod used for
      administering the medication. Further the invention provides means to
      prevent injury by swallowing of the medication, carrier, or administering
      means. Broadly this safety concept involves use of handle means in angled
      relationship to the medication support rod. Such handle means are
      predeterminedly spaced from the end of the medicated solid so as to
      prevent swallowing and asphyxia. The physical dimensions and spacing of
      the handle means prevent insertion in the mouth and also, because of the
      angled relation to the rod, turn the orally soluable solid and
      administering rod to the side in case of accidental bumping.
PAR  A preferred way of carrying out this novel concept in a simplified and
      economical way is shown in FIG. 8. A rigid or semi-rigid means, which can
      be firmly gripped so as to be easy to use and control, is used for
      administering a medication. A unitary, L-shaped structure 62 is provided
      for this purpose. An orally soluable solid 64 is held on rod portion 66
      which is embedded in the solid 64. At juncture 68, unitary handle 70
      extends in transverse relationship to the longitudinal axis of rod portion
      66. A perpendicular relationship is shown and preferred, but satisfactory
      safe functioning can be obtained with an internal angle between rod
      portion 66 and handle portion 70 in the range of about 60.degree. to about
      120.degree..
PAR  The spacing between juncture 68 and solid body 64 is predetermined so that
      the distance from end 72 of body 64 to the axis of handle arm 70 at handle
      juncture 68 is less than the distance from the lips to the throat of a
      user. Generally, for children's use, this distance should be less than two
      inches.
PAR  The longitudinal dimension of handle arm 70 is selected so as to prevent
      insertion of the handle portion in the mouth. If handle arm 70 is
      contacted toward its longitudinal end, angled turning of the rod portion
      66 and the soluable solid 64 occurs within the mouth of the user.
      Accidental bumping close to juncture 68 causes arm 70 to contact the face
      of the user before swallowing of solid 64 can occur.
PAR  Safety aspects of the invention in providing a handle means for a rod
      retaining an orally dissolvable solid can be extended to lollipop-type
      sticks, e.g. by the embodiment shown in FIGS. 9 through 11. The handle
      means of such embodiment is made integral with a rod or stick carrying
      orally soluable solid, can be positioned longitudinally as desired along
      such rod means, is semi-rigid rather than pliable so that it can be firmly
      gripped, and can be reused. This handle means is designed to be placed in
      angled relationship to the longitudinal axis of a rod as an obstruction to
      swallowing of the orally soluable solid and the rod on which it is
      carried.
PAR  As seen in FIG. 9, handle means 80 includes an elongated arm 82 and a
      working or rod gripping end 84. The latter has a curled, generally hook
      shaped, configuration defining aperture 86. The shape of this aperture can
      be selected to conform to the shape of the rod or stick with which it is
      made integral. That is, it can be rectilinear, or substantially circular
      as shown. An important dimensional aspect being that the aperture, in its
      normal non-expanded form, have at least one cross-sectional dimension
      which is less than a corresponding cross-sectional dimension of the rod or
      stick with which it is used.
PAR  Handle means 80 is made of material having resilient characteristics;
      suitable plastics for this purpose are well known. To expand aperture 86,
      pressure is applied to access slot edge 88. With such expansion rod 90 can
      be inserted as shown in Gif. 10. Rod 90 has a cross-sectional dimension
      permitting it to be inserted upon expansion of opening 86 and causing it
      to be gripped tightly by the interior sidewall of opening 86 as shown in
      FIG. 11 upon relief of pressure at edge 83.
PAR  Interior sidewall portions of opening 86 can be serrated with lines 92 as
      shown in FIG. 10. Also the opening can have sharp edge configurations to
      facilitate gripping. Serrations 92 can advantageously extend
      circumferentially and these can be further augmented by sharp edges where
      the aperture joins the flat upper and lower faces of the handle 80. The
      serrations and sharp edges can permit the handle to rotate on rod 90 but
      resist movement of the handle longitudinally along the rod when in the rod
      gripping position shown in FIG. 11. Extending the varying cross section
      dimensions along the rod, beyond its embedded portion, also facilitates
      gripping and helps prevent undesired movement of the handle means
      longitudinally of the rod.
PAR  The curled portion 84 of the embodiment of FIGS. 9 through 11, is of such
      configuration and dimension that it will not enter the mouth of a child.
      Also, handle arm 82 can be of sufficient length, approximately 2 to 3
      inches, so as to prevent entry into the mouth either alone or in
      combination with the shape of the curled portion 84.
PAR  By gripping action of the material of the handle means 80, e.g. a
      semi-rigid plastic, it cannot be readily pulled toward or away from the
      orally soluable body 64. The characteristics of the handle means prevent
      inadvertent separation from the rod 90, yet it can be opened to enlarge
      the aperture 86.
PAR  A further contribution of the invention resides in an economic method of
      manufacturing a rod or stick with an enlarged end for retention of an
      orally dissolvable body or with other varying cross sectional
      configurations which can be extended beyond the embedded portion of the
      rod. With such teachings it is possible to fabricate a rod, or a plurality
      of rods simultaneously, from sheet material.
PAR  FIG. 12 shows schematically one step in rolling sheet material into a rod
      having an enlarged end. A web of sheet material 94 is fed from roll 96
      through an embossing device including the embossing roller 98. Embossing
      roller 98 applies pressure to the sheet material forming a series of
      embossments or identations 100 extending along a side edge of material
      102. Such embossments can be along a straight line or can be staggered. As
      shown in FIG. 12 the width of web 110 is approximately equal to the
      desired length of the rod being formed. Also this dimension can, for
      example, be approximately double such length and embossments formed at the
      opposite longitudinal end so that two enlarged end rods can be made
      simultaneously, and later severed. A typical sheet material would be paper
      of sufficient thickness and stiffness to provide a rigid, or near-rigid
      rod.
PAR  As shown in FIG. 13 after severing the desired longitudinal length of web
      94, the web is coiled to form a stick, with the embossments 116 along its
      side edge 118 forming a generally wedge-shaped end 120.
PAR  As a result of the embossments, the outer surface of tapered end 120 is
      roughened. Also the embossments create spaces 122, as shown in FIG. 14,
      between the adjacent convolutions of the web which form the wedge-shaped
      end. These spaces fill with the semi-molten material of the orally
      dissolvable body applied to this end when the stick 124 is embedded in
      such material. As a result, an orally dissolvable body is firmly secured
      to the rod 124 by the material in the spaces and the roughened edges as
      shown at 126 in FIG. 14. Both resist separation and, the material in the
      spaces 122 prevents collapse of the wedge-shaped end as the material
      dissolves.
PAR  Suitable sheet materials which will hold embossments and provide sufficient
      strength in the rod are known in the art. After coiling, the edge of the
      final convolution can be cemented to the coiled rod body.
PAR  FIGS. 15 and 16 illustrate use of embossments 128 across the width of the
      web. In FIG. 15 rod 130 is being coiled with the final convolution, or
      last several convolutions, including embossments. The varying cross
      section configuration resulting from such embossments is shown in FIG. 16.
PAR  The safety features provided by the invention have been described using
      several selected materials and configurations for purposes of a better
      understanding of the basic concepts of the invention. Modifications in
      these configurations and changes in materials can be resorted to within
      the framwork of these teachings. Therefore, the scope of the invention
      should be determined from the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Structure for safely administering a medication orally providing for
      retention of the medication in the oral cavity for dissolution while
      preventing inadvertent swallowing prior to dissolution, comprising
PA1  an orally soluable body comprising a medication,
PA1  such medicated body being mounted on an elongated rod means including a
      longitudinal axis,
PA1  such rod means including an end embedded in such medicated body and a
      longitudinally extended non-embedded portion,
PA1  the end embedded in such medicated body including retention means for
      mechanically retaining such medicated body on the rod means, and
PA1  means for preventing swallowing during use by humans of the structure
      comprising
PA1  elongated handle means having a longitudinal axis in transverse
      relationship to the longitudinal axis of the rod means, such handle means
      being integral with the longitudinally extended non-embedded portion of
      the rod means, and being predeterminedly spaced longitudinally from the
      medicated body along the non-embedded portion of the rod means with the
      transverse relationship of the elongated handle means defining an included
      angle between the longitudinal axis of the rod means and the longitudinal
      axis of the elongated handle means, such included angle being of a value
      in the range of 60.degree. to 120.degree.,
PA1  such elongated handle means having a length greater than the largest
      opening of the oral cavity to prevent inadvertent swallowing of the
      medicated body and the rod means.
NUM  2.
PAR  2. The structure of claim 1 wherein the retention means of the embedded
      portion of the rod means includes a dimension transverse to the
      longitudinal axis which is substantially greater than a corresponding
      dimension of the longitudinally extending non-embedded portion of the rod
      means.
NUM  3.
PAR  3. The structure of claim 1 wherein the handle means is separable from the
      rod means and comprises
PA1  a working end formed from semi-rigid resilient material,
PA1  such working end defining aperture means for receiving and gripping the rod
      means.
NUM  4.
PAR  4. The structure of claim 3 in which the aperture means includes
PA1  an aperture having a cross-sectional dimension which, when in non-expanded
      form, is smaller than a corresponding cross-sectional dimension of the rod
      means, and
PA1  slot means leading to such aperture,
PA1  the aperture and slot means being expansible to permit insertion of the rod
      means into the expanded aperture.
NUM  5.
PAR  5. The structure of claim 4 in which the slot means includes
PA1  edge means for opening the slot means and expanding the aperture, the
      resilient characteristics of the semi-rigid material causing the working
      end of the handle means to tenaciously grip the rod means after insertion
      in the aperture upon release of the edge means for opening the slot means.
NUM  6.
PAR  6. The structure of claim 1 in which such elongated handle means is unitary
      with the rod means.
NUM  7.
PAR  7. An oral treatment device comprising
PA1  a saliva dissolvable cough-relief lozenge, and a means for preventing
      admission into the throat passageway including
PA1  an L-shaped rod means,
PA1  the L-shaped rod means having at least a portion of one leg embedded in
      such lozenge and a remaining leg projection in angled relationship to the
      leg having a portion embedded in the lozenge, such angled relationship
      defining an included angle having a value between 60.degree. and
      120.degree.,
PA1  such remaining angled leg being of sufficient length to prevent inadvertent
      swallowing during use by humans of the lozenge and rod means.
NUM  8.
PAR  8. The combination of claim 7 wherein,
PA1  the remaining leg extends at an angle of approximately 90.degree. to the
      leg having a portion embedded in the lozenge.
NUM  9.
PAR  9. A method of forming longitudinally extended rod means for safely
      retaining an orally dissoluable solid comprising the steps of
PA1  providing a web of sheet material,
PA1  forming a plurality of embossments on the sheet material,
PA1  coiling such embossed sheet material to form an elongated rod, the
      embossments defining a varying cross-sectional configuration on the
      external surface of the coiled rod, and
PA1  embedding one longitudinal end of the rod having the varying
      cross-sectional configuration in orally dissoluable material while such
      material is in a plastic state.
NUM  10.
PAR  10. The method of claim 9 in which the embossments are formed contiguous to
      one edge of the sheet material in the direction of coiling forming a
      configuration contiguous to such embossments having a larger diameter than
      the remaining nonembossed coiled portion, and
PA1  such enlarged cross section embossed portion of the rod is embedded in the
      orally dissoluable material while such material is in a plastic state.
NUM  11.
PAR  11. The method of claim 9 in which the embossments maintain spaces between
      convolutions of the sheet material at one end of the rod and the embedding
      of the rod causes such plastic body of material to enter the spaces
      between the convolutions contiguous to the embossments.
NUM  12.
PAR  12. Structure for safely administering a medication orally providing for
      retention of the medication in the oral cavity for dissolution while
      preventing inadvertent swallowing prior to dissolution, comprising
PA1  an orally soluable body comprising a medication,
PA1  such medicated body being mounted on an elongated rod means including a
      longitudinal axis,
PA1  such rod means including an end embedded in such medicated body and a
      longitudinally extended non-embedded portion,
PA1  the end embedded in such medicated body including retention means for
      mechanically retaining such medicated body on the rod means,
PA1  such rod means being formed from a web of sheet material preformed with
      embossments along one edge and then coiled into an elongated rod,
PA1  such embossments forming the retention means by providing a varying
      cross-sectional diameter configuration of substantially greater diameter
      than the remainder of the rod means, and
PA1  elongated handle means in transverse relationship to the longitudinal axis
      of the rod means and located along the longitudinally extended
      non-embedded portion of the rod means,
PA1  such handle means being of sufficient length to prevent inadvertent
      swallowing of the medicated body and the rod means.
NUM  13.
PAR  13. The structure of claim 12 in which the embossments provide spaces
      between convolutions of the rolled sheet material, which spaces are filled
      by material of the orally soluable body to help prevent deformation of the
      varying cross section configuration and inhibit separation of the orally
      soluable body from the rod means.
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PAL  A multi-chamber container comprising a plurality of liquid drainage tubes,
      a receptacle having a plurality of separate liquid collection
      compartments, and means for separately connecting each of the drainage
      tubes to one of the separate compartments in order that liquid passes from
      the drainage tubes to the compartments for retention therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to liquid drainage systems, amd more
      particularly to liquid collection receptacles.
PAR  In the past, catheters have been used to drain urine from a patient's
      bladder. In such a procedure, a distal end of the catheter, such as a
      Foley catheter, is inserted through the patient's urethra into the
      bladder, and a retention balloon adjacent the distal end of the catheter
      is inflated in the bladder to retain the catheter in place. The catheter
      has a drainage eye adjacent the distal end of the catheter communicating
      with a drainage lumen extending from the drainage eye to a proximal end of
      the catheter which remains outside the patient's body during use of the
      catheter. Accordingly, urine drains from the bladder through the drainage
      eye and lumen to the proximal end of the catheter after which the urine is
      collected in a receptacle.
PAR  On occasion it is necessary to drain urine directly from one or both of the
      patient's ureters or kidneys. For example, subsequent to certain
      ureterotomy procedures a ureteral catheter is passed through the urethra,
      bladder, and ureterovesicle junction, such that drainage eyes in the
      ureteral catheter are located upstream from the surgical site, and
      possibly in the enlarged renal pelvis adjacent the kidney. Urine drains
      through the drainage eyes and a drainage lumen extending through the
      ureteral catheter to a proximal end of the catheter outside the patient's
      body for collection of the urine. Thus, contact of a substantial amount of
      urine against the surgical site in the ureter is prevented. The Foley
      catheter is simultaneously used to drain urine passing from the
      uncatheterized ureter into the bladder and to drain any residual urine
      from the catheterized ureter which might eventually leak between the
      catheter and the ureter.
PAR  In the event that surgery has been performed on both ureters a second
      ureteral catheter is placed in the other ureter, and urine drains through
      both ureteral catheters, while residual urine is drained from the bladder
      through the Foley catheter, which may also be utilized to stabilize the
      ureteral catheters. A pair of ureteral catheters may also be used after
      surgery on the bladder to prevent urine from passing into the bladder.
      Similiarly, ureteral catheters may be used for both ureters during a
      partial differential study, where the relative output of urine from both
      kidneys is determined.
PAC  SUMMARY OF THE INVENTION
PAR  A principal feature of the present invention is the provision of a
      multi-chamber container of simplified construction for collecting urine
      from a plurality of catheters in a convenient and simplified manner.
PAR  The container comprises, a plurality of liquid drainage tubes separately
      communicating with the catheters, a receptacle having a plurality of
      separate liquid collection compartments, and means for separately
      connecting each of the drainage tubes to one of the separate compartments.
PAR  Thus, a feature of the present invention is that urine drains through the
      catheters and drainage tubes to separate compartments for collection
      therein.
PAR  Another feature of the invention is that the relative amount of urine
      drained through each of the catheters may be readily determined by the
      amount of urine collected in the compartments.
PAR  Yet another feature of the invention is that the separately collected urine
      is retained for separate diagnosis.
PAR  Still another feature of the invention is that each of the drainage tubes
      may be connected to the compartments by separate drip chambers to prevent
      retrograde bacterial movement from the compartments to the catheters.
PAR  A feature of the invention is that each of the compartments may be
      separately vented.
PAR  Yet another feature of the invention is that in one embodiment the
      compartments may be commonly vented.
PAR  Another feature of the invention is the provision of a method for
      catheterizing a patient with the container of the present invention.
PAR  Further features will become more fully apparent in the following
      description of the embodiments of this invention and from the appended
      claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary plan view, taken partly in section, of one
      embodiment of a multi-chamber container and liquid drainage system of the
      present invention;
PAR  FIG. 2 is a fragmentary view on an enlarged scale, taken partly in section,
      of a ureteral catheter in the liquid drainage system of FIG. 1;
PAR  FIG. 3 is a fragmentary sectional veiw taken substantially as indicated
      along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary plan view, taken partly in section, of alternate
      venting means for the container of FIG. 1;
PAR  FIG. 5 is a fragmentary sectional view taken substantially as indicated
      along the line 5--5 of FIG. 4; and
PAR  FIG. 6 is a fragmentary plan view of another embodiment of a multi-chamber
      container and liquid drainage system of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown a liquid drainage system generally
      designated 20 having a Foley or urinary catheter 22, a ureteral catheter
      24, a pair of drainage tubes 26 and 28, and a container or receptacle 30.
      The Foley catheter 22 has a drainage eye 32 adjacent a distal end 34 of
      the catheter, and a drainage lumen 36 extending from the drainage eye 32
      to a proximal end 38 of the catheter. The catheter 22 has an inflatable
      retention balloon 40 adjacent the distal end 34 of the catheter which is
      inflated through valve means 42 on a side arm 43 of the catheter and
      through an inflation lumen (not shown). The proximal end 38 of the
      catheter 22 is connected to an upstream end 44 of the drainage tube 28
      with the drainage lumen 36 of the catheter 22 in communication with a
      drainage lumen 46 in the drainage tube 28.
PAR  As shown in FIGS. 1 and 2, the ureteral catheter 24 has a plurality of
      drainage eyes 48 adjacent a distal end 50 of the catheter and a drainage
      lumen 52 extending from the drainage eyes 48 to a proximal end 54 of the
      catheter. The proximal end 54 of the catheter 24 is connected to an
      upstream end 56 of the drainage tube 26 by a connector 58 with the
      drainage lumen 52 in the catheter 24 in communication with a drainage
      lumen 60 in the drainage tube 26. As shown in FIGS. 1 and 3, downstream
      ends 62 and 64 of the drainage tubes 26 and 28, respectively, are received
      in and connected to a pair of connectors 66 and 68, preferably drip
      chambers, with the downstream ends 62 and 64 of the tubes 26 and 28 being
      spaced from the walls of the drip chambers to prevent retrograde bacterial
      movement through the drip chambers to the drainage tubes.
PAR  The receptacle or drainage bag 30 has a pair of flexible side walls 70 and
      72, such as a plastic material, which are joined together along lines 74a,
      74b, 74c, and 74d adjacent side edges of the bag. The side walls 70 and 72
      are also joined together along a line 76 extending between the lines 74a
      and 74c toward the upper end of the bag, and a line 78 extending between
      the lines 74b and 76 intermediate the lines 74a and c, thus defining a
      pair of side-by-side separate compartments 80 and 82 in the bag. The side
      walls 70 and 72 may be joined together along the lines by any suitable
      means, such as by heat or radio frequency sealing. Preferably, the front
      wall 70 of the receptacle or bag 30 is transparent, and the side wall has
      vertically scaled indicia I and I' to indicate the volumes of urine
      separably collected in the compartments 80 and 82, respectively.
PAR  The side wall 70 has a pair of openings 84 and 86 communicating with and
      adjacent the upper end of each of the compartments 80 and 82. The drip
      chambers 66 and 68 are secured to the outer surface of the side wall 70
      with the drip chambers in communication with the openings 84 and 86. Each
      of the drip chambers 66 and 68 has a plurality of openings 88 and 90
      adjacent the upper end of the drip chambers, respectively, with the
      openings 88 and 90 being covered by air permeable filters 92 and 94,
      respectively, which permit passage of air into the drip chambers 66 and 68
      while filtering bacteria from the air. Thus, in this embodiment of the
      container each of the compartments 80 and 82 are vented by a separate
      venting means in the drip chambers 66 and 68.
PAR  Alternatively, the compartments 80 and 82 may be vented through a single
      vent 96, as shown in FIGS. 4 and 5. In this embodiment, the side wall 70
      has an opening 98 communicating with both of the compartments 80 and 82
      adjacent the seal line 78, with an air permeable filter 100 being located
      in and substantially covering the opening 98. The vent 96 has a pair of
      flexible rings 102 and 104 secured to inner and outer surfaces of the wall
      70 and retaining the filter 100 intermediate the rings in the opening 98.
      Thus, air passes through an opening 106 in the ring 102, the filter 100,
      and an opening 108 in the ring 104 to commonly vent the compartments 80
      and 82.
PAR  As shown in FIG. 1, the bag 30 has a flexible flap 110 adjacent an upper
      end of the bag, and the flap 110 has a pair of openings 112 and 114
      through which the drainage tubes 26 and 28 are threaded. The flap 110
      serves to retain and stabilize the drainage tubes 26 and 28 in proper
      position above the bag. The bag 30 also may have a pair of clips 116 and
      118 and a cord 120 for releasably attaching the bag 30 to a suitable
      fixture, such as a bed rail (not shown), during use of the drainage
      system. As illustrated in FIGS. 1 and 3, the bag 30 has an elongated tube
      121 received intermediate the seal line 74d and a seal line 123 which
      extends between the seal lines 74a and c. The tube 121 stabilizes the
      upper end of the flexible bag 30 and prevents tearing out of the clips 116
      and 118 from the bag during use.
PAR  As shown in FIG. 1, the receptacle 30 also has a pair of drain tubes 122
      and 124 communicating with a lower end of the compartments 80 and 82,
      respectively. Outer ends of the drain tubes 122 and 124 may be moved from
      a first storage position, with the outer end of the tubes being located in
      pouches 126 and 128 secured to the outer surface of the side wall 70, as
      shown in connection with the compartment 80 in the drawing, and a second
      drainage position with the outer ends of the drain tubes being lowered, as
      shown in connection with the compartment 82 in the drawing. A pair of
      clips 130 and 132 releasably close the drain tubes 122 and 124,
      respectively, and may be opened when the drain tubes are in their second
      position to separately drain urine from the compartments.
PAR  In operation of the drainage system, the physician uses a cystoscope to
      locate ureteroversicle junction Uv.sub.1 leading from the bladder B to the
      ureter Ur.sub.1, after which he threads the ureteral catheter 24 through
      the urethra U, and the bladder B into the ureter Ur.sub.1 with the
      drainage eyes 48 located in the ureter Ur.sub.1. The physician then
      removes the cystoscope over the ureteral catheter 24. Next, the physician
      passes the distal end 34 of the Foley catheter 22 through the urethra U
      into the bladder B, after which the retention balloon 40 is inflated in
      the bladder B through the valve means 42 in the side arm 43 of the
      catheter by suitable means, such as a syringe (not shown). The inflated
      balloon 40 retains the catheter 22 in place, and also engages against the
      ureteral catheter 24 to assist in retaining the ureteral catheter at its
      proper location in the ureter. The ureteral catheter 24 may be secured to
      the Foley catheter 22 outside the patient's body by suitable means, such
      as a tape strip 134, to retain the ureteral catheter to the Foley
      catheter. Thus, if tension is applied to the proximal end 54 of the
      ureteral catheter 24, the tension is transmitted by the tape strip 134 to
      the Foley catheter 22, and the retention balloon 40 prevents dislodgment
      of the ureteral catheter from the ureter Ur.sub.1. The proximal end 54 of
      the ureteral catheter 24 is connected to the upstream end 56 of the
      drainage tube 26 by the connector 58, while the proximal end 38 of the
      Foley catheter 22 is connected to the upstream end 44 of the drainage tube
      28.
PAR  Thus, urine passing from the Kidney K1 through the ureter Ur.sub.1 passes
      through the drainage eyes 48 of the ureteral catheter 24, through the
      drainage lumen 52 of the ureteral catheter, the drainage lumen 60 of the
      drainage tube 26, and the drip chamber 66 into the compartment 80 for
      collection. Similarly, urine passing from the kidney K2 passes through the
      ureter Ur.sub.2 into the bladder B, through the drainage eye 32 and
      drainage lumen 36 of the Foley catheter 22, the drainage lumen 46 of the
      drainage tube 28, and the drip chamber 68 into the compartment 82 for
      collection. Residual urine which may eventually leak around the ureteral
      catheter 24 into the bladder B similarly drains into the compartment 82.
      Accordingly, urine from the ureter Ur.sub.1 and bladder B are separately
      collected in an aseptic manner in the compartments 80 and 82. The relative
      quantity of the separately drained urine may be readily checked by viewing
      the volume of collected urine through the transparent side wall 70, or the
      relative volume of urine collected in the separate compartments may be
      determined by the indicia I and I'  on the side wall 70. Separate samples
      of the collected urine may also be obtained for diagnosis through use of
      the drain tubes 122 and 124. It is noted that in certain procedures the
      distal end 50 of the ureteral catheter 24 may be inserted into the renal
      pelvis R1 adjacent the kidney K1.
PAR  Another embodiment of the liquid drainage system 20 of the present
      invention is illustrated in FIG. 6, in which like reference numerals
      designate like parts, and which will be described in connection with the
      anatomical diagram shown in FIG. 1. In this embodiment, the drainage
      system 20 has a second ureteral catheter 224, a second connector 258
      connecting a downstream end 254 of the ureteral catheter 224 to an
      upstream end 256 of a third drainage tube 226, with a downstream end 262
      of the drainage tube 226 being connected to a third connector or drip
      chamber 266. The drainage bag or receptacle 30 has a sealing line 278
      extending between the lines 76 and 74b, with the seal lines 278, 76, 74b
      and 74c defining a third compartment 280. The drip chamber 266 is secured
      to the side wall 70 and communicates with the compartment 280 through an
      opening 284 in the side wall 70. The drainage tube 226 is retained in its
      proper position above the bag by an opening 312 extending through the flap
      110. The drip chamber has a plurality of openings 288 adjacent an upper
      end of the drip chamber which is covered by an air permeable filter 292 to
      vent the drip chamber and compartment 280. The bag 30 has a drain tube 322
      communicating with a lower end of the compartment 280 and having an outer
      end removably positioned in a pouch 326 secured to an outer surface of the
      side wall 70. The drain tube 322 is releasably closed by a clamp 330, and
      is movable between first and second positions, as previously described.
      The bag 30 also has a plurality of vertically spaced indicia I" on the
      side wall 70 for determining the volume of urine collected in the third
      compartment 280.
PAR  The second ureteral catheter 224 associated with the third compartment 280
      of the bag 30 operates similar to the first ureteral catheter 24 in
      draining urine. In this case, the second ureteral catheter 224 is threaded
      through the urethra U, the bladder B, and into the other ureter Ur.sub.2,
      such that the drainage eyes of the second ureteral catheter 224 are
      located in ther ureter Ur.sub.2 or the renal pelvis R2. Accordingly, urine
      drains through the drainage eyes and drainage lumen of the second ureteral
      catheter 224, through the connector 258 and the drainage lumen of the
      third drainage tube 226, and the third drip chamber 266 into the third
      compartment 280 for collection. Accordingly, urine from one kidney K1
      drains into the first compartment 80, urine from the other kidney K2
      drains into the third compartment 280, and residual urine drains from the
      bladder B into the second compartment 82, with the Foley catheter also
      being utilized to stabilize the ureteral catheters, as previously
      described. Thus, during a partial differential study the relative
      quantities of urine drained from the kidneys K1 and K2 may be readily
      determined by viewing the urine collected in the compartments 80 and 280,
      or by the indicia I or I" associated with the compartments 80 and 280.
PAR  the foregoing detailed description is given for clearness of understanding
      only, and no unnecessary limitations should be understood therefrom, as
      modifications will be obvious to those skilled in the art. For example, it
      is apparent that the liquid drainage system described in connection with
      FIG. 1 may utilize a pair of ureteral catheters to drain urine from the
      ureters Ur.sub.1 and Ur.sub.2, without draining urine from the bladder B,
      if desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multi-chamber container for collecting urine from different sources,
      comprising:
PA1  a plurality of urine drainage tubes communicating with separate urine
      sources;
PA1  a receptacle having a plurality of separate urine collection compartments;
      and
PA1  means for separately connecting each of said drainage tubes to one of said
      separate compartments for simultaneous passage of urine from the drainage
      tubes to the compartments and retention therein, said connecting means
      comprising a plurality of drip chambers connecting each of said drainage
      tubes to a separate compartment to prevent retrograde bacterial movement
      from said compartments.
NUM  2.
PAR  2. The container of claim 1 wherein each of said drip chambers includes
      vent means for venting each of the drip chambers and compartments.
NUM  3.
PAR  3. The container of claim 2 where in the vent means comprises opening means
      in each of the drip chambers and air-permeable filter means covering the
      opening means.
NUM  4.
PAR  4. The container of claim 1 including means for separately venting each of
      said compartments.
NUM  5.
PAR  5. The container of claim 1 wherein said container comprises a pair of
      flexible side walls joined together along spaced lines to define each of
      said compartments.
NUM  6.
PAR  6. The container of claim 1 including means for commonly venting at least
      two of said compartments.
NUM  7.
PAR  7. The container of claim 1 including means for draining each of said
      compartments.
NUM  8.
PAR  8. The container of claim 1 wherein said receptacle includes flap means
      having opening means to receive and support each of said drainage tubes.
NUM  9.
PAR  9. The container of claim 1 wherein said container has a pair of drainage
      tubes, and said receptacle has a pair of compartments.
NUM  10.
PAR  10. The container of claim 1 wherein said container has three drainage
      tubes, and said receptacle has three compartments.
NUM  11.
PAR  11. A multi-chamber container for collecting urine from different sources,
      comprising:
PA1  a plurality of urine drainage tubes communicating with separate urine
      sources:
PA1  a drainage bag having a pair of flexible side walls, means joining said
      side walls together along lines and defining a plurality of contiguous
      separate compartments, and a plurality of openings adjacent the upper ends
      of said compartments extending through a side wall with each of said
      openings communicating with one of said compartments;
PA1  a plurality of connectors connecting a downstream end of each of said
      drainage tubes with one of said openings for simultaneous passage of urine
      from the drainage tubes to separate compartments and retention therein;
      and
PA1  means for venting each of said compartments to the atmosphere.
NUM  12.
PAR  12. The container of claim 11 wherein said connectors comprise drip
      chambers secured to an outer surface of said side wall around said
      openings, each of said drip chambers receiving the downstream end of one
      of said drainage tubes adjacent an upper end of the drip chambers, with
      the downstream end of the drainage tubes being spaced from the walls of
      the drip chambers.
NUM  13.
PAR  13. The container of claim 11 wherein said receptacle has first and second
      side-by-side compartments, and said venting means comprises opening means
      extending through one of said side walls and communicating with said first
      and second compartments adjacent the juncture of said compartments, an
      air-permeable filter covering said opening means, and means for securing
      the filter to said one side wall.
NUM  14.
PAR  14. The container of claim 13 wherein the securing means comprises a pair
      of flexible rings, one of said rings being secured to an outer surface of
      said one side wall, and the other of said rings being secured to an inner
      surface of said one side wall, with said filter being located intermediate
      said rings.
NUM  15.
PAR  15. The container of claim 11 wherein the joining means comprises sealing
      lines in said side walls.
NUM  16.
PAR  16. A liquid drainage system for drainage of urine from different sources
      in a patient, comprising:
PA1  a flexible receptacle having first and second separate compartments;
PA1  first and second urine drainage tubes having drainage lumens;
PA1  means for connecting a downstream end of the first and second tubes to the
      receptacle with the drainage lumens in the drainage tubes separately
      communicating with the first and second compartments;
PA1  a ureteral catheter having a drainage lumen, a drainage eye communicating
      with the drainage lumen adjacent an upstream end of the ureteral catheter
      for placement in the patient's ureter, and a downstream end connected to
      an upstream end of the first drainage tube with the drainage lumen of the
      ureteral catheter communicating with the drainage lumen of the first
      drainage tube; and
PA1  a urinary catheter having a drainage lumen, a drainage eye communicating
      with the drainage lumen adjacent an upstream end of the urinary catheter
      for placement in the patient's bladder, a retention member adjacent the
      upstream end of the urinary catheter, and a downstream end connected to an
      upstream end of the second drainage tube with the drainage lumen of the
      urinary catheter in communication with the drainage lumen of the second
      drainage tube, whereby urine from the patient's ureter and bladder are
      simultaneously collected in said separate compartments.
NUM  17.
PAR  17. The drainage system of claim 16 wherein the receptacle includes a third
      compartment, including a third drainage tube and means for connecting a
      downstream end of the third drainage tube to the receptacle with the
      drainage lumen of the third drainage tube in separate communication with
      the third compartment, and including a second ureteral catheter having a
      drainage lumen, a drainage eye communicating with the drainage lumen
      adjacent an upstream end of the second ureteral catheter, and a downstream
      end connected to the third drainage tube with the drainage lumen of the
      second ureteral catheter in communication with the drainage lumen of the
      third tube.
NUM  18.
PAR  18. A method of catheterizing a patient, comprising the steps of:
PA1  draining urine associated with one kidney through a ureteral catheter from
      a location remote the bladder to a first compartment of a common drainage
      receptacle; and
PA1  simultaneously and separately draining urine from the bladder through a
      urinary catheter to a separate second compartment in said common drainage
      receptacle.
NUM  19.
PAR  19. The method of claim 18 including the step of separately and
      simultaneously draining urine associated with the other kidney through a
      second ureteral catheter from a location remote the bladder to a third
      separate compartment in said common drainage receptacle.
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PAL  A disposable diaper comprising, an absorbent pad assembly having a pair of
      waistline portions, a crotch region intermediate the waistline portions, a
      fluid impervious backing sheet, a fluid pervious cover sheet, and an
      absorbent pad intermediate the backing and cover sheets. The pad assembly
      may have a plurality of longitudinally extending folds defining a pleated
      configuration of the pad assembly having a longitudinally extending
      central panel, and a pair of outermost panels overlying the central panel.
      The pad assembly also has a lateral fold of the pleated pad assembly in
      the crotch region. The diaper has means for securing a sufficient portion
      of the outermost panels together in the lateral fold to maintain the pad
      assembly in its laterally folded configuration, in order that the diaper
      assumes a contoured configuration responsive to longitudinal expansion of
      the central panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to absorbent articles, and more particularly
      to disposable diapers.
PAR  A various assortment of disposable diapers have been proposed for use on
      infants. Although some of these diapers have achieved popularity with
      parents, certain problems persist which militate against obtaining a
      totally satisfactory diaper. First, it is necessary that the diapers be
      capable of receiving and absorbing sudden surges of urine while preventing
      leaking. At the same time, the diapers should provide a comfortable fit
      for the infant. Further, the diapers should be made in an economical
      manner to lower the cost to the consumer, since they are discarded after a
      single use.
PAC  SUMMARY OF THE INVENTION
PAR  A principal feature of the present invention is the provision of a
      disposable diaper of simplified construction which is contourable to the
      shape of an infant and which prevents leakage.
PAR  The disposable diaper of the present invention comprises, an absorbent pad
      assembly having a pair of waistline portions, a crotch portion
      intermediate the waistline portions, a fluid impervious backing sheet, a
      fluid pervious cover sheet, and an absorbent pad intermediate the backing
      and cover sheets. The pad assembly may have a plurality of longitudinally
      extending folds defining a pleated configuration of the diaper having a
      longitudinally extending central panel, and a pair of outermost panels
      overlying the central panel. The pad assembly also has a lateral fold of
      the pleated pad assembly in the crotch region. The diaper has means for
      securing a sufficient portion of the outermost panels together in the
      lateral fold to maintain the pad assembly in its laterally folded
      configuration.
PAR  Thus, a feature of the invention is that the diaper assumes a contoured
      configuration responsive to longitudinal expansion of the central panel.
PAR  Another feature of the invention is that the longitudinally expanded diaper
      forms a pocket in the crotch region of the diaper to receive and dissipate
      sudden surges of urine, as well as collect solid waste matter.
PAR  A further feature of the invention is that in an embodiment of the diaper
      the absorbent pad includes cut-out portions in the lateral fold, thus
      reducing the cost of the diaper to the consumer and reducing bulk of the
      diaper in the crotch region.
PAR  Yet another feature of the invention is the provision of a disposable
      diaper having an absorbent pad separated in the crotch region of the
      diaper and defining a laterally extending area of reduced thickness to
      facilitate folding of the diaper in the laterally extending area.
PAR  Further features will become more fully apparent in the following
      description of the embodiments of this invention and from the appended
      claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a front plan view of a diaper of the present invention prior to
      folding into a pleated configuration;
PAR  FIG. 2 is a perspective view of the diaper of FIG. 1 as folded into a
      longitudinally pleated configuration, and having a lateral pleat partially
      formed in the crotch region of the diaper;
PAR  FIG. 3 is a fragmentary front plan view of the laterally pleated diaper of
      FIG. 2;
PAR  FIG. 4 is a fragmentary elevational view of the diaper of FIG. 3;
PAR  FIG. 5 is a perspective view illustrating the diaper of FIGS. 3 and 4 as
      unfolded during placement on an infant;
PAR  FIG. 6 is a perspective view of another embodiment of the diaper of the
      present invention;
PAR  FIG. 7 is a perspective view of another embodiment of the diaper of the
      present invention; and
PAR  FIG. 8 is a fragmentary elevational view of another embodiment of the
      diaper of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, there is shown a disposable diaper
      generally designated 20 having an absorbent pad assembly 22. The pad
      assembly has a pair of side edges 24a and 24b, a pair of end edges 26a and
      b connecting the side edges 24a and b, a fluid impervious backing sheet 28
      defining a back surface 30 of the diaper, and a fluid pervious cover sheet
      32 defining a substantial portion of a front surface 34 of the pad
      assembly. The pad assembly has a pair of waistline portions 38a and 38b
      and a crotch portion 40 intermediate the waistline portions. The diaper
      may have a pair of conventional tape strips 41a and 41b adjacent the
      waistline portion 38a for securing the diaper about an infant.
PAR  The pad assembly has a pair of spaced absorbent pads 36a and 36b
      intermediate the backing and cover sheets 28 and 32, with the separated
      pads defining a laterally extending area 42 of reduced thickness in the
      crotch region 40 of the diaper. The pads 36a and b are preferably spaced
      approximately an equal distance, such as 1/2 inch (1.27 cms.) to 2 inches
      (5.08 cms.), from the longitudinal mid-point of the diaper.
PAR  The diaper of FIG. 1 is folded along a plurality of longitudinally
      extending fold lines 44a, 44b, 44c, and 44d into a box-pleat
      configuration, as shown in FIG. 2. The fold lines 44a, b, c, and d define
      a longitudinally extending central panel 46, a pair of first panels 48a
      and 48b extending from and overlying the front surface 34 of the central
      panel 46, and a pair of outermost panels 50a and 50b extending from and
      overlying the first panels 48a and b.
PAR  As illustrated in FIG. 2, the pad assembly 22 also has a lateral tuck 52 of
      the box-pleat pad assembly in the crotch region 40, with the tuck 52
      having a lateral fold line 54 adjacent the longitudinal mid-point of the
      pad assembly, and first and second longitudinal sections 56a and 56b,
      respectively, extending from the lateral fold line 54 toward opposite
      waistline portions 38a and b of the pad assembly. As illustrated in FIGS.
      2-4, the longitudinal sections 56a and b of the outermost pleats 50a and b
      in the lateral tuck 52 are secured together by suitable means 58, such as
      adhesive or heat sealing. The securing means 58 thus retains overlapped
      portions of the outermost panels 50a and b together in the area of reduced
      thickness 42 of the pad assembly, and retains a sufficient lateral portion
      of the outermost panels together to maintain the pad assembly in its
      laterally tucked or folded configuration. Preferably, the securing means
      58 extends laterally across the outermost panels 50a and b, with a part of
      the securing means being located at inner portions of the outermost panels
      adjacent the first panels 48a and b. As best illustrated in FIGS. 3 and 4,
      the pads 36a and b may extend to adjacent the lateral tuck 52. As shown,
      the lateral tuck 52 depends from the longitudinal central portion of the
      pad assembly.
PAR  As illustrated in FIG. 5, when the diaper 20 is unfolded and the central
      panel 46 is longitudinally expanded during placement of the diaper, the
      pads 36a and b separate in the crotch region 40 of the diaper, and the pad
      assembly assumes a contoured configuration to provide an improved fit for
      the infant. Moreover, the lateral tuck of the expanded diaper forms a
      pocket to receive sudden surges of urine from the infant, after which the
      urine passes into absorbent pads 36a and b from the pocket. The pocket
      also receives and retains solid waste matter from the infant. It is
      apparent that the cut-out portion of the absorbent pad in the lateral tuck
      decreases the cost of the diaper to the consumer, since a reduced amount
      of absorbent material is required. Further, the area of reduced thickness
      in the lateral tuck reduces the bulk of the diaper in the crotch region,
      and provides a comfortable fit for the infant.
PAR  Another embodiment of the diaper of the present invention is illustrated in
      FIG. 6, in which like reference numerals designate like parts. In this
      embodiment, which is similar in most respects to the embodiment described
      in connection with FIGS. 1-5, a single absorbent pad 36 may extend through
      the lateral tuck 52 of the pad assembly 22. Securing means 58, such as
      adhesive, is utilized to retain the outermost panels 50a and b in the
      lateral tuck together, as previously described. The operation of the
      diaper of FIG. 6 is similar to that of the diaper described in connection
      with FIGS. 1-5 in forming a contoured configuration responsive to lateral
      expansion of the central panel 46, and in forming a pocket in the lateral
      tuck after longitudinal expansion of the diaper. Although the advantages
      associated with the lateral area of reduced thickness in the previous
      diaper are not present in the diaper of FIG. 6.
PAR  Another embodiment of the diaper of the present invention is illustrated in
      FIG. 8, in which like reference numerals designate like parts. In this
      embodiment, the lateral area of reduced thickness 42 of the longitudinally
      pleated pad assembly is folded into a lateral pleat 53 in the crotch
      region 40. The pleat has a pair of lower fold lines 55a and 55b and an
      upper fold line 55c defining a plurality of contiguous longitudinal
      sections 57a, 57b, 57c, and 57d. The longitudinal sections 57a, b, c, and
      d in the pleat 53 are retained together by suitable means 58', such as an
      adhesive line or spot 59a intermediate the sections 57a and b and an
      adhesive line or spot 59b intermediate the sections 57c and d, as shown,
      or a heat seal extending through the sections 57a, b, c, and d. The
      securing means 58' preferably retains a sufficient lateral portion of the
      outermost panels together in the pleat to maintain the pad assembly in its
      laterally pleated or folded configuration. The operation of the diaper of
      FIG. 8 is similar to that of the diaper described in connection with FIGS.
      1-5 in forming a contoured configuration responsive to lateral expansion
      of the central panel, and in forming a pocket in the lateral pleat 53
      after longitudinal expansion of the diaper.
PAR  Another embodiment of the diaper of the present invention is illustrated in
      FIG. 7, in which like reference numerals designate like parts. In this
      embodiment, the absorbent pads 36a and b may be slightly spaced from each
      other adjacent the longitudinal mid-point of the pad assembly forming a
      laterally extending area 42 of reduced thickness in the crotch region 40
      of the diaper. The laterally extending area of reduced thickness
      facilitates folding of the diaper about a lateral fold line 62 in the area
      during manufacture of the diaper, since it is unnecessary to fold the pad
      assembly through the thickness of an absorbent pad, and a mulit-layer
      thickness of the pad in the case of a box-pleat diaper.
PAR  Thus, there has been described a diaper which assumes a contoured
      configuration responsive to longitudinal expansion of the diaper and
      provides an improved fit for an infant. Moreover, the expanded diaper of
      the present invention forms a pocket to receive solid and liquid waste
      from the infant without leakage. In a preferred embodiment of the diaper,
      the diaper has a reduced amount of absorbent material, thus reducing the
      cost of the diaper to the onsumer.
PAR  The foregoing detailed description is given for clearness of understanding
      only, and no unnecessary limitations should be understood therefrom, as
      modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A disposable diaper, comprising:
PA1  an absorbent pad assembly having a pair of waistline portions, a crotch
      region intermediate the waistline portions, a fluid impervious backing
      sheet, a fluid pervious cover sheet, an absorbent pad intermediate the
      backing and cover sheets, a plurality of longitudinally extending folds
      defining a pleated configuration of the pad assembly having a
      longitudinally extending central panel, and a pair of outermost panels
      overlying the central panel, and lateral fold means of the pleated pad
      assembly in said crotch region; and
PA1  means for securing a sufficient portion of the outermost panels together in
      said lateral fold means to maintain the pad assembly in its laterally
      folded configuration, whereby the diaper assumes a contoured configuration
      responsive to longitudinal expansion of the central panel.
NUM  2.
PAR  2. The diaper of claim 1 wherein the securing means extends substantially
      laterally across the outermost panels.
NUM  3.
PAR  3. The diaper of claim 1 wherein the longitudinally extending folds define
      a box-pleat configuration of the pad assembly having a pair of first
      panels extending from and overlying the central panel, and the outermost
      panels extending from and overlying the first panels.
NUM  4.
PAR  4. The diaper of claim wherein said lateral fold means comprises a lateral
      tuck in the pad assembly.
NUM  5.
PAR  5. The diaper of claim 4 wherein said lateral tuck includes a lateral fold
      line, and first and second longitudinal sections of the pad assembly
      extending from the lateral fold line toward opposite waistline portions of
      the pad assembly.
NUM  6.
PAR  6. The diaper of claim 5 wherein the longitudinal length of each of the
      longitudinal sections is approximately 1/2 inch (1.27 cms.) to 2 inches
      (5.08 cms.).
NUM  7.
PAR  7. The diaper of claim 5 wherein said lateral fold line is located adjacent
      the longitudinal mid-point of the pad assembly.
NUM  8.
PAR  8. The diaper of claim 1 wherein said absorbent pad extends through a
      substantial portion of said lateral fold means.
NUM  9.
PAR  9. The diaper of claim 1 wherein said absorbent pad includes cut-out
      portions in the outermost panels located in said lateral fold means.
NUM  10.
PAR  10. The diaper of claim 1 wherein said absorbent pad includes a cut-out
      portion in said lateral fold means.
NUM  11.
PAR  11. The diaper of claim 1 wherein at least a part of the securing means
      retains inner portions of the outermost panels together adjacent its inner
      edges.
NUM  12.
PAR  12. The diaper of claim 1 wherein said lateral fold means comprises a
      lateral pleat in the pad assembly.
NUM  13.
PAR  13. The diaper of claim 12 wherein said pleat has a pair of lower fold
      lines and an upper fold line defining a plurality of contiguous
      longitudinal sections in the pad assembly.
NUM  14.
PAR  14. The diaper of claim 13 wherein the securing means retains said sections
      together.
NUM  15.
PAR  15. A disposable diaper comprising, an absorbent pad assembly having a pair
      of side edges, a pair of waistline portions, a crotch portion intermediate
      the waistline portions, a fluid impervious backing sheet, a fluid pervious
      cover sheet, and a pair of absorbent pads intermediate the backing and
      cover sheets, said pads being separated in the crotch region of the diaper
      defining a laterally extending area of reduced thickness.
NUM  16.
PAR  16. The diaper of claim 15 wherein the pad assembly is folded laterally in
      the area of reduced thickness, said area facilitating folding of the pad
      assembly.
NUM  17.
PAR  17. The diaper of claim 15 including means for securing folded portions of
      the pad assembly in said area of reduced thickness.
NUM  18.
PAR  18. The diaper of claim 15 wherein the pad assembly has a plurality of
      longitudinally extending folds defining a box-pleat configuration of the
      diaper having a longitudinally extending central panel, a pair of first
      panels extending from and overlying the central panel, and a pair of
      outermost panels extending from and overlying the first panels, and
      including means for securing overlapped portions of the outermost panels
      together in said area of reduced thickness.
NUM  19.
PAR  19. The diaper of claim 18 wherein at least a part of the securing means
      retains inner portions of the outermost panels together adjacent the first
      panels.
NUM  20.
PAR  20. The diaper of claim 18 wherein the securing means extends laterally
      across the outermost panels.
NUM  21.
PAR  21. The diaper of claim 18 wherein said pads are spaced approximately the
      same distance from the longitudinal mid-point of the pad assembly, and
      said pad assembly is laterally tucked adjacent the longitudinal mid-point
      of the diaper to overlap said outermost panels.
NUM  22.
PAR  22. The diaper of claim 18 wherein said pads are spaced approximately the
      same distance from the longitudinal mid-point of the pad assembly, and
      said pad assembly is laterally pleated adjacent the longitudinal mid-point
      of the diaper to overlap said outermost panels.
NUM  23.
PAR  23. A disposable diaper comprising, an absorbent pad assembly having front
      and back waistline portions, a fluid impervious backing sheet, a crotch
      region intermediate the waistline portions, and securing means for
      retaining spaced areas of said backing sheet in a close relationship to
      define pocket means of said backing sheet in the crotch region depending
      from the pad assembly in the crotch region to receive body exudate from an
      infant.
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PAL  A goniolens is defined as an oblique-truncated cylinder. The base of the
      cylinder has a concave surface to ensure complete contact thereof with the
      cornea of the eye. The truncated surface of the cylinder is convex and its
      curvature radius is equal to 8.5 mm. The angle confined by a planes of the
      concave and convex surfaces ranges from 20.degree. to 60.degree., which
      makes it possible to focus the laser beam in the corner of the anterior
      segment of the eye during laser goniopuncture.
PARN
PAR  This is a continuation of application Ser. No. 427,130 filed December 21,
      1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to eye microsurgery and more particularly, to
      a goniolens employed for examination and micromanipulations in the zone of
      the corner of the eye anterior segment.
PAC  PRIOR ART
PAR  A goniolens is known which is defined as an oblique-truncated cylinder
      whose base has a concave surface of a certain curvature radius to ensure
      complete contact with the cornea of the eye, while the truncated surface
      is convex (cf. Inventor's Certificate No. 118,573; Cl. A 61F 09/06/.
PAR  The parameters of the conventional lens are such that it can be used only
      for effecting visual control when manipulating with surgical instruments
      in the zone of the corner of the eye anterior segment, and do not provide
      for focusing and transfer of necessary energy of a laser beam without
      damaging the cornea during laser gonipuncture.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a goniolens that can be
      used during laser goniopuncture.
PAR  This object is accomplished in that in a goniolens defined as an
      oblique-truncated cylinder whose base has a concave surface of a curvature
      radius to ensure complete contact with the cornea of the eye, and the
      truncated surface is convex, according to the invention, the curvature
      radius of the convex surface is 8.5 mm, and the angle between the planes
      of the concave and convex surfaces ranges from 20.degree. to 60.degree.,
      which makes it possible to focus the laser beam on the corner of the eye
      anterior segment during laser goniopuncture.
PAR  The goniolens according to the present invention makes it possible to focus
      and transfer necessary energy of the laser beam to the area to be treated.
PAR  The following description of an exemplary embodiment of the present
      invention is given with reference to the accompanying drawings, in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front view of a goniolens being mounted onto the eye;
PAR  FIG. 2 is a section taken along line II--II in FIG. 1, the view looking in
      the direction of the arrows;
PAR  FIG. 3 is a side view of the goniolens;
PAR  FIG. 4 is a bottom view of the goniolens;
PAR  FIG. 5 is a view showing the path of the laser beam traversed during laser
      goniopuncture by employing the goniolens; and
PAR  FIG. 6 is a view showing the structure of the corner of the eye anterior
      segment.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  A goniolens 1 (FIG. 1) used for laser gonipuncture is defined as an
      oblique-truncated cylinder whose base has a concave surface 2 (FIG. 2) of
      a curvature radius R.sub.1 equal to 8.5 mm. A truncated surface 3 of the
      lens 1 is convex, and its radius of curvature R.sub.2 is also equal to 8.5
      mm. The angle .alpha. (FIG. 3) confined by planes P and H of the concave
      and convex surfaces 2 and 3 is equal in this particular case to
      40.degree.C.
PAR  The angle .alpha. may vary from 20.degree. to 60.degree., which makes it
      possible to use the goniolens in the corner of the eye anterior segment,
      and the ratio between structures of the corner of the anterior segment and
      batching of energy density in the area being treated may be different.
PAR  The goniolens 1 has a longitudinal cut 4 (FIG. 4) which has a holder 5
      (FIG. 5) fixed thereon. The portion of the holder 5 facing eye 6 has a peg
      7 directing a filtering area 8 (FIG. 6) of the eye towards a laser beam 9
      irradiated by a laser source 10 (FIG. 5) which is essentially a ruby
      crystal. The laser beam 9 is traversed into the goniolens 1 with the aid
      of a mirror 11.
PAR  FIG. 6 shows an enlarged view of a fragment of the eye diagram, showing a
      corner 12 of the eye 6 anterior segment, a part of the cornea 13, iris 14
      and crystalline lens 15.
PAR  The goniolens 1 (FIG. 5) is mounted with its concave surface 2 onto the
      cornea 13 of the eye 6 in such a way that these two surfaces are brought
      into complete contact. Thus, the peg 7 of the holder 5 presses upon the
      filtering area 8 (FIG. 6) and turns the latter to provide the optimum
      angle of incidence of the laser beam 9 onto the area 8 on which the beam 9
      is focussed by the lens 1 (FIG. 5). By distructing the tissue of the
      filtering area 8, the laser pulse attributes to drainage of the moisture
      to be found inside the segment.
PAR  The goniolens according to the present invention ensures transfer of the
      laser beam energy into the angle of the eye anterior segment with minimal
      losses and precise focusing of the area to be treated. The lens provides
      for passage of the laser beam without damaging the cornea of the eye and,
      therefore, can be successfully used for honioscopy of the eye. Besides,
      the lens is extremely convenient in practical use and does not require any
      additional skill on the part of its operators.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A convex-concave contact lens with converging optical surfaces for use
      in laser microsurgery of the eye, said lens having a concave surface of a
      curvature radius to ensure complete contact thereof with the cornea of the
      eye and a truncated convex surface of a curvature radius equal to 8.5 mm,
      the angle confined by the planes of the concave and convex surfaces
      ranging from 20.degree. to 60.degree., whereby it is possible to focus a
      laser beam through said lens in the corner of the anterior segment of the
      eye during laser goniopuncture.
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ABST
PAL  A plurality of relatively adjustable acupuncture needles including a holder
      in which any selected needle may be removably mounted for operative use.
BSUM
PAR  In relatively recent years the art of acupuncture has received an
      increasing degree of attention and many new devices have been developed
      for treating patients by employing acupuncture. Some of these devices
      include electrical instruments for locating an area of a patient's body
      where the nerve is out of balance or otherwise adversely affected and,
      hence, subject to stimulus by means of acupuncture. Reference in this
      connection is made to U.S. Pat. No. 3,626,202 of Dec. 7, 1971 and to the
      United States and foreign patents therein cited. The present invention is
      directed to acupuncture needles per se and to an acupuncture needle holder
      which may be facilely assembled and connected together for acupunctual
      uses either with or without augmentation of electrical circuitry.
PAR  A primary object of my invention is to provide acupuncture needles of
      relative adjustability as to length with respect to one another, in
      combination with a holder which per se is an acupuncture needle and in
      which any of the needles may be removably mounted.
PAR  Another important object of my present invention is to provide acupuncture
      needles and holder of the indicated nature which is additionally
      characterized by affording relatively adjustable needles of indeterminate
      length which are more serviceable, more effective and less expensive to
      manufacture and maintain.
PAR  A still further object of the invention is to provide acupuncture needles
      and holder of the aforementioned character which, in addition to the
      foregoing features, are break-proof thus affording increased safety in use
      by reducing to a minimum the likelihood of injury to the human body.
PAR  Another important object of my invention is to provide acupuncture needles
      and holder of the indicated nature which enables simultaneous stimuli of a
      plurality of weakened spots of the nerves at locations in the body remote
      from one another.
PAR  A still further object of the invention is to provide acupuncture needles
      and holder which is additionally characterized by the inclusion in a set
      thereof of a specially constructed needle enabling transmission of
      electrically induced waves in desired directions using appreciably low
      voltage direct current to prevent any damage to patients.
PAR  Other objects of my invention, together with some of the advantageous
      features thereof, will appear from the following description of certain
      embodiments thereof illustrated in the accompanying drawings which
      exemplify the best mode of constructing the invention and the manner of
      using the same. It is to be understood that the appended claims are
      intended to cover not only the embodiments illustrated but also variations
      thereof within the scope and purview of my invention.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is an elevational view of an acupuncture needle holder which is
      common to all needle mountings of my present invention, with indicator
      arrow delineated thereon.
PAR  FIG. 2 is a fragmentary or broken elevational view of an elongated type of
      acupuncture needle of my invention removably mountable in the holder of
      FIG. 1.
PAR  FIG. 3 is an elevational view of the combined holder and the elongated
      needle of FIG. 2 mounted therein for operative use; this view showing the
      standard or common holder of a different length than the holder shown in
      FIG. 1.
PAR  FIG. 4 is an enlarged cross-sectional view of the head of the common holder
      latched to the head of the elongated acupuncture needle illustrated in
      FIG. 2; this view being taken on the line 4--4 of FIG. 3.
PAR  FIG. 5 is a broken elevational view of the standard or common acupuncture
      needle or shield, this view being similar to FIG. 1.
PAR  FIG. 6 is a broken elevational view of a modified acupuncture needle
      containing a fixed terminal bend.
PAR  FIG. 7 is a perspective view of the bent end needle of FIG. 6 as well as a
      perspective view of the acupuncture needle holder of FIG. 5 in
      juxtaposition and illustrating the manner of holding these two elements
      for introducing the bent end needle into the holder.
PAR  FIG. 8 is an elevational view of both the bent end needle of FIG. 6 and of
      the needle holder of FIG. 5 in partially assembled relation; the dotted
      line indicating the position of a portion of the bent end needle in the
      holder.
PAR  FIG. 9 is an enlarged fragmentary view of the bent end needle within and
      extending beyond the pointed tip of the holder; this view showing the bent
      end of the inner needle pointing to the left.
PAR  FIG. 10 is a view similar to FIG. 9 but with the bent end of the inner
      needle pointing to the right.
PAR  FIG. 11 is a fragmentary elevational view of the combined needle holder and
      inner needle with applied dried goat's intestines, the dotted lines
      indicating the inner needle.
PAR  FIG. 12 is a fragmentary elevational view of the inner needle which moves
      the goat's intestines out of the holder in which it is carried and into a
      treated muscle of the body.
PAR  FIG. 13 is a view of the combined showings of FIGS. 11 and 12 with the
      applied dried goat's intestines on the inner needle after being moved out
      of the holder.
DETD
PAR  In accordance with my invention, I provide a primary acupuncture needle
      which is generally designated by the reference numeral 11 and fashioned
      with a chamfered or pointed tip 11' to facilitate insertion and movement
      of the needle into and beyond the skin of a patient. The needle 11 is so
      formed as to define a coextensive passage 12 therethrough and being
      tubular affords not only an outer acupuncture needle per se but primarily
      a shield and holder for any selected one of a plurality of different
      acupuncture needles in one or more sets thereof as hereinafter described.
      The holder 11 carries an ingtegral head 13 having a flat-bottomed cavity
      14 therein, see FIG. 4, which communicates with a centrally disposed bore
      16 in the head which, in turn, is in communication with the central
      passage 12 of acupuncture needle holder 11. I conveniently provide a notch
      17 in the rim 18 of the top of the head 13 of holder 11 and delineate
      thereon or die-cut therein an indicator arrow 19 for a purpose hereinafter
      explained. The head 13 is tapered as shown in FIG. 1 to a neck 20 having
      an apertured annular base 20' through which the upper end of the holder 11
      extends.
PAR  As particularly illustrated in FIGS. 2 and 3 of the annexed drawings, my
      improved acupuncture needles and holder include an inner elongated
      stainless steel acupuncture needle 21 of indeterminate length but of
      greater length and of less guage or less cross-section than the length and
      cross-section of the primary acupuncture or outer needle or holder 11.
      Integrally cast with inner needle 21 is a stemmed head 22 for convenient
      grasping thereof and for enabling reciprocation of the inner needle 21
      with respect to the holder 11 after both acupuncture needles 11 and 21
      have been introduced into the human body. The holder 11 initially is
      introduced below the surface of the skin into the muscle for a
      predetermined distance which is fixed by the length of the holder selected
      with the base 20' of the head 13 thereof abutting the outer surface of the
      skin. In this position of the outer needle or holder 11, it remains set
      and stationary under a pain-sensitive layer. Thereafter, the inner
      acupuncture needle 21 is introduced into the muscle through the passage 12
      of the holder or shield 11 and such selected inner needle 21 is then
      reciprocated back and forth or up and down within the pierced muscle,
      either electrically by means of a battery-operated machine using not more
      than 9 volts direct current, and finally brought to rest at a nerve spot
      which is to be treated; such movement of the inner acupuncture needle
      causing little or no pain whatsoever inasmuch as it is moved in muscle
      areas only and does not rub or brush against any sensitive layer of the
      skin by virtue of the protective shield of the outer tubular holder 11.
      Any likelihood of breaking the relatively thin inner long acupuncture
      needles 21 is reduced to a minimum by reason of the outer protective
      holder 11 and damage to the body of the patient is virtually eliminated.
      It is to be observed that the stem portion 23 of the head 22 of the needle
      21 is formed with a flat base 24 which seats on the flat bottom of cavity
      14 when the two needles are brought together and latched in relation to
      one another at the at rest position of the inner needle 21. To this end,
      the flange 26 of the head 22 is formed with a depending portion 27 which
      removably fits the notch 17 in the run 18 of the outer needle or holder
      11. In the embodiment illustrated in FIGS. 1 to 4 inclusive the cavity 14
      is formed to a cylindrical configuration to rotatably seat and
      reciprocally receive the cylindrical stem 23 of the head 22 of an inner
      acupuncture needle 21. This shape is not critical however, and any other
      suitable means of detachably connecting heads 13 and 22 can be employed as
      desired.
PAR  A modified embodiment of my present invention and its best mode of
      construction and manner of using the same is illustrated in FIGS. 5 to 10
      of the accompanying drawings. In this modification, an outer or primary
      acupuncture needle 111 having a chamfered pointed tip 111' and defining a
      central passage 112 therein is provided as a protective outer shield, as
      shown in the broken elevational view of FIG. 5. This holder 111 is cast
      from stainless steel with an integral head 113 thereon of the same form
      and shape as the head 13 of the embodiment of my invention shown in FIG.
      1. I also provide in this modification a specially constructed inner
      acupuncture needle 121 of indeterminate length but provided with a bent
      outer or terminal end 121'. It is, of course, to be understood that the
      guage of such modified acupuncture needle 121 and the entire length of the
      needle is resilient to some extent but of sufficient rigidity as to enable
      the needle to be moved into the muscle with the only deviation from a
      straight line occuring at its outer bent end 121'. It is also to be
      observed that the degree of curvature of such outer extremity of the
      needle 121 is not critical; its purpose being primarily for giving
      direction to an electrical wave of light voltage, as above stated,
      whenever the acupuncture needle 121 is actuated by an electrical circuit
      which, it is to be further observed affords some beneficial heat to the
      needle.
PAR  In FIGS. 7 and 8, I have illustrated the method of combining the outer and
      inner acupuncture needles 111 and 121, respectively, or the method of
      threading the inner needle with its bent end 121' through the passages 112
      of the shield or outer needle 111. Using one hand to hold the bent end
      needle 121 in a position at an angle to the vertical, and using the other
      hand to hold the shield or holder 111 at a reverse inclination to the
      vertical but in close proximity to the outer tip of the inner needle, the
      bent end 121' of needle 121 is fed into the cavity of the head 113 and
      through the bore of such head and thence into the aligned central passage
      112 of the holder. The two needles are brought into axial alignment with
      one another, as shown in FIG. 8, with the inner needle extending partly
      through such inner passage 112, as indicated by the dotted line showing of
      FIG. 8. The bent end 121' of needle 121 is then further extended to a
      position exterior of the holder 111 with the bent end 121' projected and
      directed to the left as shown in FIG. 9. Should it be desired to project
      the bent end 121' of inner needle 121 to the right, as illustrated in FIG.
      10, it is only necessary before inserting such needle into the passage 112
      of the holder 111, to turn the bent end in a right direction and proceed
      as before to project the directional bent end 121' to the right. In order
      to place the bent end 121' in any selected angular direction with respect
      to the outer end of the needle 111 within a 360.degree. angle, it is only
      necessary first to place the bent end in a selected angle with respect to
      the head 113 of the holder 111 and introduce the same through the passage
      112 thereof so as to project such bent end 121' in the desired selected
      angular direction, which can readily be adjusted by first unlatching the
      head 122 of the inner needle from the head 113 of the outer needle 111.
      Thus, as is clear from the foregoing, electrical waves from an electrical
      circuit energized by as low as a 9 volt direct current source, such as a
      storage battery, so as not to be injurious to the patient, can be directed
      within 360.degree. to any selected area of the body as determined by the
      attending surgeon.
PAR  As illustrated, the modified embodiment of FIGS. 5-10 inclusive, comprises
      needle heads in all respects similar to the heads 13 and 22 of the outer
      needle or holder 11 and of the elongated needle 21, respectively with an
      indicator arrow 129 on the head 122 of the bent end needle 121 for
      matching up or aligning with the indicator arrow 119 of the head 113 of
      the shield or holder 111 when joining said needles together. Similar
      latching elements are carried on the heads 113 and 122 of the shield or
      protector acupuncture needle 111 and the bent end acupuncture needle 121
      for detachably connecting such two needles together.
PAR  A fragmentary showing of still another modified embodiment of my present
      invention appears on FIGS. 11, 12 and 13 of the annexed drawings. In this
      further modification, similar needle heads as well as similar interlocking
      elements, all not shown in these views, as are used in the embodiments of
      FIGS. 1-3, inclusive, and of FIGS. 5-10 inclusive. Such needle heads and
      such interlocking elements, in other words, are common to all embodiments
      and are clearly shown in the enlarged view of FIG. 4. My invention in the
      modification of FIGS. 11-13, inclusive, comprises all of the foregoing
      elements and the addition of a quantity or mass of dried goat's intestines
      disposed within the tubular holder 211 and extending along the wall of
      passage 212 thereof a distance of approximately 1/2 inch; such mass
      extending either from the top of the needle or from the pointed tip 211'
      thereof as shown by the dotted lines in FIG. 11 and designated by the
      reference numeral 226. When the inner needle 221 of this modification is
      threaded through the passage 212, the outer end of such inner needle picks
      up the mass of dried goat's intestines and injects it, as indicated by the
      reference numeral 227, see FIG. 13, into the human muscle. During the
      decomposition of the dried intestines of a goat, which is a natural
      phenomena, the movement of the muscle will homogeneously and
      simultaneously stimulate the nearby or adjacent nervous system, i.e., the
      weakened part thereof so that it will resume its normal function.
CLMS
STM  I claim:
NUM  1.
PAR  1. Acupuncture needles and holder comprising an outer tubular shield having
      a central passage therein of uniform cross-section coextensive with its
      length, a chamfered tip on the terminal end of said shield, and an inner
      elongated acupuncture needle mounted for reciprocation within said central
      passage for movement relative to said outer tubular shield beyond said
      chamfered tip thereof.
NUM  2.
PAR  2. Acupuncture needles and holder as set forth in claim 1, wherein said
      outer tubular shield includes a head having a cavity therein and wherein
      said elongated acupuncture needle includes a stemmed head removably
      mounted in said cavity.
NUM  3.
PAR  3. Acupuncture needles and holder as set forth in claim 1 wherein said
      tubular shield constitutes an acupuncture inner elongated acupuncture
      needle.
NUM  4.
PAR  4. Acupuncture needles and holder as set forth in claim 2, and interlocking
      elements on said head of said outer tubular shield and on said head of
      said inner elongated acupuncture needle for detachably connecting the
      same.
NUM  5.
PAR  5. Acupuncture needles and holder as set forth in claim 1 wherein said
      inner acupuncture needle has a bent terminal end extendable beyond said
      chamfered tip on said outer tubular shield for directing low voltage
      current applied thereto in an elected direction.
NUM  6.
PAR  6. Acupuncture needles and holder as set forth in claim 1, and a mass of
      dried goat's intestines on a portion of said outer tubular shield for
      transfer to said inner elongated acupuncture needle and thereby to a
      muscle of the human body by passing said inner acupuncture needle through
      the passage of said outer tubular shield.
NUM  7.
PAR  7. Acupuncture needles and holder as set forth in claim 5 and capable of
      transmitting waves of applied electrical low voltage direct current energy
      in the order of 9 volts, wherein said inner needle with said bent terminal
      end is movably mounted within said outer tubular shield and latchable in
      any selected one of a plurality of positions within 360.degree. to cause
      said waves of applied electrical energy to move in a selected direction.
NUM  8.
PAR  8. Acupuncture needles and holder as set forth in claim 1 wherein the
      central passage of said outer tubular shield is of sufficient diameter to
      pass a solid.
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ABST
PAL  A needle-suture combination is provided in which the suture has a
      radiation-weakened segment adjacent to its attachment to the needle. The
      radiation-weakened segment permits a surgeon to separate the needle from
      the suture by a sharp tug.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to needle-suture combinations and particularly to a
      combination of a surgical needle with a suture in which the force
      necessary to separate the needle from the suture is within an acceptable
      range for convenient removal of the needle from the suture by a sharp tug.
PAR  In many surgical procedures, surgeons use a technique which employs a
      non-needled suture and an eyed needle. The needle is threaded by the nurse
      and the surgeon takes one or more passes through the tissue using a
      needleholder. He slips the needle off the suture, returns the needle to
      the nurse, and is ready for another threaded needle from the nurse. An
      assistant follows behind and ties the suture.
PAR  Some surgeons find that this technique is simpler than using a needled item
      and cutting the suture with a scissors after each pass. However, the time
      required for threading results in a significant waste of expensive
      operating room time.
PAR  The security of attachment of eyeless needles to absorbable surgical
      sutures or to non-absorbable surgical sutures is prescribed in the U.S.
      Pharmacopoeia, Vol. XVIII at Page 944 (also see U.S. Pharmacopoeia, Vol.
      XVII, Page 919). It has been the practice of suture manufacturers in the
      United States and abroad to securely attach the suture to the needle by
      swaging or with an adhesive so that the minimum pull-out standard recited
      in the U.S. Pharmacopoeia is met or exceeded.
PAR  To avoid the problems discussed above it has been found useful to use
      needle-suture combinations in which the needle and the suture are readily
      separable from each other by a sharp tug. Several methods have been
      devised for preparing needle-suture combinations in which the pull-out
      values, or the force required for separating the needle from the suture by
      a straight pull, is within a controlled range.
PAR  One approach to this problem is described in copending and co-assigned
      application Ser. No. 409,974, filed Oct. 26, 1973. This approach involves
      inserting into a drilled hole in the blunt end of the needle one end of
      the suture which has been sized with a resin and is smaller in diameter
      than the remainder of the suture and then swaging the needle at its blunt
      end to provide a controlled degree of compression to the end of the suture
      within the hole. This approach is restricted to needle-suture combinations
      wherein the suture is of large size, i.e., size 4/0 and larger (diameter
      greater than 7.0 mils), and produces average pull-out values of 3 to 26
      ounces, indicating that it takes a straight pull of the magnitude within
      that range to separate the needle from the suture.
PAR  Another approach to the problem is described in copending and co-assigned
      application Ser. No. 446,174, filed by Robert Barclay Duncan on Feg. 27,
      1974. In this approach sufficient tension is applied to the suture in a
      swaged needle-suture combination to move the suture relative to the needle
      recess and the tension is released when the force drops to the range
      desired for the pull-out value, the range varying for different sizes of
      suture. This approach is applicable to a broader range of suture sizes
      than the approach of application Ser. No. 409,974, and is applicable to
      sizes as small as 8/0.
PAR  The present invention provides another approach to the problem and provides
      for easy separation of needles from needle-suture combinations without
      requiring any change in the manner of manufacture of the needle-suture
      combinations. It also permits the conversion of existing stocks of
      needle-suture combinations to products from which the needles can be
      separated by application of moderate force.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a needle-suture
      combination comprising a needle having a sharp end and a blunt end and
      having a recess at said blunt end, a suture having one tip positioned
      within said recess, means retaining said tip of said suture within said
      recess to attach said suture to said needle, and a radiation-weakened
      segment in said suture adjacent the location of its attachment to said
      needle. It is essential that the suture be made of a material which is
      subject to weakening after exposure to radiation, as will be explained.
PAR  Radiation-weakening is preferably achieved after the needle-suture
      combination has been assembled by the insertion of the suture tip into the
      recess in the blunt end of the needle and by its attachment therein by
      swaging of the blunt end of the needle or by an adhesive. In some cases,
      it may be more convenient to subject a segment of a suture to radiation
      weakening before attachment of the suture to a needle.
PAR  Radiation-weakening is achieved by exposure of a segment of the suture at
      or near its point of attachment to the needle to a sufficient dose of beta
      or gamma radiation to reduce the tensile strength in the irradiated
      segment to a desired value. The necessary dose, or exposure, to achieve
      the desired weakening is dependent on the nature of the suture material
      and its diameter and upon the degree of weakening desired. In the case of
      sutures of small diameter which have pull-out values within the desired
      range, radiation-weakening is, of course, unnecessary.
PAR  For suture materials readily susceptible to radiation-weakening in sutures
      of small diameters and requiring only slight weakening to be within the
      desired range of pull-out values, useful radiation-weakening may be
      achieved with radiation doses as low as about 5 megarads. For suture
      materials which are more difficult to weaken by irradiation in sutures of
      larger diameter it may be necessary to provide a dose of 200 megarads, or
      more, before the rupture strength of the suture is reduced to a practical
      value for easy separation of the needle from the suture.
PAR  The radiation used for localized suture weakening in accordance with this
      invention may comprise either a high energy electron beam, of the type
      produced by a linear electron accelerator, or a high energy beam of
      electromagnetic radiation of extremely short wave length, of the type
      generated by cobalt-60 or by a high energy X-ray generator. These forms of
      radiation are conventionally referred to as "beta" and "gamma" radiation,
      respectively. An electron accelerator capable of delivering a large dose
      of energy in a short time is preferred.
PAR  Radiation generators suitable for use in this invention include those
      frequently used by manufacturers of needle-suture combinations for
      sterilization purposes. For localized suture weakening, however, the
      arrangement is altered so that the suture passes transversely across the
      path of the beam instead of longitudinally, thereby isolating the
      radiation effect to a small segment of the suture length; and the
      arrangement is also altered to permit a plurality of passes of the suture
      segment to be weakened under the radiation beam and to thereby subject the
      segment to the cumulative dosage of such a plurality of passes. The
      sutures are preferably aligned parallel to each other in a grooved holder
      encased within a lead casing or other suitable shielding, except for an
      exposed open slot which permits the radiation to pass through the casing
      and act upon a short segment of each suture at or near its junction to its
      needle.
PAR  Fiber-forming materials suitable for sutures which have been found to be
      susceptible to radiation-weakening and useful in the practice of this
      invention include cellulose and cellulose esters including cotton, linen,
      viscose rayon and cellulose acetate; polyolefins including polypropylene
      and polyethylene; vinyl polymers, including polyvinyl alcohol, polyvinyl
      acetate and polyvinylidene chloride; acrylic polymers, such as
      polyacrylonitrile; and homopolymers and copolymers of lactide and
      glycolide. It has also been found that certain other suture materials are
      highly resistant to radiation-weakening; and sutures made of these
      materials are unsuitable for weakening by the method of this invention.
      Such radiation-resistant suture materials include nylon, silk and
      polyethylene terephthalate.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will become more readily apparent upon consideration of the
      following detailed description when taken in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is an enlarged fragmentary elevation, partly in cross section of the
      needle-suture combination of this invention at the juncture of the needle
      and the suture;
PAR  FIG. 2 is a view similar to that of FIG. 1 but showing rupture of the
      suture adjacent its juncture to the needle after application of sufficient
      tension thereto; and
PAR  FIG. 3 is an enlarged fragmentary elevation of a holder for the exposure of
      a plurality of needle-suture combinations to radiation at the desired
      sites with a portion broken away to show the holder interior.
DETD
PAC  DETAILED DESCRIPTION
PAR  As may be seen in FIGS. 1 and 2, needle 11 and suture 12 are attached to
      each other by the insertion of end 13 of the suture into hole 14 in blunt
      end 16 of the needle. The blunt end of the needle is subjected to cold
      pressure to produce swaged portion 17 of the needle, resulting in the
      distortion of hole 14 and the compression of suture tip 13 within the hole
      to affix the suture end within the hole.
PAR  A short segment A of the suture is then subjected to beta- or
      gamma-radiation to alter and weaken its structure, as represented
      schematically in FIGS. 1 and 2 by zig-zag cross-hatching. When the needle
      is tugged after the suture has been pulled through the desired tissues in
      the surgical procedure, the suture ruptures in radiation-weakened segment
      A, as shown in FIG. 2.
PAR  FIG. 3 shows a holder suitable for exposing a plurality of needle-suture
      combinations to radiation at the desired sites. Holder 21 comprises a
      circular pipe 22 which is either made of lead, or which includes a
      shielding of lead or other suitable material. Slot 23 is provided near one
      end 24 of the pipe to permit the passage of radiation therethrough. Within
      pipe 22 there are a plurality of needle-suture assemblies, aligned
      parallel to each other (by means not shown) with needles 11 at end 24 and
      with a segment of each suture 12 exposed to radiation through slot 23.
      Cooling means (not shown) are provided to prevent excessive temperatures
      in the shielding.
PAR  The treatment of needle-suture combinations to provide the desired
      radiation weakening involves the insertion of a plurality of appropriately
      aligned needle-suture combinations into pipe 22. Pipe 22 is thereafter
      moved into position under a concentrated beam of radiation so that the
      radiation passes through slot 23 at one end thereof and acts upon the
      suture portions immediately under the slot. Pipe 22 is then rotated about
      its axis, keeping the concentrated radiation beam passing through the slot
      so that each suture will receive a radiation dose in the desired location
      adjacent its juncture to its needle. The procedure may be repeated until
      the cumulative radiation dose is sufficient to provide the desired degree
      of weakening.
PAC  EXAMPLE 1
PAR  Needle-suture combinations, each made of a needle holding a size 0
      polypropylene monofilament suture were subjected to varying cumulative
      doses of gamma radiation at the site on each suture of its junction to its
      needle. The gamma radiation was produced by cobalt-60 in apparatus usually
      used to sterilize the needle-suture combinations, except that most of the
      length of each suture was protected from radiation by encasement in lead.
      At each test level of cumulative radiation dosage, 10 needle-suture
      combinations were tested to determine the force necessary to produce a
      suture break and both the range and average values were determined.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated, except that the needle-suture
      combinations comprised needles holding sizes 2-0 white twisted cotton
      sutures.
PAR  The average force required for suture break and the range at different
      levels of exposure in Examples 1 and 2 were as follows:
TBL           Example 1      Example 2                                         
     Radiation Dose                                                            
              Average (lbs)                                                    
                      Range (lbs)                                              
                             Average (lbs)                                     
                                     Range (lbs)                               
     __________________________________________________________________________
     None     8.7     7.8-9.6                                                  
                             5.4     5.2-5.6                                   
     2.5 megarads                                                              
              7.1     6.4-8.3                                                  
                             4.6     3.4-5.0                                   
     7.5 megarads                                                              
              5.8     4.2-6.9                                                  
                             4.0     3.2-4.7                                   
     12.5 megarads                                                             
              5.1     4.2-6.1                                                  
                             3.5     2.3-4.0                                   
     17.5 megarads                                                             
              4.5     3.8-5.4                                                  
                             2.8     1.9-3.0                                   
     22.5 megarads                                                             
              4.3     3.5-5.4                                                  
                             2.5     2.0-3.0                                   
     27.5 megarads                                                             
              3.3     2.5-4.2                                                  
     32.5 megarads                                                             
              3.5     1.7-4.6                                                  
     __________________________________________________________________________
PAC  EXAMPLES 3 TO 11
PAR  A plurality of sutures in two sizes each of three different suture
      materials were subjected to repeated doses of gamma radiation from a
      cobalt-60 source in 5 megarad increments at localized areas thereof while
      the remainder of the length of each suture was shielded from the
      radiation. At each test level of cumulative radiation dosage, 10 sutures
      were subjected to tension to determine the force necessary to produce a
      suture break. The average values (in pounds) were as follows:
TBL  Example 3   4   5   6   7   8   9   10  11                                
             polypropylene                                                     
                         twisted     poly(lactide-co-                          
     Suture Type                                                               
             monofilament                                                      
                         cotton      glycolide) braid                          
     Suture Size                                                               
             4-0 3-0 2-0 4-0 3-0 2-0 3-0 1   5-0                               
     __________________________________________________________________________
     Megarads                                                                  
      0      3.4 4.5 7.6 2.63                                                  
                             4.3 5.7 7.7 24.2                                  
                                             3.51                              
      5      1.93    4.7 2.23    6.8 7.8 22.9                                  
     10      1.60    3.62                                                      
                         1.90    3.93                                          
                                      7.24                                     
                                         21.1                                  
     15      1.33    3.30                                                      
                         1.68    3.4 6.6 19.6                                  
     20      1.30    2.80                                                      
                         1.45    2.93                                          
                                     6.2 18.2                                  
     25      1.20    2.43                                                      
                         1.4     2.54                                          
                                     5.9 17.1                                  
     30      0.78    2.26                                                      
                         1.01    2.46                                          
                                     5.4 15.9                                  
     35      0.78                                                              
                 1.70                                                          
                     2.26                                                      
                         0.95                                                  
                             1.76                                              
                                 2.23                                          
                                      5.32                                     
                                         14.9                                  
                                             1.91                              
     40      0.64    2.10                                                      
                         0.79    2.00                                          
                                      4.70                                     
                                         14.9                                  
     45      0.69                                                              
                 1.59                                                          
                     1.97                                                      
                         0.70                                                  
                             1.52                                              
                                 1.72                                          
                                      4.60                                     
                                         13.4                                  
                                             1.65                              
     55          0.91        0.86            0.95                              
     __________________________________________________________________________
PAR  As may be seen from the foregoing data the degree of radiation-weakening at
      equivalent radiation dosage varies with both the nature of the suture
      material and its cross-sectional area although the percentage of
      radiation-weakening for a particular material at a particular dosage is
      approximately the same, regardless of its cross-sectional area. In
      general, and as an approximation, polypropylene and cotton sutures require
      from about 0.4 to about 0.7 megarads of gamma radiation for each 1% of
      loss of strength at the radiation-weakened segment.
      Poly(lactide-co-glycolide) sutures require about 0.6 to about 1.2 megarads
      of gamma radiation for each 1% of loss of strength at the
      radiation-weakened segment. Suitable radiation dosages for other suture
      materials may be determined by those skilled in the art with a small
      amount of experimentation by the methods described above.
PAR  The invention has been described with respect to preferred embodiments but
      other embodiments and modifications will be apparent to those skilled in
      the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A needle-suture combination comprising a needle having a sharp end and a
      blunt end and having a recess at said blunt end, and a suture made of a
      material selected from the group consisting of cellulose and cellulose
      esters, polyolefins, vinyl polymers, acrylic polymers and homopolymers and
      copolymers of lactide and glycolide, said suture having one tip positioned
      within said recess, means retaining said tip of said suture within said
      recess to attach said suture to said needle, and a radiation-weakened
      segment in said suture adjacent the location of its attachment to said
      needle and exterior of said recess, said weakened segment having a
      breaking strength of from about 3 to 26 ounces, whereby said needle can
      readily be separated from said suture by applying a pulling force to said
      needle to break said weakened segment.
NUM  2.
PAR  2. The needle-suture combination of claim 1, wherein said suture comprises
      a monofilament.
NUM  3.
PAR  3. The needle-suture combination of claim 1, wherein said suture comprises
      a multifilament suture.
NUM  4.
PAR  4. The needle-suture combination of claim 1, wherein said suture comprises
      polypropylene.
NUM  5.
PAR  5. The needle-suture combination of claim 1, wherein said suture comprises
      cotton.
NUM  6.
PAR  6. The needle-suture combination of claim 1, wherein said suture comprises
      linen.
NUM  7.
PAR  7. The needle-suture combination of claim 1, wherein said suture comprises
      polylactide.
NUM  8.
PAR  8. The needle-suture combination of claim 1, wherein said suture comprises
      polyglycolide.
NUM  9.
PAR  9. The needle-suture combination of claim 1, wherein said suture comprises
      poly(lactide-co-glycolide).
NUM  10.
PAR  10. A method of altering a needle-suture combination in which a needle is
      attached to a suture made of a material selected from the group consisting
      of cellulose and cellulose esters, polyolefins, vinyl polymers, acrylic
      polymers, and homopolymers and copolymers of lactide and glycolide which
      comprises exposing a segment of said suture located adjacent to and
      exterior of the needle to sufficient radiation of the class consisting of
      beta radiation and gamma radiation to reduce the breaking strength of said
      segment to about 3 to 26 ounces while shielding the remainder of said
      suture from said radiation.
NUM  11.
PAR  11. The method of claim 10 wherein said radiation is gamma radiation at a
      cumulative dosage from about 5 to about 200 megarads.
NUM  12.
PAR  12. The method of claim 10 wherein said radiation is generated from a
      cobalt-60 source.
NUM  13.
PAR  13. The method of claim 10, wherein said radiation is generated as a high
      energy electron beam.
NUM  14.
PAR  14. The method of claim 10 wherein said suture is made of cotton and said
      radiation dosage is from about 0.4 to about 0.7 megarads per percent
      decrease in rupture strength at the radiation site based on the original
      rupture strength of the suture.
NUM  15.
PAR  15. The method of claim 10 wherein said suture is made of polypropylene and
      said radiation dosage is from about 0.4 to about 0.7 megarads per percent
      decrease in rupture strength at the radiation site based on the original
      rupture strength of the suture.
NUM  16.
PAR  16. The method of claim 10 wherein said suture is made of
      poly(lactide-co-glycolide) and said radiation dosage is from about 0.6 to
      about 1.2 megarads per percent decrease in rupture strength at the
      radiation site based on the original rupture strength of the suture.
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ABST
PAL  A quick release device for a powered surgical instrument, for example, a
      Mueller osteotomy saw, includes a coupling having a spindle which forms a
      mounting surface, the spindle being driven with the coupling by the power
      source. Located on the spindle is a locking pin assembly movable between a
      locking and an unlocking position, the spindle cooperating with a
      plurality of concentrically disposed latching pins which latch the medical
      instrument to the spindle in driving relationship therewith. The medical
      instrument, for example, a saw blade, includes a predetermined number of
      apertures corresponding to the number of latching pins on the spindle,
      each of the apertures including a pin receiving end and a latching end.
      Eccentrically positioned with respect to the apertures is a locking pin
      receiving aperture through which the locking pin on the spindle is
      received. The instrument is assembled over the locking pin which has been
      depressed, moved such that the latching pins are received by the latching
      pin apertures, and then manipulated such that the latching pins are urged
      into the latching end of the apertures. Upon release of the now aligned
      locking pin which includes an outer tapered surface, the mounted
      instrument is fixed and locked with respect to the spindle. To release the
      instrument, or to alter its position, the locking pin is depressed, the
      instrument moved such that the latching pins are aligned with the pin
      receiving portion of the apertures, and the instrument can either be
      rotated by relocating same to its desired position or replaced by another
      instrument.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a medical instrument, and more
      particularly to a quick release mechanism for a medical instrument and an
      improved quick release mounting arrangement by which a medical instrument
      may be easily and effectively locked to a power source, and removed
      therefrom or which may be easily adjusted to a different orientation with
      respect to the power source.
PAR  Many surgical procedures are carried out with the use of a powered
      instrument, usually a driven rotary power device to which various
      auxiliary elements are attached to permit rotating, oscillating or
      reciprocating movement of the medical instrument.
PAR  In the case of osteological procedures, various medical instruments are
      used, such as an osteotomy saw, in which the configuration of the saw
      blade may vary from small to large, narrow to wide, a single or double
      bladed saw assembly.
PAR  Of the above types of devices, there is a device known in the art as a
      Mueller osteotomy saw used for femoral osteotomies in which angular depth
      control and line of sight observation are needed during the surgical
      procedure.
PAR  In the osteotomy saws of the prior art, change of blades, or orientation of
      the blades with respect to the power source for the purpose of maintaining
      a proper line of sight or angular depth control was accomplished by
      loosening a nut mounted over the saw blade, replacing the blade or
      changing its position and then retightening the nut. The blade normally
      includes a central aperture which is received over the spindle with a
      plurality of small apertures concentrically disposed with respect to the
      spindle receiving aperture. While devices of this type operate
      satisfactorily, there has been some criticism of such devices by the using
      surgeon because of the necessity to manipulate a locking nut to release
      the saw blade for the purpose of changing saw blades or changing its
      orientation.
PAR  Accordingly, it becomes apparent that a simple, efficient quick release
      mechanism which does not require any tools in order to change a blade or
      to alter its orientation is quite desirable. In such a system, it is
      important that the instrument mounted for powered movement be firmly
      secured to the power source, and easily removed and replaced, or easily
      changed in orientation with respect to the power source. Also, it is quite
      desirable to provide such a quick release mechanism which may be easily
      used with presently existing drive equipment.
PAC  SUMMARY OF THE INVENTION
PAR  The above desired objectives are achieved in accordance with the present
      invention by a quick release mechanism which is adapted to be mounted on
      an appropriate power source and powered thereby, wherein the quick release
      mechanism includes a medical instrument mounting portion which is received
      in driving relationship with the power source through a coupling.
      Cooperating with the coupling and forming a mounting surface which
      receives the medical instrument is a spindle assembly which includes a
      predetermined number of latching pins circularly arranged with respect to
      a center reference axis defined by a locking pin assembly movable from a
      locking position to an unlocking position. The locking pin assembly is
      spring urged to the locking position, and includes an outer tapered
      surface portion which cooperates with the medical instrument to be mounted
      on the quick release mechanism to assure locking engagement therewith.
PAR  The medical instrument itself includes a flat end to be received on the
      mounting surface of the spindle, the flat end of the instrument including
      a predetermined number of latching apertures, corresponding in number to
      the number of pins, each latching aperture including a pin receiving
      portion and a latching portion.
PAR  Cooperating with the apertures on the medical instrument itself is a
      locking pin assembly receiving aperture which is eccentrically positioned
      with respect to the latching pin receiving apertures, the medical
      instrument being received in latching relationship on the mounting surface
      of the spindle by engagement of the latching pins with the latching end of
      the apertures.
PAR  To assemble the medical instrument to the spindle, the locking pin assembly
      is depressed, the instrument aligned over the power source such that the
      latching pin apertures therein, and more specifically the pin receiving
      portions thereof are each aligned with one of the latching pins. The
      medical instrument is then placed flat against the mounting surface such
      that each of the latching pins projects through one of the corresponding
      apertures provided in the instrument. In this relative position, the
      locking aperture in the medical instrument is misaligned with respect to
      the locking pin assembly. As the medical instrument is moved to cause the
      latching pins to enter the latching portion of the locking apertures, the
      aperture in the instrument is aligned with the locking pin and release of
      the locking pin secures the instrument in place by virtue of the tapered
      surface which tends to urge the instrument in a direction which assures
      that the latching pins remain seated in the latching portion of the
      apertures.
PAR  To change the instrument, or to change its orientation with respect to the
      power source, the locking pin assembly is depressed, the instrument moved
      to a position where the latching pins are now aligned with the pin
      receiving portion of the apertures, the instrument is raised above the
      plurality of latching pins on the spindle to free the same from the
      spindle, either rotated to the desired position or removed from the
      locking pin assembly and replaced by another blade. The locking procedure
      is as already described.
PAR  One of the features of the present invention is the use of a plurality of
      latching pins which include a tapered portion such that medical
      instruments of different cross-sectional thickness may be received by the
      same spindle.
PAR  It will be apparent to those skilled in the art that the apparatus of the
      present invention is not to be considered to be limited by the specific
      constructions described herein. Rather, the specific construction
      described herein is illustrative of a preferred form of the present
      invention, and other embodiments and modifications will become apparent to
      those skilled in the art upon reading the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic plan view of a power source including the quick
      release mechanism of the present invention and having mounted thereon a
      medical instrument in the form of an osteotomy saw constructed in
      accordance with the present invention;
PAR  FIG. 2 is a plan view of an osteotomy saw constructed in accordance with
      the present invention for use with the quick release mechanism of the
      present invention;
PAR  FIG. 3 is an enlarged plan view showing the relationship between the
      medical instrument in accordance with the present invention and the quick
      release mechanism as constructed in accordance with the present invention
      illustrating the geometry thereof;
PAR  FIG. 4 is a view partly in section and partly in elevation of the medical
      instrument and quick release mechanism of the present invention showing
      the unlocked position and the relationship of the parts;
PAR  FIG. 5 is a view similar to FIG. 4 but illustrating the locked position of
      the quick release mechanism and the medical instrument constructed in
      accordance with the present invention; and
PAR  FIG. 6 is an enlarged fragmentary section showing the relationship between
      the latching pins and the medical instrument constructed in accordance
      with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings which illustrate a preferred form of the
      invention, FIG. 1 shows a powered surgical device 10 known in the art as a
      Mueller osteotomy saw. In the form illustrated in FIG. 1, the saw includes
      an adapter 12 used to translate rotary motion into oscillating motion such
      that a saw blade 13 is caused to oscillate at a relatively high speed, for
      example 23,000 cycles per minute.
PAR  The internal workings of the adapter are well known, the adapter being in
      turn powered by a rotary power device such as a gas powered driver, or
      other suitable power device.
PAR  As previously mentioned, it is frequently necessary during the course of an
      osteointervention procedure to vary the position of the blade 13 with
      respect to the adapter 12, or, in the alternative, to use a blade of a
      configuration different from that illustrated in FIG. 1. Accordingly, the
      adapter 12, which may be considered the power source for the blade 13, is
      provided with a quick release mechanism generally indicated 15 which may
      be easily manipulated by the surgeon without the need of any tools in
      order to effect change of the position of the blade 13 relative to the
      power source, or to replace the blade 13 with another blade.
PAR  In general, the quick release mechanism 15 includes a coupling (FIG. 5)
      which is connected to the power source, the coupling including a mounting
      spindle 20 having a mounting surface 22, the spindle being driven with the
      coupling by the power source.
PAR  Cooperating with the spindle 20 is a locking pin assembly 25 movable
      between a locking position and an unlock position. Concentrically disposed
      with respect to the locking pin 25 are a plurality of latching pins 27,
      eight being shown for purposes of illustration. The latching pins are
      secured to the spindle 20 and move therewith. The latching pins 27
      cooperate with the spindle and with the mounting surface 22 and the
      locking pin 25 to form a quick release locking device which may receive a
      medical instrument such as the osteotomy saw 13.
PAR  Referring to FIG. 2, a medical instrument 30 is illustrated in the form of
      an osteotomy saw, the saw having a mounting end 31 which includes a
      plurality of apertures 35 corresponding in number to the predetermined
      number of latching pins 27 provided on the spindle. Each of the apertures
      35 includes a pin receiving end 36 which receives a latching pin 27, and a
      communicating latching end 37 which receives the associated latching pin
      in latching engagement. Eccentrically positioned within the apertures 35
      which are circularly arranged is a locking pin receiving aperture 40
      through which the locking pin 25 is received to hold the blade 30 in
      locking engagement with the latching pins 27 which are firmly seated
      within the latching ends 37 of the apertures 35.
PAR  Referring to FIG. 3, it can be seen that when assembled to the spindle on
      the adapter, and assuming the center point 45 of the locking pin 25 as the
      reference point, each latching end 37 of each aperture 35 of the saw is on
      the same radius R with respect to the center point 45. The diameter of the
      latching end of the apertures 37 is smaller than the diameter of the pin
      receiving end 36 of the apertures, the center of the pin receiving portion
      of the aperture being slightly offset, as shown in the drawings. The
      locking pin receiving aperture 40 is eccentrically positioned with respect
      to the center point 45 of the locking pin 25, the offset of the aperture
      40 being in the same direction that the latching end 37 bears with respect
      to each of the apertures 35. Accordingly, with the pin receiving end 36 of
      the apertures aligned with the corresponding latching pin elements 27, the
      aperture 40 is misaligned with respect to the locking pin 25.
PAR  Referring to FIG. 4, the quick release mechanism includes a coupling 50
      which is secured in driving relationship to the power source, such as that
      described. The spindle is provided with an interior bore 52, the coupling
      being fixed to the spindle 20 such that the spindle moves with the
      coupling. Locking pin 25 is received within the bore 52 and includes a
      locking member 55 which travels with the pin, the lower end of which is
      slotted to receive a securing pin 57 which fits through the wall of the
      coupling 50. The axial length of the locking pin 25 is such that the lower
      portion of the bore may receive a coiled spring 58 which forms a resilient
      means urging the locking pin 25 out of the bore until its travel is
      stopped by pin 57.
PAR  As illustrated in FIG. 4, the spindle 20 includes an enlarged cavity 60 to
      receive the locking member 55 which travels with the locking pin 25. In
      the form illustrated, the wall 62 of the locking member is tapered such
      that the locking member assumes a generally frusto-conical shape at its
      upper end, the lower end 63 of the locking member 55 being generally
      cylindrical to form a bearing surface to guide the travel of the locking
      member within the aperture 60. In the lowermost position of the locking
      pin, as illustrated in FIG. 4, the top 64 of the locking member is even
      with or slightly recessed below the surface 22 of the spindle 20.
PAR  Each of the latching pins 27 is disposed radially outwardly of the center
      45 of the locking pin, the radial dimensions of each latching locking pin
      27 from the center line of the pin 25 being the same. Each latching pin 27
      includes a straight shank 66 and an upper head portion 67 with the portion
      between the head 67 and the straight shank being tapered outwardly as
      indicated at 68.
PAR  In the form of the invention shown, there are a predetermined number of
      latching pins, 8, corresponding with the predetermined number of apertures
      35 in the saw blade, again 8. The diameter of the enlarged pin receiving
      portion 36 of the apertures 35 is such that the pin receiving portions may
      clear the enlarged head 67 of the latching pins 27. The latching end 37 of
      each aperture 35 in the saw blade is proportioned to receive the tapered
      section 68 of the latching pins 27, but is of a diameter smaller than the
      diameter of the enlarged portion 67 of each latching pin 27.
PAR  In the assembly of a blade to the quick release mechanism 10, the locking
      pin 25 is depressed against the spring 58 by manually pushing the locking
      pin downwardly as viewed in FIG. 4 until it assumes the relative position
      therein indicated. Thereafter, the saw blade 13 is assembled over the
      spindle by positioning the latching pin receiving portion 36 of each of
      the apertures 35 such that each is in alignment with a corresponding
      latching pin 27. As indicated in FIG. 4, the aperture 40 in the blade is
      slightly larger than the head portion 70 of locking pin 25, the pin being
      of reduced diameter between the head 70 and the locking member 55 in order
      to provide a clearance space since the saw blade must be moved somewhat to
      the left as viewed in FIG. 4 relative to the spindle in order to obtain
      alignment between the enlarged portion 36 of the apertures 35 and the
      corresponding latching pin members 27.
PAR  With the locking pin 25 fully depressed, the saw blade is manipulated over
      the latching pin elements 27 which pass through the enlarged portion 36 of
      each of the apertures 35 and bears against the surface 22 of the spindle.
      Thus positioned, the saw blade is moved to the right, as viewed in FIG. 4
      in order for the tapered portion 68 of the latching pins to be slideably
      moved into the latching end 37 of the apertures 35. As the saw blade moves
      to the right, as referred to in FIG. 4, the aperture 40 almost becomes
      aligned with the locking member 55, still depressed by virtue of
      depression of the locking pin 25, and release of the locking pin 25
      results in a spring biased upward movement of the locking pin and locking
      member 55 to lock the saw blade 13 within the latching end 37 of each of
      the apertures 35.
PAR  The locked position of the blade 13 is illustrated in FIG. 5 wherein like
      reference numerals have been used for corresponding parts. As illustrated
      in FIG. 5, with the locking pin 25 released, the locking member 55 extends
      above the surface 22 of the spindle and through and above the aperture 40
      in the saw blade 13. The tapered surface 62 of the locking member bears
      against the wall portion 75 of the aperture 40 to urge the blade 13 to the
      right as viewed in FIG. 5, thereby assuring latching engagement between
      the tapered portion 68 of each latching pin 27 and the corresponding
      latching end 37 of each aperture 35 provided in the saw blade.
PAR  By a comparison of FIGS. 4 and 5 it can be seen that in the locked
      position, the saw blade is urged to the right as viewed in FIG. 5 such
      that the latching pin receiving end 36 of each aperture 35 is out of
      alignment with the corresponding latching pin 27. Therefore, the purpose
      of the eccentric arrangement of the aperture 40 with respect to the center
      line 45 of the locking pin is to assure that the tapered surface 62 of the
      locking member continues to engage the wall portion 75 of the aperture 40
      to maintain the latching end of each aperture securely aligned with the
      tapered portion 68 of each latching pin.
PAR  To remove a saw blade, or to change its relative orientation with respect
      to the gripped portion of the power device, the locking pin 25 is
      depressed to a position as illustrated in FIG. 4 and the saw blade 13 is
      moved to the left, as viewed in FIG. 5, until it assumes the position
      illustrated in FIG. 4, the blade being raised such that the apertures 36
      clear the latching pins 27, and the blade may be removed by lifting it
      over the locking pin since the aperture 40 of the blade can now be aligned
      with the head 70 of the locking pin 25. In the event that the orientation
      of the blade is desired to be changed, the attending physician need only
      rotate the blade through an arc 80 as illustrated in FIG. 3 until the
      apertures 35 are in alignment with the latching pins, and then continue
      the assembly of the blade to the quick release mechanism as already
      described. By providing 8 pins, it is possible to obtain an orientation of
      the blade 13 at 45.degree. intervals in an entire 360.degree. circle.
PAR  Referring to FIG. 6, the details of the latching pins 27 are illustrated,
      the upper end 85 of the pin being generally cylindrical and of larger
      diameter than the straight shank 66, the diameter of the portion 85 of the
      latching pins 27 being such that the pin receiving portion 36 of each
      aperture 35 of the saw blade may clear the same. By providing tapered
      surfaces 68 which flair outwardly and which are located between the
      straight shank 66 and the cylindrical end 85 of each pin, it is possible
      to accomodate saw blades of different cross-sectional thickness. As
      illustrated in FIG. 6 saw blade 86 is someewhat thicker than saw blade 90,
      the latter shown in dotted lines, and accordingly, the tapered surface
      operates to secure the blade in fixed driving relationship with the
      spindle by holding the same in tight engagement therewith along the flat
      spindle surface 22, rotation of the saw blade relative to the spindle
      being prevented by the latching pins 27 which are firmly seated within the
      latching end 37 of each aperture 35.
PAR  While the above description, for the purposes of illustration, has made
      reference to a Mueller osteotomy saw in which the saw blade is moved in an
      oscillating manner, it will become apparent to those having skill in the
      art that the present invention may be used with saw blades of any of the
      shapes currently used in osteological procedures, as alreadly described,
      and the power source may be one which provides rotary or reciprocating
      motion of the saw blade.
PAR  It will also be apparent, from the foregoing description, that the ease
      with which the position of the blade may be changed, or blades may be
      replaced by the quick release mechanism of the present invention satisfies
      the desires of the surgeon for a relatively simple, noncomplicated quick
      release mechanism which assures properly driving relationship between the
      driven medical instrument and the power source.
PAR  As previously mentioned, the quick release mechanism of the present
      invention has been designed such that it is interchangeable with the
      Mueller osteotomy attachment used to bring about oscillating motion of the
      saw blade. Moreover, the present design offers the advantage of
      accommodating blades of different cross-sectional dimensions because of
      the design of the latching pins, an added and significant feature of the
      present invention.
PAR  While the above description and accompanying drawings illustrate an
      exemplary embodiment of the preferred form of this invention, it will be
      understood by those skilled in the art that changes and modifications may
      be made to the various forms illustrated and described without departing
      from the scope of the invention as set forth in the apended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A medical instrument adapted to be moved by a power source and intended
      for quick release therefrom comprising a mounting portion for retention in
      driving relation with a power source,
PA1  said mounting portion including a predetermined number of apertures
      generally radially disposed with respect to a predetermined reference
      center point,
PA1  each aperture including a pin receiving portion and a latching portion, and
PA1  a locking pin aperture eccentrically located with respect to said
      predetermined reference center point whereby upon mounting of said
      instrument on the power source by alignment of the pin receiving portion
      of each of said predetermined apertures with its respective latching pin
      and displacing same to engage said latching pins with the latching portion
      of said apertures, said latching portions of said apertures are radially
      disposed with respect to said reference center point and said locking pin
      aperture is eccentric with said reference center point to permit wedging
      engagement thereof by a locking pin.
NUM  2.
PAR  2. A medical instrument as set forth in claim 1 wherein said instrument is
      a saw.
NUM  3.
PAR  3. A medical instrument as set forth in claim 2 wherein said saw is an
      oscillating osteotomy saw.
NUM  4.
PAR  4. A medical instrument as set forth in claim 2 wherein said latching
      portion of said apertures are each equally positioned radially outwardly
      of said reference center point.
NUM  5.
PAR  5. A medical instrument as set forth in claim 3 wherein said osteotomy saw
      includes an elongated body member with saw teeth at the portion thereof
      opposite said mounting portion.
NUM  6.
PAR  6. A medical instrument as set forth in claim 5 wherein said latching
      portion of said apertures are each equally positioned radially outwardly
      of said reference center point.
NUM  7.
PAR  7. A quick release mechanism for attaching a medical instrument to a source
      of power for powered movement of the instrument comprising:
PA1  coupling means for providing a driving connection to a power source,
PA1  means cooperating with said coupling means to form a mounting surface which
      receives said medical instrument for movement with said coupling means,
PA1  locking pin means cooperating with said mounting surface and movable
      between a locking position and an unlock position,
PA1  a predetermined number of latching pins radially disposed about said
      locking pin means with respect to the center axis thereof and projecting
      from said mounting surface, and
PA1  said locking pin means including a tapered surface portion extending above
      said mounting surface in the locking position of said locking pin means
      and operative to bear against a portion of said medical instrument mounted
      on said mounting surface to maintain the latter locked to said mounting
      surface by engagement of said latching pins with corresponding slots
      provided in said medical instrument.
NUM  8.
PAR  8. A quick release mechanism as set forth in claim 7 wherein said locking
      pin means is biased to the locking position.
NUM  9.
PAR  9. A quick release mechanism as set forth in claim 7 wherein said locking
      pin means includes a tapered surface a portion of which engages a medical
      instrument mounted over said latching pins and on said mounting surface to
      secure the same in driven relation with said quick release mechanism.
NUM  10.
PAR  10. A quick release mechanism as set forth in claim 7 wherein each latching
      pin includes a head portion projecting above said mounting surface and an
      inwardly tapered shank positioned between said head portion and said
      mounting surface.
NUM  11.
PAR  11. A quick release mechanism as set forth in claim 9 wherein said locking
      pin means includes a shank of reduced cross-section between the face end
      thereof and said tapered surface portion.
NUM  12.
PAR  12. A quick release mechanism for attaching a movable medical instrument to
      a source of power for powered movement of said instrument comprising:
PA1  coupling means for providing a driving connection to a power source,
PA1  means cooperating with said coupling means to form a mounting surface which
      receives said medical instrument for movement with said coupling means,
PA1  locking pin means cooperating with said mounting surface and being movable
      from a locking position to an unlock position,
PA1  a plurality of latching pins on said mounting surface for receiving a
      medical instrument to be driven by the power source,
PA1  a medical instrument for mounting on said mounting surface and including
      means forming a plurality of apertures at least equal in number to said
      plurality of latching pins,
PA1  each said aperture including a pin receiving end which receives a latching
      pin and a communicating latching end which receives the associated
      latching pin in latched engagement,
PA1  said medical instrument including means defining a locking pin receiving
      aperture so arranged that as said locking pin means is moved to the unlock
      position, said medical instrument positioned with the plurality of
      apertures disposed such that said latching pin receiving ends are aligned
      with said latching pins to place said instrument in contact with said
      mounting surface and moved therealong to effect engagement between the
      latching end of said aperture and the corresponding latching pin whereby
      upon movement of said locking pin means to the locking position said
      medical instrument is held by said latching pins.
NUM  13.
PAR  13. A quick release mechanism as set forth in claim 12 wherein said medical
      instrument is an osteotomy saw.
NUM  14.
PAR  14. A quick release mechanism as set forth in claim 12 wherein said
      plurality of latching pins are so disposed as to provide for changing the
      position of said medical instrument at 45.degree. intervals with respect
      to said locking pin means.
NUM  15.
PAR  15. A quick release mechanism as set forth in claim 12 wherein the locking
      pin receiving aperture in said medical instrument is eccentrically
      positioned with respect to the apertures therein.
NUM  16.
PAR  16. A quick release mechanism as set forth in claim 15 wherein said locking
      pin means forms a center reference point for said latching pins which are
      equally spaced radially from said locking pin means whereby said latching
      pin receiving ends of said apertures are eccentrically oriented with
      respect to said center reference point while said latching end of said
      apertures are equally spaced radially of said locking pin means with said
      medical instrument locked to said mounting surface.
NUM  17.
PAR  17. A quick release mechanism as set forth in claim 12 wherein each of said
      latching pins includes a head portion projecting above said mounting
      surface and an inwardly tapered shank positioned between said head portion
      and said mounting surface.
NUM  18.
PAR  18. A quick release mechanism as set forth in claim 12 wherein said locking
      pin means includes a tapered surface a portion of which engages a medical
      instrument mounted over said latching pins and on said mounting surface to
      secure the same in driven relation with said quick release mechanism.
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ABST
PAL  Apparatus for piercing the earlobe to produce an opening for the wearing of
      earrings. A relatively movable anvil and carriage are provided. The
      carriage mounts a precompressed spring, bearing against a piercing dart. A
      spring housing and barrel on the carriage are also relatively movable. The
      earlobe is placed between the anvil and carriage and the carriage moved
      into engagement with the earlobe. Further pressure on the carriage
      produces relative movement between the spring housing and barrel and this
      relative movement causes dual triggers to be cammed out of engagement with
      the piercing dart. The movement of the triggers releases the dart which
      pierces the earlobe and is guided into a catch button on the anvil. A
      catch spring engages the shaft of the piercing dart and holds the parts in
      association so that the body portion of the apparatus may be removed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The piercing of earlobes for the wearing of earrings has become
      increasingly popular in recent years. Pierced earlobe earrings are
      considered to be more attractive in appearance than those of the earlobe
      grasping variety. The piercing of earlobes is a relatively simple process
      as conducted by a registered nurse or physician, but the employment of a
      professional medical person involves extra expense and is a deterrent to
      the sale of the pierced earrings and their use. Many individuals, to avoid
      the cost and inconvenience of seeking professional help, employ various
      home remedy approaches to the earlobe piercing problem. As a result, there
      are frequent instances of damage to the earlobe. While the earlobe is a
      relatively insensitive part of the body, it is nonetheless susceptible to
      infection, tearing and similar damage. Further, the nature of the
      materials allowed to contact the wound immediately after the earlobe is
      pierced is important. The use of improper materials or unsterilized
      materials can result in later problems.
PAR  Various devices have been proposed to accomplish the desired pierced
      opening through the earlobe. Such devices have included those wherein a
      spring is provided which spring is cocked by the user to a selected
      compression and then a piercing tip is projected through the earlobe
      against some cooperating portion of the device. These devices are
      susceptible to repeated usage and thus are susceptible to the production
      of infection. Further, since their piercing velocity and force is
      dependent upon the manner in which they are operated by the user, they are
      susceptible to irregular results. Finally, since no provision is made to
      retain a shaft through the pierced opening over a sufficient period to
      prevent closing of the wound, the devices frequently do not provide the
      desired result.
PAR  Therefore it is desirable to have an earlobe piercing apparatus which
      minimizes the hazards associated with an individual piercing her own ears
      and which minimizes the chance of infection or of an improper amount of
      force being utilized to propel the piercing element. Such a device is
      particularly desirable where it provides for a piercing shaft to be
      retained in the earlobe for a sufficient period to prevent improper
      healing or closing of the pierced opening.
PAC  SUMMARY OF THE INVENTION
PAR  An exemplary embodiment of the invention incorporates relatively movable
      carriage means and anvil means. The carriage means mounts a dart which is
      contacted by a spring under a preset compressive stress. The anvil portion
      of the device is mounted in opposition to the carriage and provides for
      the mounting of a catch button. The catch button includes a catch spring
      and a cover portion with a funnel shaped opening which guides the piercing
      dart into an opening in the catch spring wherein the piercing dart is
      retained on the earlobe by the catch button.
PAR  The carriage comprises two relatively movable portions including a spring
      housing and barrel portion. The barrel portion is sized to receive and
      pass the body portion of the dart and a guide bushing. The guide bushing
      is received on the shaft portion of the dart. The spring housing mounts a
      pair of opposed triggers. When the carriage portion is moved into contact
      with the earlobe, and additional pressure is applied, producing relative
      motion between the spring housing and barrel, the triggers are forced into
      engagement against the pressure of the spring with ramp portions of the
      barrel. These ramp portions cam the triggers out of locking engagement
      with the body portion of the dart, releasing the dart and permitting the
      energy retained in the precompressed spring to drive the dart through the
      earlobe and into the catch button as described. The triggers are made of a
      frangible material so that the camming action breaks the triggers
      obviating the possibility of the reuse of the device.
PAR  Thus there is provided an earlobe piercing apparatus which overcomes the
      difficulties associated with prior art earlobe piercing devices and
      provides an apparatus which is of sufficient simplicity that it may be
      made disposable, and may be rendered inoperative by a single operation to
      avoid the problems of infection associated with repeated usages, and
      further provides a device which permits an individual to pierce her
      earlobes without the necessity of professional help in that the piercing
      force is uniform and the device provides its own positioning and dart
      retaining functions.
PAR  It is therefore an object of the invention to provide a new and improved
      disposable earlobe piercing apparatus.
PAR  It is another object of the invention to provide a disposable earlobe
      piercing apparatus which is low in manufacturing cost.
PAR  It is another object of the invention to provide a new and improved
      disposable earlobe piercing apparatus which is easy to use by untrained
      individuals.
PAR  It is another object of the invention to provide a new and improved
      disposable earlobe piercing apparatus which is disabled after an initial
      use.
PAR  It is another object of the invention to provide a new and improved
      disposable earlobe piercing apparatus with regulated uniform earlobe
      piercing force.
PAR  It is another object of the invention to provide a new and improved
      disposable earlobe piercing apparatus with stored earlobe piercing energy.
PAR  It is another object of the invention to provide a new and improved
      disposable earlobe piercing apparatus which minimizes the danger of
      inadvertent operation and damage to body portions other than the earlobe.
PAR  It is another object of the invention to provide a new and improved
      disposable earlobe piercing apparatus that accurately guides the earlobe
      piercing shaft.
PAR  It is another object of the invention to provide a new and improved
      disposable earlobe piercing apparatus with automatic retention of the
      shaft within the pierced opening.
PAR  It is another object of the invention to provide a new and improved
      disposable earlobe piercing apparatus which presents an attractive
      appearance when installed in an individual's earlobe.
DRWD
PAR  Other objects and many attendant advantages of the invention will become
      more apparent upon a reading of the following detailed description
      together with the drawings in which like reference numerals refer to like
      parts throughout and in which:
PAR  FIG. 1 is a perspective view of the complete earlobe piercing apparatus
      ready for use.
PAR  FIG. 2 is an end elevation view as taken from the left hand end of FIG. 1.
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is a similar sectional view but showing the structure as positioned
      after actuation.
PAR  FIG. 5 is a side elevation view of the piercing dart and catch button
      attached to an earlobe.
DETD
PAR  Referring now to the drawings there is illustrated the disposable earlobe
      piercing apparatus 10. A carriage 12 is guided by a track 18 for movement
      relative to an anvil portion 11. The anvil portion is spaced from the
      track by uprights 22 and the carriage portion supported above and movable
      along the track by a flange 24. Flange 24 mounts a foot 20 receivable
      within the rectangular guiding track cross section. End stops 26 on the
      track prevent the separation of the carriage and anvil. The carriage 12
      comprises relatively movable barrel portion 16 and spring housing 14. The
      spring housing 14 is of sufficient diameter to receive the extension
      portion 38 of barrel 16. An end stop 40 on the extension 38 engages a
      corresponding stop 42 on the spring housing 14 to limit the movement of
      the barrel out of the spring housing 14. A spring 54 bears up against the
      end wall of the spring housing 14 and against the body portion 60 of dart
      58. The dart is retained against the spring pressure by trigger members
      44. A flange portion 56 on the trigger member cooperates with the flange
      portion 46 on the dart body 60 to hold the dart against the compressive
      stored energy of spring 54. The triggers 44 include ramp portions 48 which
      cooperate with corresponding ramp portions 50 on the barrel 16. A reduced
      thickness portion 52 of trigger 44 is utilized to connect the trigger to
      the spring housing body 14 and therefore bending stress concentrates to
      cause a permanent deformation of the trigger on actuation of the device.
      It should be understood that for the purposes of the specification and
      claims, the term deformation is to include both fracture and plastic
      deformation wherein the material does not return to its original position
      after use. The dart 58 includes a shaft 62 with a piercing tip 64. The
      shaft 62 has a plurality of grooves 61 and mounts a guide button 66 which
      is a frictional fit within the bore of the barrel 16. The anvil 11 is
      configured to have a button receiving cavity 28 sized to hold, in a press
      fit relationship, a catch button 30. The catch button includes a body
      portion 32 with a dart receiving cavity 33, a catch spring 36 with a dart
      receiving opening 37, and a cover portion 34 with a dart receiving funnel
      portion 35.
PAR  All of the parts of the device as described may be made from plastic molded
      material with the exception of the compression spring 54 and catch spring
      36 which are made of resilient metallic components and the dart shaft 62
      which is a metal compatible with the body tissues.
PAC  OPERATION
PAR  In use the apparatus according to the invention would be provided in
      sterilized form and individually packaged and wrapped. The user would
      remove the apparatus from the package and position the device with the
      earlobe 21 arranged between the anvil and carriage portions. The end stops
      26 on the track permit sufficient movement of the carriage relative to the
      anvil to receive a wide size range in earlobe thicknesses, but to prevent
      the insertion of larger body parts. The stops 26 also prevent the
      dissociation of the anvil from the carriage and the attendant possibility
      of the dart becoming a projectile.
PAR  The user grasps the apparatus, as between the thumb and forefinger, and
      advances the carriage portion relative to the anvil so that the carriage
      portion contacts the earlobe. With application of further pressure, the
      spring 54 is compressed a sufficient additional amount that relative
      movement between the spring housing 14 and the barrel portion 16 takes
      place. This causes the ramp portions 48 on the trigger and ramps 50 on the
      barrel to contact and to cam the triggers radially outwardly from the
      carriage and therefore to cam the flange portions 56 out of engagement
      with the corresponding flange 46 on the dart body 60. This releases the
      dart, as is best illustrated in FIG. 4, causing piercing tip 64 and shaft
      62 to penetrate the earlobe. During movement and penetration while the
      guide button 66 is within the bore of the barrel 16, a guiding action is
      maintained so that the "aim" of the dart will cause it to accurately enter
      the openings 35, 37, and 33 in the catch button 30. Any slight
      misalignment will be corrected by the funnel shaped opening 35 in the
      cover 34 on catch button 30. The opening 37 in the catch spring 36 is
      sized to frictionally engage the shaft 62 of dart 58 and therefore the
      spring 37 is deformed as is illustrated in FIG. 4. In addition to the
      frictional engagement, latching action is enhanced by the plurality of
      catch grooves 61 on shaft 62. For maximum catch action these grooves are
      oriented to present surfaces substantially perpendicular to the distorted
      opening surfaces on the catch spring 36. Also illustrated in FIG. 4 is the
      permanent deformation or fracture of the triggers 44. The deformation of
      the triggers ensures that the individual will not be able to remove the
      dart and attempt a second piercing operation utilizing the device. This
      feature then obviates the possibility of infection resulting from the
      contamination of the dart or other parts of the apparatus.
PAR  As illustrated in FIG. 5, the dart, guide button, and catch button are
      retained on the earlobe. The resilient nature of the guide button provides
      a substantially permanent resilient force holding the parts into
      engagement with the earlobe, and retaining the catch action of the catch
      spring 36. After the dart shaft has been retained in the pierced earlobe
      opening for a sufficient period to ensure the healing of the wound and a
      semipermanency to the earlobe opening, it is possible to withdraw the dart
      from the catch button by overpowering the catch spring 36 and withdrawing
      the dart from the catch button and earlobe opening.
CLMS
STM  Having described my invention, I now claim.
NUM  1.
PAR  1. An apparatus for piercing of an earlobe to create and sustain an opening
      for the attachment of earrings, including a spring propelled piercing
      dart, and wherein the improvement comprises:
PA1  an anvil means,
PA1  carriage means mounted on said anvil means for guided movement of carriage
      means toward said anvil means,
PA1  a piercing dart positioned on said carriage means,
PA1  spring means retained on said carriage means positioned against said
      piercing dart and having a resilient bias for driving said piercing dart
      through an ear lobe and into said anvil means,
PA1  said piercing dart having a piercing shaft,
PA1  the axis of said piercing shaft intersecting said anvil means,
PA1  and latch means including a trigger means responsive to engagement pressure
      of said carriage means against an ear lobe for releasing said piercing
      dart from said carriage means.
NUM  2.
PAR  2. The earlobe piercing apparatus of claim 1 wherein:
PA1  said dart has a body portion,
PA1  said carriage means including a barrel in axial alignment with said dart
      and interposed between said dart and said anvil means,
PA1  said dart having a body portion sized to be received through said barrel.
NUM  3.
PAR  3. The earlobe piercing apparatus of claim 2 wherein:
PA1  said shaft of said dart receives a guide button,
PA1  said guide button has a sliding fit in said barrel.
NUM  4.
PAR  4. The earlobe piercing apparatus of claim 1 wherein:
PA1  said anvil means includes a catch button,
PA1  said catch button having a bore in alignment with the axis of said piercing
      shaft,
PA1  and catch means on said catch button for retaining said piercing shaft.
NUM  5.
PAR  5. The earlobe piercing apparatus of claim 4 wherein:
PA1  said catch means comprises a catch spring with a piercing shaft receiving
      bore sized to engage and hold said piercing shaft.
NUM  6.
PAR  6. The earlobe piercing apparatus of claim 5 wherein:
PA1  said piercing shaft includes a plurality of grooves disposed to engage said
      catch spring.
NUM  7.
PAR  7. The earlobe piercing apparatus of claim 1 wherein:
PA1  said trigger means comprises a trigger member mounted for movement with a
      first part of said carriage means and engaging a ramp on a second part of
      said carriage means wherein relative movement of said first and said
      second parts of said carriage means cams said trigger member out of
      engagement with said dart.
NUM  8.
PAR  8. The earlobe piercing apparatus of claim 7 wherein:
PA1  said trigger member is permanently deformed by movement over said ramp.
NUM  9.
PAR  9. The earlobe piercing apparatus of claim 1, wherein:
PA1  said guide means restrains said carriage means to lineal movement parallel
      to said axis of said piercing shaft.
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ABST
PAL  A stimulator device for insertion in a living body, having particular
      advantage for intracardiac use comprising a housing having a body formed
      for transvenous or transarterial insertion, electrode means at the outer
      surface of said body, means included in said housing defining a pulsing
      circuit electrically connected with said electrode means and ;means for
      activating said pulsing circuit embodied in said housing, said activating
      means being free of physical connection with an outside power source and
      dependent for its function on the living body in which it is inserted.
PARN
PAR  This application is a division of applicants' co-pending application Ser.
      No. 73,809, filed Sept. 21, 1970, now U.S. Pat. No. 3,835,864 for SELF
      CONTAINED BIOELECTRIC STIMULATOR.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  Implanted "Pacemaker" devices are now commonly employed for the long-term
      treatment of atrio-ventricular (A-V) block. Such pacemaker devices
      commonly employ flexible leads which connect a remotely positioned power
      pack with electrodes which are placed in contact with or attached to the
      myocardium. The techniques of implanting and using such pacemakers, and
      many pacemakers which have been used experimentally and in practice, are
      described in Siddons and Sowton, Cardiac Pacemakers (1967), published by
      Charles C. Thomas, Springfield, Illinois, Library of Congress Card No.
      67-12042. Pacemakers having energy sources responsive to heart movement
      are shown in U.S. Pat. Nos. 3,358,690 and 3,486,506.
PAR  Such Pacemakers, or other biological stimulators working on these
      principles, have inherently suffered from certain disadvantages. The leads
      to the electrodes are commonly routed through veins leading into the heart
      itself. The movement of the heart and normal activity of the individual
      tend to put a strain on these leads and may result in lead breakage or
      dislodgement of the electrodes. The leads themselves, retained in situ,
      are frequently a source of irritation and infection. Further, since the
      electrical contact with the heart is made at the point or region of
      mechanical support or implantation, the normal fibrosis of tissue at these
      regions often results in marked increase of power required to pace, known
      as an increase in threshold. For example, the threshold has been found to
      increase on the order of ten times its original value until a plateau is
      reached over a period of two to three weeks. This requires a
      correspondingly greater power input to the electrodes, in the minimum of
      3:1 over threshold, in order to achieve consistent pacing.
PAR  The remote power pack itself is a cause of discomfort and often a cause of
      difficulty. It is commonly implanted in a subcutaneous pocket beneath the
      pectoralis major or within the abdomen. Again, this provides a further
      opportunity for infection. Difficulty has also been encountered in
      preventing migration of the power pack. Further, surgery is required from
      time to time to expose and replace the power pack due to exhaustion of the
      mercury cells.
PAR  Prior pacing devices which derive their energy from the heart movement or
      pressures have commonly required thoracic surgery for attachment to the
      epicardium, and have employed flexible leads to the electrodes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a cartridge type wholly self-contained
      stimulator unit which integrates its own power source and is particularly
      adapted for use as a stimulator or pacer. The entire structure including
      the powe source is contained within a package or housing which is
      sufficiently small to be implanted in a living body, for example as by
      transvenous or transarterial insertion into the chamber of the heart where
      it is attached to the endocardium. The stimulating electrodes are formed
      integrally with the unit, and thus make contact with the endocardium.
PAR  A pacemaker device made according to the present invention is intended
      primarily for long-term use. It can be used without discomfort to the
      user. The likelihood of a failure due to dislodgement of electrode
      contact, increase of threshold, or occurrence of infection is
      substantially reduced. In view of absence of leads, failure due to
      electrode lead breakage is eliminated entirely. The device can be
      implanted by means and technique which require only minor surgery and
      temporary discomfort to the patient. It can be recovered if desired or, if
      failure should occur, it may simply be left in place and a new device
      inserted.
PAR  In one form of the invention embodiment a nucleonic battery is employed to
      provide a power source to the pulse generator circuits contained therewith
      within the unit housing. Such a battery can provide for an overall life of
      the unit which may be well beyond the normal life expectancy of the
      patient. For example, a Pu-138 battery has a half life of 86 years, while
      Pm-147, which may be preferred because of lower costs, has a half life of
      2.7 years. Suitable electronics in the converting and pulse generating
      portion can operate efficiently over three or more half lives. Operation
      over such a large power range is made possible in part by the fact that
      the device of the present invention does not cause a material or
      significant increase in threshold, and therefore can continue to operate
      after decay to very low power levels.
PAR  Three illustrative forms of embodiment of the invention herein disclosed
      employ a biologically energized power source and thus derive their power
      requirements from the body itself. Prior art devices of this nature have
      obtained insufficient power from normal heart activity to provide reliable
      and continuous pacing. However, use of apparatus of the present invention
      does not result in a significant increase in threshold power and
      accordingly provides reliable pacing over an extended period of time with
      modest lower power requirements. Per the present invention embodiment, the
      energy required for each stimulation pulse may be in the order of one
      microjoule or less, corresponding to a total power input to the
      electronics on the order of six microwatts or less, whereas the energy
      requirement for heretofore available apparatus substantially exceeds this.
PAR  In one form of the invention embodiment, a movable wall or diaphragm
      transforms hemodynamic pressure into electric energy by means of a
      suitable transducer. In other forms of embodiment, a mass is suspended in
      such a manner that movements of the heart set up a sympathetic or harmonic
      movement of the mass, which is electromechanically coupled to produce
      energy. For example, the transducer may comprise a permanent magnet in
      combination with a non-moving electric coil. In another form, the mass may
      be connected to stress a piezoelectric crystal.
PAR  In preferred embodiments the unit housing structure of the present
      invention may also be used as the electrode structure for the pacers or
      stimulators, in a manner to offer certain advantages over the endocardial
      electrodes which are presently in use.
PAR  It is the primary objective of the invention to provide stimulator or pacer
      devices which can function free of external leads or connections.
PAR  Another important object of the invention is the provision of a stimulator
      or pacer device which is fully self-contained and implantable in a
      cartridge form for function and generation of power to make it function at
      the site of stimulation.
PAR  A further object of the invention is the provision of a self-contained
      stimulator or pacer packaged in a form as to permit a safe insertion
      thereof into passages, chambers or organs of a living body.
PAR  A further object of the invention is the provision of a self-contained
      intracardiac pacemaker which employs either a nucleonic power source or a
      biologically activated power source and is adapted to function over an
      extended period of time without the necessity of attention by a physician.
PAR  Another important object of the invention is the provision of a
      self-contained, self powered implantable pacer or stimulator which is
      adapted to be received in its entirety within a heart chamber with
      electrodes formed on the outer portion thereof wherein the power may
      derive its source from hemodynamically movable portions, suspended masses
      or fuel cells embodied in the structure housing.
PAR  A further object of the invention is the provision of a novel manipulator
      apparatus for inserting a pacer or stimulator in a living body. The
      manipulator is preferably comprised of three concentric elements in a
      triaxial arrangement. One of the elements is removably secured to the
      housing of the stimulator device, a second element forms a torque tube
      which may be used to assist in implanting the device and for removing the
      first element from the device, and the third element comprises an outer
      removable sheath which preferably extends at least partially over the body
      of the device during transvascular passage and may be employed to retain
      the body-attaching members on the device in a retracted or inoperative
      position until the device has been positioned, as desired. Thereafter, the
      sheath may be retracted to expose the body or tissue-attaching members, or
      extended to cover these members for removal of the device from the heart.
PAR  Another object of the invention is the provision of an internal,
      self-contained and retrievable pacemaker.
PAR  These and other objects and advantages of the invention will be apparent
      from the following description, the accompanying drawings and the appended
      claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is an exploded view of the stimulator and manipulator devices of the
      invention;
PAR  FIG. 2 shows parts of FIG. 1 in assembled condition;
PAR  FIG. 3 is an enlarged sectional view, partially in diagrammatic form, of
      the stimulator of FIG. 1 adapted particularly for use as a heart pacer;
PAR  FIG. 4 is an end view of the device of FIG. 3;
PAR  FIGS. 5a, 5b and 5c are, respectively, diagrams illustrating the method of
      implanting the pacer using the manipulator device of this invention;
PAR  FIG. 6 is a schematic drawing showing a pulsing circuit which may be used
      with this invention;
PAR  FIG. 7 is a diagram of a modified form of the circuit of FIG. 6
      particularly adapted for use with a nucleonic or other varying power
      source;
PAR  FIG. 8 shows a modified form of the invention adapted to respond to
      hemodynamic pressure changes;
PAR  FIG. 9 is a block diagram of the pacer of FIG. 8;
PAR  FIG. 10 is a further modification showing a biologically powered pacer
      according to the present invention;
PAR  FIG. 11 is a still further modification showing another form of the
      biologically powered pacer; and
PAR  FIG. 12 is a modified manipulator and improved pacemaker electrode assembly
      according to the teachings of this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS:
PAR  FIGS. 1-4 reveal a self-contained unit 10 of cartridge-like form providing
      a stimulator or pacer device in accordance with the invention,
      particularly adapted for use as a heart pacer. In association therewith is
      a manipulator 11 adapted for its application and removal. The device 10 is
      embodied in an elongated capsule-like generally cylindrical housing 12.
PAR  Preferably, the outer surfaces of housing 12 are formed exclusively of
      biologically compatible materials, the major portion of which may be
      stainless steel. While the outer surface of the body 12 is shown as formed
      essentially of smooth inert material, such as stainless steel, it is
      within the scope of this invention to provide the body with a compatible
      flocking material, such as a dacron weave, to promote the formation of
      neointima once the device has been implanted.
PAR  The device can be implanted in any of the four chambers of the heart where
      patho-physiology would be optimum for a particular patient. However, the
      description of the illustration will emphasize its implantation within the
      right ventricle where the greatest clinical and experimental experience
      has been concentrated to date. When the stimulator or pacer device 10, is
      adapted for implantation directly within a heart ventricle, it should have
      a maximum overall length not substantially exceeding 30 mm and preferably
      in the order of 18mm or less. The diameter of the body 12 should not
      substantially exceed 10mm and is preferably 8mm or less. Such dimensions
      provide a capsule type unit which is sufficiently small to permit its
      transvascular insertion into a ventricle, without disturbing the proper
      function of the heart.
PAR  The forward end of the housing 12 is provided with means for attaching the
      stimulator or pacer 10 to the myocardium. A preferred form of the
      attachment means comprises a pair of oppositely directed spiral stainless
      steel attaching means comprising barbs or wires 15 and 16, as best shown
      in FIG. 4. The wires have inner ends attached to the circumference of the
      housing 12 and outer ends which are free and projectable from the housing.
      These attaching wires are adapted to be retained in a retracted position
      in closely surrounding relation to the circumference of the housing 12,
      but they are capable, when released, to spring out to the expanded or
      operative position, as shown.
PAR  Manipulator means for transvenous implanting of the stimulator or pacer
      device 10 preferably consists of the triaxial device illustrated generally
      at 11 in FIGS. 1 and 2. This structure comprises a central rod 22 formed
      with a threaded end 23 which is adapted to be attached or received within
      a suitable internally threaded nut 24 formed on the rear wall 24' of the
      housing 12, as shown in FIG. 3. A torque tube 25 slidably received over
      the rod 22 is formed at its forward end with an internal socket portion 26
      adapted to position over and about the nut 24 to be placed thereby in
      driving engagement with the Pacemaker 10. The manipulator 11 is further
      provided with an axially slidable sheath 27 including a forward metallic
      end portion 28 of a diameter sufficient to telescope, at least partially,
      over the rear end of the housing 12 of the pacer 10. In use, the sleeve 28
      substantially covers the housing 12 to retain the attaching wires 15 and
      16 in their retracted position, substantially as shown in FIG. 2. The use
      of the manipulator 11 is further described in connection with the
      description of illustration of FIGS. 5a-c.
PAR  The entire manipulator apparatus may be rigid with defined bends or may be
      flexible or may be steerable. In the preferred form, the central rod 22
      and the torque tube 25 are flexible, while the forward end of the sheath
      27 is formed with a predetermined bend, as indicated at 27' in FIG. 5a.
      The bend which may be formed within 2-4 inches of the end of the
      manipulator assembly, may have an angle of approximately 30.degree. in
      order to permit the manipulator and the attached pacemaker to be steerable
      around corners and bends.
PAR  Referring particularly to FIG. 3, the unit providing the invention
      stimulator or pacer device 10 is shown as including a forward housing
      portion 12a and a cylindrically continuous rear housing portion 12b. The
      forward portion 12a is hollow and contains the electronic plusing circuit
      30, illustrative examples of which are shown in FIGS. 6 and 7. It has been
      found that relatively simple circuits as here illustrated are totally
      satisfactory and are in fact preferred over the more complicated circuits
      such as shown in the reference text referred to under the Background
      section of the specification. The simpler circuits such as here provided
      generally have lower losses and greater overall reliability. Such circuits
      can easily be fitted within the cavity defined with the housing section
      12a without the necessity of reverting to microminiature or integrated
      circuits. However, such circuits permit even further miniaturization, but
      the overall size of the stimulator of this invention is dictated not so
      much by the circuit requirements but by the space requirements of the
      power source.
PAR  The housing sections 12a and 12b may be threaded together and sealed as
      shown at 31, but it is within the scope of this invention to make the
      housing 12 of simple one-piece construction. The rear wall 24' is
      preferably welded to the case 12b by electron beam welding. There is some
      advantage in the two-piece construction of FIG. 3 in that it permits the
      housing parts to be separated and adjustments to be made to the circuit
      prior to insertion.
PAR  One of the important advantages of the stimulator of the present invention
      resides in the fact that the pacing electrodes are formed to be integral
      with outer surfaces of the housing 12. To this end, the housing portions
      12a and 12b themselves define the positive pulsing electrode which, as
      previously noted, may be formed preferably of stainless steel. The
      negative pulsing electrode 32 is formed preferably of platinum and
      supported on a forwardly extending dielectric pedestal 33. The pedestal is
      preferably formed of an inert ceramic, defining a hollow co-axial
      insulator. The insulator 33 may thus have an outer curved surface 34
      leading smoothly from the stimulating electrode 32 and flaring outwardly
      at the housing portion 12a to assist in guiding the stimulator device
      during insertion. A tubular portion 35 extends into the interior of the
      housing portion 12a, forward end of which is formed with an annular ledge
      36 to provide support for the insulator and for the electrode 32.
PAR  The stimulating electrode 32 may also be of the differential current
      density type, known as the "Parsonnet Electrode" and described by George
      H. Myers and Victor Parsonnet in Engineering in the Heart and Blood
      Vessels, (1969) John Wiley & Sons, New York, N. Y.
PAR  The pacer construction shown in the preferred embodiment illustrated has
      several important advantages. In the first place, it will be noted that,
      unlike prior stimulators, the electrodes in this case do not themselves
      form or comprise attaching devices. In fact, the stimulating electrode is
      well spaced from the attaching points of the wires or barbs 15 and 16.
      Thus, once the stimulating electrode has made reliable pacing contact with
      the heart tissue, it does not transmit the destructive forces of
      attachment and retention to this tissue. The vicinity of the pacing
      contact thus remains free of the adverse effects of fibrosis which
      invariably occurs at the regions of attachment or forcible retention.
PAR  In devices where electrodes themselves are directly attached or are
      forcibly retained by pressing against the tissue, an approximately 10
      times increase in the threshold is not uncommon. This occurs over
      approximately a two to three week period subsequent to implanting and then
      reaches a plateau. Such a substantial increase in threshold requires a
      corresponding increase in power requirements simply to overcome the
      threshold and to effect reliable stimulation. By the present construction
      and the consequent elimination of the cause of threshold rise, one
      achieves reliable pacing with substantially lower power consumption.
PAR  An important advantage of the unit construction of FIG. 3 is the total
      elimination of external flexible leads between the pacing circuit and the
      tissue to be stimulated. This then results in the elimination of lead
      placement and breakage difficulties and mechanical load problems normally
      incident to usage of leads as provided in prior art pacers.
PAR  A further important advantage of the pacer of this invention is the fact
      that it can be reliably powered from a suitable nucleonic power source 40.
      There are available in the present state of the art a number of nucleonic
      conversion devices which may be contained within the physical dimensions
      of the housing portion 12b, and suitably shielded and sealed therein. A
      preferred form of such device is a betavoltaic converter which is, in
      effect, a stack of semiconductor photocells which are coated with a
      radioactive material and which are irradiated by beta particles to produce
      an unidirectional current electric output. Beta sources may include Pm-147
      which has a 2.7 years half life. It is within the state of the art to
      provide an electronic circuit which will operate effectively over more
      than three half-lives of such power sources within the volume available.
      The use of tritium, with a half life of 12.6 years, is also possible.
PAR  A power source 40 using radioisotope fuel may also be of the thermionic
      type, the thermoelectric type or the double conversion type. In the
      thermionic and thermoelectric types, heat from the radioisotopic fuel is
      transformed into electric power by electron transport through a thermionic
      diode or thermocouple respectively. In the double conversion type,
      radiation from the radioisotope fuel is employed to excite a
      light-emitting phosphor, and the photons in turn excite a semi-conductor
      photocell. All three of these types can use Pu-238, which is a desirable
      fuel for biological applications and has a half life of 86 years. The
      choice of fuel and type of convertor will depend upon the cost of the
      source material and fabrication, the half life, and the efficiency of
      conversion as well as the shielding required. Suitable radioisotopefueled
      batteries are made by Donald W. Douglas Laboratories, 2955 George
      Washington Way, Richland, Washington and sold under the tradenames
      "Betacel" and "Isomite", representing beta-voltaic and thermionic types
      respectively. While nucleonic power sources are preferred by reason of
      long life, it is within the scope of the invention to employ rechargeable
      batteries, or mercury cells. The latter may be satisfactory for short term
      pacing, in view of the relatively high overall efficiency of the device.
PAR  As shown in FIG. 3, an insulated plate 41 in contact with the power source
      is hermetically sealed by an insulator 42, and leads 43 extend to the
      circuit contained within the housing section 12a. The case 12 is negative
      with respect to the power source but is positive with respect to the
      biological load.
PAR  The diagram of FIG. 6 illustrates one form of the pulsing circuit in which
      a power source 42 is shown as providing an output voltage of approximately
      3.9 volts. This output as applied through charging resistor 44 and through
      the load 45 to a capacitor will depend upon the charging time constant of
      the circuit, and since the biological load 45 is normally less than 1,000
      ohms it forms a small part of the total resistance in the charging
      circuit. However, as long as the load 45 is present the circuit will
      charge.
PAR  The transistors 48 and 49 comprise a transistor switch. This switch
      automatically becomes conductive to connect one side of the capacitor 46
      to ground at some predetermined potential during the charging of the
      capacitor 46, and thus provides a low impedence grounding circuit
      permitting a discharge of the capacitor through the load 45. The peak load
      voltage may be 1.3 volts, and the transistor switch may be conductive for
      3ms. Thereafter, the current through the switching circuit drops to the
      point where it becomes non-conductive, and recharging of the capacitor 46
      resumes through resistor 44, at a repetitive rate depending on the R-C
      constant.
PAR  It might also be noted that since the capacitor 46 is charged through the
      biological load a current reversal takes place between the negative
      pulsing electrode 32 and the case 12 which has the effect of reducing or
      eliminating polarization which otherwise occurs when electrodes are pulsed
      in the same direction in an electrolytic solution.
PAR  The diagram of FIG. 7 is essentially for the same circuit as shown in FIG.
      6 except for the addition of a constant current element 50 which may
      comprise a constant current transistor. This circuit is useful to maintain
      a constant pulse height and rate when the pulsing circuit is used with
      nucleonic power source whose output decays with time, or with biologically
      activated power sources whose output varies with the amount of biological
      activity.
PAR  The method of implanting the stimulator or pacer unit of the present
      invention using the improved manipulator is illustrated diagrammatically
      in FIG. 5. The unit pacer is assembled with the manipulator 11 as shown in
      FIG. 2. The manipulator is formed with a fixed or predetermined bend 27'
      about two to three inches from the end, of about 20.degree.-40.degree., to
      enable it to turn corners while it is being inserted. The insertion
      technique itself is essentially the same as currently in use for the
      transvenous implantation of endocardiac electrodes and other cardiac
      catherization procedures. The pacer may, for instance, be inserted in the
      right external jugular vein and advanced through the superior vena cava
      and through the right atrium into the apex of the right ventricular
      cavity. This is the position illustrated in FIG. 5a. This is accomplished,
      of course, under fluoroscopic observation.
PAR  Prior to attaching the pacer unit, the effectiveness of its resting
      position may first be observed with an electrocardiograph to assure that
      it is functioning normally and that it has captured the heart. The end 28
      of the sheath 27 is preferably made of conductive material, such as
      stainless steel, so that the electrode formed on the body 12 will conduct
      through the sheath.
PAR  Having determined a proper position, the sheath may be partially retracted
      as shown in FIG. 5b to expose the barbs, and the torque tube 25 rotated
      clockwise to imbed the barbs in the myocardium. The entire pacer unit, in
      this condition, will be wedged into the trabeculae making contact both
      with the case and with the tip electrode 32.
PAR  Once attachment in this manner is made, the torque tube 25 may be held
      against rotation and the rod 23 unscrewed from the internal threads in the
      nut 24. The entire manipulator may then be extracted leaving the pacer
      unit imbedded essentially as shown in FIG. 5c. The pacer unit can be
      extracted from the heart by reversing the foregoing procedure.
PAR  The invention is not limited to heart pacing as such. Other examples of
      applications of the self-contained stimulator or pacer unit where there is
      direct implantation at the site of the stimulation without separate
      electrical leads include baropacing (stimulation of the baroreceptors in
      the neck or aortic arch), stimulation of the diaphragm for breathing
      (stimulation of the phrenic nerve), stimulation of the numerous sphincter
      muscles which control the flow of various body fluids and solids (at the
      sphincter site), and other such functions which have been shown to respond
      to electrical stimulation and which small size of the stimulator and
      absence of electrical leads would render feasible or more practical. In
      most such cases the self-contained stimulator described in FIG. 3 would
      deliver a pulse approximately every 20 milliseconds during activation of
      the biological function instead of about one pulse per second as in the
      cardiac pacer. Activation of the pulse train could be accomplished by
      external command via an electromagnetic or magnetic signal from outside
      the body.
PAR  The invention is not limited to an arrangement which contains an internal
      source of power. In FIG. 8 there is illustrated an embodiment of the
      invention which is responsive to hemodynamic pressure. The housing section
      12b is replaced by a flexible or movable section which incorporates a
      rubber diaphragm or metal bellows 60 which moves under the influence of
      pressure changes within the heart cavity. Forces and motions arising from
      such pressure changes are applied to an electromechanical transducer 62
      the output of which may be applied to a suitable energy storing circuit
      63. The transducer may be of the magnetic induction type or may be a
      piezoelectric generator. The storage device 63 may be a diode-isolated
      full-wave rectifier with capacitor storage. The energy thus stored is
      available for subsequent release to the stimulation electrodes by a pulse
      forming circuit substantially as previously described. The storage device
      will be kept charged by the succession of heart beats and therefore serves
      the function of the power source previously described.
PAR  For example, if the effective area of the movable section 65 is about
      1/2cm.sup.2, and moves 1mm under the influence of a 20 torr average
      pressure pulse, each beat would produce about 130 microjoules of
      mechanical work. Since less than 10 microjoules of electric energy is
      required for each pulse, a large margin of reserve power is available.
PAR  A circuit diagram at FIG. 9 shows an arrangement of the pacer of FIG. 8
      adapted as a synchronous pacer, to obtain the benefits from synchronous
      pacing by slaving the unit to the atrial systole. After storing the large
      power pulse generated by the transducer during the ventricular
      contraction, the pulse-forming circuit is "armed"; i.e., it reaches a
      condition in which the next significant electrical signal from the
      transducer will cause the circuit to "fire" and deliver an electrical
      pulse to the stimulating electrodes. Therefore, the pressure impulse from
      the next atrial contraction is transmitted through the tricuspid valve to
      generate an electrical signal from the transducer which fires the circuit.
      The stimulated ventricular contractions thereby become synchronized with
      the atrial contractions. It may be desirable to construct the circuit so
      that "arming" is delayed until after the refractory period of the
      heartbeat to avoid premature firing by reverberations from the ventricular
      contraction. Also it may be desirable physiologically to provide a delay
      between the signal from the atrial contraction and the pacer output pulse,
      similar to the delay in the A-V node.
PAR  FIGS. 10 and 11 illustrate additional arrangements by means of which the
      heart movement itself can be used to provide a suitable source of energy.
      Observation has shown that an implanted pacer undergoes transient
      displacements of about 1cm within a 24th of a second. Assuming constant
      acceleration, a 5mm displacement relative to the capsule over 1/24th
      second of an armature weighing 4 grams would produce a force of about 2500
      dynes acting over this distance, to produce about 120 microjoules of work
      per beat, again substantially in excess of the requirements of the pacer.
      Referring to FIG. 10, a mass 70 is mounted in the manner of a pendulum on
      the end of a leaf spring 72. The natural oscillation rate of the mass 70
      on the spring 72 may be that of the paced heart rate. The lower end of the
      spring 72 is joined with a magnetic armature 75 received between the poles
      76 and 77 of a permanent magnet 78.
PAR  The lower end of the armature is retained in a V-shaped recess 79 by the
      magnetic attraction and is correspondingly formed with a knife or V-edge
      80 to provide a pivotal movement. The poles 76 and 77 are spaced apart so
      that the armature 75 can assume either one of two stable positions, as
      shown by the full lines and broken lines. In one position, the flux is
      induced through the armature in one direction while in the other position
      it is induced in the opposite direction.
PAR  Since the pendulum formed by the mass 70 and spring 72 oscillates in
      resonance with the sinus rate of the heart, the bending moment of the
      spring 72 lifts the armature 75 from one pole face whereupon it abruptly
      moves to the opposite pole face, resulting in a sudden reversal of the
      flux and inducing an electric current in the surrounding coil 82. The coil
      output may be applied to the storage device 63, as described in connection
      with FIG. 8. FIG. 11 is similar to FIG. 10 except that the mass 70' and
      the spring 72' are connected to stress a piezoelectric crystal 85. In this
      embodiment, the periodic rate of the mass and spring may be substantially
      greater than that of the heart, to produce a "ringing" effect with each
      beat.
PAR  Certain of the teachings and advantages of the present invention may be
      used to improve the performance of existing pacers which presently use
      endocardial electrodes. The body pacer 10 may be modified for this purpose
      to perform the function of the electrodes only and an arrangement for this
      purpose is illustrated at 100 in FIG. 12. In this case, the cartridge
      housing 112 is made similarly to the housing 12 except that it does not
      contain any pulsing circuitry or power source, but merely comprises means
      for making electrical contact. Thus, the housing 112 may conveniently be
      made to a smaller length and/or diameter than that which has previously
      been described. The outer surface of the housing 112 thus comprises one of
      the electrodes, while stimulating electrode 132 may be made and supported
      on a ceramic pedestal spaced from the housing 112 in the manner which has
      been described in connection with the electrode 32 of FIG. 3.
PAR  The electrode assembly 100 will be connected by flexible leads to a
      conventional remote pulsing device by means of a flexible electrical
      conduit or lead 122. The lead 122 may be of a coaxial conductive cable,
      which has one of its leads connected to the case or housing 112 and the
      other connected to the electrode 132. The assembly 100 may be used with
      remote pacers which employ a single electrode lead or a pair of leads.
      Where a single lead is used, it would be connected inside the housing 112
      to the electrode 132.
PAR  The electrode assembly of this invention is provided with a somewhat
      modified form of attachment comprising a pair of generally axially
      extending retaining wires 115 and 116. The forward ends of the wires are
      attached or secured to the housing 12. The wires extend rearwardly and
      outwardly, and are movable between a retracted position in which the wires
      lie adjacent to the outer surface of the housing, to a spread apart
      position, substantially as shown.
PAR  The general technique of inserting and implanting the electrode assembly
      100 does not differ substantially from that described in connection with
      the pacer unit 10. The torque tube 25 and the sheath 27 may be used, with
      the rod 22 removed. The cylindrical conductive end 28 would be received
      partially over the housing 112 with the attaching wires 115 and 116
      collapsed and retained within end 28. The electrical lead 122 is threaded
      through the hollow torque tube 25.
PAR  It would be expected that the electrode assembly would be inserted well
      into the apex of the ventricle cavity accompanied by some stretching of
      the heart muscle. The torque tube 25 could be employed to provide axial
      forces as well as rotational alignment. The sheath 27 would then be
      retracted exposing the ends of the attachment wires 115 and 116, and when
      the axial force is released the ends of the wires would tend to imbed
      themselves within the heart muscle. If necessary, some pull could be
      placed on the lead 122 to complete the attachment, and then the
      manipulator may be extracted leaving the electrode assembly 100 in place.
PAR  The electrode assembly 100 provides to a remote pacer certain of the
      advantages of the present invention. Principally, the electrodes, which
      are formed as integral and discrete surface portions of the assembly, are
      not prone to dislodgement, movement, penetration or breakage. Further,
      they define regions of stimulation which are spaced from the region of
      attachment, as in the case of the pacer 10, and thus remain free of the
      adverse effects of fibrosis.
PAR  It is accordingly seen that this invention provides on the one hand a novel
      self-contained, self powered biological stimulator unit, which is
      particularly adapted for use as a pacer per se, and an electrode assembly
      useful with existing pacers. It is intended for long-term treatment of
      partial or complete A-V block. Synchronous pacing may be used, as desired,
      and the circuit can be modified as known in the art for demand pacing. For
      synchronous pacing of devices of the types of FIGS. 3, 10 or 11, a short
      sensing or trigger electrode wire may extend axially from the rear wall
      24' of the body 12b through the tricuspid valve into the right atrium to
      pick up the atricum pulse as a control signal for the circuit 30. For
      demand pacing, the surface electrode 32 may be used to pick up the
      ventricle pulse and suppress the trigger circuit in the manner taught for
      example by Keller U.S. Pat. No. 3,431,912 or Greatbatch U.S. Pat. No.
      3,478,746. The physical size of the capsules which form the bodies is
      sufficiently small to permit long-term treatment, such as in the case of a
      child. The apparatus and method of the attachment and implanting is one
      which results in minimum discomfort to the patient. In the event of
      failure, the size of the pacemaker is sufficiently small to make it
      feasible to simply leave it in place and to insert a new one, although
      intravenous removal by catheter also is possible.
PAR  While the forms of apparatus herein described constitute preferred
      embodiments of the invention, it is to be understood that the invention is
      not limited to these precise forms of apparatus, and that changes may be
      made therein without departing from the scope of the invention.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A stimulator device for insertion in a living body, and capable of
      insertion in the heart, comprising a capsule having a generally
      cylindrical body portion including a positive pulsing electrode at its
      exterior surface, said body portion having in connection therewith means
      defining a negative pulsing stimulating electrode which is insulated from
      said positive electrode and has a surface portion exposed to form a
      leading end portion of the exterior surface of said capsule as it is
      applied to a body by transvenous or transarterial insertion, pulsing means
      connected to said electrodes having in immediate connection therewith a
      power source and means for activation thereof, and said capsule forming a
      housing containing the total of said pulsing means, power source and
      activating means to form threwith an integral unit having a fully
      contained power source and conditioned thereby to function free of outside
      leads or wires on placement thereof in a body by transvenous or
      transarterial insertion.
NUM  2.
PAR  2. A device as in claim 1 wherein said power source includes a battery the
      function of which is determined by the biological load provided by the
      living body.
NUM  3.
PAR  3. A device as in claim 2 wherein said battery is a nucleonic power source.
NUM  4.
PAR  4. A device as in claim 2 wherein said battery is radioisotope fueled.
NUM  5.
PAR  5. A device as in claim 2 characterized by said battery being contained
      within said capsule means forming a shield about said battery within said
      capsule, said battery being electrically connected with said pulsing
      means, and said electrode means being electrically connected with said
      battery and said pulsing means to form therewith a circuit in which the
      living body is incorporated to provide a biological load in said circuit.
NUM  6.
PAR  6. In combination with the apparatus of claim 1, to guide the capsule to
      its desired location, a manipulator including plural elements for
      operative connection with engagement means provided on the outer surface
      of said capsule, a first of said elements constituting means connected
      with said engagement means for axially moving said capsule in the course
      of transvenous or transarterial insertion thereof and a second of said
      elements constituting a slip fit holding means positioning concentric with
      said moving means and having means for engaging said capsule to hold the
      same during the application to and release from said capsule of said
      moving means and said engaging means being operatively connected with said
      engagement means to effect a rotation of said capsule, if required.
NUM  7.
PAR  7. Apparatus as in claim 6 wherein said plural elements include a third
      element mounting about said first and second elements for selective axial
      movement with respect thereto whereby to enable it to provide at least a
      partial sheath for said capsule.
NUM  8.
PAR  8. A stimulator device as in claim 1 characterized by said capsule having a
      minimum overall length not substantially exceeding 30mm. and a peripheral
      configuration the maximum transverse dimension of which does not
      substantially exceed 8mm.
NUM  9.
PAR  9. Apparatus as in claim 1 wherein said power source includes energy
      storing means and means for supplying energy to said storing means which
      is responsive to hemodynamic pressure produced thereon by the living body
      in which said capsule is inserted.
NUM  10.
PAR  10. Apparatus as in claim 9 wherein said means for supplying energy to said
      storing means includes a portion of said capsule which is contractable and
      expansible in response to the application thereto and the release
      therefrom of hemodynamic pressure, and said expansible and contractable
      portion of said capsule has in connection therewith means responsive to
      the movement thereof to transmit the energy so produced to said energy
      storing means.
NUM  11.
PAR  11. Apparatus as in claim 1 wherein said power source includes means
      defining a mass, means mounting said mass to provide for a periodic
      movement of said mass in response to a function of the living body and
      means in connection with said mounting means to transmit energy so
      produced to an energy storing means in connection therewith, which energy
      storing means is in operative connection with said pulsing means.
NUM  12.
PAR  12. Apparatus as in claim 11 wherein said mounting means includes spring
      means.
NUM  13.
PAR  13. Apparatus as in claim 12 wherein said spring means has in connection
      therewith a base including a permanent magnet.
NUM  14.
PAR  14. Apparatus as in claim 12 wherein said spring means has a base including
      a piezoelectric crystal stressed by movement of said mass.
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ABST
PAL  An implantable electrically actuated medical device having gas storage
      characteristics in which the device includes one or more electrochemical
      cells and an operative electric circuitry mounted in a metallic container,
      all of which are positioned in a mounting member made of a material which
      is highly permeable with respect to hydrogen gas, relatively impervious to
      liquid and which bonds well with an epoxy resin encapsulant coating over
      the device. The mounting member may be foamed as it is molded to provide
      voids therein for storage of gas or the recesses in which the
      electrochemical cells are mounted may be supplied with sponge-like pads
      for absorbing excess gas until it can permeate through the encapsulant to
      reduce pressure build-up within the device and prevent cracking of the
      casing.
BSUM
PAR  Our invention relates to an implantable electrically actuated medical
      device, such as a cardiac pacer, and more particularly to an improved
      device of this type which has gas storage characteristics.
PAR  Devices of this type are normally energized and powered from either
      separate or self-contained electrochemical cells or batteries which tend
      to deplete chemically and with such depletion generate a hydrogen gas.
      Inasmuch as devices of this type are normally encapsulated with an epoxy
      resin which is highly impermeable to the hydrogen gas, the encapsulated
      structure under conditions of cell deterioration will occasion substantial
      internal pressure build-up with the risk of an explosion or splitting of
      the encapsulating casing.
PAR  The present invention is directed to an improved device of this type in
      which means are provided in the construction of the device and beneath the
      encapsulation to absorb any hydrogen gas evolving from the electrochemical
      cells energizing the same. In the present invention, the components of the
      electrically operated medical device are positioned in a mounting
      structure which is generally made of a material which is highly permeable
      to the hydrogen gas relative to the encapsulating material or epoxy resin
      the material of such a structure being foamed to provide spaces or voids
      therein to provide a reservoir space for the gas, releasing or reducing
      internal pressure until the gas may be permeated through the
      encapsulation. An alternate arrangement is provided in which the mounting
      structure for the cells and electrical device includes a separate
      sponge-like material for the same purpose.
PAR  It is the principle object of this invention to provide an improved
      electrically actuated medical device having gas absorption
      characteristics.
PAR  Another object of this invention is to provide an improved electrically
      actuated medical device of the implantable type in which the internal
      construction permits absorption of hydrogen gas generated by power-sources
      or other electrochemical cells which have a gas byproduct.
DRWD
PAR  These and other objects of this invention will become apparent from the
      reading of the attached description, together with the drawings, wherein:
PAR  FIG. 1 is a perspective view of the improved implantable electrically
      actuated medical device;
PAR  FIG. 2 is a plan view of the device of FIG. 1 with parts broken away to
      show the arrangement of parts therein;
PAR  FIG. 3 is a sectional view of the device of FIG. 2 taken along the lines
      3--3 therein and with parts broken away; and,
PAR  FIG. 4 is a sectional view similar to FIG. 3 of the device showing an
      alternate embodiment of the invention.
DETD
PAR  Our improved electrically operated and implantable medical device is shown
      in perspective in FIG. 1 simulating a cardiac pacer. Although the
      invention shown is herein in connection with an implantable cardiac pacer,
      it will be understood that it may take varying forms within the scope of
      the invention including other implantable medical devices.
PAR  As shown in FIGS. 1 and 2, the implantable medical device includes an
      encapsulation 15 of an epoxy resin covering a plurality of electrochemical
      cells 25 typically of the alkaline zinc-mercury type which are positioned
      in a mounting member 30 along with a sealed can or housing for the
      electronic circuitry of the device indicated generally at 20. The cells 25
      are interconnected to one another and to the input terminals of the
      device, as indicated by the conductors 35, and the implantable device has
      a coupling member extending through the encapsulation as indicated at 11
      with suitable output leads 12 extending therefrom and to electrodes (not
      shown) or other apparatus associated with the device. The details of the
      electrochemical cells and the electronic circuitry are omitted for
      simplicity since they form no part of the present invention. The cells are
      of the type which generate a gas, such as hydrogen upon depletion. The
      epoxy resin covering or encapsulation provides a relatively liquid tight
      seal for the device of a material which is biocompatible and liquid
      impervious. Where the voids liquid light or liquid impervious are used
      herein, it is meant that the resin will not pass fluid in liquid form
      while recognizing that the plastic resin will transmit small amounts of
      vapor. The epoxy resin covering is also relatively impermeable to any
      hydrogen gas generated in the cells. Such generation of gas takes place
      with cell depletion with the gas being vented from a suitable vent port,
      indicated at 40, in the base of the cell and to some degree through the
      cell seal spacing the cell electrodes. Because the epoxy resin material is
      relatively impermeable to gas any sudden release of the same will create a
      pressure build-up within the encapsulation which may cause fracture or
      explosion of the same.
PAR  In the present invention, as indicated in FIG. 3, the mounting member 30 is
      formed of a highly hydrogen permeable plastic which may advantageously be
      a polyphenyleneoxide/polystyrene material commercially available under the
      trademark "NORYL" as manufactured by the General Electric Company. The
      mounting member or spacer 30 has recesses 45 therein in which the cells
      and electronic circuit can 20 are positioned. The mounting member provides
      for location of the parts and rigidity to the package to support the
      encapsulation which bonds well with the mounting material to seal the
      same. In the present invention, the material forming and mounting member
      is constructed of a structural foam providing voids or spaces in the
      mounting member, as indicated at 55, which act as a reservoir for the
      hydrogen gas when released from the cells through the vent extremity 45
      thereof. The mounting material of polyphenyleneoxide/polystyrene is of
      considerably higher permeability to hydrogen gas than is the epoxy resin
      and is also biocompatible with body fluids. The release of gas from the
      cells is absorbed in the voids or foamed spacer member to provide a very
      slow development of pressure within the casing permitting diffusion of the
      gas or release of the same through the encapsulant material or epoxy resin
      gradually without an excessive pressure build-up from the same.
PAR  As an alternate embodiment of this invention, as indicated in FIG. 4, the
      recesses 45 in the mounting member beneath the electrochemical cells or
      batteries may have a thin layer of sponge material 60 positioned therein
      which sponge material will face the vent 40 extremity of the cells to
      increase the free volume of gas to occupy within the mounting member and
      the encapsulation. The use of the sponge material with voids therein to
      store the gas permits the gradual release of the same and prevents
      pressure build-up within the encapsulated device. In this embodiment, the
      spacer or mounting member may be made solid rather than foamed with
      reliance on the sponge-like pads positioned adjacent and in contact with
      the vent ends of the electrochemical cells within the recesses of the
      device providing the storage space for the excess to reduce pressure
      build-up within the encapsulant and permit diffusion of the same through
      the mounting member and the encapsulant.
PAR  In the description given above, the foamed material has been given as
      polyphenyleneoxide/polystyrene plastic. This material while suitable to
      purposes of the invention, is not the only usable plastic. What is
      required is that the plastic be foamable to produce a structural foam body
      that holds the assembly in position, provides a temporary storage space
      for evolved hydrogen and has good hydrogen permeability relative to the
      epoxy encapsulant. It also should bond readily to the epoxy.
PAR  In considering this invention, it should be remembered that the present
      disclosure is illustrative only and the scope of the invention should be
      determined by the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An implantable electrically operated medical device comprising, at least
      one electrochemical generating cell, an electrically powered actuating
      device connected to the cell and energized therefrom, a mounting member
      being formed of a plastic material having good permeability to hydrogen
      relative to epoxy resin and having recesses therein mounting said cell and
      said device in said recesses, a covering of epoxy resin material
      positioned over and encapsulating said mounting member with the cell and
      device therein, and means including said mounting member providing a space
      for absorption and storage of hydrogen gas from said cell, said epoxy
      resin being biocompatable with and impervious to body fluids and bonding
      well with the plastic material of the mounting member.
NUM  2.
PAR  2. The implantable electrically operated medical device of claim 1 in which
      the means including said mounting member providing a space are voids
      distributed in the mounting member through the creation of bubbles in the
      plastic material.
NUM  3.
PAR  3. The implantable electrically operated medical device of claim 1 in which
      a means including the mounting member is a pad of sponge-like and gas
      absorbing material included with the mounting member.
NUM  4.
PAR  4. The implantable electrically operated medical device of claim 3 in which
      a pad of sponge-like material is positioned in a recess mounting the
      electrochemical cell and at a vent extremity of the same.
NUM  5.
PAR  5. The implantable electrically operated medical device of claim 1 in which
      plastic material of the mounting member is a foamed
      polyphenyleneoxide/polystyrene material.
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ABST
PAL  An apparatus for stimulating the anal sphincter is provided in order to
      maintain the anal sphincter in a substantially continuously contracted
      condition. The apparatus includes a plug which is inserted in the anus
      such that a portion of the plug is surrounded by the anal sphincter.
      Electrodes are mounted on the plug in contact with anal sphincter and a
      signal generator generates a biphasic output signal having a positive
      pulse portion, a negative pulse portion and a zero output portion. The
      output signal is applied to the anal sphincter through the electrodes,
      thus causing the anal sphincter to contract and remain in a substantially
      contracted condition. The signal generator comprises a timer circuit which
      is used to operate a counter and an output driver which is controlled by
      the counter. The output signal from the output driver is applied to the
      anal sphincter through the electrodes. The plug comprises a suppository
      member which has an enlarged forward portion, a narrower central portion
      and an enlarged rear portion. The device may be used in conjunction with a
      barium enema to maintain the anal sphincter in a substantially contracted
      condition during barium enema examinations. In this arrangement, the plug
      has a channel which passes through the center along the axis thereof. The
      contrast material is then passed through this channel into the rectum and
      colon. The contrast material is held in the body because of the maintained
      contraction of the anal sphincter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus for holding the anal sphincter in a
      substantially continually contracted condition and more particularly to an
      apparatus for applying an electrical signal to the anal sphincter to
      stimulate the anal sphincter such that it is maintained in a substantially
      contracted position.
PAR  2. Description of the Prior Art
PAR  Devices have been developed for applying an electrical signal to the anal
      sphincter in order to contract this muscle and hold it in a substantially
      contracted condition. One such device is disclosed in U.S. Pat. No.
      3,650,275. In devices of this type, a square wave signal at a frequency
      between 18 and 90 Hz is applied to the anal sphincter. Each cycle of the
      square wave signal consists of a positive pulse portion followed by a
      negative pulse portion wherein the amplitude of the positive and negative
      portions are the same. The square wave signal does not have a zero output
      portion but rather instantaneously passes through zero when switching from
      the positive to negative portion. The signal applied to the anal
      sphincter, however, has a number of disadvantages. At a given constant
      current, pain or discomfort is a result of the frequency of the signal. It
      has been found that frequencies below 100 Hz may cause great discomfort.
      The signal applied to the anal sphincter by this device has a further
      disadvantage in that it provides no period for relaxation of the anal
      sphincter. Since the wave shape of the output is a square wave, it is
      either positive or negative at all times and has no period of zero output.
      The anal sphincter is thus constantly being stimulated with either the
      positive or negative portion of the signal and there is no time for the
      muscle to relax. Thus a signal of this type may cause great fatigue to the
      anal sphincter.
PAR  One of the problems resulting from anal muscle weakness, that is, the
      inability of the anal sphincter to maintain a substantially contracted
      condition, is that it is not possible to give patients having this problem
      a barium enema examination. As is readily apparent, in order to give a
      barium enema examination, the patient's anal sphincter must be capable of
      contracting and holding itself in the substantially contracted condition
      in order to keep the contrast fluid in the rectum and colon. No successful
      techniques have been developed in the prior art for giving barium enema
      examinations to patients suffering from anal incontinence.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of this invention to provide an apparatus for
      maintaining the anal sphincter in a substantially continuously contracted
      condition.
PAR  It is another object of this invention to provide an apparatus for applying
      an electric current to the anal sphincter such that the anal sphincter is
      stimulated into a substantially continuously contracted condition.
PAR  It is still another object of this invention to stimulate the anal
      sphincter into a substantially continuously contracted condition by
      application of a biphasic output signal having a positive pulse portion, a
      negative pulse portion and a zero output portion, the zero output portion
      providing a rest period for the anal sphincter and thus reducing fatigue.
PAR  It is still another object of this invention to provide an apparatus for
      stimulating the anal sphincter wherein the apparatus includes a plug
      member having electrodes thereon which contact the anal sphincter and a
      signal generator means comprising a timer, counter, and output driver for
      applying an electrical signal to the electrodes thereby stimulating the
      anal sphincter.
PAR  It is still a further object of this invention to provide an apparatus for
      stimulating the anal sphincter to maintain it in a substantially
      contracted condition during a barium enema examination which includes a
      plug having a channel through the center along the axis thereof wherein a
      barium enema is coupled to the channel and contrast fluid flows through
      the channel into the rectum and colon.
PAR  This invention provides an apparatus for stimulating the anal sphincter to
      maintain it in a substantially continuously contracted condition. The
      apparatus comprises a plug or suppository member which is inserted into
      the anus such that a portion of the suppository member is surrounded by
      the anal sphincter. Electrodes are mounted on the suppository member such
      that the electrodes contact the anal sphincter. A signal generator means
      including a timer circuit, two-stage counter and output driver is used to
      generate a biphasic output signal having a positive pulse portion, a
      negative pulse portion and a zero output portion. This signal is applied
      to the anal sphincter through the electrodes, and stimulates the anal
      sphincter such that it is held in a substantially continuously contracted
      condition for the duration of the application of the signal.
PAR  The zero output portion provides a rest period for the anal sphincter.
      Fatigue of this muscle is thereby reduced. The discomfort of the patient
      is also greatly reduced once the frequency of the signal is raised above
      100 Hz, for example, to a frequency of approximately 300 Hz. In the
      present invention, it has been found that patient comfort, and therefore,
      an increase in the ability of the anal sphincter muscle to contract, is
      achieved with frequencies between 300 Hz-2000 Hz at any given constant
      voltage or current. In the preferred embodiment of the invention, optimum
      results are achieved with frequencies between 300 Hz and 1000 Hz.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B are a schematic circuit diagram of the signal generator of
      the present invention.
PAR  FIGS. 2A-2D illustrate the wave forms at various points in the signal
      generator of the present invention.
PAR  FIG. 3 is a perspective view of a barium enema plug consructed in
      accordance with the principles of the present invention.
PAR  FIG. 4 is a cross-sectional view of the plug of FIG. 3 taken along the
      lines 3--3 of that figure.
PAR  FIG. 5 is a plug constructed in accordance with the principles of the
      present invention and used for fecal incontinence; and
PAR  FIG. 6 is a retainer strap arrangement for use with the plug of FIGS. 3 and
      4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is directed to an apparatus for stimulating the anal
      sphincter to maintain the sphincter in a substantially continuously
      contracted condition. FIG. 1 illustrates a signal generator for generating
      a biphasic output signal having a positive pulse portion, a negative pulse
      portion, and a zero output portion. This signal is applied to the anal
      sphincter in order to maintain it in the substantially continuously
      contracted condition but allowing for a rest period for the anal sphincter
      to avoid muscle fatigue. Referring to FIG. 1, astable multivibrator 2
      generates a series of timing pulses at gate 6 such as that illustrated in
      FIG. 2A. Initially, transistor 4 is off and gate 6 has an output which is
      high. The high output of gate 6 charges the capacitor 8 through resistors
      10 and 12 until the charge on capacitor 8 is sufficient to turn on
      transistor 4. When transistor 4 turns on, gate 14 goes high and gate 6
      goes low. Capacitor 8 then rapidly discharges through gate 14 and diode
      16. After discharge, the multivibrator circuit is ready to begin another
      cycle. The output of gate 18 is applied to two-stage counter 20. The gates
      6, 14 and 18 may, for example, be RCA COS/MOS digital integrated circuits
      of the QUAD NAND type.
PAR  Two-stage counter 20 comprises two identical stages which may, for example,
      be RCA COS/MOS digital integrated circuits of the dual flip-flop type.
      First and second stages 22 and 24 of the counter are interconnected such
      that when the output of gate 18 is applied to the input of stage 22, the
      output of stage 22 corresponds to FIG. 2B and the output of stage 24
      corresponds to FIG. 2C.
PAR  The output of stage 24 is fed back to the astable multivibrator 2, thus the
      voltage at point 26 varies in accordance with the output of stage 24. This
      variation causes a corresponding variation in the current through R1 and
      R4 and thus changes the period of the astable multivibrator 2. The
      feedback of the output of the counter to the astable multivibrator thus
      causes the change in the period of the timing pulses which is illustrated
      in FIG. 2A of the drawings.
PAR  The output of the counter 20 is applied to output driver circuit 28. The
      output of stage 22 of the counter 20 is supplied to output driver 28
      through tap 30 of a voltage divider circuit comprising resistors 32 and
      35. The voltage divider circuit controls the voltage supply to the base of
      the transistor 34. The output of stage 22 is also applied to one input of
      gate 36 which is of the same type as gates 6, 14 and 18. The other input
      of gate 36 is coupled to the output of stage 24 of counter 20.
PAR  Output driver circuit 28 produces an output signal which is biphasic, i.e.,
      has an average voltage out equal to zero and which comprises three
      portions, a first portion being a positive going pulse, a second portion
      being a negative going pulse and a third portion being zero.
PAR  The wave shape of the output signal is extremely important for proper
      stimulation of the anal sphincter. The biphasic characteristic of the
      signal prevents tissue damage to the muscle tissue while the zero output
      portion of the signal provides a rest period for the muscle thus
      eliminating muscle fatigue. The optimum frequency range for the signal is
      200-600 Hz. Stimulation in this range minimizes the pain caused by the
      application of an electrical signal.
PAR  As indicated above, the output of the output driver circuit is controlled
      by the output of the stages of the two-stage counter 20. When the output
      of stage 22 is low and the output of stage 24 is high, the output of the
      driver circuit is a positive pulse. When the output of stage 22 is high
      and the output of stage 24 is high, the output of the driver circuit is a
      negative pulse. When the output of stages 22 and 24 are both low, the
      output of the driver circuit is zero. The relationship between the outputs
      of the stages of the counter and the output of the driver circuit is
      illustrated in FIGS. 2B, 2C and 2D.
PAR  In particular, when the output of stage 22 is low, and the output of stage
      24 is high, the output of gate 36 is high because of the application of
      the low output of stage 22 to the input of gate 36. The high output on
      gate 36 turns off transistor 38 and thereby transistor 40. The positive
      pulse output is produced by the operation of transistors 34, 42 and 44.
      The output is self-regulated by means of resistor 35 which feeds back the
      output to the base of transistor 34, causing the output of the apparatus
      to decrease in response to an increase in the output and to increase in
      response to a decrease, thus regulating the output.
PAR  When the output of stages 22 and 24 are both high, both inputs to gate 36
      are high, thus producing a low output. This low output turns on
      transistors 38 and 40 and turns off transistors 42 and 44. A negative
      output pulse is produced by means of transistors 34, 38 and 40. The output
      during the negative going pulse portion is also regulated by means of
      feedback resistor 35, in the same manner as in the positive going output
      pulse.
PAR  When the output of counter stages 22 and 24 are both low, transistors 38
      and 40 and 42 and 44 are all turned off, thus producing a zero output. The
      output signal from the output driver circuit is applied to terminals 46
      and 48. Leads (not shown) extend from terminals 46 and 48 to the
      electrodes, mounted on the plug, which are in contact with the anal
      sphincter.
PAR  Current limiter circuit 50 is coupled to the output of the driver circuit
      28 for limiting the current applied to the anal sphincter through the
      electrodes. This is necessary in order to prevent damage to the tissue of
      the anal sphincter due to an excessive amount of current. Current limiter
      50 includes a sensing resistor 52 which is coupled to differential circuit
      54. The output of the differential circuit 54 is applied to the base of
      transistor 34, thus controlling the output of the device.
PAR  Meter circuit 56 may be included in order to detect the peak positive
      output of the apparatus. This is used to monitor the peak voltage applied
      to the anal sphincter.
PAR  The voltage level of the output, which has the same magnitude in the
      positive and negative pulse portions, may be controlled by the adjustment
      of tap 30 of variable resistor 32. Thus, the voltage applied to the anal
      sphincter would depend on the particular condition of the patient.
PAR  It is noted that the values of the capacitor 8 and the resistors R1, R4 and
      12 are selected so that any frequency can be achieved, for example,
      between the range of about 300 Hz to about 2000 Hz. Also, the pulse width
      is in a like manner determined by such range. In this connection, the
      variable resistor or trim pot 10 is employed to set the predetermined
      period of the astable multivibrator, thus setting the frequency of the
      output to the predetermined value.
PAR  It will also be appreciated that although the trim pot 10 is optional in
      the circuitry, it permits the use of more economical electrical
      components.
PAR  The frequency of the apparatus of the invention is set at a value which has
      been found to optimize the reaction of the anal sphincter and minimize
      pain and/or discomfort to the patient. It appears that lower frequencies
      tend to generate more pain than higher frequencies, and they generate
      stronger contractions of the anal sphincter. For example, frequencies of
      about 300 Hz and above have been successfully employed in the practice of
      the invention; and it is suggested that a frequency as high as 2000 Hz
      will also achieve satisfactory test results. The preferred range is
      between 300 Hz and 1000 Hz.
PAR  Referring now to FIGS. 3-6 of the drawings, a plug constructed in
      accordance with the principles of the present invention is partially
      inserted into the anus and has an enlarged forward end to prevent its
      being forced out of the anus by contraction of the anal sphincter. A
      narrow central portion is surrounded by the anal sphincter when it
      contracts and an enlarged rear end prevents it from being completely
      inserted into the rectum. The shape of the plug is important in order to
      achieve optimum results and, from the foregoing, it will be understood
      that the configuration of the plug conforms strictly to the physiological
      contour of the anal canal. This is achieved by taking plaster of paris
      casts of the canal. A cadaver may be used for this purpose, though it is
      possible to use a living person, for example, a paraplegic.
PAR  It has been found that optimum results are achieved when the central
      portion or neck of the plug is dimensioned between 6 mm. and 10 mm. The
      enlarged forward end which is partially inserted into the anus is
      dimensioned between 20 mm.-27 mm., and the rear end is dimensioned between
      16 mm. and 22 mm. All of these dimensions are measured axially of the
      plug.
PAR  The central portion or neck separates a pair of concentrically disposed
      electrodes which are dimensioned between 6 mm. and 9 mm. in an axial
      direction. While the length of the neck portion of the plug can be between
      6 mm. and 10 mm., the spacing between the electrodes should be between 8
      mm. and 10 mm., so that they will make electrical contact with the anal
      sphincter.
PAR  The electrodes are fixed to the plug. This may be accomplished in a number
      of different ways considered apparent to anyone skilled in the art to
      which the invention pertains. It is to be remembered, however, that the
      outer surface of the electrodes should be flush with the outer surface of
      the plug to provide a smooth overall contour of the plug. The electrodes
      may, therefore, be recessed into the surface of the plug. Within this
      context, one possibility contemplates winding wire about the plug and in
      the recesses provided for the electrodes. The electrodes may also be
      fabricated of a unitary piece of metal which are then fixed within the
      recesses at the surface of the plug in any suitable manner.
PAR  The plug should preferably be disposable. Economy of manufacture is,
      therefore, important, and it is thus further contemplated that a simple
      piece of tin foil may suffice for the electrodes. In this example, it may
      not be necessary to provide recesses in the surface of the plug.
PAR  The plug may be machined, or it may be molded. Again, the life of the plug
      is to be considered. If it is to be disposable, one manufacturing process
      may be dictated. If it is to be re-usable, through a suitable
      sterilization process, another manufacturing process may be chosen.
PAR  A plug 58, constructed in accordance with the princples of the present
      invention, and particularly adapted to be used for diagnostic barium enema
      examination, is illustrated in FIGS. 3 and 4. The plug 58 comprises an
      enlarged forward end 60 separated from an enlarged rear end 62 by a neck
      portion 64. The front portion or forward end 60 prevents the plug from
      being forced out of the anus by contraction of the anal sphincter, while
      the rear end 62 prevents complete insertion of the plug into the rectum.
PAR  The narrow central or neck portion 64 is adapted to be surrounded by the
      anal sphincter when it contracts.
PAR  The plug 58 further comprises a pair of electrodes 66 and 68. The
      electrodes are fixed to the plug at or close to the narrow central or neck
      portion 64, so that the electrodes make electrical contact with the anal
      sphincter. The electrodes are separated by an isolating portion 70. This
      portion is actually comprised of the narrowest part of the neck portion
      64. The isolating portion 70 is preferably of 8 mm. to 10 mm. in length,
      that is, in a direction extending longitudinally or axially of the plug
      58, and the electrodes preferably are between 6 mm. and 9 mm. in length,
      all as previously pointed out.
PAR  Though not shown, it will be understood that leads are coupled to the
      electrodes 66 and 68, and apply the output signal from the signal
      generating circuit to the electrodes. The leads may be connected to the
      electrodes in any suitable manner and, depending upon the plug 58 and its
      particular application, may extend from the electrodes to a location
      without the plug in different ways considered apparent to those skilled in
      the art to which the present invention pertains.
PAR  The plug 58 also comprises a pair of bars 72 and 74. These bars, in the
      preferred embodiment of a barium enema plug illustrated in FIGS. 3 and 4,
      are cylindrical. They may be affixed to the enlarged rear end 62 of the
      plug 58 in any suitable manner. One method of attachment is illustrated in
      the drawings, and comprises drilling or otherwise providing a small bore
      76 in each of the bars 72 and 74, and a complementary bore 78 in the rear
      end 62 of the plug. A dowel-like member 80 may then be used together with,
      for example, a suitable epoxy cement to insure that the bars 72 and 74 are
      fixed to the plug 58.
PAR  The bars 72 and 74 are adapted to prevent internal displacement of the plug
      58, which might otherwise occur as a result of contraction of the external
      sphincter muscle during electrical stimulation. To this end, the bars 72
      and 74 are adapted to be positioned against the body between the buttocks
      after insertion of the plug 58. In this position, the bars extend in a
      direction generally longitudinally of the body.
PAR  Since the plug 58 is particularly adapted to be used for diagnostic barium
      enema examination, it comprises, in addition, a channel 82. The channel
      extends the full length of the plug, from the enlarged front end 60 to the
      enlarged rear end 62. The channel 82 is particularly adapted to fixedly
      receive a tube 84 which is longer than the plug 58, and therefore extends
      outwardly of the plug at the rear end 62 thereof. The tube 84 may be
      secured to the plug 58 within the channel 82 in any suitable manner, as,
      for example, by means of a suitable cement. The portion of the tube
      extending outwardly of the plug is particularly adapted to function as a
      connecting nipple, enabling the plug to be connected to a barium enema
      reservoir by means of tubing (not shown) or in any other suitable manner.
      To this end, the external surface of the tube 84 may be provided with
      striations or score lines 86.
PAR  FIG. 5 illustrates a plug that is particularly adapted to control fecal
      incontinence. The parts of the plug illustrated in this figure that are
      similar to the parts of the plug 58 illustrated in FIGS. 3 and 4 are
      identified by like reference characters. These reference characters,
      however, are primed.
PAR  The plug 58' comprises an enlarged forward end 60' and an enlarged rear end
      62' separated by a central or neck portion 64'. The plug 58' comprises,
      further, electrodes 66' and 68' separated by an isolating portion 70'.
PAR  Since the plug 58' is particularly adapted to control fecal incontinence,
      it is solidly built, as is clearly illustrated in FIG. 5. The plug 58'
      comprises, further, a unitary, one-piece horizontal bar 88. This bar
      performs the same function as the bars 72 and 74 of the plug 58, and may
      be affixed to the plug 58' at the enlarged rear end 62' thereof in any
      suitable manner. In the preferred embodiment of this form of the
      invention, as illustrated in FIG. 5, a small bore 90 is drilled into the
      enlarged rear end 62'. A bore 92 is drilled through the bar 88, and is
      adapted to be disposed in alignment with the bore 92. A dowel-like member
      94 may then be used to fixedly secure the bar 88 to the enlarged rear end
      62' and, in this connection, a suitable cement, such as an epoxy, is used.
      In this embodiment, the bar 88 may be of a unitary one-piece construction
      because there is no tubing, such as the tube 84 in the embodiment of FIGS.
      3 and 4, extending outwardly of the plug 58' at the rear end 62' thereof.
PAR  In this embodiment, just as in the embodiment illustrated in FIGS. 3 and 4,
      leads (not shown) are adapted to be connected or coupled to the electrodes
      66' and 68' in any suitable manner, and will extend outwardly of the plug
      58' so that the output signal from the signal generating circuit can be
      applied to the electrodes.
PAR  Returning now to FIGS. 3 and 4 of the drawings, and referring also to FIG.
      6, it will be understood that when a plug constructed in accordance with
      the principles of the present invention is used for diagnostic barium
      enema examination, the contrast material is injected into the rectum and
      colon by passage through the channel or tube extending through the plug.
      During and after the injection of the contrast fluid, the anal sphincter
      is maintained in a substantially contracted condition by application of
      the output signal of the signal generator circuit to the anal sphincter
      through the electrodes on the plug. Thus, after insertion of the plug 58
      in the anal canal, and during any diagnostic barium enema examination,
      where the contrast fluid is injected into the body through the channel 82
      and the tube 84, it is desirable to be able to secure the plug to the
      body. To this end, a securing means 96 (FIG. 6) comprises three straps 98,
      100 and 102. The angle between the straps 98 and 100 is preferably
      90.degree., whereas the angle between each of the straps 98 and 100, on
      the one hand, and the strap 102, on the other, is 135.degree..
PAR  The straps may be fabricated of any suitable material, such as plastic, and
      may be structurally associated with one another where they intersect in
      any suitable manner. In the embodiment illustrated in FIG. 6, the straps
      98, 100 and 102 are positioned in overlapping relationship with respect to
      one another. This overlapping relationship provides a mass of plastic 104.
      An aperture 106 is provided generally centrally of the mass of plastic.
      This may be accomplished, for example, by puncturing a hole through the
      plastic. The diameter of the aperture 106 should be of sufficient
      dimension to enable the tube 84 to be inserted therethrough. The three
      straps may then be moved along the tube until the mass of plastic 104 is
      in position substantially against the bars 72 and 74.
PAR  Another method of structurally associating the three straps with one
      another is to provide a washer (not shown). The three straps may be
      affixed to the washer in any suitable manner, for example, by riveting or
      by use of a suitable cement. The washer will comprise an aperture of
      sufficient diameter enabling the tube 84 to extend therethrough.
PAR  The securing means 96 is instrumental in maintaining proper alignment of
      the plug 58 along the axis of the anal canal, and also prevents expulsion
      of the plug by gravitational forces of the heavy weight contrast material.
      To accomplish this, the straps are affixed to the body. If the position of
      the body is envisioned as being upon its back, the straps 98 and 100 are
      positioned upon the legs by moving them through the area of the groin. The
      strap 102 is positioned at the back by moving it rearwardly and along the
      buttocks. The straps may be affixed to the body in any suitable manner,
      as, for example, by using adhesives. Another possibility is to provide a
      belt (not shown) which may be disposed about the waist or hips of the
      body. The belt and the straps may be provided with Velcro portions (also
      not shown) so that the straps may be removably connected to the belt. And,
      in yet another embodiment, as illustrated in FIG. 6, the straps may be
      provided with fastening hooks 108. When the fastening hooks are used, the
      ends of the straps 98, 100 and 102 will have to be doubled over to provide
      loops 110 at their end. Corresponding loops on the belt will also have to
      be provided.
PAR  It should now be readily apparent that a plug constructed in accordance
      with the principles of the present invention, for example, the plugs 58
      and 58', may be any one of a number of shapes. The primary requirement is
      that the plug must have an enlarged forward end, a narrow central portion
      or neck and an enlarged rear end. The contour of the plug, and the
      dimensions of its various portions, must be chosen so that the plug will
      structurally conform to the physiological contour of the anal canal. The
      electrodes can be mounted anywhere on the plug as long as they contact the
      anal sphincter. The width of the electrodes, that is, their length in a
      direction axially of the plug, must be a minimum of 6 mm. in order to
      insure proper contact with the mucous membranes of the anal canal. The
      electrodes are spaced from one another by an isolating portion at the neck
      of the plug, and the width or length of this portion should be between 8
      mm. and 10 mm.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential characteristics thereof. The
      presently disclosed embodiments are therefore to be considered in all
      respects as illustrative and not restrictive, the scope of the invention
      being indicated by the appended claims rather than the foregoing
      description, and all changes which come within the meaning and range of
      equivalency of the claims are therefore intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for stimulating the anal sphincter to maintain it in a
      continuously substantially contracted condition while a fluid is being
      introduced into the rectum, said apparatus comprising:
PA1  a. plug means for insertion into the anus such that a portion of said plug
      means is surrounded by the anal sphincter, said plug means having a
      central aperture therethrough for the introduction of fluid into the
      rectum when said plug means is inserted into the anus;
PA1  b. electrode means mounted on said plug means such that said electrode
      means contacts the anal sphincter when said plug means is inserted into
      the anus, said electrode means being adapted to apply an output signal to
      the anal sphincter to cause it to contract when fluid is introduced into
      the rectum through said central aperture in said plug means, said output
      signal being derived from an external signal generator means; and
PA1  c. said external signal generator means generating a biphasic output signal
      having a positive pulse portion, a negative pulse portion and a zero
      output portion, said external signal generator means being coupled to said
      electrode means such that said output signal is applied to the anal
      sphincter through said electrode means, said output signal having a
      frequency greater than or equal to 300 Hz. and less than or equal to 1000
      Hz.
NUM  2.
PAR  2. An apparatus for stimulating the anal sphincter to maintain the anal
      sphincter in a continuously substantially contracted condition, said
      apparatus comprising:
PA1  plug means for insertion into the anus such that a portion of said plug
      means is surrounded by the anal sphincter,
PA1  electrodes mounted on said plug means wherein said electrodes contact the
      anal sphincter,
PA1  signal generator means for generating a biphasic output signal having a
      positive pulse portion, a negative pulse portion, and a zero output
      portion, said signal generating means being coupled to said electrodes
      such that said output signal is applied to the anal sphincter through said
      electrodes, whereby the application of said output signal to the anal
      sphincter causes the anal sphincter to contract and remain in a contracted
      condition,
PA1  said signal generator means comprising timer means for generating a
      plurality of timing pulses, counter means coupled to said timer means for
      counting said timing pulses and for producing an output in accordance with
      the number of pulses counted, and output driver means coupled to said
      counter means for producing said output signal and for applying said
      output signal to said electrodes,
PA1  said counter means comprising a two stage counter and means for
      simultaneously applying the output of each stage to said output driver
      means for controlling said output driver means, and means for creating a
      feedback output from one of the counter stages to said timer means for
      changing the period of said timer means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said plug means has a central aperture
      therethrough for the introduction of fluid into the rectum when said plug
      means is inserted into the anus.
NUM  4.
PAR  4. The apparatus of claim 3 wherein a tube is mounted within said central
      aperture of said plug means, said tube having a rear end portion extending
      rearwardly of said plug means and being adapted to be connected to an
      enema reservoir.
NUM  5.
PAR  5. The apparatus of claim 3 wherein the frequency of said output signal is
      at least 100 Hz.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the frequency of said output signal
      equals or is less than 2000 Hz.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the frequency of said output signal
      equals or is greater than 300 Hz.
NUM  8.
PAR  8. The apparatus of claim 5 wherein the frequency of said output signal
      equals or is greater than 300 Hz.
NUM  9.
PAR  9. The apparatus of claim 8 wherein the frequency of said output signal
      equals or is less than 1000 Hz.
NUM  10.
PAR  10. An apparatus for stimulating the anal sphincter to maintain it in a
      continuously substantially contracted condition while a fluid is being
      introduced into the rectum, said apparatus comprising:
PA1  a. plug means for insertion into the anus such that a portion of said plug
      means is surrounded by the anal sphincter, said plug means having a
      central aperture therethrough for the introduction of fluid into the
      rectum when said plug means is inserted into the anus;
PA1  b. electrode means mounted on said plug means such that said electrode
      means contacts the anal sphincter when said plug means is inserted into
      the anus, said electrode means being adapted to apply an output signal to
      the anal sphincter to cause it to contract when fluid is introduced into
      the rectum through said central aperture in said plug means; and
PA1  c. a signal generator means for generating a biphasic output signal having
      a positive pulse portion, a negative pulse portion, and a zero output
      portion, said signal generator means being coupled to said electrodes such
      that said output signal is applied to the anal sphincter through said
      electrodes, said signal generator means having a timer means for
      generating a plurality of timing pulses, a counter means, coupled to said
      timer means, for counting said timing pulses and for producing an output
      in accordance with the number of pulses counted and an output driver
      means, coupled to said counter means for producing said output signal and
      for applying said output signal to said electrodes, said output driver
      means including voltage regulation means for regulating the magnitude of
      the positive and negative pulse portions of the output signal.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said output driver means further
      includes current limiter means for limiting the magnitude of the current
      of said output signal.
NUM  12.
PAR  12. An apparatus for stimulating the anal sphincter to maintain it in a
      continuously substantially contracted condition while a fluid is being
      introduced into the rectum, said apparatus comprising:
PA1  a. plug means for insertion into the anus such that a portion of said plug
      means is surrounded by the anal sphincter, said plug means having a
      central aperture therethrough for the introduction of fluid into the
      rectum when said plug means is inserted into the anus;
PA1  b. electrode means mounted on said plug means such that said electrode
      means contacts the anal sphincter when said plug means is inserted into
      the anus, said electrode means being adapted to apply an output signal to
      the anal sphincter to cause it to contract when fluid is introduced into
      the rectum through said central aperture in said plug means; and
PA1  c. a signal generator means for generating a biphasic output signal having
      a positive pulse portion, a negative pulse portion, and a zero output
      portions, said signal generator means being coupled to said electrodes
      such that said output signal is applied to the anal sphincter through said
      electrodes, said signal generator means having a timer means for
      generating a plurality of timing pulses, a counter means, coupled to said
      timer means, for counting said timing pulses and for producing an output
      in accordance with the number of pulses counted and an output driver
      means, coupled to said counter means for producing said output signal and
      for applying said output signal to said electrodes, said counter means
      having a two-stage counter and means for simultaneously applying the
      output of each stage to said output driver means for controlling said
      output driver means, and wherein means are provided to create a feedback
      output from one of the stages to said timer means for changing the period
      of said timer means.
NUM  13.
PAR  13. An apparatus for stimulating the anal sphincter to maintain it in a
      continuously substantially contracted condition while a fluid is being
      introduced into the rectum, said apparatus comprising:
PA1  a. plug means for insertion into the anus such that a portion of said plug
      means is surrounded by the anal sphincter, said plug means having a
      central aperture therethrough for the introduction of fluid into the
      rectum when said plug means is inserted into the anus;
PA1  b. electrode means mounted on said plug means such that said electrode
      means contacts the anal sphincter when said plug means is inserted into
      the anus, said electrode means being adapted to apply an output signal to
      the anal sphincter to cause it to contract when fluid is introduced into
      the rectum through said central aperture in said plug means; and
PA1  c. a signal generator means for generating a biphasic output signal having
      a positive pulse portion, a negative pulse portion, and a zero output
      portion, said signal generator means being coupled to said electrodes such
      that said output signal is applied to the anal sphincter through said
      electrodes, said signal generator means having a timer means for
      generating a plurality of timing pulses, a counter means, coupled to said
      timer means, for counting said timing pulses and for producing an output
      in accordance with the number of pulses counted, an output driver means,
      coupled to said counter means for producing said output signal and for
      applying said output signal to said electrodes, and a meter means coupled
      to said output driver means for detecting and indicating the peak output
      voltage of said output signal.
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ABST
PAL  In a combine having a header to cut crop material and an elevator to
      deliver the cut crop material to auger means in an undershot manner for
      feeding the same to threshing rotor of an axial flow combine, there is
      provided an adjustable transition or feed plate between the upper end of
      the elevator and the forward end of the rotor means to adapt the combine
      to accommodate crops of different types of texture, bulk, character and
      moisture content and prevent back-feeding of the crop material down the
      elevator. The adjustment is readily made manually and externally of the
      combine.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is one of a limited series of applications filed on even
      dates herewith and respectively pertaining to different improvement
      inventions applicable generally to an axial flow combine of the type, for
      example, shown and described in U.S. Pat. No. 3,664,110, dated May 23,
      1972, and assigned to the same assignee as the instant invention.
PAC  BACKGROUND OF THE INVENTION
PAR  Combines for harvesting grain crops such as wheat, barley, oats and the
      like have been known for many years. The use of combines to harvest grain
      crops of this type has permitted the efficient production of said type
      grain grown on very extensive fields with minimum use of labor and
      consumption of time. Progressively, combines have been developed capable
      of harvesting wider swaths of grain than previously harvested by earlier
      combines and this has resulted in the combines being larger and more
      powerful, as well as more expensive than such earlier combines.
PAR  The increase in cost of such aforementioned improved combines also has led
      to attempts to develop combines capable of harvesting a wider variety of
      seed or grain crops than capable of being handled by earlier combines,
      adapting such combines for said harvesting of a wider variety of crops
      however being made possible by minimum requirements of exchanging certain
      elements of the combine for others, especially the headers and elevators.
      For example, harvesting corn requires a different type of header to cut
      and elevate the corn stalks and ears to the threshing mechanism than is
      required for harvesting wheat, oats, and similar headed stalk crops.
      Further, harvesting bean or other pod-like crops requires different header
      structures from those used to harvest corn and wheat-like crops for
      example.
PAR  With respect to the threshing and separating mechanism of the combine
      however, it is preferred that the same be adapted to thresh and separate
      substantially all types of seed type crops for purposes of threshing and
      separating the seed from the stalks, vines and other waste material, the
      latter being discharged upon the field as the combine moves along the same
      in a harvesting operation.
PAR  It readily can be appreciated that adapting a combine to harvest, thresh
      and separate a wide variety of crop materials of the type referred to
      above makes it necessary that the combine handle a substantial variety of
      different types of crops varying as to bulk, moisture content, toughness
      of the stalk or vine included in the crops and otherwise. Preferably, by
      adjusting the spacings between the rotors and concaves in threshing and
      separating areas of the combine, this part of the apparatus has been
      developed sucessfully and comprises, for example, the subject matter of
      the following prior patents, all of which are assigned to the assignee of
      the present invention.
TBL  ______________________________________                                    
     3,626,472         Dec. 7, 1971                                            
     3,645,270         Feb. 29, 1972                                           
     3,664,100         May 23, 1972                                            
     3,794,047         Feb. 26, 1974                                           
     ______________________________________                                    
PAR  Notwithstanding the capabilities of the inventions comprising the subject
      matter of the foregoing patents, it now has been found that additional
      features render such universal type combines even more efficient and
      effective. For example, referring to said aforementioned U.S. Pat. Nos.
      3,626,472 and 3,794,047 there is a ramp which extends between the upper
      end of the bottom plate of the elevator, upwardly and rearwardly toward
      the forward end of the rotor of the threshing and separating mechanism.
      Said ramp also constitutes a transition or feed plate and, as shown in
      said patents, said ramp or feed plate is of a fixed nature. Said combines
      are of the type in which the lower span of the elevator feeds the crop
      material upwardly and rearwardly toward the forward end of the rotors,
      delivering the same to the rotors in a so-called undershot manner. The
      rotors conventionally employ an auger at the forward end thereof which is
      rotated by power means in a direction to feed the crop material inwardly
      to the rotors for engagement by said rotors and concaves associated
      therewith in the combine which is of the axial flow type, the same being
      the type to which the present invention pertains.
PAR  Depending upon the nature and character of the crop and especially the
      toughness thereof, moisture content, bulk and the like, it has been found
      that a fixed type of ramp, transition or feed plate to guide the crop
      material from the upper end of the elevator toward the forward end of the
      rotor of the combine is not readily capable of accommodating all types of
      such crop conditions efficiently. For example, if the bulk is too great at
      any instant, because of a sudden surge or momentary increase in the amount
      of the crop material being delivered by the elevator to the rotor, excess
      material which cannot be accepted by the auger and rotor will be returned
      by the upper span of the elevator toward the header for recycling of the
      same by the lower span of the elevator. Obviously, such operation is
      wasteful and undesirable. Therefor, it is the principle object of the
      present invention to render a combine of the type described capable of
      accommodating a wide variety of different types of crops, such as those
      varying in bulk, moisture content, and the like by including certain
      improvements consitituting the essential features of the present
      invention, details of which are described hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principle object of the present invention to provide between the
      upper end of the elevator of an axial flow type combine and the forward
      end of the rotor and the threshing and separating elements incorporated in
      the combine, a ramp, transition or feed plate which is spaced below
      feeding means, such as an auger, mounted on the rotor forward end and
      together therewith defines a passageway for crop material from the upper
      end of the elevator to the forward rotor end, with the ramp defining the
      lower boundary of the passageway and being adapted to guide crop material
      from the elevator through the passageway upon operation of the auger.
PAR  It is another object of the invention to provide means for adjusting the
      ramp toward and away from the auger to vary the cross-sectional size of
      the passageway in accordance with the nature and bulk of the crop material
      and thereby effect efficient feeding of crop material by the auger from
      the elevator to the foward end of the rotor.
PAR  It is a further object of the invention to provide such ramp or feed plate
      in the form of a plurality of articulated plate members, one of which is
      hingedly connected to the combine adjacent the lower forward end of the
      rotor and casing and is capable of being disposed at different angular
      relationships relative to the axis of said hinged connection, and clamping
      means secured in said plate in a desired angular adjusted position, the
      adjustment being capable of being made exteriorly of the opposite sides of
      the combine.
PAR  It is a further object of the invention to hingedly connect said plurality
      of plate members together along an axis transverse to the axis of the
      rotor, said plate members extending between opposite sides of the inlet
      end of the combine and the outer end of the outermost plate member
      extending to and underlying the upper end of the bottom plate of the
      elevator and supported by transverse support means adjacent said bottom
      plate of the elevator.
PAR  Still another object of the invention is to provide an additional guide
      plate which is connected pivotally to the upper end of the bottom plate of
      the elevator and extends upward and rearwardly therefrom toward the auger
      and rotor of the combine, the upper end of said additional guide plate
      being spring pressed into firm engagement with the hingedly connected pair
      of plate members of the ramp or feed plate, whereby when the articulated
      plate members of the ramp or feed plate are moved to different positions
      toward and from the axis of the auger and rotor for example, the upper end
      of the additional guide plate will firmly engage the upper surface of said
      articulated plate members and thereby prevent any escape of crop material
      therebetween.
PAR  It is still another object of the invention to provide the opposite edges
      of the aforementioned plate member, which is hingedly connected at one end
      adjacent the forward end of the rotor and concave of the combine, with
      side members which extends substantially perpendicularly to the plate
      member and are provided with arcuate slots which are segmental arcs of a
      circle of which the pivotal axis of said plate member is the center, and
      bolt means extending through holes in side plates of the combine also
      extend through said arcuate slots and are operable to clamp said side
      members of said plate member firmly against the sides of said combine
      ajacent the inlet to said rotor and casing.
PAR  It is a still further object of the invention to provide such adjustable
      mounting for the ramp or feed plate means in a combine having a pair of
      axial flow rotors and casing as well as augers on the forward ends of said
      rotor, such ramp or feed plate means extending transversely across the
      full width of the inlet end of the combine for the delivery of crop
      material to thw forward ends of the augers and rotors thereof, the flights
      of the rotors respectively being in opposite spiral directions and the
      power means of the combine respectively driving said rotors and augers in
      opposite rotatable directions adapted to feed the crop material toward the
      central portion of the inlet feed space in the combine which is
      immediately above the ramp or feed plate comprising the present invention.
PAR  Details of the foregoing objects and of the invention, as well as other
      objects thereof, are set forth in the following specification and
      illustrated in the accompanying drawings comprising a part thereof.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of an exemplary combine of the axial flow type
      to which the present invention pertains, part of the figure being broken
      away to disclose details of the interior thereof.
PAR  FIG. 2 is a fragmentary vertical sectional elevation of the portion of the
      combine in the area which is broken away in FIG. 1, the same being
      illustrated on a substantially larger scale than employed in FIG. 1 and
      showing details of the feed or transition plate comprising the essential
      features of the present invention.
PAR  FIG. 3 is a fragmentary elevation showing partially in plan view details of
      the portion of the combine which is illustrated in FIG. 2, as seen on the
      line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the combine 10 is generally of the type illustrated,
      for example, in said aforementioned U.S. Pat. Nos. 3,626,472 and
      3,794,047. Said combine is of the axial flow type and includes a housing
      12 in which the threshing and separating mechanism of the combine is
      included. Said housing is defined by opposite side plates 14. The forward
      end of the combine 10 has a header 16 detachably connected thereto for
      replacement by different types of crop cutting and converging mechanism.
      The header 16 shown in FIG. 1 also includes a reel 18 and a converging
      auger 20 which is at the forward end of the elevator 22 which is of the
      undershot type.
PAR  After the grain is threshed and separated within the housing 12, the grain
      is elevated by suitable means of conventional type to the grain bin 24 and
      the straw, vines and other waste material of the crop are discharged
      through the rear discharge compartment 26. All of the moving elements of
      the combine 10 are driven by an internal combustion engine within the
      engine compartment 28, said engine being of substantial horsepower and
      adapted not only to drive all of the moving components of the combine but
      also operating the drive wheels 30 of the combine which, together with the
      rear wheels 32, render the combine mobile.
PAR  Referring to FIG. 2, it will be seen that the elevator 22 comprises an
      upper plate 34 which extends transversely across the entire width of the
      elevator and terminates in a rearwardly and downwardly curved extremity
      36. The elevator 24 also includes a bottom plate which, as can be seen
      from FIG. 1, normally extends upwardly and rearwardly from the header 16
      to an auger 40 mounted on the forward end of a rotor 42, the forward end
      of the latter being fragmentarily illustrated in FIG. 2. As can be seen
      from FIG. 3, in the preferred construction of the combine 10, there is a
      pair of augers 40 which are respectively operable adjacent the forward end
      of substantially cylindrical casings 44 which also enclose the rotors 42.
      The rotors 42 and casings 44 and the mounted crop threshing and separating
      elements which, although not shown in the subject application, drawings,
      are shown in said aforementioned patents, to which attention is directed
      for further information on the same.
PAR  The power means within engine compartment 28 is suitably connected to the
      rear ends of the rotors 42 to drive the same and the augers 40 mounted to
      the forward ends thereof in opposite rotary directions, as indicated by
      the arcuate arrows on the rotors shown in FIG. 3. Also, the spiral flights
      46 of the augers 40 respectively are spiralled in opposite direction so
      that when the rotors and augers are driven respectively in opposite rotary
      directions, the flights 46 of the augers 40 respectively will tend to feed
      the crop material toward the center of the combine, away from the opposite
      side plates 14 thereof.
PAR  The elevator 22 also includes at opposite ends thereof, a series of
      sprocket gears 48 mounted upon the upper shaft 50 of the elevator, as
      shown in FIG. 2, and endless chains 52 extend around the sprocket gears
      respectively at opposite ends of the elevator for purposes of supporting a
      series of longitudinally spaced, transversely extending elevator bars 54
      which aggressively engage the crop material which is slidably advanced
      along the bottom plate 38 to deliver the same in an undershot manner to
      the lower portions of the augers 40. It will be seen in FIG. 2 that the
      upper end 56 of bottom plate 38 terminates adjacent the sprocket gears 48
      and therefore it is necessary to provide suitable support and transport
      means for the crop material between the upper or terminal end 56 of bottom
      plate 38 of the elevator and the forward ends of the rotors 42.
PAR  In the combine inventions illustrated in said aforementioned patents,
      stationary ramp members are provided which are spaced below the augers 40
      and extend from the upper ends of the bottom plate 38 of the elevator to
      the forward ends of the rotors. However, such an arrangement has been less
      than continuously satisfactory due to the difference in either continuous
      or momentary bulk of a certain type of crop material as compared with that
      of another type or kind of crop material. Differences in moisture content
      also will affect the nature of the feeding of the crop material from the
      elevator to the augers and rotors. Accordingly, under circumstances where
      a greater bulk, for example, of a certain type of crop material is being
      delivered to the augers and rotors from the elevator than can readily be
      accommodated by the passagway defined between said aformentioned ramp and
      augers, the excess amounts of said bulk of material were carried away from
      the augers by the upper spans of the endless material conveying apron of
      the elevator comprising the chains 52 and bars 54. Such operation is
      wasteful of energy since the material that is backfed down the elevator
      has to be recycled and conveyed upwardly again to the augers, possibly
      resulting in additional excess volume and thereby rendering the operation
      of the combine inefficient.
PAR  The foregoing situation is substantially eliminated by the principal
      feature of the present invention which comprises a type of ramp or feed
      plate, also comprising a transition plate, which is spaced below the
      augers 40 and which extends from the upper or terminal end 56 of the
      bottom plate 38 of the elevator to the forward ends of the rotors 42 and a
      forward inlet opening 57 of the casings 44. The ramp and augers 40 define
      a passageway for crop material from the upper end 56 of the bottom to the
      forward inlet opening of the casings 44, with the ramp defining the lower
      boundary of the passageway and being adapted to guide crop material
      through the passageway upon rotation of the augers 40. Details of such
      improved ramp or feed plate are shown in FIGS. 2 and 3, said details and
      the function thereof being described as follows.
PAR  The ramp or feed plate 58 consists preferably of a pair of plates
      respectively identified as a first plate 60 and a second plate 62. The end
      of the first plate 60 which is nearest the rotor 42 is connected by
      suitable hinge means 64 to a transversely extending pivotal means 66 which
      extends between the opposite side plates 14 of the housing of the combine.
      Said first plate also is of sufficient width to extend between said side
      plates 14 and, secured to the opposite sides of plate 60 are a pair of
      side members 68, the lower edges of which have inwardly turned flanges 70
      which are affixed to the opposite side edges of plate 60 by any suitable
      means such as rivets 72. The shape of the side members 68 is best
      illustrated in FIG. 2 and it will be seen that they are provided with
      similar arcuate slots 74 which comprise arcs of a circle having the axis
      of pivotal means 66 as a center. Bolts 76 extend through suitable holes in
      the side plate 14 of the housing 12 of the combine, as shown in FIGS. 2
      and 3, whereby when nuts are tightened on said bolts the side members 68
      are tightly clamped against the inner surfaces of said side plates 14, in
      firm parallel relationship therewith, whereby it will be seen that the
      plates 60 may be disposed at various angles about the axis of the pivot
      means 66 and thereby vary the cross-sectional size of the passageway
      defined between the plate 60 and the auger 40 which the crop material is
      moved from the elevator to the rotors 42. One position of the plate 60 is
      shown in full lines in FIG. 2, while another position at a greater angle
      to the auger 40 is shown in phantom in said figure. An infinite number of
      other angular positions is possible for purposes of providing a passageway
      of suitable crosssectional size and profile through which a particular
      crop material may be moved from the elevator to the rotors 42 without
      appreciable backfeeding of any of the material down the upper span of the
      flexible material conveying apron of the elevator and thereby resulting in
      efficient feeding of the crop material in an undershot manner to the auger
      40 for immediate transfer to the rotors 42 where said material is threshed
      by operation of the rotors with respect to a concave, not shown, on the
      casings of the types shown in said aforementioned patents, which are
      adjacent the lower portions of the rotors 42.
PAR  The forward end of plate 60 also is hingedly connected to the uppermost end
      of second plate 62, portions of the adjacent ends of said plates 60 and 62
      being formed in cylindrical configurations to constitute hinged members
      78, best shown in FIG. 3, which interfit and receive an elongated
      transverse pin 80 therethrough to form a flexible connection between
      plates 60 and 62. The lower forward end 82 of plate 62 is supported by a
      stationary transverse member 84 shown in FIG. 2 which slidably supports
      said forward end of plate 62 by gravity. It will be seen that the lower
      forward end 82 of plate 62 underlies the upper end portion of bottom plate
      38 of the elevator.
PAR  In order that there will be no appreciable possibility for crop material to
      escape between the bottom plate 38 and the upper surface of second plate
      62, the present invention also includes an additional guide plate 86 which
      also extends between the opposite sides of the housing of elevator 22 and
      the side plates 14 of the combine. The lower, forward end of additional
      plate 86 is pivotally supported by transversely extending rod 88 around
      which a cylindrical end 90 of plate 86 extends to establish a pivotal
      support for said forward end of plate 86. The opposite end 92 preferably
      is provided with a compressible sealing gasket strip 94, such as rubber or
      material similar in nature thereto, which slidably abuts the upper surface
      of plates 60 and/or 62, depending upon the adjusted position of said
      plates for purposes of accommodating a particular type or kind of crop
      being harvested by the combine.
PAR  To insure maximum sealing effect by the plate 86 and strip 94, the
      cylindrical end 90 of plate 86 is provided with short openings 96 which
      are best shown in FIG. 3 adjacent the lower portion thereof, for purposes
      of receiving coiled portions of springs 98 having legs 100 on the opposite
      ends thereof which respectively abut the upper surfaces of bottom plate 38
      of the elevator and additional guide plate 86, as clearly shown in FIGS. 2
      and 3, for purposes of constantly biasing the opposite end 92 of plate 86
      and the sealing gasket strip 94 into firm engagement with the upper
      surface of plate 60 and/or 62.
PAR  From the foregoing, it will be seen that the present invention provides
      relatively simple, very durable and highly effective adjustable ramp or
      feed plate mechanism extending between the upper end of bottom plate 38 of
      the elevator and the forward ends of the rotors 42 for purposes of
      adjusting the depth, in a substantially vertical direction, and thereby
      the cross-sectional size, of the passageway for the crop material from the
      elevator to the rotors while moving along the path of the material
      therebetween. The adjustability of said depth is accomplished externally
      of the combine by loosening the bolts 76 which, as shown in FIG. 3, are
      readily accessible on the exterior of the housing 12 of the combine. Also,
      the lower surface of the plates 60 and 62 are accessible from the exterior
      of the combine. Adjustment of the feed plate primarily is accomplished
      empirically, such as by making an adjustment, operating the combine for a
      limited period and inspecting the results, and readjusting the position of
      the plates 60 and 62 if found to be necessary. When the preferred
      adjustment is ultimately made, the combine usually may be used
      continuously for a specific kind of crop without further adjustment being
      necessary.
PAR  While the invention has been described and illustrated in its several
      preferred embodiments, it should be understood that the invention is not
      to be limited to the precise details herein illustrated and described
      since the same may be carried out in other ways falling within the scope
      of the invention as illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an axial flow combine having means for elevating crop material from
      the field to a terminal end there of and at least one axially arranged
      threshing and separating unit, said unit including an elongated casing
      having a forward inlet opening for receiving crop material being disposed
      rearwardly from said terminal end of said elevating means, a rotor
      arranged coaxial with and mounted for rotation relative to said casing and
      elements arranged along said rotor and said casing for coaction together
      to thresh and separate crop material upon rotation of said rotor, said
      rotor having feeding means on a forward end thereof adjacent said casing
      inlet opening and being operable for feeding crop material to said casing
      inlet opening and said rotor end upon rotation of said rotor, the
      improvement which comprises: feed ramp means being spaced below said
      feeding means and together therewith defining a passageway for crop
      material from said terminal end of said elevating means to said casing
      inlet opening, said ramp means defining the lower boundary of said
      passageway and being adapted to guide crop material from said elevating
      means through said passageway upon operation of said feeding means; and
      means for adjusting said ramp means toward and away from said feeding
      means to vary the cross-sectional size of said passageway in accordance
      with the nature and bulk of said crop material and thereby effect
      efficient feeding of said crop material by said feeding means from said
      eevating means to said casing inlet opening and said rotor end.
NUM  2.
PAR  2. The combine according to claim 1 in which said feed ramp means comprises
      a pivotally articulated plurality of plate-like members, said articulation
      being intermediately between said terminal end of said elevating means and
      the forward inlet opening of said casing, thereby rendering said feed ramp
      means pivotally flexible to dispose portions thereof at different
      positions relative to said feeding means, and said adjusting means
      comprises means to secure said members at a desired one of said positions.
NUM  3.
PAR  3. The combine according to claim 1 in which said feed ramp means comprises
      a pair of plate-like members, hinge means connecting together adjacent
      ends of said members about an axis transverse to the rotational axis of
      said rotor, said hinge means being located intermediately between remote
      ends of said members, first support means disposed adjacent the forward
      inlet opening of said casing and extending transversely to said rotational
      axis of said rotor, means pivotally connecting a remote end of one of said
      members to said support means, and second support means disposed adjacent
      said terminal end of said elevating means and below the same with a remote
      end of said other member slidably engaging said second support member for
      support thereby.
NUM  4.
PAR  4. The combine according to claim 1 in which said feed ramp means comprises
      a plate-like guide member for crop material movably supported for angular
      adjustment adjacent the forward inlet opening of said casing and extending
      toward said terminal end of said elevating means, and said adjusting means
      comprises means to secure said plate-like guide member in a desired
      angular position between said casing and said elevating means.
NUM  5.
PAR  5. The combine according to claim 4 in which said feed ramp means further
      comprises a support member extending transversely to the rotational axis
      of said rotor and being mounted adjacent said terminal end of said
      elevating means and below the same to support and guide the end of said
      plate-like member nearest said terminal end of said elevating means.
NUM  6.
PAR  6. The combine according to claim 4 in which said feed ramp means further
      comprises a support means disposed adjacent the forward inlet opening of
      said casing and extending transversely to said rotational axis of said
      rotor between opposite sides of said combine, said plate-like guide member
      of said feed ramp means having one end pivotally connected to said support
      means, and said securing means of said adjusting means comprises side
      members secured respectively to opposite sides of said plate-like guide
      members and extending adjacently along said opposite sides of said combine
      for movable relationship therewith upon pivoting of said guide member and
      means to clamp said side members in fixed relationship to respective
      opposite sides of said combine to secure said guide member in a desired
      angular position relative to the forward inlet opening of said casing.
NUM  7.
PAR  7. The combine according to claim 4 in which said feed ramp means further
      comprises an additional guide plate movably supported at one end adjacent
      said terminal end of said elevating means with the other end of said
      additional guide plate overlying said plate-like guide member and slidably
      engaging the same to provide continuous guide and support for crop
      material from said elevating means to said forward inlet opening of said
      casing.
NUM  8.
PAR  8. The combine according to claim 7 in which said feed ramp means further
      comprises spring means engagable with said additional guide plate and
      operable to maintain said other end thereof in firm engagement with said
      platelike guide member at all times, thereby to prevent the escape of crop
      material between said additional guide plate and said plate-like guide
      member.
NUM  9.
PAR  9. The combine according to claim 1 in which said feed ramp means comprises
      support means disposed adjacent the foward inlet opening of said casing
      and extending transversely to said rotational axis of said rotor, a first
      plate pivotally connected at one end to said support means, a second plate
      pivotally connected at one end to an opposite end of said first plate and
      extending forwardly to an opposite end, transverse means arranged to
      support said opposite end of said second plate at a position below said
      terminal end of said elevating means, an additional guide plate pivotally
      supported at one end adjacent said terminal end of said elevating means
      above said opposite end of said second plate and about an axis transverse
      to said rotational axis of said rotor, said additional guide plate
      extending to an opposite end which slidably engages surface portions of
      said pivotally connected first and second plates depending upon the
      respective adjusted positions thereof resulting from pivotal movement
      thereof toward and away from said feeding means, and in which said
      adjusting means comprises means to clamp said first and second plates in a
      desired one of their adjusted positions.
NUM  10.
PAR  10. The combine according to claim 10 in which said feed ramp means further
      comprises spring means engagable with said additional guide plate and
      operable to bias said opposite end thereof into engagement with said
      surface portions of said first and second plates depending upon the
      respective adjusted position thereof.
NUM  11.
PAR  11. The combine according to claim 8 in which said adjusting means further
      comprises side members secured respectively to opposite sides of said
      first plate and extending adjacently along respective opposite sides of
      said combine for movable relationship therewith upon pivoting of said
      first plate, said clamping means of said adjusting means being operable to
      clamp said side members to respective opposite sides of said combine for
      securing said first and second plates in a desired one of their adjusted
      positions.
NUM  12.
PAR  12. The combine according to claim 9 in which said feed ramp means further
      comprises yieldable sealing shoe means attached to the underside of said
      opposite end of said additional guide plate, said sealing shoe means being
      directly engagable with said surface portions of said first and second
      plates and operable to seal engagement of said additional guide plate
      relative to said first and second plates.
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ABST
PAL  This invention relates to a method of removing nicotine in smoking and a
      smoking filter to be used therefore. The method according to the present
      invention comprising the impregnation of smoking filter with an aqueous
      solution of potassium permanganate and chlorine just before smoking and
      thereby to change, by the smoking filter through which smoke passes,
      poisonous nicotine contained in the smoke produced from burning of tobacco
      into nutritious vitamin which is a factor of vitamin B complex.
BSUM
PAR  In the art of smoking filter, a lot of methods of removing nicotine and
      smoking filters used for carrying out the methods have been provided
      conventionally, the methods constituting to remove poisonous substances
      contained in the smoke produced from burning of tobacco. However, most of
      the conventional smoking filters are adapted to filtrate only physically
      the smoke which passes therethrough and remove poisonous substances and
      they have an inherent defect not to sufficiently remove poisonous
      substance of nicotine contained in the smoke. A smoking filter is well
      known in which extremely fine fibers of capillarity and the like having
      sufficient density are packed in a cylindrical filter case opposite ends
      of which are opened, in order to filtrate the smoke, however, in this
      case, the smoking filter filtrates poisonous substances contained in
      passing smoke only physically so that most of the poisonous substances
      pass through the smoking filter without removed thereby to affect smokers.
PAR  In the meantime, it is known that nicotine is dissolved in water. Another
      smoking filter taking advantages of this feature is also conventionally
      known in which the nicotine in the smoke produced from burning of tobacco
      is removed by dissolving the nicotine in the water. In the smoking filter
      as above-mentioned, a cigar or a cigarette can be insertable to the top
      end thereof and a water absorbable member is provided in the inside of a
      filter case having a longitudinal smoke passing aperture therethrough from
      the top end to the rear end. However, the smoking filter having the
      above-mentioned construction cannot remove nicotine so efficiently as to
      be expected because the nicotine once dissolved in the water contained in
      the smoking filter is evaporated again in the smoke passing through the
      smoking filter to be mixed therewith and is inhaled into the human body
      without removed due to extremely high volatile feature of nicotine even in
      the room temperature. In other words, in the smoking filter containing
      water, the amount of removing nicotine is estimated at the difference
      between dissolution amount and evaporation amount of nicotine, however,
      the evaporation amount of nicotine is so large that the rate of removing
      nicotine could not be increased. The more cigarettes are used for a
      smoking filter to remove nicotine, the more nicotine is dissolved in the
      smoking filter. This results in reducing dissolution volume of nicotine,
      but, adversely, the evaporation volume of nicotine which is once dissolved
      in the smoke increased thus reducing conspicuously nicotine removing
      effect.
PAR  The present invention comprises to impregnate just before smoking an
      oxidizing liquid of predetermined concentration in a smoking filter having
      both features of water absorbability and ventilation, in order to oxidize
      volatile and deadly poisonous nicotine contained in the smoke produced
      from burning of tobacco. The oxidizing liquid impregnated in the filter
      can oxidize a sufficient amount of nicotine contained in the smoke
      effectively in a short time in which smoke passes through the filter. The
      oxidizing liquid used for the invention is of a kind and a concentration
      to be harmless to the human body. The oxidizing liquid is adapted to be
      impregnated in the smoking filter justs before smoking a cigarette in
      order to minimize a chemical change of the liquid prior to smoking.
PAR  By the way, the term "a cigarette" is used throughout the specification for
      convenience of description, however, it should not exclude other types of
      tobacco such as a cigar and the like.
PAR  Accordingly, the object of the present invention is to provide a method
      exceedingly efficient in removing nicotine poisonous to the human body
      which is contained in the smoke from tobacco and is produced in smoking,
      and a smoking filter to be used for carrying out the method.
PAR  The another important object of the present invention is to provide a
      method of removing nicotine which prevents a chemical change of an
      oxidizing liquid before using of it and preserves the efficiency of the
      oxidizing liquid for a long period, and a smoking filter to be used for
      carrying out the method.
DRWD
PAR  These and other objects, features and advantages of the invention will
      become apparent from the following description with reference to the
      accompanying drawing in which:
PAR  FIG. 1 is a side elevation of a part of a cigarette to which a smoking
      filter is directly connected to the rear end of the cigarette body
      according to the present invention;
PAR  FIG. 2 is a section of a container which contains an oxidizing extract
      therein;
PAR  FIG. 3 is a section of another smoking filter to the top end of which is
      insertable a cigarette; and
PAR  FIG. 4 is a section of another smoking filter which houses a capsule
      therein.
DETD
PAR  The invention will be understood more readily by reference to the following
      examples, however, these examples are intended to illustrate the invention
      and are not to be construed to limit the scope of the invention.
PAR  The present invention is concerned with oxidizing poisonous nicotine
      produced from burning of tobacco by an oxidizing liquid of a predetermined
      concentration which is impregnated just before smoking in a smoking filter
      having both features of water absorbability and ventilation. The oxidizng
      liquid is selected from those which can oxidize nicotine in the smoke
      efficiently in an extremely short time below one second in which the smoke
      from tobacco passes and also are of the kind and the concentration
      harmless to the human body even if the liquid should be absorbed in the
      human body. The oxidizing liquid may preferably a water solution of
      potassium permanganate which could not stimulate skin of the throat and
      the like even if it is sucked in the mouth nor affects the human body even
      if it is absorbed in the body. Potassium permanganate is not always
      harmless to the human body in the case of having thick concentration. On
      the other hand, however, in the case where the concentration of the liquid
      is unnecessarily thin, the effect of oxidizing nicotine is reduced.
      Therefore, in order not to affect the human body even if the liquid is
      absorbed in the body and also in order to give the liquid an efficiency as
      to oxidize a desirable amount of nicotine in an extremely short time in
      which the smoke passes through the filter, the concentration of the liquid
      may preferably be in the range of 0.05 to 1 percent and more preferably be
      in the range of 0.2 to 0.5 percent.
PAR  In the case of FIG. 1 where a smoking filter 10 is constructed in such a
      manner that it contacts the mouth of a smoker directly, the concentration
      of the oxidizing liquid should be rather thin within the range as
      above-mentioned. It is noted that potassium permanganate causes a chemical
      change if exposed to organic substances or applied with light thereby to
      weaken oxidizing effect so that a container housing potassium permanganate
      therein may preferably the one tightly closable and also shieldable
      against light. The oxidizing liquid is generally impregnated directly by
      the container to the filter so that a mouth 21 of a container 20 is
      required to be formed to have a tapered end as shown in FIG. 2. A test in
      which potassium permanganate solution of 0.1 to 0.4 percent was kept in
      the container shieldable against light resulted in that the potassium
      permanganate was dissolved in 1 or 2 months, the color of light pink or
      purple peculiar to it changed into transparent or red brown and the
      oxidizing effect of nicotine was conspicously reduced. The test also
      indicated that dissolution of potassium permanganate is especially rapid
      in the case of thinner concentration solution of light pink but rather
      little in the case of thicker concentration solution in the range of 0.4
      to 0.5 percent. Even the thicker concentration potassium permanganate
      solution of 0.4 percent changed from purple to red in 2 or 3 months and to
      brown in more months resulting in conspicuously reducing oxidizing effect.
      As the results, it was required that the oxidizing liquid of potassium
      permanganate solution should be used in  2 or 3 months as longest after it
      is produced. However, it is extremely difficult that all the products are
      consumed in a few months after they are produced. Thus, in order to
      develop a method of stabilizing potassium permanganate solution, a great
      deal of experiments and studies were followed, which led to an extremely
      important fact. Potassium permanganate solution is conventionally believed
      to be more stable as the purity of water flux is higher, however,
      surprising is that the potassium permanganate dissolved in service water
      has not been changed in color even after 6 months. The inventor, paying
      attention to this phenominum, dissolved potassium permanganate of 0.4
      percent in the distilled water containing chlorine of 1 ppm, as is the
      same with water, and found that the potassium permanganate solution did
      not change in color at all after 6 months as in the case where the
      potassium permanganate is dissolved in service water. A further
      experiments of this matter revealed that the chlorine remained in the
      water may be in the range of 0.05 to 100 ppm if possible and preferably of
      0.1 to 1 ppm. Chlorine content is determined at a most suitable value in
      consideration of concentration of potassium permanganate, the preserved
      period to be required, construction of smoking filter and the like.
      According to the experiment of the inventor, potassium permanganate
      solution of 0.1 percent starts changing the color gradually in about 3
      months where chlorine content is 0.5 ppm. Potassium permanganate solution
      of 0.4 percent does not change the color in three months where chlorine
      content is 0.1 ppm and does not change the color at all in 6 months where
      chlorine content is 0.5 ppm. The more the chlorine content, the more
      stabilized the potassium permanganate becomes. In that connection, it
      should not be overlooked that a large amount of chlorine content will
      affect the human body, however, another testing results show that water
      containing chlorine of 200 ppm is used for drinking without affecting the
      human body at all and drinking of water containing chlorine of 500 ppm by
      cats for several months is harmless or it rather adversely fat them. From
      the results, the preferable limit of chlorine content is up to about 100
      ppm. Chlorine content of 100 ppm is larger than that in service water of 1
      ppm chlorine content, however, if the fact that the potassium permanganate
      solution is not drunk as service water is taken in consideration, the
      amount is not so large as to affect the human body, which is apparent from
      the above testing results.
PAR  In the case where potassium permanganate is impregnated to a smoking filter
      just before smoking, it is effectively prevented that tobacco would absorb
      water to deteriorate the taste thereof, which may occur otherwise since
      much water is contained in the oxidizing liquid impregnated in the smoking
      filter.
PAR  Since the oxidizing liquid is impregnated in the smoking filter just before
      smoking in this invention as above-mentioned, a part of nicotine contained
      in the smoke produced from smoking is not only dissolved in the water
      contained in the smoking filter and is filtrated physically by the smoking
      filter but also a considerable amount of nicotine is positively changed
      chemically, by an oxidizing liquid, to an oxide of nicotine which is
      harmless and unvolatile chemical compound, whereby poisonous nicotine
      contained in the smoke is extremely efficiently removed.
PAR  Nicotinic acid, an oxide of nicotine, is a sticky liquid and hardly
      volatilized so that it would not be inhaled in the mouth after it is
      evaporated in the smoke. However, even if it should be, by some reasons,
      absorbed in the human body, it is harmless at all to the body since the
      nicotinic acid is a factor of vitamin B complex which is a nutritious
      vitamin.
PAR  All of the nicotine which is oxidized does not change into nicotinic acid,
      however, it is known that oxides of nicotine are exceedingly weaker in
      poisonousness than deadly poisonous nicotine or they are mostly harmless.
PAR  According to the present invention, nicotine of strong volatilization per
      se is not separated by physically filtrating or dissolving in the water
      but is separated after it is changed into a harmless compound in such a
      manner that it is oxidized positively into the harmless compound so that
      the nicotine once separated could not be inhaled into the mouth again by
      volatilizing thereof. Consequently, the present invention can remarkably
      increase the rate of removing nicotine, which has been difficult in the
      conventional smoking filters.
PAR  One of the experiment results by the inventor shows that in the case where
      potassium permanganate of 0.4 percent is impregnated as much as possible
      in the cylindrical smoking filter shown in FIG. 1 which is 8mm in diameter
      and 20mm in length, the rate of removing nicotine is estimated at a
      remarkable rate of 50 to 75 percent though there are some values out of
      the range. However, in the case of the smoking filter in FIG. 1 as stated
      before, in which the rear end 11 of the smoking filter 10 is holded
      directly by the mouth, more or less potassium permanganate is unavoidably
      sucked into the mouth during smoking if a large amount of oxidizing liquid
      is contained in the smoking filter. Consequently, it is required that the
      oxidizing liquid to be impregnated in the smoking filter should be
      reduced. Reducing of the amount of oxidizing liquid to be impregnated
      naturally results in reducing the rate of removing nicotine, however,
      experiments show that sufficient smount of nicotine can be removed if only
      two or three drops of potassium permanganate solution of 0.4 percent are
      impregnated in the smoking filter. It is difficult to indicate the above
      matter quantitatively, however, smoking by some people of a cigarette with
      the smoking filter resulted in that the smoking filter according to the
      present invention is remarkably mild in taste than the smoking filters in
      which only water is impregnated and that even if they smoke a lot of
      cigarettes in a short time they did not have headache, emesis or sick
      feeling which may occur by heavy smoking.
PAR  In the meantime, other poisonous substances contained in the smoke such as
      tar as well as nicotine are removed in the same manner as the case of
      nicotine by being oxidized, dissolved or solved thereby to be attached to
      the sticking nicotinic acid.
PAR  FIG. 3 shows a smoking filter 30 to which a cigarette 31 is insertable to
      the top end thereof. If the smoking filter 30 is inserted in a case 32 as
      in this example, the rear end of the smoking filter 30 does not touch
      directly with the mouth and so the oxidizing liquid impregnated in the
      smoking filter 30 on smoking could not be sucked in the mouth. Therefore,
      more amount of oxidizing liquid can be impregnated in the smoking filter
      30. It is required also in this case to impregnate the oxidizing liquid
      just before smoking in order to prevent degrading of the liquid. Since a
      cigarette in FIG. 3 is inserted to the smoking filter just before smoking
      it is possible that the oxidizing liquid of relatively thick concentration
      which is impregnated just before smoking is diluted by a sufficient amount
      of water which is previously absorbed in the smoking filter. In this
      method, the concentration of the oxidizing liquid may, when using
      potassium permanganate, preferably be in the range of 0.1 to 5 percent.
      Oxidizing effect of most oxidizing liquids increases in proportion to
      temperature, as potassium permanganate is no exception, so that it is
      desirable that more amount of oxidizing liquid is impregnated at the
      portion of the smoking filter 30 nearer to tobacco.
PAR  For this purpose, it is desired to impregnate the oxidizing liquid from the
      end of the smoking filter to which a cigarette is inserted.
PAR  The smoking filter shown in FIG. 4 has a capsule 42 therein which is filled
      with an oxidizing liquid 41 of predtermined concentration.
PAR  The capsule 42 is formed in such a strength and a shape that it may be
      easily broken by pinching it and also is made of plastic material and the
      like which can retain the oxidizing liquid for a long period without
      degrading thereof. If the capsule 42 filled with the oxidizing liquid 41
      is housed previously in the smoking filter, the trouble of dripping the
      oxidizing liquid into the material of the smoking filter every time of
      smoking is saved and it is only necessary to pinch a capsule by fingers on
      smoking in order to facilitate impregnation of the oxidizing liquid into
      the smoking filter. It is desirable that more amount of oxidizing liquid
      may be impregnated as far as possible in the high temperature region of
      the smoking filter 40 adjacent to a cigarette, and so, the capsule may
      preferably be constructed in such a manner that it is housed in the top
      end of the smoking filter 40 adjacent to a cigarette or only a portion of
      it nearer to the cigarette may be broken on pinching the smoking filter 40
      by fingers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A smoking filter which comprises a filter body and a cigar or cigarette
      attached thereto which filter is flexible to such an extent that it may
      deform when pressed by hand, and a capsule being able to be broken when
      pressed by hand, and filled with an aqueous solution of 0.05 to 1 percent
      potassium permanganate and chlorine in an amount of 0.05 to 100 ppm, so
      that when the capsule is broken prior to smoking, the potassium
      permanganate solution permeates through the filter wherein it is
      subsequently able to oxidize nicotine contained in smoke passing through
      said filter.
NUM  2.
PAR  2. A smoking filter as in claim 1 wherein said capsule is housed in the
      filter at a position nearest the tobacco in said cigar or cigarette.
NUM  3.
PAR  3. A method of removing poisonous nicotine by means of a smoking filter
      attached to a cigar or cigarette which comprises impregnating a smoking
      filter, just before lighting said cigar or cigarette, with an aqueous
      solution of 0.05 to 1 percent of potassium permanganate and chlorine in an
      amount of 0.05 to 100 ppm so as to oxidize, in a short time, the nicotine
      contained in the smoke passing through said filter as a result of the
      burning of the cigar or cigarette, said filter being characterized by
      having good water absorbability and ventillation characteristics.
NUM  4.
PAR  4. A method according to claim 3 wherein the potassium permanganate
      solution is directly impregnated in a filter from a container which has a
      tapered end, said container being constructed of a material which shields
      the potassium permanganate solution from light, said container also
      capable of being tightly sealed to prevent decomposition of the potassium
      permanganate, and constructed so that one end has dimensions suitable for
      holding a cigar or cigarette and the other end is tapered to be inserted
      in a smokers mouth.
NUM  5.
PAR  5. A method of removing poisonous nicotine by means of a smoking filter
      constructed so that one end has dimensions suitable for holding a cigar or
      cigarette and the other end is tapered to be inserted in a smokers mouth
      which comprises impregnating a filter, which has been previously
      impregnated with water, with an aqueous solution of 0.1 to 5 percent
      potassium permanganate and chlorine in an amount of 0.05 to 100 ppm, just
      before lighting said cigar or cigarette, said filter being characterized
      by having good water absorbability and ventillation characteristics.
NUM  6.
PAR  6. A method as in claim 5 wherein said oxidizing liquid is impregnated in
      the end of the smoking filter which is designed to hold the cigar or
      cigarette.
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ABST
PAL  A tobacco substitute which consists essentially of a complete fuel and at
      least one volatile substance impregnating said fuel, said volatile
      substance being capable of distilling or subliming without chemical
      change, and said fuel consisting essentially of combustible, flexible and
      self coherent fibrers made of a carbonaceous material containing at least
      80 percent carbon by weight, which material is the product of the
      controlled pyrolysis of a cellulose based fibre containing only carbon,
      hydrogen and oxygen, and which has suffered a weight loss of at least 60
      percent during the pyrolysis, the fibres produced in the pyrolysis having
      a cross-sectional dimension between 5 and 50 microns, and a length between
      1 mm and 5 cm, and being agglomerated into a plurality of strands, which
      strands have a cross-sectional dimension between 0.1 mm and 5mm and a
      length of between 5 mm and 5 cm.
BSUM
PAR  It is generally recognised that the difficulties in assessing any health
      hazards which may be associated with cigarette smoking arise from the
      variety and complexity of the combustion products in the smoke which is
      inhaled. Many of the combustion products are difficult if not impossible
      to isolate and are present in such small quantities that their
      pharmacological activity cannot be properly determined. Various approaches
      have been used in the past for controlling the combustion products which
      are inhaled, either by replacing natural tobacco with a substitute
      material of known composition, or by means of filter plugs through which
      the smoke is drawn.
PAR  We have now conceived a fundamentally new approach in which a smoking
      material is composed of a matrix of a simple fuel which has mechanical
      properties, that is flexibility, porosity, and self-cohesion, similar to
      those of natural tobacco, the fuel being impregnated with volatile solid
      or liquid constituents which are capable of distilling or subliming into a
      smoke stream without chemical change and thus providing smoke to be
      inhaled upon burning of the fuel.
PAR  By a simple fuel is meant a material which burns in atmospheric air to
      produce preferably known simple combustion products of well understood
      toxicology. Probably the most useful fuel is carbon which burns to simple
      gaseous oxides having a well understood chemistry and with no unknown
      health risks. However the use of carbon in the form of charcoal, as has
      previously been proposed for use as a fuel in analogous fields is
      unsatisfactory because the carbon fuel in that form is incapable of being
      handled on conventional cigarette making machinery and other tobacco
      handling equipment.
PAR  We find that the criteria can be satisfied by a fuel comprising a fibrous
      carbonaceous material which is flexible and self-coherent.
PAR  The basically fibrous nature of the carbonaceous fuel, of which the fibres
      may have a cross sectional dimension between 5 micron and 100 micron, and
      preferably less than 50 micron, contributes to the flexibility and
      mechanical strength of the fuel and to the ability of the fuel particles
      to hold together without the need for binders or other adhesive aids. A
      smoking material composed of a matrix of the fuel can be handled on
      mechanical devices for cigarette making and can be easily formed into
      cigarettes with an acceptable pressure drop for smoking.
PAR  The fibres of the fuel give good combustion characteristics but we find
      that the fibres are preferably agglomerated into clusters. The individual
      fibres provide coherency between adjacent clusters but the essential
      porosity of the fuel is provided by the spaces between the clusters of
      fibres. By a cluster we mean for example a tow or twisted strand of
      fibres, either straight or crimped, a felt mat of the fibres, or a
      shredded paper web of the fibres. The tow or strands may of course be
      additionally formed into a woven cloth which is cut into small pieces.
PAR  The fibres and clusters of fibres are preferably of such a size that the
      individual fibres have a cross sectional dimension of between 5 micron and
      100 micron and a length of between 1 mm and 5 cm; and the clusters have a
      cross sectional dimension of between 0.1 mm and 5 mm and a length of
      between 5 mm and 5 cm.
PAR  The fuel preferably consists of or includes a carbonaceous material which
      is the product of controlled pyrolysis of a polymeric organic material and
      which consists of at least 80 percent, preferably at least 90 percent
      carbon by weight. The organic material is preferably a polymer with a
      carbon skelton and containing only carbon and hydrogen or carbon, hydrogen
      and oxygen. The controlled pyrolysis will in general break down the
      starting material and the result will then be essentially loose linked
      carbon chains without any significant quantity of side groups containing
      oxygen or hydrogen. The combustion products from such a fuel will be
      essentially oxides of carbon and water which satisfy the criteria for a
      simple fuel. During the pyrolysis the organic material may suffer an
      overall weight reduction of between 60 and 80 percent but its physical
      characteristics other than simple shrinkage will be largely unchanged. The
      starting material should therefore also have a flexible fibrous nature.
PAR  Examples of suitable fibrous starting materials for the pyrolysis are high
      purity cellulose based materials such as cotton, cotton linters e.g. after
      making up into a paper web and shredding, a bast fibre such as ramie,
      cellulose acetate, or regenerated cellulose such as viscose, and
      cuprammonium rayon.
PAR  To convert the fuel to a smoking material it will have mixed or otherwise
      impregnated with it the volatile solids or liquids which provide the
      satisfaction to the smoker. These materials should be stable at the
      temperature to which they are subjected as a result of the burning of the
      fuel, that is they should distill or sublime without significant
      decomposition or other chemical change. In practice the volatile solids or
      liquids will sublime or distill downstream of the burning zone of the
      fuel, being heated by conduction and radiation from the burning zone and
      by contact with the hot combustion products from the fuel. In this way the
      volatile solids or liquids will not actually be subjected to a temperature
      as high as that in the burning zone.
PAR  The volatile constituents may include pharmacologically or physiologically
      active agents to give the smoker the stimulation of normal tobacco
      products or other form of stimulation. Examples of such stimulants are
      nicotine, caffeine, or other pharmacologically active alkaloids. They may
      be in salt form in which they can be easily applied and from which they
      evolve during smoking. The volatile constituents may also include a smoke
      producing agent which gives a visual and physical impression of smoke from
      the product, for example by aerosol formation. The smoke producing agents
      must also be toxicologically acceptable. Examples of suitable materials
      are alkanes incorporating between 8 and 15 carbon atoms; high boiling
      point alicyclics such as decalin; high boiling point ethers such as
      isoamylether; polyhydric alcohols such as propylene glycol, glycerol, and
      1,3 butylene glycol; or glyceryl esters such as triacetin.
PAR  Further, the volatile constituents may also include flavouring agents to
      give an aroma to the smoke. Examples are formates, acetates, propionates,
      and butyrates of terpinols or high molecular weight alicyclic alcohols,
      menthol, vanillin, or appropriate natural tobacco extracts.
PAR  It may also be necessary to include in the smoking material a combustion
      modifying constituent for example for retarding or sustaining glow, or for
      ash production.
PAR  If the new material is to be used in a cigarette, a wrapper will normally
      be necessary. As it is essential that the smoke composition is fully
      understood, contributions to the smoke stream by controlled combustion of
      cellulosic products are to be avoided as far as possible. The wrapper may
      therfore either be of an incombustible nature but still sufficiently
      sensitive to flake off like normal paper, for example in organic films, or
      a non-porous carbon mat or paper treated in a manner which would prevent
      the paper combustion products from entering the main smoke stream, such as
      by coating the surface next to the rod with an intumescent film.
PAR  The invention thus enables us to approach the ideal cigarette which
      incorporates essentially carbon fuel as an open matrix containing only
      volatiles of known composition and biological activity which are sublimed
      or distilled off unchanged, and possibly some refractory inorganic
      materials.
DETD
PAR  Some examples of materials in accordance with the invention will now be
      described:
PAC  EXAMPLE 1
PAR  A carbon smoking material is produced from heavy weave cotton fabric which
      is broken down into individual strands before pyrolysis. A sample of about
      4 g. is placed in a metal boat and plunged into the tube of a furnace at
      500.degree.C which is swept with 1000 ml/minute N.sub.2. After 15 minutes
      the sample is removed from the furnace and any further burning is quenched
      by placing in a beaker with solid carbon dioxide. About 20 percent of the
      original sample remains as carbon fibres.
PAR  When the sample is cool it is cut into 10 mm lengths to give a material
      suitable for packing into a cigarette. The material itself burns too
      rapidly for cigarette use and is treated with a glow retardant by
      saturating in a solution of 0.75 percent sodium dihydrogen phosphate
      followed by drying in an oven for 48 hours at 55.degree.C.
PAR  0.3 g. of this carbon smoking material is then packed into a cigarette form
      using a slow burning cigarette paper of the papirosi type and a 15 mm long
      cellulose acetate filter.
PAR  A sample cigarette was smoked in a standard cigarette smoking machine which
      drew 35 ml puffs during a 2 second period every minute. Chromatographic
      analysis was made of a 5 ml sample of the volatile phase at the end of the
      middle puff during a standard smoking test. It was found that the total
      volatile organic phase was only 4.3 percent of that found in a similar
      analysis on a standard cigarette made from flue-cured tobacco. Analysis of
      a sample of the side-stream vapour was only 1 percent of that from the
      side-stream in a standard cigarette made from flue-cured tobacco.
PAC  EXAMPLE 2
PAR  Cigarettes were prepared in the same manner as in Example 1 but the carbon
      cigarette was charged with 5 mg. of ethyl acetate and 5 mg of pure
      nicotine in 120 .mu.l of glycerol distributed inside the carbon material
      with a syringe and perforated needle.
PAR  When these cigarettes were smoked the glycerol produced an aerosol smoke in
      which satisfactory amounts of the ethyl acetate and nicotine were
      transferred without significant decomposition.
PAR  The accompanying drawing shows a mass of the fuel or smoking material made
      according to the examples and consisting of strands 1 of fibres 2.
CLMS
STM  We claim:
NUM  1.
PAR  1. A tobacco substitute which consists essentially of a complete fuel and
      at least one volatile substance impregnating said fuel, said volatile
      substance being capable of distilling or subliming without chemical
      change, and said fuel consisting essentially of combustible, flexible and
      self coherent fibres made of a carbonaceous material containing at least
      80 percent carbon by weight, which material is the product of the
      controlled pyrolysis of a cellulose based fibre containing only carbon,
      hydrogen and oxygen, and which has suffered a weight loss of at least 60
      percent during the pyrolysis, the fibres produced in the pyrolysis having
      a cross-sectional dimension between 5 and 50 microns, and a length between
      1 mm and 5 cm, and being agglomerated into a plurality of strands, which
      strands have a cross-sectional dimension between 0.1 mm and 5 mm and a
      length of between 5 mm and 5 cm.
NUM  2.
PAR  2. A tobacco substitute as claimed in claim 1 comprising a plurality of
      volatile substances selected from the group consisting of a
      pharmacologically or physiologically active substance, a smoke-producing
      substance, and a flavor-imparting substance.
NUM  3.
PAR  3. A tobacco substitute as claimed in claim 1 in which said cellulose-based
      fibre is viscose.
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ABST
PAL  Tobacco substitutes containing alkaline inorganic matter such as to produce
      a slurry pH of 8.5 to 13, especially sodium carbonate producing a slurry
      pH of 9 to 10, and blends of such substitutes with tobacco.
BSUM
PAR  This invention relates to smoking mixtures.
PAR  In view of the widely held opinion that the smoking of tobacco, especially
      in cigarette form, can cause lung cancer and bronchitic ailments attention
      is turning to the provision of smoke-producing substrates which produce
      less tar and other harmful substances than tobacco, for example to
      cellulose, oxidised cellulose and particularly to heat-treated cellulose
      prepared for example by the process described and claimed in United
      Kingdom Patent No. 1,113,979.
PAR  Most cigarette smokers, however, continue in the habit as a result of
      "satisfaction" due to the pharmacological effect which they derive from
      tobacco. This sensation of satisfaction can only be assessed by actual
      smoking of cigarettes. It is not to be confused with the flavour effect of
      the cigarette and its assessment is to be regarded as an estimation of the
      effect on the smoker's need to light another cigarette after finishing a
      previous one.
PAR  Nicotine is one ingredient producing this effect of satisfaction. Tobacco
      substitutes do not provide satisfaction to smokers unless they are either
      fortified by nicotine or other compounds giving the pharmacological effect
      or are blended with tobacco. Nicotine, however, is expensive and it is
      unstable when added to tobacco substitutes; and of course blending of a
      substitute with tobacco results in a smoke containing tar and other
      harmful ingredients, though in a proportion less than that found in the
      smoke from tobacco alone. When tobacco is blended with a tobacco
      substitute, therefore, it is desirable for the tobacco content of the
      blend to be low.
PAR  Moreover only about 15 percent of the nicotine in a tobacco cigarette is
      normally received by the smoker. Thus a normal tipped cigarette contains
      about 18 mg of nicotine of which only about 1.5 mg (or 2.5 mg without the
      filter) is received by the smoker. Cigarettes delivering much less than
      about 1.0 mg of nicotine are generally found unacceptable to the United
      Kingdom and similar markets.
PAR  The invention provides a tobacco substitute containing alkaline inorganic
      matter such that on slurrying with water to give a 15 percent
      solution/suspension it produces a liquor having a pH of the range 8.5 to
      13, especially 9 to 12, said tobacco substitute being in a form suitable
      for blending with tobacco, whereby to increase the nicotine delivery in
      the smoke from the tobacco.
PAR  Blends of tobacco with such tobacco substitutes form a further feature of
      the invention. They give more "satisfaction" to the smoker than comparable
      blends in which the tobacco substitute produces a liquor of lower pH.
PAR  Slurrying with water, to provide a liquor for ascertaining pH may be
      carried out by mixing well, or by grinding in cases where particles need
      to be disrupted.
PAR  The expression "tobacco substitute" means any solid substance which, though
      not of tobacco origin can be smoked in the same way as tobacco. Tobacco
      substitutes may be of carbohydrate origin. Cellulose, in natural or
      regenerated form, starch and modified carbohydrates for example ethers of
      starch and cellulose, (particularly carboxymethyl cellulose and its salts)
      oxidised cellulose and thermally degraded carbohydrates, have all been
      proposed as the basis of tobacco substitutes.
PAR  Advantageously the tobacco-substitute may be based on a thermally degraded
      carbohydrate made by subjecting carbohydrate (particularly cellulose) to a
      catalysed degradation process at above 100.degree. (e.g. 100.degree. to
      250.degree. as in our British Patent No. 1,113,979) until the weight of
      the degraded carbohydrate is less than 90 percent of the weight of the
      original carbohydrate. A similar substance is obtainable as described and
      claimed in our British Patent No. 1,298,374 by acid or base catalysed
      condensation of a compound of the formula:
EQU  R.sup.1 COCH.sub.2 CH.sub.2 COR.sup.2                      (I)
PAL  wherein R.sup.1 and R.sup.2, which may be the same or different, each
      represents a hydrogen atom or an alkyl, hydroxyalkyl, or formyl group or a
      precursor of such compound (I).
PAR  Alkaline inorganic matter contained in the tobacco substitute may be for
      example lime or magnesia or sodium, potassium or ammonium carbonate or
      bicarbonate, or sodium or potassium hydroxide. Essentially, the proportion
      of alkaline inorganic matter in the tobacco substitute must be such as to
      produce liquor of the aforesaid pH upon mixing with water. Of course the
      proportion will depend upon the pH of the combustible material upon which
      the tobacco substitute is based, and upon the particular alkaline
      inorganic material used. Thus when sodium or potassium hydroxide is used
      the proportion will necessarily be less than when a noncaustic alkali,
      such as lime or sodium or potassium carbonate is used.
PAR  To provide noteable benefit in reducing the amount of tar and other harmful
      ingredients in the smoke the blends of the invention should contain not
      more than 90 percent, and preferably not more than 80 percent by weight of
      tobacco. On the other hand, in order to provide some satisfaction to the
      smoker the blends should desirably contain at least 10 percent and
      preferably at least 20 percent of tobacco.
PAR  Conveniently the alkaline inorganic material may be incorporated in the
      tobacco substitute during its fabrication into a sheet form, which may
      also contain a binder and any other desired ingredients for example
      glow-promoting catalysts, materials to improve (or further improve) ash
      coherence, colouring matters, humectants, fillers and flavourants. The
      sheet may then be shredded into a form resembling tobacco and thereafter
      blended with tobacco by known tobacco blending techniques to produce the
      blends of the invention.
PAR  The preferred alkaline inorganic matter to be contained in the tobacco
      substitute is sodium carbonate. This particular alkali, in addition to
      enhancing the satisfaction experienced by smokers of the blends, improves
      the cohesion of the ash and inhibits the tendency of the tobacco
      substitute to "degrade" physically into a powdery form during processing.
      Ash cohesion and "degradation" problems are prevalent in tobacco
      substitutes which contain large amounts of inorganic matter, for example
      more than 40 percent by weight of inorganic matter. The incorporation in
      such tobacco substitutes of sufficient sodium carbonate to produce a
      liquor of pH 9 to 10 greatly improves the ash cohesion and inhibits
      degradation.
PAR  Our UK Patent No. 1,299,296 describes and claims a smoking mixture (a
      tobacco substitute) comprising
PA1  a. as smoke producing fuel a solid organic combustible material other than
      tobacco
PA1  b. a harmless inorganic filler
PA1  c. sufficient binder to enable the mixture to be fabricated,
PAL  said filler being present in a proportion of 40 to 65 percent by weight of
      the mixture and the combination of cations and anions in the filler being
      such as to impart a commercially acceptable burning rate to the mixture.
PAR  It is a further feature of our invention to provide a tobacco substitute as
      defined in the preceding paragraph having the further characteristic that
      the filler includes sodium carbonate in such proportion that the smoking
      mixture, on slurrying with water to give a 15 percent solution/suspension,
      produces a liquor having a pH in the range 9 to 10. Such a tobacco
      substitute may advantageously be blended with tobacco as previously
      indicated.
PAR  In a copending Application of even date we describe a smoking composition
      comprising a tobacco substitute in admixture with a solid residue obtained
      by removal of nicotine from Nicotiana Rustica. Such a solid residue may
      contain alkaline inorganic matter, particularly lime. The incorporation of
      such a residue with a tobacco substitute can therefore provide a flavoured
      tobacco substitute which is suitable for use in the blends of the present
      invention since the alkaline inorganic matter in the residue can increase
      the satisfaction arising from the tobacco.
PAR  According to yet a further feature of the invention the tobacco substitute
      to be used in the blends hereinbefore defined may additionally contain up
      to 5 percent by weight of a substance which upon heating decomposes with
      the production of ammonia, any other gaseous decomposition products
      thereof being non-toxic.
PAR  Ammonia-producing substances which may be contained in the tobacco
      substitute include ammonium salts such as the sulphate, carbonate,
      bicarbonate or acetate, amides such as urea and biuret, lower amino
      carboxylic acids such as glycine and alanine and amidines such as
      guanidine.
PAR  It is found that the presence of such ammonia-producing substances further
      enhances the satisfaction resulting from inclusion of the alkaline
      inorganic matter in the blends.
DETD
PAR  The invention is illustrated but not limited by the following Examples in
      which all parts and percentages are by weight:
PAR  Thermally degraded cellulose used in the Examples was made by impregnating
      cellulose with 10 percent ammonium sulphamate solution, compressing until
      the cellulose retained its own weight of the solution, drying at
      45.degree.C and then heating at 265.degree.C until a loss in weight of
      25-30 percent occurred.
PAR  Smoking mixtures were made by slurring the ingredients in water, casting on
      to a drier to give a film with a dry-basis weight of 48-52 g/sq.m., and
      drying and shredding the film. The mixtures in shredded form were blended
      with tobacco, made up into cigarettes and test-smoked for comparison
      against appropriate mixtures, so that the effect of particular
      constituents could be ascertained.
PAC  EXAMPLE 1
PAR  A shredded smoking mixture was made, containing the following ingredients
TBL                         Parts                                              
     ______________________________________                                    
     Thermally degraded cellulose                                              
                              10.44                                            
     Glycerol                 2.32                                             
     Calcium carbonate        6.40                                             
     Magnesium carbonate      11.08                                            
     Bentonite                1.96                                             
     Sodium carbonate         2.00                                             
     Sodium carboxymethylcellulose                                             
                              5.80                                             
     ______________________________________                                    
PAR  The slurry pH of the mixture was 9.5. Slurry containing no sodium carbonate
      had a pH of 7.2. The mixture, and an otherwise identical mixture
      containing no sodium hydroxide were each blended with an equal weight of
      flue-cured Virginia tobacco and made up into cigarettes. Test smoking
      showed that the blend from the mixture containing sodium carbonate gave
      more satisfaction than the other blend.
PAC  EXAMPLE 2
PAR  A shredded smoking mixture was made, containing the following ingredients:
TBL                         Parts                                              
     ______________________________________                                    
     Thermally degraded cellulose                                              
                              10.64                                            
     Glycerol                 2.36                                             
     Calcium carbonate        6.52                                             
     Magnesium carbonate      11.32                                            
     Bentonite                2.00                                             
     Sodium hydroxide         1.20                                             
     Sodium carboxymethylcellulose                                             
                              5.86                                             
     ______________________________________                                    
PAR  The slurry pH of the mixture was 11.8. Slurry containing no sodium
      hydroxide had a pH of 7.2. The mixture, and an otherwise identical mixture
      containing no sodium hydroxide were each blended with an equal weight of
      flue-cured Virginia tobacco and made up into cigarettes. Test smoking
      showed that the blend from the mixture containing sodium hydroxide gave
      more satisfaction than the other blend.
PAC  EXAMPLE 3
PAR  A shredded smoking mixture was made, containing the following ingredients
TBL                         Parts                                              
     ______________________________________                                    
     Thermally degraded cellulose                                              
                              10.20                                            
     Glycerol                 2.28                                             
     Calcium carbonate        6.28                                             
     Magnesium carbonate      10.84                                            
     Bentonite                1.88                                             
     Sodium carbonate         2.00                                             
     Urea                     0.80                                             
     Sodium carboxymethyl cellulose                                            
                              5.72                                             
     ______________________________________                                    
PAR  The slurry pH of the mixture was 9.4. The mixture, and an otherwise
      identical mixture containing no urea (i.e. the mixture denoted in Example
      1) were each blended with an equal weight of flue-cured Virginia tobacco
      and made up into cigarettes. Test smoking showed that the blend from the
      mixture containing urea gave more satisfaction than the other blend.
PAC  EXAMPLE 4
PAR  A shredded smoking mixture was made, containing the following ingredients
TBL                         Parts                                              
     ______________________________________                                    
     Thermally degraded cellulose                                              
                              10.20                                            
     Glycerol                 2.28                                             
     Calcium carbonate        6.28                                             
     Magnesium carbonate      10.88                                            
     Bentonite                1.88                                             
     Sodium carbonate         2.00                                             
     Ammonium sulphate        0.76                                             
     Sodium carboxymethyl cellulose                                            
                              5.72                                             
     ______________________________________                                    
PAR  The slurry pH of the mixture was 8.9. Slurry containing no sodium carbonate
      had a pH of 7.1. The mixture, and an otherwise identical mixture
      containing no sodium carbonate were each blended with an equal weight of
      flue-cured Virginia tobacco and made up into cigarettes. Test smoking
      showed that the blend from the mixture containing sodium carbonate gave
      more satisfaction than the other blend.
PAC  EXAMPLE 5
PAR  A shredded smoking mixture was made, containing the following ingredients
TBL                         Parts                                              
     ______________________________________                                    
     Thermally degraded cellulose                                              
                              10.44                                            
     Glycerol                 2.32                                             
     Calcium carbonate        6.40                                             
     Magnesium carbonate      11.08                                            
     Bentonite                1.96                                             
     Lime (calcium oxide)     1.20                                             
     Urea                     0.80                                             
     Sodium carboxymethyl cellulose                                            
                              5.80                                             
     ______________________________________                                    
PAR  The slurry pH of the mixture was 11.8. Slurry containing no sodium
      hydroxide had a pH of 7.3. The mixture, and an otherwise identical mixture
      containing no lime were each blended with an equal weight of flue-cured
      Virginia tobacco and made up into cigarettes. Test smoking showed that the
      blend from the mixture containing lime gave more satisfaction than the
      other blend.
PAR  Examples 6, 7 and 8 relate to smoking mixtures containing sodium carbonate.
      The following ash cohesion test was used in these Examples.
PAR  A group of 10 cigarettes are smoked on a standard smoking machine which
      takes a 35 ml puff of 2 seconds duration every minute. Each cigarette is
      smoked separately in a draught-free and vibration-free enclosure and the
      ash cylinder first falling from the cigarette is weighed on a
      microbalance. The total ash obtained by smoking the complete cigarette is
      also weighed. The average percentage ratio of the weight of the
      first-falling cylinder to the total weight of ash is referred to as the
      bulk ash cohesion value.
PAR  Relative bulk ash cohesions were also assessed by panels of smokers, who
      also assessed the flake ash cohesion i.e. the tendency for small flakes to
      fall from the cylinder of ash during smoking.
PAR  Degradation properties were measured by sieving portions of material taken
      from the cigarette-forming trough of a Molins Mark VI cigarette machine.
      The percentage by weight of material passing a sieve of 0.65 mm. mesh is
      recorded as the percentage degradation.
PAC  EXAMPLE 6
PAR  A shredded smoking mixture was made containing the following ingredients.
TBL  ______________________________________                                    
                            Parts                                              
     ______________________________________                                    
     Thermally degraded cellulose                                              
                              10.76                                            
     Glycerol                 2.40                                             
     Calcium carbonate        8.84                                             
     Magnesium carbonate      8.00                                             
     Sodium carbonate         2.00                                             
     Sodium carboxymethylcellulose                                             
                              6.00                                             
     Ammonium sulphate        0.80                                             
     ______________________________________                                    
PAR  The slurry pH of the mixture was 8.6.
PAR  The percentage degradation (as defined above) of this mixture was 2 percent
      compared with 4 to 6 percent for an otherwise identical mixture containing
      no sodium carbonate.
PAR  The mixture was blended with an equal weight of flue-cured Virginia tobacco
      and made up into cigarettes. These were smoked on a standard smoking
      machine and their bulk ash cohesion measured as described above was 45
      compared with 30 for an otherwise identical smoking mixture containing no
      sodium carbonate.
PAR  A panel of smokers rated these cigarettes to have better bulk and flake ash
      cohesion than cigarettes from the composition without sodium carbonate.
PAC  EXAMPLE 7
PAR  A shredded smoking mixture was made containing the following ingredients:
TBL                         Parts                                              
     ______________________________________                                    
     Thermally degraded cellulose                                              
                              10.76                                            
     Glycerol                 2.40                                             
     Calcium carbonate        8.84                                             
     Magnesium Carbonate      8.00                                             
     Sodium carbonate         3.20                                             
     Sodium carboxymethylcellulose                                             
                              6.00                                             
     Ammonium sulphate        0.80                                             
     ______________________________________                                    
PAR  The slurry pH of the mixture was 9.3.
PAR  The percentage degradation (as defined above) of this mixture was 2 percent
      compared wtih 4 to 6 percent for an otherwise identical mixture containing
      no sodium carbonate.
PAR  The mixture was blended with an equal weight of flue-cured Virginia tobacco
      and made up into cigarettes. These were smoked on a standard smoking
      machine and their bulk ash cohesion measured as described above was 60
      compared with 30 for an otherwise identical smoking mixture containing no
      sodium carbonate.
PAC  EXAMPLE 8
PAR  A shredded smoking mixture was made containing the following ingredients:
TBL                           Parts                                            
     ______________________________________                                    
     Thermally degraded cellulose                                              
                                10.76                                          
     Glycerol                   2.40                                           
     Calcium carbonate          8.32                                           
     Magnesium carbonate        7.72                                           
     Sodium carbonate           4.00                                           
     Sodium carboxymethylcellulose                                             
                                6.00                                           
     Ammonium sulphate          0.80                                           
     ______________________________________                                    
PAR  The slurry pH of the mixture was 9.4.
PAR  The percentage degradation (as defined above) of this mixture was 2 percent
      compared with 4 to 6 percent for an otherwise identical mixture containing
      no sodium carbonate.
PAR  The mixture was blended with an equal weight of flue-cured Virginia tobacco
      and made up into cigarettes. These were smoked on a standard smoking
      machine and their bulk ash cohesion measured as described above was 70
      compared with 30 for a smoking mixture containing no sodium carbonate.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A thermally degraded carbohydrate tobacco substitute made by subjecting
      a carbohydrate to a catalyzed thermal degradation at a temperature above
      100.degree.C until the weight of the degraded carbohydrate is less than 90
      percent of the weight of the original carbohydrate, said substitute
      containing sufficient sodium carbonate such that slurrying the substitute
      with water yields a 15 percent solution/suspension and a liquor having a
      pH in the range of 8.5 to 13, said substitute being in a form suitable for
      blending with tobacco to increase nicotine delivery in the smoke from the
      tobacco where this is considered necessary or desirable.
NUM  2.
PAR  2. A tobacco substitute according to claim 1 which on slurrying produces a
      liquor having a pH in the range 9 to 12.
NUM  3.
PAR  3. A tobacco substitute according to claim 1 wherein the degraded
      carbohydrate is thermally degraded cellulose.
NUM  4.
PAR  4. A tobacco substitute according to claim 1 additionally containing up to
      5 percent by weight of a substance which upon heating decomposes with the
      production of ammonia, any other gaseous decomposition products thereof
      being non-toxic.
NUM  5.
PAR  5. A tobacco substitute according to claim 4 wherein the ammonia-producing
      substance is ammonium sulphate.
NUM  6.
PAR  6. A tobacco substitute according to claim 4 wherein the ammonia-producing
      substance is urea.
NUM  7.
PAR  7. A blend of tobacco with a tobacco substitute according to claim 1.
NUM  8.
PAR  8. A blend according to claim 7 comprising from 10 to 90 percent by weight
      of tobacco.
NUM  9.
PAR  9. A blend according to claim 7 comprising from 20 to 80 percent by weight
      of tobacco.
NUM  10.
PAR  10. A tobacco substitute comprising
PA1  a. as smoke-producing fuel a solid organic combustible material other than
      tobacco, said material being based on a thermally degraded carbohydrate
      made by subjecting carbohydrate to a catalyzed degradation process at
      above 100.degree.C until the weight of the degraded carbohydrate is less
      than 90 percent of the weight of the original carbohydrate;
PA1  b. a harmless inorganic filler and
PA1  c. sufficient binder to enable the material to be fabricated, said filler
      being present in a proportion of 40 to 65 percent by weight of the mixture
      and the combination of cations and anions in the filler being such as to
      impart a commercially acceptable burning rate to the mixture, and having
      the further characteristic that the filler includes sodium carbonate in
      such proportion that the tobacco substitute on slurrying with water to
      give a 15 percent solution/suspension produces a liquor having a pH in the
      range 9 to 10.
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ABST
PAL  Cinnamic derivatives, especially the methyl or ethyl ethers of cinnamyl
      alcohol, para-methoxycinnamyl alcohol, and para-ethoxycinnamyl alcohol,
      are added to tobacco to improve the flavor and aroma of the tobacco and
      tobacco smoke.
BSUM
PAR  This invention is concerned with additives for tobacco. More particularly,
      this invention is concerned with the use of certain cinnamic derivatives
      as additives to improve the flavor and aroma of tobacco and tobacco smoke.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The tobacco art contains numerous examples of the importance to the
      consumer of the flavor and aroma characteristics of tobacco and tobacco
      smoke. This has been achieved through the blending of different grades of
      tobacco as well as through the use of additives to the tobacco.
PAR  It is an object of this invention to provide a new class of tobacco
      additives for enhancing the flavor and aroma of tobacco and tobacco smoke.
PAR  It is a further object of this invention to provide a class of tobacco
      additives which can be employed to improve the characteristics of flavor
      and aroma deficient tobaccos, including reconstituted and synthetic
      tobaccos.
PAR  Still another object of this invention is the provision of tobacco
      additives which improve the flavor of smoke in charcoal filter cigarettes.
PAR  These and other objects of this invention are achieved by incorporating in
      tobacco a small but effective amount of a cinnamic derivative as
      hereinafter defined.
PAC  DETAILED DESCRIPTION
PAR  The cinnamic derivatives of the present invention may be represented by the
      formula:
      ##SPC1##
PAL  Wherein X is oxygen or sulfur; n is 1 or 2; the dotted line indicates the
      optional presence of an olefinic double bond depending on the value of n;
      R is hydrogen, lower alkyl, or lower acyl; each or R.sup.1, R.sup.2, and
      R.sup.3, when taken separately, is hydrogen, lower alkyl, hydroxy, lower
      alkoxy, or lower acyl; and R.sup.1 and R.sup.2, when taken together, form
      a fused ring, usually containing heteroatoms, of from 5 to 6 members.
PAR  By the terms "alkyl" and "alkoxy" are meant both straight and branched
      chain alkyl and alkoxy groups, such as methyl, ethyl, propyl, isopropyl,
      butyl, tert-butyl, the corresponding alkoxy groups and the like. Lower
      alkyl and lower alkoxy includes alkyl and alkoxy groups of from 1 to about
      6 carbons, with those of from 1 to about 3 carbons being particularly
      preferred. Methyl and ethyl are most preferred alkyl groups and methoxy
      and ethoxy are most preferred alkoxy groups.
PAR  By the term "acyl" is meant the residue of an aliphatic acid which may be
      straight or branched chain. Lower acyl encompasses acyl groups of 1 to 6
      carbons, preferably 2 to 3 carbons, such as acetyl.
PAR  The divalent radical formed by R.sup.1 and R.sup.2 can be a hydrocarbon
      radical which may be saturated or unsaturated. In the latter case, it may
      form a fused aromatic ring of 5 to 6 ring members, which may contain 1 to
      2 heteroatoms such as oxygen or nitrogen. Preferred divalent radicals are
      alkylene, alkyleneoxy and alkylenedioxy of from 3 to 4 atoms in the chain.
PAR  Preferred compounds are those having no more than one substituent on the
      aromatic nucleus, with those having no substituents or a para-alkoxy
      substituent being especially preferred. This invention contemplates the
      use of both the cis- and trans-isomers of the cinnamic derivatives. In
      most cases the trans-isomer is the most stable isomer.
PAR  Useful embodiments of this invention include cinnamyl alcohol, cinnamyl
      methyl ether, cinnamyl ethyl ether, and cinnamyl methyl sulfide among
      others. Mono-substituted derivatives include o- and p-methoxycinnamyl
      alcohol, their esters and ethers such as the methyl and ethyl
      p-methoxycinnamyl ethers and the corresponding thioethers. Also within
      this group are the p-ethoxycinnamyl alcohol and p-ethoxycinnamylmethyl
      ether. Such disubstituted compounds as 3,4-methylenedioxycinnamyl and
      coniferyl derivatives also fall within the scope of this invention.
      Examples of these compounds would be 3,4-methylenedioxycinnamyl alcohol
      and its esters and ethers such as methyl 3,4-methylenedioxycinnamyl ether.
      The coniferyl series includes coniferyl alcohol
      (4-hydroxy-3-methoxycinnamic alcohol) and its esters and ethers such as
      methyl 4-hydroxy-3-methoxycinnamyl ether. The corresponding sulfur
      compounds are also applicable. Lastly, the dihydro-analogs of the
      foregoing cinnamyl compounds, e.g. p-methoxydihydrocinnamyl methyl ether,
      can be employed. It must be appreciated that the naming of specific
      compounds herein in no way limits the scope of this invention, and
      additional compounds are readily apparent to those versed in the art of
      organic synthesis.
PAR  A particularly preferred class of compounds are those of the formula:
      ##SPC2##
PAL  wherein X and n are as defined above; x has a value of from 0 to 2,
      inclusive, and R.sup.5 is hydrogen, alkyl of 1 to 2 carbons, inclusive, or
      alkoxy of 1 to 2 carbons, inclusive.
PAR  The cinnamic derivatives are either commercially available or can be
      obtained from commercially-available compounds. For example, cinnamyl
      alcohol and certain of its derivatives are available commercially, and
      they can be converted to the corresponding esters and ethers by
      conventional procedures, e.g., etherification with an alkyl halide or
      esterification with an acyl halide. They can be converted to their
      thioethers by reaction with thionylchloride to produce a cinnamyl
      chloride, followed by reaction of the cinnamyl chloride with a sodium
      thioalkylate, e.g., sodium thiomethylate. If the cinnamyl alcohol is not
      readily available, it can be synthesized from the corresponding acid by a
      two-step procedure in which the acid is esterified and the resulting ester
      is reduced with lithium aluminum hydride.
PAR  The cinnamyl compounds are employed as additives to tobacco, especially
      cigarette tobacco, to modify its flavor. The specific amount employed will
      vary with the compound employed and the effect desired. For example,
      methyl p-methoxycinnamyl ether is useful in amounts of up to about 50 ppm,
      but at higher amounts it tends to adversely affect the flavor of the
      tobacco smoke. Methyl cinnamyl ether, on the other hand, can be employed
      in amounts exceeding 50 ppm. In general, then, the small but effective
      amount of cinnamyl derivative can be from about 0.1 to about 1000 ppm, and
      is preferably from about 10 to 100 ppm.
PAR  The cinnamyl derivatives are admixed with tobacco in any convenient
      fashion, typically in aqueous ethanolic solution. They can be employed to
      modify the flavor and aroma characteristics of natural, reconstituted and
      synthetic tobaccos as well as blends thereof. They are of particular
      utility in cigarette tobaccos, and the alkyl cinnamyl ethers, especially
      the ethers of cinnamyl alcohol and p-alkoxycinnamyl alcohol, such as
      p-methoxycinnamyl alcohol, are of especial utility in tobaccos of
      charcoal-filter cigarettes. They substantially reduce the "charcoal
      effects" noted in such cigarettes.
PAR  Certain cinnamic derivatives have been employed in tobaccos before. For
      example, German Patent No. 1,028,029 discloses the use of cinnamaldehyde
      as a tobacco preservative which does not adversely affect the taste or
      aroma of tobacco. There is no disclosure, however, that cinnamaldehyde can
      improve the flavor and taste of tobacco. Moreover, it is employed in
      amounts considerably higher than are contemplated by this invention. Thus,
      the patent teaches its use in amounts of from about 100 to about 10,000
      parts per million.
PAR  In U.S. Pat. No. 3,111,951 the use of truxillic acid, the dimer of cinnamic
      acid, as well as alkyl and aryl esters of the acid, in amounts of 1000 to
      10,000 parts per million is disclosed to improve tobacco flavor and aroma,
      notably to impart a cinnamon note to the tobacco smoke. This amount is
      substantially higher than the amounts contemplated by this invention.
PAR  Finally, applicant has discovered that methyl cinnamyl ether is a naturally
      occurring component of a highly aromatic Turkish tobacco. However, it is
      present in extremely small amounts, of the order of 6 micrograms per gram
      of the tobacco. Moreover, to applicant's knowledge, its presence was not
      appreciated by the art prior to this invention.
DETD
PAR  The following examples are illustrative:
PAC  EXAMPLE I
PAC  Methyl Cinnamyl Ether
PAR  Commercial cinnamyl alcohol was purified by distillation to yield a
      crystalline product, mp 33.degree.. Sixty-seven grams of the purified
      cinnamyl alcohol (0.5 mole) and 83 gm of iodomethane (0.584 mole, 15%
      excess) were dissolved in 300 cc of dimethoxyethane which had just been
      distilled from lithium aluminum hydride. This solution was placed in a
      3-necked round bottomed flask equipped with a magnetic stirrer and
      condenser. Over a period of 30 to 40 minutes 13 gm (0.542 mole) of pure
      sodium hydride was added to the reaction mixture in batches. The sodium
      hydride was obtained by washing a 57% oil suspension (23.7 gm) with ether
      just prior to addition. The heat of reaction brought the solution to
      reflux, and 10 minutes after the last sodium hydride addition 10cc of
      iodomethane was added. Stirring at room temperature was continued for
      another 11/2  to 2 hours. The solution was then filtered to remove sodium
      iodide and the solvent was evaporated off under reduced pressure. The
      residual oil was treated with ethyl ether and the precipitated sodium
      iodide was again removed by filtration. The ethyl ether was evaporated and
      the residual light yellow oil was distilled under aspirator pressure to
      give 62 gm (84% yield) of methyl cinnamyl ether (b.p. 105.degree. C.):
      .lambda..sub.max.sup./CCl.sbsp.4 3.3-3.55 (CH, OCH.sub.3), 6.68 and 14.48
      (ar.), 6.88 (CH.sub.2), 7.25 (CH.sub.3), 8.4 (C--O), and 10.35 .mu. (trans
      CH=CH). The NMR (.delta.) showed absorbances at 7.1-7.5 (m, arom.),
      5.9-6.9 (m, vinyl), 3.9-4.1 (d, CH.sub.2), and 3.3 (s, CH.sub.3) in good
      agreement with the assigned structure. Gas chromatographic analysis
      indicated a purity of at least 99%, with the methyl cinnamyl ether having
      a retention time (Rt) of 6.3 minutes as compared to 24.3 minutes for the
      starting alcohol (5% FFAP, 1/8 inch .times. 10 feet, 200.degree. C, 40 cc
      He/min).
PAR  Methyl cinnamyl ether exhibits a persistent sweet cinnamon note. It was
      evaluated organoleptically in tobacco at levels ranging from 0 to 120 ppm
      (increments of 20 ppm). The preferred concentration on tobacco was
      established as being on the order of 50 ppm. At this level, methyl
      cinnamyl ether contributed somewhat more fullness to the smoke while
      adding a sweet note.
PAR  Methyl cinnamyl ether proved particularly advantageous when utilized in
      charcoal filter cigarettes. At 50 ppm, the typical charcoal effects of
      these cigarettes were reduced, the overall flavor and balance was
      improved, and the tobacco flavor was enhanced.
PAC  EXAMPLE II
PAC  p-Methoxycinnamyl Alcohol
PAR  p-Methoxycinnamic acid was dissolved in refluxing methanol containing a
      catalytic amount of hydrogen chloride to form methyl p-methoxycinnamate.
      The yield of purified ester was 85%, m.p. 88.degree.-89.degree. (lit.
      90.degree.; Dictionary of Organic Compounds, II, Sir Ian Heilbron, ed., p.
      600  (1946)): .lambda..sub.max.sup.CCl.sbsp.4  3.32, 3.38 and 3.52
      (CH.sub.1 --OCH.sub.3), 5.81 (C=O), 6.1 and 10.15 (CH-CH, trans), 7.95 and
      8.5--8.6 (ester).mu.. The NMR (.delta.) supported the expected structure:
      6.13-7.78 (series of multiples, aromatic and vinyl), 3.86 (--CO.sub.2
      CH.sub.3), and 3.78 (Ar--O--CH.sub.3).
PAR  The ester (65 gm, 0.34 mole) was then reduced with lithium aluminum hydride
      (hereinafter LAH), in benzene by the methods of E. Snyder, J. Am. Chem.
      Soc., 88, 1464 (1964), using 900cc benzene to which 15.7 gm (0.41 mole) of
      LAH was added with cooling (icebath) over 1 hour. Stirring was continued
      at room temperature overnight. To obtain a filterable aluminate complex n
      cc of water, n cc of 15% sodium hydroxide, and 3n cc of water (where n
      equals grams LAH) were added to the reduction slurry. (See V. M. Micovic,
      M. J. Mihailovic, J. Org. Chem. 18, 1190 (1935)). The filtered solids were
      washed well with ether and the combined organics evaporated under reduced
      pressure. p-Methoxycinnamyl alcohol, crystallized from ether, was obtained
      in a yield of 41.2 grams (75%), mp 75.degree.-77.degree.:
      .lambda..sub.max.sup.CHCl.sbsp.3 2.77, 2.9 (--OH), 3.42 (CH), 6.05
      (CH=CH), 6.22, 6.33, and 6.63 (arom.), 8.53, 9.23 and 9.68 (C--O). No
      unusual features were observed in the NMR (.delta.): 6.0-7.5 (multiplets,
      aromatic and vinyl), 4.3 (d, --CH.sub.2 --), 3.72 (s, --OCH.sub.3), and
      1.7 (s, --OH).
PAR  At 50 ppm, the alcohol imparted a spicy note to the smoke which is
      advantageous for providing the smoke with "character".
PAC  EXAMPLE III
PAC  Methyl p-Methoxycinnamyl Ether
PAR  Methyl p-methoxycinnamyl ether was obtained by treating 40 gms
      p-methoxycinnamyl alcohol (242 mM) in 300 cc dry dimethoxyethane, with 41
      gms iodomethane (289 mM) and 6.4 gms pure sodium hydride (267 mM). After
      filtration of sodium iodide and removal of solvent, the remaining oil was
      distilled to yield 38.2 gms (88%) of chromatographically pure ether: b.p
      (Vacuum) 104.5.degree.-106.5.degree. C.: .lambda..sub.max.sup.CCl.sbsp.4
      3.43, 3.54 (--CH, --OCH.sub.3), 6.22, 6.62 and 10.35 (CH=CH, trans), 8.92
      and 9.62 (C--O) .mu.. The NMR (.delta.) was uneventful: 7.04 (AB mult.,
      arom.), 6.24 (m, vinyl), 4.0 (d,--CH.sub.2 --), 3.78 (Ar--O--CH.sub.3),
      and 3.30 (--C--O--CH.sub.3). GC analysis gave only one peak (Rt = 25.2
      minutes) on a 5% FFAP, 1/8 inch .times. 10 feet column (200.degree. C.,
      35cc He/min.).
PAR  The ether is of particular interest because it was considered by several
      people knowledgeable in the art of flavoring to possess a very pleasant
      sweet-caramel, heavy-bodied aroma complex. A trained panel evaluated the
      ether on tobacco at levels of 25, 50, 100 and 200 ppm. Cigarettes treated
      with 50 ppm of the ether were felt to deliver a sweeter, smoother smoke
      with an attendant increase in both fullness and depth. The same level in
      charcoal filter cigarettes was also advantageous, decreasing the typical
      charcoal effects and adding some sweetness and balance to the smoke
      flavor.
PAC  EXAMPLE IV
PAC  Methyl Cinnamyl Sulfide
PAR  Cinnamyl alcohol was purified in the manner of Example I and subsequently
      reacted with thionyl chloride to yield the corresponding chloride:
      .lambda..sub.max.sup.CCl.sbsp.4  8.0 and 14.39 (aromatic), 10.37 CH=CH,
      trans) and 14.78 (C--Cl) .mu.. Subsequent reaction of the chloride with
      sodium thiomethylate gave methyl cinnamyl sulfide in moderate yield after
      distillation (vacuum, 78.degree.C). The infrared spectrum of the product
      was in agreement with the proposed structure and GC analysis indicated a
      purity of at least 99%: .lambda..sub.max.sup.CCl.sbsp.4  6.67, 6.87, 7.70,
      8.90, 9.3, 9.7, 10.4, and 14.4 .mu..
PAR  Methyl cinnamyl sulfide was evaluated at levels of 1, 10, 25 and 100 ppm.
      Only the lowest level proved advantageous in that candy-like and chocolate
      notes were contributed to the smoke.
PAC  EXAMPLE V
PAC  Ethyl Cinnamyl Ether
PAR  Reaction of cinnamyl alcohol with ethyl iodide was carried out in the same
      manner as described in Example I. The analytical data supported the
      assigned structure and GC analysis indicated a purity of 99+%:
      .lambda..sub.max.sup.CCl.sbsp.4  6.66, 6.87, 7.25, 8.75-9.1, 10.35 and
      14.45 .mu..
PAR  The flavor notes and utility of the ethyl ether are much the same as
      described for the methyl ether of Example I. However, this compound
      possesses the added advantages that it provides a somewhat smoother smoke
      as well as range of application extending to higher levels than
      appropriate for the methyl ether.
PAC  EXAMPLE VI
PAC  Ethyl p-Methoxycinnamyl Ether
PAR  Reaction of p-methoxycinnamyl alcohol with ethyl iodide in the same manner
      as described under Example III gave an 80% yield of ethyl
      p-methoxycinnamyl ether after molecular distillation (vacuum, 105.degree.
      C): .lambda..sub.max.sup.CCl.sbsp.4  6.1, 6.6, 6.75, 8.0, 8.55, 8.92,
      9.55, 10.15, 10.8, and 12.05 .mu..
PAR  The same advantages accrue to the ethyl ether as the methyl ether given in
      Example III with the added advantages of providing a somewhat smoother
      smoke and effective addition levels higher than those appropriate for the
      corresponding methyl ether.
PAC  EXAMPLE VII
PAC  p-Methoxydihydrocinnamyl Methyl Ether
PAR  The ether described in Example III was hydrogenated in a Parr apparatus
      using 10% Pd-on-C in absolute ethanol. The compound was purified by
      molecular distillation and gave a single peak on GC analysis:
      .lambda..sub.max.sup. CCl.sbsp.4 6.18, 6.6, 6.8, 7.67, 8.02, 8.49, 8.91
      and 9.58 .mu.. Analytical data (MS and NMR) agreed with the assigned
      structure.
PAR  Organoleptic evaluation demonstrated that the product provided a pleasing
      sweet note when applied at a level of 25 ppm.
PAC  EXAMPLE VIII
PAC  p-Ethoxycinnamyl Methyl Ether
PAR  p-Hydroxycinnamic acid (Aldrich, mp 214.degree. C, dec.) was esterified
      routinely in methanolic hydrogen chloride to give methyl
      p-hydroxycinnamate, mp 144.degree. C (lit., 137.degree. C):.sup.1
      .lambda..sub.max.sup.CCl.sbsp.4  3.04, 5.86, 6.11, 6.6, 6.94, 7.51, 8.56,
      10.15 and 12.0 .mu..
FNT  .sup.(1) We will refer to Heilbron, "Dictionary of Organic Compounds", II,
      (1946).
PAR  This ester was treated with excess ethyl iodide in the presence of
      potassium carbonate in refluxing dry acetone for 48 hours. A moderate
      yield of methyl p-ethoxycinnamate was obtained as white crystals from
      methanol, mp 68--70.degree. C: .lambda..sub.max.sup. CCl.sbsp.4  5.8,
      6.09, 6.22, 6.6, 8.0, 8.56, 9.53, 10.15, and 10.8 .mu.. Reduction of
      methyl p-ethoxycinnamate in benzene with LAH gave a 50% yield, after
      recrystallization from methanol, of p-ethoxycinnamyl alcohol, mp
      85.degree. C: .lambda..sub.max.sup.CC1.sbsp.4 2.75, 6.2, 6.61, 6.75, 8.93,
      9.2, 9.55, 9.97, 10.3, 10.85, and 11.87 .mu..
PAR  Alkylation of this alcohol according to conditions described in Exampmle I,
      provided a 96% yield of p-ethoxycinnamyl methyl ether as a low melting
      (34.degree. C) white solid (.lambda..sub.max.sup.CC1.sbsp.4 6.04, 6.2,
      6.6, 6.75, 7.0, 8.05, 8.95, 9.5, 10.34, 10.8 and 11.85 .mu.) which was
      pure by GC analysis (Rt=23 minutes, conditions as described in Example I).
      The NMR spectrum was consistent with the proposed structure: (.delta.)
      1.33 (t, CH.sub.3 CH.sub.2 --), 3.25 (s, --OCH.sub.3), 3.88 (m, both
      --CH.sub.2 --) and the phenyl and vinyl protons appear as a broad
      multiplet in the 6.7 region.
PAR  At 50 ppm mouth effects were increased slightly giving the cigarette
      increased body. The smoke exhibited increased fullness and tobacco
      fragrance. At 20 ppm, the effects could still be detected but they were
      much less pronounced. This ether's utility is similar to that described
      under Example III but can be applied beneficially at somewhat higher
      levels.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of improving the flavor and aroma of tobacco and tobacco
      smoke which comprmises adding to tobacco a flavor and aroma improving
      amount of a cinnamic derivative of the formula:
      ##SPC3##
PAL  wherein X is oxygen; n is 1 or 2; the dotted line signifies the optional
      presence of an olefinic double bond depending upon the value of n; R is,
      lower alkyl; each of R.sup.1, R.sup.2, and R.sup.3, when taken separately,
      is hydrogen, lower alkyl, hydroxy, lower alkoxy or lower acyl and R.sup.1
      R.sup.2, when taken together, form a divalent radical which forms a fused
      ring of from 5 to 6 ring members.
NUM  2.
PAR  2. The method according to claim 1 wherein the amount of said derivative is
      in the range of from about 0.1 to about 1000 ppm.
NUM  3.
PAR  3. The method of claim 2 wherein R is lower alkyl and R.sup.2 and R.sup.3
      are hydrogen.
NUM  4.
PAR  4. The method of claim 3 wherein n is 1.
NUM  5.
PAR  5. The method of claim 4 wherein R is methyl.
NUM  6.
PAR  6. The method of claim 5 wherein R.sup.1 is hydrogen.
NUM  7.
PAR  7. The method of claim 5 wherein R.sup.1 is methoxy.
NUM  8.
PAR  8. The method of claim 5 wherein R.sup.1 is ethoxy.
NUM  9.
PAR  9. The method of claim 4 wherein R is ethyl.
NUM  10.
PAR  10. The method of claim 9 wherein R.sup.1 is hydrogen.
NUM  11.
PAR  11. The method of claim 9 wherein R.sup.1 is methoxy.
NUM  12.
PAR  12. The method of claim 9 wherein R.sup.1 is ethoxy.
NUM  13.
PAR  13. The method of claim 3 wherein n is 2.
NUM  14.
PAR  14. The method of claim 13 wherein R is methyl.
NUM  15.
PAR  15. The method of claim 14 wherein R.sup.1 is methoxy.
NUM  16.
PAR  16. A tobacco composition comprising tobacco and an amount of a cinnamyl
      derivative sufficient to improve the flavor and aroma characteristics of
      the tobacco and tobacco smoke, said cinnamic derivative having the
      formula:
      ##SPC4##
PAL  wherein X is oxygen; n is 1 or 2; the dotted line signifies the optional
      presence of an olefinic double bond depending upon the value of n; R is
      lower alkyl; each of R.sup.1, R.sup.2, and R.sup.3, when taken separately,
      is hydrogen, lower alkyl, hydroxy, lower alkoxy, or lower acyl; and
      R.sup.1 and R.sup.2, when taken together, form a divalent radical which
      forms a fused ring of from 5 to 6 members.
NUM  17.
PAR  17. The composition according to claim 16 wherein said amount is in the
      range of from about 0.1 to about 1000 ppm. l
NUM  18.
PAR  18. An improved charcoal filter cigarette wherein the improvement comprises
      a tobacco composition containing an amount of a cinnamic derivative
      sufficient to reduce the charcoal effect of said cigarette, said cinnamic
      derivative having the selected formula;
      ##SPC5##
PAL  wherein X is oxygen; n is 1 or 2; the dotted line signifies the optional
      presence of an olefinic double bond depending upon the value of n; R is
      lower alkyl; each of R.sup.1, R.sup.2, and R.sup.3, when taken separately,
      is hydrogen, lower alkyl, hydroxy, lower alkoxy or lower acyl; and R.sup.1
      and R.sup.2, when taken together, form a divalent radical which forms a
      fused ring of from 5 to 6 members.
NUM  19.
PAR  19. The cigarette according to claim 18 wherein said amount is in the range
      of from about 0.1 to about 1000 ppm.
NUM  20.
PAR  20. A cigarette according to claim 18 wherein said derivative is methyl
      cinnamyl ether.
NUM  21.
PAR  21. A cigarette according to claim 18 wherein said derivative is methyl
      p-methoxycinnamyl ether.
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ABST
PAL  Apparatus for wrapping cigar bunches has a first conveyor consisting of two
      endless belts having filler-engaging stretches which cross each other in
      space and move a single file of bunches lengthwise while simultaneously
      rotating the bunches about their axes. One of the stretches feeds an
      adhesive-coated web which is convoluted around successive bunches to form
      a tube consisting of partially overlapping helices. The tensile strength
      of the tube is reduced between successive wrapped bunches by a row of
      needles mounted on an endless toothed belt or drum which makes with the
      path of the tube a first angle equal to the angle between the plane of one
      belt of the first conveyor and the axis of the tube. The row of needles on
      the toothed belt or drum makes with the plane of the toothed belt or drum
      a second angle which equals 90.degree. minus the first angle. This insures
      that the needles penetrate into the tube while moving with the tube at the
      speed of lengthwise movement of the bunches and while moving about the
      axis of the tube at the speed at which the bunches rotate about their
      axes. A second conveyor advances the tube lengthwise at a speed which
      exceeds the speed of lengthwise movement of the bunches in the first
      conveyor so that the tube breaks between successive wrapped bunches due to
      weakening of the respective portions of the tube by the needles. The
      second conveyor rotates the tube at the same speed at which the first
      conveyor rotates the bunches.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for wrapping tobacco fillers or
      bunches to form cigars, cigarillos or analogous smokers' products
      (hereinafter called cigars). More particularly, the invention relates to
      improvements in apparatus of the type wherein successive discrete tobacco
      fillers (hereinafter called bunches) are wrapped into an adhesive-coated
      web in a manner as disclosed, for example, in the commonly owned U.S. Pat.
      No. 3,461,881 granted Aug. 19, 1969, to form a series of interconnected
      cigars which are thereupon separated from each other. Still more
      particularly, the invention relates to improvements in mechanisms or units
      which are used in such apparatus to sever or subdivide a continuous
      wrapper or tube of helically convoluted adhesive-coated strip or web stock
      to produce discrete cigars.
PAR  U.S. Pat. No. 3,461,881 discloses an apparatus wherein a conveyor moves a
      single file of bunches lengthwise and causes the bunches to rotate about
      their axes. A web of adhesive-coated wrapping material is fed at an
      oblique angle so that it is convoluted around the bunches in the form of a
      helix and forms a continuous tube which is thereupon severed by a cutoff
      so that the cigars are separated from each other and can be moved
      lengthwise into a magazine, tray or to another destination. The cutoff
      comprises a sleeve which moves lengthwise in and counter to the direction
      of lengthwise movement of the tube and an orbiting knife which also moves
      in and counter to the direction of lengthwise movement of bunches and
      severs the tube in the sleeve while moving in the direction of and at the
      exact speed of movement of the tube. A drawback of such cutoffs is that
      the mass of their parts is considerable so that they cannot be
      reciprocated at a speed which is needed in a high-speed apparatus. Thus,
      such types of severing means limit the output of the cigar making
      apparatus. Moreover, a cutoff with a reciprocating knife and a
      reciprocating sleeve is rather complex, expensive and prone to
      malfunction.
PAR  It was further proposed to sever the continuous rotating tube which
      surrounds a single file of cigar bunches by a knife which does not rotate
      but merely moves lengthwise with the tube during penetration into the
      convoluted web. This reduces the mass of moving parts. However, such means
      for severing the tube also failed to find widespread acceptance because
      the severing action is performed by a relatively small portion of the
      knife blade which becomes dull after extremely short periods of use so
      that the apparatus must be arrested at frequent intervals in order to
      allow for a replacement of the knife. Alternately, the apparatus must be
      provided with a complex mechanism for displacing the knife relative to its
      holder so as to move different portions of the blade into severing
      engagement with the tube.
PAR  Cutoffs of the type normally employed for subdividing a continuous rod of
      tobacco into discrete cigar bunches are very expensive and, therefore,
      there exists an urgent need for relatively simple but reliable means for
      separating a succession of interconnected wrapped cigar bunches from each
      other to form discrete cigars.
PAR  In accordance with still another proposal, the apparatus employs a first
      conveyor which rotates successive bunches of a single file about their
      axes and moves the bunches lengthwise while a device feeds an
      adhesive-coated web obliquely into the path of successive bunches so that
      the web is convoluted around the bunches and forms a continuous tube
      consisting of partially overlapping helices. The tube is then engaged by a
      second conveyor which rotates the tube at a higher speed so that portions
      of the tube between successive bunches are twisted and thereby
      automatically separated from each other. Such proposal has met with
      limited success because the separation of wrapped bunches is not
      reproducible with a sufficient degree of accuracy and also because the
      twisted portions of the tube affect the appearance of the cigars.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide an apparatus for applying tubular
      wrappers to tobacco fillers, especially to cigar bunches, with novel and
      improved means for separating wrapped fillers from each other.
PAR  Another object of the invention is to provide an apparatus wherein the
      separation of wrapped fillers can be carried out at a high rate of speed
      which is determined by the characteristics of instrumentalities other than
      the actual separating means.
PAR  A further object of the invention is to provide an apparatus whose
      compactness at least matches the compactness of conventional apparatus,
      which can be readily adjusted to wrap tobacco fillers and to separate
      wrapped fillers at a desired rate, and wherein the means for separating
      wrapped fillers is simpler, more readily accessible, longer-lasting and
      requires less maintenance than presently known separating means.
PAR  An additional object of the invention is to provide a cigar making
      apparatus with novel means for breaking the wrapper which surrounds
      successive cigar bunches.
PAR  The improved apparatus is used to convert a file of aligned rod-shaped
      tobacco fillers (particularly cigar bunches) and a continuous
      adhesive-coated web into discrete wrapped fillers and comprises first
      conveyor means for moving the file of aligned fillers lengthwise along a
      predetermined path at a first speed and for simultaneously rotating the
      fillers about their axes, means for feeding the web lengthwise and
      obliquely toward the path of the fillers so that the web is automatically
      convoluted around successive fillers and forms a tube consisting of
      partially overlapping helices, means for reducing the tensile strength of
      longitudinally spaced portions of the tube between successive fillers
      (whereby the reduction of tensile strength does not involve a complete
      severing of the tube), and second conveyor means for moving the tube
      lengthwise along the path of the fillers at a higher second speed so that
      the tube breaks at the longitudinally spaced portions of reduced tensile
      strength.
PAR  The means for reducing the tensile strength of longitudinally spaced
      portions of the tube preferably comprises an endless carrier which is
      arranged to travel along a second path making a first oblique angle with
      the path for the rod-shaped fillers between the first and second conveyor
      means, and a row of needles or otherwise configurated projections
      extending from the carrier and making with the second path a second
      oblique angle so that the projections penetrate at intervals into
      successive longitudinally spaced portions of the tube while moving with
      the tube at the speed of lengthwise movement of the tube and while
      simultaneously moving about the axis of the tube at the speed of rotation
      of fillers about their axes. The sum of the first and second angles is
      preferably 90.degree..
PAR  The first conveyor means preferably comprises two endless flexible elements
      having filler-engaging stretches which cross each other in space. One of
      these stretches is preferably parallel to the second path.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved apparatus
      itself, however, both as to its construction and its mode of operation,
      together with additional features and advantages thereof, will be best
      understood upon perusal of the following detailed description of certain
      specific embodiments with reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a somewhat schematic plan view of an apparatus which embodies one
      form of the invention;
PAR  FIG. 2 is an enlarged side elevational view of a unit which forms part of
      the apparatus shown in FIG. 1 and serves to reduce the tensile strength of
      longitudinally spaced portions of the tube;
PAR  FIG. 3 is a similar side elevational view of a modified unit; and
PAR  FIG. 4 is a similar side elevational view of a third unit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows an apparatus for wrapping cigar bunches 2 into a continuous
      web 3 of adhesive-coated wrapping material, e.g., a web of reconstituted
      tobacco. The apparatus comprises a support 7 which may constitute the
      frame of a cigar making machine or the frame of a discrete machine which
      is independent of a cigar making machine and receives bunches from a
      suitable magazine, not shown. In the latter instance, the apparatus
      comprises a suitable device (not shown) which removes from the magazine a
      single file of bunches 2 and advances such bunches at a speed which is
      identical with the speed of movement of bunches through a wrapping
      station.
PAR  The frame 7 supports a first conveyor 1 which is located at the
      aforementioned wrapping station, a second conveyor 6, and a weakening unit
      4 which is installed between the two conveyors and serves to reduce the
      tensile strength of longitudinally spaced portions of a tube 3A which is
      obtained by convoluting the web 3 around successive fillers 2. The
      conveyor 1 comprises two endless flexible elements in the form of belts
      13, 14 having stretches which cross each other in space and serve to
      advance successive bunches 2 lengthwise as well as to rotate the bunches
      about their respective axes. The direction in which successive bunches 2
      of a single file of bunches are moved lengthwise by the belts 13, 14 is
      indicated by arrows 22. The web 3 which is to be convoluted about
      successive bunches 2 so as to form the tube 3A is supplied by the upper
      stretch 13a of the lower belt 13 of the first conveyor 1. The means for
      feeding bunches 2 lengthwise so that they enter the space between the
      upper stretch 13a of the belt 13 and the lower stretch of the belt 14 may
      include a rapidly rotating accelerator cam (not shown) which propels the
      bunches at the discharge end of a cigar bunch making machine or which
      propels bunches leaving a suitable magazine, depending upon whether the
      frame 7 forms part of a cigar making machine or of a discrete machine for
      wrapping bunches 2 into the web 3 and for thereupon separating successive
      cigars 2A from each other. The adhesive-coated side of the web 3 on the
      upper stretch 13a of the belt 13 faces the lower stretch of the belt 14.
      The directions in which the belts 13, 14 of the first conveyor 1 are
      driven are respectively indicated by arrows 8 and 9.
PAR  The second conveyor 6 is designed to advance the cigars 2A at a speed which
      exceeds the speed of the bunches 2 in the first conveyor 1. This insures
      that each preceding cigar 2A is separated from the next-following cigar in
      a region which is determined by the weakening unit 4. The distance between
      the region where the lower stretch of the belt 14 overlies the upper
      stretch 13a of the belt 13 and the region where the lower stretch of the
      upper endless belt 17 of the conveyor 6 overlies the upper stretch of the
      lower endless belt 16 of the conveyor 6 is less than the length of a bunch
      2. The directions in which the belts 16, 17 of the second conveyor 6 are
      driven are indicated by arrows 11 and 12. It will be noted that the
      construction of the conveyor 6 is practically identical with that of the
      conveyor 1. The means for feeding the web 3 onto the upper stretch 13a of
      the belt 13 in the conveyor 1 is not shown; such means may be constructed
      and assembled in a manner as disclosed in the commonly owned U.S. Pat. No.
      3,461,881 granted Aug. 19, 1969.
PAR  The main prime mover of the apparatus comprises an output shaft 18A which
      drives a gearing 18 which, in turn, drives two sets of bevel gears 19 and
      21. The bevel gears 19 drive the rollers or pulleys for the belts 13, 14
      and the bevel gears 21 drive the rollers or pulleys for the belts 16, 17.
      The transmission ratio of bevel gears 21 is higher than that of the bevel
      gears 19 so that the speed of lengthwise movement of the belts 16, 17
      exceeds the speed of the belts 13, 14. The difference between the speeds
      of the belts 16, 17 and 13, 14 need not be substantial but must suffice to
      insure that the cigars 2A can be separated from each other not later than
      when their trailing ends reach the region of overlap of the belts 16 and
      17. The angles delta which the stretches of the belts 16 and 17 enclose
      with the direction of lengthwise movement of cigars 2A are at least
      slightly smaller than the angles beta which the stretches of the belts 13,
      14 enclose with the direction indicated by arrows 22. This insures that
      the speed at which the bunches 2 are rotated about their axes during
      travel through the conveyor 1 is identical with the speed at which the
      cigars 2A are being rotated about their axes during travel between the
      belts 16, 17 of the conveyor 6. However, and as mentioned above, the speed
      of lengthwise movement of cigars 2A exceeds the speed of lengthwise
      movement of bunches 2.
PAR  The details of the weakening unit 4 are shown in FIG. 2. This unit also
      comprises two endless flexible elements 26 and 27 in the form of belts
      crossing each other in space in a manner similar to that of the belts 13,
      14 or 16, 17. The lower belt 26 is trained over rollers 32, 33 and is
      driven to move in the direction indicated by arrow 23. The upper belt 27
      is preferably an internally toothed belt and is trained over toothed
      rollers 34, 36 so as to advance in the direction indicated by arrow 24.
      The upper stretch of the belt 26 is held against sagging by a plate-like
      back support 29 and serves to support the wrapped portions of successive
      bunches 2 during lengthwise movement toward engagement with the belts 16,
      17 of the conveyor 6.
PAR  The upper belt 27 of the weakening unit 4 constitutes a mobile carrier for
      a row of weakening elements 28 here shown as discrete needles or
      projections which can puncture the tube 3A so as to reduce the tensile
      strength of the convoluted web 3 in the region between a finished cigar 2A
      and a bunch 2 which is in the process of being converted into a cigar. The
      lower stretch of the belt 27 travels below a plate-like back support 31 so
      that the needles 28 cannot yield during penetration into the tube 3A. The
      needles 28 form a row (see FIG. 1) which makes with the longitudinal
      direction of the belt 27 an angle alpha. The stretches of the belt 27 make
      with the axes of adjacent bunches 2 an angle beta which corresponds to the
      angle between the stretches of the belt 13 or 14 and the direction
      indicated by arrows 22. The sum of the angles alpha and beta is 90
      degrees. It will be noted that the belts 26 and 27 are respectively
      parallel to the belts 13 and 14.
PAR  The prime mover of the cigar making machine or of the apparatus including
      the structure of FIGS. 1 and 2 has a second output shaft 38A which drives
      two sets of bevel gears 38 and 37. The bevel gears 37 drive the rollers
      32, 34 of the belts 26, 27 in such a way that the speed of the belts 26,
      27 equals or very closely approximates the speed of the belts 13, 14. Due
      to such speed of the belts 26, 27 and due to the aforediscussed feature
      that the sum of the angles alpha and beta is 90 degrees, the needles 28
      are caused to move in the direction indicated by arrows 22 at the exact
      speed of lengthwise movement of bunches 2 and the needles 28
      simultaneously travel transversely of the path of cigar bunches 2 at the
      exact speed at which the bunches rotate or roll about their own axes. This
      insures the formation of clean perforations or punctures which form an
      annulus located in a plane which is normal to the path of lengthwise
      movement of the bunches 2 and cigars 2A. The direction of transverse
      movement of needles 28 (while the belt 27 travels in the direction of
      arrow 24) is indicated by arrow 39 shown in FIG. 2.
PAR  The operation:
PAR  The bunches 2 are fed lengthwise along a straight path to form a single
      file wherein the neighboring bunches are separated from each other by
      relatively narrow gaps as shown in the left-hand portion of FIG. 1. The
      foremost bunch 2 is engaged by the neighboring stretches of the belts
      13,14 of the first conveyor 1 and is moved lengthwise (arrows 22) and is
      simultaneously compelled to rotate about its own axis. The upper stretch
      13a of the belt 13 furnishes the adhesive-coated web 3 which is convoluted
      around the foremost bunch 2 to form a tube 3A consisting of partially
      overlapping helices. The leader of the foremost bunch 2 then reaches the
      belts 26, 27 of the weakening unit 4 and is supported by the upper stretch
      of the lower belt 26 in the region above the back support 29. The needles
      28 penetrate into the tube 3A in the region ahead of the leader of the
      foremost bunch 2 to form therein an annulus of perforations or punctures
      whereby such perforations reduce the tensile strength of the tube 3A
      sufficiently to permit a separation of the preceding cigar 2A from the
      next-following cigar with the formation of a clean line of separation
      between the tube 3A of the preceding cigar and the tube of the
      next-following cigar. As explained above, the belt 27 is inclined in such
      a way, this belt travels at such a speed, and the row of needles 28 is
      also inclined in such a way that the needles travel in the direction of
      arrow 39 at the exact speed of rolling movement of partially wrapped bunch
      2 between the belts 26 and 27. The length of the row of needles 28 is
      selected with a view to insure that the perforations in the tube 3A form a
      complete annulus so that the weakening of the tube 3A is uniform all the
      way along its periphery.
PAR  The belts 16, 17 of the second conveyor 6 move the foremost cigar 2A
      lengthwise at a speed which exceeds the speed of the bunches 2 so that the
      cigar is separated from the next-following cigar or partially wrapped
      bunch 2 along the line of perforations formed by the needles 28. The belts
      16, 17 thereupon increase the distance between the freshly separated cigar
      2A and the next-following cigar or partially wrapped bunch 2. Successively
      separated cigars 2A can be fed into a magazine, into a tray or directly
      into the hopper of a packing machine, not shown.
PAR  It will be noted that, in contrast to the operation of a conventional
      cutoff, the weakening unit 4 merely reduces the tensile strength of
      longitudinally spaced portions of the tube 3A without, however, actually
      severing the tube in the regions between successive cigars 2A. The actual
      separation is effected by the belts 16, 17 in cooperation with the belts
      13, 14 and 26, 27. The punctures formed by the needles 28 form a complete
      annulus so that the separation of successive cigars is clean and
      reproducible with a high degree of accuracy. The tip of each needle which
      is about to penetrate, which thereupon penetrates and which is ultimately
      retracted from the tube can be said to constitute a point travelling with
      the tube at the speed of the bunches and travelling about the axis of the
      tube at the speed at which the bunches rotate. Since the distance between
      the region of overlap of the belts 13, 14 and the region of overlap of the
      belts 16, 17 is less than the length of a bunch 2, successively wrapped
      cigars 2A are invariably separated from the next-following bunches not
      later than when the respective weakened portions of the tube 3A reach the
      conveyor 6.
PAR  FIG. 3 illustrates a portion of a second weakening unit 104 wherein all
      such parts which are identical with or clearly analogous to the
      corresponding parts of the weakening unit 4 are denoted by similar
      reference characters plus 100. The lower endless flexible element 26 of
      the weakening unit 4 is replaced by two parallel rolls 142, 143 which
      rotate in directions indicated by arrows, either because they are
      positively driven or because they are rotated by the rolling bunches 102.
      The rolls 142, 143 are mounted in a holder or bracket 141 which is mounted
      in or on the frame 107. The rolls 142, 143 form a simple cradle wherein
      the tube 103A and the bunches 102 move lengthwise (while also rotating
      about their axes) during penetration of needles 128 into the tube 103A so
      that the latter is weakened sufficiently to permit for reproducible
      separation of successive cigars from each other during travel between the
      belts of the second conveyor (not shown in FIG. 3). The row of needles 128
      moves in the direction indicated by arrow 139, i.e., at right angles to
      the axis of the tube 103A.
PAR  FIG. 4 shows a further weakening unit 204 which is similar to the unit 104
      of FIG. 3; therefore, all such parts of the unit 204 which are identical
      with or clearly analogous to the corresponding parts of the unit 104 are
      denoted by similar reference characters plus 100. The main difference is
      that the carrier for the row of needles 228 is a drum-shaped rotary member
      246 which is driven to rotate in the direction indicated by arrow 224.
      Also, the row of needles 228 which extend from the periphery of the
      drum-shaped carrier 246 forms a portion of a helix. The mode of operation
      of the unit 204 is practically identical to that of the unit 4 or 104.
PAR  The improved apparatus exhibits the advantage that it employs an extremely
      simple, compact and inexpensive weakening unit for reducing the tensile
      strength of longitudinally spaced portions of the tube 3A, 103A or 203A.
      The inertia of moving parts of the weakening unit has no bearing on the
      accuracy and reproducibility of the weakening action because the lower
      conveyor means 26, 142-143 or 242-243 of the unit 4, 104 or 204 rotates
      continuously and because the carrier 27, 127 or 246 for the needles 28,
      128 or 228 also moves continuously. This insures that the output of the
      weakening unit (i.e., the frequency at which the row of needles penetrates
      into longitudinally spaced portions of the tube can be increased
      practically at will, i.e., that the reduction of tensile strength of such
      portions of the tube can take place at a frequency which is dictated by
      the operating speed of the slowest component or unit of the apparatus
      which need not be the weakening unit.
PAR  Another important advantage of the improved apparatus is that the weakening
      elements 28, 128 or 228 are subjected to negligible wear so that they can
      stand long periods of useful life. This is attributed to the fact that the
      weakening elements can constitute simple needles which merely puncture but
      need not rip or tear the tube 3A, 103A or 203A. It has been found that
      needles made of a suitable steel or a similar material can be used for
      extremely long periods of time, i.e., for periods which are long enough to
      warrant the disposal of needles with or without their carrier rather than
      a continuous or intermittent grinding or sharpening which is customary in
      presently known severing units for wrapped cigar bunches.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of our contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
PAR  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for converting a file of aligned rod-shaped tobacco fillers
      and a continuous adhesive-coated web into discrete wrapped fillers,
      comprising first conveyor means for moving said file of aligned fillers
      lengthwise along a predetermined path at a first speed and for
      simultaneously rotating said fillers about their axes; means for feeding
      said web lengthwise and obliquely toward said path so that the web is
      convoluted around successive fillers and forms a tube which moves
      lengthwise, rotates about its axis, and consists of partially overlapping
      helices; means for reducing the tensile strength of longitudinally spaced
      annular portions of said tube intermediate successive fillers while the
      tube moves lengthwise and rotates about its axis, comprising means for
      circumferentially perforating said tube, said annular portions of reduced
      tensile strength continuing to connect the preceding and next-following
      portions of the tube to each other; and second conveyor means for moving
      said tube lengthwise along said path at a higher second speed so that said
      tube breaks at said longitudinally spaced annular portions of reduced
      tensile strength.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein said means for reducing the
      tensile strength of said annular portions of said tube comprises an
      endless carrier arranged to travel along a second path making a first
      oblique angle with said first mentioned path intermediate said first and
      second conveyor means, and a row of projections extending from said
      carrier and making with said second path a second oblique angle so that
      the projections of said row penetrate at intervals into successive
      longitudinally spaced annular portions of said tube while moving with and
      at the speed of lengthwise movement said tube and while simultaneously
      moving transversely of the axis of said tube at the speed of rotation of
      said fillers about their axes.
NUM  3.
PAR  3. Apparatus as defined in claim 2, wherein the sum of said first and
      second angles is 90.degree..
NUM  4.
PAR  4. Apparatus as defined in claim 2, wherein said first conveyor means
      comprises two endless flexible elements having filler-engaging stretches
      crossing each other in space, one of said stretches being parallel to said
      second path.
NUM  5.
PAR  5. Apparatus as defined in claim 2, wherein said projections are needles.
NUM  6.
PAR  6. Apparatus as defined in claim 2, wherein said carrier is an endless
      flexible element.
NUM  7.
PAR  7. Apparatus as defined in claim 6, wherein said belt is a toothed belt and
      further comprising a pair of toothed rollers and means for rotating one of
      said rollers, said belt being trained over said rollers.
NUM  8.
PAR  8. Apparatus as defined in claim 2, wherein said carrier is a rotary member
      having a fixed axis of rotation.
NUM  9.
PAR  9. Apparatus as defined in claim 1, wherein each of said fillers has a
      predetermined length and the distance between said first and second
      conveyor means is less than said predetermined length.
NUM  10.
PAR  10. Apparatus as defined in claim 1, wherein said means for feeding said
      web forms part of said first conveyor means.
NUM  11.
PAR  11. Apparatus as defined in claim 1, wherein said means for reducing the
      tensile strength of said tube includes a mobile support for said tube at
      one side of said path, a mobile carrier at the other side of said path
      opposite said support, and a row of projections provided on said carrier
      and arranged to form annuli of perforations in said longitudinally spaced
      annular portions of said tube.
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ABST
PAL  An improvement in the production of all reconstituted tobacco sheet
      material is described which involves the reaction in situ of catalase and
      hydrogen peroxide within the mass of ingredients, including tobacco, which
      are ultimately formed into the finished reconstituted tobacco sheet.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 182,183, filed Sept. 20, 1971 now abandoned, and is a
      continuation-in-part of my copending application Ser. No. 279,857 filed
      Aug. 11, 1972, entitled Method of Treating Tobacco with Catalase and
      Hydrogen Peroxide now U.S. Pat. No. 3,889,689.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to the manufacture of reconstituted tobacco sheet,
      and more particularly relates to a method for improving the quality and
      economic usefulness of reconstituted tobacco sheet in finished smoking
      products.
PAR  It is known that by 1964, at least fifteen percent of the tobacco
      incorporated into domestic smoking products was formed from reconstituted
      tobacco sheet. There is no single definition for reconstituted tobacco
      sheet, since the term indicates any extended web, film or sheet of
      material containing tobacco which has been formed by the aggregation of a
      plurality of relatively small particles of tobacco (e.g. dust, fines,
      waste, shreds etc), with or without additional materials. The basic known
      processes for forming reconstituted tobacco sheet are as follows:
PA1  1. Dust-impingement.
PA1  2. Tobacco slurry.
PA1  3. Impregnation-of-web.
PA1  4. Paper.
PA1  5. Extrusion.
PAR  The dust-impingement process involves impinging ground tobacco upon an
      adhesive surface, and then drying the mixture. The tobacco slurry process
      involves forming a dispersion of ground tobacco in a solution containing
      such materials as adhesive, ash additives, humectants and reinforcing
      fibers, and casting the slurry onto a smooth surface such as a roller or
      plate, where it is dried into a continuous sheet. The impregnation-of-web
      process involves impregnating a sheet or web of carrier material such as
      paper or other cellulosic product with a finely divided mixture of
      tobacco. The paper process involves forming a tobacco sheet from tobacco
      fibers in a manner similar to the conventional process of forming paper
      from cellulosic fibers. The extrusion process involves the mechanical
      extrusion of a mass containing finely divided tobacco particles into a
      continuous sheet. This sheet may also contain adhesives, ash additives,
      humectants, reinforcing fibers and the like. In my copending application
      filed Aug. 11, 1972, the disclosure of which is incorporated herein by
      reference and made a part hereof, I have described a method of treating
      tobacco in which physical force is used to cause liquid containing
      catalase and hydrogen peroxide to permeate the interstices of tobacco
      where they are reacted with each other in situ, enhancing properties of
      the tobacco. The forms of tobacco treated in accordance with that process
      are whole leaf, lamina, cut ribs and stems, and finished reconstituted
      tobacco sheet. I have now discovered that the basic tobacco ingredients
      (e.g. dust, fines, waste, shreds etc.) which are utilized by all processes
      for making reconstituted tobacco sheet may be also treated by the in situ
      reaction of catalase and hydrogen peroxide during the transformation of
      these ingredients into a finished reconstituted tobacco sheet.
PAC  Summary of the Invention
PAR  The process of my invention comprises the steps of (1) thoroughly mixing a
      plurality of finely divided tobacco particles in a liquid solution
      containing catalase and hydrogen peroxide (2) allowing said catalase and
      hydrogen peroxide to react in situ in the presence of the tobacco and (3)
      forming said solution containing tobacco particles into a finished sheet
      tobacco product.
DETD
PAC  EXAMPLE 1
PAR  One part of ground tobacco was added to 20 parts of water and homogenized
      in a blender to form a slurry. 5 percent by weight of this slurry of a 12
      percent hydrogen peroxide solution was added along with 5 percent by
      weight of the slurry of a 2 ml per liter of water solution of catalase.
      After thorough mixing the slurry was added to an autoclave and cooked at
      15 p.s.i.g. for 10 minutes. The slurry, in the form of a dough, was spread
      in a film of approximately 5 mm thickness on stainless steel plates and
      dried over a steam bath. When dry each sheet was porous, strong, mild
      flavored, and darker in color than the original ground tobacco.
PAC  EXAMPLE 2
PAR  Example 1 is repeated, except that additionally to the slurry is added 5
      percent by weight of the slurry of carboxymethylcellulose. The finished
      sheet tobacco had the same qualities as the product of Example 1, and in
      addition was more resistant to tearing.
PAR  Other binding agents in addition to carboxymethylcellulose which may
      effectively be used in the process of this invention are methyl cellulose
      and pectin.
PAR  The process of this invention may be used in combination with any of the
      conventional processes for making reconstituted tobacco sheet filler,
      binder or wrapper.
PAR  One advantage of the process of this invention is the possibility of
      utilizing the reconstituted sheet product thereof in proportions of a
      finished smoking product approaching one hundred percent. This is due to
      the low density sheet formed and increased strength of the sheet, as well
      as the mild nature of the treated tobacco. Moreover, since the catalase
      and hydrogen peroxide reaction converts some cellulose components of
      tobacco into sugars, the hygroscopicity of the finished product is
      increased, thereby improving the shelf life of the finished tobacco
      product.
PAR  It will readily be apparent that delayed catalase may be advantageously
      used in accordance with the process of this invention. Such use will
      permit thorough mixing of the tobacco particles in the liquid solution
      containing catalase and hydrogen peroxide before the onset of the in situ
      reaction. It is also advantageous in accordance with the process of this
      invention, to apply negative pressure by means of vacuum devices either to
      the untreated tobacco or to the reaction mixture at some point in time
      after the in situ reaction between catalase and hydrogen peroxide has been
      started. When applied to the untreated tobacco, the interstices of the
      tobacco are cleared by the negative pressure, permitting more complete
      perfusion of the reaction mixture. When applied after the start of the in
      situ reaction, the negative pressure aids in the expansion of the mixture
      to give a porous reconstituted tobacco sheet.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In a process of producing reconstituted tobacco sheet including the
      steps of (1) evenly distributing a plurality of finely divided tobacco
      particles throughout a spatial zone, and (2) thoroughly mixing said
      tobacco particles in a liquid solution containing catalase and hydrogen
      peroxide, (3) allowing said catalase and hydrogen peroxide to react in
      situ at ambient temperature and pressure in the presence of the tobacco
      and (4) causing said tobacco to aggregate into a self-supporting sheet.
NUM  2.
PAR  2. The process according to claim 1, wherein the tobacco particles are
      caused to aggregate into a self-supporting sheet by means of an adhesive.
NUM  3.
PAR  3. The process according to claim 1, wherein the tobacco particles are
      caused to aggregate into a self-supporting sheet by impregnating said
      particles in a self supporting web.
NUM  4.
PAR  4. The process according to claim 1, wherein the tobacco particles are
      caused to aggregate into a self-supporting sheet by the mutual
      interengagement of said particles.
NUM  5.
PAR  5. The process in accordance with claim 1, wherein the amount of catalase
      and the amount of hydrogen peroxide are sufficient to decompose the
      catalase and the hydrogen peroxide.
NUM  6.
PAR  6. The process in accordance with claim 1, wherein the catalase is delayed
      catalase.
NUM  7.
PAR  7. The process in accordance with claim 1, wherein the in situ reaction of
      catalase and hydrogen peroxide is carried out at least in part under
      super-atmospheric pressure.
NUM  8.
PAR  8. The process in accordance with claim 7, wherein said tobacco is caused
      to aggregate into a self-supporting sheet after release of said
      super-atmospheric pressure.
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ABST
PAL  An apparatus and method for isolating certain hair sections from other hair
      sections which are to be treated with hair waving, straightening,
      bleaching, or dyeing materials. In a hair waving application, each free
      end portion of a hair section to be protected from the waving solution is
      rolled onto a conventional curling rod. A sheet of fluid impermeable
      material is rolled onto the rod with the outer hair turns. A split sleeve
      is pressed onto the assembly of rolled up hair and sheet, and this seals
      the rolled up hair from intrusion of the waving solution. The inner end of
      the hair section can then be rolled onto the sleeve for treatment with the
      waving solution in the usual manner. In a hair straightening procedure the
      inner end of the hair section would not be wound onto the sleeve, but
      would instead be treated with the hair straightening solution. Hair
      frosting and reverse frosting procedures are performed by separating
      certain hair tresses and rolling them up in the manner described, thereby
      isolating such tresses from exposure to the hair frosting or reverse
      frosting materials.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an apparatus and method for isolating
      certain hair sections from other sections to be treated with hair waving,
      straightening, bleaching, or dyeing material.
PAR  2. Description of the Prior Art
PAR  In various hair treatment procedures it is important to protect, shield, or
      isolate certain hair sections from the rest of the hair. For example, in a
      so-caled "cold permanent" hair curling process a cold waving solution is
      applied to the hair after it has been wound or rolled onto winding rods or
      hair curlers. Repeated applications of such cold waving solution to the
      hair can cause it to become brittle and frizzy. Consequently, when a
      customer's hair is to be curled it is important to keep the cold waving
      solution away from any previously treated hair. Heretofore, the separation
      of the previously curled hair sections from those which are to be treated
      has been a tedious and time consuming operation.
PAR  Hair straightening is another procedure in which it is important to protect
      previously treated hair from the treatment lotion. U.S. Pat. No.
      3,367,345, issued Feb. 6, 1968, entitled "Apparatus and Method for
      Protecting Old Hair While Straightening New Hair," discusses this problem
      and discloses one method of protection. According to the patented
      arrangement a hair section is separated from the main body of hair and
      that length of the hair section which has been previously straightened is
      placed upon a length of fluid impermeable paper. The fold or seam of the
      paper extends lengthwise of the hair section and both the paper and the
      enclosed hair are rolled up into a croquignole. The unrolled,
      unstraightened portion of the hair section is then treated with the
      straightening lotion. This procedure is quite tedious because of the
      requirement that the hair sections be enclosed on both sides by the paper,
      and the lotion is not completely kept from leaking through to the already
      straightened hair.
PAR  Hair frosting and reverse hair frosting are other hair treatment procedures
      in which it is important to protect the hair from the treatment materials.
      In hair frosting the hair sections to be treated are separated and
      bleaching material is applied to them. In the reverse frosting process
      dyeing material is applied. In either procedure care must be taken to
      surround, contain, or otherwise isolate the hair sections which are
      treated so that the treatment material cannot reach the rest of the hair.
PAR  All of the procedures mentioned require the exercise of painstaking care,
      which takes time, and which is therefore costly. In addition, the methods
      of protection of the hair which is not to be treated are often so
      ineffective that the physical character of the hair or its appearance
      suffers.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an apparatus and method are provided
      which are operative to isolate relatively quickly and effectively certain
      hair sections from the rest of the hair to thereby facilitate hair
      treatment procedures. The apparatus includes the combination of a sheet of
      fluid impermeable material and a sealing member such as a resilient split
      sleeve. The sheet is adapted to overlie a hair section which is to be
      protected or isolated from the hair treatment material. The hair section
      and the sheet are together wound upon an elongated winding member or
      curling rod. The resilient split sleeve is sprung upon the curling rod in
      overlying relation to the wound hair section and sheet so that the sleeve
      presses upon and seals the hair section and sheet from intrusion of the
      hair treatment materials.
PAR  According to the method of the present invention, the hair to be protected
      from the hair treatment materials is partially wound upon a hair curler
      rod, and the fluid impermeable sealing sheet is placed against a hair
      section to be protected. The sheet and hair section are then wound upon
      the curling rod, and the split sleeve is press fitted over the wound hair
      section and sheet to seal the same against passage of hair treatment
      materials. In the case of a hair curling procedure, only that portion of
      the hair section which was previously curled is wound on the rod prior to
      placement of the split sleeve. Thereafter, the uncurled hair is wound
      about the split sleeve and retained in wound position by the usual hair
      curler elastic. The curling solution is applied to the wound hair located
      externally of the split sleeve and the wound sheet and sleeve keep the
      solution from passing to the hair within the split sleeve.
PAR  If a hair straightening procedure is involved, any already straightened
      hair is first wound on the rod with the sealing sheet, the sleeve is
      placed in position, and the remaining unstraightened portion of the hair
      section is left unwound. The unwound hair is then treated with the hair
      straightening lotion.
PAR  In a hair frosting procedure selected sections of hair are completely wound
      upon the curling rods, with the fluid impermeable sheets being applied to
      the hair close to the head to surround all of the wound hair. After
      placement of the sleeve, the remaining, separated unwound sections of hair
      can be treated with a bleaching agent. If the procedure is a reverse
      frosting treatment, the unwound hair sections are treated with a dyeing
      agent rather than a bleaching agent.
PAR  The methods of the present invention are quickly and easily performed and
      are very effective in isolating selected hair sections from the action of
      various kinds of hair treatment materials.
PAR  Other objects and features of the invention will become apparent from
      consideration of the following description taken in connection with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a typical curling rod and associated
      sealing sleeve according to the present invention;
PAR  FIG. 2 is a partially diagrammatic plan view of a curling rod, and the hair
      section and papers which are wound together onto the rod;
PAR  FIG. 3 is a side elevational view of the elements of FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 3, but illustrating the papers and a
      portion of the hair section wound upon the rod, with the sleeve of FIG. 1
      ready to be fitted onto the wound elements;
PAR  FIG. 5 is a partially diagrammatic cross sectional view of the elements of
      FIG. 4 as the same would appear for a hair curling procedure; and
PAR  FIG. 6 is a partial perspective view of the elements of the present
      apparatus being utilized in a hair frosting procedure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As previously indicated, the present invention is concerned with a means
      for quickly and easily protecting or isolating selected hair sections from
      the effect of various kinds of hair treatment materials. As will be seen,
      the relative ease of use of the present apparatus makes possible the use
      of the unique methods of hair treatment which are also herein disclosed.
PAR  The present apparatus is adapted for use with various hair treatment
      procedures, but particularly including the cold wave or cold permanent
      hair curling, hair straightening, hair frosting, and reverse hair
      frosting. In this regard, the composition of the liquids, lotions, and
      like agents used in the hair curling, straightening, or frosting
      procedures form no part of the present invention since suitable
      compositions are well known to those skilled in the art. Consequently no
      description of such materials is included in the present disclosure.
PAR  The present apparatus comprises, generally, an elongated winding member,
      curling rod or hair curler 10, a short length or sheet 12 of fluid
      impermeable material, and an elongated tubular sealing member or split
      sleeve 14.
PAR  The hair curler 10 is an exemplary form of winding element upon which a
      hair section can be wound. Other winding members can also be utilized, if
      desired, provided hair can be wound upon them in croquignole fashion. The
      curler 10 illustrated is made of a molded plastic composition and has a
      generally concave central body, as viewed in longitudinal cross section.
      That is, the central portion is of lesser diameter compared to the short,
      constant diameter end portions. This contour produces a rolled or wound
      hair section having a generally cylindrical configuration and a diameter
      approximating that of the curler ends.
PAR  The curler 10 includes a plurality of minute projections or teeth 16 which
      grip or anchor the free end of the hair section being wound upon the
      curler. In addition, the curler 10 includes an end kerf or slot 18 which
      anchors one end of an elastic cord 20, the opposite end of the cord 20
      being similarly secured to an end plug or cap 22. The cap 22 includes a
      reduced diameter central portion adapted to fit within an opening (not
      shown) which is provided in the end of the curler 10 opposite the end with
      the slot 18.
PAR  By stretching the cord 20 over a section of hair that is rolled or wound on
      the curler 10, and placing the cap 22 in the complemental curler opening,
      the wound hair is retained in position for treatment.
PAR  The split sleeve 14, which is adapted to be fitted upon the curler 10,
      comprises an elongated tube having a lengthwise slot or split 24. The
      length of the sleeve 14 is such that when it is in position upon the
      curler 10 it is coextensive with all of the curler body except the
      constant diameter end portions.
PAR  Since the sleeve 14 is intended to fit over hair wound upon the curler 10,
      and since the wound hair has a substantially constant diameter
      configuration, the inner diameter of the sleeve 14 is preferably also made
      constant throughout its length. However, the configuration is not critical
      so long as the particular configuration utilized is effective to press
      down upon and seal the wound elements, as will be seen.
PAR  The outer configuration of the sleeve 14 is also not critical, but
      preferably it should be generally concave in longitudinal cross section
      like the curler 10. If the sleeve 14 is made generally concave any rolled
      or wound hair on the outside of the sleeve 14 will tend to have a neat,
      generally cylindrical contour.
PAR  The particular resilient polyethylene material of which the sleeve 14 is
      made is also not critical to the present invention. Many suitable
      alternative materials will immediately suggest themselves to those skilled
      in the art. Such materials should be resistant to the hair treatment
      materials employed and preferably they should be characterized by inherent
      resilience. That is, the sealing means utilized must be capable of
      forcibly pressing upon and clamping against the wound materials on the
      curler 10. However, this could be accomplished by auxiliary clamping
      means, if desired.
PAR  The resilience and slotted construction of the sleeve material allows it to
      be sprung or spread apart at the slot 24 so that it can be fitted over the
      material wound on the curler 10, and thereafter exert a bias against the
      enclosed wound material.
PAR  The margins defining the curler slot 24 are preferably feathered or tapered
      to provide edges of lesser thickness than the wall thickness of the sleeve
      14. The thinner edges are more flexible and therefore better able to
      easily conform to the contour of the underlying materials on the curler
      10. This establishes a good seal to prevent passage of hair treatment
      materials past the flexible slot edges.
PAR  A sleeve 14 made of tubular stock has been employed with success in
      practicing the present invention. However, an injection molded part would
      be equally satisfactory.
PAR  The fluid impermeable sheet 12 is preferably rectangular in form. Its
      composition is not critical to the present invention so long as it is
      impermeable to the particular hair treatment materials being used. A
      flexible parchment type of paper is effective for this purpose. However,
      any sheet material capable of being rolled up, and yet resistant to fluid
      passage, would be satisfactory. In this regard the phrase "fluid
      impermeable" designates the capacity to prevent passage of fluid hair
      treatment material in the form of pastes, liquids, lotions or the like.
PAR  Referring now to FIGS. 2-5, a hair curling procedure is begun by separating
      or isolating a hair strand, tress, or section 26. For the purposes of this
      description, the hair section 26 has been divided into a root or scalp
      portion 28 which extends outwardly from the scalp 30, a mid portion 32
      which is covered in whole or in part by the sheet 12, and a free end
      portion 34.
PAR  A conventional "end paper" 36 is placed upon the end portion 34. As is well
      known to those skilled in the art, an end paper is a liquid absorbent,
      flexible and relatively soft material which facilitates attachment and
      winding of the end portion 34 upon the curler 10. The curler 10 is rotated
      in a clockwise direction, as seen in FIG. 3, and the end paper and hair
      section catch upon the curler teeth 16 during the rolling or winding
      operation.
PAR  The hair section 26 is illustrated as having previously curled hair
      portions 32 and 34, which is typical, and a newly grown portion 28, which
      is straight. The object in a hair curling procedure is to avoid treating
      the previously curled portions of the hair sections 26 since this would
      tend to make them brittle and frizzy. Consequently, once the end portion
      34 and the end paper 36 are partially rolled onto the curler 10, the fluid
      impermeable sheet 12 is used to protect the previously curled hair
      portions. For this purpose the sheet 12 is placed with its outer or
      trailing edge 38 in a position generally overlying the line of demarcation
      between the curled and uncurled portions of the hair section 26.
PAR  Clockwise winding of the curler 10 is continued until the curled hair
      portions 32 and 34 and the associated end paper 36 and sealing sheet 12
      are completely rolled or wound upon the curler 10. The split sleeve 14 is
      then press fitted over the wound materials on the curler 10, as best seen
      in FIG. 4. One of the margins of the slot 24 is preferably located on or
      adjacent the sheet edge 38 so that the bias of the sleeve material presses
      the edge 38 into close conformity with the underlying wound materials.
      This effects a good seal against intrusion of the hair curling solution.
PAR  After the sleeve 14 is in position, the remaining uncurled scalp portion 28
      is wound upon the outer surface of the sleeve 14 until the assembly is
      located adjacent the scalp 30. The curler cord 20 is then stretched across
      the wound material and the cap 22 is inserted within the complemental
      curler opening to retain the materials in wound position.
PAR  The foregoing procedure is repeated for other hair sections 26, and then
      the hair curling solution (not shown) is applied to the hair convolutions
      located exteriorly of the sleeve 14. This subjects the uncurled hair to
      the desired curling action, while protecting the already curled hair
      portions from this action.
PAR  A similar procedure is followed during a hair straightening procedure.
      However, the mid and end hair portions 32 and 34 are typically straight,
      having been previously straightened, while the scalp portion 28 would be
      wavy, kinky, or unstraightened. Therefore, after the hair portions 32 and
      34, the end paper 36, and the sheet 12 are wound onto the curler 10, as
      previously described in connection with the hair curling procedure, and
      the sleeve 14 is placed in sealing position, the remaining scalp portion
      28 is not wound onto the sleeve 14. Instead the scalp portion 28 is left
      as is and for application of the hair straightening lotion (not shown) to
      it.
PAR  Referring now to FIG. 6, a hair frosting arrangment is illustrated. In a
      hair frosting procedure according to the present invention, a block or
      tress of hair is separated from the main body of hair and this, in turn,
      is divided into two sections. Such division is best accomplished by
      passing a tool such as the end of a rat-tail comb in and out of the hair
      tress in basket-weave fashion. As the comb end is alternately passed in
      and out through the hair tress in this fashion, the alternate hair strands
      are passed upwardly to define an upper hair section 26, and downwardly to
      define an upper hair section 26.
PAR  The lower one of the adjacent hair sections 26 is wound onto a hair curler
      10 in a manner identical to that described previously in connection with a
      hair curling procedure except that the fluid impermeable sheet 12 is
      placed on the hair section 26 with its edge 38 closely adjacent the scalp
      30, and all of the lower hair section is wound on the curler 10 before
      placing the sleeve 14 in position. This seals all of the rolled or wound
      hair against intrusion of the hair frosting material since no part of the
      hair is located exteriorly of the sleeve 14.
PAR  If desired, one edge of a generally rectangular length of protective sheet
      material, such as aluminum foil 40, could be placed adjacent an edge
      margin of the sleeve slot 24 when the sleeve is being pressed into
      position. The clamping action of the sleeve 14 then holds the edge of the
      foil 40 in position, and the remainder of the foil drops down and rests
      against the scalp 30. The previously separated upper hair section 26 is
      then placed on top of the foil 40 where it is easily accessible for
      treatment by the hair frosting bleaching agent. The foregoing procedure is
      repeated until a number of the upper hair sections 26 are located on
      sheets of foil 40 and have been treated by the frosting agent (not shown).
      Use of the foil prevents any possible seepage of the bleaching agent onto
      other parts of the hair which are not to be treated. However, if all of
      the other parts of the hair not to be treated are already wound onto
      curlers 10, then the foil 40 can be eliminated.
PAR  In a reverse hair frosting procedure, the procedure is identical to that
      just described except that, instead of a bleaching agent, a hair dyeing
      agent (not shown) is used to dye the hair sections 26 arranged on the
      sheets of foil 40.
PAR  From the foregoing it is seen that the present apparatus and method provide
      a rapid and easy means for isolating selected hair sections for protection
      from hair treatment materials. Utilization of the present apparatus
      enables the practice of unique hair treatment methods which greatly speed
      hair curling, straightening, and frosting operations.
PAR  Various modifications and changes may be made with regard to the foregoing
      detailed description without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for isolating sections of hair from hair treatment
      materials, said apparatus comprising:
PA1  an elongated winding member on which a hair section is adapted to be wound;
PA1  a sheet of material impermeable to said hair treatment materials and
      adapted to overlie said hair section for winding onto said winding member
      with said hair section; and
PA1  a sealing member adapted for fitting onto said winding member in overlying
      relation to the wound up hair section and said sheet and operative to
      press upon and seal said hair section and said sheet from hair treatment
      materials.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said sealing member is an
      elongated split sleeve made of resilient material whereby said sleeve is
      adapted to be sprung apart at the split for said fitting onto said winding
      member.
NUM  3.
PAR  3. An apparatus according to claim 2 wherein the margins of said sleeve
      defining said split are each tapered to a thickness less than the wall
      thickness of said sleeve.
NUM  4.
PAR  4. A hair treatment method characterized by isolation of portions of hair
      from the hair treatment materials, said method comprising the steps of:
PA1  winding the free end portion of a hair section onto an elongated winding
      member;
PA1  placing a sheet of material adjacent the mid portion of said hair section,
      said sheet of material being impermeable to the hair treatment material to
      be used;
PA1  winding said mid portion of said hair section and said sheet together onto
      said winding member;
PA1  placing sealing means on said winding member in overlying close fitting
      relation to the wound up end portion, mid portion and sheet for sealing
      the same against the hair treatment materials;
PA1  repeating the foregoing steps on other hair sections to be isolated; and
PA1  applying hair treatment materials to unisolated hair sections.
NUM  5.
PAR  5. A hair treatment method according to claim 4 wherein the hair treatment
      method is for curling the scalp end portions of hair sections whose free
      end portions and mid portions were previously curled, and including the
      steps of: taking the scalp end portion of each hair section sealed by said
      sealing means and winding said scalp end portion upon said sealing means;
      retaining the wound up hair portions and sheet in wound condition on said
      winding member and sealing means; and applying hair curling material to
      the wound said scalp end portions.
NUM  6.
PAR  6. A hair treatment method according to claim 4 wherein the hair treatment
      method is for straightening the scalp end portions of hair sections whose
      free end portions and mid portions were previously straightened, and
      including the steps of: taking the scalp end portion of each hair section
      sealed by said sealing means and applying hair straightening material to
      it.
NUM  7.
PAR  7. A hair treatment method characterized by isolation of sections of hair
      from the hair treatment materials, said method comprising the steps of:
PA1  weaving a tool in and out of a section of hair to provide adjacent first
      and second hair portions each constituted of alternate hair strands from
      said section;
PA1  winding the free extremity of one of said first hair portions onto an
      elongated winding member;
PA1  placing a sheet of material adjacent the scalp extremity of said first hair
      portion, said sheet of material being impermeable to the hair treatment
      material to be used;
PA1  winding all of said first portion and said sheet together onto said winding
      member;
PA1  placing sealing means on said winding member in overlying, close fitting
      relation to said wound up first portion and said sheet for sealing the
      same against the hair treatment materials, and simultaneously placing
      under said adjacent second hair portion a protective sheet;
PA1  repeating the foregoing steps on other first and second hair portions; and
PA1  applying hair treatment materials to said second hair portions.
NUM  8.
PAR  8. A hair treatment method according to claim 7 wherein the hair treatment
      materials applied in said last step comprise bleaching materials whereby
      said hair treatment constitutes a hair frosting procedure.
NUM  9.
PAR  9. A hair treatment method according to claim 7 wherein the hair treatment
      materials applied in said last step comprise dyeing materials whereby said
      hair treatment constitutes a reverse frosting procedure.
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ABST
PAL  This device consists primarily of a manually operated clipper having a
      plastic member with an integral and internally threaded sleeve which
      receives an adjustable and threaded plug, providing floor means which will
      vary in depth.
BSUM
PAR  This invention relates to nail clipping devices, and more particularly to a
      toe nail clipper for dogs and other animals.
PAR  It is therefore the principal object of this invention to provide a toe
      nail clipper which will have plug means that will serve as a stop against
      the animal's nail, the stop means being adjustable so as to clip the
      animal's nails at a predetermined length.
PAR  A further object of this invention is to provide a toe nail clipper which
      will be of such structure so as to prevent injury to the animal when
      clipping the nails.
PAR  Other objects of the invention are to provide a toe nail clipper for dogs
      and other animals, which is simple in design, inexpensive to manufacture,
      rugged in construction, easy to use and efficient in operation.
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing, wherein:
DRWD
PAR  FIG. 1 is a fragmentary side view of an animal toe nail clipper comprising
      the present invention.
PAR  FIG. 2 is an enlarged exploded side view of the adjustable floor means of
      the device, the floor means being shown exploded and partly broken away.
PAR  FIG. 3 is a view taken along the line 3--3 of FIG. 2.
DETD
PAR  According to this invention, a toe nail clipper 10 is shown to include a
      molded plastic device 11 consisting of a flat base 12 having an angular
      extension 13 which is terminated by a lip portion 14. A pair of openings
      15 are internally threaded for receiving screw fasteners 16 which will
      render base 12 secure to clipper 10. Integral of device 11 within
      outwardly extending and internally threaded sleeve 17 which threadably
      receives a plug 18 having a handle 19 for the rotation thereof. The
      assembled device 11 provides adjustable floor depth for the animal's
      nails, thus enabling the user to clip the animal's nails at a
      predetermined length.
PAR  Device 11 is secured by said screw fastener 16 to the forward portion of
      frame 20 having a stationary handle 21. The movable handle 22 is pivotably
      carried within clipper 10 and a spring 23 provides return means for the
      movable cutter 24, (the stationary cutter not being shown for the sake of
      clarity). The movable cutter 24 is secured by lever 24 means to the end of
      handle 22 carried within frame 20.
PAR  It shall be noted that the device 11, instead of terminating at a point
      where the stationary toe nail cutting plate is exposed in clippers of the
      prior art, will now extend and completely encircle the stationary cutting
      plate. It is provided with a port within the sleeve 17, which is equal to
      the diameter of the stationary cutter. The animal's toe nail is inserted
      into this sleeve 17 and only a predetermined portion of the toe nail may
      be clipped.
PAR  In order to prevent injury to the animal, the animal's nail will contact a
      movable floor which is the bottom of the plug 18, the plug 18 being
      rotatable by means of the handle 19 for adjustment in the depth, the plug
      serving as stop means for the end of the animal's nail.
PAR  It shall further be noted that the device 11 may be adapted as a
      replacement for the plate member on clippers of the prior art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A toe nail clipper for dogs and other animals, comprising in
      combination, a frame consisting of a stationary lever and a movable lever,
      said movable lever being pivotally supported on said stationary lever, a
      plastic device being secured upon one end of said stationary lever, said
      plastic device comprising a flat base integral with a sleeve upon one side
      of said base, said sleeve having a simple axis which is perpendicular to
      the plan of said flat base, said sleeve having internal screw thread, a
      rotatable plug being externally screwthreaded and a gauge within said
      threaded opening of said sleeve, a handle upon one end of said plug or
      rotation of said plug within said sleeve, and opposite end of said plug
      forming a flat face against which an end of an animal toe nail is
      positioned, a movable cutter being positioned adjacent a flat side of said
      plastic device base, said movable cutter being attached to said movable
      lever whereby pivotable movement of said movable lever causes said movable
      cutter to slide respective to said plastic device base so as to cut said
      toe nail stopped at its end abainst said plug face.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein a stationary cutter is
      supported by said stationary lever for cooperation with said movable
      cutter to cut said toe nail.
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ABST
PAL  A case comprised of a generally longitudinally tubular portion in which a
      nail clip can be inserted therein. Conforming to the same general outline
      of the nail clip which it houses and shell-like in appearance to it.
      Having internal pressure catches to captively hold the nail clip in place.
      With provision in its top wall to allow for the free movement of the
      operating handle and provision for a file, placed on a transverse to the
      longitudinal portion. Also containing a closeable and sealable front lid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved case which can be easily fitted over
      and hold a nail clip. It will allow the function of the nail clipping and
      manicuring operation to be carried out unimpeded. It will also function to
      control and contain the waste clippings produced during the nail clipping
      operation. A front lid is also provided to allow the front opening to be
      closed and sealed when not in use.
PAR  Although it is appreciated that efforts to devise such a device have been
      made, as shown in U.S. Pat. No. 3,180,025, issued on Apr. 27, 1965 to
      Yasuhiko Tsunemi, many problems and limitations exist. Problems such as
      complexity of the device itself, number and type of component parts
      required and the type of materials required, can be seen. These problems
      however, do not demonstrate themselves in the improved invention, due to
      the uncomplicated form utilized.
PAR  Some other problems which this invention solves are: It confines nail
      clippings within until there disposal can be properly taken care of,
      keeping the environment clean.
PAR  Another problem is safety, covering the cutting jaws prevents the sharp
      corners and edges from coming in contact with pocket or purse and possibly
      causing injury to persons or things.
PAR  Other benefits will become apparent during this disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is a new, improved and novel nail clip case with closeable
      and sealable front lid. It comprises a generally two piece construction
      comprising a wrap-around generally tubular case portion. Being shell-like
      in appearance to a nail clip, completely encircling the upper and lower
      nail clip members and forming two side walls. A front hinged type
      closeable and sealable lid is also used and they can be made of any
      material desired. The generally tubular portion containing in its top wall
      provision for a file and provision for allowing free movement of the
      operating handle with internal catches to hold it in place.
PAR  A removable, generally tubular case portion which remains in place during
      the nail clipping operation. Having a rear opening to facilitate the
      removal of the nail clip inserted therein and acting as a lock if the nail
      clip contains provision for a keeper.
PAR  The principle objective of this invention is to maintain a clean
      environment. This is accomplished by closing the open sides of the nail
      clip to the outside surroundings. This results in the nail clippings being
      controlled and contained during and following the nail clipping operation.
      Proper disposal of the waste clippings can then take place.
PAR  A further objective is personal health and safety. By preventing the waste
      clipping from being indiscriminately dispersed into things such as food
      which can be taken internally a possible health problem could be
      prevented.
PAR  Another objective is personal safety. Since the jaws contain sharp edges
      and corners used for cutting it is possible someone may grasp the cutters
      injuring themselves. This invention will prevent this.
PAR  Another objective is damage prevention to articles such as pocket or purse.
PAR  These and other objects and advantages of the invention will become
      apparent after a study of the appended drawings and after reviewing the
      written specification describing the preferred enbodiment. Like numerals
      are employed to designate like parts throughout same.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view showing the nail clip case with the lid in the
      closed position.
PAR  FIG. 2 shows isometric views of this invention with the lid lowered and a
      nail clip, both in proper alignment previous to joining.
PAR  FIG. 3 is an isometric view showing this invention with the lid open, fully
      combined with the nail clip and in place for the nail clipping operation.
PAR  FIG. 4 is an isometric view showing the top of the case and lid parts
      previous to assembly.
PAR  FIG. 5 is and isometric view showing the bottom parts of the case and lid
      previous to assembly.
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED ENBODIMENT
PAR  Referring to the drawings in general and particularly to FIG. 1 of the
      drawings there is shown the new case with closeable and sealable lid for a
      nail clip which comprises a generally tubular case portion, shown
      generally by the numeral 1 which can be formed of plastic or any material
      desired. Each part may be constructed in a one piece configuration shown
      in FIGS. 4 and 5 or may be constructed in more than one piece by providing
      manufactured joints where required. Also comprised of a front lid 20 which
      is hingedly attached to side walls 4 and 5 by means of shafts 12 and 13.
      Then hinges 21 and 22 are maintained in place by shaft tops 14 and 15.
PAR  The generally tubular portion is comprised of a top wall 2 having provision
      to allow for the free movement of the operating handle 6 and not damage
      the case as shown in FIG. 3, provision for a file 7 and operating handle
      stops 37 and 38 to prevent lateral movement when the operating handle is
      placed between them. Two side walls 4 and 5 containing internal knob like
      catches 8 and 9 to grasp the bifurcated portion of the nail clip 27 to
      hold it in place, along with the bottom opening 10 in the bottom wall 3 to
      form a pressure lock with operating handle rivet 32 making contact with
      nail clip lower member 31 as shown in FIGS. 2 and 3.
PAR  Aligning nail clip 27 with the case 1 as in FIG. 2 will allow them to be
      joined to form a single unit as in FIG. 3. The nail clip upper and lower
      members 30 and 31 become part of the case 1, having the side walls 4 and 5
      close the open sides of the mail clip forming an internal confined area to
      controll and contain the random indiscriminate dispersion of waste
      clippings into the surroundings. The nail file 35 will become exposed
      through the provision for a file 7.
PAR  The nail clip end opening 34 extends beyond the rear opening 11 forming a
      push to release type cobination to facilitate the removeal of the nail
      clip 1 when desired. Inserting a keeper 36 through the nail clip end
      opening 34 forms a lockable combination with the rear opening 11. The
      operating handle 33 can then be used as before for the nail clipping
      operation.
PAR  Lid 20 with hinges 21 and 22 are comprised of slotted openings 23 and 24,
      which travel on shafts 12 and 13 built into side walls 4 and 5 along with
      restraining open knobs 16 and 17 and closed knobs 18 and 19 to hold the
      lid in position, when they mate with hinge openings 25 and 26 and slotted
      openings 23 and 24 as shown in FIGS. 1 and 3. A lid bit 39 is formed
      inside the lid to seal off the upper and lower jaws 28 and 29 opening as
      shown in FIG. 6.
PAR  It is to be understood that the aforementioned invention herewith shown and
      described is to be taken as a preferred example of the same and that
      various changes relative to material, size, shape and arrangement of parts
      may be resorted to without departing from the spirit of the invention and
      the subjoined claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A case adapted to contain a nail clip and the waste clippings produced,
      said nail clip being generally comprised of: upper and lower nail clip
      members fastened at one end forming a bifurcated portion, whose opposite
      end contains jaws spaced apart and formed in opposing relationship to each
      other, tied together by means of an operating handle rivet and operating
      handle, said operating handle rivet being placed through aligned openings
      located near said jaws, controlling the movement of said jaws through said
      nail clip members which are fastened at said one end;
PA1  wherein the improvement comprises, a generally tubular case portion formed
      of top, bottom and two side walls in continuous relationship with each
      other, having front and rear openings running through the longitudinal
      portion;
PA1  inserting a nail clip into said case forms a united combination, held
      together by internal means or knob like catches with two contiguous
      relationships resulting, one between the said top case wall which
      contains: provision to allow for free movement of the operating handle in
      its front portion, provision for a file placed at the file location and
      having two operating handle stops mounted on said top wall, to prevent
      lateral movement when the operating handle is placed between them, said
      top wall abutting a nail file below and upper nail clip member, a second
      relationship being formed between the bottom case wall and the lower nail
      clip member, the said bottom case wall containing a bottom opening to
      receive the bottom of said operating handle rivet with said case side
      walls enclosing the space between said nail clip members, forming a
      receptacle for the waste clippings produced;
PA1  said case rear opening allowing the nail clip end to jut out the case rear
      opening exposing the nail clip end and nail clip end opening which can
      contain a keeper,
PA1  each said side wall containing a shaft, one open and one closed knob
      mounted thereon;
PA1  a slotted type double hinged front lid being attached to said shafts and
      secured by shaft tops restricting the play in the hinges by sandwiching
      them between said shaft tops through said shafts and said case side walls,
      said hinges containing hinge openings strategically placed to mate with
      said open knobs mounted on said case side walls forming catches to hold
      the front lid open;
PA1  said closed knobs being so placed to mate with the rear sections of the
      said hinge slotted openings forming catches holding the said front lid in
      the closed position, whereby the internal portion of the said front lid
      which contains a lid bit will be held in an abutting relationship to seal
      the said walled portion of said front case opening and nail clip jaws.
NUM  2.
PAR  2. Case with closeable and sealable front lid of claim 1 conforming to the
      same general outline of the nail clip which is covered and shell-like in
      appearance, having case openings provided where required.
NUM  3.
PAR  3. Case with closeable and sealable front lid of claim 1 being of a
      lockable nature wherein, internal case pressure catches are provided to
      engage the bifurcated potion of the nail clip and utilizing a keeper in
      the nail clip end opening to lock the said case in place.
NUM  4.
PAR  4. Case with closeable and sealable front lid of claim 1 wherein a slotted
      type hinged front lid is maintained in either the open or closed position
      by the use of knob like catches mating with openings forming a pressure
      holding type combination.
NUM  5.
PAR  5. Case with closeable and sealable front lid of claim 2 wherein the
      provision for free movement of the operating handle consists of a simi
      circular recessed opening.
NUM  6.
PAR  6. Case with closeable and sealable front lid of claim 2 where the case top
      wall contains provision for a file consisting of a slotted opening running
      transverse to the longitudinal portion.
NUM  7.
PAR  7. Case with closeable and sealable front lid of claim 3 wherein the
      generally tubular case portion may be fixedly locked into position by
      attaching either the top or bottom wall of said case, to the corresponding
      upper or lower member of the nail clip or to both members if said case is
      of a flexible nature.
NUM  8.
PAR  8. Case with closeable and sealable front lid of claim 2 wherein a push to
      release type combination is formed by the distance between the rear
      opening of the generally tubular case portion and the nail clip end to
      facilitate their separation and removeal.
NUM  9.
PAR  9. Case with closeable and sealable front lid of claim 6 having provision
      for a file placed either inside or above the top wall of the generally
      tubular case portion.
NUM  10.
PAR  10. Case with closeable and sealable front lid of claim 4 wherein a slotted
      type hinged front lid contains a bit to seal the opening between the nail
      clip jaws.
NUM  11.
PAR  11. Case with closeable and sealable front lid of claim 8 wherein the
      internal case portion will accept and hold similar nail clips with ease.
NUM  12.
PAR  12. Case with closeable and sealable front lid of claim 2 wherein the case
      portion can have a one piece configuration or construction.
NUM  13.
PAR  13. Case with closeable and sealable front lid of claim 4 wherein the
      slotted type front lid is enclosed about its perimeter and this enclosure
      abuts the perimeter of the case which it covers, when in the closed
      position.
NUM  14.
PAR  14. Case with closeable and sealable front lid of claim 9 wherein the file
      inside the case, abuts provision for a file, is flat, having a non
      interfering exterior, tapered at one end whose opposite end forms an
      opening, said file being placed on top of and abuting the upper nail clip
      member, said file being attached to said nail clip using aligned nail clip
      end opening and said file opening, fastened by means of a tubular rivet
      through said openings and maintaining the said nail clip end opening.
NUM  15.
PAR  15. A case adapted to contain a nail clip and the waste clippings produced,
      said nail clip being generally comprised of elongated nail clip members
      fastened at one end forming a bifurcated portion btween the said nail clip
      members, having jaws formed in opposing relationship at their opposite end
      which are controlled by and operating handle in conjunction with an
      operating handle rivet placed through aligned openings near said jaws;
PA1  wherein the improvement comprises, a case having top, bottom, rear and two
      side walls in continuous relationship with each other, forming an internal
      portion which a nail clip can be inserted therein, said side walls having
      knob like catches to hold it in place;
PA1  two relationships will result, one between the said top case wall, nail
      file and upper nail clip member, another between the said bottom case wall
      and lower nail clip member, said top wall containing provision to allow
      for free movement of the operating handle in its front portion, provision
      for a file placed at the file location and having stops to restrict
      lateral movement of the operating handle when placed between them, said
      bottom case wall having a bottom opening to hold the bottom of the
      operating handle rivet and allow said bottom case wall to seat properly;
PA1  said side walls containing shafts on which is attached a double hinged type
      lid containing slotted openings and held by shaft tops placed on the said
      shaft ends, said hinges being effectively sandwiched between the said
      shaft tops and said case side walls by means of said shafts, mounted on
      said case side walls;
PA1  said side walls containing open knobs and the said slotted hinge containing
      openings strategically placed so as to mate with said open knobs forming
      catches and holding the said lid open, closed knobs also located on the
      said side walls of said case to mate with the rear sections of said hinge
      slotted openings forming catches and maintaining the lid in the closed
      position, in this closed position the internal portion of said lid which
      contains a bit, abuts the walls of the said front opening with the bit
      abutting and sealing the space between the said nail clip jaws.
NUM  16.
PAR  16. Case with closeable and sealable front lid of claim 15 further
      comprising a case rear walled section to enclose the nail clip end, a
      generally tubular wraparound flexible said case portion attached to the
      nail clip members and having a hinged type front lid.
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ABST
PAL  A stabilized, flavored dental article for cleaning the interproximal
      surfaces of the teeth such as dental floss or dental tape comprising
      filaments with a wax coating containing spray-dried flavor particles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to articles for cleaning the interproximal surfaces
      of the teeth and more particularly to flavored dental floss and dental
      tape.
PAR  It has been shown that tooth decay and dental disease can be attributed to
      bacterial action resulting from the formation of plaque about the teeth
      and/or the entrapment of food particles between the teeth and interstices
      therebetween. The removal of plaque and entrapped food particles reduces
      caries, reduces the tendency towards gingivitis, and reduces mouth odor as
      well as generally improving oral hygiene. Conventional brushing of the
      teeth has been found to be unsatisfactory to effect the removal of
      entrapped food particles from some crevices between the teeth and/or to
      effectively remove the plaque by which the bacteria adheres to the teeth.
      To supplement brushing, various materials have been used to clean the
      interproximal spaces and surfaces of the teeth, for example, dental floss
      and dental tape. It is to be understood that the use of the term "dental
      floss" hereinafter encompasses dental tape as well as any similar article.
PAR  The use of a flavored dental floss as opposed to the more common unflavored
      variety provides aesthetic advantages to the floss making the use of said
      floss more pleasant thereby encouraging better oral hygiene practices.
PAR  Prior art dental floss and dental tape products have explored the
      possibilities of adding various flavors in their production in an attempt
      to impart a flavor to the finished product. Such products have usually
      been prepared by the direct addition of flavor oils to the yarn or, in the
      case of a waxed floss product, the addition of the flavor oils to the wax
      used to coat the floss. The disadvantage of the direct addition of the
      flavor oils is that such oils are in most cases volatile and very
      reactive. As a result of the volatility and reactiveness of these flavor
      oils, the flavor impression is rapidly lost from the product in a
      relatively short period of time. Thus, in view of the manufacturing,
      storage and shelf life times of these products, the consumer will not get
      the benefits of the addition of the flavors to the product. It has also
      been suggested to incorporate the flavor oils into a non-wax binder
      material which is then applied to the floss. It has been found, however,
      that such a process does not yield a flavored product and it is believed
      that the flavor is in some manner " locked" into the binder and therefore
      not released, as desired.
PAR  Prior to this invention, it does not appear that any dental floss product
      was known or available wherein the flavor was stabilized and long-lasting
      and would not significantly diminish with time and thereby be available
      when the product was utilized.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide improved dental floss and
      dental tape.
PAR  It is a further object of this invention to provide flavored dental floss
      and dental tape wherein said flavors are stabilized and long-lasting.
PAR  It is a still further object of this invention to provide methods of
      manufacture of dental floss and dental tape with long-lasting, stabilized
      flavors.
PAR  Other objects of this invention will be set forth in, or be apparent from,
      the following detailed description of the invention.
PAR  The foregoing objects and other features and advantages of the present
      invention are achieved by the use of spray-dried flavor particles to
      provide a long-lasting, stabilized flavor to dental floss. More
      specifically, the present invention relates to the use of spray-dried
      flavor particles wherein flavor oils are dispersed in a matrix of a
      water-soluble medium to protect the flavor oil from volatilization and
      oxidation thereby forming a spray-dried flavor particle which is capable
      of providing a long-lasting, stabilized flavor to dental floss. When an
      individual utilizes the dental floss and the spray-dried flavor particle
      contacts an aqueous medium, such as saliva, the water-soluble matrix
      dissolves thereby releasing the desired flavor.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view partially in section of a part of the flavored dental
      floss of the present invention.
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a preferred embodiment of the present invention
      comprising a flavored dental floss 10 formed of a plurality of individual
      filaments 11 of a substrate material suitable for use as a dental floss.
      Such substrate materials include high and normal tenacity nylon such as
      nylon 6 and 66, rayon, Dacron, acetate polymers, polypropylene and the
      like as well as cotton, wool and other staple fibers. The plurality of
      individual filaments are formed together to give a larger thread of a
      sufficiently small diameter to permit insertion in the interproximal areas
      between the teeth. If desired, the filaments of yarn can be colored
      utilizing any compatible and accepted color dye such as FD&C Blue No. 1,
      FD&C Yellow No. 5, FD&C Red No. 40 and the like.
PAR  It is preferred to twist the individual filaments 11 to form the floss 10
      in order to give the product additional integrity, that is, additional
      strength to prevent shredding and filament separation. Dental floss can be
      made without twisting the individual filaments and dental tape is usually
      made with little or no filament twist. The twist of the filaments can be
      from about 1.0 to 3.0 turns per inch, with a preferred twist of about 1.5
      to 2.0 turns per inch.
PAR  The tensile strength of the finished flavored dental floss should be from
      about 5 to 25 lbs., although higher tensile strengths are acceptable. The
      tensile strength of the floss is preferably from about 7 to 15 lbs. If a
      dental floss with a tensile strength of less than about 5 lbs. is
      prepared, it will break easily and not be satisfactory for use as a floss.
      Dental floss with tensile strengths greater than 25 lbs. are satisfactory
      but offer few additional advantages and are less economical to produce.
      The thickness of the dental floss should be from about 300 to 2,000
      denier, preferably from about 500 to 1,500 denier in order to achieve a
      satisfactory product.
PAR  The spray-dried flavor particles 12 are contained on the surface of or
      partially embedded in a water-insoluble wax 13. The water-insoluble wax is
      uniformly distributed on the surface of as well as throughout the
      filaments forming the floss. The spray-dried flavor particles consist of
      the flavor oil dispersed in a water-soluble matrix material. Suitable
      water-soluble materials include gums such as gum acacia, gum arabic, gum
      tragacanth and the like; starches such as corn starch; dextrins and the
      like. Suitable materials for use as flavors are those which allow the user
      to detect a strong, noticeable flavor while permitting the maintenance of
      an acceptable product appearance. Such flavors include peppermint,
      spearmint, wintergreen, cassia, cinnamon and the like; fruit flavors such
      as cherry, strawberry, lime; and the like. Preferred flavors for use in
      dental floss include peppermint and cassia.
PAR  The spray-dried flavor particles can be readily prepared by known spray
      drying procedures. For example, a suitable flavor oil can be mixed with a
      solution of a water-soluble matrix material and the resulting mixture is
      then emulsified by mechanical or other means to form an emulsion. The
      emulsion thus formed is then passed through suitable spray-drying
      apparatus to flash off the water present in the emulsion resulting in the
      formation of a spray-dried flavor particle. The spray-dried flavor
      particles should be of a particle size of from about 44.mu. to 840.mu.
      with particles of 177.mu. or smaller being preferred. As discussed above,
      the spray-dried flavor particles consist of a flavor dispersed in the
      matrix of a water-soluble medium. The flavor comprises from about 15 to
      25% by weight of the spray-dried flavor particle and the water-soluble
      medium comprises from about 85-75% by weight of the spray-dried flavor
      particle. The spray-dried flavor particle comprises from about 1 to 10% by
      weight of the flavored dental floss product.
PAR  The stabilized, flavored dental floss of the present invention can be
      prepared by a number of different methods. Certain of these methods are
      similar in that the spray-dried flavor particles are attached or affixed
      to the dental floss after the floss has been passed through a wax bath and
      the wax is still warm and therefore provides a soft, tacky surface for the
      spray-dried flavor particles.
PAR  The waxes that are preferred are those that are white or colorless and have
      a melting point of from about 140.degree.F to 200.degree.F. Suitable waxes
      include beeswax, paraffin and microcrystalline waxes, polyethylene glycols
      such as those sold under the trademark "Carbowax" by Union Carbide Corp.,
      New York, New York, wax-like resins and polymers and the like as well as
      mixtures thereof. The wax comprises about 19 to 25% by weight of the
      dental floss, preferably about 21 to 23% by weight. If less than about 19%
      by weight of the wax is utilized, there may not be a sufficient amount
      present to allow the spray-dried flavor particles to sufficiently adhere
      and if greater than about 25% by weight is present, the finished product
      may have an unsightly appearance and flaking can occur.
PAR  The floss is passed through a wax bath, e.g. by means of directed guides,
      and while the wax is still semisolid and kept tacky by maintaining the
      temperature above the setting temperature of the wax, the spray-dried
      flavor particles are sifted or dusted on the waxed yarn. The sifting or
      dusting is controlled to give the desired flavor concentration. The
      temperature is then lowered, e.g. by means of a refrigerated chamber,
      below the setting temperature of the wax which sets the wax on the
      filaments and the spray-dried flavor particles are distributed thereon.
PAR  Another method of achieving the flavored dental floss comprises drawing the
      waxed yarn maintained at a high enough temperature to keep it soft and
      tacky through a pile of sifted spray-dried flavor particles permitting the
      spray-dried flavor particles to adhere to the wax. When cooling occurs,
      the wax hardens and the desired flavored floss product results. FIG. 2
      shows a cross-sectional view of the resulting product with the individual
      filaments 11, the water-insoluble wax 13 and the spray-dried flavor
      particles 12.
PAR  Still another method of adding the spray-dried flavor particles comprises
      spraying the flavor particles onto the waxed floss as the floss is wound
      on a rewind supply roll immediately after the waxing has occurred. This
      may also cause some of the spray-dried flavor particles to become
      partially impregnated in the wax and/or filaments of the floss due to the
      mechanical compression.
PAR  An entirely different method of preparing the flavored dental floss of the
      present invention involves adding the spray-dried flavor particles
      directly into the wax bath containing the molten wax. The spray-dried
      flavor particles are mixed with the molten wax to form a dispersion
      containing the spray-dried flavor particles dispersed in the wax. The
      dispersion is continuously mixed to keep it homogeneous and is provided
      with sufficient heat to keep it in the molten state. The floss is then
      passed through the wax bath, e.g. by means of directed guides, and an
      excess of wax containing the spray-dried flavor particles is picked up by
      the yarn. The waxed yarn can then pass through various mechanical means to
      remove any excess wax and then the temperature is lowered, e.g. by means
      of a refrigerated chamber, below the setting temperature of the wax
      thereby setting the wax containing the spray-dried flavor particles
      resulting in the finished flavored dental floss.
PAR  When samples were prepared in accordance with the present invention and
      aged at temperatures of from 70.degree.F to 120.degree.F for periods of up
      to one year, no significant loss of flavor or other negative features such
      as unsightly discoloring were observed. Thus, the flavored dental floss
      products prepared in accordance with the present invention are flavor
      stabilized.
PAR  A dental floss or dental tape as described herein exhibits a desirable
      smooth surface and provides excellent cleaning to the interproximal
      surfaces of the teeth with a desirable flavor being imparted to the teeth
      and mouth of the user thereof.
PAR  In addition to the preferred embodiments described herein, other
      arrangements and variations within the spirit of the invention and the
      scope of the appended claims will occur to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stabilized flavored article for cleaning the teeth comprising a
      plurality of filaments of a substrate material formed into a larger thread
      of a sufficiently small diameter to permit insertion between the teeth,
      said thread impregnated with water-insoluble wax with spray-dried flavor
      particles adhered to said water-insoluble wax.
NUM  2.
PAR  2. The stabilized flavored article of claim 1 wherein the spray-dried
      flavor particles consist essentially of a flavor oil dispersed in a matrix
      of a water-soluble medium selected from the group consisting of gums,
      starches and dextrins.
NUM  3.
PAR  3. The stabilized flavored article of claim 2 wherein the spray-dried
      flavor particles comprise about 1 to 10% by weight of the stabilized
      flavored article.
NUM  4.
PAR  4. The stabilized flavored article of claim 1 wherein the plurality of
      filaments are colored with a suitable color dye.
NUM  5.
PAR  5. The stabilized flavored article of claim 1 wherein the article is dental
      floss.
NUM  6.
PAR  6. The stabilized flavored article of claim 1 wherein the article is dental
      tape.
NUM  7.
PAR  7. A stabilized flavor article for cleaning the teeth comprising a
      plurality of filaments of a substrate material formed into a larger thread
      of a sufficiently small diameter to permit insertion between the teeth;
      said thread impregnated with a water-insoluble wax with spray-dried flavor
      particles adhered to said water-insoluble wax consisting essentially of a
      flavor oil dispersed in a matrix of a water-soluble medium selected from
      the group consisting of gums, starches and dextrins, with the
      water-soluble medium being capable of being dissolved by the saliva in the
      oral cavity when the article is applied to the teeth thereby releasing the
      flavor to the teeth and oral cavity.
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ABST
PAL  A drive mechanism is disclosed for use in a change dispensing apparatus for
      automatically relieving a jam-up of the dispensing mechanism. The drive
      mechanism includes a drive shaft having a cam member secured to one end, a
      driven shaft with a support member secured thereto and positioned adjacent
      the cam member, a pair of arm members rotatably mounted on the support
      member and which are spring urged into engagement with the cam member to
      transmit the rotation of the drive shaft to the driven shaft. Upon the
      stopping or slowing down of the driven shaft, the cam member will rotate
      with respect to the support member thereby rotating the arm members
      against the action of the springs until the torque exerted by the springs
      is greater than the torque by the cam member on the arm members resulting
      in a reverse rotation of the support member and the driven shaft which
      rotation acts to relieve the jam-up of the dispensing mechanism which
      caused the stopping of the driven shaft.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a drive mechanism for use in operating a coin
      dispensing apparatus and more particularly to a drive mechanism having the
      capability of automatically relieving a jam-up of the dispensing
      apparatus.
PAC  BACKGROUND OF THE INVENTION
PAR  Prior jam detecting devices for use in coin dispensing apparatus have been
      limited to the function of detecting the jam and stopping the operation of
      the dispensing apparatus thereby requiring the operator to open up the
      cover and remove the cause of the jam which may be a bent or mutilated or
      otherwise defective coins and associated foreign matter. This has required
      the change dispenser to be positioned on the check-out counter which is
      readily accessible to the operator. This condition has also required that
      the change dispensing apparatus be designed so that there is easy
      accessibility to the coin transport area of the apparatus which
      requirement also increases the cost of the apparatus. With today's shift
      to modular layout in checkout design, there is increasing pressure to
      position the change dispenser apparatus within the confines of the
      checkout counter which location prevents ready accessibility to the change
      dispenser in case a jam-up of the mechanism occurs.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a mechanism for use
      in a coin dispensing apparatus which atuomatically relieves a coin jam
      condition of the apparatus. It is a more particular object of this
      invention to provide a drive mechanism for a coin dispenser which
      functions to automatically eliminate a jam condition in the coin
      dispenser. In order to carry out these objects, there is provided a drive
      shaft having a cam member secured to one of its ends, a driven shaft
      member operating the change dispensing mechanism and having a support
      member secured to its end, the support member positioned adjacent the cam
      member, and a pair of arm members rotatably mounted on the support member
      and spring urged into engagement with the cam member to transmit the
      torque of the drive shaft to the driven shaft. Upon the stopping or
      slowing down of the driven shaft due to a jamming condition in the coin
      dispenser, the cam member will continue to rotate with respect to the
      support member which action will cam the arms about their pivot point on
      the support member until the arms are positioned on the cam member at an
      angle which allows the springs to snap back each of the arms into a home
      position on the cam member. This snap back movement constitutes a reverse
      torque movement to the support member and the driven shaft resulting in
      the rotation of the driven shaft in a reverse direction to relieve the
      jamming condition in the coin dispenser. If the driven shaft is still
      jammed after the first reverse movement, the cam member will be again
      rotated with respect to the support member to set up another reverse
      movement of the driven shaft. This reverse operation of the driven shaft
      will automatically continue until the jam condition is eliminated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the coin sorter and dispenser embodying the
      present invention.
PAR  FIG. 2 is a detailed sectional side view of the coin sorter and dispenser
      showing the various coin dispensing mechanisms and the drive system for
      the dispensing mechanism.
PAR  FIG. 3 is a detailed sectional plan view of the reversing coupling showing
      the coupling at the start of its reversing operation.
PAR  FIG. 4 is similar to FIG. 3 showing the coupling in its home position
      engaging the drive cam member.
PAR  FIG. 5 is a diagrammatic representation of the torque transmitted by the
      coupling mechanism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a perspective view of a coin
      sorter-changer apparatus 20 which utilizes the present invention. The
      sorter-changer includes an inclined coin input cup 21 and a coin output
      cup 22. Loose mixed coins deposited in the cup 21 will fall edgewise into
      an inclined chute 23 (FIG. 2) located within the sorter-changer apparatus
      20. The coins will roll edgewise under the influence of gravity down the
      chute 23 where each coin denomination will be sorted by engaging one of a
      plurality of abutments 24 extending from the side of the chute 23. Each
      abutment 24 is positioned at a different height from the bottom of the
      chute 23 to engage a predetermined coin denomination in a manner that is
      well known in the art.
PAR  Each coin denomination deflected from the chute 23 will fall into an
      associated coin hopper 25 of the type disclosed in U.S. Pat. No. 3,788,334
      issued to I. B. Saraceno et al. on Jan. 29, 1974 and assigned to the
      present assignee. As disclosed in this patent, rotatably mounted in each
      of the coin hoppers 25 is a transport disc 26 having a plurality of
      apertures (not shown) the size of which accommodate one of the coin
      denominations deposited in the hopper 25. Rotation of the disc will
      transport coins in the apertures from the bottom of the hopper 25 to the
      entrance of corresponding dispensing coin chute 27 for delivery to the
      coin output cup 22 by means of a coin chute extension 28 into which each
      of the coin chutes 27 are connected. As shown in FIG. 2, there are four
      coin hoppers 25 which accommodate four different size coins, i.e. pennies,
      nickels, dimes and quarters.
PAR  Each of the transport discs 26 are secured to a driven shaft 30 journaled
      within the apparatus. Secured to the end of the driven shaft 30 is a
      support member 31 (FIGS. 2, 3 and 4) to which is mounted a pair of studs
      32, 33. Positioned on the studs 32, 33 is a spring support member 34
      having a pair of bent over flange portions 35. Mounted to each flange
      portion 35 is a stud 36 which functions to position a spring as will be
      described more fully hereinafter.
PAR  Rotatably positioned on the stud 32 is a rocker arm 37 while a similar
      rocker arm 38 is rotatably positioned on stud 33. Each of the rocker arms
      37, 38 has a bent over flange portion 40 to which is mounted a stud 41. As
      shown in FIGS. 3 and 4, mounted between the flange portions 40 of the
      rocker arms 37, 38 and the flange portions 35 of the support member 34 are
      a pair of compression springs 42 which normally urges each of the rocker
      arms 37, 38 in a clockwise direction about the studs 32, 33.
PAR  As shown in FIGS. 3 and 4, each of the rocker arms 37, 38 has a second bent
      over flange portion 43 which is positioned adjacent a cam member 44 pinned
      to one end of a drive shaft 45. While the cam member 44 shown in FIGS. 3
      and 4 has a pair of opposite flat elongated surfaces 46 and a pair of
      opposite circular surfaces 47, it is obvious that other types of cam
      configuration can be used in the practice of this invention to accomplish
      the intended purpose. Rotation of each of the rocker arms 37, 38 in a
      clockwise direction by the springs 42 will normally position the flange
      portions 43 of the rocker arms into engagement with the flat elongated
      surfaces 46 of the cam member 44 as shown in FIG. 4. Rotation of the cam
      member 44 by the drive shaft 45 will result in the rotation of the rocker
      arms, the support member 31 and the driven shaft 30 by the action of the
      springs 42 on the rocker arms.
PAR  As shown in FIG. 2, the drive shaft 45 is associated with a motor 48
      mounted to the front portion of the change apparatus 20. In operation, the
      motor 48 will rotate the drive shaft 45 and the cam member 44 clockwise
      which movement is transmitted to the driven shaft 30 through the rocker
      arms 37, 38 and the springs 42. Upon the occurrence of a jam-up in one of
      the hoppers 25, the driven shaft 30 will stop or be retarded in its
      rotation. Stopping of the shaft 30 and the support member 31 will result
      in the rocker arms 37, 38 being rotated counter-clockwise about the studs
      32, 33 against the action of the springs 42 by the rotation of the cam
      member 44. The compressing of the springs 42 by the movement of the rocker
      arms 37, 38 will build up energy in the springs until the cam members
      reach the position shown in FIG. 3 in which the center of the circular
      surface 47 is perpendicular to the flange portions 43. Further clockwise
      movement of the cam member 44 will position the flange portion 43 on the
      circular surface 44 of the cam member such that the force movement exerted
      on the rocker arms by the spring 42 will be greater than that exerted by
      the cam member 44 resulting in the attempted movement of the rocker arms
      37, 38 in a clockwise direction. Since this clockwise movement of the
      rocker arm is restricted by the position of the cam member 44 with respect
      to the flange portions 43 of the rocker arm, this attempted clockwise
      movement of the rocker arms is transmitted to the support member 31 and
      the driver shaft 30 in the form of a reverse torque resulting in the
      counterclockwise rotation of the support member 31 and the shaft 30. This
      reverse movement of the shaft 30 will continue until the rocker arms have
      assumed the home position shown in FIG. 4.
PAR  The reverse rotation of the shaft 30 will be transmitted to the transport
      disc 26 in each of the hoppers 25 which movement acts to relieve the cause
      of the jam-up. If the first reverse movement of the shaft 30 fails to
      eliminate the cause of the jam-up, the cam member 44 will again be rotated
      in a clockwise direction with respect to the rocker arm 37, 38 and the
      support member 31 to set up another reverse rotation of the shaft 30. This
      sequence of reverse movements will automatically occur as long as the
      shaft 30 is restricted from moving with the cam member 44.
PAR  Referring to FIG. 5, there is shown diagrammatically the torque generated
      by the coupling during a jam-up condition. It will be seen that since the
      energy is stored in the springs 42 during an X distance of rotation of the
      cam member from its home position which is greater than 90.degree. but
      less than 180.degree. and is released during a Y distance of rotation
      which is less than 90.degree., the reverse torque peak value is
      considerably higher than the buildup torque, thus providing a greater
      chance of eliminating the cause of the jam-up during the first reverse
      movement of the shaft 31. It will thus be seen from this construction that
      the drive shaft 45 rotates continuously and that the reversing action is
      completely contained in the coupling which automatically resumes normal
      operation once the jam-up is eliminated by one or more torque reversing
      cycles of the coupling.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in the form and
      detail may be made therein without departing from the sphere and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A change dispensing apparatus, including
PA1  a. driving means rotatable in a first direction around an axis;
PA1  b. driven means rotatable in said first direction to operate the dispensing
      apparatus;
PA1  c. means for transmitting the rotational movement of said driving means to
      said driven means to operate the dispensing apparatus including support
      means secured to said driven means, said support means extending outwardly
      from said axis;
PA1  d. a drive member secured to said driving means and positioned adjacent
      said support means;
PA1  e. a connecting member mounted on said support means away from said axis
      for movement in a direction perpendicular to said axis;
PA1  f. and an actuating member secured to said support means and engaging said
      connecting member for moving said connecting member into a first engaging
      position with said drive member to provide a first rotational force on
      said connecting member which will allow the actuating member to transmit
      the rotational movement of said drive member to said support means, said
      drive member moving said connecting member to a second engaging position
      on said drive member against the action of said actuating member upon the
      stopping of said support means, said connecting member forming an angle
      with said drive member upon further movement of said drive member wherein
      said actuating member will provide a second rotational force on said
      connecting member which is greater than and opposite to said first
      rotational force whereby said connecting member and said support means
      will be rotated in a direction reverse to the first direction of said
      driven means to return the connecting member to said first engaging
      position.
NUM  2.
PAR  2. The change dispensing apparatus of claim 1 in which said actuating
      member comprises a spring member for providing a first rotational force on
      said connecting member which rotates said connecting member into said
      first engaging position on said drive member to transmit the movement of
      said drive member to said support means, said drive member rotating said
      connecting member against the action of the spring member upon the
      stopping of the support means to move the connecting member to said second
      engaging position, the connecting member forming an angle with the drive
      member whereby further movement of the drive member will position the
      connecting member to allow the spring member to rotate the support means
      and the connecting member in a direction reverse to the direction of
      movement of said drive member to return the connecting members to said
      first engaging position.
NUM  3.
PAR  3. The change dispensing apparatus of claim 2 in which said drive member
      comprises a cam member having a first engaging surface extending along a
      first axis and a second engaging surface extending along a second axis,
      and said connecting member has an engaging surface which is parallel to
      said first engaging surface of the cam member when the connecting member
      is in said first engaging position and parallel to the second engaging
      surface of the cam member when the connecting member is in said second
      engaging position whereby further movement of the cam member will allow
      the spring member to move the connecting member and the support means in a
      reverse direction to position said first engaging surface of said cam
      member adjacent the engaging surface of said connecting member.
NUM  4.
PAR  4. The change dispensing apparatus of claim 3 in which said driving means
      is rotatably disposed and in which said first axis of the cam member is
      perpendicular to said second axis, said cam member being rotated more than
      90.degree. from said first engaging position before the spring member will
      move the connecting member and the support means in a reverse direction.
NUM  5.
PAR  5. The change dispensing apparatus of claim 4 in which the engaging surface
      of said connecting member and said first engaging surface of said cam
      member comprises an elongated flat surface while said second engaging
      surface of said cam member comprises a circular surface, said spring
      member rotating said connecting member and said support means in a reverse
      direction upon movement of the center of said circular surface, through
      the point of contact between the engaging surface of said connecting
      member and the circular surface of said cam member.
NUM  6.
PAR  6. The change dispensing apparatus of claim 5 in which said spring member
      comprises a compression spring mounted between the support means and said
      connecting member whereby continued movement of the cam member after the
      stopping of the support means will compress the spring until the
      connecting member is positioned on the cam member allowing the force of
      the compressed spring on the connecting member to overcome the force of
      the cam member on the connecting member.
NUM  7.
PAR  7. A change dispensing apparatus including:
PA1  a. a constantly rotating drive shaft;
PA1  b. a rotatably mounted driven shaft engaging a change dispensing mechanism
      for actuating said mechanism when operated;
PA1  c. a laterally extending support member secured to the end of said driven
      shaft;
PA1  d. a cam member secured to the end of said drive shaft and positioned
      adjacent said support member;
PA1  e. a plurality of oppositely disposed cam follower arms rotatably mounted
      on said support member for movement towards and away from said cam member;
PA1  f. and a plurality of resilient actuating members each engaging one of said
      arms and mounted on said support member for normally rotating said arms
      towards said cam member into an actuated position on said cam member to
      apply a first torsional force on said cam member thereby transmitting the
      movement of said drive shaft to said driven shaft to operate said change
      dispensing mechanism, said cam member, upon the stopping of said change
      dispensing mechanism and said support member, rotating said follower arms
      outwardly to an extended position against the action of said actuating
      member, the arms in said extended position forming an angle with said cam
      member for releasing the actuating member whereby said actuating members
      will apply a second torsional force on said arms and said cam member which
      is greater than and opposite to said first torsional force to rotate said
      arms and said support member in a direction opposite to the movement of
      said cam member to return the arms to said actuated position on said cam
      member.
NUM  8.
PAR  8. The change dispensing apparatus of claim 7 in which said cam member has
      a first engaging surface extending along a first axis and a second
      engaging surface extending along a second axis perpendicular to said first
      axis, said first engaging surface being longer than said second surface
      and engaging said arm member when the arm member in said actuated
      position, said cam member rotating said arm members upon the stopping of
      said support member to said extended position wherein said second engaging
      surface will engage said arm members, whereby further rotation of said cam
      member will allow said actuating members to rotate said support member in
      an opposite direction to the movement of said cam member to position the
      arm members in said actuated position.
NUM  9.
PAR  9. The change dispensing apparatus of claim 8 in which the cam member is
      rotated through an angle of more than 90.degree. prior to the release of
      said actuating member for rotating the support member in a reverse
      direction.
NUM  10.
PAR  10. The change dispensing apparatus of claim 8 in which said resilient
      actuating member comprises a compression spring mounted between said
      support member and an associated cam follower arm for normally rotating
      said arms into engagement with said cam member, said springs being
      compressed by the rotation of the cam member upon the stopping of said
      support member until the arms are positioned at an angle with said cam
      member whereby the force of said compressed spring on said arms will
      rotate said support member in a direction reverse to the movement of said
      cam member.
NUM  11.
PAR  11. The change dispensing apparatus of claim 10 in which the first axis of
      said cam member is perpendicular to the engaging surface of said arm when
      in said extended position whereby further rotation of the cam member will
      allow the compressed springs to rotate said arms and said support member
      in a direction reverse to the rotation of the cam member to position the
      arms in said actuated position.
NUM  12.
PAR  12. A change dispensing mechanism comprising
PA1  a. a driving member for exerting a torque about an axis in an operating
      direction;
PA1  b. means for operating the dispensing mechanism when moved in said
      operating direction;
PA1  c. means for relieving the jamming of the dispensing mechanism including
      support means secured to said operating means;
PA1  d. and spring actuated coupling members rotatably mounted on said support
      means for movement in a direction perpendicular to said axis, said
      coupling means engaging said driving member for transmitting the torque of
      said driving member to said operating means, said driving member rotating
      said coupling members away from said axis to a position on said support
      means against the action of the springs upon the stopping of the support
      means to exert a torque on said support means which is greater than and is
      reverse to the torque exerted by said driving member whereby said support
      means is moved by said coupling members in a direction opposite to said
      operating direction to relieve the jamming of the change dispensing
      mechanism.
NUM  13.
PAR  13. A method for releasing the jam condition of a change dispensing
      mechanism comprising the steps of:
PA1  a. rotating the drive shaft of a change dispensing mechanism and a support
      member secured thereto in an operating direction;
PA1  b. moving a pair of spring urged coupling members rotatably mounted on the
      support member in said operating direction;
PA1  c. rotating the coupling members against the action of their springs to a
      cocked position on the support member upon the stopping of the support
      member;
PA1  d. and rotating the coupling members and the support member under the
      action of the springs in a direction opposite to said operating direction
      to rotate the drive shaft in a jam releasing direction.
NUM  14.
PAR  14. A method for relieving the jam condition of a change dispensing
      mechanism comprising the steps of:
PA1  a. rotating an input drive shaft having an actuating member secured thereto
      in an operating direction;
PA1  b. moving a pair of spring urged coupling members rotatably mounted on a
      support member secured to a change dispensing mechanism drive shaft into
      engagement with the actuating member, to rotate the dispensing mechanism
      drive shaft in said operating direction;
PA1  c. stopping the support member upon the occurrence of a jam condition in
      the dispensing mechanism;
PA1  d. further rotating said actuating member upon the stopping of the support
      member;
PA1  e. rotating the coupling members against the action of their springs to a
      cocked position on said support member upon the stopping of said support
      member;
PA1  f. releasing the coupling members to the action of the springs when in said
      cocked position;
PA1  g. and rotating said coupling members and said support member in a
      direction opposite to the direction of the actuating member to rotate the
      dispensing mechanism drive shaft in a jam releasing direction.
NUM  15.
PAR  15. A change dispensing apparatus, including:
PA1  a. driving means movable in a first direction;
PA1  b. driven means movable in said first direction to operate the dispensing
      apparatus;
PA1  c. means for transmitting the movement of said driving means to said driven
      means to operate the dispensing apparatus including support means secured
      to said driven means;
PA1  d. a cam member secured to said driving means, said cam member having a
      first engaging surface extending along a first axis and a second engaging
      surface extending along a second axis;
PA1  e. a connecting member rotatably mounted on said support means, said
      connecting member having an engaging surface;
PA1  f. and a spring member secured to said support means and engaging said
      connecting member for rotating said connecting member into a first
      engaging position on said cam member to transmit the movement of said cam
      member to said support means wherein the engaging surface of said
      connecting member is parallel to said first engaging surface of the cam
      member, said cam member rotating said connecting member to a second
      engaging position on said cam member against the action of said spring
      member upon the stopping of said support means wherein the engaging
      surface of said connecting member is parallel to said second engaging
      surface of the cam member whereby further movement of the cam member will
      allow the spring member to move the connecting member and the support
      means in a direction reverse to the first direction of said driven means
      to position said first engaging surface of said cam member adjacent the
      engaging surface of said connecting member.
NUM  16.
PAR  16. The change dispensing apparatus of claim 15 in which said driving means
      is rotatably disposed and in which said first axis of the cam member is
      perpendicular to said second axis, said cam member being rotated more than
      90.degree. from said first engaging position before the spring member will
      move the connecting member and the support means in a reverse direction.
NUM  17.
PAR  17. The change dispensing apparatus of claim 16 in which the engaging
      surface of said connecting member and said first engaging surface of said
      cam member comprises an elongated flat surface while said second engaging
      surface of said cam member comprises a circular surface, said spring
      member rotating said connecting member and said support means in a reverse
      direction upon movement of the center of said circular surface, through
      the point of contact between the engaging surface of said connecting
      member and the circular surface of said cam member.
NUM  18.
PAR  18. The change dispensing apparatus of claim 17 in which said spring member
      comprises a compression spring mounted between the support means and said
      connecting member whereby continued movement of the cam member after the
      stopping of the support means will compress the spring until the
      connecting member is positioned on the cam member allowing the force of
      the compressed spring on the connecting member to overcome the force of
      the cam member on the connecting member.
NUM  19.
PAR  19. A change dispensing apparatus including:
PA1  a. a constantly rotating drive shaft;
PA1  b. a rotatably mounted driven shaft engaging a change dispensing mechanism
      for actuating said mechanism when operated;
PA1  c. a support member secured to the end of said driven shaft;
PA1  d. a cam member secured to the end of said drive shaft and positioned
      adjacent said support member, said cam member having a first engaging
      surface extending along a first axis and a second engaging surface
      extending along a second axis perpendicular to said first axis, said first
      engaging surface being longer than said second engaging surface;
PA1  e. a plurality of cam follower arms rotatably mounted on said support
      member;
PA1  f. and a plurality of resilient actuating members each engaging one of said
      arms and mounted on said support member for normally urging said arms into
      an actuated position on said cam member wherein said first engaging
      surface of the cam member engages said arm member to transmit the movement
      of said drive shaft to said driven shaft to operate said change dispensing
      mechanism, said cam member, upon the stopping of said change dispensing
      mechanism and said driven shaft, rotating said follower arms to an
      extended position against the action of said actuating member wherein said
      second engaging surface will engage said arm members, the arms in said
      extended position forming an angle with said cam member whereby further
      rotation of said cam member will allow said actuating members to rotate
      said arms and said support member in a direction opposite to the movement
      of said cam member to position the arms in said actuated position on said
      cam member.
NUM  20.
PAR  20. The change dispensing apparatus of claim 19 in which the cam member is
      rotated through an angle of more than 90.degree. prior to the release of
      said actuating member for rotating the support member in a reverse
      direction.
NUM  21.
PAR  21. The change dispensing apparatus of claim 19 in which said resilient
      actuating member comprises a compression spring mounted between said
      support member and an associated cam follower arm for normally rotating
      said arms into engagement with said cam member, said springs being
      compressed by the rotation of the cam member upon the stopping of said
      support member until the arms are positioned at an angle with said cam
      member whereby the force of said compressed spring on said arms will
      rotate said support member in a direction reverse to the movement of said
      cam member.
NUM  22.
PAR  22. The change dispensing apparatus of claim 21 in which the first axis of
      said cam member is perpendicular to the engaging surface of said arm when
      in said extended position whereby further rotation of the cam member will
      allow the compressed springs to rotate said arms and said support member
      in a direction reverse to the rotation of the cam member to position the
      arms in said actuated position.
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ABST
PAL  The present cleaning appliance has a cleaning chamber for receiving the
      finger to be cleaned, a jet nozzle at the upper end of this chamber for
      discharging pressurized water onto the finger, a reservoir for a cleaning
      solution directly above the cleaning chamber, and a valve controlling the
      flow of the cleaning solution from the reservoir down into the cleaning
      chamber. The cleaning solution is conducted separately down to the jet
      nozzle where it becomes entrained with the water after the latter has just
      emerged from the jet nozzle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various occupations, such as that of automotive mechanics, involve getting
      the fingers dirty or greasy and often it is rather difficult for such
      workers to clean their fingers thoroughly, particularly under the finger
      nails, at the completion of the work day. The same problem exists in
      households and various occupations such as among hospital and restaurant
      personnel and in various manufacturing occupations where an exceptionally
      high degree of personal cleanliness must be maintained. Harsh or abrasive
      soaps or cleaning compounds are not an entirely adequate answer to this
      problem, both from the standpoint of effective and thorough cleaning of
      the hands and from the standpoint of their harmful effects on the skin of
      some persons.
PAR  Various special purpose cleaning appliances have been proposed heretofore,
      such as the forearm and hand cleaning devices shown in U.S. Pat. No.
      3,757,806 to Bhaskar et al. and U.S. Pat. No. 3,699,984 to Davis, and the
      hand cleaning devices shown in U.S. Pat. No. 3,205,620 to Woodworth et al.
      and U.S. Pat. No. 3,220,424 to Nelson.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a novel and improved cleaning
      appliance whose principal utility is believed to be in cleaning the ends
      of the fingers, particularly under and around the finger nails. In the
      preferred embodiment, only one finger at a time is inserted into the
      appliance for cleaning. A high pressure water jet, preferably pulsating,
      is discharged onto the end of the finger being cleaned. A soap or other
      liquid cleaning solution is conducted separately to where the water jet
      has just emerged from the jet nozzle, and here it becomes entrained with
      the jet so as to be sprayed onto the finger. A manually adjustable valve
      is provided for controlling the separate flow of this soap solution onto
      the water jet. Preferably, the water supply for the present appliance
      comes from a known type of high pressure, pulsating, water cleaning
      apparatus now in common use for oral hygiene.
PAR  A principal object of this invention is to provide a novel and improved
      water-operated appliance that is particularly adapted for cleaning the
      extremities of the hands or feet, particularly the finger nails.
PAR  Another object of this invention is to provide such an appliance having a
      novel arrangement for controlling the addition of soap or other cleaning
      solution to a water jet that is sprayed onto the finger.
DRWD
PAR  Further objects and advantages of this invention will be apparent from the
      following detailed description of a presently preferred embodiment shown
      in the accompanying drawing in which:
PAR  FIG. 1 is a schematic perspective view showing the present cleaning
      appliance connected to a known type of pulsating, high pressure, oral
      hygienic implement;
PAR  FIG. 2 is a vertical longitudinal section of the present cleaning appliance
      before use;
PAR  FIG. 3 is a top plan view of this appliance;
PAR  FIG. 4 is a bottom plan view;
PAR  FIG. 5 is a horizontal cross-section taken along the line 5--5 in FIG. 2;
      and
PAR  FIG. 6 is a view similar to FIG. 2 and showing the appliance in use.
DETD
PAR  Before explaining the disclosed embodiment of the present invention in
      detail, it is to be understood that the invention is not limited in its
      application to the details of the particular arrangement shown, since the
      invention is capable of other embodiments. Also, the terminology used
      herein is for the purpose of description and not of limitation.
PAR  Referring first to FIG. 1, the appliance of the present invention is
      designated in its entirety by the reference numeral 10 and it is shown
      connected to the coupling 11 of a known type of implement which uses high
      pressure pulsations of water to clean the teeth and gums. This implement,
      sometimes known as a "Water Pik", includes a housing 12 containing a pump
      (not shown) whose inlet may be connected to a supply of water. This pump
      produces a pulsating flow of water at high pressure in a flexible conduit
      13 leading to the coupling 11. As known, a jet nozzle device may be
      attached to this coupling for discharging pulsating jets of water that may
      be used for oral hygiene. As an illustrative example, the implement 11-13
      may be generally of the type disclosed in U.S. Pat. No. 3,277,158.
PAR  In the preferred embodiment, the present appliance is provided with a
      flexible inlet hose 14 that is detachably connected at one end in any
      suitable manner to the coupling 11 to receive from it the high pressure
      pulsations of water. The opposite end of inlet hose 14 is connected by a
      suitable coupling 15 to the upper end of the appliance 10.
PAR  Referring now to FIG. 2, the present appliance comprises a receptacle
      having a rigid top end plate 16 of suitable material, a generally
      cup-shaped body 17 which is screw-threadedly attached to the periphery of
      plate 16, and a generally cylindrical body 18 which is screw-threadedly
      attached to the bottom of the cup-shaped body 17 and extends downward
      therefrom. A generally cup-shaped diaphragm 19 of suitable elastomeric
      material is mounted on the bottom of the cylindrical body 18.
PAR  The bottom 17a of the cup-shaped body 17 provides both the upper end wall
      of a cleaning chamber 20 and the bottom wall of a reservoir 21 in the
      appliance.
PAR  The cleaning chamber 20 is located inside the generally cylindrical body
      18, and the elastomeric diaphragm 19 extends across the lower end of this
      chamber. As best seen in FIG. 4, this diaphragm presents a circular
      central opening 22 and a plurality of sectors 23 in succession
      circumferentially around this opening. These sectors 23 are separated by
      radial slits 24 formed in the elastomeric material of the diaphragm and
      extending outward from the central opening 22.
PAR  With this construction, as shown in FIG. 6, the sectors 23 of the diaphragm
      are flexible individually to permit the entry of a finger of an adult
      human hand inserted through the central opening 22. With the finger
      inserted, the sectored diaphragm closes the lower end of the cleaning
      chamber 20 almost completely, so that only a relatively small amount of
      liquid leakage can occur, at most.
PAR  The diaphragm 19 has an annular, upstanding, peripheral flange 25 with an
      inturned lip 26 at its upper end that fits snugly over a complementary,
      upwardly-facing, annular shoulder 27 on the body 18. The diaphragm flange
      25 fits snugly around an outwardly offset, cylindrical segment 28 on the
      lower end of the body 18.
PAR  The top plate 16 of the receptacle is spaced above the bottom 17a of the
      cup-shaped body 17 and provides the top wall of the reservoir 21. The top
      plate carries a vertically disposed, centrally positioned tube 29, which
      preferably is formed integral with the top plate. This tube projects above
      the top plate, and the fitting 15 is attached to its upper end in
      liquid-tight fashion. The tube 29 projects down from the top plate 16
      centrally through the reservoir 21, and it has an enlargement 29a which is
      snugly received in an upwardly-facing, central recess 30 formed in the
      bottom wall 17a of the cup-shaped body 17. Below the recess the tube
      extends down snugly through an opening 31 in wall 17a which leads down
      into the cleaning chamber 20. The lower end of the tube 29 is spaced below
      the receptacle wall 17a, and at this location the tube is internally
      screw-threaded to receive an externally screw-threaded, jet forming
      annular insert 32.
PAR  Above the insert 32, the tube 29 provides a passageway 29b for conducting
      water from the conduit 14.
PAR  The lower end of the tube 29 and the insert 32 together provide jet nozzle
      means for spraying water under high pressure and at high velocity down
      into the cleaning chamber 20. A series of replaceable inserts 32 having
      different jet orifices may be provided so that the user can select the jet
      spray pattern desired.
PAR  The receptacle wall 17a at the upper end of the cleaning chamber 20 is
      formed with a small diameter, vertical orifice 33 extending down from the
      reservoir 21 for the cleaning solution. This orifice is located to one
      side of the jet nozzle means on the lower end of the central, vertical
      tube 29. The receptacle wall 17a is formed with a thin web or rib 34
      between the centrally located jet nozzle means and the orifice 33. As best
      seen in FIGS. 2 and 6, this web presents a bottom face 35 that is inclined
      downwardly and laterally inward from the lower end of the orifice 33 to
      the outside of the jet-forming insert 32 next to the latter's lower end,
      where the pressurized water emerges in a high velocity jet.
PAR  At the top face of the receptacle wall 17a the orifice 33 terminates in a
      frusto-conical valve seat 36 (FIG. 6). A manually adjustable valve 37
      cooperates with this valve seat to either close the upper end of the
      orifice 33 or open it to the extent desired. This valve has a cylindrical,
      vertically-disposed stem with a frusto-conical lower end that is shaped
      complementary to the valve seat 36 for sealing engagement with the latter,
      when desired. The valve has a handle 38 on its upper end which overlies
      the top plate 16 of the receptacle. Immediately below this handle the
      valve has an externally screw-threaded segment 39 which is threadedly
      received in a complementary screw-threaded opening 40 in top plate 16. By
      grasping the valve handle 38 from above and turning it, the valve 37 may
      be turned from a position seated against the valve seat 36 and thereby
      blocking the gravity flow of the cleaning solution from reservoir 21 down
      through the orifice 33, as shown in FIG. 2, to an unseated position, as
      shown in FIG. 6. The rate of flow down through the orifice 33 depends upon
      how far the valve 37 is turned open. As shown in FIGS. 2 and 3, the top
      plate 16 of the appliance may have indicia on its top face to which the
      valve handle 38 points for indicating when the valve is closed and open
      respectively.
PAR  The top plate 16 of the receptacle has another screw-threaded opening 41,
      which threadedly receives an externally screw-threaded plug 42. The plug
      has a vent passage 43 whose inner (lower) end opens into the reservoir 21.
      The outer end of this vent passage extends laterally outward horizontally
      toward the wall of the top plate 16 at the opening 41. As shown in FIG. 2,
      when the plug 42 is tightened all the way down, its vent passage 43 is
      blocked at its outer end by the wall of the top plate 16 at the threaded
      opening 41. The plug may be turned from this position to unblock the outer
      end of its vent passage 43, as shown in FIG. 6, by positioning this outer
      end completely above the top plate 16 at the threaded opening 41 in the
      latter. Thus, the plug may be turned clockwise or counterclockwise to
      block or unblock the vent.
PAC  OPERATION
PAR  The plug 42 is removed from the receptacle and the reservoir 21 is filled
      with a suitable liquid cleaning solution, such as a soap-and-water or
      detergent-and-water solution. The conduit 14 is attached to the fitting 11
      of the known cleaning implement. If the appliance is to be used right
      away, the plug 42 is screwed back in only to a position as shown in FIG.
      6, in which it vents the top of reservoir to the atmosphere. The user may
      insert his finger through the diaphragm 19, as shown in FIG. 6, so that
      his finger nail is closely below the jet nozzle means.
PAR  When the pump in the cleaning implement is turned on, high pressure
      pulsations of water are conducted through the flexible conduits 13 and 14
      into the passageway 29b leading down into the jet nozzle means, where it
      is discharged in the form of pulsating jets that spray against the finger
      nail as shown in FIG. 6. Soap or detergent may be added to this water jet
      spray by opening the valve 37, which permits the liquid soap solution to
      pass from the reservoir 21 down through the orifice 33, and then to flow
      down along the inclined bottom surface 35 of web 34 to the lower end of
      the jet-forming insert 32 in the jet nozzle means, where it becomes
      entrained with the high velocity water jet coming out of the nozzle.
PAR  When the device is not in use the valve 37 is closed, and also the plug 42
      is turned to its fully-closed position (FIG. 2) in which its vent passage
      43 is closed at the outer end.
PAR  If desired, the present cleaning appliance may be slightly modified
      structurally to enable its use for cleaning the toe nails. In that event,
      the body 18 and diaphragm 19 would be replaced by an assembly designed for
      the toe nails, but the cup-shaped body 17 and the top end plate 16
      (including the water tube 29) would not have to be replaced.
PAR  Also, if desired, this appliance may be connected directly to a water
      faucet which would serve directly as the source of pressurized water in
      the absence of the known pulsating-type cleaning implement shown in FIG.
      1. However, a hydraulic pulsating amplifier may be included in the
      connection to the water faucet, if desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. A personal cleaning appliance for using pressurized water to clean the
      extremities of a person's hand or foot comprising:
PA1  a receptacle defining a cleaning chamber for receiving the extremity to be
      cleaned;
PA1  means on said receptacle at one end of said cleaning chamber for the
      insertion of the extremity to be cleaned;
PA1  jet nozzle means for discharging pressurized water into said cleaning
      chamber;
PA1  means for connection to a water source having a water passage there through
      leading to said jet nozzle means for passing pressurized water thereto;
PA1  passage means leading into said chamber adjacent said jet nozzle means for
      conducting a liquid cleaning solution separately from said water passage
      onto the pressurized water after discharge from said jet nozzle means in
      said cleaning chamber for entraining the liquid cleaning solution with the
      water; and
PA1  valve means between said reservoir and said jet nozzle means for
      controlling the flow of cleaning solution from said reservoir to said jet
      nozzle means;
PA1  said valve means being cooperable with said passage means for selectively
      opening and closing the same.
NUM  2.
PAR  2. A personal cleaning appliance for using pressurized water to clean the
      extremities of a person's hand or foot comprising:
PA1  a receptacle defining a cleaning chamber for receiving the extremity to be
      cleaned and defining a reservoir above said cleaning chamber for holding a
      quantity of liquid cleaning solution;
PA1  said receptacle presenting an upper end wall extending across the upper end
      of said cleaning chamber with said reservoir located directly above said
      end wall;
PA1  said end wall of said cleaning chamber having orifice means extending
      downward therethrough for passing the cleaning solution from said
      reservoir down into said cleaning chamber;
PA1  means on said receptacle at one end of said cleaning chamber for the
      insertion of the extremity to be cleaned;
PA1  jet nozzle means positioned by said end wall of said cleaning chamber
      adjacent to said orifice means for discharging pressurized water into said
      cleaning chamber;
PA1  means for connection to a water source and having a water passage
      therethrough leading to said jet nozzle means for passing pressurized
      water thereto;
PA1  said orifice means serving in operation to conduct the liquid cleaning
      solution separately from said water passage onto the pressurized water
      after discharge from said jet nozzle means for entraining the liquid
      cleaning solution with the water; and
PA1  valve means between said reservoir and said jet nozzle means for
      controlling the flow of cleaning solution from said reservoir to said jet
      nozzle means;
PA1  said valve means being cooperable with said orifice means for selectively
      opening and closing said orifice means.
NUM  3.
PAR  3. An appliance according to claim 2, wherein:
PA1  said receptacle has a top end wall spaced above said upper end wall of said
      cleaning chamber;
PA1  and said valve means presents a handle above said top end wall and is
      threadedly mounted in said top end wall to be turned between a position
      closing said orifice and a position opening said orifice.
NUM  4.
PAR  4. An appliance according to claim 2, wherein:
PA1  said upper end wall of the cleaning chamber carries a surface that is
      inclined downwardly and laterally from the lower end of said orifice over
      to said jet nozzle means for conducting the cleaning solution onto the
      pressurized water discharge at the outlet of said jet nozzle.
NUM  5.
PAR  5. An appliance according to claim 4, wherein:
PA1  said receptacle has a top end wall spaced above said cleaning chamber;
PA1  and said valve means presents a handle above said top end wall and is
      threadedly mounted in said top end wall to be turned between a position
      closing the upper end of said orifice and a position opening the upper end
      of said orifice.
NUM  6.
PAR  6. An appliance according to claim 2, wherein:
PA1  said receptacle has a screw-threaded opening leading into said reservoir
      above said cleaning chamber;
PAL  and further comprising:
PA1  a plug threadedly mounted in said opening, said plug having a vent passage
      therein which at its inner end opens into said reservoir, said vent
      passage having its outer end blocked by the wall of said reservoir at said
      screw-threaded opening in one rotational position of the plug and having
      its outer end open beyond said last-mentioned wall in another rotational
      position of the plug in said screw-threaded opening.
NUM  7.
PAR  7. An appliance according to claim 2 wherein said means for the insertion
      of an extremity to be cleaned comprises:
PA1  an elastomeric flexible diaphragm extending across said one end of said
      cleaning chamber and comprising a plurality of flexible and resilient
      sectors in succession circumferentially around a central opening for
      passing the user's extremity.
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ABST
PAL  A tent comprising a bay extending from front to rear and wings extending
      laterally outwardly from opposite sides thereof, each wing having a front
      wall and a back wall, each wall of each wing comprising an outside screen
      and an inside closure flap adapted to be closed on the inside of the
      screen or opened for ventilation purposes, the closure flaps also being
      adapted to form partitions dividing the bay into individual chambers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to tents, and more particularly to a tent with a
      ventilation feature.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of this invention may be noted the provision of
      an improved tent having means allowing for ventilation of the tent from a
      number of directions; the provision of such a tent having sufficient
      headroom for at least four adults; and the provision of such a tent having
      screens to provide for ventilation, with closure flaps for the screens,
      the closure flaps also serving as means for dividing the tent into a
      number of individual rooms or chambers to enable occupants to have
      privacy.
PAR  In general, a tent of this invention has two opposite side walls and a pair
      of wings, one extending laterally outwardly from one side wall and the
      other extending laterally outwardly from the other side wall. Each side
      wall comprises a front section and rear section with a wing opening
      therebetween. Each wing comprises a front wall joined to the rear edge of
      the front section of the respective side wall and a back wall joined to
      the front edge of the rear section of the respective side wall. Each front
      wing wall comprises an outside screen and an inside closure flap joined to
      the respective front side wall section at said rear edge thereof. Each
      back wing wall comprises an outside screen and an inside closure flap
      joined to the respective rear side wall section at said front edge
      thereof. Each closure flap is adapted to be closed on the inside of the
      respective screen or opened for ventilation, the closure flaps of the
      front wing walls are adapted to be placed in a position extending
      transversely of the tent and inwardly from the rear edges of the front
      side wall sections to form a partition closing off a chamber in the tent
      between the front side wall sections, and the closure flaps of the back
      wing walls are adapted to be placed in a position extending transversely
      of the tent and inwardly from the front edges of the back side wall
      sections to form a partition closing off a chamber in the tent between the
      back side wall sections.
PAR  Other objects and features will be in part apparent and in part pointed out
      hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective of a two-wing tent of this invention as it appears
      when erected;
PAR  FIG. 2 is a side elevation of the erected tent, with parts broken away;
PAR  FIG. 3 is a front elevation of the erected tent, with parts broken away;
PAR  FIG. 4 is a plan of the erected tent;
PAR  FIG. 5 is a view corresponding to FIG. 4 with the roof panels of the two
      wings of the tent removed, and showing closure flaps of the front and back
      walls of the wings furled for ventilation via wing wall screens;
PAR  FIG. 6 is a vertical transverse section on line 6--6 of FIGS. 2 and 4
      showing the closure flaps for the back walls of the two wings in a closed
      position covering the inside of screen material of the back wing walls,
      said closure flaps being broken away in part;
PAR  FIG. 7 is a view similar to FIG. 6 showing the closure flaps furled to open
      the screen material for ventilation;
PAR  FIG. 8 is a view similar to FIG. 7 showing the closure flaps unfurled and
      positioned to form a partition closing off a chamber in the tent between
      the back side wall sections of the tent;
PAR  FIG. 9 is an enlarged section on line 9--9 of FIG.. 6; and
PAR  FIG. 10 is an enlarged section on line 10--10 of FIG. 7.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, first more particularly to FIGS. 1-4, a tent of
      this invention is shown generally to comprise a main section or bay 1
      extending from front to rear and a pair of wings each designated in its
      entirety by the reference numeral 3. The main section or bay 1 comprises
      two opposite side walls each designated 5. One wing 3 extends laterally
      outwardly from one of the side walls 5 and the other wing 3 extends
      laterally outwardly from the other side wall 5. The front end of the bay
      is designated 7 and the rear end of the bay is designated 9, the front end
      being provided with suitable door flaps such as indicated at 11 which may
      be provided with slide fasteners as indicated at 13 and 15. The rear end
      may also be provided with such door flaps, if so desired. In such case,
      either end may be regarded as the front and the other as the rear. For
      purposes of this description, however, the end 7 will be denoted as the
      front and the end 9 as the rear.
PAR  Each side wall 5 comprises a front section or panel 17 and a rear section
      or panel 19 with a wing opening 21 between these sections, the opening 21
      in each wall providing for lateral communication and access between the
      bay 1 and the respective wing 3. Each wing comprises a front wall 23
      joined to the rear edge 25 of the front section 17 of the respective side
      wall (at the front of the wing opening 21) and a rear wall 27 joined to
      the front edge 29 of the rear section 19 of the respective side wall (at
      the rear of the wing opening). Each front wing wall 23 comprises an
      outside screen 31, e.g., a panel of nylon netting such as conventionally
      used for screens in tents, and an inside closure flap 33, e.g., a flap of
      rain-resistant canvas or other suitable tent fabric, joined to the
      respective front side wall section 17 at the rear edge 25 thereof. Each
      back wing wall 27 similarly comprises an outside screen 35 and an inside
      closure flap 37 joined to the respective rear side wall section 19 at the
      front edge 29 thereof. Each of the closure flaps 33 and 37 is adapted to
      be closed on the inside of its respective screen 31 or 35 to serve as a
      barrier for the screen, or opened (as will appear) for ventilation
      purposes. Also, the closure flaps 33 of the front wing walls 23 are
      adapted to be placed in a position extending transversely of the tent and
      inwardly from the rear edges 25 of the front side wall sections 17 to form
      a partition closing off a room or chamber in the tent between the front
      side wall sections, and the closure flaps 37 of the back wing walls 27 are
      adapted to be placed in a position extending transversely of the tent and
      inwardly from the front edges 29 of the back side wall sections 19 to form
      a partition closing off a room or chamber in the tent between the back
      side wall sections.
PAR  More particularly, the main section or bay 1 comprises a rectangular floor
      panel 39. The side walls 5 of the bay are inclined toward one another in
      upward direction from the side margins of the floor 39, meeting at a ridge
      41 which extends from front to rear of the bay at a suitable elevation to
      provide headroom for persons standing in the tent. Thus, the bay 1, at any
      vertical transverse section, is of isosceles triangular form, the base of
      the triangle being the width of the floor 39, the apex of the triangle
      being at the ridge 41. The wing opening 21 in each of the inclined side
      walls 5 is in the shape of an isosceles triangle which, as appears best in
      FIG. 2, is inverted, with its base at the ridge 41 and its apex 43
      adjacent the lower edge of the respective side wall 5. As herein
      illustrated, the base dimension of the isosceles triangular wing opening
      21 (at the ridge 41) is about equal to the width of the bay 1 at the floor
      39. The sides of the isosceles triangular wing opening 21 are the edges 25
      and 29 (see FIG. 2).
PAR  Each front wing wall 23 is in the shape of a triangle, having one leg
      coincident with the rear edge 25 of the respective front side wall section
      17, a second leg 45 extending upwardly and inclined outwardly from the
      bottom apex 43 of the respective wing opening 21, and a third leg 47
      extending between the upper end of edge 25 at the ridge 41 and the upper
      end of the second leg 45. Similarly, each back wing wall 27 is in the
      shape of a triangle, having one leg coincident with the front edge 29 of
      the respective rear side wall section 19, a second leg 45 coincident with
      leg 45 of the respective front wing wall 23, and a third leg 49 extending
      between the upper end of edge 29 at the ridge 41 and the upper end of leg
      45. In addition to the front and back wing walls 23 and 27, each wing 3
      additionally comprises a roof panel 51 of generally triangular form
      extending laterally outwardly from the ridge 41 at the top of the side
      walls 5 of the bay. This triangular roof panel 51 has its base at the
      ridge 41 at the top of the wing opening 21 and its side margins joined to
      the upper edges 47 and 49 of the front and back wing walls 23 and 27. The
      roof panel 51 is preferably formed with eaves such as indicated at 53
      overhanging the wing walls 23 and 27, for protecting the wing walls from
      the elements. Thus, each roof panel 51 serves as a hood for the respective
      wing 3.
PAR  As to each of the two front wing walls 23, both the outside screen 31 and
      the inside closure flap 33 are joined (as by stitching) at their inner
      edge at 25 to the respective front side wall sections 17 and the closure
      flap 33 is detachably secured to the screen 31 along its other two edges
      adjacent 45 and 47 as by a slide fastener 55. Similarly, as to each of the
      two rear wing walls 27, both the outside screen 35 and the inside closure
      flap 37 are joined (as by stitching) at their inner edge at 29 to the
      respective rear side wall section 19 and the closure flap 37 is detachably
      secured to the screen along its other two edges adjacent 45 and 49 as by a
      slide fastener 57.
PAR  A frame for supporting the tent is shown to comprise an external
      longitudinal support for the main section or bay 1 comprising front and
      rear legs 59 and 61 and a ridge pole 63 extending between these legs above
      the ridge 41 of the tent and supporting the ridge, and an external
      transverse support for the wings 3 comprising left and right side legs 65
      and 67 and a wing roof pole 69 extending over the tops 51 of the wings,
      with the upper ends of the legs extending through holes at the
      intersection of edges 47 and 49 and with the eaves draped on the outside
      of the upper ends of the legs.
PAR  The closure flaps 33 of the front wing walls 23 are adapted to be disposed
      in closed position on the inside of the front wing wall screens 31 and
      held therein by means of the slide fasteners 55 (see FIGS. 1-3), and the
      closure flaps 37 of the rear wing walls 27 are adapted to be disposed in
      closed position on the inside of the rear wing wall screens 35 and held
      therein by means of the slide fasteners 57 (see FIGS. 2, 6 and 9). This
      completely closes the tent.
PAR  For ventilation purposes, the closure flaps 33 of the front wing walls 23
      may be unzipped and furled by rolling them up as shown in FIG. 5, and the
      closure flaps 37 of the rear wing walls 27 may be unzipped and furled by
      rolling them up as shown in FIGS. 5, 7 and 10. Suitable means such as ties
      71 (FIG. 5) may be provided for maintaining the flaps furled. The flaps 33
      are rolled up to the edges 25, thus fully opening the front wing wall
      screens 31, and the flaps 37 are rolled up to the edges 29, thus fully
      opening the rear wing wall screens 35. These screens are located on the
      four sides of a parallelogram as appears in FIG. 5 and thus provide for
      ventilation from four directions.
PAR  The closure flaps 33 of the front wing walls 23 are adapted to be placed in
      a position extending transversely of the main section or bay 1 of the
      tent, and inwardly from the rear edges 25 of the front side wall sections
      17 of the main section 1, to form a partition closing off a chamber in the
      tent between the front side wall sections. Similarly, the closure flaps 37
      of the rear wing walls 27 are adapted to be placed in a position extending
      transversely of the main section 1 of the tent, and inwardly from the
      front edges 29 of the back side wall sections 19 of the main section 1, to
      form a partition closing off a chamber in the tent between the back side
      wall sections. FIG. 8 illustrates this for the flaps 37 of the rear wing
      walls, showing how these flaps are swung in on the lines 29, and lap one
      another at 73 to some extent at the center of the main section 1. Suitable
      means such as ties 75 may be provided for maintaining the flaps in their
      partitioning position. With both sets of flaps 33 and 37 in their
      partitioning position, the tent is divided into three chambers, a front,
      an intermediate and a rear chamber, the front being between the front side
      sections 17, the intermediate including the wings 3, and the rear being
      between the rear side sections 19.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tent having two opposite side walls and a pair of wings, one extending
      laterally outwardly from one side wall and the other extending laterally
      outwardly from the other side wall, each side wall comprising a front
      section and a rear section with a wing opening therebetween, each wing
      comprising a front wall joined to the rear edge of the front section of
      the respective side wall and a back wall joined to the front edge of the
      rear section of the respective side wall, each front wing wall comprising
      an outside screen and an inside closure flap joined to the respective
      front side wall section at said rear edge thereof, each back wing wall
      comprising an outside screen and an inside closure flap joined to the
      respective rear side wall section at said front edge thereof, each closure
      flap being adapted to be closed on the inside of the respective screen or
      opened for ventilation, the closure flaps of the front wing walls being
      adapted to be placed in a position extending transversely of the tent and
      inwardly from the rear edges of the front side wall sections to form a
      partition closing off a chamber in the tent between the front side wall
      sections, the closure flaps of the back wing walls being adapted to be
      placed in a position extending transversely of the tent and inwardly from
      the front edges of the back side wall sections to form a partition closing
      off a chamber in the tent between the back side wall sections.
NUM  2.
PAR  2. A tent as set forth in claim 1 having means for releasably securing the
      closure flap of each of the front wing walls to the respective screen at
      its edges away from the rear edge of the respective front side wall
      section, and means for releasably securing the closure flap of each of the
      rear wing walls to the respective screen at its edges away from the front
      edge of the respective rear side wall section, said flaps being adapted to
      be opened by releasing them from the screens at the edges where they are
      releasably secured and rolling them up.
NUM  3.
PAR  3. A tent as set forth in claim 1 wherein each wing further comprises a
      roof panel extending laterally outwardly from the top of the side walls.
NUM  4.
PAR  4. A tent as set forth in claim 1 wherein the roof panel has eaves
      overhanging the wing walls.
NUM  5.
PAR  5. A tent as set forth in claim 1 of triangular form in transverse cross
      section with the side walls inclined toward one another and meeting at a
      ridge, each wing opening being in the shape of an inverted triangle with
      its base at the ridge and its apex adjacent the lower edge of the
      respective side wall.
NUM  6.
PAR  6. A tent as set forth in claim 5 wherein each front wing wall is in the
      shape of a triangle having one leg coincident with the rear edge of the
      respective front side wall section, and a second leg extending upwardly
      from said apex of the respective wing opening, and a third leg extending
      between the ridge and the upper end of the second leg, each wing having a
      triangular roof panel.
NUM  7.
PAR  7. A tent as set forth in claim 6 having slide fastener means for
      releasably securing each closure flap to the respective screen along the
      respective second and third legs.
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ABST
PAL  A tent comprising four walls and a peaked roof, the upper edges of the
      walls constituting eaves which generally form a rectangle when the tent is
      erected. The tent further comprises an external frame for holding the tent
      erect including a pair of eave frame members for attachment to two
      opposite eaves extending generally parallel to the two eaves on the
      outside thereof and a pair of poles, one for each of the eave frame
      members, for supporting the eave frame members to hold the tent erected.
      Each pole has means at its upper end for connection to the respective eave
      frame member generally at the center of length of the eave frame member.
      The external frame also has a ridge frame member extending generally
      centrally over the roof of the tent from one of the eave frame members to
      the other. The ridge frame member has means for connection of the center
      thereof to the peak of the roof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to tents, and more particularly to so-called
      umbrella tents.
PAR  Umbrella tents conventionally have an external frame from which the tent
      side and top panels are supported. In prior umbrella tents, the frame
      typically included upright support poles on each side or at the corners of
      the tent to which the eaves of the tent were secured and a ridge frame
      extending up over the roof of the tent from the upper ends of the support
      poles to support the peak of the tent. While umbrella tents are relatively
      simple to erect as compared to more conventional tents, the number of
      support poles and ridge membes heretofore required to make the tent stable
      posed some problems on erection.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of this invention may be noted the provision of
      an umbrella tent of this invention having fewer support frame members and
      utilizing portions of the tent fabric to stabilize the tent when erected;
      the provision of such a tent having a support frame in which portions may
      be clipped together; the provision of such a tent which is easily and
      quickly erected; and the provision of such a tent which is attractive in
      appearance. Other objects and features of the invention will be in part
      apparent and in part pointed out thereinafter.
PAR  Briefly, a tent of the present invention comprises four walls, a peaked
      roof and an external frame structure for holding the tent erect. The upper
      edges of the walls constitute eaves which generally form a rectangle when
      the tent is erected. The frame structure includes a pair of eave frame
      members for attachment to two opposite eaves extending generally parallel
      to those eaves on the outside thereof, and a pair of poles, one for each
      eave frame member, for supporting the eave frame members to hold the tent
      erected. Each pole has means at its upper end for connection to the
      respective eave frame member generally at the center of length of the eave
      frame member. The frame structure also includes a ridge frame member
      extending generally centrally over the roof of the tent from one of the
      eave frame members to the other. The ridge frame member has means for
      connection of the center thereof to the peak of the roof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective of a tent of the present invention shown in its
      erected position;
PAR  FIG. 2 is a front elevation of the tent with its support frame shown in
      exaggerated scale to illustrate details of the frame;
PAR  FIG. 3 is a side elevation of the tent;
PAR  FIG. 4 is an enlarged cross sectional view taken on line 4--4 of FIG. 3 of
      a portion of the support frame illustrating clips for releasably
      connecting portions of the frame; and
PAR  FIG. 5 is an enlarged view of a portion of the support frame illustrating
      hook and loop attachment means for connection of the eaves of the tent to
      the ends of the eave frame members with certain of the frame members shown
      in phantom and with the clips broken away.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, an umbrella tent of the present invention is
      indicated in its entirety at T. This tent has four walls W and a peaked
      roof R constituting a tent body with the upper edges of the walls
      constituting eaves E which generally form a rectangle (as viewed from
      above) when the tent is erected. The tent has an external frame F which
      holds the tent body erect and which includes only two eave frame members
      or bars 3a, 3b adapted for attachment to two opposite eaves E (e.g., the
      eaves at the sides of the tent). These eave frame members extend generally
      parallel to their respective eaves on the outside thereof. Frame F further
      includes only two support poles 5a, 5b for eave members 3a, 3b,
      respectively, for supporting the eave members to hold the tent erect. Each
      pole 5a, 5b has means 7a, 7b, respectively, at its upper end for
      connection to the respective eave frame member 3a, 3b at the center of the
      length of the eave frame member. Only one ridge frame member 9 extends
      generally centrally over the roof R from one eave frame member to the
      other with the peak of roof R connected to the center of the ridge frame
      member.
PAR  More particularly the tent body of tent T has a generally square floor
      panel 11. Walls W are shown to be identical except that the front wall WF
      has a door 13 therein. These walls are generally in the shape of an
      isosceles trapezoid having their bases sewn to the outer edges of floor
      panel 11 as indicated at 15. Adjacent upright sides of walls W and WF are
      sewn together along seams 17. Thus the floor panel and walls W and WF for
      a truncated tetrahedron. Roof R is formed by four triangular roof panels
      19. The base of each roof panel is sewn to the upper edge of a respective
      wall W or WF and thus constitutes an eave E. Adjacent sides of the roof
      panels are sewn together along seams 21 and the points of the roof panels
      from a roof peak P. Wall WF is shown to have a roll flap 23 for closing
      door 13 and screens 25 provide ventilation for the tent when curtain 23 is
      open. It will be understood that walls W may be provided with windows (not
      shown). The lower corners of tent T are secured to the ground by stakes
      27.  Preferably, eave members 3a, 3b, support poles 5a, 5b and ridge frame
      9 are of aluminum tubing and the support poles and the ridge frame may be
      made in sections which telescopically interfit with one another when
      assembled in a manner well known in the art to enable frame F to be
      compactly stowed. Means 7a, 7b for detachable connection of the upper end
      support poles 5a, 5b to their respective eave frame member 3a or 3b is
      shown in FIG. 4 to be generally U-shaped clips 29a, 29b of resilient metal
      or the like having an opening somewhat smaller than the diameter of eave
      member 3a, 3b.  When pushed onto a respective eave frame member, these
      clips resilinetly grip the eave members and thus hold the poles 5a, 5b
      secured to their respective eave frame members. Ridge frame member 9
      comprises a generally horizontal center portion C disposed above the peak
      P and legs La, Lb angling downwardly toward a respective eave frame member
      3a or 3b, the legs telescopically interfitting with angled end portions of
      the center portion. Each leg La, Lb is provided with a respective clip 30a
      or 30b identical to clips 29a, 29b. Preferably, clips 30a, 30b are mounted
      on the outside of their respective legs in the plane of the ridge frame
      member adjacent the ends of its legs as shown in phantom in FIG. 4 so that
      the eave members are on the outside of the ridge frame legs. At the
      intersections of seams 17 and 21 and eaves E, a loop 31 is sewn to the
      tent body. Each eave member 3a, 3b has a hook 33 at each outer end for
      detachable connection with a respective loop 31 for supporting the tent at
      the corners of its eaves. Roof R has a loop 35 sewn to peak P. The center
      portion C of ridge frame member 9 is insertable through loop 35 so that
      with clips 30a, 30b on the ends of the ridge frame member legs clipped on
      respective eave members 3a, 3b and with clips 29a, 29b on the ends of
      poles 5a, 5b clipped on the eave members as shown in FIG. 4, the weight of
      the tent walls and roof panels is transferred to frame F and the tent is
      supported in upright position. With the lower corners of the tent staked
      to the ground by stakes 27, the various walls W and roof panels 19 brace
      and stabilize frame F and thus act as tension members to stably support
      the tent in erected position.
PAR  To erect a tent T of this invention, the tent is placed on the ground and
      its floor 11 stretched to its erected position. The corners of the tent
      are staked to the ground by stakes 27. Ridge frame member 9 is inserted
      through loop 35 and hooks 33 on the ends of eave frame members 3a, 3b are
      hooked into respective loops 31. The roof R is raised to its erected
      position and clips 29a, 29b on poles 5a, 5b and clips 30a, 30b on ridge
      frame legs La, Lb are clipped on respective eave frame members 3a, 3b. The
      lower ends of poles 5a, 5b are implanted in the ground so that the poles
      incline upwardly at an angle somewhat less than the slope of walls 11.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tent comprising four walls and a peaked roof, the upper edges of the
      walls constituting eaves which generally form a rectangle when the tent is
      erect, the lower edges of the walls being adapted to be secured to the
      ground, and an external frame structure for holding the tent erect with
      said walls and roof constituting tension members for bracing and for
      stabilizing the frame, the latter comprising only two eave frame members
      disposed adjacent to two opposite eaves and extending generally parallel
      to said two eaves on the outside thereof, only two poles, one for each of
      said eave frame members, extending up from the ground on the outside of
      two opposite of said walls for supporting said eave frame members and for
      holding the tent and only one ridge frame member extending generally
      centrally over the roof of the tent from one of said eave frame members to
      the other for holding said peaked roof erect above said eaves, said eave
      frame members being connected at their ends to said tent adjacent the
      corners of said rectangle, said ridge frame member being connected
      generally at its center to the peak of the roof, each pole having a
      resilient clip at its upper end for connection to its respective eave
      frame member generally at the center of length of the eave frame member,
      and said ridge frame member having a resilient clip at each of its ends
      for connection to said eave frame members generally at the center of
      length of the latter.
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ABST
PAL  A method of transporting viscous hydrocarbons which involves introducing
      into a pipeline or well-bore with the viscous hydrocarbons a solution
      containing an anionic surfactant or soap such as sodium tridecyl sulfate
      or sodium oleate together with a guanidine salt and optionally with an
      alkalinity agent and/or a nonionic surfactant such as a polyethoxylated
      alcohol thereby forming a low viscosity salt tolerant oil-in-water
      emulsion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved method for transporting hydrocarbons
      thru a pipeline or well-bore. More particularly, this invention relates to
      the introduction into a pipeline of viscous hydrocarbon or mixture of
      hydrocarbons together with an aqueous solution of an anionic surfactant
      and a guanidine salt whereby a low viscosity salt tolerant oil-in-water
      emulsion is formed which facilitates movement of the hydrocarbon in the
      pipeline. Optionally the solution may contain an alkalinity agent and/or a
      nonionic surfactant.
PAR  2. Description of the Prior Art
PAR  The transportation of heavy crudes by pipeline is difficult because of
      their low mobility and high viscosity. The usual methods to facilitate the
      flow of heavy crudes have included cutting them with lighter fractions of
      hydrocarbons. However, the procedures involves the use of relatively large
      amounts of expensive hydrocarbon solvents to transport a relatively cheap
      product. The practice also necessarily requires the availability of the
      cutting hydrocarbon solvents which, in some instances is inconvenient.
PAR  Another method to assist the flow of hydrocarbons in pipeline is the
      installation of heating equipment at frequent intervals along the
      pipeline, whereby the crude is heated to reduce its viscosity and thereby
      facilitate its transport. Heaters employed for this purpose can be
      operated by withdrawing some of the crude being transported for use as
      fuel. However, this procedure may result in the loss of as much as 15 to
      20 percent of the crude being transported.
PAR  Other methods to facilitate transport of heavy crudes have employed thermal
      viscosity breaking, which, however, produces substantial amounts of gas.
PAR  It is known that substantial amounts of water may be introduced into a
      pipeline containing a stream of viscous crude flowing therethru to reduce
      the drag on the stream and thus facilitate the flow thru the pipeline.
      This has been done by the addition of water together with crude into the
      pipeline such that a water-in-oil emulsion is formed.
PAR  It is thus an object of the present invention to provide a transport method
      for viscous crudes which are difficulty emulsifiable especially in the
      presence of water with substantial salt content whereby they can be more
      easily transported by pipeline at a high thru-put rate.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method for transporting viscous hydrocarbons
      such as crude oil in which the hydrocarbon together with an aqueous
      solution of an anionic surfactant and a guanidine salt and, optionally, an
      alkalinity agent and/or a nonionic surfactant is introduced into the
      pipeline with mixing. During the mixing operation an oil-in-water emulsion
      is formed which is stable in hard water and salt tolerant.
PAC  DESCRIPTION OF THE INVENTION
PAR  In this invention the aqueous solution added to the viscous hydrocarbon
      will generally range from a minimum of about 10 percent by volume based on
      the volume of the hydrocarbon introduced into the pipeline up to a maximum
      of about 40 percent or more by volume with the preferred amount being
      about 20 to about 30 percent by volume on the same basis. In the aqueous
      solution the concentration of the anionic surfactant will range from about
      0.01 to about 2.0 wieght percent; the guanidine salt from about 0.05 to
      about 5.0 weight percent; the alkalinity agent from about 0 to about 1.0
      percent and the nonionic surfactant from about 0 to about 1.0 weight
      percent. Guanidine salts useful in preparing the aqueous solution employed
      in this invention include guanidine hydrochloride, guanidine acetate,
      guanidine sulfate, guanidine carbonate, guanidine thiocyanate, guanidine
      nitrate, etc.
PAR  A particularly useful class of anionic surfactants comprises compounds
      selected from the group consisting of water soluble salts fo alkyl
      sulfates having from 6 to 20 carbon atoms and water soluble salts of
      unsaturated aliphatic carboxylic monobasic acids having from 6 to 20
      carbon atoms.
PAR  Anionic surfactants suitable for use in the aqueous solution used in this
      invention include for example compounds of the formula:
EQU  CH.sub.3 --(CH.sub.2).sub.n --CH = CH--(CH.sub.2).sub.m --COO-- X,
PAL  wherein n and m integers and the sum of n + m is from 2 to 16 and X is
      selected from the group consisting of monovalent ions as exemplified by
      Na.sup.+, K.sup.+, Li.sup.+, NH.sub.4.sup.+, etc. Examples of materials of
      this type include sodium oleate, potassium stearate, sodium palmitate,
      sodium myristate, etc.
PAR  Another class of compounds which may be employed as the anionic surfactant
      in the present invention have the general formula:
EQU  CH.sub.3 -- (CH.sub.2).sub.p --SO.sub. 4 X,
PAL  wherein p is an integer of from 5 to 19 and X is a monovalent cation such
      as Na.sup.+, K.sup.+, Li.sup.+, NH.sub.4.sup.+, etc. Examples of compounds
      of this type include sodium dodecyl sulfate, potassium cetyl sulfate,
      sodium decyl sulfate, sodium tetradecyl sulfate, etc.
PAR  A wide variety of nonionic surfactants may be used in the process of this
      invention such as those compounds having the formula:
EQU  RO (CH.sub.2 CH.sub.2 0).sub.t H,
PAL  wherein R is an alkyl or alkaryl group of from 6 to 20 carbon atoms and t
      is an integer of from 1 to 20. Compounds of this type include for example:
PA1  ethoxylated dodecyl alcohol
PA1  ethoxylated nonyl phenol
DETD
PAR  The following examples illustrate embodiments of this invention which are
      to be considered not limitative:
PAC  EXAMPLE I
PAR  An aqueous solution containing 0.7 weight percent of sodium dodecyl
      sulfate, 0.10 weight percent of guanidine hydrochloride about 0.10 weight
      percent of sodium hydroxide and 0.12 weight percent of ethoxylated dodecyl
      alcohol of the formula CH.sub.3 --(CH.sub.2).sub.10 --CH.sub.2 --0--
      (CH.sub.2 CH.sub.2 O).sub.7.8 H was prepared by adding with mixing the
      above-mentioned ingredients to water having a salinity of about 1.89
      weight percent at a temperature of about 25.degree.C after which the
      thus-prepared solution is introduced with mixing into a large diameter
      pipeline together with sufficient Richfield crude oil, Orange County,
      California to give an oil-in-water emulsion in which the amount of aqueous
      solution is about 20 percent by volume based on the volume of the crude.
      The horsepower requirements for transporting the formed oil-in-water
      emulsion through the pipeline at the rate of 1000 barrels per day is found
      to be substantially less than the horsepower requirement for transporting
      the same volume of Richfield crude under the same conditions.
PAC  EXAMPLE II
PAR  An aqueous solution comprising about 0.5 weight percent sodium oleate, 0.12
      weight percent guanidine sulfate and about 0.10 weight percent potassium
      hydroxide is formed by mixing together at a temperature of about
      25.degree.C the above-name ingredients with brine having a salinity of
      about 1.62 weight percent. The thus-formed aqueous solution is introduced
      into a pipeline together with Hunton crude, Hunton County, Oklahoma to
      give an oil-in-water emulsion in which the volume percent of the aqueous
      solution based on the volume of the crude is aabout 25 percent. An
      appreciable saving in horsepower requirement for pumping 1500 barrels/day
      of the emulsion through the pipeline over the requirement for the same
      amount of Hunton crude under the same condition is achieved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the transportation of viscous hydrocarbons of pipeline, the
      improvement which comprises forming an oil-in-water emulsion by
      introducing into the pipeline with said hydrocarbons an aqueous solution
      of about 0.1 to about 2.0 percent by weight of an anionic surfactant and
      about 0.05 to about 5.0 percent by weight of a quanidine salt, and wherein
      the said surfactant is selected from the group consisting of water soluble
      salts of alkyl sulfates having from 6 to 20 carbon atoms and water soluble
      salts of unsaturated aliphatic carboxylic monobasic acids having from 6 to
      20 carbon atoms.
NUM  2.
PAR  2. The process of claim 1 wherein the said anionic surfactant is sodium
      dodecyl sulfate.
NUM  3.
PAR  3. The process of claim 1 wherein the said guanidine salt is selected from
      the group consisting of guanidine hydrochloride, guanidine acetate,
      guanidine sulfate, guanidine carbonate, guanidine thiocyanate and
      guanidine nitrate.
NUM  4.
PAR  4. The process of claim 1 wherein the said guanidine salt is guanidine
      hydrochloride.
NUM  5.
PAR  5. In the transportation of viscous hydrocarbons by pipeline, the
      improvement which comprises forming an oil-in-water emulsion by
      introducing into the pipeline with said hydrocarbons an aqueous solution
      comprising from about 0.01 to about 2.0 percent by weight of an anionic
      surfactant, from about 0.05 to about 5.0 weight percent of a guanidine
      salt from 0 to 1.0 weight percent of an alkalinity agent and from 0 to
      about 1.0 weight percent of a nonionic surfactant, wherein the said
      anionic surfactant is selected from the group consisting of water soluble
      salts of alkyl sulfates having from 6 to 20 carbon atoms and water soluble
      salts of unsaturated aliphatic carboxylic monobasic acids having from 6 to
      20 carbon atoms, wherein the said alkalinity agent is selected from the
      group consisting of sodium hydroxide, potassium hydroxide and mixtures
      thereof and wherein the said nonionic surfactant is a compound of the
      formula:
EQU  R0(CH.sub.2 CH.sub.2 0).sub.t H
PAL  wherein R is an alkyl or alkaryl group of from about 6 to about 20 carbon
      atoms and t is an integer of from 1 to 20.
NUM  6.
PAR  6. The process of claim 5 wherein the said anionic surfactant is a water
      soluble salt of the formula:
EQU  CH.sub.3-- (CH.sub.2).sub.p-- S0.sub.4-- X
PAL  wherein p is an integer of from 5 to 19 and X is selected from the group
      consisting of monovalent metal ions and the ammonium ion.
NUM  7.
PAR  7. The process of claim 5 wherein the said anionic surfactant is a water
      soluble salt of the formula:
EQU  CH.sub.3 -- (CH.sub.2).sub.n -- CH = CH-- (CH.sub.2).sub.m -- COO-- X
PAL  wherein n and m are integers, the sum of n + m is from 2 to 16 and X is
      selected from the group consisting of monovalent metal ions and the
      ammonium ion.
NUM  8.
PAR  8. The process of claim 5 wherein the said anionic surfactant is sodium
      dodecyl sulfate.
NUM  9.
PAR  9. The process of claim 5 wherein the said anionic surfactant is sodium
      oleate.
NUM  10.
PAR  10. The process of claim 5 wherein the said nonionic surfactant is
      ethoxylated dodecyl alcohol.
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ABST
PAL  A process and apparatus for stabilizing waste material, preferably of the
      type that has been subjected to an initial treatment process, is disclosed
      and includes a main reaction tank into which the waste material is pumped
      after having been mixed with a suitable oxidizing agent. In the main
      reaction tank the mixture undergoes a chemical oxidation reaction and is
      then discharged through the top of the tank. A significant portion of the
      mixture so discharged is mixed with new waste material and an additional
      amount of the oxidizing agent and the new mixture is circulated back
      through the main reaction tank where the oxidation reaction continues; the
      remaining portion of the mixture is circulated through a secondary
      reaction tank similar to the first. Pressure is maintained in the
      secondary reaction tank by a suitable mechanism so that the oxidation
      reaction continues at a relatively high rate and the oxidized mixture is
      discharged as stabilized sludge through the top of the tank to a suitable
      sludge dewatering apparatus. In one particular embodiment of the
      invention, the mechanism maintaining the pressure in the secondary
      reaction tank includes a pump running in opposition to the direction of
      sludge flow but at a pressure insufficient to stop the flow.
PARN
PAR  This is a continuation of application Ser. No. 383,714, filed July 30,
      1973, now abandoned, which application is a division of application Ser.
      No. 242,989, filed Apr. 11, 1972, now abandoned.
BSUM
PAR  This invention relates to an improved process and apparatus for the
      stabilization of putrescible unstable wastes, that is, treating the wastes
      to a point where further chemical change will occur at a very slow rate
      thereby rendering the wastes non-odor forming and providing a reduction in
      its biological oxygen demand. More particularly, this invention relates to
      an improvement in the process and apparatus described in U.S. Pat. No.
      3,300,402, issued to Grich et al. on Jan. 24, 1967.
PAR  In the above-identified Grich et al. patent there is disclosed a process
      and apparatus for stabilizing putrescible unstable waste material which
      invloves the initial treatment of the waste in any suitable manner to
      provide a sludge that is mixed with an oxidizing agent and pumped through
      a series of internally unobstructed reaction tanks wherein a chemical
      oxidation reaction occurs. While the process and apparatus described in
      the Grich et al. patent works in a generally satisfactory manner, it
      should be noted that the last reaction tank in the series maintains the
      mixture of sludge and the oxidizing agent at an extremely low pressure so
      that oxidation takes place at a relatively slow rate. It has been
      determined that in certain instances the oxidizing agent being added
      requires more time to react with the sludge than that provided by the
      system disclosed in the Grich et al. patent so that the oxidation process
      is not completed to an adequate degree in the reaction tanks.
      Consequently, inadequately stabilized sludge can be discharged from the
      last reaction tank.
PAR  One proposed solution to the problem of discharging inadequately stabilized
      sludge was to add more reaction tanks to the system, but such a solution
      involved the additional expense of the added reaction tanks. Moreover,
      since the last tank in the series disclosed in the Grich et al. patent
      does not maintain the mixture under a significant pressure, neither did
      the added tanks so that the reaction time and, consequently, the degree of
      stabilization was not significantly improved.
PAR  Another proposed solution to the above noted problem was to increase the
      size of the reaction tanks. As in the case of providing additional
      reaction tanks, increasing the size of the tanks involved expense out of
      proportion to the increase in reaction time.
PAR  According to one aspect of this invention, however, sufficient oxidation
      reaction time is provided in an economical and effective manner whereby
      the oxidation reaction takes place to an adequate degree prior to
      discharge of the mixture from the system. Briefly, this is accomplished by
      providing a plurality, preferably two, of internally unobstructed reaction
      tanks, a pump having its intake port communicating with a mechanism for
      metering chemical oxidizing agent into a conduit connected to a system for
      initially treating the waste and having its discharge port connected to
      the first tank through a tangential inlet nozzle, a first discharge
      conduit connecting the first and second tanks and including a branch
      communicating through a pressure maintaining mechanism to the conduit on
      the suction side of the pump, and a second discharge conduit connected to
      the second tank and also including a pressure maintaining mechanism. In
      operation, the pump discharges a mixture including waste from the initial
      treatment system and chemical oxidizing agent into the first reaction tank
      where an oxidation reaction occurs. The resulting sludge is discharged
      from the first tank and a major portion is fed back to the pump where it
      is mixed with fresh waste from the initial treatment system and additional
      oxidizing agent and is recirculated through the first reaction tank, the
      remaining portion of the sludge discharged from the first reaction tank is
      fed into the second reaction tank where the oxidation process continues at
      a relatively fast rate because the pressure is maintained with only a
      slight drop from that in the first reaction tank.
PAR  Another aspect of the invention relates to pressure maintaining mechanism
      utilized in the second discharge conduit. Conventional pressure
      maintaining mechanisms such as flow restrictors and pressure relief valves
      are subject to clogging by the solids contained in waste material except
      where the flow rate is high enough to allow the use of large size
      apparatus. The flow rate from the second reaction tank is too low to allow
      the use of such large sized apparatus and thus frequent and costly
      cleaning of the conventional pressure maintaining mechanisms would be
      required. However, according to this other aspect of the invention, the
      clogging problem is obviated by providing a pump running in opposition to
      the direction of the sludge flow but at a pressure insufficient to
      overcome the flow of said sludge. Accordingly, pressure in the second
      reaction tank is maintained.
DRWD
PAR  For a better understanding of the invention, reference is made to the
      accompanying drawing in which there is diagrammatically illustrated a
      system for treating sludge in accordance with this invention.
DETD
PAR  Referring specifically now to the drawing, there is disclosed an inlet
      conduit 10 that connects the intake port of a feed pump 12 with any
      suitable source of waste material to be stabilized. It should be
      understood that the term waste material is intended to include raw waste
      and sewage or sludge discharged from any system for the initial treatment
      of raw waste or sewage. The latter category includes by way of example,
      the effluent from a primary clarifier or secondary sludge from an aerobic
      treatment process and secondary clarifier, or could be incompletely
      digested sludge discharged from an anaerobic digester, or could be a
      combination of the three. For the purposes of this invention, the initial
      treatment to which the raw waste or sewage has been subjected is
      immaterial.
PAR  A supply chamber 14 including the usual flow control devices contains a
      suitable oxidizing agent and is located on the intake side of pump 12 so
      that the oxidizing agent, preferably in the form of gas and preferably
      chlorine, is introduced to the waste material in conduit 10. As will be
      explained hereinafter, feeding mechanism 14 communicates with conduit 10
      through a conduit 24 and a flow restriction 28. As will also be explained
      more fully hereinafter, flow restriction 28 functions as a pressure
      maintaining device, and in the preferred embodiment is in the form of an
      eductor having a nozzle shaped flow restriction and a suction chamber.
      Educators of this type are commercially available and when used herein
      also function to evacuate the oxidizing agent from supply chamber 14 and
      into conduit 24. Use of the eductor is preferred especially when the
      oxidizing agent is chlorine gas since it provides a safety function. While
      the use of chlorine gas is preferred, it should be noted that various
      other suitable oxidizing agents can be utilized. Pump 12 is preferably of
      the centrifugal type having a recessed impeller to prevent clogging and
      agitates the waste material and oxidizing agent in the pumping chamber so
      that they are thoroughly and intimately mixed. The mixture of waste
      material and oxidizing agent is discharged from pump 12 in a conduit 16,
      through a nozzle 18 and into a first reaction tank 20 which is internally
      free of obstructions and which has a generally cylindrical configuration.
      Nozzle 18 is located tangentially with respect to reaction tank 20 and
      causes only a slight pressure drop in the mixture. Since it is discharged
      at high velocity, the mixture circulates in a spiral path around the outer
      wall of the tank and undergoes a chemical oxidation reaction. Although not
      necessary for the practice of the invention, the longitudinal axis of tank
      20 is disposed in a horizontal plane to conserve space in the installation
      of the system.
PAR  A discharge conduit 22 is, of course, connected to the end of tank 20
      opposite the inlet end and may be located in any angular position with
      respect to the tank. Preferably, however, discharge conduit 22 is located
      at the top of tank 20 to facilitate the escape of gas which may have
      formed during the oxidation reaction or during periods when the system is
      shut down. Discharge conduit 22 splits into two branches 24 and 26 with
      the former being connected through flow restrictor 28 to inlet conduit 10
      and with the latter being connected to a second reaction tank 30. Branches
      24 and 26 are arranged such that a major portion of the mixture discharged
      from tank 20 is fed to conduit 10 and only a minor portion is discharged
      to tank 30. Restriction 28 maintains the pressure in reaction tank 20 so
      that the rapid oxidation action can occur therein.
PAR  At this point it should be noted that the mixture discharged from tank 20
      is mixed with additional oxidizing agent in flow restriction 28, flows
      through branch 24 and into conduit 10 wherein it is mixed with new waste
      material to be stabilized and is recirculated through tank 20. With this
      arrangement additional oxidation reaction time is provided for a major
      portion of the waste material being stabilized. While the portion to be
      recirculated can vary, satisfactory results have been obtained when at
      least 75% of the waste material is recirculated; for optimum results,
      however, about 85% of the waste material should be recirculated.
PAR  Secondary reaction tank 30 is similar to tank 20, that is, it is
      cylindrical, is internally free from obstructions and is tangentially
      connected with its inlet, branch 26. Accordingly, the portion of the
      mixture discharged from tank 20 to tank 30 again circulates in a spiral
      path around the walls of the tank, and is discharged through a discharge
      conduit 32 located, preferably, at the top of the tank to facilitate the
      escape of gas. Tank 30 is preferably disposed vertically so that solids
      that have settled in the bottom of the tank during shut down periods can
      be easily picked up by the flow of the mixture when the system is
      restarted. Conduit 32 includes a suitable mechanism for maintaining
      pressure in the tank 30 so that the oxidation reaction continues in the
      mixture discharged from tank 20. While various pressure maintaining
      mechanisms could be utilized, the preferred type includes a pump 34
      running in opposition to the flow of the mixture as will be more fully
      explained hereinafter. It should be noted that the pressure drop between
      first reaction tank 20 and second reaction tank 30 is as small as possible
      so that the oxidation reaction continues at the desired rate. Preferably
      the pressure drop is just small enough to allow the mixture to flow from
      the first to the second tank. The mixture discharged from tank 30 is
      stabilized sludge which is carried through a conduit 36 to a suitable
      dewatering apparatus.
PAR  From the preceding description of a preferred embodiment it can be seen
      that sufficient oxidation reaction time is provided for assuring adequate
      stabilization of waste material by recirculating a major portion of the
      mixture and by maintaining pressure on the mixture throughout the entire
      oxidation reaction. Recirculation, of course, increases the reaction time
      of a significant volume of the mixture and circulation under pressure in
      the second tank assures that any portion of the mixture not recirculated
      is provided with adequate additional reaction time. Other significant
      advantages are also realized in that only two tanks need be utilized, the
      second one being of a relatively small size, thus lowering the
      installation cost of the system and also in the fact that the process is
      continuous thus lowering the operating cost.
PAR  As pointed out previously, the pressure maintaining mechanism utilized in
      the preferred embodiment of the invention includes pump 34 running in
      opposition to the flow of the mixture discharged from tank 30. Flow
      restrictions or pressure relief valves could be utilized, but at the low
      flow rates at which the mixture is discharged these mechanisms are
      susceptible to clogging by the solids contained in the mixture. Referring
      back to the drawing, pump 34 is preferably of the centrifugal type having
      a recessed impeller 35 to avoid clogging. The pump is connected so that
      its usual discharge port becomes an intake port 38 and so that its usual
      intake port becomes a discharge port 40; however, the curvature of the
      impeller is not altered from the usual configuration of directing fluid
      out of the pump through port 38. In operation, impeller 35 is driven in
      its usual manner so that it is working against the direction of flow of
      the mixture being discharged through conduit 32, but at a speed which
      provides pressure less than that in tank 30. Accordingly, flow of the
      mixture is not stopped, but it flows through the pump in a manner reverse
      that of the usual operation of the pump. In addition to obviating the
      clogging problem, use of the pump arrangement is also economical since it
      is operating in an almost shut down condition and its power requirements
      are minimal.
PAC  EXAMPLES
PAR  Tests were conducted at a municipal sewage treatment plant yielding
      activated sludge which was fed to and discharged from the system described
      above at the rate of 10 gallons per minute. The feed pump raised the
      pressure of the mixture to 35 p.s.i. (pounds per square inch) and the
      inlet nozzle caused a 10 p.s.i. pressure drop. Accordingly, 25 p.s.i. was
      maintained on the mixture in the first reaction tank and only slightly
      less than that in the second reaction tank. About 85 percent of the
      mixture discharged from the first reaction tank was recirculated.
PAR  In one test chlorine gas was fed to the system at the rate of 1790 p.p.m.
      (parts per million). When discharged from the first reaction tank the
      residual or unconsumed chlorine was measured at 430 p.p.m. and the
      relative stability of the mixture was calculated at 99 percent. When
      discharged from the second reaction tank the chlorine residual was
      measured at 390 and the relative stability of the mixture was again
      calculated at 99 percent. Relative stability is the ratio of the oxygen
      available in the waste to that required for complete oxidation of the
      organic matter in the waste material. The higher the percentage, the more
      stable the mixture.
PAR  In another test chlorine gas was fed to the system at the rate of 1210
      p.p.m. and the residuals measured at the discharge of the first and second
      tanks were 250 p.p.m. and 240, respectively. The relative stability of the
      mixture discharged from the first tank was calculated at 84 percent and
      from the second tank at 90 percent.
PAR  Finally, in still another test chlorine gas was fed to the system at the
      rate of 600 p.p.m. and the residuals measured at the discharge of the
      first and second tanks were 130 p.p.m. and 120 p.p.m., respectively. The
      relative stability of the mixture discharged from the first tank was
      calculated at 75 percent and from the second tank at 87 percent.
PAR  During the tests it was also determined that the highest relative stability
      at which chemical change could occur at an unsatisfactory rate was 84
      percent. Thus, any of the chlorine feed rates mentioned above would yield
      satisfactory results. In fact, with a feed rate of 1790 p.p.m., a
      satisfactory degree of stabilization could be obtained with only one
      reaction tank. However, lowering the feed rate yields greater operating
      economy in that less chlorine is consumed and the degree of stabilization
      is satisfactory. The preferred feed rate is 1210 p.p.m. since great
      operating economy is realized while maintaining a relative stability of 90
      percent at the discharge from the second tank and providing a suitable
      safety margin over the critical 84 percent.
PAR  While there has been described a preferred embodiment of the invention, it
      should be understood that various modifications may become apparent to
      those skilled in the art. Accordingly, the scope of the invention is not
      limited to the exact system illustrated above, but should be ascertained
      from the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system, a first conduit means connected to an inlet port of a tank,
      source means connected to said first conduit means for delivering
      pressurized fluid to said tank, a second conduit means connected to an
      outlet port of said tank for directing said fluid from said tank, the
      improvement comprising:
PA1  impeller means in said second conduit means for permitting said pressurized
      fluid to flow from said source means, through said inlet port, said tank,
      said outlet port, and said impeller means while simultaneously maintaining
      pressure in said tank, said impeller means comprising a rotatable impeller
      tending to oppose the flow of said fluid from said tank while said source
      means delivers pressurized fluid to said tank.
NUM  2.
PAR  2. The system as defined in claim 1 wherein said impeller means comprises a
      pump means rotating in a direction tending to move said fluid from said
      pump means to said tank while said source means delivers pressurized fluid
      to said tank.
NUM  3.
PAR  3. The system as defined in claim 1, wherein said source means includes a
      pump pressurizing said fluid.
NUM  4.
PAR  4. The system as defined in claim 3, wherein said pump is a centrifugal
      pump.
NUM  5.
PAR  5. A method of maintaining pressure in a tank comprising the steps of:
PA1  1. supplying a pressurized fluid to an inlet port of a tank;
PA1  2. directing said pressurized fluid from an outlet port of said tank into a
      conduit; and
PA1  3. permitting flow through said inlet port, said tank, said outlet port,
      and a rotatable impeller while simultaneously maintaining pressure in said
      tank by engaging said rotatable impeller in said conduit in a manner
      tending to oppose the flow of said fluid from said tank to said conduit.
NUM  6.
PAR  6. The method as set forth in claim 5 wherein the step of engaging said
      rotatable impeller comprises rotating a pump in said conduit in a
      direction tending to move said fluid from said pump to said tank.
NUM  7.
PAR  7. The method as set forth in claim 1, wherein said pressurized fluid is
      supplied by actuating an inlet pump.
NUM  8.
PAR  8. The method as set forth in claim 7, wherein said pumps are centifugal.
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ABST
PAL  An hydraulic governor for automatic transmissions relying on derivation of
      a pressure varying with rotational speed over a relatively wide range, by
      balancing an hydraulic pressure against a centrifugal force-operated load.
BSUM
PAC  SUMMARY OF INVENTION
PAR  Centrifugal type fluid pressure controlling governors are commonly used in
      automatic transmission applications where varying output hydraulic
      pressures may be desired for controlling different speed ratios of the
      transmission in response to changes of the speed of rotation of an element
      of the transmission. In operation, substantially constant input or line
      fluid pressure, provided by a pump, is metered through a valve urged
      outwardly by centrifugal force. The metered fluid pressure is imposed upon
      a portion of the valve to oppose the centrifugal force on the valve so
      that the outlet pressure of the governor represents the fluid pressure
      necessary to oppose and balance the centrifugal force upon the valve and,
      accordingly, in such valve, the governor outlet pressure varies directly
      with the centrifugal force on the valve.
PAR  Since centrifugal force imposed on an element mounted eccentrically of a
      rotated shaft varies directly as the square of the speed of rotation, the
      outlet pressure of the ordinary centrifugal governor, mounted on the
      shaft, varies directly as the square of the speed of rotation of the
      governor valve body, and a fluid pressure necessary to balance this
      centrifugal force would likewise vary in pressure according to the square
      of the speed producing a parabolic curve on a chart of pressure vs. speed.
      As a result, a governor arranged to provide a substantial, usable rate of
      increase of pressure with increase in rotational speed for a relatively
      slow speed is ineffective to control ratio changing at higher speeds
      because the outlet pressure of the governor reaches the line fluid
      pressure before the entire shift speed range has been traversed.
      Conversely, a governor arranged to provide a substantial, usable rate of
      increase of fluid pressure with increase in rotational speed in the high
      speed range is not usable in the low speed range because of the very low
      rate of change of fluid pressure in this range. In addition, it is
      frequently desirable to provide a governor having three performance stages
      including the ability to control a speed range intermediate between the
      low and high speed ranges and incompatible therewith because of the fluid
      pressure differential existing between these ranges. In such case, it is
      necessary to provide an hydraulic governor characterized by the pressure
      developed thereby, due to the rotatable shaft speed, being capable of
      varying in three stages.
PAR  Governors of the three-stage type, used in the past, may consist of two or
      more separate governors for providing different speed ranges with each
      governor usually requiring an individual centrifugal weight, valve, and
      springs, exactingly formed, precisely calibrated, and correctly assembled
      for insuring performance. While less expensive single three-stage
      governors have been proposed, such governors are complex and complicated
      as they usually require two or more valves, and have multiple centrifugal
      weights and rated springs to operate the valves, with the valve body
      having multiple parts accurately bored to provide pressure fluid conduits
      and ports and also passages to slidably mount the operating movable
      components of the governor.
PAR  The present invention provides an improved hydraulic governor of compact
      assembly and of simplified construction having a single valve actuatable
      by springs operable by a pair of successively centrifugal force-operated
      telescoping weights within the valve to meter fluid pressure on the valve
      and opposed by the centrifugal force on the valve.
DRWD
PAC  IN THE ACCOMPANYING DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a three-stage hydraulic governor
      embodying the invention;
PAR  FIG. 2 is a graph illustrating the output pressure provided by the governor
      valve of FIG. 1 as a function of the speed of revolution; and
PAR  FIG. 3 is a graph illustrating the output pressure provided by a
      conventional two-stage governor as a function of speed revolution.
DETD
PAR  Referring now to FIG. 1, the illustrated centrifugal type fluid pressure
      governor of the present invention is generally designated by the reference
      numeral 10. The governor 10 comprises a body or housing 11 which may be
      formed as a single casting or as a two-piece assembly fixed to a member or
      shaft 12 both of which are rotatable about the central axis 13 of the
      shaft 12. The shaft 12 may be driven by any rotatable portion of a
      transmission or the like (not shown) with which the fluid outlet pressure
      from the governor is to be correlated. The housing 11 is formed with a
      bore provided by connected cylindrical cavities 14, 15 and 16 of
      respectively smaller diameters as they extend radially outward at right
      angles with respect to the axis 13. Due to this fact, it will be apparent
      that the cavities can be readily formed to provide smooth cylindrical
      surfaces engaging the valve and a centrifugal weight assembly.
PAR  This assembly comprises a movable regulating valve element or member in the
      form of a valve piston or spool 17 disposed within and slidably engaging
      the cylindrical surfaces of the connected cavities 14 and 15 of the
      housing, the spool having lands 18 and 19 respectively within the cavities
      14 and 15 and also having a groove 20 between the lands 18 and 19. The
      spool is hollow and is provided with central cylindrical cavities 21, 22
      and 23 having stepped diameters.
PAR  The valve and weight assembly includes a weight member 24 for moving the
      spool 17 under the influence of centrifugal force. The weight member 24
      comprises a tubular element or member including a connected head portion
      25 and stem portion 26 having cylindrical inner and outer surfaces 27 and
      28. The stem portion 26 of weight member 24 extends through the valve
      spool 17 and its outer surface 28 slidably engages the surface of the
      cylindrical cavity 22 of the spool 17. A spring member in the form of a
      coil spring 29 surrounds the stem portion 26 of weight member 24 and has
      one end extending into the cylindrical cavity 23 of the spool 17 to engage
      the spool and has its other end seated on the head portion 25 of the
      weight member 24.
PAR  The valve weight assembly also includes a weight member 30 for moving the
      valve spool 17 under the influence of centrifugal force. The weight member
      30 comprises a weight 31 located exteriorly of the housing 11 and
      connected by means of a rod or stem 32 with another smaller weight 33
      located within the cavity 16 of the housing 11 and engaging the
      cylindrical surface of the cavity 16. The rod 32 extends through the
      hollow weight member 24 and slidably engages the inner cylindrical surface
      of the weight member 24. A spring member in the form of a coil spring 34
      extends between and has its opposite ends respectively engaging the weight
      33 and the valve spool 17.
PAR  The governor body or housing 11 is provided with a fluid pressure supply or
      inlet port 37, a fluid pressure outlet or discharge port 38 and an exhaust
      port 43. The port 37 is connected with a passage or conduit 39 carrying
      fluid under substantially constant pressure (hereinafter denoted "line
      pressure") supplied to the valve cavity 14 of the housing 11 and thereby
      to land 18 of valve spool 17. The port 38 is connected to the valve body
      "governor" or outlet pressure passage or conduit 40 so that pressure fluid
      admitted to the port 37, through the cracked pressure-regulating spool 17,
      can be conducted to the particular pressure fluid-operated device of the
      transmission.
PAR  Initially, the hydraulic governor is rotated at very low speeds so that the
      valve spool 17 will move outwardly due to the centrifugal force of the
      spool and assisted by the force of the effective mass of the weight
      members 24, 30 and the mass of springs 29 and 34 to regulate the line
      pressure by the valve speed metering the line pressure from port 37 to
      port 38 to develop governor pressure. As the speed of rotation of the
      governor increases, the weight members 24 and 30 continue to move radially
      outwardly to compress springs 29 and 34 providing a further assisting
      source to that of the valve spool 17 until the radially outward movement
      of the weight member 30 causes its weight 33, as shown in FIG. 1, to
      engage stop means in the form of an annular shoulder 35 of the casing 11
      to prevent further outward movement of the weight member 30. At this time,
      the spring 34 causes a constant pressure to be exerted on the valve spool.
      In this first stage of operation by the governor, the governor pressure,
      developed by the governor valve and weight assembly, rises at a gradually
      uniform rate as indicated by curve (1) extending from zero to point X on
      the chart of FIG. 2. It will be understood that in all stages of governor
      operation the valve spool 17 reciprocates through a relatively short range
      of movement from a position opening the inlet port 37 to a position
      opening exhaust port 43.
PAR  In the operation of the hydraulic governor in the present invention, the
      valve body conduit 39 is connected to a source of pressurized fluid which,
      in the case of an automobile power transmission, is usually a pump driven
      by the transmission torque converter at engine speed. The pump is
      effective to pressurize conduit 39 with a fluid under substantially
      constant pressure to provide line pressure regardless of the operating
      speed of the pump.
PAR  In the second stage of regulation by the governor, the governor rotation is
      accelerated and, as a result, weight member 24 is thrown further radially
      outward to additionally compress spring 29 and engage the upper end of the
      stem 26 of the weight member 24 with stop means provided by the weight 31
      of the weight member 30 so that, at the end of the second stage, there is
      a further assisting constant force by the spring 29 to the spool 17. In
      the second stage of regulation by the governor, it will be apparent that,
      as the governor rotates about the output shaft 12, the pressure in conduit
      40 increases at a rate determined by the effect of the centrifugal force
      on the mass of the valve 17 and on the weight members 24 and 30, which
      centrifugal force is augmented by the constant pressures of the springs 29
      and 34. Thus, as the governor rotates about shaft 12, these forces, moving
      the valve spool 17 outwardly, determine the hydraulic pressure required to
      move the valve spool inwardly to meter the line pressure fluid from port
      37 to port 38. During this second stage, the metered pressure fluid,
      developed by movement of the valve spool, as indicated by curve (2),
      increases from point X to the point Y on the chart of FIG. 2.
PAR  The third stage of regulation of governor pressure is achieved by line
      pressure from port 37, acting on the relative small and large surface
      areas 41 and 42 of the spool 17 overcoming or counteracting the combined
      constant forces of the springs 29 and 34 and centrifugal force of the
      valve spool 17. During this third stage, the pressure rises at a different
      rate than in stages one and two, as indicated by the curve (3) extending
      from the point Y to point Z of the chart of FIG. 2.
PAR  FIG. 3 is a chart illustrating the characteristic of a conventional
      two-stage governor and which shows that the performance curves take a
      parabolic form and, as such, at the lower operating speed ranges, shows an
      area of low sensitivity exists (pressure vs. R.P.M.). Attempts to increase
      this sensitivity or to offset its effect have been made in two-stage
      governor development to give greater definition between extreme shift
      points. Generally, with regard to three-speed transmissions, the minimum
      1-2 shifts occur on the primary curve and the minimum 2-3 shifts on the
      secondary curve. With the advent of higher operating speeds, the area of
      low sensitivity will extend, assuming the present upshift pressure
      schedules into top gear are maintained, thus making more apparent the
      problem of shift point discrimination. This acute problem becomes apparent
      with the introduction of a fourth speed ratio. The governor of the present
      invention solves this problem, as will be apparent from the chart of FIG.
      2, with the addition of a secondary weight system 24 which provides a
      third stage (for the third to fourth speed shift) to the generally
      accepted governor curve of the FIG. 3 chart, and, in so doing, increases
      the sensitivity at the lower speed ranges.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An hydraulic governor comprising a member rotatable about an axis, and a
      valve and weight assembly rotatable about the axis of said member and
      including a movable regulating valve element slidably disposed in said
      rotatable member, said rotatable member having a fluid pressure supply
      port and also a fluid pressure discharge port in communication with said
      valve element, said valve element being movable outwardly by centrifugal
      force to establish communication between said ports, said valve element
      having a part thereof subject to fluid pressure developed in said
      discharge port and movable in response thereto to cause said valve element
      to close said supply port, the pressure in said discharge port increasing
      in three stages in accordance with increasing speed to rotation of said
      rotatable member, said assembly including first and second weight members,
      a first spring member between said valve element and said first weight
      member, a second spring member between said valve element and said second
      weight member, said first and second spring members assisting centrifugal
      force on said valve element and said first and second weight members in
      the first and second stages of pressure rises, first stop means for
      arresting outward movement of said first weight member at the end of said
      first stage so that said first spring member exerts a constant force on
      said valve element, second stop means for arresting outward movement of
      said second weight member at the end of said second stage so that said
      second spring member exerts an additional constant force on said valve
      element, fluid pressure acting on said valve part of said valve element
      being effective to counteract the combined constant forces of said spring
      members and the centrifugal force of said valve member and to alone
      determine pressure rise in said third stage, said first and second spring
      members comprise coil springs in telescoping relation surrounding said
      weight members, and said first spring member is located between said valve
      element and said first weight member and said second spring member is
      located between said valve element and said second weight member.
NUM  2.
PAR  2. An hydraulic governor as defined in claim 1 wherein said first and
      second weight members have stem portions, the stem portion of said second
      weight member being slidably received within the valve member and the stem
      portion of said first weight member being slidably received within said
      second weight member.
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ABST
PAL  A two-stage fluid flow control valve system employing feedback such that
      the rate of flow of fluid through the load connections follows an input
      signal very closely over a wide dynamic range. The system employs poppet
      valves as flow sensors in the return line. The rate of flow of fluid
      through these sensors is a non-linear function of the pressure thereacross
      such that the change in pressure drop resulting from a given displacement
      from a set flow rate is greater at low ranges of flow than at high ranges.
      The result is closer control at low rates of flow where such control is
      normally more difficult to achieve.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to fluid flow control valves in which the rate of
      flow of fluid to a load is determined by an input signal and is
      substantially independent of variations in either system pressure or back
      pressure.
PAC  BACKGROUND
PAR  Flow control valves of many kinds have been known but as far as applicant
      is aware, all have been subject to one or more serious limitations. Some
      valves have exhibited poor accuracy. Some have exhibited acceptable
      accuracy over only a limited dynamic range. Some have failed to provide a
      positive definite neutral position at which there is truly zero flow for a
      zero input signal. Some valves have required one or even two pressure
      regulated power supplies. Some valves have required external feedback
      connections.
PAR  It is an object of the present invention to provide an improved flow
      control valve in which the rate of output fluid flow follows an input
      signal closely over a wide dynamic range.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, the invention is based in part upon the discovery that a
      poppet valve makes an excellent flow sensor and, when interposed in a line
      in which fluid is flowing, exhibits a favorable relationship between the
      rate of flow and the pressure drop thereacross. A two stage four way valve
      incorporating the invention utilizes two such sensors, one in each of the
      fluid return paths between the second stage valve proper and the fluid
      return connection. The pressure drops across these sensors constitute
      feedback signals which are led to the first stage where they are, in
      effect, compared to the input signal so as to develop an error signal
      which controls the first stage valve which, of course, in turn controls
      the second stage valve.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
DRWD
PAR  For a clearer understanding of the invention reference may be made to the
      following detailed description and the accompanying drawings in which:
PAR  FIG. 1 is a schematic cross sectional diagram of a two stage closed center
      valve system incorporating the present invention;
PAR  FIG. 2 is a fragmentary cross sectional diagram of one of the flow sensors
      and is useful in explaining the invention;
PAR  FIG. 3 is a graph useful in explaining the invention; and
PAR  FIG. 4 is a schematic diagram of an open center valve incorporating the
      invention.
DETD
PAR  Referring now to FIG. 1, the valve includes a main or second stage housing
      11. The term housing is intended to include blocks, sleeves, end caps,
      manifolds, etc. and in general all of the stationary structure of the
      valve. The housing 11 is formed to define a hollow cylinder 12 in which is
      disposed a piston indicated generally by the reference character 13. The
      housing is also formed to define a fluid inlet connection 14 which
      communicates with the cylinder 12 in approximately the center of the
      valve. In operation, it is intended that the connection 14 be connected to
      a source of fluid under pressure. The housing 11 is also formed to define
      first and second fluid load connections 16 and 17 which communicate with
      the interior of the cylinder 12 at positions axially displaced to either
      side of the inlet connection 14.
PAR  The piston 13 includes first and second inboard lands 18 and 19 joined
      together by a reduced diameter portion 21. The lands 18 and 19, as well as
      the remaining lands to be referred to subsequently, are generally
      cylindrical in shape and make a hydraulic fit with the interior of the
      cylinder in which they are placed, that is, in the case of lands 18 and
      19, with the cylinder 12. In the neutral position of the parts shown in
      FIG. 1, the lands 18 and 19 are approximately equally spaced on opposite
      sides of the inlet connection 14 and are of such size and are so
      positioned as to occlude the load connections 16 and 17 respectively with
      a small amount of overlap on each side. The piston 13 also includes two
      outboard lands 22 and 23 which are joined by reduced diameter portions 24
      and 25 to the inboard lands 18 and 19 respectively. At each end, the
      hollow cylinder 12 extends beyond the lands 22 and 23 and has an increased
      diameter so as to form annular shoulders 26 and 27 respectively and so as
      to define end spaces 28 and 29. A spring 31 is prestressed and placed in
      the end space 28 so as to bear on the left against the housing 11 and on
      the right to bear partially against the shoulder 26 and partially against
      the land 22. A similar spring 32 is disposed in the end space 29 and bears
      in part against the shoulder 27 and in part against the land 23. These
      springs are quite weak compared to the hydraulic forces normally
      encountered and are used to insure the return of the piston 13 to the
      neutral position shown in the absence of hydraulic pressure and also for
      the additional purpose, as will be more fully explained, of assisting in
      establishing a predetermined dead space at which no fluid flows even
      though there be a small input signal.
PAR  The housing 11 is also formed to define first and second fluid return paths
      33 and 34 which communicate with the interior of the cylinder 12 in the
      region of the reduced diameter portions 24 and 25 respectively, that is,
      to the sides of the lands 18 and 19 which are remote from the inlet
      connection 14. The housing 11 is also formed to define an internal chamber
      35 with which both of the fluid return paths 33 and 34 may communicate. At
      the point where these paths join the chamber 35, the housing is formed to
      define valve seats 36 and 37 respectively. These valve seats cooperate
      with poppet valves 38 and 39 respectively. The valve 38 includes a
      plate-like portion 38a which cooperates with the seat 36 and also includes
      a stem portion 38b which extends into a recess 41 formed in the housing
      11. The poppet valve 39 similarly includes a plate-like member 39a
      cooperating with the valve seat 37, and a stem portion 39b which extends
      into a recess 42 in the housing 11. Expansion springs 43 and 44 are
      disposed so as to bear against the plate-like members 38a and 39a
      respectively and urge them into engagement with their respective valve
      seats 36 and 37.
PAR  The valve system of FIG. 1 also includes a first stage which has a pilot
      housing 51 formed to define a pilot hollow cylinder 52, a pilot inlet
      connection 53 and a pilot return connection 54. It is contemplated that
      during the operation of the system the pilot inlet connection 53 will be
      connected to a source of fluid under pressure. This source may be the same
      source as is used for the second stage but since filtration requirements
      are usually different for the first and second stages the sources may be
      different. The pressures may be the same or different and there is no
      requirement that either or both be closely regulated as to pressure.
PAR  The first stage includes a torque motor 55 having an actuating arm 56. In
      operation, it is contemplated that the torque motor will receive an input
      signal and, in response thereto, deflect the actuating arm 56 to the left
      or right as viewed in FIG. 1. The torque motor 55 is of conventional
      construction and includes weak internal springs which urge the arm 56
      towards the neutral position shown in the absence of an input signal. The
      housing 51 is also formed to define a central chamber 57 which
      communicates with the cylinder 52 in approximately the center thereof. The
      torque motor 55 is mounted on the housing 51 in such a way that the
      actuating arm extends through the chamber 57 and intersects the axis of
      the cylinder 52 in approximately the center thereof. The chamber 57
      communicates with the pilot return connection 54.
PAR  Within the cylinder 52 are disposed two separate pilot pistons indicated
      generally by the reference characters 58 and 58' respectively. The piston
      58 includes a first or inboard land 61 and a second or outboard land 62
      connected thereto by a reduced diameter portion 63. The land 61 includes
      an adjusting screw 64 inserted in a central aperture in the face of the
      land towards the center of the assembly. The screw 64 includes a self
      locking nut 65 and a rounded tip 66 which, in the neutral position of the
      parts shown in FIG. 1, engages the actuating arm 56 of the torque motor
      55. It will be understood that the piston 58' is of similar construction
      and need not be described in detail. Similar parts are denoted by
      corresponding, but primed, reference characters.
PAR  The housing 51 is also formed to define a first control conduit 67 which
      communicates with the interior of the cylinder 42 in the region of the
      left hand face of the land 61, as viewed in FIG. 1, so that, in the
      neutral position shown, there is a partially open variable orifice defined
      by the land 61, the housing 51, and the control conduit 67. The portion of
      the hollow cylinder 52 in the region between the lands 61 and 62
      communicates, by means of a passageway 68, with the chamber 57 and the
      return connection 54. Similarly, the housing 51 is formed to define a
      second control conduit 67' which, with the land 61' and the housing 51
      forms a second variable orifice which is also slightly open in the neutral
      position of the parts shown in the drawing. Also, the space between the
      lands 61' and 62' is connected to the chamber 57 by means of a passageway
      68'. The control conduit 67 is connected through a fluid restrictor 69 to
      the pilot inlet connection 53 and similarly the control conduit 67' is
      connected through a restrictor 69' to the pilot inlet connection 53.
PAR  The cylinder 52 extends beyond the lands 62 and 62' to form end spaces 71
      and 71' respectively. These end spaces are preferably of the same diameter
      as the remainder of the cylinder 52 and centering springs 72 and 72' are
      placed therein and bear directly against the lands 62 and 62'. These
      springs are preferably quite weak and are primarily for the purpose of
      returning the pistons to the neutral position in the absence of an input
      signal or should there be a failure of the supply of fluid under pressure.
      The end spaces 71 and 71' communicate with feedback passageways 73 and 74
      respectively which in turn communicate with the fluid return paths 33 and
      34 of the main stage at points upstream of the poppet valves 38 and 39.
      The conduits 67 and 67' extend to the main stage and communicate with the
      end spaces 28 and 29 respectively.
PAC  OPERATION
PAR  With the position of the parts shown in FIG. 1, everything is in its
      neutral position and there is no flow of fluid to either of the load
      connections 16 or 17. If there were no hysteresis in the torque motor, if
      there were no variations due to temperature changes, and if there were no
      friction, then the various centering springs would not be needed to
      provide a dead space and the poppet valves could be replaced by some sort
      of sensor which allows flow at all times and never makes a tight seal.
      However, conditions are never perfect and it has been found that various
      conditions such as a small amount of hysteresis in the torque motor and/or
      spurious signals do, in the absence of precautions, cause unwanted
      displacements of the parts and unwanted flow of fluid to the load.
      Accordingly, the construction previously described is preferred.
PAR  Let us assume now that there is a very small signal applied to the torque
      motor 55 which may be spurious or just a small signal. Let us assume that
      this signal is in such a direction as to tend to move the arm 56 and the
      piston 63 to the left. It might be thought at first glance that the space
      71, the feedback passageway 73, the fluid return path 33 and the cylinder
      12 would form a fluid lock so as to prevent the movement of the piston 63.
      However, it must be remembered that the piston 63 actually moves a very
      short distance and displaces a very small amount of fluid. It has been
      found that the inherent leakage is sufficient to prevent the problem of
      fluid lock from arising so that a very small signal applied to the torque
      motor will, in fact, displace the piston 63 to the left and the spring 72'
      will cause the piston 58' to follow. When so displaced, the orifice
      associated with the control conduit 67 is decreased while that associated
      with the control conduit 67' is increased thereby creating a differential
      pressure in these conduits which tends to move the main piston 13 to the
      right. If the input signal and the resulting differential pressure is very
      small, the centering springs 31 and 32 will prevent movement of the piston
      13 until a threshold value of differential pressure is reached. Then the
      piston 13 will be shifted and, assuming that the fluid inlet connection 14
      is connected to a source of fluid under pressure, fluid will tend to flow
      from the inlet connection 14 to the load connection 17 and back through
      the load connection 16 to the fluid return path 33. Since the poppet valve
      38 is closed at this time, there is no place for the fluid to go. However,
      the increase in pressure is transmitted through the feedback passageway 73
      to the end space 71 where it opposes the action of the input signal and
      urges the piston 63 to the right. This, in turn, reduces the differential
      control pressure and the system reaches an equilibrium position with no
      fluid flowing through the load conduits 16 and 17.
PAR  Let us assume that now a significant input signal is applied to the torque
      motor 55 again in a sense such as to urge the arm 56 to the left. As
      before, the piston 63 will move to the left and establish a differential
      control pressure in the control conduits 67 and 67' which will shift the
      piston 13 to the right. Now, when fluid flows through the load connection
      16 to the fluid return path 33, the poppet valve 38 will open allowing the
      fluid to flow to the return connection 15. The pressure drop across the
      poppet valve 38 is transmitted through the feedback passageway 73 to the
      end space 71. This pressure is converted to a force against the face of
      the land 62 which is compared with the force exerted by the arm 56 of the
      torque motor 55. An equilibrium position is reached when these forces are
      equal and they will be equal when a differential pressure is established
      in the control conduits 67 and 67' which is just sufficient to overcome
      the force of the springs 31 and 32. The piston 13 will remain its then
      obtaining position and the flow of fluid through the load connections 16
      and 17 will be that prescribed by the input signal within a very small
      limit of error.
PAR  Referring now to FIG. 2, one of the poppet valves is shown in a slightly
      open position it might occupy when a significant amount of fluid is
      flowing to the load. As shown, the valve is raised a distance T above its
      valve seat; the diameter of the fluid return path 33 is assumed to be D
      and the pressure in this conduit is designated P.sub.FB. The flow of fluid
      through an orifice may be expressed as:
EQU  Q = KA.sqroot..DELTA.P                                     (1)
PAL  where
PA1  Q = rate of fluid flow,
PA1  K = the orifice constant,
PA1  A = the area of the orifice, and
PA1  .DELTA.P = the pressure drop across the orifice
PAR  For present purposes the pressure on the downstream side of the orifice can
      be considered zero since it is connected to the fluid return and therefore
      .DELTA.P = P.sub.FB.
PAR  The area across which the fluid is flowing can be expressed as
EQU  A = .pi.DT                                                 (2)
PAR  neglecting the pre-loading of the spring 43, the distance T can be
      expressed as
      ##EQU1##
      when K.sub.S is the spring constant. Accordingly, equation (1) can be
      rewritten as
      ##EQU2##
      or as
      ##EQU3##
PAR  As previously explained, it is preferred that the spring 43 be slightly
      pre-loaded so that there is a threshold amount of feedback pressure
      required before there is any flow at all. Taking this into consideration,
      the relationship between feedback pressure and rate of flow is
      approximately as shown in FIG. 3 where both rate of flow and feedback
      pressure are shown in terms of percent of maximum.
PAR  The feedback signal applied to the first stage piston is a force which
      balances the force exerted by the arm 56. This force is substantially
      proportional to the input signal where the input signal is expressed as a
      current. Accordingly, a curve expressing the variation in rate of flow as
      a function of input signal has substantially the same form as shown in
      FIG. 3. As shown in this figure, the non-linearity is in such a direction
      that the curve is flatter for low values of both the rate of flow and
      input signal than it is for higher values. This means that a given
      departure from the set rate of flow (that is, the rate prescribed by the
      input signal) produces a larger absolute change in feedback pressure at
      low rates of flow than it does at high rates of flow. This in turn means
      that close control of the rate of flow is obtained at low ranges,
      especially below 10 percent of full flow, so that the dynamic range of the
      valve (the range of set flows for which satisfactory accuracy is obtained)
      is greatly extended.
PAR  FIG. 4 illustrates how the invention may be applied to an open center
      valve. Such valves are constructed so that, in the neutral or "center"
      position with no fluid flowing to either load connection, there is a low
      friction hydraulic path extending from the inlet connection to the outlet
      connection. Such valves are particularly suitable for use with a constant
      flow power supply such as a fixed displacement pump. Under such
      circumstances, when no fluid is flowing to the load, the pump encounters
      very little back pressure and consequently draws very little power. The
      valve of FIG. 4 is similar in many respects to the valve of FIG. 1 and
      like parts have been denoted by the same reference characters. The entire
      first stage may be identical to that of FIG. 1 and accordingly has not
      been illustrated in FIG. 4.
PAR  The valve of FIG. 4 includes a housing 81 which is formed to define a
      hollow cylinder 82 in which is disposed a piston indicated generally by
      the reference character 83. The piston includes inboard lands 84 and 84'
      similar to the lands 18 and 19 of FIG. 1 and which, in the neutral
      position, shown, completely cover the load connections 16 and 17 with a
      small amount of overlap. The piston 83 also includes outboard lands 85 and
      85' similar to the lands 22 and 23 of FIG. 1 except that they are formed
      with annular grooves 86 and 86' respectively. The piston 83 also includes
      fifth and sixth lands 87 and 87' the former of which is located between
      the lands 84 and 85 and the latter of which is located between the lands
      84' and 85'. Each of these lands is quite narrow in the axial direction.
      The piston 83 is also formed to define an axial bore which extends from a
      point between the lands 85 and 87 to a point between the lands 85' and 87'
      and may even, as shown, extend as far as the lands 85 and 85'
      respectively. The piston 83 also includles a set of passageways comprising
      one or more radially extending apertures 89 at approximately the center
      thereof which provide communication between the axial bore 88 and the
      interior of the hollow cylinder 82 between the lands 84 and 84' in the
      region where the inlet connection 14 communicates with the cylinder 82.
      The cylinder 83 also includes second and third sets of passageways
      comprising radially extending apertures 91 and 91' the former of which
      interconnects the axial bore 88 with the hollow cylinder 82 between the
      lands 85 and 87 and the latter of which interconnects the axial bore 88
      with the cylinder 82 between the lands 85' and 87'. The space between the
      lands 84 and 87 constitutes a recess 92 in piston 83 which communicates
      with the fluid return path 33. Similarly, the space between the lands 84'
      and 87' constitutes a recess 92' in piston 83 which communicates with the
      fluid return path 34. The housing 81 is formed to define an annular recess
      93 in the interior surface of the cylinder 82 and which, in the neutral
      position of the parts shown, embraces the land 87 thereby providing fluid
      communication between the radial apertures 91 and the fluid return path
      33. Similarly, the housing 81 is also formed to define a similar annular
      recess 93' which, in the neutral position of the parts shown, embraces the
      land 87' and provides communication between the sets of radial apertures
      91' and the fluid return path 34. The housing 81 is also formed to define
      a branch conduit 94 having a junction 95 with the feedback passageway 73
      and communicating with the hollow cylinder 82 in such position that, in
      the neutral position of the parts shown, the branch conduit 94 is in
      communication with the grooves 86. There is also provided a fluid
      restrictor 96 interposed in the feedback passageway 73 at a point between
      the junction 95 and the fluid return path 33. Similarly, the housing 81 is
      also formed to define a branch conduit 94' having a junction 95' with the
      feedback passageway 74 and which, in the neutral position of the parts
      shown, communicates with the groove 86'. Similarly, there is provided a
      restrictor 96' in the feedback passageway 74 between the junction 95' and
      the fluid return path 34. The housing 81 is also formed to define two
      fluid return passageways 15' and 15" which connect the fluid connection 15
      with the interior of the cylinder 82 at such positions that, in the
      neutral position of the parts shown, the fluid return passageways 15' and
      15" are in communication with the grooves 86 and 86' respectively.
PAC  OPERATION OF THE VALVE OF FIG. 4
PAR  Let us assume that the pilot inlet connection 53 of FIG. 1 is connected to
      a source of fluid under pressure and that the main inlet connection 14 of
      FIG. 4 is connected to a source of fluid at a constant rate of flow such
      as a fixed displacement pump. Then, in the absence of an input signal, the
      pressures in the control conduits 67 and 67' will be substantially equal
      and the piston 83 will be in the position shown in FIG. 4. Fluid from the
      inlet connection 14 will flow through the radial apertures 89 to the bore
      88 where it will divide approximately equally left and right. The portion
      flowing to the left will flow through the apertures 91, the recesses 93
      and 92 to the fluid return path 33. The pressure will open the poppet
      valve 38 and a portion of the fluid will flow through this valve to the
      chamber 35 and thence to the fluid return connection 15. Part of the fluid
      in the fluid return path 33 will flow through the restrictor 96, the
      branch conduit 94, the groove 86 and the fluid return connection 15' and
      thence through an internal passageway, shown dotted in the drawing, to the
      fluid return connection 15. The portion of the fluid flowing to the right
      in the axial bore 88 will follow a similar path through the apertures 91',
      the recesses 93' and 92' to the fluid return path 34 where it will divide,
      part of it flowing through the poppet valve 39 to the chamber 35 and the
      return 15 and the remainder flowing through the restrictor 96', the branch
      conduit 94', the groove 86' and the fluid return connection 15" back to
      the fluid return connection 15. Since there is very little resistance to
      the flow of fluid from the inlet connection 14 to the return connection
      15, the constant displacement pump will idle and consume very little
      power.
PAR  Let it be assumed that an input signal is applied to the torque motor 55
      (FIG. 1) in such a sense as to displace the piston 63 to the left. This
      will increase the pressure in the control conduit 67 and decrease the
      pressure in the control conduit 67' with the result that the piston 83
      (FIG. 4) will be urged to the right. However if this signal is very small,
      the springs 31 and 32 will effectively hold the piston 83 in the neutral
      position and no fluid will flow to the load. Assuming now that the input
      signal is increased, the pressure differential between the conduits 67 and
      67' will rise sufficiently to move the piston 83 toward the right. The
      first thing that happens is that the right edge of the land 87 approaches
      the right edge of the recess 93 thereby restricting the flow of fluid from
      the recess 93 to the recess 92. At the same time, movement of the land 87'
      increases the size of the passageway between the recesses 93' and 92'.
      Eventually, the right edge of the land 87 reaches the right edge of the
      recess 93 and flow of fluid to the return path 33 ceases and the poppet
      valve 38 closes. At the same time the left edge of the groove 86 reaches
      the right edge of the branch conduit 94 and the right edge of the fluid
      return connection 15' thereby isolating the feedback passageway 73 from
      the fluid return connections 15' and 15. At about the same time that the
      right edge of the land 87 reaches the right edge of the recess 93, or just
      slightly thereafter, the left edge of the land 84 reaches the left edge of
      the load connection 16 and the left edge of the land 84' reaches the left
      edge of the load connection 17. As soon as these positions are passed,
      fluid can start to flow from the inlet connection 14 to the load
      connection 17 and back through the load connection 16 to the fluid return
      path 33. However, before fluid actually flows through the load connections
      17 and 16, the pressure in the fluid return path 33 will start to rise and
      this rise in pressure will be transmitted through the restrictor 96 and
      the feedback passageway 73 to the first stage where, if the input signal
      is still small, the pressure will be sufficient to balance the force
      exerted by the torque motor 15 before the poppet valve 38 opens and the
      dead space will be extended beyond that provided by the centering springs
      31 and 32. However, a further increase in the input signal will open the
      passageways to the load connections 17 and 16 sufficiently so that the
      pressure in the fluid return path 33 will rise high enough to open the
      poppet valve 38 and allow fluid to flow to the chamber 35 and to the
      return connection 15. The pressure drop across the poppet valve 38, which
      is in effect the pressure at the upstream side of this valve which exists
      in the fluid return path 33, is transmitted through the restrictor 96 and
      the feedback passageway 73 to the first stage and an equilibrium position
      is soon reached with the flow through the load connections 17 and 16 being
      that prescribed by the input signal. It is to be noted that during this
      operation the groove 86' maintains the fluid connection between the branch
      conduit 94' and the fluid return connection 15" so that the pressure in
      the feedback passageway 74 is that of the return. Fluid from the inlet
      connection 14 continues to flow through the apertures 89, the bore 88, the
      apertures 91' and the recesses 93' and 92' and then through both the
      poppet valve 39 and the restrictor 96' to the return. Upon removal of the
      input signal, the parts will revert to the neutral position shown. An
      input signal of opposite sense would have a similar but opposite effect
      with fluid flowing from the inlet connection 14 to the load connection 16
      and back through the load connection 17 to the fluid return path 34.
PAR  It is apparent that the operation of the valve of FIG. 4 is quite similar
      to that of FIG. 2 in that both the centering springs 31 and 32 and the
      poppet valves 38 and 99 play a part in establishing the dead zone.
      Additionally, both valves exhibit the same non-linear relationship between
      input signal and rate of flow and consequently both provide satisfactory
      operation over an unusually large dynamic range. The choice of one valve
      or the other for a particular application may well depend, in part, upon
      what sort of hydraulic power supplies are already available. If there is
      already available a source of fluid at a substantial pressure, it may be
      more economical to use the valve of FIG. 1. However, if a new power supply
      must be provided, it may be more economical to use the valve of FIG. 4
      because it requires only a simple, constant displacement pump to supply
      fluid for the second, or main, stage. The first stage may be supplied from
      the same pump, preferably with additional filtration, or may use a
      separate source.
PAR  It is apparent that applicant has provided an improved flow control valve
      which is capable of providing a rate of flow to the load which follows an
      input signal very closely over an unusually large dynamic range. Although
      a number of specific embodiments have been described in considerable
      detail for illustrative purposes, many modifications will occur to those
      skilled in the art. It is therefore desired that the protection afforded
      by Letters Patent be limited only by the true scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A valve system comprising first and second control conduits, a first
      stage responsive to an input signal for generating fluid control pressures
      in said conduits, a second stage comprising a cylinder and piston valve
      and including a fluid inlet connection, first and second fluid inlet
      connections, a fluid return connection, and first and second fluid return
      paths each interconnecting said cylinder and piston valve with said return
      connection, said cylinder and piston valve being responsive to said
      control pressures in said conduits for controlling the flow of fluid from
      said inlet connection to one of said load connections and from the other
      of said load connections through one of said fluid return paths to said
      fluid return connection, characterized in that said system includes first
      and second variable flow sensors interposed in said first and second
      return paths respectively, said sensors comprising first and second poppet
      valves each resiliently biased toward a closed position against the urging
      of the pressure in its associated return path, and first and second
      feedback passageways providing fluid communication between said first
      stage and said first and second return paths respectively at locations
      upstream of said sensors, said passageways transmitting fluid pressures
      from said return path so as to oppose the response of said first stage to
      said input signal.
NUM  2.
PAR  2. A valve system in accordance with claim 1 in which said second stage
      includes a housing formed to define a chamber communicating with said
      fluid return connection, said housing also being formed to define first
      and second openings providing communication between said chamber and said
      first and second fluid return paths, respectively, first and second valve
      seats surrounding said first and second openings respectively, and in
      which said first and second poppet valves comprise first and second
      plate-like portions disposed in said chamber adjacent to said first and
      second valve seats respectively, and first and second springs urging said
      first and second plate-like portions into engagement with said first and
      second valve seats respectively.
NUM  3.
PAR  3. A valve system in accordance with claim 1 in which said second stage
      cylinder and piston valve is a four way valve including a housing formed
      to define a hollow cylinder and including a piston within said cylinder
      and in which said piston includes first and second lands slightly
      overlapping said first and second load connections respectively when said
      piston is in a neutral position and in which said inlet connection
      communicates with said cylinder substantially in the center thereof
      between said first and second lands, and in which said fluid return paths
      are in communication with said cylinder on the sides of said lands remote
      from said inlet connection, and in which said piston includes third and
      fourth lands spaced outboard of said first and second lands respectively
      and which, with said cylinder, define first and second end spaces
      respectively, and in which said first and second control conduits are in
      communication with said first and second end spaces respectively.
NUM  4.
PAR  4. A valve system in accordance with claim 3 which includes first and
      second springs disposed in said end spaces for urging said piston toward a
      neutral position.
NUM  5.
PAR  5. A valve system in accordance with claim 3 in which said housing, said
      piston and said lands are of such form and are so relatively located as to
      block substantially all flow of fluid from said inlet connection when said
      piston is in said neutral position.
NUM  6.
PAR  6. A valve system in accordance with claim 1 in which said first stage
      includes a pilot inlet connection, a pilot return connection, a torque
      motor responsive to said input signal and a pilot cylinder and piston
      valve actuated by said torque motor and cooperating with said pilot inlet
      connection and said pilot return connection for generating said fluid
      control pressures in said control conduits.
NUM  7.
PAR  7. A valve system in accordance with claim 6 in which said pilot cylinder
      and piston valve includes a pilot housing formed to define a pilot hollow
      cylinder, first and second separate pistons disposed within said pilot
      cylinder, said torque motor including an actuating arm, means resiliently
      urging said first and second pistons into engagement with said actuating
      arm, each of said first and second pistons including first and second
      lands, each of said first lands being inboard of said second lands and
      cooperating with said first and second control conduits respectively to
      form first and second variable orifices interconnecting said first and
      second control conduits with said pilot return connection, first and
      second restrictors interconnecting said pilot inlet connection and said
      first and second control conduits respectively, said second lands of said
      first and second pistons cooperating with said pilot cylinder to define
      first and second end spaces respectively, said first and second feedback
      passageways being in fluid communication with said first and second end
      spaces respectively.
NUM  8.
PAR  8. A valve system in accordance with claim 3 in which said housing, said
      piston and said lands are of such form and are so relatively located that
      with said piston in said neutral position there is a substantially
      unobstructed fluid path between said inlet connection and each of said
      first and second fluid return paths.
NUM  9.
PAR  9. A valve system in accordance with claim 8 in which said piston is formed
      with an axially extending bore between the inboard faces of said third and
      fourth lands and is also formed with a first set of radial passageways
      hydraulically connecting said bore with the interior of said cylinder in
      the region of said inlet connection and also formed with second and third
      sets of radial passageways interconnecting said bore with the interior of
      said cylinder between said first and third lands and between said second
      and fourth lands respectively.
NUM  10.
PAR  10. A valve system in accordance with claim 9 in which said piston includes
      a fifth land located between said first and third lands adjacent to said
      second set of radial passageways, said fifth and first lands defining a
      first recess in said piston communicating with said first fluid return
      path, said housing being formed with a first auxiliary recess on the
      interior surface thereof and located so that with said piston in said
      neutral position said first auxiliary recess provides communication
      between said second set of radial passageways and said first fluid return
      path, and in which said piston includes a sixth land located between said
      second and fourth lands adjacent to said third set of radial passageways,
      said sixth and second lands defining a second recess in said piston
      communicating with said second fluid return path, said housing being
      formed with a second auxiliary recess on the interior surface thereof and
      located so that with said piston in said neutral position said second
      auxiliary recess provides communication between said third set of radial
      passageways and said second fluid return path.
NUM  11.
PAR  11. A valve system in accordance with claim 3 in which said third and
      fourth lands are formed with first and second annular grooves respectively
      around the peripheries thereof and in which said housing is formed to
      define first and second fluid return passageways connecting said return
      connection with the interior of said cylinder in such locations that with
      said piston in said neutral position said first and second annular grooves
      are in communication with said first and second fluid return passageways
      respectively.
NUM  12.
PAR  12. A valve system in accordance with claim 11 which includes first and
      second branch conduits having first and second junctions with said first
      and second feedback passageways respectively and communicating with the
      interior of said cylinder in such locations that with said piston in said
      neutral position said first and second branch conduits are in
      communication with said first and second annular grooves respectively and
      which includes first and second fluid restrictors in said first and second
      feedback passageways respectively positioned between said first and second
      junctions and said first and second fluid return paths respectively.
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ABST
PAL  A valved cap is provided for the top of a riser pipe connected to a flow
      line under pressure such as may be found in irrigation systems and is
      normally closed when the system is in operation. The valve automatically
      opens when the system is stopped to admit air for preventing a vacuum
      build up and closes under pressure when the system is started up during
      which time air in the riser pipe is permitted to escape to avoid a
      pressure build up while the valve is closing. An apertured fitting
      connected to the valve stem within the riser pipe connects to a flexible
      air vent hose extending down the riser pipe and into the main flow line in
      the direction of the flow and air trapped in the riser pipe after the
      valve is closed is siphoned through the hose into the main flow line to be
      expelled into the atmosphere at an outlet in the main line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to air control valves such as used, for example, in
      irrigation systems and is an improvement of the vacuum relief valve
      component disclosed in my U.S. Pat. No. 3,766,941.
PAR  In fluid flow lines such as found in irrigations systems, for example, one
      of the problems encountered relates to the creation of certain vacuum
      conditions which adversely affect the efficient operation of the entire
      system when the flow is periodically shut down and restarted. Such systems
      generally include valved capped riser pipes at selected intervals which,
      when the system is shut down, open to permit the entrance of air from the
      atmosphere for preventing a vacuum build up in the riser pipe and which,
      when the system is started up with the air in the riser pipe being
      compressed by the rising fluid, closes in response to such air pressure
      and at the same time with air escaping to the outside while the valve is
      closing. Such type of a valved cap is disclosed in my patent identified
      above.
PAR  It has now been determined from experiments and experience that upon the
      starting up of the system, the cap valve frequently reaches its closed
      position prior to the time all of the air in the riser pipe is expelled so
      that the trapped air, together with additional air being added by
      operation of the pump, generates pressures with resulting well known
      hammering and pounding effects that can and do seriously damage the
      system.
PAR  Accordingly, with the above observations in mind, it is one of the
      important objects of this invention to provide an improved air removal
      valve structure in the riser pipe of a fluid flow system which assures the
      complete exhaustion of air present in such pipe at the time such system is
      turned on and normally closes the valve in such pipe.
PAR  Another object herein is to provide an air valve of the above class which
      has primary valve means to the outside atmosphere when the system is shut
      down which closes when the system is started up and which includes
      auxiliary air removal means by which air that may still be trapped in the
      riser pipe after the valve is closed in its normal manner, is provided
      with a novel alternate escape path to the outside atmosphere.
PAR  More particularly it is an object herein to provide an air removal valve as
      characterized which includes an elongated flexible air vent hose or
      conduit in communication at one end with the upper section of the riser
      pipe and extending into the main flow line in the direction of flow
      whereby in the operation of the system, a suction is created in the air
      conduit to exhaust air in the riser pipe into the main fluid flow for
      expulsion at a main line outlet.
PAR  The foregoing objects and such further objects as may appear herein, or be
      hereinafter pointed out, together with the advantages of this invention
      will be more fully discussed and developed in the more detailed
      description of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of this new continuous air removal valve,
PAR  FIG. 2 is a top plan view thereof,
PAR  FIG. 3 is a cross sectional view taken on the line 3--3 of FIG. 1 showing
      the primary valve means in open position and the relative position of the
      auxiliary air removal component,
PAR  FIG. 4 is a cross sectional view similar to FIG. 3 but showing the primary
      valve means in closed position, and
PAR  FIG. 5 is a schematic view of portions of a fluid flow system to illustrate
      the relationship thereto of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, this new air removal valve is designated
      generally by the numeral 10 and the environment in which its use is
      contemplated, being an agricultural irrigation system or the like, is
      illustrated schematically in FIG. 5 where an appropriate pump 12 delivers
      a water flow identified by the arrows 14 through a main flow line 16
      arranged above ground level 18 and provided with outlet ports 20 for
      delivery of the water to selected points as is well known. Pump 12
      connects to the inlet line 22 that in turn will communicate with a source
      of water supply (not shown). Upstanding riser pipes such as at 24 are
      placed at selected intervals in line 16 in communication with the interior
      thereof and with the outside atmosphere at the top and valve 10 is
      constructed and mounted to the top of riser 24 as I will now describe in
      more detail.
PAR  A valve housing 26 having a through bore 28 is provided at its upper or top
      end 30 with the externally radially projecting peripheral flange 32 and at
      its lower end 34 is internally threaded as at 36 with an appropriate
      diameter for threadable attachment to the top of a riser pipe 24. A
      generally flat disc shaped cap 38, complementary in diameter to housing
      top 30, is removably attached to flange 32 by any suitable means such as
      the threaded bolts 40. Cap 38 is provided with an axial vacuum breaker or
      air port opening 42 over which there is arranged the integral spider brace
      44 having the through axial vertical opening 46.
PAR  The diameter of cap opening 42 is less than that of bore 28 to define the
      annular shoulder 48 within such bore and a suitable gasket ring 50 in
      abutment and complementary with the underside of shoulder 48 is held in
      place by the attachment of cap 38 to flange 32 as seen in FIGS. 3 and 4.
      For this purpose, the inner top edge portion of flange 32 is slightly
      stepped downwardly as at 52 to provide a shoulder 54 against which gasket
      50 can nest.
PAR  A valve assembly 56 arranged in housing 26 comprises an elongated stem or
      shank 58 provided with a head 60 on its upper end and being externally
      threaded 62 at its lower end and for which a conventional carriage bolt or
      the like may be suitably employed. Shank 58 is slidably disposed through
      hole 46 in spider 44 and a disc-shaped valve plate 64 is secured to shank
      58 by upper and lower nuts 66 and 68 with a suitable yielding means such
      as the helical spring 70 mounted on shank 58 intermediate nut 68 and the
      underside of spider 44. The diameter of the valve plate 64 is slightly
      greater than the diameter of opening 42 in cap 38 but less than the
      diameter of bore 28 so that in the closed position of valve 10 (FIG. 4),
      plate 64 seats against gasket 50 and in the open position of valve 10
      (FIG. 3), such plate moves to a lower position within housing 26 in spaced
      relationship to the interior housing walls as at 72 as will be later
      referred to in describing the operation of this invention.
PAR  The lower nut 68 securing valve plate 64 to stem 58 is spaced inwardly from
      the lower end thereof and a short hollow cylindrical fitting 74 is
      threadably secured at one end to the lower end of stem 58 with a lock
      washer 76 against nut 68 so as to depend therefrom and terminate within
      bore 28. A flexible conduit, preferably in the form of hose 78 or the
      like, is secured to the depending end of fitting 74 as by the hose clamp
      80 and such conduit 78 is of sufficient length so that it can be extended
      downwardly through the riser pipe 24 and into the main pipe 16 in the
      direction of water flow when the pump 12 is in operation. For this
      purpose, it is recommended that relative to the height of the riser pipe
      24, the length of conduit 78 be such as to provide approximately eighteen
      inches of conduit length within the main pipe 16 and with the outlet end
      of the conduit being preferably flared as at 82. On fitting 74
      intermediate the bottom of stem 58 and the top of conduit 78 there is
      provided a transverse passageway 84 whereby conduit 78 is in communication
      with bore 28 below the valve plate 64 and in closely spaced relationship
      to such plate. Thus, with valve 10 constructed as described, it operates
      in the following manner.
PAC  OPERATION
PAR  The open position of valve assembly 56 is shown in FIG. 3 which occurs when
      pump 12 is shut down and, there being no fluid under pressure in pipe 24
      or line 16, spring 70 acts to depress the valve plate 64 away from gasket
      50 and provide an air inlet path from the atmosphere through opening 42
      into bore 28 to prevent any vacuum build up. When pump 12 is started up so
      as to generate pressures in line 16 and pipe 24, water rising in pipe 24
      compresses the air within pipe 24 which in turn acts against plate 64 and
      in due time will force it upwardly into its closed position shown in FIG.
      4. During the travel of plate 64 from its open position in FIG. 3 to its
      closed position in FIG. 4, it can be appreciated that until the closed
      position is fully reached, an escape path for the trapped air is available
      through opening 42 in cap 38 and while this is a desirable objective, I
      have found from observation and experiment that valve plate 64 and other
      valve structures with a similar purpose frequently reach their fully
      closed position prior to the escape of all of the air trapped within
      housing 26. As a result, with continuing pressure created by pump 12
      together with additional air being introduced into the system by the
      operation thereof, there is developed the well known hammering or pounding
      which can and does seriously effect and damage the system at times.
PAR  In the present invention, such undesirable results are completely
      eliminated for as plate 64 reaches its completely closed position seen in
      FIG. 4, all air remaining in housing 26 below plate 64 in seeking the line
      of least resistance will enter conduit 78 through the opening 84 in
      fitting 74 and travel through such conduit to the downstream side relative
      to pipe 24 where it passes out of end 82 and is commingled with water
      being pumped through such pipe and will be exhausted to the atmosphere at
      one or more of the outlets 20. By directing and extending conduit 78 in
      the down stream direction of flow in pipe 16, such flow acts on the flared
      end 82 to produce a venturi effect and to create a suction or siphon
      action on conduit 78 so that all air in pipe 24 is removed while pump 12
      is in operation. Accordingly, in view of the foregoing, it is thought a
      full understanding of the construction and operation of this invention
      will be had and the advantages of the same will be appreciated.
CLMS
STM  I claim:
NUM  1.
PAR  1. An air removal valve assembly for use in a water distribution system of
      the class having a main flow line for conducting water under pressure,
      said main line being provided with an outlet and including an upstanding
      riser pipe, said valve assembly comprising:
PA1  a valve housing having a top and bottom end and a through bore and adapted
      at its bottom end for attachment to the top of a riser pipe for
      communication with the interior thereof,
PA1  a valve cap removably mounted to the top of said housing,
PA1  said valve cap having a through opening of lesser diameter than but in
      registry with the bore in said housing,
PA1  a spring loaded valve stem having a valve means on one end,
PA1  means axially disposed on said valve cap for supporting said valve stem so
      that said valve means is disposed within said housing and adapted for
      yieldable sealing engagement with said through opening,
PA1  an elongated conduit being of a smaller outside size than the inside of the
      riser pipe and having one end within said housing operatively secured to
      said valve stem below said valve means,
PA1  said conduit extending from said housing downwardly through the riser pipe
      so that its other end projects into said main flow line in the direction
      of water flow for a selected distance, and
PA1  means in said one end of said conduit for providing communication between
      the interior thereof and the bore in said housing.
NUM  2.
PAR  2. A valve assembly as defined in claim 1 including said other end of said
      conduit being flared.
NUM  3.
PAR  3. A valve assembly as defined in claim 1 including:
PA1  said valve means being normally urged to open position relative to said
      through opening to vent said housing to the atmosphere in the absence of
      pressure in the riser pipe defining the inoperative status of the water
      distribution system,
PA1  said valve means being moved into sealing engagement with said through
      opening when pressure is present in the riser pipe whereby air in said
      housing is removed to the atmosphere through said opening during such
      movement defining the operative status of the water distribution system,
      and
PA1  any air remaining in said housing below said valve means after said sealing
      engagement is established during the operative status of the water
      distribution system being vented through said conduit into the water flow
      in the main flow line and is removed to the atmosphere through the outlet
      in said main flow line.
NUM  4.
PAR  4. A valve assembly as defined in claim 1 including said conduit being a
      length of flexible hose.
NUM  5.
PAR  5. A valve assembly as defined in claim 1 including said conduit projecting
      into the main flow line in the direction of water flow approximately
      eighteen inches from the point of intersection of the riser pipe and said
      main flow line.
NUM  6.
PAR  6. An air removal valve assembly for use in a water distribution system of
      the class having a main flow line for conducting water under pressure,
      said main line being provided with an outlet and including an upstanding
      riser pipe, said valve assembly comprising:
PA1  a valve housing having a top and bottom end and a through bore and adapted
      at its bottom end for attachment to the top of a riser pipe for
      communication with the interior thereof,
PA1  an apertured valve cap removably attached to the top of said housing,
PA1  a movable valve means operably mounted in said housing for movement toward
      and away from the aperture in said valve cap,
PA1  said valve means being responsive to pressure generated in the riser pipe
      to move into closed position relative to said aperture and in the absence
      of pressure in the riser pipe to move to an open position relative to said
      aperature,
PA1  the open position of said valve means affording an escape path for air in
      the riser pipe through said aperture while said valve means moves from
      open to closed position,
PA1  an air flow conduit operatively arranged at one end in flow communication
      with the interior of said riser pipe, and
PA1  said air flow conduit extending from said one end downwardly through said
      riser pipe into the main line in the direction of water flow whereby after
      said valve means has moved to closed position, air remaining trapped in
      the riser pipe is provided a second escape path therefrom through said air
      flow conduit.
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PAL  A two-way ball valve including a housing having an open interior chamber or
      space with opposed inlet and outlet openings, apertured ball seats
      operatively positioned in the housing at the junctures of the inlet and
      outlet openings, a ball in the chamber floatingly seated between the ball
      seats and in liquid sealing engagement therewith, an axial flow bore
      through the ball, the ball being rotatably positionable to open and closed
      positions, and a large bore or opening in the body of the ball in the
      nature of a side channel intercommunicating the axial flow bore and the
      interior space in the housing, and with the valve in open position
      permitting fluid to circulate freely within the housing to flush the
      housing space and thereby prevent formation of contaminated dead spaces in
      the valve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ball valves as presently known present a number of advantages over other
      types of valves. Ball valves permit immediate flow or shut-off with a
      quarter turn of a handle associated with the ball. Such ball valves are
      leak tight, do not require lubrication, and ball seating rings within the
      valve housing can be easily and quickly replaced. The ball member per se
      is also easily replaced. Ball valve constructions utilize a small number
      and simple design of parts which constitute the valve, and such valves are
      relatively inexpensive and easily manufactured.
PAR  When employed in equipment where even a small amount of contamination of
      the material flowing through the valve cannot be tolerated, ball valves
      present a disadvantage. Situations especially in the production of
      pharmaceuticals, parenteral solutions and foodstuffs are especially
      significant as regards elimination of such contamination. The
      contamination in ball valves normally occurs in that the space surrounding
      the ball inside the housing fills with fluid when the ball is rotated in
      order to effect a closed or an open position. As the valve is opened from
      a closed position, a small portion of this trapped fluid leaves the space
      to exit from the valve while at the same time an equal small portion of
      piped fluid enters this space from the incoming side of the valve. It has
      been found that the bulk of this trapped fluid remains in this space
      between the ball and the housing and cannot be entirely removed unless the
      valve is completely disassembled. This entrapped fluid can contaminate
      subsequent batches of a solution with substances which were in a
      previously piped solution if the valve is operated when the subsequent
      batches pass through it. Microorganisms and pyrogens which can develop in
      this entrapped fluid cannot be removed in a normal flushing operation and
      these can also contaminate solutions subsequently valved.
PAR  It is this possible or inherent contamination possibility that the present
      invention is designed to eliminate. Some previous ball valve structures
      have incorporated features which might be considered as broadly analogous
      to the solution presented by the present ball valve. The ball in standard
      two-way ball valves is provided with a wide axial flow bore. The drawback
      as referred to above, broadly speaking, is eliminated in the present
      invention by providing a ball in which a portion of the ball body is
      removed to provide communication between the bore and the space
      surrounding the ball. The present ball when utilized in a two-way ball
      valve provides a self-flushing feature to eliminate this contamination
      problem. The present structure is different from anything known in the
      prior art.
PAR  U.S. Pat. No. 3,148,693 discloses a ball which must have two trunnions
      secured to the side surfaces of the ball so that the ball can be pulled up
      by hooks against a ball seat. The sealing surface in this ball faces the
      direction of flow and there is a greater likelihood that leaks will
      develop when higher fluid pressures are experienced. to minimize this
      situation a screw threaded collar must be utilized and screwed up more
      tightly and this results in increased wear on the seating ring. The
      present ball eliminates the necessity for the trunnions and is not pulled
      in any one direction but merely "floats" between two seating rings so that
      minimal wear on the seating rings occurs. Additionally the seating surface
      of the present ball is away from the direction of flow and the pressure of
      the fluid in effect forces the ball against the seating ring on the
      outflow side, in the closed position of the valve. This ensures a better
      sealing contact being made between the ball and the seating ring.
PAR  U.S. Pat. No. 3,333,813 discloses a ball having an opening adapted to
      permit fluid to flow from a central channel into a valve housing space but
      is entirely inadequate to provide self-flushing or flow of fluid into and
      from this housing space. The purpose of this channel is merely to allow
      fluid to enter the space in the housing to equalize the pressure against
      the seating rings. The valve structure of this patent also utilizes two
      trunnions in order to maintain the ball in a stable position within the
      housing.
PAR  The present invention only now provides a ball valve construction which
      does not allow formation of contaminated dead spaces and results in
      outstanding advantages to processer of, for example, pharmaceuticals, food
      and beverages.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention teaches a two-way ball valve which includes a housing
      having an open interior chamber or space with opposed inlet and outlet
      openings. Apertured ball seats in the nature of seating rings are
      operatively positioned in the housing at the junctures of the inlet and
      outlet openings. The ball per se is operatively mounted in the chamber and
      is floatingly or unsupportedly seated between the ball seats and in liquid
      sealing engagement therewith. An axial flow bore is provided through the
      ball as is usual, and the ball is rotatably positionable to open and
      closed positions to permit flow through the valve. The present invention
      additionally provides a large bore or opening in the body of the ball in
      the nature of a side channel intercommunicating the axial flow bore and
      the interior space in the housing. Substantially all the solid portion of
      the ball body is removed in creating this side channel except for those
      portions which are essential for seating against the seating rings of the
      inflow and outflow sides of the housing, the portion which effects
      closure, and the portion which is slotted for receiving a key of a handle
      shaft. In operation, when in open position the fluid flows through the
      axial bore and also flows through the side channel connecting the axial
      bore with the space within the housing. This effectively allows fluid to
      circulate freely within the housing so as to flush the housing space at
      all times when the valve is in open position.
PAR  Another advantage of the invention, and which further distinguishes over
      U.S. Pat. No. 3,333,813, is that when the ball of the present construction
      is in closed position, any pressure buildup within the housing, such as
      might occur for example when the valve is heated to loosen a frozen or
      stuck valve, will be dissipated since the side channel is in communication
      with the inflow pipe. A buildup of pressure in the prior art valve of that
      patent could damage the valve.
DRWD
PAR  Additional objects, advantages and features of the invention will be more
      readily apparent from the following detailed description of an embodiment
      thereof when taken together with the accompanying drawings in which:
PAR  FIG. 1 is an end view of a valve embodying the present invention showing
      the valve in closed position and looking toward the outflow end of the
      valve;
PAR  FIG. 2 is a sectional view taken on line 2, 2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken on line 3, 3 of FIG. 2 at right angles
      thereto; and
PAR  FIG. 4 is a perspective view of the structure of the ball per se as
      incorporated in the valve.
DETD
PAR  Referring now in greater detail to the drawings a valve structure in
      accordance with the invention is generally designated 10 and includes a
      housing 12 of a usual construction including a central body portion 14 and
      end plates 16 and 18 attached to central body portion 14 by bolts 20. The
      central body portion has an interior chamber or space 22 which extends
      therethrough. End plate 16 is provided with an internally threaded inlet
      coupling 24 in the nature of an upstanding collar or extension of the
      plate and which at the base is tapered inwardly at 26 and terminating in
      an inlet opening 28. End plate 18 in like manner is provided with an
      outlet coupling 30 which is internally threaded and has tapered portion 32
      and the terminal outlet opening 34.
PAR  Apertured ball seats or ball seating rings 36 and 38 are positioned in
      interior chamber 22 proximate the junctures thereof with inlet and outlet
      openings 28 and 34 respectively. Seal rings 40 and 42 are interposed
      between the seating rings and the end plates to effect liquid tight seal
      therebetween and the central body portion. The seal rings and ball seats
      or seating rings can consist of any suitable material such as a resilient
      plastic of known types. Good wear, resiliency and lubricating
      characteristics are desirable. The inner portions or faces of the seating
      rings are provided with spherical shaped portions as at 44 of a shape and
      size commensurate with a ball generally designated 46 seated between the
      seating rings.
PAR  The ball as shown in greater detail in FIG. 4 generally includes a usual
      axial flow bore 48 therethrough and the ball, as is usual, is rotatable
      through a quarter turn by manipulation of handle 50 to align axial bore 48
      with inlet and outlet openings 28 and 34 for flow through the valve. To
      effect rotation of the ball to the opening and closing positions a
      curvilinear recess 52 is provided in the exterior of the ball which is in
      mating engagement with a key 54 of similar general configuration which is
      formed on the end of a shaft generally designated 56 and which extends
      outwardly of the housing as shown in FIG. 2. The shaft further includes a
      collar 58 in operative engagement within recess 60 which serves to confine
      and journal the shaft for rotation. Outwardly of collar 58 is a
      cylindrical portion 62, a reduced neck portion 64, a cylindrical threaded
      portion 66 and a flattened threaded shaft portion 68. Operatively mounting
      and securing the shaft with respect to the housing is a plastic washer or
      bushing 70 engaging around the periphery of cylindrical portion 62,
      washers 72 and nut 74 engaging with cylindrical threaded portion 66.
      Handle 50 operatively engages by means of a slot or the like over the
      flattened shaft 68 and is secured thereon by means of a nut 76. The handle
      as shown includes stop abutments 78 and 80 engageable with a stop abutment
      means or stud 82 provided on the housing in a usual manner to determine
      and indicate open and closed positions of the valve.
PAR  The ball 46 in addition to the axial bore 48 is provided with a large bore
      or opening 84 which extends from the axial bore 48 to the exterior of the
      ball body. This large bore or opening in the nature of a side channel
      intercommunicates the axial flow bore and the interior space in the
      housing. It will be noted that all the solid portion of the ball body has
      been removed except for those portions which are essential for seating
      against the seating rings of the inflow and outflow sides of the housing,
      the portion which effects closure, and the portion which is slotted for
      receiving the key of the handle shaft. In open position, fluid flows
      through the axial bore and also flows through the side channel connecting
      the axial bore with the space within the housing. This effectively allows
      fluid to circulate freely within the housing so as to flush the housing
      space at all times when the valve is in the open position. This bore as
      shown in the drawings is essentially oval shaped at the periphery of the
      ball and the ball can be made of non-corrosive metal or plastic and can be
      readily machined or molded to provide the desired configuration for the
      self-flushing characteristic. Manifestly changes in size and shape can be
      made providing that the size and direction are appropriate to provide the
      self-flushing effect. The preferred configuration is that as shown in the
      drawing.
PAR  While a preferred embodiment has been shown and described herein manifestly
      minor changes in details can be effected without departing from the spirit
      and scope of the invention as defined in and limited solely by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A ball adapted for operable seating in liquid sealing floating
      engagement between opposed ball seating rings respectively positioned at
      inlet and outlet openings in a ball valve housing with the seating rings
      having inner spherical shaped ball engaging portions, said ball having an
      axial flow bore therethrough and being rotatable within said housing to
      align said axial bore between the inlet and outlet openings in an open
      valve position and to a non-aligned valve closing position, said ball
      additionally including a side opening channel intercommunicating said
      axial bore and the interior space of said housing, said side opening
      channel being defined by and between rotatably angularly spaced coacting
      surfaces respectively extending tangentially to and from the inner surface
      of said bore at right angles to the axis of said axial bore and from
      points on said inner surface beyond said axis with respect to the
      peripheral exterior of said side opening, the side and axial bore openings
      of said ball being peripherally spaced and the remaining areas
      therebetween providing two peripheral spaced curvilinear bridges on the
      surface of said ball constituting seating and sealing engaging surfaces
      for coacting with said seating ring ball engaging portions, and defining
      portions of the outer peripheries of said axial flow bore and said side
      opening channel, said channel being operable with the valve in open
      position to open the interior space in the housing to inlet flow for
      flushing the space and thereby prevent formation of contaminated dead
      spaces in the housing.
NUM  2.
PAR  2. A ball as claimed in claim 1, said side opening in said ball in the
      nature of a channel being formed by removal of a major portion of the ball
      body, with the exception of those portions essential for seating against
      the cooperating opposed ball seating rings on the inlet and outlet sides
      of the interior space, the portion which effects closure, and a portion
      slotted for coaction with means for rotating the ball to open and closed
      positions.
NUM  3.
PAR  3. A ball as claimed in claim 2, said side opening being substantially oval
      shaped in cross-section.
NUM  4.
PAR  4. In a ball valve including a housing, an interior chamber in the housing,
      inlet and outlet openings to the chamber, ball seating rings juxtaposed to
      the openings, a ball having an axial flow bore therethrough seated between
      the seating rings and rotatable to open and closed positions, the
      improvement comprising:
PA1  a side opening in the body of said ball of large dimensions
      intercommunicating with and at a right angle to the axis of said axial
      flow bore, said side opening having a chordal extent greater than a right
      angle with respect to said axis, and with said ball in open position
      intercommunicating and opening the interior space of said chamber to inlet
      flow for flushing said space and thereby preventing formation of
      contaminated dead spaces in the housing.
NUM  5.
PAR  5. A two way ball valve comprising:
PA1  a. a housing including
PA2  i. an interior chamber;
PA2  ii. inlet and outlet openings communicating respectively with said chamber;
      and
PA2  iii. apertured ball seats operatively positioned at the junctures of said
      inlet and outlet openings;
PA1  b. a ball in said interior chamber operatively engaged and seated between
      said apertured ball seats, said ball including:
PA2  i. an axial flow bore therethrough;
PA2  ii. said ball having an open side communicating with and at a right angle
      to the axis of said axial bore and with a chordal extent extending beyond
      said axis and at a right angle thereto;
PA1  c. said ball being floatingly seated between said ball seats, in liquid
      sealing engagement therewith, and rotatably positionable selectively to a
      closed position, and to an open position wherein liquid flow from said
      inlet opening passes into and through said axial bore and said outlet
      opening and through said side opening into the interior space of said
      interior chamber for flushing matter therefrom and expelling it with fluid
      flowing through said outlet opening.
NUM  6.
PAR  6. A two-way ball valve as claimed in claim 5, said apertured ball seats
      comprising seating rings having spherical shaped seating recesses therein
      for mating coaction with the periphery of said ball.
NUM  7.
PAR  7. A two-way ball valve as claimed in claim 5, said side opening in said
      ball in the nature of a channel and being formed by removal of a major
      portion of the ball body, with the exception of those portions essential
      for seating against the cooperating opposed ball seating rings on the
      inlet and outlet sides of the interior space, the portion which effects
      closure, and a portion slotted for coaction with means for rotating the
      ball to open and closed positions.
NUM  8.
PAR  8. A two-way ball valve as claimed in claim 7, said side opening with said
      ball in closed position being open to inlet flow into said housing for
      increased seating pressure of said ball against the seating ring at the
      outlet side of said valve.
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ABST
PAL  Dispensers for chemicals usually have ball check valves and other moving
      parts which often corrode due to the action of the chemical. Other types
      may eliminate the moving parts, but have to be re-charged each time they
      are used. This device consists of a container having a water inlet and a
      water outlet at the under end. A U-shaped tube depends within the
      container and is secured to the inlet and outlet means is provided with a
      plurality of small holes to allow some of the water to enter a container.
      An outlet branch is secured within the container, to the outlet means and
      water is picked up from the container by the outlet branch and joins the
      mainstream of water passing through the U-shaped tube. Chemical in a
      fabric bag is placed in the container and dissolves in the water in the
      container and is picked by the outlet tube. When the water is shut off,
      the container may drain by siphoning action until the outlet branch is
      reached by the water level which breaks the siphon action so that some
      water always remains in the container covering the bag in order to
      dissolve the chemical contained therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to means for disinfecting various facilities such as
      floors, stalls, walls of barns, dairy farm equipment, kitchen facilities
      and utensils, washroom facilities, urinals and the like.
PAR  Such devices are often used in series with the cleaning or flushing water
      under pressure.
PAR  One type uses a liquid within a container some of which is picked up as the
      water passes through or over the liquid much along the lines of a paint
      spraying device.
PAR  Other devices use slugs within the main stream of the water which dissolves
      slowly.
PAR  The principal disadvantage of the former type is the fact that a relatively
      fine tube is required in order to give the necessary pickup action and
      although this is satisfactory for use with a liquid chemical, it often
      becomes clog when is used with a powdered type chemical which has to
      dissolve in the water before it can be effective.
PAR  A disadvantage of the second type is the fact that the slugs are usually
      relatively small and no control is present for controlling the amount of
      chemical entering the water stream. Furthermore, when the water is shut
      off, the slug dries out and often crumbles so that considerable wastage
      occurs.
PAR  Other types of chemical dispenser use ball check valve and other moving
      parts, many of which may be attacked by the chemical action of the
      chemical used.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes all of these advantages by providing a
      simple dispenser within which a powdered chemical may be placed in a
      porous bag or sac. The mainstream of water passes through a U-shaped tube
      in the container or dispenser which is provided with one or more small
      apertures so that some water passes into the container and fills same.
      This dissolves the chemical and the water now impregnated with the
      chemical is picked up by a water outlet branch adjacent the outlet to the
      container.
PAR  The principal object and essence of the invention is to provide a container
      or dispenser which can rapidly be attached to any water supply tap or hose
      so that the container will be flooded or filled with water when the tap is
      opened.
PAR  Another object of the invention is to provide a device of the character
      herewithin described in which the small quantity of water passing into the
      container creates a turbulence or stirring action to assist in dissolving
      the powdered chemical and in mixing same with water within the container.
PAR  Another object of the invention is to provide a device of the character
      herewithin described which is particularly suitable for use with a
      bacteria side to disinfect various facilities either by use of a spray
      nozzle on the outlet side of the dispenser or by incorporating the
      dispenser into a flushing system such as used with toilets and urinals.
PAR  Still another object of the invention is to provide a device of the
      character herewithin described in which the container does not empty
      completely when the water is shut off so that the powdered chemical always
      remains submerged thus generating a chemical solution ready for use when
      the tap is next turned on.
PAR  Still another object of the invention is to provide a device of the
      character herewithin described in which the powdered chemical is contained
      within a porous sac or bag within the base of the container or dispenser.
PAR  Another object of the invention is to provide a device of the character
      herewithin described which is simple in construction, economical in
      manufacture and otherwise well suited to the purpose for which it is
      designed.
PAR  With the foregoing objects in view, and other such objects and advantages
      as will become apparent to those skilled in the art to which this
      invention relates as this specification proceeds, my invention consists
      essentially in the arrangement and construction of parts all as
      hereinafter more particularly described, reference being had to the
      accompanying drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the dispenser sectioned in part for clarity.
PAR  FIG. 2 is an enlarged vertical section through the detachable cover of the
      container.
PAR  In the drawings like characters of reference indicate corresponding parts
      in the different figures.
DETD
PAC  DETAILED DESCRIPTION
PAR  Proceeding therefore to describe the invention in detail, reference
      character 10 illustrates generally a substantially cylindrical container
      manufactured from plastic or glass and having an open upper end normally
      closed by a screw threaded cover or cap 11 engaging screw threads at the
      upper end of the container.
PAR  A water inlet tube 12 extends through the cover 11 and is soldered thereto
      with the outer end 13 being provided with a screw threaded connection 14
      adapted to be engaged with one end 15 of a flexible water hose 16. The
      other end 17 of the hose may be connected to a water tap 18 or similar
      source of water under pressure.
PAR  It is desirable that the connection 14 be of the loose ring type thus
      enabling same to be screwed to the connector 15 and to make a sealed joint
      therebetween.
PAR  A water outlet connector or union 19 also extends through the cover or cap
      11 and is soldered thereto and is provided with a similar connector 14A on
      the outer end thereof thus enabling a length of hose 20 to be detachably
      secured thereto in a manner similar to that hereinbefore described.
PAR  A conventional spray gun nozzle 21 may be connected to the other end of the
      hose 20 for controlling the flow of the water through the device.
PAR  Alternatively, of course, the dispenser may be connected in series in a
      water line feeding the flush tank or a urinal or toilet under which
      circumstances, solid tubing would be used.
PAR  A U-shaped tubular connector collectively designated 22 is provided within
      the container, one end 23 of which is secured to the lower end 24 of the
      inlet connector 12, either by solder or by other conventional means.
PAR  The other leg 25 of this U-shaped connector is secured to one side 26 of a
      T shaped fitting collectively designated 27 with the other leg 28 of the T
      shaped fitting being secured to the lower end 29 of the outlet connector
      19. Once again this connection may be means of soldering or other
      conventional means.
PAR  The offstanding leg 30 of the T shaped fitting 27 extends substantially at
      right angles to the legs 26 and 28 and communicates with the interior of
      the container as clearly shown.
PAR  The fitting of the U-shaped connector 22 is such that this U-shaped
      connector depends downwardly into the container and terminates spaced from
      the base 31 thereof as clearly illustrated and this U-shaped connector is
      provided with one or more relatively small apertures 32 in the wall
      thereof.
PAR  A powdered or solid chemical (not illustrated) is contained within a porous
      sac or bag 33 and is adapted to be dissolved by water within the container
      and this sac or bag normally rests upon the base 31 below the U-shaped
      connector 22 and, more importantly, below the T fitting leg 30.
PAR  An arcuately curved handle 34 extends between the inlet and outlet
      connectors 12 and 19 exteriorally of the cap or cover 11 to enable the
      operator to support the container when in use, if same is not permanently
      installed in series with a water line.
PAR  In operation, the desired chemical either a bactericide, fungicide, or the
      like is placed within the bag or sac 33 and this in turn is placed within
      the container whereupon the screw cap is secured to the upper end thereof.
PAR  The water hose 16 is secured to the inlet union 12 and the water hose 20 is
      secured to the water outlet 19 whereupon cap 18 is turned on so that water
      under pressure flows through hose 16, through the inlet union 12, through
      the U-shaped connector 22, to the outlet union 19 and thence to hose 20
      where the use of the water may be controlled by the spray gun or nozzle 21
      held by the operator.
PAR  As the water passes through the U-shaped connector, a small percentage
      thereof exits through the apertures 32 and gradually fills the container
      expelling air through the T fitting 27.
PAR  As soon as the T fitting is covered, there is of course, a relatively small
      quantity of air compressed between the upper surface of the water and the
      cap or lid 11, until the pressure thereof equals the water pressure from
      tap 18.
PAR  The water in the container gradually dissolves the chemical in the bag 33
      and the water in the container is expelled through the leg 30 of the T
      fitting 27 and back into the main water stream due to the slight suction
      created at the T fitting by the passage of water thereby. This means that
      a controlled amount of water is removed from the container which, of
      course, is replaced by water entering same through the apertures 32.
PAR  When the spraying is completed, the tap 18 is shut off and if the spray gun
      or nozzle is removed or remains open, there will, under many
      circumstances, be a siphoning action which will remove the water from the
      container until the level of the water in the container falls below the T
      branch 30 which, of course, will break the vacuum and prevent further
      water from being removed. This means that there is always a quantity of
      water remaining in the container which gradually dissolves chemical in bag
      33 so that when the device is next used, a supply of treated water is
      available. Furthermore, it prevents the chemical from drying out and
      deteriorating when the device is not being used.
PAR  Since various modifications can be made in my invention as hereinabove
      described, and many apparently widely different embodiments of same made
      within the spirit and scope of the claims without departing from such
      spirit and scope, it is intended that all matter contained in the
      accompanying specification shall be interpreted as illustrative only and
      not in a limiting sense.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A chemical dispenser adapted to be connected with a source of water
      under pressure and to be used in conjunction with a powdered water soluble
      chemical in said dispenser; comprising in combination a container, a
      detachable cover for said container, water inlet and water outlet means
      connected to said detachable cover, said water inlet means being
      connectable to said source of water under pressure, an apertured tubular
      connector below said detachable cover and within said container when said
      detachable cover is attached to said container, connecting said water
      inlet means with said water outlet means, said tubular connector being
      substantially U-shaped and including a main portion lying substantially
      parallel to said detachable cover and spaced above the base of said
      container and being provided with a plurality of relatively small holes
      through the wall of said main portion, a water outlet branch connected to
      said water outlet means below said detachable cover and in said container
      when said detachable cover is attached to said container, said water
      outlet branch taking the form of a T pipe tubular member connected between
      said tubular connector and said water outlet means with one leg of said
      member communicating with the interior of said container above said main
      portion of said tubular connector and a handle extending between said
      water inlet and water outlet means exteriorally of said cover.
NUM  2.
PAR  2. The dispenser according to claim 1 in which said water soluble chemical
      is contained in a porous bag situated in the base of said container and
      below said water outlet branch.
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PAL  A cock unit and particularly a single-control mixer wherein the outlet is
      formed by a union which is standardized with respect to a set of different
      delivery spouts, so that a single type of unit can be manufactured and
      stored, and then at the moment of installation it is made suitable for
      different uses, as for wash-stands, wash-tubs, bath tubs, bidets and so
      on, by suitably selecting a delivery spout within the available set.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a cock unit for hydraulic systems,
      especially domestic, sanitary or similar hydralic systems, which unit can
      be provided with anyone spout of a set of interchangeable delivery spouts.
PAR  In the industrial manufacture of cocks, the operations of mass production,
      storage and distribution are hampered by the fact that for each hydraulic
      system there must be provided units of different general construction, for
      instance one cock with a short spout for wash-stand, one with a long spout
      for wash-tub, one with spout and offtake for bath tub shower, one with a
      spout provided with an aerator convertible into shower for bidet, and so
      on. Although some inner parts of the cocks have already been standardized
      for the various types of cock units, thus obtaining a partial advantage
      with respect to the production, the unit, as a whole, is still different
      for the various applications. This implies on one hand an increase of the
      cost of the manufacture of cock bodies in different forms, on the other
      hand an increase of the cost of assembly because the production lines for
      the different units must be different from each other at least in a
      considerable end portion, and especially a heavy increase of the costs of
      storage, distribution and constitution of stocks with the dealers. In
      fact, provision has to be made for suitable stocks of each cock type to
      meet all requirements, although it can be expected that the most part of
      such stocks will be utilized only after a long period of time, owing to
      the inequality and non uniform distribution in the course of the time of
      the demand for the various cock types. Under these circumstances there is
      an appreciable increase of the global industrial cost of the cocks,
      especially in the case of modern and complex types of cocks.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The object of the present invention is to obviate the just mentioned
      drawbacks, and this object is attained in virtue of the new concept
      consisting in that the whole cock unit, for instance a single-control
      mixer, is constructed in such a way as to have at the outlet of the unit a
      standardized union means arranged to receive thereon any delivery spout
      selected from a set of spouts apt to meet the various application
      requirements, all these spouts being in turn provided with standardized
      connection means made to fit with the union means of the cock unit.
PAR  In this way, the whole process of the manufacture, complete assembly and
      packing of the cock unit results to be completely standardized,
      irrespective of the application the unit will be used for, and the
      storage, the distribution and the provision of stocks of such units, which
      sometimes are considerably costly and bulky, may be scheduled according to
      the global demand for all the types of cocks; therefore, the manufacture
      is effected on a larger mass production and the provision of stocks is
      based on smaller quantities, so that the economy of the industrial
      production results to be considerable improved. As to the various types of
      interchangeable spouts forming a set, they still have to be manufactured
      separately and stored, distributed and stocked according to the demand for
      the various types, but it is quite clear that the disadvantages connected
      therewith are limited to pieces of very low value and overall dimensions,
      thus reducing to a minimum the increase of the production costs arising
      from the unavoidable inequality of the demand.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The concept of the invention will appear more clearly from the following
      description of an illustrative and non limitative embodiment, shown
      diagrammatically in the accompanying drawings, in which:
PAR  FIG. 1 is an axial sectional view of a single-control mixer unit for warm
      and cold water, equipped with a delivery spout with aerator for
      wash-stand, constructed according to the present invention;
PAR  FIG. 2 is a partially sectional view on a reduced scale of the same unit
      shown in FIG. 1, but equipped with a delivery spout provided with a
      convertible flexible offtake, adapted to be used for a bath tub with
      shower, a wash-tub or the like;
PAR  FIG. 3 is a view similar to that of FIG. 2, showing the same unit provided
      with a delivery spout for bidet.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The unit shown in the drawings comprises a body 1 having accomodated
      therein the mechanism 2 of a warm and cold water mixer controlled by means
      of one double-movement lever 3. The body 1 presents inlet unions 4 and 5
      provided with gauge adaptors 6 and 7 arranged to be connected to water
      plugs immured in a wall 9 and to be then covered by a covering rose 8
      shown, in the upper portion of FIG. 1, in its operative position and, in
      the lower portion of said FIG. 1, in a position spaced from the wall 9.
PAR  The operation of such a single-lever controlled mixing and valving
      mechanism is well known, as shown for example in British Pat. No.
      1,106,290, and can be briefly summarized as follows:
PAR  By tilting the control lever 3 vertically, plug 2 of the valving mechanism
      is shifted vertically within the body 1, and the packing mounted in
      intermediate position on the plug 2 cooperates with a surrounding sealing
      seat for regulating the flow rate of the liquid passing through the cock
      unit, and for stopping all the flow in the lower position of lever 3 and
      plug 2.
PAR  On the other hand, by tilting the control lever 3 horizontally, the plug 2
      is rotated about its own axis within the body 1, and recesses of the plug
      2 cooperate with openings of the body 1, communicating respectively with
      the inlet unions 4 and 5 (these recesses and openings being not visible in
      the illustrated position of the valving mechanism), for increasing the
      free passage corresponding to the union 4 and simultaneously decreasing
      the free passage corresponding to the union 5, or vice-versa, thus varying
      the mixing ratio of the liquids (e.g. hot and cold water) admitted through
      said inlet unions, mixed within the body 1 and then delivered by the cock
      unit.
PAR  It is a particular feature of the invention that the unit 1-8, instead of
      being provided with a spout of a certain type terminates at its outlet
      end, which in the present case is the lower end thereof since the cock is
      disposed with its axis extending vertically, with a standardized union apt
      to receive any type of spout selected from a set of spouts coordinated
      with the unit in question. In the present case, the union of the cock unit
      is constituted by a sleeve 10 provided at its outer side with a seat 11
      for a seal gasket and at its inner side with a thread 12. Screwed into the
      sleeve 10 is, in the present case, a threaded bushing 13 provided with
      radial bores 14, and said bushing may be considered as being a part of the
      union of the cock unit; however, in other cases, this bushing could be a
      part of the unions of the spouts.
PAR  The spout shown in FIG. 1 is constituted by a spout 15 with aerator 16 and
      may be suitable, for instance, for a wash-stand or a wash-tub. The spout
      15 is provided, at its base, with a seat arranged to be inserted onto the
      sleeve 10 of the unit, establishing the seal with a gasket 17, and may be
      fixed by means of a threaded cap 18 sealed by means of a gasket 19,
      screwed into said bushing 13 of the union of the cock unit.
PAR  As it can be seen, the application of the spout on the cock unit is an
      extremely easy and quick operation and can be accomplished after the
      installation of the cock unit and, if necessary, after all the finishing
      operations in the room, thus obtaining the further advantage of protecting
      the spout against possible damages and soiling.
PAR  As shown in FIG. 2, the unit 1-8 provided with the union 10-14 is adapted
      to receive, instead of the spout with cap 15-19 for a wash-stand, a spout
      20 with aerator 21 and offtake union 22 for a flexible pipe (for instance,
      of a shower) serving also as an actuating knob for an axially movable
      deviation device 23, passing through the cap 24 which serves to fasten the
      union 22 to the bushing 14, which cap, in this case, is provided with a
      bore. In view of the opportunity to install such a deviation device 23,
      the bushing 14 may be configurated in such a way as to cooperate with said
      device, completing it, as it has been done in the embodiment shown.
      Conversely, should the bushing 14 be a part of the union of the spout (a
      possibility which has already been mentioned), then it could be different
      for the spouts provided with a deviation device and for those which have
      no deviation device.
PAR  As shown in FIG. 3, the unit 1-8 provided with a union 10-14 can also
      receive a spout 25 for a bidet, provided with an articulated union 26
      having attached thereto a shower 27 convertible into aerator, known in
      itself, said spout being fixed to the bushing 14 and to the unit by means
      of a threaded cap 18 provided with a sealing gasket 19, as in the example
      shown in FIG. 1.
PAR  It is clear that numerous types of spouts may be provided in order to meet
      the various requirements and may be different from each other in their
      structure and dimensions. If desired, these spouts can also be
      interchanged after the unit has been put into service, thus avoiding to
      substitute the whole unit.
PAR  It is clear that the unit equipped according to FIG. 3 could also be
      mounted with its axis in horizontal position; this can be said also
      generally, provided the spouts are suitably configurated. In other words,
      the present invention is not limited to being applied to units oriented
      vertically, but is independent from the orientation, as well as from the
      specific type of the cock unit. It is to be noted in this respect that the
      set of interchangeable spouts which is intended for a certain unit, for
      example a single-control unit, may be standardized also with respect to
      other units, as for instance units provided with two controls,
      thermostatic units, and so on, thereby obtaining an additional advantage
      for the economy of the production.
PAR  Finally, it will be understood that the particular configuration of the
      standardized union may be different according to the type of the cock unit
      and the general use it is intended for. Also, the constructive particulars
      may vary widely with respect to what has been illustrated in the
      foregoing, without departing from the scope of the invention.
CLMS
STM  Having thus described my invention, what I claim is:
NUM  1.
PAR  1. A cock unit comprising a body having an inlet and an outlet, the inlet
      comprising inlet unions for cold and warm water, the outlet comprising an
      outlet union, the body having a passage therethrough for the flow of water
      from the inlet unions to the outlet union, valve means in the passage for
      controlling the flow rate of both cold and warm water and for mixing
      together said cold and warm water and directing the resulting controlled
      flow to said outlet union, and a delivery spout comprising a spout body,
      an inlet union and a delivery mouth, the inlet union of the spout being
      complementary to and cooperable with and detachably connectible to said
      outlet union of the cock unit body, said outlet union of the cock unit
      body comprising an internally threaded sleeve, said inlet union of the
      spout comprising a cylindrical seat complementary to the external surface
      of said sleeve, a sealing gasket that seals between said spout and said
      sleeve, and a threaded fastener member screwed into said internally
      threaded sleeve and releasably connecting said delivery spout to said
      outlet union of the cock unit body.
NUM  2.
PAR  2. A cock unit comprising a body having an inlet and an outlet, the inlet
      comprising inlet unions for cold and warm water, the outlet comprising an
      outlet union, the body having a passage therethrough for the flow of water
      from the inlet unions to the outlet union, valve means in the passage for
      controlling the flow rate of both cold and warm water and for mixing
      together said cold and warm water and directing the resulting controlled
      flow to said outlet union, a set of a number of different delivery spouts,
      each spout of the set comprising a spout body, an inlet union and a
      delivery mouth, the inlet unions of the different delivery spouts being
      all complementary to and cooperable with and detachably connectible to
      said outlet union of the cock unit body, whereby the thus standardized
      cock unit can be made suitable for different uses by selecting, at the
      time of installation, a suitable delivery spout from the available set of
      different delivery spouts, said outlet union of the cock unit body
      comprising an internally threaded sleeve, said inlet union of each spout
      comprising a cylindrical seat complementary to the external surface of
      said sleeve, and a sealing gasket that seals between said spout and said
      sleeve, and further comprising a threaded fastener member screwed into
      said internally threaded sleeve and releasably connecting a delivery spout
      of said set to said outlet union of th cock unit body.
NUM  3.
PAR  3. A cock unit comprising a body having an inlet and an outlet, the inlet
      comprising inlet unions for cold and warm ater, the outlet comprising an
      outlet union, the body having a passage therethrough for the flow of water
      from the inlet unions to the outlet union, valve means in the passage for
      controlling the flow rate of both cold and warm water and for mixing
      together said cold and warm water and directing the resulting controlled
      flow to said outlet union, a set of a number of different delivery spouts,
      each spout of the set comprising a spout body, an inlet union and a
      delivery mouth, the inlet unions of the different delivery spouts being
      all complementary to and cooperable with and detachably connectible to
      said outlet union of the cock unit body, whereby the thus standardized
      cock unit can be made suitable for different uses by selecting, at the
      time of installation, a suitable delivery spout from the available set of
      different delivery spouts, said outlet union of the cock unit body
      comprising an internally threaded sleeve and, screwed into said sleeve, a
      threaded bushing having radial delivery bores, said inlet union of each
      spout comprising a cylindrical seat complementary to the external surface
      of said sleeve, and a sealing gasket that seals between said spout and
      said sleeve, and further comprising a threaded fastener member cooperable
      with said threaded bushing in releasably connecting a delivery spout of
      said set, having no flexible pipe, to said outlet union of the cock unit
      body, and at least one of the delivery spouts of said set having a fixed
      mouth, a flexible pipe and means for controllably deviating the flow
      either of said fixed mouth or to said flexible pipe, said means being
      operatively cooperable with said bushing of the outlet union of the cock
      unit body.
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PAL  A pipe joint that interconnects two pipe sections or bosses for relative
      rotational movement about an axis that is noncoincident with the axis of
      at least one of the bosses and preferably noncoincident with the axis of
      both of the bosses. A rotary valve member rotates about that axis and has
      a bore therethrough that does not coincide with that axis, although
      preferably that axis and the axis of the bore intersect in the plane of
      the joint between the pipe sections. A valve operator may be disposed
      either in the plane of the intersection of the pipe sections, or else
      along the axis of rotation of the blocking and regulating element, that
      axis being perpendicular to that plane. The angle between the axis of the
      bore and the axis of rotation of the blocking and regulating element, is
      greater than zero but less than 90.degree. and preferably about
      45.degree.. The valve operator can be a ring or handle disposed in the
      meridian plane of the pipe sections, or an axially protruding knob.
BSUM
PAR  The present invention relates to angularly adjustable pipe joints with
      valves.
PAR  Of course many different types of pipe joints are known for the
      interconnection of pipe ends. Among such constructions are pipe couplers
      provided with threads, clamps or other coupling means. Such joints have in
      common the feature that they provide a rigid pipe connection wherein the
      angular position of the connected pipes is predetermined.
PAR  Angularly adjustable pipe joints are also known, in which the pipe joints
      come together along mating surfaces that are portions of spherical shells.
      However, it is difficult to adapt such constructions also to a valve
      function.
PAR  Spherical valves, however, are known, as in conventional faucet
      constructions. However, the position of the pipe sections on either side
      of the valve cannot be changed relative to each other. Other hemispherical
      and globe valves are also well known.
PAR  Accordingly, it is an object of the present invention to provide an
      angularly adjustable pipe coupling which also serves as a valve housing.
PAR  Another object of the present invention is the provision of a rotary valve
      having inlet and outlet portions disposed in relatively angularly
      adjustable portions of the valve housing.
PAR  Still another object of the present invention is the provision of an
      angularly adjustable pipe coupling with a valve, which will be relatively
      simple and inexpensive to manufacture, easy to assemble, install, operate,
      maintain and repair, and rugged and durable in use.
PAR  Broadly speaking, the objects of the present invention are achieved by
      providing a pipe joint that interconnects two pipe sections or bosses for
      relative rotational movement about an axis that is noncoincident with the
      axis of at least one of the bosses and preferably noncoincident with the
      axis of both of the bosses. A rotary valve member in the form of a
      blocking and regulating element rotates about that axis and has a bore
      therethrough that does not coincide with that axis, although preferably
      that axis and the axis of the bore intersect in the plane of the joint
      between the pipe sections. A valve operator for rotating the blocking and
      regulating element may be disposed either in the plane of the intersection
      of the pipe sections, or else along the axis of rotation of the blocking
      and regulating element, that axis being perpendicular to that plane.
PAR  The angle between the axis of the bore and the axis of rotation of the
      blocking and regulating element, is greater than zero but less than
      90.degree. and preferably about 45.degree.. The valve operator can be a
      ring or handle disposed in the meridian plane of the pipe sections, or an
      axially protruding knob.
PAR  The pipe sections will be detachably interconnected on opposite sides of
      the above-mentioned meridian plane, for adjustive rotation relative to
      each other in that plane thereby to position the respective pipe bosses at
      different angular positions relative to each other while at the same time
      preserving the ability of the blocking and regulating element selectively
      to establish and interrupt and regulate communication between the pipe
      bosses or sections. To this end, conventional flange coupling means or the
      like for the pipe sections can be used, such as bolts, clamps, or the
      like; and when the valve operating member, that is, the means for rotating
      the blocking and regulating element, is a ring disposed in the
      above-mentioned meridian plane, then means external to the joint adjacent
      the meridian plane can be used for releasably holding the pipe ends in
      angularly adjusted position relative to each other.
PAR  The blocking surface is formed by the inner, concentric area of the half
      shell, present between the aperture of the pipe boss and the rim of the
      half shell.
PAR  The opposed half shell effects the closing or opening, by its fitting
      surface, of the bore connecting the aperture of the other half shell and
      the blocking and regulating element, depending on the position of the
      blocking element. This function is ensured equally well in any desired
      angular position of the pipe bosses.
PAR  The angle formed by the pipe bosses and the axis of rotation is determined
      by the adjustment of the pipe bosses. According to the invention, it is
      possible to vary the values for the angle formed by the longitudinal axes
      of the pipe bosses between 90.degree. and 180.degree., although the device
      can be constructed so that the pipe bosses are adjusted along a circular
      path, i.e. within 360.degree.; in this case, the longitudinal axes of the
      pipe bosses are not disposed in the same plane. The above-mentioned
      components are to be combined mechanically without impeding the blocking
      element in its motion.
PAR  According to the invention, the fitting surfaces of the individual
      components -- or any one of the components -- can consist of metal,
      quartz, glass, ceramic material, or a synthetic resin (for example
      polytetrafluoroethylene), or of a combination of these materials.
DRWD
PAR  The universal device of the present invention will be described in greater
      detail with referennce to the appended drawings. In the drawings:
PAR  FIG. 1 shows one embodiment of the device of this invention;
PAR  FIG. 2 shows the same device, with the difference that the blocking and
      regulating element is rotated along its longitudinal axis by 45.degree.;
PAR  FIG. 3 shows a longitudinal sectional view of the device of FIG. 1 in the
      disassembled condition;
PAR  FIG. 4 shows the device of FIG. 2 in the disassembled condition in
      axonometric projection;
PAR  FIG. 5 shows a longitudinal sectional view of the device of FIG. 1 in the
      position wherein the blocking and regulating element is in the open
      condition;
PAR  FIG. 6 shows a longitudinal sectional view of the device of FIG. 5 in the
      position wherein the blocking and regulating element is in the blocking
      condition;
PAR  FIG. 7 shows an embodiment in a longitudinal sectional view wherein the
      blocking component disposed in one of the half shells is cut off through a
      plane in parallel to the meridian plane, and the blocking and regulating
      element is opened;
PAR  FIG. 8 shows the device of FIG. 7 in the blocked condition;
PAR  FIG. 9 is a section through the device of FIG. 7 wherein the blocking and
      regulating element is in the blocked condition and the angle formed by the
      longitudinal axes of the pipe bosses is 90.degree.;
PAR  FIG. 10 is a sectional view of the device of FIG. 9, wherein the blocking
      element is in the opened condition;
PAR  FIG. 11 shows an embodiment wherein the half shells are provided with a rim
      and the blocking and regulating element is attached by means of a pin
      carrying a handle or knob, which pin is fitted into the bore of one of the
      half shells, and wherein the element can thus be turned either into the
      open position or into the closed position;
PAR  FIG. 12 shows an embodiment wherein two pipe bosses are mounted to one half
      shell, and the fitting surface of the half shells forms an angle of
      45.degree. with the axis of rotation;
PAR  FIGS. 13, 14, and 15 represent the various configurations of the blocking
      and regulating element;
PAR  FIG. 16 is a sectional view of the device of this invention, wherein the
      rotationally symmetrical geometry of the fitting surfaces is a conical
      shell;
PAR  FIG. 17 shows the device of FIG. 16, turned into the open position;
PAR  FIG. 18 shows a sectional view of the device of this invention, wherein the
      pipe bosses connected to the half shells are disposed in parallel to the
      meridian plane, and the blocking and regulating element is in the opened
      condition; and
PAR  FIG. 19 shows the device of this invention in a sectional view according to
      FIG. 18, in the blocked condition.
DETD
PAR  FIGS. 1 and 2 show respectively an advantageous construction of the device
      of this invention, wherein the blocking and regulating elements are
      rotated with respect to each other and with respect to the longitudinal
      axis of the device by an angle of 45.degree..
PAR  FIGS. 3 and 4 illustrate the device of FIG. 2 in a longitudinal sectional
      view and in the exploded condition.
PAR  The pipe bosses 3 adjoin the half shells 1, 2. The half shells surround the
      blocking and regulating element 8. A bore 6 is provided in the blocking
      and regulating element, the axis of this bore forming an angle of
      45.degree. with the axis of rotation 5 of the device. A ring 4 is arranged
      between the two half shells; this ring is guided by edge surfaces 7 on the
      half shells and serves for turning the blocking element. In the embodiment
      of FIG. 3, a recess 12 is provided in the contact surface of one of the
      half shells 2, which recess forms a circular opening 11. This recess
      connects the bore of the upper pipe boss 3 as shown by FIGS. 5 and 6 and
      the blocking element in any position of the valve.
PAR  The half shells of the device of this invention as shown in FIGS. 7, 8, and
      9, 10 are produced analogously. The interior geometry is spherical, and
      this spherical surface forms the fitting surface between the half shells
      and the blocking element. In accordance with this embodiment, one end of
      the blocking and regulating element 8 is cut off by a surface parallel to
      the meridian plane, whereby a cavity 16 is produced between the blocking
      and regulating element and the shell.
PAR  The cavity 16 serves for the same purpose as the slots 14 in FIGS. 5 and 6,
      i.e. it ensures a connection in any position of the half shells and of the
      blocking and regulating member between the bore of the pipe section 3 on
      one side of the blocking member and the bore 6 of the blocking and
      regulating element 8. This embodiment is characterized in that the value
      of the angle formed by the longitudinal axes of the pipe bosses can be
      varied as desired between 180.degree. and 90.degree..
PAR  The opened and blocked positions, respectively, of the device are
      illustrated in FIGS. 7 and 8 in correspondence with a coaxial arrangement
      of the pipe bosses and, in FIGS. 9 and 10, in correspondence with a
      right-angled arrangement of the pipe bosses.
PAR  FIGS. 13, 14, and 15 show the blocking and regulating elements in various
      exemplary constructions, in accordance with the device of FIGS. 7-10.
PAR  The slots 14 or the cavity 16, constituting the connection between the pipe
      bosses and the blocking element, can be fashioned so that an indentation
      is produced either at the blocking element or at the half shell or both,
      which indentation is oriented toward the opening of the pipe boss. Such a
      blocking and regulating element is illustrated in FIG. 14.
PAR  The blocking and regulating element according to FIG. 11 is turned by means
      of a pin 19 extending through the bore 13 and concentric to the axis of
      rotation 5, which pin is preferably provided with an operating knob or
      handle 18.
PAR  The half shells can also be formed with a rim 24. These rims are roughened
      in order to ensure a secure mounting.
PAR  The device of the invention as shown in FIG. 12 can be fashioned so that
      two pipe bosses are joined to one of the half shells; accordingly, the
      device has three pipe bosses in total.
PAR  The operating principle is as follows: When the blocking and regulating
      element 8 is turned, the half shell with one pipe boss connects
      alternatively one of the two pipe bosses provided at the other half shell.
      This means, at the same time, that the half shell provided with the two
      pipe bosses always has one pipe boss which is blocked.
PAR  According to FIG. 16, a device of this invention is constructed so that the
      rotationally symmetrical fitting surface is a conical shell or the shell
      of a truncated cone. The blocking and regulating element is shown in a
      sectional view in FIG. 17.
PAR  FIGS. 18 and 19 likewise show the device of this invention in a sectional
      view. The pipe bosses 3 are disposed in parallel to the plane determined
      by the meridian surface, whereby the angle formed by the longitudinal axes
      of the pipe bosses can have any desired value, and the two pipe bosses can
      be locked in position or moved into any position in two planes parallel to
      the meridian plane.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. An angularly adjustable pipe joint with a valve, comprising two
      releasably interconnectible half shells that are adjustable relative to
      each other in a meridian plane about an axis perpendicular to said plane,
      each of said half shells having a pipe boss thereon that has an axis, the
      axis of at least one of said pipe bosses being out of coincidence with the
      first-mentioned axis, a rotatable blocking and regulating element disposed
      within the two half shells and having a bore therethrough out of registry
      with the first-mentioned axis, and means for rotating said element within
      said half shells about the first-mentioned axis, one end of said bore
      communicating with said boss of one of said half shells in all positions
      of said rotatable blocking and regulating element and said one half shell
      relative to each other, the other end of said bore communicating with said
      boss of the other of said half shells in less than all of the positions of
      said rotatable blocking and regulating element and said other half shell
      relative to each other.
NUM  2.
PAR  2. A joint as claimed in claim 1, the axis of said bore forming an angle
      with said first-mentioned axis which is greater than 0.degree. but less
      than 90.degree..
NUM  3.
PAR  3. A joint as claimed in claim 2, said angle being about 45.degree..
NUM  4.
PAR  4. A joint as claimed in claim 3, the axes of both of said pipe, bosses
      being out of registry with said first-mentioned axis.
NUM  5.
PAR  5. A joint as claimed in claim 1, the axes of both said pipe bosses forming
      angles of about 45.degree. with said first-mentioned axis.
NUM  6.
PAR  6. A joint as claimed in claim 1, said means for rotating said element
      lying in said meridian plane.
NUM  7.
PAR  7. A joint as claimed in claim 1, said means for rotating said element
      lying on said first-mentioned axis.
NUM  8.
PAR  8. A joint as claimed in claim 1, said half shells being substantially
      symmetrical about said meridian plane.
NUM  9.
PAR  9. A joint as claimed in claim 1, the axes of both of said bosses being
      disposed at an angle of about 45.degree. to said plane.
NUM  10.
PAR  10. A joint as claimed in claim 9, said bosses in one position of said
      joint being coaxial with each other and with said bore.
NUM  11.
PAR  11. A joint as claimed in claim 1, said half-shells being semispherical.
NUM  12.
PAR  12. A joint as claimed in claim 1, said half-shells and said rotatable
      blocking and regulating element having interengaging surfaces selected
      from the group consisting of metal, quartz, glass, ceramic material,
      synthetic resin and a combination thereof.
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ABST
PAL  An improved frostproof hydrant having a readily removable valve seat-valve
      body assembly which may be easily replaced from the nozzle end of the
      hydrant as a single unit or as a portion thereof without any special
      alignment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to fluid handling hydrant structures and somewhat
      more particularly to hydrant structures which are at least partially
      exposed to varying climatic conditions and require protection against
      freezing.
PAR  2. Prior Art
PAR  Various types of frostproof hydrant structures are known. For example, I
      have disclosed and claimed a sanitary frostproof hydrant structure in my
      U.S Pat. No. 3,017,896.
PAR  Known frostproof hydrant structures generally comprise an elongated casing
      for guiding a fluid, such as water, from a source thereof to a nozzle or
      point of demand, a value mechanism for selectively allowing and preventing
      fluid flow from the source to the point of demand and a means for
      selectively activating the valve mechanism. The valve mechanism includes a
      valve body and a valve seat located within the casing and substantially
      below the frost-line in ground or substantially within an outer wall or
      the like of a structure so as to be protected from freezing during varying
      climatic conditions. During normal usage, the valve body and/or valve seat
      become worn and must be periodically inspected and/or replaced. However,
      in prior art structures, valve bodies and valve seats are separate
      components which are separately attached to a hydrant casing and both must
      be searately removed from the casing for inspection and/or replacement.
      Such valve mechanisms are relatively inaccessible and the inspection
      and/or replacement operations require one to work from a position
      substantially remote from the valve mechanism. This frequently results in
      improper alignment of the various portions of the valve mechanism and/or
      results in failure of the hydrant so that, for example, the supporting
      wall must be torn down or the ground must be dug up to expose the casing
      portion of the hydrant which encompasses the valve mechanism. Of course,
      after inspection and/or replacement of a valve mechanism, the wall must be
      rebuilt or the dug-up ground replaced with the accompanying expenses.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an improved frostproof hydrant structure which
      includes a readily removable valve seat-valve body assembly. The unitary
      valve seat-valve body assembly is easily removed and/or replaced within a
      hydrant casing without alignment since the assembly is coupled to a valve
      operating rod which is accessible at the nozzle or delivery end of the
      hydrant and does not require exposure of the hydrant casing.
PAR  According to features of the invention, a valve assembly is provided
      adapted to be mounted in an elongated casing adapted for connection at an
      inner end portion thereof with a fluid source and having an opposite outer
      delivery end portion, the assembly including a valve seat body adapted to
      fit replaceably within the inner end portion of the casing, a movable
      valve member cooperating with the valve seat body, valve operating means
      for the valve member extending therefrom and beyond the valve seat body
      for access adjacent to the delivery end portion of the casing, means for
      removably connecting the valve operating means to the outer end portion of
      the casing, means coupling the operating means in a unitary assembly with
      the valve member and the valve seat body enabling the operating means to
      actuate the valve member between valve open and valve closed positions
      relative to the valve seat member and enabling insertion of the valve seat
      body and the valve member together into the casing and removal thereof
      together from the casing through the outer end portion of the casing as
      permitted by the unitary assembly with the operating means, the valve seat
      body including an annular seat portion with which the valve member is
      engageable in closing relation, the valve operating means including an
      actuating member attached to the valve member, a concentric guide on the
      body through which the actuating member extends reciprocatably for moving
      the valve member between valve open and valve closed positions relative to
      the valve seat portion, and biasing means acting between the guide and the
      actuating member to maintain an engagement bias of the valve seat body
      toward the shoulder in the casing within which the valve assembly may be
      mounted.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmental side elevational view of a post-type hydrant
      embodying features of my invention;
PA1  Fig. 2 is a vertical sectional view taken substantially along line II--II
      of FIG. 1 with the parts shown in solid line in the shut-off position and
      in phantom line open valve position;
PAR  FIG. 3 is an exploded view of parts of the valve structure in FIG. 2;
PA1  Fig. 4 is a sectional detail view taken substantially along line IV--IV of
      FIG. 2;
PAR  FIG. 5 is a fragmentary longitudinal sectional view of a wall-type hydrant
      incorporating therein another embodiment of my invention;
PAR  FIG. 6 is an enlarged sectional detail view taken substantially along line
      VI--VI of FIG. 5;
PAR  FIG. 7 is an exploded view of parts of the embodiment of FIGS. 5 and 6;
PAR  FIG. 8 is a sectional detail view taken substantially along line VIII--VIII
      of FIG. 6;
PAR  FIG. 9 is a fragmentary longitudinal sectional detail view illustrating
      still another embodiment of my invention;
PAR  FIG. 10 is a top plan view showing a floor or ground level access box
      hydrant structure embodying the invention; and
PAR  FIG. 11 is an enlarged vertical sectional detail view taken substantially
      along the line XI--XI of FIG. 10.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  This invention provides an improved frostproof hydrant structure which
      includes a valve seat-valve body assembly adapted for easy removal from
      and replacement within the hydrant casing without danger of misalignment
      of the valve mechanism, and without requiring removal of or external
      access to the casing.
PAR  Generally, at least three different types of frostproof hydrants are
      required to fulfill various needs. A post-type hydrant is useful in
      situations where the fluid point demand must be above ground level, such
      as in a railroad yard where the nozzle end must be at least thirty inches
      above the ground line for providing fresh potable water to passenger cars
      and diners or the like or at parks, truck and bus stops, vacation areas,
      etc. where the nozzle end must be above ground level. A wall-type hydrant
      is useful in situations where the fluid point of demand is at an outer
      wall of a structure, such as at an outside building wall. A ground-type
      hydrant is useful in situations where the fluid point of demand may be at
      ground level and structure protruding above the ground line is
      objectionable, as in golf courses, cemeteries, shopping center malls,
      recreational areas, etc. Each type of hydrant includes an elongated casing
      having a select bury depth dimension, i.e. the ground or wall dimension
      beyond which freezing does not occur at given geographical areas. Thus,
      hydrants intended for use in the railroad yard should have the casing with
      a bury depth dimension of 3 to 5 feet, depending upon the climatic
      conditions expected at a given yard location. Valve mechanisms for
      regulating the flow of fluids from a source thereof to the point of demand
      are located within the hydrant casing and generally well below the bury
      depth dimension of the hydrant so as to be protected from freezing.
PAR  FIG. 1 illustrates a post-type frostproof hydrant structure 10 constructed
      in accordance with the principles of the invention. The hydrant 10
      generally comprises a hollow casing 11 which may be formed of a single
      pipe or a plurality of pipe sections, for example, 11a, 11b and 11c, which
      are joined to one another via conventional thread couplings. One end of
      casing 11, for example, the free end of pipe section 11c, is operationally
      connected to a source of fluid, such as water, under pressure (not shown)
      and the other end of casing 11 is connected to a point of demand of a
      delivery end 13, which may be a conventional nozzle as shown or some other
      type structure.
PAR  A unitary valve mechanism or unitary valve seat-valve body assembly 17
      (best seen, for example, at FIG. 2), constructed in accordance with the
      principles of the invention is positioned within casing 11 and is coupled
      with a valve operating rod 12 for selectively controlling fluid flow
      between a pressurized fluid source and the delivery end 13 of hydrant 10.
      Desirably, the unitary valve mechanism 17 comprises a hollow assembly body
      18 which has an outer surface 18a for snugly fitting within casing 11 and
      an inner surface 18b for defining the flow chamber through the valve
      mechanism. The inner surface 18b includes a lower wall portion 19 having a
      beveled surface area 19a which defines a valve seat 20. A valve body 21 is
      positioned within assembly body 18 in operating relation with valve seat
      20 and is axially movable relative to the valve seat 20 between a closed
      position C (shown in full line) and an open position O (shown in dotted
      line) within assembly body 18 for controlling fluid flow past the valve
      seat.
PAR  The hollow assembly body 18 comprises a hollow cylindrical casting 22
      having an outer surface 23 which includes an annular groove 23a about the
      outer periphery thereof. An O-ring 23b fits within groove 23a and aids in
      forming a seal between the outer surface 23 of casting 22 and the inner
      periphery of the hydrant casting, for example, pipe section 11b. The
      casting 22 includes an inner surface 24 which has a beveled portion 25 for
      defining the valve seat 20, an up-facing edge 22a which joins the beveled
      portion 25 to the outer surface 23 and a pair of upstanding arms 26
      integrally joined to a hollow collar 27 to define a valve body cage within
      casting 22. The collar 27 is provided with an aperture 27a which allows a
      rod or the like to pass into a casting 22 to operate the valve body as
      will be described hereinafter.
PAR  A valve operating rod 12 is located within casing 11 and is mechanically
      joined at its upper end 12a to a hydrant operating means 14 which may be
      in the form of a handle, and is mechanically joined at its lower or inner
      end portion 12b to the valve mechanism 17. Operating means 14 has been
      illustrated at FIG. 1 as an up-down movable handle, however, it may
      comprise a key-rotatable member or other suitable hydrant operating means,
      whether manually activated or power activated and may be suitably mounted
      on the nozzle 13. The outer end portion of the rod 12 is removably
      connected by means of the nozzle 13 and the handle 14 to the outer end
      portion of the casing section 11a.
PAR  For coupling the valve operating means rod 12 in unitary assembly with the
      valve member 21 and the valve seat body 18, the lower end portion 12b of
      the rod 12 may be provided with an extension 12bb connected to a valve
      stem 31 which slidably passes through the bearing aperture 27a of the
      collar 27 on the casting 22 and is mechanically joined to the valve body
      21. The valve body 21 is thus axially movable by the rod 12 in relation to
      the valve seat 20 between open and closed positions of the mechanism
      within the cage in the body 18 but is maintained by the generally
      convergent portion 26a of the legs 26 and the integral seat ring 19 in
      unitary assembly with the body 18.
PAR  A worker desirous of inspecting and/or replacing the valve mechanism 17 or
      portions thereof, merely removes the nozzle 13 as be engaging wrench faces
      13a and unscrewing the nozzle from the casing section 11a, thereby opening
      the outer end of casing 11. The operating rod 12 can then be pulled from
      the exposed upper end of the hydrant 10 and thereby pull the coupled valve
      mechanism 17 from the casing 11 which throughout its length from the
      shoulder 11bb to its outer end is of no smaller inside diameter than the
      outside diameter of the body 18. Once the valve mechanism is inspected
      and, if necessary, disassembled to replace worn or damaged parts thereof,
      the unitary valve seat-valve body assembly 17 is recoupled to the rod 12
      and reinserted within the casing 11. No special tools or alignment
      techniques are required for proper positioning of the valve seat 20 or the
      valve member 21 since they are in the unitary assembly relationship.
      Further, there is no need to dig up surrounding ground or the like to
      expose casing portions which encompass the valve mechanism. It is
      therefore extremely simple and economical to inspect and/or replace
      mechanism or parts thereof constructed in accordance with the principles
      of this invention.
PAR  The post-type hydrant structure 10 is buried in ground for a select bury
      depth, diagrammatically indicated by dotted line D. The bury depth for a
      given hydrant is selected in relation to a geographical area so as to be
      below the prevalent frost line in that area.
PAR  If fluid remained within the casing above the bury depth it might freeze
      and cause damage and/or non-operation of the hydrant 10. To drain such
      fluid a bleed hole port 15 may be provided in the hydrant casing 11 at a
      location below the bury depth of the hydratn but above the valve assembly
      17. The bleed hydrant 15 allows any fluid that remains within the casing
      after valve shut-off to drain off below the bury depth D of the casing and
      to surrounding ground. As shown in FIG. 2, one of the pipe sections
      forming the hydrant casing, such as section 11b, may be provided with a
      nipple 15a about the bleed port 15, providing a drain passage between the
      interior of pipe section 11b and the exterior thereof. If desired, a
      section of pipe 15b may be joined, as by appropriate threads to nipple 15a
      to transport the draining fluid away from casing 11. A sump, gravel, or
      the like may be provided at the outer end of the nipple 15a or pipe
      section 15b as an aid in draining fluid away. The exact location of the
      port 15 is not overly critical as long as it is located below the bury
      depth D and above the valve seat 20 of a given hydrant.
PAR  In the embodiment illustrated at FIG. 2, the unitary valve mechanism 17 is
      located below the bleed hole 15 and well below the bury depth D so as to
      be fully protected from freezing conditions.
PAR  The valve stem 31 is attached at its lower end to the valve body 21 by
      means of a screw 32a in a conventional manner. A pair of washers 32b may
      be provided to clamp and reinforce the valve member 21 therebetween. The
      member 21 is preferably composed of a resilient fluid impermeable
      material, such as synthetic or natural rubber, for example, neoprene or a
      suitable plastic material capable of forming an efficient seal with the
      valve seat 20. The lower edge 21a of the valve member 21 may be beveled
      for improved mating with the valve seat 20.
PAR  At its upper end 31a the stem 31 may be threaded for coupling with the
      valve operating rod 12 by means of a hollow cylindrical seal member 41. A
      securement nut 33 may be threaded on a protruding upper end portion 31a of
      the end to insure that stem 31 is not accidentally disconnected from body
      18 while in service. As shown, the cage provided by arms 26 prevents the
      valve body 21 from escaping from its assembly with the valve cage body 18.
PAR  Biasing means comprising a compression spring 29 may be mounted about the
      stem 31 and above the collar 27 so that one end of the spring is seated
      against the collar 27 and the other end is seated against a lower collar
      46 of the seal member 41. The spring 29 urges the body 18 downwardly or
      inwardly against the internal shoulder 11bb of the pipe section 11b in the
      closed position C of the hydrant but allows axial upward or outward
      movement of stem 31 to the open position O. The spring 29 is mounted under
      compression to continuously urge body 18 away from member 41 and thereby
      assure opening of the valve when desired.
PAR  The hollow tubular cylindrical seal member 41 includes an outer peripheral
      surface 42 which is provided with at least one and preferably two annular
      grooves 43. Suitable O-rings 43a fit within grooves 43 and aid in forming
      a seal between surface 42 and the inner periphery of casing 11. The upper
      end of the member 41 and the upper seal 43a are located below the drain
      port 15 in the valve closed position C as shown. The lower groove 43 is so
      positioned on surface 42 that when the seal member 41 moves upwardly to
      the open position O (phantom position) of the valve mechanism, the lower
      seal ring 43a remains below the bleed hole port 15 and prevents up-flowing
      fluid from exiting through the bleed hole. The space between the seal
      rings 43a is selected so as to be wider than the diameter of bleed hole 15
      for completely sealing the bleed hole from fluid within casing 11 in the
      open position O. The seal member 41 includes an inner annular bore surface
      44 which defines a flow passage through the seal member. Oppositely
      extending pairs of spider arms 45 on the ends of the member 41 integrally
      join uppper and lower spaced hollow collars 46 to the member. These
      collars are provided with internal threads 46a for coupling with the lower
      end 12b of the valve operating rod 12 and with the upper end 31a of stem
      31 respectively. Securement nuts 33 and 33' are, respectively, threaded
      onto the threaded portions of stem 31 and rod 12 to insure against
      unintentional separation of the parts.
PAR  In operation, the operating means 14 may be manually actuated, as by moving
      the handle upwardly, so that valve rod 12 is moved axially uupwards to
      open valve 21. This causes seal member 41 to move upwardly a corresponding
      distance so that the O-rings 43a in grooves 43 straddle and seal bleed
      hole 15, as shown in phantom outline. Stem 31 is moved with member 41 and
      causes the valve body 21 to become unseated from valve seat 20 and opens a
      continuous flow passage from the pressurized fluid source to the point of
      demand 13. After the demand for fluid has been satisfied, a reverse
      procedure may be effected. The operating means 14 is depressed, as by
      moving the handle downwardly, pushing rod 12 downwardly a corresponding
      distance. Seal member 41 moves down sufficiently to open bleed hole 15 and
      fluid thereabove immediately drains from the hydrant casing. Valve stem 31
      being rigidly coupled with the lower collar 46 of member 41 moves
      downwardly a corresponding distance and forces the valve member 21 against
      the valve seat 20 to shut off fluid flow. Fluid below bleed hole 15 being
      well below the bury depth of the hydrant is not liable to freezing
      conditions.
PAR  FIGS. 5-9 show embodiments of the hydrant structures 100 and 100'
      constructed in accordance with the principles of the invention and adapted
      to be mounted generally horizontally in a building wall BW. There is a
      substantial similarity between the wall-type hydrant structure 100 and
      100' of FIGS. 5-9 and the post-type hydrant structures of FIGS. 1-4.
      Accordingly the various elements of FIGS. 5-9 which correspond to elements
      previously described will be designated by the same reference numeral in
      the 100 series. Thus, the wall-type hydrant structure 100 comprises a
      hollow casing 111, which may be formed of a plurality of pipe sections
      111a, 111b, 111c and 111b which may be conventionally connected to form a
      unitary flow passage. The portion of the casing 111 which houses a unitary
      valve mechanism 117 or 117', such as pipe section 111c, may be provided
      with an expansion chamber 111cc and an annular shoulder 111bb adjacent the
      outer end of the chamber for seating thereagainst of the valve seat ring
      119 of the mechanism 117, 117'. One end of the casing 111, for example the
      inner end of pipe section 111d is operationally connected to a pressurized
      source of fluid (not shown) and the other end of the casing 111 is
      connected to a point of demand or delivery point 113, such as the
      externally threaded generally downwardly extending nozzle shown.
PAR  The unitary valve seat-valve body assembly 117 or 117' (best seen at FIGS.
      6 and 9 respectively) is positioned within casing 111 coupled to the valve
      operating rod 112 for selectively controlling fluid flow between the fluid
      source and the delivery end 113. The valve mechanism or assembly 117, 117'
      is similar to the assembly 17 and comprises a hollow assembly body 118
      which has an outer surface 118a for snuggly fitting within casing 111 and
      an inner surface 118b defining a flow chamber through the valve assembly
      117, 117'. The seat ring 119 of body 118 of assembly 117 is provided with
      a bevelled valve seat area 120 on its inner end. A valve body 121 is
      positioned with the casing chamber 111cc in working relation to valve seat
      120 and is axially movable relative to the valve seat between a closed
      position C and an open inwardly displaced position O, for controlling
      fluid flow past the valve seat.
PAR  In the arrangement of FIG. 9, the valve seat ring 119 has the beveled valve
      seat area 120 on its outer end similarly as the arrangement in FIG. 2 so
      that in the closed position C of the valve body 121 it thrusts inwardly
      against the valve seat 120, and for opening the valve the valve body 121
      is backed off outwardly away from the valve seat 120 to a position as
      indicated in phantom at O.
PAR  The hollow assembly body 118 in both FIGS. 6 and 9 comprises a hollow
      generally cylindrical casting 122 having an outer surface 123 which
      includes at least one annular groove 123a thereabout. An O-ring 123b fits
      within groove 123a as a seal between the outer periphery of casting 122
      and the inner periphery of casing 111. Extending from the seat ring 119 is
      a pair of outwardly extending arms 126 integrally joined to a sleeve-like
      collar 127 provided with an axial bore 127a through which an inner end
      portion 112b of the valve actuating rod 112 is slidably guided. At its
      outer end portion 112a the rod is provided with means 114 for rotatably
      operating it which may comprise a keyed head for removably receiving an
      actuating lever or handle, or a handle or lever may be attached thereto.
      This operating end portion of the rod is rotatably connected to a suitable
      fitting 114a which holds the rod against axial displacement but permits
      free rotary movements of the rod, suitable packing or seal rings 114b
      preventing leakage past the rod. Through this arrangement, opening and
      closing movements of the valve body 121 are effected by means of a screw
      coupling of the inner end portion 112b of the rod and the valve stem 131
      which is coaxially secured to the valve body 121 as by means of a screw
      131b with washers 132a and 132b clamping the valve body therebetween. In a
      desirable form, the screw coupling between the actuating rod and the valve
      stem comprises a rotary to reciprocating motion coupling including
      external square threads 116 on the rod end portion 112b coupled with
      internal complementary tapped threads 131a in an axial outwardly opening
      bore 131c in the stem 131. When the rod 112 is turned clockwise the valve
      body 121 is drawn into closing relation to the valve seat 120 in FIG. 6,
      and is thrust toward the valve seat 120 in FIG. 9. When the actuating rod
      112 is turned in counterclockwise direction, the valve body 121 is
      unseated inwardly in FIG. 6 and is unseated outwardly in FIG. 9. To assure
      axial seating and unseating movements of the valve body 121, means are
      provided to restrain the valve stem 131 against turning, herein comprising
      a pair of oppositely radially extending ear lugs 131d which ride in
      longitudinally extending grooves 126a provided on the inner sides of the
      legs 126.
PAR  Biasing means comprising a coiled compression spring 129 acting between the
      outer end of the collar 127 and a washer 129a held in place by a
      transverse pin 134 through the rod portion 112b normally thrusts the body
      118 toward the shoulder 111bb, the inner end of the seat ring 119 being
      roughened or serrated at 119a to bite against the shoulder and anchor the
      body 118 against turning.
PAR  In the operation of the arrangements of FIGS. 5-9, opening of the valve 121
      permits outflow of liquid through the passage provided by casing 111 and
      the outlet 113. When the valve is closed, any liquid remaining downstream
      from the valve 121 freely drains from the casing through the outlet 113.
      To aid in this drainage action, the casing 111 may be slightly tilted
      downwardly to the outside of the wall BW. Freezing of water in the pipe
      casing 111 downstream from the valve 121 is substantially precluded by
      virtue of the valve being located substantially inwardly relative to the
      wall BW, and assuming that nonfreezing temperature prevails within the
      enclosure inside the wall BW.
PAR  For servicing the valve assembly 117 or 117', removal of the fixture 114a
      provides an opening 135 at the outer end of the casing 111 of at least as
      large a diameter as the inside diameter of the casing, whereby the entire
      unit including the rod 112 and the valve assembly 117 or 117' can be drawn
      out of the casing 111. After effecting any necessary adjustments or
      repairs, the entire unit can be quickly reinserted into the casing 111 and
      by securing the fixture 114a in the opening 135 as by means of a threaded
      coupling interconnection, the apparatus is again in operating condition.
PAR  Adaptation of the invention to a ground-type hydrant is depicted in FIGS.
      10 and 11, and it will be observed that the control valve structure is
      similar to that shown in FIG. 2. For ground hydrant purposes, a ground
      level access box 137 is provided to be located flush with or below ground
      level GL and with a cover 138 hingedly connected as at 138a with one side
      of the body of the housing 137. Protectively enclosed within the housing
      137 under the cover 138 is an externally threaded faucet nipple 139
      projecting upwardly and adapted to have a conduit such as a hose coupled
      in communication therewith. In this instance the faucet 139 comprises a
      lateral extension from a hollow upwardly opening valve control well head
      140 on the upper end of an upper casing section 211a of a casing 211
      comprising also an intermediate lower aligned casing section 211b coupled
      at its upper end with the casing section 211a and coupled at its lower end
      with a lower casing section 211c and providing a flow passage leading to
      the faucet 139. Within the casing sections 211b and 211c is mounted valve
      structure corresponding to the valve structure generally according to the
      present invention in FIG. 2, including a unitary valve mechanism or
      unitary valve seat-valve body assembly 217 including a hollow body 218
      provided with a ring valve seat 219 carrying a sealing ring 223 in sealing
      engagement with the inner wall defining the section 211c and seated on an
      annular shoulder 211bb integral with the casing. A valve body 221 is
      engageable with a valve seat 220 provided by the seat ring 219 and is
      guided within a cage provided by upwardly extending arms 226 integral with
      the seat ring 219 and connected integrally with a sleeve collar 227
      concentrically slidably guiding a valve stem 231 which projects thereabove
      and extends through and is coupled by a nut 233 to a lower collar 246
      connected by spider arms 245 to a cylindrical seal body 241. At its upper
      end the seal body 241 is connected by upper spider arms 245 to an upper
      coaxial collar 246 to which is coupled the lower end portion of a rotary
      valve actuating rod 212. On its upper end the rod 212 has a valve
      operating key or handle receiving head 214 projecting upwardly within the
      hollow well head 140 and to which a separable handle can be applied when
      the cover 138 is opened for access thereto. By turning the heat 214 and
      thus the rod 212, opening or closing of the valve 221 and corresponding
      opening or closing of the drain port 215, located below frost line, by
      means of the seal member 241 is effected, similarly as described in
      connection with the apparatus of FIG. 2. Operative support for the rod 212
      is provided by means of fitting comprising a supporting closure disk
      element 250 seated on a shoulder 251 and removably secured by a ring nut
      252 threaded into the well head 140. A packing or seal ring 253 assures a
      leakproof joint between the element 250 and the rod 212. To hold the head
      end portion of the rod against vertical displacement, the lower end of the
      head 214 has a shoulder 214a and a collar washer 216 is secured about the
      rod under the disk 250 as by means of a pin 255.
PAR  On its lower end portion the rod 212 has a motion transmission coupling
      with the seal body 217 comprising threads 212a engaging in the
      complementally threaded upper collar 246 of the member 241. Thus, rotary
      movement of the rod 212 effects reciprocable movement of the member 241
      and valve member 221 as a unit for valve opening and closing. Turning of
      the rod 121 clockwise will effect downward movement of the valve 221 onto
      its seat 220. At the same time a compression spring 229 which normally
      acts to thrust the body 218 from the member 241 is placed under additional
      compression between the collar 227 and the lower collar 246. Turning of
      the rod 212 in counterclockwise direction will effect opening of the valve
      221 and movement of the member 241 into sealing relation to the port 215.
PAR  It may be noted that because the coupling 212a/246 is below frost line
      adjacent the port 215, danger of freeze locking of the threaded
      transmission coupling 212a/246 is avoided.
PAR  Assembly of the valve mechanism into position as a unit is easily effected
      through the bore of the head 140 into the casing 211 and then securing the
      same in place by means of the ring nut 252. Removal of the entire valve
      assembly including the valve seat ring 219 is easily effected by removing
      the ring nut 252 and pulling the entire assembly from the continuous bore
      provided by the casing 211 and the head 140. To assist in this, the inner,
      lower end portion of the rod 212 extends normally slightly below the upper
      collar 246 and has secured thereto a larger diameter stop member such as a
      nut 212b which may be suitably locked against unintentional separation.
PAR  At its lower tip end the rod 212 provides a fixed stop against which the
      upper end tip of the stem 231 may engage to define the fully open position
      of the valve 221 and assurance that the member 241 is in full relation to
      the port 215.
PAR  It will be understood that variations and modifications may be effected
      without departing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a frostproof hydrant structure including an elongated casing adapted
      for connection at an inner end portion thereof with a freeze-protected
      fluid source and having an opposite outer delivery end portion which may
      be exposed to freezing conditions, valve means within said casing adjacent
      to said inner end portion for controlling fluid flow from said fluid
      source to said delivery end portion, valve operating means accessible
      adjacent to said delivery end portion, said valve means including a valve
      seat body fitting replaceably within said inner end portion of the casing
      and a movable valve member cooperating with said valve seat body, means
      removably connecting the valve operating means to said outer end portion
      of the casing, means coupling said operating means in a unitary assembly
      with said valve member and said valve seat body, enabling the operating
      means to actuate the valve member between valve open and valve closed
      positions relative to said valve seat body and enabling insertion of the
      valve seat body and the valve member together into the casing and removal
      thereof together from the casing through said outer end portion of the
      casing as permitted by the unitary aassembly with the operating means;
      said valve seat body including an annular seat portion with which the
      valve member is engageable in closing relation, said valve operating means
      including an actuating member attached to said valve member, a concentric
      guide on said body through which the actuating member extends for moving
      said valve member between valve open and closed positions relative to said
      valve seat portion, the improvement comprising:
PA1  a shoulder in said casing against which said valve seat body engages; and
PA1  biasing means acting between said guide and said actuating member to
      maintain an engagement bias of the valve seat body toward the shoulder.
NUM  2.
PAR  2. A structure according to claim 1, wherein said valve actuating member
      comprises a reciprocating rod connected with a valve stem attached to said
      valve member, for effecting reciprocation of the valve member between the
      valve open and valve closed positions.
NUM  3.
PAR  3. A structure according to claim 1, wherein said valve actuating member
      includes a valve stem, means guiding the valve stem reciprocatably in said
      valve seat body, and a rotatable actuating rod having a rotary to
      reciprocating motion coupling with said valve stem.
NUM  4.
PAR  4. A structure according to claim 3, wherein said valve seat body has a
      valve seat which faces inwardly relative to said casing, and said valve
      member is movable inwardly into the valve open position and is movable
      outwardly into the valve closed position.
NUM  5.
PAR  5. A structure according to claim 3, wherein said valve seat body has a
      valve seat which faces outwardly relative to said casing, and said valve
      member is movable outwardly relative to the valve seat into the valve open
      position and is movable inwardly relative to the valve seat into the valve
      closed position.
NUM  6.
PAR  6. A structure according to claim 1, wherein said casing has a drain port
      above said valve seat body and below frost line, and a sealing device
      comprising part of said valve operating means and operable to close said
      port in the valve open position and to open the port in the valve closed
      position.
NUM  7.
PAR  7. A structure according to claim 6, wherein said device comprises a
      tuubular sealing sleeve coaxially coupled between said valve member and
      providing fluid passage therethrough, said sealing sleeve being of a
      length to extend across and block said port in the open valve position and
      being located to clear the port for drainage in the closed valve position.
NUM  8.
PAR  8. A structure according to claim 1, wherein said delivery end portion
      comprises a nozzle removably attached to said casing, and said valve
      operating means includes a handle mounted on said nozzle, said unitary
      assembly being adapted to be pulled from the casing upon detaching the
      nozzle from the casing.
NUM  9.
PAR  9. A structure according to claim 1, including a fitting at said delivery
      end portion of the casing, and said valve operating means including an
      operating rod connected with said fitting and operable when the fitting is
      attached to the casing for actuating said valve member between the valve
      open and valve closed positions, and the assembly being adapted to be
      pulled from the casing when the fitting is detached from the casing.
NUM  10.
PAR  10. A structure according to claim 1, wherein said valve operating means
      include a reciprocatable operating rod, means for guiding the rod
      recipprocatably, and means separably mounted on the delivery end portion
      of the casing and mounting the rod in operating relation to the casing and
      said assembly and being releasable from the casing for pulling the rod and
      the assembly from the casing.
NUM  11.
PAR  11. In a frostproof hydrant structure including an elongated casing adapted
      for connection at an inner end portion thereof with a freeze-protected
      fluid source and having an opposite outer delivery end portion which may
      be exposed to freezing conditions, valve means within said casing adjacent
      to said inner end portion for controlling fluid flow from said fluid
      source to said delivery end portion, valve operating means accessible
      adjacent to said delivery end portion, said valve means including a valve
      seat body fitting replaceably within said inner end portion of the casing
      and a movable valve member cooperating with said valve seat body, means
      removably connecting the valve operating means to said outer end portion
      of the casing; means coupling said operating means in a unitary assembly
      with said valve member and said valve seat body, enabling the operating
      means to actuate the valve member between valve open and valve closed
      positions relative to said valve seat body and enabling insertion of the
      valve seat body and the valve member together into the casing and removal
      thereof together from the casing through said outer end portion of the
      casing as permitted by the unitary assembly with the operating means, said
      casing having a drain port above said valve seat body and below front
      line, a sealing device comprising part of said valve operating means and
      operable to close said port in the valve open position and to open the
      port in the valve closed position, said device comprising a tubular
      sealing sleeve coaxially coupled between said valve member and providing
      fluid passage therethrough, said sealing sleeve being of a length to
      extend acrosss and block said port in the open valve position and being
      located to clear the port for drainage in the closed valve position, the
      improvement comprising:
PA1  a shoulder in said casing facing toward said delivery end;
PA1  said valve seat body including an annular valve seat portion eengaging said
      shoulder and having arms on said annular portion extending away from said
      shoulder and connected to an axial guide;
PA1  said operating means including a valve stem attached to the valve member
      and extending reciprocatably through said guide;
PA1  means coupling the valve stem to said sealing sleeve; and
PA1  biasing spring means acting between said guide and said sealing sleeve for
      normally biasing said valve seat body toward said shoulder.
NUM  12.
PAR  12. In a valve assembly adapted to be mounted in an elongated casing
      adapted for connection at an inner end portion thereof with a fluid source
      and having an opposite outer delivery end portion, a valve seat body
      adapted to fit replaceably within the inner end portion of the casing, a
      movable valve member cooperating with said valve seat body, valve
      operating means for said valve member extending therefrom and beyond said
      valve seat body for access adjacent to said delivery end portion of the
      casing, means for removably connecting the valve operating means to said
      outer end portion of the casing; means coupling said operating means in a
      unitary assembly with said valve member and said valve seat body, enabling
      the operating means to actuate the valve member between valve open and
      valve closed positions relative to said valve seat member and enabling
      insertion of the valve seat body and the valve member together into the
      casing and removal thereof together from the casing through the outer end
      portion of the casing as permitted by the unitary assembly with the
      operating means; said valve seat body including an annular seat portion
      with which the valve member is engageable in closing relation, said valve
      operating means including an elongated actuating member, attached to said
      valve member, a concentric guide on said body through which the actuating
      member extends for moving said valve member between valve open and valve
      closed positions relative to said valve seat portion, the improvement
      comprising:
PA1  biasing means acting between said guide and said actuating member to
      maintain a bias of the valve seat body toward a shoulder in a casing
      within which the valve assembly may be mounted.
NUM  13.
PAR  13. A valve assembly according to claim 12, wherein said valve actuating
      member comprises a reciprocating rod connected with a valve stem attached
      to said valve member, for effecting reciprocation of the valve member
      between the valve open and valve closed positions.
NUM  14.
PAR  14. A valve assembly according to claim 12, wherein said actuating member
      comprises a rotary rod, a valve stem on said valve member, and a rotary to
      reciprocating motion coupling between said rod and said valve stem.
NUM  15.
PAR  15. A valve assembly according to claim 14, wherein said valve seat body
      has a valve seat which faces inwardly relative to said valve seat body,
      and said valve member is movable inwardly into the valve open position and
      is movable outwardly into the valve closed position.
NUM  16.
PAR  16. A valve assembly according to claim 14, wherein said valve seat body
      has a valve seat which faces outwardly relative to said valve seat body,
      and said valve member is movable outwardly relative to the valve seat into
      the valve open position and is movable inwardly relative to the valve seat
      into the valve closed position.
NUM  17.
PAR  17. In a frostproof hydrant structure including an elongated casing adapted
      for connection at an inner end portion thereof with a freeze-protected
      fluid source and having an opposite outer delivery end portion which may
      be exposed to freezing conditions, valve means within said casing adjacent
      to said inner end portion for controlling fluid flow from said fluid
      source to said delivery end portion including a valve seat body adapted to
      fit replaceably within said inner end portion of the casing and having a
      movable valve member operating within said valve seat body, valve member
      operating means accessible adjacent to said delivery end portion for
      actuating the valve member between a valve open position and a valve
      closed position; said casing having a drain port opening therefrom,
      outwardly spaced from said valve means and inwardly spaced from said
      delivery end portion and inwardly from a frost line; a sealing member
      movable between a port closing position and a port open position, means
      coupling said sealing member with said valve operating means for
      concurrent movement of the sealing member with actuation of said valve
      member so that the sealing member is moved into port open position when
      the valve member is actuated into valve closed position and the sealing
      member is moved into port closing position when the valve member is moved
      into valve open position, the improvement comprising:
PA1  a shoulder in said casing against which said valve body engages; and
PA1  biasing means acting between said valve body and said sealing member to
      maintain an engagement bias of the valve body toward said shoulder.
NUM  18.
PAR  18. A structure according to claim 17, wherein said valve operating means
      comprises a movable rod, and said sealing member comprises a sleeve
      reciprocatably mounted in the casing and coupled to and between the rod
      and the valve means.
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ABST
PAL  A heating device formed as a double-wall tubular heat pipe with a closed
      annular space between outer and inner walls containing a vaporizable
      liquid heat-transporting medium, and a cylindrical bore defined within
      said inner tube as the heating space for objects to be heated, said
      annular space having end walls closing its ends, and means for
      transmitting heat through one of said end walls into said space.
PARN
PAR  This is a continuation of application Ser. No. 159,205, filed July 2, 1971,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a heating device having a heating space which is
      accessible for objects to be heated inside said space and to which space
      thermal energy from at least one heat source can be supplied.
PAR  Devices of this type are known and are used for a great variety of
      purposes. They are used, for example, to dry lacquered objects, to bake
      layers of (ceramic) material, to keep molten materials at the desirable
      temperature during their transport through a duct so as to prevent
      solidification of the liquid in the transport duct, to keep molten glass
      at the desirable temperature during drawing glass in the form of tubes or
      rods, to heat wire material, for example tungsten, before it enters the
      die, and so on.
PAR  In practice the heat sources are usually constituted by electric resistance
      wires heated by the passage of current (see, for example, Dutch Pat. No.
      34,607 and U.S. Pat. No. 3,063,268) or gas burners (see, for example, U.S.
      Pat. No. 3,253,898 and the published French patent application No.
      2,007,949).
PAR  The known heating devices have several drawbacks. In many manufacturing
      processes it is of great importance that the temperature in the heating
      space should have the same value everywhere, in particular when, in
      addition to the thermal treatment, the objects have to be subjected to
      other treatments in the heating space, for example, the bending of glass
      sheets, described in the above U.S. Pat. No. 3,253,898. A non-uniform
      temperature in the heating space results in stresses in the material, as a
      result of which fracture and a high reject percentage occur, which
      therefore is undesirable. Isothermal surroundings are also of great
      importance in all kinds of measurements, for example in the calibration of
      thermocouples in a calibrating furnace. In order to obtain the heating
      space in heating devices which are provided with electric resistance wire
      heating as isothermal as possible, the wires are wound around the heating
      space throughout the length of the device, and thermally insulated from
      the atmosphere as readily as possible. In particular in the case of long
      transit spaces, this makes the construction of the heating device
      complicated and expensive. In addition, at the beginning and at the end of
      the transit space, the thermal losses are always larger than in the center
      and therefore the temperatures are lower at those regions. In order to
      compensate for this as much as possible, new structural measures are
      required, for example, winding the resistance wire at the beginning and at
      the end of the transit space with a smaller pitch than in the
PAR  In heating devices employing gas heating, as described in the above U.S.
      Pat. No. 3,253,898, the isothermal character of the transit space is
      endeavoured by arranging a large number of gas burners in said space. This
      also makes the device complicated and expensive. The same applies to
      heating devices in which a large number of filament lamps, especially
      those constructed as infrared radiators, are mounted. Furthermore, a
      separate control for each gas burner and infrared radiator, respectively,
      is required for the temperature adjustment of the heating space.
PAR  It is the object of the present invention to provide a heating device of a
      simple and inexpensive construction and of which the heating space is
      isothermal during operation throughout its dimensions.
PAC  Summary of the Invention
PAR  In order to realize this object, the heating device according to the
      invention is characterized in that the boundary of the heating space is
      formed by at least a first heat transmission wall which, with its side
      remote from the heating space, constitutes a part of the boundary of a
      closed container. In the container a heat transporting medium is present.
      Thermal energy is absorbed by the medium from the heat source through a
      second heat transmission wall at another area of said container. The
      medium changes from the liquid phase into the vapor phase, and supplies
      thermal energy to the heating space through the first heat transmission
      wall while changing from the vapor phase into the liquid phase. The
      container has a porous mass which connects the first heat transmission
      wall to the second heat transmission wall in such manner that, due to
      capillary action, heat transporting medium condensed on the heat
      transmission wall can flow back to the further heat transmission wall
      through said mass.
PAR  Liquid heat transporting medium which evaporates in the second heat
      transmission wall moves in the vapor phase to the heat transmission wall
      as a result of the lower vapor pressure which prevails there due to the
      comparatively low temperature at that region. The vapor then condenses on
      the heat transmission wall while supplying the heat of evaporation to the
      said wall, after which the condensate is returned, via the porous mass,
      due to capillary action while using the surface tension of the condensate,
      to the further heat transmission wall to be evaporated there again. Since
      the vapor always condenses at the region where the lowest vapor pressure
      prevails, a locally different temperature will immediately be compensated
      for so that the heat transmission wall has the same temperature
      everywhere.
PAR  Due to the comparatively high heat of evaporation of liquids, a large
      quantity of thermal energy can be stored in the vapor and be transported
      per unit of time from the second heat transmission wall to the first heat
      transmission wall, while a good heat transmission is ensured between the
      liquid and the heat transmission wall by condensation. Due to the large
      heat dissipating capacity of the heat transporting medium it is possible
      to achieve, by heating of a further heat transmission wall of small
      dimensions, that, through the process of evaporation-condensation, a heat
      transmission wall of large dimensions is heated to a uniform temperature.
      This provides the advantage that at the region of the second heat
      transmission wall of small area only one heating element, for example, a
      heating coil or a gas burner, will be sufficient, as a result of which the
      device is much simpler and cheaper than the known devices having heating
      wires wound throughout the length of burners, respectively. A number of
      heating devices can now be operated simultaneously with one and the same
      heating element, while in all cases only one temperature control device
      will be sufficient.
PAR  Due to the already mentioned large heat transporting capacity of the medium
      in the container, there exists substantially no temperature drop between
      the second heat transmission wall and the first heat transmission wall. So
      the latter will assume a temperature which is substantially equal to the
      temperature of the second heat transmission wall. This provides more and
      better possibilities of temperature measurements during operation of the
      device. Only one temperature sensor is sufficient which can be arranged at
      any place.
PAR  As a result of the presence of the porous mass, the return of condensate
      from the heat transmission wall to the further heat transmission wall is
      ensured in all circumstances, so even return against gravity or without
      the effect of gravity. Therefore, the heating device is independent of
      position, which provides a large freedom of arrangement.
PAR  The porous mass may be, for example, ceramic materials, gauzes of wire or
      tape-shaped material of metals or of metal alloys, or an arrangement of
      pipes. Among the possibilities is also a system of grooves in the wall of
      the container combined or not combined with one of the other above
      alternatives.
PAR  The choice of the heat transporting medium is determined in the first
      instance by the operating temperature in the heating space. When this
      temperature lies in the region of from 600.degree. to 1500.degree. C,
      sodium, for example, may be chosen. Also to be considered are, for
      example, the metals potassium, lithium, cadmium, cesium, metal salts such
      as the metal halogens zinc chloride, aluminium bromide, cadmium iodide,
      calcium iodide, zinc bromide or mixtures thereof, nitrates and nitrites or
      mixtures thereof.
PAR  The choice of the material of the container of course depends upon the
      operating temperature and the heat transporting medium chosen. When sodium
      is used, for example, chromium-nickel steel is to be considered.
PAR  The container with the heating space may have all kinds of shapes and may
      be, for example, a hollow cylinder with two coaxial tubes, the innermost
      of which constitutes the first heat transmission wall and a part of the
      surface of the outermost tube constitutes the second heat transmission
      wall, the remaining parts of the wall of the closed annular space between
      the said two tubes being thermally insulated from the atmosphere.
PAR  The porous mass connecting the first heat transmission walls to the second
      heat transmission wall may cover a larger or smaller part of the surface
      of the wall of the container.
PAR  In a favourable embodiment of the heating device according to the
      invention, however, the porous mass covers the whole surface of the wall
      of the container. This provides the following advantages. Since in the
      present case the porous mass covers the entire second heat transmission
      wall, said wall will be wetted evenly by condensate. This reduces the
      danger of local overheating of said wall. In the first heat transmission
      wall the porous mass promotes that the side of the first heat transmission
      wall remote from said mass has a uniform temperature. This is the result
      of the fact that the porous mass prevents local formation of drops under
      the influence of the effect of gravity. Formation of drops on one side of
      the heat transmission wall results in locally higher thermal resistance,
      as a result of which a deviating temperature occurs on the other side of
      said wall.
PAR  In order that the process of evaporation-condensation of the heat
      transporting medium in the container can occur readily, said container is
      normally evacuated. A problem is that in a number of cases, dependent upon
      the heat transporting medium chosen, the vapor pressure of the heat
      transporting medium in the container lies below the ambient pressure not
      only at room temperature, but also at the high operating temperature of
      the heating device. For example, if sodium is used as a heat transporting
      medium in the evacuated container, the vapor pressure at 800.degree. K is
      8 Torr (1 Torr = 1 mm mercury pressure) and at 1100.degree. K is 450 Torr.
      This means that, in particular in containers of large dimensions having
      large flat walls, these walls are subjected to a considerable mechanical
      load as a result of the atmospheric pressure, which load will even be
      larger when the heating device constitutes a component of a larger
      construction and other structural components exert forces on the
      container, for example, by their own weight. Notably at high operating
      temperatures, at which the rigidity of the container walls is considerably
      lower than at room temperature, this results in deformation (sagging) and
      tearing, respectively, of the container walls with a danger of implosion.
PAR  The porous mass may work loose from the wall of the container and/or its
      capillary structure may be damaged so that it can no longer be used for
      the return of condensate.
PAR  The choice of thicker and consequently more rigid container walls often is
      not possible for reasons of weight, cost-price or permissible dimensions,
      while the heat transmission walls are moreover restricted to certain
      thickness limits in connection with the thermal resistance.
PAR  In order to avoid the said drawbacks in a simple and cheap manner, a
      favorable embodiment of the heating device according to the invention is
      characterized in that one or more supporting elements are arranged in the
      container to support the container walls against pressure forces exerted
      thereon from without, said supporting elements permitting flow of medium
      vapor in the direction of heat transport.
PAR  Since the container walls are supported now, they will maintain their
      original shape and tearing of the walls, implosion or damage to the
      capillary structure of the porous mass is prevented. Should, normally, the
      possibility exist that, as a result of thermal stresses between the
      container walls and the porous mass or due to shocks or vibrations, said
      porous mass should work loose from the wall, the supporting elements will
      now also ensure that the porous mass remains in its place.
PAR  The supporting elements may be constituted, for example, by perforated
      metal plates, which are or are not connected together, by metal gauzes,
      folded in a zig-zag manner or by a structure of rods or pipes.
PAR  In a further favorable embodiment of the heating device according to the
      invention the supporting elements are constituted by a compressed porous
      filling mass of wire or tape-shaped material, the pores of which have such
      a size that the relationship
      ##EQU1##
      is satisfied, in which
PAR  .gamma. = surface tension of liquid heat transporting medium,
PAR  R = hydraulic radius of the pores in the porous mass.
PAR  .THETA. = angle of contact of liquid heat transporting medium in the pores
      of the porous mass,
PAR  R.sub.1 = hydraulic radius of the pores in the filling mass,
PAR  .THETA..sub.1 = angle of contact of liquid heat transporting medium in the
      pores of the filling mass,
PAR  .DELTA..sub.p = pressure loss of liquid heat transporting medium in the
      porous mass between the heat transmission wall and the further heat
      transmission wall as a result of the resistance to flow of said mass,
PAR  .rho. = density of liquid heat transporting medium
PAR  g = acceleration of gravity,
PAR  h = difference in height between second heat transmission wall first and
      heat transmission wall.
PAR  The container can be filled with such a filling mass in a simple and cheap
      manner. The wires or tapes may be arranged in the container in bulk and
      then be compressed -- which is of advantage in containers in which certain
      parts of the space inside are difficult of access -- for the compression,
      followed or not followed by sintering, may be carried out previously.
PAR  The left-hand term of the above relationship represents the resulting
      capillary force on liquid heat transporting medium in the porous mass, the
      hydraulic radius R being defined as
      ##EQU2##
       of the pores.
PAR  The angle of contact .THETA., namely the angle between the liquid surface
      and the wall of the pore, depends for a given liquid on the material of
      the wall of the pore and the nature of the wall surface. If in the present
      case the material of the porous filling mass is different from the porous
      mass, the capillary rise with the same hydraulic radius may be mutually
      different.
PAR  By ensuring that the above relationship is fulfilled, the porous mass will
      have a drawing effect for liquid which is so much larger than that of the
      filling mass that at the area of the heat transmission wall all the
      condensate is absorbed by the porous mass and nothing by the filling mass,
      while also in the direction from the first heat transmission wall to the
      second heat transmission wall condensate will not pass from the porous
      mass to the filling mass.
PAR  Consequently, transport of vapor from the further heat transmission wall to
      the heat transmission wall through the filling mass takes place
      substantially without hindrance.
PAR  All this means in practice, that the pores of the filling mass have a
      larger hydraulic radius than the pores of the porous mass. Comparatively
      large dimensions of the pores of the filling mass are also desirable to
      minimize the flow losses of the vapor and hence the gradient between the
      two heat transmission walls.
PAR  According to the invention, steel wool is preferably used as a material for
      the filling mass. Steel wool presents the advantage of a low price, can
      easily be compressed in all kinds of shapes and, in the compressed
      condition, can receive considerable surface pressures.
PAR  In order that the invention may be readily carried into effect, four
      embodiments of the heating device will now be described in greater detail,
      by way of example, with reference to the diagrammatic drawings, which are
      not drawn to scale.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIGS. 1a and 1b show a heating device constructed as a tunnel furnace,
PAR  FIGS. 2a and 2b show a heating device constructed as a furnace closed on
      one side
PAR  FIGS. 3a and 3b and 4 show heating devices which form an integral part of a
      transport duct for readily solidifiable liquids.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, reference numeral 1 denotes a closed container
      which is shown as a longitudinal cross-sectional view (FIG. 1a ) and as a
      cross-sectional view (FIG. 1b) taken on the line Ib--Ib of FIG. 1a,
      respectively. The container comprises a first heat transmission walll 2
      which bounds a heating space 3 (transit space) for objects to be heated
      which us open at either end and comprises a second heatt transmission wall
      4, the area of which is only a fraction of that of the first heat
      transmission wall 2. For the rest the container 1 is thermally insulated
      from the atmosphere by means of insulation material 5.
PAR  The inner walls of the container 1 are covered with a porous mass 6 which
      has a capillary structure, while the container is furthermore filled with
      a compressed and porous filling mass 7 having pores the cross-sections of
      which are larger than those of the pores in the mass 6. The porous filling
      mass 7 in this case consists of steel wool.
PAR  The container 1 furthermore comprises a suitably chosen quantity of sodium
      as a heat transporting medium. Thermal energy can be supplied to the
      second heat transmission wall 4 by means of a burner 8.
PAR  The operation of the heating device is as follows. During operation of the
      device, liquid sodium evaporates at the region of the second heat
      transmission wall 4 by the absorption of thermal energy from the burner 8,
      through the said heat transmission wall 4. The sodium moves in the vapor
      phases through the porous mass 7 to the heat transmission wall 2 as a
      result of the lower vapour pressure prevailing near the said wall due to
      the slightly lower temperature at that region. The sodium vapor then
      condenses on the heat transmission wall 2, while supplying the heat of
      evaporation to said wall, after which the condensate is returned, via the
      porous mass 6, by capillary action and while using the surface tension of
      the condensate, to the second heat transmission wall 4 to be evaporated
      there again. The return of condensate is possible in this case
      irrespective of the position of the heating device, so even against
      gravity or without the effect of gravity. Since the pores in the porous
      mass 6 have smaller cross-sections than the pores in the filling mass 7
      and consequently exert a larger drawing force, all the condensate at the
      area of the heat transmission wall 2 will be absorbed in the pores of the
      mass 6 and nothing in the filling mass 7. So all the pores in the filling
      mass 7 remain available for the transport of sodium vapor from the second
      heat transmission wall 4 to the heat transmission wall 2.
PAR  Heat transmission wall 2 will automatically assume the same temperature
      throughout its surface. Actually, the vapor always condenses where the
      lowest pressure prevails so that the locally different temperature is
      immediately corrected. Therefore we have a completely isothermal heating
      space 3.
PAR  Due to the large heat transporting capacity of sodium vapor, heat
      transmission wall 2, of large area, is heated to a uniform temperature by
      heating the second heat transmission wall 4, of small area, with only one
      burner 8.
PAR  Also due to the said large heat transporting capacity of sodium vapor there
      is substantially no temperature drop between the heat transmission walls 2
      and 4. Therefore, temperature measurement can be effected at the heat
      transmission wall 2, instead of in a large number of places in the heating
      space 3, as has been usual so far. For controlling the temperature of the
      heating device it is sufficient to control only the burner 8.
PAR  As a result of the process of evaporation-condensation of the sodium, a
      good heat transmission between liquid sodium and the two heat transmission
      walls is ensured. The container 1 is evacuated in order that the process
      of evaporation-condensation of the sodium can run off smoothly. The vapor
      pressure of the sodium both at room temperature and at an operating
      temperature of, for example, 600.degree. C, is much lower than 1
      atmosphere. Therefore, large pressure forces are exerted by the atmosphere
      especially on the upper and lower walls of the container with their large
      areas.
PAR  The porous filling mass 7 serves as a supporting element which receives the
      pressure forces exerted from without on the container wall and ensures
      that the container walls do not sag, tear and implode, respectively, or
      cause damage to the porous mass 6, so that the capillary structure of the
      last-mentioned mass can no longer be used.
PAR  In the furnace shown in FIG. 2 which is closed at one end, components
      corresponding to FIG. 1 are referred to by the same reference numerals.
      FIG. 2a is a longitudinal cross-sectional view of the furnace and FIG. 2b
      is a cross-sectional view taken on the line IIb  --IIb of FIG. 2a.
PAR  In these Figures, supporting elements for supporting the container walls
      against pressure forces from without are not shown. In furnaces having
      small dimensions and mechanically comparatively strong cylindrical or
      semicylindrical container walls, said elements are not always necessary
      either at low vapour pressures of the heat transporting medium.
PAR  Container 1 again comprises a heat transporting medium which, in a manner
      identical to that of the tunnel furnace shown in FIG. 1, performs a cycle
      of evaporation-condensation, so that the description of the operation of
      the furnace may further be omitted.
PAR  The heat source in this embodiment is an electric heating coil 9 which is
      thermally insulated from the atmosphere and the ends of which can be
      connected to a source of electrical energy.
PAR  By heating the small annular second heat transmission wall 4 near the
      entrance of the furnace by means of the heating coil 9 the entire heat
      transmission wall 2 of the furnace assumes a uniform temperature. The
      furnace thus is entirely isothermal.
PAR  In FIGS. 3 and 4, in which for corresponding components the same reference
      numerals are used as in the preceding Figures, the container has an
      annular cylindrical construction and forms part of a liquid transporting
      duct 11.
PAR  FIG. 3a is a longitudinal cross-sectional view of the liquid transporting
      duct and FIG. 3b is a cross-sectional view taken on the line IIIb--IIIb of
      FIG. 3a. The second heat transmission wall 4 in this case is constituted
      by a part of the annular cylindrical outer wall to which thermal energy
      can be supplied by the heating coil 9 as a result of which the complete
      annular cylindrical inner wall, namely the heat transmission wall 2,
      assumes an isothermal temperature as a result of the cycle of
      evaporation-condensation of the heat transporting medium present in the
      container 1. When the operating temperature is slightly above the
      solidification point of the liquid transported through the heating space
      3, there will nowhere throughout the transporting track exist the danger
      of liquid solidifying and local clogging of the duct occurring, since the
      temperature of the heat transmission wall 2 is the same everywhere.
PAR  The device shown in FIG. 4 in general is equal to that shown in FIG. 3. In
      this device, the second heat transmission wall 4 is present on the
      left-hand end of the liquid duct and arranged in a liquid container 12
      which communicates with a storage container 13 via the liquid duct 11.
PAR  If, for example, the liquid container 12 comprises lithium fluoride, LiF
      (solidification point approximately 848.degree. C) which is to be
      transported to the storage container 13, which may be effected, for
      example by siphoning effect, the heat transporting medium in the container
      1, for example sodium, will absorb thermal energy from the LiF bath
      through the second heat transmission wall 4. The process of
      evaporation-condensation of sodium already described, then again occurs
      within the container 1 so that the heat transmission wall 2 again assumes
      a uniform temperature throughout its surface. Liquid LiF flowing through
      the space 3 can not solidify within the liquid duct 11. Liquid
      transporting duct 11 itself now requires no heating coil. Of course,
      liquid container 12 should be kept at the desirable temperature.
PAR  Of course all kinds of other embodiments are possible within the scope of
      this invention in addition to the embodiments described. The heating
      device according to the invention may advantageously be used for all kinds
      of purposes including these mentioned already in the introduction. Notably
      the use in glass technology (manufacture and processing of glass) is
      interesting.
PAR  For example, the device shown in FIG. 2 may serve on the one hand as a tank
      furnace, as a melting tank for glass and on the other hand as a storage
      container in which molten glass is maintained at a given temperature. The
      storage container may be connected to the melting tank via a transporting
      duct for liquid glass having a construction according to that shown in
      FIGS. 3 or 4. A glass-processing device, for example, for drawing glass in
      the form of rods or tubes, as described, for example, in U.S. Pat. No.
      3,063,268, may in turn be connected to the storage container, likewise via
      such a duct. The outflow aperture of the said drawing device may be in
      agreement with a construction which corresponds to that of FIG. 1 of the
      present application.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A furnace operable with a heat source and providing an isothermal
      heating chamber comprising first and second tubes, the first tube situated
      within the second with an annular space having first and second ends
      defined between the walls of said tubes and a bore defined within the
      first tube, and walls closing said ends of the annular space and sealing
      same, a vaporizable liquid heat-transporting medium within said annular
      space, said tube walls and end walls having inner surfaces defining said
      chamber, and having outer surfaces, said furnace further comprising
      capillary material on said inner surfaces, and compressed porous filling
      material within said chamber and supporting said tube walls from
      compression, said filling material and capillary material having pores,
      the hydraulic diameter of the filling material pores being greater than
      that of said capillary material, one portion of said outer surface being a
      heat transmission wall for receiving heat from said heat source, and said
      furnace being operable as a heat pipe.
NUM  2.
PAR  2. A furnace according to claim 1 further comprising closure means closing
      one end of said bore.
NUM  3.
PAR  3. A furnace according to claim 2 wherein said closure means is formed by
      walls defining a passage therethrough which communicates with said annular
      space, said passage walls further comprising capillary material thereon
      similar to and contiguous with said capillary material on said inner
      surfaces of said chamber walls.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said porous material comprises
      steel wool.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said heat source comprises a
      first container for containing liquid, the apparatus being operable with a
      second container for receiving and storing said liquid, and said first
      tube bore comprises a liquid transfer line having first and second ends,
      said heat transmission wall and first end of the liquid transfer line
      extend into said first container for contacting and receiving heat from
      liquid therein and for communicating said liquid to said second container,
      said transfer line being said isothermal furnace.
NUM  6.
PAR  6. A heating device as claimed in claim 1, characterized in that the
      supporting means comprises a compressed porous filling mass of wire or
      tape-shaped material, the pores of which have such a size that the
      relationship
      ##EQU3##
      is satisfied, in which .gamma. = surface tension of liquid heat
      transporting medium
PA1  R = hydraulic radius of the pores in the porous mass.
PA1  .eta. = angle of contact for liquid heat transporting medium in the pores
      of the porous mass,
PA1  R.sub.1 = hydraulic radius of the pores in the filling mass,
PA1  .eta..sub.1 = angle of contact for liquid heat transporting medium in the
      pores of the filling mass,
PA1  .DELTA..sub.p = pressure loss of liquid heat transporting medium in the
      porous mass between the heat transmission wall and the further heat
      transmission wall as a result of the resistance to flow of said mass,
PA1  .rho. = density of liquid heat transporting medium,
PA1  g = acceleration of gravity.
PA1  h = difference in height between further heat transmission wall and heat
      transmission wall.
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ABST
PAL  A buried oil transportation pipeline is provided with a dual sheath for
      recirculating liquid coolant under pressure. The liquid coolant eliminates
      thermal interference with the environment, provides means for detecting
      oil leaks and for recovery of leaked oil, and further provides for
      improved oil throughput.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to pipelines, and particularly to an oil
      transportation pipeline especially adapted for use in transporting
      petroleum over long distances in an Arctic environment.
PAR  Because of the large petroleum resources available at the north slope of
      Alaska, a great deal of research and study has been undertaken in recent
      years in order to determine whether it would be feasible to construct an
      oil pipeline extending from the north slope of Alaska to a port on the
      south coast. One proposal, which has received a great deal of attention,
      relates to the construction of a 789 mile long pipeline extending from a
      point south of Prudhoe Bay on the north slope to Port Valdez. Numerous
      technical problems have to be overcome in the implementation of such a
      proposal. Undoubtedly, the greatest problem is the effect of the proposed
      pipeline on the Arctic environment, and the magnitude of the problem may
      be appreciated by reference to Final Environmental Impact Statement,
      Proposed Trans-Alaska Pipeline, Government Printing Office, 1972. Various
      other technical problems relating to construction and maintenance of the
      pipeline also exist.
PAR  In general, there are two types of pipeline construction, each of which has
      its own inherent problems.
PAR  Above-ground construction would result in a considerable disturbance to the
      Arctic wildlife. For example, an above-ground pipeline would constitute a
      barrier, preventing the normal movement of caribou, moose, sheep, musk-ox,
      and bison. It is believed that an above-ground pipeline would be
      particularly detrimental to caribou, since they are characteristically
      migratory, and their well-being depends upon movement to traditional
      calving and seasonal grazing areas. Although moose, sheep, musk-oxen and
      bison are not considered migratory in the same sense as caribou, they do
      undergo seasonal movements of a moderately extensive nature. Obstruction
      of the seasonal movements of these animals would reduce the utilization of
      their habitat and perhaps isolate essential components of their ranges.
PAR  The construction of an above-ground pipeline would also involve extremely
      high construction and maintenance costs. For example, millions of cubic
      yards of gravel and crushed rock would be required to construct a support
      for the pipeline. The obtaining and transportation of gravel and crushed
      rock would result in extremely high costs. Similarly, high costs would be
      involved in the construction of concrete pads, steel plates and sliding
      cradles to support the pipeline. In an above-ground pipeline, certain
      parts of the line would have to be buried, and this requirement would give
      rise to particularly complex and costly problems.
PAR  The maintenance of an above-ground pipeline would include the costs of
      repair of lightning damage, snow removal, the cost of repairing damage
      caused by vandalism and sabotage, and the cost of surveillance.
PAR  A buried pipeline, on the other hand, has its own inherent problems,
      perhaps the most significant of which is the effect of the pipeline
      temperature on the permafrost. Permafrost is frozen soil, much of which
      contains large quantities of frozen water. Its strength is dependent upon
      the frozen condition of its water content. Thus, if melting occurs, the
      permafrost may no longer provide support. Oil, on the other hand, only
      flows efficiently at relatively high temperatures, its viscosity varying
      inversely with temperature. Furthermore, at high flow rates, oil
      temperature may actually increase in the pipeline. An ordinary pipeline,
      buried in permafrost, would transmit heat to the permafrost, and possibly
      cause its own destruction by melting away its support. Even if adequate
      support remained, the application of heat by the pipeline to the
      permafrost over long periods of time would cause a pool of water to
      collect which would continue to grow into a large pond or "thaw bulb",
      possibly causing a great deal of damage to the pipeline and the
      environment.
PAR  Other problems inherent in buried oil pipeline are the difficulty in
      accommodating expansion and contraction which result from temperature
      changes, and the difficulty of detecting and repairing oil leaks.
PAR  A problem inherent in oil pipelines, whether above-ground or buried, is the
      limitation on throughput imposed by the maximum pressure-withstanding
      capacity of the pipeline.
PAR  The principal object of this invention is to provide a buried pipeline in
      which the aforementioned problems are overcome.
PAR  Briefly, the pipeline comprises an inner oil-carrying conduit surrounded by
      a series of annular evacuated chambers, the chambers being in turn
      surrounded by a pair of coaxial conduits in which a liquid coolant is
      recirculated under pressure.
PAR  The temperature of the liquid coolant is controlled so that the pipeline
      does not alter the condition of the permafrost in which it is buried even
      though the oil being transported in the pipeline may be at a very high
      temperature.
PAR  The control of the temperature of the coolant-carrying conduits limits
      their expansion and contraction, and expansion joints are provided in the
      pipeline to permit longitudinal expansion and contraction of the
      oil-carrying conduit and the surrounding vacuum sections.
PAR  The recirculating coolant is a transparent liquid which facilitates leak
      detection by photoelectric means. If oil in the central conduit leaks into
      the coolant system, photoelectric detectors, responding to the reduced
      transparency of the coolant, register the existence and approximate
      location of the leak. The photoelectric system may be used as a back-up
      for other leak detecting devices which are explained hereinafter in
      greater detail.
PAR  When oil leaks into the coolant system in large quantities, it may be
      recovered and returned to the oil conduit by oil recovery means located at
      the coolant pumping stations which are located at intervals along the
      pipeline.
PAR  Finally, the pressure of the coolant in the coolant conduits imposes an
      inward pressure on the exterior of the oil transporting conduit through
      the vacuum section structure, permitting the oil to reach higher
      pressures, and therefore higher flow rates, in the oil conduit, than in a
      conduit of equal size in a conventional single conduit pipeline.
PAR  Other objects will be apparent from the following detailed description when
      read in conjunction with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram of several sections of pipeline in accordance with the
      invention showing oil pumping and coolant pumping stations;
PAR  FIG. 2 is a longitudinal section of a length of pipeline in accordance with
      the invention;
PAR  FIG. 3 is a longitudinal section of a pipeline illustrating a system of
      leak detectors;
PAR  FIG. 4 is an enlarged view of a typical intermediate coolant pumping
      station corresponding to station 4 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a portion of the pipeline extending from the inlet end to an
      intermediate point. An oil pumping station 2 is located at the inlet end,
      and typical intermediate pumping stations 4, 6 and 8 are shown, it being
      understood that in a typical pipeline numerous similar stations will be
      present along its length. Stations 4 and 8 are coolant pumping stations,
      and station 6 is a combined coolant and oil pumping station. Preferably,
      the coolant pumping stations and combined oil and coolant pumping stations
      are arranged in alternating sequence along the pipeline. However, as the
      pumping of oil is only necessary in order to build up oil pressure lost in
      the pipeline, under certain circumstances it may be possible to eliminate
      some of the oil pumps.
PAR  Certain important details of the pipeline are illustrated in FIG. 2. The
      pipeline comprises an inner oil-carrying conduit 10 which, for the most
      part, is surrounded by an insulating structure 12 consisting of annular
      evacuated chambers such as those indicated at 14. These chambers are
      formed by welding ring-shaped plates such as plate 16 to the exterior of
      conduit 10, and enclosing chambers 14 by means of cylindrical elements 18,
      which are welded between the respective peripheries of plates 16. In a
      pipeline in which the outer diameter of conduit 10 is 48 inches, the outer
      diameter of the insulating structure 12 is typically approximately 52
      inches, while the length of each evacuated chamber 14 is approximately 40
      feet.
PAR  Coaxial with conduit 10 and spaced from it are a pair of conduits 20 and 22
      which provide the path for recirculation of coolant. Conduit 20 is
      typically 60 inches in diameter, and conduit 22 is typically 68 inches in
      diameter.
PAR  As shown in FIG. 2, the insulating structure 12 is interrupted at intervals
      to provide for expansion joints for the oil-carrying conduit. A typical
      expansion joint is generally indicated at 24, and comprises a sleeve 26
      welded to one section 28 of oil-carrying conduit and slidably engaged with
      section 30 of the conduit. Conventional packing means (not shown) are
      provided to insure against leakage of the joint.
PAR  The insulating structure 12 is secured to the outer conduits 20 and 22 by
      means of an anchor 32, preferably located approximately half way between
      expansion joints. The anchor insures against additive translation of
      successive sections on conduit 10, which could result in excessive opening
      or closing movements in certain of the expansion joints.
PAR  Returning to FIG. 1, conduits 20 and 22 are interconnected with each other
      at various points along the pipeline. The first interconnection is
      indicated at 34 next to end closure 36. A second interconnection is
      indicated at 38, a third interconnection is indicated at 40. The coolant
      paths at 38 and 40 are isolated from each other by separating means 42.
      Fourth and fifth interconnections are indicated at 44 and 46 respectively,
      and again, these are isolated from each other by separator 48. Sixth and
      seventh interconnections are indicated at 50 and 52, and separating means
      is shown at 53.
PAR  Crude oil enters the pipeline system at inlet 54 of antisurge tank 56. The
      oil is pumped into conduit 10 by means of pump 58. The oil is collected at
      station 6 in antisurge tank 60, and is pumped back into the oil-carrying
      conduit by means of pump 62. Oil is again pumped at other combined coolant
      and oil pumping stations similar to station 6. These stations in a typical
      pipeline, are located at intervals determined by the topography, and the
      pressure of the pumping units. In the 789 mile Alaskan pipeline, the
      number of pumping stations will depend on the production of oil, pumping
      stations being added as production increases. For example, the pipeline
      could be put into operation with 5 pumping stations, with the number of
      pumping stations increased to 12 as production increases.
PAR  A coolant tank 64 in coolant pumping station 4 contains a coolant which
      preferably consists of a mixture of ethylene glycol and water, this
      mixture being preferred because it is transparent. The coolant passes out
      of tank 64, through a temperature control unit 66, which is primarily a
      refrigeration unit, although it may also be equipped with heating means if
      desired in order to keep oil in a fluid state in the event of an extended
      shut-down. The coolant is pumped by means of pump 68 into outer coolant
      channels 74 and 76, through regulating valves 70 and 72. The coolant flows
      through these channels, and through interconnections 34 and 38, and back
      through inner coolant channels 78 and 80. The coolant is returned to tank
      64 through pressure reducing valves 82 and 84. The supply of coolant in
      tank 64 is maintained by pumping coolant into tank 64 from make-up tank 86
      by means of pump 88. An overflow outlet is indicated at 90. The coolant
      pumping system at each of the remaining stations is similar to that just
      described. Overflow outlet 90 is connected to standby tanks (not shown).
PAR  In addition to the coolant recirculating means, each pumping station is
      provided with gravity-operated separating means, a typical separating
      means being designated 92 at station 4. The separating means is connected
      to the coolant tank 64, and separates from the coolant any oil which is
      returned to tank 64 with the coolant. Separated oil is returned to
      oil-carrying conduit 10 through pump 94. A pressure relief valve is
      provided between each outer coolant channel and its associated coolant
      storage tank. Typical relief valves are indicated at 96 and 98.
PAR  The pipeline is preferably provided with a system of detectors for
      providing a warning in the event of oil leakage and also for indicating
      the location of a leak. As shown in FIG. 3, each vacuum chamber 14 is
      provided with a pressure-operated switch 100 and a hydrometer 102. The
      pressure-operated switch 100 is so arranged as to respond when the vacuum
      in vacuum chamber 14 is destroyed. Thus, if a leak of oil or coolant into
      the vacuum chamber 14 occurred, a signal would be provided by the pressure
      switch, and would be transmitted through a cable to a manned control
      station. Hydrometer 102 responds to the specific gravity of liquid in
      chamber 14, and provides two different signals, depending on whether the
      liquid entering the vacuum chamber 14 is oil or coolant. These signals are
      likewise delivered to a control station through a cable. The pressure
      switch and the hydrometer back each other up. Thus, if a signal is
      delivered by the hydrometer, while no signal is delivered by the pressure
      switch, the signal delivered by the hydrometer may be ignored. Likewise,
      if the pressure switch delivers a signal without a corresponding signal
      from the hydrometer, the signal from the pressure switch may be ignored.
      However, if both signals are present simultaneously, the pipeline operator
      may be confident that a leak has occurred into a vacuum section, and may
      record the failure of the vacuum section. Ordinarily, no repair would be
      undertaken immediately in the event of a leak such as just described, as
      the leakage of coolant or oil into a few vacuum sections would not
      materially affect the performance of the pipeline. The record which is
      kept, however, will be useful for predicting the locations of more serious
      failures, and also for scheduling routine maintenance.
PAR  Also shown in FIG. 3 is one of a large number of photoelectric sensing
      devices 104 which are spaced at intervals along the pipeline. Each sensor
      104 comprises a tubular enclosure 106 extending inwardly through conduits
      22 and 20 into coolant space 78. A horizontal passage 108 is provided in
      tube 106, and coolant in passage 78 is allowed to flow through passage
      108. Within tube 106, there is located a transparent glass tube 110, in
      which are located a light source 112 and a photosensitive detector 114,
      for example a selenium photocell. Light emitted by light source 112 is
      transmitted downwardly through the end 116 of glass tube 110, through
      passage 108, and is reflected by mirror 118 back through passage 108 and
      through end 116 to the photosensitive detector 114.
PAR  Light source 112 may be energized by pulses or continuously. So long as
      light is received by photosensitive detector 114 at appropriate times, a
      signal is provided which indicates that the liquid in passage 108 is
      transparent, and therefore consists essentially of coolant. However, if an
      oil leak occurs such that oil passes entirely through a vacuum chamber
      upstream of sensor 104 with respect to the direction of flow of coolant in
      passage 78, then oil, mixed with coolant will pass through passage 108,
      and partially or completely block the light beam. When that happens, a
      signal is provided indicating a leak, still confined to the pipeline, but
      which requires corrective action. The resolution of the location of the
      leak is, of course, dependent upon the numbers of sensors 104. However,
      considering the information supplied by the pressure switches and
      hydrometers which are provided in each vacuum section, it will be apparent
      that a relatively small number of photoelectric sensors 104 will be
      sufficient to provide adequate information concerning the location of a
      leak in which oil passes entirely through the vacuum chamber. Thus, as few
      as one sensor 104 for every 15 or 20 vacuum sections would normally
      provide for accurate identification of the vacuum section at which a leak
      of oil into passage 78 occurred.
PAR  The principal advantage of the invention lies in the fact that at the
      pipeline, although buried in the ground, will not alter the condition of
      the permafrost. Rather, it allows the permafrost to follow its natural
      course of freezing and partial thawing. Preferably, the temperature of the
      area terrain in the vicinity of the pipeline and the temperature of the
      permafrost immediately adjacent the pipeline are monitored. When the
      temperature of the area terrain and the permafrost adjacent the pipeline
      are both below the freezing point of water, the temperature control unit
      66 is not activated. If the area terrain is at the freezing point of water
      or at a lower temperature, and the permafrost surrounding the buried
      pipeline is thawing, the temperature units 66 are activated to reduce the
      temperature of the coolant in the outer channel, thus restoring the
      temperature of the permafrost to the freezing point of water. Finally, if
      the area terrain is in a thawing condition, the temperature control units
      will cause coolant to recirculate at a temperature above the freezing
      point of water.
PAR  Another important advantage of the invention lies in the fact that the use
      of a transparent coolant circulating in a coolant channel surrounding the
      oil-carrying conduit, facilitates the detection of oil leaks by allowing
      the use of optical detection means. The use of recirculating coolant also
      has the advantage that it provides for the entrapment of oil leaking out
      of the oil-carrying conduit and the recovery and reintroduction of leaking
      oil into the oil-carrying conduit. The coolant channels, which are
      normally operated under a pressure partway between atmospheric pressure
      and the pressure of the oil within the oil-carrying conduit, and typically
      at a pressure of about 500 pounds per square inch, exert an inward
      pressure on the oil-carrying conduit which effectively increases the
      pressure-withstanding capacity of the oil-carrying conduit, thereby
      permitting increased oil throughput.
PAR  Other advantages of the invention include the fact that expansion is
      reduced by temperature control and accommodated in a pipeline which
      extends substantially in a straight line; and the ability of the pipeline
      to maintain oil in a fluid state (even in the event of an extended
      shut-down) by reason of the insulation provided by vacuum sections, aided
      by the temperature controlled circulating coolant in the coolant conduits,
      which may be warmed up to, but not exceeding, 32.degree. F if necessary to
      maintain the oil above its jelling temperature of approximately 15.degree.
      F. Finally, there are the advantages of long life expectancy and
      relatively low maintenance cost.
PAR  While the pipeline is primarily useful for the transportation of oil, it is
      also suitable for use in transporting cooled or liquefied natural gas by
      reason of the exceptionally good insulation afforded by the evacuated
      sections and the recirculating coolant.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pipeline comprising a conduit for containing a fluid to be
      transported, means surrounding said conduit for transporting an optically
      transparent fluid, pumping means for causing said optically transparent
      fluid to flow through said means surround said conduit, means for
      directing a beam of light into said optically transparent fluid within
      said means surrounding said conduit, and photosensitive means for
      receiving said beam of light after said beam passes through a portion of
      said optically transparent fluid, whereby the leakage of a fluid from the
      interior of said conduit into the optically transparent fluid may be
      detected by said photosensitive means by reason of a change in the optical
      density of the fluid within said means surrounding said conduit.
NUM  2.
PAR  2. A pipeline for transporting oil at a temperature higher than that of the
      pipeline environment while minimizing interference with said environment
      comprising an oil-carrying conduit for containing the oil to be
      transported, a plurality of independent coolant-recirculating sections
      located along the length of the pipeline, each said coolant-recirculating
      section comprising:
PA1  a first coolant-carrying conduit extending along and surrounding the oil
      containing conduit;
PA1  a second coolant-carrying conduit extending along the oil containing
      conduit, the second coolant-carrying conduit being substantially
      coextensive with and surrounding the first coolant-carrying conduit;
PA1  means closing the ends of said first and second conduits;
PA1  means, located adjacent one of said closing means, for providing an
      interconnection between said first and second conduits to allow flow of
      coolant therebetween;
PA1  pumping means, interconnected with said first and second conduits at a
      location remote from said interconnection-providing means, for withdrawing
      coolant from one of said first and second conduits and introducing the
      withdrawn coolant into the other of said first and second conduits, and
      means connected to said pumping means for separating oil from withdrawn
      coolant and for injecting the separated oil into the oil-carrying conduit
      and
PA1  means connected in series with the pumping means for refrigerating said
      coolant prior to its introduction into said other of said first and second
      conduits.
NUM  3.
PAR  3. A pipeline according to claim 2 in which at least a substantial part of
      the oil-carrying conduit is surrounded by evacuated insulation means for
      reducing the conduction of heat from the oil-carrying conduit to the first
      coolant-carrying conduit.
NUM  4.
PAR  4. A pipeline according to claim 2 in which the pumping means is arranged
      to withdraw coolant from the first conduit and to introduce said coolant
      into the second conduit.
NUM  5.
PAR  5. A pipeline according to claim 2 including means responsive to the
      optical density of the fluid in the first coolant-carrying conduit for
      providing a signal indicative of an oil leak when oil from the
      oil-carrying conduit leaks into the coolant-carrying conduits.
NUM  6.
PAR  6. A pipeline according to claim 2 including means connected in series with
      the pumping means for warming the coolant to a temperature between
      15.degree. F and 32.degree. F prior to its introduction into said other of
      said first and second conduits.
NUM  7.
PAR  7. A pipeline for transporting oil at a temperature higher than that of the
      pipeline environment while minimizing interference with said environment
      comprising an oil-carrying conduit for containing the oil to be
      transported, and a plurality of independent coolant-recirculating sections
      located along the length of the pipeline, each said coolant-recirculating
      section comprising:
PA1  a first coolant-carrying conduit extending along and surrounding the
      oil-containing conduit;
PA1  a second coolant-carrying conduit extending along the oil-containing
      conduit, the second coolant-carrying conduit being substantially
      coextensive with and surrounding the first coolant-carrying conduit;
PA1  means closing the ends of said first and second conduits;
PA1  means, located adjacent one of said closing means, for providing an
      interconnection between said first and second conduits to allow flow of
      coolant therebetween;
PA1  pumping means, interconnected with said first and second conduits at a
      location remote from said interconnection-providing means, for withdrawing
      coolant from one of said first and second conduits and introducing the
      withdrawn coolant into the other of said first and second conduits; and
PA1  means responsive to the optical density of the fluid in the
      coolant-carrying conduits for providing a signal indicative of an oil leak
      when oil from the oil-carrying conduit leaks into the coolant-carrying
      conduits.
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ABST
PAL  An agricultural irrigation system has two reciprocating cables which are
      reciprocated at a main pivot and connected by chain and sprocket at the
      far end. Alternate vehicles are attached to one or the other cables. At
      each vehicle the cable acts to both align the vehicle and power it through
      a "joy stick" attached. Reciprocating motion of the "joy stick" powers the
      vehicle and tilting motion aligns it. The alignment is accomplished by
      lifting the dog from a ratchet wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to agricultural irrigation and more particularly to
      the movement and alighment of an irrigation pipe with sprinklers thereon.
PAR  2. Description of the Prior Art
PAR  The patent obtained by PURTELL and myself, U.S. Pat. No. 3,500,856,
      discloses an irrigation system with a driving chalk line wherein the drive
      arm 110 connects a single cable to the vehicle, the single cable both
      driving the vehicle and furnishing the alignment for the vehicle. The
      alignment was transferred from the cable through drive arm by having teeth
      on the drive arm either engaging or not engaging a power lever. The drive
      was transmitted from this to a vehicle by a foot.
PAC  SUMMARY OF THE INVENTION
PAR  1. New and Different Function
PAR  I have now improved upon the system of the prior art by providing a
      continuous moving system which has a more constant movement, thus,
      eliminating some of the difficulties of having the system intermittently
      moving. Also, I have used two driving cables so as to reduce the power and
      strength of the cable. Further, I have improved the reversing dogs which
      transmit power from the trojan bar to the wheels.
PAR  2. Objects of the Invention
PAR  An object of this invention is to irrigate agricultural land.
PAR  Another object is to maintain in operative alignment a system to achieve
      the above.
PAR  Other objects are to achieve the above with a device that is sturdy,
      compact, durable, lightweight, simple, safe, efficient, versatile, and
      reliable, yet inexpensive and easy to manufacture, install, adjust,
      operate and maintain.
PAR  Further objects are to achieve the above with a method that is versatile,
      rapid, efficient, and inexpensive, and does not require skilled people to
      install, adjust, operate, and maintain.
PAR  The specific nature of the invention, as well as other objects, uses, and
      advantages thereof will clearly appear from the following description and
      from the accompanying drawing, the different views of which are not
      necessarily to the same scale.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top plan schematic representation of an irrigation system of
      this type.
PAR  FIG. 2 is a side elevational view of one vehicle according to this
      invention.
PAR  FIG. 3 is a sectional view taken substantially on line 3--3 of FIG. 2
      showing details of construction.
PAR  FIG. 4 is a back view of the joy stick taken substantially on line 4--4 of
      FIG. 2 with parts omitted for clarity.
PAR  FIG. 5 is a sectional view taken on line 5--5 of FIG. 4.
PAR  FIG. 6 is a sectional view taken on line 6--6 of FIG. 5.
PAR  FIG. 7 is an enlarged side view of the ratchet as seen in FIG. 2 with parts
      broken away for clarity.
PAR  FIG. 8 is a front elevational view of portions of the system showing the
      pivot end and the far end showing the connection of the cables.
PAR  FIG. 9 is an enlarged end of one of the trojan bars as seen in FIG. 2 with
      the dog removed.
PAR  FIG. 10 is an enlarged sectional view of one of the dogs taken
      substantially on line 10--10 of FIG. 11.
PAR  FIG. 11 is a sectional view of one of the dogs taken on line 11--11 of FIG.
      10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As may be seen in the drawing, main irrigation pipe 20 is attached to a
      center pivot which also forms means 22 for supplying water under pressure
      to the pipe 20. The pipe 20 carries a plurality of sprinklers 24. The pipe
      is supported by a plurality of vehicles 26.
PAR  Power unit 28 is attached to the pipe 20 adjacent the pivot 22 (FIG. 8). It
      includes an electric motor which drives a pair of crank arms 30. Cable or
      cable run 32 is attached to one crank arm and cable or cable run 34 is
      attached to the other crank arm. The cables extend the entire length of
      the system. Chain 36 is attached to the end of each cable. The chain
      extends around sprocket or pulley 38 which is attached to the pipe 20
      beyond outer vehicle 40. The sprocket 38 is attached by a vertically
      depending spindle so that the cables are in side-by-side relationship. It
      will be readily understood that as the crank arms 30 rotate, they impart a
      reciprocating movement to the cables 32 and 34.
PAR  Alternately, the vehicles 26 are attached to either the cable 32 or 34.
      I.e., the odd numbered vehicles could be attached to the cable 32 and the
      even numbered vehicles attached to cable 34. Therefore, each cable would
      be pulling half of the vehicles and, thus, reducing the tension upon the
      cables to one-half the amount which would be required if all the vehicles
      were attached to one cable.
PAR  It will be understood that the end vehicle 40 and those vehicles nearer to
      it than to the center pivot 22 could be drivingly connected to both cables
      32 and 34. Therefore, these double-connected vehicles would be driven at
      twice the speed of the single-connected vehicles as illustrated in FIG. 2.
PAR  Each of the vehicles 26, with the exception of the outer most vehicle 40,
      are substantially identical. Therefore, one typical vehicle 26 will be
      described in detail and it will be understood that the others are the
      same, except for the attachment of joy stick or stiff arm 42 as will be
      explained in the description.
PAR  Each vehicle has frame 44. The frame connects two wheels 46 and supports
      the pipe 20. Inasmuch as the bracing and truss structure to support the
      pipe between vehicles, etc., are all well known to the art, they will not
      be discussed in detail herein, however, all those conventional items, it
      will be understood, are included.
PAR  Joy stick or stiff arm 42 is attached by universal joint or universal pivot
      48 to the frame 44. (FIGS. 4, 5, and 6). The joy stick extends upward from
      the universal joint 48. Power cable 32 is attached to the top of the joy
      stick 42. Likewise, joy stick 50 is attached to the frame and is connected
      to the cable 34. The joy stick 42 is in the form of a bell crank and has
      foot 52 which extends parallel to the cable 32. Brace 54 extends from the
      end of the foot 52 to the upper portion of the joy stick 42. Pittman 56
      connects to the juncture of brace 54 and the foot 52 and extends downward.
      It will be understood that the horizontal reciprocation of the cable 32,
      as described above, will cause a vertical reciprocation of the pitman 56.
PAR  The lower end of the pitman 56 is connected to ratchet lever 58. (FIG. 7).
      The ratchet crank is pivoted to the same axle as ratchet wheel 60. Pawl 62
      is pivoted to the ratchet lever 58. The pawl is pivoted at midpoint to the
      ratchet lever and a portion extending away from the wheel is called tail
      64.
PAR  Heel 66 extends rearwardly from the pitman 56 at the brace 54 of the foot
      52. Byy rearwardly, I means opposite the direction of travel of the
      vehicle 26. It is important to note that when the direction of travel of
      the vehicle 26 is reversed, it is necessary also to reverse the heel 66
      upon the joy stick 42 so alignment is obtained. Pitman 68 extends from the
      heel 66 to the tail 64. (FIG. 7). Nut 70 on the pitman 68 rides on top of
      the tail and helical compression spring 72 rides below the tail 64.
      Therefore, if the vehicle is ahead of the line as established by the cable
      32, the joy stick will be rocked backwards inasmuch as the cable will be
      the rear of a normal position inasmuch as the vehicle is forward;
      therefore, if the joy stick 42 is rocked backward and since the heel 66
      extends to the rear, the heel will be depressed which causes a downward
      movement of the ptiman 68 which depresses the tail 64 of the pawl 62. As
      may be seen when the tail is depressed, the pawl does not engage ratchet
      wheel 60. Therefore, reciprocation of the cable 32 will result in the
      reciprocation of the ratchet lever 58, but this will not drive the ratchet
      wheel 60. Thus, the mechanism operates as a clutch.
PAR  On the other hand, if the vehicle is behind the line as established by
      cable 32, the heel 66 will be raised and the tail 64 will be raised and
      the pawl 62 will engage the wheel 60. Spring 72 will provide the necessary
      clicking action. Therefore, reciprocation of the cable 32 and the ratchet
      lever 58 will be translated into rotational movement of the wheel 60.
PAR  It will be understood that the travel and speed of each vehicle 26 is
      proportional to the distance from the center pivot 22. Thus, the vehicles
      closer to the center 22 may be driven slower by moving the heel assembly
      (carrying pitmans 56 and 68) inward along the foot 52 toward the universal
      joint 48. Analysis will show this reduces the tension in the cables 32 and
      34. Ordinary mechanics will understand how to position the heel assembly
      at any point along the foot 52.
PAR  Crank arms 74 and 76 are attached to the shaft carrying the wheel 60 so
      they rotate with the wheel 60. Trojan bars 78 and 80 are journaled to the
      crank arm 74 and trojan bars 82 and 84 are journaled to crank arm 76.
      (FIG. 3). Dogs 86 on the end of the trojan bars engage lugs 88 on the
      vehicle wheels 46. As may be seen, the trojan bars 78 and 82 go to the
      forward wheel, as illustrated, and the trojan bars 80 and 84 go to the
      rear wheel, as illustrated. Also, inasmuch as the crank arms 74 and 76 are
      diametrically opposed, as illustrated, trojan bars 82 and 84 are driving
      their respective wheels forward as trojan bars 78 and 80 are being
      retracted to engage the next lub 88. Therefore, with each stroke of
      ratchet lever 58 when the pawl 62 is engaged, each of the vehicle wheels
      46 are being driven. Also, it will be apparent, if only one crank arm 74
      or 76 were used, this would not be the case and the wheel would be driven
      only for each half revolution of the ratchet wheel 60.
PAR  It will be understood the ratchet wheel 60 is driven by the pull of the
      cables 32 or 34 toward the center 22. If both cables are connected, the
      pulls will be alternate and the rotation of the ratchet wheel 60 will be
      continuous or nearly so. Also, if both cables 32 and 34 are connected, a
      reversing mechanism (such as a rocker arm) must be used from the joy stick
      50 to push the dog downward on the teeth of the wheel 60 rather than
      upward, as illustrated, from joy stick 42.
PAR  Also, other mechanisms may be used to drive the vehicle 26 from the
      rotation of the ratchet wheel 60. For example, a push foot as disclosed in
      U.S. Pat. No. 3,500,856, noted above, could be used. Another mechanism is
      that a chain drive from the ratchet wheel 60 to each vehicle wheel 46
      could be used. Since chain drives from one wheel shaft to another are so
      common, none is illustrated here.
PAR  The end of the trojan bars are supported by roller 90 which is attached by
      yoke 92 to the end of the trojan bars 78, 80, 82, and 84. As seen, the
      roller rides on arc 94 which is attached to the frame of the vehicle. The
      arc is concentric to the wheel 46 which is adjacent. Therefore, the ends
      of the trojan bars are thus supported and guided.
PAR  The direction of the vehicle travel is determined by the direction of the
      dogs 86; therefore, if it is desired to reverse the direction of travel of
      the vehicle, the dogs 86 are reversed on the trojan bars 78, 80, 82, and
      84. The dog 86 is U-shaped in cross section with the depending catch 96
      being the element which engages the lug 88 upon the wheel 46. (FIGS. 10
      and 11). The dog is attached to the trojan bar by having a forward angled
      surface which bears against boss 98 welded to the trojan bar 78. The dog
      86 is held in place by beveled washer bar 100 carried by bolt 102 on the
      trojan bar. The beveled bar engages upward extending lug 106 on the dog.
      As stated before, the ratchet dog determines the direction of travel of
      the vehicles. The direction of the ratchet wheel 60 is immaterial.
      Regardless of which way the ratchet wheel rotates, the vehicle will go in
      the direction the dogs are set on the trojan bar.
PAR  Therefore, on alternate vehicles wherein the ratchet wheel 60 is driven by
      the joy stick 50 attached to cable 34, it is more convenient to drive the
      ratchet wheel in the opposite direction, but, still, in that event, the
      direction of movement is controlled by the dogs 86. As mentioned before,
      when the direction of the vehicle is reversed, it is necessary to reverse
      the heel upon the joy stick to cause the system to align properly.
PAR  Also, the end vehicle 40 has no alignment mechanism upon it, but it is
      driven constantly. I.e., with the end vehicle being constantly driven, all
      of the other vehicles are aligned between the end vehicle 40 and the
      center pivot 22.
PAR  The embodiment shown and described above is only exemplary. I do not claim
      to have invented all the parts, elements or steps described. Various
      modifications can be made in the construction, material, arrangement, and
      operation, and still be within the scope of my invention. The limits of
      the invention and the bounds of the patent protection are measured by and
      defined in the following claims. The restrictive description and drawing
      of the specific example above do not point out what an infringement of
      this patent would be, but are to enable the reader to make and use the
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In an agricultural irrigation system having
PA0  a. an elongated pipe adapted to carry sprinklers mounted thereon,
PA0  b. means for supplying water under pressure to said pipe,
PA0  c. a plurality of vehicles movingly supporting said pipe,
PA0  d. the improved means for driving each of said vehicles comprising:
PA0  e. a reciprocating cable,
PA0  f. power means for reciprocating said cable mounted upon said pipe,
PA0  g. a first run of said reciprocating cable extending from said power means
      for reciprocating said cable to a pulley mounted upon the end of the pipe,
PA0  h. said reciprocating cable extending around said pulley and a second run
      of said reciprocating cable extending back to said power means,
PA0  j. the end of said second run of said reciprocating cable mounted to said
      power means,
PA0  k. said power means being means for reciprocating the ends of the cable in
      equal and opposite directions,
PA0  m. said vehicles being designated numerically sequentially from said power
      vehicle,
PA0  n. said odd numbered vehicles being connected to said first reciprocating
      cable run,
PA0  o. said even numbered vehicles being connected to said second reciprocating
      cable run, and
PA0  p. transmission means on each vehicle for driving it responsive to the
      reciprocation of said cable.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said transmission means
      includes
PA0  q. a stiff arm connected by a universal pivot to the frame of the vehicle,
PA0  r. the stiff arm also connected to one of the cable runs,
PA0  s. said stiff arm extending transverse to the cable,
PA0  t. a foot on the stiff arm extending from the universal pivot parallel to
      the cable,
PA0  u. so that reciprocation of the cable results in oscillation of the foot,
      but said foot is basically unresponsive to lateral movement of the cable,
PA0  v. a pitman connected from said foot to a transmission element for driving
      the vehicle, and
PA0  w. a heel on said foot,
PA0  x. said heel laterally displaced from said foot,
PA0  y. so that said heel is responsive to lateral movement of said cable.
NUM  3.
PAR  3. The invention as defined in claim 2 with additional limitations of
PA0  z. a pitman connected to said heel,
PA0  aa. said pitman on the heel connected to a clutch whereby the power
      transmission is interrupted responsive to lateral movement of the cable.
NUM  4.
PAR  4. In an agricultural irrigation system having
PA0  a. an elongated pipe adapted to carry sprinklers mounted thereon,
PA0  b. means for supply water under pressure to said pipe,
PA0  c. a plurality of vehicles movingly supporting said pipe,
PA0  d. a cable extending along the length of the pipe,
PA0  e. said cable mounted to the two ends of the pipe for reciprocating
      movement,
PA0  f. power means connected to said cable for reciprocating said cable;
PA0  g. the improved drive transmission means between said cable and each of
      said vehicles for driving said vehicles in alignment comprising:
PA0  h. a stiff arm connected by a universal pivot to the frame of the vehicle,
PA0  j. the stiff arm also connected to the cable,
PA0  k. said stiff arm extending transverse to the cable,
PA0  m. a foot on the stiff arm extending from the universal pivot parallel to
      the cable,
PA0  n. so that reciprocation of the cable results in oscillation of the foot,
      but said foot is basically unresponsive to lateral movement of the cable,
PA0  o. a pitman connected from said foot to a transmission element for driving
      the vehicle, and
PA0  p. a heel on said foot,
PA0  q. said heel laterally displaced from said foot,
PA0  r. so that said heel is responsive to lateral movement of said cable.
NUM  5.
PAR  5. The invention as defined in claim 4 with additional limitations of
PA0  s. a pitman connected to said heel,
PA0  t. said pitman on the heel connected to a clutch whereby the power
      transmission is interrupted responsive to lateral movement of the cable.
NUM  6.
PAR  6. The invention as defined in claim 4 wherein said transmission element
      includes
PA0  s. a ratchet lever attached to said pitman,
PA0  t. a ratchet wheel pivoted to said frame for operative relationship to said
      ratchet lever,
PA0  u. a pawl on said ratchet lever in operative relationship to said ratchet,
      and
PA0  v. a connection from said heel to said pawl to inactivate said pawl
      responsive to movement of said heel.
NUM  7.
PAR  7. The invention as defined in claim 6 with additional limitations of
PA0  w. crank arm on said ratchet wheel,
PA0  x. trojan bar attached to said ratchet wheel crank arm,
PA0  y. a wheel journaled to said frame,
PA0  z. said trojan bar extending to said wheel,
PA0  aa. a dog on the trojan bar.
NUM  8.
PAR  8. The invention as defined in claim 7 with additional limitations of
PA0  bb. said dog is reversible on said trojan bar,
PA0  cc. said dog being U-shaped in cross section,
PA0  dd. said dog having a depending catch thereon,
PA0  ee. a lug on the wheel,
PA0  ff. the U-shaped dogs straddling said trojan bars so that said catch is
      adapted to engage said lug on the wheel so when the dog is reversed on the
      trojan bar, the vehicle travel is reversed.
NUM  9.
PAR  9. The invention as defined in claim 8 wherein the dog fits against a boss
      on the trojan bar and is held snugly in position by a washer on a bolt on
      the trojan bar.
NUM  10.
PAR  10. In an agricultural irrigation system having
PA0  a. an elongated pipe adapted to carry sprinklers thereon,
PA0  b. means for applying water under pressure to said pipe,
PA0  c. a plurality of vehicles movingly supporting said pipe,
PA0  d. wheels on said vehicle,
PA0  e. trojan bars on said vehicle,
PA0  f. means for reciprocating said trojan bars,
PA0  g. an improved dog for rotating said wheels responsive to reciprocation of
      the trojan bars comprising:
PA0  h. said dog is reversible on said trojan bar,
PA0  j. said dog being U-shaped in cross section,
PA0  k. said dog having a depending catch thereon,
PA0  m. a lug on the wheel,
PA0  n. the U-shaped dog straddling said trojan bars so that said catch is
      adapted to engage said lug on the wheel so when the dog is reversed on the
      trojan bar, the vehicle travel is reversed.
NUM  11.
PAR  11. The invention as defined in claim 10 wherein the dog fits against a
      boss on the trojan bar and is held snugly in position by a washer on a
      bolt on the trojan bar.
NUM  12.
PAR  12. The invention as defined in claim 4 with an additional limitation of
PA0  s. speed means for adjusting the positioning of the pitman of the foot to
      change the speed the vehicle is driven.
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ABST
PAL  A faucet having a cartridge employing a cam and plunger type of closure
      means adapted to regulate the flow of fluid therethrough. The plunger,
      which is in communication with the faucet inlet and is urged away from its
      seat by the incoming fluid, is restricted in movement by a cam cooperating
      with a handle to thereby regulate the flow of fluid through the faucet.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention utilizes a washerless cam and plunger valve structure
      which is encapsulated in a cartridge whereby actuation of the plunger by
      the cam means or the incoming fluid controls the flow of fluid through the
      faucet. This is accomplished by providing a plunger which is adapted to
      open or close the inlet port of the faucet in response to the other end of
      the plunger which cooperates with a kidney shaped cam actuated by the user
      via a handle. The cam, having a variable depth, is positioned by the
      handle in proximity to the plunger and allows the plunger to move axially
      as the latter is subjected to the inlet fluid pressure and this will raise
      or lower with reference to the seat in response to the rotation of the
      cam. The present invention provides a faucet with a control means which is
      easy to operate and maintain and eliminates the need for the commonly used
      seat washers positioned between the stem and fluid inlet seat. The usual
      wear associated with most stem valve assemblies is eliminated as is the
      threaded assemblies forming an integral part of such faucets.
PAR  It is the primary object of the instant invention to provide an improved
      washerless valve structure to control the fluid through the faucet by a
      novel cam and plunger arrangement which is in a cartridge and adapted for
      use in faucet assemblies in lavatories, kitchen sinks, bathtubs and
      similar applications.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to faucets and, in particular, to a cartridge
      positioned within the faucet having a novel, washerless cam and plunger
      valve structure which is adapted to regulate the flow of fluid through the
      faucet by cooperating with a handle which positions the cam. The cam and
      plunger respond from open to closed by approximately 1/3 turn of the
      handle. The proposed device is adapted for use in numerous applications
      including a lavoratory, kitchen sink, bathtub and similar applications
      where it is desired to control the flow of fluid, and also may be used in
      combination with hot and cold water lines wherein such combination valves
      are used to mix the water utilized through the faucet via a single outlet.
PAR  Presently, it is common to regulate the flow of fluid through a faucet by
      means of a washer attached to a stem and handle whereby vertical movement
      of the stem enables a washer to be compressed against the fluid inlet
      seat. Normally, the vertical movement is activated by external threading
      of a stem assembly which is mated with internal threads on the inside of
      the faucet housing. Such threads and washer create points of wear which
      often require repair. Thus, it is obvious that there is a need for a valve
      structure which may be utilized in a common faucet arrangement thereby
      eliminating the need for such washer and provide a reliable and
      inexpensive means of controlling fluid, such as hot or cold water, or a
      combination thereof. The present invention is directed to providing such a
      device.
PAR  Another object of the invention is to provide a cartridge insertable in a
      faucet which is easily removed and disassembled for maintenance and which
      is constructed of plastic such as nylon, polypropylene, or similar
      material which eliminates corrosion forces, coatings and other defect
      producing actions associated with metal constructions.
PAR  It is another object of this invention to utilize a sealing arrangement
      between the plunger and its seat which does not necessitate any relapping,
      resurfacing or replacing because of scoring normally associated with
      compression type faucets employing washers.
PAR  Other objects and advantages of the invention will become readily apparent
      in the following description of the preferred embodiment and description
      of the drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical partial cross-sectional view through the faucet
      showing the novel cartridge arrangement positioned therein.
PAR  FIG. 2 is a partial cross-sectional view taken through the center line of
      the cartridge showing the faucet valve structure in closed position.
PAR  FIG. 3 is a partial cross-sectional view taken through the center line of
      the cartridge showing the faucet valve structure in open position.
PAR  FIG. 4 is an exploded perspective view of the cartridge showing the
      relationship between the components.
PAR  FIG. 5 is a partial cross-sectional view taken along lines 5--5 of FIG. 2.
PAR  FIG. 6 is a partial cross-sectional view taken along lines 6--6 of FIG. 2.
PAR  FIG. 7 is a partial cross-sectional view taken along lines 7--7 of FIG. 2,
      and;
PAR  FIG. 8 is a developed view of the cam and plunger arrangement showing, from
      left to right, the plunger in its closed, partially opened, and fully
      opened positions, respectively.
DETD
PAR  With reference to the drawings, and in particular FIG. 1, a faucet,
      generally indicated by reference numeral 1, includes a housing 2, having
      an integral threaded inlet shank 4 and discharge spout outlet 6. Housing 2
      is adapted to receive a cartridge 10 comprising a novel valve structure to
      be hereinafter described which is threadedly positioned within the housing
      via threads 11, as shown, until the bottom 12 of the said cartridge seals
      against the base 13 to thereby prevent incoming fluid from leaking into
      chamber 8. Locking flange 16 is also threadedly engaged onto the cartridge
      10 and is secured against housing 2 to thereby prevent relative rotation
      between said cartridge, flange and housing; and, to compress the bottom 12
      of said cartridge to the body. A rotatable stem 14 extending from
      cartridge 10 has an actuator handle 20 secured thereto by screw means 22
      whereby rotation of the handle positions the valve member within the
      cartridge, not shown, to regulate the flow of fluid passing through the
      faucet. Inlet shank 4 is adapted to recieve the usual cup washer and lock
      nut, not shown, whereby the lock nut is threadedly mounted on the shank in
      the usual manner to enable the faucet 1 to be secured to a lavatory or
      similar plumbing fixture.
PAR  An inlet tail piece or copper tub supplies, both of which are known, also
      not shown, is then affixed to the end of the inlet shank 4 which is
      subsequently connected to a source of fluid supply under pressure. Fluid
      supplied to inlet shank 4 is admitted into the cartridge 10, chamber 8,
      and discharge spout 6, depending upon the particular position of the valve
      element within the cartridge, not shown, which is determined by the user
      positioning the same via handle 20, hereinafter explained.
PAR  With reference to FIGS. 2-4, the cartridge 10 includes a novel valve
      structure comprised of four elements: base 24; plunger 26; stem 14; and
      centerpiece 28.
PAR  Base 24 has an inlet port 30 in its bottom having a tapered portion 32
      forming a valve seat which is in communication with the fluid inlet supply
      via inlet shank 4. Base 24 also includes a vertical, cylindrical plunger
      chamber 34 having horizontally aligned outlet ports 36 in communication
      with said port 30 and chamber 34, the latter being adapted to receive
      cylindrical plunger 26 which is free to move within certain vertical
      limits to be hereinafter described. Plunger 26 has chamfered end 38 which
      is adapted to cooperate with tapered portion or seat 32 of inlet 30 to
      form a valve arrangement note FIG. 2. The other end of plunger 26 is a
      spherical cam follower 40 which is positioned in a variable depth,
      kidney-shaped cam recess 42 contoured on the bottom 44 of stem 14. Stem 14
      has a portion 41 with a hexagonal, square, or similar configuration, end
      43 adapted to receive handle 20, as shown in FIG. 1, to thus prevent
      relative rotation between the stem 14 and handle 20. It is understood that
      rotation of stem 14 by handle 20 enables the variable depth cam to
      vertically position plunger 26 with respect to inlet 30 to thereby control
      the flow of fluid through the cartridge 10 and faucet 1 as the said
      plunger will be displaced into the cam due to the pressure of incoming
      fluid.
PAR  A cylindrical, hollow centerpiece 28 is adapted to receive the stem 14,
      base 24 and plunger 26 whereby the shank 4 will extend from the cartridge
      10, and, base 24 is in fluid tight relationship to the centerpiece 28 by
      virtue of a press tight fit which is formed between the base 24, its
      flange portion 23 and end portion 29 of said centerpiece. Outlets 46 on
      the centerpiece 28 permit fluid to pass therethrough into chamber 8 and
      outlet spout 6.
PAR  The stem 40 has a lower cylindrical portion 47 having a circumferential
      recess adapted to receive an O-ring 49, in the usual manner, to prevent
      fluid from escaping between the stem 14 and centerpiece 28.
PAR  In order to limit the rotation of stem 14 between full-off and full-on
      position of the plunger 26 with reference to the inlet port 30, an arcuate
      slot 25 is formed on a top portion 27 of base 24. Stop pin 45 extends into
      the arcuate slot 25 when the stem 40, plunger 26 and base 24 are assembled
      whereby the pin will engage the extreme ends of the arc to thereby limit
      the relative arcuate rotation between the said stem and base. As you can
      see in FIG. 2, plunger 26 projects beyond the top face 27 of base 24
      whereby it is in proximity to the kidney shaped cam 42 which is of
      variable depth; note FIGS. 4, 6 and 8. With reference to FIG. 8, the
      particular relationship between the plunger 26 and the cam surface 42 with
      which it cooperates is shown. The developed view clearly shows how the
      kidney cam surface 42, positioned by the handle 20, regulates the
      relationships between chamfered end 38 of plunger 26 and the tapered valve
      seat 32 to raise or lower the plunger relative to the seat to thereby
      control the volume of incoming fluid under pressure. It will be understood
      that rotation of the stem 14 will thereby position the cam surface 42
      which is located directly above the plunger 26 in a manner to permit the
      plunger to be displaced to contact the surface 42 due to the incoming
      fluid under pressure. In FIG. 2, plunger 26 is positioned so that the port
      30 is closed since the chamfered end 38 is in contact with tapered portion
      32 of inlet 30. In this position, no fluid will enter the cartridge since
      the stem and the associated cam follower depress the plunger 26 into
      sealing relationship with inlet orifice 30. In FIG. 3, the other extreme
      of travel of the plunger can be seen whereby plunger 26 is positioned in
      the cam at its maximum depth, also note FIG. 8, and the incoming fluid
      under pressure will cause the plunger to be displaced from its seat thus
      allowing fluid to enter the cartridge 10, pass through the centerpiece 28
      and through spout 6 to be subsequently discharged.
PAR  FIG. 7 shows the relationship between plunger 26 and outlet ports 36 which
      provide passages for the fluid when the plunger is in an open position
      thereby enabling the fluid to be discharged from the cartridge via outlets
      46 in centerpiece 28 which subsequently enable the fluid to be discharged
      through the spout 6.
PAR  Assemblage of the cartridge 10 is accomplished by placing plunger 26 into
      its respective chamber 34 and then positioning stop pin 45 of the stem 14
      within the cooperating arcuate slot 25. The elements 14, 26 and 24 are
      then placed into centerpiece 28 until the end 43 projects from the
      centerpiece and the flange portion 23 of the base 24 is tightly abutted
      against the centerpiece 28. O-ring 49, which is positioned before elements
      14 and 24 are inserted into the centerpiece provides the sealing means as
      heretofore noted, and, cartridge 10 is threadedly inserted into housing 2
      via threads 11 formed on the centerpiece 28. Threaded portion 9, also on
      centerpiece 28, enables the locking flange 16 to secure the cartridge 10
      into the housing 2. Handle 20 is then secured to the hexagonal end 43 to
      enable the stem 14 to be rotated to thereby position the variable depth
      cam surface 42 so that plunger 26 may cooperate therewith to open and
      close the faucet as heretofore described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A faucet comprising:
PA1  a. a housing having an interior chamber adapted to receive a valve
      cartridge, said housing having a fluid inlet and outlet,
PA1  b. a valve cartridge inserted within the interior chamber of said housing
      between said inlet and outlet, said cartridge including:
PA2  1. a base having an inlet port in communication with said fluid inlet;
PA2  2. a plunger freely positioned in said base in proximity to said inlet
      port, said plunger adapted to be displaced relative to said inlet port to
      allow fluid under pressure to pass therethrough;
PA2  3. a centerpiece enclosing said base and plunger, said centerpiece having a
      plurality of outlet ports in communication with said inlet port and said
      chamber;
PA2  4. a stem rotatably positioned in said centerpiece, said stem having a
      variable depth cam in one end thereof cooperating with said plunger
      whereby rotation of said stem permits said plunger to be displaced
      relative to said inlet port to thereby control the quantity of fluid
      passing through said inlet port.
NUM  2.
PAR  2. A faucet as defined in claim 1 wherein said inlet port is tapered and
      one end of said plunger has a chamfered end cooperating therewith to form
      a valve closure means.
NUM  3.
PAR  3. A faucet as defined in claim 2 wherein said variable depth cam is of
      arcuate kidney shaped configuration and wherein the other end of said
      plunger has a rounded end cooperating with said cam.
NUM  4.
PAR  4. A faucet as defined in claim 1 and further including a handle affixed to
      said stem.
NUM  5.
PAR  5. A faucet as defined in claim 1 wherein said cartridge has a threaded
      portion cooperating with a threaded portion in said housing to thereby
      secure said cartridge to said housing.
NUM  6.
PAR  6. A faucet as defined in claim 1 wherein said base, plunger, centerpiece
      and stem is formed of plastic material.
NUM  7.
PAR  7. A faucet as defined in claim 1 further including a stop pin projecting
      from said stem, an arcuate slot formed in said base adapted to receive
      said pin to limit rotation of said stem.
NUM  8.
PAR  8. A faucet as defined in claim 1 wherein said base, plunger, centerpiece
      ans stem are cylindrical.
NUM  9.
PAR  9. A faucet as defined in claim 1 wherein said outlet included a spout
      extending from said housing.
NUM  10.
PAR  10. A faucet comprising:
PA1  a. a housing having an interior chamber adapted to receive a valve
      cartridge, said housing having a fluid inlet and outlet,
PA1  b. a cylindrical valve cartridge inserted within the interior chamber of
      said housing between said fluid inlet and outlet, said cartridge
      including:
PA2  1. a cylindrical base having an inlet port in communication with said
      fluid, said inlet port having a tapered portion forming a valve seat,
PA2  2. a plunger freely positioned in said base inlet port having a chamfered
      end cooperating with said inlet port to form a valve closure means, said
      plunger being vertically guided in said base and adapted to be displaced
      away from said base by incoming fluid under pressure,
PA2  3. a cylindrical centerpiece enclosing said base and plunger, said
      centerpiece having a plurality of horizontal outlet ports in communication
      with said inlet port and said chamber;
PAR  4. a cylindrical stem rotatably positioned in said centerpiece, said stem
      having a variable depth cam in one end thereof which cooperates with said
      plunger whereby said plunger is urged against said cam by the incoming
      fluid under pressure whereby rotation of said stem permits said plunger to
      be displaced toward said inlet port overcoming said incoming fluid under
      pressure to thereby control the distance between said plunger and inlet
      port thus regulating the quantity of fluid passing through said inlet
      port.
NUM  11.
PAR  11. A faucet as defined in claim 10 wherein said variable depth cam is of
      arcuate kidney shaped configuration and wherein the other end of said
      plunger has a rounded end cooperating with said cam.
NUM  12.
PAR  12. A faucet as defined in claim 10 and further including a handle affixed
      to said stem.
NUM  13.
PAR  13. A faucet as defined in claim 10 wherein said cartridge has a threaded
      portion cooperating with a threaded portion in said housing to thereby
      secure said cartridge to said housing.
NUM  14.
PAR  14. A faucet as defined in claim 10 wherein said base, plunger, centerpiece
      and stem is formed of plastic material.
NUM  15.
PAR  15. A faucet as defined in claim 10 further including a stop pin projecting
      from said stem, an arcuate slot formed in said base adapted to receive
      said pin to limit rotation of said stem.
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ABST
PAL  A combination lock and relief valve in which a single valve poppet provides
      both functions. The combination valve is so arranged that the opening
      pressure of the poppet as a relief valve is independent of system pressure
      and remains constant regardless of system pressure variations. Moreover,
      when the poppet opens as a relief valve while the system pressure is on,
      the differential pressure across the poppet is relatively small whereby to
      minimize or eliminate erosion of the valve seat as occurs more readily
      when relief valve poppets are opened with high pressure differentials
      thereacross.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Hydraulic systems for operating spoilers in aircraft employ a piston type
      hydraulic actuator and a metering valve for alternately directing and
      exhausting fluid under pressure to and from each side of the actuator
      piston for extending and retracting the actuator piston rod to cause
      raising and lowering of the spoiler and also to hold the spoiler in
      selected positions. It is a known practice in such systems to mount a lock
      valve between the metering valve and the retract side of the piston to
      prevent raising of the spoiler by aerodynamic forces thereon in case
      either system pressure fails or external forces tending to raise the
      spoiler causes retract pressure to exceed system pressure when the latter
      is below the normal operating pressure.
PAR  It is also a known practice in hydraulic systems to provide a thermal
      relief valve between the retract side of the actuator piston and the
      system reservoir for relieving excess pressure on the retract side of the
      piston caused by thermal expansion of the hydraulic fluid when the lock
      valve is closed. The thermal relief valve may also function as an overload
      relief valve to relieve excess fluid pressure in the retract side of the
      piston generated by forces on the spoiler tending to extend the piston
      when the lock valve is closed.
PAR  In such known practice the relief valves have been arranged so as to be
      always subject to the full differential between reservoir pressure and the
      desired relief pressure. Thus, in a 3,000 PSI working pressure system the
      relief valve opening pressure may be set at 3,800 PSI. Because reservoir
      pressure is near zero there is always about 3,800 PSI differential across
      the relief valve when it opens. This results in high velocity flow across
      the relief valve seat each time the relief valve opens which in turn
      causes rapid erosion of the seat resulting in constant leakage when the
      relief valve is closed.
PAR  During flight of the aircraft while hydraulic system pressure is utilized
      for holding the spoiler down, aerodynamic forces on the spoiler will tend
      to raise it. Frequently this imposes enough extending force on the
      actuator piston to raise the pressure on the retract side close to, or
      even higher than, system pressure when the latter has been temporarily
      reduced due to flow demand of other components of the hydraulic system.
      When this occurs the lock valve closes to trap the fluid in the retract
      chamber and prevent extension of the piston and raising of the spoiler.
      However if, due to surges in the system pressure, the pressure in the
      retract side pulses to a pressure that exceeds the opening pressure of the
      relief valve, the latter will open to prevent a further rise in pressure
      in the retract chamber. The pressure in the retract chamber may pulse to
      the relief pressure many times during a flight and this may result in
      rapid erosion of the seat and leakage across the relief valve as
      aforesaid. If for any reason the system pressure should then fail during
      flight there will be loss of fluid across the relief valve from the
      retract side of the actuator piston and the spoiler can then raise and/or
      flutter with possible disastrous consequences to the aircraft.
PAC  Summary of the Invention
PAR  The present invention combines a hydraulic system relief valve and a lock
      valve in such a manner that a single valve poppet cooperating with a
      single valve seat provides both functions. The poppet is arranged and
      balanced so that its opening as a relief valve is at a predetermined
      pressure in the retract chamber and is independent of system pressure.
      Thus, when system pressure is at either its normal high level or at a
      reduced level there is only a small differential in the pressures across
      the relief valve when the latter opens whereby rapid erosion of the relief
      valve seat and leakage of the relief is avoided.
PAR  The lock valve function of the single valve poppet is accomplished through
      use of a lock valve piston having a relatively light spring for opposing
      actuation of the piston for opening the poppet whereby only a relatively
      small excess of system pressure over retract pressure is required for
      overcoming the spring to cause the lock valve piston to open the poppet.
PAR  The relief valve function of the single valve poppet is accomplished
      through use of relief valve piston having a relatively heavy spring for
      opposing actuation of such piston for opening the poppet so that
      hysteresis between opening and closing pressures due to friction of seals
      on the relief valve piston will be minimized.
DRWD
PAC  DETAIL DESCRIPTION
PAR  The drawing is a schematic view with the combination lock and relief valve
      of the present invention shown in cross section and as installed in a
      simplified hydraulic system for operating an aircraft spoiler.
DETD
PAR  In the simplified system as illustrated, there is an aircraft spoiler 10
      actuable to extended and retracted positions by a hydraulic piston type
      actuator 11 under the control of a metering valve 12 and a combination
      lock and relief valve 13 with hydraulic fluid provided under pressure by a
      pump P from a supply reservoir 15. A position feed back device 16 connects
      actuator 11 to valve 12.
PAR  The combination lock and relief valve 13 comprises a body 17 having an
      actuator port 18 leading to a valve chamber 19 in which a valve poppet 20
      is pressed by a light spring 21 toward a valve seat 22 that surrounds a
      bore 23 that is connected to a lock cylinder 24 divided into lock chambers
      25, 26 by a lock valve piston 27 having a rod 28 extending from one side
      thereof into bore 23. An actuator port 29 connects to chamber 26 and a
      spring 30 presses piston 27 in a direction away from poppet 20. Chamber 25
      connects with a system or high pressure port 31 and a bore 32 that leads
      to a relief cylinder 33 divided into relief chambers 34, 35 by a relief
      valve piston 36 sealed in cylinder 33 by a packing 36A and having a rod
      portion 37 that is sealed in bore 32 by a packing ring 37A.
PAR  Chamber 34 connects to an exhaust port 38 and chamber 35 is connected to
      chamber 19 by a passage 39. The diameter of valve seat 22 is the same as
      the diameter of rod portion 37 but is smaller than the diameter of piston
      36. A heavy spring 40 bears against a follower 41 that in turn bears on a
      frusto-spherical surface 42 on an extension 42A of piston 36 to urge this
      piston in a direction away from piston 27.
PAR  The difference in areas of piston 36 at its packing 36A and its rod portion
      37 at packing 37A and the sum of the forces of springs 21, 30 and 40, as
      well as friction of packings 36A and 37A, determine the opening pressure
      of poppet 20 as a relief valve. However, the force of spring 21 which may
      be only 1/2 pound, and the friction force of the packings are quite small
      so that as a practical matter they can be disregarded in the lock valve
      and relief valve functions.
PAR  Actuator 11 has a piston 43 therein connected to spoiler 10 by a rod 44.
      Piston 43 divides the interior of actuator 11 into an extend chamber 45
      and a retract chamber 46. A conduit 47 connects the retract chamber 46 to
      actuator port 18. Another conduit 49 connects extend chamber 45 of the
      actuator to an extend port 50 in metering valve 12.
PAR  Metering valve 12 has a spool 53 in a bore 54, an operating stem 55 and a
      series of spaced lands 56, 57, 58 and 59 separated by reduced diameter
      portions 60, 61, 62 that provide flow chambers 63, 64 and 65 between the
      lands that respectively connect with exhaust port 69, supply port 68 and
      exhaust port 70. Spool 53 has a null position, as shown, in which land 58
      just slightly opens retract port 67 to supply port 68 and slightly opens
      extend port 50 to exhaust port 69. From the null position, spool 54 may be
      moved either to the left or to the right as hereinafter described.
PAR  Ports 29, 31 and 38 of combination valve 13 are respectively connected by
      conduits 73, 74-75 and 76 to metering valve retract port 67, pump P and
      reservoir 15. Metering valve supply port 68, and exhaust ports 69 and 70
      are respectively connected by conduits 74-75, 77-78 and 78 to pump 14 and
      reservoir 15. A conduit 79 leads from conduit 75 to other components, not
      shown, in the hydraulic system serviced by pump P.
PAC  Operation
PAR  Operation of the system and combination valve will be described with the
      assumption that the system working pressure is 3,000 PSI and that the
      relief valve is set to open at 3,800 PSI. However, system pressure at
      times may be less than 3,000 PSI due to simultaneous operation of other
      system components connected to conduit 79, or due to other causes.
PAR  When the aircraft is on the ground with spoiler 10 down and pump P shut off
      after a previous pressurization of the system, there will be no
      significant fluid pressure in the system except that there will be high
      pressure in valve chamber 19, relief chamber 35, retract chamber 46, and
      in the conduits and passages connecting these chambers. Lock piston 27
      will be held to the left by spring 30 and poppet 20 will be closed. The
      high pressure in relief chamber 35 will not overcome spring 40 and relief
      piston 36 will be to the left, as shown. If fluid in retract chamber 46
      becomes heated and expands to increase its pressure to 3,800 PSI, this
      pressure is transmitted via line 47 to valve chamber 19 and passage 39 to
      relief chamber 35 where it overcomes springs 40 and 30 and moves both
      pistons 36 and 27 to the right to open poppet 20 to relieve the 3,800 PSI
      by passing fluid from chamber 19 into chamber 26.
PAR  With pump P energized, and with spoiler 10 fully retracted, the feed back
      control 16 positions spool 53 to the right for opening retract port 67 to
      pressure port 68 and extend port 50 to exhaust port 69. This puts system
      pressure into chambers 26, 19 and 46, but because piston 43 is fully
      retracted there will be no flow and poppet 20 remains closed by action of
      spring 21. There is also system pressure in lock chamber 25 that is
      balanced by system pressure in chamber 26 so that spring 30 retains the
      lock piston to the left. Relief piston 36 also remains to the left. This
      is the condition of the system at takeoff.
PAR  During flight the pilot may actuate his steering control for turning and
      banking the aircraft. This automatically causes spool 53 for a
      corresponding spoiler 10 to move to the left a predetermined amount
      proportional to the steering movement by a mechanism not shown. This opens
      extend port 50 to supply port 68 to pressurize extend chamber 45. At the
      same time retract port 67 opens to exhaust port 70 to drop the pressure in
      retract chamber 46. Actuator piston 43 then moves to the right to start
      raising spoiler 10 to a predetermined raise position B corresponding to
      the amount of steering movement. When steering movement is stopped, spool
      53 automatically returns toward a null position until it reaches a
      position in which it bleeds just enough pressure into extend port 50 and
      extend chamber 45 for maintaining the spoiler in the predetermined raise
      position B of the spoiler despite aerodynamic loads thereon tending to
      lower the same.
PAR  Thus, for example, with a 1,000 pound retracting force applied to piston 43
      by the aerodynamic load on the spoiler and assuming that system pressure
      is at 3,000 PSI, and taking into account the differential in effective
      areas on opposite sides of piston 43 because of rod 44, the fluid pressure
      in extend chamber 45 may be 2,200 PSI while the pressure in retract
      chamber 46 may be 800 PSI for maintaining the spoiler at position B. At
      this time lock valve piston 27 remains to the right for keeping valve 20
      open because pressure in chamber 25 is 3,000 PSI and in chamber 26 it is
      800 PSI. Also, relief valve piston 36 is maintained to the left by the
      3,000 PSI in chamber 25 versus 800 PSI in chamber 35.
PAR  When the pilot operates the steering control to resume straight flight,
      spool 53 is automatically moved to the right to open retract port 67 to
      supply port 68 and to open extend port 50 to exhaust port 69. This
      pressurizes retract chamber 46 via lines and ports 73, 29, 18 and 47 and
      exhausts extend chamber 45 so that the spoiler retracts to position A.
      Lock valve piston 27 remains to the right and relief valve piston 36 to
      the left. Upon retraction of the spoiler, spool 53 is automatically moved
      by feed back device 16 toward its null position as shown, wherein it
      maintains retract port 67 slightly open to supply port 68 and extend port
      50 slightly open to exhaust port 69. In this position of spool 53 there
      will be a slight flow of pressurized fluid from supply port 68 to retract
      port 67 to pressurize lines 73, 39, 47 and actuator retract chamber 46.
      Because piston 43 is in retract position, there will be no flow of fluid
      into retract chamber 46. Instead, there will be a bleed of fluid from port
      67 past land 58 to exhaust port 70. However, pressure builds up in port 67
      and hence in chambers 26, 19 and 46 because the resistance to flow from
      port 67 to exhaust port 70 is greater than resistance to flow from supply
      port 68 to port 67. At this time, system pressure in chamber 25 is greater
      than bleed pressure in chamber 26 and lock valve piston 27 is maintained
      in a rightward position in which it keeps poppet 20 unseated. Also, relief
      valve piston 36 is maintained in the leftward position, as shown, in which
      it is non-functional. Because at this time fluid bleeds from actuator port
      50 to exhaust port 69 faster than it can bleed into port 50 from supply
      port 68, the pressure in port 50, and hence it extend chamber 45 is lower
      than pressure in retract chamber 46 so that piston 43 is in retract
      position with spoiler 10 maintained in down position A.
PAR  During straight flight, while the spoiler is retracted, there will be
      aerodynamic forces exerted thereon tending to raise the same. This puts a
      force on piston 43 tending to extend the same and such force may cause the
      fluid pressure in chambers 46 and 19 to approach and possibly exceed the
      system pressure in conduit 73 while the system pressure is lower than
      3,000 PSI due to operation of other components of the system. When
      pressure in chambers 46 and 19 rises in this manner to the point where it
      is within 77 PSI of system pressure, spring 30 moves lock valve piston 27
      to the left and poppet 20 closes. If the pressure in retract chamber 46
      should reach 3,800 PSI while poppet 20 is closed, this same pressure will
      be transmitted via lines 47, chamber 19 and passage 39 to chamber 35 on
      the left side of piston 36 and cause it to move to the right and unseat
      poppet 20 via piston 27 and rod 28. This permits the pressure in chambers
      46 and 19 to be relieved into chamber 26 across valve seat 22 so that it
      will not exceed the predetermined relief pressure of 3,800 PSI.
PAR  Because there is pressure in chamber 26 when poppet 20 opens due to a 3,800
      PSI pressure in chamber 19, the differential in pressure across poppet 20
      when it opens as a relief valve with the hydraulic system energized is
      considerably less than 3,800 PSI (it may be as low as 800 PSI when
      pressure in chamber 26 is 3,000 PSI) and therefore valve seat 22 is not
      subject to as high velocity fluid flow thereacross as occurs in prior
      systems where the pressure differential would always be 3,800 PSI whenever
      the relief valve opens. Consequently erosion of seat 22 by relief flow
      thereacross is either eliminated or greatly reduced so that the seat will
      have a much longer life before leakage will occur with poppet 20 closed.
PAR  If during flight system pressure should fail because of pump failure,
      bursting or leakage from conduit 77, or other reasons, no pressure will be
      delivered to conduit 73, chamber 26 and retract chamber 46 for holding the
      spoiler down. Now when aerodynamic forces tend to raise the spoilers and
      extend piston 43, pressure will be exerted upon the fluid in retract
      chamber 46 and be reflected in chamber 19 on the right side of poppet 20
      to close the same and in chamber 35 to the left of piston 36. As long as
      this pressure is less than 3,800 PSI it will hold poppet 20 closed to trap
      fluid in chamber 46 and prevent extension of piston 43 and raising of
      spoiler 10. If this pressure builds up to 3,800 PSI piston 36 will move to
      the right to momentarily unseat poppet 20 to relieve the pressure until it
      drops to about 3,400 PSI, at which time poppet 20 will again close.
PAR  If seat 22 had become eroded so that poppet 20 could not completely close
      upon loss of system pressure and imposition of extending force upon piston
      43 as aforesaid, there would be loss of fluid from chamber 46 and spoiler
      10 could raise and/or flutter, both of which conditions are highly
      undesirable during flight and which could have disastrous consequences.
PAR  When the aircraft is to be landed, the spoilers are raised about 30.degree.
      to position C to act as speed brakes for slowing the aircraft. To do this,
      metering valve spool 53 is moved to the left by a separate control for
      this purpose so that passage 64 will connect inlet port 68 with cylinder
      port 50 and passage 65 connect cylinder port 67 with exhaust port 70. This
      causes rod 44 to extend to raise the spoiler. When position C is reached,
      spool is automatically caused to return to the null position shown and
      maintains the spoiler in position C in the same manner as described above
      for maintaining the spoiler in position B when turning and banking. With
      the spoiler in position C, it may be modulated to higher or lower
      positions during turning and banking as before.
PAR  Upon landing of the aircraft and to slow its speed on the runway, the
      spoilers are raised 60.degree. to position D by moving of spool 53 to the
      left with the separate control to pressurize extend chamber 45 and exhaust
      chamber 46. At this time the spool does not automatically return to null
      position because modulation is not required.
PAR  After the aircraft has been sufficiently slowed on the runway, metering
      valve spool 53 is moved to the right by the separate control and fluid
      under pressure will be delivered to chamber 46 and fluid will be exhausted
      from chamber 45 for retracting piston 43 to lower the spoiler to a fully
      retracted position slightly below position A. The feed back system 16 will
      then automatically retain spool 53 in the rightward position and pressure
      in chambers 26, 19 and 46 will become equal to system pressure in chamber
      25 and spring 30 will move piston 27 to the left and poppet 20 will close.
PAR  Spring 30 exerts a relatively low force, such as 15 pounds, on piston 27 so
      that the pressure differential between chambers 25, 16 for overcoming the
      spring for moving piston 27 to the right for opening valve 20 will be
      corresponding low, such as about 77 PSI. This is for greater assurance
      that a reduced system pressure will supply enough force for opening valve
      20 when modulation of the spoiler position is required. On the other hand
      spring 30 must be strong enough to readily move piston 27 to the left and
      permit valve 20 to close when pressure in retract chamber 46 approaches
      system pressure. Thus, a spring 30 of 15 pounds force may be utilized with
      a piston 27 of a diameter for which 77 PSI differential of pressures in
      chambers 25, 26 will overcome the spring. In such case poppet 20 will
      close when pressure in chambers 46, 19 and 26 comes within 77 PSI of
      system pressure in chamber 25 and will open when system pressure is more
      than 77 PSI greater than in chambers 46, 19 and 26. To help keep the force
      of spring 30 relatively low a lap fit is used as a seal between piston 27
      and the wall of cylinder 25 so that there is little or no friction to
      overcome for moving the piston. A lap fit is permissible on piston 27
      because minor leakage thereacross will not preclude proper function of the
      unit as a lock valve.
PAR  Spring 40 exerts a relatively high force on piston 36, as for example 175
      pounds. This force is relatively high in relation to friction force of
      packings 36A and 37A in order to readily overcome sliding and breakout
      friction of these packings and to minimize resultant hysteresis or spread
      between opening and closing pressures of poppet 20 when it functions as a
      relief valve. Moreover, the difference between opening and reseat
      pressures in chamber 35 will not vary greatly even though there is a large
      percentage increase in the packing sliding or breakout friction, as may
      occur over long periods of use and/or non-use. Thus, with spring 30
      exerting about 15 pounds of force and spring 40 exerting 175 pounds of
      force, the diameters of piston 36 and rod 37 are proportioned so that the
      differential area thereof will require about 3,800 PSI in chamber 35 to
      move pistons 36 and 27 to the right for opening poppet 20 and wherein
      springs 30 and 40 will move the two pistons to the left to permit
      reseating of poppet 20 when the pressure in chamber 35 drops to about
      3,400 PSI.
PAR  A lap fit cannot be used in place of packing 36A because it does not
      provide zero leakage thereacross. Leakage across packing 36A would drain
      fluid from retract chamber 46 to reservoir via line 47, chamber 19,
      passage 39, chamber 35 and line 76 when poppet 20 is closed and defeat the
      purpose of the latter as a lock valve.
PAR  When pump P is turned off and the system depressurized, poppet 20 will be
      closed by spring 21 and fluid will be trapped in retract chamber 46 and in
      chambers 19 and 35. If this trapped fluid should now undergo thermal
      expansion so as to raise the pressure thereof to 3,800 PSI, piston 36 will
      move to the right to cause piston 26 to open poppet 20 for relieving the
      trapped pressure. Thus, because seat area 22 is the same as the area of
      piston rod portion 37 the relief pressure will be the same regardless of
      whether pump P is energized or deenergized.
PAR  If it is desired to have different relief pressures for the energized and
      deenergized conditions of the system, the area of seat 22 is made
      different than that of piston portion 37. In such case, if the area of
      piston portion 37 is made smaller than the area of seat 22 the relief
      pressure will be lower than the system is energized than when deenergized,
      and vice versa. Also, the relief valve setting can be varied by connecting
      line 76 to some other reference pressure, such as atmosphere or a separate
      predetermined pressure source, rather than to the hydraulic system
      reservoir 15.
PAR  Although the combination valve has been illustrated and described in
      connection with actuation of an aircraft spoiler and for a 3,000 PSI
      working pressure with 3,800 PSI relief pressure, the valve may be used in
      other hydraulic system applications and the working and relief pressure
      varied as desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combination lock and relief valve comprising a housing having a valve
      chamber, a lock cylinder and a relief cylinder, a lock piston dividing the
      lock cylinder into first and second lock chambers, a relief piston
      dividing the relief cylinder into first and second relief chambers, said
      first lock chamber communicating with said valve chamber, a valve poppet
      movable in said valve chamber for opening and closing the valve chamber
      relative to said first lock chamber, a first actuator port connected to
      the valve chamber, a second actuator port connected to said first lock
      chamber, said first actuator port at times serving as an inlet for fluid
      and at other times as an outlet for fluid, said second actuator port
      serving as an outlet for fluid when said first actuator port serves as an
      inlet and serving as an inlet for fluid when the first actuator port
      serves as an outlet, a high pressure port connected to the second lock
      chamber, an exhaust port connected to the first relief chamber, a passage
      connecting the second relief chamber to the valve chamber, said lock
      piston being movable by high pressure in said second lock chamber into
      engagement with said valve poppet for moving the latter to open position,
      and said relief piston being movable by pressure in said second relief
      chamber into engagement with said lock piston to move the latter into
      engagement with said poppet for moving the poppet to its open position.
NUM  2.
PAR  2. The valve of claim 1 in which there is a bore between said second lock
      chamber and said first relief chamber and said engagement of said lock
      piston by said relief piston is through said bore.
NUM  3.
PAR  3. The valve of claim 2 in which said bore is of smaller diameter than said
      relief piston and said relief piston has a rod extending through said bore
      to engage said lock piston.
NUM  4.
PAR  4. The valve of claim 1 in which said relief piston has a first area
      exposed to fluid in said second relief chamber and has a second area
      exposed to fluid in said first relief chamber, and said relief piston has
      a third area exposed to fluid in said second lock chamber, said first area
      being greater than said third area and said second area being equal to the
      difference in said first and third areas.
NUM  5.
PAR  5. The valve of claim 1 in which the relief piston has an effective area
      exposed to fluid in said second lock chamber and said poppet has an
      effective area exposed to fluid in said valve chamber, and said effective
      areas are equal.
NUM  6.
PAR  6. The valve of claim 1 in which there is a lock spring urging the lock
      piston in a direction away from the poppet and there is a relief spring
      urging the relief piston in a direction away from the lock piston.
NUM  7.
PAR  7. The valve of claim 6 in which said relief spring exerts more force than
      the lock spring.
NUM  8.
PAR  8. The valve of claim 6 in which the relief piston includes a rod extending
      toward the lock piston for engaging the same and includes a flange in the
      second relief chamber against which said relief spring bears.
NUM  9.
PAR  9. The valve of claim 8 in which the flange has a frusto-spherical surface
      and the relief spring bears against the flange by way of a follower sleeve
      between the relief spring and said surface.
NUM  10.
PAR  10. The valve of claim 1 in which a packing ring seals the relief piston
      relative to a wall of said relief cylinder.
NUM  11.
PAR  11. The valve of claim 3 in which there is a packing that seals the relief
      piston relative to a wall of said relief cylinder.
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PAL  A valve, the housing and gate of which are composed of molded rigid
      polyvinylchloride, the valve body having an interior chamber with a main
      upstream inlet and a main downstream outlet and an annular valve seat in
      the housing, and a gate being arranged in the housing which is
      spring-biased to a normally closed position with an O-ring in sealing
      relation on the seat to effectively block fluid flow through the valve and
      said spring being selected so as to have a resiliency to yield in response
      to predetermined upstream fluid pressure to unseat the valve member and
      permit flow of fluid through the valve so long as the predetermined
      pressure is exceeded.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a valve and, more particularly, to a positive
      acting check valve of polyvinylchloride which includes spring means
      normally urging the valve to a positive acting check valve of
      polyvinylchloride which includes spring means normally urging the valve to
      a closed position and adapted to open in response to a predetermined
      upstream line pressure.
PAC  BACKGROUND OF THE INVENTION
PAR  In the past numerous efforts have been made to design a positive acting
      one-way check valve of polyvinylchloride material which is suitable for
      use in irrigation projects and which is simple and inexpensive to
      manufacture and which is adapted to open only when there is sufficient
      upstream fluid pressure in the line. This invention is of such a valve.
PAC  OBJECTS OF THE INVENTION
PAR  It is, accordingly, an object of this invention to provide a positive
      acting check valve the principal components parts of which are of rigid
      molded polyvinylchloride material and which includes the structure such
      that the valve is adapted to open in response to a predetermined upstream
      pressure which overcomes spring means included in the valve structure and
      which includes guide means for smooth action of the valve and means for
      readily connecting the same to the ends of standard length piping
      material.
PAR  In accordance with these and other objects which will become apparent
      hereinafter the instant invention will now be described with reference to
      the accompanying drawings in which:
DRWD
PAC  DESCRIPTION OF DRAWINGS OF A PREFERRED EMBODIMENT
PAR  FIG. 1 is a vertical cross sectional view of the valve of the present
      invention in a closed condition; and
PAR  FIG. 2 is a vertical cross sectional view similar to FIG. 1 with the valve
      in an open condition.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to the drawings wherein like reference characters designate like
      or corresponding parts throughout the several views, the numeral 12
      generally designates the valve which, in general, is composed of a valve
      body 14 and an internally captivated axially movable valve member or gate
      16. Both the body and gate are of rigid molded polyvinylchloride. The
      valve also includes a spring 18 arranged in the body to normally close the
      gate by urging an O-ring 20 carried on the valve member into sealing
      engagement with a valve seat 28 in the body.
PAR  Referring more in detail to the body, it comprises a generally tubular
      member having a first or downstream end 22 with an axial bore 23 of a
      first diameter extending axially toward the opposite second upstream end
      24 which also has an axial bore 26, which is of a second diameter that is
      less than the first diameter and which latter extends to the first bore
      defining the shoulder or valve seat 28 at the juncture of the bores.
      Preferably, the body about the second bore defines an externally tapered
      skirt 29 the interior of which is sized to receive the end 30 of a
      standard size diameter pipe 32 and may be internally threaded, be slightly
      tapered, or otherwise be adapted for fluid tight connection with the pipe
      end. The skirt may comprise a separate piece or be integral with the body
      as shown and includes means limiting the amount of axial length of the
      pipe which may be inserted. These means may comprise a blocking washer 31
      secured in the skirt by suitable means.
PAR  In the first or downstream bore 23 a fitting 34 of molded rigid
      polyvinylchloride is provided which fitting has an axial through
      passageway and is composed of a generally tubular proximal or upstream
      portion 36 and a preferably tapered distal or downstream portion 38. The
      cylindrical portion is preferably sized to threadably mate with threads on
      the interior of the bore 23, as shown, or it may be sized to provide a
      snug fit in the bore. The proximal end 40 of the cylindrical wall portion
      comprises stop means to limit axial movement of the gate in the downstream
      direction, as will be more fully apparent hereinafter. The extending
      distal portion 38 is adapted to connect to the end 42 of a standard size
      diameter pipe 44 in a suitable manner as described above with respect to
      the pipe end 30.
PAR  Referring now to the gate or valve member, it includes a hollow cylindrical
      portion 46 with a closed headed downstream end 48, there being an exterior
      annular shoulder 49 defined between the tublar portion 46 and the headed
      end 48. The O-ring 20 is positioned exteriorly on the cylindrical portion
      46 in abutting relation to the adjacent surface 50 of the shoulder 49 of
      the closed headed end 48. An annular groove may be provided in the surface
      of the tubular portion as positioning means for the O-ring to nest the
      inside circumferential surface of the O-ring in the desired location.
      Passageways through the wall of the cylindrical portion 46 are provided
      which communicate with the interior or column 47 of the cylindrical
      portion of the valve member, the passageways being arranged in a
      circumferential path and comprising a ring of radial openings 52, 54 and
      56. The cylindrical portion is sized for axial movement in the second bore
      to permit axial movement of the closed headed end in the first bore 23
      between the stop means 40 and the shoulder or valve seat 28, the headed
      end being of a diameter which is greater than that of the second bore 26
      but substantially less than that of the first bore. The axial distance
      between the effective plane of the stop means 40 and the shoulder 28 is at
      least as great as the axial distance between the ring of openings 52, 54,
      and 56 in the gate or valve member 16 and the adjacent surface 50 of the
      headed end and O-ring to permit full opening of the ring openings.
      Further, the smallest cross sectional area of the space between the headed
      portion of the gate and the wall 51 of the bore 23 and, also, the cross
      sectional area of the sum of the openings in the ring is greater than the
      cross sectional area of the inside of the standard size pipe to be used
      with the valve, so as not to unduly impede fluid flow through the valve.
PAR  It is thus seen that water or other liquid may enter the upstream side 24
      of the valve and exert fluid pressure on the inside of the closed headed
      end to lift the gate from sealing relation with the seat 28 so the liquid
      can flow through the interior column of the cylindrical portion of the
      gate, through the radial openings and into the bore 23 passing about the
      headed end 48 to an exit through the axial passageway of the fitting 34
      which passageway will be described hereinafter but which is of a cross
      sectional area greater than that of the interior of the pipe to which the
      valve is connected. The spring means 18 are provided to normally urge the
      valve gate into the position shown in FIG. 1, i.e., in sealing relation
      with the valve. It is yieldable to the position shown in FIG. 2, when the
      fluid pressure upstream is sufficient to overcome the forces urging the
      valve into the closed position of FIG. 1. To this end a calibrated spring
      may be selected to provide the force that is desired to be overcome and,
      when it has been overcome, the valve will open.
PAR  Guide means are provided for the valve gate as will now be explained. The
      length of the exterior surface 62 of the tubular portion of the gate is of
      smooth uniform cross section and of substantial axial length between the
      ring of openings and the upstream end which is at least greater than the
      aforesaid distance between the stop means 40 and the valve seat 28, and
      preferably at least three times that distance. This is so that at all
      times the cylindrical portion is in substantial guided sliding engagement
      with the smooth internal surface 63 of the bore 26 of the valve body. The
      sliding coaction acts as guide means for the valve gate, the diameter of
      the tubular portion being substantially the same as and companionately
      sized with respect to the inside diameter of the bore 26 but slightly
      foreshortened to permit smooth sliding guided axial movement for the gate
      under the influence of fluid pressure and spring action.
PAR  Referring to the fitting 34 it is preferably provided with an axial through
      bore 66 spanned internally by an internal radial open work 68, which
      captivates the downstream end 70 of the spring 18 holding it between it
      and the headed downstream portion of the gate end. The other or upstream
      end 72 of the spring is connected to positioning means 74 on the exterior
      of the headed valve end. In a preferred embodiment, the openwork 68 may
      include an annular washer 76 fixed in the bore 66 by cement or by other
      suitable means and a removable upstream grid 77 in the aforesaid bore 66.
      The grid may include an axially internally projecting pin 78 to engage the
      spring or be arranged in other suitable means to captivate the spring end.
PAR  In use to set a predetermined fluid pressure at which the valve will open,
      the fitting 34 is removed, a spring is selected, which is calibrated to
      provide a seating force on the gate so it will not open until the spring
      force is exceeded. The spring is inserted; and, after the spring has been
      inserted, it is captivated by replacing the fitting. The fitting is
      threadably advanced until the end of the tapered surface 80 of the fitting
      is at the plane of the downstream end 22 of the valve body. Thereafter,
      minor adjustment of the spring compression or force may be made by
      threadably retracting or advancing the fitting to the limit means composed
      of the end of the threads as at 82. On the exterior of the tapered portion
      of the fitting 34 a turning nut surface 90 is provided for this latter
      adjustment.
PAR  It is thus seen that an adjustable and inexpensive positive action valve
      has been provided which is composed primarily of molded polyvinylchloride
      parts and that the valve may be oriented in any desired position for
      installation and may be quickly inserted as a check valve in a fluid
      distribution line such as in an irrigation system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A normally closed spring-biased valve comprising:
PA1  A. a valve housing of rigid polyvinylchloride which includes a body with an
      axial through passageway defined by a first downstream bore of a first
      diameter and a second upstream bore of a second diameter, said bores being
      opposed and aligned and in fluid communication with one another, said
      first bore being of a larger diameter than said second bore forming a
      valve seat shoulder in said body at the juncture of said bores;
PA1  B. an axially movable valve member of rigid polyvinylchloride in the body
      comprising:
PA2  a. a hollow cylindrical portion in said second bore with an open upstream
      end and a uniform cross section sized for axial movement in said second
      bore, and
PA2  b. a closed headed downstream portion of a cross sectional area less than
      that of the first bore and greater than that of the second bore and
      effective to mechanically limit axial upstream movement of said
      cylindrical portion in said second bore,
PA2  c. said cylindrical portion having a plurality of radial openings arranged
      in a circumferential path which is axially spaced from said headed end a
      first axial distance to permit fluid flow from the interior of the hollow
      cylindrical portion downstream into the first bore when the openings are
      in the first bore;
PA1  C. stop means having an axially facing through passageway in said first
      bore, said stop means being axially from said valve seat shoulder a second
      axial distance which is greater than said first distance to mechanically
      limit downstream axial movement of the valve member, so that the radial
      openings are in fluid communication with the first bore when the valve
      member is in engagement with said stop means;
PA1  D. an O-ring circumposed about said cylindrical portion and in abutting
      relation with said headed portion, said O-ring being sized to seal against
      fluid flow between said first bore and said second bore when said O-ring
      is captivated between said headed portion and said valve seat shoulder;
PA1  E. compression spring means including means captivating said spring means
      between said stop means and said headed portion, said spring means being
      effective to normally urge said O-ring into sealing engagement with said
      headed portion and said valve seat shoulder and effective to yieldingly
      permit said valve member to move axially downstream in response to a
      predetermined upstream fluid pressure in said second bore to permit fluid
      flow through the hollow cylindrical portion, said radial openings, said
      axial through openings and said first bore;
PA1  F. said second bore being sized to receive the ends of a standard
      companionate size diameter pipe to be connected in axial alignment with
      the valve;
PA1  G. first means in the second bore to limit axial insertion of the pipe end;
PA1  H. said cylindrical portion being of an axial length substantially greater
      than said second axial distance and the axial length of said second bore,
      between said means limiting axial insertion and said valve seat shoulder,
      being at least equal to the axial length of said cylindrical portion;
PA1  I. guide means constraining said valve member to axial movement of
      translation only and comprising said cylindrical portion being of uniform
      cross section between said seat and upstream valve member end and sized
      for sliding engagement in said second bore and having an axial length such
      that, at all times, a substantial axial length of said cylindrical portion
      is in said second bore;
PA1  J. said stop means comprising an end member of rigid polyvinylchloride
      secured in said first bore and said end member including an axially
      downstream facing socket in axial alignment with said axially facing
      through passageway, said socket being sized to receive the end of a
      standard companionately sized diameter pipe to be connected in axial
      alignment with the valve; and
PA1  K. second means in said socket to limit axial insertion of an end of a
      standard size pipe to be connected to the valve.
NUM  2.
PAR  2. The improvement as set forth in claim 1 wherein said end member is
      threadably engaged in mating threads in said first bore to increase or
      decrease the compression of said spring means to vary the pressure
      required in said second bore to permit fluid flow through said valve.
NUM  3.
PAR  3. The device as set forth in claim 2 wherein operator means are exteriorly
      carried on said end member to threadably advance or retract said end
      member in said first bore.
NUM  4.
PAR  4. The device as set forth in claim 1 wherein said end member includes an
      axially upstream facing portion and said headed portion includes an
      axially downstream facing portion engaging said spring means and
      comprising said means to captivate said spring means.
PATN
WKU  039439704
SRC  5
APN  4610989
APT  1
ART  341
APD  19740415
TTL  Single control mixing valve with an auxiliary member carrying the
      sealing seat
ISD  19760316
NCL  1
ECL  1
EXA  Gerard; Richard
EXP  Schwadron; Martin P.
NDR  1
NFG  3
INVT
NAM  Knapp; Alfons
STR  Bleicherstrasse 3
CTY  Biberach an der Riss
CNT  DT
PRIR
CNT  IT
APD  19730511
APN  68344/73
CLAS
OCL  137597
XCL  13762517
EDF  2
ICL  F16K 1122
FSC  137
FSS  610;597;614.16;625.17;636.2;636.4;637;637.2-637.5;454.2;454.5;454.6;605
     ;625.41
UREF
PNO  2800923
ISD  19570700
NAM  Russell
XCL  137607
UREF
PNO  2847027
ISD  19580800
NAM  Kumpman
XCL  137636.2
UREF
PNO  2870790
ISD  19590100
NAM  Jordan
XCL  137625.17
UREF
PNO  2987079
ISD  19610600
NAM  Page
XCL  137625.41
FREF
PNO  927,003
ISD  19630500
CNT  UK
OCL  137625.17
LREP
FRM  Young & Thompson
ABST
PAL  A single control mixing valve of the type wherein a rotatable and axially
      movable plug controls both the mixing ratio and the delivered rate in
      cooperation with inlet ports and a sealing seat, wherein the sealing seat
      is formed on an auxiliary element in the form of a bush, machined
      separately from the body of the valve and sealingly inserted therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a single-control mixing valve in which the
      sealing seat, instead of being provided directly in the body of the valve,
      is arranged on an auxiliary member.
PAR  In the single-control mixing valves, in which the delivered rate and the
      mixing ratios of hot and cold water are controlled by a plug which is
      rotatable and axially movable in the body of the valve, there arises the
      problem of the considerable resistance opposed by the friction to the
      movement of the plug, which resistance restrains the control and must
      therefore be reduced as far as possible. To this end, it is suitable that
      the plug itself have a reduced diameter, but on the other hand this
      provision generates serious problems in machining the inner cavity of the
      body of the valve, especially when said cavity has undercuts formed
      therein, because the automatic machines do not allow one to suitably use
      long and thin cantilevered tools. Especially when the sealing seat of the
      valve is intended to be closed by a gasket which approaches the seat from
      the inside of the valve towards the outside, the exact machining of said
      seat, which must be rounded and free from any imperfection, is very
      difficult. Moreover, repairs of the seat in case of deterioration thereof
      are absolutely impossible.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is the main object of this invention to render more easy the machining
      of the inner cavity of a single-control mixing valve having a plug of a
      reduced diameter, and this with special regard to the sealing seat.
      Another object of the invention is to allow the effectuation of repairs of
      a valve whose sealing seat has been damaged, thereby avoiding the
      necessity of replacing the valve body, which often is immured.
PAR  These objects are attained according to the invention by the fact that the
      sealing seat, and eventually also other portions of the valve cavity which
      are arranged to cooperate with the plug, are provided on an auxiliary
      member shaped as a bush, which in turn is inserted sealingly into the
      cavity of the body of the valve.
PAR  It is clear that the bush, which can be machined separately from the body
      of the valve before being inserted therein, does not present any machining
      difficulties, whereas on the other hand the cavity of the valve body,
      instead of being proportionated to the diameter of the plug, is
      proportionated to the outer diameter of the bush, which diameter may be
      chosen such as to facilitate the machining of the cavity of the body.
      Furthermore, the bush can be inserted demountably into the body of the
      valve, so that its extraction, when damaged, for repair purposes or even
      for replacement by a new bush, can be effected without having to demount
      the body of the valve.
PAR  In a possible further development of the invention, said bush is inserted
      rotatably into the body of the valve and is provided with a drive means in
      order to confer on it also the function of a diverter for directing the
      flow in the valve towards at least two different ways, as for instance a
      delivery spout and a hose, or the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The annexed drawing diagrammatically shows two illustrative and not
      restrictive embodiments of mixing valves according to this invention.
      Therein:
PAR  FIG. 1 is an axial and diametral sectional elevation of a first embodiment
      of the valve according to the invention, the section being made through
      the inlet ducts of the liquids to be mixed,
PAR  FIG. 2 is a sectional elevation of the valve shown in FIG. 1, the section
      being made through the outlet duct for the liquid and with the control
      members shown in a different position, and
PAR  FIG. 3 a partial sectional elevation of a second embodiment, in which the
      inner bush also acts as a diverter.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The mixing valve shown in FIGS. 1 and 2 comprises a body 1 in which a plug
      2 is mounted which is axially movable and rotatable and whose rotation and
      axial translation movements are controlled by means of a lever 3 pivoted
      in a rotatable but axially immovable hood 4 mounted on the body 1 by means
      of a ring 5. The plug 2 is provided with a gasket 6 arranged to cooperate
      with a seating 30 in order to intercept the fluid and regulate its flow.
PAR  The body 1 is formed with an outlet duct 8 which communicates with the
      inner chamber 7 of the body 1 when the gasket 6 is in its opening
      position. The body 1 is also provided with inlet ducts 9 and 10 which
      communicate through openings 11 and 12 with the inner chamber 7, under the
      control of a distributing member formed with a portion which has the shape
      of an interrupted lamellar skirt 13, said portion being carried by the
      plug 2 and resiliently backed by a filling of elastic material 25 inserted
      between the skirt 13 and the plug 2. As can be appreciated, the axial
      movements of the plug 2 regulate the delivered rate, whereas the rotations
      of the plug about its own axis regulate the mixing ratios.
PAR  Since the plug 2 has a small diameter, it is obvious that it would be
      difficult to machine the inner cavity of the body 1 at those portions of
      the cavity which are not merely a cylindrical surface of a constant
      diameter and free of undercuts; particularly, it would be very difficult
      to machine the sealing seat 30 and the cavity 31 with which the outlet
      duct 8 communicates.
PAR  According to the invention this disadvantage has been eliminated by
      arranging the seating 30 at the inner end of a bush 32 which constitutes
      an auxiliary element which can be inserted sealingly by means of gaskets
      33 into the body 1 and fixed therein, for example, by means of a thread
      34. The inner cavity of the bush 32 is machined to cooperate with the plug
      2 and is formed with a more or less radial opening 35 which allows the
      water to pass towards the cavity 31 and the delivery duct 8. It is clear
      that the machining of the bush 32 does not present any problem, while the
      problem of the inner machining of the body 1 is substantially reduced
      because of the larger diameter of the opening of its cavity which is now
      adapted to contain the bush 32 instead of the small plug 2. Moreover, in
      case some part, for example, the seating 30, is damaged during the
      machining, only the bush 32, and not the entire body, has to be scrapped,
      whereas in case of a defect arising after the assembly, for example in
      case of the seating 30 being scored by foreign matters carried by the
      water, as well as in case of wear-out, it is sufficient to remove the bush
      32 and to subject it to a new machining or to replace the same by a new
      one, thereby avoiding the necessity of detaching the body 1 from the
      installation, which body often is incorporated in a wall or is demountable
      with difficulty for some other reasons.
PAR  The embodiment shown in FIG. 3 relates to a valve intended to feed at will
      two or more delivery lines, for example the spout or the flexible fitting
      of a washbowl, the spout or the shower of a bath tub, or the like. In this
      case, the valve is provided with two delivery ducts 8 and 38, which are
      shown as diametrically opposed but of course could be disposed at any
      angle to each other. In this embodiment, the bush 32' is not screwed
      completely into the body 1' but may rotate through a small angle, and its
      rotation is controllable by means of a lever 36 passing through a
      corresponding slot formed in the body 1'. Besides the passage opening 35,
      the bush 32' has also an annular gasket 37 which acts to close the duct 38
      or, when the bush is rotated by means of the lever 36, the duct 8, while
      the duct which is not closed by the gasket 37 is fed by the opening 35
      directly or through an annular recess 39 of the bush (which recess
      replaces the chamber 31 of the first embodiment). Of course, it is
      possible to reduce the angle of rotation to be imparted to the bush for
      the diversion by providing, if necessary, two gaskets 37 shifted with
      respect to each other and intended to close respectively the one or the
      other of the delivery ducts; also, the openings 35 may be more than one,
      although both in this and the preceding embodiment it is not necessary to
      have the opening 35 confronting the delivery duct which is being fed.
PAR  Of course, the invention is not restricted to the specific embodiments
      shown and described herein and can be realized in somewhat different forms
      adapted to the requirements of the various applications.
CLMS
STM  Having thus thus described my invention, what I claim is:
NUM  1.
PAR  1. A single control mixing valve comprising a body, in said body inlet
      ports for fluids to be mixed and an inner mixing chamber and two outlet
      ports for mixed fluid, a rotatable and axially movable plug in said body
      and cooperating with said inlet ports to control the mixing ratio of the
      fluids flowing from said inlet ports to said inner mixing chamber, a
      sealing gasket on said plug, and an auxiliary member sealingly inserted
      between said body and said plug and connected to said body independently
      from said plug, said auxiliary member having the shape of a bush with a
      substantially cylindrical inner wall and being traversed by an opening
      interconnecting said inner mixing chamber selectively with either of said
      outlet ports, the inner end of said auxiliary member having a sealing seat
      cooperating with said sealing gasket of the plug to control the flow rate
      of the mixed fluid flowing from said inner mixing chamber to said outlet
      ports of the body, said auxiliary member having the sealing seat being
      mounted within said body for rotation through at least a limited angle
      between a first position in which said opening communicates with one said
      outlet port and a second position in which said opening communicates with
      the other said outlet port, a control lever connected to said auxiliary
      member to rotate said auxiliary member, said auxiliary member further
      having a closing gasket carried thereby that seals between said auxiliary
      member and said body entirely about said other outlet port in said first
      position of said auxiliary member and that seals between said auxiliary
      member and said body entirely about said one outlet port in said second
      position of said auxiliary member, whereby said auxiliary member also acts
      as a flow diverter.
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PAL  The specification and drawings disclose a valve assembly particularly
      suited for use in septic systems for diverting flow from a single inlet to
      either of two separate outlets. The disclosed valve comprises a relatively
      thin-walled, blow molded plastic housing which defines a valve chamber
      having an inlet and two outlets. Valve seats are formed integrally in the
      housing by the transition surface between the walls of the valve chamber
      and the outlets. A blow molded plastic valve element is provided which is
      adapted to be placed in the valve chamber to selectively close off either
      of the outlets. The valve element includes a hollow, generally
      wedge-shaped plastic body having a generally conically shaped sealing
      surface extending outwardly from one side thereof. Boss-like protuberances
      are provided in the valve chamber adjacent the outlets for releasably
      holding the valve element in position adjacent the selected outlet. The
      protuberances are such that the valve element can be manually snapped into
      and out of position. Additionally, the protuberances are located such that
      when the valve element is in position adjacent the outlet, the conical
      sealing surface is slightly deflected by the seats to increase the sealing
      pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject invention is directed toward the valve art and, more
      particularly, to a valve for selectively diverting fluid flow between
      plural outlets.
PAR  The valve is especially suited for use in septic systems for controlling
      flow of septic tank effluent to a plurality of septic leach beds and will
      be described with particular reference thereto; however, as will become
      apparent, the invention is capable of broader application and could be
      embodied in valves useful for a variety of purposes.
PAR  In septic tank systems, it is sometimes desirable, because of soil
      conditions and other factors, to provide each septic tank with two
      separate leach beds or drain fields. The effluent from the tank can be
      alternated between the two beds at periodic intervals. This allows the
      beds to, in effect, revitalize themselves during periods of non-use.
PAR  A valve useful for performing the diverting or alternating a function must
      be capable of withstanding relatively adverse operating conditions.
      Moreover, if the valve is to be economically compatible with the typical
      septic system, it must be available in large sizes at a relatively low
      cost. Additionally, it should be lightweight and require little or no
      maintenance.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The subject invention provides a valve structure which meets the
      above-mentioned criteria. According to one aspect of the invention, the
      valve comprises a housing defining a valve chamber with an inlet and one
      or more outlets. Preferably, but not necessarily, the valve housing is
      formed from blow molded plastic and has a relatively thin wall with the
      inlet and outlets formed integrally with the housing. Formed about each
      outlet is a valve seat which is a transition surface between the walls of
      the housing and the outlet. A valve element adapted to be manually placed
      in and removed from the chamber is provided to selectively close off or
      open the outlet. The valve element is preferably a unitary blow molded
      plastic element including a body with a generally conically shaped sealing
      surface extending outwardly therefrom. At least the portion of the body
      which defines the sealing surface is hollow and has a relatively thin
      resilient wall. Formed within the valve chamber are stationary retaining
      means which serve to releasably hold the valve element in position
      adjacent the outlet. The retaining means are located such that when the
      valve element is in position adjacent the outlet, the conical sealing
      surface is deflected by the seat a slight amount so as to increase the
      sealing pressure between the seat surface and the sealing surface.
PAR  In the embodiment disclosed, the stationary retaining means are merely
      bosses or raised portions in the wall of the valve housing which engage
      behind the valve element when it is in position. Additionally, the bosses
      or raised portions are arranged so that at least some of them can be
      deflected to permit the valve element to be manually snapped in or removed
      from the sealing position adjacent the outlet.
PAR  As can be appreciated, the entire valve assembly can be a simple two-part
      molded plastic structure. There is no requirement for complicated
      actuating mechanisms or the like. Moreover, the design is such that valves
      of extremely large size can be economically produced. Similarly, the
      weight of the entire valve assembly can be minimal.
PAR  Accordingly, a primary object of the subject invention is the provision of
      a valve assembly which is particularly useful as a diverter valve in
      septic tank systems.
PAR  Yet another object of the invention is the provision of a highly-simplified
      valve structure which can be formed with conventional blow molding
      techniques.
PAR  Yet a still further object of the invention is the provision of a valve of
      the general type described which requires only two components and which
      can be formed rapidly and economically.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages will become apparent from the
      following description when read in conjunction with the accompanying
      drawings wherein:
PAR  FIG. 1 is a plan view of a diverter valve formed in accordance with a
      preferred embodiment of the invention;
PAR  FIG. 2 is a cross-sectional view taken on line 2--2 of FIG. 1 (the valve
      element is shown in one location in solid lines and in an alternate
      location with dash-dot lines);
PAR  FIG. 3 is an enlarged view of the circled area of FIG. 2;
PAR  FIG. 4 is a pictorial view of the valve element; and,
PAR  FIG. 5 is an end view taken on line 5--5 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings wherein the showings are for
      the purposes of illustrating a preferred embodiment of the invention only,
      and not for the purpose of limiting same, FIGS. 1, 2 and 5 show the
      overall arrangement of the diverter valve 10 which comprises a housing or
      body 12 and a valve element 14.
PAR  In the embodiment under consideration, the valve 10 is arranged to control
      flow entering an inlet 16 between either of two separate outlets 18 and 20
      as, for example, when the valve is used as a diverter valve for the
      effluent coming from a septic tank. It should be understood that inlet 16
      would be suitably connected to the septic tank and the outlets 18 and 20
      would normally be connected to separate leach beds.
PAR  The housing 12 could be formed from many different materials and take a
      variety of specific configurations. However, in the subject embodiment,
      the housing 12 is formed from a suitable plastic material such as
      high-density polyethylene, polyvinyl chloride or the like. Preferably, the
      housing is formed by conventional blow molding techniques and has a side
      wall 15 having a generally octagonal configuration in plan as viewed in
      FIG. 1. The inlet 16 is formed integrally with the side wall 15 of housing
      12 and has a circular shape with a cylindrical sleeve or collar 24 sized
      so as to be compatible with the effluent line coming from an associated
      septic tank. The outlets 18 and 20 are axially aligned and disposed on
      diametrically opposite sides of the housing 12. Each of the outlets 18 and
      20 are of circular configuration and include a respective cylindrical
      sleeve portion 26 and 28 which is formed integrally with the housing. In
      the embodiment illustrated, each of the sleeves 26 and 28 are provided
      with members 30 of the type illustrated in commonly assigned U.S. Pat. No.
      3,695,643. Members 30 allow the outlets to be directly connected to
      conventional corrugated tubing of the type currently often used for septic
      leach bed systems. It should be appreciated, however, that the particular
      form of connecting means provided form no part of the invention. Other
      joint structures or connecting means could equally well be used.
PAR  The bottom of the housing 12 is closed by an integral wall 32, whereas, the
      upper end of the housing is provided with a top wall 34 which includes a
      circular stepped portion 38 and a generally rectangular opening 40. A
      vertically extending flange 42 extends upwardly about the opening 40.
PAR  The interior of the housing 12 forms a valve chamber 44. The valve element
      14 is adapted to be received within the chamber 44 and is arranged so that
      it can be positioned to alternately block flow through either of the
      outlets 18 or 20. The overall arrangement of the valve element 14 can best
      be seen with reference to FIGS. 2 and 4. In general, it comprises a body
      50 which is preferably formed from plastic through conventional blow
      molding techniques. Although it can be formed from many different
      materials, it is preferably formed from high-density polyethylene or
      polyvinyl chloride or the like. In particular, body 50 is hollow and
      includes a pair of spaced side walls 52, 54. The lower end of element 14
      has a somewhat wedged shape configuration defined by a rear wall 56 which
      joins between the side walls 52, 54. A front face 58 is similarly joined
      between the side walls 52, 54. The upper end of the body 50 has a
      generally rectangular configuration and serves as a handle 60 to permit
      the valve element to be manipulated within the valve chamber 44 and
      selectively shifted between the outlets 18 and 20 in a manner subsequently
      to be described. It should be noted that handle 60 is molded with a
      depressed finger grip portion 61.
PAR  Extending outwardly from the front face 58 of valve member 14 is a
      truncated, generally conically shaped wall portion 62. The wall portion 62
      is integral with the face 58 and defines a conical sealing surface 64. The
      surface 64 is sized so that it is received in the outlet 18 in the manner
      shown in FIG. 2. Note that the transition surface 66 between the outlet
      sleeve 26 and the side wall of the housing has a generally arcuate
      configuration and defines a valve seat. The surface 64 is sized so that
      the transition surface 66 will engage somewhere approximately midway
      between the maximum and minimum diameters of surface 64.
PAR  As can be appreciated, means must be provided to permit the valve element
      to be held in location adjacent a selected outlet. For this reason,
      releasable stationary retaining means are provided to maintain the valve
      element 14 in position with the sealing surface 64 tightly engaged with
      the transition or seat surface 66. In particular, the valve housing 12 is
      provided with internal boss-like protuberances 70, 72 and 74. A pair of
      the protuberances 72 and 74 are associated with each of the outlets 18 and
      20. Similarly, one of the protuberances 70 is positioned adjacent each of
      the outlets 18 and 20 and extends generally perpendicular to the axis of
      the respective outlet. Referring again to the protuberances 72 and 74, it
      will be noted that they are formed on the upwardly extending flange 42
      which extends about the top opening 40. The protuberances 72 and 74 are
      carried on the flange and can be resiliently displaced in a lateral
      direction relative to the axis of the outlet. As best seen in FIG. 2, the
      protuberances 70, 72 and 74 are located such that when the valve element
      14 is in position adjacent a selected outlet, the protuberances engage the
      rear face of the valve element to hold it firmly in position relative to
      the outlet. The resiliently displaceable nature of the protuberances 72
      and 74 permit the valve element to be manually snapped out of position
      adjacent the outlet. Note that the solid line element 14 of FIG. 2 can be
      rotated in a clockwise direction about its lower end to permit it to be
      removed from its sealing position in outlet 18. During this clockwise
      movement, the associated protuberances 72, 74 are moved in an outward
      direction as shown by the small arrows associated therewith. Thus, the
      valve element 14 can be snapped out of position and moved to the other
      outlet. To reposition the valve element, it is only necessary to insert
      its lower end between the side wall 15 and associated protuberance 70 and
      rotate it so that its upper end is received between the protuberances 72,
      74.
PAR  One relationship between the valve housing and the valve element which is
      comparatively important is the positioning of the retaining means or
      protuberances 70, 72 and 74. As best illustrated in FIG. 3, it is highly
      preferable that the protuberances be located such that when the valve is
      in position, the sealing face 64 is slightly deflected in the manner
      shown. This acts to maintain a relatively tight pressure seal between the
      seat 66 and the surface 64. As shown, the conical wall 64 must deflect
      slightly when the valve is maintained in position by the protuberances.
      The inherent resiliency of the hollow plastic valve member thus maintains
      a good pressure seal.
PAR  Although not previously discussed, the handle portion 60 of the valve
      member 14 extends outwardly through the open top 40 of the housing. In
      normal use, the valve 10 will be positioned beneath the ground level such
      that the center lines of its inlets and outlets correspond with the center
      lines of the associated septic drain and leach beds. So as to permit
      manual access to the valve elements for shifting between the two outlets,
      a manhole or large diameter section of piping extends outwardly from the
      round stepped diameter portion 38 of the top of the housing. This is not
      shown in the subject drawing since it forms no particular part of the
      invention. It should be recognized that in certain installations a cover
      could be placed directly over the handles to close the upper end of the
      valve.
PAR  The invention has been described in great detail sufficient to enable one
      of ordinary skill in the art to make and use the same. Obviously,
      modifications and alterations of the preferred embodiment will occur to
      others upon a reading and understanding of the specification and it is my
      intention to include all such modifications and alterations as part of my
      invention insofar as they come within the scope of the appended claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A diverter valve comprising:
PA1  a housing having a continuous side wall, a bottom wall and a top wall
      defining a hollow valve chamber, said housing including an inlet opening
      and said side wall including at least two spaced apart outlet openings
      with said inlet and outlet openings communicating from outside said
      housing with said chamber, said top wall including a valve element
      receiving opening and said housing further having a valve seat disposed
      around each of said at least two outlet openings;
PA1  a valve element receivable in said chamber through said element receiving
      opening and movable through said receiving opening between separate spaced
      blocking positions in said chamber for selectively blocking at least one
      of said outlets and allowing communication through said chamber between
      said inlet and the other of said outlets, said valve element comprising a
      body having top and bottom portions and front and rear face portions, said
      front face portion having an outwardly extending generally conically
      shaped resilient sealing surface; and,
PA1  valve element locating and retaining means disposed in said chamber for
      releasably retaining said valve element in said separate blocking
      positions, said locating and retaining means being located such that when
      said valve element is in a blocking position with said at least one
      outlet, said resilient sealing surface is deflected by the valve seat
      associated with said at least one outlet.
NUM  2.
PAR  2. The valve as defined in claim 1 wherein at least that portion of said
      valve element body which defines said sealing surface is hollow and has a
      relatively thin resilient wall.
NUM  3.
PAR  3. The valve as defined in claim 1 wherein said locating and retaining
      means comprises boss-like members formed in said chamber and spaced from
      said outlets a distance such as to engage said valve element on said rear
      face portion.
NUM  4.
PAR  4. The valve as defined in claim 1 wherein said locating and retaining
      means comprises boss-like members capable of resiliently deflecting to
      permit said valve element to be manually moved into and out of said
      blocking positions.
NUM  5.
PAR  5. The valve as defined in claim 1 wherein said housing is formed
      substantially entirely of plastic and wherein said valve seats are at the
      juncture of said outlets and said chamber.
NUM  6.
PAR  6. A diverter valve comprising:
PA1  a housing having a continuous side wall, a bottom wall and a top wall
      defining a hollow valve chamber, said housing including an outlet opening
      and said side wall including first and second spaced apart outlet openings
      with said inlet and outlet openings communicating from outside said
      housing with said chamber, said top wall having a valve element receiving
      opening and said housing further including a valve seat disposed around
      each of said outlet openings;
PA1  a valve element comprised of a body having top and bottom portions and
      front and rear face portions, said front face portion having an outwardly
      extending generally conically shaped resilient sealing surface, said valve
      element being insertable through said receiving opening into a first
      blocking position blocking said first outlet while allowing communication
      through said chamber between said inlet and said second outlet, said valve
      element being selectively movable through said receiving opening from said
      first blocking position to a separate second blocking position blocking
      said second outlet while allowing communication through said chamber
      between said inlet and said first outlet; and,
PA1  valve element locating and retaining means disposed in said chamber and
      associated with said first and second outlets for releasably retaining
      said valve element in said separate first and second blocking positions,
      said locating and retaining means being located such that when said valve
      element is in one of said blocking positions, said resilient sealing
      surface is deflected by the valve seat associated with the outlet being
      blocked.
NUM  7.
PAR  7. The valve as defined in claim 6 wherein said housing is formed
      substantially entirely of plastic and wherein said seats are an integral
      part of said housing and are formed by transition surfaces between said
      valve chamber and said outlets.
NUM  8.
PAR  8. The valve as defined in claim 7 wherein said locating and retaining
      means includes boss-like members formed in said chamber and capable of
      resiliently deflecting laterally of the outlets for permitting movement of
      said valve member into and out of position adjacent said outlets.
NUM  9.
PAR  9. The valve as defined in claim 7 wherein said valve element comprises a
      one-piece molded plastic member having a handle portion formed integrally
      therewith, said handle portion extending outwardly of said valve chamber
      through said valve element receiving opening.
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ABST
PAL  A system for disconnecting a compressed air control system from a main
      supply line if the system is not used with a predetermined frequency. A
      normally closed solenoid-operated three-way reset valve is controlled by a
      normally open hand-operated switch which simultaneously operates a control
      valve in the system for a working cylinder. When the working cylinder
      valve is actuated, the three-way valve charges the operating chamber of a
      normally closed three-way air saver valve in series with the main line,
      thus opening the air saver valve. The operating chamber of the air saver
      valve discharges at a controlled rate through the reset valve when the
      latter returns to its closed position by opening the switch. If the
      operator closes the switch again before the pressure in the operating
      chamber is depleted, the air-saver valve is held open. If the switch is
      not operated in time the system is disconnected from the main line and
      connected to exhaust by the air saver valve, thus preventing air leakage
      waste in the system which would otherwise occur if air pressure were
      maintained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to compressed air systems in industrial plants.
      Normally, air from the plant main supply line is continuously applied
      under pressure to each of the many control valve systems in the plant. A
      typical control valve system might be for dual acting cylinders which
      control clamping, piercing or other machine tool operations.
PAR  As long as the operator is using the machine, there is no harm in
      maintaining a constant supply of pressurized air to the machine control
      valve system. However, if the operator is not at his station for an
      extended period, for example, during a lunch break or overnight, the
      continuous application of compressed air through the machine control valve
      system results in energy wastage by the constant and inevitable leakage
      from the couplings, joints and valves.
PAR  2. Description of the Prior Art
PAR  A search on the subject matter of this invention revealed U.S. Pat. No.
      3,729,024 wich shows the concept of shutting down a plant when a
      lubricator is not operating fast enough, the lubricator supplying air to
      an accumulator. However, the system shown in this patent would be
      unsuitable for accomplishing the purposes of the present invention and the
      patent fails to disclose important features as set forth in the attached
      claims. Another patent, U.S. Pat. No. 1,947,727, exemplifies other systems
      where, after a given time, a shift is made unless some other action is
      taken, this patent pertaining to the closure of an elevator door.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a novel and improved
      system for saving air and thus conserving energy in an industrial plant,
      which is automatic in its operation, being tied in directly with the
      frequency of actuation by an operator of a machine, so that a compressed
      air supply to the control valve system will be shut off and the system
      connected to exhaust after a given time lapse from the last machine
      operation.
PAR  It is another object to provide an improved system of this character which
      requires a minimum of additional equipment, is simple and easy to install
      in an existing system, is adjustable for various time lags, and is
      extremely reliable in use.
PAR  It is a further object to provide an air saving arrangement of this nature
      which is useful regardless of whether a controlled valve in the system
      being monitored is held in its shifted position by the operator only
      momentarily or for an extended period of time.
PAR  Briefly, the illustrated embodiment of the invention comprises, in
      combination with a compressed air control valve system having an air
      supply line and a solenoid-operated control valve shiftable from a first
      to a second position by a switch, a three-way normally closed
      solenoid-operated reset valve, means for simultaneously energizing the
      solenoid of said reset valve and the solenoid of said control valve, a
      normally closed three-way air-operated air saver valve having an operating
      chamber for shifting the valve to its open position, said air saver valve
      being connected between said air supply line and the inlet port of said
      control valve, an unrestricted connection leading from the working port of
      said reset valve to the operating chamber of said air saver valve, and a
      restricted connection leading from the operating chamber of said air saver
      valve to the working port of said reset valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view showing a typical compressed air system for
      supplying and controlling working cylinders, with the system of this
      invention incorporated therein; and
PAR  FIG. 2 is a chart showing the variation in non-active time required to cut
      off the compressed air supply as related to the volume of the air saver
      valve operating chamber.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A main compressed air supply line in an industrial plant is indicated at
      10. This line is supplied from a tank 11 pressurized by a compressor 12
      and has a number of branches, one of which is indicated at 13. This branch
      leads to a work station generally indicated at 14 having, for example, a
      double acting clamp cylinder 15 and pierce cylinder 16 for a press, die or
      other machine. As is conventional, branch line 13 may be provided with a
      filter 17, pressure regulator 18 and lubricator 19, as well as a main
      valve 21. This valve is shown as having a solenoid 22, which when
      energized, will move the valve from an exhaust position as shown in FIG. 1
      to an open position in which compressed air is supplied to station 14.
PAR   Branch 13 is illustrated as being connected to a clamp cylinder control
      valve 23 and pierce cylinder control valve 24. Each of these valves is
      shown as being a solenoid-operated four-way valve. Valve 23 has an inlet
      port 25 and valve 24 an inlet port 26, these ports being connected in
      parallel to supply branch 13. With valves 23 and 24 in their spring-urged
      positions shown, the piston of cylinder 15 is moved to its left hand
      position and the piston of cylinder 16 to its upper position. When either
      valve is shifted by energization of its solenoid, its respective piston
      will be shifted to the opposite position.
PAR  For illustrative purposes, the solenoid 27 of valve 23 only is shown as
      being connected to an electrical supply source 28. This connection is
      through a double pole-single throw switch 29 having a connection 31 to
      solenoid 27. When switch 29 is in its normal open position, solenoid 27
      will be de-energized and valve 23 in its left hand position. Momentary or
      prolonged closure of switch 29 will shift valve 23 to its right hand
      position, and it will return when switch 29 is released.
PAR  The invention comprises a reset valve 32 and an air saver valve 33, the
      reset valve being connected to switch 29 and the air saver valve in series
      between valve 21 and work station 14. Reset valve 32 is a
      solenoid-operated three-way normally closed valve having an inlet port 34,
      an exhaust port 35 and an outlet or working port 36. The valve is urged by
      a spring 37 to a normal position in which port 36 is connected to port 35
      and port 34 is blocked. A solenoid 38 is provided which, when energized,
      will move valve 32 to an open position, connecting inlet port 34 to
      working port 36 and blocking exhaust port 35. Pursuant to the invention,
      solenoid 38 is connected to push button switch 29 by a conductor 39 in
      parallel with conductor 31 leading to solenoid 37. Thus, closure of switch
      29 will simultaneously energize both solenoids and shift valves 23 and 32
      from their positions in FIG. 1. The valves will stay in their shifted
      positions until push button 29 is released. It will be understood, of
      course, that push button 29 is merely exemplary of the circuitary used by
      the operator, which could be controlled by palm buttons or other safety
      switching equipment.
PAR  The compressed air supply for valve 32 is provided by a conduit 41 leading
      from main branch line 13 at a junction 42 past valve 21. Working port 36
      of reset valve 32 is connected by a conduit 43 to the operating chamber 44
      of valve 33. This valve is an air-operated normally closed three-way valve
      having an inlet port 45, an exhaust port 46 and a working port 47. Valve
      33 is interposed in line 13 after valve 21 and junction 42. Spring 48
      urges valve 33 into a position in which working port 47 is connected to
      exhaust port 46, thus connecting work station 14 to exhaust and blocking
      the compressed air in the upstream portion of line 13 from entering the
      control valve system at the work station.
PAR  When chamber 44 is pressurized, it will shift valve 33 to a position
      connecting the upstream end of line 13 to work station 14 by means of
      ports 45 and 47, and blocking exhaust port 46. Suitably, an enlarged
      volume 49 of selected size is provided for chamber 44 so that it will take
      a predetermined time to exhaust the chambers 44, 49 (referred to in
      combination as chamber 50) when pressurized air is no longer being
      supplied thereto. As long as chamber 50 is holding valve 33 in its open
      position, a full supply of compressed air will be provided for work
      station 14 so that cylinders 15 and 16 may be operated by valves 23 and 24
      respectively.
PAR  Conduit 43 leads from working port 36 of valve 32 to the port 51 of
      operating chamber 50. This connection is through parallel passages 52 and
      53. Passage 52 has an adjustable restriction 54 whereas passage 53 has a
      check valve 55 permitting free and unrestricted flow from port 36 to port
      51 but preventing flow in the opposite direction. Flow from port 51 to
      port 36 must be through adjustable restriction 54.
PAR  In operation of the system, assuming that main valve 21 has been opened,
      the operator at work station 14 will periodically close push button switch
      29 to operate clamp cylinder 15. This closure may be momentary or for a
      prolonged period. Each time the circuit is closed solenoids 38 and 27 will
      be energized. Solenoid 27 will shift valve 23 to the right in FIG. 1.
      Solenoid 38 will shift valve 32 downwardly. This will immediately supply
      air to chamber 50, shifting valve 33 downwardly from its FIG. 1 position.
      Compressed air will be instantaneously supplied from branch 13 to valves
      23 and 24. Valve 23 having been shifted, this air supply will move the
      piston of cylinder 15 to the right in FIG. 1. The piston of cylinder 16
      may be moved appropriately to the desired operation at the work station by
      other means (not shown).
PAR  Should switch 29 be held in its closed position, valves 32 and 33 will
      continue to be held in their downward or open positions so that compressed
      air will be supplied to work station 14. When push button switch 29 is
      released, solenoid 27 will immediately be deenergized, causing valve 23 to
      move to its FIG. 1 position, thus moving the piston and cylinder 15 to the
      left.
PAR  Opening of switch 29 will also deenergize solenoid 38 so that spring 37
      will move valve 32 to its exhaust position of FIG. 1. Chamber 50 will be
      depleted through adjustable restriction 54. The time required to reduce
      the pressure in chamber 50 sufficiently to permit spring 48 to shift valve
      33 to its exhaust position will depend upon the setting of restriction 54
      and the size of volume 50. FIG. 2 shows a typical relationship between the
      size of the volume in chamber 50 and the time required, at a given setting
      of restriction 54, to permit valve 33 to shift to its exhaust position.
PAR  Thus, if the operator remains active at work station 29, the volume of
      chamber 50 and the setting of restriction 44 may be so chosen as to hold
      valve 33 in its open position for a substantially longer time than the
      operator would normally take to again close switch 29. This could be,
      perhaps, ten minutes. As long as the operator closes switch 29 within this
      time span, solenoid 38 will again be energized (along with solenoid 27)
      and chamber 50 again pressurized, thus holding valve 33 in its open
      position and maintaining a full and continuous compressed air supply
      pressure to working station 14.
PAR  However, should the operator leave or become inactive at the station for
      some reason, such as for lunch or at the end of a shift, valve 33 will
      shift to its exhaust position at the expiration of said predetermined time
      period. At that time, line 13 downstream of valve 33 will be connected to
      exhaust 46, and the upstream end of supply branch 13 will be cut off from
      the work station. This will prevent any continued wastage of compressed
      air and thus conserve the energy required to operate compressor 12. Since
      there could be dozens of work stations similar to station 14 throughout
      the plant, the installation of this air saving invention at each station
      could result in a substantial total saving of energy over an extended time
      period.
PAR  When the operator returns, no preconditions need be met before he again
      operates push button switch 29 as part of his duties at work station 14.
      Actuation of switch 29 will immediately open valve 33 and supply
      compressed air to the work station as before.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for conserving the compressed air supply from a main line to
      a work station having a control valve, an air saver valve interposed
      between said main line and said control valve, means normally urging said
      air saver valve in a position blocking flow from said main line to said
      control valve, means for selectively shifting said control valve between
      first and second positions, means responsive to each shifting of said
      control valve to its second position for shifting said air saver valve
      from its blocking position to an open position permitting flow from said
      main line to said control valve, and timing means for permitting said
      urging means to return the air saver valve to its blocking position after
      a predetermined time interval in the event that said control valve has not
      been shifted to its second position during said interval.
NUM  2.
PAR  2. The combination according to claim 1, further provided with means for
      holding said air saver valve in its open position as long as said control
      valve is held in its second position, running of said timing means being
      initiated in response to shifting of said control valve back to its first
      position.
NUM  3.
PAR  3. The combination according to claim 1, said shifting means for the air
      saver valve comprising an operating air chamber, said timing means
      comprising a restricted passage leading from said chamber.
NUM  4.
PAR  4. The combination according to claim 3, said means responsive to shifting
      of the control valve to its second position comprising a reset valve
      having a working port connected to said chamber.
NUM  5.
PAR  5. A system for conserving the compressed air supply from a main line to a
      work station having a solenoid-operated control valve shiftable from a
      first to a second position by a switch, comprising a three-way normally
      closed solenoid-operated reset valve, means for simultaneously energizing
      the solenoid of said reset valve and the solenoid of said control valve, a
      normally closed three-way air-operated air saver valve having an operating
      chamber for shifting the valve to its open position, said air saver valve
      being connected between said air supply line and the inlet port of said
      control valve, an unrestricted connection leading from the working port of
      said reset valve to the operating chamber of said air saver valve, and a
      restricted connection leading from the operating chamber of said air saver
      valve to the working port of said reset valve.
NUM  6.
PAR  6. The combination according to claim 5, said restricted connection being
      adjustable, said unrestricted connection having a one-way check valve.
NUM  7.
PAR  7. The combination according to claim 6, said air saver valve being
      spring-urged toward its closed position, said operating chamber having a
      fixed volume and an added volume, whereby the size of said added volume
      may be preselected to determine the required time for permitting said air
      saver valve to move to its closed position.
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ABST
PAL  A control system for remote proportional positioning of hydraulic
      directional control valves includes pulse duration modulation control of
      electrohydraulic converters controlling hydraulic valve spool positioners.
      Pulse groups supplied to the converters have a repetition rate of the
      order of 50 Hz to cause mechanical vibrations in the hydraulic liquid and
      the valve positioners, thereby reducing frictional hysteresis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a system for the proportional electrohydraulic
      remote positioning of a plurality of hydraulic control valves.
PAR  In the use of hydraulically operated working machines, especially
      load-handling apparatus, such as vehicle-mounted cranes of the type
      finding use in mechanized lumbering, it is often desirable to be able to
      effect the control by means of a portable control unit, that is, from a
      location that can be chosen according to need in each case. Various
      embodiments of systems permitting such control are known.
PAR  In a known type of system of this kind, the entire hydraulic equipment is
      disposed on the working machine and connected to a control box through an
      electric cable. The hydraulic equipment comprises a plurality of
      proportional control valves in the form of directional control valves for
      the distribution of hydraulic liquid to the working cylinders, each such
      control valve be operated by a hydraulic positioner and an
      electrohydraulic converter connected to the positioner.
PAR  The positioner commonly is a double-acting hydraulic cylinder and the
      converter is an electromagnetically operated servo valve device. This
      servo valve device is supplied with an electric control signal set at the
      control box and, depending on the direction or sign of this signal,
      delivers hydraulic liquid to either of the two compartments of the
      positioner cylinder until the pressure in that compartment has reached a
      value proportional to the magnitude of the control signal, namely, until
      the piston of the positioner cylinder has displaced a spring-centered
      valve spool of the control valve a distance proportional to the magnitude
      of the control signal.
PAR  The control box includes a control signal transmitter having lever-operated
      potentiometers which are associated with respective ones of the control
      valves to be proportionately positioned. Each potentiometer is connected
      to a pair of solenoids of the converter of the associated control valve
      such that, depending on the direction of the deflection of the
      potentiometer lever, one or the other of the two solenoids is supplied
      with an electric control signal proportional to the magnitude of the lever
      deflection, which control signal the converter then translates into a
      proportional hydraulic positioning signal for the positioner.
PAR  Since the hydraulic equipment may comprise several control valves -- six
      control valves are common -- and since each control valve requires two
      conductors in the electric cable between the working machine and the
      control box (these conductors have to be capable of passing a current of a
      few hundred milliamperes), the cable is expensive and, above all, heavy
      and thus difficult to handle. This disadvantage is particularly apparent
      when the working machine is used in forests, since the cable then tends to
      get caught in scrub, low bushes or tree-stumps. Another disadvantage of
      systems of the known type is that because of the friction of the valve
      spools, the remote positioning of these spools cannot be made free from
      hysteresis, unless special steps are taken.
PAC  SUMMARY OF THE INVENTION
PAR  These and other disadvantages are avoided in the system according to the
      invention. As will become apparent in more detail from the following
      description, the system according to the invention requires only three
      conductors between the machine and the control box, regardless of the
      number of control valves to be positioned. In addition to a common ground
      conductor, it is sufficient to have a single conductor for the
      transmission of the control signals from the control box to the working
      machine and another conductor for the current supply to the control box.
      Moreover, none of the conductors has to carry more than very small
      currents, and the conductor cross-sectional area thus can be very small.
      If the control box has a current supply of its own, it is also possible to
      transmit the control signals from the control box to the machine through a
      radio link which may be simple and inexpensive and yet provide an accurate
      and reliable transmission.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  The invention will be described in more detail hereinafter with reference
      to the accompanying drawing which shows a block diagram of one embodiment.
DETD
PAR  The illustrated system is intended for the remote control of, for example,
      a hydraulic crane or other working machine having six control valves to be
      proportionately positioned in two directions each and independently of
      each other. With the exception mentioned below, the entire system is made
      up of well-known units and for that reason a detailed description of the
      structure of the individual units is deemed unnecessary.
PAR  The main units of the system, which are surrounded by an enclosure of
      broken lines in the drawing, comprise a signal transmitter 11 intended to
      be hand-held or carried by an operator remotely from the machine, although
      it is also possible to have it mounted on the working machine proper; a
      transmission unit 12 uncluding a signal receiver 13 disposed on the
      machine and having 12 signal outputs arranged in pairs (only one pair is
      shown) and also including a cable 14 between the signal transducer and the
      signal receiver; an electrohydraulic converter assembly 15 for each pair
      of signal outputs of the receiver; six actuator units 16 (only one is
      shown) connected to respective ones of the converters, each actuator unit
      including a double-acting hyraulic cylinder 17 and a control valve
      (directional control valve) in the form of a hydraulically operated
      proportional four-way spool valve 18; and finally a pump unit 19 common to
      all actuator units and converters and having the usual required relief and
      reduction valves (not shown).
PAR  The signal transmitter 11 automatically and repetitively produces a pulse
      group comprising seven pulses. The repetition rate of the pulse groups is
      not critical but it will be assumed here that the repetition rate is 50
      Hz; as will become apparent as the description proceeds, a frequency of
      that order of magnitude is advantageous. Each pulse group commences with
      an initial pulse which is followed by six successive pulses termed control
      pulses. The total duration of each pulse group is considerably shorter
      than the time spacing of successive initial pulses (which is 20
      milliseconds at 50 Hz); in this case, with a repetition rate of 50 Hz, the
      nominal time spacing of like portions of each control pulse and the next
      preceding pulse of the pulse group (either the initial pulse or the next
      preceding control pulse) is 1.5 ms. The pulses are so-called spike pulses
      and are of the same magnitude.
PAR  The initial pulses are produced by an astable multivibrator 20, and the six
      control pulses are produced by six cascade-connected monostable circuits
      21-26. The astable multivibrator and all monostable circuits have a common
      output 27 connected to the cable 14, of which only a single conductor for
      the pulse transmission to the receiver 13 is shown (in addition to this
      conductor the cable has a conductor for the current supply and a common
      ground conductor). When it delivers the initial pulse to the output 27,
      the astable multivibrator 20 also triggers the first monostable circuit 21
      which, after a variable delay time, produces the first control pulse and
      delivers it to the output 27. The first monostable circuit 21 then
      produces the second control pulse and triggers the second monostable
      circuit 22, which in turn produces the third control pulse and triggers
      the third monostable circuit 23, and so on, until the complete pulse group
      has been produced.
PAR  By means of an operating lever 21A-26A the operator can infinitely vary the
      delay time of each monostable circuit 21-26 between predetermined limits.
      The operating lever is mechanically coupled with the movable contact of a
      potentiometer in the associated monostable circuit and spring-biassed to a
      neutral position in which the delay time is 1.5 ms, and deflection of the
      operating lever in one direction or the other from the neutral position
      increases or decreases the delay time by up to 0.5 ms, depending on the
      direction and magnitude of the deflection. Accordingly, the total duration
      of the pulse group may vary from 6 to 12 ms, and the last control pulse is
      thus followed by a pulse-free interval of 8 to 14 ms.
PAR  The signal receiver 13 has an input 28 connected to the cable 14. The
      pulses from the signal transmitter 11 are passed from the input 28 by way
      of a gate circuit 29 controlled by a resetting circuit 30 to the input 31
      of a pulse counter or decoder 32 having six outputs 33-38, herein termed
      control outputs, associated with respective ones of the six control valves
      18, and a seventh output 46, hereinafter termed inhibit output, which is
      activated only if the received pulse group comprises more than the seven
      pulses making up a correct pulse group. The decoder 32 is basically a
      counter having seven cascaded stages and is constructed such that it
      delivers, in response to the reception of each correct pulse group, six
      positive signals appearing in succession on respective ones of the six
      control outputs 33-38, the signal delivered to the first control output 33
      being of a duration equal to the time spacing between the first control
      pulse and the initial pulse, the signal delivered to the second control
      output 34 being of a duration equal to the time spacing between the second
      control pulse and the first control pulse, and so on. A few milliseconds
      after the last pulse of each correct pulse group has appeared on the input
      28, the resetting circuit 30 becomes operative to reset the decoder 32
      through the gate circuit 29. The pulse-free interval after the pulse group
      thus serves to make the resetting possible.
PAR  Each control output 33-38 of the decoder is connected to an electric and
      hydraulic circuit arrangement which is similar to that connected to the
      first control output 33 and which includes one of the control valves 18,
      but in the interest of clarity the circuit arrangements connected to the
      other control outputs 34-38 are omitted from the drawing.
PAR  The positive output signal on the control output 33 is passed to a
      monostable circuit 39, which is thereby triggered to deliver an undelayed
      negative signal of a duration of 1.5 ms to a first input 40A of a
      comparator 40, and is also passed directly to a second input 40B of the
      comparator, which has two separate outputs 40C and 40D. If the difference
      between the signals appearing on the inputs is positive, that is, if the
      input signal appearing on the first input 40A is of shorter duration than
      the signal appearing on the second input 40B, the comparator delivers to
      the output 40D an output signal of a predetermined magnitude and a
      duration equal to the difference between the durations of the input
      signals, and if the difference is negative, the comparator delivers to the
      output 40C an output signal of the same magnitude and a duration equal to
      the difference between the durations of the input signals. It follows from
      the foregoing that the output signal can never have a duration longer than
      0.5 ms.
PAR  The comparator 40 comprises two parallel channels, each having an
      integrator and a Schmitt trigger connected to the output of the
      integrator. One channel responds to negative input signals and the other
      channel responds to positive input signals. Since the signals supplied to
      the two inputs 40A, 40B from respectively the monostable circuit 39 and
      the control output 33 are of opposed polarities, commence simultaneously
      and are of the same magnitude, they cancel each other until the signal of
      the shortest duration disappears, and depending on whether the signal
      supplied to the input 40B is shorter or longer than 1.5 ms, either the
      channel connected to the input 40A or the channel connected to the input
      40B will respond to the remainder of the signal of the longest duration.
PAR  The output signal of the comparator is extended in a pulse stretcher 41,
      e.g. to a duration 20 times the duration of the unextended output signal,
      and amplified in an amplifier 42 whereupon it is supplied to the
      energization winding of an electrohydraulic servo-pressure valve 43. This
      valve, in combination with a so-called pressure-compensated flow control
      or fixed-flow valve 44 (a valve passing a fixed volumetric flow rate
      regardless of pressure variations at its inlet and outlet and regardless
      of the viscosity of the hydraulic liquid) and an intermediate outlet 45,
      forms a servo valve of the kind constituting the subject matter of my
      copending patent application Ser. No. 560,930 entitled "Valve device"
      filed concurrently herewith and incorporated herein by reference.
PAR  As explained in more detail in the just-mentioned patent application, the
      servo valve 43, 44, 45 translates the electric input signal received from
      the amplifier 42 into a hydraulic positioning signal the pressure
      magnitude of which is proportional to the amperages of the input signal,
      if this amperage is constant. In this case, where the input signal is a
      sequence of unipolar pulses having a variable pulse duty factor, or, in
      other words, where the amperage of the input signal varies periodically at
      the rate of 50 Hz, the pressure magnitude of the hydraulic positioning
      signal is proportional to a modified or reduced value of the amperage of
      the input signal, namely, proportional to the pulse duty factor of the
      input signal. As is apparent from the foregoing description, the pulse
      duty factor is proportional to the magnitude of the deflection of the
      operating lever 21A of the signal transmitter, a proportionality factor
      being the ratio of the duration of the extended pulses from the pulse
      stretcher 41 to the duration of the output signals from the comparator 40.
PAR  The hydraulic positioning signal appears at the outlet 45 and is supplied
      to a positioner cylinder for the spool of the control valve 18 and this
      spool is consequently displaced a distance corresponding to the pressure
      magnitude of the positioning signal so that the piston of the working
      cylinder 17 is displaced at a corresponding speed. Since the volumetric
      flow rate of the flow through the fixedflow valve 44 is always constant as
      long as the pressure drop across this valve exceeds a predetermined
      relatively low value, a good proportionality of the magnitude of
      deflection of the operating lever to the position of the piston of the
      control valve positioner cylinder and thus the speed of displacement of
      the spool of the control valve is obtained.
PAR  Since the servo-pressure setting valve is supplied with a sequence of
      pulses, pulsations are produced in the liquid supplied to the positioner
      cylinder. These pulsations contribute to a considerable reduction or to an
      elimination of the troublesome hysteresis which is otherwise normally
      caused by the friction of the positioner cylinder piston and the control
      valve spool. The effect of these pulsations is augmented if the housing of
      the pressure setting valve is mounted on the positioner cylinder; the
      mechanical vibrations produced in the pressure setting valve by the input
      signal are then propagated to the positioner cylinder and the control
      valve housing. The effect of the vibrations and pulsations can be varied
      by changing the repetition rate of the pulse groups.
PAR  The practically hysteresis-free positioning of the valve spool produces an
      extremely good accordance of the position of the operating lever and the
      position of the valve spool. The combination of servo-pressure valves of
      the above-described type with fixed-flow valves in the electrohydraulic
      converter assemblies 15 also ensures that the proportionality is
      maintained even if more than one of the control valves are operated
      simultaneously, even though all converter assemblies are supplied with
      liquid from the same pump.
PAR  The inhibit output 46 is the output of the seventh, final stage of the
      seven cascaded stages of the decoder 32 and is connected through a control
      circuit 47 to a relay 48 operative upon activation to inhibit all
      amplifiers 42 from delivering an output signal to the pressure setting
      valves 43. In the interest of simplicity the relay 48 is shown as an
      electromechanical relay which upon activation blocks the connection
      between the output of the amplifiers 42 and the pressure setting valves
      43, but in practice the inhibition or blocking of the amplifiers may be
      provided for in other ways. For example, the relay 48 may be an electronic
      switch adapted upon activation to disconnect the drive voltage of the
      amplifiers.
PAR  The inhibit output 46 serves to prevent an uncontrolled positioning of the
      control valves 18 if repeated spurious pulses should appear on the input
      31 of the decoder 32. Such spurious pulses may appear particularly if the
      transmission of signals between the signal transmitter 11 and the signal
      receiver 13 is effected through a radio link and may be caused by
      communication radio transmitters or by radio transmitters of other remote
      control systems. If such spurious pulses appear, they almost always
      manifest themselves such that one or more of the pulse groups supplied to
      the input of the decoder 32 comprise pulses in addition to the seven
      pulses repetitively produced by the signal transmitter 11. If a pulse
      group comprises more than seven pulses, the inhibit output 46 will also be
      supplied with a signal, which is fed to the control circuit 47. This
      control circuit is constructed such that it delivers an activation signal
      to the relay 48 only after it has received a predetermined number of
      signals from the inhibit output 46 in the course of an interval of
      predetermined duration. Accordingly, occasional incorrect pulse groups do
      not cause suppression of the signals from the amplifiers 42.
PAR  Naturally, the applicability of the remote control system according to the
      invention is not limited to the remote positioning of centered control
      valves, that is, valves which can be positioned in either direction from a
      central neutral position. Moreover, the system is also applicable to the
      remote positioning of objects other than hydraulic control valves.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for remote proportional positioning of a plurality of hydraulic
      directional control valves, comprising
PA1  a. a signal transmitter having a plurality of manual operating members, a
      pulse generator for repetitively producing a pulse group comprising an
      initial pulse and a plurality of control pulses, one for each operating
      member, following in time-spaced succession after the initial pulse, and
      means for changing the time spacing of each control pulse from the next
      preceding one of the pulses of the pulse group in accordance with the
      position of the associated operating member,
PA1  b. a plurality of electrohydraulic converters associated with respective
      ones of the operating members and adapted to be connected to an associated
      one of the control valves to be positioned, each such converter including
      means for producing a hydraulic positioning signal proportional to an
      electric input signal, and
PA1  c. a transmission unit for the transmission of the pulse groups from the
      signal transmitter and for deriving from the pulse group an electric input
      signal for each converter, including a decoder having an input for the
      pulse groups from the signal transmitter, means for deriving from each
      control pulse of a received pulse group an electric signal of a
      predetermined magnitude and of a duration proportional to the time spacing
      of that control pulse from the next preceding one of the pulses of the
      pulse group and shorter than the time spacing of two successive pulse
      groups, and means for feeding this signal as an input signal to the
      associated converter.
NUM  2.
PAR  2. A system according to claim 1 in which each converter includes at least
      one electrohydraulic servo valve device having a fixed-flow valve adapted
      to be connected to a liquid pressure source, and a servo-pressure valve
      having an inlet connected to the outlet of the fixed-flow valve and an
      electromagnetic operating device adapted to receive the input signal from
      the transmission unit and cause a pressure proportional thereto to be
      developed in a pressurized-liquid outlet between the outlet of the
      fixed-flow valve and the inlet of the servo-pressure valve.
NUM  3.
PAR  3. A system according to claim 1 in which the decoder includes means
      responsive to a pulse in excess of the pulses constituting the pulse group
      to produce an inhibit signal on an inhibit output and also includes
      inhibit means connected to the inhibit output and responsive to the
      reception of at least one inhibit signal to suppress the feeding of input
      signals from the transmission unit to the converters.
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ABST
PAL  A control valve for a fluid actuator has a slide valve member mounted
      within a housing with an external knob on one end and a piston on the
      other end. The knob may be manually operated for resetting the piston.
      When the main flowline pressure reaches a high or low pressure outside the
      fluid pressure operating range the piston is seated and fluid is exhausted
      from the actuator for effecting movement of the main valve member. The
      control valve is maintained in its exhaust position by a spring
      continuously urging the piston into a seated position. An annular seal
      engages the face of the piston in seated position to expose only a
      relatively small surface area of the piston to fluid pressure when the
      piston is seated and the control valve is in an exhaust position. Means
      are provided to permit a venting or bleeding of fluid around the piston in
      the seated position of the piston in the event of leakage of fluid past
      the annular seal or temporary unseating of the piston resulting from
      vibrations or the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  u.S. Pat. no. 3,823,739 dated July 16, 1974 is directed to a fail-safe
      lock-out control valve for a pneumatic actuator and may be manually
      operated to lock-out a slide valve member until the operating fluid
      pressure reaches predetermined operating range. When the fluid pressure
      reaches a high or low pressure outside the operating range, the piston
      shown in U.S. Pat. No. 3,823,739 moves to a seated position to exhaust
      fluid from the actuator, and a separate locking member engages the piston
      to retain the piston positively in seated position to prevent any movement
      of the piston out of exhaust position until the locking member is manually
      released. In the event of the malfunctioning or inoperability of the
      locking member for holding the piston in seated position, vibrations or
      the like might effect unseating of the piston to a position in which fluid
      pressure may again be supplied to the actuator for the main valve to move
      the main valve to an open position. This could result in a possible safety
      hazard.
PAR  Also, in copending application Ser. No. 380,830, of Clifford M. Peters
      filed July 19, 1973 for "Pressure Controller," an arrangement is disclosed
      similar to that shown in the above mentioned U.S. Pat. No. 3,823,739 in
      that a separate manually controlled locking means for the piston is
      provided so that upon movement of the piston to the down or seated
      position, the locking means holds the piston in its seated position until
      the locking means is manually withdrawn. If desired, the locking means may
      be rotated to an inoperable position out of engagement with the piston and
      this could result in a safety hazard if the locking means is inadvertently
      retained in an inoperable position as vibrations or a leakage of fluid in
      the piston chamber when the piston is in a seated position might move the
      piston to an up position in which fluid is supplied to the actuator for
      moving the main flowline valve member to an open position.
PAC  BRIEF DESCRIPTION OF PRESENT INVENTION
PAR  The present invention is directed to a control valve for a fluid actuator
      in which means are provided to automatically retain the piston in its down
      seated position even though vibrations or fluid leakage might temporarily
      unseat the piston. The control valve has a slide valve member with a
      piston on one end thereof and does not require any separate locking means
      to lock or secure the piston in a down or seated position after the piston
      is initially seated and the main flowline valve has moved to a closed
      position. The piston is mounted within an enlarged diameter portion of a
      bore in the valve body and seats on an abutment defined by the bore under
      the urging of a compression spring. The piston moves to its seated
      position when the fluid pressure is outside a predetermined operating
      range and must be reset before the main valve is opened. The outer face of
      the piston is exposed to fluid pressure from a port leading to the piston
      chamber. An annular resilient seal about the port through which fluid
      pressure acts against the outer face of the piston forms a sealing
      engagement with the outer face of the piston when the piston is in a
      seated position on the abutment thereby exposing only a relatively small
      surface area of the piston to fluid pressure in such seated position. A
      vent in the housing communicates with the bore adjacent the inner face of
      the piston and bypass bleed means are provided to permit fluid pressure to
      be bled or leaked around the piston to the vent from the seated position
      of the piston. This is desirable in the event leakage past the annular
      seal occurs such as might result from vibrations or the like.
PAR  The specific means employed for bleeding fluid around the piston comprises
      an enlarged diameter section in the piston chamber immediately adjacent
      the abutment so that space is provided between the piston and the adjacent
      wall of the bore when the piston is in a seated position on the abutment.
      In this manner, any fluid pressure leaking around the seal or any initial
      unseating of the piston member would result in the fluid pressure being
      vented around the piston thereby allowing the piston under the bias of the
      spring to immediately return to its original seated position. Since the
      piston is not in frictional engagement with the adjacent surface formed by
      the enlarged diameter section in its seated position, the spring is highly
      efficient in returning the piston to a seated position on the abutment
      upon any leakage or fluid or the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic view showing the system in which the present
      invention is employed with a fluid actuator and gate valve being
      controlled by the system;
PAR  FIG. 2 is a sectional view of the control valve comprising the present
      invention with the piston being shown in its down seated position;
PAR  FIG. 3 is a sectional view similar to FIG. 2 but showing the piston in a
      reset position; and
PAR  FIG. 4 is an enlarged segment of FIG. 3 showing the dual diameter piston
      chambers and the annular sealing means for the piston.
DETD
PAR  Referring now to the drawing for a better understanding of this invention,
      and more particularly to FIG. 1, a main flowline indicated at 10 has a
      gate valve structure generally indicated at 12 therein. Gate valve body 14
      has a slab gate 16 mounted therein with an opening 18 in slab gate 16
      movable between open and closed positions relative to flowline 10. A stem
      indicated at 20 is connected to slab gate 16 and extends upwardly through
      a pneumatic actuator indicated generally at 22. Pneumatic actuator 22
      includes a cylinder 24 having a piston 26 mounted therein and secured to
      stem 20 for reciprocal movement within cylinder 24. A spring 28 mounted
      within cylinder 24 continuously urges piston 26 and gate valve member 16
      to a closed position.
PAR  A high-low pilot structure is generally indicated at 30 and includes a high
      pressure pilot 32 and a low pressure pilot 34. Pressure in flowline 10 is
      sensed through pilot line 36 and through branch line 38 to high pressure
      pilot 32 and branch line 40 to low pressure pilot 34. Pilots 32 and 34 are
      supported on a base 42. Each pilot 32, 34 has a shiftable valve member
      therein and a spring urging the valve member in one direction. A fluid
      source 43, such as a pressurized cylinder of oxygen or nitrogen gas, is
      connected by line 44 to high pressure pilot 32, thence by a connecting
      line 46 to low pressure pilot 34, and by line 48 to the control valve
      structure 50. High pressure pilot 32 may be set to be actuated at a
      predetermined high pressure in flowline 10 and low pressure pilot 34 may
      be set to be actuated at a predetermined low pressure in flowline 10.
      Thus, an operating fluid pressure range is provided between the low
      pressure at which low pressure pilot 34 is set and the high pressure at
      which high pressure pilot 32 is set. In the event the fluid pressure in
      flowline 10 reaches a pressure lower than the pressure at which low
      pressure pilot 34 is set the pressurized gas within line 46 to low
      pressure pilot valve 34 is interrupted and exhausted to atmosphere thereby
      to interrupt the fluid pressure in line 48 to control valve 50.
PAR  Likewise, when a predetermined high pressure is reached outside the
      operating range at which high pressure pilot 32 is set, fluid in line 44
      supplied to high pressure valve 32 is exhausted to atmosphere thereby to
      interrupt the fluid pressure in line 48 to fluid control valve 50. For
      further details of the operation of pilot valve structure 30, reference is
      made to my prior U.S. Pat. No. 3,043,331 issued July 10, 1962 the entire
      disclosure of which is incorporated by this reference.
PAR  Fluid, preferably pressurized gas, is supplied from source 43 through line
      52 to control valve 50 and thence through line 54 to actuator 22. The
      pressurized gas is supplied continuously to actuator 22 as long as lines
      52 and 54 are in fluid communication with each other through control valve
      50 and piston 26 remains in the position shown in FIG. 1 in which slab
      gate 16 is in an open position. When the flow of fluid is interrupted by
      control valve 52 to line 54, and fluid is exhausted from line 54 through
      control valve 50 as will be explained in detail later, piston 26 will move
      to its up position under the bias of spring 28 and slab gate 16 will move
      to a closed position relative to flowline 10 thereby to shut off fluid
      flow through flowline 10.
PAR  Referring now more particularly to FIGS. 2-4 in which control valve 50
      comprising the present invention is shown in detail, a housing 56 forming
      the main body is provided and has a longitudinal bore generally indicated
      at 58 including a main bore 60 of reduced diameter, an intermediate bore
      62 of an intermediate diameter, and enlarged diameter portions 64 and 66.
      The lower end of housing 56 has internal screw threads 68 formed therein
      and an externally threaded end plug 70 has external screw threads 72 which
      engage internal threads 68. A central bore 74 is provided in end plug 70
      and line 48 is threaded within bore 74.
PAR  Housing 56 has an inlet port 76 therein in which line 52 is threaded. Inlet
      port 76 communicates with main bore 60 and an enlarged diameter portion 78
      adjacent port 76 provides pressurized gas in chamber 80 formed thereby. An
      outlet port 82 is formed in housing 56 and line 54 is connected thereto
      for supplying pressurized gas to actuator 22. A vent 84 is in fluid
      communication with intermediate bore portion 62 while outlet 82 is in
      communication with main bore 60.
PAR  A slide valve is indicated generally at 86 and has a knob 88 adjacent an
      outer end thereof which may be manually gripped for actuating slide valve
      86 as will be explained. A piston generally indicated 90 is secured
      adjacent the inner end of slide valve 86 and is mounted within enlarged
      bore portions 64 and 66 for movement. The main body of slide valve 86 has
      an annular groove 92 therein adjacent knob 88. Annular groove 92 forms an
      upper abutting surface 94. An annular groove 96 in slide valve 86 has an
      O-ring 98 mounted therein for engagement with the adjacent surface of main
      bore 60. Likewise, an annular groove 100 has an O-ring 102 therein for
      engagement with the surface defining main bore 60. An annular groove 104
      in housing 56 receives an O-ring 106 therein. Slide valve 86 has a reduced
      diameter center section 108 positioned between two adjacent end sections
      110 and 111.
PAR  FIG. 3 shows slide valve 86 in an out position in which position slide
      valve 86 remains until the fluid pressure in line 48 builds up to a
      predetermined amount. To retain slide valve 86 in the position of FIG. 3,
      a cap 112 is threaded within an internally threaded opening 114 in housing
      56. A plunger or detent 116 is mounted within cap 112 and a spring 118
      engages a flange 120 on plunger 116 to urge continuously plunger 116 to a
      position out of engagement with annular groove 92. The inner end of
      plunger 116 engages abutment 94 when received within groove 92 and outer
      end 119 of plunger 116 extends outwardly through an opening in cap 112.
      Plunger 116 is depressed inwardly manually by pushing in on end 119 until
      the inner end of plunger 116 is received within groove 92 and held in its
      inner position by frictional contact with adjacent abutment 94.
PAR  To hold plunger 116 in engagement with abutment 94, a spring 121 is mounted
      within intermediate diameter portion 62 and engages inner face 122 of
      piston 90. An outer face 124 of piston 90 is provided adjacent or opposite
      inner face 122 and the outer circumferene of piston 90 has an annular
      groove 126 therein receiving an O-ring 128.
PAR  As shown particularly in FIG. 4, an annular ledge 130 is provided between
      intermediate bore 62 and enlarged diameter portion 64. A frusto conical
      surface 132 connects enlarged diameter bore portions 64 and 66. An
      abutment 134 is arranged adjacent an end of enlarged diameter bore portion
      66 and face 124 of piston 90 seats on abutment 136 in the closed or in
      position of slide valve 86 as shown in FIG. 2. It is noted that abutment
      130 is spaced slightly from the adjacent inner face 122 of piston 90 in
      the position of FIGS. 3 and 4 in which slide valve 86 is held in an out
      position by detent or plunger 116. This position is maintained until fluid
      pressure in line 48 reaches a predetermined amount at which time piston 90
      is urged upwardly against the bias of spring 121 thereby to space abutment
      94 slightly from detent 116 releasing detent 116 under the bias of spring
      118. When plunger 116 is released, control valve 50 becomes operable and
      piston 90 remains in the position shown in FIGS. 3 and 4 so long as the
      fluid pressure within line 48 acting against face 124 of piston 90 remains
      at a predetermined amount.
PAR  It is noted that the entire face 124 is exposed to fluid pressure from line
      48 in the position of FIGS. 3 and 4. In order to expose only a relatively
      small surface area of face 124 to fluid pressure in line 48, a recess 136
      is provided in ledge or abutment 134 and is defined by a tapered annular
      wall surface 138 in which an O-ring 140 is positioned. The tapered wall
      surface 138 serves to retain O-ring 140 in position and as shown in FIG. 2
      when piston 90 is in a seated position on ledge 134, O-ring 140 is in
      engegement with face 124 of piston 90. Thus only the area defined within
      O-ring 140 is exposed to fluid pressure, from line 48 in the seated
      position of piston 90.
PAR  In operation, from the seated position of piston 90 shown in FIG. 2 in
      which the flow of fluid pressure from inlet 76 to outlet 82 is blocked by
      O-ring 102 and end portion 110, fluid communication is provided between
      line 54 and port 84 by reduced diameter portion 108 to bleed gas from
      actuator 22 for movement of slab gate 16 to a closed position. For
      resetting piston 90, knob 88 is gripped and slide valve 86 is moved
      outwardly against the bias of spring 120 with detent 116 being manually
      depressed within groove 92. In the position of FIG. 3, inlet 76 is in
      fluid engagement with outlet 82 about the reduced diameter portion 108 of
      slide valve 86, and fluid communication between outlet 82 and vent 84 is
      blocked by O-ring 108 and enlarged end portion 112 of slide valve 86. Gas
      is thus supplied to cylinder 24 and actuator 22 to move piston 26
      downwardly to align opening 18 with flowline 10. Slide valve 86 remains in
      the position of FIG. 3 until fluid pressure in line 48 reaches a
      predetermined high amount at which time fluid pressure acting against face
      124 of piston 90 moves piston 90 slightly upwardly to permit release of
      detent 116 under bias of spring 118. In this position, slide valve 86 is
      in operable position and fluid pressure is maintained to actuator 22 to
      hold gate valve member 16 in an open position.
PAR  In the event high pressure pilot 32 or low pressure pilot 34 is actuated by
      a respective high pressure or a respective low pressure, fluid supplied to
      line 48 is exhausted to atmosphere and the fluid pressure is reduced to
      atmosphere in line 48. When this occurs, piston 90 under bias of spring
      121 moves to the seated position of FIG. 2 and the pressurized gas in line
      54 is exhausted to atmosphere through bleed port or vent 84 thereby to
      permit gate valve 16 to move to a closed position under bias of spring 28.
      It is noted that O-ring 128 is in engagement with the adjacent surface
      defining enlarged bore portion 64 when piston 90 is in the position of
      FIG. 3 but upon movement of piston 90 to seated position on ledge 134,
      O-ring 128 is out of engagement with the adjacent surface defining
      enlarged bore portion 66 and spring 121 is highly effective since the
      sliding friction of O-ring 128 is removed. Thus, piston 90 is quick acting
      upon such an occasion.
PAR  It is noted that no separate means are provided to hold piston 90 in the
      seated position on ledge 134. However, only a small surface area of piston
      90 in seated position is exposed to fluid pressure from line 48 and
      orifice 142 tends to balance the flow of fluid to piston face 124. In the
      event of vibrations or the like with any fluid leaking past O-ring 140,
      the fluid may bypass or go around piston 90 in the open area formed by
      enlarged bore portion 66 and be bled to atmosphere through vent 84. In
      this arrangement, piston 90 is only temporarily unseated for a relatively
      small period of time as spring 121 immediately reseats piston 90 upon such
      leakage of fluid from vent 84 around piston 90 thereby to maintain slide
      valve 86 in the position shown in FIG. 2 without any separate locking
      means being required for piston 90.
PAR  It is to be understood that other various types of means might be provided
      to permit the fluid to bypass piston 90 upon any leakage of fluid past
      O-ring 140 such as a separate port around piston 90, for example.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control valve structure for controlling fluid communication between a
      first fluid pressure source and a main valve actuator, said control valve
      structure comprising an elongated housing having a bore extending
      longitudinally thereof and a slide valve mounted within the bore for
      longitudinal movement, said slide valve having an external knob on one end
      and a piston on the other end, a spring urging the slide valve inwardly to
      a seated position of the piston, a detent to hold the slide valve in an
      out position when the knob is manually gripped and the slide valve is
      moved to the out position against the bias of the spring, port means in
      fluid communication with said bore and exposing the outer face of the
      piston to fluid pressure, means urging the detent out of engagement with
      the slide valve and releasing the slide valve when the outer face of the
      piston is exposed to a predetermined high pressure from said port means,
      and a resilient annular seal between the port means and the outer face of
      the piston exposing only a relatively small surface area of the piston to
      fluid pressure from said port means when the piston is in a seated
      position, said annular seal permitting the entire outer face of said
      piston to be exposed to fluid pressure from said port means when the
      piston is out of seated position.
NUM  2.
PAR  2. A control valve structure as set forth in claim 1 wherein said bore
      defines an annular abutment on which the piston seats in a seated
      position, and said port means comprises an opening positioned centrally
      with respect to the annular abutment, said annular seal positioned about
      said opening in the seated position of the piston.
NUM  3.
PAR  3. A control valve structure as set forth in claim 1 wherein said bore
      defines an abutment on which the outer face of the piston seats, said
      abutment having a central annular recess therein defining a generally
      frusto-conical annular wall surface, and said annular seal comprises an
      O-ring positioned within said recess and retained in position by said
      frusto-conical wall surface, said O-ring engaging in sealing relation the
      outer face of the piston in the seated position thereof.
NUM  4.
PAR  4. An improved control valve structure of the type in which an elongated
      housing has a bore extending longitudinally thereof and a slide valve
      having an external knob on its outer end and a piston on its inner end is
      mounted within the bore for longitudinal movement, wherein the improvement
      comprises:
PA1  a spring urging the slide valve inwardly to a seated position of the
      piston;
PA1  a detent to hold the slide valve in an unseated position when the slide
      valve is moved to the unseated position against the bias of the spring;
PA1  port means in fluid communication with said bore and exposing the piston to
      fluid pressure;
PA1  means urging the detent out of engagement with the slide valve and
      releasing the slide valve when the piston is exposed to a predetermined
      high fluid pressure from said port means;
PA1  sealing means between the port means and the outer face of the piston
      exposing only a relatively small surface area of the piston to fluid
      pressure from said port means in the seated position of the piston, said
      sealing means in the unseated position of the piston permitting a
      substantially larger surface area of the piston to be exposed to fluid
      pressure from said port means; and
PA1  fluid bypass means upon passage of fluid past said sealing means from said
      port means in the seated position of the piston to permit fluid to bypass
      the piston for relieving the fluid pressure acting against the sealing
      means.
NUM  5.
PAR  5. An improved control valve structure as set forth in claim 4 wherein said
      sealing means comprises an O-ring, and said bore defines an annular
      abutment on which the piston seats in a seated position, said O-ring
      sealing between the annular abutment and the outer face of the piston in
      seated position.
NUM  6.
PAR  6. An improved control valve structure as set forth in claim 5 wherein said
      port means comprises an opening positioned centrally with respect to the
      annular abutment, said annular abutment having a central recess therein
      adjacent said opening and receiving said O-ring.
NUM  7.
PAR  7. A control valve structure for controlling fluid communication between a
      first fluid pressure source and a main valve actuator mechanism, and being
      responsive through pilot valve means to a predetermined pressure range in
      a main flowline; said control valve structure comprising:
PA1  an elongated housing having a bore extending longitudinally thereof;
PA1  a slide valve mounted within the bore for longitudinal movement and having
      a piston adjacent one end thereof mounted within an enlarged diameter
      portion of said bore, first spring means continuously urging the slide
      valve in a down direction, manual gripping means adjacent the other end of
      said slide valve to permit the slide valve to be gripped and moved
      manually to an out direction opposite the urging of said first spring
      means;
PA1  first port means including inlet and outlet ports in said housing for
      communicating fluid from a pressure source through the housing to the
      actuator mechanism;
PA1  second port means communicating with the enlarged diameter portion of said
      bore and responsive through the pilot valve means to fluid pressure in the
      main flowline outside the predetermined operating pressure range, said
      second port means communicating fluid pressure from the pressure source to
      said piston and maintaining the slide valve in a position permitting fluid
      pressure to be supplied through the control valve structure to the
      actuator mechanism when the pressure within the flowline is within the
      predetermined operating pressure range;
PA1  the enlarged diameter portion of the bore having an abutment on which said
      piston seats in a down position under the urging of said first spring
      means when the flowline fluid pressure is outside the predetermined
      operating range, an annular resilient seal about the second port means in
      the seated position of the piston and exposing only a relatively small
      surface area of the outer face of the piston to fluid pressure from said
      second port means when the piston is in seated position;
PA1  a vent in said housing communicating with the bore adjacent the inner face
      of said piston;
PA1  fluid bypass means upon any initial unseating of the piston from seated
      position on said abutment to permit the fluid pressure from pressure in
      said second port means to be vented around the piston and through said
      vent whereby said piston returns a seated position under the bias of said
      first spring means;
PA1  and manual detent means to hold said slide valve in an out position until a
      predetermined high pressure is obtained in said second port means, said
      manual detent means including a detent manually depressible inwardly to
      engage the slide valve and hold the slide valve in the out position
      adjacent the bias of said first spring means, and second spring means
      continuously urging the detent outwardly whereby upon the reaching of a
      predetermined high pressure in said second port means the slide valve is
      moved out of engagement with the detent and the detent is released under
      the bias of said second spring means.
NUM  8.
PAR  8. A control valve structure as set forth in claim 7 wherein said fluid
      bypass means comprises a dual diameter piston chamber formed in said
      enlarged diameter portion of said bore, said dual diameter piston chamber
      comprising a small diameter chamber and a large diameter chamber, said
      piston having an O-ring extending about its outer peripheral surface in
      engagement with the wall surface defining the small diameter chamber when
      in its up position and out of engagement with the wall surface defining
      the large diameter chamber when in a down seated position.
PATN
WKU  039439755
SRC  5
APN  5212464
APT  1
ART  341
APD  19741106
TTL  Solenoid operated pilot controlled valve
ISD  19760316
NCL  8
ECL  1
EXP  Rosenthal; Arnold
NDR  2
NFG  4
INVT
NAM  Schnittker; William E.
CTY  St. Louis
STA  MO
ASSG
NAM  Emerson Electric Co.
CTY  St. Louis
STA  MO
COD  02
CLAS
OCL  13763014
XCL  251 30
XCL  251 45
EDF  2
ICL  F16K 3140
FSC  137
FSS  630.14;630.13;630
FSC  251
FSS  45;30
UREF
PNO  2392741
ISD  19460100
NAM  Hurlburt
XCL  137630.14
UREF
PNO  3079952
ISD  19630300
NAM  Miller
XCL  251 30
ABST
PAL  A pilot controlled, diaphragm actuated valve having simplified construction
      is provided with means for fully opening the diaphragm even during low
      pressure differential conditions. In the preferred embodiment, at least
      two springs are aligned axially with a pilot valve passageway formed in a
      pilot valve member. One spring positively seats the diaphragm against a
      main flow port while the second spring insures diaphragm actuation under
      all pressure conditions. A third spring may be utilized in certain
      applications to insure pilot valve closure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to diaphragm actuated valves and in particular to
      solenoid operated diaphragm valves incorporating pilot valve actuation.
PAR  Diaphragm valves incorporating pilot valve actuation are well known in the
      art. In general, these valves include a flexible diaphragm interposed
      between the valve input and the valve output sides. The diaphragm
      generally includes an opening and higher pressure fluid from the valve
      input side is allowed to equalize the force acting on each side of the
      diaphragm. When the main valve is to be activated, a pilot valve is opened
      which quickly relieves pressure on a first side of the diaphragm,
      permitting the high pressure fluid on the second side of the diaphragm to
      lift the diaphragm, thereby opening the main fluid passageway through the
      valve.
PAR  It also is common to employ a solenoid to activate the pilot portion of the
      valve. The solenoid generally is operatively connected to the pilot valve
      so that energization of the solenoid opens the pilot valve while
      de-energization of the solenoid permits closure of the pilot valve. The
      pressure differential on opposite sides of the diaphragm caused by
      pressure relief through the pilot valve is used to lift the diaphragm.
PAR  In applications where the main inlet fluid pressure fluctuates over
      relatively wide ranges, solenoid operated diaphragm valves have been known
      to operate unsatisfactorily. Thus, at high input pressures, the rating of
      the solenoid may be insufficient to permit the solenoid to operate
      directly on the diaphragm to open the valve and failure of the solenoid
      results. While pilot operation of the diaphragm valve is intended to avoid
      solenoid burn out, at low input pressures, the differential on each side
      of the diaphragm may be insufficient to open the diaphragm, and flow
      through the valve becomes unpredictable.
PAR  One solution to these general prior art deficiencies is given in the U.S.
      Pat. No. to Rolfe, 3,208,716, issued Sept. 28, 1965. While the prior art
      in general, and Rolfe in particular, work well for their intended
      purposes, some applications require that a relatively high pressure be
      applied to the pilot valve in order to reduce pilot valve leakage. The
      application of the higher force to insure pilot valve closure often
      affects valve operation adversely. The valve disclosed hereinafter is an
      improvement over the prior art in that it provides positive diaphragm
      actuation, even at low pressure differentials, while it insures that the
      pilot valve positively seats.
PAR  One of the objects of this invention is to provide a low cost pilot
      actuated diaphragm valve.
PAR  Another object of this invention is to provide a pilot controlled diaphragm
      actuated valve in which the pilot valve has a positive force acting to
      close it.
PAR  Another object of this invention is to provide a valve construction wherein
      the force acting to close the pilot valve may be varied according to
      application use.
PAR  Other objects of this invention will be apparent to those skilled in the
      art in light of the following description and accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, generally stated, a pilot control
      diaphragm actuated valve includes means for positively opening the
      diaphragm even at relatively low inlet pressures. The valve construction
      permits a solenoid actuated pilot valve to operate against relatively low
      spring pressure in opening the pilot while it simultaneously provides
      spring action in seating the main diaphragm valve. Various spring
      arrangements are disclosed for providing positive closure of the pilot
      valve in conjunction with positive opening of the main diaphragm valve
      under a variety of inlet pressure ranges.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 is a cross-sectional view of one illustrative embodiment of solenoid
      operated diaphragm valve employing the features of this invention, the
      valve being shown in its closed position;
PAR  FIG. 2 is an enlarged sectional view taken about the area 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged sectional view taken along the line 3--3 of FIG. 2;
      and
PAR  FIG. 4 is a cross-sectional view of a second illustrative embodiment of
      solenoid operated diaphragm valve of this invention, the valve being shown
      in its closed position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, reference numeral 1 indicates the valve of this
      invention. The valve 1 includes a valve casing 100 having a lower portion
      2 and an upper portion 3.
PAR  Lower portion 2 generally is defined by a tubular section 75 having a
      threaded inlet 4 and a threaded outlet 5 separated by a partition 6. The
      partition 6 preferably is integrally constructed with the tubular section
      75. However, the partition 6 may be manufactured separately and inserted
      within the section 75, if desired. Partition 6, in the embodiment
      illustrated, is annular in plan, having an upper end 82 and a central
      opening 90 in it. The threaded inlet and outlet 4 and 5, respectively, are
      utilized to intermount the valve 1 in a particular application. Those
      skilled in the art will recognize that other forms of interconnecting the
      valve 1 with another structural component are acceptable. Section 75 has a
      side wall 7 with an opening 8 through it. Opening 8 communicates with the
      opening 90 along the upper end 82 of the partition 6. The side wall 7
      defines an annular flange 9 about the opening 8. The partition 6 is
      positioned with respect to the opening 8 in the section 75 so that it
      delimits an inlet chamber 76, while the opening 90 in the partition 6
      communicates with the outlet 5 and with it defines an outlet chamber 77.
      The flange 9 includes an upwardly projecting lip 78 and a relatively broad
      support area 79. Section 75 has an internal helical wall 81 which extends
      upwardly from the inlet chamber 76 side of the section 75 to near the area
      79 on the right side, referenced to FIGS. 1 and 4 of the drawings. The
      wall 81 is forged in the section 75 and is hidden in the sectional views
      shown. The upper end 82 of the partition 6 defines a seat 83 for a valve
      assembly 61. Valve assembly 61, for the purpose of this specification,
      includes a flexible diaphragm 11, a pilot valve member 32, a spring 38, a
      valve pin 44, a spring 41 and a solenoid actuator 19.
PAR  The upper portion 3 is attached to the lower portion 2 of the valve casing
      100 along the flange 9 by any convenient means. Conventional threaded
      fasteners 10 work well, for example. Prior to the attachment of the upper
      and lower portions 2 and 3, the valve assembly 61 is positioned in the
      opening 8 so that the outer edge of the diaphragm 11 rests along the
      support area 79. Interconnection of the parts 2 and 3 secures the
      diaphragm 11 in the valve 1. An O-ring 12 is used to provide fluid seal
      along the flange 9, between the upper portion 3 and the lower portion 2 of
      the casing 100.
PAR  The upper portion 3 of the valve 1 includes a relatively flat base area 13
      and a centrally located hub portion 14 extending upwardly from the base
      13. It is conventional to use the base 13 for inserting the fasteners 10
      in the interconnection of the portions 2 and 3. A solenoid 15 is mounted
      to the valve casing 1 along the hub portion in any convenient manner. For
      example, it is common to provide a lip 29 along a tube 18 which abuts a
      seat 28 defined by a wall 27 of the portion 3. Wall 27 delimits the
      interior contour of the upper portion 3. That contour may include a number
      of variations within the contour design for accommodating various
      structural devices and facilitating operation of the valve 1. A seal 30 is
      provided between the lip 29 and the upper portion 3. Thereafter,
      attachment of a biasing means 62 clamps the solenoid 15 against the hub
      portion 14 and simultaneously holds the lip 29 of the tube 18 against the
      seat 28. Other interconnection techniques are acceptable. For example, the
      lip 29 of the tube 18 may be staked within the hub portion 14 so that it
      becomes a part of the upper portion 3. With this construction, the biasing
      means 62 does not function to hold the tube against the seat 28. Other
      construction methods are compatible with the broader aspects of this
      invention.
PAR  Solenoid 15 is conventional and commonly includes electrical energizing
      means 16 connected to a source of electrical power, not shown, through a
      transformer 17. The tube 18, mounted centrally of the electrically
      energizable means 16, houses the solenoid actuator 19. The upper portion
      of the tube 18 contains a plug 20 which limits actuator 19 movement in
      response to solenoid 15 actuation. The construction of the solenoid 15 and
      tube 18, being conventional, is not described in detail.
PAR  Actuator 19 is a cylindrical body having a first end 21 and a second end
      22. End 21 has an open mouth channel 23 formed in it, extending
      longitudinally of the actuator 19. A reduced diameter opening 24 forms a
      continuation of the channel 23 and extends from the bottom of the channel
      23 to the end 22 of the actuator 19. The second end of the actuator 19 has
      a receptacle 25 formed in it which is sized to receive a valve member 26.
      Valve member 26 preferably is constructed from a resilient material. For
      example, neoprene works well. Other materials are suitable provided they
      are noncorrosive in the application environment. The valve member 26 has
      an opening in it which forms a continuation of the opening 24. The
      reference numeral 24 is intended to denominate both the opening in the
      actuator 19 described above and the opening in the valve member 26.
PAR  The valve member 26 may assume a variety of shapes. Attachment of the
      member 26 and actuator 19 is facilitated by forming a complementary tongue
      and groove 63 in the combination.
PAR  The wall 27 of the upper portion 3 also defines a chamber 31. When the
      diaphragm 11 is positioned as shown in FIG. 1, the inlet chamber 76 and
      the outlet chamber 77 are separated from one another and the chamber 31 by
      the diaphragm 11 and the partition 6. As indicated above, the diaphragm 11
      is constructed from any suitable flexible material. The diaphragm 11 has
      an opening through it, not shown, which interconnects the inlet chamber 76
      with the chamber 31. The pilot valve member 32 is attached to the
      diaphragm 11 along a central opening in the diaphragm. The valve member 32
      is a one piece unit having an upper part 33 positioned on the chamber 31
      side of the diaphragm 11, and a lower part 34 positioned on the outlet
      chamber side 77 of the diaphragm 11. Preferably, a groove 72 receives the
      diaphragm 11 in a tight fit and permits attachment of the diaphragm 11 to
      the pilot valve member 32.
PAR  The part 33 includes a central hub 35 which surrounds and delimits an
      opening 36. The opening 36 extends through the pilot valve member 32. The
      opening 36 is aligned axially with the opening 24 in the actuator 19 and
      defines a pilot valve opening in the valve 1 which extends between the
      chamber 31 and the outlet chamber 77. The hub 35 forms a seat for the
      valve member 26 which is intended to close the opening 36 in at least one
      position of the actuator 19. The part 33 also defines a seat 37 for the
      spring 38. The spring 38 is biased between the lip 29, seat 28 abutment
      and the seat 37 so as to exert a downward force on the pilot valve member
      32 which is transmitted by the member 32 to the diaphragm 11. A broad
      annular area 64 extends outwardly from the hub 35. The area 64 is sized so
      as to overlap the seat 83 defined by the upper end 82 of the partition 6
      and permits the spring 38 to force the diaphragm positively against the
      seat 83.
PAR  Part 34 is sized so as to pass through the opening 90 in the partition 6
      and includes a central hub 39 having a receptacle 66 formed in it. The
      opening 36 communicates with the receptacle 66. Receptacle 66 is designed
      to receive one end of a spring 41. The second end of spring 41 seats
      against a retainer 42 mounted to an end 43 of the valve pin 44.
PAR  The valve pin 44 is a cylindrical body terminating in the end 43 and an end
      45. The pin 44 is inserted through the channel 23 in the actuator 19 and
      is carried in the opening 24 and the opening 36 of the actuator 19 and
      pilot valve member 32, respectively. Both of the ends 43 and 45 are
      enlarged to aid in maintaining the correct position of the valve pin 44.
      As illustrated in FIGS. 2 and 3, the ends 43 and 45 may be enlarged by a
      simple press operation which deforms the respective ends of the pin 44.
      The retainer 42, best shown in FIGS. 2 and 3, includes an annular member
      73 having a central hub 46 extending upwardly from it. The hub 46 has an
      opening 47 in it which receives the pin 44 in a slip fit. The end 43 of
      the pin 44 is sized so that it abuts the retainer 42 and prevents upward
      movement of the pin 44, referenced to the drawings. As indicated, spring
      41 is biased between the retainer 42 and the hub 39 of the pilot valve
      member 32.
PAR  Operation of the device of FIG. 1 is relatively simple, as compared to
      other prior art devices. A source of inlet fluid is attached to the inlet
      4. The fluid in the inlet chamber 4 passes through the opening in the
      diaphragm 11, 99, and fills the cavity 31, where it aids in maintaining
      the diaphragm in the closed position of the valve 1, which position is
      illustrated in FIG. 1. The spring 38 acts through the pilot valve member
      32 to seat the diaphragm 11 against the seat 83.
PAR  The solenoid actuator 19, also shown in a position blocking the opening 36,
      is positively held against the hub 35 of the pilot valve member 32 by the
      bias of spring 41. When the solenoid 15 is energized, the actuator 19
      moves upwardly, drawing the valve pin 44 with it. As pin 44 starts to
      raise, the spring 41 is compressed between the retainer 42 and hub 39.
      Movement of the actuator 19 lifts the valve member 26 from the hub 35,
      permitting the relatively high pressure fluid in the chamber 31 to flow
      through the pilot valve opening 36 to the outlet chamber 77. The loss of
      fluid pressure on the chamber 31 side of the diaphragm 11 permits the
      relatively high pressure in the inlet chamber 76 to overcome the bias
      force of the spring 38. Movement of the diaphragm 11 from the seat 83
      opens the main flow passage of the valve 1 and fluid is permitted to pass
      from the inlet chamber 76, over the partition 6, to the outlet chamber 77.
PAR  The compression of the spring 41, which occurs as the solenoid actuator 19
      moves upwardly, also creates a force on the diaphragm 11 acting to raise
      the diaphragm 11. This force is important where relatively low inlet 4
      pressure is available. The bias force provided by the spring 41 insures
      that the diaphragm 11 opens each time the solenoid 15 is actuated. Spring
      41 is chosen, however, so that the actuator 19 travels a full stroke each
      time the solenoid 15 is energized. Consequently, the solenoid 15 is less
      subject to overload conditions which may result where the actuator 19 does
      not complete a full stroke upon actuation of the solenoid.
PAR  Upon deactivation of the solenoid 15, the force on the diaphragm 11
      provided by spring 41 is lessened. The spring 41 now acts to close the
      valve member 26 against the hub 35, restricting any flow through the
      opening 36. Fluid pressure in the chamber 31 quickly builds up and this
      force, together with the bias provided by the spring 38, positively closes
      the diaphragm 11 against the seat 83, thereby preventing fluid flow from
      the valve 1.
PAR  In some applications, the biasing force provided by the spring 41 which, as
      indicated, tends to hold the valve member 26 seated against the hub 35,
      sometimes has proved wanting in that leakage through the pilot valve
      opening 36 may result. To protect against this leakage, a modification to
      the valve shown in FIG. 1 may be made. Referring now to FIG. 4, where like
      reference numerals are utilized to indicate like parts, reference numeral
      50 indicates a spring biased between the plug 20 and an end 67 of a valve
      pin 51. The valve pin 51 has a second end 52. End 52 has a cylindrical,
      spring retainer 53 attached to it. Retainer 53 preferably is a cylindrical
      section which is brazed or dip soldered to the end 52 at 54. A pilot valve
      member 68 is similar to pilot valve member 32 except that the valve member
      68 has a spring clasp 55 integrally formed in it outboard of a central hub
      area 69. Clasp 55 has a greater diameter at its bottom wall 56 than at its
      open mouth 57. A spring 58 is inserted in the clasp 55 and is frictionally
      engaged thereby. The axial relationship of spring 50, valve pin 51, valve
      member 26 and pilot valve member 68 is such that the predetermined spacing
      59 exists between an end 60 of the spring 58 and the spring retainer 53 in
      the closed position of the valve, illustrated in FIG. 4. Preferably, the
      spacing 59 is in the order of twenty thousandths of an inch although other
      spacings are compatible with the broader aspects of this invention. Other
      structural components of the valve shown in FIG. 4 are similar to those
      shown and described in conjunction with the embodiment of FIG. 1, and are
      not described in detail.
PAR  Operation of the valve illustrated in FIG. 4 is substantially similar to
      that previously described in that the valve 26 is secured against the hub
      35 of the pilot valve member 68. However, the spring 50 may exert a
      somewhat stronger force in the embodiment of FIG. 4, to prevent any
      leakage through the pilot valve. When the solenoid 15 is actuated, the
      spacing 59 enables the actuator 19 initially to work against relatively
      little load. As the actuator 19 moves and gains momentum in its upward
      stroke towards the plug 20, it picks up the spring 58. As the spring 58 is
      picked up, it tends to compress between the retainer 53 and the clasp 55
      which compression exerts an upward force on the diaphragm 11. Pilot valve
      operation thereafter is the same as described above.
PAR  Deactivation of the solenoid 15 again permits the valve to close. Spring 50
      positively seats the valve member 26 against the hub 35, after which the
      valve is ready for the succeeding cycle. While either of the embodiments
      of FIGS. 1 and 4 will function for the purposes intended, the spring 50
      permits the inclusion of a safety margin in valve design that insures the
      prevention of leakage through the opening 36.
PAR  Numerous variations, within the scope of the appended claims will be
      apparent to those skilled in the art in light of the foregoing description
      and accompanying drawings. For example, the design of the pilot valve
      member 32 may be varied in other embodiments of this invention. Likewise,
      the silhouette of the upper and lower portions 2 and 3 may vary, as may
      solenoid 15 design. Various materials may be substituted for those
      described or preferred. Other means for attaching the spring 58 or the
      spring 41 to the respective valve members may be used. Other termination
      designs of the respective valve pins 41 and 51 will occur to those skilled
      in the art. These variations are merely illustrative.
CLMS
STM  Having thus described the invention, what is claimed and desired to be
      secured by Letters Patent is:
NUM  1.
PAR  1. A valve comprising:
PA1  a valve body having an inlet, an outlet, a main flow port between said
      inlet and said outlet, and a chamber about said main flow port on the
      inlet side of said main flow port;
PA1  a flexible diaphragm mounted for movement in said chamber between a first
      position closing said main flow port and a second position opening said
      main flow port, said diaphragm having an opening in it to permit fluid
      flow between said inlet and said chamber;
PA1  a pilot valve member mounted to said diaphragm and movable therewith, said
      pilot valve member having a pilot opening through it, said pilot opening
      communicating with said chamber and said outlet;
PA1  a valve pin mounted in said pilot opening, said valve pin having a first
      end and a second end;
PA1  a solenoid mounted to said valve body, said solenoid including an actuator
      mounted for movement between a first position closing said pilot passage,
      and a second position opening said pilot passage, the second end of said
      pilot valve pin being attached to said actuator so that said pin is
      movable with said actuator;
PA1  a first spring means mounted in said chamber and adapted to insert a force
      on said diaphragm so as to urge said diaphragm towards its closed
      position;
PA1  second spring means mounted on the outlet side of said diaphragm and
      adapted to bias said diaphragm toward its open position in at least one
      position of said diaphragm, said second spring means being attached to
      said pilot valve member on a first end of said second spring means, a
      second end of said second spring means being adapted to engage the first
      end of said valve pin in at least a first position of said diaphragm, said
      second end of said second spring being spaced and free from the first end
      of said valve pin in at least another position of said diaphragm, the
      distance between said second spring means end and said valve pin being
      approximately twenty thousandths of an inch (0.0020); and
PA1  third spring means biased between said solenoid and said actuator so as to
      urge said actuator towards its closed position.
NUM  2.
PAR  2. The valve of claim 1 wherein said first end of said valve pin has a
      spring retainer attached to it, said spring retainer engaging the free end
      of said second spring means as said actuator moves in response to
      energization of said solenoid.
NUM  3.
PAR  3. The valve of claim 2 wherein said pilot valve member includes a central
      hub structure formed on the outlet port side of said diaphragm, said valve
      member having a clasp means formed in it outboard of said hub structure,
      said clasp means including an open mouth chamber having at least a first
      diameter at said open mouth, and a second diameter, said first diameter
      being smaller than said second diameter.
NUM  4.
PAR  4. The valve of claim 3 wherein said actuator has a channel formed in it,
      and said solenoid includes a tubular structure for receiving said actuator
      and permitting movement thereof, said tubular structure having a plug
      positioned in one end thereof, said third spring means being carried in
      said channel and biased between said plug and said actuator so as to bias
      said actuator towards the closed position of said pilot passage.
NUM  5.
PAR  5. A valve comprising:
PA1  a valve body having an inlet, an outlet, a main flow port between said
      inlet and said outlet, and a chamber about said main flow port on the
      inlet side of said main flow port;
PA1  a flexible diaphragm mounted for movement in said chamber between a first
      position closing said main flow port and a second position opening said
      main flow port, said diaphragm having an opening in it to permit fluid
      flow between said inlet and said chamber;
PA1  a pilot valve member mounted to said diaphragm and movable therewith, said
      valve member having a pilot opening through it, said pilot opening
      communicating with said chamber and said outlet;
PA1  a valve pin mounted in said pilot opening, said valve pin having first and
      second ends;
PA1  a solenoid mounted to said valve body, said solenoid including an actuator
      mounted for movement between a first position closing said pilot passage
      and a second position opening said pilot passage, the second end of said
      pilot valve pin being attached to said actuator so that said pin is
      movable with said actuator;
PA1  first spring means mounted in said chamber and adapted to exert a force on
      said diaphragm so as to urge said diaphragm towards its closed position;
      and
PA1  second spring means mounted on the outlet side of said diaphragm, said
      second spring means having a first end and a second end, said first end
      being operatively connected to said flexible diaphragm, the second end of
      said spring being spaced from and free of the first end of said valve pin
      in at least one position of said diaphragm.
NUM  6.
PAR  6. The valve of claim 5 further characterized by third spring means biased
      between said solenoid and said actuator so as to urge said actuator
      towards its closed position.
NUM  7.
PAR  7. The valve of claim 6 wherein the distance between the free end of said
      second spring means and the first end of said valve pin is in the
      magnitude of twenty thousandths of an inch (0.0020).
NUM  8.
PAR  8. The valve of claim 7 wherein said pilot valve member includes a central
      hub structure formed on the outlet side of said diaphragm, said valve
      member having clasp means formed in it outboard of said hub structure,
      said clasp means including an open mouth chamber part having at least a
      first diameter at said open mouth and a second diameter, said first
      diameter being smaller than said second diameter.
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ABST
PAL  A continuous insertion weaving machine of the progressive shed type
      includes two coplanar endless chains which are supported and driven by two
      pinions. Coupling and uncoupling of the chains to the pinions is achieved
      by deflecting elements which cause a separation of the straight paths of
      the two chains. The chains move parallely along two shed tunnels which
      extend along the straight paths of both chains. The chains comprise means
      for moving driving elements of the shed tunnels, which driving elements,
      accompanied by the chains, act repeatedly in a cyclic manner within both
      shed tunnels.
PARN
PAR  This is a continuation-in-part of application Ser. No. 469,885, filed May
      14, 1974, now abandoned, which is a continuation of application Ser. No.
      295,576, filed Oct. 6, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention refers to a weaving machine of the so-called progressive
      shedding loom type, wherein a series of disadvantages of known such
      machines have been overcome by the provision of the following features:
PAR  A. Improved driving of the devices which insert and beat-up the weft
      threads between the warp threads, such devices hereinafter being referred
      to as "inserters".
PAR  B. The system of feeding the weft threads to the inserters, which in turn
      subsequently introduce the weft threads into the shed, is improved.
PAR  C. The heald actuating system which opens and closes the warp threads to
      allow passage of the inserters and which crosses the warp threads behind
      each inserter after the deposit thereby of a new weft thread, is improved.
PAR  However, before explaining in detail the characteristics of the invention
      which advantageously eliminate the disadvantages of known machines, and
      also before referring in detail to the different embodiments of the
      invention, in view of which even a dual weaving machine can be constructed
      which is capable of simultaneously producing two lengths of fabric with a
      minimum of additional elements, a brief explanation will be made of the
      characteristics as well as of the disadvantages of known machines of this
      type.
PAR  Presently known weaving machines of the progressive shed type are mainly
      constructed from a warp thread feeding roller and a roller which collects
      the fabric produced, such rollers being superposed and between which there
      is a shed tunnel wherein the warp threads are controlled by a plurality of
      healds which are positioned within planes which are perpendicular to the
      vertical planes occupied by the shafts of the rollers, and which are
      alternately linearly moved in directions which are also perpendicular to
      the planes occupied by the roller shafts.
PAR  The healds are mere elongated elements which have an opening through which
      the warp thread passes and which are connected in groups, each group being
      composed of at least two healds. The healds are superposed within each
      group, and comprised within the same perpendicular plane as those occupied
      by the shafts of the rollers.
PAR  The planes which define the position in space of each group of healds are
      therefore parallel to each other.
PAR  The warp threads, furthermore, after passing the corresponding healds, are
      driven very close to each other between two guide elements which force the
      warp threads to be joined from such moment onward until the fabric
      collecting roller is reached, whereat when operation starts the warp
      threads should be fixed.
PAR  The healds receive alternate opposed lineal movements within each group, so
      that the threads being controlled thereby are open or separated each time
      the healds which are driven in opposite directions away from each other,
      and so that the threads are subsequently crossed when the healds receive
      reversed movement. Before the healds are moved to opposite extreme
      positions, they are exactly superposed.
PAR  As can be appreciated from the fact that the warp threads are guided
      together after their passage through the healds, the separation and
      crossing of the threads, as produced by the healds, is effected from the
      point where the guide means force the threads to be held together.
PAR  Immediately on top of the guide means, which force the threads to be joined
      after being controlled by the healds, and moving within a path between
      such guide means and the healds, there are a plurality of inserters which
      are spaced from each other at short, regular intervals and which are
      synchronously moved. Each one of such inserters deposits a weft thread
      between the warp threads which, in view of the above mentioned
      arrangement, are separated in front of each inserter and cross behind the
      same, on top of the weft thread deposited thereby. Each inserter, at the
      same time as it deposits a weft thread, beats up the weft thread deposited
      by the preceding inserter, pressing the cross of warp threads thereon.
PAR  The shed tunnel is formed by the grouping of various warp threads
      controlled by the healds. Such shed is open when the warp threads are
      separated, thus permitting the passage of the weft inserter, and it is
      closed when the warp threads are crossed on top of the weft which has just
      been deposited.
PAR  Since there is, at each given moment considered, within the shed tunnel a
      plurality of weft inserters, of which that which is just entering the shed
      has all of the weft thread thereof, while that inserter which is leaving
      the shed has already exhausted the weft thread thereof, having deposited
      the same between the warp threads, and the remaining inserters have
      different amounts of their respective weft threads, it is clear that the
      groups of healds cannot act synchronously. That is, the healds cannot be
      displaced half towards one side and the other half towards the other side,
      since when the threads handled thereby are crossed, they would butt
      against the inserters which are interposed in their path. Consequently,
      the healds are progressively actuated, in a snake-shaped path, from the
      beginning of the shed tunnel, with the result that some groups are
      separated in front of the inserters while others are closed from behind,
      all of which takes place continuously and progressively.
PAR  In the above mentioned types of looms, the weft thread inserters are
      actuated by electrical or mechanical devices.
PAR  In the electrical type looms, driving is carried out by means of
      electromagnets functioning inside the shed, each one of which actuates a
      weft thread inserter element.
PAR  This system has two main inconveniences. The first relates to the weight of
      the electromagnets and their brackets, which results in a great inertia,
      reducing the speed of the machine and increasing the time necessary for
      braking. The other inconvenience is that, owing to the fact that the warp
      threads must be placed between the electro-magnet and the inserter device,
      they must bear the pressure between such two elements, which causes
      friction capable of damaging the warp thread.
PAR  In known mechanical systems, adjustment of beating up of the weft thread
      between inserters is effected by the individual advance of the teeth of
      the reed. These movements of the teeth of the reed are, in the majority of
      known systems, used to displace the inserters within the shed. One of the
      biggest problems of such systems, from the textile point of view, is that
      the individual movement of the teeth of the reed results in a change in
      density per warp of the fabric being produced, as a result of the play and
      wear on the teeth. Another important difficulty involves changing the
      density per warp of the fabric, since in order to achieve such change it
      is necessary to change all the elements forming the reed. Furthermore,
      from a mechanical point of view, serious drawbacks are caused by wear of
      the teeth of the reed through friction with the inserters, as well as the
      fact that the teeth of the reed must effect a long run or travel in order
      to achieve beating up of the weft thread. This is a limitation on the
      speed of the machine.
PAR  Furthermore, in known looms of the progressive shed type, there are various
      ways of feeding the weft to the inserters. However, all such known feeding
      systems have drawbacks which mainly reside in the fact that various
      inserters operate simultaneously within the shed. As a result, the
      inserters must be filled one after the other. Thus, the displacing
      movement of the weft thread is much higher when the bobbins of the
      inserters are to be filled than when the weft thread is to be inserted in
      the sheds.
PAR  A known weft feeding system uses a suction effect which draws the weft
      thread towards the interior of the tank with which each inserter is
      equipped. Thus, the thread is not wound on any bobbin whatsoever. This
      system has the inconvenience that the weft thread is not methodically
      placed within the inserter, and furthermore, when the thread is deposited
      in the sheds, it undergoes tension irregularities which produce defects in
      the fabric being produced. Another inconvenience is that derived from the
      speed to which the weft thread should be subjected during filling of the
      inserter. This makes measurement thereof difficult, and consequently makes
      difficult the achievement of an arrangement such that the threads stored
      in each of the inserters are the same and equivalent to the width of the
      fabric being manufactured. A further difficulty is due to the fact that
      since the inserters should operate one at a time at the feeding site, they
      have very little time in which to effect a thread loading operation. Thus,
      the feed mechanisms are very delicate, expensive and of short duration.
      Furthermore, in the inserter feed system under discussion, high quality
      threads should be used, since these threads are subjected to high tensions
      when pushed with a force which is sufficient in order to reach the high
      displacement speeds which are necessary.
PAC  SUMMARY OF THE INVENTION
PAR  In veiw of all these disadvantages with regard to the driving system of the
      weft inserters and to the feed system of the inserters, as well as to
      other not less important characteristics of known weaving machines of the
      type contemplated, among which the driving means of the healds, the manner
      in which such driving means are moved, and the manner in which such
      driving means are connected to the driving means of the inserters are
      important, the object of the present invention is to provide a series of
      modifications to the weaving machine, such modifications including the
      following features.
PAR  According to the invention, movement of the inserters in the interior of
      the shed is achieved by pressure exerted by projections provided in the
      teeth of the reed on pulling wheels provided in the inserter. The teeth of
      the reed are free and are so assembled that they can slide freely in an
      axial direction between stops. The teeth of the reed are subjected to
      reciprocating movements, and alternately travel short distances in
      opposite directions.
PAR  According to another feature of the invention, the reciprocating movement
      of the teeth of the reed is achieved by means of cams mounted on an
      endless chain which covers the width of the loom.
PAR  According to another feature of the invention, synchronization of the
      movement of the inserters with the warp threads is obtained due to the
      fact that the actuating cams of the healds are also mounted on the endless
      chain.
PAR  According to another feature of the invention, the driving of the teeth of
      the reed and of the healds is positive in both directions. This is
      obtained through the provision of the endless chain.
PAR  According to another feature of the invention, the guide elements and the
      support for the teeth of the reed and the healds, are substantially flat,
      fixed plates which are parallelly arranged and regularly spaced from each
      other.
PAR  According to another feature of the invention, the chains which draw
      carriers supporting the cams which actuate the healds and the teeth of the
      reed, can be mutually coupled to each other, so that they are moved
      together by common drive and driven pinions.
PAR  According to another feature of the invention, the bobbins of the inserters
      are filled by means of telescopic arms which turn radially about the same
      shafts to which the pinions which drive the chains drawing the actuating
      cams of the teeth of the reed and the healds are secured. Such radial
      telescopic arms move the inserters along tracks or rails which guide them
      from the time that an inserter leaves the shed until such inserter is
      again introduced into the shed.
PAR  According to another feature of the invention, the free end of each
      telescopic arm is provided with a freely rotating head having a crown
      which at one side thereof, adapts to a conical core of the bobbin of the
      inserter. The crown is provided with at least one tooth which meshes with
      one of several grooves provided in the bobbin, thereby forcing the bobbin
      to turn at opposite side thereof, the crown has a half ball-and-socket
      with a hole in the upper part thereof on which the crown can oscilate and
      held together by a flexible bellow which allows it to oscilate and avoids
      the loss of air pressure. A pinion forms a part of the head. Such pinion,
      when engaging with a semi-circular toothed track which is secured to the
      machine, forces the head assembly to turn.
PAR  According to another feature of the invention, the tooth track can be
      varied and adjusted, so that the bobbin of the inserter will make more or
      fewer turns during the time provided for refilling of the bobbin. Thus,
      the length of the weft thread wound on the bobbin may be adjusted,
      depending on the width of the fabric being produced.
PAR  According to another feature of the invention, each telescopic arm is
      provided with at least one weft thread feeding inlet, together with a
      corresponding weft thread guide.
PAR  According to another feature of the invention each telescopic arm is hollow
      throughout the length thereof, so that an air current can circulate in the
      outer portion thereof. Each arm, at the end thereof fixed to the machine
      assembly, is connected to a negative air pressure chamber, thus
      establishing a suction at the free end, in order to retain the free end of
      the weft thread during a time when weft threads are not being fed to the
      inserters.
PAR  According to another feature of the invention, the free end of each radial
      telescopic arm is provided with ends which can suitably be coupled to
      cavities with which the chassis of the weft inserters are provided in such
      a way that the inserters are forced to move when the weft thread is
      loaded, thus being obligated to carry out the work for which the weft
      thread feeding and measuring system in known weaving machines provided
      with multiple inserters has been designed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the changes and modifications contemplated by
      the invention, the attached drawings, taken with the accompanying
      description, explain the characteristics of the invention with relation to
      a specific embodiment involving a dual weaving machine. However, it will
      be understood that when identical structural and functional principles are
      used, the scope of the present invention encompasses a simple weaving
      machine wherein only one length of fabric is produced instead of two, as
      is illustrated in the drawings, wherein:
PAR  FIG. 1 is an elevational view of a dual weaving machine of the continuous
      insertion progressive shed type which incorporates the characteristics of
      the invention;
PAR  FIG. 2 is a cross-sectional view of the machine, taken on lines II--II of
      FIG. 1;
PAR  FIG. 3 is an enlarged detail view of the portion of FIG. 2 which has been
      designated by the letter A;
PAR  FIG. 4 is a plan view of the separating plates which act as guide means for
      the various groups of healds and for the teeth of the reed which move the
      warp threads and the inserters of the weft threads; respectively;
PAR  FIG. 5 is a side elevational, schematic view of a portion of the group of
      plates illustrated in FIG. 4;
PAR  FIG. 6 is a perspective view of a heald;
PAR  FIGS. 7 and 8 are perspective views of the two types of teeth of the reed
      used in the loom and which are symmetric in configuration to each other;
PAR  FIG. 9 is an elevation showing the relative positions occupied by the two
      correlative teeth of the reed, represented in FIGS. 7 and 8 when they are
      superposed in an operative position;
PAR  FIG. 10 is a perspective view of one of the carriers supporting heald
      activating cams and teeth of the reed activating cams;
PAR  FIG. 11 is a side elevational view of one of the inserters used in the
      machine made according to the invention;
PAR  FIG. 12 is a front elevational view of the inserter of FIG. 11;
PAR  FIG. 13 is an upper plan view of the inserter of FIG. 11;
PAR  FIG. 14 is an enlarged sectional detail view of a portion of the winding
      bobbin of the inserter;
PAR  FIG. 15 is an elevational view of a portion of the chain which is used
      according to the invention to pull the carriers supporting the heald and
      the teeth of the reed activating cams;
PAR  FIG. 16 is a plan view illustrating the way in which the chains are coupled
      to each other;
PAR  FIG. 17 is a schematic cross-sectional view of the shed tunnel, taken along
      lines XVII--XVII of FIG. 2;
PAR  FIG. 18 is a perspective view of a coupling projection of the main elements
      of which the shed tunnel of the weaving machine is composed;
PAR  FIG. 19 is a cross-sectional view of the shed tunnel taken along lines
      XIX--XIX of FIG. 2;
PAR  FIG. 20 is a perspective view of a portion of the shed tunnel, the cover
      thereof having been omitted so that its construction and mode of operating
      can be better seen;
PAR  FIG. 21 is an upper plan view of a portion of the shed tunnel, the upper
      part of the casing of the tunnel having been omitted so that the relative
      arrangement which, at each given moment, is occupied by the cam rails, the
      inserters and the healds, can be clearly seen;
PAR  FIG. 22 is an enlarged upper plan view of the portion of the shed tunnel
      which is indicated with the letter B in FIG. 2;
PAR  FIG. 23 is a plan view, at the shed tunnel level, of the system for feeding
      the weft threads to the inserters;
PAR  FIG. 24 is a schematic, vertical partial section of the machine taken from
      one of the ends thereof, further illustrating the system for feeding the
      weft threads to the inserters;
PAR  FIG. 25 is an enlarged detail plan view of a portion of FIG. 23;
PAR  FIG. 26 is an enlarged perspective view of one of the arms which constitute
      the base of the system for feeding the weft threads to the inserters; and
PAR  FIG. 27 is a schematic perspective view illustrating the manner in which
      the inserters are inserted and the manner in which they function within
      the shed.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, and with the above discussion in mind, the
      invention relates to a weaving machine of the type having continuous
      insertion through a progressive shed.
PAR  FIG. 1 illustrates a complete machine of the above type. The machine
      comprises a warp thread beam 1, a woven fabric beam 2, and a shed tunnel 3
      in which the warp threads are controlled by a plurality of healds which
      are positioned within planes perpendicular to the warp, and which move
      linearly in opposite directions in planes perpendicular to the warp.
PAR  In the conventional manner, inserters are combined with the healds and
      travel along the interior of the shed, at regularly spaced intervals and
      with synchronous movement. Each of the inserters deposits a weft thread
      between the warp threads which open up in front of each inserter and cross
      at the back of such inserter, on top of the weft thread deposited thereby.
PAR  The changes contemplated by the invention permit, among other things, the
      construction of a dual weaving machine including a minimum of additional
      operative elements, and reside in three main features, i.e. the manner in
      which the inserters are actuated, the manner in which the healds are
      activated, and the manner in which the weft threads are fed to the
      inserters.
PAR  According to the invention, the shed tunnel 3, the external casing only of
      which has been represented in FIG. 1, has dual tunnels (see FIG. 2), each
      of which has within its interior two alignments of shield plates. These
      alignments of plates have both been labeled 4 in FIGS. 2, 3, 18 and 20,
      and the pluralities of plates forming the alignments 4 have been
      illustrated in detail in FIGS. 4, 5, 18, 19 and 20, wherein they have been
      labeled 5 and 6, respectively.
PAR  The plates 5 and 6 are all equal in configuration and are symmetrically
      arranged. The plates 5 of one alignment 4 are coplanar, in a transverse
      direction, with the plates 6 of the other alignment 4.
PAR  The plates, as shown in FIG. 5, are regularly spaced from each other, by
      means of blocking rods 7 and 8 which transverse the plates through holes
      12 and 13 provided at the upper and lower plate ends, respectively.
      Separators 9, which maintain the plates regularly spaced, are positioned
      on the rods 7 and 8.
PAR  Plates 5 and 6 furthermore have extending therethrough a plurality of
      passing holes 14 which are traversed by bars 10. The plates also have, at
      the bottoms thereof, rectangular windows 15 which are traversed by a bar
      11 having the same section and dimensions as windows 15.
PAR  The healds 16, one of which is shown in perpsective in FIG. 6, are made of
      the same material and have the same thickness as plates 5 and 6 and are
      mounted successively in groups between adjacent plates 5 and 6. The
      separating rods 10 maintain the levels or groups of healds separated from
      each other. The relative positions occupied by the healds 16, in relation
      to the plates 5 and 6, can be seen in FIGS. 19 and 20.
PAR  Each heald has an eye 17 through which a warp thread passes. Each heald 16
      handles one or more warp threads of the fabric, and the movement of the
      warp threads transverse to the shed tunnel, due to transverse movement of
      the healds, causes crossing and uncrossing of the warp threads, or opening
      and closing of the shed, which with the insertion of the weft threads,
      produces weaving of the fabric.
PAR  The teeth of the reed are mounted on bars 11 between successive pairs of
      separating plates 5 and 6 adjacent the lower parts thereof. The purpose of
      the reed is to maintain the warp threads of the healds separated, to
      provide a guide for the inserters, and to activate the inserters so that
      they advance at the same rate as the healds.
PAR  The teeth of the reed used in the loom according to the invention are
      represented in detail in FIGS. 7 and 8, from which it can be seen that
      they are of two types, equal in configuration, but mirror images of each
      other.
PAR  The teeth 18 and 19 are alternately arranged, so that when superposed, they
      form a configuration as illustrated in FIG. 9.
PAR  In FIGS. 7, 8 and 9 it can be seen that each member 18 and 19 has two
      elongated orifices 20 which correspond, with regard to position, to
      orifices 15 of the plates 5 and 6, although orifices 20 are longer in the
      longitudinal dimension thereof then orifices 15 and the rectangular bars
      11. Therefore, each member 18 and 19 can be displaced transverse of the
      shed tunnel, between two extreme positions.
PAR  The teeth of the reed have recesses 21 in the ends thereof, thus forming
      cam contacting ends 22, 23, 24 and 25, as will subsequently be discussed.
PAR  Each member 18 and 19 has, in the lower central portion thereof, a groove
      26, and adjacent such groove, a downwardly extending projection 27.
PAR  As seen in FIG. 9, the grooves 26 and the projections 27 of the members 18
      and 19 cooperate to form a channel 28 which acts as a support or rail for
      pressure wheels of the inserters. The channel 28 is partially defined by
      the projections 27 which, upon transverse movement of members 18 and 19,
      cause advancement of the inserters.
PAR  Driving of the healds is carried out by cam carriers, one of which is
      illustrated in FIG. 10, and several of which incorporated in the assembly
      in operative positions are illustrated in FIGS. 20 and 21. The carriers
      move parallel to the shed tunnel, along both sides of each tunnel thereof.
      Cams mounted on each carrier successively push the healds transversally of
      the tunnel. For each unit of length, e.g. one meter, of the shed tunnel
      there are provided a specific number, e.g. eight, pairs of cam carriers,
      forming two alignments, one on each side of each tunnel (see especially
      FIG. 21).
PAR  The carriers for each tunnel advance simultaneously and in parallel in the
      same direction, and the cams of the carriers on one side approach
      different levels of the healds then the cam of the respective carriers on
      the other side. Thus, each heald during operation is inscribed or moved
      continuously in a snake-like manner.
PAR  Each carrier incorporates, depending on the type of weaving involved, a
      specific number of cams. It should be emphasized that each cam of each
      carrier is formed by a band or endless belt 29 which turns between two
      pulleys 30 and 31. The relative spacing of the axes of the pair of pulleys
      30 and 31 with respect to the longitudinal direction of the shed tunnel
      determines the path and amount of displacement of each heald (see again
      FIG. 21). When the displacement direction of the carriers is that
      indicated by arrow 38, the manner in which the belts 29 displace the
      healds located at different levels can be seen.
PAR  Grooves formed in the ends of each heald (see FIG. 6) allow the heald ends
      to be efficiently engaged both by cam belts 29 and 36 (see also FIG. 19).
PAR  In order to impart movement to the pulleys 30 and 31 of each cam carrier,
      the shaft 32 of one of the pulleys has an extension to which a small
      pinion 33 is secured.
PAR  Pinion 33 meshes with a rack 39 (see for example FIG. 20) one of which is
      fixed and arranged along each side of each tunnel of the shed tunnel. As a
      result, when the carrier advances by being moved by a chain 42, as will
      subsequently be discussed, rotation of pinion 32 causes pulley 30 and belt
      29 to be rotated.
PAR  The carriers are furthermore guided throughout their travel and thus are
      provided with tracking elements such as wheels 34 and 35 which ride over
      cooperative tracks 40 and 41, as shown in FIG. 20, tracks 40 and 41
      extending along each side of each tunnel.
PAR  The teeth of the reed are activated simultaneously with the healds by other
      cams, i.e. reed cams, which are mounted on the carriers and which are
      formed by two wheels 43 and 44 which are placed at different levels.
PAR  The carrier represented in FIG. 10 has two heald cams which correspond to
      two of the four heald levels and two reed cams. It can easily be
      understood however, that the number of cams of each carrier can be
      modified, depending on the number of levels of healds included in the shed
      tunnel. Each heald cam includes an endless belt to maintain the shed open
      for a sufficient time to enable the inserter to pass.
PAR  The inserters move simultaneously with the carriers. The inserters are
      shown in detail in FIGS. 11, 12, 13 and 14, and in an operative position
      within the shed in FIGS. 19, 20, 21 and 27.
PAR  The number of inserters corresponds to the number of pairs of carriers (8
      per meter in a preferred embodiment).
PAR  The purpose of each inserter is to introduce a weft thread into the
      interior of the shed, and at the same time to perform beating up of the
      weft thread deposited by the proceeding inserter against crossed warp
      threads at a moment when the shed is open.
PAR  The inserter is advanced by being pushed by projections 27 during the
      transverse, cyclic and inverse displacement of the teeth of the reed
      caused by wheels 43 and 44 upon movement of the carriers.
PAR  The inserters, as can be appreciated from the above discussion, replace the
      shuttle and the batten or frame of a conventional loom, wherein the reed
      is employed to perform beating up.
PAR  The inserter (see FIGS. 11 to 14) includes a weft thread bobbin 45, two
      pressure wheels 46, two pulling wheels 47, and a frame 49 mounting such
      elements. The weft bobbin 45 has a plurality of raised flanges 48 (see
      especially FIG. 14) wherein the end of the weft thread to be wound is
      hooked, by means which will subsequently be explained. The periphery 50 of
      bobbin 45 is purposely designed to beat up the weft thread deposited by a
      preceeding inserter.
PAR  The pressure wheels 46 circulate through the channel 28 formed by the
      grooves 26 in the teeth of the reed (see FIGS. 7, 8 and 9).
PAR  The pulling wheels 47 are contacted by the projections 27 of the teeth of
      the reed (see FIGS. 7, 8 and 9), thus resulting in a pushing action which
      displaces the inserter along the shed tunnel, at the same rate as the
      carriers, as can particularly be seen in FIG. 21.
PAR  In other words, and with particular reference to FIGS. 7 through 9, 19 and
      20, as the two carriers on opposite sides of each tunnel move therealong,
      the upper reed cam wheels 43 contact cam contacting edges 22 and 25 of
      members 18 and 19, respectively, thereby forcing members 18 and 19 away
      from each other. Thereafter, the lower reed cam wheels 43 contact the cam
      contacting edges 23 and 24 of members 18 and 19, respectively, thereby
      forcing members 18 and 19 inwardly toward each other. This results in
      projections 27 contacting the pulling wheels 47 of the respective inserter
      and moving the inserter along the tunnel along with the respective
      carriers.
PAR  In order to describe in detail the manner in which the cam carriers are
      moved, thus causing the transversal cyclic displacement of the healds and
      the advance of the inserters, reference will be made to FIGS. 2, 3, 15,
      16, 20, 21 and 22 which illustrate the chains which move the carriers, the
      pinions activating the chains, and the means for allowing the chains to be
      separated within the tunnels and to be rejoined to each other so as to be
      moved together by the pinions.
PAR  At adjacent ends of each tunnel (two tunnels since the weaving machine
      described id dual) there is a pinion. One of the two pinions is visible in
      FIG. 2, although the position occupied by the other pinion will be
      understood as being under the frame carrying the thread bobbins shown at
      the lefthand side of the drawing. Around the two pinions are mounted two
      chains 42, which are particularly visible in FIGS. 3 and 22. The two
      chains each have a singular construction and are capable of being
      complemented, with the links of one chain meshing with the links of the
      other chain, so that the two chains may be moved as a single element by
      the pinions (see FIG. 16).
PAR  Wedges 51 are provided at each end of each tunnel to separate the two
      portions of the dual chain within the length of each tunnel, and determine
      the amount or distance of such separation. One of the wedges 51 can be
      seen in FIG. 3. The tapered end of the wedge also allows the two chains to
      be joined at the end of the tunnel, i.e. at the point at which the dual
      chain starts to be meshed with the pinion.
PAR  FIG. 3 clearly illustrates how the two portions of the dual chain are
      separated from each other, due to the intervention of the wedges 51, in
      the space between the two pinions. FIG. 22, on the contrary, illustrates
      how the chains are coupled to each other around the pinions.
PAR  The specific construction, generally in the shape of a V formed by end
      peaks separating a valley, of the links of each chain, as well as the way
      in which the two chains are coupled to each other, can be seen in FIG. 16.
      In this figure, as well as in FIG. 15, it can be seen that adjacent links
      are joined at end peaks by means of rollers 52, which when the two chains
      are joined contact the central zone or valley of the opposed links of the
      other chain, thus avoiding friction. Alternate links of each chain are
      provided with studs 53 to which the cam carriers are fixed. Thus, movement
      of the chains causes movement of the carriers.
PAR  The time during which each pair of carriers moves past the pinions which
      move the chain, is used by the respective inserter (which advances
      simultaneously with the carriers but is moved by independent means as
      explained below) to be rewound with weft thread.
PAR  The travel of the cam carrier, as well as that of the inserters, around the
      periphery of the pinions is facilitated by special guides which are
      provided as a prolongation of the tracks provided at both sides of the
      tunnels. These guides furthermore aid in feeding the weft thread to the
      inserters while they travel along the guides.
PAR  Between the entrance of the tunnel and the exit of the feeding devices of
      the inserters, there is provided a thread cutting element.
PAR  FIG. 17 shows the guides which help guide the cam carriers and the
      inserters around the periphery of the pinions which move the chains. There
      is shown a front view of an inserter 54 positioned between an upper guide
      56 and a lower guide 57. The upper guide 56 also guides the cam carriers
      55. Upper guide 56 has a gliding surface 58 of the guide. The upper guide
      56 allows the two carriers of each carrier pair to be in contact, as they
      are forced together by the two chains being joined together. A groove 59,
      in which the pressure wheels of the inserters are housed, is formed in the
      lower surface of the upper guide 56. The bobbin 45 of the inserter rests
      on the lower guide 57.
PAR  It should be emphasized that the gliding surface glider 58, arranged at the
      upper part of guide 56, can receive directly thereon the pairs of reed
      cams or wheels of each pair of carriers, thus forming a track of
      antifrictional material, to facilitate sliding.
PAR  FIG. 18 illustrates a shed tunnel, a cam carrier 55 (together with the
      connecting element to the drawing chain, not represented), the rack 39 and
      the guides 40 and 41 of the cam carrier, inserters 54, various teeth of
      the reed 18 and 19, a group of healds 16 and a pair of alignments 4 of
      plates 5 and 6 which define the length of the shed tunnel. Portions of the
      semi-circular guides 56 and 57 are also represented, which guides are
      provided below the chain pulling pinions.
PAR  FIG. 19 shows the separating plates 5 and 6, the healds 16, the teeth of
      the reed 18 and 19, the warp threads, the cam carriers 55 with their heald
      and reed cams, driving pinions 33, the rack 39 and tracking means 34 and
      35. Also, the casing which protects both sides of the shed tunnel and the
      carriers can be clearly seen. Below the teeth of the reed 18 and 19, the
      inserter 54 can be seen arranged between the teeth and the fabric 60.
PAR  FIG. 19 clearly shows how carriers 55, each one of which has two heald cams
      29 situated at different levels, act on the alternate levels of healds 16,
      in such a way that cams 29 displace the healds 16 in opposite directions,
      opening the healds in order to allow passage of the inserter (i.e. open
      shed position which is that represented in the FIG. 19) and closing the
      healds behind the inserter and crossing the warp threads on top of the
      weft thread deposited by the inserter (i.e. at the functional moment
      following that illustrated).
PAR  This functioning of the cam carriers can be even better understood from
      FIG. 20 which corresponds to a portion of the shed tunnel seen in
      perspective. It will be seen that the healds situated at the same level,
      whether they are under the action of the cam of a given carrier or under
      the action of a respective cam of the carrier situated at the opposite
      side of the shed tunnel, are moved towards one side or the other of the
      tunnel.
PAR  FIGS. 19 and 20 likewise illustrate how the teeth of the reed, due to their
      peculiar construction and to the arrangement of the assembly as well as to
      the combined action of the cams 43 and 44 of each pair of carriers, are
      laterally alternately reciprocated, thereby imparting forward movement to
      the inserter 54, due to the pressure exerted by the projections 27 of the
      teeth of the reed on the pulling wheets 47 of the inserter.
PAR  From FIG. 21 it can be seen that the cam carriers operate in pairs, an
      inserter always being positioned between each pair. The shed is opened
      immediately before the inserter and closed immediately thereafter, as
      indicated by the snake-like or semi-sinusoidal lines formed by the eyes 17
      of the healds 16.
PAR  As the chains 42 advance, belts 36 of carriers 35 pass along the shed
      tunnel and contact the ends of the healds 16, thus maintaining the same in
      the positions thereof established by the respective cam belts 29, until
      the inserters pass thereby.
PAR  Simultaneously, the reed cams (not visible in FIG. 21) move the teeth of
      the reed inwardly, so that the projections 27 push the pulling wheels 47
      of the inserter 54, thus causing the inserter to advance. With this
      advance, a weft thread is placed between the warp threads, and beating up
      of the weft thread inserted by the preceding inserter is produced.
PAR  The specific manner in which the inserters function within the shed, each
      one depositing its weft thread between the warp threads, while also
      beating up the weft thread deposited by the preceding inserter, can
      clearly be seen from the schematic view represented in FIG. 27.
PAR  Feeding of the weft thread to the inserters is carried out by means of the
      assembly of elements shown in FIGS. 23 to 26.
PAR  FIG. 23 illustrates a shaft 61, which is the shaft of the chain pulling
      pinion shown on the right-hand side of FIG. 2.
PAR  Mounted around shaft 61 are a plurality of radial arms 62, each of which is
      provided with means to be coupled to an inserter. Each inserter 54 is
      contacted and carried by one of the arms 62 when it leaves one of the shed
      tunnels. Then the inserter 54 is displaced by arm 62, which also carries
      the end of a thread 63 which will be fed to bobbin 45 of the inserter.
PAR  Each arm 62 is comprised of two telescopically coupled portions 64 and 65,
      one 64 of which is fixed, while the other 65 is urged radially outwardly
      by a spring 66. Each arm, when not in contact with a respective inserter,
      is longer than the radius of the semi-circular portion of the path of the
      inserter from the time when it leaves the shed tunnel until it enters the
      opposite shed tunnel.
PAR  Each arm 62 has, at the forward end thereof, a fork 67 which bears against
      the frame of the respective inserter and thereby moves the inserter in the
      semi-circular path. Between the arms of the fork there is positioned a
      rotating head 68 and a pinion 69 integral therewith.
PAR  The pinion 69 of each arm 62 meshes with a substantially semi-circular rack
      70 provided along the curvilinear path followed by the pinions. Thus,
      pinion 69 rotates, thereby causing the head 68 to rotate. When the fork 67
      bears against the frame of the inserter 54, head 68 is coupled to the
      bobbin 45 of the inserter 54.
PAR  In each arm 62 there is installed a thread guide 71, by means of which a
      weft thread 63 is drawn from a storage bobbin 72 provided in an upper
      frame, one bobbin 72 being provided for each of the arms.
PAR  The weft thread 63, after having passed through the thread guide 71, is
      drawn into a hollow end of the rotating head 68, as shown particularly in
      FIG. 26. The hollow end of head 68 communicates through portion 65 of the
      arm, which is also hollow, with a source of reduced pressure (not shown).
PAR  As a result of the above arrangement, when the head 68 is coupled to the
      bobbin 45 of the inserter 54, a portion of the thread 63 is positioned in
      the angular path of the raised flanges 48 on the bobbin 45. Thus, when the
      bobbin 45 starts to rotate due to coupling engagement with rotating head
      68, and as a result of the meshing of pinion 69 with the rack 70, the
      thread 63 is grasped by flange 48 and wound on the bobbin.
PAR  At the end of the travel of pinion 69 along the rack 70, the head 68 stops
      rotating and thread is no longer wound on the bobbin. A cutting element
      73, shown in FIGS. 18 and 23, cuts the thread when the inserter is
      transferred from the corresponding arm 62 and is picked up by the teeth of
      the reed and starts to move along the new shed tunnel.
PAR  FIG. 24 illustrates the feeding of the inserters, wherein the pinion which
      moves the chains pulling the cam carriers and the cam carriers have not
      been illustrated in order to simplify the view. This figure shows the
      position occupied by the feeding bobbins 72, which are also partially
      represented in FIG. 2 and which can be seen at both sides of FIG. 1.
PAR  FIG. 25 illustrates in functional detail one of the arms 62. It can be seen
      clearly in FIG. 25 how each arm 62 is coupled to an inserter 54 and how
      the winding bobbin 45 is coupled to the rotating head 68.
PAR  FIG. 26 shows a detailed view of one of the arms, and particularly the
      construction of head 68, which is a flexible bellow capable of adapting
      its position on the bobbin of the inserter, when coupling takes place.
      Head 68 also has on the outer periphery thereof a tooth 74 which, in a
      preferred embodiment, is coupled to anyone of a series of grooves made in
      the periphery of the winding bobbin of the inserter to avoid relative
      slipping during the winding operations.
PAR  Various modifications may be made to the above described specific
      structural arrangements without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a continuous insertion weaving machine of the progressive shed type
      and including warp beam means for supplying warp threads; shed tunnel
      means, aligned with said warp threads passing therethrough, for
      continuously passing weft threads carried by inserters between said warp
      threads, thereby weaving a fabric; and woven fabric beam means for
      collecting fabric woven in said shed tunnel means; the improvement
      wherein:
PA1  said shed tunnel means comprises:
PA2  two separate parallel tunnels within a single frame;
PA2  first and second chain driving means, one each mounted on said frame
      between adjacent ends of said two tunnels;
PA2  first and second endless chains, both mounted about said first and second
      chain driving means, said first and second chains each having opposite
      non-linear runs around portions of peripheries of said first and second
      chain driving means, means to cause said first and second chains to be
      coupled to each other and coupled to said chain driving means during said
      non-linear runs, said first and second chains each having opposite linear
      runs between said non-linear runs, means to cause said first and second
      chains to be separated and uncoupled from each other during each of said
      linear runs, said first and second chains during each of said linear runs
      extending along opposite sides of a separate one of said two tunnels;
PA2  warp thread control means mounted within each of said tunnels; and
PA2  means carried by and movable with each of said chains for continuously
      moving said warp thread control means transversely of said respective
      tunnel to thereby control the paths of said warp threads, and for
      continuously moving said inserters through said tunnels;
PA1  said warp beam means comprises means for supplying separate pluralities of
      warp threads to each of said tunnels; and
PA1  said woven fabric beam means comprises first and second beams, one for
      collecting fabric woven in each of said tunnels.
NUM  2.
PAR  2. The improvement claimed in claim 1, wherein said warp thread control
      means in each said tunnel comprises first and second alignments of plates,
      each said alignment extending along opposite sides of the respective said
      tunnel, each said alignment comprising a plurality of spaced plates
      extending transverse to said respective tunnel, the plates of one
      alignment being coplanar with corresponding plates of the other alignment;
      and a plurality of separate levels of healds successively positioned
      between adjacent plates of said first and second alignments, said healds
      extending transverse to said respective tunnel, each heald having an eye
      through which extends at least one said warp thread.
NUM  3.
PAR  3. The improvement claimed in claim 2, wherein each said tunnel further
      comprising a plurality of first and second members forming teeth of the
      reed, said first and second members being equally configured but mirror
      images of each other, said first and second members being alternately
      positioned between spaced plates of said first and second alignments
      adjacent lower portions of said plates, and said first and second members
      extending transverse to said respective tunnel.
NUM  4.
PAR  4. The improvement claimed in claim 3, wherein each of said first and
      second members has a downwardly extending projection, the projections of
      said first and second members defining therebetween a channel for the
      passage therethrough of said inserters along the said respective tunnel.
NUM  5.
PAR  5. The improvement claimed in claim 4, wherein each of said first and
      second members have in opposite ends thereof recesses forming first and
      second level cam contacting surfaces on opposite ends of each member, each
      of said first and second members being movable in opposite directions
      transverse to said respective tunnel.
NUM  6.
PAR  6. The improvement claimed in claim 5, wherein said moving means comprises
      a plurality of pairs of carriers, respective carriers of each said pair
      being mounted in facing relation on said first and second chains, each
      said pair of carriers having one of said inserters aligned therebetween.
NUM  7.
PAR  7. The improvement claimed in claim 6, further comprising first and second
      level reed cams on each said carrier, said first and second level reed
      cams respectively contacting said first and second level cam contacting
      surfaces of said members, whereby upon movement of said chains and
      carriers along said respective tunnel said first and second members are
      cyclically and progressively moved transversely inwardly and outwardly of
      said respective tunnel, said downwardly extending projections of said
      first and second members thus comprising means upon inward movement of
      said members for contacting the respective said inserter and moving said
      inserter along said respective tunnel in unison with the respective said
      pair of carriers.
NUM  8.
PAR  8. The improvement claimed in claim 6, further comprising heald cams on
      each of said carriers, the number of heald cams on the two carriers of
      each said pair of carriers equalling the number of levels of said healds
      in each said tunnel, said heald cams comprising means upon movement of
      said chains and carriers along said respective tunnel or cyclically and
      progressively moving said healds transversely of said respective tunnel,
      and for thereby crossing said warp threads transversely back and forth
      across said respective tunnel.
NUM  9.
PAR  9. The improvement claimed in claim 6, wherein each said heald cam
      comprises a first belt inclined to the path of travel of the respective
      said carrier along said respective tunnel for progressively moving each
      said respective heald from a first transverse tunnel position to a second
      transverse tunnel position, and a second belt extending parallel to said
      path of travel for maintaining each said respective heald in said second
      transverse tunnel position for a predetermined time after passage thereby
      of said first belt.
NUM  10.
PAR  10. The improvement claimed in claim 9, wherein said first and second belts
      share a common pulley shaft having a pinion mounted thereon, and further
      comprising a rack extending along the path of the respective carrier, said
      pinion meshing with said rack whereby movement of said carrier causes
      rotation of said pinion, said pulley shaft and said first and second
      belts.
NUM  11.
PAR  11. The improvement claimed in claim 6, further comprising carrier tracks
      extending along the path of each said carrier along each said tunnel and
      each said carrier having tracking wheel means riding along said carrier
      tracks.
NUM  12.
PAR  12. The improvement claimed in claim 1, wherein said moving means comprises
      a plurality of pairs of carriers, respective carriers of each said pair
      being mounted in facing relation on said first and second chains, each
      said pair of carriers having one of said inserters aligned therebetween;
      and further comprising, along each of said non-linear runs, a first
      substantially semi-circular upper guide, said carriers of each said pair
      of carriers being guided by said upper guide while said chains move along
      said respective non-linear run, said upper guide having a groove in the
      lower portion thereof forming a guide for an upper portion of the inserter
      of the respective said pair of carriers, and a second substantially
      semi-circular lower guide, a lower portion of the respective said inserter
      riding on said lower guide.
NUM  13.
PAR  13. The improvement claimed in claim 12, wherein each said chain driving
      means has a rotating shaft common with a plurality of arms extending
      radially outwardly therefrom; each of said inserters has a frame and a
      weft thread bobbin mounted thereon; each of said arms having means at the
      outer end thereof for contacting said frame of one of said inserters; and
      each of said arms further having at said outer end thereof means for
      rewinding a weft thread on said bobbin of the respective said inserter.
NUM  14.
PAR  14. The improvement claimed in claim 12, wherein each said arm comprises
      telescopically mounted inner and outer length portions, and means urging
      said outer length portion outwardly of said inner length portion.
NUM  15.
PAR  15. The improvement claimed in claim 1, wherein each of said chain driving
      means comprises a sprocket; each of said chains is formed by links each
      having a substantially V-shaped configuration formed by a pair of peaks
      separating a valley, adjacent links of each chain being connected at
      adjacent said peaks; a first of said chains being meshed with the
      respective said sprocket along the respective said non-linear run; and the
      second of said chains being meshed with said first chain along the
      respective said non-linear run, with the connected peaks of adjacent links
      of said second chain riding in valleys of corresponding links of said
      first chain, and vice versa.
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PAL  A loomside mounted picker stick bumper assembly for looms of the fly
      shuttle type having a fixed resilient bumper member with a floating or
      slidably movable picker stick braking element operatively associated
      therewith for stopping the picker stick at the end of its picking stroke.
      The bumper assembly includes guide members in frictional contact with the
      braking element for controlling the direction of its sliding movement when
      engaged by the picker stick and during its return to its initial position
      by the resilient bumper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In fly shuttle looms which utilize picker sticks to propel weft carrying
      shuttles back and forth through the shed usually have picker stick bumpers
      or checks of the fixed position type mounted on the loomsides or assembled
      on the loom in such a location so as to arrest further inward movement of
      a picker stick after performance of its intended function. These picker
      stick bumpers or checks are usually made from leather, rubber or the
      combination of both or of some other resilient material which will
      satisfactorily serve the same purpose.
PAR  Examples of picker stick bumpers or checks that employ bumpers of the type
      which yield to the directional forces of the picker sticks are disclosed
      in the teachings of U.S. Pat. Nos. 1,529,896; 1,741,047 and 3,052,267.
      These bumpers are pivoted and offer resistance to and arrest the picker
      stick by means of coil and torsional type springs as well as rubber
      torsional bushings such as disclosed in the above U.S. Pat. No. 3,052,267.
PAR  As is well known to those conversant in the weaving art, the loom's lay
      beam during loom operation is subjected to continuance pivotal movement by
      the loom's rocker shaft between so-called front and back center positions.
      The loom's picker sticks also carried by the rocker shaft and being caused
      to move in a plane substantially normal to the path of movement of the lay
      beam are caused to pivot concurrently with the latter. The combination of
      a picker stick moving to propel a shuttle through a warp shed and its
      pivotal movement with the lay beam causes said picker stick at the end of
      its picking strode to strike the picker stick bumper, that is attached to
      the loomside, with a wiping or rubbing blow.
PAR  With picker stick bumpers of both the fixed and yielding type this wiping
      or rubbing blow on the bumper surface by the picker stick at the end of
      its picking stroke initiates what is considered premature wear to the
      bumper material as well as said picker stick.
PAR  With bumpers which are fixed to the loomside, and not yieldable additional
      problems exist such as greater shock loading on the picker stick and
      parallel assembly during loom operation as well as high bumper loads being
      transmitted to the loomsides in the area where the bumpers are attached
      thereto.
PAR  The picker stick check according to the present invention has corrected the
      problems described above by providing a loomside mounted picker stick
      bumper of the floating type. This bumper includes an inner fixedly
      disposed bumper element and an outer bumper element operatively associated
      with said inner bumper element. Both bumpers have a common support means
      and the outer bumper element is assembled thereto in a manner to provide
      freedom of movement thereof when struck by the picker stick at the end of
      its picking stroke. The outer bumper element is capable of moving inwardly
      toward the loomside when struck by the picker stick and at the same time
      to yield in a rearwardly direction thereby preventing the wiping or
      rubbing movement of the picker stick on the outer surface of said outer
      bumper element.
PAC  SUMMARY OF THE INVENTION
PAR  The picker stick check comprising the invention is in the form of a picker
      stick bumper assembly carried on a support bracket that is fixed to the
      framework of a loom or to each of its so-called loomsides. The bumper
      assembly inclues an inner bumper element fixed to the support bracket and
      an outer bumper element in strap form operatively associated with said
      inner bumper element, and assembled to the bracket in a manner to provide
      freedom of movement thereof when engaged by the picker stick. The support
      bracket includes a pair of spaced friction lugs which serve to position
      the outer bumper element and guide its movement when engaged by the picker
      stick.
PAR  The inner bumper element serves as a cushioning member and is effective in
      returning the outer bumper element to its initial position after
      completion of the picking cycle.
PAR  The outer bumper element is assembled on the support bracket in a manner
      which permits it to move toward the loomside when contacted by the picker
      stick and at the same time to yield rearwardly with the picker stick at
      the end of its stroke which is then moving with the lay beam toward the
      latters back center position.
PAR  It is a general object of the invention to increase the life expectancy of
      picker sticks and picker stick bumpers by providing bumpers of the type
      which feature improved operational characteristics over the well known
      fixed and yielding type bumpers.
PAR  It is a more specific object of the invention to provide yielding type
      bumpers for picker sticks which in addition to yielding in the direction
      of the loomside when engaged by the picker stick, they will also yield
      with the picker stick as the latter pivots rearwardly with the lay toward
      said lay's back center position.
PAR  These and other objects of the present invention will become more fully
      apparent by reference to the appended claims and as the following detailed
      description proceeds in reference to the figures of drawing wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the picker stick bumper according to the
      invention showing the means by which it is assembled to the support
      bracket therefore;
PAR  FIG. 2 is a sectional view taken along line 2--2 in FIG. 1 showing the
      position of the outer bumper element prior to being engaged by the picker
      stick;
PAR  FIG. 3 is a view similar to that of FIG. 2 showing the outer bumper element
      being contacted by the picker stick, and FIG. 4 is a view in front
      elevation showing a portion of a fly shuttle loom with the picker stick
      bumper according to the invention assembled thereto.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now referring to FIG. 4, part of a fly-shuttle loom is shown including a
      loomside 10, rock shaft 11 to which is clamped a sword 12 at the upper end
      of which is mounted in the usual way a lay beam 13.
PAR  The rock shaft 11 also has a well known type of parallel motion device 14
      fixed thereon which carries a picker stick 15 that serves to propel a
      shuttle 16 across the width of the loom in a manner familiar to those
      conversant in the weaving art.
PAR  The picker stick bumper assembly comprising the invention is indicated
      generally by numeral 17 and includes an L-shaped support bracket having a
      horizontally disposed supporting surface 18. An integral flange 19 extends
      upwardly from one end of surface 18 and provides a means for attaching the
      bracket to the loomside by suitable retaining members such as bolts 20
      (one only shown).
PAR  The supporting surface 18 as shown in FIG. 1 is provided with spaced side
      walls in the form of upwardly directed arcuated lugs 21 and 22. These lugs
      21 and 22 are disposed in opposed relation and are provided on the ends
      adjacent the flange 19 with integrally formed and aligned rod support
      elements 23 and 24 respectively (FIGS. 1, 2 and 3). Lugs 21 and 22 are
      interconnected by a rod 25 the ends of which are fixed in the support
      elements 23 and 24 by means of set screws 26 and 27 respectively.
PAR  Intermediate lugs 21 and 22 the supporting surface 18 is provided with a
      bumper positioning block 28 to which a resilient bumper 29 is assembled by
      means of a bolt 30. In the preferred embodiment this resilient bumper 29
      is termed the inner bumper and is formed from nylon or suitable rubberized
      fabric strap material into a coil and then bolted to the bumper block 28.
      It should be understood that other forms of bumpers, such as rubber block
      material or the like could be utilized to perform this bumper's intended
      function.
PAR  A picker stick braking means or so-called outer bumper 31 having a
      generally U-shaped configuration is in the form of a laminated strap that
      is fabricated from alternate layers of nylon and leather strapping or any
      other material suitable for its intended purpose. Adjacent each end of
      this outer bumper 31 there is provided an elongated guide channel or
      opening 32 (one only shown) and in assembled position on the support
      bracket the rod 25 which interconnects lugs 21 and 22, is disposed so as
      to extend through said slots. The sides of the outer bumpers are in
      frictional engagement with the opposed inner surfaces of lugs 21 and 22
      which are polished to facilitate movement of said outer bumper when
      engaged by a picker stick. As shown in FIG. 1 the curved intermediate
      portion of the outer bumper 31 is in contact with a substantial portion of
      the outer surface of the resilient bumper 29.
PAR  To maintain the outer bumper 31 in its operating position, a cover plate 33
      assembles on the support bracket so as to engage the upper surface of each
      lug 21 and 22 and is fixed thereto by means of cap screws 34 and 35 the
      threaded portions of which are assembled into tapped holes provided in the
      top of the bumper positioning block 28.
PAR  To summarize the operation, the loom's lay beam is continuously moving to
      and fro between so-called front and back centers along with the loom's
      parallel motion and the picker stick carried thereby. In addition to the
      picker stick being pivoted to and fro with the lay beam it is
      simultaneously caused to be pivoted in a direction substantially normal to
      the movement of said lay for the purpose of picking the shuttle across the
      width of the loom. During the picking movement of the picker stick it is
      caused to strike the outer surface of the outer bumper which compresses
      the resilient bumper 29 to allow said outer bumper to move toward the
      loomside a distance within the limits of the length of slots 32 through
      which rod 25 extends. After the picker stick strikes the outer surface of
      the outer bumper its movement with the lay toward the latter's back center
      position causes said outer bumper to yield in this direction thereby
      preventing the rubbing or wiping movement of the picker stick on the outer
      bumper. The length of the guide channels 32 in combination with the
      polished surfaces of lugs 21 and 22 with which the sides the outer bumper
      are in contact provide the freedom of movement of the latter and has
      increased substantially the life expectancy of both the picker sticks and
      bumper assemblies therefore.
PAR  Although the present invention has been described in connection with a
      preferred embodiment, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the invention and the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a loom having a rock shaft, a lay beam oscillatable with the rock
      shaft and picker sticks for picking a shuttle back and forth across the
      width of the loom, a picker stick bumper assembly comprising:
PA1  a. a support bracket for attachment to the loom;
PA1  b. resilient bumper means secured to said support bracket;
PA1  c. picker stick braking means operatively associated with and for
      cooperative action with said resilient bumper means; and
PA1  d. means mounting said picker stick braking means for floatable movement on
      said support bracket so that said braking means can move in directions
      parallel and transverse to the direction of lay beam travel.
NUM  2.
PAR  2. The picker stick bumper assembly according to claim 1 wherein said
      resilient bumper means comprises a coil of resilient strap material with a
      substantial portion of the outer periphery thereof being in frictional
      contact with said picker stick braking means.
NUM  3.
PAR  3. The picker stick bumper assembly according to claim 1 wherein said
      picker stick braking means comprises a laminated strap member with the
      ends thereof including elongated guide channels defining openings
      operatively associated with said mounting means.
NUM  4.
PAR  4. The picker stick bumper assembly according to claim 3 wherein said
      mounting means includes a pair of spaced lug members carried by said
      support bracket for engagement with said strap member and a rod member
      extending through said guide channels and interconnecting said lug
      members.
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PAL  Method of and apparatus for lateral tensioning or holding of fabrics at a
      predetermined width. The fabric is formed with at least one auxiliary
      longitudinal fabric strip joined to the confronting selvedge by uncovered
      weft threads, the uncovered weft threads being engaged and deflected
      alternately from above and below in the gap between said strip and the
      fabric by means of a lever which penetrates between said uncovered weft
      threads so that, said strip bears against the side of said lever which
      acts as a temple. Upon further advancement of the fabric the strip is
      removed from the selvedge thereof.
BSUM
PAR  The present invention relates to a method and an apparatus for lateral
      tensioning or holding of fabrics at a predetermined width.
PAR  The temples hitherto used in weaving machines, particularly of the
      cylindrical type with needled rings have several disadvantages: they
      deform the weaving plane and may also cause a permanent damaging of the
      woven goods. Moreover, their construction does not make it possible to
      tension and hold the fabric immediately at the line of forming said
      fabric. Last but not least, said temples are expensive to manufacture.
PAR  The present invention has among its objects the provision of a new method
      of laterally tensioning or holding fabrics at a predetermined width, and a
      simple device for performing said method and apparatus mitigate the
      disadvantages of the method and devices hitherto known.
PAR  In accordance with the invention the fabric is formed with at least one
      auxiliary longitudinal fabric strip, the uncovered weft threads being
      engaged and deflected from above and below in the gap between said strip
      and the fabric by means of a lever which then penetrates between said weft
      threads, said strip bearing against the side of said lever and being
      removed upon further advancement of the fabric from the selvedge thereof.
PAR  Further advantages and features of the present invention are described in
      the following specification and shown in the accompanying drawings of a
      preferred embodiment in form of example.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a view in plan of the apparatus according to the present
      invention;
PAR  FIG. 2 is a detailed view of the apparatus according to the present
      invention arranged at the right side of a weaving machine; and
PAR  FIG. 3 is an axonometric view of the driving mechanism of the apparatus
      shown in FIG. 2.
DETD
PAR  The apparatus according to the present invention for the lateral tensioning
      or holding of fabrics at a predetermined width may be advantageously used
      at a single side in combination with a conventional tensioning device, or
      at both sides of a weaving machine (FIG. 1), the said two apparatuses
      being mutually identical. For simplicity, in FIGS. 2 and 3 there is shown
      the embodiment of the apparatus according to the present invention
      arranged on one side of a weaving machine. As shown in FIG. 1, the woven
      fabric 1 is provided with at least one auxiliary fabric strip 2 at each
      selvedge 3, the weft threads 4 remaining uncovered between said auxiliary
      longitudinal strips 2 and said selvedges 3.
PAR  The illustrative embodiment of the apparatus according to the present
      invention has an oscillating flat lever 5 arranged longitudinally along
      the selvedge 3 of fabric 1 and an auxiliary longitudinal fabric strip 2.
      The lever 5 oscillates between an upper position shown with full lines and
      a lower position, shown with dotted lines, (FIG. 3). The free end 6 of the
      flat lever 5 is situated immediately in front of the fabric fell and is
      suitably machined, e.g. pointed, in order to be able to deflect upwardly
      and then downwardly the uncovered weft 4 so as to penetrate between said
      weft threads without damage. As the fabric 1 is advanced by the fabric
      take up means, the uncovered weft 4, in an alternating manner, moves over
      the top surface or beneath the bottom surface of flat lever 5.
      Simultaneously the auxiliary fabric strip 2 is drawn into contact with the
      outwardly directed side portion of lever 5. The flat lever 5 is fastened
      by means of a hub 7 on a shaft 8 which is common to the two identical
      apparatuses disposed on opposite sides of the weaving machine. The levers
      5, acting against the fabric strips 2, maintain the fabric at a selected
      predetermined width and under lateral tension. Shaft 8 is attached to a
      control cam 12 by means of a lever 9, a tie rod 10, and a two-arm lever
      11, said control cam oscillating said shaft 8. Cam 12 is driven
      continuously in one direction e.g. from the main shaft of the weaving
      machine. The flat lever 5 is provided at an appropriate distance from its
      free end 6 with a recess 13 through which there passes a mechanism 14 for
      separating weft threads 4. In the illustrative embodiment said mechanism
      is constituted e.g. by a known hot wire or burning loop mounted on shaft 8
      and oscillating therewith. The hot wire is supplied with electric current
      through Wires. Other cutting devices, not shown, likewise mounted on shaft
      8 and oscillating therewith may be employed if desired.
PAR  Recess 13 for permitting the passage of mechanism 14 for separating or
      cutting the weft threads is located on flat lever 5 at its side nearer to
      fabric 1 so that the ends of the burned or cut weft threads 4 projecting
      from fabric selvedges 3 should be as short as possible.
PAR  The above-described apparatus operates as follows:
PAR  During the forming of fabric 1 and the auxiliary longitudinal fabric strips
      2 which are reinforced e.g. by leno weave, the free end 6 of the flat
      lever 5 during a beat-up of weft 4 swings reversely about the plane of the
      weft system to alternately engages and deflects the uncovered weft threads
      4 from above and below. Simultaneously, as the fabric 1 is advanced, the
      tip 6 of lever 5 penetrates between the uncovered weft threads 4 so as to
      cause said lever to lie first above and then beneath pre-determined
      members of said weft 4 and to thereby bring auxiliary strip 2 into
      engagement with the edge of said lever 5.
PAR  The auxiliary longitudinal fabric strip 2 is advanced along the side of
      flat lever 5, Because of its being permanently connected with fabric 1 by
      means of the uncovered weft threads 4, the fabric 1 is held in tensioned
      condition. The fabric 1 along with integrally formed auxiliary strips 2 is
      advanced over shaft 8 toward the cloth roll of the weaving machine. Fixed
      at predetermined longitudinal positions on shaft 8 are levers 5 which, as
      the fabric advances move between over and under the uncovered weft
      portions 4. This interweaving of ends 6 of shafts 5 with weft threads 4
      causes the auxiliary strips 2 to be brought into contact with the
      outwardly facing edges of the lever 5. The interaction between said levers
      and said strips along with the fixed lateral positions of levers 5
      maintain fabric 1 in a tensioned condition in the weaving area. Upon
      further advancement of the fabric 1 and the auxiliary strip 2, the
      separate uncovered weft threads 4 are successively burned or cut off by
      mechanism 14 with which they come into contact. Following such burning or
      cutting of the uncovered weft threads 4, the fabric 1 shrinks into its
      untensioned state.
PAR  Although the invention is illustrated and described with reference to a
      plurality of preferred embodiments thereof, it is to be expressly
      understood that it is in no way limited to the disclosure of such a
      plurality of preferred embodiments, but is capable of numerous
      modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of laterally tensioning a fabric at a predetermined width
      during the weaving of the fabric, comprising forming the fabric with at
      least one auxiliary longitudinal fabric strip connected with the fabric by
      uncovered weft threads, alternately engaging and deflecting the uncovered
      weft threads from above and below by means of a lever so that as the
      fabric advances the lever penetrates between said deflected weft threads
      so as to cause the strip to be supported against the side of the lever,
      and separating the strip from the fabric selvedge upon further advancement
      of the fabric.
NUM  2.
PAR  2. Apparatus for laterally tensioning a fabric at a predetermined width
      during the advancement of a fabric as it is woven on a weaving machine
      employing an advancing warp and means for inserting weft in a stepwise
      manner, comprising means for forming the fabric with at least one
      auxiliary longitudinal fabric strip along a selvedge and spaced from the
      selvedge by uncovered warp threads, means for penetrating between the
      uncovered weft threads by alternately engaging and deflecting said weft
      threads from above and below as the fabric is advanced, and means for
      separating the auxiliary strip from the fabric selvedge upon further
      advancement of the fabric.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein the means for alternately
      engaging and deflecting the uncovered weft threads from above and below
      comprises a lever with a free end, being directed towards the point of
      forming the fabric, and means for oscillating the free end of the lever
      about the plane of the weft system.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein the mechanism for separating
      the deflectied uncovered weft threads from the fabric is disposed near the
      side of the lever.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, wherein the lever is flat, one side of
      the flat lever confronts the uncovered weft threads and the edge of the
      lever near the selvedge is provided with a recess through which the means
      for separating the uncovered weft threads passes.
NUM  6.
PAR  6. Apparatus as claimed in claim 3, wherein the free end of the lever is
      pointed.
NUM  7.
PAR  7. Apparatus as claimed in claim 5, wherein the means for separating the
      uncovered weft threads is a mechanism for burning such weft threads.
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PAL  An automatic temple for feeding a web in weaving looms, includes a hollow
      tubular bar of a length comparable to the entire weaving width and which
      has a bore with a slot in the wall thereof extending outwardly from the
      bore and longitudinally between the ends of the hollow tubular bar. A
      circularly cylindrical rod is of a greater diameter than the slot and is
      disposed within the bore of the hollow tubular bar and it is rotatable
      therein for winding the web therearound which is fed into the slot around
      the rod and out the slot at a spaced location from its entrance. The
      cylindrical rod has hollow tubular end portions and it is also movable
      during winding against the slot. The cylindrical rod has a plurality of
      circumferentially spaced longitudinally extending keyways defined through
      its hollow end portions and a plurality of keys are guided for radial
      movement in the keyways and they have outer ends with needle points. The
      keys are displaceable radially so as to alternately project and withdraw
      the needle points from the surface of the cylindrical body. Drive means
      are connected between the cylindrical rod and the keys to cause the keys
      to cyclically extend and withdraw the needle points during operation.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates in general to the construction of weaving looms and,
      in particular, to an automatic temple for weaving looms.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention is particularly directed to automatic temples for
      weaving looms, wherein a web is wrapped around a rotatable cylindrical
      rod, which is located in a tubular bar, the web entering and going out of
      the interior of the hollow bar through a slot as it is fed. These
      so-called "Lupton" temples can be set very close to the fell of the cloth
      because of their small cross-section and because they extend over the
      entire weaving width and they favor a uniform interlacing of the filling
      yarn. The known temples of this kind have the drawback that, with finer
      weaving material, their stretching effect is insufficient. An improvement
      is obtained if the outer circumference of the rod end portions is provided
      with helical grooves.
PAR  Another known type of temple with a good stretching effect is a so-called
      spike-disc temple, which is equipped with needle points which are actuated
      to stick into the selvedge. Such temples, however, are bulky so that they
      cannot be mounted close to the fell of the cloth, as is the case with the
      known "Lupton" temples.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improvement over the "Lupton" temples in
      a construction which is effective to improve the stretching effect of such
      temples. For this purpose, and in accordance with the invention, at least
      the ends of the cylindrical rod are designed as tubular portions having a
      plurality of circumferentially spaced longitudinal keyways which extend
      through the wall of the tubular portion. Longitudinal keys are provided in
      the keyways with needle point which project at least approximately
      radially to the outside and are placed and guided in each of the keyways
      for the positive longitudinal displacement. Advantageously, the
      longitudinal motion of the keys is obtained by guiding their end portions
      in an oblique annular grove which is provided in a guide body connected to
      the hollow bar and secured in a stationary position against rotation. In
      addition, a radial piercing of the selvedge zone by the needle points
      during rotation of the rod to produce an anchorage of the web to the keys
      is advantageously obtained by providing a bolt which extends parallel to,
      and eccentrically of, the rod in each of the tubular end portions of the
      rod and is fixed in the guide body. The bolt extends through a bore of the
      guide body in which it is fixed, and the longitudinal keys bear against
      its circumferential surface. The rod is mounted for turning eccentrically
      relatively to the bolt so that, with its continuous turning, the
      longitudinally displaceable keys are moved with their needle points into
      and out of the longitudinal keyways over at least a part of the peripheral
      ranges which are enveloped by the web.
PAR  Accordingly, it is an object of the invention to provide an automatic
      temple for feeding a web in weaving looms, which comprises a hollow
      tubular bar having a bore therein which opens through a slot to the
      exterior, with a cylindrical rod of greater diameter than the slot,
      rotatable within the bore of the hollow bar, and having a guide body
      connected to each end of the tubular bar, at least the ends of the rod
      being tubular and having a plurality of circumferentially spaced
      longitudinally extending keyways which extend through the wall thereof,
      with keys in the keyways guided for radial and longitudinal movement and
      being displaceable radially and longitudinally, the keys having needle
      points which are projected and withdrawn from the outer surface of the
      cylindrical rod, the guide body being fixed against rotation relatively to
      the hollow bar and having means connected to the keys to cause their
      radial and longitudinal movement as the rod rotates.
PAR  A further object of the invention is to provide an automatic temple for
      weaving looms which is simple in design, rugged in construction, and
      economical to manufacture.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its uses, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a partial elevational and partial sectional view of one end of a
      temple constructed in accordance with the invention and taken along the
      line I--I of FIG. 2; and
PAR  FIG. 2 is a section taken along the line II--II of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular, the invention embodied therein,
      comprises an automatic temple for feeding a web in a weaving loom, which
      includes a rod 1, which is rotatably mounted within a cylindrical hollow
      bar 16 having a bore 16a. A web G, a shown in FIG. 2, is fed through a
      longitudinal slot 17 of the hollow bar 16 and, around part of the surface
      of the rod 1, in the direction of arrow 20. The web, after passing around
      rod 1, is directed outwardly from slot 17 in the direction of arrow 22.
PAR  Rod 1 is provided with a helical groove 2 which extends over at least a
      portion of rod 1 in order to improve the stressing effect on web G.
PAR  In accordance with the invention, at least each end of rod 1 is tubular and
      also operatively connected to longitudinally and radially displaceable
      keys 5 which are movable in longitudinal keyways 4 which extend radially
      through the bore wall of the tubular rod ends. The exterior periphery of
      each key carries one or more projecting needle points 6, and the keys are
      cyclically displaced radially into and out of its associated keyway so
      that the needle points are projected and withdrawn from the surface of the
      rod during operation.
PAR  Guide body 10 has a bore which is provided with an inclined (or oblique)
      groove 12, and each key is provided with an extension 7 having a nose
      portion 8. Extension 7 is guided in an annular clearance which is formed
      between the bore 9 of guide body 10 and a bolt 11 which extends coaxially
      through bore 9 and is connected to the guide body 10 by means of a pin 13
      so as to be fixed against rotation. The free end of bolt 11 is provided
      with an eccentric collar 14 which extends into the bore 3 of the rod 1.
      Bolt 11 is secured in position to the guide body 10 so that its center
      line is offset from the center line of collar 14. Collar 14 in turn is
      centered on the center line of the rod 1 within the bore 3.
PAR  The guide body is fixed against rotation by a connection to the hollow bar
      16, which is not shown. Extensions 7 of the longitudinal keys are guided
      in guide body 10 by the bore 9, so that the keys permanently apply against
      the circumferential surface of the bolt 11. The eccentricity of the collar
      14, the radial extension of the keys, and the length of the needle points
      6 are chosen so that, during a complete revolution of rod 1, the outer
      surfaces of keys 5 project up to, and cyclically move radially below, the
      outer circumference of rod 1, whereas, the needle points do not
      permanently remain inside this outer circumference.
PAR  The temple operates as follows:
PAR  The web G enters the hollow bar through the longitudinal slot 17, and the
      bar is secured to the machine frame near the cloth fell (not shown). The
      web loops around rod 1 and leaves the hollow bar again at the upper side
      of slot 17 to be passed over the usual rollers (not shown) and wound on
      the cloth beam. Within the circumferential range, in which the web
      contacts rod 1, the selvedge or selvages of the web are pierced by the
      needle points 6 provided on the keys 5 which have been moved in keyways 4
      radially outwardly where a positive connection is established between the
      keys and the web so that a pressure is produced between the front surface
      15 of the guide body 10 and the end surface of rod 1 by the stretching
      force on the web. At each step of winding of web G on the cloth beam, rod
      1 is positively put into rotary motion, whereby, keys 5 change
      step-by-step, their angular position relative to the guide body 10. The
      radial and axial position of the keys changes as a function of their
      orientation in the annular clearance due to the fact that they ride on the
      eccentrically positioned bolt 11 in bore 3 or rod 1. The longitudinal
      shifting motion which is effected by nose 8 engagement in the continuous
      groove 12 causes a corresponding shifting movement of the needle points 6
      with the keys 5. By carefully selecting the direction of eccentricity of
      the bolt 11 and the direction of slope of the groove 12 or its axial shift
      around the circumference of the associated guide body 10, the effect is
      obtained that, each time the needle points 6 rise from the longitudinal
      keyways 4, as their position is shifted in respect to the bolt 11, the
      keys move in the direction of the rod end, that is, to the left, as shown
      in FIG. 1. These directions may therefore be chosen or adjusted in respect
      to each other so that each key reaches its extreme end position at the
      very instant at which its needle points 6 moving backwardly into the
      respective longitudinal keyway is just withdrawing in this again. At this
      instant and location, the web is leaving contact with the rod and going
      out from the bore of the tubular bar 16 through the longitudinal slot 17.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic temple for feeding a web in weaving looms, comprising a
      stationary hollow bar having a bar bore and having a slot extending
      outwardly from said bar bore and longitudinally between the ends of said
      hollow bar, a circularly cylindrical rod of greater diameter than said
      slot arranged in the bar bore of said hollow bar and being rotatable for
      winding the web therearound which is fed into the slot around said rod and
      out said slot, at least the ends of said rod being tubular and having a
      rod bore, a guide body disposed alongside each end of said rod and being
      secured to said hollow bar for preventing the rotation thereof, a
      plurality of circumferentially spaced longitudinal keyways extending
      through the wall of the tubular part of said rod, a key guided for radial
      and longitudinal movement in each of said keyways and each having an outer
      end with a needle point and being radially movable so as to alternately
      project and withdraw said needle points from the surface of said rod, and
      means associated with said rod and said guide body to displace said keys
      upon rotation of said rod.
NUM  2.
PAR  2. An automatic temple, according to claim 1, wherein said means for
      displacing said keys upon rotation of said include a guide bore defined in
      said guide body having a groove, the guide bore being parallel to the rod
      bore of said rod, a bolt member in the guide bore of said guide body and
      extending into the rod bore of said rod and being eccentrically positioned
      in respect to the rod bore of said rod, said keys riding on the periphery
      of said bolt member and said bolt member being secured to said guide body
      so that during rotation of said rod, said keys are shifted radially, and
      said keys having a nose portion engaged in said groove so that during
      rotation, said keys are also shifted axially as said nose portion rides in
      said groove.
NUM  3.
PAR  3. An automatic temple, according to claim 1, wherein the groove of said
      guide body comprises an oblique annular groove.
NUM  4.
PAR  4. An automatic temple, according to claim 1, wherein each of said keys is
      provided with an extension having said nose which engages in said groove.
NUM  5.
PAR  5. An automatic temple, according to claim 1, wherein said bolt member
      includes a collar portion, the end thereof which extends into the rod bore
      of the tubular part of said rod and which is concentrically arranged
      therein but which is eccentric to the remaining portion of said bolt
      member, said remaining portion of the bolt member being located as to be
      in contact with the rod bore of said rod, said keys comprising
      longitudinally elongated members bearing axially along the length of said
      bolt, said collar and the end of said bolt which is retained by said guide
      body holding said bolt so as to be eccentric to the bore of the tubular
      part of said rod so that said keys are alternately moved radially inwardly
      and outwardly during rotation of said rod.
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ABST
PAL  A multi-ply woven fabric article as disclosed has opposite woven face plies
      and a pair of woven rib plies which extend alternately between and are
      interwoven with the face plies. The rib plies which are interwoven with
      each other at the regions of interweaving with the face plies form
      parallel pairs of ribs extending between the opposite face plies in zig
      zag fashion and defining generally planar pockets therebetween. The
      pockets so formed are capable of readily receiving generally planar
      stiffening elements to provide a woven fabric article of substantial
      compressive strength.
PARN
PAR  This is a continuation of application Ser. No. 290,546, filed Sept. 20,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to woven fabrics, and more particularly to
      multi-ply woven fabrics of the type which may be provided with internal
      stiffening elements and rigidified such as by resin impregnation to
      provide a strong and yet lightweight structural panel.
PAR  2. History of the Prior Art
PAR  Woven multi-ply, three-dimensional fabrics of the type having opposite
      woven face plies and a plurality of intermediate woven ribs which extend
      between and are interwoven with the face plies are well known in the art.
      Such fabrics have proven capable of being reinforced such as by the
      insertion of stiffening elements into the open spaces therein and
      rigidified such as by resin impregnation to provide panels which are
      strong, yet lightweight and inexpensive. The uses for such panels are
      virtually unlimited, and presently include walls, roofs, floors, airframe
      components, and insulation.
PAR  Examples of multi-ply, three-dimensional woven fabric articles and the
      methods of making the same are provided by U.S. Pat. No. 3,090,406 of
      Koppelman et al, issued May 21, 1963. As described in Koppelman et al a
      multi-ply, three-dimensional fabric may be woven on a conventional shuttle
      loom so as to have opposite face plies and an intermediate rib ply which
      zig zags between and is interwoven with the opposite face plies.
PAR  The woven fabric disclosed in the Koppelman et al patent has proven to be
      highly useful in the manufacture of panels for a wide variety of
      applications. Upon weaving of such fabrics mandrels are typically inserted
      within the triangular-shaped spaces therein during resin impregnation and
      curing so as to rigidify the structure. Frequently the triangular-shaped
      spaces are filled with foam elements prefabricated to the size of the
      triangular-shaped openings and inserted thereinto using mandrels. Where
      foam inserts are used they may be placed in the fabric openings prior to
      resin impregnation so as to hold the fabric erect and rigid during
      impregnation. The resulting rigidized article comprises a panel which is
      lightweight, strong and yet relatively inexpensive. The foam inserts,
      where used, add considerable strength to the article as well as enhancing
      the insulating properties thereof.
PAR  However fabrics of the type described suffer from a number of limitations
      which may render them impractical or unsuitable for certain applications.
      One of the most serious limitations of such fabrics is their rather low
      compressive strength. While the foam inserts, where used, add somewhat to
      the resistance of the article to compressive forces, the compressive
      strength as well as other structural features of the article may prove
      inadequate for many applications. For example panels measuring
      approximately 3/4 inch in thickness and made of fiberglass yarns which
      have been resin impregnated and supported by foam fillers are typically
      capable of withstanding a maximum of 150 to 200 lbs. per square inch. Such
      articles furthermore lack the versatility which may be desired for certain
      applications. For example it may be highly desirable to be able to insert
      stiffening elements into the woven fabric so as to greatly rigidify the
      article between the opposite face plies. At the same time, however, it may
      be essential that the filler elements be thin so as to be light in weight
      or to conserve on materials, thereby making it impractical to fill the
      entire spaces within the woven fabric.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides a multi-ply, threedimensional woven fabric
      article in which the opposite woven face plies of the fabric have a pair
      of woven rib plies extending therebetween and interwoven with the opposite
      face plies. The rib plies extend between the opposite face plies in zig
      zag fashion such that adjacent portions of the two different rib plies
      which are parallel to each other form thin, generally planar pockets. The
      pockets may be readily filled with stiffening elements of considerable
      thinness or compact size so as to greatly increase the compressive
      strength of the resulting article without significant increase in the
      weight or expense of the article.
PAR  Fabrics in accordance with the invention are readily woven on a
      conventional shuttle loom of the type having four separate shuttles. Two
      of the shuttles are used to respectively form the opposite face plies
      while the remaining two shuttles are used to form respective ones of the
      rib plies. The various shuttles traverse eight different warp yarns which
      are individually held in raised or lowered positions by programmed
      harnesses so as to pull a single fill yarn back and forth therethrough and
      thereby weave the fabric. The interweaving of the rib plies with the
      opposite face plies is such that the rib and face plies share common fill
      yarns through several picks of weaving. In addition the weaving may be
      programmed such that the areas of interweaving of the two different rib
      plies with each face ply overlap with the two different rib plies sharing
      at least one common fill yarn.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention, as illustrated in the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view of an article made from a multi-ply,
      three-dimensional woven fabric in accordance with the invention;
PAR  FIG. 2 is a fragmentary sectional view of the woven fabric in the article
      of FIG. 1 showing weaving details thereof; and
PAR  FIG. 3 is a diagrammatic view showing the fabric of FIG. 2 being woven in
      the flat on a shuttle loom.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 depicts a three-dimensional panel or article 10 in accordance with
      the invention. The article 10 includes opposite top and bottom faces 12
      and 14 respectively which are relatively thin and generally planar and
      which are disposed in parallel, spaced apart relation to one another. The
      article 10 also includes a plurality of ribs 16 extending between and
      interconnecting the opposite faces 12 and 14.
PAR  The article 10 is comprised of a multi-ply woven fabric 18 which is
      integrally woven as described in connection with FIGS. 2 and 3 and which
      has been resin impregnated to form the rigid article 10 of FIG. 1. In
      accordance with the invention the portions of the woven fabric 18 forming
      the ribs 16 are interwoven with the portions of the fabric 18 forming the
      faces 12 and 14 so as to provide parallel pairs 20 of the ribs 16 which
      extend in zig zag fashion between the faces 12 and 14 and form a plurality
      of generally planar pockets 22. The ribs 16 also form open spaces 24 of
      generally triangular cross-section with the various faces 12 and 14.
PAR  As described in detail in connection with FIG. 2 the woven fabric 18 within
      the article 10 is comprised of warp yarns interwoven with fill yarns. The
      warp yarns of the faces 12 and 14 extend in the direction of elongation of
      the faces along the length of the article 10 with the fill yarns extending
      transversely thereto. The ribs 16 are similarly comprised of warp yarns
      extending in zig zag fashion along the longitudinal length of the article
      10 and interwoven fill yarns extending transversely to the direction of
      elongation of the article 10. The various warp and fill yarns of the faces
      12 and 14 form face plies of the woven fabric 18. The various ribs 16
      comprise two different rib plies of the woven fabric 18 which are
      interwoven alternately and at spaced intervals with the face plies such
      that the various areas of interweaving of the different rib plies with the
      face plies overlap.
PAR  As described in a copending application, Serial No. 290,541, filed Sept.
      20, 1972, now abandoned Donald M. Hatch, Multi-Ply Woven Article Having
      Stiffening Elements Between Double Plies, which application is assigned to
      the same assignee as the present application, the various planar pockets
      22 formed by the parallel pairs 20 of the ribs 16 are ideally configured
      so as to receive relatively thin, generally planar stiffening elements.
      Because of the zig zag configuration of the pockets 22 and the
      triangular-shaped spaces 24 therebetween, the various stiffening elements
      can be made thin and light in weight while at the same time providing the
      article 10 with substantial strength and particularly high resistance to
      compression. In one article of approximately 3/4 inch thickness actually
      fabricated and tested in accordance with the invention and utilizing
      stiffening elements of approximately 1/16 inch thickness within the
      pockets 22 as described in said copending application Ser. No. 290,542,
      the resistance to compression is on the order of 3,000 lbs. per square
      inch. This compares with a maximum tolerable compression load on the order
      of 150 to 200 lbs. per square inch in woven fabric articles of similar
      dimensions but without the benefit of the stiffening elements and having
      the single rib configuration of the previously referred to U.S. Pat. No.
      3,090,406 of Koppelman et al.
PAR  FIG. 2 depicts the details of the woven fabric 18 comprising the article 10
      of FIG. 1. As seen in FIG. 2 the top face 12 is primarily comprised of a
      generally planar, woven, top face ply 26. The bottom face 14 of the
      article 10 is comprised primarily of a generally planar, woven, bottom
      face ply 28. The various ribs 16 of the article 10 are comprised primarily
      of portions of first and second rib plies 30 and 32 respectively.
PAR  The top face ply 26 includes a plurality of warp yarns 34 which extend
      generally in the direction of an axis of elongation 36 for the woven
      fabric 18. The warp yarns 36 are interwoven with a plurality of fill yarns
      38 extending generally transversely to the axis of elongation 36.
PAR  In like fashion the bottom face ply 28 is comprised of warp yarns 40
      extending generally in the direction of the axis of elongation 36 and
      interwoven with a plurality of fill yarns 42 which are generally
      transverse to the axis 36.
PAR  The first rib ply 30 includes a plurality of warp yarns 44 extending along
      the lengths of the ribs formed thereby in the general direction of the
      axis of elongation 36 and interwoven with a plurality of fill yarns 46.
      Similarly the second rib ply 32 includes warp yarns 48 extending along the
      length of the woven fabric 18 and interwoven with fill yarns 50.
PAR  As seen in FIG. 2 the first and second rib plies 30 and 32 are interwoven
      with the face plies 26 and 28 at selected areas along the lengths of the
      face plies 26 and 28. The nature of the interweaving is such that the rib
      plies 30 and 32 share common fill yarns with the face plies 26 and 28
      through several picks of the length of the woven fabric 18. In addition
      the areas of interweaving of the two different rib plies 30 and 32 at each
      of the face plies 26 and 28 overlap such that the rib plies 30 and 32
      share at least one common fill yarn with each other as well as with the
      respective face ply at the areas of interweaving therewith. This provides
      the fabric 18 with substantial strength as well as other desirable
      properties.
PAR  In the particular example of FIG. 2 the rib plies 30 and 32 share three
      common fill yarns 52, 54 and 56 with the bottom face ply 28. The first rib
      ply 30 is interwoven with and thereby shares the fill yarns 52 and 54 with
      the bottom face ply 28. The second rib ply 32 shares the fill yarns 54 and
      56 with the bottom face ply 28. Thus the fill yarn 52 is common to the
      first rib ply 30 and the bottom face ply 28. The fill yarn 56 is common to
      the second rib ply 32 and the bottom face ply 28. The intermediate fill
      yarn 54 is common to both rib plies 30 and 32 as well as to the bottom
      face ply 28 and defines the region of overlap of the two different areas
      of interweaving of the rib plies 30 and 32 with the bottom face ply 28.
PAR  In the particular example of FIG. 2 each area of interweaving of the rib
      plies 30 and 32 with one of the face plies 26 and 28 includes three common
      fill yarns, two of which are common to one of the rib plies as well as to
      the face ply and one of which is common to both of the rib plies and the
      face ply.
PAR  It will be noted from FIG. 2 that the rib plies 30 and 32 have
      approximately the same density or picks per inch of length thereof as do
      the face plies 26 and 28. Since the rib plies 30 and 32 zig zag back and
      forth between the opposite face plies 26 and 28 they have a greater
      overall length than do the face plies 26 and 28 for a given length of the
      woven fabric 18. By the same token each of the rib plies 30 and 32 has a
      greater number of picks of fill yarn per unit of length thereof along the
      axis of elongation 36 than do either of the face plies 26 and 28.
      Accordingly and as seen in FIG. 2 the portion of each of the rib plies 30
      and 32 which is disposed between adjacent areas of interweaving with one
      of the face plies such as the top face ply 26 has a greater number of
      picks than the corresponding portion of the face ply 26 which is disposed
      between the same two areas of interweaving.
PAR  One technique for weaving the woven fabric 18 in the flat on a conventional
      shuttle loom is diagrammatically illustrated in FIG. 3. The loom used may
      be a conventional box loom such as the type manufactured by Crompton
      Knowles Weavers, Inc. under the name "Cottom King", and is assumed to have
      four separate shuttles. The loom includes eight separate heddle harnesses
      48, each of which controls a different bank of the warp yarns 34, 40, 44
      and 48 in conventional fashion. A conventional pattern chain and
      associated control mechanism control the sequence of shuttles and movement
      of the harnesses 58 in timed sequence with the shuttle and reed movement
      of the loom in conventional fashion. Thus, in the example of FIG. 3 the
      bottom face ply 28 is being woven by the insertion of a fill yarn 42
      between the opposite sets of the warp yarns 40 by the passage of a shuttle
      60 therethrough. Although the loom is assumed to be equipped with four
      separate shuttles only the one shuttle 60 is shown in FIG. 3 for
      convenience of illustration. The particular shuttle 60 is used to insert
      the fill yarn between the opposite sets of the warp yarns 40 and there by
      weave the bottom face ply 28. A second shuttle on the loom is used to
      insert the fill yarns 38 between the opposite sets of the warp yarns 34 so
      as to form the top face ply 26. The first and second rib plies 30 and 32
      are similarly formed by the remaining two shuttles, each of which is
      associated with and used exclusively to weave a different one of the rib
      plies 30 and 32.
PAR  The fabric 18 is woven, one pick at a time, by pulling a single fill yarn
      transversely between the opposite sets of the warp yarns using an
      appropriate one of the four different shuttles for the particular ply
      being woven. The harness and shuttle movements are programmed to carry out
      the weaving operation in the most expeditious manner. Such a program, for
      example, typically calls for the formation of several picks of the top
      face ply 26 followed by the formation of several picks of the first rib
      ply 30, then several picks of the second rib ply 32, and then several
      picks of the bottom face ply 28. The use of four separate shuttles avoids
      selvage interlock at the edges of the different plies and the necessity
      for cutting such selvage. Each of the rib plies 30 and 32 is interwoven
      with the opposite face plies 26 and 28 in the manner described in the
      previously referred to U.S. pat. No. 3,090,406 of Koppelman et al. The
      fabric as woven can be taken up using a takeup roll and cam arrangement of
      the type shown in that patent to allow weaving of the longer rib plies as
      opposed to the shorter face plies. However it is preferred that a takeup
      arrangement of the type shown in U.S. Pat. No. 3,168,115 of Rheaume,
      issued Feb. 2, 1965, be used. In such an arrangement the woven fabric is
      taken up by a roll which is periodically reversible to permit weaving of
      the rib plies. The warp yarns used to form the rib plies are fed into the
      weaving area from a pair of mating rolls and a tensioning device.
PAR  The yarns used to weave the face and rib plies of woven fabrics in
      accordance with the invention can comprise any appropriate material such
      as fiberglass. The fabric itself, once woven, can be impregnated with any
      appropriate resin such as epoxys or polyesters. In a typical method of
      manufacturing an article using the woven fabric of the present invention
      as described in said copending application Ser. No. 290,541, the fabric is
      first woven, after which the stiffening elements are inserted into the
      pockets formed between the adjacent pairs of ribs. Where the stiffening
      elements comprise unidirectional fibers, such elements can be inserted
      with the fibers thereof oriented in selected directions so as to optimize
      the strength of the resulting article and its resistance to forces applied
      in various directions. The triangular-shaped spaces between the adjacent
      ribs are then filled with mandrels to assist in holding the woven fabric
      erect during resin impregnation and curing. Where desired the opposite
      face plies can have one or more layers of material added thereto, which
      layers form an essentially integral part of the face plies when the woven
      fabric is impregnated and cured. Upon impregnation and curing the mandrels
      are removed from the triangularshaped spaces to provide the finished
      article.
PAR  As described in said copending application Ser. No. 290,541 the various
      stiffening elements which are inserted into the generally planar pockets
      in the fabric as woven can comprise a single layer or multiple layers of
      appropriate materials such as fiberglass. Moreover as described in a
      copending application Ser. No. 290,542, filed Sept. 20, 1972, now
      abandoned Donald M. Hatch and George D. Lee, MultiPly Woven Article Having
      Acoustical Elements Between Double Plies, which application is assigned to
      the same assignee as this application, the stiffening elements may
      comprise elements of appropriate material having therein a plurality of
      holes of appropriate size for acoustical purposes. When equipped with
      stiffening elements of this type the woven article becomes a highly useful
      acoustical panel or member which facilitates the introduction of
      acoustical wave energy into the interior thereof where such energy is
      readily dissipated to provide a sound deadening effect.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A woven panel construction comprising a pair of woven face members
      disposed in generally parallel, space-apart relation along the length of
      the panel and having generally like widths, and a plurality of woven rib
      members disposed between said face members, said rib members being
      spaced-apart in pairs along the length of the face members and alternately
      extending between the face members in a zig zag configuration, the rib
      members of each pair being interwoven with both of the face members and
      substantially parallel and spaced-apart between the face members to define
      a relatively thin, generally planar opening between each pair which
      extends the entire distance between the face members in the direction of
      the plane thereof, the pairs of rib members defining major openings of
      generally triangular-shaped cross-sections on opposite sides of each of
      the relatively thin, generally planar openings and between the face
      members.
NUM  2.
PAR  2. The invention defined in claim 1, wherein the pairs of rib members are
      interwoven with each other at common picks yarns as well as with the face
      members at each of the face members.
NUM  3.
PAR  3. A woven fabric comprising a pair of opposite broad faces disposed in
      parallel, spaced-apart relation along the length of the fabric, each of
      the faces being comprised of at least one ply of the woven fabric
      including transverse fill yarns spaced along the length of the fabric and
      longitudinal warp yarns extending along the length of the fabric and
      interwoven with the fill yarns, and a pair of rib plies defining a
      plurality of rib members, which are spaced-apart in pairs along the length
      of the faces and alternately extending between the faces in a zig zag
      configuration, each ply comprised of transverse fill yarns spaced along
      the length of the fabric and longitudinal warp yarns which extend
      substantially along the entire length of the fabric and which are
      interwoven with the fill yarns, each of the rib plies being alternately
      interwoven with the plies comprising the opposite faces at spaced
      intervals along the length of the fabric, the warp yarns of each of the
      rib plies and the warp yarns of each of the faces being interwoven with
      common fill yarns at each interweaving of one of the rib plies with one of
      the faces, the pair of rib plies being disposed in generally parallel,
      spaced-apart relation between the opposite faces to define a series of
      thin, planar openings, each of which extends in a given direction through
      the entire distance between the opposite faces to define the length
      thereof and has a thickness in a direction normal to said given direction
      which is many times smaller than the length thereof, the pair of rib plies
      and the thin, planar openings therebetween dividing the space between the
      opposite faces into a plurality of spaces considerably larger in
      crosssectional area than the thin, planar openings, each of the spaces
      extending between the opposite faces and being bounded on opposite sides
      by different ones of the thin, planar openings.
NUM  4.
PAR  4. The invention defined in claim 3, wherein one of the rib plies is
      alternately interwoven with the opposite faces at a first plurality of
      spaced-apart regions along the length of the fabric and the other one of
      the rib plies is alternately interwoven with the opposite faces at a
      second plurality of spaced-apart regions disposed adjacent to but offset
      from the first plurality of spaced-apart regions in a common direction
      along the length of the fabric.
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ABST
PAL  A hooking-up device consists of two supports usually ribbons, provided with
      hooking-up members engaged in interpenetrating relationship when the two
      supports are superposed. According to the present invention the
      interengaged supports have a good resiliency and elasticity at least in
      the longitudinal direction. The hooking-up members remain in mutual
      engagement during the entire elastic deformation of the device.
PARN
PAR  The present application is a continuation-in-part of my co-pending patent
      application, Ser. No. 824,485, filed May 14, 1969 now abandoned.
PAR  This invention relates to a hooking or closing device consisting of two
      supports having hooking members adapted to be placed into interpenetrating
      relationship when the two supports are pressed one against the other.
PAR  Hooking devices consisting of two flexible parts provided with hooking
      members and intended to be applied against each other have been known for
      many years.
PAR  Swiss Pat. No. 339,155 discloses such a device in which the hooking members
      of one part are loops, while the hooking members of the other part are
      hooks. There is also known a hooking device consisting of two similar
      parts each having a plurality of loops forming a carpet having a given
      thickness as well as a plurality of hooks. The loop and hook devices are
      generally made by weaving or knitting processes. They are used in the
      garment industry (closing of clothes), in the furniture industry (seat
      covering, fixation of carpets), in the medical field (bandaging fixation)
      and the like.
PAR  Hooking devices consisting of two parts which are interpenetrated and made
      of a plastic or metallic material are also known. Swiss Pat. No. 385,539
      discloses a hooking element consisting of a base foil of synthetic
      material, the surface of which has a very large number of closely adjacent
      projections which may engage projections of another similar element. These
      projections may be mushroom- or hook-shaped of the same material as that
      of the base foil and the element may be made, e.g. by injecting the
      synthetic material in a die.
PAR  A so-called metallic clamp hooking device has also been proposed. This
      device comprises two parts one of which has a large number of metallic
      hooks and the other, a large number of metallic loops, the hooks and the
      loops being retained in strips of plastic material.
PAR  These devices made of a plastic material or a metal have a high adherence
      force, but they are generally less flexible than the devices obtained by
      weaving or knitting and consequently, they are used for other purposes,
      e.g. for placing decorative panels or for fastening objects in vehicles of
      any type.
PAR  All the devices already proposed or used have a common feature in that they
      are not resiliently deformable in acceptable conditions, while being
      frequently very flexible. Now, in numerous applications, such resilient
      deformability is not only desirable, but often quite necessary, since
      otherwise such hooking or closing cannot be used. For instance, in the
      garment industry, extensible fabrics are frequently handled and, when
      using known hooking devices as closing means, that portion of the fabric
      on which the device is fastened, loses largely its resilient nature.
      ACcordingly, such hooking devices are not frequently used for linen
      underwear, corsets, various medical purposes and the like.
PAR  One of the objects of the present invention is to provide a hooking or
      closing device which may be subjected to important resilient deformations,
      namely under the effect of traction stresses, without being unhooked.
PAR  To obtain this purpose, the hooking or closing device according to the
      invention is characterized in that it is made to have resilient properties
      at least in one direction. Generally, said resilient properties are
      provided in the supports of the hooking elements. These resilient
      properties of the two supports may be similar or different and, in
      addition, one of the supports may be resilient, while the other is not.
PAR  Thus the present invention provides a hooking device having two woven
      supports provided with interengaging hooking members. At least one of the
      supports has an unidirectional permenent elasticity. The device is used in
      connection with women's undergarments, corsets, etc. One of the two
      supports has upwardly extending hook-shaped yarn portions, while the other
      support has upwardly extending loop-shaped yarn portions adapted to be
      engaged by the hook-shaped portions. Due to the elasticity the hooks and
      loops can be somewhat inclined relatively to each other. Thus the device
      of the present invention has a permanent elasticity which exists
      irrespective as to whether the device is open or closed.
PAR  In the resilient device of the present invention it will be possible,
      without adversely affecting a good hooking, to exert a traction stress
      with, consequently, a correlative extension of the device. The traction
      stresses in two opposite directions may be applied either simultaneously
      to both superimposed supports hooked with each other, either upon the one
      in one direction and, upon the other, in the opposite direction. When the
      resilient properties of both supports are identical, they will extend to
      the same length when said traction will be applied thereto and the hooking
      members which are interpenetrating will not be adversely shifted
      relatively to each other. In any case, they will be kept prefectly hooked.
      When the hooking device according to the invention is used for fastening
      two parts of a resilient fabric, it will be allowed to extend
      simultaneously with the fabric on which a traction is exerted. In this
      way, a flexible closing or fixation will be provided. On the contrary,
      when both supports show a different elasticity, the space must be always
      selected so that the average elasticity of the hooking or closing device
      is sufficient to absorb the stresses provided in the specific applications
     .
DRWD
PAR  The attached drawings show by way of example an embodiment of the resilient
      hooking device forming the object of the invention.
PAR  FIG. 1 shows a section through a length of a hook support of a hooking or
      closing device obtained by weaving.
PAR  FIG. 2 shows a section through a length of a loop support of a hooking or
      closing device obtained by weaving. Both supports are intended to be
      applied and pressed against each other in the hooking or closing position
      of the device.
PAR  FIG. 3 shows a perspective view of a length of the resilient hooking and
      closing device according to the invention.
PAR  FIG. 4 shows a section of a length of a hooking and closing device
      according to the invention, represented in interpenetrating position, but
      not subjected to any traction stress.
PAR  FIG. 5 is similar to FIG. 4, the length of the resilient hooking and
      closing device being shown after extension by resilient deformation.
DETD
PAR  In this embodiment, the hook tape represented in FIG. 1 is obtained by
      forming a support consisting of a weft comprising multifilament nylon
      yarns 1 to 12, and a warp comprising multifilament nylon yarns 13 and a
      stuffer warp of yarns 14 of a resilient, natural or synthetic material.
      The weft yarns 2-3, 5-6, 8-9 and 11-12 are disposed two by two one above
      the other and the resilient yarn 14 is passed between said pairs of weft
      yarns and on yarns 1, 4, 7, 10, etc. The warp multifilament nylon yarns 13
      are passed in zigzags on weft yarns 1, 2, 4, 5, 7, 9, 10, 11, etc. The
      hooks 15, 16, 17, 18 are obtained by means of additional warp monoyarns 19
      which are pile yarns. A first additional pile yarn 19 forms a cut loop
      represented by hook 15 and it passes then under the two weft yarns 2 and
      3, then upon the weft yarn 4 to form a new cut loop hook 17 after being
      passed under the two weft yarns 5 and 6. When hook 17 is formed, the
      monoyarn 19 passes under the weft yarns 8 and 9, upon the weft yarn 10 and
      it forms a new hook (not shown) after being passed under weft yarns 11 and
      12. The additional monoyarn 19a passes on the weft yarn 1, then under the
      two weft yarns 2 and 3 to form hook 16. It passes then under the two weft
      yarns 5 and 6, on the weft yarn 7 to form hook 18 after being passed under
      weft yarns 8 and 9.
PAR  When the hook tape is woven, it is subjected to a thermal treatment for
      fixing completely the foundation and the loops of monoyarns 19 which,
      after cutting, will become hooks 15, 16, 17, 18 . . . . The temperature
      and the time during which this treatment is applied depend upon the used
      yarns. During said treatment, it is generally necessary to tighten the
      tape without extending it so that it will be perfectly flat. With the view
      of preserving a good elasticity and improving the taped body and also with
      the view of sizing firmly, in the foundation fabric, the loops which will
      become hooks 15 to 18 after cutting, the tape is sized by coating or
      scraping a sizing product having a permanent elasticity, e.g. a latex.
PAR  When sizing, the tape is subjected to some tension which must be such that
      it is not extended during the scraping and drying operation. The sizing
      film substantially cured by this treatment provides a sufficient binding
      of the hooks in monoyarns, it being however possible to stretch and to
      relieve the tape at will without deforming the hooks or the fabric. In
      order to cut the monoyarn loops 19, thereby forming the hooks, the tape is
      stretched so that the loops may be cut without any difficulty.
PAR  The hook tape represented in FIG. 1 may be extended by 100% so that its
      length may be doubled. When examining FIG. 1, it will be observed that the
      resilient yarn 14 is extended when the tape is stretched. The foundation
      yarns 13 and the additional monoyarns 19 which are not resilient and which
      may not accordingly be extended are however passed in zigzags between the
      weft yarns 1 to 12 of the foundation in such manner that, when the tape is
      extended, they may be flattened and increased in length in the traction
      direction, i.e. also in the direction of the deformation of the hooking or
      closing device.
PAR  The loop support a section of which is shown in FIG. 2 is woven in the same
      manner as the hook tape of FIG. 1. The loop tape is obtained by forming a
      foundation comprising weft multifilament nylon yarns 20 to 28 and warp
      yarns comprising multifilament nylon yarns 29, 29a and a stuffer warp of
      29b and natural or synthetic resilient yarns 30.
PAR  The resilient yarn 30 passes under the weft yarn 20, above the weft yarn
      21, under the two following weft yarns 22 and 23 adjacent to each other,
      above the weft yarn 24, etc. The foundation warp yarns 29 and 29a are
      passed in zigzags about the weft yarns 20 to 28, the foundation yarn 29b
      passing also in zigzags about the weft yarns 20 to 28, but always on the
      two weft yarns adjacent to each other 22, 23, 24, 25, etc. The loops 31 to
      36 are obtained by means of additional warp yarns 37, 37a and 37b which
      are pile yarns passing in zigzags between the weft yarns 20 to 28 and
      spanning the resilient yarns 30.
PAR  When finishing, said tape, like the hook tape, is also subjected to a
      thermal treatment, then the loops 31 to 36 formed by means of monoyarns
      37, 37a and 37b and the foundation consisting of weft yarns 20 to 28 and
      warp yarns 29, 29a, 29b and 30 are sized for applying a resilient size
      upon the back face of the support, like the hook support. The loop support
      just described has resilient characteristics which may be similar to or
      different from those of the hook support described with reference to FIG.
      1. Since the resilient yarn may be extended and the weaving of the warp
      yarns is in zigzags, the loop support could be also extended by 100% for
      the same reasons as those pertaining to the hook support. Assuming that
      the loop support and the hook support are interpenetrating and then
      subjected to a traction, under the effect of said traction, they will
      extend in accordance with the traction stress and the interpenetrating
      loops and hooks will be always kept substantially facing each other and
      they will not be subjected to any detrimental stress. Thus, they will be
      kept firmly hooked to each other.
PAR  The resilient hooking device disclosed herein may be applied to infinitely
      varying purposes in any industrial, domestic, scientific, sporting,
      medical, agricultural and similar field. By way of a non-limitative
      example, it may be used in the manufacture of corsets, for some types of
      linen underwear and in medical applications such as the fixation of
      resilient bandages.
PAR  It is apparent that it is possible to provide a single type of resilient
      support having loops forming a carpet having a given thickness and hooks
      which may emerge from the loop carpet. In one case, it is then sufficient,
      when weaving, to form two loop carpets having different thicknesses and,
      after the thermal treatment and after fixing the resilient size to the
      tape back, to cut the carpet loops having the largest thickness to form
      hooks. In this embodiment, it will not be necessary any more to adapt the
      resilient characteristics of the loop support and the hook support, the
      same support fulfilling both functions.
PAR  The device disclosed in the attached drawings has a resilient character in
      a single direction, i.e. according to the warp, which is amply sufficient
      for conventional applications. However, those skilled in the Art will be
      able to realize very readily a weaving with resilient weft yarns or weft
      yarns passing in zigzags on the warp yarns, thereby providing resilient
      properties in two directions.
PAR  Such embodiment is shown diagrammatically on FIG. 3 in which the arrows F
      indicate the longitudinal traction directions whereas the arrows F.sub.1
      indicate the transverse traction directions.
PAR  This embodiment includes the support 38 bearing some suitable hooked
      elements or loops 39 and the support 40 having some suitable hooking
      elements or hooks 41.
PAR  Similar closing and hooking devices having a multidirectional elasticity
      degree could be also provided.
PAR  In addition, instead of the hook tape, it is also possible to use a support
      of rubber or synthetic material obtained by stamping and having a
      plurality of projections, e.g. mushrooms which will be hooked into the
      loops of the astrakan tape described with reference to FIG. 2.
PAR  Furthermore, the loop tape may be obtained by means of a support of rubber
      or synthetic material identical to that bearing projections, the loops
      being embedded or adhered thereto. In the case of an embodiment in which
      the loops and the hooks or mushrooms are of metal, it is possible to form
      the tapes by stamping or by stocking, i.e. by throwing the metallic hooks
      and loops on a support, e.g. by a magnetic process. It is also possible to
      use a tufting process similar to that used in the manufacture of carpets
      in which, e.g. loops and hooks are stitched on a resilient woven support
      or on a grid of rubber or synthetic material.
PAR  The binding devices obtained with a support of rubber or synthetic material
      and metal hooking members may be naturally subjected to greater forces
      than a device obtained by weaving and intended, e.g. to connect
      transmission belts or to secure tarpaulins on a vehicle.
PAR  The elements of the hooking device could be then fastened on the parts
      being connected by riveting, screwing or any other suitable means.
PAR  The above described means have been mentioned only by way of example. It is
      apparent that male and/or female hooking supports could be obtained by
      infinitely varying means, provided that the support in any suitable
      material is somewhat resilient and also provided that at least one of the
      faces has hooking elements and/or hooked elements so that two such
      supports being superimposed and pressed are firmly interconnected, while
      preserving a good resilient deformability at least in one direction.
PAR  It results that such supports could be produced not only by weaving, but
      also by pressing, rolling, extraction, injection, projection, tagging,
      knitting, flocking, etc. Any suitable natural or synthetic material may be
      also used.
PAR  In any case, in the direction or directions of resilient deformation or
      extension, the supports will operate in a manner shown diagrammatically in
      FIGS. 4 and 5, respectively in their position before and after a tensile
      stress. Practically, the result will be that the pitch P between two
      adjoining hooking elements (FIG. 4) will become, after a resilient
      deformation, P.sub.1 P, it being understood that, after the tensile
      stresses, the said pitch will com back automatically to the value P. It
      follows that the relative position of the hooking and the hooked elements
      respectively of the one and the other support of the concerned resilient
      closing or hooking device will be kept substantially constant and, in any
      case, within acceptable deformation limits, i.e. without any reduction or
      without detrimental reduction of the hooking force of the hooking
      elements.
PAR  The following is a summary of the various features of the present
      invention.
PAR  The two supports have permanent elasticity which may be identical or
      different. The elasticity may be determined by the material from which the
      supports are made or by the manufacturing method. Elastic elements in the
      supports may be combined with elements having less elasticity or no
      elasticity at all. The supports may consist of woven yarns and the
      hooking-up members may be loops and hooks formed by additional warp yarns
      disposed between the weft yarns and having twice the length of the
      supports. However the supports may also consist of rubber or synthetic
      material and the hooking-up members may be stiched or otherwise fixed to
      the supports. The hooks may be replaced by projections or mushroomlike
      parts and may be made of metal or other suitable material.
PAR  When the supports consist of elastic weft yarns and non-elastic yarns, the
      non-elastic yarns may be disposed zigzag about the weft yarns or located
      in the shed of the warp yarns.
PAR  Each of the supports may be made by weaving and may have three warps,
      namely a warp of synthetic yarns, a warp of elastic yarns and a warp of
      synthetic pile yarns, the weft also consisting of synthetic yarns. There
      may be a double ground warp consisting of a first warp of multifilament
      polyamide yarns and a second warp of synthetic rubber yarns. The first
      warp may consist of 160 multifilament polyamide yarns of 140 deniers 600
      T/Z, 400 T/S, while the second warp may have 37 synthetic rubber yarns.
      The pile warp may have monofilament polyamide yarns, for example, 35
      monofilament polyamide yarns having a diameter of 0.18 mm. The weft yarn
      may consist of multifilament polyamide yarn of 200 deniers, 200 T/Z
      normal.
PAR  The warp repeat for making a hooking-up element having a 30 mm. width may
      be as follows:
PA0  for the left selvedge
PA1  1 synthetic rubber yarn
PA1  10 polyamide yarns 140 deniers
PA0  for the center 35.times.
PA1  2 polyamide yarns 140 deniers
PA1  1 synthetic rubber yarn
PA1  1 polyamide pile yarn .phi. 0.18 mm.
PA1  2 polyamide yarns 140 deniers
PA0  for the right selvedge
PA1  10 polyamide yarns 140 deniers
PA1  1 synthetic rubber yarn.
PAR  The above combination may be varied as follows:
PA0  for the left selvedge
PA1  1 synthetic rubber yarn
PA1  16 polyamide yarns 140 deniers
PA0  for the center 32.times.
PA1  1 polyamide yarn 140 deniers
PA1  1 polyamide pile yarn 90 deniers
PA1  1 polyamide yarn 140 deniers
PA1  1 synthetic rubber yarn
PA1  1 polyamide yarn 140 deniers
PA1  1 polyamide pile yarn 90 deniers
PA1  1 polyamide yarn 140 deniers
PA0  for the right selvedge
PA1  16 polyamide yarns 140 deniers
PA1  1 synthetic rubber yarn
PAR  During the formation of the hooking-up element monofilament loops may be
      formed which span within the ground fabric at least two polyamide ground
      fabrics, an elastic yarn and a temporary support contributing to the
      formation of the loops. A group comprising four polyamide ground yarns, an
      elastic yarn and a pile is drawn every time in the same opening of the
      loom reed. During the formation loops span locally the temporary supports.
      For example, a group comprising four ground yarns, an elastic yarn and two
      pile yarns, as well as two temporary supports is passed in the same
      opening of the weaving reed.
PAR  A resilient finish may be applied to the back face of each element to size
      the loops and the hooks. This finish may contain rubber or latex and water
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fabric fastener having first and second woven support members
      formed of weft and warp including raised elements of complementary
      geometrical configuration adapted for interpenetration therebetween
      whereby said support members are held in intimate relationship, the
      improvement comprising:
PA1  a. a weft comprising a plurality of yarns,
PA1  b. a warp comprising a plurality of yarns including
PA2  1. a ground warp comprising a plurality of yarns interwoven with said weft
      yarns,
PA2  2. a stuffer warp in at least one of said support members comprising a
      plurality of elastic yarns, and
PAR  3. a pile warp comprising a plurality of yarns interwoven with said weft
      and forming said raised elements, wherein at least one of said support
      members is stretchable over a range of up to at least twice its
      unstretched length in at least one axial direction thereof, and wherein
      the length of the yarns comprising the ground and pile warps interwoven
      within the support having the elastic stuffer warp is sufficient to
      provide means for permitting recoverable extensibility over said range
      while said support members are in intimate relationship without loss of
      interpenetration of said elements.
NUM  2.
PAR  2. In a fastener as defined in claim 1, wherein said stuffer warp is
      included in each of said support members.
NUM  3.
PAR  3. In a fastener as defined in claim 2, wherein each of said support
      members exhibits substantially identical permanent elasticity.
NUM  4.
PAR  4. In a fastener as defined in claim 2, wherein each of said support
      members exhibits substantially different permanent elasticity.
NUM  5.
PAR  5. In a fastener as defined in claim 1, wherein one of said raised elements
      formed from one of said plurality of yarns is immediately proximate
      another of said raised elements formed from another of said plurality of
      yarns.
NUM  6.
PAR  6. In a fastener as defined in claim 1, wherein said weft further
      comprises:
PA1  a. pairs of yarns forming a first weft set; and,
PA1  b. individual yarns forming a second weft set.
NUM  7.
PAR  7. In a fastener as defined in claim 6, wherein said stuffer warp in one of
      said supporting members is disposed intermediate said first and second
      weft sets.
NUM  8.
PAR  8. In a fastener as defined in claim 6, wherein said stuffer warp in one of
      said support members is disposed:
PA1  a. intermediate said pairs of yarns forming said first weft set; and,
PA1  b. above said second weft set.
NUM  9.
PAR  9. In a fastener as defined in claim 7, wherein a first of said plurality
      of yarns comprising said ground warp is interwoven over said first weft
      set and under said second weft set.
NUM  10.
PAR  10. In a fastener as defined in claim 8, wherein:
PA1  a. a first of said plurality of yarns comprising said ground warp is
      interwoven over said first weft set and under said second weft set; and,
PA1  b. the remainder of said plurality of yarns comprising said ground warp are
      interwoven alternately with said first weft set only.
NUM  11.
PAR  11. In a fastener as defined in claim 5, wherein each of said plurality of
      yarns forming said raised elements has a length approximately twice that
      of said support member when said support member is in the unstretched
      condition.
NUM  12.
PAR  12. In a fastener as defined in claim 5, wherein said raised elements on
      one support member comprise hooks and the raised elements on the other of
      said support members comprise loops.
NUM  13.
PAR  13. In a fastener as defined in claim 1, wherein at least one of said yarns
      is elastic.
NUM  14.
PAR  14. In a fastener as defined in claim 1, wherein at least one of said yarns
      is synthetic.
NUM  15.
PAR  15. In a fastener as defined in claim 1, wherein said stuffer warp yarns
      are synthetic rubber.
NUM  16.
PAR  16. In a fastener as defined in claim 14, wherein said synthetic yarns are
      multifilament polyamide yarns.
NUM  17.
PAR  17. In a fastener as defined in claim 1, wherein said weft includes
      multifilament polyamide yarns of 200 deniers, 200 T/Z normal.
NUM  18.
PAR  18. In a fastener as defined in claim 5, wherein said raised elements on
      one of said supports comprise loops.
NUM  19.
PAR  19. In a fastener as defined in claim 1, further including a backing finish
      of resilient material whereby each of said woven support members is sized.
NUM  20.
PAR  20. In a fastener as defined in claim 19, wherein said resilient backing
      includes rubber.
NUM  21.
PAR  21. In a fastener as defined in claim 19, wherein said resilient backing
      includes latex.
NUM  22.
PAR  22. In a fastener as defined in claim 1, wherein said pile warp yarns are
      metal yarns.
NUM  23.
PAR  23. In a fastener as defined in claim 1, wherein said raised elements
      comprise mushroom-shaped geometrical configurations.
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ABST
PAL  Apparatus for checking the bore and for plugging a pipe comprises a frame
      movable along the interior of the pipe, the frame carrying means for
      detecting a deviation in the bore of the pipe, means responsive to an
      overpressure of fluid in the pipe in a direction opposite to that in which
      the apparatus is intended to move, and a movable control part responsive
      to the detection of a deviation and of an overpressure for operating
      locking means for locking the apparatus relative to the pipe and sealing
      means for sealing the pipe.
BSUM
PAR  The invention relates to an apparatus for checking the inner surface and
      the fluid tightness of a pipe, particularly during the course of its
      immersion.
PAR  In order to immerse a pipe intended, for example, for connecting an
      underwater oilwell head to a land or sea distributor station, the pipe is
      generally constructed on board a laying-barge by progressively welding
      sections of pipe to one another and lowering them on to the bottom of the
      sea, making use of ramps for supporting the pipe between its immersed free
      end and the barge.
PAR  It may happen that, in spite of the special profile of the ramps, the
      immersed pipe overhangs and distorts. This distortion may be local or may
      be propagated along the pipe already laid in the event of buckling. The
      distortion may also bring about rupture of the pipe and entry of sea water
      into it.
PAR  These accidents necessitate immediate stoppage of the immersion,
      continuation of the operation only being resumed after raising of the
      portion deformed or destroyed by rupture and the substitution of one or
      more sections. Devices for scraping and checking the inner surface of a
      pipe are well known but these devices are not sufficient to automatically
      prevent entry of water into the whole pipe in the event of rupture.
PAR  These apparatus are capable of detecting geometric defects in the pipe
      along which they are moved but only emit a signal bringing about outside
      intervention a posteriori but not immediate intervention by the apparatus
      themselves.
PAR  The object of the present invention is an apparatus for checking the bore
      and for automatic pluging of a pipe, characterized in that it comprises a
      frame movable along the interior of a pipe, means for locking the
      apparatus relative to the pipe, means for sealing the pipe, a relatively
      movable control part, means for detecting a deviation greater than a
      preset value in the bore of the pipe, and means responding to an
      overpressure of a fluid exerted in a direction opposite to the direction
      of movement of the apparatus along the pipe, the locking and sealing means
      being operable by the movable control part in response to the deviation
      detecting means and overpressure responsive means.
PAR  The locking and sealing means may have a circular outer structure and bear
      against a bearer structure of the frame which is symmetrical with respect
      to the axis of the apparatus so that, in the event of detection of a
      deviation in the bore of the pipe greater than the preset value, the
      locking and sealing means will come to bear against the inner wall of the
      pipe and the frame, the frame and the locking and sealing means serving as
      bracing for the pipe after operation of the locking means.
PAR  Such apparatus has the advantage of preventing buckling of the pipe at the
      point at which the deviation in the bore has been detected and of avoiding
      its propagation.
PAR  Other advantages and characteristics of the invention will become apparent
      from the following description of an embodiment of the apparatus according
      to the invention, given by way of example only, with reference to the
      accompanying drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic representation of the immersion of a pipe;
PAR  FIG. 2 is a diagrammatic section through the apparatus showing locking and
      sealing means in their locked and unlocked positions;
PAR  FIG. 3 is a section of the apparatus in the locked position along the line
      III--III in FIG. 2;
PAR  FIG. 4 is an enlarged view of the front central portion of the apparatus,
      and
PAR  FIG. 5 is a side view, partially sectioned, of a modification of the
      apparatus.
DETD
PAR  In order to facilitate the explanation, reference will be made to FIG. 1 in
      which has been illustrated the construction and immersion of the pipe T by
      means of the laying-barge B. The latter includes all the handling devices
      and welding stations required for the construction of pipe T by simple
      welding of pipe elements. A ramp R of suitable profile gives the pipe T a
      slant enabling laying of it on the bottom F of the water without permanent
      distortion. The apparatus with which the invention is concerned is
      arranged at A slightly down-stream of the spot at which the pipe ceases to
      rest on the bottom. During the course of the laying operation the barge B
      is moved to free a new portion of the pipe T whilst the apparatus is moved
      inside the pipe by a cable 8. A system of attachment and a winch (not
      shown) on the barge B enable the required pull to be exerted by the cable
      on the apparatus. As means for checking the pull may be of any kind they
      have not been shown.
PAR  The cable 8 is, as shown in FIG. 2, fixed to a swivel 5. In order to avoid
      too violent deviations in the tension of the cable, the swivel transmits
      the force which it receives from the cable 8 to a drawbar 26 of the
      apparatus by means of a spring 6. For this purpose the spring 6 is located
      between the end 26a of the bar 26 and an enlarged end 5a of the swivel. A
      head 4 surrounding the end of the bar 26 completes the assembly. The bar
      26 passes through a wall 29a of a facing 29 on a frame 1, which serves as
      the bearing surface for a compression seal 11. The bar 26 is fast with the
      frame 1 to which it may be welded.
PAR  A lip seal 12 fast with a movable part 2, which is capable of moving
      relative to a cylindrical portion 29b of the facing 29, carries metal
      blades 18 movable radially under the effect of variations in bore of the
      pipe T. The blades 18 urge the lip seal 12 inwardly of the pipe while
      remaining applied against the wall of the pipe and protect the seal. An
      electrically conductive plate 30 is mounted on a domed portion of the
      movable part 2 located at the front or leading end of the apparatus, the
      distance between the edge of the plate 30 and the ends of the blades 18
      corresponding to a predetermined deformation of the pipt T. The plate 30
      is electrically connected to a connecting lead 21a, and the blades 18 to a
      lead 21b. These leads are connected to a control device of a solenoid
      valve 21 which is supplied with current by an electric battery 20. The
      solenoid valve controls the supply of fluid, e.g. compressed air, to a
      jack 25 fixed on the frame 1 and is connected to a pipe 25a opening into
      the cylinder of the jack 25 and to a pipe 22a connected to a
      reducing-valve 22 supplied with compressed air from a bottle 23. The
      piston 25b of the jack 25 cooperates with a stop 9 which retains a latch
      10 of a locking means 7 under the effect of a spring 24.
PAR  As shown in FIG. 3, the latch 10 is composed of three identical parts
      hinged about pins 10c (FIG. 2) fixed to supports 1a of the frame 1, such
      that when the stop-plate 9 bears against the inner ends 10a the outer ends
      10b retain the locking means 7. The locking means 7 is composed of the
      three parts 7b bearing claws on their outer peripheral surfaces and three
      similar parts 7a so as to distribute the locking forces as uniformly as
      possible over the internal surface of the pipe T. The retaining force of
      the latches 10 is transmitted to the parts 7a by lugs 7c (FIGS. 3 and 5)
      at the sides of the parts 7b.
PAR  T-section rods 32 fast with the frame 1 serve as guides for the locking
      parts 7a and 7b, each of which have a lateral groove cooperating with a
      flange of a section 32. Springs 14 urge the locking parts 7a and 7b
      against the latch 10.
PAR  The stop-plate 9, urged by the springs 24, is connected to rods 17 sliding
      through openings 1b in the frame 1, and openings 29c in the wall 29a.
      These rods contact the domed surface of the movable part 2. The latter has
      at its centre a cylindrical passage 2a  (FIG. 4) to enable flow of air
      when the apparatus is moved in the pipe T. The end of the passage is
      completed by a nozzle 13 arranged opposite a watertight seal 16 supported
      by a seat 34 sliding on the bar 26. The seal 16 has an annular groove
      serving as a seating for the nozzle 13 when the movable part 2 is pushed
      back downstream under the action of the pressure of water, for example. A
      spring 31 enables the impact of the nozzle against the seal 16 to be
      damped during its penetration into its seating up to the end of the travel
      of the movable part 2.
PAR  Rollers 15 each mounted on an articulated support 15a urged by a spring 28
      enable free movement of the apparatus in the pipe, the blades 18 exerting
      only very slight friction and having no other purpose than following the
      profile of the inner surface of the tube. One of the rollers drives a
      rotary counter 19 for measuring the movement of recoil of the apparatus in
      the event of breakage of the cable 8, for example.
PAR  If in the course of the movement of the apparatus with respect to the pipe
      T, the blades 18 detect a variation in the bore of the pipe T resulting,
      for example, from a fold and the deformation is sufficient to cause
      contact between the edge of the plate 30 and a blade 18, the control
      device for the solenoid valve 21 is excited through the leads 21a and 21b.
      The piston 25b is thereby moved towards the rear of the apparatus pushing
      back the stop-plate 9 and compressing the springs 24. The latches 10 thus
      freed allow the locking parts 7 to slide over a conical portion of the
      frame 1, i.e. a portion whose surface is not parallel to the peripheral
      surfaces of the locking parts 7a and 7b, under the action of the springs
      14 bearing against an annular plate 3 of the frame 1, to take up the
      position illustrated in the lower portion of FIG. 2. Because of the pull
      exerted on the cable 8 the apparatus continues to advance until the
      annular portion of the movable part 2 locks against the deformation of the
      pipe. The springs 27 and the joint 11 are compressed until the means for
      limiting the tension exerted on the cable relaxes this tension -- for
      example, by means of a limited-tension drum used for reeling the cable. By
      way of example, the springs 27 may be calibrated at 30.000 N and the drum
      at 50.000 N. As soon as the tension on the cable is relaxed the springs 27
      bearing against the compressed joint 11, which is fixed with respect to
      the pipe, extend slightly to bring about definite anchorage of the claws
      of the locking means 7. It will be observed again that the frame and the
      locking means then ensure sufficient strength to oppose any propagation of
      the buckling.
PAR  If a split in the pipe T causes an accumulation of water against the
      movable part 2 without a deformation in the pipe having been detected, the
      apparatus can still lock itself against the pipe under the effect of the
      overpressure of the water exerted against the domed end of the movable
      part 2 because of the lip seal 12 and the introduction of the nozzle 13
      into the groove in the seal 16. The part 2 pushes back the sliding rods 17
      and compressing the springs 24 as indicated above until the latches 10 are
      completely freed, and causes compression of the springs 27 and the seal
      11.
PAR  In the event of shearing of the cable 8 the apparatus may recoil under the
      pressure of the water until the rotary counter 19, driven solely by a
      recoil movement, trips an automatic control of the solenoid valve 21 to
      bring about freeing of the latches 10 and consequent projection of the
      locking parts 7 against the inner surface of the pipe T and immediate
      anchoring of the apparatus.
PAR  In FIG. 5 there is illustrated a side view of the above described apparatus
      to which has been added to the rear end of the frame 1 a plate 37 to which
      has been fixed a cup 35 retained by a base 36. With this modification the
      apparatus may be employed not only as above described with a cable but
      also without a cable, the movement of the apparatus being ensured by the
      difference between the pressures exerted by the fluids in contact with its
      opposite ends. Thus when a driving fluid acting on the cup 35 moves the
      apparatus, the apparatus will still perform as above described and anchor
      itself automatically, for example, upon detection of bulky deposits
      reducing the inner diameter of the pipe.
PAR  Numerous detail modifications may be made to the above described apparatus
      without departing from the scope of the present invention. Thus, for
      example, the springs 27 may be compressed between an annular portion of
      the movable part 2 and a facing annular portion of the frame 1 and the
      seal 11 may be compressed between an annular portion of the frame 1 and
      the locking parts 7 when the latter are moved forwards by their spring 14.
PAR  The rods 17 may be used as drive bars by fixing them to the frame 1 and
      connecting them to the cable 8 by passing them through the domed portion
      of the movable part 2. The central rod 26 may then be used to operate the
      stop 9 by passing it through the frame 1 and subordinating it to the
      movable part 2.
PAR  It would still be possible to drive the movable portion 2 by the cable 8,
      stopping of the apparatus being still effected by pressure exerted by an
      unwanted presence of water or by a diminution in the bore of the pipe.
      Compression of the springs 27 would still be able to be effected as above
      described independently of compression of the watertight seal 11, the
      springs 27 bearing on the downstream side against a portion of the movable
      part 2 and on the upstream side against a portion of the frame 1. It is
      therefore the frame which would carry the lip joint and which would be
      stopped under the pressure of the water or because of a narrow bore,
      causing in that fashion a variation in distance between the frame and the
      movable part, which serves to trigger the freeing of the anchoring device
      by displacement of the stop 9 as has already been described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for plugging the bore of a pipe, and including a frame
      movable along the interior of a pipe, means for locking the apparatus
      relative to the pipe, means for sealing the pipe, and control means
      movable relative to the frame and operably connected to the locking means
      and the sealing means, the improvements comprising: a) means for detecting
      a linear deviation greater than a preset value in the bore of the pipe,
      and b) means responsive to a fluid overpresssre exerted in a direction
      opposite to the direction of movement of the apparatus along the pipe, c)
      the locking means and the sealing means being operable by the movable
      control means in response to the deviation detecting means and the
      overpressure responsive means.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, in which the locking means comprises an
      assembly of parts the outer peripheral surfaces of which are of generally
      cylindrical shape and carry claws, the opposed surfaces being inclined
      relative to the peripheral surfaces and bearing against the frame, the
      cylindrical peripheral surfaces being adapted to engage the inner surface
      of a pipe when the locking means are operated.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, in which the sealing means comprises a
      resilient seal which is compressed during displacement of the control
      means withh respect to the frame.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, in which the means responding to fluid
      overpressure is a lip seal coupled to the deviation detecting means, the
      movable control means being displaceable parallel to the axis of the frame
      in a direction, opposite the direction of movement of the apparatus along
      a tube, in response to a fluid over-pressure to actuate the locking means.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, in which the movable control means
      comprises a body supporting the deviation detecting means and a movable
      stop, the stop being urged against the body and, in a first position,
      holding the locking means inoperative and, in a second position, freeing
      the locking means for operation.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, in which the deviation detecting means
      comprises at least one metal blade for contacting the wall of the pipe and
      urging a lip seal inwardly of the pipe, and a metal plate mounted on the
      body, the blade and the plate being incorporated in an electrical control
      circuit including a solenoid valve which is connected in the feed circuit
      of a jack for moving the stop.
NUM  7.
PAR  7. Apparatus as claimed in claim 3, in which the movable control means
      comprises an annular portion bearing against the resilient seal, and
      springs are provided bearing against an annular portion of the frame to
      retain the seal.
NUM  8.
PAR  8. Apparatus as claimed in claim 3 in which the movable control means
      comprises an annular portion bearing against springs retained by an
      annular portion of the frame and the seal bears against the frame and the
      wall of the pipe under the action of the locking means when operated.
NUM  9.
PAR  9. Apparatus as claimed in claim 3, in which the movable control means
      comprises a body movable with respect to the frame and a stop for holding
      the locking means inoperative, the stop being movable with respect to the
      body and being carried by at least one rod, a spring bearing against the
      frame and the stop urging the rod against the movable body.
NUM  10.
PAR  10. Apparatus as claimed in claim 6, in which the stop is formed by a plate
      fast with a rod, the plate being biased by a spring bearing against the
      frame to apply the rod against the movable body and by the jack bearing
      against the frame, the plate retaining the locking means inoperative by at
      least one latch.
NUM  11.
PAR  11. Apparatus as claimed in claim 3, in which the control means has a
      central outwardly domed surface and is slidable along a central bar fast
      with the frame, the central and sliding portions of the control means
      defining a nozzle for fluid, the tip of which nozzle is engageable in a
      seat in a fluid tight seal serving as a stop and supported by springs
      which are compressed by bearing against the frame when the movable part is
      displaced inwardly of the frame.
NUM  12.
PAR  12. Apparatus as claimed in claim 4, in which the frame has roller
      supports, at least one of the rollers being coupled to drive a revolution
      counter means on recoil of the apparatus, the said counter means being
      connected in a circuit including the solenoid valve for operating the jack
      after a predetermined recoil travel of the apparatus.
NUM  13.
PAR  13. Apparatus as claimed in claim 1, in which at the rear end the frame
      carries a cup for moving the apparatus forwards under the pressure of a
      fluid applied thereagainst.
NUM  14.
PAR  14. Apparatus as claimed in claim 1, in which means is provided coupled to
      the frame for drawing the apparatus along the tube.
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ABST
PAL  A fraction collector or other electrically operated liquid-handling device
      has a tray underlying the device for collecting spilled liquid. A pitched
      surface in the tray gathers any spilled liquid into the vicinity of a
      sensor having a moisture-destructible or sensitive element which holds a
      switch against the force of a spring in a closed-circuit position,
      allowing power to be fed from a current source to the electrically
      operated device. Upon wetting and destruction of the element the spring is
      relieved to open the switch, thereby cutting off the power and stopping
      the operation of the liquid-handling device.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to electrically operated liquid-handling
      devices and more particularly to fraction collectors provided with
      moisture detectors for interrupting operations in the event of spillage.
PAC  BACKGROUND OF THE INVENTION
PAR  Fraction collectors and other electrical devices which handle liquids have
      the inherent disadvantage in that they have to be watched carefully during
      their operation for spills (e.g. from misalignment of a tube with the
      outlet, from failure of the liquid metering means, from omission of a tube
      of a collecting array, etc.) which in some cases could be dangerous and
      expensive and at the very least requires the attention of someone who
      could be doing more productive work.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the invention to provide an improved fraction
      collector which will cease operation in the event of liquid spillage.
PAR  It is another object of the invention to provide a device which can be used
      with any electrically operated liquid-handling apparatus for detecting and
      shutting down operations when spillage occurs.
PAR  It is a further object of the invention to provide a system for detecting
      liquid spills which will not require the attention of an operator.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other objects of the invention are realized in a fraction
      collector of the type having a base upon which is supported a number of
      collecting tubes arranged in rows held by racks which can be engaged by a
      drive mechanism for advancing the tubes to and from a filling position
      beneath a reservoir which is provided with a solenoid valve arrangement
      for metering a liquid in a predetermined amount into each of the tubes
      from the reservoir.
PAR  In the base of the fraction collector there is provided a tray for
      collecting stray liquid which has been spilled by either misalignment of a
      tube with the metering arrangement or splashing from a filled tube. The
      tray has a pitched surface for gathering the stray liquid into the
      vicinity of a moisture detector having a moisture-destructible element
      which holds a switch in a closed circuit position against the force of a
      spring acting to draw the switch into an open circuit position, the switch
      being connected in series with the solenoid valve and tube drive and a
      source of current.
PAR  The moisture-destructible element can be in the form of a tube made from
      filter paper which is highly absorbent to moisture and upon wetting, will
      weaken and collapse under the force of the spring which the element bears
      against to keep the switch in a closed circuit position and the fraction
      collector operating.
PAR  An alternative moisture-destructible element can have a strip of filter
      paper anchored at one end and engaging the switch with the other end into
      a closed-circuit position against the force of the aforementioned spring.
PAR  The collecting tray can be somewhat altered to form a different embodiment
      in which the tray is provided with an overlying perforated cover for
      supporting a vessel for any electrically operated liquid-handling device
      which can draw power from a number of outlets provided on the tray and
      connected through the moisture detector with a source of electric current.
PAR  Another moisture detector can have a pair of electrodes in contact with a
      filter paper element and connected with a circuit responsive to the change
      of conductivity of the paper when wetted, there being means operable by
      this circuit for interrupting the operation of any device in which the
      detector is included.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of the invention will now be described in
      detail with reference to the drawing in which:
PAR  FIG. 1 is an elevational view with parts broken away of a fraction
      collector according to the invention;
PAR  FIG. 2A is an exploded view of one embodiment of the invention;
PAR  FIG. 2B is a sectional view taken along line IIB -- 11B of FIG. 2A;
PAR  FIG. 3A is a perspective view of another embodiment of the invention;
PAR  FIG. 3B is a view of an element of the embodiment shown in FIG. 3A; and
PAR  FIG. 4 is a view of another embodiment of an element similar to that shown
      in FIG. 3B.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The fraction collector shown in FIG. 1 has a base 1 upon which is supported
      a plurality of vessels in the form of collecting tubes 2 held in rows of
      six tubes each by racks 3. (See U.S. Pat. No. 3,221,781).
PAR  A source of liquid is provided above the tubes 2 in a reservoir 4 held in a
      clamp 5 supported on a standard 6 mounted on the base 1. The reservoir 4
      has a small diameter passageway 4' provided with a stopcock 7 for feeding
      a liquid from the reservoir to a solenoid valve 8 which meters a
      predetermined amount of liquid into each collecting tube 2, as that tube
      is advanced to a filling position 9, beneath the valve output spigot 8' by
      a collecting tube drive 10.
PAR  A tray 11 for collecting stray or spilled liquids from the valve 8 and
      tubes 2 is provided in the base 1, beneath the collecting tube array. The
      tray 11 has a pitched surface 12 for collecting and gathering the stray
      liquids in a particular area at which a cutout 13 is provided for feeding
      the collected liquid to a liquid-detector 14 located in a channel 11'
      beneath the cutout 13 and shown in more detail in FIGS. 2A and 2B.
PAR  The liquid-detector 14 is held in place beneath the output 13 by a nut 15
      threaded onto an extension 21 passing through a side wall of base 1 and
      comprises a main body 16 having a central throughgoing bore 17. The
      upwardly facing portion of the body 16 is provided with a pitched surface
      18 flanked at its ends by walls 19 and feeding into a slot 20 which
      communicates with the bore 17.
PAR  An externally threaded extension 21 through which the bore 17 passes is
      provided at one end of the body 16. The other end of bore 17 is internally
      threaded at 22 and engageable by a switch 23 having a plunger 24 which
      extends into the bore 17 and is in turn engageable by a
      moisture-destructible element 25 residing and held in place within bore 17
      by an internally threaded end-piece 16' engageable with the extension 21.
PAR  The element 25 engages the plunger 24 into a closed switch position against
      the force of springs 26 which bias the switch 23 into an open circuit
      position when the moisture-destructible element 25, which is made up of
      filter paper formed into a tube 25' with end pieces 25", is wetted,
      causing the tube 25' to collapse under the force of springs 26.
PAR  The switch 23, is in series with a circuit supplying power to the
      collecting tube drive 10 and the solenoid valve 8 so that the failure of
      element 25 due to spillage causes the complete shutdown of the entire
      fraction collector.
PAR  After detection of spillage and the resultant shutdown of operations, the
      destroyed element 25 can be replaced by removing the endpiece 16' at the
      side of the base for access to the element.
PAR  The tray 31 shown in FIG. 3A is similar to the tray 11 and is provided with
      a pitched surface 32 which is removable from tray 31. A number of
      electrical outlets, in this case three outlets 43, are provided along one
      side of tray 31 for supplying power to electrically operated devices
      handling liquids which are prone to spillage.
PAR  A supporting surface 34 overlies the tray 31 and is provided with a number
      of perforations 34' for passing spilled liquid from liquid handling
      devices supported on the surface 34 to the pitched surface 32 where the
      liquid collects at the bottom of the pitch.
PAR  Located at the bottom of the pitch is a moisture-destructible element 35
      consisting of an elongated strip of filter paper anchored at one end to
      the surface 32 by a pin 37 provided thereon and passing through an eyelet
      provided in the strip. The other end of the strip 35 engages a pin 37'
      provided on the plunger 40 of switch 33, as shown in FIG. 3B, against the
      force of a spring 36 which biases the switch 33 into an open circuit
      position.
PAR  Upon wetting of the element 35 by any collected liquid, the force of spring
      36 tears the moisture-weakened element apart and the switch 33, which is
      connected in series between the outlets 43 and the power supply, is biased
      into an open circuit position causing the shutdown of any device plugged
      into outlets 43.
PAR  Another type of moisture sensing device 45 is shown in FIG. 4 in which a
      pair of electrodes 44, connected with a switching circuit responsive to
      changed in electrical conductivity, are in contact with a strip of filter
      paper 35' which can be positioned in either of the trays 11 or 31 for
      absorbing spilled liquid which will cause a change in electrical
      conductivity of the paper.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fraction collector comprising:
PA1  a support;
PA1  an upwardly open tray mounted on said support and having a pitched surface;
PA1  electrically operated means on said support for carrying an array of
      upwardly open vessels successively past a location fixed relative to said
      support and above said tray;
PA1  a source of liquid mounted on said support;
PA1  a dispensing tip on said support for discharging said liquid into
      successive vessels at said locations;
PA1  an electrically operated valve interconnecting said source and said tip for
      controlling the flow of liquid to said vessel;
PA1  liquid-detector means at the bottom of said pitched surface responsive to
      the presence of liquid thereat; and
PA1  an electric switch operated by said liquid-detector means for deenergizing
      said valve and said electrically operated means upon the detection of
      liquid by said liquid-detector means.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said liquid-detector means
      includes a spring biasing said switch into a nonconductive condition; and
PA1  a moisture-destructible element retaining said switch in a conductive
      position against the force of said spring.
NUM  3.
PAR  3. The apparatus defined in claim 2 wherein said destructible element is a
      strip of filter paper held under tension by said spring and capable of
      being pulled apart when wetted.
NUM  4.
PAR  4. The apparatus defined in claim 2 wherein said destructible element is a
      tube of filter paper held under compression by said spring and adapted to
      be collapsed when wetted.
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ABST
PAL  An apparatus for slashing tree trunks into logs including at least two
      knives positioned at an acute angle relative to each other which are
      forced through the tree to meet at a point on the other side of the tree,
      or to meet an opposite pair of knives in the center of the tree. As the
      two knives travel through the tree, wood between the knives is chipped
      away and severed from the tree. The chipped wood is thus removed from the
      surface of the knives so that the chips do not bind the knives as they
      pass through the log or tree.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for slashing tree trunks or
      tree stems into logs, and for severing a tree near its base to fell the
      tree.
PAR  Tree shears are widely used throughout the United States to harvest trees,
      and in particular South Pine. The tree shears function by pressing a knife
      or knives through the grain of a tree, much like severing a rose stem with
      pruning shears. These shears use one knife and an anvil. Other shears use
      two knives which meet in the center of the tree. The advantages of tree
      shears over chain saw felling are speed (up to 500 trees per 8-hour day),
      low stumps and resultant lower trunk loss, reduction of the cost of
      preparing the site for the next crop of trees, the control of trees during
      felling, and less physical labor. One of the disadvantages of using tree
      shears is knife-induced splits along the tree trunk which are frequently
      quite serious. Frequently, on logs larger than 16 inches in diameter
      splits in the tree trunk caused by tree shears require a 4 foot trim to
      eliminate splits in the lumber made from the log.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an apparatus for slashing tree trunks into logs
      which includes at least two knives positioned at an acute angle relative
      to each other which are forced through a tree to meet at a point on the
      other side of the tree.
PAR  In a further embodiment of the present invention two sets of two knives are
      positioned on each side of the tree, each knife of each set being
      positioned at an acute angle relative to each other, and the two sets of
      knives are forced through the tree to meet the opposite set of knives at a
      point in the center of the tree. As the knives travel through the tree,
      wood between the knives is chipped away and severed from the tree. The
      chipped wood is thus removed from the surface of the knives so that the
      chips do not bind the knives as they pass through the log or tree.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an embodiment of the present
      invention,
PAR  FIG. 2 is a partly sectional, side elevational view of an embodiment of the
      present invention,
PAR  FIG. 3 is a partly sectional, side elevational view of an embodiment of the
      present invention,
PAR  FIG. 4 is a schematic side elevational view of a knife in a tree trunk of
      the present invention,
PAR  FIG. 5 is a schematic view of a knife of the present invention,
PAR  FIG. 6 is an elevational side view of an additional embodiment of the
      present invention,
PAR  FIG. 7 is a partly sectional side elevational view of the embodiment of
      FIG. 6, and
PAR  FIG. 8 is a top plan view of a knife blade of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1-3 is shown a tree 16 having an anvil 14 on one side thereof and
      knives 10 actuated by hydraulically operated pistons 12 on the other side
      thereof. The pistons 12 and anvil 14 are held in place by any suitable
      apparatus (not shown) known in the art.
PAR  In FIG. 2, the interior of the tree 16a is shown in cross-section. As can
      be seen in FIG. 2, when knife blades 10 enter the tree chips 18 will be
      formed by the cutting action of the knife blades 10. The chips 18 will
      fall outwardly from the tree so that they will no longer contact and cause
      friction with knife blades 10 and their interior surfaces 10band 10c, thus
      permitting the blade 10 to move more easily through the tree.
PAR  As can be seen in FIG. 3, as the knives continue through the
      cross-sectional area 16a of the trunk of tree 16, they begin to converge
      and chips 18 continue to be thrown outwardly from the tree.
PAR  In FIG. 4 is shown a cross-section of tree 16a with knife blade 10 disposed
      therein. Knife 10 makes an angle beta with the horizontal indicated by the
      axis "x".
PAR  In FIG. 5 is shown the knife blade 10 in greater detail. As can be seen in
      FIG. 5, the top edge 10a of knife blade 10 makes an angle alpha with the
      vertical indicated by axis "y", whereas the bottom of beveled edge 10b of
      knife blade 10 makes an angle beta with the horizontal indicated by axis x
      . The same angles of FIG. 5 would apply to both the upper and lower knife
      blades 10--10. The angle between the outer edges 10a of a set of knives 10
      is 180.degree. minus 2 alpha, whereas the angle between the two beveled
      edges 10b of a set of knives 10--10 would be 2 beta. Angle alpha may vary
      from about 30.degree. to about 70.degree., or, preferably from about
      40.degree. to about 60.degree.. Angle beta may vary from about 0.degree.
      to about 15.degree., or, preferably from about 5.degree. to about
      10.degree..
PAR  In FIGS. 6 and 7 are shown another embodiment of the present invention
      wherein anvil 14 is replaced by an additional set of knife blades
      identical to those shown in FIGS. 2 and 3, i.e., two sets of knife blades
      10--10 mounted on hydraulic pistons 12--12 disposed upon each side of tree
      trunk 16. As the knife blades 10--10 are forced into the tree, as shown in
      FIG. 7, chips 18 will be cut from the tree and will fall to the ground
      therefore reducing friction on the interior surface 10b and 10c of the
      knife blade 10. The two sets of knives as shown in FIG. 7 are positioned
      so that they meet in the center of the tree trunk. Sets of pistons 12 are
      connected together by any suitable apparatus (not shown) which will
      rigidly hold the hydraulic pistons 12 in a configuration such that the
      knife blades will meet in the center of the tree.
PAR  In FIG. 8 is shown a top view of the knife blades of the present invention.
      As can be seen, the knife blade 10 connected to piston 12 by a guide 12a
      which is circular in cross-section and is adapted to be received in piston
      12. As can be seen in FIG. 8, knife blade 10 is wider than the diameter of
      guide 12a.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for slashing tree trunks into logs, comprising:
PA1  a. at least two knife means positioned at an angle relative to each other
      adapted for positioning upon one side of the tree,
PA2  i. each of said knife means having a straight outside edge and a beveled
      inside edge,
PA2  ii. said angle between said outside edges of said knife means varying from
      about 120.degree. to about 40.degree., and
PA2  iii.said angle between said beveled edges of said knife means varying from
      about 0.degree. to about 30.degree..
NUM  2.
PAR  2. The apparatus of claim 1 wherein said angle between said outside edges
      of said knife means varies from about 100.degree. to about 60.degree.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the angle between said beveled edges of
      said knife means varies from about 10.degree. to about 20.degree..
NUM  4.
PAR  4. An apparatus for slashing tree trunks into logs comprising:
PA1  a. at least two sets of knife means each of said sets containing at least
      two knife blade means, each of said sets being adapted for positioning
      upon sides of a tree trunk, each of said knife blade means and said set
      means being positioned at an acute angle relative to each other,
PA1  b. means for forcing each of said sets of knife means through said tree
      toward each other,
PA2  i. each of said knife means having a straight outside edge and a beveled
      inside edge,
PA2  ii. said angle between said outside edges of said knife means varying from
      about 120.degree. to about 40.degree., and
PA2  iii. the angle between said beveled edges of said knife means varying from
      about 0.degree. to about 30.degree..
NUM  5.
PAR  5. The apparatus of claim 4 wherein said angle between said outside edges
      of said knife means varies from about 100.degree. to about 60.degree.
NUM  6.
PAR  6. The apparatus of claim 4 wherein the angle between said beveled edges of
      said knife means varies from about 10.degree. to about 20.degree..
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ABST
PAL  A portable tool and method for connecting a cross piece to a series of
      parallel boards in a wooden frame assembly, by connecting a guide member
      temporarily to outer coplanar faces of the boards, directing the tool
      along the guide member and across those board faces to cut aligned similar
      notches therein, and then removing the guide member and connecting it or
      another member into the notches as a cross piece interconnecting the
      boards. To perform the notching action effectively, the tool has a first
      guide surface which engages and moves across the outer faces of the
      boards, with a cutter projecting inwardly beyond the plane of those faces
      to cut the desired notches, and with two additional guide surfaces
      engaging a lateral edge and outer face respectively of the guide member to
      positively locate and position the tool as it moves across the boards and
      forms the notches.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improved portable power tools and methods for
      forming wooden frame assemblies for a building or the like. Certain
      features of the invention have been shown and described in my disclosure
      document No. 012,502 entitled "Automatic Brace Cutter" filed July 31, 1972
      in the United States Patent Office now U.S. Pat. No. 3,652,242.
PAR  In constructing a wooden frame building, it is conventional to connect
      diagonal cross braces to the studs of the various walls of the building,
      in order to very positively retain the studs in a proper position of
      parallelism with respect to one another, and in accurately perpendicular
      relationship with respect to the top plates and lower mudsill of the wall.
      To avoid interference by the cross braces with the application of wall
      board or other wall covering to the outer faces of the wooden studs,
      diagonal aligned notches are cut in the studs to a depth enabling
      reception of the cross brace within the notches in a `let-in` relation
      avoiding projection of the cross braces outwardly beyond the plane of the
      outer faces of the studs.
PAR  The conventional method utilized by carpenters in the construction industry
      for forming such notches in a series of studs to receive a cross brace
      requires the formation of three separate cuts with a portable circular saw
      in each stud, to form each individual notch. Specifically, two parallel
      diagonal cuts are first formed at spaced locations in an edge of the stud,
      to form opposite sides of the notch, and then a third cut extending
      between and perpendicular to these first two cuts is made at a location to
      form the inner wall of the notch. The exact dimensions and positions of
      these cuts and the resultant notches are of course extremely critical,
      since the notches must be both large enough to accept the brace and small
      enough for a snug fit.
PAR  This conventional prior art method of forming the brace notches has several
      drawbacks. In the first place, the three marking and cutting operations
      which must be performed on each stud in carrying out this process require
      the expenditure of a considerable amount of time in notching each stud,
      and as a result needlessly increase the cost of forming and assembling a
      wall frame. Further, if any of the three cuts is not formed at precisely
      the right location, or to a great enough depth, the notch may not be large
      enough to receive the brace, and it may be necessary to recut the stud to
      a larger size. If the notch is made slightly too deep or too wide, the
      completed wall frame may have less than the designed structural strength
      by virtue of a failure of the brace to fit snugly into and be confined
      closely within the notch.
PAC  SUMMARY OF THE INVENTION
PAR  The general purpose of this invention is to provide an improved method and
      apparatus for more efficiently and effectively cutting notches of the
      discussed general type in a series of parallel studs or other similar
      parallel framing boards, for reception of a let-in brace or other cross
      piece interconnecting the boards. To achieve this result, I employ a
      portable hand tool having a powered cutter or cutter means properly shaped
      and dimensioned to cut aligned similar notches of the desired
      predetermined cross section in a series of parallel studs or boards in one
      operation. Prior to this cutting operation, an elongated guide member is
      connected to the parallel boards in a position of extension across their
      outer coplanar edge faces, and at an angle corresponding to that at which
      the cross brace is to extend. The tool is moved into contact with the
      guide member, and advanced therealong to form the properly aligned notches
      in the different studs. After the notches have been formed in this manner,
      to precisely predetermined dimensions and in precisely controlled
      alignment with one another, the temporary guide member is detached from
      the parallel boards, and a cross piece is connected into the notches in
      snugly fitting and closely confined relation therein. Preferably, the same
      board which is ultimately to serve as the brace or other cross piece is
      itself utilized as the temporary guide member during the notching
      operation.
PAR  To enable its use in this manner, the portable power tool is provided with
      a unique arrangement of guide surfaces, for contacting the guide member
      and studs in an accurately locating relation, and at the same time
      allowing projection of the cutter means of the tool to a proper position
      relative to the guide surface for cutting the desired notches in the
      studs. More particularly, the tool has a first guide surface for engaging
      the outer coplanar faces of the studs, with the cutter or cutters
      projecting inwardly beyond the plane of that surface for cutting notches
      in the studs. In addition, the tool has a second guide surface engageable
      laterally against the temporary guide member, and a third guide surface
      facing in generally the same direction as the first guide surface and
      engageable with an outer surface of the elongated temporary guide member.
      Both the second and third guide surfaces are offset from the plane of the
      first guide surface in a direction away from the boards which are being
      notched, that is, a direction which is the opposite of the direction in
      which the cutter means project beyond the first guide surface. The
      increased accuracy in the dimensioning and placement of the notches over
      the prior three-cut method virtually eliminates the problems heretofore
      encountered in properly fitting a brace to a series of studs, and very
      substantially increases the shear value of the ultimate wall structure.
      The close fit of the brace or other cross piece within the stud notches
      enables the edges of the brace to abut directly against the walls of each
      notch in a manner preventing any substantial relative movement between the
      brace and studs. Further, when the brace is itself initially used as the
      temporary guide member, as discussed, the result is an extremely
      convenient and practical overall process eliminating the necessity for use
      of a separate guide or marking mechanism of any type, and in addition
      attaining the further result of directing the cutting tool along a path
      following any gradual curvature which a particular brace board may have.
PAR  As will be apparent from the present disclosure, the novel apparatus and
      method of the invention may also have application in other situations
      encountered in the construction industry, in which cross pieces other than
      `let-in` braces are to be attached to other parallel board assemblies. For
      example, notches may be formed in accordance with the invention for
      mounting `let-in` ribbons for `balloon framing`, or in forming seat cuts
      in rafters; or the invention may be utilized for forming notches in the
      outer edges of studs for receiving gas or water piping. To simplify and
      clarify the present disclosure, the invention will be described primarily
      as applied to the discussed `let-in` brace structures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other features and objects of the invention will be better
      understood from the following detailed description of the typical
      embodiment illustrated in the accompnaying drawings, in which:
PAR  FIG. 1 is a plan view of a portable power tool constructed in accordance
      with the invention, shown as it appears when cutting a series of aligned
      notches in the studs of a wall frame;
PAR  FIG. 2 is a front elevational view of the tool taken on line A--A of FIG.
      1;
PAR  FIG. 3 is a side elevational view of the tool taken on line B--B of FIG. 1;
PAR  FIG. 4 is an enlarged view partially in section and partially in elevation,
      taken primarily on line C--C of FIG. 1;
PAR  FIG. 5 is a further enlarged fragmentary view taken on line D--D of FIG. 4;
      and
PAR  FIG. 6 is an exploded perspective view showing two sections of the tool
      body separated from one another, with the cutter removed from the device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, there is represented at 25 the framing for a
      wall of a conventional wooden frame building, including a series of
      elongated parallel wooden studs 10 which are spaced laterally apart and
      extend vertically in the ultimate upstanding condition of the wall.
      Connected to a first end of the studs is a transverse mudsill 26, which
      ultimately forms the bottom of the wall, and connected to the second end
      of the studs are a pair of top plates 27. All of these boards 10, 26 and
      27 may be of the usual nominal two-inch by four-inch cross section.
PAR  To maintain these studs in their desired parallel relation, a brace 9 is to
      be connected to the studs in a diagonal position with respect thereto, and
      is to be received within aligned diagonal notches 13 formed in the studs,
      mudsill, and top plates. The studs have outer planar edge faces 28, which
      lie in a common plane 29 extending across one side of the frame structure.
      The notches 13 are cut into these surfaces (FIG. 2), and have depth and
      width dimensions corresponding to the thickness and width of cross brace
      9. During formation of the notches, brace 9, is secured temporarily to
      faces 28 of the studs, as by nails represented at 7, at a location offset
      from the desired location at which notches 13 are to be formed, and acts
      as a guide member for directing a portable cutting tool 1 along a proper
      path for forming the notches. The brace member 9 is of uniform cross
      section along its entire length, having two parallel opposite side edges
      30 and 31, an upper planar surface 32, and an under surface (not visible
      in FIG. 1) disposed parallel to and spaced beneath upper surface 32.
PAR  In FIG. 1, it may be assumed that the studs, mudsill and top plates have
      been connected together as a frame assembly, but have not yet been swung
      to an upstanding position. Instead, this frame may be disposed
      horizontally on a ground or floor surface, for formation of the notches
      13.
PAR  To describe now the structure of the power tool 1, this tool may typically
      include a body structure formed of two relatively adjustable sections 2
      and 3, which for clarity are illustrated in FIG. 6 in their separated
      condition. The upper of these sections, number 1, contains a typically
      electrical motor 33, having a driven shaft 24 turning about the axis
      designated 34 in FIG. 4. A downwardly projecting cylindrical mounting
      sleeve 35 of this upper housing section number 2 is telescopically
      receivable within an upwardly projecting cylindrical hollow portion 36 of
      the lower section 3 of the body. Motor shaft 24 is connected by a coupling
      14 to a shaft extension 22, which is journaled within a ball bearing 16
      formed in a transverse bottom wall 37 of body section 3 for rotation with
      a carried routing cutter 5 about the mentioned axis 34. The cutter may be
      detachably connected to shaft 22 by means of a nut 17 threadedly connected
      onto the lower end of the shaft and tightening a conically recessed
      proportion 39 of the cutter upwardly against an externally tapering lower
      portion 40 of the shaft.
PAR  For adjusting upper body section 1 and the cutter upwardly and downwardly
      relative to lower section 3, portion 35 of upper section 1 may contain a
      helically advancing groove 21, into which a radially inwardly projecting
      pin 15 carried by side wall 36 of the lower section 3 projects, in a
      relation causing axial vertical movement of section 1 relative to section
      2 in response to their relative rotary movement. The two sections can be
      locked in any fixed position by tightening of a screw 19 (FIG. 5) relative
      to a threadedly engaged nut 18, to reduce slightly the width of a slot or
      groove 11, formed in wall 36, and thereby constrict wall 36 inwardly
      against and into frictional locking engagement with wall 35.
PAR  The invention is in certain respects primarily concerned with the provision
      of a unique guiding structure 4 connected to the lower end of the body of
      the tool. In the illustrated preferred arrangement, this guide structure 4
      is formed of a single piece of rigid sheet metal secured to the underside
      of body section 3 by the number of circularly spaced screws 41. This sheet
      metal is deformed to have three guiding portions 42, 43 and 44. The first
      of these portions, number 42, is disposed transversely of axis 34, and has
      the essentially rectangular peripheral outline shape illustrated in FIG.
      1. At its upper side, this portion 42 may carry two handles designated by
      the numbers 6 and 12 in the figures, to enable a user to grasp the tool
      and manipulate it in the manner illustrated in FIG. 1. At its underside,
      portion 42 of guide part 4 has a planar under surface 45, which in the
      FIG. 2 cutting position of the tool lies in the plane 29 of the upper or
      outer surfaces 28 of studs 10. This guide surface 45 thus engages stud
      surfaces 28 in a manner locating the tool relative to surfaces 28 and
      against movement downwardly in FIG. 2 from the illustrated proper notch
      cutting position. Surface 45 preferably extends completely about cutter 5,
      in close proximity to its peripheral cutting edges (as seen in FIG. 4).
      The cutter is dimensioned to cut a notch just slightly wider than brace
      board 7, to closely receive the brace board in the final assembly step.
      Also, cutter 5 has a depth beneath guide surface 45 just slightly greater
      than the thickness of brace board 7, to properly receive the entire
      thickness of that board without projection of the brace upwardly beyond
      the plane of surfaces 28 of the studs. It is further noted that preferably
      no portion of guide structure 4, or the body of the tool, or any other
      part of the device other than cutter 5 itself, projects downwardly beyond
      plane 29.
PAR  The second portion 43 of guide part 4 extends perpendicularly to the first
      portion 42, to present a second planar guide surface 47, disposed
      perpendicular to the first guide surface 45 and to its guiding plane 29.
      At its upper end in FIG. 4, this second portion 43 merges with and carries
      a final portion 44 of guide part 4, which is turned at right angles to
      portion 43 to present a third planar guide surface 48, disposed parallel
      to plane 45 but spaced upwardly above that plane. Thus, both of the guide
      surfaces 47 and 48 are offset from plane 29 in an axial direction of the
      opposite of that in which cutter 5 projects relative to plane 29.
PAR  To now describe a cycle of use of the tool, assume that the boards 10, 26,
      and 27 have been connected together in the manner illustrated in FIG. 1,
      and that this wooden frame structure has been placed in horizontal
      position on a ground or floor surface. A user then cuts the brace board 7
      to a proper length for extension diagonally across a number of the studs,
      with opposite ends of the brace board crossing the mudsill and top plates
      respectively. The brace board is then nailed to the studs in a diagonally
      extending position such as that shown in FIG. 1, to retain the studs in
      parallel condition, and to serve as a temporary guide located above and
      engaging the upper or outer surfaces 28 of the studs. The operator then
      grasps the tool as shown in FIG. 1, and moves it to a position in which
      the first guide surface 45 engages the upper or outer surfaces 28 of the
      studs and/or top plates and/or mudsill. Guide surface 47 is moved into
      engagement with the planar edge surface 30 of brace board 7, while guide
      surface 48 is moved into position against the outer face 32 of the brace.
      With the tool held in this position, it is advanced progressively along
      brace 7 and the upper or outer surfaces of the studs, being guided along a
      straight path by the various guide surfaces. As the cutter passes each of
      the studs or the top plates or the mudsill, the rapidly rotating cutter 5
      with projects beneath plane 29 cuts notches 13 in these various boards. By
      virtue of the controlled guiding of the tool as discussed, all of these
      notches are very precisely aligned with one another, and are formed at
      precisely the same width and precisely the same depth in each board. After
      the tool has been moved along the entire length of the brace in this
      manner, and all of the notches have been formed, the brace 7 is removed
      from its initial temporary position of connection to the studs, and is
      placed in the formed notches, and then nailed in place to each of the
      notched boards. The ends of the brace may be cut off in correspondence
      with the outer faces of the top plates and mudsill, to complete the
      assembly. The resultant frame structure may then be swung to a vertical
      position, and be secured in that position, with wall boards and/or other
      covering materials applied to the opposite faces 28 of the studs and
      corresponding faces of the top plates and mudsill to complete the wall.
PAR  While a certain specific embodiment of the present invention has been
      disclosed as typical, the invention is of course not limited to this
      particular form, but rather is applicable broadly to all such variations
      as fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A portable power tool for cutting notches of predetermined cross section
      in a series of boards which are connected together in parallel relation
      and have outer coplanar faces, said tool comprising:
PA1  a body adapted to be held and be manipulated by a user;
PA1  means forming a first guide surface carried by said body lying essentially
      in a predetermined plane and facing in a first direction toward said
      boards to abut against and move across said outer faces of the boards and
      thereby locate the body against movement in said direction beyond a
      predetermined position;
PA1  a rotary cutter carried by said body and mounted for rotation relative
      thereto about an axis which extends essentially perpendicular to said
      plane, said cutter projecting in said first direction beyond said plane of
      said first guide surface, and having a diametrical cross sectional
      configuration corresponding essentially to said predetermined cross
      section of the notches to cut aligned notches of said predetermined cross
      section in said outer faces of the boards as said first guide surface
      moves thereacross;
PA1  said first guide surface extending at least partially about said rotary
      cutter to engage said faces of the boards at different sides of the
      cutter;
PA1  a motor carried by said body for driving said cutter rotatively about said
      axis and located beyond said plane of the first guide surface in a second
      direction away from said boards;
PA1  means forming a second guide surface carried by said body and located
      beyond said plane of the first guide surface in said second direction away
      from said boards, and facing essentially transversely of said axis of the
      cutter, and constructed to engage a straight side edge of an elongated
      guide member which is secured temporarily to and extends across said
      boards outwardly beyond said faces, and adapted to move along said side
      edge in a predetermined relative orientation as a cut is made in the
      boards; and
PA1  means forming a third guide surface carried by said body and located beyond
      said plane of the first guide surface in said second direction away from
      said boards and facing in said first direction at a location to abut in
      said first direction against and move slidably along an outer face of said
      temporary guide member;
PA1  there being no part of said tool other than said rotary cutter which
      projects in said first direction beyond the plane of said first guide
      surface.
NUM  2.
PAR  2. A portable power tool as recited in claim 1, in which said second guide
      surface is planar and disposed perpendicular to said plane of the first
      guide surface.
NUM  3.
PAR  3. A portable power tool as recited in claim 1, in which said third guide
      surface is planar and is disposed parallel to said plane of said first
      guide surface but offset therefrom in said second direction.
NUM  4.
PAR  4. A portable power tool as recited in claim 1, in which said three means
      forming said three guide surfaces are formed of a single integral part
      having a first essentially planar portion disposed about said rotary
      cutter and lying essentially in said plane of the first guide surface to
      form and present said first guide surface, a second planar portion turned
      at right angles to said first portion to extend therefrom in said second
      direction and essentially parallel to said axis, and a third planar
      portion extending perpendicular to said second portion and said axis and
      parallel to said plane of the first guide surface at a location spaced in
      said second direction from said plane.
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ABST
PAL  A screw driver bit for use with power screw drivers having at the mounting
      end thereof three equiangularly spaced axial recesses which form three
      equiangularly spaced drive surfaces for engagement by mating surfaces
      within a drive socket in the power screw driver.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a screw driver bit for use with power screw
      drivers, International Class B25 b 15/00.
PAC  BACKGROUND OF THE INVENTION
PAR  Presently, screw driver bits for use with power screw drivers are normally
      designed with a hexagonal rear end to permit an easily removable insertion
      into a mating internally hexagonal drive socket in the power screw driver.
      It may then sometimes happen that the screw driver bit after extensive use
      may become jammed within the drive socket under a wedging action due to a
      deformation by swaging.
PAR  In connection with nut tightening apparatuses of the impact type it has
      been proposed to design the drive mechanism in such a manner that the
      blows hit the rotary socket pin simultaneously on both sides thereof.
PAR  The U.S. Pat. No. 2,564,356, to A. E. Dianda, discloses a screw driver the
      handle of which comprises two parts. The foremost part is rigidly secured
      to the screw driver bit, whereas the rearmost part is rotatable with
      respect to the foremost part and is connected to the bit stem by means of
      a latch coupling. The latch coupling comprises a plurality of latch teeth
      at the rear end of the bit stem and a spring biased lath in the rearmost
      handle portion for engagement with said latch teeth. Such an arrangement
      may be entirely satisfying for a mannual screw driver but is far too weak
      for a power screw driver.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the invention is to provide a screw driver bit for power
      screw drivers which is designed in such a manner that a well balanced
      driving torque transmission to the screw driver bit is ensured, at the
      same time as all risks for jamming by swaging are eliminated.
PAR  Accordingly, the invention provides a screw driver bit for power screw
      drivers comprising a foremost drive tip for engagement with the drive
      recess of the screws and a rear mounting end for removable attachment of
      the screw driver bit to a drive socket of the power screw driver, wherein
      the mounting end has three circumferentially symmetrically spaced axial
      recesses which in cross-sections perpendicular to the screw driver bit
      axis have the shape of half crescents in that they each at one edge merge
      with the circular cylindrical outer surface of the screw driver bit
      whereas they at the opposite edge are defined by a flat surface facing
      opposite the screw tightening direction and disposed in a radial plane
      with respect to the axis of the screw driver bit.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is a side view of a screw driver bit according to the invention;
PAR  FIG. 2 shows the rear end of the screw driver bit in FIG. 1 to an enlarged
      scale;
PAR  FIG. 3 shows the foremost end of the screw driver in FIG. 1 to an enlarged
      scale;
PAR  FIG. 4 is an end-view of the screw driver in FIG. 1 in a further enlarged
      scale.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The rear end 10A of the screw driver bit, generally denoted 10, has three
      circumferentially evenly spaced recesses 12,13 and 14, each having a
      cross-section resembling half a crescent. At one edge the recesses 12,13
      and 14 merge with the cylindrical outer surface of the bit stem, whereas
      they, at the other edge, are defined by a flat drive surface 12A,13A and
      14A, respectively, which runs axially of the stem and is disposed in a
      truly radial plane relative to the central axis of the screw driver bit,
      denoted C in FIG. 4. Of course, the drive surfaces 12A,13A and 14A face
      opposite the screw tightening direction.
PAR  In a typical case, the diameter of the screw driver bit stem is 5.6
      millimeters, and the drive surfaces have each a width of 1.2 millimeter.
      The axial length of the recesses is of the order of 15 millimeters.
PAR  In the embodiment shown, the screw driver bit has, at the rear end thereof,
      a circumferential groove 15 to accomodate a spring washer or the like to
      lock the screw driver bit against axial movements within the power screw
      driver. In the embodiment as shown the groove 15 is disposed within the
      area of the recesses, but the groove might also be disposed slightly
      closer to the drive tip so that the recesses would be left uninterrupted.
PAR  The above described design of the rear end 10A of the screw driver bit
      brings about a plurality of advantages with respect to both the function
      and the manufacture, irrespective of the design of the drive tip 10B, but
      some special advantages are gained with a screw driver bit the drive tip
      of which is designed in the manner as indicated in FIG. 3. To wit, to
      afford a complete advantage of a drive bit design as shown on engagement
      with a correspondingly designed screw drive recess a very accurate guiding
      of the screw driver bit and a circumferentially symmetrical driving
      thereof will be required.
PAR  Screws for use of such a screw driver bit are disclosed in my co-pending
      U.S. patent application Ser. No. 498,469, filed on Aug. 14, 1974, to which
      reference is hereby made.
PAR  As shown in FIG. 3 the screw driver according to the invention has the
      drive tip 10B thereof designed as a frusto cone 16, the surface of which
      is formed by ridges 17 alternating with grooves 18, to mate with the drive
      recesses of screws of the type referred to. Thereby, the ridges appears as
      being straight whereas the grooves 18 appears as being triangular. Of
      course, the exact geometry of the drive tip 10B is adapted to that of the
      drive recesses of the screws.
PAR  Modifications and alterations as to details may be carried out within the
      scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A screw driver bit for use with power screw drivers, comprising a
      foremost drive tip for engagement with the drive recess of the screws and
      a rear mounting end for removable attachment of the screw driver bit to a
      drive socket of the power screw driver, wherein the mounting end has three
      circumferentially symmetrically spaced axial recesses which in
      crosssections perpendicular to the screw driver bit axis have the shape of
      half crescents in that they each at one edge merge with the circular
      cylindrical outer surface of the screw driver bit whereas they at the
      opposite edge are defined by a flat surface facing opposite the screw
      tightening direction and disposed in a radial plane with respect to the
      axis of the screw driver bit.
NUM  2.
PAR  2. A screw driver bit as claimed in claim 1, wherein said flat surfaces
      have a width of 15-25 percent, preferably about 20 percent of the outer
      diameter of the screw driver bit.
NUM  3.
PAR  3. A screw driver bit as claimed in claim 1, wherein the axial length of
      the recesses is of the order of about twice the outer diameter of the
      screw driver bit.
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ABST
PAL  A container for perishable articles or substances includes a replaceable
      closure member capable of forming an airtight seal with a body portion of
      the container. An evacuation valve is provided on the closure member or
      another accessible part of the container allowing substantially complete
      evacuation of air trapped therein after closing the container. Means is
      also provided to relieve the vacuum to facilitate reopening of the
      container. The invention is applicable to household containers for
      foodstuffs as well as industrial containers for chemicals, pharmaceuticals
      and other materials requiring an air-free environment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A need exists in the home and in certain industries for a reclosable or
      reusable container having an air-tight closure seal and an attached means
      to allow the creation of a partial vacuum in the container after reclosing
      thereof with perishable contents inside. No prior art device to meet this
      particular need is known, and it is the object of the invention to satisfy
      the need in connection with several different forms of reclosable
      containers.
PAR  It is known in the prior art to provide a vacuum sealed container for
      foodstuffs or the like wherein the vacuum is lost when the container or
      package is initially opened and cannot be re-established due to the
      absence of any means which would allow this. A typical example of the
      prior art is the well-known evacuated can for ground coffee, in which the
      initial opening of the can destroys the vacuum and there is neither an
      evacuation valve or the like on the container or on its closure, nor any
      arrangement for rendering the lid or closure air-tight when reapplied to
      the container body. Similarly, with flexible type vacuum food packages,
      once the package is ruptured and the vacuum is lost, there is no way to
      restore it or to reuse the vacuum package. Such packages are not
      ordinarily of the reclosable type in any case.
PAR  Therefore, the essence of this invention provides in providing a reclosable
      and resealable container having a primary vacuum tight seal which may be
      re-established on each application of the container closure, and a
      convenient means such as a check valve on the container closure
      susceptible of use with a conventional vacuum pump to draw air from the
      closed container so as to establish a proper vacuum therein to meet the
      requirements for certain goods held in the container. A means is also
      provided to vent the vaccum prior to reopening the container. The
      invention finds utility in the home for cake boxes and the like, mason
      jars, and other reclosable containers. In the chemicals industry, for
      example, large or small reclosable vacuum tight containers can similarly
      be equipped with the invention with minimal expense and no interference
      with the normal use of the container in instances where evacuation is not
      needed.
PAR  Other features and advantages of the invention will become apparent during
      the course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING FIGURES
PAR  FIG. 1 is a side elevation, partly in cross section, of a cake box or the
      like equipped with the invention.
PAR  FIG. 2 is a perspective view of an industrial container or drum having the
      invention applied thereto.
PAR  FIG. 3 is a further perspective view showing the invention applied to the
      lid of a mason jar.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail, wherein like numerals designate like
      parts and referring first to FIG. 1, the numeral 10 designates the base or
      plate portion of a plastic cake box of the kind used commonly in the home
      to preserve the freshness of a layer cake. It should be understood at this
      point that the invention is not restricted to use on a cake box or any
      other single form of container, but on the contrary, is applicable to
      substantially any reclosable container having a primary air-tight seal
      between the body and the closure thereof.
PAR  The container in FIG. 1 further comprises a readily replaceable lid or
      closure 11 which is domed as shown and includes a flat top wall 12. The
      plate portion 10 projects outwardly of the side wall of closure 11 and has
      an integral upstanding annular blade-like flange 13 which is slightly
      tapered to snugly engage in a downwardly open annular groove 14 formed in
      an extension 15 of closure member 11 opposite to the flange 13. When the
      parts 11 and 10 are assembled as shown in FIG. 1, a vacuum-tight or
      air-tight seal of considerable integrity is formed between the
      interfitting annular parts 13 and 15. This primary seal structure is well
      known and is present on a widely used commercial line of plastic
      containers and need not be further described herein. It is sufficient to
      state that an essential part of the combination forming the invention is
      an air-tight or vacuum-tight container of the reusable type in which a
      closure member can be reapplied any number of times to a base or body
      portion to re-establish a primary seal, as distinguished from single use
      containers where the seal is lost upon the first opening of the container
      and reestablishing of the seal or of a vacuum in the container is not
      contemplated.
PAR  The invention further comprises in FIG. 1 an evacuation valve 16 mounted in
      a sealed manner on the top wall 12 as shown. The valve 16 may be a
      conventional one-way closing and one-way opening spring-urged ball check
      valve or the like, or an equivalent valve means. As illustrated in FIG. 1,
      the ball valve is biased closed by a spring 17 and will open upon the
      application of vacuum to a port or mouth 18. Sufficient vacuum to open the
      valve and remove for practical purposes all air from the container can be
      created by a conventional hand pump shown at 19. Upon separation of the
      pump from the valve 16, the same will close automatically to maintain a
      partial vacuum in the container.
PAR  Therefore, when a cake or the like is placed on the plate 10 and covered by
      the closure 11 and sealed by the means 13-15, there will always be some
      air trapped in the container which will destroy the freshness of the cake
      or similar article to some extent. However, when the remaining air is
      evacuated through the valve 16, freshness of the article is maintainable
      for a much greater period of time.
PAR  To relieve the vacuum in the closed container so that it may be opened
      without difficulty, a relief means such as a manual plug 20, or an
      equivalent device, is provided on the container and preferably on the top
      of its closure, as shown.
PAR  FIG. 2 shows an industrial container on drum 21 having a reclosable lid 22
      adapted to be sealed to the drum in a pressure-tight or vacuum-tight
      manner by a conventional lid clamping ring 23 and an associated gasket
      means. The drum may contain a variety of chemicals or pharmaceuticals or
      the like which require the absence of air to resist oxidation, loss of
      potency and the like. Certain highly corrosive metals require similar
      handling and no convenient means is available on the present market.
PAR  The drum lid 22 is equipped with an evacuation valve 24 similar to the
      valve 16 and the mouth or opening of the valve 24 is preferably protected
      by a removal plug 25 in the industrial embodiment. When the protective
      plug is removed, the normally closed one-way opening check valve 24 is
      adapted for connection with a suitable vacuum source, not shown. The valve
      24 per se is conventional. A separate plug 26 is removably mounted on the
      closure or lid 22 to relieve the internal vacuum prior to opening the
      container.
PAR  FIG. 3 shows the invention applied to a mason jar 27 having a sealed lid 28
      clamped in place on the jar by the usual screw-threaded ring 29. A valve
      30, similar to the valve 16, is installed on the lid 28 and is used in the
      manner previously described to exhaust trapped air from the jar after
      closing and sealing of its lid. In the case of the mason jar, it is
      possible to omit the vacuum relief plug as removal of the ring 29 and
      prying of the lid 28 will be sufficient to break the vacuum.
PAR  In all cases, the invention consists of a container body with a
      vacuum-tight reclosable cover or lid and an associated evacuation valve
      and a vacuum relieving plug or means. The valve is used to remove air
      trapped in the container after the closure or cover is placed and sealed.
      The wide utility of the invention, its simplicity and its economy should
      now be apparent to anyone skilled in the art.
PAR  It is to be understood that the forms of the invention herewith shown and
      described are to be taken as preferred examples of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reusable and reclosable plastic container for foodstuffs and the like
      comprising a substantially flat plate body portion having an upstanding
      continuous blade-like sealing flange near its margin, a separable
      dome-like cover for the plate body portion having a continuous grooved
      female sealing element near its margin positioned to receive therein said
      blade-like sealing flange, whereby said body portion and said cover may be
      assembled repeatedly and separably in hermetically sealed relationship, an
      evacuation one-way closing check valve unit on the top of said cover
      adapted for connection with a vacuum source whereby residual air inside of
      said container may be exhausted therefrom and a partial vacuum maintained
      therein, and a vacuum relief element separate from said evacuation check
      valve unit on said cover to allow the quick relief of the partial vacuum
      in said container so that the cover can be separated from the plate body
      portion.
NUM  2.
PAR  2. The structure of claim 1, and said vacuum relief element comprising a
      quick release plug element for manual operation on the top of said cover
      in spaced relation to said evacuation valve unit.
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ABST
PAL  A laundry bag has two flaps, one for directly overlying laundry and the
      second to overlie the first and close the bag. Side panels at right angles
      to the flaps also fold over laundry. The side and flaps join the body of
      the bag at a seam. This seam provides a natural fold for the sides and
      flaps to fold over the top of a hamper and hold the bag to the hamper. A
      band extends from the seam to stiffen the fold and reinforce the bag
      proximate the seam.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to laundry containers in general and
      particularly to laundry bags.
PAR  Usually, commercial laundry bags have employed draw cords at their open
      ends to close the bags. As simple as the draw cord closure of laundry bags
      is, the technique has its drawbacks. To keep a bag closed, the ends of the
      cord must be tied. The knots are often difficult to untie, leading to the
      common practice of cutting the cord. This results in constant repair of
      the draw cords. The draw cords also wear out their housing sleeve in the
      bag, requiring repair in this area also.
PAR  In normal practice, commercial establishments such as hotels and
      restaurants employ laundry hampers which have a rim supported above a
      floor by legs. The laundry bag is attached to the hamper by folding the
      open end of the bag from inside the rim, over its top and down its
      outside. The draw cord is then drawn tight to prevent the laundry bag from
      pulling back over the rim. In other words, the open end of the laundry bag
      is turned inside out over the rim and the draw cord tightened to secure
      the bag to the hamper. If there is damage to the draw cord or sleeve it
      becomes difficult to properly mount the bag on a hamper. In addition, this
      construction does not limit the amount of laundry that can be stuffed into
      the bag. Too much laundry in a bag can split the bag's seams or make the
      bag difficult to handle.
PAR  An improvement over the draw cord laundry bag is described in U.S. Pat. No.
      3,831,650. This patent provides a means for properly limiting the capacity
      of the bag and to secure the contents of the bag for handling in a
      laundry.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a laundry bag having first and second flaps
      at an open end. The first flap folds over laundry and the second flap
      folds over the first and is secured to the body of the bag, as by a strap.
PAR  The flaps include lateral panels which also overlie laundry. The flaps join
      the body of the bag at a circumferential seam. A reinforcing and
      stiffening band of doubled-over material of the flaps joins the body of
      the bag at the seam.
PAR  The bag is adapted for use with a laundry hamper, typically of the well
      known X-frame type. This type of hamper has two parallel, upper cross bars
      to hold a bag. The bag of the present invention folds over the cross bars
      of the hamper at the circumferential seam with the band, flaps and side
      panels being on the outside of the bars and the balance of the bag being
      on the inside of the bars. The flaps form a taught skirt on the outside of
      the hamper which securely holds the bag to the hamper. The natural fold at
      the seam determines the capacity of the bag, for it is here where the
      flaps and skirt inevitably fold over the bars.
DRWD
PAR  These and other features, aspects and advantages of the present invention
      will become more apparent from the following description, appended claims
      and drawings.
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a perspective view of a laundry bag in accordance with the
      present invention full of laundry with the flaps of the bag being closed;
PAR  FIG. 2 is a view of the bag of FIG. 1 with the flaps secured in a closed
      position;
PAR  FIG. 3 is a perspective view of the bag of FIG. 1 on an X-frame laundry
      hamper;
PAR  FIG. 4 is a fragmentary view of the seam construction of the bag in the
      area 4--4 of FIG. 3 but with the bag flaps extended upwards; and
PAR  FIG. 5 is a fragmentary view taken generally along line 5--5 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With initial reference to FIGS. 1 and 2, a laundry bag 10 of standard
      material, such as canvas, has a body 12 for holding laundry. The body of
      the bag is formed by folding material over onto itself and seaming it
      along the bottom and one side. A perimetric band 14 at the top of the body
      of the bag is sewn to the top of the body along a circumferencial seam 16.
      A pair of flaps 18 and 20 are also joined to the body of the bag at this
      seam. Flap 18 is for directly overlying laundry and flap 20 is to overlie
      flap 18 and to securely close the bag.
PAR  Bag closure is through a hook and pile fastener on a strap 22 attached to
      the body of the bag and a strap 24 on flap 20. As shown in FIG. 2, the
      free end of the strap is brought through strap 24 and attached on the
      fixed end of the strap to secure flap 20 in place.
PAR  Flaps 18 and 20 also include and are integral with side panels 26 and 28.
      These side panels also overlie laundry and help to keep it in place. They
      also perform an important function in holding the laundry bag to the
      laundry hamper, as will be subsequently described.
PAR  Thus flaps 18 and 20 are in opposition and generally orthogonal to side
      panels 26 and 28 which are also disposed in opposition to each other.
PAR  With reference to FIG. 3, a standard X-frame laundry hamper 30 has a pair
      of upper cross bars 32 and 34 which support bag 10. In FIG. 3, bag 10 is
      illustrated open and supported by hamper 30. Side panels 26 and 28, and
      flaps 18 and 20 extend down the outside of the hamper. The extension is
      from the seam line of joinder of the flaps and panels to the body of the
      bag. The seam line forms a natural fold and therefore can determine the
      volume of the bag which receives laundry when the bag is used with a
      hamper. Augmenting this natural fold is band 14. As seen in FIGS. 4 and 5,
      band 14 is formed of doubled-over material formed of panels 26 and 28, and
      the two flaps. Band 14 helps define the fold line and in addition provides
      a reinforcing band to stiffen and strengthen the bag in the zones where
      the largest stresses are put on it, namely, at cross bars 32 and 34.
PAR  With reference to FIG. 5, the construction of seam 16 is shown in greater
      detail. The detail of cooperation of the bag with a cross bar is also
      illustrated. The upper edge of the body of bag 10 is sewn in the standard
      manner to material of the two flaps and side panels, side panel 26 being
      shown in FIG. 5. This joinder is at seam 16. The material of panel 26
      begins adjacent to and in contact with the edge of the material of body 12
      and extends for a length and doubles back upon itself a first time. This
      doubled-over portion defines band 14. The material is doubled over itself
      a second time, this time in seam 16, to provide the material for the side
      panels and flaps. In FIG. 5 the seam is shown sewn together by a standard
      stitching 38 and overcast stitching 40.
PAR  In FIG. 4 a portion of the longitudinal side seam joining the material of
      the body of the bag together to form the bag is shown at 42. Band 14 is
      shown secured in this side seam. In FIG. 4, as well, seam orientation of
      the bag fully open and the flaps drawn upwardly from the body of the bag
      is illustrated.
PAR  Incidental details of the construction include a handling strap 44 at the
      bottom of the bag to aid in emptying the contents of it, shown in FIGS. 2
      and 4. An invoice pocket 46 may be provided on upper flap 20, shown in
      FIG. 1.
PAR  The present invention has been described with reference to a preferred
      embodiment. The spirit and scope of the appended claims should not,
      however, necessarily be limited to the foregoing description.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved laundry bag comprising:
PA1  a. a body of flexible material closed at its bottom and sides and open at
      its top;
PA1  b. a pair of flexible opposed, free flaps attached to the body only at its
      top, a first of these flaps for overlying laundry and a second for
      overlying the first; and
PA1  c. means to secure the second flap to the body of the laundry bag to close
      the open end thereof, the securing means including a first strap affixed
      to the body, the first strap having hook and pile type fastener means and
      a free end, and a second strap secured to the second flap at both ends of
      the second strap, the middle of the second strap being free of the second
      flap, the second strap being positioned to pass the free end of the first
      strap and to secure the second flap closed when the first strap is
      fastened onto itself around the second strap with the fastener means, the
      first flap overlies laundry, and the second flap overlies the first flap.
NUM  2.
PAR  2. The improved laundry bag claimed in claim 1 including side panels of the
      flaps and extending from the open end of the bag above the attachment of
      the flaps to the body, the side panels being for cooperating with the
      flaps in overlying laundry and closing the end of the bag.
NUM  3.
PAR  3. The improved laundry bag claimed in claim 1 wherein the flaps are
      secured to the body along a circumferential seam at the open end of the
      body.
NUM  4.
PAR  4. The improved laundry bag claimed in claim 1 including a band extending
      from the seam to reinforce the laundry bag at the seam and to help define
      thereat a natural fold for positioning the laundry bag on a laundry
      hamper.
NUM  5.
PAR  5. The improved laundry bag claimed in claim 1 wherein the band is
      integrally formed with the flaps and including side panels of the flaps in
      diametric opposition to each other and generally orthogonal to the flaps,
      the side panels extending from the seam a distance shorter than the
      extension of the flaps but greater than the extension of the band.
NUM  6.
PAR  6. The improved laundry bag claimed in claim 1 including a side seam on the
      body, the band being secured in the side seam in addition to its
      securement at the seam joining the flaps at the body.
NUM  7.
PAR  7. The improved laundry bag claimed in claim 5 wherein the width of each of
      the flaps narrows away from the attachment thereof to the body.
NUM  8.
PAR  8. The improved laundry bag claimed in claim 1 wherein the width of each of
      the flaps narrows away from the attachment thereof to the body.
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ABST
PAL  A ball holder includes a cage of a size to snugly hold at least two balls.
      The cage has an open side which is secured at least partway along its
      length to one face of a flexible racket cover. When the cover is on the
      racket, the cover is held taut so that it completely covers the open cage
      side, with the result that the balls are retained in the cage. However,
      when the cover is removed from the racket, it becomes limp, thereby
      exposing the unattached portion of the open cage side so a ball can be
      placed in and withdrawn from the cage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a holder for tennis or squash balls, shuttlecocks
      or other game objects struck with a racket. It relates more particularly
      to a holder of this type which is arranged to be attached to one face of a
      racket cover or other flexible sheath.
PAR  Conventional ball holders of the type of interest here are comprised of a
      pocket stitched or otherwise integrally formed with the fabric or plastic
      racket cover. The pocket is usually provided with a cover flap having some
      sort of fastener to secure the flap and thereby retain the pocket contents
      whether or not the cover is on the racket. This integral pocket increases
      the manufacturing cost of the cover. Also, in time, the pocket may tear or
      its fastener may break, so that the pocket no longer performs its
      function.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention aims to provide a holder for tennis and
      squash balls, shuttlecocks and the like which is relatively inexpensive to
      make.
PAR  Another object of the invention is to provide a holder of this type which
      can be installed on any flexible racket cover or other sheath.
PAR  Yet another object of the invention is to provide a ball holder which can
      be replaced relatively easily in the event it becomes damaged.
PAR  Other objects will in part be obvious and will in part appear hereinafter.
PAR  The invention accordingly comprises the features of construction,
      combination of elements and arrangement of parts which will be exemplified
      in the construction hereinafter set forth, and the scope of the invention
      will be indicated in the claims.
PAR  Briefly, the holder is comprised of a cage or container shaped to snugly
      accommodate two or more balls or other objects used with a racket. The
      container has an opening in one side which is at least slightly larger
      than the object in the holder. In use, the container is positioned with
      its open side down flush against the face of a flexible racket cover and
      the container is secured to the cover except around the opening. When the
      cover is on the racket, the racket holds the flexible cover taut so that
      it completely covers the opening, thereby securely retaining the balls
      within the container. However, when the cover is removed from the racket,
      it becomes limp, so that it falls away from and exposes the container
      opening, permitting balls to be inserted into or withdrawn from the
      container through the opening.
PAR  The present ball holder can be installed on any conventional racket cover
      or other flexible sheath. Furthermore, in the event it becomes damaged, it
      can be removed from the cover and replaced with a new container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawing, in which:
PAR  FIG. 1 is a perspective view of a holder made in accordance with this
      invention affixed to a flexible cover on a racket with the container shown
      in its closed condition;
PAR  FIG. 2 is a similar view of the holder with the cover removed from the
      racket showing the holder in its open condition;
PAR  FIG. 3 is a similar view on a larger scale showing the holder in greater
      detail, and
PAR  FIG. 4 is an end view of an alternate embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIG. 1 of the drawing, the subject holder indicated
      generally at 10 is installed on a conventional, flexible, unsupported
      cover 12 on a tennis racket 14 (FIG. 2). While we have specifically
      illustrated a cover 12 which encloses the entire racket 14, the invention
      is equally applicable to the type of cover which only encloses the strung
      portion of the racket.
PAR  Holder 10 has a lower portion 10a which is secured to the cover 12 and an
      upper portion 10b which is not secured to the cover. Furthermore, the rear
      side of the holder portion 10b, i.e. the side facing the cover 12, has an
      opening 15 (FIG. 3).
PAR  The holder 10 is shaped and arranged to hold a plurality, herein three,
      tennis balls 16 indicated in dotted lines. As long as the cover 12 is on
      the tennis racket 14 (FIG. 2), the racket holds the cover material taut so
      that it presses against and completely closes the part of opening 15 (FIG.
      3) in the holder portion 10b. Consequently, the balls 16 are securely
      retained within the holder.
PAR  However, when the cover 12 is removed from the racket 14 as shown in FIG.
      2, the cover material becomes limp so that it falls away from and exposes
      the part of opening 15 (FIG. 3) in the holder portion 10b (FIG. 2).
      Therefore, a ball 16 can be inserted into or withdrawn from the holder
      through the opening.
PAR  Turning now to FIG. 3, the holder 10 is substantially rigid and is molded
      or otherwise formed of a suitable, inexpensive, relatively stiff,
      lightweight plastic material. It consists of a semicylindrical shell 22
      whose radius and length enable it to accommodate three tennis balls 16.
      The ends of the shell 22 are closed off by semicircular end walls 24.
      However, the rear side of the shell is open in a plane at 15 and a
      rectangular flange 26 extends around the edge of the opening.
PAR  Suitable means are provided for attaching the holder portion 10b to the
      face of cover 12. In the illustrated embodiment, the attaching means are
      an adhesive strip 27 which is applied to the underside of flange 26, but
      which covers only that part of the flange in the holder portion 10a. In
      other words, the adhesive strip 27 extends all around the opening 15,
      except for an upper part thereof which is slightly larger than the ball 16
      diameter. Also, the adhesive strip 27 is provided with a stripable liner
      tape 28 to protect the adhesive until the ball holder is actually
      installed on the cover 12.
PAR  A pair of brass fasteners 32 are inserted through holes 34 in flange 26 at
      points just above the ends of the strip 26 on each side of the opening 15.
      The fasteners are adapted to be inserted through holes in the cover 12
      after which their tines are spread apart to securely anchor the shell to
      the cover at those points. This is done to reinforce the securement
      between shell and cover at the points where the cover hinges away from the
      shell adjacent the adhesive strip 27 when the cover is limp as shown in
      FIG. 2. This insures that the cover does not pull away from the flange 26
      after repeated flexings of the cover along that hinge line.
PAR  Of course, any other suitable means for attaching the shell or cage to the
      racket cover may be employed. For example, the shell or cage may be
      stitched or stapled through flange 26 to the cover. Alternatively, as
      shown in FIG. 4, the adhesive strip 27 can be replaced by a strip 35 of
      hook and eye fabric such as is sold under the trademark Velcro, a mating
      strip 36 of this material being adhered to the cover 12. This arrangement
      enables the holder 10 to be removed from the cover at will.
PAR  It should be understood that the holder 10 can be of most any shape. The
      only requirement is that it be able to cage two or more balls,
      shuttlecocks or other such playing objects and that it have an opening in
      the side facing cover 12 which is at least large enough to permit
      insertion of the playing object into the holder. For example, the holder
      portion 10a can be closed, if desired, without interfering with the
      operation of the holder, Finally, the holder should include means for
      securing it to the cover, except in the region of the opening.
PAR  It will thus be seen that the object set forth above, amont those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawing
      shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein described
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A holder for playing objects designed to be struck by a racket, said
      holder comprising
PA1  A. an unsupported cover of flexible material for the racket, said cover
      being held taut by the racket when the racket is in the cover and being
      limp when the racket is removed, and
PA1  B. a substantially rigid cage for storing playing objects therein, said
      cage having an opening in one plane thereof through which the playing
      objects pass and having a first portion in said plane adjacent the opening
      for attachment tautly to a first exterior area of said cover and a second
      portion which is detached from said cover adjacent said first area, and
PA1  C. means for attaching said first cage portion to said cover whereby said
      cover closes the opening when the racket is in said cover and falls away
      from the opening at said detached portion when the racket is removed from
      said cover.
NUM  2.
PAR  2. The holder defined in claim 1 wherein said cage is composed of a
      generally cylindrical hollow shell whose diameter and length are such that
      said shell can accommodate two or more balls and a flange extending around
      the edge of said shell and wherein said attaching means secure said flange
      to the cover except where said flange extends around the opening.
NUM  3.
PAR  3. The holder defined in claim 2 wherein said attaching means are comprised
      of an adhesive applied to the face of said flange which is arranged to
      face said cover.
NUM  4.
PAR  4. The holder defined in claim 3 wherein said attaching means further
      comprise fastening elements attached to said flange at points just below
      the opening and on each side thereof, said fastening elements being
      arranged to mechanically engage said cover.
NUM  5.
PAR  5. The holder defined in claim 2 wherein said attaching means comprise a
      strip of hook and eye material covering the face of the flange which is
      arranged to face the cover except where the flange extends around the
      opening, said strip being arranged to mate with a correspondingly arranged
      strip of said material secured to the cover.
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ABST
PAL  A tire chain having horizontal links of high breaking strength and vertical
      links having high resistance to wear and tear.
BSUM
PAR  This invention relates to an anti-skid and protective chain for tires
      having a tread net which comprises closed horizontal links and vertical
      links, the welded horizontal links being made of case hardened steel and
      having a larger inner width than the vertical links.
PAR  Anti-skid and protective chains for tires of the aforementioned type
      wherein the vertical links also consist of case hardened steel are known
      to the applicant. When producing these chains the horizontal and vertical
      links are hardened after joining. In this manner a chain net of which the
      constructional parts all have the same hardness and the same depth of
      hardening zone is produced. The depth of the hardening zone is limited in
      the case of this type of chain on account of the susceptibility to
      breaking of the horizontal links which have a larger inner width. This
      means that the depth of the hardening zone for the vertical links to which
      a higher stress is applied, cannot be chosen as large as the lower
      susceptibility to breaking of the vertical links would allow owing to the
      smaller inner width. As a consequence, one has to put up with a rather
      unsatisfactory wear and tear of the vertical links.
PAR  In the case of another type of chain known to the applicant the
      aforementioned difficulties are avoided by submitting the vertical links
      to a recarburization process before joining in order to improve the
      properties as to wear and tear in respect of the vertical links of the
      chain net which is subsequently hardened as a whole. However, the
      increased resistance to wear and tear in respect of such chains is at the
      expense of higher manufacturing costs, because long periods of
      recarburization are required in order to obtain an adequate depth of
      carburization, particularly in the case of large link dimensions.
PAR  Finally, chains of which the horizontal and vertical links consist of
      tool-steel, i.e. of a material which allows a uniform through-hardening,
      are known to the applicant. These chains have good properties as regards
      wear and tear, but they are not completely satisfactory because, as a
      result of the tool-steel not being weldable, only open and closed links
      can be combined and the higher resistance to wear and tear of the links is
      at the expense of the lower strength of the open chain links in particular
      at the expense of the endurance limit. Moreover, the open chain links
      which are normally the horizontal links, must have a comparatively large
      inside length, due to constructional conditions, which fact does not only
      increase their susceptibility to breaking, but also limits the attainable
      density of the net.
PAR  An object of this invention is to provide an anti-skid and protective chain
      for tires of the type described in the introduction, wherein a happy
      synthesis is achieved between horizontal links having a high breaking
      strength and vertical links having a high resistance to wear and tear, in
      a particularly simple manner by a suitable choice of material for the
      horizontal and vertical links. This object is achieved according to the
      invention in that the horizontal links have a recarburized surface zone
      which has a maximum thickness of 2 millimeters and a surface zone carbon
      content of 0.6 to 0.9 % and that the vertical links which consist of an
      alloyed super-refined steel having 0.5 to 0.9 % of carbon and which are
      hardened together with the horizontal links, have a grain hardness of at
      least 600 HV (test force 300 N) when hardened. The anti-skid and/or
      protective chain for tires in accordance with the invention combines the
      advantage of high strength, in particular the endurance limit of chain
      nets having closed horizontal and vertical links of case hardened steel,
      with the advantage of high resistance to wear and tear of chains having
      vertical links made of tool-steel. Since the depth of the carburization of
      the recarburized surface zone of the horizontal links may be much smaller
      than the depth of the carburization of the recarburized vertical links,
      the manufacturing costs required for the carburization remain within
      bearable limits and the chain according to the invention exhibits a
      well-balanced relationship between price and economic value.
DRWD
PAR  The invention will now be described in detail by way of example, with
      reference to the attached drawings, in which:
PAR  FIG. 1 is a fragmentary sectional view of three links of a chain made in
      accordance with the present invention.
PAR  FIG. 2 is similar to FIG. 1 except that it shows a modification thereof,
      and
PAR  FIG. 3 shows a plurality of links of the chain of FIG. 1, such being
      incorporated in an anti-skid chain.
DETD
PAR  FIG. 1 shows two horizontal links 11 and a vertical link 12 of the tread
      net of a protective chain for tires. The through-hardened vertical link is
      represented in section in order to illustrate that it has approximately
      the same structure and the same hardness over its whole cross-section,
      whereas the cross-section of the horizontal links 11 illustrates that the
      horizontal links are hardened by an increased carbon content only in the
      region of a surface zone 13. The hard layer is on the one hand thick
      enough to give the horizontal links the required resistance to wear and
      tear and is thin enough, on the other hand, not to affect their toughness
      to an undesirable extent.
PAR  Whereas in FIG. 1 the horizontal as well as the vertical links consist of
      rings, FIG. 2 shows an embodiment wherein vertical links 14 having cross
      pieces 15 are combined with annular horizontal links 11.
PAR  FIG. 3 shows a plurality of links of the form of chain shown in FIG. 1
      which can be used in a tire chain, as is well known in the art.
CLMS
STM  Having now particularly described and ascertained our said invention and in
      what manner the same is to be performed we declare that what we claim is:
NUM  1.
PAR  1. An anti-skid chain for tires having a tread net which comprises closed
      interconnected horizontal links and vertical links, the horizontal links
      being of case hardened steel and having an inner width larger than that of
      the vertical links, said horizontal links having a recarburized surface
      zone of a maximum thickness of two millimeters and a carbon content of 0.5
      to 0.9%, and said vertical links consisting of an alloyed super refined
      steel having a carbon content of 0.5 to 0.9%, said vertical and horizontal
      links being hardened with a grain hardness of at least 600 HV (test force
      300 N) in the hardened condition.
NUM  2.
PAR  2. An anti-skid chain for tires according to claim 1, wherein the
      recarburized surface zone of the horizontal links is 0.8 to 1.3 mm thick.
NUM  3.
PAR  3. An anti-skid chain for tires according to claim 1 wherein the horizontal
      links and the vertical links are in the form of rings.
NUM  4.
PAR  4. An anti-skid chain for tires according to claim 1 wherein the horizontal
      links are in the form of rings and the vertical links include
      cross-pieces.
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ABST
PAL  A method and apparatus for preparing relatively large size foundry moulds
      and cores from cold-setting foundry sand mixtures wherein successive
      batches of sand and binder on the one hand with sand and catalyst on the
      other hand are mixed in a chamber having a rotary mixing element. The
      batches are discharged from the chamber by gravity into a mould or core
      box and the chamber is purged by a blast of compressed gas between the
      successive mixing operations.
PARN
PAR  This is a continuation of application Ser. No. 376,431 filed July 5, 1973,
      now abandoned.
BSUM
PAR  This invention relates to a method and apparatus for preparing foundry
      moulds or cores.
PAR  Until now it has been difficult to prepare moulds of larger than 30 lbs in
      weight from cold-setting foundry sand mixtures. It is an object of the
      present invention to provide a method and apparatus capable of preparing
      such moulds or cores in a large range of sizes up to about 500 lbs in
      weight.
PAR  According to the invention there is provided a method of preparing a
      foundry mould or core from a cold-setting foundry sand mixture comprising
      mixing successive batches of sand and binder mixture on the one hand with
      sand and catalyst mixture on the other hand in a mixing chamber,
      discharging the successive batches into a core or mould box and purging
      the mixing chamber with compressed gas between the successive mixing
      operations.
PAR  The invention further provides apparatus for preparing foundry moulds or
      cores from cold-setting foundry sand mixtures, comprising means for
      supplying successive batches of sand and binder mixture on the one hand
      and sand and catalyst mixture on the other hand to a mixing chamber,
      outlet means in the mixing chamber for discharging the successive batches
      into a mould or core box, means for supplying a blast of compressed gas to
      the mixing chamber for purging the chamber between successive mixing
      operations, and control means for controlling the number of batches and
      the weight of each batch supplied to the mixing chamber.
DETD
PAR  The invention will now be described, by way of example, with reference to
      the accompanying drawing which is a perspective view partly broken away of
      a machine for preparing foundry moulds and cores.
PAR  The apparatus comprises two horizonatlly disposed mixer and conveyor units
      12 for conveying sand and binder mixture and sand and catalyst mixture
      respectively to a final mixer 14. Control means 16 is provided to control
      the number of successive batches and weight of each batch of sand and
      binder mixture on the one hand and sand and catalyst mixture on the other
      hand being supplied to the mixing chamber for successive mixing and
      discharging into a mould or core box, the number and weight of the batches
      depending on the size of the mould or core being prepared.
PAR  The mixer conveyor units 12 are of the type described in U.K. patent
      specification No. 1,051,651, having internal mixer conveyor elements
      commencing with feed screw sections 12a merging into mixer blade sections
      12b (the blades being successively oppositely tilted lobed blades) and
      terminating in diametrically extending metering paddle blades 12c. Units
      12 are supplied with foundry sand at a controlled rate by feed
      arrangements 10 of the type disclosed in U.K. patent specification No.
      1,286,162 i.e. each barrel has a side opening surrounded by a rotatable
      sleeve capable of varying the size of the opening which is formed at the
      base of a sand hopper. surrounding the barrel. Accordingly when the mixer
      element rotates sand is drawn into the barrel through the opening at a
      controlled rate dependent on the size of the opening. Each barrel is also
      provided with conventional means for the supply of a binder on the one
      hand and a catalyst on the other hand each at a controlled rate.
PAR  The final mixer 14 is of the type disclosed in U.S. Pat. No. 3,779,520. The
      mixer employs a vertical rotary mixing element having diametrically
      opposed vertical spring steel blades 14a adapted during mixing to sweep
      the roof and the vertical cylindrical wall of the mixer chamber and
      angularly offset horizontal blades 14b adapted to sweep the base of the
      mixer. The individual sand mixtures from units 12 enter the final mixer
      through an inlet in the roof and the final mixture is discharged from an
      outlet 14c in the base which can be in line with or offset from the inlet
      and controlled by a sliding door 14d. The final mixer has diametrically
      opposed vertical rows of tangentially extending air inlets 14e in the
      cylindrical wall for the admission of compressed purging air from a
      suitable source such as a ring main.
PAR  The whole mixing and conveying arrangement, comprising the mixer and
      conveyor units 12 and mixing chamber 14, is mounted on a pedestal 18 and
      discharge of the cold-setting mixture is effected by gravity from the
      final mixer outlet directly into the mould or core box.
PAR  A vibrator table (not shown) may be provided for supporting the mould or
      core box to give additional compaction of the mixture in the mould or core
      box. The vibratory table may be pivotally mounted in order to move the
      mould or core box under the mixing chamber outlet.
PAR  Successive batches of sand and resin mixture on the one hand and sand and
      catalyst mixture on the other hand are supplied simultaneously to the
      mixing chamber 14 by means of the mixer and conveyor units 12. For a
      specific mould or core, the desired number of batches and weight of each
      batch are determined beforehand and by setting the control means 16, which
      comprises a batch control dial 16a and a quantity dial 16b controlling the
      weight per batch. The dials are calibrated, dial 16a in numbers of batches
      and dial 16b in numbers of "counts", a certain number of counts
      representing that number of revolutions of the units 12 and thus
      controlling the weight per batch.
PAR  The separate batches of sand and resin and sand and catalyst mixes are
      intermixed in the final mixer 14 for a predetermined period of time and
      then discharged directly into the mould or core box by opening the outlet
      at the bottom of the mixing chamber and allowing the final mixture to fall
      out under gravity with the aid of agitation by the rotary mixing element
      in the chamber.
PAR  Immediately after the mixture is discharged, the mixing chamber is purged
      by applying compressed air to the chamber before the next batch is
      delivered to the chamber. The successive discharges are timed so that
      detrimental layering between successive batches in the mould or core box
      does not occur.
PAR  For a 150 lb. core for example the "batch" dial may be set to the number 3
      and the "quantity" dial set to 20 counts corresponding to 50 lbs. Having
      set the two dials and positioned a suitable core box beneath the discharge
      outlet of the machine, the operator presses in a button on the control
      panel for the cycle to commence. The discharge door of the final mixer
      closes and in so doing `makes` a switch to start the two primary mixer and
      feeders 12. Every quarter of a revolution of the primary mixer shafts is
      counted (i.e. 4 counts to 1 revolution) through the media of a disc (not
      shown) mounted on the end of one of the shafts. The disc has four magnets
      spaced angularly at 90.degree. from each other and as the shaft rotates
      the magnets pass in close proximity to a reed switch which completes an
      electrical circuit as each magnet passes it, thus, reducing the count on
      the "quantity" dial by one at each pass. When the counter reaches zero the
      two primary mixer and feeders stop. By the provision of a suitable
      electrical circuitry, an electronic timer is then actuated which allows a
      predetermined time dwell before the discharge door of the final mixer
      opens. The purpose of the time dwell is for the final mixing stage e.g. 5
      secs. to be completed. In opening, the door trips a limit switch and
      returns the "quantity" dial pointer back to the original setting (i.e. 20
      counts) and also counts one batch on the "batch" dial. A further timer is
      actuated which allows a delay on the purge control, thus allowing the
      final mixer to discharge its contents. After this predetermined delay, a
      still further timer is actuated to commence the air purging state, the air
      being supplied from a suitable source (not shown) through the purging
      inlets 14e. After a predetermined delay the air purging ceases and by so
      doing signals the discharge door of the final mixer to be closed for the
      next cycle. The whole cycle is repeated for two further batches and the
      operation is then completed when the batch dial has counted off three
      batches.
PAR  One advantage of the invention is that the quicker setting times obtained
      by the use of coldsetting mixtures can be utilized for the production of
      larger moulds or cores. Another advantage is that a minimum amount of
      cleaning of the mixing chamber is required in view of the air purging
      between successive mixing operations.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of preparing a foundry mould or core from a cold-setting
      foundry sand mixture comprising the steps of
PA1  a. feeding a batch of sand and binder mixture in a first feed unit to a
      mixing chamber.
PA1  b. simultaneously feeding a batch of sand and catalyst mixture in a second
      feed unit to the mixing chamber.
PA1  c. mixing the batch of sand and binder mixture with the batch of sand and
      catalyst mixture in the mixing chamber,
PA1  d. discharging the mixed batches from the mixing chamber into a mould or
      core box under gravity,
PA1  e. purging the mixing chamber with compressed gas,
PA1  f. repeating steps (a) through (e) until a predetermined number of mixed
      batches are discharged into the mould or core box.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the batches of sand and binder
      and sand and catalyst supplied to the mixing chamber by separate feed
      units each employing a rotary feed element.
NUM  3.
PAR  3. A method as claimed in claim 2 wherein the weight of each batch is
      controlled by operating the feed elements for a controlled number of
      revolutions.
NUM  4.
PAR  4. A method as claimed in claim 3 wherein the weight of a mould or core is
      controlled by controlling the number of batches and weight per batch.
NUM  5.
PAR  5. Apparatus for preparing a foundry mould or core from a cold-setting
      foundry sand mixture comprising a first feed unit for a batch of sand and
      binder mixture, a second feed unit for a batch of sand and catalyst
      mixture, a mixing chamber, means for simultaneously feeding said batch of
      sand and binder mixture and said batch of sand and catalyst mixture to
      said mixing chamber, a mould or core box, outlet means in the mixing
      chamber for discharging the mixed batches into said mould or core box by
      gravity, means for supplying a blast of compressed gas to the mixing
      chamber for purging the chamber between successive mixing operations and
      control means for controlling the number of batches and weight of each
      batch supplied to the mixing chamber.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 including a pair of rotary element feed
      units for supplying the sand and binder mixture on the one hand and the
      sand and catalyst mixture on the other hand to the mixing chamber.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 wherein the means for controlling the
      weight of each batch comprises means for operating the rotary elements for
      a controlled number of revolutions.
NUM  8.
PAR  8. Apparatus as claimed in claim 7 wherein the mixing chamber includes a
      rotary mechanical mixing element.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 wherein the mixing element has a first
      pair of blades adapted to sweep the roof and an inner vertical cylindrical
      wall of the chamber and a second pair of blades angularly offset from the
      first pair and adapted to sweep the base of the chamber respectively.
NUM  10.
PAR  10. Apparatus as claimed in claim 9 wherein the mixing chamber has an inlet
      in the roof and an outlet in the base aligned with or offset from the
      inlet.
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ABST
PAL  An apparatus for an installation in which molten metal is poured in a mold
      comprises a sensor movable upwardly and downwardly by means of a
      servomechanism automatically controlled by electric circuit means so that,
      when pouring has begun, the lower end of an electric sensor follows the
      surface level of the metal in the pouring gate of the mold. A control
      device is operated in dependence with the movements of the sensor for
      causing the metal to be poured as a function of the surface level in the
      pouring gate.
BSUM
PAR  This invention relates to an apparatus for a casting installation, for
      controlled pouring of molten metal during casting in a movable mold having
      a pouring gate, comprising a receptacle for the molten metal and a sensor
      having a lower end, the sensor being movable from a resting position, in
      which it is situated outside the range of movement of the mold at the
      location provided for pouring, into an operating range, in which its lower
      end projects into the pouring gate.
PAR  Various kinds of controlled-pouring apparatus are already known, e.g., such
      as are designed to supply a predetermined quantity of molten metal to the
      mold; other are so designed that the speed at which the metal flows out of
      the bottom opening of a ladle is controlled as a function of the metal
      contained in the ladle; cf. German Published Application No. 1,297,827,
      for example. However, none of these apparatus reacts directly to the
      ingestion capacity of the mold.
PAR  This capacity varies not only from one pattern to another, but also in some
      cases during a single casting operation, namely, when several different
      parts are formed in one mold and fill up successively during casting, for
      instance. The ingestion capacity of the mold is furthermore dependent upon
      the viscosity of the metal, i.e., its temperature, upon the pouring
      height, and upon the permeability of the mold sand to gas. It quite
      clearly follows that the pouring rate must continuously be adjusted to the
      ingestion capacity of the mold at each particular moment in order to
      ensure faultless automatic casting. Hence the so-called automatic pouring
      apparatus which are already known and which work at a predetermined
      pouring rate or with a predetermined quantity of metal can be used only in
      mass-production, where the necessary data can be experimentally determined
      in advance. Those conditions which still vary nontheless can be taken into
      consideration only to an insufficient extent. Despite other undeniable
      advantages, therefore, these casting methods are plainly inferior in the
      quality of the casting to manual casting by a founder. Besides that, most
      of these automatic pouring apparatus are very expensive, so that they are
      uneconomical to use except in a very limited number of cases.
PAR  Whenever casting has been done by hand, every effort has always been made
      to carry out the pouring operation in such a way that the pouring gate of
      the mold is continuously kept full. This is important because, for one
      thing, it keeps the slag floating on the molten metal from reaching the
      cavities and recesses of the mold, and for another thing, it ensures that
      the highest possible casting speed is achieved, thus saving time and
      allowing casting at a minimum temperature.
PAR  This calls for a great deal of experience and care on the part of the
      founder, whose attentiveness tends to be impaired by aggravating external
      circumstances such as heat, spattering metal, etc. Moreover, when working
      at high speeds, the founder often reacts too slowly even when the pouring
      gate is large, so that waste and rejects occur, or a great deal of metal
      overflows, and the consequences are accordingly disadvantageous and more
      or less costly.
PAR  It is therefore the main object of this invention to provide a further
      development of a casting installation of the afore-mentioned kind, and to
      do so with a comparatively limited and thus inexpensive amount of
      construction, so that the pouring gate will automatically be kept full
      during the entire casting operation, and pouring will also be stopped
      automatically at the end of the operation, and so that the pouring
      apparatus is to a great extent independent of the pouring-rate and the
      quantity of metal, whereby automatic casting becomes possible for a
      varying production program as well, and the quality of casting obtainable
      manually can be equalled or surpassed.
PAR  To this end, the apparatus according to the present invention further
      comprises a servomechanism, electric circuit means including the sensor,
      motor means, and a control device including means for supporting the
      sensor, the servomechanism being automatically controlled by the circuit
      means for moving the sensor up and down within its operating range and,
      after pouring has begun, for causing its lower end to follow up the
      surface level of the molten metal in the pouring gate and thus
      intermittently to effect short-stroke up-and-down movements with respect
      to that surface level so as to be alternately in and out of electrically
      conductive contact with the metal in the pouring gate, and the motor means
      being controlled by the control device for causing the metal to be poured
      from the receptacle into the pouring gate as a function of the level of
      metal sensed in the pouring gate by the sensor.
PAR  The aforesaid design makes it possible to ensure that the pouring gate is
      kept full as desired, with the attendant advantageous consequences, more
      certainly than in the case of manual pouring. There is no longer any
      dependence upon the full attention and consistently rapid reaction of the
      founder; there are fewer rejects, and accidents during pouring can be
      avoided much more easily. It is possible to cut down on personnel, and
      working conditions are made easier; at the same time, the output of the
      casting installation equipped with the apparatus can be considerably
      increased. The pouring gate can be made smaller and the runner material
      thereby reduced, which in itself is often already enough to guarantee the
      economical operation of this automatic apparatus. Overflowing metal, and
      thus injuries to personnel and damage to equipment, as well as the cost of
      such metal, are avoided.
PAR  A pouring apparatus taught by German Disclosed Application No. 2,108,000
      likewise operates with a movable sensor which, however, forms part of a
      filling-level indicator device that starts and stops the pouring operation
      but does not control it in any way. Filling-level indicators with sensors
      are quite generally known in a number of instances in connection with
      automatic continuous casting installations.
PAR  As may be gathered from German Published Application No. 1,138,891 and U.S.
      Pat. No. 2,290,083, for example, the pouring of molten metal into the
      billet mold, or rather into an intermediate basin coming before the billet
      mold, has been controlled for many years now in continuous casting
      machines by means of a servomechanism controlled by a stationary sensor in
      such a way that the surface of the molten metal in the basin always
      remains at substantially the same level.
PAR  This system is very sluggish in operation because it relays only two
      commands to the pouring apparatus, viz., "tilt ladle" and "cease tilting
      ladle". The two prerequisites for the functioning of this method are a
      large pouring basin and a mold which remains the same for relatively large
      production series, so that the system may be adjusted accordingly.
PAR  The conditions are quite different in the case of casting in box molds. The
      flow-rate may change from one mold to the other and may even change very
      considerably within one mold. The pouring gate is very much smaller in
      relation to the rate of pouring, which is why the system for continuous
      casting would be totally unusable for automatic pouring into the usual box
      molds.
PAR  One possible embodiment of the present invention provides that the
      servomechanism comprises a double-acting hydraulic piston-and-cylinder
      unit and an electromagnetically operatable selector valve controlled by
      the circuit means for alternately injecting pressure fluid into one or the
      other of the chambers of the hydraulic piston-and-cylinder unit; the
      servomechanism then preferably comprises an adjustable throttling member
      connected in before the reversing shutoff device, thus making it possible
      to cause the servomechanism to respond more or less quickly to changes in
      the level of the molten metal in the pouring gate of the mold.
PAR  A preferred embodiment of the invention will now be described in detail, by
      way of example, with reference to the accompanying drawing, the sole
      FIGURE of which is a diagram of the aforementioned embodiment.
PAR  A dolly 14 is adapted to travel on rails 15 so that a mold 12 may be set
      upon it and moved into a suitable position for casting.
PAR  A ladle 16 containing the molten metal to be poured can be tilted about a
      pivot point 17 by means of an electric chain hoist 5, which may either
      have two fixed speeds or be continuously variable in speed. Casting
      installations of this kind are well-known.
PAR  The present invention relates more particularly to an apparatus for the
      controlled pouring of the molten metal from the ladle 16 into the mold 12
      in such a way that during the entire casting operation, the surface level
      18 of the molten metal is kept in a pouring gate 13 of the mold 12 with as
      little variation as possible in order to prevent the slag floating on top
      of the metal from reaching the cavities of the mold proper.
PAR  This apparatus comprises a sensor 2 in the form of a vertical, electrically
      conductive rod, the upper end of which is insulatingly fastened in the
      bottom portion of a pistonrod 19, movable up and down vertically, of a
      hydraulic piston-and-cylinder unit 6. The unit 6 forms part of a
      servomechanism, designated as a whole by the reference numeral 20, which
      is automatically controlled by electric circuit means 21, to which the
      sensor 2 belongs.
PAR  The primary task of the servomechanism 20 is to move the sensor 2 up and
      down within its operating range in such a way that after pouring has
      begun, the lower end of it follows up the surface level 18 of the molten
      metal in the pouring gate 13 and, in so doing, intermittently executes
      short-stroke up-and-down movements so as alternately to dip into the metal
      and be withdrawn from it. After casting has been completed, i.e., when the
      surface level 18 in the pouring gate 13 has reached a maximum height, the
      servomechanism 20 also serves to lift the sensor 2 up into a resting
      position in which it can in no case hinder the removal of the mold 12 to
      be rolled away on the dolly 14.
PAR  In the servomechanism 20, the piston-and-cylinder unit 6 is connected to a
      pump 27, driven by an electric motor 26, and to a reservoir 28 containing
      the operating fluid, by means of pipelines 22, 23 24 and 25 of an
      electromagnetically operatable selector valve 7. In the pipeline 24
      leading away from the pump 27, an adjustable throttling valve 8 is
      inserted. The solenoid of the selector valve 7 is inserted in the circuit
      means 21. In addition to the sensor 2 and a power source 9, the circuit
      means 21 also comprise a push-button switch 11 which is closed by the
      molding box 12 when the latter is exactly in the pouring position. Details
      of the circuit means 21 will be described below, together with the
      resultant automatic mode of operation of the apparatus whereby the sensor
      2 is lifted all the way up into a resting position when a maximum level is
      reached in the pouring gate 13, and is not moved down again into its
      operating range until after a filled mold has been carried away and
      replaced by an empty mold in the pouring position.
PAR  The apparatus also comprises a device, designated as a whole by the
      reference numeral 26, of which the piston-rod 19 supporting the sensor 2
      forms part, for controlling the motor means, consisting in this embodiment
      of the chain hoist 5 and the associated drive motor 5a, for tilting the
      ladle 16 containing the molten metal over and back as a function of the
      level of molten metal sensed in the pouring gate 13 by the sensor 2. This
      device 26 may obviously take any one of a number of different forms.
PAR  In the embodiment illustrated, the piston-rod 19 bears at the top a rack 29
      which is drivingly connected by means of a cog-wheel to an electrical
      transmitter (rotary switch) 4 which thus transmits a control signal,
      corresponding to the position of the sensor 2 in the vertical sense, over
      a signal line 30 to a conventional direction-of-rotation and
      speed-of-rotation control device 31 of the motor 5a.
PAR  Sensor-Control
PAR  The normal position is as follows: a coil 3 of the selector valve 7 is not
      energized and thus keeps the sensor 2 in its uppermost position. This
      position of the sensor 2 is registered by the switch 4, which occupies
      position E. This makes it possible to move the molding box 12 since the
      sensor 2 does not project into the pouring gate 13.
PAR  The apparatus operates as follows: after one box has been moved away, a new
      one comes into pouring position. The switch 11 is closed. A starting
      impulse relay IR, by means of its contact, switches into circuit a locking
      relay SR which, in turn, connects the negative pole of the power source 9
      to the base of a transistor Tr via a resistor R. The transistor Tr causes
      a relay RL to attract, whereby the selector valve 7 reverses. The sensor 2
      is then lowered into the gate 13. The switch 4 now occupies position A,
      which brings about the rapid tilting of the ladle 16. The molten metal
      flows into the pouring gate 13 and thus creates a direct connection
      between the sensor 2 and ground, which is connected in turn to the
      positive pole of the power source 9. Even though this is a very "poor",
      i.e., high-impedance connection, it nevertheless suffices to make the
      potential at the transistor base positive and to make the transistor Tr
      itself non-conductive. The relay RL drops out, and the selector valve 7 is
      reversed by spring tension. The sensor 2 rises until it no longer has any
      connection to the metal in the pouring gate 13. Immediately, the
      above-described operation is repeated. This tip of the sensor 2 constantly
      oscillates with short-stroke movements about the level in the pouring gate
      13, wherever it may be at any given moment. As this takes place, that
      level is constantly registered by the switch 4. After pouring has started,
      the level of the molten metal rises. The sensor 2 leaves the lowest
      position A, the result of which is that the tilting speed of the ladle 16
      is thenceforth slower. If the level rises to position B, tilting is
      stopped completely until the moment when the level again falls below B.
      This operation (level below B and above B) may be repeated a number of
      times. If too much metal flows out of the ladle 16, and if the surface of
      the metal rises to level C, the ladle 16 is caused to swing back so that
      the pouring stream becomes smaller, and the too-high level in the pouring
      gate may sink again. When the mold 12 is full, the surface level of the
      metal in the pouring gate 13 suddenly rises since no more metal can flow
      out. As a result, the sensor 2 rises, and the switch 4 assumes position D.
      The ladle 16 is thereby swung upright via a time-lag relay so that no more
      metal can flow out.
PAR  The casting operation is now terminated. When the level D is reached, a
      relay D attracts and, together with the pulse of a contact r12, cuts the
      locking relay SR out again. Immediately, the coil 3 of the selector valve
      7 is then no longer energized. The piston-rod 19 with the sensor 2 goes
      back into the uppermost position. The prerequisite for rolling the molding
      box 12 away is once more met. The same pouring operation is not
      recommenced until a new molding box again operates the terminal switch 11.
PAR  It will be understood that a great variety of changes might be made in the
      example of an embodiment described. For instance, if another type of motor
      5a were provided, the control device 26 might obviously comprise a
      potentiometer, for example, which would trigger a conventional thyristor
      control for the various rapid back-and-forth rotations.
PAR  Instead of being a tilting lip-pour ladle, the ladle 16 might be designed
      as a bottom-pour ladle. In that case, the chain hoist might be replaced by
      a worm gear with a screw-spindle movable up and down; the screw spindle,
      provided with a stopper at its lower end, would close off completely or
      free to a greater or lesser extent an opening in the bottom of the ladle
      for the purpose of varying the rate of molten metal flowing out of the
      ladle into the mold. In the case of a hydraulically operated pouring
      apparatus, the hydraulic valve might equally well be controlled via the
      sensor control.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for a casting installation, for controlled pouring of
      molten metal during casting in a movable mold having a pouring gate,
      comprising a receptacle for said metal and a sensor having a lower end,
      said sensor being movable from a resting position, in which it is situated
      outside the range of movement of said mold at the location provided for
      pouring, into an operating range, in which said lower end projects into
      said pouring gate, and further comprising a servomechanism, electric
      circuit means including said sensor, motor means, and a control device
      including means for supporting said sensor, said servomechanism being
      automatically controlled by said circuit means for moving said sensor up
      and down within said operating range and, after pouring has begun, for
      causing said lower end to follow up the surface level of said metal in
      said pouring gate and thus intermittently to effect short-stroke
      up-and-down movements with respect to said surface level so as to be
      alternately in and out of electrically conductive contact with said metal
      in said pouring gate, and said motor means being controlled by said
      control device for causing said metal to be poured from said receptacle
      into said pouring gate as a function of said surface level sensed in said
      pouring gate by said sensor.
NUM  2.
PAR  2. An apparatus in accordance with claim 1, wherein said servomechanism
      comprises a double-acting hydraulic piston-and-cylinder unit and an
      electromagnetically operatable selector valve controlled by said circuit
      means for alternately injecting pressure fluid into one or another chamber
      of said unit.
NUM  3.
PAR  3. An apparatus in accordance with claim 2, wherein said servomechanism
      comprises an adjustable throttling member connected in before said
      selector valve.
NUM  4.
PAR  4. An apparatus in accordance with claim 1, wherein said receptacle is a
      tilting lip-pour ladle adapted to be tilted over and back by said motor
      means.
NUM  5.
PAR  5. An apparatus in accordance with claim 1, wherein said receptacle is a
      bottom-pour ladle having a stopper adapted to be raised and lowered by
      said motor means.
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ABST
PAL  A process is described in which surface attached living cell cultures are
      treated, cooled, stored and revived in such a manner as to retain their
      viability and their adherence to culture surfaces.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  1. Field of the Invention
PAR  This invention relates to the field of preserving living cell cultures.
      More particularly a method is provided which allows surface-attached cell
      cultures to be cooled, stored and later revived without greatly disturbing
      their adherence to the original surfaces upon which they were attached and
      without destroying their capability for being revived as living cell
      cultures.
PAR  2. Description of Prior Observations
PAR  Polge, Smith and Parkes, Nature, London 164:666 (1949) discovered that bull
      spermatozoa can be preserved for long periods of time by freezing
      suspended cells in the presence of 5-10% glycerol. Since their discovery
      many workers have used modifications of this technique for the
      preservation of living cells of various types. Subsequently, a technology
      developed which has been aimed at improving the efficiency with which
      suspensions of living cells can be revived after storage in the frozen
      state.
PAR  While Shimada and Ashina, Cryobiology 9:51-56 (1972) have studied the
      freezing and thawing of surface-attached living cells, they were
      principally interested in microscopically observing individual HeLa cells
      which were attached to cover-slips during the freezing the thawing
      processes in the absence of the chemicals usually employed for long term
      storage of cells in the frozen state. The storage aspects of frozen cells
      were not studied by Shimada and Ashina, rather, they thawed the cells
      within minutes after freezing, at different rates and with and without ice
      crystals "seeding". The physical effects of these treatments on the
      morphology of the cells was observed.
PAR  Variables which have been studied for storing suspended cells include
      incorporation of different chemical components into the storage medium
      (See Vos and Kaalen, Cryobiology 1:249-260 (1965) and Ashwood-Smith,Warby,
      Becker and Connor, Cryobiology 9:311 (1972)), the concentration of these
      components, the rate at which the temperature is lowered during the
      initial cooling process, the temperature at which cells are stored and the
      rate at which cells are warmed during revival. Scherer and Hoogasian,
      Proc. Soc. Exp. Biol. Med. 87:480-487 (1954), using glycerol in their
      storage medium, did some of the first experimental work to determine
      optimal conditions for storing suspended cells derived from cell cultures.
      Later, dimethyl sulfoxide (DMSO) was found useful for storing suspended
      cells at low temperatures (See Farrant, Nature, London 205:1284-1287
      (1965). Glycerol and DMSO are, at the present time, probably the most
      generally used chemicals employed in the various media utilized for
      storing suspended cells derived from cell cultures (see the discussion by
      Paul, Cell and Tissue Culture, 4th Ed., pp. 308-315, The Williams and
      Wilkins Company, Baltimore (1970) and that by Wasley and May, Animal Cell
      Culture Methods, pp. 137-144, Blackwell Scientific Publications, Oxford
      and Edinburgh (1970)). About 5% to about 15% concentrations of glycerol or
      DMSO are now most commonly used, although Scherer and Hoogasian
      successfully used glycerol at concentrations up to 30%. The latter workers
      also reported successful storage of both HeLa and L cell cultures after
      rapid cooling; however, slow cooling at about one centigrade degree per
      minute is now generally favored and practiced. In fact, Meryman, Annals of
      the New York Academy of Sciences, 85:503-509 (1960) stated that, except
      for mammalian erythrocytes, "rapid freezing does not appear to work for
      the majority of animal tissues". Meryman further stated "we must abandon
      for the time being the rapid freezing approach which, whether because of
      intracellular crystal growth or some other undetermined mechanism, simply
      does not work". Cells of different kinds seem to vary in their sensitivity
      to rapid cooling, as well as to other variables in the storage process.
      Slow cooling, at the rate of about one centigrade degree per minute, gives
      satisfactory results for storing many kinds of suspended cells derived
      from cell cultures, by the processes now practiced, and is the method now
      most generally used.
PAR  With minor variations, freezing and storage of cultured cells is presently
      accomplished in the following manner: Cells adhering to and growing on
      vessel surfaces are washed with physiological saline and are detached from
      such surfaces by mechanical means (shaking or scraping) and/or by the use
      of enzymes and a chelating agent (such as EDTA). The cell suspension is
      usually centrifuged, the liquid phase containing the enzymes or chelating
      agent discarded (some workers eliminate this step, but it is recommended
      for optimal results) and the cells re-suspended in a liquid suitable for
      freezing (usually this contains about 5% to about 15% DMSO or glycerol).
      The cells are kept at 0.degree.-4.degree.C while a sample is counted in a
      hemacytometer and then the volume of the liquid is adjusted to give the
      desired cell concentration (usually about 2.sup.. 10.sup.6 cells/ml).
      Measured volumes of the cell suspension are placed into multiple ampoules
      (cell suspensions must, of course, be continually agitated during this
      period to keep them in a homogeneous suspension). The ampoules are then
      sealed, (usually with a hot torch), frozen slowly (special equipment is
      usually required) and maintained at a storage temperature of -70.degree.C
      or below until needed. The frozen cell suspensions are then thawed
      rapidly, centrifuged, the liquid phase containing the storage medium is
      discarded, the cells are resuspended by agitation and the cells placed
      into appropriate culture vessels to grow. Cultures are divided after cell
      crowding occurs and, when a sufficient number of cells have developed in a
      sufficient number of the appropriate type of culture vessels, they are
      used for specific purposes such as virus experimentation, isolation of
      viruses from clinical specimens, titration of viruses, virus production,
      or further cell propagation. Summarizing, the methods for cell freezing
      and storage now commonly used involve the following manipulations:
      detachment from the culture surface by mechanical agitation, scraping or
      enzyme treatment, centrifugation to remove the enzyme, resuspension in
      storage medium, continuous agitation, cell counting, adjustment of the
      cell concentration, dispensing into ampoules, sealing the ampoules, slow
      freezing, thawing, re-centrifugation to remove the storage medium,
      continuous agitation, cell counting, adjustment of the cell concentration,
      dispensing into ampoules, sealing the ampoules, slow freezing, thawing,
      re-centrifugation to remove the storage medium, resuspension by agitation,
      and dispensing into new culture vessels for cell growth. These
      manipulations, in addition to being numerous and likely to shock or damage
      cells, are time consuming, require enzymes, and/or chelating agents,
      require a centrifuge, require a device for controlled freezing, require
      special sealable ampoules for storage and require the use of new culture
      vessels for growth of the revived cells. When done expertly under the best
      of circumstances recovery rates of up to 95% viable cells have been
      attained. Figures less than this are frequently obtained because it is
      difficult to achieve uniformly optimal performance at every one of the
      many steps involved. Poor recovery of viable cells in some cases is
      probably due to a peculiar susceptibility of certain cell types to one or
      more of these manipulations.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention the foregoing shortcomings of
      prior art methods and the difficulties encountered in the use thereof are
      substantially eliminated through the use of a process for cooling, storing
      and reviving surface attached living cells which includes the steps of (1)
      exposing living cells which are attached to a surface of a storage vessel
      to a storage medium which is relatively non-toxic to such cells and which
      is compatible therewith during cooling to a temperature below 0.degree.C,
      storage and subsequent warming processes; (2) cooling the storage vessel
      and the surface attached living cells therein to a storage temperature
      below 0.degree.C effective for arresting the metabolism of the cells; and
      (3) storing said vessel and said surface attached cells at said storage
      temperature for an extended period of time. In its broader aspects the
      invention also is directed to a frozen package of cellular material which
      comprises: (1) a storage vessel having an internal surface; (2) a quantity
      of living cells which are surface attached to said surface of said vessel;
      and (3) at least a sufficient quantity of a storage medium to wet the
      outer surfaces of said cells disposed in coating relationship thereto. In
      accordance with the invention the medium is relatively non-toxic to the
      cells and is compatible therewith during cooling to a temperature below
      0.degree. C, storage and subsequent warming processes, and the entire
      package has a temperature below 0.degree. C effective for arresting the
      metabolism of the cells.
PAR  In its more specific and preferred aspects, the processes and package of
      the invention include the use of a storage medium which contains between
      about 5 and about 40% of either dimethyl sulfoxide, glycerol or ethylene
      glycol. A cooling rate of about 1.degree. C per minute is particularly
      effective and storage temperatures between about 0.degree. C and
      -200.degree. C have been found to be highly useful. A particularly useful
      storage temperature is about -70.degree. C.
PAR  The present invention contemplates, subsequent to the storage step, the
      warming of the vessel and the surface attached cells therein sufficiently
      to thaw the cells whereby the same may be utilized in the usual manner and
      for conventional purposes.
PAR  The process of this invention is most clearly distinguishable from the
      living cell storage art now practiced in that it is concerned only with
      the systematic preservation and storage in place of cells which adhere to
      surface within the culture vessels, not with the preservation and storage
      of suspended cells. In addition, conditions have been found for rapidly
      cooling surface adhering living cell cultures in media containing 5-30%
      concentrations of DMSO so that excellent recovery of the surface adhering
      living cells can be achieved following storage.
PAR  It is a primary object of this invention to provide a new, improved and
      simplified method for preserving and storing living cell cultures at low
      temperatures. One of the important objectives of this invention is to
      preserve surface attached living cells in situ (in their cultured
      position) and thus minimize cell manipulation, with the associated shock
      and damage to the cells. By the process of this invention, shaking,
      scraping, agitation and exposure to enzymes or other chemicals normally
      required for suspending the cells are avoided, so that revived cells
      require less time to recover from the shock associated with storage. In
      fact, cells stored according to the process of this invention frequently
      can be used for viral studies or other experimentation immediately after
      thawing. If the preferred embodiments of this invention are followed,
      stored cells remain attached to the surfaces of the vessels and resemble
      healthy cells almost immediately after warming. Pseudopods usually remain
      extended and there is little evidence that the cells have been stored.
PAR  A further objective of this invention is to eliminate the need for
      centrifugation to remove dispersing agents or storage medium and the
      required use of sophisticated equipment associated with controlled
      temperature slow cooling (such as a controlled temperature unit made by
      Canal Industrial Corporation, Bethesda, Md.).
PAR  It is a purpose of this invention to provide conditions for treating,
      cooling and storing living cell cultures, such that the rate of initial
      cooling and the requirement for very low storage temperatures are less
      critical for satisfactory revival of the living cells. According to the
      present art, cells are usually cooled slowly under carefully controlled
      conditions and stored at temperatures of -70.degree. C or less in order to
      achieve satisfactory recovery of living cells.
PAR  Another purpose of this invention is to eliminate the need for two sets of
      vessels required to achieve cell storage according to the art now
      practiced, i.e., (1) sealable ampoules for freezing and storage and (2)
      new culture vessels for the revived cells. This constitutes a saving of
      materials and a consequent saving in the cost of cell storage.
PAR  A further objective of this invention is to allow storage of living cell
      cultures directly in the vessels most suitable or convenient for their
      eventual use after revival. In this way, sudden, unpredicted needs for
      cell cultures (as in clinical laboratories where specimens for inoculation
      or infectious agents arrive unexpectedly) can be readily met without
      practicing the wasteful and costly procedure of keeping cells perpetually
      available in the particular type of vessels most suitable for immediate
      use. This latter procedure is presently followed and consequently many
      cell cultures must be eventually discarded when they are not used.
      According to the process of this invention, only the exact number of
      vessels, the exact types of vessels, and the specific cell types actually
      required at a particular time need be withdrawn from storage and revived
      for use. Although these benefits of the present invention are particularly
      enjoyed by the ultimate user of cells, this technique will also be
      especially useful to commercial suppliers who now systematically
      over-produce cell cultures in order to guarantee prompt delivery to
      customers who unexpectedly increase their demands. Such predictable,
      calculated waste by the commercial supplier is costly and this cost is, of
      course, passed along to the user.
PAR  Another objective of this invention is to improve the uniformity of living
      cell cultures available for use. Serial propagation of cell cultures
      inevitably leads to changes in the genetic characteristics of most cells
      and biological aging of cell lines which sometimes have finite life
      expectancies. Further in the prior art methods described above, there is a
      perpetual risk of contamination with infectious agents from different lots
      of serum and trypsin or as a result of manipulation by technicians. The
      inevitable consequence of this procedure is a variation in the results
      obtained when serially propagated, constantly changing cells are used
      experimentally or for purposes such as vaccine production. According to
      the process of the present invention, cells of one lot are distributed
      under identical conditions into the vessels in which they will actually be
      used, then stored and retrieved as truly replicate cell cultures. This
      provides uniquely uniform materials for revival and use in experiments or
      projects over long periods of time.
PAR  In the past, some have sought to minimize inevitable changes in serially
      propagated cells by periodically discontinuing serial propagation of
      certain cell culture lines and reviving stored aliquots of antecedent
      cultures (frozen in suspension) for further serial propagation and use.
      Another objective of the present invention is to eliminate the necessity
      of serially propagating a specific cell lot following its revival from the
      frozen state and prior to its use. Multiple cell cultures are thus
      available for use, each of whose culture history is exactly the same as
      every other culture and each of which can be revived at any convenient
      time. Thus, the biological age of cells in multiple vessels can be
      artificially arrested at the time they are stored, and the cells be made
      perpetually available for revival and continuation of the "biological
      clock" or aging process, to proceed to the exact point selected by the
      experimentalist. This invention fulfills a practical need for uniformity
      of cell cultures long recognized but previously difficult, if not
      impossible to achieve.
PAR  Cells adhering to surfaces within replicate culture vessels can, of course,
      be treated with any chemical, or infected with infectious agents prior to
      their storage, then cooled and stored until it is convenient to revive
      them. In this way, uniformly treated cells can be made perpetually
      available for convenient revival, for example, as control infected
      cultures or as a convenient source of freshly replicating infectious
      agents. Similarly, cell cultures can be treated physically (as by
      radiation) to alter their characteristics and be conveniently stored and
      revived when needed. It is therefore, an objective of this invention to
      provide a means for storage and revival of multiple replicate cell
      cultures which have been treated identically with chemicals, infectious
      agents or physical stress. The uniformity of cell treatment is a benefit
      permitted by this invention perhaps as important to some experimentalists
      as the uniformity of the stored cells themselves.
PAR  Another objective of this invention is to permit testing of sample
      replicate primary cell cultures before the remainder of a stored lot of
      cells is used for experimentation or for purposes such as viral vaccine
      production. The term "primary cell culture" is defined as the first
      out-growth of cells, in culture, from tissues obtained directly from the
      animal. Removal of these cells from vessel walls and re-culturing them
      constitutes a "passage" of the cells, therefore they can no longer be
      regarded as primary. There are, in specific cases, legal restrictions
      against the use of other than primary cells for viral vaccine production.
      Therefore, viral vaccine manufacturers usually proceed with the many
      operations required for vaccine production in primary cell cultures at the
      same time that governmentally required purity and safety tests on sample
      uninoculated (control) cell cultures are being accomplished. Sometimes
      vaccine is almost ready for market before the required tests on control
      cultures are completed. This procedure is costly to the producer if the
      control cell cultures are found to be contaminated with infectious agents
      or if the control cells otherwise fail to meet governmental standards
      concerning purity and safety. According to the process of the present
      invention, the main body of a primary cell lot can be stored in a stable
      condition until replicate control cultures from that lot have been
      thoroughly tested to insure that the cells are suitable for use. This can
      enable the manufacturer to avoid expensive processing of vaccine lots
      which must later be discarded when the uninoculated control cell cultures
      fail to meet required standards.
PAR  A further objective of this invention is to make possible the more
      satisfactory transport of living, surface attached cell cultures in the
      same culture vessels in which they will ultimately be used (for the
      greater convenience of the recipient) by transporting them in an extremely
      stable condition, i.e., in the cooled state and in a condition such that
      changes in position of the culture vessels cause no difficulties.
      Transport of surface attached living cells now involves exposure to
      deleterious or lethal conditions such as cold (cells frozen without
      special storage medium are killed; prolonged chilling is detrimental),
      heat, delays of several days in route (metabolizing cells must be given
      fresh nutrient medium periodically; this is usually impossible in
      transit), or inadvertent positioning of cultures so that nutrient medium
      does not cover the cells (see the discussion by Paul, supra on the
      problems of transporting cell cultures). The occasional practice of
      filling cultures with nutrient medium to solve this problem adds great
      weight and consequently increases the expense of shipping if significant
      distances are involved, (cell cultures are usually shipped by air).
PAR  Spillage of medium from culture vessels not completely sealed, such as
      depression or Petri plates, make successful shipping of cell cultures
      growing in such vessels presently very difficult. Thus, it is an objective
      of this invention to widen the variety of culture vessels available for
      use with cell cultures which are to be shipped from one place to another.
      According to this invention, the medium overlaying the cells is in a phase
      and/or in such a small quantity that there is no problem of spillage or
      leakage from unsealed culture vessels, regardless of the position in which
      the vessels are placed during transit.
PAR  Whereas surface adhering cell cultures, when shipped, must now be attended
      by trained personnel soon after arrival at their destination, such cells
      stored at low temperatures need only be refrigerated at their destination
      until trained personnel become available or it is otherwise convenient to
      care for the cultures. Accordingly, it is an objective of this invention
      that careful coordination in timing between shipper and recipient of
      living cells be less critical and that a tissue culture technician not be
      required to care for every shipment of cells immediately upon its arrival
      at a destination.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the foregoing and the following description and discussion of this
      invention, the term "surface attached" refers to any living cells which
      naturally adhere to surfaces within culture vessels, or which can be made
      to adhere to such surfaces artificially.
PAR  The term "living cell cultures" or "living cells" in the sense used herein
      refers to any type of animal cell or group of cells which is maintained or
      is allowed to propagate artificially outside the animal of origin, in
      culture vessels. This includes cells which have no apparent organization
      (technically called "cell cultures") as well as groups of cells which
      retain degrees of organization resembling that seen in the original
      tissues or organs from which they were derived (technically called "tissue
      cultures" or "organ cultures"). The term "living cells", as used herein,
      is further defined to include: (1cells which are infected naturally or
      artificially with living agents such as viruses, mycoplasma, rickettsia,
      bacteria or any other living agents; or (2) cells which have been treated
      physically or chemically so as to modify their normal characteristics or
      chemical composition. The only restriction implied is that cells be cooled
      and stored so that when they are revived some of the cells retain
      structural organization and can later carry out some or all of the
      metabolic processes usually associated with those cells before they were
      stored. "Living " in this sense does not, therefore, imply a requirement
      for indefinite cell division or a complete metabolic capability either
      before or after cooling and storage. In fact, cells may be infected or
      otherwise treated deliberately prior to preservation by the process herein
      described, so as to arrest or modify cell division or certain metabolic
      capabilities either temporarily or permanently; these treated or modified
      cells are included in the term "living cell cultures" used in this text.
PAR  Generally, the preferred process for cooling, storing and reviving living
      cell cultures, according to the present invention, comprises the steps of:
PAR  a. placing living cells of an appropriate type and concentration into
      culture vessels with a suitable cell culture medium and allowing the cells
      to adhere, or causing them by artificial means to adhere, to the vessels'
      surfaces (these are hereafter called "living cell cultures" or "living
      cells");
PAR  b. allowing the cells to multiply to a desired concentration per unit
      surface area, or otherwise to develop to a desired state,
PAR  c. removing the cell culture medium from the culture vessels and replacing
      it with a medium containing about 10% dimethyl sulfoxide (by volume) and
      about 10% animal serum (hereafter this medium is called the "storage
      medium");
PAR  d. exposing the cells to the storage medium for a period of about 15
      minutes (at temperatures ranging from about 20.degree. C to about
      25.degree. C) to allow equilibration of this medium with the cells;
PAR  e. removing sufficient amounts of storage medium from the culture vessels
      to prevent later disturbance of surface-attached cells by movement during
      warming, yet retaining enough to form a layer of storage medium over the
      attached cells during the cooling process,
PAR  f. lowering the temperature of the cell cultures in the culture vessels
      until a temperature of about -20.degree. C or lower is reached,
PAR  g. within a few hours, transferring the culture vessels and the cells
      therein to a container having a temperature of about -70.degree. C or
      less, where the cells are kept until it is convenient to withdraw them for
      revival,
PAR  h. warming the cell culture vessels and thereby the cells rapidly (for
      example, by exposure to water at about 37.degree. C), being careful to
      minimize movement of fluid or ice over the culture surfaces and consequent
      disturbance of the surface-adhering living cells,
PAR  i. removing the warmed storage medium from the living cell cultures by
      decanting or aspiration,
PAR  j. replacing the storage medium with an appropriate cell culture medium
      (one usually used for culturing or maintaining that particular cell type),
PAR  k. incubating the revived cell cultures under conditions known to be
      favorable for the culture or maintenance of that particular cell type.
PAR  It should be understood that the above general description and the
      following explanations are only examples of how the process of this
      invention can be carried out and are not to restrict the variety of ways
      that the main objectives might be achieved within the general scope of the
      invention.
PAC  COMPOSITION OF THE STORAGE MEDIUM
PAR  Any growth medium normally used for cell cultivation (growth) should be
      generally satisfactory as a base for preparing the storage medium. To this
      may be added sterile DMSO, glycerol or ethylene glycol to provide the
      appropriate concentrations. Hereinafter, concentrations of these three
      compounds are expressed as percents by volume; for example, a 10%
      concentration of DMSO in a storage medium is defined as consisting of 10
      ml of DMSO and 90 ml of cell culture growth medium.
PAR  Cell types and strains vary in their ability to withstand the rigors of
      cooling, storage and revival as living cell cultures. It is
      understandable, therefore, that various cell types and strains differ in
      their optimal requirements concerning the composition of the storage
      medium. When several different cell types or strains are to be stored, it
      is technically more convenient to use a single storage medium whose
      composition is satisfactory, though perhaps not optimal for all the cells.
      Therefore, according to a preferred embodiment of this invention the
      storage medium may comprise about 10% DMSO in a cell culture growth medium
      containing about 5% to about 20% serum (such as fetal calf serum) with the
      remainder being an isotonic buffered solution (such as Basal Eagles medium
      with Earle's salts).
PAC  AMOUNT OF THE STORAGE MEDIUM TO BE USED
PAR  After exposing surface adhering living cells to the storage medium for a
      few minutes at room temperature, part to nearly all of this medium can be
      removed prior to cooling and storage. In accordance with the preferred
      embodiment of this invention, a depth of about 3mm to about 5mm overlay of
      storage medium gives favorable results, i.e., long term stability of
      viable cells. There are, however, at least two distinct advantages in
      removing most of the storage medium from the cell cultures after a few
      minutes exposure and just prior to cooling and storage: (1) growth or
      maintenance medium can be carefully placed in the culture vessel on a side
      not occupied by the storage medium-treated, surface adhering cells, the
      entire culture cooled in this position, stored, then warmed and rotated to
      a position so that the cells are covered with culture medium and can be
      incubated immediately without the necessity of opening the culture vessel
      to change fluids. Thus, a further technical simplification is accomplished
      and an even higher degree of uniformity is achieved in the stored, revived
      cultures by avoiding the use of different lots of growth or maintenance
      medium to nourish cell cultures revived at different times; and (2) there
      will be little or no disturbance of the adhering cells by rough handling
      during shipment or during warming (sudden movements of fluid and/or
      melting ice, if excessive, can dislodge cells). These advantages could not
      be achieved except for the discoveries: (a) that surface attached cells
      can be cooled, stored and revived with favorable recovery of cell
      viability and so as to retain their position of attachment on the surfaces
      to which they originally adhered; and (b) that such cells can be cooled,
      stored and successfully revived with very thin layers of storage medium
      bathing their surfaces.
PAC  RAPID COOLING OF CELLS TO BE STORED
PAR  In contrast to reportedly consistent failures to cool most suspended aminal
      cells rapidly and obtain satisfactory recovery of viable cells (Meryman,
      supra, erythrocytes are the exception), some types of surface attached
      living cells can be treated, according to the process of this invention,
      cooled rapidly, stored and satisfactory proportions of viable cells then
      recovered after warming. This can be accomplished, according to a
      preferred embodiment of this invention, by exposing the surface attached
      living cell cultures to storage medium for about 15 minutes, removing all
      but a thin layer of medium by aspiration or decanting, placing the cell
      cultures directly (without insulation around the culture vessels) into a
      low temperature refrigeration unit, allowing the cultures to cool, then
      storing the cultures at a low temperature indefinitely. When electric
      refrigeration is not available, or if stored cell cultures are to be
      packaged and shipped soon, the vessels can be placed directly into an
      insulated box with carbon dioxide ice for the initial rapid cooling and
      for subsequent storage. Care must be exercised, of course, to insure that
      culture vessels are gas-tight when exposed to carbon dioxide, to prevent
      excessive lowering of the pH in the cell culture. One of the unexpected
      benefits of the discovery that surface adhering cells can be frozen and
      stored in place is that they can be frozen rapidly without severe losses
      in viable cells.
PAC  SLOW COOLING OF CELLS TO BE STORED
PAR  Surface-attached living cells can also be cooled slowly and somewhat more
      satisfactory proportions of viable cells recovered after warming. This can
      be accomplished with sophisticated instrumentation or by placing
      insulation of a predetermined optimal thickness (such as polystyrene foam
      having a thickness of about one inch) around a given number of the culture
      vessels containing the surface attached living cells so as to cause slow
      cooling when the cell cultures (overlayed with storage medium) are placed
      in a low temperature refrigeration unit (See similar descriptions by Paul,
      supra, and Wasley and May, supra). According to a preferred embodiment of
      this invention, the storage medium contains about 10% DMSO and about 10%
      serum. Insulation around the cooled vessels (whether cooled slowly or
      rapidly) seems to be particularly valuable after cooling to prevent sudden
      temperature changes within the cell culture vessels when the refrigeration
      unit is opened periodically or the vessels are transferred to other
      refrigeration units (such temperature fluctuations are unfavorable for
      maintaining storage of viable cells). A preferred embodiment of this
      invention is the insulation of surface attached living cell cultures with
      that amount of insulation found in practice to give a cooling rate within
      the culture vessels of about 0.5.degree. to 1.degree. C per minute when
      the insulated vessels containing the living cells and storage medium are
      placed in a suitable refrigeration unit. For example, one inch of
      polystyrene insulation around a small number of cell culture vessels will
      allow approximately this rate of temperature decrease to occur (between
      about -10.degree. C and -25.degree. C) when the insulated vessels are
      placed in a refrigeration unit having a temperature of approximately
      -70.degree. C. Cooling by this method usually does not give a perfectly
      linear cooling rate over the entire cooling range, but the results are
      quite satisfactory. It is probable that one of the chief advantages of
      placing insulation around cell cultures for storage is the buffering
      effect against temperature fluctuations during long term storage, in
      addition to or rather than the slow cooling effect achieved initially.
PAC  TEMPERATURE AT WHICH CELLS CAN BE STORED SATISFACTORILY
PAR  Following initial cooling of surface attached living cells in the presence
      of storage medium, the cells can be stored at various temperatures ranging
      from about 0.degree. C to less than -200.degree. C, with varying degrees
      of efficiency. Lower (colder) temperatures are usually more satisfactory
      for long term storage, but storage can be accomplished, according to the
      process of this invention, at temperatures above (warmer than) -70.degree.
      C. For example, some types of surface adhering living cells can be stored
      at -20.degree. C for several weeks if a high recovery rate of viable cells
      is not essential (Scherer and Hoogasian, supra).
PAR  This invention is concerned with a process for cooling, storing and
      reviving living cell cultures which are attached to surfaces within the
      culture vessels. It is expected, of course, that those familiar with these
      disclosures and skilled in the art of cell culture can make useful
      modifications regarding the details of this process within the scope of
      the foregoing descriptions and the following claims without departing
      substantially from the basic principles described.
DETD
PAC  EXAMPLE
PAR  1. Living cells (hereafter called "cells") are made to detach from the
      surfaces upon which they have been cultured. This is done by scraping,
      mechanical agitation or by treatment with solutions of enzymes (such as
      0.2% trypsin) or chelating agents (such as EDTA).
PAR  2. Suspended cells are counted in a hemacytometer, pelleted by low speed
      centrifugation (about 2,000 .times. gravity for 5 minutes), and
      resuspended in an appropriate cell culture growth medium (as described by
      Paul, supra or Wasley and May, supra) to give a concentration of about
      100,000 cells per ml. Lesser concentrations (25,000 - 50,000 cells per ml)
      may be used in the case of rapidly growing cells; greater concentrations
      may be used in the case of slow growing cells, or when a rapid outgrowth
      of cells to a high density is desired.
PAR  3. Cell suspensions are dispensed into the type or types of culture vessels
      most convenient for the purposes intended, in volumes appropriate to the
      size of the vessels. Examples of vessels are test tubes (about 1-2 ml.
      cell suspension per tube), multi-depression plastic trays (about 0.2-2 ml
      cell suspension per depression), glass or plastic bottles (5-100 ml cell
      suspension per bottle) or Petri type plates (1-5 ml cell suspension per
      plate).
PAR  4. Cells in the culture vessels are incubated at a temperature optimal for
      the cell type (about 37.degree. C for many mammalian cells and
      20.degree.-29.degree. C for fish and reptile cells). In the case of
      unsealed vessels, a gaseous atmosphere having a composition favorable for
      cell culture is provided (a favorable atmosphere usually contains about 5%
      CO.sub.2 and a high humidity).
PAR  5. Cells are incubated for periods of time sufficient to allow cell
      attachment to the surfaces within the vessel, and to allow sufficient cell
      division to give a concentration of cells suitable for use in specific
      types of work (this may vary from a sparse, low density outgrowth of cells
      to a crowded, continuous sheet of cells).
PAR  6. The growth medium is drained or aspirated from the cell culture vessel,
      and replaced with a "storage medium" containing about 10% by volume
      dimethyl sulfoxide prepared in cell culture growth medium. The volume of
      "storage medium" is variable, but at minimum, the volume must be
      sufficient to bathe the attached cells.
PAR  7. The "storage medium" is allowed to bathe the cells for about 15 minutes
      before proceeding with the cooling procedure.
PAR  8. The "storage medium" may then be removed by draining or by aspiration,
      in the case of glass culture vessels or substrates, leaving only that
      "storage medium" which naturally adheres to the cell surfaces.
      Alternatively, "storage medium" can be left in the culture vessels to
      bathe the attached cells. The latter is optional when cells are cultured
      and adhered on glass substrates but is preferred when the cells are
      adhered to plastic surfaces.
PAR  9. The groups of cell culture vessels are then placed in an insulated
      container or, alternatively, the vessels are individually wrapped with
      insulating material. The insulated vessels are placed in a refrigeration
      unit, such as a -70.degree. C freezer. If the culture vessels contain a
      significant volume of the "storage medium", the vessels are oriented in
      the freezer so as to allow the "storage medium" to bathe the cells. The
      cell culture vessels containing the surface attached cells are then cooled
      slowly (at about 0.5.degree.-1.degree. C per minute) so as to reach a
      temperature below -40.degree. C. Alternatively, but less preferred, cell
      cultures with thin layers of "storage medium" can be placed into a
      refrigeration unit without insulation and frozen more rapidly.
PAR  10. The frozen cell cultures are kept in storage at a low temperature
      indefinitely. Temperatures lower than -60.degree. C are preferred for long
      term storage. Temperature fluctuations in the refrigeration unit are to be
      avoided.
PAR  11. The cell culture vessels containing the surface adhered cells are
      withdrawn from storage when needed, insulation (if present) removed from
      the vessels and vessels warmed rapidly to a temperature of about
      37.degree. C to 41.degree. C. This is done by exposing the vessels to warm
      water, a warm surface or moving warm air. Sudden or excessive movements of
      the vessels during the thawing process should be avoided to prevent pieces
      of ice and moving fluid from dislodging attached cells.
PAR  12. The thawed "storage medium" is drained or aspirated from the culture
      vessel, a cell culture growth medium is added gently in appropriate
      volumes (see item 3) and the cell cultures are incubated and/or used as
      desired. Ideally, cell culture vessels should not be agitated mechanically
      by bumping or by shaking excessively after growth medium is added, until
      the cultures have incubated for a few hours (12-24 ) and have resumed
      their normal metabolic activity.
PAR  13. Types of cells which have been successfully stored by this method
      include human embryonic brain cells, human embryonic lung cells, canine
      kidney cells, human amnion cells, monkey kidney cells and various human
      epithelial cell lines, both neoplastic and non-neoplastic.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for cooling, storing and reviving surface attached living
      cultured cells, the steps of:
PA1  exposing living cultured cells which are attached to a surface of a storage
      vessel to a storage medium which is relatively non-toxic to such cells and
      which is compatible therewith during cooling to a temperature below
      0.degree. C, storage and subsequent warming processes;
PA1  cooling said vessel and the surface attached living cells therein to a
      storage temperature below 0.degree. C effective for arresting the
      metabolism of the cells; and
PA1  storing said vessel and said surface attached cells at said storage
      temperature for an extended period of time.
NUM  2.
PAR  2. A process as set forth in claim 1 wherein said storage medium contains
      about 5 to about 40% dimethyl sulfoxide.
NUM  3.
PAR  3. A process as set forth in claim 2 wherein said storage medium contains
      approximately 10% dimethyl sulfoxide.
NUM  4.
PAR  4. A process as set forth in claim 3 wherein said cooling is effectuated at
      a rate of about 1.degree. C per minute.
NUM  5.
PAR  5. A process as set forth in claim 4 wherein said storage temperature is
      about -70.degree. C.
NUM  6.
PAR  6. A process as set forth in claim 2 wherein said storage medium contains
      approximately 10% glycerol.
NUM  7.
PAR  7. A process as set forth in claim 6 wherein said cooling is effectuated at
      a rate of about 1.degree. C per minute.
NUM  8.
PAR  8. A process as set forth in claim 7 wherein said storage temperature is
      about -70.degree. C.
NUM  9.
PAR  9. A process as set forth in claim 2 wherein said storage medium contains
      approximately 10% ethylene glycol.
NUM  10.
PAR  10. A process as set forth in claim 9 wherein said cooling is effectuated
      at a rate of about 1.degree. C per minute.
NUM  11.
PAR  11. A process as set forth in claim 10 wherein said storage temperature is
      about -70.degree. C.
NUM  12.
PAR  12. A process as set forth in claim 1 wherein said storage medium contains
      about 5 to about 40% glycerol.
NUM  13.
PAR  13. A process as set forth in claim 1 wherein said storage medium contains
      about 5 to about 40% ethylene glycol.
NUM  14.
PAR  14. A process as set forth in claim 1 wherein said cooling is effectuated
      at a rate of about 1.degree. C per minute.
NUM  15.
PAR  15. A process as set forth in claim 14 wherein said storage temperature is
      about -70.degree. C.
NUM  16.
PAR  16. A process as set forth in claim 1 wherein said storage temperature is
      about -70.degree. C.
NUM  17.
PAR  17. A process as set forth in claim 1 wherein said storage medium is
      present in at least a sufficient quantity to completely wet the outer
      surfaces of said surface attached living cells.
NUM  18.
PAR  18. A process as set forth in claim 17 wherein said storage medium is
      present in that quantity only which adheres to said surface attached
      living cells by surface phenomena after decanting or aspiration of said
      storage vessel.
NUM  19.
PAR  19. A process as set forth in claim 1 wherein said cooling comprises
      placing non-insulated storage vessels containing said surface attached
      living cells directly into a refrigerated space maintained at said storage
      temperature.
NUM  20.
PAR  20. A process as set forth in claim 1 wherein said storage temperature is
      in the range of about 0.degree. C to about -200.degree. C.
NUM  21.
PAR  21. A process as set forth in claim 1 wherein, subsequent to said storage
      step, said vessel and the surface attached cells therein are warmed
      sufficiently to thaw said cells.
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ABST
PAL  A ceramic cellular structure having a cell density of up to 1600 cells per
      square inch and wall thicknesses down to 2 mils is produced by a process
      which comprises: 1) forming a slurry consisting essentially of finely
      divided sinterable solid particles of ceramic raw materials and a
      controlled amount of a plastic supporting matrix containing thermoplastic
      resin, a thermosetting resin, a plasticizer, an organic solvent and a
      small amount of a deflocculant; 2) ball milling the slurry; 3) casting the
      slurry in the form of a film; 4) removing the solvent to produce a
      selfsupporting green ceramic tape; 6) molding a portion of the tape to
      form a corrugated first member; 7) providing another portion of the tape
      to form a substantially flat second member; 8) forming a first bilayer by
      bonding the second member to the nodes of the first member; 9) mutually
      bonding a predetermined number of bilayers substantially identical to the
      first bilayer to form a cellular green structure of a desired shape; and
      10) firing the green structure at a temperature sufficient to form a
      sinter-welded polycrystalline ceramic structure. The fired structures,
      after being subjected to various finishing operations, are useful as
      rotary heat regenerators, stationary heat recuperators and catalyst
      supports.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of co-pending patent application
      Ser. No. 313,101, filed Dec. 7, 1972 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to ceramic cellular structures and more particularly
      relates to such structures having a high cell density per unit area and to
      a method for producing such structures and furthermore relates to the use
      of such structures regardless of cell density as heat exchangers and
      catalyst supports.
PAR  The attractiveness of ceramics as materials for cellular structures to
      support catalyst materials and to act as heat exchangers is widely
      recognized. For example, the heat exchanger is an integral part of gas
      turbine engine designs. The purpose of the heat exchanger is to recover
      waste heat losses and to preheat the incoming air in order to improve the
      efficiency of engine operation. The level of both fuel consumption, and
      noxious exhaust emissions are expected to be significantly lower than for
      conventional internal combustion engines. In one design, the heat
      exchanger is a slowly rotating device, (regenerator), heated by hot
      exhaust gases on one side and giving up this heat during rotation to the
      incoming cool gases on the other side. In another design the heat
      exchanger is stationary (recuperator), and hot and cold gases are passed
      through alternate layers. Whether in the form of a rotary regenerator or a
      stationary recuperator ceramic heat exchangers have the advantage of high
      temperature capability which has a direct effect on engine efficiency.
      Ceramics are also lighter in weight than metals and have the potential for
      lower cost.
PAR  A major disadvantage of ceramics is the difficulty inherent in forming
      them, due in large part to their low strength in the green, unfired state
      and to their brittleness in the fired state. This problem becomes more
      acute as surface area and size requirements for these structures increase,
      requiring decreased cell wall thicknesses and increased bulk weight.
PAR  One approach to solving such forming problems has been to cast a ceramic
      film from a slurry onto a fugitive support material to form a bilayered
      tape, mold the bilayered tape into a corrugated member, form the tape into
      the desired structure (for example, by rolling or stacking with
      interposing flat members) and fire to volatilize the support medium and
      sinter-weld the structure.
PAR  This technique of utilizing a fugitive support material to provide needed
      strength during forming imposes an upper limit on cell density due to the
      space occupied by the support layer in the structure prior to firing. In
      addition, where the wall thickness is small compared to the support
      thickness, substantial contact of the nodes of the corrugated layer may be
      prevented (particularly in a rolled structure) resulting in formation of
      few sinter welds during firing and consequent low mechanical strength of
      the finished structure.
PAR  In a similar approach the support is of a material such as aluminum which
      upon firing converts to the oxide and thus becomes an integral part of the
      structure. Unfortunately, such an approach seriously limits the
      compositional choices of the ceramic particularly in high temperature
      applications where the thermal expansion coefficient of the structure is
      of critical importance. In gas turbine applications, for example, where
      the ceramic heat exchanger would be subjected to severe thermal shocks,
      both the ceramic and the support material would have to exhibit high
      thermal shock resistance and thus high thermal expansion compatibility.
PAR  While U.S. Pat. No. 3,444,925 does describe a technique for fabricating
      such cellular structures whereby use of the support material is optional,
      the structure described having the highest cell density (about 500 cells
      per square inch) was achieved with an aluminum foil support.
PAR  It is therefore felt that a ceramic based composition which can be
      processed to maintain sufficient flexibility in the green state to be
      molded in small thicknesses, yet retain sufficient green strength to
      maintain its molded shape prior to firing without the need of a
      substrative support material and which would thus enable the fabrication
      of high cell density cellular structures would be an advancement in the
      art.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, ceramic cellular structures having cell
      densities of up to 1600 per square inch of cross-sectional area and wall
      thicknesses down to 2 mils and particularly suitable for use as heat
      exchangers and catalyst supports are produced by a method comprising: (a)
      providing a self supporting green ceramic tape consisting essentially of
      finely divided sinterable or fusible solid particles of ceramic raw
      materials substantially uniformly distributed throughout a fugitive
      plastic supporting matrix. For purposes of the invention, ceramic raw
      materials are meant to include such materials partially or completely
      substituted by devitrifiable glassy materials. The weight ratio of the
      supporting matrix to the ceramic raw materials should be from about 1:3 to
      about 1:6, the supporting matrix consisting essentially of from about 28.5
      to about 74.5 weight percent of a two resin binder system consisting
      essentially of a thermoplastic resin and a thermosetting resin, from about
      25 to 70 weight percent of a plasticizer and from about 0.5 to about 1.5
      weight percent of a deflocculating agent; (b) molding the tape to form a
      corrugated first member; (c) adhering a substantially flat second member
      of the tape to one side of the first member to form a first bilayer; (d)
      adhering a predetermined number of subsequent bilayers substantially
      identical to said first bilayer to form a cellular structure having
      alternate first and second members; and (e) sintering the green cellular
      structure to convert the ceramic particles to a unitary ceramic body and
      to sinter-weld the various members to each other. Sintering may be carried
      out immediately after forming or after a delay such as would be occasioned
      by shipping or storage.
PAR  In another aspect of the invention the self-supporting tape is provided by
      preparing a slurry which can be cast into the tape. A liquid solvent is
      added to the plastic matrix material to provide a solution for casting.
      The solvent may be a single solvent or mixture of solvents, such as a
      volatile aromatic such as toluene and a volatile alcohol such as methanol,
      preferably from 2:1 to 4:1 volumetric ratio of aromatic to alcohol. The
      amount of solvent that is added depends upon the other materials. However,
      an amount of solvent is added which imparts a viscosity to the slurry
      which enables it to be cast in the form of a tape. Amounts of solvent of
      from about 75 percent to about 120 percent by weight of the other
      ingredients including the ceramic raw material and support matrix are used
      to impart the foregoing desired viscosities. The slurry is ball milled to
      obtain proper distribution of ingredients, cast to form a tape of desired
      thickness, and the solvent evaporated under controlled conditions to form
      the self-supporting green ceramic tape.
PAR  FIG. 1 is a cross-section of a bilayered tape comprising corrugated member
      1 and flat member 2.
PAR  FIGS. 2 and 2A are views of a ceramic cellular structure which has been
      formed by spiral winding of a bilayered tape.
PAR  FIG. 3 is a view of a rectangular block cellular structure built up by
      stacking sheets of bilayered tape.
PAR  FIG. 4 is a view of the structure of FIG. 3 except that the longitudinal
      axes of the cell of successive layers are at right angles to each other.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure and appended claims in connection with
      the above description of some of the aspects of the invention.
PAR  Essentially any ceramic or glass raw material particles are useful in the
      practice of this invention which will sinter or sinter and devitrify to
      form a ceramic body when heated to conventional firing temperatures. Solid
      oxides such as aluminum oxide, rare earth oxides, refractory metal oxides,
      zirconium oxides and silicon oxides can be used. Ceramic materials other
      than oxides such as silicon nitride, silicon carbide, Sialons (a series of
      compounds resulting from partial substitution of Al for Si and O for N in
      B--Si.sub.3 N.sub.4), rare earth metal silicates, and zirconium spinel can
      be used. However, in view of the applications envisioned for the final
      ceramic cellular structures, ceramic materials exhibiting low positive,
      zero or negative coefficients of thermal expansion in their fired state
      are preferred for use in the practice of the invention. Such preferred
      materials include but are not limited to lithium aluminum silicates,
      magnesium aluminum silicates, lithium-magnesium aluminum silicates,
      aluminum silicates, mullite, cordierite, magnesium titanate, aluminum
      titanate and fused silica.
PAR  If desired, various minor amounts (generally one-half percent by weight or
      less) of various additives such as grain growth inhibitors may be
      incorporated into the ceramic raw material as is known in the art. For
      example, magnesium oxide has long been known as an effective grain growth
      inhibitor for aluminum oxide. Some rare earth oxides are also known to be
      effective grain growth inhibitors for various ceramic materials.
PAR  Depending upon beginning particle size and the desired tape cast thickness
      the raw materials may have to be milled to reduce particle size. For
      example, for a tape thickness of 2 mils the particle size should not
      exceed about 50 microns.
PAR  As used herein, the art-accepted term "green tape" refers to a tape in its
      unfired state which upon being heated to ceramic-forming temperatures,
      generally in the range of from about 1300.degree. to 1900.degree.C, is
      converted to a unitary ceramic body of polycrystalline or mixed
      polycrystalline and glassy structure by the volatilization of the support
      matrix and sintering or fusing together of the ceramic raw material
      particles.
PAR  While it is a particular advantage of the invention that self-supporting
      structures in the green state can be fabricated from relatively thin
      tapes, that is, tapes which upon firing will result in a ceramic film
      having a thickness as low as about 2 mils, larger thicknesses are required
      for some uses, and structures having wall thicknesses up to 30 mils can
      readily be produced by this method. Thicker walled structures can also be
      produced. However, these can be achieved by more conventional ceramic
      processing techniques such as extrusion, pressure molding and the like.
      The problem of providing self-supporting structures in an unfired state is
      not as acute as it is when walls in the 2 to 30 mil thickness range are
      desired.
PAR  The green tape consists essentially of the raw material, a thermoplastic
      resin, a thermosetting resin and a compatible plasticizer and may
      additionally contain a deflocculating agent to aid in dispersion of the
      particles during formation of a casting slip to be described herein.
PAR  The proper ration of thermosetting resin to thermoplastic resin and of
      these resins to plasticizer is critical to the successful practice of the
      invention since to a great extent upon these ratios depend the attainment
      of the needed combination of flexibility and strength of the green tape.
PAR  The thermoplastic resin may be of the cellulose type or vinyl type.
      Cellulose resins can be of the Cellulose propionate and Cellulose acetate
      butrate type or of the Cellulose acetate and Cellulose Nitrate type. These
      are sold by their generic names by suppliers such as Hercules
      Incorporated, Eastman Chemical Products and Celanese Plastics Company. One
      resin which has been found to be particularly suitable is polyvinyl
      butyryl sold under a variety of trade names by different suppliers such as
      Butvar by Monsanto Company and Butacite by E. I. Dupont. The thermosetting
      resin may be an amine type such as urea-formaldehyde or
      melamine-formaldehyde available from various suppliers under tradenames
      such as Beckamine from Reichold Chemical Company, Beetle from American
      Cyanamid, or Uformite from Rohm & Haas Company. The thermosetting resin
      should be present in the amount of at least 5 to about 50 weight percent
      based upon total weight of thermoplastic and thermosetting resins. The
      preferred range is 10 to 35 weight percent.
PAR  A major ingredient of the supporting matrix is a plasticizer for the resin.
      Alkyl and dialkyl phthalate plasticizers have been found to provide the
      proper flexibility to the supporting matrix while retaining suitable
      strength. Particularly suitable plasticizers are the dialkyl phthalates
      such as dioctylphthalate, diethyl phthalate, dibutyl phthalate, diamyl
      phthalate and the like. In general it has been found that a resin to
      plasticizer weight ratio of between about 3:1 and 1:2 respectively is
      satisfactory. Thus, the supporting matrix contains between about 30 and
      about 80 percent by weight of resin which matrix constitutes from about 16
      to about 31 percent by weight of the green tape.
PAR  In the formation of a slurry which can be cast in the form of a tape, a
      solvent for the resin and the plasticizer is used to achieve a castable
      viscosity using the doctor blade technique. A two component solvent which
      contains a aromatic solvent such as toluene and an alcohol such as
      methanol may be used in those cases in which optimum binder solubility is
      desired. These two solvents are generally used in a volumetric ratio of
      aromatic to alcohol of from about 4:1 to about 2:1. Generally the alcohols
      that are used are the lower alkyl alcohols and preferably methanol and
      ethanol. The aromatics that are preferred are substituted benezene
      compounds such as toluene and xylene. Other solvents can be used provided
      they will dissolve the resins and plasticizer to form a castable slurry
      and will evaporate at relatively low temperatures. The solvent is
      generally used in amounts of from about 75 to 120 percent by weight based
      on the total weight of the ceramic raw materials and the supporting
      matrix.
PAR  In order to prevent flocculation or agglomeration of the finely divided
      ceramic raw materials which may initially be below 50 microns in size a
      deflocculating agent is used generally in amounts of from 0.5 to 1.5
      weight percent of the slurry. Most deflocculating agents are organics,
      such as gelatin, fish oil and the like. To assure a uniform dispersion of
      both the resin, plasticizer and ceramic raw materials, the slurry
      ingredients should be blended, such as by ball milling, for a time
      sufficient to insure uniform distribution of ingredients, and uniform
      coating of the ceramic particles, preferably in a ball mill which will not
      contaminate the tape making ingredients. Milling time depends upon mill
      size. For example, 8 to 10 hours may be sufficient in a 40 gallon mill,
      while 24 hours may be required in a 1 or 2 gallon mill. After the uniform
      slurry has been prepared, the slurry is cast into a tape using a doctor
      blade. The blade is adjusted to give a desired thickness of tape.
PAR  After the tape is cast, the solvent is evaporated. Although in many
      instances evaporation will occur under atmospheric temperature, heating to
      a temperature below the volatilization temperature of the solvent
      appreciably reduces the time of fabrication. Generally a temperature
      between about 40.degree.C and 70.degree.C is used. It is important,
      however, that the temperature not reach that at which the solvent boils,
      since that would result in the formation of bubbles in the tape.
PAR  The self supporting ceramic tapes now in the green state are used to form
      the high cell density ceramic cellular structures of the invention. These
      structures may be formed by molding, crimping or multiple folding of tape
      members to form a corrugated pattern which in cross section presents a
      repeating pattern. Examples of corrugated patterns which are suitable
      include triangular, rectangular; square and sinusoidal. The corrugated
      tape members are then alternated with flat tape members to build up a
      cellular structure that has a multitude of air containing cells of
      predetermined size and shape, each such cell being defined by walls of the
      ceramic tape members. In a preferred embodiment such structures are build
      up by first adhering a first corrugated member and a second flat member to
      form a bilayered tape member and subsequently forming this bilayered tape
      member into the desired configuration. In order to more fully illustrate
      the preferred structures produced from such bilayered tapes, reference is
      now had to the drawing and in particular to FIG. 1 which illustrates in
      cross section a bilayered tape comprising corrugated member 1 and flat
      member 2. The first or molded member and the  second or flat member can be
      adhered together by several methods. Once such method is to use a solvent
      that will partically dissolve the resins in the tape and thus enable the
      nodes of the molded member to adhere to the flat member. Another method is
      to use a fugitive gluing media which will wet the appropriate surfaces of
      each member and upon drying will cement the surfaces together.
      Additionally, if certain plasticizers are used, application of heat to the
      appropriate points of contact can cause the areas of contact to fuse
      together thus providing adherence of the surfaces. However, such heat
      application should be compatible with maintainance of adequate flexibility
      for subsequent forming, as described above.
PAR  Referring now to FIG. 2, there is shown a ceramic cellular structure which
      has been formed by the spiral winding of the bilayered tape of FIG. 1.
      Such a structure, when fabrication has been completed, is particularly
      suitable for use as a rotary heat regenerator in a gas turbine engine
      which alternately exposes the heat transfer matrix to hot and cold gas
      streams.
PAR  FIG. 3 represents a rectangular block cellular structure which has been
      built up by stacking of sheets of the bilayered tape of FIG. 1 and which
      is suitable for use as a stationary counterflow heat recuperator when
      manifolded to pass hot and cold gases through alternate layers of the
      cells formed by the bilayered tapes. Alternatively, when coated with a
      suitable catalyst the structure can act as a catalytic converter, for
      example, for auto exhaust emission control.
PAR  FIG. 4 represents a structure which is similar to that of FIG. 3 except
      that the longitudinal axes of the cells of successive layers are at right
      angles to each other. This structure is suitable for use as a stationary
      crossflow heat recuperator which passes hot and cold gases through
      alternate layers of the cells formed by the bilayered tapes. Each of the
      articles illustrated above has cells which pass through the structure from
      one face to the opposite face forming channel type cells completely
      through the body. These structures may be fired at suitable temperatures
      and for sufficient times to form unitary polycrystalline or mixed
      polycrystalline-glassy ceramic structures. Generally, temperatures of from
      about 1300.degree.C to about 1900.degree.C are maintained for at least
      about 4 hours to evolve the resins and plasticizer and to sinter the raw
      materials. The sintering times and temperatures will of course vary
      depending upon the ceramic composition and the desired physical
      properties. For example, for heat exchanger applications cordierite bodies
      are usually sintered at about 1325.degree.C, zirconia and mullite at about
      1400.degree.C and yttrium silicate at about 1425.degree.C for about four
      hours. In general, the thickness of the ceramic members is about 2 to
      about 6 mils and cell densities may range from about 500 up to as high as
      1600 per square inch of cross sectional area of the cellular structure.
      These thicknesses and cell densities correspond to bulk densities of about
      0.25 to 1.2 g/cc. As may be appreciated, high cell density structures may
      be particularly advantageous in the applications described, since the very
      high surface areas resulting could lead to more efficient operation as
      heat exchangers and catalytic converters. For example, for wall thickness
      of 2 mils, increasing the cell density from about 200 per square inch to
      1600 per square inch increases the surface area per cubic inch of cellular
      structure from about 60 square inches to about 160 square inches.
PAR  After the ceramic structure is sintered, it may be subjected to various
      additional processing steps depending upon the particular application
      envisioned. For example, the catalyst support structure must be coated
      with a suitable conversion catalyst, usually in the form of a slurry
      containing a plasticizer, a resin and a solvent. A typical plasticizer for
      this purpose is ethyl cellulose. Dibutyl phthalate is a suitable resin and
      a mixture of glycol and butynol is a satisfactory solvent for the
      resin-plasticizer system. A dispersant or deflocculating agent can be used
      to achieve a good dispersion of the catalyst in the other components. If
      desired, acetone can be used to provide a slurry with the desired
      viscosity to obtain proper coating thickness. After coating, the coated
      structure is fired at a temperature of from about 600.degree. to about
      1000.degree.C to obtain catalyst adherence, above which substantial
      reaction of the catalyst and the ceramic could occur. Normally, about
      750.degree. to 850.degree.C is sufficient.
PAR  Other operations applicable to any of the above structures may include
      sealing of the outer or peripheral cells to form an air tight seal or
      various finish grinding operations to achieve shaping or accurate sizing
      of the structures.
PAR  To more fully illustrate the subject invention, the following detailed
      example is presented. All parts, proportions and percentages are by weight
      unles otherwise indicated.
PAC  EXAMPLE
PAR  A mixture is formed containing the following amounts of raw materials by
      weight -- about 47 parts ceramic powder having a cordierite composition
      (2MgO.2Al.sub.2 O.sub.3.5SiO.sub.2) about 12 parts of resin. A (polyvinly
      butyral), about 5 parts of resin B (urea formaldehyde) about 6 parts of
      dioctyl phthalate plasticizer, about 23 parts toluene solvent, about 6
      parts methanol solvent and about 1 part menhaden fish oil as a dispersant.
      This mixture is ball milled using alumina balls and a mill lined with an
      organic plastic coating for 24 hours and cast on a mylar film using a
      doctor blade technique to give a dry tape thickness of about 2 mils.
      During casting some of the solvent evaporates in air and the remainder is
      removed by subjecting the tape to a 40.degree.C to 70.degree.C air flow
      for about 4 minutes at an air flow velocity of approximately 0.5 feet per
      second. The film is thereafter cut into the desired size, molded into the
      corrugated first member having an approximately sinusoidal pattern
      repeating about 400 times per linear inch. A bilayered tape is formed by
      contacting the nodes of the corrugated first member to a substantially
      flat second member, since in this condition, the members are substantially
      self-adherent. This bilayered tape is spiral wound around a central core
      to form an annular cylinder having a cell density of about 1600 cells per
      square inch, a diameter of about 28 inches, a thickness of about 3 inches,
      an absolute density of 2.5 grams per cubic centimeter and a bulk density
      of about 0.8 grams per cubic centimeter. This structure is then fired by
      heating at a rate of about 3.degree.C per minute to about 200.degree.C and
      held at 200.degree.C for about 2 hours to remove the supporting matrix,
      and thereafter heated at about 3.degree.C per minute to about
      1325.degree.C and held at 1325.degree.C for about 1 hour to sinter the
      ceramic, and furnace cooled.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cellular structure of green ceramic tape consisting essentially of
      finely divided sinterable solid particles of ceramic raw materials
      substantially uniformly distributed throughout a fugitive plastic
      supporting matrix, the cells of the structure being defined by alternate
      corrugated and flat ceramic tape members wherein said cells completely
      traverse the article from one face to the opposite face thereof, the
      weight ratio of said supporting matrix to said raw materials in said tape
      being about 1:3 to about 1:6, said supporting matrix consisting
      essentially of from about 28.5 to about 74.5 weight percent of a two part
      resin, the resin consisting essentially of polyvinyl butyral in the amount
      of from 50 to 95 weight percent, remainder an amine thermosetting resin
      selected from the group consisting of melamine formaldehyde and urea
      formaldehyde, and from about 25 percent to about 70 weight percent of a
      plasticizer selected from the group consisting of alkyl phthalate and
      dialkyl phthalate plasticizers, and from about 0.5 to about 1.5 weight
      percent of a deflocculating agent.
NUM  2.
PAR  2. The structure of claim 1 in which the cells are defined by a spiral of a
      bilayered tape, the tape comprising a corrugated first tape member and a
      second flat tape member bonded together, the structure defining a rotary
      heat regenerator.
NUM  3.
PAR  3. The structure of claim 1 in which the cells are defined by a stack of
      bilayered sheets joined together, the sheets comprising a first corrugated
      sheet member and second flat sheet member bonded together.
NUM  4.
PAR  4. The structure of claim 3 in which each bilayered sheet is oriented with
      the longitudinal axes of its cells at right angles to the longitudinal
      axes of the cells of adjacent sheets, the structure defining a stationary
      cross flow heat recuperator.
NUM  5.
PAR  5. The structure of claim 3 in which each bilayered sheet is oriented with
      the longitudinal axes of its cells parallel to the longitudinal axes of
      adjacent sheets the structure defining a stationary counterflow heat
      recuperator.
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ABST
PAL  The arrangement of the individual air dampers with respect to the heating
      coils in a vertical tube face and bypass air treatment unit such that the
      dampers each move laterally across the coils results in a substantial
      reduction in the number of moving parts required to control air flow
      around the coils. Selective proportioning of the air flow is accomplished
      by splitting each damper into two sections and permanently fixing one
      section with respect to the coil set while allowing the other section to
      slide across the face of the coil set in mating relationship with the
      fixed section.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to air treatment units where air or other fluids
      move past conditioning coils and, more particularly, to an arrangement for
      selectively controlling the volume of such fluid passing certain portions
      of the conditioning coils.
PAC  BACKGROUND OF THE INVENTION
PAR  One well-known method of treating large volumes of air is to move the air
      over heating coils so as to impart units of heat energy to the moving air.
      Such an arrangement is particularly useful when large internal areas are
      to be heated and where fresh outside air is to be used in the heating
      system. In such an arrangement the outside air is passed through a
      conditioning unit where a number of coil sets are contained, each set
      being internally heated so that as the fresh air passes heat units are
      transferred to the air thereby raising the temperature of the air.
PAR  As the ambient temperature of the outside or fresh air changes the amount
      of heat which must be transferred to the air in order to maintain a given
      final air temperature also changes. One method of accomplishing control of
      this heat in the past has been to control the incoming air so that a
      portion passes directly through and in face contact with the hot coils and
      a portion bypasses the coils, with the exact proportions depending on the
      ambient temperature and the desired final temperature. In the prior art,
      pivotaly mounted dampers have been used to accomplish such a proportioning
      of the air flow.
PAR  One problem with the pivotal arrangements is the large number of moving
      parts required to make all of the dampers move in synchronism with each
      other. Since the dampers are constructed with mating pairs of baffles
      around each coil set, it is necessary to move both portions of each baffle
      pair in opposite directions in order to achieve the desired selective
      proportioning. One example of such an arrangement is shown in U.S. Pat.
      No. 3,489,204 issued to A. Chaloka on Jan. 13, 1970. FIG. 3 of the Chaloka
      patent clearly shows the complex linkages required to accomplish the
      necessary movement. FIG. 3 of Chaloka also shows that each movable baffle
      must be pivotly mounted. Inherently, such a pivotal system is costly to
      construct, difficult to maintain and inefficient from the standpoint of
      the amount of energy required to move the baffles. In addition, since each
      damper comprises four distinct parts, each moving in a different direction
      with respect to each other, alignment problems are severe and tight air
      flow seals are difficult to obtain.
PAR  A still further problem exists when it is desired to pass air or fluid
      through different passages of a heat conditioning device; namely, the fact
      that each passage presents a different impedance to the flow of the fluid
      and thus the velocity of the fluid becomes a function of the passageway
      taken by that fluid. Such a result is troublesome in that the fluids
      passing through different passages will not mix properly thereby defeating
      the purpose of the selective proportioning device.
PAR  Accordingly, it is one object of our invention to arrange the proportioning
      dampers of an air of fluid treatment unit in a manner eliminating pivotal
      motion of the damper and in a manner which allows external adjustment of
      the dampers.
PAR  It is another object of our invention to reduce to a minimum the number of
      moving parts of each damper of an air or fluid treatment unit to a
      minimum.
PAR  And it is a still further object of our invention to provide selectively
      proportional openings in and around fluid heating coils where the relative
      velocities of the fluid passing through either opening are the same.
PAC  SUMMARY OF THE INVENTION
PAR  In the preferred embodiment of the invention there is a plurality of heat
      transferring devices spaced apart in groups. As shown, an upper and lower
      steam header are arranged with vertically spaced connecting coils through
      which steam or other heat carrying means flow so as to provide units of
      heat for transfer to fluids coming in contact with the coils. This
      arrangement is the same as the vertically spaced apart coils shown in the
      aforementioned Chaloka patent. The coils are arranged into groups, each
      group being separated across the width of the headers from an adjacent
      group by a space. The area thus defined by the respective spaces between
      groups of coils is called the bypasss area; while the area immediately
      around each heating coil is termed the face area. Selective proportioning
      then occurs when the incoming air of fluid is directed either through the
      face area or passage directly in contact with the heating coils or through
      the bypass area or passage between the coil groups.
PAR  Dampers are used to accomplish the selective proportioning of the fluid by
      directing the fluid either into the face passage or into the bypass
      passage or partially into each. The dampers are arranged having two baffle
      sections, one baffle section being a fixed section with respect to each
      group of coils and the other section being a slidable mating section
      movable across the face of the coil groups. The relative spacing between
      each movable baffle and its mating fixed baffle then determines the size
      of the respective face and bypass passages which passages are inversely
      proportional to each other thereby controlling the amount of fluid moving
      into the respective passages. When the movable damper baffle is brought
      into fully mating relationship with the mixed damper baffle, the mating
      edges of each are arranged to form an air seal which is offset from the
      center line of the heating coils a distance sufficient for the incoming
      fluid to provide additional pressure on the seal to further press the
      mating edges closed thereby insuring a minimum of air leakage into the
      face passage.
PAR  The movable baffles associated with each group of coils are all fixedly
      attached to a number of parallel spaced apart horizontal members which are
      arranged to move across the face or width of the headers. These horizontal
      members are guided and supported in the horizontal and vertical directions
      by bearing wheels located outside or external to the airstream. Because of
      the small number of bearing points involved, typically four, the bearing
      can be relatively elaborate and still not appreciably add to the overall
      cost or complexity of the apparatus. In fact, due to the drastic reduction
      in movable parts, greater mechanical efficiencies result and smaller
      mechanical forces are necessary to move the dampers to a desired position.
PAR  Also due to the fact that selective proportioning of the fluid is
      accomplished by damper baffles which move horizontal to the face of the
      coils, as opposed to moving in an arc with respect to the coils as do
      prior art damper baffles, a more directly proportional result is achieved
      for any given mechanical motion provided to the system.
PAR  The weight of the movable dampers and the horizontal supports is supported
      on wheels at each side of the casing. The guide wheels provide for and
      maintain accurate alignment of the mating surfaces of the movable and
      fixed dampers.
PAR  Accordingly it is a feature of our invention that the selective
      proportioning of fluids through a heat treating apparatus is acomplished
      by a plurality of dampers arranged to move laterally with respect to the
      heat transferral means.
PAR  It is another feature of our invention that the laterally moving dampers of
      a heat treating apparatus are arranged to control the openings of face and
      bypass passages of the apparatus in a manner substantially proportional to
      the amount of mechanical movement provided to the dampers.
PAR  It is still another feature of our invention that the laterally moving
      dampers of a heat treating apparatus are supported and guided to provide
      good mating and therefore a good air seal between the movable and fixed
      dampers.
DRWD
PAR  These and other objects and features of our invention will become more
      fully apparent from the detailed description of the embodiment shown, when
      taken together with the drawing in which:
PAR  FIG. 1 is a front elevation of an integral face and bypass heater with the
      damper horizontal and vertical support member bearings removed shown in
      relation to the size of a person to give a perspective on size;
PAR  FIG. 2 is a front view of the heater with the bearings shown;
PAR  FIGS. 3, 3A, 3B, and 3C show details of the guide and support bearings;
PAR  FIG. 4 shows a single tube and fin group with a fixed baffle and a movable
      baffle of the associated damper;
PAR  FIG. 5 shows a plurality of movable damper baffles rigidly affixed to
      horizontal supports;
PAR  FIGS. 6A, 6B, and 6C show the movable baffles of the dampers assuming
      different positions;
PAR  FIGS. 7, 8, and 9 show alternate damper designs, each arranged to handle a
      different situation; and
PAR  FIG. 10 shows an alternate damper arrangement.
DETD
PAC  GENERAL DESCRIPTION
PAR  Before entering into a detailed description of the operation of our damper
      arrangement a discussion of the overall operation of vertical tube face
      and bypass air treatment unit is in order. Such units are used to
      condition air flowing into a heating system by passing the incoming air
      through heat coils for the purpose of transferring to the incoming air a
      certain amount of heat energy. Several factors must be taken into account
      in such units. For example, since the final temperature of the air must be
      at a fixed level, say 70.degree. Fahrenheit, the amount of heat energy
      transferred to the incoming air then is an inverse function of the ambient
      temperature of that air.
PAR  The manner in which temperature control of the air is then achieved is to
      proportion the incoming air so as to either pass through the unit in
      contact with the heating tubes or to pass through the unit between sets of
      such tubes. These passages are called the face and bypass passages or
      channels, respectively. Under such an arrangement the exact proportion of
      the air through each passage controls the final temperature of the air.
      Thus, if the air is to be heated to maximum capacity, all of the incoming
      air is channeled through the face passage and, if the incoming air is to
      be untreated, all of the air is channeled through the bypass passage. For
      intermediate situations some air is passed through each passage in a
      continuously variable manner dependent jointly upon the desired final
      temperaature and the ambient temperature.
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1, vertical tube face and bypass unit 10 is constructed
      having sides 18 and 19 with upper and lower headers 16 and 17,
      respectively, connecting the sides. Header 16 is connected to steam intake
      pipe 12 while header 17 is connected to steam exhaust pipe 13. Connecting
      the heaters are a series of vertical tubes through which the steam or
      other energy transforming means passes. The tubes are arranged to form
      groups, each group surrounded by a series of heat transferring fins. The
      tubes of each group are separated from each other a distance sufficient to
      allow air to pass between the tubes and in contact with the tubes and fins
      or substantially in contact therewith.
PAR  FIG. 4 shows such a group of tubes 49 which are surrounded by fins 401.
      Also shown are the two baffle portions of the damper associated with the
      tube set. Damper baffle 45 is fixed with respect to the tube set, while
      damper baffle 41 is arranged to slide across the face of the tube set
      thereby controlling the size of opening 70 which opening controls the
      amount of incoming air passing through the face passage and contacting
      fins 401.
PAR  Each movable baffle, such as baffle 41, has a proximal edge 420, a distal
      edge 421, and a connecting portion 410. Each fixed baffle, such as baffle
      45, also has a proximal edge 422, a connecting portion 415 and a distal
      edge 423. When the baffle portions are closed in full mating relationship,
      the respective proximal and distal edges of the mating pair are in contact
      with one another. The seal between the respective edges is away from the
      center line of fin set 401 so that air or other fluid striking the seal
      will force the movable baffle edge closer to the edge of the fixed baffle
      thereby further tightening the seal. Also with respect to FIG. 4 it is
      seen that air flowing perpendicular to the fin set through the apparatus
      is presented a relatively low or transparent profile by fixed damper
      baffle 45 while movable damper baffle 41 presents a relatively high
      profile to the movement of air. The importance of this arrangement will
      become more fully apparent from that which is to follow.
PAR  Returning to FIG. 1, a plurality of such fin and damper arrangements are
      spaced across the width of the headers between the side walls 18 and 19 of
      air treatment unit 10. Each fin group 401, 402, 403 and 404 has associated
      therewith a fixed damper baffle 45, 46, 47 and 48, respectively, and a
      movable damper baffle 41, 42, 43 and 44 (not shown), respectively. The
      movable damper baffles are affixed to channels 55 which are in turn
      secured to plates 56 as shown. Movement in a direction parallel to the
      face of the unit and to the right results in the lateral movement of each
      movable damper baffle which, in turn, decreases the size of each face
      passage opening 70, 71, 72 and 73.
PAR  Between each set of fins, such as between fins 401 and 402, there is a
      bypass passage, such as passage 61, which is defined by the fixed baffle
      46 of one damper, and the movable baffle 41 of an adjacent damper baffle.
      Thus, as the damper control channels 55 move to the right, the movable
      damper baffles act to close the respective face passages and open the
      respective bypass passages proportionately to the movement of the
      channels. This exact operation will be more fully explained hereinafter.
PAR  Damper control channels 55 move laterally in response to mechanical force
      provided by motion source 11 and connecting arms 21 and 22. This source
      can be any one of a number of such sources, such as an hydraulic motor,
      pneumatic motor, or electric damper motor, operating under control of
      sensors to control the amount of heat to be transferred to the incoming
      air. The damper control channels are fixed to each movable baffle and act
      both to support the movable baffles and to laterally move them in a
      continuous manner.
PAR  Turning now to FIG. 2, a full front view is shown detailing the manner in
      which damper control channels 55 are supported and guided by assemblies 30
      and 31. These assemblies are detailed in FIGS. 3, 3A, 3B, and 3C where the
      supporting means are shown. With reference now to FIG. 3, the upper
      channels 55 are supported by bearing wheel 33 of assembly 30 each of which
      assembly is mounted on one side frame 18 or 19. Wheels 33 act to support
      upper channels 55 so that the movable dampers which are rigidly affixed
      thereto do not ride on the base of the apparatus but instead are free to
      move an axis thereof laterally across the apparatus along much in the same
      way as a sliding door moves. FIG. 3A is a top view of assembly 30 showing
      how forward and rearward motion of channels 55 is prevented by guide
      wheels 32 which can be adjusted to keep the channels in alignment. Since
      the entire movable assembly of dampers is rigid, it can be supported in a
      relatively few places as shown and thus the highest quality of support
      bearings can be used without adding substantially to the cost of overall
      assembly 10. FIGS. 3B and 3C detail assembly 31 which guides lower support
      channels 55.
PAR  As shown in FIG. 3C the overall length of the lower support and guide bar
      assembly 34A and guide wheels 34 is greater than the distance between the
      channels 55. The angle at which the guide bar is attached can then be
      varied (shown as 15.degree.) to insure that the distance between the
      channels 55 is bridged even if it may be oversize or undersize due to
      manufacturing tolerances. Adjustments can be made to insure that there is
      no free play between the guide bar wheels and channels so that the
      channels can be exactly guided through out their lateral motion. The guide
      bar mounting hole 34C is slotted to provide exact alignment of the
      proximal and distal edges of the dampers and baffles and still eliminate
      free play between guide wheels and channels. Upper guide bar 32A, bolt 32B
      and slot 32C shown in FIG. 3A function in the same manner just described
      for the lower assembly.
PAR  As the term alignment is used it refers to the keeping of supports 55 in a
      fixed position relative to the fixed heat elements, such as element 401.
      To accomplish this supports 55 must not be allowed to move perpendicular
      to the lateral plane of these elements. Thus, with reference to FIG. 3C,
      supports 55 must not be allowed to move right or left across the page. It
      will be seen that, for any position of rod 34A, the far ends of wheels 34
      will be fixed right or left with respect to the center of support 31.
      Supports 55 then cannot move either right or left, but are free to move up
      or down due to the fact that the up or down movement is controlled by the
      rotation of wheels 34. This up and down movement allows the supports to
      move laterally across the face of the unit thereby allowing the dampers to
      open or close. Once rod 34A is set, the supports 55 are not free to move
      perpendicular to the lateral movement and thus alignment is assured.
PAR  Turning to FIG. 5, the assembly of movable dampers is shown with support
      channels 55 being rigidly fixed to each movable damper baffle, such as
      baffles 41, 42, 43 and 44, by welds, such as weld 57, or by other means.
      The baffles 41, 42, 43 and 44 are in fixed relationship to each other and
      are each shaped substantially as a U with the open end adapted to fit
      around the fins of a group of heating tubes. Each set of channels 55 has a
      plate 56 at the ends thereof which plate rests on support bearing wheels
      33, as shown in FIGS. 2, 3 and 3A, thereby supporting the entire assembly.
      Wheels 32 exert pressure on the inside of upper channels 55 while wheels
      34 do the same thing for lower channels 55. Thus the entire assembly is
      free to move laterally with respect to overall assembly 10 under control
      of motive source 11 as shown in FIG. 2.
PAR  Each movable damper baffle has a proximal edge, such as edge 420, a distal
      edge, such as edge 421 and a U-shaped connecting body 410. The proximal
      and distal edges have the same shape so that air can move through the
      apparatus in either direction, the shape being determined by the mating
      relationship to be assumed by each movable damper baffle with its
      associated fixed damper baffle in the manner to be discussed.
PAR  FIG. 6A is a top view taken through line 6--6 of FIG. 2 and shows the
      dampers in the fully open position with channels 55 moved fully to the
      left. In this position there is an open face passage 70 for incoming air
      to follow which face passage is defined by the proximal edge 420 of
      movable baffle 41 and the proximal edge 422 of fixed baffle 45. This
      opening serves to channel the incoming air through fin set 401 and out
      through face opening 50 formed between distal edge 421 of movable baffle
      41 and distal edge 423 of fixed baffle 45. Note that baffles 41 and 45 are
      a pair and are associated with the same fin set 401. Note also that, while
      in this position, the bypass passage 61 between fin sets 402 and 401 is
      blocked by the side portions of movable baffle 41 in contact with fixed
      baffle 46 of the next adjacent fin set. This configuration is repeated for
      all fin sets and thus all incoming air is forced to pass through and
      substantially contact the faces of the fin sets thereby providing maximum
      heat transfer to the incoming air.
PAR  In FIG. 6B, channels 55 have moved to the right a distance thereby causing
      all of the movable baffles to also move to the right. In this position,
      face opening 70 has been reduced in size thereby limiting the amount of
      air which is allowed to pass through fin set 401. At the same time the
      sides of movable baffle 41 move away from adjacent fixed damper 46 thereby
      creating a bypass passage 61 through which air can flow. Since the size of
      this opening is in inverse proportion to the size of the face opening, a
      constant volume of air is allowed to pass through the apparatus.
PAR  The shape of the sides of each movable damper baffle whereby the opening
      into the bypass passages is larger than the actual passage serves to add
      impedance to the air flow so that air flowing through the bypass passage
      meets the same resistance as air flowing through the face passage.
PAR  In FIG. 6C channels 55 have moved fully to the right thereby causing
      opening 70 of the face passages to close thereby blocking all air from
      passing through the fin set. At the same time bypass passage 61 is fully
      open so that all incoming air passes through that channel and passes
      through the apparatus unheated. Note that in this position air incoming to
      the dampers is forced against the proximal sealing edges 420 and 422 of
      the dampers thereby forcing them to seal tighter. This is due to the
      mating shape of the proximal and distal edges of the respective mating
      baffles and also due to the fact that the actual seal is offset from the
      center line of each fin set.
PAR  Since all pivoting of dampers has been eliminated and the entire damper
      section made rigid once the mating baffles are aligned, a step taken
      before the movable baffles are rigidly affixed to channels 55, all
      adjustments of baffle movement are accomplished external to the apparatus
      by aadjusting one of the wheels 32, 33 or 34 as shown in FIGS. 3, 3A, 3B
      and 3C. Thus, adjustments may be made while the apparatus is functioning
      at operating temperature thereby eliminating the need to close down and
      cool the apparatus in order to adjust the internally pivotable dampers of
      the prior art.
PAR  Accurate temperature control is achieved by controlling the amount of air
      which is allowed to pass through each face or bypass passage by precisely
      controlling the relative placement of the dampers.
PAR  While the dampers discussed above have been shaped generally like a U, the
      invention is certainly not limited to such a geometry but, in fact, can be
      practiced with dampers having many shapes, each such shape being suitable
      for a particular purpose. For example, in FIG. 7 there is shown a damper
      shape for use where a lower air flow resistance through the face passages
      is desired. FIG. 8 indicates a damper shape for increased air flow
      resistance through the bypass passages. FIG. 9 indicates a more
      streamlined damper shape for reducing air flow resistance through both
      face and bypass passages. Each of these damper arrangements utilizes the
      basic concept of a slidable damper section moving into contact with a
      fixed damper section in order to create bypass passages and face passages
      dependent upon the relative position of the respective dampers.
PAR  In FIG. 10 there is shown an alternate damper arrangement using membrane
      baffles. In this embodiment fixed baffle 102 is arranged as discussed
      above. Baffle 101 is arranged in fixed relationship with the heating coil
      402 and membranes 103 and 104 are mounted to each fixed portion 101. When
      supports 55 move to the right to open the face passages the membranes 103
      and 104 fold back allowing air to come into contact with heating coils
      402. The membranes are connected to supports 55 at points 105.
PAC  CONCLUSION
PAR  While we have shown the dampers moving laterally under control of rigid
      supports which are in turn moved by a single power source, it should be
      understood that multiple power sources can be used, one on the top pair of
      support rails and one on the lower pair of support rails. In addition, the
      support rail pairs can be connected together outside the casing and a
      single power source used for lateral movement.
PAR  Because of the ease of implementing our invention and the reduced
      manufacturing costs involved, it is anticipated that many variations of
      our teachings will be undertaken all without departing from the spirit and
      scope of the invention taught.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a face and bypass apparatus where the energy level of air or other
      fluid is to be changed by moving the air therethrough in selective contact
      with a plurality of heat unit transfer means which means are spaced apart
      along an axis of said apparatus perpendicular to the direction of movement
      of said air where selectivity is accomplished by proportionally channeling
      said moving air through passages into face contact with said heat transfer
      means or through passages between said heat transfer means which bypass
      said heat transfer means, said selective proportioning being accomplished
      by a plurality of dampers, said dampers comprising
PA1  a plurality of first damper baffles each associated with an individual one
      of said heat unit transfer means and mounted in fixed relationship to said
      associated heat unit transfer means and on a side thereof, perpendicular
      to the said flow of air, each said first baffle having a relatively
      transparent profile to said flow of said air through said apparatus in the
      direction of said flow,
PA1  a plurality of second damper baffles each being associated with a mating
      one of said first damper baffles, all of said second baffles being rigidly
      affixed to a support and each mounted so as to be on the opposite side of
      the heat unit transfer means associated with the mating one of said first
      damper baffles, each such second baffle having a relatively high profile
      to the said flow of air through said apparatus in the direction of said
      flow, and
PA1  means for moving said second baffles across said apparatus and parallel to
      said axis in a manner perpendicular to said flow of air through said
      apparatus so as to establish exclusively said bypass passsages through
      said apparatus when said support is in one position and to establish
      exclusively said face passages through said apparatus when said support is
      in a second position.
NUM  2.
PAR  2. The invention set forth in claim 1 wherein said moving means includes at
      least one guide wheel adapted for controlling the lateral movement of said
      second baffle support, said guide wheel bearing against said suport.
NUM  3.
PAR  3. The invention set forth in claim 2 wherein said moving means further
      includes a wheel for supporting said support while allowing said support
      to move laterally across said apparatus.
NUM  4.
PAR  4. The invention set forth in claim 1 further comprising means operable
      when said second baffle is in a position between said first and second
      positions for establishing both bypass and face passages through said
      apparatus, the opening size of which are inversely proportional to each
      other and dependent on the relative distance between the mating damper
      baffles.
NUM  5.
PAR  5. The invention set forth in claim 1 wherein said second baffle support
      comprises a pair of supports, one mounted on each side of said passages,
      and wherein said moving means includes a pair of guide wheels adapted for
      controlling the lateral movement of said pair of supports, each of said
      guide wheels bearing against one of said supports.
NUM  6.
PAR  6. The invention set forth in claim 5 wherein said pair of guide wheels are
      supported at the ends of a rod, said rod being longer than the distance
      between said supports and adapted for adjusting said pair of guide wheels
      so as to insure that said mating baffles are in alignment with each other.
NUM  7.
PAR  7. In a face and bypass apparatus where the energy level of air of other
      fluid is to be changed by moving the air therethrough into face contact
      with a plurality of vertically disposed and spaced apart energy transfer
      means or by moving said air through said apparatus in a bypass manner
      between said spaced apart vertical energy transfer means,
PA1  a damper arrangement for selectively proportioning said air between said
      face contact and said bypass manner, said damper arrangement comprising
PA1  a plurality of first baffles each associated with one of said vertically
      disposed energy transfer means, each said damper having a proximal edge, a
      distal edge and a side portion connecting said edges, each said baffle
      fixed in a position with said side portion parallel to an associated one
      of said energy transfer means and being vertically disposed along the
      entire vertical length of said associated energy transfer means,
PA1  a plurality of second baffles, each one associated with one of said energy
      transfer means, each said baffle having a proximal edge, a distal edge and
      a central portion connecting said edges, each said second baffle fixed in
      a position with respect to each other said second baffle, each said second
      baffle being vertically disposed along the entire vertical length of said
      associated energy transfer means, and
PA1  continuously variable means for moving said second baffles from a first
      position where said proximal and distal edges, respectively, of each said
      first and second baffle associated with the same energy transfer means are
      in mating contact with each other so as to prevent said air from coming
      into face contact with said energy transfer means and to force said air to
      pass through said apparatus through bypass passages established between
      the connecting portion of a first baffle and the connecting portion of an
      adjacent second baffle, to a second position where said central portions
      of said adjacent first and second baffles mate to prevent the passage of
      said air through said bypass passages and to force said air to pass
      between the proximal and distal edges, respectively, of said mating
      baffles thereby coming into face contact with said energy transfer means.
NUM  8.
PAR  8. The invention set forth in claim 7 wherein said continuously variable
      means includes a rigid support disposed along the axis of said energy
      transfer means, each said second baffle being rigidly connected thereto.
NUM  9.
PAR  9. The invention set forth in claim 8 further comprising means for entirely
      supporting and guiding said second baffles from points outside of said air
      flow through said apparatus.
NUM  10.
PAR  10. The invention set forth in claim 6 wherein said supporting means
      includes at least one guide wheel adapted for controlling the lateral
      movement of said second baffle rigid support said guide wheel bearing
      against said support.
NUM  11.
PAR  11. The invention set forth in claim 10 wherein said supporting means
      further includes a wheel for supporting said rigid support while allowing
      said rigid support to move laterally across said apparatus.
NUM  12.
PAR  12. The invention set forth in claim 8 wherein said rigid support includes
      a pair of supports, one of said pair of supports rigidly affixed to said
      proximal ends of said second baffles and the other of said pair of
      supports rigidly affixed to said distal ends of said second baffles,
PA1  said supporting means including a pair of guide wheels adapted for
      controlling the lateral movement of said pair of supports, each of said
      wheels bearing against one support of said pair of supports, and wherein
      said pair of guide wheels are supported at the ends of a rod, said rod
      being longer than the distance between said rigid supports and adapted for
      adjusting said pair of guide wheels so as to insure that said mating
      baffles are in alignment with each other.
NUM  13.
PAR  13. The invention set forth in claim 9 further comprising means operable
      when said support is in a position between said first and second positions
      for establishing both bypass and face passages through said apparatus, the
      opening size of which are inversely proportional to each other and
      dependent on the relative distance between the mating damper baffles.
NUM  14.
PAR  14. Dampers for use in an apparatus for conditioning the flow of fluid
      therethrough where said conditioning is accomplished by moving said fluid
      in contact with a plurality of energy transfer means, said energy transfer
      means arranged in a vertical manner and grouped into sets, the sets
      defining first passages where fluid passing through said apparatus
      contacts said energy transfer means and second passages where fluid passes
      through said apparatus without contacting said energy transfer means,
PA1  said dampers arranged to selectively proportion fluid flow between the said
      passages, each said damper comprising
PA1  a first baffle arranged for mounting in a fixed relationship with each
      group of said energy transfer means, between said group and an adjacent
      said passage,
PA1  a second baffle arranged for mounting in movable relationship with each
      group of energy transfer means, each said second baffle arranged for a
      first mating relationship with the first baffle associated with the same
      energy transfer means and a second mating relationship with the first
      baffle associated with an immediately adjacent energy transfer means, and
PA1  means for interconnecting and supporting all of said second baffles in
      fixed relationship to each other, said means operable for moving said
      second baffles into said first mating relationships thereby closing said
      first passages and operable for moving said second baffles into said
      second mating relationships thereby closing said second passages.
NUM  15.
PAR  15. The invention set forth in claim 14 wherein said interconnecting and
      supporting means includes a rigid support disposed along the axis of said
      energy transfer means, each said second baffle rigidly connected thereto.
NUM  16.
PAR  16. The invention set forth in claim 15 wherein said rigid support is
      supported and guided entirely from outside of said fluid flow through said
      apparatus.
NUM  17.
PAR  17. The invention set forth in claim 16 wherein said moving means includes
      at least one guide wheel adapted for controlling the lateral movement of
      said second baffle support, said guide wheel bearing against said support.
NUM  18.
PAR  18. The invention set forth in claim 17 wherein said moving means further
      includes a wheel for supporting said support while allowing said support
      to move laterally across said apparatus.
NUM  19.
PAR  19. In a face and bypass apparatus where the energy level of air or other
      fluid is to be changed by moving the air therethrough into face contact
      with a plurality of vertically disposed and spaced apart energy transfer
      means or by moving said air through said apparatus in a bypass manner
      between said spaced apart vertical energy transfer means,
PA1  a damper arrangement for selectively proportioning said air between said
      face contact and said bypass manner, said damper arrangement comprising
PA1  a plurality of first baffles each associated with one of said vertically
      disposed energy transfer means, each said damper having a proximal edge, a
      distal edge and a side portion connecting said edges, each said baffle
      fixed in a position with said side portion parallel to an associated one
      of said energy transfer means and being vertically disposed along the
      entire vertical length of said associated energy transfer means,
PA1  a plurality of second baffles, each one associated with one of said energy
      transfer means, each said baffle having a proximal edge, a distal edge and
      a central portion connecting said edges, each second baffle being
      vertically disposed along the entire vertical length of said associated
      energy transfer means,
PA1  a rigid support disposed along the axis of said energy transferring means
      adapted for supporting and guiding said first baffles, and
PA1  continuously variable means including said rigid support for moving said
      second baffles from a first position where said proximal edge and distal
      edge, respectively, of each said first and second baffle associated with
      the same energy transfer means are in mating contact with each other so as
      to prevent said air from coming into face contact with said energy
      transfer means and to force said air to pass through said apparatus
      through bypass passages established between the connecting portion of a
      first baffle and the connecting portion of an adjacent second baffle, to a
      second position where said central portions of said adjacent first and
      second baffles mate to prevent the passage of said air through said bypass
      passages and to force said air to pass between the proximal and distal
      edges, respectively, of said mating baffles thereby coming into face
      contact with said energy transfer means.
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PAL  Improved cementing compositions and their use in well cementing operations
      is disclosed, wherein methacrylamidopropyltrimethylammonium chloride
      polymers are used as fluid loss additives for aqueous hydraulic cement
      slurries.
PARN
PAR  This is a division of application Ser. No. 519,155, filed Oct. 30, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improved cementing compositions and their
      use in cementing operations, particularly for cementing wells penetrating
      subterranean formations.
PAR  In particular, the present invention relates to additives to cementing
      compositions employed in the cementing of oil and gas wells, for the
      purpose of reducing fluid loss from the cementing composition to the
      surrounding subterranean formation which the well has penetrated.
PAR  More particularly, the present invention relates to
      methacrylamidopropyltrimethylammonium chloride polymers as fluid loss
      additives to aqueous hydraulic cement slurries and the use of such
      slurries in well cementing operations.
PAR  Polymer compositions have long been used as additives to cementing
      compositions for the purpose of reducing water loss. For example, U.S.
      Pat. No. 2,614,998 discloses the use of water-soluble alkali salts of
      partially hydrolyzed polyacrylamide and polyacrylic acid for reducing the
      filtration of water from cement slurries. U.S. Pat. No. 3,359,225
      describes the use of polyvinylpyrrolidone to prevent the separation of
      free water from a cement slurry to which it is added and U.S. Pat. No.
      3,511,313 discloses a method for sealing void spaces in a geological
      formation with a liquid slurry of water swellable poly-N-vinyl pyrrolidone
      in an organo solvent therefor.
PAC  SUMMARY OF THE INVENTION
PAR  In drilling and completion of wells, particularly gas and oil wells, a
      bore-hole is drilled through the overlying layers of the earth's crust to
      a geologic formation from which it is desired to recover a fluid mineral
      contained therein. A casing is then introduced into the wellbore and
      cemented in place. This secures the casing in position, preventing
      unwanted shifting of the casing when the fluid being produced from a
      formation moves through it under considerable pressure. The cement also
      serves the important function of sealing off porous formations adjacent to
      or penetrated by the wellbore. Typically, a cement slurry is pumped
      downwardly through tubing within the well casing and flows out of the open
      lower end of the casing at the well bottom. It is then forced upwardly
      around the casing in the annular space between the outer wall of the
      casing and the wall of the wellbore. Thus pumped into place, the cement
      slurry sets into a monolithic mass in situ. After setting, the cement
      prevents the flow of undesired fluids from one formation to another,
      especially into the formation producing gas or oil.
PAR  However, neat cement slurries, that is, those comprising hydraulic cement
      and water, are subject to high fluid loss in porous formations. The water
      of the slurry migrates into the formation and the cement solids of the
      slurry are filtered out onto the face of the formation. This loss of water
      from cement slurries is accelerated by the relatively high pressures
      required to inject cement slurries into the annular space between well
      casing and wellbore. This pressure often results in squeezing water from
      the slurry and forcing this water into the pores of the surrounding
      formation. This loss of water from cement slurries is also increased by
      the practice of mechanically scraping away the drilling mud from the wall
      of the wellbore prior to pumping of the cement slurry into position. This
      procedure exposes porous formations which absorb water from the slurry.
PAR  Numerous problems are created by the loss of any appreciable amount of
      water from a cement slurry during a well cementing operation. For example,
      the lost water may contaminate the producing formation. Where oil sands
      are encountered, the contaminating water may cause shaley impurities in
      the sand to swell, thus greatly reducing the permeability of the oil sand
      formation. The loss of water will result in reduced fluidity of the cement
      slurry. This, in turn, requires increased pumping pressures and
      jeopardizes the entire cementing operation. Proper emplacement of the
      cement slurry is rendered difficult, accurate prediction of pumping times
      and cement volumes is prevented, cementing operation costs are increased,
      and final results are unsatisfactory. The loss of water from the cement
      slurry results in thickening or premature setting of the cement, often
      making completion of the cementing operation either difficult or
      impossible. The loss of water tends to result in a set cement of
      non-uniform consistency and of reduced compressive strength. As is known
      in the cementing art, greater compressive strengths are obtained when
      reduced quantities of water are employed to make up the cement slurry.
      Thus, reduction of the loss of water from a cement slurry to surrounding
      formations will also result in a reduction of the initial amount of water
      required to make up the slurry. This will allow complete hydration of the
      cement with reduced amounts of water, resulting in set cements of greater
      compressive strength.
PAR  The present invention, therefore, is concerned with improved hydraulic
      cement slurry compositions and their use in cementing operations wherein
      the slurry composition is characterized by low water loss to surrounding
      porous formations during pumping of the cement slurry into place and the
      subsequent setting of the cement.
PAR  As used herein, the term "fluid loss"  is intended to refer primarily to
      water loss, but is also intended to include minor amounts of other fluids
      which are subject to loss.
PAR  In accordance with the present invention, minor amounts of a polymer of
      methacrylamidopropyltrimethylammonium chloride are added to an aqueous
      hydraulic cement slurry to reduce the rate of fluid loss from the slurry
      to any fluid-absorbing medium with which the slurry may come into contact.
PAR  The polymers of our invention are high molecular weight, water-soluble
      polymers of methacrylamidopropyltrimethylammonium chloride and may be
      prepared in any convenient manner, as for example, in the manner taught by
      U.S. Pat. No. 3,661,880 or by conventional solution or inverted emulsion
      polymerization techniques, as for example the procedures disclosed in U.S.
      Pat. No. 3,284,393.
PAR  The polymers useful in this invention should have high molecular weights,
      preferably of at least 100,000 and more preferably of at least 1,000,000
      and should have a solubility in water of at least 0.25 percent. These
      polymers may be copolymers of methacrylamidopropyltrimethylammonium
      chloride and acrylamide containing from 10 to 90 percent by weight
      acrylamide. While the chloride anion is the most preferred quaternary
      ammonium derivative, other anions such as fluoride, bromide, nitrate,
      acetate, hydrogen sulfate, and dihydrogen phosphate may be utilized with
      the cationic polymers of this invention.
PAR  The compositions and methods of the present invention may employ any type
      of hydraulic cement. Hydraulic cement is defined as any cement which will
      set or cure under the action of water, and is intended to include all
      mixtures of lime, silica and alumina, or of lime and magnesia, silica, and
      alumina and iron oxide. Hydraulic cements include hydraulic limes,
      grappier cements, pozzolan cements, natural cements, and portland cements.
      Pozzolan cements include slag cements made from slaked lime and granulated
      blast furnace slag. Among these hydraulic cements, the portland cements
      are preferred, chiefly because of their superior strength characteristics.
      The term portland cement is intended to include any cement regarded in the
      cementing art as a portland cement, usually as defined by standard
      reference works. The precise composition of any one particular portland
      cement will vary from another, but generally portland cements are produced
      by mixing and grinding together a calcareous and an argillaceous material,
      kiln heating the mixture (1350.degree. to 18000.degree. C.) until
      vitrification begins, pulverizing the clinker thus produced and mixing the
      same with a small amount of gypsum. The portland cements may be ground to
      any desired particle size, and grading of portland cements is on the basis
      of the specific surface of the cement, which will range between 1200 and
      2600 square centimeters per gram. Grading is also based on the amount of
      cement particles retained on a No. 325 screen, U.S. Sieve Series. Thus,
      preferred oil well cements have a specific surface of about 1480 square
      centimeters per gram and about 85 percent by weight passes through a No.
      325 screen.
PAR  The hydraulic cement may be employed alone in preparing the cementing
      composition of the present invention, merely being admixed with water and
      the low fluid loss additive, or it may have additionally incorporated
      therein any of a number of conventional cement additives. For example the
      cement may include a minor portion, up to about 2.0 percent by weight of
      dry cement, of a retarder composition. Such an additive is preferred for
      oil well cements, since cementing operations are conducted under ambient
      well bottom temperatures which can exceed about 200.degree. F. Examples of
      conventional retarder compositions include carboxymethylhydroxyethyl
      cellulose, borax, dehydrated borax, calcium lignosulfonate and ferrochrome
      lignosulfonate.
PAR  Weighting components comprising inert materials such as barite and
      ilmentite are often employed. Silica may be employed to retard high
      temperature strength retrogression.
PAR  Other known additives conventionally employed with cementing compositions
      may be employed with the cementing compositions of this invention, and in
      amounts sufficient to produce the intended modification of the cementing
      composition characteristics for which any additive was selected. More than
      one such additive may, of course, be employed at the same time.
PAR  The dry hydraulic cement component of the cementing composition of the
      present invention is admixed with water to form a pumpable, settable
      cement slurry. The cement sets to form a monolithic solid. The water which
      is employed to form this cement slurry may be any naturally occurring
      water suitable for preparing cement slurries. Particularly, brines of any
      concentration of calcium chloride or sodium chloride or their mixtures are
      suitable. Sea water may be employed and is thus convenient in offshore
      operations. It is a particular advantage of the low fluid loss polymer
      additives of the present invention that they are effective in reducing
      fluid loss from a cement slurry even where brines are employed to make up
      the slurry. This constitutes an important advantage over many low fluid
      loss cement additives known in the art.
PAR  The amount of water employed to make up the hydraulic cement slurry is not
      critical, and generally the amount of water necessary to give a settable
      cement composition having the required characteristics will be in an
      amount of from about 25 percent to about 60 percent by weight, based on
      the weight of dry hydraulic cement. As discussed previously, the amount of
      water employed should be only such as is sufficient to produce a pumpable
      slurry. Use of the low water loss additives of the present invention makes
      it unnecessary to add excess water in anticipation of substantial water
      losses. The reduced initial water content will thereby tend to result in
      set cements of increased compressive strength.
PAR  The polymer fluid loss additives of the present invention are employed in
      an amount sufficient to produce a measurable reduction in the loss of
      fluid from a cement slurry to which it has been added. Preferably, the
      amount employed will effect at least a 25 percent reduction in fluid loss.
      More preferably, the amount employed will effect a 50 percent reduction in
      fluid loss; and most preferably the amount employed will be sufficient to
      effect a fluid loss reduction in excess of 75 percent. While increasingly
      greater amounts of fluid loss reduction may be produced by employing
      correspondingly greater amounts of the fluid loss additives of this
      invention, reductions in excess of about 90 percent are usually not
      justified economically. Moreover, amounts of fluid loss additive necessary
      to produce extremely high reductions of fluid loss will also produce
      attendant difficulties with respect to undersirable effects on the
      properties of the cement slurry and set cement. As a general rule, a fluid
      loss of about 100 ml. over 30 minutes (as measured by the method set out
      in Example 1 below) is considered desirable.
PAR  Generally, the amount of polymeric fluid loss additive employed will be in
      the range of from 0.05 to about 5.0 percent by weight of dry hydraulic
      cement, and usually in an amount of from about 0.15 to about 2.0 percent
      by weight of dry hydraulic cement. In determining specific amounts,
      consideration must be given to such factors as the composition of the
      cement slurry to which the fluid loss additive is added, and the
      temperatures to be encountered by the cement slurry during the cementing
      operation.
PAR  The procedure for preparing the cementing compositions of the present
      invention does not require any particular sequence of steps. The polymer
      low fluid loss additives of the present invention are water-soluble and
      thus may be mixed with the hydraulic cement before the addition of water,
      may be added to the slurry at the time of mixing, or may be added to the
      water before preparation of the cement slurry. When other conventional
      additives are employed, they may be incorporated into the final cement
      slurry composition in any known suitable manner.
DETD
PAR  The invention will be better understood from the following example which
      illustrates the preparation and fluid loss reducing activity of
      representative polymers of this invention.
PAC  EXAMPLE 1
PAC  Evaluation of Fluid Loss Reducing Properties
PAR  The evaluation procedure employed was that set out in API bulletin RP 10B,
      Nineteenth Edition, January 1974, Section 8, pages 43 - 44. A cement
      slurry was made up containing 600 grams of Class H cement (API Class H
      cement has a fineness in the range of 1400 - 1600 square centimeters per
      gram and contains, in addition to free lime and alkali, the following
      compounds in the indicated proportions: Tricalcium silicate -- 52;
      dicalcium silicate -- 25; tricalcium aluminate -- 5; tetracalcium
      aluminoferrite -- 12; calcium sulfate -- 3.3), 210 grams silica flour, and
      6 grams fluid loss additive of the present invention (1.0 percent by
      weight of dry hydraulic cement) in 324 mls. of 18 percent sodium chloride
      solution. These ingredients were mixed in a Waring Blender for 15 seconds
      at low speed, and then for 35 seconds at high speed. The resultant
      slurries were then mixed in a Halliburton consistometer for 20 minutes at
      190.degree.F. The slurry samples were placed in a Baroid high pressure
      filter press cell maintained at 190.degree.F. In the filter press cell the
      slurry samples were forced against a No. 325 U.S. Standard Sieve Series
      screen with 1000 psi. pressure supplied by compressed nitrogen. The fluid
      removed from the slurry was collected and measured. Constant pressure was
      maintained and the filtrate collected over a 30 minute period. Results
      were reported as volume of filtrate (in mls.) collected in a 30 minute
      period. The results obtained are illustrated in the following table:
TBL               Concentration of Additive                                    
                                 Fluid Loss                                    
                  (Percent by weight                                           
                                 (ml/30 min.                                   
     Sample       of dry cement) at 1000 psi.)                                 
     __________________________________________________________________________
     Neat Cement  0.0            1000*                                         
     MAPTAC/AM 25/75                                                           
                  1.0             60.0                                         
     (high molecular weight)                                                   
     __________________________________________________________________________
      *For neat cement (hydraulic cement and water only), virtually all water  
      present was removed in less than one minute, and the value indicated was 
      obtained by extrapolation.                                               
      MAPTAC = methacrylamidopropyltrimethylammonium chloride                  
      AM = acrylamide                                                          
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of cementing a zone in a well penetrating a subterranean
      formation comprising injecting down the well and positioning in the zone
      to be cemented an hydraulic cement aqueous slurry composition comprising
      dry hydraulic cement, from about 0.05 to about 5.0 percent by weight,
      based on dry hydraulic cement, of a water-soluble polymer of
      methacrylamidopropyltrimethylammonium chloride, and sufficient water to
      form a pumpable slurry; and allowing the cement thus positioned to set to
      a monolithic mass; whereby loss of fluid from the cement slurry to the
      formation is reduced.
NUM  2.
PAR  2. A method as in claim 1 wherein the polymer is a copolymer of acrylamide
      and methacrylamidopropyltrimethylammonium chloride.
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ABST
PAL  A rotary drilling apparatus and method are disclosed in which well tools
      are washed as they are pulled from the well bore and large pieces of
      formation are broken into pieces small enough to pass through the mud
      return line by directing a plurality of streams of drilling mud against
      the tools and the pieces of formation as they pass through the bell
      nipple. The material washed off the tools and the pieces of the broken up
      larger pieces of formation are carried from the bell nipple laterally with
      the mud through the mud return line. A plurality of nozzles are mounted on
      the bell nipple for this purpose and each nozzle includes a flow
      restricting member that can be easily removed and replaced when it becomes
      fluid cut.
BSUM
PAR  This invention relates to rotary drilling generally, and in particular to
      apparatus for and a method of washing well tools, such as stabilizers, as
      they are pulled from the well bore and for breaking up any large pieces of
      formation that are carried to the surface by the drilling mud.
PAR  The apparatus and method of this invention can be used to wash all the well
      tools, including the drill pipe in a drill string. It is particularly
      useful, however, for washing stabilizers. Stabilizers are used to space
      the drill string from the wall of the well bore, hopefully in axial
      alignment with the center of the well bore. Therefore, stabilizers are
      designed to contact the walls of the well bore, usually through laterally
      extending blades mounted on a tubular body carried by the drill string.
      Bit cuttings, wall cake and portions of the formation in which the blades
      are in contact build up between the blades and the stabilizer body during
      the drilling operation.
PAR  When the pipe string is removed from the well bore to change the bit or for
      any pupose, it is important for at least two reasons that any of the
      material adhering to the stabilizers is removed. First, if the build-up of
      material is allowed to remain on the stabilizer, when the stabilizer is
      again lowered into the hole with the drill string, the flow of drilling
      fluid around the stabilizer as it is lowered into the well bore will be
      restricted. This can result in a pressure build-up below the stabilizers
      each time the pipe string is lowered. As has happened many times, these
      pressure build-ups can break down exposed formations. At the least, this
      will result in a loss of some of the expensive drilling mud in the hole.
      It can also create a situation where the formation will take the drilling
      fluid continuously at normal hydrostatic pressure. This may require the
      addition of circulation loss preventing material to the drilling mud,
      which complicates the drilling operation. In extreme cases, it is
      necessary to pump cement into the formation to seal it off. All of this
      results in the loss of valuable time.
PAR  Secondly, the drill pipe making up a drill string is usually racked
      vertically in the derrick when it is pulled from the hole in stands of
      three joints each. Since the stabilizers are spaced at various points in
      the drill string, it is not unusual for a stabilizer to be located near
      the top of a strand of drill pipe when it is broken out of the string and
      set back in the derrick. If the stabilizer is not cleaned when it comes
      through the rotary table, the material adhering to the stabilizer will dry
      in the air and on many occasions has fallen off the stabilizer to the
      floor of the drilling rig in large chunks providing a very hazardous
      condition to the people working on the floor of the drilling rig.
PAR  It is an object of this invention to provide apparatus for and a method of
      cleaning well tools, such as stabilizers, before the well tools are pulled
      through the rotary table of the drilling rig. This insures that such well
      tools can be set back in the derrick above the workmen's heads without any
      danger of material falling onto the workmen, and it also saves much of the
      time that is otherwise spent in cleaning such tools after they are pulled
      above the rotary table. In addition, when well tools are cleaned above the
      rotary table, the material that is removed falls into the rotary table and
      the adjacent floor of the drilling rig. This material is wet when removed
      making it slick thereby creating an unsafe working area.
PAR  It is a further object of this invention to provide apparatus that will
      provide a plurality of jets of drilling fluid against the outer surface of
      a well tool before it reaches the rotary table to remove debris therefrom.
      An additional advantage obtained here is that by using drilling fluid as
      the cleaning agent, and by directing this drilling fluid against the well
      tool before it passes out of the bell nipple below the rotary table, the
      drilling fluid is not polluted by water which would be one of the agents
      used if the tool was cleaned above the rotary table.
PAR  It is another object of this invention to provide a method of and apparatus
      for washing well tools that removes the material washed from the tool from
      the bell nipple through the mud return line. This is advantageous not only
      because it keeps the material, or at least most of it, from sinking
      through the mud down the well bore, but also keeps the well bore full of
      drilling mud up to the level of the mud return line. This is very
      important because it reduces the chances of the well blowing out by
      maintaining the maximum hydrostatic head of fluid against any producing
      formation that may have been penetrated by the well bore.
PAR  This invention has utility in addition to cleaning well tools. When
      drilling certain formations, large pieces of the formation appear at the
      surface. It is not known for sure whether the pieces are sloughed off the
      wall of the well bore or are the result of the agglomeration of bit
      cuttings as the cuttings move toward the surface. Whatever the reason,
      when these large pieces of formation reach the surface they plug up the
      mud return line and often the bell nipple itself to the extent that
      drilling operations have to be stopped until these pieces of formation are
      removed. This phenomena occurs primarily while drilling surface clays of
      the type commonly called "gumbo".
PAR  Therefore, it is another object of this invention to provide apparatus for
      and a method of breaking up any large pieces of formation that reaches the
      surface during drilling operations to keep such pieces from plugging the
      bell nipple or the mud return line.
PAR  It is another object of this invention to provide a method of drilling
      formations, such as gumbo, wherein a plurality of streams of drilling mud
      are injected into the mud as it returns to the surface to break up any
      large pieces of formation in the mud before they plug or stop up the mud
      return system.
PAR  It is a further object of this invention to provide apparatus for cleaning
      well tools as they pass through the bell nipple of a rotary rig and for
      breaking up any large pieces of formation that reach the surface that
      includes a plurality of nozzles that have replaceable flow restricting
      means therein so that such flow restricting means can be removed and
      replaced when cut out by the drilling fluid or when it is desirable to
      change the size of the opening in the flow restricting means.
PAR  These and other objects, advantages, and features of this invention will be
      apparent to those skilled in the art from a consideration of this
      specification, including the attached drawings and appended claims.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a view in elevation of the upper blowout preventer and bell
      nipple of a conventional blowout preventer stack located just below the
      rotary table of a rotary drilling rig with the preferred embodiment of the
      apparatus of this invention installed on the bell nipple of the mud return
      system;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2; and
PAR  FIG. 4 is a sectional view of the apparatus of the invention as it is used
      to break up large pieces of formation reaching the surface during drilling
      operations.
DETD
PAR  In rotary drilling operations, the drill string extends into the well bore
      through a blowout preventer and mud return system assembly. A blowout
      preventer assembly or stack will include one or more blowout preventers in
      stacked alignment with the well bore. In FIG. 1, only the top preventer,
      indicated by the number 10, is shown. Drill string 12 extends through the
      blowout preventer stack, and during drilling operations will have a bit on
      the end thereof. Drilling fluid is pumped down through drill string 12,
      out the drill bit and back to the surface between the drill string and the
      wall of the well bore or any casing that may already be set in the well
      bore. This drilling fluid passes up through the blowout preventer stack
      into the mud return system which includes bell nipple 14 attached to top
      blowout preventer 10 and laterally extending mud return line 16. The mud
      flows upwardly in the bell nipple, then laterally through mud return line
      16 to the shale shaker and the storage pits, where it is again picked up
      by the mud pumps and pumped down the drill string.
PAR  According to this invention, a plurality of nozzles 18 are mounted on the
      bell nipple through which drilling mud can be pumped to provide a
      plurality of streams of drilling mud that are directed toward the outer
      surface of a well tool passing through the bell nipple to clean the outer
      surface thereof or to break up any large pieces of formation reaching the
      bell nipple. In accordance with the method and the preferred embodiment of
      the apparatus of this invention, the nozzles are mounted on the bell
      nipple above mud return line 16. All of the nozzles have the same
      construction, so only one will be described in detail. Referring to FIG.
      3, nozzle 18 includes tubular nozzle housing 20. The housing has a
      passageway therethrough, portion 22 thereof, being larger in diameter than
      portion 24 to provide annular shoulder 26. Passageway portions 22 and 24
      are in alignment with each other and with opening 28 through bell nipple
      14. Nozzle housing 20 is attached to mounting flange 30 which is attached
      to the outside of the bell nipple, as by welding, to hold the nozzle
      housing in the desired position with its passageways in alignment with
      opening 28 in the wall of the bell nipple. Mounting flange 30 is welded to
      the bell nipple also to prevent the flow of drilling fluid out of opening
      28 and between the bell nipple and the mounting flange. The desired
      acceleration in the mud pumped through the nozzle is provided by
      disc-shaped flow restricting member 32 which is positioned in portion 22
      of the passageway in engagement with shoulder 26.
PAR  Means are provided to supply the nozzles with fluid under pressure. In the
      embodiment shown, such means include circular shaped tubular header 34
      which encircles the bell nipple and is attached to the inlet end of each
      nozzle housing.
PAR  As discussed above, when pulling a drill string out of a well bore, the
      level of drilling mud in the well bore will drop as the pipe is removed
      therefrom. If producing formations are exposed in the well bore, a drop in
      the level of the drilling fluid may reduce the hydrostatic pressure
      opposite the producing formation to less than formation pressure and
      fluids in the formation will flow into the well bore and a blowout can
      occur. For this reason, it is a common practice to connect a line from the
      mud pumps of the rig to the bell nipple, commonly called a fill-up line,
      through which drilling fluid can be added to the well bore as the pipe is
      pulled out of the hole to maintain the level of drilling fluid at or near
      the surface, which in turn maintains the hydrostatic pressure of the
      entire column of fluid opposite any producing formations.
PAR  In the embodiment shown, fill-up line 36 is connected to header 34. For
      ordinary fill up purposes, then, fluid is pumped into the header by the
      mud pumps and passes into the bell nipple through the nozzles to keep the
      hole full of drilling mud up to the mud return line. When a stabilizer,
      such as stabilizer S shown dotted, or other well tool that needs cleaning,
      approaches the bell nipple, the pressure in the fill-up line can be
      increased sufficiently to provide a stream of drilling mud from each of
      nozzles 18 having sufficient velocity to clean the tool as it passes
      through the bell nipple. It may be desirable, in some instances, to pump
      continuously through the fill-up line so that the cleaning action on the
      well string will be continuous as the well string is pulled from the well
      bore. This will also insure that the fluid level is maintained at the
      highest possible point at all times. Any excess fluid pumped into the bell
      nipple will simply flow through the mud return line back to the mud pits.
      As shown, nozzles 18 are mounted at approximately 50.degree. from the
      horizontal so that the mud stream from the nozzle strikes the well tools
      at a downwardly inclined angle. Preferably, the nozzles are aimed
      downwardly at an angle between about 30.degree. to about 60.degree. from
      the horizontal.
PAR  In the practice of the method of this invention to clean well tools, the
      nozzles provide a plurality of streams of drilling mud above the mud
      return line to wash off material adhering to a well tool. This material
      falls or is carried by the drilling mud downwardly in the bell nipple
      where it enters the laterally flowing stream of mud entering the mud
      return line. Thus, the material is not only washed from the well tools
      before the tools are pulled out of the bell nipple to the floor of the
      drilling rig, but also the material removed is carried out of the bell
      nipple with the drilling mud where it can be separated from the mud by the
      shale shaker.
PAR  As explained above, when drilling certain types of formations, such as the
      "gumbo" of the Gulf Coast, large pieces of formation find their way to the
      surface. The pieces small enough enter the mud return line where they
      settle out and reduce the capacity of the line or, in many cases, plug it
      completely. In either event, the returning mud being restricted or
      prevented from flowing through the mud return line, will flow over the top
      of the bell nipple. Drilling operations will then have to stop while the
      return line is cleaned of these pieces of formation. Where the pieces are
      too large for the return line, such as pieces 50 and 52 in FIG. 4, they
      will move with the mud to the inlet of return line 16 and prevent or
      restrict the flow of mud into the line and again the bell nipple will
      overflow.
PAR  As shown in FIG. 4, by pumping drilling mud through nozzles 18 during the
      drilling operation, a plurality of high velocity streams of drilling mud
      will be provided to strike pieces 50 and 52 of formation as they move
      upwardly in the bell nipple and break up these pieces into much smaller
      pieces 54 before they can enter or stop up the mud return line. The
      smaller pieces of formation will then be carried laterally with the
      drilling mud through the mud return line to the shale shaker where they
      are separated from the mud.
PAR  When used for this purpose, the nozzles should be positioned so the high
      velocity streams of mud discharged therefrom will engage and break up the
      pieces of formation before such pieces can enter or plug up the mud return
      line.
PAR  Since in FIG. 4, drilling operations are being performed, the upper portion
      of the drill string is shown as kelly 56.
PAR  As explained above, flow restricting member 32 is held in place by shoulder
      26. Seal ring 40 carried by the member prevents the flow of drilling mud
      around the outside of the member and forces all of the mud to flow through
      opening 42 in the member.
PAR  The flow restricting member or orifice 32 serves to impart an increase in
      velocity to the drilling mud that is sufficient to provide the desired
      cleaning and dispursing action. Consequently, even though such members are
      made or coated usually with very hard material, they will suffer from
      fluid erosion, and eventually have to be replaced. It is a feature of this
      invention that the flow restricting means or orifice of each nozzle can be
      removed and replaced when desired.
PAR  In the embodiment shown, openings 44 are located in the side of header 34
      diametrically opposite nozzle housing 20. Normally, the openings are
      closed by caps 46 attached to nipples 48. When it is desired to replace
      one of nozzle orifices 32, the cap associated with the nozzle can be
      removed and the orifice removed through the nozzle housing, the header,
      and opening 44 and replaced.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the apparatus
      and method.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the apparatus and method of
      this invention without departing from the scope thereof, it is to be
      understood that all matter herein set forth or shown in the accompanying
      drawings is to be interpreted as illustrative and not in a limiting sense.
CLMS
STM  The invention having been described, what is claimed is:
NUM  1.
PAR  1. Apparatus mounted on the bell nipple of a rotary drilling rig above the
      mud return line for breaking up large pieces of formation, such as gumbo,
      as the pieces reach the surface of the drilling mud in the bell nipple
      during drilling operations comprising a plurality of nozzles, means
      mounting the nozzles on the bell nipple directly above the mud return line
      whereby fluid flowing through the nozzles is directed into the mud as the
      mud reaches the mud return line to break up large pieces of formation as
      they reach the mud return line, and means for pumping drilling mud through
      the nozzles while drilling mud is being pumped upwardly in the bell nipple
      and laterally through the mud return line to carry pieces of formation
      from the well bore.
NUM  2.
PAR  2. The apparatus of claim 1 in which the mounting means includes a circular
      tubular header to which each nozzle is connected and through which each
      nozzle is supplied with drilling mud.
NUM  3.
PAR  3. The apparatus of claim 1 in which each nozzle includes a tubular housing
      having an inlet and an outlet and a flow restriction positioned in the
      housing adjacent the outlet to increase the velocity of the mud flowing
      through the housing before it leaves the housing through the outlet.
NUM  4.
PAR  4. The apparatus of claim 3 in which the flow restriction is removable
      through the inlet end of the nozzle housing and in which the tubular
      header is provided with openings positioned thereon opposite the inlets to
      the nozzle housings through which the flow restrictions can be moved into
      and out of position in the nozzle housings and removable means for closing
      the openings.
NUM  5.
PAR  5. The apparatus of claim 3 in which the nozzles are mounted to direct the
      mud flowing from the outlets thereof downwardly at an angle from the
      horizontal of between thirty and sixty degrees.
NUM  6.
PAR  6. Apparatus for use with the bell nipple and mud return line of a rotary
      drilling rig to wash well tools before they pass out of the bell nipple
      below the rotary table, said apparatus comprising a plurality of openings
      in the bell nipple above the mud return line, a plurality of nozzles,
      means mounting the nozzles on the bell nipple to direct a plurality of
      streams of drilling mud flowing through the nozzles through the openings
      in the bell nipple against a well tool passing through the bell nipple,
      and means for supplying the nozzles with drilling mud under pressure when
      it is desired to clean a well tool as it passes through the bell nipple,
      each nozzle including a tubular housing having a passageway therethrough
      in alignment with one of the openings in the bell nipple through which the
      drilling mud passes into the bell nipple, said passageway having a portion
      of reduced diameter adjacent the opening in the bell nipple to provide an
      annular shoulder facing opposite the direction of flow of the drilling
      mud, a disc-shaped flow restricting member positioned in the passageway in
      engagement with said shoulder having an opening of reduced diameter to
      restrict the flow of drilling mud through the passageway and increase the
      velocity of the drilling mud before it enters the bell nipple and seal
      means located between the flow restricting member and the housing.
NUM  7.
PAR  7. The apparatus of claim 6 in which the mounting means includes a circular
      shaped tubular header that encircles the bell nipple and is connected to
      the tubular housings of the nozzles to provide a common conduit through
      which drilling mud under pressure is supplied to the nozzles, said header
      having openings therein opposite from and in alignment with the
      passageways of the nozzle housings and covers for said openings that can
      be removed to allow the flow restricting members of the nozzles to be
      removed from the housings through the openings and replaced.
NUM  8.
PAR  8. A method of rotary drilling comprising circulating drilling mud down the
      drill string and up the annulus into the bell nipple and laterally through
      a mud return line to the shale shaker and storage pits to carry pieces of
      formation out of the well bore, positioning a plurality of nozzles in the
      bell nipple adjacent the mud return line to direct their discharge into
      the mud as it reaches the mud return line and directing a plurality of
      streams of drilling mud through the nozzles against the pieces of
      formation carried to the surface by the drilling mud as they reach the mud
      return line to break up the pieces sufficiently to flow laterally with the
      mud through the mud return line.
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PAL  A manually operable lawn-edge trimming implement consists of a
      blade-carrier, a knifing blade and a broom-stick handle by which the
      implement may be presented to the lawn edge and traversed therealong with
      the blade obliquely penetrated into the earth along the line of edge
      trimming. The blade-carrier acts as a clamp for removably holding the
      replaceable knifing blade, and the blade-carrier is supported by an axle
      on two wheels which are well spaced apart so as to prevent grass crushing
      in the lawn-edge vicinity.
BSUM
PAR  The object of this invention is to provide a manually operable lawn edge
      trimming implement which is inexpensive, easily used and markedly
      effective by comparison with implements heretofore devised and intended to
      serve the same purposes.
PAR  The invention is referable to lawn edge trimmers of the kind comprising
      grass cutting means, a handle on which the cutting means are mounted and
      by manual use of which the cutting means may be effectively presented to
      the work, and what may be called runner means whereby the implement, when
      travelled along a lawn edge, may be kept under control and appropriately
      directed and applied to the work.
PAR  The prior art implements of the general type just above described are three
      kinds:
PAR  A. In the first kind of prior implement the cutting means consist of a
      circumferentially sharpened disc rotatably mounted on a handle, and the
      runner means take the form of a narrow drum which is smaller in diameter
      than the cutter disc and is concentrically fixed on one side of that disc
      so that it may be rolled along an edge margin of a paving in direct
      contiguity with the line of lawn edge along which trimming is required.
      This first kind of implement is objectionable in several respects. The
      drum acts as a drive for the cutter disc and thus the disc, when
      penetrated into the earth (as it is during use) rotates relative to the
      earth with which it is in frictional contact; this, combined with the fact
      that the amount of the disc in contact with the earth is much greater than
      the amount merely necessary for grass cutting purposes, makes use of the
      implement extremely laborious. A still greater disability, in this kind of
      implement, is that the driver drum depresses and crushes grass lying in
      its path and even if this crushed grass is severed by the cutter disc it
      is difficult to remove from the paving and causes that paving to be
      objectionably stained.
PAR  B. The second kind of prior implement is the same as the first except that
      instead of having a cutter disc it has a radially bladed star wheel or
      spider which rotates in smear with a stationary shear blade fixedly
      mounted on or relative to the implement handle so that grass cutting will
      be effected by a scissoring action of the blade 5. This second form of
      implement is objectionable for the same reasons as the first, and in both
      of these forms a further disability is that in use the cutting elements
      become blunted very quickly but cannot be readily replaced, neither can
      they be readily re-sharpened.
PAR  C. The third kind of prior implement, with which the present application is
      more directly classifiable, consists of a handle, runner means in the form
      of a curved foot fixed on one end of the handle, and cutting means
      constituted by a flat blade detachably secured to the leading end of the
      foot so that the blade trails obliquely and downwardly away from the
      leading end of the foot. This third form of implement is used by
      penetrating the blade obliquely into the earth along the line of required
      trimming and then moving the blade along that line translationally (that
      is, without endwise or "sawing" movement of the blade) so to knife away
      the grass to be severed as distinct from shearing it by scissor action or
      severing it by use of a rotatable edge-sharpened disc, as discussed above.
      This third kind of prior art implement overcomes some of the disabilities
      displayed by the first and second kinds mainly because of its use of a
      knifing blade which is readily detachable for re-sharpening or renewal.
      However, this third form somewhat exacerbates the grass crushing
      difficulty referred to above in that the foot of the implement rides the
      paving directly contiguous to the lawn edge with heavily loaded frictional
      contact, so that the severed (or unsevered) grass is not merely crushed by
      the implement foot, it is forcibly ground into the paving margin by that
      foot. This third form of implement is also objectionable by reason of the
      fact that most lawn edge pavings (usually concrete) are highly abrasive so
      to cause the implement foot which frictionally rides the paving, under
      heavy hand pressure from the user, to wear away very rapidly. Another
      point in this connecton is that heavily loaded frictional contact between
      the implement foot and the paving increases the work load for the user
      substantially beyond what is necessary merely for grass trimming purposes.
PAR  The present invention, in essence, resides in a blade-carrier for a lawn
      edge trimming implement of the kind including a handle which enables the
      implement to be manually traversed along a lawn edge with a blade in
      knifing relationship to said lawn edge, said blade-carrier comprising:
PAR  a. a blade holder incorporating means for detachable connection of a
      knifing blade thereto,
PAR  b. an axle upon which said holder is mounted, and
PAR  c. two freely rotatable wheels on said axle, both being spaced from said
      holder and respectively located on either side thereof.
PAR  It will be appreciated that the implement handle may simply be a wooden or
      other rod such as an ordinary broomstick; indeed, in the plans for
      commercialisation of the present invention consideration is being given to
      the marketing of the implements without handles and simply instructing the
      purchaser, at the time of purchase, to buy a broomstick or like rod and
      himself attach it or fit it up to the blade carrier.
PAR  It will be further appreciated that the detachable blade to be used as part
      of the implement may be of known kind, for example that already known for
      use in prior art implements of the third kind discussed above. To
      accommodate such a blade it would only be necessary to provide a
      blade-carrier according hereto with bolt-holes and a bolt for detachable
      connection of the blade to the carrier.
PAR  Although known blades may be used as just discussed, it is preferable for
      the blade to be one specially devised for use in the present implement,
      and such a preferred blade is described later herein.
PAR  It will be clear that blades required to operate in gritty earth bordered
      by concrete paving (for example) must be expected to have a working life
      considerably shorter than that of the remainder of the implement, Thus, as
      part of the marketing arrangements in contemplation as referred to above,
      consideration is being given to the separate sales of blades packeted in
      plurality (five per packet, for example) so that these may be used on a
      throw-away basis in much the same way as has long been common in the
      marketing of safety razor blades.
PAR  The preferred embodiments of the invention incorporate simple means by
      which grass to be severed may be lightly depressed towards a paving margin
      (as distinct from being pressed hard against such a margin) just ahead of
      the oncoming implement blade. This is desirable because upstanding grass
      blades are then brought close to the margin and at the same time caused to
      lie athwart the blade path so to be in better disposition for severance by
      the oncoming knifing blade.
DRWD
PAR  A preferred embodiment of the invention is illustrated in the drawings
      herewith.
PAR  FIG. 1 is a side elevation of a lawn edge trimming implement incorporates a
      grass depressor plate in the form of a scraper-blade.
PAR  FIG. 2 repeats FIG. 1 but with the whole implement having been turned
      through 180.degree. so that its scraper blade is placed flatly against a
      paving for a purpose described later herein.
PAR  FIG. 3 is a partly-sectioned inverted plan taken in the direction indicated
      by line 3--3 in FIG. 1.
PAR  FIG. 4 is a sectional side elevation taken on line 4--4 in FIG. 3.
PAR  Referring to the drawings, the blade-carrier consists of blade-holder 5,
      axle 6 upon which the holder is mounted, and two freely rotatable wheels 7
      on the axle, both spaced from the holder and respectively located on
      either side thereof.
PAR  The blade-holder 5 consists of a pair of roughly triangular cheek-plates 8
      which along one side are adjoined by a handle socket sleeve 9 able to hold
      a broomstick type of handle as indicated at 10. The cheek-plates are
      preferably stiffened by edge flanges 11. The cheek-plates are adapted to
      be clamped together so to keep hold of a blade (12) inserted between them.
      The cheek-plate clamping means are preferably such (as shown) as will not
      only clamp the cheek-plates each toward the other, but also reduce the
      inside diameter of the socket sleeve so that it may take a firm hold upon
      a handle otherwise freely insertable therein. In further preference, these
      "compound" clamping means are also constituted by the axle 6.
PAR  To this end axle 6 is made in two parts; a male part 13 and a female part
      14. Part 13 has a clamping shoulder 15 from which a stem 16 projects. This
      stem is preferably hexagonal or otherwise shaped so that it may extend
      non-rotably through complementarily shaped holes (not shown) in the
      cheek-plates 8. Stem 16 has a threaded extension 17 able to screw into the
      threaded inner end 18 of a counterbored hole which opens to a clamping end
      face 19 of the female part 14.
PAR  It will be seen that the two cheek-plates 8 can be clamped together
      (between clamping shoulder 15 and end face 19 which bear against
      load-spreading washers 20) by rotation of axle portion 14 with the aid of
      cross-bar 21. The free ends of the axle portions 13 and 14 are formed as
      journals 22 upon which the wheels 7 are freely revolubly mounted.
PAR  The preferred way of holding a blade relative to and between the
      cheek-plates 8 is to provide the blade 12 with apertures being at least
      one hole 23 and end slots 24. Lugs 25 on one of the cheek-plates are able
      (when the cheek-plates are clamped together) to extend through hole 23 and
      one of the slots 24, and into clearance openings being clearance gap 26
      and hole 27 formed in the other of the two cheek-plates, thus to hold the
      knifing blade 12 in the oblique working disposition, relative to a lawn or
      paving surface indicated at 28.
PAR  The blade 12 is of elongated rectangular form and, preferably, both of its
      longitudinal edges 29 are sharpened so to permit the blade to be turned
      upside-down when its previously lower-most edge becomes blunted, thus, to
      emplace the other sharpened edge in working position. The knifing blade
      may also be turned end-for-end relative to its mounting between the cheek
      plates; thus, in effect, providing four different positions in each of
      which a sharpened and previously unused cutting edge may be emplaced in
      work position. The blade preferably has two holes 23 (as shown) so as to
      provide a degree of blade obliquity adjustment to suit the user.
PAR  As previously indicated herein, the illustrated preferred embodiment of the
      invention includes means whereby grass to be severed may be lightly
      depressed to lie athwart the path of the knifing blade 12 as it advanced
      along a lawn edge. These means consist of a grass depressor plate 30
      having offset lugs 31 by which it is pivotally mounted on the leading end
      of the socket sleeve 9.
PAR  When during ordinary use in the trimming of a lawn edge, the implement is
      positioned in relation to a lawn edge and advanced therealong in the
      direction indicated by arrow 32 in FIG. 1, plate 30 acts as a deflector to
      depress the grass (without crushing it) so that it lies across the path of
      the oncoming knifing blade. This plate 30 is preferably provided with
      sharpened edges 33 so that it may be effectively used as a scraper blade
      to clear severed grass from the lawn edge vicinity or cut away grass which
      has escaped severance by the knifing blade 12. To use plate 30 in this
      manner, the whole implement is turned through 180.degree. as shown in FIG.
      2. By doing this scraper blade 30 is brought flatly into contact with the
      paving and then moved along the lawn edge for performance of the clearing
      and severing action referred to above.
PAR  When a lawn is to be moved and edge-trimmed, it is better to trim and
      scrape the contiguous paving margin before mowing, so that during the
      mowing procedure the cut and freed lawn edge trimmings will be picked up
      by the mower for deposit in its grass catcher.
CLMS
STM  The claims defining the invention are as follows:
NUM  1.
PAR  1. A blade-carrier for a lawn edge trimming implement including a handle
      which enables the implement to be manually traversed along a lawn edge
      with a blade in knifing relationship to said lawn edge, said blade-carrier
      comprising:
PA1  a. a blade holder consisting of a pair of spaced generally parallel
      cheek-plates joined together by a handle-receiving socket sleeve extending
      therebetween, said sleeve being provided with a shape having a given
      diameter, said sleeve, in joining said check-plates together, being joined
      to each of said check plates in such a manner that as said check-plates
      are drawn closer together, the diameter of said sleeve is diminished.
PA1  b. releasable clamping means to clamp said cheek-plates together and
      thereby to hold a removable knifing blade when positioned between said
      cheek-plates and to diminish the diameter of said socket sleeve,
PA1  c. blade retention means to hold said knifing blade between said
      cheek-plates when said knife blade is positioned therebetween upon
      tightening of said clamping means,
PA1  d. an axle upon which said blade holder is mounted, and
PA1  e. two freely rotatable wheels on said axle, both being spaced from said
      blade holder and respectively located on either side thereof.
NUM  2.
PAR  2. A blade-carrier accordingly to claim 1 wherein said axle is in two parts
      one of which extends through said cheek-plates and is screw threaded into
      the other of said parts whereby said parts constitute said clamping means.
NUM  3.
PAR  3. A blade-carrier according to claim 1 wherein said blade retention means
      comprise lugs on one of said cheek-plates which extend freely through
      clearance spaces in its companion cheek-plate and through apertures in a
      knifing blade when inserted between said cheek-plates.
NUM  4.
PAR  4. The combination with a blade-carrier according to claim 1 of a grass
      depressor plate mounted on said blade holder, and disposed ahead of said
      blade when said blade is in use.
NUM  5.
PAR  5. The combination according to claim 4 wherein said grass depressor plate
      has sharpened edges so that it is useable as a scraper blade.
NUM  6.
PAR  6. A lawn edge trimming implement comprising:
PA1  a. a blade-holder consisting of a pair of spaced generally parallel
      cheek-plates joined together by a handle-receiving socket sleeve extending
      therebetween, said sleeve being provided with a shape having a given
      diameter, said sleeve, in joining said check-plates together, being joined
      to each of said check-plates in such a manner that as said check-plates
      are drawn closer together, the diameter of said sleeve is diminished.
PA1  b. releasable clamping means to clamp said cheek-plates together and
      thereby to hold a removable knifing blade positioned between said
      cheek-plates and to diminish the diameter of said socket sleeve,
PA1  c. blade retention means on said cheek-plates,
PA1  d. an axle upon which said blade holder is mounted,
PA1  e. two freely rotatable wheels on said axle, both being spaced from said
      blade holder and respectively located on either side thereof,
PA1  f. a handle having one end entered within said socket sleeve, and
PA1  g. a knifing blade detachably clamped between said cheek-plates and so
      arranged that when said handle is grasped by a user so to project
      forwardly and downwardly from the user towards a lawn edge, said wheels
      straddle said lawn edge when said blade is disposed in knifing
      relationship with said lawn edge.
NUM  7.
PAR  7. An implement according to claim 6 wherein said axle is in two parts, one
      of which extends through said cheek-plates and is screw threaded into the
      other of said parts whereby said parts constitute said clamping means.
NUM  8.
PAR  8. An implement according to claim 7 wherein said blade retention means
      comprise lugs on one of said cheek-plates which extend freely through
      clearance spaces in its companion cheek-plate and through apertures in a
      knifing blade when inserted between said cheek-plates.
NUM  9.
PAR  9. The combination with an implement according to claim 6 of a grass
      depressor plate mounted on said blade holder and disposed ahead of said
      blade when said implement is in use.
NUM  10.
PAR  10. The combination according to claim 9 wherein said grass depressor plate
      has sharpened edges so that it is useable as a scraper blade.
NUM  11.
PAR  11. An implement according to claim 8 in which said knifing blade is of
      elongated rectangular form having at least one of its longitudinal edges
      sharpened, and being apertured by at least one lug-receiving hole formed
      in its middle region and a lug-receiving slot at each of its ends.
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PAL  A steel soil cultivating tine has a lower soil working portion and an upper
      fastening portion. The tine has zones of differing hardness along its
      length, the hardest zone including the lowermost end of the tine. The tine
      can take different shapes and configurations, but in general the soil
      working portion has sides, at least several of which taper towards the
      lowermost end. The fastening portion can be threaded for reception in a
      threaded holder. Near the juncture between the fastening and soil working
      portions a zone of reduced hardness lends flexibility to the tine.
BSUM
PAR  According to the invention, there is provided a tine for use in soil
      cultivation, which tine comprises interconnected fastening and active or
      soil working portions, wherein the material or materials from which the
      tine is formed exhibit(s) different hardnesses along the length of the
      tine commencing from one end thereof.
DRWD
PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be made, by way of example, to
      the accompanying drawings, in which:
PA1  Fig. 1 is a plan view of a soil cultivating implement or rotary harrow that
      is equipped with tines in accordance with the invention, said implement or
      harrow being mounted at the rear of an agricultural tractor,
PAR  FIG. 2 is a section, to an enlarged scale, taken on the line II--II of FIG.
      1,
PAR  FIG. 3 is an elevation, to a further enlarged scale, illustrating a tine in
      accordance with the invention,
PAR  FIG. 4 is an elevation as seen in the direction indicated by an arrow IV in
      FIG. 3,
PAR  FIG. 5 is a section taken on the line V--V of FIG. 4,
PAR  FIG. 6 is a section taken on the line VI--VI in FIG. 4,
PAR  FIG. 7 is an elevation, to an enlarged scale as compared with FIGS. 1 and
      2, of an alternative form of tine in accordance with the invention,
PAR  FIG. 8 is an elevation as seen in the direction indicated by an arrow VIII
      in FIG. 7,
PAR  FIG. 9 is a section taken on the line IX--IX in FIG. 8,
PAR  FIG. 10 is a section taken on the line X--X in FIG. 7,
PAR  FIG. 11 is a section taken on the line XI--XI in FIG. 7,
PAR  FIG. 12 is an elevation, to the same scale as FIGS. 7 to 11, of a further
      alternative embodiment of a tine in accordance with the invention,
PAR  FIG. 13 is an elevation, to the same scale as FIGS. 7 to 12, of a still
      further alternative embodiment of a tine in accordance with the invention,
PAR  FIG. 14 is an elevation as seen in the direction indicated by an arrow XIV
      in FIG. 13,
PAR  FIG. 15 is a section taken on the line XV--XV in FIG. 13,
PAR  FIG. 16 is a section taken on the line XVI--XVI in FIG. 13, and
PAR  FIG. 17 is a section taken on the line XVII--XVII in FIG. 13,
DETD
PAR  Referring to the accompanying drawings, FIG. 1 thereof illustrates a soil
      cultivating implement in the form of a rotary harrow that is equipped with
      soil working tines in accordance with the invention, a more detailed
      description of which tines will be given below. The rotary harrow has a
      frame part 1 in the form of a hollow beam that extends substantially
      horizontally perpendicular, or at least transverse, to the intended
      direction of operative travel of the harrow which is indicated by an arrow
      A in FIG. 1. A plurality, such as twelve, of substantially vertical or at
      least upwardly extending shafts 2 are rotatably mounted in the frame part
      1 by means of bearings carried at the top and bottom of that frame part,
      said shafts 2 being arranged in a single row at regularly spaced apart
      intervals that may conveniently have a magnitude of substantially 25
      centimeters. The lowermost end of each shaft 2 projects from beneath the
      bottom of the frame part 1 and has a corresponding soil working member or
      rotor 3 rigidly secured to it. Shield plates 4 are arranged immediately
      beyond the opposite lateral ends of the single row of soil working members
      or rotors 3, said shield plates 4 having their lowermost edges constructed
      for sliding motion over the ground surface and said plates being pivotally
      mounted so as to be turnable upwardly and downwardly around corresponding
      axes that extend substantially horizontally parallel to the direction A.
      The opposite lateral sides or ends of the hollow frame part 1 are closed
      by corresponding substantially vertically disposed sector plates 5
      alongside which arms 6 are upwardly and downwardly turnable about a
      substantially horizontal axis afforded by aligned pivots located near the
      top of the frame part 1 and towards the front thereof with respect to the
      direction A. The arms 6 can be retained in chosen angular settings around
      the pivots which have just been mentioned by entering locking pins 7
      through holes in the arms 6 and through chosen holes in curved rows
      thereof that are formed in rearmost edge regions of the sector plates 5. A
      rotary supporting member and combined soil compressing member in the form
      of a roller 8 is rotatably mounted between substantially horizontal
      bearings carried at the lowermost and rearmost ends of the arms 6 with
      respect to the direction A and it will be apparent that the chosen
      settings of the arms 6 relative to the sector plates 5 determine the level
      of the axis of rotation of the roller 8 relative to the remainder of the
      rotary harrow and thus are a major factor in determining the depth of
      penetration of the tines that will hereinafter be described into the soil
      during the operation of the harrow.
PAR  The front of the frame part 1 with respect to the direction A is provided
      with a generally triangular coupling member or trestle 9 that is
      constructed and arranged for connection to the three-point lifting device
      or hitch of an agricultural tractor or other operating vehicle in the
      manner that is illustrated in outline in FIG. 1. One of the center pair of
      shafts 2 of the single row thereof has an upward extension into a gear box
      10 that is rigidly mounted on top of the frame part 1. Transmission
      members within the gear box 10 and within a change-speed gear 11 mounted
      at the rear of said gear box place the shaft extension which has just been
      mentioned in driven connection with a rotary input shaft 13 of the gear
      box 10 that projects forwardly from the front of that box in substantially
      the direction A. The rotary input shaft 13 is splined or otherwise keyed
      to enable it to be placed in driven connection with the power take-off
      shaft of the operating tractor or other vehicle through the intermediary
      of a telescopic transmission shaft 14 of a construction that is known per
      se having universal joints at its opposite ends. The change-speed gear 11
      comprises interchangeable and/or exchangeable pinions from which
      combinations can be selected to give different transmission ratios between
      rotary shafts contained within the gear box 10. Thus, different speeds of
      rotation of the shafts 2 can be attained in response to a single speed of
      rotation applied to the input shaft 13 by selecting corresponding
      transmission ratios. Each shaft 2 is provided, inside the hollow frame
      part 1, with a corresponding straight- or spur-toothed pinion 12, said
      pinions 12 being in successively meshing relationship with one another so
      that, upon applying rotary drive to the input shaft 13, each shaft 2 and
      the corresponding soil working member or rotor 3 will rotate about the
      axis of that shaft 2 in a direction opposite to that of its neighbour or
      to that of each of its neighbours.
PAR  As can be seen best in FIG. 2 of the drawings, each of the soil working
      members or rotors 3 comprises a corresponding tine support 15 that is
      substantially horizontally disposed and a central region of which is
      rigidly secured to the lowermost end of the shaft 2 by which it is
      carried. The opposite ends of each tine support 15 carry two substantially
      cylindrical sleeve-like tine holders 16 whose longitudinal axes or center
      lines are parallel or substantially parallel to the axis of rotation of
      the corresponding shaft 2 and are thus normally substantially vertically
      disposed. Each holder 16 receives the fastening portion 17 of a
      corresponding soil working tine 18, said tines 18 being constructed in
      accordance with the present invention. In addition to its upper fastening
      portion 17, each tine comprises a lower active or soil working portion 20,
      said portions 17 and 20 being integrally interconnected by an angular bend
      in such a way that the longitudinal axes of the two straight portions are
      inclined to one another at an angle of substantially 8.degree.. A shoulder
      22 is provided at substantially the level of the integral junction between
      the portions 17 and 20 and has an upwardly facing frusto-conical surface
      arranged to co-operate with a matchingly shaped surface internally of the
      lower end of the co-operating sleeve-like holder 16. Two diametrically
      opposed projections 23 are formed on the active or soil working portion 20
      at the level of the shoulder 22 and immediately beneath that level, said
      projections 23 being arranged to co-operate with similarly positioned
      notches or recesses in the wall of each holder 16 at the lowermost end
      thereof. When the projections 23 are lodged in the co-operating notches or
      recesses, the corresponding tine 18 cannot turn about the longitudinal
      axis of its fastening portion 17 in the holder 16 in which that fastening
      portion is lodged.
PAR  Each fastening portion 17 has a cylindrical part immediately above the
      corresponding shoulder 22 which cylindrical part is constructed and
      arranged to fit intimately with an absolute minimum of clearance in the
      interior of the corresponding holder 16 to produce optimum rigidity of the
      assembly. Above the cylindrical part, there is a screwthreaded part 21 of
      marginally smaller diameter which part is arranged to receive a
      co-operating fastening nut 24 (FIG. 2) which, when tightened, maintains
      the whole fastening portion 17 fixedly in its holder 16. The lower end (in
      FIG. 2) of each nut 24 is of frusto-conical configuration and is arranged
      to co-operate self-centringly with a matching abutment surface at the
      upper end of the associated holder 16. Each nut 24 preferably includes an
      insert arranged to co-operate frictionally with the screwthreaded part 21
      so as to tend to prevent vibration during the use of the rotary harrow
      from working the nut loose.
PAR  The active or soil working portion 20 of each tine 18 comprises an upper
      part of circular cylindrical configuration which has a length equal to
      substantially one-quarter of that of the whole portion 20. The part which
      has just been described merges integrally into a downwardly tapering part
      that is both tapered and flattened towards its lowermost free end or tip.
      The tapering part has a polygonal cross-section, but, as illustrated, the
      cross-section is preferably a basically rectangular one. It can be seen
      from FIG. 5 of the drawings that, near the top of the tapering part of the
      active or soil working portion 20 of the tine, two relatively
      perpendicular diagonals between opposite extremities of said part as seen
      in cross-section at that level are of substantially the same magnitude
      with any difference in length between them being only marginal. However,
      at a level close to the free end or tip of the same tapering part (see
      FIG. 6), said part is flattened to an extent such that, while one of the
      diagonals as seen in FIG. 6 is only marginally reduced in length, if at
      all, the relatively perpendicular diagonal is greatly shortened and has a
      length which is only approximately half that of the other diagonal. It
      will be evident from a study of FIGS. 3, 5 and 6 of the drawings that this
      flattening is progressive towards the lowermost free end or tip of the
      tapered part of the active or soil working portion 20 and it will be noted
      that the extremities (in cross-section) between which the distance is
      substantially the same at the level of FIG. 5 and the level of FIG. 6 are
      substantially flat extremities while the two extremities which are much
      closer to one another at the level of FIG. 6 than they are at the level of
      FIG. 5 are of rounded configuration. The surfaces that, in cross-section,
      extend between said extremities are formed with inverse or hollow grooves
      25, said grooves 25 extending throughout substantially the whole of the
      length of the tapering part of the active or soil working portion 20 and
      throughout substantially the lower three-quarters of the length of that
      portion 20. The grooves 25 are of a width which is such that they extend
      throughout substantially the whole of the distance, in cross-section,
      between the corresponding extremities.
PAR  The tine 18 that has been described above is formed, in accordance with the
      invention, from at least one material afforded by carboron-manganese
      forgeble steel, hardened in a special way, whose hardness varies along the
      length of the tine from one end thereof. The tine 18 is thus particularly
      suitable for soil working applications and is very effective in a rotary
      harrow having soil working members or rotors 3 that revolve at high speed
      during operation thus passing the tines through the soil very rapidly. The
      tine 18 comprises five zones A, B, C, D and E (FIG. 3) of differing
      hardnesses. The lowermost zone A is of the greatest hardness and has a
      length equal to substantially one-third of the length of the soil working
      or active portion 20. The zone A has a hardness as measured on the
      Rockwell Scale (hereinafter referred to as "Rockwell hardness") of between
      175 to 200 kg per square millimeter. The upper end of the zone A merges
      into the zone B which zone is of slightly greater length than the zone A
      and which extends from the junction between the two zones A and B to a
      level at the upper end of the polygonal or tapering part of the soil
      working or active portion 20. The zone B may have a Rockwell hardness of
      140 to 200 kg per square millimetre. The upper end of the zone B merges,
      in turn, into a zone C that is of still lower hardness, said zone C having
      a length substantially coinciding with that of the upper circular
      cylindrical part of the soil working or active portion 20. The material in
      the zone C is of greater flexibility than that in the underlying zones B
      and A so that the region of the soil working or active portion 20 of the
      tine 18 that is close to the junction of that portion with the fastening
      portion 17 is somewhat more elastic with the result that the whole
      assembly will be able to absorb the heavy forces that act in and around
      the zone C during operation of the rotary harrow with a considerably
      reduced risk of breakage. The Rockwell hardness of the material in the
      zone C may be 130 to 150 kg per square millimeter.
PAR  The upper end of the zone C merges into the zone D which zone extends from
      a level just beneath that of the collar 22 to a level just beneath the
      junction between the cylindrical part of the fastening portion 17 and the
      screwthreaded part 21 thereof, said zone D thus including the shoulder 22
      and most of said cylindrical part. The zone D has a lower hardness than
      the zone C but is of slightly greater toughness, the fastening function of
      said zone thus being served with optimum efficiency by the material
      thereof. The material in the zone D has a Rockwell hardness of from 75 to
      150 kg per square millimetre. The final uppermost zone E of the tine 18
      encompasses the screwthreaded part 21 of the fastening portion 17 and a
      short upper end region of the cylindrical part of that portion 17. The
      material in the zone E has the lowest hardness of all five of the zones,
      the tensile stress or Rockwell hardness thereof being 75 to 100 kg per
      square millimetre.
PAR  FIGS. 7 to 11 of the drawings illustrate an alternative tine 26 in
      accordance with the invention whose fastening portion 17 is identical to
      that which has already been described. The tine 26 also comprises five
      zones A to E whose extents and Rockwell hardnesses correspond to the
      similarly designated zones of the tine of FIGS. 2 to 6 of the drawings.
      The tine 26 has an active or soil working portion 27 whose longitudinal
      axis is substantially coincident with that of the fastening portion 17, a
      shoulder 28 exhibiting an upwardly directed frusto-conical abutment
      surface being formed at the integral junction between the two portions 17
      and 27, Two diametrically opposed projections 29 are formed on the active
      or soil working portion 27 at, and immediately beneath, the level of the
      shoulder 28, said projections 29 being constructed and arranged for
      co-operation with notches or recesses in the lower ends of the sleeve-like
      holders 16 as has already been described with reference to the projections
      23. However, in this case, it will be seen from FIGS. 7, 8 and 9 of the
      drawings that an upper part of the active or soil working portion 27 that
      extends throughout substantially one-quarter of the length of that portion
      is of square cross-section in contrast with the circular cross-section in
      the preceding embodiment. The projections 29 are located in register with
      two opposite corners of the square cross-section and it will be noted that
      said upper part substantially coincides with the hardness zone C. A lower
      part of the active or soil working portion 27 which substantially
      coincides with the hardness zones A and B and which extends throughout
      substantially three-quarters of the length of said portion 27 is formed,
      in cross-section (FIGS. 10 and 11) with two additional flats that are
      diametrically opposed to one another at opposite sides of the portion 27
      and that progressively increase in width from top to bottom so that, as
      seen in one direction (FIG. 7) the tine tapers and is progressively
      flattened towards its tip whereas, as seen in a relatively perpendicular
      direction (FIG. 8) the width of the tine increases slightly but
      progressively towards its lowermost end. At a level approximately midway
      along the length of the hardness zone B (FIG. 10), the active or soil
      working portion 27 has a cross-section in the shape of a six-sided regular
      polygon whereas, near the lowermost free end or tip of said portion 27 in
      the hardness zone A (FIG. 11), the cross-section is nearly oblong
      exhibiting two short and pointed sides and two much longer parallel sides
      whose lengths are substantially ten times the perpendicular distance
      between them.
PAR  FIG. 12 illustrates a tine 30 in accordance with the invention which is
      similar in many respects to the tine 26 of FIGS. 7 to 11 except that, in
      the embodiment of FIG. 12, the tine 30 is not straight throughout its
      length. An angular bend is formed in an active or soil working portion 31
      of the tine 30 towards the lower end of the hardness zone C thereof so
      that the lower flattened part of said portion 31 which comprises the
      hardness zones A and B has its longitudinal axis inclined to that of the
      fastening portion 17 of the tine 30 and to the square cross-section upper
      part of said active or soil working portion 31. The angle between the two
      longitudinal axes at the integral junction is substantially 4.degree.. As
      can be seen by comparing FIG. 12 with FIGS. 7 and 8 of the drawings, it is
      the two diametrically opposed sides of the portion 31 that are formed with
      the additional two flats that are bent over with respect to the
      longitudinal axis of the fastening portion 17 and the coincident
      longitudinal axis of the upper square cross-section part of the active or
      soil working portion 31.
PAR  FIGS. 13 to 17 of the drawings illustrate a tine 32 in accordance with the
      invention which tine again has five hardness zones A to E whose extents
      and hardnesses correspond to those that have already been described with
      reference to the preceding embodiments. The tine 32 has a fastening
      portion 17 of identical construction and function to the portion 17 that
      has been described above, said portion making an integral junction with a
      lower active or soil working portion 34 and there being a shoulder 33
      formed at the level of said junction which shoulder is similar in
      configuration and function to the previously described shoulders 22 and
      28. The tine 32 is also provided with two diametrically opposed
      projections 36 which are provided for the same purpose as, and that are
      located at similar points to, the previously described projections 23 and
      29. The upper part of the active or soil working portion 34 of the tine 32
      that substantially coincides with the hardness zone C is of square
      cross-section (see FIG. 15) whereas a lower part of said portion 34 that
      substantially coincides with the hardness zones A and B is formed with two
      diametrically opposed flats that progressively increase in width towards
      the lowermost free end or tip of the tine 32 in much the same manner as
      has already been described with reference to FIGS. 7 to 11 of the
      drawings. However, in this case, a lowermost end region of the active or
      soil working portion 34 of the tine 32 that includes the zone A of
      greatest hardness is bent over laterally with respect to the intended
      direction of rotation of the soil working member or rotor 3 of which it
      will form a part when it is in use through an angle of substantially
      45.degree.. The bend commences immediately beneath the level of the
      cross-section of FIG. 16 of the drawings at which level said cross-section
      has the shape of a six-sided regular polygon. The flat free end or tip of
      the active or soil working portion 34 is bevelled to a small extent in
      such a way that said end is inclined rearwardly with respect to the
      intended direction of rotation which has just been mentioned. The leading
      corner or extremity of the bent-over lower part of the polygonal
      cross-section tine with respect to the intended direction of rotation that
      has just been discussed is formed as a knife edge 37.
PAR  Each of the tines that have been described may have a length of not less
      than 20 and not more than 30 centimeters and it is preferred to employ a
      length of substantially 25 centimetres. The material of each tine has five
      different zones of hardness commencing from one end thereof and, in the
      examples which have been described, the zone of greatest hardness is at
      the free end or tip of the active or soil working portion of the tine with
      the subsequent zones therealong progressively decreasing in hardness to
      the zone E of lowest hardness which is located at the opposite terminal
      part 21 of the fastening portion 17 of the tine. The active or soil
      working portion of each tine exhibits an optimum resistance to wear while
      employing a corresponding minimum quantity of material. The zones C of the
      active or soil working portions of the tines are close to the fastening
      portions 17 thereof that are clamped in the holders 16, said zones C,
      which have to resist the heaviest forces of any parts of the tines during
      operative motion thereof through the soil, being of greater elasticity
      than the other zones of said active or soil working portions so that the
      forces mentioned above can be absorbed smoothly with a reduced likelihood
      of breakage. Stresses occurring in the fastening portions 17 themselves
      are readily absorbed because the material of the tines in said fastening
      portions is of still lower hardness. All of the tines that have been
      described above have zones of different hardness that are matched to an
      optimum extent to the different loads to which those zones will be subject
      during the operation of the tines so that extremely effective tines are
      produced without the use of excessive quantities of tine material.
PAR  While various features of the tines that have been described and/or that
      are illustrated in the accompanying drawings will be set forth in the
      following claims as inventive features, it is emphasised that the
      invention is not necessarily limited to those features and that it
      includes within its scope every part of each tine and of the rotary harrow
      that has been described and/or illustrated in the accompanying drawings
      both individually and in various combinations.
CLMS
STM  I claim:
NUM  1.
PAR  1. A soil-cultivating implement comprising a plurality of rotatable
      soil-working members located side-by-side in a row that extends transverse
      to the direction of travel of the implement, said soil-working members
      each having at least one downwardly extending, elongated steel tine and
      said tine being comprised of an upper fastening portion and a lower
      soil-working portion having a tip, said soil-working portion comprising at
      least three zones of increasing Rockwell hardness towards said tip and
      said soil-working portion being interconnected with said fastening portion
      at an integral junction, said third zone of said soil-working portion
      being of the lowest hardness of said three zones and substantially
      coinciding with a part of said soil-working portion located adjacent said
      junction, the fastening portion of said tine comprising two zones of
      different hardness, the zone of greater hardness adjoining said junction
      and the zone of lower hardness being screw-threaded and connecting said
      fastening portion in a substantially horizontal holder of a soil-working
      member, said junction being located adjacent the lower side of said
      holder.
NUM  2.
PAR  2. A tine for rotary cultivator use comprising an elongated steel tine
      having a lower soil-working portion that terminates in a tip and an upper
      fastening portion, said soilworking portion being interconnected to said
      fastening portion at a junction and said tine having zones of different
      Rockwell hardness along its length, a zone of said soil-working portion
      located and adjacent the interconnection between that portion and said
      fastening portion being of lower hardness and more flexible and elastic
      than the remainder of said soil-working portion, the relative hardness of
      said soil-working portion increasing towards its tip, said fastening
      portion having zones of different hardness, a shoulder at said junction
      being provided between a zone of greatest hardness of the fastening
      portion and the zone of lower hardness of said soil-working portion, at
      least one projection being located adjacent said junction.
NUM  3.
PAR  3. A tine as claimed in claim 2, wherein said soil working portion has a
      substantial rectangular cross-section adjacent said tip.
NUM  4.
PAR  4. A tine as claimed in claim 2, wherein a zone of said soil working
      portion is greatest in hardness and bent over adjacent said tip end.
NUM  5.
PAR  5. A tine as claimed in claim 4, wherein the bentover portion of said soil
      working portion has a bend of about 45.degree..
NUM  6.
PAR  6. A tine as claimed in claim 2, wherein there are five of said zones of
      different hardness which decrease in value from about 175 to 200 kg per
      square millimeter of said tip.
NUM  7.
PAR  7. A tine as claimed in claim 2, wherein the zone adjacent the
      interconnection of said soil working and said fastening portions is
      substantially circular in cross-section.
NUM  8.
PAR  8. A tine as claimed in claim 2, wherein said fastening portion comprises
      two zones of different hardness.
NUM  9.
PAR  9. A tine as claimed in claim 8, wherein the zone of the fastening portion
      which is of greater hardness, is substantially circular in cross-section.
NUM  10.
PAR  10. A tine as claimed in claim 8, wherein the zone of said fastening
      portion which is of lower hardness is screwthreaded.
NUM  11.
PAR  11. A tine as claimed in claim 2, wherein said tine is comprised of
      carbon-manganese forgeable steel and said tip has a Rockwell hardness of
      about 175-200 kg/mm.sup.2.
NUM  12.
PAR  12. A tine for rotary cultivator use comprising an elongated steel tine
      having a lower soil-working portion that terminates in a tip and an upper
      fastening portion, said soil-working portion being interconnected to said
      fastening portion at a junction and said tine having zones of different
      Rockwell hardness along its length, the relative hardness of said
      soil-working portion increasing towards its tip, said soil-working portion
      having three zones of successively decreasing hardness commencing from a
      lowermost zone which includes said tip, at least one of said zones being
      of different length that the length of the lowermost zone, a third zone
      having the lowest hardness of said three zones and substantially
      coinciding with a part of said soil-working portion located adjacent said
      junction.
NUM  13.
PAR  13. A tine as claimed in claim 12, wherein two of said three zones are
      substantially equal in length and a third zone is of relatively shorter
      length.
NUM  14.
PAR  14. A tine as claimed in claim 2, wherein the lowermost two zones of
      hardness of said soil working portion substantially coincide with a
      tapering region of said soil working portion.
NUM  15.
PAR  15. A tine as claimed in claim 14, wherein said tapering region is
      polygonal in cross-section.
NUM  16.
PAR  16. A tine as claimed in claim 15, wherein said polygonal cross-section has
      two relatively perpendicular diagonals and the length of at least one of
      those diagonals progressively changes at different locations which
      successively approach the tip of said tine.
NUM  17.
PAR  17. A tine as claimed in claim 16, wherein one of said diagonals, as seen
      in cross-section, is substantially half of the length of the other at a
      location adjacent said tip.
NUM  18.
PAR  18. A tine as claimed in claim 2, wherein the sides of said soil working
      portion as seen in cross-section have grooves extending throughout
      substantially the entire lowermost two zones of different hardness
      commencing from the tip of said soil working portion.
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ABST
PAL  A rotary harrow attachment has a frame portion to which coupling elements
      can be connected in alternative locations so that the attachment can be
      connected to the front or the rear of a prime mover on a multi-point
      hitch. The p.t.o. of the prime mover is drivenly connectable to the soil
      working members by a gear box which is also detachable and repositionable
      180.degree. on the frame portion.
BSUM
PAR  This invention relates to rotary harrows, such harrows being of the kind
      comprising a frame portion extending transverse to the intended direction
      of operative travel of the harrow, a plurality of soil working members or
      rotors rotatably supported by said frame portion and means for coupling
      the frame portion to an operating vehicle.
PAR  According to the invention, there is provided a rotary harrow of the kind
      set forth, wherein said coupling means are of a readily detachable
      construction for cooperation with a multipoint lifting device or hitch of
      an operating vehicle, the readily detachable coupling means being adapted
      for connection with at least two locations on the frame portion.
DRWD
PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be made, by way of example, to
      the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a rotary harrow or soil cultivating implement in
      accordance with the invention coupled to the front of an operating
      vehicle, and
PAR  FIG. 2 is a side elevation corresponding to FIG. 1.
DETD
PAR  Referring to the drawings, the rotary harrow, soil cultivating implement or
      cultivator (which will hereinafter be referred to only as a rotary harrow)
      has a hollow box-shaped frame portion 1 that extends substantially
      horizontally and substantially perpendicular to the intended direction of
      operative travel of the harrow which is indicated by an arrow A in both
      Figures of the drawings. The frame portion 1 is comprised principally by a
      lower member 2 that is of channel-shaped cross-section with the limbs (in
      cross-section) of the channel diverging upwardly away from the base and by
      a cover plate 3 fastened by bolts 4 to substantially horizontal rims at
      the upper edges of the limbs or flanges of the lower member 2. If
      required, there could be two or more cover plates 3 arranged in
      substantially coplanar relationship in place of the single cover plate 3.
      A plurality of upwardly extending, or at least substantially vertical,
      shafts 5 are rotatably journalled in upper and lower bearings carried by
      the frame portion 1 at regularly spaced apart intervals which may
      conveniently have magnitudes of substantially 25 centimeters. There are
      eight of the shafts 5 in the example illustrated in the accompanying
      drawings and each shaft 5 is provided at its lowermost end, beneath the
      frame portion 1, with a corresponding soil working member or rotor 6. Each
      soil working member or rotor 6 comprises a substantially horizontal tine
      support 7 having its center rigidly secured to the lowermost end of the
      corresponding shaft 5, the opposite ends of the support 7 being provided
      with two substantially vertically disposed sleeve-like tine holders 8. The
      tine holders 8 receive fastening portions of tines 9 which tines also
      comprise active or soil working portions that are inclined rearwardly by a
      few degrees with respect to the intended directions of rotation B (FIG. 1)
      of the soil working members or rotors 6 concerned so that said portions of
      the tines 9 may be considered to occupy trailing dispositions with respect
      to the directions B.
PAR  The opposite lateral sides or ends of the frame portion 1 are closed by
      substantially vertical plates 10 to the tops and fronts of which, with
      respect to the direction A, arms 11 are connected so as to be turnable
      about a common substantially horizontal axis that is parallel to the
      transverse length of the frame portion 1. The rearmost ends of the arms 11
      with respect to the direction A carry downwardly and rearwardly inclined
      supports 12 which are furnished with horizontal bearings 13 near their
      lowermost extremities. The horizontal bearings 13 rotatably receive stub
      shafts 14 at the opposite ends of a rotary supporting member in the form
      of a ground roller 15. The roller 15 extends parallel to the transverse
      length of the frame portion 1 and to the single row of soil working
      members or rotors 6 throughout substantially the whole of the working
      width of the rotary harrow. The roller 15 thus extends transverse, and
      normally substantially horizontally perpendicular, to the direction A. The
      roller 15 has a central support shaft or tube 16 which is surrounded by a
      plurality of elongate elements 18 that are held at equal distances from
      the shaft or tube 16 at regular intervals around the longitudinal axis of
      that shaft or tube by substantially vertical support plates 17 rigidly
      connected to the shaft or tube 16. The elements 18 extend substantially
      parallel to the axis of rotation of the roller 15 but it is possible, as
      an alternative, to arrange them in helically wound dispositions around
      that axis. The rearmost edges of the plates 10 with respect to the
      direction A are formed with a number of holes 20 that are equally spaced
      from the common axis of the pivotal connections of the arms 11 to those
      plates 10 and horizontal locking pins or bolts 19 are provided which can
      be entered through single holes in the arms 11 and chosen holes 20 to
      maintain the arms 11 and the roller 15 in corresponding angular settings
      about the common axis of the pivotal connection between said arms and the
      plates 10. It will be apparent that the level of the axis of rotation of
      the rotary supporting member or ground roller 15 that is thus chosen will
      determine the horizontal level of the frame portion 1 above the ground
      surface and thus the depth of penetration of the tines 9 into the soil.
PAR  The top of the frame portion 1 is provided, near its opposite lateral sides
      or ends, with two tubular supports 21 that both extend parallel to the
      direction A but whose leading ends are bent over outwardly away from the
      center of the harrow. The bent-over ends of the supports 21 carry
      substantially vertical sleeves 22 in which upright arms 23 are turnably
      received. The lowermost ends of the arms 23 carry substantially vertical
      shield plates 24 beneath the sleeves 22 while the ends of said arms 23
      that project above the sleeves 22 are formed with transverse holes 25
      through chosen ones of which retaining pins 26 are entered to prevent the
      arms 23 and shield plates 24 from moving downwardly beyond the positions
      dictated by abutments of the pins 26 against the upper ends of the sleeves
      22. Coil springs 27 are wound around the sleeves 22 and have their upper
      ends anchored in holes in those sleeves. The lower ends 28 of the springs
      27 are of elongate configuration and bear against upright arms 29 carried
      centrally at the tops of the shield plates 24 in such a way that said ends
      28 of the springs 27 tend to urge said plates 24 inwardly towards the soil
      working members or rotors 6 until the arms 29 which they carry bear
      against the pivotally mounted arms 11 which thus limit the inward
      movements of the plates 24.
PAR  Substantially horizontal plates 30 are fastened to the top and rear of the
      frame portion 1 with respect to the direction A by some of the bolts 4 and
      these plates 30 carry a coupling member 31. Since the coupling member 31
      is secured to the frame portion 1 by some of the bolts 4 which
      interconnect the cover plate 3 and the lower member 2 of said frame
      portion 1, the coupling member 31 can quickly and easily be connected to,
      or disconnected from, the frame portion 1. The top and bottom of the
      coupling member 31 comprise elements for the detachment of a portion 33 of
      a known quick-release coupling 32. As viewed in the direction A, the
      coupling member 31 is of substantially isosceles triangular configuration
      and carries, at its apex, a pair of coupling elements in the form of
      substantially vertical plates 34 arranged in parallel and closely spaced
      apart relationship. The lowermost edges of the plates 34, which are of
      generally triangular configuration, are provided with horizontally and
      outwardly bent-over rims 35 and it will be seen from the drawings that
      downwardly and forwardly divergent, with respect to the direction A,
      struts 35A extend from leading regions of said rims 35 to horizontal
      plates 36 which are secured to the top and front of the frame portion 1,
      at locations towards the lateral sides or ends thereof, by further of the
      bolts 4 that have been mentioned above. The lower corners of the
      substantially triangular coupling member 31 are provided with
      substantially vertical plates 37 to which coupling elements in the form of
      substantially vertical plates 38 are secured. The plates 38 are inclined
      upwardly and rearwardly with respect to the direction A away from the
      plates 37 and their rearmost ends are formed with short vertically
      extending slots 39. A substantially horizontal transverse shaft 40 is, or
      equivalent pins are, entered through the slots 39 and through apertured
      members 33a of the portion 33 of the known quick-release coupling 32 to
      establish a connection between the coupling member 31 and the
      quick-release coupling 32. An upper region of the portion 33 of the
      quick-release coupling 32 is connected to the plates 34 at the top of the
      coupling member 31 by an arm 41 provided with horizontal pivots at both
      its ends.
PAR  One of the center pair of the eight rotary shafts 5 of the harrow that is
      illustrated in the drawings has an upward extension through the cover
      plate 3 into a gear box 42. The extension is provided, inside the gear
      box, with a bevel pinion whose teeth mesh with those of a further bevel
      pinion carried by a shaft that extends substantially parallel to the
      direction A. One end of the shaft which has just been mentioned projects
      from the front of the gear box 42 into a change-speed gear 44 having a
      removable protective casing or cover. An overlying shaft 43 that is
      parallel to the substantially horizontal shaft that has just been
      mentioned also has a foremost end that projects into the change-speed gear
      44 and the ends of the two shafts can be drivingly interconnected by
      exchangeable and/or interchangeable toothed pinions to give different
      transmission rations between the two shafts in dependence upon the
      co-operating pinions that are chosen. The rear end of the shaft 43
      projects from the back of the gear box 42 and is splined or otherwise
      keyed to enable it to be placed in driven connection with a front power
      take-off shaft of an operating vehicle 49 through the intermediary of a
      telescopic transmission shaft 45 of a construction that is known per se
      having universal joints at its opposite ends. The gear box 42 is secured
      to the top of the frame portion 1 in a readily releasable manner, and gear
      box comprising, at its foot, a substantially horizontal plate 46 which is
      fastened to the cover plate 3 by bolts 47. The connection is such that,
      after temporarily removing the bolts 47, the gear box can be turned
      through 180.degree. about the axis of the extension of the shaft 5 with
      which it co-operates and can then be re-secured to the cover plate 3 by
      replacing the bolts 47. The gear box 42 can thus occupy a position
      appropriate for the use of the rotary harrow at the front of the operating
      vehicle 49, as illustrated, or for use at the rear of the same or another
      operating vehicle.
PAR  In the use of the rotary harrow that has been described, it is connected to
      a three-point lifting device or hitch 48 at the front of the operating
      vehicle 49 by way of the known quick-release coupling 32 and the coupling
      member 31 whose coupling elements or plates 34 and 38 co-operate with the
      portion 33 of the quick-release coupling 32 in the manner that has already
      been described. The telescopic transmission shaft 45 is arranged to
      transmit rotary drive from the front power take-off shaft of the vehicle
      49 to the end of the shaft 43 that projects from the rear of the gear box
      42. As the rotary harrow and vehicle combination moves over the ground in
      the direction A, its soil working members or rotors 6 revolve in the
      directions B indicated in FIG. 1 of the drawings and the tines 9 of the
      members or rotors 6 work individual strips of soil that overlap one
      another to produce, in effect, a single broad strip of worked soil because
      the effective distances between the tines 9 of each individual member or
      rotor 6 are slightly greater than the distances between neighbouring
      shafts 5. A depth of penetration of the tines 9 into the soil appropriate
      to the operation that is to be carried out is maintained by the ground
      roller 15 upon entering the locking pins or bolts 19 in correspondingly
      chosen holes 20. The elongate elements 18 of the roller 15 tend to crush
      any large lumps of soil that may sometimes be left on the surface by the
      foregoing tines 9. The upward and rearward, with respect to the direction
      A, disposition of the vertical plates or coupling elements 38 at the foot
      of the coupling member 31 prevents an upper region of the roller 15 from
      fouling those plates when a setting for substantially maximum pentration
      of the tines 9 into the soil is adopted as illustrated in the drawings.
      The tines 9 of the soil working members or rotors 6 at the opposite ends
      of the row thereof co-operate with the shield plates 24 during operation
      so as to crumble the soil displaced by those tines 9 and minimise the
      formation of soil ridges and the like. If an obstacle such as a stone,
      piece of wood or the like should get between the tines 9 and one of the
      plates 24, that plate can turn outwardly about the axis of the
      corresponding arm 23 and sleeve 22 against the action of the co-operating
      spring 27 to prevent the tines 9 and the plate 24 concerned from being
      damaged.
PAR  It is, of course, most desirable that the rotary harrow should be movable
      with respect to the known quick-release coupling 32 that is itself
      connected to the three-point lifting device or hitch 48 at the front of
      the vehicle 49. The upward and downward freedom of movement that is
      required is obtained because the ends of the transverse shaft 40 are
      movable upwardly and downwardly in the slots 39 while the plates 34 are
      detachably connected to said portion 33 through the intermediary of the
      arm 41 which comprises substantially horizontally disposed pivots at both
      its leading and rear ends with respect to the direction A. The rotary
      harrow that has been described has readily detachable coupling means that
      can be releasably secured to at least two locations on the frame portion
      1. The readily detachable coupling means comprise the coupling member 31
      and its struts 35A which are releasably connected to the top of the frame
      portion 1 by some of the readily releasable bolts 4 that secure the cover
      plate 3 of that portion 1 to the underlying lower member 2 thereof. After
      removing the readily detachable coupling means from the frame portion 1,
      said coupling means can be re-connected to that frame portion in such a
      way as to extend generally forwards therefrom with respect to the
      direction A instead of generally rearwards as illustrated in FIGS. 1 and
      2. Upon such re-arrangement, the struts 35A will extend from the plates 34
      to the rear of the top of the frame portion 1 with respect to the
      direction A. The gear box 42 is also released from the frame portion 1 by
      temporarily removing the bolts 47, said gear box being subsequently turned
      through 180.degree. and being re-secured to the top of the frame portion 1
      with the change-speed gear 44 at its rear with respect to the direction A
      and with the splined or otherwise keyed end of the shaft 43 projecting
      forwardly therefrom with respect to that direction.
PAR  The construction which has been described enables the rotary harrow to be
      used either at the front of an operating vehicle, as illustrated in the
      drawings, or at the rear thereof merely by releasing and repositioning the
      readily detachable coupling means and by turning the gear box 42 through
      180.degree. around the axis of the extension of the shaft 5 with which it
      co-operates. No details of the operating vehicle 49 have been given and
      such vehicle may be an agricultural or other tractor or any vehicle that
      is capable of supporting and operating a rotary harrow.
PAR  Although various features of the rotary harrow that has been described will
      be set forth in the following claims as inventive features, it is
      emphasised that the invention is not necessarily limited to those features
      and that it includes within its scope each of the parts of the rotary
      harrow that has been described and/or illustrated in the accompanying
      drawings both individually and in various combinations.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A rotary harrow attachment comprising a frame and a plurality of rotary
      soil-working members mounted on a transverse frame portion of said frame,
      said transverse frame portion comprising driving means for said
      soil-working members to rotate said members on upwardly extending axes, a
      detachable coupling means on said frame for connection to a multipoint
      lifting hitch of a prime mover, said coupling means including an upwardly
      extending triangular configured coupling member and downwardly diverging
      struts connected to at least one generally vertical plate at the apex of
      said coupling member, the lower part of said coupling member and the lower
      ends of said struts each being connectable to the front or rear of said
      frame portion by plate means and bolts, spaced apart slotted plates being
      connected to said lower part, said coupling member being linked to a
      triangular coupling of a prime mover by a pivoted arm that interconnects
      said apex with the upper portion of said coupling and a shaft that extends
      through said slotted plates and an apertured member at the base of said
      coupling.
NUM  2.
PAR  2. A rotary harrow attachment comprising a frame and a plurality of soil
      working members mounted on a transverse frame portion of said frame, said
      transverse frame portion comprising driving means for said soil working
      members to rotate said members on upwardly extending axes, a detachable
      coupling means on said frame for connection to a multipoint lifting hitch
      of a prime mover, said coupling means including an upwardly extending
      coupling member and downwardly diverging struts connected to at least one
      generally vertical plate at the apex of said coupling member, means
      connecting the lower part of said coupling member and the lower ends of
      said struts to the front or rear of said frame portion, spaced apart
      plates being connected to said lower part, said coupling member being
      linked to a triangular coupling of a prime mover by a pivoted arm that
      interconnects said apex with the upper portion of said coupling and by
      pivot means that extends between said plates and an aperture at the base
      of said coupling.
NUM  3.
PAR  3. A harrow as claimed in claim 2, wherein a gear box is mounted
      substantially centrally on said frame portion and said gear box is engaged
      with said driving means to rotate the soil-working members during
      operation, said gear box having a substantially horizontal plate
      detachably bolted to a cover plate of said frame portion, said horizontal
      plate being detachable from said frame portion and reconnectable in a
      second position substantially 180.degree. about a substantially vertical
      axis, said horizontal plate being fixable in either of two opposite
      positions, whereby the power take off at the rear or the front of the
      prime mover can be connected to said gear box.
NUM  4.
PAR  4. A harrow as claimed in claim 3, wherein said soil-working members are
      rotatable about substantially vertical shafts and are arranged in a row,
      an upward extension of one of said shafts being located in a central
      region of said row, said extension being received in said gear box and
      said gear box together with said horizontal plate being turnable through
      180.degree. about said extension to move said gear box to two opposite and
      operative positions.
NUM  5.
PAR  5. A harrow as claimed in claim 2, wherein said frame portion has a cover
      plate bolted to the remainder of that portion and the lower end of each
      strut is connected to a corresponding substantially horizontal plate, the
      lower portion of said coupling member being connected to further
      substantially horizontal plates, said horizontal plates and further
      horizontal plates each being releasably secured to the cover plate by
      bolts.
NUM  6.
PAR  6. A rotary harrow attachment comprising a frame and a plurality of rotary
      soil working members mounted on a frame portion of said frame, said frame
      portion comprising driving means for said soil working members to rotate
      those members on upwardly extending axes, a detachable coupling means on
      said frame for connection to a multipoint lifting hitch of a prime mover,
      said coupling means including an upwardly extending coupling member and
      downwardly diverging struts connected to the upperside of said coupling
      member, means for connecting the lower part of said coupling member and
      the lower ends of said struts to the front or rear respectively of said
      frame portion, spaced apart plate means being connected to said lower part
      of the coupling member, said plate means extending upwardly and away from
      said frame portion, said coupling member linked to a coupling of a prime
      mover by a pivoted arm that interconnects said upper side of the coupling
      member with the upper portion of said coupling and by pivot means at the
      base of said coupling, a rotatable supporting member being pivoted to said
      frame portion at the rear thereof, relative to the direction of travel,
      said rotatable member being located below said plate means.
NUM  7.
PAR  7. A harrow as claimed in claim 6, wherein said coupling means is
      connectable substantially centrally on said frame portion with respect to
      the opposite lateral sides of said frame portion.
NUM  8.
PAR  8. A harrow as claimed in claim 6, wherein said coupling member is located
      at the rear of said frame portion when said harrow is pushed at the front
      of the prime mover.
NUM  9.
PAR  9. A harrow as claimed in claim 6, wherein said supporting member is a
      roller positioned substantially directly below said plate means.
NUM  10.
PAR  10. A harrow as claimed in claim 9, wherein said roller is mounted on arms
      pivoted to said frame portion and said arms together with the roller are
      adjustable in vertical directions relative to said frame portion.
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ABST
PAL  A hydraulically operated folding mechanism for ground working implements
      wherein substantially rectilinear movement of the piston rod of a
      hydraulic actuator causes one section of the implement to rotate
      substantially 180.degree. relative to another section thereof. This
      enables a relatively large implement to be made small and compact for
      purposes of storage and transport. It further includes members for
      permitting the several sections to pivot relative to each other when in
      operating position so that the implement can conform to the contour of the
      ground and locking structure which prevents such pivotal movement as soon
      as the folding mechanism becomes operative.
BSUM
PAR  The present invention relates generally to ground working implements to be
      attached to and moved by suitable motive power means, and more
      particularly to folding mechanisms for enabling one section of such
      implement to be automatically placed on top of another.
PAR  Whereas, fifty or seventy years ago, farming within the United States was
      performed by many individual farmers on relatively small plots of ground,
      today, farming is a relatively large business with large corporations
      managing and working very large parcels of land. As such, ground working
      implements are much larger today, due to the need for working large areas
      of ground within a short period of time. Also, the advent of powerful
      motive power means such as tractors and the like has enabled large
      implements to be employed.
PAR  Whereas many years ago the typical source of power might have been a team
      of horses or mules, today tractors are extremely powerful and capable of
      pulling relatively large ground working implements. This transition,
      however, has resulted in various problems for the farmer.
PAR  Since such ground working implements are now relatively large, it has
      become difficult to transport or store them in relatively narrow spaces.
      This problem is particularly accute with respect to transporting such
      implements along normal highways intended for ordinary vehicular traffic.
PAR  Due to the relatively large acreages which are used today in farming, a
      given implement must frequently be transported from one parcel of land to
      another, it being uneconomical to allow a given piece of equipment to be
      idle for long periods of time, particularly when other parcels of land are
      in need of such equipment.
PAR  Accordingly, it has been realized for some period of time, that it would be
      desirable to have a mechanism whereby a given ground working implement
      could be made small and compact so as to be permitted on normal vehicular
      highways. Although attempts have heretofore been made to provide such a
      mechanism, they have been cumbersome, and not easy to operate.
PAR  It is an object of the present invention to provide a folding mechanism for
      ground working implements which is capable of folding one section of the
      implement onto another section thereof, so as to make the resulting
      implement relatively small and compact.
PAR  Another object of the present invention is to provide a folding mechanism
      as characterized above which enables the several sections of the implement
      to freely "float" with respect to each other in normal operating position
      so as to conform to the irregularities or contours in the land or ground
      being worked.
PAR  A further object of the present invention is to provide a folding mechanism
      as characterized above, wherein locking means is imployed for overcoming
      the free floating characteristic so that the several sections are always
      under control during movement from and to the operating position.
PAR  An even further object of the present invention is to provide a folding
      mechanism as characterized above wherein substantially rectilinear
      movement of the piston rod of a hydraulic actuator causes one implement
      section to pivot substantially 180.degree. onto another section thereof.
PAR  Another further object of the present invention is to provide a folding
      mechanism as characterized above which is simple and inexpensive to
      manufacture, and which is rugged and dependable in operation.
DRWD
PAR  The novel features which I consider characteristic of my invention are set
      forth with particularity in the appended claims. The invention itself,
      however, both as to its organization and mode of operation, together with
      additional objects and advantages thereof, will best be understood from
      the following description of specific embodiments when read in connection
      with the accompanying drawings, in which:
PAR  FIG. 1 is a top plan view of a disc provided with a folding mechanism
      according to the present invention;
PAR  FIG. 2 is a front elevational view of the disc of FIG. 1;
PAR  FIG. 3 is a front plan view showing the disc in its folded or compact
      position;
PAR  FIG. 4 is a fragmentary sectional view taken substantially along line 4--4
      of FIG. 1;
PAR  FIG. 5 is a fragmentary top plan view of a portion of the folding
      mechanism;
PAR  FIG. 6 is a fragmentary sectional view taken substantially along line 6--6
      of FIG. 5, showing the folding mechanism near the beginning of the folding
      operation;
PAR  FIG. 7 is a fragmentary sectional view of the folding mechanism in another
      position during folding operation;
PAR  FIG. 8 is a fragmentary sectional view of the folding mechanism, the
      implement sections being folded together; and
PAR  FIG. 9 is a fragmentary sectional view of the folding mechanism near the
      beginning of the retraction or unfolding operation.
DETD
PAR  Like reference characters indicate corresponding parts throughout the
      several views of the drawing.
PAR  Referring to FIG. 1 of the drawings, there is shown therein a disc 10
      having a forward disc unit 12 and a rearward disc unit 14 to be pulled
      through the ground by suitable motive power means, not shown in the
      drawings. Such disc comprises a main disc 16 having a frame carried by a
      first set of wheels 18 and a second set of wheels 20. Such frame comprises
      a pair of channel frame members 22 and 24 in spaced relation as shown in
      FIG. 1, and a pair of cross members 26 and 28, each of which is firmly
      secured to the frame members 22 and 24 as shown. Thus, there is provided a
      strong frame structure.
PAR  The forward disc unit 12 includes a main forward disc section 30 as part of
      the main disc 16. Disc section 30 includes a generally U-shaped frame
      member 32 having a central portion 32a and a pair of depending side
      portions 32b and 32c. Such frame member 32 is formed of any appropriate
      structural material having the required cross-sectional configuration. A
      shaft 34 extends between the depending side portions 32b and 32c, and
      carries a plurality of spaced disc members 36 as shown in the drawings.
PAR  The disc section 30 is secured to the structural members 22 and 24 in
      depending fashion as by means of brackets 38 and 40.
PAR  In like fashion, there is provided at the rearward end of main disc 16,
      disc unit 42 which comprises a generally U-shaped frame 44 having a
      central portion 44a and side portions 44b and 44c. A shaft (now shown)
      extends between such side portions and carries the main rearward disc
      members 46.
PAR  The wheel sets 18 and 20 are attached to and carried by a rotatable shaft
      48 which is suitably journaled relative to the frame members 22 and 24 so
      as to be rotatable about its longitudinal axis. A pair of hydraulic
      actuators 50 and 52 are mounted on the frame members 22 and 24,
      respectively, and have their piston rods 50a and 52a connected
      respectively to arms 54 and 56 extending from shaft 48. By suitable
      control of the hydraulic actuators 50 and 52, the shaft 48 can be made to
      rotate, thereby varying the distance between the wheel sets 18 and 20 and
      the frame of the main disc 16. In this manner, the depth of cut of the
      disc members 36 and 46 can be varied as desired.
PAR  Connected to the frame of main disc 16 is an auxiliary disc 58 having frame
      members 60 and 62 as well as cross members 64 and 66, the latter being
      firmly secured to the frame members 62 and 64 to provide a strong, rigid
      frame.
PAR  As above described with respect to the main disc 16, the auxiliary disc 58
      comprises a forward disc section 68 and a rearward disc section 70. The
      forward section 68 comprises a generally U-shaped frame 72 to be aligned
      with the frame member 32 of the main disc section 30, and which carries a
      plurality of disc members 74. Such disc unit 68 is secured to the frame
      members 60 and 62 in depending fashion by brackets 76 and 78.
PAR  The rearward disc section 70 also comprises a general U-shaped frame 80
      which carries a plurality of disc members 82 and is secured to the frame
      members 60 and 62 by brackets 84 and 86.
PAR  Connected to the forward end of the main disc 16 is a hitch 88 whereby the
      main section is secured to suitable motive power means such as a tractor
      which is capable of pulling the entire disc 10 through the ground to be
      worked.
PAR  With the auxiliary disc 58 connected to the main disc 16, the entire disc
      10 becomes relatively wide so as to be capable of working a considerable
      amount of ground in a single pass or trip of the disc. This, of course, of
      beneficial, but such a wide unit might have difficulty conforming to the
      variations or contours encountered in the ground surface. To prevent this,
      the auxiliary disc 58 is pivotally connected to the main disc 16.
PAR  Suitable brackets 90 and 92 are secured respectively to the auxiliary disc
      58 and to the main disc 16. A pivot pin 94 extends through the several
      brackets to complete the forward pivotal connection between the several
      disc units. The rearward pivotal connection 96 includes means for enabling
      the auxiliary disc unit 58 to be pivotally moved onto the main disc 16, as
      shown most clearly in FIG. 3 of the drawings and as will hereinafter be
      explained in detail.
PAR  Referring to FIG. 4 of the drawings, the pivotal means 96 comprises a pair
      of plates 100 firmly secured to the frame member 62 by any appropriate
      means as by welding, brazing, soldering, or the like, to extend therefrom
      in spaced relation as shown most clearly in FIG. 5 of the drawings. To
      provide a pair of spaced supports for two pivot pins, an L-shaped bracket
      102 is firmly welded to each of the plates 100. Suitable aligned openings
      are formed in said plates and extensions to receive pivot pins 104 which
      are secured to the respective plate and carry a collar and fastening bolt
      on the outside of the respective bracket 102.
PAR  A pair of spaced pivot plates 106 are welded to the frame member 24 of main
      disc 16 to extend therefrom and between the respective pair of brackets
      102 and plates 100 as shown in FIG. 5. Each plate 106 is provided with a
      through opening to receive the respective pivot pin 104 whereby the
      auxiliary disc 58 and main disc 16 are afforded pivotal movement relative
      to each other.
PAR  To enable the main and auxiliary discs to be adjusted as a unit in
      providing the desired depth of cut of the various disc units, a rotatable
      shaft 111 is mounted between the frame members 60 and 62 of the auxiliary
      disc 58 to carry an adjustment wheel 113. A lever arm 115 extends from
      said shaft 111, and is connected by means of an extension 117 to a similar
      lever arm 119 on rotatable shaft 48. Suitable universal joints are used to
      connect extension 117 to the several lever arms 115 and 119 to enable the
      disc 10 to be rendered compact as will hereinafter be explained in detail.
      Suffice, to realize that as hydraulic actuators 50 and 52 are operated to
      adjust the vertical position of wheel sets 18 and 20 relative to the main
      disc members, similar adjustment is simultaneously made through lever arm
      119, extension 117, lever arm 115 and shaft 111 of the vertical position
      of wheel 113 relative to the disc members of the auxiliary disc 58.
PAR  A hydraulic actuator 108 having a hydraulic cylinder 108a one end of which
      is firmly secured to the cross member 28 of the frame of main disc 16, is
      provided as shown in FIG. 1 of the drawings. A piston rod 108b of actuator
      108 extends from the cylinder 108a and is pivotally connected to a
      generally U-shaped lever 112 having a pair of lever arms 112a and an
      intermediate portion 112b.
PAR  A pivot pin 114 is firmly anchored to the spaced plates 100, by being
      welded thereto within suitable openings formed therein. As shown in FIG. 5
      of the drawings, such pin 114 spans the space between the plates 100, and
      the lever arms 112a are formed with a pair of openings or slots 112c which
      receive the pin 114.
PAR  Thus, as the hydraulic actuator 108 is caused to extend its piston rod
      108b, the auxiliary disc 58 is caused to pivot about pin 104 on main disc
      16 by virtue of lever arms 112a exerting a force in the counter-clockwise
      direction, as viewed in FIG. 4.
PAR  To enable the hydraulic actuator 108 to have a mechanical advantage in so
      moving the auxiliary disc 58 and to enable such actuator to have
      substantially rectilinear movement, a pair of lever arms 116 are pivotally
      mounted relative to plates 106 and lever arms 112a. As shown in FIG. 5 of
      the drawings, the spaced plates 106 are provided with aligned through
      openings for receiving a pivot pin 118. Suitable mounting collars 120 and
      fastening bolts 112 therefore, are provided to maintain such pin 118
      within the plates 106.
PAR  The lever arms 112a are also formed with aligned through openings to
      receive a pivot pin 124 which is also adapted with collars and bolts at
      its opposite ends as shown. The several lever arms 116 are individually
      provided with pivot holes at opposite ends for rotatably engaging the
      pivot pins 118 and 124. Thus, as the lever 112 responds to extension of
      the hydraulic actuator 108 in pivoting the auxiliary disc 58 onto the main
      disc 16, the several lever arms 116 pivot about pin 118 and, as will
      hereinafter be explained in greater detail, thereby vary the mechanical
      advantage of actuator 108 in so moving the auxiliary disc.
PAR  It will be noted that the several disc 58 and 16 are primarily connected
      together by means of the pivotal connections afforded by pins 94 and 104.
      By virtue of the slot 112c formed in each of the lever arms 112a, the
      auxiliary disc 58 is free to float relative to main disc 16. That is, as
      the entire disc 10 encounters irregularities in the ground surface, the
      auxiliary disc is free to move relative to the main unit, the pivot pin
      114 thereby moving within the slots 112c while the forward portion of the
      discs pivot on pin 94.
PAR  When it is desired to fold the disc unit into its transport or storage
      condition, as shown in FIG. 3, it is merely necessary to operate hydraulic
      actuator 108 to the piston rod 108b thereof to be extended. However, to
      prevent undesired relative movement between the auxiliary and main discs
      58 and 16 by virtue of slots 112c and pin 114, a locking mechanism is
      provided in the form of an L-shaped lock member 126 which is pivotally
      mounted between the lever arms 112a on a pivot pin 128. Such pin is firmly
      anchored in the lever arms 112a.
PAR  One end 126a of locking member 126 is formed with a semi-circular cutout or
      groove 126b for engaging the pivot pin 114 as will hereinafter become more
      apparent. A tab 126c on locking member 126 holds one end of a tension
      spring 130, the opposite end of such spring being anchored to and between
      the several lever arms 112a by a pin 132. Thus, throughout the pivotal
      movement of auxiliary disc 58 on pin 104, the locking member 126 engages
      pin 114 to prevent the auxiliary disc from falling over center as would
      result from movement of pin 114 within slots 112c.
PAR  To disengage locking member 126 from pin 114 when the several disc units
      are aligned in their operating positions, an extension 134 is provided on
      pivot pin 118. As shown in FIGS. 6, 7, 8, and 9 of the drawings, such
      extension comprises a sleeve 134a mounted on pin 118 and an extension
      member 134b welded thereto. Such extension member 134b is positioned
      between the plates 106 to be engaged by the locking member 126 as will
      hereinafter appear.
PAR  FIGS. 4, 5, and 6 of the drawings show the disc 10 in its operating
      condition with the auxiliary disc 58 generally aligned with the main disc
      16. As shown most clearly in FIG. 6, at this time, the end portion 126d of
      locking member 126 engages the extension member 134b so that
      notwithstanding the effect of tension spring 130, the end portion 126a of
      locking member 126 is disengaged from pin 114. As such, the auxiliary disc
      58 is free to pivot on pin 104 relative to main disc 16, the pin 114
      thereby moving back and forth in the slots 112c of the lever arms 112a.
PAR  When it is desired to move auxiliary disc 58 to its transport position as
      shown in FIG. 3, it is merely necessary to operate hydraulic actuator 108
      so as to extend piston rod 108b thereof. As shown in FIG. 7 of the
      drawings, the U-shaped lever 112 is moved toward the auxiliary disc 58
      such that the locking member is near the pivot pin 114. Further operation
      of actuator 108 causes auxiliary disc 58 to pivot about pin 104, and lever
      116 to pivot about pin 118. This causes locking member 126 to be
      disengaged from extension member 134b, enabling tension spring 130 to
      pivot locking member 126 so as to engage pin 114. Thereafter, the pin 114
      is held in fixed position relative to lever 112.
PAR  As shown in FIG. 8, the pivotal movement of auxiliary disc 58 continues as
      hydraulic actuator 108 is extended. As the lever arms 116 approach the
      position shown in FIG. 8, the lever arm 112 pivots to a greater extent
      about pin 124. Thus, although the piston rod 108b tends to extend along a
      generally rectilinear path, the fulcrum about which lever 112 operates in
      pivoting auxiliary disc 58 on pin 104 becomes more predominantly pin 124.
      Such transition is continual until lever arms 116 reach their position as
      shown most clearly in FIG. 8 of the drawings. At this time, auxiliary disc
      58 is in its storage or transport position, on top of main disc 16.
PAR  It will be noted that throughout such movement of auxiliary disc 58,
      locking member 126 retains pin 114 in the semi-circular groove 126b.
PAR  When it is desired to return the auxiliary disc to its operating position
      shown in FIGS. 1 and 2 of the drawings, it is merely necessary to retract
      the piston rod 108b causing the reverse pivotal movement of all of the
      levers. Throughout this movement the fulcrum for lever 112 is decreasingly
      dependent upon pin 124. Also, as the folding mechanism returns to the
      position shown in FIGS. 4 and 6, the locking member 126 engages extension
      member 134b so as to release pin 114 to enable auxiliary disc 58 to again
      float relative to main disc 16.
PAR  It is thus seen that the present invention provides a folding mechanism for
      a ground working implement which enables the implement to be made compact
      for storage and transport reasons.
CLMS
STM  I claim:
NUM  1.
PAR  1. A ground working implement having first and second sections and a
      folding mechanism therefor comprising in combination,
PA1  means affording a pivotal connection between said first and second sections
      of the implement,
PA1  a source of power carried by said first implement section,
PA1  a lever directly connected to said source on one end thereof and to said
      second section on the other end thereof to respond to said source to
      rotate said second section about said first section at said pivotal
      connection from a first position to a second position,
PA1  and means for varying the mechanical advantage of said source in pivoting
      said second section about said first section during movement thereof from
      said first position to said second position comprising an arm rotatably
      connected to said first implement section and to said lever.
NUM  2.
PAR  2. A ground working implement having first and second sections and a
      folding mechanism therefor according to claim 1 wherein said means for
      varying the mechanical advantage comprises said arm rotatably connected to
      said first implement section and to said lever intermediate the latter's
      connection to said source and to said first section.
NUM  3.
PAR  3. A ground working implement having first and second sections and a
      folding mechanism therefor according to claim 2 wherein the rotatable
      connection between said arm and said first implement section is spaced
      from said pivotal connection between said implement sections.
NUM  4.
PAR  4. A ground working implement having first and second sections and a
      folding mechanism therefor according to claim 3 wherein said arm has
      spaced rotational connections one of which is rotatably connected to said
      first implement section at a point thereon removed from said pivotal
      connection and the other of which is rotatably connected to said lever
      intermediate the latter's connection to said source and said second
      implement section.
NUM  5.
PAR  5. A ground working implement having first and second sections and a
      folding mechanism therefor comprising in combination,
PA1  means affording a pivotal connection between said first and second sections
      of the implement,
PA1  a source of power carried by said first implement section,
PA1  a lever interconnecting said source and said second section to respond to
      said source to rotate said second section about said first section at said
      pivotal connection,
PA1  lost motion means comprising a pin and slot connection between said lever
      and said second section to permit relative movement of said sections
      independent of said source of power,
PA1  and locking means for locking out said lost motion means during rotation of
      said second implement section about said first implement section by said
      power source comprising a locking member movably mounted on carried by
      said lever and means for moving said member relative to said lever into a
      position whereby said member locks the pin and slot of said pin and slot
      connection in fixed relation relative to one another during said rotation.
NUM  6.
PAR  6. A ground working implement having first and second sections and a
      folding mechanism therefor according to claim 5 wherein said moving means
      includes biasing means operatively connected to said locking member urging
      the same into locking position and automatic means for overcoming said
      biasing means to permit operation of said lost motion means whenever said
      implement sections are in pre-determined relation.
NUM  7.
PAR  7. A ground working implement having first and second sections and a
      folding mechanism therefor according to claim 6,
PA1  wherein said locking member is pivotally mounted on said lever, and said
      automatic means comprises an abutment member on said first implement
      section which interferes with said locking member to overcome said biasing
      means when, but only when, said implement sections are in predetermined
      relation.
NUM  8.
PAR  8. A ground working implement having first and second sections and a
      folding mechanism therefor according to claim 7,
PA1  wherein said locking member is an L-shaped lever arm having a portion
      formed to retain said pin in a predetermined position in said slot but
      only when said second abutment member is inoperative.
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ABST
PAL  A tine mounting for a cultivator includes an elongated horizontal support
      with passages at each end thereof to receive a tine. The passages are
      enlarged and have securing surfaces at each side thereof to interfit with
      the fastening portions of tines and prevent same from being displaced.
BSUM
PAR  In accordance with the invention a tine holder is provided which is
      integral with the support and which tine holder is adapted to receive a
      fastening portion of a corresponding tine.
DRWD
PAR  For a better understanding of the invention and to show how the same may be
      carried into effect, reference will now be made, by way of example, to the
      accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a soil cultivating implement or cultivator whose
      rotary soil working members have tines that are fastened in position in
      accordance with the invention,
PAR  FIG. 2 is a part-sectional elevation to an enlarged scale, showing details
      of the construction of one of the soil working members of the cultivator
      of FIG. 1,
PAR  FIG. 3 is a view as seen in the direction indicated by an arrow III in FIG.
      2,
PAR  FIG. 4 is a scrap plan view illustrating part of an alternative form of
      soil working member and particularly a tine holder thereof.
PAR  FIG. 5 is a section taken on the line V--V of FIG. 4,
PAR  FIG. 6 corresponds to FIG. 2 but shows a further alternative soil working
      member construction,
PAR  FIG. 7 is a plan view as seen in the direction indicated by an arrow VII in
      FIG. 6,
PAR  FIG. 8 corresponds to FIGS. 2 and 6 and shows a further alternative soil
      working member construction,
PAR  FIG. 9 is a plan view as seen in the direction indicated by an arrow IX in
      FIG. 8.
PAR  FIG. 10 is a scrap sectional elevation illustrating an alternative way of
      fastening a tine support to a shaft affording the axes of rotation of a
      soil working member.
DETD
PAR  The soil implement or cultivator that is shown in FIG. 1 of the drawings
      mounted at the rear of an agricultural tractor has a row of twelve soil
      working members 1 that extends substantially horizontally perpendicular to
      the intended direction of operative travel of the cultivator which is from
      right to left as seen in FIG. 1. The soil working members 1 are in
      neighbouring side by side relationship and each of them is rotatable about
      an upright axis that is afforded by a corresponding shaft 2 which will
      normally be vertically or substantially vertically disposed. The lowermost
      end of each shaft 2 is provided with a corresponding tine support 3 that
      is substantially horizontally disposed and the opposite ends of which
      carry a pair of diametrically opposed tines 4.
PAR  FIGS. 2 and 3 of the drawings illustrate a tine support 3 carrying tines 4
      whose lower soil working portions are of square or other angular
      cross-section and taper gently but progressively downwards towards their
      free ends or tips. The illustrated support 3 is forged integrally with the
      central shaft 2 that affords the axis of rotation of the whole soil
      working member, the free ends of the substantially horizontal support 3
      being provided with substantially vertical cylindrical tine holders 5. The
      holders 5 are integral with the support 3 and shaft 2 and their
      longitudinal axes are parallel, or substantially parallel, to the axis of
      rotation afforded by the shaft 2. The top of each holder 5 is formed with
      a downwardly tapering conical surface 6 and the bottom thereof is formed
      with an upwardly tapering conical surface 7. The imaginary apices of the
      two conical surfaces that have been mentioned are both located inside the
      corresponding holder 5 and the angle of conicity a (see FIG. 5) is
      preferably, in each case, substantially 90.degree.. The lower conical
      surface 7 is surrounded, at its mouth, by four relatively inclined flats
      7A while the upper conical surface 6 is formed with eight recesses 6A that
      are equally spaced apart from one another around the longitudinal axis of
      the holder 5 in the manner which can be seen best in FIG. 4 of the
      drawings. Each holder 5 should have a vertical length of not less than 50
      millemeters and it is preferred that its magnitude should be substantially
      60 millimeters. Each tine 4 is formed with a fastening collar 9 of conical
      curvature that will co-operate with a corresponding one of the conical
      surfaces 7. The tine 4 is prevented from turning in its holder 5 by virtue
      of the co-operation of flat portions of the angular profile of the soil
      working portion of the tine that are located immediately beneath the
      collar 9 with the flats 7A of the tine holder 5. Each tine 4 has a
      screw-threaded portion 8 at its upper end which portion projects a short
      distance above the corresponding holder 5 when the tine 4 is in its
      appointed position. A nut 10 having a downwardly directed conical surface
      co-operates with the screw-threaded portion 8 of the tine, said conical
      surface abutting against the conical surface 6 of the tine holder. The
      edges of the eight recesses 6A bear against the conical surface of the nut
      10 when it is tightened and act to tend to prevent said nut from working
      loose.
PAR  FIGS. 6 and 7 of the drawings illustrate a tine support 11 formed from two
      portions 12 and 13 of metallic sheet material. These portions 12 and 13
      are profiled by punching and each of them defines, at each end, a
      corresponding portion 14 of a cylindrical tine holder 15. The upper
      portion 12 and lower portion 13 of the support 11 have abutting
      substantially horizontal edges 16 which are fastened to one another, for
      example, by welding. The holders 15 comprise upper conical surfaces 6 and
      lower conical surfaces 7 that are arranged to co-operate with the same
      tines 4 and their fastening nuts 10 that have already been described.
      However, in this case, a shaft 16A which affords the axis of rotation of
      the whole soil working member is entered through holes in the upper and
      lower portions 12 and 13 of the support 11 and is secured to the margins
      of those holes by welding.
PAR  FIGS. 8 and 9 of the drawings illustrate a construction in which
      substantially vertically disposed cylindrical tine holders 18 are welded
      or otherwise secured to the opposite ends of a hollow support 17. Each
      holder 18 has an axial length which is not less than 50 millimeters and
      which it is preferred should be substantially 60 millimeters. The
      longitudinal axes of the two holders are substantially parallel to the
      axis of rotation which is afforded by a central shaft 19 which is again
      entered through holes in the support 17 and welded to the margins of those
      holes. It will be seen from the drawings that the upper and lower ends of
      the holders 18 are provided with conical surfaces 6 and 7 that correspond
      to those which have already been described and that said holders are
      arranged to receive tines 4 that are generally similar to those that have
      already been described with reference to FIGS. 2 and 3 of the drawings.
PAR  FIG. 10 of the drawings shows a modification of the tine support
      construction of FIGS. 8 and 9 in which a hole is formed only in an
      uppermost region of the support 2 and a central shaft 20 affording the
      axis of rotation of the soil working member is rigidly secured to a
      lowermost region of the support 21, internally of the latter, by stud
      welding. It will be noted from the drawings that, in all of the
      embodiments that have been described with reference to FIGS. 2 to 10, the
      upper fastening portion of each tine 4 just fits in its co-operating
      holder with only a minimum of clearance sufficient to allow relative
      movement solely during installation and removal. With the afore described
      structure a simple and still reliable tine mounting is achieved.
PAR  While various features of the tine fastenings and tine support fastenings
      that have been described and/or that are illustrated in the accompanying
      drawings will be set forth in the appended claims as inventive features,
      it is to be noted that the invention is not limited to those features and
      that it encompasses all of the parts that have been described and/or
      illustrated both individually and in various combinations.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A cultivator comprising a frame and a plurality of soil-working members
      mounted on said frame for rotation about upwardly extending axes, each
      soil-working member being a substantially vertical shaft with an
      elongated, substantially horizontal tine support at the lower end of said
      shaft, said support having opposite ends with cylindrical tine holders in
      the form of substantially vertical passageways that extend through the
      support, the top of each passageway being formed with a downwardly
      tapering conical surface and the bottom of the passageway being formed
      with an upwardly tapering conical surface, said passageway holding a
      fastening portion of a tine and said fastening portion extending through
      the passageway and being secured to said support, said tine having a
      multi-sided soil-working portion which is received by cooperating surfaces
      of said upwardly tapering conical surface to resist the angular
      displacement of the tine and said upwardly tapering conical surface
      comprising flats that interfit with flat portions of said tine.
NUM  2.
PAR  2. A cultivator as claimed in claim 1, wherein the fastening portion of the
      tine is threaded and secured with a nut having tapering surfaces that
      interfit with said downwardly tapering conical surface, a fastening collar
      of conical curvature on said tine being located above said flat portions,
      said collar being received in said upwardly tapering conical surface above
      said flats.
NUM  3.
PAR  3. A cultivator as claimed in claim 2, wherein each conical surface has an
      imaginary apex located internally of said holder.
NUM  4.
PAR  4. A cultivator as claimed in claim 3, wherein the angle of conicity of
      each conical surface is substantially 90.degree..
NUM  5.
PAR  5. A cultivator as claimed in claim 4, wherein said downwardly extending
      conical surface has spaced apart recesses with edges that bear against the
      tapering surfaces of said nut to prevent same from working loose.
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ABST
PAL  An air hammer embodying an outer housing structure connectable to a
      rotatable drill pipe string through which compressed air is conducted. A
      hammer piston reciprocates in the housing structure, compressed air being
      directed alternately to the upper and lower ends of the piston to effect
      its reciprocation in the structure, each downward stroke inflicting an
      impact blow upon the anvil portion of an anvil bit extending upwardly
      within the lower portion of the housing structure. The compressed air acts
      against the piston over the full internal cross-sectional area of the
      housing structure in delivering its impact blow, such compressed air
      acting downwardly over at least a portion of the piston area during its
      entire downward stroke, including its latter portion, during which the
      power or impacting air is being exhausted from the housing structure.
BSUM
PAR  The present invention relates to drill pipe apparatus for drilling a bore
      hole in a formation, and more particularly to pneumatically operated
      apparatus that imparts a percussive action to a drill bit while the latter
      is preferably being rotated, in order that the bit may cover substantially
      the full area of the bore hole bottom.
PAR  Prior air hammers, although operating effectively in drilling a bore hole,
      have been relatively complex, requiring a multiplicity of machining
      operations and provision of ports throughout the apparatus to direct the
      flow of compressed air, and its exhaust from opposite ends of the hammer
      piston reciprocating within the air hammer housing structure. The piston
      and housing structure embody the valve mechanism for alternately directing
      the flow of air to opposite ends of the hammer piston and exhausting it
      therefrom. Some prior air hammers do not utilize the full cross-sectional
      area of the hammer piston in delivering the power stroke or impact blow
      upon the companion anvil portion of the drill bit, thereby lowering the
      energy deliverable to the anvil bit when using the same unit inlet air
      pressure. Near the end of its power stroke, the hammer piston shifts to a
      position that permits the compressed air to exhaust from the apparatus,
      the hammer piston impacting against the anvil. During such exhaust phase,
      the lower portion of the hammer piston compresses air below the hammer
      piston, tending to reduce or cushion the force of the impact blow upon the
      anvil, which, of course, reduces the energy deliverable by the hammer
      piston against the anvil.
PAR  Applicant has heretofore developed a bore hole air hammer, which utilizes
      the full cross-sectional area of the piston subject to compressed air in
      impacting the piston against the anvil, the apparatus being disclosed in
      his U.S. application for "Bore Hole Air Hammer," Ser. No. 140,515, filed
      May 5, 1971. However, the air hammer disclosed therein represents a
      comparatively complex design, and is relatively costly to produce. In
      addition, it is subject to the compressing of the air between the lower
      end of the hammer piston and the anvil, as the piston approaches the end
      of its travel in impacting against the anvil.
PAR  Another air hammer is illustrated in U.S. Pat. No. 3,480,088. However, the
      full cross-sectional area of the hammer piston is not subject to the air
      pressure in delivering an impact blow against the anvil. In addition, the
      tool is relatively complex and costly to manufacture.
PAR  By virtue of the present invention, an air hammer is provided in which the
      housing structure in which the hammer piston is reciprocable is of a
      greatly simplified design and is much more economical to manufacture. The
      reciprocating hammer piston coacts with the housing structure in such
      manner as to alternately direct compressed air into the housing structure
      at the upper and lower ends of the piston, and alternately effects exhaust
      of the air from the upper and lower portions of the housing structure. The
      compressed air on the power stroke of the hammer piston acts over its full
      cross-sectional area, which is the full cross-sectional area of the inner
      wall of the housing structure itself, such area having a maximum value.
      After traversing the major portion of its power or downward stroke, the
      hammer piston shifts to an exhaust condition. During the downward shifting
      of the hammer piston on its power stroke, the air therebelow is compressed
      to some extent, but despite the presence of such compressed air, which
      remains after the hammer piston opens its exhaust passage before the
      piston impacts upon the anvil, a continuing supply of inlet air pressure
      acts over a portion of the hammer piston area to assist in driving the
      hammer piston downwardly against the anvil and against the resistance of
      the air compressed below the hammer piston. Accordingly, a greater blow is
      struck against the hammer piston than in prior devices.
PAR  Through use of applicant's invention, a far greater horsepower is
      deliverable for the same inlet air pressure. Moreover, applicant's
      apparatus can be made substantially shorter (for example, 7 to 9 inches
      shorter) than prior devices, which offers advantages in using the
      apparatus on some types of drilling rigs. The horsepower or energy
      delivered by applicant's air hammer can be further increased by causing
      the hammer piston to act upon a spring device at the upper end of its
      stroke, which shortens the travel of the piston and assists in initiating
      its downward stroke in an anvil impacting direction.
PAR  This invention possesses many other advantages, and has other purposes
      which may be made more clearly apparent from a consideration of several
      forms in which it may be embodied. Such forms are shown in the drawings
      accompanying and forming part of the present specification. They will now
      be described in detail, for the purpose of illustrating the general
      principles of the invention; but it is to be understood that such detailed
      description is not to be taken in a limiting sense.
DRWD
PAR  Referring to the drawings:
PAR  FIGS. 1a and 1b together constitute a longitudinal section through an
      apparatus embodying the invention, with parts in their relative positions
      in which the hammer piston has completed delivering an impact blow against
      the companion anvil bit, FIG. 1b being a lower continuation of FIG. 1a;
PAR  FIGS. 2a and 2b are views similar to FIGS. 1a and 1b, with the hammer
      piston approaching its upper position, FIG. 2b being a lower continuation
      of FIG. 2a;
PAR  FIGS. 3a and 3b are views similar to FIGS. 1a and 1b, illustrating the
      relationship of parts when the drill bit has been elevated from the bottom
      of the hole, allowing air to be circulated through the apparatus, FIG. 3b
      being a lower continuation of FIG. 3a;
PAR  FIG. 4 is a cross-section taken along the line 4--4 on FIG. 1a;
PAR  FIG. 5 is a cross-section taken along the line 5--5 on FIG. 1a;
PAR  FIG. 6 is a cross-section taken along the line 6--6 on FIG. 1b;
PAR  FIG. 7 is a cross-section taken along the line 7--7 on FIG. 1b; and
PAR  FIG. 8 is a view similar to FIG. 1a illustrating a modified portion of the
      apparatus.
DETD
PAR  As shown in the drawings (FIGS. 1 to 6), an air hammer apparatus A is
      provided that is secured to the lower end of a string of drill pipe B, by
      means of which the apparatus is rotated to correspondingly rotate an
      impact anvil bit C used for drilling a bore hole D, the apparatus
      delivering repeated impact blows upon the anvil bit by forcing compressed
      air down the drill pipe for actuating the apparatus and for cleaning the
      cuttings from the bottom E of the hole. The apparatus is relatively
      simple, consisting of an elongate housing structure 10 that includes an
      upper sub 11 having an upper threaded box 12 (or threaded pin, not shown)
      for threaded attachment to the lower end 13 of the string of drill pipe,
      that extends to the drilling rig (not shown) at the top of the bore hole
      D. This sub is threadedly secured to the upper portion of an elongate
      housing section 14, which can be of one piece, the lower end of which is
      threadedly secured to a lower housing head or drive member 15, the lower
      end 16 of the housing section bearing against an upwardly facing shoulder
      17 formed on the head.
PAR  An elongate anvil portion 18 of the anvil bit C is piloted upwardly within
      the drive member 15 and lower portion 19 of the housing section 14, a
      hammer piston 20 being reciprocable in the housing section above the anvil
      18 to deliver repeated impact blows thereagainst. The anvil is preferably
      formed integrally with the drill bit portion 21 of the anvil bit, which
      has suitable cutting elements 22 (such as sintered carbide buttons)
      mounted in its drilling face 23 for impacting against the bottom E of the
      bore hole, to produce cuttings therein, the cutting elements 22 also
      acting against the side of the bore hole adjacent to its bottom to insure
      the production of a bore hole D of the desired diameter.
PAR  During the reciprocation of the hammer piston 20 in the housing to deliver
      impact blows upon the anvil bit, the drill pipe string B and housing
      structure 10 are rotated at a desired speed, such as 20 r.p.m., to
      correspondingly rotate the anvil bit C and insure an impacting action of
      the cutting members 22 over substantially the entire cross-sectional area
      of the bottom E of the hole. During the impacting action, suitable
      drilling weight is imposed on the anvil bit through the drill pipe string
      B and the housing structure 10, such drilling weight being transferred
      from the lower end 24 of the housing head or drive member 15 to an
      upwardly facing shoulder 25 of the bit 21. The rotary drive itself is
      transferred from the housing structure 10 to the anvil 18 through a
      suitable spline type of connection 26, which can assume several different
      forms, the particular drive connection illustrated constituting no portion
      of the present invention. The specific drive connection is illustrated in
      the application of Alfred R. Curington and Archer W. Kammerer, Jr., for
      "Bore Hole Air Hammer Drive Mechanism," Ser. No. 239,047, filed Mar. 29,
      1972, to which attention is directed.
PAR  In general, the upper portion of the anvil has circumferentially spaced
      elongate chordal surfaces 27 (FIG. 7), which are preferably concave in
      shape, against which correspondingly shaped segments 28 bear, these
      segments being carried in circumferentially spaced windows 29 in the drive
      member 15. The chordal surfaces 27 are substantially longer than the
      length of the segments 28, permitting relative longitudinal movement of
      the anvil bit C with respect to the housing structure 10. The rotary
      effort is transferred from the housing section 14 to the drive member 15
      by virtue of the threaded connection 30d, and from the sides 29a of the
      openings 29 to the segments 28, from where the turning effort is
      transmitted through the abutting segment and anvil surfaces 27a, 27 to the
      anvil bit C.
PAR  The housing section 14 includes an elongate upper inner cylindrical housing
      wall 30, the lower end 31 of which constitutes an upper housing flow
      control corner at the upper end of an elongate internal circumferential
      exhaust groove 32 of a substantially larger internal diameter than the
      diameter of the inner cylindrical housing wall 30. Below the lower end 33
      of the exhaust groove, the housing section is provided with a lower inner
      cylindrical housing wall 34, which may be of the same internal diameter as
      the upper housing wall 30, the upper end of the lower wall being the
      housing lower flow control corner 33. The lower end 35 of the lower inner
      cylindrical housing wall 34 provides a by-pass corner at the upper end of
      an enlarged internal diameter circumferential by-pass groove 36.
PAR  The elongate hammer piston 20 includes an upper piston portion 37 having an
      external diameter 37a conforming to the diameter of the upper inner
      cylindrical housing wall 30, this upper piston portion terminating at the
      upper end 38 of an external circumferential exhaust groove 39 of a lesser
      external diameter than the upper piston portion 37. This external exhaust
      groove terminates at a lower piston portion 40 having an external diameter
      conforming to the internal diameter of the lower inner cylindrical housing
      wall 34. Below its lower piston portion, the hammer is of a reduced
      external diameter 41, providing a downwardly facing shoulder 42 which may,
      upon removal of the anvil bit C from the housing 10, engage a limit ring
      43 mounted in the housing section 14, to prevent the piston 20 from
      inadvertently dropping out of the housing structure. The hammer piston
      extends upwardly to a substantial distance above its upper piston portion
      37, having a plurality of circumferentially spaced relief portions 44
      (FIG. 5) which may be formed by elongate chords 45 in the hammer portion
      extending from the upper piston portion 37 to the upper end 46 of the
      latter, there being circumferentially spaced elongated arcuate sections 47
      between the relief portions 44 having the same external diameter as the
      upper piston portion 37 and assisting in guiding the hammer piston 20 in
      its reciprocation along the inner wall of the housing section 14.
PAR  As described hereinbelow, when the hammer piston 20 is at the lower end of
      its stroke, as shown in FIGS. 1a, 1b, a flow control piston corner 50 at
      the upper end of the piston portion 37 is spaced below the upper housing
      flow control corner 31, allowing air in the housing above the piston 20 to
      flow down through the passages 44 and into the internal circumferential
      exhaust groove 32, around the upper piston portion 37, then into radial
      exhaust ports 51, formed through the hammer piston below its intermediate
      piston wall 52, that communicate with an elongate central piston cavity 53
      into which an exhaust tube 54 extends upwardly from the anvil 18, the tube
      forming a continuation of the exhaust passage 53 and communicating with an
      exhaust passage 55 through the anvil and one or a plurality of exhaust
      passages 56 extending downwardly through the bit 21 and opening outwardly
      thereof for the purpose of removing the cuttings from the bottom E of the
      hole. The tube 54 makes a slidable seal with the wall 53a of the piston
      cavity 53, being secured to the anvil 18 by a lower outwardly extending
      tube flange 57 being received within an inner circumferential groove 58 in
      the anvil. The tube may be made of an elastic material, such as Delrin,
      which permits it to be inserted within the anvil passage, the flange 57
      contracting sufficiently until it is opposite the circumferential groove
      58, whereupon the tube flange can snap outwardly into the groove 58 and
      thereby lock the tube 54 to the anvil 18.
PAR  When the piston 20 is shifted upwardly within the housing on its return
      stroke, the return air corner 60 at the lower end of the piston portion 40
      will be disposed above the housing lower flow control corner 33 (FIGS. 2a,
      2b), whereupon the compressed air below the piston can exhaust into the
      internal circumferential housing groove 32 and flow through the exhaust
      ports 51 and exhaust passages 53, 55, 56 to the bottom E of the bore hole.
      At this time, the upper flow control piston corner 50 will be disposed
      above the upper housing flow control corner 31, which will seal the upper
      piston portion 37 against the upper inner cylindrical housing wall 30,
      whereupon compressed air can drive the piston 20 downwardly on its hammer
      or power stroke. When the return air corner 60 moves below the housing
      lower flow control corner 33, the air below the piston and within the
      housing, which remains after the lower piston portion 40 is closed within
      the lower end of the cylindrical housing wall 34, is subject to
      compression, but such air will be at a relatively low pressure.
PAR  As described hereinbelow, in the event the apparatus is elevated to raise
      the bit 21 from the bottom E of the hole, the latter will drop downwardly
      until its upper anvil head flange 110 engages the upper ends of the
      segments or keys 28. This will allow the upper piston by-pass corner 62 to
      shift below the housing by-pass corner 35 at the lower end of the lower
      inner cylindrical housing wall 34, the upper flow control piston corner
      being well below the upper housing flow control corner (FIGS. 3a, 3b).
      Accordingly, compressed air above the piston can flow through the passages
      44 and the internal circumferential exhaust groove 32 into the air by-pass
      groove 36 below the lower housing wall 34, the air passing downwardly
      through the passages 63 in the upper portion of the anvil rotary drive
      member 15 and into the by-pass passages 64 between the segments and the
      surrounding housing wall, flowing through the lower slots 65 in the
      segments and into the concave cavities 27 in the anvil 18, the air flowing
      past a head sealing portion 66 within the drive member 15 and into
      elongate relief grooves 67 extending downwardly through the lower end of
      the drive member 15. When the anvil 18 is in its upper position within the
      housing and with the bit shoulder 25 engaging the lower end 24 of the
      drive member 15, the head sealing portion 66 seals against the periphery
      68 of the anvil below its elongate grooves 27 in which the segments or
      keys 28 are positioned. To facilitate such sealing, the head portion 66
      may have a plurality of longitudinally spaced internal labyrinth seal
      grooves 69 formed therein.
PAR  Compressed air for reciprocating the hammer piston 20 passes downwardly
      through the string of drill pipe B and into the upper housing sub 11,
      flowing past a downwardly opening check valve 70 which may be in the form
      of a ball 71 received within a valve body 72 mounted in a counterbore 73
      in the sub, the ball being movable upwardly to engage a companion seat 74
      surrounding a central passage 75 through the body, the downward movement
      of the ball being limited by its engagement with circumferentially spaced
      feet 76 extending inwardly from the body. With air being pumped downwardly
      through the apparatus, the ball 71 engages the feet 76 and the air can
      flow around the ball and between the feet and into a central passage 77 in
      the housing sub.
PAR  The inlet air under pressure is caused to flow alternately into the housing
      below the piston 20 and the housing above the piston, to effect
      reciprocation of the hammer piston. A housing inlet tube 78 is mounted in
      the sub passage 77, projecting downwardly from the sub or head 11 and into
      an upper elongate central piston cavity or chamber 79 above the
      intermediate piston wall 52, which separates the upper chamber 79 from the
      lower chamber 53. The tube 78 is secured in the sub by an upper external
      flange 80 on the tube fitting within a companion internal circumferential
      groove 81 in the sub. The inlet tube is made of a flexible material, such
      as Delrin, which permits the upper portion of the tube to be deflected
      inwardly of the sub passage 77 below the circumferential groove 81, and
      when the flange 80 becomes aligned with the groove, the latter inherently
      expands outwardly into the groove to secure the tube to the sub 11. The
      elastic nature of the tube is such that it also provides a slidable seal
      with the inner walls of the piston 20, as explained hereinbelow.
PAR  The piston has an elongate upper cylindrical surface 82 opening through its
      upper end 46 and terminating at an inner, upper flow control piston corner
      83, which is the upper end portion of an elongate internal circumferential
      impact passage groove 84 having a substantially larger internal diameter
      than the inside diameter of the upper piston portion 82. The
      circumferential impact passage groove 84 terminates at an intermediate
      inner cylindrical piston wall 85, which may have the same internal
      diameter as the upper cylindrical piston wall 82, the intermediate wall
      terminating at an internal circumferential return passage groove 86 formed
      in the piston and terminating at a lower flow control piston corner 87,
      which is the upper end of a lower internal piston seal portion 88 that
      extends upwardly from the intermediate piston wall 52. The inlet tube 78
      has an upper external cylindrical sealing surface 89 relatively slidably
      sealable with the upper piston wall 82 and terminating in an external
      circumferential inlet groove 90 communicating with radial inlet ports 91
      that open to the central inlet passage 92 through the tube. Below this
      circumferential inlet groove 90, the tube is formed as a lower cylindrical
      sealing surface 93 slidably and sealingly engageable with the intermediate
      inner cylindrical piston wall 85 and also with the lower piston wall 88.
PAR  When the piston 20 is in its lowermost operative position, with the drill
      bit 21 pressed against the bottom E of the bore hole D, compressed air can
      flow downwardly through the inlet passage 92, discharging into the
      circumferential return passage 86 that communicates with the upper portion
      of one or more longitudinal return passages 95 extending downwardly
      through the hammer piston and opening outwardly through its lower end 96.
      When the hammer piston 20 moves upwardly within the housing 10 and along
      the inlet tube 78, the lower flow control piston corner 87 first shifts
      upwardly over the lower flow control housing tube corner 93a to disrupt
      communication between the inlet passage 92 and the return passage 95,
      continued upward movement of the piston then placing the inner upper flow
      control piston corner 83 above the upper flow control housing tube corner
      98, which then allows compressed air to flow from the inlet passage 92
      through the ports 91 into the circumferential inlet groove 90 into the
      internal circumferential impact passage groove 84 and thence into the
      housing above the upper end 46 of the piston (FIGS. 2a, 2b). At this time,
      the upper piston portion 50 will have moved partially above the upper
      housing flow control corner 31, so that the air under pressure between the
      upper end 46 of the piston and the housing sub or head 11 can act
      downwardly on the piston, urging it in a downward direction.
PAR  The piston 20 will be shifted downwardly until the upper flow control
      piston corner 83 moves below the flow control housing tube corner 98,
      which shuts off air pressure into the housing above the piston, the piston
      continuing to move downwardly, as the compressed air expands, until the
      outer upper flow control piston corner 50 moves below the upper housing
      flow control corner 31, which then permits air above the piston to pass
      through the passages 44 into the internal circumferential exhaust grooves
      32, and through the exhaust ports 51 and exhaust passages 53, 55, 56 to
      the bottom of the hole below the drill bit, the hammer piston being driven
      against the upper face 100 of the anvil to deliver an impact blow to the
      impact bit C. As the piston nears the end of its downward stroke, the
      lower flow control piston corner 87 will move below the lower flow control
      housing tube corner 93a, thereby allowing the compressed air to flow from
      the inlet passage 92 into the upper piston cavity 79 and internal
      circumferential return passage groove 86, passing downwardly through the
      longitudinal return passages 95 to the lower end of the piston, such air
      then moving the piston in an upward direction, until the lower flow
      control piston corner 87 passes upwardly beyond the lower flow control
      housing tube corner 93a once again. to shut off the flow of air into the
      return passages 95. When this occurs, the outer upper flow control piston
      corner 50 moves above the upper housing flow control corner 31 to shut off
      the exhaust of air from the housing region above the piston 20, the
      compressed air below the piston expanding and driving the hammer piston
      upwardly toward the head 11 of the housing. Before reaching the head 11,
      the inner upper flow control piston corner 83 will have shifted upwardly
      along the tube 78 to a position above the upper flow control housing tube
      corner 98, allowing air under pressure to pass from the inlet passage 92
      through the impact passage grooves 90, 84 to a position in the housing
      above the piston 20.
PAR  The upward travel of the piston 20 is cushioned by the compression of the
      air remaining in the housing above the piston. However, the piston will
      still move upwardly sufficiently to place the lower corner 60 of the lower
      piston portion 40 above the housing lower flow control corner 33, which
      then permits the compressed air below the piston to travel into the
      internal circumferential exhaust groove 32 and through the exhaust ports
      51 into the exhaust passages 53, 55, 56 for discharge from the drill bit.
      The compressed air in the housing structure above the piston then expands
      to drive the piston downwardly, and the foregoing cycle of operation is
      repeated, the piston reciprocating to deliver repeated impact blows
      against the anvil portion 18 of the anvil bit C, while the drill string B
      and the entire apparatus A is being rotated, to insure that the drilling
      or cutting elements 22 will cover substantially the entire cross-sectional
      area of the bore hole bottom E.
PAR  In the event it is desired to pump compressed air through the apparatus
      while the anvil bit 21 is off bottom, elevation of the apparatus A will
      cause the impact bit C to drop downwardly along the housing until the
      upper anvil head 110 engages the upper ends of the keys 28. The piston 20
      will also drop downwardly until its by-pass corner 62 is below the by-pass
      corner 35 of the housing 10, the upper corner 62 of the piston being
      disposed below the upper end of the internal circumferential groove 36
      (FIGS. 3a, 3b). Accordingly, compressed air flowing downwardly through the
      drill string B and into the inlet passage 92 can pass through the inlet
      ports 91 and upwardly between the tubing and the upper seal portion 82 to
      a position above the piston, then flowing downwardly through the passages
      44 and into the internal circumferential exhaust groove 32, flowing
      between the external circumferential exhaust groove 39 in the piston and
      the opposed lower inner cylindrical housing wall 34 into the enlarged
      diameter groove 36 below the inner cylindrical housing wall, then passing
      through the passages 63, 64, 65, 67 to the exterior of the bit 21. Since
      the path just described is open, compressed air cannot remain below the
      piston 20, which might otherwise tend to cause the piston to continue
      reciprocating and cycling in the housing 10. It is also evident that the
      compressed air being pumped through the apparatus will also flow through
      the exhaust ports 51 and the exhaust passages 53, 55, 56 and downwardly
      through the anvil bit C.
PAR  When the piston 20 is on its power stroke, air will be compressed below the
      piston, as pointed out above, because of the sealing of the lower piston
      portion 40 against the lower inner cylindrical housing wall 34 and the
      sealing of the head portion 66 against the periphery of the anvil 18.
      However, air under pressure is always present within the upper central
      piston cavity or chamber 79, acting over the cross-sectional area W of
      such chamber, and continuing to exert its force to overcome the pressure
      acting upwardly over the piston and tending to elevate it (FIGS. 1a, 1b).
      Thus, the hammer piston 20 will strike its impact blow upon the upper end
      100 of the anvil with a greater force, in view of the overcoming of a
      portion of the resisting force offered by the compressed air acting
      upwardly over the cross-sectional area R across the lower portion of the
      piston, such area existing between the periphery of the exhaust tube 54
      and the lower inner cylindrical housing wall 34.
PAR  On its power stroke, the compressed air acts over the full cross-sectional
      area S of the upper piston portion, which is the same area as the area
      across the inner cylindrical housing wall 30. It is acting downwardly over
      the cross-sectional area of the piston between the periphery of the upper
      flow control tube and the upper inner cylindrical housing wall 30, and
      also over the area W across the central piston cavity or chamber 79.
      During the return stroke, the compressed air is acting upwardly over the
      piston over the area R, which is less than the full cross-sectional area
      S, but such full area is not needed for the purpose of returning the
      piston under comparatively little load toward the upper end of its stroke.
PAR  The apparatus shown and described, at the same unit air pressure, operates
      at an increased frequency and delivers a considerably greater horsepower
      than prior air hammers. Moreover, the apparatus is comparatively
      economical to manufacture, since the elongate housing section 14 is of a
      single piece, with a single external diameter. It is merely necessary to
      form the different internal diameter portions to the required dimensions
      on relatively simple equipment, such as a lathe. Similarly, the piston 20
      is economical to manufacture, requiring relatively simple equipment, the
      longitudinal return passages 95 being easily drilled, the drilling action
      automatically communicating the upper ends of the passages 95 with the
      internal circumferential return passage groove 86. The tubes 78, 54 are
      readily formed and mounted in place, being made of the elastic material,
      such as Delrin, the upper inlet ports 91 being easily formed in the upper
      tube 78.
PAR  In the form of invention illustrated in FIG. 8, the upper travel of the
      piston 20 is limited by its engagement with a spring seat 200 slidably
      sealed within the upper portion of the housing section 14a, which also is
      slidably engageable with the lower portion of an inlet tube extension 78a,
      to the lower end of which the inlet tube 78 is connected, this inlet tube
      extension being fastened in the housing sub 11 in the same manner as the
      tube 78 in the other form of the invention; namely, by the reception of
      its flange 80a within the circumferential groove 81a. The inlet tube
      extension 78a can also be formed of an elastic material, such as Delrin.
PAR  A helical compression spring 201 is disposed in the chamber or space 202
      between the inlet tube extension 78a and the upper portion of the housing
      section 14a, which is threadedly secured to the upper housing sub 11, the
      lower end of this spring engaging the spring seat 200 and its upper end
      engaging the housing sub 11. The compressed spring urges the spring seat
      200 downwardly to the limit of its travel, as determined by engagement of
      its lower end with an upwardly facing shoulder 203 formed in the housing
      section 14a.
PAR  Compressed air is always present in the spring chamber 202, acting
      downwardly on the spring seat 200, this compressed air supplementing the
      force of the helical compression spring 201 tending to hold the spring
      seat 200 against its companion shoulder 203. Such compressed air can flow
      from the central passage 92a in the inlet tube extension through radial
      ports 205 into the spring chamber.
PAR  The operation of the apparatus embodying the yieldable spring is
      essentially the same as in the other form of the invention. With the
      spring present, the piston 20 has a shorter travel on its upward or return
      stroke, engaging the spring seat 200 and shifting it upwardly against the
      force of the helical compression spring 201. The spring force assists in
      initiating the downward travel of the hammer piston, adding its force to
      the air pressure in driving the hammer piston downwardly on its power
      stroke. With the arrangement noted, a still greater increase in the
      horsepower deliverable by the apparatus is noted than in the other form of
      the invention. The frequency of operation is increased to still a further
      extent. Computations run on the designs illustrated in the drawings show
      that the horsepower capable of being developed in the system without the
      spring feature results in an increase of about 37% over prior art devices;
      whereas, with the spring assister, the increased horsepower calculates at
      about a 61% increase over prior art air hammer devices.
PAR  As described above, the exhaust tube or sleeve 54 is made of an elastic
      material, which is a suitable synthetic resin such as Delrin. This sleeve
      must make a slidable seal with the wall 53a of the piston cavity 53 to
      prevent or minimize leakage of air between the tube and the wall 53a.
      Because of manufacturing tolerances, a perfect alignment between the
      hammer piston 20 and the anvil 18 may not exist. Accordingly, as the
      piston approaches the anvil and impacts thereagainst, it imposes a lateral
      force on the exhaust sleeve 54. If the exhaust tube made a close fit with
      the wall 58c of the anvil downwardly from its upper face 100, even a small
      amount of misalignment between the piston 20 and the anvil would cause a
      high shearing stress to be imposed on the exhaust tube 54, resulting in
      fatigue failure of the exhaust tube after a relatively short period of use
      of the apparatus.
PAR  The above difficulty is overcome in the apparatus illustrated by providing
      relief between the exterior of the exhaust tube or sleeve 54 and the wall
      58c of the anvil 18, such relief extending downwardly from the upper anvil
      face 100. As shown, a counterbore 58a is provided in the anvil that
      extends downwardly from its upper face 100 to a substantial extent, which,
      by way of example, is of the order of about one inch. In view of the
      counterbore, any misalignments between the piston 20 and the anvil 18 will
      prevent the high shearing stresses from occurring on the tube
      substantially in the plane of the upper face 100 of the anvil. Instead,
      the exhaust sleeve 54 can readily flex or bend about the base 58b of the
      counterbore, which acts as a fulcrum point, particularly in view of an
      elastic material from which the exhaust sleeve 54 is made. The bending
      stresses to which the tube 54 is subjected as a result of misalignment
      between the piston 20 and the anvil 18 are maintained at a comparatively
      low value, which prevents the exhaust sleeve 54 from fatigue failure.
PAR  Although the counterbore 58a has been provided to permit the bending of the
      sleeve 54, a corresponding result can be achieved by maintaining the wall
      58c of the anvil cylindrical from its upper face 100 downwardly, and by
      providing the relief in the exterior of the exhaust sleeve 54 itself.
      Thus, the outside diameter of the exhaust sleeve would be reduced slightly
      in a downward direction from substantially the plane of the upper face 100
      to a substantial extent, which, as presented in the above example relating
      to the counterbore, would be of the order of about one inch. The high
      shearing stresses on the sleeve 54 substantially in the plane of the upper
      face 100 would be eliminated, the sleeve 54 being subjected to the
      relatively low bending stresses, as a result of misalignment, that might
      occur between the piston 20 and the anvil 18.
CLMS
STM  I claim:
NUM  1.
PAR  1. In percussion drilling apparatus: a housing structure connectable to a
      drill string; an anvil in the lower portion of said housing structure and
      operatively connectable to a drill bit; a hammer piston reciprocable in
      said housing structure for intermittently impacting against said anvil,
      said piston having an upper passage; inlet means for directing a fluid
      medium under pressure into said passage, first means for directing the
      fluid medium from said passage into said housing structure above said
      piston upon upward movement of said piston in said housing structure for
      driving said hammer piston downwardly toward said anvil; second means for
      directing the fluid medium from said passage into said housing structure
      below said piston upon downward movement of said piston in said housing
      structure for elevating said piston in said housing structure; means for
      alternately exhausting the fluid medium from the housing structure above
      and below said piston; said piston including means substantially closing
      the lower portion of said passage; said inlet means comprising means
      opening into said passage above said piston passage closing means for
      conducting the fluid medium under pressure directly into said passage for
      action against said piston passage closing means during the entire
      downward stroke of said piston toward and against said anvil; whereby the
      fluid medium under pressure acts concurrently over substantially the full
      cross-sectional area of said piston in driving said piston downwardly
      toward said anvil.
NUM  2.
PAR  2. In apparatus as defined in claim 1; said inlet means and piston having
      coengaging valve means thereon opening said first means and closing said
      second means upon upward movement of said piston in said housing structure
      and closing said first means and opening said second means upon downward
      movement of said piston in said housing structure.
NUM  3.
PAR  3. In apparatus as defined in claim 1; said inlet means and piston means
      coengaging valve means thereon opening said first means and closing said
      second means upon upward movement of said piston in said housing structure
      and closing said first means and opening said second means upon downward
      movement of said piston in said housing structure; said exhausting means
      including exhaust passage means in said piston through which the exhaust
      fluid medium passes alternately from said housing structure above and
      below said hammer piston, said exhausting means further including
      coengaging valve means on said piston and housing structure for
      controlling said alternate passage of the exhaust fluid medium.
NUM  4.
PAR  4. In apparatus as defined in claim 1; and spring arresting means bearing
      against said housing structure and hammer piston to receive energy from
      said piston on the upstroke of said piston and to return such energy to
      said piston to force said piston downwardly in said housing structure.
NUM  5.
PAR  5. In apparatus as defined in claim 1; said first means being provided
      between said inlet means and upper piston passage and opening centrally
      through the upper end of said upper passage into said housing structure
      above said piston.
NUM  6.
PAR  6. In percussion drilling apparatus: a housing structure connectable to a
      drill string; an anvil in the lower portion of said housing structure and
      operatively connectable to a drill bit; a hammer piston reciprocable in
      said housing structure for intermittently impacting against said anvil,
      said piston having a central upper chamber therein; an inlet tube piloted
      in said chamber and adapted to receive a fluid medium under pressure from
      the drill string and direct such fluid medium into said chamber; first
      passage means for directing the fluid medium from said chamber into said
      housing structure above said piston; second passage means for directing
      the fluid medium from said chamber into said housing structure below said
      piston; coengaging valve means on said tube and piston wall of said
      chamber opening said first passage means and closing said second passage
      means upon upward movement of said piston in said housing structure and
      closing said first passage means and opening said second passage means
      upon downward movement of said piston in said housing structure; means
      alternately exhausting the fluid medium from the housing structure above
      and below said piston; said piston including means substantially closing
      the lower portion of said upper chamber; said inlet tube having a lower
      passage opening into said upper chamber above said piston chamber closing
      means through which the fluid medium is discharged directly into said
      upper chamber for action against said piston chamber closing means during
      the entire downward stroke of said piston toward and against said anvil;
      whereby the fluid medium under pressure acts concurrently over
      substantially the full cross-sectional area of said piston in driving said
      piston downwardly toward said anvil.
NUM  7.
PAR  7. In apparatus as defined in claim 6; said exhausting means including
      exhaust passage means through which the exhaust fluid medium passes
      alternately from said housing structure above and below said hammer
      piston, said exhausting means further including coengaging valve means on
      said piston and housing structure for controlling said alternate passage
      of the exhaust fluid medium from the housing structure above and below
      said piston.
NUM  8.
PAR  8. In apparatus as defined in claim 6; said exhausting means including
      exhaust passage means through which the exhaust fluid medium passes
      alternately from said housing structure above and below said hammer
      piston, said exhausting means further including coengaging valve means on
      said piston and housing structure for controlling said alternate passage
      of the exhaust fluid medium from the housing structure above and below
      said piston; said exhausting means further including intercommunicating
      exhaust passages in said anvil and lower portion of said piston and
      communicable with said exhaust passage means under the control of said
      valve means on said piston and housing structure.
NUM  9.
PAR  9. In apparatus as defined in claim 6; and spring arresting means bearing
      against said housing structure and hammer piston to receive energy from
      said piston on the upstroke of said piston and to return such energy to
      said piston to force said piston downwardly in said housing structure.
NUM  10.
PAR  10. In apparatus as defined in claim 6; said first passage means being
      provided between said inlet tube and upper chamber and opening centrally
      through the upper end of said upper chamber into said housing structure
      above said piston.
NUM  11.
PAR  11. In percussion drilling apparatus: a housing structure connectable to a
      drill string; an anvil in the lower portion of said housing structure and
      operatively connectable to a drill bit; a hammer piston reciprocable in
      said housing structure for intermittently impacting againt said anvil,
      said piston having a central upper chamber therein; an inlet tube piloted
      in said chamber and adapted to receive a fluid medium under pressure from
      the drill string and direct such fluid medium into said chamber; first
      passage means for directing the fluid medium from said chamber into said
      housing structure above said piston; second passage means for directing
      the fluid medium from said chamber into said housing structure below said
      piston; coengaging valve means on said tube and piston wall of said
      chamber opening said first passage means and closing said second passage
      means upon upward movement of said piston in said housing structure and
      closing said first passage means and opening said second passage means
      upon downward movement of said piston in said housing structure; and means
      for alternately exhausting the fluid medium from the housing structure
      above and below said piston; said exhausting means including a first
      exhaust passage in the lower portion of said piston, a second exhaust
      passage in said anvil, an exhaust tube in said anvil passage projecting
      upwardly into said first exhaust passage, and an exhaust passageway in the
      inner side wall of the housing structure; said piston and housing
      structure having coengaging valve means for alternately permitting and
      preventing passage of the exhaust fluid medium from the housing structure
      above said piston to said exhaust passageway and from the housing
      structure below said piston to said exhaust passageway.
NUM  12.
PAR  12. In apparatus as defined in claim 11; said piston having a wall closing
      said upper chamber from the exhaust passage in the lower portion of said
      piston.
NUM  13.
PAR  13. In apparatus as defined in claim 11; said coengaging valve means
      comprising an upper portion on said piston above said first exhaust
      passage adapted to seal with the wall of said housing structure above said
      exhaust passageway upon upward movement of said piston in said housing
      structure and to shift from sealing relation to said housing structure
      wall upon downward movement of said piston in said housing structure, said
      coengaging valve means further comprising a lower portion on said piston
      below said first exhaust passage adapted to seal with the wall of said
      housing structure below said exhaust passageway upon downward movement of
      said piston in said housing structure and to shift from sealing relation
      to said housing structure wall upon upward movement of said piston in said
      housing structure.
NUM  14.
PAR  14. In apparatus as defined in claim 11; said coengaging valve means
      comprising an upper portion on said piston above said first exhaust
      passage adapted to seal with the wall of said housing structure above said
      exhaust passageway upon upward movement of said piston in said housing
      structure and to shift from sealing relation to said housing structure
      wall upon downward movement of said piston in said housing structure, said
      coengaging valve means further comprising a lower portion on said piston
      below said first exhaust passage adapted to seal with the wall of said
      housing structure below said exhaust passageway upon downward movement of
      said piston in said housing structure and to shift from sealing relation
      to said housing structure wall upon upward movement of said piston in said
      housing structure; and spring arresting means bearing against said housing
      structure and hammer piston to receive energy from said piston on the
      upstroke of said piston and to return such energy to said piston to force
      said piston downwardly in said housing structure.
NUM  15.
PAR  15. In apparatus as defined in claim 11; said first passage means being
      provided between said inlet tube and upper chamber and opening centrally
      through the upper end of said upper chamber into said housing structure
      above said piston.
NUM  16.
PAR  16. In apparatus as defined in claim 11; said piston having a wall
      substantially closing said upper chamber from the exhaust passage in the
      lower portion of said piston, said wall effecting substantial closing of
      said upper chamber to enable the fluid medium under pressure to act
      concurrently over substantially the full cross-sectional area of said
      piston.
NUM  17.
PAR  17. In apparatus as defined in claim 11; said coengaging valve means
      comprising an upper portion on said piston above said first exhaust
      passage adapted to seal with the wall of said housing structure above said
      exhaust passageway upon upward movement of said piston in said housing
      structure and to shift from sealing relation to said housing structure
      wall upon downward movement of said piston in said housing structure, said
      coengaging valve means further comprising a lower portion on said piston
      below said first exhaust passage adapted to seal with the wall of said
      housing structure below said exhaust passageway upon downward movement of
      said piston in said housing structure and to shift from sealing relation
      to said housing structure wall upon upward movement of said piston in said
      housing structure.
NUM  18.
PAR  18. In percussion drilling apparatus: a housing structure connectable to a
      drill string; an anvil in the lower portion of said housing structure and
      operatively connectable to a drill bit; a hammer piston reciprocable in
      said housing structure for intermittently impacting againt said anvil,
      said piston having a central upper chamber therein; an inlet tube piloted
      in said chamber and adapted to receive a fluid medium under pressure from
      the drill string and direct such fluid medium into said chamber; first
      passage means for directing the fluid medium from said chamber into said
      housing structure above said piston; second passage means for directing
      the fluid medium from said chamber into said housing structure below said
      piston; coengaging valve means on said tube and piston wall of said
      chamber opening said first passage means and closing said second passage
      means upon upward movement of said piston in said housing structure and
      closing said first passage means and opening said second passage means
      upon downward movement of said piston in said housing structure; and means
      for alternately exhausting the fluid medium from the housing structure
      above and below said piston; said exhausting means including a first
      exhaust passage in the lower portion of said piston, a second exhaust
      passage in said anvil, an exhaust tube in said anvil passage projecting
      upwardly into said first exhaust passage, and an exhaust passageway in the
      inner side wall of said housing structure; said piston and housing
      structure having coengaging valve means for controlling passage of the
      exhaust fluid medium alternately from the housing structure above and
      below said piston to said exhaust passageway in the inner side wall of
      said housing structure; a third exhaust passage in said piston providing
      communication between said exhaust passageway and said first exhaust
      passage to enable the exhaust fluid medium flowing from above and below
      said piston to pass from said exhaust passageway through said third
      exhaust passage and through said first exhaust passage into said second
      exhaust passage in said anvil.
PATN
WKU  039440044
SRC  5
APN  4845846
APT  1
ART  214
APD  19740701
TTL  Batch weighing system
ISD  19760316
NCL  12
ECL  3
EXA  Miska; Vit W.
EXP  Miller, Jr.; George H.
NDR  2
NFG  2
INVT
NAM  Lafitte; C. Wayne
STR  P.O. Box 45873
CTY  Houston
STA  TX
ZIP  77045
INVT
NAM  Thompson; Thomas L.
STR  P.O. Box 45873
CTY  Houston
STA  TX
ZIP  77045
CLAS
OCL  177121
EDF  2
ICL  G01G 1304
FSC  177
FSS  1;114;116-123;60
UREF
PNO  3276525
ISD  19661000
NAM  Cass
OCL  177  1
UREF
PNO  3545555
ISD  19701200
NAM  Cass
OCL  177210
UREF
PNO  3576224
ISD  19710400
NAM  Susor
OCL  177 47
UREF
PNO  3608656
ISD  19710900
NAM  Pettis
OCL  177114
UREF
PNO  3659665
ISD  19720500
NAM  Godwin
OCL  177  1
UREF
PNO  3712395
ISD  19730100
NAM  Streater
OCL  177  1
UREF
PNO  3802522
ISD  19740200
NAM  Thompson et al.
OCL  177121
UREF
PNO  3828869
ISD  19740800
NAM  Sellers
OCL  177 50
UREF
PNO  3998395
ISD  19700300
NAM  Henry
OCL  177121
ABST
PAL  An improved two feeder tray bulk weighment control system of the vernier
      operating type is disclosed. During an initial portion of the operating
      cycle of the device and while the weighment from the previous cycle is
      being dumped, a first feeder tray is driven to deliver a preliminary bulk
      target of 80-98% of the desired final weighment into a second feeder tray.
      During the conveying portion of the operating cycle both trays are driven
      at a rate inversely proportional to the difference between the actual
      weighment and a target weighment signal in an underdamped manner. As the
      final weighment is approached, improved circuitry prevents scale overshoot
      due to the underdamped rate controllers from causing premature dumping. A
      servo loop is also provided to cause the feed controller in operation
      during the dumping portion of the operating cycle to deliver the 80-98% of
      desired final weighment based on its actual delivery on the previous cycle
      of operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is generally related to the field of repetitive batch
      weighing of products either as a step in their packaging for sale or use,
      or for use in mixing of products. More particularly, the invention relates
      to a batch weighing system and associated scales that provides improved
      accuracy and simultaneously increases the speed of the packaging or
      weighment of the product.
PAR  The packaging of foods and other household products has increased many
      orders of magnitude within the past few years both as to the number of
      applications and as to the quantity of packages produced in each
      application. With this increase in quantity the packaging machinery has
      grown steadily more sophisticated and faster but the pace of these
      improvements has often been slowed by the one common denominator of all
      various methods and apparatus employed, the need to accurately weigh the
      product being packaged.
PAR  There have been many improvements in weighing devices such as that
      disclosed in U.S. Pat. No. 3,802,522. The batch weighing system disclosed
      in the above-mentioned patent produces a very accurate and fast weightment
      by achieving a critical scale damping factor in the weighing system. While
      this has proven to be very successful, the systems of this type may
      generally be stated to have a flaw in that in order to achieve the
      critical scale damping factor the first excursion of the scale voltage
      which passes the target weighment voltage is used to trigger the cessation
      of the weighment process. Such a decision is an irreversible decision and,
      in the case of scale overshoot, can lead to under weighment.
PAR  Automatic scale systems as known in the prior art have utilized the vernier
      weighment principle. In a vernier system, material is delivered to a scale
      at an initial high volume feed rate with limited accuracy to a weighment
      somewhat less than the final weighment desired. Then a much slower, or
      dribbling, feed rate is used to bring the weight up to the final weighment
      required. However, as the final weight is approached the scale damping,
      due to the possibility of overshoot of the scale used for the weighment,
      becomes a crucial factor. In the previously mentioned patent, the
      weighment system triggered feed stop on its initial excursion past a
      target weighment voltage. The weighment was assumed to be complete at this
      point, and the dump cycle of the apparatus was initiated. This places a
      high accuracy requirement on the achievement of critical damping factor in
      the scale mechanical and electrical componentry. In the present invention,
      however, improved circuitry is included to ensure that in fact the
      weighment process is actually complete and that a scale overshoot is not
      causing premature initiation of the dumping cycle to take place. Thus,
      critical damping in the mechanical and electrical components, while still
      highly desirable, is not crucial.
PAR  Additionally, in the present invention a novel and more accurate means for
      delivering the preliminary bulk targeting weight of feed material to the
      vernier feeding plan is achieved by the use of a bulking servo system. In
      this system, comparisons of the actual bulk delivery and a bluk target
      weight are made and the system delivering the bulk quantity is adjusted in
      its feed rate to more closely approximate the desired bulking
      characteristic. This leads to more rapid filling of the weighment scale.
PAR  Accordingly, it is an object of the present invention to provide a more
      accurate and faster bulk weighment system than has heretofore been
      available.
PAR  Another object of the present invention is to provide a vernier type bulk
      weighment system in which achieving a critical damping factor of the scale
      weighment apparatus does not constitute a crucial factor in the system.
PAR  Yet another object of the present invention is to provide a bulk weighment
      system of the vernier type wherein a bulk quantity of product delivered in
      the initial portion of the operation cycle of the apparatus is controlled
      in response to the performance of the prior attempts of the apparatus to
      deliver a correct target bulk amount.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The above and other objects, features and advantages are provided in a bulk
      product weighment system of the present invention. In the system of the
      present invention a dual feeder tray arrangement is employed wherein
      product to be weighed is delivered first into a rear vibratory feeder tray
      from a product feeder hopper. The rate of the rear feeder is controlled in
      one portion of the operating cycle by a bulk rate adjust and gating
      circuit and in a second portion of the operating cycle by a feeding rate
      adjust and gating circuit. A weighment scale and dump mechanism, fed from
      the front vibratory feeder, provides instantaneous weight voltages which
      are proportional to the amount of product present in a weigh and dump
      bucket at any time during the cycle of operation of the apparatus. During
      the vernier portion of the weighment, the operation of the apparatus and
      the feed rate of both the rear feeder and front feeder are controlled in
      response to the weight of product present in the dumping bucket. When the
      proper amount of product is delivered to the dump bucket, a dumping cycle
      is initiated and the front feeder is turned off. However, during the
      dumping cycle a bulk servo weighment system driving the rear feeder is
      employed to deliver product from the product feeder hopper into the front
      feeder with the object of attaining a bulk target weight (approximately
      80-98% of the final weighment desired) present in the front feeder before
      the initiation of a new vernier feeder cycle. The bulking servo system
      employed in the present invention causes the feed rate of product from the
      hopper into the front feeder during the dump cycle to be varied to
      deliver, in response to the bulk amount delivered, the appropriate amount.
      Additionally, during the feeder portion of the operating cycle, improved
      circuitry which avoids critical scale damping as a crucial factor is
      employed to prevent premature determination that the appropriate weighment
      is reached caused by scale overshoot.
PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed description thereof. The novel aspects of the
      present invention are pointed out with particularity in the appended
      claims. However, the invention is best understood by reference to the
      following detailed description thereof and the accompanying drawings, in
      which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an overall block diagram illustrating a bulk weighment system in
      accordance with the concepts of the present invention;
PAR  FIG. 2 is a circuit diagram illustrating a typical rate adjust and gating
      circuit as used in the system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring initially to FIG. 1, a bulk weighment control system in
      accordance with the concepts of the present invention is illustrated
      schematically. Generally, product to be weighed and packaged is placed in
      a feed hopper 11 under gravity flow into a vibratory motor driven rear
      feeder tray 12. When the rear feeder tray 12 vibrates under the control of
      the system the product is delivered therefrom into the front feeder tray
      13 which is also of the vibratory motor driven type. As the front feeder
      tray 13 vibrates under the system control the product is delivered into a
      weigh and dump bucket 14. Bucket 14 may comprise a trap door bucket which,
      when the proper amount of product has been delivered, may be tripped to
      deliver the product into a package placed thereunder.
PAR  A novel scale and dump mechanism and circuitry 15 which is described and
      claimed in the previously mentioned U.S. Pat. No. 3,802,522 measures the
      amount of product present at any instant in time in the dump bucket 14. An
      output voltage signal is provided from the scale and dump mechanism 15 on
      line 17. This signal is labeled weight voltage in FIG. 1 and is supplied
      as an input to several other system components.
PAR  A weighment cycle in the present invention commences with a dump command
      signal provided as output from a sequencer 16 on a line 18 to the scale
      and dump mechanism 15. This dump command signal comprises a beginning of
      an operating cycle whether the weigh and dump bucket 14 has previously
      been filled or not. After the bucket 14 is dumped a fill command signal is
      generated by the sequencer 16 and is provided as an output therefrom on
      line 19. The weight voltage supplied on line 17 via a filter network 30 is
      applied as an input to the sequencer 16 and enables it to determine when
      the proper amount of product is in the bucket so that the fill command on
      line 19 may be removed ending the cycle. The next operational cycle begins
      as described with another dump command.
PAR  The front feeder tray 13 speed is controlled by a first rate adjust and
      gate circuit 20 which converts the weight voltage output from the scale
      and dump mechanism on line 17 into a feeder drive rate which is applied to
      the front feeder only when a fill command is present on line 19 from the
      sequencer 16. A second similar rate adjust and gate circuit 21 of FIG. 1
      performs the same function for the rear feeder 12 during the existence of
      a fill command signal on line 19. Thus when the fill command signal is
      present on line 19 both the front feeder 13 and the rear feeder 12 are
      driven at a rate which is a function of the instantaneous product weight
      contained in the weigh and dump bucket 14 as determined by the scale and
      dump mechanism 15. This function is actually the inverse of the weighment
      signal provided by the scale and dump mechanism 15 in that when the weight
      in the dump bucket 14 is low, the feeder drive rates are high and as the
      weight of product in the weigh and dump bucket 14 approaches a target
      value the feed rate on both the rear and front feeders 13 and 12 slows
      down until it reaches zero when the target weight is contained in the
      weigh and dump bucket 14.
PAR  A third rate adjust and gate circuit 22 is enabled for operation only
      during the period that a dump command signal is present on line 18 from
      sequencer 16. It will be recalled that at the beginning of an operating
      cycle, a dump command signal is applied on line 18 to dump the contents of
      the weigh and dump bucket 14. This same signal is applied to rate adjust
      and gate circuit 22 and permits an arbitrary rate to be applied to the
      rear feeder tray 12 while the weighment bucket 14 is being dumped. The
      product thus dispensed from the hopper 11 piles up in the front area of
      the front feeder pan 13 but is not dispensed at this time into the
      weighment bucket 14 as the front feeder tray 13 is not vibrating or
      oscillating during the dump portion of the cycle. When the next filling
      portion of the cycle is commenced and the front feeder tray 13 starts its
      vibratory motion, this bulk of product which has built up therein during
      the dump portion of the cycle is immediately and practically
      simultaneously deposited in the weigh and dump bucket 14. When the fill
      command signal is then present on line 19 an initial large amount of
      product is delivered into the weigh and dump bucket 14 thus speeding up
      the weighment operation considerably. The simultaneous vibratory motion of
      front and rear feeders 13 and 12 under control of rate adjust and gate
      circuits 21 and 20 thus serves as a vernier control on the final amount of
      product delivered to weigh and dump bucket 14 after a large initial bulk
      amount is delivered at the very first portion of the filling portion of
      the cycle when a fill command is present on line 19.
PAR  At some adjustable and arbitrary time during the fill portion of the
      operating cycle (usually 1 and 1/2 to 2 seconds after the beginning of the
      fill command signal's presence on line 19) count pulse signals are
      supplied by the sequencer 16 to an up/down counter 23 via line 24. During
      this count signal the counter 23 value is either increased or decreased
      depending on whether the weight in the bucket 14 is either more or less
      than some bulk target percentage (such as 80%) of the desired target
      weight. Thus at some arbitrarily set time during the conveying mode the
      instantaneous weight in the bucket 14 is compared in comparator circuit 31
      to a signal supplied by sequencer 16 which represents 80% of the required
      target. If the weight in bucket 14 is less than 80% the comparator 31
      provides an up count output signal on line 33 and the counter 23 value is
      increased. If more than 80% of the bulk target is present in bucket 14
      then comparator 31 provides a down count output on line 33 and the counter
      23 value is decreased. The counter 23 output signal on line 25 (labelled
      bulk transfer rate voltage) is supplied to a digital to analog converter
      32. Output voltage from DAC 32 is used to control the feed rate of the
      rear feeder 12 via rate adjust and gating circuit 22 during the next dump
      command signal on line 18 portion of the operating cycle as previously
      described.
PAR  After several cycles of operation the rear feeder tray 12 will be driven at
      a rate which will dispense almost precisely the right amount of product
      during the dump command signal so that whenever the arbitrary time into
      the conveying portion of the cycle has occurred, the weight in the dump
      bucket will have reached 80% of the target value.
PAR  As illustrated in FIG. 1 the instantaneous weight voltages are applied via
      line 17 to control the feed rate during the conveying portion of the cycle
      via the rate adjust and gate circuits 20 and 21. Thus as the instantaneous
      weighment in the weigh and dump bucket nears the target value the feeder
      12 and 13 rates are proportionally reduced until they reach zero at the
      time that the instantaneous weighment in the weigh and dump bucket 14
      reaches the target value. However, in order to prevent any scale 15
      overshoot during the initial high bulk rate delivery portion of the cycle
      from causing a premature cessation of the conveyance portion, the
      sequencer 16 is provided with the weight voltage via additional filtering
      circuitry 30. The underdamped instantaneous weight voltage signal which
      may contain high frequency components supplied to sequencer 16 via line 17
      is further filtered and damped by filter network 30 to prevent such a
      scale overshoot from causing a premature fill command voltage or dump
      command voltage being generated. It is thus possible that rate adjust and
      gate circuits 20 and 21 may cause feeders 12 and 13 to stop on a scale
      overshoot, but with the damping action of filter network 30 preventing
      such a transient overshoot from causing sequencer 16 to issue a dump
      command, the feeders 12 and 13 would be restarted by rate adjust and gate
      circuits 20 and 21 when the overshoot condition has ceased.
PAR  The foregoing has been a general description of the overall operation of
      the preferred embodiment of the present invention. The circuitry
      components of the system used to accomplish these functions will now be
      described in more detail.
PAC  RATE ADJUST AND GATING CIRCUITS
PAR  FIG. 2 illustrates a typical rate adjust and gating circuit of the type
      used in rate adjust and gating circuits 20, 21, and 22 of FIG. 1.
      Generally, these circuits must be provided with two inputs, an enabling
      signal and a rate control signal. These circuits are supplied with an
      input rate control signal which is proportional either to the amount of
      product present in the weigh and dump bucket 14 (in the case of circuits
      20 and 21 of FIG. 1), or with a bulk transfer rate voltage in the case of
      circuit 22. The rate adjust and gating circuits 20, 21 and 22 function to
      produce an output feed rate voltage control signal on output terminal 110
      and on an on/off signal on terminal 108 which are used to drive the front
      feeder 13 and rear feeder 12 by controlling the current to the motor coils
      driving these feeders.
PAR  Referring now to FIG. 2, assume that the circuit shown here is controlling
      the feed rate of either front feeder 13 or rear feeder 12 and assume that
      the appropriate one of these feeders is operating and that product whose
      weight is to be measured is falling into weigh and dump bucket 14. Also
      assume that the scale and dump mechanism 15 is providing a weight voltage
      output which is used as an input to the circuit of FIG. 2 at terminal 102.
      As the weight in the weigh and dump bucket 14 increases, a rising voltage
      is produced on input terminal 102. When that voltage is equal to the
      output of a digital to analog converter 74, the output of amplifier
      comparator 72 turns off the feeder (12 or 13) and initiates a time delay
      of fixed duration controlled by time delay circuit 76. This time delay is
      chosen emperically but is usually maintained as short as possible while
      allowing for any material flowing after the feeder 12 or 13 cutoff to
      reach the weigh and dump bucket 14 with some additional time allowed to
      permit the scale circuit 15 to settle to a static value. At the end of
      this time delay period a ramp generator 78 is energized. The output of
      generator 78 is a positive going ramp voltage which is applied to one
      input of differential amplifiers 80, 82, 84 and 86.
PAR  Amplifiers 80 and 82 drive an exclusive OR circuit 88 whose output is
      supplied via a NAND gate 90 to gate pulses from a clock oscillator 92 to
      an up/down counter 94. The weight voltage on terminal 102 is also applied
      to amplifier 80 and the signal corresponding to the target weight (from a
      target voltage generator 98) is applied to amplifier 82. If these two
      signals are not equal the exclusive OR circuit 88 will generate an output
      signal during the time interval that the ramp generator 78 output voltage
      is between these two voltages. However, if the input weight voltage on
      terminal 102 is smaller than the commanded weight, the amplifier 80 will
      have an output signal before the amplifier 82 does and will cause the
      up/down counter 94 to count up. If the scale output voltage (at terminal
      102) is greater than the commanded weight (from target voltage generator
      98) the up/down counter 94 will count down, while clock pulses from clock
      oscillator 92 are applied through NAND gate 90. The resulting change in
      the output of digital to analog converter 74 is applied to differential
      amplifier 72 via lines 190 and 191 to alter the feeder cutoff point for
      the next weighment.
PAR  The rate at which product is fed by the feeders 12 and 13 is controlled by
      the output of a digital to analog converter 96. The voltage output of ramp
      generator 78 is applied to differential amplifiers 84 and 86 via line 192.
      The ramp voltage is compared with the output of DAC converter 74 in
      amplifier 86 via line 190 and potentiometer 438. The target voltage
      generator 98 provides an input to the rate adjust and gating circuit to be
      adjusted, as for example by an internal potentiometer. This voltage is
      used in conjunction with another potentiometer 438 used as a voltage
      divider to provide a ramp speed, and a feed rate setting voltage. As may
      be seen from FIG. 2, the feed rate is thus a function of the desired
      target voltage generator 98 output and may be adjusted independently
      thereof by use of potentiometer 438.
PAR  Amplifiers 84 and 86 control up/down counter 104. If the output of DAC
      converter 74 is not equal to the speed set voltage generated by
      potentiometer 438, DAC converter 96 will compensate by adjusting the speed
      of the feeding device (12 or 13). Thus the feeder rate is controlled by
      monitoring the amount of over or under feed being experienced. Actual
      speed adjustment of the feeder is adjusted so that the loop gain of this
      system is less than the gain of the weight control servo loop. This
      assures a slower response in the speed control loop and avoids
      oscillations.
PAR  The speed control circuitry functions as follows. Amplifiers 84 and 86
      drive an exclusive OR 100. The output of exclusive OR 100 is applied to
      NAND gate 102 which in turn is used to gate pulses from clock oscillator
      92 to up/down counter 104. Whenever the output of DAC converter 74 is not
      equal to the speed control signal provided by speed set potentiometer 438
      and desired target voltage generator 98, exclusive OR 100 will generate an
      output signal during the time interval the output of ramp generator 78 is
      betwen those 2 voltages. If the output of DAC converter 74 is smaller than
      the speed control signal, amplifier 84 will have an output signal prior to
      any output signal from amplifier 86. This will cause the up/down counter
      104 to count up (and, of course, down if the converter 74 signal is
      greater than the speed control signal). The number of up or down pulses is
      determined by the period of clock oscillator 92 and the time interval
      during which its output pulses are applied to the up/down counter 104
      through NAND gate 101. The resulting change in the output of converter 96
      is applied on a rate output control terminal 110 for use in controlling
      the current supplied to the motor coil of the appropriate front or rear
      feeder 12 or 13. The clock frequency generated by oscillator 92 is
      selected arbitrarily because the feed rate (and weight cutoff) is to
      approach its desired level in an underdamped manner. Thus the feed cutoff
      can respond to short term variations in product characteristics or flow
      rates without generating significant offsets from the desired feed rate
      levels.
PAR  It should be noted that rate adjust and gate circuit 22 of FIG. 1 functions
      as just described with respect to FIG. 2 circuitry but only contains the
      rate control portion of the circuit of FIG. 2 (i.e. circuitry
      corresponding to up/down counter 104, NAND 101, amplifiers 84 and 86 and
      exclusive OR 100 and their associated components). The bulk transfer rate
      voltage supplied from DAC 32 of FIG. 1 is analogous to the output of DAC
      74 of FIG. 2 in this instance.
PAR  The above description may make other alternative arrangements apparent to
      those skilled in the art. It is, therefore, the aim of the appended claims
      to cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for the repetitive weighing of a preselected weight in a
      weigh and dump cycle having a weigh portion and a dump portion wherein
      bulk product is transported to a scale hopper by means of a two vibratory
      feeder tray apparatus arranged where the output of a first feeder tray is
      delivered into a second feeder tray and from said second feeder tray into
      said hopper and where said scale hopper delivers an output signal
      representative of the weight of product contained therein at any time, the
      improvement comprising:
PA1  means responsive to the value of said representative output signal at a
      selected arbitrary time in the weigh portion of a previous weigh and dump
      cycle for controlling the vibratory rate of said first feeder tray during
      dump portion of a weigh and dump cycle to deliver a preselected target
      amount of said product into said second feeder tray during the dump
      portion of said weigh and dump cycle.
NUM  2.
PAR  2. The system of claim 1 wherein said means for controlling the vibratory
      rate of said first feeder tray during the dump portion of a weigh and dump
      cycle controls said vibratory rate in response to the difference between
      the value of said representative output signal at a time approximately 1.5
      seconds from the beginning of the weigh portion of the previous cycle and
      a signal representative of approximately 80% of said preselected weight.
NUM  3.
PAR  3. Apparatus for repetitively weighing and dumping preselected weight of a
      bulk granular product in a weigh and dump cycle having a weigh portion and
      a dump portion comprising:
PA1  first product feeder tray means of the vibratory type for delivering an
      output of product at a rate proportional to its speed of vibration;
PA1  means for delivering product under gravity flow into said first feeder
      tray;
PA1  second product feeder tray means of the vibratory type arranged to receive
      the output of said first feeder for delivering an output of product at a
      rate proportional to its speed of vibration;
PA1  weigh and dump bucket and scale means, arranged to receive the output of
      said second feeder tray means, for weighing the product so received and
      for generating an underdamped output signal representative thereof;
PA1  means for, during said weigh portion of said weigh and dump cycle,
      controlling the vibratory rates of said first and second feeder means in
      an underdamped manner in response to the difference between said output
      signal and a preselected target weighment signal;
PA1  means for, during said dump portion of said weigh and dump cycle,
      controlling the vibratory rate of said first feeder means only, in
      response to a bulk weighment representative output signal derived at an
      arbitrary time in the previous weigh cycle and functionally representative
      of a bulk weighment delivered from said first feeder means to said second
      feeder means during the previous dump portion of said weigh and dump
      cycle; and
PA1  control means responsive to said output signal for detecting when a
      predetermined amount of produce is delivered from said second feeder means
      to said weigh and dump bucket means and for initiating said dump portion
      of said weigh and dump cycle upon such occurrence.
NUM  4.
PAR  4. The system of claim 3 and further including means for smoothing said
      underdamped output signal from said weigh and dump bucket and scale means
      prior to its input to said control means to prevent initial transient
      overshoot conditions present in said underdamped output signal from
      causing said control means to initiate said dump portion of said weigh and
      dump cycle prematurely before said predetermined amount of product is
      delivered from said second feeder means to said weigh and dump bucket and
      scale means.
NUM  5.
PAR  5. The system of claim 3 wherein said means for controlling the vibratory
      rate of said first feeder means only during the dump portion of said weigh
      and dump cycle includes means for comparing said representative bulk
      weighment signal derived from said previous weigh portion of said weigh
      and dump cycle with a bulk weighment target signal and means for
      generating an output control signal proportional to the difference
      thereof.
NUM  6.
PAR  6. The system of claim 4 wherein said smoothing means comprises low pass
      filtering means for removing any high frequency transients present in said
      underdamped output signal.
NUM  7.
PAR  7. The system of claim 5 wherein said bulk weighment target signal
      comprises a signal representative of a bulk target weighment of
      approximately 80 to 98% of said weighment target signal.
NUM  8.
PAR  8. Apparatus for repetitively weighing and dumping a preselected weight of
      a bulk granular product in a weigh and dump cycle having a weigh portion
      and a dum portion, comprising:
PA1  feeder hopper means for delivering under gravity flow an output of product;
PA1  rear vibratory type feeder tray means arranged to receive the output of
      said feeder hopper means for delivering an output of product at a rate
      proportional to its speed of vibration;
PA1  front vibratory type feeder tray means arranged to receive the output of
      said front feeder tray means for holding a bulk weighment of said product
      and adapted to dump said weighment upon command;
PA1  scale means connected to said weigh and dump bucket means for weighing the
      quantity of product in said weigh and dump bucket means at any time and
      for generating an underdamped weight voltage signal representative
      thereof;
PA1  control means responsive to said weight voltage signal for detecting when a
      predetermined amount of product is contained in said weigh and dump bucket
      means and for initiating said dump portion of said weigh and dump cycle
      upon the occurrence of a predetermined weight of product in said weigh and
      dump bucket;
PA1  first speed control means for controlling, in response to said weight
      voltage signal, the vibratory speed of said rear feeder tray during the
      weigh portion of said weigh and dump cycle;
PA1  second speed control means for controlling, in response to said weight
      voltage signal, the vibratory speed of said front feeder tray during the
      weigh portion of said weigh and dump cycle; and
PA1  third speed control means for controlling, in response to a weight voltage
      signal occurring at an arbitrary time during the weigh portion of a
      previous weigh and dump cycle and functionally representative of a bulk
      product weighment delivered from said rear feeder tray to said front
      feeder tray during the dump portion of a previous weigh and dump cycle,
      controlling the vibratory speed of said rear feeder tray to deliver,
      during said dump portion of a weigh and dump cycle, an amount of bulk
      product to said front feeder tray which is functionally related to said
      preselected weight of said product.
NUM  9.
PAR  9. The system of claim 8 and further including means for smoothing said
      underdamped weight voltage signal prior to its input to said control means
      to prevent initial transient overshoot conditions present in said
      underdamped signal from causing said control means to prematurely initiate
      said dump portion of said weigh and dump cycle.
NUM  10.
PAR  10. The system of claim 9 wherein said smoothing means comprises low pass
      filtering means for effectively blocking any high frequency transient
      voltage signals present in said underdamped signal from reaching said
      control means.
NUM  11.
PAR  11. The system of claim 9 wherein said third speed control means comprises
      means for comparing said weight voltage signal occurring at an arbitrary
      time in a previous weigh portion of a weigh and dump cycle with a target
      bulk weight voltage signal functionally related to said preselected
      product weighment sought to be achieved.
NUM  12.
PAR  12. The system of claim 11 wherein said arbitrary time is chosen to be
      approximately 1.5 seconds from the beginning of the weigh portion of the
      previous weigh and dump cycle and said target bulk weight is chosen to be
      approximately 80-98% of said predetermined product weighment.
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ABST
PAL  A suspension device for motor driven vehicles such as snowmobiles comprises
      a pair of slide rails which are resiliently suspended under the vehicle
      body to ensure engagement of the ground-engaging portion of a flexible
      endless track with the ground, the endless track being driven by a drive
      sprocket wheel journalled on the front portion of the vehicle body and
      stretched at its rear portion over rear idler wheels journalled on the
      rear portions of the slide rails. The resiliency of the suspension device
      is adjusted to prevent skidding of the rear portion of the endless track.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a suspension device for motor driven
      vehicles such as snowmobiles or tractors having an endless track driven by
      power taken from the vehicle engine by means of a sprocket wheel located
      on the front portion of the vehicle body, and more particularly to an
      improved suspension device of a type including a pair of slide rails which
      are resiliently suspended under the vehicle body to ensure good engagement
      of the lower or ground-touching face of the endless track with the ground
      and journal at the rear ends thereof a supporting shaft of idler wheels
      for the endless track located on the rear portion of the vehicle body.
PAC  SUMMARY OF THE INVENTION
PAR  The prime object of the present invention is to provide a suspension device
      for a snowmobile, wherein a pair of slide rails suspended under the body
      of the snowmobile are well prevented from skidding at the rear portion of
      an endless track when the snowmobile makes turns at various speeds under
      various road conditions.
PAR  Another object of the present invention is to provide a suspension device
      for a snowmobile, having the above-mentioned characteristics, wherein the
      suspension characteristics at the front portion of the endless track can
      easily be adjusted to maintain the pleasant and safe riding of the
      snowmobile under various road conditions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features that are considered to be characteristic of the present
      invention are set forth with particularity in the appended claims. The
      invention, itself, however, both as to its construction and its mode of
      operation, together with additional objects and advantages thereof, will
      best be understood from the following description of specific embodiments
      when read in connection with the accompanying drawings, wherein like
      reference characters indicate like parts throughout the Figures.
PAR  In the drawings:
PAR  FIG. 1 is a schematic side view of a suspension device for a small
      snowmobile in accordance with the present invention;
PAR  FIG. 2 is a cross-sectional plan view taken on line 2 -- 2 of FIG. 1, with
      the body broken away for convenience of illustration;
PAR  FIG. 3 is an enlarged vertical cross-sectional view taken on line 3 -- 3 of
      FIG. 1;
PAR  FIG. 4 is an enlarged side view taken from line 4 -- 4 of FIG. 3;
PAR  FIG. 5 is a vertical cross-sectional side view taken on line 5 -- 5 of FIG.
      6, showing an actual application of the suspension device in accordance
      with the present invention;
PAR  FIG. 6 is a plan view of the suspension device shown in FIG. 5, with the
      body portion broken away for convenience of illustration; and
PAR  FIG. 7 is an enlarged cross-sectional view taken on line 7 -- 7 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, particularly to FIGS. 1 and 2, an endless
      track 10 is stretched over a pair of front wheels 12, 12 located on the
      front portion of the vehicle body B and a pair of idler wheels 14, 14
      located on the rear portion of the vehicle body B. The front wheels 12, 12
      are secured on a drive shaft 11 journalled on the front portion of the
      vehicle body B and the rear idler wheels 14, 14 are secured on an idler
      shaft 13 journalled on the rear ends of a pair of slide rails 16, 16 which
      are provided longitudinally along the endless track 10. The drive shaft 11
      is driven by the power taken from the vehicle engine by way of a drive
      sprocket wheel 15 secured at the center thereof. The slide rails 16, 16
      are resiliently suspended under the vehicle body B by means of a
      suspension device 20 in accordance with the present invention.
PAR  The suspension device 20 comprises a pair of front arms 21, 21 journalled
      on the vehicle body B at the front ends thereof, a pair of rear arms 22,
      22 swingably journalled on the vehicle body B, a pair of coiled springs
      23, 23 interposed between the rear extensions of the front arms 21, 21 and
      the front extensions of the rear arms 22, 22 and a pair of torsion springs
      24, 24 to normally bias the front arms 21, 21 downwardly. The slide rails
      16, 16 are swingably connected to the intermediate portions of the front
      arms 21, 21 respectively at their substantial central portions. The slide
      rails 16, 16 are further connected swingably and telescopically to the
      rear ends of the rear arms 22, 22 at the rear portions thereof to prevent
      transverse movements of the rear portions of the slide rails 16. The
      swinging movements of the rear arms 22, 22 are restricted in the vertical
      direction. The coiled springs 23, 23 are to resiliently bias the front
      arms 21, 21 downwardly and forwardly and to bias the rear ends of the rear
      arms 22, 22 rearwardly and downwardly. Further referring to FIGS. 3 and 4,
      the coiled springs 23, 23 are forward-or-aft displaceably connected to the
      rear extensions of the front arms 21, 21 respectively at their lower ends
      and to the front extensions of the rear arms 22, 22 respectively at their
      upper ends thereby to adjust the biasing forces of the coiled springs 23,
      23 respectively.
PAR  The operation of the above-constructed embodiment of the present invention
      is described hereinafter in detail. In the case to run the snowmobile
      under rough road conditions, the pleasant riding of the vehicle is secured
      by maintaining spring constant against pitching of the front
      ground-engaging portion of the endless track 10 to be lower than spring
      constant at the rear ground-engaging portion of the endless track 10. This
      is carried out by displacing forwardly the lower mounting positions of the
      coiled springs 23, 23 or by displacing rearwardly the swinging fulcrum of
      the front arms 21, 21. In this instance, the endless track 10 is well
      prevented from skidding at the rear portion thereof at turns of the
      snowmobile.
PAR  In high speed travelling of the snowmobile under regular road conditions,
      the lower mounting positions of the coiled springs 23, 23 are displaced
      rearwardly or the swinging fulcrum of the front arms 21, 21 are displaced
      forwardly to maintain the spring constant against pitching of the front
      ground-engaging portion of the endless track 10 to be higher than the
      spring constant at the rear ground-engaging portions of the endless track
      10. This fully effects the driving power of the engine of the snowmobile
      for its high speed operation. In this instance, as in the case of the
      rough road running, the rear portions of the slide rails 16, 16 are well
      supported by the rear ends of the rear arms 22, 22 thereby to prevent the
      rear portion of the endless track 10 from skidding in high speed turns of
      the snowmobile.
PAR  In the above embodiment, the pair of coiled spring 23, 23 are adapted to
      give vertical urging force to the rear and front extensions respectively
      of the front and rear arms 21, 21 and 22, 22. These coil springs 23 may be
      assembled together with conventional oil dampers to ensure the pleasant
      riding of the snowmobile.
PAR  FIGS. 5 through 7 illustrate an actual application of the present
      invention, wherein the slide rails 16 and 16 are integrally connected in
      parallel to each other by way of transverse tubular connecting bars 31, 32
      and a pivot shaft 33. The connecting tubular bar 31 is connected at its
      both ends with the front portions of the slide rails 16, 16 and connected
      also at its central portion by means of a connecting band 25 to an upper
      supporting shaft 34 journalled on the vehicle body B. The connecting
      tubular bar 32 and the pivot shaft 33 are integrally connected at the both
      ends thereof with the substantial central portions of the slide rails 16,
      16 by way of a pair of brackets 35, 35 secured on the respective slide
      rails 16. The tubular bar 32 journalls a pair of bogie wheels 19, 19
      through a shaft 19a provided therethrough.
PAR  In this application, the front arms 21, 21 are integrally connected to each
      other with a transverse tubular bar 36 and journalled at their both ends
      on the upper and lower supporting shafts 34 and 33 by way of tubular
      shafts 34a and 33a respectively. The rear extensions of the front arms 21,
      21 are composed of a pair of U-shaped brackets 37, 37 secured on the
      tubular shaft 33a, and the front extensions of the rear arms 22, 22 are
      composed of a pair of U-shaped brackets 38, 38 secured on a transverse
      tubular shaft 39a which is journalled on a supporting shaft 39 mounted on
      the vehicle body B to support the rear arms 22, 22. The coiled springs 23,
      23 are assembled together with respective oil dampers 23a, 23a which are
      respectively pivoted on the upper brackets 38 and the lower brackets 37 at
      the both ends thereof.
PAR  Although certain specific embodiments of the invention have been shown and
      described, it is obvious that many modifications thereof are possible. The
      invention, therefore, is not intended to be restricted to the exact
      showing of the drawings and description thereof, but is considered to
      include reasonable and obvious equivalents.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A suspension device for a motor driven snow vehicle having a flexible
      endless track driven by the power taken from the engine of the vehicle by
      way of a drive sprocket wheel journalled on the front portion of the
      vehicle body comprising:
PA1  slide rail means arranged longitudinally inside said endless track for
      holding engagement of the ground-engaging portion of said endless track
      with the ground and journalling rear idler wheels for said endless track
      at the rear end thereof,
PA1  front supporting means journalled at the front portion thereof on the
      vehicle body and having a swingable connection at the rear portion thereof
      with an intermediate portion of said slide rail means to suspend said
      slide rail means under the vehicle body, said front supporting means
      having a rear extension projecting rearwardly of the axis of said
      swingable connection of the rear portion,
PA1  rear supporting means having a journal connection on the vehicle body at
      the upper portion thereof and swingably connected at the lower portion
      thereof with the rear portion of said slide rail means to hold the rear
      portion of said slide rail means, said rear supporting means having a
      front extension projecting forwardly of the axis of said journal
      connection, and
PA1  resilient means connected at the upper and lower ends thereof with said
      front and rear extensions respectively for biasing said slide rail means
      downwardly toward the ground by way of said front and rear supporting
      means to suspend said endless track and for preventing skidding of the
      rear portion of said endless track.
NUM  2.
PAR  2. A suspension device for a motor driven snow vehicle as claimed in claim
      1, wherein said resilient means is adjustably connected at its lower end
      to the rear extension of said front supporting means.
NUM  3.
PAR  3. A suspension device for a motor driven snow vehicle as claimed in claim
      1, wherein the connection between the lower end of said resilient means
      and the rear extension of said front supporting means is adjustable along
      the longitudinal direction of said slide rail means to adjust the biasing
      force toward said slide rail means whereby the adjustment of the biasing
      force of said resilient means acts to prevent skidding of the rear portion
      of said endless track.
NUM  4.
PAR  4. A suspension device for a motor driven snow vehicle as claimed in claim
      1, wherein the connection between the upper end of said resilient means
      and the front extension of said rear supporting means is adjustable along
      the longitudinal direction of said slide rail means to adjust the biasing
      force toward said slide rail means whereby the adjustment of the biasing
      force of said resilient means acts to prevent skidding of the rear portion
      of said endless track.
NUM  5.
PAR  5. A suspension device for a motor driven snow vehicle as claimed in claim
      1, wherein said resilient means comprises a pair of coiled springs
      interposed between the rear extension of said front supporting means and
      the front extension of said rear supporting means and wherein the
      connections of said respective coiled springs with the rear extension of
      said front supporting means and the front extension of said rear
      supporting means are adjustable along the longitudinal direction of said
      slide rail means respectively to adjust the biasing force toward said
      slide rail means, whereby the adjustment of the biasing force of said
      coiled springs acts to prevent skidding of the rear portion of said
      endless track.
NUM  6.
PAR  6. A suspension device for a motor driven snow vehicle as claimed in claim
      1, wherein said resilient means comprises at least one coiled spring
      interposed between the rear extension of said front supporting means and
      the front extension of said rear supporting means.
NUM  7.
PAR  7. A suspension device for a motor driven snow vehicle as claimed in claim
      6, wherein said coiled spring is assembled together with an oil damper.
NUM  8.
PAR  8. A suspension device for a motor driven snow vehicle as claimed in claim
      1, wherein said slide rail means comprises at least one slide rail member
      extending longitudinally inside said endless track, said slide rail member
      being swingably connected at its substantial central portion with said
      front supporting means and journalling at its rear portion said idler
      wheels.
NUM  9.
PAR  9. A suspension device for a motor driven snow vehicle as claimed in claim
      1, wherein said slide rail means comprises a pair of slide rail members
      swingably connected at their susbtantial central portions with said front
      supporting means and wherein said resilient means comprises a pair of
      resilient elements interposed between the rear extension of said front
      supporting means and the front extension of said rear supporting means.
NUM  10.
PAR  10. A suspension device for a motor driven snow vehicle as claimed in claim
      9, wherein the connections between the rear extension of said front
      supporting means and said respective resilient elements are adjustable in
      the forward and rearward directions along said respective slide rail
      members.
NUM  11.
PAR  11. A suspension device for a motor driven snow vehicle as claimed in claim
      10, wherein the connections between the front extension of said rear
      supporting means and said respective resilient elements are adjustable in
      the forward and rearward directions along said respective slide rail
      members.
NUM  12.
PAR  12. A suspension device for a motor driven snow vehicle as claimed in claim
      9, wherein said front supporting means comprises a pair of front arms
      swingably connected with the substantial central portions of said slide
      rail members respectively and journalled at their front ends on the
      vehicle body, said resilient elements being connected respectively with a
      pair of rear extensions of said front arms.
NUM  13.
PAR  13. A suspension device for a motor driven snow vehicle as claimed in claim
      12, wherein said rear supporting means comprises a pair of rear arms
      journalled on the vehicle body at the upper portions thereof and swingably
      telescopically connected at the lower ends thereof to the rear portions of
      said slide rail members respectively.
NUM  14.
PAR  14. A suspension device for a motor driven snow vehicle as claimed in claim
      13, wherein said resilient elements are composed of a pair of shock
      absorbers interposed between the rear extensions of said front arms and
      the front extensions of said rear arms respectively.
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ABST
PAL  Disclosed herein is an inexpensive and mechanically efficient endless track
      formed from belts of flexible material and supported for movement in
      parallel spaced relation by a plurality of transverse traction bars or
      cleats including drive lugs which are located in the spacing between
      adjacent belts and which, preferably, are formed from a non-metallic
      material. The drive lugs are received between and drivingly engaged by
      drive elements or sprocket teeth on a drive wheel aligned with the
      spacing. The outer radial extremity of the drive elements or sprocket
      teeth does not extend beyond the inner surfaces of the belts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to endless tracks for tracked vehicles.
PAR  In one construction for endless tracks used to provide traction for
      vehicles such as snowmobiles, tractors, or the like, a number of flexible
      belts are interconnected for movement in parallel spaced relation by a
      plurality of transverse traction bars or cleats secured at spaced
      intervals to the outer surfaces of the belts. The track is mounted on a
      drive sprocket and is driven by sprocket teeth which extend through the
      spacing between adjacent belts and sequentially engage the traction bars
      or cleats to drive the track. in another construction of such tracks, one
      or more belts are provided on the inside surface thereof with integral
      lugs which are drivingly engaged by teeth or tangs on a drive sprocket.
PAR  In comparison, the former construction is considerably less expensive to
      manufacture; however, it is generally known to be substantially less
      efficient than the latter construction, particularly for high speed
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  The inventor provides an endless track which is designed to incorporate the
      advantages of both of the constructions mentioned above.
PAR  More specifically, the invention provides an endless track including a
      number of flexible belts interconnected for movement in parallel spaced
      relation by a plurality of transverse traction bars or cleats mounted on
      the outer surface of the belts at parallel spaced intervals, together with
      drive lugs which are mounted on the traction bars in the spacing between
      adjacent belts and which extend inwardly beyond the inner surface of the
      belts. The track is mounted on a drive wheel or sprocket aligned with the
      spacing between adjacent belts and having radially extending drive
      elements or sprocket teeth arranged to receive and drivingly engage the
      drive lugs.
PAR  In accordance with a preferred embodiment, the drive lugs are formed from a
      non-metallic material, such as rubber, and means are provided for securing
      the drive lugs to the traction bars. In one embodiment, the drive lugs are
      formed from a moldable material and are bonded to the traction bars by
      molding integrally with the traction bars. In another embodiment, the
      drive lugs are secured to the traction bars by mechanical fastening means
      extending through apertures provided in the drive lug and the traction
      bar.
PAR  Also, in accordance with the invention, lateral stability of the track can
      be improved by providing at least one side skid lug mounted on the outer
      or ground-engaging side of the traction bar and projecting outwardly
      beyond the outermost extremity of the traction bars. In one embodiment,
      the side skid lugs and the drive lugs are formed from the same moldable
      material and are molded in situ on the traction bars with an integral
      connecting or coupling portion extending through an aperture provided in
      the traction bar. In another embodiment, the side skid lugs and the drive
      lugs are connected in coupled relation by mechanical fastening means
      extending through apertures provided in the side skid lug, the traction
      bar, and the drive lug.
PAR  Also in accordance with the invention, there is provided a drive wheel
      aligned with the spacing between adjacent belts of the track and including
      drive elements which drivingly engage the lugs and which have an outer
      radial extremity terminating short of the inner surface of the belts. This
      arrangement further improves the mechanical efficiency of the track.
PAR  A primary feature of the invention is the provision of an inexpensive,
      mechanically efficient, endless track for tracked vehicles, such as
      snowmobiles, tractors, and the like.
PAR  Another feature of the invention is the provision of such an endless track
      having improved lateral stability.
PAR  A further feature of the invention is the provision of an endless track and
      driving arrangement therefor which afford a mechanically efficient
      operation of the track, particularly at high speed operations.
PAR  Other features and advantages of the invention will become apparent upon
      reviewing the following detailed description, the drawing, and the
      appended claim.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary, side elevational view of an endless track
      incorporating various of the features of the invention mounted on a pair
      of drive wheels.
PAR  FIG. 2 is a sectional view of the track and the drive wheels along the line
      2--2 in FIG. 1.
PAR  FIG. 3 is a fragmentary, plan view of the track and the drive wheels shown
      in FIG. 1.
PAR  FIGS. 4-6 are enlarged, cross sectional views illustrating alternate
      arrangements for the drive lugs and means for mounting the drive lugs on
      the traction bars.
PAR  FIGS. 7 and 8 are enlarged, cross sectional views illustrating alternate
      arrangements for the drive lugs mounted in coupled relation with side skid
      lugs.
PAR  FIG. 9 is a fragmentary, plan view of an alternate or modified form of the
      endless track.
PAR  FIG. 10 is a fragmentary, sectional view taken along the line 10--10 in
      FIG. 9.
DETD
PAR  Before explaining the invention in detail, it is to be understood that the
      invention is not limited in its application to the details of construction
      and the arrangements of the components set forth in the following
      description or illustrated in the drawing. The invention is capable of
      other embodiments and of being practiced and carried out in various ways.
      Also, it is to be understood that the phraseology and terminology employed
      herein is for the purposes of description and should not be regarded as
      limiting.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Fragmentarily illustrated in FIGS. 1 through 3 is an endless track 11 shown
      mounted on a pair of drive wheels or sprockets 12 which are connected to a
      power source (not shown), such as an engine or transmission of a vehicle.
      While only the drive wheels 12 are shown, it should be understood that the
      endless track 11 is also trained over a corresponding pair of idler wheels
      or sprockets which are longitudinally spaced from and are parallel to the
      drive wheels 12s and hold the track 11 in fairly tight engagement with the
      drive wheels. Located on the periphery of each drive wheel 12 for driving
      the endless track 11 are drive elements or sprocket teeth 14 which
      sequentially engage transversely extending traction bars or cleats 16
      provided on the endless track 11.
PAR  More specifically, each drive wheel 12 includes a central hub 18 having a
      bore 20 receving a drive shaft 22 which is drivingly connected to the
      power source. The sprocket teeth 14 on the drive wheel 12 are
      circumferentially spaced at equal intervals and have an outer radial
      extremity 24. The idler wheels are arranged in the same general manner as
      the drive wheels except the idler wheels do not have to be drivingly
      connected to the power source.
PAR  The endless track 11 illustrated in FIGS. 1 through 3 includes three belts
      30 which are formed from a flexible material, such as rubber, and are
      interconnected for movement in parallel spaced relation about the drive
      wheels 12 and the idler wheels by the traction bars 16. The traction bars
      16 have a generally U-shaped cross section and are longitudinally spaced
      along the belts 30 at uniform intervals generally corresponding to the
      circumferential spacing between the sprocket teeth 14 on the drive wheels
      12. Each of the traction bars 16 is mounted on the outer surfaces 32 of
      the belts 30 and is secured to a belt 30 by suitable fastening means such
      as rivets 34. As described thus far, the construction of the endless belt
      11 and the drive wheels 12 is generally conventional.
PAR  In accordance with the invention, means are provided on the traction bars
      16 for driving of the track 11 by the drive wheels 12 in a mechanically
      efficient manner. More specifically, mounted on each traction bar in the
      spacing 38 between adjacent belts 30 are drive lugs 36 which preferably
      have a generally trapezoidal cross section and are received between
      adjacent sprocket teeth 14 on the respective drive wheel 12 to be
      drivingly engaged by the sprocket teeth 14 for driving the track 11. As
      shown in FIG. 1, each drive lug 36 projects inwardly from the inner side
      40 of the respective traction bar 16 and extends beyond the inner surfaces
      42 of the belts 30.
PAR  While the drive lugs 36 can be formed from a variety of materials, they
      preferably are constructed from a non-metallic material, such as rubber or
      plastic material, and are rigidly affixed to the traction bars 16 in a
      suitable manner. In the specific construction illustrated in FIGS. 1
      through 3, the drive lugs 36 are made from a rubber material and are
      bonded to the traction bars 16, such as by molding individual drive lugs
      16 in situ on the traction bars 16.
PAR  The mechanical efficiency of the endless track deal 11 can further be
      improved by arranging the drive elements or sprocket teeth 14 on the drive
      wheels 12 so that the outer radial extremeties 24 thereof do not operably
      extend into spacing between adjacent belts, i.e. the operative portions of
      the sprocket teeth 14 terminate short of the inner surfaces of the belts
      (see FIGS. 1 and 2).
PAR  FIGS. 4 through 6 illustrate alternate forms of the drive lugs and means
      for affixing the drive lugs to the traction bars. In the alternate form
      illustrated in FIG. 4, each drive lug 50 is mechanically fastened to the
      traction bar 16, such as by a rivet 52 extending through a central
      aperture 54 in the drive lug 52 and an aperture 56 in the traction bar 16.
PAR  In the alternate construction illustrated in FIG. 5, each drive lug 60 has
      a tubular or hollow construction, such as an extruded or stamped part, and
      is mechanically fastened to the traction bar, such as by a rivet 62
      extending through an aperture 64 in the base wall 66 of the drive lug 62
      and an aperture 68 in the traction bar 16.
PAR  In the alternate construction illustrated in FIG. 6, the drive lug 70 is
      formed from a rubber or plastic material and is either molded integrally
      in situ around the traction bar 16 or molded separately with a U-shaped
      slot for slidably receiving the traction bar 16 so that the drive lug 70
      can be installed by slipping over the end of a traction bar 16 and moved
      into proper location on the traction bar 16.
PAR  In accordance with the invention, the lateral stability of the track 11 can
      be improved without substantially increasing the complexity and cost
      thereof by providing side skid cleats or lugs which extend from the ground
      engaging side of the traction bar in a direction opposite to the drive
      lugs and engage the ground.
PAR  Referring to FIGS. 7 and 8, individual side cleats or lugs are affixed to
      the traction bar 16 in coupled relation with a drive lug and project
      outwardly beyond the ground engaging edges 76 of the traction bar 16. In
      the specific construction illustrated in FIG. 7, the side skid cleat or
      lug 72 and the drive lug 74 are formed from a moldable material, such as
      rubber, and are molded as a one-piece unit in situ onto the traction bar
      16. With this arrangement, both the side skid lug 72 and the drive lug 74
      are integrally bounded to the traction bar 16 and are integrally coupled
      together by a portion 78 extending through an aperture 80 provided in the
      traction bar 16. The connecting or coupling portion 78 is extruded through
      the traction bar aperture 80 during the molding process.
PAR  In the specific construction illustrated in FIG. 8, the side skid cleat or
      lug 82 and the drive lug 84 are formed separately and are coupled together
      by a mechanical fastener, such as by a rivet 86 extending through central
      apertures 88 and 90 provided in the side skid lug 82 and in the drive lug
      84, respectively, and an aperture 92 provided in the traction bar 16.
      While the side skid cleats or lugs for any of the alternate constructions
      can have a variety of different shapes, they preferably are
      frusto-conical.
PAR  In FIGS. 9 and 10 an alternate form of endless track 100 is shown for a
      single drive wheel or sprocket 102. In this embodiment, the endless track
      100 includes a pair of flexible belts 104 which are connected for movement
      in parallel space relation by transversely extending traction bars 106
      which are arranged in the same manner as traction bars 16 described above,
      which are mounted on the belts 104 in the same manner as described above,
      which include drive lugs as described above and which can include side
      skid lugs as described above.
PAR  It is within the scope of this invention to form both the traction bars and
      the drive lugs as a one-piece unit from a material, such as a relatively
      rigid plastic, suitable for use both as a traction bar and a drive lug.
PAR  Variations of the features of the invention are set forth in the following
      claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An endless track comprising a pair of endless flexible belts located in
      parallel spaced relation and having an outer surface and an inner surface,
      and a plurality of transversely extending traction bars mounted on said
      belt outer surfaces in parallel spaced relation, said traction bars having
      an inner side and each including a drive lug located in the spacing
      between said belts and projecting inwardly from said inner side of
      traction bar beyond said belt inner surfaces.
NUM  2.
PAR  2. An endless track according to claim 1 wherein said drive lugs are made
      from a non-metallic material and including means for securing said drive
      lugs to said traction bars.
NUM  3.
PAR  3. An endless track according to claim 2 wherein said drive lugs are made
      from a rubber material and said securing means comprises said drive lugs
      being molded integrally with said traction bars.
NUM  4.
PAR  4. An endless track according to claim 2 wherein said securing means
      comprises respective mechanical fasteners extending through said drive
      lugs and said traction bars.
NUM  5.
PAR  5. An endless track according to claim 1 wherein said traction bars have an
      outer side, and further including at least one side skid lug mounted on
      said outer side of said traction bars and projecting outwardly from said
      traction bar outer side beyond the outermost extremity of said traction
      bar.
NUM  6.
PAR  6. An endless track according to claim 5 wherein one of said side skid lugs
      is positioned at the location of one of said drive lugs, and means for
      securing said one side lug and said one drive lug to said traction bar in
      coupled relation.
NUM  7.
PAR  7. An endless track according to claim 6 wherein said traction bars include
      an aperture at the location of said coupled drive lug and side skid lug,
      and said side skid lug and drive lug are made from the same moldable
      material and are molded as a one-piece unit with a portion extending
      through said aperture.
NUM  8.
PAR  8. An endless track according to claim 6 wherein said coupled side skid lug
      and drive lug are separate parts and said securing means comprises
      mechanical fastening means extending through each of said side skid lug,
      said drive lug, and said traction bar.
NUM  9.
PAR  9. An endless track according to claim 1 wherein said drive lugs are made
      from a non-metallic material and each includes a slotted opening for
      slidably receiving one of said traction bars.
NUM  10.
PAR  10. An endless track according to claim 1 in combination with a drive wheel
      aligned with the spacing between said belts and including a series of
      circumferentially spaced drive elements having an outer radial extremity,
      said track being trained around said drive wheel with said drive lugs on
      said traction bars received between said drive elements and the outer
      radial extremity of said drive elements terminating short of the inner
      surface of said belt.
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PAL  Disclosed herein is an hydraulic motor powered planetary drive
      self-propelled irrigating apparatus comprising a distributing pipe
      supported by a plurality of towers, each tower frame carrying hydraulic
      fluid feed and return lines for two motors which are part of each power
      unit. Each of the two motors is mounted in a bracket rigidly connected to
      one end of the tower frame, and has an output shaft coupled to the
      rotatable input shaft of a planetary gear reducer assembly housed in a
      rotatable hub casing driven by said gearing. The wheels of each tower are
      mounted on the rotatable hub casings of the two power units.
BSUM
PAR  This invention relates to self-propelled irrigation apparatus, and more
      particularly to a center pivot, wheel mounted system designed for
      irrigating by sprinkling large areas such as quarter sections of land.
PAR  The essential elements of such apparatus include a center pivot structure
      which is the axis of the apparatus, a distributing pipe provided with
      spaced apart nozzles, towers for supporting the distributing pipe, and
      motor driven means for driving the towers in annular paths around the
      pivot structure.
PAR  This invention is an improvement on the apparatus disclosed in U.S. Pat.
      No. 3,599,664, Aug. 17, 1971, assigned to the assignee of this
      application. The patented apparatus employs one hydraulic motor on each
      distributing pipe tower, the motor being operatively connected to two
      drive means on each tower, each of said two drive means comprising a pair
      of wheels on a track.
PAR  The object of this invention is to improve and simplify the wheel drive
      means and to provide each tower with driving means consisting of a pair of
      wheels, each mounted directly on the rotated casing of a reducing gear
      assembly, driven by an hydraulic motor concentric with said gear assembly.
      Hydraulic feed and return lines preferably are provided so that the two
      motors on the outer end tower are connected in parallel with a gear type
      flow divider to run both motors at the same speed, with full available
      pressure, instead of sharing available pressure with another motor. The
      pairs of motors on the towers between the pivot structure and the outer
      end tower may be run from hydraulic motors in series. The hydraulic motor
      in combination with the planetary reducer gear assembly and its rotated
      casing on which each wheel is mounted provides exceedingly compact and
      efficient drive means for the apparatus.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is an elevational side view of apparatus embodying the invention,
      showing part of the distributing pipe and towers which support the pipe
      between its center pivot structure and outer end tower (not shown).
PAR  FIG. 2 is an elevational end view of one of the towers and part of the
      distributing pipe on a larger scale.
PAR  FIG. 3 is an elevational side view of the apparatus of FIG. 2.
PAR  FIG. 4 is a transverse vertical sectional view, partly in elevation, in the
      plane of the line 4--4 of FIG. 3.
PAR  FIG. 5 is an elevational end view of the parts shown in FIG. 4.
PAR  FIG. 6 is a vertical sectional view through the reducing gear assembly of
      FIG. 4.
PAR  FIG. 7 shows an alternative arrangement of the hydraulic feed and return
      lines.
DETD
PAR  In the embodiment of the invention shown in the drawings, a plurality of
      towers 10 support a distributing pipe 11, which may be 1250 to 1300 ft. in
      length, with diameter of 4 to 12 inches, depending on the water supply.
      The distributing pipe is supported at one end on a center pivot structure
      and at its outer end on an outer end drive unit, the intermediate towers
      being spaced 90 to 200 feet apart, as is well known in the art.
PAR  Each tower 10 comprises a frame having pairs of channel bars 12 and 13, the
      pairs of bars being inclined upwardly toward each other and connected at
      their upper ends to mounting plates 14, as shown in FIG. 3. The bars 12 of
      one pair diverge upwardly and are braced by cross bars 15, as shown in
      FIG. 2. The bars 13 of the other pair diverge and are similarly braced by
      bars 15. Braces 16 extend upwardly from a cross bar 17 to the horizontal
      support member 18 on which the distributing pipe 11 is mounted. At their
      lower ends the channel bars 12 are fastened to a plate 19, and the channel
      bars 13 are fastened to a plate 20. The plates 19 and 20 bear on a
      horizontal cross pipe 25, which together with the channel bars 12 and 13
      constitute the main frame of each tower 10.
PAR  The pipe 25 rests in an open top channel bar 26 rigidly connected at each
      of its ends to a bracket 27 which comprises a horizontal plate 27' and
      vertical plate 27", as well as the triangular side members between said
      plates. Each bracket 27 supports a power unit 30 comprising an hydraulic
      motor 31 and gear reducing assembly in a rotatable hub casing 32, on which
      a wheel is mounted.
PAR  An hydraulic feed line 33 supplies compressed fluid from a source to each
      of the motors 31 on a tower, and a return line 34 conveys the fluid from
      each motor, as shown in FIG. 7. This arrangement is preferred for the two
      motors on the outer end drive unit, to provide full available pressure for
      each motor. The planetary drive means on the intermediate towers may use
      hydraulic motors in series, with the feed line 33 supplying one motor 31,
      and through cross line 33' feeding the other motor, with return flow
      through line 34, as shown in FIG. 3.
PAR  The motor 31 has its casing fixedly mounted in the bracket 27 in a position
      concentric with the hub casing 32. A spindle 36, part of the gear reducing
      assembly in hub casing 32, is bolted to the bracket plate 27" by bolts 35.
      The motor output shaft 39 is coupled to the assembly input shaft 40 for
      rotation of the shaft 40, and transmission of rotary movement to the hub
      casing 32 through the sun gear 41, internal gear 42, ring gear 43, carrier
      assembly 44, planetary gear 47, coupling 46. A brake disc is designated
      48, and brake caliper 49. A wheel 50 is bolted at 51 to the hub casing 32
      to rotate with the hub.
PAR  Thus the drive unit parts are compactly and efficiently mounted for direct
      transmission of power to the rotated hub casing 32 and wheel 50 mounted
      thereon, with the hydraulic motor 31 supported on one side of the bracket
      plate 27" and the spindle 36 of the gear assembly mounted on the opposite
      side of the bracket plate for transmission of rotary motion by the motor
      shaft 39 to the reducer gear shaft 40 and intermediate gearing to rotate
      the hub casing 32.
CLMS
STM  We claim:
NUM  1.
PAR  1. An hydraulic motor powered planetary drive self-propelled irrigation
      apparatus comprising
PA1  a. a water distributing pipe,
PA1  b. a plurality of towers supporting said distributing pipe,
PA1  c. each tower having a generally triangularly shaped frame including a
      lower horizontal tubular member supported in a U-shaped flat bottomed open
      top cross member,
PA1  d. hydraulic fluid feed and return lines carried by said frame,
PA1  e. a bracket having a flat horizontal top plate fastened to the bottom of
      the open top cross member and extending laterally beyond said cross
      member, and a vertically downwardly extending plate depending from the
      edge of the top plate of the bracket remote from the cross member,
PA1  f. a hydraulic motor mounted on said downwardly extending plate of the
      bracket on the side beneath said cross member, said motor having an output
      shaft extending through said plate,
PA1  g. a gear reducer assembly housed in a rotatable hub casing and mounted on
      said depending bracket plate on the side opposite the motor, and having an
      input shaft aligned with the motor shaft, and
PA1  h. a wheel mounted on the hub casing and rotatable about an axis aligned
      with the motor shaft axis, the mounting of the motor and hub casing on
      opposite sides of the bracket disposing the motor substantially beneath
      and in line with the frame cross member and disposing the wheel in an
      offset position laterally of the frame.
NUM  2.
PAR  2. The apparatus defined by claim 1, in which one of the plurality of
      towers is an outer end tower, and each of the motors of said outer end
      tower is connected to hydraulic feed and return lines for supplying full
      available pressure to both motors, and the motors of each of the other
      towers are connected in series to an hydraulic fluid and return line.
NUM  3.
PAR  3. The apparatus defined by claim 1, in which each tower frame comprises
      four side bars, two of which in side elevation converge upwardly, and two
      of which in end elevation diverge upwardly, the tubular horizontal bar
      connecting the lower ends of said side bars, and mounting plates joining
      the lower ends of the diverging bars and bearing on said tubular
      horizontal bar in the area above said motor mounting bracket.
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ABST
PAL  A vehicle adapted for overland travel, having: a top (or optionally bottom)
      vehicle-bracing frame of four end-joined angular members, each being
      angular in cross section, having elongated sides at angles to each other;
      tubular members, each formed of end-joined cans (or optionally of pipes
      that preferably are of plastic) and having joints of additional thickness
      of the pipe or can material; exterior skin means, preferably of mesh, and
      stucco of portland cement, epoxy putty or other cement and light-weight
      aggregate on the mesh; interior skin means that optionally may be of
      stucco on mesh or panels of plywood or the like; and insulation adjacent
      to tubular members. This insulation preferably includes light-weight,
      economical insulating material inside the cans or pipes. Optional
      insulation may include in-situ-applied foam plastic or strips of foam
      rubber placed in V-shaped spaces between sidewalls of the tubular members.
      The vehicle has: a front steerable wheel, having bearings in a
      motorcycle-like steering fork; a single rear driving wheel, aligned with
      the front wheel in a fore-and-aft driving axis that is laterally spaced
      from the central fore-and-aft line of the body - in travel between that
      line and the middle of the roadway; at least one sidewheel that is
      laterally spaced from the driving axis toward an outer edge of the roadway
      and rotates on the road; and, preferably, a second sidewheel that is
      laterally spaced from the driving axis toward the middle of the roadway
      and in normal forward travel is clear of the road, but contacts it on
      excessive vehicular roll.
BSUM
PAR  This invention pertains to a light-weight, well-insulated, simply and
      economically built vehicle, capable of lessening damage in crashes, and
      easily repairable. In some respects it comprises improvements of the
      inventor's prior U.S. Pat. No. 3,575,251 of Apr. 20, 1971.
PAR  Some of the objects of this invention are: (1) a strong vehicle having a
      frame that is as light in weight as possible, consistent with strength,
      counteracting the heaviness of its power means, which preferably comprises
      an electric motor and batteries; (2) a wheeled vehicle having the
      simplicity, lightness in weight and economy of: only a single rear driving
      wheel (no heavy differential); a single front steerable wheel (no heavy
      steering gears, rods, levers and knuckle joints); front and rear wheels
      that are aligned in a longitudinal axis that is offset from the center
      fore-and-aft line of the vehicle; one sidewheel that is preferably on the
      road surface in normal travel; an optional and preferable second sidewheel
      that is a little clear of the road surface in normal travel, but contacts
      this surface on excessive vehicular roll; (3) a craft having excellent
      insulation (no heavy, complex, expensive air-conditioning system); (4) a
      vehicle having insulated upright walls, top and floor which include
      tubular members having jointed, light-weight strength, each member
      comprising a plurality of tubular elements, fastened together at pairs of
      adjacent tubular-element ends by extra-strength-providing junction
      elements that are spaced from each other by thin-walled tubes; the craft
      also preferably including economical insulation in the tubular elements,
      strong skin means, optional foamed plastic within the skin means, and
      elongated, vehicle-bracking angular members, fastened to tubular-member
      ends and to portions of the skin means, providing an elongated space
      sufficiently large for optional transmission of poured or injected
      foam-plastic liquids into spaces between tubular-member walls; (5) a craft
      as in (4 ) above, in which the tubular elements are new or used cans
      having fastened-together end-closure elements, and the skin means includes
      mesh, fastened to the cans, and stucco on the mesh; (6) a vehicle as in
      (4) above, in which the tubular elements are lengths of plastic pipe and
      the junction elements are plastic couplings, comprising sleeves over
      abutting ends of the pipe; and (7) a craft as in (4) above, in which the
      tubular elements are lengths of plastic pipe and the junction elements are
      screwthreaded couplings, each of which is on a pair of adjacent
      screwthreaded ends of the pipe lengths. Other objects and the specific
      structure of the invention will be apparent from the following
      specification and the accompanying drawings.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a top plan view, partly broken away, of the tubular frame of the
      invented vehicle, shown before installation of the exterior skin means and
      the foamed plastic, the jointed tubular members being illustrated as cans;
PAR  FIG. 2 is a view of the vehicle on a scale enlarged from that of FIG. 1, in
      vertical section from the plane 2--2 of FIG. 1, partly broken away,
      showing the skin means (here illustrated as comprising mesh and stucco) in
      place;
PAR  FIG. 3 is a plan view of an optional type of the new or used cans of the
      invention;
PAR  FIG. 4 is a top plan view of the invented vehicle, showing its front and
      rear walls as optionally curved, a portion of the body being broken away
      in section just above the floor level, indicating bumper rows of tubular
      elements extending around its lower part;
PAR  FIG. 5 is a fragmentary view in vertical section from a plane comparable to
      that indicated by the line 2--2 of FIG. 1, showing a curved top and an
      optional one-piece bracing and foam-plastic-conducting angled member;
PAR  FIG. 6 is a top plan view of another optionally used common type of used
      can, in which insulation has been placed;
PAR  FIG. 7 is a fragmentary view in vertical section from a plane comparable to
      that indicated at 2--2 in FIG. 1, showing a one-piece angular member as
      arranged in a square corner of the vehicle;
PAR  FIG. 8 is a fragmentary sectional view from the plane 8--8 of FIG. 4,
      showing a sidewheel assembly -- before optional application of the
      foam-plastic liquids;
PAR  FIG. 9 is a view in vertical section (before addition of the foam plastic)
      from the plane 9--9 of FIG. 4, showing the tubular members as comprising
      pipe and pipe fittings;
PAR  FIG. 10 is a fragmental sectional view from a plane comparable to that
      indicated at 2--2 of FIG. 1, showing a forward portion (or a rear portion)
      of a side of the plastic-pipe-framed body -- before application of the
      foam-plastic liquids;
PAR  FIG. 11 is a detail view of an optional and currently preferred composite
      mesh, adapted to be stuccoed in forming the skin means;
PAR  FIG. 12 is a fragmentary sectional view, illustrating a plastic-pipe body
      frame as having an arched top;
PAR  FIG. 13 is a fragmentary sectional view of an optional type of joint
      between adjacent pairs of tubular-element ends; and
PAR  FIG. 14 is a fragmental sectional view of another optional type of this
      joint.
DETD
PAR  This invention comprises preferably apertured angular beams or angled
      plates fixed at vehicle-body corners to ends of divergent tubular members
      that have joints or nodes intermediate of their lengths, skin means
      fastened to the angular members and to the tubular members, preferable
      insulation in the tubular members, and optional foamed-plastic, the
      foaming liquids of which are injected or poured in situ thru holes in the
      skin into space within the sides of an angular member, whence these
      optionally supplied liquids pass into spaces adjacent to the tubular
      members and between exterior and interior skins. Three of the angular
      members are indicated in FIG. 1 at 1 and 2. These are exampled in FIGS. 5,
      7 and 12 as made of metal and in FIGS. 2, 7 and 10 as comprising material
      that is sufficiently porous to provide for its penetration by nails or
      screws and their functional retention. But the material of each of the
      corner-bracing members shown in FIGS. 2, 5, 7, 8, 10 and 12, as well as
      the material of the elongated beams or bars 7 (FIG. 2) and 118 (FIG. 10),
      optionally may be wood, metal plate (preferably of aluminum alloy or thin
      steel), strong expanded metal or other metallic network, or plastic or
      portland cement set after passage of time and reinforced by fibers,
      excelsior, or cinders, and metal mesh or by other strengthening material.
      The angle portions of each of the angular members 1 and 2 are shown in
      FIG. 1 as apertured, having holes 3, 4, thru which optionally-used, mixed,
      foaming foam-plastic liquids may be applied in situ into spaces between
      the curved sidewalls of the tubular members. The ends of numerous tubular
      members are fixed by epoxy putty or other adhesive, 5, and optional bolts,
      screws or other fastening means to angled sides of the angular members;
      and numerous tubular members of the floor 6 are similarly fastened to the
      non-angular beams or bars 7. Although these tubular members optionally may
      be elongated plastic or metal pipes, extending nearly the full height or
      width of the vehicle, each preferably has at least one strengthening joint
      between its ends and comprises a plurality of end-joined tubular elements.
      In each of FIGS. 1, 2, 4, 5, 7, 8, 9, 10 and 12 to 14 these tubular
      elements optionally may be cans or lengths of plastic or of thin-metal
      pipes.
PAR  As illustrated in FIGS. 1, 2 and 5, they are cans -- shown as of metal, but
      optionally they may be of plastic. Cans of the common kind that contain
      beer or soft drinks are shown in these figures and optionally, as
      illustrated, they are of two diameters and of the used type. When they are
      used cans they optionally may be resealed by bits of masking tape or other
      adhesive tape (8, FIG. 6). Optionally and preferably the cans may be
      filled with a light-weight insulation, 9. When they are sealed by the tape
      8 or by sealing tops of new cans of the beverage-containing kind or by
      frictionally held paint-can-type lids this insulation may be low-priced
      sawdust, ground bark, cotton-seed or rice hulls, shredded cypress bark or
      pin-bark modules, ashes, cinders or the like; when it is organic it
      optionally may be dipped in or otherwise treated with low-cost
      preservative. In addition to this insulation inside the tubular elements
      of the upright walls, top and floor, other insulation between the
      sidewalls of the tubular elements may be used. This optionally may be:
      slender strips of resilient foam rubber (for example, cut from scrap
      foam-rubber pieces), forced by a putty knife or the like into V-shaped
      spaces between the tubular-element side walls, adjacent to the exterior
      skin, the interior skin, or to both of these skins; or foamed plastic
      applied via the spaces within sides of the angular members.
PAR  The cans of FIGS. 2, 5 and 6 are preferably of the beverage-containing
      type. The tubular elements 10 preferably are 14-ounce beer or soft-drink
      cans, having a diameter of approximately 2 and five-eights inches and a
      length of 5 and nine-sixteenths inches; and the elements 12 are 10-ounce
      beverage cans, having a length of 4 and three-fourths inches and a
      diameter of 2 and three-eighths inches. Each of these cans has an annular
      groove just inside its rim (13, 14, 15) that is shown at 16 in FIG. 6, but
      for convenience of drafting not shown in other figures. With reference to
      FIG. 2, the rim 14 of each of the smaller-diameter cans (here shown as
      enlarged for clear illustration) fits in the groove of a larger can and
      has a small clearance between it and the rim 15. Into this clearance, when
      the tubular member is sub-assembled, epoxy putty, solder or other bonding
      material is placed, to securely hold the adjacent can-end covers together.
      Each of the tubular members thus comprises a light-weight row of cans,
      having thin-material tubes of short length between relatively thick and
      strong bonded joints. In forming each of the rows illustrated in FIG. 2,
      numerous pairs of the larger and smaller cans are bonded together and two
      end sets of three cans each (two large cans and a small can between them)
      are bonded together. Then, at the bottom of an elongated, preferably
      upright fixture an end set of three cans is placed. Into the upper groove
      of the upper can of this trio epoxy putty, other cement or other bonding
      material is placed, and the rim 14 of a smaller can is moved down into
      position within the rim 15. Other pairs of the cans are similarly glued
      (or soldered) until the tubular member is complete.
PAR  Instead of the can of FIG. 6, the common can shown in FIG. 3 may be
      utilized. This container is of the paint-can type, having the lid 18 which
      snaps within and is frictionally held by the rim 19. The lid has a groove
      20; and the can's bottom has a rim which is similar to the rim 19. The
      similar bottom rim of a smaller-diameter can fits within the groove 20;
      and the cans are bonded together in the above-described manner. Optionally
      all the tubular elements in a row, of the type of either FIG. 3 or FIG. 6,
      may be of the same diameter, and the cans may be welded, epoxy-glued or
      otherwise bonded together; but they are illustrated as of two diameters.
PAR  The elements 22 and 23 of each of the angled members or beams of FIG. 2 are
      fastened together by epoxy putty or other glue and nails or screws. They
      are further reinforced in a fixed angle by a plurality of corner braces 24
      which are fixed to the wood or other porous material by epoxy putty and
      screws or nails. And each of the floor supporting beams 7 is strongly held
      against tubular portions of larger-diameter or optionally smaller-diameter
      cans of numerous tubular members by epoxy putty, an elongated piece of
      apertured pipe strap 26, and pairs of bolts 27, each pair of which closely
      flank the can that is between them.
PAR  In FIG. 2 a skirt as indicated at 29. This border optionally extends
      entirely around the body; and preferably a bumper set of cans, illustrated
      at 30 in FIG. 4, extends all around the skirt 29. Outside each row of
      cabin-wall tubular members, 32, only one row of bumper tubular members,
      34, is illustrated in FIG. 4; but optionally there may be two or more
      bumper rows -- a second row or several rows being outside the tubular
      members 34, between the flexible bumper skin and 34. The members 34 may be
      single elongated cans of resilient, shape-retaining plastic or vertically
      stacked tiers of the cans 10 and 12. In any event, the four rows 30 of
      these tubular elements or stacked cans preferably extends to or a little
      above the floor level, and preferably, the top skin of each of their side
      rows, on each side of the vehicle, serves as a step, leading to a door,
      the frame of which is fixed within a gap in the body walls. These bumper
      tubular members preferably are filled with frangible elements -- for
      example, glass fibers, tufts of rock wool, shredded rigid foam plastic,
      preservative-treated popcorn, or the like. Optionally most of the skirt 29
      may be eliminated, so that, except where the tubular supports for the
      sidewheels project below the floor, the bottom of the vehicle is shaped
      like that of FIG. 10, and in this event the optional bumper rows 30 are at
      and above the floor level, and the bottom corners of the body are
      preferably formed by two angular members that are similar to 22-23, except
      that they are inverted from their position at the top of FIG. 2 and the
      spaces within their angles and within the skin are faced downward and the
      upright cabin-wall stacks of cans are fixed to an upper surface of the
      inverted angle side 22.
PAR  In FIG. 10 the tubular elements are illustrated as end-joined lengths of
      pipe, shown as of plastic, but optionally of thin steel or aluminum alloy
      (preferably of extruded plastic or metal) or glass. The currently
      preferred type of these tubular elements comprises cut lengths of
      extruded, commercially obtainable plastic plumbing pipes of about two
      inches in diameter. They are cut to the desired length and end-joined
      within the plastic-pipe couplings 36. When the pipes are of polyvinyl
      chloride or chlorinated polyvinyl plastic a coat of solvent is applied to
      the end of a pipe and the socket of the coupling or other fitting, and the
      pipe is immediately inserted and rotated into final position. These
      couplings, as well as the elbow fittings 37 form strengthening joints or
      nodes in the tubular members and also serve the useful purpose of
      positioning and holding the exterior and interior body skins in even
      arrangement. This arrangement reduces the thickness of stucco required
      when the skin means comprises stucco on mesh. For such extra strength and
      evenness of arrangement two or more of these joints are provided between
      the ends of each tubular member of the walls, top and floor. Optionally,
      the pipe lengths may be sealed by pieces 38 of mastic tape or other
      adhesive tape.
PAR  The upper elbows 37, preferably of the commercially obtainable plastic
      type, are shown in FIG. 10 as within the angles of the angular beams.
      When, as is optional, the adjacent pairs of these elbows are not spaced
      but are in contact in the manner indicated in FIG. 4 at 32, 34, the
      optionally used, injected or poured plastic in liquid form may be
      efficiently transmitted to the spaces between the tubular members from the
      space 40.
PAR  In FIGS. 2 and 10 the top of the vehicle is shown as substantially flat,
      but preferably the top is arched; and such curvature may be achieved in
      the manner indicated in FIGS. 5 and 12. Here the angular members (42, 43)
      are not orthogonal, but each has an acute angle opening outward, toward
      the skin. Each of these angular beams may comprise: apertured, molded,
      reinforced plastic; apertured metal bars, welded together at abutting
      edges; angularly bent expanded metal (steel or aluminum alloy); apertured
      sheet-metal angles of the plaster-cornerbead type, or the porous
      nail-holding material described above. The acute angle of the angular
      member is such as to permit the adjacent ends of the tubular members,
      which conform to the desired curvature of the top, to lie closely against
      and be glued and/or bolted to surfaces of its sides.
PAR  In FIG. 5 the cans 45 and 46 are shown as having their end covers fastened
      together by epoxy putty of other bonding material, 47. Rims of the smaller
      cans 46 fit within and at points lie against the larger cans 45.
PAR  In FIG. 12, ends of lengths of plastic pipe, 49 and 50, are shown as
      end-joined by and within the couplings 36. At the angular member 43 of
      each upper corner of the vehicular body adjacent ends of the composite
      tubular members are sheathed and bonded in commercially obtainable end
      caps 52; and these end caps are fastened to the angular member by
      polyvinyl chloride solvent or epoxy putty or other glue and bolts or
      rivets. In forming each of these curved tubular members, straight,
      extruded-pipe portions 49 and 50 are cut to the desired lengths and their
      ends are fastsened in the couplings 36 and caps 52 by plastic solvent or
      glue. Then the tubular member is bent to the desired curvature. When the
      pipe lengths are of semi-rigid plastic the member may be bent without
      heating, but when, as is preferable, they are of rigid plastic they are
      sufficiently heated for bending into the curve.
PAR  FIGS. 13 and 14 illustrate two types of the intermediate joints of the
      tubular members, which optionally may be used instead of the
      coupling-formed nodes of FIGS. 10 and 12. In FIG. 13, two caps, 54 and 55,
      are bonded on ends of the tubes 49 and 50, and these end caps are fastened
      together by plastic solvent or epoxy putty or the like and/or bolts (or
      rivets), 56. Optionally, the composite element 54-55 may be integrally
      molded of plastic. In FIG. 14, the lengths of pipe 58 and 59 are of
      plastic, molded to provide at each end of the tubular element a
      screwthreaded portion of larger outside diameter than the middle part of
      the pipe length; and on these screwthreaded pipe ends the coupling 60 is
      screwed. This coupling optionally may be continuously screwthreaded from
      end to end, but preferably and as shown it comprises an integral,
      tubular-member-strengthening middle element 61. In a method of assembly of
      this tubular member the following steps may be taken: (1) coating the
      exterior threads of 58 and the internal threads of the left part of the
      coupling 60 with polyvinyl chloride solvent (or alternatively with epoxy
      putty or other glue); (2) screwing the left part of the coupling on the
      screwthreads of 58 until the element 61 is jammed tightly against the end
      of 58; (3) placing plastic solvent or glue on the threads of pipe 59 and
      of the right-hand part of the coupling 60; and (4) screwing the threaded
      end of 59 into the right socket of 60 until the end of 59 is jammed
      against the element 61. Optionally, the tubular elements 58 and 59 may be
      lengths of standard extruded pipe, and the screwthreads on 58 and 59 may
      be formed by a screwthread-cutting device.
PAR  FIG. 7 illustrates an elongated angular type of body corner, which, as
      indicated, may be on each side of the top, or reversed and used as a lower
      body corner on each side. The upper-end portions of upright tubular
      elements, 63, project thru openings in a non-angular beam 64; and the
      left-hand end portions of horizontal tubular elements 65 project thru
      holes in a similar beam 66. These beams are shown as of fiber-reinforced
      plastic, but they may be of any of the above-described angular-member or
      beam materials. They are fastened by nails, bolts or the like to the
      plywood or plastic panels 68 of the interior vehicle-body skin.
      (Optionally mesh and stucco may be substituted for this interior skin).
PAR  The elongated angular member in this corner (69-70) is turned upside down
      from the illustrated position of the angular members of FIGS. 1, 2, 5, 10
      and 12 and the space between its angled sides thus is open toward the
      interior of the vehicle. Made of any of the above-described angular-member
      materials, this angular member is exampled in FIG. 7 as having a right
      angle in cross section, which is adapted to conform to a body top that is
      straight in transverse cross section. But when adapted to be used with an
      arched top of the type shown in FIG. 12 its subtended angle is obtuse. Its
      upper side 69 is preferably longer than its upright side 70 and is
      screwed, bolted and/or epoxy-bonded to the beam 66. Its upright part 70 is
      fastened by bits of epoxy putty to the row of elbows 37, and optionally
      also may be fastened by screws extending thru 70 and into and thru the
      outer curved walls of the elbows. Although this angular member may be
      penetrated by these optional screws and is penetrated by the screws, bolts
      or the like, 71, fastening the mesh to the angled member, and by the
      similar rod-like elements which fasten it to the beam 66, it does not
      necessarily have relatively large holes like 3 of FIG. 1, because
      preferably, no liquid plastic passes thru it. Its purposes are to form an
      angled, non-round, longitudinally-extending, tubular-member-corner bracing
      means and optionally, when in-situ-applied plastic is utilized, to provide
      an elongated space between the elbows 37 and the exterior skin, whence
      plastic liquids may pass between the sides of the elbows to the spaces
      between tubular members. However, these angular members 69-70, as well as
      each of the angular members of FIGS. 1, 2, 5, 10 and 12 may have many
      apertures because of being optionally made of angled stiff network, for
      example, of expanded steel or aluminum alloy sheet, or of reinforced
      plastic.
PAC  THE SKIN MEANS.
PAR  Each of the exterior and interior skins, in each form of the vehicle shown
      in FIGS. 2, 5, 7, 10 and 12, optionally may comprise: sheet metal or
      plastic sheets, plywood, masonite, or stucco on mesh. Preferably at least
      the exterior skin is of stuccoed mesh. Although this mesh may be of a
      textile fabric or apertured sheet metal or expanded metal or molded,
      apertured plastic, it is preferably wire network, and preferably of the
      light-weight, strong, composite type illustrated in FIG. 11. This
      comprises layers of hardware cloth 72, stretched around the tubular
      framework and fastened to it, having lap joints at their adjacent edges;
      and over this metallic-cloth mesh layers of larger-mesh fencing 73 (for
      example, diamond-mesh, poultry-fence material) are also stretched around
      and fastened to the tubular framework. This composite mesh is fixed to the
      framework by bits of epoxy putty extending thru the mesh to the tubular
      members and beams. Preferably, the hardware cloth and fencing are
      additionally fastened on the framework by extending the bolts 74 from the
      outside thru the exterior mesh, between spaced tubular elements, adjacent
      to joints or nodes of the composite tubular members, to and thru the
      interior skin. These bolts preferably fit in the parts of the
      diamond-shaped poultry-wire mesh where the wires are close together in a
      corner, so that the bolt heads clamp both layers of the exterior mesh to
      the framework, and when the interior skin is also stuccoed mesh the nuts
      of 74 are similarly positioned over corners of the interior diamond-shaped
      mesh. In stuccoing, the smaller mesh of the hardware cloth stops excessive
      penetration inward of the stucco, while the large-mesh, relatively large
      wire of the poultry-type fencing well reinforces the set stucco.
PAR  The stucco, sprayed or troweled on the mesh, comprises cement (portland
      cement, or portland cement and lime, or epoxy, or other cement) mixed with
      light-weight aggregate (for example: crushed, expanded, baked clay;
      expanded shale, cinders, pumice, bits of shredded cypress bark, or
      shredded or ground foamed plastic). The interior skin means optionally may
      comprise this stucco on mesh, or, as indicated in FIG. 10, panels 68 of
      plywood, masonite or sheet metal. The outside and interior surfaces of the
      skins comprise coats of paint or enamel.
PAR  The doors and windows comprise transparent elements (of plexiglass or
      glass), within frames of known type that are in gaps between tubular
      elements and epoxy-bonded and optionally bolted to end closures of these
      elements. Preferably there are only two doors. FIG. 5 illustrates a
      windshield having a transparent element 76, within a metal or
      molded-plastic frame 77. The lower edge of the transparent element 76 (not
      shown) at a level a little above that of the seat or seats, and from this
      level short tubular members extend downward to the floor area. A
      windshield of this type also may be used inside the framework of FIG. 12.
      Optionally, in both FIG. 5 and FIG. 12 the top part of the windshield
      frame may be horizontal and straight and at a lower location than the top
      part of the frame 77 of FIG. 5. In this event, short upper tubular
      members, shown at 78 in FIG. 1, extend downward from the arched front
      angular member 2 to the straight top of the windshield frame. The top
      tubular part of each of these short upper tubular members is cut to fit
      beneath and against the bent or otherwise arched tube-holding, metal
      plate, to which the reinforcing plate 79 is fixed by welding or other
      bonding material. The tops and bottoms of these short upper tubular
      members are fastened by epoxy putty, welding or other bonding material to
      the upper arched member and the straight upper part of the windshield
      frame. Windshields of this general type are also provided for the vehicle
      bodies of FIGS. 2, 7 and 10, but when, as illustrated in FIG. 10, the top
      is transversely flat the angular member 2-79 is straight and the short
      tubular members between it and the windshield frame are of equal length.
PAC  THE WHEEL MEANS AND MOTIVE POWER.
PAR  Simplicity, economy and lightness in weight are achieved by the
      construction and arrangement of wheels and driving means indicated in
      FIGS. 4, 8 and 9. Here, the front steerable wheel 80 and the rear driving
      wheel 81 are in alignment along a longitudinal driving axis which is
      offset from the center longitudinal line of the vehicle. In America and
      other countries where motor cars travel on the right side of the road this
      offset is as indicated in FIG. 4; but the driving axis is not at the
      extreme left of the body.
PAR  There are two side wheels, 82 and 83, optionally located about midway
      between the forward and rear ends of the vehicle. These wheels optionally
      may be of the same size and optionally either normally on the road, or
      normally clear of it, contacting it on excessive rolling of the vehicle
      (in the manner of sidewheels referred to in the applicant's U.S. Pat. No.
      3,575,251). Preferably and as shown, the wheel 82 is normally on the road
      surface, and the wheel 83, of smaller diameter than 82, is normally clear
      of the road surface, and only contacts it on roll of the vehicle toward
      the left by a predetermined amount. Optionally, the common axis of the
      wheels 82 and 83 may be at the rotary axis of the wheel 81. This rearward
      location of the side wheels is especially desirable when the vehicle is
      used on bumpy or otherwise poor roads.
PAR  FIG. 8 illustrates a currently preferred form of the assembly of each of
      the sidewheels 82 and 83 and its bearings and supports. This assembly is
      shown as comprising lengths of pipe, pipe tees and short lower beams 84;
      but obviously cans may be substituted for the short pipes, in which event
      short beams of the type shown at 7 in FIG. 2 may be used instead of the
      tees. As illustrated, this assembly comprises: a plurality of parallel
      tees 85, each of which is bonded by plastic solvent or epoxy to an end of
      a floor-frame tubular element 86; a short pipe 87 that is bonded in a
      downward projection of each of the tees 85; parallel tees 88, each being
      bonded on the lower end of a sidewall tubular element 89; a floor tubular
      member or element 90, bonded in a tubular projection of each of the tees
      85 and 88; an upright tubular element or member 91, bonded in a downward
      projection of each tee 88; a cap 92, bonded to the lower end of each of
      the elements 87 and 91 and fastened by epoxy putty to a beam 84; a box 93,
      of metal or molded, reinforced plastic, open at its bottom, fixed by epoxy
      putty and rod-like fastening means (bolts, screws or the like) to the
      beams 84 and by epoxy putty to the tees 85 and 88; a pair of bearing and
      guide channels, fixed to inside surfaces of the box 93, each including a
      bearing strip 94 and flanges 95 between which the wheel bearings may
      vertically reciprocate; an optional slide and thrust bearing on each end
      of the axle 96; antifriction bearings on each side of the wheel; a pair of
      shock absorbers 97, of any known shock-absorber design; a pair of
      detachable bars 98, one of which supports the outer race of the
      antifriction bearing on each side of the wheel; and means comprising
      rod-like elements (bolts, screws or the like) detachably fastening the
      bars 98 to flanges on the forward and rear end-walls of the box 93. By
      jacking up the vehicle and releasing these rod-like fastening means at the
      forward and rearward ends of the bars 98, the sidewheel assembly, on each
      side, may be removed from the rest of the vehicle, for its repair or
      replacement.
PAR  The assembly of the motor, power transmission and rear driving wheel 81 may
      be of the type set forth in the inventor's prior U.S. Pat. No. 3,575,251
      or any other known type of single, rear, vehicle-driving wheel and power
      means. Preferably: the power means utilized comprises an electric motor
      and batteries; and the motor, power transmission (preferably a chain and
      sprockets), the rear wheel, and its bearings are shock-absorbingly
      reciprocable in a housing which is detachable from below the vehicular
      body, for repair, replacement of parts or replenishing battery solution.
PAR  A preferred form of the assembly of the front, steerable wheel and its
      bearings and supports is shown in FIG. 9. This assembly includes: the
      wheel 80 and its axle; the rotatable fork 100, in the lower ends of which
      the outer races of the bearings 102 are held; a box-like or channeled
      metallic element 104 which bridges space between two of the parallel floor
      tubular members and has lower projections that extend below the bottom
      floor skin; the metallic plates or bars 105; epoxy putty and the bolts or
      other rod-like elements 106 which permanently fasten the plates 105 to the
      ends of the floor tubes that form a gap for interposition of the
      steering-wheel assembly; the bolts 108 which detachably fasten together
      the elements 104 and 105; the lower, detachable steering-post part 109
      which is journaled in radial-and-thrust bearings mounted in or on the
      element 104 and has lower, annularly-arranged teeth or tongues which at
      110 fit in grooves or valleys in the upper end of the fork 100, these
      cooperating teeth allowing the fork and wheel to move upward under shock,
      but preventing rotation between the fork and shaft part 109; the shock
      absorber 112 (of any appropriate known type), which absorbs shocks on the
      wheel and fork, cushioning their upper movement relatively to the steering
      post; the separable plates or disks 113, each of which is welded or
      otherwise fixed to an end of one of the steering-shaft parts; the bolts
      114 which detachably fasten the elements 113 together; and the steering
      wheel 115 (or equivalent motorcycle-type handle bars).
PAR  The insulation of the vehicular body, making unnecessary any heavy,
      expensive air-conditioning equipment, includes: the gaseous material, in
      the body-framework tubular members, which preferably is the light-weight,
      economical insulation 9; the outer and inner skin material, which
      optionally includes the interior porous-material panels of FIGS. 7 and 10;
      and the optional above-described strips of foamed rubber or the like or
      else the optional foamed plastic 116 between the skins, sheathing the
      tubular members.
PAR  In assembly of the vehicle of FIG. 10 (or of FIG. 12, with the type of
      inner load-holder shown in FIG. 10), the following steps may be taken: (1)
      the box-like inner load-holder 117, comprising the interior skin of panels
      68 of plywood or the like (preferably braced slightly above each lower
      corner at each side of the vehicle by an elongated metal beam 118, of the
      type shown at 7 in FIGS. 2 and 10) is fabricated; (2) re FIG. 8, the two
      sidewheel assemblies (minus the detachable wheels and shock-absorbers) are
      fixed below side-edge portions of the load-holder 117; and the
      steering-wheel assembly of FIG. 9 (minus the detachable steering-post part
      109 and the wheel 80 and its shock absorber) is fixed below a forward
      portion of the load-holder; (3) the angular members of the upper corners
      shown in FIG. 10, including the upper elbows 37 (or those shown at 43 in
      FIG. 12) are fixed by epoxy putty and nails or bolts to upper corners of
      the load-holder 117; (4) the subassembled composite tubular members of the
      top (horizontal as in FIG. 10, or arched as in FIG. 12) are fixed to and
      between upright sides of the angular members; (5) the composite tubular
      members of the upright walls are fixed at their upper ends to the angular
      members (with their lower ends glued to the preferably apertured beams (or
      bars of metal plate or of strong expanded metal) 118 by bits of epoxy
      putty and temporarily resting on fixture bars) and the frames of the
      windows and doors are installed in gaps between shorter upright tubular
      members; (6) the incomplete framework is jacked up (or turned onto its
      side or top) and the subassembled floor tubular members and lower elbows
      37 are fitted on the in-use lower ends of the upright tubular members; (7)
      exterior-skin mesh is fastened by epoxy putty and bolts, looped wires or
      the like to the tubular members and the skin or walls of the inner
      load-holder 117; (8) stucco of one of the above-described types is sprayed
      or troweled on the mesh; (9) the exterior is smoothed by use of sandpaper
      or the like; (10) optionally additional insulation is provided (the
      above-described strips of foam rubber or the like placed in the V-shaped
      spaces between exterior surfaces of the tubular elements, or foamed
      plastic applied in situ); if this additional insulation is provided by
      foamed-plastic liquids, holes are drilled thru the stucco and mesh, into
      the spaces between sides of at least two of the corner angular members,
      and mixed cement and hardener of foamed-plastic liquids are injected or
      poured thru these holes, and they are closed against pressure from the gas
      of the foaming liquids; (11) outer and inner coats of paint are applied;
      (12) the doors and windows are installed in their frames; and (13) the
      wheel and motive power assemblies are detachably fastened in place.
PAR  Various changes may be made within the scope of the following claims. For
      instance: instead of having larger cans (10 of FIG. 2 or 45 of FIG. 5)
      contiguous to the angular members, smaller cans (12 of FIG. 2 or 46 of
      FIG. 5) may be placed next to the angular members; the tubular members
      optionally may be filled with compressed gas, optionally mixed with the
      above-described tube-contained insulating material; and when the vehicle
      is adapted for use as an aircraft, as well as a land-traversing craft,
      wings may be provided, having spars extending across the top of the inner
      space and jutting out thru gaps in the sidewalls, and/or ballons may be
      attached to the top.
PAR  In the claims, unless otherwise specified: the word "plastic" means:
      synthetic or natural plastic; the term "bonding material" signifies:
      adhesive, or plastic material united due to plastic solvent, or welding,
      brazing, solder or the like; "insulating material" means fibers,
      particles, pellets, foamed plastic or other thermally insulating material:
      "stucco" signifies: aggregate of fibers, cinders, pellets, silica flour,
      pumice, sand, short shreds or cypress bark, or the like mixed with cement
      (portland cement or portland cement mixed with lime, lime, epoxy or other
      cement); the term "rod-like elements" means: nails, screws, rivets or the
      like; and the term "tubular members" means a plurality of tubular elements
      that are joined together along a straight or curved line.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle, adapted to travel over land, including:
PA1  a body framework comprising: at least one body-bracing frame comprising a
      plurality of elongated, end-joined angular members forming a general
      vehicular cross-sectional outline, said angular members having spaces
      between their angled sides;
PA1  a plurality of upright tubular members;
PA1  a first set of vehicularly transverse tubular members;
PA1  a second set of vehicularly transverse tubular members;
PA1  each of said upright and transverse tubular members comprising a plurality
      of aligned tubes, joint means interconnecting adjacent tubes, and a pair
      of end elements at opposite ends of said tubular members;
PA1  means fastening one group of said end elements of said upright tubular
      members to first portions of said angular members;
PA1  means fastening said end elements of said first set of transverse tubular
      members to second portions of said angular members;
PA1  elongated, tubular-member-bracing means fastening said end elements of said
      second set of transverse tubular members to portions of said upright
      tubular members; and
PA1  means, connected to said body framework, for facilitating travel over land.
NUM  2.
PAR  2. A vehicle as set forth in claim 1, in which the said means factiitating
      travel over land includes: a steerable wheel at a forward portion of the
      vehicle; and a rear vehicle-driving wheel, in alignment with said
      steerable wheel in a fore-and-aft, driving axis that is laterally spaced
      from the central fore-and-aft line of the vehicle.
NUM  3.
PAR  3. A vehicle as set forth in claim 2, in which said means for facilitating
      travel over land further includes a side wheel laterally spaced from the
      said central fore-and-aft line, on the opposite side of said line from
      said fore-and-aft driving axis.
NUM  4.
PAR  4. A vehicle as set forth in claim 3, in which said means for facilitating
      travel over land further includes a second side wheel having a middle
      plane on the opposite side of said central fore-and-aft line from said
      first-named side wheel; the said second side wheel being constructed and
      arranged to provide clearance between it and the road during normal travel
      of the vehicle over a substantially level surface, and to provide its
      rolling engagement with the road on sidewise tipping of the vehicle toward
      said middle plane by a substantially predetermined amount.
NUM  5.
PAR  5. A vehicle, adapted to travel over land, including:
PA1  a body framework including: at least one body-bracing frame comprising a
      plurality of elongated, end-joined angular members forming a general
      vehicular cross-sectional outline, said angular members having spaces
      between their angled sides;
PA1  a plurality of upright tubular members;
PA1  an upper set of tubular members having longitudinal axes at angles to axes
      of some of said upright tubular members; and a lower set of tubular
      members having longitudinal axes at angles to axes of some of said upright
      tubular members; each of said upright and upper-set and lower-set tubular
      members comprising a plurality of aligned tubes, joint means
      interconnecting adjacent tubes, and a pair of end elements at opposite
      ends of said tubular members;
PA1  means fastening one group of said end elements of said upright tubular
      members to first portions of said angular members;
PA1  means fastening said end elements of said upper set of tubular members to
      second portions of said angular members;
PA1  vehicle-strength-providing means fastening said end elements of said lower
      set of tubular members to portions of said upright tubular members;
PA1  skin means, fastened to said body framework and tubular members; and
PA1  means, connected to said body framework, for facilitating travel over land.
NUM  6.
PAR  6. A vehicle as set forth in claim 5, in which: said tubular members
      comprise cans; each of said aligned tubes in the tubular part of one of
      said cans; and the said joint means interconnecting adjacent tubes
      comprises can-end elements of each adjacent pair of cans and means
      fastening together said can-end elements.
NUM  7.
PAR  7. A vehicle as set forth in claim 5, in which said upper set of tubular
      members and said skin means are constructed and arranged to provide higher
      and lower vehicle top portions, adapted to shed water from the top.
NUM  8.
PAR  8. A vehicle, adapted to travel over land, including a body framework
      comprising: at least one body-bracing frame comprising four elongated,
      end-joined angular members, forming the general vehicle crossectional
      outline, said angular members having spaces between their angled sides;
PA1  a plurality of upright tubular members; a first set of transverse tubular
      members; and a second set of transverse tubular members; each of said
      upright and transverse tubular members comprising a plurality of aligned
      tubes, joint means interconnecting adjacent tubes, and a pair of end
      elements at opposite ends of said tubular members;
PA1  means fastening one group of said end elements of said upright tubular
      members to first portions of said angular members;
PA1  means fastening said end elements of said first set of transverse tubular
      members to second portions of said angular members;
PA1  elongated, tubular-member-bracing means fastening said end elements of said
      second set of transverse tubular members to portions of said upright
      tubular members;
PA1  wheel-supporting means comprising a plurality of auxiliary tubes and means
      connecting said auxiliary tubes to some of said tubular members;
PA1  and exterior, waterproof skin means, thermal insulation, and interior skin
      means adjacent said tubular members and said tubes.
NUM  9.
PAR  9. A vehicle as set forth in claim 1, further comprising thermally
      insulating material within said tubular members.
NUM  10.
PAR  10. A vehicle as set forth in claim 1, further comprising foamed plastic in
      said spaces between angled sides of said angular members and in spaces
      between sidewall surfaces of said tubular members.
NUM  11.
PAR  11. A vehicle as set forth in claim 1, in which: the said frame is at the
      top of said body framework; the said second set of tubular members is at a
      lower part of said body framework; and the said tubular-member-bracing
      means comprises a pair of substantially horizontal beams at opposite walls
      of the body and means securely connecting said beams to elements of said
      walls.
NUM  12.
PAR  12. A vehicle as set forth in claim 1, in which: said angular members
      comprise material capable of being penetrated by and frictional holding of
      rod-like-elements; the said vehicle includes exterior skin means
      comprising mesh and stucco, coating and impregnating the mesh; and the
      said vehicle further includes rod-like elements fastening said mesh to
      said angular members.
NUM  13.
PAR  13. A vehicle as set forth in claim 1, in which: the said spaces between
      angular-member sides are open toward outer corners of said body and are in
      liquid-plastic communication with spaces adjacent to tubular elements via
      holes in at least some of said angled sides; and the said vehicle includes
      exterior skin means that is contiguous with vehicularly-outward edges of
      said sides.
NUM  14.
PAR  14. A vehicle as set forth in claim 1, in which: the said spaces between
      angular-member sides are open toward the interior of the vehicle.
NUM  15.
PAR  15. A vehicle as set forth in claim 8, in which: said tubular members
      comprise cans; each of said aligned tubes is the tubular part of one of
      said cans; and the said joint means interconnecting each adjacent pair of
      the tubes comprises a pair of can-end elements and means fastening the two
      can-end elements together.
NUM  16.
PAR  16. A vehicle as set forth in claim 15, in which: said cans are of the
      used, type: and each pair of adjoined cans are of different diameters, the
      end cap of a smaller-diameter can fitting within rims of a larger-diameter
      can.
NUM  17.
PAR  17. A vehicle as set forth in claim 15, in which: said cans are of the
      used, type and at least one of each pair of end-joined cans comprises a
      piece of adhesive tape closing a previously-made opening.
NUM  18.
PAR  18. A vehicle as set forth in claim 1, in which: each of said aligned tubes
      comprises a length of pipe; and each of the said joints comprises a pipe
      coupling around adjacent pipe ends and bonding material between the pipe
      ends and coupling.
NUM  19.
PAR  19. A vehicle as set forth in claim 18, in which said couplings and pipe
      ends have interengaging screwthreads.
NUM  20.
PAR  20. A vehicle as set forth in claim 18, in which the said auxiliary tubes
      comprise upright lengths of pipe, and the said means connecting the
      auxiliary tubes to tubular members comprises: pipe fittings having tubular
      portions in which upper ends of said upright pipe lengths are fitted;
      other pipe-fitting tubular portions in which ends of floor tubular members
      are fitted; and bonding means between said tubular portions and
      tubular-member ends.
NUM  21.
PAR  21. A vehicle as set forth in claim 18, in which at least some of said end
      elements comprise pipe-end caps and bonding material between said pipe-end
      caps and end portions of said pipe lengths.
NUM  22.
PAR  22. A vehicle as set forth in claim 18, in which at least some of said end
      elements comprise pipe elbows and bonding material between tubular
      portions of said elbows and ends of pipe lengths.
NUM  23.
PAR  23. A vehicle as set forth in claim 1, in which the said first-named set of
      vehicularly-transverse tubular members is at the top of the vehicle and
      comprises arched tubular members.
NUM  24.
PAR  24. A vehicle, adapted to travel over land, including:
PA1  upright sidewall tubular members, each of which comprises lower pipe
      fittings and upper end elements;
PA1  a frame comprising elongated, end-joined angular members, substantially
      conforming to general crossectional outlines of a top portion of the
      vehicular body, each of said angular members comprising elongated sides,
      including an upright side; the said sides being joined at angles to each
      other and having spaces between them;
PA1  means fastening said upper end elements to said angular members, each of
      said end elements being juxtaposed to an under surface of an
      angular-member side;
PA1  an upper set of vehicularly transverse tubular members, each of which
      comprises, between an opposite pair of said angular members: a plurality
      of pipes; at least one tubular-member-strengthening pipe coupling between
      and connecting adjacent pipe ends; and pipe-end portions that are
      contiguous to said opposite pair;
PA1  means fastening each of said last-named pipe-end portions to a said upright
      side of one of said opposite pair of angular members;
PA1  lower, elongated, tubular-member-bracing beams, and means fastening said
      beams to parts of said upright tubular members;
PA1  a lower, floor set of substantially horizontal vehicularly transverse
      tubular members, each of which comprises: a plurality of pipes; at least
      one tubular-member-strengthening pipe coupling between and connecting
      adjacent pipe ends; and pipe fittings at opposite ends of the floor
      tubular members, connected to said sidewall tubular members;
PA1  means for facilitating travel over land, connected to some of said tubular
      members; and
PA1  exterior, waterproofed skin means, adjacent to said tubular members,
      including a top skin, fastened to said upper frame.
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ABST
PAL  A parts housing assembly is provided for a two-wheeled motorized vehicle. A
      bifurcated fork element is carried by a structural frame member of the
      vehicle and has a pair of elongated side support elements extending
      rearwardly therefrom. Side plates are supported on the side support
      elements, an upper cover element encloses the top of the side plates to
      define an intermediate chamber therewith. A pair of side housings are
      pivotally connected to the respective elongated support elements and
      cooperate with the edges of the upper cover to define with the side plates
      a pair of enclosed chambers. The fuel tank of the vehicle, which is
      normally located between the steering means and the operator's seat, is
      positioned elsewhere so as to afford greater stability for the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a parts housing assembly for a two-wheeled
      motorized vehicle such as a motorcycle or the like.
PAR  It has been conventional with this kind of vehicle to position the fuel
      tank for an internal combustion engine at a position between the driver's
      seat and the steering handle at the front of the frame of the vehicle. In
      principle this has not always been necessary but tradition has dictated
      otherwise. It would be advantageous for this kind of two-wheeled vehicle
      to relocate the fuel tank in another portion of the vehicle body so as to
      enable a lowering of the position of the center of gravity for the whole
      of the vehicle and thereby improve the stability thereof.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of this invention is to provide a parts housing assembly
      for a two-wheeled motorized vehicle in which the fuel tank is relocated to
      a position other than that at which it is conventionally mounted.
PAR  Another object of the invention is to provide a parts housing assembly for
      a two-wheeled motorized vehicle in which the area normally occupied by the
      fuel tank is utilized for a storage compartment and in which additional
      storage compartments are provided on the sides of the frame.
PAR  Other objects and advantages of the invention will become readily apparent
      from the following description of the invention.
PAR  According to the present invention there is provided a parts housing
      assembly for a two-wheeled motorized vehicle including at least one
      enclosed storage area formed therby, a bifurcated fork element carried by
      a structural frame member of the vehicle, first and second elongated
      support elements mounted on opposed sides of said fork element and
      extending rearwardly therefrom, an operator's seat carried by said frame
      member to the rear of and spaced from the steering shaft of the vehicle,
      first and second generally vertically-extending plates supported
      respectively on said first and second elongated support elements and
      extending rearwardly from a point adjacent the location where said
      elongated support members are connected to said fork element, first and
      second outwardly-shaped side shell housing elements pivotally connected at
      their lower edges respectively to said first and second elongated support
      elements defining with said first and second vertically-extending plates
      first and second side storage chambers respectively, a
      horizontally-extending cover plate connected at an intermediate elevation
      between said first and second vertically extending plates, and an upper
      shell housing element pivotally connected at the front end thereof to a
      front portion of said cover plate to form an intermediate chamber defined
      by said upper shell housing element and the inner walls of said first and
      second vertically-extending plates.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more fully understood it will now be
      described, by way of example, with reference to the accompanying drawings
      in which:
PAR  FIG. 1 is a side elevational view of a motorcylce incorporating the
      features of the invention;
PAR  FIG. 2 is a top plan view of the motorcylce shown in FIG. 1;
PAR  FIG. 3 is an enlarged side elevational view, partly in cross-section, of a
      preferred arrangement of elements in accordance with the invention;
PAR  FIG. 4 is a top plan view, partly broken away and partly in cross-section,
      of the arrangement shown in FIG. 3; and
PAR  FIG. 5 is a cross-sectional view taken along line V--V of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the accompanying drawings there is shown a structural frame
      member or assemblage of members 1 for a motorcycle. The structural frame
      member is adapted to rotatably carry front and rear wheels and an internal
      combustion engine 15 of a conventional type. The engine is drivably
      connected to at least the rear wheel by usual means (not shown). A
      bifurcated fork element 4 at the head portion of the vehicle frame 1 is
      provided with a pair of elongated support elements 2 for supporting a
      steering shaft 3. The support elements are desirably formed of tubular
      material for the required strength. These support elements extend
      rearwardly from their point of connection with fork 4. A pair of frame
      plates 6 are attached to the two support elements 2 and extend generally
      vertically so as to be positioned between the fork 4 and a driver's seat 5
      located in spaced relation behind the same.
PAR  On the outside surfaces of plates 6 side shell housing elements 7, each of
      which is shaped outwardly so as to present an inner concave surface, are
      pivotally attached at their lower edges by means such as hinges 8 to the
      support elements 2 so that such housing elements can be opened and closed
      at will. Additionally, an upper shell housing element 9 encloses the space
      between the two frame plates 6. The upper shell housing 9 is pivotally
      attached such as by means of a hinge 11 to a cover plate 10 which will be
      further described below, so as to be freely opened and closed. Projecting
      edges 7a are provided at the upper end portions of the side shell housing
      elements 7 and are arranged to engage with respective peripheral edges 9a
      of the upper shell housing 9 so that the side shell housing elements 7
      cannot be opened before the upper shell housing 9 is first opened.
PAR  An outer side storage chamber 12 is formed between one of the plates 6,
      that is, the left hand plate 6 and the corresponding side shell housing
      element 7. Desirably, electric components 13 such as a fuse box 13a, a
      resistor 13b, a regulator 13c, and a coupler 13d or the like can be
      positioned within the chamber in such a manner that such components are
      attached to the plate 6. Another outside chamber 14 is formed between the
      other plate 6, that is, the right hand plate 6 and the corresponding side
      shell housing element 7. This chamber may be used to contain a liquid
      filler opening 16a of a radiator for the cooling of internal combustion
      engine 15 and for the housing of a subsidiary tank 17 for the same.
PAR  An intermediate chamber 18 is formed by the two plates 6 and the upper
      shell housing element 9. The interior of the intermediate chamber is
      divided into front and rear compartments 18a, 18b. The first compartment
      18a contains an air cleaner 19a and an ignition coil 19b, and the upper
      surface of compartment 18a is covered by the foregoing covering plate 10
      connected between the two plates 6 as shown. The second compartment 18b in
      the rear contains a fuel filler opening 20a connected to a fuel tank 20
      which is provided below the seat 5 for the filling of such tank when
      desired.
PAR  Chamber wall 21 of U shape in cross-section defines the rear chamber 18b,
      this chamber 18b being opened at its upper surface. A drain pipe 22 is
      connected to the bottom of chamber 18b.
PAR  A recessed area 23 remains between the front of chamber wall 21 and the
      rear edge of the foregoing cover plate 10. A parts box 24 for containing
      tools or the like is removably mounted within recess 23, so that upon
      removal of box 24 any repairs or replacement of engine or related interior
      parts can be performed through the recess 23. A retaining member 25 is
      provided for retaining each side shell housing element 7 in its closed
      position. A cylinder lock 26 is provided for the upper shell housing 9. A
      fuel meter 27 is attached to the inner surface of the upper shell housing
      9, and the calibrated face of the meter is exposed for visual inspection
      through an opening made in the upper shell housing element 9.
PAR  Thus, according to this invention, there are positioned between the head
      portion of the vehicle frame and the driver's seat at the rear portion
      thereof, the three chambers, i.e., the two outside chambers and the
      intermediate chamber covered by the upper shell housing. Various selected
      components can be positioned within these chambers, and also certain parts
      will be exposed and made accessible to the driver by opening of the
      appropriate shell housing element. Thus, inspection, replacement or repair
      of these parts is facilitated. In the case where the intermediate chamber
      is divided into the first and second compartments and the fuel filler
      opening of the fuel tank is positioned in one of them, one can prevent,
      upon the charging of fuel, the splashing of fuel or the leakage of
      overflowed fuel into undesired areas which may damage or cause
      deterioration of certain of the components. This results in increased
      safety. In the case where the recess is provided at its interior upper
      portion with the parts-containing storage box, tools or the like contained
      therein can be conveniently taken out immediately when the upper shell
      housing is opened. Additionally, in the case where the electric components
      and the liquid tank and related parts are separately contained in the
      outer side storage chambers, the electric components can be protected
      against being splashed with liquid so as to avoid troubles such as
      short-circuits or the like caused by the liquid. Furthermore, by attaching
      the fuel meter to the upper shell housing the mounting of such a meter on
      the vehicle is made simpler.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A parts-housing assembly for a two-wheeled motorized vehicle including
      at least one enclosed storage area formed thereby, a bifurcated fork
      element carried by a structural frame member of the vehicle, first and
      second elongated support elements mounted on opposed sides of said fork
      element and extending rearwardly therefrom, an operator's seat carried by
      said frame member to the rear of and spaced from the steering shaft of the
      vehicle, first and second generally vertically-extending plates supported
      respectively on said first and second elongated support elements and
      extending rearwardly from a point adjacent the location where said
      elongated support members are connected to said fork element, first and
      second outwardly-shaped side shell housing elements pivotally connected at
      their lower edges respectively to said first and second elongated support
      elements defining with said first and second vertically-extending plates
      first and second side storage chambers respectively, a
      horizontally-extending cover plate connected at an intermediate elevation
      between said first and second vertically extending plates, and an upper
      shell housing element pivotally connected at the front end thereof to a
      front portion of said cover plate to form an intermediate chamber defined
      by said upper shell housing element and the inner walls of said first and
      second vertically-extending plates.
NUM  2.
PAR  2. A parts housing assembly according to claim 1, wherein a generally
      U-shaped wall member is connected between the inner walls of said first
      and second vertically-extending plates with the leg portions thereof
      extending upwardly to thereby divide said intermediate chamber into front
      and rear compartments.
NUM  3.
PAR  3. A parts housing assembly according to claim 2, wherein said rear
      compartment is provided with an opening in the floor thereof dimensioned
      to accomodate conduit means in communication with the fuel tank of the
      vehicle for supplying fuel thereto.
NUM  4.
PAR  4. A parts housing assembly according to claim 2, wherein selected
      auxilliary elements for the engine of the vehicle are mounted within said
      front compartment.
NUM  5.
PAR  5. A parts housing assembly according to claim 2, wherein a storage box is
      removably mounted within said front compartment.
NUM  6.
PAR  6. A parts housing assembly according to claim 1, wherein electrical
      components operably connected to the engine of the vehicle are mounted
      within one of said first and second side storage chambers and a tank for
      the storage of a liquid coolant for said engine is mounted within the
      other of said first and second side storage chambers.
NUM  7.
PAR  7. A parts housing assembly according to claim 1, wherein a fuel meter is
      secured to said upper shell housing element, an opening being provided in
      said upper shell housing element for visually determining the reading of
      said fuel meter.
NUM  8.
PAR  8. A parts housing assembly according to claim 1, wherein said first and
      second side shell housing elements are provided at their upper end
      portions with projecting edges which are cooperable with peripheral edges
      of said upper shell housing element to retain said side shell housing
      elements in a vertical position and thereby prevent the downward pivotal
      movement of said side shell housing elements until the upper shell housing
      element is first pivotally raised to release said projecting edges.
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ABST
PAL  An axle housing which encloses a transmission for the drive of a pair of
      traction wheels, e.g. as used on a fork-lift truck, has an upper recess
      flanked by cheeks of enlarged housing extremities which accommodate
      respective planetary-gear trains. One of the cheeks carries a vertical
      supporting plate for a hydrostatic drive motor whose shaft enters the axle
      housing through that cheek and carries a pinion meshing with a toothed
      ring on a differential-gear housing. The latter housing may be rotatable
      about a vertical axis through 180.degree.  to accommodate motors of
      different axial length.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to a mounting for a pair of coaxial traction
      wheels on a vehicle, especially one of the heavy-duty type such as a
      fork-lift truck.
PAC  BACKGROUND OF THE INVENTION
PAR  In such vehicles it has already been suggested to power the two traction
      wheels via a differential gearing, enclosed in an axle housing, from a
      preferably hydrostatic drive motor carried on that axle housing so as not
      to encumber other parts of the vehicular frame which must accommodate, in
      the case of a fork-lift truck, the lifting mechanism as well as a driver's
      seat in addition to the load. In such prior constructions, however, it was
      generally necessary to mount the drive motor well above the transverse
      horizontal axis of the traction wheels in order to find room within the
      housing for various transmission elements such as speed-reducing
      planetary-gear trains. The considerable distance of the motor shaft from
      the wheel axis required the insertion of additional gears between a pinion
      on the drive shaft of the motor and a driven element in the axle housing,
      such as a toothed ring of a differential-gear housing.
PAC  OBJECT OF THE INVENTION
PAR  The object of our present invention, therefore, is to provide a simplified
      wheel mounting of the general type described above which reduces the
      distance between motor shaft and wheel axis so as to eliminate the need
      for intermediate gears and associated bearings.
PAC  SUMMARY OF THE INVENTION
PAR  This object is realized, pursuant to our present invention, by the use of
      an axle housing with upwardly enlarged extremities containing respective
      differential-gear trains, these extremities having confronting cheeks
      which define between them a recess accommodating the drive motor. With the
      differential-gear housing installed adjacent one of the planetary-gear
      trains in one of these extremities, its toothed ring can mesh directly
      with a coplanar pinion on the motor shaft within that housing extremity.
PAR  Advantageously, the cheek of the housing extremity surrounding the drive
      pinion carries a substantially vertical supporting plate on which the
      motor is cantilevered within the recess. Part of this motor may extend
      through the suitably apertured supporting plate and adjoining cheek into
      the housing extremity, this construction enabling the use of motors whose
      length almost equals the width of the recess. In fact, pursuant to another
      feature of our invention, the planetary-gear housing may be alternately
      emplaceable within the axle housing in two relatively inverted positions,
      with reference to a vertical plane of symmetry thereof, whereby a toothed
      ring offset from that plane of symmetry can mesh with the drive pinion at
      either of two axially spaced locations to enable different positioning of
      the same drive motor or selective use of a shorter or a longer motor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a perspective view of an axle housing with associated power unit
      constructed in accordance with our invention;
PAR  FIG. 2 is a schematic axial sectional view of an axle housing generally
      similar to that of FIG. 1; and
PAR  FIG. 3 is a view similar to FIG. 2, illustrating a modification.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 we have shown a horizontally extending axle housing 1,
      perpendicular to the direction of locomotion of a vehicle not further
      illustrated, whose upwardly enlarged extremities 2 and 3 have confronting
      cheeks 2', 3' defining between them an upper recess 8. Extremities 2 and 3
      are secured to respective end disks 14 and 15 which are rigid with the
      vehicle frame 28, a portion of the outline of that frame having been
      indicated in phantom lines. Cheek 3' carries a vertical plate 9 which
      supports a drive motor 10 of the hydrostatic type receiving high-pressure
      oil from a pump 12 via conduits 13; pump 12 is driven, along with other
      equipment such as a fork lift, by an internal-combustion engine 11 mounted
      on frame 28. Two wheel hubs 6 and 7 are rotatably journaled in disks 14
      and 15, respectively, and carry respective wheels not shown in FIG. 1 but
      indicated diagrammatically at 26 and 27 in FIGS. 2 and 3.
PAR  Motor 10, cantilevered on plate 9, is shown in FIG. 1 as somewhat inclined
      to the horizontal as is customary with hydrostatic motors. In FIG. 2,
      however, this motor has been shown for simplicity as horizontally
      disposed. In FIGS. 2 and 3, furthermore, the cheek 2' of housing extremity
      2 is shown vertical instead of sloping as in FIG. 1.
PAR  Wheel hubs 6 and 7 are centered on a horizontal axis A and mounted on
      output shafts 22 and 23 of the transmission system located within axle
      housing 1, these shafts being linked with respective planet carriers of a
      pair of planetary-gear trains 4 and 5 disposed within extremities 2 and 3,
      respectively. A differential gearing 16 of the bevel-gear type has a
      housing 19 provided with a toothed ring 18 which in FIG. 2 meshes with a
      coplanar pinion 17 on a drive shaft 10' of motor 10 and is disposed
      proximal to the cheek 3' to the left of an axis B which is the projection
      of a vertical plane of symmetry of gear housing 19, the gear housing being
      rotatable about axis B between two positions 180.degree. apart as
      illustrated in FIGS. 2 and 3, respectively. In the position of FIG. 3 the
      pinion 17 is spaced farther from cheek 3' than in FIG. 2 to enable the use
      of a larger motor 10A, the right-hand end of this motor extending into
      housing extremity 3 through a suitable aperture in cheek 3' thereof. Thus,
      the shorter motor 10 in FIG. 2 is mounted on a supporting plate 9 merely
      having a central hole for the passage of shaft 10', whereas in FIG. 3 a
      frame-shaped supporting plate 9A is used to give passage to the body of
      motor 10A and is fastened to a peripheral flange 29 of the motor axially
      spaced from its right-hand end. Otherwise, the structures of FIGS. 2 and 3
      are identical.
PAR  Planetary-gear trains 4 and 5 have respective sun gears 24 and 25 linked in
      FIG. 2 with corresponding sun gears 20 and 21 in differential-gear housing
      19; in FIG. 3 this connection is reversed. Except for pinion 17 and the
      planet gears of trains 4, 5 and 16, all the gears in axle housing 1 are
      centered on the axis A of wheel hubs 6 and 7 which lies within that
      housing somewhat above the centerline C of its reduced intermediate
      portion underneath recess 8. The short distance between axis A and motor
      shaft 10' eliminates the need for any intermediate gearing between pinion
      17 and toothed ring 18 which lie in a common vertical plane perpendicular
      to axis A.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mounting for a pair of vehicular traction wheels, comprising:
PA1  a horizontally extending axle housing having upwardly enlarged extremities
      with a pair of confronting cheeks defining a recess between them;
PA1  transmission means inside said housing including a pair of planetary-gear
      trains in said extremities and a differential gearing adjacent one of said
      planetary-gear trains in one of said extremities, said differential
      gearing having a gear housing provided with a toothed ring;
PA1  a drive motor carried on said one of said extremities within said recess
      and provided with a substantially horizontal drive shaft at one end and
      with a peripheral flange axially spaced from said one end, the cheek of
      said one of said extremities being fastened to said flange and being
      provided with an aperture through which said one end extends into said one
      of said extremities together with said drive shaft;
PA1  a pinion on said drive shaft meshing with said toothed ring within said one
      of said extremities;
PA1  a pair of wheel hubs adjacent said extremities centered on a horizontal
      axis which passes through said axle housing below said recess; and
PA1  a pair of output shafts, journaled in said extremities in line with said
      axis, linking said wheel hubs with said planetary-gear trains.
NUM  2.
PAR  2. A mounting as defined in claim 1 wherein said gear housing is
      alternately emplaceable in said axle housing in two relatively inverted
      positions with reference to a vertical plane of symmetry thereof, said
      toothed ring being offset from said plane of symmetry for meshing with
      said pinion at either of two axially spaced locations enabling different
      positioning of said drive motor in said recess.
NUM  3.
PAR  3. A mounting as defined in claim 1 wherein said planetary-gear trains,
      said differential gearing and said toothed ring are centered on said
      horizontal axis.
NUM  4.
PAR  4. A mounting as defined in claim 3 wherein said toothed ring and said
      pinion lie in a common vertical plane transverse to said horizontal axis.
NUM  5.
PAR  5. A mounting as defined in claim 3 wherein an intermediate portion of said
      axle housing, between said extremities, has a centerline at a level below
      said horizontal axis.
NUM  6.
PAR  6. A mounting for a pair of vehicular traction wheels, comprising:
PA1  a horizontally extending axle housing having upwardly enlarged extremities
      with a pair of confronting cheeks defining a recess between them;
PA1  transmission means inside said housing including a pair of planetary-gear
      trains in said extremities and a differential gearing adjacent one of said
      planetary-gear trains in one of said extremities, said differential
      gearing having a gear housing provided with a toothed ring;
PA1  a drive motor carried on said one of said extremities within said recess
      and provided with a substantially horizontal drive shaft;
PA1  a pinion on said drive shaft meshing with said toothed ring within said one
      of said extremities;
PA1  a pair of wheel hubs adjacent said extremities centered on a horizontal
      axis which passes through said axle housing below said recess; and
PA1  a pair of output shafts, journaled in said extremities in line with said
      axis, linking said wheel hubs with said planetary-gear trains;
PA1  the cheek of said one of said extremities having an opening large enough to
      receive an end portion of said drive motor, said gear housing being
      alternately emplaceable in said axle housing in two relatively inverted
      positions with reference to a vertical plane of symmetry thereof, said
      toothed ring being offset from said plane of symmetry for meshing with
      said pinion at either of two axially spaced locations enabling different
      positioning of said drive motor in said recess.
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ABST
PAL  The driven wheel hub of a motor vehicle is driven by a rotating axle
      through a homokinetic joint having an inner driving member secured to the
      axle and an outer driven member. An axial-radial bearing having an outer
      race ring secured to the vehicle chassis and an inner race ring secured to
      the wheel or wheel hub is located in association with the homokinetic
      joint. The inner race ring is provided with a bore the surface of which
      and the outer surface of the driven member of the homokinetic joint are
      provided with mating keyways cooperating to secure the respective race
      ring and the driven member for conjoint rotary movement and relative axial
      movement therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an arrangement for supporting the wheel or
      the hub of a driven wheel of a motor vehicle and particularly to an
      arrangement for supporting the wheel or the wheel hub by a combined radial
      and axial bearing and for driving the same through a homokinetic joint.
PAR  Arrangements for supporting the driven wheel hub or boss on which a wheel
      is mounted are well known. In such arrangements the hub is driven by a
      rotary axle through a homokinetic joint capable of allowing the wheel to
      pivot and is rotatably supported on the chassis of the vehicle by a
      radialaxial bearing (referred to herein as a Radiax bearing) associated
      with the homokinetic joint. In general, the outer ring of the Radiax
      bearing of such an arrangement is provided with a flange adapted to be
      attached to the chassis or other wheel support secured to the chassis and
      an inner ring which is adapted to be connected to the wheel hub or boss
      and with the driven portion of the homokinetic joint. In one such well
      known embodiment shown in the German patent publication DOS No. 1,915,932,
      guideways or grooves for the balls of the homokinetic joint are formed
      directly in the bore of the inner race ring of the Radiax bearing. In this
      form the inner race ring of the Radiax bearing also forms the driven
      member of the homokinetic joint and transmits the torque from the axle via
      the balls to the wheel. In another well known design shown in German
      patent publication DOS No. 2,104,929, the driven member of the homokinetic
      joint extends within the bore of the inner race ring of the Radiax bearing
      and is welded to the latter to form a permanent attachment. In both cases,
      the driven part or member of the homokinetic joint is combined permanently
      with the Radiax bearing to form one indissoluble and inseparable unit.
      Thus, in the event of damage to the race members or elements of the
      homokinetic joint, the entire wheel bearing unit must be replaced. The
      same thing also happens when the wheel bearing or Radiax is itself
      damaged. Further, the homokinetic joint is known to wear more rapidly and
      must be replaced periodically.
PAR  Another drawback of the known arrangements arises from the fact that in
      many vehicles it is necessary to provide for a certain degree of axial
      shifting between the driving shaft or rotating axle and the driven wheel
      hub or wheel member itself. Such axial shifting is not readily possible in
      the known arrangements due to the rigid fixing and joining of the parts of
      the homokinetic joint with the wheel bearing or Radiax unit.
PAR  It is an object of the present invention to provide an arrangement for
      supporting and driving a wheel or a wheel hub, of the type described in
      which the disadvantages and defects of the prior art arrangements are
      overcome.
PAR  It is another object of the present invention to provide an arrangement for
      supporting and driving a wheel or wheel hub, of the type described in
      which the homokinetic joint and the Radiax bearing are easily separable
      from each other so that either the homokinetic joint or the Radiax bearing
      may be replaced separately and individually without any difficulty.
PAR  It is a further object of the present invention to provide an arrangement
      for supporting and driving a wheel or wheel hub, of the type described, in
      which a degree of axial shifting between the driving shaft or rotating
      axle and the driven wheel or hub member is permitted.
PAR  The foregoing objects, together with other objects and the numerous
      advantages of the present invention will be apparent from the following
      disclosure of certain embodiments of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention the bore of the inner race ring of the
      Radiax bearing and the outer surface of the driven member of the
      homokinetic joint are each provided with mating keyways or conforming
      profiles fitting one into the other. Through this form of keyway
      construction the driving force or torque from the driven member of the
      homokinetic joint is transmitted to the inner race ring of the supporting
      bearing and therefore to the wheel or wheel hub which conjointly rotates
      therewith. At the same time this keyway construction permits the axial
      shifting of the radial bearing relative to the homokinetic joint. In the
      event of wear or damage to either the members of the homokinetic joint or
      to the supporting Radiax bearing itself, the Radiax bearing can be pulled
      axially off of the driven member of the homokinetic joint without any
      difficulty and may be easily replaced. The keyway structure also insures
      the axial shifting of the inner race ring of the Radiax wheel bearing with
      regard to the driven part of the homokinetic joint without any reduction
      or loss of power transmission.
PAR  Full details of the present invention are set forth in the two practical
      examples described hereinbelow and shown in the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawing:
PAR  FIG. 1 is an axial section through an arrangement for supporting the hub of
      a driven wheel embodying the principles of the present invention, and
PAR  FIG. 2 is a similar view of a second embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In the example shown in FIG. 1 a Radiax bearing, generally depicted by the
      numeral 1 is provided. The Radiax bearing 1 comprises an outer race ring 2
      having a radially extending flange 3 in which one or more axially
      extending holes are formed by which the ring may be attached to the
      corresponding wheel support or vehicle chassis portion (not shown) so as
      to be fixed against rotation. The Radiax bearing also includes an inner
      race ring 4 which is similarly provided with a radially extending flange 5
      having axial holes by which it is adapted to be attached to the wheel or
      perhaps to the brake plate of the wheel drum (not shown). Arranged between
      the outer race ring 2 and the inner race ring 4 are two rows of rolling
      bodies 6 and 7 respectively. The rolling bodies are preferably ball
      bearing elements. The inner and outer race rings are formed with race
      surfaces which are arranged in such a way that the double row of rolling
      elements 6 and 7 respectively have contact planes and force directions
      which extend obliquely to the axis of rotation of the wheel, defined by
      the axis X--X. The angular contact of the ball bearing elements in the
      respective race surfaces provides the so-called Radiax bearing which is
      capable thusly to take up forces in both the radial and axial directions.
PAR  Located within the axial bore 8 of the inner race ring 4 of the Radiax
      bearing is the homokinetic joint, generally depicted by the numeral 12
      secured to the driving axle 17. The homokinetic joint is located generally
      in line with the ball bearings of the Radiax unit and thus within the
      transverse plane of the Radiax bearing. The homokinetic joint comprises an
      outer driven member 11 and an inner driving member 13 between which a
      plurality of balls 14 are arranged. The opposing faces of the driven
      member 11 and the driving member 13 are provided with race grooves 15 and
      16 of predefined suitable configuration so that the balls 14 are capable
      of transmitting the power or torque from the driving member 13 to the
      driven member 11. The driving member 13 of the homokinetic joint 12 is
      secured to the axle 17 by suitable keying or splining and is retained
      thereon by a ring type fastener. The opposing race surfaces of the driven
      and driving members 11 and 13 respectively are curved in cross section so
      that the axle 17 and the Radiax bearing are permitting slight degrees of
      pivotal movement relative to each other while simultaneously rotating
      under the transmission of power via the balls 14.
PAR  The face of the bore 8 of the inner race ring of the Radiax bearing is
      provided with keyway sections 9 which act in conjunction with
      corresponding keyway profiled sections 10 formed on the outer surface of
      the driven member 11 of the homokinetic joint 12. In general the keyways
      comprise axially extending gear-like teeth and valleys. The keyways may
      also take the form of axially extending splines. The keyways thus mate and
      engage permitting conjoint rotation of the driven member 11 of the
      homokinetic joint and the inner race ring 4 of the Radiax supporting
      bearing 2. The keyway sections 9 open to the axial frontal edge of the
      inner race ring 1 and thus permit the axial relative movement of the inner
      race ring 4 with respect to the driven member 11 of the homokinetic joint.
      The homokinetic joint and the Radiax bearing are thus permitted a degree
      of shifting during operational function and are easily separated from each
      other when disassembly of the arrangement is required.
PAR  In the embodiment shown in FIG. 2 the arrangement is similar to that of
      FIG. 1 except here, the inner race ring 4' is provided having a funnel
      shaped or cup-shaped radial enlargement 18 at its axial end extending into
      an annular wall 19 which extends over and surrounds the driven member 11
      of the homokinetic joint 12. As seen in FIG. 2 the radial extent of the
      homokinetic joint 12 is larger than that shown in FIG. 1 and instead of
      being set within the bore of the inner race member 4' generally in the
      transverse plane of the Radiar bearing, it is axially offset outside of
      the Radiax bearing.
PAR  The inner surface of the annular wall 19 is provided with axial recesses or
      grooves forming the keyway sections 9 while the outer surface of the
      driven member 11 is formed with similar keyway surfaces 10, all in the
      manner described with regard to FIG. 1. The inner race ring 4' is mounted
      directly about the hub 20 of the wheel by providing mating keyway teeth 21
      on the corresponding opposite surfaces of the race ring 4' and the hub 20.
      Instead of teeth suitable splining or similar keyway configurations can be
      employed. FIG. 2 also shows the use of suitable seal and covering members
      for both the Radiax bearing as well as the homokinetic joint. The assembly
      of the wheel to the hub 20 is also indicated. In general, however, the
      construction of FIG. 2 and of FIG. 1, not described in detail herein,
      follow the conventional and well known techniques for mounting motor
      vehicle wheels which are to be driven. As seen further in FIG. 2 the
      Radiax bearing includes a cage for holding the ball elements. Various
      Radiax or combined axial-radial bearings may be employed other than the
      particular type shown.
PAR  The present invention is characterized by providing an arrangement wherein
      the Radiax bearing and the homokinetic joint are maintained independent
      and separable from each other. The interface surfaces between the bearing
      and the homokinetic joint are provided with mating keyways 9 and 10 which
      cooperate to provide conjoint rotation but enable axial shifting and axial
      removal of the two elements one from each other. Thus the present
      invention provides the ability of separating the wheel bearing support
      unit from the homokinetic joint and enables the replacement of any damaged
      part without the necessity of discarding the entire assembly. Moreover,
      the relative axial movement permitted between the Radiax bearing and the
      homokinetic joint, within predefined limits thus enables the assembly to
      compensate for any variations in the position of the driving shaft or axle
      17 under normal road driving conditions and thus reduces the possibility
      of damage and breakage.
PAR  Various modifications, forms and changes have been suggested in the
      preceding description and disclosure of the present invention. Other
      modifications, changes will be obvious to those skilled in the present
      art. It is intended therefore that the present disclosure be taken as
      illustrative only of the invention and not as limiting of its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arrangement for supporting the wheel or the hub of a driven wheel of
      a motor vehicle on the chassis thereof and for driving the wheel through a
      rotating axle comprising a homokinetic joint having an inner driving
      member secured to said axle and an outer driven member, a bearing
      comprising an outer race ring fixedly secured to said vehicle chassis, an
      inner race ring secured to said hub for rotation therewith, said inner
      race ring having a bore, the contiguous surfaces of said bore and of said
      driven member having mating keyways along their length cooperating to
      slidably interconnect said respective inner race ring and said driven
      member for simultaneous conjoint rotary movement and relative axial
      shifting there along during operation to permit relative axial movement
      between said bearing and said homokinetic joint.
NUM  2.
PAR  2. The arrangement according to claim 1 wherein said keyway comprises axial
      teeth formed on the surface of the respective members.
NUM  3.
PAR  3. The arrangement according to claim 1 wherein the driving member and the
      driven member of said homokinetic joint comprise annular race rings
      between which a plurality of ball bearings are located, said race rings
      having curved surfaces permitting said members to pivot with respect to
      each other about a central point.
NUM  4.
PAR  4. The arrangement according to claim 1 wherein said support bearing
      includes a double row of ball bearings and said race members have race
      surfaces inclined to the axis of rotation for absorbing both radial and
      axial loads.
NUM  5.
PAR  5. The arrangement according to claim 4 wherein said inner and outer race
      members are provided with radially extending flanges, the flange of said
      outer race ring being removably secured to said vehicle chassis, the
      flange of the inner race ring being removably secured to said wheel or
      wheel hub.
NUM  6.
PAR  6. The arrangement according to claim 5 wherein said inner race ring
      comprises an annulus and the bore of said inner race ring is the inner
      bore of said annulus, said homokinetic joint extending within said bore
      and in line with the plane of rotation of said bearing.
NUM  7.
PAR  7. The arrangement according to claim 1 wherein said inner race ring is
      provided at one of its axial ends with a radially widened annular wall
      extending over said driven member, the inner surface of said wall forming
      said bore and being provided with said cooperating keyway.
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ABST
PAL  A foot operated control for operating an accelerator and braking means of a
      motor driven vehicle through actuation of a single suspended pedal. A
      brake lever associated with the vehicle braking means is mounted at one
      end to a shaft pivotally supported in a mounting bracket and carrying a
      pivot pin adjacent the other end, the brake lever providing vehicle
      braking action when pivoted in a first direction; an accelerator lever
      associated with the vehicle carburetor and mounted on the brake lever
      pivot pin so as to be pivotal in an opposite direction to cause
      acceleration of the vehicle; and a provision for preventing the two levers
      from concurrently actuating the associated braking means and carburetor to
      avoid simultaneous functioning of the system to accelerate the motor while
      applying the brakes to decelerate or stop the automobile. There is also
      disclosed a foot pad assembly for the foot operated control which
      precludes vehicle acceleration when the foot control is unattended.
PARN
PAR  This is a continuation of application Ser. No. 148,179, filed May 28, 1971,
      now abandoned, which is a continuation of Ser. No. 826,554, filed May 21,
      1969, now abandoned.
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PAR  This invention relates generally to foot operated controls employed in
      moving vehicles, such as an automobile, and more specifically to brake and
      accelerator controls for controlling the operation of the vehicle internal
      engine carburetor through operation of an associated accelerator lever and
      for controlling the operation of the vehicle brake means through an
      associated brake lever. In a conventional vehicle foot operated controls
      presently employed in automobiles, and the like, a first pedal is employed
      for operating the vehicle accelerator lever while a second pedal is
      provided for operating the vehicle brake lever. In an emergency, the
      operator of the automobile must remove his foot from the accelerator
      pedal, transfer it to the brake pedal and then depress the brake pedal
      until the brakes are applied.
PAR  It is well known, that in emergencies, an accident may often result because
      of the reaction time of the driver between awareness of the danger
      requiring the vehicle to stop and operation by the driver of the vehicle
      braking means. A portion of this reaction time is directly related to the
      time in which the driver can remove his foot from one foot control pedal
      to the other. When a vehicle is traveling at high speed, considerable
      distance is covered by the vehicle during this reaction time in which the
      driver is transferring his foot from one pedal to another. Many accidents
      could be avoided if the reaction time required for the application of the
      vehicle braking means associated with the vehicle could be reduced. It is
      therefore the principal object of the present invention to provide a foot
      operated control for operating accelerator and braking means of a motor
      driven vehicle through operation of a single pedal so as to reduce the
      reaction time necessary for the driver to actuate the vehicle deceleration
      system and bring the vehicle to a stop.
PAR  It is another object of the present invention to provide a foot operated
      control of the above-described type in which a single foot operated
      suspended pedal is operated to control both accelerator and brake levers
      without removal of the driver's foot from the pedal.
PAR  It is yet another object of the present invention to provide a foot
      operated control of the above-described type and in which depression of a
      suspended pedal mounted levers provides successive deactuation of the
      accelerator means and actuation of the vehicle braking means.
PAR  It is another object of the present invention to provide a foot operated
      control of the above-described type so that handicapped drivers can
      operate the same as normal drivers.
PAR  Another object of the present invention is to provide a foot operated
      control of the above-described type located on the center floor space so
      the driver has the choice to operate the vehicle with his right or left
      foot when traveling long distances and rest his fatigued leg.
PAR  Yet one more object of the present invention is to provide a foot operated
      control of the above-described type including a foot pad assembly which is
      associated with the lower portion of the accelerator lever so that
      depression thereof automatically operates the carburetor throttle but
      recalls such carburetor throttle into an idling position when the driver
      removes his foot from the pad assembly or it is unattended.
PAR  It is another object of the present invention to provide a foot operated
      control of the above-described type including a cam and follower mechanism
      which controls the positioning of the accelerator and brake levers so no
      interferences between acceleration and braking operations occur.
PAR  Yet one more object of the present invention is to provide a foot operated
      control of the above-described type including electronic components
      associated with a battery power source so that the engine is automatically
      decelerated to an idling condition when the driver's foot is removed from
      the associated foot pad mechanism.
PAR  It is another object of the present invention to provide a foot operated
      control of the above-described type which is more easily operated than the
      conventional system, such new operation comprising the steps of depressing
      the foot pedal for braking action, releasing the foot pedal to an engine
      or idling condition with further or additional releasing of the foot pedal
      causing acceleration of the vehicle so that the driver can easily
      accelerate or decelerate and brake, quickly, smoothly and firmly.
PAR  There is another final object of the present invention to provide a foot
      operated control of the abovedescribed type which includes electronic
      components or means with associated electrical circuitry, so that, when
      the driver turns the ignition key to "ON" position, the accelerator lever
      automatically places the carburetor throttle in an idling condition
      requiring the driver to first depress the combination accelerator and
      brake lever before a subsequent motion thereof can be obtained.
PAR  Generally stated, the foot operated control for operating accelerator and
      braking means of a motor driven vehicle through operation of a single
      pedal, according to the present invention includes a shaft, which is
      adapted to be mounted to a conventional brake lever mounting bracket
      presently in use in automobiles, a brake lever associated with the vehicle
      braking system and mounted adjacent one end to the shaft and carrying a
      pivot pin adjacent the other end, the brake lever actuating the vehicle
      braking system when pivoted in a first direction about the shaft, an
      accelerator lever associated with the vehicle accelerator means mounted on
      the brake lever pivot pin adjacent one end of the accelerator lever, such
      accelerator lever actuating the vehicle accelerator means when pivoted in
      one direction about the pivot pin, and provision for preventing pivotal
      movement of the brake lever in the first direction when the accelerator
      lever has been pivoted in its one operative direction, so that the vehicle
      accelerator and brake systems can be only mutually exclusively operated,
      thereby providing a foot operated control in which a single pedal is
      operated to control both vehicle functions. The invention further
      contemplates the provision of a pivotally mounted pad assembly or
      mechanism and associated means for selectively preventing actuation of the
      accelerator lever irrespective of the position of the brake lever and to
      prevent actuation of the accelerator lever when the pedal is unattended.
      There is also provided, a pivotable portion of the accelerator lever
      adjacent to one of its end mounted and engaged to a secondary shaft of
      said accelerator lever by a connecting pin, which pin is actuated by a
      solenoid so that when the driver removes his foot, the solenoid is
      energized by the pad mechanism associated with a switch actuator normally
      closed and an urging biasing means mounted on said secondary shaft will
      force backwards said portion of the accelerator lever and recall the
      throttle linkage, and at the end of such recall stroke, a secondary
      normally closed switch mounted on said lever portion will open the
      circuitry to de-energize said solenoid actuator.
PAR  Other objects and advantages of this invention will be readily apparent
      from the following description when considered in connection with the
      appended drawings.
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PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of an exemplary embodiment of a foot
      operated control apparatus for operating throttle and braking means of a
      motor driven vehicle in accordance with the present invention showing the
      brake lever in a brake means unapplied position, the accelerator lever in
      an idling throttle position and the associated foot pedal in a foot
      unattended position;
PAR  FIG. 2 is a front elevational view of the foot operated control apparatus
      of FIG. 1;
PAR  FIG. 3 is a right side elevational view of the foot operated control of
      FIG. 2 taken therein along the plane III--III;
PAR  FIG. 4 is a detail view, partially in section, of the right hand side of
      the foot operated control apparatus of FIG. 2 taken therein along the
      plane IV--IV;
PAR  FIG. 5 is a detail view, partially in section, of the lower end of the foot
      operated control apparatus of FIG. 3 taken therein along the plane V--V;
PAR  FIG. 6 is a detail view of the means for mounting the brake lever means
      showing a main shaft thereof mounted to an otherwise conventional brake
      lever mounting bracket of a motor vehicle;
PAR  FIG. 7 is a detail view of a portion of the apparatus of FIG. 1,
      particularly the cam member and associated stop pin comprising a portion
      of the exemplary brake lever stop means of the apparatus of FIG. 1 in a
      position preventing movement of the associated brake lever means;
PAR  FIG. 8 is a detail view of the apparatus of FIG. 7 showing the exemplary
      cam member pivoted relative to the associated stop pin to allow concurrent
      movement of the associated brake and accelerator levers in a depressive
      motion to apply the vehicle associated braking means;
PAR  FIG. 9 is a somewhat fragmentary side elevation of the apparatus of FIG. 1
      showing foot attended movement of the foot pedal and accelerator lever
      from an engine idling position in phantom line to a full throttle applied
      position;
PAR  FIG. 10 shows the apparatus of FIG. 9 with the associated throttle lever
      moved to a motor idling position automatically upon removal of the
      operator's foot from the pedal of the apparatus;
PAR  FIG. 11 is a schematic representation of concurrent depressive movement of
      the accelerator and brake lever means to apply the vehicle braking means;
PAR  FIG. 12 is a schematic representation of the apparatus of FIG. 11 with the
      brake lever in a brake unapplied position and the accelerator lever in a
      throttle full open position;
PAR  FIG. 13 is a schematic representation of the apparatus of FIG. 12 with the
      associated pedal in a foot unattended position; and
PAR  FIG. 14 is an electrical schematic representation of an exemplary
      electrical circuit means utilized in the exemplary embodiment of apparatus
      of FIGS. 1 through 13.
DETD
PAR  A detailed explanation of a preferred exemplary embodiment of foot operated
      control apparatus in accordance with the present invention will now be
      made. However, before getting into the specific details of the exemplary
      embodiment, a general detailed explanation will be made with regard to the
      schematic representations of the exemplary apparatus presented in FIGS.
      11, 12 and 13.
PAR  Referring first to FIG. 11, a brake lever means 22 is pivoted at its upper
      end on an arbor or main shaft 32, which in turn is secured to a mounting
      bracket indicated generally at 20. Brake lever means 22 controlling
      braking means is associated by rod 42 with a conventional power cylinder
      41 of a vehicle braking system. Movement of brake lever 22 about its pivot
      at 32 in a clockwise direction, as indicated by the arrow in FIG. 11, a
      depressive movement applies the vehicle braking means in a conventional
      manner.
PAR  An accelerator lever means 21 controlling the throttle power supply means
      is pivoted by pivot pin 46 on the brake lever for a limited pivotal
      movement thereon, such pivotal movement being limited by the stop pin 45
      also provided on the brake lever. A foot pedal 111 is mounted at the lower
      end of the accelerator lever 21 located adjacent and selectively operable
      with said brake lever. It can be seen, therefore, that depressive movement
      of pedal 111 will be transmitted through accelerator lever 21, stop pin 45
      and brake lever 22 to the brake means applying rod 42.
PAR  In accordance with the present invention, and as illustrated in FIG. 12, an
      upward or counterclockwise pivotal movement of accelerator 21 relative to
      the brake lever 22 causes acceleration of the vehicle. As will be
      described in greater detail hereinafter, accelerator lever 21 is
      associated with the carburetor of the motor of the vehicle to move the
      throttle to a full open position when the accelerator lever 21 is allowed
      to pivot upwardly relative to brake lever 22 into the position of FIG. 12.
      However, as a safety feature, should the operator inadvertently remove his
      foot from the accelerator lever pedal, the pedal 111 is biased and urged
      to pivot away from the lever 21, as seen in FIG. 13, and actuate
      associated means for causing the motor throttle to be returned to an
      engine idling position.
PAR  In the general operation of the control apparatus of the present invention,
      therefore, a depressive concurrent movement of accelerator lever means 21
      and brake lever means 22 causes application of the vehicle braking means
      while a pivotal movement of accelerator lever means 21 relative to brake
      lever means 22 causes acceleration or deceleration of the vehicle motor
      means. With the foregoing general description of the relative functioning
      of the combined accelerator and braking functions in the single foot
      operated control apparatus of the present invention, a detailed
      explanation of the preferred exemplary embodiment thereof will now be
      made.
PAR  Referring now to FIGS. 1, 2 and 3, the preferred exemplary embodiment of
      foot operated control apparatus in accordance with the present invention
      comprises a housing indicated generally at 20, which may be provided by
      the conventional brake lever mounting bracket in present day automobiles,
      an accelerator lever means indicated generally at 21, a brake lever means
      indicated generally at 22 and a foot pedal means and associated mounting
      assembly indicated generally at 23.
PAR  The housing or mounting bracket 20 includes a pair of sidewalls 24 and 25
      integrally formed with the front or top wall 26. Mounting flanges 27 and
      28 provided on the sidewalls 24 and 25, respectively, are shown mounted by
      bolts 29 to the vertical forward firewall 30 of a conventional motor
      driven vehicle. It will of course be understood that the housing or
      mounting bracket may be otherwise constructed or located in the vehicle
      depending upon the type of motor vehicle in which the present apparatus is
      utilized. It is contemplated that the control apparatus of the present
      invention will be preferably located with respect to the interior
      floorboard of the vehicle so that the vehicle operator can conveniently
      rest the heel of his foot at a convenient and relaxing angle while
      allowing him to actuate the foot operated control through the arcuate
      movement thereof as more full described hereinafter.
PAR  Means are provided for mounting the brake lever means indicated generally
      at 22 in the vehicle in association with the vehicle braking means to
      operate the braking means in response to pivotal movement of the brake
      lever means. As seen in FIGS. 1, 2 and 3, such brake lever mounting means
      include the provision of an arbor or main shaft assembly, illustrated
      generally at 31 in FIGS. 1 and 2 and shown in detail in FIG. 6, supported
      by the housing or mounting bracket 20. As best seen in FIG. 6, bolt 32 is
      inserted through suitable openings in the bracket sidewalls 24 and 25 with
      bushings 33 and 34 rotatably mounting a hollow shaft 35 about bolt 32 and
      between bracket sidewalls 24 and 25. The upper end of brake lever 22 is
      fixedly secured to this pivotally mounted hollow shaft 35 for pivotal
      movement about the axis of bolt 32. Bolt 32 is provided with a threaded
      end 36, protruding outwardly of bracket sidewall 25, to receive a locking
      nut 38 thereon. A spacing washer 37 may be provided between nut 38 and
      sidewall 25. As seen in FIG. 2, a flat surface 39 may be provided on this
      elongated hollow nut 38 to facilitate attachment of a wrench for turning
      the nut onto bolt 32.
PAR  Brake lever means 22 is thus mounted relative to the housing or bracket
      means indicated generally at 20 for pivotal movement about its upper end
      relative to the vertical firewall or forward floorboards 30 of a
      conventional motor vehicle. The control apparatus of the present invention
      is intended for use on vehicles which include conventional braking means
      which may include hydraulic braking or power brake systems including a
      vacuum power cylinder 41 as illustrated in FIG. 1. Power cylinder 41 is
      provided with an operating rod 42 extending through the floorboard or
      vertical firewall 30. This operating rod is pivotally connected to the
      brake lever means 22 by mounting a swivel head portion 43 of rod 42 on a
      pivot pin 44 provided on brake lever 22 at a location spaced from the
      pivotal axis of the brake lever provided by the axis of bolt 32.
      Depression of brake lever 22, as seen in FIG. 1, causes an inward movement
      of operating rod 42 into the hydraulic pump or master cylinder, or vacuum
      power cylinder 41 illustrated, so as to actuate the associated vehicle
      braking means.
PAR  In the exemplary embodiment, the brake lever means 22 also mounts an
      accelerator stop pin 45, an accelerator lever mounting pivot pin 46 and an
      arbor 47 as best seen in FIG. 2. Each of these pins and arbor may be
      fixedly mounted to lever 22, as by a press fit therein. The function of
      each of these pins and arbor will be explained hereinafter.
PAR  As particularly contemplated within the present invention, accelerator
      lever means, indicated generally at 21, are pivotally mounted on the brake
      lever means indicated generally at 22. In the exemplary embodiment, the
      accelerator lever means 21 are pivotally mounted by pivot pin 46 on a
      lower end of the brake lever 22, and is associated with the vehicle
      accelerator means. The term "vehicle accelerator means" is used herein to
      refer and include the carburetor of an internal combustion engine, as seen
      in FIG. 9, for example, of the vehicle and the associated mechanisms for
      actuating the carburetor so as to control the power output of the internal
      combustion engine in the conventional manner. As best seen in FIG. 2,
      accelerator lever means 21 includes a yoke having a first arm 64, on the
      left side of brake lever 22, and a second arm 58 disposed on the opposite,
      right, side of brake lever 22. As seen in FIG. 2, arm 58 has an upper
      extension 58'  which is operably associated with a control rod 87
      connected to the engine carburetor throttle in a manner hereinafter
      explained.
PAR  Accelerator stop means are provided on the brake lever means for limiting
      the pivotal movement of the accelerator lever means relative to the brake
      lever means so that concurrent depressive movement of the accelerator and
      brake lever means can be effected through depression of the foot pedal 111
      mounted on the accelerator means. In the exemplary embodiment, such
      accelerator stop means includes the stop pin 45 provided on brake lever 22
      as seen in FIGS. 1 and 2. Associated stop surfaces with concave portions
      65 are provided at the upper end portions of each of yoke arms 64 and 58
      as seen in FIGS. 1 and 2. Clockwise rotation of lever 21 about its pivot
      pin 46 is limited by contact of the stop surface 65 with pin 45. Such
      engagement is illustrated in the schematical representation of FIG. 11
      wherein depression of pedal 111 causes concurrent movement of levers 21
      and 22 to allow application of the vehicle braking means.
PAR  The accelerator lever means, indicated generally at 21, is associated with
      the vehicle throttle means for operating the vehicle throttle in response
      to the aforedescribed pivotal movement relative to the brake lever means
      22. As seen in FIG. 2, arm 58 is provided in the exemplary embodiment with
      a prolonged, crank arm, portion 58' on the right hand side of brake lever
      22.. A shaft 66 is mounted on the upper end of crank arm 58'. The portion
      of the accelerator 22. including portions 58 and 58' may be considered
      lower portions of the accelerator lever. A separately movable upper lever
      portion 67 is provided in the exemplary embodiment, pivotally mounted on
      the aforementioned shaft 66. As described more fully hereinafter, lever 67
      is normally connected to the lower lever portions 58 and 58' for
      concurrent pivotal movement therewith about pin 46. Connecting means are
      provided for connecting the upper lever portion 67 with the lower lever
      portion 58' of the accelerator lever means for common pivotal movement
      thereof in response to movement of the foot pedal 111. In the exemplary
      embodiment, such connecting means include the provision of a solenoid 68
      mounted on the upper portion or actuating lever portion 67 of the
      accelerator lever means. Solenoid 68 includes a movable member 69, as best
      seen in FIGS. 2 and 3, having connecting pin means 70 at the lower end
      thereof to engage in a pin keeper means or slot 72. Spring 71 loads
      connecting pin means 70 so that when upper lever portion 67 is in a
      straight, aligned position with regard to crank arm 58', the connecting
      pin means 70 will locate in the slot or pin keeper 72. The upper and lower
      ends of the accelerator lever means are thereby normally connected
      together for concurrent rotation about pin 46.
PAR  The upper end of the lever 67 is provided with a shaft or horizontally
      extending bar 73 which carries a driving roller 76 between end washers 74
      and 75 on an outer end thereof. As best seen in FIG. 9, pivotal movement
      of the accelerator lever means about pin 46 causes an arcuate movement of
      the upper end of upper lever portion 67. This arcuate movement of the
      upper end of lever 67 is translated into a horizontal movement of control
      rod 87 through the provision of driving roller 76 within a vertical slot
      in depending slotted link 121. Roller 76 rides up and down within the slot
      in link 121 translating the arcuate movement of the upper end of lever 67
      into the horizontal translational movement of rod 87, as can be seen from
      a comparison of FIGS. 9 and 10.
PAR  Referring to FIGS. 1 and 9, control rod 87 is associated with the throttle
      means of the vehicle carburetor in the exemplary embodiment. Slotted link
      121 is mounted to control rod by a conventional nut as illustrated.
      Control rod 87 is mounted for horizontal movement through bushing 114
      secured by locking nut 115 to the vehicle floorboard or firewall 30. A
      flat 116 is illustrated for facilitating fitting a wrench to nut 115. A
      resilient shock absorber element 117 is preferably provided on nut 115, as
      seen in FIGS. 1 and 9. The throttle rod 120 is connected by a ball joint
      119 and coupling assembly 118 to control rod 87, the coupling assembly 118
      abutting shock absorber 117 when the accelerator lever is moved to an
      engine idling position.
PAR  The exemplary vehicle carburetor means, as seen in FIG. 9, includes a
      throttle rod 120 having a threaded end 122 connected to a tapped link 123.
      Adjustable connecting link 123 has a side swivel 124 with a bolt and nut
      connected to the slotted end of the associated throttle lever 125.
      Throttle lever 125 is pivotally mounted on shaft 126. Shaft 126 is
      attached to bracket 127 which is mounted by screws 128 to the carburetor
      flange or boss 129. The upper opposite end of throttle lever 125 is
      connected to the equalizer link 130 through a swivel pin 131 and the use
      of conventional washers and cotter pin. Equalizer link 130 is in turn
      connected to the carburetor throttle lever 132 by swivel pin 133 and
      associated conventional washers and a cotter pin. The carburetor body is
      indicated at 134.
PAR  From the foregoing, it can be seen that an upward movement of pedal 111 in
      a counterclockwise direction about pivot pin 46, as viewed in FIG. 9,
      causes an opening of the throttle power supply means of the carburetor to
      accelerate the vehicle engine in response to the driver's selective
      operating movement. Initial depression of pedal 111 from the position of
      FIG. 9, into the position of accelerator lever means 21 of FIG. 11 caused
      deceleration of the vehicle motor. Thereafter, concurrent depression of
      accelerator lever 21 and brake lever 22 causes application of the vehicle
      braking means.
PAR  Means sequentially limiting the structural functional operations are
      provided for preventing the concurrent actuation of the vehicle braking
      means when the accelerator lever is being depressed from a motor
      accelerated position. As further particularly contemplated within the
      present invention, means are provided for preventing operation of the
      vehicle braking means to apply the vehicle braking means until the
      accelerator lever means has been pivoted relative to the brake lever means
      into a throttle closed or engine idling position. Referring to FIG. 9, the
      accelerator lever means 21 is shown pivoted in a counterclockwise
      direction relative to the brake lever means 22, stop surface 65 being
      illustrated out of engagement with stop pin 45. In this position of the
      accelerator lever 21 relative to brake lever 22, the engine throttle is
      fully open so that the vehicle is being operated at maximum engine speed.
      In order to decelerate or stop the vehicle, the operator depresses the
      pedal 111, in order to decelerate the engine and apply the braking means.
      However, in order to prevent the premature application of the vehicle
      braking means before the engine has been decelerated, brake lever stop
      means are provided in association with the brake lever means and
      accelerator means for preventing movement of the brake lever means to
      apply the brake means until the accelerator means has been moved to its
      engine idling position, i.e, when lever 21 is pivoted relative to lever 22
      to bring surface 65 into contact with pin 45.
PAR  In the exemplary embodiment, the aforementioned brake lever stop means are
      provided by pivotally mounting a cam member, indicated generally at 48, on
      an arbor 47 carried by the brake lever 22. Cam 48 may be mounted to arbor
      47 by snap ring 49, as best seen in FIG. 4. A follower 56 is rotatably
      mounted by an arbor and a conventional lock washer and nut to the sidewall
      25 of the mounting bracket as seen in FIGS. 2 and 4. With the cam member
      48 in the position illustrated in FIGS. 2 and 4, its forward arcuate
      surface 50 abuts cam follower 56 preventing pivotal movement of brake
      lever 22 about its upper pivotal end, counterclockwise in FIG. 4. Cam
      member 48 is biased by urging means 54 into this brake lever locking
      position on FIGS. 2 and 4. As best seen in FIG. 4, a pin 53 is mounted on
      the side of the cam member and receives the lower end of urging means 54.
      The upper end of urging means 54, as seen in FIG. 2, is mounted on the
      slotted end 40 of nut 38 previously described in association with the main
      shaft or arbor assembly indicated generally at 31. The bias thus provided
      on member 48 tends to rotate it counterclockwise about its axis of
      rotation provided by the axis of arbor 47. An adjustable stop pin 59,
      including a fitted body portion 60, is mounted on a flange 61 on bracket
      sidewall 25 to limit such counterclockwise rotation of cam member 48.
PAR  The aformentioned cam member 48 is also associated with the previously
      described accelerator lever means so that movement of the accelerator
      lever means into its aligned engagement with the brake lever means not
      only places the engine in an idling condition but also pivots the cam
      member 48 into position allowing movement of the brake lever 22 in a
      direction to apply the vehicle braking means. As seen in FIG. 4, a cam
      roller 57 is mounted on a horizontal portion of crank arm 58' of the
      accelerator lever means to underlie cam surface 52. The cam member and
      associated brake lever and accelerator lever means are illustrated in FIG.
      7 when viewed from the opposite direction as that in FIG. 4. On pivotal
      movement of the accelerator lever 21 relative to the brake lever 22 into
      the aligned position shown in FIG. 8, follower or rounded seat member 57
      rotates cam member 48 about its arbor 47 until the stationary cam follower
      56 rolls over surface 50 onto surface 51. Concurrent depressive movement
      of levers 21 and 22, as illustrated in FIG. 8, is thereafter allowed with
      the cam member riding under cam follower 56. Such depression of the levers
      21 and 22 is accomplished by the operator pressing on the foot pedal 111
      against the outward spring bias provided to the actuating rod 42.
PAR  Brake lever 22 in the exemplary embodiment is also provided with a pin 62
      mounted adjacent arbor 47. A spring 63, as best seen in FIG. 1, is hooked
      at one end onto pin 62 and at the other end to an adjustable screw, not
      illustrated, preferably located on the vehicle dash panel. Spring 63
      functions to absorb the brake lever end play and is suggested only for
      vehicles equipped with power brakes. The spring bias for the brake lever
      to move it counterclockwise in FIG. 1 is provided by the conventional
      biasing means associated with control rod 42 in the conventional vehicle.
      Such upward movement of the foot pedal 111 and associated brake lever
      causes a return of the cam member 48 under the urging of its associated
      urging means 54 to the active position illustrated on FIGS. 1 through 4.
PAR  As further particularly contemplated within the present invention, means
      releasably connecting the accelerator lever with the throttle power supply
      means are provided; the foot pedal assembly is associated with accelerator
      deactivating means so that the engine or motor of the vehicle is
      automatically decelerated to an engine idling position in the event that
      the operator purposely or inadvertently removes his foot from the foot
      operated control apparatus of the present invention. In the preferred
      exemplary embodiment, such is accomplished through the provision of
      activating means selectively releasing the accelerator lever from said
      throttle means irrespective of the positioning of the brake and/or
      accelerator levers including: a pedal mounting assembly for pivotally
      mounting the pedal on the lower end of the accelerator lever and
      associated electrical circuitry means connected to the aforementioned
      solenoid means for automatically disconnecting the upper and lower
      portions of the accelerator lever on release of the foot pedal and to the
      provision of urging biasing means 84 for biasing the upper portion of the
      accelerator lever to move the throttle to an engine idling position.
PAR  Referring to FIGS. 1, 2, 3 and 5, the exemplary foot pedal assembly 23
      includes a mounting arm 105 of generally L-shape with the upper leg of the
      L secured between the lower ends of accelerator lever arms 64 and 58 by
      means of riveting, as at 106 and 107. The lower leg of L-shaped member 105
      mounts a fixed plate 108 which has a depending, somewhat U-shaped portion
      109 at the upper end thereof when viewed in FIG. 1. A connecting shaft 113
      is pivotally mounted in the U of member 109, such connecting shaft being
      secured in arm 102 upon which foot pedal 111 is mounted. Foot pedal 111
      therefore pivots on connecting shaft 113 relative to the stationary plate
      108. The upper surface of pedal 111 is provided with a rubber layer 110 to
      provide an anti-slip contact surface for the operator's foot. The
      underside of pedal 111 is provided with a plate 112 which engages fixed
      plate 108 when the pedal is depressed thereon. A layer of resilient
      material 135 may be provided on the upper surface of plate 108 to cause a
      more silent operation of the assembly when plate 112 is pivoted down upon
      the support or fixed plate 108.
PAR  The lower end of arm 102, as seen in FIG. 3, is associated with a normally
      closed electrical switch 91 which in turn is associated with the solenoid
      means 68 which normally holds the upper and lower lever portions 67 and
      58' of the accelerator lever means in connected relation. As seen in FIG.
      3, normally closed electrical switch 91 is mounted to accelerator lever
      lower portion 58. This normally closed switch 91 is illustrated
      schematically in the electrical diagram of FIG. 14. In FIGS. 2 and 14,
      positive lead wire 81 is shown connected into switch 91. As best seen in
      FIG. 4, switch 91 includes an insulated housing 92 with an insulated
      bushing 93 mounting an actuator shaft 94. Shaft 94 carries a terminal
      contact taper 95 which can seat on contact into taper bushing 96 and is
      normally in contact with terminal contact taper 95 due to the biasing
      means 100 on shaft 94, which is located within the housing 92, and biasing
      means 100. Spring 97 seats against insulated cover housing 98. Actuator
      shaft 94 has a prolongation 99, as best seen in FIG. 3, such prolongation
      being constructed of an insulated and self-lubricating material
      preferably. Prolongation 99 is adjustably mounted by a threaded connection
      on the lower end of shaft 94 so that the biasing means 100, which is
      located between housing 92 and a flange of prolongation 99 can be adjusted
      as required. The prolongation 99 is provided at its end with a
      clevis-groove 101 with a 180.degree. radius on the groove bottom to be
      operably actuatable by the tongue of pivot arm 102, such tongue locating
      in the clevis-groove.
PAR  From the foregoing, it can be seen that the foot pedal 111 is biased into a
      raised position under the urging of biasing means 100 interposed between
      the housing 92 and prolongation 99 engaging pedal arm 102. Depression of
      pedal 111 against fixed plate 108 causes shaft 94 and taper contact 95 to
      break away from taper bushing contact bushing 96 in FIG. 4, breaking the
      contacts off in the electrical switch 91 in FIG. 14. Therefore, when the
      operator purposely or inadvertently lifts his foot off the pedal 111, as
      explained more fully hereinafter, the electrical circuit of FIG. 14 is
      closed by a closing of switch 91 which operates the solenoid 68 to cause
      deceleration of the engine vehicle to an idling position of adjustment.
PAR  As discussed previously, solenoid connecting pin means 70 is normally
      engaged in the pin keeper or slot 72 to maintain the upper lever portion
      67 and lower lever portion 58, 58' of the accelerator means in connected
      relation. This "connected" relation is seen in FIG. 9. Referring
      particularly to FIGS. 2 and 7, urging biasing means 84 is operably
      associated with the upper and lower lever portions of the accelerator
      lever means to cause pivotal movement of the upper lever 67 about shaft 66
      relative to lower lever portion 58' upon removal of connecting pin means
      70 from pin keeper or slot 72. The upper end of urging biasing means 84,
      as seen in FIGS. 2 and 7, is engaged upon a pin 86 secured to upper lever
      67. A central body portion of urging biasing means 84 is wrapped about and
      mounted on a left hand prolongation 82 of shaft 66, and end flange 83
      being mounted on shaft prolongation 82. The lower end of urging biasing
      means 84, as best seen in FIG. 7, engages against stationary pin 85
      mounted on flange 83. Uring biasing means 84 therefore biases the upper
      lever portion 67 to pivot on shaft 66 from the position of FIG. 9 into the
      positions of FIGS. 3, 7 or 10 when the connecting means provided by means
      70 and pin keeper 72 are disengaged. Therefore, when solenoid 68 is
      energized, as by closing of switch 91 on removal of the operator's foot
      from the pedal 111, connecting pin means 70 is recalled, unlocking
      actuator lever 67 from the lower lever portion. Actuating lever 67 then is
      rotated clockwise about shaft 66, in FIG. 7, to move the associated
      throttle actuating rod 87 outwardly of the firewall into an engine idling
      position, as seen best in FIG. 10.
PAR  Upon the aforedescribed pivotal movement of upper lever 67 about shaft 66,
      another electrical contact provided is broken causing de-energization of
      the solenoid and the return of its connecting pin means 70 to an extended
      position under the associated spring bias 71. On subsequent depression of
      the foot pedal to bring the lower accelerator lever portion into alignment
      with the upper lever portion, the de-activated means 70 will snap into the
      pin keeper slot 72 again connecting the upper and lower lever portions for
      concurrent movement. In the exemplary embodiment, such additional contact
      means is provided by a flexible leaf switch, arm or contact 77 mounted by
      insulating material to the lower end of upper lever portion 67 as seen in
      FIGS. 2 and 3. Flexible leaf 77 normally rests in closed position over
      contact plate 79 which is mounted by insulation material 80 to the side of
      the upper end of crank arm portion 58', also as seen in FIG. 2. As seen in
      FIGS. 2 and 14, the positive lead wire 81 is run from the switch 91 to
      contact plate 79. Leaf arm 77 is connected by lead line 78 to the positive
      side of solenoid 68. The negative side of solenoid 68 is connected by lead
      line 103 to ground, as to the firewall bolt 104. In addition, as
      illustrated in FIG. 14, solenoid 68 is preferably provided with an arc
      suppressor diode capacitor 88 of the Zener diode design in the preferred
      exemplary embodiment.
PAR  Referring to FIG. 14, the preferred exemplary electrical circuitry for the
      foot operated control apparatus of the present invention includes a
      positive lead line run from the conventional 12-volt D.C. battery power
      source provided in conventional automobiles. The positive lead line is
      extended to the ignition switch of the vehicle and through the fuse panel.
      Positive line 81 is then connected from the fuse to the normally closed
      foot operated pedal switch 91, which is actually held open by the presence
      of the operator's foot. Line 81 is then continued to the second normally
      closed switch 77, 79 associated between the upper and lower portions of
      the accelerator lever adjacent the solenoid 68. Line 78 from contact 77
      runs to the solenoid and from there by line 103 to ground bolt 104. It has
      been found desirable to use an arc suppressor 88 to eliminate arcing that
      can be caused by reverse voltage spikes produced when the circuit to the
      solenoid is discontinued.
PAR  From the foregoing, it can be seen that when the foot operated control is
      unattended or the driver's foot is accidentally removed from the pedal,
      switch 91 is allowed to move to its normally closed position actuating
      solenoid 68 to recall connecting pin means 70 from slot 72 as previously
      described. Urging biasing means 84 then biases actuator lever 67 to
      withdraw the throttle actuator lever 87 to an engine idling position
      independently of the position of the lower portions of the accelerator
      lever 58 and the associated foot operated pedal. Upon such relative
      movement of the upper and lower lever portions 67 and 58' respectively,
      the normally closed switch 77, 79 opens de-energizing the solenoid and
      allowing return of the connecting pin means to its normally projected
      position. Should the driver then depress the foot pedal to bring the lower
      and upper accelerator lever portions into alignment, pin means 70 will
      snap into slot 72 and the upper and lower lever portions will be again
      locked in aligned connected relation for selective operation of the
      throttle of the carburetor through movement of the control apparatus pedal
      111.
PAR  The operation of the aforedescribed exemplary embodiment of foot control
      apparatus during normal driving conditions will now be explained. With the
      apparatus in the position of FIG. 1, as noted previously, the accelerator
      lever is in a position where the throttle is partially open. This allows
      for the supply of gas normally provided to the carburetor on starting the
      engine. Starting from the position of FIG. 1, the operator first places
      his foot on pedal 111 pivoting it down upon the fixed plate 108. The
      accelerator lever pivots relative to brake lever 22, pivoting cam member
      48 as aforedescribed to allow further depression of both accelerator lever
      and brake lever to apply the brakes. Of course it is not necessary to
      apply the brakes at the time of starting the car, so the operator may
      merely wish to pump the pedal assembly and associated accelerator lever 21
      relative to stationary brake lever 22 at the time he turns on the
      ignition. It should be noted that in the event the operator turns the
      ignition to on without placing his foot on the pedal, the solenoid 68 will
      be instantaneously energized to place the throttle in an idling speed as
      opposed to a somewhat higher engine operating speed for the throttle
      illustrated in FIG. 1.
PAR  After starting the vehicle, and placing the transmission selector lever in
      the desired location, the vehicle engine may be accelerated by allowing a
      gradual raising of the pedal and associated accelerator lever 21 under the
      control of the operator's foot under urging of an associated urging means
      on the accelerator lever. At any time when it becomes necessary or
      desirable to decelerate and/or stop the vehicle, a downward depression of
      the single pedal will initially cause deceleration of the engine and
      thereafter application of the vehicle braking means. Simultaneous
      application of the vehicle braking means and acceleration of the vehicle
      motor are prevented through the aforedescribed brake lever stop means,
      including cam member 48, associated with the brake lever and accelerator
      lever means. Having stopped the vehicle, or starting from a stopped
      position, a gradual or more rapid releasing of the foot pedal, at the
      operator's discretion, will first release the brake means associated with
      the vehicle and thereafter cause acceleration of the engine of the
      vehicle.
PAR  It can be seen from the foregoing detailed explanation of a preferred
      exemplary embodiment of the foot operated control apparatus of the present
      invention that the objects recited initially herein have been attained.
      The foot operated control of the present invention may be operated to
      brake or decelerate the vehicle at a maximum rate with a minimum reaction
      time requirement on the part of the operator. The operator is allowed to
      use his foot on a single foot pedal to immediately cause engine
      deceleration and braking without the need for moving his foot from a
      separate accelerator pedal brake pedal. Moreover, it is believed to be a
      natural human reaction to depress a foot pedal to cause engine
      deceleration and braking and to cause acceleration to a foot pedal
      releasing or raising movement.
PAR  Having thus described a preferred exemplary embodiment of the foot operated
      control apparatus in accordance with the present invention, it should be
      noted by those skilled in the art that other modifications and variations
      of the present invention may be made in light of the within teachings and
      disclosure. It is therefore to be understood that the scope of the present
      invention is limited only and defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A foot operated control apparatus for operating throttle and brake means
      of a motor driven vehicle through the operation of a single pedal, said
      apparatus comprising:
PA1  a brake lever and means for mounting said brake lever in a motor driven
      vehicle in association with the brake means of the vehicle to operate said
      brake means in response to movement of said brake lever;
PA1  an accelerator lever and means for mounting the intermediate portion of
      said accelerator lever on said brake lever for limited pivotal movement
      relative thereto;
PA1  foot pedal means on said accelerator lever;
PA1  means associated with the vehicle throttle means and said accelerator lever
      for operating said throttle means in response to pivotal movement of said
      accelerator lever mounted on said brake lever to accelerate and decelerate
      the motor of said vehicle by movement of said pedal means, concurrent
      movement of said brake lever and said accelerator lever by said pedal
      operating to apply or release the brake means of said vehicle; and
PA1  urging means, means connecting said urging means with said throttle means
      and said accelerator lever to raise said pedal relative to said brake
      lever toward a full open throttle position so that the vehicle operator,
      by his foot, can control acceleration by governing the raising of said
      pedal means due to the actuation of said urging means and thereafter
      decelerate the vehicle engine toward idling condition and subsequently
      apply the vehicle brake means through a single continuous depression of
      said pedal means.
NUM  2.
PAR  2. The foot operated control apparatus of claim 1 wherein said foot pedal
      means is provided adjacent one end of said accelerator lever and said
      means for mounting said foot pedal comprises:
PA1  a connection between a portion of said accelerator lever and said foot
      pedal, said foot pedal depending from said connection for generally upward
      and downward movement about said connection.
NUM  3.
PAR  3. In brake and accelerator controls for operating a motor driven vehicle
      as defined in claim 1 wherein said accelerator lever and said brake lever
      includes:
PA1  means sequentially limiting the structural functional movements of said
      accelerator lever and said throttle means from the structural functional
      movements of said vehicle's brake and braking means, preventing concurrent
      acceleration and braking, allowing deceleration toward idling and
      subsequent braking, and brakes releasing and subsequent acceleration.
NUM  4.
PAR  4. In brake and accelerator controls for operating a motor driven vehicle
      as defined in claim 1 wherein said accelerator lever adjacent to said
      brake lever includes:
PA1  means connecting the accelerator lever with the throttle means of the
      vehicle, deactivating means selectively releasing said accelerator lever
      connection from said throttle means, conducing said throttle means toward
      idling condition irrespective of the positioning of said brake lever, said
      braking means, said accelerator lever and said throttle means.
NUM  5.
PAR  5. In a foot operated control apparatus for operating throttle and brake
      means of a motor driven vehicle through the operation of a single pedal,
      said apparatus having a brake lever and means for mounting said brake
      lever in a motor driven vehicle in association with the brake means of the
      vehicle to operate said brake means in response to movement of said brake
      lever, an accelerator lever and means for mounting the intermediate
      portion of said accelerator lever on said brake lever for pivotal movement
      relative thereto and in association with the vehicle throttle means and
      foot pedal means on said accelerator lever and wherein said accelerator
      lever includes urging means for raising said pedal relative to said brake
      lever and means connecting said urging means with said throttle means to
      operate said throttle means to accelerate the motor of said vehicle and
      depressing movement of said pedal decelerates the motor of said vehicle
      while movement of said accelerator lever concurrently with movement of
      said brake lever operates to apply or release the brake means of said
      vehicle, the improvement comprising a provision of:
PA1  means in association with said brake lever and said accelerator lever for
      preventing movement of said brake lever to actuate said brake means of
      said vehicle when said accelerator lever is being moved by said pedal to
      decelerate said motor through pivotal movement of said accelerator lever
      relative to said brake lever, movement of said accelerator lever to a
      position whereby said thorttle means is moved to a motor idling position
      and operates said preventing means to a second position allowing
      concurrent movement of said brake lever and accelerator lever thereafter
      to apply said brake means and prevent thereafter said accelerator leave to
      actuate said throttle means before said brake means have been completely
      released.
NUM  6.
PAR  6. A foot operated control apparatus as in claim 5 wherein said brake lever
      preventing means comprises:
PA1  a member pivotally mounted on a portion of said brake lever;
PA1  a follower mounted to a portion of said brake lever mounting means and
      positioned relative to said member to prevent movement of said brake lever
      when said member is in a first pivotal position relative to said follower;
      and
PA1  roller means on a portion of said accelerator lever and positioned thereon
      to engage said member and to pivot the same to a second pivotal position
      on movement of said accelerator lever to said motor idling position
      relative to said brake lever, said member being movable past said follower
      allowing movement of said brake lever concurrently with said accelerator
      lever to apply said brake means when said member is in said second pivotal
      position.
NUM  7.
PAR  7. In a foot operated control apparatus for operating throttle and brake
      means of a motor driven vehicle through the operation of a single pedal,
      said apparatus having a brake lever and means for mounting said brake
      lever in a motor driven vehicle in association with the brake means of the
      vehicle to operate said brake means in response to movement of said brake
      lever, an accelerator lever and a foot pedal, and means for mounting the
      intermediate portion of said accelerator lever on said brake lever for
      pivotal movement relative thereto and in association with the vehicle
      throttle means and wherein said accelerator lever includes urging means
      for raising said foot pedal relative to said brake lever and means
      connecting said urging means with said throttle means to operate said
      throttle means to accelerate the motor of said vehicle and depressing
      movement of said foot pedal decelerates the motor of said vehicle while
      movement of said accelerator lever concurrently with movement of said
      brake lever operates to apply or release the brake means of said vehicle,
      the improvement comprising a provision of:
PA1  means for pivotally mounting said foot pedal on said accelerator lever,
      said means for mounting said foot pedal including biasing means for urging
      said foot pedal to pivot away from said accelerator lever; and
PA1  means associated with said foot pedal and said accelerator lever to urge
      said throttle means to an engine idling position in response to pivotal
      movement of said foot pedal away from said accelerator lever under the
      urging of said biasing means, as when said foot pedal is unattended or the
      operator removes his foot from said foot pedal.
NUM  8.
PAR  8. A foot operated control apparatus as in claim 7 wherein:
PA1  said accelerator lever includes separately movable upper and lower lever
      portions thereof, means for biasing said upper lever portion to urge said
      throttle means into a motor idling position and connecting means
      connecting said upper and lower lever portions together for common
      movement in response to movement of said accelerator lever by said foot
      pedal; and
PA1  means are provided in association with said connecting means and said foot
      pedal for operating said connecting means to disconnect said upper and
      lower lever portions on movement of said foot pedal away from said
      accelerator lever to urge said upper lever portion under its bias to place
      said throttle means in said motor idling position when said foot pedal is
      unattended or the operator removes his foot from said foot pedal and
      whereby initial depression of said foot pedal overcoming said urging means
      provides connection between said upper and lower lever portions together
      for common movement in response to movement of said accelerator lever.
NUM  9.
PAR  9. A foot operated control apparatus as in claim 8 wherein:
PA1  said connecting means includes a movable member positioned on one of said
      upper and lower lever portions and keeper means on the other of said lever
      portions, engagement of said movable member in said keeper means holding
      said separately movable upper and lower lever portions aligned for common
      movement thereof; and
PA1  said means for operating said connecting means includes means associated
      with said foot pedal whereby movement of said pedal away from said
      accelerator lever actuates said movable member to withdraw from said
      keeper means.
NUM  10.
PAR  10. A foot operated control for operating throttle and braking means of a
      motor driven vehicle through operation of a single pedal, said control
      comprising:
PA1  a brake lever and means for mounting it for pivotal movement about a fixed
      axis in said vehicle in association with said braking means for limited
      movement between a raised brake released position and a depressed brake
      applied position;
PA1  an accelerator lever, the intermediate portion of said accelerator lever
      pivotally mounted on said brake lever for both concurrent movement
      therewith about said axis and for limited pivotal movement relative to
      said brake lever;
PA1  a foot pedal mounted on said accelerator lever;
PA1  means for connecting said accelerator lever with said throttle means of
      said vehicle to operate said throttle means from a full acceleration
      position to an engine idling position in response to depression of said
      pedal from a fully raised position through said limited pivotal movement
      relative to said brake lever, continued depression of said foot pedal
      thereafter causing concurrent movement of said accelerator leverr and
      brake lever to apply said vehicle braking means; and
PA1  urging means, means connecting said urging means with said throttle means
      and said accelerator lever to raise said pedal relative to said brake
      lever toward a full open throttle position so that the vehicle operator,
      by his foot, can control acceleration by governing the raising of said
      pedal means due to the actuation of said urging means and thereafter
      decelerate the vehicle engine toward idling condition and subsequently
      apply the vehicle brake means through a single continuous depression of
      said pedal means.
NUM  11.
PAR  11. A foot operated control for operating throttle and braking means of a
      motor driven vehicle through operation of a single pedal as in claim 10
      wherein:
PA1  means are provided for preventing depression of said brake lever to apply
      said vehicle braking means when said accelerator lever is being pivoted
      relative to said brake lever to move said throttle means to decelerate
      said vehicle motor.
NUM  12.
PAR  12. A foot operated control for operating throttle and braking means of a
      motor driven vehicle through operation of a single pedal as in claim 8
      wherein:
PA1  said foot pedal is mounted on said accelerator lever for pivotal movvement
      relative thereto;
PA1  biasing means are provided for urging said foot pedal to pivot away from
      said accelerator lever; and
PA1  means are provided for urging said throttle means to an engine idling
      position when the operator removes his foot from said pedal or when the
      ignition key is located in an ON position and said foot pedal is
      unattended.
NUM  13.
PAR  13. A foot operated control for operating braking and throttle means of a
      motor driven vehicle through operation of a single pedal as in claim 12
      wherein said last named means includes:
PA1  a movable member associated with said accelerator lever and activated by
      solenoid means and by electrical circuitry associated with said solenoid
      means and by remote control switching means associated with said foot
      pedal, whereby pivotal movement of said pedal away from said accelerator
      lever actuates said switching means to energize said solenoid means
      causing disengagement of said movable member from said accelerator lever
      and urging said throttle means into a motor idling position and wherein
      thereafter said solenoid means is de-energized by said switching means
      allowing by initial depression of said foot pedal the reengagement of said
      movable member to said accelerator lever.
NUM  14.
PAR  14. In a foot operated control apparatus for operating throttle and brake
      means of a motor vehicle through the operation of a single foot pedal,
      said apparatus having a brake lever and mounting means, said brake lever
      being provided on said mounting means for movement between a brake
      applying position and a brake release position, said brake lever being
      connected to said brake means of the vehicle to operate said brake means
      in response to pivotal movement of said brake lever toward said brake
      applying position, and an accelerator lever having said foot pedal mounted
      thereon, the improvement comprising the provision of:
PA1  means for pivotally suspending the intermediate portion of said accelerator
      lever from said brake lever for limited pivotal movement relative thereto,
      and including a connection between a portion of said accelerator lever and
      said foot pedal, said foot pedal depending from said connection for
      generally upward and downward movement about said connection;
PA1  urging means, means connecting said urging means with said throttle means
      and said accelerator lever for operating said throttle means to accelerate
      the motor of said vehicle in response to upward pivotal raising movement
      of said pedal relative to said brake lever and to decelerate the motor of
      said vehicle in response to said generally downward pivotal depressing
      movement of said pedal relative to said brake lever; and
PA1  means for causing said accelerator lever and brake lever to pivot together
      relative to said mounting means to operate said brake means when said foot
      pedal is depressed beyond the distance allowed by said limited pivotal
      movement provided between said levers.
NUM  15.
PAR  15. In brake and accelerator controls for operating a motor driven vehicle,
      as in claim 12 the improvement comprising:
PA1  means connecting the accelerator lever with the throttle means of the
      vehicle, deactivating means selectively releasing said accelerator lever
      connection from said throttle means, conducing said throttle means toward
      idling condition irrespective of the positioning of said brake lever, said
      braking means, said accelerator lever and said throttle means.
NUM  16.
PAR  16. A foot operated control apparatus for operating throttle and brake
      means of a motor driven vehicle through the operation of a single pedal,
      said apparatus comprising:
PA1  a brake lever and means for mounting said brake lever in a motor driven
      vehicle in association with the brake means of the vehicle to operate said
      brake means in response to depressive movement of said brake lever;
PA1  an accelerator lever and a foot pedal, said foot pedal being mounted on a
      free end of said accelerator lever;
PA1  a connection between a portion of said accelerator lever and said foot
      pedal, said foot pedal depending from said connection for generally upward
      and downward movement about said connection;
PA1  means associated with said brake lever and accelerator lever for limiting
      pivotal movement of said accelerator lever and pedal relative to said
      brake lever causing concurrent movement of said accelerator lever and
      brake lever after a limited pivotal movement of said pedal and accelerator
      lever relative to said brake lever, whereby upward pivotal movement of
      said accelerator lever relative to said brake lever operates said throttle
      means to accelerate and downward pivotal movement decelerate the motor of
      the vehicle while downward movement of said accelerator lever concurrently
      with movement of said brake lever operates the braking means of the
      vehicle; and
PA1  means for urging said accelerator lever and pedal relative to said brake
      lever to raise said lever and pedal in an upward direction after the
      braking means have been completely released.
NUM  17.
PAR  17. In a foot operated control apparatus having an accelerator lever and
      associated foot pedal, the intermediate portion of said accelerator lever
      pivotally mounted on a brake lever with said pedal depending therefrom for
      operating the vehicle engine throttle means in response to pivotal
      movement of the pedal relative to the brake lever and for operating the
      vehicle braking means in response to concurrent movement of the pedal and
      brake lever, the improvement comprising the provision of:
PA1  means in connection with said throttle means and accelerator lever for
      operating said throttle means to accelerate and decelerate the vehicle
      engine in response to pivotal movement of the pedal generally upwardly and
      downwardly relative to said brake lever, respectively; and
PA1  means for urging said accelerator lever and associated pedal generally
      upwardly relative to said brake lever activating said throttle means
      toward an accelerating mode so that the vehicle operator, by his foot, can
      control the operating speed of the vehicle engine by governing said pedal
      raising due to the actuation of said urging means which accelerate said
      vehicle engine and operate said throttle means to a vehicle motor
      decelerating mode and subsequently operate the vehicle brake lever by
      depressing said pedal generally downwardly in a ontinuous single
      depression of said pedal from a raised position relative to said brake
      lever.
NUM  18.
PAR  18. The foot operated control of claim 17 wherein:
PA1  preventing means are provided in association with said brake lever and said
      accelerator lever for preventing movement of said brake lever to apply
      said brake means of said vehicle when said accelerator lever is being
      depressed by said pedal to decelerate said engine through downward pivotal
      movement of said accelerator lever relative to said brake lever, movement
      of said accelerator lever to a position whereby said throttle means is
      placed in a motor idling position and operates said preventing means to a
      position allowing concurrent movement of said brake lever and accelerator
      lever thereafter to actuate said brake means and to prevent thereafter
      said accelerator lever uring means to actuate said throttle means before
      said brake means have been completely released.
NUM  19.
PAR  19. The foot operated control of claim 17 wherein:
PA1  said accelerator lever includes a foot pedal portion pivotally mounted at
      one end to a free end of said accelerator lever and means for biasing said
      foot pedal portion to pivot away from said accelerator lever; and
PA1  deactivating means are associated with said foot pedal portion and said
      accelerator lever to cause movement of said throttle means to an engine
      idling position in response to pivotal movement of said foot pedal portion
      away from said accelerator lever, as when said foot pedal portion is
      unattended or the operator removes his foot from said foot pedal portion.
NUM  20.
PAR  20. The foot operated control apparatus of claim 17 wherein said foot pedal
      means is provided adjacent one end of said accelerator lever and said
      means for mounting said foot pedal comprises:
PA1  a connection between a portion of said accelerator lever and said foot
      pedal, said foot pedal depending from said connection for generally upward
      and downward movement about said connection.
NUM  21.
PAR  21. In a foot operated control apparatus for operating throttle and brake
      means of a motor vehicle through the operation of a single foot pedal,
      said apparatus haveing a brake lever and mounting means, said brake lever
      being provided on said mounting means for movement between a brake
      applying position and a brake release position, said brake lever being
      connected to said brake means of the vehicle to operate said brake means
      in response to pivotal movement of said brake lever toward said brake
      applying position, and an accelerator lever having said foot pedal mounted
      thereon, the improvement comprising the provision of:
PA1  means for pivotally suspending the intermediate portion of said accelerator
      lever from said brake lever for limited pivotal movement relative thereto,
      and including a connection between a portion of said accelerator lever and
      said foot pedal, said foot pedal depending from said connection for
      generally upward and downward movement about said connection;
PA1  urging means, means connecting said urging means with said throttle means
      and said accelerator lever for operating said throttle means to accelerate
      the motor of said vehicle in response to upward pivotal raising movement
      of said pedal relative to said brake lever and to decelerate the motor of
      said vehicle in response to said generally downward pivotal depressing
      movement of said pedal relative to said brake lever;
PA1  means for causing said accelerator lever and brake leaver to pivot together
      relative to said mounting means to operate said brake means when said foot
      pedal is depressed beyond the distance allowed by said limited pivotal
      movement provided between said levers;
PA1  separately movable first and second lever portions in said accelerator
      lever and throttle means, said first portion being associated with said
      throttle means and said second portion being associated with said pedal;
PA1  means for urging said first portion to move said throttle means into a
      motor idling position;
PA1  connecting means for connecting said first and second portions together for
      common movement in response to movement of said pedal; and
PA1  means associated with said connecting means for selectively operating it to
      release said first and second portions to thereby allow movement of said
      first portion under its urging to place said throttle in an engine idling
      position irrespective of the positioning of said pedal.
NUM  22.
PAR  22. A foot operated control for operating throttle and braking means of a
      motor driven vehicle through operation of a single pedal as in claim 21
      wherein:
PA1  said connecting means includes a movable member positioned on one of said
      first and second portions and keeper means on the other of said portions,
      engagement of said movable member in said keeper means holding said
      separately movable first and second portions aligned for common movement
      thereof; and
PA1  said means for operating said connecting means includes means associated
      with said pedal whereby movement of said pedal overcoming said urging
      means provides engagement of said movable member into said keeper means,
      for common movement of said first and second portions in response to
      movement of said accelerator means and throttle means by said pedal.
NUM  23.
PAR  23. A foot operated control for operating throttle and braking means of a
      motor driven vehicle through operation of a single pedal as in claim 18
      wherein said connecting means includes:
PA1  a movable member associated with said first and second portions and
      activated by solenoid means, electrical circuitry associated with said
      solenoid means; and
PA1  remote controlled switching means with means whereby actuation of said
      switching means said solenoid means is operated via said electrical
      circuitry to activate said movable member and to thereby release said
      connecting means and cause disengagement of said movable member from said
      keeper means and allow said urging means of said first portion to place
      said throttle means into a motor idling position.
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ABST
PAL  Remote shift for a vehicle in which a shift lever at a remote station
      operates transmission gears in a motor vehicle by operating a piston and
      valve which produce and control hydraulic pressure which operates
      actuating pistons at the gears.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the design of motor vehicles it is almost mandatory that the gear
      shifting apparatus or transmission be located directly at the output shaft
      of the prime motor. In many cases it is desirable to locate the gear shift
      lever at a position substantially removed from the transmission. Such is
      often the case in connection with an automobile in which the motor is
      mounted adjacent the rear wheels, as in the case of the Volkswagon
      automobile. In such case, it is common practice to use control rods
      leading from the shift lever to the transmission. Such control rods, of
      course, introduce limitations into the system; for instance, the length of
      the rods is somewhat limited. Furthermore, the rods must pass through a
      straight path, thus substantially limiting the nature of the automotive
      design. Remote control devices have been developed, of course, and these
      are mostly of an electrical nature, but are only practical where the
      application is a very expensive one and warrants the cost of electrical
      servo-motors and the like. The problem arises particularly in connection
      with the design of earth moving equipment where, first of all, a rugged
      inexpensive design is desired and, secondly, the operator's cab and the
      drive mechanism are located at opposite ends of the vehicle with intricate
      machinery such as scrapers and the like located between them, so that it
      is impossible to provide a straight path for cables. Futhermore, cables
      and levers wear out and become inoperative due to the presence of dust and
      moisture. These and other difficulties experienced with the prior art
      devices have been obviated in a novel manner by the present invention.
PAR  It is, therefore, an outstanding object of the invention to provide a
      remote shift operating through hydraulic fluid.
PAR  Another object of this invention is the provision of a remote shift in
      which a connection between the gear shift lever and the transmission has a
      path which is of unlimited length and unlimited shape.
PAR  A further object of the present invention is the provision of a remote
      shift using hydraulic principles, which shift is simple in construction,
      inexpensive to manufacture, and which is capable of a long life of useful
      service with a minimum of maintenance.
PAR  A still further object of the invention is the provision of a remote shift
      in which there is no looseness or backlash between the shift handle and
      the actual transmission; in which the shifting action has the feel of a
      direct transmission shift; in which gear shifting can take place very
      rapidly; in which two different modes of shifting are available
      selectively; in which the weight of the apparatus is substantially
      reduced; in which the gear shift handle may be mounted adjustably on the
      vehicle to allow it to be positioned in accordance with the requirements
      of the driver.
PAR  With these and other objects in view, as will be apparent to those skilled
      in the art, the invention resides in the combination of parts set forth in
      the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the invention consists of a remote shift for use in a vehicle
      having an engine and a transmission. The remote shift is provided with a
      housing having a fixed portion and a movable portion, with a shift handle
      pivotally mounted about a first axis on the movable portion of the
      housing, and with a plurality of hydraulic motors located at the
      transmission. A pressure hydraulic line connects each motor to the housing
      and a return hydraulic line connects all of the motors to the housing. The
      movable portion of the housing is mounted on the fixed portion of the
      housing for rotation about a second axis extending at a right angle to the
      said first axis of pivotal rotation of the handle. The rotation of the
      handle about the first axis and the rotation of the handle and the movable
      portion of the housing about the second axis cause pressure to appear in
      the pressure hydraulic lines to operate the hydraulic motors and to
      produce shifting of the vehicle transmission.
PAR  More specifically, the fixed portion of the housing has a bore extending at
      a right angle to the said second axis. A mule piston is slidable in the
      bore and a piston rod extends co-axially of the piston and has a gear rack
      formed on it. The movable portion of the housing has an internal gear
      engaging an idler gear mounted in the fixed portion of the housing which
      in turn engages the gear rack, so that rotation of the handle and the
      movable portion about the said axis causes movement of the mule piston to
      generate pressure in the hydraulic fluid in an actuating circuit.
PAR  Rotation of the handle about the said first axis causes a piston to
      generate pressure in hydraulic fluid in a control circuit. The control
      circuit contains a slidable spool which is moved against a spring by
      hydraulic pressure in the circuit, the position of the spool determining
      the passage of hydraulic pressure into a selected one of the pressure
      hydraulic lines.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view with portions broken away of a remote shift
      incorporating the principles of the present invention,
PAR  FIG. 2 is a vertical sectional view of a portion of a remote shift,
PAR  FIG. 3 is an end elevational view of the said portion of a remote shift,
PAR  FIG. 4 is a horizontal sectional view of the invention taken on the line
      IV--IV of FIG. 3,
PAR  FIG. 5 is a sectional view of a flexible unit incorporating hydraulic
      lines,
PAR  FIG. 6 is a schematic view of the hydraulic circuitry of the invention,
PAR  FIG. 7 is a shift pattern available with the apparatus of the invention,
      and
PAR  FIG. 8 is a variation of the shift pattern available with the apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, wherein are best shown the general features of
      the invention, the remote shift, indicated generally by the reference
      numeral 10, is shown as having a housing 11 which consists of a fixed
      portion 12 and a movable portion 13. A shift handle 14 is pivotally
      mounted on the movable portion 13 for swinging motion about a first
      horizontal axis A--A. A plurality of hydraulic motors 16, 17, and 18 are
      mounted on the transmission of a motor vehicle which transmission serves
      to connect its engine to its drive wheels. The piston rods of the
      hydraulic motors engage the various shifting dogs (not shown) of the
      transmission, while the fixed portion 12 of the housing 11 is mounted at a
      portion of the vehicle body remote from the transmission.
PAR  Pressure hydraulic lines 19, 21, and 22 connect the hydraulic motors 16,
      17, and 18 respectively, to the fixed portion 12 of the housing. A return
      hydraulic line 23 connects all of the motors to the fixed portion 12 of
      the housing. The movable portion 13 of the housing is mounted on the fixed
      portion 12 for rotation about a second horizontal axis B-B extending at a
      right angle to the axis of pivotal rotation of the handle A-A. The housing
      11 would normally be mounted on the vehicle so that the axis B-B extends
      longitudinally of the vehicle with the apparatus located to the right of
      the driver facing forward. The movement of the handle 14 about its axis
      A--A could be described as movement in the "pitch" mode, while movement of
      the handle 14 and the movable portion 13 of the housing about the axis B-B
      could be considered as movement in the "roll" mode. Movement of the handle
      in the pitch mode and in the roll mode in various combinations, causes the
      desired operation of the hydraulic motors 16, 17, and 18 and, therefore,
      brings about the shifting of the transmission through the various gears.
PAR  The fixed portion 12 of the housing is formed with a bore 24 whose axis
      lies at a right angle to the axis B--B and intersects it. Slidable in the
      bore is a mule piston 25 having a piston rod 26, which rod is formed as a
      gear rack 27. The movable portion 13 of the housing is provided with an
      internal gear 28 which engages an idler gear 29 rotatably mounted in the
      fixed portion of the housing and engaging the gear rack 27. Rotation of
      the handle and the movable portion, therefore, about the axis B--B causes
      movement of the mule piston 25 to bring about pressure in hydraulic fluid
      contained in the actuating circuit of the apparatus.
PAR  The movable portion 13 of the housing is formed with a vertical bore 31
      whose axis intersects and extends at a right angle to the axis B--B. In
      this bore is slidably carried a piston 32 which is connected by a link 33
      to the handle 14 at a point spaced horizontally away from the pivotal axis
      A--A, so that movement of the handle (in the pitch mode) about the axis
      A--A generates pressure in hydraulic fluid in a control circuit. A bore 34
      extends lengthwise of the handle 14 and opens onto the free end of the
      handle. A piston 35 is slidable in the bore and has an extension 36
      extending externally of the bore in position to be engaged on occasion by
      the operator's thumb, so that movement of the piston 35 also generates
      pressure in the hydraulic fluid in the control circuit. The control
      circuit also contains a pressure accumulator 37. Included in the control
      circuit is a slidable spool 38 which is moved against a spring 39 by
      hydraulic pressure in the circuit. The position of the spool determines
      the passage of hydraulic pressure from the mule piston 25 into one of the
      pressure hydraulic lines 19, 21, and 22.
PAR  The fixed portion 12 of the housing is provided with a large bore 41 in
      which is rotatably carried a cylindrical element 42 extending from the
      movable portion 13. A smaller bore 43 extends coaxially of and from the
      bottom of the large bore 41. A plate 44 extends across the bottom of the
      large bore. The radial end surface of the cylindrical element 42 slides
      over the surface of the plate 44 as the movable element 13 rotates (in the
      roll mode) about the axis B--B. A check valve 45 mounted in the said
      cylindrical element engages an indentation 47 formed on the plate 44 and
      located to be engaged by the check valve at a point between the extreme
      ends of rotation of the movable element.
PAR  Referring to FIG. 2, it can be seen that the piston 35 is maintained in its
      upper position by hydraulic fluid. A lead spring 49 in the form of a
      U-shaped metal rod causes the handle 14 to be biased to the right in FIG.
      2. A stop screw 51 engages an abutment 52 formed on the handle 14 to limit
      its movement to the left. A small coil spring 53 forms part of the check
      valve 45 to bias the body of the valve to the right.
PAR  In FIG. 3 it can be seen that the fixed portion 12 is provided with two
      inclined stop screws 54 and 55 to limit the rotation of the handle and the
      movable portion 13 (in the roll mode) about the axis B--B.
PAR  FIG. 4 shows the manner in which a discharge side of each of the hydraulic
      motors 16, 17, and 18 are connected together into the return line 23 which
      extends to the fixed portion 12 of the housing. The movable portion 13 of
      the housing is suitably provided with a slot 56 which allows the piston
      rod 26 to extend through it without interfering with its rotation about
      the axis B--B. The spool 38 is provided in the usual way with annular
      grooves which connect the pressure chamber 57 to one of the hydraulic
      lines 19, 21, and 22.
PAR  As shown in FIG. 5 it would be most convenient if the hydraulic lines 19,
      21, 22, and 23 were incorporated into one flexible element 58 which may be
      provided with a metal core 59 for strength.
PAR  FIG. 6 shows particularly well the manner in which the hydraulic elements
      are connected together. The check valve 45 has been reversed for ease in
      understanding.
PAR  The operation of the remote shift will now be readily understood in view of
      the above description. The mechanical motion is carried through the gear
      shift handle 14. The gear shift is pivoted on a shaft 15 for motion (in
      pitch mode) about the axis A--A. The shaft 15, of course, connects the
      handle 14 to the movable housing 13 (which is formed of aluminum) and
      connected to a sintered steel internal gear 28. The movable portion 13, of
      course, is confined and revolved in the fixed housing 12. It allows
      movement of the handle in the pitch mode about the axis A--A and operates
      the piston 32 to produce hydraulic pressure. The roll mode movement of the
      handle 14 actuates the back and forth movement of the mule piston 25 by
      means of the internal spur gear teeth inside of the movable housing 13.
      These teeth mesh with the teeth on the idler 29, which in turn, mesh with
      the rack 27 on the piston rod 26.
PAR  An important function of the apparatus is related to the check valve 45,
      which is contained in the movable portion 13 of the housing. When the
      housing is revolved by operating the handle 14 in the roll mode the check
      valve is controlled by the handle. The fact that it enables the check
      valve to open at the indentation on the plate 44. The indentation is
      positioned at a specific intermediate point on the plate and the check
      valve opens when the head of the valve meets this indentation under
      pressure from the spring 53. The indentation 47 is at the center of the
      range of roll mode motion and this is the "neutral"  position. The roll
      mode motion of the handle is directly related to and coincides with the
      back and forth motion of the mule piston 25 and also operates the check
      valve 45. The pitch motion about the axis A--A controls the movement of
      the piston 32, which in turn, actuates the 3-way directional valve spool
      38. The spool has the three grooves that line up with three slots in a
      sleeve in the bore 43 and the spool moves back and forth to align the
      grooves one at a time with corresponding slots in the sleeve which lead to
      the pressure fluid lines 19, 21, and 22. The directional valve is designed
      to remain in the center position by means of the compression spring 39,
      and this position is the "rest" position.
PAR  It is now evident that the pitch mode motion of the handle 14 controls the
      changing of the gates of the spool 38. Just as the directional valve 38
      has a rest position, so the gear shift in the pitch mode has a rest
      position which is at the center and is maintained in that position by the
      torsion spring 49. This rest position is synchronized with the rest
      position of the spool 38. Therefore, if the operator moves the handle 14
      to one side of the rest position, the first gate is engaged, and moving
      the lever in the other direction of the rest position engages the third
      gate. The three gates of the directional valve 38 control the flow of the
      hydraulic fluid from the chamber 37 of the mule piston 25 to the three
      cylinders or hydraulic motors 16, 17, and 18 which are in turn attached to
      the three shifting dogs on the transmission. The shifting dogs on the
      transmission are designed so that each shifting dog has three positions.
      The first shifting dog has a first gear position, a neutral position, and
      a second gear position. The second shifting dog has a third gear position,
      a neutral position, and a fourth gear position. The third shifting dog has
      a fifth gear position, a neutral position, and a reverse position. It
      should be noted that as one leaves a shifting dog to engage another, the
      former must be left in the neutral position in order to prevent two gears
      engaging at once. Since the 3-way directional valve determines which of
      the shifting dogs will be actuated by the piston 25 and since that
      shifting dog must be left in the neutral position when the directional
      valve changes gates, the directional valve cannot change gates until that
      condition is met. Therefore, since the roll mode motion of the handle 14
      controls the piston 25 which, in turn, controls the hydraulic motors
      connected to the shifting dogs on the transmission, so also the roll mode
      controls the check valve 45. When the gear shift lever is in the neutral
      position, the piston is in the neutral position, the shifting dog is in
      the neutral position, and the check valve is "open" thus allowing the
      operator to change gates in the valve 38. The compression spring 39 on the
      first gate side of the spool acts inside of a check sleeve to stop the
      spool when the first gate groove and slot are aligned. The purpose of the
      spring is to return the spool to the second gate at which point the spring
      and the check sleeve stop and are held in check by the directional valve
      sleeve. For the third gate alignment the directional valve sleeve is
      longer than the spool by an amount equal to the distance the spool must
      move from the center at rest position to align both the third gate groove
      on the spool and the third gate slot on the directional valve sleeve. On
      the end of the third gate side of the sleeve there is a check means to
      stop the spool when the third gate is engaged. The spool returns to the
      rest position (which is the second gate) by means of the torsion spring
      acting simultaneously to return the handle to its rest position.
PAR  In order to operate the gear shift lever or handle 14 to provide a sequence
      of up-shifts starting at first gear, the operator begins at the neutral
      and at the rest positions indicated as N in FIG. 7. He then moves the
      handle West and then North to engage first gear. Then, maintaining a
      slight pressure to the West in order to pevent the directional spool from
      popping into its rest position when the gear shift lever passes the
      neutral position, the lever is moved from North to South in a straight
      line, thus, obtaining second gear. To shift from second gear to third, the
      gear shift lever should be allowed to return to its rest position while
      still engaged in second gear. The handle piston 32 will move in the same
      relationship with the shift piston 25 in order to supply the system with
      fluid evacuated by the piston 32, since the check valve is closed, the
      only way the shift lever can move is by drawing the handle piston 35 down.
      The handle piston will return when the shift lever passes the neutral
      position, thus momentarily opening the check valve and allowing the
      directional spool 38 to pop into the second gate. Then, the lever is moved
      North again in a straight line. To shift into fourth gear the lever is
      moved South in a straight line to engage fourth gear. Shifting from fourth
      gear to fifth, the gear lever is moved to the neutral position and then
      East and then finally North. To engage reverse gear it is only necessary
      to start at the neutral and at rest position, and to move East and then
      South.
PAR  To disengage either fifth gear or reverse gear, the gear shift lever is
      brought to the neutral at rest position. The down-shifts are basically the
      opposite of the up-shifts, except that, when shifting from the second gate
      (third or fourth gear) to the first gate (first or second gear), an
      accumulator is provided. For example, when third gear is engaged and the
      operator wants to shift to second gear, the gear shift lever is moved West
      while still engaged in third gear. The shift piston 32 actuates the
      accumulator 37 (since the check valve is closed) While still maintaining
      the slight amount of pressure to the West, the gear shift lever is moved
      from North to South and, as the lever passes the neutral position,
      momentarily opening the check valve, the preloaded accumulator actuates
      the spool 38 into the first gate thus engaging second gear.
PAR  To further explain the accumulator action, the spring in the accumulator
      piston is designed to have a higher spring rate (pounds per inch of
      deflection) than the directional valve spring 39, so that the shift piston
      or the handle piston will not actuate the accumulator piston instead of
      the directional valve spool during normal operation. The accumulator
      piston can only be actuated when the check valve 45 is closed.
PAR  The handle piston 35, when operated by the actuator button 36, performs the
      same operation as the shift piston 32 in either controlling the
      directional valve while in the neutral positon of the second gate, or
      actuating the accumulator while either third gear or fourth gear is
      engaged. This positions the directional valve spool in the first gate only
      and eliminates the need for moving or positioning the gear shift lever to
      the West. For example, if third gear is engaged and second gear is
      desired, the button on the handle is depressed while the gear shift lever
      is still engaged in third gear, thus preloading the accumulator until a
      North-to-South movement is performed, passing the neutral position,
      opening the check valve momentarily and allowing the accumulator to
      actuate the spool 38 into the first gate thus engaging second gear.
PAR  It can be seen that a specific pattern of gear shifting manipulation is not
      mandatory in that any combination of gear engagements may be performed
      with the knowledge and operation of the gear shifting mechanism of the
      present invention.
PAR  The advantages of the present invention will readily be seen in view of the
      above description. The present invention has succeeded in solving many
      problems by providing a hydraulic system that effectively eliminates the
      possibility of a user inadvertently misjudging and not finding the proper
      gear. Thus, it enables one to take full advantage of the inherent accuracy
      provided by the basic hydraulic gear changing mechanism. It provides an
      improved means for positively and accurately changing gears in a manual
      transmission. A definite advantage of the invention is the quickness and
      speed of changing gears that is possible. Due to its hydraulic structure
      and mechanical design, most shifting is done in a straight line. This is
      also suitable to the sport of automobile racing where such features would
      be a benefit. Due to its hydraulic components, the pattern in which the
      gear shift follows (for instance, going from first gear to second) is
      completely controlled hydraulically. Shifting gears through the hydraulic
      circuit thus insures accuracy and subsequently inspires better driving
      habits. The gate control button on the handle provides a means of changing
      shifting gates in the hydraulic system in addition to the normal operation
      of positioning the gear shift lever. Having eliminated many of the
      mechanical linkages of prior art devices, it is evident that considerable
      weight in the system is also eliminated. Since the connection between the
      gear shifting mechanism and the cylinders on the transmission is a
      flexible hose, the gear shifter can be mounted on a movable base, so that
      one can adjust the gear shift lever to suit the individual's requirements.
      Though a semicomplex system is used, the operation and control of this
      system takes place by the manipulation of one lever. Therefore, the
      operation is quite simple, but, nevertheless, the feeling of the
      synchro-gears and the main gears is still felt in the shifting handle.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by Letters Patent is:
NUM  1.
PAR  1. Remote shift for use in a vehicle having an engine and a transmission,
      comprising
PA1  a. a housing having a fixed portion and a movable portion,
PA1  b. a shift handle pivotally mounted about a first axis on the movable
      portion of the housing,
PA1  c. a plurality of hydraulic motors located at the transmission,
PA1  d. a pressure hydraulic line connecting each motor to the housing,
PA1  e. a return hydraulic line connecting all of the motors to the housing,
PA2  the movable portion of the housing being mounted on the fixed portion of
      the housing for rotation about a second axis extending at a right angle to
      the axis of pivotal rotation of the handle, the rotation of the handle
      about the first axis and the rotation of the handle and the movable
      portion of the housing causing pressure to appear in the pressure
      hydraulic lines to operate the hydraulic motors, the fixed portion of the
      housing having a bore extending at a right angle to the said second axis,
      a mule piston being slidable in the bore, a piston rod extending coaxially
      of the piston and having a gear rack formed thereon, the movable portion
      of the housing having an internal gear engaging an idler gear mounted in
      the fixed portion of the housing and, in turn, engaging the gear rack, so
      that rotation of the handle and the movable portion about the said axis
      causes movement of the mule piston to generate pressure in hydraulic fluid
      in an actuating circuit.
NUM  2.
PAR  2. Remote shift for use in a vehicle having an engine and a transmission,
      comprising
PA1  a. a housing having a fixed portion and a movable portion,
PA1  b. a shift handle pivotally mounted about a first axis on the movable
      portion of the housing,
PA1  c. a plurality of hydraulic motors located at the transmission,
PA1  d. a pressure hydraulic line connecting each motor to the housing,
PA1  e. a return hydraulic line connecting all of the motors to the housing,
PA2  the movable portion of the housing being mounted on the fixed portion of
      the housing for rotation about a second axis extending at a right angle to
      the axis of pivotal rotation of the handle, the rotation of the handle
      about the first axis and the rotation of the handle and the movable
      portion of the housing causing pressure to appear in the pressure
      hydraulic lines to operate the hydraulic motors, the movable portion of
      the housing being formed with a bore extending perpendicular to and spaced
      from the said first axis, a piston being slidable in the bore, a link
      joining the handle to the piston, so that rotation of the handle about the
      said first axis causes the piston to generate pressure in a hydraulic
      fluid in a control circuit.
NUM  3.
PAR  3. Remote shift for use in a vehicle having an engine and a transmission,
      comprising
PA1  a. a housing having a fixed portion and a movable portion,
PA1  b. a shift handle pivotally mounted about a first axis on the movable
      portion of the housing,
PA1  c. a plurality of hydraulic motors located at the transmission,
PA1  d. a pressure hydraulic line connecting each motor to the housing,
PA1  e. a return hydraulic line connecting all the motors to the housing,
PA2  the movable portion of the housing being mounted on the fixed portion of
      the housing for rotation about a second axis extending at a right angle to
      the axis of pivotal rotation of the handle, the rotation of the handle
      about the first axis and the rotation of the handle and the movable
      portion of the housing causing pressure to appear in the pressure
      hydraulic lines to operate the hydraulic motors, a bore extending
      lengthwise of the handle and opening onto the free end of the handle, a
      piston being slidable in the bore and having an extension extending
      externally of the bore in position to be engaged by the operator's thumb,
      so that movement of the piston generates pressure in hydraulic fluid in a
      control circuit.
NUM  4.
PAR  4. Remote shift as recited in claim 3, wherein the control circuit contains
      a pressure accumulator.
NUM  5.
PAR  5. Remote shift as recited in claim 4, wherein the control circuit contains
      a slidable spool which is moved against a spring by hydraulic pressure in
      the circuit, the position of the spool determining the passage of
      hydraulic pressure into one of the pressure hydraulic lines.
NUM  6.
PAR  6. Remote shift as recited in claim 5, wherein the fixed portion is
      provided with a large bore in which is rotatably carried a cylindrical
      element of the movable portion, a smaller bore extending coaxial of and
      extending from the bottom of the large bore, a plate extending across the
      bottom of the large bore, the radial end surface of the cylindrical
      element sliding over the surface of the plate as the movable element
      rotates about the second axis, a check valve mounted in the said
      cylindrical element, the plate having an indentation located to be engaged
      by the check valve for the valves operation at the center of rotation of
      the movable element, the indentation serving as a signal felt through the
      shift lever to assist in determining the neutral position.
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PAL  In a motor vehicle, the presence of laterally acting external forces is
      detected by an appropriate sensing device. The first time derivative of
      the sensed signal is used to initiate steering gear deflection to
      counteract the external deflecting forces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an apparatus for the compensation of crosswind
      forces and of other forces causing a lateral deviation of a motor vehicle
      from its track. The apparatus automatically influences the steering of the
      vehicle, independently of the actuation of the steering mechanism by the
      operator. Especially at high vehicle velocities, the straight running of
      motor vehicles is influenced by crosswind. Especially in vehicles in which
      the point of attack of the resultant wind force and the center of mass of
      the vehicle are separated by some distance in the longitudinal direction
      of the vehicle, the effects of crosswind create a turning moment about the
      vertical axis and this turning moment tends to cause a pivoting of the
      longitudinal vehicle axis from the nominal direction of motion if the
      center of mass is located at the rear. As a result, at high vehicle
      velocities, the vehicle deviates excessively from the nominal track in a
      short time and this effect is in addition to the lateral deviation due to
      the wind. The vehicle operator is therefore obliged to apply a
      counter-steering effort to keep the vehicle running straight.
PAR  When the crosswinds acting on the vehicle fluctuate rapidly in strength
      and/or direction, extraordinary demands are made on the driver's powers of
      attention and traffic safety is impaired because of premature driver
      fatigue.
PAR  Known installations of the types described above have the aim, therefore,
      of changing the oblique running angle of the steering wheels in the sense
      of counter-steering for equalization of wind drift when a crosswind
      influence is present.
PAR  Thus, in a device which has become known for the elimination of crosswind
      sensitivity in motor vehicles, at least one pressure sensor is provided at
      two opposite sides of the vehicle to sense the air pressure created by the
      crosswind and it includes a servo setting member, controlled by the
      differential pressure on the two sides of the vehicle, which displaces the
      front axle carrier with respect to the longitudinal vehicle members and,
      in this way, causes the wheels to turn in the sense of a counter-steering
      effort. This known installation has the disadvantage that
      pressure-actuated operating cylinders of large dimensions are required for
      changing the relative positions of the structural members. This leads to
      high construction costs and space requirements and furthermore, the wheel
      deflection does not always occur smoothly so that the driver is subject to
      irritation.
PAR  In another known installation, a servomotor is coupled to the steering gear
      during the occurrence of a crosswind and superimposes a
      crosswind-dependent compensation torque onto the steering torque provided
      by the driver. This known installation requires only a small space and
      engages smoothly and without jerking if properly designed. Furthermore,
      all known installations for the compensation of crosswind influences are
      such that their action is essentially proportional to the drift forces due
      to the crosswind. The compensating torque, which is superimposed on the
      driver's efforts, is uniformly applied by the equalization system, even
      during extended crosswind influence, and the driver is relieved of the
      necessity to apply a counter-steering effort. However, it is desirable
      that the driver be informed about longer lasting external influences
      acting on his vehicle so that he can adjust his long-term manner of
      driving.
PAR  It is possible, in principle, to design the previously known compensation
      installations in such a way that they compensate for the crosswind
      influences only partially and not to their full extent.
PAR  In that case, it is left to the driver to compensate for a portion of the
      drift by appropriate counter-steering movements and he retains a feeling
      for the crosswind forces acting on the vehicle because of the remaining
      required steering wheel torque. On the other hand, while the driver need
      no longer make large steering motions in order to maintain straight
      running, a portion of his attention is still taken up by the necessity for
      immediate reaction to a sudden onset of wind drift.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention to create an apparatus for the
      compensation of crosswind and of other perturbing forces causing a lateral
      deviation of a motor vehicle, which automatically engages the steering
      mechanism, independently of the actuation of the steering mechanism by the
      driver, and which carries out a steering correction to effect a complete
      short-term compensation of the deviations from the track of the vehicle
      when the perturbing forces causing a lateral deviation are changing. This
      object is attained, according to the invention, in that the apparatus
      includes means for the production of a signal derived directly from the
      crosswind pressure, or else from the actual lateral motion of the vehicle
      due to the crosswind or due to some other perturbing force. The apparatus
      includes means for the production of the first derivative of the signal
      and it further includes a differential transmission assembly to which the
      differentiated signal is applied to produce a steering effort, whose
      direction is in the sense of opposing the externally caused motion of the
      vehicle (counter steering) and whose magnitude is approximately
      proportional to the differentiated signal.
PAR  By using the first time derivative of the measured signal, the apparatus is
      able to compensate rapidly for forces tending to disturb the straight
      running of the motor vehicle and if these forces persist for any length of
      time, it can transmit to the driver either the total compensatory steering
      torque, or a portion thereof, within an adjustable time period, so as to
      inform him about the external forces acting on his vehicle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be better understood and further objects and
      advantages will become more apparent from the ensuing detailed
      specification of a preferred, although only exemplary, embodiment of the
      invention, taken in conjunction with the drawing, wherein FIG. 1 is a
      schematic block diagram of an apparatus for the automatic compensation of
      lateral forces acting on a motor vehicle according to an exemplary
      embodiment of the invention.
PAR  FIG. 2 is a schematic block diagram of a control mechanism with a
      self-locking drive mechanism to couple the control torque to a
      differential transmission gear on the steering shaft which may be used in
      embodiments of the invention; and
PAR  FIG. 3 is a schematic block diagram of a compensation system using an
      electrical superposition of the steering torques due to the driver and the
      compensation system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The schematic block diagram of FIG. 1 shows a control loop for the
      automatic, short-term compensation of lateral accelerations acting on a
      motor vehicle and due to crosswind, road unevenness, and/or other
      perturbing influences which may cause a deviation of the track of the
      vehicle.
PAR  A measuring sensor 1 measures the resultant of the lateral accelerations 1'
      and 8 in a motor vehicle (not shown) due to, among others, the previously
      cited influences. Following the measuring sensor 1 is a differentiator 2
      which differentiates the signal coming from the measuring sensor. The
      differentiated signal, which can be amplified if necessary, is fed to an
      input 4 of a differential transmission 3 which may be embodied as a gear
      train. Another input 5 of this differential transmission is provided with
      a signal related to the position of the steering wheel 7, determined by
      the driver. An output 6 of the differential transmission 3 acts on the
      conventional vehicle steering mechanism (not shown). The deflection of the
      steering mechanism steers the vehicle wheels and results in the exertion
      of a lateral control force on the vehicle, and an associated acceleration
      thereof, designated by the numeral 8. The magnitude of this force is
      related to the oblique running angle of the steered wheels by a function
      which depends, among other factors, on the characteristics of interaction
      of the vehicle' s running gear with the road surface and this mechanism of
      interaction has been designated by the numeral 10.
PAR  The lateral acceleration 8, due to control forces, is superimposed on the
      lateral acceleration 1', due to the external influences, e.g., crosswind,
      and the resultant lateral acceleration, consisting of the sum of the two
      magnitudes 1' and 8, is detected by the measuring sensor 1. As is shown in
      the drawing by broken lines, the measuring sensor 1 and the differentiator
      2 can be combined in single measuring unit 9. The regulation performed by
      the measuring sensor 1 and the differentiator 2 is such that rapidly
      fluctuating perturbing influences, which are produced by crosswind or by
      unevenness in the roadbed, are compensated by an automatic reaction of the
      steering mechanism of the vehicle. Furthermore, the driver's own, overly
      quick, steering wheel deflections are also automatically compensated for.
      In this way, an unstable driving situation is positively prevented. FIG. 2
      shows the differential transmission 3 with its two inputs 4 and 5 and its
      output 6. A self-locking drive mechanism 23 is provided on one side of the
      differential transmission 3; a steering gear mechanism 24 is provided on
      the other side. Automatic engagement in the steering system is achieved
      through the self-locking drive 23.
PAR  Thus, if the automatic compensation should become ineffective, turning
      motions of the steering wheel 7 would remain fully effective for steering
      the vehicle without dragging along the automatic drive mechanism.
PAR  FIG. 3 is a diagram of an electrical version of the embodiment of FIG. 1.
      An electric differential transmission 3' is provided, at its input 4, with
      the parameter values deriving from the measuring unit 9, i.e., from the
      measuring sensor 1 and from the differentiator 2. Input 5 of the electric
      differential transmission is provided with the parameter values coming
      from the steering wheel 7 through a transducer 26. The output 6 is
      connected to a setting motor 25 which engages the steering mechanism
      through the steering gear 24.
PAR  It is to be understood that the invention is not limited to the specific
      description above or specific figures shown, but may be used in other ways
      without departure from its spirit or from its scope as defined by the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for the automatic compensation of lateral accelerations
      acting on a motor vehicle, including a wheel steering mechanism and a
      manual steering wheel and shaft, comprising:
PA1  A. sensor means, attached to the vehicle, to detect and measure the sum of
      the lateral accelerations acting on the vehicle and producing first
      electrical signals representative of said lateral accelerations;
PA1  B. electric differentiating means connected to receive said first signals
      and providing second electrical signals corresponding to the first time
      derivative of said first electrical signals;
PA1  C. differential transmission means which is provided with said second
      electrical signals from said differentiator and with position data from
      said steering shaft of the motor vehicle and which provides a steering
      signal for said steering mechanism of the motor vehicle in response to
      changes in said lateral forces.
NUM  2.
PAR  2. An apparatus according to claim 1 further comprising:
PA1  D. transducer means, associated with said steering shaft, and transforming
      the rotation of said steering shaft into a third electrical signal
      representative of the rotational position of said shaft;
PA1  and wherein said differential transmission is an electric differential
      transmission means connected to said electrical differentiating means and
      to said transducer means, for processing said second signals and said
      third signals and for providing an electrical output control signal; said
      apparatus further comprising:
PA1  E. servo-motor means, connected to receive said output control signal from
      said electric differential transmission, for engaging said steering
      mechanism to deliver a steering effort thereto related to the magnitude of
      said outpt control signal.
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ABST
PAL  A compact rack and pinion steering gear mechanism incorporating an
      overlapping or "piggy-back" configuration. A variable ratio embodiment
      incorporates a substantial ratio change with minimum complication of
      structure by providing relative lateral movement between the rack and
      pinion simultaneously with longitudinal movement of the rack.
BSUM
PAR  This invention relates to improvements in rack and pinion steering gears
      for automotive vehicles, whether of the type arranged transversely and
      having a tie rod extending from each end of the gear to actuate a steered
      wheel, or longitudinally in the vehicle and having a tie rod which
      actuates one steered wheel directly. In both cases a pinion rotated by the
      steering wheel engages a rack and thereby slides a rod axially in
      bearings. The former arrangement is the most widely used in passenger
      cars.
PAR  To date, the arrangement generally used is for the rod to have the rack
      teeth cut therein, an arrangement which has many attendant disadvantages
      which are avoided by the subject invention. For example, the combined
      rack-rod extends from one or both ends of the steering gear, where it is
      ball-jointed to tie rods, which may at times lie at a considerable angle
      to the axis thereof during suspension travel and/or turning of the steered
      wheels. These forces can be very large, and also at a considerable angle,
      tending to cause the rack-rod to move sideways or up and down in its
      bearings.
PAR  When the rack teeth are cut in the rod, it is also a requirement that the
      rack engage the pinion in a slack-free manner at all points of travel of
      the rack-rod and to this end it is general practice that the bearing
      supporting the rack end of the rod be spring-loaded towards the pinion. It
      is the yielding of this spring and associated development of slack between
      the pinion and rack as when tie rod forces are high and angles longer that
      causes the undesirable "rack rattle" characteristic of this type of
      steering gear. The undesirability of having a spring-loaded or "floating"
      rack-rod is even greater in power steered cars, where it is general
      practice to incorporate the power cylinder between the rod bearings, so
      that the rod now becomes a combined piston rod and rack. The seals of the
      cylinder must accommodate the movement of the rack associated with its
      spring-loaded support without leaking, and this poses many problems. A
      further disadvantage of cutting the rack directly into the rod is, of
      course, that the strength of the rod is thereby considerably reduced, and
      must, in consequence, be made larger than if not cut. Similarly, as the
      piston rod-rack normally projects into the wheel arc area protected only
      by a rubber boot, it would be desirable that it be surface-hardened and
      chrome-plated. This could readily be done if the rod were plain, but is
      impractical if the teeth are cut therein.
PAR  A still further complication occurs in some power steered cars in that
      there is insufficient width to accommodate both the rack and the piston
      serially along the axis of the rod together with the necessary clearances,
      after allowance has been made for the length of the tie rods.
PAR  In accordance with the present invention, the several disadvantages noted
      are overcome by separating the rack from the rod and pivotally connecting
      it thereto in a manner which allows for the side movements of the rod
      under load, as well as movement of the rack as a result of mesh adjustment
      between the pinion and rack, each without affecting the other.
PAR  The structure of the present invention also allows parallel positioning of
      the rack with respect to the cylinder in power-steered cars to overcome
      the length problem and sealing problem referred to above. Also, in power
      steered cars, the smaller rod, the hardening and the chrome plating made
      practicable by the absence of teeth reduces operating friction. High
      friction has accounted for the objectionably poor "feel" in many prior
      power rack and pinion steering gears.
PAR  In a further embodiment of this invention, the pivotal connection between
      the rack and the rod is utilized in a unique variable ratio system of a
      characteristic not possible, to my knowledge, with any other rack and
      pinion system. In my prior U.S. Pat. No. 3,753,378 I describe a variable
      ratio rack and helical pinion steering system which provides a change of
      steering ratio near the central position greater than had previously been
      attainable. However, I have found that to match the handling of certain
      automobiles, still more ratio change is desirable, and is attainable in
      accordance with the present invention. In the patent just referred to, the
      rack has different pressure angles at different points along its length.
      Through center, where it is desirable to have the ratio numerically high,
      the pinion and rack teeth are relatively conventional, at about 20.degree.
      pressure angle, and of a relatively small pitch. To give the low ratio in
      the regions of travel away from center, the pressure angle is increased to
      about 50.degree., which increases the pitch of the teeth by about
      one-half. A very small diameter pinion is employed. According to the
      present invention, the rack teeth are all of relatively conventional
      pressure angle and of uniform pitch along the length of the rack. The
      pinion is proportioned according to the desired ratio in the low ratio
      region, and hence, may be considerably larger in diameter (all things
      being equal) than its counterpart pinion made according to the earlier
      patent. This is an important advantage in safety.
PAR  In the central portion of the rack where the ratio is required to be
      numerically high, the ratio is raised by causing relative motion between
      the rack and pinion generally transverse to the axis of the rack. In a
      preferred embodiment the rack is caused to side-slip along the helical
      pinion thereby reducing the effective tooth-to-tooth pitch. This
      side-slipping motion of the rack is accommodated by the pivotal connection
      of the rack to the rod, and is positively achieved by cam faces on the
      sides of the rack engaging suitably placed guides.
PAR  It is, accordingly, an object of the invention to provide an improved,
      compact, efficient, rack and pinion power steering system.
PAR  It is another object of the invention to provide a variable ratio rack and
      pinion power steering system capable of providing substantial ratio change
      through the central, down-the-road range.
DRWD
PAR  Still other objects and features will become apparent from a consideration
      of the attached specification and drawings wherein:
PAR  FIG. 1 is a schematic, generally isometric, view of a steering system of
      the present invention;
PAR  FIG. 2 is a cross-sectional view taken along line II--II of FIG. 1;
PAR  FIG. 3 is a partially broken away plan view of a modified form of the rack
      and pinion power steering system of the present invention;
PAR  FIG. 4 is a side-elevational view of the structure shown in FIG. 3;
PAR  FIG. 5 is a diagrammatic plan view of a rack arrangement illustrating the
      ratio changing aspects of the present invention;
PAR  FIG. 6 is a plan view of the arrangement shown in FIG. 5 with the component
      parts shown in a different position;
PAR  FIG. 7 is a chart showing a ratio curve provided by the structure
      illustrated in FIG. 3;
PAR  FIG. 8 is a cross-sectional view taken along line VI--VI of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows, schematically, an arrangement of a constant ratio rack and
      pinion steering gear according to the invention in which a rod 1
      reciprocates axially in bearings 2, 3, housed at opposite ends of power
      cylinder 4, and is connected through ball joints 5,6, to tie rods 7,8,
      which, in turn, are connected through respective ball joints 9,10, to
      steering arms 11,12, thus causing dirigible wheels 15,16, to steer about
      pivots 17,18. Power is applied to the cylinder 4 via conduits 4a, 4b, and
      conventional power steering valve 19 directing fluid under pressure from a
      conventional source of fluid under pressure (not shown).
PAR  Rod 1 carries a rigid spur or abutment 20 and pivot 21 for the transmission
      of steered movements imparted to the rack 22 by helical pinion 23.
PAR  Pad 24 supports the rack with respect to forces tending to separate the
      rack from the pinion. Side guides 24a, 24b restrain the rack from side
      motion due to the helical teeth, as shown in FIG. 2. In this arrangement,
      in which the rack and pinion gear ratio is constant, the overlapping of
      the power cylinder with the rack, accomplished by the arrangement shown,
      provides a much shorter structure than heretofore possible.
PAR  FIG. 3 shows a modification of the arrangement shown in FIG. 1 to provide
      variable ratio. It will be seen that the rack 22a is no longer straight
      but has a "kink" or "dog's leg" shape at about its mid-travel position.
      Pad 24 supports the rack as before, but without guides 24a, 24b, and the
      side restraint is now provided by rollers 25,26 each bearing on one side
      of the kinked rack.
PAR  FIGS. 5 and 6 serve to illustrate the way in which the side-shifting of the
      rack reduces the effective tooth-to-tooth pitch. They illustrate,
      respectively, the engagement in on-center condition and in right turn
      condition at a point where the ratio is constant.
PAR  In FIGS. 5 and 6 a simplified layout is shown. There line O-A represents
      the center-line of the right turn, constant-ratio section of the rack,
      line O-B is the center-line of the left turn constant ratio section of the
      rack, and line O-C is the center-line of engagement on-center. The pinion
      center-line D-D has been shown here as at an angle of about 68.degree. to
      the direction of travel E-E of the rod, but it may be at some other angle,
      such as 90.degree., if desired, or required to fit a particular vehicle,
      and that change would not affect the principle of operation now described.
      In the specific embodiment of FIGS. 3, 4 and 8, the angle is illustrated
      as 68.degree..
PAR  Assuming that the pinion has six teeth and the pitch of the rack from
      tooth-to-tooth is the same in each section (for example, F=G=H), when the
      pinion is rotated, for example one-sixth of a revolution, the rack will
      travel one tooth's distance, indicated at F or H.
PAR  However, when the pinion is meshed with the rack on-center, with tooth
      contact as at K, and the rack pivots through some angle .theta. due to the
      engagement of the cam faces with rollers 25,26 during longitudinal
      movement of rod 1, the longitudinal rack travel will be J rather than G.
      By suitably contouring the side of the rack, various amounts of rack side
      slip, and hence ratio curves, may be achieved. FIG. 7 shows one such
      curve, where the change of ratio is about 3:2. It is noteworthy that this
      curve can be achieved with the change of angle .theta. of the rack of only
      about 3 degrees.
PAR  It may be more convenient, in practice, to establish a single axis line
      along which the teeth have a constant pitch, such a line being, for
      example, C-E. As the center-lines of the straight portions are at a slight
      angle to this line, typically at about 1-1/2.degree., there will be a
      small difference in "real" pitch amounting to a fraction of 1%, which will
      have an inconsequential effect on the ratio properties.
PAR  Generation of the rack may be carried out in a true facsimile manner. That
      is, a cutter may be used of the same cross-sectional profile as a section
      of the pinion and reciprocated in a gear generating machine in a helical
      manner so as to sweep out in space the envelope of the pinion. The rack
      may then be caused to be moved across the face of such reciprocating
      cutter with a motion imparted to it exactly as desired when installed and
      operating in the steering gear. It then follows that the movement of the
      pivot points would simulate the variable rate of travel which occurs in
      the steering gear if the cutter was rotated incrementally at a constant
      rate.
PAR  A second, somewhat simpler, manner of fabrication is to move the rack along
      a line, for example E-E, in a constant and uniform geared relationship
      with rotation of the same helical cutter which is caused to reciprocate,
      for example, along the line D-D of FIG. 4, and merely cause the pivot
      point O of the rack to rise and fall transverse to the line E-E which
      imparts the necessary changing angle of the teeth as cutting by the
      cutters occurs through the center portion of the rack. With this
      arrangement, no variable rate of cutter speed or rack reciprocation past
      the cutter need be introduced in the generating machine.
PAR  It will, of course, be clear to those skilled in the art of gear generation
      that the helical pinion counterpart cutter may, alternatively, be larger
      in diameter than the pinion ultimately to be used in the steering device.
      Compensations for the slight inaccuracies introduced by such technique are
      well known and may be accomplished conventionally.
PAR  FIGS. 3, 4 and 8 show an improved arrangement for controlling the side
      shifting of the rack. Here the rack is shown in cross-section as having
      beveled faces 122b, 122c comprising cam surfaces. Control of the
      side-shifting motion is through these faces by engagement with mating
      guide rollers 125,126 mounted on each side of the pinion. In practice, it
      is desirable that these washers be segmental-spherical in shape, as shown,
      so as to insure continuous contact with the cam bevels. I have found that
      elimination of all clearance or play in constraining the rack sideways,
      though desirable, may not be critical because, the angle between the rack
      teeth and direction of side shift is close to the friction angle and
      therefore would not automatically result in slack.
PAR  An improved understanding of the compactness of rack and pinion power
      steering provided by the "piggy-back" or overlapping configuration can be
      had from a consideration of the details of FIGS. 3, 4 and 8. There, the
      rod 101 carries, fixed thereto, piston 101a and is supported for
      reciprocal movement in bearings 102 and 103 rigidly mounted via the
      cylinder 104 to the vehicle frame 104a by bolting, welding, or other
      conventional means. The cylinder 104 is constructed of a tube 104b seated
      in bores 104c, 104d and rigidly retained there by means of cap screws 104e
      and retaining nuts 104f on opposite sides of the cylinder. O-ring seals
      104g and 104h prevent leakage around the outside of the tube 104b while
      seals 104i and 104j prevent leakage along the rod 101. Fluid under
      steering pressure may be introduced, selectively, at openings 104k, 1041
      by conventional power steering conduits leading to a conventional power
      steering valve and pressure source.
PAR  The rod 101 carries in an articulated fashion, links 107, 108 via ball
      joints 105, 106 which may take any convenient form but which are
      preferably spring-loaded by springs 105a, 106a. A dust boot 107a, 108a is
      provided to keep dirt out of the system.
PAR  The rack 122 is pivotally carried by pivot 121 and is supported by pad 124.
      In the embodiment shown in FIGS. 3 and 4, the pad 124 passes the rod 101
      loosely therethrough and may be adjusted by way of threaded plug 124a to
      provide the desired snugness. Spring clip 121a maintains rack 122 firmly
      against the abutment shoulder 121b. Reciprocation of the rack 122 is
      accomplished by way of helical pinion 123. To provide variable ratio, the
      rack 122 is kinked at its mid-point, as above described, to provide for
      side-slipping as the pinion rotates the rack through the on-center
      condition as shown in FIG. 3. The side-slipping, as above discussed,
      provides a controlled reduced longitudinal travel of the rack with a given
      degree of pinion rotation through the central, kinked, rack portion. I
      have found that the spherical guides 25,26, coupled with the beveled faces
      122b, 122c, provide an effective snug contact with the rack throughout its
      range of travel.
PAR  Those skilled in the automotive art will appreciate that while the
      illustrated embodiments show right-hand drive vehicle systems such as
      employed in Australia, Japan and Great Britain, the end-for-end reversal
      of parts to provide for use in the typical left-hand drive system employed
      in the United States is easily made. Similarly, parts may be readily
      revised to permit use of the rack and pinion components forward of the
      dirigible wheels, if desired.
PAR  Further embodiments may be constructed within the concepts of the
      invention. For example, the helical pinion may be axially slid along its
      shaft rather than provide the rack with transverse, or side slip movement.
      Such axial pinion movement may be accomplished, for example, by pinion cam
      guide surfaces carried by a uniformly gear toothed rack 22 and extending
      toward the pinion shaft and engaging the ends of the pinion. As the thus
      uniform rack passes under the similarly uniform pinion, the cam guides on
      the rack will engage the ends of the pinion therebetween to shift it
      axially causing an effective ratio change in the rack and pinion gearing.
      Since other variations may readily be made without departing from the
      novel concepts of my invention, I intend that the scope of my invention be
      limited solely by that of the hereinafter attached claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A steering mechanism for movement of a dirigible wheel, comprising a
      reciprocal rod member supported in fixed bearings and connected to said
      wheel for pivotal steering movement of the wheel upon reciprocation of the
      rod, a manually rotatable steering shaft, a pinion gear rotatable with
      said shaft, a reciprocal rack gear separate from said rod and driven by
      said pinion gear along an axis generally parallel to said rod and means
      connecting said rack gear to said rod in a generally longitudinal relation
      to said rod and for allowing transverse relative movement between said
      rack and said rod and substantially no longitudinal relative movement
      therebetween.
NUM  2.
PAR  2. The structure of claim 1 wherein said pinion gear has helical teeth
      thereon, and additional means moving said rack gear transversely of the
      longitudinal axis of said rack gear during at least a portion of the axial
      travel of said rack to thereby vary the effective ratio of the rack and
      pinion gearing.
NUM  3.
PAR  3. The structure of claim 2 wherein said last named means comprises means
      connected for movement with said rack.
NUM  4.
PAR  4. The structure of claim 3 wherein said last named means is cooperable
      with guides fixed axially of said pinion and said steering shaft.
NUM  5.
PAR  5. The structure set forth in claim 4 wherein said guides comprise
      segmental spherical elements rotatable about the axis of said pinion gear
      and contacting said rack gear on opposite beveled sides thereof spaced
      axially of said pinion.
NUM  6.
PAR  6. The structure of claim 2 wherein said rack is connected to said rod by a
      pivot connection permitting transverse movement of said rack about said
      pivot to permit said transverse rack movement.
NUM  7.
PAR  7. The structure of claim 1 wherein piston means is rigidly connected to
      said rod for reciprocal movement in a power cylinder and wherein said rack
      gear overlaps said cylinder in "piggy-back" relation.
NUM  8.
PAR  8. The structure set forth in claim 7 wherein said pinion gear has helical
      teeth thereon, and additional means moving said rack gear transversely of
      the longitudinal axis of said rack gear during at least a portion of the
      axial travel of said rack to thereby vary the effective ratio of the rack
      and pinion gearing.
NUM  9.
PAR  9. The structure of claim 1 wherein said rack gear is positioned between
      said rod and said pinion gear.
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ABST
PAL  A solenoid plunger and a retaining hole lock a selector lever inoperative
      when the transmission is in the neutral or parking position and a safety
      belt of a driver's seat is not worn, without hindering the car engine from
      being started. A switch unrelated to engine ignition and responsive to the
      wearing of the safety belt governs a current flow through the solenoid, so
      that the selector lever becomes operative when the safety belt is worn.
BSUM
PAR  The present invention relates to a device for holding a shift lever of an
      automobile automatic transmission inoperative until a driver completes
      obligatory safety procedures before driving the automobile.
PAR  Automobile drivers in many countries have been obliged to wear safety belts
      to prevent themselves from injuries by the so-called "second collision" in
      collision accidents. It is, however, a regrettable fact that many drivers
      neglect the obligaion because of troublesome steps in wearing seat belts
      and discomfort caused by fastened belts. Consequently, a large portion of
      seat belts currently installed on almost every automobile have gone
      practically worthless.
PAR  In view of such a fact, there have been proposed some devices which give
      warning to an automobile driver and at the same time make it impossible to
      start the car engine if he intends to start the engine without wearing
      seat belts installed on the driver'seat. Such devices, however, have a
      disadvantage that a driver is forced to wear a seat belt whenever he
      intends to start the engine even if he has no intention of driving the
      car. For example, provision of such a device makes engine warming-up
      and/or engine inspection quite inconvenient.
PAR  Accordingly, it is a major object of the present invention to provide a
      device which prevents a driver driving an automobile having an automatic
      transmission but allows him to start the car engine when he does not wear
      a safety belt.
PAR  It is another object of the invention to provide such a device having
      simple construction.
PAR  It is still another object of the invention to provide such a device which
      can be associated with any other procedure for safety to be carried out
      before starting the car.
PAR  A device according to the invention is applicable to an automobile having
      an automatic transmission provided with a linking lever for range
      selection thereof and a manual selector lever for moving the former lever.
PAR  In brief, the device comprises:
PAR  A PLUNGER AND RECEPTACLE ARRANGED TO PREVENT THE SELECTOR LEVER MOVING THE
      LINKING LEVER FROM A POSITION CORRESPONDING TO THE NEUTRAL OR PARKING
      POSITION OF THE TRANSMISSION; AND
PAR  A CONTROL MEANS TO CAUSE THE PLUNGER TO MOVE IN SUCH A MANNER THAT THE
      SELECTOR LEVER IS ALLOWED TO MOVE THE LINKING LEVER TO ANY POSITION WHEN A
      PREDETERMINED PROCEDURE FOR SAFETY IS CARRIED OUT.
PAR  Wearing of a safety belt of a driver's seat is a typical example of the
      predetermined procedure, and the plunger is preferably a solenoid plunger.
PAR  The solenoid plunger is preferably attached to either the selector lever or
      a fixed member for supporting the lever, and the receptacle is formed in
      the corresponding fixed member or selector lever so that the lever may be
      locked with the fixed member when the transmission is in the neutral or
      parking position and the safety belt is unused.
PAR  The control means preferably comprises a relay for governing the solenoid
      and at least two switches which close when the driver's seat is occupied
      and the safety belt is worn, respectively.
DRWD
PAR  Other features and advantages of the invention will become apparent from
      the following detailed description of preferred embodiments thereof with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a front elevation view of a shift lever assembly of an automobile
      automatic transmission provided with a device embodying one form of the
      present invention;
PAR  FIGS. 2 and 3 are partial side views of the assembly of FIG. 1 taken along
      lines 2--2 and 3--3 of FIG. 1, respectively;
PAR  FIG. 4 is a circuit diagram of a control unit for the device of FIG. 1;
PAR  FIG. 5 is a front elevation view of an assembly similar to FIG. 1 showing
      another embodiment of the invention;
PAR  FIGS. 6 and 7 are partial side views taken along line 6--6 and 7--7 of FIG.
      5, respectively;
PAR  FIG. 8 is a front elevation view of an assembly slightly modified from that
      of FIG. 1 showing a still another embodiment of the invention; and
PAR  FIG. 9 is a partial side view taken along the line 9--9 of FIG. 8.
DETD
PAR  The present invention contemplates that automatic transmissions are
      prevailing in current automobiles and that an automatic transmission
      usually allows the automobile engine to be started only when the former is
      set in the neutral or parking position.
PAR  Referring to FIG. 1, a typical selector lever 10 for selecting a range of
      an automatic transmission 11 has a hand grip 12 at an end portion thereof,
      and the other end potion 13 is forked and fixed to an axle 14 which is
      rotatably supported by two positioning plates 15 and 16. A linking lever
      17 extends from the transmission 11 and is fixed to the axle 14. The
      selector lever 10 has a pin 18 extending therefrom parallel to the axle
      14. The pin 18 is inserted into a shaped slot 19 of FIG. 2 formed in the
      first positioning plate 15 to guide the selector lever 10 to and retain it
      in a selected position in a well known manner.
PAR  According to a first preferred embodiment of the invention, a solenoid 20
      having a plunger 21 is attached to the forked portion 13 of the selector
      lever 10, and two receptacles or holes 22 and 23 are formed through the
      second positioning plate 16 as shown in FIG. 3 in such an arangement that
      the plunger 21 may mate with the first hole 22 when the lever 10 is in the
      neutral position and with the second hole 23 in the parking position. The
      solenoid 20 is connected with a DC power source 24 on the vehicle through
      a control unit 25, the circuit diagram of which is presented in FIG. 4. A
      first normally open relay 26 breaks a first circuit 27 for the solenoid
      20, and a second circuit 28 for actuating the first relay 26 has in series
      a normally open second relay 29 and a normally open first switch 30 which
      is responsive to wearing or fastening of a seat belt of a driver's seat.
      An auxiliary circuit 31 having a normally open auxiliary switch 32 is
      preferably provided to the second circuit 28 by-passing the first switch
      30. The auxiliary switch 32 is automatically closed when the automobile is
      running. A third circuit 33 for operating the second relay 29 has a
      normally open second switch 34, which is responsive to occupation of the
      driver's seat, and preferably a third switch 30a which is normally closed
      and opens when the first switch 30 closes. When the third switch 30a is
      employed, the second relay 29 should be of a stick or holding type as
      shown in FIG. 4. Thus, all the three circuits 27, 28 and 33 are kept open
      and the plunger 21 is protruding from the solenoid 20 and received in the
      hole 22 or 23 when the automobile is unoccupied and the selector lever 10
      is positioned in neutral or parking.
PAR  When a person sits in the driver's seat, the second switch 34 is closed and
      the second relay 29 is actuated, but the second circuit 28 still remains
      open. In this state, the person can start the engine, but cannot shift the
      selector lever 10 from the neutral or parking position since the solenoid
      20 is not energized and the plunger 21 is retained in the hole 22 or 23 of
      the positioning plate 16. If the person wants to move the selector lever
      10 to start the car, the person has to wear the seat belt properly so that
      the first switch 30 may also be closed. The second circuit 28 is closed
      only when both the second relay 29 and the first switch 30 are on. The
      establishment of the second circuit 28 causes the first relay 26 to close
      the first circuit 27, and the solenoid 20 retracts the plunger 21 from the
      hole 22 or 23. Consequently, the person can thereafer shift the selector
      lever 10 and naturally the linking lever 17 to any position so long as the
      seat belt is properly worn. The provision of the third switch 30a allows
      the shifting only when the seat belt is fastened subsequently to
      occupation of the seat.
PAR  If the person should take off the seat belt or a certain failure should
      occur in the control unit 25 during driving, the first switch 30 is again
      turned off to cause the solenoid circuit 27 to break and the plunger 21 to
      thrust against the positioning plate 16. Such an action of the plunger 21
      during the car running will possibly disturb the shifting of the selector
      lever 10 and hence should be avoided. It is preferable to provide the
      switch 32, which is associated with a speedometer or a tachometer of the
      car and keeps the by-pass circuit 31, i.e., the security switch 32 closed
      when the velocity of the car movement exceeds a predetermined level, so
      that any operation of the first switch 30 may not influence the first
      relay 26.
PAR  The location of the solenoid 20 with the plunger 21 and the holes 22 and 23
      for the retention of the plunger 21 may be altered from those in the above
      embodiment. In a second preferred embodiment of the invention shown in
      FIGS. 5-7, the solenoid 20 having the plunger 21 is attached to the second
      positioning plate 16, and two holes 22a and 23a of the same function as
      the holes 22 and 23 of FIG. 3 are formed through a side of the forked
      portion 13 of the selector lever 10. It will be apparent that the
      arrangement of FIG. 5 is completely identical with that of FIG. 1 in the
      function thereof.
PAR  FIGS. 8 and 9 show a third embodiment of the invention the function of
      which is slightly different from those of the above embodiments. In this
      device, the linking lever 17 extending from the transmission 11 is not
      fixed to but is loosely fitted on the axle 14 and extends therefrom so
      that an extending portion 17a thereof may stand between and parallel to
      the selector lever 10 and the second positioning plate 16 as seen from
      FIG. 8. The solenoid 20 is attached to the selector lever 10 in a similar
      way to the first embodiment of FIG. 1, and the extending portion 17a of
      the linking lever 17 is provided with two holes 22b  and 23b to mate with
      the plunger 21 when the transmission 11 and the selector lever 10 are
      either in the neutral or parking position. The function mode of either the
      solenoid 20 or the first relay 26 of FIG. 4 is reverse to the previous
      description so that the plunger 21 may be retracted from the hole 22b or
      23b when the second circuit 28 is open, that is, when the seat belt is not
      worn. Accordingly, any movement of the selector lever 10 in such a state
      cannot operate the linking lever 17. The plunger 21 ties the linking lever
      17 with the selector lever 10 and enables the transmission 11 to be
      shifted into any range when the seat belt is worn and the second circuit
      28 is closed. Alternatively, the solenoid 20 may be attached to the
      extending portion 17a, forming the holes 22b and 23b in the opposing wall
      of the forked portion 13 of the selector lever 10.
PAR  Although the function mode of the plunger 21 is altered in the last
      embodiment, the object of compelling a driver to wear a seat belt only
      when the driver intends to really drive the automobile is accomplished
      throughout the above three embodiments of the invention by causing he
      linking lever 17 to be inoperative until the driver wears the seat belt.
      It is to be noted that a device according to the invention, namely, a
      combination of the solenoid 20 having the plunger 12, the
      plunger-retaining holes 22 and 23 and the control unit 25 is quite simple
      in construction and in respective elements.
PAR  In every arrangement of the above description, the holes 22 and 23 may be
      replaced with a shaped slot (not shown). The second circuit 28 of FIG. 4
      may include additional switches or relays (not shown) to keep the linking
      lever 17 inoperative until completion of required safety procedures other
      than wearing of the seat belt such as, for example, locking of the doors
      and making an air-bag system operative.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for preventing an automobile automatic transmission from being
      shifted from one of the neutral and parking positions until a
      predetermined procedure for safety is carried out, the transmission being
      provided with a linking lever for range selection thereof and a manual
      selector lever for moving the linking lever, the device comprising:
PA1  a solenoid plunger attached to said selector lever,
PA1  a receptacle formed in said linking lever, said linking lever being
      normally disengaged with said selector lever, and
PA1  a control means arranged to cause said plunger to be received in said
      receptacle when said predetermined procedure is carried out, and thereby
      connect said linking lever and selector lever together and in which said
      predetermined procedure is the wearing of a safety belt of a drivers seat.
NUM  2.
PAR  2. A device as claimed in claim 1, in which said control means comprises:
PA1  a first electric circuit for operating said solenoid, having a first relay;
PA1  a second electric circuit for operating said first relay, having in series
      a normally open first switch and a normally open second relay, said first
      switch being closed by said wearing of said safety belt; and
PA1  a third electric circuit for operating said second relay having a normally
      open second switch closed by the occupation of said driver's seat;
PA1  said three circuits being connected to a DC power source on the automobile.
NUM  3.
PAR  3. A device as claimed in claim 2, in which said control means further
      comprises a normally closed third switch in said third circuit in series
      with said second switch, said third switch opening when said first switch
      closes, and said second relay being of a selfholding type so that said
      second relay may be prevented from opening when said third switch opens
      after said second switch is closed.
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ABST
PAL  The present disclosure relates to suspension means for supporting the cab
      of a truck on a truck chassis frame. It is disclosed in the environment of
      a tilt cab type truck. The suspension includes a pair of front and a pair
      of rear suspension arms that interconnect the cab and the frame. Front air
      springs are interposed between the front arms and the frame. The rear arms
      are connected to the frame by releaseable latch mechanisms and rear air
      springs are interposed between the latch mechanisms and the cab. An
      anti-roll stabilizer bar extends transversely between the front arms and
      functions to prevent tilting of the cab about a longitudinal roll axis.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  This disclosure relates to improved suspension means for a truck cab that
      isolates road irregularities from the cab and, thereby, enhances driver
      comfort and reduces fatique. In an automobile, the suspension supporting
      the vehicle body upon the wheels is designed to have a low spring rate for
      the principal purpose of providing maximum comfort to the driver and
      passengers of the vehicle. In a truck, springs of high rate are selected
      to support the vehicle load and such springs have limited ability to
      absorb bumps and vibrations. Improvements in truck wheel suspensions have
      been proposed to increase operator comfort. These constructions have been
      only moderately successful because the truck suspension must, first of
      all, support a very substantial vehicle load.
PAR  In view of the state of the art, it is a principal object of this
      disclosure to present a means for supporting a truck cab upon a chassis
      frame that will isolate from the cab vibrations associated with road
      irregularities.
PAC  BRIEF SUMMARY OF THE DISCLOSURE
PAR  The present disclosure relates to an improved means for supporting the cab
      of a truck on a truck chassis frame. For purposes of illustration it is
      disclosed in the environment of a truck having a tilt cab.
PAR  According to the disclosed embodiment of this invention, the cab suspension
      means includes a pair of forward suspension arms that have their ends
      pivotally connected to the cab and to the frame. An air spring and a
      hydraulic shock absorber is interposed between each of the forward
      suspension arms and the frame. A pair of rear suspension arms have their
      upper ends pivotally connected to the cab and their lower ends pivotally
      connected to latch mechanisms that are releaseably secured to the frame.
      An air spring and a hydraulic shock absorber is interposed between each of
      the latch mechanisms and the cab.
PAR  This suspension construction permits the cab to traverse a jounce and
      rebound path relative to the chassis frame and, thereby, isolate from the
      cab bumps and vibrations induced by the encounter of the vehicle wheels
      with road regularities.
PAR  A pneumatic pressure source is connected to each of the air springs. A
      leveling valve associated with each of the front springs regulates the air
      pressure in those springs and a single leveling valve regulates the
      pressure of the two rear springs. The air pressure in the front and rear
      springs is controlled in order to maintain the cab at a constant height
      above the frame.
PAR  A stabilizer bar extends transversely of the vehicle and interconnects the
      two front suspension arms near their pivotal connections with the cab. The
      stabilizer bar functions as an anti-roll device to prevent tilting of the
      cab about a longitudinal roll axis.
PAR  Left and right power cylinders arranged parallel to the front suspension
      arms interconnect the cab and the frame. A hydraulic pressure source and
      control system is connected to the latch mechanisms and to the power
      cylinders. When it is activated, the latches are disengaged and the power
      cylinders are pressurized. This produces a force which urges the cab
      upwardly and forwardly about a transverse tilt axis coinciding with the
      pivotal connection between the front suspension arms and the cab.
PAR  The present invention, rather than merely providing simple rubber mounts or
      similar devices between the cab and the frame, provides a full suspension
      system to assure driver comfort by isolating road vibrations and bumps
      from the cab.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The many objects and advantages of a truck constructed in accordance with
      this invention will become apparent upon consideration of the following
      detailed discussion and the accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view of a tilt cab truck embodying the present
      invention.
PAR  FIG. 2 is a sectional view taken along section line 2--2 of FIG. 1 of a
      portion of the front cab suspension.
PAR  FIG. 3 is a rear elevational view of the rear cab suspension.
PAR  FIG. 4 is a side elevational view showing the cab in a partially tilted
      position.
PAR  FIG. 5 is a perspective view in schematic form of the hydraulic mechanism
      for releasing the latch mechanisms and tilting the cab.
PAR  FIG. 6 is a diagrammatic view of the pneumatic system for regulating air
      pressure in the air springs.
DETD
PAC  DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein the presently preferred embodiment
      of this invention is illustrated, FIG. 1 discloses a tilt cab truck having
      a unique suspension for supporting the cab upon the truck frame. The truck
      of FIG. 1 includes a frame assembly 10 that is supported by a wheel
      suspension on road wheels 12. A truck cab 14 accommodates a vehicle driver
      and is supported on the frame assembly 10 by a cab suspension which will
      be described. The truck of FIG. 1 is of the cab-over-engine type and means
      are provided to tilt the cab forwardly to expose the engine for servicing
      as will also be described.
PAR  The cab 14 is of generally box shape. It is connected to left and right
      frame side rails 16 and 18 by left and right front suspension arms 20 and
      22. The cab 14 includes left and right structural members 24 and 25 which
      support left and right depending brackets 26 and 27. A tie rod 28 extends
      between the brackets 26 and 27. Left and right pivot bushings 30 and 31
      are supported on the tie rod 28 adjacent the brackets 26 and 27. A
      stabilizer tube 32 encloses the tie rod 28 and has its ends pivotally
      supported by the left and right bushings 30 and 31. The forward ends of
      the left and right suspension arms 20 and 22 are secured to the outer ends
      of the stabilizer tube 32. With this structure, the bushings 30, 31
      provide a pivotal connection between the suspension arms 20, 22 and the
      depending cab brackets 26, 27.
PAR  An upstanding bracket 34 is welded to the outside of the left longitudinal
      frame rail 16. The rearward end of the suspension arm 20 is pivotally
      connected to the bracket 34 by means of a resilient pivot bushing 36. In a
      similar manner, an upstanding bracket is welded to the right frame rail 18
      and the right suspension arm 22 is pivotally connected to that bracket by
      a resilient pivot bushing.
PAR  Left and right air springs 38 and 39 are interposed between the left and
      right suspension arms 20 and 22 and the frame assembly 10. A bracket 40 is
      welded to the outside of the left frame rail 16 and the lower end of the
      air spring 38 is mounted on the bracket 40. The upper end of the spring 38
      is connected to the suspension arm 20. In a similar fashion a bracket 42
      is welded to the right frame rail 18 to provide a support for the lower
      end of the right front air spring 39. The upper end of air spring 39 is
      connected to the right front suspension arm 22.
PAR  Left and right front telescopic shock absorbers 44 and 45 have their lower
      ends connected to the left and right frame rails 16 and 18 and their upper
      ends pivotally connected to the suspension arms 20 and 22. The shock
      absorbers 44 and 45 are constructed similar to conventional hydraulic
      automotive shock absorbers to dampen jounce and rebound movement of the
      cab 14 relative to the frame 10. The shock absorbers 44 and 45 contain
      internal jounce and rebound bumpers which limit extreme vertical
      displacement of the cab 14.
PAR  Left and right hydraulic power cylinders 46 and 47 have their forward ends
      pivotally connected to the cab brackets 26 and 27 and their rearward ends
      pivotally connected to the frame brackets 34. The power cylinders 46 and
      47 are arranged parallel to the front suspension arms 20 and 22. The
      cylinders 46 and 47 are connected to the depending brackets 26 and 27 and
      the frame brackets 34 by pivot means having axes that are fixed with
      respect to the brackets. The power cylinders 46 and 47 are constructed to
      be pressurized and, thereby, exert forces upon the cab 14 which will tilt
      it forwardly about the axis of the bushings 30 and 31. The mechanism for
      controlling the power cylinders 46 and 47 is shown in FIG. 5 and will be
      described later.
PAR  Shrouds 50 depend from the left and right sides of the truck cab 14 to
      partially enclose the cab suspension structure. In FIGS. 1 and 4 the left
      shroud 50 is shown removed to expose this structure.
PAR  The suspension for the rear portion of the cab 14 includes left and right
      suspension arms 48 and 49. Left and right support brackets 51 and 52 are
      connected to the cab 14. The forward ends of the suspension arms 48, 49
      are pivotally connected to the brackets 51, 52 by means of resilient pivot
      bushings such as bushing 53. The rearward ends of the left and right rear
      suspension arms 48 and 49 are pivotally connected to support members 54
      and 55 which form part of the latch mechanisms. The support members 54 and
      55 are secured to the left and right frame rails 16 and 18 by means of
      left and right hydraulic actuators 57 and 58 that control latch hooks 60
      and 61 releaseably secured to the support members 54 and 55. The actuators
      57 and 58 are mounted on brackets 62 and 63 secured to the side rails 16
      and 18 and operate in a manner as will be described.
PAR  The suspension for the rear of the cab 14 includes left and right air
      springs 65 and 66. The left spring 65 has its lower end supported on the
      support member 54 and its upper end connected to portion 64 of the cab
      body structure. The air spring 66 is mounted on the right support member
      55 and has its upper end engaging the cab portion 67.
PAR  The rear suspension for the cab 14 is completed by left and right
      telescopic shock absorbers 68 and 69. The shock absorbers 68 and 69 are
      generally of automotive suspension construction and have their upper ends
      pivotally connected to the cab body portions 64 and 67 and their lower
      ends connected to the support members 54 and 55. The shock absorbers 68
      and 69 are designed to dampen jounce and rebound movement of the cab 14
      with respect to the frame 10. They include internal jounce and rebound
      bumpers which function to limit the vertical movement of the cab 14
      relative to the frame 10.
PAR  An air pressure source and an air pressure regulating system for
      controlling the pressure in the front air springs 38, 39 and rear air
      springs 65, 66 is provided as shown in FIG. 6. An air manifold 71 is
      connected to a source of pressurized air such as the pressure tank of the
      truck's air brake system. An air line 72 is connected to the manifold 71
      and to a pressure protection valve 73. Air line 74 extends between the
      valve 73 and an air reservoir tank 75. A front air suspension line 76
      connects with a left front leveling valve 77 which is coupled to the left
      front air spring 38 by conduit 78. The right air spring 39 is joined
      through a conduit 79 to a leveling valve 81. The leveling valve 81 is in
      communication with the front air suspension line 76. A rear air suspension
      line 82 joins the reservoir tank 75 to a single rear leveling valve 83.
      Left and right air suspension lines 83 and 84 a T-fitting 86 join the rear
      air suspension springs 65 and 66 to the leveling valve 82. The operation
      of the air suspension system of FIG. 6 will be described below.
PAR  FIG. 5 illustrates the power system for tilting the cab forwardly in order
      to permit servicing of the engine. The principal components of the
      mechanism are shown in their appropriate relative position. The frame side
      rails 16 and 18 are included in the figure for reference purposes. The
      hydraulic actuators 57 and 58 for the latch hooks 60 and 61 are mounted on
      brackets 62 and 63 on the outboard sides of the rails 16 and 18 as shown
      in FIGS. 1 and 3.
PAR  A manual pump 88 having a control handle 89 is supported on the right side
      rail 18. A return line 90 and a pressure line 91 are coupled to input and
      output ports, respectively, of the pump 88. Pressure line 91 is connected
      to a pressure chamber situated on one side of the piston within the
      extendable power cylinder 47. The return line 90 is connected to the
      chamber on the other side of that piston.
PAR  A T-fitting 92 provides a connection for pressure line 93 which extends to
      the power cylinder 46. Line 93 is coupled to the pressure chamber on one
      side of the piston within the cylinder 46. A T-fitting 94 connects return
      line 96 with return line 90 and the pump 88. Return line 96 is connected
      to the chamber on the other side of the piston within the power cylinder
      46.
PAR  The actuators 57 and 58 are coupled to the pressure line 93 by means of
      T-fitting 97 and 98.
PAC  OPERATION
PAR  During normal operation of the truck of FIG. 1, the cab 14 is maintained at
      a constant height above the frame assembly 10 by inflating the forward air
      springs 38, 39 and the rear air springs 65, 66 to an appropriate pressure.
      Referring to FIG. 6, the air reservoir tank 75 receives air pressure from
      a pressure source such as the vehicle's air brake system. The protection
      valve 73 is provided to protect the integrity of the air brake system in
      the unlikely event there is a leak in the air suspension system. The front
      leveling valves 77 and 81 are coupled to the reservoir tank 75. These
      valves sense the spacing between the front of the cab 14 and the frame
      assembly 10. They admit or exhaust air pressure from the front air springs
      38 and 39 in an appropriate amount to maintain the cab 14 at a constant
      height above the frame 14 when the load in the cab 14 changes. The air
      springs 38 and 39 have a rubber sleeve or boot which defines an air
      chamber. The air springs 38, 39 are expanded and contracted in accordance
      with changes in their internal air pressure. The leveling valves 77 and 81
      may be located within the air springs 38 and 39 or separately therefrom.
PAR  The rear air springs 65 and 66 are exapndable and contractable in their
      height in response to changes in their air pressure. The rear leveling
      valve 82 is connected to the air pressure reservoir tank 75 and feeds air
      to, or bleeds air from, the springs 65 and 66 in accordance with the
      spacing which the valve senses between the cab 14 and the frame assembly
      10. The leveling valve 82 contains valve means which prevent the air
      springs from being deflated below a certain desired miminum air pressure.
PAR  When the vehicle of FIG. 1 is being driven over an irregular road the cargo
      of the vehicle is supported on the frame 10 which, in turn, is resiliently
      supported on the wheels 12 by high rate stiff suspension springs. In order
      to provide the vehicle operator in the cab 14 with maximum comfort the
      present cab suspension system is provided. The cab 14 will move up and
      down relative to the frame 10 as permitted by the articulation of the
      front suspension arms 20, 22 and the rear suspension arms 48, 49. The
      front air springs 38, 39 and the rear air springs 65, 66 have a relatively
      low spring rate whereby the jounce and vibration of the frame assembly 10
      is effectively isolated from the cab 14. The air springs 38, 39, 65 and 66
      resiliently support the cab 14 and the front shock absorbers 44, 45 and
      the rear shock absorbers 68, 69 dampen the movement of the cab 14. These
      shock absorbers contain internal jounce and rebound bumpers which limit
      the extent of up and down movement of the cab 14.
PAR  The disclosed arrangement of air springs and suspension arms permits
      greater jounce and rebound movement of the cab 14 relative to the frame 10
      at a substantially lower spring rate than previously known methods for
      mounting a cab body on a vehicle frame. Another distinctive feature of the
      cab suspension is the anti-roll stabilizer tube 32 which prevents
      excessive roll of the cab 14 about a longitudinal roll axis when the
      vehicle is maneuvering around a corner.
PAR  It will be noted in the side elevational view (FIG. 1) that the front
      suspension arms 20, 22 are arranged at an angle to the horizontal that is
      less than the angle between the rear arms 48, 49 and a horizontal plane.
      This difference in slope of the front and rear arms provides anti-squat
      and anti-lift forces during acceleration and braking of the vehicle of
      FIG. 1.
PAR  The engine for the vehicle of FIG. 1 is supported on the frame 10 beneath
      the cab 14. When it is necessary to service the engine the hydraulic
      system of FIG. 5 is activated. The handle 89 for the pump 88 is
      reciprocated to develop hydraulic pressure in the hydraulic pressure lines
      91 and 93. As the hydraulic pressure develops, the latch actuators 57 and
      58 will be energized causing the latch hooks 60 and 61 to move to a
      disengaged position with respect to the support members 54 and 55. As the
      pressure continues to build up in the pressure lines 91 and 93, the
      cylinders 46 and 47 will be extended whereby the cab 14 will be tilted
      from its normal riding position of FIG. 1 to the engine exposing position
      of FIG. 4.
PAR  The tilting of the cab 14 will occur about the axis of the pivot bushings
      30 and 31. The transverse stabilizer tube 32 will maintain the forward
      suspension arms 20 and 22 in fixed positions relative to each other so
      that the pivot axis for the tilting of the cab 14 will be maintained
      horizontal. It will be noted from FIG. 4 that the rear suspension for the
      cab 14 is connected to the support members 54 and 55 rather than directly
      to the frame 10 whereby release of the support members by the latches 60
      and 61 will permit the cab 14 to tilt forwardly without requiring the
      disconnecting of individual suspension components.
PAR  The power cylinders 46 and 47 are arranged parallel to the front suspension
      arms 20 and 22 to form a parallelogram linkage system when the cab 14 is
      in its normal positions of FIG. 1. The cab 14, therefore, is free to move
      in jounce and rebound without interferring with the articulation of the
      arms 20 and 22. With this arrangement it is not necessary to provide
      conventional lost motion connections at one of the ends of the power
      cylinders 46 and 47.
PAR  In summary, the preferred embodiment of the present invention is
      characterized by a cab suspension which provides superior driver comfort
      and a cab tilting mechamism which is of simplified construction.
PAR  The foregoing description presents the presently preferred embodiment of
      this invention. Details of construction have been presented for purposes
      of illustration rather than limitation. Modifications and alterations will
      occur to those skilled in the art that will come within the scope and
      spirit of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A motor vehicle having a chassis frame, a vehicle body constructed to
      accommodate a vehicle operator and suspension means operatively interposed
      between said chassis frame and said body;
PA1  said suspension means being constructed to accommodate jounce and rebound
      of said body relative to said chassis frame;
PA1  said suspension means including a pair of front nonextensible suspension
      arms and a pair of rear nonextensible suspension arms;
PA1  first pivot means pivotally connecting said front suspension arms to said
      body and said chasssis frame;
PA1  second pivot means pivotally connecting said rear suspension arms to said
      body and said chassis frame;
PA1  said front suspension arms and said rear suspension arms each being
      arranged at an acute angle to a horizontal plane;
PA1  said front suspension arms and said rear suspension arms each extending
      forwardly and upwardly;
PA1  said front suspension arms being arranged at a different acute angle to
      said horizontal plane than said rear suspension arms to thereby provide
      anti-squat and anti-lift forces during acceleration and braking;
PA1  the forward ends of said front suspension arms being disposed adjacent the
      forward end of said body;
PA1  the rearward ends of said rear suspension arms being disposed adjacent the
      rearward end of said body;
PA1  a front suspension spring and a front telescopic hydraulic shock absorber
      interposed between each of said front suspension arms and said chassis
      frame;
PA1  a rear suspension spring and a rear telescopic hydraulic shock absorber
      disposed adjacent each of said rear suspension arms and interposed between
      said body and said chassis frame;
PA1  said front shock absorbers and said rear shock absorbers including
      resilient limit means constructed to resiliently limit the extent of
      jounce and rebound movement of said body with respect to said chassis
      frame;
PA1  an anti-roll stabilizer bar operatively interconnecting said pair of front
      suspension arms.
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ABST
PAL  An acoustical ear muff arrangement having an identical acoustical sealing
      muff for each ear, the muffs being connected together by an adjustable
      spring wire structure for holding a muff over each ear. Each muff has a
      dish-shaped portion with elastomeric foamed material therein, and with a
      novel non-foamed elastomeric seal around the periphery of the dish-shaped
      portion. The non-foamed elastomeric seal has three lips extending from a
      base section. The lips have a tapering configuration and extend at angles
      within a critical range from the base section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The problem of trying to keep out sound or noise is an old one. For this
      reason acoustical seals have been used in a variety of circumstances when
      it is desired that the noise level in one enclosure be significantly lower
      than the noise level in a neighboring enclosure. Certain materials have
      been found to be better at keeping out sounds than others, and it is well
      known that the more mass of a particular material placed between one
      enclosure and another, the more the sound will be kept out. Normally,
      there must be access to the enclosure having the low sound level, and it
      is for this reason that there must be seams or cracks which further need
      to be acoustically sealed. This too is a well known problem as evidenced
      by the prior art. For example, see U.S. Pat. Nos. 1,365,425; 3,506,981;
      and 3,593,341. While much work has been done to solve this problem, the
      problem has heretofore never been solved completely and satisfactorily.
PAR  The general type of device shown in the above noted patents is in the form
      of an enclosure known as an ear muff. It is well known that the hearing of
      people working in a noisy environment can easily be damaged, and it is
      common to wear ear muffs to reduce the sound level to which the ear itself
      is subject. An ear muff, generally, is a dish of solid material shaped so
      as to cover completely at least one ear and to press at its open edge on
      the face around the ear. The muff can relatively easily be made such that
      the reduction of noise through the material of the muff itself is
      satisfactory to keep out a very high proportion of any noise, but it is
      difficult to prevent noise from leaking between the edge of the muff and
      the face. Clearly the edge of the muff cannot be made to fit exactly to
      each individual face, and it has been the practice to line the edge of the
      muff with a spongy material such as natural rubber, or with an expanded
      soft plastic. If such an ear muff is pressed against the face with
      sufficient force, the reduction in the noise is relatively satisfactory,
      but the pressure on the face is normally too high for comfort. This
      discomfort is intensified if the wearer of the ear muffs wears glasses or
      spectacles. Alternatively, the edge of the ear muff has been lined with an
      oil-filled flexible material, but this too, because of the pressure
      required, can be uncomfortable when pressed against the face, it is quite
      expensive and additionally it sometimes leaks.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a novel acoustical seal having a base
      section and three tapering lips formed of a nonfoamed elastomeric material
      extending from the base section on one side thereof. The two outer lips
      are spaced from each other, but extended generally the same somewhat
      outwardly direction, the outermost lip being the longest of the three. The
      inner lip extends in a somewhat inwardly direction about the same distance
      as the middle lip extends outwardly. The base section lies generally in a
      plane, and the three lips respectively each form an acute angle which is
      in the critical range of 45.degree. to 65.degree. from the plane.
PAR  An object of the present invention is to provide an improved acoustical
      seal.
PAR  Another object is to provide an acoustical seal which will adapt to an
      irregular surface such as a face and which will still seal without
      requiring a large force thereon.
PAR  A further object of the invention is to provide an acoustical seal which
      has several sound reflecting walls and several sound filtering air
      compartments.
PAR  Still another object of the invention is to provide an acoustical seal
      which is versatile enough to function in various devices from a seal on an
      ear muff to a seal around a door to a room.
DRWD
PAR  Other objects, advantages, and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a side view of a preferred embodiment of the present
      invention;
PAR  FIG. 2 shows a view of one of the ear muffs of FIG. 1 taken along line 2--2
      of FIG. 1;
PAR  FIG. 3 is a cross sectional view of an ear muff taken along line 3--3 of
      FIG. 2; and
PAR  FIG. 4 is a top view of the ear muff arrangement shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like reference numerals designate
      identical or corresponding parts throughout the several views, a preferred
      embodiment of the present invention to an acoustical seal is shown. FIG. 1
      shows an ear muff arrangement having two identical ear muffs 11 connected
      together by a spring wire structure 12. The spring wire structure 12
      provides a slight force to force the muffs 11 around a person's ears and
      against a person's head for filtering out unwanted or excessive noises.
PAR  FIG. 3 best shows the dish-shaped member 13 of the muff 11. The dish-shaped
      member 13 is formed of a rigid material such as a hard plasticized
      material. The peripheral edge 14 of the dish-shaped member 13 has a
      projecting edge 15 therearound, the purpose of which will be explained
      below. Connected to the peripheral edge 14 of the dish-shaped member 13 is
      an acoustical seal 16. The acoustical seal 16 has a groove in one side
      thereof which is of a complementary shape to that of the peripheral edge
      14 of the dish-shaped member 13. Consequently, the acoustical seal 16 may
      be forced over the peripheral edge 14 of the dish-shaped member 13 and is
      held in that position because of the configuration of the projecting ridge
      15 on the peripheral edge 14.
PAR  The acoustical seal 16 has a base section 17 which is generally defined by
      the plane A--A. The above discussed portion of the acoustical seal 16
      which connects to the peripheral edge 14 of the dish-shaped member 13 is
      on one side of plane A--A, as seen in FIG. 3, and first, second and third
      lips 18, 19 and 20 respectively extend on the other side of the base
      member 17.
PAR  The acoustical seal 16 is formed of elastomeric material such as
      plasticized PVC, or other material having similar characteristics. Foamed
      material such as foam rubber or foamed plastic is not, however, suitable
      for the material of acoustical seal 16.
PAR  The first annular rib 18 is connected to the inner periphery 32 of the base
      section 17, and projects inwardly and on the right side of the plane A--A
      as shown in FIG. 3 at an angle a from plane A--A. The second annular rib
      19 is connected to the outer periphery 33 of the base section 17 and
      extends outwardly and to the right side of plane A--A at an angle b, as
      shown in FIG. 3. The third annular lip 20 extends outwardly and to one
      side of the plane A-A of base section 17 at an angle c from plane A--A.
PAR  As can be seen from FIG. 3 of the drawings, the annular lips 18, 19 and 20
      are thin, and taper from a slightly wider base to a narrower end portion.
      It is important to utilize rather thin lips on the present invention
      rather than the wider lips as shown in the prior art. The length of first
      and third annular lips 18 and 20 should be at least three times their
      average thickness, while the length of the outer annular lip 19 should be
      at least five times its average thickness, as seen in FIG. 3.
PAR  In the preferred embodiment of the invention angle a would be 60.degree.,
      angle b would be 45.degree., and angle c would be 60.degree.. While these
      angles may vary somewhat from these specific degrees, it has been found
      that the angles a, b and c must be within a range of 45.degree. to
      65.degree. from the plane A-A of the base section 17 in order for the
      acoustical seal of the present invention to function in an optimum manner.
PAR  Also associated with the ear muff 11 is a foamed elastomeric material
      inside of the dish-shaped member 13, as shown by the large foamed
      elastomeric member 21 and the small foamed elastomeric member 22 as best
      seen in FIG. 3. Members 21 and 22 tend to help prevent any sounds from
      coming directly through the dish-shaped member 13, while the acoustical
      seal 16 forms a seal between the dish-shaped member 13 and the side of a
      person's head, surrounding the person's ear.
PAR  FIG. 4 better shows the construction of the spring wire connecting device
      12 which is basically formed of two pieces of wire 23 and 24, each of
      which is associated with a respective one of the ear muffs 11. The wires
      23 and 24 are connected together by plastic members 25. The wires 23 and
      24 are slidable within the plastic members 25 to form a sliding joint
      which may be adjusted to regulate the pressure on a person's head and is
      also adaptable to be sized for various sizes and shapes of heads. Another
      plastic member 26 is associated with the wire portion 23 and helps keep
      the ends 27 of the wire 23 inside of holes in the dish-shaped member 13.
      The holes in the dish-shaped member 13 receive the ends 27 of the spring
      wire 23. Similar structure is associated with the spring wire 24 as
      indicated by plastic member 28 and end portions 29.
PAR  When the muff 11 is placed against a surface such as a person's head and
      around a person's ear, a first air compartment 30 is formed between lips
      18 and 20, and a second air compartment 31 is formed between the annular
      lips 19 and 20. Consequently, sound must pass through both compartments 30
      and 31, and also through each of the lips 18, 19 and 20 in order to get
      through the acoustical seal 16 and into the inner part of the dish 13 of
      the muff 11. It has been found that very little pressure is needed to form
      this seal against the head.
PAR  Tests have been conducted on a seal constructed as shown in the drawings
      and it was found that the reduction in sound was greater than 30 decibels
      at all frequencies over 250 Hz when pressed with a pressure of about 200
      g. Comparative tests were made against an ear muff equipped with
      conventional sponge edges, and it was found the the acoustical resistence
      of the two patterns was approximately the same if the seal of the present
      invention was subjected to 200 g and sponge seal was subjected to 600 g of
      pressure. It can therefore be seen that the present invention accomplishes
      all of the objects mentioned above.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. An acoustical seal comprising:
PA1  an annular base lying generally in a first plane and having an inner and an
      outer periphery thereon;
PA1  a first annular elastomeric lip connected to said inner periphery and
      extending inwardly and to one side of said plane at a first acute angle of
      between 45.degree. and 65.degree. with respect to said plane;
PA1  a second annular elastomeric lip connected to said outer periphery and
      extending outwardly and to said one side of said plane at a second acute
      angle of between 45.degree. and 65.degree. with respect to said plane;
PA1  a third annular elastomeric lip connected to said base between said first
      and second lips and extending outwardly and to one side of said plane at a
      third acute angle of between 45.degree. and 65.degree. with respect to
      said plane; and
PA1  annular means attached to said base on the other side of said plane for
      acoustically sealing said base to a closure member.
NUM  2.
PAR  2. An acoustical seal as defined in claim 1 wherein said second lip extends
      further to said one side of the plane than does said first lip.
NUM  3.
PAR  3. An acoustical seal as defined in claim 2 wherein the second acute angle
      of said second lip is 45.degree. and the first and third acute angles of
      said first and third lips respectively are 60.degree..
NUM  4.
PAR  4. Apparatus as defined in claim 1
PA1  wherein said closure member is dish-shaped and has a peripheral edge;
PA1  said base member being sealingly attached to said peripheral edge.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein a foamed elastomeric mass is
      disposed within said dish-shaped closure member.
NUM  6.
PAR  6. Apparatus as defined in claim 5 including means for holding said
      acoustical seal in abutment with a person's head and surrounding the
      person's ear to thereby prevent the transmission of noise to the ear.
NUM  7.
PAR  7. Apparatus as defined in claim 4 wherein said annular means includes an
      annular groove, said peripheral edge being received in said annular
      groove.
NUM  8.
PAR  8. Apparatus as defined in claim 7 wherein said peripheral edge includes a
      radially outwardly projecting ridge.
NUM  9.
PAR  9. An acoustical seal as defined in claim 1 wherein said acoustical seal is
      contructed of a non-foamed elastomeric material.
NUM  10.
PAR  10. An acoustical seal as defined in claim 1 wherein a first air space is
      formed between said first and third lips and a second air space is formed
      between said second and third lips, said first and second air spaces being
      void of anything other than air.
NUM  11.
PAR  11. An acoustical seal as defined in claim 1 wherein said first, second and
      third lips have a tapering configuration, being thicker near the
      connection to the base than at the free ends thereof.
NUM  12.
PAR  12. An acoustical seal as defined in claim 11 wherein said first and third
      annular lips have a length which is at least three times the average
      thickness thereof and said second annular lip has a length of at least
      five times the average thickness thereof.
NUM  13.
PAR  13. The acoustical seal as defined in claim 1 wherein said acoustical seal
      is of one piece solid construction.
NUM  14.
PAR  14. The acoustical seal as defined in claim 13 wherein said acoustical seal
      in constructed of polyvinylchloride substantially free of confined air
      pockets.
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PAL  An underwater sound imploder adapted for use in the exploration of minerals
      existing under the sea bed. The imploder consists of three main units, a
      boiler, a heat shield therefor and a bell shaped sonic device to which the
      boiler has delivered superheated steam. Expansion of the steam under water
      pressure causes the implosion. The steam condensate is pumped back into
      the boiler where it is recycled. The implosions occur repeatedly in the
      device thereby causing a succession of sonic impulses to pass through the
      water medium and return as echoes for detection and analysis to determine
      thereby the character of the reflecting object in the sea bed.
BSUM
PAR  The invention relates to underwater sonic devices and, in particular, to
      such devices which create the sound by implosions and are adapted for use
      in relatively deep water.
PAR  The present assembly is adapted for suspension in ocean depths from surface
      vessels and, as distinct from prior art devices, provides underwater the
      means for creating the particular agency which produces the sound, in this
      case superheated steam. These means include a boiler assembly and heat
      shield which serve together to produce the steam. The steam is delivered
      to the water medium within the imploder itself which is shaped in the form
      of a bell open at the bottom to permit expansion of the steam bubble until
      water pressure causes it to burst against the sides of the imploder
      causing it to vibrate and thereby produce the desired sound waves. Each
      mineral has a unique resonant frequency and on impact within the ocean bed
      produces a distinct echo the frequency of which can be detected and
      recorded aboard the vessel supporting the imploder where it can be
      analyzed so as to identify the particular mineral or other material which
      is the cause of the echo.
PAR  One object of the invention is to provide an underwater sound imploder
      which is efficient to operate at substantial depths yet of sufficient size
      to produce the imploded sound which will carry relatively great distances
      under water and through the bottom of the ocean or other body of water.
DRWD
PAR  Other objects and advantages of the invention may be appreciated on reading
      the following description of one embodiment thereof which is taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is an elevation in section of the imploder system;
PAR  FIG. 2 is a section taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a section taken on the line 3--3 of FIG. 1; and
PAR  FIG. 4 is a section taken on the line 4--4 of FIG. 1.
DETD
PAR  Referring to the drawings heat shield 10 is suspended under the surface of
      the water by a suspension cable (not shown) connecting a surface vessel to
      eyebolts 12, 14 and 16 extending from the heat shield, a wire cable 20
      extending through the top of the shield for supplying power to the
      imploder as explained below. The shield 10 is double walled and filled
      with an oil and gravel mixture which as poor conductors will virtually
      confine the heat within the shield where boiler 26 is located.
PAR  The boiler 26 is suspended directly by the cable connected to eyebolt 14
      which is secured by a lock nut to the top of the boiler. The latter
      contains three heaters, viz; preheater 32, heater 34 and superheater 36.
      The preheater 32 has electrical elements 38 the ends of which are
      electrically connected to 10 KW transformers 40 and 42 through insulated
      conductors 44 and 46, respectively, the elements being grounded at 48 and
      50 on the chassis of the boiler. The transformers are supplied by means of
      the cable 20.
PAR  Parallel connected transformers 52 and 54 are connected by insulated
      conductor 56 to hollow electrode conduit 60 which is in fluid conducting
      communication with perforated heater 34 which is connected to the
      transformers by insulated conductor 58 and is also grounded on the chassis
      at connecting point 50.
PAR  Transformers 62 and 64 are connected to the electrical elements 66 of the
      superheater 36 through insulators 68 and 68a, the elements being grounded
      at points 70 and 72 on the chassis.
PAR  The assembly is provided with temperature measuring devices 74 and 76
      inside the boiler and a sensor 78 on the inside of the shield near its
      top. The devices are preferably in the form of thermocouples which are
      read on the surface vessel by instruments connected to the sensors through
      the cable 20, there being provided an automatic power cutoff in case of
      overheating.
PAR  The boiler has a fresh water filler valve 80 and a solenoid operated
      discharge valve 82 for periodically flushing out sediment collected in the
      bottom.
PAR  The shield is also supported on the top rim 85 of brackets 86 and 88, the
      bottom edge of the shield providing an opposing rim 87. A bell stabilizing
      tire 90 is disposed between the rims. The brackets are attached to the
      sides of imploder bell 92 which is suspended from the boiler by suspension
      bar 94 having a top cross member 96 supported on compression spring 98 in
      housing 100 located in the bottom of the boiler. The inside wall of the
      bell 92 is provided with a sump 102 having disposed therein ring 104 in
      which steam condensate is collected which is pumped into the heated
      electrode 60 of the boiler and passed through perforations in the heater
      34 which is grounded on opposite sides of the boiler chassis. Pump 106
      pumps the condensate from the ring 104 into the electrode 60 through
      conduit 108. It is seen that the sump 102 is an annular ring basin formed
      in the inner wall of the imploder 92. The purpose of the sump is to
      collect condensate converted from the steam on each implosion. The
      condensate water is substantially sweet which is collected by the
      perforated ring 102 disposed in the sump and expressed by means of the
      conduit 108 and pump 106 into the hollow electrode conduit 60 which is
      electrically heated, into the heated and perforated pipe 34 constituting
      the intermediate heater within the boiler.
PAR  Steam conduit 110 having an opening in the boiler above the superheater 36
      leads the superheated steam into the bell 92 where steam bubbles are
      formed consecutively resulting in a series of implosions. The consequent
      vibrations of the bell 92 are creative of the desired sound waves which
      travel in all directions thereabout. The conduit 110 and the bell are
      provided with expansion and shock absorbers 112 and 114 to protect the
      equipment.
PAR  Various modifications of the invention may be effected by persons skilled
      in the art without departing from the scope and principle of the invention
      as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A deep water sound imploder comprising a boiler, a heat shield disposed
      about said boiler, and an open ended imploder member suspended from said
      boiler and supporting said shield, and piping means connecting said boiler
      to said imploder member for introducing water condensate collected by said
      member into the boiler and passing steam generated by the boiler into said
      member.
NUM  2.
PAR  2. A deep water sound imploder as defined in claim 1 wherein said imploder
      has an interior, annular sump and a perforated ring disposed in the sump,
      and said piping means includes a first conduit and pumping means for
      expressing condensate from the sump to the boiler said first conduit being
      electrically heated hollow conduit.
NUM  3.
PAR  3. A deep water sound imploder as defined in claim 2 wherein a non heat
      conducting material is disposed in the space between said shield and said
      boiler.
NUM  4.
PAR  4. A deep water sound imploder as defined in claim 3 wherein there is
      provided an electrically operated heater comprising a perforated tubing in
      communication with said first conduit.
NUM  5.
PAR  5. An imploder as defined in claim 4 wherein said boiler is provided with
      an electrically heated preheater and superheater and said piping means
      includes a second conduit having an opening proximate said superheater.
NUM  6.
PAR  6. An imploder as defined in claim 5 wherein shock absorbers are provided
      in said conduits as protection therefor.
NUM  7.
PAR  7. An imploder as defined in claim 6 wherein temperature sensors are
      provided on said shield and in said boiler and a cable to said sensors
      adapted to be connected to recording devices.
NUM  8.
PAR  8. An imploder as defined in claim 7 wherein said heaters are electrically
      connected to transformers powered by said cable.
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ABST
PAL  A stereophonic speaker headrest for motor vehicles includes a rigid
      interior shell and a padded cover. The rigid interior shell is generally
      hollow with a pair of opposed side wing members having speaker attachment
      structure therein for holding a speaker in each wing. The hollow portion
      of the rigid interior shell adjacent the speaker attachment structure
      forms an acoustic chamber. The padded cover provides substantial padding
      over the front and rear surfaces of the rigid interior shell, including
      the area in front of the speakers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Headrests containing speakers are known. Exemplary patents relating to
      speaker headrests for passenger vehicles are those to McCorkle, U.S. Pat.
      No. 3,512,605; Taylor, U.S. Pat. No. 2,908,766; and Gold, U.S. Pat. No.
      3,385,393. The patent to Taylor relates to a slip-cover type device
      intended to slip over the back of the seat, such as an airplane seat, said
      slip-cover having two opposed pockets to accommodate a pair of speakers.
PAR  The patent to Gold relates to a cylindrical type headrest having a speaker
      enclosed at one end thereof. A hollow tube in the center of the headrest
      supports the speaker and is open at the opposite end to permit sound from
      a single speaker to be emitted from the end of the headrest opposite the
      speaker also. Only a single speaker is utilized in the headrest of Gold.
      Insertion of a second speaker at the opposite end of the central tube
      would not provide good stereophonic sound reproduction since both speakers
      would share a common acoustical passageway and would further be directing
      transmitted sound away from one another.
PAR  The McCorkle patent relates to a stereo speaker headrest for an automobile
      seat wherein a pair of opposed speakers are enclosed in a body of
      resilient material which is adapted to slip over attachment means to
      attach the speaker to the vehicle seat. The speaker headrest of McCorkle
      is padded only in a central area and apparently has side members which are
      supported only by a thin section of resilient material.
PAR  Stereo speaker headrests have been devised for various types of chairs or
      seats. U.S. Pat. No. 3,230.320 to Kerr relates to a dental chair having a
      curved headrest containing opposed speakers. U.S. Pat. Nos. 2,464,435 and
      2,452,103 to Conradt relate to a stereo speaker device which can be
      temporarily attached to the back of a seat. Patents to Christie, U.S. Pat.
      No. 3,416,804; Lanzara, U.S. pat. No. 3,384,719; and Majoros, U.S. Pat.
      No. 3,290,450, relate to pillow-type devices upon which ones head can be
      rested and which contain a pair of speakers.
PAC  SUMMARY OF THE INVENTION
PAR  The following are the objects of the instant invention:
PAR  To provide a stereo speaker headrest for vehicles wherein the speakers are
      directed toward the occupant of the vehicle seat;
PAR  To provide a stereo speaker headrest which provides safety to the occupant
      of the seat;
PAR  To provide a stereo speaker headrest having large, individual, acoustic
      chambers for each speaker;
PAR  To provide a stereo speaker headrest having impact resistant wing members;
PAR  To provide a stereo speaker headrest having a removable padded cover.
PAR  These and other objects of the present invention are realized in an
      illustrative embodiment of a stereophonic speaker headrest which has a
      rigid interior shell having a pair of opposed side wing members, each
      defining an acoustic chamber and each containing speaker attachment
      elements for holding a speaker in each wing. The interior shell is
      enclosed within a padded cover which provides substantial padding on at
      least the front and rear surfaces of the shell including the area in front
      of the speakers. The headrest is attached to the top or the back of a
      vehicle seat.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, features and advantages of the present
      invention will become apparent from a consideration of the following
      detailed description presented in connection with the accompanying
      drawings which:
PAR  FIG. 1 is a perspective view showing the underneath side of a speaker
      headrest made in accordance with the principles of the present invention;
PAR  FIG. 2 is a sectional view of the speaker headrest of FIG. 1 taken along
      lines A--A of FIG. 1;
PAR  FIG. 3 is a top partially cutaway view of the speaker headrest of FIG. 1;
PAR  FIG. 4 is a top sectional view of an alternative embodiment of a speaker
      headrest made in accordance with the principles of the present invention;
PAR  FIG. 5 is a sectional view of the headrest of FIG. 4 taken along lines B--B
      of FIG. 4;
PAR  FIG. 6 is a sectional view of one wing of the headrest of FIG. 4; and
PAR  FIG. 7 is a fragmented view of a speaker grill-work and tabs taken along
      lines C--C of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1-3, there is shown a speaker headrest constructed of a
      one-piece headrest shell 6 covered by padding 8. The shell 6 is shaped to
      define a cup area 10 and inward facing wall surfaces 11 and 12 of a pair
      of opposed wing members. The rear wall of the one-piece headrest shell is
      an arcuate surface 13 which is defined by a radius of about 71/2 to about
      91/2 inches so that the maximum width of the headrest from one shell wing
      to the other shell wing is from about 15 to about 19 inches. As
      illustrated in FIG. 3, a radius of about 85/8 inches is preferred for the
      rear wall member, said radius having its center at a point between the cup
      surface and a plane tangential to the tips of the opposed wings. The
      center of the radius is preferably closely adjacent to a plane which is
      tangential to the shell wing tips.
PAR  The cup area 10 has an arcuate surface which is defined by a radius of
      about 41/2 to about 6 inches and preferably about 5 to about 51/2 inches,
      said radius having a center which is located closely adjacent to a plane
      tangential to each shell wing tip. The wing tips of the interior shell are
      preferably rounded so that no sharp edges are present where the head of
      the vehicle occupant could come in contact with it.
PAR  The arcuate surface of the cup area 10 extends about one-quarter of a
      circle, that is, it is described by an arc of 90.degree., so that it
      squarely meets the flat surfaces 11 and 12 of the wing members. Thus, the
      wing surfaces are at an angle of about 90.degree. to one another. This
      angle may be varied somewhat, although it is generally preferred that the
      angle between the frong wing surfaces be between about 75.degree. and
      100.degree..
PAR  The rigid interior shell has three interior web supports. The central web
      support is composed of two walls 16 and 17 with a space therebetween to
      accommodate means for attaching the headrest shell to a vehicle seat. The
      double-walled, central web member is preferred when a single post is
      utilized to attach the headrest shell to a vehicle seat. If a pair of
      posts are utilized for this purpose, then the central web member may be a
      single wall, or it may be entirely eliminated by having the support posts
      attached to angularly displaced webs 18 and 19. The web members provide
      rigidity to the front and rear wall members. The angularly displaced web
      members 18 and 19 are preferably located in the cup area, that is, the web
      members 18 and 19 are preferably displaced from one another at an angle
      not exceeding 90.degree. and preferably at an angle of about 45.degree. to
      70.degree.. This angular displacement is preferred inasmuch as the web
      members are intended to give maximum support in the cup area and also to
      provide acoustic chambers 20 and 21 which are defined by the void enclosed
      between the front and rear walls and the web members of each wing. The web
      members are preferably solid so that the acoustic chambers are
      acoustically isolated from one another. Each acoustic chamber is
      preferably as large as possible to provide improved reproduction of sound
      from speakers 22 and 23 contained within the acoustic chambers and
      adjacent to front walls 11 and 12 of the wing members.
PAR  The stereo speaker headrest of the instant invention is constructed so that
      the opposed speakers 22 and 23 are closely adjacent to the ears of the
      seat occupant with the sound being directed towards the seat occupant so
      that sound emanating perpendicularly from the speaker surface intersects
      sound emanating perpendicularly from the other speaker surface at an
      included angle not less than about 80.degree. and preferably not more than
      about 105 .degree..
PAR  The design of the stereo headrest is such that the headrest does not
      interfere with the peripheral vision of a seat occupant. As illustrated in
      FIG. 3, even when the head of the seat occupant is resting against the
      padded cover 8 of the interior shell, the tips of the wing members are
      substantially in alignment with the ears of the occupant and are at an
      angle of about 20.degree. to the rear of the eyes of the seat occupant. As
      further illustrated by FIG. 3, the padded cover provides padding about the
      entire periphery of the front and rear surface of the headrest so that the
      head of an occupant is protected no matter where it strikes the headrest,
      even in the speaker area. Also, as illustrated by FIG. 3, the speaker
      openings 24 and 25 are smaller than the diameter of the speakers so that
      the speakers cannot be propelled towards the seat occupant regardless of
      the type of impact which the vehicle receives.
PAR  Illustratively, the padded cover 8 could be made of foam rubber or other
      suitably resilient material suitable for cushioning the head of the seat
      occupant from impact by the headrest shell 6.
PAR  The angular displacement between wing wall surfaces 11 and 12 is such that
      if struck by the head of an occupant who is not sitting in the center of
      the vehicle seat, the head of the occupant would be directed toward the
      cup area 10. The wing members are sufficiently strong not to be broken by
      an impact at the wing front surface area, for example, in the area of the
      speaker, and any direct rearward force has a substantial vector along the
      wing front surface because of its angular position, thus permitting the
      head of an occupant which has struck the headrest to slide along the front
      wing surface into the cup area. The cup area is designed with a radius of
      curvature which approximates the curvature of the back of the human head
      so that the pressure upon the head of an occupant striking the headrest is
      substantially uniform, thereby minimizing the danger of skull fracture
      even when the impact is very great.
PAR  An alternative structure is illustrated in FIGS. 4 through 7. In the
      structure illustrated in FIGS. 1 through 3, a one-piece construction was
      involved whereby a flat cover plate of wood, plastic or metal could be
      utilized to cover the open base of the headrest. The headrest illustrated
      in FIGS. 4 through 7 is symmetrical about a plane passed vertically
      through the center of the front and rear surfaces and about a plane passed
      horizontally through the center of the front and rear surfaces. The
      structure is advantageous in its manufacture and offers easy assembly and
      a secure means of holding the speakers in place.
PAR  The structure comprises an upper left segment 26, an upper right segment
      27, a lower left segment and a lower right segment. Because of the
      symmetry of the structure, the lower left segment and the upper right
      segment are identical structurally while the lower right and upper left
      segments are identical in structure. Thus, the complete headrest may be
      assembled from two component parts, one part being used as either the
      upper left or lower right segment and the other part being used as the
      upper right or lower left segment.
PAR  A central opening through the units provides access for structure for
      attaching the headrest to a vehicle seat. The central opening may be any
      shape, including a slot-shape or a cylindrical shape 28 as illustrated in
      FIG. 4. The central area is also slotted as illustrated at 31 in FIG. 4 to
      accommodate a particular attachment structure whereby the headrest may
      tilt about a pin 29 (FIG. 5) which secures the headrest to a single post
      support 30 attaching the headrest to a vehicle seat. The slot 31 exists in
      both the upper and lower surface of the headrest inasmuch as the headrest
      segments are symmetrical in construction. The particular attachment
      structure for attaching the headrest to a vehicle seat, as illustrated in
      FIGS. 4 and 5, includes a yoke 32 which bridges over and straddles the
      post 30 and is secured to pin 29. The pin 29 is held immovable and secured
      to the upper left and right and lower left and right segments of the
      headrest by bolts 33 and 34. A threaded adjustment rod 35 passes through a
      threaded bore in the yoke 32 to press against the upper surface of support
      post 30 to hold the headrest in a particular tilt position.
PAR  As illustrated in FIG. 5, the speaker is preferably positioned behind a
      grill-work 36 which has sufficient structural integrity to prevent the
      speaker from being propelled through the wall of the rigid interior shell
      regardless of the severity of the blow received by the shell.
PAR  As illustrated in FIGS. 6 and 7, the speaker is held in place without the
      use of any screws, bolts or the like, by the slotted tabs 37 which are
      grooved to accept the rim of the speaker in position so that the speaker
      is supported laterally as well as vertically so that when top segment 26
      and lower segment 38 are joined the speaker is clamped in an immovable
      position as shown by dotted line 40 in FIG. 6. Lining the slotted tabs
      with rubber inserts 39 cushions the contact of the speaker with the
      housing, thereby precluding transmission of vibrations from the housing to
      the speaker or vice versa.
PAR  It is to be understood that the above-described arrangement is only
      illustrative of the application of the principles of the present
      invention. Numerous other modifications and alternative arrangements may
      be devised by those skilled in the art without departing from the spirit
      and scope of the present invention and the appended claims are intended to
      cover such modifications and arrangements.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stereo speaker headrest for a vehicle comprising
PA1  a rigid interior shell having a pair of side wing members, each having a
      speaker opening, and a substantially arcuate central front surface,
PA1  speaker attachment means for holding a pair of speakers such that each
      speaker is adjacent a different one of said speaker openings and such that
      the speakers are displaced laterally from one another, each wing member
      containing a speaker attachment means,
PA1  an acoustical chamber defined by the walls of each wing member,
PA1  a padded cover for substantially covering at least the front and rear
      surfaces of said rigid interior shell, and
PA1  attachment means for attaching said headrest to a vehicle seat.
NUM  2.
PAR  2. The headrest of claim 1 wherein said interior shell has a substantially
      arcuate rear surface, said rear surface having a substantially larger
      radius of curvature than said front surface.
NUM  3.
PAR  3. The headrest of claim 2 wherein said wing members have substantially
      flat front surfaces having an included angle therebetween of about
      80.degree. to about 100.degree..
NUM  4.
PAR  4. The headrest of claim 1 wherein said interior shell has front, back, top
      and bottom walls forming a substantially enclosed cavity.
NUM  5.
PAR  5. The headrest of claim 2 wherein said interior shell is substantially
      symmetrical about a vertical plane passed through the front and back at
      the midpoint of the headrest and is substantially symmetrical about a
      horizontal plane passed through the front and back at the midpoint of the
      headrest.
NUM  6.
PAR  6. The headrest of claim 5 wherein said headrest shell is composed of four
      component parts.
NUM  7.
PAR  7. The headrest of claim 6 wherein said two of said components are
      identical in structure and the remaining two are identical in structure,
      being substantially a mirror image of the structure of the first pair.
NUM  8.
PAR  8. The headrest of claim 7 wherein one component from each pair of
      identical components are joined to form one-half of the headrest and the
      remaining two components are joined to form the other one-half of the
      headrest.
NUM  9.
PAR  9. The headrest of claim 8 wherein the different components joined together
      have web members therein which combine with the walls of the components to
      define an acoustic chamber.
NUM  10.
PAR  10. The headrest of claim 4 wherein said interior shell has at least one
      interior web member abutting the front, back, bottom and top walls to
      separate said interior shell into two enclosed, acoustic chambers.
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ABST
PAL  The invention is directed to a novel fire escape system designed for use
      with multi-story buildings. The system comprises a generally cylindrical
      (or other suitable geometric shape) vertical column, preferably attached
      vertically adjacent to the outside of the building, which is
      longitudinally slotted on one side to form a main descent channel and
      which has mounted within it a series of helical lead screws which are
      fitted together to form one continuous worm shaft.
PAL  A carrier seat (or harness) unit, which comprises, in part, a seat unit in
      the form of a net, a hook-up unit in the form of a ball or other suitable
      geometric shape, is adapted to readily engage within, and descend, at a
      controlled rate in, the above-mentioned apparatus.
PAL  People responding to a fire alarm will step through the leg opening in the
      seat unit and then place the hook-up unit of the carrier seat (or harness)
      unit, into the slotted channel of a feeder tube (exit lead unit) which
      extends from an area inside the window to the main descent channel
      adjacent the window.
PAL  The carrier seat unit, while carrying the person by means of the net, is
      then designed to slide, by gravity, through the feed tube and to the main
      column. The carrier unit then indexes in the main descent channel within
      the column and descends along the shoulders of the motor-driven rotating
      helical screw until it nears the bottom of the slot at which time
      appropriate means are provided for disembarkation. The orderly means of
      escape described above can be accomplished without the use of existing
      stairs or elevators.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fire escape systems which are designed for use with multi-story buildings
      and which comprise a movable descent means located adjacent to, or within,
      the building, have been known for years. The present fire escape involves
      a novel and revolutionary approach because of a unique overall concept in
      which a carrier seat (or harness) unit is readily indexed within a slotted
      column vertically extending adjacent to the building, and descends in a
      controlled rate due to the controlled rotation of a helical lead screw
      mounted within the column.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The concept of a vertically extending descent means, located adjacent to a
      multi-story building, as a system for a fire escape mechanism was
      originated some time ago. Examples of this type of system are described in
      the following U.S. patents: U.S. Pat. No. 607,161, entitled "FIRE ESCAPE"
      issued to conaway, and U.S. Pat. No. 308,444 entitled "FIRE ESCAPE" issued
      to Terwilliger.
PAR  The Conaway patent discloses a fire escape system which consists of a
      hollow vertical column in which a zigzag slot is built into the front
      plate. Secured to the column, at each floor, is a pair of feeder branches
      which each extend upwardly and laterally therefrom to a window alongside
      the column. The Conaway system does not employ a rotating helical lead
      screw to provide the downward motion necessary for a rescue. Rather, the
      descending motion in the Conaway fire escape results because the escapee's
      weight forces the escapee to follow the course of the zigzag slot. There
      is no helical lead screw providing the motive force for the controlled
      descending motion.
PAR  The Terwilliger fire escape mechanism includes a descending plate which is
      provided with an attached head which is inserted into a feed slot. The
      plate, which is part of a channel built into the wall alongside the
      windows, then passes down into a zigzag slot. As in the Conaway patent,
      there is no helical lead screw providing the motive force for the
      controlled descending motion.
PAR  Thus, with respect to the Conaway and Terwilliger patents, the applicant's
      invention is unique because of the manner by which the downward motion of
      the escape means is prescribed and controlled.
PAR  Reference should now be made to other patents which deal more specifically
      with the concept of a controlled descending or ascending means controlled
      by a motor driven worm gear. The concept involved is described in the
      following U.S. patents: U.S. Pat. No. 2,207,544 entitled "STAIR ELEVATOR"
      which was issued to Knudsen, and U.S. Pat. No. 434,372 entitled "ELEVATOR"
      which was issued to Andersen.
PAR  The Knudsen patent relates to a stair elevator and comprises a tubular
      guide extending along the stairway in which a carrier is threaded to
      conform to the threads of the concentric worm shaft. When the worm is
      rotated by the motor, the carrier moves upwardly or downwardly, in a
      linear fashion, along the interior of the tube. The linear motion in the
      Knudsen apparatus is obtained because the carrier is threaded upon the
      worm shaft and not because a ball unit travels along the shoulders of a
      vertically extending lead screw.
PAR  The Andersen patent discloses a platform carrying means affixed to a
      ring-mounted ball assembly which assembly rides along the shoulders of a
      motor-driven worm gear to cause descent or ascent of the platform. The
      proposed invention is distinguishable from Andersen in that the
      applicant's carrier seat unit is not embraced by an integral concentric
      ring and is not providing the function of raising and lowering a platform
      but, rather, provides a direct means of carrying a person to rescue by
      means of a net-like seat unit.
PAR  The proposed automated fire escape mechanism presents a unique combination
      of a vertically disposed column, together with a worm shaft, located
      therewithin, for providing the rotative motion necessary to enable the
      descent motion of the escape means.
PAR  The invention has the ability to load a minimum of eight people in 1
      minute, per floor, and avoids the "people stacking" problem present during
      embarkation in conventional fire escapes and smoke towers. The invention
      maintains a maximum propensity to avoid aggravating what is an already
      distressed atmosphere, and will safely and quickly transport large numbers
      of people to safety. Thus, the invention can be used as a replacement for
      conventional outdoor fire escapes or as a secondary system in buildings
      that use smoke towers as a means of fire protection.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the fire escape mechanism installed
      adjacent to a multi-story "sky scraper" building consisting of stepped
      structures; widely employed in modern skyscraper architecture;
PAR  FIG. 2 is a cross-sectional view, taken along line 2--2 of FIG. 1, which
      shows a side elevation of a section of the main column illustrating, in
      particular, the hook-up unit, of the carrier seat or harness unit, seated
      on the worm shaft (the carrier seat or harness unit is hereinafter simply
      referred to as a carrier seat unit);
PAR  FIG. 2a illustrates an alternate design of the hook-up unit in which the
      handle is fixed in position rather than spring-loaded;
PAR  FIG. 3 is a transverse cross-sectional view, taken along the line 3--3 of
      FIG. 2, showing the plan view of the main column and fairing with the
      carrier seat unit inserted in the main descent channel;
PAR  FIG. 4 is a plan view of the carrier seat unit in the folded and packaged
      position;
PAR  FIG. 5 is a perspective view of the carrier seat unit, in the opened
      position, with the hook-up point of the exit lead unit adjacent to it;
PAR  FIG. 6 is a plan view of one of many optional escape exit areas showing the
      storage compartment for the carrier seat packages, the outside exit door,
      and the exit lead unit;
PAR  FIG. 7 is an elevational view, taken along line 7--7 of FIG. 6, showing one
      optional design of the structure of a typical exit door in the closed
      position;
PAR  FIG. 8 is a side elevational view of the column support system showing the
      main column being supported by the major building support bracket, the
      main support bracket, and the alignment bracket;
PAR  FIG. 9 is a front elevational view of the column support system shown in
      FIG. 8;
PAR  FIG. 10 is an axial, longitudinal, cross-sectional view, taken along line
      10--10 of FIG. 8, showing the details of the manner in which adjacent
      sections of lead screws are fastened by a coupling shaft;
PAR  FIG. 11 is cross-sectional view, taken along line 11--11 of FIG. 10, which
      illustrates, in particular the seating of the hook-up unit, within the
      descent channel, and its relationship to the main support bracket and
      coupling shaft;
PAR  FIG. 12 is an elevational view of the lower section of the main column
      illustrating the standard disembarkation point;
PAR  FIG. 12a is a perspective view of the alternative embodiment of the
      invention, in which the manner of disembarkation has been varied; and
PAR  FIG. 12b is an enlargement of the area indicated in FIG. 12a, which shows
      the details of the disembarkation switching arrangement for the said
      alternative embodiment.
PAR  FIG. 13 is a transverse cross-sectional view, taken along line 13--13 of
      FIG. 12a, showing a plan view of an optional braking buffer, in contact
      with the hook-up unit, for use in the alternative embodiment of the
      invention.
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PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an automated fire escape system which is
      designed to be installed on, or within, multi-story buildings. The
      relative simplicity of construction and operation of the system enables it
      to efficiently expedite the rescue of large numbers of people, while
      requiring a minimum of system maintenance.
PAR  The fire escape mechanism comprises a series of modular sections, of either
      cylindrical or other suitably shaped pipes, which are mounted to each
      other, end to end, to form a generally cylindrical column (outer casing).
      The column is preferably mounted vertically adjacent the outside of the
      building and is attached thereto, for example, by a welded major building
      bracket assembly mounted at the center of each floor. Each section of the
      column is additionally supported by a main support bracket and an
      alignment bracket, both of which are attached to the major building
      support bracket. As an alternative to outdoor placement, the main column
      may be placed within a shaft opening in the interior of the building.
PAR  Each section of the column, is slotted on one side along a line parallel to
      the longitudinal axis of the column. A continuous vertical slot or guide
      slot assembly, can be thereby formed in the column when the slots are
      aligned vertically. The aligned slots will be hereinafter referred to as
      "the main descent channel". The main descent channel normally from the top
      of the building to a point near the ground.
PAR  Secured to the main column between each floor, is a feeder tube or exit
      lead unit which extends laterally and slightly upwardly from the main
      column to the window adjacent the column. The feeder tube is slotted along
      one side and the feed slot is adapted to merge with the main descent
      channel. The exit lead unit has the function of guiding the descent escape
      means, i.e., the carrier seat unit, onto the main descent channel within
      the column. The descent escape means then continues to the bottom of the
      descent channel.
PAR  Mounted within the main column is a series of modular helical lead screws;
      one lead screw section is contained within each column section. The lead
      screws are axially connected to each other, adjacent to the center of each
      floor, by coupling shafts, each of which are used to attach the lower end
      of each lead screw section to the upper end of an adjacent lower lead
      screw section. Thus, the lead screws form one continuous worm shaft along
      approximately the entire length of the column.
PAR  The above-described apparatus is adapted for use with a carrier seat unit.
      The carrier seat or harness unit, (sometimes hereinafter referred to as
      the carrier seat unit) consists of the following: a hook-up unit (carrier
      means) comprising a generally spherical ball (or other suitable geometric
      shape) unit attached to a handle which is, optionally, spring-loaded and
      an escapee support, or seat, unit consisting of a net-like bag containing
      leg openings for the potential fire victim.
PAR  The carrier seat unit is designed to slide through the feed tube, by
      gravity, from an area inside the window to the main column. Once the seat
      unit indexes into the main descent channel, it is adapted to slide along
      the shoulders of the rotating worm shaft. The descending motion of carrier
      seat unit is controlled by the rotation of the worm shaft which motion, in
      turn, is prescribed by one or more electric motors in combination with a
      gear box/clutch assembly. One electric motor is preferably located at the
      base of the building and if additional power is required, provision can be
      made for location of auxilliary motors on the roof of the building or at
      any other required floors.
PAR  The fire escape mechanism, as described above, thus actually consists of a
      series of units which are complete within themselves. Each unit consists
      generally of a pipe column section, a lead screw, a major building
      bracket, a main support bracket assembly (including a radial thrust
      bearing), an alignment bracket, a coupling shaft, and possibly a motor.
      The units are interchangeable with each other and are designed to accept
      the sway, expansion, or contraction of the building.
PAR  During operation of the proposed fire escape mechanism, the overall method
      of escape will occur in the following manner. A horn or whistle will
      sound, in response to a fire alarm, temperature, or smoke responsive
      signal indicator, and the location of the nearest escape unit area will be
      indicated by a flashing light. The escape exit area would require a
      large-enough space to contain a storage compartment for the folded carrier
      seat unit packages and an area for the hook-up point of the exit lead
      unit. The storage compartment would be situated, preferably, in such a
      manner so as to provide a baffling effect, in the escape area, in order to
      prevent the stacking of people (or to prevent a draft which might feed the
      fire) that has often occurred during other fires. The storage compartment
      doors and the outside exit doors can be designed to be automatically or
      manually opened, and the motors can be switched on, upon activation of the
      fire escape system.
PAR  People responding to an alarm, or the fire itself, upon reaching the escape
      area will obtain the folded carrier seat unit package from the storage
      compartment. The package is made operative simply by the user stepping
      through the leg openings in the net bag. Next, the hook-up unit is lifted
      up and inserted into the slot of the overhead feed tube. (an optional
      compression spring is affixed to the handle of the ball hook-up unit in
      order to alleviate the forces exerted on the escapee during descent).
PAR  The hook-up unit of the carrier seat unit then slides along the feed tube
      slot in the exit lead unit and carries the escapee through an outside exit
      door. The carrier seat unit then automatically indexes into the main
      descent channel of the column and the seat unit travels downwardly along
      the shoulders of the rotating worm shaft. The carrier means descends at
      the approximate rate of, preferably, about three stories (30 feet) per
      minute, or more, until it reaches the bottom of the descent channel. At
      this time, the hook-up unit will automatically be released and appropriate
      means, for example, an air inflated mattress, will be provided for a
      comfortable and safe disembarkation at the release point.
PAR  Large buildings which have a reduced size at some intermediate level
      require two distinct fire escape mechanisms -- one for each different
      sized structure. A means of disembarkation may be provided at the roof of
      the intermediate level so people can be removed from the inner fire escape
      when further descent is unnecessary. In addition, a transfer feeder line
      may be provided between the two fire escape mechanisms in order that
      people may be transferred, from the inner fire escape mechanism to the
      outer fire escape mechanism, without having to disembark from the first
      mechanism.
PAR  The main object of this invention is to provide an automated fire escape
      system which is designed for use with multi-story buildings and which,
      because of its simplicity of construction and operation, can quickly,
      orderly, and reliably transport large numbers of people to safety without
      the use of existing stairs or elevators.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 to 11, in general, and to FIG. 1 in particular, the
      system shown includes the automated fire escape mechanism 10 of my
      invention as typically installed adjacent to the outside of a multi-story
      building 12. A series of exit lead units (feed tubes) 16 are shown
      extending through their respective windows or outside exit doors 80, from
      an area inside the said windows 18 to a generally cylindrical vertically
      extending column 20. As shown, the main column 20 has a continuous
      vertical slot or descent channel 22 formed on one side of the column 20,
      said channel 22 extending parallel to the longitudinal axis of the column.
PAR  FIG. 1 also shows, very schematically, the location of the electric motors
      which are used to provide power for the fire escape mechanism. The
      electric motor 24, at the base of the setback structure 13, is a primary
      source of power for the setback structure 13, while motor 26 is considered
      an auxiliary source of power, as required. The electric motor 28 is a
      primary source of power for the base structure 14 of the building shown.
      It must be noted that if the building being used was basically one
      rectangular structure, rather than a stepped structure with an
      intermediate level, only one electric motor would be required as a primary
      source of power and it would be preferably located at the base of the
      building. Additional power can be provided by locating auxiliary motors on
      the roof of the building or at any other required floor level. All motors
      could be reversed thereby enabling the transportation of people and
      equipment up to those floors required for a given purpose.
PAR  The fire escape mechanism 10, disclosed herein, comprises a series of units
      which are complete within themselves. Each unit consists ggenerally of a
      pipe column section, for example, section 20d, a lead screw section, for
      example, section 64, a major building support bracket 40, a main support
      bracket assembly 42, an alignment bracket 44, a coupling shaft 70, and
      possibly a motor. The units are interchangeable with each other are
      designed to accept the sway, expansion, or contraction of the building.
      The relative simplicity of construction as outlined above and detailed
      below, enables the fire escape mechanism 10, to efficiently expedite the
      rescue of large numbers of people while requiring a minimum of system
      maintenance.
PAR  As shown in FIG. 1, the fire escape mechanism 10 is comprised of a series
      of modular sections of metallic or nonmetallic pipe, 20a through 20e,
      wherein each section is approximately 120 inches in length. Each pipe
      section can be cylindrically shaped (or is of other suitable geometric
      shape) and has, approximately a 5 to 6 inch outside diameter. The diameter
      may be larger, of course, depending on structural consideration. The
      material used for the pipe sections, which are preferably cylindrical,
      should be durable and of high strength. The continuous column 20 is formed
      as a result of the sections of pipe being axially aligned with each other,
      in end to end fashion. A detailed description of the manner in which the
      pipe sections are supported and aligned is given further on.
PAR  The main column 20, though shown mounted adjacent to the outside of
      building 12 may, alternatively, be placed within any structurally reliable
      shaft opening in the interior of the building.
PAR  Though not shown in the drawings, the main column may, in certain
      instances, be affixed to a corner of a multi-story rather than to one side
      thereof.
PAR  FIGS. 8 and 9 show a portion of a lower pipe section 20d and a portion of
      an upper pipe section 20e. As it can be seen, each section of pipe, and
      thereby the main column 20 itself, is slotted on one side along a line
      which is parallel to the longitudinal axis of the column 20, continuous
      slot or descent channel 22 (see FIG. 1 also) being thereby formed along
      approximately the entire length of column 20.
PAR  A longitudinally extending fairing means or shield 21, as illustrated in
      FIG. 3 is mounted on the outside of column 20 along approximately its
      entire length. The fairing means 21 is designed to prevent injury to the
      escapee, possibly incurred by wrapping his legs around any of the feed
      tubes 16 or support brackets 40, 42, 44 either by accident or
      intentionally through fear while descending in the escape means 62
      (carrier seat unit). The fairing 21 can be designed, without much
      difficulty, to meet the aesthetic requirements desired by the architects
      and building owners.
PAR  The two pipe sections 20d and 20e, which are shown in FIGS. 8 and 9, and
      which are representative of all the pipe sections throughout column 20,
      are axially aligned and held rigidly with respect to each other, as are
      the respective slots 22d and 22e, by means of the major building bracket
      assembly 38. The lower end of each pipe section, for example, section 20e,
      welded to a section support base plate 49, which, in turn, is mounted to
      the assembly 38. In addition to the above function, the support bracket
      assembly 38 provides the means by which the pipe sections are mounted to
      the adjacent building. The support assembly 38 comprises a major building
      support bracket 40, a main column support bracket 42, and an alignment
      bracket 44. The brackets 40, 42 and 44 could be made of any suitable high
      strength material, such as steel.
PAR  The major building support bracket 40 is a welded assembly similar to an
      H-beam, with a gusset 46 across one end. The major building support
      bracket 40 is mounted to the center of each floor by a series of bolts 48.
      Mounted to the support bracket 40, on a vertically extending exterior face
      50, are both the main support bracket 42 and the alignment bracket 44.
      Alignment bracket 44 has bolts 56 in slotted holes 56a in order to allow
      for the expansion and contraction of the building.
PAR  The main support bracket 42 is a welded or bolted assembly comprising a
      90.degree. angle with a gusset 51 on each end, a radial thrust bearing 52
      (see FIG. 10) pressed into the horizontal leg 42a of the 90.degree. angle
      member 42, wherein the angle member 42 becomes, in effect, a bearing
      housing, and a notch 53 in leg 42a which enables the hook-up unit section
      of the descent means 62 (described later) to move vertically past the
      support assembly 38. Each of the lead screw sections, for example section
      20e, rest on the radial thrust bearing 52 and the bearing 52 provides the
      mechanical means by which the axially aligned, essentially contiguous,
      lead screw sections rotate. The thrust bearing 52 is designed to absorb
      stress in both the longitudinal and axial direction. The support bracket
      42, as shown, is mounted to the major buiding bracket 40 by a series of
      bolts 54, and 54 dowels (not shown). A neoprene rubber strip or buffer 53a
      may be placed adjacent to the walls forming the notch 53 in each main
      support bracket 42 thereby restricting the movement of the descent means,
      or carrier seat unit, 62. The rubber strip acts to absorb and eliminate
      most of the shock experienced by the escapee in descending from one pipe
      section to another -- for example, from section 20e to section 20d, i.e.,
      from worm section 66 to worm section 68.
PAR  The alignment support bracket 44 is an assembly unit consisting of a
      90.degree. support angle member 45 having a horizontal position 45a and a
      cylindrical channel 47, of approximately 6 inches in length, welded
      thereto at 45b (see FIG. 10). Channel 47 supports and aligns the upper end
      of the pipe section, for example, section 20d. The pipe section 20d, is
      inserted into the channel 47 of bracket 44 and connected to channel 47 by
      two shoulder screws 56. A series of bolts 58 (see FIG. 9), and dowels (not
      shown), connect bracket 44 to the major building bracket 40.
PAR  Longitudinally extending bolts and dowels (not shown) provide the means by
      which the base plate 49, support bracket 42, and alignment bracket 44 are
      slip fit mounted to each other. Two of the bolts are common to all three
      of the above support means, two bolts connect bracket 42 to base plate 49,
      resulting in parting plane 71 (see FIG. 10), and two of the bolts connect
      brackets 42 and 44 resulting in parting plane 73.
PAR  FIG. 2 shows a cross-sectional side elevational view of a portion of the
      main column 20. In this figure, a carrier sear (or harness) unit 62, which
      is the descent means of fire escape mechanism 10, is shown seated on the
      shoulder 28 of helical lead screw section 64. The lead screw section 64
      shown is only one of a series of modular helical lead screws. One lead
      screw section is contained within each of the sections of pipe, 20a to
      20e, which constitute main column 20. The lead screws form one continuous
      worm shaft 56 along approximately the entire length of the column 20. Each
      lead screw section 64 has approximately a 4 inch outside diameter, a
      length of approximately 120 inches, and has one thread per every 3 inches
      of length. The material used for the lead screw should be durable and of
      high strength, and should have high torque characteristics.
PAR  As can been seen in FIGS. 10 and 11, the lead screw sections, for example,
      sections 66 and 68, are axially aligned with each other within their
      respective pipe sections 20e and 20d. A chamfered coupling shaft 70 passes
      through bearing 52 of main support bracket 42 and is used to rigidly
      connect, and longitudinally align, abutting lead screw sections, for
      example, sections 66 and 68. The coupling shaft 70 thus provides the
      connection between the lower end of the lead screw section corresponding
      to the floor above and the upper end of the corresponding lead screw
      section of the floor below.
PAR  The coupling shaft 70 is mounted to the lower lead screw section, for
      example, section 68, by a coupler or set screw 72. The coupler 72, in
      conjunction with shaft 70, is designed to provide a highly reliable rigid
      connection between the lead screw sections so that during rotation of the
      worm shaft 65, upon bearings 52, the carrier seat unit 62, can be
      adequately supported during descent. A locater pin 74 provides a menas by
      shich the coupling shaft 70 can be easily located within the lead screw
      sections, when one of the screw sections becomes damaged or worn during
      use and needs replacement.
PAR  FIG. 5 shows a perspective view of the exit lead unit or feeder tube 16
      attached to a typical pipe section. The exit lead unit 16 is tubular in
      structure and has a feeder slot 17 formed along one of its sides. The
      feeder slot 17 is so formed along one of its sides. The feeder slot 17 is
      so formed as to merge smoothly with the main descent channel 22, and its
      fairing 21a. The lead unit 16 is welded to the main column 20 above each
      floor, at approximately a 15.degree.-20.degree. angle, and extends
      laterally and upwardly therefrom to a window or outside exit door 80
      located adjacent the column. The exit lead unit 16 is designed to guide
      the descent means 62 through the exit door 80 and into the main descent
      channel 22. The entrance section 19 of the lead unit 16 consists of a
      squared-off welded corner with a wedge-shaped chamfered entrance which
      merges with slot 17. The squared-off entrance section 19 provides
      protection against any intentional or inadvertent attempt to dislodge the
      descent means from the exit lead units 16.
PAR  A carrier seat unit 62 is designed to function as the descent means (see
      FIGS. 2, 3 and 5) and is adaptable to the apparatus mentioned above. The
      carrier seat unit 62 consists, in part, of a hook-up unit 61 which
      comprises, for example, a generally spherical ball (or other suitable
      geometric shape) unit 63 attached to a handle 67 which can be of a fixed
      type (see FIG. 2a) or may optionally contain a compression spring 69. The
      spring 69 can be affixed within the handle 67, as shown in FIG. 2, in
      order to alleviate the forces exerted on the escapee during hook-up and
      descent. Attached to the handle 67 by, for example, conventional ring
      mounts 76, is an escapee support unit 78 (seat unit) comprising a net like
      bag which contains leg openings 79 for the potential fire victim. The bag
      may be made of a fire retardant nylon or any other material of similar
      qualities.
PAR  FIG. 3 shows a typical cross-sectional plan view of the carrier seat unit
      62 engaged in descent channel 22 of main column 20. FIG. 11, which is a
      cross-sectional plan view, additionally shows the location of the coupling
      shaft 70 within shaft 65. Not shown is notch 53 of main support bracket 42
      which is physically located, longitudinally, immediately below the channel
      22 shown in FIG. 11.
PAR  Once the carrier seat unit 62 is engaged in the feeder slot 17, it slides
      by gravity, through the exit lead unit 16 until it indexes into the main
      descent channel 22. Thereafter, the hook-up unit 63 is adapted to slide
      along the shoulders 23 of the rotating worm shaft 65. The rotation of the
      worm shaft 65 is regulated, or governed, by the electric motors 24, 26,
      28, wherein electric motors 26 and 28 may be optional or auxiliary,
      depending on the size, requirements, and architecture of the particular
      building.
PAR  Each of the electric motors should, preferably, be integrally connected,
      along the same longitudinal axis, with a clutch assembly and a 90.degree.
      gear box. All motors should have a clutch assembly in order to allow for
      any mis-synchronization that exists during the starting and stopping of
      the motors. The 90.degree. gear box would be adapted, typically, to a
      spiral gear which, in turn, would mesh with worm shaft 65 to provide the
      motive power for the descent motion of carrier seat unit 62.
PAR  Carrier seat unit 62 thus descends at a controlled rate which is directly
      related to the movement of the ball unit 63 along the shoulders 23 of worm
      shaft 65. The motion of worm shaft 65, in turn, is prescribed and
      controlled by one or more electric motors. The carrier seat unit 62, while
      carrying a person by means of the escapee support unit 78, descends at an
      approximate rate, preferably, of about three stories per minute, until it
      nears the bottom of channel 22. Channel 22 extends from the top of the
      building to a point near either the ground or some intermediate level 15.
      At the bottom of the channel 22, appropriate means is provided for
      disembarkation.
PAR  As shown in FIG. 1, a transfer feeder line 30 is supported on intermediate
      level 15 by a typical feeder line support column 32. Because of the
      stepped nature of the building 10, the feeder line 30 will provide a means
      of connection between the inner fire escape mechanism 9 and the outer fire
      escape mechanism 11. This feeder line 30 will enable people using fire
      escape system 10 to be transferred from the inner fire escape 9 to the
      outer fire escape 11 without having to disengage the descent means 62 from
      the inner fire escape. A release point 33 can be optionally provided, at
      intermediate level 15, thereby enabling the removal of people from the
      fire escape system 10 when further descent past level 15 would be
      unnecessary in order to escape the fire.
PAR  FIG. 6 is a plan view of a typical escape exit area 82 showing the carrier
      storage compartment 84 in which the closed and packaged carrier seat
      packages 60 are stored. In the optional arrangement shown, the exit lead
      16 is shown extending along the interior wall of the escape area 82 from
      an effective position at which the hook-up point 19 can be located. The
      outside exit door 80 is shown in the open position as if the door 80 had
      previously been manually or automatically opened. FIG. 7 shows, in some
      detail, the mounting arrangement for a typical outside exit door 80. The
      latching/actuator arrangement is not shown since it is of optional design
      as required by the particular installation.
PAR  The exit door 80 is spring-loaded outwardly from the building as is
      depicted typically in FIG. 6. Exit door 80 rotates about the longitudinal
      axis on one of many types of conventional, or non-conventional, hinge
      means 92. The hinge means 92 is located along the horizontal edge of the
      uppermost end of the exit door another is located along the horizontal
      edge of the lower-most end of exit door 80. The support for hinge means 92
      can be mounted to either the metal frame of the window or the concrete
      structure of the wall and the combination of support and hinge means 92
      would be typical of that used in automatic doorways located, for example,
      in large department stores.
PAR  The overall employment and operation of the fire escape mechanism 10, and
      its accompanying systems would take place typically in the following
      manner. A fire occurs on, for example, the tenth floor of a multi-story
      building and a fire alarm is activated by an occupant or automatically by
      a temperature or smoke responsive signal indicator. As a result, an alarm
      (a horn or bell, etc.) will sound, on floors 9 through 13, a flashing
      amber light will indicate the location of the mearest escape exit area 82.
      An occupant can thus find the way to the escape area 82 even if the
      hallways and stairwells are filled with smoke and the elevators are no
      longer functioning. The outside exit doors 80, and the doors to the
      carrier storage compartments 84, will automatically open on all floors of
      the building. The disembarkation landing means, for example, an
      air-inflatable mattress, will automatically inflate (and, optionally, the
      air conditioning can be minimized or shut-down in order to prevent the
      pumping of smoke throughout the building). Electric motors (supplied with
      their own power source) for example, 24, 26, 28, could also be
      automatically switched on.
PAR  People responding to the alarm, or the fire itself, would thus proceed to
      the nearest escape exit area 82. The escape exit areas 82 could be a
      separate room or open area but would require sufficient space to contain
      both the carrier storage compartment 84, for the folded carrier seat
      packages 60 (see FIG. 4), and an area for the exit lead unit 16 and its
      hook-up point 19. The escape exit area 82 could be so arranged that the
      placement of the storage compartment 84, with respect to hook-up point 19,
      would provide a baffling effect that would force the people using the area
      to proceed in an orderly fashion, thereby reducing the panic crush of
      people in the escape area 82.
PAR  The escapees will then take the folded carrier seat packages 60 from
      storage, step through the leg openings 79 in the net-like support unit 78,
      and then pull on the net until it fits securely on one's thighs. Using the
      handle 67 of hook-up unit 61, the ball unit 63 is then lifted overhead and
      inserted in the slot of entrance section 19 of exit lead unit 16. The
      optional compression spring 69 can aid in alleviating some of the forces
      exerted on the escapee during this hook-up and further descent. The fire
      escape system shown is presently designed to load on the order to eight
      people in 1 minute, per floor. It will be understood, however, that the
      desired load rate may be varied considerably.
PAR  The ball hook-up unit 61, of descent means 62, then slides by gravity
      laterally downwardly within slot 17 of feed tube 16 until it engages the
      main descent channel 22. As previously described above, the ball unit 63
      then descends along the shoulders 23 of the rotating worm shaft 65 thereby
      causing the carrier seat unit 62 to descend at a rate which is controlled
      and governed by the use of electric motors.
PAR  As the descent means 62 nears the bottom of the main column 20, a standard
      drop unit 100 (see FIG. 12) is provided, with a positive stop, or release,
      point 101, to make the disembarkation as comfortable and efficient as
      possible. The release point 101 is at least 3 feet above the ground. An
      alternate drop unit 102 (see FIG. 12a) may also be provided at either the
      ground release point or at optional release point 33 on intermediate level
      15 (See FIG. 1). Drop unit 102 can also be especially useful when the fire
      escape 10 is located within some structurally reliable shaft opening (for
      example, an elevator shaft in the building).
PAR  FIG. 12b is an enlargement of the area indicated in FIG. 12a and
      specifically indicates a typical moveable gate means 104 which can be
      employed in alternate embodiment form 102. The moveable gate means 104
      comprises a gate-like toggle means or switch 106, a bolt (or shaft) 108
      centrally located along the longitudinal axis of toggle means 106, and a
      leaf spring 109.
PAR  During operation, the ball unit 63 of descent means 62 will slide along
      either surface 107 or 110 of toggle switch 106. The ball unit 63 will then
      push on the projecting shoulder 112 or 114 located at the posterior of
      toggle means 106. The toggle means 106, which is tensioned in position by
      leaf spring 109, will then rotate about axis 115 to another predetermined
      position, for example, to alternate (dotted) position 116 shown in FIG.
      12b. The descent means 62 thus alternately slides either in passageway 118
      or 120, thereby enabling people to disembark at two distinct locations.
      The alternate means of disembarkation thus provides a reliable means by
      which large numbers of people can be quickly and safely disengaged from
      the fire escape mechanism 10.
PAR  An optional braking buffer means 122, made of rubber or similar material,
      may be inserted in passageway 118 or 120 (see FIG. 13) in order to retard
      the rate of descent of carrier seat unit 62. The braking buffer 122 will
      enable a smoother descent and will alleviate some of the forces exerted on
      the escapee just prior to, and during, disembarkation from the fire escape
      mechanism 10.
PAR  Because of the baffling effect present in the design of the escape exit
      area 82, this invention avoids the "smoke stacking" problem present during
      disembarkation in conventional fire escapes and smoke towers. The
      persistent problem of confusion caused by having firemen ascending in
      smoke tower stairwells which are currently locked from inside, while
      escapees are descending in the stairwells, is thus avoided. Thus, this
      invention maintains a maximum propensity to avoid aggravating what is an
      already distressed atmosphere. The fire escape mechanism of this invention
      can thus be used efficiently as a replacement system for conventional
      outdoor fire escapes or can be used as a secondary system in buildings
      currently using smoke towers as their primary means of escaping from
      fires.
PAR  While the fire escape mechanism 10 is shown attached to the side of a
      building, it may also be attached to the corner of a building by support
      brackets of the same or similar type to that described herein, except that
      the mounting is to the corner of the building. Further, other
      modifications, such as providing a sprinkler system for automatically
      wetting the fire escape mechanism during a fire may be provided. The
      wiring necessary for operation of the fire escape mechanism may all be
      external or modular, on a floor-by-floor basis. Also, structural
      considerations, from building to building, may require modifications in
      the support structure and fire escape structure, per se.
CLMS
STM  We claim:
NUM  1.
PAR  1. An emergency escape apparatus, which comprises:
PA1  a plurality of modular column sections, each of which are axially aligned
      and mounted essentially contiguous to each other, to form a main column,
      each of said column sections having a slot along one side, said slots
      being maintained in a constant alignment whereby said aligned slots form a
      descent channel within said main column, said descent channel extending
      parallel to the longitudinal axis of said main column;
PA1  a plurality of modular helical lead screw sections, each of which are
      axially aligned and mounted, essentially contiguous, to each other, to
      form a worm shaft, said worm shaft being generally centrally located, and
      rotatable, within said main column and extending parallel to the
      longitudinal axis of said main column;
PA1  motive power means for rotating said worm shaft;
PA1  at least one exit lead unit extending laterally to said main column, from
      an area adjacent said main column, and adapted to merge with said main
      column, said exit lead unit being slotted longitudinally along one side to
      form a feeder slot merging into said descent channel;
PA1  a carrier means having a hook-up unit affixed thereto, said hook-up unit
      being adapted to ride within said feeder slot in said exit lead unit and,
      thence, ride within said descent channel in said main column, whereby as
      said worm shaft is rotated in the prescribed direction by said motive
      power means, said hook-up unit, while engaged in said descent channel,
      slides along the shoulders of said rotating worm shaft and thereby
      descends longitudinally within said descent channel, said rate of
      longitudinal movement of said hook-up unit thus being indirectly
      prescribed and governed by said motive power means; and
PA1  an escapee support means connected to one end of said carrier means, said
      escape support means to be secured to a potential escapee, whereby as said
      hook-up unit descends in said descent channel, said escapee support means
      descends toward the bottom of said descent channel.
NUM  2.
PAR  2. The emergency escape apparatus of claim 1 in which a plurality of major
      building bracket assembly means are provided for supporting and aligning
      said column sections and for mounting said modular column sections, and
      thereby said main column to a structurally reliable, adjacent, structure.
NUM  3.
PAR  3. The emergency escape apparatus of claim 1 in which a coupling means is
      affixed to adjacent pairs of said lead screw sections so that during
      rotation of said worm shaft said lead screw sections can be supported and
      maintained in alignment.
NUM  4.
PAR  4. The emergency escape apparatus of claim 1 in which said carrier means
      comprises, additionally, a handle means affixed to said hook-up unit
      whereby said hook-up unit is placed within said feeder slot of said exit
      lead unit.
NUM  5.
PAR  5. The emergency escape apparatus of claim 1 wherein said hook-up unit
      comprises a generally spherical ball unit.
NUM  6.
PAR  6. The emergency escape apparatus of claim 4 in which said handle means is
      compression spring-loaded.
NUM  7.
PAR  7. The emergency escape apparatus of claim 1 in which said escapee support
      means includes a seat unit means.
NUM  8.
PAR  8. The emergency escape apparatus of claim 7 in which said seat unit means
      comprises a net-like bag containing leg openings for the potential
      escapee.
NUM  9.
PAR  9. The emergency escape apparatus of claim 1 in which a disembarkation
      means is provided, said disembarkation means including a positive stop
      means for said carrier means, said stop means located in said descent
      channel and near the bottom of said main column.
NUM  10.
PAR  10. The emerency escape apparatus of claim 9, in which said positive stop
      means is located at least three feet from the bottom of said main column.
NUM  11.
PAR  11. The emergency escape apparatus of claim 9 in which said disembarkation
      unit comprises a first tubular structure which merges with said main colum
      and extends laterally therefrom, a second tubular structure merging into
      said first tubular structure, a gate switching arrangement means
      operatively mounted to said first and second tubular structure, said gate
      switching means consisting of a gate means, a toggle means operating said
      gate means to alternately close off one of said first and second tubular
      structures in response to pressure imposed on said gate means by said
      carrier means.
NUM  12.
PAR  12. The emergency escape apparatus of claim 1 in which said main column is
      provided with a fairing means extending longitudinally along both sides of
      the entire length of said main column.
NUM  13.
PAR  13. The emergency escape apparatus of claim 1 wherein a plurality of major
      building bracket assembly means are provided, each of said major building
      bracket assemblies comprises:
PA1  a major building support bracket adapted to be attached to the side of a
      building;
PA1  an upper support member fixedly attached to said main support bracket and
      having means for supporting an upper modular column section thereto, and
      further having a notch means adapted to be aligned with said descent
      channel so as to form a continuous descent channel along said main column;
      and
PA1  a lower support member attached to said main support bracket and having
      means for supporting and aligning a lower modular column section thereto
      with respect to the upper modular column section.
NUM  14.
PAR  14. The emergency escape apparatus of claim 13 in which a plurality of base
      plate means are affixed to each of the lower ends of the mounting of said
      column sections to said main column support bracket means.
NUM  15.
PAR  15. The emergency escape apparatus of claim 13 in which a radial thrust
      bearing means is provided in said main support bracket means to absorb
      both lateral and longitudinal forces imposed thereon by a column section
      bearing thereon.
NUM  16.
PAR  16. The emergency escape apparatus of claim 13 in which a buffer means is
      located within said notch means in said main support bracket means,
      whereby said buffer means reduces the vibratory shock in descending
      between column sections and past said major building bracket assembly
      means.
NUM  17.
PAR  17. The emergency escape apparatus of claim 11 in which a braking buffer
      means is provided within at least one of said main column and first and
      second tubular structures near the exit point of said main column and
      first and second tubular structures, operatively engageable with said
      hook-up unit to brake the descent of said hook-up unit as it nears the
      exit point.
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ABST
PAL  A tree-climbing platform has a stand portion of rigid sheet material and a
      pair of tubular runners secured to either side of the stand spaced
      thereabove. The tree-contacting end of the stand has a V-notch at the
      center and projecting teeth formed in plates secured to the stand along
      the sides of the notch. The runners project beyond this end and a crossbar
      having a toothed plate secured to the center thereof is adjustably and
      removably secured at each end to the runners. Stirrups for the feet of the
      climber are secured to the stand adjacent the V-notch and a seat of fabric
      belting looped around the runners is provided above the stirrups.
      Back-pack straps are removably secured to the under side of the stand and
      pads are provided for being secured looped around the toothed plates at
      the V-notch when the platform is backpacked. A hand climber accessory for
      the platform comprises a tubular handle and a rope adapted to be secured
      to one end of the handle, then passed around a tree and wound in several
      turns around the other end of the handle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a tree climbing platform and a hand-climber
      accessory for use therewith for climbing trees or poles.
PAR  There are many such platforms now available which are principally used by
      archer hunters for elevated platforms which raise them above the usual
      field of sight of game, usually deer, so that the game may approach within
      range. Some of the known platforms and hand-climber accessories have
      flexible metal straps with teeth projecting therefrom for contact with the
      tree trunk, or have chains or other flexible members, or have V-notches
      with projecting, horizontally extending blades. Such climbing platforms
      may be adapted for climbing poles or tree trunks with bark but are
      unsteady or slip when climbing a trunk with bark. Other platforms are not
      adapted for climbing at all.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a lightweight platform having a stand
      portion of rigid sheet material on which a hunter can stand, one end of
      the stand having projecting teeth for engaging one side of a tree trunk.
      Tubular runners at each side of the stand have the major portion of their
      length secured spaced above, and parallel to, the stand. The runners
      project beyond the toothed end of the platform and are adapted to pass on
      either side of a tree trunk. The projecting ends of the runners have a
      crossbar adjustably and removably secured at either end to the runners,
      the crossbar having teeth projecting therefrom for engaging the tree trunk
      on the opposite side from that engaged by the platform teeth. The runners
      being spaced above the stand, the crossbar teeth are likewise spaced and,
      when the crossbar is secured to the runners the stand is secured
      horizontal by the cantilever action of the teeth engaged with the tree
      trunk.
PAR  When disengaged from the tree, the platform may be inverted and used as a
      sled, the runners supporting the stand thereabove on which a carcass can
      be carried. The ends of the runners are curved and bent toward the
      platform and secured thereto at the end of the platform remote from the
      toothed end thereof providing means for the runners to pass over
      obstructions.
PAR  Stirrups are provided on the surface of the stand adjacent the toothed end
      thereof, when the platform is in tree-climbing position, for engagement
      with the feet of the climber. A seat is provided, supported by belts
      passing buckled around the runners from side to side when the platform is
      in tree climbing position and after the climber has reached the desired
      height.
PAR  The surface of the stand which is the undersurface when the platform is in
      tree-climbing position is provided with removable and adjustable back-pack
      straps and the platform can be back-packed with the projecting ends of the
      runners up.
PAR  The stand may be used with any of the known hand-climber accessories but a
      preferred hand climber is provided comprising a handle formed of a
      straight piece of tube substantially as long as the largest tree to be
      climbed and a length of rope. The rope is adapted to be tied at one end
      around one end of the tubular handle, passed around the trunk twice, and
      then wound around the other end of the handle for several turns. One hand
      of the climber engages the handle near the knot, the other hand engaging
      the other end of the handle over the turns of rope as the climber pulls
      himself and the platform upward with his arms.
PAR  The rope of the hand-climber accessory is also useful when the platform is
      used as a sled or is back-packed. The ends of the rope may be tied to the
      forward end of the sled for pulling by one or more hunters. When used as a
      back-pack the platform may have rope tied around the runners from side to
      side for securing other supplies within the back-pack. The handle may be
      conveniently stored within the projecting end of one of the tubular
      runners.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a platform according to the invention in tree
      climbing position, a seat for the user and the extended position of the
      crossbar being indicated in broken lines;
PAR  FIG. 2 is a side elevational view thereof;
PAR  FIG. 3 is a fragmentary bottom plan view thereof;
PAR  FIG. 4 is an end view thereof as viewed from the right in FIG. 1;
PAR  FIGS. 5 and 6 are fragmentary enlarged plan and side elevational views,
      respectively, of the adjustable fastening means at each end of the
      crossbar;
PAR  FIG. 7 is a fragmentary enlarged side elevational view of the means for
      fastening the end of a tubular member to the platform;
PAR  FIG. 8 is a fragmentary enlarged sectional view on the line 8--8 of FIG. 1;
PAR  FIG. 9 is a plan view of a hand-climber accessory for the tree
      climber-platform of FIG. 1, a tree trunk being diagrammatically shown in
      broken lines;
PAR  FIG. 10 is a sectional view on the line 10--10 of FIG. 3 and showing a
      tooth-covering pad for use when the platform is used as a back-pack; and
PAR  FIG. 11 is a sectional view on the line 11--11 of FIG. 3, showing the same
      pad.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring particularly to FIGS. 1-4, the tree-climbing platform 15
      comprises a generally rectangular stand or platform 16 of plywood or
      fiberglass or similar sheet material having a V-shaped notch 17 at the end
      of the stand adapted to contact a tree to be climbed. Two plates 18 and 19
      are bolted respectively parallel to the two edges of the notch. An edge of
      each plate projects beyond stand 16 and this edge has a plurality of
      adjacent and intersecting arcuate notches cut therein forming projecting
      teeth 20 therebetween, as shown.
PAR  Stand 16 is supported on each side on a metal angle, 21, preferably of
      aluminum, secured by bolts 22 and nuts 23, best seen in FIG. 4, and screws
      24, best seen in FIG. 3, to the stand. Each angle 21 has an upwardly
      projecting flange 25 alongside the stand.
PAR  Just forward of the notch 17 the stand 16 has eight holes 26 therethrough,
      arranged as shown in FIG. 3, and through the holes 26 a cord 27 is laced,
      as shown, to form the stirrups 28 and 29 seen in FIG. 1. As seen in FIG.
      4, the stirrups 28 are shorter and adapted to be engaged by the toes of
      the climber and the longer stirrups 29 are adapted to be looped behind the
      heels of the climber. As seen in FIG. 3, the ends of cord 27 may be
      knotted at 30 and the knot secured compressed in a knot holder 31 secured
      to the underside of stand 16.
PAR  At either side, the stand 16 has secured thereto the forward end, the end
      away from the tree, of a tube 32, preferably of aluminum, by means of an
      eyebolt 33 and nuts 34, best seen in FIG. 7. A washer 35, bent to conform
      to the shape of tube 32, is interposed between the eye of bolt 33 and tube
      32 and a bracket 36 secured to a D-ring 37 is interposed between nut 34
      and angle 21. A similar bracket 36 and D-ring 37 is secured by one of the
      bolts securing plates 18 and 19 to the stand, as shown in FIG. 3, for a
      purpose which will appear, and as best seen in FIG. 8.
PAR  Each tube 32 extends upward and toward the end of platform 16 adapted to
      contact a tree and then curves, as best seen in FIG. 2 to the major
      portion of the length of the tube which lies above and parallel to angle
      21 and extends beyond the rearward end of platform 16. A plug-type cap 38
      may be used at the rear end of each tube 32. At the rear end of each angle
      21 a vertical aluminum column or bar 39 spaces each tube 32 thereabove,
      one end of each column being welded or otherwise secured to flange 25, and
      the other end of the column being welded or secured to the tube 32, as
      shown.
PAR  Mounted on the rearward ends of tube 32 is a crossbar 40 bearing at its
      center another plate 41 bolted to the top surface of crossbar 40. The
      adjustable plate 41 has teeth 20 formed substantially like the teeth 20 of
      plates 18 and 19, the teeth being arcuately disposed, however, instead of
      in a straight line. The arcuate notches cut in the edge of each plate have
      a radius of about one-fourth inch and the distance between the centers of
      adjacent notches is about one-half inch which results in sharp pointed
      teeth 20 capable of biting into a tree or pole for a distance of at least
      one-fourth inch.
PAR  Each end of crossbar 41 is adjustably secured to a respective tube 32 by a
      shackle device 42, best seen in FIGS. 5 and 6. The device 42 has a plate
      member 43 adapted to lie flat on the surface of bar 40 and a U-shaped
      shackle bolt 44 adapted to encircle the tube 32 with each leg extending
      through appropriate holes in bar 40 and plate 43. One leg is pivotally
      secured at 45 to one end of a locking lever 46, the other leg being
      threaded to receive a wing nut 47. The end of lever 46 carrying pivot pin
      45 has a projecting cam surface 48 adapted to tighten shackle bolt 44
      about tube 32 when lever 46 is tightened by nut 47. A spacer nut 49 may be
      provided on the threaded leg of bolt 44 to hold plate 43 loosely engaged
      with bar 40 when the wing nut 47 is loosened.
PAR  Crossbar 40 is adjustable from a position shown in full lines in FIG. 1 to
      a position indicated in broken lines at 40' in the same Figure. The
      position shown in full lines adapts the toothed plates to engage the
      perimeter of a tree about 7 inches in diameter and the position shown in
      broken lines adapts the toothed plates to engage the perimeter of a tree
      about 18 inches in diameter, the arc of the teeth on the adjustable plate
      41 substantially conforms to the perimeter of this maximum sized tree.
PAR  Shown in broken lines in FIg. 1, two canvas belts 50 are indicated wrapped
      about tubes 32 at either end and secured by buckles 51. A plurality of
      cross straps 52 may be stitched at either end to the belts 50 to form a
      seat for the hunter, or the belts 50 themselves may serve as a seat. It
      will be understood that reference to forward and rearward directions
      relate to the usual position of a waiting hunter seated on the above
      described seat with his back to a tree or a hunter ready to shot when
      standing to the left of the seat in FIG. 1 and facing away from the tree.
PAR  Referring now to FIG. 9, a hand-climber accessory 55 comprises a hand bar
      or handle 56 and a length of rope 57 which may be as long as desired.
      Preferably the rope is 3/8 inch diameter hemp or other rope and the handle
      is of aluminum tubing having a length substantially exceeding or equalling
      the diameter of the trees to be climbed and of an outside diameter less
      than the inside diameter of the tubes 32 so that it may be stored in one
      of the tubes 32 by removing its cap 38. As shown in FIG. 9, one end of
      rope 57 may be secured by a figure-8 or similar knot to the bar 56, the
      rope then passed twice around a tree indicated at 58, the handle 56 being
      drawn against the tree and the free end of rope 57 then wound around the
      handle as shown at 59 and tied around the waist as a safety precaution.
PAR  For climbing, the platform 15 and accessory 55 may be used by sliding the
      crossbar 40 off of the free ends of the tubes 32, placing the platform 15
      with the tubes 32 on either side of the tree and with the teeth of plates
      18 and 19 engaging the tree. The bar 40 is then replaced with the teeth of
      plate 41 engaging the tree and the bar is locked in place. The climber
      then places his feet in the stirrups 28 and 29 facing the tree.
PAR  The hand accessory 55 is then arranged as shown in FIG. 9, the climber
      passing the loop rope 57 as high as he can reach. One hand grasps the bar
      near the knot and the other hand is placed over the turns of rope at 59.
      The rope may be tightened by rotating the loops in one direction and
      loosened by turning the loops in the other direction.
PAR  The climber then pulls himself up as far as he can by his arms while
      bending his knees, his feet raising the stand 16 and thereby disengaging
      the teeth 20 of plates 18 and 19 from the tree. When the stand 16 is
      raised as high as possible by bending the knees, the climber then places
      his weight again on the stand and the platform is then engaged cantilever
      fashion with the tree. The hand accessory is again raised and the cycle is
      repeated.
PAR  Referring now to FIG. 2, it will be seen that by turning the platform 15
      upside down it may serve as a sled for hauling the game after it is shot.
      By sliding bar 40 off of the free ends of tubes 32, reversing it upside
      down and sliding it back near to the position indicated at 40' in FIG. 1,
      the bar 40 becomes an adjunct to the stand portion 16 for supporting the
      carcass. The tubes 32 serve as runners, unobstructed except for the curved
      portions of the shackle bolts 44 adjacent the now trailing ends of the
      tubes. The sled may be pulled by attaching the rope 57 of the hand
      apparatus 55 to the eyes of the bolts 33 at the now forward end of the
      sled. This use of rope 57 usually determines its desired length.
PAR  Referring now to FIG. 3, fabric straps 60 are provided with hook fasteners
      61 at either end which may be engaged with the D-rings 37 at either end of
      a stand 16 on either side. Sliding buckles 62, as are usually provided in
      pack-straps, serve to regulate the length of the straps. The bar 40 may be
      positioned at any appropriate point along the tubes 32 and the rope 57 of
      hand apparatus 55 may be looped around the tubes 32 like seat straps 51 to
      provide a cargo-carrying area between tubes 32 and stand 16 as can best be
      seen in FIG. 4.
PAR  Referring to FIGS. 10 and 11, pads 65 may be provided for wrapping around
      the plates 18 and 19 when the platform 15 is back-packed. The pads 65
      cover the teeth 20 on the plates and each may be secured in position by a
      bolt 66 passing through both ends of the pad and through a hole 67 (FIG.
      1) in stand 16. A wing nut 68 may be provided for use with the bolt 66.
      Alternatively snap fasteners may be provided on the ends of pads 65 and on
      both surfaces of stand 16. Pads 65 are preferably made of thick pile
      carpet-type material, as shown, and provide means for spacing stand 16
      away from the back of the packer sufficiently so that the knot holder 31
      does not come in contact with the back of the packer.
PAR  While the platform 15 has been described above as a hunter's platform it
      will be apparent that it may have other uses such as a pole climbing
      device or an equipment-storage platform for use with utility poles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tree-climbing platform comprising a substantially rectangular stand
      portion of rigid sheet material having a V-notch at one end, a tubular
      runner at either side of the platform, the main portions of each runner
      being secured to the stand parallel to and spaced thereabove, the stand
      having a metal plate secured thereto along each side of the V-notch, each
      plate having teeth along one edge projecting beyond the stand for
      engagement with a tree trunk, the stand having stirrups secured thereto
      adjacent the V-notch adapted for engagement with the feet of a climber,
      each runner projecting beyond the V-notched end of the stand and adapted
      to extend on either side of a tree trunk to be climbed, a crossbar
      removably secured at each end to a runner, the crossbar having a metal
      plate secured thereto at its center, the crossbar plate having teeth along
      one edge projecting from the crossbar and adapted to contact the tree
      trunk on the side opposite that contacted by the V-notch plates teeth,
      whereby a climber may embrace a tree with his arms while bending his knees
      to raise the platform and then put his weight on the platform to reengage
      the platform with the tree and thereafter grasp the tree at a higher level
      for again raising the platform.
NUM  2.
PAR  2. The platform defined in claim 1 wherein the runners project beyond the
      V-notched end of the stand a distance sufficient to allow the crossbar to
      be secured to the runners at a distance whereby the distance between the
      V-notch plates teeth and the crossbar plate teeth spans a tree trunk 18
      inches in diameter.
NUM  3.
PAR  3. The platform defined in claim 1 wherein the V-notch plates teeth and the
      crossbar plate teeth are formed by arcuate, vertically extending notches
      cut at evenly spaced intervals to intersect and form at their intersection
      sharp pointed teeth at least one-fourth inch long.
NUM  4.
PAR  4. The platform defined in claim 1 wherein the tubular runners are curved
      at one end toward the stand and secured thereto at the end opposite the
      V-notched end of the stand, whereby the platform may be inverted with the
      runners down to form a sled for carrying game shot from the platform.
NUM  5.
PAR  5. The platform defined in claim 1 wherein the surface of the stand
      opposite the surface to which the stirrups are attached has a pair of
      back-pack straps removably secured thereto, whereby the platform may be
      back-packed, the projecting ends of the runners projecting upward.
NUM  6.
PAR  6. In combination with the platform defined in claim 1, a hand-climber
      accessory comprising: a tubular handle at least equal in length to the
      diameter of the tree to be climbed, and a rope, one end of the rope being
      knotted around the handle adjacent one end, the rope being adapted to be
      passed around a tree to be climbed, and the rope being wound around the
      other end of the handle in a plurality of turns, whereby a climber grasps
      the handle adjacent the knot with one hand, wraps the rope around the tree
      and around the other end of the handle and grasps the handle with the
      other hand around the turns and pulls himself upward with his arms when
      climbing with the platform.
NUM  7.
PAR  7. The platform defined in claim 3 wherein the teeth of the crossbar
      carried plate are arranged arcuately, the radius of the arc being at least
      substantially half the diameter of the tree to be climbed.
NUM  8.
PAR  8. The platform defined in claim 5 wherein the V-notch plates have thick
      pads of textile material wrapped therearound covering the teeth, the ends
      of the pads being secured to the stand.
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ABST
PAL  A tie-back device restrains full extension of an evacuation slide until a
      predetermined inflation is attained. Inflation of the slide causes tension
      to be applied to the device. The device comprises two attachment rings and
      two components which are coupled by a shear pin. A transparent cover is
      permanently attached to one component. This cover makes the device
      tamperproof and nonreusable. The cover, in conjunction with the attachment
      rings and the two components, allows tensile forces to be applied to the
      shear pin from only one direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to inflatable emergency evacuation slides used
      primarily on aircraft, and particularly to tie-back devices used in
      conjunction with these slides.
PAR  In the case of crash landings or other aircraft emergencies away from an
      airport terminal building, it is desirable to evacuate passengers or cargo
      as quickly as possible. Emergency evacuation slides have been provided on
      most aircraft for this purpose. Presently, the most common type of
      evacuation slide used is an inflatable ramp which is stored in its
      deflated condition. In emergencies, the deflated slide is extended from
      the aircraft and then inflated. When the slide is extended from the
      aircraft, it hangs in a relatively limp position. In this position it is
      highly vulnerable to wind deflection which occurs when a cross wind blows
      toward the evacuation exit. In such a case, the limp slide may be blown
      underneath the aircraft, thus making it completely useless when inflated.
      For further discussion of this problem, see U.S. Pat. No. 3,018,867. To
      eliminate the problem of wind deflection, devices have been used to
      restrain the full extension of the slide until it is almost fully
      inflated. In many such devices, the lower end of the slide is secured to
      the upper end until a suitable inflation pressure is attained. Upon
      release of the lower end of the slide, the inflation pressure forces the
      lower end to first swing outward from the aircraft, and then downward to
      the ground. Further discussion of the mechanics of this operation can be
      found in U.S. Pat. No. 3,391,771.
PAR  Preferably, the tie-back device used to secure the lower end of the slide
      is self-releasing when full extension of the slide is advantageous. A
      self-releasing restraint eliminates human error due to panic or lack of
      skill.
PAR  It is imperative that the restrain be released at a precise inflation
      pressure. Deviation from this pressure can render the slide useless.
      Release of an underinflated slide may cause wind deflection problems
      heretofore discussed. On the other hand, undue delay in fully extending
      the slide can be disastrous in a situation where time is of the essence. A
      restraint device which is set to release at an inflation pressure that
      will never be attained will also render the slide useless.
PAR  Hook and pile fasteners as in U.S. Pat. Nos. 3,606,939 and 3,669,217 are
      one of the many types of releasable restraints which have been proposed.
      Other proposals have included types of frictionally engaging components,
      as in U.S. Pat. Nos. 3,391,771 and 3,463,266.
PAR  Problems can arise regarding the dependability of the previously known
      types of releasable restraint devices. As was previously noted, release at
      a precise inflation pressure is necessary. General weather conditions,
      such as temperature, humidity and dampness can alter the predetermined
      release inflation pressure of hook and pile type fasteners. Weather and
      dampness can also have a detrimental effect on a friction type release
      device. Expansion and contraction of the friction materials can cause a
      change in the coefficients of friction of the engaging surfaces. This can
      cause a critical change in release inflation pressure. Corrosion due to
      exposure to the atmosphere can also affect the coefficients of friction of
      some friction type devices.
PAR  Many of the previously proposed devices are designed for reuse. Reuse
      ultimately causes wear which can change the release inflation pressure.
      Problems of incorrect release inflation pressure can arise when the device
      is being prepared for reuse by someone not skilled to do so. Furthermore
      most such devices are not tamperproof.
PAR  After deployment of the folded slide, most prior release devices have no
      protection from outside forces which can affect the release inflation
      pressure. For example, a wind blowing against the slide can cause the
      slide to twist. This can result in a twisting force being applied to the
      release device. Most devices cannot discriminate between forces from the
      inflation pressure and other forces. Thus, even though a particular device
      may release precisely upon application of a predetermined load, the load
      may be applied by forces that are irrelevant to inflation pressure.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an inflatable emergency
      evacuation slide with a dependable, non-reusable and tamperproof restraint
      device that will release at a precise predetermined inflation pressure.
PAR  It is a further object of this invention to provide a releasable restraint
      device that is essentially unaffected by weather conditions, corrosion,
      dampness or age.
PAR  It is a further object of this invention to provide a releasable restraint
      that is essentially unaffected by forces other than inflation pressure of
      the evacuation slide.
PAR  These and other objects of this invention which will become evident by the
      description of the invention are achieved by an inflatable emergency
      evacuation slide which is held in a folded position by a shear pin type
      releasable restraint. The releasable restraint further comprises two
      coupled components and a rigid, preferably transparent cover. Tension due
      to inflation pressure of the slide is applied to the device by means of
      attachment rings. Only one attachment ring can move relative to the cover,
      and this movement is restricted to one direction by guide slots in the
      cover.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side view of a partially inflated evacuation slide. The slide
      is being held in a folded position by a releasable restraint device which
      is attached to the aircraft and to the bottom of the slide;
PAR  FIG. 2 is an end view of the releasable restraint device according to a
      preferred embodiment;
PAR  FIG. 3 is a sectional view of the releasable restraint device taken along
      line 2--2 of FIG. 2.
DETD
PAC  DESCRIPTION OF A PRESENTLY PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, an inflatable emergency evacuation slide 11 having a
      releasable restraint 10 is shown extended in a jackknife position from a
      portion 12 of an aircraft. The slide 11 is held in this position until the
      restraint is released. In the arrangement shown, tension is transmitted to
      the releasable restraint 10 by means of a rope or cord 13. This rope or
      cord is attached to the aircraft portion 12 and to the lower end 14 of the
      slide 11.
PAR  As is more clearly seen in FIG. 3, the releasable restraint 10 comprises
      cylindrical components 15 and 16 which are coupled together. Component 15
      has a cylindrical protrusion 27 which projects axially out of the main
      body of component 15. Component 16 has an axial, cylindrical cavity 28
      which receives the protrusion 27 of component 15. Preferably, the length
      of the protrusion 27 is about 4 times its width or diameter, thus allowing
      it to assist in guidance of the components during uncoupling. It is
      understood that the cylindrical shape of the components and the specific
      coupling arrangement shown are not essential to this invention. In a
      preferred embodiment, the coupled components 15 and 16 form another
      cylinder having a longitudinal axis 17.
PAR  The coupled components are held together up to a predetermined release load
      by at least one shear pin 18 which passes through protrusion 27 of
      component 15 and cavity 28 of component 16. Shear pin devices are
      considered extremely reliable for use in a releasable restraint because
      they are essentially unaffected by weather conditions and dampness. The
      surface condition of a shear pin ordinarily is not critical because a load
      applied to it will be carried primarily by its internal structure.
PAR  By using a shear pin release device, the release load can accurately be set
      at virtually any magnitude. Aircraft of different types and sizes may
      require different sizes of emergency escape slides. Thus, releasable
      restraints such as 10 will be required to release at various predetermined
      loads, depending on the size of the escape slide it is used with. The
      presently contemplated release loads range from 30 to 480 pounds. This
      range can be widely broadened by varying the number of shear pins in each
      releasable restraint 10, the diameter of each shear pin, the material of
      each shear pin, or any combination thereof. The shear pin 18 shown in FIG.
      3 is designed to shear at two planes. The release load can be further
      multiplied by requiring each pin to shear at three or more planes. The
      release load can also be diminished by requiring each pin to shear at only
      one plane.
PAR  Preferably, the shear pin 18 is in a plane perpendicular to the
      longitudinal axis 17 of the cylinder formed by components 15 and 16. By
      this positioning any force transmitted to the shear pin 18 will be applied
      through its smallest cross section.
PAR  The releasable restraint 10 further comprises a cover 19. In the preferred
      embodiment the cover extends the entire length of the cylinder formed by
      the components 15 and 16. The cover thus encloses the shear pin 18 and
      holds it in position. The cover 19 is preferably transparent, allowing the
      shear pin and other components within to be visible. Proposed cover
      materials include tubular plastics which are readily available
      commercially and can be cut to length. In a preferred embodiment the cover
      19 is a hollow cylinder with an inside diameter sized to fit closely over
      the cylinder formed by components 15 and 16. The cover thus assists in
      guidance of the components along the longitudinal axis 17 during
      uncoupling.
PAR  The cover 19 is permanently or inseparably attached to one component. It,
      therefore, prevents any tampering with the shear pin 18. After uncoupling
      of components 15 and 16, the cover prevents replacement of the used shear
      pin by permanently blocking the hole in which another shear pin might be
      inserted. This eliminates any possible reuse of the releasable restraint
      with a shear pin that will cause an incorrect release load. In a preferred
      embodiment, the cover 19 is attached to component 16 by means of a roll
      pin 21 which is permanently embedded in component 16. Other means of
      permanently or inseparably attaching the cover 19 to one component are
      available within the scope of this invention. For example, the cover can
      be attached by heat shrinking it onto one component or by adhering it to
      one component by bonding or with a permanent adhesive.
PAR  The releasable restraint 10 further comprises means to transmit tension
      from the rope or cord 13 to the components 15 and 16, respectively. In the
      preferred embodiment the means are attachment rings 23 and 22, which pass
      through components 15 and 16. The rope or cord 13 may be linked either
      directly to the attachment rings or by some other means such as clips 26.
      These attachment rings pass through special openings in the cover 19.
      Attachment ring 22 passes through two holes 24 while attachment ring 23
      passes through two guide slots 25. The guide slots 25 allow the attachment
      ring 23 to exert a force on component 15 along the longitudinal axis 17.
      The guide slots 25 further permit uncoupling of components 15 and 16 upon
      shearing of the shear pin 18. Each of these special openings in the cover
      is wide enough to allow its corresponding attachment ring to pass through,
      but narrow enough to prevent forces in all directions, except those
      substantially parallel to the longitudinal axis 17, from acting on the
      shear pin 18. Thus, forces applied to the attachment rings from other
      directions, such as a twisting force applied by the wind, cannot cause an
      early release.
PAR  In operation, the evacuation slide 11 is inflated causing tension to be
      applied to the rope or cord 13 which transmits the force to the attachment
      rings. The attachment rings 22 and 23 transmit the force to components 16
      and 15, respectively. The force is ultimately applied to the shear pin 18.
      When a predetermined release load is attained, the pin 18 will be sheared
      causing the uncoupling of components 15 and 16. The roll pin 21 causes the
      cover 19 to remain permanently or inseparably attached to component 16.
      The cover 19 renders the releasable restraint 10 nonreusable.
PAR  Although a structure of the type disclosed for the purpose of illustrating
      one embodiment of the invention is especially suitable for installation in
      aircraft, it should be understood, of course, that numerous modifications
      or alterations may be made therein without departing from the spirit and
      the scope of the invention as set forth in the amended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with an inflatable emergency evacuation slide, a
      releasable restraint joined to at least one portion of said slide, wherein
      the releasable restraint comprises:
PA1  a. two components;
PA1  b. at least one shear pin which couples the two components; and
PA1  c. a sleeve-like covering:
PA2  1. inseparably affixed to one component; and
PA2  2. enclosing the at least one shear pin such that the at least one shear
      pin is essentially inaccessible.
NUM  2.
PAR  2. An improvement as defined in claim 1 in which the covering is an
      essentially transparent plastic.
NUM  3.
PAR  3. An improvement as defined in claim 1 comprising at least one roll pin
      inseparably affixing the covering to the one component.
NUM  4.
PAR  4. An improvement as defined in claim 1 further comprising means to prevent
      release of the restraint from forces in all but essentially one direction
      relative to the two components.
NUM  5.
PAR  5. An improvement as defined in claim 1 in which the two components form a
      cylinder when coupled.
NUM  6.
PAR  6. An improvement as defined in claim 5 further comprising means to prevent
      release of the restraint from forces in all but essentially one direction
      relative to the two components.
NUM  7.
PAR  7. An improvement as defined in claim 6 in which the essentially one
      direction is parallel to the longitudinal axis of the cylinder.
NUM  8.
PAR  8. An improvement as defined in claim 5 in which the at least one shear pin
      is positioned in a plane perpendicular to the longitudinal axis of the
      cylinder.
NUM  9.
PAR  9. An improvement as defined in claim 8 in which the at least one shear pin
      extends completely through the two components.
NUM  10.
PAR  10. An improvement as defined in claim 9 in which the covering is a hollow
      cylinder.
NUM  11.
PAR  11. An improvement as defined in claim 10 in which a portion of each of the
      two components is cylindrical.
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ABST
PAL  A ladder is made from extruded aluminum steps supported on a pair of
      vertical tubes fitted through large diameter holes drilled vertically
      through the steps. The steps are hollow except for a pair of vertical
      walls extending longitudinally thereof and lying on opposite sides of the
      vertical holes. Small horizontal holes are drilled through these walls
      from the rear of the steps to receive fastening pins which are driven
      through the tubes to locate and support the steps on the tubes.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  While not limited to marine usage, the device of the present invention
      finds particular utility as a boat ladder. Boat ladders have traditionally
      been made with steps constructed of a variety of materials such as teak,
      metal stampings, metal castings and plastic moldings. Each of such
      materials has presented problems in durability, cost, appearance, assembly
      and strength. The ladder of the present invention is particularly designed
      to utilize steps made from extrusions of aluminum or other light weight
      material. The steps are cut to length and are closed at their opposite
      ends by means of plastic plugs or end fittings. The steps are also drilled
      vertically to accommodate tubular aluminum side rails which form the
      vertical supports of the ladder. Small horizontal holes are drilled
      through the walls of the steps to accommodate and guide nail-like pins
      which are driven through the tubular side rails to locate the steps on the
      side rails. Split plastic bushings are fitted between the tubular side
      rails and the walls of the vertical holes drilled through the steps. By
      this means, the vertical holes in the steps may be made slightly
      oversized, thereby permitting the steps to be slid over preformed side
      rails having bends and other non-rectilinear shapes imparted thereto prior
      to the assembly of the steps onto the side rails.
PAR  The ladder of the present invention is believed to have distinct cost
      advantages over other high quality ladders, such cost advantages stemming
      from both the use of somewhat lower priced materials as well as from the
      ease which the ladder is assembled. The ladder is highly durable and
      strong in construction and is attractive in appearance. The ladder is also
      safe and comfortable to use, presenting no jagged edges or other irregular
      projections to catch on the clothing or skin of a user.
DRWD
PAC  DESCRIPTION OF THE VIEWS OF THE DRAWING
PAR  FIG. 1 is a perspective view of a boat ladder constructed in accordance
      with the principles of the present invention, the ladder being mounted on
      the stern of a boat which is illustrated in broken lines;
PAR  FIG. 2 is an enlarged sectional view of the structure illustrated in FIG.
      1; and
PAR  FIG. 3 is a reduced sectional view of the structure illustrated in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a boat ladder 12 constructed according to the present
      invention mounted at its lower end on a boat transom 14. The upper end of
      the ladder is connected to the rear deck 16 of the boat. The ladder
      includes a pair of vertical supports or tubular side rails 18 having
      reversely bent upper end portions 20 and curved lower end portions 22. The
      side rails 18 are preferably made from anodized aluminum tubing. The side
      rail upper end portions 20 are connected to the deck 16 by means of
      fittings 24 while the curved lower end portions 22 are connected to the
      transom 14 by fittings 26. A plurality of identical treads or steps 28 are
      secured to the side rails 18 in vertically spaced parallel relationship.
      The steps 28 are identical to one another and the manner of connection of
      each step to each side rail is identical. Accordingly, a description of
      one of the steps 28 and its manner of connection to one of the rails 18
      will serve to illustrate all steps and their connection to both side rails
      18.
PAR  Turning now to FIGS. 2 and 3, the steps 28, which are made from anodized
      extruded aluminum, each have an arcuate upper wall 30 provided with
      external traction grooves 32 and an arcuate lower wall 34. The walls 30
      and 34 are connected by a front vertical wall 36 and a rear vertical wall
      38 extending longitudinally of the step. Also connecting the walls 30 and
      34 are a front inner vertical wall 40 and a rear inner wall 42. The steps
      28 are hollow except for the walls 36 and 38. A pair of holes 44 are
      drilled vertically through the steps 28 in locations which lie between the
      walls 40 and 42 and are spaced from the opposite ends of the step. The
      holes 44 are of cylindrical shape and possess diameters slightly greater
      than the outer diameters of the tubular side rails 18. The diameters of
      the holes 44 are also approximately equal to the spacing between the inner
      walls 40 and 42.
PAR  For the purpose of joining the steps 28 to the side rails 18, each step is
      drilled twice, the drill entering the step from the rear wall 38 in
      vertical planes including the axes of the holes 44. This drilling
      operation results in the formation of three aligned horizontal holes 46,
      48 and 50 formed in the walls 38, 42 and 40 respectively. Once the steps
      28 have each been drilled to form the two vertical holes 48 and the two
      sets of horizontal holes 46, 48 and 50, the steps are fitted over the ends
      of said rails 18. This may be done from the lower ends 22 prior to the
      assembly of the lower ends to the fittings 26. Each step 28 is then moved
      to its proper position on the side rails 18, this operation being
      facilitated by the use of appropriate fixtures (not shown) to position the
      parts. Circumferentially split plastic sleeves or bushings 52 are then
      inserted between the outer peripheries of the side rails 18 and the walls
      of the vertical holes 44. The bushings 52 take up the clearance between
      the parts and prevent any horizontal "play" between the steps 28 and the
      side rails 18. Stainless steel pins 54 are then inserted into the holes 46
      and 48 and are driven through the bushings 52 and side rails 18 and then
      pass through the holes 50. This is facilitated by the formation of pointed
      ends 56 on the pins 54. The pins 54 are driven into the steps until their
      flat outer ends 58 align with the outer surface of the rear wall 38. The
      pins 58, which are made of stainless steel, are easily able to pierce the
      bushings 52 and side rails 18. The holes 46, 48 and 50 may be sized
      slightly under the diameter of the pin 54 to insure proper frictional
      retention of the pin 54 in place within the step. It will be noted,
      however, that the holes 46 and 48 form guides for the pins 54 to insure
      its proper placement.
PAR  Either before or after the assembly of the steps 28 onto the side rails 18,
      the opposite ends of the steps may be closed by plastic plugs or end
      fittings 60. The plugs 60 have peripheral flanges 62 which seat against
      the opposite ends of the steps and cover any sharp surfaces thereon which
      may have been left from the sawing of the steps to length. The plugs 60
      also have a pair of spaced outer projections 64 and a central inner
      projection 68 separated from the outer projections 64 by means of slots
      66. The slots 66 accommodate the walls 40 and 42. The projections 64 and
      68 are driven tightly within the hollow interior of the steps 28 to
      frictionally retain the plugs 60 in place.
PAR  As will be apparent to those acquainted with marine hardware, the side
      rails 18 may be made from the same tubular material as is utilized to
      construct the hand rails (not shown) which are frequently mounted on the
      rear deck of a boat. In that case, the side rails would simply constitute
      downward continuations of the same tubes from which the deck rails were
      formed. It is a particular advantage of the present invention that the
      tubing from which the side rails 18 are made may be bent and formed to the
      desired shape prior to the assembly of the steps 28 thereon. It will be
      apparent that while the ladder of the present invention is shown in the
      form of a boat ladder, the invention is equally applicable to ladders
      designed for non-marine usage.
PAR  It is to be noted that the inner step walls 40 and 42 are parallel to each
      other, extend for the entire length of the step 28 and serve several
      functions. In the first place they reinforce the step 28 and provide the
      step with resistance to deflection under the load of a user. Secondly,
      they provide the walls in which the fasteners or pins 54 are received and
      thus form a part of the connection between the steps 28 and the side rails
      18. Because the steps 28 are not solid in construction but are hollow,
      their cost is reduced, they are light in weight, and both the drilling of
      the steps and the driving of the pins 54 therein is facilitated. The steps
      are easily anodized after their extrusion and they will retain an
      attractive appearance for a long time. The assembly of the steps 28 to the
      side rail 18 is particularly convenient and minimizes the cost of the
      ladder.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ladder including a plurality of steps each having top and bottom walls
      and a pair of inner transverse walls extending between said top and bottom
      walls, a pair of vertical openings extending through said steps between
      said vertical walls, a pair of tubular side rails fitted in the vertical
      openings of each of said steps, and fastener means projecting through said
      step transverse walls and each of said side rails to support and locate
      said steps on said side rails.
NUM  2.
PAR  2. The structure set forth in claim 1 in which said steps constitute
      metallic extrusions.
NUM  3.
PAR  3. The structure set forth in claim 1 in which the spacing between said
      transverse walls is substantially equal to the span of said vertical
      openings.
NUM  4.
PAR  4. The structure set forth in claim 1 in which said fastener means
      comprises a driven pin passing through preformed openings in said step
      transverse walls.
NUM  5.
PAR  5. The structure set forth in claim 1 in which said steps comprise metallic
      extrusions and including resinous plastic plugs frictionally fitted into
      the ends of said steps and closing said ends.
NUM  6.
PAR  6. The structure set forth in claim 1 including circumferentially split
      bushings fitted between said side rails and said transverse walls.
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ABST
PAL  Lubricating apparatus for the flanged wheels of railroad rolling stock
      comprises a lubricant applicator coupled to a source of lubricant under
      pressure. The applicator comprises a head engaging the wheel flange and
      coupled to a pivotally supported hollow shaft. A solenoid-operated,
      screw-driven piston working in a cylinder filled with lubricant supplies
      lubricant in metered amount to the hollow arm and thence to the applicator
      head, which spreads it in a uniform film on the flange of the wheel.
PARN
PAR  This application is a continuation-in-part of the patent application of
      Albert E. Owen, Ser. No. 404,235, filed Oct. 9, 1973, and now abandoned,
      for FLANGED WHEEL LUBRICATING APPARATUS.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to lubricating apparatus for the flanged wheels of
      railroad rolling stock.
PAR  It is well known that in the absence of lubrication the passage of heavy
      tonnage railroad rolling stock over the rails causes severe wear to both
      rails and wheels. Thus passage of a 100-car freight train over a single
      curve will peel as much as three pounds of steel off the rails. It also
      severely wears the wheel flanges and treads so that frequent changing or
      turning of the wheels is required.
PAR  U.S. Pat. No. 3,011,590 describes a flange lubricator which in large
      measure overcomes this problem by applying a suitable lubricant directly
      to the flanges of selected wheels of the rolling stock, particularly the
      locomotive. This maintains on the locomotive wheel flange a film of
      lubricant which is transferred to the rails and thence to the flanges of
      the wheels of the following cars. As time goes on, the tracks and rolling
      stock wheels of the entire system become coated with a thin but effective
      layer of lubricant which overcomes the wear problem and reduces
      maintenance to a minimum.
PAR  This particular lubricating system, while highly useful, relies for the
      lubricant drive upon mechanical linkages tied to relative movement
      occurring between the sprung and unsprung portions of the railroad car
      trucks. The amount of lubricant delivered to the wheel flanges thus is a
      function of the degree of roughness or smoothness of the road bed. Also,
      the nature of the mechanical linkages is such that it is possible for them
      to stop in a dead center condition when the train comes to a halt. Putting
      the train subsequently in motion then damages the linkages.
PAR  It accordingly is the general object of the present invention to provide
      lubricating apparatus for the flanged wheels of railroad rolling stock
      which apparatus applies lubricant uniformly to the wheel flange
      irrespective of the condition of the road bed and which is characterized
      by the following additional advantages:
PAR  It is not subject to breakage upon starting and stopping the train.
PAR  It is operative in both forward and backward directions of movement of the
      train.
PAR  It is applicable in structural situations where there is limited clearance
      between the locomotive cab and the wheel trucks.
PAR  It applies the lubricant selectively to the flange of the wheel, without
      transferring it to the wheel tread, where it would cause slippage and
      require excessive sanding.
PAR  The amount of lubricant which it delivers is adjustable easily.
PAR  The lubricant is applied by means of an applicator head which fits the
      flange accurately under all conditions of travel without creating a
      condition of wear either to the head or to the flange.
PAR  Use of the lubricator is safe in that even though it is in constant contact
      with the rapidly turning wheel, it does not generate sparks which would
      create a fire hazard.
PAR  The applicator head is properly located with reference to the wheel flange
      at all times irrespective of road bed conditions, atmospheric conditions,
      and length of use.
PAC  GENERAL STATEMENT OF THE INVENTION
PAR  Broadly considered, the hereindescribed flanged wheel lubricating apparatus
      which accomplishes the foregoing and other objects comprises a lubricant
      applicator unit adapted to discharge lubricant on the flange of the wheel,
      a lubricant drive unit providing a source of lubricant under pressure, and
      conduit means interconnecting the two units.
PAR  The lubricant applicator unit in a first embodiment comprises an applicator
      head adapted to lie adjacent the wheel tread and having a groove contoured
      to receive the wheel flange. The applicator head is supported on a
      trunnion-mounted hollow shaft, the bore of which communicates through the
      conduit means with the lubricant drive unit. Means are provided for
      positioning the arm both horizontally and vertically so that the
      applicator head at all times is in proper working relation to the flange
      of the wheel.
PAR  The lubricant applicator unit in a second embodiment is generally similar
      to that described above with the variation that the shaft comprises
      forward and rearward segments and pivotal connecting means connecting the
      segments for angular movement of the forward segment radially with respect
      to the wheel. The rearward shaft segment comprises a flat plate mounted in
      tracks for longitudinal movement of the shaft. This construction permits
      application of the apparatus in structural situations where there is
      limited clearance between, for example, the locomotive wheel trucks and
      the cab.
PAR  The lubricant drive comprises a cylinder adapted to contain lubricant and
      fitted with a screw-driven piston. Ratchet-driven gear wheel means is
      arranged in driving connection to the screw. An electrically operated
      drive, specifically a solenoid drive with associated crank and gear means,
      drives the screw at a predetermined continuous rate as long as the
      locomotive engine is under way. This causes the discharge of a small but
      effective amount of lubricant from the applicator head upon the flange of
      the wheel.
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PAC  THE DRAWINGS
PAR  Considering the foregoing in greater detail and with particular reference
      to the drawings wherein:
PAR  FIG. 1 is a schematic side elevation of a railroad diesel locomotive
      illustrating the manner of placement of the hereindescribed flanged wheel
      lubricating apparatus on the wheels thereof.
PAR  FIG. 2 is a detailed plan view of the apparatus looking in the direction of
      the arrows of line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged view in elevation of the apparatus.
PAR  FIG. 4 is a schematic wiring diagram illustrating the electric circuit for
      the apparatus.
PAR  FIG. 5 is an enlarged plan view of the lubricant applicator unit of the
      apparatus.
PAR  FIG. 6 is a longitudinal sectional view taken along line 6--6 of FIG. 5,
PAR  FIGS. 7 and 8 are views in side and end elevation respectively of the
      lubricant drive unit component of the apparatus.
PAR  FIG. 9 is a view in side elevation similar to FIG. 3 but illustrating the
      apparatus in a second embodiment applied to structural situations of
      restricted clearance;
PAR  FIGS. 10 and 11 are views in plan and side elevation respectively, similar
      to FIGS. 5 and 6, and illustrating further the construction of the
      apparatus of the invention in its second embodiment;
PAR  FIG. 12 is a view in end elevation of the apparatus of FIGS. 9-11, looking
      in the direction of the arrows of line 12--12 of FIG. 11; and
PAR  FIG. 13 is a detail sectional view taken along line 13--13 of FIG. 10.
DETD
PAC  DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS
PAC  a. The Embodiment of FIGS. 1-8
PAR  As illustrated in FIGS. 1, 2 and 3, the presently described flanged wheel
      lubricating apparatus, indicated generally at 10, consists of a lubricant
      applicator unit, indicated generally at 12, and a lubricant drive unit,
      indicated generally at 14. The assembly is designed to apply lubricant
      selectively to the flange 16 of a railroad car or locomotive wheel 18
      tracking on rail 20.
PAR  The two units of the apparatus are connected through a flexible conduit 22
      and are mounted on a suitable frame member, such as frame member 24 of the
      truck mounting wheel 18.
PAR  The particular construction of the lubricant applicator unit is illustrated
      in detail in FIGS. 5 and 6.
PAR  This unit of the assembly includes an applicator head 30 having a corner
      recess 32 dimensioned and contoured to receive flange 16 of the railroad
      car wheel, an inner chamber 34 communicating with the exterior on the rear
      face of the head, and a channel 36 communicating with chamber 34 and
      opening out into recess 32 immediately adjacent flange 16.
PAR  Head 30 preferably is made of a non-metallic material such as micarta. This
      is a synthetic product made up of layers of fabric impregnated with a
      hardened resin. It may be machined, is hard and durable, and is a
      non-conductor of electricity. In addition, upon frictional contact with
      the wheel flange it does not generate sparks and thus is free from a fire
      hazard.
PAR  Mounting means are provided for mounting head 30 in such a manner that in
      its working position it rests in counter balanced condition adjacent
      flange 16.
PAR  The mounting means employed for this purpose comprises an arm or shaft 40
      having a threaded outer end which mounts a Y fitting 42, one leg of which
      is coupled to flexible conduit 22.
PAR  A nipple 44 has one of its ends threaded into the end of Y 42 and the other
      of its ends threaded into a gland 46. The latter is bolted by means of
      bolts 48 across the back face of applicator head 30 with the opening in
      the nipple, and hence of arm 40, registering with recess 34 of the
      applicator head and accordingly communicating therewith.
PAR  The rearward end of arm 40 is received in longitudinal sliding engagement
      in a sleeve or guide 50.
PAR  The forward end of guide 50 is open; the rearward end, closed by means of a
      cover plate 52 bolted across it.
PAR  An extension 54 of sharply reduced diameter extends rearwardly from arm 40
      coaxially therewith. This extension serves as an adjustment shaft. Its
      outer end is threaded and mounts lock nuts 56.
PAR  The extension mounts a compression spring 58 which bears on one end against
      the back end of arm 40 and on the other end against cover plate 52. It
      biases the arm outwardly for proper positioning of head 30. A stop ring 60
      on the end of the arm prevents its overextension by abutment against a
      shoulder 61.
PAR  A key 62 is fixed to arm 40 and enters an appropriate longitudinally
      disposed keyway 63 in the wall of housing 50, thereby maintaining the
      proper aligment of the arm.
PAR  Trunnion-mounting means support housing 50, and hence arm 40, for pivotal
      movement in a vertical plane.
PAR  As shown in FIGS. 5 and 6, the trunnion-mounting means comprises a plate 64
      welded or otherwise affixed to frame member 24 and supporting a pair of
      parallel, upwardly extending arms 66. The arms are provided with aligned
      threaded openings which receive bolts 68.
PAR  The ends of the bolts are seated in aligned sockets 72 in the outer wall of
      guide 50, thus providing the desired trunnion mounting which enables the
      applicator head or shoe 30 to rest gravitationally in operative position
      with respect to flange 16 of the wheel.
PAR  Proper positioning of applicator head 30 in the horizontal plane is
      obtained by adjustment of lock nuts 56 on arm extension 54. Proper
      positioning in the vertical plane is obtained by means of a vertical
      adjustment bolt 73 threaded into plate 64 and fitted with a lock nut 74.
      Adequate lubrication of the assembly is obtained by means of a grease
      fitting 76.
PAR  Applicator head 30 is supplied with lubricant, normally a solid grease, by
      means of a lubricant drive unit indicated generally at 14 and illustrated
      in detail in FIGS. 7 and 8.
PAR  Like unit 12, unit 14 is attached by welding or other suitable means to
      structural member 24. It is supported on a frame 80 in the shape of an
      inverted U.
PAR  Frame 80 mounts on its outer face a cylinder 82. This is adapted to contain
      a quantity of grease or other lubricant and is fitted with a piston 84.
PAR  Piston 84 is driven by means of a piston rod 86. The rearward end of the
      piston rod is fixed to a feed screw nut 88. The latter has a threaded bore
      engaging the threads of a drive screw 90 arranged parallel to piston rod
      86 and having a squared rearward end 92 which extends beyond the plane of
      the rearward leg of frame 80. The forward end of feed screw 90 is integral
      with a spur gear 94.
PAR  Both gear and feed screw are driven by a drive train which is electrically
      actuated. It includes a solenoid 96 with associated pivoted clapper 98
      mounted on top of U-shaped frame 80. The clapper of the solenoid is
      pivotally connected to a link 100 which in turn is connected to one arm of
      a bell crank lever 102. This lever is pivoted centrally on a pivot bolt
      104. It is spring pressed by means of a spring 106. An adjustable stop
      bolt 108 with associated lock nut 110 opposes the action of the spring.
PAR  The other end of bell crank lever 102 pivotally mounts a pawl 112. This
      engages a gear 114 mounted on a common shaft with, and fixed to, a second
      gear 116 of appropriate ratio. The teeth of gear 116 mesh with the teeth
      of gear 94 carried by drive screw 90.
PAR  Accordingly, operation of solenoid 96 intermittently will work clapper 98
      and hence advance piston 84 by increments determined by the stroke of
      clapper 98. Operation of solenoid 96 is determined by means of an electric
      circuit indicated schematically in FIG. 4. In a typical installation, this
      circuit may include four solenoids 96 each driving one of the
      hereindescribed lubricating units. As indicated in FIG. 1, the four units
      may be located in pairs, two on each side of the railroad locomotive,
      where they will supply grease to the wheels thereof and also to the track
      and the entire train which follows.
PAR  The electric circuit is powered by means of batteries 118. It includes a
      four contact switch 120 operated by means of a relay 122. This makes and
      breaks the circuit to all of solenoids 96 simultaneously.
PAR  Relay 122 is in series circuit relationship with a timer 124. The latter in
      turn is energized by means of a switch 126 which is in the circuit
      controlling the locomotive drive.
PAC  b. The embodiment of FIGS. 9-13.
PAR  The form of the invention illustrated in FIGS. 9-13 is applied in the same
      general manner as is the previously described embodiment of FIGS. 1-8.
PAR  Thus, as shown particularly in FIGS. 9 and 10, the apparatus consists of a
      lubricant applicator unit, indicated generally at 12a, and a lubricant
      drive unit indicated generally at 14. These components of the assembly are
      designed to apply lubricants selectively to the flange 16 of the railroad
      car or locomotive wheel 18 tracking on rail 20.
PAR  The lubricant applicator unit and lubricant drive unit are connected
      through flexible conduit 22 and are mounted on a suitable frame member
      such as frame member 24 of the truck mounting wheel 18. It is a particular
      feature of this embodiment that the lubricant applicator unit 12a may be
      mounted in structural situations where very limited space, e.g., a space
      of 2 inches or less, is present between the top of a locomotive truck 24
      and its cab 25.
PAR  As before, the lubricant applicator sub-assembly includes an applicator
      head 30 which may be identical with that previously described. Thus it has
      a corner recess 32 dimensioned and contoured to receive flange 16 of the
      railroad car wheel, an inner chamber 34 communicating with the exterior on
      the rear face of the head, and a channel 36 communicating with chamber 34
      and opening out into recess 32 immediately adjacent flange 16.
PAR  A gland 46 having an internally threaded opening communicating with recess
      34 is secured to the outer face of head 30 by means of bolts 48.
PAR  In the presently described embodiment, head 30 is mounted on a shaft or arm
      which is pivoted intermediate its ends and accordingly comprises a forward
      segment indicated generally at 130 and a rearward segment indicated
      generally at 132.
PAR  The forward segment terminates in a rearwardly located knuckle 134 while
      the rearward segment terminates in a pair of laterally spaced, forwardly
      extending knuckles 136. The knuckles are interleaved and pivotally
      connected by means of a pin 138 with associated washers 140 and cotter
      keys 142. The net effect is to mount shaft segment 130 pivotally through a
      hinge type connection which permits the forward segment to move angularly
      radially with respect to wheel 18 as required to adjust its radial spacing
      from the wheel.
PAR  Means are provided for connecting forward segment 130 to head 30 and also
      the lubricant drive unit.
PAR  The means for connecting the forward segment to head 30 comprises a
      threaded, forwardly extending extension 144. This is bored longitudinally
      and is threaded into gland 46 where it is secured in a desired position of
      adjustment by means of lock nut 146.
PAR  The connecting means on shaft segment 130 for connection to the source of
      lubricant under pressure comprises a nipple 148 threaded into a drilled
      and tapped opening in the forward end of shaft segment 130 and
      communicating with the longitudinal bore therethrough. It thus forms a
      Y-connection similar to Y-connection 42 of the previously described
      embodiment.
PAR  Conduit 22 which communicates with the pressurized lubricant source is
      connected to the nipple and secured by means of nut 150.
PAR  Stop means are provided for arresting the angular movement of shaft segment
      130 so that head 30, and in particular recess 32 thereof, is maintained a
      spaced distance from the flange 16 of the wheel so that lubricant supplied
      through conduit 22 is applied efficiently to the flange.
PAR  As illustrated, the stop means comprises a pair of vertically registering
      and vertically spaced tabs 152, 154. Tab 152 extends laterally from arm
      segment 130; tab 154, from knuckle 136.
PAR  An adjustment screw 156 is threaded through tab 152 and is supported
      thereby. Its lower end bears against and is stopped by tab 154. Adjustment
      screw 156 may be set at any desired position of angular adjustment of head
      30, and maintained in this position by means of lock nut 158.
PAR  Rearward segment 132 of the applicator shaft essentially comprises a flat
      slide adapted to be inserted in the limited clearance area between
      locomotive truck 24 and cab 25, and secured to the former.
PAR  Thus it comprises a slide plate 160 having at its forward end a cross piece
      162 on the forward face of which knuckles 136 are mounted.
PAR  Slide 160 is mounted in a pair of cooperating guides 164. These are
      integral with a base plate 166 which is welded or otherwise fixed to truck
      24 of the locomotive.
PAR  As in the previously described embodiment, biasing means are provided for
      biasing the shaft assembly longitudinally in the direction toward and away
      from wheel flange 16, again to assist in placing lubricant delivery
      passageway 36 in proper operative relation to the flange.
PAR  The biasing sub-assembly is mounted on a pair of laterally extending
      brackets 168 welded to guides 164, and the ends of cross head 162 of slide
      plate 160.
PAR  Both of these elements of the assembly are provided with registering
      openings dimensioned to receive a pair of support rods 170. The forward
      ends of the rods are secured to cross head 162 by means of pins 172. The
      rearward ends of the rods extend through the openings in brackets 168 in
      freely sliding relation. They are threaded and mount lock nut pairs 174,
      176.
PAR  Rods 170 mount biasing compression springs 178 the ends of which bear,
      respectively, against the extensions of cross head 162 and brackets 168.
PAR  In this manner, applicator head 30 is made doubly adjustable both angularly
      and longitudinally as required for precise operative placement with
      respect to the flange of the wheel to be lubricated.
PAC  OPERATION
PAR  In operation, whenever the engineer places the locomotive controls in drive
      position, either forward or reverse, switch 126 is closed. This energizes
      timer 124 which in a predetermined and adjustable time sequence, for
      example once every 15 to 45 seconds, operates relay 122 and closes the
      circuit to solenoids 96.
PAR  Each time a given solenoid is energized, it advances piston 84 of the
      associated grease-filled cylinder by a predetermined amount. This forces a
      predetermined amount of lubricant through flexible coupling 22 into Y 42
      and thence into applicator head 30. There it is applied to flange 16 of
      the car wheel and produces the desired lubricating effect.
PAR  The application of lubricant to the wheels thus is independent of track
      conditions since the screw-driven piston derives energy from a
      timer-operated electric source. Still further, it is impossible for the
      apparatus to a stop in a dead center condition which, upon subsequent
      movement of the train, would destroy its components.
PAR  Upon achieving proper flange lubrication, every curve of the rails and
      every wheel flange on all the rolling stock will show traces of the flange
      lubricant after the passage of several trains. When this condition is
      reached, locomotive draw bar capability is increased from 10 to 30
      percent. Flanges wear on all rolling equipment practically ceases. Flange
      life on locomotives increases over 500 percent. Tread wear also shows a
      marked decline. All of this is accomplished, furthermore, while keeping
      the grease on the flange without passing it to the tread where it would
      cause slippage of the wheels and require excessive sanding.
CLMS
STM  Having thus described my invention in preferred embodiments, I claim as new
      and desire to protect by Letters Patent:
NUM  1.
PAR  1. In flanged wheel lubricating apparatus comprising a lubricant applicator
      unit adapted to discharge lubricant on the flange of the wheel, a
      lubricant drive unit providing a source of lubricant under pressure, and
      conduit means interconnecting the applicator and drive units, a lubricant
      drive unit comprising:
PA1  a. a cylinder adapted to contain lubricant and having a port communicating
      with the conduit means and fitted with screw-driven piston means behind
      the lubricant,
PA1  b. ratchet-driven gear wheel means arranged in driving connection to the
      screw of rhe screw-driven piston means, and
PA1  c. electrically operated drive means arranged in driving connection to the
      ratchet of the ratchet-driven gear wheel means,
PA1  d. the drive means comprising an electric circuit, an electric solenoid in
      the circuit fitted with a clapper and including crank means
      interconnecting the clapper and the ratchet of the ratchet-driven gear
      wheel means, and electric timing means in the circuit for energizing the
      solenoid at predetermined intervals.
NUM  2.
PAR  2. In flanged wheel lubricating apparatus comprising a lubricant applicator
      unit adapted to discharge lubricant on the flange of the wheel, a
      lubricant drive unit providing a source of lubricant under pressure, and
      conduit means interconnecting the applicator and drive units, a lubricant
      drive unit comprising:
PA1  a. a cylinder adapted to contain lubricant and having a port communicating
      with the conduit means and fitted with screw-driven piston means behind
      the lubricant,
PA1  b. ratchet-driven gear wheel means arranged in driving connection to the
      screw of the screw-driven piston means, and
PA1  c. electrically operated drive means arranged in driving connection to the
      ratchet of the ratchet-driven wheel means,
PA1  d. the drive means comprising an electric circuit, an electric solenoid in
      the circuit, and electric timing means in the circuit for energizing the
      solenoid at predetermined intervals, the drive means being associated with
      the flanged wheel of a railway locomotive having a control for the
      locomotive drive, the electric circuit including a switch actuated by the
      locomotive control and operable to energize the timing means upon
      energization of the locomotive control.
NUM  3.
PAR  3. In flanged wheel lubricating apparatus comprising a lubricant applicator
      unit adapted to discharge lubricant on the flange of the wheel, a
      lubricant drive unit providing a source of lubricant under pressure, and
      conduit means interconnecting the applicator unit and drive unit:
PA1  a. a lubricant applicator unit comprising
PA2  1. an applicator head adapted to lie adjacent a flanged wheel, having a
      groove contoured to receive a wheel flange, and a channel opening out on
      the flange,
PA2  2. a shaft mounting the head on its forward end and having a longitudinal
      passageway communicating with the channel on one end and the conduit means
      on the other,
PA2  3. guide means receiving the shaft and restricting the latter to
      longitudinal sliding movement relative thereto,
PA2  4. resilient shaft-biasing means interengaging the guide means and shaft
      for biasing the shaft outwardly in the longitudinal direction, and
PA2  5. stop means associated with the biasing means for limiting the
      longitudinal movement of the shaft under the applied bias of the biasing
      means; and
PA1  b. a lubricant drive unit comprising
PA2  1. a cylinder adapted to contain lubricant and having a port communicating
      with the conduit means and fitted with screw-driven piston means behind
      the lubricant,
PA2  2. ratchet-driven gear wheel means arranged in driving connection to the
      screw of the screw-driven piston means, and
PA2  3. electrically operated drive means arranged in driving connection to the
      ratchet of the ratchet-driven gear wheel means,
PA2  4. the drive means comprising an electric circuit, an electric solenoid in
      the circuit, and electric timing means in the circuit for energizing the
      solenoid at predetermined intervals, the drive means being associated with
      the flanged wheel of a railway locomotive having a control for the
      locomotive drive, the electric circuit including a switch actuated by the
      locomotive control and operable to energize the timing means upon
      energization of the locomotive control.
NUM  4.
PAR  4. In flanged wheel lubricating apparatus comprising a lubricant applicator
      unit adapted to discharge lubricant on the flange of the wheel, a
      lubricant drive unit providing a source of lubricant under pressure, and
      conduit means interconnecting the applicator unit and drive unit, a
      lubricant applicator unit comprising:
PA1  a. an applicator head adatped to lie adjacent a flanged wheel, and having a
      groove contoured to receive a wheel flange, and a channel opening out on
      the flange,
PA1  b. a shaft mounting the head on its forward end, and having a longitudinal
      passageway communicating with the channel on one end and the conduit means
      on the other,
PA1  c. guide means receiving the shaft and restricting the latter to
      longitudinal sliding movement relative thereto,
PA1  d. resilient shaft-biasing means interengaging the guide means and shaft
      for biasing the shaft outwardly in the longitudinal direction, and
PA1  e. stop means associated with the biasing means for limiting the
      longitudinal movement of the shaft under the applied bias of the biasing
      means.
NUM  5.
PAR  5. The lubricant applicator unit of claim 4 wherein the head comprises a
      micarta head.
NUM  6.
PAR  6. The lubricant applicator unit of claim 5 wherein the guide means
      comprises a guide sleeve, the biasing means is mounted in the guide sleeve
      behind the shaft, and trunnion means mounts the guide sleeve on a
      structural member for vertical pivotal movement.
NUM  7.
PAR  7. The lubricant applicator unit of claim 6 wherein the guide sleeve means
      is closed at its rearward end with a back wall having a central opening
      therethrough and wherein the shaft has a rearward extension penetrating
      the opening, wherein the biasing means comprises compression spring means
      mounted on the extension inside the sleeve, and wherein the stop means
      comprises an abutment mounted on the shaft extension outside the housing
      and bearing against the back wall of the same.
NUM  8.
PAR  8. The lubricant applicator unit of claim 7 wherein the shaft extension is
      threaded and wherein the abutment comprises lock nuts threaded onto the
      shaft extension outside the rear wall.
NUM  9.
PAR  9. The lubricant applicator unit of claim 6 including a vertically
      arranged, adjustable, support post mounted on a support member beneath the
      guide sleeve means forwardly of the trunnion mounting means for supporting
      the applicator head in a predetermined position relative to the wheel
      flange.
NUM  10.
PAR  10. The apparatus of claim 4 wherein the shaft comprises forward and
      rearward segments and pivotal connecting means pivotally connecting the
      segments for angular movement of the forward segment radially with respect
      to the wheel.
NUM  11.
PAR  11. The apparatus of claim 10 including stop means for limiting the angular
      movement of the forward segment at a predetermined position of angular
      adjustment.
NUM  12.
PAR  12. The apparatus of claim 10 including stop means for limiting the angular
      movement of the forward segment at a predetermined position of angular
      adjustment, the stop means comprising screw stop means threaded through
      one of the forward and rearward segments and bearing adjustably against
      the other.
NUM  13.
PAR  13. The apparatus of claim 10 wherein the rearward segment comprises a flat
      slide plate and the guide means comprises a pair of laterally spaced
      tracks receiving the side margins of the plate in sliding engagement.
NUM  14.
PAR  14. The apparatus of claim 13 including biasing means comprising
      compression spring means mounted between the slide plate and the tracks.
NUM  15.
PAR  15. The apparatus of claim 13 including a cross head on the forward end of
      the slide plate, laterally extending brackets on the tracks aligned with
      the cross head, a pair of rods adjustably mounted between the cross head
      and brackets, one on each side of the slide plate, and compression spring
      means mounted on the rods and bearing against the cross head and brackets.
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ABST
PAL  A spindle lubricating device including a housing with at least one
      lubricating opening therein, a pair of bearings having movable members
      therein disposed within the housing juxtaposed to a pair of lubricating
      collars, the lubricating collars having openings therein in communication
      with the lubricating opening in the housing whereby lubrication of the
      bearings is accomplished by adding lubricant through the lubricating
      opening in the housing into the opening in the lubricating collar which is
      also in communication with the movable members of the bearings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to spindle lubricating devices and more particularly
      to a spindle lubricating device having a new, useful, and unobvious means
      for lubricating bearings which operate at high speed.
PAR  In the operation of rotating shafts at speeds of 5000 to 10,000 revolutions
      per minute the bearings utilized to operate at these speeds require
      special care in maintaining proper lubrication in order to prevent wear
      and tear as well as overheating during the high speed operation. In most
      operations grease fittings are mounted in housings which contain the
      bearings and periodically lubricating grease is added directly to the
      bearings through these fittings. In other operations, oil cups are mounted
      on the bearing housings and oil is added to the bearings periodically
      through appropriately aligned openings in the housing with the bearings.
      However, constant attention is required of these oil cups as filling is
      required on a regular basis when utilized with bearings turning at high
      speeds. Thus, means for lubricating bearings which operate at high speed
      with very little attention and are relatively inexpensive has been sought
      by manufacturers of high speed machines.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, it is recognized that it is desirable to provide
      lubricating means for bearings for high speed machines. It is further
      recognized that it is desirable to provide lubricating means for high
      speed machines which require very little attention and are relatively
      inexpensive.
PAR  The present invention advantageously provides a straightforward arrangement
      for a spindle lubricating device which is relatively inexpensive and
      requires a minimum amount of attention during operation. Even more
      advantageously, the present invention provides a spindle lubricating
      device for lubrication of bearings turning at speeds above 5000
      revolutions per minute.
PAR  Various other features of the present invention will become obvious to
      those skilled in the art upon reading the disclosure set forth
      hereinafter.
PAR  More particularly, the present invention provides a spindle lubricating
      device comprising: (a) a housing having at least one lubricating opening
      therein; (b) a pair of bearings disposed within the housing, the outer
      periphery of the bearings being in movable contact with an inner surface
      of the housing; (c) a pair of lubricating collars, each of the collars
      being of approximately the same outer diameter as the bearings and
      juxtaposed thereto, the collars having an outer and inner surface with a
      cavity disposed therebetween, the cavity being in alignment with movable
      members of the bearings and in fluid communication with the lubricating
      opening in the housing, the outer surface extending outwardly beyond the
      inner surface whereby a lubricant added through the lubricating opening
      flows through the cavity and onto the movable members of the bearings; (d)
      a spindle co-axially aligned with and disposed through and in contact with
      the inner surface of the bearings; and (e) means for driving the spindle.
PAR  It is to be understood that the description of the examples of the present
      invention given hereinafter are not by way of limitation. Various
      modifications within the scope of the present invention will occur to
      those skilled in the art upon reading the disclosure set forth hereinafter
     .
DRWD
PAR  Referring to the drawing:
PAR  FIG. 1 is an explosive, perspective view of one spindle lubricating device
      of the present invention; and,
PAR  FIG. 2 is an elevational view, partially in cutaway, of the spindle
      lubricating device of FIG. 1.
DETD
PAR  FIG. 1 illustrates one preferred embodiment of the present invention
      comprising a bearing housing 1 with a pair of opposed openings in each end
      thereof for receiving a shaft or spindle 3 therethrough. Housing 1 is also
      provided with two flow through openings 5 therein for receiving
      lubrication grease therethrough from grease cups 2, the openings 5 being
      in communication with openings 7 in lubricating collars 9. The lubricating
      collars 9 are disposed within sleeve 11, collar 9 resting against a ledge
      13 which is disposed along the outer periphery of sleeve 11 at a
      preselected distance from each end thereof. Sleeve 11 is further provided
      with openings 15 therein, openings 15 being in alignment with and disposed
      between the openings 5 in the housing 1 and the opening 7 in the
      lubricating collar 9 for providing flow through communication between
      openings 5 and 7.
PAR  The lubricating collar 9 is provided with an outer surface 17 and an inner
      surface 19 with a cavity 21 disposed therebetween. The outer surface 19
      extends a preselected distance outwardly from the inner surface 17, the
      preselected distance being generally about 0.002 inches. The outer surface
      19 is juxtaposed with the outer race of a bearing 23. The cavity 21 is
      axially aligned with the movable members of the bearing 23, which is shown
      as balls 25 whereby lubrication flows through the openings 5, 15 and 7,
      respectively, and into the cavity 21 to provide lubrication of the balls
      25 as they rotate. The bearings 23 are disposed along the shaft 3 at the
      positions noted by the numeral 27, the bearings 23 being movably mounted
      thereto.
PAR  It is realized that roller bearings may also be utilized but the preferred
      bearings are radial thrust angularly contact ball bearings on high speed
      spindles. It is also realized that the sleeve 11 and lubricating collars 9
      could be of unitary construction as opposed to the three piece
      construction as described above.
PAR  Opposed flanges 29 are provided for each end of the housing 1 for
      maintaining the bearings in their proper position along the shaft 3.
      Flanges 29 are adjacent to and in communication with the bearing 23 in
      oder to provide support for the bearings 3 upon their rotational movement.
      Flange29 is further provided with an opening 31 therein, opening 31 having
      a diameter slightly larger than the diameter of the shaft 3 passing
      through the opening 31. Along the inner periphery of the opening 31 is a
      strip of felt 33, the strip of felt 33 being provided to allow excess
      grease from the bearings to pass or escape from the housing 1.
PAR  The shaft 3 is provided with a pulley receiving portion 35 including a
      keyway 37 therein to receive a pulley 39 thereon, pulley 39 having a
      keyway 41 for alignment with the keyway 37. The pulley 39 is in
      communication with a pulley driving motor means (not shown) which may be
      of any type known in the art and is therefore not discussed.
PAR  At the opposite end of the shaft or spindle 3 is a threaded portion 43
      adapted to receive a nut 45 thereon and a collar 47 which is disposed to
      be received by the shaft 3 at the off-set designated by the numeral 49. In
      high speed operation a grinding wheel, polishing wheel or the like may be
      inserted over the shaft 3 and held in place by the collar 47 and the
      adjustable nut 45, the collar 47 being held in place by set screw 51.
PAR  A set screw 53 is also provided to be inserted through the housing 1 to
      hold the sleeve 11 in place.
PAR  In operation, grease cups 2 are provided for supplying lubricating grease
      to the bearings 23 whereby upon turning the grease cups approximately one
      quarter of a turn once or twice per month lubrication is sufficiently
      added through the housing and into the lubricating collar and subsequently
      into the bearings thereby requiring very little attention and maintenance
      of lubrication of these bearings which are utilized at high speeds. It is
      realized that grease fittings or other lubricating means may also be
      inserted through the housing or mounted to the housing 1 without departing
      from the scope and spirit of the present invention.
PAR  Thus, it will be realized that various changes may be made to the specific
      embodiment shown and described without departing from the scope and spirit
      of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spindle lubricating device comprising:
PA1  a. a housing having at least one lubricating opening therein;
PA1  b. a pair of bearings disposed within said housing, the outer periphery of
      said bearings being in movable contact with an inner surface of said
      housing;
PA1  c. a pair of lubricating collars, each of said collars being of
      approximately the same outer diameter as said bearings and juxtaposed
      thereto, said collars having an outer and inner surface with a cavity
      disposed therebetween, said cavity being in alignment with movable members
      of said bearings and in fluid communication with said lubricating opening,
      said outer surface extending outwardly beyond said inner surface whereby
      lubricants added through said lubricating opening flow through said cavity
      and onto said movable members of said bearings;
PA1  d. a spindle co-axially aligned with and disposed through and in contact
      with the inner surface of said bearings; and,
PA1  e. means for driving said spindle,
PA1  f. a sleeve which is disposed between and which receives said lubricating
      collars at each end thereof, said sleeve having a pair of openings
      therein, each opening being in alignment with said cavity in said
      lubricating collars and said lubricating openings in said housing.
NUM  2.
PAR  2. The spindle lubricating device of claim 1 wherein said spindle turns at
      speeds of at least 5000 revolutions per minute.
NUM  3.
PAR  3. The spindle lubricating device of claim 1 wherein said movable members
      of said bearings are balls.
NUM  4.
PAR  4. The spindle lubricating device of claim 1 wherein said movable members
      of said bearings are rollers.
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PAL  A disc brake comprising: a caliper housing having axially aligned first and
      second cylinder bores; a first piston slidable within the first bore and
      bearing against one of the friction pads; a second piston slidable within
      the second bore and having an internally threaded tubular piston rod
      projecting into the first bore; a threaded clearance-takeup member screwed
      into the piston rod and having a head abutting against the bottom of the
      first piston; springs acting against one side of the second piston in the
      direction to apply the brakes; a hydraulic fluid connection for applying
      pressure fluid to the other side of the second piston so as to release the
      brake and compress the spring; and a torsion spring having one end
      connected through a housing to the second piston, and its other end
      connected to a tubular sleeve that is nonrotatably connected to the
      clearance-takeup member. The torsion spring exerts a torque on the
      clearance-takeup member, causing the latter to turn in the direction to
      extend from the piston rod until all clearance between the head and the
      bottom of the first piston has been taken up. A friction ring encircles
      the first piston, and a retracting spring acting against one side of the
      ring causes the latter to retract the first piston a predetermined minimum
      distance when the second piston is retracted. If any clearance opens up
      between the head of the clearance-takeup member and the first piston, such
      clearance is immediately taken up by the torsion spring turning the member
      in the direction to extend the same.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to disc brakes of the type in which the
      brakes are actuated by spring pressure, and are released by application of
      fluid pressure to one side of an actuating piston. Brakes of this type are
      widely used on heavy machinery, such as cranes, rolling mill equipment,
      bridge machinery, elevators, belt conveyors, trams, and the like.
PAR  More specifically, the invention pertains to a clearance-takeup device
      whereby all excessive clearances in the system are automatically and
      continuously taken up, so that the springs actuating the brake require
      only a minimum extension before the friction pads are solidly engaged
      against their respective frictional surfaces on the brake disc. The
      springs are thus enabled to exert the maximum pressure against the
      friction pads, regardless of wear on the friction pads, or other
      conditions that might tend to increase the clearances. With
      spring-actuated brakes, it is essential that the springs exert a constant
      spring force against the friction pads at all times, and this requires
      that the springs act through constant distance of extension between the
      fully-released and fully-applied conditions.
PAR  Spring-actuated disc brakes are known in the art, and various attempts have
      been made to provide automatic clearance-takeup devices for the same, so
      as to maintain a more-or-less constant air gap between the friction pads
      and the disc surfaces. However, none of these clearance-takeup devices has
      been entirely satisfactory for various reasons. In some cases, the devices
      have been complicated and expensive to manufacture and service. In other
      cases, they have been lacking in sensitivity and reliability. Another
      objectionable characterisitc of some prior devices has been a tendency of
      the clearance-takeup mechanism to overadjust, with the result that the
      brake cannot be fully released. As a consequence, the brake drags and
      wears excessively, and power is wasted driving the machinery against the
      frictional drag of the brake.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a spring-actuated
      disc brake which includes means for automatically taking up all of the
      clearances in the system except for a minimal running clearance between
      the frictional surfaces and the friction pads. Thus, with minimum
      clearance to be taken up, the springs are enabled to exert full braking
      pressure on the friction pads.
PAR  Another object of the invention is to provide a spring-actuated disc brake,
      wherein a constant air gap is provided between the friction pads and the
      frictional surfaces on the disc at all times.
PAR  Another object of the invention is to provide a spring-actuated disc brake
      having a smooth braking action, short actuating time, high braking power,
      and one that is simple and rugged in construction, with nothing to get out
      of order.
PAR  Other features of the invention are that it is inexpensive to manufacture,
      and has a sensitive clearance-takeup device that operates automatically to
      take up even such small clearances as one or two thousandths of an inch.
PAR  A further object of the invention is to provide a spring-actuated brake
      having a fail-safe characteristic. The brakes are applied automatically to
      stop the machinery if there should be a power failure, and the brakes will
      hold for as long as is required, without the application of external
      power.
PAR  These and other objects and advantages of the present invention will appear
      to those skilled in the art from the following detailed description of the
      preferred embodiment thereof, with reference to the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a disc brake made in accordance with
      the teachings of the present invention;
PAR  FIG. 2 is a cross-sectional view through the same, taken at 2 --2 in FIG.
      1;
PAR  FIG. 3 is an enlarged, fragmentary sectional view of the encircled area
      designated by the numeral 3 in FIG. 1;
PAR  FIG. 4 is a sectional view through another embodiment of the
      clearance-takeup mechanism of the invention; and
PAR  FIG. 5 is a sectional view taken at 5--5 in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, a disc brake embodying the invention is designated
      generally by the reference numeral 10, and includes a rotatable disc 12
      having a pair of friction surfaces 14 and 16 on opposite sides thereof. A
      pair of friction pads 18, 20 are disposed adjacent the friction faces 14
      and 16, respectively, and are adapted to frictionally engage the latter
      when the brake is actuated. A caliper frame designated generally by the
      reference numeral 22 is slidably mounted on a supporting structure in a
      manner well-known to those skilled in the art, and includes an inwardly
      extending portion 24 which is disposed adjacent the friction pad 18, a
      bridge portion 26 which straddles the periphery of the disc 12, and a
      housing 28 defining two axially aligned cylinder bores 30 and 32, which
      are connected by a cylindrical aperture 34 extending along the axis of the
      cylinder bores. Cylinder bore 30 is disposed directly behind friction pad
      20, as shown in the drawing.
PAR  Slidably disposed within cylinder bore 30 is a first, cup-shaped piston 36,
      having an end portion 38 bearing against the adjacent friction pad 20. A
      second piston 40 is slidably disposed within the other cylinder bore 32,
      and piston 40 has a piston rod 42 passing through the cylindrical aperture
      34 into the cylinder bore 30. Piston rod 42 fits snugly within the
      cylindrical aperture 34 and is sealed against leakage by means of a
      sealing ring 44, which seals the clearance between the surfaces. Extending
      lengthwise through the piston rod 42 and piston 40, along the axis
      thereof, is an internally threaded bore 46.
PAR  A clearance-takeup member 48 has a threaded stem 50 that is screwed into
      the internally threaded bore 46 of the piston rod 42, and member 48 has a
      head 52 at one end thereof which abuts against the bottom 38 of the first
      piston 36, so that when piston 40 is urged toward the left to apply the
      brakes, the clearance-takeup member 48 pushes piston 36 in the same
      direction, causing the friction pad 20 to be pressed against its friction
      surface 16. At the same time, the reaction force acting against the
      caliper 22 causes the other friction pad 18 to be pressed against its
      friction surface 14.
PAR  Engaging the outer end of piston 40 is a compression spring means in the
      form of a plurality of cupped spring discs 54, which are contained within
      a cavity 56 in the outer end of the caliper body 28. The outermost spring
      disc 54 bears against a retainer 58, which is seated against a snap ring
      60. Springs 54 press against piston 40 with a considerable spring
      pressure, urging the piston toward the left to actuate the brakes.
PAR  The brake of the present invention is released and held in the released
      position by means of fluid pressure, and to this end an inlet opening 62
      is provided, which is internally threaded to receive a screw-fitting for
      joining a hydraulic line (not shown) to the caliper body, said line being
      connected to a source of pressure fluid controlled by the operator. Inlet
      62 communicates with the cylinder 64 so that fluid pressure can be
      introduced into this space and act against the side of piston 40 opposite
      springs 54. An O-ring seal 66 seals the clearance between the piston 40
      and cylinder bore 32. As fluid pressure is applied to the piston, the
      piston is moved to the right, against the pressure of the springs 54.
      Springs 54 are compressed and flattened, thereby storing up the spring
      pressure necessary to actuate the brakes. Movement of the piston 40 to the
      right under the influence of fluid pressure is limited by a limit stop
      member 68, which is cup-shaped and has threads 69 that screw into a
      threaded opening in the closure member 58. The annular skirt of the
      cup-shaped member 68 has an end surface 70 which is adjustably spaced from
      the end of piston 40 the exact distance that it is desired to have the
      piston travel in the process of compressing springs 54. To adjust this
      distance, the member 68 is screwed in to the correct distance and then
      locked in place by means of a set screw 72.
PAR  Cupped springs 54 have the characteristic of developing powerful spring
      pressure over a relatively short stroke. It is therefore essential that
      all necessary clearances in the mechanism be reduced to the absolute
      minimum, so that the springs will, in a very short distance of extension,
      take up all of the clearances in the system and clamp the friction pads 18
      and 20 against their respective friction surfaces 14 and 16 with full
      braking pressure. To eliminate all unnecessary clearances, particularly
      that due to wear of the friction pads 18, 20, an automatic
      clearance-takeup is provided, which consists of two separate but
      cooperating devices; the first being a cupped retracting spring 74 and
      friction ring 76, which retract the piston 36 from friction pad 20 a very
      short distance (e.g., 0.010 to 0.040 inch) only sufficient to provide
      clearance between the pads 18, 20 and their respective friction surfaces
      14 and 16, when the braking pressure is relieved; and the second being a
      torsion spring 78 with accessory components to extend the clearance-takeup
      member 48 with respect to piston 40 so as to take up any clearance that
      develops between the end of the head 52 and the bottom 38 of piston 36.
PAR  As best shown in FIG. 3, retracting spring 74 and friction ring 76 are
      contained within an annular space 80 formed by counterboring the open end
      of cylinder bore 30, and spring 74 bears against a split retainer ring 82,
      which is seated within a circumferential groove. Retainer ring 82 is
      spaced from the bottom of the counterbore 80 a distance such that the
      friction ring can only move a very short distance to the left, e.g., 0.010
      to 0.040 inch, before retracting spring 74 is fully compressed and lies
      flat against retainer ring 82. When friction ring 76 is seated against the
      bottom of the counterbore, as shown in FIG. 3, spring 74 is substantially
      unstressed, or relaxed, but still is in contact with the ring 76 on one
      side and ring 82 on the other.
PAR  Friction ring 76 is made of material having a good coefficient of friction,
      and encircles piston 36 near the bottom end thereof in a snug frictional
      grip. The frictional grip of ring 76 on piston 36 is sufficiently strong
      that the ring is able to compress and flatten spring 74 against retainer
      ring 82 when piston 36 is pushed to the left by piston 40 under pressure
      exerted by springs 54. Once the spring 74 has been fully compressed (that
      is, flattened against split retainer ring 82), friction ring 76 is stopped
      against any further movement to the left, and piston 36 can be pushed
      through the friction ring 76 by piston 40 until the friction pads 18, 20
      are fully clamped against the friction faces 14, 16.
PAR  When fluid pressure is introduced into the cylinder space 64 to release the
      brakes, piston 40 is shifted to the right, which removes the pressure of
      the head 52 from bottom 38 of piston 36, and this allows retracting spring
      74 to push the friction ring 76 and piston 36 to the right until ring 76
      seats against the bottom of the counterbore, at which point piston 36 is
      stopped. Piston 36 is thus seen to be a passive piston, being pushed to
      the left (in FIG. 1) by springs 54 acting against piston 40, and being
      pushed to the right by retracting spring 74; the only connection between
      pistons 36 and 40 being the contact of head 52 against the bottom of
      piston 36. Each time that piston 40 is moved to the right by fluid
      pressure, it abuts against the end 70 of member 68, and at the same time
      that piston 40 is moved to the right, piston 36 is moved to the right by
      retracting spring 74 until spring 74 has reached the limit of its travel,
      at which point piston 36 stops. If piston 40 should continue moving to the
      right for an additional few thousandths of an inch, due to wear of the
      friction pads 18, 20, head 52 would move away from the bottom 38 of piston
      36, opening up a clearance between them, This clearance is immediately
      taken up by the torsion spring 78 and its accessory components in a manner
      that will now be explained.
PAR  Torsion spring 78 is a spiral coil spring, confined within a cup-shaped
      housing 84 having a threaded shank 86 that is screwed into a tapped
      counterbore at the end of the threaded bore 46. Housing 84 is also
      enclosed within cup-shaped member 68, as shown in FIG. 1. Spiral spring 78
      has its outer end connected to the wall of the housing 84, and its inner
      end is connected to a tubular sleeve 88 having a polygonal (preferably
      hexagonal) bore, through which a similarly shaped (i.e., polygonal or
      hexagonal) rod 90 passes. Rod is fixed to the end of threaded shank 50 of
      member 48, and projects outwardly (to the right in FIG. 1), from the shank
      along the axis thereof. Tubular sleeve 88 fits snugly over rod 90 and is
      non-rotatable but freely slidable with respect thereto. As it is connected
      to one end of speing 78, sleeve 88 is turned by the spring 78 when the
      latter exerts a torque on the sleeve.
PAR  Rotational movement of the sleeve 88 causes rod 90 and member 48 to rotate
      with it, as one. Normally, spring 78 is wound so that it exerts a torque
      on the threaded shank 50 in the direction to cause it to back out of
      threaded bore 46 of piston rod 42. The torque exerted by spring 78 is
      sufficient to overcome the frictional resistance of the threaded shank 50
      in bore 46, as long as there is clearance between the end of the head 52
      and the bottom 38 of piston 36. As head 52 contacts the piston bottom 38,
      the additional resistance due to contact at this point, plus the
      additional force required to overcome the friction of the piston 36 in
      cylinder bore 30, and the additional force required to compress spring 74,
      all combine to overcome the torsional force exerted by spring 78, and
      rotation of member 48 therefore stops. At this point, all excess clearance
      has been taken up by the takeup mechanism and the only clearances in the
      system are the minimal running clearances, amounting to 0.010 to 0.040
      inch, between the friction pads 18, 20 and their respective frictional
      surfaces 14 and 16.
PAR  During normal operation of the machinery with which the disc brake 10 is
      associated, the brake is maintained in the brakes-released condition by
      fluid pressure which is admitted to the cylinder chamber 64 and acts
      against piston 40, pushing the piston to the right against the end
      surfaces 70 of limit stop 68, and compressing springs 54. To actuate the
      brakes, the fluid pressure in cylinder chamber 64 is relieved, either by
      actuating a suitable valve in the hydraulic line, or in the case of a
      power failure, by stopping of the electric motor driving the hydraulic
      pump. With the release of pressure acting against piston 40, the latter is
      pushed to the left by springs 54, causing head 52 to push piston 36
      against friction pad 20, thereby setting the brakes. During the 0.010 to
      0.040 inch travel of the piston 36, required to take up the clearances
      between the friction pads 18, 20 and their frictional surfaces 14, 16, the
      friction ring 76 is carried along with the piston 36, and pushes against
      the retracting spring 74, flattening the latter against its retainer ring
      82. If any further travel of piston 36 is required to set the brakes, the
      piston slides through the ring 76 until it has gone as far as it can go.
PAR  The brake is released by again introducing fluid pressure into the cylinder
      chamber 64, where it presses against piston 40, moving the latter to the
      right. During this movement of piston 40 to the right, piston 36 is caused
      to follow piston 40 by retracting spring 74, which pushes to the right
      against ring 76, until the latter abuts against the bottom of the
      counterbore 80. This movement of the piston 36 by the retracting spring 74
      is only about 0.010 to 0.040 inch, which is enough to clear the friction
      pads 18, 20 from their respective friction surfaces. However, piston 40 is
      moved to the right by fluid pressure until it abuts against the end 70 of
      member 68. If piston 40 should travel a slightly greater distance than
      piston 36, the head 52 of member 48 would move away from the bottom 38 and
      open up a clearance at this point. Such clearance would then be taken up
      automatically by torsion spring 78, which turns rod 90 and its threaded
      member 48, until the latter has been advanced toward the piston bottom 38
      and makes contact therewith.
PAR  When the friction pads 18, 20 become worn and it is necessary to replace
      them, piston 36 may be retracted into cylinder bore 30 to provide the
      necessary working clearance for removing the friction pads and their
      backup plates from the brake assembly. This is done by inserting a
      screwdriver through a hole 92 in the end of member 68, and engaging a
      screwdriver slot in the end of rod 90. Member 48 is turned in the
      appropriate direction by the screwdriver to cause the head 52 to be backed
      away from the bottom 38 of piston 36. This allows the piston 36 to be
      pushed back into its cylinder bore 30, so that the friction pads can be
      removed. Turning rod 90 by the screwdriver in the direction to retract
      piston 36 causes torsion spring 78 to be wound up tighter. When the piston
      36 has been pushed fully into its cylinder 30, rod 90 may be released by
      the screwdriver and will not unwind, as the contact of piston bottom 38
      against head 52 provides sufficient resistance to prevent spring 78 from
      pushing piston 36 to the left.
PAR  After the new friction pads have been installed and replaced in the brake
      assembly, the brakes are actuated and released several times, which causes
      the brake mechanism to take up all the clearances in the system until only
      the 0.010 to 0.040 inch running clearance between friction pads 18, 20 and
      their respective frictional surfaces 14, 16 remain. The brake is then
      ready for normal service.
PAR  Another slightly modified form of the clearance take-up device is shown in
      FIGS. 4 and 5 which are essentially the same as their counterparts in
      FIGS. 1-3 are given the same reference numerals, with the prime (')
      suffix. Thus, piston 40' has a piston rod 42' which is provided with an
      internally threaded bore 46' into which the threaded shank 50' of member
      48' is screwed. The chief difference between the device of FIG. 4 and the
      corresponding one previously described is that the hexagonal rod 90' is
      not attached to the stem 50', but is entirely separate therefrom and
      slides within a hexagonal bore 94 extending the entire length of the
      member 48' on the axis thereof. Rod 90' slides freely within bore 94 but
      is not rotatable with respect to the stem 50'. Thus, any rotational
      movement of rod 90' causes the member 48' to turn with it.
PAR  Mounted in the outer, or right-hand end, of piston 40', as seen in FIG. 4,
      is the spring housing 84', which contains torsion spring 78'. One end of
      torsion spring 78' is attached to the outer wall of housing 84', and the
      other end is attached to a short tubular sleeve 88', having a hexagonal
      bore extending longitudinally along its axis, through which rod 90'
      extends. Rod 90' may be slidable through tubular sleeve 88', or it may be
      fixedly attached thereto. In either event, the torque of spring 78' is
      applied to the tubular sleeve 88', and is transmitted to rod 90', which,
      in turn, transmits the torque to member 48'. Thus, the torsion spring 78'
      exerts a torque on member 48' tending to advance the head 52' toward the
      bottom 38' of the piston 36', as in the preceding embodiment. The
      operation of the device shown in FIGS. 4 and 5 is otherwise identical to
      that shown in FIGS. 1-3.
PAR  While I have shown and described in considerable detail what I believe to
      be the preferred form of my invention, it will be understood by those
      skilled in the art that the invention is not limited to such details, but
      may take widely different forms within the scope of the following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A spring-actuated, hydraulically-released, fail-safe disc brake
      comprising, in combination:
PA1  a rotatable disc having friction faces on opposite sides thereof;
PA1  a pair of friction pads disposed with one pad adjacent each of said
      friction faces;
PA1  a caliper housing operably connected to each of said friction pads for
      urging the same into braking engagement with their respective friction
      faces when the brake is actuated, said caliper housing having a pair of
      axially aligned cylinder bores provided therein;
PA1  a cylindrical aperture connecting said cylinder bores along the axis
      thereof;
PA1  a first piston slidably disposed within one of said cylinder bores and
      having an end portion bearing against the adjacent friction pad;
PA1  a second piston slidably disposed within the other cylinder bore, said
      second piston having extension means thereon passing through said aperture
      into said one cylinder bore;
PA1  a clearance-takeup member having a threaded connection with said extension
      means on said second piston; said member having an end portion abutting
      against said first piston so that when said second piston is urged in the
      direction to apply the brakes, said clearance-takeup member pushes said
      first piston in the same direction, causing said friction pads to be
      pressed against said friction surface;
PA1  compression spring means bearing against one side of said second piston in
      one direction to apply the brakes;
PA1  means for introducing fluid pressure into said other cylinder bore on the
      side of said second piston opposite said compression spring means, said
      fluid pressure being operable to move said second piston in the other
      direction against the resistance of said compression spring means, thereby
      releasing the pressure of said spring means against said second piston so
      as to release the brakes;
PA1  means frictionally engaging said first piston for retracting the same a
      predetermined small distance from its respective friction pad when fluid
      pressure acts against said second piston, so as to open up a minimum
      running clearance between the friction pads and said friction faces on
      said disc; and
PA1  torsional spring means connected between said second piston and said
      clearance-takeup member so as to exert torque in one direction against
      said second piston and in the other direction against said
      clearance-takeup member to turn the latter in the direction to cause it to
      be extended with respect to the second piston whenever there is any
      clearance between said end portion of the clearance-takeup member and said
      first piston when the brake is released.
NUM  2.
PAR  2. The invention as defined in claim 1, wherein said torsional spring means
      acts against a member that is slidably but non-rotatably connected to said
      clearance-takeup member.
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PAL  A disc brake assembly comprises a housing affixed to a non-rotatable member
      and having a through-hole therein. A cylinder is slidably fitted in the
      through-hole in the housing and has a pressure oil inlet, and a piston
      therein in sliding relation therewith. A disc is rotatable together with a
      rotating member, and a yoke is affixed to the cylinder and is movable with
      the cylinder. A member movably couples the yoke to the housing. A first
      friction pad is supported by the yoke and is adapted to be urged against
      or detached from one side of the disc, and a second friction pad is
      mounted on one end of the piston and is adapted to be urged against or
      detached from the other side of the disc.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention relates to improvements in fixed-housing type disk brakes.
PAR  By the term "fixed-housing type disk brake" is meant the type of disk brake
      in which a friction pad drive mechanism including a cylinder and a piston
      is placed in a housing affixed to a non-rotatable member of a vehicle.
PAR  2. Description of the prior art
PAR  In one kind of fixed-housing type disk brake previously known, two pistons
      are provided in opposed relation to each other within a housing affixed to
      a non-rotatable member of a vehicle, one of the pistons being designed to
      directly act on a first friction pad positioned between the piston and the
      disk, while the other piston is designed to act on a second friction pad
      positioned on the side opposite the first friction pad with respect to the
      disk. The disk brake of this type is advantageous in that it affords good
      vibration resistance because the floating member weighs less, but it
      suffers from disadvantage that it has a long dimension in a direction at a
      right angle to the disk, because two pistons are housed in the housing.
      Also, there is a problem in that there results an appreciable increase in
      the extent of the piston being returned through the medium of a friction
      pad, due to the spinning of the disk, i.e., the so-called knock-back
      extent of a piston.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to eliminating the shortcomings
      experienced with the prior art fixed-housing type disk brake. According to
      the present invention, there is provided a disk brake in which a cylinder
      is provided in a housing in sliding relation thereto, the housing being
      affixed to a non-rotatable member of a vehicle, such as a wheel supporting
      member, a piston is fitted in the cylinder in sliding relation thereto,
      whereby the cylinder and the piston may move in opposite directions to
      each other but relative to the housing. Braking is effected by bringing
      the friction pads mounted on the cylinder and piston, respectively, into
      pressing contact with the opposite surfaces of a disk. According to the
      present invention, there is provided a disk brake which only requires a
      single set of a cylinder and piston rather than the provision of a pair of
      cylinders and pistons which are provided in opposed relation to each
      other, thereby rendering the size of the disk brake compact.
DRWD
PAR  These and other objects and features of the present invention will be
      apparent from a consideration of the remaining part of the specification
      taken in conjunction with the accompanying drawings which indicate the
      preferred embodiments of the present invention.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plane view of one embodiment of the present invention, with the
      essential part thereof shown broken;
PAR  FIG. 2 is a cross-sectional view taken along the line II--II of FIG. 1; and
PAR  FIG. 3 is a cross-sectional view taken along the line III-III of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The drawings show housing 1 which is provided with an attaching portion 1a
      for a wheel supporting member and a through-hole. The through-hole is
      formed with a large diameter portion 1b and a small diameter portion 1c,
      with a cylinder 2 being fitted in the large diameter portion 1b in sliding
      relation thereto. A pressure oil inlet 2b is provided in the outer end of
      the cylinder 2, i.e., in a bottom portion 2c. Fitted on the outer
      peripheral surface of the cylinder which contacts the large diameter
      portion of the through-hole in the housing is a bushing 2a made of a
      material for preventing sticking between the above two contacting surfaces
      as well as for enhancing the lubricating effect, such as for instance,
      made of polytetrafluoroethylene (Trademark: Teflon). Slidingly fitted
      within the cylinder is a piston 3, whose one end extends through the small
      diameter portion 1c of the through-hole in the housing and projects
      outwardly from the housing. Numeral 4 designates a disk, and 5 and 6 are a
      breather and a breather cap, respectively. In FIG. 1 boot 7 and its
      retainer 8 are for preventing the ingress of mud or dust into the sliding
      portions of cylinder 2 and piston 3.
PAR  Provided in front of the piston 3 but in opposing relation to the opposite
      surfaces of the disk 4 are friction pads 10 and 11 which effect the
      braking action by being urged against the opposite surfaces of the disk 4.
      12 is a flat yoke. A pair of collars 13 are integrally coupled to the
      opposite sides of the device and each have a resilient gripper 14 inserted
      therein. On the other hand, a pair of guide pins 15 are affixed to the
      housing 1, and the guide pins 15 slidingly engage the through-holes in the
      gripper 14. The axial lines of the guide pin 15 and the through-hole in
      the gripper 14 are in parallel with the axial line of the through holes 1b
      and 1c in the housing and those of the cylinder 2 and piston 3, and thus
      yoke 12 may slide in the same direction as such members. L-shaped bracket
      16 is rigidly provided on the yoke 12. Extending between the bracket 16
      and the cylinder 2 in parallel are two guide pins 17, which are also in
      parallel with the axial line of the cylinder. Accordingly, both the
      cylinder 2 and the yoke 12 may move together. The friction pads 10 and 11
      are mounted on seat plates 10a and 11a, respectively, while the guide pins
      17 extend through the seat plates 10a and 11a, thereby rigidly fixing the
      seat plates 10a and 11a in position. The seat plate 10a may follow the
      movement of the piston 3, while the seat plate 11a may follow the movement
      of the cylinder 2. In passing, shown at 18 and 19 are a retaining pin for
      guide pin 17 and a pin adapted to rigidly fix the seat plate 11a on the
      guide pin 17.
PAR  In operation of the disk brake according to the present invention, when
      pressure oil is introduced through the pressure oil inlet 2b in the
      cylinder 2, into the space defined by the bottom surface 2c of the
      cylinder and one end of the piston 3, the piston 3 will move under the
      hydraulic pressure to the left, as viewed in FIG. 2, while the cylinder 2
      will move to the right. As a result, the seat plate 10a and a friction pad
      10 mounted on the other end of the piston 3 will move to the left together
      with the piston 3, thereby urging the disk 4 from the right side. On the
      other hand, the cylinder 2 will move to the right, whereupon the seat
      plate 11a and friction pad 11 coupled through the guide pin 17 to the
      cylinder 2 will move to the right to urge the disk 4 from the left side
      thereof, thereby effecting normal braking action in cooperation with the
      friction pad 10.
PAR  The disk brake according to the present invention achieves the same braking
      effect as that of the prior art disk brake, but it eliminates the need to
      place two pistons in opposing relation to each other. Instead it uses a
      single piston which is adapted to operate a pair of friction pads, so that
      the dimensions of the disk brake may be materially reduced in the
      direction at a right angle to the disk. Accordingly, the disk brake
      according to the present invention is easier to install on a vehicle,
      costs less to produce and has the additional advantage of improved
      rigidity of the yoke.
PAR  Further, the so-called "knockback phenomenon" -- pushing back of piston 3
      due to the whirling of the disk 4 -- is reduced to a great extent due to
      the reduced frictional resistance in the sliding contact portions of the
      cylinder and housing due to the lubricity of bushing 2a made of
      polytetrafluoroethylene and due to the increase in return resistance due
      to the oil seal 9 provided between the piston 3 and the cylinder 2. The
      piston and cylinder may follow the axial deflection of the disk in an
      integral fashion, thereby reducing the knock back phenomenon
      substantially.
PAR  According to the present invention, a single piston is used in place of the
      two pistons used in the conventional disk brake, so that the disk brake
      according to the present invention is light in weight and has a high
      resistance to vibration.
PAR  In addition, in the disk brake according to the present invention there is
      little or no sticking of the friction pads. In the conventional disk
      brake, the friction pads do not always wear evenly, and sometimes they
      wear unevenly. In this case, because a distortion is exerted on the piston
      in the direction at a right angle to the sliding direction thereof,
      coupled with the fact that the fitting length of the piston and the
      cylinder in the conventional disk brake is short, it often happens that
      the piston is apt to stick or bind in the cylinder. In contrast, according
      to the present invention, the piston 3 is guided not only by the inner
      wall of the cylinder 2 but also by the small diameter portion 1c in the
      housing 1, so that a length sufficient to fit may be achieved, thus
      eliminating the possibility of inoperable condition due to sticking or
      binding of the piston.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A disk brake comprising:
PA1  a housing affixed to a non-rotatable member and having a through-hole
      therein;
PA1  said through-hole having a large diameter portion and small diameter
      portion, said large diameter portion being of a greater length than said
      small diameter portion;
PA1  a cylinder slidingly fitted in the large diameter portion of said
      through-hole and having a pressure fluid inlet;
PA1  a piston having an outer surface of uniform diameter throughout the length
      thereof fitted within and in sliding contact with said cylinder and said
      small diameter portion of said through-hole;
PA1  said cylinder and piston defining therebetween single chamber means for
      receiving fluid through said inlet and for moving said cylinder and piston
      longitudinally with respect to each other;
PA1  a disk rotatable together with a rotating member;
PA1  a yoke affixed to said cylinder and movable with said cylinder;
PA1  means for coupling said yoke to said housing in a movable manner;
PA1  a first friction pad supported by said yoke and adapted to be urged against
      or detached from a first side of said disk; and
PA1  a second friction pad mounted on one end of said piston and adapted to be
      urged against or detached from a second side of said disk.
NUM  2.
PAR  2. A disk brake as claimed in claim 1, wherein said means coupling said
      yoke to said housing comprises a pair of collars affixed on said yoke and
      a pair of guide pins affixed on said housing, said guide pins being
      slidably inserted into respective of said collars.
NUM  3.
PAR  3. A disk brake as claimed in claim 1, wherein said means coupling said
      yoke to said housing comprises a pair of collars affixed on said yoke, a
      pair of grippers inserted into respective of said collars, and a pair of
      guide pins slidably inserted into respective of said grippers.
NUM  4.
PAR  4. A disk brake as claimed in claim 1, further comprising a bushing made of
      a material having good lubricity fitted between the relative sliding
      portions of said cylinder and said housing.
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ABST
PAL  A damper for line printers and the like in which the print head moves from
      left to right across a paper document during the printing phase and upon
      completion of a line of print, moves in the "carriage return" direction at
      a more rapid rate to return to the left-hand margin of the paper document
      preparatory to the printing of the next line of characters.
PAL  The damper is utilized to attenuate and cushion the impact of the print
      head as it approaches the left-hand margin of the paper document and
      comprises a stationary mounted cylinder and a cooperating print head
      mounted plunger having a rollably mounted O-ring. As the print head is
      moving rapidly in the "carriage return" direction, the plunger enters into
      the cylinder, causing the O-ring to frictionally engage the interior
      surface of the cylinder, whereupon the O-ring is caused to seal openings
      provided in the groove in which the O-ring is seated to create a
      "dash-pot" action for causing the air captured in the cylinder to be
      compressed and thereby dampening the impact of the rapidly moving print
      head as it is brought to a halt.
PAL  As the print head moves in the print direction, the O-ring is caused to
      roll away from the breather holes to facilitate rapid removal of the
      plunger from the cooperating cylinder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Line printers are typically comprised of a print head assembly slidable
      along a guide means and normally moving in a forward or print direction
      from the left-hand to the right-hand margin of a paper document, at which
      time printing occurs. As soon as the print head reaches the right-hand
      margin or as soon as a short line or print, i.e., shorter than a full line
      of print, is completed, the drive mechanism is typically released to place
      the print head under the influence of a return spring or clutch actuated
      mechanism which rapidly returns the print head, in what is typically
      referred to as a carriage return operation, toward the left-hand margin.
      The print head must be brought to an abrupt stop preparatory to printing
      the next line of characters. To accomplish this, it is typical to provide
      a rubber bumper mounted to the carriage assembly which abuts the surface
      of a stationary member attached to the printer frame or a surface of the
      frame itself. Since the print head is caused to impact the stationary
      surface at full velocity, the assembly is jarred and may be damaged as a
      result of performance of many "carriage return" operations.
PAR  In order to prevent jarring of the components, a dash-pot assembly is
      typically employed and comprises a stationary mounted open-ended cylinder
      and a co-axially aligned piston or plunger secured to the print head
      assembly. As the print head moves rapidly in the "carriage return"
      direction, the plunger enters into the open end of the cylinder to
      compress the air captured therein, some of which is released through a
      breather hole at a controlled rate, thereby bringing the print head to a
      stop without jarring action.
PAR  Immediately thereafter, the print head is moved in the print direction,
      causing a plunger to be withdrawn from the cylinder. The vacuum condition
      created therein acts as a deterrent, preventing the print head from being
      rapidly accelerated to "print" velocity.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is characterized by providing a novel "dash-pot"
      assembly which provides a one-way valve operation for providing a
      dampening effect at the termination of the "carriage return" operation
      while enabling the print head to rapidly accelerate to the print velocity
      as the print head is moved in the print direction.
PAR  The damper assembly comprises a stationary mounted open-ended cylinder
      having a breather hole at the closed end and adjustment means for
      controlling the egress of air therefrom. A co-axially aligned plunger is
      mounted to the reciprocating print head and is provided with a grooved
      cylindrical member having a rollable O-ring seated in the annular groove.
      As the print head moves rapidly in the return direction, the plunger moves
      into the open-ended cylinder. The O-ring makes rolling engagement with the
      interior surface of the cylinder to seal breather holes provided in the
      cylindrical member. The cylinder breather hole permits air to be released
      at a controlled rate, thus dampening the impact of the print head, causing
      it to come to rest in a non-jarring manner.
PAR  As the head begins to accelerate in the forward direction preparatory to
      printing the next line, rolling engagement of the O-ring with the interior
      surface of the cylinder causes the O-ring to roll over and hence unseal
      the cylinder breather holes to facilitate rapid removal of the plunger
      from the cylinder enabling the print head to rapidly accelerate to the
      print velocity.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES AND OBJECTS
PAR  It is, therefore, one object of the present invention to provide a novel,
      one-way damper of simplified design especially advantageous for use with
      line printers and the like.
PAR  Another object of the present invention is to provide a novel one-way
      damper for use with line printers and the like comprising a cooperating
      open-ended stationary mounted cylinder and a co-axially aligned plunger
      secured to a reciprocating print head, said plunger having a rollable
      O-ring for selectively sealing and opening the plunger breather holes to
      provide dampening during a carriage-return operation and to permit rapid
      acceleration of the print head preparatory to a printing operation.
PAR  The above as well as other objects of the present invention will become
      apparent when reading the accompanying description and drawings, in which:
PAR  FIG. 1 is a simplified block diagram showing the elements of a line printer
      which are both necessary and helpful for an understanding of the present
      invention;
PAR  FIG. 2 is a perspective view showing a damper assembly embodying the
      principles of the present invention;
PAR  FIGS. 3a and 3b are partially sectionalized perspective views showing the
      plunger in greater detail with the O-ring being shown as respectively
      sealing and unsealing the plunger breather holes;
PAR  FIGS. 4a and 4b show side and front elevational views respectively of the
      stationary mounted cylinder; and
PAR  FIG. 4c shows a sectional view of the plunger assembly of FIGS. 2, 3a and
      3b.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows the basic elements of a line printer 10 which is comprised of
      a rotatable platen 11 for advancing paper document 12 in the line feed
      direction. Platen 11 is rotated by motor 13 mechanically coupled thereto
      as shown by dotted line 14. Motor 13 also has its output coupled through
      an electromagnetic clutch 15 which, when energized, couples motor 13
      through energized clutch 15 and mechanical coupling 16 to a shaft 17 which
      rotates a drive pulley 18. A timing belt 19 is entrained about drive
      pulley 18 and driven pulley 20 mounted to rotate upon shaft 21. The free
      ends of timing belt 19 are secured to mounting portions 22a and 22b of a
      carriage assembly 22 which is guided upon a pair of cylindrical rods 23
      (only one of which is shown in FIG. 1) to maintain carriage 22
      substantially in a spaced parallel relationship with paper document 12. A
      print head 22c is secured upon carriage 22. Although not shown for
      purposes of simplicity, it should be understood that electronic drive
      means are coupled to print head 23 for forming either whole characters or
      dot patterns by suitable impacting means which impact against an inked
      ribbon to form characters as the print head 23 is moved across paper
      document 12 in a direction shown by arrow 24. An elongated spring 25 shown
      in schematic fashion for purposes of simplicity has its free ends mounted
      to one frame portion F.sub.1 of the printer machine frame and one of the
      arms 22a of carriage 22. Return spring 25 may be replaced by a
      clutch-actuated return mechanism, if desired. The spring 25 has been
      described herein as the return mechanism for purposes of simplicity.
PAR  In order to perform a printing operation, motor 13 and clutch 15 are
      energized to cause the carriage 22 and hence the print head 22c to move in
      the direction shown by arrow 24 at a predetermined print velocity so as to
      print characters "on the fly." The electronic means (not shown)
      manipulates the print head so as to form the appropriate characters or
      character dot patterns, as the case may be.
PAR  As soon as a full line of print or a partial line of print is completed,
      clutch 15 is deenergized. Since the print head has moved away from machine
      frame portion F.sub.1, spring 25 will be stretched. As soon as clutch 15
      is deenergized, carriage 22 comes under the influence of stretched spring
      25 causing the carriage to move rapidly and typically at a velocity faster
      than print velocity, toward the left-hand margin of paper document 12.
PAR  FIG. 2 shows a damper assembly 30 of the present invention as being
      comprised of a stationary mounted cylinder member 31 positioned in the
      vicinity of machine frame portion F.sub.1. A plunger assembly 32 has a
      threaded portion 39a which threadedly engages brackets 22a of carriage 23.
      The elements 31 and 32 are positioned so that their longitudinal axes are
      in coaxial alignment as can clearly be seen from FIG. 2.
PAR  Cylinder 31 has a mounting portion provided with opening 33a in leg 33 and
      openings 34a and 34b in leg 34. Openings 33a, 34a and 34b are somewhat
      elongated slots to provide for appropriate adjustment of the cylinder
      assembly relative to plunger assembly 32. A threaded opening 33b
      perpendicular to and communicating with opening 33a is provided in leg 33
      for locking the fastener extending through opening 33a. Assembly 31 is
      further comprised of a hollow cylindrical portion 35 open at end 35a and
      having a diameter selected to rollingly engage and hence operate the
      plunger mounted O-ring, as will be more fully described hereinbelow.
PAR  The base or innermost end of opening 35a communicates with a passageway or
      air conduit 35b forming a cylinder breather hole 35c which terminates in
      vertical wall 35d.
PAR  Adjacent top surface 36 has a tapped opening 36a arranged substantially
      perpendicular to passageway 35b and communicating therewith. A set screw
      37 threadedly engages tapped opening 36a and is adjustably extendible into
      breather opening 35b to adjust the rate of flow of air during the ingress
      and egress of air therethrough. Nut 38 may be tightened against surface 36
      to lock set screw 37 into the desired position.
PAR  The plunger assembly is further comprised of an elongated rod 39 threaded
      at free end 39a and having its opposite end extending through a central
      opening 40a in circular shaped member 40. Circular shaped member 40 is
      provided with continuous annular groove 40b extending about its periphery.
      A pair of breather holes 41 and 42 are arranged in spaced parallel fashion
      relative to the longitudinal axis of member 40 and extend between
      left-hand side wall 43 and annular groove 40b.
PAR  The left-hand side wall of member 40 is provided with a circular shaped
      recess 44.
PAR  A resilient substantially disc-shaped member 45 has a central portion 45a
      adapted to be press fittingly inserted into recess 44. A central opening
      45b is coaxially aligned with opening 40a in plunger member 40. An
      inwardly turned lip portion 45c rests against the continuous annular bevel
      46 provided around the periphery and adjacent the left-hand surface 43 of
      member 40. Resilient member 45 is provided with a pair of openings 48 and
      49 which are respectively co-axially aligned with openings 41 and 42 of
      plunger member 40.
PAR  As was mentioned hereinabove, projection 45a is press fitted into recess 44
      with openings 48 and 49 coaxially aligned with openings 41 and 42
      respectively.
PAR  The left-hand end of rod 39 threadedly engages a tapped cylindrical collar
      51 having an outwardly directed flange 51a at its extreme left-hand end
      (note especially FIGS. 3a and 3b). Rod 39 is further provided with a
      cylindrical flange 39c having a left-hand face abutting the right-hand
      face 47 of plunger member 40. After the resilient compliant member 45 has
      been press fitted into plunger member 40, member 51 is secured to the
      left-hand end of rod 39 by a riveting operation causing the resilient
      compliant member 45 and plunger member 40 to be tightly sandwiched between
      member 51 and flange 39c, thereby securing in place the elements 39, 40,
      45 and 51.
PAR  Annular groove 40 receives a resilient compliant O-ring 53 whose
      cross-sectional diameter is substantially less than the width of groove
      40b.
PAR  The operation of the damper assembly 30 is as follows:
PAR  Let it be assumed that the print head is now in the process of printing a
      line of characters. O-ring 53 occupies the position shown in FIG. 3a at
      this time so as to unseal the openings of breather holes 41 and 42 which
      communicate with groove 40b.
PAR  Upon completion of either a full or partial line of print, clutch 15 is
      deenergized, placing carriage 22 and hence print head 23 under the
      influence of stretched spring 25. It should be understood that pulleys 18
      and 20 are preferably free-wheelingly mounted about their shafts 17 and 21
      respectively, so as to enable carriage 22 to move rapidly toward the
      lefthand margin of paper document 12.
PAR  At this time, O-ring 53 occupies the position shown in FIG. 3a  so that the
      ends of breather hole openings 41 and 42 entering into groove 40b  are
      unsealed. As the carriage 22 nears machine frame support F.sub.1, plunger
      assembly 32 begins to enter into the opening 35a in cylinder 35. The
      frictional fit between O-ring 53 and interior wall of cylinder 35 pushes
      or slides O-ring 53 from the position shown in FIG. 3a to the position
      shown in FIG. 3b, whereupon the O-ring acts to seal the ends of breather
      holes 41 and 42 which terminate in groove 40b.
PAR  When the O-ring 53 is moved to the position shown in FIG. 3b, the
      right-hand wall of groove 40b prevents any further movement of the O-ring
      which, together with the plunger member 40, serves to substantially
      completely air-tightly seal the open end of cylinder 35 so that air is
      permitted to exit only from the cylinder through the cylinder breather
      hole in a controlled manner. The only egress for air is thus the cylinder
      breather hole 35c which is preferably adjusted by set screw 37 to release
      air slowly so as to rapidly attenuate and dampen the movement of plunger
      assembly 32 and hence carriage 22 and print head 23. In the case where the
      plunger has not yet been completely brought to a stop, resilient compliant
      member 45 serves as a final buffer means which is arranged to impact the
      base of the opening in cylinder 35 to prevent any jarring of the
      components by undergoing compression sufficient to absorb and cushion any
      final impact.
PAR  As soon as the printing of the next line is to begin, clutch 15 is
      energized to drive the carriage 22 and print head 23 in the print
      direction shown by arrow 24. As soon as the carriage begins to move to the
      right, plunger assembly 32 is carried therewith. The frictional engagement
      between O-ring 53 and the interior wall of cylinder 35 causes O-ring 53 to
      move from the position shown in FIG. 3b to the position shown in FIG. 3a
      whereupon the breather hole openings extending into groove 40b are
      unsealed, thereby allowing air to pass between the outer surface 47a of
      member 40 and the inner surface of opening 35a  so as to enter into
      breather openings 41 and 42 and co-axially aligned openings 48 and 49 in
      resilient compliant member 45, serving to permit air to enter at a rate
      sufficient to compensate for the continually increasing internal volume
      defined by the exiting plunger and the interior of cylinder 35. This
      arrangement thereby permits the carriage assembly to be rapidly
      accelerated to the desired print velocity so as to be enabled to begin
      printing the very first character of the next line of print "on the fly."
PAR  This operation is repeated during each subsequent printing and carriage
      return operation.
PAR  Whereas the present invention shows the cylinder mounted in a stationary
      fashion and the plunger mounted to the carriage, obviously the reverse
      arrangement may be employed if desired.
PAR  It can be seen from the foregoing description that the present invention
      provides a novel damper assembly of greatly simplified design and which
      has a unique one-way action through the advent of a rolling or sliding
      O-ring to permit dampening of carriage movement in only the carriage
      return direction while enabling the carriage to be rapidly accelerated and
      begin printing when moved in the "print" direction.
PAR  Although the present invention has been described in connection with a
      preferred embodiment thereof, many variations and modifications will now
      become apparent to those skilled in the art. It is preferred, therefore,
      that the present invention be limited not by the specific disclosure
      herein, but only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Means for providing one-way dampening action for a member reciprocating
      between two end positions, comprising:
PA1  a plunger assembly;
PA1  a cylinder assembly;
PA1  one of said assemblies being mounted adjacent one end position and the
      other assembly being secured to said reciprocating member;
PA1  said cylinder assembly having a cylinder opening co-axially aligned with
      said plunger assembly;
PA1  said plunger assembly having a cylindrical shaped end portion provided with
      a continuous annular groove about its periphery and having a face;
PA1  a resilient compliant O-ring being positioned within said groove, the
      diameter of the O-ring cross-section being less than the width of said
      groove to permit said O-ring to move along said groove;
PA1  the outer periphery of said O-ring being adapted to engage said cylinder
      opening;
PA1  said plunger assembly being completely removed from said cylinder opening
      when said reciprocating member is at a remaining end position;
PA1  said cylinder end portion and O-ring being adapted to enter into the open
      end of said cylinder as said reciprocating member approaches said one end
      position;
PA1  said cylindrical end portion having at least one opening in the face
      thereof confronting said cylinder, said opening entering into a passageway
      which communicates with an exit opening in said groove adjacent a wall of
      said groove furthest from said face of said cylindrical end portion;
PA1  said O-ring engaging the interior wall of said cylinder opening and being
      adapted to be moved over the opening in said groove to seal said opening
      as said plunger enters into said cylinder opening to prevent the egress of
      air therethrough;
PA1  said O-ring being adapted to slide away from the opening in said groove as
      said plunger moves out of said cylinder opening to permit air to enter
      into the hollow interior region of said cylinder defined by the cylinder
      interior and said cylindrical end portion and O-ring to equalize the
      pressure on the opposite sides of said cylinder, thereby providing a
      dampening action for said reciprocating meamber as said plunger enters
      into said cylinder opening and further facilitating rapid removal of said
      plunger and rapid acceleration of said reciprocating member as said
      plunger moves out of said cylinder.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said cylinder assembly is provided with
      a breather hole in the closed end thereof for permitting the ingress and
      egress of air therethrough.
NUM  3.
PAR  3. The apparatus of claim 2 further comprising a tapped opening arranged to
      intersect with said breather hole;
PA1  a set screw threadedly engaging said tapped opening and adapted to enter
      into said breather hole opening to control the rate of flow of air through
      said breather hole passageway.
NUM  4.
PAR  4. The apparatus of claim 1 further comprising a substantially cylindrical
      shaped resilient compliant member secured to the face of said cylindrical
      end portion and having an opening coaxially aligned with the opening in
      the engaging face of said cylindrical end portion to permit the passage of
      air through said coaxially aligned openings when said plunger is being
      removed from said cylinder.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said cylindrical end portion is
      provided with a plurality of said openings at spaced intervals about said
      cylindrical end portion and extending from the face confronting said
      cylinder opening and into said groove adjacent the wall of said groove
      furthest from said confronting face for being selectively sealed by said
      O-ring as said plunger assembly enters into said cylinder opening and
      being unsealed by said O-ring as said plunger assembly is removed from
      said cylinder opening.
NUM  6.
PAR  6. Means providing one-way dampening action for a member reciprocating
      between two end positions, comprising:
PA1  a plunger assembly;
PA1  a cylinder assembly;
PA1  said cylinder assembly being mounted adjacent one end position and having a
      cylinder opening co-axially aligned with said plunger assembly;
PA1  said plunger assembly having a cylindrical shaped end portion having a
      central opening therethrough and provided with a continuous annular groove
      about its periphery;
PA1  said plunger assembly including an elongated rod having a threaded first
      end for securement to a tapped aperture in said reciprocating member, said
      elongated rod having a cylindrical shaped flange spaced inward from its
      opposite end, said opposite end extending through said central opening of
      said cylindrical end portion;
PA1  a resilient compliant O-ring being positioned within said annular groove,
      the diameter of the O-ring cross-section being less than the width of said
      groove to permit said O-ring to move along said groove;
PA1  the outer periphery of said O-ring being adapted to engage said cylinder
      opening;
PA1  said cylindrical end portion and said O-ring being adapted to enter into
      the open end of said cylinder as said reciprocating member approaches said
      one end position; said cylindrical end portion having at least one further
      opening in the face thereof confronting said cylinder, said opening
      entering into a passageway which communicates with an exit opening in said
      groove adjacent a wall of said groove farthest from said face from said
      cylindrical end portion;
PA1  a substantially cylindrical shaped resilient compliant member secured to
      the face of said cylindrical end portion and having an opening co-axially
      aligned with said further opening in the engaging face of said cylindrical
      end portion to permit the passage of air through said co-axially aligned
      openings when said plunger assembly is being removed from said cylinder,
      said resilient compliant member having a central opening co-axially
      aligned with said central opening of said cylindrical end portion;
PA1  a fastening member mounted upon said opposite end of said rod and extending
      through said co-axially aligned central openings and having a head portion
      for securing said resilient compliant member to said rigid cylindrical end
      portion;
PA1  said O-ring engaging the interior wall of said cylinder opening and being
      adapted to be moved over the opening in said groove to seal said opening
      as said plunger enters into said cylinder opening to prevent the egress of
      air therethrough;
PA1  said O-ring being adapted to slide away from the opening in said groove as
      said plunger moves out of said cylinder opening to permit air to enter
      into the hollow interior region of said cylinder defined by the cylinder
      interior and said cylindrical end portion and O-ring to equalize the
      pressure on the opposite sides of said cylinder, thereby providing a
      dampening action for said reciprocating member as said plunger enters into
      said cylinder opening and further facilitating rapid removal of said
      plunger and rapid acceleration of said reciprocating member as said
      plunger moves out of said cylinder.
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PAL  In a mechano-pneumatic timer device having a vessel, a membrane piston with
      its skirt fixedly attached to the vessel for defining jointly a variable
      volume chamber, a spring for urging the piston in its expanding direction,
      a check valve cooperating with the piston for evacuating air from the
      chamber to the outside atmosphere when the piston is contracted, a passage
      for supplementing air from open atmosphere to the chamber when negative
      pressure prevails in the chamber by virtue of the expanding movement of
      the piston for a performing predetermined time-limiting operation of the
      timer, and a device cooperating with the passage for allowing a limited
      flow rate of the air drawn by the piston, with the device consisting of a
      composite sheet having a main body formed lengthwise of pervious material
      such as foamed synthetic resin and a non-pervious cover layer integral
      with the main body in facial engagement with the passage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a pneumatic time-limiting device.
PAC  PRIOR ART
PAR  Time relays and the similar relatively costly and complicated electrical
      timers are commonly known. Further, a mechano-pneumatic timer is known
      which comprises a hollow and resilient membrane piston which is
      spring-loaded and formed at its smaller and thickened end with a fine
      bleed opening having air flow-limiting threads positioned therethrough.
      When the membrane is pushed down in its contracting direction against the
      action of the loading spring so as to evacuate air from a vessel attached
      with the piston and through a check valve, the piston is charged for
      gradually recovering its initial position under the influence of the
      loading spring and by a gradual air invasion from the open atmosphere
      through the fine opening into the evacuated chamber. The restoring time
      corresponds to the preset time limitation which is defined by the spring
      force and the fine air passage area at the flow-limiting opening partially
      filled with linear threads.
PAR  In order to avoid unreliability of the threads in their air flow-limiting
      performance, it was already proposed by the present applicant to use
      pervious thin sheet means, preferably of cellophane, plastic, paper or
      other similar material, in place of the fine threads, to cover the fine
      air bleed opening or openings, as shown in Japanese Patent Publication No.
      6878/1966. This type of improved device has been already marketed with a
      certain commercial success.
PAR  In these improved devices, however, the air flows crosswise through the
      pervious film or sheet membrane so that unavoidable local fluctuation in
      the porosity of the membrane material may adversely and variably affect
      the air passage performance and thus the time-limiting capability of the
      timer device. Further, a substantial difficulty was met in practice to
      design the device to provide a longer time limit such as 30 minutes or so.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved
      mechano-pneumatic timer device of the spring-loaded membrane piston type
      in which air can flow longitudinally through a pervious sheet covering an
      air port cooperating pneumatically with the piston.
PAR  The above further objects, features and advantages of the present invention
      will become more apparent when read in conjunction with the following
      detailed description of the invention and the accompanying drawings
      illustrative of a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a plan view of the essential parts of the timer according to the
      invention,
PAR  FIG. 2 is a sectional view of the timer shown in FIG. 1 in which the
      membrane piston is positioned at its fully expanded position,
PAR  FIG. 3 is a similar view to FIG. 2 in which the membrane piston is
      positioned at its contracted position adapted for initiation of the
      time-limiting operation,
PAR  FIG. 4 is an enlarged section of a part of FIG. 2 which is encircled by an
      imaginary small circle shown therein; and
PAR  FIG. 5 is a chart showing several examples of time-limiting characteristics
      of the timer according to this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the accompanying drawings, numeral 10 represents generally a
      vessel comprising a main body 11, a cover 12 and a membrane piston 20,
      with the body and cover being fixedly attached to each other by means of a
      plurality of fixing bolts, not shown, and a skirt 21 of the membrane
      piston is sealingly squeezed between the body 11 and cover 12 for
      attachment of the piston to the vessel 10.
PAR  The main body 11 represents a generally concave section so as to provide a
      variable volume chamber S in cooperation with the piston 20. The chamber S
      contains a coil spring 30 which urges resiliently the membrane piston in
      its expanding direction shown by an arrow A in FIG. 2.
PAR  The top of the piston 20 is flattened and thickened at 20a to which a
      connecting piece 22 is fixedly attached by glueing or the like
      conventional means. Although not shown, the connecting piece 22 is
      mechanically connected with a mechanical switch, spray valve or like
      member to be operated upon, through a connecting lever, link or the like,
      not shown.
PAR  The cover 12 is formed with a depending annular flange 13 which mates with
      correspondingly shaped upper and outer part of the main body 11, and the
      flange 13 is formed with a small radial recess 14 for providing a check
      valve to be described, in cooperation of the skirt 21 of the membrane
      piston 20. In vertical registration with this recess 14 is vertically
      extending air duct passage 15 formed through the main body. Normally, the
      upper end of the passage 15 is sealingly closed by the piston skirt 21.
PAR  When the piston 20 is manually depressed against the action of the coil
      spring 30 from the position of FIG. 2 to that of FIG. 3, so as to reduce
      the effective volume of the chamber S, part of the air contained in the
      chamber will escape through the check valve at 14 and duct passage 15 into
      the open atmosphere, as illustrated in FIG. 3. Except for the part
      coacting with the recess 14 to provide the check valve, the piston skirt
      21 is tightly and sealingly seized in position, as seen in FIGS. 2 and 3.
PAR  As shown more clearly in FIG. 4, a passage 16 is formed through the bottom
      wall of the main body 11, preferably at the center thereof as shown, and
      is maintained in communication with a flat and shallow recess 11a formed
      on the bottom surface of the bottom wall. A disc-shaped, flow-limiting
      composition 19 is positioned substantially loosely in the recess 11a in a
      slightly projecting manner therefrom, so as to serve for closing the
      bottom end of the passage 16. The disc composition 19 has a main body 19a
      of a previous or fibrous material for allowing a limited passage of air
      therethrough and is covered at its upper surface with a non-pervious layer
      19b which may preferably consist of a polyethylene terephthalate film,
      aluminum or a like light metal foil, as an example, glued to the pervious
      main body 19a which may be of low or high density polyethylene,
      polypropylene, polyvinyl chloride, felt, thick cloth, nylon, polyester,
      polystyrene or the like.
PAR  By hot-ironing the upper surface of the main body 19a, the non-pervious
      layer can be effectively formed. As an alternative, the layer 19b may be
      formed by wetting the upper surface of the main body 19a with a proper
      resin-dissolving solvent and smoothening the partially dissolved or
      swollen resin surface by means of a roller, not shown.
PAR  The disc composition 19 is fixedly positioned by a fixing sheet or member
      24 which is preferably of a synthetic resin material, and fixedly attached
      at its peripheral area 50 to the bottom surface of main body 11, as by
      glueing or a like conventional fixing measure. The sheet 24 is of a
      non-pervious material, such as polyethylene terephthalate and is formed
      with a single air passage opening 23 extending therethrough. When
      necessary, this opening 23 may be plural.
PAR  When the depressing pressure is released from the contracted state of the
      piston 20 positioned as shown in FIG. 3, the piston will gradually expand
      under the spring force at 30 and a negative pressure will be created
      within the chamber S. Then, the outside atmospheric air will be drawn from
      the passage 23 and through the fine communicating passages formed and
      maintained in the material of the pervious material 19a, thereby flowing
      therethrough in the axial direction so-to-speak, or more specifically in
      outwardly radial directions as schematically illustrated in FIG. 4 by
      small arrows shown within the pervious material 19a, and collected in the
      peripheral region in and around the recess 11a and around the disc
      composition 19. Then, the drawn air will flow inwardly in and along a
      small gap 25 existing between the bottom wall of main body 11 and the disc
      composition 19. In the drawing, this gap 25 has been shown substantially
      exaggerated for a clear understanding of the invention. In practice, the
      upper surface of the disc composition 19 may be in contact with the bottom
      wall of the main body 11. In this way, the piston 20 gradually expands as
      the negative pressure created in the chamber S is supplemented gradually
      with the thus drawn-in air until the piston occupies its fully expanded
      position shown in FIG. 2, with the flow-in rate being kept at a
      substantially constant value as established by the combined flow
      resistance at 19a and 25. Therefore, the time limit is determined
      substantially by the combination of the spring force at 30 with the
      combined flow resistance.
PAR  When the piston 20 has been returned to its original position shown in FIG.
      2, the limit time terminates and a certain device to be controlled and
      operatively connected with the connecting piece 22 positioned at the top
      end of piston 20 is caused to operate or stop, as the case may be.
PAR  Upon completion of the operation or the like of the device to be
      controlled, the piston 20 is depressed for an initiation of the
      time-limiting operation as before, and so on. The piston-depressing
      operation may naturally be motorized if necessary, although not shown.
PAR  Due to the lengthwise passage of air through the pervious material, in
      contrast to the transverse flow passage, the time-limiting period may be
      substantially prolonged.
PAR  In addition, especially when the disc composition 19 is kept in contact
      with the upper bottom surface of the excess 11a and air is caused to pass
      through the finest possible passages formed on and between the related
      both surfaces, the time-limiting period can be further prolonged.
PAR  On account of both features above mentioned time limit fluctuations as may
      occur among a large number of the time-limiting devices can be
      substantially obviated.
PAR  According to practical experiments, such fluctuations could be limited to
      only 1 - 2% if even the time limit has been set to a longer period such as
      30 - 60 seconds.
PAR  In FIG. 5, several comparative test results of air flow-limiting pervious
      sheet materials are shown by way of example.
PAR  In the case of curve 1, air passage bore 23 has a diameter of 3.2 mm; the
      thickness and diameter of the sheet amounted to 120 .mu. and 7.0 mm,
      respectively. The material was biaxially stretched foamed polyethyrene,
      having no non-pervious surface coating layer.
PAR  In the case of curve II, the passage bore sizes were same as above. The
      thickness and diameter of the disc sheet were 90 .mu. and 7.0 mm,
      respectively. The sheet material was both surface-treated art paper,
      having no non-pervious surface layer.
PAR  In these conventional art cases I and II, the time limit amounted to 20
      minutes at the longest. On account of the transverse passage of air,
      fluctuations in time limit amounted to plus and minus 25% which were
      disadvantageously large.
PAR  In the case of curves III and IV, the respective same pervious disc sheets
      as in I and II were used and glued fixedly under pressure each with a
      polyethylene terephthalate film, of 100 .mu. thickness, so as to provide
      the inventive sheet compositions which were tested under similar testing
      conditions as above. However, the air passage was made lengthwise, instead
      of transverse. As shown, the time limits could be substantially prolonged.
      Fluctuations in time limit amounted to only plus and minus 3% which were
      superior and highly usable in practice.
PAR  It should be mentioned that the check valve may be arranged as a separate
      valve positioned at any suitable place on the piston, although not shown.
CLMS
STM  An embodiment with the invention in which an exclusive property or
      privilege is claimed are as follows:
NUM  1.
PAR  1. A mechano-pneumatic timer device, comprising a vessel having a bottom
      wall, a membrane piston having a skirt, said skirt being fixedly attached
      to said vessel for defining jointly with the vessel a variable volume
      chamber, spring means cooperable with the piston and vessel for urging
      said piston in its expanding direction, a check valve cooperating with
      said piston for evacuating air from said chamber to outside open
      atmosphere when said piston is contracted, the bottom wall of the vessel
      having a passage for supplementing air drawn from the open atmosphere to
      said chamber when negative pressure prevails in the chamber by virtue of
      expanding movement of said piston for performing a predetermined
      time-limiting operation of the timer, and means cooperating with said
      passage for allowing a limited flow rate of the air drawn by said piston,
      said cooperating means including a main body of pervious material closing
      the passage in the bottom wall of the vessel, said body having upper and
      lower surfaces, a non-pervious layer secured to the upper surface of the
      main body, and non-pervious means engaging the lower surface of the main
      body and secured to the bottom wall of the vessel for fixedly attaching
      the main body to the bottom wall, said non-pervious means having at least
      one air passage therein in communication with the lower surface of the
      main body so that upon negative pressure being created within the chamber,
      air will be drawn from said one air passage outwardly through the main
      body and thence inwardly between the bottom wall of the vessel and the
      non-pervious layer of the main body through the passage and into the
      chamber.
NUM  2.
PAR  2. The mechano-pneumatic timer device as claimed in claim 1 in which the
      bottom wall of the vessel is provided with a recess with which the passage
      communicates, said main body being positioned in the recess, said main
      body having outer dimensions less than the inner dimensions of the recess
      to provide a space about the perimeter of the main body to allow the air
      flowing outwardly through the main body to flow inwardly between the
      bottom wall of the vessel and the non-pervious layer of the main body, and
      said main body and non-pervious layer having a thickness greater than the
      depth of the recess whereby the lower surface of the main body projects
      beyond the bottom wall of the vessel.
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PAL  Shock absorber comprising a casing delimiting an inner recess having two
      portions of different diameters and containing a liquid, a piston assembly
      consisting of two pistons of slightly different diameters mounted on the
      same rod and slidable into said recess, the larger of said pistons being
      traversed by a channel for liquid passage, a liquid reservoir either
      inside the rod or outside the casing, in communication with the inner
      recess through a further channel, sealing structure tightening the recess
      from the external medium and an element in the reservoir which is
      compressed or expanded in response to a change in the pressure of the
      liquid contained in the reservoir.
BSUM
PAR  This invention relates to a shock absorber which can be adapted to any
      apparatus comprising an element which is abruptly contacted with another
      element or with the ground. It may be, for example, particularly adapted
      to a sonic wave transmitter comprising two elements which are abruptly
      contacted with each other, in order to avoid any deterioriation of said
      elements and to improve the quality of the sonic wave emission.
PAR  Shock absorbers are known which comprise a movable piston traversed by
      channels and sliding in a cylinder filled with liquid, the passage of the
      liquid through the channels resulting in a braking of the piston motion.
      These channels are, in some cases, provided with non-return valves.
PAR  The shock absorber according to this invention essentially comprises a
      casing made of a pressure-withstanding material which comprises at least
      two recesses of different cross-sections in communication with each other
      and substantially filled with liquid, an assembly of pistons displaceable
      along two directions of displacement in the recesses and solid with a rod,
      said assembly being guided in its motion by an orifice provided through
      the wall of the casing and whose cross-section is adapted to that of the
      rod and by guiding means inside said casing, braking means for the piston
      assembly when the latter is displaced mainly along one of said
      displacement directions and means for absorbing, during the displacement
      of the piston assembly, a portion of the liquid contained in said
      recesses.
PAR  The braking means may comprise a second piston whose cross-section is
      slightly smaller than that of the recess having the smallest
      cross-section, cooperating with the first piston traversed with channels
      and whose cross-section is adapted to that of the recess of smaller
      cross-section.
PAR  The advantages of the shock absorber according to the invention are the
      following:
PAR  It provides for the braking simultaneously by means of the channels of one
      of the pistons and by lamination effect at the level of the other piston;
      it also provides for the guiding of one of the pistons of the rod, i.e., a
      double guiding of the piston assembly and favours a work at low pressure
      of a sealing joint ensuring the tight sliding of the rod through the
      orifice of the casing wall.
DRWD
PAR  The shock absorber according to the invention will now be described more in
      detail with reference to the accompanying drawings, given by way of
      example and wherein:
PAR  FIG. 1 diagrammatically shows a cross-section of a first embodiment of the
      device in its initial position, comprising a reservoir inside the rod,
      provided with a compressible element;
PAR  FIG. 2 diagrammatically shows a cross-section of the same embodiment after
      its operation as shock absorber;
PAR  FIG. 3 diagrammatically shows a cross-section of a second embodiment of the
      device, in its initial position, comprising a reservoir outside the casing
      encompassing the recesses, provided with an expansible element; and
PAR  FIG. 4 diagrammatically shows a cross-section of the same embodiment after
      its operation as shock absorber.
DETD
PAR  According to the embodiment shown in FIGS. 1 and 2, the device comprises a
      cylindrical casing 1, the wall of which comprises two parts 2 and 3 of
      different diameters, the part 3 having the larger diameter. The parts 2
      and 3 are separated by a shoulder 18. One end of said cylindrical casing
      is closed by a plug 4, for example screwed on the casing and provided with
      a sealing joint 5. The plug 4 is traversed by a channel 6 for filling the
      casing with liquid. This channel is obturated, during operation, for
      example by means of a screw 7 provided with a sealing joint 8.
PAR  The other end of the casing, opposite to plug 4, is traversed by an orifice
      9 provided with a sealing joint 10 and destined to the passage of the
      piston rod.
PAR  In its cylindrical casing, there is slidably mounted a piston assembly
      comprising a rod 11 in which is arranged a recess 12 forming a reservoir
      and which is provided with two pistons 13 and 14. Piston 13 has a diameter
      adapted to the inner diameter of part 2 of the casing wall 1 and comprises
      channels 15 passing throughout the same. Piston 14 has a diameter slightly
      smaller than that of part 2 of the casing wall. The diameter of rod 11 is
      adapted to that of orifice 9 so that said rod can slide therethrough. A
      double guiding of the piston assembly is thus achieved, one at the level
      of piston 13 and the other at the level of orifice 9.
PAR  Reservoir 12 is obturated in operating conditions by means of a plug 16
      which, for example, is screwed at one end of the piston assembly. This
      recess communicates with the space inside casing 1 by means of channels
      17. A shoulder 19 provided on the rod 11, acts as a stop member for
      limiting the stroke of the piston assembly. Inside reservoir 12 there is
      housed a bag 20 (FIG. 2), inflated with compressed air.
PAR  The operation of this shock absorber is as follows:
PAR  The inner space of casing 1 as well as reservoir 12 communicating
      therewith, contains oil.
PAR  In a first stage, the shoulder 19 abuts against the end of casing 1 on the
      side of orifice 9, the end of the rod 11 protruding from said casing. The
      bag 20 is expanded inside reservoir 12.
PAR  When a pressure is exerted on the protruding end of the rod 11, the piston
      assembly is displaced inside casing 1. The volume of the space defined by
      piston 13 and the bottom of the casing decreases and the oil contained in
      said space is displaced through channels 15 toward the space on the other
      side of piston 13. The piston assembly further penetrates the space inside
      casing 1, thereby reducing the volume thereof and undergoing a laminar
      flow between piston 14 and the part 2 of the inner wall of casing 1 (FIG.
      2). The oil contained therein is compressed and penetrates through channel
      17 into the reservoir 12 inside the rod 11, thereby compressing the bag or
      compressed air 20.
PAR  The lamination of the oil results in a braking of the movement of the
      piston assembly and the device thus acts as a damper.
PAR  When the end of rod 11 is no longer subjected to a pressure, the pressure
      exerted by the air compressed in the bag 20 is no longer balanced and said
      bag comes back to its expanded position, thereby expelling the oil
      contained in reservoir 12 toward the space inside casing 1, through
      channels 15 and 17, thereby resulting in a return of the piston assembly
      to its initial position as illustrated by FIG. 1.
PAR  According to a second embodiment of the device, illustrated in FIGS. 3 and
      4, the piston assembly comprises a rod 11 provided with pistons 13 and 14
      as in the preceding case, but this rod no longer comprises a reservoir
      communicating with the space inside casing 1. This space communicates,
      through channels 21, with a cylindrical chamber 22, forming a reservoir,
      delimited by the external wall of casing 1 and by a cylindrical membrane
      23 of elastic material, surrounding casing 1 to which it is secured.
PAR  When, during the operation of the device, the piston assembly penetrates
      the inner space of casing 1, the oil is pressurized and expelled through
      channels 21 into reservoir 22. By the pressure effect, the cylindrical
      membrane 23 becomes deformed (FIG. 4) and the volume of reservoir 22
      increases.
PAR  Similarly as in the preceding case, the oil undergoes a lamination between
      piston 14 and the part 2 of the inner wall of casing 1. This lamination,
      as well as the resistance exerted by the elastic membrane 23, results in a
      dampening of the motion of the piston assembly.
PAR  When the end of the rod 11 is no longer subjected to a pressure, the
      resistant force exerted both by the external prevailing pressure and by
      the expanding elastic membrane 23 is no longer balanced. This membrane
      thus comes back to its initial position by expelling the oil contained in
      the cylindrical reservoir 22 toward the space inside casing 1. The piston
      assembly is displaced and the system takes again its initial position
      (FIG. 3).
PAR  Also in this embodiment, a double guiding of the piston assembly is
      achieved at the level of piston 13 and at the level of orifice 9
      respectively.
PAR  In the preceding embodiments, shown by way of example, the inner wall of
      casing 1 as well as the pistons, were cylindrical, but one part of wall 2
      and/or the piston 14 might also be of conical shape, or have a special
      profile corresponding to a predetermined law of motion.
PAR  Similarly, the bag of compressed air or reservoir 12, as well as the
      elastic membrane of reservoir 22, may be replaced by any other
      compressible and expansible elements without departing from the scope of
      the invention.
PAR  In any case, the joint 10, ensuring the sealing between the inner space of
      casing 1 and the external medium, works at high speed but however at low
      pressure, which a supplementary advantage of the system.
CLMS
STM  We claim:
NUM  1.
PAR  1. A shock absorber comprising a casing of a pressure-withstanding
      material, said casing having an inner wall defining at least a first and a
      second recess in communication with each other, said first recess having a
      smaller cross-section than that of said second recess, and each of said
      first and second recesses being substantially filled with fluid; a piston
      assembly being displaceable in opposite directions within said casing,
      said piston assembly comprising a rod extending slidably through an
      orifice through said inner wall of said casing, a first piston integral
      with said rod and having at least one orifice for communicating opposite
      sides of said first piston, and a second piston integral with said rod and
      disposed between said first piston and said orifice through said inner
      wall, said first piston having a cross-section larger than that of said
      second piston with said first piston slidably engaging the inner wall
      defining said first recess along the entire displacement of said piston
      assembly, and said second piston having a cross-section slightly smaller
      than that of said first recess and being guided past the inner wall
      defining said first recess only during a portion of the entire
      displacement of said piston assembly; and means for absorbing a portion of
      said fluid during the displacement of said piston assembly.
NUM  2.
PAR  2. A shock absorber according to claim 1, wherein said means for absorbing
      comprises a reservoir having orifices for communicating with said first
      and second recesses, and means for returning said piston assembly to its
      initial position after operation.
NUM  3.
PAR  3. A shock absorber according to claim 2, wherein said reservoir is
      arranged within said rod.
NUM  4.
PAR  4. A shock absorber according to claim 2, wherein said reservoir is
      arranged around said casing encompassing said first and second recesses.
NUM  5.
PAR  5. A shock absorber according to claim 2, wherein said means for returning
      said piston assembly consists of a compressible element.
NUM  6.
PAR  6. A shock absorber according to claim 5, wherein said compressible element
      is a bag of compressed air.
NUM  7.
PAR  7. A shock absorber according to claim 2, wherein said means for returning
      said piston assembly consists of an expansible element.
NUM  8.
PAR  8. A shock absorber according to claim 7, wherein said expansible element
      is made of an elastic membrane forming a wall of said reservoir.
NUM  9.
PAR  9. A shock absorber according to claim 1, wherein said second piston brakes
      said piston assembly during displacement by lamination of said fluid
      between said inner wall defining said first recess and said second piston.
NUM  10.
PAR  10. A shock absorber comprising a casing having a wall of a
      pressure-withstanding material, said casing including at least two
      elongated recesses of different cross-sections communicating with each
      other and substantially filled with liquid, a piston assembly comprising a
      first piston traversed with orifices and a second piston having a
      cross-section smaller than that of said first piston, said first and
      second pistons being integral with a rod, said piston assembly being
      displaceable along opposite directions within said casing and being guided
      both by an orifice arranged through said wall of said casing with said rod
      being slidable therethrough, and by said first piston of a larger
      cross-section than that of said second piston slidably engaging an inner
      wall of said casing defining the recess having a smaller cross-section
      along the entire displacement of said piston assembly, said second piston
      of said piston assembly being disposed between said first piston and said
      orifice through said wall, and having a cross-section slightly smaller
      than said recess of smaller cross-section, and said second piston being
      guided past said inner wall defining said recess of smaller cross-section
      for a length shorter than said displacement of said piston assembly, a
      reservoir arranged around said casing and provided with orifices for
      communication with at least one of said recesses, and means for returning
      said piston assembly to its initial position after operation.
NUM  11.
PAR  11. A shock absorber according to claim 10 wherein said means for returning
      said piston assembly consists of an expansible element.
NUM  12.
PAR  12. A shock absorber according to claim 11, wherein said expansible element
      is made of an elastic membrane forming a wall of said reservoir.
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ABST
PAL  A first relatively rigid case section having two end walls with a
      connecting intermediate wall is interconnected with a flexible second case
      section via a single zipper with stops defining permanent securement
      lengths. The first case section also includes a generally C-shaped frame
      contoured to form the upper wall and extend downwardly a limited amount
      onto each end wall. Molded plastic supports are affixed to the lower inner
      end portions of the end walls to provide a firm supportive base for the
      case. Case sections are otherwise formed of a pliant material, eg,
      laminated plastic sheets. A cover and strap or bar fold over long garments
      such as coats or dresses, holding them against the inner wall surfaces of
      the second case section. A hanger assembly affixed to the inner top wall
      surface accommodates garment hangers. Optionally, hooklike apparatus
      connected to the first case section is selectively extendible to the
      outside of the case to enable toting or hanging of the open case assembly.
      In yet another aspect, the outer side wall has a shallow pocket for
      carrying papers or the like which is accessible via a portion of the
      closure means. As yet another aspect, the zipper pulls each include a loop
      and slot construction such that when they are positioned immediately
      adjacent each other, they may be nested together with the slot of either
      receiving the loop of the other.
BSUM
PAR  The present invention relates generally to a luggage case construction,
      and, more particularly, to such a luggage case construction which is
      readily opened to a condition permitting hanging, carrying or laying flat.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  A primary object and aim of this invention is to provide an improved
      luggage case having two unitary case sections which are connected to one
      another at certain parts and separably joined at other parts, enabling
      ready break-out into extended, relatively flat condition.
PAR  Another object is the provision of a luggage case having a first relatively
      rigid case section wrappingly enclosed by a second flexible case section.
PAR  A further object is the provision of a luggage case having a compact
      assembled form for carrying and which is opened out into an elongated flat
      form for hanging, toting, or laying flat.
PAR  Another object of the invention is the provision of a luggage case as
      described in the above objects and having closure means dividing the
      luggage case generally into two sections, a portion of which closure means
      opens into a shallow pocket for carrying papers or the like.
PAR  Yet another object is the provision of a luggage case which can be opened
      into extended, relatively flat condition, and includes means selectively
      extendible from the case for hanging mode use.
PAR  A further object is the provision of a luggage case in which relatively
      long items of clothing (e.g., topcoat) are held within the case in such
      manner as to closely follow the internal case walls, thereby avoiding
      creasing or sharp folding of the garments.
PAR  Another object is the provision of a luggage case having an improved
      laminated wall construction.
PAR  Yet another object is the provision of a luggage case construction which is
      readily opened and closed for use, and simple and inexpensive to
      manufacture.
PAR  In the practice of this invention, there is provided a first relatively
      rigid case section having two end walls with a connecting intermediate
      wall, and a flexible second case section with front and back walls and an
      interconnecting lower wall. The two case sections are joined via closure
      means which, when closed, separably maintain the second section wrappingly
      enclosing the first section. When the closure means are released, the
      second case section partially unfolds from the first and extends into a
      relatively flat condition. The first case section also includes a
      generally C-shaped frame contoured to form the upper wall and extend
      downwardly a limited amount onto each end wall. Also, the walls of both
      case sections are formed from a pliant material. Molded plastic supports
      are affixed to the lower inner end portions of the end walls to provide a
      firm supportive base for the case.
PAR  The closure means preferably includes a single zipper interrelating the
      opposed edges of the case sections with stops defining extents of
      permanent securement.
PAR  The inner walls of the flexible second case section include a cover and
      strap or bar for folding over long garments such as coats or dresses to
      hold them against the inner wall surfaces. A hanger assembly affixed to
      the inner top wall surface accommodates garment hangers.
PAR  In a further aspect, hooklike apparatus connected to the first case section
      is selectively extendible to the outside of the case to enable toting or
      hanging of the opened case assembly, whereby suits, coats and the like
      contained therein can extend downwardly in a natural condition. In yet
      another aspect, the outer side wall has a shallow pocket for carrying
      papers or the like which is accessible via a portion of the closure means.
PAR  The preferred material from which the case side walls are constructed is a
      multiple layer laminate. Specifically, an extrudable thermoplastic
      substrate is laminated with a thermoplastic sheet having a thickness and
      an external design dependent upon end use requirements. Lamination is
      accomplished through application of pressure and heat, and, optionally,
      with the additional use of adhesives. Even more preferred is to include as
      a third lamination on the opposite side of the substrate a thermoplastic
      film, or woven or non-woven fabric which serves as the case liner.
PAR  As yet another aspect, the zipper pulls each include a loop and slot
      construction such that when they are positioned immediately adjacent each
      other, they may be nested together with the slot of either receiving the
      loop of the other. When so nested a conventional lock may be inserted
      through the loop.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a perspective view of one form of the luggage case of this
      invention.
PAR  FIG. 2 shows the luggage case in the open position with an organizer raised
      from the main storage area.
PAR  FIG. 3 depicts the luggage case in the fully open position.
PAR  FIG. 4 is a perspective of the back side of the luggage case from that
      illustrated in FIG. 1, showing a zipper access storage pocket.
PAR  FIG. 5 is a perspective view of the luggage case from the bottom.
PAR  FIG. 6 is a partially sectional, elevation of the case handle assembly.
PAR  FIG. 6a is a sectional, elevational view of the handle assembly taken along
      the line 6a--6a of FIG. 6.
PAR  FIG. 7 is a fragmentary, sectional elevational view through the luggage
      case corner reinforcement.
PAR  FIG. 8 is a perspective, fragmentary view of the zipper pulls for the
      luggage.
PAR  FIG. 8a is a plan view of the zipper pulls shown in overlapping relation
      for locking.
PAR  FIG. 9 depicts an alternate garment hanging apparatus.
PAR  FIG. 10 is an exploded view of multilayered case wall construction.
PAR  FIG. 11 depicts an alternate form of the luggage case of FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  With reference now to the drawings and particularly FIG. 1, the luggage
      case embodying the present invention is enumerated generally as at 10. As
      shown there, the case includes a top panel 11 and a pair of end panels 12
      and 13 joined together and forming a first integral case section. A front
      side panel 14, back side panel 15 and bottom panel 16 are integrally
      related, forming a second case section which is separably connected to the
      panels 11-13 of the first case section by a suitable closure means such as
      a zipper 17, for example. More particularly, the panels 11, 12 and 13, by
      virtue of a construction to be described, is relatively rigid, maintaining
      an overall C-shape and the panels 14-16 wrappingly engage the panels 11-13
      to enclose storage space therewithin when in closed condition. In the
      described embodiment, the panels 14-16 are constructed of a suitable
      sheetlike material, and preferably of a flexible multiple layered
      laminate. A handle assembly 18, also to be described in detail later, is
      secured to the top and side walls 11-13.
PAR  Turning now to FIG. 2, the luggage case 10 is shown in open condition with
      the zipper 17 released and front bottom panels 14 and 16 separated or
      unwrapped from the rigid C-shaped shell formed by panels 11-13. A
      rectangular sheet 19 of a flexible material, such as a woven or non-woven
      fabric, has one side affixed along a common side edge of panels 14 and 16
      immediately adjacent the zipper 17. The opposite side of sheet 19 includes
      further closure means such as a zipper 20 for cooperating with a zipper 21
      arranged along and inwardly directed from the opposite side edge of panels
      14 and 16. A strap 22 has one end secured to panel 14 underneath the
      zipper 21 adjacent the outer end thereof and a snap 23 on its other end
      for removable securement to a mating snap part 24 on the inner surface of
      the fabric sheet 19. In a manner that will be set forth in detail later
      herein, relatively long apparel such as coats and dresses, for example,
      are laid directly onto the inner surfaces of the panels 14-16, the strap
      is placed thereover and the snaps 23 and 24 connected, following which the
      sheet 19 is arranged over the apparel and strap and the zippers 20 and 21
      joined together.
PAR  A generally rectangular plate 25, constructed of a rigid material, such as
      a plastic or metal sheet, for example, is affixed to the inner surface of
      the bottom wall 16 by rivets 26. The plate has substantially the same
      dimensions as the bottom wall 16 and has sufficient thickness to provide a
      firm base for the luggage case.
PAR  The lower inside marginal edges of the end walls or panels 12 and 13 are
      provided with reinforcing means 27 and 28. These serve the multiple
      purposes of providing firm base corners for supporting the case when it is
      in the usual bottom panel down orientation of FIG. 1, and also that of
      maintaining lower edge structural integrity when the case is dropped or
      slid along the floor.
PAR  As shown best in FIG. 7, a preferred form of the reinforcing means 27 and
      28 is that of a hollow, thin-wall plastic construction, generally L-shaped
      in section as viewed parallel to panels 12 and 13 and with a double walled
      base 29 which extends away and inwardly of the case from the end wall 12
      or 13, as the case may be. The reinforcing means are located closely
      adjacent the lower end of the associated end panel with the base spaced
      slightly from the bottom panel. As viewed normal to the plane of panels 12
      and 13, the reinforcing means is generally rectangular, with radiused
      lower corners. Securement of the reinforcing means to the end panels may
      be accomplished by rivets 30, for example.
PAR  The closure means 17 preferably comprises a single zipper interconnecting
      the full length of edges of panels 14-16 to the corresponding edges of
      11-13. As shown in FIGS. 8 and 8a, a pair of zipper pulls or actuators 31
      and 32 are provided for opening and closing the zipper 17, with zipper
      stops located at 33 and 34 limiting the degree of opening of panels 14-16
      with respect to luggage case section 18. Each zipper pull comprises a tab
      35 rotatably connected as at 36 for pivotal movement in a plane including
      the zipper line. An elongated slot 37 in the tab receives an upstanding
      locking loop 38 therethrough. When the two zipper pulls are located next
      to one another, the tab of either may be pivoted such that its slot is
      received onto the locking of the other, as shown best in FIG. 8a. When in
      this latter orientation, a conventional lock (not shown) may be inserted
      through the locking loop for securement.
PAR  As depicted in FIG. 3, the C-shaped luggage case section includes a
      stiffener or reinforcing frame 39 secured to the inner surface of the top
      and end panels 11-13 by rivets 40, for example. More particularly, the
      frame is an injection molded plastic sheet having a width slightly less
      than that of panels 11-13. Also, the frame is contoured to have
      substantial corner radii closely conforming to those of the top panel end
      portions and is otherwise shaped and of a length to extend completely
      along the top wall 11 and part way down onto the end panels 12 and 13.
      Optionally, one or more longitudinally extending strengthening ribs may be
      provided.
PAR  Reference is now made to FIG. 6 and the detailed construction of the
      luggage case handle assembly identified generally as at 42. Specifically,
      the assembly includes an elongated grip 43, each end of which is pivotally
      connected to a metal link or loop 44. Each loop is also pivotally received
      within an opening 45 of a folded-over metal part 46. A straplike element
      47 has a relatively narrow end which is wrapped around each metal part 46
      with the composite layered structures so formed being secured to the top
      panel 11 via the rivets 40 that hold the frame 39 to the case panels (FIG.
      3). The straplike element extends along the top panel 11 and downwardly on
      the side panels 12 or 13, as the case may be, terminating at a point lying
      substantially opposite the associated end of the frame 39. These straps
      gradually widen out from the narrow end adjacent the handle to a maximum
      width at their other end with securement to the luggage case end panels 12
      and 13 being provided by rivets 20 and lines of stitching 48 arranged
      along the element margins.
PAR  From the described luggage case handle assembly construction and manner of
      affixing to the case walls, it can be seen that the carrying load of the
      case and its contents is transmitted along the handle 43, loops 44, folded
      metal parts 46, straplike elements 47 and rivets 40, directly to the
      underlying frame 39. That is, from a structural standpoint, the primary
      loading is borne by the frame 39 with loading interconnection to the strap
      and handle means being effected via the rivets in the top panels.
PAR  In another feature of the invention, a shallow side pocket is incorporated
      into the back side panel 15 as shown best in FIG. 4. This pocket can be
      used for business papers, magazines, umbrellas or other small objects
      which it may be desired to retrieve during travel, for example, without
      disturbing the packed clothing. More particularly, that portion of the
      zipper 17 which extends along the opposed edges of the top panel 11 and
      back panel 15 serves as access means for the side pocket and is under
      control of a zipper pull 49 operating between stops 50 and 51. A fabric
      liner (not shown) extending along the inner surface of 15 defines the
      pocket.
PAR  As depicted in FIG. 5, the outer surface of the bottom panel 16 includes
      four feet 52 for supporting the case in its usual resting mode.
      Specifically, these feet may be constructed of a durable,
      abrasive-resistant plastic and riveted through the bottom wall 16 to the
      underlying plate 25.
PAR  For the ensuing description of the packing of relatively long apparel such
      as coats, suits and dresses, reference is made simultaneously to FIGS. 2
      and 3. With the fabric sheet 19 folded back and the strap 22 unsnapped,
      the apparel is arranged to lie flat against the inner surfaces of the side
      and bottom panels 14-16. When the apparel is carried on a hanger, the
      hanger hook 53 is received onto a suitable mount 54 secured to the
      underside of frame 39. Next, the strap 22 is pulled across the apparel and
      the snaps 23 and 24 engaged. Finally, the fabric sheet 19 is stretched
      over the strap and apparel, and the zippers 20 and 21 joined. As shown
      best in FIG. 3, the long items of clothing are now integrally secured to
      the front, back and bottom walls 14-16, such that on closing the luggage,
      i.e., closing the zipper 17, the clothing is folded in the region of the
      bottom panel in a substantial radius, thereby reducing any tendency to
      wrinkle or crease. In addition, by holding the larger clothing items
      against the case walls, there is accordingly provided a central
      unobstructed space within which other items may be stored, such as shoes,
      toiletry items, shaving equipment, or the like.
PAR  An organizer for holding a number of small items together is enumerated
      generally as at 55 in FIG. 2. Specifically, the organizer includes a
      relatively stiff, rectangular platelike base 56 having flexible sheetlike
      covers or flaps 57 affixed to the base edges which are folded onto one
      another in overlapping relation. A pair of straps 58 and 59 and a buckle
      or clasp 60 serves to removably secure the flaps about the included items.
      The organizer is so dimensioned as to enable receipt within the luggage
      case central space after suits, dresses or other long apparel has been
      received therein in the manner described.
PAR  For an alternate form of the invention, reference is made to FIG. 9. As
      shown there, instead of the hanger mount 54, there is provided a loop 61
      affixed to the frame 39 and onto which hanger hooks may be hung. In
      addition, a hook 62, similar to a hanger hook, is selectively removable
      through the rear pocket access opening for hanging support from an
      externally located rod 63 in a closet or the like. Optionally, the hook 61
      and loop 62 may be a single integral construction (FIG. 9).
PAR  As already alluded to, the various luggage case panels are preferably of a
      multiple-layered lamination construction. For example, and with reference
      now to FIG. 10, the laminate substrate 63 is a sheet of an extrudable
      thermoplastic, such as the polyolefins including homopolymers, copolymers
      or impact-modified blends thereof. The outside layer 64, which is usually
      decoratively figured, is constructed of a supported expanded
      thermoplastic, such as vinyl or polyurethane. Although not essential, it
      is especially preferred that a third layer 65 be provided as a substitute
      for the separate fabric "liner" to be found in most prior art luggase
      cases. This liner layer may be formed from a plastic film or woven or
      non-woven fabric as desired. The multiple layer laminate is obtained by
      the simultaneous application of heat and pressure, and, where the specific
      materials used require it, with the additional use of a cementitious
      material.
PAR  As described hereinabove, the luggage case 10 has included a relatively
      rigid C-shaped case section wrappingly enclosed by a second flexible case
      section with the handle assembly 18 affixed to the rigid case section.
      That is, on carrying by the handle, the top wall immediately under the
      handle is part of the rigid or C-shaped case section. It is contemplated,
      however, that the entire case may be inverted with the lower panel 16 now
      being at the top and to which a handle 66 may be affixed, as shown in FIG.
      11. Otherwise the case can be constructed in the manner and of the
      materials described in connection with the FIG. 1 embodiment.
CLMS
STM  We claim:
NUM  1.
PAR  1. A luggage case, comprising:
PA1  a rigid C-shaped member including an elongated top panel and a pair of
      relatively short end panels extending at substantially ninety degrees from
      the respective ends of said top panel;
PA1  a flexible sheetlike member wrappingly enclosing the open sides of said
      C-shaped member having peripheral edges which are coextensive with the
      C-shaped member peripheral edges; and
PA1  zipper closure means extending continuously along said sheetlike member
      peripheral edges in a close path and continuously along the peripheral
      edges of said C-shaped member, said zipper means coacting for releasably
      securing said flexible sheetlike member to said rigid one-piece member.
NUM  2.
PAR  2. A luggage case as in claim 1, in which apparel retaining means are
      releasably affixed to the inner surface of said flexible sheetlike member
      and substantially coextensive therewith for folding therewith when said
      flexible sheetlike member is wrappingly secured to said C-shaped member.
NUM  3.
PAR  3. A luggage case in claim 1, in which an outside portion of said flexible
      sheetlike member defines a shallow pocket, and zipper pull means operating
      on a given portion of said closure means to provide a selectively closable
      access to said pocket.
NUM  4.
PAR  4. A luggage case in claim 1, in which there is further provided a C-shaped
      frame fittingly received within said C-shaped member and affixed thereto.
NUM  5.
PAR  5. A luggage case in claim 1, in which there is further provided a C-shaped
      frame dimensioned and contoured for fitting receipt within said C-shaped
      member; means affixing said C-shaped member to said C-shaped frame; and
      handle means interconnected with said frame.
NUM  6.
PAR  6. A luggage case construction, comprising;
PA1  a first relatively rigid shell-like case section including an elongated
      flat top panel and integral end portions extending away from said top
      panel in the same direction to form end panels for the case, said case
      section having two open sides and an open bottom;
PA1  a flexible sheetlike member of geometry and dimensions sufficient to
      enclose the open shell sides and bottom, forming a second case section,
      said member having edges coextensive with corresponding edges of the
      shell-like case section;
PA1  a rigid plate affixed to said flexible member forming a reinforced bottom
      for said case;
PA1  closure means releasably interconnecting the first and second case sections
      along the entire opposed edges thereof; and
PA1  means for releasably holding apparel against the inner surface of said
      second case section enclosing a central storage space in said luggage
      case, said apparel holding means including a fabric member for extending
      over said apparel, affixed along an edge to said second case section and
      releasably secured to said second case section along another edge.
NUM  7.
PAR  7. A luggage case construction, comprising:
PA1  a first case section defining the case end and intermediate panels;
PA1  a second case section wrappingly engaging said first case section defining
      the remaining case panels; and
PA1  a single zipper continuously joining said first and second case section
      edges throughout and including at least a pair of zipper stops defining
      certain lengths of said zipper which are releasably joined together and
      certain other lengths which are permanently joined together; and
PA1  said first and second case section panels being multi-layered laminates.
NUM  8.
PAR  8. A luggage case construction as in claim 7, in which said multi-layered
      laminates include a thermoplastic substrate, a decorative plastic outer
      layer and an inner liner, said layers being bonded to said substrate to
      form a unitary laminate construction.
NUM  9.
PAR  9. A luggage case, comprising:
PA1  a rigid C-shaped frame;
PA1  first flexible sheetlike means received onto said frame and affixed
      thereto, forming a generally C-shaped first case section including a first
      flat panel and integral end portions extending away therefrom in the same
      direction as end panels, said first case section having three open sides;
PA1  second flexible sheetlike means wrappingly enclosing the open sides of said
      first case section to form a second case section, the dimensions and
      geometry of said second case section being such that the edges of said
      case sections can be made coextensive; and
PA1  a single zipper continuously interconnecting the coextensive edges of said
      case sections to one another througout the entire length of said edges.
NUM  10.
PAR  10. A luggage case, as in claim 9, in which there are further provided
      reinforcing means affixed to the inwardly facing end portions of said end
      panels.
NUM  11.
PAR  11. A luggage case as in claim 9, in which said zipper includes a pair of
      zipper pulls, said pulls being nestable with each other, and having common
      means via which said pulls may be locked together to prevent release of
      said zipper.
NUM  12.
PAR  12. A luggage case as in claim 11, in which said zipper pulls each include
      a rotatable tab with a slot therein and an upstanding loop, each said tab
      being rotatable to receive the loop of the other zipper pull through its
      slot, with locking being effect via the said loop.
NUM  13.
PAR  13. A luggage case, comprising:
PA1  a generally rectangular, rigid, sheetlike member formed about transverse
      axes in the plane of said member to form a rigid C-shaped frame;
PA1  first laminated flexible sheetlike means conformingly received onto said
      frame and affixed thereto, forming a generally C-shaped first case section
      including a top panel, integral end panels extending away therefrom in the
      same direction, and having three open sides;
PA1  second laminated flexible sheetlike means wrappingly enclosing the open
      sides of said first case section to form a second case section, the
      dimensions and geometry of said second case section being such that the
      edges of said case sections are coextensive; and
PA1  a single zipper continuously interconnecting the opposed coextensive edges
      of said case sections to one another throughout the full length of said
      edges.
NUM  14.
PAR  14. A luggage case, as in claim 13, in which there are further provided
      reinforcing means affixed to the inwardly facing end portions of each of
      said end panels and spaced from said frame.
NUM  15.
PAR  15. A luggage case as in claim 13, in which said zipper includes at least
      two stops defining closed lengths of said zipper, and a pair of zipper
      pulls, said pulls being nestable with each other and having common means
      via which said pulls may be locked together to prevent release of said
      zipper.
NUM  16.
PAR  16. A luggage case as in claim 15, in which said zipper pulls each includes
      a pivotable tab with a slot therein and an upstanding loop, each said tab
      being rotatable to receive the loop of the other zipper pull through its
      slot, with locking being effected via the said loop.
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ABST
PAL  A bag handle is provided which includes fastening elements for holding the
      handle elements together for ease of carrying. In addition, pivotable
      securement means for holding the handle to the side walls of the bag are
      provided which comprise a pair of molded straps for each handle, with each
      of the straps having a transversely extending opening at one end with a
      planar longitudinally extending slit extending from the opening. Each of
      the handle elements have bars formed at each end of the legs thereof which
      are journalled in the opening of the strap. The strap is directly
      connected to the side wall of the bag.
BSUM
PAR  This invention relates generally to bag handles and more particularly to a
      molded handle which is inexpensively manufactured and is held together
      uniquely by releasable securement means.
PAR  The most common form of pivotable securement of a handle to the side wall
      of a luggage, club or athletic bag is a thick wire formed as a rectangle
      which has one end pivoted in the opening formed in the end of the handle
      and the other end of the link being journalled in an opening formed by a
      thin metal sheet having two large round discs which are connected together
      by a strap portion which is bent around the end of the link and forms a
      journal for the end of the link. The two circular portions of the metal
      sheet are then secured to the side wall of a bag by a fastener which is
      then punched through the side wall of the bag and through an opening which
      extends transversely through the plane of the metal sheet.
PAR  The disadvantages of such a pivotable connection are that the link must be
      formed after it has been inserted through the opening in the handle
      thereby causing an expensive step in the formation of the handle. Another
      disadvantage is that the metal sheets, because they are very thin, but
      rigid, cause breaking of the side walls of the bag at the periphery of the
      metal sheets.
PAR  It is therefore an object of the invention to overcome the disadvantages of
      the prior art.
PAR  Another object of the invention is to provide a new and improved handle
      having fastening elements for securing the handles together when the bag
      is carried for ease of handling.
PAR  Still another object of the invention is to provide a new and improved
      handle which includes improved pivotable securement means for attaching a
      handle to the side wall of a bag.
PAR  YET ANOTHER OBJECT OF THE INVENTION IS TO PROVIDE A NEW AND IMPROVED BAG
      HANDLE WHICH IS COMPRISED OF A PAIR OF HANDLE ELEMENTS WHICH ARE EACH
      MOLDED AND ARE THEREFORE INEXPENSIVE TO PRODUCE.
PAR  These and other objects of the invention are achieved by providing a bag
      handle which comprises a pair of U-shaped handle elements. Each of the
      elements include a gripping section which bridges a pair of leg members.
      Each of the leg members of each of the handle elements is pivotally
      secured to a side wall of the bag. One of the handle elements includes at
      least one dovetailed projecting member which extends transversely along
      the inside surface of the gripping section. The other of the handle
      elements includes at least one recess for receiving the dovetailed
      projecting members so that the handle elements are held together. The legs
      of the handle elements are secured to the side walls by a pair of molded
      straps. Each of the straps has a transversely extending opening at one end
      with a planar longitudinally extending slit extending from the opening.
      The slit causes a pair of legs in each of the straps. Each of the legs of
      the handle elements has integrally formed therein at their free end a bar.
      The bars of each of the handle elements are coaxial. Adjacent each of the
      bars formed at the end of the handles are openings which are provided to
      accomodate the portion of the straps surrounding the openings of the
      straps. The bars are journalled in the openings of the straps with the
      straps being secured to the side walls by a fastener extending
      transversely to the slit and extending transversely therethrough.
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PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings wherein:
PAR  FIG. 1 is a fragmentary perspective view of a bag embodying the invention;
PAR  FIG. 2 is an enlarged vertical sectional view taken along the line 2--2 in
      FIG. 1;
PAR  FIG. 3 is an exploded enlarged perspective view of the inside portions of
      the handle elements forming the handle embodying the invention;
PAR  FIG. 4 is a top plan view of the handles; and
PAR  FIG. 5 is an enlarged sectional view taken along the line 5--5 in FIG. 4.
DETD
PAR  Referring now in greater detail to the various figures of the drawings
      wherein like reference numerals refer to like parts, a bag handle
      embodying the present invention is generally shown at 20.
PAR  Bag handle 20 basically comprises a pair of handle elements 22 and 24.
PAR  As best seen in FIG. 3, handle element 22 is U-shaped and includes a thick
      elongated gripping section 26 which bridges a pair of integrally formed
      legs 28 and 30. As best seen in FIG. 5, the lower surface of the gripping
      section 26 is suitably rounded so that comfort in lifting is enhanced.
      Provided on the inside surface of the gripping section 26 is a pair of
      dovetailed projections 32 and 34. The dove tailed projections extend
      transversely along the inner surface of the gripping section 26.
PAR  Each of the legs 28 and 30 include an integrally formed bar at the end
      thereof. At the end of leg 28 bar 36 is formed which extends transversely
      to the length of leg 28 at the free end thereof. Adjacent bar 36 an
      opening 38 is provided which extends along the length of bar 36. The bar
      36 is preferably of circular cross-section for ease of pivotability of the
      handle element 22. The free end of leg 30 of the handle element 22 is
      similarly formed with the bar at the end thereof having an adjacent
      opening similar to opening 38.
PAR  Handle element 24 includes a thick elongated gripping section 40 and a pair
      of integrally formed legs 42 and 44. The handle element 24 is also
      U-shaped and includes a pair of recesses 46 and 48 in the inside surface
      of the gripping section 40. The recesses 46 and 48 are complimentary to
      the outer surface of the dove tailed projections 32 and 34, but slightly
      larger so that the recesses 46 and 48 can receive the dovetailed
      projections 32 and 34, respectively.
PAR  The legs 42 and 44 are formed similarly to legs 28 and 30 of handle element
      22 and include a bar 50 of circular cross-section which is formed adjacent
      an opening 52.
PAR  Each of the handle elements 22 and 24 are secured to one of the side walls
      of a bag 60 by a pair of straps 62. As best seen in FIG. 2, each strap
      includes an elongated opening 64 which extends transversely to the length
      of the strap 62. The opening 64 is also elongated longitudinally so that,
      as will hereinafter be seen, the handles can slide with respect to the
      straps. A planar slit 66 extends longitudinally of strap 62 from opening
      64 to the end 68 of the strap. As best seen in FIG. 3, the straps 62
      include an opening 70 which extends perpendicular to the slit 66 through
      the end of strap 62 opposite that in which the opening 64 is provided. The
      straps 62 and the handle element 22 and 24 are preferably comprised of a
      moldable thermoplastic resin such as polyethylene or polypropylene.
PAR  Bag 60 is preferably an athletic bag which is preferably made of plastic,
      leather or vinyl. Each of the side walls includes a pair of openings 80
      through which the legs of the straps 62 formed by slit 66 passes. The legs
      are secured against the side wall 82 of the bag by a suitable fastener
      such as rivet 84.
PAR  In addition, the side walls 82 of the bag 60 may also include a decorative
      and reinforcing patch 86 which is suitably secured about each of the
      openings 80. Each patch 86 includes an opening 88 which is aligned with
      opening 80.
PAR  In order to secure the handle 20 to a bag, each of a pair of straps 62 has
      a leg thereof pass through opening 38 of each of the legs of handle
      element 22. The bar 36 of each of the legs is thus journalled in an
      opening 64 of one of the straps 62. Straps 62 are then inserted through
      the openings 80 in one of the side walls of the bag 60 whereupon a
      fastening element is inserted through the openings 70 of the straps and
      secured to the side walls of the bag. Each of the handle elements is
      pivotable about a pair of the straps 62 through an axis running through
      the bars 36 in each of the bars in the handle element. The bars 36 of
      handle element 22 are coaxially aligned as are bars 50 of handle element
      24.
PAR  After each of the handle elements are secured to an opposite side of the
      bag, the bag may be lifted by lifting the handle elements 22 and 24
      against each other and moving handle element 22 to its uppermost position
      with respect to strap 62. The uppermost portion of the extent of movement
      of handle element 22 is defined by the upper end of the slot 64 of each of
      the straps with the bars 36 thereagainst. The projections 32 and 34 are
      then aligned with the top opening of recesses 46 and 48 and the
      projections are then slid therein. The projections 32 and 34 are snugly
      secured in openings 46 and 48, respectively, and are stopped at the
      lowermost end of the recesses 46 and 48 by bottom walls 90 which act as
      stop shoulders.
PAR  The securement of the projections 32 and 34 in openings 46 and 48,
      respectively, act to hold the handle gripping section together for ease of
      handling the bag. That is, the securement of the gripping sections
      together prevents the sliding and shifting of the gripping elements with
      respect to each other and thereby makes lifting of the handle more
      comfortable for the user.
PAR  The legs of the straps 62 are narrow. This prevents a large pivoting action
      with respect to the point at which the strap 62 is secured to the side
      walls 82 of the bag. Thus there is a much smaller tendency to cause
      breaking of the side walls of the bag. Moreover, the molded construction
      of the straps 62 provide a smooth journal for pivotability of the handle
      elements 22 and 24 about an axis through the bars 36 and 50, respectively.
      Also, the straps 62 facilitate securement of the handle elements to the
      side walls of the bag 60 and reduce the number of steps necessary in the
      construction of the pivoting section of the handle.
PAR  It is also contemplated in another embodiment of this invention that the
      securement means for holding the handles together may also be made in a
      hermaphrodiditic manner. In this alternative embodiment each of the handle
      elements 26 and 40 are identical. This is accomplished in the alternate
      embodiment by replacing one of the projections 34 by a recess like recess
      46 or 48 and replacing recess 48 by a projection like projection 32 or 34.
PAR  The recesses provided in each of the handle elements of the alternate
      handle elements are not terminated by a lower wall 90 in view of the fact
      that the bottom wall 90 prevents mating of the handle elements to each
      other. Thus, the recess in each handle element extends along the complete
      inner surface of the handle portion. In this way, each of the handle
      elements would be identical and would therefore require a single
      projecting member and a single recess in both handle elements.
PAR  The handle elements are secured together in the alternate embodiment in the
      same manner as the handle elements 26 and 40. The alternate handle
      includes all of the advantages of handle 20.
PAR  Without further elaboration, the foregoing will so fully illustrate my
      invention that others may, by applying current or future knowledge,
      readily adapt the same for use under various conditions of service.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. In combination with a bag having a pair of side walls capable of being
      opened and closed a bag handle comprising a pair of U-shaped handle
      elements, each of said elements including a gripping section which bridges
      a pair of leg members, both of said leg members of one of said handle
      elements being pivotable secured to one side wall of said bag, and both of
      said leg members of the other of said handle elements being pivotably
      secured to the other side wall of said bag, one of said handle elements
      including at least one dove-tailed projecting member which extends
      transversely along the inside surface of the gripping section, the other
      of said handle elements include at least one recess for temporarily
      receiving said dovetailed projecting member so that when said projecting
      member is received in said recess said handle elements are temporarily
      held together yet enabling the said projecting member to be removed from
      said recess, whereupon said handle elements are separated to enable the
      opening of said bag.
NUM  2.
PAR  2. The bag handle of claim 1 wherein said legs of said handle elements are
      secured to said side walls by a pair of molded straps, each of said straps
      having a transversely extending opening at one end with a planar
      longitudinally extending slit extending from said opening, said slit
      forming a pair of legs in each of said straps, each of said legs of said
      handle elements having integrally formed therein at their free ends, a
      bar, the bars of each handle element being coaxial, adjacent each of said
      bars an opening is provided through which the portion of said straps
      surrounding said openings of said straps pass, said bars being journalled
      in the openings of said straps, said straps being secured to said side
      walls by a fastener extending transversely to said slit and extending
      transversely therethrough.
NUM  3.
PAR  3. The bag handle of claim 1 wherein a pair of projecting members are
      provided on one of the handle elements and a pair of recesses are provided
      on the other of the handle elements, said gripping sections of said handle
      element being secured together by sliding said dovetailed projections into
      said recesses.
NUM  4.
PAR  4. In combination with a bag having a pair of side walls, a bag handle
      comprising a pair of U-shaped handle elements, each of said elements
      including a gripping section which bridges a pair of leg members, both of
      said leg members of each of said handle elements being pivotably secured
      to a side wall of a bag, said legs of said handle elements being secured
      to said side walls by a pair of molded straps, said straps each including
      a fastening element to enable a self-holding releasable securement for
      directly holding said straps together, said strap elements being separable
      to enable the opening of said bag, each of said straps including a first
      portion extending through an opening in said side wall and secured to the
      inside surface of said side wall adjacent said opening and having a
      transversely extending opening at one end with a planar longitudinally
      extending slit extending from said opening, said slit forming a pair of
      legs in each of said straps, said legs abutting each other to form said
      first portion, each of said legs of said handle element having integrally
      formed therein at their free ends, a bar, the bars of each of said handle
      elements being coaxial, adjacent each of said bars an opening is provided
      through which the portion of straps surrounding said openings of said
      straps pass, said bars being journalled in the openings of said straps,
      said straps being secured to said side walls by a fastener extending
      transversely to said slit and extending transversely therethrough.
NUM  5.
PAR  5. The bag handle of claim 4 wherein said openings in said straps are
      elongated longitudinally of said strap.
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ABST
PAL  The invention described in this specification relates to a hydrodynamic
      torque converter transmission of the type including two or more torque
      converter units connected in parallel between the input and output shafts
      and provided with means for interrupting the torque transfer through one
      or more of said units. One or more torque converters in the transmission
      is or are arranged with one bladed component thereof such as the pump or
      turbine blades selectively releasable from or engageable with an input
      shaft or an output shaft respectively whereby different driving conditions
      are obtained by engaging and disengaging the drive through different
      torque converters.
BSUM
PAR  This invention relates to hydrodynamic torque converter transmissions of
      the type including two or more torque converter units connected in
      parallel between the input and output shafts and provided with means for
      interrupting the torque transfer through one or more of said units.
PAR  Torque converter transmissions of the above type are well known. Normally,
      engagement or disengagement of the drive through one or other of the
      converter units has been effected by filling or emptying respectively, the
      working chamber of the torque converter. Alternatively, the use of
      friction clutches for the above purpose has also been proposed.
PAR  The main disadvantage of the filling and emtpying system is the difficulty
      in controlling the filling and emtpying periods to ensure they do not
      overlap. Another serious disadvantage is that on emptying the converter
      chamber of oil the torque converter may still remain operative with the
      air present in the chamber, which, under certain driving conditions may be
      sufficient to necessitate the cooling of the interior of the empty
      converter chamber. Moreover, the power absorption due to the air acting as
      the working fluid is sufficiently high to reduce substantially the overall
      efficiency of the transmission.
PAR  If friction clutches are used for the engagement or interruption of the
      torque transfer these may be of either the wet or dry type. Wet clutches
      produce considerable drag torque due to the large friction surface
      necessary, and this in turn, leads to the necessity of using multiple disc
      clutches. In the case of dry clutches the mechanical arrangement thereof
      has been both complicated and costly and results in a large size of the
      overall unit.
PAR  For the above reasons this type of unit has been used mainly as
      transmissions in railway service and mostly for shunting locomotives
      though also for mixed service and line locomotives. Otherwise they have
      not been used for other types of vehicles.
PAR  One reason for such limited use is that a filling and emptying arrangement
      needs a large space which means that such transmissions are of large
      dimensions and heavy, which has been acceptable only in the railway field.
      The dimensions of the unit are very important for buses and trucks and for
      earth moving equipment and also in connection with gas turbines and
      therefore combinations of transmissions with dry friction couplings have
      not been seriously considered while transmissions utilising wet friction
      couplings have not been acceptable due to the losses being too high.
PAR  According to the invention in a torque converter transmission of the type
      referred to above, one or more torque converters are arranged with one
      bladed component thereof, such as the pump or turbine selectively
      releasable from or engageable with respectively an input shaft or an
      output shaft. This allows different driving conditions to be obtained by
      engaging and disengaging the drive through different torque converters.
PAR  This is particularly true in the case of an arrangement where the turbine
      is released from the turbine shaft and particularly if the arrangement of
      the releasable turbine conforms to that described in my prior copending
      U.S. Patent Application Ser. No. 348,191, filed Apr. 6, 1973, now U.S.
      Pat. No. 3,839,864.
PAR  While to a high degree the requirement of low drag torque is obtained, a
      further result is the provision of an arrangement for the release and
      engagement of torque transfer which can be effected with high frequency
      without resultant destruction of friction surfaces and with the primary
      shaft of the converter at maximum speed and the secondary shaft thereof at
      stall also without destruction of friction surfaces. Not only is this
      result obtained, but at the same time no connection shocks are obtained
      since when connecting the turbine or the pump to its driving or driven
      source, the torque transportation results from starting the fluid
      circulation in the torque converter, and can not exceed normal torque
      transportation for the speed ratio between the primary and the secondary
      sides of the torque converter.
PAR  According to a further feature of the invention the torque converters arre
      connected between the input and output shafts by gears adapted to give
      each torque converter a working range of its own with or without a power
      absorption capacity of its own different from the absorption capacity of
      other torque converters of the transmission.
PAR  A further feature of the invention resides in the torque converter part of
      the transmission being combined with different forms of gearing such as a
      forward-reverse gear or a multiple speed gear, or both, the said gears
      being dependent for their connections or disconnections on the
      characteristics of the particular torque converters used.
PAR  In one arrangement of the invention different torque converters are
      utilised for driving the output shaft in opposite directions. In another
      arrangement, torque converters having different specific torques operate
      in parallel within the same speed range, allowing absorption and part load
      at the same input speed so that either one or another or a combination of
      two or more torque converters can be connected step by step.
PAR  Preferably, the torque converter transmission includes an arrangement
      comprising an assembly of four torque converters supported in
      diametrically opposed pairs around coaxial primary and secondary shafts
      with the central axes of the converters parallel to each other and means
      for selectively and respectively coupling together the said primary and
      secondary shafts with the diametrically opposed pairs of torque converters
     .
DRWD
PAR  The invention will be hereinafter more fully described by way of example
      with reference to the embodiments thereof illustrated in the accompanying
      drawings in which:-
PAR  FIGS. 1, 3, 5 and 8 show longitudinal axial sections of four forms of the
      transmission of the invention each taken through a plane corresponding to
      the line A-B-C-D-E of FIG. 10;
PAR  FIGS. 2, 4, 6, 7 and 9 show graphical representations of the specific
      performance of the four transmissions;
PAR  FIG. 10 is an end view transverse to the axis of the transmission in
      diagrammatic form.
DETD
PAR  As referred to above, the transmission includes a plurality of torque
      converters co-operating through mechanical gearing wherein the pump or
      turbine element is releasable from and engageable with the driving or
      driven members respectively to enable different driving conditions to be
      obtained by engaging or disengaging the driving line through different
      torque converters. A releasable pump arrangement is shown in my copending
      U.S. Application Ser. No. 262,514, now U.S. Pat. No. 3,893,551.
PAR  This principle is illustrated in each of the forms of transmission shown in
      the drawings but the particular gear combination employed provides
      features making the transmissions suitable for different applications.
PAR  The construction of FIG. 3 will be described now in detail, it being
      understood that the majority of the features of the torque converters
      shown in FIG. 3 are also present in the constructions shown in FIGS. 1, 5
      and 8. Referring to FIGS. 3 and 10 a driving shaft 10 is arranged
      centrally of an assembly of four torque converters 12, 14, 16, 18 which
      are supported in diametrically opposed pairs around the shaft 10 in such
      manner that the central axes of the converters are parallel to one another
      and to the shaft 10. FIG. 3 also represents a 2-unit arrangement.
PAR  Shaft 10 carries a gear 20 which meshes with gears 22, 24 mounted on the
      rotating casings 26, 28 of the converters 14, 16, each casing carrying a
      pump member 30. Each casing also encloses reaction blades 32 and a turbine
      member 34, the outer wall 36 carrying the turbine blading being provided
      with a part conical friction surface 38 adapted to be contacted by an
      inclined rim 40 of a dished friction plate 42 axially displaceably mounted
      on an output shaft 44.
PAR  The turbine blading may thus be disengaged from the output shaft 44 by
      outward axial displacement of the friction plate 42. The latter may be
      displaced outwardly sufficiently far to engage by its outer face 46 a
      friction surface 48 formed on the rotating casing 26 to provide direct
      drive between the rotating casing and the output shaft 44. This form of
      release of the turbine blading from the output shaft is fully described in
      the patent referred to above.
PAR  The output shafts 44 of the converters 14, 16 carry a pinion 50, 52
      respectively which mesh with gears of a two speed gear box denoted
      generally by 54. Since the converters 14, 16 are members of different
      diametrically opposed pairs the pinions 50, 52 are of different sizes and
      mesh with different gear elements 56, 58 of the gearing 54 carried by the
      same disc 60 mounted on the input shaft 62 of the gearing 54.
PAR  The shaft 62 carries a gear member 64 provided with a toothed coupling 66
      coupling the same to an output shaft 68. The gear 64 also cooperates with
      a sun and planet gearing 70 which meshes with a gear 72 carried by the
      disc 74 formed with one element of the coupling 66. Axial displacement of
      the gear member 64 to the left disconnects coupling 66 and further axial
      displacement causes engagement of a dog clutch 76 which holds the carrier
      78 of the sun wheel stationary and provides a reverse gear.
PAR  The torque converter as described in FIG. 3 is especially suitable for
      railcar applications owing to the positive disconnection of the plate 42
      by means of oil entering through channel 102 to separate the turbine 34
      from the disc 42 and thereafter passing between the friction surface 38.
      Fluid also enters through channel 104 and passes between the rotating
      casing 26 and the disc 42 as well as between the friction surfaces 48,
      thereby guaranteeing that no metallic contact exists between adjacent
      components. Further, pressure fluid entering through the channels 102 and
      104 leaves through a vent hole 106 covered by a maximum pressure valve 108
      and, because the turbine shaft and the disc are smooth, they produce low
      ventiliation losses when they rotate in the oil. This allows a very high
      differential speed to be reached between the turbine shaft and the disc
      (such as, for instance, required in the arrangement according to FIG. 1)
      without giving excessive ventilation losses. In FIG. 3, when any torque
      converter is released, the turbine shaft rotates in the opposite direction
      from the rotating casing at a speed which is equal to the speed of the
      forwardly rotating turbine, when the torque converter is connected.
PAR  Further, this type of torque converter is a part of the basis for the
      invention, because the lock-up clutch does not need to be connected for
      reaching the same top speed of the vehicle as with the lock-up clutch,
      that is, when the engine is allowed to reach a 10% higher speed.
PAR  The high release capacity of this type of torque converter arrangement
      possesses the feature that shift of complementary gears can be carried out
      without torque transportation by exerting only a synchronizing torque.
      Alternatively, a reverse dog clutch can be shifted without risk of
      obtaining rotation between the parts to be connected because for a short
      time there is no driving connection in the forward or the reverse
      direction, when the clutch sleeve is passing from one clutch connection to
      another.
PAR  Another feature of the combination of torque converters according to the
      invention and depending on the torque converter type used is that, when
      connecting the turbine to the output shaft, a small mass is brought to
      synchronization with the output shaft. The turbine then actuates the
      circulation of fluid, thus raising the torque transportation which gives
      the arrangement of the torque converters according to the invention an
      exceptional feature of smooth shifts between different gear ratios.
PAR  The transmission shown in FIG. 3 is particularly suitable for a railcar
      since it provides an entirely smooth change of drive from one speed to
      another by connecting one or the other of the two torque converters, or if
      a 4- torque converter arrangement is used, couples of two, giving the same
      maximum speed, while at the same time providing a ready solution of the
      shift of a dog clutch from forward to reverse which is normally a big
      problem for a transmission having a rotating casing.
PAR  The graph shown in FIG. 4 indicates the results obtained by the use of the
      two converters of the S.R.M. 2DF 0.9 type geared for different top speeds
      cooperating with an engine of 480 h.p. 1500 r.p.m. and followed by a
      reverse gear suitable for a railcar.
PAR  The transmission shown in FIG. 1 is an advanced type for a shunting and
      mixed service locomotive transmission having a wide speed range. In this
      case the input shaft 80 of a two speed gear is coupled to one or other of
      two gears 82, 84 by means of friction couplings 86, 88, the coupling 86 or
      88 being rendered operative by an overcentre spring 90 and the overcentred
      spring system 90 being put in position for connection of coupling 88 or 86
      by means of a servomotor 92 and associated linkage. By this arrangement it
      is possible to use the torque converter for braking the vehicle speed by
      changing over from one of the torque converters to the other torque
      converter, even at the highest speed. Even the couplings 88 and 86
      connecting high and low speeds can be connected or disconnected by the
      servomotor 92 through drive, whereby, however, both torque converters
      should be disconnecting, e.g. the turbine and the direct drive before
      changing the connection between the friction discs. This may be effected
      with a delay of less than 0.2 second and without submitting any part of
      the transmission to overstress or producing slipping of the driving wheels
      of the vehicle as will be seen from the curves indicating the tractive
      effort shown in FIG. 2.
PAR  In this Figure are shown the performance characteristics for a shunting and
      mixed service locomotive wherein the engine was of 720 h.p. at 1400 r.p.m.
      and the converters were 2 S.R.M. DFf 1.0 Ms 84 followed by the two speed
      gear. The gear ratios were 3.2 to 1 and 1.6 to 1 respectively.
PAR  The transmission shown in FIG. 5 is particularly suitable for use with a
      single shaft gas turbine, the converters of FIG. 5 being four in number
      and arranged as shown in FIG. 10. Merely by connecting different numbers
      of torque converters or combinations thereof a number of load
      characteristics can be obtained at practically constant turbine speed as
      shown in FIG. 6.
PAR  In this case the single shaft turbine was of 370 h.p. at 2500 r.p.m. and
      the converters were of the S.R.M. C.F. type arranged two by two followed
      by a 2-speed gear. Two converters are geared for 100% output speed and the
      other two are geared for 59% output speed, that is 1.7 to 1. Each pair of
      converters includes one transferring 38% of maximum input torque and one
      transferring 62% so that together they absorb 100% of the maximum input
      torque. The curves in FIG. 7 show maximum and minimum tractive effort over
      the range of vehicle speed with different torque converters or torque
      converter combinations connected.
PAR  With this arrangment, for example, if one torque converter has a torque
      absorption of 33% and the diametrically disposed converter has a torque
      absorption of 66%, three input torque characteristics can be obtained by
      connecting the first converter or the second or both. In the illustrated
      arrangement two oppositely disposed converters are used for a first speed
      range, the two converters at right angles thereto for a second speed range
      and the gears thereof are combined with a forward/reverse gear and to
      produce sufficient performance for a large truck, either by adding a
      2-speed gear or an overdrive, connected and disconnected by, for instance,
      an overcentred friction clutch to be shifted only when all torque
      converters are released. In this single shaft gas turbine it will be
      appreciated that direct drive cannot be used through torque converters.
PAR  The advantage of these designs result not only from the construction of the
      gears and gear box but also from the construction of releasable bladed
      components, which allows a number of torque converters to be disconnected
      without absorbing too high ventilation losses or friction losses which
      would have been the case with other types of releasable bladed components
      due to insufficient degrees of release.
PAR  While FIG. 7 shows the maximum and minimum tractions within which at
      practically constant turbine speed the tractive effort can be varied, it
      is of course possible to obtain a desired operation below the minimum
      traction by connection and disconnection of the bladed components, which
      will only give the same feeling to a driver in a normal truck when using a
      speed regulated engine together with mechanical gear box and which is
      considered to be acceptable.
PAR  The transmission shown in FIG. 8 is the same as that shown in FIG. 5 with
      the exception that the torque converters in FIG. 8 are provided with
      lock-up clutches as shown and described in FIGS. 1 and 3, that is friction
      couplings between the rotating casing and the output shaft providing
      direct drive. This renders the transmission suitable for combination only
      with a two-shaft gas turbine or with a prime mover having its speed
      variable within a predetermined direct drive range.
PAR  Performance characteristics of such an engine used for truck driving are
      shown in FIG. 9. These were obtained from the combination comprising a
      two-shaft gas turbine of 370 h.p. at 5500 r.p.m. coupled with a converter
      group of 4 converters arranged as shown in FIG. 10 each being of the type
      known as an S.R.M. DF 11/2  stage (manufactured by the Assignee) and
      followed by a two speed gear box.
PAR  It will be clear that the gears may be operatively arranged in different
      manners and that the torque converters may be disposed differently as, for
      example, along a primary driving shaft which transfer torque to a counter
      shaft parallel to the primary shaft. Alternatively, the torque converters
      may be mounted in a star form using bevel gears.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A hydrodynamic torque converter transmission comprising at least two
      hydrodynamic torque converter units connected in parallel between a main
      input shaft and a main output shaft, each torque converter including an
      input drive means in the form of a rotating casing drivingly connected to
      said main input shaft and forming therein a working chamber having therein
      a pump part including at least one ring of pump blades and a turbine part
      including at least one ring of turbine blades, output drive means
      including an output drive shaft drivingly engaged with the said main
      output shaft, first connecting means for engaging the pump part with the
      said rotating casing for rotation therewith, second connecting means for
      connecting the turbine part with the output drive means for rotation
      therewith, wherein in at least one of said torque converters, one of said
      first and second connecting means is completely releasable so that the
      part engaged thereat including all blades of that part, upon being
      released, is completely released so as to be rotatable relative to its
      respective said drive means, one of said releasable part and its drive
      means being a movable member movable axially relative to the other between
      a first position at which the connecting means connects that part to its
      respective drive means and a second position at which the connecting means
      is released, servomotor means for moving the movable member between said
      first and second positions, the releasable part being the piston of said
      servomotor such that a fluid pressure differential on opposite sides of
      said releasable part effects movement of said movable member between said
      first and second positions.
NUM  2.
PAR  2. A transmission according to claim 1, wherein in said at least one torque
      converter the rotating casing is fixedly connected to the pump part, and
      said turbine part is the said releasable part.
NUM  3.
PAR  3. A transmission according to claim 2, said at least one torque converter
      including a bladed guide member, said guide member being arranged to
      rotate or be held stationary.
NUM  4.
PAR  4. A transmission according to claim 2, the turbine part being connectable
      to the output drive means through one friction surface on the turbine part
      and one friction surface on the output drive means.
NUM  5.
PAR  5. A transmission according to claim 4, the output drive means including a
      flange extending radially from the output drive shaft and a part of the
      said rotating casing forming a servomotor for engaging one friction
      surface on the output drive means with one friction surface on the
      rotating casing for direct drive between the input drive means and the
      output drive means.
NUM  6.
PAR  6. A transmission according to claim 1, which includes an arrangement
      comprising an assembly of four torque converters supported in
      diametrically opposed pairs around coaxial main input and output shafts
      with the central axes of the individual torque converters parallel to each
      other and means for selectively and respectively coupling together the
      said main input and main output shafts with the diametrically opposed
      pairs of torque converters and wherein at least one torque converter of
      each pair has a said releasable part.
NUM  7.
PAR  7. A transmission according to claim 6, wherein all four torque converters
      have a said releasable part.
NUM  8.
PAR  8. A transmission according to claim 7, including means for connecting at
      least one group of torque converters to drive the said main output shaft
      in a forward direction and means for connecting another group to drive
      said main output shaft in the reverse direction.
NUM  9.
PAR  9. A transmission according to claim 7, including means for connecting at
      least one group of torque converters to drive the main output shaft at one
      maximum speed and means for connecting the other group of torque
      converters to the main output shaft to drive it at another maximum speed.
NUM  10.
PAR  10. A transmission according to claim 7, including means for varying the
      torque absorption by the main input shaft by the simultaneous connection
      of different numbers of said torque converters.
NUM  11.
PAR  11. A transmission according to claim 7, wherein the different torque
      converters have different torque absorption characteristics to enable
      closer variation of torque absorption of the main input shaft upon the
      connection of different numbers of torque converters.
NUM  12.
PAR  12. A transmission according to claim 7, wherein the connection of the main
      input shaft to the input drive means includes a gear arrangement having
      one central gear connected to a driving source directly or through
      intermediate gears and driving the rotating casing of each torque
      converter, the main output shaft being coaxial with the main input shaft
      and driven by gears from the output drive shaft of each torque converter.
NUM  13.
PAR  13. A transmission according to claim 12, wherein the gear ratios in the
      driving connection between the central shaft and the torque converters are
      different for different torque converters.
NUM  14.
PAR  14. A transmission according to claim 1, wherein the torque converters
      include a lock-up clutch for direct drive between the input drive means
      and the output drive means.
NUM  15.
PAR  15. A transmission according to claim 1, said main output shaft connected
      to a gear element having a dog clutch connection for forward and reverse.
NUM  16.
PAR  16. A transmission according to claim 1, said main output shaft being
      connectable to a gear which is variable between two different gear ratios
      by means of an overcentred spring loaded friction coupling.
NUM  17.
PAR  17. A transmission according to claim 1, said releasable bladed part being
      the pump part.
NUM  18.
PAR  18. A transmission according to claim 17, which includes an arrangement
      comprising an assembly of four torque converters supported in
      diametrically opposed pairs around coaxial main input and output shafts
      with a central axes of the individual torque converters parallel to each
      other and means for selectively and respectively coupling together the
      said main input and the main output shafts with the diametrically opposed
      pairs of torque converters, and wherein all four torque converters have a
      releasable pump part.
NUM  19.
PAR  19. A hydrodynamic torque converter transmission comprising four torque
      converters supported in diametrically opposed pairs around coaxial main
      input and output shafts with the central axes of the individual torque
      converters parallel to each other and means for selectively and
      respectively coupling together the said main input shaft and main output
      shafts with diametrically opposed pairs of torque converters, each torque
      converter including a bladed pump member and a bladed turbine member, an
      input drive means drivingly connecting the main input shaft to the pump
      member and an output drive means drivingly connecting the turbine member
      to the main output shaft, and wherein in at least one torque converter of
      each pair, one of said members is a releasable member, selectively
      connectable or releasable from its respective drive means to respectively
      transfer torque or interrupt torque transfer through that torque
      converter.
NUM  20.
PAR  20. A transmission according to claim 19, wherein all four torque
      converters have a said releasable member.
NUM  21.
PAR  21. A transmission according to claim 20, including means for connecting at
      least one group of torque converters to drive the said main output shaft
      in a forward direction and means for connecting another group to drive
      said main output shaft in the reverse direction.
NUM  22.
PAR  22. A transmission according to claim 20, including means for connecting at
      least one group of torque converters to drive the main output shaft at one
      maximum speed and means for connecting the other group of torque
      converters to the main output shaft to drive it at another maximum speed.
NUM  23.
PAR  23. A transmission according to claim 20, including means for varying the
      torque absorption by the main input shaft by the simultaneous connection
      of different numbers of said torque converters.
NUM  24.
PAR  24. A transmission according to claim 20, wherein the different torque
      converters have different torque absorption characteristics to enable
      closer variation of torque absorption of the main input shaft upon the
      connection of different numbers of torque converters.
NUM  25.
PAR  25. A transmission according to claim 20, said releasable member being the
      turbine part.
NUM  26.
PAR  26. A transmission according to claim 20, said releasable member being the
      pump member.
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ABST
PAL  The power train between the engine and drive wheels of a motor grader, for
      example, comprises a normally engaged main engine clutch, a high-low power
      shift range transmission, and a four speed reversible power shift main
      transmission. The main engine clutch is releasable manually by a clutch
      pedal or releasable automatically by a hydraulically operated clutch
      release cylinder. The range transmission is shiftable into high or low by
      supplying hydraulic fluid to power shift clutches therein. The main
      transmission is shiftable into forward, reverse or neutral by manual
      operation of a direction selector valve. The main transmission is also
      shiftable into each of its speed ranges by axially moving the spool of a
      speed selector valve. The spool of the speed selector valve is axially
      movable into four positions by a hydromechanical linkage comprising three
      hydraulic shift cylinders.
PAL  A fluid logic control system is provided to operate the main engine clutch,
      the range transmission and the main transmission automatically in a
      predetermined sequence so as to provide eight speed ranges in either
      forward or reverse. The control system comprises a high range shifter
      valve; a low range shifter valve; and an engine clutch sequence valve
      which operate in concert in response to manual operation of the spool of a
      speed control valve (having eight speed positions and neutral) to supply
      fluid to operate the engine clutch release cylinder and the range
      transmission shift clutches in a predetermined sequence. The three
      hydraulic shift cylinders are operated by the speed control valve. In
      accordance with the sequence, the normally engaged main engine clutch is
      automatically disengaged while either of the transmissions is undergoing a
      shifting operation so as to provide for smoother shifting and to relieve
      loads on the power shift clutches in the transmission. Furthermore, the
      range transmission automatically shifts twice (high and low) in each of
      the four speed ranges of the main transmission to provide a total of eight
      possible speed ranges.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Use
PAR  This invention relates generally to a control system for hydraulically
      controlled components in the power train between the engine and the drive
      wheels of a motor grader. More specifically, the invention relates to a
      fluid logic control system for operating a main engine clutch, a high-low
      range transmission and a multispeed main transmission in the drive train
      in a predetermined sequence in response to actuation of a speed range
      control valve to provide an increased number of possible speed ranges and
      improved transition between speed ranges.
PAR  2. Description of the Prior Art
PAR  In order to provide a desired number of speed ranges for the output shaft
      of a power train it was fromerly the practice either to employ a single
      transmission designed to provide the necessary number of speed ranges or
      to employ a low speed-high speed range transmission in combination with a
      multispeed main transmission and controls for operating the two
      transmissions in a sequence which provided the desired number of shift
      ranges. Some prior art control means required the operator to actuate
      separate controls to operate the two transmissions and the main engine
      clutch, but such arrangements were mechanically complex and required a
      high degree of operator skill and attention to achieve smooth and
      efficient shifting. Other prior art control means designed to operate the
      two transmissions in a predetermined sequence relied on mechanical
      arrangements which were not wholly dependable, required repeated
      adjustment and were not fully automatic but required additional operator
      input to carry out a proper shifting sequence.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In accordance with the invention the power train between the engine and
      drive wheels of a motor grader, for example, comprises a normally engaged
      main engine clutch, a high-low power shift range transmission, and a four
      speed reversible power shift main transmission. The main engine clutch is
      operated by a movable clutch control lever which is actuatable
      automatically by a hydraulically operated clutch release cylinder or
      manually by means of a clutch pedal. The range transmission is shiftable
      by supplying hydraulic fluid to either of its two (high-low) power shift
      clutches. The main transmission is shiftable into forward, reverse or
      neutral by manual operation of the spool of a direction selector valve.
      The main transmission is also shiftable into any one of its four speed
      ranges by operation of the spool of a speed selector valve. The spool of
      the speed selector valve is operated by a linkage comprising three
      hydraulic shift cylinders.
PAR  A fluid logic control system is provided to operate the main engine clutch,
      the range transmission and the main transmission automatically in a
      predetermined sequence so as to provide eight speed ranges in either
      forward or reverse. The control system comprises a source of hydraulic
      fluid; a manually operable eight-position speed control valve; a high
      range shifter valve; a low range shifter valve; an engine clutch sequence
      valve; and pressure regulating valves. The shifter valves and engine
      clutch sequence valve operate in concert in response to manual operation
      of the speed control valve to supply fluid to operate the engine clutch
      release cylinder and the range transmission shift clutches in a
      predetermined sequence. The three hydraulic shift cylinders are operated
      by the speed control valve. In accordance with the sequence, the normally
      engaged main engine clutch is automatically disengaged while either of the
      transmissions is undergoing a shifting operation so as to provide for
      smoother shifting and to relieve loads on the power shift clutches in the
      transmissions. Furthermore, the range transmission automatically shifts
      twice (high and low) in each of the four speed ranges of the main
      transmission to provide a total of eight possible speed ranges.
PAR  A control system in accordance with the invention offers several advantages
      over prior art arrangements. For example, the system provides for a
      substantial increase in the possible number of speed ranges available
      without the necessity to modify, rebuild or redesign commercially
      available transmissions or clutches. Furthermore, the system provides for
      automatic smooth operation of the clutch and the two transmissions. In
      addition, operation of the two transmissions and the main engine clutch is
      carried out by means of a single control lever and eliminates the need to
      employ individual control levers for each transmission and for the clutch,
      although provision is made for selective main clutch operation under
      certain circumstances, such as when the operator is shifting from neutral
      into the first speed range and desires to exercise manual control of the
      initial movements of the machine. Another important advantage is that the
      main engine clutch, which is larger than the individual power shift
      clutches inside the transmissions, is automatically disengageable before
      and does not re-engage until after the power shift clutches in the
      transmissions have shifted. As a result, the larger main clutch absorbs
      the heavy load of initial machine movement and the life of the relatively
      smaller power shift clutches is extended. Also, the main engine clutch
      remains engaged when the system is in neutral, rather than disengaged as
      in some prior art arrangements, so that the clutch throw-out bearing is
      unloaded much of the time, thereby extending its life. Other objects and
      advantages of the invention will hereinafter appear.
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PAC  DRAWINGS
PAR  FIG. 1 is a perspective view of a machine such as a motor grader employing
      a power train and a control system therefor in accordance with the
      invention;
PAR  FIG. 2 is a perspective view showing the engine, the main engine clutch,
      the range transmission, the main transmission and a drive axle of the
      machine of FIG. 1 and suitable for use with a control system in accordance
      with the invention;
PAR  FIG. 3 is a chart showing the transmission shift sequences;
PAR  FIG. 4 is a schematic diagram showing portions of the control system in
      accordance with the invention;
PAR  FIG. 5 is a schematic diagram showing the hydraulic circuitry of the main
      transmission and certain other portions of the control system in
      accordance with the invention;
PAR  FIG. 6 is a portion of the schematic diagram of FIG. 4 and shows certain
      valves in condition for operation in first speed;
PAR  FIG. 7 is similar to FIG. 6 and shows the said valves in condition for low
      range clutch and engine clutch disengagement;
PAR  FIG. 8 is similar to FIG. 6 and shows the said valves in condition for high
      range clutch and engine clutch engagement; and
PAR  FIG. 9 is similar to FIG. 5 and shows the said valves in condition for
      operation in second speed.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the numeral 1 designates a vehicle or machine such as
      a motor grader having a pair of steerable front wheels 2, a pair of rear
      drive wheels 3 (only one of which is shown), a pair of front drive wheels
      4 (only one of which is shown), an internal combustion engine 5, and a
      power train assembly 6 for transmitting motive power from engine 5 to the
      drive wheels 3 and 4.
PAR  Referring to FIG. 2, power train assembly 6 comprises a normally engaged
      main engine clutch 16 connected to engine 5, a hydraulically controlled
      two-speed (high-low) speed range transmission 27 connected to be driven by
      clutch 16 when the latter is engaged, a hydraulically controlled
      four-speed reversible main transmission 28 connected to be driven by range
      transmission 27 through a first universal joint 34, and a rear axle 35 for
      the drive wheels 4 connected to be driven by main transmission 28 through
      a second universal joint 36.
PAR  Main engine clutch 16, range transmission 27 and main transmission 28 are
      controlled by a fluid logic control system, shown schematically in FIG. 4,
      which effects their operation in a predetermined sequence in response to
      operation of a manually operable axially movable selector spool 62 of a
      speed range control valve 50 to provide for rotation of drive shaft 35 in
      any one of eight speed ranges in either forward or reverse direction.
PAR  More specifically, as FIG. 4 shows, main engine clutch 16 is operated by a
      movable clutch control lever 17 which is actuatable automatically by a
      hydraulically operated clutch release cylinder 15 or manually by means of
      a clutch pedal 18. The range transmission 27 is shiftable by supplying
      hydraulic fluid to either of its two (low-high) power shift clutches 23
      and 24. The main transmission 28 is shiftable into forward, reverse or
      neutral by manual operation of the spool 101 of a direction selector valve
      102. The main transmission 28 is also shiftable into any one of its four
      speed ranges by operation of the spool 99 of a speed selector valve 100.
      The spool 99 of the speed selector valve 100 is movable axially by a
      hydromechanical linkage comprising three hydraulic shift cylinders 10, 11
      and 12.
PAR  The fluid logic control system shown in FIG. 4 operates main engine clutch
      16, the range transmission 27 and the main transmission 28 automatically
      in a predetermined sequence so as to provide eight speed ranges in either
      forward or reverse. THe control system comprises a source of hydraulic
      fluid, such as a pump 19; the speed range control valve 50; a high range
      shifter valve 75; a low range shifter valve 65; an engine clutch sequence
      valve 69; and pressure regulating valves 21 and 22. The shifter valves 75
      and 65 and the sequence valve 69 operate in concert in response to manual
      operation of the selector spool 62 of control valve 50 to supply fluid to
      operate the engine clutch release cylinder 15 and the range transmission
      shift clutches 23 and 24. The three hydraulic shift cylinders 10, 11 and
      12 are operated by selector valve 50. In accordance with the sequence, the
      normally engaged main engine clutch 16 is automatically disengaged while
      either of the transmissions 27 and 28 is undergoing a shifting operation
      so as to provide for smoother shifting and to relieve loads on the power
      shift clutches in the transmission. Furthermore, the range transmission 27
      automatically shifts twice (high and low) in each of the four speed ranges
      of the main transmission 28 to provide a total of eight possible speed
      ranges.
PAR  The main engine clutch 16, one of the two power shift clutches 23, 24 in
      range transmission 27, and two of the six hereinafter described power
      shift clutches in main transmission 28 must be engaged simultaneously in
      order to transmit power from engine 5 to drive axle 35. The range
      transmission 27 shifts either to high or low each time spool 62 of
      selector valve 50 is moved one speed position, whereas each of the four
      power shift speed clutches in main transmission 28 remains engaged for two
      speed position changes of spool 62.
PAR  FIG. 3 is a chart depicting the transmission shift sequence and compares
      the position of the selector spool 62 with the conditions of the shifter
      clutches in the range transmission 27 and the main transmission 28 when
      the selector spool 62 is in neutral position or in any one of eight speed
      range positions during forward operation. The chart shows that range
      transmission 27 is inoperative when selector spool 62 is in neutral and
      subsequently operates in either low or high range as spool 62 is moved to
      each speed position. The chart also shows the sequence for the four main
      transmission shifter clutches for various selector spool positions. It is
      to be understood that clutch sequencing during reverse operation is
      similar to that depicted in the chart.
PAR  Range transmission 27, shown schematically in FIG. 4, is a conventional
      constant mesh power shift type transmission and has two power shift
      clutches 23 and 24 which are hydraulically applied (actuated) and
      spring-released and which are actuatable alternately by direct application
      of hydraulic fluid through hydraulic fluid lines 59 and 60, respectively,
      to clutch valves V associated therewith.
PAR  Main transmission 28, shown schematically in FIG. 4 and in more detail in
      FIG. 5, is a conventional power shift type transmission and contains six
      power shift clutches, namely: four speed clutches 40, 41, 42 and 43; a
      forward clutch 44; and a reverse clutch 45. The first speed clutch 40 and
      the fourth speed clutch 43 are single clutches. Reverse clutch 45 and
      third speed clutch 42, and forward clutch 44 and second speed clutch 41
      are duplex types. All six clutches of main transmission 28 are
      hydraulically applied (actuated) and springreleased and, when actuated,
      effect shifting of main transmission 28 into any one of its four speed
      ranges in either forward or reverse.
PAR  Each of the power shift clutches 23, 24, 40, 41, 42, 43, 44 and 45 is
      provided with a conventional transmission clutch valve designated V. It is
      to be understood that each clutch valve V prevents lube oil from partially
      engaging its associated clutch. When the associated clutch is disengaged,
      its clutch valve V is closed and pressure is equal in all parts of the
      clutch thereby allowing the springs (not shown) in the clutch to keep the
      clutch fully released. When a clutch is to engage, oil is supplied to open
      the clutch valve V to thereby move the clutch into engaged (actuated)
      position.
PAR  Referring to FIG. 5, the hydraulic control system for main transmission 28
      is shown schematically to facilitate the understanding of the operation of
      the six shifter clutches in main transmission 28 in response to operation
      of the direction selector valve 102 and the speed selector valve 100. In
      FIG. 5 the direction selector spool 101 of valve 102 is shown in neutral
      position. The speed selector spool 99 of the valve 100 is shown in first
      speed range position wherein it actuates (engages) first speed clutch 40.
      As FIG. 5 shows, the hydraulic system for main transmission 28 comprises a
      main transmission fluid supply pump 120, and oil filter 121, a main
      pressure regulating valve 122, a safety relief valve 123 connected to
      regulating valve 122, and a heat exchanger 124. Since it is not feasible
      to illustrate all possible valve spool combinations and clutch
      combinations for the system shown in FIG. 5, the system is shown in a
      condition wherein the direction selector valve 102 is in neutral, the
      speed selector valve 100 is in first speed position and the first speed
      range clutch 40 is actuated, as hereinbefore noted. In the condition shown
      in FIG. 5, when the system is in neutral, oil from pump 120 flows through
      filter 121, through line 126 to a passage 128 in the common housing for
      valves 100 and 102. Oil in passage 128 deadheads against direction
      selector spool 101 which is shown in neutral position. However, since
      speed selector spool 99 is indexed to the first speed position, oil flows
      from passage 128, through a passage 130 in the spool 99, and through a
      clutch supply line 132 to engage the first speed clutch 40. Thus, the
      first speed clutch 40 is always engaged when the system is in neutral. The
      arrows in FIG. 5 show the oil flow for the aforedescribed condition. It is
      to be understood that, as speed selector spool 99 is axially moved
      downward from the position shown, the other speed range clutches would be
      actuated in the appropriate sequence. Furthermore, if direction selector
      spool 101 is moved axially from neutral into either forward or reverse
      positions, the forward and reverse clutches 44 and 45, respectively, would
      be brought into play.
PAR  Main engine clutch 16, shown schematically in FIG. 4, is a conventional
      spring-loaded multiple disc type normally engaged clutch which is
      controlled by the movable clutch operating lever 17. Clutch 16, which
      disengages when lever 17 is moved to the right in FIG. 4, can be manually
      disengaged by depressing clutch pedal 18, or can be automatically
      disengaged hydraulically by operation of engine clutch release cylinder
      15. Cylinder 15 contains a piston 110, a piston rod 111 and a biasing
      spring 112 acting against the piston. The spring 112 is extended to effect
      engagement of main engine clutch 16 and is compressed when the clutch is
      disengaged. Clutch 16 can be disengaged by depressing clutch pedal 18 to
      move piston 110 and rod 111 rightward or by moving piston 110 by means of
      oil from the range clutch shifter valves 65 and 75. Clutch 16 disengages
      automatically each time selector spool 62 is operated to cause a shift,
      i.e., by pressurization of cylinder 15 just prior to operation of the
      power shift clutches during a shifting operation, and clutch 16 does not
      re-engage until the power shift clutches in the transmissions 27 and 28
      have completed shifting.
PAR  Referring to FIGS. 4 and 5, the selector valves 100 and 102 may be combined
      in the same valve housing and built into the main transmission 28.
      Direction selector valve 102 includes the direction selector spool 101
      which is axially movable by manually operable direction selector lever
      101A. As FIG. 4 shows, the speed selector valve 100 includes the speed
      selector spool 99 which is axially movable by the hydromechanical linkage
      comprising the three hydraulic shift cylinders 10, 11 and 12 which have a
      combination of four output positions corresponding to the four speed
      ranges of main transmission 28. As FIG. 4 shows, shift cylinder 10 is
      carried on spool 99 and its piston 10A is connected thereto. The housing
      10B of shift cylinder 10 is pivotally connected to one end of a beam 98
      which is pivotally supported on transmission 28. The housing 11B of shift
      cylinder 11 is pivotally connected to the other end of beam 98. The piston
      11A of shift cylinder 11 is connected by a rod 11C to the piston 12A of
      shift cylinder 12 and the housing 12B of shift cylinder 12 is rigidly
      secured to a bracket 151 on transmission 28. Hydraulic fluid lines 9, 8
      and 7 connect the cylinders 10, 11 and 12, respectively, to the speed
      control valve 50 which is shown in neutral position in FIG. 4. The three
      cylinders 10, 11 and 12 control movement of speed selector spool 99 in
      valve 100. When a shift is made, oil from control valve 50 pressurized one
      or more of the shift cylinders 10, 11 or 12 to move the speed selector
      spool 99 to a desired position. One shift cylinder 12 must be pressurized
      to engage the second clutch 41, two cylinders 12 and 11 must be
      pressurized to engage the third clutch 42, and all three cylinders 12, 11
      and 10 must be pressurized to engage the fourth clutch 43. When a
      downshift is made, oil in the pressurized cylinders is directed to sump,
      and spring 152 returns the speed selector spool 99 to the position for the
      lower speed selected. Direction selector valve spool 101 is axially
      movable to three positions to shift main transmission 28 into neutral,
      forward or reverse. The speed range selector spool 62 of valve 50 is
      axially movable to eight speed positions and to neutral, to operate the
      linkage and thereby actuate the speed selector spool 99 of main
      transmission control valve 100 to effect shifting of main transmission 28
      into any one of four speed ranges. The range selector spool 62 also
      effects operation of main engine clutch 16 and transmission 27 in a
      predetermined sequence, as hereinafter explained.
PAR  Referring to FIG. 4, the fluid logic control system is seen to comprise a
      source of hydraulic fluid such as pump 19, high and low range clutch
      shifter valves 75 and 65, respectively, the engine clutch sequence valve
      69, a pressure regulator valve 21 and a pressure relief valve 22.
PAR  Pump 19, which may be physically mounted on range transmission 27 and
      driven by engine 5 through an accessory drive gear (not shown) in range
      transmission 27, draws oil from a sump 30, which may be physically located
      in the housing for axle 35 shown in FIG. 2 to supply hydraulic fluid for
      the fluid logic control system.
PAR  The range clutch shifter valves 65 and 75, which may be physically located
      on range transmission 27, operate the high-low clutches 24 and 23 and
      cylinder 15. The valves 65 and 75 comprise spools 66 and 74, respectively,
      which direct oil from valve 50 to engage the range shifter clutches 24 and
      23, respectively. The shifter valves 65 and 75 work together with engine
      clutch sequence valve 69 to automatically disengage and re-engage main
      engine clutch 16 each time a range shift is made.
PAR  The engine clutch sequence valve 69, which may be physically mounted on
      range transmission 27, comprises a spool 69A to regulate the pressure of
      the oil which is delivered to cylinder 15 to disengage main engine clutch
      16 and this oil reacts on the ends of the shifter valve spools 66 and 74
      when a range shift is made. The purpose of sequence valve 69 is twofold:
      to assure disengagement of main engine clutch 16 until a shift in the
      range transmission 27 is completed and to assure that the pressure of the
      oil delivered to the shifter valves 65 and 75 is high enough to activate
      the spools thereof and thereby allow oil flow to the range clutches 23 and
      24. The fluid lines interconnecting the components in the fluid logic
      control system and the mode of operation of the components are hereinafter
      described in detail.
PAR  As FIG. 4 shows, the speed range control valve 50 comprises a housing
      within which an axially movable spool 62 is arranged. Spool 62, which is
      shown in neutral position, is axially movable outward manually to any one
      of eight speed positions, being held in a selected position by a detent
      153. Spool 62 is provided with a groove 97a which cooperates with the
      housing to define a chamber or passage 97. Chamber 97 communicates with
      the shift cylinders 12, 11 and 10 by means of the fluid lines 7, 8 and 9,
      respectively. When spool 62 is in neutral, as shown, there is no fluid
      flow from valve 50 to the cylinders 10, 11 and 12. Spool 62 is also
      provided with an axially disposed, centrally located passage 93 having
      five radially extending passages 93a, 93b, 93c, 93d and 93e. When valve 50
      is in neutral fluid is supplied from pump 19 through line 51 to passage
      93, but is deadheaded thereat. It is to be understood, for example, that
      when spool 62 is moved from neutral to its first or second speed positions
      the radial bore 93e still does not effect communication between line 51
      and line 7. Thus, no fluid is supplied to cylinder 12 in neutral, first or
      second speed. Consequently, as the chart in FIG. 3 shows, main
      transmission 28 remains in its first speed range. However, if spool 62 is
      moved to its third or fourth speed point, passage 93a would be in
      communication with line 7 and shift cylinder 12 would be actuated to shift
      main transmission into second speed range. Similarly, if spool 62 is moved
      to fifth or sixth positions, then passage 93e would supply fluid to lines
      7 and 8 to operate shift cylinders 12 and 11 and shift main transmission
      28 to its third speed range. Similarly, when spool 62 is moved to seventh
      and eighth positions all the fluid lines 7, 8 and 9 would be pressurized
      and shift cylinders 12, 11 and 10 would operate to shift the main
      transmission 28 into its fourth speed range.
PAR  The passages radially extending from passages 93 in spool 62 also supply
      fluid to the lines 63 and 95. As FIG. 4 shows, the space between the
      connection ports for the lines 63 and 95 is one-half the distance of the
      spacing between each pair of radially extending passages 93a through 93e.
      Consequently, as spool 62 is moved axially to its various speed positions,
      the lines 63 and 65 will be pressurized alternately and, as a consequence,
      the range shifter valves 65 and 75 will be supplied alternately.
PAR  Low range shifter valve 65 comprises a housing in which a spool 66 is
      disposed for axial movement. Spool 66 is normally biased to the position
      shown by means of spring 66a wherein the passages 64 and 67 in valve 65
      are in communication. Spool 66 is shiftable to another position wherein
      communication between passages 64 and 67 is closed and wherein passage 64
      is placed in communication with passage 76 so as to supply fluid from line
      63 to line 59 to operate the range shifter clutch 23. Axial displacement
      of spool 66 against its biasing spring is effected by supplying fluid
      through a check valve 72 from fluid line 71 when the sequence valve 69 is
      open.
PAR  High range shifter valve 75 comprises a housing in which a spool 74 is
      disposed for axial movement. Spool 74 is normally biased to the position
      shown by means of spring 74a wherein the passages 77 and 96 in valve 75
      are in communication. Spool 74 is shiftable to another position wherein
      communication between passages 77 and 96 is closed and wherein passage 96
      is placed in communication with a passage 96a so as to supply fluid from
      line 95 to line 60 to operate the high range shifter clutch 24. Axial
      displacement of spool 74 against its biasing spring 74a is effected by
      supplying fluid through a check valve 73 from fluid line 71 when the
      sequence valve 69 is open.
PAR  Sequence valve 69 comprises a valve housing and an axially movable valve
      spool 69A which is normally maintained in closed position by means of a
      biasing spring 69b. When sequence valve 69 is biased closed, fluid flow
      between lines 70 and 69 is interrupted. Spool 69A shifts to open position
      in response to determined pressure being applied thereto from lines 70 and
      68 when low range shifter valve 65 has its spool 66 biased to closed
      position, as shown in FIG. 4.
PAR  Referring now to FIGS. 4 and 5, the operation of the system is generally
      described as follows. Assume that the system is in neutral, as shown in
      FIGS. 4 and 5. In neutral condition selector valve 50 is in neutral,
      sequence valve 69 is closed, the range shifter valves 65 and 75 are in the
      condition shown in FIG. 4, the clutch cylinder 15 is depressurized and
      main engine clutch 16 is engaged. In this condition range transmission
      clutches 23 and 24 are in neutral because neither of the range clutches 23
      or 24 is pressurized for operation, although they both receive low
      pressure lubricating oil through the lines 59 and 60. It is to be
      understood that main transmission 28 has its first speed clutch 40 engaged
      because speed selector valve 100 is in first speed position, but direction
      selector valve 102 is in neutral, as shown in FIG. 5. Directional control
      of main transmission 28 is controlled by speed selector valve 102.
PAR  As spool 62 of speed control valve 50 is moved from neutral to first speed
      position, the effect is to automatically disengage main engine clutch 16,
      then automatically engage low range shifter clutch 23, and then
      automatically re-engage main engine clutch 16. First speed clutch 40 of
      main transmission 27 remains engaged. In this condition the transmission
      system is operating at a first speed.
PAR  As the spool 62 of speed control valve 50 is moved from first speed to
      second speed, the effect is to disengage clutch 16, de-energize low range
      shifter clutch 23 and energize high range shifter clutch 24, and then
      automatically re-engage main clutch 16. First speed clutch 40 of main
      transmission 28 remains engaged. In this condition the transmission system
      is operating at a second speed.
PAR  As the spool 62 of speed control valve 50 is moved from second speed to
      third speed, the effect is to disengage clutch 16, de-energize high range
      shifter clutch 24 and re-energize low range shifter clutch 23, shift the
      main transmission 28 from its first speed range to its second speed range
      by operating second speed clutch 41, and automatically re-engage main
      clutch 16. In this condition the transmission system is operating at a
      third speed.
PAR  This process of automatic disengagement of the main engine clutch 16,
      shifting of the range transmission 27 between high and low range, shifting
      of main transmission 28 from one speed range to another (only after the
      range transmission has shifted twice), and automatic re-engagement of main
      engine clutch 16 after both transmissions 27 and 28 have shifted is
      repeated in accordance with the sequence shown in the chart in FIG. 3 as
      speed control valve 50 is moved in sequence through its eight speed
      positions. It is to be understood that this sequence is followed whether
      the system is being operated in forward, as depicted in FIG. 3, or in
      reverse.
PAR  It is to be understood in connection with the remaining portion of the
      description of operation that the shifter valves 65 and 75 control the
      operation of the range clutches 23 and 24 of range transmission 27 and
      operation of clutch cylinder 15 for main engine clutch 16. Furthermore, as
      will hereinafter appear, actuation of the range clutches 23 and 24 is
      carried out by high pressure fluid or oil (at 180 p.s.i., for example) and
      that the shifter valves 65 and 75 also direct low pressure fluid or oil to
      the range clutches 23 and 24 for lubrication purposes under certain
      circumstances. It is also to be understood that speed control valve 50
      directly controls pressurization of the shift cylinders 10, 11 and 12 in
      combinations appropriate to effect shifting of main transmission 28 to any
      one of its four speed ranges, as hereinbefore described.
PAR  With respect to FIGS. 6, 7, 8 and 9, they depict various operating
      positions of sequence valve 69 and the range clutch shifter valves 65 and
      75. FIG. 6 shows system operation in first speed. FIG. 7 shows system
      operation with the low range shifter clutch 23 disengaged and main engine
      clutch 16 disengaged. FIG. 8 shows system operation with the high range
      shifter clutch 24 engaged and main engine clutch 16 engaged. FIG. 9 shows
      system operation in second speed.
PAR  Referring again to FIGS. 4 and 5, the operation of the system is described
      in more detail as follows. Assume that spool 62 of valve 50 is in neutral,
      as shown in FIG. 4, and that sequence valve 69 and the shifter valves 65
      and 75 are in the condition shown. The main transmission 28 is in first
      gear, as shown in FIG. 5, the main engine clutch 16 is engaged and the
      range clutches 23 and 24 are disengaged.
PAR  Pump 19 supplies oil through line 51 to control valve 50 and through line
      52 to main pressure regulating valve 21 which serves to regulate the pump
      pressure in lines 51 and 52 at 180 p.s.i., for example. A portion of fluid
      flow from pump 19 is released through a passage 53 to relief valve 22
      which serves to regulate the pressure in passage 53 and in a line 54 at 20
      p.s.i., for example. Oil in line 54 is divided and flows through lines 55
      and 56 through check valves 57 and 58, respectively, into lines 59 and 60,
      respectively. The oil, at 20 p.s.i., is for lubrication and is directed to
      the clutches 23 and 24 in the range transmission 27 through lines 59 and
      60 at the ports 13 and 14, respectively, for lubrication during the
      periods that these clutches are disengaged. With control valve 50 in
      neutral position, the oil in line 51 and chamber 61, at 180 p.s.i., is
      blocked by spool 62 of valve 50.
PAR  Before shifting from neutral to first speed, clutch pedal 18 is depressed
      to manually disengage engine clutch 16. This will override hydraulic
      control of clutch 16, thereby allowing the machine operator to control
      initial movement of grader 1. Then, the speed control spool 62 of valve 50
      is moved to first speed (in either forward or reverse direction) to engage
      the low range clutch 23 in range transmission 27, then the main engine
      clutch 16 is slowly re-engaged to place grader 1 in motion.
PAR  By shifting the selector valve spool 62 to first speed position, a passage
      is opened between chamber 61 in valve 50 and a line 63 which connects to
      chamber 64 of low range shifter valve 65. The spring biased position of
      spool 66 of low range shifter valve 65, shown in FIG. 4, allows the oil to
      pass to chamber 67 of shifter valve 65 and from there through a line 68 to
      the clutch cylinder 15.
PAR  If clutch 16 were not manually overridden, actuation of cylinder 15 to
      disengage the main engine clutch 16 would occur prior to engagement of low
      range shifter clutch 23 in range transmission 27 because the sequence
      valve 69 is closed, as shown in FIG. 4, when the system is in neutral, and
      needs to be supplied by oil from line 68 through line 70 before it can
      open. Sequence valve 69, when closed, assures that pressurized fluid (at
      120 p.s.i., for example) is applied to cylinder 15 to disengage clutch 16
      before the oil is permitted to enter line 71 (when sequence valve 69
      opens) and pass through the check valves 72 and 73 to displace the spool
      66 in low range shifter valve 65 to the right and to displace the spool 74
      of high range shifter valve 75 to the left, as shown in FIG. 8.
PAR  As FIG. 6 shows, the new position assumed by spool 66 of low range shifter
      valve 65 simultaneously opens a passage in low range shifter valve 65
      between the chambers 64 and 76 thereof for 180 p.s.i. oil to enter line 59
      and flow therethrough to the low range clutch 23 in range transmission 27
      to engage it. Spool 66 also cuts off any additional oil flow between
      chambers 64 and 67 of valve 65, as FIG. 8 shows.
PAR  Also, simultaneously, the new position assumed by spool 74 in high range
      shifter valve 75 has opened chamber 77 to receive oil from line 68 through
      branch line 78 to chamber 79 and line 80 including an orifice 81 to tank
      82. The purpose of oirfice 81 is to assure that bleeddown of the pressure
      in line 68 and spring engagement of main engine clutch 16 does not occur
      prior to engagement of low range clutch 23 in range transmission 27.
      Similar bleed-down of line 68 also occurs in low range shifter valve 65
      from chamber 67 to chamber 83 to line 84 through orifice 85 to tank 82a.
      The pressure drop in line 68 eliminates flow of oil through line 70 and
      sequence valve 69 because valve 69 closes. Pressure in line 71 also drops
      because of a bleed hole in a check valve 89 and passage which allows
      communication with line 60. Line 60 is subjected to 20 p.s.i. pressure
      from line 56 through check valve 58.
PAR  As FIG. 6 shows, during operation in first speed, this 20 p.s.i. pressure
      is acting on the right hand end of spool 74 and is balanced by the same 20
      p.s.i. acting from line 56 through line 87 on the left hand end of spool
      74. Spring 88 forces spool 74 to the right and neutralizes shifter valve
      75. Valve spool 66 in shifter valve 65 is held in the position to the
      right by 180 p.s.i. pressure applied on its left end by reason of passage
      91, check valve 92 and closed check valve 72.
PAR  In shifting speed control valve 50 from first to second points in the same
      direction (forward or reverse), similar action occurs, except that the
      functions of shifter valves 65 and 75 are alternated, as comparison of
      FIGS. 6 and 9 shows. In addition, 180 p.s.i. pressure in chamber 61 is
      delivered through appropriate passages 93 in spool 62 to line 95, chamber
      96, chamber 77, line 78, line 68 to clutch cylinder 15 to cause the main
      engine clutch 16 to disengage and to sequence valve 69. The alternate
      action of shifter valves 65 and 75 causes the low range clutch 23 to
      disengage, the high range clutch 24 to engage and main engine clutch 16 to
      re-engage. During this time main transmission 28 remains in its original
      first gear condition.
PAR  Oil flow through the shifter valves 65 and 75 when shifting from first
      speed to second speed is typical of the function of the valves any time a
      range shift is made. For example, referring to FIG. 6, when operating in
      first speed, the low range clutch 23 is engaged. The low range shifter
      valve 65 is open allowing flow of high pressure oil to keep low range
      clutch 23 engaged. High range shifter valve 75 is closed, allowing flow of
      lube oil to the high range clutch 24. The engine clutch sequence valve 69
      is closed becuase there is no oil flow or pressure in this circuit.
PAR  Referring to FIG. 7, when the high pressure oil flow to low range shifter
      valve 65 is blocked at the control valve 50, spring tension closes the
      shifter valve 65 and the low range clutch 23 disengages. High pressure oil
      flows through the high range shifter valve 75 to the engine clutch release
      cylinder 15. Engine clutch 16 disengages. Disengagement of the clutches 23
      and 16 occurs almost simultaneously. Engine clutch sequence valve 69
      remains closed until engine clutch release oil reaches specified pressure.
PAR  Referring to FIG. 8, when sequence valve 69 opens, sequence pressure opens
      both shifter valve spools 66 and 74. High pressure oil flows through high
      range shifter valve 75 to engage high range clutch 24. The oil pressure
      also holds the valve spool 66 open. Movement of both shifter valve spools
      66 and 74 stops flow of high pressure oil through line 68 to the engine
      clutch release cylinder 15. Oil in the valves 75 and 65 returns to the
      sumps 82 and 82A through the orifices 81 and 85, respectively, in each
      shifter valve 75 and 65, allowing main engine clutch 16 to engage. The
      orifices 81 and 85 retard the flow of oil to the sumps to ensure that the
      main engine clutch 16 engages after the range clutch 23 or 24.
PAR  Referring to FIG. 9, depicting operation in second speed, when sequence
      pressure drops, spring tension closes spool 69A of the sequence valve 69
      and the spool 66 of the low range shifter valve 65. High pressure oil
      continues to flow through the high range shifter valve 75, keeping high
      range clutch 24 engaged. There is no oil flow or pressure in line 68 for
      the engine clutch release cylinder 15.
PAR  When the spool 62 of selector valve 50 is shifted from second to third
      speed position (assuming operation in the same direction) the functions of
      shifter valves 65 and 75 again alternate and perform as they did for the
      first speed selection. In addition, the 180 p.s.i. oil delivered to line
      63 is also directed through the appropriate passages 93 of spool 62 to
      chamber 97 through line 7 to actuate cylinder 12. Extension of this
      cylinder acts through lever 98 and retracted cylinders 10 and 11 to shift
      the valve spool 99 of four speed transmission 28 to second gear.
PAR  In shifting from first speed forward to first speed reverse, the main
      engine clutch 16 disengages, the forward clutch 44 of main transmission 28
      disengages, the low range clutch 23 of range transmission 27 disengages,
      and the reverse clutch 45 of main transmission 28 engages. However, in
      reversing, it is desirable to stop forward motion of grader 1 before
      completing the shift, i.e., before the low range clutch 23 re-engages and
      the engine clutch 16 re-engages.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination:
PA1  a power train comprising a normally engaged clutch, a high and low range
      transmission and a multispeed main transmission;
PA1  first, second and third hydraulically operable means for operating said
      clutch, range transmission and main transmission, respectively;
PA1  a source of hydraulic fluid;
PA1  and hydraulic control means, including a selectively operable control valve
      for operating said first, second and third hydraulically operable means in
      a predetermined sequence in response to operation of said control valve to
      effect operation of said first means and disengagement of said clutch for
      an interval of time during which either said second or third hydraulically
      operable means are effecting shifting of their respective transmissions,
      said control valve comprising a valve spool selectively movable to a
      plurality of speed positions; said first means comprising a hydraulic
      clutch cylinder; said second means comprising hydraulically operable high
      and low range shifter clutches; and said third means comprising a speed
      selector valve for said main transmission and a linkage comprising a
      plurality of hydraulic shift cylinders for operating said speed selector
      valve; said control valve being operable to control fluid flow from said
      source to said clutch cylinder, to said high and low range shifter
      clutches, and to said hydraulic shift cylinders.
NUM  2.
PAR  2. A combination according to claim 1 wherein said hydraulic control means
      further includes a sequence valve, a high range shifter valve and a low
      range shifter valve, said sequence valve and range shifter valves being
      cooperable in response to selective operation of said control valve to
      control fluid flow to said clutch cylinder and said range shifter
      clutches; and wherein said control valve directly controls fluid flow to
      said shift cylinders of said linkage.
NUM  3.
PAR  3. A combination according to claim 2 wherein said shift cylinders of said
      linkage are operable in predetermined combinations in response to the
      position of said valve speed to effect operation of said speed selector
      valve in a predetermined manner.
NUM  4.
PAR  4. In combination:
PA1  a power train comprising a normally engaged clutch, a high and low range
      transmission and a multispeed main transmission, said tramsmissions
      normally being shiftable independently of each other;
PA1  first, second and third hydraulically operable means for operating said
      clutch; range transmission and main transmission, respectively;
PA1  a source of hydraulic fluid;
PA1  and hydraulic control means, including a control valve selectively movable
      to a plurality of speed points for operating said first, second and third
      hydraulically operable means in a predetermined sequence in response to
      operation of said control valve to effect operation of said first means
      and disengagement of said clutch for an interval of time during which
      either said second or third hydraulically operable means are effecting
      shifting of their respective transmissions in response to operation of
      said control valve, said control valve being operable when moved between
      any two adjacent speed points to effect a shifting operation of said range
      transmission, said control valve being further operable when moved between
      certain adjacent speed points to maintain said main transmission in a
      selected speed range, said control valve also being operable when moved
      between certain other adjacent speed points to cause said main
      transmission to shift between two different speed ranges.
NUM  5.
PAR  5. In a transmission system:
PA1  a normally engaged clutch;
PA1  a range transmission connected to be driven by said clutch when the latter
      is engaged and being shiftable between high and low ranges;
PA1  a main transmission connected to be driven by said range transmission and
      being shiftable to a plurality of speed ranges;
PA1  and control means operatively connected to said clutch, said range
      transmission and said main transmission and including a speed range
      selector valve having a valve spool selectively movable to any one of a
      plurality of speed positions,
PA1  said control means being operable in response to movement of said valve
      spool to one of its positions to shift said range transmission into either
      high or low range, said control means being further operable in response
      to movement of said valve spool to shift said main transmission from one
      speed range to another or to maintain said main transmission in said one
      speed range, depending on the position of said valve spool,
PA1  said control means being further operable in response to movement of said
      valve spool to disengage said clutch for an interval of time during which
      either transmission undergoes shifting and to re-engage said clutch
      thereafter, said control means further comprising a sequencing valve, a
      high range shifter valve and a low range shifter valve for effecting
      shifting operation of said range transmission and operation of said clutch
      in response to movement of said valve spool and wherein shifting operation
      of said main transmission is effected by movement of said valve spool.
NUM  6.
PAR  6. A transmission system according to claim 5 including a clutch cylinder
      for operating said clutch, a linkage including a plurality of shift
      cylinders for shifting said main transmission, said shift cylinders being
      operable by said speed range selector valve, and wherein said range
      transmission includes high range and low range shifter clutches operable
      by said shifter valves.
NUM  7.
PAR  7. In a transmission system:
PA1  a normally engaged clutch;
PA1  a clutch cylinder for operating said clutch;
PA1  a range transmission connected to be driven by said clutch when the latter
      is engaged and being shiftable between high and low ranges;
PA1  hydraulically operable range shifter clutches for operating said range
      transmission;
PA1  a main transmission connected to be driven by said range transmission and
      being shiftable to a plurality of speed ranges and to neutral;
PA1  a linkage comprising a plurality of shift cylinders for operating said main
      transmission;
PA1  and control means for operating said clutch, said range transmission and
      said main transmission, said control means comprising a speed range
      selector valve having a valve spool selectively movable to any one of a
      plurality of speed positions,
PA1  said control means further comprising a sequencing valve and a pair of
      range shifter valves for effecting operation of said range shifter
      clutches and said clutch cylinder,
PA1  said control means being operable in response to movement of said valve
      spool to one of its positions to operate said range shifter valves and
      said sequencing valve to shift said range transmission into either high or
      low range, to operate said shift cylinders to shift said main transmission
      from one speed range to another or to maintain said main transmission to
      said one speed range, depending on the position of said valve spool,
PA1  and to operate said clutch to disengage said clutch for an interval of time
      during which either transmission undergoes shifting and to re-engage said
      clutch thereafter.
NUM  8.
PAR  8. In a hydraulic control system for operating a normally engaged main
      engine clutch, a range transmission adapted to be driven by said main
      engine clutch when the latter is engaged and shiftable into high and low
      speed ranges, and a main transmission adapted to be driven by said range
      transmission, said main transmission being shiftable into a plurality of
      speed ranges, in combination:
PA1  a hydraulically operated engine clutch cylinder for operating said main
      engine clutch;
PA1  a hydraulically operated high range clutch for shifting said range
      transmission into high range;
PA1  a hydraulically operated low range clutch for shifting said range
      transmission into low range;
PA1  a linkage including a plurality of hydraulically operated shift cylinders
      for shifting said main transmission;
PA1  a pump for supplying hydraulic fluid;
PA1  a high range shifter valve and a low range shifter valve for operating said
      high range clutch and said low range clutch, respectively, and for
      effecting operation of said engine clutch cylinder;
PA1  a speed range selector valve connected to said pump and having a valve
      spool selectively movable to any one of a plurality of speed positions,
      said selector valve controlling fluid flow to said shifter valves and to
      said shift cylinders;
PA1  and a sequencing valve for effecting operation of said shifter valves in a
      predetermined sequence in response to operation of said selector valve,
      said hydraulic control system being operable in response to movement of
      said valve spool to one of its positions to operate said shifter valves to
      shift said range transmission into either high or low range, and to
      operate said main engine clutch cylinder to operate said main engine
      clutch, said movement of said valve spool effecting operation of said
      shift cylinders to shift said main transmission from one speed range to
      another or to maintain said main transmission in said one speed range,
      depending on the position of said valve spool,
PA1  said hydraulic control system being further operable in response to said
      movement of said valve spool, to effect operation of said main engine
      clutch cylinder so as to disengage said main engine clutch for an interval
      of time during which either transmission undergoes shifting and to
      re-engage said main engine clutch thereafter.
NUM  9.
PAR  9. In combination:
PA1  a power train comprising a normally engaged clutch, a high and low range
      transmission and a multispeed main transmission, said transmissions
      normally being shiftable independently of each other;
PA1  first, second and third hydraulically operable means for operating said
      clutch, range transmission and main transmission, respectively;
PA1  a source of hydraulic fluid;
PA1  and hydraulic control means, including a selectively operable control valve
      for operating said first, second and third hydraulically operable means in
      a predetermined sequence in response to operation of said control valve to
      effect operation of said first means and disengagement of said clutch for
      an interval of time during which either said second or third hydraulically
      operable means are effecting shifting of their respective transmissions in
      response to operation of said control valve.
NUM  10.
PAR  10. In a transmission system:
PA1  a normally engaged clutch;
PA1  a range transmission connected to be driven by said clutch when the latter
      is engaged and being shiftable between high and low ranges;
PA1  a main transmission connected to be driven by said range transmission and
      being shiftable to a plurality of speed ranges, said transmissions
      normally being shiftable independently of each other;
PA1  and control means operatively connected to said clutch, said range
      transmission and said main transmission and including a speed range
      selector valve having a valve spool selectively movable to any one of a
      plurality of speed positions,
PA1  said control means being operable in response to movement of said valve
      spool to one of its positions to shift said range transmission into either
      high or low range, said control means being further operable in response
      to movement of said valve spool to shift said main transmission from one
      speed range to another or to maintain said main transmission in said one
      speed range, depending on the position of said valve spool,
PA1  said control means being further operable in response to movement of said
      valve spool to disengage said clutch for an interval of time during which
      either transmission undergoes shifting and to re-engage said clutch
      thereafter.
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ABST
PAL  A multi-disc hydraulically operated friction clutch is provided with valve
      means in the form of longitudinally split plugs received in the drain
      openings of the plunger and varying the flow passage area of these
      openings, depending on the position of the plunger. Said plugs of the
      valve means are displaced, on the one hand, by the contact thereof with
      the pressure disc of the clutch, and, on the other hand, by their abutting
      against the housing of the clutch. By selecting the ratings of the valve
      means, i.e., the dimensions of the drain slit in the plugs, it is possible
      to ensure any required degree of smoothness of engagement of the clutch,
      the pressure disc acting upon the package of the friction discs with a
      gradually varying effort, proportional to the rate of draining of the
      working fluid through the plunger.
BSUM
PAR  The present invention relates to hydraulically operated multi-disc friction
      clutches of the type used in the power transmissions of motor vehicles,
      tractors and various road construction machines. More particularly, the
      present invention relates to compact friction clutches of a specified
      type, which include sets of driven and driving discs which are drivingly
      connected upon hydraulically initiated engagement of the clutch, when the
      working fluid acts upon a plunger displaced along the axis of the housing
      of the clutch jointly with a pressure disc adapted to effect driving
      engagement of the driving and driven discs.
PAR  Moreover, the present invention relates to above-described structures of
      clutches, wherein the plunger is provided with through-going drain
      openings extending parallel to the axis of the plunger adjacent to the
      periphery thereof, so that with the plunger and the pressure disc spread
      apart by the action of an intermediate resilient member, the working fluid
      drains through these openings upon disengagement of the clutch.
PAR  At present, there are widely employed throughout the world multi-disc
      friction clutches marketed by "Borg Warner," "Twin Disc," "Clark
      Equipment" companies in the USA, by the French "Richier" company and
      several others.
PAR  In the structure of the clutches marketed by Borg Warner there are employed
      stepped plungers with internal and external spaces communicating through
      calibration orifices. The increasing of the pressure of the working fluid
      and, consequently, the smoothness of engagement of these clutches will be
      ensured by the appropriate selection of the calibration orifices.
PAR  Among the disadvantages of the known friction clutches are the tendency of
      the calibration openings and cavities of the cylinders to get clogged with
      foreign particles, the relatively great longitudinal dimension of the
      clutches, the increased requirements as to the characteristics of the oil
      employed as the working fluid and to its purity.
PAR  To ensure working capacity of said clutch, it is necessary to employ
      filters ensuring fineness of purification not more than 20 microns.
PAR  An improved friction clutch with through-going drain orifices located
      adjacent to the periphery of the plunger to accelerate disengagement of
      the clutch is disclosed in the U.S. Pat. No. 3,362,481, wherein, among
      other things, there is noted that with the pressure of the working fluid
      discontinued, the resilient members move the plunger away from the
      adjacent plate, it is at this moment that the through-going orifices in
      the plunger become open, so that the working fluid is able to drain
      therethrough. When this clutch is being engaged, the plunger is tightly
      pressed to the adjacent disc or plate, and the orifices therein are
      closed.
PAR  Among the disadvantages of clutches of the last-described kind there is the
      fact that throughout the idle stroke of the plunger toward the engagement
      position, the working fluid drains through the orifice, whereby the time
      of this idle stroke is increased, thus prolonging the total pre-engagement
      time. Besides, for this reason the passage area of the drain orifices
      cannot be made great enough, which increases the time of disengagement of
      the clutch. In clutches of this kind it is relatively difficult to control
      draining of the working fluid during engagement.
PAR  It is an object of the present invention to provide a hydraulically
      operated multi-disc friction clutch, which would ensure a predetermined
      smooth engagement characteristic and a required timing of disengagement.
PAR  It is another object of the present invention to provide a multi-disc
      friction clutch which would offer smooth engagement under hydraulic
      control and which would have a compact axial dimension and be reliable in
      operation.
PAR  Among other objects of the present invention is the provision of a
      multi-disc clutch having the abovesaid advantages and being of a
      relatively simple and inexpensive structure, capable of reliable operation
      with decreased requirements to the characteristics of the oil used as the
      working fluid and to its purity, in comparison with similar clutches of
      the prior art.
PAR  These and other objects are accomplished in the herein proposed
      hydraulically operated multi-disc friction clutch, comprising sets of
      driving and driven plates or discs that can be drivingly connected upon
      engagement of the clutch, the clutch having mounted in the housing thereof
      an axially movable plunger having drain orifices made therethrough
      adjacent to the periphery thereof, the clutch further including a pressure
      disc normally spaced from the plunger under the action of an intermediate
      member and return springs adapted to return the plunger into its initial
      position upon disengagement of the clutch, the clutch in accordance with
      the present invention being characterized in that the drain orifices in
      the body of the plunger are normally closed with valve means which are
      normally closed during the disengaged state of the clutch and during the
      idle stroke of the plunger, each valve means being associated with a
      controllable member adapted to interact with the pressure disc upon
      relative displacement of the pressure disc and the plunger, so that the
      less spaced are the disc and the plunger, the more displaced is this
      controllable member of the valve means, whereby the flow passage area of
      the drain orifices is varied.
PAR  The herein disclosed structural improvement of the friction clutch of the
      specified type provides for smooth engagement of the clutch when the
      plunger has started compression of the package of the driving and driven
      discs, the deflection of the engagement-controlling springs being
      accompanied by displacement of the controllable members of the valve means
      whereby there is effected smooth predetermined draining of the working
      fluid through the space between the plunger and the pressure disc.
PAR  In accordance with one possible embodiment of the present invention, the
      multi-disc friction clutch is characterized in that the controllable
      members of the valve means are made in the form of longitudinally split
      plugs slidably mounted in the through-going axially extending openings of
      the plunger and movable therein by the pressure disc, the longitudinal
      slit of each plug, in addition to presenting the drain orifice variance
      its flow passage area upon the motion of the plug, also forming at the
      tail part of the plug radially spread, resiliently deformable portions
      which retain the plug in the opening of the plunger against spontaneous
      displacement directly under the action of the pressure of the working
      fluid, the said plugs being mounted for the ends thereof to abut against
      the housing of the clutch, for the plugs of the valve means to return into
      their initial position upon returning of the plunger into the initial
      position thereof.
PAR  With the valve means having this structure, it becomes possible to ensure
      in the simplest way the required smooth displacement of the controllable
      member of the valve means, i.e., of the split plug, and the variation of
      the passage area of the drain orifice, i.e., of the slit of the plug, in
      strict compliance with the displacement of the plug relative to the
      housing of the clutch. As it has been already mentioned hereinabove, the
      split structure of the plugs also precludes their spontaneous displacement
      in the openings of the plunger only under the action of the pressure of
      the working fluid, thus ensuring that the plugs are retained in the
      openings to be displaced therein exclusively by their direct mechanical
      contact with the pressure disc on the one hand and the housing of the
      clutch on the other hand.
PAR  According to still another embodiment of the present invention, the multi-
      disc friction clutch is characterized in that the intermediate resilient
      member interposed between the plunger and the pressure disc is in the form
      of disc spring means of which the effort is sufficient to spread apart the
      plunger and the pressure disc upon discontinuation of the static
      clutch-engaging pressure.
PAR  The incorporation of the disc spring means with the abovespecified effort
      is a structurally optimal feature, ensuring positive spreading apart of
      the plunger and pressure disc after the pressure of the working fluid has
      been discontinued for disengagement of the clutch.
PAR  Still another improvement of the herein proposed structure of the friction
      clutch resides in that, in accordance with the present invention, the
      multi-disc friction clutch is characterized by at least one of the
      normally closed valve means, in order to remove from the housing the
      working fluid that has incidentally found its way into the housing with
      the clutch disengaged, providing for bleeding of the working fluid
      therethrough to prevent unintentional engagement of the clutch.
PAR  The above arrangement ensures in a simple way reliable performance of the
      clutch, the pre-calculated volume of bleeding of the working fluid through
      at least one of the valve means relieving the cylinder from the working
      fluid finding its way into the cylinder incidentally, whereby
      unintentional engagement of the clutch is precluded.
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PAR  Other features and advantages of a multi-disc friction clutch in accordance
      with the present invention will be made apparent in the description of an
      embodiment thereof, to follow hereinbelow, with reference being had to the
      accompanying set of drawings, wherein:
PAR  FIG. 1 is a longitudinally sectional view of a friction clutch embodying
      the invention; FIG. 2 is a sectional view illustrating the portion of the
      clutch embodying the invention, at the initial moment of taking up the
      gaps between the friction plates or discs;
PAR  FIG. 3 illustrates the portion of the clutch, shown in FIG. 2, during
      draining of the working fluid through the valve means, as the clutch slips
      under load;
PAR  FIG. 4 illustrates the same portion of the clutch embodying the invention,
      with the clutch fully engaged;
PAR  FIG. 5 illustrates the same portion of the clutch, during draining of the
      working fluid from the booster device at disengagement of the clutch;
PAR  FIG. 6 shows the plug of the drain valve means of the clutch illustrated in
      FIGS. 1 to 5.
DETD
PAR  Referring now to the appended drawings, the multi-disc friction clutch
      consists of a housing 1 (FIGS. 1 to 5) provided with an annular
      cylindrical space, to be hereinafter referred to as the cylinder, wherein
      there are accommodated a plunger 2, a back plate or disc 4, four driving
      discs 5, five driven discs 6, a pressure disc 7, two
      engagement-controlling disc springs 8, twelve return springs 9 and twelve
      plugs 3 received in the drain openings of the plunger 2.
PAR  The housing 1 is rigidly connected with a driving shaft 10, e.g., by means
      of a key-and-slot connection and is provided in the peripheral wall with
      through-going slots which act as splines meshing with the splines of the
      driving discs 5.
PAR  The driven discs 6 are internally splined to mesh with the splines of the
      driven member of the transmission, e.g., with a gear 11 drawn in thin
      lines in FIG. 1.
PAR  Driving torque is transmitted from the driving discs 5 to the driven discs
      6 by the friction forces therebetween at compression of the package of the
      discs. Such compression of the package of the discs is effected by the
      plunger 2 acting thereupon through the engagement-controlling disc springs
      8 and the pressure disc 7, under the action of a working fluid supplied
      under pressure into the housing 1 beneath the plunger 2 via passages 12
      shown with dash lines in FIG. 1.
PAR  The periphery of the plunger 2 has splines cut therein to preclude rotation
      of the plunger relative to the housing 1. The same splines are used for
      connection of the plunger 2 with the pressure disc 7 which is urged away
      from the plunger by the effort of the disc springs 8 that are
      pre-compressed to a specified extent at assembling of the clutch.
PAR  Adjacent to the periphery of the plunger 2, in the portions thereof facing
      the pressure disc 7 there are cut drain openings receiving therein axially
      slidable, longitudinally split plugs 3, acting as the controllable valve
      members of the valve means formed with their help. At the tail thereof
      each plug 3 has resiliently flaring portions 13 (FIG. 6), which is
      essential to retain the plug 3 in the respective drain opening of the
      plunger 2 against spontaneous displacement under the pressure of the
      fluid. As it can be seen in FIGS. 2, 3, 4 and 5 these portions of the plug
      3 are compressed in the respective opening of the plunger 2 and bear
      thereagainst, thus producing a force of friction ensuring that the plug 3
      is retained in the opening so that it can be displaced therein exclusively
      under the action of either the disc 7 or the housing 1.
PAR  The plugs 3 interact with the pressure disc 7 upon relative displacement of
      the pressure disc 7 and the plunger 2, so that the closer together come
      the disc 7 and the plunger 2, the more displaced becomes the plug 3,
      whereby the flow passage area of the valve means formed in the respective
      drain opening of the plunger is varied.
PAR  The clutch according to the present invention, operates as follows.
PAR  The working fluid under pressure is supplied into the housing 1 to displace
      the plunger 2 toward the driving and driven discs 5 and 6. As is shown in
      FIG. 2, as the gaps between the discs are being taken up, which
      constitutes the idle strokes of the plunger 2, the latter and the pressure
      disc 7 are displaced as a unit, the drain openings at this stage being
      closed off with the plugs 3, precluding draining of the working fluid
      therethrough, which speeds up the initial stage of the engagement and thus
      reduces the time of interruption of the power flow at gear shift. Then the
      pressure disc 7 abuts against the package of the driving and driven discs,
      and, as shown in FIG. 3, the disc springs 8 are deflected; simultaneously,
      the plugs 3 are being displaced in the respective openings of the plunger
      2, initiating draining of the working fluid from the housing 1. At this
      stage the clutch slips under the load, the effect of compression of the
      discs 5 and 6 being determined by the rigidity of the
      engagement-controlling disc springs 8, and the timing of engagement being
      defined by the rate of draining of the working fluid through the valve
      means wherein the flow passage area is defined by the longitudinally split
      plugs.
PAR  By appropriate selection of the disc springs 8 and by altering the flow
      passage area opened by the split plugs 3 it is possible to preset the time
      of engagement of the herein disclosed clutch and to obtain the required
      smoothness of engagement.
PAR  At the presently described stage of the operating cycle of the clutch the
      displacement of the plug 3 in the respective opening of the plunger 2 is
      effected by the effort developed by the plunger, the effort being
      sufficiently great to ensure reliable performance of the clutch.
PAR  At the end of its engagement stroke the plunger 2 abuts directly against
      the pressure disc 7 and closes off the drain openings (FIG. 4), the plugs
      3 being forced completely into the respective openings.
PAR  Thus, with the herein disclosed clutch fully engaged, draining of the
      working fluid from the housing 1 is cut off, which decreases leakage of
      the fluid, increases the pressure applied to the plunger 2 and opposes
      sedimentation in the housing 1 of the products of decomposition of the
      working fluid and of foreign matter.
PAR  With the clutch fully engaged the effort compressing the package of the
      discs 5 and 6 is maximal, and the clutch transmits the entire torque.
PAR  Disengagment of the herein disclosed clutch is effected by establishing
      communication between the passage 12 shown with dash lines in FIG. 1 and
      the drain. The effort of the engagement-controlling disc springs 8 is
      pre-selected so that the joint effort of these springs, when the clutch
      fully engaged, and the effort of the regurn springs should be positively
      greater than the effort applied to the plunger by the working fluid under
      the action of centrifugal force. This being ensured, the plunger 2 clears
      the pressure disc 7, as can be seen in FIG. 5, the drain orifices, i.e.,
      the slits in the plugs 3 become open, and the working fluid is drained
      therethrough from the housing. At this stage of the operating cycle the
      return springs 9 retract the plunger 2 into its initial position shown in
      FIG. 1, the plungs 3 abutting against the housing 1 and thus being
      displaced in the openings of the plunger 2 to close off the drain slits.
      The clutch is now ready for another engagement-disengagement cycle. At the
      last-described stage the plugs 3 are displaced by the effort of the return
      spring 5. This effort is pre-selected to be sufficiently great to lead
      away the plunger and to ensure dependable closing of the drain orifices.
PAR  It is expedient that a relatively small slit should be provided in at least
      one of the plugs 3 to ensure leaking and bleeding of the working fluid
      that may incidentally find its way from the hydraulic control system into
      the housing of the clutch in the disengaged state, in which way
      unintentional engagement of the clutch is precluded.
PAR  Thus, the required smoothness of engagement of the clutch is attained,
      because at the initial stage of compression of the package of the driving
      and driven discs by the plunger 2 through the disc springs 8 there takes
      place displacement of the plugs 3 of the valve means, proportional to the
      deflection of these disc springs 8, and the working fluid is able to drain
      from the hydraulic cylinder.
PAR  The rate of flow of the working fluid through the drain valve means can be
      varied within a wide range by selecting the corresponding flow passage
      area of the valve means and their quantity in the plunger. By preselecting
      the law of variation of the flow passage area of the drain valve means,
      depending on the displacement of the plugs 3, and the value of the flow
      passage area of the supply passage of the cylinder, it is possible to
      control the time-related building up of the pressure in the cylinder and,
      hence, the rate of engagement of the clutch.
PAR  With the disc springs having been deflected to the full degree the plunger
      2 abuts against the pressure disc 7 and cuts off draining of the working
      fluid through the valve means. Consequently, with the clutch fully
      engaged, no flow of the working fluid through the cylinder takes place,
      whereby the loss of the pressurized fluid is reduced to a minimum.
PAR  The smooth character of engagement of the herein disclosed clutch is
      achieved by adjusting the pressure in the hydraulic cylinder of the
      clutch, depending on the displacement of the plunger, which displacement,
      in its turn, is determined by the variation of the flow passage area of
      the slit of the plug 3, depending on the displacement of this plug.
PAR  A major advantage of the herein disclosed clutch is the fact that during
      engagement of the clutch the displacement of the plugs of the valve means
      is effected by the effort of the plunger 2, whereas upon disengagement the
      plugs are displaced by the effort of the return springs 9, both efforts
      being sufficiently great to ensure reliable performance of the clutch.
PAR  The herein disclosed clutch eliminates the above-mentioned disadvantages of
      similar clutches of the prior art and, in addition to the improved
      smoothness of engagement, is more compact and less sensitive, as far as
      the characteristics of the oil used as the working fluid and its purity
      are concerned.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multi-disc hydraulically operated friction clutch, comprising: a
      housing; sets of driving and driven discs alternatingly mounted in said
      housing for engagement and disengagement; a central shaft operatively
      connected with one of said sets of said discs, while the other said set is
      operatively connected with said housing; a plunger axially movable in said
      housing; a pressure disc mounted in said housing for operative interaction
      with said sets of discs; intermediate spring means normally urging said
      pressure disc from said plunger; hydraulic power means adapted to supply
      pressurized working fluid beneath said plunger and to displace it axially
      against the effort of said intermediate spring means, for said plunger to
      displace said pressure disc, so that the latter should compress said sets
      of discs to effect engagement of the clutch; controllable valve means
      positioned in through-going openings in said plunger adjacent to the
      periphery thereof and adapted for cooperation with said pressure disc, on
      the one hand, and with said housing, on the other hand, upon axial
      displacement of said plunger and said pressure disc; said valve means
      normally closing said openings in said plunger with the clutch disengaged
      and with the plunger moving through an idle stroke and opening said
      openings for draining of the working fluid therethrough in accordance with
      a characteristic predetermined by the shape of said valve means, in
      proportion with the relative displacement of said plunger and said
      pressure disc, so that the closer said plunger and said pressure disc are
      brought together, the greater is the degree to which the state of the
      valve means and the flow capacity thereof is altered: resilient return
      means connected with said plunger for returning same into the initial
      position thereof upon discontinuation of the action thereupon of said
      hydraulic power means at disengagement of the clutch.
NUM  2.
PAR  2. A multi-disc friction clutch, as set forth in claim 1, wherein said
      valve means include controllable members in the form of longitudinally
      split plugs slidably received in the axially extending through-going
      openings in said plunger, adapted to be displaced therein by said pressure
      disc, the longitudinal slit defining the drainining orifice varying the
      flow passage area thereof with the displacement of the plug, the same said
      longitudinal slit defining at the tail of the plug resiliently flaring
      portions adapted to retain the plug in the respective opening of said
      plunger against spontaneous displacement directly under the action of the
      pressure of the working fluid, said plugs being positioned to have the
      ends thereof abut against the housing to restore said plugs of said valve
      means to their initial position upon said plunger returning to the initial
      position thereof.
NUM  3.
PAR  3. A multi-disc friction clutch, as set forth in claim 2, wherein said
      intermediate spring means positioned between said plunger and said
      pressure disc include a disc spring which is precompressed to some value,
      its effort being sufficient to spread said plunger and said pressure disc
      apart upon discontinuation of the static pressure applied to engage the
      clutch.
NUM  4.
PAR  4. A multi-disc friction clutch, as set forth in claim 1 wherein, in order
      to provide for bleeding from said housing of the working fluid
      incidentally finding its way into said housing with the clutch disengaged,
      at least one of said normally closing valve means in the closed position
      thereof provides for a desired rate of the leakage of the working fluid
      therethrough, to preclude unintentional engagement of the clutch.
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ABST
PAL  A link type rail structure for a conveyor device where the rail structure
      is adapted to be moved between a rigid, straight line attitude which can
      support weighted objects thereon, and a curved line attitude which permits
      the rail structure to be coiled up for storage. The rail structure is
      characterized by element structure and function that substantially
      eliminates pinch points between successive connecting and supporting links
      of the rail structure.
PARN
PAR  This application is a divisional of U.S. Application Ser. No. 381,788,
      filed July 23, 1973 entitled ROLL-UP CONVEYOR UNIT. That earlier
      application issued as U.S. Letters Pat. No. 3,867,060 on APR. 8, 1975.
BSUM
PAR  This invention relates to conveyors. More particularly, this invention
      relates to a novel roll-up conveyor unit.
PAR  There are two basic types of so-called gravity conveyors. One is a skate
      wheel type conveyor and the other is a roller type conveyor. The skate
      wheel type conveyor basically incorporates a multiplicity of individual
      wheels mounted between fixed side rails, a number (e.g., three or four or
      more) of such wheels being disposed between the side rails on each
      transverse wheel axis along the conveyor's length. A roller type conveyor
      includes a plurality of rollers also mounted between fixed side rails, a
      single roller extending between the side rails on each transverse roller
      axis. The main difference between a roller type conveyor and a skate wheel
      type conveyor, therefore, is that a single roller is provided at a
      specific transverse axis location along the along the conveyor's length
      whereas multiple skate wheels are provided at a specific transverse axis
      location along the conveyor's length. The reference to a gravity type
      conveyor refers to the fact that the skate wheel conveyor or the roller
      conveyor may be oriented angularly, however slightly, relative to ground
      level so that boxes or the like disposed on the conveyors will then roll
      downhill, i.e., from the higher end to the lower end, due to gravity.
PAR  Roller type conveyors may also be powered or driven, as opposed to relying
      solely on gravity for operation, as is well known to the art. Such a power
      drive roller conveyor incorporates a drive motor with the conveyor itself,
      the drive motor being engageable with the rollers by some kind of a
      gearing or drive system that positively drives each of the rollers along
      the conveyor's length at a controlled rotational rate. This structure
      allows boxes or the like to be positively moved along a flat portion or an
      uphill portion of the conveyor's length.
PAR  Skate wheel and roller type conveyors are particularly adapted for use in
      warehousing operations. Such conveyors are provided commercially in
      lengths of eight feet or ten feet or more, and the lengths are flat or
      horizontal relative to the conveying plane. The prefabricated conveyor
      lengths or sections are adapted to hook together into a continuous length
      conveyor run. The conveyor run may be totally flat or horizontal relative
      to ground level, or it may have portions thereof that are angularly
      disposed relative to ground level. However, any angular disposition of one
      section to another can only occur where that one section is hooked or
      connected together with that other.
PAR  One use of the prefabricated conveyor lengths discussed above is to
      interconnect various areas of a warehouse one with the other for movement
      of goods from that one area to the other. A second use is in connection
      with the loading and unloading of trailers or railroad cars at a
      warehouse's dock, the conveyor directly connecting the inside area of the
      warehouse with the inside area of the trailer or railroad car to
      facilitate loading and/or unloading. When not in use, the multiple
      conveyor sections are, of course, disassembled from the extended length
      conveyor run and the sections stacked one upon the other in parallel
      fashion in a suitable storage area. However, in each instance the erection
      and disassembly of a continuous length conveyor run must be manually
      accomplished because of the multiple sections, and this is usually a time
      consuming and heavy task.
PAR  It has been an objective of this invention to provide a rail structure
      adapted to be moved between a rigid, straight line attitude which can
      support weighted objects thereon, and a curved line attitude which permits
      the rail structure to be coiled up for storage, that rail structure being
      substantially pinch point free between successive connecting and
      supporting links of the rail structure.
DRWD
PAR  Other objectives and advantages of this invention will be more apparent
      from the following detailed description taken in conjunction with the
      drawings in which:
PAR  FIG. 1 is an enlarged and more detailed view of the roll-up conveyor unit
      illustrating, in particular, the conveyor's side rails in rolled or
      storage attitude in a generally circular spiral configuration;
PAR  FIG. 2 is a broken away and exploded perspective view of a section of the
      roll-up conveyor;
PAR  FIG. 3 is a cross-sectional view taken along line 13--13 of FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken along line 14--14 of FIG. 2;
PAR  FIG. 5 is a side view of an alternative drive train structure between
      rollers;
PAR  FIG. 6 is a cross-sectional view taken along line 16--16 of FIG. 5;
PAR  FIG. 7 is a partial perspective view showing an alternative link
      construction for the conveyor's side rails and;
PAR  FIG. 8 is a cross sectional view taken along line 17a--17a of FIG. 7.
DETD
PAR  A detailed description of a roll-up conveyor unit with which the rail
      structure of this invention is particularly useful is disclosed in detail
      in U.S. Pat. No. 3,876,060, issued Apr. 8, 1975, invented by the named
      inventor herein.
PAC  Side Rail Construction
PAR  As noted, the conveyor's side rails 4, 180 are of a novel linkage 5, 6
      structure that permits breaking of the side rails so the conveyor can be
      wound up when force is applied in an upward direction and prevents
      breaking of the side rails (i.e., maintains those side rails in a rigid
      attitude) when force is applied in a downward direction, see particularly
      FIGS. 2-5. Each side rail 4 is fabricated of support links 5 and
      connecting links 6 in alternate combination, each support link having a
      connecting link pinned at opposite ends.
PAR  Each support link 5 is U-shaped in cross-sectional configuration, each
      connecting link 6 being trapped between the support link's side walls 201
      when the connecting link is pinned thereto. More specifically, note that
      each support link 5 is generally trapezoidal in configuration, the minor
      parallel side of each support link providing the base 206 of the U-shaped
      support link. Each pair of parallel side walls 201 define a pinhole 204 at
      each end of the support link 5, the pinholes being adapted to receive a
      collar 205 to establish the pinned interconnections with the associated
      connecting links 6. Note particularly that the base 206 of each U-shaped
      support link 5 is in the nature of a lip adapted to cooperate with the
      associated connection links 6 as described in detail below.
PAR  Each connecting link 6 is planar or plate-like in configuration. More
      particularly, each connecting link 6 is also generally trapezoidal in
      configuration, and the major parallel side 207 defines feet 208a, 208b
      adapted to pivot into and out of supporting contact with the base of
      successive support links 5. Each connecting link is provided with a
      pinhole 209 at each end of the connecting link 6, the pinholes being sized
      to receive collars 205, too, to establish the pinned interconnections with
      the associated support links 5.
PAR  Each link assembly, which includes a connecting link 6 and a support link 5
      in pinned combination, is provided with a spacer plate 210 for lateral
      rigidity of the side rail 4, 180. The spacer plate 210 is paired with the
      connecting link 6 in assembly, and is of a generally rectangular
      figuration sized to conform with the rectangularly configured center
      portion 211 of the connecting link 6. The spacer plate 210 is provided
      with notched ends 212 adapted to interfit the collars 205 which cooperate
      to form the pinned connections of each connecting link 6 with respective
      support links 5 on each side thereof.
PAR  The spacer plate 210/connecting link 6/support link 5 assembly for each
      side rail 4, 180 is held in assembled relation by bolts 213, the holes
      209, 204 in the respective links 5, 6 being sized to accommodate the
      collar 205 which surrounds each bolt so as to maintain relatively exact
      tolerances between successive links and to provide a smooth bearing
      surface about which the links may pivot relative one to the other. The
      bearings 214 at each end of each roller 22 are fixed to the side rails 4,
      180 by these bolts 213, too, thereby rotatably mounting the rollers to the
      side rails.
PAR  Note particularly that, when assembled, the base 206 of the U-shaped
      support links 5 define the bottom edge 215 of each side rail 4, 180. Note
      also that the bottom edges 216 of each connecting link's feet 208 are
      adapted to rest on the adjacent support links' lips or bases 206 when the
      conveyor 1 is extended; this provides the vertically downward rigidity for
      the conveyor's side rails 4, 180 when the conveyor is extended in a rigid,
      in-line use attitude. Note further that the maximum break permitted
      between each support link 5 and connecting link 6 is that angular or
      broken line conveyor attitude established where the connecting link's
      bottom offset edge 203 engages (and is stopped from further pivotal motion
      by) the transverse end edge 202 of the adjacent support link's lip 206.
      Thus, each connecting link 6 is adapted to pivot relative to its
      associated support link 5 between an in-line position (shown in FIG. 2)
      where edge 216 of foot 208 abuts the support link's lip 206 and an
      angulated or broken line position (shown in FIG. 1) where offset edge 203
      abuts the lip's transverse end edge 202. The depth D of the offset, in
      effect, controls the length of the pivot arc. Note further that the
      connecting links 6 are sized so that the top edges 217 thereof are
      coplanar with the support links' top edges 218 when the side rails 4, 180
      are in the extended configuration; this is particularly important as it
      provides a rail structure of four plate thicknesses in width which is of
      aid in seating the conveyor in rolled-up configuration when the circular
      spiral configuration as shown in FIGS. 1 and 3 is used.
PAR  Alternate connecting links 6 and spacer plates 210 have a V-shaped
      pinch-prevent plate 219 welded to the outer surface 220 thereof. These
      pinch-prevent plates 219, in effect, provide a continuous outer side wall
      surface 221 comprised of the outermost wall 201a of the support links 5
      and the exposed surfaces 222 of the pinch-prevent plates, thereby
      substantially reducing the potential pinching hazard to an operator's
      hands as successive links 5, 6 of the side rails are pivoted relative one
      to the other upon rolling up the conveyor into the storage attitude or
      extending the conveyor into the use attitude.
PAR  The rollers 2, of course, extend between the respective side rails 4, 180
      of the conveyor 1. Each roller 2 is provided with a circumferential ring
      gear 223 at each end thereof. An idler gear 224 is mounted to the inner
      wall 201b of each support link 5 by bolt 225, the idler gear being meshed
      with ring gear 223 on the rollers 2 ahead and behind it. Note, as
      illustrated in FIG. 2, that the idler gears 224 alternate from right to
      left between succeeding pairs of rollers 2. Note further that the trailing
      hole of a U-shaped support link 5 on one side rail 4, 180 is connected by
      a roller 2 with the leading hole of the U-shaped support link on the
      opposite side rail. This assembly allows simplicity and economy in the
      manufacture of the side rail links 5, 6 as the same link parts may be used
      for both side rails. Further, this allows for easier assembly of the
      structure during production as it eliminates the need for right and left
      hand parts, as well as the need for maintaining of those parts separate
      one from the other.
PAR  Rotation of the rollers 2 is imparted thereto through drive sprocket 60,
      all rollers being interconnected with that drive sprocket through the ring
      gear 223/idler gear 224 structure provided each of the rollers. An
      important feature of this invention is that the conveyor's power drive
      unit 58 is operable even when the conveyor 1 is partially rolled up within
      the conveyor's housing, thereby allowing the rollers 2 to be powered even
      when the conveyor is only partially extended. In the FIG. 1 configuration,
      of course, the conveyor's side rails 4 are directly wound in spiral
      configuration upon themselves about the drum's core 38, the side rails
      being maintained in their respective planes by opposed walls 37 of the
      drum 24 to aid in insuring that the structural link 5, 6 configuration
      maintains the rollers 2 out of contact one with the other as illustrated
      in FIG. 1. In the generally circular spiral roll-up configuration, where
      each side rail's links 5, 6 are guided one upon the other there is no
      orientation where the rollers are closer one to the other than as shown in
      FIG. 3, and the width W' of the links 5, 6 is sized such that roller 2 to
      roller contact is not possible in that orientation.
PAR  As illustrated in FIG. 4, the idler gears 224 are simply rotatably fixed to
      the connecting links by bolts 225. An alternative embodiment of the idler
      gears 224 is illustrated in FIGS. 5 and 6. As shown in those two Figures,
      an upper 226 and a lower 227 guard are fixed to the connecting link 6 as
      at 228, the guards being adapted to span between successive conveyor
      rollers 2 over the idler gear 224. This guard 226, 227 structure aids in
      reducing the possibility of an operator's fingers becoming caught in the
      pinch points 229 between an idler gear 224 and its related conveyor roller
      2 as those rollers are positively rotated by the conveyor's drive. This
      pinch point elimination is particularly useful in reducing operating
      hazards of the conveyor 1 to those personnel charged with its operation.
PAR  An alternative embodiment of the side rail's link 5, 6 structure is
      illustrated in FIG. 7. As shown in this embodiment, the outer wall 231 of
      each support link 5 is provided with a raised section 232 that extends
      substantially above the conveying surface of the conveyor's rollers 2.
      These raised sections 232 provide, in effect, guide rails for the roll-up
      conveyor to aid in preventing boxes or the like from falling off the
      conveyor unit during movement thereon.
PAR  In this alternative link 5, 6 structure shown in FIGS. 7 and 8, alternate
      connecting links 6 and spacer plates 210 have a V-shaped pinch-prevent
      plate 235 welded to the outer surface thereof in much the same general
      location as shown in FIG. 2 except that the plates 235 are positioned so
      the top edge 236 of each extends in-line with the top edge 237 of the
      adjacent support links' wall 231. These pinch-prevent plates 235, in
      effect, provide a continuous outer side wall surface as well as a
      continuous upper edge 236, 237 for each side rail. The continuous upper
      edge 236, 237 insures that boxes (not shown) or the like do not get hung
      up in the gap that would otherwise be present between successive support
      links 5.
CLMS
STM  Having described in detail the preferred embodiments of my invention, what
      I desire to claim and protect by Letters Patent is:
NUM  1.
PAR  1. A link type rail structure for a conveyor device, said structure
      comprising
PA1  a plurality of support links with each of said support links being of a
      U-shaped cross-sectional configuration, said U-shaped configuration being
      defined by a pair of opposing vertical side walls and a horizontal lip
      connected between said side walls along the bottom edges thereof,
PA1  a connecting link interposed between successive support links, opposite
      ends of each of said connecting links being pivotally connected to an
      adjacent end of a support link and being positioned between said side
      walls of that support link, each connecting link providing a foot portion
      at each end thereof adapted to contact an associated support link's lip to
      establish said links in a straight in-line attitude and an offset portion
      at each end thereof adapted to contact a transverse edge of said lip to
      establish said links in a curved line attitude, and each end of each
      connecting link beyond the pivotal connection of that link with its
      adjacent support links being configured such that same is confined between
      the side walls of said adjacent support links as said rail structure is
      translated between the rigid in-line attitude and the curved line
      attitude, thereby aiding in the elimination of pinch points between
      successive links of said rail structure, and
PA1  means adapted to mount a plurality of one of rollers and skate wheels to
      said rail structure.
NUM  2.
PAR  2. A pair of opposed rail structures as set forth in claim 1, said pair
      being in the form of a roll-up conveyor, and said structure further
      comprising
PA1  a plurality of one of rollers and skate wheels connected between said
      opposed rail structures.
NUM  3.
PAR  3. A rail structure as set forth in claim 2 including
PA1  a pin that pivotally connects a pair of successive support and connecting
      links together, said pin also serving to mount either a roller or a series
      of skate wheels to said rail structure.
NUM  4.
PAR  4. A rail structure as set forth in claim 1 including
PA1  a plurality of spacer plates mounted to cooperate with each of said
      connecting links, and
PA1  a V-shaped plate on the outer face of said spacer plates and connecting
      links, said V-shaped plates and outer walls of said U-shaped support links
      providing a substantially continuous outer face for said rail, thereby
      also aiding in elimination of pinch points on said flexible rail
      structure.
NUM  5.
PAR  5. A rail structure as set forth in claim 1 wherein the top edge of a
      connecting link and at least one side wall top edge of both adjacent
      support links are coplanar one with the other when said rail is in the
      straight in-line attitude.
NUM  6.
PAR  6. A rail structure as set forth in claim 2, each of said support links
      including
PA1  a vertical riser section attached to said rail that extends upwardly above
      the conveying surface of any rollers or skate wheels, thereby providing a
      guide rail which prevents packages being conveyed over said rails from
      falling off said roll-up conveyor.
NUM  7.
PAR  7. A rail structure as set forth in claim 1 including
PA1  a collar provided to establish a smooth bearing surface at said pivotal
      connection between each connecting link and support link.
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ABST
PAL  A device for dissipating the kinetic energy that causes bouncing which
      might otherwise effect the results of the coin tests in coin handling
      apparatus. The device consists of a piece of very hard material such as
      sintered aluminum oxide which is mounted on the frame of the mechanism and
      is arranged to be struck by coins travelling along a path through the coin
      handling mechanism.
BSUM
PAR  This invention relates to devices for causing the dissipation of some or
      substantially all of the kinetic energy of a coin in a coin handling
      mechanism.
PAR  There are a number of types of coin handling mechanisms in which a coin,
      token, or similar metal article is guided through the mechanism rolling or
      sliding on its edge or sliding on one of its faces. Examples of this type
      of mechanism are the devices used in coin operated vending machines to
      identify and authenticate a coin deposited in the machine. In many of
      these coin handling mechanisms the path followed by the coin is quite
      serpentine, involving several abrupt changes of coin direction. Along any
      leg of this path, the coin may be subjected to tests (e.g. tests of coin
      genuineness) which depend on accurate positioning of the coin. The coin
      may also be required to drop from one leg of the path to another and then
      continue along the second leg, preferably with a minimum of coin bouncing.
      At many places in these mechanisms, particularly where falling coins must
      be intercepted or changes of coin direction effected, devices for causing
      the dissipation of the kinetic energy of a coin are desirable.
PAR  In general, the efficiency of a coin handling mechanism depends on how
      rapidly coins can be processed by the mechanism. Thus it is desirable to
      be able to move coins through the mechanism at relatively high velocities.
      On the other hand, as the coin velocities involved are increased, the
      coins possess more kinetic energy, and it becomes more difficult to change
      coin direction without causing vibration and bouncing.
PAR  In many applications, coin handling mechanisms must be able to handle
      several different coin denominations in a coin set, processing all of
      these coins at least partly along a common path. The coins to be processed
      may vary considerably in diameter, thickness, mass, elasticity, etc.
      However, the energy dissipating devices (at least those along the portion
      of the path followed by all coins) must efficiently dissipate the kinetic
      energy of all the coins to be processed.
PAR  One such device, which absorbs the kinetic energy of the coin, is disclosed
      in U.S. Pat. No. 3,889,792 and assigned to the assignee of the present
      application. The energy absorbing device shown in FIG. 6 of that
      specification is a composite construction having a relatively hard coin
      strike plate mounted on a cushion of relatively soft elastic material
      which in turn is mounted on one leg of an L-shaped bracket of a relatively
      hard material. The other leg of the bracket is secured to a wall of the
      mechanism through a pad of soft elastic material so that the strike plate
      lies across the path of the coins. The various elements of the energy
      absorbing device disclosed are held together by a suitable adhesive
      material. By dimensioning the various components of the device as
      disclosed in that application, it can be made to absorb substantially all
      of the kinetic energy of United States 5-, 10- and 25 cent coins dropped
      from a height of approximately 11/2 inches.
PAR  While the composite energy absorbing device just described performs
      adequately, the necessary assembly operations and to the cost of the coin
      handling mechanism, and accordingly a simpler device is desirable.
PAR  According to the present invention there is provided a coin handling
      mechanism including means defining a coin path through the mechanism, the
      means including at least one energy dissipating device arranged to be
      struck by a coin travelling along the path and cause a change in direction
      of the path, the energy dissipating device comprising a solid piece of
      material having a hardness value greater than 9 on the Mohs scale.
PAR  The material may be a ceramic, such as sintered aluminium oxide. The piece
      may be bolted or otherwise secured directly to the frame of the mechanism.
PAR  Because the sintered aluminium oxide is much harder than any commonly used
      coins, it appears that the kinetic energy of the coin is largely
      dissipated in the coin, in contrast to the device disclosed in the
      specification discussed above.
PAR  Thus the invention provides a simple, inexpensively assembled energy
      dissipating device for use in coin handling mechanisms which efficiently
      dissipate some or substantially all of the kinetic energy of a coin moving
      through the mechanism. The device is effective to dissipate the kinetic
      energy of coins varying widely in diameter, thickness, mass, elasticity,
      etc.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a fragmentary elevational view of a portion of a coin handling
      mechanism in which energy dissipating devices constructed in accordance
      with the present invention are employed;
PAR  FIG. 2 is a sectional view taken along the line 2--2 of FIG. 1 of a first
      energy dissipating device in the mechanism of FIG. 1;
PAR  FIG. 3 is a sectional view taken along the line 3--3 in FIG. 1 of a second
      energy dissipating device in the mechanism of FIG. 1; and
PAR  FIG. 4 is a sectional view taken along the line 4--4 in FIG. 1 of a third
      energy dissipating device in the mechanism of FIG. 1.
DETD
PAR  FIG. 1 shows part of a coin mechanism 10 for use in identifying and
      authenticating coins of any of several denominations in a coin set (e.g.
      the United States 5-, 10-, and 25 cent coins) as is required, for example,
      in a coin-operated vending machine. Examples of coin mechanisms having
      this capability are those described in U.S. Serial No. 255,814 filed May
      22, 1972 and assigned to the assignee of the present application.
PAR  The tests used to identify and authenticate coins are performed by devices
      which incorporate sensors (not shown) positioned along the track to be
      traversed by the coins. These tests may be quite sensitive to the location
      of coins relative to the sensors, and therefore the motion of a coin past
      the sensors must be entirely sliding or rolling motion rather than
      bouncing motion.
PAR  In the coin mechanism 10 of FIG. 1, a coin is inserted through a coin entry
      12 and is directed by the shape of that entry, under the influence of
      gravity, between sidewalls 16 and 18, onto the coin strike surface 50 of a
      first energy dissipating device 13. The entry is shaped to ensure that all
      coins are directed onto the strike surface 50. The sidewalls 16 and 18 are
      parallel plates spaced apart by at least the thickness of the thickest
      coin to be processed by the apparatus (e.g. the United States 5-cent
      coin). If desired, the sidewalls 16 and 18 may be tilted slightly from the
      vertical so that the face of a coin rolling down a coin track 15 (and
      later a coin track 20) bears on one sidewall such as front sidewall 16.
      The energy dissipating device 13, as shown in FIGS. 1 and 2, is a solid
      block of sintered aluminium oxide which causes the dissipation of all or
      substantially all of the kinetic energy of any acceptable coin in the coin
      set (e.g. genuine 5-, 10-, and 25 cent coins) which drops onto it from the
      entry 12. In this way a coin is effectively brought momentarily to rest on
      the surface 50 of the energy dissipating device 13 and then begins to roll
      down the surface 50 without bouncing.
PAR  In the embodiment of the coin mechanism 10 shown in FIG. 1, the coin strike
      surface 50 of the energy dissipating device 13 has a straight section
      sloping downwards at an angle of 12.degree. to the horizontal followed by
      a curved section having a radius of curvature of 40 millimeters. The
      device 13 is 2.3 millimeters in thickness, 6 millimeters in height at its
      right-hand edge as shown in FIG. 1 and 36 millimeters in length.
PAR  After rolling off device 13, coins fall vertically and with some
      right-to-left velocity as shown in FIG. 1 onto a second energy dissipating
      device 14, mounted on the sidewall 18 of the mechanism. As shown in FIGS.
      1 and 3, device 14 is an L-shaped block of aluminium oxide bolted or
      otherwise attached by one limb to the mechanism. The coin strike surface
      51 of device 14 is provided on the other limb and has an initial straight
      section followed by a curved section having a radius of curvature of 65
      millimeters. The device 14 is mounted in the mechanism at an angle to the
      horizontal such that the curved section merges smoothly with the beginning
      of coin track 15. In this embodiment the total length of the coin strike
      surface 51 is about 26 millimeters, and the thickness of the limb of the
      device including strike surface 51 is 9 millimeters. That same limb of
      device 14 has a depth, perpendicular to the plane of the sidewall 18, of
      14 millimeters.
PAR  Because of its angle of inclination to the horizontal and its energy
      dissipating properties, coins falling onto the energy dissipating device
      14 lose their right-to-left velocity and roll down the curved section of
      surface 51 onto the coin track 15. Sensors are located above the coin
      track 15, so that the presence of a coin is sensed while it is rolling
      along the coin track 15. By the time a coin reaches the end of a coin
      track 15, a decision has been made by the sensors and associated circuitry
      as to whether the coin is acceptable or not, and if acceptable, its
      denomination has been identified. The coin leaves the end of coin track 15
      with an almost horizontal trajectory and strikes an energy dissipating
      device 17. Like the energy dissipating device 14, the device 17 causes the
      dissipation of substantially all of the kinetic energy of the coin,
      allowing it to drop almost vertically toward a coin acceptance gate 19. If
      the coin has been identified as acceptable, the coin acceptance gate is
      drawn into the sidewall 18 (e.g. by a solenoid not shown in FIG. 1) and
      the coin is allowed to drop onto a further track (not shown) for delivery
      to coin separator means as described, for example, in U.S. Serial No.
      333,547 filed Feb. 20, 1973 and assigned to the assignee of the present
      application. If, as a coin leaves the end of the coin track 15, it has not
      been found acceptable, the coin acceptance gate 19 is not retracted. The
      gate 19 therefore intercepts the coin dropping from the energy dissipating
      device 17 and diverts it onto coin track 20. At the lower end of coin
      track 20, the rejected coin enters a coin chute (not shown) leading to the
      coin return window of the machine.
PAR  The energy dissipating device 17 is mounted on the sidewall 18 of the
      mechanism and is similar in dimensions to device 14. Unlike the device 14,
      however, the coin strike surface 52 of the device 17 is, as shown in FIGS.
      1 and 4, an inner surface of one of the limbs of the L-shaped block. This
      choice of strike surface permits a compacting of the overall structure of
      the coin mechanism without a shortening of the coin path.
PAR  While all three devices are shown attached to sidewall 18 by bolts, other
      mounting methods may be employed. For example, the sidewall 18 may be
      provided with pins of appropriate lengths onto which the devices are
      placed during assembly.
PAR  While the present invention has been described in connection with the use
      of various United States coins, it is also applicable to coins and tokens
      of other nations or issuing authorities.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A coin handling mechanism including means defining a coin path through
      the mechanism, the means including at least one energy dissipating device
      arranged to be struck by a coin travelling along the path and cause a
      change in direction of the path, the energy dissipating device comprising
      a rigidly mounted solid piece of material having a hardness value greater
      than 9 on the Mohs scale.
NUM  2.
PAR  2. A coin handling mechanism according to claim 1 in which the material is
      a ceramic material.
NUM  3.
PAR  3. A coin handling mechanism according to claim 2 in which the material is
      sintered aluminium oxide.
NUM  4.
PAR  4. A coin handling mechanism to claim 1 in which the said piece is secured
      directly to a part of the frame of the mechanism.
NUM  5.
PAR  5. A coin handling mechanism according to claim 4 in which the piece has an
      L-shaped cross-section, one limb of the L-shaped piece being secured to
      part of the frame of the mechanism, the other limb providing the surface
      which is struck by the coin.
NUM  6.
PAR  6. A coin handling mechanism according to claim 2 in which the said piece
      is secured directly to a part of the frame of the mechanism.
NUM  7.
PAR  7. A coin handling mechanism according to claim 6 in which the piece has an
      L-shaped cross-section, one limb of the L-shaped piece being secured to
      part of the frame of the mechanism, the other limb providing the surface
      which is struck by the coin.
NUM  8.
PAR  8. A coin handling mechanism according to claim 3 in which the said piece
      is secured directly to a part of the frame of the mechanism.
NUM  9.
PAR  9. A coin handling mechanism according to claim 8 in which the piece has an
      L-shaped cross-section, one limb of the L-shaped piece being secured to
      part of the frame of the mechanism, the other limb providing the surface
      which is struck by the coin.
NUM  10.
PAR  10. A coin handling mechanism for identifying acceptable coins of one or
      more predetermined denominations including means defining a coin path
      through the mechanism, the means including at least one energy dissipating
      device arranged to be struck by a coin travelling along the path and cause
      a change in direction of the path, the energy dissipating device
      comprising a rigidly mounted piece of ceramic material having a hardness
      sufficiently greater than that of any coins of the predetermined
      denominations that the coin has substantially no bounce when it strikes
      the energy dissipating device.
NUM  11.
PAR  11. A coin handling mechanism according to claim 10 wherein the ceramic
      material is aluminum oxide.
NUM  12.
PAR  12. A coin handling mechanism according to claim 10 wherein one energy
      dissipating device forms the upstream end of a coin track down which coins
      can roll along the coin path past a coin identification sensor.
NUM  13.
PAR  13. A coin handling mechanism according to claim 12 wherein the ceramic
      material is aluminum oxide.
NUM  14.
PAR  14. A coin handling mechanism according to claim 10 wherein one energy
      dissipating device is past the downstream end of a coin track in the
      direction of coin trajectory from the said downstream end and spaced from
      said downstream end by at least the diameter of the largest coin
      acceptable by the mechanism.
NUM  15.
PAR  15. A coin handling mechanism according to claim 14 wherein the ceramic
      material is aluminum oxide.
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ABST
PAL  A device adapted to be activated when a consumable portion card with
      consumable unit portions is inserted therein, the insertion of said card
      and other articles being blocked by a gate operable if a valid consumable
      portion or unit still remains on said card, the card taking the place of a
      coin. The device can be used to operate a bed vibrator, turn on a radio or
      television for a predetermined time, or activate other types of devices
      hitherto started or operable by coin-operated mechanisms.
BSUM
PAR  The invention relates to a consumable card activated device useful to start
      various mechanisms and especially mechanisms to be energized for a
      predetermined relatively short time.
PAR  As an example of one use of the invention, beds equipped with vibrating
      units to aid in relaxation, such as shown in U.S. Pat. No. 3,035,572, have
      been installed and are in general use in many hotels, motels, and the
      like. The starting of such a vibrating unit has been usually accomplished
      by the insertion of a coin or token into a timer mechanism. The coin or
      token causes the timer mechanism to operate the vibratory unit for a
      predetermined period of time.
PAR  Among the problems involved, such coin-actuated devices can accumulate
      coins which may tempt certain individuals to remove the coins without
      authorization. In addition, various forms of slugs or other valueless and
      unauthorized tokens can be inserted into the coin slot of the actuator. In
      some cases, the slugs may actuate the vibrator. On other occasions, the
      slugs or forged tokens may result in jamming of the mechanism so as to
      render the controlled unit inoperative by use of the actuating apparatus.
      A similar problem exists wherever other types of so-called "coin-operated"
      devices are concerned, such as vending machines, radios, televisions,
      openable gates, etc. Cards of various types which have cuts placed therein
      have been previously used, such as seen in U.S. Pat. Nos. 2,783,865 and
      3,209,741.
PAR  One of the objects of the invention is to provide an improved apparatus
      activating or actuating mechanism.
PAR  According to one aspect of the present invention, a card-actuated mechanism
      for controlling the operation of a device, such as a vibrator, may
      comprise a housing having an insert slot for a card provided with a
      consumable portion or unit thereon. Means are provided within the housing
      responsive to indicia, such as physical or magnetic indicia, on the card
      to permit insertion of the card into the slot. Also within the housing are
      gate means which are opened by an inserted card but only by a card having
      proper indicia thereon. The gate will prevent admission of unauthorized
      articles. A predetermined amount of the consumable portion of the card is
      cancelled or is cut off by a device actuated in response or conjunction
      with the gate means.
PAR  Other objects, advantages and features of the present invention will become
      apparent from the accompanying description and drawings, which are merely
      exemplary.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a top schematic view of a card actuator device according to the
      present invention together with schematic indication of a timing unit and
      vibrator unit operable thereby;
PAR  FIG. 2 is a sectional elevational view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary top plan view of one form of the consumable portion
      or unit of a card employed to activate the device;
PAR  FIG. 4 is an electrical circuit diagram showing schematically an operating
      circuit for a timer;
PAR  FIG. 5 is a vertical schematic view of a modification showing a card with a
      magnetic strip completely inserted therein and the various components with
      respect thereto;
PAR  FIG. 6 is a plan view of the card used in the form shown in FIG. 5;
PAR  FIG. 7 is a perspective view of another modification; and
PAR  FIG. 8 is a fragmentary schematic view of a gate operating means.
DETD
PAR  As will appear hereafter, the card-activated mechanism can take various
      forms and can be used for differernt purposes.
PAR  Proceeding next to the drawings wherein like reference symbols indicate the
      same parts througout the various views, one embodiment of the present
      invention for use in conjunction with activating or actuating a bed
      vibrator for a predetermined time first will be described in detail.
PAR  As may be seen in FIG. 1, actuating or actuator device 10 is connected to
      timing unit 11 for a vibratory unit 12 which in turn is mounted on a bed
      or similar structure. Merely by way of example, such a unit can be as
      shown in U.S. Pat. No. 3,035,572. The card for energizing or operating the
      actuator is indicated at 13. The card may be of thin plastic similar to
      the commonly used credit cards but made of thinner material.
PAR  Actuator 10 is provided with housing 14 (FIG. 2) having a card insertion
      slot 15. Card 13 is provided with a consumable portion 17 (FIG. 1) formed
      along a longitudinal edge thereof and adjacent a corner. In this form, the
      consumable portion may have physical indicia such as a crimped, embossed
      or scalloped unit 18. Crimped or embossed units 18 are essentially in the
      shape of a square wave but may be provided with other suitable shapes. The
      consumable portion 17 is divided into a number of units 18, each of which
      is usable to provide a single use of vibrator 12. One unit of the
      consumable portion is removed each time the card is used to actuate the
      vibrator until all of the consumable portion has been removed. It is then
      necessary for the user to acquire a new duly authorized card entitling him
      to another predetermined number of uses.
PAR  Positioned within the housing 14 to one side of the slot 15 so as to
      receive the consumable portion 17, there is a pair of meshing gears 19 and
      20 whose gear teeth are shaped to conform with the crimped portion 17 of
      the card. In addition, there is play or clearance between the meshing
      teeth corresponding to the thickness of the card. Therefore, insertion of
      a proper card having the authorized consumable portion will cause the
      meshing gears 19 and 20 to rotate as the card is inserted therein. Carried
      on gear 19 is a cam 21 which will engage a cam roller 22 to close switch
      23.
PAR  Continued insertion of the card into slot 15 will cause the leading edge of
      the card to engage stop 24 and move the stop to close switch 25. The
      closing of switch 25 following closing of switch 23 will energize solenoid
      26 of a cutter device indicated generally at 27 which is provided with a
      cutter blade or device 28. Energization of cutter 27 will cause blade 28
      to move downwardly and to sever a predetermined portion of the consumable
      portion 17 or unit 18 of the card. Simultaneously with actuation of cutter
      device 28, timing unit 11 will be started and the vibrator 12 will begin
      to operate for a predetermined period of time in accordance with the
      setting of the timer.
PAR  As a further provision against use of unauthorized or improper cards, slot
      15 may be provided with spring-biased interlock switch 30, shown
      schematically in FIG. 4, which will be actuated only by a proper size card
      13 closing switch 30. The closing of switches 23, 25 and 30, as described,
      will complete the operating circuit for the timing unit which will then
      operate the vibrator for the predetermined time. Also, the closing of
      switches by a valid card could be used to initiate other functions.
PAR  If the card has had all of its consumable units used, gate 31 (FIG. 8) will
      not be opened unless a card with unconsumed units is employed. When the
      card still has consumable units to operate the gears 19 and 20, gear or
      cam 60, operated on arm 61, will be moved (FIG. 8) to raise gate 31. If
      there are no consumable remaining units, gears 19 and 20 will not be
      operated so that the gate 31 will not be raised. The length of a
      consumable unit 18 of the card must be so related to the distance from
      gears 19, 20 so that when one unit is still left, it will be able to turn
      the gears so as to raise the gate and still permit the edge of the last
      unit to raise the gate and actuate the stop 24 and related parts to cut
      off the last portion and also to start the timer. Such requires the
      crimped portion to extend to the right of the last unconsumed unit to
      permit the card to make a full travel toward the gate and stop. The gate,
      stop and related mechanism are arranged so that the solid or flat part of
      the card can move past as the card is moved to the left.
PAR  In another form, as seen schematically in FIG. 5, the card consumable
      portion may comprise a magnetic tape or strip divided into units wherein a
      unit may be physically cut off or deleted for each use.
PAR  The card 38 is shown in a fully inserted position with leading edge 39 of
      the card in contact with switch operator 40 of an end-of-travel switch 41.
      This modification further comprises a magnetic head 42 positioned above a
      pressure pad 43 which acts against the underside of the card 38 to urge
      the magnetic tape portion thereof against the magnetic head. There is also
      provided a solenoid 45 which is connected through linkage 46 for actuating
      an embossing punch 47 which embosses a strip to provide a visual
      indication of used portions of the card.
PAR  A card-in-position switch 48 is located just inside of the slot so as to be
      actuated whenever a card having a thickness less than the width of the
      slot is inserted. Switch 48 is connected (not shown) into the electronic
      control circuit to advise the circuit whenever a card has been inserted or
      removed relative to the slot. As an example, the width of the slot can be
      0.021 inch which will readily accommodate a card having a thickness of
      0.018 inch. Since the usual embossed credit cards in use today have a
      thickness of 0.030 inch, it is apparent that such cards can not be
      inserted into such a slot.
PAR  The gate 49 functions to stop all invalid or used cards and other foreign
      material from being inserted into the device. Solenoid 50 actuating the
      gate is energized only after the proper signal has been read by magnetic
      head 42. In the event a card with no magnetic strip thereon is inserted
      into the device, no signal will be generated so that gate 49 will remain
      closed. If a card with a magnetic strip thereon, but without the correct
      coded information, is inserted, no signal will be generated and the gate
      will not open. Should a card with a magnetic strip, of which all the units
      have been used so that the card is invalid, be inserted, no signal will be
      generated and the gate will remain closed. The gate will be opened only
      when the head generates an electric signal from a valid card having a
      magnetic strip and having valid portions thereon to actuate or energize
      magnetic head 52.
PAR  The card can have any suitable magnetic code thereon such as seen
      schematically at 59 in FIG. 7. In one manner of operation, a detent or
      feeler switch 80 can be used. When the card is used the first time, if the
      magnetic code or information indicates that it is a valid card, the gate
      will be opened and when the leading edge 39 reaches switch 40, the punch
      47 will be actuated and the timer or apparatus being activated energized.
      For the next operation, detent 81 of switch 80 will enter the punched hole
      82 and cause operation of the punch for the next hole to be punched. At
      the same time, the timer will be actuated by switch 80 instead of using
      the end-of-travel switch 40.
PAR  In another form as seen in FIG. 7, the card consumable units may comprise a
      magnetic tape or strip divided into units wherein a unit may be either
      physically cut off for each use or a unit may be magnetically erased. The
      unit in FIG. 7 is indicated generally at 55 and comprises a housing 56,
      having a slot 57, to receive a card 58 whose consumable portion consists
      of a magnetic tape or strip 59 located in one corner and along a
      longitudinal edge thereof. The width of the slot 57 is made such that an
      authorized card closely fits the slot. Cards having a greater thickness or
      width will not be able to be inserted into the slot.
PAR  Card roller 70 within the slot is positioned below magnetic head 71 which
      is responsive to the magnetic strip 59 for energizing a solenoid switch
      for actuation of gate 72. Opening of gate 72 will permit the further
      insertion or movement of the card 58 into the slot until leading edge 73
      of the consumable portion engages an actuator blade 74 of switch 75. As
      switch 75 is closed, a notching solenoid 76 is energized which causes card
      notcher or cutter blade 77 to remove or cut off one of the units of the
      magnet strip. At the same time that the notching solenoid is energized, an
      electrical pulse is sent to actuate the timer or other device.
PAR  After the card is notched or a unit cut off, it must be completely
      withdrawn and reinserted to activate the timer accumulator for further
      actuation of the apparatus to which the unit is attached. As mentioned,
      such apparatus may comprise a bed vibrator, a dispenser for a wide variety
      of articles, or some other form of apparatus.
PAR  After all of the units of the consumable portion have been removed, leading
      edge of unnotched edge 73 of the card will contact the back wall 49 of the
      unit. This will occur before the notched or cancelled portion of the card
      engages the switch 75.
PAR  In order to prevent removal of the card and cutting off a portion of the
      card to permit insertion of the card, the length of the magnetic strip is
      equal only to the number of units thereon. Thus, after all of the units
      have been cancelled, cutting off of the leading edge of the unnotched
      portion of the card will be to no avail since the complete removal of the
      magnetic tape will not energize the solenoid for unblocking the gate.
PAR  Notching solenoid 76 and cutter 77 can be replaced by a magnetic head which
      erases magnetically a unit of the magnet strip. Thus, the erasing means of
      the cutter is an effective device for cancelling a unit of the consumable
      portion corresponding to each use of the card. In the event magnetic
      erasing means are employed, a form of a notching or punching device may be
      used in conjunction therewith to indicate the units of the consumable
      portion which have been magnetically erased and are therefore no longer
      usable.
PAR  The details of the logic circuitry and timer can be chosen as needed.
PAR  It should be apparent that details of construction and arrangement can be
      varied without departing from the invention except as set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a card-operated device for activating an apparatus, the combination
      including a housing having an insert slot for receiving a card with a
      consumable portion which is crimped and extends longitudinally along an
      edge of the card and is subdivided into a plurality of units, gate means
      within said housing normally blocking the insertion of a card therein to
      an operative position, means responsive to a portion of said consumable
      portion for opening said gate means to permit insertion of said card, gear
      means having play between the meshing teeth corresponding to the thickness
      of the crimped portion of the card responsive to an unconsumed part of
      said consumable portion to provide a signal for activating said apparatus,
      and means responsive to said consumable portion for cancelling one of said
      units each operation, whereby said card can only be used the number of
      times corresponding to the remaining number of units on said consumable
      portion.
NUM  2.
PAR  2. In a card-operated device for activating an apparatus, the combination
      including a housing having an insert slot for receiving a card with a
      consumable, magnetically encoded strip means magnetically subdivided into
      a plurality of units, means responsive to an unconsumed part of said
      consumable, magnetically encoded strip means to provide a signal for
      activating said apparatus, and means responsive to said consumable,
      magnetically encoded strip means for physically removing one of said units
      in each operation, whereby said card can only be used the number of times
      corresponding to the remaining number of units on said consumable,
      magnetically encoded strip means.
NUM  3.
PAR  3. In a card-operated device for activating an apparatus, the combination
      including a housing having an insert slot for receiving a card with a
      consumable, continuous magnetically encoded strip means subdivided into a
      plurality of magnetic units, gate means within said housing normally
      blocking the insertion of a card therein to an operative position, means
      responsive to a portion of said consumable, continuous magnetically
      encoded strip means for opening said gate means to permit insertion of
      said card, means responsive to an unconsumed part of said consumable,
      continuous magnetically encoded strip means to provide a signal for
      activating said apparatus, and means responsive to said consumable,
      continuous magnetically encoded strip means for removing one of said units
      in each operation, whereby said card can only be used the number of times
      corresponding to the remaining number of magnetic units on said
      consumable, continuous magnetically encoded strip means.
NUM  4.
PAR  4. In a card-operated device as claimed in claim 3 wherein the card is flat
      and has a thickness in the range of 0.018 inch.
NUM  5.
PAR  5. In a card-operated device as claimed in claim 1 wherein said gate means
      is connected to said gears and is operable thereby when an unconsumed
      portion of said card operates said gate means.
PATN
WKU  039440400
SRC  5
APN  4812476
APT  1
ART  311
APD  19740620
TTL  Apparatus for facilitating pick up of dry cleaning
ISD  19760316
NCL  2
ECL  1
EXA  Skaggs; H. Grant
EXP  Reeves; Robert B.
NDR  1
NFG  5
INVT
NAM  Richard; Laurie
CTY  Don Mills
CNT  CA
ASSG
NAM  Raymond Lee Organization Inc.
COD  13
ITX  A part interest
CLAS
OCL  194 65
XCL  29216918
XCL   70144
EDF  2
ICL  G07F  526
FSC  194
FSS  1 A;1 B;61;65;74;92;59;51
FSC   70
FSS  144;156;157
FSC  292
FSS  150;169.18;333
UREF
PNO  774823
ISD  19041100
NAM  Birkedal
OCL  194 51
UREF
PNO  948295
ISD  19100200
NAM  Kopal
OCL  194 65
UREF
PNO  1403128
ISD  19220100
NAM  Segal
OCL  292169.18
UREF
PNO  2221082
ISD  19401100
NAM  Fitzgerald
OCL   70144
UREF
PNO  3037605
ISD  19620600
NAM  Stackhouse
OCL  194 92
UREF
PNO  3050169
ISD  19620800
NAM  Stackhouse
OCL  194 92
FREF
PNO  1,376,716
ISD  19640900
CNT  FR
OCL   70144
ABST
PAL  Apparatus used to facilitate pick up of dry cleaning which uses a
      multi-drawered cabinet with each drawer having a separate access door. The
      door is unlocked when a coin is deposited therein and thereafter when
      closed is locked. A key operated device enables the door once locked to be
      unlocked and the coin removed. The user after opening the door using the
      coin places the material for dry cleaning in the cabinet and then locks
      the door. The person making the pick up opens the door with a key, removes
      the coin and also removes material from the drawer for cleaning.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Clothing to be dry cleaned, washed or the like is difficult to deliver to
      the cleaner or laundry and equally difficult to return.
PAR  In this invention, a multi-drawered cabinet is provided with each drawer
      having a separate access door. A user will deposit the clothing in a
      drawer and an operator can pick up the material in the drawer, arrange for
      the cleaning or laundering, and thereafter arrange for delivery to the
      user as desired.
PAR  A mechanism in each door allows the user by depositing a coin to open the
      door whereby the clothing can be inserted. The door then closed is
      automatically locked. The door can only be opened by using a key to unlock
      the door whereby the coin can be removed and the clothing also removed for
      the purposes indicated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the invention;
PAR  FIG. 2 is a detail top view of the key operated portion of the mechanism
      used in the invention;
PAR  FIG. 3 is a side view of the structure of FIG. 2;
PAR  FIG. 4 is a detail front view of the coin operated portion of the
      mechanism; and
PAR  FIG. 5 is a top view of the structure of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1-5, a multi drawered cabinet 6 has thirty
      individual drawers arranged in six vertical columns and five horizontal
      rows, each drawer having a front disposed rectangular access door 20
      hinged along a vertical edge to a side wall of the drawer whereby the door
      remains vertical when open or closed as well as when being opened or
      closed.
PAR  Each door has a key operated lock 18 operating latch 24 as well as a
      vertical coin wheel 34 having a coin slot 30 and secured at its center to
      a horizontal axle 28. An external handle 32 is secured to the axle and can
      be manually operated to rotate the wheel.
PAR  Axle 28 carries vertical cam 36 which can bear against return check 48 on
      the latch. Horizontal return spring 16 is disposed between the inner end
      of the latch and a bracket 38 on the door. Cam 36 is limited in movement
      by stop pins 26.
PAR  A push to lock and release button 10 spring loaded by return spring 14
      cooperates with cam wedge 12 on latch 24 by controlling cam follower 22.
PAR  Spring loaded stop 40 cooperates with cam 36 to control the movement of the
      coin wheel.
PAR  Initially, the door is locked. When a coin (for example a ten cent piece)
      is dropped into the slot, the handle can be turned to rotate the wheel
      counterclockwise to move the slot out of position for access and cam 36
      bears against check 28 and moves same back until the bias of spring 16 is
      overcome and the latch is unlatched. The door is unlocked and remains
      unlocked until button 10 is depressed and the door is closed. At this time
      the door will be fully locked. Note that as latch 24 is forced back
      against spring 16 cam follower 22 rides over wedge 12. When the latch 24
      has been pushed back to a position at which the butt end of wedge 12 bears
      against cam follower 22, spring 14 forces button 10 outward. Follower 22
      then prevents latch 24 from being moved forward to locked position.
      However when the button is depressed, follower 22 is pushed away from the
      wedge and spring 16 will push the latch to its forward locked position.
      The locked door can always be opened by inserting a key into lock 18 and
      turning the key. This enables the user to rotate the handle as if a coin
      were disposed in the slot whereby the entire sequence described above can
      be repeated.
PAR  While I have described my invention with particular reference to the
      drawings, such is not to be considered as limiting its actual scope.
CLMS
STM  Having thus described this invention, what is asserted as new is:
NUM  1.
PAR  1. In apparatus used to facilitate pick up of dry cleaning, wash and the
      like, a multi-drawered cabinet, each drawer having a separate access door
      which can be opened and closed while always remaining in vertical
      position, each door having a side opening for receiving a latch, each door
      being provided with a separate mechanism for unlocking and locking the
      door, each mechanism comprising:
PA1  a horizontally elongated latch which can be moved horizontally forward to
      engage the corresponding side opening to lock the corresponding door and
      which can be moved horizontally rearward to be withdrawn from said side
      opening to unlock said door;
PA1  spring means bearing against the latch to normally bias the latch into
      forward position;
PA1  a horizontal shaft rotatable about its axis and extending past the latch at
      right angles thereto;
PA1  a vertical cam on said shaft which is pivoted about the shaft in a vertical
      plane when the shaft rotates;
PA1  a check on the latch disposed on one side of the cam;
PA1  stop pins disposed on both sides of the cam and spaced therefrom;
PA1  a cam wedge on the latch;
PA1  a push-button device having a cam follower cooperating with the wedge, said
      device including a button spring loaded biased into a normally extended
      position, said button having a compressed position when manual pressure on
      the button overcomes the spring bias thereon, said follower bearing
      against the wedge surface when the button is in extended position and
      being spaced from the wedge surface when the button is in compressed
      position; and
PA1  handle means manually operable and secured to the shaft for rotating the
      shaft in one direction until the cam bears against the check and moves the
      latch rearward against the bias of the spring means until the cam bears
      against one pin to withdraw the latch from the side opening, said handle
      means rotating the shaft in the opposite direction until the cam bears
      against the other pin and no longer overcomes the bias of the spring
      means.
NUM  2.
PAR  2. The mechanism of claim 1 further including a vertical coin wheel having
      a coin slot and secured at its center to the shaft, said wheel being
      perpendicular to the shaft and rotatable therewith.
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ABST
PAL  A changeable type element for typebars of a typewriter is disclosed
      comprising a U-shaped member having a pair of walls spaced from one
      another by a connecting type face. The type element is multipositional
      within the typebar segment of the typewriter. A camming means is pivotally
      supported between the spaced walls. A spring, attached to the camming
      means biases the camming means into locking engagement with the typebar
      when the type element is assembled on the free end of the typebar. The
      spring compensates for any wear on the camming means to prevent the
      camming means from disengaging from the typebar. The type element is
      thereby prevented from flying off the typebar when the typebar is in
      flight or from becoming loose from repeated printing operations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to typewriters, and more particularly to a
      changeable type element which may be removably mounted on a typebar.
PAR  Known prior art changeable type elements for typebars have incorporated
      locking devices to prevent the type element from becoming disengaged from
      a typebar and from being propelled from the typebar while in flight.
PAR  For example, one known changeable type element, shown in U.S. Pat. No.
      1,090,597 to S. D. Busz, incorporated a hollow open ended type element
      with type characters embossed on opposite faces that connected the walls.
      The type element was placed upon a preformed portion of the typebar and
      locked in position by a pivotal arm. The pivotal arm included an overlying
      detent portion that engaged a recess in the top of the type element. The
      centrifugal force of the typebar during flight forced the type element
      against the detent portion of the pivotal arm and was prevented from
      disengaging. If the detent portion of the pivotal arm became deformed, the
      detent portion could disengage from the type element. If this happended
      and the typebar was in flight, the type element would dislodge from the
      typebar and fly off.
PAR  Other changeable type devices, such as that shown in U.S. Pat. No.
      3,308,916 to F. H. Canny et al., included a U-shaped changeable type
      element having a single font bearing surface. A projecting abutment on its
      rear surface engaged a recess in the typebar as the type element was
      assembled on the typebar. A spring attached to the type element biases the
      type element into engagement with the typebar. Excessive shock during
      impact of the type element against the platen may overcome the biasing
      effect of the spring and the type element may dislodge from the typebar
      and fly off.
PAR  None of the prior art included means to compensate for wear on the
      engageable parts as the present invention does.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a changeable type
      element for easily assembling on and removing from the free end of a
      typebar. The type element includes a pair of walls spaced from one another
      by a connecting type face that has at least one character embossed
      thereon. An abutment projects from the rear surface of the type face for
      engagement with a slot in the typebar for aligning the type element on the
      typebar. The type element is provided with a camming member supported on a
      pivot that spans the spaced walls. A spring urges the camming member into
      continued locking engagement with the typebar when the type element is
      assembled on the free end of the typebar.
PAR  Accordingly, an object of the present invention is to provide a changeable
      type element that includes a spring biased cam means to compensate for
      wear while maintaining a positive lock assembly.
PAR  Another object of the present invention is to provide a changeable type
      element that can easily be installed and removed from the free end of a
      typebar.
PAR  Another object of the present invention is to provide a changeable type
      element that is positively locked on the free end of the typebar by a
      spring biased cam means.
PAR  A further object of the present invention is to provide a changeable type
      element where the typebar carrying the changeable type element can occupy
      any position in the typebar segment of a typewriter.
PAR  Other objects, features, and advantages of the invention will become more
      apparent from the following description, appended claims, and accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the improved changeable type element
      assembled on a typebar according to the present invention.
PAR  FIG. 2 is an exploded perspective view of the type element showing its
      construction.
PAR  FIG. 3 is a section view taken along line 3--3. FIG. 4 is a section view
      similar to FIG. 3 showing the typebar and type element in position just
      prior to engagement.
PAR  FIG. 5 is a section view similar to FIG. 3 showing the camming member in
      its rest position when the type element is removed from the typebar.
PAR  FIG. 6 is a rear elevational view of the type element.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and more particularly to FIG. 2 showing a
      free end 10 of a typebar 12 and the type element 14 disassembled.
PAR  Typebar 12 includes a rear surface 16, and a front surface 18 that has a
      notch 20 spaced from the end of the typebar.
PAR  Type element 14 includes a pair of spaced walls 22 and 24 that are
      connected by a type font carrying front face wall 26. Front face wall 26
      has a rear surface 28 and a front surface 30. Front surface 30 has a pair
      of type characters 32 and 34 embossed thereon. Rear surface 28 has an
      abutment 36 projecting therefrom. Abutment 36 is spaced intermediate a top
      38 and a bottom 40 of type element 14 and engages typebar notch 20 when
      type element 14 is assembled to typebar 12.
PAR  A camming lever 42 is pivotally supported on a pivot member 44 that spaces
      wall 22 and 24. Camming lever 42 includes a lever portion 46 and a body
      portion 48. Body portion 48 includes a cam surface 50. Lever portion 46
      includes a stop tab 47. Stop tab 47, as shown in FIG. 5, abuts a portion
      of wall 22 to prevent excessive rotation of camming lever 42 when type
      element 14 is disassembled from typebar 12. Lever portion 46 also includes
      a second stop tab 49. Stop tab 49, as shown in FIG. 4, abuts a portion of
      wall 22 to limit the rotation of camming lever 42 in the typebar release
      direction.
PAR  Cam surface 50 is spaced relative to pivot member 44. Pivot member 44 is in
      horizontal alignment with abutment 36 to insure maximum locking engagement
      between camming lever 42 and free end 10. In other words, maximum locking
      engagement occurs when camming lever 42 is rotated in a typebar engaging
      direction and cam surface 50 engages typebar surface 16. The locking force
      is exerted against surface 16 at a point between and in line with the
      center of pivot member 44 and the center of abutment 36.
PAR  A torsion spring 52 having opposite extensions 54 and 56 is supported about
      pivot member 44. One extension 54 extends downward and behind a pin 58
      that spans the distance between the spaced walls 22 and 24. Extension 56
      extends upward and is hooked over the base of lever portion 46 of camming
      lever 42. Spring 52 biases camming lever 42 in a clockwise direction as
      viewed in the drawings. In other words, when element 14 is assembled to
      free end 10, spring 52 rotatably biases cam surface 50 into a progressive
      locking engagement with rear surface 16 of typebar 12. Because of the
      locking engagement of cam surface 50 and typebar 12, notch 20 and abutment
      36 are prevented from disengaging.
PAR  In operation, type element 14 is assembled to the typebar in the following
      manner as shown in FIGS. 3 and 4. Camming lever 42 is first manually
      pivoted out of the typebar entrance area of type element 14. Then type
      element 14 is positioned over free end 10 of typebar 12. Then type element
      14 is lowered onto free end 10. Notch 20 and abutment 36 are aligned at
      which time type element 14 is moved rearward. Abutment 36 is then fully
      engaged with notch 20 as shown in FIG. 3. At this time, camming lever 42
      is released. Spring 52 then biases cam surface 50 to progressively engage
      rear surface 16 of free end 10. The force exerted against rear surface 16
      of typebar 12 by spring biased cam 42 positively locks type element 14 on
      typebar 12. As typebar 12 is actuated by depressing a selected key (not
      shown), and type element 14 impacts a printing platen (not shown), the
      shock sustained by type element 14 may be so severe so as to jar and
      possibly loosen the engagement between type element 14 and typebar 12. In
      that event, spring 52 biases camming lever 42 into further engagement with
      typebar 12 to prevent type element 14 from flying off typebar 12.
PAR  After continuous use, the locking mechanism of type element 14 may wear.
      Specifically, cam surface 50 may develop a flat area where cam surface 50
      engages typebar 16. If this occurs, the locking engagement between type
      element 14 and typebar 16 may loosen. Type element 14 may dislodge from
      typebar 12 and fly off. To compensate for the wear on cam surface 50,
      spring 52 biases camming lever 42 into still further engagement with
      typebar 12. Therefore, any looseness between type element 14 and typebar
      12 is compensated for by the biasing effect of spring 52 on cam surface
      50.
PAR  When it is desired to remove type element 14 and install a new element,
      camming lever 42 is again manually pivoted out of the typebar entrance
      area of type element 14. Then type element 14 is rocked free until
      abutment 36 and notch 20 are disengaged. Type element 14 is then removed.
      The new type element is then installed.
PAR  While the foregoing description has shown and described the fundamental
      novel features as applied to a preferred embodiment, it will be understood
      by those skilled in the art that modification embodied in various forms
      may be made without departing from the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved changeable type element for mounting on the free end of a
      typebar, the type element having a pair of walls spaced from one another
      by a connecting type face wall defining a U-shaped type element, the
      improvement comprising:
PA1  a. a pivot member supported on the type element;
PA1  b. a first means supported on said pivot member for selectively and
      progressively wedging against said typebar when said element is mounted on
      the typebar; and
PA1  c. a second means separate from said first means and operatively engaging
      said first means for biasing said first means into progressive wedging
      engagement with the typebar thereby compensating for wear on said first
      means.
NUM  2.
PAR  2. A changeable type element as defined in claim 1 wherein said first means
      includes a surface spaced relative to said pivot member for progressively
      engaging the free end of the typebar to the locking engagement position as
      the type element is assembled on the typebar.
NUM  3.
PAR  3. A changeable type element as defined in claim 1 wherein the rear surface
      of the type face has a projecting abutment and wherein the axis of said
      pivot member is horizontally aligned with said projecting abutment for
      maximum locking engagement between said first means and the free end of
      the typebar.
NUM  4.
PAR  4. A changeable type element as defined in claim 1 wherein said first means
      includes a lever portion having an abutment thereon for preventing
      rotation of said first means beyond a predetermined position in a locking
      direction as the type element is disassembled from the free end of the
      typebar.
NUM  5.
PAR  5. A changeable type element as defined in claim 1 wherein said second
      means means includes a spring having a pair of extensions radially
      projecting from said pivot member, one of said extensions engages said
      first means and the other of said extensions engages a portion of said
      type element thereby urging said first means to rotate into engagement
      with the typebar.
NUM  6.
PAR  6. A changeable type element as defined in claim 5 wherein the type element
      includes a pin fixed between the spaced walls and spaced from said pivot
      member for engagement by said other extension of said spring.
NUM  7.
PAR  7. A changeable type element as defined in claim 1 wherein said pivot
      member spans the distance between the pair of spaced walls of the type
      element.
NUM  8.
PAR  8. An improved changeable type element for mounting on the free end of a
      typebar, the type element having a pair of walls spaced from one another
      by a connecting type face wall defining a U-shaped type element, the
      improvement comprising:
PA1  a pivot member spanning the distance between and supported by the pair of
      spaced walls;
PA1  a first means supported on said pivot member and pivotal between the pair
      of spaced walls; and
PA1  a second means supported on said pivot member and located between the
      spaced walls of the type element separate from said first means and
      operatively engaging said first means for biasing said first means into
      progressive wedging engagement with the typebar thereby compensating for
      wear on said first means.
NUM  9.
PAR  9. A changeable type element as defined in claim 8 wherein said first means
      includes a surface spaced relative to said pivot member for progressively
      engaging the free end of the typebar to the locking engagement position as
      the type element is assembled on the typebar.
NUM  10.
PAR  10. A changeable type element as defined in claim 8 wherein the rear
      surface of the type face has a projecting abutment and wherein the axis of
      said pivot member is horizontally aligned with said projecting abutment
      for maximum locking engagement between said first means and the free end
      of the typebar.
NUM  11.
PAR  11. A changeable type element as defined in claim 8 wherein said first
      means includes a lever portion having an abutment thereon for preventing
      rotation of said first means beyond a predetermined position in a locking
      direction as the type element is disassembled from the free end of the
      typebar.
NUM  12.
PAR  12. A changeable type element as defined in claim 8 wherein said second
      means means includes a spring having a pair of extensions radially
      projecting from said pivot member, one of said extensions engages said
      first means and the other of said extensions engages a portion of said
      type element thereby urging said camming means to rotate into engagement
      with the typebar.
NUM  13.
PAR  13. A changeable type element as defined in claim 12 wherein the type
      element includes a sin fixed between the spaced walls and spaced from said
      pivot member for engagement by said other extension of said spring.
NUM  14.
PAR  14. An improved changeable type element for mounting on the free end of a
      typebar, the type element having a pair of walls spaced from one another
      by a connecting type face wall defining a U-shaped type element, the
      improvement comprising:
PA1  an eccentric wedge member pivotally supported for rotational movement on
      said type element whereby said member may be rotated to progressively
      increase the wedge pressure against said typebar; and
PA1  a wear compensating means separate from said wedge member and operatively
      engaging said wedge member for biasing said member for rotating into
      wedging relationship with said typebar.
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ABST
PAL  A syllabic keyboard and the devices through which its keys control
      different mechanisms and/or apparatus, for example : printers and/or other
      recording systems. The material structure of the keyboard, these devices
      and their arrangements have made possible different layouts of syllabic
      keyboards for different languages in which certain keys each control
      simultaneously up to five characters plus a spacing. Several character
      keys and spacing keys may be depressed simultaneously.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation of my application Ser. No. 259,051 filed
      June 2, 1972, now abandoned.
PAR  Divisional Applications of the present application:
PA1  Ser. No. 502,190 concerning a shift mechanism for syllabic typewriters,
PA1  Ser. No. 502,192 concerning an escapement mechanism for syllabic
      typewriters and for advancing a magnetic or punched tape,
PA1  Ser. No. 502,184 concerning syllabic-keyboard controlled devices which
      comprise a storage unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Syllabic-keyboard controlled devices, for example: that utilized in Graphic
      Arts, syllabic typewriters and other recording devices.
PAR  2. Description of the Prior Art
PAR  A syllabic typewriter has already been proposed by the U.S. Pat. No.
      3,073,427 Gremillet.
PAC  SUMMARY OF THE INVENTION
PAR  In a first embodiment, a syllabic keyboard similar to that of U.S. Pat. No.
      3,073,427 controls a syllabic printing mechanism through mechanical
      devices. These mechanical devices, which constitute the material structure
      of the keyboard and their prolongations, comprise different improvements,
      for example:
PA1  Key-rods,
PA1  Particular parallelograms,
PA1  Transverse counter-motion devices,
PA1  An arrangement of these elements, which constitutes a mechanical
      rectangular matrix.
PAR  The Disclosure describes a combination of this syllabic keyboard with these
      devices in a complete syllabic typewriter.
PAR  In a second embodiment, the syllabic keyboard comprises keyboard switches
      which are supported by a plate on which may be printed electric circuits
      to which the keyboard switches are connected.
PAR  These circuits are prolonged to the devices that the keys have to control.
PAR  These devices may be, for example, the several parts and mechanisms of a
      syllabic typewriter that are provided with electromagnets. The
      electromagnets control directly certain of these devices, such as the
      escapement mechanism, or engage each a cam on a driving cylinder to
      transmit the movement to other of these devices, for example, to each type
      bar.
PAR  In those cases the typewriter comprises a syllabic printing mechanism. Such
      a typewriter is shown in the dravings and is partially described.
PAR  The syllabic switch-keyboard may control non syllabic devices through a
      storage unit; for example:
PAR  A NON SYLLABIC PRINTER SUCH AS THAT OF A NON SYLLABIC TYPEWRITER,
PAR  A DEVICE FOR PERMANENT OR SEMI-PERMANENT STORAGE WHICH UTILISES ANY MEMORY
      MEDIUM, FOR EXAMPLE: PUNCHED OR MAGNETIC TAPES OR CARDS, AND WHICH MAY
      CONTROL A RECORDING SYSTEM LATER.
PAR  The syllabic switch-keyboard may be utilized as a peripheral device of a
      computer.
PAR  The syllabic switch-keyboard presents different improvements, for example:
PAR  DIFFERENCES IN LEVEL BETWEEN CERTAIN KEYS,
PAR  PARTICULAR RELATIVE LOCALIZATIONS OF CERTAIN KEY FAMILIES,
PAR  ARRANGEMENTS OF SWITCHES AND ELECTROMAGNETS.
PAR  The material structure of these keyboards and these different improvements
      have made possible different layouts, for example-:
PAR  layouts for different languages and
PAR  bilingual keyboards.
PAR  In these layouts certain keys may control simultaneously up to five
      characters plus a spacing.
PAR  Several character keys and a spacing key may be depressed simultaneously.
PAR  A device with a commutator permits to change the character assignments to
      certain keys.
PAR  The Disclosure describes the combination of these syllabic switch-keyboards
      and of the different devices in a complete syllabic typewriter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1. Keyboard of the type that allows the use of only mechanical
      connections. Layout for the French language. Top view.
PAR  FIG. 2 Part of the mechanical connection box superimposed on the
      longitudinal levers, the keyboard being partly removed to show the
      articulated parallelograms combined with the devices for transverse
      deflecting of the movement (counter-motion device). Top view.
PAR  FIG. 3. Two keys each with its double-angular-edge knife, simultaneously
      driving a parallelogram that corresponds to the column and a transverse
      countermotion device corresponding to the row. Front view.
PAR  FIG. 4. One of the articulated parallelograms, the keys that actuate it,
      one of the counter-motion devices, and engaging electromagnets. View front
      the right side.
PAR  FIG. 5. comprising parts designated 5a, 5b, 5c. Printing mechanism. Partial
      view, in perspective.
PAR  FIG. 6. comprising parts designated 6a, 6b, 6c. Escapement mechanism and
      printing mechanism. Longitudinal section, seen from the right.
PAR  FIG. 7. Switchboard. Example of a layout for the French language.
PAR  FIG. 8. Switchboard. Example of a layout for the English language.
PAR  FIG. 9. Switchboard. Front view, showing the differences of level of the
      keys and the position of the fingers on certain keys.
PAR  FIG. 10. Scheme of the assembly of the electrical and electronic circuits
      by which the switches of the keybboard actuate the printings and
      escapements.
PAR  FIG. 11. The whole of the circuits that correspond to the keyboard made up
      of switches that each close two circuits. Part situated under the switches
      and which constitutes a printed network. Top view.
PAR  FIG. 12. comprising parts designated 12a, 12b, 12c. The whole machine in
      the version comprising a keyboard made up of switches that actuate the
      engagements on the driving cylinder and the escapement mechanism by
      electromagnetic means. Longitudinal section seen from the right.
PAR  FIG. 13. Variant relating to the shape of the keys, the arrangement of the
      keyboard switches and the shape of their support.
PAR  FIG. 14. Bilingual keyboard including a row of supplementary keys and
      certain keys whose attribution may be modified by a commutator.
PAR  FIG. 15. Example of a syllabic keyboard with two case positions, designed
      for the French language.
DETD
PAC  GENERAL CONSIDERATIONS
PAR  In the embodiments presented for a complete syllabic typewriter, the power
      of a smooth motor-driven cylinder is employed for printing and for
      different associated functions, as well as intermediary levers and other
      elements normally used in non-syllabic electric typewriters.
PAR  The machine described may evidently be adapted so as to employ similar
      elements borrowed from electric typewriters of another type. For example,
      a grooved motor-driven cylinder and levers similar to those normally used
      in such cases could be employed.
PAR  The associated devices, such as those for back-spacing, for return of the
      carriage, for tabulation and for advancement of the ribbon, which are
      well-known and which undergo no modification in this invention, are
      neither described nor illustrated.
PAR  Different parts of the machine that do not form part of the invention are
      shown only schematically and insofar as is necessary to situate the new
      devices or make their connections with the latter understandable.
PAR  Thus it is, for example, with the motor, the motor-driven cylinder,
      type-bars and certain electronic components.
PAR  In the first example of realization described hereafter, it is presumed
      that the keyboard is similar to that described in U.S. Pat. No. 3,073,427.
PAR  FIG. 1 will recall the structure and layout of this keyboard.
PAR  In a second embodiment, the machine is provided with electro-magnets.
      Electrical and electronic connections then replace numerous mechanical
      connections, giving greater freedom for the layout of the keyboard.
PAR  FIG. 1 is an example of a keyboard that may be adopted when the connections
      are solely mechanical, and also when they are electrical and electronic.
PAR  FIG. 8 shows a type of keyboard that can only be adopted when the machine
      is furnished with electro-magnets. This keyboard includes, among other
      features, keys for large combinations ("that", "heir", "tions", etc.) that
      enable, at the depression of a single key, the printing of up to four
      characters at a time, and the simultaneous production of the space that
      has to follow them. On the other hand, numerous keys corresponding to
      Groups III and IV (.sup.E III, .sup.N III, .sup.T IV) are situated at the
      centre of the keyboard to facilitate fingering.
PAC  DESCRIPTION OF THE STRIKING MECHANISM
PAR  First will be described the complete embodiment the connections by which
      the keys produce the engagements and the connections for control of the
      escapement are purely mechanical. Then will be described the modifications
      in which these connections are electro-magnetic and electronic.
PAR  The keyboard shown in FIG. 1 is based on a connection-box. The latter is
      situated above the forward part of the longitudinal levers (FIG. 2). The
      keyboard (FIG. 1) is laid out for the French language. The connections and
      mechanisms remain the same for other languages.
PAC  KEYS AND KEY-RODS
PAR  The normal character-keys 721 (FIG. 3 and 6) are each mounted on a key-rod
      722 whose lower part is made up of a double-edged knife 723. The upper
      edge 724 of this knife is held by return spring 726 of the key against the
      bottom of an angular groove 730 presented by the under surface of a
      support-plate 729 for the keys. The lower part of the spring 726 is
      located in a circular hole 731 in this plate. The upper part is engaged in
      a circular groove 727 situated in the lower face of the key 721. The
      spring holds the key and returns it into rest position when it has been
      depressed. The upper edge of the knife limits the rise of the key by
      impinging against the top of the angular groove 730. The key-rod 722 is
      held vertical. The key is situated in a square hole in a screen 735, which
      limits its horizontal movements, but the hole is a little larger than the
      horizontal cross-section of the key and, theoretically, this latter does
      not therefore rub against the support-plate.
PAR  The lower edge 725 of the knife 723 is situated at the bottom of an angular
      notch 752 set in the lever or in each of the levers or in the upper
      connecting-rod of an articulated parallelogram that the key must operate.
      Certain keys each control several levers or connecting-rods. Each of these
      parts, such as the radial lever 760 of a counter-motion device (FIGS. 6
      and 5) and the upper connecting-rod of a parallelogram 761, is drawn
      upwards by a return spring. Each of these parts thus pushes the knife 723.
      This pressure contributes to the retaining of the key-rod in its vertical
      position.
PAC  GENERAL DESCRIPTION OF THE LONGITUDINAL LEVERS
PAR  Levers such as 741, 746, 742 and 780 in FIG. 5 are called longitudinal
      levers. The keys are not fixed to these levers.
PAR  These longitudinal levers are shown in part from above in FIG. 2. They all
      have a common axle 745 (FIG. 5). Certain of them 741 take the movement of
      a single rod 722 directly. Others 746, separately take the movement of
      several keys situated in the same column of the keyboard, which act, each
      in its turn and through its key-rod, on an articulated parallelogram
      (FIGS. 6 and 5) which is common to them and which will be described.
PAR  Each longitudinal lever is drawn upwards by drawback spring 737. When the
      connection-box is fixed to the machine, each longitudinal lever butts
      against the lower knife or knives 725 of the key-rods that act on it or
      against a snug 769 borne by the upper connecting-rod of the articulated
      parallelogram that control it.
PAR  When the keyboard, which is removable, or the whole connection-box are
      taken away, all the longitudinal levers butt against a cross-bar 805 fixed
      at right and left to the framework of the machine. This cross-bar bears a
      tongued plate 806, the springs 737 of the longitudinal levers being hooked
      on to the tongues.
PAR  Certain longitudinal levers 750 (FIG. 5) are each operated by several keys,
      "ce,ne,de,te,ve,e,me,re,le,se" (FIG. 1) of the same row, which act each in
      turn on the same counter-motion device that includes an axle 748 that
      bears small radial levers 760.
PAR  The longitudinal levers such as 741, 746, 742 and 780, each of which
      corresponds to one or several character-keys, have each for its function
      to engage on a motor-driven cylinder 771 (FIG. 5 and 6) a cam 773 that
      transmits the movement to an intermediate lever 772. Each of these
      intermediate levers effects: printing by means of a type-bar 267; the
      raising of the ribbon and its forward movement; also the escapement that
      allows the forward movement of the carriage. At the engagement of each cam
      773, printing takes place by known means, but several cams are engaged
      simultaneously, which is new.
PAR  Escapement is effected by an entirely new device. The longitudinal levers
      741 (FIG. 5) directly operated by a key-rod 722, each presents an angular
      notch 752 at the point where the lower of the rod drives it. For certain
      keys, ".sup.t IV" or ".sup.n III", each of which displaced laterally in
      relation to the longitudinal lever on which it has to act, 790 or 785, the
      connection-box includes a transverse counter-motion device, made up of an
      axle 782 bearing two radial levers of which one 781 is driven by a
      key-rod, while the other 783 acts on a snug such as 784 with which the
      longitudinal lever 785 is provided. A suitable relationship between the
      length of a reversed lever such as 783 and the corresponding longitudinal
      lever such as 785 ensures the uniformity of the necessary displacements of
      the keys of the different rows of the keyboard so as to obtain equal
      angular displacements of the different longitudinal levers.
PAC  DESCRIPTION OF THE ARTICULATED PARALLELOGRAMS THAT EACH CONTROL A
      LONGITUDINAL LEVER
PAR  When several keys "te" to "ta" in the same column of the keyboard (FIG. 1)
      control the same longitudinal lever 746, the uniformity of the angular
      movements of this lever is obtained by using an articulated parallelogram
      that is set in motion by each of the rods of these keys. This principle is
      well-known in itself, but the present invention makes use of articulated
      parallelograms having a new structure.
PAR  The keys "re" to "ra" (FIG. 1) in the 9th column, or "te" to "ta" in the
      5th column, transmit, each in turn, by the lower angular edges of the
      knives 725 (FIGS. 5 and 6) of their respective rods, their movement to a
      connecting-rod 761, called the "upper connecting-rod of the
      parallelogram". This connecting-rod has as many angular notches 752 as
      there are keys that have to act on it. It is articulated on two bell-crank
      levers 762 and 763 by the axles 765 and 766. Each of these bell-cranks is
      mounted on a common shaft, 767 for the front bell-crank 762, and 768 for
      the back bell-crank 763. These shafts are supported by the connection-box.
      They are common to all similar parallelograms. The other end of each of
      the two bell-cranks is articulated on one of the ends of a second
      connecting-rod 764 called the lower connecting-rod of the parallelogram.
      The upper connecting-rod 761 has a snug 769, which overhangs the upright
      770 that constitutes the end of the corresponding longitudinal lever 746
      Each parallelogram is furnished with a drawback spring 738.
PAC  WORKING
PAR  Whenever any one of the keys "te" to "ta", FIG. 5, is depressed, its
      key-rod 722 pushes the upper connecting-rod 761 of the parallelogram
      downwards, which causes the bell-cranks 762 and 763 to pivot in the
      direction of the direction-arrows 774 and 775. The lower connecting-rod
      764 obliges the two bell-cranks to make the same angular displacement. The
      upper connecting-rod 761 can thus only descend parallelly to itself,
      whatever key may be struck. This connecting-rod, by its snug 769, draws
      down with it in its descent the corresponding longitudinal lever 746 and
      makes it pivot on the axle 745, and this movement is of the same amplitude
      whatever key is struck.
PAR  This longitudinal lever 746 (FIGS. 6 and 5) by its protuberance 759 draws
      down an anti-repetition sliding device 776 and the lever 777 that bears a
      cam 773, as do the longitudinal levers of other types. The component made
      up of the sliding device and the lever pivots on the axle 778, which puts
      the cam 773 in contact with the driving cylinder 771; as in a normal
      machine.
PAR  Such parallelogram levers are used in Group I to make up together with the
      counter-motion devices of Group II, the rectangular matrix that will be
      described later. Such longitudinal levers provided with an articulated
      parallelogram may be used in other Groups. One is used whose upper
      connecting-rod 779 (FIG. 5) controls the longitudinal lever 780 of Group
      V.
PAR  Compared with the parallelogram devices set out in U.S. Pat. No. 3,073,427,
      the devices described above do away with the overhang of the action of
      each of the keys relative to the position of the two axles that support
      the parallelogram. In effect, the key-rods act between the verticals of
      the two shafts 767 and 768, or very near one of them. In the device set
      out in U.S. Pat. No. 3,073,427, the two corresponding shafts were situated
      one above the other and most of the key-rods acted very far forward of
      them. As a result there was more intense friction on the shafts and less
      uniformity between the movements transmitted to the same lever by the
      different keys.
PAC  DESCRIPTION OF THE TRANSVERSE COUNTER-MOTION DEVICES OF GROUP II.
PAR  When several keys "ce,ne,de,te,ve,e,me,re,le,se" (FIG. 1) situated in the
      same row of the keyboard but in different columns have each separately to
      operate the same longitudinal lever, a transverse counter-motion device is
      employed comprising a shaft such as 748 in FIG. 2 for the 3rd row, or in
      FIG. 5 for the 5th and 6th rows. This shaft carries as many radial levers
      such as 760 as there are keys that have to act on the device. Each shaft
      748 carries in addition a radial lever 740 that operates the corresponding
      longitudinal lever such as 751 or 750. Such counter-motion devices are
      mainly used to act on the longitudinal levers of Group II so as to make
      up, by their combination with the articulated parallelograms of Group I,
      the matrix comprising combination keys that each simultaneously operate a
      character of Group I and one of Group II.
PAR  In comparison with counter-motion devices previously proposed, which were
      each made up of a swinging frame, the devices described above have the
      advantage of being able to be placed and to function within the thickness
      occupied by the whole ensemble of longitudinal levers and articulated
      parallelograms. This reduces the thickness of the ensemble and the length
      of the key-rods.
PAC  RECTANGULAR MATRIX MADE UP OF THE COMBINATION KEYS THAT EACH SIMULTANEOUSLY
      OPERATE TWO TYPE-BARS, ONE IN GROUP I AND ONE IN GROUP II
PAR  In the machine here described, this matrix presents individual features
      consisting of the form of the parallelograms and of the counter-motion
      devices, of the key-rods with knives and of the supporting parts that the
      connection-box comprises.
PAR  In the example, this matrix corresponds to the same keys as in U.S. Pat.
      No. 3,073,427. They are the character-keys included (FIG. 1) within the
      rectangle h, si, su, f, with the exception of the keys h, f and g.
PAR  In this matrix, the radial levers such as 760 (FIGS. 2, 5 and 6) are of the
      same length as the upper arm of the bell-cranks such as 762 and 763
      included in the articulated parallelograms that operate the longitudinal
      levers. As a result, each knife such as 723 (FIGS. 4 and 3) of a key-rod
      722, which acts at the same time on an upper connecting-rod 761 of a
      parallelogram and on one of the radial levers in question 760, undergoes
      no friction, the bottom of the notch borne by the connecting-rod 761 and
      the bottom of the notch borne by the radial lever 760 making exactly the
      same movement when the knife presses on them simultaneously. Such knives
      thus act as the knives of balances, although each acts simultaneously on
      two parts. Besides, the direction of the knife thus remains the same
      during the stroke, and the key does not tend to pivot on itself.
PAR  In the matrix described, each of the keys that are at the intersection of a
      column provided with an articulated parallelogram and of a row provided
      with a counter-motion device, causes simultaneously the printing of the
      character in Group I that corresponds to the column and the printing of
      the character in Group II that corresponds to the row.
PAC  EXAMPLE OF COMBINATION KEYS, ONE OF WHICH OPERATING THREE TYPE-BARS
      SIMULTANEOUSLY
PAR  The upper connecting-rod 779 (FIG. 5) of the articulated parallelogram of
      Group V is actuated by several keys in the 13th column. This parallelogram
      corresponds to the single type-bar .sup.S V of Group V. This allows the
      disposal in the keyboard, FIG. 1, of the following combination keys: a key
      .sup.R IV - .sup.S V; a key .sup.O III-.sup.N IV; a key .sup.O III-.sup.N
      IV-.sup.S V; a key .sup.N III-.sup.T IV-.sup.S V; a key .sup.T IV-.sup.S V
      and a second key .sup.R IV-.sup.S V. On the other hand there is a
      thumb-key that corresponds to the letter N of Group III. FIG. 5 shows how,
      by applying the means already described, one may thus have the disposal of
      the keys .sup.N III-.sup.T IV and .sup.N III-.sup.T IV-.sup.S V. This
      latter key actuates three type-bars simultaneously.
PAR  The key .sup.N III (FIG. 5) controls the radial lever 781 fixed to the
      shaft 782. This shaft bears a reversed lever 783 which, by pressing on the
      snug 784, controls the longitudinal lever 785 corresponding to .sup.N III.
      The key .sup.N III thus only actuates the type-bar bearing the N of Group
      III.
PAR  The key .sup.T IV drives the radial lever 786 fixed on the shaft 787. This
      shaft bears a second lever 788 which, by pressing on the snug 789,
      actuates the longitudinal lever 790 that corresponds to the character
      .sup.T IV. This key, therefore, only prints the letter T of Group IV.
PAR  The key .sup.N III-.sup.T IV actuates the radial lever 791 borne by the
      shaft 792 and thus makes this shaft pivot. The latter has a second radial
      lever 793 which, by pressure on the snug 794 borne by the longitudinal
      lever 785 corresponding to .sup.N III, effects the printing of that
      letter. But besides that, the shaft 792 bears a third radial lever 795
      which, by pressure on the snug 796 borne by the longitudinal lever 790,
      produces the printing of .sup.T IV. This key, therefore, simultaneously
      produces the printing of two letters .sup.N III and .sup.T IV.
PAR  The key .sup.N III-.sup.T IV-.sup.S V actuates a fourth radial lever 797
      borne by the shaft 792. But the knife comprised in the rod of this key NTS
      acts at the same time on a radial lever 798 fixed on a tube 799 that is
      mounted free on the shaft 792. This tube bears a second lever 800, which
      is placed vertically and pushes, in the direction of the arrow 801, on the
      snug 802 borne by the lower connecting-rod 803 of the parallelogram
      corresponding to the letter S of group V, which causes the upper
      connecting-rod 779 of this parallelogram to descend. The latter has a snug
      804 that presses on the longitudinal lever 780 corresponding to the
      type-bar that bears the letter S of Group V. The key NTS thus sets the
      three longitudinal levers 785, 790 and 780 in motion, and thus produces
      the printing of the three corresponding letters N T S.
PAC  REMOVABLE MECHANICAL CONNECTION-BOX
PAR  The connection-box (FIGS. 2, 6 and 5) contains and supports the keys with
      their rods, the counter-motion devices and the reversed levers. Its
      structure is made up of a left plate 701, a right plate 702 and a front
      plate 703. At the back, a rear rod 711 maintains the distance between the
      plates 701 and 702. Between these plates, two supports 706 and 707 are
      fixed to these plates by the screws 710. In these supports are the shafts
      767 and 768 common to the front 762 and back 763 bell-cranks of the
      articulated parallelograms corresponding to the columns of keys. The
      shafts 767 and 768 also serve as axles for various counter-motion devices
      such as 754 (FIG. 5).
PAR  Each of these two supports 706 and 707 present slots 708 for the passage
      and guiding of the bell-cranks such as 762 and 763 and for the other
      levers mounted on the shafts 767 and 768 (FIGS. 2 and 5).
PAR  A rod 709 (FIG. 5) is also fixed on the side plates 701 and 702, and serves
      as an axle for various levers such as 743 and for various transverse
      counter-motion devices.
PAR  A longitudinal partition 704 (FIGS. 2 and 5) is fixed on the front plate
      703 and on the rear rod 711. On its left side this partition supports the
      shafts such as 748 (FIG. 5) whose other ends are supported by the left
      plate 701. The partition 704 also supports the various shafts such as 787
      and 792 whose other ends are supported by the right plate 702.
PAR  The connection-box includes the support-plate 729 (FIGS. 2 and 3) which
      supports each key by its spring. This plate is shown in (FIG. 6), with its
      grooves 730 and the holes whose upper part 731 (FIG. 3) is cylindrical and
      whose lower part 732 is rectangular.
PAR  The connection-box includes a screen 735 (FIG. 2) with holes each having
      the shape of a key.
PAR  When the keys, their rods and their supports have been placed on the
      support-plate 729, the screen 735 is fixed on this plate by screws such as
      728, FIG. 2. This whole then constitutes a removable keyboard that is
      fixed on the plates 701 and 702 of the box by screws that are not shown.
PAR  The lower edge 712 of the left plate 701 (FIG. 6) and that of the right
      plate 702, which is identical, have a shape designed to correspond with
      the edge of the front part of the two sides of the main frame of the
      machine. The connection-box being assembled, together with the parts that
      it contains and supports, is thus inserted and fixed in place so that its
      left 701 and right 702 plates complete the left and right sides 713 of the
      framework of the machine, to which it is attached by screws not shown.
      Thus it can be put in place and removed quite easily.
PAR  The longitudinal levers such as 741, 746, 742 and 780, FIG. 5, are made
      free to pivot on the framework of the machine through their common axle
      745 and their return springs 737, which draw them against the inferior
      angular edges 725 of the knives of the key-rods when the connection-box is
      in place. When this box is removed, the longitudinal levers stop against
      the crossbar 805.
PAR  The articulated parallelograms, the counter-motion devices, as well as the
      reversed levers, form part of the connection-box and are thus removed with
      it.
PAC  KEYS AND KEY-RODS CONTROLLING SUBSIDIARY FUNCTIONS
PAR  The back-spacing device is the same as that in ordinary electric
      typewriters. It will not be described here.
PAR  The keys that change the case position, "2eI" (2nd I) and "2eII" (2nd II),
      are set up in the same way as the type keys. The rods of the keys "Tout
      2e" (all in 2nd) and "Tout 3e" all in 3rd are each mounted on an
      articulated parallelogram. The support-plate 729 (FIG. 6) does not thus
      support these keys.
PAR  At the places corresponding to these keys, the support-plate 729 has
      grooves allowing the removal of the assemble made up by this plate and the
      screen 735, without dismounting the keys in question.
PAR  The key operating the tabulator mechanism, "Tab", appears in FIG. 1 in
      order to complete the keyboard. The corresponding devices are identical
      with those used in ordinary typewriters. They will not be described here.
PAC  SHIFT MECHANISM
PAR  The machine includes five groups of type-bars, borne by the five sectors
      301 to 305 (FIG. 5).
PAR  Each type-bar has three characters placed one above the other, the
      characters forming these three cases. For them to be printed therefore,
      the sectors must be able to occupy, relative to the carriage cylinder,
      three different positions: the 1st for small letters; the 2nd for capital
      letters; and the 3rd for figures, various signs and special characters.
PAC  ENGAGEMENT OF THE CAMS ON THE DRIVING CYLINDER BY MEANS OF ELECTROMAGNETS
PAR  The machine can comprise electromagnets of a type already well-known and
      used in electric typewriters for controlling machines automatically or at
      a distance. FIG. 6 and 4 show that the space necessary has been reserved
      for electromagnets such as 901 and 902 with their support 903 and the
      parts through which they control the engagement of the cams by the mobile
      armature 904 and the rod 906.
PAR  It is well-known that when one of these electromagnets receives an electric
      impulse, its rod 906 moves, pushes the corresponding cam 773 and engages
      it on the driving cylinder 771. The result is the printing of the
      corresponding character and all the other effects that the movement of the
      intermediate lever 772 produces when the engagement is produced
      mechanically by a key, as it has been described.
PAR  In the present variant, an electromagnet is also used as in certain
      electric typewriters activated at a distance to control each of the
      auxiliary functions such as the back space and the return of the carriage.
      These other electromagnets are not shown.
PAR  In the embodiment described here, the machine comprises a keyboard of the
      type shown in FIG. 1. When one strikes character keys or spacing keys, the
      mechanical connections that have been described engage the cams on the
      driving cylinder 771 as if there were no electromagnets. But when the
      printing is activated automatically by means of a buffer storage device,
      or at a distance the machine described enables several electromagnets to
      be put into circuit simultaneously and thus the printing of several
      characters simultaneously, with or without spaces.
PAR  It is this multiplicity of type-bars actuated simultaneously with or
      without action on the anchor to produce spacing, that is the essential
      characteristic of this use of electromagnets of a well-known type.
PAR  The devices combined with the machine to actuate it by punched cards or by
      magnetic tapes are well known. These will not be described.
PAR  When this machine must control another identical machine at a distance, one
      causes the lower end 692 of each intermediate lever to act on a contact
      switch to convey an electric impulse to the corresponding electromagnet of
      the second machine which is actuated at a distance. The syllabic typing is
      thus preserved as many intermediate levers switch on simultaneously
      several electromagnets of the second machine, either directly or through a
      memory.
PAR  In this case also the essential characteristic of the combination consists
      in that several electromagnets are switched on simultaneously in the two
      linked machines such that several characters are printed simultaneously
      with or without spacing.
PAR  In every case of automatic or remote control, the impulses produced
      simultaneously could be sent through separate wires or else coded and sent
      in series of impulses through a single wire. These series of impulses are
      automatically decoded in the second machine by a traditional decoding
      matrix.
PAR  When the machine is controlled by a "memory unit", the simultaneousness of
      the printing in several groups of characters and of spaces allows greater
      increase in speed than in the case of normal typing.
PAC  THE SWITCHING ON OF AN ELECTROMAGNET BY EACH OF THE ARTICULATED
      PARALLELOGRAMS AND BY EACH OF THE COUNTERMOTION DEVICES WHICH COMPOSE THE
      MATRIX THAT THE KEYBOARD COMPRISES
PAR  When the machine comprises articulated parallelograms each controlled
      mechanically by several keys in the same column (FIG. 4) and when on the
      other hand the machine is equipped with electromagnets such as 901 and 902
      in order to assure the engagement of the cams 773 on the driving cylinder
      771, one can eleminate the longitudinal lever 746 (FIG. 6) corresponding
      to each of these parallelograms. To achieve this a micro-switch 984 (FIG.
      4) is disposed so that its lever is on the path of movement of a snug 802
      that the lower connecting rod 764 of the parallelogram bears. The snug, in
      pushing the lever, switches on the corresponding electromagnet 901 or 902.
      With keyboards of the type shown in FIG. 1, there are 11 similar cases.
PAR  A micro-switch 718 is also placed so that its lever is on the path of
      movement of each lever such as 740 (FIG. 5) borne by the shaft such as 748
      (FIG. 5) of each of the corresponding transverse counter-motion devices
      combined with the parallelogram to constitute the matrix of the keyboard
      already described. One can thus eliminate the lever such as 740 and the
      longitudinal levers such as 750 (FIG. 5) corresponding to the
      corresponding Counter-motion devices.
PAR  Thus all the keys that make up the rectangular matrix control the switching
      on of the electromagnets for engagement such as 901 The machine equipped
      with a keyboard of switches which control the electromagnets for printing
      and spacing.
PAR  In ordinary electric typewriters equipped with electromagnets such as 901,
      902 (FIG. 4), these electromagnets are used usually only for the remote or
      automatic control of the machine. In these usual machines, for manual
      typing, one conserves generally the longitudinal levers 746 (FIGS. 5 and
      6) which each have one key and each control mechanically the engagement of
      a cam such as 773 on the smooth moving cylinder 771 or another part on a
      grooved cylinder. In these usual machines, this choice is due to the fact
      that the mechanical liaison between each key and the cam or another
      corresponding part to effect engagement on the driving cylinder can be
      very simple.
PAR  In the syllabic machine described the mechanical connections (FIG. 5)
      between each key and one or more cams 773 (FIG. 6) is more complex. The
      result is that when this machine is equipped with electromagnets, such as
      901, 902 (FIG. 4) for remote or automatic control, it could seem
      advantageous to replace the mechanical connections by which the keys
      engage the cams on the driving cylinder, for example, the simple
      longitudinal levers or longitudinal levers with parallelogram, together
      with the transverse counter-motion devices by a keyboard of electric
      connections completed by electronic components. The striking of each key
      then produces one or more electric impulses that simultaneously activate
      one or more electromagnets to produce the printing of one or more
      characters simultaneously with or without spacing.
PAR  Syllabic writing is thus produced as when the keys control mechanically the
      engagements on the driving cylinder; this is the way in the first model
      realised.
PAR  The machine equipped with such a keyboard of electric switches is shown
      (FIG. 12). It consists of a network of electric links: printed circuits
      and wires.
PAR  The principal advantages achieved by a keyboard of electric switches
      controlling electromagnets:
PA1  Simplification of mechanical construction.
PA1  Reduction of the force necessary to depress keys.
PA1  Uniformity of this force for all keys.
PA1  Greater ease in locating each key on the syllabic keyboard.
PA1  The possibility of simultaneously controlling with the same key a great
      number of letters together with spacing.
PA1  The possibility to obtain control of the escape mechanism with the help of
      electromagnets which in certain cases are switched on by a character key.
PAR  Certain of these advantages will now be detailed.
PAR  In syllabic typewriters, where the keys mechanically control the on a
      driving cylinder mechanically, the majority of keys are each situated in
      the region of the keyboard where the corresponding longitudinal lever
      passes. However, in those machines that use a keyboard of the type shown
      in FIG. 1, in addition to the keys of the rectangular matrix which combine
      the letters of group I and II, some keys have been displaced in relation
      to their respective longitudinal levers. Thus the thumb keys located at
      the lower center of the keyboard corresponding to the letters R, N, S of
      group III, whose longitudinal levers are nonetheless inevitably on the
      right-hand side of the machine have been nevertheless located in the front
      center of the keyboard. But when one uses only mechanical connections it
      is impossible to increase much the number of displaced keys, in order to
      improve the fingering. On the contrary with a keyboard made up of switches
      and a network of electrical connections, one can arrange all the keys in
      such a manner as to suit and simplify fingering and also assign the same
      letter to several keys. Thus, for example, one can use a keyboard of the
      type shown in FIGS. 7 and 8. The keys of this keyboard are each made up of
      the push-button of a switch of well-known type shown in FIGS. 9 and 12.
      The depressing of each key closes two circuits and its release cuts them
      off. But one can use any other type of electric switch and especially
      those where the depression of the key causes an impulse without there
      being mechanical contact, either through a change in capacity of by
      displacing a magnetic field. These well-known devices will not be
      described.
PAR  Characteristics of the keyboard shown in FIGS. 7 and 8
PAR  On the keyboard shown in FIG. 7, the letters have been attributed to the
      different keys for the French language. Keyboards for other languages can
      be composed by applying the same principles and using the same means.
      Thus, for example the keyboard shown in FIG. 8 is made up for the English
      language, but its material construction is identical to that of the French
      keyboard (FIG. 7). The description that follows refers to the drawing FIG.
      8.
PAR  The letters written on the keys correspond on the type bars to small
      letters situated in first case and to the same letters in capitals
      situated in second case. The character or characters at the top of some
      keys (digits or signs) are in 3rd case on the type bars.
PAR  As for groups, that is to say, the printing point of each letter, the keys
      which, for the first and second case positions bear only one consonant
      which is not followed by a Roman numeral (Z, P, C, N . . . ) belong to
      group I. When a key has a single letter belonging to a group other than
      group I, the group is indicated in Roman numerals
      (U.sub.II,I.sub.II,E.sub.II,U.sub.II,U.sub.,N.sub.III,R.sub.IV,S.sub.V,
      for example)
PAR  The keys that bear a consonant followed by a vowel and which are situated
      in the rectangle K, PA, WA, WH correspond to a rectangular matrix similar
      to one included in the keyboard shown in FIG. 1 and already described. On
      each of these keys, the first letter belongs to group I and the second to
      group II. This is also the case for the keys FE and FA.
PAR  On the keys of column 14 and 15 each carrying two letters the group to
      which belongs the second letter is indicated by Roman number.. The
      electrical circuits are established in such a way that these keys
      automatically cause a simple spacing at the same time as the letters are
      printed. On the following keys of columns 13 to 15: HEIR, MAN, TION, FOR,
      THAT, WAS, YOU, THER, the first letter belongs to group I. On the key OUR,
      where the first letter is a vowel, this belongs to group II. On all these
      keys the letter following the first belongs to the groups that are
      numerically next. Thus, for example the key TION simultaneously controls
      letters of groups I, II, III, IV. These keys automatically cause a single
      space in addition to the printing of the letters.
PAR  The working of each of the six keys (FIGS. 7 and 8) to obtain different
      shift positions (case positions) has already been described. (Tout 2e (All
      2nd), Bloc of Tout 2e (Bolt All 2nd), 2eI (2nd I), 2eII (2nd II), Tout 3e
      (All 3rd), Bloc of Tout 3e (Bolt All 3rd).
PAR  Certain keys with auxiliary functions are included in the keyboard.
PA1  .fwdarw. = return of carriage
PA1  .fwdarw. = backspace
PA1  .rarw. = spacing of group V (producing a space of five intervals).
PA1  neut = neutralization of automatic spacing
PAR  Certain keys for well-known function could be placed on the edges of the
      keyboard. For example: Tabulation, Placing stops, Removal of stops. These
      have not been shown.
PAR  On this keyboard, several keys that each control a vowel of group III are
      located in two central columns (7th and 9th) though the corresponding type
      bars are situated more to the right. This removes the necessity of
      striking these keys through the displacement of the less adroit fingers of
      the right hand. Each of these keys (with the exception of O.sub.III of
      less frequent use) is besides duplicated and is found in each of the two
      columns 7 and 9. This increases the percentage of the groups of strikes by
      one hand only.
PAR  In comparison with keyboards with mechanical connections, such as that
      shown in FIG. I, the number of thumb keys has also been increased. The
      horizontally extended keys as well as the two large keys "SP" are thumb
      keys. The keys "Tout 2e" (All 2nd) and "Tout 3e"(all 3nd) are palm keys
      and therefore are higher than the adjacent keys in the same row (FIG. 9).
      All the keys of the consonants of group III:
      T.sub.III,D.sub.III,N.sub.III,S.sub.III,R.sub.III and the keys of the
      consonants of group IV: T.sub.IV, R.sub.IV,S.sub.IV,N.sub.IV, are each
      adjacent to one of the two spacing keys "SP" and at the same level as the
      latter. This allows each of them to be struck at the same time as this
      spacing key, by using one the two thumbs held horizontally. The other
      fingers could thus at the same time strike keys that correspond to letters
      of group I and II. Ths further increases the number of cases where the
      total of the number of simultaneous strikes is effected by one hand only.
PAR  The keys most often used of these keys: N.sub.III,S.sub.III,R.sub.III are
      situated between the two spacing keys and this allows each to be struck by
      either one of the two thumbs at the same time as a spacing key.
PAR  The use of electrical connections also allows an increase in the number of
      letters whose printing is controlled by the same key. Thus the keyboard
      shown in FIG. 8 comprises keys corresponding to the combinations: heir,
      tion, was, you, for, our ther, that, man; and these combinations each are
      automatically followed by a space. The key S.sub.V also causes a space
      automatically. One can thus make up electric circuits such as to control
      simultaneously by one key up to one character in each of the groups; thus
      up to five characters plus a simple space automatically when the machine
      is constructed with five groups. The most frequently occuring combinations
      of letters are taken for the language for which the keyboard is composed.
      The keys "Neut. SP." (Neutralization of automatic spacing) prevents
      automatic spacing from occuring when depressed and held depressed before a
      key equipped with the device of automatic spacing is struck.
PAC  AUTOMATIC SPACING
PAR  The spacing device is actuated by an electromagnet 3833. This permits to
      situate the keys that produce a spacing in the most suitable places. It is
      equally easy to enable any character key to act in the same manner. This
      is advantageous when the combination of letters controlled by the key
      considered is a whole word (qui, nous, vous) or else occurs generally in
      the last set of letters struck for a word (ment, tion). Thus, for example,
      in the keyboard (FIG. 8); all these keys of great combination in addition
      to printing the letters produce a spacing automatically.
PAR  The escapement mechanism places the spacing always to the right of the
      character belonging to the group of the highest rank among those printed
      simultaneously, even if these characters are printed by operating several
      keys, and this whatever be the character keys depressed. The result is
      that, for example, if one strikes simultaneously the key you, (groups I,
      II, III) which automatically produces spacing and the key "R" (group IV)
      which does not give a space, one gets "your" followed by a space, the
      spacing produced by the key "you" being placed after "R" of group IV.
      Statistics show, for each language, which character keys are profitably
      equipped with automatic spacing. The choice is made taking into account
      the fact that a key is available which allows the neutralisation of
      automatic spacing (this will be made clear later). For the automatic
      spacing to be useful the character or characters concerned should most
      frequently occur in the last group of simultaneous strikes for a word.
      Thus, for example, in the English keyboard (FIG. 8), this occurs for "THE"
      and "HE", for each of the combinations assigned to the keys of columns 14
      and 15, as well as for "Was", "YOU", "THER" and S.sub.U. To equip a key
      with automatic spacing, it is only necessary to add one wire and one
      diode.
PAC  NEUTRALISATION OF AUTOMATIC SPACING
PAR  The keyboard (FIG. 8) comprises the key "Neut. Sp.". (Neutralization) of
      automatic spacing) column 4 line 10. When this key is depressed and is
      held depressed during the striking of one character key equiped with
      automatic spacing, or successively on several of these keys this spacing
      is not effected. The electromechanic (scheme of FIG. 10) shows in effect,
      that the key "Neut. Sp." cuts off the circuit of the automatic spacing. It
      is useful to duplicate this key by a pedal having the same effect. The
      depression of this key or of this pedal cuts off the coil 3833 (FIG. 10)
      of the electro-magnet which controls the spacing device.
PAR  The existence of this neutralization key allows the use of each of the
      character keys equipped with automatic spacing where the corresponding
      characters are comprised in a group of a simultaneous printing which is
      not the last of the word.
PAR  The key or the pedal can also be used for neutralisation to avoid a double
      space when one of the keys equiped with automatic spacing is used before a
      word starting with a letter of group II.
PAC  THE SIMULTANEOUS STRIKING OF SEVERAL KEYS EACH PRODUCING THE SAME PRINT
      WHOLLY OR IN PART FOR A SPACING.
PAR  Given that the electric and the electronic circuits are set up (scheme of
      FIG. 10) there is no inconvenience involved in having one or more of the
      electro-magnets put into circuit simultaneously by several keys depressed
      at the same time. The effect is the same as if the electromagnet in
      question has been connected by a single key. One could either by error or
      in order to get a certain group of characters without spacing or with
      spacing simultaneously strike several keys even, if one or several parts
      of the actions engendered by the keys duplicate functions.
PAR  1st case
PAR  A character key equipped with an automatic spacing device and a simple
      spacing key are struck simultaneously. For example, The typist strikes the
      key "THAT" FIG. 8 equipped with automatic spacing and inadvertently also
      strikes a simple spacing key. Nonetheless only a single normal space is
      effected after the letters. The typing error was thus without effect.
PAR  2nd case
PAR  Two character keys each equipped with an automatic spacing device are
      struck simultaneously.
PAR  For example by striking simultaneously on the English keyboard (FIG. 8) the
      key "HE" (groups I and II) and the key "AR" (groups III and IV), both
      equipped with automatic spacing, it is possible to obtain in a single
      operation the word "HEAR". Only one space is effected and it occurs
      following the characters.
PAR  3rd Case
PAR  Two character keys, both equipped with an automatic spacing device and both
      actuating a character which is common to the two keys, are struck
      simultaneously. For example, to obtain by striking two keys the word
      "then", one simultaneously strikes the key THE (group I, II, III) and the
      key "EN" (groupe III and IV) both of which are equipped with automatic
      spacing. The duplicating of the "E" (group III) and that concerning the
      spacing remain without effect.
PAC  DIFFERENCES BETWEEN THE LEVELS ON WHICH ARE SITUATED CERTAIN KEYS OF THE
      SAME ROW IN THE SWITCH KEYBOARD.
PAR  On the keyboards of the type shown in FIG. 1 each key of the central column
      is positioned higher than the adjacent keys in the same row. On the
      keyboards of the type shown by FIGS. 7 and 8 there are three central
      columns of keys wherein keys of rows 1 to 6 are each more elevated than
      the other keys in the same row. Thus FIG. 9 which is a front view of these
      keyboards shows that in each of these rows the key of the central column
      key (8th) is higher than the keys of the two adjacent columns (7th and
      9th) and the keys of these two columns are higher than the keys of the
      other columns (1st to 6th and 10th to 15th). Thus, in each of these rows
      (1st to 6th), the central key (column 8) can easily be struck by the
      inclined index finger of either hand or the thumb of either hand directed
      horizontally. We can see FIG. 9 shown in dot-dash lines the left thumb
      striking the central key O.sub.II of the 5th row. Equally for each of the
      rows 1 to 6, the inclined index finger, or the horizontally held thumb of
      the left hand can strike the key of the 7th column and the inclined index
      finger or the horizontally held thumb of the right hand, can strike the
      key of column 9. Thus FIG. 9 shows the right thumb striking the key
      I.sub.III of the 6th row. At the same time as these strikes another finger
      of the same hand or the other hand can strike another character key which
      is situated at the normal level or a space key. FIG. 9 shows the
      ring-finger striking the key "NE.sub.II " while the right thumb strikes
      "I.sub.III " to obtain "NEI" in the word "neither". The middle finger
      strikes "LE.sub.II " while the right little finger strikes "NT.sub.IV " to
      obtain, in a single operation, the ending "LENT" together with the spacing
      that follows it, the key "NT" being equiped with automatic spacing.
PAR  As it is shown in FIGS. 9 and 12, in each column the key surfaces of
      successive rows are arranged in steps, as normally used. Nevertheless the
      thumb keys and palm-keys do not fall within this rule as is explained
      below.
PAR  The space keys (FIGS. 7, 8 and 12) and the adjacent thumbkeys 2nd.sub.I,
      2nd.sub.II, M.sub.III, T.sub.III, N.sub.III, S.sub.III, R.sub.III,
      T.sub.IV, N.sub.IV, S.sub.IV, R.sub.IV, S.sub.V have their surfaces on the
      same plane in order that a horizontally held thumb can simultaneously
      strike a space key and one of these adjacent keys. The key S.sub.V is
      equipped with automatic spacing.
PAR  The plane of these elongated keys is lower than that of the keys CA to X,
      NA to SA, WA to THER; this allows the striking of each of these adjacent
      keys with a horizontally held thumb without knocking the elongated key.
      The palm-keys "all 2nd" and "all 3rd" are at a higher level than the
      adjacent keys in the same row in order that the palms do not knock these
      adjacent keys. The key "Return" (Carriage return) is also at a higher
      level, so that it can be struck along by either thumb horizontally held.
      The differences in the level indicated are a little higher than the
      vertical displacement for the corresponding keys.
PAC  KEY FAMILIES
PAR  In order to make the training of the typist easier and to reduce mental
      tension, the keys othe than those of the rectangular matrix already
      described are grouped by family. Thus one find in FIG. 8:
PAR  The vowels of group II in column 8 rows 2 to 6;
PAR  The vowels of group III in column 9 rows 2 to 6 and these are repeated
      (except O.sub.III) in column 7;
PAR  The consonants of group III, thumb keys, at the centre and also to the
      left, but all adjacent to the spacing key at the left.
PAR  N.sub.III, S.sub.III, R.sub.III, which are the most frequent are easily
      reached by both thumbs and each of these lie adjacent to both the spacing
      keys.
PAR  N.sub.IV, S.sub.IV, R.sub.IV, T.sub.IV are arranged in the same order as
      N.sub.III, S.sub.III, R.sub.III, T.sub.III but to the right and before the
      spacing key to the right.
PAR  Each of the keys of column 14 except TION, FOR, THAT carry a combination of
      two characters of group III and IV respectively and is equipped with
      automatic spacing.
PAR  Several keys carrying a combination that makes a complete word are located
      in the fore part of columns 15, 14 and 13.
PAR  Those among the consonants of group I that are not twinned with a vowel of
      group II in the rectangular matrix that nontheless have a medium frequence
      are in row 1 (K, H, G, B, F) and this facilitates striking them while
      simultaneously striking a vowel of group II located in column 8 (central);
      those with weak frequence (Q, Z, V, J, X) are grouped in the front
      left-hand corner of the keyboard.
PAR  The relative positioning of these different families of keys and the order
      of characters or combination of characters within each family as well as
      the placing of each key in relation to the others, have been decided upon
      in order to simplify fingering especially when several keys have to be
      struck at the same time (we/ar, wo/nt, ti/e, wh/en, so/on, te/a. . .) or
      one after the other as in (ra/tion... re/la/tion..., is on..., for you. .
      .)..
PAR  All the rules which have been taken into account, some antagonistic to
      others thus necessitating compromises, cannot be detailed here, but these
      rules have been studied as a whole takaing into account their respective
      importances to establish the choice of keys to be made and their
      positioning. Only the actual use of this keyboard shows clearly its
      advantages in comparison with the earlier ones.
PAR  The use of the same means, keeping the same physical structure but using
      statistics of letters frequencies and of their combinations frequencies in
      every language using an alphabet allows the creation of a keyboard for
      each of these languages.
PAC  DIFFERENCES BETWEEN THE SWITCH KEYBOARD LAID OUT FOR THE ENGLISH LANGUAGE
      AND THAT LAID OUT FOR THE FRENCH LANGUAGE.
PAR  FIG. 8 shows a keyboard similar to that shown FIG. 7 but laidout for the
      English language. The main differences of this keyboard with reference to
      that laid out for French are the following:
PAR  FI (column 1) is cancelled and replaced by FE;
PAR  J (column 1) is switched around for K (column 2);
PAR  Y (column 2) is displaced and replaced by HE;
PAR  In row 1, column 1 to 12: the keys DU Te e Re LU SU are replaced
      respectively by CH TH THE Y.sub.I Y.sub.II SH
PAR  In column 13, rows 1 to 6: V and its combinations have been replaced by W
      and its combinations and the letter V is substituted for W in column 1;
PAR  M.sub.III (thumb key) is cancelled and replaced by D.sub.III ;
PAR  The apostrophe (Col 7) is put in case position 3 above V (col 1)
PAR  In columns 13, 14 and 15 the combinations, corresponding to endings or
      whole words and equipped with automatic spacing are different. Since the
      corresponding keys each control the characters by a single wire with
      shunts, this last change does not modify the network of the printed
      circuit shown in FIG. 11. In this network the line e.sub.II becomes
      H.sub.II.
PAC  OTHER USES OF ELECTROMAGNETIC MEANS
PAR  The advantages obtained by using a keyboard of switches which control the
      engagements on the driving cylinder by means of electro-magnets are so
      important that they may be used even for syllabic typewriters which are
      not controlled remotely or automatically.
PAR  FIG. 12 shows the whole of a machine thus equipped with a switch keyboard
      and with electric and electronic circuits allowing the keys of this
      keyboard to control electromagnets for the engagements on the driving
      cylinder. In this form of embodiment the escapement mechanism is also
      equipped with electromagnets
PAC  THE MACHINE AS A WHOLE WHEN ELECTROMAGNETIC CONTROLS ARE USED An embodiment
      of the whole machine (FIG. 12) will now be described which combines
      certain of these mechanical arrangements with electromagnetic variants.
PAR  The following parts are replaced by electric connections:
PAR  all the transverse countermotion devices such as 748, 752, 740 (FIG. 5).
PAR  the longitudinal levers such as 741, 746, 780 (FIGS. 5 and 2) and the
      parallelograms 761-763;
PAR  the sliding device that prevents repetition 776 (FIG. 6);
PAR  the escapement group bars 271 (FIG. 5);
PAR  all the parts which transmit the movements of these escapement bars.
PAR  A keyboard of the type shown in FIG. 7 is used. The keys each constitute a
      push button of a contact-switch 972 of well-known type (FIGS. 12 and 11)
      which when a key is struck close two circuits and cuts these off again
      when the key is released and rises back. Each contact switch presents four
      pins 973 to 976 placed in the form of a square.
PAR  The keyboard comprises a plate 977 whose lower face constitutes the support
      of a printed electric network shown by the scheme of FIG. 11. This plate
      is perforated with holes at regular intervals which correspond to the
      distance between the pins of the contact switches. The contact switches
      are placed on the upper surface of the plate 977 with the equipment shown
      in FIGS. 7, 9 and 12. The four pins of each contact-switch pass through
      the plate by four neighbouring holes. The holes of the plate that are
      shown in scheme of FIG. 11 are the ones actually used to allow passage of
      the pins. If keys with a normal surface 970 (FIG. 12) are used the
      contact-switches are placed vertically on the steps in order to get a
      difference in levels between successive rows. For this, skewed shims 978
      are placed on the plate 977 which is inclined. These shims could be cast
      with the plate. As shown in FIG. 13, keys 971 of well-known type, with
      oblique surface, may be used. This provides differences of level between
      the successive rows of keys by just placing the contact switches directly
      on the inclined plate 977 which in this case does not have a stepped
      surface.
PAR  A direct or rectified alternating current is used, for example at 48 volts
      or 24 volts. The two pins 973 and 974 (FIG. 9) in the fore part of each
      contact-switch constitute the entry point of each circuit. The length of
      these pins is limited to that which is necessary to solder them to the
      supply line of the printed network. The two pins, 975 and 976 (FIG. 13) at
      the rear of each contactswitch are longer to enable several to be
      connected to the same wire 698 (FIG. 12) or for some of them to link on to
      a wire equipped with a movable socket 979.
PAR  The details of the printed circuit is shown in the scheme of FIG. 11. This
      will be explained below.
PAR  The plate 977 (FIG. 12 or 13) is articulated on a shaft 961 and all the
      electric wires which link the keyboard to the machine pass close to this
      shaft. If the front guard 982 of the bonnet is lifted it is possible to
      lift and turn over the keyboard to have access to the switch circuits and
      to the arrangements located below the keyboard.
PAR  The device 983 which regulates the printing force, is identical to that
      used in certain electric alphabetic typewriters. The electro-magnets such
      as 901 and 902, their mobile armature 904 and the rods 906 by which they
      engage the cams 773 on the driving cylinder 771 are identical to those
      used in usual electric type-writers to achieve automatic control.
PAR  In the printed network shown in FIG. 11, the single ramified line 524
      starts from the source of electricity. From this line shunt lines issue
      which supply each of the two input pins of all the contact-switches of the
      keyboard which correspond to each row of keys. The connections that link
      the two output pins of each contact-switch to the electro-magnet that the
      corresponding keys have to put into circuit will be described later. Some
      of these output connections are made up in part by a line from the printed
      circuit (FIG. 11) and others are entirely wired (FIG. 12). All of them end
      finally at a connecting rod 986. This connecting rod allows easy
      dismounting and changing of allocation for certain keys or for certain
      type bars. The machine optionally comprises a commutator 987 of well-known
      type. Some of these electric connections between the contact switches of
      the keyboard and the connecting bar go through this commutator. The
      commutator allows the typist to change the characters assigned to certain
      keys. One can thus obtain a bilingual machine. This possibility will be
      fully explained later. The commutator allows instantaneous adaptation of
      the machine to a particular class of work in which certain terms occur
      frequently.
PAR  At the exit of the connecting bar 986, the wires are grouped in different
      strands, which travel alongside the fore part of the machine, some to the
      left and others to the right and then reenter the machine and distribute
      the wire-ends in the connecting bars 988 and 989. The input wires of the
      upper electro-magnets such as 901 are connected to the output of the upper
      connecting bar 988 and the input wires of the lower electro-magnets such
      as 902 are connected to the output of the lower connecting bar 989.
PAR  The output wires of these electro-magnets are connected in a detachable
      manner to a common output conductor 990 or 991 located as well in each of
      the connecting bars 988 and 989. The electric circuits by which the keys
      engage the cams on the driving cylinder are thus defined in physical form.
      It will be seen that for certain character groups a shunt 960 is connected
      to certain of these circuits in order to control the escapement directly
      by the corresponding character keys. The movement of the intermediate
      levers 147 or those of the character bars 267 will not be reiterated here.
      The lower end 692 of each intermediate lever causes a same common paddle
      992 to pivot around its shaft 277. This paddle controls the rise and
      transport movements of the ribbon. All the parts of these devices are
      identical with those of usual alphabetic type-writers.
PAR  The paddle 992, while pivoting meets in the end of its movement the lever
      of a micro-switch 994 and pushes it. This cuts off the supply circuit for
      the keys so that the electromagnets for engagement such as 901 and 902 and
      those such as 941 for the escapement do not remain too long in circuit,
      and in order to avoid accidental repeats before the keys rise back. This
      technique is well-known.
PAR  The shift mechanism enables the typist to place the sectors in three
      different case positions.
PAR  The carriage is identical or similar to that of an ordinary alphabetic
      typewriter. Its cylinder is not vertically mobile unless the machine has
      four characters on each type bar.
PAR  The escapement mechanism comprises a wheel with movable cogs, combined with
      an escapement anchor or with an electromagnetic relay that produces the
      spacing. The displacements of the cogs of the wheel and of the anchor are
      obtained by electromagnetic means already described and which will be
      detailed later.
PAC  ELECTRIC CONNECTIONS BETWEEN, ON THE ONE HAND THE KEYS AND ON THE OTHER
      HAND THE ELECTROMAGNETS WHICH CONTROL THE PRINTINGS.
PAR  The electric network that enables the keys to control the printings and the
      escapements is made up of elements already well-known. The network could
      be entirely cabled, but, in the example, it is partly printed. In order to
      obtain that the descent of a given key produces the simultaneous printing
      of several characters (as many as five characters, and possibly the space
      which must follow them) it is necessary that this descent put into circuit
      several electromagnets. To obtain this one can either cause the key to
      close simultaneously several contacts, or divide the impulse created by a
      single contact towards different electromagnets, this by means of shunts
      each equipped with a diode. In the described example these two means are
      combined.
PAR  In the electromechanic scheme of FIG. 10, the letters and combinations of
      letters, given as examples to indicate the different circuits, assume that
      the keyboard shown in FIG. 7 layed out for French is used. This schema
      shows the circuits only for a few keys each controlling one or several
      characters, some with automatic spacing, the others without automatic
      spacing, This scheme also shows the two space keys. Each key is marked by
      the inscriptions which it bears on the keyboard. In the scheme each of the
      electromagnets which engage on the driving cylinder, the cam which
      controls the printing of a given letter is marked with this letter
      (X.sub.I to S.sub.V) followed by the group number (I to V). The
      electromagnet which controls the escapement anchor is marked "Esp."
      (spacing)
PAR  The electromagnets only marked with a group number (I to V) are those which
      each control on the escapement wheel, the retirement of the cog which, at
      the considered moment, corresponds to the indicated group (cog situated in
      one of the places 1 to 5).
PAR  When a key controls only the printing of a single character without spacing
      (e.g. X.sub.I, T.sub.I, I.sub.II, O.sub.III, N.sub.IV) the two output
      contacts are linked. When a key controls the printing of two characters
      without spacing (e.g. T.sub.I, I.sub.II) each of the two contacts controls
      one of the two characters and no diode is necessary. When a key controls a
      single character with the automatic spacing (S.sub.V space), one of the
      two contacts is used for the printing of the character and the other for
      the automatic spacing. When a key controls several characters and the
      automatic spacing (e.g. ON space, TIONS space) one of the two contacts is
      reserved for the automatic spacing and the other is used to control the
      printing of all the characters, by means of shunts each equipped with a
      diode.
PAR  The keyboard shown by FIG. 8 comprises a key "TION space" but comprises no
      key "TIONS space". In the scheme of FIG. 10 it is nevertheless supposed
      that such a key exists, this in order to show that one can, optionally,
      control up to five characters plus one spacing simultaneously by a single
      key.
PAR  It is obvious that the network as a whole may be transistorised. The
      necessary modifications for this are known.
PAR  The diverse electric circuits will be detailed later with indications
      concerning their localisations.
PAR  The parts of the electric circuits that are printed are shown in straight
      lines in FIG. 11 which is drawn as if the switches have been removed and
      that the support plate 977 is transparent. The nbetwork is so shown from
      above, which facilitates its comparison with the keyboard shown in FIG. 7.
      It is on this FIG. 7 that one will read the attribution of the key which
      corresponds to the contact switch whose four pins are placed in each
      grouping of four of the holes shown by the scheme 11. This schema shows
      only each of the holes effectively used, i.e. in which one of the pins of
      a contact switch of the keyboard is placed. The dotted lines represent
      parts of the circuit that are not printed, i.e.; wires such as 698 FIG. 12
      that are situated lower than the support-plate 977 and are each connected
      to a pin of certain contact switches.
PAR  When the free surface FIG. 11 enables it, a printed line passes by all the
      output pins of the contact switches that control only the same character.
PAR  A few contact switches each control an electromagnet other than those which
      cause, each one, the printing of a character. Some control the
      electromagnet corresponding to the escapement anchor. Others control an
      electromagnet of the shift mechanism. Finally, certain control an
      electromagnet that corresponds to an auxiliary function (return of the
      carriage, back space, etc.).
PAR  THe electric lines which feed the contact switches of keyboard shown in
      FIG. 7 which enable them to transmit the impulses to the different
      electromagnets, may be classified in the following categories:
PAC  1ST CATEGORY.
PAR  Network of the entrance electric lines which feed two pins of each
      contact-switch. It is the network FIG. 11 for the transverse lines which
      start from the line 524; these are connected to the electric source. This
      feeding network comprises one electric line for each row of keys of the
      keyboard. These lines constitute a regular network of parallel lines, from
      row 1 to row 10.
PAC  2ND CATEGORY.
PAR  Output lines each corresponding to one of the letters of group II. They are
      parallel to the preceding ones. These are the lines A.sub.II, O.sub.II,
      E.sub.II, I.sub.II, U.sub.II, e.sub.II. Each links an exit pin of each
      keyboard-switch comprised in the rectangular matrix I-II and which bears
      the corresponding letter to the electromagnet for engagement on the
      driving cylinder such as 901 or 902 (FIG. 12) which corresponds to this
      letter.
PAC  3RD CATEGORY.
PAR  Output lines each corresponding to a vowel of group III. They are parallel
      to those of the first two categories. They are the lines I.sub.III,
      U.sub.III, A.sub.III, E.sub.III, O.sub.III. Each constitutes the output
      line, either of the corresponding contact-switch (O.sub.III), or of the
      two corresponding contact switches situated one in column 7 and the other
      in column 9. The two output pins of each contact switch are linked.
PAC  4TH CATEGORY.
PAR  Output lines of one of the two pins of each of the contact switches which
      are equipped with automatic spacing. These lines also are parallel to
      those of the preceding categories. All are linked to the line "Esp auto",
      which controls thhe escapement anchor and which is found again in the
      schema FIG. 10.
PAR  The line "Esp.auto" (schemes FIG. 11 and 10) is distinct from the output
      line of the two space keys "Esp." because the line "Esp.auto" must be able
      to be cut off by the key for neutralization of the automatic spacing
      "Neut.esp." as well as by the pedal which, optionally, duplicates this key
      and does so without cutting the exit line of the space keys "Esp".
PAR  The electric lines of categories 1 to 4, all being parallel, are parts of
      the printed network (FIG. 11) on the lower face of the support plate 977
      (FIG. 12 or 13).
PAC  5TH CATEGORY.
PAR  Output line corresponding to the two space keys "Esp." (FIG. 11 and 10). It
      has been said that this line is distinct from the line "Esp.auto". It is
      nevertheless rejoined by this one after the above mentioned cut-off.
PAC  6TH CATEGORY.
PAR  Lines, each corresponding to one or two pins of a contact switch whose key
      has one of the following assignments:
PAR  one letter of group I, not frequent and not combined with keys of group II
      in the matrix. These are: J, H, G, B, F, punctuation, Q, Y, Z, W, K, X
      (FIG. 7);
PAR  one of the consonants of group III (N, S, R, T, M):
PAR  one of the consonants of group IV (N, S, R, T);
PAR  one of the auxiliary operations (back space, carriage return, shift keys
      etc...).
PAR  For some of the lines of this 6th category, corresponding to a contact
      switch which is not on the edge of the keyboard, a part of the line
      parallel to that of the preceding categories is printed when the space
      required is available; for example, Z.sub.I and K.sub.I. Each one of the
      other lines of this category is made up completely of a wire connected to
      one of the output pins of the contact switch. The two pins are linked,
      except for the contact switch Z.sub.I of which one pin is connected to the
      line which gives the automatic spacing "Esp.auto".
PAR  7th category.- Frequent consonants of group I which, in the matrix, are
      each combined with one of the letters of group II situated on different
      rows of keys. These are P, M, C, N, D, T, R, L, S, V. As the electric
      lines which correspond have to be perpendicular to the preceding ones,
      each one comprises a wire which is connected directly to one of the two
      output pins of each of the corresponding contact switches. In the scheme
      of FIG. 11, these lines, perpendicular to the preceding ones, are shown in
      dotted lines. In FIG. 12, by the example of wire 698 of the column "R", it
      is shown that the corresponding pins are longer than the others, and that,
      due to this, these wires form a second network situated below the printed
      circuit network. This network could instead be made up of printed lines on
      the upper face of the support 977 (FIG. 12) on a distinct layer on the
      lower face of this support FIGS. 12 and 13), or on a distinct support, but
      modification and replacement of a contact switch would then be more
      difficult.
PAR  Each of the lines of the categories 1 to 7 is extended by a wire connected,
      by means of a socket such as 979 (FIG. 12) to one of the pins of the
      corresponding contact switches. It is preferable to select a pin situated
      close to the edge of the keyboard.
PAR  When a contact switch is the only one which controls a character or a given
      electro-magnet and if no line corresponding to it has been printed, the
      wire is connected, in the same manner directly to one of the two output
      pins of this contact switch and the two output pins are linked.
PAC  8TH CATEGORY
PAR  Electric lines going from a contact switch which controls one of the
      combinations of characters situated in the columns of keys, 14 and 15
      (FIG. 7); or one of the three combinations of the column 13: Nous, Vous,
      Je (FIG. 11) shows that one of the two output pins of each of the
      corresponding contact switches, is situated on one of the printed lines
      which rejoin the line controlling the automatic spacing (Esp. auto).
PAR  On the other output pin is connected a socket attached to a wire
      controlling all the letters of the combination corresponding to the key.
      This wire splits in shunts each one equipped with a diode and
      corresponding to one letter in this combination. Each electric line
      corresponding to one or several letters finally leads to the corresponding
      electromagnet for engagement such as 901 or 902. The wiring shown by
      scheme of FIG. 10 indicates these connections by an example for each case.
PAR  The different wires corresponding to the same category join into a strand
      that goes along the edge of the keyboard on the right or on the left and
      then distributes the opposite ends on the connecting bar 986 (FIG. 12) or
      in the commutator 987 if the machine includes this component. In this
      latter case, the commutator outputs are connected, through other wires, to
      the entries corresponding to them in the connecting bar 986. The
      continuation of these circuits has been formerly defined. For the
      combinations of the letters situated in the columns of keys 14 and 15
      (FIG. 7), as for the combinations NOUS, VOUS, JE in the column 13, on each
      of the left hand pins of each contact switch (FIG. 11) the number of
      characters has been conventionally indicated by as many diverging short
      strokes (e.g.: two strokes for the pins corresponding to ES, EN, ER . . .
      column 14, four strokes for NOUS, VOUS, column 13).
PAR  In each group I to IV, the characters of the group are distributed among
      the type bars so as to have the characters frequently used born by type
      bars near the center, which, therefore, work better mechanically and,
      conversely, to place the characters not much used on the type bars far
      from the center. Characters which are frequently used one after the other
      are not placed on type bars next to one another, this to reduce the risk
      of collision. These means are well known but cannot be used to a maximum
      in syllabic machines when the connections are mechanical. In the present
      embodiment it is sufficient to establish consequently the electrical
      connections between the connecting bars 986 and 990 or 991.
PAR  The use of connecting bars facilitates the changing in the attribution of
      certain keys to adapt the machine to a particular class of work or to a
      different language.
PAC  DIFFERENT TYPES OF KEYBOARDS CONSTITUTED BY CONTACT SWITCHES.
PAR  Finally, in the second embodiment of the machine, the keyboard with contact
      switches can be selected from the following types, depending on the use to
      which it is to be put.
PAR  1st type.- Keyboard specially composed for a given language (although other
      languages can be printed with it), for example that shown in FIG. 7 for
      French or in FIG. 8 for English.
PAR  2nd type.- Bilingual keyboard, presented with the same composition as one
      of the keyboards of the 1st type, for example that shown by FIG. 7 for
      French, but fitted with a commutator 987 (FIG. 12), which enables the
      operator to change the character assignment to several keys, in one
      operation, so that this keyboard becomes identical with another of the
      first type, composed specially for a second language, for example
      identical with that of FIG. 8 composed for English. Most of these several
      keys with permutation being situated on the edge of the keyboard (1st row
      of keys and 15th column), the second assignment to each key is inscribed
      next to the key considered. For the others it is inscribed on the front
      face of the keys. The bilingual keyboard of this type is convenient
      especially when several operators will be using the same machine, each
      person for his own language.
PAR  3rd type. Bilingual keyboaard like the preceding one. It includes the same
      keys as one of those of the 1st type composed specially for a given
      language, for example that shown by FIG. 7 for French. It also includes a
      row of additional keys situated at the rear of the keyboard. These keys
      are assigned to the most frequent associations in the second language, for
      example, English, In this example the fifteen additional keys (FIG. 14)
      are assigned to the following associations: HEIR.sub.-, MAN.sub.-,
      HE.sub.-, GH.sub.-, THAT.sub.-, TH, THER.sub.1, THE.sub.-, FOR.sub.-,
      YOU.sub.-, OUR.sub.-, SH, WH, WAS.sub.-, VE. It has been said that in the
      present text the underlying dash which follows an association of letters
      indicated that a space is included automatically. All the keys of the
      above combination therefore include a space, except GH, TH, SH and WH. In
      the drawings of the keyboards, this underlying dash is replaced by a small
      arrow.
PAR  In addition, this keyboard is equipped with a commutator 987 (FIG. 12), as
      is the preceding one. This commutator only exchanges the character
      assignment to a few keys. These, in FIG. 14, are: W, V, and the
      combinations VI, VE, VO and VA in column 13. They become: V, W and the
      combinations; WI, WE, WO and WA respectively.
PAR  For the second language, this keyboard is very slightly slower than the
      keyboard composed specially for the language considered. However it is
      particularly suitable when the same operator (for example French) will be
      typed alternately in the two languages (for example, French and English).
      The fingering of the operator is not altered when the language is changed
      except for a few keys (V,W and their combinations in the example given).
      This is hardly a problem as the W is rarely used in French and the V in
      English is only used frequently when followed by E.
PAC  VARIOUS COMBINATIONS OF A KEYBOARD OR OF A COMPLETE MACHINE, AS DESCRIBED,
      WITH OTHER ELEMENTS.
PAR  The machine, whatever of the keyboard which is used from amongst those
      described, can easily be connected up in such a way that the keyboard
      controls other similar machines or different syllabic printing mechanisms
      at the same time, or so that its printing mechanism be controlled by the
      keyboard of another machine with an identical keyboard, or by a storage
      unit.
PAR  It can also be connected in such a way that its keyboard controls a storage
      device at the same time, for example, a recording device in a magnetic
      storage unit, or card or tape punchers, this storage medium being
      designated to control a printing mechanism afterwards. This latter can be
      either the printing mechanism of the machine itself or another one.
PAR  For these last uses, a complete machine, such as the one described, can be
      used, or the keyboard on its own with the electrical circuits which it
      uses, without using the printing mechanism.
PAR  The syllabic keyboard can even control a printing mechanism which is
      alphabetic (non syllabic) through the intermediary of a buffer storage
      unit.
PAR  In reality, there is always a printing mechanism but this, in certain
      cases, is at a distance and the printing is sometimes deferred, thanks to
      a storage unit.
PAR  Considering the assembly of the envisaged combinations, of either the
      entire described machine or one of the sub assemblies, with one or several
      other mechanisms or devices, or with another machine, two classes can be
      distinguished:
PAR  1st class
PAR  The described syllabic machine or one of its sub assemblies, controls,
      optionally or permanently, a printing mechansim which is at a distance and
      this, either directly or through a storage unit. In this case the machine
      is called a "transmitter".
PAR  2nd class
PAR  The printing mechanism of the machine, which is syllabic, is controlled by
      a device which is at a distance, directly or through the intermediary of a
      storage unit. In this case the machine is called a "receiver".
PAR  In the case where the machine (FIG. 12) is a transmitter, an additional
      circuit is established at each exit from the bar 986, connected at the
      other end, either to the circuit corresponding to the exterior printing
      mechanism which the machine is to control directly or to the suitable
      elements which correspond in the recording device for the storage unit
      which is to be inserted eventually. Where the machine is a receiver, the
      additional circuit, from the remote mechanism which controls the machine
      directly, or from the storage unit which controls it after the striking,
      is connected at each entry of the bar 986; through these circuits, the
      impulses, depending on the circuit, pass to control a character, a space,
      or an auxiliary operation. Several of these impulses are simultaneous,
      however, as if they came directly from the keyboard of the machine.
PAR  If a buffer storage is used, the recording device, the memory medium and
      the device which controls the displacement of the latter, as well as the
      reader are each, according to the case, included in the machine or next to
      it, or at a distance.
PAR  The keyboard can be used in an assembly which does not include any printing
      mechanism situated near it, but only a storage unit.
PAR  Therefore, in FIG. 12 only the keyboard and the circuits which it controls
      up to and including the bar 986, are retained.
PAR  When using a memory medium made up of a magnetic or punched tape and if the
      printing mechanism which the memory is to control later is syllabic,
      recordings which are simultaneous but in which each element or group of
      elements corresponds to a character or a space, according to a code, can
      be used.
PAR  In this case, to record a syllable or part of a syllable in the memory, the
      different elements or groups of elements corresponding to different
      characters and to the possible space which corresponds to the key or keys
      which are depressed simultaneously, are recorded simultaneously. If a code
      which is habitually used to control an alphabetic (non syllabic) printing
      mechanism, is employed, each of the elements coded and recorded in a
      different transversal line in the memory, that is, in a line perpendicular
      to the direction of advance.
PAR  These different elements of the code can thus be recorded simultaneously by
      an assembly of devices (punchers or magnetic recording heads) which cover
      several of these lines on the memory medium (such as, for example, punched
      or magnetic tapes or cards).
PAR  The advance of the tape (punched or magnetic) is controlled by a device
      which makes it advance in a jump after each assembly of simultaneous
      recordings, the successive jumps being of different lengths, proportional
      to the number of characters and possibly increased by one line for a
      space.
PAR  Alternatively, the recording may be realised simultaneously in a primary
      memory (buffer storage) made up, for example, of a shift register. This
      primary memory then transmits, successively, each of the elements or
      groups of elements, each one corresponding to a character or a space to a
      second memory which can be for example: punched or magnetic card of tape
      or magnetic disc. This solution enables the use, for recording in the
      second memory, of standard devices used normally when the printing is
      alphabetic (non syllabic) that is, character by character the space being
      controlled on its own.
PAR  If the printing mechanism to be controlled later by this second memory is
      itself syllabic, in order to control the printing afterwards use is made
      of a reader-decoder, which is made up in such a way as to effect
      simultaneous reading of the different lines of the memory in which the
      recording has been effected for the same group of simultaneous
      impressions.
PAR  A jump is controlled by a signal which has been automatically recorded
      during the recording of the group of elements in the memory. These jumps
      may instead be controlled by the wheel with moveable cogs already
      described. This solution enables the same recordings to control either a
      syllabic printing mechanism or an alphabetic (non syllabic) printing
      mechanism, at a later date.
PAR  In order to avoid jumps of different lengths, recording without a code and
      reading without decoding may be used. In this case the first buffer
      storage device the mechanism which alters the lengths of the jumps and the
      use of a decoder are suppressed.
PAR  The memory medium, in this case, must be wide enough to include as many
      tracks as there are character supports (such as type bars) and auxiliary
      controls. In this case, for example, approximately 46 tracks are required
      for the characters, plus the tracks for the controlling of auxiliary
      operations giving a total of 50 tracks to control a syllabic printing
      mechanism similar to the one which has already been described.
PAR  Such a recording without a code can be used in the case where the printing
      mechanism which is to be controlled is alphabetic (non syllabic) but also
      when this mechanism is syllabic. When it is syllabic, a special code which
      enables the expressing of all the combinations of characters, with or
      without spacing, which can be struck in one operation of the syllabic
      keyboard shown in FIGS. 7 or 8, or on a similar keyboard, and of all the
      auxiliary operations, can be adopted. To obtain this, the device must be
      able to record simultaneously 15 marks (holes or magnetic recordings) in
      the memory. This reduces the tape width to one permitting 15 or 16 tracks
      or channels.
PAR  Another solution, which also enables the avoiding of jumps of
      differentiated lengths, consists of realising each of the groups of
      recording simultaneously on two successive lines of the tape. The width of
      the tape only requires the use of 8 tracks. The jumps are uniformly of two
      lines, thus enabling the use of a simple device, similar to those normally
      used when the advance is uniformly of only one line, to control the jumps.
      But, in this case, the reader must be made up in such a way as to enable
      each of its reading elements to cover and to read two lines at a time.
PAR  The successive recordings of the elements are controlled directly by the
      striking, without the interposing of a buffer storage.
PAR  In the cases where the keyboard is syllabic but where the printing
      mechanism is alphabetic (non-syllabic), one benefits, for the typing of a
      text and for its recording in the storage, from the full increase in speed
      which the syllabic typing on the described keyboard gives, in comparison
      with the typing on the alphabetic (non-syllabic) keyboard.
PAR  At the moment when the storage device controls the non-syllabic printing
      device the printing is obtained at the maximum speed at which the printing
      device considered can function.
PAR  In the case where the printing mechanism which the storage device will
      control afterwards is itself syllabic, one benefits, for this printing,
      from the increase in speed resulting from the syllabic printing, in
      relation to non syllabic printing.
PAR  Thus, for example, if the printing mechanism includes type bars, the
      syllabic printing enables a speed more than double that of a non-syllabic
      device with type bars.
PAR  A definition has just been given of the outlines of various means, each one
      of which enable the realization of several combinations between a syllabic
      keyboard and a printing mechanism, which is either syllabic or alphabetic
      (non-syllabic).
PAR  For a given combination, one considers not only the components united one
      next to the other in a given machine but also the elements at a distance
      one from the other and which function as a unit, either at the same time
      or at different times, one then controlling the others by means of a
      storage unit.
PAR  For example, if one keyboard controls the recording in the storage, the
      latter controlling a printing mechanism afterwards the keyboard, the
      storage unit and the printing mechansim are all part of the same
      combinataion.
PAR  A list of such combinations with a brief description of each follows.
PAR  Each definition is preceded by a symbol made up of capital letters for the
      substantives and small letters for the adjectives as well as for the form
      of storage medium.
TBL  ______________________________________                                    
     In these symbols:                                                         
     ______________________________________                                    
     C = Keyboard   b = band or tape                                           
                                 s = syllabic                                  
     I = Printing mechanism                                                    
                    c = card     a = alphabetic                                
                    d = disc     (non syllabic)                                
     M = Memory     e = electronic                                             
                                 m = magnetic                                  
                    n = numerous p = punched                                   
     ______________________________________                                    
PAR  The list which follows is not limitative.
PAC  CS IS - SYLLABIC KEYBOARD CONTROLLING A SYLLABIC PRINTING MECHANISM
PAR  This, for example, is the combination already partially described and of
      which an embodiment is shown in FIG. 12. The keyboard controls the
      printing mechanism through mechanical, electrical or electronic
      connections. Printing is immediate.
PAR  Cs n Is.- Same combination as Cs Is but the keyboard controls, at the saame
      time and in addition, one or more other syllabic printing mechanisms
      situated outside the machine of which it is part. These mechanisms can be
      identical to the one forming part of the machine, or they can be similar
      or different.
PAR  Cs Is M.- Same combination as Cs Is but the keyboard also controls in
      parallel, a storage unit. This unit can be part of the same machine or
      situated at a distance and linked to the circuits through which the
      keyboard transmits pulses. It is intended to control printing by one or
      more printing mechanisms afterwards.
PAR  Cs Is Mp.- Same combination as Cs Is M but the recordings in the storage
      unit are constituted by punching.
PAR  Cs Is Mm.- Same combination as Cs Is M but the storage unit is magnetic.
PAR  Cs Is Mdm.- Same combination as Cs Is Mm but the storage unit is
      constituted by magnetic discs. This form is particularly interesting for
      the recording of standard paragraphs of letters or of information which
      must be founded again rapidly.
PAR  Cs M.- Combination of a syllabic keyboard with a storage unit. The memory
      unit serves to control a printing mechanism afterwards. This combination
      is the same as Cs Is M with the difference that the machine has no
      printing mechanism incorporated in the same assembly.
PAR  Cs M Ia.- Combination of a syllabic keyboard with an alphabetic,
      non-syllabic, printing mechanism by the intermediary of a buffer storage
      unit.
PAR  The buffer storage unit receives pulses corresponding to the characters
      incorporated in the groups of characters, with or without spacing, and at
      the typing cadence of the syllabic typing. A reader, of well-known type,
      reads in the buffer storage and controls the impression in alphabetic
      print, that is, letter by letter, the spaces being separated, but at the
      maximal cadence at which the non-syllabic printing mechanism can function.
PAR  In this form of embodiment, the printing mechanism can be of any type:- for
      example, the type support can be made up of type bars, of a cylinder or of
      a sphere. The buffer storage unit being made up of elements already
      well-known in themselves, it is not necessary to describe them in detail
      here. The same goes for the printing mechanism. What is characteristic is
      the combination of the described syllabic keyboard with a storage unit
      which receives the syllabic elements and with a reading and printing
      mechanism which is not syllabic.
PAR  The nature of the various buffer storage units which can be used is
      described later.
PAR  Cs Mbp Ia.- Same combination as Cs M Ia but the buffer storage unit
      comprises a punched tape which constitutes a storage medium. The punched
      tape can be conserved and stored to control the same printing mechanism or
      other printing mechanisms, of which the structure may be different,
      afterwards.
PAR  Cs Mm Ia.- This is the combination Cs M Ia, when the buffer storage unit is
      magnetic. An additional advantage is the fact that the same storage medium
      can be used a number of times.
PAR  Cs Mbm Ia.- Same combination as Cs Mm Ia but with the precision that the
      storage medium is made up of a magnetic tape. The same device enables the
      use of a continuous tape, or a looped endless tape.
PAR  Cs M Ia M.- Same combination as Cs M Ia but, in addition to the buffer
      storage unit, the mechanism is fitted with another storage device the
      storage medium of which is continuous and which will serve to re-operate
      the same printing mechanism or another similar, or different mechanism
      afterwards.
PAR  Cs Mm Ia Mp.- Same combination as Cs M Ia M but in which the first storage
      is magnetic and where the second storage device comprises a perforated
      storage medium.
PAR  Cs Mm Ia Mbp.- Same combination as Cs Mm Ia Mp but with the precision that
      the second storage medium is made up of a punched tape. In this case, the
      device which ensures the advance of the tape can be identical or similar
      to the one which is usually used with a normal electric typewriter,
      connected to a recording devide which comprises a punched storage medium.
      It is the pulses transmitted by the buffer storage unit which controls in
      parallel the non-syllabic printing mechanism and the recording by
      punching. The punched storage medium enables the future controlling of the
      same printing mechanism or another one, at a distance.
PAR  Cs Me Ia.- Same combination as Cs M Ia but in the case where the buffer
      storage unit comprises an electronic memory medium.
PAR  This form of buffer storage unit has the following advantages: it requires
      no moving mechanical components, its volume is very small and alphabetic
      printing can begin as soon as the keyboard is struck. The operator can
      thus see what is being printed with no delay.
PAR  Cs Mm.- Combination of a syllabic keyboard with a magnetic storage unit. In
      all these cases, the machine can be without a printing mechanism. The
      storage medium serving to control a printing mechanism afterwards. This
      mechanism can be identical or similar, to the one of a syllabic
      typewriter, for example, the one shown in FIG. 12, or to one of an
      alphabetic, non syllabic typewriter. It can also be totally different. It
      can be a printing machine of the type used in the graphic arts; for
      example a linotype (Trade Mark), or a photoprinting device.
PAR  Cs Mbm.- Same combination as Cs Mm but in the particular case where the
      storage medium is made up of a magnetic tape. It has been said that in
      this case, the magnetic tape can advance by jumps of different lengths or
      by uniform jumps of just one line, the number of tracks in this case being
      greater.
PAR  In this latter case, the jumps can be replaced by a continuous advance of
      the tape, the reader reading "in passing". This last method is already
      used with non-syllabic, aliphabetic keyboards.
PAR  Cs Mcm.- Combination similar to Cs Mbm but were the magnetic tape is
      replaced by a magnetic card. A card is more convenient in certain cases
      where the text is short. This storage support accelerates the selection of
      a given passage and facilitates filing. The devices for recording and for
      reading can be identical to those used with a magnetic tape.
PAR  Cs Mdm.- Combination includes in Cs Mm but a particular case where the
      storage medium is made up of one or several magnetic discs. Both faces of
      the disc can be used successively or simultaneously. The elements which
      produce the rotation of the discs, the recording and the reading are
      well-known. One can affect some particular tracks to each one of the
      groups of characters which have a distinct printing point. In this case
      the devices for recording and those for reading can be adapted so that the
      storage can control, at a later date, the printing through a syllabic
      machine identical, or similar to the one described or through any other
      syllabic machine which prints, or which controls several characters will
      or without spaces, to become apparent simultaneously. It is well-known
      that the devices incorporating a disc storage medium enable a rapid
      selection of a given part of a recording: for example, recordings of
      standard paragraphs.
PAR  For the various combinations briefly described above, it did not seem
      useful to describe in detail and to show by drawings the elements of each
      combination which are already known. What is particularly new is the
      combination of the syllabic keyboard with these known elements, the
      syllabic recording enabling, in certain cases, syllabic printing.
PAC  SYLLABIC KEYBOARD WITH TWO CASE POSITIONS
PAR  When the alphabetic (non-syllabic) printing mechanism which is controlled
      by a syllabic keyboard comprises only two case positions, the syllabic
      keyboard may have only two case positions, that is two characters per key.
      For example, if the printing mechanism is of a type with type bars, each
      key corresponds to two characters located on the same type bar. If this
      mechanism is with a printing sphere they are the two characters which are
      diametrically opposed on this sphere. It is known that in typewriters with
      a printing sphere, each of the two positions corresponds to one of the two
      hemispheres of this sphere.
PAR  As an example, the keyboard shown in FIG. 15 is a transposition of the
      keyboard shown in FIG. 7 with 3 positions to a keyboard with 2 positions.
      The only major differences between these two keyboards is that the
      characters which in FIG. 7 are in position 3 are attributed to the keys in
      a supplementary row which, in FIG. 15 is numbered 0 (zero). Some are
      therefore placed in case position 1 and the others in case position 2.
      Note that the layout of the keys in this row is almost the same as in the
      first row of the keyboard, called "Universal", of usual non-syllabic
      typewriters.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A syllabic-keyboard controlled device, in which the keyboard comprises :
      a plurality of keys (FIGS. 7 and 8) which can be simultaneously depressed
      and which are arranged in rows and columns, certain of said keys
      simultaneously controlling a plurality of characters belonging to
      character groups which each correspond to a distinct printing point;
      certain of said keys which each control simultaneously a character of a
      first character group an a character of second character group being
      disposed and arranged in a matrix; a central key in certain rows of keys
      controlling only the vowel of the second character group which corresponds
      to the other keys of the matrix in the same row; the keyboard comprising
      the following improvements:
PA1  in several rows of the matrix, two keys adjacent the central key control a
      character of a third character group which is the same for the two keys;
      two space keys the width of which is about that of two columns of the
      matrix and the length of which is at least equal to that of three rows of
      the matrix; said space keys being disposed forwardly of said matrix and
      being spaced laterally from one another on opposite sides of the center of
      the keyboard and three sets of thumb-operated keys which are elongate in
      the sense of the rows of the matrix, the width of said thumb-operated keys
      being approximately twice that of a matrix key, each of said sets
      comprising three keys situated respectively in three rows, one set of
      three keys being between the two space keys, a second set to the left of
      the left space key, and the third set at the right of the right space key,
      all of these thumb-operated keys adjacent to the space keys being in the
      same plane as said space keys, so that a thumb of an operator can depress
      each of these thumb-operated keys, either alone or at the same time as an
      adjacent space key.
NUM  2.
PAR  2. A device as claimed in claim 1, in which the keyboard comprises a
      central column of keys each of which is higher than the two adjacent keys
      in the same row (FIG. 9), these two adjacent keys being higher than the
      following keys in the same row situated further to the right and left
      respectively, each of these differences in level being slightly greater
      than the stroke of the keys.
NUM  3.
PAR  3. A device as claimed in claim 2, the keyboard of which comprises electric
      switches actuated by said keys and further comprising the following
      improvements:
PA1  in several rows (FIGS. 7 and 8), the central key controls the vowel of the
      second character group which corresponds to the other keys of the matrix
      in the same row; in several rows, the two keys adjacent the central key
      control a vowel of the third character group which is the same for the two
      keys and which statistically is often associated with the vowel of the
      second character group controlled by the keys in the same row of the
      matrix; the thumb-operated keys situated between the two space keys each
      control one of the statistically most frequent consonants of the third
      character group, the other consonants of the third character group and
      those of the fourth character group being each assigned to one of the
      other thumb-operated keys; character combinations corresponding to
      frequent word-endings aare assigned to keys in the two columns nearest the
      right, these keys being provided with an automatic space; and certain
      character combinations which each correspond to an entire word are
      assigned to keys which are situated in the front right-hand corner of the
      keyboard and provided with an automatic space.
NUM  4.
PAR  4. A device as claimed in claim 1, the keyboard of which comprises electric
      switches actuated by said keys (FIG. 13) and in which, the assignment of
      characters to the keys of said keyboard having been determined for a
      particular language (FIG. 7), a series of supplementary keys (FIG. 14) are
      provided which each control the printing of an association of characters
      frequently encountered in a second language.
NUM  5.
PAR  5. A device as claimed in claim 1, the keyboard of which comprises electric
      switches actuated by said keys, and including a commutator (987 FIG. 12a)
      though which pass circuits corresponding to certain keys and by means of
      which the characters controlled by these keys may be altered to adapt the
      keyboard to a particular class of work.
NUM  6.
PAR  6. A device as claimed in claim 1, the keyboard of which comprises electric
      switches actuated by said keys and comprises certain keys which each
      control simultaneously up to as many characters as there are character
      groups each corresponding to a distinct printing point, plus an automatic
      space ("tions.sub.- " FIG. 10).
NUM  7.
PAR  7. A syllabic keyboard controlled device (FIGS. 5a-5c), the keyboard of
      which comprises a plurality of character keys arranged in rows and
      columns, certain of said keys each controlling a plurality of characters
      belonging to different character groups which each correspond to a
      distinct printing point; certain keys being disposed and arranged in a
      matrix comprising several rows and several columns, the device comprising
      the following improvements:
PA1  the character keys are each mounted on a vertically displaceable rod (FIG.
      3) the lower end of which has an upper knife edge (724) and a lower knife
      edge (725),
PA1  the upper knife edges, in rest position, are situated in angular notches
      (730) of a fixed plate (729 FIGS. 4, 5),
PA1  the lower knife edges, in rest position, are each situated in angular
      notches (752) of parts that the corresponding key controls, certain keys
      each controlling up to three characters,
PA1  the lower knife edges corresponding to keys belonging to the matrix in a
      given column overlie an articulated parallelogram (FIGS. 4 and 5b) which
      corresponds to this column and which each knife edge can control
      separately,
PA1  each of these articulated parallelograms comprises two bell-crank levers
      (762, 763), the upper horizontal end portions of which are linked by an
      upper connecting rod formed with angular notches in which the lower knife
      edges engage; and lower end portions are linked by a lower connecting rod,
      so that the upper connecting rod can only move parallel to itself,
PA1  the keyboard further including a transverse countermotion device (748, 760
      FIG. 5) for each row of the matrix, the lower knife edges corresponding to
      keys situated in this row overlying and acting on the transverse
      countermotion device at the same time as on one of the articulated
      parallelograms, so that each key of the matrix controls simultaneously the
      printing of a character which corresponds to several keys of the column of
      keys and of a character which corresponds to several keys of the row,
PA1  the axes of the transverse countermotion devices being in the same plane as
      the fixed axes of the articulated parallelograms.
NUM  8.
PAR  8. A device as claimed in claim 7 further comprising a motor element,
      electromagnets (901, 902 FIG. 4) which each produce an engagement of a
      transmission part with the motor element (771) to cause a printing of a
      selected character, certain of said electromagnets being connected to a
      switch (718) arranged in the path of movement of one of the mobile
      elements belonging to one of the articulated parallelograms each set in
      motion by several keys of the same matrix column, certain others of these
      electromagnets being each connected to a switch (984) arranged on the path
      of movement of one of the mobile elements belonging to one of the
      transverse countermotion devices each set in movement by several keys of
      the same row of the matrix, so that each key situated above the
      intersection of one of these parallelograms and of one of these transverse
      countermotion devices controls simultaneously the energization of two
      electromagnets corresponding to two characters.
NUM  9.
PAR  9. A keyboard controlled device comprising: a syllabic-keyboard comprising
      electric switches and a space key and character keys certain of which can
      be depressed simultaneously; the device comprising a spacing device and
      type-bars belonging to different character groups which each correspond to
      a distinct printing point, electromagnets each of which engages a
      transmission element with a motor element, some of said transmitting
      elements transmitting movement to type bars and others to the spacing
      device, the device comprising the following improvements:
PA1  several of these electromagnets are connected with the same keyboard switch
      (FIGS. 7, 8, 11, 10), so that depression of a single key controls
      simultaneously the printing of up to five characters plus an automatic
      space, certain of these electromagnets being each connected to several
      keyboard switches, so that several switches each control the printing of
      the same character.
NUM  10.
PAR  10. A device as claimed in claim 9 in which certain of the electromagnets
      which each engage a transmission element with the motor element to
      transmit movement of a type-bar of a first character group are each
      connected to several switches of the same keyboard column, and certain of
      the electromagnets which each engage a transmission element to transmit
      the movement to a type-bar of a second character group are each connected
      to several switches of the same keyboard row, so that certain keys each
      produce simultaneously the printing of a character of the first character
      group which corresponds to the keyboard column and of a character of the
      second character group which corresponds to the keyboard row, this
      combination thus constituting a matrix.
NUM  11.
PAR  11. A device as claimed in claim 9, in which certain of the keyboard
      switches (FIG. 8) each close two circuits one of which controls the
      printing of a character of the first character group and includes a
      conductor parallel with the keyboard columns, the other circuit
      controlling the printing of a character of the second character group and
      comprising a conductor parallel with the keyboard rows, all the circuits
      closed by switches of the keyboard being supplied by a common conductor
      having branches which are parallel with the keyboard rows, this supply
      circuit and the circuits which control the characters of the second
      character group being printed (FIG. 11) on the same face of a support
      which also supports the keyboard switches (FIG. 13), the circuits which
      each control the printing of a character of the first character group and
      each corresponding to several keys of a same column constituting a second
      network.
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ABST
PAL  In typewriters comprising groups of type-bars, each group having a distinct
      printing point, each group being supported by a particular sector and
      certain sectors being movable independently from the others:
PA1  A shift mechanism which allows the typist to put all the sectors together
      in three different positions corresponding respectively to three different
      character cases, the mechanism allowing also to change the case position
      of certain sectors, each independently from the others.
PAL  Certain sectors have a particular cushion on which rests the corresponding
      type bars. Other sectors have a common cushion.
PAL  The shift mechanism comprises thin sheets which are each situated between
      the path of movement of the type bars which belong to two succesive groups
      in order to constitute each a support of the corresponding cushion, to
      avoid collisions between type bars of these two groups and to constitute a
      type bar guide between these two groups.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a division of my application Ser. No. 359,051 filed
      June 2, 1972,  which has been refiled as continuation application Ser. No.
      502,188 filed Aug. 30, 1974
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Syllabic typewriters having different cases of characters.
PAR  2. Description of the Prior Art
PAR  A syllabic typewriter with a shift mechanism has already been disclosed by
      Gremillet U.S. Pat. No. 3,073,427.
PAR  The Invention comprises different improvements to this Prior Art. In
      particular it permits the utilization of a motor. It increases the typing
      speed and permits a better printing quality.
PAC  SUMMARY OF THE INVENTION
PAR  In a first embodiment:
PAR  A SHIFT MECHANISM WHICH ALLOWS THE TYPIST TO PUT DIFFERENT GROUPS OF TYPE
      BARS IN THREE DIFFERENT CASE POSITIONS, CERTAIN OF THESE GROUPS BEING EACH
      MOVABLE INDEPENDENTLY FROM THE OTHERS. A vertically movable carriage
      cylinder is combined with different sectors which are also vertically
      movable, either together or individually.
PAR  In a second embodiment:
PAR  A SHIFT MECHANISM WHICH ALLOWS THE TYPIST TO PUT DIFFERENT GROUPS OF TYPE
      BARS IN THREE DIFFERENT CASE POSITIONS.
PAR  Certain type bar groups are each movable independently from the others.
PAR  The mechanism comprises a general basket on which certain type bar groups
      are directly fixed, these groups being movable only together and with the
      general basket. The general basket is slidably supported by the frame of
      the typewriter. Other type bar groups, with their respective sectors, are
      each slidably supported by the general basket and thus are each movable
      individually.
PAR  When all the sectors are to be displaced, the general basket is displaced
      with all the sectors. This principle gives better printing than when all
      the sectors are displaced simultaneously but separately.
PAR  In this second embodiment the device comprises at least two driving shafts
      (a first and a second) engaged with one another, so that they oscillate
      simultaneously but in opposite directions. These shafts bear each
      different levers. On account of lack of space in the center of the
      machine, the secondary driving shaft is replaced by two secondary driving
      shafts which are aligned with one another.
PAR  When one sector or the general basket is to be displaced downwards it is
      engaged on one or two levers borne by the first driving shaft.
PAR  When the general basket is to be displaced upwards it is engaged on two
      levers borne by the secondary driving shafts.
PAR  In this case, the first driving shaft is engaged with a motor element which
      reciprocates the first and secondary driving shafts in opposite
      directions.
PAR  In the two embodiments, the device comprises an arrangement of thin sheets
      each situated between the path of movement of the type bars belonging to
      two successive type bar groups. These thin sheets constitute each a
      support for a corresponding cushion on which rest the type bar heads. They
      avoid collisions between type bars belonging each to one of two successive
      groups. They also constitute type bar guides between these groups.
PAR  A combination between the two embodiments permits putting the type bar
      groups into four different case positions, which permits building the
      machine with four characters on each type bar.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS.
PAR  FIG. 1. Keyboard of a type that allows the use of only mechanical
      connections. Layout for the French language. Top view.
PAR  FIG. 2. Part of the mechanical connection box superimposed on the
      longitudinal levers, the keyboard being partly removed to show the
      articulated parallelograms combined with the device for transverse
      deflecting of the movement (counter-motion device). Top view.
PAR  FIG. 3. Two keys each with its double-angular-edge knife, driving
      simultaneously a parallelogram that corresponds to the column and a
      transverse counter-motion device corresponding to the row. Front view.
PAR  FIG. 4. One of the articulated paralleograms, the keys that actuate it, one
      of the counter-motion devices, and electromagnets each of which engages a
      cam on the driving cylinder. View from the right.
PAR  FIG. 5. Comprising parts designated 5a, 5b, 5c. Printing mechanism. Partial
      view, in perspective.
PAR  FIG. 6. comprising parts designated 6a, 6b, 6c. Shift mechanism and
      mechanism for raising the ribbon. Perspective.
PAR  FIG. 7. Mechanism for raising the ribbon, the vertical displacements of
      which are controlled by the vertical displacements of the carriage
      cylinder. View from the right.
PAR  FIG. 8. Comprising parts designated 8a - 8c. Escapement mechanism and
      printing mechanism. Longitudinal section, seen from the right.
PAR  FIG. 9 comprising parts designated 9a, 9b. Escapement mechanism.
      Perspective.
PAR  FIG. 10. The whole of the group escapement-bars, actuated by the lower ends
      of the intermediate levers. Front view.
PAR  FIG. 11. Axle of the group escapement-bars. Front view.
PAR  FIG. 12. Central bearing of the group escapement-bar axle. Front view.
PAR  FIG. 13. Central bearing of the group escapement-bar axle. View from the
      left.
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PAR  FIG. 22. Lever for raising the ribbon, actuated by the groups escapement
      bars of Groups I to V. Front view.
PAR  FIG. 23. Lever for raising the ribbon, actuated by the group escapement
      bars of Groups I to V. View from the left.
PAR  FIG. 24. Frame of the general three-position "basket". Top view.
PAR  FIG. 25. Comprising parts designated 25a and 25b. The three three-position
      "baskets", assembled, bearing the sectors, and parts of the devices that
      actuate them. Front view. FIG. 26. The three-position "baskets",
      assembled, bearing the sectors, and parts of the devices that actuate
      them. Top view.
PAR  FIG. 27. Three-position "basket" I, slidably mounted on the general
      "basket", and mechanism actuating the three "baskets". Section d-d of
      FIGS. 25 and 26, seen from the right.
PAR  FIG. 28. General three-position "basket", slidably mounted on the frame of
      the machine, and device for actuating the three "baskets". View from the
      right.
PAR  FIG. 29. Scheme of the assembly of the electric circuits that actuate the
      changes of position of the three three-position "baskets".
PAR  FIG. 30. Synoptic table setting out the sequence of effects produced by
      depressing each of the sector shift keys, or by depressing the pedal that
      duplicates them.
PAR  FIG. 31. Switchboard. Example of a layout for the French language.
PAR  FIG. 32. Switchboard. Example of a layout for the English language.
PAR  FIG. 33. Comprising parts designated 33a-33c. The whole machine in the
      version comprising a keyboard made up of swiches that actuate the
      engagements on the driving cylinder and the escapement mechanism provided
      with electromagnetic means. Longitudinal section seen from the right.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  General considerations.
PAR  In the embodiments presented, the power of a smooth motor-driven cylinder
      is employed for printing and for different associated functions, as well
      as intermediary levers and other elements normally used in non-syllabic
      electric typewriters.
PAR  The machine described may evidently be adapted so as to employ similar
      elements borrowed from electric typewriters of another type. For example,
      a grooved motor-driven cylinder and levers similar to those normally used
      in such cases could be employed.
PAR  Different parts of the machine that do not form part of the invention are
      shown only schematically and insofar as is necessary to locate the new
      devices or make their connections with the latter understandable.
PAR  Thus it is, for example, with the motor, the motor-driven cylinder,
      type-bars and certain electronic components.
PAR  In a first embodiment described hereafter, it is presumed that the keyboard
      is similar to that described in U.S. Pat. No. 3,073,427. FIG. 1.
      illustrates the structure and layout of this keyboard.
PAR  In a second embodiment, the machine is provided with electromagnets.
      Electrical and electronic connections then replace numerous mechanical
      connections, giving greater freedom for the layout of the keyboard.
PAR  FIG. 1 is an example of a keyboard that may be adapted when the connections
      are solely mechanical, and also when they are electrical and electronic.
PAR  FIG. 32 shows a type of keyboard that can only be adopted when the machine
      is furnished with electromagnets. This keyboard includes, among other
      features, keys for large combinations ("that", "heir", "tion" etc) that
      enable, by depressing a single key, the printing of up to four characters
      at a time, and the simultaneous production of the space that has to follow
      them. On the other hand, numerous keys corresponding to Groups III and IV
      (E.sub.III, N.sub.III, T.sub.IV) are situated at the centre of the
      keyboard to facilitate the fingering.
PAR  Shift mechanism
PAR  The machine includes five groups of type-bars, borne by five sectors 301 to
      305 (FIG. 5).
PAR  Each type-bar has three characters placed one above the other, the
      characters thus belonging to three different cases. Therefore, the sectors
      must be able to occupy, relative to the carriage cylinder (platen), three
      different case positions : the 1st for small letters; the 2nd for capital
      letters; and the 3rd for figures, various signs and special characters.
PAR  Combination of the descent of the baskets and the rise of the carriage
      cylinder.
PAR  In the embodiment described here, in order to be able to print a character
      of the 2 nd case in Group I or in Group II, the sector corresponding to
      this group must be made to descend. It is also possible to make all the
      sectors descent simultaneously.
PAR  In order to print the characters in the 3rd case, the sectors may descend
      by twice the amount which brings them to the 2nd position. This solution
      was disclosed in U.S. Pat. No. 3,073,427. In the embodiment described
      here, the third case position is obtained by simultaneously making the
      sectors descend and making the carriage cylinder ascend. In a variation, a
      solution will be described that consists in making the sectors descend so
      as to reach the 2nd position, but in making them rise in order to reach
      the 3rd position.
PAR  The rise of the carriage cylinder is a method that has already been used in
      some nonsyllabic typewriters in order to reach the 2nd case position. Two
      methods already well-known individually are therefore combined. This
      necessitates the realization of a special driving device. On the other
      hand, Sector I, 301 (FIG. 5) must descend alone, as may Sector II (302).
      On the contrary, Sectors III (303) IV (304) and V (305) are fixed on a
      common support and they can only be made to descend at the same time as
      the Sectors I and II. There are thus three sector supports.
PAR  In order for each of these supports to be displaceable between the 1st and
      2nd positions, each is fixed to the forward end of lower and upper
      flexible sheets whose rear end is fixed to the frame of the machine. Each
      pair of sheets, of which there is an upper and a lower, make up the
      opposite sides of an articulated parallelogram. This is the proces already
      employed in certain electric typewriters.
PAR  The support of Sector I (301) is fixed to two pairs of sheets 201-202 and
      203-204 (FIG. 8). The support of Sector II (302) is fixed to a single pair
      of sheets, identical with the preceding, because it is narrower. The
      common support of the Sectors III, IV and V is fixed to two pairs of
      sheets like the support of Sector I. "Basket" is the name give to each set
      of parts which, for changes of case position, can only be displaced in its
      entirety and which is supported by the same flexible sheets; that is to
      say to each whole that consists of : a sector support, the sector or
      sectors that the latter supports, type-bars and corresponding type-bar
      guides. There are, then, three baskets, (FIG. 5) corresponding
      respectively to Group I, to Group II and to the Groups III-IV-V.
PAR  The displacement of each basket is limited above and below by adjustable
      double stops as follows : for basket I, to the left, the double stop 321
      (FIG. 6) the type of which is well-known, consisting of nuts and
      shock-absorber washers, mounted on a single axle; and to the right, the
      double stop whose support is made up of a fork 322, seen from the right in
      FIG. 8. For basket III-IV-V there are two double stops 323 and 324 (FIG.
      6) identical with those for basket I but in the reverse order, Basket II
      is stopped by a single double stop 325 identical with the right-hand
      double stop 322 of basket I. The three central double stops are identical.
      They may be adjusted in the following manner; the fork-stop that
      constitutes each of them is fixed to a support 326 (FIG. 8) by two screws
      in elongated holes. The two ends 327 and 328 of the fork-stop being
      slightly flexible, they may be brought nearer to or farther from one
      another by the screw 329 that passes through an unthreaded hole in the
      upper end 327 and screws into the lower end 328.
PAR  Each one of the three baskets is pushed towards each upper and lower stop
      at each side of an equilibrium point by one spring or two, such as 330, in
      the normal way. There are thus two springs for each of the baskets I and
      III, but one spring only for basket II.
PAR  A device, which will be described, effects the passage to the second case
      position and then the return to the first case portion, either for the
      three baskets together, or for basket I alone, or for Basket II alone.
PAR  This device consists basically of the same parts as a device used for
      displacing the single basket in ordinary electric typewriters. These are
      principally : a longitudinal lever 331 (FIG. 6) driven by shift keys; a
      connecting-rod 355; an anchor-push member 334, mounted so as to pivot on a
      lever 358; a plate 335, which bears two catch-pins 351 and 352 and is
      fixed to a driving shaft 336 that bears three wrist-pin levers such as
      345, 346 and 347, a connecting-rod 356, a lever 357; a case-shift cam 332
      held in rest position by the lever 357, a lever 333 on which the cam is
      mounted, and a connecting-rod 359. Since all this part of the device is
      well-known, its functioning will be recalled only briefly.
PAR  When the depression of a key causes the longitudinal lever 331 to pivot,
      the latter, by means of the connecting-rod 355, pulls the anchor-push
      member 334 so that its upper arm comes in front of the catch-pin 351; and
      then the connecting-rod 356, pushing on the lever 357, releases the cam
      332. The latter engages on the motor-driven cylinder 771. This makes the
      lever 333 pivot, which, by means of the connecting-rod 359, pulls the
      lever 358. The anchor-push member 334 advances, pushes the catch-pin 351,
      which makes the driving shaft 336 pivot, with the wrist-pin levers such as
      345, in the direction of the arrow 325, and each wrist-pin lever draws a
      basket downwards.
PAR  When the key is released, the anchor-push member 334 pivots downward and
      its lower arm pushes the catch-pin 352, and thus the driving shaft 336 as
      well as the wrist-pin levers pivot in the opposite direction and make the
      basket rise again.
PAR  There will now be described what has been added to this well-known device
      in order to ensure: that only basket I or basket II should descend; that
      the three baskets together should descend; or that the three baskets
      together should descend and in addition the carriage cylinder should rise
      at the same time.
PAR  The descent of the three baskets together into the 2nd case Position
PAR  The driving shaft 336 (FIG. 6) bears three identical wrist-pin levers 345,
      346 and 347 that pull respectively on three identical trefoil-ended
      connecting-pieces 348, 349 and 350, each linked to one of the three
      baskets. A shaft 362 bears four identical radial levers 363 to 366. The
      key "Tout 2e " (All in 2nd) is mounted on an articulated parallelogram
      composed of the rod 394, the upper connecting-rod 395 and the reversed
      lever 396. This last presses on the catch-pin 368. The key "Tout 2e" (All
      in 2nd) thus drives a longitudinal lever 367 on which the catch-pin 368 is
      mounted. This catch-pin also makes both the lever 363 and the shaft 362
      pivot with the other levers, 364, 365 and 366, that are borne by this
      shaft. The lever 366 presses on a catch-pin 369, borne by the longitudinal
      lever 331, thus controlling all the movements of the ordinary device that
      has been described; and the driving shaft 336, pivoting, pulls on the
      three connecting-pieces 348 to 350 by means of its three wrist-pins 345,
      346 and 347, which makes the three baskets descend into the 2nd case
      position. The same effect is obtained by depressing the key "Bloc 2e",
      which, by a device already well known comprising the hook 397, holds the
      lever 367 and the ensemble in the 2nd case Position.
PAR  When the key "Tout 2e" (All in 2nd) is released, the reverse movements take
      place and the three baskets are thus returned to the 1st Position.
PAR  Disconnecting of one or several baskets
PAR  The three connecting-pieces 348, 349 350 have the shape shown in FIGS. 6
      and 8. Each presents a trefoil-shaped hole. In the forward part of this
      hole the pin of the corresponding wrist-pin lever is engaged. But if the
      connecting-piece is made to pivot in the direction of the arrow 353, the
      pin of the wrist-pin lever becomes disconnected from the forward part of
      the hole 354; and if the wrist-pin lever then pivots downwards, its pin
      slips into the prolongation of the cavity without pulling the
      connecting-piece with it. The corresponding basket is then disconnected.
PAR  The descent into the 2nd case Position of the basket of Group I. alone
PAR  The depression of the key "2eI" makes the reversed lever 371 (FIG. 6)
      pivot. The latter, through the catch-pin 373 at its end, pivots the lever
      374, a stirrup 375 and a lever 376 as a rigid assemblage which moves
      freely on a shaft 381. The lever 376, by a connecting-rod 377, causes a
      lever 379 to pivot. The latter, through its upper end, makes the
      connecting-piece 349 pivot, which disconnects basket II.
PAR  At the same time, the catch-pin 373 presses on a lever 382 and thus causes
      a second rigid assemblage, made up of the shaft 381 and the levers 382,
      383 and 384, to pivot. The lever 384, through a connecting-rod 385, causes
      a lever 386 to pivot. The upper end of the latter presses on the
      connecting-piece 350 and makes it pivot, which disconnects the basket
      III-IV-V.
PAR  At the same time, the reversed lever 371, by a second catch-pin 387, makes
      the lever 364 pivot, which through the shaft 362, operates the
      longitudinal lever 331, which, in a continuation of the movement, engages
      cam 332 on the driving cylinder. It follows that the shaft 336 and the
      wrist-pin lever 345 pivot and the latter makes basket I descend into the
      2nd case position. The two other baskets, having been disconnected, do not
      descend.
PAR  When the key "2eI" (2nd I) is released, all the parts that it had displaced
      return to their rest position and the driving device causes basket I to
      reascend. Return springs, such as 370, reconnect the connecting-pieces 349
      and 350.
PAR  The descent into the 2nd case Position of Basket II alone
PAR  The depression of key "2eII" (2nd II) causes the reversed lever 372 to
      pivot. The latter, through the catch-pin 388 borne by its extremity,
      causes the lever 383 to pivot, which, by means of the shaft 381 and the
      lever 384, disconnects the basket III-IV-V as in the preceding case. At
      the same time, the catch-pin 388 acts on the lever 389 and causes the
      ensemble consisting of this lever, the stirrup 390 and the lever 391, to
      pivot. This last, by a connecting-rod 392, causes the lever 378 to pivot,
      which disconnects basket I.
PAR  At the same time, the reversed lever 372, by a second catch-pin 393, makes
      the lever 365 pivot, which, through the shaft 362 and the lever 366,
      engage in the course of the movement the cam 332 on the driving cylinder
      771. This produces, as in the preceding cases, the pivoting of the driving
      shaft 336 and of the wrist-pin lever 346. The latter causes basket II,
      which has not been disconnected, to descend into the 2nd case position.
PAR  When the key is released, the movements occur in the reverse directions and
      basket II returns to the 1st case position. Return springs, such as 370,
      reconnect baskets I and III-IV-V.
PAR  Description of the vertically mobile part of the carriage
PAR  The carriage (FIGS. 6, 7 and 8) comprises a vertically mobile device
      simimlar to that used in certain conventional typewriters which have only
      a fixed type-bar basket. This device consists mainly of the carriage
      cylinder 252 which bears the paper (platen), the paper-guides being of the
      usual type such as metal sheets and rollers, not shown. This device is
      fixed on to two identical articulated parallelograms, each comprising two
      connecting-rods, shown from the side partially in dotted lines that is the
      connecting-rods 662 and 663 at the left, 664 and 665 at the right. The
      upper connecting-rods 663 and 665 make up, together with a common shaft
      666, a rigid, pivoting assemblage that ensures simultaneous movement both
      left and right. The shaft 666 together with the connecting-rods 662 and
      665 pivot on the part of the carriage that does not ascend. The weight of
      the vertically mobile device is compensated for by springs that are not
      shown in the drawing (for example, around the shaft 666).
PAR  The bottom position and the top position are stabilised by two identical
      hairpin shaped springs 667 and 668 shown in dotted lines.
PAR  A rail 670, situated between the teeth of a fork 671, is fixed on the lower
      part 669 of the vertically mobile device. This rail moves laterally with
      the carriage. It is the fork which, in pivoting, makes the mobile device,
      which bears the cylinder 252, move from its bottom to its top position and
      vice versa. Vertical displacement is limited downwards and upwards by
      adjustable stops such as 695 to the right and 691 to the left.
PAR  Description of the device that causes the vertical displacement of the
      vertically mobile part of the carriage
PAR  There is a longitudinal lever 672, bearing a catch-pin 673, parallel to the
      longitudinal lever 331 (FIG. 6).
PAR  The key "Tout 3e" (All groups in third case position) is fixed to a
      parallelogram whose lower connecting-rod 674 is fixed to an axle 675 that
      carries a reversed lever 676. The latter presses on the catch-pin 673 and
      thus causes the pivoting of the lever 672. The lever 331 bears a tongue
      677 over which the lever 672 passes.
PAR  The lower catch-pin 352, borne by the plate 335, is longer than the upper
      catch-pin 351. An engageable connecting-rod 678 transmits the movement of
      the catch-pin 352 in the direction of the arrow 688 when this
      connecting-rod is engaged on the catch-pin. In the rest position it is
      disengaged. It presents a notch 679 by which it can be interlocked with
      the catch-pin 352. This connecting-rod is suspended from the lever 672 by
      a connecting-rod 680. A return-spring 681 pulls on the connecting-rod 678.
      The latter is mounted to pivot on a reversing-lever 682 whose axle 683 is
      fixed to the framework. The upper end of the lever 682 presents an
      elongate hole 684 in which a catch-pin 685 is engaged. This catch-pin is
      fixed on a lever 686. The latter is fixed on a shaft 687. It is on this
      shaft that the fork 671, which controls the ascent and descent of the
      vertically mobile part of the carriage, is also fixed. The angular
      displacements of the rigid assemblage made up of the lever 686, the shaft
      687 and the fork 671 are limited by adjustable stops not shown in the
      drawing. These two extreme positions are maintained by two hairpin shaped
      spring 667 and 668 shown in dotted lines in FIGS. 6, 7 and 8.
PAR  Running
PAR  Each depression of the key "Tout 3e" (All 3rd) effects, by means of the
      reversed lever 676, the downward pivoting of the lever 672 on the axle
      745. This lever, through the connecting-rod 680, makes the connecting-rod
      678 pivot upwards against the pull of the spring 681, which engages this
      connecting-rod on the catch-pin 352 by means of the notch 679. The lever
      672, pressing on the tongue 677, makes the lever 331 pivot that, in the
      course of its movement, engages the cam 332 on the driving cylinder 771.
      This engagement produces the pivoting of the plate 335 in the direction of
      the arrow 337 and the descent of the three baskets, just as when the key
      "Tout 2e" (All 2nd) is depressed. But, in addition, the catch-pin 352
      pushes the connecting-rod 678 in the direction of the arrow 688, which
      causes the lever 682 to pivot, as well as the assemblage made up of the
      lever 686, the shaft 687 and the fork 671. The latter lifts up the rail
      670, which causes the vertically mobile part of the carriage that carries
      the cylinder 252 to ascend.
PAR  Thus, the three baskets having descended into the 2nd position and the
      carriage cylinder having correspondingly ascended, the carriage cylinder
      is in the 3rd case position in relation to all the type-bars, which allows
      the printing of the characters of the 3rd case (figures and various
      signs).
PAR  Each depression of the key "Bloc 3e" produces the same effect; but, in
      addition, locks the lever 672 in the lower position by the well-known
      means of a locking-hook 689. This locking is used when many figures are to
      be printed.
PAR  When the key "Tout 3e" (All 3rd) is released, all the displaced parts
      return automatically to their rest position. In particular, the
      connecting-rod 678 pivots downward, the catch-pin 352 comes out of the
      notch 679, which disengages the connecting-rod; but the catch-pin 352
      continues to push the front end 690 of the connecting-rod, which has been
      lengthened for this purpose.
PAR  A three-position basket combined with a carriage whose cylinder can occupy
      two positions will be described below. This will permit the use of four
      characters per type-bar, which is advantageous in machines built for work
      requiring a large number of special characters.
PAR  It has not seemed useful to show this combined use of two mechanisms that
      have already been shown separately, in the drawings.
PAR  Mechanism for raising the ribbon
PAR  The mechanism for advancing the ribbon has not been described because it is
      identical with that used in ordinary typewriters. It is actuated by the
      levers 280, 278 and 279 FIGS. 5, 10, 11 and 14.
PAR  On the contrary, the means used to reach the 3rd case position (means that
      consist of combining the descent of the baskets with the ascent of the
      carriage cylinder) requires the employment of a mechanism for raising the
      ribbon designed in such a way that the ribbon support moves vertically at
      the same time as the carriage cylinder.
PAR  The lower end such as 692 of the intermediary levers 772 (FIGS. 8 and 5) of
      each group causes a paddle or escapement-bars to pivot : from 271 for goup
      I, to 275 for group V (FIGS. 10 to 23). These group escapement-bars all
      pull the same stirrup 291 (FIGS. 22 and 23) that bears the lever 642
      (FIGS. 6 and 7). During each printing action, this lever thus pivots in
      the direction of the arrow 643. It draws on a connecting-rod 644 by which
      it causes a lever 645 to pivot. This latter pivots on an axle 652 fixed to
      a pivoting support 646. The other end of the lever 645 bears an axle 647
      on which is mounted the lower end of the fork 648 that supports the ribbon
      658 (FIG. 6). The upper part of this fork slides in two guides 649.
PAR  The pivoting support 646 (FIG. 7) is articulated on an axle 650 fixed to
      the framework. On the other hand, through a connecting-rod 651, it is
      interconnected with the fork 671 that displaces vertically the mobile part
      of the carriage. Thus when the fork 671 pivots upwards (3rd position), it
      causes the support 646 to pivot in the same direction, which displaces the
      axle 652 upwards. As a result the position of the fork 648 is displaced
      upwards and its movements, at each printing, bring the ribbon beneath the
      character of the 3rd case.
PAR  A change of amplitude of the movements of the fork 648, or the suppression
      of these movements for cutting stencils is controlled by a device
      consisting of a hand lever 653 (FIG. 6) fixed to a shaft 654, and a device
      with toothed sector 655, which immobilises the shaft 654 in its various
      positions. The shaft 654 bears a lever 656 (FIG. 7) whose length is
      adjustable and in whose end slides the connecting-rod 644.
PAR  In making the whole assembly pivot, the front end of the connecting-rod 644
      is made to ascend or descend, and the amplitude of the movements
      transmitted to this connecting-rod by the lever 642 is thus modified,
      which changes the area of the ribbon and if necessary the colour, on which
      the characters strike. When the connecting-rod is brought down into the
      lowest position, the end of this connecting-rod is in front of the notch
      657 in the lever 642. In this case, the connecting-rod is no longer being
      pulled and the ribbon does not rise.
PAR  Thin-sheets situated between the consecutive type bar groups
PAR  In syllabic typewriters comprising sectors which correspond respectively to
      different type bar groups and in which moreover the case position can be
      changed for certain sectors independently of the position of the other
      sectors, the problem of type bar guides between the successive type bar
      groups and the problem of sustaining the cushions 627, 637, 638 (FIG. 5)
      for the type bars have to be resolved. It is also necessary to avoid
      collisions between type bars belonging respectively to two contiguous type
      bar groups and which are utilized simultaneously.
PAR  In the embodiment described here, as in a second embodiment shown in FIG.
      33 and described below, these three problems are resolved together by the
      same parts which consist of thin sheets 625, 630, 631, 633, 634 and 635
      (FIGS. 5, 25 and 33).
PAR  When two consecutive groups can be displaced only together for case shift,
      there is between them one thin sheet only. This is the case between groups
      III and IV, and between the groups IV and V.
PAR  When two consecutive groups may be displaced each separately, there are two
      thin sheets between them. This is the case between the first and the
      second group and between the second and the third group.
PAR  The type-bar guide 621 (FIG. 5) to the left of Group I is similar to the
      left-hand half of the type-bar guides used in nonsyllabic typewriters. It
      consitutes the upper end of the part 623 that comprises the ring 624 of
      group I. The type-bar guide 622 to the right of group V is symetrical with
      the type-bar guide 621 and is also similar to that of a non-syllabic
      typewriter.
PAR  To the right of group I, the thin sheet 625 is fixed at its back to the
      part 623. The support 626 for the cushion 627 for the type-bars of group I
      is fixed at the left to the frame 629 (FIG. 8) of basket I by a screw 628,
      and at the right to the thin sheet 625 (FIG. 5) folded for this purpose.
      This thin sheet 635 is solid with the selector 301 of group I. Two similar
      thin sheets 630 to the left and 631 to the right of group II are fixed at
      their back to the sector 302 (FIG. 25) of group II. The support 632 (FIG.
      5) for the cushion 637 for the type-bars of group II is fixed on the front
      part of these two thin sheets, folded for this purpose.
PAR  The thin sheet 633 situated at the left of group III, the thin sheet 634
      situated between group III and group IV, the thin sheet 635 situated
      between group IV and group V are all similar to those described for groups
      I and II. At their front, they are each fixed on and support the support
      636 for the cushion 638 which is common to groups III, IV and V. Each thin
      sheet may be lightened by a hole, as shown in FIGS. 5 and 33.
PAR  The thin sheets do not prevent the displacement of the baskets into the 2nd
      case position.
PAR  Each thin sheet is situated between the path of movement of the type bars
      corresponding to two successive type-bar groups.
PAR  The shift mechanism comprising three-position "baskets"
PAR  Comparison with the mechanism anteriorly described
PAR  In the first embodiment already described, the sectors that 5 bear the type
      bars can be put in two different case positions and their descent is
      combined with the rise of the carriage cylinder to enable printing of the
      characters of the 3rd case.
PAR  The mechanism of which a description follows enables the positioning of the
      sectors in three different positions, which enables either the use of a
      carriage whose carriage cylinder is not displaced vertically, yet with
      three characters per type bar, or the combining of the availability of
      three sector positions with vertical displacements of the carriage
      cylinder, in order to equip the type bars with four characters one above
      the other.
PAR  In the figures, each type bar bears three characters and the carriage
      cylinder is not shifted vertically.
PAR  In the example, the mechanism comprises three independent "baskets" as in
      the first embodiment. The shifting possibilities have been thus kept, that
      is to say : shift down to the 2nd case position (capitals) either sector I
      alone or sector II alone, or all the sectors. But in addition the
      mechanism enables all the sectors to be raised to a third case position
      (digits and signs). The first position (small letters) is thus the middle
      position.
PAR  The part of a well known shift driving mechanism already used for the first
      embodiment and shown in FIG. 6 is also used here. The additions that had
      been made in this first embodiment to move the carriage up (longitudinal
      lever 672, its connection 680, the engageable connecting rod 678, and all
      the other parts that transmit this movement to the carrriage cylinder) are
      eliminated in the present embodiment, but will be kept when four
      characters per type bar and four case positions are used.
PAR  The well known shift driving mechanism is kept from the motor up to the
      shaft 336 inclusive, which in ordinary electric typewriters and also in
      the first embodiment described above brings the sectors down into the 2nd
      case position and then raises them back into the 1st case position.
PAR  To get the mechanism to operate with the same movements up and down, for
      the first and second case positions, as in the first embodiment and in
      addition to provide that it makes all sectors rise into a 3rd case
      position, and returns them to the 1st case position, this mechanism is
      completed with elements which will now be described.
PAR  As in the first embodiment, the sectors of groups III, IV, V, 303, 304,
      305, (FIG. 5) are fixed on a common frame 601 FIGS. 24 to 28, to
      constitute the "basket" III-IV-V.
PAR  Description of the basket of group I
PAR  The basket I is similar to that used in the first embodiment (FIGS. 5 and
      8). It comprises similarly : a frame 607 (FIG. 25) on which is fixed the
      sector 301 and, fixed to this assemblage, a part 621 of type-bar guide at
      the left of group I, a thin sheet 625 at the right of group I (FIG. 5) and
      also the cushion support 626 which supports the cushion 627 not modified.
      But the four flexible blades such as 203 and 204 FIG. 8, through which the
      basket I was linked with the frame of the machine are replaced by rods
      608, 609, 610 (FIG. 25) fixed on the frame 607. These rods slide in holes
      611, 612, 613 (FIGS. 24 and 26) bored in the frame 601 (FIGS. 24 to 28).
      The basket I is thus mobile on the basket III-IV-V and can be shifted down
      separately from the first case position (small letters) to the second case
      position (capitals).
PAR  Description of the basket of group II
PAR  Basket II (FIG. 25) is similar to the basket II used in the first
      embodiment (FIG. 5). It comprises the frame 614 (FIG. 25) which is
      slightly different, the sector 302, the thin sheets 302, the thin sheets
      630 and 631 (FIG. 5), the cushion 637 and its support 632. But rods 615,
      616 and 617 (FIGS. 25 and 26) fixed to the frame 614 (FIG. 25) replace the
      two flexible blades identical to the blades 203 and 204 (FIG. 8) which
      linked the basket II to the frame of the machine. These three rods slide
      in holes 618, 619, 620 of the frame 601 of basket III-IV-V (FIGS. 24 and
      25). The basket II is thus movable on the basket III-IV-V and can be
      shifted down separately from the lst case position (small letters) to the
      2nd case position (capitals).
PAR  Description of the general basket.
PAR  In short, the frame 601 on which are fixed sectors III, IV, V constitutes
      the frame of a general basket within which baskets I and II are mobile.
PAR  The frame 601 (FIGS. 24 to 28) has holes 846 to 849 which enable it to
      slide on the rods 850 to 853 fixed to the frame of the machine through
      supports 844 and 845. The frame 601 thus slides downwards to place into
      the 2nd case position (capitals) or moves upwards to place into the 3rd
      case position (digits and signs) the three baskets as a whole.
PAR  Description of the mechanism which transmits the movements to the general
      basket
PAR  The driving shaft 336, by the pivoting given it by the well known driving
      mechanism partially shown in FIG. 6 and described above can shift the
      general basket into the three case positions.
PAR  The shaft 336 pivots on the frame of the machine as in the first embodiment
      (FIG. 6) where it drives the two-shift position baskets. It bears at its
      right extremity the plate 335 by which the well-known mechanism makes it
      pivot, at first in the direction of the arrow 337, then back in the
      direction of the arrow 344 (FIG. 27). The plate 335 (FIG. 6) and
      consequently the shaft 336 are pushed towards one or the other of the two
      case positions and held there by a bistable spring 841 (FIG. 28) pivoting
      on the frame 715 and on one of the levers 855 that the shaft 336 bears at
      the right and by an identical spring 360 pivoting on the frame 715 and on
      a lever 84 (FIG. 27) that the shaft 336 bears at the left. The two levers
      854, 855 are extended in front of the shaft 336 and each has a slot 856,
      857. The frame 601 (FIGS. 24 to 28) has holes 858 to the left and 859 to
      the right in which sldes a cross-bar 808 (FIGS. 25 and 26). This cross-bar
      bears an arm 809 equipped with two catch-pins 810, 811 and another
      identical arm 812 equipped with two catch-pins 813, 814. These catch-pins
      enable engagement to drive the general basket into 2nd or 3rd case
      position. The cross-bar 808 bears at each end a double catch-pin 815 at
      the left and 816 at the right. The left end of this cross-bar is located
      on the inside of a part 817 fixed on the frame of the machine and with
      which it constitutes a device to lock the general "basket" in 1st case
      position (small letters). The right end of the cross-bar 808 constitutes
      with the part 818 a device similar to that at the left. The part 817
      comprises two identical flat parts 866 and 867. The end of the sliding
      cross-bar 808 is between these two flat parts. Each of these parts 866 and
      867 presents a curved slot 868 in which one end of the double catch-pin
      815 borne by the cross-bar is located. At rest the catch-pin is in the
      middle of the horizontal part of the slot. The edges of this slot prevent
      the catch-pin from rising or going down, thus locking the cross-bar 808
      and the general basket into the 1st case position (small letters). When
      the cross-bar is moved to the right, the double catch-pin can descent into
      the vertical part at the right of the slot, thus allowing the general
      basket to descent into the 2nd case position (capitals). When the
      cross-bar is moved to the left, the double catch-pin can rise in the
      vertical part at the left of the slot, thus allowing the general basket to
      reach the 3rd case position (digits and signs) The locking device located
      at the right end of the cross-bar 808 works in the same way and at the
      same time. The displacements to the right and left of the cross-bar 808
      and its return to rest position are obtained by means of a device
      comprising the following parts: a lever with three arms 894, 895, 896,
      this lever being freely mounted on a shaft 897, an elecromagnet 898 with a
      fixed core which can attract the arm 894, a second identical electromagnet
      899 which can attract the arm 895, the end of the arm 896 being located
      between two projections 908 and 909 on the crossbar 808, an elastic
      double-effect device comprising: a connecting rod 910 freely mounted on a
      shaft 911 which the arm 894 of the lever with three arms bears at its end,
      a spring 912 placed round the connecting rod 910 as well as two washers
      913 and 914 which can slide on this connecting rod; two washers 915 and
      916 which, after the placing of the spring and of the washers 913, 914,
      are pinned on the connecting rod, a double support 918 in the end of which
      the washers 915 and 916 can slide. The cross-bar 808 has a finger 891
      located between the two levers of two micro-switches 900 and 919.
PAR  The device just described enables, in moving the cross-bar 808 to the
      right, the introducing of the catch-pin 811 in the hole 856 of the leve
      854 (FIG. 27), and the introducing of the catch pin 814 (FIG. 25) in the
      hole 857 of the lever 855 (FIG. 28), thus linking the general basket with
      levers 854 and 855 on shaft 336, in order that this basket be shifted down
      to the 2nd case position and then up to the 1st case position, as the
      single basket does on an ordinary typewriter.
PAR  The supplementary parts described hereafter have as an aim to effect the
      reverse movements so that the general basket can be moved up to the 3rd
      case position (digits and signs) and then back to 1st the case position.
PAR  A shaft 869 (FIGS. 25 to 28) is fixed on a support 844, itself fixed on the
      left side of the frame 715 of the machine. On this shaft a plate 870,
      which has a hole 871 located facing the catchpin 810, oscillates. A shaft
      872 is fixed on a support 845, itself fixed on the right side of the frame
      715 of the machine. It is aligned with the shaft 869. On the shaft 872 a
      plate 873 oscillates. It is identical to the plate 870. The plate 873 has
      a hole 874 facing the catch-pin 813. The shaft 336 also bears at the left
      a wrist-pin lever 879 bearing a pin 880 which is received in a notch 881
      of plate 870. The plate 870 is thus connected to the shaft 336. When the
      shaft 336 and the wrist-pin lever 879 pivot in one direction, the plate
      870 pivots in the opposite direction. The shaft 336 at the right, a
      wrist-pin lever 860 which is identical to the wrist-pin lever 879 and
      which connects the shaft 336 with the plate 873, thus making the plae 873
      pivot in the opposite direction to the movement of the shaft 336.
PAR  Stops of known type 321 and 323 limit the descent of the frame 601 of the
      general basket into the 2nd case position and its rise into the 3rd case
      position.
PAR  The frame 601 bears a catch-pin 819 and another catch-pin 882 (FIGS. 25 and
      28). In the descent path of the catch-pin 819 is situated the lever of a
      micro-switch 838. The latter is fixed on the frame 715 of the machine.
      This micro-switch cuts off the circuit of the electromagnet 898 (FIG. 26)
      when the general basket arrives in the 2nd case position. In the
      rising-path of the catch-pin 882 (FIGS. 25 and 28) is situated the lever
      of a micro-switch 920 also fixed on the frame 715 and which cuts off the
      circuit of the electromagnet 899 (FIG. 26) when the general basket arrives
      in the 3rd case position.
PAR  The shift keys tht control the mechanism described here have the same
      designations as those in the keyboard shown in FIGS. 1 and 6.
PAR  However in the present embodiment, each of these shift keys can constitute
      the push-button of a switch (FIGS. 31, 32 and 33) which closes the circuit
      of an electromagnet. Thus, the whole of the levers and other mechanical
      connections that are controlled by the shift keys shown in FIG. 6 are
      suppressed and replaced by electrical lines. The lever 331 (FIGS. 6 and
      28) which controls the engagement of the cam 332 by the connection 356 and
      that controls the plate 337 by the connection 355 remains, but the lever
      331 is controlled by an electromagnet 884 (FIG. 28).
PAR  Thus, the shift keys in question can be used, either in a keyboard of the
      type shown in FIG. 1, or in a keyboard of the type shown in FIGS. 31 and
      32. These are the keys: Tout 2e (All 2nd), Blocage Tout 2e (Bolt All 2nd),
      2eI (2nd I), 2eII (2nd II), Tout 3e (All 3rd), Blocage tout 3e (Bolt All
      in 3rd).
PAR  The descent of the general basket into 2nd case position (capitals)
PAR  The descent of the key "Tout 2e" (All 2nd) (FIG. 31) closes the circuit of
      the electromagnet 898 (FIG. 26). This attracts the arm 894 of the
      three-armed lever, whose arm 896 pushes the projection 909 of the
      cross-bar 808 and thus makes this cross-bar slide to the right. Thus, the
      double catch-pins 815 and 816 each come above the descending parts of the
      curved slots wherein are located its ends within the locking parts 817,818
      FIG. 25). The connecting rod 910 (FIG. 16), by means of the pinned washer
      915 and by the sliding washer 913, compresses the spring 912 against the
      sliding washer 914 while the pinned washers 915 and 916 slide in the
      double support 918.
PAR  The catch-pin 811 (FIGS. 25 and 27) enters into the hole 856 of the lever
      854 and the catch-pin 814 (FIGS. 25 and 28) enters into the hole 857 of
      the lever 855. Thus the general basket is connected with the shaft 336 at
      the left and at the right.
PAR  At the end of the movement, the protuberance 891 (FIG. 26) of the cross-bar
      808 pushes the lever of the microswitch 900. This closes the circuit of
      the electromagnet 884 (FIG. 28) whose core attracts the lever 331 (FIGS. 6
      and 28) thus engaging the cam 332 on the driving cylinder 771, as it is
      well known. The driving of the shaft 336 is the same as in the mechanical
      solution (FIG. 6) and as in ordinary non-syllabic typewriter. The shaft
      336 (FIG. 27) pivots in the direction of the arrow 337 and the levers 854
      and 855 (FIG. 25) draw the general basket downwards with all the sectors.
      Each of te catch-pins 815 and 816 therefore descends into the right part
      of the slots in which they are situated. One can then type characters of
      the 2nd case in all the groups. The keyboard includes a lock-key which
      duplicates the key "Tout 2e" (All 2nd) and locks the general basket in low
      position. The machine includes a pedal 936, (scheme FIG. 29) which is
      equipped with a switch and which has the same function as the key "Tout
      2e" (All 2nd). This enables the typist to obtain and to maintain the 2nd
      case position with his foot and thus leave both hands free for the typing
      of one or more words in capital letters, without recourse to the lock-key
      for the 2nd case position. During the course of such typing and so long as
      the key "Tout 2e" (All 2nd) or the pedal 936 which duplicates it, is
      depressed, the electromagnet 884 switched on by the protruberance 891
      (FIGS. 26, 28 and 29) and by the micro-switch 900 remains switched on,
      thus maintaining the lever 331 depressed, as in an ordinary typewriter.
      This electromagnet is, for this purpose, wired in an AND circuit so that
      switching it "on" necessitates the closing of the circuit by the
      micro-switch 900 and by the key or the pedal.
PAR  When the key or the pedal is released, the circuit of the electromagnet 884
      is thus cut off, although the protuberance 891 still engages the lever of
      the micro-switch 900. The lever 331 (FIGS. 6 and 28) thus rises back and,
      as in the first embodiment or in an ordinary typewriter, the cam 332 is
      engaged again on the driving cylinder 771. The axle 336 pivots in the
      direction of the arrow 344 and the general basket rises back with the
      cross-bar 808 (FIGS. 25 and 26) and with the catch-pins 815 and 816. The
      frame 601 (FIGS. 25, 26 28 and 29) when descending, had by the catch-pin
      819, pushed the lever of the micro-switch 838 which had cut off the
      circuit of the electromagnet 898. When the frame 601 rises back, the
      finger 819 releases the lever of the micro-switch 838 which recloses the
      circuit at this point, but as the key "Tout 2e", or the pedal which
      duplicates it, being is up again, the circuit of the electromagnet 898
      remains cut off. This electromagnet no longer attracts the arm 894 of the
      three-armed lever. The return spring 912 cannot bring the cross-bar 808
      back to its rest position because the two double catch-pins 815 and 816
      are in the vertical descending parts of the holes 868. As soon as these
      double catch-pins are raised again to the level of the horizontal section
      of the slots, they can no longer resist the action of the spring 912 and
      this brings the cross-bar back into its rest position. The general basket
      is thus once again disengaged and locked at the level of the first case
      position (small letters). The rounded form to the changes of direction of
      the holes 868 in which each catch-pin is located helps to change the
      direction of movement of the catch-pin and consequently also of the
      cross-bar 808 a little before the level of locking.
PAR  Shifting of the general basket into 3rd case position (figures and signs)
PAR  The key "Tout 3e" (All 3rd) (FIG. 31) is duplicated by a lockkey locked in
      low position as for keys in shift position on conventional typewriters.
      The key "Tout 3e" (All 3rd) closes the circuit of the electromagnet 899
      (FIG. 26). This key is duplicated by a pedal 937 (FIG. 29) which is
      equipped with a switch and which has the same effect as the key. When the
      key or the pedal is depressed, the fixed core of the electromagnet 899
      attracts the arms 895 of the three-armed lever whose arm 896 pushes the
      projection 908 to the left, which displaces the sliding cross-bar 808 in
      that direction. Each of the double catch-pins 815 and 816 is thus brought
      beneath the rising part of the slot 868 within which it is situated (FIGS.
      25 and 29). The arms 809 and 912 borne by the cross-bar 808 moves together
      with it, and the catch-pins 810 and 813 move into the corresponding holes.
      The general basket is thus linked with the pivoting plates 870 and 873
      whose oscillations are produced by those of the shaft 336, but occur in
      the reverse direction to that of this shaft.
PAR  The continuation of the process is the same as when one makes the general
      basket descent into 2nd case position, by the key "Tout 2e" (All 2nd), but
      the plates 870 and 873 cause the frame 601 to rise to the 3rd case
      position instead of making it go down. The frame 601, during the end of
      its ascent pushes, by the finger 882, the lever of the micro-switch 920.
      This cuts off the circuit of the electromagnet 899 (FIGS. 26 and 29). When
      the frame 601 redescends, it releases the lever of the micro-switch 920,
      which recloses the circuit at this point, but the key "Tout 3e" (All 3rd)
      or the pedal which duplicates it, being raised again the circuit of the
      electromagnet 899 remains cut off. This electromagnet no longer draws the
      arm 895 of the three-armed lever. The return spring 912 cannot the
      cross-bar 808 back to it rest position because the two double catch-pins
      815 and 816 are in the vertical rising part of the slots. As soon as these
      catch-pins redescend to the level of the horizontal part of the slots,
      they no longer resist the action of the spring 912 and this brings the
      cross-bar back to its rest position. The general basket is thus once again
      disengaged and locked at the level of the 1st case position (small
      letters).
PAR  Mechanisms allowing descent of the basket of group I along into the 2nd
      case position (capitals)
PAR  Description. It has been explained that the basket of group I could slide
      on the frame 601 of the general basket in order to descend from 1st to 2nd
      case position. The frame 601 then remains locked in 1st case position. A
      wrist-pin lever 888 (FIGS. 25, 26, 33 and 29) is fixed on the shaft 336.
      The frame 607 of the basket I bears a shaft 886 on which is mounted a
      connecting engageable rod 885 which has a notch 887 placed in front of a
      pin 889 that the wris-pin lever 888 bears. In the rest position the
      connecting rod 885 is held by a return spring 890 so as the pin 889 is
      outside of the notch 887. In this situation the basket I is thus not
      brought down by the pivoting of the shaft 336. If the frame 601 of the
      general basket rises to the 3rd case position, it takes with it the frame
      607 of the basket I. The pin 889 does not prevent this.
PAR  The connecting rod 885 includes a catch-pin 843 (FIGS. 33 and 34) which, in
      rest position, is situtated on the edge of the frame 601; this locks the
      frame 607 of the basket I onto the general basket. When the connecting rod
      885 has pivoted in order to be engaged on the pin 889, the catch-pin 843
      is no longer above the edge of the frame 601; the basket I is thus
      unlocked and can descend, but the catch-pin 843 then descends behind the
      frame 601. During the descent, it thus prevents the connecting rod 885
      from desengaging from the pin 889 when the typist releases the key "2eI".
PAR  The connecting rod 885 includes a wing 842 (FIGS. 26, 33 and 29). Behind
      this wing there is a fixed-core electromagnet 907. This electromagnet is
      fixed on the frame 715 of the machine through a support 820. In the path
      of movement of the lower end of the connecting rod 885 is situated the
      lever of a microswitch 893 which connects the electromagnet 884 (FIGS. 28
      and 29).
PAR  The key "2eI" (2nd I) is optionally duplicated by a pedal 938 represented
      schematically (FIG. 29). This pedal is equipped with a switch and its
      depression has the same effect as the depression of key "2eI" (2nd I).
PAR  The electromagnet 884 serves to engage the cam 332 on the driving cylinder,
      not only to assure the descent and ascent of the basket I along, but also
      to assure the descent and ascent of basket II alone and that of the
      general basket. For this reason the electromagnet 884 is controlled by
      three separate circuits: one for the movements of the general basket, one
      for the movements of basket II, and one for the movements of basket I.
      This last circuits is of the AND type. It comprises two switches. One of
      these is controlled by the descent of the key "2eI" (2nd I) (or of the
      pedal which duplicates it) and the other by the micro-contact 893 which
      the connecting rod 885 controls.
PAR  Working
PAR  The depression of the key "2eI" (2nd I) or of the pedal 938 closes at this
      point the circuit of the electromagnet 907 (FIGS. 26, 29 and 33). This
      attracts the wing 842 of the connecting rod 885. The pivoting of the
      connecting rod engages it on the pin 889 and cancels the locking ensures
      by the catch-pin 843 on the frame 601. The lower end of the connecting rod
      885 pushes the lever of the micro-switch 893. This closes the circuit of
      the electomagnet 884 which attracts the lever 331 (FIGS. 6 and 28). This
      engages the cam 332 on the driving cylinder 771 and causes the shaft 336
      (FIG. 33) to pivot in the direction of the arrow 337. The pin 889 of the
      wrist-pin lever 888 pulls downwards the connecting rod 885 and this brings
      the basket I into the 2nd case position.
PAR  When the typist releases the key "2eI" (2nd I) or the pedal 938, the
      circuit of the electromagnet 884 is cut off and this no longer attracts
      the lever 331. This lever rises again, which reengages the cam 332 that
      causes the shaft 336 to pivot in the direction of the arrow 344 (FIG. 28)
      and causes the basket I to go up again to its 1st cast position.
PAR  Device causing the movements of basket II alone.
PAR  The device which causes the descent of the basket of group II along into
      its 2nd case position and then its return to its 1st case position is
      identical with the device that controls the basket of group I and its
      profile is shown in FIG. 33. FIGS. 25 and 26 locate it in a front view and
      in a top view showing its connecting rod 840 which is identical with the
      connecting rod 885 and which is controlled by a wrist-pin lever 839 (FIG.
      29) identical with the wrist-pin lever 888.
PAR  In the embodiment where the machine is equipped with a switch keyboard
      (FIG. 21 or 32) the key "2eII" (2nd II) is also optionally duplicated by a
      pedal 939 (FIG. 29).
PAR  The electro-mechanic scheme of FIG. 29 shows the whole of the electrical
      circuits, of the switches and also of the electromagnets which causes the
      case position shifting of the three baskets.
PAR  FIG. 30 shows the sequence of the effects produced by each of the keys that
      cause a case position shifting or by the pedal which duplicates this key.
CLMS
STM  I claim:
NUM  1.
PAR  1. A syllabic keyboard controlled device comprising: a motor, a driving
      cylinder (771 FIG. 6) coupled with and driven by said motor, a plurality
      of type bars arranged in groups each of which corresponds to a distinct
      printing point (FIG. 5a, 5b), each of said type bars having characters
      arranged thereon in three levels or cases, a first basket supporting a
      first group of said type bars, means mounting said first basket to permits
      its displacement downwards (FIGS. 5 and 6), a second basket supporting a
      second group of said type bars, means mounting said second basket for
      displacement downwards, a third basket supporting a third group of said
      type bars, means mounting said third basket for displacement downwards
      simultaneously with the displacement of said first basket and said second
      basket, a carriage cylinder, means including a plurality of levers
      (662-665, FIGs. 6 and 8) mounting said carriage cylinder for displacement
      upwards in combination with displacement of said baskets downwards, shift
      means for effecting selected vertical displacement of said baskets and
      said carriage cylinder, said shift means comprising first, second, third
      and fourth shift keys, a driving shaft, means for connecting said driving
      shaft with and disconnecting it from said driving cylinder, wrist pin
      levers carried by said driving shaft and releasably engageable with said
      baskets, means actuatable by said first shift key for disengaging said
      second and third baskets from said wrist pin levers and coupling said
      driving shaft with said driving cylinder to displace only said first
      basket downwards, means actuatable by said second shift key for
      disengaging said first and third baskets from said wrist pin levers and
      then coupling said driving shaft with said driving cylinder to displace
      only said second basket downwards, means actuatable by said third shift
      key for connecting said driving shaft with said driving cylinder, with
      none of said baskets disengaged from said wrist pin levers, to displace
      said first, second and third baskets downwards simultaneously, and means
      actuatable by said fourth shift key for connecting said driving shaft with
      said driving cylinder, with none of said baskets disengaged from said
      wrist pin levers, and additionally for connecting said driving cylinder
      with said levers of said carriage cylinder mounting means to displace said
      first, second and third baskets downwards and simultaneously to displace
      said carriage cylinder upwards.
NUM  2.
PAR  2. A syllabic keyboard controlled device comprising a fixed framework, a
      motor mounted on said framework, a driving cylinder coupled with and
      driven by said motor, a plurality of type bars arranged in groups each of
      which corresponds to a distinct printing point (FIG. 5a, 5b), each of said
      type bars having characters arranged thereon in three levels or cases
      namely a lower case, an upper case and a middle case disposed between said
      lower case and upper case, a first basket supporting a first group of said
      type bars, a second basket supporting a second group of said type bars, a
      third basket supporting a third group of said type bars, means slidably
      mounting said third basket on said fixed framework for movement from an
      intermediate rest position for printing middle case characters down to a
      second position for printing upper case characters and up to a third
      position for printing lower case characters, means for releasably locking
      said third basket to said fixed framework in rest position, means for
      slidably supporting said first and second baskets on said thrid basket for
      movement relative to said third basket from an intermediate rest position
      for printing middle case characters down to a second position for printing
      upper case characters and up to a third position for printing lower case
      characters, and means for shifting said baskets comprising first, second,
      and third and fourth shift keys, a first driving shaft, means for
      releasably coupling said driving shaft with said driving cylinder to
      rotate said driving shaft, lever means carried by said driving shaft and
      releasably engageable with said baskets to move said baskets downwards, a
      second driving shaft permanently connected with said first driving shaft
      so as to turn in the opposite direction thereto, lever means on said
      second driving shaft and releasably engageable with said third basket to
      move said third basket upwards, means actuatable by said first shift key
      for engaging said lever means of said first driving shaft with said first
      basket and then coupling said first driving shaft with said driving
      cylinder to move said first basket alone from said rest position down to
      said second position, means actuatable by said second shift key for
      engaging said lever means of said first driving shaft with said second
      basket and then coupling said first driving shaft with said driving
      cylinder to move said second basket alone from said rest position down to
      said second position, means actuatable by said third shift key for
      unlocking said third basket, engaging said lever means of said first
      driving shaft with said third basket and then coupling said first driving
      shaft with said driving cylinder to move said third basket together with
      said first and second baskets from said rest position down to said second
      position, means actuable by said fourth shift key for unlocking said third
      basket, engaging said lever means of said second driving shaft with said
      third basket and then coupling said first driving shaft with said driving
      cylinder to lift said third basket together with said first and second
      baskets from said rest position to said third position, and means for
      returning said baskets to their rest positions when said shift keys are
      released.
NUM  3.
PAR  3. A syllabic keyboard controlled device comprising a carriage cylinder, a
      plurality of type bars arranged in groups each of which corresponds to a
      distinct printing point, a plurality of sectors each of which pivotally
      supports at one end the type bars of a respective group, said type bars
      having heads at their other ends, each of said type bars having characters
      arranged on its head at different levels or cases, means for mounting
      certain of said sectors for movement independently of others for case
      shifting to print characters of different case, thin guide sheets fixed to
      each of said sectors at lateral extremities thereof, cushions fixed to and
      supported by said thin sheets in position to support heads of the type
      bars of the respective group of type bars when in rest position, there
      being two of said thin sheets between adjacent type bar groups the
      supporting sectors of which are independently movable relative to one
      another for case shifting and one of said thin sheets between adjacent
      groups of type bars which are movable together for case shifting, said
      thin sheets being continuous from said cushions up to near said carriage
      cylinder and being situated between the paths of movement of type bars
      belonging to adjacent type bar groups to constitute guides for said type
      bars in their printing movement from said cushions to said carriage
      cylinder.
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ABST
PAL  A closed loop transport system capable of acceleration and deceleration
      during the transportation operation in any continuous operating cycle
      comprising a carrier belt formed of a plurality of carrier belt segments,
      the system having varying speed drive belts adapted to support and drive
      the carrier belt segments such that the carrier belt segments are capable
      of sliding along each other when passing from one constant speed drive
      belt to a further different constant speed drive belt, whereby the carrier
      belt segments have a greater inclination with respect to a perpendicular
      plane passing through the drive belts when on a higher speed drive belt
      than when on a lower speed drive belt.
BSUM
PAR  This invention relates to transport systems. More particularly, this
      invention relates to transport systems which have portions capable of
      accelerating and decelerating to give a variable speed transport system.
PAR  There are a number of available continuous loop transport systems which
      employ a continuous belt for transporting supported bodies, such as cargo
      or people, from one access station to another. Examples of this type of
      transport system are to be found in some commercial facilities, such as
      airports and the like, where a continuous belt is adapted to carry people
      and/or baggage from an embarkation point to a debarkation point.
      Conventional cargo conveying equipment also relies upon this type of
      continuous band or belt conveyor system.
PAR  However, in each of these systems, the continuous belt used to convey the
      supported bodies is driven at one linear rotational velocity during the
      entire operation. In other words, the continuous belt is not accelerated
      or decelerated during the transportation operation in any continuous
      operating cycle.
PAR  The linear rotational velocity at which the continuous belt is driven in
      the prior art systems is usuallly relatively slow as the transition from a
      zero velocity to the actual velocity of the belt cannot be too large.
      Thus, due to the relatively slow linear rotational velocity, the capacity
      or volume which the system is capable of handling is also usually low.
PAR  It is therefore an object of this invention to provide for a closed loop
      transport system overcoming the deficiencies of the prior art systems in
      that the closed loop transport system is capable of acceleration and
      deceleration throughout portions thereof.
PAR  It is a further object of this invention to provide for a closed loop
      transport system wherein the load-supporting surface of the system may be
      accelerated or decelerated during the transport operation in any
      continuous operating cycle.
PAR  A still further object of this invention is the provision of a closed loop
      transport system having a variable length load-supporting carrier belt
      whereby the belt is capable of expansion and contraction when passing from
      one portion to a further different speed segment.
PAR  Generally, the closed loop transport system according to the present
      invention may be characterized as comprising the carrier belt, and at
      least first and second drive assemblies, first and second drive belts
      associated with said first and second drive assemblies, respectively, said
      first drive assembly being adapted to drive said first drive belt at a
      linear rotational speed higher than the linear rotational speed which said
      second drive assembly is adapted to drive said second drive belt, said
      carrier belt being formed of a plurality of carrier belt segments, said
      carrier belt segments being placed on said first and second drive belts in
      a loosely stacked non-interconnected configuration, each of said carrier
      belt segments adapted to contact adjacent segments, the carrier belt
      segments being capable of sliding along each other when passing from said
      first drive belt to said second drive belt such that each of said carrier
      belt segments has a greater inclination with respect to a perpendicular
      plane passing through the drive belt when on said first drive belt than
      when on said second drive belt.
PAR  In greater detail, the closed loop transport system according to the
      present invention may assume either the horizontal or vertical modes of
      operation. In other words, in the horizontal configuration the carrier
      belt is employed throughout its entire length to carry commodities or,
      alternatively, in the vertical configuration the carrier belt only
      transports commodities thereupon for a portion of its length.
PAR  Drive assemblies according to the present invention are adapted to impart
      varying linear rotational speed to portions of the carrier belt and also
      to form a substantially continuous surface upon which the expandable
      carrier belt segments are placed. In one aspect, these drive assemblies
      comprise a plurality of individual drive assemblies, each of the
      individual drive assemblies being driven at one constant linear rotational
      velocity, the individual drive assemblies being placed so as to give zones
      of increasing velocity and decreasing velocity. The speed differential
      between adjacent individual drive assemblies may be varied according to
      the end use of the transport system - e.g. velocity differentials of 1
      mile per hour may be employed when the transport system is adapted for the
      use of people.
PAR  Subject to the conditions mentioned above, the drive assemblies may be any
      suitable known to those skilled in the art. In a preferred embodiment, the
      drive assemblies may take the form of a plurality of air-supported drive
      belts. These air-supported drive belts are arranged in a somewhat
      overlapping configuration so as to give the effect of a continuous drive
      belt surface.
PAR  The means employed in driving the drive belts may assume any prime mover
      force. Thus, for example, means such as linear induction motors, drive
      wheels contacting the drive belts, pneumatic means, etc. may be utilized.
      In a preferred embodiment, the drive means employed to impart a linear
      rotational motion to the drive belts comprise a motor driving chain
      sprocket which in turn drives the individual drive belts.
PAR  The carrier belt adapted to form the load-supporting surface of the present
      transport system comprises a plurality of individual segments which are
      supported by the uppermost surface of the individual drive belts. These
      segments are adapted to be loosely stacked on top of the drive belts and
      preferably extend substantially the width thereof. The individual segments
      are not interconnected, but rather, each individual segment is adapted to
      contact adjacent segments at strategic points along the width so as to
      form a load-supporting surface which is expandable and contractable when
      passing between differential speed segment zones. These individual
      segments are of a substantially rigid nature and specially contoured as
      will be described in greater detail hereinafter.
PAR  The segments forming the carrier belt are substantially perpendicular to
      the drive belt surface when on a relatively low speed drive belt. As the
      segments pass on to drive belts having a higher linear rotational
      velocity, the individual segments assume a greater inclination with
      respect to the vertical. In other words, the height of the carrier belt
      will be less when driven at a higher speed than when driven at a lower
      speed.
PAR  As mentioned above, the individual segments forming the carrier belt of the
      present invention are loosely stacked upon the surfaces of the individual
      drive belts and are not interconnected in any way. However, the outwardly
      facing surfaces of the drive belts may have ribs or channels therein
      adapted to engage the ends of the carrier belt members placed thereupon.
      The carrier belt segments contact each other at all times at least along
      one point and as they pass through varying rotational speed drive belts,
      the specially contoured segments slide along one another in a manner which
      will become more fully clear hereinafter.
PAR  In order to provide for a substantially continuous surface upon which the
      carrier belt member may be placed, adjacent drive belts may have an
      overall parallelogram configuration. This parallelogram configuration
      permits each carrier belt segment to make the transition from one constant
      speed drive belt to a further constant speed drive belt.
PAR  Furthermore, as will be discussed in greater detail hereinafter, there is
      also provided for specially constructed drive belts which permit the use
      of the closed loop transport system in a horizontal configuration whereby
      the entire surface of the carrier belt may be utilized to carry
      commodities and/or people.
DRWD
PAR  Having thus generally described the invention, reference will be made to
      the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a closed loop transport system in a
      vertical configuration;
PAR  FIG. 2 is a perspective view of a closed loop transport system in a
      horizontal configuration;
PAR  FIG. 3 is a top plan view of the carrier belt;
PAR  FIG. 4 is a side sectional view of the closed loop transport system of FIG.
      1;
PAR  FIG. 5 is a cross-sectional view of a closed loop transport system taken
      along the lines 5--5 of FIG. 1;
PAR  FIG. 6 is an expanded view of a portion of the drive belt and carrier belt
      of FIG. 5;
PAR  FIG. 7 is a side sectional view of the carrier belt in the acceleration
      zone;
PAR  FIG. 8 is a side sectional view of the carrier belt in the deceleration
      zone;
PAR  FIG. 9 is a cross-sectional view of a carrier belt segment; and
PAR  FIG. 10 is an elevational view of the carrier belt segments according to
      the present invention.
DETD
PAR  Referring now in more detail and by reference characters to the drawings
      which illustrate a practical embodiment of the present invention, T
      indicates a closed transport system in the vertical configuration which
      includes a variable length carrier belt 1. Carrier belt 1 is supported and
      driven by drive assemblies 2, 2A, 2B . . . throughout the upper portion of
      its travel and which will be discussed in greater detail hereinafter.
      Bottom drive assembly 3 is adapted to support and drive the carrier belt 1
      during the return or lower portion of its travel. Also shown are end drive
      assemblies 4 and tension rollers 5.
PAR  FIG. 2 illustrates a closed loop transport T' in the horizontal
      configuration utilizing similar components and like reference numerals
      have been employed. Thus, the variable length carrier belt 1 is supported
      and driven by a plurality of drive assemblies 2, 2A, 2B . . . which are
      arranged along and extend for at least a portion of the length of the
      continuous carrier belt 1. In this mode of operation, the carrier belt 1
      may be used to carry commodities throughout its entire length and bottom
      drive assemblies are not required. End drive assemblies 6 are adapted to
      drive the carrier belt 1 through a semi-circle as will be discussed in
      greater detail.
PAR  Referring to FIG. 7, there is illustrated a portion of the closed loop
      transport system T, which is located in the acceleration zone of the
      system. Several of the drive assemblies illustrated schematically as 2A,
      2B, 2C . . . 2K are located in the acceleration zone and operate in such a
      manner that each successive drive assembly operates at a progressively
      higher linear rotational speed. Thus, for example, drive assembly 2A would
      operate at a speed of, for example, 5 miles per hour, drive assembly 2B at
      6 miles per hour, drive assembly 2C at 7 miles per hour, etc. The
      acceleration zones lead into a constant speed zone which may operate at a
      speed of, for example, 20 miles per hour as shown by drive assembly 2K.
      Drive assembly 2K may be a single drive assembly operating at a constant
      velocity in the constant speed zone, although a plurality of drive
      assemblies operating at the same linear rotational speed as drive assembly
      2K may equally well be employed.
PAR  The first of the drive assemblies in the acceleration zone would be located
      at an access station such as a walk-on zone or the like. The access
      station could, of course, take a variety of forms. In the case of a
      conveyor of people, this access station would, in fact, constitute a zone
      where people could walk on to the continuous carrier belt 1.
PAR  Illustrated in FIG. 8 and located at the opposite end of the continuous
      velocity zone designated by drive belt 2K is a deceleration zone also
      including a plurality of drive assemblies which are illustrated
      schematically by reference numerals 2K, 2L, 2M . . . 2V. Each of the
      successive drive assemblies 2K, 2L . . . 2V, in the direction of movement
      of the carrier belt 1 as illustrated by the arrow, would have
      progressively decreasing linear rotational speed. Thus, for example, drive
      assembly 2K, as mentioned above, may operate at a linear rotational
      velocity of twenty miles per hour, drive assembly 2L 18 miles per hour,
      drive assembly 2M at 15.5 miles per hour, etc. Located proximate to drive
      assembly 2V would be a further access station, (not shown) which, in this
      case, would serve as a debarkation station or a so-called walk-off station
      for people disembarking from the carrier belt 1.
PAR  The actual speed of operation and the difference in linear rotational
      velocity between the various drive assemblies in both the acceleration
      zone illustrated in FIG. 7 and the deceleration zone illustrated in FIG. 8
      would depend primarily upon the type of supported bodies which are carried
      by the variable length carrier belt 1. Thus, in the case of people, the
      differences between linear rotational velocity in the drive assemblies
      will be relatively low, as for example, a 1 mile per hour differential. In
      the case of freight shipments, this velocity differential may be
      increased. Similarly, the number of drive assemblies and the velocity
      reached in the constant speed zone may be varied according to the end uses
      and the desired results.
PAR  FIG. 5 is a cross-sectional view of the closed loop transport system of
      FIG. 1 in the vertical configuration and shows a preferred embodiment of
      the drive belt. Thus, housing 12 encloses an upper drive assembly 2 and a
      lower drive assembly 2N. Each of the drive assemblies 2, 2N have support
      bodies 14, the upper surface of which comprises a diaphragm 16. A suitable
      source of pressurized air (not shown) is supplied to support body 14 and
      by means of diaphragm 16 or like means is introduced into an air bearing
      space 18 intermediate diaphragm 16 and belt 10 of drive assembly 2.
      Located at the edge of air bearing space 18 are side sealing means 20.
      Thus, drive belt 10 rides on a cushion of air in air bearing space 18.
PAR  As mentioned above, the transport system of the present invention may be
      adapted to carry people and thus, handrails and the like may be employed.
      Handrail 19, for example, is supported and driven by pulley 22 which is in
      turn connected to a sprocket drive chain 24 by sprocket 31. Motor 26 has
      motor drive sprockets 28 which drives chain 24 and also, as illustrated,
      drives belt 10 by means of a further sprocket chain 25. As may be seen,
      drive assembly 2N has further sprocket drive means 33 and universal joint
      30 is provided on drive assembly 2. Handrail 19 is of an extendable
      material and also forms a closed loop, handrail 19 being shown returning
      within the housing 12.
PAR  FIG. 6 illustrates drive belt 10 which supports the carrier belt 1 and is
      driven by motor 26 through sprocket chain 25. Drive belt 10 is formed with
      longitudinal loop cords 32 which are latterly interconnected with a
      flexible sealing skin 34 which permits the use of diagonal end pads as
      will be discussed hereinafter.
PAR  FIGS. 1 and 4 illustrate one embodiment which the closed loop transport
      system T may assume. In these figures, the transport system T has a
      vertical configuration whereby only a portion of the length of variable
      length carrier belt 1 is employed for transporting commodities thereupon.
      Thus, the people or commodities to be transported have access to carrier
      belt 1 at embarkation point 34. The commodities are then transported
      throughout an acceleration zone, constant speed zone, and deceleration
      zone to reach debarkation point 36. The carrier belt then returns via the
      closed loop to embarkation point 34. At each of the ends of the continuous
      belt 1 are end transfer pads 4 which are also in the form of previously
      discussed continuously moving drive belts upon which the continuous
      carrier belt 1 may rotate. These end transfer pads are equipped with an
      air supply means to form an air bearing space in the manner previously
      described with respect to FIG. 5. Furthermore, tension rollers 5 are
      adapted to entrain the support belt 10. There is also provided for an
      enlarged return transfer pad 3 which is adapted to support the variable
      length carrier belt 1 during the return trip. Return transfer pad 3 may
      likewise be supplied with an air duct and air bearing surface as
      previously mentioned. In this connection, it should be observed that the
      return transfer pad 3 may consist of one or more of a series of continuous
      drive belts which permit the movement of the carrier belt 1 in the manner
      described with respect to the operation of the carrier belt from
      embarkation point 34 to debarkation point 36.
PAR  In order for the variable length carrier belt 1 to "expand" and "contract"
      in the heretofore described acceleration and decleration zones, carrier
      belt 1 is formed of a series of relatively rigid carrier belt segments 40
      as illustrated in FIGS. 7 and 8. Each of these segments 40 are identical
      and specially contoured, not physically interconnected or joined to one
      another, each segment contacting neighbouring segments at strategic points
      along its contours. These segments 40 will assume precise orientation in
      relation to the support belt 10. This precise orientation will be dictated
      by the speed of the drive means associated with the zone through which
      they are passing.
PAR  It may be observed that the segments are relatively vertically located with
      respect to the drive belts when passing through the slower speed range,
      such as when driven by drive means 2, 2V. On passing over successively
      faster drive belts, when accelerating as shown in FIG. 7, the segments
      will accordingly assume a greater and greater inclination with respect to
      the vertical plane of the drive belts. Thus, in the acceleration zone
      shown in FIG. 7, the relatively rigid segments 40 will assume an almost
      vertical position when driven in the four mile per hour range and will
      assume an orientation of about 60 degrees with respect to the vertical in
      the twenty mile per hour constant velocity zone. This orientation has the
      effect of diminishing the vertical dimension of the carrier belt while
      elongating the carrier belt in accordance with the greater speed over a
      section of the closed loop transport system. It should be observed in this
      connection, that all vertical loads imparted to the segments of the
      carrier belts are directly transferred to the various drive belts 10 of
      the drive assemblies which provide support for the carrier belt 1.
PAR  Referring again to FIG. 8, it may be ovserved that the opposite effect will
      take place as carrier belt 1 moves from the constant velocity zone 2K into
      the deceleration zone. In this case, the various carrier belt segments 40
      will shift from the position where they assume a substantial angular
      relationship in the constant velocity zone to a position where they are
      substantially vertically oriented in the lower velocity or deceleration
      zone.
PAR  It should be mentioned that each of the segments 40 of the continuous
      carrier belt 1 may be cast or otherwise formed from any of a number of
      metals such as steel, aluminum, or the like. In several cases, depending
      upon the application of the transport system, these segments may be
      suitably molded from any of a number of plastic materials such as
      polystyrene, polybutadiene, or the like.
PAR  Each of the segments 40 are elongated and the precise length of the members
      will vary upon the application of the transport system and the
      differential rates of movement between the various drive assemblies in the
      acceleration and deceleration zones. Preferably, carrier belt segments 40
      extend substantially the transverse width of the drive belts 10 of the
      various drive assemblies. As best illustrated in FIG. 9, each of the
      segments 40 is provided with, on one face thereof, a pair of transversely
      extending shoulders 42 and 44. Similarly, on the opposed transversely
      extending face, each segment 40 is provided with abutments 46, 48 and 50.
      Referring again to FIG. 7, it may be observed that in the zone wherein the
      carrier belt is moving at 4 miles per hour, the carrier belt segments 40
      are relatively upright or vertical with respect to the drive belts, and
      that adjacent segments contact each other at a plurality of points. As the
      segments pass through zones of increasing velocity, the ends of the
      segments supported by the drive belt 10 move into a spaced-apart
      relationship. However, each individual segment 40 contacts or leans on the
      neighbouring segment along at least one transversely extending point.
      Thus, in the acceleration zone wherein the carrier belt is driven at a
      linear speed of 8.5 miles per hour, it may be observed that shoulder 42 of
      segment 40A will contact abutment 46 of member 40B. As may be seen, as the
      segments pass from one drive belt to a faster drive belt, the especially
      contoured segments will slide along an adjacent segment to assume a
      greater angular relationship with respect to the vertical plane.
PAR  As mentioned above, FIG. 8 illustrates a deceleration zone of the transport
      system according to the present invention. In the deceleration zone, the
      segments 40 again slide along neighbouring segments as they pass from one
      constant speed drive belt to a slower constant speed drive belt. In this
      respect, the segments 40 now slide upwards along each other so as to give
      an increasing vertical dimension to the carrier belt in the direction of
      deceleration.
PAR  In addition to providing a variable length to the continuous carrier belt
      1, it may be observed that these various rigid carrier belt segments 40
      easily permit a transition to be made from one velocity to the next
      succeeding velocity whether in the acceleration zone or in the
      deceleration zone.
PAR  In order to smooth the transition of the carrier belt segments 40 from one
      linear rotational velocity to a further linear rotational velocity, the
      overall configuration of the individual drive pads may resemble that of a
      parallelogram. Thus, as shown in FIG. 2, along the longitudinal length of
      the carrier belt 1, the drive pads 2, 2A . . . do not assume the
      rectangular configuration which might be supposed, rather, the ends of the
      drive pads are angled with respect to each other as shown by the dotted
      lines, and as may be observed and as best shown in FIG. 3, each carrier
      belt segment 40 will thus contact a succeeding drive pad belt at one end
      of the segment. As the segment moves in the direction of the transport
      system, the segment smoothly makes the transition from one drive belt to
      the succeeding drive belt. In this manner, the various rigid carrier belt
      segments 40 may easily make the transition from one velocity to a
      progressively higher or lower velocity.
PAR  Although this invention has been described with respect to one embodiment,
      it will be understood that various modifications can be made to the above
      described embodiments without departing from the spirit and scope of the
      present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a transport system including a plurality of carrier belt segments
      forming a carrier belt wherein the segments are driven by a plurality of
      drive belts on which the segments are placed, the improvement wherein
      opposed and adjacent ends of adjacent drive belts are parallel and
      diagonally disposed with respect to the direction of travel of the carrier
      belt segments and the segments are disposed on one of said adjacent drive
      belts in a loosely stacked physically non-interconnected arrangement and
      pass to the next adjacent drive belt in such arrangement.
NUM  2.
PAR  2. A closed loop transport system comprising a carrier belt and at least
      first and second drive assemblies, first and second drive belts associated
      with said first and second drive assemblies respectively, said first drive
      assembly driving said first drive belt at a linear rotational speed higher
      than a linear rotational speed which said second drive assembly drives
      said second drive belt, said carrier belt being formed of a plurality of
      discrete rigid carrier belt segments, placed on said first and second
      drive belts in a loosely stacked physically non-interconnected
      configuration, each of said carrier belt segments having lower surfaces
      disposed upon and in contact with said drive belts and being vertically
      supported thereby, each of said carrier belt segments contacting adjacent
      segments, each of said carrier belt segments having at least one abutment
      portion thereon projecting toward a next adjacent carrier belt segment and
      each carrier belt segment having a shoulder forming surface opposite to
      said abutment portion and located to be contacted by the abutment portion
      of an adjacent carrier belt segment so that each segment receives
      horizontal support by the next adjacent segment, said carrier belt
      segments sliding along each other through said abutment portions in
      sliding contact with the shoulder forming surfaces when passing from said
      first drive belt to said second drive belt such that each of said carrier
      belt segments has a greater inclination with respect to a perpendicular
      plane passing through the drive belts when on said first drive belt than
      when being supported by said second drive belt.
NUM  3.
PAR  3. The transport system of claim 2, wherein said drive belts are closed
      loop drive belts, each of said drive belts being driven by drive means at
      a constant linear rotational speed.
NUM  4.
PAR  4. The transport system as defined in claim 3, wherein the transport system
      has an acceleration zone, a constant speed zone and a deceleration zone,
      said acceleration zone having a plurality of closed loop drive belts
      arranged in order of increasing linear rotational velocity, said constant
      speed zone having at least one closed loop drive belt, and said
      deceleration zone having a plurality of drive belts arranged in order to
      decreasing linear rotational velocity.
NUM  5.
PAR  5. A vertical closed loop transport system as defined in claim 2, where
      said drive belts are closed loop drive belts, the transport system having
      an acceleration zone, a constant speed zone and a deceleration zone, said
      acceleration zone having a plurality of drive belts arranged in order of
      increasing linear rotational velocity, said constant speed zone having at
      least one drive belt associated therewith, a decleration zone having a
      plurality of drive belts arranged in order of decreasing linear rotational
      velocity, and an embarkation point approximate to said acceleration zone,
      a debarkation point approximate to said deceleration point, a pair of end
      transfer pads located at opposed ends of the vertical closed loop system,
      and at least one return support pad associated therewith.
NUM  6.
PAR  6. A horizontal closed loop transport system as defined in claim 2
      additionally comprising at least two horizontal loop end support pads,
      said loop end support pads supporting said carrier belt when said carrier
      belt passes through a curved configuration.
NUM  7.
PAR  7. The transport system of claim 2, wherein said carrier belt segments
      extend substantially the transverse width of said drive belts.
NUM  8.
PAR  8. The transport system of claim 2, wherein each of said carrier belt
      segments have at least two abutment portions along one transversely
      extending face thereof, the abutment portions of one segment contacting a
      shoulder forming surface of an adjacent carrier belt segment and sliding
      therealong when moving from a first drive belt driven at a constant linear
      rotational speed to an adjacent drive belt driven at a different constant
      linear rotational speed.
NUM  9.
PAR  9. The transport system of claim 12 additionally comprising side guard
      means, said side guard means transversely retaining said carrier belt
      segments on said drive belts.
NUM  10.
PAR  10. In a transport system including a plurality of carrier belt segments
      forming a carrier belt, and a plurality of drive means having carrier belt
      engaging surfaces thereon for driving said carrier belt at differential
      speeds, the improvements wherein the carrier belt segments are loosely
      stacked on said engaging surface in a physically non-interconnected
      configuration, each of said segments having a lower surface disposed on
      and in contact with the engaging surfaces of said drive means and being
      vertically supported by said drive means, each of said carrier belt
      segments also having a pair of opposed major faces, one of said major
      faces having at least three spaced apart transversely extending abutment
      portions, the other major face having at least two spaced apart
      transversely extending abutment portions, said abutment portions providing
      contact points at which each segment contacts and horizontally supports
      adjacent segments for at least a portion of the travel of the segments.
NUM  11.
PAR  11. A transport system comprising a plurality of carrier belt segments
      forming a carrier belt, at least first and second drive assemblies
      associated with said carrier belt and having movable carrier belt drive
      surfaces thereon, said first drive assembly driving a first portion of
      said carrier belt at a relatively low constant linear speed, said second
      drive assembly driving a further portion of said carrier belt at a higher
      linear constant speed, said carrier belt segments being placed on said
      drive assemblies and in contact with said drive surfaces in a loosely
      stacked physically non-interconnected configuration, the improvement
      wherein each of said segments comprises an elongated member having a
      substantial height relative to the thickness, said segments having a lower
      engaging surface in contact with said movable drive surface and being
      vertically supported thereby, each of said segments having at least one
      abutment portion thereon projecting toward a next adjacent carrier belt
      segment and each carrier belt segment having a shoulder forming surface
      opposite to said abutment portion and located to be contacted by the
      abutment portion of an adjacent carrier belt segment so that each segment
      receives horizontal support by the next adjacent segment so that said
      carrier belt segments are supported vertically solely by said movable
      drive surface and horizontally by contact with adjacent segments.
NUM  12.
PAR  12. A transport system comprising a plurality of carrier belt segments
      forming a carrier belt, said carrier belt extending in a closed loop path
      conveyor in a substantially horizontal direction, at least first and
      second drive assemblies associated with said carrier belt, said first
      drive assembly driving a first portion of said carrier belt at a
      relatively low constant linear speed, said second drive assembly driving a
      further portion of said carrier belt at a higher linear constant speed,
      said carrier belt segments having lower edge portions being placed on and
      in contact with said drive assemblies in a loosely stacked physically
      non-interconnected configuration, each of said carrier belt segments
      having at least one abutment portion thereon projecting toward a next
      adjacent carrier belt segment and each carrier belt segment having a
      shoulder forming surface opposite to said abutment portion and located to
      be contacted by the abutment portion of an adjacent carrier belt segment
      so that each segment receives horizontal support by the next adjacent
      segment, each of said carrier belt segments contacting adjacent segments
      and sliding along each other through sliding contact between said abutment
      portions and shoulder forming surfaces such that said carrier belt
      segments have a greater inclination with respect to a perpendicular plane
      passing through said carrier belt when on a higher speed drive assembly
      than when on a lower speed drive assembly.
NUM  13.
PAR  13. A transport system comprising a plurality of discrete carrier belt
      segments forming a carrier belt, drive assemblies associated with said
      carrier belt, said drive assemblies driving at least one portion of said
      carrier belt at a relatively low constant linear speed and at least one
      further portion of said carrier belt at a higher linear constant speed,
      said carrier belt segments being supported in a loosely stacked physically
      non-interconnected configuration, each of said carrier belt segments
      having lower surfaces disposed upon and in contact with said drive
      assemblies and being vertically supported by said drive assemblies, each
      of said carrier belt segments having at least one abutment portion thereon
      projecting toward a next adjacent carrier belt segment and each carrier
      belt segment having a shoulder forming surface opposite to said abutment
      portion and located to be contacted by the abutment portion of an adjacent
      carrier belt segment so that each segment receives horizontal support by
      the next adjacent segment, each of said adjacent segments sliding along
      each other such that said carrier belt segments have a greater inclination
      with respect to a perpendicular plane passing through said carrier belt
      when on the higher speed portion than when on the lower speed portion,
      each of said drive assemblies comprising an air duct support body, a
      closed loop drive belt passing around said support body, an air bearing
      space intermediate said support body and drive belt supporting said drive
      belt, means for supplying pressurized air to said air bearing space, side
      sealing means minimizing the loss of air from said air bearing space, and
      means for driving said drive belt.
NUM  14.
PAR  14. A transport system comprising a carrier belt formed of a plurality of
      discrete carrier belt segments at least first and second drive assemblies,
      first and second drive belts associated with said first and second drive
      assemblies respectively, said first drive assembly driving said first
      drive belt at a linear rotational speed higher than the linear rotational
      speed which said second drive assembly drives said second drive belt, said
      carrier belt segments being placed on said first and second drive belts in
      a loosely stacked physically non-interconnected configuration, each of
      said carrier belt segments having lower surfaces disposed upon and in
      contact with said drive belts and being vertically supported thereby, each
      of said carrier belt segments contacting adjacent segments, each of said
      carrier belt segments also having at least one abutment portion thereon
      projecting toward a next adjacent carrier belt segment and each carrier
      belt segment having a shoulder forming surface opposite to said abutment
      portion and located to be contacted by the abutment portion of an adjacent
      carrier belt segment so that each segment receives horizontal support by
      the next adjacent segment, said carrier belt segments sliding along each
      other by contact through said abutment portions and shoulder forming
      surfaces when passing from said first drive belt to said second drive belt
      such that each of said carrier belt segments has a greater inclination
      with respect to a perpendicular plane passing through the drive belts when
      on said first drive belt than when being supported by said second drive
      belt, said drive belts having end margins which are angularly disposed
      with respect to each other such that said carrier belt segments, when
      passing from one drive belt to a further drive belt, will contact said
      further drive belt at an edge thereof.
NUM  15.
PAR  15. The system of claim 14 wherein each of said drive belts has a plurality
      of transversely extending channels on a surface thereof, each of said
      channels receiving and engaging a portion of said carrier belt segments.
NUM  16.
PAR  16. The transport system of claim 14 wherein each of said drive belts
      comprises longitudinal loop cords which are laterally interconnected with
      a flexible sealing skin.
NUM  17.
PAR  17. The transport system of claim 14 wherein each of said drive assemblies
      comprises an air duct support body, a closed loop drive belt disposed
      about said support body, an air bearing space intermediate said support
      body and drive belts for supporting said drive belts, means for supplying
      pressurized air to said support duct and air bearing space, side sealing
      means for minimizing the loss of air from said air bearing space, and
      means for driving said drive belt.
NUM  18.
PAR  18. A vertical closed loop transport system as defined in claim 17, where
      said drive belts are closed loop drive belts, the transport system having
      an acceleration zone, a constant speed zone and a deceleration zone, said
      acceleration zone having a plurality of drive belts arranged in order to
      increasing linear rotational velocity, said constant speed zone having at
      least one drive belt associated therewith, a deceleration zone having a
      plurality of drive belts arranged in order of decreasing linear rotational
      velocity, and an embarkation point approximate to said acceleration zone,
      a debarkation point approximate to said deceleration point, a pair of end
      transfer pads located at opposed ends of the vertical closed loop system,
      and at least one return support pad associated therewith.
NUM  19.
PAR  19. A horizontal closed loop transport system as defined in claim 17
      additionally comprising at least two horizontal loop end support pads,
      said loop end support pads supporting said carrier belt when said carrier
      belt passes through a curved configuration.
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ABST
PAL  In a bagging machine for covering a loaded pallet with a bag formed from a
      tubing of material such as heat-shrink film, a centering device for
      centering the pallet within the bagging machine. A trolley is mounted for
      movement across the face of the pallet and is used to place the load
      within the bagging machine. Means is provided for moving the trolley
      across the face of the load. Further, means is provided for sensing the
      side of the load when the trolley is centered with the load, with the
      sensing means being coupled to the trolley for movement therewith.
PARN
PAR  This is a division of Ser. No. 393,588, filed Aug. 31, 1973, now abandoned.
BSUM
PAR  The invention relates to a bagging machine for automatically placing a bag
      of heat-shrink film over a load. More particularly, the invention relates
      to a bagging machine for automatically placing a bag of heat-shrink film
      over a loaded pallet having varying dimensions. The bagging machine
      operates to center the pallet being loaded within the machine for
      placement of the bag over the loaded pallet. The bagging machine selects
      either a large or small diameter tubing for forming a bag to cover the
      loaded pallet depending upon the size of the pallet being covered with the
      bag. The use of either a large and a small diameter bag allows pallets
      having a wide range for size variation to be covered with the bag. The
      bagging machine forms the bag from the tubing that has been selected for
      the particular size pallet.
PAR  The bagging machine includes inclined vacuum belt units which are used to
      draw open the sides of the bag and move the sides of the bag along the
      belt unit onto a gathering arm means. This step continues until the bag is
      collected upon the gathering arm means. The gathering arm means is then
      retracted to a position depending upon the size of the bag and the bag is
      lowered over the loaded pallet.
PAR  Accordingly, it is a feature of the present invention to provide a bagging
      machine for automatically covering a loaded pallet with a bag where the
      pallets are of varying dimensions. Also, it is a feature of the present
      invention to provide means for automatically centering the varying sized
      pallets within the bagging machine for the bagging operation.
PAR  It is another feature of the invention to provide means for sensing the
      size of the loaded pallets and determining which of varying sizes of
      bagging material are to be used to form a bag for covering the pallet.
PAR  It is another feature of the invention to provide means for determining the
      length of the bag which is necessary to cover the varying sized pallets.
PAR  It is another feature of the invention to detect the length of the pallet
      and determine the peripheral size of the bagging material which is
      appropriate to form the bag.
PAR  It is another feature of the invention to provide a centering trolley for
      automatically centering varying sized pallets within the bagging machine.
PAR  It is another feature of the invention to provide an inclinded vacuum belt
      unit for opening the bag and placing it upon a gathering arm assembly for
      lowering over the pallet.
DRWD
PAR  Other features of the invention will become apparent from a review of the
      detailed description and the drawings. One form of the invention is
      demonstrated in the drawings in which:
PAR  FIG. 1 is a diagramatic view of a bagging machine embodying the present
      invention;
PAR  FIGS. 2a, 2b, 2c and 2d are schematic diagrams illustrating the operation
      of the bagging machine;
PAR  FIG. 3 is a sectional view of the bagging machine taken along a vertical
      plane;
PAR  FIG. 4 is a sectional view of the bagging machine taken along line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a view of the gathering arm assembly used in the bagging machine
      taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a rear view of the gathering arm assembly shown in FIG. 5;
PAR  FIG. 7 is a perspective view of the bagging machine showing the drive train
      mechanisms used in the machine;
PAR  FIG. 8 is a detailed view of the bag length sensor used in the bagging
      machine taken along line 8--8 in FIG. 7;
PAR  FIG. 9 is a side view of the bag length sensor taken along line 9--9 in
      FIG. 8;
PAR  FIG. 10 is a sectional view of the vacuum belt units utilized in the
      bagging machine;
PAR  FIG. 11 is a sectional view of the vacuum belt unit taken along line 11--11
      in FIG. 10;
PAR  FIG. 12 is a sectional, cut-away view of the vacuum belt unit taken along
      line 12--12 in FIG. 10;
PAR  FIG. 13 is a top view of a centering trolley utilized in the bagging
      machine;
PAR  FIGS. 14a, 14b and 14c are sectional views taken along line 14--14 in FIG.
      13 showing the stages of operation of the centering trolley in centering a
      pallet on the trolley; and
PAR  FIG. 15 is a detailed view of a portion of the centering mechanism
      associated with the centering trolley.
DETD
PAR  Referring to FIG. 1, a bagging machine embodying the present invention is
      indicated generally by the numeral 20. The bagging machine 20 receives a
      load pallet 22 and places a bag 24 of heat-shrinkable film over the
      pallet. The bagging machine 20 automatically centers the loaded pallet 22
      in the machine and selects an appropriate peripheral size and length of
      bag for the varying shape of the loaded pallet 22.
PAR  The loaded pallet 22 is presented to the bagging machine 20 by an entrance
      conveyor 26 that biases the loaded pallet 22 toward a guide rail 28. The
      loaded pallet 22 is automatically placed in a centered position within the
      bagging machine 20 by a centering trolley 30. A bag 24 of heat-shrinkable
      film is then placed over the loaded pallet 22 by the bagging machine. The
      loaded pallet 22 covered with a bag 24 then is transferred by the
      centering trolley 30 from the bagging machine 20 to a discharge conveyor
      32. The loaded pallet 22 which is covered with the bag 24 is then
      presented to a heating device to shrink the bag 24 around the loaded
      pallet 22. The heating device may be coupled to the discharge conveyor 32
      and operate automatically in conjunction with the bagging machine 20.
      Also, the heat shrinking operation can be undertaken as a separate step.
PAR  Referring to FIGS. 2a, 2b, 2c and 2d, the operation of the bagging machine
      20 in placing a bag over a loaded pallet will be described. The loaded
      pallet 22 is presented by the conveyor 26 at the entrance of the bagging
      machine 20 against the guide rail 28. In this position, a limit switch 34
      is activated to signal the presence of the loaded pallet to the bagging
      machine 20. The centering trolley 30 moves from its home position at the
      center of the bagging machine 20 toward the longitudinal center line of
      the loaded pallet 22. When the longitudinal center line of the trolley is
      centered with the longitudinal center line of the loaded pallet 22, the
      side sensor 36 contacts the side of the loaded pallet to signal that the
      centering trolley is in a centered position. As shown in FIG. 2b, the
      loaded pallet 22 is then automatically loaded onto the centering trolley
      30 until the laterial center line of the pallet coincides with the lateral
      center line of the bagging machine. The centering trolley 30 is then
      returned to the home position in the bagging machine 20.
PAR  As depicted in FIG. 2c, the bag 24 is placed on gathering arm assemblies 38
      by inclined vacuum belt units 40. The bag 24 is formed from a gusseted
      tubing of heat-shrinkable film associated with the bagging machine 20, as
      detailed. The tubing is fed by the vacuum belt units 40 onto the gathering
      arm assemblies 38 until a bag length sensor 41 indicates that the
      appropriate length of bag has been collected. A cut-and-seal mechanism
      then severs the tubing and seals the end thereof to form the bag 24. The
      gathering arm assemblies 38 are next lowered over the loaded pallet 22 to
      arrange the bag 24 about the loaded pallet. As illustrated in FIG. 2d, the
      loaded pallet 22 and bag 24 are next transferred by the centering trolley
      30 onto the discharge conveyor 32.
PAR  Referring to FIG. 3, the bagging machine 20 includes rolls of gusseted
      tubing 42 and 44 formed from a heat-shrinkable film. The tubing in roll 42
      has a larger diameter than the tubing in roll 44. Either the roll of large
      diameter tubing 42 or the roll of small diameter tubing 44 is used for
      forming a bag to cover a loaded pallet depending upon the peripheral
      dimensions of the pallet. The use of the two sizes of tubing permits a bag
      24 to be formed for pallets having varying dimensions. A sensing
      mechanism, later detailed, is utilized for selecting the appropriate roll
      of large or small diameter tubing.
PAR  FIG. 3 illustrates the operation of the bagging machine 20 as a bag 24 is
      being formed from the roll 42 of large diameter tubing. The tubing from
      the rolls 42 and 44 is threaded to drive rollers 46 and 47 in the bagging
      machine 20. The drive rollers 46 and 47 are held together on the tubing by
      pneumatic cylinders 48 and 49, respectively. The cylinders 48 and 49
      release the drive rollers 46 and 47 to permit threading of the tubing
      through the drive rollers when a new roll of tubing is being placed in the
      bagging machine. The roll of tubing 42 is fed by the drive roller 46
      through a cut-and-seal mechanism 50 to the inclined vacuum belt units 40.
      The vacuum belt units 40 draw the sides of the tubing apart and feed the
      tubing downward onto the gathering arm assemblies 38. The gathering arm
      assemblies 38 are mounted on beams 60 that are mounted on the frame 52 of
      the bagging machine 20 for vertical movement to lower the bag 24 over the
      loaded pallet 22. A vacuum source 54 is provided on the bagging machine 20
      to supply the vacuum belt units 40 with vacuum.
PAR  In the operation of the bagging machine 20, the roll of tubing 42 is fed
      into the vacuum belt units 40 and gathered on the gathering arm assemblies
      38 until an appropriate length of bag is collected on the assemblies. The
      length of the bag being formed is controlled by the bag length sensor 41,
      as later detailed. The cut-and-seal mechanism 50 is then energized to cut
      the roll of tubing 42 and seal its end to complete formation of the bag
      24.
PAR  The gathering arm assemblies 38 are than lowered and retracted outward to
      open the bag 24. As the gathering arm assemblies 38 continue downward, the
      bag 24 is unrolled off the gathering arm assemblies onto the loaded pallet
      22. The lowering of the assemblies 38 continues until the bag 24 is
      completely over the loaded pallet 22. The covering of the loaded pallet 22
      with the bag 24 is thus complete and the pallet can then be transferred to
      the discharge conveyor by the centering trolley 30.
PAR  The cut-and-seal mechanism 50 includes a movable knife 56 and clamping jaws
      58. In the operation of the cut-and-seal mechanism 50, the jaws 58 are
      closed on the tubing and the knife 56 is operated to cut the tubing. The
      jaws 58 are then heated at the lower portion thereof to seal the end of
      the tubing and complete formation of the bag 24.
PAR  Referring to FIG. 4, the gathering arm assemblies 38 are arranged on
      diagonals of the loaded pallet 22 and are affixed to beams 60. The beams
      60 are arranged to travel vertically along the frame 52 and thus lower the
      bag 24 collected on the gathering arm assemblies 38 over the loaded pallet
      22.
PAR  Referring to FIGS. 5 and 6, one of the gathering arm assemblies 38 is
      illustrated. The gathering arm assembly 38 includes guide rods 62 that are
      slidably affixed to opposite sides of a body member 61 which is in turn
      affixed to the beam 60. An upright 64 is attached to one end of the guide
      rods 62 and has a roller 66 mounted on its upper end. Pneumatic cylinders
      68 and 70 are provided for laterally positioning the upright 64 diagonally
      along the bagging machine.
PAR  When both of the cylinders 68 and 70 are extended, the roller 66 of the
      upright 64 on the gathering arm assembly 38 is in position against the
      inclined vacuum belt unit 40. Thus, the gathering arm assembly is in
      position for collecting the walls of the bag 24. Collapsing the pneumatic
      cylinder 70 retracts the upright 64 into position for lowering a small
      diameter bag over a loaded pallet 22. However, if a large diameter bag is
      being utilized, both the pneumatic cylinders 68 and 70 are collapsed and
      the upright 64 is retracted to the leftmost position for lowering over a
      pallet.
PAR  The gathering arm assembly 38 includes a retainer assembly 72 to assure
      that the bag 24 collected outside the upright 64 is fed out evenly as the
      gathering arm assembly 38 is lowered over the loaded pallet 22. The
      retainer assembly 72 includes a plate 74 that is connected by a pivot 76
      to a rod 78. The rod 78 is slidably mounted on the body 61 and has a
      shoulder 80 for engaging a spring 82 disposed on the rod. The spring 82
      serves as a biasing means for urging the plate 74 against the upright 64
      when the upright is in either of the two retracted position. It will be
      appreciated that biasing means other than the spring 82 can be utilized
      for urging the plate 74 against the upright 64.
PAR  When the upright 64 is in a fully extended position and engaging the vacuum
      belt units 40, the plate 74 remains clear of the upright 64. In the
      extended position, the bag 24 is collected around the upright 64 without
      interference from the retainer assembly 72. When the upright 64 is
      retracted to either of the two positions for the large or small diameter
      bags, the plate 74 engages the upright and presses the wall of the bag 24
      against the upright. As the gathering arm 38 is lowered, the bag 24 is
      withdrawn evenly between the plate 74 and the upright 64. In the absence
      of the retainer assembly 72, entire folds of the bag 24 may be drawn off
      the gathering arm assembly 38 with resultant uneven removal of the bag 24.
PAR  Referring to FIG. 7, the driving linkages for the bagging machine 20 are
      illustrated. With the exception of the drive for the gathering arm
      assembly 38, all the mechanisms in the bagging machine 20 are linked
      together with drive chains powered by a main drive motor unit 84. The use
      of a single main drive unit to power the mechanisms in the bagging machine
      20 through direct linkages results in mechanical synchronization of the
      mechanisms during the time when the bag 24 is being formed and collected
      on the gathering arm assembly 38.
PAR  A gathering arm drive motor unit 86 is used for lowering the gathering arm
      assemblies 38 and placing the bag 24 over the loaded pallet 22. The drive
      motor unit 86 utilizes a reversible motor and reversing the operation of
      the motor raises the gathering arm assemblies 38. The motor unit 86
      supplies power to drive chains 88 and 90 which are coupled to the
      respective ends of the beam 60. Movement of the chains 88 and 90 causes
      the beam 60 to be moved vertically within the frame 52. The transfer
      shafts 92 located at each end of the machine extend to the rear of the
      machine where chains similar to the chains 88 and 90 raise the beam 60
      located at the rear of the machine.
PAR  The main drive unit 84 supplies power to a main drive chain 94. The main
      drive chain 94 supplies power through a transfer unit 96 to a roller drive
      chain 98. The roller drive chain is coupled to the drive rollers 46 and 47
      through clutches 46a and 47a, respectively. The main drive chain 94 also
      supplies power to the upper drive shafts 100 of the vacuum belt unit 40.
      The feed rates of the drive rollers 46 and 47 are adjusted with
      appropriate gearing to equal the feed rate achieved by the vacuum belt
      units 40.
PAR  A belt drive chain 102 transfers power from the upper drive shaft 100 to a
      lower drive shaft 104 on the belt unit 40. The lower drive shaft 104 on
      the belt unit 40 transfer power through a clutch 106a to a sensor drive
      chain 106. The sensor drive chain 106 operates to raise the bag length
      sensor 41, as detailed.
PAR  A length programming chain 108 is affixed to a connecting link 110 on the
      centering trolley 30. As the centering trolley 30 moves between the
      longitudinal center line of the machine and the longitudinal center line
      of the loaded pallet, the programming chain 108 is moved by the connecting
      link 110. The movement of the programming chain 108 rotates the shaft 112
      which is coupled through a clutch 108a to the sensor drive chain 106.
PAR  The length of tubing to form the bag 24 that is necessary to cover a loaded
      pallet is determined by the size of the loaded pallet. The length of
      tubing required is equal to one-half the width across the top of the
      loaded pallet, plus the height of the loaded pallet, plus any necessary
      overlap to form a skirt of the bag around the loaded pallet, if desired.
      The sensor drive chain 106 is driven when one of the drive rollers 46 and
      47 as being driven to feed tubing to the vacuum belt 40.
PAR  A sensor dog 114 is attached to the sensor drive chain 106 for engaging the
      bag length sensor 41 and raising the sensor vertically as the chain 106 is
      driven. The sensor dog 114 is positioned at a pre-load distance from the
      bag length sensor 41 at a distance equal to one-half the width of the
      loaded pallet plus any skirt overhang on the pallet. The preset distance
      of the sensor dog 114 is controlled by the programming chain 108 during
      centering of the loaded pallet.
PAR  The sensor drive chain 106 continues operating and one of the drive rollers
      continues feeding tubing until the bag length sensor 41 reaches the top of
      the loaded pallet. The sensor 41 then stops the main drive unit 84. At
      this point, sufficient tubing has been fed through one of the drive r
      ollers 46 and 47 to form the necessary length of bag. The cut-and-seal
      mechanism 50 is then operated and the formation of the bag is completed.
PAR  Originally, the sensor drive chain 106 is set to a home position by a
      homing dog 116 engaging a limit switch 118. In this position, the sensor
      dog 114 is at a distance from the bag length sensor 41 equal to half the
      width of the largest pallet plus any desired skirt overhang of the bag 24.
      When the centering trolley 30 returns from the longitudinal center line of
      the loaded pallet to the longitudinal center line of the machine, the
      clutch 108a is engaged, while the clutch 106a is disengaged, and the
      programming chain 108 moves the sensor drive chain 106 forward an amount
      equal to the difference between the half width of the pallet being loaded
      and the half width of the largest pallet. Thus, the programming chain 108
      and associated mechanisms serve to set the half width of the pallet being
      loaded into the sensor drive chain 106 for use as a preload to the length
      sensor 41.
PAR  A main pulley 120 is connected to the centering trolley 30 and engages a
      cable 122. The cable 122 is also connected around pickup pulleys 124 and
      to anchors 125. A support bar 126 is connected to the cable 122 for
      movement with the cable. The side sensor 36 is positioned on the top of
      the support bar 126. Due to the effect of the main pulley 120 as the
      centering trolley 30 travels toward the center line of a loaded pallet,
      the side sensor 36 moves toward the side of a loaded pallet at twice the
      rate of the centering trolley 30.
PAR  In order to understand the operation of the side sensor 36 and trolley 30,
      assume that a loaded pallet of a a large width is being presented to the
      centering trolley 30. In this case, the longitudinal center lines of the
      pallet and the trolley coincide and the side sensor 36 is located against
      the side of the loaded pallet. When a pallet having a smaller width is
      presented to the bagging machine 20, the side of the smaller pallet will
      be, for example, 6 inches away from the side sensor 36. However, the
      longitudinal center lines of the trolley 30 and the smaller pallet are
      only three inches apart. Since the side sensor 36 travels twice the
      distance of the trolley 30, when the side sensor 36 contacts the side of
      the smaller pallet, the center lines of the trolley and the pallet will
      coincide.
PAR  Referring to FIG. 8, the bag length sensor 41 includes a photocell 128
      positioned on the sensor body 130. The sensor body 130 has a grooved
      portion 132 for receiving the sensor drive chain 106 and associated sensor
      dog 114. A lever 136 is pivotally attached to the sensor body 130 and
      biased against the sensor chain 106 by a spring 136. The sensor dog 114
      travels into the grooved portion 132 of the sensor body and engages the
      lever 136. The strength of the spring 137 is sufficient to hold the lever
      136 against the chain 106 and the sensor dog 114 carries the bag length
      sensor 41 upward after the lever 136 is engaged.
PAR  Referring to FIG. 9, the bag length sensor 41 is disposed on parallel guide
      rods 138. During the operation of the sensor, drive chain 106 and the
      sensor dog 114 continue to travel with the chain 106 and raise the bag
      length sensor 41 until the sensor hits the upper stop 140. The dog 114
      continues to travel upward and pivots the lever 136 away, thereby
      releasing the bag length sensor 41. The bag length sensor 41 falls
      downward along the parallel guide rods 138 until it comes to rest on the
      lower stop 142. Counterweights (not shown) can be connected to the bag
      length sensor 41 to prevent the sensor from striking the lower stop 142
      with too great a force. Additionally, a damper can be associated with the
      lower stop 142, if desired, to absorb energy from the falling sensor 41.
PAR  The operation of the driving mechanism in the bagging machine 20 will now
      be described. Initially, the sensor drive chain 106 is positioned with the
      homing dog 116 within the limit switch 118. The centering trolley 30 is
      moved by pneumatic cylinder 144 into alignment with the longitudinal
      center line of the pallet to be covered as indicated by the side sensor
      36. The pallet is placed on the centering trolley 30 and the trolley is
      returned to the longitudinal center line of the machine. During the return
      of the trolley, the programming chain 108 moves the sensor drive chain 106
      forward to the appropriate pre-load length setting for the size of the
      pallet.
PAR  After the centering trolley 30 returns to the home position with the pallet
      properly centered in the machine, the main drive unit 34 is started. As a
      consequence, one of the drive rollers, for example drive roller 46, is
      driven by clutch 46a and the vacuum belt units 40 are driven by the main
      drive chain 94. Additionally, the clutch 106a is engaged and the sensor
      drive 106 is driven. The tubing for forming the bag 24 is fed to the
      vacuum belt units 40 which open the tubing and collect it on the gathering
      arm assemblies 38. The sensor drive chain 106 moves at the same speed as
      the vacuum belt units 40 during the bag forming step.
PAR  As the forming step continues, the sensor dog 114 on the sensor drive chain
      106 engages the bag length sensor 41 and raises the sensor vertically
      along the loaded pallet 22. When the top of the loaded pallet is sensed by
      the sensor 41, the main drive unit 84 is stopped. The cut-and-seal
      mechanism 50 is then operated and the formation of the bag 24 is
      completed. The main drive unit 84 is again started with both the drive
      rollers 46 and 47 being disengaged by the clutches 46a and 47a. Under the
      power of the main drive unit, the vacuum bels units 40 continue feeding
      the bag 24 onto the gathering arms 38 and the bag length sensor 31 is
      raised until it strikes the upper stop 140. The sensor dog 114 then
      releases the sensor 41 and it falls to the lower stop 142. The main drive
      unit 84 continues operation until the housing dog 116 activates the limit
      switch 118 thereby stopping the drive unit 84.
PAR  The sensor dog 114 and the homing 116 are arranged on opposite sides of the
      sensor drive chain 106. As a result, the housing dog 116 does not act on
      sensor 41 and the sensor dog 114 does not act on the limit switch 118.
PAR  The gathering arm drive unit 86 is next energized and the gathering arm
      assemblies are lowered. At the same time, the gathering arm assembiles 38
      are retracted outward. The lowering of the gathering arm assemblies 38
      continues until the lower limit of travel is reached. At this point, the
      bag 24 is in place over the loaded pallet and the pallet is transferred to
      the discharge conveyor by the trolley 30. The gathering arm drive unit 86
      is then reversed to raise the gathering arm assemblies 38 back to their
      upper position. As the gathering arm assemblies 38 are raised, the
      assemblies are extended for movement into position against the vacuum belt
      units 40.
PAR  Referring to FIGS. 10, 11 and 12, the vacuum belt units 40 include
      perforated belts 146 that extend around the drive shafts 102 and 104 and
      guide rollers 148. The vacuum belt units 40 are inclined at approximately
      a 45.degree. angle with the perforated belts 146 forming a jaw area 150
      for receiving the tubing used in forming a bag. The perforated belts 146
      engage the tubing and pull the sides of the tubing apart. The tubing is
      then fed downward by the perforated belts 146 and collects on the
      gathering arm assemblies 38.
PAR  The perforated belt 146 preferably has aligning strips 152 bonded to the
      interior of the belt. The aligning strips 152 engage grooved slides 154
      and operate to keep the belt positioned on the drive shaft 102 and 104.
      However, it will be appreciated that other forms of aligning means can be
      used to keep the perforated belt 146 positioned on the drive shafts 102
      and 104.
PAR  Referring to FIG. 10, a vacuum supply manifold 156 supplies a vacuum to a
      vacuum chamber 158 in the belt unit 40. The vacuum chamber 158 is divided
      into a plurality of central chambers 160 and side chamber 162.
PAR  A valve shaft 164 extends the length of the vacuum chamber 158 through the
      central chambers 160. Each of the central chambers 160 has an aperture 166
      to communicate with the adjacent chamber 160. The valve shaft 164 has a
      plurality of valve blades 168 affixed at angularly offset positions of
      equal increments around the shaft adjacent the apertures 166. The valve
      blade 168 is dimensioned to cover the aperture 166 between the chambers
      160. Referring to FIG. 12, a valve drive shaft 170 is used for powering
      the valve shaft 164. The valve drive shaft 170 is coupled through a clutch
      (not shown) to the belt drive shaft 100.
PAR  The speed of rotation of the valve shaft 160 is synchronized so that the
      valve blades 168 will uncover the central chambers 160 in sequence down
      the vacuum chamber 158 as the tubing being used to form the bag 24 passes
      by the central chambers 160. Once all the valve blades 168 rollers opened
      and vacuum is being supplied to all central chambers 160, the clutch (not
      shown) driving the shaft 170 is disengaged and the valve shaft 164 remains
      stationary.
PAR  The sequential opening of the central chambers 160 by the valve shaft 164
      prevents vacuum from being lost in the central chambers downstream from
      the tubing which are not covered by the tubing. In the absence of the
      sequential valving, the uncovered downstream chambers would lose a
      considerable amount of vacuum. However, once a chamber is covered by the
      tubing, little vacuum loss occurs. Thus, the sequential opening of the
      central chambers 160 as the tubing travels along the chambers conserves
      vacuum within the vacuum chamber 40.
PAR  When the small diameter tubing is being utilized to form a bag 24, the
      small diameter tubing only extends across the central chambers 160 of the
      vacuum chamber 158. Thus, vacuum is being lost in the side chambers 162.
      However, when the large diameter tubing 42 is being utilized to form a bag
      24, both the side chambers 162 and the central chambers 160 are covered by
      the tubing. Therefore, side chamber valves 170 can be utilized to isolate
      the central chambers 160 from the side chambers 162 when a small diameter
      of tubing is being utilized. It has been discovered that the amount of
      vacuum lost in the side chambers 162, when compared to the central
      chambers 160, is not nearly so great. Therefore, the vacuum belt unit 40
      can be satisfactorily operated without the use of the side valves 170,
      without a large vacuum loss.
PAR  The lower portion of the jaws 58 in the cut-and-seal mechanism 50 includes
      heating elements 172 for sealing the end of the bag 24. After a bag 24 has
      been completely formed by the cut-and-seal mechanism 50, the top of the
      bag passes through the jaws 150 formed between the vacuum belt units 40.
      As the end of the bag 24 passes down between the belt units 40, the vacuum
      gripping against the sides of the bag 24 is lost and the center of the bag
      falls downward. However, the rollers 66 in the gathering arm assemblies 38
      press the bag 24 against the perforated belts 146 and causes the bag 24 to
      be fed downward onto the gathering arms 38 until the end of the bag is
      taut between the rollers 66.
PAR  Referring to FIG. 13, the centering trolley includes a conveyor drive motor
      unit 174 that is coupled to a conveyor drive shaft 176. The conveyor drive
      shaft 176 operates the conveyor chains 178. The conveyor chains 178 are
      used to transfer a loaded pallet from the entrance conveyor 26 onto the
      trolley 30 and also for transferring a pallet from the trolley 30 to the
      discharge conveyor 32. A pneumatic cylinder 144 is used for displacing the
      trolley 30 until the longitudinal center line of the trolley coincides
      with the longitudinal center line of the pallet being loaded, as
      previously detailed. The trolley 30 30 travels on grooved wheels 180 that
      engage V-shaped guide rails 182.
PAR  Referring to FIGS. 14a, 14b and 14c, the operation of the centering trolley
      30 in transfering a pallet onto the trolley into a position where the
      lateral center line of the pallet is in alingment with the lateral center
      line of the machine to center the load lengthwise on the trolley is
      illustrated. The length centering mechanism includes a length sensor 184
      that is affixed to a control chain 186.
PAR  Initially, prior to the transfer of a pallet onto the trolley 30, the
      control chain 186 is in the home position shown in FIG. 14b. Preferably,
      the control chain 186 is set to the home position when the pneumatic
      cylinder 144 is extended. In order to transfer the pallet 22 onto the
      trolley 30 once the longitudinal center lines of the pallet and the
      trolley are aligned, the conveyor chains 178 are energized and the loaded
      pallet 22 is moved onto the trolley. The lower edge of the loaded pallet
      22 will engage the control dog 188 and begin to move the control chain 186
      in a clockwise direction. As a result, the length sensor 184 is moved to
      the left by an amount equal to the rightward movement of the control dog
      188. When the length sensor 184 senses the rear of the loaded pallet 22,
      the movement of the conveyor chains 178 is stopped, and the loaded pallet
      22 is aligned with the lateral center line of the machine, as shown in
      FIG. 14c.
PAR  In the home position of the control chain 186, as shown in FIG. 14b, the
      control dog 188 is within the limit of the smallest pallet length which is
      to be used in the bagging machine 20. Thus, even the smallest length
      pallet 22 will engage the control dog 188 and move the control chain 186
      until the centered position, shown in FIG. 14c, is achieved.
PAR  After the loaded pallet 22 is centered on the trolley, as shown in FIG.
      14c, the pneumatic cylinder 144 is collapsed to retract the centering
      trolley to the center of the bagging machine. Also, the control chain 186
      is moved in a clockwise direction to the retracted position shown in FIG.
      14a. In the retracted position, the loaded pallet 22 can be transferred
      from the trolley 30 onto the discharge conveyor without hitting the
      control dog 188.
PAR  Referring to FIG. 15, the length sensor 184 is slidably mounted on a pair
      of parallel guide rods 190. The length sensor 184 is coupled to a
      pneumatic cylinder 192 which positions the sensor and associated control
      chain 186 in the retracted position shown in FIG. 14a, and the home
      position shon in FIG. 14b. At other times, no pressure is applied to the
      cylinder and the length sensor is free to move on the guide rods.
PAR  The length sensor 184 includes a photocell 194 for sensing the rear of a
      pallet 22 and a cam follower unit 196. The cam follower unit 196 is
      activated by cams 198 and 200 that are positioned on a cam rail 202. The
      position of the cam follower 196, when the loaded pallet 22 is in a
      centered position, is indicative of the length of the loaded pallet.
      Generally, if the length of a loaded pallet is known, the diameter of
      tubing necessary for that loaded pallet can be determined. This results
      from the fact that in most applications for a pallet of any given length,
      there generally is only a single width or the widths do not differ
      greatly. Thus, the length of the loaded pallet can be used to determine
      whether the small or large tubing is to be used in making the bag 24.
      Thus, in the present application, when the cam follower is positioned on
      the cam rail 202, a small diameter tube is used to form the bag 24.
      However, when the cam follower unit 196 is positioned on the cam 198 or
      200, the large diameter tubing is utilized for forming the bag 24. The cam
      200 represents a pallet having a large width for its length, such as a
      square pallet. Other pallets having longer lengths to the left of cam 200
      have narrower widths and therefore still utilize a small diameter tubing.
      The cam 198 represents other pallets having a length which requires large
      diameter tubing for forming the bag.
PAR  It will be appreciated that if pallets have widely varying widths for a
      given length are being used, a sensing mechanism can be used to determine
      the width of the pallet. Thus, the indication of the width sensor and the
      length sensor can be combined to determine whether a large or small
      diameter tubing is necessary.
PAR  It is to be understood that various modifications can be made to the
      disclosed bagging machine without departing from the scope of the
      invention, and it is intended to cover in the appended claims all such
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A centering device in a bagging machine for centering load being
      presented to the bagging machine for covering with a bag comprising:
PA1  a trolley mounted for movement across the face of the load, said trolley
      being adapted to place the load within the bagging machine;
PA1  means for moving the trolley across the face of the load; and
PA1  means for sensing the side of the load when the trolley is centered with
      the load, said sensing means being coupled to said trolley for movement
      therewith.
NUM  2.
PAR  2. The centering device of claim 1 wherein said sensing means moves toward
      the side of the load at twice the rate of movement of the trolley across
      the face of the load.
NUM  3.
PAR  3. The centering device of claim 1 further including conveyor means
      associated with the trolley for transferring the load onto the trolley,
      and means for centering the load on said conveyor means.
NUM  4.
PAR  4. The centering device of claim 3 wherein said centering means includes a
      control chain mounted on the trolley, a control dog affixed to the control
      chain, and a centering sensor affixed to the control chain.
NUM  5.
PAR  5. The centering device of claim 4 further including means for moving the
      control chain to a home position whereby said control dog engages the load
      during transfer of the load by the conveyor means.
NUM  6.
PAR  6. The centering device of claim 1 including a main pulley coupled to the
      trolley, a drive cable extending from an achor around the main pulley and
      a side sensor coupled to the drive cable.
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ABST
PAL  An apparatus for transferring articles from a lower horizontal conveyor to
      an upper horizontal conveyor that includes a first drive means having a
      flexible carrier provided with lifter members arranged in horizontally
      spaced relationship for receiving articles from the lower conveyor and for
      moving the articles from a first position adjacent the lower conveyor to a
      second position adjacent the upper conveyor. Second drive means are
      provided which are operatively connected to the first drive means and also
      include a flexible carrier which has an ejector for discharging one
      article from the lifter members onto the upper conveyor when the article
      is in the second position. An electric motor is connected to the first and
      second drive means and is included in a circuit which has suitable
      switches for energizing the motor when an article is located in the first
      position and deenergizing the motor after an article is discharged by the
      ejector.
BSUM
PAR  This invention concerns an article transfer apparatus that cooperates with
      a pair of horizontal conveyors for raising articles from one level to
      another.
PAR  In the manufacture of circuit boards of the type used for radios,
      plate-like metal pallets having holding clips on one surface are utilized
      with a machine which serves to move the pallets from station to station
      for insertion of electrical components into the clip supported circuit
      boards. The pallets are driven by a conveyor belt and when the circuit
      board is completely assembled, it is automatically removed from the pallet
      and the latter is returned to the first station of the machine. At the
      first station, the empty pallet is driven into an elevating device which
      raises the pallet to a higher level and drops it onto an upper conveyor
      belt of the machine preparatory to the receipt of a new circuit board.
PAR  The elevating device presently utilized for raising the pallet has a wide
      belt and roller drive which, through friction, turns, vertically
      orientates, and drives the pallet upwardly and drops it onto the upper
      conveyor. One problem experienced with the present elevating device is
      that maintenance cost is excessively high due to frequent roller
      replacement. In addition, it has been found that because the pallets are
      sandwiched between belts, they are subject to damage in that the holding
      clips are frequently torn off and, in some cases, the pallet is deformed
      due to the turning maneuver required by belt and roller arrangement.
PAR  Accordingly, the objects of the present invention are to provide a new and
      improved article transfer apparatus that has lifter members that contacts
      circuit board pallets at the bottom and sides only so as to prevent damage
      to the holding clips; to provide an improved elevating device for circuit
      board pallets that raises the pallets from one level to another while
      maintaining them horizontally orientated; to provide an improved article
      transfer apparatus that raises articles successively to a predetermined
      level and that incorporates an ejector which moves in a closed circular
      path for ejecting articles at the predetermined level from the apparatus
      to a receiving station; and to provide an improved article handling device
      which receives circuit board pallets from a lower conveyor and translates
      the pallets to a raised position wherefrom the pallets are automatically
      ejected onto an upper conveyor for movement to an electrical component
      injection machine.
PAR  In the preferred form the above objects and others are realized with an
      article transfer apparatus which is adapted to be combined with a pair of
      horizontal belt conveyors with one conveyor being located above the other.
      The apparatus includes an elevator device having first and second
      horizontally spaced sprocket wheels located adjacent the upper conveyor
      and third and fourth horizontally spaced sprocket wheels located adjacent
      the lower conveyor. A chain is entrained about the aforesaid sprocket
      wheels and has a plurality of uniformly spaced lifter members connected
      thereto. A second chain is combined with the first chain and is also
      provided with lifter members which are adapted to be horizontally aligned
      with and spaced from the lifter members of the first chain and cooperate
      therewith for supporting articles which are delivered to the apparatus by
      the lower conveyor. A chain driven ejector is operatively connected to the
      first and second chain and is adapted to remove one pallet from the lifter
      members and discharge it onto the upper conveyor when the pallet reaches a
      predetermined raised position. An electric motor connected to a suitable
      gear box serves to operate the apparatus and is energized and deenergized
      automatically through a pair of switches whenever a pallet is deposited by
      the lower conveyor into the apparatus and the lifter members raise the
      pallet a predetermined distance.
DRWD
PAR  Other features and advantages of the present invention will be apparent
      from the following detailed description when taken with the drawings in
      which:
PAR  FIG. 1 is an elevational view showing the article transfer apparatus made
      according to the invention;
PAR  FIG. 2 is a plan view of the apparatus shown in FIG. 1; and
PAR  FIG. 3 is an enlarged view of the actuator which serves to energize the
      electric motor incorporated with the apparatus of FIGS. 1 and 2.
DETD
PAR  Referring to the drawings and more particularly FIGS. 1 and 2, an article
      transfer apparatus 10 made according to the invention is shown comprising
      an upstanding base frame 11 which is positioned adjacent to a lower
      horizontal belt conveyor 12 and an upper horizontal belt conveyor 14. The
      conveyors 12 and 14 are part of an electrical component insertion machine
      which serves to move circuit board pallets between stations where
      electrical components are automatically inserted into the circuit board.
      The upper conveyor 14 operates in the direction shown and serves to move
      the pallets directly into the insertion machine while the lower conveyor
      12 serves to return the empty pallets from the final station to the first
      station of the machine for receiving a new circuit board. The article
      transfer apparatus 10 is intended to receive the empty pallet and transfer
      it from the level of the lower conveyor 12 to an upper level wherein it is
      then discharged onto the upper conveyor 14 for movement to the first
      station of the machine.
PAR  It will be noted that the article transfer apparatus 10 comprises a pair of
      upper shafts 16 and 18 each of which is rotatably supported along parallel
      axes by the vertical side panels of the base frame 11. As best seen in
      FIG. 2, the shaft 16 rigidly supports identical double strand or dual
      sprocket wheels 20, 22, 24 and 26 while the shaft 18 rigidly supports
      identical sprocket wheels 28 and 30. The lower portion of the base frame
      11 similarly supports a pair of parallel and horizontally spaced rotatable
      lower shafts 32 and 34, which although not shown, include double strand or
      dual sprocket wheels which are vertically aligned with and identically
      correspond to the aforementioned sprocket wheels on upper shafts 16 and 18
      and shall hereinafter be referred to by the same reference numerals.
PAR  Entrained about the sprocket wheels 20 and 28 on shafts 16 and 18
      respectively and the corresponding sprocket wheels 20 and 28 on shafts 32
      and 34 respectively is an endless double strand chain 36. Similarly, a
      chain 37 identical to chain 36 is entrained about the sprocket wheels 26
      and 30 on shafts 16 and 18, respectively, and the corresponding sprocket
      wheels on shafts 32 and 34. Each chain 36 and 37 serves as a flexible
      carrier for a plurality of identical lifter members 38 which are fastened
      along the entire length of the associated chain at uniformly spaced
      points.
PAR  As best seen in FIG. 2, each of the lifter members 38 comprises a mounting
      portion 40 and a support portion 42. The mounting portion 40 is connected
      to the chain and includes a slot 44 which cooperates with a vertical bar
      46 fastened to the base frame 11 that serves as a guide means for the
      lifter members 38 as the latter move vertically upwardly in a manner to be
      described. It will be noted that the support portions 42 extend laterally
      inwardly and, as seen best in FIG. 1, have an upper support surface which
      is located in a horizontal plane. It will also be noted that the lifter
      members 38 connected with the chains 36 and 37 are arranged in pairs with
      the support surfaces of each set being in a horizontal plane. The lifter
      members 38 travel upwardly together when the shaft 16, as viewed in FIG.
      1, is driven in a counterclockwise direction.
PAR  The sprocket wheels 22 on vertically aligned shafts 16 and 32 and the
      sprocket wheels 24 on shafts 16 and 32, respectively, have identical
      double strand endless chains 48 and 50 entrained thereabout. Each of the
      chains 48 and 50 is provided with a plurality of identical lifter members
      52 each of which is also formed with a mounting portion 54 and a support
      portion 56. As in the case with the lifter members 38, the lifter members
      52 are uniformly spaced along the entire length of the associated chain
      with the mounting portion 54 serving as a chain connecting means while the
      support portion 56 being provided with a flat upper surface which, as seen
      in FIG. 1, is horizontally aligned with the flat upper surfaces of a set
      of lifter members 38. Thus, it will be understood that inasmuch as the
      sprocket wheels 22 and 24 are rigidly connected to the same shaft as the
      sprocket wheels 20 and also because they are identical, the chains 36, 37
      and 48, 50 move synchronously for maintaining the horizontal alignment of
      the lifter members 38 and 52. It will also be understood that the support
      portions of a pair of lifter members 38 and a pair of lifter members 52
      serve as seats for the four corners of a pallet 58 as shown in phantom
      lines in FIG. 2.
PAR  As seen in FIG. 2, the shafts 16 and 18 are respectively provided with
      double strand or dual sprocket wheels 60 and 62 each of which is located
      midway between the ends of the associated shaft. Each of the sprocket
      wheels 60 and 62 is freely rotatably mounted to the accommodating shaft
      and a third double strand or dual sprocket wheel 64 is located below and
      forwardly of the sprocket wheel 62 and is also freely rotatably supported
      by a shaft 66 the ends of which are supported by vertical plate members 68
      and 70 of the base frame 11. A double strand drive sprocket wheel 72 is
      located vertically below and slightly to the rear of sprocket wheel 60 and
      is rigidly mounted together with a single strand sprocket wheel 74 on a
      shaft 76. An endless chain 78 is entrained about the identical sprocket
      wheels 60, 62, 64 and 72 and supports a pair of identical ejector elements
      80 and 82 which are generally L-shaped in cross section. The ejector
      elements 80 and 82 are connected to chain 78 at points thereon so that the
      extent of chain measured in a clockwise direction from the ejector element
      80 to the ejector element 82 is equal to the extent of chain from ejector
      element 82 to ejector element 80. One or the other ejector element serves
      to engage the upper most pallet 58 when the latter reaches the position
      shown in FIG. 1 and causes the pallet to be discharged onto the upper
      conveyor 14 for movement to the insertion machine. The arrangement is such
      that as each pallet 58 is raised a distance equal to the vertical spacing
      between the support surfaces of adjacent lifter members 38 and 52, the
      ejector chain 78 is driven a distance so that the ejector elements 80 and
      82 are transposed in position. In other words, as seen in FIG. 1, ejector
      element 80 will be located in the position occupied by ejector element 82
      and vice versa.
PAR  In order to realize the movement of the ejector elements and lifter members
      as explained above, a drive system is provided which includes an electric
      motor 84 the output shaft of which is connected through a gear reducer 86
      to a single strand drive sprocket 88. As seen in FIG. 2, the sprocket 88,
      in turn, is drivingly connected through an endless chain 90 to a similar
      single strand sprocket wheel 92 rigidly mounted on one end of a
      horizontally orientated rotatable shaft 94 the other end of which rigidly
      supports axially spaced single strand sprocket wheels 96 and 98. The
      sprocket wheel 96 is connected through a chain 100 to the sprocket wheel
      74 on shaft 76 while the sprocket wheel 98 is connected through a chain
      102 to a single strand sprocket wheel 104 fixed with the shaft 16. There
      is a gear ratio of 5 to 1 between the sprocket wheels 96 and 74 and a gear
      ratio of 1 to 5 between the sprocket wheels 98 and 104. Thus, when the
      horizontally aligned lifter members 38 and 52 move a distance equal to the
      vertical spacing between the adjacent lifter members, the ejector element
      80 is driven from the position shown in FIG. 1 to the position of element
      82 and at the same time such movement causes the pallet 58 in the
      uppermost position to be ejected from the lifter members onto the upper
      conveyor 14.
PAR  The movement described above is intermittent and only occurs when a pallet
      58 is deposited into the lower most lifter members 38, 52 by the lower
      conveyor 12. In this regard, it will be noted that each pallet 58 is made
      of a metal such as aluminum and has sufficient weight so when the belt
      conveyor 12 is traveling at a relatively high speed, the pallet is
      literally thrown into the lower section of the apparatus which is in line
      with the conveyor. As the pallet 58 enters the article transfer apparatus
      10, one end thereof will cause a switch 106 to be tripped so as to
      energize the electric motor 84. As seen in FIG. 3, the actuating mechanism
      for tripping the switch 106 includes an axially displaceable rod 108 one
      end of which is provided with a contact plate 110 and the other end has a
      contact plate 111. The switch 106 is mounted to the base frame 11 and has
      a spring biased switch arm 112 which maintains engagement with the contact
      plate 110 of the actuator mechanism and serves to normally position the
      rod 108 as shown in full lines of FIG. 3. When the pallet 58 enters the
      lower level of the article transfer apparatus 10, it engages the contact
      plate 111 at the opposite end of the rod 108 and moves the latter to the
      left causing the switch arm 112 to be moved to the phantom line position
      to close the circuit to the electric motor 84. A spring latch 116 retains
      the pallet 58 in position and as the electric motor 84 is energized the
      pallets 58 are raised by the lifter members 38, 52 and the uppermost
      pallet is simultaneously discharged onto the upper conveyor 14 by the
      ejector element 80 or 82. The electric motor 84 continues to drive the
      elevating portion and the ejector portion of the article transfer
      apparatus 10 until the support portion 56 of one of the lifter members 52
      mounted on the chain 48 engages the arm 118 of a limit switch 120 mounted
      at the upper end of the base frame 11. When this occurs the electric motor
      84 is deenergized and a cycle is completed.
PAR  Various changes and modifications can be made in this construction without
      departing from the spirit of the invention. Such changes and modifications
      are contemplated by the inventor and he does not wish to be limited except
      by the scope of the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In combination with a pair of horizontal conveyors with one conveyor
      being located above the other conveyor, apparatus for transferring
      articles from the lower horizontal conveyor to the upper horizontal
      conveyor, said apparatus being positioned to one side of said conveyors
      and comprising an upstanding relatively narrow frame supporting an
      elevator device having first and second horizontally spaced sprocket
      wheels located adjacent the upper conveyor, third and fourth horizontally
      spaced sprocket wheels located adjacent the lower conveyor, the first and
      third sprocket wheels being vertically aligned, fifth and sixth sprocket
      wheels rigidly connected to and axially aligned with the first and third
      sprocket wheels respectively, a first chain entrained about said first,
      second, third, and fourth sprocket wheels and having a plurality of lifter
      members uniformly spaced a predetermined distance from each other and
      connected to the first chain along the length thereof, a second chain
      entrained about said fifth and sixth sprocket wheels and having a
      plurality of lifter members connected thereto that are uniformly spaced at
      distances equal to the predetermined distance between the lifter members
      on said first chain, all of said sprocket wheels being identical and being
      so arranged that when one of said sprocket wheels is driven the lifter
      members of said first and second chains are horizontally aligned in pairs
      along a plane perpendicular to the rotational axes of the fifth and sixth
      sprocket wheels for supporting vertically spaced articles, an ejector,
      said ejector comprising a third chain and a plurality of sprocket wheels
      located within the confines of said frame, said third chain being
      entrained about said last mentioned sprocket wheels and having at least
      one ejector element secured thereto for movement in a closed path and for
      engaging one article carried by one pair of said lifter members located at
      an elevation higher than said upper conveyor for discharging the article
      onto the upper conveyor, a motor, and means drivingly connecting the motor
      to the first, second and third chains whereby the ejector and lifter
      members move synchronously so when each horizontally aligned pair of said
      lifter members are raised a distance equal to said predetermined distance
      the ejector causes said one article to be discharged from said one pair of
      the lifter members onto the upper conveyor.
NUM  2.
PAR  2. In combination with a pair of horizontal belt conveyors with one
      conveyor being located above the other conveyor, apparatus for
      transferring articles from the lower horizontal conveyor to the upper
      horizontal conveyor, said apparatus being positioned to one side of said
      conveyors and comprising an upstanding relatively narrow frame supporting
      an elevator device having first and second horizontally spaced sprocket
      wheels located adjacent the upper conveyor, third and fourth horizontally
      spaced sprocket wheels located adjacent the lower conveyor, the first and
      third sprocket wheels being vertically aligned, fifth and sixth sprocket
      wheels rigidly connected to and axially aligned with the first and third
      sprocket wheels respectively, a first endless chain entrained about said
      first, second, third and fourth sprocket wheels and having a plurality of
      lifter members uniformly spaced a predetermined distance from each other
      and connected to the first chain along the length thereof, a second
      endless chain entrained about said fifth and sixth sprocket wheels and
      having a plurality of lifter members connected thereto that are uniformly
      spaced at distances equal to the predetermined distance between the lifter
      members on said first chain, all of said sprocket wheels being identical
      and being so arranged that when one of said sprocket wheels is driven the
      lifter members of said first and second chains are horizontally aligned in
      pairs along a plane perpendicular to the rotational axes of the fifth and
      sixth sprocket wheels for supporting vertically spaced articles, a
      chain-driven ejector, said ejector comprising a third endless chain and a
      plurality of sprocket wheels located within the confines of said frame,
      said third chain being entrained about said last mentioned sprocket wheels
      which include seventh and eighth sprocket wheels that rotate about the
      same axes as the first and second sprocket wheels respectively, at least
      one ejector element secured to said third chain for movement in a closed
      path and for engaging one article carried by one horizontally aligned pair
      of lifter members located at an elevation higher than said upper conveyor
      for discharging the article onto the upper conveyor, a motor, means
      drivingly connecting the motor to the first, second and third chains
      whereby the ejector and lifter members move synchronously so when each
      horizontally aligned pair of said lifter members are raised a distance
      equal to said predetermined distance the ejector causes said one article
      to be discharged from said one pair of the lifter members onto the upper
      conveyor, and control means including a first switch means located in
      axial alignment with said lower conveyor and actuated by a article
      deposited by the lower conveyor into the apparatus for energizing the
      electric motor and a second switch means actuated by said lifter members
      for deenergizing said electric motor after the article is raised by the
      accommodating lifter members a distance equal to said predetermined
      distance.
NUM  3.
PAR  3. The combination as set forth in claim 2 wherein said first switch means
      includes an axially displaceable rod having a contact plate located
      between the third and fourth sprocket wheels.
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PAL  A selective discharge mechanism for gently, yet positively, ejecting fruit
      or other damageable articles from a conveyor comprised of a spaced pair of
      thin supporting belts. The discharge mechanism includes a pair of rotary
      spiders which are positioned closely adjacent to and just inside of the
      upper runs of the supporting belts with each spider including three
      relatively flexible and radially extending arms equiangularly spaced
      120.degree. apart and projecting from a central hub mounted for controlled
      rotary movement. A rubber abutment member is provided at the distal end of
      each of the arms for resilient contact with the undersurface of a fruit on
      the conveyor. The discharge mechanism is selectively triggered by signals
      which signify the approach of a fruit, and such signals may cause one of
      the spiders to be rotated through 120.degree. to permit one of its
      projecting abutment members to flexibly engage the lower undersurface of
      the fruit and deflect the fruit laterally from the conveyor in the desired
      discharge direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to conveyor sorting systems, and more
      particularly, it pertains to reject mechanisms for selectively rejecting
      articles such as fruit from a conveyor.
PAR  2. Description of the Prior Art
PAR  In various commercial enterprises relatively fragile articles of different
      types are conveyed through sorting systems wherein selectively actuated
      mechanisms are utilized to divert the articles into separate sorting or
      conveying lanes in accordance with certain qualities or characteristics of
      the articles. For example, the fresh fruit and vegetable packing industry
      is one such enterprise wherein easily bruised or otherwise damageable
      fruit must be sorted and diverted into different processing lanes in
      accordance with certain inherent characteristics of the fruit (e.g.,
      color, size, etc.). Heretofore, it has been the practice in this industry
      to use the conventional and time honored methods and means for diverting
      the fruit from their carrying conveyors despite the rather obvious
      inadequacies of such methods in certain situations.
PAR  For example, probably the most widely used method of diverting singulated
      articles when such articles are moving in a generally horizontal path on a
      conveyor involves the use of a pivotable arm which can be selectively
      actuated to swing from a position out of the path of the articles into an
      obstructing position over the conveyor to thereby intercept the selected
      article and deflect it laterally from the conveyor. While this "baseball
      bat" approach to diverting articles from a conveyor has its obvious
      advantages in simplicity and reliability, it leaves much to be desired
      when the articles are fragile and easily damaged (e.g., when the articles
      are fruit or vegetables) and/or when the articles are moving at a
      relatively high rate of speed. Prior art patents which teach this
      primitive method of selective article diversion include the U.S. Pat. Nos.
      to Driesch et al 3,198,308; Dodge 2,455,741; and Lowe 2,451,104.
PAR  An improved article diverting means for fragile articles is provided by air
      jets which can be selectively operated to direct blasts of air laterally
      against the moving articles so as to divert them off of their conveying
      means--such apparatus being shown, for example, in the prior U.S. Pat.
      Nos. to Bartlett 2,881,919 or Simmons 3,327,850. The problem with the air
      blast type of diverter, in addition to its relatively high cost, is that
      where the articles are heavy and occupy a stable position upon the
      conveying means a rather forceful jet of air is needed in order to
      accomplish the deflection. This can create difficulties if the article has
      "soft spots"  which are susceptible to concentrated forces. For example,
      apples (which is a fruit that is typically mechanically sorted during
      grading or pregrading operations) may have soft spots occasioned by
      bruises or microbial infection which if subjected to a concentrated air
      blast would not only result in the destruction of the apple but also in
      the creation of a disagreeable mess on and about the conveying machinery
      so as to necessitate a costly stopping of such machinery for the
      institution of clean-up procedures.
PAR  A recently devised mechanism for diverting fruit or the like from a
      horizontally arranged conveyor is disclosed in the U.S. Pat. No. to
      Greenwood et al 3,770,111, which issued on Nov. 6, 1973. This mechanism
      utilizes the aforediscussed air blast devices but, in addition, includes a
      pair of vertically upwardly movable plungers which are selectively
      activated to engage the lowermost surface of a fruit as it passes
      thereover to deflect it laterally of its supporting conveyor surface.
      While the mechanism disclosed in the Greenwood et al patent constitutes an
      improvement over the aforedescribed more conventional prior art
      mechanisms, such device still operates under the same general concept as
      that of the prior art mechanisms, i.e., the concept of moving a rigid
      member in a direction so as to intercept a moving article to thereby
      institute a collision which deflects the article from its original course.
      Thus, such mechanism is ultimately plagued with the attendant control and
      fruit damage problems of the other prior art diverter mechanisms.
PAC  SUMMARY OF THE INVENTION
PAR  With the selective reject mechanism of the present invention a means is
      provided which gently, yet positively, tilts easily damageable articles,
      such as fruit, from a horizontally arranged conveyor to thereby divert
      them in the desired direction. Although such reject mechanism is simple in
      concept, and therefore economical to manufacture, it provides results
      which are clearly superior to those provided by the aforediscussed prior
      art devices and thereby constitutes a noted advance in the relatively
      neglected art of selective reject mechanism.
PAR  The apparatus of the present invention basically comprises a rotary arm
      which has a resilient abutment member at one end thereof and includes
      means for selectively rotating the arm in a plane adjacent to a conveyor
      surface so that the abutment member will sweep into contact with the
      selected article on the conveyor, which is moving in the same direction as
      the abutment member, to resiliently nudge such article off of the conveyor
      surface. In the preferred embodiment of the invention the rotary arm is
      positioned beneath the conveyor surface so that the abutment member sweeps
      upwardly from a position just below the conveying plane to engage the
      undersurface of the article and to then lift and tilt the article off of
      the conveyor. The timing and speed of the moving arm can be adjusted to
      the speed of the article on the conveyor so that the arm will strike the
      article with a minimum amount of force.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the selective reject mechanism of the
      present invention illustrating its positioning with respect to an
      overlying fruit carrying conveyor from which it is desired to selectively
      divert fruit.
PAR  FIG. 2 is a plan of the reject mechanism of FIG. 1 as utilized in an
      environment where it can selectively discharge fruit from the fruit
      carrying conveyor to either one of two laterally positioned conveyors.
PAR  FIG. 3 is an enlarged section taken generally along the line 3--3 of FIG. 2
      and further illustrates the manner in which a fruit is deflected to a
      selected one of the laterally positioned conveyors.
PAR  FIG. 4 is a rear elevation of one of the diverting arms and its abutment
      member.
PAR  FIG. 5 is a transverse section taken on the line 5--5 of FIG. 4.
PAR  FIG. 6 is a front elevation of one of the diverting arms and its abutment
      member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The selective reject mechanism 10 of the present invention is shown in FIG.
      1 of the drawings and will be seen to generally comprise a spaced pair of
      rotatable spiders 12 each of which includes three equiangularly spaced
      diverting arms 14 having enlarged resilient abutment members 16 molded or
      otherwise securely attached to the outer ends thereof. The spiders are
      each individually mounted for selective rotation so that an abutment
      member of a selected one of the spiders may engage a fruit F carried by
      conveyor chains 20 and divert the fruit to the proper laterally positioned
      conveyor belt 40 or 42, as shown in FIGS. 2 and 3.
PAR  Each of the spiders will be seen to include a central hub 24 which is
      clamped onto a drive shaft 25 arranged (by means to be disclosed
      presently) for selective rotation through 120.degree.  angular increments.
      One side of the hub 24 is provided with a triangularly shaped mounting
      block 26 (FIG. 1) and three additional mounting blocks 28 positioned about
      the side faces of the mounting block 26 in parallel spaced relationship.
      The diverting arms 14, which comprise thin, blade-shaped members (FIGS.
      4-6), are each positioned between one face of the block 26 and one of the
      mounting blocks 28 and are rigidly secured in position by means of set
      screws inserted through the outer mounting blocks 28. Obviously, the
      radial positioning of the arms may be adjusted by releasing the set screws
      so as to permit the abutment member 16 to project from the spider at
      different radial distances. Thus, if the size or shape of the fruit
      carried by the conveyor chains 20 should be varied, the diverting arms can
      be readily adjusted to accommodate the new fruit.
PAR  The resilient abutment member 16 is shown in detail in FIGS. 4, 5 and 6.
      This key element of the present invention is arranged to engage the fast
      moving fruit F in a gentle manner so as not to cut or bruise it while at
      the same time providing the positive impetus which alters the direction of
      movement of the fruit and sends it in the new, desired direction. The
      abutment member will be seen to be generally frusto-conical in shape (FIG.
      5) and includes an inclined outer surface 16a for engagement with the
      fruit. The tapered configuration of the abutment member at this engagement
      surface permits the abutment member to deflect when it engages the fruit
      while at the same time providing the resilient deflecting force. A recess
      18 is provided in one face of the abutment member, and a similar recess
      (not shown) may be provided in the opposite face of the abutment member,
      if desired, in order to provide for a greater deflection upon engagement
      with the fruit so as to lessen the chances of injury to the fruit.
PAR  The fruit sorting conveyor arrangement shown in the drawings is essentially
      that shown in the fruit sorting apparatus described in the aforementioned
      U.S. Pat. No. 3,770,111 to Greenwood et al, and reference to such patent
      may be had for a detailed description of the fruit sorting conveyor
      arrangement, it being recognized that the details of such conveyor
      arrangement are not in any way critical to an understanding of the present
      invention. Briefly, the sorting conveyor arrangement, in addition to the
      conveyor belts or chains 20, includes the endless belt conveyors 40 and 42
      which are positioned parallel to and on opposite sides of the conveyor
      chains for receiving the fruit which is deflected therefrom (FIG. 2).
      Also, an inclined chute 44 is arranged to receive that fruit which is not
      deflected by the selective reject mechanism 10 of the present invention
      and which is carried by the conveyor chains 20 straight through the
      deflecting station. As shown, the conveyor chains 20 include special
      rubber-covered projections 20a (FIG. 1) which form the two spaced belts
      for supporting the fruit, and such belts are spaced far enough apart so as
      to provide a relatively stable support surface for the fruit (FIG. 3). As
      also shown in FIG. 3, each of the spiders 12 is mounted so as to rotate in
      a plane located just inside of one of the conveyor chains 20 so that when
      a spider is activated it will engage one side of the undersurface of a
      fruit in order to cause the ejection of such fruit to the opposite side of
      the conveyor. It will be understood that appropriate means upstream of the
      deflection station, as shown for example in the aforedescribed U.S. Pat.
      No. 3,770,111 to Greenwood et al, can be utilized to determine the
      characteristics (e.g., the color) of each of the fruit F on the conveyor
      chains 20. Such detection means then can be operated to send a signal to
      the reject mechanism 10 to activate one of the spiders 12 when it is
      desired to deflect a particular fruit to one of the laterally located
      conveyors 40 and 42.
PAR  Each of the spiders 12 is provided with individual, selectively operable
      drive means so that it can be selectively rotated through its 120.degree.
      angular increments. Such drive means includes a drive motor 40 having an
      output shaft 41 which, by means of a drive chain 44 and a gear 46 (FIG.
      1), is adapted to continuously rotate a hub 42 that is rotatably mounted
      upon the spider drive shaft 25. The hub 42 is part of a conventional
      incremental rotation control package which is arranged to be secured about
      the projecting end of the spider drive shaft 25. These rotation control
      packages comprise clutch-brake mechanisms which are entirely conventional
      and which will be described only briefly herein. In general, the
      continuously rotating hub 42 includes a sleeve received within a clutch
      spring (not shown) which is secured at one end thereof to an encompassing
      stop collar 48. The stop collar includes three radially extending abutment
      surfaces 48a spaced 120.degree. apart. When the stop collar is held from
      rotating by means of a pivotable lever arm 50 controlled by a solenoid 51,
      the drive shaft 25 (which is connected to the other end of the clutch
      spring) is released to the clutch spring is unwound. However, when the
      solenoid 51 is actuated to raise the lever arm 50 the stop collar 48 is
      released allowing the clutch spring to wrap down on the sleeve of the
      input hub 42 and thus provide an immediate drive connection to the drive
      shaft 25. The solenoid 51 is only very briefly energized so that the lever
      arm 50 is immediately released and allowed to slide on the surface of the
      stop collar 48 until it again engages one of the abutment surfaces 48a to
      prevent the stop collar from turning thereby unwinding the clutch spring
      to disconnect the drive to the drive shaft 25. Simultaneously with the
      foregoing, a fixed brake plate 54 at the end of the shaft is brought into
      braking engagement with the drive shaft 25 by means of another drive
      spring arrangement (not shown) that interconnects the stop collar, drive
      shaft and brake plate and that works in the opposite manner from the
      aforedescribed clutch spring. Such arrangement serves to stop the rotation
      of the drive shaft within milliseconds of the energization of the solenoid
      51. As pointed out hereinbefore, such industrial clutch-brake units for
      small loads are readily available and can provide accurate stopping of a
      drive shaft within plus or minus one-half degree of any desired point at
      cycling rates as fast as 1200 per minute. One such unit which can be used
      with the selective reject mechanism of the present invention is Model CB-4
      manufactured by Precision Specialties Inc. of Pitman, New Jersey.
PAR  By adjusting the speed of the motors 40, the linear speed of the abutment
      members in the plane of the fruit conveyor can be adjusted so that they
      will move just slightly faster than the average speed of the fruit F on
      the conveyor belts so that the impact force of the abutment members with
      the fruit is minimized to, in turn, minimize the possibility of damage to
      the fruit.
PAR  When the mechanism of the present invention is operating, the individual
      fruit F is conveyed by the conveyor chains 20 in spaced arrangements in a
      linear direction as shown in FIG. 2. By suitable decisions (made upstream
      from the deflection station) each fruit is marked for one of three
      ultimate destinations: (1) it can continue in its linear path to the
      discharge chute 44 (in which case neither of the spiders 12 will be
      energized); (2) it can be deflected to the left to conveyor 40 (in which
      case the right-hand spider will be activated to rotate through its
      120.degree. increment); or (3) it can be deflected to the right to
      conveyor 42 (in which case the left-hand spider will be activated to
      rotate through its 120.degree. increment). If the decision is made to
      shift the fruit F to either conveyor 40 or conveyor 42, this information
      is utilized to provide energization of the appropriate solenoid 51 which
      briefly pivots its associated lever arm 50 upwardly to disengage it from
      an abutment surface 48a on the stop collar 48. The solenoid is almost
      immediately de-energized so that the lever arm will drop back down on the
      stop collar to engage the next abutment surface 48a  after 120.degree. of
      angular rotation. Through appropriate means for timing the energization of
      the solenoid 51 with the position of the selected fruit on the conveyor
      belts 20 (the details of which are not relevant to the present invention),
      the abutment member 16 of the appropriate diverting arm 14 will move to
      overtake the fruit and gently nudge it to its desired final destination.
PAR  From the foregoing description it can be seen that the simple, and yet
      highly effective, mechanism of the present invention is capable of
      operation at high processing speeds allowing fruit such as apples to be
      deflected at conveyor speeds which are far faster than any which could be
      accommodated by the human operator. Yet, even with very fragile fruit
      moving at such high speeds, the mechanism of the present invention
      provides gentle deflection without bruising or otherwise injuring the
      fruit. The mechanism operates quickly and efficiently and will seldom need
      repairs or adjustment. Thus, while the ultimate consumer of the apples
      which are selectively sorted with the aforedescribed invention may have no
      knowledge or appreciation of such device, in the frozen winters of the
      Yakima or Shenandoah Valleys, the mechanism of the present invention will
      unobtrusively cycle on to provide an important step in the ultimate mass
      movement of fruit into the marketplace.
PAR  Although the best mode contemplated for carrying out the present invention
      has been herein shown and described, it will be apparent that modification
      and variation may be made without departing from what is regarded to be
      the subject matter of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A discharge mechanism for diverting an article off a generally
      horizontally arranged conveyor, said mechanism comprising a diverting arm
      which includes a resilient abutment member at one end thereof, rotary
      mounting means connected to the other end of said arm for mounting said
      arm for rotary movement about an axis extending generally transversely to
      the direction of movement of said conveyor wherein said arm is arranged to
      rotate in a generally vertical plane lying adjacent to one edge of said
      conveyor and extending generally parallel to said conveyor, means for
      rotating said arm through a predetermined angular distance so that the
      portion of the arm which moves in the plane of the conveyor is moved in
      the direction of movement of the conveyor and in a path so as to cause
      said abutment member to strike an article on the conveyor when said arm
      portion is moving in the direction of movement of the conveyor, means for
      automatically stopping the movement of said arm after it has moved through
      said predetermined angular distance, and means for selectively actuating
      said arm rotating means so as to cause said abutment member to move
      through said predetermined angular distance and engage one side of said
      article on the conveyor and thereby cause the article to be deflected off
      the other edge of said conveyor.
NUM  2.
PAR  2. A discharge mechanism according to claim 1 wherein said rotary axis of
      the diverting arm extends below the plane of the conveyor so that said
      abutment member engages the undersurface of said article.
NUM  3.
PAR  3. A discharge mechanism according to claim 1 wherein said diverting arm
      comprises a thin blade and wherein said abutment member comprises an
      enlarged member of rubberlike material secured to said one end of the
      blade.
NUM  4.
PAR  4. A discharge mechanism according to claim 2 wherein said abutment member
      is comprised of rubberlike material and includes an annular surface
      arranged to engage said article.
NUM  5.
PAR  5. A discharge mechanism according to claim 4 wherein said annular surface
      is a frusto-conical surface.
NUM  6.
PAR  6. A discharge mechanism according to claim 1 comprised of a plurality of
      said diverting arms equiangularly spaced about said rotary axis, said arm
      rotating means being arranged to rotate and diverting arms during each
      actuation of said mechanism by an angular distance equal to the angle
      between an adjacent pair of said arms.
NUM  7.
PAR  7. A discharge mechanism according to claim 6 wherein said rotary axis of
      the diverting arms extends below the plane of the conveyor and wherein
      said abutment members lie below the plane of the conveyor in the
      unactuated position of said mechanism whereby one of the abutment members
      will move in an arcuate path above the plane of the conveyor to engage the
      undersurface of said article during each actuation of said mechanism.
NUM  8.
PAR  8. A discharge mechanism for use with a conveyor which includes a pair of
      spaced belts for transporting articles supported across said belts along a
      generally horizontal path, said mechanism comprising a diverting arm which
      includes a resilient abutment member at one end thereof, means mounting
      one end of said arm for rotary movement of the arm about an axis extending
      generally transversely to the direction of movement of said conveyor
      wherein said arm is arranged to rotate in a generally vertical plane lying
      adjacent to one of said belts and extending generally parallel to said
      belts, means for rotating said arm through a predetermined angular
      distance so that the portion of the arm which moves in the plane of the
      conveyor is moved in the direction of movement of the conveyor and in a
      path so as to cause said abutment member to strike an article on the
      conveyor when said arm portion is moving in the direction of movement of
      the conveyor, means for automatically stopping the movement of said arm
      after it has moved through said predetermined angular distance, and means
      for selectively actuating said arm rotating means to cause said abutment
      member to move through said predetermined angular distance and engage one
      side of said article on the conveyor adjacent said one belt and thereby
      cause the article to be deflected off the conveyor adjacent the other
      belt.
NUM  9.
PAR  9. A discharge mechanism according to claim 8 wherein said rotary axis of
      the diverting arm extends below the plane of the conveyor so that said
      abutment member engages the undersurface of said article.
NUM  10.
PAR  10. A discharge mechanism according to claim 9 comprised of a plurality of
      said diverting arms equiangularly spaced about said rotary axis, said arm
      rotating means being arranged to rotate said diverting arms during each
      actuation of said mechanism by an angular distance equal to the angle
      between an adjacent pair of said arms.
NUM  11.
PAR  11. A discharge mechanism according to claim 9 wherein said diverting
      mechanism comprises a pair of diverting arms each being mounted adjacent a
      corresponding one of said conveyor belts, said rotary axis being common to
      both of said arms, and said actuating means being arranged to selectively
      actuate one of said diverting arms to divert said article from the
      conveyor.
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ABST
PAL  A mechanism for loading lamp caps into the cells of an endless chain
      conveyor (the mechanism is designed for use in a lamp cap smearing
      installation). In this mechanism, between a rotor, which carries lamp caps
      to the cells of the chain conveyor, and a stationary guide arranged to
      accumulate lamp caps are fitted a spring-loaded retainer and a means for
      positively moving lamp caps from the stationary guide into the rotor
      slots. The spring-loaded retainer prevents the lamp caps from leaving the
      guide and periodically, when a lamp cap is fed into a rotor slot, is
      positively moved out of the retaining position. This constructional
      arrangement provides for sure feeding of lamp caps into the conveyor cells
      practically at any conveyor speed.
BSUM
PAR  The present invention relates to electrical engineering equipment employed
      in manufacturing electrovacuum apparatus, for example, incandescent lamps
      and has particular reference to a mechanism for loading lamp caps into the
      cells of an endless chain conveyor. The mechanism which constitutes the
      present invention can be used in an automatic cap smearing installation.
PAR  Known in the art is a mechanism for loading lamp caps into the cells of an
      endless chain conveyor, which mechanism comprises an endless chain
      conveyor, a stationary guide to accommodate a row of lamp caps, and a
      vertical support. Mounted on said vertical support is a rotor with radial
      slots arranged to receive one lamp cap each. Also mounted on the vertical
      support is a stationary plate serving as a bottom cover of the rotor slots
      in the portion of the rotor travel which carries lamp caps to the conveyor
      cells, said stationary plate having a shoulder extending over the side of
      the rotor.
PAR  In the mechanism under consideration, the rotor slots are small-sized and
      the individual lamp caps move into the rotor slots under the weight of the
      entire row of the lamp caps. Therefore, with the rotor turning
      continuously, a cap fed from the stationary guide may be early or late in
      arriving at the slot, with consequent failure to enter the rotor slot
      completely.
PAR  If one half of the cap diameter enters the slot, the cap becomes jammed
      between the rotor side and the shoulder of the stationary plate, which
      entails cap mutilation and may result in breakdown of the entire
      mechanism. If less than one half of the cap diameter enters the slot, the
      cap is ejected into the stationary guide during the rotor movement. The
      rotor slot remains empty and the rotor fails to load the appropriate
      conveyor cell, thereby adversely affecting the working efficiency of the
      installation.
PAR  Increasing the size of the slots gives no improvement inasmuch as the cap
      is caused to change its position inside the slot by being dragged on the
      bottom cover. Since the distance from the slot bottom end to the conveyor
      cell is less than the cap height, the cap cannot right up during the fall
      into the cell and comes there sidewise, upsetting the operation of the
      entire installation.
PAR  It is an object of this invention to provide a mechanism for loading lamp
      caps into the cells of an endless chain conveyor, the working efficiency
      and dependability of said mechanism being materially increased by
      provision of means for surely feeding each lamp cap into the rotor slots.
PAR  With this and other objects in view, there is provided a mechanism for
      loading lamp caps into the cells of an endless chain conveyor, said
      mechanism comprising a stationary guide arranged to accommodate lamp caps
      in a line, one behind the other; a rotor adapted to be driven from said
      chain conveyor and provided with radial slots to accommodate lamp caps and
      feed them into the cells of the chain conveyor; and a stationary plate
      located underneath the rotor for the purpose of serving as a bottom cover
      of the rotor slots in the portion of the rotor travel which carries lamp
      caps to the conveyor cells, said stationary plate having a shoulder
      extending over the side of the rotor.
PAR  According to the invention, provided between the rotor and the stationary
      guide is a spring-loaded retainer which serves the purpose of retaining
      lamp caps in said stationary guide and is adapted to be positively moved
      out of the retaining position at periodic intervals, when a slot of the
      rotor arrives at the stationary guide. Also provided between the rotor and
      the stationary guide is a means for positively moving a lamp cap from the
      stationary guide into the rotor slot. The rotor is provided with cams
      arranged to periodically act upon said retainer in order to positively
      move it out of the retaining position.
PAR  The use of the retainer between the rotor and the stationary guide provides
      for accurate and properly timed communication between the guide and the
      rotor slots. The means for positively moving lamp caps provides for surely
      moving lamp caps into each rotor slot.
PAR  An important feature of the invention consists in that one of the walls of
      each rotor slot is curved in the direction of rotor movement, the
      curvature being formed so as to blend smoothly with the rotor side. Such a
      slot shape enables each lamp cap to rapidly enter the rotor slot, the
      speed of rotor movement being increased accordingly.
PAR  A further important feature of the invention consists in that two flat
      springs are provided in the portion of the rotor travel which carries lamp
      caps to the conveyor cells. One of said flat springs is attached to the
      shoulder of the stationary plate and is located in a vertical plane
      between the rotor side and said shoulder for the purpose of keeping the
      lamp cap upright in the rotor slot. The other flat spring is attached to a
      fixedly mounted bracket and is located in a horizontal plane above the
      rotor slots for the purpose of limiting the vertical movement of the lamp
      cap in the rotor slot.
PAR  Said flat springs keep each lamp cap in a strictly vertical position and
      prevent the possibility of a lamp cap cocking or tumbling sidewise,
      thereby providing for faultless operation of the entire installation.
PAR  A still further important feature of the invention consists in that the
      retainer has a pivot pin fixedly mounted on a bracket and a body which is
      rotatably mounted on said pivot pin and mounts a rod located between the
      rotor and the stationary guide and a lever carrying a roller and adapted
      to be periodically acted upon by the rotor cams.
PAR  A still further important feature of the invention consists in that the
      means for positively moving lamp caps comprises a pipe which has a nozzle
      and is connected to a system supplying compressed air for moving lamp
      caps.
PAR  The aforementioned constructional features of the invention provide for
      sure feeding of lamp caps into the conveyor cells practically at any
      conveyor speeds.
DRWD
PAR  Now the invention will be described in detail with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a partial longitudinal sectional view of the mechanism for
      loading lamp caps.
PAR  FIG. 2 is a top view of the mechanism for loading lamp caps.
PAR  FIG. 3 shows part of the rotor viewed from the stationary guide.
DETD
PAR  The mechanism for loading lamp caps comprises a vertical support 1 (FIG. 1)
      fixedly mounted on a base 2, a rotor 3 and a stationary guide 4 arranged
      to accommodate lamp caps 5 in a line, one behind the other. The lamp caps
      are fed from a hopper (not shown).
PAR  A hub 8 with a sprocket 9 is rotatably mounted in antifriction bearings 6
      and bushes 7 installed on the support 1. The teeth 10 of the sprocket 9
      are engaged with an endless chain conveyor 11. Cells 12 for carrying the
      lamp caps 5 are installed vertically in the links of the chain conveyor
      11.
PAR  The endless chain conveyor 11 is a means of carrying lamp caps from one
      mechanism to another, for example, in an automatic smearing installation.
PAR  The rotor 3 includes a disk 13 fixedly mounted on a hub 14. Through slots
      16 open at the outward end are provided in the rotor side 15 (FIG. 2) for
      the purpose of accommodating lamp caps 5 (FIG. 1) and carrying them into
      the cells 12 of the conveyor 11. The hub 14 is mounted on the support 1
      with a clearance 17. The sprocket 9 is attached to the hub 14 by means of
      any fastening elements known in the art, for example, bolts 18. Plain
      bearings 19 located in the clearance 17 enable the rotor 3 to freely turn
      on the support 1.
PAR  Fitted on the top of the support 1 is a cover 20. A bearing 21 fitted
      between the cover 20 and the disk 13 prevents transmission of the
      rotational movement from the disk to the cover.
PAR  Mounted on the support 1 immediately underneath the disk 13 is a stationary
      plate 22 which serves as a bottom cover of the slots 16 in the portion of
      the rotor travel which carries lamp caps to the conveyor cells 12. The
      plate 22 can be arc-shaped as shown by the broken line in FIG. 2 or made
      in the form of a disk having a hole located over the conveyor cells (not
      shown).
PAR  The plate 22 is attached to brackets 23 mounted on the support 1 and has a
      shoulder 24 extending over the side 15 of the disk 13.
PAR  The stationary guide 4 (FIG. 1) is essentially a delivery passage formed by
      a trough 25. The side walls of this trough are made up of rods 26 tied up
      by means of plates 27. This construction of the trough side walls provides
      for visual observation of the position of lamp caps 5 in the guide 4.
PAR  For lamp caps to have an orientated movement in the guide 4 under their own
      weight, the guide 4 is mounted in an inclined position on a vertical
      bracket 29 to which it is secured by means of a bolt 28.
PAR  According to the invention, fitted between the disk 13 and the stationary
      guide 4 is a spring-loaded retainer 30 and a means 31 for positively
      moving the lamp caps 5 from the stationary guide 4 into the slots 16
      provided in the rotor 3.
PAR  The spring-loaded retainer 30 is designed to prevent the lamp caps 5 from
      leaving the guide 4. Periodically, when a rotor slot arrives at the
      stationary guide 4, the retainer 30 is moved out of the retaining position
      by a cam 32 (FIG. 2) which is mounted on the disk 13 and is arranged to
      periodically act upon the retainer 30.
PAR  The retainer 30 can be made in a variety of constructional forms. For
      example, it comprises a fixed pivot pin 33 and a body 34 which carries a
      rod 35 and a lever 36 with a roller 37 mounted thereon. The pivot pin 33
      (FIG. 1) is carried by a bracket 38 mounted on the cover 20. The body 34
      is rotatably mounted on the pivot pin 33 by means of bearings 39.
PAR  The rod 35 and the lever 36 are mounted on the body 34 (FIG. 2) so that
      they point in different directions. One end of the rod 35 is secured with
      a screw 40 to a projection 41 provided on the body 34. The free end of the
      rod 35 is located between the disk 13 and the guide 4, i.e. in the way by
      which the lamp caps leave the guide.
PAR  One end of the lever 36 is attached to the body 34. The free end of the
      lever 36 carries a pin 42 with the roller 37 mounted thereon. The disk 13
      has cams 32 attached thereto. The number of the cams 32 corresponds with
      the number of the slots 16. Each cam 32 periodically acts upon the roller
      37, giving a turn to the body 34, whereby the rod 35 is moved away from
      the guide 4, allowing the lamp caps to leave the guide.
PAR  The body 34 is connected by means of a tension spring 43 with a plate 44
      attached to the bracket 23 which is fixedly mounted on the cover 20. After
      the lamp cap enters the slot 16 in the disk 13, the retainer is brought
      back into the initial position by the action of the spring 43.
PAR  To enable the lamp caps to enter the rotor slots rapidly and smoothly, the
      side wall 45 of the slot 16 is curved in the direction of rotor movement
      indicated by the arrow A in FIG. 2. The curvature B is formed so as to
      blend smoothly with the side 15 of the disk 13.
PAR  For the purpose of keeping the lamp cap vertically in the slot 16, a spring
      46 and a spring 47 are fitted in the portion of the rotor travel which
      carries the lamp caps to the conveyor cells 12. One end of the spring 46
      (FIG. 3) is attached to the shoulder 24 of the plate 22, the spring being
      located in a vertical plane between the side 15 of the disk 13 and the
      shoulder 24 of the plate 22. The spring 47 (FIGS. 1 and 2) is made in the
      form of a flat half-ring located above the disk 13. One end of the spring
      47 is attached to the bracket 23 mounted on the cover 20. The spring 47 is
      located in a horizontal plane for the purpose of limiting the vertical
      movement of the lamp cap 5 in the slot 16.
PAR  To permit the lamp cap 5 free passage from the guide 4 (FIG. 3) into the
      slot 16, an opening 48 is provided in the shoulder 24 of the plate 22.
PAR  The means 31 (FIG. 1) for positively moving the lamp cap from the
      stationary guide 4 into the slot 16 of the disk 13 is essentially
      compressed air supplied through a pipe 49 from a compressed air system
      (not shown). The pipe 49 is attached to the guide 4 by means of any
      connecting element 50 known in the art and is provided with a nozzle 51
      arranged to deliver compressed air in two streams.
PAR  The mechanism which constitutes the present invention operates as follows:
PAR  Before loading, the lamp caps 5 are accumulated in the guide 4 wherein they
      are arranged in a line, one behind the other. The retainer 30 prevents the
      lamp caps 5 from leaving the guide 4, the retainer rod 35 being positioned
      in the way.
PAR  With the automatic lamp cap smearing installation (not shown) in work, the
      chain conveyor 11 rotates the sprocket 9, the latter transmitting the
      movement to the rotor 3. The disk 13 (FIG. 2) of the rotor 3, while
      rotating, causes the cam 32 to act upon the roller 37 of the retainer 30.
      Riding on the cam, the roller 37 causes the lever 36 to turn the body 34.
      The rod 35 mounted on the body 34 turns therewith, permitting the lamp cap
      5 to leave the guide 4. Meanwhile one of the slots 16 provided in the disk
      13 arrives at the guide 4 and the air streams discharged from the nozzle
      51 force the lamp cap 5 (FIG. 1) to move through the opening 48 (FIG. 3)
      into the slot 16. The lamp cap enters the slot rapidly by virtue of
      sliding on the curvature B of the slot side wall 45.
PAR  Now the cam 32 disengages from the roller 37 (FIG. 2), the body 34 turns
      under the action of the spring 43 and the rod 35 returns into the initial
      position between the disk 13 and the guide 4. During the rotation of the
      disk 13 the lamp caps 5 accommodated in the slots 16 slide on the plate 22
      located underneath, being carried by the disk 13 to the chain conveyor
      cells 12, the springs 45 and 47 keeping the lamp caps upright.
PAR  When the lamp cap 5 arrives at the end of the plate 22 or to the hole
      provided therein, whichever the case may be, it drops into the cell 12.
PAR  Each lamp cap is transported by any of the slots 16 in the same manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mechanism for loading lamp caps into the cells of an endless chain
      conveyor, comprising: a stationary guide arranged to accommodate lamp caps
      in a line, one behind the other; a rotor adapted to be driven from said
      chain conveyor and designed to carry lamp caps to the chain conveyor
      cells; radial slots provided in said rotor for the purpose of
      accommodating lamp caps being carried to the chain conveyor cells; a
      stationary plate located underneath the rotor to serve as a bottom cover
      of the rotor slots in the portion of the rotor travel which carries lamp
      caps to the chain conveyor cells; a shoulder provided on said stationary
      plate and arranged to extend over the side of the rotor so as to prevent
      lamp caps from dropping out of the rotor slots; a spring-loaded retainer
      provided between the rotor and the stationary guide for the purpose of
      retaining lamp caps in said guide, said retainer being adapted to be
      positively moved out of the retaining position at periodic intervals, when
      a rotor slot arrives at said guide; a means for positively moving lamp
      caps from said stationary guide into the rotor slots; cams provided on
      said rotor for the purpose of periodically acting upon said retainer in
      order to move it out of the retaining position and thereby permit lamp
      caps to be positively moved into the rotor slots by said means.
NUM  2.
PAR  2. A mechanism as claimed in claim 1, in which one of the walls of each
      rotor slot is curved in the direction of rotor movement, the curvature
      being formed so as to blend smoothly with the rotor side.
NUM  3.
PAR  3. A mechanism as claimed in claim 2, in which two flat springs are
      provided in the portion of the rotor travel which carries lamp caps to the
      chain conveyor cells, one of said springs being attached to the shoulder
      of the stationary plate and located in a vertical plane between the rotor
      side and said shoulder for the purpose of keeping the lamp cap upright in
      the rotor slot, and the other flat spring being attached to a fixedly
      mounted bracket and located in a horizontal plane above the rotor slots
      for the purpose of limiting the vertical movement of the lamp cap in the
      rotor slot.
NUM  4.
PAR  4. A mechanism as claimed in claim 1, in which the retainer has a pivot pin
      fixedly mounted on a bracket and a body which is rotatably mounted on said
      pivot pin and amounts a rod located between the rotor and the stationary
      guide and a lever carrying a roller and adapted to be periodically acted
      upon by the rotor cams.
NUM  5.
PAR  5. A mechanism as claimed in claim 1, in which the means for positively
      moving lamp caps comprises a pipe which has a nozzle and is connected to a
      system supplying compressed air for moving lamp caps.
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PAL  A conveyor system for conveying pies from an oven to a pie wrapping machine
      comprising a cooling conveyor, an accumulator conveyor and a retarder
      conveyor. Optical sensors extend along the sides of the accumulator
      conveyor to determine the backlog. The output of the sensors are utilized
      to vary the rate of speed of the cooling conveyor to assure a proper
      backlog on the accumulator conveyor.
PARN
PAR  This is a continuation of Ser. No. 383,711, filed July 30, 1973.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to systems for conveying items so as to assure an
      adequate backlog at the output thereof.
PAR  Conveying systems of this type find particular utility in the field of
      packaging. In many instances, it is necessary to provide a backlog of
      items to a packaging apparatus to assure the proper operation of that
      apparatus. In the baking industry, pies and cakes and the like are
      conveyed from an oven to a baked goods wrapping machine which must be
      supplied with baked goods at a proper and continuous rate to maximize
      efficiency in wrapping as well as preventing jamming due to the absence of
      baked goods to be wrapped. For example, an FMC model 1301 wrapping machine
      wraps baked goods admirably so long as the baked goods are supplied to the
      input of the wrapping machine at a constant rate. However, in the absence
      of baked goods, the machine will jam resulting in a considerable down-time
      of the baked goods line.
PAR  In order to assure a proper supply to wrapping machines of this type, the
      wrapping machines have been supplied manually. This is an extremely costly
      way to assure an adequate supply to the wrapping. Moreover, it is very
      tedious work for the person or persons who are required to stand for hours
      on end, satisfying the demand of the wrapping machine.
PAR  The packaging of baked goods is but one example of situations wherein a
      constant supply must be provided at the output of the conveyor system.
      Filling lines for bottles and/or cans involve similar requirements.
      Manufacturing processes such as that disclosed in U.S. Pat. No. 2,916,792
      -- Crook et al also have similar requirements.
PAR  The Crook et al patent discloses a method and apparatus for extruding soap
      and conveying that soap so as to provide an adequate backlog for a press.
      To achieve this backlog, the soap extruder is driven at a variable speed
      in response to the backlog accumulated from a constant highspeed conveyor
      coupled to the output of the extruder. The backlog is created by providing
      a stop at the end of the accumulator conveyor which actually halts the
      advancement of the bars of soap on the accumulator conveyor. Electrodes
      positioned above and below the accumulator conveyor senses the change
      dielectric constants provided by the accumulating bars of soap. This
      change in capacitance which forms part of a capacitance bridge is then
      utilized to control a servo motor which in turn controls the motor driving
      the soap extruder.
PAR  The Crook et al system, while perhaps adequately satisfying the demand of
      the soap press, is in general too slow to satisfy the needs of a
      high-speed packaging line. The stop at the end of the accumulator conveyor
      which interrupts the advancement of the bars of soap on the accumulator
      conveyor so as to create a backlog, renders the Crook et al system too
      slow for use in high-speed packaging lines for two reasons. First, the
      stop which at least momentarily terminates the advancement of the items
      being conveyed renders the conveyence slow. Perhaps more importantly, the
      actual stopping of the items being conveyed requires that the accumulator
      conveyor operate at relatively slow speeds so as to avoid potentially
      harmful banging between the items as they accumulate behind the stop. The
      slower the accumulator conveyor runs, the more difficult it is to maintain
      a backlog at the stop and this in turn requires that the packaging machine
      in a highspeed packaging line operate at a slower rate so that the demand
      of the packaging machine does not exceed the backlog on the accumulator
      conveyor.
PAR  The Crook et al system is also poorly suited for high-speed packaging lines
      since it relies upon the sensing of the dielectric presented by the items
      being conveyed along the accumulator conveyor through the use of RF
      energy. Such a system cannot of course accommodate baked goods in foil
      plates since the foil plates will short out the RF energy. In addition,
      the servo motor control which is responsive to the dielectric constant
      represented by the items on the accumulator conveyor is somewhat slow due
      to the inertia of the servo motor so as to cause time-lags between backlog
      changes and speed signal changes to the speed controller of the soap
      extruder. This means that the Crook et al system is slow to react to
      changes in the backlog which could be critical in high-speed packaging
      lines. Also, the Crook et al system of control is prone to overshoot and
      oscillation in response to any change in the backlog on the accumulator
      belt. It is therefore somewhat unstable.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a conveyor system and method
      which assures an adequate backlog of conveyed items regardless of the
      demand for the items.
PAR  In accordance with this object, a supply conveyor conveys items in spaced
      relation thereon to an accumulator conveyor operating at a substantially
      faster rate than the supply conveyor. A retarder conveyor communicates
      with the end of the accumulator conveyor. The retarder conveyor is driven
      at a somewhat slower rate than the accumulator conveyor so as to
      accumulate a backlog on the accumulating conveyor. In order to assure a
      sufficient backlog on the accumulating conveyor, sensor means are
      associated therewith to determine the number of mutually abutting and
      mutually spaced conveyed items thereon. The output from the sensor means
      is then applied to a variable speed drive means for the supply conveyor to
      increase the supply conveyor rate when the backlog on the accumulator
      drops and decrease the supply conveyor rate when the backlog on the
      accumulator conveyor increases.
PAR  In order to satisfy the demand at the output of the retarder conveyor, the
      retarder conveyor does not stop the accumulating backlog of conveyed items
      at the output end of the accumulator conveyor but merely slows that
      backlog. This permits the accumulating conveyor to operate at high speed
      without potentially damaging collisions between conveyed items as the
      spaced conveyed items on the accumulator conveyor reach the backlog of
      conveyed items at the output end thereof.
PAR  It is another object of this invention to sense the presence of conveyed
      items quickly and reliably.
PAR  In accordance with this object, the sensors associated with the accumulator
      conveyor comprise optical sensors extending along the path of conveyance.
      Sensors are substantially uniformly spaced so that the total number of
      items sensed by all of the optical sensors represent the number of
      conveyed items on the accumulator conveyor.
PAR  In a particularly preferred embodiment of the invention, the retarder
      conveyor comprises a pair of continuously driven endless conveyor members
      engaging opposite sides of each of the conveyed items at the output end of
      the accumulator conveyor. These endless conveyor members include
      downwardly extending lugs in spaced positions thereon so as to engage each
      of the conveyed items between a pair of lugs on each of the conveyor
      members at the output end of the accumulator conveyor.
PAR  In the particularly preferred embodiment of the invention, the optical
      sensors extending along the accumulator conveyor means have a spacing
      substantially equal to the maximum longitudinal dimension of the conveyed
      items in the direction of conveyance along the conveyor. By providing this
      spacing, a count of conveyed items on the accumulator conveyor is in
      effect provided even though the conveyed items are moving at a high speed.
      This count as provided by the optical sensors is then utilized as an input
      to the variable speed control for the supply conveyor.
PAR  It is another object of this invention to provide a failsafe feature for
      interrupting the operation of the apparatus coupled to the output of the
      retarder conveyor.
PAR  In accordance with this object, an additional optical sensor is provided
      along the accumulator conveyor to determine when the backlog drops below a
      predetermined number by sensing a space between the conveyed items.
PAR  It is another object of this invention to utilize the count output of the
      optical sensors in an SCR motor control circuit which provides a variable
      speed drive from the supply conveyor.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially schematic top plan view of a preferred embodiment of
      the invention;
PAR  FIG. 2 is a view of the system shown in FIG. 1 taken along line 2--2;
PAR  FIG. 3 is a view of the system shown in FIG. 1 taken along line 3--3;
PAR  FIG. 4 is an electrical schematic of a portion of the control circuit in
      the system of FIG. 1;
PAR  FIG. 5 is an electrical schematic of a potentiometer which may be replaced
      by the circuit of FIG. 4 and an SCR motor control circuit; and
PAR  FIG. 6 is a schematic diagram of an SCR motor control circuit.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a supply conveyor 10 having an input end connected to
      an oven not shown in adapted to convey items 12 along the length thereof.
      As shown, the items 12 comprise pies which are maintained in spaced
      relation along the length of the conveyor 10 during cooling. Only a
      portion of the cooling conveyor 10 has been shown, and it therefore will
      be understood that such a conveyor has a considerable length capable of
      handling as many as eight thousand or more pies 12.
PAR  When the pies 12 reach the output end 14 of the cooling conveyor 10, they
      are transferred to the input end 16 of an accumulator conveyor 18. The
      pies 12 are conveyed along the accumulator conveyor 18 to the output end
      20 where a backlog 22 of mutually abutting pies 12 is accumulated. In
      order to assure a backlog 22, the accumulator conveyor 18 travels at a
      substantially constant rate or speed equal to one-and a-half to twice the
      speed of the cooling conveyor 10. Such a differential between the speeds
      or rates of the cooling conveyor 10 and the accumulator conveyor 18 allows
      the pies 12 to be advanced quickly toward the output end 20 of the
      accumulator conveyor thus assuring the backlog 22.
PAR  In accordance with one very important aspect of the invention, the pies 12
      are not stopped at the output end 20 of the accumulator conveyor 18 but
      merely retarded while permitting a continual flow from the end 20 to a
      retarding conveyor 24.
PAR  As shown in somewhat more elaborate detail in FIG. 3, the retarder conveyor
      24 comprises a pair of conveyor chains 26, only one of which is shown in
      FIG. 3, carrying downwardly extending lugs 28 which are adapted to engage
      the front and rear of a pie 12. Since the chains 26 carrying the lugs 28
      move continuously, the flow of pies 12 through the retarder 24 is
      continuous. This permits the pies 12 to be advanced at a more rapid rate
      on the accumulator conveyor 18 without any detrimental collisions or
      banging as the pies 12 approach the backlog 22. As shown in FIGS. 1 and 3,
      the chains 26 are mounted on and driven by sprockets 30a and 30b. The
      sprocket 30a is driven by and synchronized with a pie wrapping machine 32
      shown in FIG. 1 by means of a gear box 31. The sprocket 30b is suitably
      mounted on a support 33 as an idler.
PAR  After leaving the retarder conveyor 24, the pies slide down spaced,
      inclined surfaces 35 to a wrapper conveyor 34 having an opening 36 with
      lugs 38 extending upwardly between surfaces 35 and engaging the pies 12
      before they enter the wrapping machine 32. The wrapping machine 32 which
      may comprise an FMC model 1301 applies a wrapper to the pies to form a
      package 37 as shown at the output thereof. The lugs 38 are carried by a
      chain 37 mounted on sprockets 39 (only one of which is shown) and driven
      off of and/or in synchronism with the wrapper 32.
PAR  As shown in FIG. 1, the accumulator conveyor 18 is driven by a motor 40 in
      response to a motor speed control 42. In accordance with this invention, a
      motor speed control 42 maintains the speed of the motor 40 and thus the
      conveying rate of accumulator belt 18 substantially constant. However, the
      speed of the cooling conveyor 10 is varied inversely in response to the
      backlog 22 by means of a speed control 44 and an optical backlog sensing
      system which will now be described in detail.
PAR  A plurality of optical sensors/relays 46 (1-20) extend along a substantial
      portion of the accumulator conveyor 18 at one side thereof. A series of
      lamps 48 are juxtaposed to the sensors 46 in order to provide a count of
      the pies 12 on the accumulator conveyor 18, i.e., the pies in mutually
      abutting and mutually spaced relation. The lamps 48 and the optical
      sensors 46 are spaced a distance substantially equal to the longitudinal
      dimension of a pie 12 along the path of conveyance on the accumulator 18.
      The interruption of a beam of a light 50 between the lamps 48 and the
      corresponding sensors 46 represents one pie 12 which will in effect
      provide a count of the pies on the accumulator 18. By counting the pies 12
      in this manner, the accumulating conveyor 18 provides the algebraic sum of
      the pies 12(+) entering the accumulator conveyor 18 from the cooling
      conveyor 10 and the pies 12(-) leaving the accumulator conveyor 18 at the
      output end 20 thereof even though the pies 12 are moving rapidly along the
      accumulator conveyor 18.
PAR  As perhaps best shown in FIG. 2, the beam 50 is created by light rays from
      the lamps 48 shining through a small aperture 52 in the housing 54. The
      aperture 52 is appropriately located in the housing 54 so as to create a
      beam which falls upon a relatively small area of the pies 12 near the top
      thereof as the pie travels along a conveyor belt 56 on a support 58 of the
      accumulator conveyor 18. If a pie 12 is in line with the beam 50, the beam
      50 would be interrupted so that it will not reach an aperture 60 in a
      housing 62 containing a photosensor 66. As shown in FIG. 2, the
      photosensor 66 is mounted on a support member 64.
PAR  Each of the light sensors/relays 46 (1-20) includes one photosensor 64 and
      a relay 68 associated therewith as will now be described with reference to
      FIG. 4. A first relatively large resistor 70 (500.OMEGA.) is connected
      between input terminals 72 and 74 leading into the motor speed control 44
      shown in FIG. 1. A first series 82 of relatively small resistors 76 (1-20)
      (25 .OMEGA. each) are connected to a terminal 72 where each of the
      resistors 76 is associated with one of the relays 68 (1-20). The last of
      the resistors 76 (20) in the first series is connected with a terminal 78.
      Another series 84 of small resistors 80 (1-20) are connected to the
      terminal 74 and extend to the terminal 78.
PAR  Each relay 68 of each sensor/relay 46 is able to short out the resistor 76
      or the resistor 80 depending upon the position of the contact bar 88 with
      respect to stationary contacts 80 and 92. As shown in FIG. 4, the relay
      68-1 of the sensor/relay 46-1, due to the absence of a pie 12 to be sensed
      by the photosensor 46-1, is in a position so as to short out the resistor
      80-1 in the line 82 and place the resistor 76-1 in series with the other
      resistors 76. On the other hand, the sensor/relay 46-20 at the other end
      of the accumulator conveyor 18 senses the backlog 22 so as to be in a
      position to short out the resistor 76-20 while placing the resistor 80-1
      in series with the other resistors 80.
PAR  The arrangement shown in FIG. 4 operates like a potentiometer 102 as shown
      in FIG. 5 where the terminal 78 is connected to a wiper arm 100 for a
      potentiometer 102 and the resistance of the potentiometer is connected
      between terminals 72 and 74. In the arrangements of FIGS. 4 and 5, the
      total impedance between the terminal 78 and the terminal 72 plus the total
      impedance between terminal 78 and the terminal 74 is always 500 ohms no
      matter what position the relays 68 are in. In this sense, the circuit of
      FIG. 4 is equivalent to the potentiometer of FIG. 5. If the resistor 70
      were eliminated as may be desirable in some cases, the circuit of FIG. 4
      would be strictly equivalent to the potentiometer of FIG. 5.
PAR  Because of this equivalency, the circuit of FIG. 5 may be utilized to
      replace a potentiometer in an SCR motor control circuit 44 as shown in
      FIG. 6 to control the speed of the cooling conveyor 10.
PAR  A full wave SCR (silicon-controlled rectifier) motor control circuit is
      shown in FIG. 6 comprising parallel connected SCR's 110 which are coupled
      to an AC power supply. The application of power to the armature 112 of the
      motor 40 in response to the firing of the SCR's 110 is controlled by
      firing pulses from a pulse generator 114 which is coupled to the AC power
      supply through transformer 116 to assure the proper timed relationship
      between the firing pulses and the AC power signal. The field coil 118 of
      the motor 40 is connected between the junctions 120 and 122 of rectifiers
      124 and 126 respectively.
PAR  In order to adjust the speed of the motor 40, it is necessary to adjust the
      timing of the firing pulses with respect to the AC power signal and this
      is accomplished by adjusting the voltage at the terminal 78 as a result of
      the switching in and out of resistors 76-1 through 80-20 and resistors
      80-1 through 80-20 in response to the snesors 46. Since one resistor is
      shorted out of the series 76 while a resistor of the same size is placed
      in the series 80 or vice versa as the contact 88 moves from one position
      to another, the total resistance between the terminals 72 and 74 remains
      constant. This permits the IR compensation feedback circuitry 128
      combination with a resistor 130 in series with the armature 112 to control
      the acceleration of the motor 40 independently of changes in the voltage
      applied to the pulses generator 114 as a function of the position of the
      switches 46-1 through 46-20. The DC power source for the IR compensation
      feedback circuit 128 comprises the rectifiers 130 connected across the AC
      supply 112.
PAR  Although the circuit in FIG. 6 has been shown in simplified form, the
      details of such a circuit are well known in the art. For example, Pacific
      Industrial Controls, a division of Teledyne, Inc. sells an E300, E500 full
      wave SCR motor speed control substantially identical to that shown in FIG.
      6 including the IR compensation feedback circuit 128 and the firing pulse
      generator 114.
PAR  Even with the motor speed control 44 for the cooling conveyor 10, it is
      possible to deplete the backlog 22 on the accumulating conveyor 18. If the
      backlog is depleted, the positon of the pies 12 at the output end 20 of
      the conveyor 18 may get out of sync with the lugs 28 of the retarder 24.
      This can result in the lugs 28 crushing the pies 12.
PAR  In order to prevent such a crushing of pies 12, an additional lamp 104 and
      sensor 106 are provided. If the beam which crosses between the lamp 104
      and the sensor 106 fails to strike a pie 12, the sensor generates a signal
      which is applied to a relay 108 to indicate that there is no backlog for
      the retarder 24. In other words, a pie 12 advancing down the accumulator
      conveyor 18 might very well find itself between two lugs 28 since there is
      no pie 12 ready for feeding into the retarder 24 which could prevent the
      rapidly advancing pie 12 from entering the retarder 24. The relay 108 then
      interrupts the power to the wrapper 34 to terminate the advance of the
      pies 12 by lugs 38 as well as abruptly halting the movement of the lugs 28
      on the retarder 34.
PAR  It will therefore be understood that the backlog of pies 12 on the
      accumulator 18 is now controlled at the input end 16 by the motor speed
      control 44 of the cooling conveyor 10 and the output end 20 by the relay
      108 which is connected to the power supply for the wrapper 34. In effect,
      the relay 108 provides a failsafe measure in the event that the cooling
      conveyor 10 is not able to supply the pies necessary to maintain a
      sufficient backlog.
PAR  Certain details of the system shown and described have been omitted due to
      their status in the art and/or commercial availability. For example,
      photosensors 66 may comprise RCA CA3062 units having outputs coupled to
      resistor-relay combinations such as those produced by Potter & Brumfield,
      Model No. KHP17D11.
PAR  Although the conveyor system has been described in terms of a pie conveying
      apparatus, it will be understood that the invention is equally applicable
      to other conveying systems wherein it is desirable to maintain some sort
      of backlog. Conveying systems for bottling and canning beverage and beer
      are well adapted for use with the invention. Other types of systems might
      also utilize the invention.
PAR  Although a specific embodiment of the invention has been shown and
      described, it will be understood that various modifications may be made
      without departing from the true spirit and scope of the invention as set
      forth in the appended claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A method of handling articles comprising the following steps:
PA1  conveying articles at a predetermined and substantially constant rate;
PA1  collecting a backlog of abutting conveyed articles;
PA1  depleting the backlog by removing articles therefrom at a rate
      substantially less than said constant rate;
PA1  simultaneously and individually sensing each of said conveyed articles
      including articles in said backlog; and
PA1  supplying articles to be conveyed at a variable rate inversely related to
      the number of sensed articles in said backlog.
NUM  2.
PAR  2. The method of claim 1 comprising the additional step of supporting said
      articles on a conveyor while conveying said articles so as to allow
      articles in said backlog on said conveyor to slip with respect to said
      conveyor while being sensed.
NUM  3.
PAR  3. A conveyor system which assures an adequate and continuous supply of
      conveyed items at the output thereof comprising:
PA1  a supply conveyor means including a variable speed drive means for
      conveying said items at a variable rate;
PA1  an accumulator conveyor means having an input communicating with the output
      of said supply conveyor, said accumulator conveyor means including
      accumulator drive means for conveying said items at a faster rate than any
      said variable rate of said supply conveyor;
PA1  a retarder conveyor means including a retarder drive means having an input
      communicating with the output of said accumulator conveyor means, the
      speed of said retarder conveyor means being less than the speed of said
      accumulator conveyor means so as to permit a backlog of mutually abutting
      items to accumulate at said accumulator conveyor output without stopping
      said items at said accumulator conveyor output;
PA1  a sensor means associated with said accumulator conveyor means for sensing
      the backlog of said accumulator conveyor means said sensor means
      comprising a series of uniformly spaced optical sensors extending along
      said accumulator conveyor means, said optical sensors having a maximum
      spacing substantially equal to the maximum dimension of said conveyed
      items in the direction of advance along said accumulator conveyor means so
      as to provide a signal representing a count of mutually abutting and
      mutually spaced conveyed items on said accumulator conveyor means
      regardless of the position of said items on said conveyor means relative
      to said optical sensors; and
PA1  a variable speed control means having an input coupled to said sensor means
      and an output coupled to said variable speed drive means so as to control
      the speed of said supply conveyor means and the advancement of said
      conveyed items to said accumulator conveyor means in response to said
      signal representing said count so as to assure an adequate backlog at said
      accumulator conveyor output.
NUM  4.
PAR  4. The system of claim 3 wherein said sensor means further comprises a
      series of relays associated with said series of optical sensors, said
      variable speed control means including resistors connected and
      disconnected by said relays so as to change the speed of said variable
      speed drive in response to the number of conveyed items on said
      accumulator conveyor.
NUM  5.
PAR  5. The system of claim 3 wherein said retarder conveyor means comprises a
      pair of continually driven endless conveyor members engaging opposite
      sides of each of said conveyed items at said output end of said
      accumulator conveyor means.
NUM  6.
PAR  6. The system of claim 5 wherein said pair of conveyor means includes
      downwardly extending lugs at spaced positions on said conveyor means so as
      to engage said conveyed items between a pair of lugs on each of said
      conveyor members at said output end of said accumulator conveyor means.
NUM  7.
PAR  7. The system of claim 6 wherein said retarder conveyor means further
      comprises a pair of inclined slide members extending from said pair of
      conveyor members.
NUM  8.
PAR  8. The system of claim 3 including additional sensor means associated with
      said accumulator conveyor means for sensing the absence of a backlog
      immediately adjacent the retarder conveyor means and relay means
      associated with said additional sensor means for interrupting advancement
      of said retarder conveyor means.
NUM  9.
PAR  9. The system of claim 8 wherein said additional sensor means comprises an
      optical sensor.
NUM  10.
PAR  10. The conveying system of claim 3 wherein said variable speed control
      means comprises:
PA1  Ac power supply means;
PA1  a silicon-controlled rectifier coupled to said power supply means and said
      variable speed drive means comprising a DC motor for applying DC power to
      said DC motor in response to the firing of said silicon-controlled
      rectifier;
PA1  a DC source;
PA1  a firing pulse control circuit coupled to said silicon-controlled rectifier
      for firing said rectifiers in timed relationship with the AC power
      generated by said power supply means, said pulse generating means
      comprising a pulse generator and variable resistance means controlling the
      timing of the pulses generated by said pulse generating means, said
      variable resistance means including:
PA2  a first series of resistors; and
PA2  a second series of resistors having a total resistance equal to the total
      resistance of said first series of resistors;
PA1  said first series of resistors being connected in series with said second
      series of resistors across said DC source, the junction of said first
      series and said second series forming a control terminal connected to said
      pulse generator; and
PA1  a plurality of switch means associated with said first series of resistors
      and said second series of resistors, each of said switch means capable of
      short-circuiting one resistor in one of said series so as to remove said
      one resistor from said one series while simultaneously placing another
      resistor in the other of said series in response to said sensor means so
      as to vary the voltage at said control terminal without varying the
      effective resistance in said first series and said second series across
      said DC signal source.
NUM  11.
PAR  11. The system of claim 10 wherein said sensor means comprises a series of
      optical sensors extending along said accumulator conveyor means, said
      optical sensors having a spacing substantially equal to the maximum
      dimension of said conveyed items in the direction of advance along said
      accumulator conveyor means, said plurality of switch means being connected
      and responsive to said series of optical sensors.
NUM  12.
PAR  12. The system of claim 3 further comprising a series of light sources
      extending along said accumulator conveyor means on one side thereof, said
      optical sensors being located on the other side of said accumulator
      conveyor means and aligned with said light sources such that items on said
      accumulator conveyor means will interrupt light beams directed across said
      accumulator conveyor means from said light sources to said optical sensors
      the width of said light beams as measured in the direction of advance
      along said accumulator means being substantially less than said maximum
      dimension of said conveyed items.
NUM  13.
PAR  13. A conveyor system which assures an adequate and continuous supply of
      conveyed items at the output thereof comrpising:
PA1  a supply conveyor means including a variable speed drive means for
      conveying said items at a variable rate;
PA1  an accumulator conveyor means having an input communicating with the output
      of said supply conveyor, said accumulator conveyor means including
      accumulator drive means for conveying said items at a faster rate than any
      said variable rate of said supply conveyor;
PA1  a retarder conveyor means including a retarder drive means having an input
      communicating with the output of said accumulator conveyor means, the
      speed of said retarder conveyor means being less than the speed of said
      accumulator conveyor means so as to permit a backlog of mutually abutting
      items to accumulate at said accumulator conveyor output without stopping
      said items at said accumulator conveyor output;
PA1  a sensor means associated with said accumulator conveyor means for sensing
      the backlog of said accumulator conveyor means said sensor means
      comprising a series of uniformly spaced sensors extending along said
      accumulator conveyor means, said sensors having a maximum spacing
      substantially equal to the maximum dimension of said conveyed items in the
      direction of advance along said accumulator conveyor means so as to
      provide a signal representing a count of mutually abutting and mutually
      spaced conveyed items on said accumulator conveyor means regardless of the
      position of said items on said conveyor means relative to said sensors,
      said sensors having a sensing area measured in the direction of advance
      along said accumulator conveyor means substantially less than the maximum
      dimension of said conveyed items in the direction of advance along said
      accumulator conveyor means; and
PA1  a variable speed control means having an input coupled to said sensor means
      and an output coupled to said variable speed drive means so as to control
      the speed of said supply conveyor means and the advancement of said
      conveyed items to said accumulator conveyor means in response to said
      signal representing said count so as to assure an adequate backlog at said
      accumulator conveyor output.
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ABST
PAL  The endless belt of a gravimetric feeder is provided with a tracking and
      tensioning assembly which is mounted for rotation about a vertical axis.
      The assembly is also mounted for movement along said axis between
      operative and inoperative positions. In the operative position of the
      assembly, it tensions the belt and instantly corrects any tendency of the
      belt to move sideways. The assembly also maintains the inner surface of
      the belt clean by scraping the same when the assembly is in its operative
      position.
BSUM
PAR  This invention is directed to mass flow feeder of the gravimetric type such
      as that disclosed in U.S. Pat. No. 3,679,010 and which may include a
      digitally controlled electronic load cell of the type disclosed in U.S.
      Pat. No. 3,773,124. When using feeders of this type, it is desirable to
      utilize an endless belt which is as thin as possible. The thinner the
      belt, the more accurate the measurement involved.
PAR  The feeder of the present invention is adapted to utilize a belt of
      reinforced plastic material having a thickness as low as 0.020 inches.
      When utilizing a thin belt of this nature, there is created tracking and
      tensioning problems in conjunction with problems associated with
      maintaining the belt clean. When the material being handled by the belt is
      of a granular sticky nature, there is a tendency for such material to
      accumulate on the inner surface of the belt which leads to inaccurate
      measurements unless such material is removed. In accordance with the
      present invention, the feeder has a novel tracking and tensioning
      assembly.
PAR  The tracking and tensioning assembly includes at least one and preferably
      two tracking rollers for correcting any tendency of the belt to move
      sideways. Said assembly also includes a plow for cleaning the inner
      surface of the belt. In addition, the entire assembly acts as a
      counterweight for tensioning the belt. The assembly is mounted for
      rotation about a vertical axis while at the same time is movable along
      said axis between operative and inoperative positions. The assembly is
      structurally interrelated in a manner so as to enable it to track, clean
      and tension the belt in a manner which is more effective than the devices
      proposed heretofore.
PAR  It is an object of the present invention to provide a gravimetric feeder
      having a novel tracking and tensioning assembly associated with a thin
      endless belt for accurately and effectively controlling the belt.
PAR  It is another object of the present invention to provide a gravimetric
      feeder wherein a tracking and tensioning assembly for an endless belt
      includes a plow for scraping the inner surface of the belt.
PAR  It is another object of the present invention to provide a gravimetric
      feeder with an endless belt tracking and tensioning assembly which is more
      effective and reliable than devices proposed heretofore.
PAR  It is another object of the present invention to provide a gravimetric
      feeder with a tracking and tensioning assembly capable of being moved
      between operative and inoperative positions with respect to an endless
      belt while using only one hand.
PAR  It is another object of the present invention to provide a gravimetric
      feeder having a tracking and tensioning assembly associated with an
      endless belt whereby the belt cannot be driven until the assembly is moved
      from its inoperative position to its operative position.
PAR  Other objects will appear hereinafter.
PAR  For the purpose of illustrating the invention, there is shown in the
      drawings a form which is presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
DRWD
PAR  FIG. 1 is a side elevation view of a gravimetric feeder in accordance with
      the present invention.
PAR  FIG. 2 is a sectional view taken along the line 2--2 in FIG. 1.
PAR  FIG. 3 is a sectional view taken along the line 3--3 in FIG. 2.
PAR  FIG. 4 is a sectional view taken along the line 4--4 in FIG. 3.
PAR  FIG. 5 is a sectional view taken along the line 5--5 in FIG. 2.
PAR  FIG. 6 is a perspective view of the tracking and tensioning assembly.
PAR  FIG. 7 is a partial perspective view of one end of the conveyor with
      structure for cleaning the inner surface of the belt and the outer surface
      of the drive roller.
DETD
PAR  Referring to the drawing in detail, wherein like numerals indicate like
      elements, there is shown in FIG. 1 a gravimetric feeder in accordance with
      the present invention designated generally as 10. The feeder 10 includes a
      housing having longitudinally extending sidewalls 12 and 14 connected to a
      bottom wall 18. A conveyor designated generally as 16 is supported between
      the walls 12 and 14 and above the wall 18. The bottom wall 18 is provided
      with a discharge chute 20 for collecting and discharging granular material
      which is not weighed nor fed to the outlet means 24. The feeder 10
      includes an inlet means 22 for introducing granular material to be weighed
      and conveyed to the outlet means 24. The housing for the feeder 10
      includes end walls and a top wall so as to provide a totally enclosed
      housing.
PAR  The conveyor 16 is supported from the housing of the feeder 10 by means not
      shown and which may be conventional. The conveyor 16 includes an idler
      roller 28 and a driven roller 30 around which extend an endless belt 32.
      The belt 32 is preferably a thin belt made from a glass reinforced
      polymeric plastic material having a thickness of between .020 and .125
      inches. The upper run of belt 32 overlies a stationary plate 34 and also
      overlies a weighing platform 36 mounted pivotable pivotably movement about
      the axes of aligned pins 38.
PAR  The weighing platform 36, adjacent the end thereof remote from pivot pins
      38, transmits the load of the granular material being conveyed by belt 32
      to a load cell 40. Load cell 40 is preferably an electronic load cell of
      the type referred to in the aforementioned patents. Load cell 40 is
      supported between the side frame sections 33, 35 by brackets 42 and has a
      ball or roller 43 for actuation by platform 36.
PAR  The upper surface of the stationary plate 34 defines a horizontal plane
      coextensive with the upper surface of the weighing platform 36 when the
      latter is under no load. In order that the belt 32 may lie in that plane
      without applying any tare weight load to the platform 36, there is
      provided a shaft 46 having an eccentric roller 44 between the side frame
      sections 33 and 35. Shaft 46 is located between the idler roller 28 and
      the load cell 40. The eccentric roller 44 contacts the inner surface of
      belt 32 and may be manipulated by rotation of shaft 46 to properly
      orientate the belt 32 so that the belt does not by itself transmit any
      load to the platform 36. Hence, tare weight data will be simpler to
      compute and accuracy will be increased.
PAR  Each of the side frame sections 33 and 35 is provided with a plurality of
      holes 48 arranged in an arc about the axis of stud 52. See FIG. 3. The
      idler roller 28 is provided with bearing housings 54 at its ends. Each
      bearing housing 54 is pivotably mounted on a stud 52 which in turn is
      supported by one of the side frame sections 33, 35. A pin, not shown, is
      connected to knob 50 on each housing 54 and adapted to enter one of the
      holes 48. In this manner, there is provided a means for gross tensioning
      of the belt 32. For example, this adjustment may be made to compensate for
      stretching of the belt 32.
PAR  It is desirable to provide a feeder 10 constructed in a manner so as to be
      substantially maintenance free. When the feeder is handling hydroscopic
      granular material, such as sugar, detergents, fertilizers, etc., it has
      been common to stop the feeder 10 and clean it every three hours. The
      granular material tends to accumulate on the inner surface of the belt 32
      and on the outer surface of the drive roller 30. Accumulation of material
      on the belt 32 may introduce errors, especially with very thin belts.
PAR  Accordingly, the present invention includes a tracking and tensioning
      assembly designated generally as 56 which also performs the function of
      cleaning the inner surface of the belt 32. The assembly 56 immediately
      counteracts any tendency of the belt to move sideways and also acts as
      counterweight for tensioning the belt 32.
PAR  The assembly 56 is supported by the side frame members 33 and 35 in a
      manner so that it may rotate about a vertical axis. In this regard, the
      assembly 56 includes a shaft 60 rotatably received within a sleeve 58
      which in turn is supported in depending relation from the stationary plate
      34. See FIG. 4.
PAR  The shaft 60 is supported for rotation about its axis by the sleeve 58 and
      is also adapted to reciprocate along its axis. Intermediate its ends, the
      shaft 60 is provided with annular grooves 62 and 64. When the assembly 56
      is in its inoperative disposition, a trigger 66 has one end received
      within the groove 64. See FIG. 4. Trigger 66 is supported for horizontal
      movement by the side frame 33 and the sleeve 58.
PAR  A spring 70 extends between the side frame 33 and a retainer on the trigger
      66 so as to bias the trigger toward the sleeve 58. One end portion of the
      trigger 60 extends through a hole in the sleeve 58. A knob 68 is provided
      on the other end of the trigger 66. To cause the assembly 56 to assume its
      operative disposition, it is only necessary to pull on the knob 68 so as
      to compress the spring 70 and permit the free end of the trigger 66 to be
      removed from the groove 64. When this happens, the assembly 56 drops due
      to its own weight.
PAR  It is undesirable to run the feeder 10 with the assembly 56 in its
      inoperative disposition. Hence, a microswitch 72 has a feeler disposed
      within the groove 64. So long as this relationship exists, a lamp 74 which
      is connected to microswitch 72 remains lit thereby indicating that the
      feeder should not be started. When the assembly 56 descends to an
      operative position, the feeler on the microswitch 72 is cammed outwardly
      which in turn interrupts the source of power for the lamp 74. When the
      assembly 56 is in its operative disposition, the end of trigger 66 and the
      feeler for microswitch 72 contact the outer peripheral surface of shaft 60
      between the grooves 62 and 64.
PAR  The groove 62 is a safety groove. If the belt 32 should break while the
      assembly 56 is in its operative disposition, there is nothing to hold up
      the assembly 56. As soon as the assembly 56 descends to the point wherein
      groove 62 is opposite trigger 66, the trigger 66 enters the groove 62 so
      as to prevent the assembly from falling any further. At the same time, the
      feeler on the microswitch 72 will enter the groove 62 and cause the lamp
      74 to be lit.
PAR  The lower end of the shaft 60 is provided with a guide portion 76 which
      receives a horizontally disposed shaft 78. A pair of tracking rollers 80
      and 82 are provided on shaft 78 on opposite sides of the guide portion 76.
      Each end of each roller is provided with roller bearings.
PAR  One end of the shaft 78 is rotatably supported by an arm 84. The other end
      of shaft 78 is rotatably supported by arm 86. Arm 84 lies within the plane
      of and below the side frame section 33. Arm 86 is similarly associated
      with side frame section 35.
PAR  The arms 84 and 86 extend from shaft 78 forwardly in the general direction
      of the idler roller 28. A shoe 88 is pivotably supported on arm 84 for
      rotation about the axis of pin 90. A similar shoe 92 is rotatably
      supported by arm 86 for rotation about the axis of pin 94.
PAR  The shoes 88 and 92 engage a side edge of the belt 32 in the operative
      disposition of the assembly 56. The shoes 88 and 92 preferably have a
      substantial length such as a length of about 3 inches. The shoes 88 and 92
      constitute reaction surfaces to rapidly initiate corrective action
      whenever the belt 32 tends to move sideways. The length of the shoes 88
      and 92 prevents any tendency of the belt 32 wrinkling due to contact with
      either one of the shoes.
PAR  A plow 96 which is generally V-shaped is connected to and supported by the
      arms 84 and 86. The lower edge of plow 96 engages the inner surface of the
      belt 32 and scrapes off any material which tends to accumulate thereon.
      Any material scraped off the belt 32 by the plow 96 falls into the chute
      20. A brace 97 extends between the arms 84 and 86, adjacent the plow 96,
      to make the assembly 56 more rigid and to provide a counterweight on the
      forward end of the assembly 56 tending to cause the arms 84, 86 and plow
      96 to pivot about the axis of shaft 78 in a counterclockwise direction in
      FIG. 3.
PAR  Referring to FIGS. 3 and 7, it will be noted that the end of the stationary
      plate 34 adjacent the drive roller 30 is provided with a scraper edge 98.
      A trough 102 has a scraper edge 100 adjacent the outer periphery of the
      roller 30. Any material scraped off the inner surface of the belt 32 by
      scraper edge 98 or off the roller 30 by scraper edge 100 is received in
      the trough 102. Any such material is continuously fed through a hole in
      the side frame section 33 by a feed screw 104 and directed by deflector
      105 into the chute 20. The axis of feed screw 104 is parallel to the axis
      of shaft 106 for the drive roller 30. See FIG. 2. A sprocket on the feed
      screw 104 is meshed with a chain extending around a sprocket on the shaft
      106. The size of the sprockets is chosen so that the speed of the feed
      screw 104 is approximately 1/2 the speed of the shaft 106.
PAR  The shaft 106 has a sprocket 110 meshed with a chain 114 which extends
      around a sprocket 112 on the output side of the speed reducer 118 driven
      by motor 116. Motor 116 is preferably a variable speed motor totally
      enclosed within a chamber separate and apart from the chamber of the
      housing containing the conveyor 16.
PAR  In view of the above description, a detailed explanation of operation is
      not deemed necessary. When the feeder is not in use, the assembly 56 is
      preferably pushed upwardly by the palm of one hand from an operative
      position to an inoperative position as shown in FIG. 4. With the assembly
      56 in its inoperative position as shown in FIG. 4, there is a droop in the
      belt 32 as shown in FIG. 3. Also, lamp 74 is lit.
PAR  When it is desired to use the feeder 10, it is only necessary to pull out
      on the knob 68. This causes the assembly 56 to drop due to gravity until
      the assembly 56 is supported by the lower run of the belt 32. A face of
      each of the shoes 88 and 92 contacts a side edge of the belt 32. The belt
      32 is tensioned by the weight of assembly 56 wherein the portion of the
      belt 32 between the plow 96 and the rollers 80, 82 is substantially
      horizontally disposed. Any material on the inner surface of the belt 32
      will be scraped off by the plow 96. Plow 96 in conjunction with the
      scrapers shown in FIG. 7 will enable the feeder 10 to operate in dirty
      atmospheres for periods of weeks as opposed to the present procedures
      wherein the feeder must be stopped every 3 hours to perform cleaning
      maintenance of the belt.
PAR  The assembly 56 continuously and automatically tracks the belt 32. Any
      tendency of the belt 32 to move sideways causes the adjacent shoe to act
      as a reaction surface to cause the assembly 56 to rotate about the axis of
      shaft 60 whereby the rollers 82 and 84 introduce counter acting forces to
      the belt 32 whereby the belt automatically realigns itself. It is believed
      that the use of two rollers 80, 82 is more effective for steering the belt
      32 to cause it to realign itself due to the larger number of roller ends
      contacting the belt 32.
PAR  Thus, it will be seen that the conveyor 16 includes an automatic tracking
      and tensioning assembly which is rotatable about a vertical axis and
      movable from operative to inoperative positions along said axis. In
      addition, the conveyor 16 is substantially self-cleaning so that it may
      continue to operate 24 hours a day 7 days a week for periods of weeks
      without stopping the feeder 10 to clean the belt 32. Movement of the
      assembly 56 from its operative to its inoperative position is easily and
      quickly attained by the use of one hand. To move the assembly 56 from its
      operative to its inoperative position, it is only necessary to push
      upwardly from below the belt 32 with the palm of one's hand until the
      trigger 66 is received in the groove 64.
PAR  As mentioned above, the arms 84 and 86 may pivot about the axis of shaft
      78. When the assembly 56 is in its inoperative position, it is preferred
      to have the arms 84, 86 generally horizontally disposed. An adjustable
      screw 85 on arm 84 contacts the lower face of side frame section 33 which
      in turn pivots the arms 84, 86 clockwise in FIG. 3 so that they are
      generally horizontal.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A feeder comprising a frame having first and second rollers, an endless
      belt extending around said rollers, a motor coupled to one of said rollers
      for driving said belt, a tracking and tensioning assembly, means mounting
      said assembly between upper and lower runs of said belt for movement in a
      vertical direction between an upper inoperative position and a lower
      operative position, said assembly including at least one tensioning roller
      disposed for rotation about an axis transverse with respect to the lower
      run of said belt, said tensioning roller being in contact with the
      juxtaposed inner surface of the lower run of the belt in the operative
      position of said assembly, said assembly including first and second shoes,
      each shoe being supported adjacent a different edge of the lower run of
      the belt, each shoe being rotatable about a vertical axis, said shoes
      being movable as a unit with said tensioning roller between said operative
      and inoperative positions of the assembly, said assembly being biased
      downwardly toward said operative position, and latch means supported by
      the frame for selectively retaining said assembly in its upper inoperative
      position.
NUM  2.
PAR  2. A feeder in accordance with claim 1 wherein said assembly includes a
      V-shaped plow for engagement with the inner surface of said belt to effect
      cleaning of said belt surface.
NUM  3.
PAR  3. A feeder in accordance with claim 1 wherein said shoes are mounted for
      pivotable movement as a unit about the longitudinal axis of said
      tensioning roller.
NUM  4.
PAR  4. A feeder in accordance with claim 1 wherein said assembly includes first
      and second coaxial rollers supported by said assembly, said rollers being
      on opposite sides of said axis.
NUM  5.
PAR  5. A feeder in accordance with claim 3 wherein said assembly includes a
      plow for contact with said inner surface of the lower run of the belt in
      the operative position of said assembly.
NUM  6.
PAR  6. A feeder in accordance with claim 1 including a trough adjacent one of
      said rollers, a scraper adjacent the periphery of said one roller for
      scraping material off the periphery of said roller for collection by said
      trough, a second scraper adjacent said one roller for scraping the inner
      surface of said belt in a manner so that material scraped off the belt
      enters said trough, and means for continuously withdrawing collected
      material from said trough.
NUM  7.
PAR  7. A feeder comprising a frame having first and second rollers, an endless
      belt extending around said rollers, a tracking and tensioning assembly,
      means mounting said assembly between the upper and lower runs of said belt
      for movement in a vertical direction between an upper inoperative position
      and a lower operative position, said assembly including at least one
      roller disposed for rotation about an axis transverse with respect to the
      lower run of the belt, said roller in contact with the juxtaposed surface
      of the belt in the operative position of said assembly, said assembly
      including a plow for scraping said surface of the belt, said assembly
      including first and second shoes each adjacent a different end of the
      lower run of the belt, said shoes being rotatable about a vertical axis,
      said shoes and plow being movable as a unit with said roller between said
      operative and inoperative positions of the assembly, and latch means
      supported by the frame for selectively retaining said assembly in its
      upper inoperative position.
NUM  8.
PAR  8. A feeder in accordance with claim 7 wherein said plow and shoes are
      mounted for pivotable movement as a unit about the longitudinal axis of
      said roller.
NUM  9.
PAR  9. A feeder in accordance with claim 7 wherein said means mounting said
      assembly supports the assembly for rotation about a vertical axis.
NUM  10.
PAR  10. A feeder in accordance with claim 9 wherein said assembly includes two
      discrete rollers coaxial with one another and disposed on opposite sides
      of the vertical axis about which the assembly is rotatable.
NUM  11.
PAR  11. A feeder in accordance with claim 7 wherein said assembly includes a
      shaft perpendicular to the axis of said roller, means on said shaft for
      cooperation with said mounting means to retain said assembly in its upper
      inoperative position, a second discrete means on said shaft for
      cooperation with said mounting means to limit the descent of said assembly
      so as to define a lowermost position for the assembly which is below the
      elevation of the assembly in the operative position of the assembly.
NUM  12.
PAR  12. A feeder in accordance with claim 7 including means associated with the
      upper run of said belt for weighing granular material on said belt, a
      housing enclosing said frame, said housing housing an inlet means and an
      outlet means for material to be weighed on said belt, and a chute on said
      housing below said belt for receiving material scraped off the belt by
      said plow.
NUM  13.
PAR  13. A feeder in accordance with claim 7 wherein said belt has a thickness
      between 0.02 and 0.04 inches.
NUM  14.
PAR  14. A feeder in accordance with claim 7 wherein said mounting means for
      enabling said assembly to be moved between its operative and inoperative
      positions includes a spring biased member cooperating with assembly to
      retain it in its upper inoperative position, and said assembly being
      gravity biased toward its lower operative position for contact with the
      inner surface of the lower run of said belt.
NUM  15.
PAR  15. A feeder in accordance with claim 1 including means associated with the
      upper run of said belt for weighing granular material on said belt.
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ABST
PAL  Apparatus is disclosed for selecting at random one out of any predetermined
      number of articles passing along a conveyor line for the purpose of
      removing that selected article from the conveyor line for inspection. The
      apparatus consists of two separate repeating counters both of which are
      set to repeat their count and emit a signal upon the completion of a count
      equal to the aforesaid predetermined number of articles. An article sensor
      adjacent the conveyor senses each article passing along the conveyor and
      transmits an impulse to the first counter. A high frequency oscillator,
      preferably producing impulses at least ten to the fifth power times faster
      than the article sensor, normally transmits impulses to the second
      counter. Switching mechanism is provided through which the impulses from
      both the article sensor and the oscillator may pass. When the first
      counter reaches its preselected count the switching mechanism is actuated
      to interrupt the transmittal of impulses from the high frequency
      oscillator to the second counter and substitute for those high frequency
      impulses the impulses from the package sensor. When the total count on the
      second counter reaches the aforesaid predetermined number after the
      initial actuation of the switching mechanism, the switching mechanism is
      again actuated to return to its original condition and the article which
      caused completion of the count on the second counter is ejected from the
      conveyor for inspection.
BSUM
PAR  The present invention relates to new and useful improvements in means for
      randomly selecting any desired predetermined percentage of articles from a
      group of articles passing a selection station and more particularly to
      means for selecting at random one article out of each predetermined number
      of articles passing along a conveyor line to permit a random selection of
      articles spread out over entire production run and the setting aside of
      those selected articles for inspection or for test purposes.
PAR  In many manufacturing procedures it is necessary, in addition to the normal
      inspection during the course of producing and packing a product, to select
      a portion of the finished articles either for final inspection or to hold
      for test or quality control purposes. The selection of these articles for
      inspection or testing should be spread over the entire production run but
      should also be selected at random so that no predetermined pattern is
      established in the selection of the articles. A selection at random of the
      entire production run could result in the selection of an inordinate
      quantity of the articles from a particular short segment of the production
      run which would not give a true picture of the quality or characteristics
      of the entire group of product. Similarly, a selection of articles at
      uniformly spaced intervals during the production run could establish a
      pattern that could match a pattern in production of the articles so that a
      true representation of the finished product is not obtained. This type of
      random selection is particularly necessary in the food processing industry
      where a percentage of the articles produced must be selected for quality
      control analysis. Since most filling and packaging systems operate on a
      fixed cycle basis, a uniformly spaced selection of samples could result in
      obtaining successive samples which were filled by the same station of a
      filling machine or closed by the same station of a closing or sealing
      machine. This could conceal a problem which might exist at some other
      station of the filling or closing apparatus. Also a random selection which
      is not spaced generally uniformly over the entire production run could
      result in a lack of samples during a period of time when particular
      processing equipment might not have been operating properly. Accordingly
      it is most desirable to select at random a particular percentage of each
      of successive groups of articles over the entire production run to obtain
      an accurate picture of the quality of the entire product.
PAR  With the foregoing in mind, a primary object of the present invention is to
      provide novel apparatus for randomly selecting articles for testing from a
      continuous source of production in which the random selection of articles
      is spread evenly across the entire production run.
PAR  Another object of the present invention is to provide a novel apparatus for
      randomly selecting articles which can be preset to select at random any
      desired percentage of the articles.
PAR  A further object of the present invention is to provide novel apparatus
      which will sense articles passing along a conveyor and select at random
      one out of every predetermined number of such articles and eject the
      selected articles from the conveyor for later inspection or testing.
PAR  A still further object of the present invention is to provide a novel
      apparatus for randomly selecting articles from a continuous source of
      supply of articles, which apparatus may be manufactured easily and quickly
      and which is highly efficient and effective in operation and use.
DRWD
PAR  These and other objects of the present invention and the various features
      and details of the operation and construction thereof are hereinafter more
      fully set forth and described in conjunction with the accompanying
      drawing, in which:
PAR  FIG. 1 represents schematically the apparatus of the present invention for
      making a random selection of articles on a production line and causing
      removal of the selected article from the production line; and
PAR  FIG. 2 is a circuit diagram showing one form of the apparatus of the
      present invention.
DETD
PAR  In accordance with the present invention, an automatic package selector is
      provided which will select at random a preset percentage of packages
      passing along a conveyor and eject those selected packages from the
      conveyor for further inspection or testing. This package selector is
      designed to select packages at random from the conveyor but to also spread
      the random selection uniformly over a complete production run. For
      example, assume it is desired to select one percent of an entire day's
      production from a continuously operating production line. In order to
      select the packages at random but to spread the random selection uniformly
      over the production line, the package selector of the present invention
      functions to select at random one package out of every 100 packages
      passing along this line. This will thus provide a random selection of
      packages spread evenly over the entire production run.
PAR  With reference to FIG. 1, articles are conveyed past a package sensor 10
      which emits a signal each time an article passes the sensor. The sensor 10
      may comprise for example, a normally open proximity switch which is closed
      each time an article article passes along the conveyor adjacent the
      proximity switch. The impulses from the package sensor 10 are transmitted
      to a first counter 11 which may be set to count to any desired number,
      emit a signal when it reaches its set count and then automatically reset
      itself and repeat the count.
PAR  The set count of the first counter 11, will be the reciprocal of the
      fraction of the packages which are to be selected from the group of
      packages for sampling or testing. If it is desired to select one package
      out of every one hundred packages, the first counter 11 will be set to
      count to one hundred and then repeat.
PAR  Simultaneously with the count from the package sensor 10 being transmitted
      to the first counter 11, a suitable source of high frequency signals such
      as a high frequency oscillator 12 transmits impulses to a second counter
      13 through switching mechanism 14. The high frequency oscillator is
      preferably designed to transmit signals to the second counter at an
      extremely high rate, for example in the range of 10.sup.5 times than the
      rate of impulses from the package sensor. The second counter 13 is exactly
      the same as the first counter 11 and should be set to count to the same
      number as the first counter. In a manner similar to the first counter, the
      second counter will automatically reset itself and repeat its count when
      it reaches the set count and will also emit a signal when it reaches its
      preset count.
PAR  In accordance with the present invention, the switching mechanism 14 is
      provided which at the start of a cycle of operation is in the condition as
      shown in FIG. 1. In this condition, a first switch 15 is in its lowermost
      position completing a circuit from the high frequency oscillator 12 to the
      second counter 13. A second switch 16 is in its lowermost or open
      position, as shown. When the counter 11 reaches its full count and emits a
      signal, a relay 17 is energized which raises the switch 15 from its lower
      position to its uppermost position interrupting the circuit from the high
      frequency oscillator to the second counter and at the same time completing
      a circuit from the package sensor to the second counter so that the
      impulses from the package sensor 10 are transmitted to both the first and
      the second counter. Energizing the relay 17 will also cause the switch 16
      to close a circuit from the second counter to the amplifier 18 which in
      turn will amplify the signal received by it and cause operation of a
      package ejector 19.
PAR  It should be understood at this time that completion of a count by the
      first counter 11 will interrupt the count of the second counter 13 of
      impulses from the high frequency oscillator and substitute on the second
      counter pulses from the package sensor 10. The second counter 13 has been
      counting at an extremely high rate, for example in the range of 10.sup.5
      times the rate of the first counter 11. Thus, the second counter will be
      interrupted at some random time during the course of its count, perhaps on
      the first count, perhaps on the last count, or at some count intermediate
      the first and last count.
PAR  After the relay 17 is energized, the second counter 13 continues its count,
      counting impulses from the package sensor 10 instead of impulses from the
      high frequency oscillator 12. When the second counter 13 completes its
      count, it emits an impulse which passes through the switch 16 to the
      amplifier 18 to actuate the package ejector and eject from the conveyor
      that package which causes the second counter to complete its count. At the
      same time, the impulse transmitted from the second counter energizes the
      relay 20 to move the switches 15 and 16 back to their original position at
      which time the second counter starts again to recieve and count impulses
      from the high frequency oscillator. While the second counter had been
      receiving impulses from the package sensor the first counter 11 had also
      been receiving the same impulses and had restarted its count after it
      caused energization of the relay 17. Thus, at this time the first counter
      11 will be partly through its present count and when it reaches its preset
      count it will again energize the relay 17 to cause the position of the
      switches 15 and 16 to be moved as previously described. Thus it can be
      seen that at some random time during each complete cycle of count of the
      first counter, the second counter will be caused to emit a signal to eject
      a package from the conveyor so that the system will select packages at
      random from a continuous line of packages passing by a sensing station
      with the random selection of the packages being spread uniformly over a
      preselected group of packages.
PAR  FIG. 2 illustrates schematically one circuit for accomplishing the random
      selection of packages in accordance with the present invention. The input
      signal from the package sensor is provided at an input terminal 22. The
      high frequency signal is provided by a high frequency oscillator 12 which
      may be in the form as shown in the drawings and preferably is designed to
      provide a series of high frequency pulses at a rate in the range of
      10.sup.5 times faster than the input pulses from the package sensor. The
      first and second counters are shown at 11 and 13 with both counters being
      exactly the same and set to count to the same number. In this instance
      each counter consists of a pair of decade counters 23 and 24 with the
      decade counter 23 being for units and the decade counter 24 being for
      tens. Additional decade counters may be added if it is desired to provide
      a less frequent selection of packages than in the example previously
      given. The unit decade counter 23 is advanced one count for every input
      signal from its input source and as it completes its count it
      automatically repeats itself and simultaneously produces a signal to
      directly clock the next succeeding decade counter 24 in the multidecade
      counting chain.
PAR  When each decade of the counter has completed their count, they produce a
      positive or high pulse which, from the counter 11 is transmitted to the
      NAND gate 25 and from the counter 13 is transmitted to the NAND gate 26.
      The NAND gates transmit pulses to the R/S flip-flop 27 which is made up of
      two NAND gates 28 and 29 whose outputs are cross-coupled as shown.
PAR  The R/S flip-flop 27 functions so that when it is in its set condition, the
      condition it is in after receiving an impulse from the first counter 11,
      it produces a positive signal at output 31 and a negative signal at output
      32. When the flip-flop 27 is changed to its reset condition by receiving
      an impulse from the second counter 13, the output signals are reversed.
      When the first counter 11 completes its count the flip-flop 27 functions
      to provide a switching signal to a switching circuit 33 to interrupt the
      signal from the high frequency oscillator 12 to the second counter 13 and
      cause the signal from the package sensor at the input terminal 30 to be
      transmitted to the second counter 13. This switching circuit 33 comprises
      a combination of three NAND gates 34, 35 and 36 together with an inverter
      37 which transmits the signal to the second counter.
PAR  When the switching circuit 33 and flip-flop 27 are in the condition
      transmitting impulses from the package sensor to the second counter 13 and
      the second counter 13 completes its count, it produces a signal which
      passes through the NAND gate 26 to the flip-flop, causing the flip-flop to
      transmit a signal to the switching circuit 33 to switch the count from the
      package sensor back to the high frequency oscillator and simultaneously
      causing the flip-flop 27 to produce a positive pulse at the output 32
      which actuates the one-shot multi-vibrator 38. This one-shot
      multi-vibrator 38 may be in the form as shown in the drawings and operates
      to generate a specified output pulse for a predetermined change in input.
      The output pulse from the one-shot multi-vibrator 38 is then transmitted
      through the output terminal 39 to the aforementioned package ejector 19
      which functions to eject from the conveyor line for later testing or
      inspecting that randomly selected package. At this time the circuitry is
      in the condition it was in at the start with the first counter 11
      receiving impulses from the package sensor and the second counter 13
      receiving and counting high frequency impulses from the high frequency
      oscillator 12.
PAR  From the foregoing, it may be seen that the present invention provides a
      novel apparatus and system for making a random selection of packages from
      a conveyor line with the random selection being spread uniformly over a
      period of time.
PAR  While particular embodiments of the invention have been illustrated and
      described herein, it is not intended to limit the invention to such and
      disclosure and changes and modifications may be incorporated and embodied
      therein within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Article selecting apparatus comprising: article sensing means to sense
      articles passing the sensing means and produce a signal as an article
      passes the sensing means, means to select at random one article out of
      every preselected number of articles passing the sensing means, and means
      to remove said selected article from the remaining articles passing the
      sensing means.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 including a first counter to
      receive the signals from said article sensing means, said first counter
      being set to count to a preselected number equal to said preselected
      number of articles and then to repeat its count, and said first counter
      operable to initiate operation of said random selecting means each time
      said first counter completes its count to said preselected number.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 in which the random selecting means
      includes a second counter set to count to said preselected number and then
      repeat its count, said second counter normally counting at a different
      rate of speed than said first counter, and means to interrupt the count of
      said second counter at said different rate of speed and cause said second
      counter to continue its count by counting signals from said article
      sensing means when said first counter counts to said preselected number.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 including signal producing means to
      create signals at a more rapid rate than said article sensing means, said
      second counter normally counting signals from said signal producing means.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 in which said signal producing
      means consists of a high frequency oscillator producing signals at a rate
      approximately 10.sup.5 times faster than said article sensing means.
NUM  6.
PAR  6. Apparatus in accordance with claim 4 including switching means through
      which the signals from said article sensing means and said signal
      producing means pass.
NUM  7.
PAR  7. Apparatus in accordance with claim 6 in which said switching means is
      actuatable between a first condition and a second condition said switching
      means in said first condition transmitting signals from said article
      sensing means to said first counter and transmitting signals from said
      signal producing means to said second counter and said switch means in
      said second condition transmitting signals from said article sensing means
      to both said first and second counters.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 in which said first and second
      counters are both operable to produce a signal when their count is
      completed, the signal from said first counter changing said switching
      means from said first condition to said second condition and the signal
      from said second counter changing said switching means from said second
      condition to said first condition.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 in which the signal from said
      second counter is transmitted to said means to remove said selected
      article to actuate the same simultaneously upon changing the condition of
      said switching means from said second condition to said first condition.
NUM  10.
PAR  10. Apparatus in accordance with claim 1 in which the random selecting
      means includes a second counter, means to produce a source of signals at a
      substantially greater frequency than the frequency of the signals produced
      by said article sensing means, said second counter being set to count to a
      preselected number and then repeat its count, switching means operable in
      a first condition to connect said second counter to said means to produce
      a source of signals and in a second condition to interrupt said connection
      and connect said second counter to receive the signals from said article
      sensing means, and control means for said switching means to control the
      condition of said switching means.
NUM  11.
PAR  11. Apparatus for randomly selecting one article out of each predetermined
      number of articles of a group of articles comprising: a first counter for
      said group of articles to count to said predetermined number and emit a
      signal when its count is complete and thereafter repeat said count, a
      second counter to count to said predetermined number and emit a signal
      when its count is complete and thereafter repeat said count, switching
      means actuated by said signals from said first and second counters, said
      switching means actuatable to a first condition upon receipt of said
      signal from said second counter and actuatable to a second condition upon
      receipt of said signal from said first counter, sensing means to sense
      said articles and transmit an impulse through said switching means for
      each article sensed, high frequency impulse transmitting means to transmit
      impulses through said switching means at a greatly higher rate than said
      sensing means, article selecting means to receive said signal from said
      second counter through said switching means, said switching means when in
      said first condition transmitting impulses from said sensing means to said
      first counter and transmitting impulses from said sensing means to said
      first counter and transmitting impulses from said high frequency impulse
      transmitting means to said second counter, and said switching means when
      in said second condition transmitting impulses from said sensing means to
      both said first and second counters and transmitting said signal from said
      second counter to said article selecting means.
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ABST
PAL  A type drum comprising a shell formed as an open network of rows and
      columns with type characters being formed at the intersections thereof,
      the shell being attached at one end by struts to a hub located within the
      shell and spaced therefrom and a combination of the type drum and
      structure for releasably mounting the drum onto a support such that the
      drum may rotate relative to its support.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of copending patent application
      Ser. No. 69,542 filed Sept. 4, 1970, now U.S. Pat. No. 3,780,845, and
      entitled Power Driven Typewriter With Single Type Head and copending
      patent application Ser. No. 304,365 filed Nov. 7, 1972 entitled Power
      Driven Typewriter.
BSUM
PAR  This invention relates to typewriters and has particular reference to a
      power driven typewriter having a rotatable and axially movable type drum
      formed with a plurality of axially spaced circumferential rows of type
      characters. The drum is movable coordinately under control of different
      type keys to locate a selected type character at a printing point.
PAR  Single element typewriter print heads or drums have been widely used for
      many years. Perhaps the best known drum of this type is the element used
      on a typewriter known as the IBM Selectric, which drum is rigid and has a
      generally spherical configuration with the full alphanumeric font formed
      on the surface thereof. Such a drum is expensive to produce and requires a
      heavy-duty operating mechanism in order to produce accurate printing which
      is not adversely affected by inertia and momentum of the element.
PAR  Accordingly, it is an objective of this invention to provide a type head or
      drum having a reduced inertia and momentum and which can be manufactured
      and installed at minimal cost.
PAR  It is another objective of this invention to provide a type drum of the
      rotatable and axially movable type which permits reduction in the number
      and cost of operating elements employed in the operation of the type drum
      while providing improved accuracy of typing and consistent printing
      impressions from all type characters on the drum.
PAR  Additional objectives and advantages of the invention will be set forth in
      part in the description which follows, and in part will be obvious from
      the description, or may be learned by the practice of the invention. The
      objectives and advantages of the invention may be realized and obtained by
      means of the instrumentalities and combinations particularly pointed out
      in the appended claims.
PAC  BRIEF DESCRIPTION
PAR  To achieve the foregoing objectives and in accordance with the purpose of
      the invention, as embodied and broadly described herein, the type drum
      comprises a cylindrical shell formed of an open network of a plurality of
      axially spaced apart circumferential rows and a plurality of
      circumferentially spaced apart resilient longitudinal columns intersecting
      said rows, a type character being located on at least the majority of the
      intersections of said rows and said columns. Preferably the drum further
      includes a hub within the shell and spaced therefrom, the hub having means
      for mounting the drum on a drum support and connecting the drum and hub.
PAR  It is also preferred that the shell is an integral molded structure having
      the type characters molded thereon and that the hub and connecting means
      for attaching the shell and the hub is an integral molded structure.
PAR  The invention consists in the novel parts, constructions, arrangements,
      combinations and improvements shown and described. The accompanying
      drawings, which are incorporated in and constitute a part of this
      specification, illustrate one embodiment of the invention and, together
      with the description, serve to explain the principles of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Of the drawings:
PAR  FIG. 1 is a perspective view of a type drum formed in accordance with this
      invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1 and including
      part of the type drum driving mechanism;
PAR  FIG. 3 is a sectional view of the hub portion of the drum;
PAR  FIG. 4 is a bottom view of the type drum of FIG. 1;
PAR  FIG. 5 is a partial sectional view of the type drum of FIG. 1; and
PAR  FIG. 6 is a schematic illustration illustrating the general position of the
      type head of FIG. 1 at the instant of printing.
DETD
PAC  DETAILED DESCRIPTION
PAR  Reference will now be made in detail to the present preferred embodiment of
      the invention, an example of which is illustrated in the accompanying
      drawings.
PAR  In accordance with the invention, a type drum 10 is provided which includes
      a cylindrical shell 12 having a plurality of circumferential rows 14, 16,
      18, 20 spaced apart in an axial direction. Each of the rows are provided
      with a plurality of circumferentially spaced apart type characters 22 on
      the exterior surface thereof. Preferably the type characters 22 are
      aligned along longitudinal columns 24 spaced apart circumferentially.
      While the number of rows and columns may be varied and will depend upon
      the particular font provided on the exterior surface of the type drum 10,
      one particular form of drum which may be used with a conventional
      typewriter font includes 88 different characters and can be provided with
      four rows and 22 columns.
PAR  As can be seen in FIGS. 1, 2 and 4, the shell 12 is formed of an open
      network of rows and columns wherein adjacent rows 14, 16, 18 and 20 are
      joined together by relatively resilient bridging connectors 26 and
      adjacent columns 24 are joined together by relatively resilient bridging
      connectors 28.
PAR  As here embodied, the shell 12 is formed as an integral molded structure
      with the type characters 22 molded thereon as an integral part of the
      shell. The type characters 22 are molded onto base sections 30 formed at
      the intersection of the rows and columns with the base section 30 and the
      bridging connectors 26, 28 defining open spaces such as cruciform
      apertures 32. While it is not necessary that every base section 30 have a
      type character formed thereon, in the embodiment illustrated in the
      drawing a type character does appear on each base section 30. This
      particular configuration provides an extremely light drum 10 which is
      highly flexible in a radial direction and relatively rigid in an axial
      direction.
PAR  As can be seen in FIGS. 2, 4 and 5, a preferred form of type drum shell 12
      is provided with a radially inwardly extending projection or slug 34
      behind each type character 22. The slug 34 preferably is molded as an
      integral part of the shell 12 and is shaped to have a tapered portion 36
      at its radially inward most end. The tapered portion 36 can be pyramidal
      in shape. The slug 34 serves as an anvil against which a hammer impacts
      when a particular character is to be typed. The hammer and its method of
      operation are disclosed in the above referred to copending patent
      applications.
PAR  A series of circumferentially spaced extensions 40 project in an axial
      direction from one end of the shell 12. The other end of the shell 12,
      best seen in FIG. 5, is provided with an inwardly extending annular flange
      42. Preferably the flange is formed of an annular rim 43 spaced inwardly
      from the main body of the shell and connected thereto by a series of
      spaced apart spokes 44. The spokes 44 preferably are located between
      adjacent columns 24.
PAR  In accordance with the invention, the type drum further includes a hub
      within the shell 12 and spaced therefrom, the hub having means for
      mounting the drum on a drum support and connecting means attaching the hub
      to the shell. As is best illustrated in FIG. 2 and 3, the hub 50 includes
      a cylindrical and hollow shaft 52 formed at one end with a plurality of
      equally, circumferentially spaced struts 54 which serve as the means for
      connecting the shell to the hub. As here embodied the struts are thin and
      flexible and are provided with a particular configuration designed to
      permit radial movement of the shell 12 with respect to the shaft portion
      52 of the hub 50 and to preclude axial movement of the shell 12 with
      respect to the shaft 52 during normal use of the typewriter on which the
      drum is used.
PAR  In order to provide the axial rigidity desired the struts should be
      oriented as close to parallel to the axis as possible. It is also desired
      to space the shell from the hub to permit the location of a hammer and
      other operating elements therebetween. A still further consideration in
      designing the struts 54 is the need to keep the strut profile low and the
      struts separated so that the struts do not interfere with the line of
      sight between the typewriter operator and portion of the paper being typed
      upon. The strut design shown in the figures and described below accomplish
      the functional aspects desired.
PAR  Each strut 54 is provided with an axially directed base 56 which extends
      upwardly from the hub shaft 52 and then the strut curves outwardly from
      the strut base 56 and downwardly toward the other end of the hub 50. The
      struts 54 are tapered so that the end remote from the strut base 56 is
      considerably narrower than the base portion 56. This tapered configuration
      is to prevent the struts from interfering with the radial flexibility of
      the shell 12 to which the hub is attached while ensuring proper attachment
      of the struts 54 to the shaft 52 of the hub 50 in a manner which will
      facilitate manufacturing the hub, preferably by molding. The downward
      curvature of the struts 54 provides an axially directed structural
      component which provides the desired rigidity in the axial direction
      described above. The struts 54 are equally spaced apart and, in the
      preferred form shown in the drawings, are equal in number to one-half the
      number of columns 24 of the shell 12.
PAR  The struts 54 terminate in an annular rim 60 which is formed with a
      plurality of circumferentially spaced apertures 62. The struts 54 join the
      rim 60 at positions equidistant between adjacent apertures 62. The
      apertures 62 are designed to receive the extensions 40 of the shell 12.
      The extensions 40 together with the rim 60 serve to interconnect the shell
      and hub. It has been found that one strut 54 between alternating pairs of
      apertures 62 provides sufficient connection between the shell and hub
      without interfering with the radial flexibility of the shell 12 and the
      operator line of sight.
PAR  The hub shaft 52 is designed to receive rotatable driving means and means
      for moving the drum in an axial direction, the two motions in combination
      serving to locate a particular character at a predetermined print point
      with respect to the typewriter.
PAR  As here embodied the hub shaft 52 is formed as a hollow cylindrical member
      adapted to receive a drive shaft 64 which is attached at its lower end to
      a bevel gear 66 which meshes with a second bevel gear 68. The second bevel
      gear 68 is mounted on a driving shaft 69 which, through means described in
      the aforementioned copending applications, is driven particular angular
      amounts in response to the depression of particular typewriter keys.
PAR  The hub 50 and drive shaft 64 are prevented from having relative rotational
      motion with respect to each other. One construction which will prevent
      such relative motion and which will permit the type drum 10 to be mounted
      and removed easily from the drive shaft 64 is through the use of a key and
      a keyway. In the embodiment illustrated, the hub shaft 52 is provided with
      a pair of diametrically opposed longitudinal keys 70, 71 parallel to the
      hub shaft axis and the drive shaft 64 is provided with a pair of mating
      keyways, one of which is shown at 72. In order to ensure that the type
      drum 10 is always mounted on the drive shaft 64 with the same orientation
      so that depression of a particular key will always result in the selection
      and alignment of the corresponding character at a predetermined fixed
      point for typing, the keys 70, 71 and their corresponding keyways, are
      formed of different widths (see FIG. 4). In this manner only one
      particular orientation of the drum 10 will enable the drum to slide
      downwardly over the drive shaft 64. To simplify properly orienting the
      drum 10 on the drive shaft 64, indicia, such as a red dot 73, is provided
      on the hub shaft 52. Facing the dot 73 toward the front of the typewriter
      effects proper alignment of the keys and keyways.
PAR  An annular groove 74 is provided in the hub shaft 52 adjacent to the end
      opposite the struts 54 and a sleeve 75 is rotatably mounted therein. The
      groove 74 may be provided by forming it as part of the hub shaft 52 such
      as by molding it therein during the formation of the shaft 52.
      Alternatively, it can be formed by an annular sub ring which is fixedly
      attached. such as by solvent welding, to a recessed portion of the hub
      shaft to form an annular groove. The sleeve 75 is provided with a pair of
      radially outwardly extending attachment means or projections 76. At least
      one arm and, preferably, a pair of arms 78 forming a yoke 80 are mounted
      on the typewriter on opposite sides of the type drum and include slots 82
      adapted to receive the projections 76. Indicia, such as a protuberance 83
      molded on the sleeve 75, is provided to simplify proper alignment of the
      sleeve 75 and hub shaft 52 for mounting on the typewriter. In order to
      mount the drum 10 on the drive shaft 64 and the yoke 80, the protuberance
      83 must be aligned with the red dot 73.
PAR  The yoke 80 is mounted on a horizontally oriented shaft 84 which is driven
      in response to operation of the typewriter keys through means described in
      the aforementioned copending applications in a manner that, depending upon
      the particular key depressed, the yoke shaft 84 will rotate a particular
      amount causing the yoke to pivot upwardly an amount preset to align one of
      the rows 14, 16, 18, 20 with the predetermined fixed print point. Because
      the sleeve 75 is rotatably mounted on the hub shaft 52, the hub can be
      rotated by the drive shaft 64 relative to the sleeve and the yoke 80.
PAR  The entire hub 50 including the rim 60 preferably is molded as a single
      integral member of relatively flexible plastic. Similarly, the entire
      shell 12 preferably is molded as a single integral member of relatively
      flexible plastic. It has been found that acetal resins are particularly
      suitable for both the hub and shell, one such resin being known as Delrin
      manufactured by E. I. duPont De Nemours and Co.
PAR  In assembling the hub 50 and shell 12 together to form the type drum 10,
      the shell is fitted over the hub and the shell projections 40 are inserted
      into the apertures 62 in the hub rim 60. The shell and hub are then united
      by any suitable means such as through the use of a suitable adhesive,
      solvent welding, thermal welding or mechanical deformation of the
      projections 40, such as peening.
PAR  In order to assist the typist in locating the type drum in a particular
      position two pointers, one of which is shown at 86, are provided on top of
      the shell 12 at diametrically opposed positions. One way to form the
      pointers is to not fully deform two of the projections 40, and allow the
      projections to serve as pointers as can be seen in FIG. 1.
PAR  As is described in the afore-described copending applications, depression
      of a key on a typewriter effects rotation and elevation of the drum 10 an
      amount necessary to locate the corresponding type character 22 at a
      printing point. At that moment a hammer 88 (FIG. 6) located between the
      hub 50 and shell 12 is moved toward the shell and strikes the slug 34
      corresponding to the selected character which causes the shell to move
      radially pressing the selected character against a typewriter ribbon (not
      shown) to produce a print of that character on paper. FIG. 6 is a
      schematic illustration showing the general position, in exaggerated form,
      of the the type drum at the instant of printing. The hammer 88 has an
      indented face 90 to receive the tapered portion 36 of the slug 34. The
      hammer is mounted on the typewriter in a manner to assure that the hammer
      will always accurately move to a position aligned with and spaced radially
      from the predetermined print point. Since the drum shell 12 is able to be
      moved relative to the hub 50, the hammer 88, while receiving the tapered
      slug 34, accurately aligns the selected type character with the print
      point and consistently forces the selected type character to produce its
      print at the print point.
PAR  As can be seen in FIG. 6, the movement of the drum shell 12 relative to the
      drum hub 50 is a complex combination of pivoting each strut 54 about a
      horizontal axis at the top of its strut base 56 and radially deforming the
      portion of the shell 12 in the vicinity of the selected type character 22.
      Since the rows 14, 16, 18, 20 of type character 22 are located at
      different distances from the top of the strut bases 56 (the pivoting axes)
      the lower row 20 tends to move radially further than the upper row 14
      which could produce different printing impressions for the different rows.
      In order to equalize the impressions, a post 92 is fixedly mounted on the
      typewriter between the drum shell 12 and hub 50 and on the side of the hub
      opposite the hammer 88. The post 92 is tapered or inclined so that its
      surface 94 facing the shell 12 is further from the hub 50 near the top of
      the post 92 then it is near the base of the post. In other words, as the
      type drum 10 is raised to align the selected type character, the clearance
      between the post 92 and shell flange 42 becomes less in order to equalize
      the pivoting movement of the shell 12 about the top of the strut base 56
      and thereby equalize the printing impression. As the hammer 88 forces the
      shell 12 toward the paper, the shell flange 42 abuts the post 92
      restricting the extent of pivoting movement of the shell 12.
PAR  A type drum formed in accordance with the above disclosure can be
      manufactured easily of three parts, namely a shell 12, hub 50 and sleeve
      75, all of which are molded on plastic and easily assembled. If it is
      desired to use the assembly including a sub ring on the hub shaft to form
      the annular groove 75, then four parts are required. The resulting type
      drum is light and can be easily and accurately operated with a minor
      number of parts.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A type drum comprising:
PA1  a cylindrical shell having a plurality of circumferential rows spaced apart
      axially, each of said rows having a plurality of circumferentially spaced
      apart type characters on the exterior surface thereof;
PA1  a hub within said shell and spaced therefrom, said hub having first means
      for mounting said drum on a drum support; and
PA1  second means connecting said shell to said hub, said second means being
      resilient and flexible in a direction transverse to the longitudinal axis
      of said shell enabling movement of the entire shell relative to said hub
      in a direction transverse to the longitudinal axis of said shell, and
PA1  means for applying a force in the transverse direction causing said second
      means and said entire shell to move in the transverse direction.
NUM  2.
PAR  2. A type drum as defined in claim 1 wherein each of said rows comprises a
      plurality of circumferentially spaced base sections, each of said base
      sections having one of said type characters thereon, and relatively
      resilient first bridging connectors joining said base sections to form
      said rows.
NUM  3.
PAR  3. A type drum as defined in claim 2 wherein adjacent rows are joined
      together by relatively resilient second bridging connectors.
NUM  4.
PAR  4. A type drum as defined in claim 1 wherein each of said rows comprises a
      plurality of circumferentially spaced base sections, each of said base
      sections having one of said type characters thereon and being joined to an
      adjacent base section in the same row by resilient first bridging
      connectors and being joined to an adjacent base section in an adjacent row
      by resilient second bridging connectors, said first bridging connectors of
      each row being spaced apart axially from said first bridging connectors of
      an adjacent row and having apertures therebetween and said second bridging
      connectors being spaced apart circumferentially from an adjacent second
      bridging connector and having apertures therebetween.
NUM  5.
PAR  5. In combination, a type drum comprising a cylindrical shell formed of an
      open network formed by a plurality of axially spaced apart circumferential
      rows and a plurality of circumferentially spaced apart resilient
      longitudinal columns intersecting said rows, a type character being
      located on at least the majority of the intersections of said rows and
      said columns, and apertures through said shell between adjacent rows and
      columns for enabling a single type character to be deflected relative to
      adjacent type characters, a hub within said shell and spaced therefrom,
      said hub having means for mounting said drum on a drum support, and
      connecting means attaching said shell and said hub in order that the
      entire shell moves relative to said hub in a direction generally
      transverse to the longitudinal axis of said shell when said shell is
      subjected to a transverse force, and
PA1  means for applying said transverse force to said shell causing a single
      type character to deflect relative to adjacent type characters and causing
      said shell to move relative to said hub in a direction generally
      transverse to the longitudinal axis of said shell.
NUM  6.
PAR  6. A type drum as defined in claim 5 including an annular flange extending
      inwardly from one end of said shell toward the axis of the shell.
NUM  7.
PAR  7. A type drum as defined in claim 5 including an extension spaced from the
      mounting means projecting from said shell to serve as an indicator of
      position of the type drum in connection with the typewriter in which the
      drum is used, said indicator being visually observable to the operator of
      the typewriter when said drum is mounted on a typewriter.
NUM  8.
PAR  8. A type drum as defined in claim 5 wherein said shell is an integral
      molded structure having the type characters molded thereon.
NUM  9.
PAR  9. A type drum as defined in claim 5 wherein said connecting means is a
      plurality of circumferentially spaced struts attached at one end to said
      hub and at the other end to said shell.
NUM  10.
PAR  10. A type drum as defined in claim 9 wherein said other end of the struts
      is attached to one end of the shell.
NUM  11.
PAR  11. A type drum as defined in claim 10 wherein said struts extend outwardly
      from said hub and downwardly such that said other end of a plurality of
      said struts has a component parallel to the axis of said shell to provide
      axial rigidity to said drum by retarding axial movement of said shell
      relative to said hub.
NUM  12.
PAR  12. A type drum as defined in claim 10 wherein the struts are tapered so
      that the said one end of said struts is wider than said other end of said
      struts.
NUM  13.
PAR  13. A type drum as defined in claim 10 including a rim attached to said one
      end of the shell, said other end of the struts being attached to said rim.
NUM  14.
PAR  14. A type drum as defined in claim 13 wherein said hub, struts and rim are
      formed as a single first integral member and wherein said shell is formed
      as a single second integral member.
NUM  15.
PAR  15. A type drum as defined in claim 14 wherein said one end of said shell
      has a plurality of circumferentially spaced extensions and wherein said
      rim includes a plurality of circumferentially spaced apertures adapted to
      receive said extensions for attaching said rim to said shell.
NUM  16.
PAR  16. A type drum as defined in claim 15 wherein said other end of said
      struts is located between and equidistant from adjacent apertures.
NUM  17.
PAR  17. A type drum as defined in claim 5 wherein said connecting means
      substantially prevents axial movement of said shell relative to said hub
      and permits radial and pivotal movement of said shell relative to said
      hub.
NUM  18.
PAR  18. A type drum as defined in claim 17 wherein said connecting means is a
      plurality of circumferentially spaced struts attached at one end to said
      hub and at the other end to said shell, said struts decreasing in
      cross-sectional area from said one end toward said other end.
NUM  19.
PAR  19. A type drum as defined in claim 18, wherein said struts are attached to
      one end of said shell and including an annular flange extending inwardly
      toward the axis of the shell from the other end of the shell.
NUM  20.
PAR  20. A type drum as defined in claim 17 including a projection extending
      inwardly toward the axis of said shell from each of said intersections
      having a type character, each projection having a tapered portion at its
      radially inwardmost end.
NUM  21.
PAR  21. In combination, a type drum comprising a cylindrical shell having a
      plurality of circumferential rows spaced apart axially, each of said rows
      having a plurality of circumferentially spaced apart characters on the
      exterior surface thereof, a hub within said shell and spaced therefrom,
      means connecting said shell to said hub enabling movement of the entire
      shell relative to said hub in a direction transverse to the longitudinal
      axis of said shell, mounting means rotatably supported on said hub and
      having attachment means thereon, drum support means adapted to releaseably
      engage said attachment means to effect mounting of said drum on said
      support means enabling said drum to rotate relative to said support means
      and means for applying a force in a direction transverse to the
      longitudinal axis of said shell causing said entire shell to move in the
      transverse direction relative to said hub.
NUM  22.
PAR  22. The combination of claim 21 wherein said mounting means is a sleeve,
      wherein said attachment means includes a projection extending outwardly
      from said sleeve and wherein said support means includes an arm having a
      slot therein to receive said projection.
NUM  23.
PAR  23. The combination of claim 22 wherein said hub is hollow and is adapted
      to receive rotatable driving means and including means for preventing
      relative rotation between said hub and said driving means, said driving
      means effecting rotational movement of said drum about the longitudinal
      axis thereof and said arm effecting axial movement of said drum so that
      each of said characters may be selectively aligned with a predetermined
      fixed point.
NUM  24.
PAR  24. The combination of claim 23 wherein said shell is an open network of a
      plurality of axially spaced apart circumferential rows and a plurality of
      circumferentially spaced apart axial columns intersecting said rows, a
      type character being located on substantially each intersection of said
      rows and said columns.
NUM  25.
PAR  25. The combination of claim 24 wherein said means connecting said shell to
      said hub is a plurality of circumferentially spaced struts attached at one
      end to one end of said hub and at the other end to one end of said shell,
      said mounting means being supported on said hub adjacent to the other end
      of said hub.
NUM  26.
PAR  26. The combination of claim 25 including means for equalizing the radial
      movement of said shell relative to said hub during movement of said type
      characters toward said fixed point.
NUM  27.
PAR  27. The combination of claim 26 wherein the equalizing means includes an
      annular flange extending inwardly toward the axis of the shell from the
      other end of said shell.
NUM  28.
PAR  28. The combination of claim 27 wherein the equalizing means further
      includes a rigid member between said hub and said flange, said rigid
      member being shaped so that as said drum is moved axially, the clearance
      between said annular flange and said rigid member varies.
NUM  29.
PAR  29. The combination of claim 21 wherein said hub is hollow and is adapted
      to receive rotatable driving means and including means for preventing
      relative rotation between said hub and said driving means.
NUM  30.
PAR  30. The combination of claim 29 wherein the relative rotation preventing
      means is a key on one of said hub and said driving means and a keyway on
      the other of said hub and said driving means and including means for
      enabling said drum to be placed on said driving means in only one
      alignment with respect to said driving means.
NUM  31.
PAR  31. In combination, a type drum comprising a cylindrical shell formed of an
      open network formed by a plurality of axially spaced apart resilient
      circumferential rows and a plurality of circumferentially spaced apart
      resilient longitudinal columns intersecting said rows, a base section
      having a type character on the exterior surface thereof being located on
      at least the majority of the intersections of said rows and said columns,
      each of said base sections being joined to an adjacent base section in the
      same row by resilient first bridging connectors and being joined to an
      adjacent base section in an adjacent row by resilient second bridging
      connectors, said first bridging connectors of each row being spaced apart
      axially from said first bridging connectors of an adjacent row and having
      apertures therebetween and said second bridging connectors being spaced
      apart circumferentially from an adjacent second bridging connector and
      having apertures therebetween,
PA1  a hub within said shell and spaced therefrom, said hub having means for
      mounting said drum on a drum support,
PA1  connecting means attaching said shell and said hub in order that the entire
      shell moves relative to said hub and the drum mounting means in a
      direction generally transverse to the longitudinal axis of said shell when
      said shell is subjected to a transverse force, and
PA1  means for applying said transverse force to a base section of said shell
      causing every bridging connector to move generally in the direction of
      said force effecting a single type character to deflect relative to
      adjacent type characters and causing the entire shell to move relative to
      said hub and the drum mounting means in a direction generally transverse
      to the longitudinal axis of said shell.
NUM  32.
PAR  32. A type drum as defined in claim 31 including a tapered projection
      extending inwardly toward the axis of said shell from each of said
      intersections carrying a type character, said projection being adapted to
      mate with the transverse force applying means to accurately position said
      single type character through flexing of the bridging connectors connected
      to the base section of said single type characters.
NUM  33.
PAR  33. In combination, a type drum comprising a cylindrical shell formed of an
      open network formed by a plurality of axially spaced apart resilient
      circumferential rows and a plurality of circumferentially spaced apart
      resilient longitudinal columns intersecting said rows, base sections
      having a type character on the exterior surface thereof being located on
      at least the majority of the intersections of said rows and said columns,
      each of said base sections being joined to an adjacent base section in the
      same row by resilient first bridging connectors and being joined to an
      adjacent base section in an adjacent row by resilient second bridging
      connectors, said first bridging connectors of each row being spaced apart
      axially from said first bridging connectors of an adjacent row and having
      apertures therebetween and said second bridging connectors being spaced
      apart circumferentially from an adjacent second bridging connector and
      having apertures therebetween,
PA1  a hub within said shell and spaced therefrom, said hub having means for
      mounting said drum on a drum support,
PA1  connecting means attaching said shell and said hub in order that the entire
      shell moves relative to said hub and the drum mounting means in a
      direction generally transverse to the longitudinal axis of said shell when
      said shell is subjected to a transverse force,
PA1  print impression equalizing means adapted to forceably contact a portion of
      said shell when said shell is subject to said transverse force, and
PA1  means for applying said transverse force to a selected base section of said
      shell causing every bridging connector to move generally in the direction
      of said force effecting a single type character to deflect to adjacent
      type characters and causing the entire shell to move relative to said hub
      and the drum mounting means in a direction generally transverse to the
      longitudinal axis of said shell in order to cause every selected type
      character to apply equal force on a record medium regardless of location
      on said shell.
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ABST
PAL  A conveyor system in which free flowing granules or particles are conveyed
      through a flexible tube having a helical channel defined on the internal
      surface of the tube by rotating the tube about its longitudinal axis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to conveyor systems, particularly for the conveyance
      of small spherical particles such as those produced as nuclear fuel
      material.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a conveyor system comprises a flexible
      tube, a helical channel defined on the internal surface of the tube, means
      for rotating the tube about its longitudinal axis, a rotatable seal
      closing one end of the tube, means for feeding material in the form of
      free flowing granules or particles to the tube through the rotatable seal
      and means for collecting and discharging the material at the other end of
      the tube.
PAR  The tube may be of any desired length and may be supported if necessary by
      free-running bearings at intervals along its length. It can convey
      material uphill, downhill, on the level and round corners. It can also
      give complete containment and thus is particularly suitable for
      radioactive materials.
PAR  Preferably the tube is provided with helical corrugations to define the
      helical channel.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The invention will now be described by way of example only with reference
      to the accompanying drawing which is a diagramatic side view.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing is shown a flexible helically corrugated tube 1 supported on
      free-running bearings 2 and rotatable by a drive motor 3. At the lower end
      of the tube 1 is a rotatable seal 4 through which extends a delivery tube
      5 from a feed hopper 6. At the upper end of the tube 1 is a cap 7 free to
      rotate relative to the tube 1. The cap 7 is shaped to form a tundish 8
      through which material can be discharged. In operation of the system
      material from the hopper 6 is fed through the delivery tube 5 into the
      corrugated tube 1 which is rotated by the motor 3 so as to move the fed
      material along the corrugated tube to the cap 7.
PAR  A conveyor system in accordance with the invention discharges material in
      increments on each revolution. It has been found that these increments are
      of a quite precisely similar amount. If, therefore, the conveyor tube is
      synchronised to a moving belt or table, for example, such that a fresh
      container is positioned below the discharge point for each turn or for a
      number of turns of the tube then the system can be used to measure out
      reproducible increments of material. In this respect the system is simpler
      and can operate much faster than presently available weight/volume filling
      equipment widely used in the packaging industry. In this application of
      the invention the size of the increment can be varied by altering the
      diameter of the tube together with the width and depth of the
      corrugations.
CLMS
STM  I claim:
NUM  1.
PAR  1. A conveyor system comprising a flexible tube, a helical channel defined
      on the internal surface of the tube, means for rotating the tube about its
      longitudinal axis, a rotatable seal closing one end of the tube, means for
      feeding material in the form of free flowing granules or particles to the
      tube through the seal, and means for collecting and discharging the
      material at the other end of the tube.
NUM  2.
PAR  2. A conveyor system as claimed in claim 1 wherein the tube is provided
      with helical corrugations to define the helical channel.
NUM  3.
PAR  3. A conveyor system as claimed in claim 1 wherein said material feeding
      means is stationary.
NUM  4.
PAR  4. A conveyor system as claimed in claim 1 wherein said tube is inclined
      upwardly at least in the area of said feeding means such that material is
      conveyed upwardly upon entering said tube from said feeding means.
NUM  5.
PAR  5. A conveyor system as claimed in claim 1 wherein the inclination of said
      tube over at least part of its length is such as to preclude flow of said
      material along said tube independently of rotation of said tube, such that
      conveyance of material is governed by rotation of said tube and the
      attendant material moving effect of said helical channel.
NUM  6.
PAR  6. A conveyor system as claimed in claim 1 wherein the inclination of said
      tube at said closed one end where said material is fed to the tube is such
      as to preclude flow of said material along said tube independently of
      rotation of said tube, such that conveyance of said fed material away from
      said closed end is governed by rotation of said tube and the attendant
      material moving effect of said helical channel.
NUM  7.
PAR  7. A conveyor system as claimed in claim 1 wherein the inclination of said
      tube at said other end is such as to preclude flow of said material from
      said tube independtly of rotation of said tube, such that discharge of
      material from said other end occurs in increments on each revolution, the
      size of the increment depending upon the diameter of the tube and the
      width and depth of said helical channel at said other end.
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ABST
PAL  A modular conveyor is presented having parallel frame sides which are
      generally channel shape which are held rigidly in position by a conveyor
      bottom plate and rigid structures near the opposite ends of the frame
      fixing the sides in position, one end of the frame having legs removably
      attached and the other end having legs attached thereto for angular
      adjustment, a conveyor drive roll at one end of the frame and an idler
      roll at the opposite end, these rolls being rotatably mounted in a bearing
      mount which is slidable into one end of the channel shape sides. A power
      drive is mounted at the end of the frame having the drive roller and the
      frame may be supported on the legs at both ends for use with the frame and
      conveyor generally horizontal, or the legs at the one end may be removed
      and the legs at the other end adjusted to permit the legless end to rest
      on a supporting surface for use with the conveyor frame inclined. Other
      features include interfitting plates for assembling two conveyor portions
      with their longitudinal sides in line and telescopingly secured together
      to provide one long rigid conveyor frame, interchangeable parts, and
      roller bearing mounts adapted to slide telescopically in the ends of the
      channel shape sides.
BSUM
PAR  An object of the present invention is to provide a multi-purpose conveyor
      having simply designed, easily assembled parts which may form an elevated
      horizontal conveyor, or an inclined conveyor, the length of the conveyor
      may be modified as desired, the conveyor belt may be flat or cleated, and
      all of this is accomplished with a resonable number of parts.
PAR  Other objects and advantages of the invention will be set forth in the
      drawings and specification and the essential features thereof will be set
      forth in the appended claims.
DRWD
     In the drawings,
PAR  FIG. 1 is a side elevational view of a horizontal conveyor of extended
      length;
PAR  FIG. 2 is a simplified elevational view of the same conveyor with the legs
      removed at one end so as to provide an inclined conveyor;
PAR  FIG. 3 is a simplified elevational view showing how the right-hand portion
      of FIG. 1 may be assembled to make a shorter elevated horizontal conveyor;
PAR  FIG. 4 is a simplified elevational view of the conveyor of FIG. 3 converted
      to make it inclined;
PAR  FIG. 4A shows how a pair of supporting legs may be mounted on wheels;
PAR  FIG. 5 is a sectional view, enlarged, taken along the line 5--5 of FIG. 1;
PAR  FIG. 6 is a similar sectional view showing a cleated conveyor belt;
PAR  FIG. 7 is an enlarged exploded perspective view of the central portion of
      FIG. 1 showing how two conveyor frame sides are telescopingly fitted
      together;
PAR  FIG. 7A is a further enlarged view of the lock of FIG. 7 which holds the
      two conveyor side frames together;
PAR  FIG. 8 is an enlarged exploded view illustrating how the bearing mounts are
      telescopically fitted into the frame side channels;
PAR  FIG. 9 is a similar view at the other end of the conveyor showing the
      bearing mounts and the method of assembly at that end;
PAR  FIG. 9A is an end view taken along the line 9A-9A of FIG. 9;
PAR  FIG. 10 is a perspective view of the companion plate to receive the splice
      plate of FIG. 7 or the companion mount to receive the bearing mount in
      FIGS. 8 and 9; while
PAR  FIG. 11 is an end view, slightly in perspective, of the drive end of the
      conveyor when using a flat conveyor belt.
DETD
PAR  Referring to FIGS. 1, 5 and 7, the conveyor frame includes longitudinal
      frame sides 15 which are generally channel shape and which are held in
      their preferred position as shown in FIG. 5 by a conveyor bottom plate 15a
      which is shown in the preferred form in FIG. 5 as being integrally a part
      of the channel sides 15. At opposite ends rigid structure 16 holds the
      frame sides in position, this structure including a horizontal plate 16a
      connected to the frame side and having downturned ends 16b which are
      rigidly connected by bolts 17 to a pair of channel shape legs 18 which
      preferably have a telescopic extension 18a extending to a supporting foot
      19 resting on the floor.
PAR  FIG. 1 shows an extended conveyor composed of a righthand portion 15 and a
      left-hand portion 15'. These two portions are connected by joining means
      which is best understood from FIG. 7. Here a splice plate 20 on each side
      of the conveyor has a vertical side 20a of a width to fit snugly in the
      channel shape of the conveyor portion 15, and having a flange 20b bent
      inwardly at right angles along its upper edge, this flange fitting snugly
      beneath the conveyor bottom plate 15a when the parts are moved together
      from the position shown in FIG. 7. The left ends of splice plates 20 in
      FIG. 7 are welded to the conveyor frame portions 15' in the position shown
      in FIG. 7. The interfitting parts include on the right-hand half of FIG. 7
      a companion plate 21 on each side having a vertical side plate 21a and a
      flange 21b are bent inwardly at the top of the vertical side so as to fit
      snugly in the channel shape sides 15 at the right-hand end of FIG. 7.
      Preferably the innermost end of the flange 21b is bent up slightly as seen
      at 21c in FIG. 10 to aid in closely holding the splice plate 20 when the
      parts are assembled. The exposed outer end of the vertical plate 21a is
      bent inwardly at right angles as shown at 21d for a purpose later to be
      described. These companion plates 21 are welded in position in the channel
      form 15 as shown in FIG. 7. When the two portions 15 and 15' of the
      conveyor frame are moved together from the position of FIG. 7 to the
      position of FIG. 1, they are locked together in any suitable manner, as
      for instance by a toggle lock consisting of a hook 22 on each channel
      portion 15 coacting with a toggle spring latch 22a rigidly secured to the
      members 15'. This forms a very rigid joint at the center of the structure
      as seen in FIG. 1 eliminating substantially all sag in the conveyor sides.
PAR  Special means is provided for mounting a drive roll 23 at one end of the
      conveyor frame and an idler roll 24 at the other end. This means provides
      identical supporting parts at each end of the conveyor which simplifies
      the construction. This is shown in FIGS. 8 and 9. Referring to FIG. 8, the
      drive roll has a shaft which enters openings 23a in standard bearings 25
      which are supported on bearing mounts 26a and 26b. These bearing mounts
      are exactly the same on one side of the conveyor frame for supporting the
      drive roll in FIG. 8, or for supporting the idler roll in FIG. 9. The two
      bearing mounts are identical in shape except that each one bends inwardly
      toward the other. Each bearing mount has a vertical wall 27a and a top
      flange 27b bent at right angles to the vertical wall 27a. A companion
      mount 21 is welded in the right-hand ends of the channel side members 15,
      flush at the ends, to receive the bearing mounts 26a and 26b as seen in
      FIG. 8. These companion mounts are identical with the two companion plates
      21 described in connection with FIG. 7. Therefore, three right-handed
      members 21 are made identical and three left-handed members are also
      identical for this piece. Referring back to FIG. 8, the plates 27a and
      flanges 27b are proportioned to fit snugly between the vertical plate 21a
      and the flange 21b and the side channel member 15 and conveyor bottom
      plate 15a. Each bearing mount has an end cover 28, each of these covers
      having an arcuate flange 28a at the same radius as the spacing of flange
      27b relative to opening 23a of its associated bearing mount, this arcuate
      flange extending outwardly and downwardly around the associated bearing to
      a short horizontal plate 28b tangential to the arcuate flange beneath the
      associated bearing, and each horizontal plate has a threaded nut 29 welded
      in vertical position at the free end of the plate 28b. Each of these nuts
      has a threaded take-up screw 30 threaded into it.
PAR  The bearing mount structure, and supporting parts, in FIG. 9 are identical
      with those described in connection with FIG. 8 and have been given the
      same reference character. It will be noted that the parts 29 and 30 are
      positioned so that the take-up screw 30 bears against the vertical flange
      21b when these parts come into use.
PAR  Power means is provided for driving the drive roll 23. This comprises an
      electrical motor 31 rigidly mounted on the bracket 16 at the right-hand
      end of FIG. 1 and having a drive sprocket 32. The drive roller has an
      integral drive shaft 33 which bears a drive sprocket 34. A drive chain 35
      passes around the sprockets 32 and 34 so that the motor 31 drives the
      endless conveyor belt 36 which passes over the rolls 23 and 24. A safety
      guard 37 completely encloses the drive chain. This conveyor belt retains
      the bearing mounts at opposite ends of the frame in the assembled position
      shown in FIG. 1. The take-up screws 30 in FIG. 8 are utilized to take up
      the tension on the drive chain 35, while the take-up screws 30 of FIG. 9
      are used to tension the conveyor belt.
PAR  The drawings so far described relate to a conveyor utilizing a flat
      conveyor belt 36 as shown in FIG. 5. The same structure may be utilized
      with a cleated belt 36' shown in FIG. 6. In one modification these are
      11/2 inch high molded cleats on twelve inch centers along the belt, which
      are seen at 38. When necessary or desirable to hold loose material
      traveling along the conveyor belt, side guards 39 may be provided which
      are here shown as out-turned channels bolted at 40 at spaced points along
      the sides 15 and 15'.
PAR  Preferably, a cover plate 41 extends continuously along the underside of
      the conveyor bolted to the frame sides at 42.
PAR  Thus it will be seen that the number of parts necessary for assembling the
      conveyor in various forms has been reduced by providing three identical
      members 21 of left-hand construction and three identical members 21 of
      right-hand construction; two identical bearing mounts 26a are provided for
      one side of the conveyor and two identical bearing mounts 26b for the
      other side of the conveyor.
PAR  When necessary to change the conveyor of FIG. 1 to the inclined conveyor of
      FIG. 2, it only necessary to remove the bolts 16c from the left-hand end
      of FIG. 1 to remove the legs there, and to adjust the angle of the bracket
      16 at the righthand end of the conveyor by loosening the bolts 17 there
      and adjusting the lower bolts 17 in the elongated slot 16d to the desired
      angle as seen in FIG. 2. To change the conveyor of FIG. 1 to the conveyor
      of FIG. 3, it is only necessary to remove a section of the conveyor belt
      36 or 36', or provide another conveyor belt of the proper length, release
      the safety latches 22a on both sides of the conveyor, remove the frame
      sides 15' and take the bearing mounts 26a and 26b containing the idler
      roll 24 and insert this at the left-hand end of the conveyor sides 15 by
      inserting the conveyor mounts in the members 21 already in position at the
      left-hand end of the conveyor side channels 15 as seen in FIG. 7, and then
      reposition the bracket 16 at the left-hand end of the structure shown in
      FIG. 3. The change from FIG. 3 to FIG. 4 is like that from FIG. 1 to FIG.
      2.
PAR  The conveyor has been designed with safety very much in mind. The most
      obvious safety feature is the clean exterior of the unit. The sides are
      smooth with no projections which might cause injury to personnel or damage
      to the product. However, most important is the elimination of pinch points
      at the head and tail pulleys in which fingers, clothing or product might
      be caught. This improvement in conveyor design has been accomplished by
      concealing the head and tail pulleys and by moving the sides as close as
      possible to the belting, as seen in FIG. 11. And finally, the chain and
      sprocket drive is totally enclosed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A modular conveyor comprising a metal frame having two parallel
      longitudinal sides, a conveyor bottom plate and rigid means near opposite
      ends of said frame fixing said sides in said parallel relationship, one of
      said means having legs removably attached thereto, the other of said means
      having legs attached thereto for angular adjustment, an idler roll
      rotatably mounted between said sides at the end having said one means, a
      drive roll having a shaft rotatably mounted between said sides at the end
      having said other means, an endless conveyor in said frame and extending
      around both of said rolls, power drive means mounted on said other means
      and operatively connected with said drive roll, whereby said frame may be
      supported on said legs at both ends for use with said frame generally
      horizontal, or said legs at said one end may be removed and said legs at
      said other end adjusted to permit said legless end to rest on a supporting
      surface for use with said frame inclined, said frame sides being each in
      two aligned portions with means for joining said portions at a meeting
      point intermediate the ends of said frame, said joining means including
      interfitting parts on each side telescopingly sliding snugly from each
      aligned portion into the other aligned portion mutually supporting said
      joined portions in a rigid frame structure, and means for locking said
      aligned portions together, and said drive roll and said idler roll being
      rotatably mounted in bearing mounts identical in section with said
      interfitting parts and having joining means connecting them identical with
      said first named joining means, whereby to make possible multiple
      arrangements for said rolls and said two aligned frame portions using a
      limited number of parts.
NUM  2.
PAR  2. A conveyor as defined in claim 1, wherein said frame sides are generally
      channel shape, said joining means comprises a splice plate on each side
      having a vertical side of a width to fit snugly in said channel shape and
      having a flange bent inwardly at its top, said splice plate welded at one
      end to one of said portions and having a free end extending into said
      other portion, and said interfitting parts including on each side on said
      other portion a companion plate having a vertical side and a flange bent
      inwardly at its top and of a size to fit snugly inside said vertical side
      and top flange of said splice plate, and said companion plate welded to
      said other portion.
NUM  3.
PAR  3. A conveyor as defined in claim 1, wherein said frame sides are generally
      channel shape, at opposite ends of each side a bearing mount is provided
      including a vertical side and a top flange bent inwardly, said vertical
      side and flange of a shape to fit snugly in said channel shape, a roll
      shaft bearing mounted inside of each mount, a companion mount having a
      vertical side and a flange bent inwardly at its top and of a size to fit
      snugly inside said vertical side and top flange of said bearing mount,
      said companion mount being welded to said frame side channel end in
      position to receive telescopingly its associated bearing mount, and a
      bearing mount end cover having an arcuate flange at the same radius as
      said bearing mount flange and extending thereabout to a short horizontal
      plate tangential to said arcuate flange beneath said shaft bearing, said
      end cover welded to said bearing mount.
NUM  4.
PAR  4. A conveyor as defined in claim 3, wherein said power drive means
      includes a motor, a sprocket driven thereby, a sprocket on said drive roll
      shaft, a chain drivingly connecting said sprockets, and at the end of said
      frame having said drive roll said horizontal plate has a threaded nut
      welded vertically to its free end, said companion mount has a vertical
      surface fixed at the outer end of its vertical side at right angles
      thereto and opposite said nut, and a set screw is threaded into said nut
      and engages said vertical surface to take up tension on said drive chain.
NUM  5.
PAR  5. A conveyor as defined in claim 3, wherein at the end of said frame
      having said idler roll said horizontal plate has a threaded nut welded
      vertically to its free end, said companion mount has a vertical surface
      fixed at the outer end of its vertical side at right angles thereto and
      opposite said nut, and a set screw is threaded into said nut and engages
      said vertical surface to take up tension on said conveyor belt.
NUM  6.
PAR  6. A conveyor as defined in claim 1, wherein said frame sides are generally
      channel shape, said joining means comprises a splice plate on each side
      having a vertical side of a width to fit snugly in said channel shape and
      having a flange bent inwardly at its top in position to lie snugly beneath
      said conveyor bottom plate, said splice plate welded at one end to one of
      said portions and having a free end extending into said other portion, and
      said interfitting parts including on each side on said other portion a
      companion plate having a vertical side and a flange bent inwardly at its
      top and of a size to fit snugly inside said vertical side and top flanges
      of said splice plate, and said companion plate welded to said other
      portion, said frame sides being generally channel shape, at opposite ends
      of each side a bearing mount is provided including a vertical side and a
      top flange bent inwardly, said vertical side and flange of a shape to fit
      snugly in said channel shape, a roll shaft bearing mounted inside of each
      mount, a companion mount having a vertical side and a flange bent inwardly
      at its top and of a size to fit snugly inside said vertical side and top
      flange of said bearing mount, said companion mount being welded to said
      frame side channel end in position to receive telescopingly its associated
      bearing mount.
NUM  7.
PAR  7. A conveyor as defined in claim 6, wherein each bearing mount has an end
      cover having an arcuate flange at the same radius as the spacing of said
      bearing mount flange relative to the bearing center and extending
      thereabout to a distal short horizontal plate tangential to said arcuate
      flange beneath said shaft bearing, said end cover welded to said bearing
      mount, and said companion plate and said companion mount on the same side
      of said frame being identical.
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ABST
PAL  An integrally formed, molded plastic end member for a conveyor roller
      having a cylindrical portion insertable in a roller tube and a portion
      protruding from the end with a shoulder formed on the outside to limit
      insertion. The insertable portion has an inner sleeve loosely surrounding
      a supporting shaft, an outer sleeve which fits into the tube, and radial
      webs connecting the two sleeves. The protruding portion has one or more
      gear rings formed on the outside of an outer sleeve and an inner sleeve
      which defines a cavity to receive a ball bearing outer race, the inner
      race thereof surrounding the shaft. The protruding portion also has webs
      extending between the inner and outer sleeves. Two rings supported on the
      shaft and inner sleeve, respectively, form a labyrinth seal to protect the
      ball bearing.
BSUM
PAR  The invention relates to roller conveyors, and is more particularly in the
      field of driven rollers for such conveyors.
PAR  Known rollers of this kind have for example roller bearings at their ends,
      on which they are running on a shaft fixedly mounted in the conveyor
      structure. The rollers may be driven by endless chains. Each roller has
      end members to which gears or gear rings are fastened. Usually there is a
      pair of gear rings mounted side by side on the end member. The chains
      connect alternatively the inner gear rings of adjacent rollers and the
      outer gear rings of the next adjacent rollers. The gear rings are separate
      parts, which must be protected against being drawn off from the end
      members. This is particularly the case if the driven rollers are used in
      curves, because then the chains exert an axial force component. The
      protection of the gear rings is obtained by mechanical means, for example
      fastening pins or by separate parts abutting at the outer gear rings and
      being fixed to the end members on their part.
PAR  The assembly of these rollers is time-consuming. The several separate
      parts, which are made from plastic material, require a corresponding
      number of expensive molds.
PAR  It is an object of the invention to provide a simpler driven roller for
      roller conveyors.
PAR  Another object is to provide an end member for driven rollers for which no
      separate parts have to be produced and assembled.
PAR  A still further object of the invention is to provide a particularly rigid
      end member, in which the stability of the mounting of the gear rings does
      not depend on additional mechanical members.
DRWD
PAR  These and other objects will become more apparent from the following
      specification and attached drawings, in which:
PAR  FIG. 1 is a partial longitudinal section to the end part of a conveyor
      roller; and
PAR  FIG. 2 is a cross-section along the line A-A in FIG. 1.
DETD
PAR  In FIG. 1 2 generally designates an end member for a roller of roller
      conveyors. The end member 2 is of essentially cylindrical shape and is
      fittingly inserted with an end portion 12 into a tube 1, which is the
      transporting part of the roller. The depth of insertion is limited by a
      shoulder 3. Outside the tube 1 the end member 2 comprises a protruding
      portion 11, on the circumference of which there are two gear rings 4, at
      which the drive chains (not shown) will engage.
PAR  The end member 2 contains a cylindrical chamber 18, adapted to receive a
      ball bearing 7, by which the end member 2 is supported on the shaft 9,
      which extends longitudinally through the center of the tube 1 and is
      fixedly mounted on its ends in the conveyor structure.
PAR  In the central portion the end member 2 has a transverse wall 10, from
      which a first sleeve 5 axially extends. The sleeve 5 embraces the shaft 9
      with some clearance so that the end member 2 is only supported on the ball
      bearing 7. To the other side of wall 10 extends axially a second sleeve
      13, which radially confines the chamber 18.
PAR  As the sleeves 5,13 have radial distance to the outer portions 12,11 of the
      end member 2, there are rigidifying webs 6, which are provided in axial
      planes and extending radially between the sleeves 5,13 and the portions
      12,11. In the embodiment shown there are eight webs uniformly distributed
      about the circumference.
PAR  The ball bearing 7 is held in place by a rib 17. The ball bearing 7 is
      sealed against the outside by two rings 14 and 15 cooperating to form a
      labyrinth seal. The outer ring 14 is held in place by a circumferential
      rib 16 engaging a corresponding groove in the sleeve 13.
PAR  The end member 2 is made as a whole by one-piece molding from plastic. The
      gear rings correspondingly are unitary with the rest of the end member 2.
      No problems arise with the mounting of separate gear rings to the end
      member 2. The whole structure of the end member is relatively thin-walled
      and material-saving but nevertheless, due to the provision of the sleeves
      5,13 cooperating with the webs 6 and supporting the outer portion 12,11 of
      the end member, very rigid, so that no deformations of the end member 2
      will occur, which otherwise might cause an uneven running of the tube 1.
PAR  While there has been shown one embodiment of the invention, it will be
      understood that various omissions and modifications of the end member
      illustrated may be made by those skilled in the art without departing from
      the spirit of the invention, which is to be limited only as indicated by
      the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An end member for a driven roller for a roller conveyor, the roller
      being of the type having a center shaft and a tube mounted for rotation
      about the shaft, the end member comprising
PA1  a generally cylindrical body having a first portion to be inserted into an
      end of the tube and a second portion outside of the tube,
PA2  said first portion including an outer sleeve dimensioned to frictionally
      fit the interior of the tube, an inner sleeve surrounding the center
      shaft, said inner sleeve being spaced from said shaft and from said outer
      sleeve, and radial web means interconnecting said inner and outer sleeves;
PA1  shoulder means integrally formed on the exterior of said body between said
      inner and outer portions thereof for limiting the insertion of said body
      into said tube;
PA1  at least one gear ring integrally formed on said second portion of said
      body outside of the tube, said gear ring being axially spaced from said
      shoulder means;
PA1  an antifriction bearing having an outer race and an inner race, said inner
      race being insertable over the center shaft of said roller; and
PA1  means defining a chamber in said second portion of said body for receiving
      and retaining said outer race.
NUM  2.
PAR  2. An end member according to claim 1 wherein the end member including the
      gear ring is integrally formed from plastic by one-piece molding.
NUM  3.
PAR  3. An end member according to claim 1 wherein said second portion of said
      body includes two gear rings in side-by-side axially spaced relationship.
NUM  4.
PAR  4. A end member according to claim 1 wherein said means defining a chamber
      includes
PA1  a third sleeve coaxially surrounding said shaft and radially outwardly
      spaced therefrom to define the outer radial limit of said chamber;
PA1  said second portion further comprising
PA1  a fourth sleeve coaxial with said third sleeve and radially outwardly
      spaced therefrom and
PA1  a plurality of radially extending equally spaced webs lying in axial planes
      interconnecting said third and fourth sleeves.
NUM  5.
PAR  5. An end member according to claim 4 and including a transverse annular
      wall extending across the interior of said body, said inner, outer, third
      and fourth sleeves extending axially from said wall.
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ABST
PAL  A pivoted bucket conveyor is disclosed in which pivotally mounted buckets
      carried by a chain conveyor is provided with the buckets normally arranged
      to travel in a horizontal position across a reject station and, upon
      receipt of a signal from an inspection station, to pivot and discharge
      their contents at the reject station. A flexible bucket guide member is
      provided at the reject station to engage beneath projections on the sides
      of the buckets and guide the buckets across the reject station. Pins
      carried by a second chain conveyor engage and support the flexible bucket
      guide member at points between each bucket and permit the flexible guide
      member to be deflected upon dumping of a bucket at a position beneath the
      bucket being dumped and still direct movement of adjacent buckets.
      Modified forms of guide members are also disclosed to stabilize and direct
      movement of all buckets other than the particular bucket being pivoted or
      dumped.
PARN
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 461,602, filed Apr. 17, 1974, and now abandoned.
BSUM
PAR  The present invention relates to new and useful improvements in pivoted
      bucket conveyors and more particularly to the provision of novel
      stabilizing means to guide pivotal buckets of a bucket conveyor in a
      positive manner past a reject station to prevent tilting or rocking of
      those buckets which are to pass the reject station without being dumped
      and to the provision of novel dumping means at the reject station to
      permit dumping of selected buckets.
PAR  Pivoted bucket conveyors of this type disclosed herein are used to carry
      the product past an inspection station where the product is inspected. If
      the product passes inspection the product continues on to the end of the
      conveyor line and is transferred to further processing apparatus. However,
      if the product in a particular bucket on the conveyor does not pass
      inspection a signal by the inspection station is sent to a reject station
      and that bucket is dumped at the reject station. Rigid guide rails
      normally are provided to guide movement of the buckets and to maintain the
      buckets in a horizontal position during passage along the upper run of the
      conveyor. These guide rails are interrupted at the reject station so that
      the buckets may be rotated and dumped at the reject station. In
      conventional apparatus of this type there is no satisfactory means to
      maintain the buckets in a stable position as they pass the reject station
      and if the buckets contain liquid material there will be some spillage of
      the liquid from the buckets when the buckets which are not to be dumped
      pass over the reject station.
PAR  With the foregoing in mind, a primary object of the present invention is to
      provide a novel pivoted bucket conveyor including stabilizing means to
      guide the pivoted buckets of the conveyor in a positive manner past the
      rejection station to prevent tilting or rocking of those buckets which are
      to pass the reject station without being dumped.
PAR  Another object of the present invention is to provide novel stabilizing
      means for a pivoted bucket conveyor which will permit dumping of one
      bucket passing a reject station and simultaneously stabilize the immediate
      adjacent buckets.
PAR  A further object of the present invention is to provide novel dumping means
      for buckets of a pivoted bucket conveyor in which the stabilizing means
      for the buckets also aid in moving the bucket toward and away from the
      dump or discharge position.
PAR  Another object of the present invention is to provide novel stabilizing
      means for a pivoted bucket conveyor including a flexible stabilizer which
      serves to aid in dumping of the bucket at the reject station and further
      aids in returning the bucket to its upright position after it is dumped.
PAR  A still further object of the present invention is to provide a novel
      stabilizer for pivoted bucket conveyors having the features and
      characteristics set forth above which is easy to manufacture and maintain
      and which may be readily applied to existing pivoted bucket conveyors.
DRWD
PAR  These and other objects of the present invention and the various fetures
      and details of the operation and construction thereof are hereinafter more
      fully set forth and described with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 is a schematic side elevational view of a pivoted bucket conveyor
      incorporating the stabilizing means of the present invention;
PAR  FIG. 2 is a fragmentary side elevational view illustrating the stabilizing
      means of the present invention in position adjacent the upper run of a
      pivoted bucket conveyor;
PAR  FIG. 3 is a plan view of the mechanism illustrated in FIG. 2;
PAR  FIG. 4 is a perspective view of a bucket for the pivoted bucket conveyor;
PAR  FIG. 5 is a transverse sectional view taken along line 5--5 of FIG. 4;
PAR  FIGS. 6 to 10 inclusive are schematic longitudinal sectional views through
      the pivoted bucket conveyor illustrating the operation of the stabilizing
      means and showing the various stages in dumping a bucket and returning a
      bucket to its upright position at the reject station of a pivoted bucket
      conveyor incorporating the stabilizing means and dump mechanism of the
      present invention;
PAR  FIG. 11 is a schematic side elevational view illustrating a modified form
      of stabilizing means of the present invention;
PAR  FIG. 12 is an enlarged fragmentary side elevational view of the apparatus
      of FIG. 11;
PAR  FIG. 13 is a fragmentary side elevational view of further modified form of
      stabilizing means of the present invention;
PAR  FIG. 14 is a plan view of the apparatus of FIG. 13, as veiwed from line
      14--14, of FIG. 13;
PAR  FIG. 15 is a fragmentary side elevational view of still a further guiding
      and stablilizing means for the bucket conveyor; and
PAR  FIG. 16 is a fragmentary sectional view of the apparatus of FIG. 15, taken
      on line 16--16, FIG. 15.
DETD
PAR  Referring more specifically to the drawings, FIG. 1 illustrates
      schematically a pivoted bucket conveyor incorporating the stabilizing
      means and reject mechanism of the present invention. As shown in FIG. 1,
      the upper run of the conveyor travels continuously from left to right
      being driven by an electric motor 20. At the extreme left-hand end of the
      conveyor mechanism there is a loading station where the product to be
      inspected or otherwise observed is loaded into buckets of the conveyor.
      Thereafter the product passes through an inspection station where the
      product in the buckets of the conveyor is inspected. If the product passes
      inspection it is carried on to the end of the conveyor where it is dumped
      or transferred to conveying means 21 which will carry the product to some
      further product treating station. If the product in a particular bucket of
      the conveyor does not pass inspection that bucket is dumped at a reject
      station positioned intermediate the inspection station and the end of the
      conveyor on to conveying means 22 which may convey the product back to a
      treating station.
PAR  The bucket conveyor itself includes a pair of spaced parallel endless
      chains 23 and 24 which pass over sprockets 25 and 26 at opposite ends of
      the conveying line. If desired, idler sprockets 27 may be provided to
      guide and tension the lower run of the chains 23 and 24. The motor 20 is
      drivably connected to the shaft for the sprockets 25 in any suitable
      manner to cause predetermined uniform travel of the chains 23 and 24.
PAR  Extending between the chains 23 and 24 of the conveyor and pivotally
      carried thereby are a series of buckets or shallow trays 28 formed as
      shown in FIGS. 4 and 5 of the drawings. These buckets are relatively
      shallow, open at the top and closely spaced together along the entire
      length of the conveyor. Each bucket has a pair of oppositely disposed
      mounting lugs 29 thereon which project outwardly from the mid-point of the
      upper edges of the bucket side walls. These mounting lugs 29 engage over
      corresponding bucket support pins 30 which project inwardly from the
      conveyor chains 23 and 24 as shown in FIG. 3 to pivotally mount the
      buckets between the chains.
PAR  During the normal course of travel of the buckets along the upper run of
      the conveyor, the buckets are guided along a horizontal path and prevented
      from tilting by a flat guide rail 31 which extends in a horizontal
      direction inwardly of and slightly below the chain 24. This guide rail 31
      is engaged by a pair of bucket guide pins 33, 33, projecting outwardly
      from the front and rear portions of the side edge of the bucket nearest
      the guide rail 31 and the conveyor chain 24. As shown in FIGS. 2 and 3,
      the guide rail 31 is interrupted between the points 31a and 31b at the
      reject station. The purpose of this is to permit disengagement of the
      bucket guide pins from the guide rail to allow dumping of the bucket by
      pivotal movement of the bucket about the axis of the mounting lugs 29, 29
      at the reject station.
PAR  In accordance with the embodiment of the invention shown in FIGS. 1 to 12,
      means are provided to engage the bucket guide pins 33, of the bucket and
      guide movement of the bucket across the gap between the ends of the guide
      rails 31a and 31b at the reject station to prevent tipping of the buckets
      at the reject station unless the reject mechanism is actuated. To this
      end, a flexible cord 34 is positioned to span between ends 31a and 31b of
      the guide rail with the upper edge of the cord 34 at the same level as the
      upper edge of the guide rail 31. Thus, where the guide rail terminates at
      the reject station the fexible cord 34 takes over to serve as a temporary
      guide for the buckets.
PAR  As shown in FIG. 2, the guide cord 34 passes over a pair of guide rollers
      35 and 36 at opposite ends of the interruption in the guide rail 31 with
      the cord thereafter passing downwardly below the guide rollers 35 and 36
      and having its opposite ends connected to coil springs 37 and 38 anchored
      to the frame of the conveyor mechanism. Thus, if the guide cord 34 is
      deflected by a bucket being dumped, as more fully described hereafter, the
      deflection of the guide cord will merely cause an extension of the springs
      37 and 38 and the springs 37 and 38 will tend to return the segment of the
      guide cord between the guide rollers 35 and 36 to its straight horizontal
      position. Instead of using a pair of springs 37 and 38 it may be desirable
      to use only one spring. In the alternative the guide cord itself may be
      elastic and anchored directly to the terminal ends 31a and 31b of the
      guide rail, or a combination of elastic cord and springs may be used as
      desired.
PAR  To prevent the entire span of the cord between the ends 31a and 31b of the
      guide rail from being deflected downwardly when a bucket is dumped at the
      reject station, means are provided intermediate adjacent buckets to hold
      and support the cord. To accomplish this, an endless chain 41 passing over
      sprockets 42 and 43 is provided at the reject station with the upper run
      of the endless chain 41 positioned just below and inwardly of the conveyor
      chain 24, as shown in FIGS. 2 and 3. This endless chain is driven by the
      main conveyor drive motor 20 so that the upper run of the chain 41 travels
      in the same direction and at the same speed as the conveyor chain 24. The
      endless chain 41 carries a plurality of support pins 44 extending in a
      horizontal direction and projecting inwardly of the chain toward the
      center of the conveying mechanism. These support pins 44 engage the
      underneath side of the cord 34 intermediate each bucket at the reject
      stataion and travel along between the buckets supporting the cord 34 at
      points between each bucket at the reject station. When a bucket is dumped
      and the cord beneath that bucket is deflected downwardly as described
      hereafter, the support pins 44 prevent the deflection of the cord beneath
      the single bucket being dumped from affecting the stability of the
      adjacent buckets.
PAR  Dumping of the individual buckets is effected by a dump lever 45 whose
      position is controlled by a signal from the inspection station. The dump
      lever is normally held in a horizontal position as shown in FIG. 2 of the
      drawings in which it will not affect the position of the buckets passing
      the reject station and, upon receipt of a signal from the inspection
      station will move to an upwardly deflected position into engagement with a
      dumping lug 46 projecting outwardly from a point on the bucket beneath the
      mounting lug 29 at the opposite side of the bucket from the guide pins 33.
      The dump lever is positioned beneath and inwardly of the conveyor chain 23
      and is carried by a movable shaft for movement from the horizontal
      non-dump position to its upwardly deflected dumping position, as shown in
      FIG. 6. When the product in a bucket passing the inspection station is not
      acceptable a delayed signal is given by the inspection station which will
      cause the lever to be rotated upwardly on its shaft approximately
      45.degree. at a time when that product which did not pass inspection
      arrives at the lever 45. The lever 45 will then engage the dumping lug 46
      of that bucket to initiate dumping of the bucket and thereafter will
      return to its horizontal position out of the path of travel of the dumping
      lugs of succeeding buckets.
PAR  FIGS. 6-10 inclusive of the drawings illustrate successive steps in dumping
      and returning to its horizontal position a bucket at the reject station.
      As shown in FIG. 6, the dump lever 45 has been rotated to its dump
      position in response to a signal from the inspection station to dump a
      bucket 28 at the reject station. As the bucket 28 approaches the dump
      lever the dump lever engages the dumping lug 46 of the bucket causing the
      bucket to pivot clockwise about its mounting lugs 29 to the position as
      shown in FIG. 6 in which the bucket is in substantially a vertical
      position. Continued forward movement of the bucket conveyor will move the
      bucket to a position in which the forward guide pin 33 of the bucket 28 is
      in engagement with the leading edge of a dump cam 47 mounted adjacent and
      slightly below the conveyor chain 24 at the opposite side of the bucket 28
      from the dump lever 45. As the guide pin 33 contacts the leading edge of
      the dump cam 47 the dumping lug 46 goes out of contact with the dump lever
      45 and the dump lever is returned to its normal horizontal position. As
      shown in FIG. 6 upon dumping of the bucket 28 the guide cord 34 is
      depressed between adjacent cord guide pins 44 at the bucket being dumped
      but is not deflected beneath either of the adjacent buckets.
PAR  Further continued movement of the bucket conveyor will cause the bucket
      guide pin 33 to ride up the upper surface of the dump cam 47 causing the
      bucket 28 to rotate further beyond its vertical position to the position
      as shown in FIG. 8 at which time the contents of the bucket 28 are dumped
      onto the reject conveyor 22. In this position of the bucket being dumped,
      the cord springs 37 and 38 will cause the cord 34 to force the leading
      bucket guide pin 33 upwardly to a position in which the dumping lug 46 on
      the bucket is in engagement with the lower surface of a bucket return rail
      48. The bucket will continue to ride along in this position until the
      dumping lug 46 of the bucket reaches the downwardly sloping portion 48a of
      the bucket return rail 48. At this point the downwardly sloping portion of
      the bucket return rail will start pivoting the bucket counter-clockwise
      toward its original horizontal position. As the bucket reaches
      approximately a vertical position the side wall of the bucket engages the
      nose of a bucket return guide member 49, as shown in FIG. 9. Further
      continued movement of the bucket conveyor will cause the bucket to be
      forced back toward its original horizontal position as shown in FIG. 10 at
      which time the dumping operation of the bucket has been completed. The
      side wall of the bucket which has been dumped will then ride under the
      lower guiding surface of the bucket return guide member 49 which will
      direct movement of the bucket in a horizontal position until the bucket
      again reaches the bucket guide rail 31.
PAR  FIGS. 11 and 12 illustrate a modified form of the bucket guiding and
      stabilizing means of the present invention. In this form of the invention
      the rigid guide rails 31 of the prior embodiment are not required to guide
      movement of the buckets toward and away from the reject station. As
      illustrated in FIG. 11, the bucket conveyor includes a series of buckets
      50 carried by spaced parallel conveyor chains 51 which pass over sprockets
      52 and 53 at opposite ends of the bucket conveyor. A drive motor 54 is
      provided to drive the forward sprocket 52. The upper run of the conveyor
      carries the buckets 50 in straight line past the loading, inspection,
      reject, and accept stations. This arrangement of handling the product in
      the buckets is the same as that shown in the embodiment of FIG. 1.
PAR  As illustrated in FIG. 12, the buckets 50 have mounting lugs 55 projecting
      out of opposite sides of the buckets which pivotally mount the buckets on
      mounting pins 56 carried by and projecting inwardly from the spaced
      parallel conveyor chains 51. Also, bucket guide pins 57, 57 project
      outwardly from the front and rear of one side of the buckets to engage the
      bucket guiding and stabilizing means more fully described hereinafter.
      Each bucket also has a dumping lug 58 similar to the aforementioned
      dumping lug 46 of the buckets 28 which may be engaged by dumping mechanism
      exactly the same as the dumping mechanism shown in the embodiment of FIGS.
      1 to 10 inclusive of the drawings and which includes the movable dump
      lever 45, the dump cam 47 and the bucket return rail 48.
PAR  In accordance with this embodiment of the present invention, during normal
      movement of the buckets 50 along the upper run of the bucket conveyor the
      buckets are guided and normally maintained in a horizontal position by
      means of a flexible guide cord 59 which engages under the front and rear
      guide pins 57, 57 of each of the buckets. The flexible guide cord 59
      extends in a horizontal direction form the forward sprocket 52 to the
      rearward sprocket 53, as shown in FIG. 11 and thus guides the buckets
      during their entire movement from the loading section to the acceptance
      station. At the loading end of the bucket conveyor, the guide cord 59
      passes over a pair of guide rollers 60, 60 and then has its forward
      terminal end anchored to a spring 61. Similarly, at the opposite end of
      the bucket conveyor the guide cord 59 passes over a pair of guide rollers
      62, 62 and has its terminal end anchored to a spring 63. As set forth
      previously, instead of the pair of springs 61, 63, a single spring may be
      used. In the alternative the guide cord itself may be elastic and anchored
      to stationary posts, or a combination of elastic cord and springs may be
      used as desired.
PAR  The guide cord 59 is normally maintained in a horizontal position and
      prevented from deflecting by means of a series of pins 65 carried by a
      movable pin conveyor 66. These pins 65 engage beneath the guide cord 59 at
      a position intermediate adjacent buckets 50 and the pin conveyor 66 is
      driven from the drive more 54 so that movement of the pins 65 is
      synchronized with movement of the bucket 50.
PAR  When it is desired to dump a bucket 50 at the reject station, the dump
      lever 45 is pivoted upwardly as described previously into the path of
      travel of the dump pin 58 of bucket 50. This causes the bucket 50 to start
      pivoting in a clockwise direction about the mounting pins 56. At this time
      the forward guide pin 57 deflects the flexible guide cord 59 downwardly as
      shown in FIG. 12. However, the guide pins 65 prevent deflection of the
      guide cord beneath adjacent buckets so that the adjacent buckets are
      maintained horizontal. Dumping of the bucket and return of the bucket to
      its upright position is accomplished in exactly the same manner as
      previously described in conjunction with dumping of the bucket 28. This
      dumping operation is illustrated schematically in FIGS. 6 to 10 inclusive.
PAR  FIGS. 13 and 14 illustrate still a further embodiment of the present
      invention in which it is unnecessary to use guide pins on the buckets to
      guide movement of the buckets. As illustrated in FIGS. 13 and 14, buckets
      70 similar to the aforementioned buckets 28 and 50 are provided which are
      pivotally connected to endless conveyor chains 71, for example, by means
      of mounting lugs 72 which engage over mounting pins 73 carried by the
      conveyor chains 71. Similarly, a dumping lug 74 is provided on each bucket
      adapted to be engaged by the dump lever 45 described in conjunction with
      prior embodiments. In this embodimennt of the present invention, a guide
      rail 76 is provided spaced inwardly of the side edges of the buckets and
      which is engaged by the bottom of the buckets to prevent tilting or
      rocking movement of the buckets before the buckets enter the reject
      station and after the buckets leave the reject station. The guide rail 76
      is interrupted at the rejet station to permit selected buckets to be
      dumped.
PAR  In this embodiment of the invention, movement of the buckets is guided at
      the reject station by means of a flexible guide cord 77 which engages
      beneath the lower surface of the bucket as illustrated in FIG. 14 in the
      same horizontal plane as the upper edge of the guide rail 76. The guide
      cord 77 is constructed and mounted in exactly the same manner as the guide
      cord 34 of the embodiment of FIGS. 1 to 10 inclusive of the invention with
      the exception that it is engaged beneath the lower edge of the bucket
      instead of beneath guide pins. Similarly, a driven pin conveyor 78 having
      a series of guide pins 79 thereon is provided, with the guide pins 79
      engaging beneath the cord 77 intermediate adjacent buckets at the reject
      station. The pin conveyor 78 and guide pins 79 and movement of the pin
      conveyor 78 is the same as that of the aforementioned pin conveyor 41 and
      guide pins 44.
PAR  When the bucket 70 of this embodiment of the invention is dumped by upward
      movement of the dump lever 45, the bucket 70 is pivoted in the clockwise
      direction as illustrated in FIG. 13 of the drawings with the forward edge
      of the bucket 70 engaging and deflecting the guide cord 77 at a location
      between the guide pins 79 immediately in front of and immediately behind
      that bucket being dumped. Dumping of the bucket and return of the bucket
      to its horizontal position is accomplished in the same manner as described
      previously in conjunction with the embodiment of the invention shown in
      FIGS. 1 to 10.
PAR  FIGS. 15 and 16 illustrate still another embodiment of the present
      invention including means for maintaining the buckets of the bucket
      conveyor stable during movement along the upper run of the conveyor but
      permitting a selected bucket to be dumped at the reject station without
      affecting the stability of adjacent buckets. In this embodiment of the
      invention, a series of buckets 80 are provided which are pivotally mounted
      between spaced parallel conveyor chains 81 by means of mounting lugs 82
      projecting outwardly from the upper portion of the mid-point of each
      bucket and engaging over mounting pins 83 carried by the conveyor chains
      81.
PAR  Secured to one conveyor chain 81 intermediate each bucket of the bucket
      conveyor is an upwardly projecting link member 84 which carries an
      inwardly extending guide pin 85. The guide pin 85 projects inwardly at
      right angles to the direction of movement of the buckets and is positioned
      at a vertical level at or slightly above the upper edge of the buckets 80.
      A series of elastic guide cords or bands 86 are provided with each guide
      cord or band 86 passing about a pin 85 adjacent the front end of a bucket
      80, extending over the bucket 80 in a longitudinal direction adjacent to
      and slightly inward of one side edge of the bucket and then passing about
      the pin 85 at the other end of the bucket 80.
PAR  This guide cord 86 is flexible and elastic and will normally engage the
      upper edges of the buckets 80 to prevent tilting or rocking movement of
      the buckets as they are carried along the upper run of the conveyor.
      However, when it is desired to dump a bucket at the reject station, the
      reject lever 45 engages a dumping lug 87 of a bucket 80. The bucket is
      then caused to pivot in the clockwise direction as shown in FIG. 15 and
      the trailing edge of the bucket engages and distorts the flexible guide
      cord 86 as shown. Continued dumping and return of the bucket after
      deflection of the guide cord 86 is the same as in the prior embodiments of
      this invention. If desired, the link portions 84 of the conveyor chain 81
      may be directed downwardly instead of upwardly so that the guide cord
      passes beneath instead of above each of the buckets.
PAR  From the foregoing it will be observed that the present invention provides
      novel stabilizing means to guide pivotal buckets of a bucket conveyor in a
      positive manner past a reject station to prevent tilting or rocking of
      those buckets which are to pass the rejection station without being
      dumped. In addition it will be observed that the present invention
      provides novel dump mechanism for a pivoted bucket conveyor which will
      dump and return a bucket at a reject station without affecting the path of
      travel of adjacent buckets of the conveyor.
PAR  While particular embodiments of the present invention have been illustrated
      and described herein it is not intended to limit the invention to such a
      disclosure and changes and modifications may be incorporated and embodied
      therein within the scope of the following claims: I claim:
CLMS
NUM  1.
PAR  1.  A pivoted bucket conveyor including conveyor means to move buckets
      along a predetermined path, means pivotally connecting the buckets to said
      conveyor to permit dumping of selected buckets at a predetermined
      location, dump means at said predetermined location to dump the contents
      of said selected buckets at said location by engaging and causing rotation
      of said buckets about the pivotal connection of said buckets to said
      conveyor, a first guide member extending generally parallel to said
      conveyor, guide means on said buckets in engagement with said guide member
      to prevent rotating movement of said buckets, said guide member being
      interrupted at said predetermined location to permit said selected buckets
      to be rotated and dumped at said location, and a yieldable flexible second
      guide member spanning the interrupted portion of said first guide member
      to guide buckets other than said selected buckets past said predetermined
      location.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 in which said second guide member
      comprises a flexible cord extending across the interrupted portion of said
      first guide member, and resilient means associated with said cord to
      normally maintain said cord in alignment with said first guide member and
      permit deflection of said cord when a selected bucket is dumped at said
      predetermined location.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 in which said resilient means
      comprises at least one extensible spring member connected to an end of
      said flexible cord.
NUM  4.
PAR  4. Apparatus in accordance with claim 2 in which the extent of the
      interrupted portion of said first guide member is substantially greater
      than the length of a bucket, and movable support means between said bucket
      at said interrupted portion of said first guide member to engage and
      support said flexible cord between each bucket.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 in which said movable support means
      comprises a second endless conveyor traveling in the same direction and at
      the same speed as said bucket conveyor means, and a series of support pins
      carried by said second conveyor extending beneath and in engagement with
      said flexible cord between each bucket at said interrupted portion of said
      first guide member.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 including common drive means for
      said bucket conveyor and said second conveyor.
NUM  7.
PAR  7. Apparatus in accordance with claim 1 wherein said dump means includes a
      projection extending outwardly from each bucket beneath the pivotal
      connection of the bucket to said conveyor, and a dump lever movable from a
      first position out of the path of travel of said projection to a second
      position in the path of travel of said projection, said dump lever in said
      second position operable to engage said bucket projection and cause
      rotation of said bucket toward a position to dump the contents of the
      same.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 wherein the guide means on said
      buckets includes a pair of guide pins projecting outwardly from said
      buckets adjacent the fron and rear of said buckets and riding along the
      upper surface of said first and said second guide members to guide
      movement of said buckets, the guide pin adjacent the front end of said
      bucket being adapted to distort said second guide member downwardly upon
      rotation of said bucket at said predetermined loacation.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 including first cam means to engage
      a bucket after it has been rotated by said dump lever and rotate said
      bucket further to a fully rotated position to dump the contents of the
      same, and second cam means to engage said bucket after it reaches its
      fully rotated position and return said bucket to an upright positon.
NUM  10.
PAR  10. A pivoted bucket conveyor including conveyor means to move buckets
      along a predetermined path, means pivotally connecting the buckets to said
      conveyor to permit dumping of selected buckets at a predetermined
      location, dump means at said predetermined location to dump the contents
      of said selected buckets at said location by engaging and causing rotation
      of said buckets about the pivotal connection of said buckets to said
      conveyor, guide means extending lengthwise of said conveyor to engage and
      guide movement of said buckets and normally prevent pivotal movement of
      said buckets relative to said conveyor, at least a portion of said guide
      means including the portion thereof at said predetermined location being
      flexible and being deflected by an engaged portion of a selected bucket
      when said selected bucket is pivoted by said dump means, and movable
      support means between adjacent buckets in engagement with the flexible
      portion of said guide means to engage and support said flexible portion of
      said guide means between adjacent buckets.
NUM  11.
PAR  11. Apparatus in accordance with claim 10 wherein said dump means includes
      a projection extending outwardly from each bucket beneath the pivotal
      connection of the bucket to said conveyor, and a dump lever movable from a
      first position out of the path of travel of said projection to a second
      position in the path of travel of said projection, said dump lever in said
      second position operable to engage said bucket projection and cause
      rotation of said bucket toward a position to dump the contents of the same
      .
NUM  12.
PAR  12. Apparatus in accordance with claim 10 in which said flexible portion of
      said guide means comprises a flexible cord, and resilient means associated
      with said cord to normally maintain said cord in alignment with said
      buckets to guide the same and permit deflection of said cord when a
      selected bucket is dumped at said predetermined location.
NUM  13.
PAR  13. Apparatus in accordance with claim 12 in which said resilient means
      comprises at least one extensible spring member connected to an end of
      said flexible cord.
NUM  14.
PAR  14. Apparatus in accordance with claim 12 in which the movable support
      means comprises a series of support pins positioned between adjacent
      buckets at said flexible portion of said guide means in engagement with
      said flexible cord.
NUM  15.
PAR  15. Apparatus in accordance with claim 14 in which said support pins are
      carried by and movable with said conveyor.
NUM  16.
PAR  16. Apparatus in accordance with claim 14 in which said support pins are
      carried by a second endless conveyor traveling in the same direction and
      at the same speed as said bucket conveyor.
NUM  17.
PAR  17. Apparatus in accordance with claim 10 in which said guide means
      comprises a flexible cord extending substantially the full length of the
      bucket conveyor, resilient means associated with said cord to maintain
      said cord in alignment with the buckets and permit deflection of the cord
      when a selected bucket is dumped at said predetermined location, and
      movable support means between each bucket to engage and support said
      flexible cord between each bucket.
NUM  18.
PAR  18. Apparatus in accordance with claim 17 in which said movable support
      means comprises a second endless conveyor having an upper run extending
      substantially the full length of said flexible cord traveling in the same
      direction and at the same speed as the bucket conveyor, and a series of
      support pins carried by said second conveyor extending beneath and in
      engagement with said flexible cord between each bucket.
NUM  19.
PAR  19. Apparatus in accordance with claim 10 in which said guide means
      comprises a rigid track member positioned in engagement with the under
      surface of the buckets of the upper run of the bucket conveyor, said track
      member being interrupted at said predetermined location, and a flexible
      cord spanning the interrupted portion of said track member to engage
      beneath and guide buckets at said predetermined location.
NUM  20.
PAR  20. Apparatus in accordance with claim 19 including resilient means
      associated with said flexible cord to permit deflection of said cord when
      a selected bucket is dumped, and movable support means to engage and
      support said cord between each bucket at said predetermined location.
NUM  21.
PAR  21. Apparatus in accordance with claim 10 in which said bucket conveyor
      comprises spaced parallel conveyor chains pivotally mounting the buckets
      therebetween, and said guide means is carried by one of said conveyor
      chains and normally maintains said buckets in a predetermined position
      relative to the conveyor chain, said guide means being resilient and
      permitting rotation of said buckets at said predetermined location.
NUM  22.
PAR  22. Apparatus in accordance with claim 21 in which said guide means
      includes a series of support pins projecting inwardly from said one
      conveyor chain with a pin positioned intermediate each pair of adjacent
      buckets, and a flexible elastic cord extending between and carried by
      adjacent pins in engagement with the bucket between said adjacent pins to
      normally maintain said bucket in a predetermined position.
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ABST
PAL  Conveying apparatus having primary support means of low friction character
      such as roller means or low friction slide or runner means to carry the
      weight of articles to be moved from place to place, and endless drag means
      propelled along the primary support and provided with motion exciting
      means adapted to engage and propel the articles. When the articles are to
      be accumulated a stop is imposed on the lead articles and thereafter the
      exciter means propels successive articles into the accumulation area and
      in each instance the exciter means passes underneath the articles to
      follow the path of the endless drag means. The exciter means is
      constructed to be easily replaced as it is the principal part that takes
      wear, and the degree of frictional contact with the articles may be
      selected to match the weight of the articles so as to require the least
      power and generate the least accumulative pressure.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to conveyors of the general character in which
      articles are propelled along by drag means, and is particularly concerned
      with improvements in the articles motion exciting means and the action
      thereof on the articles, as well as other features to be pointed out.
PAR  Conveyors of the character in which articles are dragged or propelled along
      a lane of rollers or runners have embodied expensive structural
      components, have required a great deal of power, or have article drag
      means that cannot easily be adapted to the articles to be conveyed.
      Certain of the prior conveyors have relied upon the friction of a
      thickened belt but wear is severe on such belts and the quality of the
      friction contact soon deteriorates and article movement is unsure. In
      other conveyors use is made of spring fingers to engage and propel
      articles, but the fingers do not retain a uniform contact and are easily
      damaged by careless usage. Still other conveyors in the present class are
      provided with article drag means of block form that make up the propelling
      means and consequently have more than one drag block engaged with each
      article. These latter conveyor types require more power than is necessary,
      provide greater accumulative load pressure when loads are blocked against
      an end stop, and are complicated to make and assemble.
PAR  The present article propelling mechanism for conveyor apparatus embodies an
      organization of components which is an improvement on the conveyors
      heretofore found in the art. The principal objects of this invention are
      to provide an endless draw chain with article motion exciting means which
      can be adjusted to propel one or several articles, to provide a conveyor
      having means to assure the loading and unloading of articles, to provide
      motion exciting means that may be easily assembled or interchanged so that
      different materials may be used to suit the character of the articles to
      be conveyed, and to provide motion exciting means shaped to operate in
      either direction of movement so that a conveyor assembly may be reversed
      in direction without the need to change any part.
PAR  A preferred embodiment of this invention relating to an article propelling
      conveyor comprises two series of article supporting rollers or runners
      arranged in spaced apart positions with the upper surfaces of the rollers
      or runners defining the conveying path, endless drag means having an
      operative span directed lengthwise between said series of rollers or
      runners, a plurality of article motion exciting means connected to said
      endless drag means in spaced relation, a slide surface extending
      lengthwise beneath said operative span of the drag means, each of said
      motion exciting means being formed with a body portion slidingly engaged
      on said slide surface to support said drag means therefrom and with
      impelling surfaces presented to engage articles deposited on said two
      series of rollers or runners, and power means operatively connected to
      said drag means to repeatedly move said motion exciting means on said
      slide surface, whereby the impelling surfaces engage and propel the
      articles along said series of rollers or runners, said impelling surfaces
      being effective to push a single article or series of articles at at time,
      at other times to partially slide beneath the rearmost article of a group
      of articles in tandem accumulation so as to lift the rearmost article and
      increase the frictional propelling effort on the group, and further to
      slide beneath a tandem accumulation of articles until the friction
      propelling effort effects movement of the leading one or more articles,
      and the next following article exciting means is effective to propel the
      remaining articles in the tandem accumulation thereof singly or in
      multiples.
PAR  Another embodiment of this invention relating to an article propelling
      conveyor comprises a pair of parallel spaced apart series of article
      supporting rollers or runners defining a path for movement of the
      articles, a slide surface extending along and between said series of
      rollers or runners, drag means having an operative conveying span adjacent
      to said slide surface, a plurality of article motion exciting means
      detachably connected to said drag means in spaced relation, each of said
      motion exciting means having a body in sliding contact on said slide
      surface to support said drag means off of said slide surface and having
      upper portions formed with oppositely directed sloping surfaces and a
      mid-surface, said sloping surface and mid-surface being presented to
      engage the articles to be conveyed, and means adjustably supporting said
      slide surface for movement into positions where the elevation of said
      sloping surfaces or mid-surfaces on said motion exciting means is
      selectively adjustable with respect to said article supporting rollers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The preferred embodiments of this invention are shown in the accompanying
      drawings, wherein:
PAR  FIG. 1 is a fragmentary plan view of the opposite end portions of a
      conveyor having the characteristic feature of the present improvements to
      be described;
PAR  FIG. 2 is a tranverse sectional elevational view taken along line 2--2 in
      FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 2 but showing a modification in which
      runners are substituted for rollers;
PAR  FIG. 4 is a fragmentary sectional elevational view taken along line 4--4 in
      FIG. 1;
PAR  FIG. 5 is a fragmentary plan view of one end of a conveyor having a
      modified means for stopping the flow of articles; and
PAR  FIGS. 6, 7 and 8 are schematic views of the action of the article motion
      exciting means in different stages of operation.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, the principal structural components of the
      conveyor are shown to comprise spaced apart high side guards 10 supported
      by cross members 11, in turn, mounted on legs 12 or in such manner as to
      maintain the conveyor at a desired elevation, whether it is horizontally
      level, or inclined up or down in the direction of travel or articles.
PAR  Inwardly of each guard 10 there is arranged a pair of longitudinal rails 13
      of appropriate shape. The rails are secured to the cross members 11 so as
      to be fixed in spaced relation to each other and to the guards 10. The
      rails 13 support a plurality of rollers 14 which collectively have the
      upper surfaces above the rails 13 to define an article supporting
      track-way. The space between the rails 13 is occupied by an elongated
      plate 15 providing a slide way 16 on its upper face. The plate has its
      longitudinal edges turned down to lend stiffness to the plate, and angle
      members 17 are secured along each turned edge to additionally stiffen the
      plate and provide the attachment for adjusting means 18. It is obvious
      that other roll formed or extended sections may be substituted in place of
      plate 15 and angles 17 to provide a guided slide surface 16 without
      altering the intent of the invention. Each adjusting means includes a
      threaded vertical stud and a pair of nuts threaded on the stud and
      embracing the horizontal leg of the angle irons 17. The cross members 11
      of the assembly are set close enough, or are sufficient in number, to
      provide support for the rails and the elongated plate 15 and maintain
      these components in desired alignment and without detrimental sag.
PAR  Near one end (the right end in FIG. 1) of the conveyor assembly there is a
      drive shaft 20 having suitable bearing 21 at one end and a second bearing
      22 inboard of the other end so that the shaft end portion can be engaged
      in a suitable gear box 23. The gear box 23 has its driven pulley 24
      engaged by a belt 25 extending into engagement with the pulley 26 of the
      drive motor 27. The motor 27 powers the shaft 20 on which are affixed a
      pair of traction wheels 28 spaced apart so that there will be room for a
      sprocket 29 that will be aligned with the center of the plate slide
      surface 16. The opposite end of the conveyor is provided with an idler
      shaft 30 to carry a pair of traction wheels 31 and a sprocket 32, with the
      sprocket 32 aligned with the sprocket 29. A chain 33 is trained over these
      sprockets 29 and 32 with an upper span positioned above the plate surface
      16 and its lower span below the cross members 11 and supported in a pan
      15A suspended from the cross members 11.
PAR  The chain 33 (FIG. 4) is made up of two series of side links 34 and 35
      having the adjacent ends in lapped relation and secured by pivot pins 36.
      The pins 36 carry rollers 37 between the side links, as in accordance with
      standard roller chains. The roller chain is modified at desired places
      along its span by having elongated pivot pins 36A so that a portion of
      these pins project laterally beyond the chain links 34 and 35 to provide
      mounting means for article conveying means 38 at each side which engage
      and excite article into movement. Each exciter means 38 is made up of a
      pair of bodies secured to the sides of the chain 33. The bodies have a
      portion extending below the chain links 34 and 35, as well as the rollers
      37, to engage and glide on the surface 16 of the plate 15 and thereby
      maintain all or substantially all of the chain 33 between exciter means 38
      from engaging the surface 16. The upper portion of each body extends above
      the chain 33 to provide a lug which has slanted surfaces 39 merging in a
      flat mid-surface 40. It is characteristic of this improvement that each
      body 38 is quickly replaceable by removing the quick-disconnect chain link
      keepers 41 that are pressed over the projecting ends of the pins 36A.
PAR  The article propelling or conveying exciter means 38, as above described,
      are adapted to support the roller chain 33 above the plate surface 16 so
      that noise and chain clatter will be avoided, and further so that wear
      will be mainly taken by the bodies of the exciter means 38. The means 38
      may be made from a number of suitable materials, such as aluminum, brass,
      plastics or rubber or suitable combination therof, to accommodate the
      character of articles being conveyed and the level or inclined attitude of
      the conveyor. Exceptional noise reduction is achieved by forming the means
      38 of polyethylene which has the least impact effect on the articles, as
      also does rubber material. The relation of the components to an article A
      is well shown in various views of the drawings.
PAR  Turning now to FIG. 3 it can be seen that the assembly has been modified
      over that seen in FIG. 2 by substituting runners or skids 14A for the
      rollers 14. The runners 14A are placed on the upper elongated edges of the
      rails 13 and are composed of a material having a low coefficient of
      friction as these runners furnish the principal support, just as do the
      rollers 14 of FIG. 2.
PAR  It is frequently desirable to deliver articles to the end of a conveyor and
      retain them until they are removed. In order to provide means to stop or
      hold the articles on the conveyor of FIG. 1, the right hand end of the
      assembly is provided with opposed compression pads 42 located at the sides
      10 of the conveyor (FIGS. 1 and 2). The pads 42 are connected to the
      vertical shafts 43 and 44 by links 45 and 46 respectively located near the
      upper ends. The shafts 43 and 44 are carried by suitable brackets, such as
      the upper bearing brackets 47 and by lower bearing brackets 48 for the
      shaft 44. While not shown, it is understood that similar brackets are used
      for shaft 43. A power unit 49 is connected to the right hand shaft 44 by a
      crank 50 which is cross connected by a rod 51 to a crank 52 on the shaft
      44 at the opposite side. When the power unit 49 is energized to extend, it
      will close the pads 42 against the sides of an article to arrest or retard
      its further movement. Obviously the compression pads 42 may be operatively
      mounted at any chosen location or several locations along the conveyor.
PAR  FIG. 5 shows a different embodiment of article arresting means. Here a
      single vertical shaft 52 on each side carried in a suitable bearing
      brackets 53 is employed to support a stop arm 54 having an article
      engaging element 55 at its outer end. The lower end of the right hand
      shaft 52 is provided with a crank 56, one end of the crank 56 being
      connected to a cross link 57 which extends under the conveyor and connects
      to a crank 58 on the opposite shaft 52. The other end of crank 56 is
      connected to the power unit which may be fluid motor 59. The opening and
      closing action of the stop arms can be easily understood from the
      foregoing description.
PAR  The operation of the conveying exciter means 38 is shown schematically in
      FIGS. 6, 7, and 8. The views include only the series of rollers which
      supply the principal support of the article A which in this example is a
      tote-box but could be any of various sized, but appropriately shaped
      packages. In FIG. 6 the tote-box A is resting on the roller 14 as an
      exciter means 38 is drawn along by the roller chain 33. The exciter means
      38 form lugs projecting above the chain 33 a distance D above the top line
      of the rollers 14. The advancing slanting surface 39 engages the tote-box
      A with a minimum of impact noise or shock to the tote-box. If the tote-box
      A is empty or lightly loaded the means 38 will merely push the tote-box
      along in front. However, if the tote-box is loaded even lightly, the means
      38 will encounter inertia as well as the normal friction in the rollers
      14, and therefore the means 38 will move beneath the tote-box A a distance
      that will depend on when the friction between the means 38 and the
      tote-box will exceed the friction in the rollers 14. The effect of the
      last described condition is shown in FIG. 7, that is the tote-box will be
      partially lifted off some of the rollers 14 and assume a tilted position
      which will give maximum effect to the conveying effort of means 38. As
      seen in FIG. 8, the condition of an obstruction S (which may be the pads
      42 in FIG. 1 or the stop means 55 in FIG. 5.) will stop advance of the
      tote-box A and the means 38 will be caused by the pull of the chain 33 to
      slide forward under the tote-box and continue on. Each subsequent means 38
      on the chain 33 will initate the same action and pass beneath the tote-box
      but will effect a lifting action to test the obstruction S. When the
      obstruction S is removed the next means 38 will resume the propelling
      influence on the tote-box or boxes.
PAR  The propelling or conveying effort of each means 38 on the articles A can
      be selected as needed by varying the distance D (FIG. 6) the surface 40 of
      each means 38 projects above the top line of the rollers 14. The
      adjustment is effected (FIG. 1) by turning the nuts of the adjusting means
      18 on the studs. In addition, articles A can be positively moved onto or
      off of the conveyor at either end by the provision of the traction wheels
      28 and 31, depending on which direction the means 38 are moved by the
      roller chain 33. It is especially useful to have the traction wheels at
      the article loading end so that each article will be moved sufficiently
      onto the rollers 14 to be properly engaged by the next means 38 that
      arrives at the loading end.
PAR  In the conveyor assembly above described it is to be understood that there
      are a number of variables that must be considered. The variations possible
      in selecting the distance D provide a way to increase or decrease the
      propelling effect of means 38. The spacing along the chain 33 of the means
      38 is another variable to be considered in view of the fact that one means
      38 has a practical limit in relation to the number of articles A that can
      be propelled at one time. When the number of articles accumulated in front
      of one means 38 exceeds the ability to propel all of the articles the
      means 38 will slide beneath one or more articles until its propelling
      effort exceeds the frictional resistance in the bearings for the roller
      supports 14 or the runners 14A. Furthermore, there is a situation often
      encountered in conveyors when it is desirable to accumulate a group of
      articles at a designated station, but it is not desired to stop the
      conveyor or even cause overloading of the conveyor drive. In such a
      situation the spacing between means 38 cna be adjusted by removing certain
      of the bodies, and the elevation distance D also can be adjusted so that
      each means 38 will slide under the accumulated articles without overload
      effect on the motor 27. Such an accumulation condition can be recognized
      in FIG. 8 as the obstruction S will cause several articles A to backup at
      that point. Another variable to be considered is that of varying the
      travel speed of the draw means relative to the number of exciters 38, thus
      in another manner to predesign the rate at which loads A will be advanced
      along the conveyor.
PAR  The embodiments above described have the advantages and unique features of
      exciter means 38 being selectively spaced along the length of the chain
      33, the means 38 being made up of removable side bodies so that different
      materials and sizes of the bodies can be installed and the means 38 being
      symmetrical so that it will operate in either direction of movement to
      move articles as desired merely be reversing the drive direction of the
      motor means 27. The means 38 also have the unique feature of supporting
      the chain 33 so that only the means 38 are subjected to wear and require
      replacement from time-to-time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Article propelling mechanism for conveying apparatus comprising
      longitudinally extending and spaced article supporting memebers defining
      the conveying path, endless drag means having an operative span directed
      lengthwise between said articles supporting members, a plurality of
      article motion exciting means connected to said endless drag means in
      spaced relation, a slide surface extending lengthwise beneath said
      operative span of the drag means, each of said motion exciting means
      including a pair of bodies secured to the opposite sides of said endless
      drag means and extending below said drag means to slidingly engage said
      slide surface to support and maintain said drag means elevated above said
      slide surface and out of contact therewith and with upwardly presented
      friction propelling mid-surfaces presented to engage articles deposited on
      said article supporting members and oppositely inclined surfaces extending
      therefrom, said oppositely inclined surfaces rendering the conveyor drag
      means operative in reverse directions of movement, and power drive means
      operatively connected to said drag means to repeatedly move said motion
      exciting means on said slide surface, whereby the friction propelling
      surfaces engage and propel the articles along said supporting members,
      said friction propelling surfaces being shaped to present said oppositely
      inclined sloping surfaces at an elevation relative to said conveying path
      such that the lead surface can selectively partially slide beneath and
      propel a single article and can slide beneath the rearmost one of a group
      of articles in tandem accumulation in said conveying path so as to lift
      the rearmost article for obtaining an increase in the frictional
      propelling effort to effectively propel a group of articles.
NUM  2.
PAR  2. The article propelling mechanism for conveying apparatus set forth in
      claim 1 wherein said conveyor apparatus has opposite article loading and
      unloading ends, rotary shaft means at said ends operatively engage with
      said endless drag means and defining the ends of the operative span of
      said drag means, and traction wheel means mounted on said shaft means at
      least at one end to engage and effect positive movement of each article
      relative to said supporting means, said traction wheel means being
      disposed on each side of said drag means to move an article relative to
      said exciter means.
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ABST
PAL  A continuous belt conveyor for transporting bottles to be processed
      includes an inclined ramp portion for elevating bottles to a moving
      horizontal platform portion, screw means for selectively adjusting the
      height of the moving horizontal platform portion without varying the
      length or tension of the conveyor belt, a variable pitch horizontally
      disposed screw guide for uniformly spacing bottles as they enter upon the
      moving horizontal platform, and a plurality of uniformly spaced neck
      gripping overhead bottle carriers mounted on a continuous overhead chain
      moving in synchronism with the conveyor belt, with overhead cam means
      adjacent to the junction between the inclined ramp portion and the
      horizontal platform portion of the conveyor belt for causing the overhead
      bottle grippers to be successively elevated over, aligned with, and then
      lowered onto neck locking engagement with individual bottles passing
      therebeneath. The overhead bottle grippers comprise a clam shell type of
      structure opened when elevated and closed when lowered and a surrounding
      rotatable cylindrical shield which holds the clam shells in locked
      position when lowered thereover and which also by engagement with a
      suitable rack produces a rotation of the bottles as they are carried
      thereby through a spray processing station. A synchronous drive mechanism
      including a feedback loop between the conveyor belt and the overhead chain
      conveyor maintains constant speed and physical relationship between the
      two continuously moving conveyor means.
PARN
PAR  This is a division, of application Ser. No. 352,682, filed Apr. 19, 1973
      now U.S. Pat. No. 3,860,104.
BSUM
PAR  The foregoing abstract is not to be taken either as a complete exposition
      or as a limitation of the present invention. In order to understand the
      full nature and extent of the technical disclosure of this application,
      reference must be had to the following detailed description and the
      accompanying drawings as well as to the claims.
PAC  BACKGROUND OF THE INVENTION
PAR  In prior art conveyor systems for handling bottles in spraying or other
      processing operations, it has always been a problem to adjust the system
      for different sizes and different heights of bottles. Where adjustable
      platforms have been provided, it has been necessary to have these isolated
      from the inclined conveyor belt carrying bottles thereto with a dead space
      transfer point between the inclined conveyor and the separate horizontal
      conveyor. This causes problems of bottles knocking inasmuch as each bottle
      as it enters the dead space becomes stationary until it is pushed thereoff
      by the next bottle behind it and that in turn, in addition to the problems
      of breaking or surface marring, has interferred with means for uniformly
      spacing bottles beneath the overhead carriers. In the present invention a
      continuous belt passing over a total of 4 rollers includes an inclined
      portion which is contiguous with a horizontal portion thereby eliminating
      this problem of dead space transfer. The horizontal portion is mounted on
      two screw jacks so that it may be raised or lowered and this is
      accomplished without increasing or otherwise varying the tension or length
      of the continuous conveyor belt. The path traversed by the belt in the
      present invention defines a parallelogram having an upper horizontal
      portion, a lower horizontal portion and upper and lower angularly inclined
      portions. The path length of the conveyor belt remains constant regardless
      of the height of the upper horizontal portion.
PAR  Furthermore, while various neck gripping bottle carriers have been devised
      heretofore, they have all had some limitations such as for example
      requiring that the clam shells be particularly oriented so that the bottle
      necks enter the open side before the clam shells are closed, and also with
      the prior art overhead carriers there has been no provision for protecting
      the carrier structure from spray materials which may be applied to the
      bottles, thus giving rise to accumulated deposits which ultimately
      interfere with the normal and proper functioning of the bottle gripping
      members. The present invention overcomes these drawbacks of the prior art
      by providing means for dropping the overhead conveyors onto aligned
      bottles therebeneath without requiring particular angular orientation of
      the neck gripping clam shell bottle carriers. Additionally, in the present
      invention the overhead bottle carrier devices are provided with an
      external cylindrical shield member which functions not only to lock the
      clam shell grippers on the necks of the bottles but also to protect the
      clam shell gripping mechanism from the deleterious effects of accumulated
      spray materials or other ingredients at a bottle processing station. The
      positive locking mechanism of the overhead bottle carriers in the present
      invention eliminates any possibility of a bottle being dropped until the
      processing operations are completed and the overhead carrier chain returns
      the bottles to a discharge platform onto which they are placed for
      transfer to a downward inclined ramp and thence onto a conntinuous moving
      exit conveyor. The inclined conveyor belt and the overhead claim shell
      neck gripping carriers of the present invention function both for picking
      up bottles to be processed and for discharging finished bottles as they
      leave the processing station.
PAC  OBJECTS OF THE INVENTION
PAR  One object of the present invention is to provide an improved horizontal
      conveyor belt mechanism which is easily adjustable in height whereby
      bottles or other containers of varying types may be carried up an inclined
      ramp and delivered to a continuously moving horizontal portion of the same
      continuous belt.
PAR  Another object of the invention is to eliminate dead space between an
      inclined conveyor belt and a horizontal conveyor belt.
PAR  A further object of the invention is to provide such a continuous conveyor
      belt which is quickly and easily varied in height beneath an overhead
      conveyor to accommodate bottle containers of differing heights.
PAR  An additional object of the invention is to provide an improved overhead
      bottle carrier in combination with the improved continuous horizontal
      conveyor belt structure of the invention whereby bottles received at
      random on the conveyor belt are automatically uniformly spaced and
      successively engaged by positive locking overhead carriers.
PAR  Another object of the invention is to provide improved overhead neck
      gripping bottle carriers with a positive gripping lock and an integral
      shield for protecting both the bottle neck and the gripping mechanism from
      any processing materials to which the bottles may be subjected.
PAR  Still another object of the invention is to provide a mechanism embodying
      the objects hereinbefore set forth which is usable both for receiving
      bottles at random and transporting them through a processing station and
      then for discharging bottles after processing.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
DRWD
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a top plan view of a complete conveyor system according to the
      invention including an input station, a spray station and a discharge
      station;
PAR  FIG. 2 is a vertical front view of the input and spray station portions of
      the system disclosed in FIG. 1;
PAR  FIG. 3 is a vertical side view of the discharge station of the system shown
      in FIG. 1 of the drawings and taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged detail front elevation view of the input station of
      the invention showing the adjustable height means for the continuous
      conveyor belt and the inter-relation between the overhead carrier system
      and the synchrodrive coupling the same to the horizontal belt conveyor;
PAR  FIG. 5 is a detailed top sectional view taken along the line 5--5 of FIG.
      4;
PAR  FIG. 6 is a detailed sectional view taken along the line 6--6 of FIG. 4,
      showing a bottle on the horizontal conveyor belt and engaged by the
      overhead carrier;
PAR  FIG. 7 is a further detailed sectional view taken along the line 7--7 of
      FIG. 4 and showing a bottle just before it is engaged by the overhead clam
      shell carrier;
PAR  FIG. 8 is an enlarged side elevational view showing the relationship
      between a bottle and the overhead carrier aligned therewith just before
      the clam shell grips the bottle neck; and FIG. 9 is an enlarged detailed
      elevation similar to FIG. 8 showing the overhead carrier in its lowered
      position surrounding and engaging the neck of a bottle in positive locked
      condition.
PAR  FIG. 10 is a detailed top view of a sprocketed rotatable carrier engaged
      with a stationary rack.
DETD
PAC  DETAILED DESCRIPTION
PAR  Reference is now made in greater detail to FIG. 1 of the drawings which is
      a top plan view of a complete system incorporating the invention. It will
      be seen that bottles randomly spaced upon a horizontal conveyor 10 are
      passed to the lower end of inclined ramp conveyor belt 11 and upon
      transfer thereto are moved upward through an inclined ramp portion 12 to
      an elevated horizontal platform portion 14 at which they are engaged by
      individual bottle grippers on the overhead chain conveyor 15. The bottles
      thus engaged by the overhead carrier chain 15 are transported from right
      to left in FIG. 1 through a spray station indicated generally at 16 where
      the overhead bottle carriers engage a horizontal rack to impart rotation
      to each bottle as it progresses through station 16 while a suitable spray
      coating may be applied to the exterior of the bottles. From spray station
      16 the overhead carrier progresses through a 90.degree. turn 17 and a
      second 90.degree. turn 18 to a bottle release and declining ramp discharge
      station 19 where the bottles are gently deposited upon a horizontal moving
      belt, the overhead clam shell carriers are released, and the released
      bottles then progress from left to right in FIG. 1 down the inclined
      portion of the horizontal conveyor 20 to a discharge conveyor 22 which
      carries the finished and processed bottles on to filling or other
      operations. Meanwhile the overhead conveyor chain now progresses through
      another 90.degree. turn at 21 and a further 90.degree. turn at 22 until it
      is brought back to a 180.degree. turn at 23 where the overhead conveyors
      are again aligned with the incoming conveyor belt 10.
PAR  Referring now more particularly to FIG. 2 of the drawings which is a front
      elevation view of the input inclining ramp and bottle gripping station and
      the spray station shown in plan view in FIG. 1, it will be seen that the
      randomly spaced incoming bottles indicated generally at 25 proceed beneath
      the overhead carrier members, indicated generally at 26, on the overhead
      carrier 15 until they reach the foot of the inclined ramp portion 12 of
      the input station whereupon they are elevated to the horizontal platform
      portion 14 at which point the overhead carriers are initially raised into
      open position by riding up and over a cam 27 and then, at the left hand
      end of the moving horizontal platform 14, the overhead carriers roll off
      of cam member 27 and drop into locking engagement around the successive
      bottles. From this point on, moving from right to left, the bottles are
      suspended by the overhead carrier 15 and are carried through the spray
      station 16 where spray coating is applied to the bottles. Thereafter the
      bottles progress from right to left around two bends, as shown in FIG. 1,
      during which period of transit the applied coating dries before the
      bottles reach the bottle release and declining ramp discharge station 19
      as shown in FIG. 1.
PAR  Referring now to FIG. 3 of the drawings, it will be seen that upon arrival
      at the bottle release and declining ramp discharge station 19, the bottles
      in their overhead carriers are deposited upon a horizontal moving belt
      portion 30 and when the overhead carrier members engage overhead cam 31
      they are successively elevated thereby into bottle releasing position
      whereupon the released bottles proceed down the inclined discharge ramp 32
      until they are deposited upon the continuously moving discharge conveyor
      belt 22. The details of the inclined ramp and horizontal platform
      continuously moving belt structure of the invention will now be described
      in greater detail with reference to FIG. 4 of the drawings.
PAR  Referring now to FIG. 4, a continuous belt 34 passes over a rotatable lower
      roller 35 and moves from right to left as viewed in FIG. 4 to pass over
      upper rollers 37 and 38 and then downwardly beneath lower roller 36 and
      back around end roller 35. The upper roller 37 is pivotally supported
      between the upper end of a first inclined rigid frame linkage 39 and a
      horizontally extending rigid frame linkage 40, the left end of which
      supports the axle 42 of roller 38 and is pivotally engaged thereat with a
      second inclined rigid frame linkage 44, the lower end of which is
      pivotally supported on the axle 46 of lower roller 36. The lower rollers
      35 and 36 have their horizontally disposed axles 45 and 46 rotatably
      supported upon a horizontal stationary frame 47 which in turn is fixedly
      supported at a convenient preselected working height by vertical stanchion
      supports 48, 49 and 50 mounted upon the floor 51. Horizontal frame linkage
      40 is mounted upon and supported by a pair of vertically adjustable jack
      supports 52 and 54, the lower ends of which are secured to the horizontal
      stationary frame member 47. By raising or lowering the jacks 52 and 54,
      the level of the horizontal member 40 may be adjusted to accommodate
      bottles of differing heights. As the horizontal linkage 40 is raised by
      operation of jacks 52 and 54, the angle of elevation of the inclined ramp
      portion 12 of the continuous conveyor belt is also increased. Inasmuch as
      the jack members 52 and 54 are flexibly coupled to the horizontal frame
      member 40, as they are raised the frame member 40 moves slightly to the
      right as viewed in FIG. 4 while the length and tension of the continuous
      belt 34 remains constant. Similarly if the jacks 52 and 54 are lowered,
      the rigid coupling between the parallelogram frames 39, 40 and 44 causes
      the horizontal linkage 40 to move slightly to the left while the portion
      of the belt 34 between rollers 37 and 38 remains horizontal. An upper
      motor 56 drives the overhead conveyor chain, and by coupling through a
      synchrodrive 57 also drives the variable pitch horizontal spacing screw 58
      at a rate to maintain horizontal motion of bottles guided thereby at
      exactly the same speed of lateral motion imparted to the overhead bottle
      carriers at the bottle pickup station. Spring tensioning means 59 mounted
      on the overhead chain supporting rack 53 maintains uniform tension in the
      overhead chain at all times whereby the spacing between adjacent overhead
      bottle carriers is maintained constant.
PAR  In FIG. 5, which is a top plan view of the loading platform comprising the
      inclined ramp portion and the horizontal platform portion of the
      continuous conveyor belt 34, taken along the line 5--5 of FIG. 4, the
      variable pitch horizontal bottle spacing screw 58 may be seen more
      clearly. Screw 58 is driven by a motor 60 through a right angle gear
      reduction transmission unit 61 and a timing belt 62. The horizontal
      conveyor belt drive motor 55 and the screw drive motor 60 are both
      connected to the synchrodrive 57 (FIG. 4), as is also the overhead chain
      drive motor 56, whereby bottles which are uniformly spaced beneath the
      overhead bottle carriers 26 are moved in synchronism therewith at the time
      overhead carrier is dropped onto engagement with a bottle neck
      therebeneath.
PAR  FIG. 6, which is a vertical sectional view taken along the line 6--6 of
      FIG. 4, shows the relation between a bottle 25 onto which the overhead
      carrier 26 has just been lowered, the conveyor belt 34, and the variable
      pitch spacing screw 58. As shown by FIG. 6 a horizontal guide rail 64
      holds bottles at this position firmly against the helical surface of screw
      58. The arrangement of horizontal linkages 40--40 and inclined frame
      linkages 44--44 and shaft 42 on which both linkages are pivotally
      supported is also shown by FIG. 6. The inner pair of horizontal C beam
      linkages 40--40 support the horizontal guide rail 64 and the horizontal
      spacing screw 58. Attached to the bottom end of horizontal beams 40--40 is
      a horizontal bearing plate 65 which rests upon the upper end of vertical
      jack shaft 54 (shown broken away in FIG. 6) while the hydraulic jack 66 is
      rigidly secured to the horizontal stationary frame 47--47.
PAR  Referring now to FIG. 7, which is a vertical sectional view taken along the
      line 7--7 of FIG. 4, it may be seen that before the bottles 25 come into
      engagement with the helical surface of horizontal spacing screw 58 they
      are guided by a rear horizontal guide rail 43 parallel to front guide rail
      64 whereby the bottles are maintained in a uniformly straight row on the
      conveyor belt 34. Also, as shown in this view, the overhead bottle carrier
      26 is raised on vertical shaft 67 by engagement of roller 68 with the
      elevated surface of cam 27. In this elevated condition the jaws 69--70 of
      overhead bottle carrier 26 are swung open as shown. As also shown in FIG.
      7. a pluality of idler rollers such as 71 and 72 are mounted on horizontal
      platform channel members 40--40 to support horizontal conveyor belt 34,
      thereby providing a continuous horizontal platform between rollers 37 and
      38 as shown in FIG. 4. As shown in FIGS. 6 and 7 the overhead conveyor
      track 53 is of a conventional form having parallel inturned bottom flanges
      63--63 on which internal rollers 73 travel while depending shaft supports
      74 travel through a longitudinal slot 75 between flanges 63--63.
PAR  Reference is now had to FIG. 8 and FIG. 9 which show in greater detail the
      construction and operation of the overhead bottle carriers which are a
      feature of the present invention. In conventional manner a pair of
      horizontal guide rollers 75--75 are mounted on a vertical shaft 76
      supported between a pair of rigid horizontal links 77--77. A pair of
      vertically depending rods 74--74 are secured to opposite ends of links
      77--77 and extend downwardly through the longitudinal slot between chain
      links 78. Pivotally mounted on the upper ends of rods 74, between rigid
      links 77--77, are chain links 78 which carry the load supporting rollers
      83. Additional chain links may be connected between adjacent roller
      carrying links 78 if it is desired to provide a greater spacing between
      adjacent individual bottle carriers 26.
PAR  Still referring to FIGS. 8 and 9, a horizontal bar 79 is rigidly secured to
      vertical rods 74--74 and supports in the center thereof a vertical shaft
      67 which is rotatably but not slidably mounted to a central bore in bar
      79. A second horizontal bar 81 is slidably mounted on vertical rods 74
      beneath bar 79 and carries cam follower 68. A hollow tubular sleeve 82 is
      slidably mounted on vertical shaft 67 which passes freely through a
      central bore in bar 81. A lock nut and washer 84 are affixed to the upper
      end of sleeve 82 to engage the upper surface of bar 81 whereby the sleeve
      82 is slidably raised on shaft 67 when the roller 68 rides up on cam
      surface 27 as shown in FIG. 8. Concentrically affixed to the bottom end of
      sleeve 82 is a rotatable wheel 85 which is preferably toothed around it
      periphery. Concentrically mounted on the bottom flange of wheel 85 is a
      vertically depending hollow cylinder 86 which performs the dual functions
      of opening and closing the bottle gripping members and also serves to
      protect the bottle gripping mechanism from spray coatings or other
      deleterious processing materials. The bottom 87 of cylinder 86 is formed
      with a concentric annular opening 88 through which bottle gripping members
      69 and 70 extend. The bottle gripping members 69 and 70 are each identical
      semi-cylindrical elements pivotally mounted on a common horizontal pin 89
      which extends through opposite arms of a U-shaped yoke 90 affixed to the
      bottom end of vertical shaft 67. Affixed to the upper ends of each of the
      bottle gripping members 69 and 70 is a lateraly extending arm 91 on the
      bottom surface of which is mounted a rounded pin 92. When the surrounding
      cylinder 86 is raised, by engagement of roller 68 with cam surface 27 as
      shown in FIG. 8, the pins 92 are engaged by the upper surface of cylinder
      bottom 87 thereby causing the bottle gripper members 69 and 70 to swing
      outwardly as shown in FIG. 8 into a position of disengagement with bottles
      therebeneath.
PAR  Referring now more particularly to FIG. 9 of the drawings the condition of
      the overhead bottle carriers, indicated generally at 26, when in the
      closed bottle gripping position will be  described. As the roller 68
      descends the inclined surface of cam member 27 the bar 81, sleeve 82 and
      cylinder 86 are lowered thereby causing the bottom 97 of cylinder 86 to
      descend around the champfered surfaces 93--93 and to close the
      semi-cylindrical bottle grippers 69 and 70. When the carrier 26 reaches
      its lowermost position, with roller 68 completely disengaged from cam
      surface 27 as shown in FIG. 9, the horizontal bar 81 rests upon and is
      supported by stop collars (or lock nuts) 94 affixed to the lower ends of
      vertical rods 74. At this position the bottom plate 87 of cylinder 86
      completely surrounds the outermost cylindrical surface of closed
      semi-cylindrical members 69--70 and, by reason of the limited annular
      clearance 88 therebetween, the closed members are effectively and securely
      locked in their closed bottle gripping condition. Inner annular rims
      95--95 formed in the bottom ends of the semi-cylindrical members 69-70
      lock under the outer rim lip 96 of bottles gripped by members 69-70 in
      their closed condition to provide a completely secure positive lock on the
      bottle necks. Because of the positive locking engagement afforded by the
      limited annular opening 88 in the bottom 87 of cylinder 86 surrounding the
      outside surfaces of the closed bottle grippers, as shown in FIG. 9, it is
      impossible for a bottle to become disengaged from its overhead carrier by
      any amount of swinging, rocking or bumping which may be encountered in
      transit. As also shown in FIG. 9, a vertical pin 97 is preferably passed
      through the hollow cylinder 86, between the top wheel 85 and the bottom
      surface 87 to limit relative rotation between the outer cylinder 86 and
      the inner bottle gripping members 69-70. By this means when the wheel 85
      is rotated by engagement with the horizontal rack 98 at processing station
      16 (FIG. 1 and FIG. 2) a bottle held by the overhead carrier is caused to
      rotate about its vertical axis, thus assuring even and uniform application
      of sprayed processing materials.
PAR  Thus it will be seen that the improved overhead bottle gripping movable
      carrier illustrated by the drawings, and more particularly as described
      with reference to FIGS. 8 and 9 thereof, provides a simple relatively
      inexpensive and wholly reliable mechanism for transporting bottles or
      similar containers from a pick-up station (as shown in FIG. 4) through a
      processing station (as shown in FIGS. 1 and 2), and to a discharge or
      delivery station (as shown in FIGS. 1 and 3). The toothed or sprocketed
      rim of wheel 85 is adapted to engage with a horizontally mounted linear
      toothed rack 98 at a processing station, such as the spray station
      indicated generally at 16 in FIGS. 1 and 2, whereby rotation is imparted
      to cylinders 86 and the locked bottle grippers 69-70 causing bottles
      gripped thereby to be rotated about the vertical axis of shaft 67 (which
      coincides with the concentric vertical axis of bottles engaged by the
      overhead carrier 26). In this manner uniform spray coatings may be applied
      automatically to the external surfaces of bottles by the present
      invention. Also, as mentioned above, the enclosed rotating cylinder 86
      completely covers the moving parts (and especially the pivotal axis 89) of
      the bottle gripping members so that the mechanism does not become
      contaminated or clogged by accumulated deposits of sprayed materials.
PAR  The continuously moving adjustable height conveyor belt in combination with
      the variable pitch horizontal spacing screw, both of which are
      synchronized with the overhead carrier chain drive, cooperate with the
      unique positively locking clam shell neck grippers to provide a
      continuously operable system for receiving randomly positioned bottles,
      aligning, elevating and uniformly spacing them, transferring bottles thus
      aligned and spaced from a bottom supporting conveyor belt to uniformly
      spaced individual overhead bottle carriers, processing the bottles by
      spray or otherwise without fouling the conveyor mechanism, and then
      delivering and releasing the processed bottles to a continuously moving
      bottom support conveyor -- all without risks of breakage or surface
      marring of the finished bottle containers.
PAR  It will be seen that the objects set forth above, among those made apparent
      from the preceding description, are efficiently attained and, since
      certain changes may be made in the above constructions without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description or shown in the accompanying drawings shall be
      interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Having described my invention, what I claim as new and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. For use in an overhead conveyor system for transporting bottles or like
      containers from an input station through a processing station to a
      discharge station, a neck-gripping container carrier comprising in
      combination, a pair of symmetrical semi-cylindrical neck-gripping members
      pivotally mounted along a central upper edge to a common horizontal axis,
      a vertically extending shaft, yoke means symmetrically supporting said
      pivotal axis at the bottom end of said vertically extending shaft, means
      rotatably mounting the upper end of said shaft for rotation about its
      vertical axis, means supporting and guiding said shaft mounting means to
      depend vertically from an overhead movable chain, a hollow tubular member
      slidably mounted on said vertical shaft, a bail slidably mounted on said
      vertical supporting and guiding means and receiving said hollow tubular
      member rotatably through a central bore thereof, a cam follower mounted on
      said bail and said hollow tubular member may be raised and lowered by
      engagement with a cam, a horizontally disposed wheel concentrically
      mounted on the bottom end of said tubular member and rotatable therewith
      about the axis of said vertical shaft, said shaft passing freely through
      an axial bore of said wheel, a hollow cylinder depending concentrically
      from the bottom of said wheel and surrounding said yoke and the upper
      portion of said neck-gripping members, a plane bottom wall of said
      cylinder having a central bore to receive and encircle said neck-gripping
      semi-cylindrical members in their closed position, laterally extending
      lever arms secured to the upper ends of said semi-cylindrical gripping
      members and protruding beyond the diameter of said bottom wall central
      bore with said surrounding depending hollow cylinder, whereby said lever
      arms engage the inner surface of said bottom wall when said surrounding
      cylinder is raised by engagement of cam follower and said cam to open said
      semi-cylindrical members into their non-gripping position.
NUM  2.
PAR  2. The combination of claim 1 and a toothed periphery formed on said
      horizontally disposed wheel engageable with a horizontal linear rack for
      imparting rotation to said wheel and depending cylinder about said
      vertical shaft as said overhead carrier moves longitudinally thereby.
NUM  3.
PAR  3. The combination of claim 2 and means limiting relative rotation between
      said depending cylinder and said neck-gripping semi-cylindrical members
      whereby rotation is imparted to containers suspended thereby.
NUM  4.
PAR  4. An overhead bottle carrier comprising in combination a pair of
      semi-cylindrical clam shell members adapted to surround and lockably
      engage the neck of a bottle, a common horizontal pivotal axis supporting
      both said members along adjacent abutting edges at the upper diameter
      thereof whereby said members may be swung apart into open nonengaging
      position, a vertical shaft rotatably supporting said common horizontal
      axis from an overhead conveyor chain, a hollow cylindrical shield
      substantially surrounding said members and movable vertically with respect
      thereto, a lever arm extending laterally within said shield from each of
      said members, a bottom on said shield engageable with said lever arms for
      swinging said members about said common horizontal axis into open position
      when said shield is raised vertically, a coaxial central bore in the
      bottom of said shield engageable with said members to close the same into
      locked neck-gripping position when said shield is lowered around said
      members and a cam follower linkably connected to said shield and
      engageable with a cam for vertically raising and lowering said shield.
NUM  5.
PAR  5. The combination of claim 4 wherein said cylindrical shield is slidably
      mounted on said rotatable vertical shaft.
NUM  6.
PAR  6. The combination of claim 4 including means for imparting rotation to
      said cylindrical shield about its vertical axis, and further means for
      coupling said shield to said closed clam shell neck-gripping members
      whereby a bottle held thereby may be caused to rotate about it vertical
      axis.
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PAL  Specially formed yoke links in an endless chain conveyor are provided with
      replaceable plastic or equivalent anti-friction pads for protection
      against wear on lateral curving of the operating run and on curved and
      straight portions of the return run, and have interchangeable top plates
      of different widths for accommodating a variety of wares to be conveyed.
BSUM
PAC  DESCRIPTION
PAC  Background of the Invention
PAR  Endless chain conveyors of the type widely used in moving successively a
      multiplicity of small wares, such as glass bottles or jars or metal cans,
      either in certain steps of their manufacture or in connection with their
      filling and sealing, incur objectionable wear in their specialized links
      resulting from frictional contact with the confining surfaces of the
      conveyor side frame structure, especially in areas of lateral curvature of
      the conveyor, and from similar contact with rails or the like provided in
      a lower part of the frame for supporting the return run of the chain.
PAR  Another difficulty with such conveyors is encountered in many installations
      when a change must be made in the kind of ware to be conveyed,
      particularly a change from smaller to larger or larger to smaller
      articles, such as occupy a wider or narrower space on the top plates of
      the links, or require change of top plate support from a single line to
      double or other multuple line. Alteration of the conveyor to accommodate
      such changes in operation generally require complete replacement of the
      chain in its entirety, at obviously considerable delay and expense.
PAR  The present invention aims to remedy the foregoing and other shortcomings
      of the conventional type of endless chain conveyor by providing simple,
      readily attached and removable and replaceable wear pads for protecting
      the permanently installed yoke links and by similarly equipping each of
      said links with a top plate that can be readily removed and replaced by a
      wider or narrower one for quickly adjusting the capacity of the conveyor
      to ware of different sizes or to change of placement or loading between
      single and multiple file. A special feature of the new construction is
      that all removals and replacements can be made without removing or
      disturbing the chain or any other component of the conveyor system.
PAC  Summary of the Invention
PAR  The foregoing and other related objectives are attained by the combination
      of a special yoke link, side pad and top plate. The yoke link is best made
      of metal, of inverted channel shape (inverted when the chain is in the
      operative run), with a top web for detachably mounting a top plate and
      with side flanges terminating in outstanding feet or tabs for hanging the
      chain from supporting framing rails in the return or inoperative run. The
      side pad, best made of plastic or equivalent antifriction material,
      constitutes the wear plate, and each is shaped to fit a flange and
      adjacent foot at one side of a yoke link. The top plate is provided in
      varying widths and of a selection of materials, e.g., metal, plastic or
      composition. The top web of each yoke link, and its side flanges and their
      feet or tabs, cooperate with each top plate and with each wear pad, and
      with special interfitting parts thereof, for snap-on mounting of the pads
      on the link flanges and feet and of the top plate on the link web. The
      pads are readily replaceable by new pads when sufficiently worn, and the
      top plates are just as readily interchanged with others of different size
      or shape whenever required, and all the foregoing changes are made without
      removal of the chain or disassembly of any part of the conveyor system.
DRWD
PAC  Short Description of the Drawings
PAR  In the accompanying drawings, which illustrate certain embodiments of the
      invention which have been reduced to practice and found to give
      satisfactory results, and hence are at present preferred:
PAR  FIG. 1 is a vertical transverse sectional view taken through the forward
      and return runs of a laterally curved portion of a conveyor embodying the
      present invention;
PAR  FIG. 2 is a similar sectional view taken through a straight portion of the
      conveyor;
PAR  FIG. 3 is a top plan view of a laterally curved portion, taken on the line
      3--3 of FIG. 1, showing installation of top plates of different sizes on
      identical yoke links;
PAR  FIG. 4 is a vertical longitudinal sectional view taken on the line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a detail sectional view taken on the line 5--5 of FIG. 4;
PAR  FIG. 6 is a side elevational view of a yoke link embodying the invention in
      one preferred form;
PAR  FIG. 7 is a detail sectional view taken on the line 7--7 of FIG. 6; and
PAR  FIG. 8 is a similar detail sectional view of the yoke link of FIGS. 6 and 7
      taken at a right angle to the FIG. 7 section.
DETD
PAC  Description of the Preferred Embodiments
PAR  In the drawings the reference numeral 10 designates generally the fixed
      supporting frame of an endless chain conveyor system, or of a laterally
      curved module thereof, while 11 designates the frame of a straight module
      of the system. Conventional brackets 12 in the upper zone of the frame
      mount rails 14 in at least the laterally curved portions shown in FIG. 1
      of the system, and similar brackets 16 and rails 18 are provided in the
      lower zone of the system in at least such laterally curved portions. The
      operative run 20, and the return or inoperative run 22, are supported by
      the frame, the operative run by narrow flat wear strips 24 in straight
      sections of the system as shown in FIG. 2, and by the rails 14 in
      laterally curved sections as shown in FIGS. 1 and 3, and the inoperative,
      return run by the rails 18 in the curved sections and by the wide wear
      strips 26 in the straight sections, both kinds of strips 24 and 26 being
      mounted on cross members 28, 30, respectively, of the frame.
PAR  The chain, designated generally 32, comprises two kinds of links;
      conventional short flat plate elements 34 formed with bearing holes in
      their end portions, and the special yoke links 36 provided by the present
      invention. These yoke links are interposed in the chain, between
      successive pairs of the flat plate links arranged in side by side
      relation, held laterally spaced by bushings 38 on short pintles 40.
PAR  The yoke links are all identical. Each is made of metal, such as steel or
      stainless steel, and is generally channel shaped, the channel being
      inverted in the operative run of the chain, as shown in FIG. 4 and the
      upper portions of FIGS. 1 and 2. Each yoke link has a web 42 which may be
      considered to be a top web inasmuch as it is at the top of the link when
      the chain is in the operative run 20. The yoke link has also a pair of
      identical side walls 44, of which is a flange each depending
      right-angularly from a side edge of the top web, and an outstanding
      right-angular tab or foot 46 extending oppositely from the bottom, free or
      distal end of each side wall. Each side wall is formed with spaced holes
      spaced apart the same distance as the pintle holes of the flat links 34.
PAR  The link elements 34 and 36 are assembled to form an endless chain, as
      shown in FIGS. 1, 2 and 4, with adjacent ends of two yoke links 36
      connected by a pair of flat links 34 held in laterally spaced parallel
      relation by intervening bushings 38 penetrated by pintles 40, each of
      which extends through the aligned holes in the two links 34 and the two
      side walls of a link 36, with the pintle projecting somewhat beyond the
      outer surface of the yoke link side wall, as best appears in FIG. 5. Thus
      each yoke link 36 has connected to its opposite ends four links 34, two at
      each end, and each pair of links 34 is connected to two yoke links 36, one
      to each pintle 40 journaled in the aligned holes at one end of each of the
      two links 34. The combination thus comprises an endless chain which is
      mounted in the supporting framework and is driven by sprocket or other
      conventional means (not shown) to provide a basic conveyor chain component
      having operative and return runs as shown in FIGS. 1 and 2.
PAR  The wear pads provided by the invention are designated generally 50. Each
      consists of a substantially L-shaped body of suitable plastic or
      equivalent anti-friction material as hereinafter explained, sized and
      proportioned to fit snugly against the outer surfaces of the side wall 44
      and the foot or tab 46 at each side of one of the yoke links 36. Thus each
      pad has an upstanding larger portion 52 and a smaller outstanding lower
      portion 54. To mount two of these pads on each yoke link 36, one on each
      side of the link, the upstanding portion 52 of each pad is formed with two
      spaced holes 56, each of which receives the projecting end of one of the
      pintles 40 which connect the yoke links 36 and the flat links 34. The
      outstanding lower portions 54 are socketed in their under surfaces, as
      shown at 58, for snapping over and receiving a slightly upturned lip or
      tab 60 which is struck up from each foot 46 of the yoke link, all as best
      shown in FIG. 5.
PAR  This arrangement permits the wear pad 50 to be securely mounted in snug
      engagement with the side wall 44 and the associated foot 46 at one side of
      a yoke link 36 by fitting the projecting end of the pintle 40 into the pad
      hole 56 and snapping the foot socket 58 over the tab 60 as the pad is
      pushed to its limit against the yoke link. As will be noted from the
      showing in FIG. 5, the pintle prevents rise of the lower portion of the
      pad from the foot of the yoke link, and the interfit of the tab 60 and
      socket 58 prevents lateral separation of the pad from the yoke link side
      wall 44. As will be pointed out hereinafter, the material of which the pad
      is formed is a plastic or the like having adequate elasticity and
      resilience to permit ready application to operative position by easy
      pushing force and to enable the pad to be as readily removed by bending
      the lower portion 54 upwardly to free the link tab 60 from the pad socket
      58.
PAR  The invention contemplates mounting on each of the yoke links 36 a top
      plate which provides the supporting surface for the articles that are to
      be conveyed, and making these top plates demountable for ready replacement
      by other top plates of different lateral dimension, i.e., plates that are
      wider or narrower.
PAR  For this purpose the web 42 at the top of each yoke link 36 has each of its
      forward and rear, or leading and trailing, edges provided with a notch of
      substantial length indented from the adjacent side walls 44 of the link.
      Top plates, designated generally 64 in FIGS. 1, 2, 3 and 4, are
      appropriately sized and proportioned for fitting on the webs 42 with
      sufficient spacing between adjacent plates for negotiating lateral turns
      while forming no inter-plate openings of objectionable width, and for
      extending laterally as far as may be necessary for any given ware
      conveying operation that the installation may be required to handle.
PAR  The top plate 64, shown in FIGS. 1, 2, 3 and 4, is an integral molded body
      of suitable plastic or the like, of substantially oblong shape, of greater
      width (transverse of the chain length) than length (longitudinally of the
      chain), the length being determined by the longitudinal spacing of the
      yoke links on the chain and the necessity for clearance in making lateral
      curves in the operation of the chain, and the width being selected in
      accordance with the special requirements of the articles to be conveyed.
PAR  The top plate is secured in place on the yoke link by two longitudinally
      spaced elongated hooks 66, 68 integrally molded on the under side of the
      plate, with the lips of the hooks oppositely inwardly directed to fit
      snugly into the notched edges of the top web 42 of the link and underlie
      said edges when the hooks are snapped over the web edges. The hook lips
      thus prevent lifting of the top plate from the web, as well as movement
      longitudinally relative to the yoke link, and the snug interfit of the
      elongated hooks into the notches prevents lateral movement of the link.
      The inherent flexibility and resilience of the plastic or the equivalent
      renders the snapping operation simple and easy, and to facilitate
      disengagement of the hooks for removal of the top plate, one of the hooks,
      e.g., the hook 68, may be formed with a lengthened stem provided by a
      surrounding indentation in the plate. Thus the hook 68 is readily flexed
      into disengagement from the link web by camming action of its inclined
      front face after the hook 66 is fully seated under the opposite edge of
      the web.
PAR  As heretofore stated, the easy removability and replacement of the top
      plates makes possible the provision of sets of plates of different sizes,
      i.e., different widths for accommodating different requirements of the
      articles to be conveyed. FIG. 3 illustrates two such top plates, a
      narrower one designated A and a larger one designated B. Differences in
      top plate details and design other than dimensions may be provided in the
      several sets, as by incorporating surface embossments, recesses, etc., for
      better receiving and holding spaced articles, as will be understood.
PAR  The top plate 64 of FIGS. 1, 2, 3 and 4 is molded of plastic and the hooks
      66, 68 are integral elements of the molded body.
PAR  Other specifically different top plates are contemplated, such as the form
      shown in FIGS. 6 7 and 8. There the plate 70 is metallic, i.e., steel or
      stainless steel, and has spot welded or otherwise secured to its under
      surface a hooked attachment 72 which adapts the plate for mounting on the
      yoke link in the same manner as the all-plastic plate. It will be
      understood that, even though the metal plate 70 is quite rigid, the
      relatively thin metal of the attachment is sufficiently flexible to permit
      the cam-faced hook shown at the right in FIG. 8 to snap into securing
      position over the yoke link edge and to be flexed into releasing position
      in the same manner as the plastic hook 68 of the other illustrated top
      plate.
PAR  The plastic material of which the wear pads 50 are preferably made may be
      any of a considerable number of well known substances, such as high
      density polyethylene, nylon, phenolic condensation products and may
      include a dry lubricant, such as graphite, or have incorporated a wet
      lubricant, i.e., be oilimpregnated such as oilite bearing material. It is
      possible also to make use of powdered metal sintered with a lubricant,
      e.g., graphite, molybdenum disulphide or the like. All such materials,
      having acceptable anti-friction properties and adequate flexibility and
      resilience for the slight distortion required for snapping into and out of
      position of the pads, are to be regarded as the full equivalent of the
      chemical compound plastics usually regarded as comprising the total
      comprehension of the term "plastics", i.e., polyethylene, polystyrene,
      nylon, phenolic condensation products, etc., and hence all such materials
      are to be considered within the scope of those of the appended claims
      which recite plastic as the material of the wear pads.
PAR  It will be recognized that wear pads and top plates formed and secured in
      position in accordance with the principles of the invention hereinabove
      explained can be readily installed, removed and replaced by unskilled
      labor without requiring any removal of the chain itself or any element
      thereof. This is deemed to be an important advantage of the new
      construction.
PAR  Changes in details of the embodiments selected to illustrate the invention
      in the foregoing specification and the accompanying drawings may be made
      within the spirit of the invention as broadly defined by the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A plate top conveyor chain apparatus having an upper operative run and a
      lower return run comprising
PA1  an endless chain having a plurality of yoke links forming operative
      components thereof,
PA1  each of said yoke links being of inverted channel shape, having a web
      portion adapted to support a plate top mounted thereon,
PA1  side flanges right-angularly extending from the side edges of said web
      portion,
PA1  and a pair of feet right-angularly oppositely outwardly extending from the
      distal ends of the side flanges,
PA1  unitary one-piece wear pads formed of anti-friction material each having
      two right-angularly related portions comprising a first portion engaged
      with the outer surface of a yoke link side flange for contact with the
      vertical surface of a guide rail to constrain lateral movement of the
      chain in the operative run of the apparatus and a second portion engaged
      with the upper surface of the yoke link foot for contact with the
      horizontal surface of a rail providing vertical support for the chain in
      the return run of the apparatus,
PA1  and means removably securing two of said wear pads in said engagement with
      each of said yoke links.
NUM  2.
PAR  2. A plate top conveyor chain apparatus comprising
PA1  an endless chain having a plurality of yoke links forming operative
      components thereof,
PA1  each of said yoke links being of inverted channel shape, having a web
      portion adapted to support a plate top mounted thereon.
PA1  side flanges right-angularly extending from the side edges of said web
      portion,
PA1  and a pair of feet right-angularly oppositely outwardly extending from the
      distal ends of the side flanges,
PA1  a wear pad having right-angularly related portions engaged respectively
      with the outer surface of each yoke link side flange and the adjacent
      surface of its foot,
PA1  and means removably securing said wear pads to said yoke links, said means
      comprising
PA1  interfitting pin and socket means on the yoke link side flanges and the
      portions of the wear pads engaged therewith preventing rise of the pads
      from the yoke links, in combination with tabs upstanding from the feet of
      the yoke links and penetrating sockets in the portions of the wear pads
      engaged therewith preventing movement of the wear pads outwardly from the
      yoke links.
NUM  3.
PAR  3. A plate top conveyor chain apparatus as claimed in claim 1, in which the
      yoke links are metallic and the wear pads are plastic.
NUM  4.
PAR  4. A plate top conveyor chain apparatus as claimed in claim 1, in which the
      yoke links are metallic and each yoke link has a metallic plate top
      removably secured to the outer surface of its web portion.
NUM  5.
PAR  5. A plate top conveyor chain apparatus as claimed in claim 1, in which the
      yoke links are metallic and each yoke link has a plastic plate top
      removably mounted on the outer surface of its web portion.
NUM  6.
PAR  6. A plate top conveyor chain apparatus as claimed in claim 1, in which the
      yoke links are metallic,
PA1  in combination with plastic plate tops, each having spaced hook projections
      depending from its under surface and engaged in snap-on relation with the
      edges of the web portion of one of the yoke links which are normal to the
      side edges thereof,
PA1  whereby the plate tops are removably and interchangeably mounted on the
      yoke links.
NUM  7.
PAR  7. A plate top convey or chain apparatus comprising
PA1  an endless chain having a plurality of yoke links forming operative
      components thereof,
PA1  each of said yoke links being of inverted channel shape, having a web
      portion adapted to support a plate top mounted thereon,
PA1  side flanges right-angularly extending from the side edges of said web
      portion, and a pair of feet right-angularly oppositely outwardly extending
      from the distal ends of the side flanges,
PA1  a plurality of removable and replaceable wear pad units formed of flexible
      resilient plastic, each having two right-angularly related portions,
      comprising a first portion engaged with the outer surface of a yoke link
      side flange and a second portion engaged with the upper surface of the
      adjacent foot of said link,
PA1  and means mounting said wear pad unit on said link,
PA1  said mounting means comprising a tab upstanding from a foot of the link and
      penetrating a socket in the under surface of said second portion of the
      unit so as to prevent movement of the unit outwardly from the link,
PA1  and said mounting means including also a second separation preventing means
      comprising means holding said first portion of the unit against rise on
      the link,
PA1  whereby said wear pad unit is mountable by snapping its socket over the
      adjacentlink foot tab and is removable by deforming the second portion of
      the unit to lift the socket in said portion free of the tab for movement
      of the unit outwardly from the link without rise of said first portion of
      the unit on the link.
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ABST
PAL  A transversely stiff conveyor belt in which a layer of elastomeric material
      is disposed between a carrying surface and a nuclear layer and in which
      another layer of elastomeric material is disposed between the nuclear
      layer and a treading surface. One layer of elastomeric material has a
      filament network embedded therein which comprises slightly-extendable
      transversely-disposed weft filaments and substantially-extendable
      longitudinally-disposed warp filaments. The other layer of elastomeric
      material has at least one filament network embedded therein which
      comprises high-strength longitudinally-disposed warp filaments and
      bending-resistant transversely-disposed weft filaments.
BSUM
PAR  The present invention relates to a transversely stiff or rigid conveyor
      belt of elastomeric material provided at both sides of a nuclear layer or
      carcass between said layer and a carrying or conveying layer and a
      treading or contact layer, respectively, with inlays of a fabric or
      filament network.
PAR  The term "transversely stiff" as used in connection with the conveyor belt
      in the present application is meant to indicate that the conveyor belt is
      of particular stiffness or rigidity transversely of its longitudinal
      direction or direction of movement, a stiffness which acts to suppress any
      trough formation or depression and arching of the conveyor belt. The
      stiffness or rigidity in longitudinal direction, on the other hand, is
      normal so that he conveyor belt may be passed around pulleys of the usual
      diameter. Various constructions of transversely stiff conveyor belts have
      become known which are destined in the first place for the transportation
      of people. As a rule, however, the known designs have no more than
      imperfect properties of transverse stiffness, i.e. they are relatively
      stiff in longitudinal direction as well so that they can be used only in
      connection with pulleys of extremely great diameters. Besides, their
      lifetime normally is rather short and, as they cannot be produced by
      customary manufacturing methods or machines, they are expensive.
PAR  The applicant's German utility model No. 7 123 318 discloses a conveyor
      belt comprising several inlays each at both sides of the nuclear layer or
      carcass. These inlays at both sides enhance and reinforce one another and
      form a composite structure which imparts the transverse stiffness or
      rigidity to the conveyor belt. As regards the plane of the conveyor belt
      this particular characteristic is given in both directions in other words,
      with respect to one of the two covering surfaces it acts against any
      concave as well as convex buckling i.e. to prevent a depression in as well
      as arching of the conveyor belt. With a number of practical applications,
      however, the transverse stiffness is needed or desired in one direction
      only. Such applications are, for instance, vertical conveyance over
      several levels with deflected route or horizontal conveyance along one
      line only without any deflection. In these cases the known conveyor belt
      either cannot be used or would involve unnecessarily high expenditure
      because of its many inlays.
PAR  Thus it is an object of the invention to provide a transversely stiff
      conveyor belt which is readily capable of return movement.
PAR  It is also an object of the invention to provide a conveyor belt which is
      easy to manufacture and has a long lifetime.
PAR  It is yet another object of the invention to provide a conveyor belt which
      has optimum stiffness in transverse direction, preferably in one direction
      only.
PAR  According to the invention there is provided a transversely stiff conveyor
      belt of elastomeric material provided at both sides of a nuclear layer
      between said nuclear layer and a carrying layer and a treading layer,
      respectively, with inlay means of a fabric or filament network each,
      having transversely disposed weft threads, wherein a single inlay means
      comprising high-strength, little expansible weft threads and being itself
      expansible in longitudinal direction is provided at one side of said
      nuclear layer, and wherein at least one inlay means at the other side of
      said nuclear layer affords tensile strength in longitudinal direction and
      each inlay means at said other side of said nuclear layer is designed for
      great resistance against compressive forces in transverse direction.
PAR  The transverse stiffness or rigidity of the conveyor belt according to the
      invention is based on the interaction of the single expansible inlay which
      displays poor elongation in transverse direction and is disposed at one
      side of the nuclear layer or carcass and the inlays at the other side of
      the nuclear layer or carcass which, as a whole, are capable of being upset
      or compressed only very little and of which at least one is characterized
      by tensile strength. Normally, the expansible inlay is disposed between
      the carrying or conveying layer and the carcass, in other words, remote
      from the pulleys. This imparts to the novel conveyor belt a transverse
      stiffness in such direction as to oppose any convex arching of the
      carrying surface as required, for instance, for vertical conveyance and
      desired especially for operation of the conveyor belt with marginal slats
      which are fixed on the belt along its sides and which should not tilt
      outwardly. As the expansible inlay does not resist the revolving and
      return movement around pulleys, very small diameters may be chosen for the
      pulleys, even smaller ones than with the applicant's own earlier conveyor
      belt, without causing the formation of any folds or pleats due to
      compression or upsetting. The expansible inlay, however, may also be
      arranged between the contact or treading layer and the carcass. This is
      realized in the simplest manner by merely inverting the conveyor belt of
      which only one type of construction need be made. Then the novel design
      will act to oppose the formation of a concave depression or trough in the
      carrying surface of the conveyor belt. This is desired, or example, in the
      case of horizontal conveyance without the use of transverse bars where the
      conveyor belt upon its return normally undergoes such arching, because of
      its operating tension, that surface profiles of waveshaped cross sectional
      area become oriented inwardly thus making it difficult to arrange suitable
      guide rolls or pulleys to assist in the return movement. With this latter
      embodiment the advantage of easy return movement even around pulleys of
      very small diameter is given up to some degree because the expansible
      inlay is disposed at the inside with respect to the pulleys. The tensile
      stresses occurring during operation of the conveyor belt essentially are
      taken up by the inlay or inlays which have tensile strength. Their number
      and the design of the warp threads in them consequently is determined
      largely, as usual, in accordance with the respective loading.
PAR  With the conveyor belt according to the invention the desired transverse
      stiffness in one direction is obtained at a minimum of expenditure. This
      applies above all to the inlays which are provided only where their
      function is required. As the inlays are made of fabric or networks of
      filaments or threads, the novel conveyor belt may be produced by
      conventional calendering or mechanical doubling processes on conventional
      equipment available. This makes the novel conveyor belt very inexpensive.
      It is a special advantage of the conveyor belt according to the invention
      that it affords its transverse stiffness also in the two very marginal
      zones next to the edges of the belt. This is important, for instance, in
      vertical conveyance where the greatest bending stresses occur in the
      lateral areas approximately 100 to 200 mm from the belt edges. Moreover,
      in the middle the conveyor belts usually are stiffer anyway because of
      entrainment bars or blocks mounted on the surface.
PAR  The expandability of the expansible inlay may be obtained, for example, by
      appropriate aligning of the filaments in the network or fabric of the
      inlay. However, preference is given to an expansible inlay which comprises
      expansible warp threads. Warp threads of unstretched or only slightly
      prestretched or shrunk polyamide are especially well suited.
PAR  Normally weft threads which resist bending but are still capable of being
      woven are used for all inlays in order to obtain the great tensile
      strength in transverse direction of the expansible inlay and the high
      resistance against compression of the other inlays. The weft threads which
      are resistant to bending may be embodied, for instance, by metal wire or
      elements similar to metal wire such as steel cord. Preferably, weft
      threads of polyester are used for all inlays. For the expansible inlay
      these may be prestretched so as to provide especially good tensile
      strength and poor elongation. Apart from the above, prestretched glass
      filaments or polyester and glass fiber mixed strands may also be used. The
      weft threads of the other inlays may be polyester monofilaments, with a
      view to the desired great resistance to compressive forces. But also the
      other inlays may be made of mixed twisted weft threads having a polyester
      content.
PAR  In most cases only inlays which are characterized by tenacity i.e. tensile
      strength will be disposed at the other side of the carcass opposite the
      single expansible inlay. Yet also at that other side an expansible inlay
      may be provided in addition to the inlay or inlays of tensile strength in
      order to increase the resistance to compressive forces or upsetting. Such
      expansible inlay will then be disposed as remote as possible from the
      carcass between the respective covering surface and the inlay or inlays of
      tensile strength.
PAR  In the case of conveyor belts for light and medium loads sufficient
      resistance to compressive forces is obtainable by employing as the inlays
      of tensile strength ordinary fabric which has been hardened or rendered
      rigid by chemical pretreatment. Then it may, however, become necessary to
      use one more inlay of tensile strength than would correspond to the load
      on the conveyor belt. Chemical strengthening, of course, may be employed
      in addition also with the inlays of tensile strength which comprise the
      specific weft threads mentioned above.
PAR  The resistance to compression is also increased by using an embedding
      elastomer for the inlays of tensile strength, which elastomer is set to be
      at least as hard as the elastomer of the carrying layer but as a rule even
      harder than that. This will prevent the inlays of tensile strength from
      becoming displaced relative to one another upon compressive stress. The
      same effect is obtained from textile flakes admixed to the embedding
      elastomer of the inlays of tensile strength. Such admixing of textile
      flakes is especially useful if the embedding elastomer cannot be adjusted
      to be quite so hard because of dynamic stresses. Textile flakes of
      polyester or nylon are especially well suited.
PAR  An adjustment of the hardness of the elastomer of the carcass to a value
      which is at least as high as, but preferably higher than that of the
      elastomer of the carrying layer promotes the interaction of the expansible
      inlay with the tenacious inlays resulting in the transverse stiffness.
      Therefore, this measure is applied in most cases for the tenacious inlays,
      either alone or in addition to the adjustment or design of the embedding
      elastomer described. As with the embedding elastomer textile flakes,
      preferably of polyester or nylon, may also be admixed to the elastomer of
      the carcass for the same reasons.
PAR  The transverse stiffness is further enhanced to a certain degree by a
      harder adjustment of the elastomer of the carrying layer and the treading
      layer or by admixing textile flakes to the same.
PAR  Yet it is a disadvantage of hard carrying and treading layers that their
      resistance against mechanical stresses exerted by the goods being
      transported and their frictional values are lowered.
PAR  With conveyor belts for medium and heavy loads it is often useful to have
      longitudinally continuous, narrow insert strips of fabric and/or a
      filament network embedded in the carrying and/or treading layer in the two
      marginal zones of the conveyor belt so as to obtain optimum distribution
      of the tranvserse stiffness across the width of the conveyor belt. The
      width and arrangement of the insert strips are variable within wide limits
      to suit the respective requirements. Conveniently any insert strips
      adjacent the expansible inlay are capable of being extended in
      longitudinal direction as is the inlay in order not to impair the property
      of easy return movement of the conveyor belt. As a rule, each marginal
      zone will be furnished with one, sometimes two insert strips.
PAR  Alternatively, in the case of conveyor belts for smaller loads it may be
      sufficient for the establishing of suitable transverse stiffness if the
      expansible inlay takes up only two partial areas of the overall width of
      the conveyor belt in the two marginal zones of the conveyor belt.
DRWD
PAR  In order that the invention may be clearly understood and readily carried
      into effect two embodiments thereof will now be described by way of
      example with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a longitudinal sectional elevation of part of a conveyor belt
      according to the invention,
PAR  FIG. 2 is a transverse sectional elevation of another conveyor belt
      according to the invention.
DETD
PAR  The conveyor belt shown in FIG. 1 is constructed of a customary elastomeric
      material, such as rubber. It comprises a carrying or conveying layer 1 and
      a contact or treading layer 2 of conventional hardness as well as a
      nuclear layer or carcass 3, the elastomer of which is selected to be
      harder than that of the other two layers.
PAR  An inlay 4 embodied by a fabric is disposed between the carrying layer 1
      and the carcass 3. The fabric of the inlay 4 comprises warp threads 5 of
      slightly prestretched or unstretched polyamide extending in longitudinal
      direction of the conveyor belt and being highly expansible. The fabric is
      of such structure that frequent bends in the warp contribute to the
      expandability of the material. The weft threads 6 of the expansible inlay
      4 which are arranged transversely of the longitudinal direction of the
      conveyor belt are made of a polyester and are relatively thick and
      resistant to bending. They are of great tensile strength and their
      expandability or capability of elongation is very poor.
PAR  Three inlays 7, each made of a fabric which is rendered particularly
      tenacious by strong warp threads 8 extending in longitudinal direction of
      the conveyor belt, are positioned between the treading layer 2 and the
      carcass 3. The transversely oriented warp threads 9 of the tenacious
      inlays 7 are formed by relatively thick polyester threads which resist
      bending. The inlays 7 which are characterized by tensile strength and the
      inlay 4 which is expansible are covered in conventional manner by an
      embedding elastomer 10, shown only at one place for reasons of clarity.
      The hardness of this embedding elastomer is approximately the same as that
      of the elastomer of the carcass 3. Thus great resistance to compression or
      upsetting in transverse direction is imparted to the composite structure
      of the three tenacious inlays 7.
PAR  The conveyor belt shown in FIG. 2 is of the same structure as the
      embodiment illustrated in FIG. 1. Yet it comprises only two inlays 7 of
      tensile strength. And instead, two insert strips 11 and 12, both of the
      same width, which are continuous in longitudinal direction, are embedded
      in the carrying layer 1 in the two marginal zones of the conveyor belt.
      These insert strips are made of a fabric which is expansible in
      longitudinal direction, as the expansible inlay 4 and of high tensile
      strength and poor expandability or elongation in transverse direction.
PAR  In a modification of the conveyor belt shown in FIG. 2 the expansible inlay
      4 is left out altogether so that at one side of the carcass 3 there are
      provided only the two insert strips 11 and 12 which are expansible in
      longitudinal direction and embedded in the marginal zones of the conveyor
      belt.
PAR  The invention may be embodied in other forms without departing from the
      spirit or essential characteristics thereof. The present embodiments are
      therefore to be considered as in all respects illustrative and not
      restrictive, the scope of the invention being indicated by the appended
      claims, and all changes which come within the meaning and range of
      equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transversely stiff conveyor belt of elastomeric material provided at
      both sides of a nuclear layer of elastomeric material between said nuclear
      layer and a carrying layer and treading layer, respectively, with inlay
      means of a filament network each having transversely disposed weft
      threads, wherein a single inlay means comprising high-strength,
      low-expansibility, weft threads and being itself expansible in
      longitudinal direction is provided at one side of said nuclear layer, and
      wherein at least one inlay means at the other side of said nuclear layer
      affords tensile strength in longitudinal direction and the inlay means at
      said other side of said nuclear layer provides greater resistance against
      compressive forces in transverse direction and greater expansibility in
      transverse direction than said single inlay means, the relative tranverse
      expansibility and resistance against compressive forces in tranverse
      direction of said single inlay means and said other inlay means providing
      the belt with greater resistance to convex arching of the one of said
      carrying and treading layers adjacent said single inlay means than of the
      other of said carrying and treading layers and greater resistance to
      concave troughing of the other of said carrying and treading layers than
      of the one of said carrying and treading layers adjacent said single inlay
      means.
NUM  2.
PAR  2. A conveyor belt as claimed in claim 1, wherein said expansible inlay
      means comprises expansible warp threads.
NUM  3.
PAR  3. A conveyor belt as claimed in claim 2, wherein said warp threads are
      made of an unstretched or slightly prestretched polyamide.
NUM  4.
PAR  4. A conveyor belt as claimed in claim 1, wherein said weft threads of said
      inlay means are resistant to bending yet still capable of being woven.
NUM  5.
PAR  5. A conveyor belt as claimed in claim 4, wherein said weft threads of said
      inlay means are made of polyester.
NUM  6.
PAR  6. A conveyor belt as claimed in claim 1, wherein each inlay means of
      tensile strength is surrounded by an embedding elastomer which is at least
      as hard as the elastomer of said carrying layer.
NUM  7.
PAR  7. A conveyor belt as claimed in claim 1, wherein the elastomer of said
      nuclear layer is at least as hard as the elastomer of said carrying layer.
NUM  8.
PAR  8. A transversely stiff conveyor belt of elastomeric material provided at
      both sides of a nuclear layer of elastomeric material between said nuclear
      layer and a carrying layer and a treading layer, respectively, with inlay
      means of a filament network each having transversely disposed weft
      threads, wherein two strip-shaped inlay means, each disposed in one of the
      marginal zones of said conveyor belt, are provided at one side of said
      nuclear layer, and wherein each of said strip-shaped inlay means comprises
      high strength, low-expansibility weft threads and is itself expansible in
      longitudinal direction, and wherein at least one inlay means at the other
      side of said nuclear layer affords tensile strength in longitudinal
      direction and the inlay means on said other side of said nuclear layer
      provides greater resistance against compressive forces in transverse
      direction and greater expansibility in transverse direction than said two
      strip-shaped inlay means, the relative transverse expansibility and
      resistance against compressive forces in said transverse direction of said
      two strip-shaped inlay means and said other inlay means providing the belt
      with greater resistance to convex arching of the one of said carrying and
      treading layers adjacent said two strip-shaped inlay means than of the
      other of said carrying and treading layers and greater resistance to
      concave troughing of the other of said carrying and treading layers than
      of the one of said carrying and treading layers adjacent said two
      strip-shaped inlay means.
NUM  9.
PAR  9. A conveyor belt as claimed in claim 8, wherein said strip-shaped inlay
      means comprise expansible warp threads.
NUM  10.
PAR  10. A conveyor belt as claimed in claim 8, wherein said weft threads of
      said strip-shaped inlay means are resistant to bending yet still capable
      of being woven.
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ABST
PAL  A conveyor trough construction, particularly for scraper chain conveyors,
      comprises a conveyor having longitudinal side walls formed with a
      plurality of abutting sections, each having a longitudinally extending
      bore therethrough which aligns with the next adjacent section. The bores
      of adjacent pairs of sections terminate in inwardly bevelled ends, and a
      coupling bolt extends through the bores of adjacent sections and
      terminates at each of its ends with an inwardly tapered portion which is
      engaged in the inwardly tapered ends of the bores. Each section is
      provided with a side wall opening, which extends into the bore, and a
      locking spring is inserted in the opening and engaged over the coupling
      bolt. The bore of the sections is dimensioned to provide an axial
      clearance for the locking spring.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates in general to the construction of conveyor troughs
      and, in particular, to a new and useful trough conveyor, particularly for
      scraper chain conveyors, which includes side walls made up of a plurality
      of individual interconnected sections which are held together by bolts
      extending through bores thereof which are locked in position by a locking
      spring which engages over a portion of the circumference of the coupling
      bolt in the bores.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  At the present time, some conveyor troughs are made up of individual
      sections which are held together by screw bolt connections which permit a
      limited free motion between the trough sections. Such screw bolt
      connections have only limited capabilities for absorbing bending or
      tension and compression stresses, as well as shear stresses, which
      necessarily occur particularly during the advance of the conveyor trough,
      and due to the changes of clearances between parts during movement of the
      trough sections. During the advance, considerable forces act on the
      conveyor trough at relatively distant points so that frequently, adjacent
      trough sections are advanced through unequal distances and become angled
      in respect to each other. In consequence, the screw bolt connections
      between adjacent trough sections are often knocked or torn off or at least
      considerably deformed. This means that the damaged trough sections may be
      dismounted and replaced. This requires considerable energy, time and
      material, and leads to undesirable long stoppages. Also frequently it
      happens that, through carelessness, the screw bolt connections are not
      renewed or fixed, so that a faultless connection between the individual
      trough sections is not ensured.
PAR  Cast trough connections are known in which the connection elements are
      bolts and connection pockets or only trough bays which are associated
      therewith. These are substantially profile end pieces which must be fixed
      or welded to the end portions of the trough sections. With such
      constructions, the connection bolts have a too small resistance relative
      to the strong advance forces and tend to bend or tear off.
PAR  Trough connections which comprise substantially box-like bolt receptacles
      and connecting bolts receivable therein are also known. The box-like bolt
      receptacles are welded to the lateral walls of the trough sections and
      they form a constructional unit therewith. The connection bolts are
      secured in the box-like receptacles by means of cross-pins. In the known
      construction, the mounting or fixing of the trough sections is difficult
      because the connection bolts or their end portions and the associated
      box-like bolt receptacles form mating parts so that they form a rigid
      trough connection. Such a rigid trough connection is hardly appropriate
      for the rough service conditions in which the advance of a conveyor trough
      is subjected. Moreover, the trough connections welded to the side walls of
      the trough sections project from the outline of the conveyor and form
      disturbing obstacles.
PAR  Applicant has previously proposed the welding of connection bolts and
      connection claws to the adjacent lateral walls of the sections so that the
      connection claws and the associated lateral walls of the trough sections
      form connection pockets while the connection bolts and the connection
      claws are formed in the zone of their opposite remote sides with
      connection noses and seat recesses for a common connection member. This
      provides a trough connection in which the connecting elements are not only
      capable of absorbing the bending without difficulties and compression,
      tension and shear stresses which occur particularly during the advance of
      the conveyor trough, but also permits the necessary play between the
      trough sections and they are particularly simple in design. The
      construction has proved satisfactory, but it projects from the lateral
      outline of the trough and cannot be used with a coal planer without
      providing intermediate elements. Also, the connection bolts are not
      replaceable so that when they are bent or torn off, the respective trough
      sections must be replaced.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided, a trough which is
      capable of absorbing the occurring bending, compression, tension and shear
      stresses without difficulties, and of also supporting considerably higher
      stresses as compared with the known constructions and which includes a
      construction in which the parts do not project from the lateral wall
      outline. In accordance with the invention, the trough side walls are made
      up of individual sections which include longitudinally extending bores
      therethrough in which are positioned coupling bolts between adjacent pairs
      of sections. The construction provides a simple mounting and dismounting
      construction which is replaceable as a unit and ensures that the trough
      sections can be centrically aligned. The coupling bolts are designed as
      loose coupling bolts having conical centering heads at each end which
      engage in corresponding conical ends of the bores of adjacent pairs of
      sections. The ends of the bores are conically formed to accommodate the
      conical coupling bolts and the bolts are secured in the bores of the
      sections by means of spring locks which engage over the coupling bolts and
      leave an axial clearance for movement of the bolts in the bores. With the
      inventive arrangement, symmetrically designed connecting bolts bridge the
      junction areas of the trough sections to be connected to each other and
      the bevelled ends of each bolt bears against a similarly bevelled interior
      wall of the bore with the intermediate portion of the bolt being
      concentrically aligned within circular portions of the bores. The conical
      formations of each end of the bores and each end of the bolt ensures
      centering of the bolt within the bore and the construction permits the
      angling of the trough sections through a large angle in any desired
      direction. In addition, the conical centering heads, in cooperation with
      the conical centering surfaces, ensure an exact centering of the adjacent
      trough sections, particularly in their straightly aligned position. Also,
      the conical centering heads and the conical centering surfaces in the
      cavities or bores serve as a guide for the axially movable coupling bolts.
      Consequently, at any angling of the trough sections, the coupling bolt,
      although its conical centering heads disengage from the conical centering
      surfaces, continues to be guided in this area even at extreme angles so
      that the overall centering of the mutually connected trough sections is
      maintained.
PAR  The following features are also substantial for the invention. In
      accordance with the invention, in its middle portion or intermediate
      portion, located between the two adjacent trough sections, each coupling
      bolt comprises a cylindrical seat which has a radial clearance of a
      predetermined value between the bolt and the surrounding inner surface of
      the bore of the two trough sections. To some degree, therefore, a
      centering is obtained in the junction, to accommodate the two sections.
      However, the radial clearance of motion between the parts is dimensioned
      so as to ensure an angling possibility for the shoots through as large an
      angle as possible.
PAR  In order to ensure that disturbing obstacles do not project from the
      lateral walls of the trough sections, the circular cavities of the bores
      are located, in accordance with a preferred embodiment of the invention,
      within profile bays provided in the lateral walls of the sections. The
      coupling bolts can be secured in the circular cavities of the bores in a
      simple manner if, in accordance with the invention, the circular chambers
      are provided in the circular cavities for the spring locks and also
      slide-in openings are provided from the outside wall to the interior of
      the bore. This permits the introduction of the spring locks and the clear
      heighth of these openings is smaller than the diameter of the circular
      chambers so that the spring locks both embrace the coupling bolts and are
      clamped in the circular chamber by expansion and cannot become dislodged.
      The spring locks are advantageously designed so that they close the
      slide-in openings and thereby, the circular chambers. The invention also
      provides that the circular chambers comprise stop shoulders which limit
      the clear width of the slide-in openings in the longitudinal direction of
      the bolts. These shoulders are provided to stop the spring locks as soon
      as the locks are at least partly displaced behind the stop shoulders by
      the centering heads of the bolts during a tension loading of the bolts.
      Thus, at a tension load and due to the axial clearance of motion, the
      spring locks are displaced by the conical centering heads of the coupling
      bolts behind the stop shoulders so that even under extreme tension loads,
      the spring locks cannot be pushed out of the circular chambers. It is
      useful to provide stop cams in the circular chambers which secure the
      spring locks against rotation because the locks are designed as spring
      rings which have slip-on jaws for slipping the ring over the coupling bolt
      in the zone between the centering head and the intermediary cylindrical
      seat portion. Therefore, due to the locking against rotation, the jaws of
      the spring ring remain directed toward the inside of the circular chamber
      while the solid web on the backside of the spring ring closes the slide-in
      opening of the circular chamber. The outer diameter of the spring rings is
      slightly larger than the inner diameter of the circular chambers in order
      to provide a clamping of the rings in the chambers due to the ring
      expansion.
PAR  Finally, the invention provides a construction wherein the axial clearance
      to accommodate motion between the centering heads of the coupling bolts
      and the spring rings is determined by the width of the rings and is
      bilaterally symmetrical. Therefore, in case of an angling, the coupling
      bolts preferably occupy a position coinciding with the angle bisector. In
      order to ensure a sufficient freedom of motion of the coupling bolts in
      the zone of the spring locks or rings, the invention provides a radial
      clearance having a predetermined value between the spring rings and the
      coupling bolts.
PAR  The advantages obtained by the invention are to be seen substantially in
      the provision of a trough section in which the connection bolts are
      designed as loose and, therefore, are replaceable coupling bolts.
      Consequently, the inventive trough connection is capable of absorbing a
      multiple of the bending, compression, tension and shear stresses which
      occur during the advance of the conveyor trough while, at the same time,
      they permit a rapid mounting or dismounting. In any case, in a single
      connection, both coupling bolts absorb the shear stresses which occur
      while, in the known devices, only one of the connection bolts, at the one
      or the other side of the trough, has to support the occurring transverse
      stresses. It is further particularly advantageous that the coupling bolts
      are loosely positioned within the bores to ensure a more flexible linkage
      of the series connected trough sections and permit an angling of the
      sections through large angles. An additional advantage is the particular
      centering effect so that in their angled as well as in their straight
      mutual positions the trough sections are always perfectly aligned. The
      inventive trough connection is a relatively simple and, in particular,
      operationally effective construction which, in addition, can easily be
      additionally mounted on the trough sections which are already in service.
PAR  Accordingly, it is an object of the invention to provide an improved trough
      construction which is made up of a plurality of longitudinal sections with
      pairs having aligned bores which are conically bevelled at each end and
      which contain coupling bolts which extend therethrough and have conical
      end parts which engage and are centered in the conical bores, the bolts
      having a central cylindrical portion which is adapted to lie between the
      trough sections and each including a spring member which engages over a
      portion of the bolt within the bore by being introduced through an access
      opening formed in the sidewall of the trough.
PAR  A further object of the invention is to provide a conveyor trough
      construction which is simple in design, rugged in construction, and
      economical to manufacture.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its uses, reference
      should be had to the accompanying drawing and descriptive matter in which
      there is illustrated a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a side elevational view, partly in section, of a trough
      constructed in accordance with the invention;
PAR  FIG. 2 is a vertical sectional view taken along the line A--A of FIG. 1;
      and
PAR  FIG. 3 is a view similar to FIG. 1, but showing the locking springs removed
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular, the invention embodied therein,
      comprises a scraper chain conveyor construction which includes a plurality
      of longitudinally extending sections or shoots, each of which includes
      sidewalls 1a connected to a bottom 1b.
PAR  In accordance with the invention, each sidewall 1a includes a
      longitudinally extending bore or cavity defined therethrough, in which is
      positioned a coupling bolt 3 which extends through a pair of adjacent
      sections 1. The bore or bolt receptacle 4 of sections 1 extend through
      sidewall widened central portions 5 and they are designed as loose bolts
      having conical centering heads 6 at each end. The bore 4 includes a
      circular cavity 4a at its abutting end and an opposite end cavity which is
      conically formed and provides conical centering surfaces 7 at each end
      which correspond to the conicity of the centering heads 6 of the bolts 3.
PAR  In accordance with a feature of the invention, the coupling bolts 3 are
      secured in their cavities or bores 4 by means of spring locks 9 which are
      of U-shaped configuration and engage over a portion of the diameter of the
      associated bolt and are arranged in an annular cavity portion 14 so that
      there is an axial clearance 8 permitting some axial motion of a
      predetermined value.
PAR  Each coupling bolt 3 comprises a cylindrical seat portion 10 which is
      intermediate its length and which is located so as to bridge the division
      between the individual trough sections 1. A relative radial clearance 11
      for radial motion is defined between the inner circular surface 12 of the
      bore 4 and the central cylindrical portion 10 of the bolt 3.
PAR  The circular cavities or bores 4 are located within the profile bays 13
      provided in the lateral walls 5 of the sections 1. The bore 4 includes a
      circular chamber 14 intended to receive the spring lock 9 which opens to a
      slide-in opening 15 for the spring lock which is provided in the outside
      wall portions of the circular chambers 14. The clear height of the opening
      15 is smaller than the diameter 17 of the chambers 14. Spring locks 9 must
      be compressed in order to be introduced into chambers 14 and they are then
      permitted to expand in the chambers to clamp themselves into position. The
      chambers 14 include shoulders 18 which limit the clear width of the
      slide-in openings 15 in the longitudinal direction of the bolts and the
      spring locks are stopped by shoulders 18 when they are displaced by
      centering heads 6 under tension load acting on coupling bolts 3. Stop cams
      19 are also provided in circular chambers 14 in order to secure spring
      locks 9 against rotation. Such a locking against rotation is recommended,
      particularly, if the spring locks 9 are designed as spring rings having
      slip-on jaws 20 for slipping the ring over coupling bolt 3 in the zone
      between the centering head and the central seat portion 10.
PAR  The outer diameter 21 of spring rings 9 is slightly larger than the inner
      diameter of the circular chamber 14 in order to obtain the clamping effect
      mentioned above. The axial clearance permitting motion between the
      centering heads 6 and the spring rings 9 is determined by the width of the
      rings, and it is bilaterally symmetrical. A radial clearance for motion
      between the parts having a predetermined value is provided between the
      spring rings 9 and coupling bolts 3 in order to ensure a sufficient
      freedom of motion for the coupling bolts 3 in the zone of spring locks 9
      in cases where the trough sections 1 are angled in respect to each other.
      The central axes of the circular chambers 14 are offset toward the outside
      of the trough relative to the central axes of the coupling bolts 3. This
      effects a favorable displacement of the force absorbing surfaces for the
      center of mass loading.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A conveyor trough construction, particularly for scraper chain
      conveyors, comprising a conveyor having longitudinal sidewalls formed of a
      plurality of abutting sections each having a longitudinally extending bore
      therethrough defined by interior walls having conical portions at each end
      tapering toward the adjacent end, a bolt extending through the bores of
      adjacent section pairs and having a conical portion at each end tapering
      toward the adjacent end and complementary to the conical wall portions
      defining the bores, each section having a side wall opening which extends
      into said bore, and a locking spring inserted in the side wall portion and
      engaged over said coupling bolt, the interior walls of said bore being
      dimensioned in the vicinity of said locking spring to provide an axial
      clearance for said locking spring.
NUM  2.
PAR  2. A conveyor trough construction, according to claim 1, wherein said
      coupling bolt includes a cylindrical intermediate portion which extends
      through the parting plane between adjacent sections, the interior walls
      defining the bore being cylindrical around the cylindrical portion of said
      coupling bolt and having a radial clearance of a predetermined value with
      said cylindrical portion of said coupling bolt.
NUM  3.
PAR  3. A conveyor trough construction, according to claim 1, wherein said
      sidewall includes a widened intermediate portion tapering inwardly to the
      interior of said trough, said trough having a bottom connected to the
      inwardly tapered portion, said side wall opening extending into said
      trough sidewalls from the side thereof opposite to the inwardly tapered
      portion in the vicinity of said widened intermediate portion of said
      sidewalls.
NUM  4.
PAR  4. A conveyor trough construction, according to claim 1, wherein said
      interior walls defining the bore has a cavity portion in the vicinity of
      said spring lock of cylindrical form which is smaller than the sidewall
      opening, said locking spring having an exterior diameter which is somewhat
      greater than the opening so that it must be compressed and engaged around
      said coupling bolt.
NUM  5.
PAR  5. A conveyor trough construction, according to claim 4, including a stop
      shoulder defined on said interior walls defining said bore in the vicinity
      of said locking spring defining axial limit stops for said spring.
NUM  6.
PAR  6. A conveyor trough construction, according to claim 4, including a pair
      of stop cams located on said interior wall defining said bore, said
      locking spring comprising a U-shape member having ends engageable with the
      respective locking cams and securing said cams against rotation.
NUM  7.
PAR  7. A conveyor trough construction, according to claim 6, wherein said
      locking spring comprises a spring ring of U-shape configuration having leg
      portions defining slip-on jaws for slipping the ring over said coupling
      bolts.
NUM  8.
PAR  8. A conveyor trough construction, according to claim 7, wherein said
      locking spring has an outer diameter slightly larger than the inner
      diameter of the interior walls defining the bore in the vicinity of the
      locking spring.
NUM  9.
PAR  9. A conveyor trough construction, according to claim 8, including stop
      shoulder elements in said interior walls defining the bore located to
      permit a slight axial clearance of motion between said conical heads of
      said coupling bolts and said locking spring and which is determined by the
      width of said locking spring.
NUM  10.
PAR  10. A conveyor trough construction, according to claim 7, wherein said
      locking spring has an interior diameter defining a radial clearance of
      motion between said locking spring and said coupling bolt.
NUM  11.
PAR  11. A conveyor trough construction, according to claim 5, wherein the
      center of the bore defined by said interior walls offset toward the
      opening from the center of said coupling bolts.
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PAL  The apparatus has a downwardly inclined guide ramp which diverges in its
      width in downward direction and is provided on its upper surface with
      parallel guide channels. An upper end of the ramp receives a stream of
      identical objects which are located in random orientation and in
      overlapping relationship in the stream. The lower end of each guide
      channel discharges into a pair of sorting channels and a routing
      arrangement is provided upstream of these sorting channels to assure that
      objects having a desired orientation enter only one of the sorting
      channels whereas objects having an undesired orientation enter only the
      other sorting channel where they encounter a reversing arrangement which
      reverses their position until they, also, assume the desired orientation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application is directed to an apparatus for distributing, sorting and
      conveying of a stream of similar objects which are positioned in random
      orientation and overlapping relationship.
PAR  In particular, the invention relates to such an apparatus for handling of
      objects having two major sides, one of which is flat and the other of
      which is bounded by a rounded or bevelled margin.
PAR  It is known to provide vibratory conveyors, especially vibratory drums, for
      conveying of pourable material and mass articles, especially those which
      are of small weight. To obtain a high conveying capacity per unit time
      these devices are so constructed that the material which they convey
      issues from the device in form of a stream wherein the articles or objects
      overlap one another and have random orientation. This is especially true
      of certain industries where very high conveying speeds are required, for
      example in the beverage bottling industry such devices are used, inter
      alia, for conveying bottle caps or the like. Such bottle caps or similar
      articles may be of round shape and have differently configurated upper and
      lower sides; it is desirable that these objects be supplied to a storage
      receptacle--for later furnishing to a user--in a certain predetermined
      orientation, for example always with the upper side facing up. In the case
      of bottle caps it may be necessary to so supply these caps for use in
      capping machines which are capable of capping as many as 50 thousand
      bottles per hour.
PAR  It is evident that under such circumstances, it is not practicable to
      remove from the supply stream such bottle caps or other objects which do
      not have the required orientation, as this would significantly reduce the
      feed rate of the vibratory conveyor which would then not be able to keep
      up with the hourly demand of the capping machine.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention seeks to overcome these problems.
PAR  In particular, it is an object of the present invention to provide an
      apparatus which is capable of forming the stream of objects issuing from a
      vibratory conveyor, into a single layer of objects, and of imparting to
      all such objects which do not yet have the desired orientation, a movement
      will will cause them to assume such orientation.
PAR  In keeping with these and other objects, the invention provides an
      apparatus for conveying and sorting or similar objects having opposite
      sides, one of which is flat and which are connected by a side wall having
      a bevel adjacent the other side. The apparatus comprises means for
      supplying a stream of said objects in random orientation and in
      overlapping relationship. This means may be a vibratory conveyor,
      especially a vibratory drum. Ramp means has one end on which it receives
      this stream and conically diverges from this one towards another end. The
      ramp means is progressively downwardly inclined relative to the
      horizontal, from the one end to the other end. It carries guide rails
      which form parallel guide channels each having a height slightly greater
      than the distance between the aforementioned sides of the objects.
PAR  Sorting channels are associated in pairs with the outlet end of each guide
      channel. Routing means routes objects having the desired orientation into
      one sorting channel of the pair, and routes all other objects into the
      other sorting channel of the pair. Reversing means is associated with the
      other channel of each pair and so reverses the position of the respective
      objects that when they issue from the other sorting channel they, also,
      have the desired orientation.
PAR  If the supply means is a vibratory drum, then I have found it to be of
      advantage if the guide ramp overlies an outlet portion--e.g., of sickle
      shape--of the drum, so that the exiting stream of objects will spread out
      to a width which is a multiple of its width at the outlet of the drum.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic top plan view of the apparatus of the present
      invention;
PAR  FIG. 2 is a section taken on line II--II of FIG. 1;
PAR  FIG. 3 is a section on line III--III of FIG. 1;
PAR  FIG. 4 is a section on line IV--IV of FIG. 1;
PAR  FIG. 5 is a section on line V--V of FIG. 1;
PAR  FIG. 6 is a section on line VI--VI of FIG. 1;
PAR  FIG. 7 is a partial axial section through one of the objects to be
      conveyed.
PAR  FIG. 8 is an enlarged view showing a detail of FIG. 1; and
PAR  FIG. 9 is a fragmentary section through FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a conventional vibratory drum of the type which is in wide
      commercial use. It has an outer wall 2 and a conveying channel 3 which may
      on the inside be delimited by an upstanding wall portion 4. The objects 17
      to be conveyed (see FIG. 7) are admitted into the free center 5 of the
      drum 1, for example by being blown in via a (not illustrated) compressed
      air device and drop onto the bottom of the drum 1 from where they are
      conveyed in upward direction in a multilayer stream. This upward movement
      continues until the level of the section line II--II in FIG. 1 is reached,
      where the stream of objects is discharged onto a guide ramp 6. A
      comparison of FIGS. 3 and 4 with FIG. 1 indicates that the guide ramp
      increases continuously in direction away from the drum 1 and also extends
      in direction downwardly of the horizontal to a progressively greater
      extent (see FIGS. 3-6 from which it should be understood that the greatest
      angle of inclination .alpha. amounts to about 25.degree.). In the region
      of the drum, the edges of the ramp 6 are bounded by side walls 7 and 8;
      the former is a continuation of the wall portion 4 and merges in the area
      of the section lines V--V with the wall 2 of the drum. The side wall 8
      constitutes an extension of the drum wall 2. This construction assures
      that the ramp 6 overlaps that portion of the drum 1 which is shaded in
      FIG. 1 and which has a substantially sickle-shaped configuration.
PAR  The initially constant increase in the width of the ramp 6 assures that the
      stream of objects exiting from the drum 1 can spread out substantially and
      form a layer having the depth of a single object; i.e., a layer wherein
      the objects 17 no longer overlap one another as was the case in the
      stream. This spreading out is completed by the time the articles reach the
      region of the section line IV--IV. From this region onwards, the ramp 6 is
      provided with a plurality of parallel curved guide rails 9 which project
      progressively from the surface of the ramp 6, as indicated by the
      broken-line showing in FIG. 1, until they reach their full height in the
      region of the section line IV--IV. Upstream of this region they do not
      interfere with the spreading out of the articles because of their very
      gradual increase in height. These guide rails 9 form guide channels 10
      into which the objects 17 enter individually under the influence of
      gravity and the impetus imparted by the vibration of the drum 1.
PAR  The channels 10 are curved until they reach the region of the section line
      VI--VI; from there on they continue on a planar plate 20 at an angle
      .beta. so selected that the objects will roll on the plate 20 (in their
      channels 10) at different speeds. The plate 20 is separated from the ramp
      6 by a narrow gap 11 so that the movement of the objects 17, while they
      are on the plate 20, is no longer influenced by vibrations of the drum 1
      and results exclusively from gravity; it is mounted independently of the
      drum 1 and inclined to the horizontal at the angle .alpha. of 25.degree..
      The plate portion forms the rear wall of steep pairs of sorting channels
      12, 13 which communicate pairwise with the channels 10, and also of a
      container 15 having an outlet opening 16 from which the objects 17 issue
      individually to move to a user.
PAR  FIGS. 8 and 9 show in about twice actual scale further details of the
      channels 10 for the objects 17 which have the shape shown in FIG. 7. These
      objects have planar or flat sides 18 and 18a and are circular. The margin
      of the side 18 is bevelled (or else rounded, which is intended to be
      included in the definition of the term "bevelled" as used herein) at 18'.
      The objects are to be admitted into the container 15 in a single layer and
      in such a manner that the sides 18a are in contact with the plate 20.
PAR  The objects 17 which enter the channels 10 in the wrong orientation, i.e.,
      with their sides 18 facing the ramp 6 so they would eventually also face
      the plate 20, must be sorted out of the stream of objects and their
      orientation be corrected so that they assume the proper and desired
      orientation.
PAR  For this purpose, the channel 13 incorporates a reversing spiral 14 which
      reverses an entering object 17 through 180.degree.. Upstream of the spiral
      14, the channel 13 is provided with a member 19 that is mounted on the
      plate 20 and which has a thickness slightly smaller than the height of the
      bevel 18' of the objects 17. When an object having the wrong orientation
      engages the upper edge 19' of the member 19, it slides laterally into the
      channel 13 and, on encountering the spiral guide 14, is turned through
      180.degree. before it enters the container 15 in now proper orientation.
      The upper edge 19' of the member 19 is bevelled so as to include with the
      surface of the plate 20 an acute angle; this assures a reliable
      sliding-off of objects 17 having the wrong orientation. A further measure
      for the same purpose is the provision of a triangular recess or cutout 26
      formed in the plate 20 in the region of each member 19, having a height
      which is smaller than the diameter of the objects 17. The punched-out wall
      portion 20' is bent rearwardly at its base and the respective improperly
      oriented object 17 will thus be guided into the broken-line inclined
      position (see FIG. 9) in which its sliding off is assured. Properly
      oriented objects 17, on the other hand, slide over the edge 19', being
      guided above the recess 26 by the surface of plate 20, and drop into the
      channel 12 and from there directly into the container 15.
PAR  Above the wall portion 20' there may be arranged a nozzle 27 which ejects
      air or another gas and serves to hasten the sliding off of improperly
      oriented objects 17. At the outer side of the channel 13 there may be
      arranged an adjusting plate 28 which makes it possible to reposition the
      upper edge 19', for example by shifting the plate 28 into the broken-line
      position, to compensate for tolerance variations and/or assembling
      inaccuracies.
PAR  It is necessary to assure that the objects 17 moving in the channels 10
      travel at identical speeds when they arrive at the members 19 and the
      channels 12, 13, to obtain a uniform rate of feed into the container 15.
      For this purpose, each of the channels 10 has arranged in it--always at
      identical spacing from the channels 12, 13--a rocker member 21 which is
      provided with two mutually oppositely projecting arms 22 and 23. The total
      length of these arms corresponds about to the diameter of the objects 17
      and which include with one another an obtuse angle of about
      150.degree.-170.degree.. Each rocker member is mounted for pivoting about
      an axis 24 which extends normal to the plane of plate 20. The arms 22 and
      23 balance one another, i.e., they are in equilibrium as are the arms of a
      balance-type scale. The distance a of the upper edge of the arm 22 from
      the neighboring (i.e., upper in FIG. 8) rail 9 is slightly smaller than
      the diameter of the objects 17 when the member 21 is in the illustrated
      position. This can be achieved by provision of a special guide portion 25.
PAR  When a moving object 17 engages the arm 22, the latter is depressed by the
      weight of the object. This reduces the speed of movement of the object
      until it has depressed the arm 23; during this time, the next-following
      object 17 is restrained against advancement by the arm 22. In the
      remaining path portion to be travelled, i.e., from member 21 to the
      channels 12, 13, the speed of movement of all objects will then be
      identical.
PAR  The provision of the steep channels 12, 13 also assures that a backing up
      of the quantities of the objects 17 at the inlets of the channels 12, 13
      is impossible.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      applications differing from the type described above.
PAR  While the invention has been illustrated and described as embodied in a
      device for sorting and conveying similar objects, it is not intended to be
      limited to the details shown, since various modifications and structural
      changes may be made without departing in any way from the spirit of the
      present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. Apparatus for sorting and conveying of similar objects having opposite
      sides, one of which is flat and which are connected by a side wall having
      a bevel adjacent the other side, comprising means for supplying a stream
      of said objects in random orientation and in overlapping relationship;
      guide ramp means having one end for receiving said stream and conically
      diverging in width towards another end, said guide ramp means being
      progressively downwardly inclined from the horizontal in direction towards
      said other end; guide rail means on said guide ramp means and forming
      thereon a plurality of longitudinally extending parallel guide channels
      each having a height slightly greater than the distance between said sides
      of said objects; sorting channel means in the region of said other end and
      comprising a plurality of pairs of sorting channels communicating with the
      respective guide channels, each pair of sorting channels including a first
      sorting channel for receiving from the associated guide channel such
      objects as have a desired orientation and a second sorting channel for
      receiving such objects as have an undesired orientation; routing means
      upstream of said pairs of sorting channels and operative for routing the
      objects into said first or second sorting channel of the respective pair
      in dependence upon the orientation of the respective object; and reversing
      means associated with said second sorting channel of each pair for
      reversing the position of the objects therein so that they assume said
      desired orientation.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein said sorting channels have an
      upright orientation.
NUM  3.
PAR  3. Apparatus as defined in claim 1, wherein said reversing means comprises
      a reversing guide for reversing said objects through 180.degree..
NUM  4.
PAR  4. Apparatus as defined in claim 1, wherein said supplying means comprises
      a vibratory drum.
NUM  5.
PAR  5. Apparatus as defined in claim 4, wherein said vibratory drum has
      sickle-shaped portion, and wherein said guide ramp means overlaps said
      sickle-shaped portion.
NUM  6.
PAR  6. Apparatus as defined in claim 1, wherein said guide ramp means includes
      a first portion adjacent said supplying means and a second planar plate
      portion downwardly inclined relative to the horizontal and separated from
      said first portion by a narrow gap, said guide rail means being provided
      on said plate portion.
NUM  7.
PAR  7. Apparatus as defined in claim 6, wherein said plate portion also
      constitutes a wall of a container for receiving said objects, said sorting
      channels also being provided on said plate portion and communicating with
      said container.
NUM  8.
PAR  8. Apparatus as defined in claim 7, wherein each of said guide rails has a
      longitudinal discontinuity; and further comprising a rocker member mounted
      in each discontinuity for rocking movement about a horizontal axis
      extending transversely of said guide rails, said rocker member having one
      arm facing in the direction of advancement of said objects and another arm
      which extends at an obtuse angle relative to said one arm and faces
      opposite said direction.
NUM  9.
PAR  9. Apparatus as defined in claim 8, wherein said arms are balanced relative
      to one another so that said rocker member normally assumes a position of
      equilibrium.
NUM  10.
PAR  10. Apparatus as defined in claim 8, wherein said other arm is movable to
      and from a position in which it is spaced from the respectively
      neighboring guide rail by a distance which is smaller than the diameter of
      said objects.
NUM  11.
PAR  11. Apparatus as defined in claim 8, wherein each of said arms has a length
      which substantially equals a radius of said objects.
NUM  12.
PAR  12. Apparatus as defined in claim 1, wherein said routing means comprises
      members each having an edge which is flush with a respective guide rail,
      and wherein said second sorting channel of each pair is offset by a
      distance corresponding substantially to the thickness of the respective
      member.
NUM  13.
PAR  13. Apparatus as defined in claim 12, wherein said edge is bevelled in
      direction toward said guide ramp means.
NUM  14.
PAR  14. Apparatus as defined in claim 12, wherein said guide ramp means is
      formed upstream of the respective members with areas where the material of
      said guide ramp means is bent out of the plane of said guide ramp means
      and out of the respective guide channel at such an angle that the plane of
      the bent-out material intersects said edge of the respectively associated
      member.
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ABST
PAL  Containers which are wider than they are high are delivered to a pair of
      belts spaced to support the container below its widest upper edge. The
      containers are delivered to the belts by a chute which delivers the
      containers in one of two orientations either bottom leading or bottom
      trailing relative to the conveyor direction.
BSUM
PAR  This invention relates to the orienting of containers.
PAR  The type of container with which this invention is specifically concerned,
      is an open topped container which is a body of revolution about the
      intended vertical axis and has a closed bottom. (It is not relevant to the
      invention that the open top will usually be closed by a lid manufactured
      separately from the container). By `intended vertical axis` is meant that
      the axis will be vertical when the bottom of the container is on a
      horizontal surface and the container open upwardly. The type of containers
      with which this invention is concerned are those whose largest diameter
      about the surface of revolution is at the upper edge. Most commonly such
      containers will terminate at their upper edge in a rim.
PAR  It has in the past been easy to orient containers whose depth was greater
      than the widest diameter. Because of the relative dimensions between the
      depth and the diameter, the container could readily be made to assume an
      orientation open upward with its rim supported on two diametrically
      opposed surfaces. Such techniques have not, however, been successful with
      containers wider than their height because the latter can easily slip
      between the diametrically opposed surfaces, become jammed or otherwise
      disoriented.
PAR  This invention provides a pair of belts each of which provides a flight for
      supporting the container below the rim or upper edge. The flights are
      parallel and spaced to support such a container on diametrically opposed
      rim locations (and to transport it from a loading to a disposal area) in
      what is called the `travel direction`. A chute is provided for directing
      the containers downward toward the spaced flights so that the possible
      container orientations are limited to two. These two orientations comprise
      having the container in the chute with its bottom trailing or leading
      while the chute is oriented to direct the containers so the plane of the
      rim or upper edge portion intersects the belt flights along a line
      sufficiently close to the perpendicular to the travel direction that the
      flights will halt the downward travel of the container. The chute is
      sloped to direct the container so that the plane of the rim or upper edge
      ranges from the vertical to sloping downwardly and rearwardly. The chute
      is further arranged to direct the containers so that the downwardly
      leading edge of the container passes between the belt flights until the
      flights stop the downward motion by contacting the spaced portions of the
      rim. The chute is designed so that the orientation of the container at the
      time of such contact is either bottom leading (relative to the travel
      direction) with the slope such that the container centre of gravity
      forward of the line of contact of the container with the flights so that
      the container will tend to swing in one direction to an upright position,
      with its rim or widest diameter resting on the flights, or bottom trailing
      with the aforementioned slope also such that the container centre of
      gravity is rearward of the line of contact of the container with the
      flights, so that the container will tend to swing in the other direction
      to the same upright position with its rim or widest diameter resting at
      diametrically opposed locations on the flights.
PAR  Other moments than that due to gravity affect the rotation of the container
      leaving the chute and impinging upon the belt, and must be taken into
      account. A moment acting in the same direction as the gravity is that
      caused by the kinetic energy of the falling container, which may be
      considered as involving a force acting through the centre of gravity about
      the points of contact of the container with the belt. The friction of the
      belt acting on the container at the points of contact supplies a moment
      about the centre of gravity which in the case of a bottom trailing
      container will augment the other moments and in the case of a bottom
      leading container will oppose the other moments except with an extremely
      flat chute slope where the centre of gravity of the container is below the
      belt level when contact is made therewith. Thus the slope of the chute
      should always be selected having these moments in mind and so that, on the
      one hand they cause rotation of the container in the desired direction but
      on the other hand, they do not cause such desired rotation with such force
      that the container tends to rotate too far past its desired final
      orientation. The chute angle, within the range discussed, may be selected
      to achieve the desired results and the desired orientation of the
      container. The containers, as a result, all similarly oriented are carried
      away on the parallel flights. The chute must be designed so that when a
      container strikes the flight, it is free to swing in the desired direction
      while commencing its travel along the flights.
PAR  By limiting the angle of approach of the containers down the chute to the
      parallel flights and the possible orientations of the containers to two
      opposite arrangements (in each of which the widest portions of the
      containers contact the opposed flights), means and a method are provided
      so that the containers may be consistently correctly oriented on the
      travelling flights. They are carried thereby to a suitable location for
      further operations. It will be realized that it is relatively easy to
      provide the containers in a chute in one of two opposite orientations, as
      required by the apparatus of the invention.
PAR  It will be noted that the requirement that the chute orient the containers
      so that their widest portion is sure to strike both flights, avoids the
      risk of the containers falling between the flights, the height being less
      than the diameter. This problem is not faced by others handling containers
      whose height is larger than their maximum diameter.
PAR  In a preferred form of the invention, the risk of misorientation through
      rotation force when the containers strike the flights after passing down
      the chute, is lessened by providing a surface below the flights just below
      the level defined by the bottom of a container correctly oriented on the
      flights. Such surface is sometimes contacted by bottom edges of the
      containers during their perambulations into correct position and tends to
      dampen the movements of the container.
DRWD
PAR  In drawings which illustrate a preferred embodiment of the invention:
PAR  FIG. 1 shows a side view of a belt flight and a chute, in accord with the
      invention;
PAR  FIG. 2 shows a cross section along the lines 2 -- 2 of FIG. 1;
PAR  FIG. 3 shows a schematic of the movement of the bottom leading container
      from the chute orientation to a position of rest on the flights; and
PAR  FIG. 4 shows a schematic of the movement of a bottom trailing container
      from the chute orientation to a position of rest on the flights.
DETD
PAR  In FIGS. 1 and 2 a pair of belts 10 and 12 are arranged so that their upper
      flights F10 and F12 are parallel, driven in the desired travel direction D
      for the container, and spaced to support a container, such as one of those
      shown, on diametrically opposed portions of the rim.
PAR  The container, as previously described, is of the type designed to be
      closed at the bottom, open at the top and a forming body of revolution
      about its intended axis, with the height H shorter than the widest
      diameter W. Although the container shown herein has a clearly defined rim
      R, this is not a criteria for the containers with which this invention is
      concerned, the criteria being that the widest diameter of the container be
      at the rim or upper edge.
PAR  A chute comprising front 14 back wall 16 and side walls 18 is dimensioned
      so that the containers may only travel theredown in one of two
      orientations, i.e. bottom leading or bottom trailing relative to direction
      D and so that the plane of the container's widest diameter intersects the
      opposite flights along a line sufficiently close to the perpendicular to
      direction D that the container cannot pass between the opposed flights,
      but its widest portion must be intercepted by them.
PAR  The chute, as previously described, must deliver the containers with the
      planes of their widest diameter portions between the vertical and the
      downward rearward orientation where the centre of gravity of a bottom
      trailing container would be rearward of the line of contact of the rims
      with the flights. Forward wall 14 terminates at its forward lower edge,
      high enough to allow exit of a container travelling along the flights
      while still standing edgewise.
PAR  FIGS. 1 and 2 show a container at rest and travelling along the flights and
      it will be noted that the bottom of the container defines a level L. Just
      below this level there is provided a surface S between the belt flights.
      The purpose of the Surface S is to dampen movement of a container which
      due to its travel down the chute tends to bounce or oscillate on the
      flights.
PAR  FIG. 3 shows a bottom leading container from its chute orientation 31
      through positions 32, 33 and rest position 34. The quartered circle shows
      for each position the line of contact of the container with the flights.
      As illustrated in position 33 the container has struck the lower surface S
      dampening its movements. As illustrated in FIG. 4 showing the
      perambulations of a bottom trailing container having chute orientation 41
      through positions 42, 43, 44 and 45 the rest position. In positions 44 the
      surface S has damped movement of the container 44 as it moves toward
      position 45. Perambulations of the container as shown in FIG. 3 or in FIG.
      4 may include the container orienting from position 33 past the rest
      position 34 and returning thereto or orienting from position 44 past
      position 45 and returning thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method of orienting open ended containers which are a surface of
      revolution about the intended vertical axis thereof, said containers being
      shaped so that their largest diameter is located at the open end, and so
      shaped that their maximum vertical dimension is less than said largest
      diameter, comprising the steps of:
PA1  providing a pair of belts each of which is arranged to provide a flight to
      partly support such a container below said largest diameter,
PA1  said flights being arranged to be parallel, directed in the same travel
      direction and spaced to support diametrically opposed portions of said
      largest diameter,
PA1  causing said belts to operate so that each of said flights move in the
      travel direction,
PA1  delivering such containers downwardly toward said belt flights, in one of
      two orientations, i.e. with the bottom of the container leading or
      trailing in the direction of belt travel so that the downwardly leading
      surface of the largest diameter of a container will pass between said belt
      flights and then contact both said flights,
PA1  the angle of delivery of such containers being selected with a range so
      that the plane of the portion of largest diameter intersects said flights
      along a line approximately perpendicular to the travel direction and the
      slope of such planes is from the vertical to directions downward and
      rearward relative to the travel direction.
NUM  2.
PAR  2. Method of orienting open ended containers surrounded by a rim which are
      a surface of revolution about the vertical axis thereof, whose rim is the
      largest diameter about said axis and whose vertical dimension is less than
      the diameter of said rim and whose centre of gravity is displaced from
      said rim, comprising the steps of:
PA1  providing a pair of belts each of which is arranged to provide a flight to
      support the rim of such a container,
PA1  said flights being arranged to be parallel, designed to be moved by said
      belts in the same travel direction and spaced to support diametrically
      opposed portions of said rim,
PA1  causing said belts to operate so that said flights move in the travel
      direction,
PA1  delivering such containers downwardly toward said belt flights, in one of
      two orientations, i.e. with the bottom of the container leading or
      trailing in the direction of belt travel, so that the outer surface of
      said rim will pass between said belt flights and then be halted by the
      flights at opposed points of contact,
PA1  the angle of delivery of said containers being selected within a range, so
      that the planes of the portion of largest diameter intersect said flights
      along a line approximately perpendicular to the travel direction and the
      slope of such planes is from the vertical to directions downward and
      rearward relative to the travel direction.
NUM  3.
PAR  3. Method as claimed in claim 1 including the step of preventing portions
      of containers impinging upon the belt flights from extending substantially
      further below the top of the belt flights than the level defined by the
      bottom surface of the container when the container is stationary on said
      belt with the rim resting on said belt flights.
NUM  4.
PAR  4. Method as claimed in claim 2 including the step of preventing portions
      of containers impinging upon the belt flights from extending further below
      the top of the belt flights than the level defined by the bottom surface
      of the container when the container is stationary on said belt with the
      rim resting on said belt flights.
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PAL  A delivery device for the controlled and continuous release of a useful
      agent at a functional rate is comprised of an erodible capsule housing a
      self monitored delivery device attached to a collapsed support. The device
      is comprised of a hollow container having a wall formed of a
      self-monitored release rate controlling material permeable to the passage
      of the agent by diffusion, or the wall is formed of a microporous material
      whose micropores are a means for holding a self-monitored release rate
      controlling medium permeable to the passage of the agent by diffusion. The
      device on its release from the bioerodible capsule in the environment of
      use releases an effective amount of agent at a functional rate over a
      prolonged and continuous period of time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to both a novel and useful delivery device for
      administering a beneficial agent to produce a local or systemic
      physiological or pharmacological beneficial effect. The invention resulted
      from a chronic need for an agent delivery device, particularly
      gastrointestinal devices, that is easy to use, comfortable to the host,
      inexpensive and concomitantly can administer an agent at a continuous and
      controlled rate for a prolonged period of time at a desired functional
      rate, for example a drug dosage rate. This need existed in the medical,
      veterinary and pharmaceutical arts because prior attempts to achieve a
      prolonged release of a useful agent generally has led to unacceptable
      results. For example, many prolonged release preparations orally
      administered to achieve a prolonged result used assorted coatings designed
      to allow the release of the active agent after a certain time in the
      environment of use, such as in the gastrointestinal tract, led to problems
      that gave unacceptable results. One problem typically encountered in the
      gastrointestinal tract, is that in some cases soluble agent diffused
      through the coatings which often were insoluble in gastric fluids and in
      other cases some of the coatings resisted disintegration so that prolonged
      release preparations would pass through the gastrointestinal tract intact.
      Also, many agent coatings prepared in the past depended on the assumption
      that the stomach contents were very acid and the intestinal contents were
      basic to achieve disintegration of these coatings without any real
      consideration of the physiological variation of pH that can occur for
      these contents. Therefore, coatings which depended on pH for
      disintegration were not as efficient as planned and complete drug release
      was not obtained.
PAR  Other prolonged release medication involved the administration of coated
      particles or pellets, hard capsules and the like to produce a desired
      concentration of the agent in the environment of use such as the blood,
      but these two have not led to the desired agent levels. For example, if
      the dose of the agent gives a repeated administration effect, the
      concentration in the blood rises to peaks and falls to valleys depending
      on the number, frequency and availability of the doses. The peak-valley
      effect may not be satisfactory in terms of providing the best therapy,
      becuase at the peak, the high concentration may cuase side effects, and in
      the valley, the concentration may be insufficient to elicit suitable
      response. Thus, these types of prolonged release preparations, as with
      other alleged prolonged release preparations, often are not suitable for
      releasing agent at a controlled rate for a prolonged period of time.
PAC  SUMMARY OF THE SPECIFICATION
PAR  Accordingly, it is an immediate object of this invention to provide an
      agent delivery device for the administration of a locally acting or
      systemically acting agent to produce a physiologic or pharmacologic effect
      which device essentially overcomes the disadvantages associated with the
      prior art prolonged release forms of administration.
PAR  Still another important object of the invention is to provide a drug device
      for use in the gastrointestinal tract for releasing drug at a controlled
      and continuous rate for a prolonged period of time while simultaneously
      eliminating the necessity for taking drug at repeated intervals.
PAR  A further object of this invention is to provide a complete dosage regimen
      for administering a drug for a particular time period, the use of which
      requires intervention only for the initiation of the regimen and would
      also eliminate missed doses because of forgetfulness.
PAR  Still a further object of the invention is to provide a drug delivery
      device for use in the gastrointestinal tract suitable for continuously
      administering a drug in the stomach and remaining therein until the
      prescribed dosage regimen is essentially completed before the device is
      eliminated from the gastrointestinal tract.
PAR  Yet still a further object of the invention is to provide an orally
      administrable drug delivery device for use as a single administration and
      wherein the device is self-contained and will remain in the stomach for an
      extended time while administering drug from a drug reservoir by diffusion
      through a drug release rate controlling material.
PAR  Still another object of the invention is to provide a self-monitored device
      for releasing a useful agent at a functional rate to various environments
      of use such as body passageways, the vagina, the bladder, streams, rivers,
      fish ponds and the like.
PAR  In attaining the objects, features and advantages of the invention, a novel
      delivery device is provided for the continuous dispensing of a beneficial
      agent in the environment of use which device is self-contained,
      self-activated, operates independently of its surroundings, and can
      automatically exit from the environment of use after an extended period of
      drug administration. The delivery device is comprised of a physiologically
      erodible capsule having an internal space for housing the agent delivery
      device. The device is comprised of a container that acts as a reservoir
      for housing an agent. The wall of the container is made of a
      self-monitored agent homogenous release rate controlling material
      permeable to the passage of the agent. The wall can also be made of a
      microporous material containing in its micropores a self-monitored release
      rate controlling medium permeable to the passage of the agent. The
      container is fixed to a deformable, hollow support member that can inflate
      on release of the device from its storage and transport capsule in the
      environment of use. The support self-deflates after the release of agent
      to let the device pass from the environment of use. Also, the device can
      be fabricated of biodegradable materials that biodegrade after a period of
      time to permit passage of the device from the environment.
PAR  Other objects, features and advantages of the invention will be apparent to
      those skilled in the art from the following detailed description of the
      invention, taken in conjunction with the drawings and the accompanying
      claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which are not drawn to scale, but rather are set forth to
      illustrate various embodiments of the invention, the drawings are as
      follows:
PAR  FIG. 1 is a side perspective view of an agent delivery device of the
      invention housed in a capsule prior to use.
PAR  FIG. 2 is an enlarged, side perspective view illustrating an agent delivery
      device in a closed capsule with a section of the capsule removed for
      showing a device therein.
PAR  FIG. 3 is a magnified isometric view illustrating another device of the
      invention confined in a capsule with a central section removed for showing
      details of the device.
PAR  FIG. 4 is the device of FIG. 3 with a section of the delivery means exposed
      to illustrate the device in operative condition.
PAR  FIG. 5 is a side view diagrammatically illustrating a capsule housing a
      drug delivery device descending in the esophagus.
PAR  FIG. 6 is a side view diagrammatically depicting a drug delivery device in
      use in the stomach.
PAR  In the drawings and the specification, like parts in related figures are
      identified by like numbers. The terms appearing earlier in the
      specification and in the description of the drawings, as well as various
      embodiments thereof, are further described in detail elsewhere in the
      disclosure.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Turning now to the drawings in detail, which drawing are examples of
      various agent delivery devices of the invention, and which examples are
      not to be construed as limiting, one generic example of a novel agent
      delivery device is generally indicated in FIG. 1 by numeral 10. Delivery
      device 10 is illustrated in side, opened-face perspective view and it is
      comprised of a bioerodible capsule 12 having an internal space 13 housing
      an agent delivery device 14. Device 14 is a hollow container 17, also
      called herein a reservoir container 17, formed of an agent release rate
      controlling material permeable to the passage of agent 18. Device 14 is
      suitably fixed to a deformable hollow member 16 that can reversibly expand
      or collapse on release of device 14 from capsule 12. In FIG. 1, agent
      delivery device 14 is depicted in miniature in capsule 12 to exemplify one
      operative embodiment of the invention. An enlarged, detailed illustration
      of FIG. 1 with other embodiments is set forth in the remaining FIGS. 2 and
      6.
PAR  Referring to FIG. 2, agent delivery device 10 is illustrated comprised of a
      bioerodible capsule 12 with a section 11 of capsule 12 removed to
      illustrate an internal space 13 housing device 14. Capsule 12 is
      advantageously formed of two parts with one part designed to telescope
      into the other part for easily housing device 14 in capsule 12. Capsule 12
      is made of bioerodible materials, such as gelatin, that, in a biological
      environment of use, move quickly and easily through the esophagus to the
      stomach wherein it quickly bioerodes to free device 14. Capsules of other
      construction and made of other bioerodible materials can also be used for
      housing the device and for releasing the delivery device 12 in the
      stomach.
PAR  Device 14 in the embodiment of the invention illustrated in FIG. 2, is
      comprised of a container 17 which functions as a reservoir for containing
      an agent 18 or a mixture of agents 18. It container 17, consists of
      substantially a closed container 17 having a wall surrounding and
      enclosing an internal space that serves as a reservoir for internally
      storing agent 18. The wall of container 17 is made either of an
      imperforate agent release rate controlling material permeable to the
      passage of agent or a microporous material having its micropores filled
      with a medium permeable to the passage of agent 18. In both embodiments,
      the permeability is by diffusion. Container 17, is suitably fixed by
      adhesively joining it to support 16. Container 17 in one embodiment is
      suitably joined to member 16 with conventional adhesives, such as
      .alpha.-cyanoacrylates, acrylic and methacrylic adhesives, epoxies,
      plasticized polyvinyl adhesives, and the like. Other known techniques,
      such as thermal joining, casting the support onto the reservoir and the
      like can be used to fix container reservoir 17 in sealed relationship with
      member 16. Member 17, in another embodiment, is suitably formed by joining
      a release rate wall slightly raised above support 16. The wall is joined
      around its outer edges to define a space that is a reservoir container 17.
      The space is comprised of the raised inner surface wall and the
      corresponding wall of support 16. The wall is sealed around all its edges
      by the above described techniques. In FIG. 2, reservoir container 17 is
      fabricated by the just described techniques. Member 16 is freely movable
      from a collapsed state to an expanded state on release of device 14 from
      capsule 12 and it is returnable to a collapsed position after a period of
      time. Member 16 contains a gas stored in solid or in liquified form at
      ambient temperature which as solid or liquid produces at physiologic
      temperatures a gas that has a vapor pressure in excess of one atmosphere
      to cause member 16 to inflate to a predetermined size and shape. Member 16
      is made of naturally occurring or synthetic flexible polymeric materials
      that lend themselves to reversible changes in size and shape. Member 16 is
      equipped with an erodible plug 19 that erodes in the environment of use
      after a predetermined time to release the gas from member 16 to deflate it
      to a collapsed state for passage through the lower gastrointestinal tract.
      In another embodiment, member 16 is made from a material that is permeable
      to a gas to let the gas slowly diffuse therefrom causing it to deflate for
      eventual passage through the gastrointestinal tract. In FIG. 2, member 16
      is optionally illustrated as a completely sealed tube, but it is to be
      understood that other embodiments such as envelope, flat bag, balloon and
      the like are within the mode and manner of the invention.
PAR  In FIG. 3, another agent delivery device 10 is illustated comprised, in
      combination, of a swallowable bioerodible capsule 12 made of two
      telescopically associated non-toxic envelopes with a section 11 of capsule
      12 removed to show an internal space 13 carrying an agent delivery device
      14. Capsule 12 has a size and shape adapted for oral administration, that
      is, swallowing and passing by normal paristalsis to the stomachs of
      humans, farm animals such as cows, horses and the like, household pets
      such as dogs, and sport animals such as horses. On reaching the stomach,
      container 12 which is made from gelatin, gelatin derivatives,
      poly(vinylalcohol) or the like, quickly and easily disintegrates to
      release device 14 for discharging a medicament into the stomach.
PAR  Device 14 is comprised of a container reservoir 17 for containing an agent
      18, or a mixture of agents. Container 17 in FIG. 3 is of tubular shape and
      it travels all or part of the length of member 16. Container 17 can also
      embrace other shapes, such as a closed sausage, closed half-circle,
      triangular and the like. The wall of container 17 can be as previously
      described, that is, a homogenous wall or a microporous material, with its
      micropores containing a medium permeable to the passage of drug.
      Optionally, the medium in the micropores can be gastric fluids which can
      also serve as a drug release rate controlling medium. Other examples will
      be presented later in the disclosure.
PAR  In FIG. 3, agent 18 is seen at the surface of container 17 after diffusing
      through the self monitored wall for release from device 10. Container 17
      at surface 20 is open to illustrate the interior of container 17. The
      interior is filled with a carrier 21a, that is a liquid or the like
      housing agent 18. In operation in the environment of use, agent 18 moves
      through carrier 21a and then through the wall to the exterior of device
      10. Container 17 is suitably joined to deformable member 16 that is made
      of naturally occurring or synthetic flexible polymeric materials that can
      readily change size and shape from collapsed to inflated and back to
      collapsed. Container 17 covers at least a portion of the outer surface of
      member 16, or it can cover all the surface of member 16. Container 17 is
      suitably joined to deformable member 16 by adhesive sealing, integral
      fabrication, heat sealing, multi-layered coating, or other conventional
      manufacturing means. Deformable member 16 is illustrated in a collapsed
      position and it is formed of a section of polymeric film material folded
      in tubular shape and heat sealed together along its longitudinal seams 15.
      Member 16 contacting opposed surfaces are sealed together along a
      transverse bottom seam 15a and a transverse top seam 15b to form a
      completely sealed deformable member. Member 16 can be formed of one or
      more layers with one or more surfaces of similar or dissimilar films, and
      it is manufactured with a bioerodible plug 19 that erodes after a period
      of time to vent the interior of member 16 to its exterior. Member 16 can
      optionally be formed of a bioerodible material that erodes after a period
      of time, or it can be formed of a material permeable to a gas that slowly
      diffuses therethrough to cause an inflated member 16 to collapse. Member
      16 contains a gas stored in solid or liquified form at ambient conditions
      that produces a gas having a vapor pressure in excess of one atmosphere at
      the termperature of use, that is, in the stomach, to cause member 16 to
      inflate to a predetermined size and shape. The dimensions of member 16 in
      the inflated state will of course vary for different animals, but it
      should be large enough to retain the device in the stomach, that is,
      slightly larger than the diameter of the pyloric canal which is about 1 cm
      to 4 cm, usually 2 cm in humans. Hence, in operation, container 12 is
      administered through the gastrointestinal tract into the stomach where
      device 14 is freed from capsule 12. Member 16 then inflates to place the
      container 17 with its release rate controlling wall in position in the
      stomach to diffuse drug 18 from container 17 at a functional rate
      throughout the drug administration period. At the end of this period, plug
      19 erodes and devices 14 then passes through the lower alimentary tract
      and out of the body.
PAR  FIG. 4 graphically depicts the delivery device of FIG. 3 freed from its
      container in operative embodiment. In FIG. 4 device 14 is comprised of an
      inflated tubular member 16 bearing on one of its surfaces a closed
      reservoir 17 formed of a wall surrounding an enclosed agent containing
      area, not shown. Reservoir 17 which has an open cross section illustrating
      micropores 17a in the reservoir 17 material. Reservoir 17 is comprised of
      a microporous material containing a drug internally housed that can
      diffuse from the inside of container 17 through micropores 17a at a
      controlled and continuous rate for a prolonged time to produce a
      beneficial effect. The size of reservoir 17 will vary to correspond to the
      size of the host, and it will usually be about 1 mil to 25 mm in diameter
      and about 1 mil to 50 mm long or larger. Reservoir 17 can be round,
      cylinderical, cresent, oval, egg, and like container shapes. Reservoir 17
      can be integrally formed or made of many parts. Reservoir 17 is made and
      joined to the supporting structure by conventional techniques, such as
      casting, lamination, interface sealing, adhesive joining and the like to
      yield a composite device. Standard manufacture techniques for making the
      device are well known to the art as described in Modern Plastic
      Encyclopedia, Vol. 46, No. 10A, 1969, and in ASTM Standards, Structural
      Sandwich Constructions, Part 16, T. Peel Test: ASTMD 1876-61, T. Peel
      Resistance, 1965, published by the American Society for Testing and
      Materials, and like references.
PAR  FIG. 5 and FIG. 6 diagrammatically illustrate the use of the agent delivery
      device of the invention. In FIG. 5 there is seen an outline of a human 39
      with a capsule 12 moving through an esophagus 40 toward a stomach 41. In
      FIG. 6 drug delivery device 14 is seen administering a drug in stomach 41
      to produce a prolonged beneficial result.
PAC  DETAILS OF THE INVENTION
PAR  Delivery device 14 of this invention can be made into different sizes and
      shapes with these dimensions adapted for administration to a particular
      animal, reptile and the like, and to the ease of manufacture. The shape of
      the device is usually tubular but other shapes such as oblong, oblate,
      prolate, spherical, half-circle, and the like can be used according to the
      spirit of the invention. Generally, the device is fabricated for oral
      administration into the stomach and the size of the deformable hollow
      member 16 of the device in the inflated state will be slightly larger than
      the diameter of the pyloric canal to keep the device in the stomach during
      a period of drug release. The size of the pyloric canal of different
      animals is available in standard medical books, and for humans the size of
      the inflated member will be about 1 cm in diameter to about 10 cm in
      length, usually about 2 cm by 4 cm. Other sizes such as 2 cm by 5 cm, 3.14
      cm by 5 cm, 4 cm by 4 cm and the like are also within the mode and manner
      of the invention.
PAR  Deformable member 16 bearing closed, hollow reservoir 17 is suitably made
      from naturally occurring or synthetic materials and it is made of film
      about 0.2 mils to 100 mils thick, or more; usually 0.4 mils to 20 mils
      thick, and the like. The walls of member 16 can be made of a single
      material, a combination of materials in laminated form, elastomeric
      materials bonded on thin foils, and the like. Illustrative materials
      suitable for this purpose include silicone, poly(urethanes),
      poly(acrylonitriles), poly(ethylene), poly(propylene), poly(vinylidene
      chloride), poly(vinylidene fluoride), acrylic elastomers, ethylene
      propylene terpolymers, laminates such as poly(ethylene-poly(vinylidene
      chloride), nylon-poly(vinylidene chloride), poly(ethylene)-poly(vinylidene
      chloride)-poly(ethylene),
      poly(ethylene)-poly(vinylalcohol)-poly(vinylidene)chloride, metal foils
      such as tin foils, aluminum foils, plastic coated foils such as
      poly(ethylene) coated on tin foil, poly(vinylidene chloride) on tin tin,
      nylon-poly(vinylidene chloride), acrylic elastomers laminated with foils,
      and the like.
PAR  Exemplary materials for use forming bioerodible plug 19 and also useful for
      forming deformable membrane 16 when it is optionally made from bioerodible
      materials, include those materials that bioerode in the enviornment of
      use, that is in the stomach, at a predetermined given time, or over a
      period of time. These materials are those that bioerode by known
      physiological processes, such as chemical degradation, acidic hydrolysis,
      enzymatic action, oxidation, reduction, dissolution, slow solubilization
      and the like biological processes. The bioerosion rate for suitable
      materials can be easily determined by standard assay procedures that
      consist of placing a section of bioerodible material in natural or
      artificial gastric juice at normal body temperature and then observing the
      rate of erosion over a known period of time. By a prolonged peroid of time
      for the purpose of this invention is meant 2 hours to 30 days, usually 1
      day to 8 days.
PAR  Representative bioerodible materials for making the above generally include
      hydrophilic polymers, uncross-linked hydroxyalkyl acrylates and
      methacrylates, hydrolytically biodegradable poly(anhydride) polymers as
      described in U.S. Pat. Nos. 2,073,799; 2,668,162; and 2,676,945; and in
      Introduction to Polymer Chemistry, Stille, J. K., Chapter 6, 1962 as
      published by Wiley Publishing Co., bioerodible polyesters as described in
      Industrial and Engineering Chemistry, Vol. 36, No. 3, Pages 223 to 228,
      1964; Macrmol Chem., Vol. 75, pages 211 to 214, 1964; U.S. Pat. Nos.
      2,703,316; 2,668,162; 3,297,033; and 2,676,945; cross-linked gelatin
      prepared with a cross-linking agent reactive with the hydroxyl, carboxyl
      or amino functional groups of the gelatin molecule as described in J.
      Polymer Science, Part A-1, Vol. 5, No. 1, 1967; J. Polymer Science, Vol.
      54, pages 321 to 335, 1961; Advances in Protein Chemistry, Vol. 41,
      entitled Cross Linkage in Protein Chemistry, 1961, published by Academic
      Press, Inc.
PAR  Other materials that can be used to form bioerodible films and plugs
      include proteins and hydrocollids of animal and plant origin such as
      modified collagen, elastin, keratin, fibrin, algin, karaya, pectin,
      carrageenin, chitin, heparin, locust bean gum, and the like. Also,
      commercially available synthetic polymers such as poly(ethylene oxide),
      poly(vinylpyrrolidone), poly(ethyleneimine), poly(acrylic acid) copolymers
      of acrylamide and methacrylamide up to 40% by weight of N-methylene
      bisacrylamide or N,N-dimethyl urea, water soluble polyurethanes, and the
      like.
PAR  Exemplary materials suitable for inflating deformable member 16 are
      inorganic and organic compounds that are essentially solid or liquid at
      ambient temperature, usually at 20.degree. to 35.degree. C, while at
      physiological temperatures, for example 35.degree.  to 40.degree. C, they
      freely change to a gas whose vapor phase is in equilibrium with its solid
      or liquid phase to exert a vapor pressure in excess of one atmosphere.
      Typical compounds are those compounds with a boiling point, BP, as
      follows: halogenated hydrocarbons, fluorochlorinated lower saturated
      aliphatic hydrocarbons, halogenated lower alkanes of 1 to 4 carbon atoms
      and the like, such as diethyl ether BP 34.6.degree. C, methyl formate BP
      31.5.degree. C, tetramethyl silane BP 26.5.degree. C, iso-pentane BP
      27.9.degree. C, perfluoropentane isomers BP 31.0.degree. C, n-pentane BP
      36.degree. C, diethenyl ether BP 28.degree. C and the like. Usually the
      amount of gas stored in the liquified phase in deformable member 16 will
      be about 0.1 cc to 10,000 cc or higher, usually about 0.2 cc to 0.5 cc,
      and the volume of the vapor phase will be from 1 percent to 50 percent of
      the inflated member.
PAR  Representative of drug release rate controlling materials useful for
      forming the reservoir of the device, that is the container, and having a
      drug contained therein, are materials that are permeable to the drug to
      permit passage of the drug by diffusion from within the container through
      the material that is essentially imperforate or homogenous at
      predetermined rates. In this process, the drug dissolves and equilibrates
      in the material, and then diffuses in the direction of lower chemical
      potential, that is, toward the reservoir's surface. The rate of passage of
      the drug through the material is described by Fick's Law of Diffusion and
      it is generally dependent, in the case of diffusion, on the solubility of
      the agent therein, as well as on the thickness of the material. This means
      that selection of appropriate materials for fabricating the reservoir will
      be dependent on the particular drug to be used. By varying the composition
      and thickness of the reservoir, the dosage rates per area of the
      gastrointestinal device can be controlled for this material acts to meter
      the diffusion of the drug from the reservoir.
PAR  In drug delivery devices of the invention having a reservoir formed from a
      microporous material, that is, a container formed of this material that
      contains drug internally disposed therein, is released form the device by
      diffusion through the micropores that contain in the micropores a medium
      that is permeable to the drug at a controlled and predetermined rate. That
      is, in this material, the rate of passage or the rate of drug release from
      the hollow reservoir is governed by diffusion of the drug through the
      micropores, or the microholes of the material forming the reservoir. When
      a medium is present in the micropores it can consist, in one embodiment,
      of a liquid phase comprised of a solution, a colloidal solution, a
      suspension, or a sol, and the solution can be polar, semi-polar or
      non-polar; or it can be gastric fluid absorbed by the reservoir from the
      stomach. In these media, the active drug can have different degrees of
      solubility, such as fully soluble, partially soluble and the like, to act
      in cooperation with the reservoir material for achieving a controlled
      release rate.
PAR  The materials suitable for fabricating the walls of the reservoir of the
      drug device are generally those materials capable of forming walls, with
      or without micropores, through which the drug can pass at a controlled
      rate of release by diffusion. Such materials are referred to in this
      specification and the appended claims as "release rate controlling
      materials" or "self-monitored materials." Suitable materials for forming
      the wall are naturally occurring or synthetic materials, preferably
      materials that are biologically compatible with body fluids, the
      gastrointestinal tract tissues, the vagina, in vivo passageways, and the
      like and they are capable of medical use of prolonged periods of time.
PAR  Exemplary naturally occurring or synthetic materials suitable for
      fabricating the reservoir's walls are release rate controlling materials
      such as poly(methylmethacrylate), poly(butylmethacrylate), plasticized
      poly(vinylchloride), plasticized nylon, plasticized solft nylon,
      plasticized poly(ethylene terephthalate), natural rubber, poly(isoprene),
      poly(isobutylene), poly(butadiene), poly(ethylene),
      poly(tetrafluoroethylene), poly(vinylidene chloride), poly(acrylonitrile),
      cross-linked poly(vinylpyrrolidone), poly(trifluorochloroethylene),
      chlorinated poly(ethylene), poly(4,4'-isopropylidene diphenylene
      carbonate), and the like. Also, by way of nonlimiting example, copolymers
      such as vinvlidene chloride acrylonitrile, vinyl chloride diethyl fumarate
      and the like. Examples of other materials include silicone rubbers,
      especially the medical grade poly(dimethylsiloxanes), ethylene propylene
      rubber, and silicone-carbonate copolymers, copolymers of styrene and
      butadiene, modified insoluble collagen, cross-linked insoluble
      poly(vinylalcohol), cross-linked partially hydrolyzed insoluble
      poly(vinylacetate), and surface treated silicone rubbers as described in
      U.S. Pat. No. 3,350,216. Other polymeric membranes that are biologically
      compartible and do not adversely affect the drugs can be used.
PAR  Additionally, other materials permeable to the passage of deliverable
      agents that are suitable for the present purpose include copolymers such
      as acrylonitrile dithioglycidol, acrylonitrile ethylene oxide, poly(vinyl
      butyral) comprised of 11% to 45 percent free hydroxyls, anisotropic
      permeable microporous membranes of ionically associated polyelectrolytes,
      the microporous polymers formed by the coprecipitation of a polycation and
      a polyanion as described in U.S. Pat. Nos. 3,276,589; 3,541,005;
      3,541,006; 3,546,142, and the like; treated aliphatic polyamide membranes
      as in U.S. Pat. Nos. 2,071,253; 2,966,700; 2,999,286, and the like;
      vinylidene chloride vinyl chloride copolymer 40/60 and 10/90; ethylene
      vinylacetate acrylate; vinyl chloride acrylonitrile copolymer 80/20,
      75/25, 50/50 and the like; vinylidene chloride acrylonitrile copolymer
      60/40  and 12/88; water insoluble natural gums, and the like. Also,
      microporous materials such as cellulose diacetate, cellulose triacetate,
      poly(urethanes), poly(arylenes), poly(carbonates) and the like. For
      example, the wall can comprise insoluble, nonerodible cellulose, acylated
      cellulose, esterified celluloses, cellulose acetate propionate, cellulose
      acetate butyrate, cellulose acetate phthalate, cellulose acetate
      diethylaminoacetate, poly(electrolytes) with a pore size of 7 to 50A,
      epoxy resins, poly(olefins), poly(vinylchlorides) with a pore size of
      about 50A or less to 150 microns or larger as conventionally made by
      leaching out incorporated salts, soap micelles, starch or the like
      materials to give a microporous membrane. Also, the materials that can be
      used include those materials having homogenous properties and microporous
      properties, such as cross-linked gelatinous membranes; and the like. The
      rate controlling structures formed from the materials can be isotropic,
      wherein the structure is homogenous throughout the cross-section of the
      wall, or it can be anisotropic wherein the structure is non-homogenous.
      The rate controlling structures are commerically available and they can
      also be made by different art known methods, for example, etched nuclear
      track, leaching, polyelectrolytic processes, ion exchange polymer
      reactions, and by other techniques as described in Synthetic Polymer
      Membranes, by R. E. Kesting, Chapters 4 and 5, 1971, published by McGraw
      Hill, Inc., and in Ultrafiltration, Chemical Reviews, Vol. 18, pages 373
      to 455, 1934. Generally, materials possessing from 5 to 95 percent pores
      and having an effective pore size of from about 10 angstroms to about 100
      microns can be suitably employed as microporous walls in the practice of
      this invention.
PAR  The rate of release of agent or drug, that is, the permeability, through
      various diffusive medium in the micropores of the reservoir wall can be
      easily determined by those skilled in the art by standard procedures, as
      described in Encyl. Polymer Science and Technology, Vol. 5 and 9, pages 65
      to 82 and 794 to 807, 1968; and the references cited therein, in Membrane
      Science and Technology, by Flinn, James E., pages 16 to 32, and 120 to
      138, 1970 published by Plenum Press Inc., Chemical Engineers Handbook,
      pages 17-42 to 17-45, 1963 published by McGraw Hill, Inc. One applicable
      method employs Fick's Law of Diffusion, wherein the flux of drug through a
      convection-free medium, for example, a liquid present in a porous membrane
      is given by the equation:
      ##EQU1##
      wherein J is the flux in gm/cm.sup.2 sec.,
PA1  .epsilon. is the porosity in cm.sup.3 /cm.sup.3,
PA1  .tau. is the tortuosity factor,
PA1  D is the diffujsion coefficient cm.sup.2 /sec,
PA1  dc/dx is the drug concentration gradient across the barrier.
PAR  Thus, when the diffusion coefficient is assumed to be independent of
      concentration, and the concentration at the outside surface is negligibly
      small, the equation can be expressed as follows:
      ##EQU2##
      wherein C.sub.s is the saturation solubility of the drug in the diffusive
      medium, and
PA1  l is the barrier thickness.
PAR  The diffusion coefficient D will be in the order of 2 .times.
      10.sup..sup.-6 cm.sup.2 sec.sup..sup.-1 when the drug has a small
      nolecular diameter, for example, about 10A and the pore diameter of the
      microporous wall is large in comparison with the molecular drug diameter,
      for example, at least greater by a factor of 10. However, when the pore
      diameter of the rate controlling membrane is reduced relative to that of
      the molecular drug diameter, to for example from 10 to about three times
      the molecular diameter, the diffusion coefficient D will decrease to
      values as low as 2 .times. 10.sup..sup.-8 cm.sup.2 sec.sup..sup.-1. When
      the ratio of membrane pore diameter to molecular drug diameter
      significantly is below about 3, the membranes are considered to be
      homogeneous diffusion materials. Thus, by varying pore diameter or
      porosity of the microporous wall materials, substantial changes in drug
      release rate wall can be brought about while still using the same wall
      materials.
PAR  The rate of release of a drug through various homogeneous reservoir wall
      materials can easily be determined by those skilled in the art by standard
      procedures. In this manner, particular imperforate wall materials used as
      the reservoir for the drug release rate controlling barrier for release of
      drug from the hollow reservoirs can be selected. Various techniques, such
      as the transmission method, the sorption-desorption method, and the like,
      can be used to measure the permeability. One technique that has been found
      to be eminently well suited is to cast or hot press a film of the material
      to a thickness in the range of 2 to 60 mils. The film is used as a barrier
      between a rapidly stirred (i.g., 150 r.p.m.) saturated solution of the
      drug and a rapidly stirred solvent bath, both maintained at constant
      temperature (typically 37.degree. C). Samples are periodically withdrawn
      from the solvent bath and analyzed for drug concentration. By plotting the
      drug's concentration in the solvent bath versus time, the permeability
      constant P of the material is determined by the Fick's First Law of
      Diffusion.
      ##EQU3##
      wherein Q.sub.1 = cumulative amount of drug in solvent in micrograms at
      t.sub.1
PA1  Q.sub.2 = cumulative amount of drug in solvent in micrograms at t.sub.2
PA1  t.sub.1 = elapsed time to first sample, i.e., Q.sub.1
PA1  t.sub.2 = elapsed time to second sample, i.e., Q.sub.2
PA1  a = area of membrane in cm.sup.2
PA1  C = initial concentration of drug
PA1  h = thickness of membrane in cm. By determining the slope of the plot,
      i.e.,
      ##EQU4##
      and solving the equation using the known or measured values of A, C, and
      h, the permeability P constant in cm.sup.2 /time of the material for a
      given drug is readily determined. The rate of drug release through
      different drug release rate controlling wall materials can be easily
      determined by those skilled in the art by standard procedures, as
      described in Encyl. Polymer Science and Technology, Vols. 5 and 9, pages
      65 to 82 and 794 to 807, 1968; and the references cited therein; in J.
      Pharm. Sci., Vol. 52, pages 1145 to 1149, 1963; ibid., Vol. 53, pages 798
      to 802, 1964; ibid., Vol. 54, pages 1459 to 1464, 1956; ibid., Vol. 55,
      pages 840 to 843 and 1224 to 1239, 1966; the references cited therein, and
      the like.
PAR  The solubility of a drug in a diffusive medium used in the micropores can
      be determined by various art known techniques. One method consists in
      preparing a solution of the given drug and ascertaining by analysis the
      amount of drug present in a definite quantity of the medium. A simple
      apparatus for this purpose consists of a test tube of medium size fastened
      upright in a water bath maintained at constant temperature. The medium and
      drug are placed in the tube and stirred by means of a motor driven
      rotating glass spiral. After a given period of stirring, a definite weight
      of the medium is analyzed and the stirring continued for an additional
      period of time. If the analysis shows no increase of dissolved substance
      after the second period of stirring, the results are taken as the degree
      of solubility of the drug in the medium. Numerous other methods are
      available for the determination of the degree of solubility of a drug in a
      liquid medium. Typical methods used for the measurement of solubility are
      chemical analysis, measurement of density, refractive index, electrical
      conductivity, and the like. Details of various methods for determining
      solubilities are described in United States Public Health Service Bulletin
      No. 67 of the Hygienic Laboratory; Encyclopedia of Science and Technology,
      Vol. 12, pages 542 to 556, 1971, McGraw Hill, Inc.; Encyclopaedic
      Dictionary of Physics, Vol. 6, pages 545 to 557, 1962, Pergamon Press,
      Inc.; and the like.
PAR  The diffusion coefficient of a drug is broadly determined by measuring the
      rate a drug transfers from one chamber through a sintered glass filter of
      known pore size and thickness into another chamber and calculating from
      the obtained data the drug transfer rate. The method when used for a
      diffusive medium is carried out by adding to a first conical flask
      equipped with a ground glass stopper and a stirring bar, a measured amount
      of medium and simultaneously, the drug in the same medium is added to a
      second conical flask while keeping the level of the medium in the two
      flasks the same. Next, the flasks are stirred, the samples drawn at
      various time intervals for analysis. The measured rate of drug transport
      through the sintered glass filter, and the concentration difference of the
      drug in the two flasks is then calculated. These procedures are known to
      the art in Proc. Roy. Sci. London, Ser. A, Vol. 148, page 1935; J. Pharm.
      Sci., Vol. 55, pages 1224 to 1229, 1966, and references cited therein. The
      diffusion coefficient of a drug in the solid carrier can also be
      experimentally determined by using the above apparatus or similar
      apparatus and procedures as described in Diffusion in Solids, Liquids and
      Gasses, by Jost, W., Chapter XI, pages 436 to 488, 1960, Revised Edition,
      Academic Press, Inc., New York.
PAR  The solubility of the agent in the release rate controlling material
      comprising the homogeneous wall of the gastrointestinal device broadly is
      determined by preparing a saturated solution of a given agent and
      ascertaining, by analysis, the amount present in a definite area of the
      material. For example, the solubility of the agent in the homogeneous wall
      is determined by first equilibrating the wall material with a measured
      saturated solution of the agent at a known temperature and pressure, for
      example 37.degree. C and one atmosphere. Next, agent is desorbed from the
      saturated homogeneous wall material with a suitable solvent for the agent.
      The resultant solution for the agent then is analyzed by standard
      techniques such as ultraviolet, visible spectrophotometry, refractive
      index, polarography, electrical conductivity and the like, and calculating
      from the data the concentration, or solubility of the agent in the
      material.
PAR  The active drugs that can be administered with the gastrointestinal
      delivery device of the invention, is administered in accordance with their
      known use and dose, and combinations of these drugs can also be
      administered, as described in the Pharmacological Basis of Therapeutics,
      14th Edition, Goodman, L. S., and Gilman, A., 1970, The Macmillan Co.;
      Physicians' Desk Reference, 25th Edition, 1971, Medical Economics, Inc.;
      and Remington's Pharmaceutical Sciences, 14th Edition, 1970, Mack
      Publishing Co.; include without limitation for example, drugs acting on
      the central nervous system such as hypnotics and sedatives such as
      pentobarbital sodium, phenobarbital, secobarbital, thiopental, etc.;
      heterocyclic hypnotics such as dioxopiperidines, and glutarimides;
      hypnotics and sedatives such as amides and ureas exemplified by
      diethylisovaleramide and .alpha.-bromoisovaleryl urea and the like;
      hypnotics and sedative alcohols such as carbomal, naphthoxyethanol,
      methylparaphenol and the like; and hypnotic and sedative urethans,
      disulfanes and the like; psychic energizers such as isocarboxazid,
      nialamide, phenelzine, imipramine, tranylcypromine, pargylene and the
      like; tranquilizers such as chloropromazine, promazine, fluphenazine
      reserpine, deserpidine, meprobamate, benzodiazepines such as
      chlordiazepoxide, and the like; anticonvulsants such as primidone,
      diphenylhydantoin, ethotoin, pheneturide, ethosuximide and the like;
      muscle relaxants and anti-parkinson agents such as mephenesin,
      methocarbomal, trihexylphenidyl, biperiden, levo-dopa, also known as
      L-dopa and L-.beta.-3-4-dihydroxyphenylalanine, and the like; analgesics
      such as morphine, codeine, meperidine, nalorphine and the like;
      antipyretics and anti-inflammatory agents such as aspirin, salicylamide,
      sodium salicylamide and the like; local anesthetics such as procaine,
      lidocaine, naepaine, piperocaine, tetracaine, dibucaine and the like;
      antispasmodics and anti-ulcer agents such as atropine, scopolamine,
      methscopolamine, oxyphenonium, papaverine, prostaglandins such as
      PGE.sub.1, PGE.sub.2, PGF.sub.1.sub..alpha., PGF.sub.2.sub..alpha., PGA
      and the like; anti-microbials such as penicillin, tetracycline,
      oxytetracycline, chlorotetracycline, chloramphenicol, sulfonamides and the
      like; anti-malarials such as 4-aminoquinolines, 8-aminoquinolines and
      pyrimethamine; hormonal agents such as prednisolone, cortisone, cortisol
      and triamcinolone; androgenic steroids, for example, ethyltestosterone,
      fluoximesterone and the like; estrogenic uterine contraceptive steroids,
      for example, 17.beta.-estradiol and ethinyl estradiol; progestational
      uterine contraceptive steroids, for example, 17.alpha.-hydroxyprogesterone
      acetate, 19-norprogesterone, nor-ethindrone and the like; sympathomimetic
      drugs such as epinephrine, amphetamine, ephedrine, norepinephrine and the
      like; cardiovascular drugs, for example, procainamide, amyl nitrate,
      nitroglycerin, dipyridamole, sodium nitrate, mannitol nitrate and the
      like; diuretics, for example, chlorothiazide, flumethiazide and the like;
      antiparasitic agents such as bephenium hydroxynaphthoate and dichlorophen,
      dapsone and the liek; neoplastic agents such as mechlorethamine, uracil
      mustard, 5-fluorouracil, 6-thioguanine, procarbazine and the like;
      hypoglycemic drugs such as sulfonylureas such as tolbutamide,
      acetohexamide, tolazamide, and chlorpropamide, the biguanides and the
      like; nutritional agents such as vitamins, essential amino acids,
      essential fats and the like; and other physiologically or
      pharmacologically active agents. Also, the drugs can be present as the
      pharmacologically accpetable derivatives, such as ethers, salts, molecular
      complexes, esters, amides, acetals, etc., that lend themselves to passage
      into the circulatory system. These derivatives can be prepared by art
      known techniques and then used in the practice of the invention. Of
      course, the drug derivative should be such as to convert to the active
      drug within the body through the action of body enzymes assisted
      transformation, pH, specific organ activities, and the like. Of course,
      the container 17 can also house other agents, such as insecticides,
      mineralized fertilizers, organic fertilizers, chemical reaction products,
      and the like. That is, the expression agent includes matter beneficial to
      man, animals, reptiles, avians and the like.
PAR  The amount of active agent incorporated in the reservoir varies depending
      on the particular agent, the desired effect, and the time span over which
      it is desired to release the agent. Since devices of different sizes and
      shapes are intended to provide complete dosage regimen, there is no
      critical upper limit on the amount of agent incorporated in the device.
      The lower limit will depend on the activity of the agent and the time span
      of its release from the device. In general, therefore, the amount of, for
      example, drug incorporated in the device is non-limited and it is an
      amount equal to, or larger than, the amount of drug that on release from
      the device that is effective for bringing about the drug's physiological
      or pharmacological local or systemic effects. For example, the amount of
      drug present in the delivery device when the device is used for adult
      humans for a period of time of four to six days to achieve local or
      systemic effect is for various drugs, such as propantheline 120 to 300 mg
      in the device; for glutamic acid hydrochloride an amount in the device of
      2400 to 3000 mg; for pargyline hydrochloride 50 to 100 mg; for erythrityl
      tetranitrate 50 to 100 mg; mannitol hexanitrate 75 to 100 mg; ephedrine
      sulfate 400 to 600 mg; nylidrin hydrochloride 12 to 48 mg; bethanechol
      chloride 120 to 480 mg; phentolamine 100 to 400 mg; guanethidine 100 to
      1000 mg; enitabas 3 to 25 mg; atropine 100 mcg to 1250 mcg; and the like.
PAR  Agent delivery reservoir 17 used according to the invention can be prepared
      by standard manufacturing procedures. For example, an agent in solid,
      liquid, sol, emulsion or like form is either in presently usable form or
      it is mixed with a carrier that can be a monomer, a polymerizable
      copolymer, a prepolymer in solid, liquid or like form. The agent is
      distributed therethrough by ball milling, calendering stirring or like
      procedure. Next, the agent is fed into a container that is made by
      standard manufacturing techniques such as molding, casting, extruding,
      drawing or the like, depending on the polymeric material. Finally, the
      container is coated, laminated, glued, heat joined or the like onto a
      deformable hollow member. Alternative procedures for preparing the
      container filled with an agent such as solution saturating a hollow
      polymer container with an agent by immersion, polymerizing monomers around
      an agent, can also be used. Other standard manufacturing procedures are
      described in Modern Plastic Encyclopedia, Vol. 46, pages 62 to 70, 1969,
      and those well known to those skilled in the art can be used herein.
PAR  A typical example will serve to illustrate the invention without being
      limiting thereof. To 25 parts by weight of progesterone is added 70 parts
      by weight of silicone oil and the mixture stirred to a uniform
      consistency. Next, 0.25 parts by weight of stannous octoate catalyst is
      added and the mixture cast into a rectangular mold 6 mm .times. 6 mm
      .times. 60 mm, and the polymer allowed to cure for 30 minutes at ambient
      conditions to yield a drug reservoir. After curing, the reservoir is
      inserted into a polyethylene hollow container and one end thereof
      sealingly closed with a nylon plug. The other end is similarly closed. The
      filled container is then sealingly joined with standard epoxy adhesives to
      a collapsed, closed tubular balloon containing 0.5 ml of diethyl ether to
      yield a drug delivery device mounted to a support. The device is placed in
      a gelatin capsule, and it will release about 4.3 micrograms of
      progesterone per day.
PAR  Another drug delivery device is fabricated as follows: first, a container
      of tubular configuration comprised of a very thin sheet of polymeric
      silicon is sealed together along its contacting peripheries. Then, one end
      is closed to define an inner agent housing area. After filling through the
      open end with any suitable agent such as a crystalline sympathomimetic
      anine, the open end is sealed to form a closed container. The container is
      then adhesively bonded to a laminated, flexible resilient closed support
      along one surface thereof. The self monitored fully integrated device is
      then placed into one end of a capsule and the other end pushed over it to
      close the capsule. This device, as made according to the spirit of the
      invention, is ready for use to give a beneficial effect in an in vivo
      environment.
PAR  Another example representative of the spirit of the invention is as
      follows: an elipsoidal collapsable balloon with minor and major axes of 3
      cm and 5 cm is fabricated from a copolymer of poly(vinylidene chloride)
      and poly(vinyl chloride) by conventional vacuum forming and heat sealing
      process. Before the final heat seal is made, 0.5 cm.sup.3 of diethyl ether
      is metered into the balloon. Passing through the heat seal is a slowly
      water soluble filament 0.3 cm in length with a diameter of 0.03 cm which
      consists of a slowly water soluble copolymer of poly(vinyl alcohol) and
      poly(ethylene). The ratio of vinyl alcohol units to ethylene units is 6:1.
PAR  Affixed to the exterior of the expandable collapsable balloon is a
      poly(ethylene) film 0.03 cm thick with an area of 10 cm.sup.2, with the
      film covering only a portion of the balloon. The film is secured at its
      edges to the balloon to provide a hollow space between the film and the
      balloon. The space between the poly(ethylene) film and the collapsable
      balloon contains 1 mg of norgestrel, a contraceptive agent, suspended in
      0.2 cm.sup.3 of sesame oil.
PAR  At room temperature, the assembly previously described can be housed within
      a No. 000 gelatin capsule. However, upon ingestion of the capsule and its
      subsequent rapid dissolution in the stomach, the collapsable balloon
      rapidly expands to the dimensions previously given as the ether vaporizes
      at physiologic temperatures. This keeps the total delivery system in the
      stomach during the drug delivery period. Drug is delivered by diffusion
      through the poly(ethylene) film at a contraceptive dose of 0.05 mg/day of
      the active agent, norgestrel.
PAR  Throughout the lifetime of the system, the filament of poly(vinyl alcohol)
      poly(ethylene) copolymer as previously described has been uniformly
      dissolving in the gastric fluids. A programmed, total dissolution will
      occur after 20 to 22 days. This results in complete collapse of the
      balloon and subsequent elimination from the gastrointestinal tract. The
      system just described represents a "once a month" application of oral
      contraception.
PAR  Among the advantages of the device of the invention are the ease of
      construction by standard manufacturing techniques devices into units of
      different sizes, especially of a miniaturized size, also of shapes and
      forms that are suitable for delivering a drug internally to an animal or
      human. Another important advantage of the claimed delivery device is its
      ability to dispense at a controlled rate, a beneficial agent having a wide
      variety of chemical and physical properties and over a wide range of
      release rates. Also, the device is adapted for other body openings and
      passages such as the bladder, vagina and the like. Still another important
      advantage of the invention resides in the device's ability to effectively
      control the rate of release of the drug from the device throughout the
      major portion of drug administration in a substantial zero order release
      rate. A further advantage of the device resides in the use of low cost
      substantially vapor and fluid impermeable materials for the power
      communicating element resulting in a unit suitable for disposal, after
      comparatively short periods of use, for example, a day or week, without
      undue economic hardship on the user, yet providing a continuous and
      controlled administration of drug without any external energy source.
      Additionally, the device can be used to release active agents in rivers,
      streams and other environments of use. And, though the invention has been
      described in detail, it will be understood that certain changes and
      modifications can be made without departing from the spirit and scope of
      the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for the controlled and continuous release of a useful agent to
      an environment of use wherein the device is comprised of a container
      having a wall enclosing a hollow area, a reservoir formed by the container
      wall's inner surface as a means for storing the agent, the container wall
      additionally formed in at least a part of a self-monitored release rate
      controlling essentially imperforate homogenous material permeable to the
      passage of the agent by diffusion for releasing agent from the reservoir,
      a support member for carrying the container with the wall of the container
      covering at least a portion of the surface of the support and suitably
      fixed thereto, said support member movable from a collapsed position to an
      expanded position and movable from an expanded position to a collapsed
      position after a period of agent release time, and wherein agent is
      metered from the reservoir through the wall in a useful amount for a
      prolonged period of time when the device is in the selected environment of
      use.
NUM  2.
PAR  2. A device for the controlled and continuous release of a useful agent
      according to claim 1 wherein a part of the wall of the container is a part
      of the support member.
NUM  3.
PAR  3. A useful device for the release of a useful agent, wherein the device is
      comprised of a container having a wall enclosing a hollow area, a
      reservoir formed by the container wall's inner surface as a means for
      storing the agent, said container wall defining the reservoir formed in at
      least a part of a microporous material whose micropores contain an agent
      release rate controlling medium permeable to the passage of the agent at a
      predetermined rate by diffusion, a support member for carrying the
      container with a wall of the container covering at least a portion of the
      support and suitably united thereto, with the support member movable from
      a collapsed position to an expanded position and returnable to a collapsed
      position after a period of agent release time, and wherein agent is
      metered from the reservoir by passage through a medium housed in the
      micropores of the wall of the container in an effective amount for a
      prolonged period of time when the device is placed in the environment of
      use.
NUM  4.
PAR  4. A device for the controlled and continuous release of a useful agent
      according to claim 3 wherein a part of the wall of the container is a part
      of the support member.
NUM  5.
PAR  5. A delivery device for the controlled and continuous release of a
      beneficial agent, the device comprising in combination,
PA1  a. a bioerodible capsule providing an internal space therein,
PA1  b. a delivery device housed in the capsules, the device comprising,
PA1  c. a container with an internal space for containing a beneficial agent,
      said container having a wall formed of a release rate controlling
      imperforate polymeric material permeable to the passage of the agent by
      diffusion, or a wall of microporous material whose micropores are a means
      for containing a liquid release rate controlling medium permeable to the
      passage of the agent by diffusion,
PA1  d. a reservoir defined by the container's internal space as means for
      containing beneficial agent that is released from the device by passage
      through the release rate controlling wall or through a release rate
      controlling medium in the micropores of the microporous material, the
      container joined to,
PA1  e. a hollow deformable closed support member, said member movable from a
      collapsed position to an expanded position on release of the device from
      the capsule and movable from an expanded position to a collapsed position
      after a period of time,
PA1  f. and wherein agent is metered from the container through the wall in a
      therapeutically effective amount for a prolonged period of time on release
      of the device from the capsule in the environment of use.
NUM  6.
PAR  6. A delivery device for the controlled and continuous release of agent
      according to claim 5 where the hollow deformable member is provided with a
      bioerodible plug that on bioerosion in a physiologic environment vents the
      interior of the member to its exterior.
NUM  7.
PAR  7. A delivery device for the controlled and continuous release of agent
      according to claim 5 wherein the hollow deformable member is formed of an
      elastic material permeable to a gas that slowly diffuses through the
      material to move the member from an expanded position to a collapsed
      position.
NUM  8.
PAR  8. A delivery device for the controlled and continuous release of agent
      according to claim 5 wherein the hollow deformable member contains a
      liquid means for producing a gas that has a vapor pressure above one
      atmosphere or physiological temperature.
NUM  9.
PAR  9. A delivery device for the controlled and continuous release of an agent
      according to claim 5 wherein the container contains an agent that produces
      a local or systemic effect on its release from the container by diffusion
      in a biological environment.
NUM  10.
PAR  10. A delivery device for the controlled and continuous administration of
      an agent according to claim 5 wherein the hollow deformable member is
      formed of a material that bioerodes at a physiological temperature in the
      physiological environment.
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ABST
PAL  A drive belt repair kit which forms a continuous winding of tension cord
      and adhesive when applied to a pair of pulleys. The tension cord is wound,
      in use, about the two pulleys to form a multi-layer belt of desired length
      and tension. The tension cord and adhesive may be initially stored as a
      repair kit in a container fastened to a leader cord. The leader cord, in
      use, is initially fastened about the pair of pulleys to be belted.
      Rotation of the pulleys pulls the tension cord and adhesive about the
      pulleys to form a multi-layer belt.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a drive belt that may be applied to link a pair of
      pulleys and particularly to a drive belt repair kit.
PAR  The drive belt kit forms a continuous winding of tension cord and adhesive
      when applied to a pair of pulleys. The tension cord is wound, in use,
      about the two pulleys to form a multilayer belt of desired length and
      tension.
PAR  The tension cord and adhesive may be initially stored as a repair kit in a
      container fastened to a leader cord. The leader cord, in use, is initially
      fastened about the pair of pulleys to be belted. Rotation of the pulleys
      pulls the tension cord and adhesive about the pulleys to form a
      multi-layer belt.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is an exploded sectional view of the repair kit and container; and
PAR  FIG. 2 is a perspective view of the invention in use.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      shows the repair kit 10 which is housed in a cylindrical container 12 and
      cap 13. A hollow can 24 in the container 12 encloses a continuous flexible
      tension cord 15, the free end of which is fastened to a leader cord 14
      that leads to a sealed orifice 16 at the top of the can 24. The removable
      cap 13 of the kit 10 may house a knife blade 21 for use in cutting the tip
      of the orifice 16 so as to free the leader cord end 25.
PAR  A liquid adhesive 31, that dries in air, fills the interior of the can 24
      and coats the tension cord 15 as it is removed.
PAR  As shown in FIG. 2, the kit is employed in use to form a drive belt about a
      pair of pulleys 35 and 36 by initially wrapping the leader 14 and the
      tension cord 15 a few turns tightly about both pulleys 35 and 36. Drive
      pulley 35 may then be rotated so as to draw the remainder of the tension
      cord 15 in the can 24 about the pulleys to form a belt of desired
      tightness and thickness. After the adhesive 31 dries, the belt may be
      dressed using knife blade 21.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A drive belt repair kit that may be employed to form a continuous belt
      about a pair of pulleys, comprising a container housing a tension cord and
      a liquid air-drying adhesive, with a free end of the tension cord fastened
      to a sealed orifice of the container, prior to use.
NUM  2.
PAR  2. The combination as recited in claim 1 in which the container is fitted
      with a detachable cap housing a knife for use in cutting the container
      orifice and for the subsequent dressing of a belt formed of the tension
      cord and adhesives.
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ABST
PAL  A cut of paper material such as stiff paper or thin card board for a box
      for cigarettes and cigarillos and a box made therefrom, according to which
      within the region of the folding line between the front wall section and
      the side wall sections pertaining thereto on one hand and the set-back
      lines along which the upper portion of the front wall section and of the
      pertaining side wall sections are set back toward the interior of the box
      to be formed on the other hand a slot is provided at each corner formed by
      the intersecting set-back lines and the folding lines of the side wall
      sections.
BSUM
PAR  The present invention relates to a cut for a box of stiff paper, cardboard,
      or the like, which is intended for cigarettes and cigarillos, and which
      has a rectangular bottom with adjacent longitudinal sides and adjacent
      thereto on both sides longitudinal balls for forming double-walled narrow
      sides. These narrow sides are connected to the bottom by base flaps. The
      said box is furthermore provided with a cover at the rear side wall which
      cover has a cover bottom, a cover rear wall, a cover front wall, and cover
      side walls interconnected through cover flaps. The cover front wall is
      longer than the cover rear wall and cooperates with a box neck acting as
      guiding and braking means for the cover. The box neck comprises two
      lateral parts and a front part, which parts when the cover is closed
      extend up to the cover bottom, and of which the front part is provided
      with a cutout. The front and side parts forming the cover neck form one
      piece with the side wall and longitudinal walls and are by grooving offset
      inwardly by the thickness of the material.
PAR  A cut of the above mentioned type is known and has the drawback that during
      the grooving or marking, dislocations of the material within the region of
      the marking edge occur which affect the appearance of the marking edge,
      bring about a poor fit of the cover in its closed position, and require a
      high marking or stamping force.
PAR  Starting with the heretofore known cut, it is an object of the present
      invention to overcome the above outlined drawbacks of heretofore known
      cuts and boxes of the type involved and which, while only relatively low
      forces are employed during the grooving or marking will have a proper
      appearance and will yield a good fit of the cover in its closing position.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 represents a top view of the cut according to the invention.
PAR  FIG. 2 is an isometric view of a box which has been prepared from the cut
      of FIG. 1 and which is shown with the lid in open position.
DETD
PAR  The cut according to the present invention is characterized primarily in
      that within the region of the grooving edge between the front side wall
      and the longitudinal walls on one hand, and the front part and the side
      parts of the box neck on the other hand, a slot is provided on each corner
      formed by the longitudinally extending folding line.
PAR  According to a further development of the invention, the slots are designed
      in the manner of a T with three legs, of which two extend along the
      grooving edge whereas the third extends along the folding line of the box
      neck. According to a preferred embodiment of the invention, the legs of
      the slot have a length of from 2 to 8 mm.
PAR  The slots according to the invention yield a number of advantages over the
      heretofore known cut. On one hand, the material to be grooved is within
      the region of the critical corners made "soft" so that the grooving for
      purposes of the offset of the box neck by the thickness of the material
      toward the inside can be carried out with reduced grooving force. On the
      other hand, the groove makes it possible that the material can escape
      during the grooving operation so that a proper course of the grooving edge
      will also be obtained within the region of the corners. In view of the
      legs of the two triangular slots which legs rest on the folding line of
      the box neck, braking surfaces are created on the box neck so that without
      the heretofore known braking cuts which have additionally to be provided,
      a good hold of the cover or lid in its closed position of the box will be
      realized.
PAR  Finally, when the lid is closed, the corners of the box neck, which corners
      are provided with the slot, can escape inwardly, whereby a good fit of the
      lid will be obtained when the box is closed. Inasmuch as the two
      triangular slots per box cut can simultaneously, or shortly prior to the
      grooving, be provided by one and the same tool, the design of the cut does
      not require any additional working operation, but only a slight change in
      the tool for making the cut.
PAR  Referring now to the drawings in detail, the cut illustrated in FIG. 1 has
      a bottom 1 of a rectangular shape, the longitudinal sides of which, have
      arranged adjacent thereto a likewise rectangular side walls 2a, 2b,
      respectively. Arranged on both longitudinal sides of the side walls 2a,
      2b, are longitudinal walls 3a and 3b,  respectively. After the box has
      been folded, the longitudinal walls 3a and 3b form double layer narrow
      sides, said longitudinal walls 3b forming the outer position. According to
      the illustrated embodiment, the longitudinal walls 3b are provided with
      base flaps 4 which are connected to the inside of the bottom 1 as is
      indicated by dot-dash lines.
PAR  On the side wall 2a there is provided a rear wall 5 of the lid which lid
      furthermore comprises a lid bottom 6, a lid front wall 7 and lid side
      walls 9. The lid front wall 7 is provided with a reinforcement 8 forming a
      flap on the lid front wall 7. The connection of the lid parts to each
      other is effected by gluing the lid side walls 9 to the lid flaps 10 which
      are arranged on the cover rear wall 5. In order to obtain an additional
      reinforcement of the cover, rectangular reinforcement flaps 11 are formed
      onto the cover flaps 10. The reinforcement flaps 11 are glued to the
      surface of the lid bottom 6 as indicated by dot-dash lines.
PAR  The above described parts form the lower portion and the lid of the box
      which is additionally provided with a box neck. The box neck is offset
      inwardly by the thickness of the material of the cut. To this end, a front
      portion 12 of the box neck is formed onto the side wall 2b. This front
      portion 12 comprises two side parts 13 respectively formed onto a
      longitudinal wall 3b. The parts 12 and 13 of the box neck are offset along
      a groove edge 16 toward the interior by the thickness of the material as
      is clearly evident from FIG. 2.
PAR  After the box has been folded and formed, the box neck composed of the
      front portion 12 and side parts 13 forms a guiding means and brake for the
      lid. In order to increase the flexibility of the bending edge forming the
      hinge between the side wall 2a and the lid rear wall 5, slots 15 are
      provided, as clearly shown in FIG. 1.
PAR  At the two corners of the grooving edge 16a which extends between the front
      side wall 2b and the longitudinal walls 3b on one hand, and the front part
      12 and side parts 13 of the box neck on the other hand, there is provided
      a triangular slot 14. Two of the legs of the slot 14 are located on the
      grooving edge edges 16a and 16b. The third leg of the slot 14 extends
      along the folding line of the box neck and, more specifically, between the
      front part 12 of the box neck and the respective side part 13. The
      position of the triangular grooves 14 is clearly evident from FIGS. 1 and
      2.
PAR  In addition to softening the material for the cut at the two corners, which
      softening will permit a reduction in the grooving force and also an escape
      of the material during the grooving operation so that a proper course of
      the grooving edge 16 will be obtained within the region of the corners,
      the triangular slots 14 also bring about the formation of braking surfaces
      for the lid and the possibility of the corners escaping inwardly when the
      lid is closed. In this way a holding fast of the lid and a good fit of the
      lid in its closed position will be assured.
PAR  From the perspective illustration according to FIG. 2, it will also be seen
      that the lid, in view of the inwardly offset neck portion, forms with the
      lower part of the box a smooth-walled parallelepiped which on all sides
      encloses the block 17 of cigarettes enveloped in aluminum foil. The
      foldability of the lid permits the simple withdrawals of cigarettes and a
      sufficiently tight closure of the broken package.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A cut of paper material having applied thereto only nominal force during
      stamping thereof to provide a satisfactory appearance of the stamping edge
      as well as a good seating of the cover in the closure position for a box
      for cigarettes and cigarillos which cut is longer than it is wide and has
      an inside surface and an outside surface, and which includes in
      combination: a rectangular bottom section, a front wall section, a rear
      wall section, said front and rear wall sections respectively being
      arranged at and along the oppositely located longitudinal sides of said
      rectangular bottom section, two pairs of side wall sections, the two side
      wall sections of one of said pairs of side wall sections being
      respectively connected to and forming a single integral piece with those
      opposite sides of said front wall section which extend in the longitudinal
      direction of said cut, each pair of said one side wall sections being
      foldable in the direction toward the inside surface of said front wall
      section so as to form a right angle therewith, and the two side wall
      sections of the other one of said pairs of side wall sections being
      respectively connected to and forming a single integral piece with those
      opposite sides of said rear wall section which extend in the longitudinal
      direction of said cut, each side wall section of said other pair of side
      wall sections foldable in the direction toward the inside surface of said
      rear wall section so as to form a right angle therewith, the side wall
      sections of one of said pairs of side wall sections having extension flaps
      arranged adjacent said bottom section and foldable thereonto, said front
      wall section being provided at its free edge with a cut-out and having a
      portion near said cut out offset along an offsetting line toward the
      inside surface of said front wall section by a distance approximating the
      thickness of said cut, said offsetting line extending over the width of
      said front wall section, the adjacent portions of said pair of side wall
      sections pertaining to said front wall section being likewise offset
      toward the inside surface of said cut by the thickness of the latter along
      offsetting lines respectively inclined from each end of the offsetting
      line of said front wall section toward the respective adjacent oppositely
      located edge of said last mentioned side wall sections, the areas where
      said offsetting line of said front wall section meets with the offsetting
      lines of the side wall sections pertaining to said front wall section and
      with the folding lines of said last mentioned side wall sections being
      provided with slot means, that end portion of said rear wall section which
      is remote from said bottom section including a strip extending throughout
      the width of said rear wall section and being foldable toward the outside
      surface of said rear wall section, the side wall sections pertaining to
      said rear wall section being each provided with a slot extending from the
      ends of said folding line to said strip at an angle slightly into said
      rear wall section and also through the respective one of each of said last
      mentioned side walls along the width thereof and in a direction at an
      acute angle relative to the folding lines of the respective side wall
      sections pertaining to said rear wall section, and a lid connected to and
      forming one single piece with said strip, said lid including a top section
      alongside said strip and also a front part alongside said top section and
      side portions foldable in the direction toward the inner surface of said
      front part and having an inclined free edge with an angle of inclination
      corresponding to that of said offsetting lines of the side wall sections
      pertaining to said front wall section, one end of said side wall sections
      pertaining to said rear wall section having an extension foldable along a
      line forming an extension of the folding line along which said strip is
      united to said rear wall section, said one end of each of said last
      mentioned side wall sections being foldable onto said top part of said
      lid, each of said slot means extending at least along a portion of the
      respective offsetting line of that end portion of said front wall section
      which is provided with said cut-out and along a portion of the folding
      lines of the side wall sections adjacent thereto in the direction toward
      the adjacent end of said cut.
NUM  2.
PAR  2. A cut of paper material for a box for cigarettes and cigarillos which
      cut is longer than it is wide and has an inside surface and an outside
      surface, and which includes: a rectangular bottom section, a front wall
      section, a rear wall section, said front and rear wall sections
      respectively being arranged at and along the oppositely located
      longitudinal sides of said rectangular bottom section, two pairs of side
      wall sections, the two side wall sections of one of said pairs of side
      wall sections being respectively connected to and forming a single
      integral piece with those opposite sides of said front wall section which
      extend in the longitudinal direction of said cut, each pair of said one
      side wall sections being foldable in the direction toward the inside
      surface of said front wall section so as to form a right angle therewith,
      and the two side wall sections of the other one of said pairs of side wall
      sections being respectively connected to and forming a single integral
      piece with those opposite sides of said rear wall section which extend in
      the longitudinal direction of said cut, each side wall section of said
      other pair of side wall sections being foldable in the direction toward
      the inside surface of said rear wall section so as to form a right angle
      therewith, the side wall sections of one of said pairs of side wall
      sections having extension flaps arranged adjacent said bottom section and
      foldable thereonto, said front wall section being provided at its free
      edge with a cut-out and having a portion near said cut-out offset along an
      offsetting line toward the inside surface of said front wall section by a
      distance approximating the thickness of said cut, said offsetting line
      extending over the width of said front wall section, the adjacent portions
      of said pair of side wall sections pertaining to said front wall section
      being likewise offset toward the inside surface of said cut by the
      thickness of the latter along offsetting line respectively inclined from
      each end of the offsetting line of said front wall section toward the
      respective adjacent oppositely located edge of said last mentioned side
      wall sections, the areas where said offsetting line of said front wall
      section meets with the offsetting lines of the side wall sections
      pertaining to said front wall section and with the folding lines of said
      last mentioned side wall sections being provided with slot means, that end
      portion of said rear wall section which is remote from said bottom section
      including a strip extending throughout the width of said rear wall section
      and being foldable toward the outside surface of said rear wall section,
      the side wall sections pertaining to said rear wall section being each
      provided with a slot extending from the ends of said folding line to said
      strip at an angle slightly into said rear wall section and also through
      the respective one of each of said last mentioned side walls along the
      width thereof and in a direction at an acute angle relative to the folding
      lines of the respective side wall sections pertaining to said rear wall
      section, and a lid connected to and forming one single piece with said
      strip, said lid including a top section alongside said strip and also a
      front part alongside said top section and side portions foldable in the
      direction toward the inner surface of said front part and having an
      inclined free edge with an angle of inclination corresponding to that of
      said offsetting lines of the side wall sections pertaining to said front
      wall section, one end of said side wall sections pertaining to said rear
      wall section having an extension foldable along a line forming an
      extension of the folding line along which said strip is united to said
      rear wall section, said one end of each of said last mentioned side wall
      sections being foldable onto said top part of said lid, each of said slot
      means forming a T-shaped slot extending along a portion of the respective
      offsetting line of that end portion of said front wall section which is
      provided with said cut-out and along a portion of the folding lines of the
      side wall sections adjacent thereto in the direction toward the adjacent
      end of said cut, said T-shaped slot also extending along the offsetting
      inclined lines of said last mentioned side wall sections.
NUM  3.
PAR  3. A cut according to claim 2, in which the length of each arm of said
      T-shaped slots amounts to from 2 to 8 mm.
NUM  4.
PAR  4. A cut according to claim 2, which includes a lid reenforcement formed by
      a flap forming one piece with the front part of said lid and being
      foldable onto the inner side of said front part.
NUM  5.
PAR  5. A box for cigarettes and cigarillos which is made of a single piece of
      stiff paper material and which includes: a receiving section having a
      rectangular bottom and a rectangular front wall section with a cut-out at
      the upper portion of the latter and also having a rear wall section and
      side wall sections interconnecting said front and rear wall sections, said
      front wall section and said side wall sections having their upper ends
      offset toward the interior of said receiving section by a distance
      substantially equalling the thickness of said front and side wall
      sections, said box also being provided with slot portions located where
      the front wall section joins the side wall sections pertaining thereto and
      where said upper portion of said front wall section and the upper portion
      of said last mentioned side wall sections have been offset toward the
      interior of said box.
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ABST
PAL  A belt for holding a plurality of fasteners including a plurality of
      fastener receiving sleeves interconnected by webs. Each sleeve has a
      generally triangularly-shaped internal cross-sectional configuration. The
      corners of the internal triangle may be cut off to form flat surfaces. The
      fastener is engaged by the three sides of the triangle. The external
      surface of each adjacent sleeve has a planar portion positioned above and
      below the web which tapers away from said web. In addition, one end of
      each of the sleeves has a circular counter-bore therein and the other end
      has a groove therein extending parallel to the length of the belt. Each of
      the webs between adjacent sleeves has a V-shaped groove therein.
PARN
PAR  This is a division, of application Ser. No. 408,341, filed Oct. 23, 1973,
      now U.S. Pat. No. 3,863,824, issued Feb. 4, 1975.
BSUM
PAR  This invention relates generally to the field of poweractuated fastening
      tools of the type adapted to drive fasteners such as pins, bolts studs,
      etc. into concrete, steel, wood, masonry or the like.
PAR  More particularly this invention relates to an automatic fastener feed
      magazine for such tools and also to a feed belt for holding a number of
      fasteners together for feeding.
PAR  Power-actuated tools for driving fasteners, especially those of the type
      which utilize a powder charge for driving a piston which drives the
      fastener, are widely used in the construction industry for many purposes.
      The speed with which a tool can be loaded, both with fasteners and powder
      charges, is important as the faster a tool can be loaded, the faster a
      series of fastening operations can be done, resulting in less cost for the
      fastening job.
PAR  The present invention has for its object, the provision of a fastener feed
      magazine which will hold a plurality of fasteners and feed them into a
      power-actuated tool after each fastening operation.
PAR  Another object of this invention is the provision of a fastener feed
      magazine which will hold a plurality of fasteners and automatically feed
      them into a fastening tool in a position to be fed after the previous
      fastening operation.
PAR  A further object of this invention is the provision of a fastener feed belt
      for holding fasteners together for feeding into a fastening tool.
PAR  A more specific object of the present invention is to provide a fastener
      feed belt for holding fasteners together which will permit the fasteners
      to be easily stripped from the belt and which won't interfer with the
      fastening operation.
DRWD
PAR  These and other objects and advantages of this invention will become more
      apparent by reference to the following description of a preferred
      embodiment of the invention and to the accompanying drawings in which:
PAR  FIG. 1 is a transverse sectional view of a tool incorporating the present
      invention and showing the components of the tool in a position wherein
      movement of the housing in a forward direction relative to the barrel
      assembly will cock the firing mechanism;
PAR  FIG. 2 is an elevational view of the muzzle end of the tool;
PAR  FIG. 3 is a transverse sectional view taken along the lines of 3--3 of FIG.
      1;
PAR  FIG. 4 is a partial sectional view taken along the lines 4--4 of FIG. 3;
PAR  FIG. 5 is a side elevational view of the forward portion of the tool,
      partially in section, looking in the direction indicated by the arrows
      5--5 in FIG. 2;
PAR  FIG. 6 is a transverse sectional view taken along the lines 6--6 of FIG. 1;
PAR  FIG. 7 is an elevational view of the forward or muzzle end of the barrel of
      the tool of FIG. 1;
PAR  FIG. 8 is a side elevational view of the barrel taken in the direction
      indicated by the arrows in FIG. 7;
PAR  FIG. 9 is a partial sectional view of the tool of FIG. 1, showing the
      automatic feed magazine of the tool in its rearward most position relative
      to the remainder of the tool;
PAR  FIG. 10 is a partially schematic diagram of a plurality of fasteners held
      together by a belt of the type used in connection with the tool of FIG. 1;
PAR  FIG. 11 is an enlarged sectional view taken along the lines 11--11 of FIG.
      10;
PAR  FIG. 12 is a transverse sectional view taken along the lines 12--12 of FIG.
      11, but with the fastener omitted;
PAR  FIG. 13 is an end view of one segment of the belt taken in the direction
      indicated by the arrows 13--13 of FIG. 12; and
PAR  FIG. 14 is a top plan view of the belt and fastener taken in the direction
      of the arrows 14--14 of FIG. 12.
DETD
PAR  Referring more specifically to the drawings, FIG. 1 shows a tool which may
      be used with the present invention. The tool includes a housing 2 having a
      tubular forward portion 4 and a rearward portion 6. The tubular forward
      portion 4 includes an elongated opening 8 to provide access for loading
      and unloading an explosive charge. The rearward position 6 of the housing
      2 houses the firing mechanism 10 and also includes a pistol grip 12 and a
      trigger guard 14.
PAR  The firing mechanism 10 includes a breech block 16 having a frusto-conical
      opening 18 therein. A firing pin 20 is mounted behind the breech block 16
      for axial movement in the housing 2 and includes a frusto-conical nose
      portion 22, a body portion 24 and a rearwardly extending rod portion 26.
      The firing pin 20 is urged forwardly by a suitable spring member 28. A
      detent member 30 extends radially downwardly from the body portion 24 of
      the firing pin 20. The detent member 30 is spring biased outwardly by
      suitable spring means 32.
PAR  A cocking rod 34 is mounted for reciprocation in the rearward portion 6 of
      the housing 2 and includes a forward portion 36 extending through the
      breech block 16 and into the tubular forward portion 4 of the housing 2.
      The cocking rod 34 may be spring biased forwardly by a suitable spring
      member 38. The cocking rod may also include an elongated opening 40
      through which the detent member 30 on the firing pin 20 may extend.
PAR  A trigger member 42 having a sear portion 44 may be pivotally mounted above
      the trigger guard 14 by a pivot pin 46. The trigger is resiliently urged
      away from the firing position by spring member 48.
PAR  A barrel assembly 50 is reciprocally mounted within the tubular portion 4
      of the housing 2 and extends from the muzzle end thereof. The barrel
      assembly includes a barrel member 52 and a muzzle bushing 54 attached
      thereto at its forward end in a manner to be explained in greater detail
      below. The barrel member 52 has a bore 56 therein and is provided with a
      cartridge receiving chamber 58 at its breech end for the reception of an
      explosive charge 60.
PAR  A piston member 62 may be mounted for reciprocal movement within the barrel
      assembly 50. The piston member 62 includes a generally cylindrical head
      portion 64 and a reduced elongated cylindrical shank portion 66.
PAR  The muzzle bushing is attached to the barrel member 52 by the means shown
      most clearly in FIGS. 1 and 6-8. At forward end of the barrel member 52,
      the side wall is provided with a first set of two lands 68 and 70 that are
      spaced on opposite sides of the vertical midplane of the barrel member 52.
      Each of the lands 68 and 70 lies in a plane that intersects the other at a
      line which lies in a vertical plane passing through the axis of the barrel
      member 52. At a point rearward of the forward end of the barrel member 52
      as shown in FIG. 8, are a second set of lands 72 and 74. The second set of
      lands 72 and 74 are circumferentially spaced about the axis of the barrel
      member 90.degree. from the first set as shown in FIG. 7. It can thus be
      seen that a shoulder 75 is formed forward of each of the second set of
      lands 72 and 74. It is to be noted that the first set of lands 68 and 70
      terminate at their rearward end in the same vertical plane as does lands
      72 and 74.
PAR  The sidewall of the muzzle bushing 54, at a point spaced from the rearward
      end thereof, is provided with a circumferential groove 76 which is
      intersected by two planar cutout portions 78 and 80, each of which
      intersects the bore 82 in the rearward enlarged portion 82 of the muzzle
      bushing 54. An inverted U-shaped tension spring 84 has a portion 86
      positioned in the groove 76 with its legs 88 and 90 bent toward each other
      and positioned in the cutouts 72 and 74 respectively.
PAR  Assuming the muzzle bushing 54 is to be attached to the barrel member 52,
      the muzzle bushing 54 is positioned 90.degree. clockwise from its position
      shown in FIG. 6 so that the legs 88 and 90 of the spring member 84
      positioned in the cutout portions 78 and 80 are in alignment with the
      lands 68 and 70 of the barrel member 52. The muzzle bushing 54 may then be
      telescoped over the end of the barrel member 52 until the barrel member 52
      abuts a shoulder 92 in the muzzle bushing 52. The muzzle bushing 52 may
      then be rotated 90.degree. counter-clockwise as viewed in the direction of
      FIG. 6 so that the legs 88 and 89 of the spring 84 abut the lands 72 and
      74. The shoulders 75 prevent the muzzle bushing 54 from forward axial
      movement relative to the barrel member 52. The resilience of the legs of
      the spring permits the legs to flex outwardly as the muzzle bushing 52 is
      rotated until the legs of the spring 84 snap back against the lands 72 and
      74 in the barrel member 52. This in effect forms a detent which
      resiliently prevents the muzzle bushing 54 from rotating with respect to
      the barrel member 52.
PAR  The muzzle bushing 54 is generally elongated with an enlarged head portion
      94 in which the shoulder 92 is provided and a forwardly extending reduced
      portion 96 having a fastener receiving bore 98 therein. A buffer member
      101 of a suitable material such as polyethylene or the like is positioned
      with an enlarged head portion 92 of the muzzle bushing 54 within the
      barrel member 52 as shown in FIG. 1 to absorb the energy of the piston
      member 62 in event of its overdrive.
PAR  A magazine assembly 100 is attached to the forward end of the tool and
      including a magazine housing 102 having a generally tubular upper portion
      104 that is telescoped over a portion of the muzzle bushing 54 and the
      forward end of the barrel member 52.
PAR  The lower portion 105 of the magazine housing 102 is generally cylindrical
      with a bore 106 extending axially inwardly from the forward end thereof. A
      follower cam track 108 is cut into the side wall of the lower portion and
      is defined by two spaced apart surfaces 110 and 112. A spring 114 and a
      spring holder 116 are located within the bore 106. A follower member 118
      attached to the spring 114 is adapted to ride in the follower cam track
      108. A follower rotator 120 is rotatably attached by a pin 121 to the
      lower portion of the magazine housing 102 and moves the follower member
      118 in cam track 108. An arcuate cover member 122 having an opening 124
      for the insertion of a fastener belt is also attached to the lower portion
      and has its side wall 123 spaced from the sidewall of the lower portion to
      provide a space 125 in which a fastener belt is contained.
PAR  More specifically, the upper portion 104 of the magazine housing 102
      includes a rearward hollow cylindrical portion 127 and a reduced forward
      portion 126 having a bore 129 therethrough. The rearward hollow
      cylindrical portion 127 is generally positioned about the enlarged portion
      of the muzzle bushing 52 with the reduced portion of the muzzle bushing 54
      extending through the bore 129. The bore 129 has the general configuration
      as the outer surface of the reduced portion of the muzzle bushing 54 which
      is generally rectangular with the upper and lower surfaces slightly
      arcuate. The upper surface of the reduced muzzle portion of the muzzle
      bushing 54 has an axially elongated slot 128 therein in which is received
      the end of a screw member 130 attached to the magazine housing 102
      providing for limited axial movement between the housing 102 and muzzle
      bushing 54 while preventing relative rotation therebetween. A spring
      member 132 between the muzzle bushing 54 and magazine housing 102 biases
      the housing 102 into its forward position relative to the muzzle bushing
      54.
PAR  A square post 133 having a bore 134 therethrough extends from the back
      inner face 136 into the bore 106 of the lower portion 105 of the magazine
      housing 102. The spring holder 116 includes a hub 138 mounted on the post
      133 with the post 133 being received within a square bore 140 therein
      whereby the spring holder 116 is prevented from relative rotation with
      respect to the magazine housing 102 but can move in a direction along the
      axis of the bore. The spring holder 116 also includes a circular disc 142
      at the rearward end of the hub 138. The spring member 114 is a metallic
      band spring coiled about the hub 138 of the spring holder 116 with its
      inner end portion 143 attached to the hub and its outer end portion 145
      attached to the follower member 118. A view in FIG. 3, starting from the
      hub 138, the spring 114 is coiled counter-clockwise thereby placing a bias
      on the follower member 118 which tends to move it clockwise as viewed in
      FIG. 3.
PAR  The follower member 118 has an arcuate base plate 144 which tends to ride
      on the spring 114 with a side portion reduced to form a shoulder 146 which
      abuts against the outer edge of the disc 142 of the spring holder 116. A
      post 148 attached to the base plate 144 rides in and extends through the
      follower cam track 108. The base plate 144 is wider than the cam track 108
      thereby limiting the movement of the follower member in a radially
      outwardly direction with respect to the magazine housing 102. A fastener
      belt engaging portion 150, attached to the post 148, extends in the space
      125 between the magazine housing 102 and cover member 122 to engage the
      end of a belt of fasteners to urge the fasteners through an opening 152 in
      the side of the muzzle bushing 54 into the bore 98 therein.
PAR  The follower rotator 120 is generally cup-shaped of a diameter to fit
      within the bore 106 of the magazine housing 102. A grip 153 is provided on
      the outside of the bore 154 of the follower rotator 120 to provide means
      for rotating it. Two spaced apart legs 154 and 156 extend axially
      rearwardly in the housing 102 from the side wall 158 of the follower
      rotator 120 and are spaced on either side of the base plate 144 of the
      follower member 118 whereby the follower member 118 and follower rotator
      will rotate together.
PAR  The pin 121 extends through a bore 160 in the follower rotator 120, a bore
      162 in the spring holder 116, and the bore 134 in the post 133 of the
      magazine housing 102. The head 164 of the pin 121 is received within a
      counter bore 168 in the grip 153 of the follower rotator 120 while the
      other end of the pin extends through the magazine holder 102 and has a
      snap ring 170 attached thereto to retain the various components. A spring
      member 172 is provided between the back inner face 136 of the magazine
      housing 102 and the spring holder 116 to bias the spring holder 120, and
      therefore, the follower member 118, and therefore, the follower member
      118, and follower rotator 120 forwardly, or to the left as viewed in FIG.
      1. The snap ring 170 limits the forward movement of these parts.
PAR  The cam track 108 is so shaped that it serves to lock the follower member
      118 in the loading position, which, as viewed in FIG. 3 is the position
      when the follower member 118 has been rotated counter-clockwise. As can be
      seen in FIG. 5, the cam track 108 has a portion 173, the center line of
      which moves rearwardly as rotation is continued around the periphery of
      the magazine housing 102 in a counter-clockwise direction as viewed in
      FIG. 3. At the end of portion 173, there is a forwardly extending portion
      174 forming a shoulder 176. The post 148 of the follower member 118 is
      provided with a shoulder 178 to engage the shoulder 176 formed in the cam
      track 108 and hold the follower member 118 in the loading position.
PAR  The rearward portion of the lower portion 105 of the magazine housing 100
      has a radially extending flange 180 thereon. A shoulder 182 is provided in
      the side wall of the magazine housing at a point spaced forwardly of the
      flange 180 a predetermined distance which is substantially equal to the
      width of a fastener belt and head portion of a fastener. The cover member
      122 is generally cylindrical in shape and has its inner wall 123 spaced
      from the side wall of the lower portion of the magazine 102 a distance
      substantially equal to the thickness of the belt holding fasteners.
PAR  As shown in FIGS. 10-14, the fasteners 188 are held together in a group of
      suitable numbers by a feed belt 190. The feed belt 190 comprises a series
      of fastener holding guide sleeves 192 connected by webs 194. The fasteners
      188 include a shank portion 196, a tapered tip portion 198, and an
      enlarged head portion 200. The internal configuration of the sleeves 192
      is generally triangular to provide minimum surface contact with the shank
      portion 196 of the fasteners and to create thin wall sections at three
      corners. Each corner is slightly reduced providing flat surfaces at the
      corner as indicated at 202. The outer surface of each adjacent sleeve 192
      has upper and lower straight portions 204 and 206 which taper away from
      the web as shown in FIG. 11 to allow the belt to flex. The rearward end of
      each sleeve 192 has a circular counterbore 208 therein to enable the
      fastener to be properly inserted. The forward end of each sleeve has a
      slot 210 running across its face to allow the belt 190 to be oriented in a
      fastener assembly machine and also to aid in allowing the sleeves 192 to
      break away from the fastener when being driven into a work surface. The
      webs 194 have a V-shaped groove 211 in their upward surface to aid in the
      separation of a fastener 188 and guide sleeve 192 from an adjacent one
      when impacted by the piston.
PAR  To load the fastener belt, the follower rotator 120 is rotated clockwise as
      viewed in FIG. 2 thereby rotating the follower member 118 in the cam track
      108 counter-clockwise as viewed in FIG. 3. As the follower member 118
      reaches portion 173 of the cam track, the follower member 118 moves
      axially rearwardly relative to the magazine housing 102 depressing the
      spring 172 by virtue of its engagement with the shoulder 146 being in
      engagement with the disc 142 of the spring holder 116. When the post 148
      of the follower member 118 passes portion 174 of the cam track 108, the
      spring 172 will urge the spring holder 116 and, therefore, the follower
      member 118 forwardly so that the shoulder 178 of the follower member 118
      engages the shoulder 176 of the cam track 108 and is held in the loading
      position. A feed belt 190 can then be inserted through the opening 124 in
      the cover member 122 with the tip portion of the fasteners 188 facing
      forwardly. The belt 190 is inserted in the space 124 between the magazine
      housing 100 and cover member 122 with the head portion 200 of the fastener
      guided by the flange 180 on the magazine housing 102 and the forward edges
      of the sleeves 192 guided by the shoulder 182 in the side wall of the
      magazine housing 102.
PAR  After a fastener belt 190 has been inserted into the magazine assembly 100,
      the follower member 118 can be released from its loading position by
      depressing the follower rotator 120 which depresses the follower member
      118 rearwardly so its shoulder 178 disengages from the shoulder 176 of the
      cam track 108. The spring 114 causes the follower to rotate so that the
      fastener belt engaging portion 150 engages the end of the fastener belt
      190 and engages the entire belt 150 around the space 124 until the leading
      fastener and sleeve pass through the opening 152 in the muzzle bushing 54
      and is properly positioned in the bore 98 therein ready to be driven by
      the piston member.
PAR  To fire the tool, the barrel assembly 50 is moved rearwardly until the end
      of the barrel member engages the cocking rod, as shown in FIG. 1. At this
      point, the forward end of the muzzle bushing 54 must be positioned against
      a suitable work surface to move the housing 2 formed relative to the
      barrel assembly 50. In so doing, the cocking rod 34 abuts the rearward end
      of the barrel member 52 so that the housing moves forward relative
      thereto. By virtue of the detent member 30 extending into the opening 40
      of the cocking rod 34, the housing 2 also moves forwardly with respect to
      the firing pin 20 until the forward face of the breech block 16 abuts the
      rear surface of the barrel assembly 50. At this point, the detent member
      30 of the firing pin 20 is in operable alignment with the sear portion 44
      of the trigger member, so that by pulling the trigger member 42, the sear
      portion 44 will release the detent member 30 from the opening 40 in the
      cocking rod and the firing pin 20 will move forward under the action of
      its spring member 28 until the nose portion 22 thereof ejects through the
      frustoconical opening 18 in the breech block 16 and actuates the cartridge
      58. The gases generated by the explosion of the cartridge 58 will drive
      the piston member 76 forwardly and drive the fastener into the work
      surface.
PAR  It can be seen from a comparison of FIGS. 1 and 9 that the tool can be
      cocked and fired by grasping the magazine assembly 100 and moving it
      rearwardly relatively to the housing 2. A flange 212 on the housing 2
      limits rearward movement of the magazine assembly 100 to a point where it
      cannot move the cocking rod rearwardly. As seen in FIG. 9, when the
      magazine assembly 100 is in its rearwardmost position relative to the
      housing wherein it is in abutment with the flange 212 on the housing 2,
      the slot 128 in the muzzle bushing 54 has permitted limited rearward
      travel relative to the muzzle bushing so that the muzzle bushing 54 and
      barrel member 52 are not moved rearwardly to cock the firing mechanism 10.
      The muzzle bushing 54 still must be positioned against a suitable work
      surface and the housing 2 moved forwardly relative thereto to cock the
      firing assembly 10. This relative motion permitted by the slot 128 in
      combination with the stop means in the form of the flange 212 on the
      housing prohibits the possibility of air firing the tool by grasping the
      magazine assembly 100 to cock the tool. The spring member 132 ensures that
      the magazine assembly 100 is always in the forwardmost position relative
      to the muzzle bushing 54 when the tool is at rest so that the next
      fastener, after the piston has been returned by the combination of forward
      movement of the barrel assembly 50 relative to the housing 2 and piston
      return pawl 214, can be properly fed into the muzzle bushing ready for the
      next operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A belt for holding a plurality of fasteners of the type including a head
      portion, a shank portion, and a tapered tip portion, said belt including a
      plurality of fastener receiving sleeves interconnected by webs, each
      sleeve having an internal generally triangularly shaped cross sectional
      configuration, the fastener being engaged along a portion of its shank
      portion by each of the sides of said triangle.
NUM  2.
PAR  2. A belt for holding a plurality of fasteners, said belt including a
      plurality of fastener receiving sleeves interconnected by webs, each
      sleeve having an internal triangularly shaped cross-sectional
      configuration with the corners of said triangle being cut off to form flat
      surfaces, a fastener being engaged by the sides of said triangle, the
      external surface of adjacent sleeves each having a planar portion above
      said web tapering away from said web and a portion below said web tapering
      away from said web.
NUM  3.
PAR  3. The belt of claim 2 wherein one end of each said sleeves has a circular
      counter-bore therein and the other end has a groove extending parallel to
      the length of the belt, and said web has a V-shaped groove therein.
PATN
WKU  039440680
SRC  5
APN  5112613
APT  1
ART  241
APD  19741002
TTL  Fastening element holder strip with break-off locations
ISD  19760316
NCL  2
ECL  1
EXP  Summer; Leonard
NDR  1
NFG  1
INVT
NAM  Maier; Elmar
CTY  Feldkirch-Tisis
CNT  OE
INVT
NAM  Tilg; Robert
CTY  Schaan
CNT  FL
ASSG
NAM  Hilti Aktiengesellschaft
CTY  Schaan
CNT  FL
COD  03
PRIR
CNT  DT
APD  19731008
APN  2350433
RLAP
COD  72
APN  355660
APD  19750430
PSC  01
PNO  3904032
RLAP
COD  81
APN  174846
APD  19710825
PSC  03
CLAS
OCL  206347
XCL   85 10E
EDF  2
ICL  B65D 8524
ICL  F16B 1508
FSC  206
FSS  347;346
UREF
PNO  226818
ISD  18800400
NAM  Woodward et al.
XCL  206347
UREF
PNO  2784405
ISD  19570300
NAM  Working, Jr.
OCL  206346
UREF
PNO  3438487
ISD  19690400
NAM  Gallee et al.
OCL  206347
UREF
PNO  3841474
ISD  19741000
NAM  Maier
OCL  206346
LREP
FRM  Toren, McGeady and Stanger
ABST
PAL  In a strip for holding fastening elements, such as nails and the like, as
      they are fed into a setting device for insertion into a target material,
      break-off locations are provided in the strip to separate used portions of
      the strip from portions still containing fastening elements. The holder
      strip is an elongated flat tape or belt-like member. The fastening
      elements are secured within holes spaced apart in the elongated direction
      of the strip. The fastening elements have transversely extending heads
      which punch out parts of the strip as the elements are driven into the
      target material. Preferably, the break-off locations are in the form of
      notches extending inwardly from the longitudinal sides of the strip into
      the region punched out by the inserted elements. As a result, when a
      fastening element punches through the strip where break-off locations are
      present, at least a portion of the strip from which the fastening elements
      have been driven is separated from the remainder of the strip.
PARN
PAR  The present invention is a continuation-in-part of application Ser. No.
      355,660 filed Apr. 30, 1975 and now U.S. Pat. No. 3,904,032 which issued
      Sept. 9, 1975 and which, in turn, is a continuation of application Ser.
      No. 174,846 filed Aug. 25, 1971 and now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a holder for feeding fastening
      elements, such as nails and the like, into a device from which the
      fastening elements are driven by a piston, and, more particularly, it
      concerns an improvement in an elongated strip-shaped holder in which the
      shanks of fastening elements are secured in longitudinally spaced holes
      and in which the holder is formed of such material and dimensions that the
      fastening element can punch through the holder when it is driven into the
      target material. The improvement is directed to the provision of break-off
      locations in the holder strip so that used portions of the strip can be
      separated from the remainder of the strip.
PAR  In the parent case a magazine or holder strip is loaded with nail-like
      fastening elements for insertion into a target material by a setting
      device operated by a powder charge. The fastening elements are inserted or
      driven in by means of a piston mounted in the setting device and propelled
      by highly compressed gases generated when the powder charge is ignited.
      The magazine or holder strip is in the form of an elongated flat tape or
      belt with the material and thickness of the strip selected so that the
      head of the fastening element being inserted can punch through the strip
      due to the force imparted by the piston.
PAR  As explained in the parent case, the holder for the fastening elements used
      in a setting device employing a powder charge driven piston, is associated
      with certain problems. These problems were solved in the parent case by
      providing a holder strip which can be punched through by the heads of the
      fastening elements. The ability of the fastening elements to punch through
      the holder strip is facilitated by the provision of perforations or
      cutouts in the strip aligned with the fastening element heads.
PAR  This type of fastening element support has worked out very well in
      practice, due, in particular, to the favorable guiding properties afforded
      the fastening elements as they are driven into a target material. Because
      of the considerable functional capabilities provided by this type of
      fastening element support, the trend is toward the use of longer holder
      strips containing a great number of fastening elements positioned one
      after the other. With such an arrangement the number of times a new holder
      strip must be loaded into the setting device is reduced and the overall
      time involved in loading and inserting the fastening elements is also
      reduced.
PAR  However, where the overall length of the holder strips has been increased,
      the portion of the strip from which the fastening elements have been
      displaced, can have an interfering effect. As an example, especially when
      the setting device is used in relatively inaccessible locations, the used
      portion of the holder strip may become entangled and cause considerable
      difficulty in the handling of the setting device. As a result, it is
      necessary to cut off the used portions of the holder strip after a certain
      number of driving cycles have been performed by means of a separate
      cutting tool. Such a removal operation and the requirement of a separate
      cutting tool involves lost time in the operation of the setting device.
PAR  Therefore, it is a primary object of the present invention, when using a
      holder strip of the type described in the parent case, to provide a
      predetermined break-off location which extends from the longitudinal edge
      of the strip toward the opening holding the fastening element to a
      position roughly in line with the periphery of the fastening element head.
PAR  In accordance with the present invention, a break-off location is provided
      which projects into the area of the holder strip which is cut out by the
      fastening element head. As a result, when the fastening element punches
      out a portion of the holder strip it also separates a portion of the strip
      which held the fastening element. Instead of elongated portions of the
      holder strip issuing from the setting device, small portions are cut and
      fall from the device and the above-mentioned interfering effect is
      avoided.
PAR  To provide a positive separation of the used portions of the strip it is
      expedient if two predetermined break-off locations are provided
      symmetrically on opposite sides of the opening holding a fastening
      element. Preferably, the predetermined break-off locations are provided in
      the form of inwardly extending notches to assure a clean and positive
      separation of the used strip portions.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated and described a preferred embodiment of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a perspective view of a portion of a fastening element
      holder strip embodying the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawing a portion of an elongated holder strip 1 is shown in which
      fastening elements or nails 2 are positioned within openings formed in the
      strip. The nails 2 are secured in the strip along their shanks and the
      laterally extending heads 4 of the nails are spaced from the strip. Two
      symmetrically arranged perforations or cutouts 3 are provided in the strip
      spaced radially outwardly from and partly enclosing the opening holding a
      nail 2. The cutouts 3 are arranged or aligned with the lateral periphery
      of the nail head 4 so that it is easier to punch out a portion of the
      strip. In other words, only that portion of the strip which remains
      between the adjacent ends of the cutouts must be punched through to
      provide a punched-out portion of the strip. Further, two symetrically
      disposed V-shaped notches 5 are provided inthe strip each extending
      inwardly from an opposite longitudinal edge of the strip. The inner
      portion of the notches is located between the adjacent ends of the cutouts
      3 and in the path of the nail head 4 as it passes through the strip during
      the driving operation. Accordingly, as a nail is driven through the strip
      it punches out that portion partly defined by the cutouts 3 and also
      traverses the inner or apex end of the V-shaped notches 5 so that the
      portion of the strip from which the nail 2 has been driven is removed from
      the remaining portion which contains nails yet to be driven. As a result,
      the holder strip 1 is cut into individual small sections as each of the
      nails 2 are driven from the strip. It can be appreciated that the notches
      5 can be provided in different shapes and need not be located at the
      position of each of the fastening elements.
PAR  As can be noted in the drawing, the holder strip has rectangular shaped
      recesses 6 formed along each of the longitudinally extending edges for
      engagement with components in the setting device for moving the strip as
      each fastening element is inserted. Such components in setting devices are
      known and, therefore, are not shown nor further described.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  We claim:
NUM  1.
PAR  1. A holder assembly for supplying fastening elements into the barrel of a
      setting device so that the fastening elements can be driven into a target
      material by means of a piston driven by an explosive force developed
      within the setting device, the holder assembly includes a flat elongated
      strip having a plurality of holes therethrough spaced apart in the
      elongated direction of the strip and a fastening element positioned within
      each hole, each fastening element includes an elongated shank having a
      first end and a second end with the first end arranged to be inserted
      first into the target material and a head extending transversely laterally
      outwardly from the circumferential periphery of the shank at the second
      end thereof, the shank of each said fastening element being secured within
      one of the holes in said holder strip, said holder strip having a width
      greater than the diameter of the heads of the fastening elements so that
      the sides of the strip extend laterally outwardly beyond the lateral
      periphery of the heads, said holder strip being perforated inwardly of the
      sides of said strip adjacent to and on opposite sides of each hole so that
      at least a pair of perforations are spaced radially outward relative to
      the hole with which the perforations are associated, said perforations are
      separate and spaced from the perforations associated with the adjacent
      holes, said perforations being aligned with the lateral periphery of the
      head of said fastening element in the hole with which said perforations
      are associated and extending in the direction of the lateral periphery of
      the head, each said perforation having a pair of ends spaced apart in the
      direction of the lateral periphery of the head of said fastening element
      with which it is associated, each end of said perforations being spaced
      apart in the direction of the lateral periphery of the head of the
      fastening element with which it is associated from an adjacent end of
      another perforation associated with the hole, said holder strip is formed
      of a selected material and thickness so that in combination with the
      perforations formed about each hole a washer-like portion of said strip
      laterally enclosing the shank of the fastening element can be punched from
      the strip by the head of the fastening element as it is driven into the
      target material by the explosive force driven piston in the setting device
      with the perforations assisting in the punching out of the washer-like
      portion, wherein the improvement comprises means in said holder strip
      shaped for providing a pair of break-off locations associated with at
      least certain of the holes in said holder strip so that as a fastening
      element positioned within the hole with which the break-off locations are
      associated, is inserted through the strip into the target material it
      traverses the break-off locations and provides a separation between a
      portion of the strip containing the just inserted fastening element from
      the remaining strip containing the fastening elements to be fed to the
      setting device, said break-off locations each extending inwardly from an
      opposite longitudinal edge of the strip to a point at least aligned with
      the lateral periphery of the head of the fastening element which passes
      through the strip and located between the adjacent ends of two of said
      perforations, said means for providing break-off locations comprises a
      V-shaped notch forming each break-off location with said notch cut through
      said strip and extending inwardly from the longitudinal edge of the strip
      transverse to the longitudinal direction of the strip at least to a point
      in alignment with the lateral periphery of the head of the fastening
      elements held in the hole with which the break-off location is associated,
      and the wider portion of the V-shaped notch being located along the
      longitudinal edge of said strip.
NUM  2.
PAR  2. A holder assembly, as set forth in claim 1, wherein two said V-shaped
      notches are arranged at each hole securing a fastening element with the
      V-shaped notches being located symmetrically on opposite sides of the hole
      and with the line connecting the apex points of the V-shaped notches
      passing through the center of the hole with which they are associated.
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ABST
PAL  A receiver for disposable surgical implements, principally surgical
      needles, including a pair of foldably connected pads, each having a
      penetrable top lamination and a penetration resisting bottom lamination.
      The top lamination of one embodiment is provided with a coating which is
      essentially non-adhesive when exposed to receive surgical implements to
      permit placement and penetration therein of the top lamination only as
      well as subsequent removal; but which is co-adhesive with the coating on
      the other pad, when the two pads are folded into mutual pressure contact,
      thereby to secure surgical implements between the pads for disposal. In
      another embodiment, an adhesive coating is applied on one pad and is
      initially covered while the other pad is used to receive and removably
      retain surgical implements; the cover being removed and the adhesive
      coated pad pressed over the other pad and the surgical implements thereon
      to permit disposal. A further embodiment utilizes magnetic elements on the
      adhesive free pad for removable magnetic retention of the surgical
      implements prior to folding the pads for disposal.
PARN
PAR  This application is a continuation-in-part of my previous application, Ser.
      No. 868,317, filed Oct. 22, 1969, entitled RECEIVER FOR DISPOSABLE
      SURGICAL IMPLEMENTS and now abandoned; and is a continuation-in-part of my
      previous copending application, Ser. No. 182,588 filed Sept. 22, 1971,
      also entitled RECEIVER FOR DISPOSABLE SURGICAL IMPLEMENTS and also
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of disposable surgical implements such as hypodermic needles,
      surgical needles and small surgical knives is increasing rapidly; however,
      this has resulted in an attendant increasing problem of injury and
      infection by accidental contact with the discarded implement. A typical
      practice is to use available containers, such as pill containers and other
      products. Such containers are not suitable for placement in reach of the
      surgeon, thus requiring a second handling and the attendant danger of
      injury. Adhesive pads have been used for packaging articles as exemplified
      in U.S. Pat. No. 3,389,784, a display of articles as exemplified in
      British Pat. No. 838,659 in which the adhesive pad is provided with a
      cover pad which is perforated or cut to form openings so that the articles
      may be pressed therein for removable contact with the underlying adhesive
      pad.
PAR  Such packages are incapable of meeting the requirements of surgical
      procedures. For surgery, the implement receiver must be stored in a
      sterile envelope until used, removed from the envelope and placed so as to
      be readily accessible to the doctor or nurse for placement of surgical
      implements therein; however the surgical implements should be removable
      for further use during the surgery. The surgical implements are handled by
      the surgeon or nurse who is wearing gloves. Any contact with a surface
      that would function as an adhesive could not be tolerated. Placing and
      retrieving of the surgical implement usually is done with two hands; thus,
      the need to hold the pad with one hand while removing the implement
      requires an adhesive free area. When surgery is completed, the surgical
      implements should be readily visible to facilitate accounting for all
      implements. Finally, the receiver should be capable of providing an
      essentially permanent protective enclosure for the surgical implements
      which will virtually eliminate any danger of contact with the surgical
      implements and consequent injury or infection.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a receiver for surgical implements
      which may be stored in a sterile envelope prior to use; then placed in a
      readily accessible location, and is summarized in the following objects:
PAR  First, to provide a receiver which is particularly intended for small sharp
      surgical implements, such as surgical needles, the receiver providing a
      sterile surface during surgery permitting removal if needed and also
      serves as collector for the surgical implements to facilitate accounting
      for all the implements; and which, after surgery, may be folded to enclose
      the surgical implements in such a manner as to avoid subsequent contact
      therewith and attendant risk of injury or infection.
PAR  Second, to provide a receiver, as indicated in the preceeding object,
      wherein the receiver includes a pair of pads, each having a top lamination
      formed of yieldable material capable of being penetrated by a sharp
      implement to retain the implement, and a penetration resisting bottom
      lamination, the pads being foldable to encase the surgical implements
      between their bottom laminations.
PAR  Third, to provide a receiver, as indicated in the preceeding objects, an
      embodiment of which utilizes a coating on the top surfaces of both pads
      which is essentially non-adhesive when exposed to receive the surgical
      implements but which is co-adhesive with the coating of the other pad,
      when the two pads are folded.
PAR  Fourth, to provide a receiver for surgical implements utilizing a pair of
      mutually foldable pads, one of which is free of adhesive, whereas the
      other pad is provided with an adhesive coating, initially provided with a
      non-adhesive cover, the adhesive free pad forming a surgical implement
      receiving surface.
PAR  Fifth, to provide a receiver as indicated in the preceeding object wherein
      the adhesive free pad is provided with magnet elements for removable
      magnetic retension of surgical implements thereon.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view showing one form of the receiver for disposable
      surgical implements, the receiver being shown in its open position.
PAR  FIG. 2 is an edge view of the receiver in its open condition.
PAR  FIG. 3 is a plan view of the receiver shown in its folded condition.
PAR  FIG. 4 is an edge view of the receiver shown in its folded condition.
PAR  FIG. 5 is an enlarged fragmentary sectional view thereof, taken through
      5--5 of FIG. 1.
PAR  FIG. 6 is an edge view of a modified embodiment of the invention shown in
      its folded position.
PAR  FIG. 7 is a plan view corresponding to FIG. 1, showing another embodiment
      of the invention.
PAR  FIG. 8 is an edge view thereof, in its open condition with the thickness of
      the parts exaggerated for clarity and indicating by broken line a reverse
      folded portion.
PAR  FIG. 9 is a plan view thereof in its folded condition.
PAR  FIG. 10 is an edge view thereof in its folded condition.
PAR  FIG. 11 is a fragmentary plan view showing a modified embodiment of the
      receiver.
PAR  FIG. 12 is a fragmentary sectional view thereof taken through 12--12 of
      FIG. 11 with the thickness of the parts exaggerated.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is first now directed to the construction shown in FIGS. 1
      through 5. This construction utilizes a pad 1 formed of yieldable foamed
      plastic material for example, yieldable composition of a polyurethene or
      polystyrene capable of being penetrated by a sharp implement such as a
      surgical needle. The pad is provided with a pair of backing sheets 2,
      which are separated a short distance so that the pad 1 may form a hinge
      portion 3. The backing sheets are relatively resistant to penetration.
PAR  The pad is coated with a pressure sensitive adhesive 4, which is, per se
      conventional. Pressure sensitive adhesives are available which, when
      folded upon themselves, form a strong bond; however when exposed and not
      bonded to themselves, exhibit rather low if any, adhesiveness. If the pad
      is packaged in a folded condition, the pad is provided initially with a
      cover sheet 5, which is removed prior to use of the receiver. However the
      pad or several pads may be packaged in a sterile envelope or other
      container. In the latter case the back of one pad covers the coated
      surface of the succeeding pad.
PAR  The receiver illustrated in FIGS. 1 through 5 is used as follows:
PAR  The construction here illustrated is intended for use either outside of
      surgery; for example, in an examination room, or in surgery. The receiver
      is placed in convenient relation to the doctor or his nurse, first,
      however, removing the protective cover sheet 5. The small surgical
      implements A, principally surgical needles are discarded by placement on
      the pad. Slight adhesiveness may be permitted to retain the various
      implements, providing it is insufficient to stick to a surgical glove and
      upset the receiver. Alternatively, the point of the implement may be
      inserted laterally into the pad while in essentially flat relation to the
      pad so that it remains in a flat position.
PAR  At the appropriate time for implement count, which is considered good
      surgical practice, the implements are accounted for by counting the number
      on each receiver, if more than one is used. The pads of each receiver are
      then folded bringing the adhesive into mutual contact with the result that
      the adhesive bonds to itself and around the implements so that the
      implements are completely embedded and isolated by the backing sheets 2.
      As the two pads are pressed together, the area of mutual contact of the
      adhesive increases securing the pads together.
PAR  The pads may be formed of rigid foamed plastic, such as a more rigid
      composition of polystyrene. In this case, the plastic should be crushable
      to permit the implement to be embedded therein when folded; however the
      material should be resistant to chipping or breaking. For example, if a
      surgical needle is inserted, the particle may be carried by the needle or
      flip from the receiver into the operating zone.
PAR  Reference is directed to FIG. 6. Two pads 1a and 1b are utilized which,
      when coplanar, are separated a short distance from each other, and a
      single flexible, but penetration resistant, backing sheet 2a covers both
      pads and forms a connecting hinge element 6. Also a single continuous pad
      may be used which is compressible in the region of the hinge element 6,
      when the pad 2a is folded.
PAR  Reference is now directed to FIGS. 7 through 10. In this construction, as
      in FIG. 6, two pads 1a and 1b, which may be formed by either yieldable or
      crushable material are used, such as polyurethene or polystyrene foam.
      Each pad is provided with a relatively rigid penetration resistant backing
      sheet 7. The backing sheets are joined by a hinge strip 8 coated with a
      pressure sensitive adhesive 9. In order for the hinge to function, the
      pads are separated and the space therebetween is covered by a non-adhesive
      strip 10.
PAR  As illustrated, one pad is coated with a pressure sensitive adhesive 2;
      however, in this case a major uncoated margin 11 is formed adjacent the
      hinged edge of the pad and if desired, a minor uncoated margin 12 is
      formed along the remaining edges of the pad. A stripable cover sheet 13
      covers the pad. The sheet 13 is coextensive with the pad so that
      particularly the margin of the sheet overlying the margin 11 may be
      readily grasped by a gloved hand to remove the sheet without contact with
      the adhesive.
PAR  In using this embodiment, the pad 1b initially remains covered and the
      surgical implements are placed on pad 1a, or inserted into the pad for
      retension. When use of the receiver is completed, the cover sheet 13 is
      stripped from pad 1b and pad 1b is folded over pad 1a and pressed to cause
      bonding engagement. It is, of course, essential that the adhesive bond
      readily to the uncoated surface when the pads are folded together.
PAR  It is possible to fold the uncoated pad 1a in front of the pad 1b as shown
      by dotted lines in FIG. 8 so that the uncoated pad only is exposed, thus
      minimizing the chance that an implement may be placed on the wrong pad.
PAR  Reference is now directed to FIGS. 11 and 12 in which one or several
      magnets 14 are pressed into the pad 1a which is free of adhesure coating.
      These may be formed of a plastic material in which magnetic particles are
      embedded as more fully set forth in my copending application Ser. No.
      182,731 filed Sept. 27, 1971, now U.S. Pat. No. 3,727,658 issued Apr. 17,
      1973. An impervious plastic laminate 15 may cover the magnets. The magnets
      are not positioned for mutual contact as in the previous patent, but are
      intended only to provide a low retention force, so that during surgery,
      surgical implements may be removed and replaced.
PAR  The magnet or magnets provide an alternative to inserting the points of the
      surgical implements into the pad material for retention. Also the magnets
      elevate the implements slightly and thus facilitate grasping the
      implements for removal. Still further, the magnets facilitate needle
      count. As each needle is discarded it is laid crosswise to the magnets
      with its pointed end directed inwardly and its threaded end at or
      projecting slightly beyond the pad. After the operation is completed, the
      needles are counted, then the sheet 13 is stripped from the pad 1b and the
      pad 1b is folded over the needles and bonded to the pad 1a.
PAR  If desired, the compressible pad may be omitted from one of the backing
      members, and this member provided with the adhesive coating. In this case
      the compressible pad may be increased in thickness so that when the
      backing member with its adhesive coating is pressed over the pad for
      bonding engagement therewith the surgical implements may be fully embedded
      therein.
PAR  Having fully described my invention it is to be understood that I am not to
      be limited to the details herein set forth, but that my invention is of
      the full scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A receiver for pointed disposable surgical implements for holding such
      implements selectively accessible and for selectively encasing and holding
      said implements for disposal, comprising:
PA1  a. a first and a second pad element formed of yieldable, penetrable foamed
      plastic material;
PA1  b. a penetration resistant backing element for each pad element;
PA1  c. hinge means foldably connecting the pad and backing elements to permit
      movement of the pad elements between an essentially coplanar position, and
      a mutually face-to-face contacting position;
PA1  d. a pressure sensitive adhesive coating on the outer face of one of the
      pad elements, the outer face of the other pad element being adhesive free;
PA1  e. a removable protective lamination initially covering the adhesive
      coating, whereby said receiver may be arranged in said coplanar relation
      and implements placed on said adhesive free pad for selective removal and
      replacement and whereby said adhesive coated pad, with said protective
      lamination removed, may be folded over said other pad and implements
      thereon to adhere to said other pad and encase said implements between
      said pads and penetration resistant backing elements.
NUM  2.
PAR  2. A receiver as defined in claim 1, wherein:
PA1  a. at least a selected margin of the cover sheet projects beyond the pad
      element area coated with adhesive to permit grasping of the cover sheet
      for removal without contact with the adhesive coating.
NUM  3.
PAR  3. A receiver as defined in claim 1 wherein said backing elements are
      relatively rigid and spaced apart and wherein said hinge means comprise a
      flexible member spanning said space and having an adhesive coating
      adhering the same to said backing elements, and a nonadhesive covering for
      said adhesive coating between said backing elements.
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PAL  A pallet is formed with a retention ledge extending outwardly from the
      upper portion of the pallet sidewall. A heat shrinkable sheath encompasses
      a plurality of articles and the top portion of the pallet including the
      retention ledge. A pallet cover can be placed on top of the stack before
      or after the sheath is thermally shrunk.
BSUM
PAR  This invention relates to a fork lift pallet and to an integral package
      utilizing the pallet and heat shrinkable film.
PAR  One of the difficulties encountered in moving a pallet loaded with a
      plurality of articles in two or more layers and in stacking such a loaded
      pallet on top of a similarly loaded pallet is the horizontal shifting of
      articles in the stack above the upper edge of the pallet. Heat shrinkable
      film can be employed to form a sheath about the stack of articles, but
      horizontal shifting can still occur due to slippage on the film along the
      surfaces of the pallet.
PAR  In accordance with the present invention, the pallet is provided with a
      retention flange extending outwardly from the upper extent of the sidewall
      of the pallet. This retention ledge maintains the position of the sheath
      with respect to the pallet while minimizing the possibilities of damage to
      the sheath by the fork lift.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved pallet. Another object of the invention is to stabilize a load of
      a plurality of articles on a pallet. A further object of the invention is
      to minimize damage to the sheath. Another object of the invention is to
      provide an anchoring ledge for a shrink film. Other objects, aspects and
      advantages of the invention will be apparent from a study of the
      specification, the drawings and the appended claims to the invention.
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PAR  In the drawings, FIG. 1 is a top plan view of a fork lift pallet in
      accordance with one embodiment of the invention;
PAR  FIG. 2 is a side elevational view of the pallet of FIG. 1;
PAR  FIG. 3 is the front elevational view of the pallet of FIG. 1;
PAR  FIG. 4 is an elevational view in cross section taken along line 4--4 in
      FIG. 1;
PAR  FIG. 5 is an elevational view in cross section taken along line 5--5 in
      FIG. 1;
PAR  FIG. 6 is an elevational view in cross section taken along line 6--6 in
      FIG. 1;
PAR  FIG. 7 is an elevational view in cross section taken along line 7--7 in
      FIG. 1; and
PAR  FIG. 8 is a perspective view of a palletized unit employing the pallet of
      FIG. 1.
DETD
PAR  Referring now to FIGS. 1-7, the pallet is a unitary structure comprising a
      generally rectangular bottom wall 12 and an upwardly extending continuous
      peripheral sidewall 13. The bottom wall 12 has a load supporting portion
      and a plurality of leg portions, with each leg portion having a support
      leg formed therein and extending downwardly below the load supporting
      portion. Corner legs 14, 15, 16 and 17 are located adjacent to corners of
      the bottom wall 12; side legs 18 and 19 are located on the sides in line
      with and midway between the respective pair of corner legs; front and back
      intermediate legs 21 and 22 are located on the front and back edges in
      line with and midway between the corner legs; and central leg 23 is
      located in line with and midway between legs 18 and 19 and in line with
      and midway between legs 21 and 22. Thus, the legs 14 to 19 and 21 to 23
      are spaced to provide two passageways to accommodate the two tines of a
      conventional fork lift truck regardless of which side of pallet 11 is
      addressed by the truck. Each of legs 14 to 19 is in the form of a pair of
      hollow frustoconical columns interconnected by two walls, while each of
      legs 21 and 22 is in the form of three equally spaced hollow frustoconical
      columns joined by three walls, and central leg 23 is in the form of four
      equally spaced hollow frustoconical columns joined by four walls in a
      rectangular array. Bottom wall 12 is provided with a plurality of
      transverse corrugations or ribs 24 and a plurality of lateral corrugations
      or ribs 25 to increase the structural strength and rigidity of the pallet
      11. A flange 26 extends horizontally outwardly from the upper extent of
      wall 13. While flange 26 can be discontinuous in the form of at least one
      projecting segment along each of the four sections of sidewall 13, it is
      presently preferred for flange 26 to extend continuously about the outer
      periphery of sidewall 13 in the form of a single, integral, uninterrupted
      outwardly projecting rib or lip. The flange can have uniform dimensions
      throughout its length or it can have variable dimensions, for example in
      the form of scallops or notches.
PAR  Referring now to FIG. 8, a plurality of articles, such as bags 31, have
      been stacked in several layers on pallet 11. A pallet load cover 32 is
      positioned on top of the stack of bags 31. Pallet load cover 32 is
      provided with a downwardly extending peripheral flange 33 to at least
      partially contain and stabilize the bags 31 in the top layer against
      lateral movement with respect to one another. Pallet load cover 32 is
      provided with depressions 34 to 42 corresponding to the bottom portions of
      legs 14 to 19, 21, 22, and 23, respectively, so that a second loaded
      pallet 11 can be stacked on top of the pallet load cover 32 with the legs
      of the uppermost pallet nested in the depressions 34 to 42 of the pallet
      load cover 32. A layer of shrinkable thermoplastic film is wrapped about
      the loaded pallet and the ends thereof are overlapped and bonded to form a
      sheath 43. The sheath 43 can be formed before or after cover 32 is placed
      on the stack of articles. Sheath 43 has a sufficient vertical height so
      that after being heated to cause it to shrink and conform to the loaded
      pallet, it extends from a point below flange 26 on pallet 11 to at least
      the upper edge of the vertical sides of the stack of articles. The sheath
      43 preferably extends above the stack of articles and then inwardly over
      at least the outer periphery of the top surface of the stack of articles.
      When cover 32 is placed on the stack before the sheath 43 is shrunk, the
      sheath 43 preferably extends to a point above the lowermost edge of the
      flange 33 of cover 32, more preferably to a point above the uppermost edge
      of flange 33, thereby making the pallet 11, bags 31, pallet load cover 32
      and sheath 43 a unitary package. Flange 26 can have s smoothly curved
      vertical contour to minimize the possibility of rupturing sheath 43.
      Positioning the flange 26 at the upper extent of sidewall 13 minimizes the
      possibility of damage to sheath 43 during the insertion and withdrawal of
      the tines of the fork lift. While the lower portion of sheath 43 can
      extend below flange 26, it is desirable that the lower edge of sheath 43
      be above the bottom edge of sidewall 13 to avoid contact with the fork
      lift tines.
PAR  Each of pallet 11 and pallet load cover 32 can be formed by suitable
      techniques, for example by vacuum forming a single sheet of thermoplastic
      material or by rotational molding. Any suitable thermoplastic material can
      be employed to form pallet 11 and pallet load cover 32, but the normally
      solid polyolefins and the normally solid polyamides are preferred.
      Examples of suitable thermoplastic materials include polyethylene,
      polypropylene, copolymers of ethylene as described hereinafter, nylon 6,6,
      nylon 6, nylon 11, and blends thereof. It will generally be desirable to
      incorporate a suitable reinforcing agent, for example glass fibers, to
      increase the strength and rigidity of the formed articles. In a presently
      preferred embodiment, pallet 11 and pallet load cover 32 are rotationally
      molded from a polymer of ethylene, that is, an ethylene homopolymer, a
      copolymer of ethylene and at least one acyclic straight or branched chain
      mono-1-olefin hydrocarbon having 3 to 8 carbon atoms per molecule, or a
      mixture of such homopolymers, of such copolymers, or of at least one such
      homopolymer and at least one such copolymer; having incorporated therein a
      suitable crosslinking compound. A presently preferred group of such
      hydrocarbon comonomers are the straight chain hydrocarbons, particularly
      those straight chain hydrocarbons having 3 to 6 carbon atoms per molecule.
      The copolymers are usually formed with ethylene constituting at least 75
      weight percent of the total monomers. Excellent results are obtained with
      copolymers of ethylene and 1-butene, wherein ethylene constitutes at least
      75 weight percent of the total monomers. Other polymers of ethylene
      include, for example, copolymers of ethylene and propylene, copolymers of
      ethylene and isobutene, copolymers of ethylene and 1-pentene, copolymers
      of ethylene and 3-methyl-1-butene, copolymers of ethylene and 1-hexene,
      copolymers of ethylene and 4-methyl-1-pentene, copolymers of ethylene and
      1-heptene, copolymers of ethylene and 1-octene, and copolymers of ethylene
      and 4-ethyl-1-hexene.
PAR  In general, the uncrosslinked polymer of ethylene employed will have a melt
      index of at least about 10, a density in the range of about 0.92 to about
      0.97, preferably in the range of about 0.940 to about 0.965, gram per
      cubic centimeter. Uncrosslinked polymers having a melt index (ASTM D
      1238-70, Cond. E.) in the range of about 10 to about 200 give excellent
      results, with the polymers having a melt index in the range of about 10 to
      about 50 being presently preferred. The polymers can be produced by any
      suitable method and can be selected from among those commercially
      available where desired.
PAR  Suitable crosslinking compounds include the acetylenic diperoxy compounds,
      which includes the hexynes having the formula
      ##EQU1##
      octynes having the formula
      ##EQU2##
      and octadiynes having the formula
      ##EQU3##
      wherein R is selected from the group consisting of tertiary alkyl,
      alkoxycarbonyl, and benzoyl. In general, the molecular weights of the
      polyperoxides fall within the range of about 230 to about 550. Excellent
      results are received with the above-noted hexynes. Among the compounds
      encompassed within the above-noted hexynes, octynes, and octadiynes are:
PAR  2,7-Dimethyl-2,7-di(t-butylperoxy)octadiyne-3,5
PAR  2,7-Dimethyl-2,7-di(peroxy ethyl carbonate)octadiyne-3,5
PAR  3,6-Dimethyl-3,6-di(peroxy ethyl carbonate)octyne-4
PAR  3,6-Dimethyl-3,6(t-butylperoxy)octyne-4
PAR  2,5-Dimethyl-2,5-di(peroxybenzoate)hexyne-3
PAR  2,5-Dimethyl-2,5-di(peroxy-n-propyl carbonate)hexyne-3
PAR  2,5-Dimethyl-2,5-di(peroxy isobutyl carbonate)hexyne-3
PAR  2,5-Dimethyl-2,5-di(peroxy ethyl carbonate)hexyne-3
PAR  2,5-Dimethyl-2,5-di(alpha-cumyl peroxy)hexyne-3
PAR  2,5-Dimethyl-2,5-di(peroxy beta-chloroethyl carbonate)hexyne-3
PAR  2,5-Dimethyl-2,5-di(t-butylperoxy)hexyne-3.
PAR  The crosslinking agent is preferably incorporated within the particles of
      the molding composition utilized to form the pallet or pallet load cover
      32 rather than being dry blended with particles of polymer. When dry
      blending of the polymer particles and the crosslinking agent is employed,
      there is a very severe problem of voids in the wall of the molded article
      formed from such dry blended material. Any suitable amount of crosslinking
      agent can be incorporated into the molding composition, as the amount
      employed can depend upon the specific crosslinking agent as well as the
      degree of crosslinking desired. In general the amount of the crosslinking
      agent will be in the range of about 0.1 to about 10, preferably in the
      range of about 0.5 to about 3, parts by weight per 100 parts by weight of
      the polymer of ethylene or other crosslinkable polymer.
PAR  The thermally shrinkable film utilized to form the sheath 43 can be formed
      in any suitable manner known in the art. the shrinkable film can be
      polyester, polyethylene, polypropylene, polystyrene, poly(vinyl chloride),
      vinylidene chloride copolymer, or any other suitable thermoplastic
      material, but is preferably polyethylene. The shrinkable film is
      preferably biaxially oriented to provide shrinkage in both horizontal and
      vertical directions. The thickness of the film can vary with the polymer,
      the type of articles being packaged, and the size of the loaded pallet,
      but will generally be in the range of about 0.5 to about 20 mils, and
      preferably will be in the range of about 2 to 15 mils, and more preferably
      will be in the range of about 4 to about 10 mils.
PAR  Reasonable variations and modifications are possible within the scope of
      the foregoing disclosure, the drawings and the appended claims to the
      invention.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A fork lift pallet having a generally rectangular bottom wall, a
      continuous sidewall extending upwardly from the outer periphery of said
      bottom wall, said bottom wall having a load supporting portion and a
      plurality of leg portions, each leg portion having a hollow support leg
      formed therein and extending downwardly below said load supporting
      portion, said support legs being arranged in at least two spaced rows at
      least generally parallel to two opposed sides of said bottom wall to
      permit the entry of the tines of a fork lift between adjacent legs from
      any side of the pallet, a retention ledge extending outwardly from the
      upper end of said sidewall to provide a horizontal lip at the upper
      extremity of the pallet.
NUM  2.
PAR  2. A pallet in accordance with claim 1 wherein said retention ledge extends
      horizontally outwardly continuously around the periphery of said sidewall
      to form an uninterrupted lip.
NUM  3.
PAR  3. A pallet in accordance with claim 2 wherein said pallet is a onepiece
      molded article, and wherein said lip has a smoothly curved vertical
      contour.
NUM  4.
PAR  4. A package comprising a fork lift pallet in accordance with claim 1 and
      further comprising a plurality of articles stacked on said load supporting
      portion, and a thermally shrunken sheath of a heat shrinkable
      thermoplastic film encompassing at least the upper portion of said
      sidewall and the outer periphery of the stack of said plurality of
      articles, said film extending generally vertically upwardly from a point
      below said retention ledge to at least the upper edge of the vertical
      sides of said stack of articles, thereby securing together said pallet and
      said plurality of articles.
NUM  5.
PAR  5. A package comprising a fork lift pallet having a bottom wall and a
      continuous sidewall extending upwardly from the outer periphery of said
      bottom wall, said bottom wall having a load supporting portion and a
      plurality of leg portions, each leg portion having a support leg formed
      therein and extending downwardly below said load supporting portion, a
      retention ledge extending outwardly from said sidewall, a plurality of
      articles stacked on said load supporting portion, and a thermally shrunken
      sheath of a heat shrinkable thermoplastic film encompassing at least the
      upper portion of said sidewall and the outer periphery of the stack of
      said plurality of articles, said film extending generally vertically
      upwardly from a point below said retention ledge to at least the upper
      edge of the vertical sides of said stack of articles, thereby securing
      together said pallet and said plurality of articles.
NUM  6.
PAR  6. A package in accordance with claim 5 wherein said retention ledge
      extends horizontally outwardly continuously around the periphery of said
      sidewall.
NUM  7.
PAR  7. A package in accordance with claim 6 wherein said retention ledge has a
      smoothly curved vertical contour.
NUM  8.
PAR  8. A package in accordance with claim 7 wherein said retention ledge
      extends generally horizontally outwardly from the uppermost extent of said
      sidewall.
NUM  9.
PAR  9. A package in accordance with claim 8 wherein said sheath extends above
      the upper edge of the vertical sides of said stack of articles and then
      inwardly over at least the outer peripheral portion of the top surface of
      said stack of articles.
NUM  10.
PAR  10. A package in accordance with claim 9 further comprising a pallet load
      cover having a top wall positioned on top on said stack of articles and
      the portion of said sheath extending inwardly over at least the peripheral
      portion of the top surface of said stack of articles, said cover having a
      continuous flange extending downwardly from the outer periphery of said
      top wall to encompass the top portion of the vertical sides of said stack
      of articles.
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PAL  A filamentary tow package in which the tow is in layers of substantially
      vertical folds and has adjacent layers impacted with one another. Sections
      of the tow are twisted and vary in helix angle from greater than
      45.degree. in an S direction to greater than 45 degrees in a Z direction.
      The helix angle of the tow is increased by impacting it into layers of tow
      previously laid down.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention concerns a filamentary tow package, more particularly, one in
      which the tow is laid down in layers of substantially vertical folds.
PAR  Filamentary tows are frequently stored in containers either between stages
      of spinning, drawing, crimping and cutting or for shipment to a customer.
      When a tow is deposited in such a container, either the container or the
      tow delivery device is generally moved in relation to one another so as to
      deposit the tow uniformly to fill all portions of the container in as
      level a layer as possible. Usually the speed of the tow is substantially
      greater than the relative motion between the tow delivery device and the
      container so that tow is forced to fold in some manner.
PAR  When tow is delivered into such a container at high speed, particularly at
      speeds of 400 yards a minute or greater, the tow is laid down in layers of
      substantially vertical folds which impact into the layers immediately
      below that have been previously deposited in the container. The impaction
      is random in nature so that certain portions of the tow are more tightly
      gripped than other portions. Thus, when the tow is removed from the can
      for further processing, the tension rises when the tightly impacted
      sections are being pulled loose. Furthermore, when one portion of the tow
      bundle is impacted with lower layers more tightly than the others, two
      portions of the bundle may split and move on to subsequent operations at
      different tensions, one portion being frequently so slack that it may drag
      on the floor when the bundle normally is supported on overhead guides.
      Also with severe impactions, the tow being removed from the container may
      pull out and carry along a portion of an adjacent fold and cause a
      condition referred to as a "tangle".
PAC  SUMMARY OF THE INVENTION
PAR  A tow package comprising a plurality of contiguous layers of multifilament
      tow, each layer having a plurality of substantially vertical folds,
      impacted with folds of adjacent layers, said tow having adjacent sections
      of opposite twist, each of said adjacent sections encompassing a length of
      less than 20 feet as measured along unfolded tow. More preferably, the
      average length encompassed by each section of opposite twist is less than
      10 feet, as measured on the extended tow. Extended lengths of tow between
      sections of opposite twist having substantially zero twist are preferably
      less than 5 feet long.
PAR  The method for forming this unique tow package includes the step of
      applying alternate twist of a certain helix angle to the tow before it is
      fed into a container, then increasing that helix angle by impacting the
      tow into layers of tow previously laid down in the container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows one arrangement for making a product of the invention.
PAR  FIG. 2 is an enlarged view of an alternately twisted tow bundle impacting
      into another layer of tow to form the tow package of the present
      invention.
PAR  FIG. 3 is an end view of a fluid jet device suitable for applying alternate
      twist.
PAR  FIG. 4 is a cross-sectional view of the jet device of FIG. 3 taken on line
      4--4.
PAR  FIG. 5 is an alternate arrangement for making a product of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  FIG. 1 shows a means of inserting alternate twist into a twistless tow then
      depositing the tow into a container. The tow may be drawn or undrawn. More
      particularly, tow 10 is advanced from a source (not shown) between a pair
      of driven rolls 12 which control the speed of the tow and also prevent
      twist from passing further back along the tow line. A fluid twisting
      device 14 located upstream of belt feeder 18 applies torque to the tow
      first in one direction and then the other, i.e., alternately twisted
      sections of S and Z twist with varying helix angles. The tow may then pass
      optionally over a change of direction roll 16 and pass in a downward
      direction through belt feeder 18 which includes a pair of belts 20 that
      are pressed against the tow to control the forwarding. The tow then passes
      downward into container 22 where it impacts into and among previous layers
      24 of tow. Container 22 is generally rotated and/or traversed continuously
      at a speed considerably lower than that of the tow forwarding speed, i.e.,
      at a speed about 1/3 to 1/20 that of the tow which may be in the range of
      from 400 to 1200 yards per minute. Alternatively, fluid twisting device 14
      may be placed below belt feeder 18.
PAR  FIGS. 3 and 4 show a fluid twisting device 14 in more detail. Internal bore
      17 through which the tow passes has a diameter which is preferably 2 to 4
      times the diameter of the compacted tow bundle. Air under pressure of 15
      to 50 psi., preferably 20 to 40 psi., is fed alternately (30-180
      cycles/minute) to two fluid passages 15 which are rectangular in shape and
      tangential to bore 17 where they meet bore 17. The air may be alternated
      by means of a spool or rotary valve, a mechanically actuated damper or
      other such device. For maximum effectiveness, the cross-sectional area of
      rectangular passage 15 where it intersects bore 17 should preferably be
      1/12 to 1/20 of that of the cross-sectional area of bore 17. Passages 15
      also are preferably angled at about 45.degree. in the direction of tow
      movement.
PAR  FIG. 2 shows twisted tow 10 having a helix angle A of about 30.degree.
      feeding downward into a container to make a product of this invention. The
      container and the layer 24 of tow previously laid down is moved with
      respect to tow 10 as indicated by the arrow, the speed of such movement
      being substantially less than the downward forwarding speed of tow 10.
      When tow 10 impacts into the layer 24 of tow previously laid down, it
      collapses axially and tends to expand in diameter as shown at 26. Such
      axial collapse increases the helix angle to that shown by "B" which
      approaches 60.degree.. This behavior is unique to a twisted bundle of a
      substantial helix angle and increases cohesion of the tow bundle. The
      twisted bundle still tends to maintain a generally rounded cross section.
      The loops 11 which project above the surface of tow layer 24 extend to a
      lesser height than loops 13 of an untwisted tow. Since this product is
      alternately twisted S and Z, there will be intermediate zones where there
      is little or no twist, such as 13. There, the tow bundle may occasionally
      form higher arch-like loops. Not all portions of the tow will be impacted;
      some portions such as 15 will lie randomly on the surface of previous
      layers 24.
PAR  In a product of the present invention, some portions of the tow may be laid
      somewhat randomly on lower layers of tow, but a distinguishing
      characteristic of an impacted laydown is that wherever portions of tow are
      substantially parallel to one another, they are approximately
      perpendicular to the tow surface in the container.
PAR  The twist characteristics of the tow in the container vary from high
      twisted sections of helix angle greater than 45.degree. to low twist and
      zero twist at the reversal. The length of the highly twisted sections may
      vary. Even a short length of highly twisted section is effective in
      restricting tow entanglement to a manageable length. Zero twist lengths
      between twisted sections of opposite hand should preferably be less than 5
      feet when measured in the extended state.
PAR  The improved delivery characteristics of tow from a container of this
      invention is attributed not only to the fact that the bundle cannot split
      at the highly twisted zones but also to the fact that the frequent
      occurrence of high twist sections limit the maximum length of defects
      which may be caused by separation of the bundle and entanglement in the
      low twist zones. Such limited lengths means that any difference in lengths
      or tensions between sections of the tow which such entanglements may cause
      will generally be corrected by the time that the tow enters the subsequent
      operation. On the other hand, high twist along the entire length of the
      tow would be a serious disadvantage because it would interfere with
      subsequent operations which perform better with parallel filaments. In the
      product of the present invention, twist reversals occur sufficiently
      frequently that zones of opposite hand cancel out and the tow is
      substantially twistless at the time it is removed from the container and
      is processed further.
PAR  In order for twist to cancel out, the length of each section of the most
      highly twisted zones of opposite hand is preferably less than the distance
      from the surface of the container to the first guide or other device
      through which the tow passes with a substantial change of direction or
      which tends to act as a twist trap, such as nip rolls, since this distance
      limits the twist cancellation. In most equipment arrangements, this
      maximum distance is the height of the ceiling, on the order of 10-20 feet.
      Therefore, the maximum length of each section of opposite twist is
      preferably 20 feet, more preferably 10 feet. The action of cancelling
      twist provides considerable rotary movement in the tow as it is removed
      from the container. This movement helps to disengage tangles, in addition
      to the action of binding the tow together which has been described
      previously. Excessively high degrees of twist or unnecessarily frequent
      reversals should be avoided if such twist is difficult to remove and tends
      to persist into subsequent operations.
PAR  Alternate fluid twisting has several advantages over mechanical twisting.
      Fluid can be reversed rapidly without inertia problems associated with
      mechanical devices. This is particularly important where, for example, if
      twist must be reversed every 10 feet on a tow running 1200 feet a minute,
      reversals must occur 2 times per second. Furthermore, mechanical twisting
      depends upon friction between the twisting device and the tow. Such
      friction acts primarily on the surface filaments, with consequent chance
      of damaging filaments. Fluid, on the other hand, opens the bundle as the
      fluid reverses and acts gently on a large portion of the bundle, thus
      providing maximum twisting action at the time that it is most needed.
PAR  In contrast to unidirectional continuous fluid false twisting, which puts a
      high degree of twist into the material during the twisting operation but
      which allows the false twist to cancel out almost immediately after
      leaving the twisting device, alternate opposite twisting can be controlled
      to insert a high degree of twist which will persist long enough to afford
      the temporary coherency described above. Furthermore, the reversals can be
      timed to assure that there will be two highly twisted zones of opposite
      hand within a desired length of tow.
PAR  One method of determining whether a product is of this invention is to
      remove the free end of tow vertically upward from the container 22 and
      place it over a guide or other device and to move the tow slowly upward by
      hand from the container. The tow is observed at the surface of the tow in
      the container just before it is tensioned, to determine whether sections
      of the tow are impacted approximately vertically within and among portions
      of tow below. If so, the helix angle ("B" in FIG. 2) is measured to
      determine whether the helix angle of the untensioned tow is greater than
      45.degree. and whether its direction is S or Z. The midpoint of the first
      section having a helix angle greater than 45.degree. is encircled with a
      piece of tape. Additional tow is then removed from the container until the
      twist is seen to reverse and a helix angle greater than 45.degree. in the
      opposite direction is observed in a section impacted approximately
      vertically. Another piece of tape is placed around the tow at the midpoint
      of this section. The procedure is repeated until 11 bands have been placed
      on the tow, then the distance between the bands is measured when the tow
      is in an extended state and the 10 distances are averaged. If the average
      of the 10 distances is less than 20 feet, or preferably less than 10 feet,
      then the tow package from which the tow was removed is a product of this
      invention.
PAR  As an alternative to the arrangement shown in FIG. 1 for preparing the
      product of this invention, the advancing tow may be first crimped then
      have an alternate twist applied before being impacted into a container.
      For example, FIG. 5 shows untwisted and uncrimped tow 10 passing over
      speed control rolls 30 and change of direction roll 16 into stuffer
      crimper 32, where a sawtooth crimp is impressed on the tow filaments
      before being forwarded through twisting device 14 and impacted into
      container 22. Normally, the tow 10 in FIG. 5 is four times greater in
      cross section than tow 10 in FIG. 1 because the crimped tow is
      considerably larger than uncrimped tow and therefore requires a larger
      fluid twisting device although dimensional relationships of the twisting
      device are approximately the same. Larger volume and lower air pressure
      (0.5 to 3.0 inches of water), such as can be furnished by a blower, may be
      used because the crimped product has greater surface area per unit mass
      than uncrimped. Also it is desirable to avoid blowing the crimped tow
      apart and creating regions of varying bulk along the length of the tow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tow package comprising a plurality of contiguous layers of
      multifilament tow, each layer having a plurality of substantially vertical
      folds impacted with folds of adjacent layers, said tow having adjacent
      sections of opposite twist each of said adjacent sections encompassing a
      length of less than 20 feet as measured along unfolded tow, said adjacent
      sections of opposite twist being separated by sections of substantially
      zero twist, said sections of substantially zero twist being less than 5
      feet long.
NUM  2.
PAR  2. The tow package as defined in claim 1, said sections of opposite twist
      being alternate S and Z twist varying in helix angle from greater than
      45.degree. in the S direction to greater than 45.degree. in the Z
      direction.
NUM  3.
PAR  3. The tow package as defined in claim 2, said adjacent sections of
      opposite twist each encompassing a length of less than 10 feet.
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ABST
PAL  An octagonal dispenser carton for packaging coils of band saw blade stock
      in bulk lengths is formed from a flat corrugated cardboard blank having a
      main octagonal center section, rectangular side wall flap sections
      foldably joined to each edge thereof, and polygonal end wall flaps
      extending from said side wall sections, said end wall flaps combining when
      in folded position to securely hold the side walls and without
      reinforcement to contain a coil of blade stock.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a folded carton and package for bulk length coils
      of saw blade stock for band saw use and the like. The carton is
      specifically of the "dispenser" type from which a toothed blade may be
      unwound for cutting into any length which might be required, such as for
      blade replacement purposes.
PAR  More particularly, the carton comprises a casing of regular octagon shape
      formed by folding a single flat blank of corrugated cardboard or similar
      paper board material around a coil of blade stock, the toothed side of the
      coil being covered by a flat disc of similar paper board material. The
      coil is thus rotatably contained in the casing for unwinding and a
      "dispensing" action by pulling the free end from the carton. The free end
      passes through an exit opening in a side wall and when the desired length
      is withdrawn and cut, the coil is rotatively readjusted as by rewinding to
      an extent needed to conveniently hold the recently cut end at the exit
      opening and readily accessible for another "dispensing" operation.
PAR  Heretofore, in packaging coils of band saw blade stock, insofar as is
      known, the trade practice has been largely confined to square containers
      in which triangular corner blocks are mounted so as to give stability as
      well as provide an octagonal interior shape to the side wall which is
      necessary for satisfactory coil rotation. For light reels or smaller coils
      injection molded plastic containers having an annular cavity for
      rotatively holding a coil and a tangentially directed exit slot for the
      blade end are also well known to the trade. From the standpoint of
      economical and efficient packaging operations, such prior equipment has
      various drawbacks. Briefly, space and inventory problems can arise where
      the containers are preformed as in the case of the molded plastic cases
      above referred to. Further, problems of time and labor costs inevitably
      are involved where foldable carton blanks are to be fitted with corner
      blocks at or immediately in advance of a carton loading operation. The
      present invention is designed to minimize such inventory and storage
      problems and at the same time simplify the packaging process so as to
      reduce costs insofar as possible for packaging this type of article.
PAR  In the packaging of coiled band saw stock it is to be noted that bulk
      lengths of 250 feet or more involve a weight on the order of 50 or 80 lbs.
      or better. More importantly the closely wound coil is made up for carton
      packaging has many of the characteristics of a huge watch spring. Unless
      adequately restrained it will spring apart in total disarray. Thus
      pressures on a carton are exerted in many ways as blade stock is unreeled
      and for this reason such measures as the reinforcement at the corners of
      conventional square cartons by triangular blocks, which also permit
      satisfactory rotation, has been considered necessary. Thus, while folding
      cartons of octagonal form have been found suitable for various other
      products, it has not heretofore been proposed as feasible for band saw
      blade coils because of the unique and somewhat "balky" nature of the
      particular product. The main object of the present invention as previously
      indicated is to provide a flat carton blank of a particular shape readily
      foldable into an octaganol package in order to securely contain a band saw
      coil for dispensing purposes and eliminate the need for added
      reinforcement measures than are provided for by the folded blank itself.
PAC  SUMMARY
PAR  In practicing the present invention a flat unitary blank of foldable
      corrugated cardboard material is formed with a main center section of
      regular octagon shape, rectangular side wall flap sections at each edge
      thereof and polygonal end wall flaps extending from the side walls.
PAR  The flaps of alternate side walls are each a mirror image of the adjacent
      half portion of the octagonal main section and fold over in facing pairs
      to provide two plies of the folded end wall. The remaining intermediate
      flaps have inner edge portions diverging outwardly from the end edges of
      each of the connecting side wall sections, intermediate parallel portions
      which abut the adjacent flap edges, and converging outer portions. The
      latter flaps fold over as quarter portions of a third ply underneath the
      first two plies, the divergent inner edge portions thereof being caught by
      the fold line connection of the outer ply flaps at each side and thus
      helping to maintain the side walls of the inner ply flaps in place against
      any pressures from the coil contained in the carton.
PAR  The toothed side of a coil of blade stock is covered by a circular disc of
      cardboard material when folding the same into the carton and the coil is
      thus rotatable in the carton for the dispensing operation by passage of
      the free end through a slotted opening in one of the side walls and
      unreeling a desired length of blade from the coil.
DRWD
PAC  FIGURES
PAR  FIG. 1 is a plan view of one face of an octagonal carton embodying the
      invention;
PAR  FIG. 2 is a plan view of the opposite face of the carton of FIG. 1;
PAR  FIG. 3 is a fragmentary perspective view on an enlarged scale showing
      provision for a side wall opening to withdraw and dispense blade stock
      from the carton;
PAR  FIG. 4 is a plan view of a flat carton blank from which the carton package
      of FIGS. 1-3 may be formed, a disc for rotatably supporting the coil blade
      being shown in position thereon;
PAR  FIG. 5 is a view similar to FIG. 4 of a partly folded blank to illustrate
      initial steps in forming a carton;
PAR  FIG. 6 is a similar view indicating the sequence of steps to complete the
      carton of FIGS. 1 and 2;
PAR  FIG. 7 is a plan view similar to FIG. 4 of a modification of the carton
      blank;
PAR  FIG. 8 is a similar plan view indicating a partial folding of the FIG. 7
      blank; and
PAR  FIG. 9 is a sectional view as on line 9--9 to show the details of the
      finished carton package of FIGS. 7 and 8.
DETD
PAC  DESCRIPTION
PAR  The carton of the present invention, as shown by the front and rear faces
      or end walls in FIGS. 1 and 2, is in the form of a regular octagon. Folded
      from a unitary flat blank as will be later described in detail, the front
      end wall is formed by a single center panel section 2 (FIG. 1), while the
      rear end wall is a composite or multi-ply arrangement having an outer
      panel face (FIG. 2) provided by a pair of folded over closure flaps 4.
      Flaps 4 are half sections of an outer ply of the end wall and are secured
      together in suitable manner at their mating edges as by an adhesive
      sealing tape at 6.
PAR  The side walls of the folded carton are rectangular panel flap sections 8
      integrally extending and folded at right angles to the edges of the single
      panel 2 (FIG. 3). Sets of end wall closure flaps foldably extend from the
      walls 8 and provide a three-ply construction. The outer ply comprises
      flaps 4 as noted. The next ply comprises a pair of flaps 40 (see FIGS.
      4-6) similar to flaps 4 and folded in crosswise underlying relation. The
      third and inner ply comprises a set of four flaps, as at 41 (FIGS. 4, 5),
      these flaps being folded from the edges of the remaining side walls
      between the flaps 4 and 40 of the alternate side walls 8.
PAR  Within the cavity of the closed carton (FIGS. 1-3) a coiled bulk length of
      band saw blade stock is enclosed so that any desired length can be
      stripped or dispensed therefrom as for saw blade replacement purposes. As
      best seen in FIG. 3 the free end of the coil may be withdrawn through a
      slotted opening provided in one of the side walls 8. As shown a tear strip
      portion 10 (FIGS. 4, 5) is formed with a tabbed end 12 for grasping and
      rupturing the strip and passing the blade through the opening.
PAR  The coil is mounted in the carton with a rotatable disc member as at 14
      lying against the inner surface of the front wall 2 and slightly less than
      tangent to the side walls 8 (see FIG. 4). Mounted with the blade teeth
      against the disc the blade can be unwound from the coil as the coil is
      rotated by withdrawal of its free end through the opening provided by the
      tear strip 10. As also indicated in FIGS. 1, 4 and 5, the disc 14 is
      provided with a concentric ring of openings as at 16 accessible through
      arcuate slots 18 cut in the end wall 2. The openings 16 are for hand
      manipulating the disc 14 for rotation of the coil either for the purpose
      of moving the coil for assistance in unwinding the free end, or once a
      desired length has been cut off to enable the rewinding of the cut end
      back into the carton.
PAR  The ease with which the carton can be loaded and closed will be appreciated
      from FIGS. 4-6. FIG. 4 shows the flat unitary blank from which the carton
      casing is formed. Laid in place thereon is the disc 14 on which a coil
      rests. As seen in the flat (FIG. 4) the single ply end wall panel or main
      section 2 has the rectangular side wall sections 8 extending from each
      edge thereof. The inner edges of walls 8 are creased fold lines shown in
      phantom as at 20. The creased parallel fold lines as at 80 indicate the
      outer edges of the walls 8 from which the respective end closure flaps 4,
      40 and 41 extend.
PAR  As above noted the inner ply of the folded end wall is formed by inwardly
      turning flaps 41. This can be conveniently done (see FIGS. 4 and 5) by
      upwardly bending flaps 41 on opposite sides of each flap 40 so that an
      upward and inward swinging movement of the latter will quickly carry the
      smaller flaps 41 into flattened relation over the coil. As shown by FIG. 5
      at the right the flaps 41 are in the fully folded positional relation and
      anchored by the overlying flap 40. At the left it will be noted that in
      the slightly raised position the edges of flap 40 overlap the adjacent
      edges of flaps 41. Thus by manually swinging over flap 40 alone, a rapid
      closing action of all three flaps is accomplished. With flaps 40 in place,
      outer flaps 4 (FIG. 6) may be turned inwardly and folded in crosswise
      fashion over flaps 41 to complete the folding and the package may then be
      sealed as by taping the mating edges (FIG. 2).
PAR  As noted in the drawings, each pair of flaps 4 and 40 extends from
      diametrically opposite and parallel edges of the main section 2. In
      outline each is a mirror image of that half of the main section 2 adjacent
      thereto.
PAR  Flaps 41 are formed and extend from the sides 8 at 90.degree. positions
      about the main section 2. As shown each is formed with inner edge portions
      50 divergently directed from the ends of outer fold line 80 of wall 8 and
      at an angle of 135.degree. to line 80. Thus when folded over (see FIG. 5)
      such inner edge portions are securely caught in the fold between the
      adjacent wall 8 and its attached flap 4 or 40.
PAR  Parallel intermediate edge portions at 52 abut the parallel edges of the
      adjacent flaps 4 and 40 and outer edge portions as at 54 converge in a
      rounded 90.degree. corner. Flaps 41, as noted, are quarter sections
      providing the inner ply of the folded three-ply wall, each flap of this
      inner ply being interlocked against shifting outwardly by securing the
      corner edges at 50. This prevents coil pressures tending to break out of
      any of the connecting side walls 8 under hard usage. As for walls 8 of
      flaps 40 and 4 the greater expanse of these flaps in covering one half of
      an end wall is sufficient to resist any coil pressures.
PAR  In FIGS. 7-9 a modified blank and carton is shown. This construction
      differs from that of FIGS. 1--6 in the provision for the tooth covering
      disc to rest against the three-ply end wall. As will be apparent this
      necessitates providing arcuate slots in the various flaps for manipulating
      the relative positions of the disc and coils in the carton. The
      desirability of either position of the disc depends largely on the
      preference of those handling a particular packaging operation.
PAR  As will be appreciated band saw blade stock when being made up into coils
      is wound under considerable tension. As previously mentioned the result
      may be likened to a huge watch spring which can be extremely dangerous, if
      not properly restrained. As will be appreciated the teeth will normally
      face upwardly during the winding as on a table-top spindle fixture.
      Accordingly, after suitably tying down the ends of a coil a disc such as
      the perforated disc 14 (FIG. 4) will be placed on top of the bundle and in
      loading the package of FIGS. 1-6 the coil and disc are turned upside down
      onto the center section 4 and the flaps folded as previously described.
PAR  The step of manually lifting and turning a formed coil and disc upside down
      for proper seating on the center section 2 of the blank in FIG. 4 may be
      eliminated, if preferred, by using a modified form of blank as shown by
      FIG. 7. Here, the smooth side of the coil can be deposited on the center
      section 2' of the modified blank by a simple sliding action on the
      platform surface on which a coil is formed (the disc remaining uppermost).
      In FIG. 7 a disc 14' having perforations 16' identical with the disc seen
      in FIG. 4, is lodged against the upwardly facing toothed side of the coil
      and in a finished carton (FIG. 9) lies against the folded three-ply end
      wall as will be apparent.
PAR  The various parts of the FIG. 7 blank corresponding to the same portions of
      the blank of FIG. 4 are indicated by primed numerals. The arcuate opening
      for access to the perforated disc 14' is formed by registering portions of
      slots cut in the folded end flaps. It will be apparent particularly from
      FIG. 8 that the end closure flaps when folded in correct sequence will
      present in the finished carton opposed arcuate slots 18' in the outer ply
      of flaps 4' comparable to the closed end slots 18 of FIG. 1. The
      underlying flaps 40' of the intermediate ply and flaps 41' of the inner
      ply are provided with mating open-ended slotted portions in the edges
      thereof for registering in underlying relation with the closed slots 18'
      of flaps 4'. Also, as will be noted from FIG. 9 the underlying portions
      are preferably progressively of greater width and thus provide for any
      dimensional tolerances resulting from variations in the manual work of
      folding the end flap assemblies. The slotted portions of the intermediate
      ply flaps 40' are indicated at 118 and of the inner ply flaps 41' at 218.
      It will be clear from considering FIG. 7 and FIG. 8 that the flaps 41' at
      each side of the flaps 40' are first folded under the latter and over disc
      14' and thereafter the flaps 4' are folded over for bringing the slots
      into registration and sealing the carton.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flat carton blank foldable into an octagonal dispenser casing for
      packaging a bulk length coil of band saw stock and the like, said blank
      comprising
PA1  a center section having fold lines defining the edges of an end wall panel
      in the shape of a regular octagon, rectangular side wall panel sections
      extending from said edges, and polygonal end wall flaps having fold line
      connections at the outer edges of side wall sections,
PA1  alternate flaps around the blank each having an outer edge parallel to the
      side wall fold line connection thereof and in overall outline being
      substantially a mirror image of the adjacent half of said octagonal center
      panel,
PA1  each of the remaining flaps having side edges provided with inner portions
      divergently directed and angled at approximately 135.degree. from the side
      wall fold line connections thereof, generally parallel intermediate edge
      portions angled at about 135.degree. from said inner portions and
      extending along the edges of adjacent alternate flaps, and converging
      outer edge portions angled at approximately 90.degree. to each other from
      said intermediate portions, each said remaining flap being foldable into
      underlying relation to said alternate flaps adjacent thereto to form the
      inner ply of a multi-ply folded end wall opposite said center panel with
      said diverging inner edge portions being held against radial outward
      movement in the fold line connections of said adjacent flaps and side
      walls.
NUM  2.
PAR  2. A flat blank as in claim 1, in which
PA1  slotted portions are provided at diametrically opposite locations in said
      blank to form access openings through a folded carton end wall and thereby
      permit rotative adjustment of a coil contained in said carton
NUM  3.
PAR  3. A flat blank as in claim 2, in which
PA1  the slotted portions are arcuate and located in said center panel section.
NUM  4.
PAR  4. A flat blank as in claim 2, in which
PA1  the slotted portions are arcuate and located in said end wall flaps in
      matching areas thereof for registration in the folded condition of the
      blank.
NUM  5.
PAR  5. An octagonal container of foldable corrugated cardboard sheet material
      for packaging coils of spring tensioned band saw blade stock and the like
      and dispensing lengths therefrom said carton comprising
PA1  an integrally formed end and side wall casing structure having a regular
      octagonal first end wall panel, rectangular side wall panels folded from
      the edges of said first panel, and
PA1  an octagonal second end wall panel of multi-ply formation opposite said
      first end wall having closure flaps folded from the side panel edges, each
      flap of one set of alternate side wall panels being a mirror image of that
      half portion of the first end wall adjacent its connecting side wall, and
      the two diametrically positioned pairs of flaps thus formed providing an
      outer and an intermediate ply of said second end wall panel, each flap of
      the other set of alternate side wall panels being substantially a quarter
      section of an innermost ply and each being held in anchored relation by
      the flaps folded over from the adjacent side walls,
PA1  a circular disc rotatably engaging the inner face of one of said end wall
      panels adapted to receive the toothed side of a coiled length of saw blade
      stock, and
PA1  means for securing the flaps of the outer ply together, one of said side
      wall panels having means to provide an opening for passing the free end of
      a coiled blade to the exterior.
NUM  6.
PAR  6. An octagonal carton as in claim 5, in which
PA1  said circular disc is rotatably disposed against the inner face of the
      first end wall panel and is provided with a plurality of spaced openings
      arranged concentrically of said disc, and
PA1  said first end wall panel has diametrically opposed arcuately slotted
      portions through which the openings of said disc are accessible for
      rotatively manipulating said disc and the position of a coil mounted
      thereon in said casing structure.
NUM  7.
PAR  7. An octagonal carton as in claim 5, in which
PA1  said circular disc is rotatably disposed against the innermost ply of the
      second end wall panel and is provided with a plurality of spaced openings
      arranged concentrically of said disc, and
PA1  said flaps of the multi-ply second end wall panel are provided with
      registering slotted portions forming diametrically opposed arcuate
      openings through which said openings of the disc are accessible for
      rotatively manipulating said disc and the position of a coil mounted
      thereon in said casing structure.
NUM  8.
PAR  8. An octagonal container as in claim 7, in which
PA1  the slotted portions in the outermost ply of said second end wall panel are
      closed end slots in each half of said ply, and the slotted portions of the
      other plies in registration therewith are formed by matched half-slots in
      abutting edges of the flaps of said other plies underlying said closed
      slots.
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ABST
PAL  A container comprises a horizontally disposed base having upstanding and
      contiguous side walls disposed thereon to define an open top compartment.
      A combined reinforcing and support member is attached to an upper end of
      each corner of the container, defined at the juncture of each adjacent
      pair of side walls, and has a horizontally disposed platform bridged
      between such pair of side walls.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,797,727, assigned to the assignee of this application,
      discloses a collapsible container primarily used for the bulk storage and
      transportation of small parts in a manufacturing plant. The container
      comprises a horizontally disposed base having upstanding and contiguous
      side walls, composed of a corrugated material, attached on the base to
      define an open top compartment. It has been found desirable to stack such
      containers on each other to more efficiently utilize floor space and to
      adapt simultaneous transportation of the containers by a fork lift truck
      or the like.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an improved container of the type
      described above wherein the structural integrity and anti-racking
      capabilities thereof is increased and a stacking platform is provided to
      receive additional stacked containers thereon. To this end, this invention
      is drawn to an economical and reusable combined reinforcing and support
      means which exhibits a rugged construction and ability to be applied to
      the container walls expeditiously. Each of the means is positioned at a
      respective upper corner of the container and comprises a horizontally
      disposed platform portion bridged between a respective pair of the side
      walls to collectively provide a substantial support for the stacked
      containers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects of this invention will become apparent from the following
      description and accompanying drawing wherein:
PAR  FIG. 1 is an angular perspective view of a collapsible container embodying
      the present invention; and
PAR  FIG. 2 is an enlarged perspective view of the upper end of a corner of the
      container, having a combined reinforcing and support means of this
      invention attached thereto.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing, a collapsible container 10 of rectangular
      cross-section comprises a horizontally disposed base or pallet assembly 11
      composed of a substantially rigid material, such as steel or wood. A
      collapsible sleeve, formed by four upstanding and contiguous side walls
      12-15 is disposed on the base and a separable flat bottom sheet 16 is
      positioned within the sleeve. The sleeve and bottom sheet are preferably
      composed of a standard corrugated paperboard material of the type
      described in above mentioned U.S. Pat. No. 3,797,727. Such patent
      discloses further details of the container which is adapted for
      expeditious assembly and knock-down for storage purposes.
PAR  Each pair of adjacent side walls are hingedly connected at a common score
      line 17 to form a right angle corner thereat. The lower ends of the
      sidewalls are telescopically received within the confines of a continuous
      flange 18 formed on the perimeter of pallet assembly 11. An inverted
      U-shaped rail 19 is closely fitted on the upper edge of each of the side
      walls to form a part thereof for purposes of this invention and extends
      substantially the full length of the sidewall to provide reinforcement and
      anti-wear capabilities thereat.
PAR  This invention is drawn to a combined reinforcing and support means 20
      attached to an upper end of each of the corners of the container to
      increase the stacking strength thereof and to provide an anti-racking
      capability thereat. In addition, such means collectively provide a
      substantial support for additional containers stacked thereon. Referring
      to FIG. 2, means 20 preferably takes the form of a removable metallic
      (e.g., stamped steel) bracket having a horizontally disposed and
      triangularly shaped platform portion 21, having its apex disposed at a
      corner of the container, bridged between a respective pair of rails of an
      adjacent pair of side walls. A locating flange 22, having outer ends 23,
      extends downwardly from the inboard edge of the platform portion, defining
      the base thereof. A right angle stacking flange 24 extends upwardly from
      the outboard edges of the platform portion and is central at the apex
      thereof.
PAR  A pair of downwardly extending tabs or clamping flanges 25 are pre-punched
      at right angles out of platform portion 21, as defined by openings 26, to
      straddle an outboard side of a respective rail 19 on either side of a
      corner of the container. The tabs cooperate with flange 22, outer
      longitudinal ends 23 of which abut inboard sides of adjacent rails 19, to
      prevent lateral movement of means 20 relative to the container. Stacking
      flange 24 functions to prevent lateral movement of the corner of an
      additional container (not shown) disposed in stacked relationship on
      platform portion 21.
PAR  From the above description it becomes obvious that means 20 enhance the
      overall stacking strength of the container as well as providing an
      anti-racking feature at each corner thereof. In addition, the means
      collectively provide a substantial support for the stacking of additional
      containers thereon. When it is desired to store the container, it may be
      disassembled expeditiously by simply removing means 20 and rails 19
      whereafter the remaining components of the container may be disassembled
      in the manner described in above referenced U.S. Pat. No. 3,797,727.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a container of the type comprising a horizontally disposed base and
      upstanding, contiguous side walls positioned on said base to define an
      open top compartment therewith and a corner at the intersection of each
      pair of adjacent side walls, the improvement comprising a rigid combined
      reinforcing and support means attached to an upper end of each of said
      corners, said means comprising a horizontally disposed platform portion
      bridged between a respective pair of said side walls to collectively
      provide a substantial support with the other of said platform portions for
      additional containers stacked thereon, a locating flange formed on an
      inboard edge of said platform portion to extend vertically downwardly
      therefrom, a stacking flange formed on outboard edges of said platform
      portion to extend vertically upwardly therefrom and clamping flanges
      formed on the outboard edges of said platform portion to extend downwardly
      in at least general vertical alignment with said stacking flange and
      straddling respective side walls of said container along with said
      locating flange.
NUM  2.
PAR  2. The container of claim 1 wherein four of said side walls constitute a
      collapsible sleeve composed of a corrugated paperboard material and
      wherein each pair of adjacent side walls are disposed at a right angle
      relative to each other and are hingedly connected together at a common
      scoreline.
NUM  3.
PAR  3. The container of claim 1 wherein said base comprises an upstanding
      flange formed around the perimeter thereof, said side walls being
      telescopically disposed within said flange.
NUM  4.
PAR  4. The container of claim 1 wherein each of said sidewalls comprises an
      inverted rail of U-shaped cross section mounted on its upper edge to
      extend substantially the full length thereof, one of said means detachably
      mounted on an adjacent pair of said rails.
NUM  5.
PAR  5. The container of claim 1 wherein said platform portion is triangularly
      shaped to have its apex disposed at a respective corner of said container.
NUM  6.
PAR  6. The container of claim 5 wherein the inboard edge of said platform
      portion defines a base of the triangular shape thereof, and wherein said
      locating flange extends diagonally into abutting relationship with a
      respective pair of said side walls at lateral ends of said locating
      flange.
NUM  7.
PAR  7. The container of claim 5 wherein said stacking flange is continuous and
      is formed at a right angle relative to said platform portion and is
      centered at an apex of said platform portion.
NUM  8.
PAR  8. The container of claim 1 wherein said clamping flanges are formed out of
      said platform portion and extend downwardly from said platform portion on
      either side of a respective corner of said container and each is disposed
      in straddling relationship with respect to an outboard side of a
      respective side wall.
NUM  9.
PAR  9. The container of claim 8 wherein each of said sidewalls comprises an
      inverted U-shaped rail mounted on its upper edge to extend substantially
      the full length thereof and wherein each of said clamping flanges abuts an
      outboard side of a respective one of said rails.
NUM  10.
PAR  10. The container of claim 9 wherein said locating flange extends
      diagonally between inboard sides of a pair of adjacent walls and is
      disposed in abutting relationship therewith to cooperate with said
      clamping flanges to prevent lateral movement of said means relative to
      said rails.
NUM  11.
PAR  11. A rigid reinforcement and support bracket adapted for attachment to an
      upper end of a corner of a container comprising a flat triangularly shaped
      platform portion defining an inboard edge and a pair of outboard edges
      each intersecting with said inboard edge and with each other at an apex of
      said support portion, a locating flange extending downwardly from the
      inboard edge of said platform portion and extending at least substantially
      the full length thereof, a stacking flange extending upwardly from the
      outboard edges of said platform portion and at least one clamping flange
      formed out of said platform portion and extending downwardly from an
      outboard edge thereof in at least general alignment with said stacking
      flange.
NUM  12.
PAR  12. The bracket of claim 11 wherein said stacking flange is continuous and
      is formed at a right angle relative to said platform portion and is
      centered at the apex of said platform portion.
NUM  13.
PAR  13. The bracket of claim 12 wherein a pair of said clamping flanges each
      extends downwardly from a respective outboard edge of said platform
      portion on a respective side of the apex thereof.
NUM  14.
PAR  14. The bracket of claim 13 wherein each of said clamping flanges is formed
      out of said platform portion and is disposed at a right angle relative
      thereto.
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ABST
PAL  A can package is formed by having interdigitating bumps and depressions on
      the cans which lock the cans against axial movement with respect to each
      other. A plastic band about the periphery of the group of cans holds the
      cans in that locked condition.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The conventional procedure for packaging cans or the like for
      transportation from one location to another involves the use of cardboard
      boxes in which a specific number (i.e., a group) of cans are held. Such
      form of packaging has a number of disadvantages. For example, in the
      aggregate it requires vast amounts of raw materials, i.e., pulp to form
      the cardboard. There is the cost of manufacturing the cardboard and
      converting it into boxes. The boxes, even in folded form, require
      substantial shipment and storage space before the boxes are employed to
      package the cans. At the location at which the members of the group are to
      be separated, the box must be opened. And, last but not least, the
      cardboard must be disposed of after the box has served its purpose in
      connection with the transporting of the cans to the location at which the
      group is separated.
PAR  While some limited amount of packaging of cans is performed by putting a
      plastic band or cap about one end of each member of the group, as in a
      six-pack of beer cans, this is not entirely suitable for universal
      application.
PAR  The principal object of the present invention is to provide a way of
      holding a group of objects, such as cylindrical cans, together as a group
      for transportation from one location to another, which is comparatively
      simple and inexpensive and will securely hold the objects together so that
      the group can be handled as a unit without the possibility of the members
      of the group becoming displaced from each other. The invention has the
      important advantage that the package does not require substantial
      additional amounts of raw material as in the case of a cardboard carton,
      nor is there a substantial amount of packaging material to be disposed of
      once the group of objects is to be broken up, i.e., the cans separated.
      This is accomplished by interdigitating protrusions and depressions on the
      individual objects so as to lock them together against axial displacement
      and banding the group so as to hold them in that interdigitated condition.
PAR  Further objects and advantages will become apparent from the following
      description.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a package formed in accordance with the
      present invention, using a relatively wide exterior band;
PAR  FIG. 2 is an elevational view of a basic group of three cans using a
      relatively narrow band about the exterior of the group;
PAR  FIG. 3 is a section as viewed at line 3--3 of FIG. 2; and
PAR  FIG. 4 is an elevational view, as seen in FIG. 2, of the cans before
      banding.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  The following disclosure is offered for public dissemination in return for
      the grant of a patent. Although it is detailed to ensure adequacy and aid
      understanding, this is not intended to prejudice that purpose of a patent
      which is to cover each new inventive concept therein no matter how others
      may later disguise it by variations in form or additions or further
      improvements.
PAR  In the present invention each can is identical and has a plurality of
      protrusions and depressions. The protrusions and depressions are arranged
      so that when the cans are placed side by side, with their longitudinal
      axes parallel, the protrusions of one can will fit into the depressions of
      the adjacent cans and vice versa. While a basic group of four cans could
      be employed, I prefer an embodiment where the basic group consists of
      three cans. That is, there are three cans which are positioned so that
      their axes are at the corners of an equilateral triangle. The walls of
      each can of the three abut the walls of the other two cans. The walls, of
      course, have the interdigitating protrusions and depressions which lock
      the cans against axial displacement with respect to each other so long as
      the contact between the cans is maintained. In referring to the basic
      group as one of three, this is not to say that each package must be
      limited to three cans for any additional number of cans can be added to
      the basic group to make up the overall package unit. In the overall unit
      all of the cans are arranged with respect to the adjacent cans so as to
      form a basic unit of three as just described. This basic unit will now be
      described with respect to FIGS. 2-4.
PAR  In the basic unit there are three identical cans, generally 10a, 10b and
      10c. Each can has an outside wall 11a, 11b, 11c which walls are generally
      cylindrical about axes 12a, 12b, 12c. The cans have end walls 13a, 13b and
      13c which, with the sidewalls, define rims 14a, 14b and 14c. The can walls
      are formed of metal. As thus far described, the cans are conventional.
PAR  Each can has a plurality of protrusions and depressions, which protrusions
      and depressions are positioned in two planes or rows normal to the
      cylindrical axis, one plane being above the mid-point (15b and 15c in FIG.
      4) of that axis and the other plane being below the mid-point of that axis
      when the axis is vertically aligned. Thus in can 10b there are protrusions
      16b, 17b and 18b and depressions 19b, 20b and 21b all positioned in one
      common plane and protrusions 23b, 24b and 25b and depressions 26b, 27b and
      28b all positioned in a second common plane. The remaining cans 10a and
      10c have identical protrusions and depressions. It will be noted that the
      protrusions in one plane are above the depressions in the other plane and
      vice versa. Thus, protrusions 16b in the upper plane (as viewed in the
      drawings) is above the depression 26b in the lower plane, etc. In the
      embodiment in which the basic group of objects, e.g., cans is three, the
      two depressions at each side of a protrusion are positioned so that their
      center lines are 60.degree. from the center line of the protrusion. Thus,
      the center line of protrusion 16b is 60.degree. from the center line of
      depressions 19b and 21b. Similarly, the angular distance from the center
      line of a depression is 60.degree. from the center line of the two
      adjacent protrusions. Thus, any three adjacent cans can be positioned so
      that their axes 12a, 12b and 12c are at the corners of an equilateral
      triangle as represented by dot-dash line 30. Where the basic group to be
      one of four cans, rather than three as described, the angle between such
      adjacent conformations would be 90.degree..
PAR  When packaging objects such as cans which have at least semi-resilient
      walls, it is preferred that the configuration of the protrusions and the
      depressions is such that the protrusions seat in the depressions before
      the objects are otherwise in immovable contact with each other. Thus, it
      will be seen in FIG. 4, that the protrusions 16b and 24c have seated into
      the depression 20c and 26 b respectively even though there is a slight
      space 31 between the rims 14 of the can. When the band 32 is put into
      place and secured, the cans are drawn together so that this space no
      longer exists, as seen in FIG. 2. The resiliency of the can walls permits
      this tightening of the package, i.e., the elimination of space 31. The can
      walls thus act as springs tending to hold the cans into tight engagement
      with each other and with the band 32.
PAR  As is apparent from the drawings, the protrusions and depressions have
      corresponding configurations, but the protrusions are longer than the
      depressions. The protrusions and depressions both are larger at their
      proximal end, which is at the otherwise cylindrical wall of the can, than
      at their distal end, the distal end being smaller than the proximal end
      both vertically (i.e., parallel to the can axis) and horizontally. The
      wall of one can along its protrusion meets the wall of another can within
      its depression so that, because of this wall to wall contact, neither can
      move sidewise or axially, nor can one rotate with respect to the other, so
      long as the band holds the two together.
PAR  I prefer to use a band 32 of a heat sealable plastic. Thus, when the ends
      of a band are overlapped and while they are being held securely together
      and in the proper tension, they are heated and cooled so as to form a
      bonded jont and securely affix the band in place. Various forms of heating
      known to those skilled in the art may be employed, such as dielectric
      heating, ulrasonic heating, etc. The band could be a continuous elastic
      strip which is slipped about the group of cans while they are otherwise
      being held in the desired orientation. Other forms of bands can be
      employed such as metal strapping, strips of paper, etc.
PAR  In most applications, a relatively narrow band positioned only between the
      upper and lower rows of protrusions will be adequate. Such a band 32 is
      illustrated in FIG. 2. The band should completely fill the space between
      the upper and lower rows of protrusions so that it abuts the protrusions,
      thus the protrusions prevent any relative movement of the band with
      respect to a can in a direction parallel to the cylindrical axis of the
      cans. In some applications it may be desirable to use a more secure
      banding. Such an embodiment is illustrated in FIG. 1 wherein there is a
      relatively wide band 33 which has portions both above and below the upper
      and lower rows of protrusions respectively. Band 33 is a plastic band and
      is drawn sufficiently tight so that the protrusions extend into the band
      in a manner such as to form pockets in the plastic, which pockets receive
      the protrusions. Thus, in the upper right hand corner of FIG. 1, it will
      be seen how the protrusion 17m of can 10m has formed a pocket in the band
      33. The interlocking between the cans and the band thus obtained aids in
      retaining the group of cans as a unit.
PAR  FIG. 1 further illustrates how a substantial number of cans may be
      assembled into a shipping unit, with all of the cans of the unit forming
      groups of three. Thus, there is the group of three comprising cans 10a,
      10b and 10c as described in connection with FIGS. 2-3. Adding can 10h, for
      example, could complete a unit or package of four. In the FIG. 1 unit the
      cans 10 a, 10b and 10h also form one of the basic groups of three cans;
      cans 10b, 10e and 10f form one of the basic groups of three; etc.
PAR  Band 33 in FIG. 1, as previously mentioned, has portions above and below
      the upper and lower rows of protrusions. In some embodiments these upper
      and lower portions of the band could be separate bands without a central
      interconnection as illustrated in FIG. 1. In some applications a single
      row of protrusions and depressions could be employed in conjunction with a
      relatively wide band.
CLMS
STM  I claim:
NUM  1.
PAR  1. A can having an annular protuberance at each end and having a
      longitudinal axis and external walls of generally cylindrical
      configuration, which can is to be assembled with other like cans to form a
      group of abutting cans in which the cans have their axes parallel and held
      in assembled arrangement by a band about the group, which group is to be
      transferred from one location to another, said can being characterized by
      having:
PA1  a plurality of regularly arranged protrusions and depressions in said wall,
      each protrusion extending outwardly from said generally cylindrical wall
      and each depression extending inwardly from said generally cylindrical
      wall in the form of a socket for receiving a protrusion, said protrusions
      and depressions having proximal ends at said generally cylindrical wall,
      said protrusions and depressions being so positioned that when the cans
      are assembled in said group one object of each pair of abutting objects
      has a protrusion which extends into a depression of the other object of
      the pair, thereby preventing movement of the objects of the pair with
      respect to each other in a direction generally parallel to said axes so
      long as said objects are maintained in said abutting relationship by said
      band, thereby preventing the cans of said group from moving, with respect
      to each other, in a direction transverse to said axes, the protrusion
      extending farther in a radial direction from said wall than said annular
      protuberances and sufficiently far beyond the wall so that the protrusion
      will seat in the depression of an adjacent can of said group before
      annular protuberances of the two come into contact, whereby when the cans
      are tightly banded together the can walls act as springs tending to hold
      the cans in engagement with each other and with the band.
NUM  2.
PAR  2. A can as set forth in claim 1, wherein each protrusion is between two
      depressions an vice versa, and the centers of an adjacent protrusion and
      depression are spaced from each other by an angle of 60.degree. measured
      about said axis.
NUM  3.
PAR  3. An object as set forth in claim 1, wherein said protrusions and
      depressions are positioned in two planes normal to said axis, one plane
      being above the mid-point of said axis and the other plane bein below the
      mid-point of said axis when said axis is vertically aligned, wherein each
      protrusion in one plane being vertically aligned with a depression in the
      other plane and each depression in said one plane being vertically aligned
      with a protrusion in said other plane.
NUM  4.
PAR  4. An assembly of a group of objects held as a unit to facilitate the
      movement of the group from one location to another, each object having an
      axis and an external wall of generally cylindrical configuration
      thereabout, each object being a can having annular protuberances at each
      end which extend outwardly from the generally cylindrical wall, said
      assembly comprising:
PA1  each object having a plurality of regularly arranged protrusions and
      depressions in said wall, said protrusion extending outwardly from said
      generally cylindrical wall and each depression extending inwardly from
      said generally cylindrical wall in the form of a socket for receiving a
      protrusion, said protrusions and depressions having proximal ends at said
      generally cylindrical wall, said protrusions and depressions being
      smaller, both vertically and horizontally, at their distal ends than at
      their proximal ends, said protrusions and depressions being so positioned
      that when the objects are assembled in said group one object of each pair
      of abutting objects has a protrusion which extends into a depression of
      the other object of the pair, the part of the wall defining the depression
      fitting closely about the distal end of the protrusion of the other object
      of the pair, thereby preventing movement of the objects of the pair with
      respect to each other in a direction generally parallel to said axis; and
PA1  a band about said group holding the objects of the group in said abutting
      relationship thereby preventing movement of one object of the group with
      respect to the remaining objects of the group in a direction transverse to
      said axis;
PA1  the protrusion of one can extending sufficiently far beyond the wall so as
      to seat in the depression of a corresponding can before the annular
      protuberances of the two come into contact, said band being sufficiently
      tight to hold said annular protuberances of said cans in contact with one
      another, whereby when the cans are tightly banded together the can walls
      act as springs tending to hold the cans in engagement with each other and
      with the band.
NUM  5.
PAR  5. An assembly as set forth in claim 4, wherein
PA1  in each object each protrusion is between two depressions and vice versa,
      and the centers of an adjacent protrusion and depression are spaced from
      each other by an angle of 60.degree. measured about said axis; and
PA1  the objects of the group are so arranged with respect to each other so that
      each object abuts at least two other objects and the three objects so
      abutting are positioned so that their axes are at the corners of an
      equilateral triangle.
NUM  6.
PAR  6. An assembly as set forth in claim 5, wherein
PA1  in each object said protrusions and depressions are positioned in two
      planes normal to said axis, one plane being above the mid-point of said
      axis and the other plane being below the mid-point of said axis when said
      axis is vertically aligned; and
PA1  said band encompasses the space between said two planes.
NUM  7.
PAR  7. An assembly as set forth in claim 9, wherein
PA1  in each object said protrusions and depressions are positioned in two
      planes normal to said axis, one plane being above the mid-point of said
      axis and the other plane being below the mid-point of said axis when said
      axis is vertically aligned; and
PA1  said band encompasses the space between said two planes.
NUM  8.
PAR  8. An assembly as set forth in claim 7, wherein in each object each
      protrusion in one plane is vertically aligned with a depression in the
      other plane and each depression in said one plane is vertically aligned
      with a protrusion in said other plane.
NUM  9.
PAR  9. An assembly as set forth in claim 4, wherein in each object said
      protrusions and depressions are positioned in two planes normal to said
      axis, one plane being above the mid-point of said axis and the other plane
      being below the mid-point of said axis when said axis is vertically
      aligned; and
PA1  said band includes portions at opposite sides of said two planes.
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ABST
PAL  A method is disclosed for preparing mixtures of moldable plastic and a
      suitable amount (generally a minor amount) of additive material to be
      dispersed throughout the moldable plastic, which mixtures are intended for
      subsequent use in a plastic molding process, by a method which permits
      separation or re-classification of the mixture into its moldable plastic
      and additive material components in the event that the mixture turns out
      to be incorrect or obsolete. The method includes the steps of obtaining
      small pellets of a moldable plastic having a first shape, these pellets
      being substantially free of the additive material. These small pellets of
      moldable plastic are then mixed with small pellets of moldable plastic
      into which has been incorporated one or more additives, these pellets
      having a second shape which is classifiably different from the shape of
      the other plastic pellets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the plastic molding arts, virgin plastic which is to be molded is
      commonly used in the form of small plastic pellets. These pellets are
      conveniently formed by extruding plastic (typically a thermoplastic such
      as polyethylene) through a die to form a strand which is then severed into
      small lengths. For convenience, the dies are usually circular and
      extrusion produces cylindrical strands. However, other shapes of the small
      plastic pellets are known. After pelletizing, the moldable plastic can be
      shipped and stored in pellet form until the time of use. Pelletizing makes
      the plastic easy to handle and eliminates dust problems associated with
      powdered plastics. At the time of use, the pellets are melted and the
      resulting liquid plastic mass is molded and hardened.
PAR  As illustrative of the prior art related to the pelletizing of plastics,
      see the following U.S. Pat. Nos. 2,464,746 2,198,701 and 3,509,247.
PAR  When colored plastic articles are desired, a small amount of pigment or
      other coloring agent (e.g. 1% of coloring agent based upon the weight of
      the plastic) is added to the virgin plastic pellets and the two are mixed
      together before or at the time the pellets are melted and molded. For
      convenience, it is common in the plastic molding industry to use coloring
      agents in the form of color concentrates. These color concentrates can be
      formed by pre-blending large amounts of coloring agent with a relatively
      small amount of plastic (e.g. a thermoplastic such as polyethylene) so
      that the resulting color-rich plastic can be extruded and pelletized in
      the ordinary manner. In this way, the dust problems and other problems
      (measuring problems) associated with the use of pure coloring agents can
      be avoided.
PAR  In large commercial operations, it is common to mix large amounts of
      uncolored virgin plastic pellets with a color producing amount of color
      concentrate pellets to provide an ample constant source of supply to the
      plastic molding operations. However, if the pellets are incorrectly mixed,
      or if it is desired to change to a different color of plastic, unused
      mixtures of uncolored plastic pellets with color concentrate pellets which
      are of the old color are considered, and sold or disposed of as, "scrap"
      and are often used only in the manufacture of low priced products for
      other purposes. In any event, these obsolete mixtures must be stored until
      they can either be used or disposed of as scrap. This is because there is
      no commercially economical method for separating the color concentrate
      pellets from the uncolored plastic pellets. The two types of pellets are
      generally virtually identical in every way except color.
PAR  It is also common to mix different types of pellets when the types differ
      as to other characteristics besides color, e.g. filled vs. unfilled
      plastic, treated vs. untreated plastic, etc. Here again, incorrect or
      obsolete mixtures are likely to be "scrap".
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based upon the discovery that the large amounts of
      scrap "premix" can be avoided if the shape of the uncolored or untreated
      or unfilled plastic pellets (hereinafter referred to as "additive-poor
      pellets") is classifiably different from the shape of the colored, filled,
      or treated pellets (hereinafter referred to as the "additive-rich" or
      "additive concentrate" pellets). These differences in shape allow the two
      types of pellets to be separated by known classification methods (e.g.
      screening) is separation is desired.
PAR  For purposes of illustration, the "additive-poor" pellet is an uncolored
      pellet in the description which follows. The additive concentrate pellet
      is therefore a color concentrate pellet.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional view on a greatly enlarged scale, of a
      cylindrical plastic pellet used in this invention as the uncolored pellet;
PAR  FIG. 2 is a cross-sectional view, on the same scale as FIG. 1, of a fluted
      or Y-shaped plastic pellet used in this invention, preferably as the color
      concentrate pellet.
DETD
PAR  It should be understood that the two Figures of the Drawing are merely
      exemplary. Other shapes could be used, and the illustrated shapes could,
      less preferably, be reversed. For example, clear plastic pellets can have
      the shape illustrated in FIG. 2 and colored pellets can have the shape of
      FIG. 1.
PAR  The color-poor, untreated virgin plastic pellet 11 of FIG. 1 has a diameter
      D which, in the example illustrated, is one-eighth inch or 125 mils. The
      length or thickness (T) of pellet 11 is the same as the length or
      thickness (T) of color-rich pellet 20 of FIG. 2. Thickness dimension T is
      typically at least as long as D but has been foreshortened for convenience
      of illustration. Pellet 20 is star- or Y-shaped (i.e. fluted) and has
      three legs 21 of length L branching out from a central point 23. This
      configuration presents a much larger apparent cross section to the
      classifying device. In the example illustrated, the length L of legs 21
      (measured from central point 23) is about 130.2 mils (0.130208 inches) and
      the width W of each leg is 31.25 mils (one thirty-second of an inch).
      Thus, a vibrating sieve opening which would pass about 100% of a mass of
      pellets similar to pellet 11 would have to be roughly doubled in width to
      pass about 100% of pellets similar to pellet 20. Furthermore, even though
      the length of pellets 11 and 20 is the same, the surface area of the
      fluted shape (pellet 20) is larger than the area of a cylinder having the
      dimensions of pellet 11. With the densities, lengths, and true
      cross-sectional areas of pellets 11 and 20 arranged to be generally the
      same, each pellet comprises about the same weight of material. Due to the
      aforementioned similarity in weight of material in each type of pellet,
      there is little or no tendency for a mass of pellets 11 to separate from a
      mass of pellets 20 (by segregation or stratification) prior to
      classification or re-classification.
PAR  The greater surface area of pellet 20 has several additional advantages
      besides ease of re-classification into the additive-rich pellet class,
      particularly when the pellet 20 is the color concentrate pellet and pellet
      11 is the uncolored pellet. For example, color concentrate pellets of
      shape 20 will melt faster (due to increased heat absorption), thereby
      dispersing the color rapidly through the slower-melting mass of clear
      plastic pellets 11. The faster and better color dispersion is an aid to
      faster and better production of molded articles (e.g. faster extrusion
      rates). Furthermore, if there is any tendency toward stratification or
      segregation in a pre-mix, the fluted shape of pellet 20 actually can help
      in preserving homogeneity prior to re-classification.
PAC  DETAILED DESCRIPTION
PAR  Uncolored Plastic Pellets
PAR  Typically, "additive-poor" plastic pellets of this invention are poor in or
      simply do not include a coloring agent. Clear or uncolored plastic pellets
      are commercially available and can be obtained from numerous sources. Such
      uncolored plastic pellets can have a variety of shapes. Generally, they
      are formed by extrusion techniques in which the strands of plastic which
      are formed during extrusion are chopped or otherwise severed to form small
      pellets. Typically, these pellets have lengths ranging between 1-15
      millimeters (e.g. 3-10 millimeters or about 120-400 mils). Commonly, the
      cross-sectional shape of these strands is circular, although other shapes
      are known (e.g. triangular, square, fluted or star-shaped, spherical,
      flat, and the like). Occasionally, the pellets may be formed by techniques
      other than extrusion.
PAR  Numerous processes are known in the art for forming pellets of uncolored
      and color-poor plastics and the selection of a suitable pellet-forming
      process is an act within the skill of the art when aided by this
      disclosure.
PAR  For purposes of the present invention, it is preferred that the uncolored
      or color-poor plastic pellets be cylindrical in form. The cylindrical
      pellets are the most common in present commercial operations.
PAR  The pellets can be made from any plastic which is capable of being formed
      into a pellet and subsequently molded. A wide variety of plastics can be
      used. Some thermosetting plastics or resins can be used because their
      curing characteristics permit them to be pre-formed into pellets. However,
      it is more common to use thermoplastics such as polyethylene,
      polypropylene, polystyrene, and the like.
PAR  Color Concentrate Pellets
PAR  Typically, "additive concentrate" plastic pellets of this invention (i.e.
      pellets rich in some additive) are color concentrate pellets.
PAR  Color concentrate pellets are prepared by mixing a relatively large amount
      of coloring agent with a relatively small amount of plastic (e.g. by
      melting the plastic and blending the molten plastic with coloring agent)
      and thereafter forming pellets of the color concentrate. Again, the most
      convenient method of forming pellets is by the extrusion technique.
      However, other techniques can be used and shapes other than those derived
      from extruded strands can be effective.
PAR  For purposes of the present invention, it is essential that the shape of
      the color concentrate pellets be classifiably different from the shape of
      the uncolored plastic pellets described above. By "classifiably different"
      it is meant that the shape of the color concentrate pellets is
      sufficiently different from the shape of the uncolored plastic pellets to
      permit the two types of pellets to be separated from each other by one or
      more classification techniques (e.g. screening).
PAR  Suitable coloring agents are known in the art and the present invention is
      not critically dependent the selection of any particular coloring agent.
      Thus, a variety of pigments, dyes and the like can be used.
PAR  If mixtures of uncolored or color-poor plastic pellets and color
      concentrate pellets are to be subjected to a substantial amount of
      handling prior to being molded to produce an article of manufacture, there
      may be a tendency for the color concentrate pellets to aggregate or
      stratify or separate from the uncolored plastic pellets. For example, this
      can occur if there is a large difference in the relative sizes or
      densities of the two pellets and mixtures of the two are transported by
      truck or rail over long distances. To prevent or materially reduce such
      situations, it is helpful if the length of the uncolored plastic pellets
      and the length of the color concentrate pellets are approximately equal
      and if their actual cross-sectional areas are approximately equal (as
      shown in the Drawing). Note that when one of the pellets is circular in
      cross section (as in FIG. 1) and the other is star-shaped or Y-shaped or
      fluted, as in FIG. 2, there can be a substantial difference in surface
      area or apparent cross-sectional area even though their actual
      cross-sectional areas are identical.
PAR  Separation of additive-poor pellets from additive concentrate (e.g. color
      concentrate) pellets can be aided by manufacturing the pellets with
      different densities (either bulk density or true density) or by making the
      size or shape of the two types of pellets more and more dissimilar.
PAR  Classification Methods
PAR  Any one of a variety of classification methods can be used. In a given
      situation, all classification methods will not work with equal
      effectiveness. Some classification methods will be better suited to a
      given system because of inherent differences or similarities in size,
      shape, density and the like of the additive-poor plastic pellets and the
      additive concentrate pellets. Where possible, screening or sieving
      techniques are preferred because of their simplicity and economy. However,
      with some types of plastic pellets, other classification techniques may be
      desirable. Such other techniques include flotation or sedimentation in a
      liquid medium and specific gravity air separators.
PAR  Other Treatments or Additives Besides Coloring Agents
PAR  As will be apparent to those skilled in the art, situations arise wherein
      it can be desirable to mix substantially pure thermoplastic pellets with
      highly extended or filled plastic pellets, relatively unplasticized
      pellets with highly plasticized pellets, pellets containing blowing agent
      with pure plastic pellets, hydrophilic pellets with hydrophobic or
      oleophilic pellets, etc. In every case there is generally a bulk material
      which is poor in or untreated or relatively untreated with the additive
      material, and additive concentrate pellets, which are rich in the additive
      material and are to be dispersed throughout the bulk material. The most
      common situation, as pointed out previously, involves a minor amount of
      colored pellets mixed with the overwhelming bulk of pellets which are
      uncolored (e.g. clear plastic).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of preparing and separating a mixture of moldable plastic and
      an additive amount of additive material to be dispersed throughout the
      moldable plastic, which mixture is intended for subsequent use in a
      plastic molding process, which method includes the steps of:
PA1  a. obtaining small, additive-poor pellets comprising a first moldable
      plastic composition, said pellets having a first shape;
PA1  b. obtaining small, additive concentrate pellets comprising a second
      moldable plastic composition, said moldable plastic composition being rich
      in an additive material, at least as compared to said first moldable
      plastic composition, said pellets having a second shape which is
      classifiably different from said first shape; said additive material being
      a coloring agent;
PA1  c. mixing plastic pellets of said first shape with a minor amount of
      pellets of said second shape, the amount of pellets of said second shape
      being sufficient to impart a desired color to the mixture of pellets, when
      the pellets have been fused and molded; and
PA1  d. classifying the mixture of said step (c) to thereby separate pellets of
      said step (a) from pellets of said step (b).
NUM  2.
PAR  2. The method of claim 1 in which the pellets of steps (a) and (b) are of
      approximately equal length and of approximately equal cross-sectional
      area.
NUM  3.
PAR  3. The method of claim 1 in which the densities of the pellets of steps (a)
      and (b) are different.
NUM  4.
PAR  4. The method of claim 1 in which the pellets of step (a) are cylindrical
      and are substantially free of coloring agent.
NUM  5.
PAR  5. The method of claim 4 in which the pellets of step (b) are fluted and in
      which the lengths and cross-sectional areas of the pellets of steps (a)
      and (b) are approximately equal.
NUM  6.
PAR  6. The method of claim 5 in which the plastic is polyethylene.
PATN
WKU  039440761
SRC  5
APN  5176549
APT  1
ART  311
APD  19741024
TTL  Apparatus for sorting objects by conductivity or resistivity
ISD  19760316
NCL  10
ECL  8
EXA  Scherbel; David A.
EXP  Reeves; Robert B.
NDR  2
NFG  3
INVT
NAM  Goulds; Anthony John
CTY  London
CNT  EN
INVT
NAM  Balint; Andrew
CTY  London
CNT  EN
ASSG
NAM  Gunson's Sortex (Mineral and Automation) Limited
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19731026
APN  49967/73
CLAS
OCL  209 73
XCL  209 81R
EDF  2
ICL  B07C  5344
FSC  209
FSS  81 R;81 A;73
UREF
PNO  2101381
ISD  19371200
NAM  Appleyard
OCL  209 81R
UREF
PNO  2131930
ISD  19381000
NAM  Appleyard
OCL  209 81R
UREF
PNO  2587158
ISD  19520200
NAM  Hofberg
OCL  209 81R
UREF
PNO  3587849
ISD  19710600
NAM  Dwyer
OCL  209 81R
LREP
FRM  McGarry & Waters
ABST
PAL  The invention concerns sorting apparatus comprising an electrically
      conductive member the location of which is at least substantially fixed; a
      horizontally disposed rotary plate adapted to support objects to be sorted
      and to carry them, while so supported, past the electrically conductive
      member, at least a portion of the plate being electrically conductive;
      means for feeding the objects to a region of said plate which is spaced
      from the axis thereof; guide baffles for guiding the objects from said
      region to said electrically conductive member, the electrically conductive
      member being disposed adjacent said plate; control circuit responsive to
      the electrical conductivity or resistivity of the objects; the
      electrically conductive member, the said electrically conductive portion,
      and the control circuit being connected in a normally open  electrical
      circuit which is adapted to be completed by an object on the said
      electrically conductive portion as it passes the electrically conductive
      member; and a sorting device, controlled by said control circuit, for
      effecting a relative separation between those objects which have, and
      those which fail to have, a predetermined electrical conductivity.
BSUM
PAR  This invention concerns a method and an apparatus for sorting desired from
      undesired objects in accordance with the electrical conductivity or
      resistivity of the objects. The term "objects" is used in this
      specification in a broad sense to include particles of particulate
      material.
PAR  According to the present invention, there is provided sorting apparatus
      comprising an electrical contact or electrode member the location (other
      than, if desired, the angular disposition) of which is at least
      substantially fixed; rotary carrier means adapted to support objects to be
      sorted and to carry them, while so supported, past the contact or
      electrode member, or at least a portion of the carrier means being
      electrically conductive; control means responsive to the electrical
      conductivity or resistivity of the objects, the contact or electrode
      member, the said electrically conductive portion, and the control means
      being connected in a normally open electrical circuit which is adapted to
      be completed by an object on the said electrically conductive portion as
      it passes the contact or electrode member; and a sorting device,
      controlled by said conrol means, for effecting a relative separation
      between those objects which have, and those which do not have, a
      predetermined electrical conductivity or resistivity.
PAR  Thus since the angular disposition of the contact or electrode member need
      not be fixed, the contact or electrode member may be a rotary or an
      oscillatory member. In this case, however, the axis of the contact or
      electrode member will be fixed or substantially fixed, i.e. capable of
      only very small movement.
PAR  The control means is preferably responsive to the presence of an object at
      the contact or electrode member irrespective of whether the object is
      electrically conductive or not, the sorting device separating
      non-conductive objects from those having the said predetermined electrical
      conductivity or resistivity.
PAR  Indicator means are preferably provided for indicating the presence or
      absence of an object at the contact or electrode member.
PAR  The contact member is preferably a brush, e.g. a vertically disposed brush.
      The brush may, if desired, be a rotary brush.
PAR  Alternatively, the contact member may be a flat plate.
PAR  Yet again, the contact member may be constituted by a needle electrode
      which is arranged to be charged to a sufficiently high voltage so that a
      corona dischage occurs between the needle electrode and the said
      electrically conductive portion of the carrier means, the corona discharge
      breaking down into a spark when a sufficiently conductive object supported
      on the electrically conductive portion passes adjacent to the needle
      electrode. In this case, the said control means is arranged to detect the
      sudden change of current which occurs on the production of said spark.
PAR  The rotary carrier means may be constituted by a conical member but
      preferably comprises an horizontally disposed rotary plate. Preferably
      there are means for feeding the objects to a region of said plate which is
      spaced from the axis thereof, and guide means for guiding the objects from
      said region to said contact or electrode member, the contact or electrode
      member being disposed adjacent said plate.
PAR  The contact or electrode member may be disposed either radially outwardly
      or radially inwardly of the said region.
PAR  The guide means are preferably such that the objects are carried one at a
      time past the contact or electrode member.
PAR  The sorting device may comprise means for directing a fluid jet against
      objects which do not have the said predetermined electrical conductivity
      or resistivity so as to remove them from the other objects.
PAR  The invention also comprises a method of sorting desired from undesired
      objects comprising supplying the objects to a rotary carrier means; at
      least a portion of which is electrically conductive, rotating the carrier
      means so that the objects supported thereon are moved past an electrical
      contact or electrode member, the location (other than, if desired, the
      angular disposition) of the contact or electrode member being at least
      substantially fixed; measuring the electrical conductivity or resistivity
      of each object when it is supported on said portion and passes said
      contact or electrode member; and effecting, in dependence upon said
      measurement, a relative separation between those objects which have, and
      those which do not have, a predetermined electrical conductivity or
      resistivity.
PAR  The objects are preferably pieces of ore, e.g. iron ore.
DRWD
PAR  The invention is illustrated, merely by way of example, in the accompanying
      drawings, in which:
PAR  FIGS. 1 and 2 are diagrammatic elevational and plan views respectively of a
      sorting apparatus in accordance with the present invention, and
PAR  FIG. 3 is a diagrammatic plan view of an alternative sorting apparatus in
      accordance with the present invention.
DETD
PAR  In FIGS. 1 and 2 there is shown diagrammatically a sorting apparatus which
      may be used for sorting pieces of ore 10 so as to effect a relative
      separation between the pieces 10 which have, and those which do not have,
      a predetermined electrical conductivity or resistivity. As a result of
      such sorting an "enriched" ore may be obtained. For example, the invention
      is applicable to the enrichment of iron ore since the conductivity of
      pieces of iron ore varies in accordance with the iron content thereof.
PAR  The pieces of ore 10 are supplied from a hopper, or other container, not
      shown, to a region 11 of an horizontally disposed rotary plate 12 which is
      arranged to be rotated in the direction of arrow 13, the region 11 being
      spaced from the axis 14 of the rotary plate 12.
PAR  Mounted on the rotary plate 12 are vertically extending guide baffles 15,
      16, 17. The baffle 17 has an electrically insulated portion extending
      (e.g. through a circumferential distance of 1 inch) to the outlet end 18
      of the baffle 17. The guide baffle 15 is a curved baffle whose external
      side is contacted by the pieces of ore 10 and whose curvature is such that
      the pieces of ore 10 are, in operation, guided by the guide baffle 15
      towards the internal surface of the guide baffle 16. The guide baffles 16,
      17 are mounted concentrically of the rotary plate 12, the guide baffle 17
      being mounted radially outwardly of the guide baffle 16. The pieces of ore
      10 which reach the outlet end 20 of the guide baffle 16 move radially
      outwardly through a gap 19 and into contact with the internal surface of
      the guide baffle 17, although the gap 19 may be omitted if desired. The
      baffles 15, 17 and the gap 19 (if provided) serve to "singulate" the
      pieces of ore 10, i.e. to separate them into a line of single pieces of
      ore. As a result, each piece of ore is carried, one at a time, past and in
      contact with an electrically conductive brush 21. The location of the
      brush 21 is fixed, although the brush 21 may, if desired, rotate.
PAR  As each piece of ore 10 is carried by the rotary plate 12 past the brush
      21, it effects simultaneous contact with a contact portion 22 of the brush
      21 and with a contact portion 23 of the rotary plate 12. This contact
      portion 23, and optionally the whole rotary plate 12, is electrically
      conductive, e.g. of steel, and is connected in a normally open electrical
      circuit which includes the brush 21, an electrical power source 24, a
      meter 25 which is responsive to the electrical conductivity or resistivity
      of the pieces of ore 10 and which passes signals to a comparator 26 which
      compares the measurement signals produced by the meter 25 with a datum
      supplied by way of a line 26a. Accordingly, whenever a piece of ore 10,
      which is electrically conductive but whose electrical conductivity or
      resistivity is below a predetermined value, contacts the brush 21, the
      comparator 26 sends an ejection signal to an ejector 27 so that the piece
      of ore may be removed.
PAR  The electrical circuit also includes a lamp 28 and an electronic switch 29
      which responds to the light of the lamp 28, the lamp 28 being placed on
      the exit side of the brush 21 and as close to the latter as is
      practicable. The beam from the lamp 21 is thus temporarily interrupted
      whenever a piece of ore 10 contacts the brush 21 irrespective of whether
      the piece of ore 10 is electrically conductive or not. The switch 29 thus
      indicates the presence or absence of a piece of ore. Moreover, the switch
      29 is arranged to send a signal to the ejector 27 by way of logic
      circuitry 29a whenever the light beam from the lamp 28 is interrupted so
      that the ejector 27 will effect ejection both of non-conductive pieces of
      ore and of pieces of ore whose conductivity is below a predetermined
      value, the ejection being also timed from the instant when the light beam
      is interrupted.
PAR  The ejector 27 comprises a valve 30 in a compressed air line 31, such that
      when an ejection signal is supplied to the ejector 27, the valve 30 opens
      and a jet of compressed air passes through the line 31 so as to impinge on
      the piece of ore 10 which is to be removed.
PAR  Pieces of ore 10 which are to be accepted (i.e. those whose electrical
      conductivity or resistivity is above a predetermined value) leave the
      rotary plate 12 tangentially thereof and pass along an acceptance chute
      32. Pieces of ore 10, however, whose electrical conductivity or
      resistivity is below the predetermined value, are deflected by the air jet
      from the ejector 27 and pass non-tangentially to a rejection chute 33.
PAR  As will be appreciated, when a piece of ore 10 is in the position
      illustrated in FIG. 1, what will be measured is the resistivity or
      conductivity of the piece of ore 10 over the distance between the contact
      portions 22, 23. Since the brush 21 is substantially fixed in position
      (even though it may, if desired, rotate and may be very slightly movable
      to permit operation of the switch 29), the size of the piece of ore 10
      will not affect the measurement produced by the meter 25, so that it is
      not necessary to compensate for variation in the size of the pieces 10.
PAR  The construction shown in FIG. 2 involves the use of large centrifugal
      forces, the pieces of ore 10 being centrifuged from the delivery region 11
      to the brush 21. If, however, it is not desired or practicable to use
      large centrifugal forces, the construction shown in FIG. 3 may be
      employed.
PAR  In the arrangement shown in FIG. 3, the delivery region 11, instead of
      being disposed radially inwardly of the brush 21, as in the FIG. 2
      construction, is disposed radially outwardly thereof. Vertically extending
      guide baffles 34, 35 are provided such that the pieces of ore 10 are, in
      operation, carried along the internal surface of the guide baffle 34 so
      that they are cammed thereby radially inwardly.
PAR  The pieces of ore 10 then move from the outlet end 36 of the guide baffle
      34 and pass along the outer surface of the guide baffle 35 so as to move,
      one at a time, past and in contact with the brush 21. Pieces of ore whose
      electrical conductivity or resistivity is above a predetermined value and
      which are thus accepted pass tangentially to an acceptance chute 37, while
      pieces of ore 10 whose electrical conductivity or resistivity is below a
      predetermined value pass to a rejection chute 38 as a result of the
      impingement thereon of a jet of air from the ejector 27.
PAR  In the constructions described above with reference to FIGS. 2 and 3, the
      ejector 27 is arranged to reject those pieces of ore 10 whose electrical
      conductivity or resistivity is below a predetermined value. However, the
      ejector 27 could alternatively be arranged to reject those pieces of ore
      10 whose electrical conductivity or resistivity is above a predetermined
      value.
PAR  It will be appreciated that the apparatus illustrated in the drawings is of
      a simple and robust character.
CLMS
STM  We claim:
NUM  1.
PAR  1. Sorting apparatus comprising an electrically conductive member the
      location of which is at least substantially fixed; a horizontally disposed
      rotary plate adapted to support objects to be sorted and to carry them,
      while so supported, past the electrically conductive member, at least a
      portion of the plate being electrically conductive; means for feeding the
      objects to a region of said plate which is spaced from the axis thereof;
      guide means for guiding the objects from said region to said electrically
      conductive member, the electrically conductive member being disposed
      adjacent said plate; control means responsive to the electrical
      conductivity or resistivity of the objects; the electrically conductive
      member, the said electrically conductive portion, and the control means
      being connected in a normally open electrical circuit which is adapted to
      be completed by an object on the said electrically conductive portion of
      said plate as it passes the electrically conductive member; and a sorting
      device, controlled by said control means, for effecting a relative
      separation between those objects which have, and those which fail to have,
      a predetermined electrical conductivity.
NUM  2.
PAR  2. Sorting machine as claimed in claim 1 in which the electrically
      conductive member is a brush.
NUM  3.
PAR  3. Sorting apparatus as claimed in claim 1 in which the electrically
      conductive member is disposed radially outwardly of the said region.
NUM  4.
PAR  4. Sorting apparatus as claimed in claim 1 in which the electrically
      conductive member is disposed radially inwardly of the said region.
NUM  5.
PAR  5. Sorting apparatus as claimed in claim 1 in which the guide means are
      such that the objects are carried one at a time past the electrically
      conductive member.
NUM  6.
PAR  6. Sorting apparatus as claimed in claim 1 in which the sorting device
      comprises means for directing a fluid jet against objects which fail to
      have the said predetermined electrical conductivity so as to remove them
      from the other objects.
NUM  7.
PAR  7. Sorting apparatus comprising an electrically conductive member the
      location of which is at least substantially fixed; rotary carrier means
      adapted to support objects to be sorted and to carry them, while so
      supported, past the electrically conductive member, at least a portion of
      the carrier means being electrically conductive; control means responsive
      to the electrical conductivity or resistivity of the objects; the
      electrically conductive member, the said electrically conductive portion,
      and the control means being connected in a normally open electrical
      circuit which is adapted to be completed by an object on the said
      electrically conductive portion of said plate as it passes the
      electrically conductive member; a sorting device, controlled by said
      control means, for effecting a relative separation between those objects
      which have, and those which fail to have, a predetermined electrical
      conductivity, the control means being responsive to the presence of an
      object at the electrically conductive member irrespective of whether the
      object is electrically conductive, and the sorting device separating
      nonconductive objects from those having the said predetermined
      electrical/conductivity.
NUM  8.
PAR  8. Sorting apparatus comprising an electrically conductive member the
      location of which is at least substantially fixed; rotary carrier means
      adapted to support objects to be sorted and to carry them, while so
      supported, past the electrically conductive member, at least a portion of
      the carrier means being electrically conductive; control means responsive
      to the electrical conductivity or resistivity of the objects; the
      electrically conductive member, the said electrically conductive portion,
      and the control means being connected in a normally open electrical
      circuit which is adapted to be completed by an object on the said
      electrically conductive portion of said plate as it passes the
      electrically conductive member; a sorting device, controlled by said
      control means, for effecting a relative separation between those objects
      which have, and those which fail to have, a predetermined electrical
      conductivity, and indicator means for indicating the presence and absence
      of an object at the electrically conductive member.
NUM  9.
PAR  9. Sorting apparatus comprising an electrically conductive rotary brush the
      location of which is at least substantially fixed; rotary carrier means
      adapted to support objects to be sorted and to carry them, while so
      supported, past the electrically conductive rotary brush, at least a
      portion of the carrier means being electrically conductive; control means
      responsive to the electrical conductivity or resistivity of the objects,
      the electrically conductive rotary brush, the said electrically conductive
      portion, and the control means being connected in a normally open
      electrical circuit which is adapted to be completed by an object on the
      said electrically conductive portion as it passes the electrically
      conductive rotary brush; and a sorting device, controlled by said control
      means, for effecting a relative separation between those objects which
      have, and those which fail to have, a predetermined electrical
      conductivity.
NUM  10.
PAR  10. Sorting apparatus as claimed in claim 9 in which the axis of the brush
      is vertically disposed.
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PAL  A shuffle feed sizing structure wherein articles are progressed from valley
      to valley over a shuffle feed mechanism and as they progress the article
      advancing face of the shuffle feed member provides a sizing opening of a
      given width so that the articles small enough to fall through the opening
      are discharged downwardly beneath the shuffle feed at this point. Various
      widths of sizing opening are provided between the faces of the shuffle
      feed as required and the largest articles are discharged over the end.
      Means are also provided for ejecting articles from a sizing opening if
      they tend to become wedge or if they remain in front of the sizing opening
      but are too large to pass through the opening.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 168,094 filed Aug. 2, 1971, now abandoned, which application was a
      continuation-in-part of applications Ser. No. 706,505 filed Feb. 19, 1968
      and now U.S. Pat. No. 3,543,928, and Ser. No. 33,814 filed May 1, 1970 and
      now abandoned.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is concerned with the use of the shuffle feed members of the
      usual type of shuffle feed mechanism to provide a sizing operation on
      articles being progressed over the shuffle feed. After the articles have
      been aligned at the bottom of the shuffle feed mechanism, so as to be
      oriented lengthwise in a row, the sizing operation begins, and, as the
      articles are advanced by a shuffle feed member having a sizing opening in
      its article advancing face, the articles are turned so that the smallest
      diameter of the article is presented to the opening for the sizing
      operation. The sorting openings become progressively wider as the articles
      are progressed along the shuffle feed.
PAR  Accordingly, it is an object of the invention to provide a shuffle feed
      mechanism which will perform a sizing operation during the shuffle feed of
      the articles and wherein the sizing is controlled by the relatively
      reciprocating shuffle feed members during their reciprocation to form a
      sizing opening.
PAR  It is another of the invention to provide a sizing mechanism whereby the
      shuffle feed members include sizing as it is controlled by a pair of
      relatively movable bars, the lower one of which can be moved rearwardly to
      allow the sizing opening to become larger and to assist in dislodging a
      wedged article and to reject a larger article.
PAR  A further object of the invention is to provide a shuffle feed mechanism of
      the character to size objects wherein the control of the ejection of
      articles from a sizing opening is effected by engagement of relatively
      movable shuffle feed members during their reciprocation with respect to
      each other.
PAR  Still another object of the invention is to provide a shuffle feed
      mechanism of the character to size objects wherein the control of the
      sizing is performed by reciprocating members of the sets of shuffle feed
      members with certain additional spacing between certain members
      longitudinally of the machine.
PAR  It is still another object of the invention to provide a shuffle feed
      member wherein the shuffle members are adjustable toward and from each
      other to vary the spacing of the article to be sized therethrough.
PAR  A still further object of the invention is to provide a shuffle feed
      mechanism which can be useful with rollable articles such as pickles.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following description of a preferred embodiment of the invention, as
      illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view of a shuffle feed mechanism sizing
      structure;
PAR  FIG. 2 is a fragmentary front perspective of a sizing face of one of the
      shuffle feed sizing members;
PAR  FIG. 3 is a schematic side elevational view, partly in section, with
      certain parts omitted, and illustrating one phase of the sizing operation;
PAR  FIG. 4 is a view similar to FIG. 3 but illustrating the shuffle feed
      members as they are discharging an object to be sized such as a potato for
      example, such as an Irish potato, from the top of a sizing shuffle feed in
      front of the sizing face thereof;
PAR  FIGS. 5, 6 and 7 are views similar to FIGS. 3 and 4 illustrating the sizing
      operation of the shuffle feed sizing structure at different portions of
      their cycle than those illustrated in FIGS. 3 and 4;
PAR  FIG. 8 is a sectional elevational view showing the parts as positioned
      during the sizing portion of the cycle;
PAR  FIG. 9 is a view similar to FIG. 8 but showing the shuffle feed mechanism
      at the time of the cycle when an article is being rejected from the sizing
      opening;
PAR  FIG. 10 is a view similar to FIGS. 8 and 9 illustrating the parts where a
      certain article is being sized and a subsequent one is about to be
      rejected; and
PAR  FIG. 11 shows the parts of the shuffle feed mechanism during the rejecting
      portion of the cycle.
PAR  FIGS. 12 and 13 illustrative a further modified form of the invention which
      is generally similar to FIGS. 8 and 9. FIG. 12 shows the upper sizing
      opening occupied by an article such as a pickle, which is too large to
      pass through the sizing opening and is fed along for further sizing
      operations.
PAR  FIG. 14 is a fragmentary view similar to FIGS. 12 and 13, but showing the
      parts as positioned when sizing opening is defined.
DETD
PAR  Generally, the shuffle feed structure 11 (FIGS. 1, 2 and 3) comprises
      similar movable sets of shuffle members 13 and shuffle members 14 which
      are generally rectangular in their construction and are mounted in
      inclined position having a long upwardly facing article supporting portion
      and a short upwardly facing article feeding and supporting portion. The
      shuffle feed members 13 extend between and are secured to opposite frame
      members 19 in the form of side plates which confine the articles within
      the transverse dimension of the shuffle feed. The opposite frame members
      19 are supported from the frame 15 by four parallel links 17. The other
      shuffle feed members 14 are carried by upwardly projecting angles 18 from
      a pair of opposite frame members or plates 16 which are supported also by
      four parallel links 17. Only two links 17 of each set are seen in FIG. 1.
      The means for driving or reciprocating the sets of shuffle feed members in
      opposite directions comprises a motor driven transverse shaft 33 (FIG. 1)
      suitably journalled on the frame and carrying respective pairs of
      oppositely disposed eccentrics 34 whose eccentric followers are connected
      by the links 21 with the upper set of shuffle members 13 and the lower set
      of shuffle members 14, respectively. Only two eccentrics are shown in FIG.
      1. These shuffle members move in opposite directions simultaneously to
      effect the feeding movement.
PAR  The shuffle feed sizing member 14 (FIGS. 2, 3 & 4) includes an upper
      article supporting surface 47 having depending posts 50 at its upper front
      corners so that an opening 48 is provided in the article advancing face of
      this shuffle feed member 14. The rear edge 47a of the surface 47 is angled
      downwardly to deflect potatoes (FIG. 7) in this direction. A bar 49
      extends across and defines the top of the opening 48 and has depending
      therefrom a transverse series of vertical spacers 51 which serve to divide
      the sizing opening into appropriate spaces and maintain the lateral
      positioning of the potatoes in rows.
PAR  The lower edge of the sizing opening is defined by a transverse bar 67
      (FIGS. 2 and 3) and this bar 67 is movable under certain conditions from
      its normal sizing position to enlarge the sizing opening. For this purpose
      the bar carries three supporting fixtures or members 66 having apertured
      bosses to receive the front ends of respective guide rods 58, each of
      which is carried by a bracket 56 having at each end a depending apertured
      lug 57 (FIG. 3) to carry the shaft 58. The two end brackets 56 are secured
      to the supporting angles 18 (FIG. 2) and the central bracket 56 is secured
      to the top surface 47 of the shuffle member 14. A spring 61 (FIGS. 2, 3
      and 4) is disposed about each shaft 58 and at its rearward end abuts an
      apertured boss 57 and at its front end abuts a collar 59 pinned to the
      cooperating shaft 58. As a result the lower bar 57 is spring-held in the
      position shown in FIGS. 2 - 4 to define a normal sizing opening.
PAR  As seen in FIGS. 3 and 4 the rear end of each shaft 61 carries a depending
      arm 68 having a stop pin 69 at the front thereof opposed to a rearwardly
      extending flange bracket 71 on the adjacent lower shuffle feed member 13.
      As seen in FIGS. 4 and 5 the two abutments comprising the stop 69 and the
      stop flange 71 are at their furthest apart spaced position.
PAR  The operation of the shuffle feed mechanism is illustrated further in FIGS.
      5, 6 and 7. FIG. 5 showing the position of the shuffle feed members when
      the full sizing opening marked S is available between the sizing bars 49
      and 67, and in which upright ejector bars 76 carried in a transverse
      series across the top of each shuffle feed member 13 are spaced from the
      sizing opening.
PAR  FIG. 6 shows the shuffle feed members 14 advancing and the shuffle members
      13 receding with a potato 77 shown entering the sizing opening, the stop
      71 shown engaging with and activating the stops 69 carried by the support
      rods 58 for the lower bar 67. The springs 61 are being compressed and the
      lower bar 67 is retracted with respect to the sizing opening so that a
      larger opening is provided. The furthest retracted position of sizing bar
      67 is illustrated in dotted lines.
PAR  In FIG. 4 the shuffle members 13 are in their furthermost advanced position
      and the shuffle members 14 are in their furthermost retracted position.
      With this condition of the parts the ejector bars 76 have entered the
      sizing opening 48, one ejector bar 76 between each pair of depending pins
      51, to eject any wedged potato from the sizing opening as seen at the
      righs of FIG. 4. The rejected potato will be fed over the shuffle feed
      member 13 in front of its advancing face 42 and carried forwardly to the
      next larger sizing opening.
PAR  Referring to FIG. 1 a transverse feed belt 66 extends underneath the
      shuffle feed members and has various partition members 67 supported
      thereabove to divide the belt into different compartments to receive
      different sizes of the articles being sorted. The smaller potatoes are
      directed by chute 68 into one belt path, the intermediate size are
      directed by a chute 69 to a middle belt path and the larger potatoes being
      sized will be directed by chute 70 to the rightmost compartment or belt
      path.
PAR  Referring to FIGS. 8 through 11 there is shown a modified form of the
      invention wherein the upper set of shuffle members carried by the lower
      frame 16 and a second set of shuffle members carried by the upper frame 19
      are spaced apart to provide a sizing opening between a shuffle member 13
      and an auxiliary shuffle member 113 which is pivotally mounted at 105 on
      the frame 19 and has a raised portion at the front terminating in a corner
      111 which is spaced from the corner 112 of one of the upper and adjacent
      shuffle member 13 to provide a sizing opening.
PAR  The auxiliary shuffle member 113 forms one of a third series of
      reciprocating members, the members 113 being mounted on and driven by the
      frame members 19. Also a feed control and ejector member 103 forms one of
      a fourth set of reciprocating members, which are carried by the frame
      members 16 to reciprocate therewith.
PAR  The shuffle or sizing member 113 has a pivotal mounting at 105, also
      cooperates with an arcuate slot 104 in the frame 19 and has an aperture
      through which a bolt 106 passes to hold the shuffle member in adjusted
      position for a particular size of opening. A plate 107 extends across the
      front of plate 111a and is secured to frame member 19 so as to close the
      gap, if any, between the auxiliary sizing shuffle member 113 and the
      adjacent reciprocating shuffle member 14.
PAR  An auxiliary feed control and ejector member for the sizing mechanism is
      provided in the form of a shuffle member 103 carried by the lower frame 16
      adjacent each shuffle member 13 forming a part of the sizing opening. This
      shuffle member 103 therefor travels with the shuffle members 14 and is
      spaced on the plate 16 so that it will project beyond the shuffle member
      14 as seen in FIG. 9 when a potato A has been moved over the article
      supporting surface of the shuffle member 13 and dropped over the end edge.
      Subsequently, as the shuffle member 103 retracts as seen in FIG. 10, for
      example, the sizing opening between the corners 111 and 112 is open to
      allow potatoes to fall therethrough. If the potato is too large (as shown
      in the case of the potato A in FIG. 10) it will remain in the opening
      until the next forward stroke of the shuffle or ejector member 103 which
      projects through the opening throughout its extent and will reject any
      potatoes lodged therein.
PAR  It will be seen from the above description that the auxiliary shuffle
      member 103 (FIG. 9) not only performs a controlling function on the
      articles being sized by providing a temporary resting place for the
      article immediately above the sizing opening between the corners 111 and
      112. Subsequently, upon the withdrawal of this member 103 the potato
      resting on the surface is allowed to drop into the sizing opening as seen
      in FIG. 10, for example, and is of the proper size to pass therethrough.
      It will be noted also that the control exercised over the sizing operation
      and over the rejection of articles too large to be sized in a particular
      opening is all performed by permanently mounted reciprocating members.
PAR  Referring to FIGS. 12 and 13 there is shown a further modified form of the
      invention wherein a first set of shuffle members 14 carried by the lower
      frame 16 and a second set of shuffle members 13 carried by the upper frame
      19 are spaced apart to provide an unobstructed sizing opening between a
      shuffle member 14 and an auxiliary adjustable shuffle member 113 which is
      pivotally mounted at each end at 105 on the frame 19 and has a raised
      platform portion 115 at the front which is spaced from the corner 112 of
      one of the upper and adjacent shuffle member 14a to provide a sizing
      opening with the member 14a as indicated at 120. This member 14a presents
      a solid surface on the underneath side for rolling of an article too large
      to go through the sizing opening 120 up the platform 115 for discharge. It
      is also thinner than the other members 14 to conserve length and weight.
PAR  The auxiliary shuffle member 113 forms one of a third series of
      reciprocating members, the members 113 being mounted on and driven by the
      frame members 19.
PAR  Referring to FIGS. 12, 13 and 14, for example, it will be noted in FIG. 14
      that the sizing opening 120 is actually defined at the time the shuffle
      member 14a is in its furthest retracted position and is measured by the
      distance of a perpendicular line erected on the surface of the platform
      115 and passing through the lower corner of the front edge of the member
      14a. It will be noted that the front faces of the members 113 have a lower
      reciprocation path with respect to the frame members 19 than do the next
      adjacent members 13 which are higher. Also, the next adjacent member 14
      has a lower path of reciprocation than the other members 14 and 14a at
      either side to bring the products downwardly for the sizing position and
      then to feed them upwardly in place to drop in front of the next sizing
      opening. Each of the sizing openings 120 from left to right may be
      adjusted to successively larger spacings so that the smallest articles
      will be sized first, etc.
PAR  The shuffle or sizing member 113 has a pivotal mounting at 105, also
      cooperates with an arcuate slot 104 in the frame 19 and has an aperture
      through which a bolt 106 passes to hold the shuffle member in adjusted
      position for a particular size of opening. An angle 107 extends across the
      front of platform 115 and is secured to frame member 19 so as to close the
      gap, if any, between the auxiliary sizing shuffle member 113 and the
      adjacent reciprocating shuffle member 14.
PAR  To summarize the sizing operation, an article is presented to the sizing
      opening when a member 14a is in its furthest retracted position by
      dropping the article onto the platform 115 and if the article is small
      enough to pass through the opening it will do so. If not, it will be
      rolled upwardly and/or pushed upwardly by the adjacent member 14a over the
      end of the platform 115 to be further progressed along the shuffle members
      and to be similarly presented to the next sizing opening.
PAR  While I have shown and described a certain preferred embodiment of the
      invention it is apparent that the invention is capable of variation and
      modification from the form shown so that the scope thereof should be
      limited only by the proper scope of the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a shuffle feed sizing mechanism having a first set of transversely
      disposed shuffle members, a second set of similarly disposed shuffle
      members arranged in alternating parallel relation with said first set to
      provide transverse valleys;
PA1  means for effecting reciprocation of at least one set of said members to
      advance an article from valley to valley of the feed mechanism, each of
      said shuffle members having a front face and an upper face forming a
      corner with said front face and providing an article supporting surface,
      one of said shuffle members of said first set having a sizing opening in
      the front or article advancing face thereof;
PA1  means disposed parallel to said one shuffle member for defining a sizing
      opening therewith; and
PA1  means movable with one of said sets of shuffle members and for entering
      said sizing opening during relative movement of the parts in the extreme
      relative reciprocated position of the members to reject any article too
      large to pass through the sizing opening.
NUM  2.
PAR  2. In a shuffle feed sizing mechanism having a first set of transversely
      disposed shuffle members, a second set of similarly disposed shuffle
      members arranged in alternating parallel relation with said first set to
      provide transverse valleys;
PA1  means for effecting reciprocation of at least one set of said members to
      advance an article from valley to valley of the feed mechanism, each of
      said shuffle members having a front face and an upper face forming a
      corner with said front face and providing an article supporting surface,
      one of said shuffle members of said first set forming a part of means
      defining a sizing opening adjacent the front or article advancing face
      thereof;
PA1  means disposed parallel to said one shuffle member for defining a sizing
      opening therewith, said first set of transversly disposed shuffle members
      and said means disposed parallel being relatively adjustable to each
      other, and a feed control shuffle member movable with one of said sets of
      shuffle members and moveable into and out of said sizing opening during
      relative movement of the parts to reject any article too large to pass
      through the sizing opening.
NUM  3.
PAR  3. In a shuffle feed sizing mechanism as recited in claim 2, in which said
      feed control shuffle member is adapted to be projected beyond one of
      another set of said shuffle members so as to provide a ledge on which an
      article to be sized can be retarded or held above the sizing opening and
      allowed to be moved into the sizing opening as said feed control shuffle
      member is retracted into the sizing opening.
NUM  4.
PAR  4. In a shuffle feed sizing mechanism having a first set of transversely
      disposed shuffle members, a second set of similarly disposed shuffle
      members arranged in alternating parallel relation with said first set to
      provide transverse valleys;
PA1  means for effecting reciprocation of at least one set of said members to
      advance an article from valley to valley of the feed mechanism, each of
      said shuffle members having a front face and an upper face forming a
      corner with said front face and providing an article supporting surface,
      one of said shuffle members of said first set forming a part of means
      defining a sizing opening in its fully retracted position adjacent the
      front or article advancing face thereof, a platform carried by a shuffle
      member of the other set and spaced from said retracted shuffle member for
      defining a sizing opening therewith; and
PA1  means movable with one of said sets of shuffle members and operatively
      related to said sizing opening during relative movement of the parts to
      reject any article too large to pass through the sizing opening.
NUM  5.
PAR  5. In a shuffle feed sizing mechanism as recited in claim 4, in which said
      retracted shuffle member has an article rolling surface on its lower face.
NUM  6.
PAR  6. In a shuffle feed sizing mechanism having a first set of transversely
      disposed shuffle members, a second set of similarly disposed shuffle
      members arranged in alternating parallel relation with said first set to
      provide transverse valleys;
PA1  means for effecting reciprocation of at least one set of said members to
      advance an article from valley to valley of the feed mechanism, each of
      said shuffle members having a front face and an upper face forming a
      corner with said front face and providing an article supporting surface,
      one of said shuffle members of said first set forming a part of means
      defining a sizing opening adjacent the front or article advancing face
      thereof;
PA1  means disposed parallel to said one shuffle member for defining a sizing
      opening therewith, a shuffle member adjacent the sizing opening having its
      article engaging face in a more retracted position with reference to the
      supporting frame than the next adjacent shuffle members on each side
      thereof; and
PA1  means movable with one of said sets of shuffle members and operatively
      related to said sizing opening during relative movement of the parts to
      reject any article too large to pass through the sizing opening.
NUM  7.
PAR  7. In a shuffle feed sizing mechanism having a first set of transversely
      disposed shuffle members, a second set of similarly disposed shuffle
      members arranged in alternating parallel relation with said first set to
      provide transverse valleys;
PA1  means for effecting reciprocation of at least one set of said members to
      advance an article from valley to valley of the feed mechanism, each of
      said shuffle members having a front face and an upper face forming a
      corner with said front face and providing an article supporting surface,
      one of said shuffle members of said first set forming a part of means
      defining a sizing opening adjacent the front or article advancing face
      thereof;
PA1  means disposed parallel to said one shuffle member for defining a sizing
      opening therewith, one of said members defining the sizing opening being
      mounted for adjustment on the adjacent frame part to control the size of
      article to be admitted through the sizing opening; and
PA1  means movable with one of said sets of shuffle members and operatively
      related to said sizing opening during relative movement of the parts to
      reject any article too large to pass through the sizing opening.
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ABST
PAL  Poultry carriers release birds at a plurality of work stations to which
      they are conveyed, under control of weight sensing devices and resettable
      counters. The birds reaching each group of work stations are limited to a
      common weight range by weight sorting mechanism to activate the counters
      through associated weight sensing devices. The counters are arranged to
      trigger carrier release devices at each work station in response to the
      counting of different preset numbers of birds within the common weight
      range so as to obtain equal distribution of the birds released at each of
      the work stations.
BSUM
PAR  This invention relates to poultry conveyor systems through which poultry
      carriers convey birds within certain weight ranges to work stations at
      which the birds are processed.
PAR  Overhead conveyor systems for transporting poultry to various work stations
      in a poultry processing plant, are well known. Generally, the birds are
      placed on releasable carriers or shackles, suspended from the overhead
      conveyor, at a loading station from which the carriers are conveyed
      through various weight sorting or weighing stations and are automatically
      released at and transferred to various work stations where personnel
      perform various operations on the birds such as cutting, cleaning, etc. In
      order to meet certain production rate requirements, operations are
      performed simultaneously by several persons. This has heretofore required
      that the birds be released from the main conveyor and stored temporarily
      at the work area or transferred to a circulating conveyor at the work area
      from which all personnel at this work area may conveniently withdraw birds
      to perform their operations. The additional equipment peripheral to the
      main conveyor necessary to the supply of birds to several work stations at
      which similar operations are simultaneously performed, does therefore
      involve some expense and a loss of transfer time heretofore deemed
      unavoidable when increasing production rates in a poultry processing
      plant. There is also a problem in providing all personnel equal access to
      the birds delivered to a work area for a particular operation.
PAR  It is therefore a primary object of the present invention to provide
      several separate work stations along the path of travel of a common
      conveyor at which poultry, limited to the desired weight range, is
      released and distributed equally.
PAR  In accordance with the present invention, a conventional type of overhead
      poultry conveyor suspending releasable poultry carriers, has at least one
      group of adjacent weight sensing stations at which birds above a preset
      weight are automatically released. However, operation of the releasing
      mechanism associated with each weight sensing station is overruled through
      counters connected to each weight sensing device to render each releasing
      mechanism operative sequentially, beginning with the one most remote from
      the loading station in the direction of travel. Thus, the counter at the
      first work station in the direction of travel will count a quantity of
      birds detected by its associated weight sensor equal in number to the
      number of work stations before its releasing device is enabled and the
      counter reset. The other counters are preset to count preset numbers of
      birds in descending or inverse order relative to the direction of travel.
      Equal numbers of birds are thereby released in sequence at each of the
      work stations.
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
PAR  FIG. 1 is a schematic top plan view of a conveyor system arranged in
      accordance with the present invention.
PAR  FIG. 2 is a transverse section view through the conveyor at one of the
      weight sensing and work stations.
PAR  FIG. 3 is a simplified electrical circuit diagram of typical controls
      associated with the weight sensing work stations.
PAR  FIG. 4 is a graphical diagram showing the movement of poultry along the
      conveyor path of travel.
DETD
PAR  Referring now to the drawings in detail, FIG. 1 illustrates one exemplary
      embodiment of the present invention, associated with a continuous poultry
      conveyor 10. Conveyors of this type are shown for example in prior U.S.
      Pat. No. 3,291,303 to Altenpohl. The path of travel diagrammed in FIG. 1,
      is established by the overhead conveyor channel 12 as shown in FIG. 2
      enclosing the continuous conveyor chain 14 from which poultry carriers 16
      are pivotally suspended. The birds or other objects are dropped by upward
      displacement of a release latch 20 on each carrier, in response to
      operation of a releasing mechanism 22 as shown in FIG. 2. The birds are
      loaded onto the carriers 16 at a loading station 24 as diagrammed in FIG.
      1.
PAR  With continued reference to FIG. 1, the birds are conveyed from the loading
      station 24 through a standard weight sorting station 26 wherein birds
      above a predetermined weight, such as 2 pounds, 9 ounces, are dropped into
      a bin. Weight sensing and releasing mechanism suitable for this purpose is
      disclosed, for example, in U.S. Pat. No. 2,471,711 to Altenpohl. Thus,
      only birds below 2 pounds, 9 ounces will pass through the next weight
      sorting station 28 wherein birds between predetermined upper and lower
      weight limits are dropped into a bin. For example, an upper weight limit
      of 2 pounds, 4 ounces and a lower weight limit of 6 ounces may be set so
      as to pass only birds above 2 pounds, 4 ounces in weight at station 28 but
      below the 2 pounds. 9 ounces limit established at the previous station 26.
      The foregoing movement of birds within the weight limits established at
      stations 26 and 28 is graphically illustrated in FIG. 4. It will be noted
      that anything below 6 ounces will also pass through the stations 26 and
      28. The 6 ounce limit was selected as the minimum weight capable of being
      effectively detected by the weighing devices employed at the stations 26
      and 28. Such weighing devices are disclosed in U.S. Pat. No. 3,291,303, to
      Altenpohl which also discloses an arrangement of weighing devices capable
      of establishing upper and lower weight limits between which birds are
      dropped as described in connection with station 28. The same type of
      weighing device is also employed at each of the weighing stations 30 and
      32 shown in FIG. 1 and includes a vertically movable section of track 34
      over which the carrier 16 is conveyed as shown in FIG. 2.
PAR  In the embodiment illustrated in FIG. 1, the weighing devices or weight
      sensors and associated mechanism including the release mechanism 22 are
      the same except that the weighing devices at stations 30 are set to effect
      release of all birds above 2 pounds, 61/2 ounces, for example,
      intermediate the weight range limits established at stations 26 and 28,
      while the weighing devices at stations 32 are set to effect release of all
      birds above 2 pounds, 4 ounces corresponding to the lower limit of the
      aforementioned weight range. The stations 30 and 32 respectively release
      birds onto two separate groups of work or receiving stations 34 and 36.
      Thus, several persons may simultaneously perform the same operations at
      work areas formed by each of the groups of work stations 34 and 36. Any
      birds that remain on the carriers after passing through all of the
      stations 32, may be released at station 38 in preparation for reloading at
      the loading station 24.
PAR  Referring now to FIG. 3, a weight sensor 40 is associated with each of the
      stations 30 and 32. A resettable counter 42 is actuated by the sensor 40
      whenever an object above the preset weight of 2 pounds, 61/2 ounces or 2
      pounds, 4 ounces is detected. The counter 42 thereby counts a preset
      quantity of birds within the weight range predetermined at stations 26 and
      28 before it generates an output signal applied to a relay 44 and an alarm
      device 46. The relay 44 operates the release mechanism 22 in response to
      the output signal which is also registered by the alarm device 46. A
      proximity sensor 48 detects operation of the release mechanism to reset
      the counter 42 and initiate a new cycle. The simple electrical circuit
      shown in FIG. 3 is merely exemplary. More complex solid state circuitry
      and/or fluidic controls may be used. Similarly, electronic or fluidic
      counters 42 could be used. The details of the circuitry and components
      thereof form no part of this invention since the design of such circuitry
      and selection of its components is within the ordinary capability of one
      skilled in the art.
PAR  The number of work stations in the group within which distribution of birds
      is to be regulated, determines the preset quantity of birds to be counted
      by counter 42 at the first work station in the direction of travel.
      Operation of the release mechanism 22 is thereby overruled so that the
      last work station in the group is the first to receive a bird followed by
      release of birds sequentially at preceding work stations in the direction
      of travel. Thus, operation of the release mechanism at the last work
      station follows a count of one. The preset quantities counted by the
      counters 42 therefore decrease in the direction of travel from the maximum
      count at the first work station. In this manner, equal numbers of birds
      are dropped in sequence at each work station without any stoppage or slow
      down of the conveyor. In the example shown in FIG. 1 and diagrammed in
      FIG. 4, the two work stations 30 therfore have their counters set for 2
      and 1 respectively while the three counters for work stations 32 are set
      to count 3, 2 and 1 respectively in inverse relation to the direction of
      travel.
PAR  It will, of course, be appreciated that any number of groups and any number
      of work stations within each group may be employed in accordance with the
      principles of the present invention to accommodate different work
      operations, different numbers of personnel for each work operation and
      different weight ranges for the respective groups of work stations.
      Further, the station 28 may be eliminated and a single group of work
      stations established for a common weight range having a lower limit of 6
      ounces to which all of the weight sensors 40 are set.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination with a system for conveying objects from a loading
      station to a plurality of operating stations at which only the objects
      within a common weight range are released from a conveyor by release
      devices under control of weight sensors, means for regulating distribution
      of said objects within the common weight range at said operating stations,
      comprising counter means connected to each of said weight sensors for
      counting different preset numbers of said objects detected by said weight
      sensors, the number of objects counted by each of the counter means being
      inversely related to the distance of the associated operating stations
      from the loading station, control means connected to the counter means and
      the release devices for releasing an equal number of said objects within
      said common weight range at each of said operating stations independently
      of the supply of objects thereat and means for resetting each of the
      counter means in response to operating of an associated one of the
      releasing devices.
NUM  2.
PAR  2. The combination of claim 1 including weight sorting means connected to
      the conveyor system for limiting the objects conveyed to said operating
      stations to a predetermined weight range encompassing said common weight
      range.
NUM  3.
PAR  3. The combination of claim 2 wherein each of said weight sensors is set
      for detection of a minimum weight below said common weight range.
NUM  4.
PAR  4. The combination of claim 1 wherein said operating stations fall within
      at least two groups at which objects are released within two different
      common weight ranges.
NUM  5.
PAR  5. The combination of claim 4 wherein the weight sensors associated with
      one of the two groups of operating stations are set for detection of
      objects above a minimum weight within said predetermined weight range and
      the other of the weight sensors associated with the other of said two
      groups of operating stations are set for detection of objects above a
      minimum weight substantially equal to a lower limit of said predetermined
      weight range.
NUM  6.
PAR  6. The combination of claim 1 wherein each of said weight sensors is set
      for detection of a minimum weight below said common weight range.
NUM  7.
PAR  7. The combination of claim 1 wherein said operating stations fall within
      at least two groups at which objects are released within two different
      common weight ranges.
NUM  8.
PAR  8. In combination with a system for conveying objects and a plurality of
      stations to which the objects are transferred under control of weight
      sensors, means for regulating distribution of said objects at said
      stations comprising counter devices connected to said weight sensors for
      respectively counting only objects detected by the weight sensors, means
      connected to the counter devices for continuous transfer of equal numbers
      of the objects counted to each of said stations independently of the
      supply of objects thereat and in response to signals generated by the
      counter devices, said counter devices being respectively set to generate
      said signals in response to the counting of preset quantities of the
      objects decreasing in number in the direction of travel, and means for
      respectively resetting each of said counter devices in response to said
      transfer of the objects.
NUM  9.
PAR  9. The combination of claim 8 wherein said objects are loaded poultry
      carriers.
NUM  10.
PAR  10. The combination of claim 8 including a conveyor and carriers connected
      to the conveyor respectively supporting said objects, said weight sensors
      being operative to weigh the carriers in order to limit said transfer of
      objects to a predetermined weight range.
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ABST
PAL  A bicycle stand which holds a bicycle upright in place, and to which the
      bicycle may be locked. An upright member, embedded in cement, or anchored
      to a base plate, has an arm pinned hingeably, with parallel plates welded
      on each side of the arm that project past the free end of the arm. A
      U-shaped bracket is hinged to one plate, which may be passed about a frame
      member of a bicycle and fitted into a slot in the plate, with holes in the
      bracket for fastening the shackle of a lock, with the lock shackle
      completely enclosed by the two parallel plates in the latched position.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a bicycle stand, and particularly to a bicycle
      stand which holds a bicycle upright in place, and to which the bicycle may
      be locked.
PAR  An upright member embedded in cement, or anchored to a base plate, has an
      arm pinned hingeably, with parallel plates welded on each side of the arm
      that project past the free end of the arm. A U-shaped bracket is hinged to
      one plate, which may be passed about a frame member of a bicycle and
      fitted into a slot in the plate, with holes in the bracket for fastening
      the shackle of a lock, with the lock shackle completely enclosed by the
      two parallel plates in the latched position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is an elevation view of the bicycle stand;
PAR  FIG. 2 is a section of the stand taken along line II--II of FIG. 1;
PAR  FIG. 3 is a detail in perspective view of the hinged arm and plate; and
PAR  FIG. 4 is a detail in perspective view of an alternate form of the lock
      protector plate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-3
      illustrate the bicycle stand 10 which may be embedded in a concrete base
      11. A vertical upright member 21 fastened to the base is hingeably
      fastened by a pin 22 to an arm member 12 in the form of a tube. Two
      generally parallel plates 13 and 14 are welded to the opposite sides of
      the free end of arm member 12. A U-shaped bracket 15 is pivotably fastened
      by pin 16 to one plate 14 and shaped to fit about a frame member 24 or the
      wheel rim 25 of a bicycle with the free end of bracket 15 fitting through
      a slot 17 in plate 14. Through holes 18 are formed in the end section 27
      of bracket 15 of a size to retain the shackle 28 of a lock 19. Lock 19 is
      protected from abuse, and particularly from attempts to cut lock shackle
      28 when installed since the shackle fits in the locked position between
      parallel plates 13 and 14.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by letters Patent of the United States is:
NUM  1.
PAR  1. A bicycle stand for retaining a bicycle in a locked position with the
      shackles of the lock protected from removal in the locked position,
      comprising
PA1  a base member adaptable for mounting along a vertical axis,
PA1  an arm member fastened to the base member, with
PA1  a pair of plates, spaced apart from each other, fitted to the arm member,
      said spacing being of a size to fit about a lock, with
PA1  a U-shaped bracket pivotably fixed to the arm member so that the bracket
      may go about a section of a bicycle frame or wheel, with a free end
      section of the bracket passing through a slot in one of the said plates so
      that said free end section of the bracket lies between the two said plates
      in the latched position of the bracket, said free end of the bracket
      formed with one or more holes of a size to fit a shackle of a lock,
PA1  in which the two plates are of a size to completely enclose both sides of
      the lock shackle of a lock which is fastened through a hole of the bracket
      in the latched position of the bracket and in which
PA1  the arm member is pivotably fastened to the base member to rotate in a
      plane parallel to the axis of the base member by hinge means, so that the
      arm member may be rotated into a position to enable the bracket to fit
      about a section of a bicycle frame or wheel of a bicycle which is standing
      adjacent to the base member, for a wide range of bicycle sizes.
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ABST
PAL  A structure for supporting hanging file folders in a file drawer. The
      structure includes a pair of wire members which are adapted to be
      installed in a file drawer in lateral spaced relation to each other. Each
      wire member includes an elongated generally straight center portion which
      receives and supports the file folders and a leg positioned at each end of
      the center portion. Each of the legs is in the shape of an inverted L and
      includes a horizontally extending portion which connects to the center
      portion of the wire member. This horizontally extending portion projects
      at right angles to the center portion. A vertical portion of each leg
      which connects to the horizontal portion of its leg is adapted to be
      inserted in supporting bosses. The supporting bosses may be formed in
      rectangular plates located at each end of the pair of wire members or may
      be formed in the end panels of the file drawer. The wire members are
      formed of stock having a transverse cross section of generally rectangular
      shape.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is concerned with a support structure for hanging file
      folders and more particularly with a support structure which can be
      shipped in a knocked down condition and which can be readily assembled at
      the point of use without the use of any tools.
PAR  An object of this invention is a support structure for hanging file folders
      which may be installed in existing file drawers without requiring
      modification of the drawers.
PAR  Another object is a support structure for hanging file folders which uses a
      minimum number of parts which can be easily assembled.
PAR  Another object is a support structure for hanging file folders which is
      made from parts of simplified design.
PAR  Another object is a support structure for hanging file folders which can
      easily be adaptable to fit into either letter or legal size file drawers.
PAR  Other objects may be found in the following specification, claims and
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated more or less diagramatically in the following
      drawings wherein:
PAR  FIG. 1 is a side elevational view of a hanging file folder support
      structure of this invention installed in a conventional file drawer;
PAR  FIG. 2 is a prospective view of one embodiment of the support structure of
      this invention;
PAR  FIG. 3 is an enlarged partial cross-sectional view of a portion of the
      support structure;
PAR  FIG. 4 is an enlarged partial view of another portion of the support
      structure; and
PAR  FIG. 5 is a partial side elevational view of a second embodiment of the
      support structure of this invention installed in a file drawer especially
      designed for this embodiment of the support structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 of the drawings shows a hanging file folder support structure 11
      constructed in accordance with the teachings of this invention installed
      in a conventional file drawer 13. As it is clearly shown in FIG. 2, the
      support structure 11 includes wire members 15 and end plates 17. Each wire
      member is formed of stock of generally rectangular cross section and
      includes an elongated generally straight center portion 19 having a leg 21
      at each end thereof. The legs are formed integrally from the same piece of
      wire stock by bending the wire to the desired configuration which in this
      instance is an inverted generally L-shaped configuration. Each leg has a
      horizontal portion 23 which connects to the center portion 19 of wire
      member and a vertically extending portion 25. The horizontal and vertical
      portions of each leg are connected by an integral curved portion 27.
PAR  In the embodiment of the invention shown in FIG. 2 of the drawings, the
      vertical portions 25 of the legs 21 fit into sets of embossed loops 31
      formed in the end plates 17. The bottom boss 33 of each set of bosses acts
      as a support for the leg while the embossed loops hold the leg in position
      against the plates. The plates 17 are formed with widths and heights
      suitable so that they can easily fit inside a standard file drawer which
      may be either letter or legal size with the end plates 17 positioned at
      the front and rear of the drawer.
PAR  A slightly modified embodiment of the invention is shown in FIG. 5 of the
      drawings. In this modification, the end plates 17 are not used. Instead,
      the vertical portions 25 of the legs 21 are inserted in embossed loops 37
      and bosses 39 formed in the end heads of the file drawer. In the file
      drawer shown in FIG. 5, the embossed loops 37 and bosses 39 on the inner
      head 41 at the front of the drawer project inwardly while the embossed
      loops 37 and bosses 39 on the head 43 at the rear of the drawer project
      outwardly. It should be understood and appreciated that the direction of
      projection of the bosses and embossed loops on the rear head 43 may be
      reversed so that they project inwardly of the drawer. The embodiment of
      the invention shown in FIG. 5 eliminates the need for the end plates 17.
      Thus, it should be apparent that the wire members 15 may be used either
      with the end plates 17 of FIG. 2 or with a specially prepared file drawer
      of the type shown in FIG. 5.
PAR  It should also be apparent that the wire members 15 and the end plates 17
      can be shipped in the knocked down or unassembled state. At the point of
      use, the plates and wire members can easily be assembled and installed in
      the file cabinet drawer. In specially constructed file cabinet drawers of
      the type shown in FIG. 5, the end plates would not be necessary since the
      wire members 15 can be inserted into the embossed loops and bosses 37 and
      39 constructed in the front and rear heads of the drawer.
CLMS
STM  I claim:
NUM  1.
PAR  1. A support structure for hanging file folders, said structure including a
      pair of separate wire members adapted to be installed in a file drawer in
      lateral spaced relation to each other,
PA1  each wire member including an elongated generally straight center portion
      which receives and supports the file folders and a leg located at each end
      of said center portion,
PA1  each of said legs having the shape of an inverted L and including a
      horizontally extending portion connected to said center portion of said
      wire member and projecting at right angles thereto and a vertical portion
      which is adapted to be inserted in supporting bosses and embossed loops.
NUM  2.
PAR  2. The support structure of claim 1 in which a generally rectangular plate
      is positioned at each end of said pair of wire members and each plate has
      sets of bosses and embossed loops which receive and support said legs.
NUM  3.
PAR  3. The support structure of claim 1 in which each of said wire member has a
      transverse cross-section of generally rectangular shape.
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ABST
PAL  A tower pivotally connected to a base mounting on a platform is movable by
      raising and lowering means between a vertical operating position and a
      substantially horizontal stored position. A turntable has its
      non-rotatable part hingedly connected to the top of the tower and a jib
      support structure including a cab is connected to the rotatable part of
      the turntable and includes jib support brackets extending above the cab to
      which a jib is pivotally mounted for luffing movement by a power means
      connected between the jib and jib support structure. And second power
      means connected between the non-rotatable part of the turntable and the
      top of the tower are operative to fold the turntable, jib support
      structure and jib 180.degree. about the hinge connection to an inoperative
      position alongside the tower when the tower is moved to the stored
      position and unfold to an operative position on top of the tower when the
      tower is moved to the vertical operating position.
PARN
PAR  This application is a division of application Ser. No. 144,199 filed May
      17, 1971, now abandoned, which in turn was a continuation-in-part of
      application Ser. No. 818,751, filed Apr. 23, 1969, now abandoned.
BSUM
PAR  The present invention relates to mobile tower cranes particularly for use
      on building sites. In the construction of tall buildings, there is a
      requirement for cranes having a tower comparable in height to the
      building, and having a jib mounted near the top of the tower and
      preferably capable of reaching out over the building.
PAR  Known mobile tower cranes are generally of the type having a mobile
      platform, for example the chassis of a carrier vehicle, and having a large
      turntable mounted directly on the mobile platform which turntable carries
      all the main structure of the crane. The turntable has a pivotal mounting
      for the base of a mast or tower allowing tilting movement of the tower
      from a horizontal travelling position to a vertical or nearly vertical
      operating position. A jib is pivotally mounted for luffing movement at the
      top of the tower, and cables are provided for luffing the jib, and also
      for staying the tower. Generally, the supporting cables are sheaved at
      positions spaced above and behind the jib pivot, having their lower ends
      attached to the turntable on the side of the tower opposite the jib. The
      turntable also supports a large counterweight which is on the side of the
      tower opposite the jib and which is associated with the lower ends of the
      cables. The whole crane structure rotates as a unit on the turntable.
PAR  In this type of mobile crane, the tower and the jib are stressed largely or
      entirely in compression and are relatively unstressed in bending, the
      forces which would otherwise cause bending of the tower and jib being
      carried by the cables. Accordingly, the tower and jib of such a crane can
      be relatively light and slender, as compared to a structure which could
      carry the same forces without resort to cables. Also, there is no need for
      firm fixing of the tower at its base, and in some designs the tower is
      merely pin-jointed at its base, and is kept upright by the cables. In
      conventional crane design, it seems to have been assumed that a tower and
      jib arrangement of this type (i.e. supported by cables) was the only
      suitable type for use in tall transportable tower cranes, due to its
      inherent lightness, and also possibly to the fact that, lacking the need
      for firm fixing at its base, the tower could readily be made tiltable for
      travelling.
PAR  These known tower cranes, although termed "mobile", in fact require
      considerable time and effort in erection and folding or dismantling, when
      moving the crane from one site to another. This is largely due to the
      requirement for cables for supporting the tower and jib and for luffing
      the jib. The many cables required have to be positioned on sheaves each
      time the crane is erected, and often become displaced and tangled when the
      crane is being transported. The fixing, sheaving, and tensioning and
      winching of these cables may occupy many man-hours during erection of the
      crane. Also, erection of such cranes always requires at least two men, one
      of whom is a rigger specialized in this work.
PAR  In addition, mobile cranes are known having a short telescopic tower
      mounted on a carrier vehicle which is fixed in the vertical position (i.e.
      which is non-tiltable), being merely telescopically collapsed for
      travelling, while remaining upright. Such cranes have a very limited
      height capability and are not of great use in the erection of tall
      buildings.
PAR  The present invention provides a crane which is much more mobile than known
      tower cranes of comparable height and which has many advantages in
      operation, and particularly in erection, which will be explained
      hereinafter.
PAR  In accordance with the present invention, a mobile tower crane comprises
      mobile platform means (for example a truck or trailer chassis) carrying in
      combination a base mounting for a tower, a tower pivotally connected to
      the mounting for tilting movement between a vertical operating position
      and a substantially horizontal travelling position in which the tower is
      supported by the mobile platform means, and raising means interconnecting
      the platform means and the tower for moving the tower between the two
      positions. This combination of base mounting, tower and raising means is
      such that the tower when in the operating position and without any bracing
      cables provides a firm support suitable for supporting a jib structure
      which is rotatable relative to the tower about the tower axis and thereby
      in operation causes bending moments to be applied to the tower in various
      different directions. The jib structure carried by the tower includes a
      jib and jib support means, the jib support means including a turntable
      mounted at the top of the tower and allowing slewing of the jib support
      means about the tower axis, the jib being connected to the tower by pivot
      means including a jib pivot carried by the jib support means to allow
      luffing movement of the jib. Also in accordance with the invention,
      luffing movement of the jib is effected by hydraulic cylinder means
      connected between the jib support means and the jib, and the pivot means
      are such as to allow the jib to be aligned with the tower for travelling.
      In addition, the crane may include jib alignment means capable of causing
      angular movement of the jib independently of operation of said hydraulic
      cylinder means, such that combined operation of said jib alignment means
      and said hydraulic cylinder means can move the jib into alignment with the
      tower for folding the crane. Preferably, said jib alignment means is
      arranged to alter the relative dispositions of the tower, the jib pivot
      and an end of the jib luffing cylinder to cause the angular movement of
      the jib. The means for raising the tower, and the jib alignment means, are
      preferably also both hydraulic.
PAR  Preferably, the jib comprises at least two telescoping sections, and
      hydraulic cylinder means for telescoping the said sections. The term "jib"
      will be understood to mean a projecting arm of any suitable form, and
      includes what is known in the crane art as a boom.
PAR  An important feature of the invention is the combination of a tiltable
      tower which when erected does not need to be supported by cables, with a
      jib which is arranged to be luffed by hydraulic cylinder means, and which
      can also be folded alongside the tower preferably by hydraulic means
      operable to cause pivotal movement of the jib about said pivot means
      between a folded position in alignment with the tower and an operative
      position in which the jib forms an angle of the order of 90.degree. with
      the tower axis. This arrangement allows the crane to be folded rapidly and
      compactly, all under hydraulic control. Also, both the jib and the tower
      may be made telescopic, in which case retraction of the telescopic jib and
      the tower would be the first operation on folding the crane. All the
      movements described are preferably controlled hydraulically, so that no
      cables are required for any of these movements. Also, the tower and its
      mounting arrangement, and the means for supporting and moving the jib, are
      such that no cables are required for staying the tower or supporting the
      jib, and in the preferred embodiment the only cable required for the crane
      is that which is attached to the crane hook. The crane may thus be erected
      entirely by hydraulic means (apart from certain fixing operations), under
      push button control.
PAR  Another advantage of the crane in accordance with the invention is that, as
      compared to known mobile tower cranes, a much smaller turntable can be
      used, since this has only to support the weight of the jib, and generally
      a counterweight, but does not have to support the whole weight of the
      tower.
PAR  It must be particularly noted that the tower of the crane in accordance
      with this invention is very different from the towers of known mobile
      cranes at least those having towers of substantial height. Instead of
      being a slender tower, stressed almost entirely in compression and stayed
      by cables, it is a rigid tower, providing a firm support for the jib
      structure which is rotatable about the tower axis and which therefore
      subjects the tower to bending stress in various directions depending on
      the position of the jib around the tower. To Applicant's knowledge, rigid
      towers which provide a firm support in this way have hitherto only been
      used in tower cranes which are not mobile tower cranes in the sense used
      herein, but wherein the base of the tower is fixed to a ground anchorage
      or to a building, or is carried by a rail mounted trolley. Although such
      cranes may be transportable in the sense of being capable of being
      dismantled for transportation, the dismantling and erection times of such
      cranes are very considerable, and these cranes cannot therefore be
      considered as being mobile cranes.
PAR  The jib alignment means is arranged to move between an operating position
      and a folded position. In the said operating position the jib luffing
      cylinder is capable of luffing the jib in the normal operating range
      between a raised position above the top of the tower and a lowered
      position in which the jib forms a substantial angle of the order of
      90.degree. or somewhat less with the tower axis. In the folded position of
      the jib alignment means the jib luffing cylinder is capable of aligning
      the jib with the tower axis.
PAR  The pivot means connecting the jib to the tower preferably includes a
      pivotal connection between the tower and a part of the jib support means,
      so that the jib alignment means forms a tiltable unit at the top of the
      tower comprising at least a part of the jib support means, tilting of this
      unit altering the relative disposition of the jib pivot and the jib
      luffing cylinder to the tower. The tiltable unit may be of two different
      forms. In a first embodiment the tiltable unit comprises a top section of
      the tower, and this top section is movable by a gear ring and pinion
      arrangement through an angle considerably greater than 90.degree. and
      preferably about 180.degree., between an operating position in which the
      unit forms an extension of the tower and a folded position in which the
      unit lies alongside the tower, and thereby effectively shortens the tower
      for travelling. In this embodiment the jib is aligned with the tower by
      firstly raising the jib to a position vertically above the tower (with the
      tiltable unit in its operating position), and then pivoting the tiltable
      unit through 180.degree. until the tiltable unit and the jib lie alongside
      the tower. Since the tiltable unit of this embodiment lies alongside the
      tower when folded, it may be of fairly substantial length, and may for
      example include a crane operator's cab.
PAR  In the first embodiment just described, the jib alignment means (which is
      the tiltable unit) is arranged to cause angular movement of the jib
      through 180.degree.. In new embodiments to be described, the jib alignment
      means is arranged only to cause movement of the jib through a folding
      angle equivalent to the substantial angle (of the order of 90.degree. or
      somewhat less, say between 60.degree. and 90.degree.) between the jib in
      its lowermost normal operating position and the tower. Thus where in these
      new embodiments, the jib alignment means is a tiltable unit, as is
      preferred, the tiltable unit is only required to move through this folding
      angle, and may be movable in this manner by a hydraulic cylinder, no gear
      ring being required. In these new embodiments, the relationship of the
      pivotal mounting for the tiltable unit to the jib pivot is such that the
      jib lies close to the tower when the tiltable unit is in its folded
      position. This would not be the case if the top section shown in the first
      embodiment of crane were to be rotated through an angle of much less than
      180.degree., since the jib pivot would then be displaced well to the side
      of the tower. In this connection, the term "close to the tower" includes
      the case where parts of the jib are in contact with the tower, and aligned
      therewith, and where the jib is spaced from the tower by a small amount
      for example in relation to the width of the tower.
PAR  An advantage of the arrangement using the tiltable unit, as compared to
      other possible methods of altering the relationship between the jib pivot
      and an end of the jib luffing cylinder, is that by the use of the tilting
      unit the jib pivot is brought forwards during folding with respect to the
      tower axis, i.e. is moved relative to the tower axis towards the side of
      the tower on which the jib is to be folded. Accordingly, it is possible
      for the jib pivot to be fairly near the axis of the jib, which would not
      be possible if it were required to fold the jib along the tower by
      rotation about a jib pivot which remained located near the tower axis.
      Also, in accordance with the new embodiments of my invention, with the
      tiltable unit in the operating position the jib pivot is behind the tower
      axis with respect to the outer end of the jib, and with the tiltable unit
      in the folded position the jib pivot is well in front of the tower axis
      and is preferably approximately in line with or in front of the front of
      the tower. The arrangement wherein, in the operating position, the jib
      pivot is behind the tower axis is advantageous in that most of the weight
      of the jib support means, in this operating position, is concentrated
      behind the tower axis, so partially counterbalancing the weight of the
      jib.
PAR  In addition, counterweight means are also preferably mounted on the rear
      side of the jib support means, preferably behind the jib pivot. The
      counterweight may be mounted on means which allow the counterweight to be
      extended and retracted relative to the tower axis by hydraulic means.
PAR  Another advantage of a tiltable unit is that this can be arranged so that
      the counterweight, and the main part of the jib support bracket, are
      raised relative to the tower axis when this is in the folded position, so
      that these parts do not interfere with folding of the tower. The tiltable
      unit can thus be arranged to extend over raised parts of the carrier,
      including for example the "goose neck" of a trailer. In one particular
      arrangement, the base of the tower is pivotally connected at its base to
      the rear end of mobile platform means in the form of a carrier such as a
      truck or trailer, and the tiltable unit is arranged to extend over the cab
      of the carrier when the crane is in the folded position.
PAR  The tower is preferably a lattice-type structure, of the type generally
      known in non-mobile tower cranes referred to. The tower may comprise two
      telescoping portions, hydraulic means being provided for causing relative
      movement of these portions and so altering the height of the tower. The
      preferred hydraulic means is a single multi-section telescoping hydraulic
      cylinder extending up the tower. However, for cranes of relatively low
      tower height, a rack and pinion mechanism for raising the tower may be
      preferred.
PAR  The new embodiments of crane described herein also have new folding
      arrangements which are advantageous from a space saving point of view.
      Thus, in accordance with a further aspect of the invention, a crane of the
      type described has a tower comprising a plurality of telescoping sections
      of which the lowermost section is the shortest section, and wherein the
      means for causing telescoping movement of said sections is such that when
      the tower has been laid substantially horizontal for travelling, the inner
      upper tower section or sections can be moved within the lower, outer tower
      section, so that portions of the upper section or sections project through
      the base of the lowermost section. This enables more space on the carrier
      to be utilized, as will be apparent from the following description.
PAR  A particularly advantageous arrangement from the space saving point of view
      is a sloping arrangement in which part of the tower projects over the top
      of the cab when the crane is folded. This is achieved in accordance with a
      further aspect of the invention by providing a crane having a tower
      comprising an outer member surrounding one or more tower sections slidable
      therein, said outer member being shorter than at least one of said tower
      sections, and wherein the tower is tiltably mounted on a raised mounting
      carried by the carrier vehicle, i.e. the mobile platform means, means
      being provided for causing sliding movement of said section or sections
      within said outer member such that when the tower is substantially
      horizontal a tower section or sections can be moved within said member so
      that its base projects well beyond said member and beyond said raised
      mounting, whereby in the travelling position of the tower a part of said
      section projects above a driver's cab forming a part of or linked to the
      carrier. Said outer member may be the base section of a telescopic tower.
      In a preferred arrangement, the tower is arranged to tilt down towards the
      rear end of the carrier, and in the travelling position of the tower the
      base portion of a section or sections of the tower projects above the
      driver's cab, the tower being sloped in the travelling position so that
      the tops of the tower sections are below the bases of the sections. The
      term "substantially horizontal" will be understood to include such a
      sloping arrangement.
PAR  A further advantageous space saving arrangement in accordance with yet
      another aspect of the invention includes a raised mounting on the carrier,
      said mounting being in the form of a bracket including two spaced apart
      plates, capable of accommodating between them part of the lower section of
      the tower, said bracket carrying a raised pivot for the tower which pivot
      is on the side of the bracket remote from the side on which the main part
      at least of the tower (and including the lowermost section of the tower)
      lies when in the travelling position. Accordingly, the height of the tower
      when raised includes the height of the bracket, up to the tower pivot.
PAR  The towers of my latest design of crane include three or more tower
      sections. In order to achieve good rigidity with towers having three or
      more tower sections, it is preferable for the tower sections to be
      provided with clamping means, such as hydraulically actuated plates
      mounted on one tower section and which clamp and firmly hold parts of an
      adjacent tower section, when the tower has been erected.
PAR  In order to increase the lifting capacity of my patented cranes, the
      carrier may be provided with areas near to the base mounting of the tower
      which may be suitably reinforced and which are capable of receiving
      counterweights for stabilizing the crane when erected.
PAR  In accordance with yet another aspect of this invention, a crane is mounted
      on mobile platform means provided with both crawler tracks and road
      wheels, and means are provided for causing relative vertical movement
      between the crawler tracks and the road wheels so that these can be
      selectively placed in contact with the ground or road. In a preferred
      arrangement, the rear chassis portion of the carrier (e.g. a semi-trailer)
      is pivotally connected to the main part of the carrier chassis for pivotal
      movement in the vertical plane. The main part of the carrier chassis has
      crawler tracks near to its rear end, and the pivotal portion has road
      wheels, and hydraulic means are provided for pivotally moving the pivotal
      portion from a raised position in which the road wheels are raised clear
      of a surface engaged by the crawler tracks, to a lowered position in which
      the road wheels contact the ground, movement of the pivotal portion to
      this lowered position also causing the tracks to be raised from the
      surface contacted by the road wheels.
DRWD
PAR  Preferred embodiments in accordance with the invention will now be
      described by way of example with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 shows a side elevation of a first embodiment of tower crane in
      erected condition, mounted on a semi-trailer;
PAR  FIG. 2 is a side elevation of the same crane folded into its travelling
      condition, and with the trailer prepared for travelling;
PAR  FIG. 3 is a perspective view of the top portion of the tower of the first
      embodiment showing the cab mounting arrangement;
PAR  FIG. 4 is a perspective view of the base of the tower of the first
      embodiment;
PAR  FIGS. 5 and 6 are respectively a longitudinal section and a cross-section
      of the jib;
PAR  FIG. 7 shows a side elevation of a second embodiment of a crane in
      accordance with the invention, in the erected condition,
PAR  FIG. 8 shows a similar view of the second embodiment of crane in the
      travelling condition,
PAR  FIGS. 9 and 10 show detail side views of the jib support means of the crane
      of FIGS. 7 and 8, in the operative and folded conditions respectively,
PAR  FIGS. 11 and 12 show side elevations of a third embodiment of a crane in
      the erected and travelling conditions, respectively,
PAR  FIGS. 13 and 14 show detail side views of the jib support means of the
      crane of FIGS. 5 and 6 in the operative and folded conditions,
      respectively.
PAR  FIG. 15 shows a side elevation of a fourth embodiment of crane, in
      travelling condition,
PAR  FIG. 16 shows an end view of the crane of FIG. 15, in the travelling
      condition,
PAR  FIG. 17 shows the main parts of the crane of FIG. 15, in the operative
      condition,
PAR  FIG. 18 shows a top plan view of the crane of FIG. 15 in the operative
      condition, and
PAR  FIG. 19 shows a side view of a fifth embodiment of crane in the folded
      condition.
DETD
PAR  Referring to FIGS. 1 to 6, the crane is shown supported on a mobile
      platform 10, which is constituted by the trailer portion of an articulated
      vehicle, the cab portion of which is shown in FIG. 2. The trailer 10 has a
      road wheels 11, and three outriggers 12 on each side which engage the
      ground to support the trailer while the crane is in use. The outriggers
      are pivotally mounted beneath the trainer on vertical axes so that they
      can be swung outwardly from the sides of the trailer, as shown in FIG. 4.
      The outriggers have screw jacks 14 at their outer ends with pads 14a for
      engaging the ground. When the jacks engage with the ground, the outriggers
      provide adequate stability for the crane which does not normally require
      any other stabilizing means such as guy-wires.
PAR  A tower 20 is mounted on trailer 10, the base of the tower resting on a
      reinforced pad 21 and being pivotally connected at the side thereof
      nearest the front of the trailer by hinge pins 22. The tower is tiltable
      between the erected, operative position shown in FIG. 1 to the horizontal
      travelling position on the trailer shown in FIG. 2, in which latter
      position the tower is wholly supported by the platform 10. Tilting
      movement of the tower is effected by two double acting hydraulic rams 24
      which are connected at one end to fixed points on the trailer chassis and
      which pass one on each side of the tower and connect to a horizontal bar
      25 firmly secured to the side of the tower facing the rear of the trailer.
      When the tower has been raised to its vertical position by rams 24, it is
      held in this position either by maintaining suitable pressure within the
      rams, or by fixing the base of the tower to pad 21 by known means such as
      latches, or bolts inserted through corresponding bolt holes in the pad and
      tower base.
PAR  The tower is a lattice type structure of form known for non-mobile tower
      cranes, having box beam corner members and tubular cross bracing members.
      Also, the tower is of known telescopic form, incorporating uppe (inner)
      and lower (outer) telescoping portions 30 and 31 respectively, and
      raisable by means of a known hydraulic climbing mechanism 32. This
      climbing mechanism is mounted in the upper telescoping portion, and
      includes two cross members 33 and 34, the upper member 33 being rigidly
      attached to the base of the upper tower portion, and being connected by
      hydraulic ram 35 to the lower cross member 34. Both cross members have at
      their ends automatic latching lugs which engage on two reinforced ladder
      members 36 on opposite sides of the outer or lower tower portion. With the
      lugs of member 34 engaging rungs of the ladder members 36, the ram 35 is
      extended to raise the member 33 and with it the upper tower portion, until
      the latches of member 33 engage on rungs of the ladder. The ram 35 is then
      retracted until the latches of member 34 engage on a higher rung, and the
      procedure is then repeated so raising the upper tower portion.
PAR  As best seen in FIG. 3, the top of the tower is constituted by a reinforced
      plate 45, on which rests a box-like platform 46 carrying the lower portion
      47 of a large diameter ball bearing. The upper portion of this bearing
      forms a turntable 48 to which is fixed the base of an operator's cab 40.
      The cab contains a hydraulic motor geared to a gear ring attached to the
      platform 46, by means of which the turntable and cab are rotated for
      slewing the jib.
PAR  The platform 46 is pivotally attached to the top of the tower 20 by means
      of hinge pins 41 passing through lugs attached to platform 46 and further
      lugs attached to the tower at the side thereof facing the rear of the
      trailer. Pivotal movement of the cab in the vertical plane is effected by
      a pinion 42 driven by a hydraulic motor within platform 46, which pinion
      engages with the internal teeth of a gear ring 43 attached to the top of
      the tower. The arrangement enables the platform 46 with the turntable and
      cab to be pivoted about hinge pins 41 through approximately 180.degree. of
      movement, between an operating position in which the cab forms an
      extension of the tower, and a travelling position, shown in FIG. 2, in
      which the cab lies alongside the tower. Locking means are provided for
      securing the platform 46 in its operating position on the tower.
PAR  The top of cab 40 is constituted by a heavy plate member on which is
      mounted a bracket having two side plates 49. These side plates carry
      between them a horizontal pivot supporting a jib 50 and allowing for
      vertical pivoting (i.e. luffing) movement thereof. This luffing movement
      is effected by a hydraulic ram 51 connected between a pivot point on the
      jib near to the inner end thereof and to the base of bracket 49.
PAR  It will be noted that, since the jib structure including the cab 40, the
      bracket 49, and the jib 50, rotates about the tower axis on the turntable,
      in operation the tower is subject to bending stresses in various
      directions, as the jib rotates around the tower carrying a load. It is
      evident therefore that the combination of the tower and its base mounting,
      and the means used to hold the tower in the vertical position, must be
      designed to resist such bending stresses, and to provide a firm support
      for the jib structure. Accordingly, the tower itself is similar to those
      used in the previously described non-mobile cranes, rather than the towers
      used in conventional mobile cranes which cannot withstand substantial
      bending forces without being held by stays, and which rotate with the jib.
PAR  The jib 50, which is shown in detail in FIGS. 5 and 6, comprises three
      telescoping sections, 50a, 50b, and 50c respectively. These sections are
      of hollow box-type construction, the side plates of which are apertured
      for lightness. Each of the sections 50a and 50b has internal wear plates
      55 acting as guides for the plates of the next section telescoping
      therein. In addition, support pads 56 are provided near the outer ends of
      the sections 50a and 50b, which provide strong support means for the ends
      of the next outer sections when these are in the extended position shown.
      These support pads 56 are of such thickness as to be clear of the adjacent
      surfaces of the respective top and bottom plates when the jib is being
      extended under no-load conditions and the sections are moving on rollers
      54, but as soon as the jib is loaded to any substantial extent deflection
      occurs in the rollers to bring the top and bottom plates of the sections
      into contact with these support pads 56.
PAR  The jib sections are extendible and retractable by longitudinally extending
      hydraulic cylinders 57 and 58 within and attached to the sections 50a and
      50b, the piston rod of each hydraulic cylinder being connected to the next
      outer section. Thus the piston rod of the cylinder 57 within section 50a
      controls section 50b, and the piston rod of the cylinder 58 within section
      50b controls section 50c.
PAR  A cable winch 60 is mounted on bracket 61 on the top of the inner jib
      section 50a, and this winch is driven via gearing by motor 62. Cable 63
      passes from the winch drum through guides along the top of the jib to a
      pulley 65 at the outer end of section 50c, and finally to a hook 66. The
      winch motor is controlled from within the cab to raise or lower the crane
      hook in accordance with known practice.
PAR  The cab 40 has attachment points 70 fixed to the four corners of the rear
      of the cab, for attachment of a counterweight support frame 72 shown in
      FIG. 1. This support frame has main members 73, the inner ends of which
      engage in attachment points 70, being held by removable pins. The upper
      horizontal frame members carry an `A` frame 75 supporting a pulley 76. The
      outer end of the support frame is formed with an aperture through which a
      counterweight 77 can be raised by a cable passing over pulley 76, and
      holding means such as slidable bars are provided to extend across this
      aperture and support the counterweight when in position as shown in FIG.
      1.
PAR  The hydraulic supply for the tower raising rams 24, the tower climbing
      mechanism, and the jib movement, is provided for by a pump and drive motor
      contained in a power unit 80 mounted at the rear of the trailer. This
      power unit also has control gear in particular related to those functions
      not controlled from the cab, i.e. the raising and lowering of the tower,
      and the vertical pivoting movement of the cab 40 on the tower and the
      pivoting of the tower for folding this onto the platform.
PAR  When erected as shown in FIG. 1, the crane is operated from the cab 40 in
      accordance with normal practice for tower cranes. The jib performs all the
      usual motions of a luffing-type crane jib, with the additional telescoping
      motion controlled by the hydraulic means described.
PAR  When it is required to prepare the crane for movement to a different site,
      the counterweight is first lowered, with the cab swung around so that the
      counterweight can be positioned on a suitable part of the trailer, or on a
      separate vehicle. In this operation, the jib is first raised to near its
      vertical position, and the cable 63 is run out so that this may be sheaved
      under a pulley within bracket 49 (not shown) and over the pulley 76, hook
      66 being then attached to the counterweight. Winch 60 is operated to raise
      the counterweight slightly to allow the removal of the holding means from
      under the counterweight, and then operated in reverse manner to lower the
      counterweight through the frame 72.
PAR  After the removal of the counterweight, the hydraulic climbing mechanism 32
      is operated to cause the upper tower portion 30 to telescope within the
      lower portion 31 to reduce the tower to the minimum height. With the jib
      50 raised to a position above the cab, the rams 24 are then operated to
      lower the tower structure onto the platform 10. The motor geared to pinion
      42 is then operated to raise the cab and the jib to a position just above
      centre, at which position the jib cable and hook 66 can be used for
      supporting the frame 72 while this is removed by extraction of the holding
      pins 70. With the frame 72 stowed separately, the cab 40 is then folded
      completely horizontally against the top section of the tower so that the
      crane assumes the travelling position shown in FIG. 2. With the motor
      driven cab section attached to the trailer as shown, the outriggers 12 are
      raised to allow the whole unit to move.
PAR  The movements described above are all interlocked in sequence to prevent
      the rams 24 being operated while the tower is extended or while jib 50 is
      not properly positioned, and also to prevent the cab from being folded
      until the tower has been lowered onto the platform.
PAR  Erection of the crane to the operating position is effected by reversing
      the above sequence of operations, interlocks also being provided to ensure
      that the operations are correctly sequenced.
PAR  As an alternative to using the jib cable 63 for lowering and raising the
      counterweight, a separate winch may be provided near the rear end of the
      jib, having a cable passing over pulley 76 and permanently attached to the
      counterweight, and this latter which may be operated by the same motor 62
      as operates winch 60.
PAR  It will be seen that the crane as described is readily mobile and versatile
      due to the extendibility of both the tower and the jib. The extendible jib
      allows loads to be manoeuvred close to the tower with the jib retracted
      and without the jib being canted up at a steep angle, so that swinging of
      the load at the end of the cable is minimized.
PAR  When it is required to raise very heavy loads, the jib may be supported by
      cables extending from an A frame erected on top of the cab. This A frame
      may be lifted into position by the jib itself.
PAR  In the first embodiment of crane described above, the tiltable unit
      comprising the turntable 48, the cab 40, and the jib support bracket 49,
      is tiltable through an angle of 180.degree. by the gear ring 43. This is
      necessary since the jib pivot is spaced well above the pivotal connection
      between the tiltable unit and the tower, so that with tilting movement of
      much less than 180.degree. the jib could not be aligned closely with the
      tower. This arrangement has the drawback that the tilting movement of
      180.degree. or thereabouts cannot be achieved with a single hydraulic
      cylinder. In accordance with my new embodiments of crane, this drawback is
      avoided by using jib folding means in the form of a tiltable unit carrying
      the jib pivot in which the pivotal mounting for the tiltable unit is
      relatively close to the jib pivot, so that the jib can lie close to the
      tower when the tiltable unit has been rotated to a folded position which
      is displaced about 90.degree. from the operating position. The tiltable
      unit is thus rotatable through a folding angle of about 90.degree.  or
      less to align the jib with the tower, and this folding angle need be no
      more than the angle between the jib and the tower when the jib is in its
      lowermost normal operating position; accordingly movement of the tiltable
      unit can be achieved by a single hydraulic cylinder.
PAR  The new embodiments of cranes also have new folding arrangements, and other
      new features described below.
PAR  Referring now to FIGS. 7 to 11, these show a readily mobile tower crane
      supported on mobile platform means in the form of a truck having a unitary
      chassis 110 supported by front and rear pairs of steerable crawler tracks
      111. The chassis is also provided with outriggers 112, for engaging the
      ground and supporting the chassis firmly when the crane is in use. The
      outriggers are pivotally mounted on the chassis for swinging movement
      about a vertical axis, and are provided with hydraulically operated ground
      engaging pads 112a.
PAR  Near to the front of the chassis, behind the driver's cab, there is
      provided a base mounting 113 for the tower 114 of the crane. The base
      mounting 113 includes a reinforced portion of chassis arranged to support
      the base of the tower when erected, and pivot means 115 connecting the
      base of the tower to the mounting. The pivot means 115 comprise hinge pins
      which pass through upstanding lugs 115' fixed to the chassis, and through
      holes in plate members 116 which are firmly fixed to each lateral side of
      the base of the tower. The base mounting also inclues lugs 117, near to
      the driver's cab, which have bolt holes which become aligned with further
      bolt holes 118 in the plate member 116 when the tower is raised to its
      vertical operating position, and the tower may be fixed in this vertical
      position by inserting bolts through corresponding holes 118 and those in
      the lugs 117. The tower is tiltable between the horizontal travelling
      position of FIG. 8 and the vertical operating position of FIG. 7 by
      raising means comprising two double acting hydraulic rams 120, arranged
      one at each side of the tower. The rams are connected between lugs 121 on
      the chassis to the rear of the mounting 113, and further hinge pins 122
      carried by an extension of the plates 116. The arrangement is such that
      extension of the rams 120 raises the tower to the vertical position by
      pivoting this about the pivot means 115.
PAR  The tower is of lattice type structure of a type generally known for
      non-mobile tower cranes which are normally fixed in position and which
      carry a turntable at their upper ends. The tower has box beam corner
      members and tubular bracing members. The tower is of telescopic form,
      incorporating a lower, outer section 125, and an inner upper section 126,
      and these sections are slidably arranged in a manner known in the art.
      Sliding movement is effected by a rack and pinion arrangement, including a
      hydraulically operated motor attached to the lower section 125 near to its
      upper end, and driving a pinion which cooperates with a rack extending
      along the upper section 126.
PAR  It will be noted that the upper section 126 is somewhat longer than lower
      section 125. During folding of the crane, the upper section 126 is firstly
      retracted within the lower section while the tower is still vertical,
      until the base of the upper section is adjacent that of the lower section.
      After the tower has been lowered to the horizontal position by rams 120,
      the upper section 126 can be slid further within the section 125 to the
      position shown in FIG. 8, in which the upper ends of the two sections are
      adjacent and the lower end of section 126 projects beyond that of section
      125, thus projecting over the area of the base mounting 113 and thereby
      utilizing space on the vehicle which would otherwise be wasted.
PAR  The top portion of the tower section 126, as shown in detail in FIGS. 9 and
      10 incorporates a cab 130, and the jib structure including the jib support
      means with which the present invention is primarily concerned are mounted
      on top of this cab. The jib support means includes a plate 132 forming the
      roof of the cab and which carries the lower portion of a large diameter
      ball bearing 133. The upper portion of this bearing forms a turntable for
      the rotatable part of the jib support means, and the cab includes a
      hydraulically operated motor for rotating the turntable and thus slewing
      the jib. The turntable carries a fixed support plate 135, and the
      remainder of the jib support means is constituted by a tiltable unit 136
      which is carried by a tiltable support plate 137 pivotally mounted on the
      support plate 135. The pivotal mounting for the tiltable unit 136 is
      constituted by hinge means 138 which connect brackets on one side of the
      fixed plate 135 (hereinafter termed the front side) with similar brackets
      on the front side of the tiltable support plate 137. Similar brackets 140
      and 141 are provided on the rear side of the plates 135 and 137, and these
      latter brackets have holes which are aligned when the tiltable unit is in
      the operating position as shown in FIG. 7, so that the tiltable unit can
      be locked in this operating position by insertion of suitable bolts
      through the holes in these brackets.
PAR  The tiltable support plate 137 carries a jib mounting bracket 143 including
      heavy side plates defining a recess for the inner end of a jib 144, and
      carrying bearing means for a jib pivot 145 on which the jib is mounted.
      The jib projects outwardly over the front side of the jib support means,
      and the jib pivot 145 is such as to allow luffing movement of the jib, and
      is positioned to the rear of the tower axis, being behind the plane of the
      rear face of the tower. A pair of jib luffing cylinders 147 are provided
      each having one end connected to a bracket on the top of the jib and the
      other end connected to the jib mounting bracket 143 at a point near to the
      pivot mounting 138 of the tiltable unit. The jib luffing cylinders 147 are
      dimensioned and arranged so that, with the tiltable unit in the operating
      position, the cylinders 147 can cause luffing movement of the jib between
      a raised position about 30.degree. below the horizontal.
PAR  The jib 144 itself is a three section telescoping jib, which includes
      hydraulic cylinder means operable to cause telescoping movement of the
      sections. The jib may be of the type described in my aforesaid Canadian
      patent, or may be other similar types of jib known in the hydraulic crane
      art. It will be noted that the proportions of the tower and the jib are
      such that the majority of the height of the crane hook is provided for by
      the tower, the jib when extended being shorter than the tower when
      extended.
PAR  The jib mounting bracket also carries a pivot mounting 150 for the outer
      end of a second hydraulic cylinder 151, the piston rod end of which is
      connected to a lug 152 on the rear of the side of the fixed plate 135.
      This second hydraulic cylinder 151 is dimensioned and arranged so that,
      with the bolt means connecting the brackets 140 and 141 removed, the
      cylinder 151 can be used to tilt the tiltable unit 136 about pivot
      mounting 138 from the operative position shown in FIG. 9 to the folded
      position shown in FIG. 10. This movement involves a tilting of the unit
      136 through a folding angle of about 60.degree., or at least equivalent to
      the substantial angle between the tower axis and the jib when the unit 136
      is in its operating position and when the cylinder is retracted to bring
      the jib 144 to its lowered position. Accordingly, with the turntable so
      positioned that the jib is at the front side of the tower in relation to
      the vehicle (i.e. the top side of the tower when folded), the jib may be
      folded alongside the tower by firstly operating the hydraulic cylinder 147
      to bring the jib down to its lowermost operating position, and then
      operating the second hydraulic cylinder 151 to tilt the unit 136 through
      about 60.degree. and to bring the jib into alignment with the tower, as
      shown in FIG. 10.
PAR  It will be seen that the relationship between the jib pivot 145 and the jib
      itself, as well as the positions of the pivot mounting 138 and the amount
      of tilting movement given by cylinder 151, are such that in the folded
      position the jib lies closely alongside the front of the tower, so that in
      the folded position of FIG. 8 the height of the crane is at a minimum.
PAR  Also, it may be noted that in the operating position, the jib pivot 145,
      and therefore the main weight of the jib mounting bracket 143, is behind
      the tower axis, so that the bracket 143 itself forms a partial
      counterweight for the jib. In addition, however, a further heavy
      counterweight 154 is provided, fixed to the rear end of the bracket 143.
      The provision of fixed counterweight means significantly reduces the
      erection time for the crane as compared to that required for the erection
      of the crane shown in FIGS. 1 to 6, which showed a removable counterweight
      and counterweight support frame which had to be fixed in place during the
      erection of the crane.
PAR  The tilting of the unit 136 from the operative position to the folded
      position moves the jib pivot 145 forwards from the position behind the
      tower axis to a position in front of the tower axis. The fact that the jib
      pivot moves in this way simplifies construction of the jib, since it means
      that in order for the jib to be foldable alongside the tower it is not
      necessary for the jib pivot to be offset to a large extent from the jib
      axis.
PAR  The jib 144 has a cable winch recessed therein at its inner end near to the
      jib pivot, which is connected to the crane hook cable 160. This is in
      accordance with usual hydraulic crane construction.
PAR  Erection of the crane as described is very simple. Firstly, when a suitable
      site has been chosen, and beginning with the crane in the travelling
      position of FIG. 8, the outriggers 112 are positioned to give firm support
      for the chassis 110. Next, the hydraulic motor connected to the tower
      telescoping rack and pinion mechanism is operated to move the upper tower
      section 126 a short distance towards the rear of the vehicle, until the
      base of the upper section passes through the base of the lower section
      125. Next, the rams 120 are operated to raise the tower to the vertical
      operating position, and the tower is secured in this position by bolts
      passed through lugs 117 and holes 118. The ram 151 is then operated to
      tilt the unit 136 to the operating position of FIG. 7, bringing the jib to
      its lowermost normal operating position. The hydraulically powered rack
      and pin mechanism is again operated to raise the tower to the required
      height, and the tower sections are then locked together by means known in
      the art. The crane operator then climbs a ladder provided (not shown), and
      after entering the cab 130 secures the tiltable unit 136 by inserting
      bolts through holes in the brackets 140 and 141. The crane is then ready
      for operation. The estimated erection time for this crane is less than 10
      minutes.
PAR  A crane having a tilting top similar to that of FIGS. 7 to 10 may also have
      a cab which, instead of being fixed in the tower, is rotatable with the
      jib. One rotatable cab arrangement is shown in the embodiment of crane
      shown in FIGS. 11 to 14, which also differs from the crane just described
      in other significant respects, in particular the manner in which the tower
      is folded to allow use of a minimum length of vehicle in relation to tower
      height.
PAR  The crane shown in FIGS. 1 to 14 has many parts similar to corresponding
      parts of the crane described with reference to FIGS. 7 to 10, and these
      parts are shown by the same reference numerals but with the suffix a.
      These include mobile platform means in the form of a vehicle having a
      unitary chassis 110a on which the crane structure is mounted. The chassis
      110a carries, behind the vehicle cab, a mounting 110a raised above the
      vehicle chassis. This mounting comprises a short tower section 170 similar
      in height to the vehicle cab and which carries a bracket consisting of two
      side plates 171 of triangular form the top ends of which carry bearings
      for pivot means 115a. The lower section 125a of the tower has two side
      plates 116a attached to the lateral sides of its base, and these plates
      116a have lugs 116b pivotally connected by pivot means 115a to the bracket
      plates 171 thus allowing tilting movement of the tower about pivot means
      115a, the plates 171 being spaced apart sufficiently to allow the lower
      tower section to move therebetween. The plates 171 also have lugs 172
      which have bolt holes which are aligned with bolt holes 173 in the plates
      116a when the tower is erected as shown in FIG. 11, so that the tower can
      be held in the erected position by inserting bolts through these bolt
      holes. Rams 120a are provided for tiltably moving the tower between the
      slightly sloping travelling position of FIG. 12 and the vertical erected
      position of FIG. 11. A rest 174 is provided to the rear of mounting 113a
      for supporting the rear of the tower when in the travelling position. It
      will be noted that the use of the raised mounting 113a serves two
      purposes; firstly it increases the tower operating height by an amount
      equivalent to the height of the mounting up to the pivot means 115a, and
      secondly it allows the use of a special sloping arrangement (to be
      described) in which part of the tower is above the cab.
PAR  The tower comprises two telescoping sections 125a and 126a, generally
      similar to the sections of the crane described above and telescopingly
      movable by similar means, but with the upper section 126a being much
      longer than the lower section 125a, in fact being nearly twice the length
      of this lower section. The difference in length between the upper and
      lower sections is greater than the distance separating the mounting 113a
      and the rear of the vehicle cab. When the tower is being folded, it is
      first telescoped downwards while erect, until the base of upper section
      126a is adjacent that of lower section 125a, and the tower is then tilted
      down to a position in which the tops of the tower sections (i.e. the upper
      ends in the erected position) are below the bases of the sections. The
      telescoping of the tower is then resumed until the base of the upper tower
      section 126a comes above the cab of the vehicle, as shown in FIG. 12, and
      in which the tops of the tower sections are adjacent each other.
PAR  It will be seen that this modified arrangement allows utilization of the
      space above the vehicle cab for accommodating the folded tower, and
      therefore allows the folded crane and vehicle combination (for a given
      tower height) to be shorter, although higher, than with the configuration
      of FIG. 8.
PAR  The top of the tower carries the lower part of a ball bearing 113a, the
      upper part of which bearing forms a turntable supporting a fixed support
      plate 135a. Plate 135a carries a tiltable support plate 137a hingedly
      attached thereto at 138a, this support plate 137a carrying the tiltable
      unit 136a. Brackets 140a and 141a are provided on the respective support
      plates 135a and 137a and these brackets have bolt holes which are in
      alignment with each other in the operating position of the unit 136a, as
      shown in FIGS. 11 and 13, so that the tiltable unit can be fixed in the
      operating position by inserting bolts through these bolt holes.
PAR  The tiltable unit 136a includes a jib mounting bracket 143a generally
      similar to that of FIGS. 7 to 10, except in that this extends further
      rearwardly, so that the counterweight 154a is displaced further from the
      tower axis. The arrangement of the jib luffing cylinders 147a and the
      cylinder 151 which tilts the unit 136a are also arranged in similar manner
      to those of FIGS. 7 to 10. In this embodiment, however, both the cylinders
      147a and 151a are arranged to give about the same degree of pivotal
      movements to their respective parts, i.e. the angle through which the
      cylinders 147a are capable of moving the jib 144a between its uppermost
      and lowermost positions is roughly equivalent to the angle through which
      the tiltable unit 136a is tilted between its operating and folded
      positions, both these angles being around 85.degree..
PAR  The main difference between the modified arrangement of FIGS. 11 to 14
      however, and FIGS. 7 to 10, lies in the arrangement of the cab, this cab
      175 being mounted on a forwards extension of the plate 137a and to one
      side of the path of movement of the jib 144a. The arrangement is such that
      in the lowered position of the jib, for example as in FIG. 12, the jib
      lies alongside the cab. Clearly, in this arrangement, the cab is not a
      structural part required to carry any bending stress.
PAR  Another feature of the embodiment of FIGS. 11 to 14 is the provision of an
      engine 176, which is also mounted on an extension of the plate 137a, this
      extension being on the opposite side to the jib from the cab 175, and
      central in the fore and aft direction. This engine is connected to a
      hydraulic pump, which is capable of supplying power for the hydraulic
      movements of the jib.
PAR  Operation of the crane as shown in FIGS. 11 to 14 is generally identical to
      that of FIGS. 7 to 10, and therefore will not be further described. It may
      be noted, however, in this connection that in the folded position of the
      tiltable unit the jib pivot is in a position well forward of the top side
      of the folded tower, so that in fact the jib pivot can be almost aligned
      with the jib axis.
PAR  The jib support means as shown in either of the embodiments described above
      may be modified by the provision of a movable counterweight, for example
      slidable on rail means on a frame extending behind the jib mounting
      bracket, hydraulic cylinder means being provided for moving the
      counterweight to alter its distance from the tower axis. This arrangement
      has two advantages: firstly the position of the counterweight may be
      adjusted either automatically or manually to give the minimum bending
      moment on the tower and turntable at all times, and secondly the
      counterweight may be retracted towards the tower axis for folding the
      crane, so that the folded crane occupies a minimum of space.
PAR  In the embodiments described, the jib alignment means comprises a tiltable
      unit, which is convenient arrangement due to its simplicity, and to the
      manner in which it allows the jib pivot to be moved from a rearwards
      position (where the jib mounting bracket partially counterbalances the
      jib) to a forwards position (in which the alignment of the jib with the
      tower is facilitated). However, other forms of jib folding means may be
      contemplated, which do not require any movement of the jib pivot. For
      example, the end of the jib luffing cylinder connected to the jib could be
      made movable along the jib, or the other end of the jib luffing cylinder
      could be made movable along the tower, in such manner as to fold the jib
      alongside the tower. Alternatively, the end of the jib luffing cylinder
      remote from the jib, instead of being fixed in relation to the jib
      mounting bracket, could be mounted on a swinging member, this member being
      enabled to be swung by second hydraulic cylinder means to a position in
      which the jib is brought alongside the tower.
PAR  FIGS. 15 to 18 show a semi-trailer mounted crane having several features
      not shown in the cranes described above.
PAR  The semi-trailer carrier shown in FIGS. 15 to 18 is provided with both
      crawler tracks 180 and rear road wheels 182 mounted on tandem axles. The
      crawler tracks 180 are mounted one at each side of the rear of a main
      chassis part 183, and the road wheels 182 are mounted on a rear chassis
      portion 185 which is connected to chassis part 183 by a pivot 186 which
      allows pivotal movement of portion 185 in the vertical plane. This pivotal
      movement is effected by a double acting hydraulic cylinder 188 connected
      between a lug 183a on the chassis part 183 and a lug 185a on the portion
      185. The cylinder 188 is capable of moving the portion 185 from a raised
      position (shown in FIG. 15) in which road wheels 182 are raised clear of
      the surface engaged by tracks 180, to a lowered position (shown in FIG.
      17) in which the road wheels 182 contact the ground, the movement of
      portion 185 to this lowered position causing the tracks 180 to be raised
      oft the ground. Thus it will be seen that operation of cylinder 188 causes
      movement of the road wheels 182 between positions which are selectively
      above and below the plane of the lower surface of the crawler tracks.
PAR  The chassis part 183 on which tracks 180 are mounted is connected to
      detachable front portion 183a by interengaging connecting means in the
      form of a releasable joint 184, at the end of part 183 remote from road
      wheels 182 that is not however an articulated joint. It will be apparent
      that the separable front chassis part 183a, in the travelling condition of
      the crane (FIG. 15), extends under a portion of the length of the tower.
PAR  The chassis part 183 is also provided with outriggers which are set when
      the crane is operating.
PAR  The chassis part 183 forward of the tower mounting, and the pivotal portion
      185, are each provided with reinforced areas for the reception of
      counterweights 190 shown in FIG. 17, which stabilize the crane and
      increase its operating capacity.
PAR  The tower shown in FIGS. 15 to 18 is tiltably mounted on a raised mounting
      113b carried by chassis part 183 at the rear of the trailer, this mounting
      being centrally located with respect to crawler tracks 180. The mounting
      113b is in the form of a bracket including two side plates 191 spaced
      apart to accommodate the lower section 125b of the tower, which tower
      section is pivotally attached to the plates 191 by a raised pivot 193
      which pivot is at the rear upper corner of the bracket 113b, i.e. at the
      side remote from the side on which the main part of the tower lies in its
      travelling position. Accordingly, the tower height when raised includes
      the height of the bracket 113b up to pivot 193, and in the folded
      condition the base of the tower rests within the bracket 90 so that this
      space is not wasted.
PAR  The tower comprises three telescoping sections, each with hollow box beam
      corner members set diagonally across the corners of the sections, as shown
      in FIG. 16. The tower sections may be telescopically moved by a single
      multi-section telescoping hydraulic ram having a stroke equivalent to the
      total required movement of the top section.
PAR  The top of the crane of FIGS. 15 to 18 includes a rotatable cab 200,
      mounted on a turntable 133b. The cab has a structure similar to that of
      the tower. The cab has bracing struts 202 associated therewith and
      carrying bearing means 203 adjacent the top of cab 200 on which the
      tiltable unit 136b is pivotally mounted. A pair of hydraulic cylinders
      151b is provided for tilting the unit 136b, these cylinders extending
      substantially the length of the cab and being mounted at their lower ends
      on the turntable. As seen in FIG. 15, the cylinder 151b is capable of
      tilting the unit 136b through a folding angle of approximately 90.degree.,
      for folding the crane. A pair of luffing cylinders 147b are connected
      between brackets 205 attached to the base of tiltable unit 136b, and a
      bracket on the top of the jib 144b, the jib being pivoted to tiltable unit
      136b at jib pivot 145b (FIG. 18) above the top of the cab. The nature of
      the jib mounting, the counterweight, and the cable winch, are all
      generally as described in detail with reference to the embodiment of FIGS.
      7 to 10.
PAR  The operation of the crane is also similar to that of FIGS. 7 to 10, but
      include operation of the crane on its crawler tracks 180. After arrival on
      site in the condition of FIG. 15, the cylinder 188 is operated to raise
      wheels 182, so that the trailer rests on tracks 180. The crane is then
      erected in manner similar to that described with reference to the
      embodiment of FIGS. 7 to 10. After erection, the crane is used to support
      the chassis portion 183a while this is detached from portion 183 at joint
      184, and the portion 183a is then removed by the tractor vehicle. The
      crane is then in the condition shown in FIG. 17, and can be moved on its
      crawler tracks around a building site. Before such movement, the
      outriggers 207 are of course raised, and the tower is preferably
      telescoped down to its minimum height to improve the stability. The
      removal of chassis portion 183a improves the mobility of the crane in this
      condition. For operation of the crane in a selected position, the
      outriggers 207 are set, as shown in FIG. 18.
PAR  For preparing the crane for travelling, the trailer chassis portion 183a
      can be re-positioned and attached at point 184 while being supported by
      the crane hook.
PAR  FIG. 15 illustrates the manner in which the tilting of unit 136b causes
      this unit to be effectively raised from the carrier when the crane is
      folded, as compared to the position which would be occupied by a
      non-tiltable unit, thus avoiding carrier parts such as the trailer "goose
      neck" and the cab. In fact, with the arrangement of FIGS. 10 to 12, in
      which the tower mounting is at the rear of the trailer, the folded
      tiltable unit 136a fits conveniently above the carrier cab. This is
      achieved by arranging that bearing means 203 are approximately aligned
      with the side of the turntable 133b which is uppermost when the crane is
      in the travelling condition. Since the main part of the jib is disposed
      above these bearing means, this allows part of the jib to project over the
      upper side of the tower and a further part to be raised above an upwardly
      projecting part of the carrier such as the goose-neck and/or the carrier
      cab which part lies beyond the top of the lowered tower.
PAR  FIG. 19 shows a crane similar to that of FIGS. 15 to 18, but mounted on a
      standard truck without crawler tracks. Again, it will be seen that the
      tiltable unit 136d fits conveniently over the truck cab.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tower crane comprising platform means carrying in combination a base
      mounting for a tower, a tower pivotally connected to said mounting for
      tilting movement between a vertical operating position and a substantially
      horizontal stored position, actuating means interconnecting the platform
      means and the tower for moving the tower between said positions, a jib
      structure carried by said tower, said jib structure comprising a turntable
      mounted on the top of said tower, said turntable including a rotatable
      part and a non-rotatable part, a jib support structure connected to the
      rotatable part of said turntable, power means for rotating said rotatable
      part of said turntable to cause slewing of the jib support structure about
      the longitudinal axis of the tower, a jib, a pivot mounting said jib on
      said jib support structure to allow luffing movement of said jib, power
      means connected between the jib support structure and the jib for causing
      said luffing movement, a hinge connection between said non-rotatable part
      of said turntable and the top of said tower, and power means connected
      between the non-rotatable part of said turntable and the top of said tower
      for folding the jib support structure and said turntable about said hinge
      connection, whereby the jib support structure and associated jib can be
      folded to an inoperative position along the side of the tower for storage
      and unfolded to an operative position to the top of said tower.
NUM  2.
PAR  2. A tower crane according to claim 1, wherein said jib comprises at least
      two telescoping sections and hydraulic cylinder means for telescoping said
      sections.
NUM  3.
PAR  3. A tower crane according to claim 1, wherein said jib support structure
      is arranged to move through a folding angle of the order of 180.degree.
      between the operating and folded positions.
NUM  4.
PAR  4. A tower crane according to claim 1, in which said jib support structure
      includes a cab mounted on said rotatable part of said turntable, and
      bracket means carrying said jib pivot mounted on top of said cab.
NUM  5.
PAR  5. A tower crane as set forth in claim 4 including a counterweight support
      frame connectable to said cab.
NUM  6.
PAR  6. A tower crane according to claim 1, including a counterweight structure
      connected to the rotatable part of said turntable such that in the
      operative position of the crane said counterweight structure is on the
      opposite side of the tower to the main portion of the jib.
NUM  7.
PAR  7. A tower crane according to claim 1, wherein said tower comprises a
      plurality of telescoping sections, and means connected to telescopically
      move said sections to extend the tower.
NUM  8.
PAR  8. A tower crane according to claim 1, in which said power means for
      causing luffing movement comprises hydraulic cylinder means connected
      between said jib support structure and said jib.
NUM  9.
PAR  9. A tower crane as set forth in claim 1 in which said platform means
      comprises a mobile platform equipped with road wheels and outrigger means.
NUM  10.
PAR  10. A tower crane as set forth in claim 1 in which said power means
      connected between the non-rotatable part of said turntable and the top of
      said tower comprises a gear ring connected to the top of said tower, a
      pinion meshing with said gear ring, and motor means connected to the
      non-rotatable part of said turntable and connected to rotate said pinion
      to cause said turntable, jib support structure and jib to pivot about the
      top of said tower.
NUM  11.
PAR  11. A tower crane as set forth in claim 1 including a counterweight support
      frame connectable to said jib support structure above said turntable.
NUM  12.
PAR  12. A tower crane as set forth in claim 1 in which said power means
      connected between the non-rotatable part of said turntable and the top of
      said tower comprises at least a pair of meshing gear members connected one
      each to the top of the tower and to the non-rotatable part of said
      turntable, one of said gear members being stationary, and motor means
      connected to rotate the other of said gear members to pivot said
      turntable, jib support structure and jib about said hinge connection
      relative to said tower.
NUM  13.
PAR  13. A mobile tower crane, comprising mobile platform means carrying in
      combination a base mounting for a tower, a tower having at least one
      telescopically extensible and retractable tower section, said
      telescopically extensible tower pivotally connected to said mounting for
      tilting movement between a vertical operating position and a substantially
      horizontal travelling position in which travelling position the
      telescopically extensible tower is in retracted position and is supported
      by said mobile platform means, and actuating means interconnecting the
      platform means and the tower for moving the tower between said positions,
      said combination being such that the tower when raised provides a firm
      support suitable for supporting load carrying means which is rotatable
      relative to the tower about the tower axis; and a jib structure carried by
      said tower which structure includes a jib and jib support means, said jib
      support means including a turntable pivotally mounted at the top of the
      tower and means for rotating said turntable to cause slewing of the jib
      support means about the tower axis when the tower is in the vertical
      operating position, a jib pivot mounting said jib on said jib support
      means to allow luffing movement of said jib, a cab included in said jib
      support means between said turntable and said jib pivot, hydraulic
      cylinder meams connected between the jib support means and the jib for
      causing said luffing movement of the jib between normal operating angles,
      alignment means connected between said turntable and the top of said tower
      and operative to pivot said turntable, jib support means and jib through
      an angle of the order of 180.degree. relative to said tower, whereby
      combined operation of said alignment means and hydraulic cylinder means
      moves said turntable, jib support means and jib between an operative
      position on top of the tower when the tower is in a vertical operating
      position and a folded position in which the turntable and cab and the jib
      are positioned on top of the side of the retracted tower sections when in
      the substantially horizontal travelling position in which the operating
      axis of the turntable and cab and the axis of the jib are disposed in
      alignment with each other and disposed parallel with the tower axis.
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ABST
PAL  A mobile crane has a multisection telescopic boom comprising a fly section
      and an adjacent boom section into which it telescopes. Releasable locking
      means are provided on the boom fly section and the adjacent boom section
      to prevent the extended boom sections from accidentally telescoping under
      the weight of a load in the event of a hydraulic system failure. The
      locking means take the form of a jam plate located near the base end of
      the extended boom fly section and engageable in interfering relationship
      with a selectively movable spring biased locking member of a locking
      assembly mounted near the forward end of the adjacent intermediate boom
      section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Use
PAR  This invention relates generally to locking means for relatively movable
      boom sections of a multisection telescopic boom of a mobile crane.
PAR  2. Description of the Prior Art
PAR  Some mobile cranes have a multisection telescopic boom and a jib attachable
      or swingable into a position at the end of the boom to extend its working
      length. In some cases the jib is permanently connected to the boom and is
      swingable into and out of working position. In other cases the jib is
      completely detechable and is stored alongside the telescoped boom during
      road transport but can be readied for use by pivotally connecting the base
      end of the jib to the point end of the boom, whereupon the jib is swung
      into alignment with the boom secured in place. U.S. Pat. Nos. 3,366,250,
      3,698,569, 3,785,505 and 3,830,376 exemplify boom and jib arrangements of
      the aforesaid types. In the aforementioned patents where a multisection
      telescopic boom is employed, no provision is made to guard against
      accidental telescoping of extended boom sections under the weight of the
      jib in the event of a hydraulic system failure, for example.
PAC  SUMMARY OF THE INVENTION
PAR  Generally considered, a mobile crane in accordance with the present
      invention comprises a multisection telescopic boom extendable to about 105
      feet, including a base section, a plurality of intermediate sections, and
      a fly section, and an optionally useable lattice jib about 30 feet long,
      including jib base section and a detachable jib point section, storable
      alongside the boom with the base end of the jib adjacent the point end of
      the boom. Additional jib sections about 20 feet long can be connected
      between the jib base section and the jib point section, such additional
      jib sections being mounted elsewhere on the mobile crane or transported
      separately. One side of the boom base section is provided with a pair of
      longitudinally spaced apart jib storage support assemblies to facilitate
      storing and installing the jib. Hinge means are provided for connecting
      the jib so that it can be swung horizontally between stored and installed
      positions. The point end of the boom fly section and the base end of the
      jib are also provided with cooperating disconnectable hinge members for
      attaching the jib to the boom so that the jib can be swung horizontally
      between stored and installed positions. Connection means are provided for
      securing the jib to the boom in either axially aligned position or in
      downwardly tilted position.
PAR  An improved self-storing and self-erecting jib mast is provided for
      supporting the jib during rigging and operation of the crane. The jib has
      its lower end pivotally connected to the top side of the upper side of the
      base end of the jib and cooperates with guy lines to support the jib
      during set-up and operation of the crane. The jib mast can assume a stored
      position wherein it lies flat on the jib and can automatically be raised
      into supporting position by the guy lines as the boom is extended. In
      practice, forward guy lines are connected between the upper end of the
      mast and the forward end of the jib base section. Rearward guy lines are
      connected to the upper end of the mast and to the forward end of an
      intermediate boom section into which the boom fly section retracts so
      that, upon extension of the fly section of the boom, the mast is
      automatically raised and the forward and rearward guy lines are tightened
      thereby supporting the jib either for working purposes or while additional
      jib sections are being connected. If more than one jib section is
      employed, the forward guy lines which are connected between the mast and
      the forward end of the jib base section are replaced by additional forward
      guy lines corresponding to the jib insert length connected between the
      mast and the point end of the jib, after the additional jib sections have
      been connected to the jib base section.
PAR  Improved releasable locking means are provided on the boom fly section and
      the next adjacent intermediate boom section to prevent the extended boom
      fly section from accidentally telescoping under the weight of the jib in
      the event of a hydraulic system failure. Such telescoping would result in
      slackening of the rear guy lines, repositioning of the mast from upright
      position, slackening of the forward guy lines, and allow the jib to tilt
      downwardly or even collapse. The locking means take the form of a jam
      plate near the base end of the extended boom fly section, which jam plate
      is engageable in interfering relationship with a selectively movable
      spring biased locking member of a locking assembly mounted near the
      forward end of the adjacent intermediate boom section to prevent inward
      telescopic movement of the boom fly section until the locking member is
      intentionally released manually.
PAR  A mobile crane having boom section locking means in accordance with the
      present invention offers many advantages over prior art arrangements. The
      locking means make for safer operation of the crane since the boom and jib
      are more safely interconnected since telescoping of the boom fly section
      under the weight of the jib in the event of hydraulic failure cannot occur
      and result in accidental tilt or collapse of the jib due to slackening of
      the guy lines and collapse of the mast. Other objects and advantages of
      the invention will hereinafter appear.
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PAC  DRAWINGS
PAR  FIG. 1 is a side elevational view of a mobile crane having a multisectioned
      telescopic main boom and having a jib disposed alongside the main boom in
      stored position according to the invention;
PAR  FIG. 2 is a front end view of the mobile crane shown in FIG. 1;
PAR  FIG. 3 is a side elevational view of a portion of the mobile crane shown in
      FIG. 1 but showing the crane upper section reversed and showing the jib
      swung into alignment with the main boom;
PAR  FIG. 4 is a view similar to FIG. 3 but showing the fly section of the main
      boom partially extended and the jib mast erected;
PAR  FIG. 5 is a view similar to FIG. 4 but showing the main boom fully extended
      toward the ground and showing the jib point section detached;
PAR  FIG. 6 is a view similar to FIG. 5 but showing the main boom partially
      retracted and several jib sections disposed on the ground;
PAR  FIG. 7 is a view similar to FIG. 6 and showing the main boom fully extended
      and four jib sections connected together to form the jib;
PAR  FIG. 8 is a side elevational view of the mobile crane with its main boom
      fully extended and fully raised and with a multisectioned jib disposed in
      operating position.
PAR  FIG. 9 is an enlarged top plan view of the point end of the boom and the
      base end of the jib taken on line 9--9 of FIG. 1;
PAR  FIG. 10 is a top plan view of the point end of the boom and the base end of
      the jib taken on line 10--10 of FIG. 3;
PAR  FIG. 11 is a detailed view of a portion of the hinge means shown in FIG. 9
      and showing the hinge means in an alternate position;
PAR  FIG. 12 is a side elevational view of the point end of the boom and the
      base end of the jib taken on line 12--12 of FIG. 10;
PAR  FIG. 13 is a view of the point end of the boom and the base end of the jib
      taken on line 13--13 of FIG. 10;
PAR  FIG. 14 is an exploded isometric view of the point end of the boom and the
      base end of the jib;
PAR  FIG. 15 is an isometric view of the lower side of the point end of the boom
      and shows the fly safety latch;
PAR  FIG. 16 is an enlarged cross sectional view of the fly safety latch shown
      in FIG. 15;
PAR  FIG. 17 is a view of the fly safety latch taken on line 17--17 of FIG. 16
      with certain parts in cross section;
PAR  FIG. 18 is an enlarged cross sectional view of the front jib storage
      support assembly taken on line 18--18 of FIG. 1;
PAR  FIG. 19 is an enlarged detailed view of a portion of the jib storage
      support assembly taken on line 19--19 of FIG. 18;
PAR  FIG. 20 is a top plan view of the jib storage support assembly shown in
      FIG. 18 and showing it in an alternate or stored position;
PAR  FIG. 21 is a perspective view showing the jib storage support assembly in
      stored position; and
PAR  FIG. 22 is a perspective view showing the jib being moved onto the jib
      storage support assembly.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAC  General Arrangement
PAR  Referring to FIGS. 1 through 8, there is shown apparatus such as a mobile
      crane in accordance with the invention and which comprises a lower unit 10
      in the form of a vehicle such as a truck and an upper unit 11 which is
      mounted for horizontal rotation in either direction on the lower unit by
      means of a conventional turret 17. Truck 10 comprises a chassis 12 on
      which are mounted ground wheels 13, extendable outriggers 14, a driver's
      cab 15 and an internal combustion engine 16 beneath the cab for driving
      the ground wheels. Upper unit 11 comprises a supporting framework 20 on
      which are mounted a telescopic boom B, main and auxiliary winches W1 and
      W2, respectively, on which load hoist lines MH and AH, respectively, are
      wrapped, a crane operator's cab 21, and an internal combustion engine 22
      for driving a hydraulic pump 23 which supplies operating fluid for the
      winches W1 and W2 and hydraulic cylinders hereinafter described.
PAR  Boom B, which is shown in a generally horizontal telescoped and stored
      position lengthwise of truck 10, comprises four hollow boom sections,
      namely: a base section BI, an inner midsection BII, an outer midsection
      BIII, and a fly section BIV. Boom base section BI is pivotally connected
      to framework 20 of upper unit 11 by pin means 24. Extendable and
      retractable hydraulic boom hoist cylinders 25 are provided to raise and
      lower boom B and each is pivotally connected to and between framework 20
      and boom base section BI by pin means 26 and 27, respectively. Fly section
      BIV is provided with a working head 34 at the boom point on which a sheave
      35 for load hoist line MH is rotatably mounted. In an actual embodiment,
      for example, boom B is fully extendable to about 105 feet.
PAR  As FIG. 8 shows, extendable and retractable hydraulic boom extension
      cylinders 30, 31 and 32 are located within boom B and are connected to
      boom sections BII, BIII and BIV, respectively, to effect axial extension
      and retraction of the latter. Control means (not shown) are understood to
      be provided to operate the cylinders 30, 31 and 32 either individually or
      in unison, depending upon the crane operator's choice.
PAR  Generally considered, the mobile crane has an optionally useable
      lattice-type jib J storable alongside boom B, with the base end of the jib
      adjacent the point end of the boom. Jib J is shown in FIGS. 1 through 5 as
      comprising two hollow lattice-type jib sections, namely a jib base or foot
      section JI about 20 feet long and a jib fly or point section JIV about 10
      feet long. When jib J is stored, as shown in FIGS. 1 and 2, it is
      reversely disposed with respect to boom B, i.e., its foot end is adjacent,
      near or toward the point of boom B and its point end is adjacent, near or
      toward the base of foot end of boom B. Jib fly section JIV is provided
      with a working head 34A at the jib point on which a sheave 35B for load
      hoist line AH is rotatably mounted. Jib J is adapted, for example, to
      extend the length of boom B by about 30 feet or more, depending on the
      number of jib sections used. In FIG. 8, jib J comprises four sections, JI,
      JII, JIII and JIV.
PAR  The point end of jib point section JIV is also provided, as FIGS. 1, 3 and
      4 show, with a fan-shaped cable support member 39 in the form of a pair of
      plates which are rigidly secured to the jib section and is provided with a
      plurality of holes to which the forward guy lines may be anchored as
      hereinafter explained. The jib point section JIV is detachably secured to
      jib base section JI by suitable removable pins.
PAR  One side of the boom base section BI is provided with a pair of
      longitudinally spaced apart jib storage support assemblies 36 to
      facilitate storing and installing the jib J. As FIGS. 9 through 14 show,
      the point end of the boom fly section BIV and the base end of the jib J
      are provided with cooperating disconnectable hinge members 37 and 38,
      respectively, for attaching the jib J to the boom B so that the jib can be
      swung horizontally between stored and installed positions, as comparison
      of FIGS. 1 and 4 shows. The point end of the boom fly section BIV and the
      base end of the jib J are provided with connection means, including a
      cylindrical rod 40 on the boom fly section head 34 and cooperating journal
      bearings 41 on the jib, for securing the jib to the boom in either axial
      aligned position, shown in FIG. 3, or in downwardly tilted position, shown
      in phantom in FIG. 8, and adjustable strut means or members, shown in
      FIGS. 7, 8, 12 and 13, are detachably connected between the boom and jib
      to limit the extent to which the jib can be tilted. The jib J is provided
      with a self-storing and self-erecting jib mast M which is pivotally
      mounted on the upper side of the jib which cooperates with forward and
      rearward guy lines GF and GR, respectively, to support the jib during
      set-up and operation of the crane. Releasable locking means 43, best seen
      in FIGS. 15, 16 and 17, are provided on the boom fly section BIV and the
      next adjacent intermediate boom section BIII to prevent the extended boom
      fly section from accidentally telescoping under the weight of the jib J in
      the event of a hydraulic system failure.
PAC  The Jib Storage Means
PAR  Improved jib storage support means are provided to facilitate storing and
      installing the jib J. As FIG. 1 shows, one side of the boom base section
      BI is provided with a pair of longitudinally spaced apart front and rear
      identical jib storage support assemblies 36 to facilitate storing and
      installing the jib. As FIGS. 18 through 22 make clear, each support
      assembly 36 comprises a mounting bracket 75 and a hollow rigid support
      member or beam 76 which is pivotally mounted thereon so that it can be
      swung between a supporting position (FIG. 18) and a stored position (FIG.
      20). Each support assembly 36 further includes a laterally extending
      member 77 which is pivotally mounted on support member 76 and tiltable
      between a horizontal position (shown in solid lines in FIG. 18) and a
      downward position (shown in phantom lines in FIG. 18) so that the jib J
      can be easily swung thereonto for storage and then subsequently locked
      into horizontal position by locking clamps 78 to secure the jib on the
      support assembly. Each storage assembly 36 comprises a mounting bracket 75
      which is rigidly secured to the side of boom base section BI. The bracket
      75 comprises a rear plate 79, two laterally extending vertically spaced
      apart upper and lower hinge plates 80 which are rigidly secured, as by
      welding, to the rear plate, and suitable gussets 81 which are rigidly
      secured between the rear plate and the hinge plates. The hinge plates 80
      are each provided with a hole 82 for accommodating a vertically extending
      hinge pin 83. The hollow rectangular support or box beam 76 has its inner
      end disposed between the upper and lower hinge plates 80 and is pivotally
      secured thereto by means of the hinge pin 83 which extends through holes
      84 in the beam 76. The beam 76 is movable between an extended position
      wherein it projects outwardly from the side of the boom as shown in FIG.
      22, and a stored position wherein it is disposed alongside the boom, as
      shown in FIG. 20. The beam is provided with a pair of longitudinally
      spaced apart pin holes 86 and 87 therethrough for accommodating a locking
      pin 89 and a pivot pin 90, respectivly. U-shaped member 77 for directly
      supporting the jib J in stored position is pivotally connected to the box
      beam 76 by pin 90. The U-shaped member 77 is provided with a pair of holes
      92 and 93 which register with the pair of holes 86 and 87, respectively,
      in the box beam 76. When the jib J is in stored position, as shown in FIG.
      18, the U-beam 77 is parallel with the box beam 76 and both the pins 89
      and 90 are in place. To facilitate the placement or removal of the jib on
      or from the support assemblies 36, only the pivot pin 90 is kept in place
      and this allows the U-beam 77 to move between the horizontal and the
      downwardly tilted positions shown in FIG. 18. To store, the jib J is swung
      across the downwardly tilted U-beam 77 which rides up the inclined plane
      partially braking the rotational momentum. The U-beam 77 then assumes the
      horizontal position and the locking pin 89 may then be secured in place.
      Conversely, to unstore, the locking pin 89 is removed and beam 77 tilts
      downwardly to reduce friction as the jib J swings away from the side of
      the boom B. The U-beam 77 is provided with a pair of generally L-shaped
      clamps 78, one of which is pivotally connected at one end thereof by a pin
      93A and which is movable to a position clear of the jib (as shown in FIGS.
      21 and 22) when the jib is being stored or unstored. After the jib J has
      been properly positioned for storage on the support means 36, the clamp 78
      is swung to the locking position shown in FIG. 18 and secured in place by
      means of the locking bolt 95. The inner clamp 78 is also provided with a
      locking bolt 95. The box beam 76 is lockable in either its extended or
      stored position by means of a removable lock pin 97 which is extendable
      through a hole 98 in a plate 99 attached to plate 79 and a hole 100 in box
      beam 76. Pin 97 can be removed after a pin 97A is withdrawn.
PAC  The Hinge Means and Connection Means
PAR  As FIG. 14 best shows, the working head 34 on boom section BIV comprises a
      rear plate 50 which is rigidly secured, as by welding, to the outermost
      forward end of the fly section and two laterally spaced apart side plates
      51 which are rigidly secured, as by welding, to the rear plate 50. The two
      side plates 51 are further rigidified by a plurality of cross members 52
      which are welded therebetween. The working head 34 supports the
      cylindrical rod 40 which extends through a tube 53 which is welded between
      the plates 51. The rod 40 extends outwardly for a short distance from the
      outer ends of tube 53 and is secured to the tube by a pin 53A. The
      outwardly extending ends of rod 40 serve as a means by which the jib J is
      connected to boom B as hereinafter explained.
PAR  Improved hinge means are provided for connecting the jib J so that it can
      be swung horizontally between stored and installed positions. The point
      end of the boom fly section BIV and the base end JI of the jib J are
      provided with cooperating disconnectable hinge assemblies 37 and 38,
      respectively, for attaching the jib to the boom so that the jib can be
      swung horizontally between stored and installed positions. The hinge
      assemblies 37 and 38 enable the jib J to be pivotally connected to the
      boom B, by hinge links 56, while still in stored position and then swung
      between the stored position and a position in alignment with the boom. The
      hinge assemblies 37 and 38 are disconnectable from each other by
      detachment of the links 56 during jib storage so that the boom B can be
      used independently of the jib J. The hinge assemblies 37 and 38 are also
      disconnectable after the jib J has been secured to the boom B so that the
      jib can be placed in a downwardly tilted position with respect to the
      boom, either for the purpose of connecting additional jib sections such as
      JII and JIII or for the purpose of allowing the jib axis to be offset from
      the boom axis to suit particular job conditions.
PAR  As FIGS. 9 through 14 show, the outer side of one side plate 51 of working
      head 34 is provided with a pair of vertically spaced apart substantially
      identical hinge assemblies 37 for pivotally connecting the base end of jib
      J to head 34 at the point end of boom B. Each hinge assembly 37 comprises
      a back plate 57 which is welded to its associated side plate 51 and two
      horizontally disposed vertically spaced apart laterally extending upper
      and lower plates 54 and 55, respectively, which have a plurality of holes
      58, 59, 60 and 61 therethrough, the holes in upper plate being in registry
      with the holes in the lower plate. Each hinge assembly 37 is adapted to
      accommodate a detachable hinge link 56 which can be disposed between the
      plates 54 and 55 and pivotally secured thereto by means of a central hinge
      pin 63 through the central hole 59 in the plates 54 and 55 and a hole 65
      in the link. During road transport of the jib J the link 56 is secured in
      the forward position shown in phantom in FIG. 9 by means of a second hinge
      pin 63A in the front hole 61 in the plates 54 and 55 and the center hole
      64 in link 56 and is not attached to the jib. As FIGS. 9 and 10 show,
      however, when the jib J is to be swung from its stored position to its
      installed position, the outermost end of the link 56 is connected to the
      associated hinge member on the base end of the jib. As the jib J is swung
      into position, it is capable of pivoting about hinge pin 63A, which is
      then disposed in hole 66 in link 56 and the holes 68 in the hinge assembly
      38 on the jib J.
PAR  The base end of the jib base section JI is provided with a pair of
      vertically spaced apart hinge assemblies 38 which are welded thereto and
      cooperate with the hinge assemblies 37 on the working head 34 of the boom
      B. Each hinge assembly 38 comprises a pair of horizontally disposed
      vertically spaced apart rigid plates 108 having the aligned holes 68
      therein and between which plates 108 and link 56 can be fitted.
PAR  Improved connection means are provided for securing the jib J to the boom B
      in either axially aligned position (see FIGS. 3 through 8) or in
      downwardly tilted position (see FIG. 8 phantom showing). The point end of
      the boom fly section BIV and the base end of the jib J are provided with
      connection means, including the cylindrical rod 40 on the boom fly section
      and the cooperating journal bearings 41 on the jib, for enabling the jib
      to be secured to the boom in either axial aligned position or in
      downwardly tilted position, and adjustable detachable strut means,
      including a pair of laterally spaced apart struts 105, are detachably
      connected between the boom and jib to limit the extent to which the jib
      can be tilted for erection and to provide backstop means. The connection
      means for securing the jib J to the boom B also enable the jib to be
      self-positioned as it is swung into axial alignment with the boom. As
      hereinbefore explained, the base end of the jib base section JI is
      provided with shimmed journals 41 which are adapted for mating with and
      connection to the outwardly projecting ends of the cylindrical member 40.
      Each journal 41, which is secured to the jib J by bolts 111, comprises a
      semicircular groove 112 for engagement with an end of the pin or member
      40. Each journal 41 is further provided with a pair of spaced apart
      threaded holes 114 for accommodating, as FIG. 13 shows, bolts 115 which
      secure a complementary journal cap 116 to the journal 41 into position
      thereon to encircle the end of member 40 and secure the jib to the boom.
      This arrangement permits the jib J to be pivotally movable with respect to
      the boom B for two purposes, namely: to enable the jib to be pivoted
      downwardly (by slacking off on the rear guy lines GR) and supported on the
      ground when the boom is horizontal so that additional jib sections can be
      attached or removed, and to allow the jib to be pivoted to the position
      shown in FIG. 8 when circumstances so require. Spacers 42 are provided to
      prevent lateral shifting of the jib J.
PAR  As FIGS. 12 and 13 best show, means are provided to prevent the jib J from
      assuming an excessively tilted position with respect to the boom B. During
      erection such means comprise a pair of laterally spaced apart struts 105,
      each of which is pivotally connected to and removably detachable from a
      pin 161 on the working head 34 of the boom B and a pin 109 near the base
      end of the jib section JI. In FIGS. 12 and 13 a strut 105 is shown in its
      nearly extended position. It is to be understood, however, that each strut
      can be telescoped to the position shown in FIG. 8 in phantom to limit the
      tilt angle of the jib J either downwardly or upwardly. Backward tilt of
      the jib is limited to 5.degree. backward tilt by federal regulations. Each
      strut 105 comprises a hollow sleeve portion 106 which is pivotally
      connected at one end, as by pin 109, to a bracket 110 rigidly secured to
      jib J. Each strut 105 further comprises a rod 107 which is adapted to move
      within sleeve 106 between two extreme positions. Rod 107 is pivotally
      connected at one end, as by pin 161 and a cap 107A, so as to be secured to
      working head 34 of the boom B.
PAC  The Mast
PAR  An improved self-storing and self-erecting jib mast M is provided on jib J
      for supporting the jib during rigging and operation of the crane. The jib
      mast M is pivotally mounted on the upper side of the jib J and cooperates
      with the guy lines GR and GF to support the jib during set-up and
      operation of the crane. The jib mast M has its lower end pivotally
      connected by pins 120 to brackets 121 located on the top side of the base
      end of the jib J so that it can assume a stored position wherein it lies
      on the jib (see FIGS. 1 and 3) and from which it can automatically be
      raised into supporting position, as shown in FIG. 4 and elsewhere. In
      practice, the rear and front guy lines GR and GF, respectively, are
      connected between a bracket 122 at the upper end of the mast M and to
      brackets 123 on boom section BIII and an erection link 124 on the jib J,
      respectively, while the mast is in lowered or stored position. The rear
      guy line GR is anchored to bracket 123 on the intermediate boom section
      BIII so that, upon extension of the fly section BIV of the boom B, the
      mast M is automatically raised and the guy lines GR and GF are tightened
      thereby supporting the jib either for working purposes or while additional
      jib sections are connected. If more than one jib section such as JI is to
      be employed, the front guy line GF which is normally connected between the
      mast M and the end of the jib base section JI is replaced by a longer
      front guy line (as FIG. 7 shows) which is connected between the mast M and
      the point end of the jib point section JIV after the additional jib
      sections JII and JIII have been connected. As FIG. 14 shows, jib mast M
      comprises a pair of laterally spaced apart rigid side members 126 which
      are interconnected by a plurality of lateral support braces 127. The
      uppermost end of each side member 126 is provided with a bracket 122 which
      is rigidly secured, as by welding, to the side member and is provided with
      a pair of holes 128 (shown in FIGS. 1 and 4) for facilitating the
      attachment of the guy wires. A sheave 130 is provided on the mast M to
      accommodate the load line AH, as FIG. 8 shows, and prevent it from being
      snagged if the jib J is tilted from the axially aligned position shown in
      FIG. 8 to a tilted position indicated by the phantom lines in FIG. 8. The
      sheave 130 is rotatably supported on a pin 131 which, in turn, is mounted
      on a pair of brackets 132 which are rigidly secured between a pair of
      adjacent cross braces 127, as FIG. 14 best shows. FIG. 14 also shows that
      the lower ends of the side members 126 of the mast M are pivotally
      connected by means of pins 120 to brackets 121 which are rigidly secured
      in spaced apart relationship at the base end of jib section JI.
PAC  Safety Locking Means
PAR  As FIGS. 15, 16 and 17 best show, the improved releasable safety locking
      means for preventing the extended boom fly section BIV from accidentally
      telescoping inwardly into its adjacent intermediate boom section BIII
      under the weight of the jib J in the event of a hydraulic system failure
      or inadvertent operation of the retract telescope means by the operator
      (which allows the fly cylinder to retract) take the form of a jam plate
      140 rigidly mounted at or near the base end of the extended boom fly
      section BIV, which plate 140 is engageable in interfering relationship
      with a selectively movable spring-biased locking member 141 of a locking
      assembly 142 mounted at or near the outer end of the adjacent intermediate
      boom section BIII.
PAR  The jam plate 140 is on the underside of the base end of the boom fly
      section BIV to prevent the fly section from accidentally telescoping back
      into the intermediate section BIII after the fly section BIV has been
      extended to the position shown in FIG. 8 in the event that a holding valve
      (not shown) in the hydraulic operating circuit for holding the fly section
      BIV extended fails or the retract telescopic lever is accidentally engaged
      for the fly section. The jam plate 140 is adapted to cooperate with the
      locking assembly 142 which is provided on the underside of the
      intermediate boom section BIII near the forward end thereof. The locking
      assembly comprises a base plate 143 which is secured, as by welding, to
      intermediate boom section BIII and a pair of laterally spaced apart
      downwardly depending side plates 144 which are rigidly secured, as by
      welding, to the base plate 143. Each side plate 144 is provided with a pin
      hole 145 for rotatably accommodating the end of a pin 146 therethrough.
      One end of the pin 146 is provided with a pin lever 147 which is rigidly
      secured thereto, as by welding, and the other end of the pin 146 is
      provided with a cotter key 148 in a hole therethrough. The locking member
      141 is rigidly secured to and extends radially outwardly and rotatable
      with a sleeve 149 which is mounted on the pin. The hollow cylindrical
      sleeve 149 is disposed on pin 146 between the side plates 144 and is
      connected thereto for movement therewith by a pin 150. The radially
      extending member 141 is rigidly secured to the sleeve 149 as by welding at
      152. In FIGS. 15, 16 and 17 the boom fly section BIV is shown as fully
      extended from the intermediate boom section BIII, and the locking member
      141 is shown in locking position wherein it is disposed in the path of the
      jam plate 140 and would prevent retraction of the fly section. The locking
      member 141 is maintained in locking position by means of the coiled
      tensioning spring 154 which has one end connected to a bracket 155 rigidly
      secured to a side plate 144 and has its opposite end connected to a pin
      157 extending outwardly of the lever 147. The biasing spring 154 holds the
      locking member 141 in the locking position shown in solid lines in FIG. 16
      during operation of the crane. However, when it is desired to release the
      locking member to permit retraction of boom fly section BIV, the locking
      member 141 is rotated manually in a clockwise direction to its alternate
      position, as shown in phantom lines in FIG. 16, out of the path of the jam
      plate 140. As the locking member 141 is rotated, the biasing spring 154 is
      caused to extend slightly and moves overcenter into an alternate position
      wherein it subsequently biases the locking member 141 against a lateral
      brace plate 160.
PAC  Operation
PAR  The crane operates in the following manner, assuming that all components
      are in the condition shown in FIGS. 1 and 2, the boom B is fully
      retracted, and the jib J is swung into stored position on the boom support
      assemblies 36 and locked thereon. Further assume that the hinges are in
      the condition shown in FIG. 11 wherein the hinge elements 38 on jib J and
      the hinge elements 40 on boom B are disconnected and the link 56 is
      secured in open position by means of pin 63A.
PAR  To set up the jib J for operation it is preferable to swing the crane upper
      11 from the position shown in FIG. 1 to the reversed position shown in
      FIG. 3 and to extend the outriggers 14. The locking clamp bolts 95 shown
      in FIG. 18 are then removed and the outermost clamp 78 is swung down to
      its open position. The hinge links 56 are then moved from the position
      shown in phantom in FIG. 9 and attached to the jib J as shown in FIG. 9,
      whereupon jib J is swung horizontally manually to the position shown in
      FIG. 10 into alignment with boom B. It is to be understood that prior to
      swinging of jib J to the position shown in FIG. 10 the journal caps 116
      must be removed from the journals 41 so that the latter can make proper
      engagement with the ends of the horizontal pin 40. Thereafter, with the
      jib J in the position shown in FIG. 10, the caps 116 are secured to the
      journals 41.
PAR  Before an attempt is made to swing jib J horizontally from the jib support
      assemblies 36 it is necessary to remove the locking pins 89 of the jib
      support assemblies so that the members 77 can tilt downwardly as the jib
      slides outwardly thereacross. The downwardly tilting action of the members
      77 reduces frictional forces between the jib J and the upper surfaces of
      the members 77 and facilitates removal of the jib from the jib storage
      assemblies 36. When the jib J is clear of the jib support assemblies 36,
      each assembly may be placed and locked in the stored position shown in
      FIG. 20. If the jib is to be employed in axial alignment with boom B, the
      links 56 must be swung to the rearward position and the furnished guy
      lines, properly connected, will provide the aforementioned alignment.
PAR  At this point jib J is in the position shown in FIG. 3 and mast M is still
      in stored position. It will be noted, however, that the guy lines GR and
      GF are attached as hereinbefore described. To erect the mast and render
      the guy lines taut, boom fly section BIV is extended from the position
      shown in FIG. 3 to the position shown in FIG. 4, whereupon rear guy lines
      GR become taut and raise mast M and forward guy lines GF become taut to
      effectively support jib J. It will be noted from FIG. 4 that, with boom
      fly section BIV fully extended, the locking means 142 are brought into
      play and prevent inadvertent or accidental retraction of boom fly section
      BIV which would cause the guy lines to slacken.
PAR  When jib J has assumed the position shown in FIG. 3, the struts 105 are
      installed as shown in FIGS. 12 and 13. Once the jib J is secured with the
      journal caps 116 secured to pin 40 as shown in FIG. 4 and the struts 105
      are in place, then the jib guy line GF is disconnected from the erection
      link 124 by retracting boom section BIV to slacken the guy lines or cables
      and an additional jib JIV guy line is connected to guy line GF and fan
      item 39, made reasonably taut, and the links 56 swung to the jib operating
      position as shown in FIG. 11. The crane may be used in the conventional
      manner by rigging the hoist lines as desired and by extending the various
      boom sections to the desired length for the basic 30' jib length.
PAR  FIGS. 5, 6 and 7 show the manner in which the jib J may be extended by the
      addition of other intermediate jib sections thereto. As FIG. 5 shows, boom
      B is extended to its full length in a slightly downward direction so that
      the jib point section JIV rests on the ground and can be detached from jib
      base section JI. Boom B is then retracted, as shown in FIG. 6, to provide
      space for insertion, for example, of additional jib sections JII and JIII
      between the jib sections JI and JIV. When the sections JI, JII, JIII and
      JIV have been interconnected, the relatively short forward guy line GF is
      replaced by additional guy lines GF1, GF2, GF3, GF4 as shown in FIG. 7.
      GF4 is then connected to fan 39 in a hole stamped to indicate jib length.
      FIGS. 7 and 8 show jib J in an arrangement where it is in axial alignment
      with boom B. However, jib J can also be employed in a downwardly tilted
      arrangement as shown in phantom lines in FIG. 8. To accomplish tilting of
      jib J it is necessary that the point of the jib J be rested on the ground
      as shown in FIG. 7. It is also necessary to then retract fly BIV, after
      the latch is released, so that the guy line GR will slacken to allow
      insertion of suitable links between GR and 123 or to use a relatively
      longer guy line in order for the multisection jib J, shown in FIGS. 7 and
      8, to assume the tilted position indicated in FIG. 8. The connector 39
      permits forward guy lines to be attached to the point end of jib J for
      purposes of adding extra jib sections with guy lines of corresponding
      equal length to be added.
PAR  Jib J is disassembled and stored by reversing the procedural steps
      indicated above. More specifically, if a multisection jib J has been used
      the procedures shown in FIGS. 5, 6 and 7 are reversed. If a jib J
      comprising merely a base section JI and a point section JIV is employed,
      as shown in FIGS. 1, 3 and 4, then the procedural steps shown in those
      figures are reversed. Before boom fly section BIV can be retracted into
      intermediate boom section BIII it is necessary that the locking member 141
      of the locking means 142 be swung from the locking position shown in solid
      lines in FIG. 16 clockwise to the unlocked position shown in phantom lines
      in FIG. 16. When this is done it is possible for jam plate 140 to move
      past the position formerly occupied by locking member 141. When jib J is
      ready to be swung from the position shown in FIG. 3 to the stored position
      shown in FIG. 1, it is necessary beforehand to swing the jib support
      assemblies 36 into proper position and to lock them in place by the
      locking pins 97 and to remove the locking pins 89 so that the members 77
      thereof can assume their downwardly tilted position, shown in FIG. 18.
      This allows jib J to slide into engagement with the members 77 while
      gradually moving them into their horizontal jib storage position and into
      a position where the locking pins 89 can again be inserted. When jib J is
      finally in place the outermost locking clamp 78 may be swung into the
      position shown in solid lines in FIG. 18, and the locking bolts 95 may be
      inserted to fully engage the clamps 78 around the longitudinal members of
      jib base section JI.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a telescopic boom for a crane: a first hollow boom section having a
      forward end and a second boom section having a forward end and a rear end
      and telescopically movable within said first boom section between a
      retracted position and a fully extended position; means for selectively
      moving said second boom section between said retracted and extended
      positions; and releasable locking means for maintaining said second boom
      section in fully extended position, said releasable locking means
      comprising: abutment means mounted on the exterior of and near the rear
      end of said second boom section and telescopable within said first boom
      section; and a locking assembly mounted on the exterior of and near the
      forward end of said first boom section and comprising: a support rigidly
      secured to said first boom section; a locking member rotatably mounted on
      said support, said locking member being selectively rotatable between one
      position in the path of movement of said abutment means and another
      position out of said path of movement of said abutment means, and
      overcenter biasing means connected between said locking member and a fixed
      point on said first boom section for maintaining said locking member in
      either of its said positions, said biasing means permitting said locking
      member to be temporarily rotatable in one direction from the path of
      movement of said abutment means by said abutment means as said second boom
      section is extended, said locking member being rotatable in an opposite
      direction into interfering abutting relationship between a portion near
      the forward end of said first boom section and said abutment means if said
      second boom section is moved toward retracted position while said locking
      member is in its said one position.
NUM  2.
PAR  2. A crane according to claim 1 wherein said locking assembly comprises a
      shaft means rotatably mounted on said support, said locking member being
      secured to and rotatable with said shaft means, and a lever arm secured to
      and rotatable with said shaft means, said overcenter biasing means being
      connected between said lever arm and said fixed point.
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ABST
PAL  A converter vessel bottom handling device having a frame adapted to be
      supported on a car and which in turn supports a bilaterally movable
      support table. Four double acting hydraulic lift cylinders are mounted on
      the support table for vertically moving a lift table upon which is mounted
      a tilt table adapted to engage and support a converter vessel bottom. A
      first and second plurality of hydraulic cylinders are coupled to the tilt
      table for tilting the same relative to the horizontal plane and for
      rotating said table about a central vertical axis. A set of lugs affixed
      to the tilt table are provided to be keyed to mating lugs on the vessel
      bottom for exerting a downward breakaway force on the vessel bottom
      through the use of the lift cylinders when removal of the bottom becomes
      necessary.
PAL  In an alternate embodiment, a plurality of jacks are provided on the vessel
      bottom for exerting a breakaway force between the vessel and vessel bottom
      assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for handling the bottom assembly of a
      metallurgical vessel such as a bottom blown steel converter vessel. As is
      known, it is necessary periodically to remove the bottom assembly of
      bottom blown steel converter vessels for the purpose of rebuilding the
      refractory bottom and for replacing its tuyeres. It is desirable that
      bottom removal and replacement be done in a minimum amount of time in
      order to minimize disruption of production. Hand methods of vessel bottom
      installation and removal are very time consuming and requires a
      considerable number of workmen.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide apparatus for the rapid
      and safe removal and replacement of bottom assemblies for metallurgical
      vessels, particularly those of the bottom blown type.
PAR  Another object of this invention is to provide a vessel bottom handling
      apparatus which may be mounted quickly on an available transport device
      and positioned beneath the vessel on tracks.
PAR  A more specific object of the invention is to provide a metallurgical
      vessel bottom handling apparatus that is adapted for supporting the vessel
      bottom assembly while it is being uncoupled from the metallurgical vessel
      and that is capable of exerting a downward removal force to separate the
      vessel bottom from the vessel.
PAR  Still another object of the invention is to provide a metallurgical vessel
      bottom handling apparatus which is selectively movable in several
      directions to facilitate alignment of the bottom assembly when it is being
      removed or replaced in the vessel.
PAR  Another object of the invention is to provide a metallurgical vessel bottom
      handling device which permits vertical, horizontal, rotational and tilting
      movements.
PAR  How the foregoing and other more specific objects are achieved will appear
      throughout the course of a more detailed description of a preferred
      embodiment of the invention which will be set forth shortly hereinafter.
PAR  In general terms, the new bottom assembly handling apparatus comprises a
      horizontally movable first support elevating means mounted on the first
      support for vertically moving a second support, a vessel engaging support
      is mounted on the second support and motive means are provided to
      selectively rotating and tilting the vessel engaging support relative to
      the second support. The vessel support is selectively engageable with a
      removable metallurgical vessel bottom to support the vessel bottom for
      replacement or removal and may further be adapted to exert a downward
      force through the lifting devices to facilitate removal of the vessel
      bottom from the vessel.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view with parts broken away, of the
      metallurgical vessel bottom handling apparatus according to a preferred
      embodiment of the invention;
PAR  FIG. 2 is a view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is a view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a view taken along line 5--5 of FIG. 3;
PAR  FIG. 6 is a view taken along line 6--6 of FIG. 3;
PAR  FIG. 7 is a view taken along line 7--7 of FIG. 3;
PAR  FIG. 8 is a view taken along line 8--8 of FIG. 1;
PAR  FIG. 9 is a view taken along line 9--9 of FIG. 8;
PAR  FIG. 10 is a view taken along line 10--10 of FIG. 9;
PAR  FIG. 11 is a view taken along line 11--11 of FIG. 8; and
PAR  FIG. 12 is a partial side elevational view of an alternate embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the lower portion of a converter vessel 10 is
      illustrated to include an outer steel shell 11 and a refractory lining 12.
      The means for mounting the vessel for tilting on a horizontal axis are not
      shown since they may be conventional. A removable bottom assembly is
      generally designated by the reference numeral 13. Those skilled in the art
      will appreciate that the bottom 13 may be secured to the converter vessel
      10 in any conventional manner (not shown).
PAR  The bottom assembly 13 may include a refractory body 14 having one or more
      openings therethrough for receiving tuyeres 15 to permit the delivery of
      gases to the interior of vessel 10 and beneath the level of metal therein.
      The tuyeres 15 may include concentric pipes to permit the delivery of a
      hydrocarbon shielding fluid in surrounding relation to oxygen delivered
      through the central pipe. In addition, lime and other agents may be
      entrained in the gas stream for purposes known in the art and for this
      purpose, a metallic plate 16 supports the refractory body 14 and gas
      distributors and manifolds (not shown) are coupled to the outer ends of
      the tuyeres 15 and which are covered by a metallic housing 17. Flanged
      pipes 18 and 19 communicating with the housing 17 symbolizes fine
      particles and a hydrocarbon shielding fluid and oxygen gas may be
      communicated to the separate passageways of the tuyeres and injected into
      the molten metal within the vessel. Bottom assemblies of the type
      described for 200 ton capacity vessels may be in the order of 10 feet in
      diameter and weigh several tons.
PAR  Referring generally to FIGS. 1 and 2, the bottom handling apparatus is seen
      to include an adapter frame 20 adapted to be mounted on any suitable
      vehicle, such as a ladle car 21 which in turn may roll upon tracks 22
      ordinarily located in a pit beneath the converter vessel 10. The adapter
      frame 20 supports a cylinder support table 25 upon which a plurality of
      lift cylinders 26 are mounted and whose shafts support lift table 30 for
      vertical movement. While four lift cylinders 25 are illustrated, it will
      be appreciated that any suitable number may be employed. The lift table 30
      also supports a tilt table 32 which is adapted to support the vessel
      bottom assembly 13. Adapter frame 20 also serves as a support for a work
      platform assembly 33 and a hydraulic power supply 34.
PAR  The cylinder support table 25 serves as a horizontally bilaterally movable
      base for lift table 30 and tilt table 32. The cylinder support table 25 is
      slidably supported on adapter frame 20 and is movable in a first direction
      by a pair of hydraulic cylinders 35 mounted on opposite sides of support
      table 25. A second pair of cylinders 36 cooperating with the remaining two
      sides of table 25 provide table motion in a second direction perpendicular
      to the first direction of motion. Lift cylinders 26 attached to the
      support table 25 are provided for elevating the lift table 30 upon which
      the tilt table 32 is mounted. A plurality of hydraulic cylinders 37 are
      also mounted between the lift table 30 and tilt table 32 for selectively
      tilting the tilt table 32 relative to a horizontal plane. Further, as seen
      in FIG. 8, a pair of hydraulic cylinders 38 are also provided for rotating
      the tilt table 32 about a generally vertical axis. A more detailed
      description of the relationship and structure of the components just
      described will be set forth hereinafter. The foregoing general
      description, however, will make it apparent that the apparatus has the
      capability of varying the position of tilt table 32 vertically,
      horizontally, rotationally and tiltably. The tilt table 32 may thus be
      selectively positioned relative to the vessel 10 to facilitate precise
      alignment with the vessel bottom 13 either for removal or installation of
      the vessel bottom 13.
PAR  As seen in FIGS. 1 and 2, the adapter frame 20 includes a generally
      rectangularly shaped framework 40 which is secured to and supported on the
      ladle car 21 in any suitable manner to form a horizontal platform. For
      example the frame support assembly may include a first pair of lugs 41
      extending vertically downward in spaced relation on the left side as
      viewed in FIG. 1 and a second pair of lugs 42 extending downwardly on the
      right side. In addition, first and second pairs of base members 44 and 45
      project downwardly along the bottom of the framework 40 and are
      respectively spaced inwardly from the lugs 41 and 42. The pairs of base
      members 44 and 45 are located so as to be engageable with vertically
      extending frame members 46 of the ladle car 21. Each of the frame members
      46 of the ladle car 21 has a pair of integral spaced apart vertically
      extending brackets 47 between which a pin 48 extends. The framework 40 may
      be secured to the ladle car 21 by any suitable means such as ratchet jack
      assemblies 50 which extend between each of the lugs 41 and 42 and the pins
      48 of brackets 47. Each ratchet jack assembly 50 may include a clevis 51
      and pin 52 engaging its respective lug pairs 41 and 42 and a hook 53 which
      engages the pins 48. The ratchet jacks 50 are well known in the art and
      need not be described in detail other than to say that they may be
      tightened to securely hold the framework 40 down against the tops of frame
      members 46 of the ladle car 21. In order to prevent lateral motion of the
      framework 40 relative to the ladle car 21, pairs of downwardly extending
      gusset plates 55 are attached along the bottom of framework 40 and each
      pair abuts one side 46 of the ladle car 21.
PAR  While framework 40 is illustrated as being mounted on a ladle car 21, it
      will be appreciated that it can also be mounted atop other types of cars
      as well. Toward this end the framework 40 may also be provided with
      notches 59 as seen in FIG. 1 for being supported on other types of
      conventional cars such as a slag pot car, not shown. The framework 40 may
      be secured to such other cars in a manner similar to that described with
      respect to the ladle car 21.
PAR  Referring now to FIGS. 1, 3 and 4, the bidirectionally movable cylinder
      support table 25 is shown. Table 25 may include a base 65 which is
      slidably supported on beams 66 and 67 which form a part of the adapter
      framework 40. Vertical movement of base 65 relative to beam members 66 and
      67 is prevented by two studs 68 affixed to each beam 66 and 67 and
      extending vertically upward through apertures 69 and 70 in the upper and
      lower portions of frame 65 respectively. Each of the posts 68 threadably
      receives a nut 71 and a hold-down washer 72 which overlaps the upper
      apertures 69 and bears against the top surface of the rectangular
      framework 65. As is shown in FIG. 4, a bearing plate 73 is affixed at each
      of the four corners of the under surface of base 65. The bearing plates 73
      have apertures 74 which substantially match the lower aperture 70 in base
      65 through which the studs 68 extend. The bearing plates 73 may be of any
      suitable bearing material such as bronze and are affixed to base 65 by
      suitable means such as screws, not shown. Cooperating with the bearing
      plates 73 are matching bearing plates 74 affixed to beam members 66 and 67
      and which are also apertured to permit passage of studs 68. Thus, it may
      be seen that the base 65 of the cylinder support table 25 is vertically
      fixed relative to beams 66 and 67 but may be slidably moved in a generally
      horizontal plane.
PAR  The motive force for slidably moving the cylinder support table 25 may be
      provided by any suitable means such as pairs of double acting cylinders 35
      and 36 as best seen in FIG. 3. The cylinders 35 are oriented with their
      axis generally horizontal and perpendicular to the tracks 22 and have
      their cylinder bodies pivotally attached by means of a clevis and
      vertically extending pin assembly 81 to horizontal brackets 82 affixed to
      the front and back of the adapter framework 40. The shafts 83 of cylinders
      35 are also attached by means of clevis and vertical pin assemblies 84 to
      horizontal brackets 85 affixed to the base 65. Because the cylinders 35
      extend generally horizontally and transversally relative to the tracks 22,
      they are effective for moving the support table 25 laterally within
      adapter framework 40.
PAR  In a similar manner, longitudinal motion of the support table 25 is
      provided by the acting hydraulic cylinders 36, one of which is located on
      either side of the base 65 and which extend generally horizontally and
      paralleling the tracks 22. The bodies of cylinders 36 are similarly
      attached by means of clevis and vertical pin assemblies 89 to horizontal
      brackets 90 affixed to beams 66 and 67 of the adapter framework 40. The
      shafts 91 of cylinders 36 also have clevis and vertically extending pin
      assemblies 92 which are affixed to horizontal brackets 93 on each side of
      base 65. Cylinders 35 and 36 may be provided with fluid under pressure
      from any suitable source, not shown.
PAR  A plurality of vertically extending lift cylinders 26 for elevating the
      lift table 30 are mounted on a top plate 95 of support table 25 as shown
      particularly in FIGS. 1 and 3. While four cylinders 26 are illustrated, it
      will be appreciated that any suitable number may be employed. The
      cylinders 26 extend through and are mounted in apertures 92 formed in
      plate 95 and spaced apart in a generally rectangular array. As seen in
      FIGS. 6 and 7 cylinders 26 may be affixed at their upper ends in apertures
      92 in any suitable manner such as by gimbal mountings 94 each of which
      includes a pair of spaced pillow blocks 96 affixed to the plate 95 and
      adjacent its respective opening 92 by means such as bolts 100. Each
      mounting 94 also includes a gimbal block 97 having laterally extending
      trunnion pins 98 which extend through an aperture 99 formed in each of the
      pillow blocks 96. Each gimbal block 97 also has a pair of semi-circular
      support surfaces formed in its upper end for receiving a pair of opposed
      trunnion pins 101 affixed to its associated cylinder 26 and extending
      transversely to the axis of gimbal trunnion pins 98. The trunnions 101 of
      each cylinder 26 is secured by means of a cap plate 103 affixed on gimbal
      housing 97 in any suitable manner such as bolts 105 and having a matching
      semi-circular recess 104 which fits over the trunnion pins 101.
PAR  A shaft assembly 106 couples the cylinder 26 to the lift table assembly 30
      and includes a spherical coupling 107 to permit slight articulation. More
      specifically, each shaft assembly 106 includes a first shaft portion 110
      extending from cylinder 36 and having a threaded end 111 for receiving a
      collar 112 which supports a shoe 113 forming a part of coupling 107 and
      having a concave upper surface. Shaft assembly 106 also includes a
      vertical shaft 114 whose upper end engages lift table assembly 30, and
      whose lower end is threaded for receiving the threaded shank of bearing
      member 115 which also forms a part of coupling 107. A head 116 is formed
      at its lower end having a convex bearing surface 117 which bears upon the
      concave surface of shoe 113. An annular retaining collar 118 is affixed to
      collar 112 in surrounding relation to head 116 and shoe 113 and has a
      radially inwardly extending flange 119 which retains the head 115 from
      vertically separating from shoe 112. The concave surface between head 115
      and shoe 113 allows limited articulating motion of shaft 114. It will,
      therefore, be appreciated that the combination of the trunnion pins 98 and
      101 supporting cylinder 26 and the limited articulation motion of shaft
      114 substantially precludes side loading on the shafts 110 of the
      cylinders 26. Cylinders 26 may be supplied from any suitable hydraulic
      source, not shown.
PAR  To absorb side loading from the tilt table load and to prevent rotation of
      the lift table 30, a square column 120 is shown in FIGS. 1, 3 and 5 to be
      affixed to the lift table 30 and extends vertically downwardly through the
      lift cylinder support table assembly 25. The column 120 extends through an
      opening in the center of top plate 95 and is slidably supported on beams
      124, which form a part of the framework 65, by means of a pair of
      vertically spaced bearing supports 121 as seen in FIG. 5. Supports 121 and
      122 are suitably mounted on the upper and lower ends of a hollow column
      123 supported on beams 124 within the center of framework 65. The bearing
      supports 121 and 122 slidably engage the peripheral surface of the column
      120 and act to absorb side loading forces emanating from the lift table
      assembly 30 supported on column 120. A plurality of gusset plates 126 are
      rigidly affixed to the bottom of beams 124 and the lower extension of
      column 132 to provide added rigidity in resisting side forces. The bearing
      supports 121 and 122 may be made in separate sections to provide for ease
      of replacement and repair as necessary.
PAR  The lift table assembly 30 is shown in FIG. 1 to include a frame 125 which
      has a horizontally extending plate 126 defining its upper margin. The
      upper ends of a vertical column 120 and each of the coupling shafts 114
      are suitably secured to frame 125 by any well known means. As is seen in
      FIGS. 1 and 9, the lift table assembly 30 serves as a support for and is
      coupled to the tilt table assembly 32 by means of a ball joint assembly
      127 which includes a centrally located ball member 128 having a downwardly
      threaded shaft portion 129 which is received in a threaded aperture 130
      formed in a block 131 secured to plate 126. A plurality of arcuate wear
      plates 129 are mounted on lift table top plate 126 and are spaced radially
      outward from the spherical member 127. The wear plates 129 support rollers
      attached to the tilt table assembly 32 as will be discussed hereinafter.
      Finally, the top plate 126 also supports cylinder assemblies 37 operative
      to rotate the tilt table assembly 32 which will be discussed more fully
      below.
PAR  The tilt table assembly 32 is shown in FIGS. 1 and 8 generally to include a
      generally horizontally extending frame comprising beams 135 and 136 which
      are suitably joined at their inner ends and radiate outwardly at right
      angles relative to each other to form an X-shaped framework. A hollow
      downwardly extending tubular housing 139 is disposed at the intersection
      of beams 135 and 136 as shown in FIG. 9 and carries the socket portion 137
      of ball joint 127 at its lower end. More specifically a first socket
      member 140 is suitably affixed within housing 139 and has hemispherical
      shaped recess 141 which bears on the upper portion of the ball member 127
      mounted on the lift table assembly 30. A retainer plate 142 having an
      upwardly facing spherical surface 143 which abuts the lower portion of
      spherical ball member 127 with the shaft 128 extending through a conical
      bore 144, which intersects surface 143. The plate 142 may be secured to
      socket 140 in any suitable manner such as bolts 145 and nut 146. It may
      thus be seen that the socket member 140 and retainer plate 142 embrace the
      ball member 127 whereby the tilt table assembly may pivot to the extent
      permitted by the clearance between opening 144 and ball joint 127. It will
      also be appreciated that the ball joint 127 also permits rotary motion of
      the tilt table assembly 32 about the vertical axis of ball 128. The ball
      joint 127 may be provided with a grease fitting 150 accessible through
      cover plate 151 whereby the surfaces of ball joint 127 may be lubricated.
PAR  The means for tilting the tilt table assembly 32 relative to the lift table
      assembly 30 as seen in FIGS. 1 and 10 to include four single up acting
      hydraulic cylinders 37 one of which is pivotally connected to each of the
      outer ends of beams 135 and 136 of the tilt table 32 by means of a
      coupling assembly 159. Specifically, a flange 161 is affixed to the
      underside of each of the beams 135 and 136 and a clevis 162 affixed to the
      piston rod 163 of cylinder 37 and coupled to flange 161 by pin 162. The
      body of each cylinder 37 is similarly pivotally connected to the end of
      generally horizontally extending tilt link 166 which extends radially
      outward beneath each of the four beams 135 and 136. As may be seen in
      FIGS. 9 and 10, each of the tilt links 166 comprises a pair of spaced
      parallel members 167 and 168 which extend radially outward beyond the edge
      of the plate 126 of lift table assembly 30 and is terminate in a
      semi-circular bearing surface 170 each of which receives one of a pair of
      trunnion pins 171 extending transversely from cylinder 37. An end cap 172
      has a surface 173 which mates with trunnion pins 171 and is suitably
      secured to each member 167 and 168 to secure said pins in position.
PAR  The radially inner ends of the link members 167 and 168 are pivotally
      connected by means of a pin 174 extending between a pair of brackets 175
      affixed to the under surface of their respective beams 135 or 136. The pin
      174 may be secured by nuts 177 and lock pins 178. A roller 180 is
      journaled between a pair of plates 182 and 183 mounted normally between
      members 167 and 168 intermediate the cylinder 37 and the pivot pin 174.
      The roller 180 is thus disposed with its axis of rotation paralleling the
      link elements 167 and 168 and is adapted to roll circumferentially around
      the lift table assembly 30 as it bears on the roller wear plates 129
      affixed to the top 126 of lift table assembly 30.
PAR  As is shown in FIG. 9, the tilt link assembly 166 serves as a lever with
      the roller 180 acting as the fulcrum so that by moving the piston rod 161
      up or down under the influence of hydraulic pressure, the link assembly
      166 will be pivoted about the roller 180 to move its associated beam 135
      or 136 upward or downward around the pivot pin 174 thereby tilting the
      tilt table assembly 32 about the ball joint 127. It will be appreciated
      that the tilt cylinders 37 on diametrically opposed beams must be
      coordinated so that an upward movement of a piston rod 163 on one side is
      compensated by a corresponding downward movement of the piston rod 163 on
      the opposite side of the tilt table assembly 32. Also, to accommodate the
      tilting motion, the peripheral surface of the rollers 180 is curved to
      provide a smoother tilting motion.
PAR  Limited rotation of the tilt table 32 may be accomplished by a pair of
      double acting hydraulic cylinders 38 which are shown in FIG. 8, to extend
      in a coacting relation between beams 35 and lift assembly 30. The axes of
      the cylinders 38 lie in a horizontal plane extending in a direction
      generally perpendicular to the beams 135 and are spaced from the spherical
      pivot member 127 to form a means of generating a moment couple which is
      exerted upon the tilt table assembly 32 about the vertical axis of ball
      joint 127. Each of the cylinders 38 are secured at its opposite ends by
      articulated couplings 185 to permit tilting of beams 135 and 136 relative
      to assembly 30. With reference to FIG. 11, each cylinder 38 is shown to
      have a fixed shaft 191 extending from one end and a movable piston shaft
      192 extending from its other end. The stationary shaft 191 has a stepped
      down portion 193 for receiving a collar 194 provided with a spherical
      surface 195 and which is retained by a nut 196 threadably received on
      threaded end 197 of shaft 191. The surface 195 of collar 194 engages
      coupling 185 which includes an annular bushing 197 having an inner
      spherically concave surface 199 which engages surface 195. Bushing 197 is
      mounted in the bore of a block 198 which in turn is suitably secured to a
      bracket 201 which is affixed to the top plate 126 of the lift table
      assembly 30. An annular retainer plate 202 is secured, bolted on block 198
      to retain the bushing 197 within the block 198. Both the block 198 and
      retainer plate 202 have conical bores 203 and 204 extending around the
      shaft 191 to allow limited articulating motion of the cylinder. As is seen
      in FIG. 11, the piston shaft 192 of cylinder 38 is identically mounted as
      shaft 191 and the parts are numbered the same, the only difference being
      that block 198 is connected to a flange 210 of beam 135 of the tilt table
      assembly 32. It will thus be appreciated that both ends of the shafts 191
      and 192 of cylinders 38 are free to articulate within limited confines
      relative to their couplings 185. This articulating motion is necessary to
      accommodate the tilting motion of beams 135 and 136 due to the influence
      of cylinders 37 as tilting of the tilt table 32 would change the relative
      alignment of the ends of the cylinder shafts 191 and 192 by moving flanges
      210 affixed thereto. It will be appreciated with reference to FIG. 8, that
      if the cylinders 37 receive fluid from any suitable source (not shown) to
      simultaneously extend their shafts 192, the beams 135 and 136 will be
      caused to rotate in a counter-clockwise direction around the ball joint
      127. Conversely, if both of the piston shafts 192 are retracted within the
      cylinders 38, the beams 135 through 138 will be caused to rotate in a
      clockwise direction. Rotation of the beams 135 andd 136 is necessarily
      limited by the maximum stroke of the cylinders 38.
PAR  As seen in FIGS. 1 and 8, a vertically extending lug 215 is affixed to the
      top of the outermost ends of each of the tilt beams 135 and 136 for being
      coupled to coacting lugs 216 on vessel bottom 13. More specifically the
      vessel bottom assembly 13 has four pairs of vertically oriented lugs 216
      affixed to steel shell 14 and spaced apart 90.degree. around the vessel
      periphery. Lugs 216 are adapted to receive the lugs 215 of the tilt table
      therebetween and a generally rectangular aperture 217 extends through both
      lugs 215 and 216 for receiving a tapered key 218 to securely attach to the
      tilt table assembly 32 to the vessel bottom 13.
PAR  A work platform assembly 33 is provided on the adapter frame assembly 20 as
      seen in FIGS. 1, 2 and 8. Basically the platform assembly 33 includes a
      structural steel framework 220 which supports a horizontal floor of
      expanded metal grating 221 extending around the lift table assembly 30 and
      tilt table assembly 32. An aperture 222 is formed in grating 221 to permit
      lowering the lift and tilt table assemblies 30 and 32 down below the level
      of the grating 221.
PAR  In operation of the bottom removal apparatus the adapter frame assembly 20
      containing the lift cylinder support table assembly 25, lift table
      assembly 30, tilt table assembly 32 and work platform 33 is lifted and
      positioned on a ladle car 21 and secured in place with ratchet jack
      assemblies 50. This initial positioning of the bottom removal apparatus on
      the ladle car 21 is normally done at a point remote from the vessel 10,
      after which the entire assembly is moved on the ladle car 21 along tracks
      22 to a point below the converter vessel 10 and its bottom assembly 13.
      Workmen on the platform assembly 33 may then disconnect the gas piping
      connections 18 and 19 after which the lift table assembly 30 is raised by
      means of the lift cylinders 26 upward until the tilt table assembly
      engages the vessel bottom assembly 13. As the tilt table assembly 32
      approaches contact with the vessel bottom assembly 13, the tilt cylinders
      37 are actuated as necessary to align the top surface of the tilt table
      assembly 32 with the lower surface of the bottom assembly 13, and the
      rotation cylinders 38 would be actuated as necessary to rotate the tilt
      table assembly 32 to position the lugs 215 to be aligned with the space
      between the parallel lugs 216 affixed to the vessel bottom 13. After
      adequate alignment of the lugs 251 and 26, the lift cylinders 26 are
      actuated to raise the tilt table 32 into a position supporting the vessel
      bottom 13 and keys 218 are inserted in the lugs 215 and 216 to secure the
      bottom assembly 213 on the tilt table 32. At this point, the connections
      between the vessel bottom 13 and the vessel 10 itself are disengaged thus
      preparing the bottom 13 for withdrawal downwardly from the vessel 10. The
      bottom assembly is then ready for withdrawal from the vessel 10 and the
      lift cylinders 26 may be actuated to withdraw cylinder shafts 110 thus
      exerting a downward force on the lift table 30 which in turn is
      transmitted to the tilt table assembly 32 and through the keyed
      connections 218 between 215 and 216, to pull the vessel bottom assembly 13
      free of the vessel 10. Once the bottom assembly is withdrawn and lowered
      clear of the vessel 10, the ladle car 21 is moved clear of the vessel 10
      and the bottom assembly 13 may be transported to a remote location for
      removal and rebuilding and a new bottom assembly 13 positioned on the lift
      table assembly 32 and transported on ladle car 21 back beneath vessel 10
      for insertion of the new bottom assembly 13 into the vessel 10. Again,
      when the new bottom assembly 13 is lifted upwardly to a point proximate to
      the vessel 10, the bottom may be accurately aligned with the opening in
      the vessel 10 by means of the tilt cylinders 37 rotating cylinders 38 and
      the shift cylinders located in the adapter framework 35 and 36, which
      horizontally move the cylinder support table which in turn results in a
      horizontal shifting on lift table assembly 30, tilt table assembly 32, and
      the attached bottom assembly 13. As previously noted, any side loads due
      to uneven weight distribution of the vessel bottom on the tilt table
      assembly 32, are absorbed by the square column 120 extending from the lift
      table assembly 30, thus preventing side loading on the shafts 110 of
      cylinders 26 thereby prolonging their useful life.
PAR  An alternate embodiment of the invention is shown in FIG. 12 wherein parts
      corresponding to those of the previous embodiment are identically numbered
      with the addition of a prime. Basically, a converter vessel 10' is shown
      which has a bottom assembly 13' including a gas distribution housing 17'.
      The tilt table assembly 32' is depicted as being positioned slightly below
      the bottom assembly 13'. A plurality of hydraulic jacks 230 are provided
      which have their bodies 231 suitably affixed to radially outwardly
      extending support brackets 232 affixed to bottom assembly 13' by means
      such as welding Jacks 230 include vertically extensible shafts 233 which
      each have their ends aligned with the bottom of radially outwardly
      extending L-shaped brackets 234 attached to the sides of vessel 10' in any
      suitable manner such as welding. It may be seen that by extending the jack
      shafts 233 against brackets any further extension of shafts 233 will
      result in application of generally vertical opposed forces against the
      brackets 232 and 234 affixed to bottom 13' and vessel 10' respectively.
      These forces tend to break the vessel bottom 13' away from vessel 10'
      after which bottom 13' will be supportingly received by tilt table 32' of
      the lifting apparatus. The jacks 230 are supplied with pressurized
      hydraulic fluid in a manner well known in the art. In addition, any other
      suitable force producing means could be provided in place of the jacks
      230, such as hydraulic cylinders of the like.
PAR  The utility of the alternate embodiment lies in the fact that breakaway
      forces between the bottom 13' and vessel 10' are limited solely by the
      combined capacities of the jacks 230 and brackets 232 and 234 unlike the
      previously described embodiment where the breakaway force exerted by lift
      cylinders 26 is limited to combine weight of the apparatus and its support
      car 21. If any greater force is exerted by the lift cylinders 26, the
      apparatus and car 21 would be lifted off tracks 22 thereby creating a
      dangerous situation.
PAR  It will be appreciated by those skilled in the art, that the invention thus
      described provides a means for quickly changing converter vessel bottom
      assemblies. Furthermore, the unit is capable of exerting a downward
      breakaway force on the vessel bottom which is often necessary to break the
      worn refractory bottom section loose from the adjoining brickwork in the
      furnace bottom.
PAR  While two embodiments of the invention have thus been described, the
      invention is not intended to be limited thereby but the scope of the
      invention is to be taken from an interpretation of the claims which follow
     .
CLMS
STM  We claim:
NUM  1.
PAR  1.  Apparatus for handling a vessel bottom which is attachable to and
      detachable from a metallurgical vessel, said apparatus comprising:
PA1  support means, lift means mounted on said support means and including power
      means,
PA1  bottom receiving means for receiving and supporting said vessel bottom and
      being mounted on said lift means for rotational and tilting movement
      relative thereto,
PA1  said lift means engaging said bottom receiving means and being operative to
      elevate said bottom receiving means vertically,
PA1  first force producing means mounted on said lift means and engageable with
      said bottom receiving means for selectively tilting the latter relative to
      a horizontal plane, and
PA1  second force producing means mounted on said lift means and engaging said
      bottom receiving means for selectively rotating the latter relative to
      said lift means and about a nominally vertical vertical axis.
NUM  2.
PAR  2. The invention set forth in claim 1 including:
PA1  third selectively operable force producing means coupled to said support
      means and said lift means and being operative for moving said bottom
      receiving means and said lift means relative to said support means in a
      first generally horizontal direction and a second generally horizontal
      direction generally normal to said first generally horizontal direction.
NUM  3.
PAR  3. The apparatus set forth in claim 2 wherein said support means including
      first and second support portions, said lift means being mounted on said
      first support portion, said third force producing means comprising a pair
      of power elements respectively extending in said first and second
      horizontal directions and each engaging said first and second support
      portions for moving said first support portion and said lift means
      horizontally relative to said second support portion.
NUM  4.
PAR  4. The apparatus set forth in claim 3 wherein:
PA1  said power elements each comprise selectively operable cylinder means
      articulatingly connected to said first and second support portions and,
PA1  bearing means disposed between said first and second support portions for
      slidingly supporting said first support portion on said second support
      portion.
NUM  5.
PAR  5. The apparatus set forth in claim 4 including restraining means
      associated with said bearing means for preventing relative vertical
      movement between said first and second support portions.
NUM  6.
PAR  6. The apparatus set forth in claim 5 wherein: said restraining means
      comprise a plurality of vertically extending post means affixed to one of
      said support portions and extending through apertures formed in the other
      of said support portions, said bearing means being disposed between said
      post means and the other of said support portions.
NUM  7.
PAR  7. The apparatus set forth in claim 6 wherein said bottom receiving means
      includes attachment means for releasably attaching said bottom receiving
      means to said vessel bottom, said lift means including bidirectionally
      operable and vertically extensible force producing means for vertically
      elevating said bottom receiving means and for exerting a vertically
      downward force on said vessel bottom to forcibly remove the same from said
      vessel.
NUM  8.
PAR  8. The apparatus set forth in claim 1 wherein said first force producing
      means includes a plurality of radially extending circumferentially spaced
      lever means, the radially inner end of each lever means being pivotally
      connected to said bottom receiving means,
PA1  roller means rotatably mounted intermediate the ends of each of said lever
      means, said roller means engaging said lift means,
PA1  said first force producing means also comprising a bidirectionally operable
      tilt cylinder pivotally supported between the radially outer end of each
      lever means and said bottom receiving means, said tilt cylinders being
      selectively operable whereby extension or retraction of said tilt
      cylinders will pivot said levers about said rollers and cause said bottom
      receiving means to tilt.
NUM  9.
PAR  9. The apparatus set forth in claim 8 and including a pivot support
      disposed between said bottom receiving means and said lift means, said
      pivot means comprising ball means mounted adjacent the center of one of
      said bottom receiving means and lift means and socket means mounted on the
      other of said bottom receiving and lift means, said ball and socket means
      supporting said bottom receiving means for tilting and rotational movement
      on said lift means.
NUM  10.
PAR  10. The apparatus set forth in claim 9 wherein said lift means includes
      vertically extensible means and means for moving said extensible means
      vertically to selectively elevate and lower said bottom receiving means,
      said means includes frame means and translatable means engageable with
      said bottom receiving means and said frame means, said vertically
      extensible means being mounted on said frame means and engageable with
      said translatable means for elevating said bottom receiving means.
NUM  11.
PAR  11. The apparatus set forth in claim 10 wherein said bottom receiving means
      includes attachment means for releasably attaching said bottom receiving
      means to said vessel bottom, said lift means including bidirectionally
      operable, vertically extensible force producing means for vertically
      elevating said bottom means and for exerting a vertically downward force
      on said vessel bottom to forcibly remove the same from said vessel.
NUM  12.
PAR  12. The apparatus set forth in claim 1 and including pivot support means
      disposed between said lift means and bottom receiving means, said first
      force producing means comprises a plurality of selectively operable,
      bidirectional power elements disposed in spaced apart relation about said
      pivot support means and engaging said bottom receiving means for applying
      selective tilting forces thereto at spaced apart points thereof for
      selective universal tilting.
NUM  13.
PAR  13. The apparatus set forth in claim 12 wherein said power elements
      comprise a plurality of double acting fluid operated cylinder means
      mounted on said support means and having extensible portions pivotally
      connected to said bottom receiving means for bidirectionally tilting said
      pivot support means.
NUM  14.
PAR  14. The apparatus set forth in claim 13 wherein said first force producing
      means includes a plurality of radially extending circumferentially spaced
      lever means, the radially inner end of each lever being pivotally
      connected to said bottom receiving means,
PA1  roller means pivotally mounted intermediate the ends of each of said lever
      means, said roller means engaging said support means,
PA1  one of said power elements being pivotally supported between the radially
      outer end of each of said lever means and said lift means, whereby
      extension or retraction of said power elements will pivot said levers
      about said rollers and cause said bottom receiving means to tilt.
NUM  15.
PAR  15. The apparatus set forth in claim 1 and including bearing means mounted
      on said support means, said bottom receiving means being mounted on said
      bearing means for rotational movement about a generally vertical axis,
      said second force exerting means engaging said support means and said
      bottom receiving means for rotating said bottom receiving means about said
      vertical axis and relative to said support means.
NUM  16.
PAR  16. The apparatus set forth in claim 15 wherein said second force producing
      means comprises bidirectionally operable extensible means extending in a
      generally horizontal direction.
NUM  17.
PAR  17. The apparatus set forth in claim 16 wherein said bearing means
      comprises ball means mounted adjacent the center of one of said bottom
      receiving means and lift means and socket means mounted on the other one
      thereof and roller means disposed between peripheral portions thereof.
NUM  18.
PAR  18. In combination with a vessel bottom which is attachable to and
      detachable from a metallurgical vessel, an apparatus for handling said
      vessel bottom comprising:
PA1  support means, lift means mounted on said support means and including
      extensible power means,
PA1  bottom receiving means for receiving and supporting said vessel bottom and
      being affixed to said lift means,
PA1  said lift means being operative to elevate said bottom receiving means
      vertically,
PA1  attachment means for releasably attaching said bottom receiving means to
      said vessel bottoms and a plurality of hydraulic means disposed between
      said vessel bottom and said vessel for breaking said bottom from said
      vessel.
NUM  19.
PAR  19. In combination with a vessel bottom which is attachable to and
      detachable from a metallurgical vessel, an apparatus for handling said
      vessel bottom comprising:
PA1  support means, lift means mounted on said support means and including
      extensible power means,
PA1  bottom receiving means for receiving and supporting said vessel bottom and
      being affixed to said lift means,
PA1  said lift means mounted on said support means and includes bidirectionally
      operable force exerting means operative to elevate said bottom receiving
      means vertically,
PA1  attachment means for releasably attaching said bottom receiving means to
      said vessel bottom,
PA1  said force exerting means also being operable for exerting a vertically
      downward force on said vessel bottom relative to said vessel to remove
      said bottom from said vessel.
NUM  20.
PAR  20. The apparatus set forth in claim 19 wherein said force producing means
      comprises double acting hydraulic cylinder means, said support means
      includes car means, whereby operation of said hydraulic cylinder means to
      lower said bottom receiving means subjects said bottom to the weight of
      said apparatus when said bottom receiving means is affixed to said bottom.
NUM  21.
PAR  21. The apparatus set forth in claim 20 wherein said bottom receiving means
      is mounted on said lift means for rotational and tilting movement relative
      thereto,
PA1  first force producing means mounted on said lift means and engageable with
      said bottom receiving means for selectively tilting the latter relative to
      a horizontal plane,
PA1  second force producing means mounted on said lift means and engaging said
      bottom receiving means for selectively rotating the latter relative to
      said lift means and about a nominally vertical axis, and
PA1  third selectively operable force producing means coupled to said support
      means and said lift means and being operative for moving said bottom
      receiving means and said lift means relative to said support means in a
      first generally horizontal direction and a second generally horizontal
      direction generally normal to said first generally horizontal direction.
NUM  22.
PAR  22. The apparatus set forth in claim 21 wherein said support means
      including first and second support portions, said lift means being mounted
      on said first support portion, said third force producing means comprising
      a pair of power elements extending in said first and second horizontal
      directions and each engaging said first and second support portions for
      moving said first support portion and said lift means horizontally
      relative to said second support portion,
PA1  said power elements each comprise selectively operable cylinder means
      articulatingly connected to said first and second support portions and,
PA1  bearing means disposed between said first and second support portions for
      slidingly supporting said first support portion on said second support
      portion.
NUM  23.
PAR  23. The apparatus set forth in claim 22 wherein said first force producing
      means includes a plurality of radially extending circumferentially spaced
      lever means, the radially inner end of each lever means being pivotally
      connected to said bottom receiving means,
PA1  roller means rotatably mounted intermediate the ends of each of said lever
      means, said roller means engaging said lift means,
PA1  said first force producing means also comprising a bidirectionally operable
      tilt cylinder pivotally supported between the radially outer end of each
      lever means and said bottom receiving means, said tilt cylinders being
      selectively operable whereby extension or retraction of said tilt
      cylinders will pivot said levers about said rollers and cause said bottom
      receiving means to tilt.
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ABST
PAL  A dunnage bag having multiple outer plies of paper and an inner ply of
      plastic has an air diffuser extending across the inflation valve outlet
      and connected to the bag to prevent dry burn from inflation of the bag by
      high-pressure air. The diffuser constitutes a porous flat member having an
      expanded thickness and through which an air stream is expanded by
      deforming the member spherically outwardly, thereby to diffuse the flow of
      air and prevent any vibratory forces tending to produce a dry burn effect
      on the plastic ply opposite the valve outlet.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of my application of the same
      title, U.S. Ser. No. 520,014, filed Nov. 1, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to paper plastic dunnage bags.
PAR  2. The Prior Art
PAR  In paper plastic dunnage bags heretofore provided, an attempt has been made
      to prevent dry burn by merely taping an additional piece of plastic in the
      form of a loose flap on the opposite inside surface of the bladder. That
      additional flap is intended to prevent the burn of the surfaces caused by
      high frequency vibration sometimes developed in the plastic on the initial
      input of air under pressure into the interior of the bag. Since the
      polyethylene used in the bladder is a high density polyethylene which is
      linear in molecular structure, the plastic bladder frequently develops
      holes or is weakened and will rupture and tear, rendering the dunnage bag
      incapable of maintaining pressure.
PAC  SUMMARY OF THE INVENTION
PAR  In my co-pending parent application instead of using an ordinary piece of
      plastic, a square of expanded plastic or a square of corrugated paper is
      used to baffle the stream of air. The present invention shows yet another
      application of that basic concept wherein a porous sheet of discrete
      thickness is bonded by heat sealing to the plastic bladder circumjacent
      the valve outlet into the bladder and covers the valve outlet. The
      polyvinyl will separate the plys of the bladder to prevent dry burn by
      dissipating and diffusing the stream of air upon first injection of air
      and will expand or enlarge and slow or dissipate the stream of air for
      further inflation by forming a porous bubble surface inwardly adjacent the
      valve outlet and diffusing the air to the interior of the bladder across
      its entire surface in a spherically outward direction, thus dissipating
      any tendency towards promoting the promulgation of vibratory forces
      tending to produce a dry burn effect on the plastic ply.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary elevational view of a paper plastic dunnage bag in
      a typical use environment.
PAR  FIG. 2 is an enlarged fragmentary cross-sectional view of the bag of FIG. 1
      and showing in dotted lines the bag in deflated condition and showing in
      full lines the bag in inflated position to illustrate additional details
      of the parts.
PAR  FIG. 3 is an elevational view of the diffuser means taken on line III--III
      of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an inflatable disposable paper plastic dunnage bag is
      shown generally at 10. Such a bag is made from multi-layers of high grade
      paper, as shown at 11 on FIG. 2, with inner walls 12 and 12a of leak-proof
      polyethylene film. A valve 13 is mounted in the wall 12 and comprises a
      valve of the automobile tire type wherein an actuate air inflow is
      permitted with no outflow. Thus, a spring-pressed valve head is shown at
      14 which seats against a valve seat 16 and which is carried in a valve
      body 17. An air inlet 18 can be selectively closed by a snap-in cover 19
      carried on the end of an arm 20. A T-shaped handle 21 extends from the
      other side of the valve member to facilitate manipulation of the valve and
      the bag during inflation thereof.
PAR  In usage, deflated, or partially inflated, bags are simply placed in an
      open space 22 between a load illustrated in FIG. 1 as constituting any
      typical load having part A and part B on opposite sides of the space 22
      and which parts A and B are loaded on pallets 23 and 24, respectively.
      Compressed air is then applied to the valve inlet 18 until the required
      pressure is reached. When the shipment reaches its destination, the bags
      are simply punctured and discarded.
PAR  The inner wall of leak-proof polyethylene film forming the inside bladder
      of the inflatable dunnage bag is customarily provided as a high density
      polyethylene which is linear in molecular structure. Thus, when air is
      initially introduced into the inlet 18 of the valve, there is sometimes a
      tendency of such airstream to set up vibratory forces and high frequency
      vibrations which tend to produce holes or ruptures in the polyethylene
      film. If that occurs, the bag will be prematurely broken and will lose its
      functional utility. Under the circumstances, some effort has been made to
      correct such problem which is frequently referred to as "dry burn" by
      taping a loose flap of polyethylene film on the opposite inside surface of
      the bladder. However, such loose flap is not completely reliable and may
      actually be destroyed itself by the vibratory air forces since the flap is
      so thin as to be practically negligible insofar as its influence on the
      inrush of air is concerned, when the bag is in a deflated condition.
PAR  In accordance with the principles of my co-pending application, Ser. No.
      520,014, filed Nov. 1, 1974, it is contemplated that an air diffuser means
      be provided to baffle the valve outlet to the interior of the bag with a
      sheet of discrete thickness to expand the stream of air as it emerges from
      the valve, decreasing its speed and diffusing the air into the interior of
      the bag without dry burn of the bladder wall opposite the valve outlet.
      The present disclosure shows yet another species of that concept wherein a
      porous polyvinyl sheet is heat fused to the plastic ply and covers the air
      inlet.
PAR  Referring specifically to FIG. 2, an air diffuser means 30 is attached to
      the inner wall 12 of the loak-proof polyethylene film comprising the
      bladder of the bag, the attachment being a heat fused or thermal bond
      formed at an annular surface 31 and spaced radially outwardly from the
      valve outlet 14. The diffuser material 30 is preferably a porous sheet
      which may be approximately 3 inches (7.5 cm) square and have a free
      portion 30a within the attachment annulus 31, the free portion 30a having
      a diameter of approximately one inch (2.5cm) and the annulus 31 having an
      outside diameter of an inch and a half (3.8 cm). The sheet 30 in its
      unstressed form may be approximately one-eighth inch (0.32 cm) in
      thickness and may be made of a suitable thermally responsive material such
      as expanded polyvinyl. The expanded polyvinyl diffuser means is
      characterized by randomly disposed air passages which will diffuse air
      through the thickness of the sheet 30 with a pressure drop due to the
      resistance of the walls of the passages.
PAR  In operation, when the dunnage bag 18 is new and the interior of the bag is
      essential devoid of air, the walls 12 and 12a adjoin one another
      throughout the bag 10 but are spaced apart near the valve outlet 14 as
      shown at S in FIG. 2 by the thickness of the polyvinyl diffuser sheet 30.
      The sheet 30 protects the ply 12a from dry burn upon initial inflation of
      the bag in the same manner as the sheets 126 or 26 of the parent
      application. When the bag is partially inflated, the portion 30a of the
      sheet 30 which is within the attachment annulus 31 will be deformed or
      will expand substantially hemispherically outwardly from valve outlet 14
      to define a zone 32 of air substantially at input pressure. Air will
      escape both transversely and axially from zone 32 over the entire surface
      30a within the annulus 31, creating a pressure drop across the diffuser
      portion 30a as the stream of air flows from the valve outlet 14 to the
      interior of the bag. Thus, dry burn of the surface 12a is prevented both
      at initial and partial inflations since all of the air introduced into the
      bag must necessarily pass through the porous baffle.
PAR  Although various minor modifications might be suggested by those versed in
      the art, it should be understood that I wish to embody within the scope
      within the patent warranted hereon all such modifications as reasonably
      and properly come within the scope of my contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A dunnage bag comprising:
PA1  multiple outer plies of paper and an inner ply of plastic formed as a
      closed inflatable tube;
PA1  a one-way inflation valve having an inlet end disposed in an accessible
      location outside said bag on a wall thereof and having an outlet end
      projecting inwardly of said plastic through said wall to admit air under
      pressure inside said tube; and
PA1  means to prevent dry burn when charging said bag with air comprising:
PA2  an air stream diffuser positioned in register with the outlet end of said
      valve and being disposed between confronting surfaces of said plastic when
      the bag is in deflated condition,
PA2  said diffuser comprising an expandable sheet-form member of elastic porous
      material having sufficient thickness and included area to diffuse
      therethrough at reduced velocity the air projected through said valve by
      forming a porous bubble surface extending into the interior of the bag.
NUM  2.
PAR  2. A dunnage bag as defined in claim 1 wherein said means to prevent dry
      burn comprises a sheet of expanded polyvinyl being attached to the plastic
      ply circumjacent the outlet end of said valve within the inflatable tube.
NUM  3.
PAR  3. In an inflatable paper plastic dunnage bag of the type having an air
      valve extending between the inside and the outside thereof, the
      improvement of means to prevent dry burn of the plastic bladder opposite
      and adjacent to the valve, said means comprising:
PA1  porous sheet form means of discrete thickness forming restricted air
      passage means and having a bonded annular joint connecting the sheet form
      means to the plastic bladder outwardly of the air valve so that said sheet
      form means extends over the air valve outlet,
PA1  said sheet form means forming a porous bubble surface in response to the
      air flow therethrough for expanding the stream of air from the valve and
      dissipating its dynamic energy to charge the interior of the bag with a
      static supply of air at increased pressure.
NUM  4.
PAR  4. In an inflatable paper plastic dunnage bag as defined in claim 3, said
      sheet form means comprising a piece of expanded polyvinyl plastic.
NUM  5.
PAR  5. In an inflatable paper plastic dunnage bag as defined in claim 4, said
      sheet form means being thermally fused to the inner side of the plastic
      bladder circumjacent to and overlying said valve.
NUM  6.
PAR  6. In an inflatable paper plastic dunnage bag as defined in claim 3, said
      porous sheet form means being made of elastic material and deforming in
      response to incoming air to form a substantially hemispherical zone of air
      at increased pressure and through the walls of which all of the air
      entering the bag is diffused for the purposes set forth.
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ABST
PAL  An underground automatic parking system has a vertical well with two spaced
      elongated vertical side compartments each having a plurality of parking
      spaces. An elevator with a car transfer mechanism is located between the
      compartments. A plurality of slides are arranged in the parking spaces.
      Each slide has two side headers of triangular form and a rectangular frame
      which supports a corresponding plurality of vehicle carrying platforms.
      The slides are horizontally displaceable on tracks arranged along the ends
      of each parking space of the well between a retracted position within one
      of the side compartments and an extended position to intersect the path of
      the transfer mechanism on the elevator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention refers to a parking system for vehicles and, more
      particularly, it is related to a fully automatic underground parking
      system for vehicles, which is quite unconspicuous and does not interfere
      with the normal traffic on the streets.
PAR  It is a very well known fact all over the world that the parking of
      vehicles in predetermined areas of large cities is a particularly
      difficult problem, moreso when areas of great commercial activities are
      considered, because there is an extraordinary flow of vehilces into and
      out of said areas, which creates a very high traffic density which does
      not allow for parking vehicles on the streets. On the other hand, the
      parking systems of the prior art have left much to desire and are
      absolutely inefficient. In effect, when said systems merely comprise large
      lots of land wherein the vehicles are accommodated in a completely
      disorganized manner, a numerous personnel is required to drive the
      vehicles and statistics show that accidents and burglary are quite
      frequent in this type of parking lots. Prior art parking systems
      consisting of buildings of several floors wherein entrance and exit ramps
      are built for the transit of vehicles, are also quite disadvantageous in
      that the vehicles are normally spoiled by the personnel in charge of said
      parking buildings when the vehicles are driven up and down the ramps.
      While in some parking buildings having several parking floors, elevator
      systems have been provided, nevertheless the vehicles have to be driven by
      a person whose ability is rather doubtful and who does not care too much
      about what may occur to the mechanisms of the vehicle when driving the
      same.
PAR  Therefore, for long a solution has been sought to solve the problem of lack
      of fully automatic parking systems in which, once the owner of the vehicle
      applies for the services of the establishment, he can leave his vehicle
      locked, as it will not be driven by the personnel in charge of the parking
      system.
PAR  On the other hand, the prior art parking buildings require a substantial
      area of land and must be built where perhaps more profitable buildings
      could be built instead.
PAR  The prior art has also provided underground parking systems, but these
      merely comprise a basement or the like, in which all the vehicles are
      placed by drivers, also in a completely disorganized manner which does not
      solve the problem of parking vehicles in heavy traffic areas of a city.
PAR  On the other hand, in railroad yards, very numerous and complicated
      maneuvers are necessary to park railroad cars and to thereafter form
      trains with the same, whereby very large extensions of land are occupied
      and very complicated networks of tracks and branches are necessary to
      carry out said operations, whereby a railroad car efficient parking system
      does not exist which may fully solve the above mentioned serious problems.
PAC  SUMMARY OF THE INVENTION
PAR  Having in mind the defects of the prior art parking systems for vehicles,
      the present invention provides an underground, fully automatic parking
      system for vehicles, which overcomes all the disadvantages of the prior
      art parking systems and avoids the necessity of driving the vehicles
      within the parking space by uncapable personnel.
PAR  The present invention also provides an undergroung parking system for
      vehicles, of the above mentioned character, in which the vehicles are
      placed in different parking spaces by mechanical means which are fully
      automatic and do not need the intervention of personnel to drive said
      vehicles.
PAR  This invention also provides an underground parking system for vehicles, of
      the above described character, which in spite of being fully automatic, is
      very easy to build and very efficient to operate.
PAR  The present invention also provides an underground parking system for
      vehicles, of the above mentioned character, which provides for the
      simultaneous operation of accommodating a vehicle in an empty parking
      space and removing another vehicle from an occupied parking space in the
      same trip of an elevator, in a time which is very short as compared to the
      time normally involved in accommodating a vehicle in and removing another
      vehicle from a parking space of any prior art parking system.
PAR  This invention also provides an underground parking system for vehicles, of
      the above mentioned characteristics, which is capable of a completely
      underground installation, in order to avoid interference with the normal
      traffic on the streets or railroad yards or with the pedestrians walking
      on side-walks and on parks.
PAR  The present invention also provides a vehicle parking system of the above
      mentioned character, which is admirably adapted to be associated to an
      apartment building and will be capable of introducing and removing
      vehicles such as automobiles in a fully automatic manner by the simple
      actuation of a key within a lock.
PAR  The present invention also provides a vehicle parking system of the above
      described character, which is also very well adapted to automatically park
      non self-driven vehicles such as railroad cars in a railraod yard, thus
      avoiding the provision of very complicated networks for maneuvers.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features that are considered characteristic of the present
      invention are set forth with particularity in the appended claims. The
      invention itself, however, both as to its organization and its method of
      operation, together with additional objects and advantages thereof, will
      best be understood from the following description of a specific
      embodiment, when read in connection with the accompanying drawings, in
      which:
PAR  FIG. 1 is an elevational front cross-sectional view of a fully automatic
      underground parking system for vehicles, built in accordance with the
      present invention;
PAR  FIG. 2 is an elevational side cross-sectional view similar to FIG. 1, taken
      at an angle of 90.degree. with respect thereto;
PAR  FIG. 3 is a fragmentary top plan view, partly broken away to show inner
      details, of the cover or lid located at the access opening of the
      underground parking system in accordance with the present invention;
PAR  FIG. 4 is a fragmentary side elevational view of the lifting mechanism for
      the access cover of the parking system built in accordance with the
      present invention;
PAR  FIG. 5 is a fragmentary cross-sectional view taken along lines 5--5 of FIG.
      4 and looking in the direction of the arrows;
PAR  FIG. 6 is a fragmentary front elevational view of the top of the parking
      system built in accordance with the present invention, showing details of
      the elevator means and of the access cover of the parking system;
PAR  FIG. 7 is a fragmentary elevational view, partly broken away to show inner
      details, of the hoist means for actuating the elevator means of the
      parking system in accordance with the present invention;
PAR  FIG. 8 is a fragmentary elevational view, partly broken away to show inner
      details, taken at an angle of 90.degree. with respect to FIG. 7, and
      illustrating the hoist means, the elevator means and one of the vehicle
      supporting platforms of the parking system in accordance with the present
      invention;
PAR  FIG. 9 is a fragmentary elevational view of one of the ends of the elevator
      means with its side displacing cam means in a position about to be engaged
      in order to effect displacement of a slide means of the parking system of
      the present invention;
PAR  FIG. 10 is a view similar to FIG. 9 but showing the cam means of the
      elevator means when the latter has already displaced the slide means of
      the parking system of the invention to its fully extended position;
PAR  FIG. 11 is a fragmentary elevational view, partly broken away to show inner
      details, of the slide displacing cam means of the elevator means, as well
      as the cam releasing means of the parking system in accordance with the
      present invention;
PAR  FIG. 12 is a top plan view of one of the vehicle supporting platforms built
      in accordance with the present invention;
PAR  FIG. 13 is a side elevational view of said platform;
PAR  FIG. 14 is a front elevational view of said platform;
PAR  FIG. 15 is a fragmentary elevational view, partly broken away to show inner
      details, of the side retention means associated with one of the parking
      spaces of the parking system in accordance with the present invention;
PAR  FIG. 16 is a cross-sectional elevational view, partly broken-away to show
      inner details, taken along lines 16--16 of FIG. 15 and looking in the
      direction of the arrows; and
PAR  FIG. 17 is a circuit diagram illustrating the preferred sequence
      programming means for automatic operation of the parking system in
      accordance with the present invention.
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PAC  DETAILED DESCRIPTION
PAR  Having now more particular reference to the drawings, and more specifically
      to FIGS. 1 and 2 thereof, the underground automatic parking system for
      vehicles built in accordance with the present invention comprises a well
      1, preferably of a rectangular cross-section, dug down from the floor or
      ground level 2 and partially covered, for example, by the side-walk 3 of
      floor 2 and by the pavement 4 of the traffic lanes of a street in order to
      leave an access opening. Well 1 is built with a flat bottom 5 and side
      walls 6, 7, 8 and 9, such as clearly illustrated in FIGS. 1 and 2 of the
      drawings and provides sufficient area to form a central elevator shaft
      generally indicated by means of reference character 20, to permit the
      transit of an elevator 40, and two side compartments 18 and 19 extending
      throughout the height of well 1, and intended to accommodate, within
      parking spaces 13a to 13h and 14a to 14h, for instance, arranged at
      several levels 12A to 12H, the vehicles 37 in accordance with what will be
      more fully described hereinbelow.
PAR  Well 1 of the parking system in accordance with the present invention is
      divided along its height into a plurality of parking levels 12 such as
      those illustrated by reference characters 12A to 12H in each of FIGS. 1
      and 2 of the drawings and, at each level 12 it comprises two parking
      spaces 13 and 14 for parking vehicles as clearly illustrated in FIG. 1 of
      the drawings, in the manner of a plurality of parking spaces 13a to 13h
      corresponding to compartment 18 and to each one of the parking levels 12A
      to 12H, as well as of a plurality of parking spaces 14a to 14h
      corresponding to compartment 19 and also to each of the parking levels 12A
      to 12H.
PAR  In each one of the parking spaces 13a to 13h of compartment 18 of well 1,
      there is a corresponding platform 15, such as those illustrated by means
      of the particular reference characters 15a to 15h, arranged on a
      corresponding supporting slide 16, such as those illustrated by reference
      characters 16a to 16h in FIG. 1 of the drawings. Of course that in each
      one of the parking spaces 14a to 14h of compartment 19 of well 1, there is
      an identical plurality of platforms 15 and supporting slides 16 in a
      symmetrical arrangement, which are otherwise identical to those already
      described in connection with compartment 18, whereby there is no need of
      describing them in any further detail.
PAR  The supporting slides 16, as will be more fully described hereinbelow,
      slide on corresponding pairs of channel-like tracks 39, such as those
      illustrated by reference characters 39a to 39h in FIG. 1 of the drawings,
      with a track 39 being arranged at each side of each supporting slide 16 in
      accordance with what will also be more fully described hereinbelow. The
      supporting slides 16 and their associated platforms 15 can be displaced
      into and out of the parking spaces 13, as illustrated by means of dotted
      lines at level 12E in FIG. 1 of the drawings, by the sole action of
      elevator 40 through a very simple cam means to be described hereinbelow,
      said action also removing platform 15 from slide 16 and lifting the same
      toward the access opening of the elevator shaft 20 in order to introduce
      or remove a vehicle from the parking system in accordance with the present
      invention.
PAR  At the access opening of the elevator shaft 20 there is a supporting
      structure 21, 41, on which the cover or lid 22 for said opening is seated,
      said cover 22 being lifted and lowered by means of a mechanism generally
      comprising bars or columns 47, 54 which are acted upon by means of a cable
      61 engaged to a lug 59 integral with the bars 47, 54 and threaded around a
      pulley 32 (FIG. 6) rotatably mounted by means of bracket 62 to the
      structure of members 21 and 41 forming the frame of the access opening,
      said cable being engaged at its other end to the counterweight 33 (FIG.
      1), slidably mounted on tracks 34 for upward and downward movement.
PAR  The parking system in accordance with the present invention is provided
      with a manhole 10 through which access can be had by means of the ladder
      11 to the first parking level 12a, the parking system being also provided
      with a general access ladder 24 which extends all the way from the bottom
      5 to the top 2, 3, 4 of the elevator shaft 20 such as it can be clearly
      seen in FIG. 1 of the drawings.
PAR  At the bottom 5 of well 1 there is arranged a hoist mechanism generally
      indicated by means of reference character 23 which, by means of cables 65
      and 66, threaded around respective pulleys 26 and 27 rotatorily supported
      on a frame 25, lifts and lowers elevator 40 to displace the slides 16 from
      the compartments 18 and 19 to the elevator shaft 20 and back, and to lift
      and lower the platforms 15, either empty or loaded with a vehicle, to and
      from the upper or access opening of the elevator shaft 20, at the same
      time lifting the cover 22 in accordance with what will be described
      hereinbelow.
PAR  The cover or lid 22 of the access opening of well 1 in accordance with the
      present invention, comprises a frame formed by four similar members 46, 49
      on which a cover plate 44 is supported, said plate being provided, if
      desired, with an anti-skid surface to avoid undue skidding of vehicles
      continuously moving on the lane 4 of the street at relatively high speeds.
      Cover 44 is additionally supported by means of reinforcing members 45 of
      any suitable nature such as will be obvious to any one skilled in the art.
PAR  The pair of members 46 of the frame, as it can be clearly seen in FIGS. 3
      and 4 of the drawings, are horizontally arranged at each side of the cover
      22 and are attached by means of gusset members 48 to channel-like
      vertically movable columns or bars 47, guided by a plurality of rollers
      50, rotatably supported on brackets 52 which in turn are fastened to the
      frame 21, 41 of the access opening as it can be more clearly seen in FIG.
      6 of the drawings. The channel-like columns 47, one at each end of the
      cover 22, project downwardly therefrom and are provided at their lower
      end, each with a pawl 56 which extends into the elevator shaft 20 as it
      can be seen in FIG. 4 of the drawings. Columns 47 are engaged by a
      suitable bolted or otherwise fastened coupler 55, to channel-like columns
      54, offset with respect to columns 47 to clear the tracks 39a within which
      the supporting slides 16a run, columns 54 being guided by rollers 51
      rotatably mounted on track 39a by means of brackets 53, as it can be
      clearly seen in FIG. 5.
PAR  As the cover 22 ascends and descends upwardly of the ground level 2
      adjacent the side-walk 3 and obstructing the traffic lane 4, it becomes
      necessary to incorporate a suitable traffic light 42 on each of the outer
      surfaces of the members 46, in order to warn the drivers nearing through
      the lane 4, that the cover is to be lifted or is already lifted, said
      traffic lights being also suitably installed at a certain distance on both
      sides of the access opening in order to warn the drivers in advance that
      they should drive carefully.
PAR  The structure of the cover is lifted and lowered by the shock-absorbing
      pushers 57 arranged at each one of the ends of the elevator 40 as it can
      be seen more clearly in FIGS. 5 and 11 of the drawings, said pushers
      comprising bores 58 within which springs 57 are located, said springs
      catching the pawl 56 during the ascending movement of the elevator 40 in
      order to lift cover 22 without undue jarring as it will be obvious to any
      one skilled in the art. Of course that, as described above, the cover 22
      is counterweighted by the counterweight 33 slidably arranged along columns
      47, 54 through cable 61 engaged to lug 59 by means of a suitable coupler
      60, the other end of cable 61 being attached to the counterweight 33
      around pulley 32 as described above.
PAR  The elevator 40 moving through the elevator shaft 20 of well 1 of the
      parking system built in accordance with the present invention, as well as
      its actuating mechanism including cables 65 and 66 arranged in pairs at
      the ends of the elevator 40, are clearly illustrated in FIGS. 3, 6, 7 and
      8 of the drawings.
PAR  As it can be clearly seen in FIG. 8 of the drawings, the elevator 40 in
      accordance with the present invention comprises a pair of beam members
      104, (with only one of said members shown for clarity purposes) spaced
      from each other but arranged to be lifted and lowered in unison at equally
      leveled positions. Inasmuch as both beam members 104 of the elevator 40
      are exactly alike, only one of said members will be described hereinbelow,
      but under the understanding that one beam member 104 is placed at each
      side of the elevator 40 on the vertical end planes of the elevator shaft
      20, one as shown in FIG. 8 and the other at the opposite side. Therefore,
      only the member actuated by cable 65 will be described hereinbelow as it
      is not considered necessary to describe the other beam member 104 which is
      actuated by cable 66, inasmuch as both members are symmetrical and
      otherwise identical.
PAR  The beam member 104 is supported by means of two gusset-type triangular
      plate brackets 104, provided at the ends with vertical guided slides 106,
      slidably engaged within guiding vertical channels 31 which extend
      throughout the height of well 1. It is in each of these vertical slides
      106 of beam member 104 shown in FIG. 8 where the pushers 57 are arranged,
      being this the only difference between the two beam members of the
      elevator, inasmuch as the pushers 57 are only arranged at the end of the
      elevator 40 which is actuated by means of cable 65, as this type of
      pushers are not necessary at the other end because the cover of the access
      opening is only lifted by pushing on one side of the same.
PAR  Each one of the slides 106 is provided at its lower end with a sidewardly
      directed block 83 projecting within channels 31, as it can be clearly seen
      in FIG. 8. From this block 83 a cable connector 81 depends, which
      connector engages the upper stretch of cable 65, said cable being directed
      upwardly alongside of the corresponding channel 31, whence it is threaded
      around pulley 26 rotatably supported by means of a pivot 63 to the
      structural member 25 located at the top of the well 1 in accordance with
      what was described in connection with FIG. 1 of the drawings, to
      henceforth follow its descending path passing through a coupling 184
      integrally engaged on one side of the counterweight 38 which slides within
      the channels 29 and 30. From the coupling 184, cable 65 is threaded around
      pulley 95 rotatably mounted on the stand 99 and hence to drum 68 on which
      grooved surface it is threadably supported, as clearly illustrated in FIG.
      7 of the drawings. At its opposite stretch, cable 65 is engaged by means
      of a cable connector 82 engaged by the block 83 of the vertical slide 106
      and hence it is threaded around pulley 94 supported on the stand 98, and
      enters into the drum 67 around a guiding block 85 which permits the cable
      65 to bend at a substantially straight angle to form a radial stretch 87
      having a threaded end portion 89 to form a screw member 93 which is
      engaged by means of a nut assembly to a tangential bracket 91 supported on
      the hub of the drum 67 in accordance with FIG. 8 of the drawings.
PAR  As regards the other cable 65 which is at the opposite end of well 1, said
      cable 65 is also threaded in identical manner around pulleys 94 and 26
      arranged at the other side of the well 1 and it is also engaged to drum 67
      around a block 84, threaded end portion 88 and nut assembly 92 through the
      tangential bracket 90 of the drun hub 67. In this manner, both cables 65,
      that is, one at each side of the beam member 104 of the elevator 40 are
      lifted or lowered by means of drums 67 and 68.
PAR  As to the other member 104 for the elevator 40 of the present invention,
      this is actuated by means of a cable 66 which is threaded in exactly the
      same manner from drum 70 around pulley 97 supported on stand 101, around
      pulley 27 rotatably supported on a pivot 64 engaged to the structural
      member 25, through a coupling 185 which is integrally attached to the
      counterweight 38 on the other side thereof, pulley 96 supported on the
      stand 100, and hence to drum 69, to act exactly in the same manner as
      cable 65 previously described.
PAR  All the drums indicated by means of the reference characters 67, 68 69 and
      70 of the hoist system are mounted on a common shaft 71 which is journaled
      on bearings 72, 73 and 74, said shaft being driven through gear 77, by
      means of the speed reducing mechanism 78 which is acted upon by motor 79.
      Shaft 71 is provided with a brake, preferably of the electromagnetic type,
      indicated in FIG. 8 of the drawings by means of reference character 184,
      motor 79 preferably being a two-speed reversing-action motor in order to
      rotate in any of the two opposite directions and in any of two speeds to
      be capable of moving the elevator 40 of the parking system built in
      accordance with the present invention up and down and at two different
      speeds of travel.
PAR  All pulleys 94, 95, 96 and 97 which guide cables 65 and 66 toward and away
      from drums 67, 68, 69 and 70, respectively, are mounted on the floor 5 of
      well 1, by means of a base member 80 to fixedly support the hoist system
      and the motor. Therefore, in order to enable the cables 65 and 66 to be
      suitably threaded through the helical grooves of the above mentioned
      drums, shaft 71 is provided with a threaded end 75 having a pitch exactly
      identical to the pitch of the cable groove of each drum, said threaded end
      75 of shaft 71 being operated within a complementary internally threaded
      journal or stand 72 in order to have the shaft 71 sidewardly displaced
      upon rotation thereof so that the drums 67, 68, 69 and 70 may be also
      sidewardly displaced to the positions indicated by dotted lines in FIG. 7
      of the drawings, whereby the cable will aways be aligned with the cable
      groove of each drum without the need of providing a plurality of movable
      guiding pulleys as it was customary in the hoists of the prior art.
PAR  At the end of shaft 71, a commutation device 76 is provided in order to
      command all the sequential operations of the elevator of the present
      invention as will be clearly apparent to any one skilled in the art.
PAR  The platform supporting slides 16 built in accordance with the present
      invention, which support thereon the platforms 15 which in turn support
      thereon the vehicles 37 in accordance with what was described in
      connection with FIGS. 1 and 2 of the drawings, are illustrated in full
      detail in FIGS. 8 to 11. As it can be seen in said Figures, each of said
      supporting slides 16 comprises a rectangular upper frame which side
      members or headers 117, one at each side of the frame, are provided with a
      plurality of rollers 43 along the same, said rollers being accommodated to
      roll within the channel-like tracks 39 located at each level 12 of the
      well 1 of the parking system in accordance with the present invention.
      Thus, the supporting slides 60 are capable of a guided sideward movement
      from a retracted position illustrated in full lines in FIG. 1 of the
      drawings, to an extended position illustrated by dotted lines in said
      Figure. Each member 117 of the slide 16 is provided with an actuating
      device consisting of a triangular shaped frame which comprises a vertical
      member 118 depending from the end of the horizontal member 117 which is
      nearest to the side wall 6 or 7 of well 1, and is continued at its lower
      end by an inclined member 119 which extends beyond the projected
      termination of the header 117, thus forming a projection 123 (FIG. 9) for
      a purpose which will be clearly apparent hereinbelow. At the opposite end
      of member 117 an integral vertical member 122 is arranged with its upper
      end integrally attached to said member 117 and its lower end integally
      attached to the inclined member 119 to complete the triangular frame of
      the supporting slide, such that the projection 123 of the inclined member
      119 is directed toward the center of the well 1, that is, toward the
      elevator shaft 20 of said well. The triangular frame can be completed by a
      plurality of vertical reinforcing members such as clearly illustrated in
      FIG. 1 of the drawings, in order to give sufficient stiffness to the
      structure.
PAR  The inclined member 119 is provided at its lower edge with a flange 120
      which may be integrally formed with member 119 or which may be attached
      thereto by any other means such as bolts, screws or similar fastener
      devices, such that a lower inclined plane cam surface 121 and an upper
      inclined plane cam surface 185 are provided, both of which cooperate with
      the corresponding upper and lower surfaces, respectively, of a slide
      displacing cam 114 integrally formed at the end of each of the gusset type
      brackets 105 of the beam members 104 of elevator 40. The slide displacing
      cam 114 comprises a cam releasing pawl member 112 which is similar to
      member 114 and is colinearly arranged therewith at the end threof directed
      toward the elevator shaft 20. The complementary pawl member 112 is formed
      as an inclined cam block forming upper and lower cam surfaces parallel to
      cam surfaces 121 and 185 of the inclined member 119 of the slide 16, said
      cam block 112 being attached to the end of a lever 107 pivotally mounted
      by means of a pivot pin 110 on the bracket 105 of the elevator, lever 107
      being permanently biased towards a position in which cam blocks 112 and
      114 are colinear, by means of a spring 108 concentrically arranged about a
      shank and supported on a lug 109 also attached to the bracket 105 of the
      elevator 40. The extreme extended position of he lever 107 is limited by a
      stop 115 against which the upper surface of lever 107 abuts in a position
      such that cam blocks 112 and 114 are colinearly arranged to each other.
PAR  The supporting slides 16 are normally in a hooked or engaged retracted
      position provided for by an engaging and disengaging mechanism which will
      be described hereinbelow in full detail in connection with FIGS. 15 and 16
      of the drawings, said retracted position of slides 16 being such that all
      of the members 119 and its projection 123 are fully introduced within the
      limits of compartment 18 or 19, as the case may be, but such that they can
      be released by said engaging and disengaging mechanism of FIGS. 15 and 16,
      in order to carry the slide to an extended position such as that
      illustrated in FIG. 9 of the drawings. In this released or extended
      position, the supporting slide 16 is displaced toward the center of the
      elevator shaft 20, with the projection 123 projecting inwardly thereof,
      whereby it interferes with the path of ascending movement of the slide
      displacing block 114. In this manner, that is, in the position shown in
      FIG. 9 of the drawings, if the elevator is ascending, the cam block 114
      will catch the projection 123 by engagement of its upper cam surface with
      the lower cam surface 121 of the inclined member 119 or the slide 16,
      whereby, when the elevator continues its ascending movement, said cam
      block 114 will slide on the cam surface 121 of flange 120, thereby
      displacing the slide 16 toward the elevator shaft 20 until it reaches a
      position such as that illustrated in FIG. 10. At this moment, the cam
      surface 121 of the member 119 clears the cam block 114 and pushes the pawl
      112 downwardly and sidewardly to clear the flange 120, such that the
      elevator 40 can continue its ascending movement to carry therewith one of
      the vehicle supporting platforms 15 as will be described hereinbelow. Once
      the elevator 40 has reached the access opening of the shaft, the sequence
      programming circuit which is normally associated with the system of the
      present invention will command said elevator 40 to descend, whereby the
      lower cam surface of pawl 112, which is uncapable of upward displacement,
      engages the upper cam surface 185 of the flange 120 of member 119 of the
      slide, thus displacing said slide out of the elevator shaft 20 to again
      place it in an engaged position in which the cam surface 185 clears the
      cam block 114, permitting the elevator 40 to continue its descending
      movement upon engaging the slide 16 and its associated platform 15 in the
      engaged position within a parking space 13.
PAR  Each of the vehicle supporting platforms 15 of the parking system in
      accordance with the present invention, which are supported above the
      supporting slides 16 at each one of the parking levels 12A to 12H of well
      1, is formed by a frame comprising transverse members 127 and longitudinal
      members 128, the structure being reinforced by means of compression
      members 137 located underneath at least sone of the transverse members
      127, with a pair of stringers 135 extending below said compression members
      137, properly stretched by means of turnbuckles 136 to stiffen platforms
      15 in order to provide said platforms with sufficient strength to easily
      support the weight of any desired vehicle to be parked. Each stringer 135
      is arranged below the longitudinal side members 125 and 126 of the
      platform to reinforce the same.
PAR  On the above described structure, a metallic plate is arranged, said
      metallic plate being formed by a central flat section 134, preferably of
      an anti-skid material, a pair of steep inclined sections 133 at the ends
      of said central flat section, and a pair of shallow inclined planes 132 at
      the ends of each of said steep inclined sections 133, with a slope
      descending toward the ends of the platform such that the vehicles to be
      parked must first go up the planes 132 to then go down the steep sections
      133 until they are parked at the central flat section 134 without any
      possibility of displacement in case of brake failures. Each platform 15 of
      the present invention is completed by a pair of guiding angular members
      125 and 126 arranged throughout the length of each of the edges of the
      platform in order to guide the wheels of the vehicles to be parked
      thereon, such that said vehicles cannot be inadvertently displaced
      sidewardly out of the platform.
PAR  Platform 15 has, at each of its ends, an angular member 129 with side
      projections 124, with corresponding bolts 130 extending downwardly
      therefrom, said bolts 130 being received in the complementary bores 116 of
      brackets 105 of elevator 40 in its ascending movement, so that the
      platform may be engaged by said elevator 40. At the longitudinal centers
      of the angular members 129, a plurality of bolts 131 are arranged to
      extend downwardly therefrom as clearly illustrated in FIGS. 12, 13 and 14
      of the drawings, said bolts 131 being received in complementary bores in
      the members 117 of the supporting slides 16 such that, when the elevator
      descends carrying a platform 15 thereon, said bolts 131 are accurately
      received within said complementary bores of members 117 to remain suitably
      centered on the members 117 once the platform 15 is bearing on members 117
      through the angular members 129.
PAR  In this manner, when the platform is placed in the position shown by dotted
      lines in FIG. 1 of the drawings, in view of the sideward displacement of
      the supporting slide 16, as was previously described, which displacement
      is effected by the action of elevator 40 proper, said elevator 40 carries
      platform 15 therewith, centering the same on each one of brackets 105, by
      means of the engagement of bolts 130 into bores 116 in order to support
      the platform thereon in its ascending movement. When the elevator
      descends, it firstly leaves the platform supported on the headers 117 of
      the slide 16, by means of the angular members 129 of the platform,
      centering the position of said platform on the slide 16 by means of the
      engagement of bolts 131 into the corresponding complementary bores.
PAR  As mentioned above, the slides 16 are operable between an engaged position
      within any of compartments 18 or 19, which completely clears the elevator
      shaft 20, in order to enable the elevator 40 to ascend and descend freely
      therethrough, and a disengaged position, which introduces the projection
      123 of the slide 16, into the path of movement of the elevator 40, in
      order to be engaged thereby. The shift of the slide 16 between the engaged
      and the disengaged positions, is effected by means of the mechanism
      clearly illustrated in FIGS. 15 and 16 of the drawings, the automatic
      parking system of the present invention containing a retaining mechanism
      for each side member 117 of the slides 16 at each parking level 12 of the
      well 1.
PAR  The engaging or retaining devices of the platform supporting slides 16 of
      the parking system in accordance with the present invention are clearly
      illustrated in FIGS. 15 and 16 of the drawings, and it can be seen in said
      drawings that the channel or track 39 guiding the rollers 43 of the
      structural members 117 of the slides 16, is provided with a perpendicular
      flange 138 serving as as a support for the retaining device. On said
      flange 138, the base member 139 of a solenoid 141 wound on a frame 140 is
      mounted, said solenoid being provided with a movable core 142 which has an
      end 143 in which extremity a cavity is arranged, a bolt 144 being inserted
      therein to support the link 145 engaged at its opposite end, through a
      pivot bolt 147, to a force amplifying mechanism which comprises a toggle
      148 having an upstanding arm 149 pivoted to the link 145, said toggle 148
      being pivotally supported on a bolt 151 at the angle portion thereof and
      engaged at its other arm 152 to a tween link 153, colinear with the arm
      152 of toggle 148, and pivotally engaged therewith by means of a pivot
      bolt 156. At the other end of the link 153, through a pivot bolt 155, a
      hook member 159 of the engaging device is mounted, said hook member being
      downwardly directed such that, in its hooking position shown in FIG. 15 of
      the drawings, it will have its end introduced within a cavity 163 and
      engaged to a complementary shoulder 165 of a hooking block 164 firmly
      attached to each header 117 of the supporting slide 16 of the present
      invention. At a point intermediate the hook member 159, a tween rocker 160
      is pivotally engaged by means of a bolt 162 to said hook member 159, said
      rocker 160 being also pivotally engaged to the bolt 151 which also
      rotatably supports the toggle 148. Rocker 160 has a cavity 102 to receive
      the lower edge of the link 153 to fix it in the hooking position of the
      retaining device.
PAR  At a point intermediate rocker 160, a bolt 158 is mounted, said point being
      directly under the pivot bolt 156 which connects arm 152 of toggle 148 and
      link 153, and a helical tension spring 157 is introduced, with its upper
      end engaged to bolt 156 and its lower end engaged to bolt 158 for a
      purpose which will be clearly described hereinbelow.
PAR  The movement of the retaining device towards the hooking position is
      normally forced by the spring 174 mounted around a shank 173 having a
      coupling 171 which is coupled by means of a bolt 172 to the arm 149 of
      toggle 148 and which other end bears on a bracket 175 which extends
      upwardly of a cylinder 169.
PAR  Cylinder 169 is directly supported on the flange 138 of the track 39 and
      contains therewithin a piston 170, forced to its extended position by
      means of a compression helical spring 176 located within the chamber of
      the cylinder formed between the base thereof and the piston 170. Piston
      170 is integrally engaged to a push bar 168 which free end abuts against
      the end 167 of the hooking block 164 supported on header 117 of the
      supporting slide 16 by means of bolts such as 166. The hooking block 164,
      in turn, is provided with a cavity at its upper edge towards the center
      thereof, indicated by means of reference character 163, said cavity ending
      on a shoulder 165 inclined so as to form a locking surface to lock the
      hook member 159 of the retaining device, such as clearly illustrated in
      FIG. 15 of the drawings. Within the cylinder 169, there is also arranged a
      concentric compression helical spring 178 which serves as a shock absorber
      through its engagement on the flat surface of piston 170 and its aligning
      with shank 177 which projects therefrom towards the opposite direction of
      the push bar 168, such that, when the slide 16 is introduced to its
      engaged position by the elevator 40, as previously described, the inertia
      of the slide 16 forces the piston 170 and its shank 177 to engage with the
      shock absorbing spring 178 in order to avoid sharp stops and jarring of
      the device.
PAR  The push bar 168, comprises a cavity 180 which is associated with a limit
      switch 183 in order to indicate the engaged position of the slides 16. In
      other words, this cavity 180 and its associated limit switch 183 form part
      of a safety device, inasmuch as if some of the retaining devices are not
      in hooked position, that is, if some of the slides 16 is not completely
      introduced in its engaged position, the limit switch 183 (FIG. 16) will
      remain outside of its associated cavity 180 and, therefore, will prevent
      the passage of current, whereby the system will not work in accordance
      with what will be described hereinbelow in connection with the preferred
      circuit to operate the present automatic parking system, as illustrated in
      FIG. 17.
PAR  A pair of elongated grooves 179 associated with respective limit switches
      181 and 182 (FIG. 16) are also provided on said push bar 168, in order to
      disconnect solenoid 141 when the slide 16 has been disengaged, so as to
      reset the retaining device to again engage the slide when it returns to
      its retracted position.
PAR  The performance of the engaging and disengaging device illustrated in FIGS.
      15 and 16 is as follows: The sequence logic programming circuit which is
      normally associated with the sequential systems such as the automatic
      parking system of the present invention, energizes at a predetermined
      moment the solenoid 141, whereby bar 142 is pulled towards the right as
      seen in FIG. 15, pulling therewith the link 145 which in turn, pulls the
      arm 149 of toggle 148, against the strength of spring 174, thereby
      dislocating the linearity between its arm 152 and link 153, whereby the
      distance between bolt 155 and bolt 151 is obviously shortened, causing
      bolt 155 to be displaced towards the right biasing the hook 159 and, as
      the inertia of the slide 16, together with its platform 15 and when
      loaded, jointly with the weight of the vehicle, momentarily forces said
      slide to remain stationary, the end of the hook 159 is released with
      respect to shoulder 165 and as at this precise instant the bolt 156 is
      displaced by the arm 152 of the toggle 148 upwardly, the spring 157, which
      is tensioned at this moment, pulls up from bolt 158 and, therefore, from
      rocker 160, thereby instantaneously lifting the hook 159 in order to
      release the hooking block 164 and the header member 117 of the slide 16.
      At this moment, the spring 176 within cylinder 169, actuates to bias the
      slide away from its engaged and retracted position, at the same time as
      limit switch 183, in accordance with what was described before,
      deenergizes solenoid 141, returning the hook 159 to its normal position,
      whereby the same will be ready to receive and engage the slide 16, which
      engagement is again effected when said slide 16 is pushed by the elevator
      40, as described above, causing hook 159 to jump over the hooking block
      164 of the slide 16 until it remains in the position shown in FIG. 15 of
      the drawings, with the slide engaged in its position.
PAR  The performance of the automatic parking system of the present invention
      can be effected with the aid of a programming circuit which can be of any
      nature, a preferred embodiment thereof being illustrated in FIG. 17 of the
      drawings.
PAR  Basically, the operational sequence of the automatic parking system in
      accordance with the present invention, is controlled by means of a lock
      such as exemplified in FIG. 17 of the drawings by reference character 36,
      said lock 36 having therewithin a switch 187 controlled by the revolving
      cylinder or drum of the lock 36 which is activated by the code edge 194 of
      a key 35 which is inserted within the lock 36. Also, the lock 36 is
      provided with a plurality of individual switches, such as the switches
      188, 189, 190, 191, 192 and 193, which are individually controlled by a
      projection 186 of the key 35, the position of said projection 186 on the
      key 35 depending on the parking space which is requested to be activated
      by said key 35.
PAR  The switch 187 normally serves to energize, when closed, all of the
      mechanism of the present invention, while each one of the switches 188 to
      193 energizes one of the poles of the solenoid 141 of only one parking
      space, depending of course on the position of the projection 186 of the
      key 35.
PAR  Even when it is not desired to be bound to a particular electric or
      electronic control system for the automatic underground parking system for
      vehicles built in accordance with the above description, it is to be
      pointed out that the preferred embodiment of the invention comprises
      controlling said parking system by means of said key 35 and lock 36 of the
      above mentioned nature. The above described switches, however, can control
      any programming system which can be selected from many devices, such as
      the one illustrated in FIG. 17, but which can also be of a completely
      diverse nature as it will be apparent to any one skilled in the art.
PAR  When one of the solenoids 141 corresponding to one of the parking spaces 13
      or 14 (FIG. 1) is activated, and assuming that it is desired to park a
      vehicle in the parking space activated by means of one of the switches 188
      to 193, the programming circuit will firstly energize elevator 40, at the
      same time as the corresponding slide 16 is disengaged, whereby the
      elevator, when ascending, will pull it out, will trap the corresponding
      platform 15 and will ascend up to the access opening of the elevator shaft
      20, thereby raising the cover 22, such that the owner of the vehicle can
      introduce his vehicle until the same is within the central portion 134 of
      the corresponding platform 15.
PAR  Then, the owner of the vehicle will remove the key 35 from the lock 36,
      whereby, by means of the above mentioned programming circuit, the elevator
      will be lowered to trap the slide 16 previously pulled out from its place,
      depositing thereon the corresponding platform 15 and displacing the same
      sidewardly until it is engaged in its place by the retaining means. Then
      the elevator will continue its descending trip down to the bottom of the
      shaft 20 of the well 1, whereby the operation cycle is completed.
PAR  If it is desired to remove an automobile from the parking system, the owner
      of the same will also energize the solenoid 141 corresponding to the
      parking space 13 where the automobile 37 is parked and at the same time
      the elevator will go up in order to trap the slide 16 and its platform 15
      already disengaged, whereby the platform 15 and vehicle 37 will be raised
      until the latter is placed at the level of the access opening of shaft 20,
      whence the owner of the automobile may remove his vehicle from the
      platform 15, also removing his key 35 from the lock 36, with which the
      operation will be reversed and the empty elevator 40 will descend,
      trapping the slide 16 previously pulled out, depositing thereon the
      corresponding platform 15 and displacing said slide 16 until it is again
      engaged in its place, whereupon the elevator 40 continues its descending
      motion down to the bottom of the shaft.
PAR  As a last possible program, the programming system may be capable of
      energizing the mechanism such that it can simultaneously effect the
      operation of introducing a vehicle and, taking advantage of the same trip
      of the elevator 40, also removing another vehicle from the parking system,
      as long as the owner of the second vehicle will introduce his key 35
      before the elevator 40 reaches the bottom of the well, but after the owner
      of the recently introduced or first vehicle removes his key 35 from the
      lock 36. In such a case, the vehicle which was introduced will be lowered
      by the elevator 40, and if its parking space is above that which was
      selected for the vehicle to be removed, then the programming circuit will
      not energize solenoid 141 of the parking space corresponding to the
      vehicle to be removed, until the elevator has gone down to a position
      lower than the level corresponding to the second vehicle.
PAR  Once the introduced vehicle has been properly deposited, the elevator will
      continue to descend and immediately upon passing through the level of the
      second selected vehicle, will be reenergized in order to go up and effect
      the removal operation of the vehicle such as previsouly described.
PAR  If the parking space of the second selected vehicle is above the first,
      then the programming circuit will be capable to, once deposited the first
      vehicle, raise the elevator and energize solenoid 141 corresponding to the
      second selected parking space, when said elevator has already introduced
      the first platform in the firstly selected level. After effecting the
      above, the cycle is repeated in strict accordance with the above.
PAR  As any one skilled in the art will be able to see, numerous programming
      circuits are available which can be used with the automatic parking system
      of the present invention, and the circuit of FIG. 17 will only be
      described as one of many possible circuit embodiments to be associated
      with said automatic parking system.
PAR  In connection with FIG. 17 of the drawings, when the key 35 is introduced
      in lock 36, the code edge 194 of said key will energize the revolving
      cylinder of said lock and this will energize the switch 187, closing the
      same and connecting through lines 211 and 212 and through limit switch 210
      and the point 3 of a reversible starter 200 with the line 208 which feeds
      the current L1 to all the system.
PAR  With the above, all of the circuits of the system will be energized for the
      reception of current L1 provided by the starter 200. At the same time, the
      projection 186 of key 35 will close, for instance, the switch 188, thereby
      connecting pole 205 of the corresponding solenoid 141 to line 206, which
      goes through all the plurality of limit switches 183 of all the parking
      spaces, jointly forming the safety system thereof. After passing through
      the safety system formed by the limit switches 183, the line 206 will be
      directly connected to the line 208 which feeds the current L1. It will be
      clearly apparent that, if some of the slides 16 are disengaged, that is,
      if the hooking members 159 and 164 corresponding to a predetermined slide
      are out of position, then the corresponding switch 183 will remain open
      thereby cutting the circuit of line 206 to line 208, and the current L1
      will not be fed to the pole 205 of solenoid 141 preventing the elevator of
      the present invention from being energized.
PAR  Pole 204 of solenoid 141 is connected through a system of switches 195, 196
      and 197 through line 201 to line 199 which feeds current L2 to said
      device. The switches 195, 196 and 197 are open when the elevator is
      ascending, by means of the cam 198 which can be incorporated in the
      commutation device 76 illustrated in FIG. 7, whereby, if the elevator is
      up, the solenoids which are below the same cannot work in strict
      accordance with the above. Only when the elevator is at a position lower
      than the level corresponding to switch 195, 196 or 197, the latter can be
      actuated and connected through the pole 204 of the corresponding solenoid
      141, to the current L2 fed by the starter 200. When the circuit is
      completed, the platform is disengaged in order to render it ready to be
      raised by the elevator 40 moved by motor 79 of the hoist in accordance
      with the present invention.
PAR  As motor 79 provided with the system of the present invention is usually of
      the two-speed type, a cam 213 is provided, for instance, in the
      commutation device 76 in accordance with the invention, which cam spans
      two of the switches 214, 215, 216, 217 or 218 in order that, together with
      the switches 181, the system will detect when the elevator 40 is about to
      arrive to the place where the platform has been disengaged, inasmuch as
      the corresponding switch 181, when said platform is disengaged, will be
      connected closing the circuit to the starter relay 207, in order to
      deaccelerate the movement of motor 79 before the desired platform is
      removed. The switches 217 and 218 are provided to deaccelerate the motor
      when cam 213 spans the same, regardless of the fact that a platform is or
      is not disengaged, inasmuch as at this time the cover 22 of the elevator
      starts to be raised, which also needs of a lower speed of the motor.
PAR  On the other hand, the brake 184 is also activated by this cam 213, in
      order to brake the motor 79 when the elevator 40 is reaching a place where
      a lower speed of the same is required.
PAR  The switch 209 is actuated by a cam 219 contained in the elevator 40, in
      order to cut and automatically brake the movement thereof when it reaches
      the access opening of the shaft 20. Also, switch 210 actuated by the same
      cam 219 of the elevator, when the latter reaches the bottom, is opened to
      cut the circuit formed with the switch 187 and therefore to deenergize the
      whole of the system of the present invention and leave the elevator
      properly braked in its rest position at the bottom of shaft 20 of well 1.
PAR  It can be seen from the above that an automatic system for underground
      parking of vehicles has been provided, which system is of very simple
      performance and of a great safety and will avoid the problems of all the
      parking systems of the prior art, inasmuch as it is not necessary to drive
      the vehicles, which instead are automatically placed in the proper parking
      spaces, with great speed and simplicity.
PAR  It is to be particularly noted that any type of programming circuit which
      may be capable of effecting an operational sequence such as described
      above, in a similar manner as the circuit illustrated in FIG. 17, can be
      indistinctly used in association with the automatic underground parking
      system of the present invention, whereby it is not desired to be bound to
      any such particular circuit.
PAR  Although certain specific embodiments of the present invention have been
      shown and described, it will be apparent to any one skilled in the art
      that many modifications thereof are possible, without departing from the
      true scope and spirit thereof. The invention, therefore, is not to be
      restricted except insofar as is necessitated by the prior art and by the
      spirit of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An underground automatic parking system for vehicles which comprises a
      vertical well means, said vertical well means being longitudinally divided
      into two elongated vertical side parking compartments comprising a
      plurality of parking levels having two parking spaces each, and a central
      vertical elevator shaft extending between said parking compartments
      throughout the height of said well means and having an eccess opening at
      ground level; an elevator means arranged within said elevator shaft; a
      hoist means engaged to said elevator means in order to move the same
      between an upward position and a downward position within said elevator
      shaft; a movable supporting slide means in each parking space, said slide
      means comprising a rectangular frame supported by two side headers, said
      side headers having a triangular form with horizontal, vertical and
      inclined members, said inclined member of said headers comprising a flange
      having upper and lower inclined plane cam surfaces engageable by cam means
      arranged in said elevator; a corresponding plurality of vehicle carrying
      platforms, said platforms being supported on the rectangular frames of
      said supporting slide means; a pair of horizontal track means arranged
      along the edges of each parking level of said well means; a plurality of
      rollers pivotally engaged to each of said headers of the supporting slide
      means and arranged in rolling relationship with said track means such that
      the slide means may be horizontally displaced between a retracted position
      within a parking space and an extended position within said elevator
      shaft; cam means at each end of said elevator means arranged in a position
      such that said cam means will be capable of engaging said lower inclined
      plane cam surface of one of said flanges during the ascending movement of
      the elevator means, in order to displace a corresponding slide means from
      its retracted to its extended position; cam releasing means in said cam
      means to release said lower inclined plane cam surface of said flange
      during the ascending movement of the elevator means when said slide means
      reaches its extended position, said cam releasing means being capable of
      catching said upper inclined plane cam surface of said one flange during
      the descending movement of the elevator means to cause engagement of said
      cam means on said upper surface in order to displace said corresponding
      slide means from its extended position to its retracted position; slide
      retention means capable of maintaining said slide means in its retracted
      position fully clearing said elevator shaft and of releasing said
      supporting slide means and displacing the same a short distance towards
      said elevator shaft so as to intercept the path of one of said cam means
      of the elevator means during movement thereof; a vertically movable cover
      at the access opening of said elevator shaft; cover lifing means in said
      elevator means for catching said cover and lifting it to a suitable height
      above the ground level to permit free access of a vehicle into the
      elevator means; and sequence programming logic means to sequentially
      effect all the actions of the elevator means and the slide retention means
      to properly operate the parking system.
NUM  2.
PAR  2. An underground automatic parking system for vehicles according to claim
      1 wherein said elevator means comprises two identical beam members
      arranged on each side of the elevator shaft and adjacent the inner limits
      of each side parking compartment, each of said beam members comprising a
      horizontal beam; a pair of gusset-type plate members, one at each end of
      said horizontal beam; a vertical slide at each of said plate members; a
      vertical guiding channel for guiding said vertical slides and arranged
      throughout the height of the elevator shaft, to accommodate each one of
      said vertical slides; a pair of pulleys arranged at the top of the
      elevator shaft to receive respective cables having one end engaged to each
      of said plate members, the other end of each of said cables being engaged
      to said hoist means; each one of said cam means at each end of said
      elevator means being arranged on the said plate members.
NUM  3.
PAR  3. An underground automatic parking system for vehicles according to claim
      2 wherein at least one of said plate members of each beam member of the
      elevator means is provided with a shock-absorbing pusher to raise the
      cover means at the access opening the elevator shaft, saida shockabsorbing
      pusher comprising a vertical bore opening upwardly at one of said vertical
      slides, a vertical slit sidewardly provided in said bore and resilient
      means within said bore, so as to receive and catch within said slit a pawl
      member arranged in said cover means to smoothly raise the cover means
      therewith.
NUM  4.
PAR  4. An underground automatic parking system for vehicles according to claim
      3 wherein said cover means comprises a rectangular cover plate, a frame to
      support said cover plate, vertical columns extending from at least two of
      the corners of said frame; a supporting structure at the access opening of
      the elevator shaft; guiding means to vertically guide said columns, said
      guiding means being fixedly supported on said supporting structure, a
      cable threaded around a pulley pivotally mounted on said supporting
      structure, one of the ends of said cable being engaged to one of the said
      columns and the other end of said cable being engaged to a counterweight;
      said pawl member being located at the lower end of one of said columns in
      correspondence with the position of the gusset-type plate member in which
      said shock-absorbing pusher is arranged, said pawl member sidewardly
      projecting into said bore through said slit, in order to be engaged and
      pushed by said resilient means.
NUM  5.
PAR  5. An underground automatic parking system for vehicles according to claim
      4 wherein said hoist means to actuate the elevator means comprises a
      plurality of cable pulling drums rotatably accommodated on a common shaft
      and having cable guiding helical grooves; reversible two-speed motor means
      engaged to said common shaft; a plurality of bearings rotatably supporting
      said common shaft, at least one of said bearings being provided with a
      helical inner screw-thread actuating on a complementary helical outer
      screw-thread provided on said common shaft, the pitch of said helical
      screw-threads being exactly the same as the pitch of said helical grooves
      of said drums, such that the cable is permanently aligned with said
      guiding helical grooves when said drums are rotated; each pair of drums
      being coupled to two pairs of cables, one of which pulls upwardly of said
      elevator means and the other one of which pulls downwardly of said
      elevator means; and a counterweight accommodated between two tracks
      extending all the height of said elevator shaft and engaged to a pair of
      said cables to counterweight the elevator means.
NUM  6.
PAR  6. An underground automatic parking system for vehicles according to claim
      5 wherein said cam means arranged at the gusset-type plate members of the
      elevator means and engageable to said inclined plane cam surfaces of the
      flanges of the headers of the supporting slide means comprise a fixed cam
      block presenting upper and lower inclined cam surfaces, complementary to
      the lower and upper cam surfaces respectively of said flange, and a
      movable cam block, said movable cam block being capable of downward
      displacement but uncapable of upward displacement and being adapted to
      snap on said flange during the ascending movement of the elevator means
      and to fixedly engage said flange during the descending movement of said
      elevator means, in order to effect the operation of removing said slide
      means from a parking space towards the elevator shaft when the elevator
      means is descending and to introduce the same in its parking space when
      the elevator means is descending.
NUM  7.
PAR  7. An underground automatic parking system for vehicles according to claim
      6 wherein said movable cam block engageable with said flange of the
      headers of the slide means is engaged to the end of a ratchet means; said
      ratchet means comprising a lever rotatably supported on at least one of
      the gusset-type plate members of said beam members, a resilient means
      normally biasing said lever upwardly and yieldable downwardly to retract
      said movable cam block, and a stop limiting the ascending movement of said
      movable cam block for placing the same at a position colinear with said
      fixed cam block, said movable cam block normally biased by said resilient
      means to an extended or operational position.
NUM  8.
PAR  8. An underground automatic parking system for vehicles according to claim
      2 wherein said vehicle carrying platforms comprise a horizontal plate,
      means for guiding the wheels of a vehicle to be parked towards the center
      of said plate; a reinforcement structure arranged under said plate; and
      supporting end members to support said vehicle carrying platform on said
      supporting slide means and on said horizontal beam members of the elevator
      means, said end supporting members of the platforms being provided with
      indexing means to engage said platforms in a predetermined position on
      said slide means and on said horizontal beam members of the elevator
      means.
NUM  9.
PAR  9. An underground automatic parking system for vehicles according to claim
      8 wherein said indexing means between said supporting end members of the
      platforms and the slide means comprise guiding bolts vertically downwardly
      extending from each of said supporting end members, and complementary
      bores provided in horizontal elements arranged on said side headers of the
      said supporting slide means.
NUM  10.
PAR  10. An underground automatic parking system for vehicles according to claim
      8 wherein said indexing means between said supporting end members of the
      platforms and said horizontal beam members of said elevator means comprise
      guiding bolts vertically downwardly extending from each end of said
      supporting end members of the platforms and complementary guiding bores
      provided at the upper edges of the gusset-type plate members of each
      horizontal beam member of the elevator means.
NUM  11.
PAR  11. An underground automatic parking system for vehicles according to claim
      2 wherein each one of said horizontal beam members of the elevator means
      actuates the supporting slide means arranged in only one of the side
      compartments of the well means, while the other of said horizontal beam
      members of the elevator means actuates the supporting slide means arranged
      in only the other of said side compartments of the well means.
NUM  12.
PAR  12. An underground automatic parking system for vehicles according to claim
      1 wherein said slide retention means comprise a hooking block engaged to
      each one of the headers of said supporting slide means; a hook means
      supported on said horizontal track means; said hook means comprising a
      releasable hook member engageable to said hooking block; means to
      disengage said hook member from said hooking block; a shock absorber
      arranged in the path of movement of each header of the slide means towards
      its retracted position; and resilient means arranged in said hook means to
      push on said hooking block when said hook member releases said hooking
      block in order to sidewardly displace the inclined plane cam surfaces of
      said flange of said header of the supporting slide means within the path
      of movement of the elevator means to be actuated by said cam means of said
      elevator means.
NUM  13.
PAR  13. An underground automatic parking system for vehicles according to claim
      12 wherein said means to disengage said hook member from said hooking
      block comprises solenoid means actuatable by a switch; a pull bar within
      said solenoid means; and force amplifying means to permit said pull bar to
      move within said solenoid means with a force sufficient to enable it to
      release said hook member from said hooking block upon said force being
      amplified by said force amplifying means.
NUM  14.
PAR  14. An underground automatic parking system for vehicles according to claim
      13 wherein said force amplifying means comprises a link pivotally attached
      to the end of said pull bar and colinear therewith; a toggle having a
      vertical arm engaged to the other end of said link; a second link
      colinearly engaged to the horizontal arm of said toggle; a hook member
      pivotally engaged to the free end of said second link; a rocker pivotally
      supported on the same pivot as said toggle and pivotally holding said hook
      member at an intermediate point of the length thereof; a tension spring
      having one of its ends engaged to said rocker at a point intermediate the
      length thereof and having its other end engaged to the pivot connecting
      said toggle to said second link, such that, when said toggle is pulled
      back by said pull bar, said spring is tensioned at the same time as said
      hook member is released from said hooking block, so that said hook member
      is snapped off and released from said hooking block.
NUM  15.
PAR  15. An underground automatic parking system for vehicles according to claim
      14 wherein said toggle of the force amplifying means is permanently biased
      by a compression spring towards the hooked position, such that when the
      solenoid means is deenergized, said hooking means immediately returns to
      its hooking position, to receive and retain the supporting slide means in
      its retracted position when the latter is returned by the elevator means
      in its descending movement.
NUM  16.
PAR  16. An underground automatic parking system for vehicles according to claim
      1 wherein said sequence programming logic means comprises means for
      energizing one of the solenoid means corresponding to the selected parking
      space, in order to release the corresponding slide means; means for
      energizing the elevator means to cause it to move; means for
      deaccelerating the movement of the elevator means when the latter is
      engaged to said corresponding slide means; means for stopping the movement
      of the elevator means when the latter reaches the access opening of the
      elevator shaft; safety means to prevent the energization of the system
      when an unselected supporting slide means is out of its hooked position;
      and means for carrying the system to deenergized condition when the
      elevator reaches the bottom of the well means.
NUM  17.
PAR  17. An underground automatic parking system for vehicles according to claim
      16 wherein said sequence programming logic means also includes means for
      preventing the energization of any second selected solenoid means when a
      first selected previously energized solenoid means is below the position
      of the elevator means at a predetermined time, and means for energizing
      said second selected solenoid means at the instant when said elevator
      moves downwardly past the position of said first selected previously
      energized solenoid means or past the position of said second selected
      solenoid means, depending on which of said first or second selected
      solenoid means is at a lower level, respectively.
NUM  18.
PAR  18. An underground automatic parking system for vehicles according to claim
      16 wherein said safety means comprises a plurality of limit switches
      connected in series circuit between a power source means and a starter
      means for the elevator means, each of said limit switches being associated
      with each supporting slide means, and said circuit being closed only when
      all of the said slide means are in their fully retracted position, such
      that if any slide means of the system is unduly disengaged and out of its
      fully retracted position, the series circuit will be open and current will
      not flow through the system whereby it will be fully disabled.
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ABST
PAL  A pair of elongated, parallel pits receive materials for handling. Just
      inwardly of each pit there is located a parallel running belt conveyor.
      Feeder vehicles mounted on rails in the pits outwardly of the belt
      conveyors are powered to traverse the pits lengthwise with each including
      a screw feeder for moving the materials from the pits onto the belt
      conveyors. Further apparatus on the feeder vehicles moves substantially
      vertically through the materials in the pits as the vehicles move
      therealong to break up any clumping of the materials (e.g., bagged
      material) to facilitate operations of the screw feeders. Control equipment
      is provided such that if a feeder vehicle encounters an object it cannot
      move, then the vehicle moves back a certain amount and an alarm is given,
      after which the vehicle makes another attempt to feed the object. This
      process will continue until either the object is removed and/or the
      operator resets the equipment as provided for. Also, the vehicles are
      controlled to exert a constant pressure against the materials being
      handled and therefore will move faster through lightly loaded areas than
      through heavily loaded ones.
BSUM
PAR  The present invention pertains generally to a material handling facility,
      and, more particularly, to equipment for initially receiving and
      temporarily storing materials such as waste materials on a quantity basis
      and then moving them onto conveying apparatus for transport to one or more
      stations for further processing.
PAC  BACKGROUND OF THE INVENTION
PAR  The handling and disposal of such materials as waste materials,
      particularly in urban areas, is becoming increasingly more difficult and
      at the same time requiring accomplishment in as short a period as
      practicable. With the growth in population and the corresponding urban
      growth, the quantity of such materials to be handled is accordingly
      increased. Moreover, the kinds of materials are considerable, e.g., paper,
      metal, plastic, wood chips, rock products and manufactured items as found
      in solid wastes, for example. In addition, although some value may be
      obtained via reclaiming a portion of solid wastes, for example, the
      overall cost of handling must be kept as low as possible.
PAR  Irrespective of processing techniques employed, the materials reference
      above are usually collected by trucks for delivery to a facility where
      they are unloaded at one or more specific locations at the facility. Since
      the entire throughpout for the facility must be handled at these unloading
      sites, the equipment must be unusually reliable, since a total breakdown
      for evern a relatively short time, could quickly result in an undesirably
      large accumulation of materials. In operation, the equipment at the
      unloading site must be able to break up clumps of materials that form
      during unloading and then move them to other stations for processing.
PAR  Although, as already alluded to, the apparatus and facility of this
      invention can be usefully employed with materials of great variety, the
      apparatus and facility will be described herein particularly in connection
      with the handling of solid wastes.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary aim and object of the present invention to
      provide an improved unloading site in a bulk storage and handling facility
      (e.g., waste disposal facility) with storage pits and apparatus for moving
      through the so-stored materials and transferring them to one or more
      conveyors.
PAR  A further object is the provision of an unloading site and apparatus as in
      the above object in which as said apparatus moves through the wastes in a
      first direction, other means move transversely thereto, breaking up
      aggregated materials.
PAR  The above described and other objects of this invention are accomplished by
      providing a pair of elongated, parallel, spaced pits into which materials
      are unloaded. Just inwardly of each pit there is located a parallel
      running belt conveyor. A pair of feeder vehicles mounted on rails in the
      pits outwardly of the belt conveyors are powered to traverse the pits
      lengthwise at predetermined speeds and include respective screw feeders
      for moving the materials from the pits onto the belt conveyors. Further
      apparatus on the feeder vehicles moves substantially vertically through
      the materials in the pits as the vehicles move therealong to break up any
      clumping of the materials (e.g., bagged material) and thereby facilitate
      operation of the screw feeders.
PAR  Control equipment is provided such that if a feeder vehicle encounters an
      object it cannot move, then the vehicle moves back a certain amount and an
      alarm is given. The vehicle then makes another attempt to feed the object.
      This process will continue until either the object is removed and/or the
      operator resets the equipment as provided for.
PAR  The vehicles are controlled to exert a constant pressure against the
      materials being handled and therefore will move faster through lightly
      loaded areas than through heavily loaded ones.
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PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of an unloading site at a waste disposal facility,
      showing the apparatus of the invention.
PAR  FIG. 2 is a side elevational, sectional view taken along the line 2--2 of
      FIG. 1.
PAR  FIG. 3 is an end elevational, sectional view taken along the line 3--3 of
      FIG. 2.
PAR  FIG. 4 is an enlarged, sectional view, partially fragmentary, showing
      primarily that part of the apparatus for breaking up clumps of materials,
      taken along the line 4--4 of FIG. 3.
PAR  FIG. 5 is a schematic representation of the drive and control aspects of
      this invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With reference now to FIG. 1 of the drawing, there is shown there an
      unloading site at a waste disposal facility identified generally as at 10.
      That is, the site 10 is the first stage in the waste disposal process at
      the facility and has as a primary function the receipt and temporary
      storage of wastes unloaded from trucks 11.
PAR  The site 10 includes a pair of open top, elongated, parallel, spaced pits
      12 and 13, the upper surfaces of which are either at ground level or at a
      convenient height above ground level so that dumping of wastes 14 therein
      from the trucks may be easily accomplished. Guide track framework 15 for
      electrical power (if desired) is located in the space between the pits.
      Two feeder vehicles 16 and 17 are arranged for traversing movement along
      each of the pits. In a way that will be more particularly described, the
      feeder vehicles transfer waste materials from the pits to belt conveyors
      18 and 19 located in the space between the pits, for conveying them to
      other processing stations of the facility.
PAR  Turning now simultaneously to FIGS. 2 and 3, it is seen that the pit 13 is
      defined by vertical side and horizontal bottom walls 20 and 21,
      respectively, with the space between the pits on which the guide track
      framework is mounted, being enumerated generally as 22. This space defines
      a bottom wall 23 below 21 and vertical walls 24 interconnecting therewith.
PAR  The conveyors 18 and 19 are located immediately adjacent the walls 24 and
      are supportively mounted on the bottom or floor wall 23. More
      particularly, each of these conveyors includes a continuous belt 25
      mounted on an upper set of rollers 26 forming a troughlike conveying
      surface extending along the side of the associated pit and slightly below
      the pit bottom wall 21. A further set of rollers 27, located below the
      rollers 26, provides a return path for the belt 25. A slide plate 28
      affixed to the inner surface of wall 24 extends downwardly to the belt
      edge and serves to guide materials directly onto the belt, thereby
      preventing them from dropping between the belt and the wall 24. Similarly,
      a so-called splash pan is affixed to support framework 30 and extends to
      the other belt edge, preventing spillover of materials from the belt.
PAR  The feeder vehicles 16 and 17 are identical in construction, and for that
      reason only the vehicle 16 will be described in detail. Still referring to
      FIGS. 2 and 3, each such vehicle includes an open frame chassis 31 mounted
      on wheels 32 which are adapted to ride on rails 33 and 34 arranged on the
      bottom wall 21 and extending longitudinally thereof. Rotative power is
      provided to the four wheels via a pair of drive chains 35 and 36
      interconnected with a suitable power source 37. More particularly, in the
      usual operation, only one pair of wheels are driven at a time. For
      example, when it is desired to drive the vehicle to the left as shown in
      FIG. 2, only the drive chain 35 is powered; and when to the right, only
      drive chain 36 is powered. Accordingly, by control means to be described,
      the vehicles are made to traverse the path of movement along the pit in
      either longitudinal direction.
PAR  Longitudinally outwardly of the wheels 32 there are provided two sets of
      paired screw feeders 38 and 39. Each screw feeder includes a pair of
      broad-threaded screws 40 (frequently referred to as Archimedes screws)
      with their threads or vanes intermeshed. The screws 40 of each set extend
      across the full width of the pit and are journaled as at 41 and 42. Drive
      chains 43 and 44 provide rotative power to the screw feeders 38 and 39,
      respectively. Moreover, the outer ends of the screws defining each feeder
      are interlocked together by gears 45 pinned to screw shaft ends such that
      in each feeder the screws rotate in opposite directions.
PAR  Each feeder vehicle also includes a ladder 46 on the side of the frame 31
      via which an operator may climb up onto the top thereof where there are
      located a catwalk 47 and a control panel 48. As can be seen best in FIG.
      3, a cantilever arm 49 provides sliding interconnection via brushes 50
      carried at the upper end of 30 with electrical power, for example, to
      energize the rotative power source 37 and other power drive means.
PAR  As to operation of the apparatus described to this point and assuming a pit
      to include a quantity of materials to be handled, the associated vehicle
      is provided with rotative power to its wheels and then when the vehicle is
      moving, power is applied to the lead screw feeder. Accordingly, as the
      vehicle moves through the materials, the screw feeder transfers the
      materials to the adjacent belt conveyor under the frame 31, where they are
      moved to amother station for further disposal processing. When the vehicle
      has moved to the end of the pit, the wheel drive is automatically stopped
      and driven in the opposite direction in a way that will be described
      later. This back and forth traversal continues until the operator shuts
      off the power or the vehicle encounters a mass of material that cannot be
      transferred by the screw feeder, in which case the vehicle is
      automatically stopped.
PAR  The provision of two pits and two vehicles as described is important not
      only in affording greater waste materials handling capability, but also in
      the event repairs are required for one vehicle, the other can function,
      thereby avoiding the necessity for complete shutdown. This is particularly
      true in the case of a waste disposal plant, many of which operate on a 24
      hour per day basis.
PAR  In the normal course of unloading waste materials into the pits 12 and 13,
      these materials will frequently cluster together into clumps of a size and
      weight making them difficult or impossible to handle. For the ensuing
      description of apparatus for breaking up such clumps, reference is made
      simultaneously to FIGS. 2, 3 and 4. As shown there, each feeder vehicle
      includes a plurality of drive chains 50 arranged in a mutually spaced
      condition across the width of the pit and adapted for generally vertical
      movement through the waste materials. Each such drive chain has an upper
      sprocket 51 and a lower sprocket 52. A plurality of fingerlike members 53
      are pivotally connected to the drive chain 50 at spaced points therealong
      for extension outwardly of the chain with each including an arm 54
      extending from a common side of the members to the opposite or inner side
      of the chain. A camming plate 55 is mounted just inside that portion of
      the chain facing into the waste materials. This plate extends for
      substantially the full distance between the sprockets 51 and 52 for
      engaging the arms 54 as the fingers 53 move therepast and cam them to a
      position approximately vertical to the chain. All of the sprockets 51 and
      52 are pinned in common to respective shafts 56 and 57, the latter being
      suitably journaled to the frame 31. Rotative power is supplied to the
      shaft 56 from a power source 58 via the chain 59.
PAR  In operation, as the vehicle moves through the waste materials, power is
      applied to the chains 50 in such direction as to vertically move that
      portion of the chain facing away from the vehicle and into the waste
      materials. As the chains move upwardly, the plate 55 cams the fingerlike
      members 53 outwardly of the chains, thereby engaging and moving through
      the waste materials, breaking up any clumps. This action also lifts
      materials close to the pit wall, moving them inwardly toward the belt,
      thereby aiding material distribution.
PAR  When the fingerlike members 53 move beyond the plate 55, they are no longer
      maintained fixedly extending from the chain 50 and therefore do not
      produce more than an inconsequential stirring of the materials.
PAR  In operation of the equipment, it is important that certain control
      functions be accomplishable in order that practical use is achieved. First
      of all, the screw feeders are controlled in a manner such that if
      excessive torque is encountered during feeding, driving power will be
      interrupted. Similarly, on occasion the fingerlike members 53 may
      encounter an excessive load that is beyond the handling capability of the
      members or the drive chain 50 and means to be described stop movement
      thereof in that case.
PAR  Reference is now made to FIG. 5 for the following description of the drive
      means and control apparatus therefor. An electric motor 60 (or,
      optionally, an internal combustion engine) drives three pressure
      compensated hydraulic pumps 61, 62 and 63 along separate paths for
      powering the vehicles, screw feeders and lifters, respectively. Fluid is
      stored in a suitable reservoir 64, with cooling circulation provided via a
      pump 65, a filter 66, an oil cooler 67 driven by the motor 60, and
      returned to the reservoir 64.
PAR  The pump 61 is pressure compensated and provides power for the fluid motor
      68 which drives the vehicle at a speed that maintains a constant pressure
      against the material load. Pump 62 provides pressurized fluid to fluid
      motor 69 for driving the screw feeders at a fixed speed irrespective of
      torque, up to a predetermined maximum. The pump 63 drives motor 70 and, in
      turn, the lifters at a constant speed as long as the loading force does
      not exceed a predetermined maximum.
PAR  The hydraulic fluid is returned from the various parts of the system after
      use and filtered at 71 before emptying into reservoir 64.
PAR  The electrical control circuits are not shown however, their operation will
      be manifest from the following description.
PAR  As to vehicle drive, the solenoid valves 72 and 73, depending on their
      respective states, can drive fluid motor 68 (and thus the vehicle) in
      either direction or the fluid is bypassed to the reservoir. In a practical
      embodiment of the invention, means were provided for manual actuation of
      the solenoid valves 72 and 73, as well as automatic reversal of the
      vehicle on its reaching the ends of the pit. That is, by means of limit
      switches (not shown) located at the end of each pit 12 and 13, on a
      vehicle reaching the end of a pit and operating the associated limit
      switch, the solenoid valves 72 and 73 are appropriately actuated to
      reverse the vehicle direction. The operator may at any time effect manual
      control to have either vehicle travel in either direction.
PAR  The pressurized fluid from pump 62 passes through manual control valve 74,
      flow control valve 75, and serially arranged valves 76 and 77 (the latter
      being solenoid controlled) to the screw feeder motor 69. In a way known in
      the art, the valves 76 and 77 may be selectively set to drive the screw
      feeders in either direction, or bypass the motor 69 (i.e., stop the
      motor). Adjustment of valve 75 controls the fluid flow to the motor 69 and
      thus its speed. Valve 74, when actuated bypasses all the fluid from pump
      62 to the vehicle motor 68 for a purpose to be described later.
PAR  The lifter motor 70 receives the pressurized fluid from pump 63 via a
      manually operated valve 78, pressure control valve 79 and further manually
      operated triple-acting valve 80. The valve 80 is selectively adjustable to
      drive motor 70 and the lifters in either direction, or to bypass the fluid
      to the reservoir, stopping lifter drive. The rate of fluid flow and
      thereby the lifter speed, by valve 79 setting.
PAR  The valves 74 and 78 may, at the discretion of the operator, be actuated to
      add pressurized fluid from either or both pumps 62 and 63 to the vehicle
      drive motor 68 feed line. This provides additional driving power in the
      event high-speed traversal is required at a time when the lifters and
      screw feed are off (i.e., an empty pit, for example).
PAR  On the occasion of the screw conveyors being overloaded or locked up, a
      pressure switch 81 operated by the hydraulic fluid in the feed line to the
      motor 69 exceeding some predetermined maximum, energizes solenoid 82 which
      reverses the direction of drive to the screw feeders. A warning light or
      sound alarm (not shown) may be also energized at this time. In the usual
      situation, reversal for a short time unlocks the screw feeder, fluid
      pressure drops and the screw feeding operation begins again. Optionally, a
      time control may also be utilized to automatically return the locked screw
      feeder to the drive or material unloading mode after a given period of
      reversal.
PAR  Other conventional controls are also provided for safe operation of the
      hydraulic system, details of which are not given. For example, if
      temperature of the hydraulic fluid in the reservoir or sump 64 exceeds a
      safe value, a malfunction alarm is automatically energized.
PAR  The respective three feed lines from each of the pumps 61-63 are provided
      with corresponding undivided pressure relief valves 83, 84 and 85, which
      on the various line pressures reaching an unsafe level automatically
      redirect the fluid to the reservoir 64.
PAR  Specifically, in regard to the lifter action, as described, the lifters are
      cammed outwardly during their upward movement to break up bags or other
      containers of materials and thereby make the materials easier to handle by
      the screw feeders. For some materials (e.g., sawdust and wood shavings)
      the lifter movement is changed so that the lifters move or pull down the
      materials onto the screw feeders.
CLMS
STM  We claim:
NUM  1.
PAR  1. A material transferring facility, comprising:
PA1  walls defining an elongated open-topped pit having an open long side, said
      material being located in said pit;
PA1  a belt conveyor located outwardly of the pit and extending generally
      parallel along the pit open long side;
PA1  tracks located in said pit and extending lengthwise thereof;
PA1  a wheeled framework mounted on said tracks and adapted for movement along
      said tracks, said framework including a portion defining a space above the
      tracks and opening toward the materials in a forward direction of
      framework movement;
PA1  a screw feeder mounted on said framework and extending within said
      framework space transversely of said tracks with an end thereof lying
      outside the pit and over the belt conveyor throughout the complete path of
      movement of said framework along said tracks;
PA1  means carried by said framework for rotating said screw feeder in such
      direction as to transfer the material from the pit and out the end of said
      screw feeder onto the belt conveyor;
PA1  at least one vertically moving closed-loop chain carried by said framework
      maintained in contact with said materials, fingerlike members pivotally
      mounted to said chain, and means for camming said members to extend away
      from said chain into the materials during a part of their movement through
      the materials; and
PA1  means for selectively driving said closed-loop chain.
NUM  2.
PAR  2. A material transferring facility as in claim 1, in which there are
      further provided control means responsive to material blocked passage of
      the vehicle for stopping said vehicle.
NUM  3.
PAR  3. A material transferring facility as in claim 1, in which there are
      further provided means responsive to screw feeder locking for stopping
      rotation of said screw feeder in the material transferring direction and
      rotating said feeder in the reverse direction.
NUM  4.
PAR  4. A material transferring facility as in claim 1, in which said rotating
      screw feeder includes a pair of meshed broad-thread screws arranged
      transversely of said pit, and there are further provided means for driving
      said screws in opposite directions.
PATN
WKU  039440877
SRC  5
APN  4961528
APT  1
ART  314
APD  19740809
TTL  On-board freight loading device for aircrafts
ISD  19760316
NCL  6
ECL  1
EXA  Oresky; Lawrence J.
EXP  Spar; Robert J.
NDR  1
NFG  2
INVT
NAM  Molter; Gunther
CTY  Ottobrunn
CNT  DT
INVT
NAM  Schubert; Christoph
CTY  Zorneding
CNT  DT
ASSG
NAM  Messerschmitt-Bolkow-Blohm GmbH
CTY  Munich
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730814
APN  2341057
CLAS
OCL  214 75R
XCL   14 71A
XCL  187  9R
XCL  214 75T
EDF  2
ICL  B60F  146
FSC  214
FSS  85;75 R;75 H;75 T;95 A;109;104
FSC   14
FSS  71 R;71 A;72
FSC  296
FSS  61
FSC  187
FSS  2;9 R;95
UREF
PNO  2088122
ISD  19370700
NAM  Taylor
OCL  214 75H
UREF
PNO  3006486
ISD  19611000
NAM  Cook et al.
OCL  214 75H
UREF
PNO  3478904
ISD  19691100
NAM  Courter
OCL  214 75R
LREP
FRM  Woodhams, Blanchard and Flynn
ABST
PAL  An on-board freight loading device for aircrafts, particularly for large
      aircrafts, which transport large containers for containerized freight. The
      freight loading device has a lifting platform for receiving the freight,
      which lifting platform can be lifted approximately from the ground level
      to the level of the floor of the freight compartment of the aircraft. The
      platform is movable in a frame, which can be swung between a storage
      position within the aircraft fuselage and an approximately vertical
      operating position outside of the aircraft. The frame for the lifting
      platform consists of two beams which are parallel to one another, when in
      the operating position, and which beams in their upper zone are hinged to
      the aircraft by further hinged joints. The central axes of the hinged
      joints lie approximately parallel to the y-axis of the aircraft so that
      the beams can be folded from the operating position first into a position
      parallel to the x-axis against one another prior to their being swung into
      the storage position inside the aircraft.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to an on-board freight loading device for aircrafts,
      particularly for large aircrafts, wherein the term "freight" particularly
      means large containers for containerized freight.
PAC  BACKGROUND OF THE INVENTION
PAR  Competent loading and unloading devices are known in many forms. The
      devices which belong to the state of the art consist generally of a
      lifting platform which is moved in the desired manner by suitable means.
      Thus it is known, for example from the German Offenlegungsschrift No. 2
      052 192, to provide a guide frame from the lifting platform which is
      swingable from an approximately horizontal stored position which is
      parallel to the y-axis within the fuselage into an approximately vertical
      operating position outside of the fuselage. A further freight loading
      device for aircrafts is, for example, known from U.S. Pat. No. 3 478 904.
      In this device the guide frame for the lifting platform is hinged at its
      upper end on the aircraft and, furthermore, is provided with joints so
      that it can be brought after a one time or several times folding from the
      operating position into the rest position into the aircraft.
PAR  All known competent solutions have the disadvantage that the loading
      devices in their rest position take up too much space inside the aircraft.
      As a result, not enough space remains for a complete container of average
      size.
PAR  The invention is based on an on-board freight loading device for aircrafts,
      particularly for large aircrafts, which transport large containers for
      containerized freight, having a lifting platform for receiving the
      freight, which lifting platform can be lifted approximately from ground
      height to the height of the floor of the freight compartment in the
      aircraft. The platform is movable in a frame which is swingable between a
      storage position within the aircraft fuselage and an approximately
      vertical operating position outside of the aircraft.
PAR  The basic purpose of the invention is to construct or develop such a
      freight loading device in a manner that it takes up in its stored position
      in the aircraft as small a space as possible and without reducing other
      desirable characteristics.
PAR  This purpose is attained substantially in such a manner that the frame for
      the lifting platform consists of two beams which, when in the operating
      position, are parallel to one another and which have in their upper zone
      each a hinged joint hingedly connecting the beams to the aircraft. The
      central axes of the hinged joints, when in the operating position of the
      beams, lie in a plane parallel to the y-axis of the aircraft, so that the
      beams can be folded from the operating position first into a position
      parallel to the x-axis of the aircraft against one another prior to their
      being swung into the storage position inside the aircraft. It is to be
      understood that the x-axis of the aircraft extends parallel to the
      longitudinal axis of the aircraft and the y-axis extends perpendicular to
      the x-axis and in the direction of the wings of the aircraft.
PAR  This solution has the decisive advantage that in the case of the subject
      matter of the invention, the required space for the stored position
      compared with the known versions of corresponding freight loading devices
      is considerably reduced. The frame of the inventive loading device can now
      be stored substantially in a space which is at any rate dead space due to
      the geometric cross sectional relationships between an approximately round
      aircraft fuselage and rectangular shaped loading goods in the form of
      large containers.
PAR  A further structural advantage of the subject matter of the invention can
      be seen in that the hinged joints for the beams which, when in the
      operating position, are arranged staggered against one another in
      z-direction. This has namely the consequence that the beams in the stored
      position come to rest in a parallel side-by-side relation which
      additionally serves to conserve space.
PAR  Furthermore, it may be advantageous if the lifting platform has an
      intermediate joint. Also this measure contributes, in the scope of the
      invention, to the further space or room saving concept during storage of
      the freight loading device inside the aircraft.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further details of the inventive loading device result from the following
      description of the drawing. In the drawing, the invention is explained
      illustratively.
PAR  In the drawing:
PAR  FIG. 1 is a side view of a freight loading device with a view into the
      freight compartment; and
PAR  FIG. 2 is a front view of the device.
DETD
PAC  DETAILED DESCRIPTION
PAR  The frame which carries the platform 1 consists of two beams 2 and 3 which
      in their upper zone is hinged to the aircraft fuselage 4 and have each a
      further joint 5 and 6 intermediate the ends thereof. The central or rotary
      axes of these joints lie inventively, when the beams 2 and 3 are in the
      operating position, generally parallel to the z-axis, approximately
      parallel to the y-axis of the aircraft. This makes it possible for the
      beams 2 and 3 to swing in from their operating position into a position
      parallel to the x-axis of the aircraft against one another. This position
      of the beams 2,3 can be seen from FIG. 2 where the swung-in beams are
      shown in broken lines and provided with reference numerals 2',3' . If now
      the beams are swung from this position into the aircraft, then a stored
      position is obtained which has in FIG. 1 the reference numeral 7. The
      beams 2,3 remain in the position which is parallel to the x-axis of the
      aircraft when the beams are in the stored position 7. Thus, the beams 2,3
      or 2',3'  are, in the stored position, in a space 8 in the aircraft
      fuselage which is a dead space between the fuselage 4 and the loading
      goods 9, such as large sized load carrying containers. As can furthermore
      be seen from FIG. 1, aside from the beam package 7, the platform 1 can
      also be provided therein in the space 8. The platform has, in the
      illustration according to FIG. 1, an intermediate joint 10 which permits a
      space-saving folding thereof. A locking device 10A is associated with the
      platform to prevent it from folding during use.
PAR  As can furthermore be taken from FIG. 2, the beams 2 and 3 have each a
      foldable support bar 11 and 12. The support bars are hingedly connected as
      at the points 13 and 14 to the beams 2,3 adjacent the lower ends thereof
      and at the points 15 and 16 to an intermediate carrier 18 secured to the
      aircraft fuselage. Thus, the support bars are capable of fulfilling two
      tasks, namely to support the beams when in the operating position and to
      move them furthermore back and forth between the positions 2,2'  and 3,3'
      . The latter is done by means of a drive system 17 which moves the beams
      through levers, joints and gears.
PAR  In order to make sure that the beams 2' and 3' will lie directly
      side-by-side, it is advantageous to arrange the hinged joints 5 and 6
      suitable offset against one another in the vertical or z-direction. This
      measure can clearly be recognized in FIG. 2 in which the hinged joint 5 is
      arranged slightly higher than the hinged joint 6. Thus, the beams 2' and
      3' lie in the rest position parallel to one another as this can be
      recognized by the broken line showing of the beams 2' and 3' in FIG. 2.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed above for illustrative purposes, it will be understood that
      variations or modifications thereof which lie within the scope of the
      appended claims are fully contemplated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an on-board freight loading device for aircraft, particularly for
      large aircraft, which transport large containers for containerized
      freight, said aircraft having mutually perpendicular x and y axes, said
      x-axis being parallel to the longitudinal axis of said aircraft and said
      y-axis being perpendicular to said x-axis in the direction of the wings of
      said aircraft, said aircraft also having a lifting platform for receiving
      said freight, said lifting platform being lifted approximately from the
      ground level to the level of the freight room floor of said aircraft, said
      platform being moved between a pair of beams which are swingable between a
      storage position within the aircraft fuselage and an operating position
      inclined to the vertical outside of said aircraft, the improvement
      comprising wherein said pair of beams are parallel to one another when in
      said operating position and are hingedly secured in their upper zone to
      said aircraft, each of said pair of beams having further hinged joint
      means intermediate the ends thereof for permitting a movement of the lower
      zone of said beams from the operating position first into a position
      parallel to the x-axis against one another prior to their being swung into
      said storage position, the axes of said further hinged joint means each
      being parallel and contained in a vertical plane parallel to said y-axis
      of said aircraft.
NUM  2.
PAR  2. The improved on-board freight loading device according to claim 1,
      wherein said axes of said further hinged joint means, when in the
      operating position, are vertically spaced relative to one another to
      facilitate said movement of said lower zones into said parallel position.
NUM  3.
PAR  3. The improved on-board freight loading device according to claim 1,
      wherein said lifting platform has an intermediate joint thereon and a
      locking device associated therewith.
NUM  4.
PAR  4. The improved on-board freight loading device according to claim 1,
      including a pair of foldable support bars each extending from said
      aircraft between said beams down to a position adjacent the lower ends of
      separate ones of said beams in said lower zone.
NUM  5.
PAR  5. The improved on-board freight loading device according to claim 4,
      including drive means for driving said foldable support bars to effect
      said movement of said lower zone of said beams from said operating
      position to a position parallel to said x-axis.
NUM  6.
PAR  6. The improved on-board freight loading device according to claim 1,
      wherein said axes of said further hinged joint means, when in the
      operating position, are also inclined to said y-axis.
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ABST
PAL  Cathode plates with suspension bars are advanced in close formation on a
      pair of spaced parallel rails. At the same time, a multi-tiered bolster is
      moved on rollers and positioned beneath the rail. When the rails are full,
      they are lowered until the suspension bars rest on successive tiers of the
      bolster. The bolster is then rolled away and the rails lifted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the handling of cathode plates or the like. An
      example is pure copper plates carried by suspension bars and used for the
      electrolytic refining of copper. Conventionally, the accumulated
      assemblies comprising the cathodes and suspension bars are initially
      closely spaced, but it is desired to increase this spacing for placing the
      cathodes in the electrolytic bath. A known means for providing this
      spacing is a multi-tiered rack or bolster onto which each group of closely
      spaced assemblies is lowered.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  U.S. Pat. No. 3,792,891 issued Feb. 19, 1974 describes a pickup unit which
      lifts groups of closely spaced assemblies off slide rails in conjunction
      with a crane so that they may be carried to and lowered onto the bolster.
      Aside from the need for a crane and allied equipment, this prior pickup
      unit is time-consuming in that each group of cathode assemblies must be
      transported to a separate location in the plant.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a novel and improved
      machine and process for accumulating and loading cathode plates or the
      like which eliminates the need for a crane or similar extraneous
      equipment.
PAR  It is another object to provide improved method and means of this nature
      which greatly increases the speed with which groups of cathode assemblies
      may be handled, and reduces the necessary plant floor space for this
      operation.
PAR  Briefly, the machine of this invention comprises a pair of spaced parallel
      slide rails, means for intermittently advancing and accumulating a group
      of workpieces suspended between said rails, a bolster for receiving said
      workpieces, means for conveying said bolster between a loading position
      between and below said rails and a second position longitudinally spaced
      from and clear of said rails, and means supporting said rails for
      simultaneous vertical movement between an upper position in which the
      workpieces may be advanced thereon by said advancing means, and a lower
      position in which said workpieces are loaded onto said bolster and said
      rails are below the lowermost workpiece portions resting on said bolster.
PAR  The process of this invention comprises the steps of providing a pair of
      spaced parallel rails, intermittently advancing and accumulating a group
      of workpieces suspended between said rails, positioning a bolster beneath
      said accumulating workpieces, simultaneously lowering said rails until the
      workpieces rest on said bolster and the rails are below the lowest
      workpiece portions resting on said bolster, moving said bolster
      longitudinally until it is clear of said rails, and raising said rails to
      their original position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an end elevational view, partially schematic, showing the
      invention.
PAR  FIG. 2 is a fragmentary side elevational view showing the operation of the
      advancing and accumulating means and the manner in which the assemblies
      rest on the bolster.
PAR  FIG. 3 is a fragmentary side elevational view of the bolster conveyor
      driving means, taken along the line 3--3 of FIG. 1, and
PAR  FIG. 4 is a perspective view of the bolster.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is intended to handle cathode assemblies of the type shown in
      the figures, or similar workpieces. Each assembly is indicated generally
      at 11 and comprises a rectangular plate 12 of pure copper and a suspension
      bar 13 thereabove. The plate is attached to the suspension bar by a pair
      of straps 14 which are looped over the bar and lanced or otherwise
      attached to the plate. The suspension bars 13 are long enough to extend
      beyond the opposite side edges of plate 12.
PAR  A pair of spaced parallel slide rails 15 are provided for receiving and
      accumulating assemblies 11 in closely spaced relation. The rails are so
      spaced that they will be engageable by the outer ends of bars 13 with
      straps 14 and plate 12 hanging down between and below the rails.
PAR  The means for intermittently advancing assemblies 11 comprises a pair of
      transfer bars 16 alongside and outwardly of rails 15 and reciprocable by
      motor means, such as pistons and cylinders, indicated schematically by the
      horizontal arrows 17 and 18 in FIG. 2. These bars are supported by their
      rounded bottoms 19 on a plurality of grooved rollers 20, the rollers thus
      also permitting rocking movement of bars 16. Rollers 20 are rotatably
      supported by uprights 21 spaced along bars 16. The bars carry closely
      spaced fingers 22 the inner ends of which are disposable between
      suspension bars 13 when the fingers are in their horizontal positions as
      shown in lines in FIG. 1. Fingers 22 also extend outwardly from bars 16
      and actuators 23 are provided which have recesses within which the outer
      ends of fingers 22 are disposed. These actuators are vertically
      reciprocable by motors 24, between an upper position as shown in FIG. 1
      and a lowered position. In a suitable construction, fingers 22 may be
      formed in sets, with each set being on a plate, and a plurality of
      actuators 23 are provided on each side of the unit, each actuator recess
      receiving the outer edge of a plate.
PAR  In operation of the advancing and accumulating means, starting from an
      initial position shown in FIG. 1, the fingers will be disposed between the
      assembly suspension bars. Upon advancing of bars 16 to the right as shown
      by arrow 17 of FIG. 2 (outwardly from the paper in FIG. 1) all assemblies
      11 will be advanced one space, and a new assembly will be added at the
      starting end. Actuators 23 are then lowered so that the inner ends of
      fingers 22 will be raised as shown by arrow 25 in FIG. 2. Bars 16 will
      then be retracted as shown by arrow 18 with the fingers clear of
      assemblies 13. Actuators 23 will then be raised and the fingers will
      descend as shown by arrow 26 in FIG. 2 until they are positioned in the
      following space. This operation will continue until a full load of
      assemblies 11 has been accumulated on rails 15.
PAR  Means are provided for lowering rails 15 from their solid line position as
      shown in FIG. 1 to their dot-dash line position. This means includes a
      plurality of threaded posts 27 on which each rail is mounted, each post
      being part of a screw-and-nut assembly 28. The nut is rotatable by a worm
      and a worm wheel or other gear drive 29 driven by a jack shaft 30 which
      extends parallel to bar 16 and is rotated by a chain 31. The chain is
      driven from a motor 32 mounted on a framework above rails 15. Motor 32
      drives a pair of chains 33 leading to opposite sides of the framework,
      these driving vertically extending chains 34 through pulleys 35. The lower
      ends of chains 34 drive pulleys 36 which are connected to chains 31.
      Take-up rollers 37, 38 and 39 are provided for chains 33, 34 and 31
      respectively. The above-described parts may be supported by various
      portions of the framework, which rests on floor 40.
PAR  A bolster generally indicated at 41 is provided for receiving a group of
      assemblies 11. This bolster is of conventional U-shaped construction,
      having a base 42 and side members 43 and 44. The side members carry
      multi-tiered racks 45 (FIGS. 2 and 4) which in this case have three levels
      46, 47 and 48. With this arrangement, a group of cathode plate assemblies
      with, for example, one-inch spacing on rails 15 will be divided by the
      bolster into three groups having three inch spacings.
PAR  Means are provided for moving bolster 41 into and out of a position
      underneath rails 15. This means includes a plurality of rollers 49 below
      and extending transversely between rails 15. The opposite ends of these
      rollers are supported for rotation by a frame 51. A motor 52 is provided
      for simultaneously rotating rollers 49 in either of opposite directions.
      The motor is connected by an endless chain 53 to a gear 54 fixed to the
      shaft of one roller 49, this roller being connected to the others by
      chains 55. Bolster 41 rests on rollers 49 and may therefore be moved into
      and out of position in a direction parallel to rails 15. The height of
      tiers 45 on bolster 41 is such that the bolster will be slightly below the
      level of suspension bars 13 when they rest on rails 15. The spacing
      between the sides of the bolster is such that it may be rolled into
      position with the tiers on opposite sides of plates 12 and beneath the
      suspension bars.
PAR  In operation, after a complete group of assemblies 11 has been moved onto
      rails 15 by fingers 22, the rails will be lowered by motor 32 until they
      reach their dot-dash line positions in FIG. 1. At this time the group of
      cathode plate assemblies will have been completely loaded onto racks 45 of
      bolster 41, the bolster having previously been positioned beneath the
      assemblies. After rails 15 have been lowered sufficiently to clear the
      lowermost suspension bars, bolster 41 will be moved longitudinally away
      from the rails by motor 52 and conveyor rollers 49. Rails 15 may then be
      raised in readiness for another group of cathode plate assemblies.
CLMS
STM  I claim:
NUM  1.
PAR  1. A workpiece handling machine comprising a pair of spaced parallel slide
      rails, means for intermittently advancing and accumulating a group of
      workpieces suspended between said rails, a bolster for receiving said
      workpieces, means for conveying said bolster between a loading position
      between and below said rails and a second position longitudinally spaced
      from and clear of said rails, and means supporting said rails for
      simultaneous vertical movement between an upper position in which the
      workpieces may be advanaced thereon by said advancing means, and a lower
      position in which said workpieces are loaded onto said bolster and said
      rails are below the lowermost workpiece portions resting on said bolster.
NUM  2.
PAR  2. The combination according to claim 1, said means for advancing and
      accumulating said workpieces comprising a pair of transfer bars outside
      and parallel to said rails, a plurality of fingers carried by each
      transfer bar and extending inwardly toward and above said rail, means for
      longitudinally reciprocating said transfer bars and means for rocking said
      transfer bars, whereby said fingers may be moved sequentially between a
      first position disposed between said workpieces, a second position above
      said workpieces, a third position retracted to the next space between said
      workpieces but thereabove, and a fourth position lowered into said next
      spaces.
NUM  3.
PAR  3. The combination according to claim 2, further provided with rollers
      supporting said transfer bars for said axial and rocking movement, said
      means for actuating said fingers and transfer bars comprising actuators
      engageable with outwardly extending portions of said fingers, and means
      for vertically reciprocating said actuator.
NUM  4.
PAR  4. The combination according to claim 3, said fingers being in sets with
      each set being on a plate, said actuator having recesses receiving the
      outer edges of said plates.
NUM  5.
PAR  5. The combination according to claim 1, said rail supporting means
      comprising screw and nut mechanisms, and means for driving each mechanism
      comprising a motor and chain means connecting said motor to said screw and
      nut mechanism.
NUM  6.
PAR  6. The combination according to claim 5, each screw and nut mechanism
      including a screw shaft supporting said rail, each rail being supported by
      a plurality of such screw shafts along its length.
NUM  7.
PAR  7. The combination according to claim 1, said bolster conveying means
      comprising a plurality of transversely extending rollers beneath and
      extending away from said rails, and means for driving said rollers in
      either of opposite directions, said bolster having a base resting on said
      rollers.
NUM  8.
PAR  8. The combination according to claim 7, said bolster comprising said base,
      side members extending upwardly from said base, and multi-tiered side
      racks mounted on said side members.
NUM  9.
PAR  9. A method of handling workpieces comprising the steps of providing a pair
      of spaced parallel rails, intermittently advancing and accumulating a
      group of workpieces suspended between said rails, positioning a bolster
      beneath said accumulating workpieces, simultaneously lowering said rails
      until the workpieces rest on said bolster and the rails are below the
      lowest workpiece portions resting on said bolster, moving said bolster
      longitudinally until it is clear of said rails, and raising said rails to
      their original position.
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ABST
PAL  A loader which can be used most effectively on construction projects for
      excavation and loading of loose materials, and in agriculture for the
      mechanization of such jobs as loading of fertilizer, peat and root crops.
      The loader is provided with a frame for mounting the load-handling
      equipment on the tractor body. The frame consists of side members, rigidly
      secured at one end by a cross member while at the other ends they are
      fastened by ball supports on the rear axle of a tractor on both sides of
      its body. Each side member consists of two parts interconnected by a
      locking device allowing their rigid connection and separation, with one of
      the parts carrying the load-handling equipment and installed with a
      provision for being removed together with this equipment by moving axially
      a bar which fastens the cross member on the tractor body. Such an
      arrangement ensures rapid installation and removal of the load-handling
      equipment without the use of load-hoisting devices.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the mechanization of load-handling
      operations and more specifically to loaders mounted on wheeled tractors.
PAR  This invention will prove most effective on construction projects to the
      excavation and loading of loose materials and in agriculture, for the
      mechanization of loading such materials as fertilizers, peat and root
      crops.
PAC  PRIOR ART
PAR  At present, the majority of loaders are mounted on wheeled tractors. The
      contemporary wheeled tractors are basically of a half-frame design in
      which the body of the tractor defined by the rigidly interconnected engine
      and power transmission units rests on the rear axle. The front axle of the
      tractor is installed on a half-frame secured to the engine flywheel
      housing.
PAR  In the art, are known loaders wherein the load-handling equipment can be
      quickly installed on, and removed from, the tractor without the use of
      load-hoisting devices. Before mounting on the tractor, such equipment is
      placed separately, supported by its operating element and two special
      props. Then, the equipment is mounted by driving the tractor thereon. The
      frame of such a load-handling equipment is secured by various fastening
      elements at several points on the tractor half-frame. However, fastening
      the load-handling equipment on the tractor at several points causes
      considerable twisting and bending stresses acting on the tractor body
      during the loader operation. These additional stresses may cause failure
      of the tractor body which has but a limited strength. Such a disadvantage
      limits the field of loader application and impairs its basic
      characteristics.
PAR  Also known in the art are loaders in which the load-handling equipment is
      mounted on the tractor body with the aid of a frame which relieves the
      body of the additional twisting and bending stresses arising during loader
      operation. In these loaders, the frame consists of two side members
      connected rigidly at one end by a cross member whereas their other ends
      are installed rigidly on the rear axle of the tractor at both sides of its
      body. The cross member is articulated on the tractor body (see, for
      example, U.S. Pat. No. 3,335,882).
PAR  A disadvantage of the above-mentioned design of the loader lies in the
      impossibility of a rapid installation and removal of the load-handling
      equipment on the tractor due to the fact that the articulated support of
      the cross member and the rigid attachment of the ends of the side members
      do not allow the load-handling equipment to be removed without the use of
      some load-hoisting devices. Installation of the load-handling equipment in
      these loaders is also effected with the aid of load-hoisting devices by
      pushing the frame of the load-handling equipment on the tractor, orienting
      the frame with respect to the tractor body and inserting the ends of the
      side members into the space limited by the rear wheels, tractor body and
      rear wheel fenders. Then, the frame is fastened on the three
      above-mentioned supports. Here, the most difficult operation is fastening
      the ends of the side members to the rear axle of the tractor because the
      point of fastening is located in a "hard-to-get-at place."
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of the present invention resides in eliminating the aforesaid
      disadvantages.
PAR  The main object of the invention is to provide such a layout of the loader
      in which, due to an improved frame and its supports, the tractor body is
      relieved of additional stresses and the load-handling equipment is rapidly
      installed and removed without the use of load-hoisting devices.
PAR  The above and other objects are accomplished by providing a loader wherein,
      the frame carrying the load-handling equipment is constituted by two side
      members which are rigidly interconnected at one end by a cross member
      resting on the tractor body while their other ends are mounted on the rear
      axle of the tractor on both sides of its body in which, according to the
      invention, the support of the frame cross member is defined in the form of
      a cylindrical bar arranged along the fore-and-aft axis of the tractor with
      a provision for axial movement in a horizontal plane relative to the
      tractor, each of the two side members being constituted of two parts
      interconnected by a locking device which makes it possible either to
      connect or detach these parts with one of these parts (the one connected
      to the cross member) carrying the load-handling equipment and being
      removable together with the latter by moving the bar axially.
PAR  Owing to the provision of the locking device, such a design of the frame
      makes it possible to disconnect rapidly the front part of the frame
      carrying the load-handling equipment from its rear part and to remove the
      equipment from the tractor because the cylindrical bar of the cross member
      support provides for the axial movement in a horizontal plane. Removal of
      the equipment is effected by driving off the tractor, without the use of
      any load-hoisting devices. During this operation, the load-handling
      equipment together with the front end of the frame rests on its operating
      element and two removable props while the rear part of the frame is
      constantly mounted on the tractor. To mount the equipment, the removal
      operations must be reversed.
PAR  It is most practicable that one end of the cylindrical bar should be
      secured to the cross member while its other end should be inserted into a
      hole in the tractor body being capable of moving axially, and should be
      provided with a tapered extension for orienting the bar relative to the
      hole during installation of the load-handling equipment.
PAR  To ensure rigid fastening of the side members to each other in operation
      and their rapid disconnection during removal of the load-handling
      equipment, it is practicable that the locking device should have lugs
      secured on the parts of the side member and interconnected by a pin set
      horizontally and perpendicularly to the side members, and a bolt whose
      threaded portion should be located in a nut articulated to one of the
      parts of the side member with a provision for swinging in a vertical plane
      along the side members while its other portion adjoining the head should
      be located in a slot provided in the other part of the side member and
      open at the side opposite to the lugs to enable swinging off the bolt
      during the removal of the load-handling equipment.
PAR  To enhance the dependability of the locking device and to carry loads in
      the horizontal and vertical planes, it is practicable that the locking
      device should comprise, additionally, a stop located on one of the parts
      of the side member, with the stop entering the slot located on the other
      part in order to take up the clearance which may appear between the pin
      and the lugs.
PAR  In addition, according to the invention, each side of the tractor body
      should have a bracket provided with a hole for receiving the pin of the
      locking device which, after the removal of the load-handling equipment,
      would lock the parts of the side members mounted on the rear axle of the
      tractor with the aid of ball supports.
PAR  The ball support allows the rear ends of the side members to move in a
      horizontal plane for fastening them to the tractor body after removing the
      load-handling equipment, relieves the rear axle of the tractor of twisting
      stresses.
PAR  The use of the pin of the locking device for securing the rear ends of the
      frame to the tractor body brings the number of fastening elements to a
      minimum and prevents a chance fastening of the frame at additional points
      to the tractor body during installation of the load-handling equipment.
DRWD
PAR  Now the invention will be described in detail by way of example with
      reference to the accompanying drawings in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows in side elevation the loader according to the invention;
PAR  FIG. 2 is a plan view of the loader shown in FIG. 1;
PAR  FIG. 3 shows in a longitudinal section the cross member support;
PAR  FIG. 4 shows the locking device, partly cut out;
PAR  FIG. 5 is a section taken along line V -- V in FIG. 4;
PAR  FIG. 6 shows the loader according to the invention with the load-handling
      equipment removed;
PAR  FIG. 7 is a view along arrow A in FIG. 6; and
PAR  FIG. 8 is a section taken along line VIII -- VIII in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The loader comprises a wheeled tractor 1 (FIG. 1) whose body 2 mounts a
      load-handling equipment 4 on a frame 3, with such equipment including a
      boom 5 and an operating element 6.
PAR  The frame 3 is constituted by two side members 7 (FIG. 2) which are rigidly
      interconnected at one end by a cross member 8. The other ends of these
      side members are mounted with the aid of supports 9 on the rear axle of
      the tractor on both sides of its body 2.
PAR  The cross member 8 has a support on the tractor body, with the support
      being in the form of a cylindrical bar 10 (FIG. 3) arranged along the
      fore-and-aft axis of the tractor with one end secured to the cross member
      8. The other end of this bar 10 is located in a hole 11 of the body 2 to
      allow the bar to move relative to the tractor during installation of the
      load-handling equipment. For orienting the bar 10 relative to the hole 11,
      the bar is provided with a tapered extension or end 12.
PAR  Each side member 7 consists of two parts 13 and 14 (FIG. 4) interconnected
      by a locking device 15 which allows the parts to be rigidly secured to
      each other and disconnected at will.
PAR  The part 13 of the side member 7 which carries the load-handling equipment
      4 can be removed from the tractor together with the equipment when the bar
      10 moves relative to the tractor.
PAR  The locking device comprises lugs 16 secured on the parts 13 and 14 of the
      side member 7 and interconnected by a pin 17. The part 13 carries an
      articulated nut 18 which can swing in a vertical plane along the side
      member 7, with the hole of this nut receiving the threaded portion of a
      bolt 19. The cylindrical portion of said bolt adjoining a head 20 is
      located in a slot 21 of a plate 22 secured to the part 14 of the side
      member 7. The slot 21 is open at the side opposite to the lugs 16 for
      swinging off the bolt during the removal of the load-handling equipment 4.
PAR  To ensure the rigidity of fastening of the parts 13 and 14 in the course of
      loader operation, the plate 22 carries a stop 23 entering a slot 24
      located on the part 13 of the side member 7. This stop is intended to take
      up the clearance which may appear between the pin 17 and the lugs 16.
PAR  The pin 17 is held against axial movement in the lugs 16 by a plate 25
      (FIG. 5) entering a circular recess 26 of the pin. One end of the pin 17
      has an extension 27 provided with a flat 28 which allows the pin to be
      taken easily out of the lug by turning the pin through 180.degree. with a
      handle 29 secured on the other end of the pin 17.
PAR  Fastened to each side of the body 2 of the tractor 1 is a bracket 30 (FIG.
      6) with a hole 31 (FIG. 7) which receives the pin 17 for fastening the
      rear parts 14 of the side members 7 to the tractor after the removal of
      the load-handling equipment 4. This is done by the use of the lug 16 of
      the locking device 15, with the lug being fastened on the rear part 14 of
      the side member 7.
PAR  Each support 9 of the parts 14 of the side members 7 is in the form of a
      ball support 32 (FIG. 8) installed in a bracket 33 fastened to the rear
      axle on both sides of the tractor body 2. The parts 14 are connected with
      the ball supports 32 by pins 34. Upon being removed from the tractor, the
      load-handling equipment rests on its operating element 6 and two removable
      props 35 (FIG. 6).
PAR  The load-handling equipment is installed and removed as follows:
PAR  The tractor is driven to the load-handling equipment placed on level ground
      on the props 35 and the operating element 6 (FIG. 6), with the tractor
      carrying the parts 14 of the side member 7, which are constantly mounted
      on the tractor. The shape and method of fastening of these parts of the
      side members do not interfere with the employment of the tractor as a
      prime mover on agricultural jobs, for towing trailers, etc.
PAR  For installing the load-handling equipment 4, the tractor 1 moves in
      between the parts 13 of the side members 7 so as to insert the cylindrical
      bar 10 into the hole 11 in the body 2 of the tractor 1.
PAR  Then, the only thing to do is to interconnect the parts 13 and 14 of the
      side members 7 with the aid of the locking device 15. For this purpose, it
      is necessary to take out, one after the other, the pins 17 securing the
      rear parts 14 of the side members 7 to the tractor body. The front end of
      the rear part 14 is brought to the joint of the locking device 15. The pin
      17 is inserted into the lugs 16 of the locking device 15. The bolt 19 is
      turned and inserted into the slot 21 after which the joint is tightened.
      In the meantime, the stop 23 takes up the clearances between the lugs 16
      and the pin 17 and ensures the requisite stiffness of the connection
      between the parts of the side members.
PAR  On completion of installation, the props 35 are removed.
PAR  Removal of the load-handling equipment is effected by reversing the
      installation procedure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A loader comprising a wheeled tractor provided with a body and front and
      rear axles; said body having a fore- and aft-axis; a load-handling
      equipment having a frame and being mounted on the body of said tractor by
      means of said frame; said frame including side members and a cross member;
      said side members consisting, each, of two parts; one pair of said side
      members being interconnected by said cross member and carrying said
      load-handling equipment, said cross member having a single support on said
      tractor body; said support of said cross member being defined by a
      cylindrical bar located along the fore- and-aft axis of the tractor body
      and secured with a provision for axial movement in a horizontal plane
      relative to the tractor body to allow the removal from the tractor of the
      parts of said side members carrying the load-handling equipment; another
      pair of said parts of the side members being hingedly mounted on said rear
      axle of the tractor on both sides of said tractor body; and a locking
      device for a rigid fastening and separation of said parts of the side
      members.
NUM  2.
PAR  2. The loader according to claim 1 in which one end of said cylindrical bar
      is fastened to the cross member and the other end is located in a hole in
      the tractor body to provide for axial movement of said bar.
NUM  3.
PAR  3. A loader comprising a wheeled tractor provided with a body and front and
      rear axles; a load-handling equipment having a frame and being mounted on
      the body of said tractor by means of said frame; said frame including side
      members and a cross member; said side members consisting, each, of two
      parts; one pair of said side members being interconnected by said cross
      member and carrying said load-handling equipment; said cross member having
      a support on said tractor body; said support of said cross member being
      defined by a cylindrical bar arranged along the fore-and-aft axis of the
      tractor and secured with a provision for axial movement relative to the
      tractor to allow the removal from the tractor of the parts of said side
      members carrying the load-handling equipment; another pair of said parts
      of the side members being mounted on said rear axle of the tractor on both
      sides of said tractor body; and a locking device for a rigid fastening and
      separation of said parts of the side members, said locking device
      comprising lugs secured on the parts of each side member and
      interconnected by a pin arranged horizontally and perpendicularly to said
      parts, and a bolt having a threaded portion located in a nut articulated
      on one of the parts of the side member with a provision for swinging in a
      vertical plane along the parts while a cylindrical portion of said bolt
      adjoining its head is located in a slot provided in the other part of the
      side member and open at the side opposite to said lugs to enable the bolt
      to be swung off during the removal of the load-handling equipment.
NUM  4.
PAR  4. The loader according to claim 3 in which said locking device further
      comprises a stop located on one of the parts of each side member, with
      said stop entering a slot located on the other part in order to take up a
      clearance which may appear between the pin and the lugs.
NUM  5.
PAR  5. The loader according to claim 1 including a bracket secured on each side
      of the tractor body, said bracket having a hole to receive a pin of the
      locking device which fastens the parts of the side members after the
      removal of the load-handling equipment, with said parts being mounted on
      the rear axle of the tractor with the aid of ball supports.
PATN
WKU  039440907
SRC  5
APN  5120896
APT  1
ART  314
APD  19741004
TTL  Method for loading grain cars
ISD  19760316
NCL  1
ECL  1
EXP  Sheridan; Robert G.
NDR  4
NFG  5
INVT
NAM  Flood; Donald S.
CTY  Maidstone
CNT  CA
ASSG
NAM  Flood; Robert J.
CTY  Maidstone
CNT  CA
COD  15
ITX  A part interest
CLAS
OCL  214152
XCL  141 35
XCL  141256
XCL  141387
XCL  193  3
XCL  198 66
XCL  214 16R
XCL  214 41R
EDF  2
ICL  B65G 6706
ICL  B65G 6720
FSC  214
FSS  16 R;17 C;17 CA;41;152
FSC  198
FSS  66;169
FSC  141
FSS  35;256;257;387
FSC  193
FSS  3;15;16;30
UREF
PNO  1439714
ISD  19221200
NAM  Severson
XCL  193 30
UREF
PNO  2681639
ISD  19540600
NAM  Littlefield
XCL  198169
UREF
PNO  3180318
ISD  19650400
NAM  Fisher
XCL  198169
UREF
PNO  3365043
ISD  19680100
NAM  Heeren
OCL  193  3
ABST
PAL  A system is described for loading grain from an elevator into the multiple
      compartments of a railway grain tank car. It includes a substantially
      horizontally extending cylindrical auger tube with power driven auger
      positioned above the compartments of the car. The tube has a grain
      receiving opening at one end and grain discharge openings in a lower side
      above each compartment. A down spout extends downwardly from each
      discharge opening with the lower end of each spout extending a short
      distance into the associated compartment. With this arrangement, when the
      level of the grain in each compartment reaches the lower end of the spout,
      the spout is left in position so that it fills with grain up to the auger
      tube thereby automatically stopping any further flow of grain down the
      spout.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for loading compartmented
      bulk carrier vehicles, such as railway grain tank cars.
PAR  2. Description of the Prior Art
PAR  In the loading of grain from an elevator to a railroad car, the vehicle is
      normally parked in a loading shed or an open siding and positioned beneath
      or adjacent to an overhead grain storage bin from which the grain is
      delivered to the box of the vehicle by means of a spout or chute of
      various well-known designs and familiar to those skilled in the art. In
      the past, much grain was loaded into box cars and various throwing devices
      were developed for loading through a side opening in the box car, such as
      that shown in Sinden, Canadian Pat. No. 457,732 issued June 28, 1949. For
      the loading of open-topped vehicles, a delivery spout arrangement such as
      that shown in Wenschlag, Canadian Pat. No. 702,863, issued Feb. 2, 1965,
      has been used.
PAR  It has also been known to use horizontal auger arrangements for the
      delivery of loose particulate material such as grain and one such auger
      arrangement is described in Thiele, U.S. Pat. No. 3,074,534, issued Jan.
      22, 1963. The purpose of the Thiele device was to deliver grain to a
      plurality of spaced discharge points and it included special closure
      devices for selectively closing off one or more of the discharge openings.
PAR  Recently, there have been developed special railway tank cars for grain and
      each of these cars has a series of adjacent compartments with each
      compartment having an inlet hatch in the top of the tank car and a
      discharge opening in the bottom. While these specially designed tank cars
      have proven to be excellent for the transportation of grain and are very
      convenient in terms of their handling at unloading terminals, there have
      been difficulties encountered in the loading of these tank cars at local
      grain elevators.
PAR  Thus, when a single delivery spout is used, such as that shown in Canadian
      Pat. No. 702,863, it has necessitated constant watching by an operator so
      that as each compartment is filled, the flow is shut off and the spout is
      then moved to a second hatch in the tank car, either by moving the spout
      or the tank car, for the filling of the next compartment. This has
      resulted in considerable wasting of time and labour in the loading of
      these tank cars at local elevators.
PAR  With the multiple hatch openings in these tank cars, it would seem to be an
      obvious answer to make use of a distributing apparatus such as is
      described in U.S. Pat. No. 3,074,534 and this does solve the problem to a
      certain extent, but it does not overcome the problem of requiring constant
      monitoring by an operator to assure that the compartments are all equally
      filled and at the same time avoiding overflowing of compartments and
      spilling of grain.
PAR  Electrically operated shut-off systems connected with level indicators
      could certainly be developed which would cut off flow into each
      compartment as it is filled, but such systems become expensive
      particularly for small local elevators and are subject to breakdown and
      expensive expert maintenance.
PAR  It is, therefore, the object of the present invention to provide a very
      simple and inexpensive system for filling all compartments of a tank car
      without the necessity of continuous monitoring by an operator.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, the present invention comprises a loading device for loading grain
      into multiple compartments of a bulk carrier vehicle. The device has a
      substantially horizontally extending cylindrical auger tube adapted for
      positioning above the compartments of the carrier and this tube has a
      grain receiving opening at one end and grain discharge openings in a lower
      side thereof above each of the compartments. A conveyor auger extends
      through the tube from the grain receiving end and a rotary drive means is
      connected to the auger to rotate the latter to displace grain from the
      grain receiving opening out through the discharge openings in the tube.
      Down spouts are connected to the discharge openings for delivering grain
      from the auger tube into the compartments. Each down spout has vertically
      adjustable a lower portion preferably comprising a plurality of sections
      telescopically interconnected for relative extensible and retractable
      movement therebetween. In operation, each telescopic portion is positioned
      with its lower end within an associated bulk carrier compartment with the
      lower end of the telescopic portion extending a short distance below the
      top of the compartment. With this arrangement, when the level of the grain
      in each compartment reaches the lower end of the spout, the spout fills
      with grain up to the auger tube and further flow of grain down that spout
      automatically stops, while flow continues down the remaining spout or
      spouts.
PAR  The total capacity of the tank cars is always known, so that the device can
      be set in operation to deliver that knwon amount of grain and it will
      automatically distribute that quantity of grain among the compartments
      while properly filling each compartment. After the predetermined quantity
      of grain has been delivered to a tank car, the loading device is shut down
      and an operator then lifts each telescopic spout portion so that the grain
      which has collected in the spout flows into the remaining small space in
      each compartment. After each spout has been cleared in this manner, these
      spouts are moved away from the tank car so that the car may be removed and
      another empty car placed in position.
PAR  While the telescopic spout portion is particularly simple and easy to use,
      it will also be understood that the entire down spout or at least a lower
      portion thereof can be arranged to swing upwardly and downwardly thereby
      changing the level of the spout outlet. A windlass and cable arrangement
      can, if desired, be used for raising and lowering the spout.
PAR  Usually a person involed in the handling of grain is primarily concerned
      with problems of grain conduits and spouts becoming pulgged so that
      usually efforts are directed towards avoiding plugging of conduits. The
      concept being employed in the present invention, on the other hand, is
      directly opposite to the usual thinking in that the down spouts are
      deliberately caused to become plugged with grain as an automatic shut off
      means.
DRWD
PAR  Certain preferred embodiments of the invention will now be described with
      reference to the attached drawings in which:
PAR  FIG. 1 is a side slevation of a loading device in position over a railway
      car;
PAR  FIG. 2 is an end elevation of the device shown in FIG. 1;
PAR  FIG. 3 is a top plan view of the device of FIG. 1;
PAR  FIG. 4 is a side elevation showing an alternative embodiment;
PAR  and
PAR  FIG. 5 is an end elevation of the alternative embodiment.
DETD
PAR  As will be seen from FIGS. 1, 2 and 3, a railway grain tank car 10
      positioned on a rail siding beside a grain elevator E has four grain
      storage compartments 10a, 10b, 10c and 10d. Each of these compartments is
      accessible from corresponding hatches 11a, 11b, 11c and 11d in the top of
      the car while grain is removed at an unloading destination through outlet
      chutes 29.
PAR  Positioned at a location above the top of the car 10 is a cylindrical auger
      tube 12 containing therein an auger 13. The auger is mounted for rotation
      in support bearings 14 and is driven by a V-belt 15 from electric motor
      16. The auger tube is supported on the side of the elevator building E by
      means of a framework 26.
PAR  Attached to the lower side of auger tube 12 are four grain receiving
      hoppers 17a, 17b, 17c and 17d and these may optionally have shut-off
      slides 18a, 18b, 18c and 18d which may be used for an emergency shut down
      of the device. Inclined down spouts 20 are swingably connected to hopper
      17 by means of flange members 20. These permit swinging action of the
      spouts 19 as shown by the broken lines 19' in FIG. 3.
PAR  The inclined spouts 19 are supported by means of angle braces 21 which are
      connected at their lower ends to support brackets 25 mounted on the side
      wall of the elevator building E. The lower end of each spout has an elbow
      22 and suspended from the elbow 22 are a series of telescopic sections 23
      which are telescopically interconnected for relative extensible and
      retractable movement.
PAR  With an empty car 10 in position, the spouts 19 are swung out from the wall
      of the elevator so that the telescopic portions 23 enter the hatches of
      the compartments. Each lower telescopic portion end 27a, 27b, 27c and 27d
      is positioned a short distance below the top wall of a compartment as can
      best be seen from FIG. 1.
PAR  From a storage bin in the elevator building a spout 24 extends downwardly
      and feeds into one end of auger tube 12.
PAR  With the auger in operation, grain is allowed to flow from the elevator bin
      down spout 24 and into one end of auger tube 12. The auger then carries
      the grain along the tube with the largest amount initially flowing down
      hopper 17a and thence into compartment 10a. When the level of the grain in
      compartment 10a reaches the point where it comes into contact with the
      lower end 27a of the telescopic portion, the spout is left in position so
      that the entire spout as well as hopper 17a fill with grain up to the
      level of tube 12. When this happens, all of the grain being carried by the
      auger away from spout 24 is carried past the initial hopper 17a with the
      largest proportion then flowing into hopper 17b. In this manner, each
      compartment is sequentially filled until all of the grain being carried by
      the auger is flowing down into hopper 17d. The flow into this hopper then
      continues until all of the predetermined volume of grain intended for the
      tank car has been emptied from the elevator bin. This will be an amount no
      greater than the maximum loading specified for the tank car.
PAR  The embodiment shown in FIG. 4 and 5 is particularly useful for loading
      grain tank cars in a loading shed. With this the auger tube 12 is
      positioned directly above the siding and can be mounted from the ceiling
      of the shed. Again, this tube is provided with grain outlet hoppers 30a,
      30b, 30c and 30d which corresponding with tank car compartments 10a, 10b,
      10c and 10d. Extending downwardly from hoppers 30a, 30b, 30c and 30d are
      extensible and retractable telescopic spouts 31a, 31b, 31c and 31d. The
      individual parts are joined by elastic members 32.
PAR  As shown in FIG. 4, a tank car 10 has been positioned in the shed and the
      telescopic spouts 31a, 31b, 31c and 31d have all been pulled down and
      fixed in operating position. Thus, when the tank car is positioned, the
      operator opens the hatches and pulls down the spouts, hooking each spout
      within a hatch opening so that the lower end of each spout extends a short
      distance into each compartment as shown, e.g. about 6 inches.
PAR  In this view, compartments 10a and 10b are already full and the spouts 31a
      and 31b are being kept in operating position so that they continue to
      serve as automatic shut-off members. Most of the flow is coming down the
      spout 31c into compartment 10c and when it is filled, all of the flow will
      then switch to spout 31d into compartment 10d. When all of the
      predetermined amount of grain has been loaded into the tank car in this
      manner, the device is shut down. Then the operator unhooks each spout and
      allows it to lift slightly so that all of the grain being held in the
      spout flows into the small space left at the top of the corresponding
      compartment. When each spout is empty it is allowed to fully retract under
      the action of spring 32. With all of the spouts retracted and the hatches
      closed, the loaded tank car is moved and replaced by an empty car and the
      sequence is then repeated.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for loading grain into multiple compartments of a bulk carrier
      vehicle, said method comprising: positioning a substantially horizontally
      extending cylindrical auger tube at a location above said compartments,
      said tube having a grain receiving opening at one end thereof and having
      grain discharge openings in the lower side thereof above each compartment,
      each discharge opening having connected thereto a down spout for
      delivering grain from the auger tube into said compartments, positioning
      said down spouts such that the lower end of each extends a short distance
      into an associated compartment, feeding grain from a grain elevator into
      said auger tube receiving opening, rotating an auger within said tube to
      displace the grain along the tube away from the receiving opening and into
      said down spouts to load the compartments, continuing the loading such
      that as each compartment is filled to the level of the bottom of the
      associated down spout, the spout is left in position whereby the spout
      fills with grain up to the auger tube thereby precluding any further
      discharge of grain into the compartment while the discharging continues
      into the remaining compartment or compartments, this loading being
      continued until an amount of grain no more than the maximum specified load
      for the vehicle has been loaded, thereafter with no grain being fed to the
      auger tube, lifting the lower end of each down spout to allow the grain
      plugging each spout to flow into the associated compartments, and removing
      the emptied spouts.
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PAL  A material smashing machine, such as a breaking or crushing machine,
      including a housing in which at least a portion of its wall is lined by a
      stationary wearing wall against which, in use, the material to be broken
      or crushed is beaten, ground or otherwise smashed. The wearing wall is
      formed by a number of replaceable wearing plates, each of which has at
      least one eyelet projecting outwards through an opening in the housing
      wall, and which is retained against the inside of the housing wall by a
      wedge inserted into the eyelet and bearing against the outside of the
      housing wall, and a releaseable, self-locking clamping piece acts upon the
      wedge in the direction of its insertion into the eyelet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to breaking or crushing machines, particularly
      hammer crushers, which comprise a housing having a stationary wearing wall
      against which the material to be broken or crushed is beaten, ground, or
      otherwise smashed, usually by hammers mounted on a rotor which revolves
      within the housing.
PAR  The wearing wall is usually composed of a number of individual replaceable
      wearing plates which are removably fixed on the inside of the housing
      wall. However, the fixing of the wearing plates onto the housing wall of
      the machine poses certain problems, because the wearing plates are
      naturally subject to wear, whereas the fixing means are not. Therefore the
      most obvious way of fixing, namely that of screwing the wearing plates to
      the wall, is generally unsuitable because the screw connections also wear
      away as the plates wear and thereby lose their holding action.
PAR  Attempts have been made to overcome this fixing problem, and one example of
      such an attempt is disclosed in German Auslegeschrift No. 1,249,646. The
      solution proposed is however not completely satisfactory. In the fixing
      disclosed, an eyelet formed on the rear face of the wearing plate remote
      from the wearing surface projects outwards through an opening in the wall
      of the housing, and a wedge bearing against the wall is inserted into this
      eyelet. Screw connections are therefore avoided, but because the wearing
      plates are subjected to severe impacts, especially in the processing of
      materials which offer appreciable resistance to crushing, the wedges can
      sometimes become loose. It must be remembered that the wearing plates are
      components which are worn away and periodically must be replaced, and are
      therefore components for which a high manufacturing cost is unacceptable.
      Consequently the eyelets are not particularly accurately formed and it
      cannot be expected that the engaging surfaces of the wedges and eyelets
      will bear evenly one against another.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is also concerned with breaking or crushing machines
      of the kind described in which at least one eyelet formed on each wearing
      plate penetrates outwards through an opening in the housing wall and into
      which a wedge is inserted to act between the outside of the wall and the
      eyelet to hold the plate against the inside of the housing. The object of
      the invention is to arrange that each wedge cannot become loose even under
      the action of intense impact stresses, and according to the invention this
      is achieved by providing that each wedge is acted upon in its direction of
      insertion into its eyelet by a releasable, self-locking clamping piece.
PAR  Each clamping piece, which may be a threaded bolt with self-locking thread,
      may be mounted on the rear face of the corresponding wearing plate itself,
      that is, it can bear against the wearing plate itself. For this purpose,
      the wearing plate may be provided with an additional eyelet projecting
      through the housing wall and having a threaded hole for the self locking
      bolt. Preferably however, the clamping piece consists of a turnbuckle, one
      of the two adjustable parts of which acts on the wedge in its direction of
      insertion, and the other adjustable part of which acts in the opposite
      direction on another wedge which is inserted into another eyelet. In this
      case the second wedge may help to fix the same wearing plate as the first
      wedge, and the wearing plate will therefore have two eyelets, one for each
      wedge. The second wedge may, however, be associated with an adjacent
      wearing plate.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The fixing of a wearing plate in one example of a machine in accordance
      with the invention is illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a section along the line I--I in FIG. 2; and,
PAR  FIG. 2 is a plan view of the fixing from outside the housing and taken in
      the direction of the arrow II in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Of the machine in accordance with the inventinon the drawings show, apart
      from housing side support walls 1, only the housing wall 2 which is to be
      lined on its inner face with wearing plates. Only one such wearing plate 3
      is fully indicated in the drawings; although parts of adjacent wearing
      plates 4 are also shown in FIG. 2.
PAR  Each wearing plate 3, 4 is furnished with two eyelets 5 which, starting
      from the surface 7 of the plate 3 remote from the wearing surface 6,
      penetrate outwards through openings 8 in the housing wall 2. The holes 9
      in the eyelets 5 are defined by plane surfaces, and of these, the remote
      surface 10 is slightly inclined. Wedges 11 are inserted through the
      eyelets 5 and the inclined surfaces 12 of the wedges co-operate with the
      surfaces 10 of the eyelets 5. The heads 13 of the wedges 11 face towards
      each other between the eyelets 5, and are each furnished with a circular
      recess 14. Between the heads 13 of the wedges 11, there is disposed a
      turnbuckle 15 of the usual form, comprising two screw-threaded bolts 16
      having rounded free ends which seat in the recesses 14. When the
      turnbuckle 15 is expanded, the wedges 11 are driven away from each other
      into the eyelets 5, thereby clamping the wearing plate 3 against the
      housing wall 2 and also preventing either wedge from loosening as a result
      of impacts on the wearing plate. In order still further to improve the
      reliability, the screwed portions of the turnbuckle 15 can also be
      prevented by any of the known screw locking means against loosening. This
      detail is not shown. In addition, limit plates 17 are provided at the
      sides of the free ends of the bolts 16, the diameter of these plates
      exceeding twice the radius of the recesses 14, in order to prevent lateral
      displacement of the turnbuckle.
PAR  In the example shown, when the turnbuckle 15 is expanded, the distance
      between the wedges 11 is increased. An arrangement with the reverse action
      is however conceivable, in which the thickened ends of the wedges are
      remote from and not next to each other. The turnbuckle would then have to
      be so arranged that it would drive the wedges towards each other instead
      of apart. On account of its simplicity however, the arrangement described
      with reference to the drawings is preferred.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a material smashing machine including a housing wall, a plurality of
      replaceable wearing plates, and a plurality of releasable fixing means
      securing said wearing plates to said housing wall whereby said wearing
      plates from a stationary wearing wall, lining a portion of said housing
      wall, with the stationary wall forming the surface against which material
      is smashed, each of said releaseable fixing means comprising means
      defining an opening in said housing wall, an eyelet projecting from one of
      said wearing plates outwards through said opening in said housing wall,
      and a wedge inserted into said eyelet and bearing against the outside of
      said wall to hold said one wearing plate against said housing wall, and
      each of said wearing plates having at least one said eyelet, the
      improvement wherein each of said releaseable fixing means includes a
      releaseable self-locking clamping piece acting on said wedge in the
      direction of insertion of said wedge into said eyelet.
NUM  2.
PAR  2. A machine as claimed in claim 1, further comprising a turnbuckle having
      two oppositely adjustable parts, one of said turnbuckle parts forming the
      clamping piece of one of said releasable fixing means and the other of
      said turnbuckle parts forming the clamping piece of another of said
      releasable fixing means.
NUM  3.
PAR  3. A machine as claimed in claim 2, wherein said eyelets of said one and
      another releaseable fixing means associated with said turnbuckle project
      from the same wearing plate as each other.
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ABST
PAL  An interchangeable side loader unit on a vehicle moves outwardly from the
      vehicle to a position adjacent support abutment means on a trash and/or
      refuse container to move open-throat portions of U-shaped members upwardly
      into engagement with support abutment means, elevates container,
      automatically blocks open-throat portions of the U-shaped members to
      prevent disengagement of support abutment means when container reaches the
      arcuate turn at the top, inverts container to a dumping position, dumps
      container, moves container to an upright position, lowers container, moves
      container outwardly to the original position thereof.
PARN
PAR  This is a continuation of application Ser. No. 471,845 filed May 21, 1974
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application is co-pending with our application Ser. No. 410,405, filed
      Oct. 29, 1973 for MECHANICALLY ACTUATED LOADING ARRANGEMENT FOR A VEHICLE
      BODY. The background of the invention will be set forth in two parts.
PAC  FIELD OF THE INVENTION
PAR  The present invention pertains generally to the field of container emptying
      devices and more particularly to a new and useful device for emptying the
      contents of a trash and/or refuse container into an elevated access
      opening in a vehicle body.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The prior art known to applicants is listed by way of illustration, but not
      of limitation, in separate communications to the United States Patent
      Office.
PAR  The present invention exemplifies improvements over this prior art.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is the primary object of the present invention to provide a new and
      useful container emptying device, operable by one man, the operator of the
      vehicle of the type described.
PAR  Another object of the invention is to provide an interchangeable container
      emptying device which may be easily and speedily attached to an elevatior
      device on a vehicle and which includes a new and useful locking mechanism
      for automatically locking a container to the container emptying device
      when the container is tipped to a dumping position adjacent an elevated
      access opening in the body of the vehicle.
PAR  According to the present invention, a new and useful apparatus for emptying
      the contents of trash and/or refuse containers into a vehicle through an
      elevated access opening in the vehicle body, is provided. The apparatus
      may be used in combination with a vehicle having power supply means to
      empty trash and/or refuse containers.
PAR  The apparatus includes elevator means for raising and lowering the
      container. The elevator means includes an upper end adjacent the elevated
      access opening and a lower end adjacent a surface supporting the
      containers.
PAR  The apparatus also includes means connecting the elevator means to the
      power supply means for moving at least the lower end of the elevator means
      over the surface between a first position closely adjacent the vehicle and
      a second position spaced laterally outwardly from the vehicle and closely
      adjacent the container.
PAR  A container engaging means is connected to the elevator means for
      mechanically engaging support abutment means on the container, when the
      elevator means is moved to the second position by the power supply means.
      The support abutment means on the container may be engaged by the
      open-throat portions of U-shaped members provided on the container
      engaging means.
PAR  The apparatus also includes locking means for automatically locking the
      support abutment means to the container engaging means so that the
      container will remain in connected relationship with the container
      engaging means when it is inverted adjacent the elevated access opening to
      empty the container. The locking means is swingably connected to the
      container-engaging means by suitable shaft means and includes lock bar
      means for bridging the open-throat portions of the U-shaped members. The
      locking means also includes bumper means engageable by the container for
      swinging the locking means about the shaft means upon movement of the
      container to the inverted position, so that the lock bar means will move
      to the bridging position.
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description, taken in connection with the
      accompanying drawings in which like reference characters refer to like
      elements in the several views.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a container emptying device of the
      present invention having portions thereof foreshortened for clarity and
      showing the device in position on the side of a vehicle shown in side
      elevation with portions broken away;
PAR  FIG. 2 is an enlarged, perspective view, showing a portion of the
      container-engaging and the locking portions of the device shown in FIG. 1;
PAR  FIG. 3 is an enlarged, cross-sectional view taken along line 3--3 of FIG.
      2;
PAR  FIG. 4 is an enlarged, partial elevational view of the locking device
      portion shown in FIG. 2;
PAR  FIG. 5 is an enlarged, cross-sectional view taken along line 5--5 of FIG.
      1;
PAR  FIG. 6 is an enlarged, partial side-elevational view showing a container
      connected to the device with the container in a tipped-dumping position;
PAR  FIG. 7 is an enlarged, partial perspective view of the device of FIG. 1
      showing bolt means for connecting the container-engaging portion of the
      device to the elevator portion of the device;
PAR  FIG. 8 is a rear elevational view showing the device of FIG. 1 in position
      closely adjacent the truck of FIG. 1 in solid lines and in a laterally
      outward position in broken lines adjacent a partial elevational view of a
      container to be engaged by the device;
PAR  FIG. 9 is an enlarged elevational view, with parts broken away to show
      internal construction, of the device of FIG. 1 showing the device detached
      from the truck and showing the container-engaging portion of the device in
      engagement with a container, and
PAR  FIG. 10 is an enlarged, partial perspective view showing the
      container-engaging portion of the device connected to the elevator portion
      of the device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring again to the drawings, and more particularly to FIGS. 1 and 8, a
      container emptying device constituting a presently preferred embodiment of
      the invention, generally designated 10, is shown, for purposes of
      illustration, but not of limitation, in combination with a vehicle 12
      having a suitable power supply, indicated schematically in FIG. 9 at 14
      and fully illustrated and described in co-pending application, Ser. No.
      410,405, filed Oct. 29, 1973, the disclosure of which is hereby
      incorporated herein by reference.
PAR  The container emptying device 10 is adapted to empty the contents of a
      trash container 16 (FIGS. 6, 8 and 9) into vehicle 12 through an elevated
      access opening 18 provided therein. Device 10 includes a suitable elevator
      means 20 for raising and lowering container 16 and including an upper end
      22 adjacent access opening 18 and a lower end 24 adjacent a supporting
      surface 26 which supports container 16 laterally outwardly from vehicle
      12.
PAR  Container emptying device 10 also includes a suitable connecting means,
      indicated generally at 28 in FIG. 9, for connecting the elevator means 20
      to the vehicle power supply 14 for moving at least the lower end 24 of
      elevator means 20 over surface 26 between a first position closely
      adjacent vehicle 12, as shown in solid lines in FIG. 8, and a second
      position spaced laterally outwardly from vehicle 12 and closely adjacent
      container 16, as shown in broken lines in FIG. 8.
PAR  Device 10 also includes a container-engaging means 30 which may be quickly
      and easily connected to elevator means 20 by a plurality of bolts 32, 34,
      36 and 38 facilitating interchanging container engaging means 30 with
      other container engaging means like, for example, the container engaging
      means shown in said co-pending application, Ser. No. 410,405. Container
      engaging means 30 is adapted to mechanically engage a suitable outwardly
      extending, transversely aligned abutment means which forms supporting
      means 40 provided on container 16 (FIGS. 6, 8 and 9) when the elevator
      means 20 is moved to the position shown in broken lines in FIG. 8 by power
      transmitted from vehicle power supply 14 to connecting means 28.
PAR  As best shown in FIGS. 2, 6, 8, 9 and 10, container-engaging means 30
      includes a pair of hooks or U-shaped members 42, 44 having open-throat
      portions 46, 48, respectively, through which an associated one of the
      support abutment means 40, may pass when container engaging means 30 is
      elevated while in its FIG. 8 broken-line position. Container-engaging
      means 30 may then be moved inwardly to its FIG. 8 solid-line position by
      actuating vehicle power supply 14 to move the lower end 24 of elevator
      means to to its FIG. 8 solid-line position closely adjacent vehicle 12.
      Elevator means 20 may then be energized to raise container 16 to a
      position adjacent access opening 18 where suitable means, to be
      hereinafter described, will tip container 16 to the inverted position
      shown in FIG. 6. In this position, a suitable locking means 50
      automatically locks the container to container engaging means 30 so that
      the support abutment means will not pass through open-throat U-shaped
      members 42, 44, as shown in FIG. 6. Locking means 50 includes a pair of
      lock bars 52, 54, adapted to bridge open-throat U-shaped members 42, 44,
      respectively. Lock bars 52, 54 are swingably connected to
      container-engaging means 30 by a shaft 56 having a first end 58 journaled
      in a hollow boss 60 affixed to U-shaped member 42 by a suitable weldment
      62 (FIG. 3) and a second end journaled in a hollow boss 66 affixed to the
      U-shaped member 44. Shaft 56 includes first and second intermediate
      portions 68, 70 (FIG. 1) journaled in bearings 72, 74, respectively,
      rigidly affixed to a rectangular, tubular member or mounting bar 76 by
      brackets 246, respectively. Lock means 50 also includes a bumper bar 82
      engageable by container 14 (FIG. 6) for swinging lock bars 52, 54 about
      shaft 56, upon movement of container 16 to the substantially inverted
      position shown in FIG. 6, whereby the lock bars 52, 54 will move into
      bridging positions in open-throat portions 46, 48.
PAR  The lock bars 52, 54 are each affixed to a bracket 84 (FIG. 2) by a
      suitable weldment 86. Bracket 84 is secured to a sleeve 88 by a weldment
      90 and sleeve 88 is rotatably mounted on a fixed shaft 92, which shaft, in
      turn, is rigidly affixed to a pair of arms 94, 96 by suitable weldments,
      like the one shown at 98 for arm 94. Arms 94, 96 have upper ends 100, 102
      respectively, affixed to bumper bar 82 by suitable weldments, such as the
      one shown at 104 for arm 94, and lower ends 106, 108, respectively,
      affixed to shaft 56 by suitable weldments, like the one shown at 110 for
      arm 94. Longitudinal movement of sleeve 88 on shaft 92 is limited by a
      pair of thrust washers 112, 114 (FIG. 4) secured to the shaft 92 by
      weldments 116, 118, respectively. Each sleeve 88 carries an L-shaped arm
      120 having a lower end 122 affixed to sleeve 88 by a weldment 124 and an
      upper, bifurcated end 126 having a roller 128 rotatably mounted thereon by
      a bolt 130. Rollers 128 are adapted to engage container 16 when it is
      inverted (FIG. 6) to prevent lock bars 52, 54 from swinging
      counterclockwise about shaft 92 due to the action of gravity. Rollers 128
      have at least an elastomeric face thereon, and each roller forms an
      abutment to move lock bars 52, 54 across the respective open-throat
      portions 46, 48.
PAR  Each arm 94 carries a cam roller 132, rotatably connected thereto by a bolt
      134, and a bracket 136, affixed thereto by a weldment 138 (FIGS. 2 and 5).
      A compression spring 140 has a first end 142 bearing against bracket 136
      and a second end 144 bearing against tubular member 76 for biasing cam
      rollers 132 into engagement with an associated one of the inturned flanges
      146 provided on a pair of upstanding masts 150, 152, respectively, forming
      part of elevator means 20. Masts 150, 152, each includes upper end 22 and
      lower end 24 of elevator means 20 and are maintained in spaced-apart
      relationship by an upper transverse tubular brace 156 (FIGS. 1, 6 and 9),
      an intermediate brace 158 (FIG. 10) and a lower brace 160 (FIG. 1). Each
      lower end 24 is affixed to a rectangular tubular member 162 (FIGS. 9 and
      10) reciprocably mounted in a channel 164 attached to the frame 164 (FIG.
      8) of vehicle 12 by a pair of upstanding brackets 166, 168 (FIG. 9) each
      having a lower end 170 affixed to an associated one of the channels 164 by
      weldments 172, 174. Tubular member 162 is reciprocated by connecting means
      28 which comprises an hydraulic cylinder 176 connected to vehicle power
      supply 14 by a pair of conduits 173, 175 and having a piston rod 178
      connected to tubular member 162 by a transverse bar 180, affixed to
      tubular member 162 by a weldment 182, and a clevis pin 184. Reciprocating
      friction on tubular member 162 is minimized by a lower roller 186 and an
      upper roller 188 carried by brackets 190, 192, respectively, affixed to
      each channel 164 by weldments 194, 196, respectively.
PAR  A gear reduction unit 198 is mounted on lower end 24 of mast 152 for
      receiving the output from an hydraulic motor 200 receiving power from
      vehicle power supply 14 in the form of hydraulic fluid passing through
      conduits 202 and 204, as is described in detail in said co-pending
      application, Serial No. 410,405. As best seen in FIGS. 1 and 5, a driven
      shaft 206 has a first end 208 connected to gear reduction unit 198 and a
      second end 210 journalled in a bearing cup 212 affixed to the lower end 24
      of mast 150 by bolts 214. The ends 208, 210 of shaft 206 each carries a
      sprocket 216 keyed thereto for driving an associated one of a pair of
      elevator chains 218 trained about an associated upper sprocket 220 keyed
      to a shaft 222 having a first end 224 journalled in a bearing cup 226
      affixed to the upper end 22 of mast 150 by bolts 228 and a second end 230
      journalled in a bearing cup 232 affixed to the upper end 22 of mast 148 by
      bolts 234. Each chain 218 is also trained around an idler sprocket 236
      (FIG. 9) carried by a shaft 238 rotatably mounted on masts 150, 152.
PAR  Referring now to FIGS. 1, 5, 7, 9 and 10, elevator means 20 includes a
      channel 240 having flanges 242, 244 between which the rectangular tubular
      mounting bar 76 on container-engaging means 30 is mounted. An arcuate
      plate 246 is affixed to each end of channel 240 and includes an upper end
      248 which is pivotally connected to elevator chain 218 by a link 250 (FIG.
      7). An abutment plate 252 is rigidly affixed to the upper end 248 of each
      arcuate plate 246 for forming a stop to complimentally engage an
      elastomeric bumper 254 which is secured to the transverse tubular brace
      156 and which prevents further downward movement of container 16 when it
      is in an inverted position adjacent access opening 18. Abutment plates 252
      may be brought into engagement with bumper 254 repeatedly to jar the
      contents from container 16, if necessary. Each plate 246 also includes a
      lower end 256 to which and end of a shaft 258 is affixed by a weldment
      260. A similar shaft 262 has the ends thereof affixed to the upper end 248
      of each plate 246 by weldments, like that shown at 264 in FIG. 7. Each end
      of the shaft 258, 262 extends through its associated plate 246 where it
      rotatably receives a guide roller 266 adapted to ride in channel 268
      formed by associated ones of the flanges 146, 148 and 270, 272 provided on
      the masts 150, 152, respectively, for guiding container engaging means 30
      during its travel along the upright portions of masts 150, 152 to the
      upper ends of flanges 272. At this point, the inturned flanges 146, 148
      each takes a 180 degree turn, as shown at 276 in FIG. 9 for the flange
      148, so that guide rollers 266 will move container-engaging means 30 on a
      course which inverts container 16, as shown in FIG. 6. When container 16
      moves over the arcs at the upper ends 222 of masts 150, 152, the container
      16 will be supported by an elastomeric guide and support roller 278
      encompassing a shaft 280 having a first end 282 extending through U-shaped
      member 42 and journaled in bearing 285, and a second end 184 extending
      through the U-shaped member 44 and journaled in a bearing 285. A set
      collar 286 may then be secured to each of the ends 282, 284.
PAC  OPERATION
PAR  Operation of the device will be readily understood. Assuming that the parts
      are in the positions shown in solid lines in FIG. 8, vehicle power supply
      14 (FIG. 9) may be energized to supply fluid under pressure through
      conduit 175 to hydraulic cylinder 176 causing piston rod 178 to move
      container-engaging means 30 laterally outward from vehicle 12 over surface
      26 to a position whereby the elastomeric guide and support roller 278 is
      moved into contact rolling relation with container 16 which will position
      the open-throat portions 46, 48 of the U-shaped members 42, 44 beneath
      support abutment means 40 on container 16, like the abutment means shown
      at 40 in FIG. 8, with the elastomeric guide and support rollers 278 being
      moved into contact relation with the container 16, as shown in dashed
      outline in FIG. 8. This will position the open-throat portions 46, 48
      directly below the abutment support means 40, whereupon, by upward
      movement of the container engaging means 30, by elevator chains 218, the
      open-throat portions 46, 48 are guided into engagement with abutment
      support means 40, without the operator having to rely on manual skill to
      properly engage the container engaging means 30 with the container 16. The
      elastomeric roller minimizes the noise, and furthermore, it provides a
      friction surface to insure that the roller will roll upwardly along the
      side of the container 16 to cause proper engagement of the container
      engaging means 30 with the container 16.
PAR  The vehicle power supply 14 may then be controlled, as more fully explained
      in co-pending application, Serial No. 410,405, to discontinue flow of
      hydraulic fluid through conduit 175 to cylinder 176 and direct the fluid,
      under pressure, through conduit 204 (FIG. 9) to hydraulic motor 200
      transmitting power through gear reduction unit 198 to shaft 206 (FIG. 1)
      causing container engaging means 30 to move upwardly in guided relation by
      elastomeric guide and support roller 278 into engagement with container 16
      to lift the container slightly above surface 26. The flow of fluid through
      conduit 204 to hydraulic motor 200 may then be terminated and cylinder 176
      may be pressurized by fluid flowing through conduit 173 to move
      container-engaging means 30 and container 16 inwardly to a position
      closely adjacent vehicle 12. The flow of hydraulic fluid to cylinder 176
      may then be terminated and fluid may be directed through conduit 204 to
      hydraulic motor 200 to again elevate container-engaging means 30 and
      container 16. Guide roller 266 will guide container-engaging means 30
      during the upward movement thereof. When guide rollers 266 enter the 180
      degree turn 276, container 16 will be supported by elastomeric guide and
      support roller 276 until guide rollers 266 start down the other side of
      the 180.degree. turn 276. Also the respective cam rollers 132 will engage
      the outer side of the respective flanges 146, 148, simultaneously with the
      cam rollers 132 entering onto the respective 180 degree turns 276, will
      cause a change of distance between the guide rollers 266, and the cam
      rollers will move the arms 94, 96 outward, due to the change in distance
      between the cam rollers 132 and the guide rollers 266. This movement will
      pivot locking means 50 (including arms 94, 96) about the axis of shaft 56
      to urge rollers 128 against the side of the container 16 to move bumper
      bar 82 into contact with container 16. Upon rollers 128 engaging container
      16, simultaneously with the cam rollers entering onto the respective 180
      degree turns 276, will cause the pivoting of sleeves 88, the pair of arms
      84 and the L-shaped arms 120 to pivot about the axis of shafts 92 to move
      the lock bars 52, 54 in biased relation into open-throat portions 46, 48
      respectively of U-shaped members 42, 44 to retain support abutment means
      therein. The double pivot action of shaft 56 and sleeve 88 is effective to
      impart sufficient movement to lock bars 52, 54 to move the lock bars into
      biased relation in U-shaped members 42, 44 to retain support abutment
      means 40 in open-throat portions 46, 48 respectively, to automatically
      lock container-engaging means 30.
PAR  Container engaging means 30 will continue its downward movement until
      abutment plates 252 engage elastomeric bumper 254, whereupon, the contents
      from container 16 should have passed through access opening 18. If
      necessary, however, the flow of fluid to hydraulic motor 200 may be
      reversed briefly moving abutment plates 252 away from the elastomeric
      bumper 254 a shoft distance, whereupon, the flow of fluid to motor 200 may
      again be reversed causing plates 252 to re-engage bumper 254 for jarring
      the contents from container 16. Motor 200 may again be reversed so that
      elevator chains 218 will carry container-engaging means 30 and container
      16 back up around turn 276 and back down the upright portions of masts
      150, 152 to the position shown in solid lines in FIG. 8, whereupon motor
      200 may be de-energized while container 16 is still slightly above surface
      25. Hydraulic cylinder 176 may then again be energized to move masts 150,
      152 to the position shown in FIG. 8 in broken lines, whereupon, motor 200
      may be energized to lower container 16 to surface 26.
PAR  While the particular container emptying device herein shown and described
      in detail is fully capable of attaining the objects and providing the
      advantages hereinbefore stated, it is to be understood that it is merely
      illustrative of the presently preferred embodiment of the invention, and
      that no limitations are intended to the details of construction or design
      herein shown, other than as defined in the appended claims, which form a
      part of this disclosure. However, the term "means" is employed in these
      claims is to be interpreted as defining the corresponding structure
      illustrated and described in this specification or the equivalent of the
      same.
PAR  The bumper bar 82 is preferably faced on at least one face thereof with an
      elastomeric material so as to minimize noise, when the bumper bar is moved
      against container 16.
PAR  The body of the vehicle 12 has a hydraulic cylinder-plunger assembly 13
      extending longitudinally of the body so as to eject refuse from the body,
      when desired, in a manner similar to that set out in the aforementioned
      co-pending application.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a vehicle having a power supply means and an
      elevated access opening, apparatus for emptying the contents of a refuse
      container into the vehicle through the elevated access opening, which
      apparatus comprises:
PA1  a. a refuse container having axially aligned support abutment means
      provided thereon transversely thereof,
PA1  b. elevator means including an endless carrier for raising and lowering
      said container,
PA2  1. said elevator means having an upper end adjacent said elevated access
      opening and a lower end adjacent a surface supporting said container,
PA1  c. means connecting said elevator means to said power supply means to move
      at least said lower end of said elevator means over said surface between a
      first position closely adjacent said vehicle and a second position spaced
      outwardly from said vehicle and closely adjacent said container,
PA1  d. container-engaging means connected to said endless carrier, whereby said
      container engaging means is inverted upon guided movement along a curved
      portion of said upper end of said elevator means, said container engaging
      means mechanically engaging the support abutment means on said container
      when said elevator means is moved to said second position by said power
      supply means, said container-engaging means including a U-shaped member
      having an open throat, and locking means for automatically locking said
      support abutment means to said container engaging means so that said
      container will remain in connected relationship with said
      container-engaging means when said container is tipped toward said
      elevated access opening to empty said container, said locking means
      including,
PA2  1. lock bar means for bridging said open throat, when in one position,
PA2  2. shaft means swingably connecting said lock bar means to said container
      engaging means, and
PA2  3. abutment means engageable by said container for swinging said lock bar
      means about the axis of said shaft means upon movement of said container
      to said tipped position, whereby said lock bar means will move to said
      bridging position.
NUM  2.
PAR  2. An apparatus for emptying a refuse container as defined in claim 1;
      including
PA1  a. means to releasably connect said container-engaging means to said
      elevator means, whereby said container-engaging means may be quickly and
      easily installed on, and removed from said vehicle.
NUM  3.
PAR  3. An apparatus for emptying a refuse container as defined in claim 1;
      wherein said elevator means comprises
PA1  a. first and second mast means, each having an upper end and a lower end,
PA2  1. guide track means extending from each lower end of said respective mast
      means to each respective upper ends thereof,
PA2  2. each said guide track means including an arcuate turn portion at the
      upper end of the mast means associated therewith,
PA1  b. first sprocket means rotatably mounted on said respective mast means,
      near the upper ends thereof,
PA1  c. second sprocket means rotatably mounted on said respective mast means,
      near the lower ends thereof,
PA1  d. drive shaft means connecting one set of said sprocket means together,
PA1  e. driven shaft means connecting the other set of said sprockets together,
PA1  f. conveyor chain means trained about said first and second sprocket means
      on each said mast means,
PA1  g. arcuate plate means pivotally connected to each of said chain means,
PA2  1. each said arcuate plate means having an upper end and a lower end,
PA1  h. guide roller means rotatably mounted on each of said ends of each of
      said arcuate plate means,
PAR  1.  said guide roller means being mounted in said guide track means for
      guiding said arcuate plate means along said mast means and around said
      arcuate turn portions to substantially inverted positions,
PA1  i. channel means having the ends thereof rigidly connected to said arcuate
      plate means,
PA1  j. an elongated member affixed to the lower end of each said mast means to
      maintain said mast means upright in spaced apart positions,
PA2  1. said means for connecting said elevator means to said power supply means
      being connected to said elongated member to reciprocate said elongated
      member,
PA1  k. motor means connected to said drive shaft means to drive said conveyor
      chain means.
NUM  4.
PAR  4. An apparatus for emptying a refuse container, as defined in claim 3;
      wherein said container-engaging means comprises:
PA1  a. mounting bar means,
PA2  1. bolt means for quickly and easily connecting said mounting bar means to
      said channel means on said arcuate plate means.
NUM  5.
PAR  5. In combination with a vehicle having a power supply means and an
      elevated access opening, an apparatus for emptying the contents of a
      refuse container into the vehicle through the elevated opening, as defined
      in claim 1; wherein
PA1  a. said container-engaging means has the open throat of the U-shaped
      members facing upwardly,
PA1  b. a roller mounted on said container-engaging means a spaced distance
      below said open throat, U-shaped members, and having the roller in
      vertical alignment with the open throats of the U-shaped members so upon
      engagement of the roller with the container, the open throat, U-shaped
      members will be guided upwardly to receive the axially aligned support
      abutments therein.
NUM  6.
PAR  6. An apparatus as defined in claim 5; wherein
PA1  a. said roller mounted on said container-engaging means has at least the
      surface thereof covered with an elastomeric material.
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ABST
PAL  The handling dishes and like articles before washing them comprises the
      transport of the articles on special trays formed with bottom apertures
      permitting the passage therethrough of members for driving, lifting and
      tilting the articles by moving the members in a vertical plane. Thus, the
      articles are picked up from the trays and dropped onto a transfer path or
      another conveyor directing them to the washing means. The apparatus has
      retractable stop means for retaining the trays during the removal of the
      articles carried thereby, lever arms adapted to engage the tray apertures,
      and guide means for directing the thus removed dish articles to the
      transfer path or other conveyor.
BSUM
PAR  The present invention relates to the handling of soiled dishes preliminary
      to the washing thereof, especially for restaurant use, and more
      particularly in self-service restaurants or cafeterias, large commercial
      or personnel kitchens and the like.
PAR  It is known that in restaurants or cafeterias of this character the food is
      presented to and available to the public in the form of portions or
      helpings contained in dishes disposed on distribution counters. The users
      can thus help themselves by selecting the desired dishes or courses from
      the counter and placing them on a self-service tray.
PAR  After the meal, each tray carrying the various items such as soiled or
      dirty glasses, bottles, dishes fork and spoon, is directed to a washroom.
PAR  The trays carrying the soiled dishes are recovered by personnel specially
      entrusted with this operation. However, transport carts as well as
      conveyor systems may be used to this end. Besides, in certain restaurants
      serving a great number of customers or users, the dirty or soiled dishes
      may be transferred completely by means of one or more conveyors without
      resorting to personnel specially trained for this work. In this case the
      users are requested to lay their trays on the corresponding conveyors.
PAR  As a rule, a plurality of sorting stations are provided along these
      conveyors so that the various items can be properly selected as a function
      of their specific nature in order to be subsequently washed or treated as
      required. Thus, a first sorting station may be provided whereat an
      employee must remove the glasses and direct the latter to the glass
      washing machine.
PAR  A second sorting station may be provided for picking up the dish from the
      tray travelling past. In this case, the employee must remove the food
      wastes, scraps and residue to prevent clogging of the dishwasher
      therewith, and thus permit a normal operation of this machine.
PAR  Finally, a third sorting station may be provided for removing other dishes
      from the tray, for example a cheese dish and a dessert dish. The employee
      servicing this station may also be entrusted, for example, with the
      removal of the fork knife and spoon used during the meal.
PAR  From the foregoing it appears clearly that the sorting of dishes requires
      the intervention of at least three persons and sometimes more. Under these
      conditions, this operation is one of the most expensive, from the
      standpoint of labor, among all those required for the proper operation of
      a restaurant, whether in a commercial or industrial building, or in a
      cafeteria or other self-service, snack or like business.
PAR  Therefore, it is the object of the present invention to reduce the number
      of persons entrusted with the sorting operations and possibly to even
      dispense with any personnel for performing this operation.
PAR  To this end, the present invention provides a method of handling dirty or
      soiled dishes, which is characterized essentially in that the dishes are
      transferred on trays each provided with one or a plurality of apertures
      beneath the location contemplated for at least some of them on the tray,
      and that the corresponding dishes or like items are picked up by engaging
      movable discharge members through these apertures from the lower side of
      each tray. Thus, the dishes or other items are lifted off and extracted
      from the corresponding tray, whereby they can be transferred to a guide
      track or conveyor adapted to direct them to a washing machine.
PAR  However, this invention is also concerned with a dish handling installation
      designed for carrying out this method. This installation comprises, in
      combination, a conveyor adapted to transfer trays supporting soiled dishes
      in succession, and at least one station whereat the dishes laid on the
      trays are adapted to be picked up, the last-named station comprising a
      plurality of movable pick up members arranged beneath the conveyor and
      adapted to be inserted through the apertures of each tray for lifting the
      dishes carried by each tray.
PAR  Finally, this installation comprises a guide track or pick-up conveyor, or
      the like, capable of receiving the pieces thus picked up for transferring
      them to a dishwasher.
PAR  Possibly, this installation may comprise a plurality of tray discharge
      stations, each station being adapted to pick up a predetermined type of
      dish item. However, it is a complementary object of this invention to
      provide dish transport trays specially designed for carrying out the
      handling method described hereinabove.
PAR  To this end, each tray according to the present invention comprises one or
      a plurality of apertures disposed beneath the positions contemplated for
      the dishes or like items to be picked up, said apertures being designed to
      permit the proper passage of the movable pick up members therethrough.
DRWD
PAR  Other features and advantages of this invention will become apparent from
      the following description, given with reference to the accompanying
      drawing in which:
PAR  FIG. 1 is a fragmentary plan view from above of the dish handling
      installation according to this invention;
PAR  FIG. 2 is a vertical section taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a plan view from above showing one of the dish distributing trays
      utilized in the present installation;
PAR  FIG. 4 is a section taken along the line IV-IV of FIG. 3;
PAR  FIG. 5 is a plan view from above showing on a different scale another dish
      transport tray adapted for use in a handling installation according to
      this invention; and
PAR  FIG. 6 is a diagrammatic elevational view of a modified form of embodiment
      of this handling installation.
DETD
PAR  According to the essential feature characterizing this invention, and to
      the method thereof, the dishes and other items are carried on special
      trays 1 comprising apertures permitting the passage therethrough, from
      beneath, of movable discharge or pick up members adapted to remove the
      items carried by the tray.
PAR  In the example illustrated, these apertures comprise two pairs of slots 2.
      The two slots of each pair extend beneath the location contemplated for a
      pair of dishes A.
PAR  Preferably, the edges of these slots 2 are provided with reinforcing ribs 3
      projecting from the upper surface of the tray. On the other hand, the
      relative spacing between the two slots of a same pair is very slightly
      greater than the diameter of the bottom of each dish A. Thus, the ribs 3
      provided along the edges of the two slots 2 of a same pair act as
      convenient means for positively retaining and centering the corresponding
      dishes A.
PAR  In this respect, it will be seen that the slots 2 register with the
      peripheral edges of the dishes A when these dishes are positioned on the
      tray.
PAR  In the embodiment illustrated in the drawing the trays 1 are adapted to
      receive four dishes of a same diameter. However, the location and
      distribution of the slots formed through these trays may be modified to
      permit the use of two groups of dishes having different diameters.
      Besides, as will be explained presently, the apertures 2 formed in the
      transport trays may have many other shapes, and their relative arrangement
      may also differ.
PAR  The handling installation according to this invention, as shown in FIGS. 1
      and 2, comprises a conveyor 4 adapted to transfer the trays 1 in the
      direction of the arrow F.sub.1 from a loading station. At this station the
      users are requested to deposit their trays carrying the soiled dishes
      directly on this conveyor 4 in such a manner that the aforesaid slots 2
      extend transversely to the direction of travel. This conveyor may be of
      the endless chain type, and adapted to move past a one or plurality of
      discharge stations where the various items or at least some of them are
      picked up automatically.
PAR  FIGS. 1 and 2 illustrate this discharge station adapted to pick up four
      dishes A each carried by a tray 1. This station comprises movable dish
      pick-up members consisting of vertical blades 5 adapted to be introduced
      through the slots 2 of tray 1 while the latter registers with this
      station.
PAR  In the inoperative condition, these blades are disposed beneath the
      conveyor 4. Each blade 5 is carried by a lever arm 6 fulcrumed about a
      horizontal pivot pin 7 so that the blade can be driven along a curved path
      shown by the arrows F.sub.2 and centered of course on the pivot pin 7.
PAR  The movement of the lever arms supporting these blades 5 is controlled by a
      cam 8 carried by a shaft 9 rotatably driven from an electric motor (not
      shown), the cam 8 being adapted to co-act with a roller follower 10
      carried by each lever arm 6.
PAR  The conveyor 7 comprises a retractable stop member 11 located just beyond
      the discharge station in order to stop very accurately each tray above
      this station. However, registering with this stop member is an electric
      switch 12 adapted to be actuated by the leading edge of each tray, for
      example tray 1a in the example illustrated, so as to hold the tray above
      the discharge station. This switch 12 controls the energization of the
      motor driving said cam 8 so that the latter will raise the vertical blades
      5 through the slots 2 of the waiting tray 1a, from the bottom upwards.
PAR  During this movement, the vertical blades 5 lift the dishes A above the
      tray in order to bring them to the position A.sub.1 illustrated in FIG. 2,
      and then to a position A.sub.2 corresponding to the limit of this lifting
      movement.
PAR  In this respect, it may be noted that the lifting movement of said dishes
      is attended by a gradual inclination thereof towards the pivot pin 7.
      Thus, in their uppermost position the dishes tend to slide sidewise. Now
      at the level thus attained by the dishes there is provided for each group
      of dishes a guide track or path designated by the reference numeral 13 and
      adapted to receive the dishes of this group.
PAR  These two guide paths are inclined downwards and each of them leads to a
      retractable support 14 overlying another conveyor 15 adapted subsequently
      to transfer the dishes to a dishwasher.
PAR  During the upward movement and extraction of said dishes A from the tray
      1a, the latter is held against movement by the retractable stop member 11.
      Under these conditions, the tray will slip on the chains or like means of
      the corresponding conveyor 4.
PAR  But when the vertical extraction blades 5 resume their initial positions
      they engage the switch 12 to stop the cam 8 and at the same time they
      cause the stop member 11 to be retracted from the path of the trays. Under
      these conditions, the tray 1a can resume its travel on the conveyor, in
      the direction of the arrow F.sub.1.
PAR  This tray is subsequently replaced by a similar tray 1b, i.e. the next tray
      travelling on the conveyor, which had been retained until then by a
      retractable stop member 11b similar to stop member 11. In fact, the next
      stop member 11b is retracted simultaneously with the front stop member 11,
      to permit the forward movement of tray 1b to the discharge station,
      whereafter this stop member will resume its operative position in order to
      stop the next tray.
PAR  Of course, another discharge operation similar to the preceding one takes
      place automatically when the tray 1b registers with the corresponding
      station, and so forth.
PAR  Each guide track 13 adapted to receive the dishes removed from the trays
      comprises a pair of guide members 16 as well as a third element 17 adapted
      gradually to bring each dish to a substantially vertical position and to
      the position denoted A.sub.3 in FIG. 1. Then, the dishes are taken by the
      aforementioned retractable support 14.
PAR  However, registering with the two guide tracks 13 are water sprinkling
      ramps 18 for the preliminary dish washing step. The scraps and food wastes
      or residues detached by gravity and also by the water jets fall into an
      underlying trough 19. If desired, this trough may be connected to a food
      waste grinder or disposer.
PAR  As already mentioned hereinabove, the two dishes of each group are then
      directed to their position A.sub.4 overlying the pair of retractable
      support 14. These consist of a pair of pivoting flaps retained in a
      substantially horizontal position by a retractable lock bolt responsive to
      a gauged spring.
PAR  The arrangement is such that this lock bolt is adapted to release each
      support 14 with a slight time-lag when the dishes tend to move these flaps
      by gravity. Thus, the dishes can fall vertically from a height
      corresponding to their diameter into a basket or case 20 of the type
      currently used in commercial dishwashers.
PAR  However, at this location the dishes could also fall between the vertical
      pins of a dishwasher equipped with a conveyor provided with such pins.
PAR  Preferably, means are provided for properly timing the feed of racks or
      baskets 20 with the discharge of the various trays 1, whereby all the
      various compartments of this rack are filled with the dishes from a
      plurality of successive trays.
PAR  Thus, the present installation permits of discharging in a fully mechanical
      manner and without any human intervention the dishes A from their
      transport trays, and also of transferring the dishes into the racks of a
      commercial dishwasher, or directly on the conveyor of such machine.
      However, it should be noted that the mechanical handling operations are
      attended by a preliminary cleaning of the dishes, so that any clogging of
      the dishwasher by the food wastes possibly left in them is safely avoided.
      The preliminary washing step is performed without any human intervention.
PAR  Of course, the present installation may comprises a plurality of successive
      stations for discharging the trays 1. Thus, in addition to the
      above-described station intended for picking up the dishes, another
      station specially designed for removing the glasses may be provided.
PAR  This second station may comprise in this case one or several movable
      pick-up members arranged accordingly and adapted to engage one or several
      apertures formed in the trays 1 below the location contemplated for a
      glass.
PAR  Due to its very conception the present installation is capable of operating
      in a fully satisfactory manner, for it is particularly reliable even under
      the specific conditions of operation of such installations, i.e., in a
      moist atmosphere and exposed to projections of food wastes or other
      products. In fact, this installation comprises extremely sensitive
      mechanical members the operation of which is very reliable.
PAR  On the other hand, it may be pointed out that picking from underneath
      eliminates the influence of any food wastes or residues on the operation.
      This could not be achieved if the dish items were picked up by gripping
      them from above.
PAR  However, it will be readily understood that this installation should not be
      construed as being strictily limited to the single embodiment described
      hereinabove. Besides, as already mentioned in the foregoing, the apertures
      provided in the dish transport trays may have different shapes. Possibly,
      these apertures may consist of circular apertures 2c, as in the case of
      the tray shown in FIG. 5. The movable pick up members provided at the tray
      discharge stations consist in this case of circular push members 5c
      adapted to engage each aperture and carried by arms 21 rigid with lever
      arms 6c pivotally mounted at 7c (FIG. 6).
PAR  These pick up members provide the same result as in the preceding case,
      i.e. a combined lifting and tilting movement of the dishes cleared off the
      corresponding trays 1c so that, under the influence of their weight, they
      can slip sidewise onto guide tracks transferring them to a pick up
      conveyor 15.
PAR  However, the apertures of the transport trays and their lifting push
      members may have any other shape. Thus, each push member could be replaced
      by a series of pins properly disposed for engaging a same dish article.
PAR  On the other hand, instead of travelling along a curved path permitting of
      obtaining a combined lifting and tilting movement of the dishes, the pick
      up members could be arranged to perform a simple lifting movement. This
      would permit of clearing the dishes or other corresponding dish articles
      off the tray at the level of another handling member adapted to transfer
      them for example to a preliminary washing station or any other treatment
      station.
PAR  But once again, many other modifications may be contemplated in the
      practical embodiment of the invention.
PAR  As already explained, the present handling method as well as the
      corresponding installation may be used to advantage for discharging trays
      carrying soiled dishes in personnels or like restaurants. The same applies
      of course to the apertured trays specially designed for carrying out the
      present method.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an article handling apparatus, in combination:
PA1  a horizontally moving conveyor for transporting dish-like articles,
PA1  a succession of trays carrying said articles, at least one aperture being
      provided in each of said trays under a location occupied by at least one
      of the articles thereon,
PA1  at least one tray unloading station below said conveyor and at said station
      a movable pick up member normally lying below said conveyor adapted to
      pass through said aperture for lifting and ejecting an article lying
      horizontally thereon by a combined tilting and lifting movement to an
      elevated point above said station,
PA1  means for actuating said pick up member,
PA1  a stop member for stopping each tray above said station,
PA1  switch means actuated by the leading edge of each tray for making said stop
      member stop said tray and for actuating said pick up member to pass
      through said aperture when said tray is stopped,
PA1  said switch means being actuated by contact with said pick up member when
      same returns below said conveyor to cause said stop member to be retracted
      from the path of a stopped tray to allow the next tray to take its place
      below said station, and
PA1  an inclined guide track at said elevated point for receiving articles
      ejected from said tray and including a guide member for bringing said
      article to a vertical position, and an underlying conveyor receiving said
      article in vertical position.
NUM  2.
PAR  2. The apparatus, as set forth in claim 1, wherein:
PA1  said apertures in said trays comprises two slots and said pick up member
      consists of a pair of blades adapted to move through said slots.
NUM  3.
PAR  3. The apparatus, as set forth in claim 2, wherein:
PA1  said slots have edges and reinforcing ribs projecting therearound from the
      upper surface of said trays for positively retaining and centering
      articles thereon.
NUM  4.
PAR  4. The apparatus, as set forth in claim 1, further including:
PA1  a retractable support between said guide track and said underlying
      conveyor;
PA1  said support including a pair of pivoting flaps,
PA1  a retractable lock retaining said flaps horizontally, and
PA1  spring means actuating said lock with a slight time lag when said article
      contacts said flaps thereby allowing said article to fall onto said
      underlying conveyor.
NUM  5.
PAR  5. The apparatus, as set forth in claim 4, wherein:
PA1  said conveyor has a container thereon positioned below said support at a
      distance about equal to the diameter of said article.
NUM  6.
PAR  6. The apparatus, as set forth in claim 1, further comprising:
PA1  water sprinkling means mounted above said guide track for preliminarily
      washing said articles.
NUM  7.
PAR  7. The apparatus, as set forth in claim 1, wherein:
PA1  said apertures in said trays are circular and said pick up member consists
      of circular push members passing therethrough.
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ABST
PAL  Apparatus for supporting and transporting a warp beam and the like includes
      a pair of wheeled frame support members wherein each support member
      includes an upper horizontal platform and a lower transverse platform to
      form a crossframe with each platform having roller members carried
      thereon. The upper platform carries an upwardly extending housing thereon
      defining a horizontally extending slot in which a cradle member is
      slideably carried for receiving an end of the warp beam axle. The cradle
      member is moved up and down in the slot so as to raise and lower the warp
      beam. With a wheeled support member attached to each end of the warp beam,
      the beam may be transported to the various yarn processing stations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  At the warping station in a cloth mill, yarn sheets are disposed upon a
      warp beam which is a large horizontal roll carried on its two protruding
      axle ends. Thereafter, the yarn is subject to several successive
      operations carried out at separate stations in the mill before being
      conveyed to the loom machine. The purpose of the warp beam is to allow the
      yarn to be wound and unwound at each station and to transport the yarn
      from one station to the next.
PAR  The diversity of the processing apparatus requires that the warp beam
      unwind at different levels of height and in transporting the warp beam it
      is often necessary to move along narrow passages between the machinery.
      Thus, it is necessary to have apparatus for handling and supporting the
      warp beam which is capable of raising and lowering the warp beam and of
      being highly maneuverable in narrow spaces. Since a full warp beam may
      weigh as much as 3,200 pounds, the wheeled support members must be of high
      structural strength to withstand such heavy loads daily.
PAR  Prior devices have been developed for handling and transporting warp beams
      such as disclosed in U.S. Pat. No. 3,574,907 wherein two rolling supports
      for the two warp beam axle-ends are provided. This device includes a
      rather elaborate series of linkage mechanisms and a wormed axle for
      raising and lowering the warp beam.
PAR  Other devices have been developed for supporting large rolls of carpet and
      the like such as shown in U.S. Pat. Nos. 3,702,139 and 3,638,817 wherein a
      pair of wheeled support members are provided for supporting the ends of an
      axle running through the center of the roll. However, it is doubtful that
      these support members provide the durability and structural strength that
      is necessary to handle and transport warp beams which weigh as much as
      3,200 pounds.
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus is provided for handling and transporting a warp beam and the
      like comprising a pair of wheeled frame support members wherein each of
      the support members includes a cross-frame bottom portion having an upper
      platform and a lower transverse platform with roller members carried
      thereon. The lower transverse platform is carried by and vertically spaced
      below the upper platform and prevents the support member from tipping over
      when standing alone. An upwardly extending housing is carried on the upper
      platform and defines a horizontally extending slot therein. A cradle
      member for receiving an end of a warp beam axle is slideably carried in
      the housing slot for vertical displacement therein, and means is carried
      on the lower platform engaging the underneath portion of the cradle member
      for raising and lowering the cradle member in the slot.
PAR  Accordingly, an important object of the present invention is to provide an
      apparatus for handling and transporting a warp beam and the like which is
      durable and compact and can be easily maneuvered in narrow passages.
PAR  Another important object of the present invention is to provide an
      apparatus for handling and transporting a warp beam which is of high
      structural strengh and can withstand the daily use of transporting heavy
      loads.
PAR  Another important object of the present invention is to provide an
      apparatus for handling and transporting a warp beam wherein the warp beam
      can be raised and lowered easily and simply to unwind the yarn at
      different levels at the various processing stations.
PAR  Another important object of the present invention is to provide an
      apparatus for handling and transporting a warp beam which is suitable for
      towing operations behind light weight tow vehicles.
PAR  Another important object of the present invention is to provide an
      apparatus for handling and transporting a warp beam wherein an attendant
      may position himself on the apparatus so as to be transported with the
      warp beam.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The construction designed to carry out the invention will be hereinafter
      described, together with other features thereof.
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the accompanying drawings
      forming a part thereof, wherein an example of the invention is shown and
      wherein:
PAR  FIG. 1 is a top plan view illustrating a wheeled supporting member
      constructed in accordance with the present invention for supporting one
      end of a warp beam axle,
PAR  FIG. 2 is a rear elevational view of the support member shown in FIG. 1,
PAR  FIG. 3 is a side elevational view illustrating a pair of wheeled support
      members constructed in accordance with the present invention for
      supporting the two axle-ends of a warp beam for transportation,
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 2, and
PAR  FIG. 5 is a perspective view illustrating a pair of wheeled support members
      constructed in accordance with the present invention which are coupled
      together for storage purposes.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The drawings illustrate an apparatus for handling and supporting a warp
      beam 10 and the like comprising a pair of wheeled frame support members
      wherein each of the support members, designated generally as 11, includes
      a cross-frame bottom portion having an upper platform 12 and a lower
      transverse platform 14 with roller members 16 and 18, respectively,
      carried thereon. The lower transverse platform is carried by and spaced
      vertically below the platform and an upwardly extending housing 20 is
      carried on the upper platform defining a horizontally extending slot 22
      therein. A cradle member 24 for receiving an end of a warp beam axle is
      slideably carried in the slot for vertical displacement therein. A means
      26 is carried on the lower platform engaging a surface of the cradle
      member for raising and lowering the cradle member in the slot. When the
      two support members are attached to the ends of the warp beam axle, so as
      to support the warp beam above the floor surface, the warp beam may be
      transported by a tow vehicle and the like. Each of the wheeled support
      members 11 is identical except for the coupling latch 28 which is hinged
      to one of the support members for coupling the members together during
      storage.
PAR  The upper platform 12 and the lower transverse platform 14 define a
      cross-frame bottom portion having a general configuration of a cross
      thereby preventing the support member from tipping over when standing
      alone. The upper platform 12 carries a pair of wheels 16 which swivel and
      they may also be locked in position. The lower transverse platform 14
      carries a pair of ball roller casters 18 for multi-directional movement.
      When the support members are in a vertically upright position, as for
      example when attached to the ends of the warp beam axle, the roller
      members of the lower platform will be out of contact with the floor
      surface. Thus, the rolling force will be concentrated on the two large
      hard rubber wheel members 16 carried by the upper platform, as is apparent
      in FIG. 3.
PAR  The lower transverse platform is carried by and spaced vertically below the
      upper platform and is attached thereto by a pair of substantially U-shaped
      bolt members 30 having a bottom portion 32 welded to the lower platform
      and a pair of vertical legs 34 which pass through openings in the upper
      platform member and are fastened thereto in any suitable manner as by nut
      means 36.
PAR  The upwardly extending housing 20 includes a pair of L-shaped flanges 21
      and 23 with the vertical leg of the flange members defining vertical sides
      of the housing. The horizontal leg of the flange members are made integral
      with the upper platform as by welding and the like. The flange members are
      further secured to the platform by the bolt legs 34 passing therethrough
      with the nut means 36 fastened in place. The housing is completed by two
      top plates 25 and 27 which bridge the top of the vertical sides. The
      housing defines a horizontally extending slot 22 formed therein. The
      cradle member 24 is open topped and is slideably received in the slot for
      vertical displacement therein. The cradle member is provided with a tongue
      member 40 which can be coupled to a suitable towing vehicle for
      transporting the warp beam supported therein. A locking means is provided
      by a pair of turnscrew members 42 and 44 carried on top of the housing and
      extending therethrough into the open top of the cradle member for engaging
      against an upper surface of the warp beam axle when the cradle member is
      raised to its uppermost position thereby locking the axle end in place.
      The turnscrew members are received in threaded nut means 46 so that they
      may be tightened against the axle end. A pair of locking pins 47 are
      received through holes 48 and 49 in each side of housing 20 across the
      underneath portion of the cradle members for supporting and locking the
      cradle in its uppermost position.
PAR  The cradle member 24 is open topped and includes a pair of vertical
      parallel side members 24a and 24b. The cradle has a bottom portion 24c
      made integral with the side members as by welding and the like which is
      extended at one end to provide tongue member 40. The end of the cradle
      member 24 opposite the tongue member is provided with outwardly extending
      abutment flanges 50 for engaging the outer face 52 of the vertical sides
      of the housing so that when the tongue member is coupled to a tow vehicle
      during towing operations, the cradle member will pull against the housing
      thus moving the support member.
PAR  As best seen in FIG. 4, the means 26 for raising and lowering the cradle
      member and thus the warp beam in a preferred embodiment is a hydraulic
      jack. The jack operates in a conventional manner by pumping the handle 60
      against the light spring 62. The piston rod 64 of the jack engages the
      underneath surface of the cradle member to raise and lower it in the slot.
      A mechanical jack or other means such as an air motor and a supply of
      compressed air could be suitably used to raise and lower the cradle
      member.
PAR  Each of the wheeled support members 11 includes a vertical bar member 70
      carried by the upper platform and made integral therewith as by welding,
      which terminates in a handle-bar assembly 72. A footplate 74 is carried by
      the lower platform 14 whereby an attendant may be supported and positioned
      on the wheeled support member during transportation of the warp beam.
PAR  In use, a wheeled support member is attached to each of the two ends of the
      warp beam axle and then the jack means is used to raise the axle off of
      the machine support upon which it is resting. The support members and warp
      beam are then moved laterally away from the machinery and once the machine
      is cleared, the warp beam may be moved forwardly and backwardly down the
      narrow passages between machinery to transport the warp beam roll to the
      next processing station. At the next processing station, the warp beam is
      stopped alongside the yarn processing machinery and then moved laterally
      until the roll is over the machine support, the warp beam roll can then be
      lowered onto the machine support. The wheeled support members constructed
      in accordance with the present invention are durable and compact having a
      dimension less than that of the width of a full warp beam so that the warp
      beam may be maneuvered in and out of narrow passages. The compact and
      durable structure of the wheeled support member constructed in accordance
      with the present invention has been found to be highly efficient for
      moving warp beams in cloth mills and could be used for many similar
      purposes where material, wrapped or mounted around a central axle beam,
      needs to be transported.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for supporting and transporting a warp beam and the like
      comprising:
PA1  a. a pair of wheeled frame support members;
PA1  b. each of said support members including:
PA2  i. a cross-frame bottom portion having an upper platform with roller
      members carried thereon,
PA2  ii. a lower transverse platform having roller members carried thereon
      carried by and spaced vertically below said upper platform,
PA2  iii. an upwardly extending housing carried on said upper platform defining
      a horizontally extending slot therein,
PA2  iv. a cradle member for receiving an end of a warp beam axle slideably
      carried in said slot for vertical displacement; and
PA2  v. means carried on said lower platform engaging a surface of said cradle
      member for raising and lowering said cradle member in said slot; and
PA1  said support members being attached to the ends of the warp beam axle so as
      to support the warp beam above the floor surface permitting the warp beam
      to be transported.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said support members each further
      include locking means carried on the top of said housing for engaging the
      warp beam axle when inserted in said cradle and raised to an uppermost
      position for securing the warp beam axle in said housing.
NUM  3.
PAR  3. The apparatus of claim 2, wherein said locking means comprises at least
      one turn-screw member threadably received in the top of said housing
      extending into said slot for engaging a surface of the warp beam axle.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said cradle member includes a tongue
      member extending away from said housing adapted to be coupled to a tow
      vehicle for transporting the warp beam.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said cradle member further includes an
      abutment surface on an end opposite said tongue member for abutting an
      outside wall surface of said housing so as to permit pulling of said
      support member and prevent removal of said cradle member during
      transporting operations.
NUM  6.
PAR  6. The apparatus of claim 1 wherein each support member includes lock pin
      members received through holes in said housing extending across an
      underneath portion of said cradle member when raised to an uppermost
      position for locking said cradle member in said position.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said means for raising and lowering
      said cradle member comprises jack means.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said means for raising and lowering
      said cradle member comprises an air motor connected to a source of
      compressed air.
NUM  9.
PAR  9. The apparatus of claim 5 wherein said support members each further
      include a vertically extending bar member carried by said upper platform
      terminating in a handle-bar assembly and a foot plate carried transversely
      across said lower platform so that a passenger may position himself on
      said support member during transporting operations.
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ABST
PAL  A trailer includes a wheeled frame and a generally horizontal load bed
      pivotally mounted on the frame for movement about a horizontal axis. An
      upstanding abutment is provided at the forward end of the load bed. A
      tension member trained over the top of the abutment is at one end wound
      about a winding member located at the front of the trailer and at the
      other end is provided with an anchor. An adjustable length bridle engages
      the anchor at its mid-portion. A pair of spikes are secured to the
      opposite ends of the bridle. The spikes are insertable into the opposite
      axial ends of a bale. Pressure exerted by the winding member on the
      tension member rolls the bale onto the tilted ground engaging load bed.
      Further winding of the tension member produces a forward and downward
      thrust on the upstanding abutment whereupon the bale and load bed are
      pivoted to a load carrying position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various forms of mobile vehicles have been heretofore provided for loading
      and transporting generally cylindrical loads. Some of these mobile
      vehicles have included rearwardly and downwardly tiltable load beds
      whereby the cylindrical load to be transported may be rolled up onto the
      load bed, but these previously known mobile vehicles have not been
      specifically designed for use in loading and transporting round bales.
PAR  Examples of previously patented mobile structures including some of the
      general structural features of the instant invention are disclosed in U.S.
      Pat. Nos. 45,643, 51,294, 1,352,898, 1,823,380, 2,550,230, 2,934,229,
      3,013,676, 3,415,400 and 3,424,362.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The round bale loading and transport vehicle of the instant invention
      comprises a trailer equipped with a rearwardly and downwardly tiltable
      load bed for positioning of the lower marginal edge portion of the load
      bed beneath the lower peripheral portion of the adjacent side of a
      cylindrical bale extending along the lower side of the load bed. The
      remote marginal portion of the load bed includes an upstanding abutment
      over an upper portion of which the mid-portion of a flexible tension
      member is guided. The front end of the tension member is partially wound
      upon the winding member carried by a forward portion of the trailer and an
      adjustable length bridle is provided on its opposite ends with spikes for
      lengthwise insertion into the center portions of the opposite ends of a
      round bale. The rear end of the tension member is anchorable to the
      mid-portion of the bale whereby a forward pull on the tension member will
      cause the bale to be rolled up onto the load bed with subsequent contact
      of the bale with the upstanding abutment member causing the load bed to be
      tilted to a horizontal position.
PAR  The main object of this invention is to provide an inexpensive pickup and
      transport device for large round bales of hay.
PAR  Another object of this invention, in accordance with the immediately
      preceding object, is to provide a pickup and transport vehicle for round
      hay bales which may be readily trailed behind any suitable draft vehicle
      such as a truck or tractor.
PAR  Still another object of this invention is to provide a bale pickup and
      transport vehicle which may be readily constructed so as to be compatible
      with round bales of different sizes.
PAR  A final object of this invention to be specifically enumerated herein is to
      provide an apparatus in accordance with the preceding objects and which
      will conform to conventional forms of manufacture, be of simple
      construction and easy to use so as to provide a device that will be
      economically feasible, long lasting and relatively trouble free in
      operation.
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more more fully hereinafter described and claimed, reference being had
      to the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the trailer of the instant invention
      with the forward tongue portion thereof operably coupled to the rear end
      of a draft vehicle and with a round hay bale in position relative to the
      rear marginal edge portion of the rearwardly and downwardly tiltable load
      bed of the trailer for loading onto the load bed by rolling forward
      movement of the hay bale upwardly along the load bed;
PAR  FIG. 2 is a side elevational view similar to FIG. 1 but with the round hay
      bale fully loaded onto the trailer and the load bed thereof tilted
      forwardly and downwardly to a transport position;
PAR  FIG. 3 is a rear elevational view of the assemblage illustrated in FIG. 2;
PAR  FIG. 4 is a plan view of the adjustable length bridle structure of the
      instant invention;
PAR  FIG. 5 is a top plan view of the trailer;
PAR  FIG. 6 is a fragmentary longitudinal vertical sectional view taken
      substantially upon the plane indicated by the section line 6-6 of FIG. 5;
      and
PAR  FIG. 7 is a fragmentary transverse vertical sectional view illustrating the
      manner in which the tiltable load bed of the trailer is oscillatably
      supported from the main frame thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now more specifically to the drawings, the numeral 10 generally
      designates the trailer of the instant invention. The trailer 10 includes a
      main frame referred to in general by the reference numeral 12 and an
      oscillatable load bed referred to in general by the reference numeral 14.
PAR  The main frame 12 includes a transverse tubular axle 16 from whose opposite
      ends wheel journaling spindle portions 18 are supported. Suitable support
      wheel assemblies 20 are journaled from the spindles or spindle portions 18
      and the rear ends of a pair of forwardly convergent frame members 22 are
      secured to opposite end portions of the axle 16 as at 24 in any convenient
      manner such as by welding. The frame 12 further includes a center
      longitudinal member 26 having its rear end portion secured to the center
      of the axle 16 as at 28 and the forward ends of the forwardly convergent
      members or arms 22 are secured to corresponding opposite side portions of
      the longitudinal member 26. The forward end of the longtiudinal member 26
      includes a trailer coupling assembly 30 and a hand-operable winch assembly
      32 including a rotatable winding member 34 is supported from the
      longitudinal member 26 rearwardly of the trailer coupling structure 30.
PAR  The load bed 14 is generally rectangular in configuration and includes a
      pair of opposite side longitudinal members 36 and 38 and also a pair of
      transversely spaced central longitudinal members 40 and 42. The
      longitudinal members 36, 38, 40 and 42 include dependingly supported
      axially aligned horizontal sleeve portions 46, 48, 50 and 52,
      respectively, journaled on the axle 16 and the latter includes a pair of
      radially outwardly projecting abutments 56 and 58 with which the axially
      remote ends of the sleeves 46 and 48 are engageable to limit shifting of
      the load bed 14 along the axle 16. The rear ends of the longitudinal
      members 36, 38, 40 and 42 are interconnected by means of a rear transverse
      member 60 in the form of a cylindrical member and the front ends of the
      members 40 and 42 are interconnected by means of a forward transverse
      member 62 which is in the form of an angle member. In addition, a pair of
      angle member uprights 64 have their lower ends secured to forward end
      portions of the longitudinal members 36 and 38 and a pair of similar
      transversely spaced center uprights 66 have their lower ends secured to
      opposite side central portions of the front transverse member 62. Angle
      braces 68 are secured between the longitudinal members 36 and 38 and the
      uprights 64 and similar angle member inclined braces 70 are secured
      between the forward ends of the longitudinal members 40 and 42 and the
      uprights 66.
PAR  The upper ends of the uprights 64 and 66 are interconnected by means of an
      upper transverse angle member 72 and a pair of upstanding angle members 74
      project upwardly from closely spaced central portions of the upper
      transverse member 72 and rotatably journal a guide pulley 76 between their
      upper ends.
PAR  An elongated flexible tension member 78 has one end thereof wound about the
      winding member 34, its mid-portion passed over the guide pulley 76 and the
      opposite end portion thereof provided with a hook 80. Further, with
      attention now invited more specifically to FIGS. 1 through 4 of the
      drawings, an adjustable length bridle member assembly is referred to in
      general by the reference numeral 82 and includes a pair of opposite end
      sections 84 and 86. The sections 84 and 86 are flexible and one end of the
      section 86 is provided with a hook 88 selectively engageable with
      longitudinally spaced portions of the section 84, the latter comprising a
      length of link chain.
PAR  The end of the section 86 remote from the hook 88 and the corresponding end
      of the section 84 each have one end of an elongated rigid spike 90
      attached thereto and the spikes 90 are lengthwise insertable into the
      central areas 92 of the opposite axial ends of a round (cylindrical) hay
      bale.
PAR  In operation, when the trailer 10 is in transit without a round hay bale
      disposed thereon, the free end of the tension member 78 is passed about
      the central portion of the rear transverse member 60 and the hook 80 is
      engaged with that portion of the tension member 78 extending between the
      pulley 76 and the rear transverse member, see FIG. 6. When the tension
      member 78 is under tension, a forward and downward thrust is exerted on
      the pulley 78 which causes the load bed 14 to be tilted to the forwardly
      and downwardly inclined position thereof illustrated in FIG. 6 of the
      drawings with the central portion of the transverse member 62 abutted
      against the upper surface of the opposing rear portion of the longitudinal
      member 26. However, when it is desired to load a round or cylindrical hay
      bale onto the trailer 10, the tension member 78 has a portion thereof
      unwound from the winding memer 34 sufficient to enable the hook 80 to be
      disengaged with that portion of the tension member 78 extending between
      the pulley 76 and the rear transverse member 60. When the tension member
      78 has been disconnected from the rear transverse member 60, the load bed
      14 may be tilted to the rearwardly and downwardly inclined position
      thereof illustrated in FIG. 1 of the drawings and the draft vehicle 94 to
      which the trailer 10 is removably coupled may be rearwardly advanced in
      order to position the rear transverse member 60 beneath an adjacent lower
      peripheral portion of the hay bale 96.
PAR  Then, the spikes 90 may be lengthwise inserted into the central areas 92 of
      the opposite ends of the bale 96 and the section 86 may have its hook 88
      engaged with the section 84 in a removable manner and with the bridle
      member 82 tightened about the hay bale in the manner illustrated in FIG.
      1. Then, the free rear end of the tension member 78 is draped downwardly
      over the bale 96 and the hook 80 is engaged with the mid-portion of the
      bridle member 82. Thereafter, the winch assembly 32 is actuated to wind
      the tension member 78 thereon whereby the hay bale 96 will be rolled up
      onto the load bed 14 until the bale 96 engages the uprights 64 and 66.
      Then, further winding of the tension member 78 onto the winding member 34
      will cause the load bed 14 to tilt from the rearwardly and downwardly
      inclined position thereof illustrated in FIG. 1 of the drawings to the
      forwardly and downwardly inclined position illustrated in FIG. 2 of the
      drawings with the hay bale 96 fully and securely loaded onto the load bed
      14. Thereafter, the draft vehicle 94 may be utilized to tow the trailer to
      any suitable unloading point whereupon the tension member 78 may be
      unwound from the winding member 34 in order to allow the load bed 14 to
      again assume a rearwardly and downwardly inclined position and the hay
      bale 96 to roll rearwardly therefrom by gravity.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact constructiion and operation shown and described,
      and accordingly all suitable modifications and equivalents may be resorted
      to, falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A round bale loading and transport vehicle comprising a mobile frame, a
      generally horizontal load bed pivotally mounted on said frame for tilting
      between a generally horizontal transport position and an inclined position
      with a first lower marginal edge of said load bed at least closely
      adjacent the support surface upon which said vehicle is supported, an
      adjustable length flexible bridle including a pair of elongated spikes
      having one pair of corresponding end portions anchored to the opposite
      ends of said bridle and a second pair of corresponding end portions
      adapted to be lengthwise inserted into the central areas of the opposite
      axial ends of a round bale, an elongated flexible tension member including
      one end removably anchorable to the mid-portion of said bridle, said
      transport including pull means engaged with the other end portion of said
      tension member operative to apply a lengthwise generally horizontal pull
      on said tension member at an elevation above said load bed toward a second
      marginal edge portion of said load bed remote from said first marginal
      edge.
NUM  2.
PAR  2. The combination of claim 1 wherein said load bed includes an elevated
      abutment portion adjacent said second marginal edge portion against which
      a bale being rolled onto said load bed from said lower marginal edge
      portion may be abutted, whereby a further pull on said tension member will
      cause said load bed to tilt from said inclined position to said horizontal
      position.
NUM  3.
PAR  3. The combination of claim 1 wherein said vehicle includes a longitudinal
      extent extending in the direction of intended travel of said vehicle, the
      pivot axis of said load bed extending generally normal to said
      longitudinal extent.
NUM  4.
PAR  4. The combination of claim 1 wherein said load bed is positioned with said
      first marginal edge portion inclined upwardly when said load bed is in
      said transport position.
NUM  5.
PAR  5. The combination of claim 1 wherein said vehicle includes a longitudinal
      extent extending in the direction of intended travel of said vehicle, the
      pivot axis of said load bed extending generally normal to said
      longitudinal extent, said vehicle including front and rear ends, said
      first marginal edge portion of said load bed comprising the rear end
      thereof.
NUM  6.
PAR  6. The combination of claim 5 wherein said vehicle comprises a wheeled
      trailer and the forward end of said frame includes a forwardly projecting
      tongue with means at its forward end for releasable attachment to a draft
      vehicle.
NUM  7.
PAR  7. The combination of claim 1 wherein said load bed includes an elevated
      abutment portion adjacent said second marginal edge portion against which
      a bale being rolled onto said load bed from said lower marginal edge
      portion may be abutted, whereby a further pull on said tension member will
      cause said load bed to tilt from said inclined position to said horizontal
      position, an upper portion of said abutment portion including tension
      member guide means with which the mid-portion of said tension member is
      guidingly engaged, said pull means being anchored to said frame and
      operatively engaged with the second end portion of said tension member on
      the side of said guide means remote from said first marginal portion of
      said load bed.
NUM  8.
PAR  8. The combination of claim 7 wherein said pull means comprises a winding
      member upon which the second end portion of said tension member is wound.
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ABST
PAL  The freight transporter and loader of the disclosure is a vehicle having a
      power-driven, steerable wheeled chassis and having an elevator support
      bed. The bed is provided with multiple conveyors arranged to handle either
      three rows of LD-3 type cargo containers or two rows of LD-7 type
      containers. The bed is provided with a number of parallel conveyors
      extending along the length of the bed, conveyor elements to selectively
      drive the cargo containers transversely of the bed from one longitudinal
      conveyor to another, and is also provided with means enabling cargo
      containers to be reoriented through 180.degree. turns. The support bed is
      provided with an interface or extension unit to enable an aircraft to be
      loaded or unloaded. The interface unit is selectively shiftable
      transversely of the forward end of the support bed so as to be used in
      conjunction with a selected one of the number of longitudinal conveyors on
      the support bed. The interface unit can be extended and brought into
      coupled relationship with the sill of the freight loading doorway of the
      aircraft. The interface unit may also be pivoted both horizontally and
      vertically relative to the support bed. The vertical pivotal movability of
      the interface unit is related through a sensing and control system to
      automatic vertical adjustment of the elevator support bed in accordance
      with the lowering of the aircraft body as it takes on the freight and
      raising of the aircraft body as freight is unloaded.
PARN
PAR  This is a continuation of application Ser. No. 454,739, filed Apr. 1, 1974,
      now abandoned which in turn was a division of application Ser. No.
      349,417, filed Apr. 9, 1973 now U.S. Pat. No. 3,854,610.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The freight handling vehicle of the invention is especially designed to
      expedite the transporting and loading and unloading of cargo containers in
      conjunction with wide-body jet aircraft in this country which presently
      consist of the Boeing 747, the McDonald-Douglas DC-10 and the Lockheed
      L-1011. These planes are still being freight-loaded with equipment of the
      type which has been used for years to load the 707 and DC-8 jet aircraft.
      The inevitable trend is toward utilization of the wide-body jet aircraft
      to carry freight and passengers at the same time. With the presently known
      freight handling and loading equipment, LD-3 and LD-7 type cargo
      containers are loaded in the cargo plane areas of large airports,
      transported by slow trailer train carriers to the passenger areas which
      are frequently located at substantial distances from the cargo plane
      areas, and loaded into the aircraft slowly through the use of conventional
      airline support equipment. With this old type of freight handling
      equipment, it takes about one-half hour at the San Francisco airport to
      load a Boeing 747 passenger-freight jet aircraft at the passenger terminal
      with its full load of allotted freight, a job which takes the subject
      freight handling vehicles about ten minutes.
PAR  The present transporter/loader is a large scale vehicle of about 50 feet in
      length, 16 feet or so in width, and having a highway speed of 25 mph or
      more. One such unit can hold 16 LD-3 units. Two of these
      transporter/loaders can entirely load a forward and rear freight
      compartment of a 747 with a substantial saving in aircraft loading time.
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PAC  DESCRIPTION OF THE INVENTION
PAR  The various objects and advantages of the invention will be apparent from
      the foregoing and from the following description taken in conjunction with
      the drawings forming part of this specification, and in which:
PAR  FIG. 1 is a view in perspective of the transporter and loader embodying the
      present invention;
PAR  FIG. 2 is a view in perspective of the vehicle during the course of an
      aircraft freight loading operation;
PAR  FIG. 3 is a top plan view of the vehicle without cargo containers;
PAR  FIG. 4 is a reduced scale top plan view of the vehicle with a full load of
      smaller cargo containers;
PAR  FIG. 5 is a similar view of the vehicle with a full load of larger cargo
      containers;
PAR  FIG. 6 is a view in side elevation of the vehicle showing the elevator
      support bed in raised position;
PAR  FIG. 7 is a similar view showing the elevator support bed in lowered
      position;
PAR  FIG. 8 is a view taken along lines 8--8 of FIG. 6;
PAR  FIG. 9 is a view taken along lines 9--9 of FIG. 6;
PAR  FIG. 10 is an enlarged detail view in top plan showing one of the six
      conveyor tracks of the support bed conveyor system of FIG. 3;
PAR  FIG. 11 is a view taken along the lines 11--11 of FIG. 10;
PAR  FIG. 12 is a detail view in perspective of the conveyor of FIG. 13;
PAR  FIG. 13 is an enlarged view taken along lines 13--13 of FIG. 11;
PAR  FIG. 14 is an enlarged detail view in top plan of one of the cargo row
      divider elements of FIG. 3;
PAR  FIG. 15 is a view taken along lines 15--15 of FIG. 14, showing the divider
      element in a lowered position;
PAR  FIG. 16 is a similar view showing the divider element in raised position;
PAR  FIG. 17 is an enlarged view taken along lines 17--17 of FIG. 15;
PAR  FIG. 18 is an enlarged top plan view of the forward end of the support bed
      and the interface unit;
PAR  FIG. 19 is a view taken along lines 19--19 of FIG. 18;
PAR  FIG. 20 is a view taken along lines 20--20 of FIG. 18;
PAR  FIG. 21 is a view taken along lines 21--21 of FIG. 18;
PAR  FIG. 22 is a view taken along lines 22--22 of FIG. 19;
PAR  FIG. 23 is a view taken along line 23--23 of FIG. 19;
PAR  FIG. 24 is an enlarged detail view in top plan of the forward end of the
      interface unit, particularly showing the selectively usable aircraft
      connectors for the 747, DC-10 and L-1011 aircraft;
PAR  FIGS. 25-28 are views in side elevation of these particular aircraft
      connector members;
PAR  FIG. 29 is an enlarged top plan view of the transverse drive conveyor and
      container rotation stage of FIG. 3;
PAR  FIG. 30 is a semi-schematic view illustrating a sequence of handling of
      cargo container units on the elevator support bed of FIG. 3;
PAR  FIG. 31 is a semi-schematic view illustrating cargo container rotation on
      the elevator support bed of FIG. 3;
PAR  FIG. 32 is an enlarged detail view taken along lines 32--32 of FIG. 29;
PAR  FIG. 33 is an enlarged detail view taken along lines 33--33 of FIG. 29;
PAR  FIG. 34 is a semi-schematic view of the control panel for the vehicle; and
PAR  FIG. 35 is a semi-schematic view showing in top plan the parts of FIG. 3
      and their operational elements.
DETD
PAR  With reference initially, for the broader details of the vehicle embodying
      the inventions, to FIGS. 1-9, the vehicle comprises a wheeled chassis 10,
      an operator's cab 12, an elevator support bed 14, an interface or
      extension unit 16, and an operator's console 18.
PAR  As shown in FIGS. 6-9, bed 14 is supported on chassis 10 for raising and
      lowering movement by four pairs of scissors links 20, two pair being
      located along each side of the vehicle, operated by cylinders 22 and
      supported by fore and aft stabilizing scissors links 24. The bed 14 is
      preferably provided with removable stake panels 26.
PAR  Carried by bed 14 (see FIG. 3) are conveyors 28, 30 and 32, constituting in
      one condition for operation the means for handling three abreast rows of
      LD-3 containers, as shown in FIG. 4, and in another condition of operation
      adapted to constitute two three-chain conveyors operable to handle two
      rows of LD-7 cargo containers as shown in FIG. 5. The LD-3 containers are
      designated by reference no. 34 and the LD-7 containers are designated by
      reference no. 36. The bed is provided with vertically movable divider
      strips 38 and 40 adapted to keep the three rows of containers shown in
      FIG. 4 separated from each other and 42 adapted to keep the two rows of
      containers shown in FIG. 5 separated from each other.
PAR  In stage A (see FIG. 3) the containers are merely movable either forwardly
      or rearwardly along the length of the bed. In stage B the containers are
      movable both forwardly and rearwardly lengthwise of the bed and are also
      movable transversely of the bed, from any one to any other of the
      conveyors 28, 30, 32, by roller conveyors 44. Stage B is the lateral
      distribution stage of the bed conveyor systems.
PAR  Interface or extension unit 16 is movable transversely of bed 14 to align
      its power conveyor 46 with conveyor 32 or conveyor 30, is swingable in a
      horizontal plane relative to bed 14 (see FIG. 2) so that it may be
      squarely aligned with cargo hatch or doorway 48 while the bed 14 is lined
      up parallel to the trailing edge 50 of the aircraft, and is pivotally
      related to the bed with reference to a vertical plane in order to move up
      and down some slight degree with the aircraft body and thereby operate
      limit switches to cause bed 14 to be driven up or down in accordance with
      corresponding movement of the aircraft body.
PAC  SPECIFIC DETAILS
PAC  a. The Longitudinal Bed Conveyors
PAR  Conveyors 28, 30 and 32 are shown in more complete detail in FIGS. 10-13.
      They comprise chains 52, plates 54 connected to the chains, support
      rollers 56, idler and drive sprockets 58 and 60 and drive means comprising
      reversible motor 62, motor output shaft 64, jack shaft 66 and drive
      sprocket shaft 68. There is one motor 62 for each of the pairs of conveyor
      tracks 28 and 32, while each of the tracks making up the conveyor 30 is
      driven by another motor 62, as indicated in FIG. 35.
PAR  The barrier members 38, 40, 42 are shown in specific detail in FIGS. 14-17.
      Each such member is carried by a pair of hydraulic cylinders 70 and is
      selectively movable between the low position of FIG. 15 and the high
      position of FIG. 16. Insofar as stage A (see FIG. 3) is concerned, barrier
      members 38 and 40 are raised and barrier members 42 are lowered when the
      freight load condition is as shown in FIG. 4, while barrier members 38 and
      40 are lowered and barrier members 42 are raised when the freight load
      condition is as shown in FIG. 5. Barrier members 38 and 40 of stage B are
      raised in the FIG. 4 condition and are lowered when the transverse drive
      conveyor rollers 44 are raised and operated, as hereinafter described, to
      drive cargo containers laterally of the bed in stage B.
PAC  b. The Interface or Extension Unit
PAR  The details of this unit are shown in FIGS. 18-28. It comprises a
      stationary base frame 72 (FIG. 19), intermediate frame 74 supported for
      transverse movement with respect to base frame 72 by rollers 76 and 78 and
      guide member 80, and upper frame 82 carried by intermediate frame 74.
      Frames 74 and 82 are moved transversely of the front end of the support
      bed 14 by hydraulic cylinder 84 and cylinder rod 86, the former being
      connected to base frame 72 and the latter being connected to intermediate
      frame 74.
PAR  The upper frame 82 is pivotally connected to frame 74 for limited
      horizontal swinging movement, as illustrated in FIG. 23.
PAR  The vertical pivot axis for upper frame 82 is the axis of stub shaft 88
      (FIGS. 21 and 23). Frame 82 is pivotally moved about the axis of shaft 88
      by means (see FIG. 23) comprising cylinder 90, lever arm 92, link 94 and
      yoke 96, being supported by roller 98 which rides on the intermediate
      frame 74.
PAR  Frame 82 is also mounted for limited vertical swinging movement (see FIG.
      20) by means comprising cylinders 100, rocker arms 102 and pivot axis
      defining means 104 and 106 (FIGS. 21 and 23).
PAR  Frame 82 is provided with extensible sub-frame 108 which is connected to
      cylinder 109 (see FIGS. 20 and 22) by crosshead 112 and arms 114. The
      piston rod of cylinder 109 remains stationary while the cylinder itself
      moves inwardly or outwardly to move the assembly 108 between the dotted
      outline and solid outline position shown in FIG. 22.
PAR  The extension assembly 108 comprises roller 110 which is power-driven by
      drive train elements 112 including a motor (FIG. 35).
PAR  The interface unit is provided with means (FIGS. 21 and 23) for controlling
      the operating level of bed 14 in accordance with the angle of vertical
      tilt of platform 82, said means comprising levers 114 pivotally attached
      to frame 74 and urged by springs 116 to bear rollers 118 against frame 82,
      arms 114 being in control relation to limit switches 120 and 122. When the
      aircraft body moves downwardly under the freight load frame 82 pivotally
      follows it, depressing lever arms 114 and closing switch 122 to enable
      bed-lowering operation of cylinders 22. When the aircraft during unloading
      moves upwardly springs 116 cause arms 114 to close switch 120 and thereby
      operate cylinders 22 to drive bed 14 upwardly.
PAR  The extension assembly 108 (see FIGS. 24-28) is provided with a plurality
      of selectively usable hook or latching elements 128, all shown in their
      outwardly extended or operative positions in FIGS. 24-28, adapted to
      connect the interface unit with the loading door spindles of the aircraft.
      These elements 128 are maintained in extended positions for operation by
      removable pins 130 which bear against the leading edges of support plate
      members 132. As indicated by the notations adjacent FIGS. 24-28 the
      members 128 are used in pairs depending upon the aircraft being handled
      and in most cases whether the cargo door is the forward one or the aft
      one.
PAR  Frame 82 of the interface unit 16 is provided with power conveyor 130 and
      with idler conveyor rolls 132 and 134. The extension assembly 108 is also
      provided with idler conveyor rollers 136. Conveyor 130 is constructed
      similarly to conveyors 28, 30 and 32. The conveyor drive system comprises
      (FIG. 22) motor 138, jack shaft 140 and conveyor drive shaft 142.
PAR  Conveyor means 144 (FIG. 18-23) is provided as a trailing part of interface
      unit 16, said means 144 comprising housing 146 having a pivot connection
      148 with intermediate frame 74 and supported on frame 74 at its other end
      by roller 150. Carried for rotation by frame 146 is shaft 152 which drives
      conveyor roller 154 and supports idler roller 156 (FIG. 22). As best shown
      in FIG. 23, when frame 82 is pivoted through an angle X conveyor means 144
      is pivoted through an angle of approximately X/2 by means comprising
      cylinder 90, lever 92 and link 158. The drive means for the shaft 152
      comprises drive shaft 142 and power train elements 158 driven thereby (see
      FIG. 22).
PAR  Also mounted on frame 82 of interface unit 16 is the operator's console 18
      and its support platform 160.
PAC  c. Stage B of the Main Bed
PAR  These details are shown in FIGS. 29-33. The conveyor rollers 44 are
      arranged in sub-assemblies (see FIG. 32) comprising carrier 162, a pair of
      cylinders 164 for raising and lowering the carrier, power-driven rollers
      166 and idler rollers 168. When the rollers 166 and 168 are in the raised
      dotted lines positions shown in FIG. 32, cargo containers, 34 or 36 as the
      case may be, may be driven transversely of stage B for placement on a
      selected one of the conveyors 28, 30, 32.
PAR  Means are provided in stage B to reorient a cargo container, as for example
      when the last LD-3 unit on the transporter/loader has its beveled end
      wrongly oriented with respect to the shape of the last space within the
      plane to be filled with such a cargo container. The reorienting means
      comprises means for driving the tracks of center conveyor 30 in opposite
      directions and pivot pad 170 to yieldingly engage the bottom of the
      container to facilitate its rotation under the opposite forces applied to
      the container by the oppositely moving tracks of conveyor 30. Pad 170 is
      raised from the solid line inoperative position shown in FIG. 33 to the
      dotted line operative position by cylinders 172 operative to raise and
      lower sleeve 174 and thereby raise and lower pad 170.
PAC  d. Operation
PAR  FIG. 2 shows the vehicle in the process of loading containers into the aft
      cargo hatch of one of the wide-body aircraft. The vehicle is maneuvered to
      bring the long sides of the bed 14 into parallel relation with the
      swept-back trailing edge of the wing of the aircraft and the interface
      unit 16 is then pivotally maneuvered into a position where it is normal to
      the hatch and in appropriate container-receiving relation to the
      appropriate bed conveyor 30, 32. Bed 14 is raised to approximately the
      level of the lower edge of the hatchway. Extension assembly 108 is then
      driven forward to make contact with the aircraft and, if necessary, the
      frame 82 is then power-tilted by means 100, 102 to connect the appropriate
      latching members 128 with the loading door spindles. The auto-leveling
      control is then switched on (see console 18 in FIG. 34). This causes bed
      14 to be vertically moved to remove the tilt condition of the interface
      unit and thereafter the bed and interface unit are maintained in
      substantial horizontal alignment with the bottom of the hatchway opening.
PAR  All of the rest of the operational details have been previously described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A freight unit transporter and loader vehicle for aircraft comprising a
      freight unit support bed, conveyor means carried by the bed for the
      movement of freight units along the bed, a support bed extension unit
      connected to the support bed, means to connect the extension unit to a
      loading doorway of an aircraft, conveyor means carried by the extension
      unit to enable the transfer of freight units from the extension unit into
      the aircraft, and means for horizontally pivotally swinging the extension
      unit relative to the support bed whereby the extension unit may be
      disposed normal to the aircraft doorway while the support bed may be
      disposed parallel to a trailing edge of a wing of the aircraft.
NUM  2.
PAR  2. The combination of claim 1 including a wheeled chassis for the support
      bed, means to raise and lower the support bed on the chassis, and sensing
      and control means to adjustably operate said raising and lowering means in
      response to freight-transferance-induced raising and lowering aircraft
      fuselage whereby the support bed and extension unit are maintained in
      substantially horizontal alignment with the bottom of the aircraft
      doorway.
NUM  3.
PAR  3. The combination of claim 2, said sensing and control means comprising
      means enabling limited vertical pivotal swinging movement of the extension
      unit relative to the support bed, and means responsive to the sensing of a
      predetermined small angle of vertical tilt of the extension unit to raise
      or lower the support bed to substantially the level of the
      aircraft-connected forward end of the extension unit.
NUM  4.
PAR  4. A freight unit transporter and loader vehicle for aircraft comprising a
      freight unit support bed, conveyor means carried by the bed for the
      movement of freight units along the bed, a support bed extension unit
      connected to the support bed, means to connect the extension unit to a
      loading doorway of an aircraft, conveyor means carried by the extension
      unit to enable the transfer of freight units from the extension unit into
      the aircraft, a wheeled chassis for the support bed, means to raise and
      lower the support bed on the chassis, and sensing and control means to
      adjustably operate said raising and lowering means in response to
      freight-transferance-induced raising or lowering of the aircraft fuselage
      whereby the support bed and extension unit are maintained in substantially
      horizontal alignment with the bottom of the aircraft doorway, said
      extension unit being provided with means enabling the horizontal pivotal
      swinging movement thereof whereby the extension unit may be disposed
      normal to the aircraft doorway while the support bed may be disposed
      parallel to a trailing edge of a wing of the aircraft.
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ABST
PAL  A tree transporting vehicle with a base subassembly for propelling the
      vehicle, a catch bed assembly for receiving felled trees to transport them
      with an integral unloading mechanism, and a positioning linkage
      operatively connecting the base subassembly and catch bed assembly for
      selectively positioning the catch bed assembly with respect to the base
      subassembly. The operation of the vehicle is controlled from a side
      mounted cab where the operator is in a standing-sitting position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As tree harvesting has become more mechanized, various vehicles have been
      proposed for transporting felled trees from an off-the-road location to a
      loading location for over-the-road vehicles. One of these vehicles that
      has been used is commonly called a skidder which lifts one end of a bundle
      of felled trees and drags the bundle therebehind. The major problem with
      this type of vehicle is lack of control over the trees as well as lack of
      maneuverability. Another of these vehicles that has been used is commonly
      called a forwarder which has a bed onto which a stack of trees is placed
      by a self-contained loading mechanism. The primary problems with this type
      of vehicle are lack of maneuverability of the vehicle itself and the
      inefficiency of the loading and unloading operations.
PAR  Another approach to felled tree transportation is to use a combination tree
      felling and transporting vehicle on which the trees are carried after
      being felled. The major problems with this type of vehicle are lack of
      maneuverability of the vehicle because of its size and the loss of
      harvesting time during transporting of the trees.
PAC  SUMMARY OF THE INVENTION
PAR  These and other problems and disadvantages associated with the prior art
      are overcome by the invention disclosed herein by providing a felled tree
      transporting vehicle which is highly maneuverable, which receives the
      felled trees directly from the tree harvesting machine to eliminate the
      normal loading process, and which has an integral unloading system to
      unload the trees onto an over-the-road vehicle to eliminate the normally
      required unloading and reloading process.
PAR  The apparatus of the invention includes a base subassembly drivingly
      supported on opposite sides by ground engaging wheels operated according
      to the skid steer principle, a catch bed assembly adapted to receive and
      support felled trees therein with an integral unloading mechanism, and a
      positioning linkage operatively connecting the base subassembly with the
      catch bed assembly for selectively positioning the catch bed assembly with
      respect to the base subassembly. The operation of the vehicle is
      controlled from a side mounted cab where the operator is in a
      standing-sitting position.
DRWD
PAR  These and other features and advantages of the invention will become more
      apparent upon consideration of the following specification and
      accompanying drawings wherein like characters of reference designate
      corresponding parts throughout the several views and in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a vehicle embodying the invention;
PAR  FIG. 2 is a front end view of the vehicle of FIG. 1;
PAR  FIG. 3 is a rear end view of the vehicle;
PAR  FIG. 4 is a reduced schematic side view of the vehicle being loaded;
PAR  FIG. 5 is a reduced schematic side view of the vehicle during turning;
PAR  FIG. 6A is a reduced schematic side view of the vehicle in unloading
      position ready to eject;
PAR  FIG. 6 is a reduced schematic side view of the vehicle during the ejecting
      operation;
PAR  FIG. 7 is a reduced schematic side view of the vehicle during the ejecting
      operation;
PAR  FIG. 8 is a transverse cross-sectional view of the catch bed assembly taken
      generally along line 8--8 in FIG. 1;
PAR  FIG. 8A is an enlarged partial side view of the heel plate assembly
      illustrating the detent mechanism;
PAR  FIG. 9 is a longitudinal cross-sectional view of the catch bed assembly
      taken generally along line 9--9 in FIGS. 2 and 3;
PAR  FIG. 10 is a partial top view of one of the slide rails showing the
      construction thereof
PAR  FIG. 11 is an enlarged detail of the interlock mechanism just prior to
      locking;
PAR  FIG. 12 is a detail similar to FIG. 11 with the interlock mechanism locked;
PAR  FIG. 13 is a detail similar to FIG. 11 showing the interlock mechanism
      being unlocked;
PAR  FIG. 14 is a detail similar to FIG. 11 showing the interlock mechanism
      after being unlocked;
PAR  FIG. 15 is an enlarged front view of the cab with the door removed;
PAR  FIG. 16 is a vertical cross-sectional view of the cab taken along line
      16--16 in FIG. 15 with the door closed;
PAR  FIG. 17 is an enlarged cross-sectional view taken along line 17-17 in FIG.
      15 showing the cab door catch mechanism;
PAR  FIG. 18 is a view similar to FIG. 17 showing the door catch mechanism being
      released
PAR  FIG. 19 is a back view of the door catch mechanism taken along line 19--19
      in FIG. 17;
PAR  FIG. 20 is an enlarged partial front view of the cab door;
PAR  FIG. 21 is an enlarged view taken along line 21--21 in FIG. 20 showing the
      escape release mechanism;
PAR  FIG. 22 is an enlarged side view taken along line 22--22 in FIG. 15 showing
      the single stick control unit;
PAR  FIG. 23 is a front view of the single stick control unit in FIG. 22;
PAR  FIG. 24 is a partial side view of the vehicle showing the outrigger;
PAR  FIG. 25 is a hydraulic schematic diagram for the invention;
PAR  FIG. 26A is a schematic diagram for part of the electrical control circuit
      of the invention;
PAR  FIG. 26B is a schematic diagram for the rest of the electrical control
      circuit of the invention;
PAR  FIG. 26 and 27 are enlarged detail views illustrating the operation of some
      of the limit switches; and,
PAR  FIG. 28 is an enlarged detail view illustrating the operation of the other
      limit switch.
DETD
PAR  These figures and the following detailed description disclose specific
      embodiments of the invention, however, it is to be understood that the
      inventive concept is not limited thereto since it may be embodied in other
      forms.
PAC  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
PAR  Referring to the figures, it will be seen that the tree transporter 10
      includes a base subassembly 11 onto which a catch bed assembly 12 is
      mounted through a positioning linkage 14. The operation of the vehicle is
      controlled from cab 15. The base subassembly 11 is more fully described in
      my copending application Ser. No. 439,736 filed on the same day as this
      application, and now U.S. Pat. No. 3,907,053, issued Sept. 23, 1975.
      Generally the base subassembly 11 includes a base frame 16 which mounts a
      first pair of ground engaging wheel and tire assemblies 18 on one side
      thereof and a second pair of wheel and tire assemblies 18 on the opposite
      side thereof. The base frame 16 also mounts a prime mover module (not
      shown) therein including an internal combustion engine drivingly connected
      to a pair of variable output, reversible primary hydraulic pumps having a
      control lever to individually vary the output of the primary pumps, and to
      a fixed displacement accessory hydraulic pump. A hydraulic drive motor
      (not shown) drives each wheel and tire assembly 18 with those motors
      associated with the first pair of wheel and tire assemblies 18 connected
      in parallel to one of the primary pumps while the other motors associated
      with the second pair of wheel and tire assemblies 18 are connected to the
      other primary pump. The output of each of the primary pumps is controlled
      to control the operation of the subassembly 11 according to the skid steer
      principle as will become more apparent.
PAC  CATCH BED ASSEMBLY
PAR  The catch bed assembly 12 is best seen in FIGS. 1-3 and 8-10 and includes
      generally a carriage frame 20 which movably mounts a slide rail assembly
      21 thereon and a bed unit 22 movably mounted on the slide rail assembly
      21. The bed unit 22 includes a bed 24 open at its forward end as seen on
      the left in FIG. 1 and closed at its rear end by a heel plate subassembly
      25. It will be seen that the slide rail assembly 21 can be moved forwardly
      in the carriage frame 20 and the bed unit 22 can be moved forwardly in the
      slide rail assembly 21 independently of the movement between frame 20 and
      assembly 21. It will further be seen that the bed 24 can be moved with
      respect to the heel plate subassembly 25. This combination of movements
      allows the bed unit 22 to be extended over the over-the-road vehicle until
      the entire length of the trees in unit 22 are over the over-the-road
      vehicle. The bed 24 can then be retracted from under the trees while the
      heel plate subassembly 25 prevents the trees from being retracted with the
      bed 24 to unload the transporter vehicle 10.
PAC  CARRIAGE FRAME
PAR  The carriage frame 20 as seen in FIGS. 8-10 includes a pair of spaced
      apart, parallel side beams 30 joined at their front ends by a transversely
      extending front rail 31 and at their rear ends by a transversely extending
      rear rail 32. A pair of carriage cross beams 34 extend transversely
      between the side beams 30 intermediate their length. The carriage beams 34
      have spaced apart front pivot ears 35 and spaced apart rear pivot ears 36
      thereon for connection with the positioning linkage 14 as will become more
      apparent.
PAR  Referring to FIGS. 8 and 10 a pair of opposed front rail support rollers 38
      are mounted in the inside of the side beams 30 at their front ends for
      rotation about a common transversely extending axis. A pair of opposed
      lower rear rail support rollers 39 are mounted on the inside of the side
      beams 30 at a position intermediate the length of side beams 30 for
      rotation about a common transversely extending axis. The axis of rollers
      39 is spaced rearwardly from the front ends of side beams 30 a distance
      d.sub.1 as will become more apparent. A pair of opposed upper rear rail
      support rollers 40 are mounted on the inside of side beams 30 just
      forwardly of lower rail support rollers 39 for rotation about a common
      transversely extending axis. The rotational axes of the front rollers 38
      and lower rear rollers 39 lie in a common plane generally parallel to the
      longitudinal centerline of the side beams 30 while the rotational axis of
      the upper rear rollers 40 is spaced slightly above this plane as will
      become more apparent.
PAR  Side thrust rollers 45 are mounted on the inside of side beams 30 between
      rollers 38-40 and extend inwardly therefrom. The side thrust rollers 45
      are rotatable about axes generally normal to both the longitudinal
      centerline of side beams 30 and the axes of rollers 38-40 as will become
      more apparent.
PAR  A transversely extending cylinder support beam 41 extends between the side
      beams 30 forwardly of the rear rail 32. The beam 41 has an offset 42
      therein which mounts a pair of transversely centered cylinder pivot blocks
      44 on the bottom thereof as best seen in FIG. 9. The use of beam 41 will
      become more apparent.
PAR  A pair of spaced apart tubular abuttments 46 as seen in FIG. 9 extend
      forwardly from the rear rail 32 of carriage frame 20 to the cylinder
      support beam 41 intermediate the ends of rail 32. A rubber bumper 48 is
      provided on the forward end of each of the abuttments 46 to engage the
      slide rail assembly 21 in its retracted position as will become more
      apparent. A pair of rubber bumpers 49 also shown in FIG. 9 are mounted on
      the front of the rear rail 32 adjacent its opposite ends and outboard of
      abuttments 46 to engage the heel plate subassembly 25 in its retracted
      position as will become more apparent.
PAC  SLIDE RAIL ASSEMBLY
PAR  The slide rail assembly 21 is supported on rail support rollers 38-40
      between side beams 30 so that it can be moved from its retracted position
      shown in FIGS. 1, 9 and 10 to an extended position forwardly in beams 30
      as seen in FIGS. 6 and 7 when the trees in the catch bed assembly 12 are
      being unloaded. The slide rail assembly 21 includes a pair of spaced apart
      parallel slide rails 50 joined at their front ends by a front transversely
      extending cross beam 51 extending under rails 50 and forwardly of their
      rear ends by a transversely extending tie beam 52.
PAR  Each slide rail 50 has an upstanding central web 54 extending along its
      length with opposed lower inner and outer race flanges 55 and 56 extending
      along the bottom edge of central web 54, intermediate inner and outer race
      flanges 58 and 59 extending along the length of the web 54 intermediate
      its height parallel to flanges 55 and 56 and spaced above flanges 55 and
      56 a distance d.sub.2, and an outer upper race flange 60 extending along
      the length of the top of web 54 parallel to the outer intermediate flange
      59 and spaced thereabove a distance d.sub.3. The lateral spacing between
      slide rails 50 and the distance d.sub.2 between the outer race flanges 56
      and 59 are such that the flanges 56 and 59 will engage rail support
      rollers 38-40 to movably support the slide rail assembly 21 thereon. Thus,
      it will be seen that the slide rail assembly 21 can be rolled forwardly on
      the rail support rollers 38-40 from its retracted position shown in FIG. 9
      to its extended position shown in FIG. 6 when stops 61 on the inside edges
      of the inner lower race flanges 55 as seen in FIG. 9 engage abuttments 62
      carried by the front rail 31 on the carriage frame 20. Side movement of
      the slide rail assembly 21 is prevented by the side thrust rollers 45
      rolling along the outside of the central webs 54 between the outer race
      flanges 56 and 59. The rear lower portion of each slide rail 50 has a
      recess 64 to allow the slide rail assembly 21 to pass over the cylinder
      support beam 41 when the assembly 21 is retracted as seen in FIG. 9 and
      the bumpers 48 engage the back of the tie beam 52.
PAC  BED
PAR  The bed 24 is movably carried by the inner race flanges 55 and 58 and
      includes a bottom subassembly 70 with upstanding side subassemblies 71
      along opposite sides of the bottom subassembly 70. The bottom subassembly
      70 as seen in FIGS. 8-10 includes a pair of side beams 72 held in spaced
      apart parallel positions by a forward cross beam 74 joining their front
      ends, a rear cross beam 75 at their rear ends, and a plurality of spaced
      apart intermediate cross beams 76 intermediate their ends. A central drive
      tube 78 extends rearwardly from the forward cross beam 74 through the
      intermediate and rear cross beams 76 and 75 to the rear end of bed 24, and
      is centered between side beams 72 and parallel thereto. A bottom plate 79
      extends across the tops of cross beams 74-76 and between the side beams 72
      to form the bottom of the tree receiving chamber 80 as will become more
      apparent.
PAR  Each side subassembly 71 includes a plurality of spaced apart side pillars
      81 which extend upwardly and outwardly from the side beams 72 of the
      bottom subassembly 70 and joined together at their upper ends by an edge
      rail 82 generally parallel to and spaced above the side beams 72. A side
      plate 84 extends from edge rail 82 to the bottom plate 79 of the bottom
      subassembly 70 to form the side of chamber 80. A tie beam 85 connects the
      rear side pillars of the side subassemblies 71 to reinforce same while
      serving to drive the heel plate subassembly 25 forward with the bed 24 as
      will become more apparent. Thus, chamber 80 has a transverse trapezoidial
      shape with an open tree receiving front end and top with its rear end
      closed by the heel plate subassembly as will become more apparent.
PAR  As best seen in FIGS. 8-10, a pair of opposed rear bed support rollers 86
      are rotatably mounted on brackets 88 depending from the outside rear ends
      of side beams 72 of bed 24 for rotation about a common transversely
      extending axis generally parallel to the bottom plate 79. A pair of
      opposed front bed support rollers 89 are rotatably mounted on brackets 90
      depending from the outside of side beams 72 intermediate their ends for
      rotation about a common transversely extending axis generally parallel to
      the bottom plate 79. The front rollers 89 are spaced forwardly from the
      rear end of bed 24 a distance d.sub.4 as will become more apparent and the
      axes of the rear bed rollers 86 and the front bed rollers 89 lie in a
      common plane generally parallel to the bottom plate 79. The bed 24 is
      sized so that the rollers 86 and 89 will be supported between the inner
      race flanges 55 and 58 to movably support bed 24 between the slide rails
      50.
PAR  The rear roller brackets 88 are provided with depending extensions 91 which
      engage the rear ends of stops 61 on the inside edges of the lower inner
      race flanges 55 of slide rail assembly 21 to limit the forward extension
      of bed 24 with respect to the slide rail assembly 21. The front roller
      brackets 90, of course, clear the stops 61.
PAR  To prevent lateral movement of the bed 24 with respect to slide rails 50,
      side thrust rollers 92 are mounted on brackets 88 and 90 between rollers
      86 and 89 and extend inwardly therefrom. The rollers 92 are rotatable
      about axes normal both to the axes of rollers 86 and 89 and the
      longitudinal centerline of the bed 24 and roll along the inside edges of
      the central webs 54 of slide rails 50 between the inner race flanges 55
      and 58 as seen in FIGS. 8 and 10.
PAC  HEEL PLATE SUBASSEMBLY
PAR  The heel plate subassembly 25 is movably carried by the outer race flanges
      59 and 60 for movement from its retracted position shown in FIGS. 1-5 and
      8-10 with the bed 24 to its extended position shown in FIGS. 6 and 7, and
      from its extended position back to its retracted position independently of
      the retraction of bed 24. This allows the bed 24 to be retracted from
      under the trees supported therein while the heel plate subassembly remains
      in its extended position to unload the trees.
PAR  The heel plate subassembly 25 includes a depending heel plate 100 extending
      down into the tree receiving chamber 80 forwardly of the tie beam 85 of
      bed 24 and an inverted U-shaped frame 101 which supports the heel plate
      100. The heel plate 100 is generally perpendicular to the longitudinal
      centerline of bed 24 with the general shape as the cross-sectional shape
      of the tree receiving chamber 80 so that a small clearance is provided
      between the bottom and side plates 79 and 84 and the heel plate 100.
      Reinforcing struts 102 are provided on the back of the heel plate 100
      which are engaged by the tie beam 85 on bed 24 to drive the heel plate
      subassembly 25 forwardly with bed 24.
PAR  The top central member 104 of the frame 101 extends across bed 24 above the
      edge rails 82 and mounts the heel plate 100 as well as the reinforcing
      struts 102. The member 104 extends forwardly of heel plate 100 over the
      bed 24 to act as a retainer to prevent those ends of the trees against the
      heel plate 100 from tipping upwardly. The front edge of the member 104 is
      chamfered inwardly and rearwardly to act as a deflector to guide the trees
      into chamber 80 as they are being loaded. Upstanding side members 105
      depend from opposite ends of the central member 104 outboard of the bed 24
      and slide rail assembly 21 to support central member 104 and thus heel
      plate 100. The side members 105 are generally vertically aligned with the
      side beams 30 of the carriage frame 20 and terminate just above the top
      edge of the side beams 30.
PAR  Opposed front heel support rollers 106 are mounted on the front lower
      inside of the side members 105 for rotation about a common transversely
      extending axis while opposed rear heel support rollers 108 are mounted on
      the rear lower inside of the side members 105 for rotation about a common
      transversely extending axis. The frame 101 is sized so that the rollers
      106 and 108 are supported between the outer race flanges 59 and 60 as seen
      in FIGS. 8 and 10 so that the heel plate subassembly 25 can move along the
      length of slide rails 50. Inwardly extending side thrust rollers 109 are
      mounted on the inside of side members 105 between the front and rear heel
      support rollers 106 and 108 that roll along the outside of central web 54
      between race flanges 59 and 60 to maintain the lateral position of the
      heel plate subassembly 25.
PAR  A pair of interlock mechanisms 115 on opposite sides of the catch bed
      assembly 12 operatively connect the heel plate assembly 25 with the slide
      rail assembly 21 and carriage frame 20 so that when the bed 24 moves the
      heel plate assembly 25 to its extended position shown in FIG. 6, the
      interlock mechanisms 115 hold the heel plate assembly 25 in its extended
      position until the bed 24 has been fully retracted. When the bed 24 is
      fully retracted, the interlock mechanisms 115 release the heel plate
      assembly 25 to allow it to roll back to its retracted position seen in
      FIG. 1 under the force of gravity.
PAR  As best seen in FIGS. 1 and 11-13, each interlock mechanism 115 includes a
      latch assembly 116 positioned on the lower outside forward portion of the
      side member 105 of the heel plate assembly 25. The latch assembly 116
      includes a pair of spaced apart guides 118 which slidably mount a latch
      119 therebetween for movement toward and away from the top of side beams
      30 in carriage frame 20. The downward movement of latch 119 is limited by
      a lip 120 on the top thereof which engages the tops of guides 118 when the
      latch 119 is extended to project below guides 118 and side member 105. A
      rubber bumper 121 on side member 105 above latch 119 constantly urges the
      latch 119 toward its extended position below guides 118 as best seen in
      FIGS. 1 and 14.
PAR  Each interlock mechanism 115 further includes a keeper 122 on the outside
      upper front portion of the side beam 30 to engage the latch 119 and hold
      the heel plate subassembly 25 in its extended position as the bed 24 is
      retracted. The keeper 122 has a rearwardly facing camming surface 124 that
      angles upwardly toward the front of the side beam 30 to engage the lower
      leading corner of latch 119 and cam it upwardly against bumper 121 as the
      heel plate subassembly 25 approaches its extended position as seen in FIG.
      11 during its foward movement with bed 24. The keeper 122 also has a
      forwardly facing locking face 125 in front of which the latch 119 drops as
      it moves forwardly over the upper end of the camming surface 124 upon the
      heel plate subassembly reaching its extended position as seen in FIGS. 6
      and 12. The bumper 121 forces the latch 119 down in front of locking face
      125 so that face 125 engages the rear side of latch 119 to hold the heel
      plate subassembly 25 in its extended position when the bed 24 is
      retracted.
PAR  Each interlock mechanism 115 further includes a release cam 126 mounted on
      the front outside edge of the slide rail 50 by an offset bracket 128 that
      spaces the release cam 126 outboard of the side member 105 of heel plate
      subassembly 25 and the side beam 30 in longitudinal alignment with the
      keeper 122 and latch assembly 116. The rear end of the release cam defines
      a release camming surface 129 that angles downwardly toward its rear end.
      As the bed 24 is retracted, the rear side pillars 81 on bed 24 eventually
      engage bumpers 64 on opposite ends of the front of the tie beam 52 of
      slide rail assembly 21 to move the slide rail assembly 21 therewith toward
      its retracted position. As the bed 24 and slide rail assembly 21 approach
      their retracted positions, the release cam 126 is moved rearwardly until
      the camming surface 129 engages the front lower edge of the latch 119 and
      forces the latch 119 upwardly as seen in FIG. 13. When the bed 24 reaches
      its retracted position shown in FIG. 7, the camming surface 129 has lifted
      the latch 119 high enough to clear the locking face 125 on keeper 122 to
      release the heel plate subassembly 21. When the front end of the catch bed
      assembly 12 is tilted up as will become more apparent, the force of
      gravity will cause the heel plate subassembly 25 to roll back along the
      slide rails 50 as seen in FIG. 14 to its retracted position.
PAR  An extension hydraulic cylinder 135 as seen in FIG. 9 is pivoted
      intermediate its ends between the pivot blocks 44 depending from the
      cylinder support beam 41. The forwardly extending portion of cylinder 135
      extends up the central drive tube 78 on the bed 24 and its forwardly
      projecting piston rod 136 is pinned to the pivot ears 138 within tube 78
      adjacent the forward end of bed 24. It will be noted that cylinder 135
      clears the inside of tube 78 so that the bed 24 is extended as the piston
      rod 136 is extended and retracted as the piston rod is retracted.
PAR  A pair of detent mechanisms 140 are provided as best seen in FIGS. 8 and 8A
      for retaining the heel plate subassembly 25 in its retracted position once
      retracted until it is forced forwardly by cylinder 135. Since the detent
      assemblies 140 are identical in construction, only one will be described
      in detail.
PAR  Referring particularly to FIG. 8A, mechanism 140 includes a bracket 141
      mounted on the top of side beam 30 forwardly of rear rail 32 as will
      become more apparent. A resilient leaf spring strip 142 extends forwardly
      of and is carried by bracket 141 over the side beam 30. The forward end of
      strip 142 mounts a catch 144 on the top thereof with inclined front and
      rear faces 145. A detent 146 is mounted under the bottom of side member
      105 of heel plate assembly 25 overlying rail 30. The detent 146 also has
      front and rear faces 148. The detent 146 and strip 142 are located so that
      when the heel plate subassembly 25 is in its fully retracted position, the
      front face 148 of detent 146 bears against the rear face 145 of catch 144.
      The resiliency of the strip 142 is such that catch 144 is urged toward the
      bottom of side member 105 to prevent shifting motion of heel plate
      subassembly 25 as the machine moves. When cylinder 135 is extended, the
      detent 146 rides over catch 144 by deflecting it down toward beam 30. When
      the heel plate subassembly 25 retracts, the detent 146 again depresses
      catch 144 and passes thereover so that the heel plate subassembly 25 is
      again retained by catch 144.
PAC  POSITIONING LINKAGE
PAR  The positioning linkage 14 as seen in FIGS. 1 and 3 includes a positioning
      arm subassembly 150, a pair of parallel tilt hydraulic cylinders 141 and a
      pair of parallel positioning hydraulic cylinders 152. The positioning arm
      subassembly 150 includes a pair of spaced apart lift arms 154 maintained
      parallel by a cross brace 155. The upper ends of arms 154 are pinned to
      the front pivot ears 35 on the carriage beams 34 of the catch bed assembly
      12 and the lower ends of arms 154 are pinned to a pair of stanchions 156
      on opposite sides of the base frame 16 of the subassembly 11. The tilt
      hydraulic cylinders 151 are pinned at their lower ends to a pair of pivot
      brackets 158 on opposite sides of the base frame 16 centrally located on
      frame 16 along its length below and behind stanchions 156. The upwardly
      projecting piston rods 160 of cylinders 151 are pinned to the rear pivot
      ears 36 on the carriage beams 34 of catch bed assembly 12 so that, as the
      piston rods 160 are extended and retracted, the front end of the catch bed
      assembly 12 will be tilted down or up about the horizontal tilt axis
      A.sub.T passing through the centers of the front pivot ears 35 to which
      arms 154 are pinned. The tilt axis A.sub.T is normal to the longitudinal
      centerline of the vehicle. The center-to-center distance between the
      pinned joints in stanchions 156 and in brackets 158 is equal to the
      center-to-center distance between the pinned joints in front pivot ears 35
      and rear pivot ears 36 so that the arms 154 and tilt cylinders 151 define
      an extendible leg four bar linkage with cylinders 151 acting as the
      extendible leg.
PAR  The positioning cylinders 152 are pinned to the rear end of the base frame
      16 at their lower ends in pivot brackets 161 and the upper projecting
      piston rods 162 of cylinders 152 are pinned to pivot ears 164 on the
      bottom of the cross brace 155 between lift arms 154. As piston rods 162
      are extended and retracted, it will be seen that the catch bed assembly 12
      will be raised and lowered as the positioning arm subassembly 150 pivots
      about the horizontal positioning axis A.sub.p passing through the pinned
      joints in stanchions 156 normal to the longitudinal centerline of the
      vehicle 10. Thus, the positioning cylinders 152 control the height of the
      catch bed assembly 12 while the tilt cylinders 151 control the attitude of
      assembly 12 as will become more apparent.
PAC  CAB
PAR  The cab 15 is positioned on the near side of the front end of the base
      frame 16 as seen in FIG. 1. The operator controls the vehicle 10 from a
      standing-sitting position in the cab 15. The cab 15 includes a framework
      170 which is pivoted to the base frame 16 on hinges 171 as best seen in
      FIG. 15 so that the cab 15 can be pivoted away from the base subassembly
      11 for access to the prime mover module.
PAR  The framework 170 includes a forwardly opening U-shaped yoke 172 which
      serves as the primary support for the cab and protection for the driver as
      seen in FIGS. 15 and 16. The yoke 172 is generally horizontally oriented
      with its base 174 behind the driver and its forwardly extending legs 175
      extending along opposite sides of the driver to terminate at the front
      driver access opening 176 in frame work 170. Spaced apart, generally
      parallel lower front support pillars 178 depend from the front ends of
      legs 175 of yoke 172 and terminate generally in the plane of the bottom of
      the base frame 16. A pair of reinforcing struts 179 depend from the rear
      ends of legs 175 of yoke 172 and angle forwardly and downwardly therefrom
      to join with the lower ends of front support pillars 178.
PAR  Spaced apart, generally parallel upper front support pillars 180 extend
      upwardly and rearwardly from the front ends of legs 175 and are joined at
      their upper ends by a cross tube 181. The pillars 180 also angle laterally
      inwardly toward each other above the shoulder line of the driver as seen
      in FIG. 15 as will become more apparent. A pair of upstanding rear side
      braces 182 as seen in FIG. 16 extend upwardly from the rear corners of the
      juncture of legs 175 with base 174 with their upper ends joined by a rear
      cross brace 184 at about the shoulder line of the operator as will become
      more apparent. A pair of side tubes 185 extend from opposite ends of the
      cross brace 184 first upwardly and forwardly and then horizontally to join
      with the top back corners of the upper front support pillars 180.
PAR  An inboard side plate 186 extends over the inboard outside of framework 170
      from the lower ends of front lower pillar 178 to the side tube 185 to
      close the inboard side of cab 15. The side plate 186 has an arcuate cutout
      188 in the lower back thereof to clear the front wheel and tire assembly
      therebehind and angles inwardly above the shoulder line of the operator
      with the frame work 170. An inboard side window 189 is provided in the
      inwardly angled portion of the side plate 186. The outboard side of
      framework 170 is closed by a side plate 190 that is a mirror image of side
      plate 186 with cutout 191 and outboard window 192. The forward driver
      access opening 176 is defined by cross tube 181, upper pillars 180, the
      front ends of legs 175, and the front support pillars 178.
PAR  A bottom plate 195 extends between the bottom edges of side plates 186 and
      190 to close the bottom of cab 15 and is provided with an inwardly turned
      keeper ledge 196 at the front of the cab to form the bottom of access
      opening 176. A lower back panel 198 extends downwardly from the base 174
      of yoke 172 to bottom plate 195 between side plates 186 and 190 to close
      the lower back of cab 15. The panel 198 conforms generally to the shape of
      cutouts 188 and 191 and is provided with a forwardly projecting seat
      support ledge 199 as will become more apparent. An upper panel 200 extends
      upwardly from the back of yoke 172 along side tubes 185 and then forwardly
      to the front cross tube 181 between side plates 186 and 190 to close the
      upper back and top of cab 15. A back window 201 is provided in panel 200
      and a clearance dimple 201 is defined in the top portion of panel 200
      immediately behind and centrally located with respect to front cross tube
      181 as will become more apparent.
PAR  The operator access opening 176 is selectively closed by a door 210 which
      is pivoted on the inside of side tubes 185 immediately behind the front
      cross tube 181. The door 210 has a door frame 211 formed by side angles
      214, bottom angle 215 connecting side angles 214 at their lower ends and
      top angle 216 connecting side angles 214 at their upper ends. The frame
      211 is shaped to just cover opening 176 and each of the angles 214-216
      include an outwardly directed flange 218 that engages the framework 170 of
      cab 15 about opening 176 and a rearwardly extending reinforcing rib 219
      which projects rearwardly into opening 176 adjacent framework 170. Cross
      braces 220 connect the side angles 214 and a panel 221 covers the lower
      front of door frame 121 to a level just above the tops of legs 175 of yoke
      172. This leaves a top opening 222 through frame 211 so that the operator
      can see therethrough.
PAR  The door 210 is hinged to side tubes 185 by a pair of spaced apart hinge
      ears 225 which are attached to the upper ends of the reinforcing ribs 219
      of side angles 214. The hinge ears 225 extend first rearwardly and then
      upwardly behind the front cross tube 181 so as to define an upwardly
      opening recess therein into which the tube 181 is received as the door 210
      is opened. The upper rear ends of ears 225 are pinned to the side tubes
      185 by pins 228. Thus, it will be seen that the bottom of door 210 swings
      upwardly and outwardly to open cab 15. A pair of openers 229 pinned
      between the hinge ears 225 and side tubes 18 may be used to urge the door
      210 toward its open position to assist the operator in opening the door.
      The openers 229 may be spring or fluid powered.
PAR  The door 210 is held closed by a lock mechanism 230 mounted on panel 221.
      The mechanism 230 has an outside handle 231 within a recess 232 in panel
      221 and an inside handle 234 behind panel 221. Latchs 235 extend outwardly
      from the bottom and sides of door 210 to engage appropriate holes in the
      cab framework 170 about opening 176. Appropriate weatherstripping 236
      seals the door 210 when closed.
PAR  The door 210 is held open by a catch mechanism 240 centrally mounted in the
      front cross tube 181 of framework 170 as best seen in FIGS. 17-19. The
      mechanisms 240 includes a tubular housing 241 extending through cross tube
      181 normal to the centerline of the tube and at an angle .alpha. with the
      horizontal. A plunger 242 is slidably carried in housing 241 with a
      cylindrical catch 244 projecting from the front end of housing 241 and a
      reduced diameter portion 245 projecting from the rear end of housing 241
      to form a drive shoulder 246 within housing 241. An abuttment 248 closes
      the rear end of housing 241 and slidably supports the portion 245
      projecting rearwardly therethrough. A combination torsion and compression
      spring 249 is positioned between the drive shoulder 246 and abutment 248
      within housing 241 around the portion 245. The front end of spring 249 is
      attached to catch 244 and the opposite end is attached to abuttment 248.
      Thus, spring 249 constantly urges the catch 244 toward its extended
      position seen in FIG. 17 and constantly urges the plunger 242 in a
      clockwise direction seen in FIG. 19 as will become more apparent. An arm
      250 on the rear projecting end of the reduced diameter portion 245 of
      plunger 242 is used to rotate plunger 242 and serves as a stop to limit
      the extension of catch 244 from the front of housing 241 by engagement
      with the back of abuttment 248 as seen in FIG. 17. A check 251 on the
      cross tube 181 serves to limit the clockwise rotation of arm 250 and
      plunger 242 under the influence of spring 249.
PAR  The front end of catch 244 has been chamfered at 255 so that the chamfer
      255 lies on the bottom of catch 244 when arm 250 engages the check 251 as
      seen in FIGS. 17 and 19. The forwardmost top lip 256 on catch 244 is
      arranged to extend under the reinforcing rib 219 on the top angle 216 of
      door 210 when the door is open as seen in FIG. 17 by the action of spring
      249. The chamfer 255 now underlies the rib 219 so that when the arm 250 is
      rotated counterclockwise manually by pull chain 258, the lip 256 releases
      rib 219 onto chamfer 255. The weight of door 210 then forces the catch 244
      back into housing 241 against spring 249 to allow the door to close
      against bumpers 259. When chain 258 is released, spring 249 rotates
      plunger 242 and arm 250 clockwise against check 251 to again place lip 256
      in its operative position.
PAR  The top opening 222 in door 210 is closed by a windshield/guard assembly
      260 best seen in FIGS. 20 and 21 that can be quickly removed in order that
      opening 222 serves as an escape hatch for the operator. The
      windshield/guard assembly 260 includes a windshield 261 sized to just
      cover opening 222. A weatherstrip 262 extends around windshield 261 and
      locator tabs 264 on the door frame 211 laterally position windshield 261
      over opening 222 but allow it to be pushed outward for removal. An
      expanded metal guard 265 sized so that its frame 266 just fits over
      windshield 261 is hinged to the door 210 just below opening 222 so that it
      can be pivoted upwardly over windshield 261 to hold it in place. Corner
      gussets 268 are provided across the upper corners of the guard frame 266
      outside of windshield 261 which overlies like latch gussets 269 connected
      between side and top angles 214 and 216 at the upper corners of opening
      222. Aligned apertures 270 are provided through both gussets 268 and 269.
      A conventional ball lock pin assembly 271 is received through each aligned
      pair of apertures 270. The release end of assembly 271 is inside cab 15
      with its body 272 extending through apertures 270. The head 274 is against
      the latch gussets 269 and the releasably extended balls 275 project
      forwardly of corner gusset 268. This holds the guard 265 and windshield
      261 in place but when the release pins 276 in assemblies 271 are pulled to
      allow balls 275 to retract into body 272, the guard 265 pivots down and
      windshield 261 can be pushed forward to open the opening 222 and allow the
      operator to escape therethrough.
PAR  The seat bottom 280 seen in FIGS. 15 and 16 for the operator is mounted on
      the seat support ledge 199 in the lower back panel 198 of cab 15. The seat
      bottom 280 has a short top support surface 281 and a front support surface
      282 as will become more apparent. A seat back 284 is mounted above and
      behind seat bottom 280 on yoke 172 with a head rest 285 thereon. Arm rests
      283 are provided on the tops of legs 175 of yoke 172.
PAR  A foot seat 286 is mounted in the bottom of cab 15 on an upstanding support
      bracket 288 as seen in FIGS. 15 and 16. The foot rest 286 has an
      upstanding ledge 289 thereacross to fit ahead of the operator's heels. The
      back edges of the upstanding sides 290 of rest 286 are provided with hooks
      291 which are removably supported in slots 292 in bracket 288.
PAR  The operator stands on the foot rest 286 so that the ledge 289 keeps his
      feet in position. As the operator faces forward, he leans back so that his
      buttocks rest on the top surface of seat bottom 280 to partially support
      his weight. The backs of his legs rest against the front surface of the
      seat bottom 280. A lap strap 294 and shoulder straps 295 hold the operator
      in position so that his weight is carried by his feet and legs in
      combination with his buttocks so that he can rest his forearms on the arm
      rests 283 on yoke 172.
PAR  The operator then drives the vehicle 10 with his left hand through the
      single stick control unit 300 and operates the bed controls 301 on control
      panel 302 with his right hand. The control panel 302 is hinged on the
      right side of the cab 15 as indicated at 304 so that it can be swung up
      out of the way for entering and exiting the cab 15. The stick control unit
      300 is located closely adjacent the left leg 175 of yoke 172.
PAC  OUTRIGGER
PAR  An outrigger 330 is mounted on the front end of the base subassembly 11
      opposite cab 15 which serves to extend the effective support area of the
      vehicle 10 during the unloading of trees therefrom as will become more
      apparent. As best seen in FIGS. 2 and 24, the outrigger 330 includes a
      support tube 331 mounted on the side of base frame 16 and extending
      downwardly and forwardly at an angle .beta. with the horizontal. An
      extension tube 332 is slidably mounted in tube 331 and projects from the
      lower end thereof. A hydraulic cylinder 334 is pinned to pivot ears 335 on
      support tube 331 with its piston rod 336 pinned to pivot ears 338 on
      extension tube 332 to extend and retract tube 332. A ground engaging plate
      339 is pivoted on the end of tube 332 to engage the ground as the tube 332
      is deployed to add support at the front end of vehicle 10.
PAC  CONTROLS
PAR  The single stick control unit 300 is mounted on a bracket 305 depending
      from the bottom of the left leg 175 of yoke 172 adjacent its front end.
      The unit 300 includes a conventional double four-way directional control
      valve 306 depending from the rear end of bracket 305 as seen in FIGS. 22
      and 23. The valve 306 is the same type as described in my above referenced
      copending application for remotely controlling the control levers on the
      primary pumps on the base subassembly 11 through positioners (not shown).
      The control plungers 308 of valve 306 movably project upwardly through
      bracket 305 generally vertically and parallel to each other so that their
      ball ends 309 are above bracket 305.
PAR  A control stick assembly 310 is pivoted on the inside of bracket 305 by
      shaft 311 so that the assembly 310 pivots about a transversely extending
      pivot axis A.sub.1 spaced forwardly of the plungers 308 in valve 306. A
      pivot support member 312 attached to shaft 311 extends rearwardly
      therefrom toward plungers 308. A transversely extending drive block 314 is
      pivoted to the rear end of member 312 on a shoulder screw 315 so that the
      block 314 pivots about axis A.sub.2 in a plane in which the centerlines of
      both plungers 308 lie with the axis A.sub.2 located equidistance from the
      centerlines of the plungers 308. The block 314 has a cylindrical passage
      316 extending longitudinally therethrough which opens onto the bottom of
      block 314 through a longitudinally extending slot 318. The ball ends 309
      on plungers 308 are slidably received in passage 316 on opposite sides of
      shoulder screw 315 with the plungers 308 extending downwardly through slot
      318. Thus, it will be seen that as the block 314 is moved, it will move
      plungers 308 to vary the output of the primary pumps in the subassembly
      11.
PAR  A support tube 320 is attached to the pivot support member 312 and extends
      upwardly therefrom generally perpendicular to both axis A.sub.1 and
      A.sub.2. A control handle 321 is pivoted on the top of tube 320 between
      pivot ears 322 so that it pivots about an axis A.sub.3 generally parallel
      to and spaced above the pivot axis A.sub.2 of the drive block 314. Thus,
      it will be seen that as the handle 321 is moved fore and aft the tube 320,
      member 312, and drive block 314 will be pivoted therewith about the pivot
      axis A.sub.1 to simultaneously raise or lower the plungers 308 equally.
PAR  The handle 321 is also connected to the drive block 314 outboard of the
      ourboard plunger 308 by a drive rod 324 with a ball joint 325 at its upper
      end connecting it to handle 321 and a ball joint 326 at its lower end
      connecting it to block 314. Thus, as handle 321 is pivoted from
      side-to-side about axis A.sub.3, one of the plungers 308 will be raised
      while the other plunger 308 will be simultaneously lowered since block 314
      pivots about axis A.sub.2.
PAR  From the above, as handle 321 is moved forwardly, the vehicle 10 will move
      forwardly; as handle 321 is moved rearwardly, the vehicle will move
      rearwardly; as the handle is moved to the left, the vehicle will turn to
      the left; and as the handle 321 is moved to the right the vehicle will
      turn to the right. Thus, the vehicle uses the skid steer principle and is
      controlled by the single handle 321 with the operator's left hand.
PAR  The hydraulic circuit 345 is best seen in FIG. 25 for controlling the catch
      bed assembly 12 and positioning linkage 14. Circuits 345 includes a common
      pressure line 346 connected to the output of the auxiliary hydraulic pump
      348 through solenoid dump valve 1SV and a common return line 349 to
      reservoir 350. A three position bed height solenoid valve 2SV connects
      lines 346 and 349 to positioning cylinders 152 in parallel with each
      other. A three position belt tilt solenoid valve 3SV connects lines 346
      and 349 to tilt cylinders 151 in parallel to each other. A three position
      unload solenoid valve 4SV connects the lines 346 and 349 to the bed
      extension cylinder 135 and a three position outrigger solenoid valve 5SV
      connects lines 346 and 349 with the outrigger extension cylinder 334. The
      operation of this circuit will become more apparent.
PAC  ELECTRICAL CONTROL CIRCUIT
PAR  The electrical control circuit 360 as seen in FIG. 26 controls the
      operation of the catch bed assembly 12 and positioning linkage 14. The
      circuit 360 includes a common hot wire 361 connected to the hot side of a
      12 volt DC power source through a push-pull power switch P-1; a common
      relay ground wire 362 connected directly to the ground side of the 12 Volt
      DC power source; and a common sllenoid ground wire 364 connected to the
      ground side of the 12 volt DC power source through the normally closed
      contacts 19CR-1 of the hold control relay 19CR.
PAR  The solenoid 1SV-1 of dump valve 1SV is connected to the common solenoid
      ground wire 364 on its ground side and to hot wire 361 through the
      normally closed contacts of pressure switch 9PS in the high pressure
      hydraulic line 346 of the hydraulic circuit 345 in series with the
      normally open contacts 1CR-1 of the bed "up" control relay 1CR. The
      normally open contacts 2CR-1 of bed "down" control relay 2CR, normally
      open contacts 3CR-1 of the tilt up control relay 3CR, normally open
      contacts 4CR-1 of the tilt down control relay 4CR, normally open contacts
      6CR-1 of the bed "extend" control relay 6CR, normally open contacts 8CR-1
      of the bed "retract" control relay 8CR, normally open contacts 10CR-1 of
      the outrigger up control relay 10CR, and normally open contacts 11CR-1 of
      the outrigger down control relay 11CR in parallel with each other are
      connected in parallel across contacts 1CR-1. Thus, it will be seen that
      when the solenoid 1SV-1 is energized, the hydraulic line 346 will be
      pressurized to supply pressure to the other solenoid valves in hydraulic
      circuit 345.
PAR  The up solenoid 2SV-1 of the bed height solenoid valve 2SV has its ground
      side connected to the common solenoid ground wire 364 and its other side
      connected to the common hot wire 361 through normally open contacts 1CR-2
      of the bed up control relay 1CR in series with the normally open contacts
      8PS-2 of the outrigger down pressure switch 8PS in series with the
      normally open contacts 2LS-1 of the tilt down limit switch 2LS in series
      with the normally closed contacts 1PS-2 of pressure switch 1PS in the
      extend pressure line to positioning cylinders 152 in series with the
      normally open contacts 1SS-1 of the bed height selector switch 1SS. The
      coil 1CR-C of the relay 1CR is connected between the common point between
      contacts 1CR-1 and 8PS-2 and the relay ground wire 362. The normally open
      contacts 3LS-1 of cam tilt limit switch 3LS and normally open contacts
      1CR-3 of relay 1CR are each connected in parallel across the normally open
      contacts 2LS-1. The normally open contacts 12CR-1 of the automatic bed
      "unload ready" relay 12CR are connected in parallel across the contacts
      1SS-1. The coil 17CR-C of the unload enable relay 17CR is connected
      between common relay ground wire 362 and the normally open contact 1PS-2
      of pressure switch 1PS.
PAR  The down solenoid 2SV-2 of the bed height solenoid valve 2SV is connected
      to the common solenoid ground wire 364 on its ground side and its other
      side is connected to common hot wire 361 through normally open contacts
      2CR-2 of the bed down enable relay 2CR in series with the normally open
      contacts 2PS-2 of pressure switch 2PS in the extend pressure line to the
      positioning cylinders 152 in series with the normally open contacts 1SS-2
      of the bed height selector switch 1SS. The normally open contacts 1LS-1 of
      tilt up limit switch 1LS and normally open contacts 3LS-2 of limit switch
      3LS are each connected in parallel across the contacts 2CR-2 and the relay
      coil 2CR-C of relay 2CR is connected between common relay ground wire 362
      and the common point between contacts 1LS-1 and 2CR-1 and the solenoid
      2SV-2. The normally open contacts 14CR-1 of the bed "load ready" control
      relay 14CR are connected in parallel across the contacts 1SS-2, and the
      normally open contacts 9CR-1 of the automatic bed return control relay 9CR
      in series with the normally open contacts 5CR-1 of the automatic unload
      control relay 5CR are also connected in parallel across the contacts
      1SS-2. The normally open contact 2PS-1 of pressure switch 2PS is connected
      to the coil 15CR-C of the automatic outrigger up control relay 15CR which
      is in turn connected to the common relay ground wire 362.
PAR  The tilt up solenoid 3SV-1 of the bed tilt solenoid valve 3SV has its
      ground side connected to the common solenoid ground wire 364 and its other
      side connected to the common hot wire 361 through the normally closed
      contacts 3CR-2 of the tilt up control relay 3CR in series with the
      normally closed contacts 1LS-2 of tilt up limit switch 1LS in series with
      the normally closed contacts of the pressure switch 3PS in the retract
      pressure line of the tilt hydraulic cylinders 151 in series with the
      normally open contacts 2SS-1 of the bed tilt selector switch 2SS. Normally
      closed contacts 3LS-3 of limit switch 3LS are connected in parallel across
      contacts 1LS-1. The coil 3CR-C of the relay 3CR is connected between the
      common relay ground wire 362 and the common point between contacts 3CR-2
      and 1LS-2. Normally open contacts 9CR-2 of the relay 9CR in series with
      normally open contacts 5CR-2 of relay 5CR are connected in parallel across
      the normally open contacts 2SS-1.
PAR  The tilt down solenoid 3SV-2 of the bed tilt solenoid valve 3SV has its
      ground side connected to the common solenoid ground wire 364 and its other
      side connected to the hot wire 361 through the normally open contacts
      4CR-2 of the tilt down control relay 4CR in series with the normally
      closed contacts 2LS-2 of tilt down limit switch 2LS in series with
      normally closed contacts 3LS-4 of cam tilt limit switch 3LS in series with
      the normally closed contacts of the pressure switch 4PS in the extend
      pressure line of tilt cylinders 151 in series with the normally open
      contacts 2SS-2 of bed tilt selector switch 2SS. The coil 4CR-C of relay
      4CR is connected between the common relay ground wire 362 and the common
      point between contacts 4CR-2 and contacts 2LS-2. Normally open contacts
      12CR-2 of relay 12CR are connected in parallel across the contacts 2SS-2
      and the normally open contacts 14CR-2 of relay 14CR are also connected in
      parallel across the contacts 2SS-2.
PAR  The ground side of the coil 5CR-C of the automatic unload control relay 5CR
      is connected to the common relay ground wire 362 and its other side is
      connected to the common hot wire 361 through the normally open contacts
      1PS-3 of pressure switch 1PS in series with the normally open contacts of
      auto unload push bottom switch PB-1 in series with the normally closed
      contacts 16CR-1 of the automatic unload disable relay 16CR. The normally
      open holding contacts 5CR-3 of relay 5CR are connected in parallel across
      the switch PB-1.
PAR  The coil 12CR-C of the bed unload ready control relay 12CR is connected to
      the common relay ground wire 362 on its ground side and its other side is
      connected to the common hot wire 361 through the normally open contacts of
      unload ready push button switch PB-2 in series with the normally closed
      contacts 17CR-2 of relay 17CR. The normally open holding contacts 12CR-3
      of relay 12CR are connected in parallel across the contacts of switch
      PB-2. The coil 14CR-C of relay 14CR has its ground side connected to
      common relay ground wire 362 and its other side connected to common hot
      wire 361 through the normally open contacts of load ready push button
      switch PB-2 in series with the normally closed contact 15CR-1 of the relay
      15CR. The normally open holding contacts 14CR-3 of the relay 14CR are
      connected in parallel across the contacts of switch PB-3.
PAR  The coil 6CR-C of the bed extend control relay 6CR has its ground side
      connected to the common relay ground wire 362 and its other side connected
      to the common hot wire 361 through normally closed contacts 9CR-3 of relay
      9CR in series with normally closed contacts 5PS-1 of pressure switch 5PS
      in the extend pressure line to the extension cylinder 135 in series with
      the normally closed contacts 7CR-1 of the bed retract enable control relay
      7CR in series with the normally open contacts 5CR-3 of relay 5CR. Normally
      closed contacts 5CR-4 in series with the normally open contacts 3SS-1 of
      the manual unload selector switch 3SS connect common hot wire 361 with the
      common point between contacts 5PS-1 and contacts 7CR-1. The coil 18CR-C of
      the manual bed retract control relay 18CR has its ground side connected to
      the common relay ground wire 362 and its other side connected to the
      common hot wire 361 through the normally open contacts 3SS-2 of switch 3SS
      in series with the normally closed contacts 5CR-4. The coil 7CR-C of the
      automatic bed retract enable relay 7CR has its ground side connected to
      the common ground wire 362 and its other side connected to the common hot
      wire 361 through the normally open contacts 5PS-2 of pressure switch 5PS
      in series with the normally open contacts 5CR-3. Normally open holding
      contacts 7CR-2 of relay 7CR are connected in parallel across the contacts
      5PS-2. The coil 8CR-C of the bed retract control relay 8CR has its ground
      side connected to the common relay ground wire 362 and its hot side
      connected to the common hot wire 361 through the normally closed contacts
      9CR-4 in series with the normally closed contacts 6PS-1 of the pressure
      switch 6PS in the retract pressure line of the extension cylinder 135 in
      series with the normally open contacts 7CR-3 of relay 7CR in series with
      normally open contacts 5CR-3. The coil 9CR-C of the automatic bed return
      control relay 9CR is connected between the normally open contact 6PS-2 of
      pressure switch 6PS and the common relay ground wire 362. Normally open
      holding contacts 9CR-5 of relay 9CR are connected in parallel across the
      normally open contact 6PS-2.
PAR  The extend solenoid 4SV-1 of the unload solenoid valve 4SV has its ground
      side connected to the common solenoid ground wire 364 and its other side
      connected to the normally open contacts 1PS-4 of pressure switch 1PS in
      series with the normally open contacts 8PS-3 of pressure switch 8PS in
      series with the normally open contacts 6CR-2 of the bed extend control
      relay 6CR. The retract solenoid 4SV-2 of valve 4SV has its ground side
      connected to the common solenoid ground wire 364 and its hot side
      connected to the common hot wire 361 through the normally open contacts
      8CR-1 of bed retract relay 8CR. The normally closed contacts 6CR-3 of
      relay 6CR in series with the normally open contacts 18CR-1 of relay 18CR
      are connected in parallel across the contacts 8CR-1.
PAR  The up solenoid 5SV-2 of the outrigger control valve 5SV has its ground
      side connected to the common solenoid ground wire 364 and its other side
      connected to the common hot wire 361 through the normally open contacts
      10CR-2 of the outrigger up control relay 10CR in series with the normally
      closed contacts 7PS-2 of the pressure switch 7PS in the retract pressure
      side to outrigger hydraulic cylinder 334 in series with the normally open
      contacts 5CR-5 of relay 5CR in series with the normally open contacts
      15CR-2 of the relay 15CR. The coil 10CR-C of the relay 10CR is connected
      between the common relay ground wire 362 and the common point between
      contacts 10CR-2 and contacts 7PS-2. The normally open contacts 4SS-1 of
      the outrigger selector switch 4SS are connected across contacts 15CR-2 and
      5CR-5 in parallel therewith. The coil 16CR-C of the automatic elect
      disable control relay 16CR is connected between the common relay ground
      wire 362 and the normally open contact 7PS-1 of the pressure switch 7PS.
PAR  The down solenoid 5SV-1 of the outrigger control valve 5SV has its ground
      side connected to the common solenoid ground wire 364 and its other side
      connected to the common hot wire 361 through the normally open contacts
      11CR-2 of the outrigger down control relay 11CR in series with normally
      closed contacts 8PS-1 of the pressure switch 8PS in the extend pressure
      line of the outrigger cylinder 374 in series with the normally open
      contacts 4SS-2 of the selector switch 4SS. Normally open contacts 12CR-4
      of relay 12CR and normally open contacts 6CR-4 of relay 6CR are each
      connected in parallel across the normally open contacts 4SS-2. Coil 11CR-C
      of the relay 11CR is connected between the common relay ground wire 362
      and the common point between contacts 11CR-2 and 8PS-1.
PAR  The coil 19CR-C of the "hold" control relay 19CR has its ground side
      connected to the common relay ground wire 362 and its other side connected
      to the hot wire 361 through the normally open contacts of the hold push
      button switch PB-4. Thus, it will be seen that when switch PB-4 is closed,
      the contacts 19CR-1 are open to disconnect all of the solenoids from
      ground and de-energize them to stop the operation of the positioning
      linkage 14 and the catch bed assembly 12 while at the same time allowing
      all of the control relays to remain energized to reactivate the bed
      assembly 12 and the positioning linkage 14 at the same point in the
      operation to allow the operation thereof to continue when the push button
      switch PB-4 is released.
PAR  The location of the tilt down limit switch 2LS and tilt up limit switch 1LS
      are shown in FIGS. 27 and 28. The switch 2LS is located on one of the arms
      154 at its upper end. The actuator 370 of switch 2LS is located so that
      detent 371 on the front of the upper front pivot ear 35 depresses actuator
      370 to transfer switch 2LS when the arms 154 are lowered and the bed
      assembly 12 is tilted down to its load position seen in FIGS. 1, 4 and 27.
      The switch 1LS is also located on the arm 154 at tis upper end. The
      actuator 374 of switch 1LS is located so that detent 375 on the bottom of
      the upper front pivot ear 35 depresses actuator 374 to transfer switch 1LS
      when the arms 154 are raised and the bed assembly 12 is in its unload
      position seen in FIGS. 6 and 28. The location of the cam tilt limit switch
      3LS is best seen in FIG. 29 and is located on one of the stanchions 150 of
      the base subassembly 11 adjacent the lower end of one of the arms 154. The
      lower end of arm 154 is provided with a cam 376 that rotates about the
      pivot axis A.sub.p of the lower ends of arms 174. The cam 376 is provided
      with a rise portion 378 arranged to depress the actuator 379 of switch 3LS
      to transfer it as the arms 154 are moved from their up to their down
      position and vice versa, but releases the actuator 379 when the arms 154
      are in their up or in their down position. Thus, switch 3LS is a safety
      switch to prevent operation of the tilt control unless the bed assembly 12
      is either up or down.
PAC  OPERATION
PAR  Basically, the bed assembly 12 has four positions: the load position shown
      in FIGS. 1 and 4; the turn position shown in FIG. 5; the unload position
      shown in FIG. 6A; and the eject positions in FIGS. 6 and 7. The
      positioning arm subassembly 150 has two basic positions, one in which the
      arms 154 are vertical as seen in FIGS. 6 and 7 and one in which the arms
      154 are angled back as seen in FIGS. 1, 4 and 5.
PAR  Starting with the catch bed subassembly 12 in the load position shown in
      FIGS. 1 and 4, the operator maneuvers the vehicle 10 with the single stick
      control unit 300 until the centerline of the vehicle 10 is aligned with a
      tree harvesting machine such as that disclosed in application Ser. No.
      293,482 and spaced from the harvester so that the heel plate subassembly
      25 is located from the discharge end of the harvester by a distance
      substantially equal to the length of the delimbed tree to be received in
      chamber 80 in bed 24. After the chamber 80 is filled, the operator then
      drives the vehicle out of the woods to a loading area to unload the trees
      onto a truck or trailer as seen in FIGS. 6 and 7. Because the center of
      gravity of the trees lies within bed 24, the vehicle is relatively stable.
PAR  When the operator makes a turn, he closes contacts 2SS-1 of tilt control
      switch 2SS to energize relay 3CR and solenoid 3SV-1 on valve 3SV. This
      causes the piston rods 160 in tilt cylinders 151 to retract until they
      bottom to open switch 3PS and stop bed assembly 12 in the position seen in
      FIG. 5. The center of gravity of the trees are shifted rearwardly in the
      vehicle so that the turning moment is reduced and the vehicle stabilized.
      After the turn is made, the operator closes contacts 2SS-2 of switch 2SS
      to energize relay 4CR and solenoid 3SV-2 of valve 3SV. This causes the
      piston rods 160 in tilt cylinders 151 to extend until the detent 371
      transfers limit switch 2LS to open contacts 2LS-2 and stop the bed
      assembly 12 in its load position.
PAR  When the operator reaches the truck or trailer at the loading area, he
      drives the vehicle 10 to a position so that the centerline of the vehicle
      10 is aligned with that of the truck or trailer and the vehicle 10 is
      spaced from the trailer as seen in FIG. 6A. The operator may automatically
      raise the bed assembly 12 to the upper unload position by depressing push
      button switch PB-2 to energize relay 12CR. This closes contacts 12CR-4 to
      energize relay 11CR and solenoid 5SV-1 in valve 5SV to extend piston rod
      336 in cylinder 335 until the plate 339 engages the ground to transfer
      pressure switch 8PS.
PAR  Because contacts 12CR-1 are closed and detent 371 is holding contacts 2LS-1
      closed, transferring switch 8PS closes contacts 8PS-2 to energize relay
      1CR and solenoid 2SV-1 of valve 2SV to extend piston rods 162 in
      positioning cylinder 152 and raise the bed assembly 12. The piston rods
      162 continue to extend even through detent 371 clears switch 2LS since
      contacts 1CR-3 are closed until the piston rods bottom in the position
      shown in FIG. 6A to transfer pressure switch 1PS. This energizes relay
      17CR to de-energize relay 12CR and stop the bed assembly 12 in its unload
      position seen in FIG. 6A.
PAR  The bed assembly 12 may alternatively be raised from its load position in
      FIG. 4 to unload position in FIG. 6A using the selector switch 1SS. First
      the operator must lower the ground engaging plate 339 of the outrigger 330
      by closing contacts 4SS-2 of selector switch 4SS to energize relay 11CR
      and solenoid 5SV-1 until pressure switch 8PS transfers to close contacts
      8PS-2. The operator then closes contacts 1SS-1 to energize relay 1CR and
      solenoid 2SV-1 since the contacts 2LS-1 are closed by detent 371 when the
      bed assembly 12 is in its load position. As the bed assembly 12 moves up,
      the detent 371 releases switch 2LS but holding contacts 1CR-1 maintain
      solenoid 2SV-1 energized until switch 1PS is transferred or contacts 1SS-1
      opened.
PAR  The operator is now ready to eject the trees onto the truck or trailer. If
      the operator wants to automatically eject the trees, he depresses push
      button switch PB-1. Because contacts 1PS-3 are closed, relay 5CR is
      energized which in turn energizes relay 6CR by closing contacts 5CR-3.
      This closes contacts 6CR-2 to energize solenoid 4SV-1 of valve 4SV since
      contacts 8PS-3 and 1PS-4 are now closed. The cylinder 135 then drives the
      bed 24 out to its extended position as seen in FIG. 6 moving the heel
      plate subassembly 25 therewith until the piston rod 136 bottoms to
      transfer pressure switch 5PS opening contacts 5PS-1 to de-energize relay
      6CR. When the bed 24 and heel plate subassembly 25 are fully extended, the
      latches 119 of interlock mechanisms 115 latch behind the locking faces 125
      of keepers 122 to hold the heel plate subassembly 25 in its extended
      position.
PAR  When pressure switch 5PS transfers, contacts 5PS-2 close to energize relay
      7CR since contacts 5CR-3 are still closed. This closes contacts 7CR-3 to
      energize relay 8CR to close contacts 8CR-1 and energize solenoid 4SV-2 to
      retract bed 24 while the latches 119 hold the heel plate subassembly 25 in
      its extended position. The bed 24 is retracted until the piston rod 136 in
      cylinder 135 bottoms to transfer pressure switch 6PS and de-energize relay
      8CR. As the bed 24 reaches its fully retracted position as seen in FIG. 7,
      the release cams 126 on the front of slide rails 50 drive the latches 119
      upwardly to clear keepers 122 and release heel plate assembly 25.
PAR  When pressure switch 6PS transfers to close contacts 6PS-2, relay 9CR is
      energized. If the operator has manually tilted the bed down during the
      ejecting operation using the selector switch 2SS, then the bed assembly 12
      is tilted back up to its load attitude when contacts 9CR-2 close to
      energize relay 3CR and solenoid 3SV-1 since contacts 5CR-2 are already
      closed. When the bed assembly 12 reaches its load attitude, limit switch
      1LS is transferred to de-energize solenoid 3SV-1.
PAR  When limit switch 1LS is transferred to stop bed assembly 12 in its load
      attitude, contacts 1LS-1 close to energize solenoid 2SV-2 and relay 2CR
      since contacts 9CR-1 and contacts 5CR-1 are already closed. This causes
      the positioning arm subassembly 150 to be pivoted rearwardly to lower the
      bed assembly 12 back to its load position shown in FIG. 1 until the
      pistons 162 in lift cylinders 152 bottom to transfer pressure switch 2PS.
PAR  When pressure switch 2PS transfers, contact 2PS-1 is closed to energize
      relay 15CR. This closed contacts 15CR-2 to energize relay 10CR and
      solenoid 5SV-2 of valve 5SV since contacts 5CR-5 are already closed. This
      raises the ground engaging plate 339 until piston rod 336 bottoms in
      cylinder 334 to transfer pressure switch 7PS. This energizes relay 16CR to
      open contacts 16CR-1 and de-energize relay 5CR to terminate the automatic
      ejection operation with the trees ejected onto the truck or trailer. The
      operator then drives the vehicle 10 back to the harvesting site to receive
      more trees.
PAR  The ejection of the trees may be manually operated using the selector
      switch 3SS to extend and retract bed 24. The operator can then lower the
      bed assembly 12 back to its load position with push button switch PB-3 or
      selector switch 1SS and raise the ground engaging plate 339 of outrigger
      330 with selector switch 4SS.
PAR  While specific embodiments of the invention have been disclosed herein, it
      is to be understood that full use may be made of substitutions,
      modifications, and equivalents without departing from the scope of the
      inventive concept.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tree transporting vehicle comprising:
PA1  a base subassembly having a support frame and ground engaging means for
      moving said base subassembly;
PA1  a catch bed assembly for receiving the trees to be transported and
      supporting the trees therein above said base subassembly, said catch bed
      assembly including:
PA2  a carriage frame;
PA2  a catch bed movably carried by said carriage frame and defining a tree
      receiving chamber therein with open front and rear ends and an open top;
PA2  a heel plate assembly movably carried by said carriage frame and extending
      into said tree receiving chamber;
PA2  tie means interconnecting said bed and said heel plate assembly so that
      said heel plate assembly is moved with said bed as said bed is moved
      forwardly in said carriage frame but said bed moves rearwardly in said
      carriage frame independently of said heel plate assembly; and,
PA2  interlock means operatively connecting said carriage frame, said bed and
      said heel plate assembly to selectively lock said heel plate assembly in
      its forwardmost position and to release said heel plate assembly from its
      locked position when said bed is in its rearmost retracted position for
      said heel plate assembly to move to its rearmost retracted position
      independently of said bed; and,
PA1  a positioning linkage operatively connecting said catch bed assembly with
      said support frame, said positioning linkage movably positioning said
      catch bed assembly with respect to said base subassembly to receive the
      trees and to discharge the trees therefrom.
NUM  2.
PAR  2. The tree transporting vehicle of claim 1 wherein said positioning
      linkage includes an extendable link four bar linkage so that said catch
      bed assembly can be raised and lowered while maintaining the tilt attitude
      of said bed assembly substantially constant.
NUM  3.
PAR  3. The tree transporting vehicle of claim 2 wherein said four bar linkage
      comprises a pair of spaced apart arms pinned to said base subassembly at
      their lower ends for pivotal movement about a first common axis, said
      catch bed assembly pinned to the upper ends of said arms for pivotal
      movement about a second common axis passing through the upper ends of said
      arms and generally parallel to and spaced from said first axis, said
      second axis moved with said arms along an arcuate path centered on said
      first axis; and selectively extendable tilt cylinder means pinned at one
      end to said base subassembly for pivotal movement about a third axis
      generally parallel to said first axis and spaced from said first axis by a
      first prescribed distance, and pinned at its other end to said catch bed
      assembly for pivotal movement about a fourth axis generally parallel to
      said second axis and spaced therefrom a second prescribed distance
      substantially equal to said first distance.
NUM  4.
PAR  4. The tree transporting vehicle of Claim 3 wherein said positioning
      linkage further includes selectively extendable positioning cylinder means
      pinned to said base subassembly at one of its ends and to said pair of
      positioning arms at its other end to selectively pivot said arms about
      said first axis and said tilt cylinder means about said third axis.
NUM  5.
PAR  5. A tree transporting vehicle comprising:
PA1  a base subassembly having a support frame and ground engaging means for
      moving said base subassembly;
PA1  a catch bed assembly for receiving the trees to be transported and
      supporting the trees therein above said base subassembly, said catch bed
      assembly including:
PA2  a carriage frame;
PA2  a slide rail assembly movably mounted on said carriage frame;
PA2  a catch bed movably carried by said slide rail assembly for movement
      relative to said slide rail assembly and said carriage frame, said catch
      bed defining a tree receiving chamber therein with open front and rear
      ends and an open top;
PA2  a heel plate assembly movably carried by said slide rail assembly and
      extending into said tree receiving chamber for movement relative to said
      carriage frame, said slide rail assembly and said bed; and,
PA2  tie means interconnecting said bed and said heel plate assembly so that
      said heel plate assembly is moved with said bed as said bed is moved
      forwardly in said carriage frame but said bed moves rearwardly in said
      carriage frame independently of said heel plate assembly; and,
PA1  a positioning linkage operatively connecting said catch bed assembly with
      said support frame, said positioning linkage movably positioning said
      catch bed assembly with respect to said base subassembly to receive the
      trees and to discharge the trees therefrom.
NUM  6.
PAR  6. The tree transporting vehicle of claim 5 wherein said slide rail
      assembly includes a pair of spaced apart slide rails, each of said slide
      rails including an outside lower track, an inside lower track and an upper
      track; wherein said carriage frame includes a pair of spaced apart
      generally parallel side beams carried by said positioning linkage and a
      pair of spaced apart rail support rollers positioned on the inside of each
      of said side beams adapted to be received in said outside lower track of
      one of said slide rails so that said rail support rollers roll along said
      outside lower track to support said slide rails between said side beams;
      wherein said bed includes a first pair of spaced apart bed support rollers
      on one side thereof and a second pair of spaced apart bed support rollers
      on the opposite side thereof, said bed support rollers adapted to be
      received in said lower inside tracks of said slide rails so that said bed
      support rollers roll along said lower inside tracks as said bed moves with
      respect to said slide rail assembly; wherein said heel plate assembly
      includes a first pair of spaced apart heel support rollers on one side
      thereof and a second pair of heel support rollers on the opposite side
      thereof, said heel support rollers adapted to be received in said upper
      track so that said heel support rollers roll along said upper track as
      said heel plate assembly moves with respect to said slide rail assembly;
      and further including abuttment means for limiting the movement of said
      slide rail assembly with respect to said carriage frame, for limiting the
      movement of said bed with respect to said slide rail assembly, and for
      limiting the movement of said heel plate assembly with respect to said
      slide rail assembly and said bed.
NUM  7.
PAR  7. The tree transporting vehicle of claim 1 wherein said interlock means
      includes a latch mechanism mounted on said heel plate assembly having a
      latch resiliently urged toward its extended position; a keeper carried by
      said carriage frame in a location to operatively engage said latch when
      said heel plate assembly is moved to a prescribed position, said keeper
      defining a rear facing camming surface constructed and arranged to force
      said latch upwardly over said keeper as said heel plate assembly
      approaches its forwardmost extended position and a forward facing locking
      face constructed and arranged to retain said latch forwardly thereof when
      said latch passes over said keeper and said latch is resiliently urged
      back to its extended position; and a release cam operatively engaging said
      latch forward of said keeper and urging said latch upwardly over said
      keeper to release said heel plate assembly from engagement by said keeper
      when said bed is moved to its rearmost retracted position.
NUM  8.
PAR  8. The tree transporting vehicle of claim 1 further including an operator
      cab mounted on said subassembly for supporting the vehicle operator is a
      partially standing and partially sitting position.
NUM  9.
PAR  9. The tree transporting vehicle of claim 8 wherein said operator cab
      defines an operator chamber therein and includes a vertically adjustable
      foot rest in said operator chamber on which the operator stands, a seat
      bottom in said operator chamber positioned to partially support the
      buttocks of the operator, and a seat back to support the back of the
      operator.
NUM  10.
PAR  10. The tree transporting vehicle of claim 8 wherein said operator cab
      includes a cab frame defining an operator access opening therein, and a
      door selectively closing said opening, said door hinged at its top to said
      cab frame so that said opening is opened as the bottom of said door is
      pivoted upwardly and outwardly and said door frame including a catch
      mechanism mounted at the top of said opening to selectively engage the top
      edge of said door to hold said door open.
NUM  11.
PAR  11. The tree transporting vehicle as set forth in claim 10 wherein said
      door is located on the front of said cab and defines a viewing opening
      therethrough, said door constructed and arranged to block the view of the
      operator in said cab when said door is open and to position said viewing
      opening in front of the operator when said door is closed for the operator
      to see therethrough.
NUM  12.
PAR  12. The tree transporting vehicle as set forth in claim 11 further
      including a guard assembly covering said viewing opening on the outside of
      said door while allowing the operator to see therethrough, said guard
      assembly hinged to said door below said viewing opening; and a quick
      release mechanism releasably connecting said windshield assembly to said
      door at the top of said viewing opening, said quick release mechanism
      including a release manually engageable by the operator in said cab to
      cause said mechanism to release said guard assembly and allow it to pivot
      outwardly to clear said viewing opening for said operator to use said
      viewing opening as an emergency escape.
NUM  13.
PAR  13. The tree transporting vehicle as set forth in claim 1 further including
      outrigger means for selectively engaging the ground in front of said base
      subassembly to increase the effective ground engaging area of said base
      subassembly.
NUM  14.
PAR  14. The tree transporting vehicle of claim 1 wherein said positioning
      linkage includes:
PA1  height positioning means for selectively varying the height of said catch
      bed assembly above said base subassembly from a raised position to a
      lowered position where said catch bed assembly is closer to said base
      subassembly in said lowered position than in said raised position, and
PA1  tilt positioning means for selectively varying the tilt attitude of said
      catch bed assembly with respect to the horizontal, said height positioning
      means and said tilt positioning means operating independently of each
      other.
NUM  15.
PAR  15. The tree transporting vehicle of claim 14 further including control
      means operatively interconnecting said height positioning means and said
      tilt positioning means, said control means disabling said height
      positioning means unless said catch bed assembly is in a predetermined
      tilt attitude with respect to the horizontal and disabling said tilt
      positioning means unless said catch bed assembly is in said lowered
      position.
NUM  16.
PAR  16. A tree transporting vehicle comprising:
PA1  a self-propelled base subassembly having a support frame with a
      longitudinal axis and a forward end and ground engaging means for
      supporting and moving said base subassembly;
PA1  a carriage frame assembly having a longitudinal axis;
PA1  a positioning linkage mounting said carriage frame assembly on said base
      subassembly, said positioning linkage selectively movably positioning said
      carriage frame assembly with respect to said base subassembly while
      maintaining the longitudinal axis of said carriage frame assembly
      generally vertically aligned with the longitudinal axis of said base
      subassembly to independently elevate and tilt said carriage frame with
      respect to said base subassembly;
PA1  a catch bed having a front end and a rear end movably carried by said
      carriage frame assembly for selective movement of said catch bed forwardly
      and rearwardly with respect to said carriage frame generally along the
      longitudinal axis of said carriage frame assembly between an extended
      forward position and a retracted rear position, said catch bed defining a
      tree receiving chamber therein having an open front end;
PA1  a heel plate assembly movably positioned with respect to said catch bed and
      said carriage frame for movement generally along the longitudinal axis of
      said carriage frame assembly between a first retracted position and a
      second extended position with respect to said carriage frame assembly, and
      between a third rear position and a fourth front position with respect to
      said catch bed, said heel plate assembly including a heel plate extending
      into said tree receiving chamber; and
PA1  ejection means for moving said heel plate assembly from its first retracted
      position to its second extended position with respect to said carriage
      frame assembly while simultaneously moving said catch bed between its
      retracted rear position to its extended forward position, and for moving
      said catch bed from its extended forward position to its retracted rear
      position while maintaining said heel plate assembly in its second extended
      position with respect to said carriage frame and while moving said heel
      plate assembly with respect to said catch bed between its retracted rear
      position and its extended forward position.
NUM  17.
PAR  17. A tree transporting vehicle of claim 16 wherein said heel plate
      assembly is freely movable with respect to said catch bed for movement
      generally along the longitudinal axis of said carriage frame assembly
      between its third position and its fourth front position with respect to
      said catch bed, and wherein said ejection means includes first latch means
      for selectively maintaining said heel plate assembly in its second
      extended position with respect to said carriage frame assembly, and
      release means for selectively releasing said first latch means when said
      catch bed approaches its retracted rear position to cause said second
      latch means to release said heel plate assembly for free movement of said
      heel plate assembly under the force of gravity from its second extended
      position with respect to said carriage frame assembly to its third rear
      position with respect to said catch bed.
NUM  18.
PAR  18. The tree transporting vehicle of claim 17 wherein said ejection means
      further includes selectively extendable fluid cylinder means operatively
      connecting said catch bed with said carriage frame assembly for
      selectively moving said catch bed forwardly and rearwardly with respect to
      said carriage frame between its retracted rear position and its extended
      forward position.
NUM  19.
PAR  19. The tree transporting vehicle of claim 18 wherein said ejection means
      further includes second latch means for releasably retaining said heel
      plate assembly in its rear third position with respect to said catch bed
      and in its first retracted position with respect to said carriage frame
      assembly when said catch bed is in its retracted rear position.
NUM  20.
PAR  20. The tree transporting vehicle of claim 16 wherein said positioning
      linkage includes height positioning means for selectively varying the
      height of said carriage frame assembly above said base subassembly from a
      raised position to a lower position where said carriage frame assembly is
      closer to said base subassembly in said lowered position than in said
      raised position, and tilt positioning means for selectively varying the
      tilt attitude of said carriage frame assembly with respect to the
      horizontal, said vehicle further including outrigger means selectively
      movable between an extended position engaging the ground in front of said
      base subassembly to increase the effective ground engaging area of said
      base subassembly and a raised position out of engagement with the ground
      in front of said base subassembly; and,
PA1  control means operatively interconnecting said height positioning means,
      said tilt positioning means and said outrigger means for selectively
      disabling said height positioning means unless said carriage frame
      assembly is in a predetermined tilt attitude with respect to the
      horizontal, for selectively disabling said tilt positioning means unless
      said carriage frame assembly is in said lowered position, and for further
      disabling said height positioning means unless said outrigger means is in
      its extended position engaging the ground in front of said base
      subassembly.
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ABST
PAL  A solid waste removal vehicle having a front loading mechanism for
      collecting, comminuting and compacting waste while being transferred into
      a container. The vehicle is further characterized by a driver cab and a
      loading assembly normally positioned in the path of ejection of the waste
      from the container, the cab and assembly each being independently
      swingable transversely of the path to an offset and unobstructing position
      to satisfy loading and ejecting conditions. A mechanism responsive to the
      swing of the cab automatically maintains the latter in its normal
      forward-facing position at all times to thereby provide optimum visibility
      for the driver or operator. Moreover, means are provided for steering the
      vehicle during normal and offset positions of the cab.
BSUM
PAR  This invention relates to material handling apparatus and more particularly
      to a mechanical system constructed and arranged to efficiently pick up,
      transfer and compact into a container a wide variety of materials ranging
      from loose or bagged trash to relatively large objects such as white
      goods, old stoves and refrigerators. The system is especially suitable for
      use on waste and garbage removal trucks, but is not so limited inasmuch as
      many other practical applications are feasible.
PAR  It is an object of this invention to provide an improved feeding mechanism
      for solid waste removal vehicles wherein the waste is comminuted,
      condensed, funneled and compacted into a container by a pair of
      longitudinally disposed convergent conveyors, one of which is yieldably
      mounted for transverse movement toward and away from the other.
PAR  Preferably, at least one of the convergent conveyors should be a screw or
      auger type adapted to tear, shred and comminute the waste pressed
      thereagainst by the opposing conveyor; however, other applications may
      require both conveyors to be a screw or auger type. By yieldably mounting
      one of the convergent conveyors, a spread will be produced by the
      engagement of relatively large waste objects which have not been
      sufficiently broken up by the screw conveyor, thus allowing such objects
      to pass into the container.
PAR  Another object of this invention is to provide a feeding mechanism of the
      class described, in combination with means positioned at the apex of the
      respective conveyor thrusts for yieldingly resisting the resultant thrust
      while further comminuting the waste. This further comminution permits
      condensation of the waste into a still smaller volume as it enters the
      container.
PAR  A further object of invention is to provide a waste removal vehicle having
      the above-mentioned improved feeding mechanism mounted on the front end
      thereof, in combination with a vertically swingable pickup conveyor for
      lifting piled waste and transferring it rearwardly to the feeding
      mechanism.
PAR  It is another object of this invention to provide a front loading and
      ejecting waste removal vehicle having a driver cab normally positioned in
      the ejection path of the waste, in combination with means for swinging the
      cab transversely to an offset position concurrently with maintaining the
      cab in its normal forward-facing position.
PAR  Yet another object of invention is to maintain a normal operative steering
      connection between the vehicle and the cab as the latter assumes various
      offset positions.
DRWD
PAR  Some of the objects of the invention having been stated, other objects will
      appear as the description proceeds when taken in connection with the
      accompanying drawings, in which,
PAR  FIG. 1 is a side elevation of a vehicle, with parts shown in section,
      depicting my improved loading and ejecting apparatus;
PAR  FIG. 2 is an elevation of the opposite side of FIG. 1;
PAR  FIG. 3 is an enlarged elevational view of the right-hand portion of FIG. 1,
      showing details of the loading assembly;
PAR  FIG. 4 is a rear elevation of the vehicle;
PAR  FIG. 5 is a front elevation of the vehicle, showing the conveyor components
      of the loading assembly, namely, an interfingered pickup unit, a
      convergent screw conveyor unit for receiving waste from the pickup unit,
      and a convergent interfingered conveyor disposed above the screw conveyor
      unit;
PAR  FIG. 6 is a transverse sectional view taken along line 6--6 in FIG. 3,
      showing the driving means for the screw conveyor unit;
PAR  FIG. 7 is an enlarged longitudinal sectional view through the loading
      assembly and taken along line 7--7 in FIG. 5;
PAR  FIG. 8 is a fragmentary top plan view taken along line 8--8 in FIG. 3,
      showing a portion of the convergent interfingered conveyor;
PAR  FIG. 9 is a fragmentary isometric view showing the actuating mechanism for
      the convergent interfingered conveyor;
PAR  FIG. 10 is a fragmentary isometric view showing the driving mechanism for
      the pickup interfingered conveyor unit;
PAR  FIG. 11 is a plan view of the front portion of the vehicle, showing the
      driver and helper cabs each in its normal bold-line position and in its
      dotted-line offset position;
PAR  FIG. 12 is a transverse sectional view taken along line 12--12 in FIG. 7,
      showing the waste breaker bars at the discharge end of the screw conveyor
      unit;
PAR  FIG. 13 is a sectional view taken along line 13--13 in FIG. 12;
PAR  FIG. 14 is an enlarged sectional view of the driver cab support arm, the
      elevation of which is shown in FIG. 2, said view showing details of the
      cab orientation mechanism and of the steering control mechanism;
PAR  FIG. 15 is a sectional plan view taken along line 15--15 in FIG. 14;
PAR  FIG. 16 is a sectional plan view taken along line 16--16 in FIG. 14;
PAR  FIG. 17 is an enlarged sectional view of the helper cab support arm, the
      elevation of which is shown in FIGS. 1 and 3;
PAR  FIG. 18 is an enlarged sectional view taken along line 18--18 in FIG. 17;
      and
PAR  FIG. 19 is a schematic view similar to a portion of FIG. 7, but showing a
      modified form of the invention in which both convergent conveyors are the
      screw type.
DETD
PAR  A better understanding of the invention will result from perceiving how the
      elements are incorporated in a garbage truck as described in detail below.
PAR  Referring more particularly to the drawings, the numeral 10 denotes an
      automotive vehicle having a chassis 11 and a rear compartment 12 in which
      the engine and certain of the accessories (not shown) are located. An
      elongated container 14 is mounted upon chassis 11 and disposed
      longitudinally of the vehicle, said container adapted to receive waste or
      other material deposited therein by means of my improved loading
      apparatus.
PAR  A suitable ejector assembly, such as shown in the Ferrari U.S. Pat. No.
      3,229,882, is disposed inside container 14 and adapted to discharge the
      deposited waste therefrom through front opening 16 (FIGS. 1, 2 and 6).
      This assembly consists of an ejector plate 18 slidably mounted upon
      longitudinally disposed guide rod 21, in combination with a plurality of
      telescoping cylinders 20 having one end thereof pivoted at stationary
      point 22 and its other end extending within housing 19 integral with the
      ejector plate 18. In order to advance the ejector plate forwardly,
      hydraulic fluid pressure is introduced into the retracted telescoped
      cylinders as shown in FIG. 1 to cause them to elongate in a well-known
      manner.
PAR  Briefly stated, the front loading apparatus according to the invention
      comprises: a closure frame unit 24 adapted to cover the upper portion of
      front opening 16, said unit being pivotally supported as at 25 to the
      upper portion of chassis 11; a ramp-type screw conveyor unit 26 having its
      upper end pivotally supported as at 27 to the lower free end portion of
      unit 24; an inclined interfingered pickup unit 30 having its upper end
      pivotally supported as at 31 by the lower free end of screw conveyor unit
      26; and an inverted interfingered conveyor unit 32 having its forward end
      pivotally supported as at 33 between laterally spaced side plates 24a of
      unit 24 and its rearward free end swingable toward and away from screw
      conveyor unit 26 disposed therebelow. It will be noted in FIG. 3 that the
      units 24, 26, 30 and 32 are each independently swingable vertically about
      a horizontal axis. In other words, unit 30 is swingable about pivot 31
      through arc 31a; unit 26 and the attached unit 30 are swingable about
      pivot 27 through arc 27a; unit 24 and the attached units 26 and 30 are
      swingable about pivot 25 through arc 25a; and unit 32 is swingable about
      pivot 33 through arc 33a.
PAR  The pickup unit 30 comprises a plurality of alternately spaced channels or
      fingers 36 and 37 (FIGS. 5, 6, 7, 10 and 11) rigidly mounted on transverse
      bars 38 and 39 by plates 40 and 41 respectively. Thus, all of the fingers
      36 are rigidly secured to bar 38 and all of the fingers 37 are rigidly
      secured to bar 39. Each end of bar 38 is supported by a pair of eccentric
      bearings 44 and 45 having eccentrics 46 and 47 rotatably mounted therein
      and fixedly secured on shafts 48 and 49 respectively (FIGS. 7 and 10).
      Similarly, each end of bar 39 is supported by a pair of eccentric bearings
      52 and 53 having eccentrics 54 and 55 rotatably mounted therein and also
      fixedly secured on shafts 48 and 49 respectively, said shafts 48 and 49
      being journalled in side plates 57 rigidly secured to the pivot shaft 31
      (FIG. 6). Shafts 48 and 49 are driven in the same direction and at the
      same rate by a motor 60 through chain 61 on sprockets 62, 63 and 64 (FIG.
      10).
PAR  It is important to note that the high points of eccentrics 46 and 47 are
      positioned on shafts 48 and 49 diametrically opposite the high points of
      eccentrics 54 and 55 respectively. By this arrangement of the eccentrics,
      the rotation of shafts 48 and 49 will cause bar 38 and the associated
      fingers 36 to bodily rotate and oscillate 180.degree. out-of-phase with
      the bar 39 and its associated channels 37. When collecting waste, the
      out-of-phase rotation causes the lower ends of fingers 36 and 37 to
      successively and alternately pass underneath the waste, lift it upwardly
      and transfer it rearwardly, thereby continuously conveying the waste
      toward the screw conveyor 26. The circular motion of the fingers also
      eliminates sliding action on the objects being transferred. Furthermore,
      by oscillating the two sets of fingers 36 and 37 about the same pair of
      shaft centers, a more rugged and simple construction is provided.
PAR  The vertical swinging movement of pickup conveyor 30 may be effected by any
      suitable means such as hydraulic rams 66 (FIGS. 3, 6 and 7). Each ram 66
      has its upper end pivotally secured as at 67 to a lever 68 integral with
      pivot shaft 31 and its lower end pivotally secured as at 69 to a
      transverse elongated gear box 70 of screw conveyor unit 26.
PAR  The unit 26 comprises a ramp 73 which is longitudinally alined with and
      positioned between the container opening 16 and the pickup unit 30, the
      upper end of said ramp being hinged as at 27 to the lower portion of
      closure frame unit 24 and its lower end rigidly connected to the
      transverse gear box 70 (FIGS. 3, 5-7 and 12). The bottom area of ramp 73
      has four parallel longitudinally disposed troughs 74 formed therein, the
      concave surface of each trough having a pair of longitudinally extending
      wear plates 75 which project upwardly about 1 inch and on which screws 77
      and 78 bear while rotating. During rotation, the screws react against the
      loose smaller particles of waste material to cause the latter to be
      transferred upwardly of the troughs 74. It will be noted that screws 77
      and 78 are rotatably mounted and driven at their lower ends while the
      upper ends are unattached. Of course, the upper ends of the screws may
      also be rotatably mounted in bearings located in the troughs, provided
      such bearings are sufficiently narrow or streamlined to offer no
      substantial blockage to the discharge of the material from the troughs.
      The lower ends of the screws 77 and 78 are rotatably mounted in gear box
      housing 70 (FIGS. 6 and 7), the lower end of each screw having a gear
      secured thereon, said gears and their respective screws being driven from
      a gear 81 of hydraulic motor 82 by means of a belt or chain 83.
PAR  Screws 77 and 78 are oppositely pitched and alternately positioned in the
      four troughs 74. By observing FIG. 6, it is apparent that the belt or
      chain 83 is mounted upon gears 80 so that the screws 77 and 78 will rotate
      in opposite directions. Thus, when the upper peripheries of a pair of
      oppositely pitched screws are rotated toward one another, a centering
      effect will be produced upon the material as it moves longitudinally up
      the conveyor 26.
PAR  In FIGS. 12 and 13, it will be noted that suitable spring loaded breaker
      bars 85 are located in the waste discharge path of each of the screws 77
      and 78. These bars are positioned at an obtuse angle with respect to the
      plane of discharge of the screws so that very solid and difficult-to-shred
      material may pass thereover concurrently with the yielding movement of the
      bars as described below.
PAR  More specifically, each bar 85 is pivotally mounted intermediate its ends
      on the screw conveyor hinge shaft 27, the upper end portion of the bar
      being yieldingly held against a stop 73a integral with the ramp 73 by
      means of a compression spring 86 positioned between the lower end of the
      bar and the ramp bottom. When the discharging material exerts excessive
      pressure, the upper ends of bars 85 will yield under spring tension to
      permit passage. At the same time, these bars further comminute the waste
      under the upwardly acting compaction force of the converging conveyor
      units 26 and 32.
PAR  The inverted interfingered conveyor unit 32 operates on the same principle
      as the previously described pickup conveyor unit 30, but is constructed so
      as to yieldingly condense and compress the waste into engagement with the
      screws 77 and 78 at the discharge point where the above-described breaker
      bars 85 function (FIGS. 7, 8 and 9). More particularly, the unit 32
      comprises a frame 87 having its forward end mounted on the previously
      mentioned pivot 33 and its rearward end swingable vertically toward and
      away from the discharge end portions of screws 77 and 78. Moreover, the
      rearward ends of units 26 and 32 converge to form a restricted passageway
      substantially coinciding with the lower portion of container opening 16,
      said passageway adapted to vary in size in response to the combined upward
      thrust of the units 26 and 32. In order to permit such size variation of
      the discharge opening, suitable hydraulic springs 88 are disposed between
      the pivot 89 on the free end of unit 32 and pivot 90 on the closure frame
      unit 24. When abnormally large solid unbroken objects reach the convergent
      end portions of the conveyor units, the springs 88 will yield to permit
      passage into the container opening 16.
PAR  Alternately spaced channels or fingers 91 and 92 are provided in unit 32
      and are driven to alternately rotate and oscillate and exert a resultant
      stress toward the discharge opening and the breaker bars 85. All of the
      fingers 91 are rigidly mounted upon transverse bars 93, 93 by plates 94;
      and all of the fingers 92 are rigidly mounted on transverse bars 95, 95 by
      plates 96 (FIG. 9). The two bars 93 and associated fingers 91 are
      supported at their forward and rearward end portions respectively by a
      pair of bearings 98 in which a pair of eccentrics 99 are journalled, said
      eccentrics being fixedly secured upon spaced shafts 100, 100 respectively,
      which in turn, are rotatably mounted in frame 87.
PAR  In a similar manner, the two transverse bars 95 and their associated
      fingers 92 are supported by a pair of bearings 102 in which a pair of
      eccentrics 103 are respectively journalled, the latter being fixedly
      mounted upon the previously described shafts 100.
PAR  Since the high sides of eccentrics 99 and 103 are positioned diametrically
      opposite one another on each of the shafts 100, the simultaneous rotation
      of the shafts in the proper direction will cause the fingers 91 and 92 to
      bodily rotate and oscillate 180.degree. out-of-phase to alternately
      compress and advance the waste material toward the discharge ends of units
      26 and 32.
PAR  Shafts 100 are driven at the same rate and direction by a hydraulic motor
      105, the shaft of said motor being provided with drive sprockets 106 and
      107 (FIG. 8). Sprocket 106 drives a sprocket 108 on the forwardly
      positioned shaft 100 by means of a chain 109, while the sprocket 107
      drives a sprocket 111 on the rearwardly positioned shaft 100 by means of a
      chain 112. As previously stated, the inverted interfingered conveyor unit
      32 supplements the upward thrust of screw conveyor 26 while compressing
      the material into screws 77 and 78 which, in turn, tear and cut it into
      finer objects. In addition, both conveyors converge, compress and funnel
      the material against breaker bars 85 where further commination occurs.
PAR  In garbage truck applications, the pickup, screw and inverted conveyor
      units 26, 30 and 32 are preferably mounted on the front end of the truck
      having suitable driver and helper cabs 114 and 115 positioned above them.
      This arrangement is especially good for visibility and safe operation.
      Hence, the driver can move the truck to pick up a pile of rubbish at the
      speed he perceives to be optimum, and at all times see clearly any
      obstructions or hazards involving workmen and any other persons. This
      gives automatically a safer operation than is possible with any rear
      loading system. By mounting cabs 114 and 115 on appropriate supports, they
      may be moved laterally to clear the front end of the truck as shown in
      dotted lines in FIG. 11, after which the closure frame unit 24 and
      attached units 26 and 30 may be swung upwardly about pivots 25 to the
      dotted-line position shown in FIGS. 1 and 2 to completely uncover the
      front container opening 16, whereby the compacted contents in the
      container may be discharged by the above-described ejector assembly 15.
      This front discharge feature, in combination with the cab offset feature,
      has many advantages including a high visibility profile and better driver
      control at discharge centers where lower turn-around times would result as
      compared with conventional rear loading and rear ejection trash and
      garbage trucks.
PAR  During a waste loading operation, all of the upper portion of container
      opening 16 is closed by means of plate 24b secured upon frame unit 24 and
      by means of plate 34. The lower end of plate 34 is pivotally secured as at
      34a to the free end of unit 32, the upper portion of said plate being
      slidably mounted in guideways 35 secured to frame unit 24. By so mounting
      plate 34, the restricted discharge opening at the convergent end of units
      26 and 32 may vary in size while maintaining the remainder of the
      container opening 16 closed.
PAR  The hydraulic rams 28, 29 and 66 for lifting units 24, 26 and 30
      respectively, as well as the accessories 82, 88 and 105, may be controlled
      from driver cab 114 by conventional means, not shown.
PAR  It will be observed in FIGS. 2, 14, 15 and 16 that the driver cab 114 is
      mounted upon the free end of a laterally swingable support 117 consisting
      of a cab-supporting arm 118 at one end and forked arms 119 and 120 at the
      other, the last two of said arms being pivotally secured to chassis 11
      about vertically alined pins or shafts 122 and 123 respectively. The
      bottom of cab 114 is anchored to the upper end of a vertically disposed
      shaft 121 rotatably mounted in the arm 118.
PAR  The helper cab 115 is mounted upon a substantially opposite hand support
      117' in a similar manner, said arm 117' also having forked arms 119' and
      120' pivotally secured to the chassis 11 as at 122' and 123' and a helper
      cab support arm 118' (FIGS. 1, 11, 17 and 18).
PAR  The supports 117 and 117' each are provided with a chain and gear
      arrangement that keeps the associated cab oriented or facing in the same
      forward direction regardless of its laterally offset position. Since these
      arrangements are identical, only the arrangement for support 117 and
      driver cab 114 will be described, and like reference numerals with prime
      notations added will be applied to corresponding parts for the helper cab
      arrangement.
PAR  The orientation arrangement associated with support 117 and cab 114 (FIGS.
      14-16) comprises sprocket 124 fixedly secured on shaft 121, said sprocket
      having a chain 125 mounted thereon and also on a sprocket 126, the latter
      sprocket being fixedly secured on vertically disposed rotatable shaft 127.
      On the upper end of shaft 127 is fixedly secured a sprocket 128 upon which
      a chain 129 is mounted, said chain being also mounted upon a sprocket 130
      concentric with pivot pin 122. Sprocket 130 is non-rotatable and fixedly
      secured to chassis 11 as at 131 by welding or the like. Suitable slack
      adjusting devices 133 and 134 are employed in association with each of the
      chains 125 and 129.
PAR  From the above-described arrangement, it will be observed that as cab 114
      is bodily swung laterally through any angle, the cab will simultaneously
      rotate reversely with shaft 121 through the same angle to thereby maintain
      the front face of the cab in parallel forward-facing positions.
PAR  Direct steering of the vehicle from the driver cab 114 is available in
      normal as well as cab offset positions by means of a chain and sprocket
      connection between the steering column 136 and the wheels 138 (FIGS. 2, 14
      and 16). More specifically, this connection consists of a sprocket 139 at
      the base of column 136, said sprocket having a chain 140 mounted thereon
      and also mounted on one section of a twin sprocket 141 loosely mounted
      upon shaft 121. A chain 142 is mounted upon the other section of twin
      sprocket 141 and also on a sprocket 143 fixed upon vertical shaft 144,
      said shaft 144 having a sprocket 145 fixedly secured thereon. A chain 146
      connects sprockets 145 and 147, the latter sprocket being fixedly secured
      upon shaft 123 which, in turn, is operatively connected to any suitable
      conventional direction control unit 137 for the wheels 138.
PAR  In FIG. 19, a screw-type conveyor unit is substituted for the interfingered
      inverted unit 32, thereby employing two convergent screw-type conveyor
      units. The substitute unit is designated by reference numeral 150 and is
      comprised of one or more inverted channeled troughs 74' having screw or
      screws 151 mounted therein by means of gear box 70' at one end and a
      bearing 84 at the other end, the latter bearing being preferably narrow or
      streamlined so as to offer a minimum obstruction to the flow of the waste.
      The driving arrangement for unit 150 may be substantially the same as
      described for unit 26.
PAR  Although three conveyors 26, 30 and 32 are illustrated and described for
      use in mechanically loading waste material from the street level, it is to
      be understood that the invention contemplates manual loading as well. For
      example, the interfingered lowermost unit 30 may be rendered inoperative
      or entirely eliminated when manual loading only is contemplated while
      retaining the two convergent conveyors 26 and 32, or 26 and 150, which
      constitute critical features of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a waste pickup and ejecting vehicle having a waste container with an
      opening therein at the front of said vehicle, and means in said container
      for ejecting waste through said opening, the combination of a
      waste-receiving channelled ramp having its upper end communicating with
      the lower portion of said opening and its lower end extending forwardly of
      the latter, means carried by said ramp for conveying waste upwardly
      thereof and into said opening, a forward-facing driver cab positioned
      above the communicating end of said ramp and in front of the upper portion
      of said opening; means for swinging said cab to a position to expose said
      opening; said means carried by said ramp for conveying waste comprising a
      plurality of screws disposed longitudinally of said ramp channels for
      thrusting said waste upwardly thereof, said screws being rotatable
      substantially in a common plane; additional means comprising a plurality
      of yieldably mounted parallel bars extending longitudinally relative to
      said ramp for movement toward and away from said screws, said bars each
      being bodily rotatable in a plane disposed at right angles to said common
      plane, and means for rotating alternate bars successively into engagement
      with said waste to thrust the latter upwardly toward said opening whereby
      a convergent thrust is produced to supplement the upward thrust of said
      screws.
NUM  2.
PAR  2. A vehicular pickup mechanism as defined in claim 1 wherein said ramp
      comprises at least one pair of parallel troughs, and wherein said screw
      means comprises a pair of oppositely pitched screws respectively mounted
      in said troughs.
NUM  3.
PAR  3. A vehicular waste pickup mechanism as defined in claim 2 and further
      comprising means for rotating said oppositely pitched screws in opposite
      directions to center the waste material above and between the screws as it
      is conveyed longitudinally by said screws.
NUM  4.
PAR  4. A vehicular pickup mechanism as defined in claim 1 and further
      comprising means for collecting and delivering waste to the lower portion
      of said ramp and associated screw means, said collecting and delivering
      means also including a plurality of parallel fingers each bodily rotatable
      in a plane disposed at right angles to said common plane, and means for
      rotating alternate fingers of said collecting and delivering means
      successively into engagement with said waste to collect and transfer it to
      said ramp.
NUM  5.
PAR  5. A waste pickup and ejecting vehicle as defined in claim 1 and further
      comprising means for swinging said ramp upwardly to expose said opening
      when said cab is in its position to expose said opening.
NUM  6.
PAR  6. A waste pickup and ejecting vehicle as defined in claim 1 and further
      comprising means operable from said swingable cab for steering said
      vehicle.
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ABST
PAL  A control system for crane-excavators and the like wherein a metering valve
      is connected by fluid lines to the control cylinder for the load carrying
      member, such as a boom or dipper arm. A check valve and a spring biased
      relief valve are disposed in the fluid line on the down side of the
      external force created by the weight of the load carrying member on the
      cylinder. To prevent pressure peaking in both the upside and downside
      lines, as well as improper check and relief valve operation when the
      metering valve is moved to neutral, the metering valve is constructed to
      connect the downside line to the drain tank when the valve is in neutral
      position.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to an improved load holding device for mobile power
      crane-excavators and the like. More particularly, the invention is
      directed to a device to improve the operation of check and relief valves
      inserted in the fluid line between a metering control valve and a function
      cylinder.
PAR  In power crane-excavators having a load carrying member such as a boom or
      dipper arm, a metering valve is often connected via fluid lines to the
      cylinder for the load carrying member to control the operation of the
      latter, such as in lowering and raising. For protection purposes, a
      one-way holding or check valve and a spring biased fluid relief valve have
      been inserted in parallel into the fluid line on the down side of the
      external force created by the weight of the load carrying member on the
      cylinder.
PAR  In such devices the metering valve is actuatable to connect pumped fluid to
      the desired cylinder side while the other cylinder side is opened to a
      fluid supply tank or drain. During lowering of the load carrying member,
      the fluid relief valve is overcome by the fluid pressure force. In
      addition, when the metering valve is in neutral position, the pump has
      been connected through the valve to the supply (or drain) tank to provide
      continuous circulation of fluid.
PAR  Heretofore, and upon shifting of the metering valve to neutral from an
      operating mode, certain undesirable phenomena have been observed. Pressure
      peaking and reverberations in both the said upside and downside lines have
      been noticed, which could cause line rupture, undesirable chatter-type
      opening of the check valve, as well as cyclic fatigue of the hydraulic
      system and structural load carrying members. In addition, it has been
      found that the fluid relief valve would not open under overload weight at
      the pressure it was set for, but rather required an additional amount of
      load pressure before opening. The design of these systems to operate
      properly under varying conditions of load and speed has therefor been
      rendered very difficult.
PAR  To the knowledge of the inventor, the cause of the aforementioned phenomena
      was previously unknown.
PAR  The present invention is based on the discovery by the present inventor of
      the said cause, and of a solution to the problems mentioned. In accordance
      with the invention, the cause was determined to be the fact that
      heretofore, and when the metering valve was in neutral, the said downside
      line was closed to the drain tank. Thus, when the valve was moved from an
      operating mode (wherein the down line was full of fluid) to neutral or
      load holding position, the fluid in the downside line would become
      suddenly trapped throughout the full length thereof, between the valve and
      cylinder. This was discovered to cause back pressures and the resultant
      pressure peaking and fluid reverberations. Furthermore, with no escape to
      drain available, the downside line was essentially permanently filled with
      pressurized fluid. The spring biased pressure relief valve therefor would
      not open at its normal set pressure, because any abnormal load weight
      would have to overcome not only the spring biasing force but also the
      fluid pressure in the blocked line before the valve would open.
PAR  After the discovery of the cause of the problem, the inventor has developed
      a simple yet unique solution to it. In accordance with the invention, the
      metering valve has been modified so that the downside line is opened to
      drain when the metering valve is in neutral. Thus, when the valve is
      shifted from operating mode to neutral, fluid in the down line downstream
      of the check and relief valves immediately drains to tank. Pressure
      peaking is substantially reduced and the relief valve will operate
      directly in accordance with its set spring biasing force.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawing illustrates the best mode presently contemplated
      by the inventor for carrying out the invention.
PAR  In the drawing:
PAR  FIG. 1 is a schematic side elevation of a mobile power crane-excavator
      embodying the inventive concept; and
PAR  FIG. 2 is a circuit diagram for the embodiment of the invention disclosed
      herein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1 of the drawing, the concept of the invention is
      adaptable for use in a material handling crane-excavator type device
      mounted on crawler treads 1 and which includes a platform 2 pivotable or
      swingable about an upright axis 3. Platform 2 supports an operator's cab 4
      as well as a rear end enclosure 5 for equipment or the like.
PAR  Suitable means are provided to drive treads 1 forward and backward, and to
      swing platform 2 about axis 3. For this purpose, a hydraulic travel motor
      6 is connected as by a suitable drive connection 7 to treads 1. Similarly,
      a hydraulic swing motor 8 is connected by a suitable drive 9 to the
      platform support 10 which is suitably mounted for rotation about axis 3.
PAR  Suitable framework, not shown, is also mounted on platform 2 for supporting
      the various operating elements. The framework supports a first load
      carrying member or boom 11 with a second load carrying member or dipper
      arm 12 pivoted thereon, and with a third load carrying member or dipper 13
      pivoted to the end of arm 12. One or more boom cylinders 14, dipper arm
      cylinders 15 and dipper cylinders 16 are mounted to their respective
      elements in the usual well-known manner.
PAR  The inventive concept may be applied to any load carrying member which is
      under the influence of such forces as gravity, springs or the like. It
      therefor may be applied to any of the three aforementioned elements 11, 12
      or 13 and their functions. For purposes of brevity, it will be described
      only in connection with boom 11 and a single cylinder 14 therefor.
PAR  As best shown in FIG. 2, the opposite upside and downside ends of double
      acting boom control cylinder 14 are respectively connected through
      hydraulic fluid lines 17 and 18 to a metering control valve 19 of the
      spool type. Line 17 is shown on the up side of cylinder piston 20, while
      line 18 is on the down side thereof so that the latter line is subjected
      to the external load forces applied by the weight of boom 11 on piston 20.
PAR  In the embodiment shown, a pair of valves are disposed on the down side of
      cylinder 14. A one way holding valve such as ball check valve 21 is
      disposed in line 18 to prevent sudden dropping of the load. In addition, a
      relief valve 22 is also disposed in line 18a in parallelism with valve 21.
      Valve 22 may be of any suitable well-known type which is pre-settable to
      open upon the application of a hydraulic pressure force greater than the
      selected biasing force. As an example, valve 22 may be set to open when
      the hydraulic pressure load on a spring 23 reaches 6000 pounds. This would
      represent the maximum safe limit of load on boom 11. Anything beyond that
      would represent an overload and open valve 22.
PAR  Metering valve 19 is provided with an elongated valve body 24 which is
      connected to a reservoir of hydraulic fluid such as a sump or tank 25, as
      by a supply line 26 and a drain line 27. Line 26 is provided with a
      suitable pump 28, and connects to a central pressurized inlet passage 29
      and selectively to end passages 30, 31 in valve body 24, as will be
      discussed. Drain line 27 is branched and connects end passages 30, 31 to
      tank 25. A pair of work ports 32, 33 are also disposed in body 24 inwardly
      of end passages 30, 31, with port 32 connected to upside line 17 and port
      33 connected to downside line 18.
PAR  Metering valve 19 includes a spool 34 which is shiftable within body 24
      against the force of double acting spring means 35 which acts to keep the
      spool in neutral position, as shown. The shifting means may comprise an
      air cylinder 36 operated by a manually actuated boom control air valve 37,
      as disclosed in U.S. Pat. No. 3,578,787.
PAR  When spool 34 is shifted downwardly, valve passage 29 will connect through
      the spool to port 33 and line 18, which is closed to drain; while line 17
      and port 32 will connect to drain through passage 30 and line 27. This
      will extend cylinder 14 toward its boom raised position. When spool 34 is
      shifted upwardly, valve passage 29 will connect to port 32 and line 17,
      which is closed to drain; while line 18 and port 33 will connect to drain
      through passage 31 and line 27. Relief valve 22 will open under the
      pressure from piston 20 which comprises the combined additive effect to
      fluid pressure in line 17 plus the pressure caused by the weight of the
      boom load. This total pressure is in excess of the relief valve pressure
      setting and will retract cylinder 14 toward its boom lowered position.
PAR  The invention contemplates a means for eliminating the heretofore described
      phenomena which occurred when the spool was shifted back into neutral from
      the raising mode. (At this time, and as shown in FIG. 2, the spool
      connection between upside line 17 and drain line 27 is blocked.) For this
      purpose, downside line 18, which heretofore has only been opened to drain
      when the spool was in its boom lowering position (i.e. up), is according
      to the invention now opened to drain on the downstream side of valves 21
      and 22 when spool 34 is in neutral. In this embodiment, the relieving
      connection is accomplished by an annular longitudinally extending bridging
      passage 38 formed between valve body 24 and spool 34, and connecting port
      33 with drain passage 31.
PAR  Bridging passage 38 causes downside line 18 to empty downstream of valves
      21 and 22 when the spool is moved from a load-raising mode to a neutral or
      load-holding mode. Under these circumstances, any hydraulic resistance in
      line 18 downstream of valves 21 and 22 is removed. There can be no
      pressure peaking or reverberations in line 18, check valve 21 will not
      chatter, and relief valve 22 is free to operate thereafter in exact
      accordance only with its set pressure relationship to the upside line
      pressure and load weight and free of said resistance.
PAR  While the embodiment shown primarily utilizes hydraulic fluid, any other
      fluid such as air may be used without departing from the inventive
      concept. Similarly, other relief and check valves may be incorporated in
      the circuit as needed. In addition, other material handling devices than
      the one disclosed herein may incorporate the inventive concept to
      advantage.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a material handling apparatus having a load carrying member under the
      influence of gravity or the like, a control system comprising:
PA1  a. a double acting cylinder connected to said load carrying member for
      raising and lowering the latter,
PA1  b. a control valve connected to a drain and comprising a valve body having
      a spool therein,
PA1  c. means to shift said spool between a neutral load holding mode and load
      raising and load lowering modes,
PA1  d. upside and downside fluid lines disposed between said valve body and the
      respective upside and downside ends of said cylinder,
PA1  e. said downside line being closed to said drain when said spool is in load
      raising mode, and being open to said drain when said spool is in load
      lowering mode,
PA1  f. a check valve and a relief valve disposed in parallelism in said
      downside line with said relief valve being responsive to a set pressure,
PA1  g. means to create a pressure in the said upside line which when added to
      the pressure caused by the weight of said load carrying member produces a
      total pressure in said downside line in excess of said set pressure for
      opening said relief valve, said pressurizing means being responsive to
      shifting of said spool out of neutral mode by said shifting means,
PA1  h. and a bridging passage in said control valve between said valve body and
      said spool to connect said downside line to said drain whenever said spool
      is in neutral mode to thereby drain fluid in said downside line downstream
      of said check valve and said relief valve so that no resistance exists in
      said downside line against the opening of said relief valve at its set
      pressure,
PA1  i. the control valve connection between said upside line and said drain
      being blocked when said spool is in both said load lowering and neutral
      modes.
NUM  2.
PAR  2. In a material handling apparatus having a load carrying member under the
      influence of gravity or the like, a control system comprising:
PA1  a. a double acting cylinder connected to said load carrying member for
      raising and lowering the latter,
PA1  b. a control valve connected to a drain and comprising a valve body having
      a spool therein,
PA1  c. means to shift said spool between a neutral load holding mode and load
      raising and load lowering modes,
PA1  d. upside and downside fluid lines disposed between said valve body and the
      respective upside and downside ends of said cylinder,
PA1  e. said downside line being closed to said drain when said spool is in load
      raising mode, and being open to said drain when said spool is in load
      lowering mode,
PA1  f. a check valve and a relief valve disposed in parallelism in said
      downside line with said relief valve being responsive to a set pressure,
PA1  g. means to create a pressure in the said upside line which when added to
      the pressure caused by the weight of said load carrying member produces a
      total pressure in said downside line in excess of said set pressure for
      opening said relief valve, said pressurizing means being responsive to
      shifting of said spool out of neutral mode by said shifting means,
PA1  h. and means to remove any hydraulic resistance occurring in said downside
      line downstream of said check valve and relief valve when said spool is
      moved into neutral mode so that said relief valve will thereafter open in
      accordance only with its said set pressure relationship to said upside
      line pressure and said load weight and free of said resistance,
PA1  i. said hydraulic resistance removal means comprising a bridging passage in
      said control valve between said valve body and said spool to connect said
      downside line downstream of said check valve and said relief valve to said
      drain whenever said spool is moved into neutral mode.
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ABST
PAL  A containment coating for glass containers. The composition includes a
      principal film-forming constituent comprising an acrylate latex containing
      a particulate resin comprising a copolymer of acrylonitrile and ethyl
      acrylate. The coating also contains at least one additional latex whose
      presence enhances the containment properties of the film after curing. Two
      such auxiliary latexes exhibit this capability and the coating composition
      contains either or both of them. One of these is a vinyl latex whose resin
      solids comprise a copolymer of ethylene and vinyl acetate. The other is a
      vinyl/acrylic latex whose resin solids comprise a copolymer of vinyl
      acetate and a lower alkyl acrylate. Hexamethoxymethylmelamine or a
      methylated urea-formaldehyde resin is included as a cross-linking agent
      and either polyacrylamide or a high molecular weight water-soluble
      polyethylene oxide resin is present as a thickener and a thixotrope. A
      method of producing a novel coated glass container of improved mechanical
      service strength is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of glass containers and more
      particularly to a container of improved mechanical service strength and
      shatter resistance having an outside containment coating constituted by a
      plastic film.
PAR  In the container industry, substantial efforts have been devoted to
      developing methods for improving the impact and burst strength of glass
      containers without significantly adding to the cost of producing such
      containers. Improvement in impact and burst strength can provide not only
      important economic benefits through reduced attrition, but can also make
      critical contributions to the personal safety of those who fill, handle
      and use glass containers.
PAR  A substantial effort has been underway in the art to develop containment
      coatings which improve the resistance of a glass beverage container to
      impact or burst failure. In recognition of the fact that prevention of
      such failure under all possible conditions of handling is an objective
      whose economical attainment is difficult, if not impossible, much effort
      has also been devoted to the development of means for mitigating the
      consequences of the failure of a glass container. Thus, important objects
      have been to minimize both the degree of fragmentation and the extent of
      scatter of the fragments produced when a glass bottle fails.
PAR  Each of the properties of the impact resistance, burst strength, resistance
      to fragmentation and minimization of scatter is particularly important
      where a beverage bottle is used for packaging a carbonated beverage.
      Bottles for carbonated beverages are routinely exposed to internal
      pressures in the range of of about 50 psig. If and when such a bottle is
      broken, the resulting fragments can be propelled at high velocity by the
      carbon dioxide. If these fragments strike a person, serious injuries may
      result. Occasionally, a beverage bottle explodes due to the force of
      internal pressure alone. Serious injuries have been caused by exploding
      beverage bottles.
PAR  As a means of improving the mechanical properties of beverage bottles in
      the above-noted respects, it has been proposed to provide such bottles
      with a "containment" or protective coating. Compositions and processes are
      known, for example, which may be utilized to provide a glass container
      with a relatively thick coating of styrene foam. Styrene foam coatings are
      esthetically undesirable since they are white and opaque, thus preventing
      observation of the contents of the bottle. Glass containers also are known
      to have an outer lubricating film of polyethylene over an intermediate
      layer of a metal oxide, such as tin or titanium oxide, for abrasion
      protective purposes. However, these do not in themselves provide
      satisfactory impact resistance and containment.
PAR  As a result of the conditions encountered in the filling, handling and
      usage of a beverage bottle, a containment coating must meet a number of
      diverse criteria in addition to the mechanical properties noted above.
      Thus, in order to maintain its own integrity and effectiveness, the
      coating should be substantially resistant to abrasion. To avoid
      interference with visual observation of the bottle's contents, the coating
      preferably possesses a high degree of clarity. To survive general usage
      and, in particular, to survive bottling plant processing, the coating
      should be resistant to both alkali and hot water. In order to minimize
      fire hazards in the process of coating the bottle, the containment coating
      composition should not include significant proportions of flammable
      organic solvents, and desirably should be water-based. Finally the
      containment coating must be inexpensive to formulate and apply, failing
      which its use and application to beverage bottles is not feasible or
      practically economic.
PAR  A useful containment composition is described in the coassigned application
      of McCoy and Sharpe, Ser. No. 189,392, filed Oct. 14, 1971, now U.S. Pat.
      No. 3,772,061 dated Nov. 13, 1973. The coatings described in this
      application have a high degree of clarity and alkali resistance and are
      also characterized by a relatively high degree of lubricity which
      minimizes damage which might otherwise be incurred in the handling
      incident to the bottle manufacturing process. The coatings described in
      the aforesaid patent also provide protection against abrasion, impart
      improved burst and impact strength, and reduce the extent of fragmentation
      and scatter in the event that a bottle to which they have been applied
      does fail. Although the coatings described by McCoy and Sharpe are
      substantially superior to many previously known coatings in protecting a
      bottle against burst and shatter, a continuing need has existed for
      further improvement in coating compositions adapted for this purpose.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the present invention, therefore, may be noted
      the provision of a coating composition which, when applied to the surface
      of a glass container and cured, imparts improved impact strength to such
      containers; the provision of such a composition which yields a cured
      coating imparting improved burst strength retention to the container; the
      provision of a composition of the character described which yields a cured
      coating which retards both the degree of fragmentation and the extent of
      scatter of the glass should the container break; the provision of such a
      composition which yields a transparent coating of satisfactory clarity;
      the provision of such a composition which yields a coating resistant to
      both alkali and hot water; the provision of such a composition which is
      water-based and does not require the presence of flammable organic
      solvents; the provision of a novel glass container having such a cured
      composition adhered to the outside surface thereof; and the provision of a
      method for imparting improved mechanical service strength to a glass
      container with such compositions. Other objects and features will be in
      part apparent and in part pointed out hereinafter.
PAR  Briefly, therefore, the present invention is directed to a thixotropic
      composition which is useful in forming the containment coating for glass
      containers. The basic constituent of the composition is an acrylate latex
      containing a particulate resin comprising a copolymer of acrylonitrile and
      ethyl acrylate. The composition further includes up to about 40 parts by
      weight per 100 parts by weight of said acrylate latex of a vinyl latex
      containing a particulate resin comprising a copolymer of ethylene and
      vinyl acetate and up to about 40 parts by weight per 100 parts by weight
      of said acrylate latex of vinyl/acrylic latex containing a particulate
      resin comprising a copolymer of vinyl acetate and a lower alkyl acrylate.
      The sum of the proportions of the vinyl latex and the vinyl/acrylic latex
      is between about 15 and about 40 parts by weight per 100 parts by weight
      of the acrylate latex and the total resin solids content of the
      composition is at least about 45% by weight. As a cross-linking agent, the
      composition further includes between about 1.8 and about 7.5 parts by
      weight per 100 parts by weight of said acrylate latex of a cross-linking
      agent selected from the group consisting of hexamethoxymethylmelamine and
      a methylated urea-formaldehyde resin. Also included in the composition is
      a proportion of a thickening agent selected from the group consisting of
      polyacrylamide and a high molecular weight water-soluble polyethylene
      oxide resin sufficient to impart to the composition a Brookfield viscosity
      of between about 2,000 and about 9,000 cps at 1 rpm and a Brookfield
      viscosity of between about 600 and 2,400 cps at 5 rpm.
PAR  The invention is also directed to a glass container having adhered to the
      outside surface thereof a cured containment coating derived from curing
      the above-described coating composition.
PAR  The invention is also directed to a method of imparting improved mechanical
      service strength to a glass container. The method comprises the steps of
      contacting the outside surface of the container with the above-noted
      coating composition; and curing such composition to provide a containment
      coating which increases the container's resistance to both breakage and
      abrasion.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention constitutes a significant improvement in containment
      coatings of the type described by McCoy and Sharpe in the aforesaid U.S.
      Pat. No. 3,772,061. In accordance with the instant invention, it has now
      been discovered that the properties of the cured film may be materially
      enhanced by including an auxiliary latex in a McCoy and Sharpe type
      coating composition. The auxiliary latex may be a vinyl latex whose resin
      solids comprise a copolymer of ethylene and vinyl acetate or a
      vinyl/acrylic latex whose resin solids comprise a copolymer of vinyl
      acetate and a lower alkyl acrylate. Alternatively, both the vinyl latex
      and the vinyl/acrylic latex may be included in the coating composition.
PAR  The coating composition of the present invention may be readily applied to
      the surface of a glass container, as by dipping, and is readily cured into
      a relatively clear, glossy, tough and adherent coating on the outer
      surface of the container. The coating typically has a thickness on the
      order of 2-4 mils, depending on the conditions under which the container
      is contacted with the coating composition. The cured coating is not
      severely affected by immersion in hot alkali solution. If sufficiently
      cured, the coating is resistant to 3 percent alkali solution containing
      2.5 percent sodium hydroxide and 0.5 percent trisodium phosphate at
      120.degree.-150.degree. F. for about 10-30 minutes. After exposure to line
      simulation abrasion, the coated containers of this invention exhibit burst
      strengths substantially higher than the burst strengths of standard
      production bottles which have been similarly exposed to line simulation
      but have not received the coating composition of the invention. Moreover,
      the coated bottles of the present invention are distinctly superior to
      that of McCoy and Sharpe U.S. Pat. No. 3,772,061 with respect to degree of
      fragmentation and scatter of fragments when subjected to drop tests.
PAR  The coated container of the invention possesses a high degree of abrasion
      resistance and is well adapted to the receipt of a thin exterior film of
      polyethylene which provides a high degree of lubricity and further
      contributes to the resistance of the container to abrasion during
      processing and handling.
PAR  The abrasion resistance imparted by the cured coating, particularly where
      an outer coating of polyethylene is included, is especially advantageous
      in the case of bottles which have been subjected to chemical strengthening
      by means of ion exchange. Methods are known in the art by which a thin
      layer adjacent the outside surface of a bottle is placed under compressive
      stress by exchanging the principal cations thereof for other cations of
      either larger or smaller ionic diameter. The provision of a thin
      compressed "ion exchanged" outer layer substantially increases the
      strength of the bottle, but due to its lack of substantial thickness, such
      a layer is highly subject to damage on abrasion, with consequent loss of
      the extra strength which the layer originally imparts. The presence of an
      abrasion resistant outer coating derived from the coating compositions of
      the invention protects the thin compressively-stressed layer from damage,
      and preserves the strength which it imparts to the bottle.
PAR  In addition to substantially improving the serviceability and handling
      safety of glass containers, the compositions of the present invention are
      relatively inexpensive to formulate and apply. Since they are water-based,
      moreover, the compositions need not contain any flammable organic
      solvents, thus avoiding any significant first hazards in the process of
      their application and curing.
PAR  The principal film-forming constituent of the composition of the invention
      is an acrylate latex which preferably contains at least about 45% by
      weight or more resin solids. The preferred latex constituent is that sold
      under the trade designation "Hycar 2600 .times. 138" by the B. F. Goodrich
      Company. This latex as a specific gravity of about 1.07 and contains
      approximately 50% by weight of a particulate resin constituted by a
      copolymer of acrylonitrile and ethyl acrylate. Approximately 70% by weight
      of the repeating units of the resin copolymer are derived from ethyl
      acrylate, and approximately 30% by weight of the repeating units of the
      copolymer are derived from acrylonitrile. The specific gravity of the
      resin is about 1.14. The emulsifying agent in the latex is a synthetic
      anionic surfactant. As those skilled in the art will recognize, other
      copolymers of acrylonitrile and ethyl acrylate having the necessary resin
      solids content could be substituted for the copolymer utilized in "Hycar",
      and various other surfactants could be substituted for the emulsifying
      agent present therein.
PAR  Substantial enhancement of the toughness and containment properties of the
      cured film is realized by the inclusion of a vinyl latex whose resin
      solids comprise a copolymer of ethylene and vinyl acetate and/or a
      vinyl/acrylic latex whose resin solids comprise a copolymer of vinyl
      acetate and a lower alkyl acrylate. In this context, lower alkyl includes
      alcohol residues containing up to about 8 carbon atoms. Either the vinyl
      latex, the vinyl/acrylic latex or a combination thereof may constitute up
      to 40 parts by weight of the composition per 100 parts by weight of the
      acrylate latex. To realize a significant improvement of containment
      properties, the sum of the proportion of the vinyl latex and vinyl/acrylic
      latex should be at least about 15 parts by weight per 100 parts by weight
      of the acrylate latex. When used as a component in the composition of the
      invention, each of these latexes should have a resin solids content of at
      least about 45% by weight.
PAR  Either the vinyl latex or the vinyl/acrylic latex contributes to improved
      containment properties of the cured film. The vinyl latex containing
      ethylene/vinyl acetate resin solids is slightly superior in its
      contribution to containment properties but the vinyl/acrylic latex
      containing vinyl acetate/acrylic ester resin solids is significantly
      superior in its contribution to water and alkali resistance, and on
      balance, therefore, the vinyl/acrylic latex is preferred. In a
      particularly preferred embodiment of the invention, the coating
      composition contains approximately 25 parts by weight of the vinyl/acrylic
      latex containing at least about 45% by weight resin solids.
PAR  Among the vinyl latexes which have been found useful in the composition of
      the invention are those sold under the trade designations "Airflex 120"
      and "Airflex 500" by Air Products and Chemicals, Inc. The resin component
      of each of these latexes contains a relatively high proportion of vinyl
      acetate which constitutes greater than 50% by weight with the balance
      being predominantly ethylene. "Airflex 120" has a minimum resin solids
      content of 52% by weight, utilizes an anionic surfactant system, and has a
      viscosity of 800-1,200 cps measured on a Brookfield LVF viscometer at 60
      rpm and 77.degree. F. A film produced from this latex has a glass
      transition temperature of -20.degree. C., an ultimate tensile strength of
      600 psi, and an ultimate elongation of 285%. "Airflex 500" has a minimum
      solids content of 55% by weight, a viscosity range of 200-500 cps measured
      on a Brookfield viscometer Model LVF at 60 rpm and 25.degree. C. and a pH
      range of 5.0-5.6.
PAR  A highly desirable vinyl/acrylic latex is that sold under the trade
      designation "Polyco 2114" by the Borden Chemical Company. This latex has a
      resin solids content of 46.+-.1% and a resin solids particle size of
      0.5.mu.. It exhibits a Brookfield viscosity of 500-1,200 cps at 30 rpm
      using a No. 3 spindle and a pH at 25.degree. C. of 4.5-5.5.
PAR  Either hexamethoxymethylmelamine or a methylated urea-formaldehyde resin
      may serve as a cross-linking agent in the curing of the coating
      composition of the invention. The pressure of between about 1.8 and about
      7.5 parts cross-linking agent per 100 parts by weight acrylate latex in
      the coating formulation promotes the formation of a cured coating film of
      high strength and hardness which is resistant to both hot water and
      alkali. A hexamethoxymethylmelamine especially suitable for use in the
      invention is that sold under the trade designations "Cymel 300", "Cymel
      301" or "Cymel 303" by American Cyanamid Company. A useful methylated
      ureaformaldehyde resin is that sold under the trade designation "Beetle
      60" by American Cyanamid Company.
PAR  The viscosity of the coating composition determines both the wet film
      thickness obtained in application of the coating to the surface of a
      container and the resistance of the wet film to sagging or running prior
      to and during the curing operation. Under the moderate shear conditions
      encountered during application of the composition, accomplished, for
      example, by dipping, it is preferable that the coating composition have a
      slightly lower viscosity than is desired for dimensional integrity of the
      wet film under the low shear conditions which are maintained after
      application of the coating composition is complete. Thus, the coating
      composition of the invention is thixotropic, preferably having a
      Brookfield viscosity of between about 2,000 and about 9,000 cps at 1 rpm
      using a No. 2 spindle, and a Brookfield viscosity of between about 600 and
      about 2,400 cps at 5 rpm using a No. 2 spindle. Having these viscosity
      characteristics, the composition can be applied as a relatively thick film
      which does not run, sag, crack or craze during or after the curing
      process.
PAR  The coating compositions of the invention are thickened and rendered
      thixotropic by the presence of either polyacrylamide, a water-soluble high
      molecular weight polyethylene oxide resin, or both. A sufficient amount of
      thickener is included to impart a Brookfield viscosity of between about
      2,000 and about 9,000 cps at 1 rpm (No. 2 spindle) and between about 600
      and about 2,400 cps at 5 rpm (No. 2 spindle). Typically, the thickening
      agent content is between about 0.01 and about 0.08 parts by weight per 100
      parts by weight latex. Where polyacrylamide is used as the thickening
      agent, it preferably has a high molecular weight and is slightly anionic.
      An illustratively useful polyacrylamide is that sold under the trade
      designation "Polyhall 295" by Stein, Hall & Company. A satisfactory
      polyethylene oxide resin having a molecular weight of approximately four
      million is sold under the trade designation "Polyox WSR-301" by Union
      Carbide Corporation.
PAR  The viscosity of a given coating formulation can be adjusted by further
      addition of polyacrylamide or polyethylene oxide resin, which further
      thickens the composition, or by addition of water, which reduces the
      composition's viscosity.
PAR  The shelf life of a composition of this invention, and its stability at
      elevated operating temperatures in the process of coating bottles, is
      increased if the composition is alkaline. Preferably, the composition has
      a pH of at least about 8.0 At this pH the composition has a shelf life of
      about 30-35 days at 75.degree.-80.degree. F. The freeze/thaw
      characteristics of the composition are also good. The alkalinity of the
      coating composition may be adjusted by the addition thereto of small
      proportions of a base such as, for example, ammonium hydroxide, sodium
      hydroxide, dimethylaminoethanol or other bases known to those skilled in
      the art.
PAR  The coating compositions of the invention are preferably prepared by adding
      the cross-linking agent and a dilute aqueous solution of the thickener to
      the latex components in a suitable mixing vessel. Typically, a 0.5-1
      percent by weight solution of thickener is utilized. As noted, a base is
      preferably included also to adjust the pH of the composition to
      approximately 8.0 or slightly higher. Mixing should be thorough to insure
      uniform distribution of all components, but should be not so vigorous as
      to entrap significant amounts of air in the composition. Air entrapment
      may result in bubble formation which can result in the appearance of voids
      in the coating after application to a bottle or other glass container.
PAR  In accordance with the method of the invention, the coating compositions
      may be applied to the surface of a glass container by any suitable means,
      for example, spraying. Preferably, however, the container surface is
      contacted with a composition of the invention by dipping the container
      therein. Where a dipping process is employed, the container is
      conveniently withdrawn from the coating composition bath at a rate of
      between about 4 in./min. and about 3 ft./min., typically about 1 ft./min.
      Where the coating formulation has a Brookfield viscosity in the range of
      1,000-2,000 cps at 5 rpm using a No. 2 spindle, a wet film thickness of
      approximately 4 mils is obtained at a 1 ft./min. withdrawal rate. To avoid
      crazing of the cured coating, the wet film thickness is preferably limited
      to about 21/2 mils where the formulation contains a vinyl latex having
      ethylene/vinyl acetate resin solids. Although withdrawal rates up to 3
      ft./min. are feasible, the container is preferably withdrawn at a rate
      less than about 12 in./min. to insure a high degree of uniformity of
      thickness throughout the film. The wet film is rapidly dried and its latex
      resin constituents cross-linked at elevated temperatures to produce a
      cured coating. Conveniently, curing may take place in a forced air oven at
      a temperature of between about 350.degree. F. and 375.degree. F. for
      between about 3 and about 30 minutes.
PAR  According to a preferred embodiment of the invention, an outer coating of
      polyethylene is applied following curing of the acrylate coating. The
      outer coating of polyethylene is most conveniently applied by spraying,
      and does not require further treatment.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  To an acrylate latex, sold under the trade designation "Hycar 2600 .times.
      138" by B. F. Goodrich Company (100 parts by weight), was added a vinyl
      acetate/acrylic latex, sold under the trade designation "Polyco 2114" by
      Borden Chemical Company (25 parts by weight), hexamethoxymethylmelamine,
      sold under the trade designation "Cymel 303" by American Cyanamid Company
      (4 parts by weight), and a 1% by weight solution of a polyacrylamide, sold
      under the trade designation "Polyhall 295" by Stein, Hall & Company (4
      parts by weight). The resulting mixture was agitated at low speed until
      all of the components were uniformly distributed. Aqueous ammonium
      hydroxide solution was added to adjust the pH of the mixture to above 8.0.
      A beverage bottle was dip coated with the resulting composition and the
      wet film thus formed was cured at 350.degree. F. for 10 minutes. This
      coating was exposed to a solution of 2.5% sodium hydroxide and 0.5%
      trisodium phosphate at 120.degree. F. for 20 minutes. After such exposure,
      the film showed very slight blush, no tack, and good tear resistance.
PAC  EXAMPLE 2
PAR  To "Hycar 2600 .times. 138" (100 parts by weight), was added an
      ethylene/vinyl acetate latex, sold under the trade designation "Airflex A
      500" by Air Products and Chemicals, Inc. (10 parts by weight), "Polyco
      2114" (10 parts by weight), "Cymel 303" (4 parts by weight), and a 1% by
      weight solution of "Polyhall 295" (6 parts by weight). The resulting
      mixture was agitated at low speed until all of the components were
      uniformly distributed. Aqueous ammonium hydroxide solution was added to
      adjust the pH of the mixture to above 8.0. A beverage bottle was dip
      coated with the resulting composition and the wet film thus formed was
      cured at 350.degree. F. for 10 minutes. This coating was exposed to a
      solution of 2.5% sodium hydroxide and 0.5% trisodium phosphate at
      110.degree. F. for 20 minutes. After such exposure, the film showed slight
      blush, no tack, and good tear resistance.
PAC  EXAMPLE 3
PAR  To "Hycar 2600 .times. 138" (100 parts by weight), was added an
      ethylene/vinyl acetate latex sold under the trade designation "Airflex
      TR-120" by Air Products and Chemicals, Inc. (20 parts by weight), "Cymel
      303" (6 parts by weight), and a 1% by weight solution of "Polyhall 295" (6
      parts by weight). The resulting mixture was agitated at low speed until
      all of the components were uniformly distributed. Aqueous ammonium
      hydroxide solution was added to adjust the pH of the mixture to above 8.0.
      Ten-ounce beverage bottles were dip coated with the resulting composition
      and the wet film thus formed was cured at 350.degree. F. for 10 minutes.
PAR  Comparative drop tests were conducted utilizing the bottles of this
      example, bottles coated in accordance with the aforesaid U.S. Pat. No.
      3,772,061, and uncoated standard 10-ounce production bottles. Each bottle
      was drop tested by filling it with water, leaving a head space of 12 cc.,
      pressurizing to 50 psig with argon and then dropping the bottle from a
      height of 4 ft. in a horizontal attitude, i.e., the longitudinal axis of
      the bottle was parallel to the surface onto which it was dropped. The
      pressurized bottles were dropped onto a concrete surface covered with
      1/16-inch thick vinyl floor tile. To determine the degree of containment,
      a count was made of the number of fragments having at least one dimension
      of 1/2 inch or larger lying within specified ranges of diameters from the
      point of impact. The results of these tests are set forth in Table I
      below. Coating of bottles in accordance with U.S. Pat. No. 3,772,061 is
      described in Example 5, infra.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     COMPARISON OF FRAGMENT DISTRIBUTION FROM DROP FRACTURE OF                 
     PRESSURIZED 10-OUNCE BEVERAGE BOTTLES (COATED AND UNCOATED)               
     Exam-                                                                     
     ple Coating Composition, Parts By Wt.                                     
                 Vinyl                                                         
                     Poly-                                                     
                         Hexame-                                               
                              Coat-                                            
                                   Spatial Distribution of Fracture            
     Acry-       Acryl-                                                        
                     acryl-                                                    
                         thoxy-                                                
                              ing  Fragments About the Impact Point.sup.(a)    
     late    Vinyl                                                             
                 ic  amide                                                     
                         methyl                                                
                              Thick-                                           
                                   (number of fragments col-                   
     Latex   Latex                                                             
                 Latex                                                         
                     (e) melamine                                              
                              ness,                                            
                                   lected in indicated zones)                  
     (b)     (c) (d)     (f)  mils 0-5' Dia                                    
                                         5'-10' Dia                            
                                                10' Dia                        
     __________________________________________________________________________
                 (No Coating)      71    11     5                              
     3   100 20  --  6   4    3.4  11    1      0                              
     4   100 --  40  6   4    2.7  1     3      1                              
     5   100 --  --  5   4    2.75 31    9      1                              
     6   100 --  25  4   4    2.6  2     9      1                              
     7   100 10  20  6   4    2.7  3     8      2                              
     __________________________________________________________________________
      .sup. (a) Bottles were filled to 12 cc. head space (gas space),          
      pressurized to 50 psig and dropped 4 feet horizontally onto 1/16-inch    
      thick vinyl tile on concrete                                             
      .sup.(b) Ethyl acrylate/acrylonitrile emulsion "Hycar No. 2600 .times.   
      138" sold by B. F. Goodrich Company                                      
      .sup.(c) Emulsion "Airflex TR-120" sold by Air Products and Chemicals,   
      Inc.                                                                     
      .sup.(d) Vinyl acetate/acrylic copolymer emulsion "Polyco 2114" sold by  
      Borden Chemical, Division of Borden, Inc.                                
      .sup.(e) One percent solution of "Polyhall 295" polyacrylamide sold by   
      Stein, Hall & Company                                                    
      .sup.(f) "Cymel 303" produced by American Cyanamid Company               
PAC  EXAMPLE 4
PAR  A coating composition was prepared in accordance with the method described
      in Example 1 except that 40 parts by weight of "Polyco 2114" and 6 parts
      by weight of a 1% solution of "Polyhall 295" were used. Beverage bottles
      (10-ounce capacity) were coated with the resulting composition and cured
      in a force-air oven programmed at about 270.degree. F. for 1.5 minutes,
      about 275.degree. F. for 1 minute, and about 440.degree. F. for 1.5
      minutes for a total residence time of 4 minutes.
PAR  The bottles were drop tested in the manner described in Example 3 and the
      results are shown in Table I.
PAC  EXAMPLE 5
PAR  A containment coating composition was prepared in accordance with U.S. Pat.
      No. 3,772,061. To "Hycar 2600 .times. 138" (100 parts by weight) was added
      "Cymel 301" (4 parts by weight), and a 1% by weight solution of "Polyhall
      295" (5 parts by weight). The resulting mixture was agitated at low speed
      until all of the components were uniformly distributed. Aqueous ammonium
      hydroxide solution was added to adjust the pH of the mixture to above 8.0.
      A beverage bottle was dip coated with the resulting composition and the
      wet film thus formed was cured at 400.degree. F. for 10 minutes. The cured
      film was exposed to a solution of 2.5% sodium hydroxide and 0.5% trisodium
      phosphate at 120.degree. F. for 30 minutes. After such exposure, the film
      showed very slight blush and no tack along with good tear resistance.
PAR  The bottles were drop tested in the manner described in Example 3 and the
      results are shown in Table I.
PAC  EXAMPLE 6
PAR  A coating composition was prepared in accordance with the method described
      in Example 1. Beverage bottles (10-ounce capacity) were dip coated with
      the composition and cured in a forced-air oven programmed at about
      210.degree. F. for 1.5 minutes, about 275.degree. F. for 1 minute, and
      about 440.degree. F. for 1.5 minutes for a total residence time of 4
      minutes.
PAR  The bottles were drop tested in the manner described in Example 3 and the
      results are shown in Table I.
PAC  EXAMPLE 7
PAR  To "Hycar 2600 .times. 138" (100 parts by weight), was added "Polyco 2114"
      (20 parts by weight), "Airflex TR-120" (10 parts by weight), "Cymel 303"
      (4 parts by weight), and a 1% by weight solution of "Polyhall 295" (6
      parts by weight). The resulting mixture was agitated at low speed until
      all of the components were uniformly distributed. Aqueous ammonium
      hydroxide solution was added to adjust the pH of the mixture to above 8.0.
      Beverage bottles were dip coated with the resulting composition and the
      wet films thus formed were cured in a forced-air oven programmed at about
      210.degree. F. for 1.5 minutes, 275.degree. F. for 1 minute, and about
      440.degree. F. for 1.5 minutes for a total residence time of 4 minutes.
PAR  The bottles were drop tested in the manner described in Example 3 and the
      results set forth in Table I.
PAC  EXAMPLE 8
PAR  To "Hycar 2600 .times. 138" (100 parts by weight), was added an
      ethylene/vinyl acetate latex sold under the trade designation of "Elvax
      D-1122" by E. I. du Pont de Nemours & Company (33 parts by weight), "Cymel
      303" (4 parts by weight) and a 1% by weight solution of "Polyhall 295" (6
      parts by weight). The resulting mixture was agitated at low speed until
      all of the components were uniformly distributed. Aqueous ammonium
      hydroxide solution was added to adjust the pH of the mixture to above 8.0.
      A beverage bottle was dip coated with the resulting composition and the
      wet film thus formed was cured at 400.degree. F. for 8 minutes. This
      coated bottle was exposed to a solution of 2.5% sodium hydroxide and 0.5%
      trisodium phosphate at 120.degree. F. for 60 minutes. After such exposure
      the coating showed slight blush, no tack, and good adhesion.
PAC  EXAMPLE 9
PAR  To "Hycar 2600 .times. 138" (100 parts by weight) was added "Polyco 2114"
      (25 parts by weight), "Cymel 303" (4 parts by weight), a 1% by weight
      solution of "Polyhall 295" (4 parts by weight), and an emulsion of
      carnauba wax (5.6 parts by weight). The wax emulsion was composed of 13.9
      parts by weight of carnauba wax, 1.6 parts by weight of stearic acid, 1.2
      parts by weight of morpholine, and 83.3 parts by weight of water. The
      resulting mixture was agitated at low speed until all of the components
      were uniformly distributed. Beverage bottles were dip coated with the
      resulting composition and the wet film thus formed was cured at
      350.degree. F. for 7 minutes. After the coating was cured, a thin layer of
      polyethylene was sprayed over the outside of the bottle to improve
      lubricity.
PAR  Lubricity tests were conducted using three bottles prepared in accordance
      with this example. Two of the bottles were placed in a contiguous
      horizontal relationship on a flat supporting surface while the third
      bottle was cradled horizontally upon the first two bottles in the nip
      between them. The support surface was then gradually tilted and the angle
      of tilt determined at which the top bottle commenced to slide along the
      other two. This angle is referred to as the lubricity angle. The bottles
      of this example exhibited a lubricity angle of 16.degree.-26.degree.. By
      comparison, bottles of the type prepared in Example 1 and having a
      polyethylene overspray exhibit a lubricity angle of about 40.degree..
      Inclusion of a wax emulsion in the coating composition thus provides a
      material improvement in lubricity.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above methods and products without
      departing from the scope of the invention, it is intended that all matter
      contined in the above description shall be interpreted as illustrative and
      not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A glass container having adhered to the outside surface thereof a cured
      coating, said coating being derived from curing of a coating composition
      comprising:
PA1  an acrylate latex, said acrylate latex containing a particulate resin
      comprising a copolymer of acrylonitrile and ethyl acrylate;
PA1  up to about 40 parts by weight per 100 parts by weight of said acrylate
      latex of a vinyl latex containing a particulate resin comprising a
      copolymer of ethylene and vinyl acetate and up to about 40 parts by weight
      per 100 parts by weight of said acrylate latex of a vinyl/acrylic latex
      containing a particulate resin comprising a copolymer of vinyl acetate and
      a lower alkyl acrylate, the sum of the proportions of said vinyl latex and
      said vinyl/acrylic latex being between about 15 and about 40 parts by
      weight per 100 parts by weight of said acrylate latex and the total resin
      solids of said composition being at least about 45% by weight;
PA1  between about 1.8 and 7.5 parts by weight per 100 parts by weight of said
      acrylate latex of a cross-linking agent selected from the group consisting
      of hexamethoxymethylmelamine and a methylated urea-formaldehyde resin; and
      a proportion of a thickening agent selected from the group consisting of
      polyacrylamide and a high molecular weight water-soluble polyethylene
      oxide resin sufficient to impart to said composition a Brookfield
      viscosity of between about 2,000 and 9,000 cps at 1 rpm and a Brookfield
      viscosity of between about 600 and about 2,400 cps at 5 rpm.
NUM  2.
PAR  2. A container as set forth in claim 1 wherein each of the latexes from
      which the composition is derived contains at least about 45 % by weight
      solids.
NUM  3.
PAR  3. A container as set forth in claim 2 wherein the sum of the proportions
      of said vinyl latex and said vinyl/acrylic latex is on the order of 25
      parts by weight per 100 parts by weight of said acrylate latex.
NUM  4.
PAR  4. A container as set forth in claim 3 wherein said composition contains
      approximately 25 parts by weight of said vinyl/acrylic latex per 100 parts
      by weight of said acrylate latex.
NUM  5.
PAR  5. A container as set forth in claim 4 wherein said composition contains on
      the order of 4 parts by weight hexamethoxymethylmelamine and 0.04 parts by
      weight polyacrylamide per 100 parts by weight of said acrylate latex.
NUM  6.
PAR  6. A container as set forth in claim 1 having a layer of polyethylene
      adhered to the outside surface of the cured coating.
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ABST
PAL  The invention contemplates a safety closure cap having axially compliant
      connection between two concentric parts, the inner of which has rotatable
      connection to a bottle neck or the like. The outer concentric part has
      ratcheting one-way engagement with coacting ratchet means on the bottle,
      the engaging direction being such as to oppose disengagement of the
      rotatable connection. Only by performing the extra operation of axially
      lifting the outer part of the cap, against the stiffness of the compliant
      connection, can the ratchet engagement be dislodged, to the extent
      permitting rotated disengagement of the bottle closure.
BSUM
PAR  This invention relates to bottles or the like containers adapted to contain
      hazardous substances, and more particularly relates to safety closures for
      such containers which render them child-resistant, i.e., resistant to
      tampering by children.
PAR  It is an object of the invention to provide a new and improved safety cap
      for such a container, particularly of the variety having rotary
      engagement, as by threads.
PAR  Another object of the invention is to provide a new and improved safety cap
      for a bottle which is economical to manufacture and readily lends itself
      to automatic production-line facilities for filling and capping a bottle.
PAR  A further object of the invention is to provide a new and improved safety
      cap and bottle combination in which the cap is readily locked onto the
      bottle but may be unlocked therefrom by a very simple manipulation of the
      cap itself.
PAR  A still further object is to meet the above objects with a construction of
      inherent low cost, involving minimum alteration of present constructions.
PAR  It is also an object to provide the above-noted features in application to
      molded glass or plastic containers, and involving minimal change in
      container molds.
DRWD
PAR  Other objects and various further features of novelty and invention will be
      pointed out or will occur to those skilled in the art from a reading of
      the following specification in conjunction with the accompanying drawings.
      In said drawings, which show, for illustrative purposes only, a preferred
      form of the invention:
PAR  FIG. 1 is an exploded perspective view of cooperating bottle-and-cap
      elements of the invention;
PAR  FIG. 2 is an enlarged view in elevation of the cap of FIG. 1, partly
      broken-away and in section for a better showing of detail;
PAR  FIG. 3 is a top plan view of a bottle, modified with respect to that of
      FIG. 1;
PAR  FIG. 4 is a fragmentary sectional view of bottle elements of a
      modification;
PAR  FIGS. 5 and 6 are plan views of a part of FIG. 4, to show alternative
      forms;
PAR  FIG. 7 is a bottom view to show a modified cap; and
PAR  FIG. 8 is an exploded view of a bottle for cooperation with the cap of FIG.
      7, the cap being tilted up for a better showing of detail.
DETD
PAR  Referring to FIGS. 1 and 2, the invention is shown in application to a
      container or bottle 10 having an integral threaded neck 11 and selectively
      opened and closed by a cap 12 having a threaded bore 13. The bottle may be
      of any suitable material such as glass, metal or plastic, but is shown in
      the style of a blow-molded plastic bottle. Cap 12 may be of any suitable
      construction, being typically an injection-molded plastic part, for the
      case of a plastic bottle 10.
PAR  In accordance with the invention, the neck region of the bottle
      non-rotatably carries locking-projection means 14, and the cap 12 includes
      an outer skirt or sleeve portion 15 which (a) is equipped with
      ratchet-tooth formations 16 for coaction with the locking-projection means
      14 and (b) is axially compliantly and coaxially suspended with respect to
      an inner skirt or sleeve portion 17 having the threaded bore 13. Thus, in
      the simple version depicted in FIGS. 1 to 4, there are only two parts, cap
      12 and bottle 10.
PAR  The two sleeve portions 15-17 are shown with relatively thick and therefore
      stiff, walls. They are united to each other by a relatively thin
      frusto-conical annulus 18 which provides the basis for the indicated axial
      compliance; generally speaking, the dish angle .alpha. of this compliant
      connection will be a function of desired axial stiffness and of the size
      of the parts, being in the order of 5 to 10 degrees. The inner circular
      end wall 19 may be of desired thickness and internal contour for sealed
      relation to the upper end of the bottle neck; no detail is provided for
      such contour, since it does not pertain to the present invention. Plural
      axially spaced circumferential ridges 20 characterize the outer wall of
      the outer sleeve 15 for better finger engagement and application of
      axial-lifting force, as will later be made clear. The ratchet teeth 16 are
      preferably formed within the thickness of sleeve portion 15, so as to
      leave a circumferentially continuous outer wall portion or rim 21 which
      can smoothly ride a coacting annular rim or land 22 on bottle 10, such
      land extending slightly radially outside the locking formations or teeth
      14.
PAR  In the unstressed condition of cap 12, the lower axial end of the threaded
      inner sleeve 17 is preferably so positioned with respect to the lower
      axial end of the outer sleeve 15 (all in terms of the axial relation
      between the threaded and locking regions 11-14 of the bottle) that upon
      cap placement to the bottle neck, initial rotation will at least commence
      a threaded engagement of regions 11-13 before a ratchet action commences.
      Once threads engage, continued rotation is self-piloting on the threads
      and ratcheting action will commence and continue, as an escapement
      involving local compliant transient axial deformation of the dished
      connection 18. At each escape of tooth engagement, the degree of resilient
      axial load is increased, once the rim 21 begins to ride the land 22; and,
      by the time that fully threaded engagement and closure are effected, the
      angle .alpha. will have been reduced as a result of the axial-preload
      action of connection 18. Teeth 14-16 engage in the direction to oppose
      unthreading rotation of cap 12, and therefore a fully threaded-on cap is
      locked as long as the ratchet engagement remains.
PAR  To remove the cap, one must grasp the finger-engagement region 20 and
      axially pull sleeve portion 15 out of its ratchet-engaged position. Since
      such withdrawal is in the direction of greater compliant deformation of
      connection 18, one must exert a relatively strong withdrawal force to
      dislodge the ratchet lock and, while maintaining such force, cap 12 should
      be unthreaded. Once thus removed from the ratchet-locked position, the
      connection 18 returns to its original unstressed condition, illustrated in
      both FIGS. 1 and 2.
PAR  Now, with certain materials it may suffice to provide merely one tooth 14
      upon the bottle 10; in other words, the above-described relationship and
      action are possible for a situation involving but one tooth 14. For the
      case of a plastic bottle 10, especially a blow-molded bottle of
      polyethylene, the use of a single tooth 14 may not be sufficiently strong
      to permit repeated ratchet engagement and disengagement, as when it is
      necessary to have many occasions for access to the bottle contents before
      such contents have been fully consumed. The showing in FIG. 1 at 14
      therefore indicates preference for use of plural locking projections or
      teeth, the same being sized, shaped and positioned to have simultaneous
      ratchet engagement with two adjacent cap teeth 16 at any given time. And,
      of course, more enhanced ratchet action may be achieved by providing teeth
      14, in duplicate on land 22, at a location 180.degree. offset from the
      location shown in FIG. 1.
PAR  FIG. 3 illustrates use of two spaced sets of bottle teeth 14-14' at
      angularly spaced locations, approximately 180.degree. apart. Four such
      teeth are shown at each of these regions 14-14', but the 180.degree.
      spacing is modified to the extent of a half-tooth increment .delta., as
      between the teeth of set 14 and those of set 14'. In applying cap 12 to
      the closure of the bottle of FIG. 3, the ratchet action will be seen to
      alternate between (a) engagement of teeth 14-16, in interlace with (b)
      engagement of teeth 14'-16. The net result is to provide twice as many
      possible ratchet-tooth engageable positions per cap rotation as there are
      teeth in cap 12.
PAR  FIG. 3 also serves to illustrate how teeth 14 may be formed in blow-molding
      bottle operations, with negligible change in existing procedures. The
      conventional parting line between mold halves is indicated at 23,
      approximately as the perpendicular bisector of the diametral line 24
      through the central regions of the opposed tooth sets 14-14'. Also, all
      teeth 14-14' are shown parallel to line 24, rather than radial to the axis
      of neck 11. Such tooth sets 14-14', being of limited arcuate extent and
      remote from the parting line 23, may thus be the result of only slight
      change in existing mold halves, all other molding operations remaining the
      same; and the fact of molding such teeth in the bottle will present no
      obstacle to the conventional steps of removing mold halves and the bottle
      from each other. Also, the fact that the teeth of sets 14-14' are parallel
      oriented, rather than radial-oriented (as are the cap teeth 16), presents
      no obstacle to ratchet action, particularly since each condition of
      ratchet engagement will necessarily involve four adjacent teeth.
PAR  FIGS. 4 and 5 illustrate a modification wherein cap 12 is used to secure a
      threaded bottle neck 11 and wherein the locking projections on the bottle
      are defined on a circumferentially continuous ring member 25, which may be
      a precision injection-molded plastic part assembled to the base end of the
      neck region 11. Ring 25 is shown with an axial flange or sleeve formation
      26 at its bore, for fit to the circumferential groove defined beneath a
      retaining bead or shoulder 27 on the bottle neck, and a local recess 28 in
      the bore of ring 25 will be understood to have keyed engagement with a key
      formation or lug 29 in the bottle neck. Single opposed locking teeth
      30-30' are integrally formed with ring 25, for radial registry with cap
      teeth 16, and with the half-tooth offset .delta. described in connection
      with FIG. 3. It will be understood that if the number of cap teeth 16 is
      an even number, then the offset .delta. is with respect to 180.degree.,
      but that if this is an odd number, the offset .delta. is achieved by
      having teeth 30-30' exactly 180.degree. apart. Ratcheting action is thus
      interlaced, in the succession of engagements at 30-30', and some of the
      compliant action may take place as a deformation of ring 25, from flat to
      dished condition. Whether or not ring 25 is relied upon for its axial
      compliance, the fact remains, as with FIGS. 1 to 3, that a sufficiently
      strong and deliberate axial withdrawal force at 20 is necessary in order
      to relieve the ratchet lock and thus to permit cap unthreading from the
      neck 11.
PAR  FIG. 4 further illustrates that, if desired, a further circumferentially
      continuous lip or wall formation 21' may be provided integral with rim 21,
      to overlap the periphery of ring 25 and thus prevent prying access to ring
      25.
PAR  FIG. 6 shows a modified ring 25' for use in place of ring 25 in FIG. 4.
      Ring 25' is again provided with means 28' for keyed assembly to the bottle
      neck, but each of a plurality of spaced locking teeth 31-31', 32-32' is an
      integral part of its own spring-arm mounting 33, the latter being also an
      integral part of ring 25'. Each spring arm 33 is defined by connecting
      chordal and radial slits 34-35. Teeth 31-31' are diametrically opposed
      with respect to a first axis 36, and teeth 32-32' are diametrically
      opposed with respect to a quadrature axis 37, except for the half-tooth
      offset .delta. already described.
PAR  In applying cap 12 to a bottle equipped with ring 25' of FIG. 6, and
      assuming an even number of cap teeth 16, each ratchet engagement will
      involve diametrically opposed locations, 31-31' in alternation with
      32-32'. If the number of cap teeth 16 is odd, then there will be four
      discrete tooth-engagement locations, for each one-tooth increment of
      rotation of cap 12; the ring 25' in such event effectively multiplies by
      four the number of angles at which cap 12 may be ratchet-locked in place,
      and this number of lock locations is achieved without any change in the
      construction of cap 12. In any event, access to the locked container is
      again had by grasping beads 20 and exerting an axial force adequate to
      disengage the ratchet, all prior to cap unthreading.
PAR  Thus far, all ratchet-locking action has been of the variety which I shall
      term axial-ratcheting action, meaning that ratchet teeth have ramps which
      require axial climbing displacement. By contrast, FIGS. 7 and 8 are
      directed to a form of the invention in which ratchet action is radial, but
      wherein the dislodgement of ratchet locking again requires application of
      a sufficient axial withdrawal force.
PAR  The cap 12' of FIGS. 7 and 8 will be understood to be in all respects the
      same as described for cap 12, except that the circumferential succession
      of ratchet teeth 16' is of constant axial profile, i.e., all tooth ramps
      can be climbed only by a radial reacting displacement. For engagement with
      teeth 16', the bottle 40 has one or more spaced radially directed locking
      projections or teeth 41, characterizing a generally circular base 42,
      beneath the threaded region of the neck 43. Since the base 42 is solid and
      relatively unyielding, reliance is placed upon slight local radial
      deformation of the outer-sleeve portion 15' of cap 12', for each escaping
      ratchet action. In the use of a single such tooth 41, cap application is
      preferably initially with a threaded engagement, free of ratchet action.
      Continued threaded advance of the cap introduces ratchet escapement, and
      the axial disposition of threads and axial limits of sleeve portions
      (15'-17') is preferably such that at least some axially compliant
      deformation of the compliant annulus 18 occurs by reason of cap
      interference (at sleeve portion 15' and the top end wall 44 of the bottle)
      before threaded closure is complete. The axial force necessary to remove
      the ratchet engagement must thus first overcome the securing preload and
      then sufficiently further deflect the connection 18, to the extent of the
      locking-tooth height H, all prior to any unthreading rotation.
PAR  FIGS. 7 and 8 further illustrate that the interlaced multiple-tooth ratchet
      action described for FIGS. 3 to 6 is also achievable in a radial-action
      ratchet. For example, tooth 41 may be one of a plurality, additionally
      shown as 45-46-47. The teeth 41-46 may be diametrically opposed on an axis
      in quadrature relation to the axis of opposition of teeth 45-47, wherein
      these axes are again characterized by the half-tooth offset .delta.,
      already described. If, then, the number of cap teeth 16' is even, ratchet
      action will be characterized by a transient first-diameter expansion of
      sleeve portion 15', in interlaced succession with a transient
      second-diameter expansion of sleeve portion 15', such expansions being in
      quadrature relation. If the number of cap teeth 16' is odd, then the
      described four ratchet engagements per single-tooth rotational advance
      will occur.
PAR  It will be seen that I have described an improved safety construction
      meeting all stated objects. Of particular importance is the fact that the
      described action may be achieved without requiring additional parts or
      molding techniques. Mold changes in the bottle formations are minimal, and
      are applicable for glass or plastic bottles.
PAR  While the invention has been described in detail for the preferred forms
      shown, it will be under stood that modifications may be made without
      departure from the claimed invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a bottle or the like having a threaded neck, and a
      safety cap having a threaded bore to removably engage said neck, said
      safety cap having an upper closed end with radially spaced concentric
      tubular bodies dependent therefrom, said threaded bore being in the inner
      tubular body and the end closure between said bodies being axially
      compliant, said axially compliant end closure comprising a relatively thin
      downwardly and radially outwardly sloped frusto-conical member integrally
      connecting the upper ends of both said concentric bodies, coacting
      ratchet-tooth formations including a circumferential succession of like
      equally spaced teeth at the lower end of said outer tubular member and at
      least two spaced teeth on said bottle or the like at the neck region of
      adjacency to the tooth formations of said cap when in secured position,
      said last defined spaced teeth being spaced by an amount which comprehends
      the spacing of a given plurality of teeth of said cap plus a fraction of
      the intertooth spacing of said cap, said fraction being substantially the
      reciprocal of the number of teeth on said bottle or the like, said ratchet
      formations being one-way engageable in the unthreading direction of cap
      rotation and escaping in the thread-advancing direction of cap rotation,
      the axial extent of compliant axial displacement of said concentric
      members exceeding the axial range over which ratchet action is realized,
      and the axial location of said threaded and ratchet regions of said cap
      and bottle or the like being such that said ratchet formations coact over
      at least the part of the axial range of threaded engagement at which full
      threaded engagement of said cap and bottle or the like is achieved, the
      outer wall of said outer tubular member circumferentially continuously
      surrounding all ratchet-tooth formations of said outer tubular member,
      whereby said formations are only axially downwardly exposed and therefore
      are concealed by the outer wall surface of said outer tubular member when
      said cap is secured to said neck.
NUM  2.
PAR  2. The combination of claim 1, in which the number of spaced teeth on said
      bottle or the like is two and said fraction is substantially one half.
NUM  3.
PAR  3. The article of claim 1, in which the outer contour of said outer body
      includes circumferentially extending rib means for enhanced manually
      applied axial force to overcome the axial preload of said compliant end
      closure when said cap is in ratchet-held threaded engagement with said
      neck.
NUM  4.
PAR  4. The combination of claim 1, in which said ratchet formations are
      characterized by axially directed ratchet action.
NUM  5.
PAR  5. The combination of claim 1, in which said ratchet formations are
      characterized by radially directed ratchet action involving a radially
      compliant region of said outer tubular body.
NUM  6.
PAR  6. The combination of claim 2, in which said last-defined spaced teeth are
      substantially 180.degree. opposed and the number of teeth of said cap is
      an odd number.
NUM  7.
PAR  7. The combination of claim 1, in which said coacting ratchet formation on
      said bottle or the like comprises four spaced teeth at equal angular
      spacing, the number of cap teeth being twice an odd integer number, and
      the direction of ratcheting action being radial.
NUM  8.
PAR  8. The combination of claim 1, in which said cap is a single piece of
      injection-molded plastic material.
NUM  9.
PAR  9. The combination of claim 1, in which said bottle or the like is a single
      piece of molded plastic material integrally including said thread and
      ratchet formations.
NUM  10.
PAR  10. The combination of claim 1, in which said bottle or the like is a
      single piece of molded plastic material integrally including the thread
      formation thereof, and in which the ratchet formation of said bottle or
      the like is part of a separate ring member having keyed engagement to the
      neck region of said bottle or the like.
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ABST
PAL  A safety screw closure for use with a container having an inner screw cap
      on to the bottom edge of which an elastically expandable securing ring is
      attached by at least one rupturable bridge member. An outer cap is mounted
      on the inner cap and slidable axially between a first position remote from
      the inner cap and second position. A spring is located between the caps to
      normally urge the outer cap into the first position. The caps are provided
      with at least one set of cooperating coupling means which are in
      cooperation in any axial position of the outer cap when the closure is
      screwed on to the container whereas they are ineffective when rotating the
      outer cap in the opposite direction and when the outer cap is ints first
      position in which it is not depressed against the spring. The outer cap
      being dimensioned so that when in the first position it extends above the
      securing ring. The container has a threaded neck for receiving said inner
      cap and a shoulder having an inclinedslide surface adapted to expand the
      securing ring when said closure is threaded thereon.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates to a safety screw closure having a security
      seal ring for bottles, flasks or similar containers holding foods,
      medicines and the like.
PAR  A safety screw closure is disclosed in copending application Ser. No.
      239,565, in which an inner cap adapted to be secured on the neck of a
      container and an outer cap snapped or graspingly held on the inner cap are
      provided with a spring located between their crowns. The outer cap is held
      on the inner cap with a degree of axial movement and is depressable
      downwardly against the force of the spring. The inner and outer cap are so
      formed with cooperable means that when the outer cap is not depressed a
      coupling is created which allows the closure to be screwed on to the
      container and that when the outer cap is depressed a coupling is created
      which permits the safety closure to be opened.
PAR  Several safety closures are known which have a so-called securing or seal
      ring so that a "original closure" is provided which insures an initially
      sealed condition. This securing ring is attached to the lower edge of the
      inner cap by a breakable or tearable connecting strip and initially
      cylindrical shape. When the closure is screwed for the first time onto the
      neck of the container the lower portion of the securing ring is deformed
      to engage beneath an annular shoulder of the container neck. When
      thermoplastic materials are employed to make the closure it is necessary
      to provide a special tool or implement to deform the securing ring in
      order to grip the shoulder as well as providing a source of heat in order
      to soften the material and prevent its breakage during such deformation.
      The mounting of the known closures having a securing ring are therefore
      unreasonably complex, uneconomical and difficult.
PAR  It is the object of the present invention to provide a safety screw closure
      having a securing seal ring which is simpler and easier to mount on the
      neck of the container than those of the known devices.
PAR  The numerous advantages and objects of the present invention are set forth
      as a part of the following disclosure of the present invention.
PAC  SUMMARY OF INVENTION
PAR  Briefly the objectives of the present invention are attained by providing a
      safety screw closure in combination with a container wherein the closure
      comprises an inner and outer cap and a securing seal ring adapted to be
      gripped and held beneath a shoulder provided on the neck of the container.
      The securing ring is arranged along the bottom edge of the inner cap and
      is attached to the cap by at least one tearable or rupturable member. The
      outer cap is held by the inner cap so as to be relatively moveable axially
      therewith between a first fixed stop position above the securing ring and
      a second fixed stop position which is depressed and contiguously aligned
      with the seal ring. A spring is arranged between the two caps which
      normally urges the outer cap into the first position, the outer cap being
      moveable against the force of the spring into the second depressed
      position. The caps are provided with at least one set of cooperating
      coupling means which when the closure is screwed on to the container,
      engage in the first position of the outer cap and when the closure is to
      be rescrewed, the coupling means are in engagement only with the outer cap
      in its second or depressed condition.
PAR  According to the present invention this structure permits the securing ring
      to readily distend and expand to move over the shoulder of the container
      when screwing the closure for the first time on to the container, because
      when the outer cap is in its first position (i.e.: not forced downwardly
      against the spring), then the outer cap is not contiguous with the
      securing ring and does not envelop it and prevent its expansion, or lies
      only in such a position that it permits radial play or movement of
      securing ring sufficient to allow it to expand. Thus the securing ring can
      expand and pass over the shoulder on the neck of the container. Preferably
      the shoulder is formed with a smooth inclined sliding surface which
      facilitates such movement. The closure of the present invention does not
      require any special tools in order to initially secure or place it over
      the neck of the container, since the automatically expandable securing
      ring allows the closure to be easily screwed on to the threads of the
      neck. Because the outer cap does not have to be depressed during the
      screwing, the securing ring is maintained free and is allowed to slide
      elastically over the smooth surface of the neck without any external
      interference. On further screwing the closure over the neck the securing
      ring snaps behind the shoulder and automatically engages with it fixedly
      in sealed position, on the neck of the container.
PAR  A further advantage of the present invention lies in the fact that means
      are provided to insure that the bridging members attaching the securing
      ring to the inner cap tear during the initial unscrewing of the closure
      from the container as is the common function with the conventional
      "original seal" closures. This is accomplished by providing the shoulder
      against which the securing ring is engaged and gripped with a non-slidable
      face or gripping edge which prevents the securing ring from being
      slideable in the unscrewing direction, and/or by providing the outer cap
      with an annular skirt which is so long that when the outer cap is
      depressed the skirt surrounds the securing ring preventing it from having
      any radial play or radial expansion and thereby insuring that the securing
      ring remains engaged with the shoulder even when the closure is turned to
      unscrew the cap.
PAR  Preferably, the closure is built so that when it is screwed on to the
      container, the coupling means between the outer and inner caps are caused
      to fixedly engage by having the outer cap abut against a fixed first upper
      stop member. The reason for this construction is to be seen from the fact
      that in the known safety closures as previously described, the outer and
      inner caps are not necessarily coupled together when the closure is
      screwed on to the container with the outer cap not being pushed into its
      down position. Thus the securing ring may, under certain circumstances,
      not be expandable. This may occur inadvertently, when by a desire to
      insure that the closure is properly placed on the container, the outer cap
      is inadvertently slightly depressed during the initial screwing operation
      and is subsequently moved into an area about the securing ring.
PAR  Screw closures for medicine and food bottles, flasks and the like were
      commonly made from polystyrene. This synthetic material is also suitable
      for use in making the known safety screw closures wherein the spring
      between the outer and inner caps are formed, because of material
      limitations, of separate pieces. In preparing the aforementioned safety
      screw closure in accordance with the present invention, the spring however
      is preferably formed integrally with one of the caps and particularly on
      the inner cap so that for the present closure devices an elastic
      thermoplastic material may be used. This makes the present invention very
      advantageous since by its concept the securing ring also must be
      elastically expandable. In a preferred embodiment, the inner cap and the
      securing ring are both formed from acetal or acetate resin to obtain the
      desired elasticity.
PAR  It is preferred, in any event, to provide the neck of the flask with an
      annular bead of particular configuration by which the securing ring may be
      easily grasped. Preferably, the cross section of the bead approximates in
      form that of a right triangle having a downwardly inclined face
      (hypotenuse) over which the securing ring slides when first put on the
      container and a horizontally extending leg over which the securing ring
      snaps and is held until the closure is unscrewed for the first time.
PAR  A further advantage of the present invention arises from the fact that the
      securing ring and the inner cap may be provided with intermediate engaging
      pieces or elements which connect the securing ring and inner cap for
      effective working action during initial screwing of the closure on the
      container but which engaging pieces are ineffective to connect the two
      when the closure is unscrewed for the first time. Preferably the lower
      edge of the inner cap and the upper edge of the securing ring are provided
      with a plurality of integrally formed engaging pieces in the form of
      extending cams dogs or lugs which are spaced from each other by a very
      small distance, in the direction of rotation when screwing the closure on
      to the container and are spaced by a larger distance in the opposite
      direction of rotation as when the closure is unscrewed. With this
      construction it is insured that the bridging members between the inner cap
      and the securing ring are not too strongly distorted so as to be ruptured
      when the closure is first put on the container but is easily rupturable by
      rotational movement in the opposite or unscrewing direction.
DRWD
PAR  Full details of the present invention are set forth in the following
      description of the preferred embodiments of the invention and are shown in
      the accompanying drawings.
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an axial section through the closure of the present invention
      when first placed over the neck of the container,
PAR  FIG. 2 is a sectional view along line 2--2 of FIG. 1,
PAR  FIG. 3 is an enlarged view of a portion of FIG. 1 showing the outer cap in
      depressed position,
PAR  FIG. 4 is a sectional view along lines 4--4 of FIG. 3,
PAR  FIG. 5 is a view along the line of arrow A of FIG. 4, and
PAR  FIG. 6 is an exploded perspective view of the closure, of the present
      invention.
DETD
PAC  DESCRIPTION OF INVENTION
PAR  A flask, bottle or container is shown in FIG. 1 which is provided with a
      screw thread 10 on the outer surface of its neck 12. Screwed over the neck
      12 is an inner cap generally depicted by the numeral 14, having inner
      threads 16 cooperating with those on the neck 12. An outer cap, generally
      depicted by the numeral 18, is secured over the cap 14 for axial movement
      relative thereto. The inner surface of the top crown 20 of the outer cap
      18 is formed with a coupling comprising a pair of opposing dogs 22 which
      as seen in the position shown in FIG. 1 cooperate with arcuate spring
      tongues 24 which extend upwardly from the top surface of the crown 26 of
      the inner cap 14. On this top surface 26 of the inner cap and adjacent the
      fixed end for each of the tongues 24 is another dog 28. The dogs 22 and 28
      are aligned in the same arc, equidistant from the center of the caps and
      cooperatively engage to form an engaging coupling when it is desired to
      press the caps 18 downwardly as seen in FIG. 3. The dogs 22 together with
      the spring tongues 24 define a coupling arrangement for coupling the outer
      and inner caps in any position of the outer cap when the latter is rotated
      clockwise (FIG. 2) onto the neck 12.
PAR  In order to hold the inner cap within the outer cap, the inner cap is
      provided with an annular collar 30 which has an inclined upper edge 32 and
      a flat horizontally extending bottom edge 33 which is adapted to engage
      with a straight edge 34 of an annular groove 36 formed in the inside wall
      of the skirt 38 of the outer cap 18. The groove 36 has a height sufficient
      to permit the axial cap 18 to move axially between an upper position where
      the edges 33 and 34 engage and a lower position defined by the engagement
      of the dogs 28 with the interior surface of the top of the outer cap 18.
PAR  By means of thin bridging strips 40 the skirt 42 of the inner cap 14 is
      bound together with a securing ring 44. This securing ring 44 has an L
      shape cross section, the shorter leg 46 of which extends radially inward
      flange like toward the neck of the container to engage beneath a
      horizontal shoulder 48 formed by an annular bead 50 on the neck 12. The
      bead 50 is below the threaded portion 10 and is shaped in the form of a
      right triangle having a sloping upper face 50 which as will be later
      explained provides an incline slide surface for the securing ring 44.
PAR  As seen in the enlarged detail of FIG. 3 the securing ring 44 has a flat
      shoulder 54 whose distance from the shoulder 33 of the collar 30 is at
      least as large or slightly larger than the distance of the side wall 34 of
      the groove 36 from the lower edge of the skirt 38 of the outer cap 18.
      Therefore in the position of the outer cap 18, shown in FIG. 1, the
      securing ring 44 can be readily expanded to slip over the annular head 50.
PAR  The devices as seen in FIGS. 1-3 is used as follows:
PAR  To assemble both the inner cap 14 and the outer cap 18 together it is
      necessary only to push the outer cap over the inner cap so that the lower
      edge of the skirt 38 slides on the sloping face 32 of the collar 30 and is
      extended elastically whereby the lower edge snaps over the shoulder 38 of
      the collar. Thereafter, by turning the outer cap 18 in a clockwise
      direction the dogs 22 are caused to abut against the free end of the
      spring tongues 24. Therefore, the outer cap 18 must not be pressed
      downwardly relative to the inner cap 14, when the closure is screwed on to
      the neck 12 of the container. Thus the lower area of the skirt 38 is left
      to lie between the shoulder 33 of the collar 30 and the shoulder 54 of the
      securing ring 44. This allows the securing ring to remain free with a
      degree of radial elastic expansion when the closure is first put on the
      container. The inner cap 14 can therefore be turned on to the threads 10
      of the container neck 12 simultaneously causing the securing ring 44 to
      slide over the flaring face 52 of the bead 50.
PAR  Since in the upper position as shown in FIG. 1 the lower portion of the
      skirt 38 of the outer cap 18 cannot interfere with the radial elastic
      distention of the securing ring 44, the securing ring 44 flexes about the
      hinge like bridging strips 40 which hold it to the skirt 42 of the inner
      cap. By rotating the inner cap 14 the securing ring 44 is caused to snap
      over the bead 50 so that a so-called "original closure" is obtained
      wherein the securing ring is fixed beneath the bead 50.
PAR  Subsequently, by turning the outer cap 18 counterclockwise (i.e. in the
      unscrewing direction) the coupling between the dog 22 and the spring
      tongue 24 is disengaged and the outer cap 18 must be pressed downwardly in
      order to unscrew the closure. The depression of the outer cap in the
      counterclockwise direction also causes the dog 28 to abut in the path of
      the dog 22 so that the inner cap 14 is fixedly coupled with the outer cap
      rotating in the counterclockwise direction and is carried with it during
      the turning full stop. Because of the horizontally extending face of the
      shoulder 48 on the bead 50, the securing ring 44 which is still attached
      to the inner cap, cannot be withdrawn upwardly once the ring is snapped
      over the bead and thus fixedly engages with the bead. The same would occur
      even if the shoulder 48 were not horizontal or even if the securing ring
      44 did not have a right angle L shaped profile, since the outer cap 18
      (see FIG. 3), pressed downwardly for unscrewing, has its lower edge
      portion or skirt extending contiguously aligned about and envelopes the
      securing ring 44 thus preventing the ring from flaring outwardly or
      distending radially. By continuing this counterclockwise rotation the
      securing ring can be torn from the inner cap by a rupturing of the
      bridging strips 40.
PAR  It is possible, that when originally installing the safety screw cap on the
      neck of the container that the forceful turning of the closure, would
      result in a tearing apart of the connecting strips 40 which hold the
      securing ring 44 to the inner cap 14. In order to provide a satisfactory
      function and operation of the present invention as an absolutely safe
      "original closure," further steps have been taken as will be seen in FIGS.
      4 and 5. In these figures a lobe or cam projection 70 is formed to extend
      from the lower edge of the skirt 42 of the inner cap and a similar lobe or
      cam projection 72 is formed to extend from the upper edge of the securing
      ring 44. The two projections 70 and 72 are separated by a very small space
      74 which is required in any event as a consequence of the method of
      manufacture. The several portions of the closure of the present invention
      are made from moldable or cast material and since the securing ring is
      unitary with the inner cap, it is not possible to make the oppositely
      lying projections 70 and 72 without the space 74. The projections 72 of
      the securing ring are connected via the strips 40a with the skirt 42 while
      the projections 70 of the inner cap are connected via strips 40b with the
      securing ring 44. In the event more than one pair of projections 70 and 72
      are provided these are arranged with a greater distance than that of the
      shown pair of projections. Thus in the direction of rotation that is to
      screw the cap onto the container, the distances for 74 are very small
      while in the opposite or unscrewing direction the distances between the
      cam projections are very large.
PAR  When the present closure is first placed on the neck of the container the
      strips 40a and 40b must not function to transmit the turning movement to
      the securing ring 44, since this is to be taken over only by the cam
      projections 70 and 72. The strips only are required to be deformed to a
      degree equal to the distance 74 between the projections 70 and 72. In this
      way the bridging strips flex without tearing and permit the projections 70
      and 72 to abut each other so that the rotational moment may be transmitted
      from the cap directly to the securing ring. The distance 74 is in enlarged
      in the drawing of the figures in order to make the drawings clear, however
      it is to be understood that this distance 74 is extremely small and less
      than the distance required for the strips 40a and 40b to flex. Except to
      transmit rotational movement during placement of the cap on the container
      neck the cam projections 70 and 72 have no other function. The strips 40a
      and 40b are capable of being ruptured or torn after the inwardly radial
      horizontal flange 46 of the securing ring 44 passes over the shoulder 48
      of the bead 50. Any upward movement of the inner cap as by an attempt to
      unscrew it causes the flange 46 to engage the shoulder 48 and allows the
      strips 40a and 40b to be torn without interference of the cam projections
      70 and 72.
PAR  Since the resilient spring tongues 24 moreover must be elastic, one can use
      as a material for the inner cap of this invention an elastic synthetic
      material such as a thermoplastic, acetal or acetate resin or the like. The
      security ring may also be made from such material.
PAR  It will be seen from the foregoing that the various advantages and objects
      of the present invention are simply and easily obtained by the
      construction of the present invention. Various changes, modifications and
      embodiments may be made by those skilled in the art without departing from
      the scope of the invention. It is accordingly intended that the present
      disclosure be for illustrative purposes only and that the scope of the
      invention be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination of a safety screw closure and a container having a
      threaded neck and an annular shoulder arranged below said threads, said
      closure comprising an inner and outer screw cap located one inside the
      other, said inner screw cap rotatable about said threaded neck in one
      direction to close thereon and in an opposite direction to open, said
      outer cap being rotatable with respect to said inner cap and axially
      slidable between an outer and inner position, a spring located between
      said caps to normally urge said outer cap into its axial outer position,
      said outer cap being movable against said spring into its inner axial
      position, means for cooperatively coupling said outer cap to said inner
      cap in any axial position for conjoint rotation with said inner cap in the
      closing direction and for cooperatively coupling said outer cap with said
      inner cap in its inner axial position for conjoint rotation with said
      inner cap in the opening direction, said inner cap having a securing ring
      attached at its lower end by at least one rupturable connecting bridge
      member, said securing ring being preshaped to conform to the shape of said
      annular shoulder, and being radially elastically expandable thereover,
      said securing ring and the inner cap being provided with intermediate cam
      members which cooperatingly abut when the closure is screwed on to the
      container and which are cooperatively ineffective when the closure is
      unscrewed, whereby only on initially opening of said cap said bridging
      members are ruptured.
NUM  2.
PAR  2. The combination according to claim 1 wherein said outer cap has a length
      maintaining said securing ring free of radial envelopment when said outer
      cap is located in the outer axial position and radially surrounding said
      securing ring to prevent radial expansion when said outer cap is located
      in the inner axial position.
NUM  3.
PAR  3. The combination according to claim 1 wherein the outer cap when in the
      second position envelopes the securing ring and prevents radial play
      thereof.
NUM  4.
PAR  4. The combination according to claim 1 wherein the neck of the container
      is provided with an annular bead having a cross section in the form of a
      right triangle, one side of which forms said shoulder.
NUM  5.
PAR  5. The combination according to claim 1 wherein the cam members are spaced
      apart a very small distance in the direction of screwing and a large
      distance the opposite direction of unscrewing
NUM  6.
PAR  6. The combination according to claim 1 wherein the connecting bridge
      members are so dimensioned that when initially screwed on the container
      they are not rupturable and when initially unscrewed are rupturable.
NUM  7.
PAR  7. The combination according to claim 1 wherein the coupling is formed so
      that the inner and outer caps are engaged in the first position to permit
      the inner and outer caps to move conjointly when the closure is screwed on
      the container.
NUM  8.
PAR  8. The combination according to claim 7 wherein the spring and cap are
      integrally formed.
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PAL  In this two-piece closure for sealing containers, abutment, retaining and
      locking means are provided on the one hand on a flange of the main or
      inner cap and on the other hand on the bottom and/or inner surface of the
      skirt of the outer cap, said means co-acting with each other for securing
      the main cap flange in said outer cap, without any play, relative movement
      and flange distortion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to plastic closures or caps for
      bottles and other containers formed with a retaining external bead at the
      outer end of their neck. More particularly, this invention is directed to
      provide a plastic closure of this general type, which comprises an outer
      skirted closure cap adapted to be assembled either during the closure
      manufacturing process or at the time of actual use with an inner or main
      closure cap forming with said outer cap a double walled space adapted to
      receive a product.
PAR  The chief difficulty to be overcome in devices of this type lies in the
      means used for securing the outer skirted cap to the inner cap
      constituting the stopper proper so that the dual feature of a faultless
      assembling and the absence of any relative movement between these elements
      be obtained while warranting and preserving a constant fluidtightness,
      especially with gaseous products. Another difficulty resides in the fact
      that the relative fastening of these elements must be reversible so that
      the inner cap can be removed from the outer cap, for example when it is
      desired to release the product contained in said double wall.
PAR  This fluid-tight closure consisting of two elements adapted to be firmly
      assembled and reversible at will comprises a main, inner cup-shaped
      closure cap formed with an integral peripheral flange, and an outer cap
      formed with an external skirt co-acting with the side wall of said main
      cap to provide an annular space adapted, when fitting the closure with a
      moderate forcing, to receive the neck of a container until the edge of
      said neck abutes a peripheral rib formed on the inner surface of said
      skirt and somewhat spaced from the bottom of said outer cap.
PAR  The external skirt of the outer cap of the two-piece closure according to
      this invention may comprise as already known per se a downward extension
      from which it is separated by at an incipient tearing or breaking line,
      said extension constituting a guarantee strip formed wth an integral
      tear-off lug, whereby the closure constitutes a definitely temper-proof
      device.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, abutment, retaining and locking means are
      provided on the one hand on the main or inner cap flange and on the other
      hand on the bottom and/or inner surface of the skirt of the outer cap,
      said means cooperating with one another for securing the main cap flange
      in said outer cap, without any play, relative movement and flange
      distortion.
PAR  These abutment, retaining and locking means comprise on the one hand, on
      said main or inner cap, at least one circular bead extending along the
      whole or part of the lower flange face and a milled outer edge of said
      flange, and on the other hand on said outer cap a milled circular portion
      formed on the inner surface of the skirt of said outer cap and registering
      with the milled outer edge of said flange, so that both milled portions
      can "mesh" with each other.
PAR  This milling may also be provided on the upper or lower surface of the main
      or inner cap and on corresponding surface areas of the outer cap.
PAR  These means for fastening the outer and inner caps together comprise on the
      other hand in the bottom and/or the inner wall of said outer cap
      stop-forming projections adapted to lock the main cap flange in the groove
      formed in the inner surface of the outer cap skirt by forming a peripheral
      rib somewhat spaced from the bottom of said outer cap.
PAR  Alternatively, the stop-forming projections may be formed on the main cap
      flange in the form of a series of spaced projecting studs, which achieve
      the same standing and locking means of the inner cap flange in the bottom
      of the outer cap. When the inner cap is put on the container, the outer
      edge of his flange is disengaged from the fitting on the container and his
      penetration by juncture in the groove formed correspondantly in the inner
      face of the outer cap is maked easier without distortion of the inner cap.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features and advantages characterising this invention will appear more
      completely as the following description proceeds with reference to the
      attached drawings, in which:
PAR  FIG. 1 is a plane view from beneath showing the main or inner cap with its
      integral flange having a milled or castellated edge;
PAR  FIG. 2 is an elevational view with a portion shown in section taken along
      the line II--II of FIG. 1;
PAR  FIG. 3 is a plane view from beneath of an outer cap with a portion shown in
      section taken along the line III--III of FIG. 4;
PAR  FIG. 4 is an elevational view partly in section taken along the line IV--IV
      of FIG. 3;
PAR  FIG. 5 is a plane view from beneath with a partial section taken along the
      line V--V of FIG. 6, showing the main cap assembled with the outer cap and
      fitted to the neck of a container;
PAR  FIG. 6 is an elevational view with a partial section taken along the line
      VI--VI of FIG. 5;
PAR  FIG. 7 is a sectional view showing on a larger scale a modified form of
      embodiment of the means for interlocking the inner or main cap and the
      outer cap by means of milled or cogged portions of the upper face of the
      flange;
PAR  FIG. 8 is a similar sectional view of another modified embodiment with a
      milled or cogged portions of the top of said flange, and
PAR  FIG. 9 is an exploded view of a modified form of embodiment of the outer
      cap and inner cap assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the embodiment illustrated in FIGS. 1 to 5 inclusive, the inner or main
      cap 4 comprises an annular flange 6 having one or more circular beads 26
      formed on its inner or lower face, the outer edge of this flange 6 being
      milled or cogged as shown at 27 (see FIGS. 1 and 2).
PAR  A milled or cogged portion 29 matching the milled or cogged portion 27 is
      formed on the inner surface of the skirt 2 of the outer cap 1 (see FIGS. 3
      and 4).
PAR  This outer cap 1 further comprises spaced inner studs 28 adapted to lock
      and position the flange 6 of the main cap 4 in the groove 3 provided by
      the circular rib 14 of said outer cap 1.
PAR  The number and disposition of these studs 28 on the inner face of the
      bottom 13 of outer cap 1, and adjacent the externally milled skirt 2, are
      variable so that said studs 28 project inwardly (FIG. 9). The milled
      portion 29 of said flange 6 engages the milled portion 27 of main cap 4
      like matching gears meshing with each other, when the device is fitted to
      the bottle of a container. With this arrangement, any relative rotation of
      main cap 4 and outer cap 1 is safely prevented. The studs 28 of outer cap
      1 are further adapted, under all circumstances, to properly position the
      main cap 4 by preserving a certain play between the flange 6 of main cap 4
      and the bottom 13 of outer cap 1, and the milled portions 29 and 27 engage
      one another to prevent any untimely movement of the main cap 4 when the
      outer cap 1 is fitted thereon.
PAR  FIGS. 5 and 6 illustrate the two-piece closure assembly comprising the main
      or inner cap 4 of FIGS. 1 and 2, and the outer cap 1 of FIGS. 3 and 4,
      fitted on the neck 10 of a container taken by way of example.
PAR  The main cap 4 is fitted on the neck 10 by using conventional capping
      machines. Then the outer cap 1 is positioned to cover the inner cap by the
      same machine; the flange 6 of main cap 4 is thus positioned in relation to
      the bottom 13 of outer cap 1 due to the presence of studs 28, and retained
      in the groove 3 formed by the rib 14 projecting inwardly from the inner
      surface of skirt 2; the notches or teeth 27 and 29 in relative meshing
      engagement counteract any relative movement between the inner and outer
      caps.
PAR  For reasons of fluid-tightness, the main or inner cap 4 has formed on its
      outer surface a circular bead 30 adapted resiliently to engage the bottom
      of the groove 31 formed in the neck 10 of the container, under the top
      edge 32 thereof.
PAR  The means for interlocking the main cap 4 and outer cap 1 by mutual
      engagement of the milled portion of flange 6 and the matching milled
      portion of the inner surface of the outer cap 1 may be embodied
      differently, as illustrated by way of example in FIGS. 7 and 8, without
      departing from the basic principle of the invention.
PAR  Thus, in FIG. 7, the top face 33 of flange 6 is milled and meshes with a
      matching milled portion 34 formed in the bottom 13 of the upper or outer
      cap 1.
PAR  In contrast thereto, as shown in FIG. 8, these studs 28 are maintained and
      the milled portion of the lower face 35 of flange 6 adjacent the bead 26
      is caused to mesh with a matching milled portion 36 formed on the rib 14
      of skirt 2 of outer cap 1.
PAR  In the modified form of embodiment of the main cap 4, as shown in FIG. 9,
      the means for rendering the flange 6 independent while safely assembling
      the inner and outer caps 4, consists in forming on the underface of said
      flange a continuous or discontinuous bead 26 adapted to engage the neck of
      the container and also the projecting studs 25 formed on the top of said
      flange 6, and to coact with studs 28 formed on the outer cap 1. Thus, when
      the inner or main cap 4 penetrates into the outer or upper cap 1, the
      flange 6 fits snuggily in the groove 3 of skirt 2, which is formed by the
      rib 14, as shown.
PAR  The projecting studs 25 abut the side of the studs 28 and prevent the
      rotation of the inner cap in the outer cap, as the milling of the
      precedent forms.
PAR  The above-described closure is characterised by the following advantages
      with respect to hitherto known devices of this type:
PAR  1. The liquid contained in the bottle or like container is isolated from
      the surrounding atmosphere by two walls spaced a sufficient distance a
      part to prevent any movement due to osmosis pollution and evaporation of
      the liquid by the atmosphere, in lieu of the customary single polyethylene
      or similar plastic wall.
PAR  2. The inner overpressure caused by a temperature increment acts against
      the bottom of the inner cap 4, thus expanding same against the inner wall
      of the neck of the container, so that the fluid-tightness is not only
      preserved but improved.
PAR  3. Re-fitting the closure is a particularly easy operation since the
      rounded portion of the main cap 4 fits readily and without undergoing any
      appreciable distortion in the neck of the container, in contrast with
      conventional devices of this character which comprise reinforcing inner
      ribs or the like for causing the inner skirt of the closure to be pressed
      with a sufficient force against the inner wall of the neck.
PAR  4. The mass production of this closure is particularly economical due to
      the simplified design of the mold impressions for making the two elements,
      and also to the easy assembling thereof.
PAR  5. The use of a two-piece closure permits of utilizing different materials
      for each type of element; thus, the main cap material may be colored,
      without any inconvenience, since the bottle content is not in direct
      contact therewith.
PAR  6. The fluid-tight space reserved between the main cap 1 and outer cap 4
      may be used for holding a product to be mixed up with the content of the
      main container after removing the closure.
PAR  7. The gurantee strip possibly provided at the lower end of the skirt 2 of
      the outer cap 1 will free a two-piece closure adapted to constitute a box
      with its lid.
PAR  8. Any shock applied to the outer cap 1 will not have any detrimental
      effect on the main cap 4.
PAR  9. The closure may be supplied either as a single unit or alternatively the
      outer cap 1 may be fitted in position when stopping the container with the
      main cap.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Two-component plastic tight closure comprising on the one hand a
      cup-shaped bottom (4) adapted to be driven into the neck of a container,
      which comprises an annular flange (6) surrounding its top edge, said
      flange (6) having formed on at least one portion of its lower annular
      surface a circular bead (26) and along its outer cylindrical edge locking
      means (25, 27) and on the other hand a cap (1) having a depending skirt
      (2) adapted to fit on said cup-shaped bottom (4) and formed along the
      periphery of its top portion (13) with means (28) for abutting said flange
      (6) of said cup-shaped bottom and projections adapted to engage said
      locking means (25, 27) of said cup-shaped bottom.
NUM  2.
PAR  2. Closure as set forth in claim 1, wherein said locking means are formed
      on the top surface of the flange of said cup-shaped bottom and consist of
      studs (25), and said means (28) for abutting said flange also comprise
      said projections of said cap and consist of lugs.
NUM  3.
PAR  3. Closure as set forth in claim 1, wherein said locking means of said
      cup-shaped bottom (4) consist of indentations (27) formed along the edge
      of said flange and said projections of said cap consist of a milled inner
      portion of said skirt (2).
NUM  4.
PAR  4. Closure as set forth in claim 1, which comprises on the inner surface of
      said skirt (2) of said cap a circular rib (14) adapted to support the edge
      of the flange of said cup-shaped bottom.
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PAL  A threaded bottle stopper for controlling the release of pressurized gases
      from a bottle is disclosed. The threaded bottle stopper is used in
      conjunction with an externally threaded bottle neck and comprises a cap
      having an internally threaded annular skirt depending downwardly therefrom
      and a tubular body portion extending downwardly from and integral with the
      underside of the cap. The outside diameter of the tubular body portion is
      such to permit insertion thereof within a neck bore of a bottle. The
      continuous thread on the annular skirt engages a continuous thread on the
      neck of the bottle where rotation of the threaded stopper in both
      directions moves the tubular body portion respectively into and out of the
      neck bore of the bottle. The bottle stopper is provided with means for
      sealing the discharge opening of the bottle neck. The tubular body portion
      of the stopper has gas release means on the outside surface thereof for
      controlling the release of pressurized gases from the bottle by providing
      at least one open-ended tortuous channel through which the pressurized
      gases pass before escaping to the atmosphere. The gas release means
      releases pressurized gases from the bottle while the threaded stopper
      engages the threaded bottle neck. The threaded bottle stopper provides a
      mechanical means for removing a stopper from a bottle containing
      carbonated beverages where the release of pressurized gases is controlled
      to preclude spillage and ejection of the stopper at a high velocity when
      the bottle is opened.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to a threaded bottle stopper for wine bottles and
      the like having mechanical means to assist in the removal of the stopper
      from the bottle and simultaneously control the release of pressurized
      gases from the bottle to preclude both ejection of the stopper at a
      dangerous velocity and spillage of the contents.
PAC  BACKGROUND OF THE INVENTION
PAR  With the known types of plastic and cork bottle stoppers for bottles
      containing carbonated wines and the like, a problem exists in the removal
      of the stopper from the bottle neck either too readily or, in some
      instances, the stopper is so tightly held in the bottle neck that removal
      of the stopper is very difficult. The inability of mechanical glass
      blowing machines to hold close tolerances for the neck bore dimension of
      the bottle is usually the cause of this problem. Where the cork or plastic
      stopper is held in the neck bore of a bottle by a conventional wire cage,
      removal of the cage can result in the stopper being ejected from the
      bottle at a dangerous velocity causing bodily injury and/or property
      damage. The velocity at which the stopper is ejected is dependent upon the
      degree of compression of the stopper in the neck bore and the type of
      bottled carbonated beverage.
PAR  The threaded bottle stopper according to this invention overcomes the above
      problems by providing a stopper which has a mechanical assist for
      overcoming the frictional fit of the stopper in the neck bore to assist in
      removing the stopper and simultaneously control the release of pressurized
      gases from the bottle to reduce the possibility of the stopper being
      ejected from the bottle at a dangerous velocity. The threaded bottle
      stopper may be made from a thermoplastic resin having the desired memory
      to permit a compression fit of the stopper in the neck bore of the bottle.
      The threaded bottle stopper comprises a cap having a disc portion with an
      annular skirt depending downwardly therefrom. A tubular body portion
      extends downwardly from and integral with the underside of the disc
      portion. A continuous thread is provided on the inside surface of the
      annular skirt. The outside diameter of the tubular body portion is of a
      dimension which permits insertion thereof within the neck bore of a
      bottle. The continuous thread on the annular skirt engages a continuous
      thread on the neck of the bottle so that rotation of the threaded bottle
      stopper about its longitudinal axis in either direction, moves the tubular
      body portion respectively into and out of the neck bore of the bottle. The
      bottle stopper has means for sealing the discharge opening of the bottle
      neck.
PAR  The tubular body portion of the threaded bottle stopper has gas release
      means provided on the outside surface thereof for controlling the release
      of pressurized gases from the bottle. The gas release means comprises at
      least one open-ended tortuous channel through which the pressurized gases
      pass before escaping to the atmosphere. The gas release means is operable
      to release pressurized gases from the bottle while the continuous thread
      on the annular skirt remains in engagement with the external thread of the
      externally threaded bottle neck. The release of the gas is, of course,
      subsequent to the breaking of the sealing means which is caused by
      rotation of the threaded bottle stopper in the respective direction to
      withdraw the tubular body portion from the neck bore of the bottle.
PAR  The gas release means may consist of a single spiral thread provided on the
      outside surface of the tubular body portion. The thickness of the thread
      ridge is such to permit sliding contact between the thread ridge and the
      inside surface of the neck bore of the bottle. The single spiral thread is
      shaped to define an open-ended spiral-shaped channel.
PAR  The open-ended tortuous channel is so positioned on the outside surface of
      the tubular body portion that communication of the channel with the
      atmosphere is complete prior to disengagement of the continuous thread on
      the inside surface of the annular skirt with the threaded neck portion of
      the bottle so that the release of the pressurized gases cannot eject the
      stopper from the bottle at a dangerous velocity.
PAR  The release of the pressurized gases from the bottle is controlled by a
      preselected cross-sectional area for the open-ended channel to ensure that
      a portion of the pressurized gases remain in the bottle a short time after
      the initial release of gases from the bottle so that a complete removal of
      the bottle stopper from the bottle neck results in the familiar and very
      desirable "pop" sound thereby indicating to the consumer that the contents
      are fit for consumption.
PAR  Since the threaded bottle stopper provides a mechanical assist for
      withdrawing the tubular body portion from the neck bore of a wine bottle,
      the bottle stopper may be slightly oversized to ensure that the neck bore
      is properly sealed thereby alleviating the need to closely control the
      neck bore tolerances of glass blown bottles.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a threaded
      bottle stopper which has a mechanical assist for overcoming the frictional
      engagement of the bottle stopper in a bottle neck bore to assist in the
      withdrawal of the bottle stopper from the bottle.
PAR  It is another object of the invention to provide a threaded bottle stopper
      which reduces the hazard of the bottle stopper being ejected from the
      bottle at a dangerous velocity to cause either bodily injury or property
      damage and also reduce the possibility of spillage of the contents during
      opening of the bottle.
PAR  It is a further object of the invention to provide a threaded bottle
      stopper which controls the release of pressurized gases from within a
      bottle to the atmosphere so that when the bottle stopper is completely
      withdrawn from the neck bore of a bottle, the familiar "pop" sound is
      heard.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, advantages and features of the present invention
      will become apparent in the following detailed description of the
      invention as it is shown in the drawings wherein:
PAR  FIG. 1 is a partially sectioned side view of the threaded bottle stopper
      according to a preferred embodiment of the invention;
PAR  FIG. 2 shows a partial section of the bottle stopper shown in FIG. 1 which
      is in seated position as threaded on a bottle neck;
PAR  FIG. 3 shows a partial section of the bottle stopper shown in FIG. 1 in a
      position which permits a controlled release of pressurized gases from
      within the bottle to the atmosphere;
PAR  FIG. 4 is a partially sectioned side view of another preferred embodiment
      according to the invention showing alternate gas release control means;
      and
PAR  FIG. 5 shows a side view of yet another preferred embodiment according to
      the invention having alternate gas control release means.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A threaded bottle stopper according to a preferred embodiment of the
      invention is generally designated as 10 in FIG. 1 and comprises a cap
      generally designated as 12 having a disc portion 14 with an annular skirt
      depending downwardly therefrom. The annular skirt 16 is integral with the
      disc portion 14 and meets the disc portion at the periphery thereof. A
      tubular body portion generally designated as 18 extends downwardly from
      the underside 20 of the disc portion 14. The overall outside diameter of
      the tubular body portion 18 is less than the overall inside diameter of
      annular skirt 16 so that an annular space 22 is defined between the
      outside surface of the tubular body portion 18 and the inside surface of
      the annular skirt 16. The tubular body portion 18 is molded integrally
      with the underside 20 of the disc portion 14 in the manner shown in the
      drawing. The longitudinal axis 24 of the threaded bottle stopper is
      coincident with the longitudinal axis of the tubular body portion and the
      longitudinal axis of the annular skirt 16.
PAR  A continuous mechanical thread 26 is provided on the inside surface of the
      annular skirt 16. The pitch of the continuous thread 26 is adapted for
      engagement with a corresponding pitch on an externally threaded bottle
      neck which is to be sealed by the bottle stopper 10.
PAR  Where the outside surface 28 of the tubular body portion 18 and the inside
      surface 30 of the annular skirt 16 meet the underside 20 of cap portion
      14, an annular surface 32 is defined and constitutes the base of the
      annular space 22. Three concentric ribs 34 are provided on the annular
      surface 32 which contacts the rim of a bottle neck to be sealed by the
      threaded stopper. The function of the concentric sealing rings 34 will be
      discussed in more detail hereinafter with respect to FIGS. 2 and 3.
PAR  On the outside surface 28 of the tubular body portion 18, the
      aforementioned gas release means for controlling the release of
      pressurized gases from a bottle is provided. With the particular
      embodiment shown in FIG. 1, the gas release means comprises a single
      spiral ridge or thread 36 which leads from adjacent the bottom of, to
      adjacent the top of the tubular body portion and is integral with an
      annular sealing ring 38. Sealing ring 38 seals the bottle neck bore.
PAR  FIG. 2 shows the stopper 10 inserted in a bottle neck 40 which has a
      continuous right hand mechanical thread 42 on the outside surface thereof.
      As the bottle stopper 10 is threaded onto the bottle by rotation in a
      clockwise direction, the tubular body portion 18 is advanced into the neck
      bore 44 until concentric sealing rings 34 contact bottle rim 46, thereby
      sealing the discharge opening.
PAR  The outside surface 28 of the tubular body portion 18 has a diameter which
      is less than the diameter of the inside surface of the neck bore 44,
      thereby leaving a space 48 between the outside surface 28 and the inside
      surface of the neck bore 44. The single spiral thread 36 has a
      substantially constant thickness dimension equal to the width of space 48
      so that the periphery 36a of the thread contacts the inside surface of the
      neck bore 44 in the manner shown in FIG. 2. The single spiral thread 36
      therefore defines a spiral channel which leads from adjacent the bottom
      of, to adjacent the top of the tubular body portion 18. The spiral channel
      50 is open-ended at the bottom, however, at the top it is closed by
      annular sealing ring 38 to prevent pressurized gases which are contained
      in bottle 40 from entering into space 48 above the annular sealing ring
      38.
PAR  When the bottle stopper 10 is rotated in a counterclockwise direction the
      tubular body portion 18 is withdrawn from the neck bore 44 whereby the
      seals formed by concentric sealing rings 34 and annular sealing ring 38
      are broken in the manner shown in FIG. 3. Annular sealing ring 38 is so
      positioned on tubular body portion 18 that its seal is broken prior to
      disengagement between threads 26 of the bottle stopper and threads 42 of
      the bottle. Channel 50 is now opened at both ends so that the channel is
      in communication with the inside of the bottle and with the atmosphere by
      way of a secondary channel 56 which is defined between the threads of the
      annular skirt and the bottle thread. Pressurized gases contained within
      bottle 40 are therefore permitted to pass through channel 50 to space 52
      in the direction of arrow 54 and in turn released to the atmosphere
      through secondary channel 56.
PAR  As is usually experienced in opening a stoppered bottle of crackling,
      sparkling or champagne wine, the stopper is ejected from the bottle
      opening at a velocity which is dependent upon the temperature of and the
      contents of the bottle. For example, champagne wines are known to be
      stored in a bottle under pressures up to 6 atmospheres absolute. Such
      gaseous pressures can eject the stopper at very dangerous velocities.
      However, during the initial release of pressurized gases from the bottle
      in the manner shown in FIG. 3, the bottle stopper 10 is not ejected from
      the bottle opening because of the thread engagement between the bottle
      stopper and the bottle neck.
PAR  Although the preferred embodiment shown in FIG. 1 has concentric sealing
      rings 34 and an annular sealing ring 38, it is understood that the bottle
      stopper according to this invention would function in the desired manner
      in the absence of either the annular sealing ring 38 or the concentric
      sealing rings 34 so long as the sealing means seals the discharge opening
      of the bottle when the bottle stopper is engaged with the bottle neck
      threads 42 and also that the seal is broken prior to disengagement between
      the threads of the bottle stopper and the bottle neck.
PAR  As shown in FIG. 1 of the drawings, the tubular body portion 18 extends
      downwardly beyond the lower edge 13 of the cap 12. However, it is
      understood that with the wide variety of bottles available on the market,
      the bottle stopper 10 may be of an alternate design, such as the tubular
      body portion 18 not extending beyond the lower edge 13 of cap 12,
      providing the initial release of pressurized gases from the bottle is
      controlled in the aforementioned manner according to this invention.
PAR  In accordance with an object of the invention, it is desirable to control
      the initial release of pressurized gases from the bottle subsequent to
      disengagement of the threads 26 with the threaded bottle neck where upon a
      complete withdrawal of the bottle stopper, the familiar and desirable
      "pop" sound is heard. The controlled release of pressurized gases from the
      bottle 40 during initial release thereof is regulated by selecting an
      outside diameter of the tubular body portion such that the channel 50 is
      of a limited cross-sectional area. Due to the spiralling of the channel,
      the pressurized gases have to follow a tortuous path before escaping to
      the atmosphere. By this continual re-directing of the flow of the gases a
      controlled slow release of the pressurized gases is realized. Eventually
      the pressurized gases held within the bottle will equalize with the
      atmosphere in this manner however, by selecting an appropriate
      cross-sectional area for the channel 50, the release of pressurized gases
      can be regulated so that after the initial release of gases, a portion of
      pressurized gas remains in the bottle to give the desirable "pop" sound
      when the stopper is completely removed from the bottle. The "pop" sound
      is, of course, only evident if the gases in the bottle are still under
      pressure. On the other hand, the pressurized gases should be permitted to
      flow through channel 50 at a sufficient rate so that the portion of
      pressurized gases remaining in the bottle is not at high enough pressure
      to eject the bottle stopper 10 at a dangerous velocity when the threads of
      the bottle stopper are disengaged from the threaded bottle.
PAR  As discussed hereinabove, it is difficult to hold close tolerances on the
      neck bore dimensions of the bottle. However, in forming the bottle stopper
      10 by injection molding of a thermoplastic resin having suitable memory
      properties, a slightly oversized tubular body portion 18 may be used
      whereby frictional engagement of the annular sealing ring 38 with the neck
      bore 44 is ensured to properly seal the neck bore 44. In such an instance,
      concentric sealing rings 34 are only required as a precautionary measure.
      The increased frictional forces between the stopper and the bottle in
      using an oversized tubular body portion 18 are easily overcome in opening
      the bottle since the continuous thread 26 on the annular skirt 16 provides
      a mechanical assist in overcoming the frictional forces to withdraw the
      tubular body portion 18 from the neck bore 44. Serrations 58 may be
      provided on the outside surface of the annular skirt 16 to ensure an
      adequate grip on the cap to facilitate rotation thereof.
PAR  A shoulder 60 is provided on the bottle neck to permit the use of a wire
      cage for the stopper to provide the necessary aesthetic appeal to the
      consumer. However, the wire cage is of no great value because the threaded
      annular skirt serves to retain the annular body portion 18 within the bore
      neck 44 of the bottle.
PAR  Alternative arrangements for providing a tortuous channel through which the
      gases must pass during initial release of pressurized gases from the
      bottle, are shown in FIGS. 4 and 5. In FIG. 4 symmetrical double helical
      threads 62 and 64 are provided on the outside surface 28 of the tubular
      body portion 18. The double threads lead upwardly from adjacent the bottom
      of, to adjacent the top of the tubular body portion and are integral with
      the annular sealing ring 38. Double threads 62 and 64 form two spiral
      channels which are defined between the periphery of the tubular body
      portion 18 and the inside surface of the bottle neck bore. The channels
      are open at the bottom thereof through which pressurized gases contained
      within a bottle pass in escaping to the atmosphere in a similar manner to
      that shown in FIG. 3.
PAR  An alternate form of a concentric sealing ring arrangement 66 is provided
      on the annular surface 32 of the disc portion 14. The sealing rings 66
      engage the rim of a bottle onto which the stopper 68 is threadably
      engaged. The arrangement of the annular sealing ring 38 on the tubular
      body portion 18 on stopper 68 is located in the same position as the
      annular sealing ring 38 of the stopper 10 so as to open the spiral
      channels defined by spiral threads 62 and 64 to permit communication of
      the channels with the atmosphere prior to disengagement between the
      threads 26 and the threads of the threaded bottle neck.
PAR  Another arrangement for providing a tortuous path through which pressurized
      gases pass in escaping to the atmosphere in accordance with the invention
      is shown in FIG. 5 where a plurality of spaced-apart concentric rings 70
      are provided on the outside surface 28 of the tubular body portion of the
      threaded stopper 72. Each ring has a discontinuity 74 in its thickness to
      define an aperture between the outside surface 28 of the tubular body
      portion 18 and the inside surface of the neck bore of the bottle which the
      threaded bottle stopper 72 engages. Each of the discontinuities in
      thickness of each ring is located at a different circumferential location
      than the location of the discontinuity in adjacent rings, thereby defining
      a tortuous path through which the pressurized gases pass upon release to
      the atmosphere in a similar manner to that shown in FIG. 3. As shown, the
      upper ring 70a is provided with a discontinuity in its thickness 74 where
      the seal of the discharge opening of the bottle would be achieved by
      concentric sealing rings such as those shown in FIGS. 4 and 1 which engage
      the rim of the bottle to be sealed. On the other hand, an annular sealing
      ring may be provided above concentric ring 70a to provide the desired
      sealing of the neck bore of the bottle.
PAR  The bottle stopper according to this invention may be inserted in the neck
      bore of a bottle in accordance with standard bottle corking procedures
      where the stopper is twisted to threadably engage the threaded bottle
      neck. With the various alternate arrangements of ridges on the outside
      surface of the tubular body portion of the threaded bottle stopper
      according to this invention, the spiral threads as shown in FIGS. 1 and 4
      assist in the introduction of the tubular body portion of the stopper into
      the neck bore of the bottle during rotation thereof. In particular, the
      symmetrical double threads 62 and 64 of bottle stopper 68 assist in the
      initial insertion of the tubular body portion into the neck bore of a
      bottle by aligning the longitudinal axis of the bottle stopper with the
      longitudinal axis of the bottle because the lower portion of each thread
      62 and 64 lie in a common plane which is perpendicular to the longitudinal
      axis of the stopper.
PAR  While various embodiments of the invention have been discussed herein in
      detail, it is understood that variations may be made by those skilled in
      the art without departing from the spirit of the invention or the scope of
      the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A threaded bottle stopper for engaging an externally threaded bottle
      neck to provide a controlled release of pressurized gases from a bottle,
      comprising: a cap having a disc portion with an annular skirt depending
      downwardly therefrom; a tubular body portion extending downwardly from and
      integral with the underside of said disc portion, the outside diameter of
      said tubular body portion being less than the inside diameter of said
      annular skirt where the longitudinal axis of said tubular body portion is
      coincident with the longitudinal axis of said annular skirt; an annular
      space being defined between the outside surface of said tubular body
      portion and the inside surface of said annular skirt; a continuous thread
      on the inside surface of said annular skirt; the outside diameter of said
      tubular body portion being such to permit insertion of said tubular body
      portion in a bottle neck bore; said continuous thread on said annular
      skirt adapted to engage a continuous external thread on a neck of a bottle
      whereby rotation of said threaded bottle stopper about its longitudinal
      axis in both directions moves said tubular body portion respectively into
      and out of the neck bore of the bottle; said bottle stopper having means
      for sealing the discharge opening of the bottle neck; said tubular body
      portion having gas release means on the outside surface thereof for
      controlling the release of pressurized gases from a bottle by providing at
      least one open-ended tortuous channel through which the pressurized gases
      pass before escaping to the atmosphere; said gas release means releasing
      pressurized gases from the bottle while said continuous thread on said
      annular skirt engages the external thread of the externally threaded
      bottle neck and subsequent to a breaking of said means for sealing the
      discharge opening of the bottle neck upon rotation of said threaded bottle
      stopper in the respective direction.
NUM  2.
PAR  2. A threaded bottle stopper of claim 1 wherein said gas release means
      comprises at least one ridge located on the outside surface of said
      tubular body portion, said at least one ridge having a substantially
      constant thickness dimension so that the periphery of said at least one
      ridge slidably contacts a bottle neck bore surface when said tubular body
      portion is inserted within a bottle neck bore, said at least one ridge
      being so arranged on the outside surface of said tubular body portion to
      define said at least one open-ended tortuous channel between the outside
      surface of said tubular body portion and the inside surface of a bottle
      neck bore.
NUM  3.
PAR  3. A threaded bottle stopper of claim 2 wherein a ridge is so arranged to
      define an open-ended spiral channel between said outside surface of said
      tubular body portion and a bottle neck bore surface, said ridge being a
      single thread leading from adjacent the bottom of, to adjacent the top of
      said tubular body portion.
NUM  4.
PAR  4. A threaded bottle stopper of claim 3 wherein said means for sealing the
      discharge opening of the bottle neck comprises an annular sealing ring
      disposed adjacent the top of and concentric with said tubular body
      portion, said annular sealing ring having a substantially constant
      thickness dimension so that the entire periphery of said annular sealing
      ring contacts a bottle neck bore surface; said annular sealing ring being
      so positioned on said tubular body portion that a sealing of a bottle neck
      bore by the annular sealing ring is broken prior to disengagement between
      said continuous thread on said annular skirt and a continuous thread of an
      externally threaded bottle neck when said bottle stopper is rotated in the
      respective direction.
NUM  5.
PAR  5. A threaded bottle stopper of claim 3 wherein said bottle stopper is
      formed from a thermoplastic resin having memory to permit a compression
      fit between said ridge and a bottle neck bore surface.
NUM  6.
PAR  6. A threaded bottle stopper of claim 2 wherein two spaced apart ridges are
      so arranged to define two independent open-ended spiral channels between
      said outside surfaces of said tubular body portion and a bottle neck bore
      surface, said two ridges being a symmetrical double thread leading from
      adjacent the bottom of to adjacent the top of said tubular body portion.
NUM  7.
PAR  7. A threaded bottle stopper of claim 2 wherein at least two ridges are so
      arranged to constitute a plurality of spaced-apart concentric rings on
      said outside surface of said tubular body portion, each ring having at
      least one discontinuity in its thickness to define at least one aperture
      between said outside surface of said tubular body portion and a bottle
      neck bore surface, each aperture being located at a different
      circumferential location than the location of the apertures in adjacent
      rings; said pressurized gases passing through said apertures before
      escaping to the atmosphere.
NUM  8.
PAR  8. A threaded bottle stopper of claim 1 wherein said tubular body portion
      extends downwardly beyond the lower edge of said annular skirt; said
      tubular body portion being adapted to remain within a bottle neck bore
      subsequent to disengagement between said continuous thread of said annular
      skirt and the continuous thread of the externally threaded bottle neck.
NUM  9.
PAR  9. A threaded bottle stopper of claim 8 wherein an annular surface on the
      underside of said disc portion of said cap is defined between the outside
      surface of said tubular body portion and the inside surface of said
      annular skirt where the respective surfaces meet the underside of said
      disc portion.
NUM  10.
PAR  10. A threaded bottle stopper of claim 9 wherein said means for sealing a
      discharge opening of a bottle neck comprises a plurality of spaced-apart
      concentric sealing rings positioned on said annular surface; said
      plurality of concentric sealing rings contacting a rim of a discharge
      opening of a bottle to sealingly engage a bottle rim when the bottle
      stopper is rotated in the respective direction to seat said plurality of
      sealing rings against a bottle rim.
NUM  11.
PAR  11. A threaded bottle stopper of claim 10 wherein second means for sealing
      a discharge opening of a bottle neck bore is provided on the outside
      surface of said tubular body portion and comprises an annular sealing ring
      disposed adjacent the top of and concentric with said tubular body
      portion; said annular sealing ring having a substantially constant
      thickness dimension so that the entire periphery of said annular sealing
      ring contacts a bottle neck bore surface; said annular sealing ring being
      so positioned on said tubular body portion that a double sealing of a
      discharge opening of a bottle neck by said concentric sealing rings and
      said annular sealing ring is broken prior to disengagement between said
      continuous thread on said annular skirt and a continuous thread of an
      externally threaded bottle neck when said bottle stopper is rotated in the
      respective direction.
NUM  12.
PAR  12. A threaded bottle stopper of claim 11 wherein said annular sealing ring
      is so positioned on said tubular body portion that a sealing of the
      discharge opening of the bottle neck by said concentric sealing rings is
      broken prior to a breaking of a sealing of the discharge opening by said
      annular sealing ring.
NUM  13.
PAR  13. A threaded bottle stopper of claim 11 wherein said gas release means
      comprises at least one ridge located on the outside surface of said
      tubular body portion, said at least one ridge having a substantially
      constant thickness dimension so that the periphery of said at least one
      ridge slidably contacts a bottle neck bore surface when said tubular body
      portion is inserted within a bottle neck bore, said at least one ridge
      being so arranged on the outside surface of said tubular body portion to
      define said at least one open-ended tortuous channel between the outside
      surface of said tubular body portion and a bottle neck bore surface.
NUM  14.
PAR  14. A threaded bottle stopper of claim 13 wherein a ridge is so arranged to
      define an open-ended spiral channel between said outside surface of said
      tubular body portion and a bottle surface, said ridge being a single
      thread leading from adjacent the bottom of, to adjacent the top of said
      tubular body portion.
NUM  15.
PAR  15. A threaded bottle stopper of claim 14 wherein said bottle stopper is
      formed from a thermoplastic resin having memory to permit a compression
      fit between said ridge and a bottle neck bore surface.
NUM  16.
PAR  16. A threaded bottle stopper of claim 13 wherein two spaced-apart ridges
      are so arranged to define two independent open-ended spiral channels
      between said outside surface of said tubular body portion and a bottle
      neck bore surface, said two ridges being a symmetrical double thread
      leading from adjacent the bottom of, to adjacent the top of said tubular
      body portion.
NUM  17.
PAR  17. A threaded bottle stopper of claim 13 wherein at least two ridges are
      so arranged to define a plurality of spaced-apart concentric rings on said
      outside surface of said tubular body portion, each ring having at least
      one discontinuity in its thickness to define at least one aperture between
      said outside surface of said tubular body portion and a bottle neck bore
      surface, each aperture being located at a different circumferential
      location than the location of apertures in adjacent rings; said
      pressurized gases passing through said apertures before escaping to the
      atmosphere.
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ABST
PAL  Base and cover members of a vacuum filter having walls each terminating
      with an annular bead are sealably joined together by a flexible annular
      joint. The joint has a median part defining, with an inner flange and a
      first rounded outer lip, an annular cavity in which the bead of the base
      member is tightly gripped. A second thinner and more flexible rounded
      outer lip fits over the bead of the cover member and has a terminal skirt
      portion which resiliently bears against its wall. The cover member can be
      removed by outwardly bending the second lip while the joint remains fitted
      on the base member.
BSUM
PAR  The invention relates to flexible annular joints for use in sealably
      joining together generally round members each having a wall terminating
      with an opening provided with an annular bead, the two beads defining
      superimposable surfaces forming a joining plane.
PAR  Such members may for example be adapted to form an enclosure such as a
      reservoir, a filter, a pump element or any other receptacle which must be
      fluid-tightly closed but easy to open by separation of the two members.
PAR  The joint according to the invention has a constant cross-section along its
      entire length and includes : a median part in the form of a circular crown
      adapted to be intercalated between the respective beads of the two
      members; a flange at the inner periphery of the median part, said flange
      being adapted to bear against the inner surface of the wall of one member;
      and first and second lips at at the outer periphery of the median part,
      the first lip being rounded to closely fit around the bead of said one
      member, and the second lip being of lesser thickness than the first and
      including a rounded portion adapted to fit around a part of the bead of
      the other member and a terminal skirt portion adapted to resiliently bear
      against the outer surface of the wall of said other member in the
      proximity of its bead.
DRWD
PAR  The characteristics and advantages of two embodiments of the joint
      according to the invention are set out in the following description made
      by way of example and with reference to the accompanying drawings, in
      which:
PAR  FIG. 1 is a cross-section of part of a first embodiment of joint according
      to the invention; and
PAR  FIG. 2 is a cross-section of a vacuum filter incorporating a second
      embodiment of joint.
DETD
PAR  The joint shown in FIG. 1 comprises a median part 1 in the form of a
      circular crown. This median part 1 is extended at its inner periphery by a
      flange 2 and at its entire outer periphery by two oppositely-directed
      rounded lips 3 and 4. The first lip 3 has a substantially constant
      thickness equal to that of the central part 1, and is curved over by about
      180.degree. in a manner to form, with the central part 1 and flange 2, a
      peripheral annular cavity. The second lip 4, of lesser thickness than the
      central part 1 and lip 3, includes a portion which is curved over by about
      135.degree. and which is extended by a terminal skirt portion of generally
      trunco-conical form.
PAR  The filter shown in FIG. 2 includes two dished round members 5 and 6, a
      base member 6 having an inlet orifice 7 and an outlet orifice 8 for fluid
      to be filtered, and member 5 serving as cover. Between these two members
      is held a filtering element 9 supported by a grid 10.
PAR  The trunco-conical walls of members 5 and 6 terminate with openings
      provided with toric beads 11 and 12 respectively, the bead 12 of member 6
      coming to fit in the annular cavity of a closure joint 13, the median part
      14 of this joint being intercalated between the beads 11 and 12, with a
      flange 15 bearing against the inner surface of the wall of member 6, and a
      lip 16 surrounding the bead 12 of this same member 6.
PAR  For certain applications, notably for vacuum filters with a diameter
      greater than 250 mm, it is recommended to place an annular guide 19 to
      ensure centring of the assembly and to avoid any lateral sliding of member
      5 in relation to member 6.
PAR  A second lip 17 of joint 13 surrounds the bead 11 of member 5 and comes to
      bear against the outer surface of the wall of this member.
PAR  The joint 13 used in this filter has a second internal flange 18
      symmetrically disposed, in relation to the plane of the joint, to the
      first flange 15, and which comes to bear against the inner surface of the
      wall of the member 5.
PAR  The narrow lip 17 of the joint advantageously has a sufficient flexibility
      to enable it to be folded out to the shape indicated by 17a (FIG. 2) in a
      manner to enable removal of the cover-forming member 5. The thickness of
      the central part 14 and of the thicker lip 16, as well as the presence of
      the flange 15, ensure that during lifting off of the cover member 5, the
      joint 13 remains mounted on the base member 6, which facilitates fitting
      the assembly together again.
PAR  In the above-described example, the two members of the filter have toric
      beads formed by rolling the sheet metal forming the walls. Of course, the
      beads could be formed by any other suitable process, for example by
      welding a cylindrical rod of appropriate diameter about the periphery of
      the opening.
PAR  The shape of the members is not necessarily exactly circular but can be
      polygonal providing that the angles are sufficiently rounded off.
PAR  The joints according to the invention are preferably manufactured in an
      easily mouldable material having a sufficient flexibility, such as
      synthetic rubber which also has an excellent resistance to common gases
      and hydrocarbons as well as good mechanical characteristics over a period
      of time.
PAR  Of course, the joint shown in FIG. 1 could be used to sealably join a
      filter of the type shown in FIG. 2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an assembly of first and second generally round members each having a
      wall terminating with an opening provided with an annular bead wherein the
      two beads define superimposable surfaces forming a joining plane, a
      flexible annular joint sealably joining the first and second members
      together, said joint having a constant cross-section along its entire
      length and including: a median part in the form of a circular crown
      adapted to be intercalated between the respective beads of the two
      members; a flange at the inner periphery of the median part, said flange
      being adapted to bear against the inner surface of the wall of the first
      member; and first and second lips at the outer periphery of the median
      part, the first lip being rounded to closely fit around the bead of said
      first member, and the second lip being of lesser thickness than the first
      and including a rounded portion adapted to fit around a part of the bead
      of said second member and a terminal skirt portion adapted to resiliently
      bear against the outer surface of the wall of said second member in the
      proximity of its bead, a second flange at the inner periphery of the
      median part adapted to bear against the inner surface of the wall of said
      second member, said second lip being sufficiently thin and flexible to
      permit removal of said second member, by outwardly folding the second lip,
      while the joint remains fitted on said first member, said second lip
      bearing conically against said second member, so that the joint is vacuum
      tight.
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ABST
PAL  A storage tank having a unique geometric shape and adapted to contain a
      liquid or a compressed gas at pressures above atmospheric pressure. The
      tank can be made of special materials for low temperature applications.
      The weight of the tank and its contents is carried on an integral
      supporting structure advantageously located at the lower corners of the
      tank. Since the tank is a single walled, pressure-type vessel, it can be
      utilized in the transportation of liquid natural gas without the need for
      a secondary liquid-tight barrier.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a tank adapted to contain liquid and/or
      compressed gases during storage or transportation and more particularly,
      to a storage tank which is effective in transporting liquid natural gas in
      a floating vessel as well as the apparatus required for supporting the
      tank within the hull of the vessel.
PAR  The volume that a gas occupies at normal ambient temperatures is many
      hundredths of time the volume that it occupies as a liquid. For this
      reason, many useful gases are stored in their liquid form. Gases can be
      liquified by either compressing them until their critical pressure is
      reached or by cooling them until their critical temperature is reached. It
      has been proven more practical to refrigerate natural gas to its liquid
      form rather than to compress it. In any event, some petroleum gases are
      stored and/or transported in a semi-compressed state.
PAR  The various forms of containment tanks which are presently being used
      include those having a spherical, cylindrical or prismatic shape. A recent
      application of liquid storage tanks is in the marine transportation of
      liquid natural gas (LNG). However, the storage and marine transportation
      of liquid natural gas at substantially atmospheric pressure and at very
      low temperatures, for example, about -260.degree. F., presents many
      problems. These problems are especially difficult to solve in marine
      transportation and include, for example, structural stresses due to static
      and dynamic loading, deflection of the hull, deflection of the tanks, and
      support requirements adapted to accept temperature contraction and
      temperature stresses in the hull of the vessel and the tanks. These
      problems have been overcome in a number of ways including the use of
      suspended spherical tanks, double walled semi and full membrane tanks and
      prismatic tanks which are supported by the surrounding insulation which in
      turn is supported by the hull structure of the vessel. Even though liquid
      petroleum gases have been transported under pressure in spherical tanks
      for many years, the early liquid natural gas vessel tanks were constructed
      as double walled prismatic tanks, that is, tanks having primary and
      secondary barriers. The forces created in the walls of the tanks were
      transmitted to the hull structure through the insulation, which had to be
      of a type capable of carrying a load at low temperatures.
PAR  The above described tank systems with the exception of the suspended
      spheres, require considerable manpower to install. Also testing of the
      installation in its ability to absorb and transmit stresses from the tank
      to the hull of the vessel, is difficult. Self supporting independent tanks
      overcome the testing problem and their insulation is much simpler.
      Although spherical tanks have been used as an effective type of self
      supporting independent tank, and a number of methods for supporting them
      in the hull of the vessel have been proposed, the sphere is an inefficient
      user of space in a vessel.
PAR  Accordingly, an object of the present invention is to provide a self
      supporting, independent liquid or compressed gas containment tank which
      has a unique shape which contributes to the overall strength of the tank.
PAR  Another object of the present invention is to provide an improved self
      supporting storage tank which, because of its geometric shape lends itself
      to the accurate determination of stresses to which the tank will be
      subjected and thus, can be readily adapted to meet the various
      classification and regulatory body requirements of a single walled
      containment system for either land storage or the marine transportation of
      refrigerated liquid natural gas.
PAR  A further object of the present invention is to provide an improved storage
      tank which, because of its geometric shape, is capable of storing the same
      quantity of liquid and/or gas as the prior art spherical tanks even though
      it possesses smaller overall dimensions.
PAR  Other objects and further scope of applicability of the present invention
      will become apparent from the detailed description given hereinafter; it
      should be understood, however, that the detailed description and specific
      examples, while indicating preferred embodiments of the invention, are
      given by way of illustration only, since various changes and modifications
      within the spirit and scope of the invention will become apparent to those
      skilled in the art from this detailed description.
PAR  Pursuant to the present invention, the above-mentioned disadvantages may be
      eliminated and a substantially improved self supporting storage tank
      adaptable for land storage and vessel storage in connection with marine
      transportation has been developed wherein through the use of a plurality
      of cylindrical and spherical shapes which are combined in an effective
      manner, a tank of improved strength and capacity is produced. The storage
      tank of the present invention is a self-supporting, independent liquid or
      compressed gas containment tank, the boundaries of which are made up of
      intersecting cylinders, parts of spheres and cylindrical caps.
PAR  The present invention is based on the knowledge that both the sphere and
      the cylinder are efficient forms for pressure vessels. However, as the
      volume of the tank increases, it becomes expensive and eventually
      impractical to construct the tanks as individual spheres or cylinders due
      to the required thickness of the shell. The present invention overcomes
      this problem by combining cylinders and spheres into a unique relationship
      and using the resulting shape as the boundaries for the tank. Because the
      tank is constructed solely from intersecting portions of cylinders and
      spheres, the stresses can be readily determined using the available
      structural analysis theory for thin shells. In order to obtain a better
      volumetric efficiency, that is, by dividing the tank volume by the volume
      of the circumscribing cube, the space inside the external boundaries of
      the tank but outside the cylinders is made part of the tank volume by
      fitting six cylindrical closing caps in the square holes in the six sides
      of the tank and removing a 90.degree. arc length of the cylinder within
      the boundaries of the tank. This deletion of a part of the cylinders would
      normally result in unbalanced loads in the individual cylinders. However,
      the manner in which the cylinders and the cylindrical closing caps are
      connected together enables these loads to be balanced and provides a
      stable structure. Due to the shape of the tank, being made up of
      rotationally symmetric plates, the design can be fully analyzed by various
      structural analysis methods such as limit analysis, finite element
      analysis and fracture mechanics, thus enabling the containment system to
      be classed as a "leak before catastrophic failure" type system. As it is a
      single walled vessel of relatively simple structural design, including the
      support system, the completed tank can be tested by non-destructive
      methods including hydrostatic or compressed air pressure tests. This in
      turn enables the tank to be readily accepted by the various regulatory
      agencies.
PAR  The storage tank of the present invention possesses inherent strength and
      good volumetric efficiency because of its unique shape. The weight of the
      tank and its contents is advantageously distributed to four corner
      pedestals disposed at the bottom of the tank. The tank can be restrained
      from lateral movement either at the corner pedestal plates or at a higher
      location on the tank depending on the intended use of the tank. Because
      the tanks are basically a combination of cylindrical and spherical shapes,
      they function as effective pressure vessels which can be provided with
      internal stiffeners or merely utilized as unstiffened shells. Also,
      because of their improved strength and volume efficiency, if the tanks of
      the present invention are used in a liquid natural gas tanker in place of
      the presently utilized spherical tanks, the length, width and depth of the
      tanker can be reduced by approximately 8%, 10% and 15%, respectively. With
      size reductions in mind, it is readily apparent that the expense of
      construction of the smaller size tankers can be reduced by about 10-20%.
      Also, there is the additional savings in the construction of the smaller
      size tanks. For example, using the tanks of the present invention in a
      125,000 cubic meter liquid natural gas tanker, the length, width, and
      depth of said tanker can be reduced by 75 feet, 15 feet and 15 feet,
      respectively when compared with an equivalent spherical tank vessel. Thus,
      by utilizing the tanks of the present invention, the ship portion of the
      total cost can be reduced by up to about 20% and the cost of the
      containment tanks can be reduced also by a significant amount. Of
      particular importance is the fact that no machining of large parts is
      required and because the diameter of the cylinder is smaller than about
      one-half of the overall dimensions of the tank, the tank structure is
      thinner than spherical tanks of equal volume. This feature, of course,
      reduces material, welding, handling and shaping problems. The tank lends
      itself to construction by existing structural fabricators without the need
      for special machines. The tank can also be installed in a ship either in
      pieces or as a complete tank.
PAR  The tank can be designed for use as a fixed land liquid or compressed gas
      storage tank and in addition, the unique shape of said tank comprising
      parts of cylinders and spheres makes it suitable for a number of uses
      where the vessel is subjected to either internal or external pressures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will become more fully understood from the detailed
      description given hereinbelow and the accompanying drawings which are
      given by way of illustration only, and thus are not limitative of the
      present invention and wherein,
PAR  FIG. 1 is a perspective view of the storage tanks of the present invention;
PAR  FIG. 2 is a section through a cylinder showing the various stresses created
      due to an internal pressure;
PAR  FIG. 3 is a schematic representation showing the effect on the stability of
      a cylindrical structure when an arc of the cylinder is removed and the
      remaining portion is still subjected to an internal pressure;
PAR  FIG. 4 is a plan view of a section taken through the tank of the present
      invention showing how the partial cylinders are connected together by
      cylindrical closing caps;
PAR  FIG. 4A shows in detail the cylindrical closing caps utilized in FIG. 4;
PAR  FIG. 5 is a side elevational view of the tank of the present invention;
PAR  FIG. 6 is a plan view of the tank of the present invention;
PAR  FIG. 7 is a sectional view taken along the lines 7--7 of FIG. 5;
PAR  FIG. 8 is a sectional view taken along lines 8--8 of FIG. 5 showing the
      details of the lower corner supports for the tank;
PAR  FIG. 9 is a sectional view taken along lines 9--9 of FIG. 8 also showing
      details of the lower corner supports;
PAR  FIG. 9A shows a perspective view of the corner support;
PAR  FIG. 10 is a view showing how the tank would be installed in a vessel for
      transporting a material;
PAR  FIG. 11 is a plan view taken along lines 11--11 of FIG. 10;
PAR  FIG. 12 is a view showing the lateral supporting device as utilized on the
      tank and on the surrounding ship structure;
PAR  FIG. 13 shows the lateral supporting devices indicating their operation
      during contraction of the tank and the surrounding ship structure during
      cooling or filling of the tank;
PAR  FIG. 14 shows a plan view of FIG. 13;
PAR  FIG. 15 shows the supporting device attached to the storage tank;
PAR  FIG. 16 shows the supporting device attached to the vessel, said supporting
      device being adapted to compliment the supporting device attached to the
      tank;
PAR  FIG. 17 shows the cooperation of the respective vessel and tank supporting
      devices shown in FIGS. 15 and 16, respectively;
PAR  FIG. 18 shows a perspective view of the tank of FIG. 1, cut in half by a
      vertical plane.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, wherein identical reference numerals are
      used throughout the various views to indicate identical elements, the tank
      of the present invention according to FIG. 1 comprises a plurality of
      intersecting cylindrical shell portions 1 which cooperate with portions of
      spheres (closing caps) 2 and portions of cylinders 8 to produce a supply
      tank having a generally cubical shape. As shown in FIG. 1, each corner of
      the tank consists of three intersecting cylinders which are disposed at an
      angle of 90.degree.with respect to each other and provided with a
      spherical closing cap 2. The tank has eight right-angled corners and thus
      comprises 12 intersecting cylindrical portions, eight spherically shaped
      closing caps and six cylindrically shaped closing caps.
PAR  The cylindrical shell portions formed from cylindrical shells are of equal
      diameter and length with four of the shell portions forming a side of the
      tank. The shell portions are formed by removing an arc length section of
      the circumference of each of the shells and also by removing that portion
      of the ends of each of the shell portions defined by diagonally
      intersecting planes produced at both ends of the shell portions resulting
      from the intersection of three shell portions placed perpendicular to each
      other at each corner to form the generally cubically shaped vessel. Each
      aperture formed by three shell portions intersecting at each corner is
      closed by a spherically shaped cap. Each cap is that portion of the
      surface of a sphere of equal diameter to that of the cylindrical shell
      portions so that a continuous tank surface is found when the caps are
      placed in the apertures. The four cylindrical shell portions making up
      each side of the cubical tank also define an aperture in the middle of
      each of the sides. These apertures are closed by the cylindrical closing
      caps. These caps are formed by four identical parts of a cylindrical
      surface connected together to form a cylindrically shaped cap. The base of
      each of the cylindrical caps forms a continuous surface tangent with each
      of the apertures defined by the shell portions and extend inwardly into
      the tank.
PAR  FIG. 2 diagramatically shows how a cylinder 3 which is subjected to a
      uniform internal pressure will be stressed in the circumferential
      direction.
PAR  FIG. 3 diagramatically shows how the cylinder 3 would deform 4 if a portion
      of the cylinder 5 was removed but the remaining portions thereof were
      still subjected to a uniform internal pressure. In order to maintain the
      remaining portion of the cylinder 3 in an equilibrium condition, forces 6
      and 7 would have to be applied to the edges either tangentially, or normal
      to the cylinder, respectively. A continuation of the forces in both
      directions would also be acceptable.
PAR  FIG. 4 shows how the independent cylinders 1 are connected by closing caps
      8 which are constructed from four substantially equivalent portions of a
      cylinder 9 which cooperates in a manner shown in FIG. 4A. The type of
      deformation due to internal pressure a tank cross-section would be
      subjected to in the area of the closing caps, is indicated in FIG. 4 by
      numeral 10.
PAR  FIG. 5 is an external elevational view of the tank of the present invention
      showing four cylindrical portions 1, four spherical caps 2, one internal
      cylindrical closing cap 8, support pedestal webs 11 and support plate 12
      which transmit the total load due to the weight of the tank and its
      contents to the supporting structure. Openings are provided in the top of
      the tank, when required, for pump installation 12 and for access aperture
      13 which provides access to the tank.
PAR  FIG. 6 is an external plan view of the tank of the present invention
      showing the four intersecting cylinders 1, four spherical closing caps 2,
      one internal cylindrical closing cap 8, two pump installations 12 and one
      tank access aperture 13.
PAR  FIG. 7 is a sectional view taken along lines 7--7 of FIG. 5 and shows, in
      section, four horizontal cylindrical portions 14, two horizontal
      cylindrical portions 15 in elevation, two vertical cylindrical portions
      16, two spherical closing caps 2 and one internal closing cap 8. It can be
      seen from the above described drawings and the above description that the
      boundary of the tank of the present invention comprises three distinct
      shapes formed from rotationally symmetrically plates which are joined
      together in a continuous manner, with the exception of where the support
      pedestals 11, the pump openings 12 and the access opening 13 pass through
      the shell, enabling the stress that the structure is subjected to, that
      is, the support loads, the internal pressure and the thermal loadings, to
      be accurately determined. This advantageous feature satisfies the
      requirements of various governmental regulatory bodies for acceptance of
      the tank of the present invention as a single walled pressure vessel for
      marine application without the need for a liquid-tight secondary barrier.
PAR  The unique shape of the tank of the present invention gives it considerable
      inherent combined strength. It is not necessary to support any portion of
      the tank by external or internal structure other than that already
      described hereinabove. However, the weight of the tank and its contents
      must be transferred to the supporting medium. This can be accomplished by
      simply allowing the bottom of the tank to bear directly on the support
      medium. In a preferred embodiment of the present invention, where the tank
      will be insulated by a non-load bearing type of insulation on the external
      surface of the tank, support pedestals 11 are utilized at each corner of
      the tank. FIG. 8 shows a plan sectional view of a support pedestal taken
      along lines 8--8 of FIG. 5. The upper free edges of the corner web plate
      17, the internal web plate 18 and the pedestal cylinder 19 are stiffened
      by a horizontal web and face plate 20. The pedestal web plates and
      cylinder are connected to the load distribution plate 12' which transmits
      the load of the tank and its contents to the supporting structure. A
      closing plate 21, shown in FIG. 9 is fitted inside the hollow pedestal
      cylinder 19 at the level of the tank bottom. If considered beneficial, the
      closing plate 21 can be located below the level of the tank bottom thus
      providing a drain well for pumps, thus enabling the complete stripping of
      the tank. Thus, the hollow pedestal cylinder 19 is adapted to receive a
      deep well or submersible pump for removing the contents of the tank. Drain
      holes 22 are provided in the hollow pedestal cylinders at the lowest part
      of the tank for continuously draining the contents from the tank into said
      hollow pedestal cylinders. As stated above, the closing plate 21 may be
      slightly lower than the bottom of the tank to form a drain well for
      completely removing the contents from the tank. An aperture 23 is provided
      in the support plate 12' to provide access to the space below the closing
      plate 21 and to facilitate fabrication and the insulation of the space
      defined by the closing plate 21 and the support plate 12'. The pump
      installation 12 extends from the top of the tank into the hollow pedestal
      cylinders 19.
PAR  FIG. 9A is a perspective view of the support pedestals shown in FIGS. 8 and
      9.
PAR  FIG. 10 is a cross-section through a ship designed to use the tank of the
      present invention for transporting liquid natural gas. FIG. 10 shows a
      hull structure made up of a double bottom which defines bottom wing tanks
      24 with sloping inner bulk heads to provide a drain well to collect any
      liquid in the event of leakage, side wing tanks 25 and a weather shield
      26. The actual containment tank 27 advantageously would be insulated on
      the outside and insulation 28 covered with a sheething such as fiberglass
      or plywood sheets can be installed on the inner surface of the vessel and
      the weather shield to protect the structure from the direct effect of
      leakage. The weight of the tank and its contents are supported by the
      pedestal plates 12' which are in turn supported by hardwood 29 fitted on
      top of the tank top 30. The lateral support and vertical restrainment of
      the tank is provided by sloped bearing surface arrangements 31 disposed on
      the tank and on the ship's structure as can be better seen in FIGS. 12 to
      14 of the present application. The tanks fits into a horizontal stringer
      32, which is at the same height as the pedestal horizontal corner webs 33
      but with sufficient clearance for the installation of the tank.
PAR  FIG. 11 is a plan view taken along lines 11--11 of FIG. 10, showing in
      detail, how the supporting pedestals cooperate with each other and with
      the tank structure.
PAR  FIG. 12 shows the details of the lateral and vertical support retainers
      including part of the horizontal stringer, part of the tank wall 1 and
      part of the pedestal horizontal corner web 33. At each support location 31
      are provided two bearing pads, that is, a support element 34 attached to
      the tank and a cooperating supporting element 35 attached to the vessel.
      These supporting pads have a common slope based on the relationship
      between the contraction of the tank and the surrounding structure during
      cooling and containment of the refrigerated liquid natural gas. This
      insures that adequate lateral support will be provided for the tank in all
      of its possible states. An insulator such as hardwood 36, as best seen in
      FIG. 15, is provided between the two bearing or support pads 34 and 35. As
      stated above, the tank fits into the horizontal stringer 32 with
      sufficient clearance 37 for the installation of the tank.
PAR  FIGS. 13 and 14 show how the slopes of the pads in both the vertical
      direction 38 and the horizontal direction 39 are determined. These Figures
      indicate, diagramatically, how the tank contracts due to the storage of
      low temperature liquids in said tank. If the surrounding ship's structure
      is of the same material as that of the tank and is subjected to the same
      uniform temperature differential, then there would be no relative movement
      of support points on the tank and ship's structure and accordingly, the
      tank could be mechanically secured to the ship's structure. However,
      because the tank is insulated to reduce heat inflow to a practical minimum
      and, because, in some instances, the ship's structure is also insulated to
      prevent it from being subjected to low temperatures, the movement of the
      support points on the tank and on the ship's structure is not the same.
      The present invention accommodates this relative movement between the tank
      and the ship's structure in both the vertical and the horizontal
      directions by aligning the slopes of the bearing surfaces in the vertical
      and horizontal directions in the direction of contraction. Thus, to
      account for the relative movement between the tank and the ship's
      structure due to different temperature differentials and construction
      materials, the length of the bearing surface of the support pads 35 on the
      ship's structure is made longer then that of support pad 34 which is
      connected to the tank, in accordance with the ratio of the relative
      movement of the tank with respect to the ship. The slopes of the vertical
      bearing surfaces 38 and the horizontal bearing surfaces 39 are determined
      as shown in FIGS. 13 and 14. The tank, in contracting from its size 40 at
      ambient temperature to its size 41 at a much lower temperature, the tank
      support pad 34 moves in toward the center of the tank and down toward the
      bottom pedestals. Knowing the temperature differential and the properties
      of the tank material, the slopes can be determined either by calculation
      and/or graphically. It should be noted that in the vertical direction, the
      bottom of the load distribution plate 12 is the fixed reference point for
      the contraction whereas in the horizontal direction the fixed reference
      point is the vertical center line of the tank 42 because said reference
      point does not move.
PAR  FIGS. 15 and 16 are exploded isometric views of the support pads, FIG. 15
      also showing the hardwood insulator 36 on both bearing surfaces of support
      pad 34. FIG. 17 shows a sectional elevational view of the cooperation of
      the support pads 34 and 35 taken along lines 17--17 of FIG. 12. The
      lateral support arrangement lends itself to a relatively simple
      installation in that the support pad 35 which is attached to the ship's
      structure can be installed once the tank is in its final position in the
      ship, by simply fitting it into contact with support pad 44 already
      attached to the tank, and welding support pad 35 to the ship's structure.
      Accordingly, no machining or measuring is necessary on the ship.
PAR  FIG. 18, which shows the tank of FIG. 1 with one-half of said tank removed,
      indicates how the internal closing caps 8 are arranged with respect to the
      cylindrical shells.
PAR  The present invention being thus described, it will be obvious that the
      same may be varied in many ways. Such variations are not be to be regarded
      as a departure from the spirit and scope of the invention, and all such
      modifications are intended to be included within the scope of the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cubical-shaped storage tank comprising 12 equal diameter and equal
      length portions of cylindrical shells, three of said shells forming each
      corner of said tank and four of said shells forming each side of said
      tank, said portions of the cylindrical shells being formed by removing an
      arc length section of the circumference of each of the cylindrical shells
      and also by removing that portion of the ends of each of the cylindrical
      shells defined by diagonally intersecting planes produced at both ends of
      the cylindrical shell portions resulting from the intersection of said
      three cylindrical shell portions placed perpendicular to each other at
      each corner forming a generally cubically shaped outer boundary, said
      intersecting cylindrical shell portions at each corner forming an aperture
      closed by spherically shaped caps forming a continuous tank surface, said
      spherically shaped caps consisting of that portion of the surface of a
      sphere of equal diameter to that of the cylindrical shells, and said four
      cylindrical shell portions which make up each side of the cubical shape
      defining an aperture in the middle of each of said sides, said aperture
      being closed by four identical parts of a cylindrical surface connected
      together forming a closed cap, the base of said cap forming a continuous
      surface tangent with the aperture defined by said cylindrical shell
      portions and extending inwardly into said tank.
NUM  2.
PAR  2. The storage tank of claim 1, wherein a 90.degree. arc length section is
      removed from the circumference of each of the cylindrical shells to form
      said portions of said cylindrical shells.
NUM  3.
PAR  3. The storage tank of claim 1, comprising 12 intersecting portions of
      cylindrical shells, eight of which are horizontally disposed and four
      being vertically disposed, eight spherically shaped corner caps provided
      at each of the corners of said storage tank and six closing cylindrical
      caps provided at the center of each side of said storage tanks, said
      intersecting portions of cylindrical shells, spherically shaped corner
      caps and closing cylindrical caps combining and cooperating to form a
      continuous tank surface with a generally cubical shape.
NUM  4.
PAR  4. The supply tank of claim 1, wherein four corners of said tank are
      provided with a pedestal support structure.
NUM  5.
PAR  5. The supply tank of claim 4, wherein at least one of the pedestal support
      structure is provided with a hollow pedestal cylinder which communicates
      with the inside of the tank at about the level of the tank bottom.
NUM  6.
PAR  6. The supply tank of claim 5, including a submersible pump which is
      disposed in the hollow pedestal cylinder for stripping the tank of its
      contents.
NUM  7.
PAR  7. The supply tank of claim 5, wherein a closing plate is disposed in the
      hollow pedestal cylinder at a level below the bottom of the tank to form a
      drain well in the hollow pedestal cylinder.
NUM  8.
PAR  8. The supply tank of claim 4, wherein each of the pedestal support
      structures comprises a substantially vertically disposed pedestal cylinder
      provided with a horizontally disposed corner face plate spaced apart from
      a horizontally disposed, load distribution plate, said face plate tying
      the spherically shaped caps to the portions of cylindrical shells and
      extending to the center portion of the tank.
NUM  9.
PAR  9. The supply tank of claim 8, wherein corner web plates and an internal
      web plate extend vertically from the load distribution plate to the face
      plate, said internal web plate extending to the center portion of the
      tank.
NUM  10.
PAR  10. The supply tank of claim 1, wherein access openings are provided in the
      shell of the tank.
NUM  11.
PAR  11. The supply tank of claim 1, disposed in a marine vessel.
NUM  12.
PAR  12. The supply tank of claim 11, wherein the vessel and said supply tank
      are each provided with lateral support bearing pads, said bearing pads
      having bearing surfaces which are in slidable engagement with each other
      to provide support when there is relative movement in three planes between
      the tank and the vessel.
NUM  13.
PAR  13. The supply tank of claim 12, wherein said relative movement includes
      the vertical, transverse and longitudinal directions.
NUM  14.
PAR  14. The supply tank of claim 12, wherein said bearing pads contain sloped
      surfaces which are designed to maintain surface contact between engaging
      bearing pads during vertical, transverse and longitudinal relative
      movement between the tank and the vessel.
NUM  15.
PAR  15. The supply tank of claim 12, wherein the bearing surface of the pads
      prevents vertical movement due to the vessels motion at sea.
NUM  16.
PAR  16. The supply tank of claim 12, wherein the support bearing pads for the
      tank are positioned in association with the pedestal support structure.
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ABST
PAL  A plug or closure for closing and substantially sealing an aperture in a
      vehicle body panel. The plug comprises a plate portion and a resilient
      spring element carrying a plurality of resilient snap-engaging legs. The
      plate portion and the spring are separate and can be formed from different
      materials. The plate portion has an undersurface and one or more bosses in
      the undersurface defining a plurality of side walls. The spring has a body
      integral with the legs defining a plurality of edges and the spring is
      attached to the plate by forcing the body of the spring between or over
      the bosses or boss respectively so that the edges of the body of the
      spring frictionally engage the side walls of the boss or bosses. The plug
      may be provided with a ring of sealing material on the periphery of the
      undersurface of the plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved plug or closure for closing
      and sealing an aperture in a thin metal panel such as the body panel of a
      vehicle.
PAR  It is known to provide a plug comprising a metal plate portion and a
      plurality of resilient legs which are formed integrally with the plate
      portion. This has the disadvantage that the legs and the plate portion
      must be formed from the same material and in some applications, for
      instance where the plate portion has to be formed from a substantially
      heavy gauge metal, this is a serious disadvantage.
PAR  It is also known to form the resilient legs of a plug separately from the
      plate portion and then rivet or stake them to the plate portion. This
      method of manufacture has the disadvantages that it is expensive, it
      presents problems in aligning and positioning the individual legs in
      relation to the plate portion and is not generally acceptable.
PAR  It is therefore an object of the present invention to provide a plug or
      closure comprising a plate portion and a plurality of legs which are
      separate from the plate portion but which can be quickly and easily
      attached to the plate portion.
PAC  STATEMENT OF THE INVENTION
PAR  The present invention provides a plug for closing an aperture in a panel
      comprising a generally flat metal plate adapted to cover the aperture in
      the panel, an undersurface on the plate, at least one boss in the
      undersurface of the plate defining at least two spaced sidewall portions a
      resilient metal spring comprising a body portion attached to the
      undersurface of the plate and at least two resilient legs depending from
      the undersurface of the plate and adapted for snap-engagement through the
      aperture in the panel, wherein the body portion is provided with at least
      two spaced edge portions in frictional engagement with the said at least
      two spaced sidewall portions of the boss to retain the spring and the
      plate together.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a closure according to the present invention,
PAR  FIG. 2 is an elevation in section showing the closure of FIG. 1 mounted in
      an aperture in a panel,
PAR  FIG. 3 is a plan view of a detail of a modification of the closure shown in
      FIG. 1,
PAR  FIG. 4 is a plan view of a closure forming a further embodiment of the
      present invention,
PAR  FIG. 5 is a section taken on the line V--V of FIG. 4 showing the closure
      mounted in an aperture in a panel,
PAR  FIG. 6 is a plan view of a closure forming a third embodiment according to
      the present invention,
PAR  FIG. 7 is a section taken on the line VII--VII of FIG. 6 showing the
      closure mounted in an aperture in a panel.
PAR  FIG. 8 is a plan view of a closure forming a fourth embodiment of the
      present invention,
PAR  FIGS. 9 and 10 are sections taken on the lines IX--IX and X--X respectively
      of FIG. 8 and showing the closure mounted in an aperture in a panel,
PAR  FIG. 11 is a plan view of a closure forming a fifth embodiment according to
      the present invention,
PAR  FIG. 12 is a plan view of a closure forming a sixth embodiment of the
      present invention,
PAR  FIG. 13 is a plan view of a closure forming a seventh embodiment according
      to the present invention,
PAR  FIG. 14 is a section taken on the line XIV--XIV of FIG. 13 but showing the
      closure mounted in an aperture in a panel,
PAR  FIG. 15 is a plan view of a closure forming an eighth embodiment of FIG. 14
      according to the present invention, and
PAR  FIG. 16 is a section taken on the line XVI--XVI of FIG. 15 but showing the
      closure mounted in an aperture in a panel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1 and 2 a plug closure is indicated generally at 10 which
      comprises a plate portion 11, a spring 12 attached to the undersurface 11a
      of the plate and a sealing ring 13.
PAR  The plate portion 11 is approximately oblong in shape and is formed from
      mild steel of a gauge which will be determined by the size of the plate
      portion and the strength and rigidity required in the plate portion of the
      plug. A boss 14 is formed in the undersurface 11a of the plate portion and
      at the center of the plate portion, the boss 14 being rectangular in
      cross-section and having two parallel side walls 15 and 16 and two
      parallel end walls 17 and 18.
PAR  The sealing ring 13 is formed from a synthetic plastics material, for
      instance a polythene copolymer and it can either be sprung into position
      onto the rim of the plate portion or it can be insert moulded onto the
      plate portion.
PAR  The spring 12 comprises a substantially flat body 19 and integral legs 20
      and 21. The legs are inclined outwardly from opposite ends of the body 19
      and are bent at right-angles intermediate their lengths so as to form
      sloping shoulders 22 and 23 respectively adjacent the body 19. A
      rectangular aperture 24 is sheared from the center of the body 19 and
      defined by four side edges. Four slits 25 are formed in the body as
      continuations of the longer sides of the aperture 24 and define two
      tongues 25a and 25b.
PAR  The width of the aperture 24 in the spring 12 is the same as the external
      width of the boss 14 in the plate portion 11 and the spring 12 is attached
      to the plate portion 11 by pressing the spring over the boss 14 so that
      the boss enters the aperture 24 in the body 19 of the spring. The length
      of the aperture 24 is slightly less than the external length of the boss
      14 and the tongues 25a and 25b are flexed as the boss 14 enters the
      aperture 24, so that the end edges of the tongues frictionally engage the
      end walls 17 and 18 of the boss to resist removal of the spring from the
      plate portion when the spring has been pressed fully home over the boss
      with the body 19 of the spring flat against the plate portion 11.
PAR  When the spring has been assembled on the plate portion 11, the plug 10 is
      used as shown in FIG. 2 to close an aperture 26 in a panel 27 by offering
      the legs 20 and 21 up to the aperture. The legs 20 and 21 are then sprung
      through the aperture so that the rim of the aperture is clamped between
      the shoulders 22 and 23 of the legs and the sealing ring 13 on the rim of
      the plate portion thereby mounting the plug 10 securely in the aperture 26
      so that the sealing ring forms a seal against the panel 27.
PAR  The plug 10 is particularly useful for closing an aperture in a vehicle
      body panel before the panel is passed through a vehicle paint oven. In
      such an application, the sealing ring can be formed from a plastics
      material which will flow when heated to the temperature normally achieved
      in a vehicle paint oven of 140.degree.C to 170.degree.C.
PAR  Initially, the plug provides an effective mechanical seal of the panel
      aperture which is substantially air, water and dust-tight. Subsequently,
      when the panel and the plug are passed through the paint oven, the
      material of the sealing ring flows to fill any irregularities in the
      panel. The sealing ring material then cools, hardens and bonds the plate
      portion 11 to the panel 27. Thereafter a complete seal is achieved and the
      plug is securely held in place by the bonded sealing material as well as
      the mechanical lock achieved by the legs 20, 21.
PAR  FIG. 3 illustrates a detail of a modification 12a of the spring 12 which is
      shown in FIG. 1, and in which the spring 12a has a body 19a formed with a
      plurality of slits 25a extending outwardly generally diagonally from the
      corners of the aperture in the body 19a thereby forming four tongues 28,
      29, 30 and 31 which will flex and bite into the side walls of the boss 14
      in the plate portion.
PAR  FIGS. 4 and 5 illustrate a plug 32 which comprises a plate portion 33
      having a circular central boss 34, a sealing ring 35 and a spring 36.
PAR  The spring 36 comprises a body 37 and three integral legs 38, 39 and 40.
      The body 37 of the spring is formed with a circular central aperture 41 of
      the same diameter as the external diameter of the boss 34 in the plate
      portion 33 and with three equi-angularly spaced radial slits 42 extending
      outwardly from the aperture 41.
PAR  The spring 36 is frictionally attached to the plate portion 33 by forcing
      the body 37 of the spring over the boss 34 so that the edge of the
      aperture 41 in the body 37 of the spring bites into the side walls of the
      boss 34 to retain the spring on the plate portion 33. The slits 42 in the
      body 37 of the spring form three tongues 43, 44 and 45 respectively around
      the aperture 41 and these tongues will flex as the spring is pressed onto
      the boss 34.
PAR  The plug 32 is used as shown in FIG. 5 in the same manner as the plug 10 by
      snap-engaging the legs through a circular aperture in a panel.
PAR  FIG. 6 illustrates a plug 50 which is similar to the plug 32 except insofar
      as it is has a body portion 51 formed with a boss 52 of a substantially
      larger diameter, relative to the overall diameter of the plug then the
      boss 34 of the closure 32. In addition, the plug 50 includes a spring 53
      having a central circular aperture 54 adapted to fit over the boss 52.
      Four notches 55 are formed in the edge of the aperture 54 in the spring 53
      so as to give some flexibility to the edge of the aperture 54 and so as to
      facilitate gripping engagement of the edge of the aperture 54 against the
      external wall of the boss 52. In all other respects the plug 50 is similar
      to the plug 32 and is used in the same manner and as shown in FIG. 7 to
      close a circular aperture in a panel.
PAR  FIG. 8 illustrates a plug 60 which comprises a circular plate portion 61, a
      sealing ring 62 attached to the periphery of the plate portion 61 and a
      spring 63. The plate portion 61 is formed with two spaced bosses 64 and 65
      having facing side walls 66 and 67 respectively which define a channel
      therebetween. A dimple 68 is formed at the center of the plate portion 61
      between the side walls 66 and 67 of the bosses 64 and 65.
PAR  The spring 63 comprises a body 69 and two similar legs 70 and 71 and an
      aperture 72 is formed at the center of the body 69 of approximately the
      same diameter as the dimple 68 in the plate portion.
PAR  In order to attach the spring 63 to the plate portion 61, the body 69 of
      the spring is forced downwardly between the side walls 66 and 67 so that
      the aperture 72 in the body 69 of the spring locates over the dimple 68.
PAR  The width of the body 69 of the spring is slightly greater than the gap
      between the side walls 66 and 67 of the plate portion 61 so that the body
      has to be forced down between the side walls and thereafter grips the side
      walls to retain the spring in position on the plate portion.
PAR  The plug 60 is used in the same manner as the plug 32 or the plug 50 to
      close a circular aperture in a thin metal panel as shown in FIGS. 9 and 10
      by snap-engaging the legs 70 and 71 through the aperture in the panel so
      as to trap the rim of the aperture between the legs and the sealing ring
      62. The outer side walls of the bosses 64 and 65 are part cylindrical and
      assist in locating the plate portion in the aperture.
PAR  In the embodiment shown in FIGS. 8 and 10, the dimple 68 serves to locate
      the spring, lengthwise between the bosses 64 and 65 and the side walls 66
      and 67 retain the spring in position. In an alternative embodiment the
      width of the spring can be such that it is a loose fit between the side
      walls and the diameter of the aperture in the spring can be such that the
      dimple 68 in the plate portion is a force-fit through the aperture. The
      spring is thus retained on the plate portion by the biting engagement of
      the rim of the aperture in the spring on the dimple in the plate portion.
      If necessary, the dimple can comprise a substantially cylindrical
      extrusion and the aperture in the spring can have a tapered edge or rim
      portion.
PAR  FIG. 11 illustrates a plug 73 which comprises a plate portion 74, a sealing
      ring 75 mounted on the periphery of the plate portion 74 and a spring 76.
PAR  The plate portion 74 is formed with a central circular boss 77 and two part
      annular bosses 78 and 79 and the spring 76 comprises two arms 80 and 81
      and an annular body 82, which is shaped to fit over the boss 77. The
      annular body 82 of the spring has a central aperture 83 and two
      diametrically positioned notches 84 and 85. The diameter of the aperture
      83 is slightly less than the external diameter of the boss 77 so that the
      body 82 is a force fit over the boss 77 and the edges of the aperture 83
      thereafter bite into the wall of the boss 77 to resist removal of the
      spring from the plate portion. The arms 80 and 81 are located between the
      facing ends of the bosses 78 and 79 which thus serve to locate the spring
      and to resist rotation of the spring relative to the plate portion.
PAR  FIG. 12 illustrates a plug 86 which comprises a plate portion 87, a sealing
      ring 88 attached to the periphery of the plate portion 87 and a spring 89.
PAR  The plate portion is formed with two generally rectangular bosses 90 and 91
      formed with spaced facing walls 92 and 93 respectively.
PAR  The spring 89 comprises a body 94 and two similar arms 95 and 96. The body
      94 of the spring is formed with recesses 97 and 98 respectively in its
      side edges and is adapted to be forced between the bosses 90 and 91 with
      the bosses 90 and 91 located in the recesses 97 and 98 respectively. The
      width of the body 94 of the spring in the region between the recesses 97
      and 98 is slightly greater than the gap between the walls 92 and 93 of the
      bosses 90 and 91 respectively so that the spring is a force fit between
      the bosses 90 and 91 and the parallel edges of the recessed portions of
      the body 94 bite into the walls 92 and 93 of the plate portion to resist
      removal of the spring from the plate portion. The width of the recesses 97
      and 98 is only slightly greater than the width of the bosses 90 and 91 so
      that the bosses centralise the spring on the plate portion.
PAR  In an alternative form of the spring 89, the width of the body 94, between
      the recesses 97 and 98 can be less than the gap between the walls 92 and
      93 and the width of the recesses 97 and 98 reduced so that the side edges
      of the recesses grip the side walls of the bosses 90 and 91 to mount the
      spring on the plate portion. If required, slits can be formed in the body
      portion 94 extending outwardly from the corners of the recesses 97 and 98
      so as to form resilient tongues which ride over the side walls of the
      bosses 90 and 91 as the spring is applied to the plate portion and
      thereafter bite into the side walls of the bosses to resist removal of the
      spring from the plate portion.
PAR  FIG. 13 illustrates a plug 100 which comprises a circular plate portion
      101, a sealing ring 102 attached to the periphery of the plate portion 101
      and a spring 103.
PAR  The plate portion 101 is formed with a circular depression 104 which has a
      cylindrical internal wall.
PAR  The spring 103 comprises three similar legs 105, 106 and 107 and a body 108
      in the form of a cylindrical collar which is integral with the legs 105 to
      107.
PAR  The external diameter of the body 108 is slightly greater than the internal
      diameter of the cylindrical depression 104 and the spring 103 is attached
      to the plate portion 101 by forcing the body 108 of the spring into the
      depression 104 so that the body 108 grips the wall of the depression 104
      and resists removal of the spring from the plate portion.
PAR  If required, the body 108 of the spring 103 can be tapered to provide an
      easy lead-in to the depression 104 in the plate portion, or alternatively
      it can be in the form of a split collar so that it can be resiliently
      compressed in a radial sense for insertion into the depression 104 where
      it will expand and grip the wall of the depression to resist removal
      thereafter. The body 108 can also be formed with external prongs which
      engage the wall of the depression to resist separation of the spring from
      the plate portion.
PAR  FIGS. 15 and 16 illustrate a plug 110 which comprises a body portion 111, a
      sealing ring 112 attached to the periphery of the plate portion 111 and a
      spring 113.
PAR  The plate portion 111 is formed with three spaced bosses 114, 115 and 116
      which define an approximately triangular central depression 117.
PAR  The spring 113 comprises three legs 118, 119 and 120 and a central
      approximately triangular body 121.
PAR  The spring is attached to the plate portion 111 by pressing the body 121 of
      the spring downwardly into the central aperture 117 with the legs 118, 119
      and 120 located within the spaces between adjacent bosses 114, 115 and 116
      in the plate portion.
PAR  The dimensions of the body 121 of the spring is such that the body is a
      force fit into the central depression 117 in the plate portion whereby the
      three edges of the body 121 will bite into and grip the side walls of the
      bosses 114, 115 and 116 so as to resist removal of the spring from the
      plate portion.
PAR  It will be seen from the above that we have disclosed herein several
      embodiments of the present invention, in all of which a plug comprises a
      plate portion and a resilient spring which comprises a body and a
      plurality of resilient legs, the spring being frictionally attached to the
      plate portion by forcing the body of the spring between or over two spaced
      walls of the plate portion so that edges on the body of the spring bite
      into and grip the walls of the plate portion.
PAR  By forming the plate portion and the spring as two separate articles, the
      plate portion can be formed from a different material to the spring, for
      instance the plate portion can be formed from a relatively heavy gauge
      mild steel and the spring formed from a thinner gauge carbon steel which
      can be rendered resilient before it is attached to the plate portion. This
      has the advantage that the plate portion can be manufactured from a
      material which will give maximum strength and rigidity and the spring can
      be manufactured from a material which can be easily rendered resilient so
      as to form the spring legs of the closure.
PAR  It will be understood that the plug of the present invention can include a
      sealing ring of the type shown in the drawings to provide a complete seal
      around the aperture in the panel and the sealing ring can be formed from
      any suitable material.
PAR  The plate portion can be insert moulded into the ring and subsequently
      assembled with the spring, which is not possible if the legs are formed as
      an integral part of the plate portion, as is the case with many known
      plugs or closures. It will also be appreciated, however, that the plug of
      the present invention can comprise only the metal plate portion and spring
      for instance where it is not necessary to provide an air or watertight
      seal of the aperture in the panel. If the sealing ring is omitted, then
      the plate portion of the plug is so formed that its periphery will bear
      against the outer surface of the panel so as to form an approximate seal
      around the aperture.
PAR  The plate portion and the spring can be automatically assembled to form the
      plug and since both parts are relatively cheap to manufacture the plug of
      the present invention is economic to manufacture. It is also possible to
      manufacture the plate portion from a pre-coated material which will not
      require any further protective treatment after its assembly with the
      spring.
PAR  It will be understood that variations in the shape of the spring and the
      plate portion of the plug can be made without departing from the scope of
      the present invention which resides in the concept of forming the plate
      portion and the spring as two separate articles which are frictionally
      engaged together so that if required the plate portion and the spring can
      be formed from different materials.
PAR  It should also be understood that the terms "frictionally engaged" and
      "frictional engagement" as used heretofore and in the claims which follow
      are considered to define not only a tight, i.e., press, fit between the
      coupled plate and spring, but also a biting or clawlike gripping of the
      plate by the spring which provides for a secure attachment.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A plug for closing an aperture in a panel comprising a generally flat
      metal plate adapted to cover the aperture in the panel, an undersurface on
      the plate, at least one boss in the undersurface of the plate defining at
      least two spaced sidewall portions, a resilient metal spring comprising a
      body portion attached to the undersurface of the plate and at least two
      resilient legs depending from the undersurface of the plate and adapted
      for snapengagement through the aperture in the panel, wherein the body
      portion is provided with at least two spaced edge portions in frictional
      engagement with the said at least two spaced sidewall portions of the boss
      to retain the spring and the plate together.
NUM  2.
PAR  2. A plug as claimed in claim 1, wherein the plate is formed with a single
      boss defining the said two sidewall portions, the body portion of the
      spring is formed with an aperture of substantially the same shape as the
      boss and defining the said two spaced edge portions, the spring being
      attached to the plate with the boss extending through the aperture and the
      said edge portions frictionally engaging the said sidewall portions.
NUM  3.
PAR  3. A plug as claimed in claim 2, wherein a ring of plastics sealing
      material is provided on the periphery of the undersurface of the plate.
NUM  4.
PAR  4. A plug as claimed in claim 3, wherein the ring of plastics material
      comprises a resilient ring which is sprung onto the edge of the plate.
NUM  5.
PAR  5. A plug as claimed in claim 4, wherein the sealing material is a
      plastics, heat softenable material.
NUM  6.
PAR  6. A plug as claimed in claim 2, wherein the boss in the plate and the
      aperture in the body portion of the spring are circular and the spring
      includes at least three legs.
NUM  7.
PAR  7. A plug as claimed in claim 1, wherein the plate is formed with a
      plurality of said bosses which are spaced apart, the body portion of the
      spring is formed with a plurality of outer edge portions, the body of the
      spring is located between the bosses on the plate and the said edge
      portions are frictionally engaged with the side wall portions of the
      bosses.
NUM  8.
PAR  8. A plug as claimed in claim 7, wherein a ring of plastics sealing
      material is provided on the periphery of the undersurface of the plate.
NUM  9.
PAR  9. A plug as claimed in claim 8, wherein the ring of plastics material
      comprises a resilient ring which is sprung onto the edge of the plate.
NUM  10.
PAR  10. A plug as claimed in claim 9, wherein the sealing material is a
      plastics, heat softenable material.
NUM  11.
PAR  11. A plug as claimed in claim 1 wherein the plate and the spring are
      formed from materials of different thickness.
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ABST
PAL  A collector box comprising a receptacle with at least one generally hollow
      sleeve attached to receptacle with a passage therethrough extending in a
      generally vertical direction and a support slidable in the passage; the
      bottom of the support having an enlargement, larger in diameter than the
      passage and the top of the support having an offset arm with a generally
      flat support pad.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates generally to collector boxes and particularly to
      such boxes having self-contained but extendable support arms that may be
      manipulated to suspend the collector box at the edge of a table or other
      horizontal surface so that material may be swept into the collector box.
PAR  2. Prior Art:
PAR  Collector boxes for attachment to tables are well-known. But convenience
      for attaching and detaching them is not usually featured. Furthermore, the
      attachment media are usually not a permanent part of the collector box and
      are not capable of being retracted to within the box. Typical examples of
      collector boxes are U.S. Pat. Nos. 3,794,280, 3,162,414, 1,020,581,
      2,637,918, and 949,662.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that a collector box may be formed which when closed,
      contains a permanently attached suspension medium and when opened, may
      have that suspension medium withdrawn from the collector box and used to
      suspend the collector box at the edge of the table, enabling appropriate
      items to be swept off the edge of the table and into a box. Such boxes are
      useful in the assembly of electronic apparatus where small elements such
      as resistors or capacitors are most conveniently kept separate from other
      similar resistors or capacitors having a different electrical
      characteristics. The small parts may be spilled from the box onto a
      working surface and then when an appropriate number have been utilized,
      the remainder may be conveniently swept off the table into the collector
      box. Numerous other uses for such a collector box may be found, such as
      holding markers for games, such as bingo, lotto, etc., wherein at the
      conclusion of the play, the small markers may be swept off into the box
      and the box closed in a most convenient and simple manner with the means
      for suspending the box retracted into the box.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These objects and advantages as well as other objects and advantages may be
      attained the device shown by way of illustration in the drawings in which:
PAR  FIG. 1 is perspective view showing the collector box suspended from a
      table;
PAR  FIG. 2 is a perspective view with the side of the box exploded away showing
      the suspending means retracted into the box.
DETD
PAC  PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail. The invention provides a generally
      rectangular receptacle which may be made of wood, plastic, metal or other
      suitable material. The receptacle 11 may even be a soft fabric bag.
      Fastened inside of the receptacle 11 is a bar 12 which may be attached to
      the receptacle 11 by any suitable means such as by adhesives or by rivets
      13. Attached to the bar 12 near either end and adjacent to the opposite
      ends of the receptacle 11, there is a hollow sleeve 14. This hollow sleeve
      14 has a generally vertical passage or bore 15. The passage slidably
      receives a generally vertical support 16 which is captured in the passage
      by a flanged enlargement 17 in threaded engagement with the bottom of the
      support 16 and an offset arm 18 extending perpendicularly from the
      slidable support 16. At the end of the offset arm 18, there is attached a
      generally horizontally disposed flat support 19. The bottom surface of the
      support 19 may be provided with a high-friction pad 20 to hold the support
      arm in non-slipping engagement with a surface to which it is applied. Thus
      when the arms are withdrawn from inside of the box, they may be rotated in
      a direction so that they extend outside of the box and can be rested upon
      a table or other surface to hold the box suspended from the table top.
      When the receptacle 11 has served its purpose, the arms 18 may be rotated
      until the support 19 is over the receptacle 11. Then the slidable support
      may be returned to within the confines of the receptacle 11. A lid 21 may
      thereupon be closed. When it is desired to use the receptacle 11 again,
      the lid is opened, the slidable supports are slid out of the box and the
      arms rotated to bring the support into position to suspend the receptacle
      11 at the edge of a table.
PAR  A zipper type closure fastener 22 or some other type of latch or securing
      means to hold the contents of the receptacle 11 securely enclosed may be
      added.
PAR  Those who are charged with the duty of applying minute components to an
      electronic device (for example) may deposit the contents on a table 23,
      select the part or parts required, and sweep the unused parts back into
      the receptacle 11.
PAR  Persons playing Lotto or Bingo, may similarly use the receptacle 11 as a
      supply of markers, and after each game, sweep the markers off the game
      card, back into the receptacle 11.
PAR  Other uses are readily apparent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A collector box comprising:
PA1  a. a receptacle,
PA1  b. a rigid bar attached to the inside of the receptacle,
PA1  c. a hollow sleeve attached to the bar,
PA1  d. a generally vertical passage in the hollow sleeve,
PA1  e. a vertical support slidable and rotatable in the passage,
PA1  f. an offset arm extending generally perpendicularly to the vertical
      support at the top thereof,
PA1  g. a generally horizontal flat support at the end of the offset arm,
PA1  h. an enlargement in the bottom of the vertical support, to retain the
      vertical support in the vertical passage.
NUM  2.
PAR  2. A collector box according to claim 1 and
PA1  a. the vertical support and offset arm dimensioned to slide entirely into
      the receptacle when the vertical support is rotated to position the offset
      arm over the receptacle,
PA1  b. the vertical support dimensioned to slide upwardly sufficient to permit
      the offset arm to extend out of and to rotate beyond the receptacle,
PA1  c. the bottom of the flat support provided with a high friction pad,
PA1  d. a lid in the receptacle,
PA1  e. means to hold the lid closed when the vertical support and offset arm
      are rotated and slide entirely into the receptacle.
NUM  3.
PAR  3. A collector box according to claim 1 and
PA1  a. the vertical support and offset arm dimensioned to slide entirely into
      the receptacle when the support is rotated.
NUM  4.
PAR  4. A collector box according to claim 1 and
PA1  a. the vertical support dimensioned to slide upwardly sufficient to permit
      the offset arm to extend out of and to rotate beyond the receptacle.
NUM  5.
PAR  5. A collector box according to claim 1, and
PA1  a. a horizontally disposed flat support on the end of the offset arm.
NUM  6.
PAR  6. A collector box according to claim 4 and
PA1  a. the bottom of the flat support provided with a high friction pad.
NUM  7.
PAR  7. A collector box according to claim 1 and
PA1  a. a lid on the receptacle.
NUM  8.
PAR  8. A collector box according to claim 1 and
PA1  a. means to hold the lid closed when the vertical support and offset arm
      are reotated and slide entirely into the receptacle.
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ABST
PAL  A combination serving tray containing a removable insert for the storage of
      containers for the preparation of cold and hot means is disclosed, the
      insert and tray having interfitting parts, the insert having ledge areas
      for lifting the same for use as a tray as well as an insert.
BSUM
PAR  This invention is concerned with serving units of the general kind
      described in co-pending application Ser. No. 271,588 filed July 13, 1972.
PAR  This invention minimizes the amount of effort required when preparing cold
      and hot meals from a combination serving tray containing a removable
      insert formed with a plurality of openings for the storage of containers;
      it also simplifies the handling of containers which require heating prior
      to the consumption of their contents.
DRWD
PAR  FIG. 1 is a top perspective view of the serving tray with the attached
      insert for the storage of containers;
PAR  FIG. 2 is an exploded top perspective view of the tray of FIG. 1; and
PAR  FIG. 3 is a sectional view broken away and taken along the line 3--3 of
      FIG. 1.
DETD
PAR  The combination serving tray is a further development of the invention
      described in co-pending application Ser. No. 271,558, having as one of its
      objectives an esthetically pleasing and particularly compact combination
      of a serving tray and a removable insert, suitable for the serving of
      meals intended particularly for mass consumption.
PAR  The invention is a modification of the invention described in said
      application; referring in particular to reference numeral 2 of said
      application, the fact that the insert for the storage of containers in
      conjunction with these containers forms a serving tray of its own, and
      that the remainder of the serving tray can be discarded, constitutes the
      gist of this invention.
PAR  Provision is made for insert 2 to be attached to service tray 3, and to be
      easily removed from service tray 3, if desired. An attachment of this type
      can be formed, for example, by making provision for a recess or
      indentation 4 covering the circumference of the upper portion of the rim
      of serving tray 3 and providing a corresponding fitting protrusion P along
      the circumference of insert 2, whereby insert 2 can be snugly inserted
      into serving tray 3 by applying a slight pressure on insert 2; insert 2 is
      formed with a plurality of holes 5 for the insertion of cans.
PAR  Other variations of such an easily removable insert are possible, such as
      making provision for a recess or indentation in insert 2, and providing
      for a corresponding protrusion along the circumference of service tray 3.
PAR  In any event, the serving tray 3 is formed with a circumferential ledge for
      lifting the combination S or the tray 3 alone. The insert 2 is also formed
      with lifting flats 7 extending outwardly from indented portions of wall 9
      and between raised container receiving holes 5 formed in top 8 of the
      insert supported by wall 9 providing extra vertical space for containers.
      Inner skirts 10 form depending surfaces of revolutions about the holes 5
      for strengthening the top 8.
PAR  Several cans can be inserted very easily into the combination service tray.
      The whole package may be wrapped in transparent foil, and the consumer,
      upon wishing to serve a meal, need only remove the insert from the serving
      tray and heat the cans in either hot water or in a suitable domestic oven.
      Furthermore, the consumer can, if he desires, also prepare an additional
      dish of basic food, such as cooked potatoes, noodles or rice, and serve
      the resulting meal either on a separate plate or on said serving tray.
      This latter possibility is particularly attractive where it is more
      economical to use disposable plates, as for example in some diners or
      restaurants, or whereever a large number of people have to be served a
      warm meal within a short time span.
PAR  The several parts of the combination are made of biodegradable material, so
      that the disposal of both the serving tray and the insert do not present a
      problem in garbage disposal.
PAR  It was found that pressed cardboard is a suitable material from which to
      manufacture insert 2 especially since it is slightly deformable to
      temporarily decrease the effective circumference of its periphery for
      inserting and rmoving the protrusion thereof into and out of the recess in
      the tray; the insert can be impregnated with a suitable resin, such as,
      for example, phenolic resin, or else can be similarly rendered tempeature-
      and water-resistant by the application of suitable paint. The serving tray
      can be made of suitable plastic material, the composition of which does
      not cause any problems in garbage disposal, i.e., no hydracid is formed
      when burning the material, or alternately, the material is made to be
      easily absorbed by naturally occurring bacteria in the earth.
PAR  It should be understood, of course, that the foregoing disclosure relates
      only to a preferred embodiment of the invention, and that it is intended
      to cover all changes and modifications of the example of the invention
      herein chosen for the purpose of the disclosure which do not constitute
      departures from the spirit and scope of the invention set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A serving unit comprising a tray having a continuous, planar base, said
      base constituting means for supporting containers of food, sides
      upstanding from said base, a flat ledge projecting outwardly from and
      extending circumferentially around the upper edges of the sides, and
      providing an inner depression at the junction of the upper edges of said
      sides and said edge a removable insert having a flat marginal portion
      circumferentially substantially co-dimensional with said inner depression,
      said ledge constituting means for supporting said insert on the inner
      depression of said ledge and when so supported providing with said ledge
      means for lifting said tray and insert together, said insert having a
      raised portion inwardly of said marginal portion and disposed above the
      marginal portion, said raised portion being formed with a plurality of
      openings therethrough, at least one of said openings being of different
      dimensions than the others, said openings constituting means for receiving
      containers of food to be supported upon the base of the tray, the marginal
      edges of said openings being constituted as means inhibiting movement of
      containers inserted in said openings across the base of the tray, said
      depression of said ledge and said marginal portion being formed with
      recess and projecting means said recess and projecting means constituting
      horizontal interfitting means between said tray and insert, said insert
      being deformable for moving said marginal portion into and out of
      interfitting engagement with said ledge for releasably securing said tray
      and insert to one another, said raised portion of said insert extending
      upwardly from said marginal portion at selected locations spaced
      sufficiently inwardly of the projecting means thereof to constitute said
      marginal portion at such positions as flat gripping means for lifting said
      insert by a user thereof and for facilitating its manipulation separately
      from said tray, said horizontal interfitting means constituting the sole
      means for releasing and securing said tray and insert to one another.
NUM  2.
PAR  2. A unit as claimed in claim 1, wherein the marginal edges of said
      openings of the insert are provided with downwadly depending sleeves.
NUM  3.
PAR  3. A unit as claimed in claim 2, wherein said openings are of circular
      outline and said sleeves are generally cylindrical.
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ABST
PAL  Cigarette ashes and small trash particles are deposited and maintained in
      separate areas of a receptacle which is designed for use primarily in
      small areas as on restaurant dining tables.
BSUM
PAC  BACKGROUND
PAR  In restaurants and other establishments where people gather and also in
      homes, the convenient disposition of small trash papers such as crackers,
      candy and gum wrappers or empty cigarette packages is a problem. Such
      wrappers should not be placed in receptacles containing cigarette ashes
      because of their flammability. Further, ash trays are generally too
      shallow to hold trash papers. Thus the papers are scattered about on the
      table, thereby creating a disorderly appearance. Additionally, the table
      which is littered by small papers requires increased time by restaurant or
      domestic personnel to clean.
PAR  Previously ash trays have been combined with containers such as for
      tobacco, cigarettes and matches. For examples, see U.S. Pat. Nos.
      1,184,881 and 1,588,043. Most of these devices serve as smoker's
      appliances by providing a container for the tobacco or cigarettes and a
      combined closure-ash tray. The closure-ash trays are generally designed to
      function as covers for the containers until the tobacco or cigarettes are
      depleted and the containers discarded. Further, the closure-ash tray must
      be removed to gain access into the container.
PAR  It is also known in the prior art to have ash trays with collapisible
      bottoms functioning to empty ashes from the ash tray into a larger
      container below. These receptacles are designed to receive large
      quantities of ashes before emptying is necessary and are not designed to
      be trash receptacles. Any trash deposited in them is mixed with the ashes
      and is subject to catching fire.
PAC  SUMMARY
PAR  The present invention is a receptacle combining separate areas for the
      containment of tobacco ashes and trash papers. It comprises a fire
      resistant upper container for holding ashes and a base container for
      holding trash. The base container has means for supporting the upper
      container and an opening or openings through which trash may be deposited
      into the container without removing the upper ash container.
PAR  The preferred embodiment is a receptacle of such size as to be placed atop
      a restaurant dining table or small table within the home without requiring
      excessive space. It eliminates the aforementioned problems by providing an
      ash receptacle for use by smokers and underneath, with separate access
      thereto, a larger container in which discarded food wrappers, empty
      cigarette packages and other articles of like nature may be placed. The
      appearance of the surrounding areas will be obviously improved and the
      table cleaning time required by restaurant or domestic personnel will be
      decreased by eliminating the necessity for gathering many individual
      pieces of paper.
PAR  It is therefore an object of the invention to provide a receptacle having
      separate compartments for the separate containment of ashes and small
      trash papers.
PAR  It is also an object of the invention to provide a receptacle of the type
      described small enough to place atop a restaurant dining table or other
      small table.
PAR  It is a further object of the invention to provide an article of
      manufacture which aids in decreasing the time required by restaurant or
      domestic personnel to clean restaurant tables and the surrounding area of
      ashes and paper wrappers.
DRWD
PAR  OTHER OBJECTS AND ADVANTAGES OF THE PRESENT INVENTION WILL BECOME APPARENT
      UPON READING THE FOLLOWING DETAILED SPECIFICATION IN ASSOCIATION WITH THE
      ACCOMPANYING DRAWINGS, IN WHICH:
PAR  FIG. 1 is an exploded perspective view of a receptacle according to a first
      embodiment of the present invention;
PAR  FIG. 2 is a sectional view taken substantially along lines 2--2 of FIG. 1;
PAR  FIG. 3 is an exploded perspective view of a receptacle according to an
      alternate embodiment of the present invention;
PAR  FIG. 4 is a sectional view taken substantially along lines 3--3 of FIG. 3;
PAR  FIG. 5 is a perspective view of a receptacle according to a second
      alternate embodiment of the present invention; and
PAR  FIG. 6 is a perspective view of a receptacle according to a third alternate
      embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Turning now to a discussion of the preferred embodiment of the present
      invention for a combined ash and trash receptacle, as illustrated in FIGS.
      1 and 2 a first embodiment of the combined receptacle R includes a base
      container 10 which is a receptacle for trash and an upper container 20
      which is a receptacle for ashes and means for joining upper container 20
      and base container 10. Although the preferred is as illustrated and
      described, it is obvious the containers could be reversed so that the
      upper container receives trash and the lower receives ashes.
PAR  Base container 10 is formed, in a conventional manner such as molding, of
      relatively hard, plastic material and has a substantially circular bottom
      wall 12, and adjoining generally cylindrical wall 14, and an open top. In
      the cylindrical side wall 14 one or more relatively wide openings 16
      extend from the top edges of the side wall downwardly a distance
      approximately equal to one-half the total height of the side wall 14.
      Trash is deposited through openings 16 into the receptacle base member 10.
PAR  preferably, upper member 10 is made of glass because of its resistance to
      heat from cigarette, cigar or pipe ashes and matches. However, other heat
      and flame resistant material such as metal, heat resistant polymers, or
      ceramics, for example, may be used. Upper container 20, in FIG. 1 includes
      a generally circular, shallow, bowl-shaped portion 22 surrounded at the
      upper outer edge by an annular flange 24 with a depending side rim 26. The
      outer diameter of the bowl area 22 should not be greater than the inner
      diameter of base container 10, and preferably should be just slightly
      smaller to approximately coincide therewith. The surrounding flange 24
      should extend out over the upper edge of base container 10. Upper
      container 20 is removably supported on the top edge of side wall 14 of
      container 10 by flange 24 as illustrated in FIG. 2 to form the combined
      receptacle. To empty and clean the container, the two parts are separated.
PAR  In FIGS. 3 and 4 a second generally rectangular embodiment is shown which
      includes a base container 30 and upper container 40. A square or
      rectangular bottom or floor 32 includes planar side walls 34 extending
      upwardly therefrom with an upper flared portion forming a supporting rim
      38. One or more cutouts 36, corresponding to openings 16 in FIGS. 1 and 2
      extend from an upper edge down into side walls 34. Upper container 40
      includes flared side walls 42 which permit said upper container to fit
      snugly within supporting rim 38 in the assembled condition.
PAR  In FIG. 5, a third embodiment is shown in which base container 50 and upper
      ash container 52 are permanently joined by support ribs 54 which connect
      the side walls of base container 50 with the periphery of ash container
      52, while allowing access to base container 50 between the side walls of
      the base container and the periphery of ash container 52. In FIG. 6 a
      pedestal 64 connects base container 60 with ash container 62.
PAR  Although several preferred embodiments of the invention have been
      illustrated and described in detail, it is apparent that other changes in
      shape and size and modifications, including reversing positions of the
      containers, might be made without departing from the scope of the
      invention which is limited only by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A receptacle for separately receiving tobacco ashes and trash in a
      single article of manufacture comprising:
PA1  a. a base container of such a size as to fit inconspicuously on a
      conventional dinner table and including a bottom wall, at least one side
      wall extending upwardly from said bottom wall, and an upper edge portion
      on said side wall surrounding and defining an open top portion;
PA1  b. an upper container including a solid bottom wall preventing
      communication therethrough into said base container and a side wall
      extending upwardly therefrom;
PA1  c. means associated with said upper edge portion of said base container and
      the side wall of said upper container to removably support said upper
      container on said base container;
PA1  d. at least one access opening in said side wall of said base container,
      said access opening including a relatively wide opening extending from
      said upper edge downwardly a distance such that an opening of sufficient
      size to receive table trash therethrough is formed below the bottom wall
      of said upper container when in an assembled position on the upper edge of
      said base container;
PA1  e. at least the bottom wall of said upper container being formed of a
      material which is heat resistant to live cigarette, cigar, or pipe ashes.
NUM  2.
PAR  2. The receptacle according to claim 1 wherein said upper edge portion on
      said base container comprises an annular flared portion extending upwardly
      and outwardly from said side wall of the base container and forming a
      supporting rim, and wherein said means for supporting said upper container
      comprises flared side walls on said upper container conforming in shape
      and dimension to the corresponding shape and dimension of said flared
      portion whereby said upper container fits within said flared portion.
NUM  3.
PAR  3. The receptacle according to claim 1 wherein the diameter of said upper
      container is substantially equal to the diameter of said upper edge
      portion of said base container.
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ABST
PAL  A freezer liner construction having improved selected foam adhesion
      characteristics. The outer surface of the liner is provided with a
      laminated release film which prevents adhesion of the foamed-in-place
      insulation thereto for optimum stress relief relative to thermal expansion
      and contraction of the liner relative to the foam and cabinet. One or more
      adhesion strips are provided on the release laminate to provide localized
      bonding of the foam to the liner for improved structural integrity in the
      cabinet structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to cabinet constructions and in particular to
      refrigeration appliance cabinet constructions having plastic liners and
      foamed-in-place insulation.
PAR  2. Description of the Prior Art
PAR  In one conventional refrigeration appliance cabinet construction, a plastic
      liner is inserted in spaced relationship to an outer metal cabinet shell
      and insulation is foamed-in-place therebetween. Conventionally, the
      insulation comprises polyurethane material which tends to bond strongly to
      the outer surface of the plastic liner.
PAR  It has been found that in conventional use of such refrigeration
      appliances, thermal expansion and contraction occurs as a result of
      variations in the ambient and refrigerated temperatures. Cracking of the
      liner has, at times, resulted because of the differential thermal
      expansion characteristics of the cabinet materials. One improved form of
      such a refrigeration appliance cabinet construction utilizes selected foam
      release means at different stress points in the cabinet construction to
      permit movement between the foam and plastic liner materials thereat to
      prevent such cracking.
PAR  In another form of improved refrigeration appliance cabinet construction,
      the entire outer surface of the liner is provided with a foam release
      laminate. The laminate is formed of deformable material so that it may be
      adhered to the plastic material prior to the thermoforming of the plastic
      material into the liner configuration. Thus, this improved liner
      construction provides a low cost arrangement effectively eliminating the
      cracking problem while yet permitting the use of conventional liner
      plastic materials and foam insulation materials.
PAR  It has been found, however, that some adhesion between the foam insulation
      and the liner is desirable in selected areas in providing improved
      structural integrity and rigidity to the liner and cabinet construction.
PAR  In one form of refrigerator cabinet construction, as shown in U.S. Pat. No.
      3,078,033 of Keith K. Kesling, a thin sheet of material is applied over
      the formed liner to prevent adhesion of the polyurethane foam thereto.
      Colin S. Hocking et al. U.S. Pat. No. 3,150,796 shows a similar sheet,
      which is removable from the liner to which the foamed insulation adheres.
      In Keith K. Kesling U.S. Pat. No. 3,294,662, a refrigerating apparatus is
      shown utilizing a parting agent on the surfaces of the liner adjacent
      selected portions thereof to prevent adhesion of the foam insulation to
      the liner thereat.
PAR  In Paul E. Kronenberger U.S. Pat. No. 3,719,303, a foam release agent is
      applied to the inner surface of the cabinet shell to accommodate the
      thermal expansion coefficient differentials.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved liner construction for use in
      a refrigeration appliance cabinet wherein a foam release laminate is
      provided on the sheet material from which the liner is formed. At selected
      positions on the laminate material, bodies of foam adherent material are
      secured so as to provide a structural bondment between the foamed
      insulation and the liner at the selected positions.
PAR  In the illustrated embodiment, the foam bonding material comprises strips
      of foam adherent material secured to the outer surface of the foam release
      laminate.
PAR  Illustratively, the foam adherent strips may be provided vertically along
      the front edges of side walls of the liner. Similarly, the foam adhesion
      material may comprise a strip extending rearwardly from adjacent the front
      edge of the top wall of the liner.
PAR  The adhesive strips may be formed of foam material, such as polyurethane,
      polypropylene, etc., foam. The strips may be adhesive-backed. The adhesive
      back surface may be flat or striated, as desired.
PAR  In the illustrated embodiment, the strips have a thickness of approximately
      one-sixteenth to one-eighth inch.
PAR  The strips may be provided as cut sheet strips or continuous length rolled
      strips.
PAR  Alternatively, the adhesive material may comprise masking-type tapes
      adhesively secured to the liner laminate.
PAR  Adhesive backed foam strips have the ability, when foamed in place with
      polyurethane insulation, to allow for a slight degree of movement of the
      liner under a stressed condition thereby holding the liner with a slightly
      flexible grip thus preventing a severe stress build-up.
PAR  The adhesive means may have a relatively low durometer so as to tear apart
      in the event it is desired to remove the liner from the cabinet
      construction while yet providing desired structural integrity to the
      cabinet in normal use.
PAR  Thus, the present invention comprehends an improved low cost liner
      construction providing improved crack resistance and structural integrity.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a front perspective view of a refrigeration appliance embodying
      the invention;
PAR  FIG. 2 is a perspective view of the liner construction thereof;
PAR  FIG. 3 is an enlarged fragmentary horizontal section taken substantially
      along the line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged fragmentary horizontal section taken substantially
      along the line 4--4 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      liner construction generally designated 10 is shown for use in a
      refrigeration appliance illustratively comprising an upright freezer 11
      having a cabinet 12 defining an inner refrigerated space 13 selectively
      accessible by means of a front door 14. Space 13 is effectively defined by
      the inner liner generally designated 15 of cabinet 12 which may be formed
      of a thermoformable rigid plastic.
PAR  As shown in FIG. 3, the plastic liner 15 is provided on its outer surface
      with a laminate 16 having an outermost foam release layer 17. The liner
      laminate foam release material may comprise a polyethylene laminate such
      as disclosed in copending application Ser. No. 502,006, of Leonard E.
      Weiss et al., filed Aug. 30, 1974, entitled "Liner Construction". The
      laminate is bonded to the outer surface of the plastic liner 15 and
      effectively covers the entire surface for preventing adhesion to the
      plastic liner of the insulation 18 which may comprise foamed-in-place
      polyurethane material.
PAR  More specifically, outer surface portion 17 of laminate 16 is formed of a
      material adapted to be free of adhesion with the foamed-in-place
      insulation thereby permitting movement between the plastic liner 15 and
      the insulation to prevent undesirable stressing and cracking of the liner
      as a result of differential thermal expansion characteristics of the liner
      and foam materials. Illustratively, outer surface portion 17 of the
      laminate may be formed of polyethylene. The laminate may be applied to the
      sheet material from which the liner is thermoformed prior to the
      thermoforming of the liner into the configuration shown in FIG. 2 as the
      laminate is flexible and is adapted to accommodate such a thermoforming
      operation while remaining adhered securely to the outer surface of the
      liner plastic 15.
PAR  As further illustrated in FIGS. 2 and 3, the liner construction includes a
      plurality of foam adhesion elements illustratively comprising strips 19,
      20 and 21 bonded to the outer portion 17 of the release laminate 16. The
      adhesion elements are located suitably to provide structural integrity in
      the cabinet construction by firmly securing the foam insulation to the
      plastic liner 15 in the preselected areas.
PAR  The adhesion elements may be formed of a suitable material, such as
      open-cell polyurethane flexible foam, foamed polypropylene, masking-type
      tape, etc.
PAR  More specifically, in one embodiment, the release elements were formed of
      two-pound density polyurethane open-cell foam adhesively backed to bond
      with the laminate portion 17. The strips were cut to approximately 2 inch
      widths and had a thickness of approximately one-eighth inch. Strips 19 and
      20 were provided with a length of approximately 30 inches and were located
      approximately 11/2 inch behind the front flange of the liner. The strip 21
      had a length of approximately 22 inches and extended from directly behind
      the flange to adjacent the rear of the liner along the vertical center
      plane of the liner.
PAR  In another embodiment, the strips were formed of flexible polypropylene
      closed-cell foam having a density of 0.7 lbs. The strips were adhesively
      backed with a striated surface and had a thickness of approximately
      one-sixteenth inch. The strips were provided in the form of a single width
      roll having a length of approximately 200 feet for facilitating cutting to
      length.
PAR  The outer cabinet shell 23 may be formed of conventional material, such as
      metal, with the foam plastic adhering thereto, as suitable movement of the
      plastic liner is provided as discussed above irrespective of the bondment
      of the foam to the shell.
PAR  Reference may be had to the above-identified co-pending application of
      Leonard E. Weiss et al., Ser. No. 502,006, for a complete description of a
      suitable foam release laminate 16 and method of application to the plastic
      liner 15. For this purpose, said application is incorporated by reference
      herein.
PAR  It has been found that while the foam adhesion elements 19, 20 and 21
      provide a secure bond between the liner 15 and the polyurethane insulation
      18 thereby preventing inward bowing of the liner 15 as a result of thermal
      expansion, it is an additional feature of the foam strip adhesion elements
      to allow for a slight degree of movement of the liner 15 relative to the
      insulation 18 under a stressed condition. This ability to hold the liner
      with a slightly flexible grip further effectively prevents a severe,
      potentially damaging stress build-up in the liner 15.
PAR  The use of the relatively thick strips further permits separation of the
      liner from the completed cabinet construction when desired by a tearing
      apart of the strips in effecting such removal. Thus, while the adhesion
      strips effectively retain the liner in mechanical secured relationship in
      the cabinet in normal use, they permit replacement of the liner when
      desired for any reason.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  Having described the invention, the embodiment of the invention in which an
      exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. A liner construction for use in a cabinet having insulation
      foamed-in-place about the outer surface of the liner, comprising: a liner
      formed of synthetic resin; a foam release material covering substantially
      the entire outer surface of the liner; and securing means attached to said
      foam release material at preselected positions for securing the
      foamed-in-place insulation to the foam release material at said
      preselected positions whereby said foamed-in-place insulation is
      effectively secured to the liner at said preselected positions.
NUM  2.
PAR  2. The liner construction of claim 1 wherein said securing means comprises
      preformed elements of foam adhering material.
NUM  3.
PAR  3. The liner construction of claim 1 wherein said securing means comprises
      preformed elements of open-cell polyurethane flexible foam.
NUM  4.
PAR  4. The liner construction of claim 1 wherein said securing means comprises
      preformed elements of polypropylene foam.
NUM  5.
PAR  5. The liner construction of claim 1 wherein said securing means comprises
      masking tape.
NUM  6.
PAR  6. The liner construction of claim 1 wherein said securing means comprises
      strips of foam adhering material.
NUM  7.
PAR  7. The liner construction of claim 1 wherein said liner defines side walls,
      said securing means comprising elongated elements of foam adhering
      material extending vertically on said side walls.
NUM  8.
PAR  8. The liner construction of claim 1 wherein said liner defines side walls
      and a front opening, said securing means comprising elongated elements of
      foam adhering material extending vertically on said side wall adjacent
      said opening.
NUM  9.
PAR  9. The liner construction of claim 1 wherein said liner defines a top wall,
      said securing means comprising a preformed element of foam adhering
      material on said top wall.
NUM  10.
PAR  10. The liner construction of claim 1 wherein said positions are
      preselected to provide structural integrity to the liner.
NUM  11.
PAR  11. A liner construction for use in a cabinet having insulation
      foamed-in-place about the outer surface of the liner, comprising: a liner
      formed of synthetic resin; a laminate sheet secured to the outer surface
      of the liner having an outer layer formed of foam release material; and
      means attached to said outer foam release layer for securing
      foamed-in-place insulation to preselected portions of said foam release
      material whereby said foamed-in-place insulation is effectively secured to
      the liner at said preselected positions.
NUM  12.
PAR  12. The liner construction of claim 11 wherein said securing means
      comprises preformed elements secured to said laminate sheet outer layer at
      said preselected positions.
NUM  13.
PAR  13. The liner construction of claim 11 wherein said securing means
      comprises means adapted to be torn apart in the event the liner is
      separated from the foamed-in-place insulation subsequent to completion of
      the cabinet formation.
NUM  14.
PAR  14. The liner construction of claim 11 wherein said securing means
      comprises preformed elements adhesively secured to said laminate sheet
      outer layer at said preselected positions.
NUM  15.
PAR  15. The liner construction of claim 11 wherein said securing means
      comprises preformed slightly flexible foam elements adhesively secured to
      said laminate sheet at said preselected positions to allow a slight degree
      of movement of the liner relative to the insulation to prevent damaging
      stress build-up in the liner material.
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ABST
PAL  A plastic adaptor having the form of a flat band with a tubular arc edge
      which snaps on the rim of a conventional drinking cup. When in place the
      adaptor permits a person to drink but prevents the liquid within the cup
      from coming in contact with the drinker's moustache; thereby converting
      any conventional drinking cup into a typical moustache cup.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing, FIG. 1, is a top perspective view of the adaptor.
PAR  Numeral 1 is the segmental shaped flat thin plastic plane of the adaptor.
      Numeral 2 is the slit flexible tubular arc edge. Numeral 3 is the
      segmental shaped opening in the arc edge. Numeral 4 indicates the slit in
      the underside of the arc edge.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing in detail, the reference numeral 1 is the
      segmental shaped flat thin plastic plane of the adaptor. Numeral 2 is the
      slit flexible arc edge which snaps on, and tightly conforms to the rim of
      a cup. Numeral 3 is the arcuate opening in the tubular arc edge of the
      adaptor which permits liquid to flow from the cup when the cup is tilted
      for drinking. Numeral 4 indicates the slit in the underside of the
      flexible tubular arc edge of the adaptor which allows the adaptor to be
      placed securely on the rim of a cup.
PAC  DETAILED DESCRIPTION
PAR  The principal object of this invention is to permit the user to snap this
      adaptor on to the rim of a conventional drinking cup, thereby enabling the
      user to drink from the cup without having the liquid within the cup come
      into contact with the user's moustache. In operative use the adaptor is
      snapped on the rim of a cup with the segmental shaped opening 3 in the arc
      edge of the adaptor facing the user. As the cup is tilted for drinking the
      liquid therein contained flows through the opening 3. The user's mouth is
      placed at the opening 3 permitting drinking but preventing the liquid from
      coming into contact with the user's moustache which is resting on the
      segmental shaped flat thin plastic plane 1 of the adaptor.
PAR  An object of this adaptor is to have the slit flexible tubular arc edge of
      the adaptor so constructed that it conforms to and fits tightly on the rim
      of a cup.
PAR  Another object of this adaptor is to have the tubular arc edge so slit on
      the underside to permit the adaptor to be placed firmly on the rim of a
      cup.
PAR  Yet another object of the invention is to have the segmental shaped opening
      3 in the tubular arc edge of the adaptor on the center third of the
      tubular arc edge to permit the rim of a cup to be exposed when the adaptor
      is snapped on the cup.
PAR  Another object of the invention is to have the segmental shaped opening 3
      in the tubular arc edge 2 of the adaptor to be one third of the total
      width of the segmental shaped flat thin plastic plane 1 of the adaptor.
PAR  Still another object of the invention is to have the adaptor constructed of
      a material flexible enough to conform to the rim of cups of a variable --
      but closely related -- circumference in which case the flat surface 1 may
      be either a flat plane or slightly bowed.
PAR  A further object of this invention is to have the slit 4 tubular arc edge 2
      of the adaptor so constructed that the device can be easily removed from a
      cup so that it is both cleanable and re-usable.
PAR  And still another object of this invention is that it is so designed that
      it is convenient to use for either a left or right-handed individual.
PAR  A modification of this invention is to have the adaptor made of a semi-hard
      material to fit cups of a definite size or shape.
PAR  Yet another modification is to have the adaptor constructed of some
      material that is disposable.
PAR  Still another modification is to have the adaptor so constructed that it
      will fit specific or variable sized drinking glasses.
PAR  None of the above mentioned variations nor any further variations are to
      violate the spirit and/or scope of the parent invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An adaptor which converts a conventional drinking cup to a moustache cup
      comprising a segmental shaped flat thin plane of flexible material bounded
      by a slit lengthwise tubular arc edge which fits tightly over the rim of a
      cup and
PA1  an arcuate drinking opening, in said plane, whose length is the middle
      third of the arc edge and whose width is one-third the distance between
      the chord edge and the arc edge.
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ABST
PAL  A floating roof for floating upon and covering liquids stored in storage
      tanks, the roof including a deck generally conforming to the shape of the
      associated storage tank and having transverse dimensions and a thickness
      such that the deck is flexible, a pontoon around the outer periphery of
      the deck to impart buoyancy thereto, and a hermetically sealed hollow
      floatation ring mounted on the deck intermediate the center and the outer
      edge thereof, the weight of the floatation ring being asymmetrically
      disposed so as to place an area of the deck at a lower level than all
      other areas to provide a sump, and a drain communicating with the sump to
      drain liquid from the upper surface of the deck.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to improvements in floating roofs,
      and particularly to a floating roof for covering and protecting petroleum
      and petrochemical liquids stored in storage tanks.
PAR  Floating roofs in use heretofore are of the pontoon type and consist of a
      single thickness of steel plate shaped to provide a liquid-tight membrane
      covering the surface of the liquid being stored and carrying on the outer
      edge thereof a pontoon that imparts buoyancy to the deck and the floating
      roof. The pontoon is of hollow construction and further includes bulkhead
      plates therein dividing the pontoon into a plurality of liquid-tight
      compartments. Examples of typical prior floating roofs are shown in U.S.
      Pat. No. 2,386,022 granted to John H. Wiggins, and U.S. Pat. No. 3,724,704
      granted to Norman W. Edwards, et al.
PAR  Such structures are economical and structurally adequate for roofs having
      relatively small diameters. As the roof diameter increases, the structural
      requirements imposed upon the pontoon due to the weight of the deck in the
      event of a water load or leakage becomes uneconomical. Additionally, as
      the size of the deck portion of the floating roof increases, drainage of
      rain water therefrom becomes virtually impossible because of deck
      flexibility and built-in constructional buckles and water collecting
      pockets.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a floating roof for covering liquids stored
      in storage tanks or the like that facilitates drainage of water and
      leakage therefrom while maintaining the buoyancy thereof, the invention
      permitting an essentially unlimited diameter of the floating roof.
PAR  This is accomplished in the present invention, and it is an object of the
      present invention to accomplish these desired results, by providing a
      floating roof wherein the roof includes a deck generally conforming to the
      horizontal cross-sectional shape of the associated storage tank and having
      transverse dimensions and a thickness such as to cause the deck to be
      flexible, a pontoon for the deck imparting buoyancy thereto to float the
      roof upon the surface of the stored liquid, the deck having an upper
      surface and a lower surface in contact with the stored liquid to prevent
      evaporation therefrom and to prevent contamination thereof, and means on
      the deck deforming the deck to place an area thereof at a lower level than
      all the other areas thereof so as to provide a sump thereon, and a drain
      communicating with the sump to drain liquid from the upper surface of the
      deck to maintain the buoyancy of the roof at all times.
PAR  Another object of the invention is to provide a floating roof of the type
      set forth wherein a hermetically sealed hollow floatation ring is mounted
      on the deck and is secured thereto intermediate the center and the outer
      edge thereof, the weight of the floatation ring being asymmetrically
      disposed with respect to the deck so as to place an area of the deck at a
      lower level than all other areas of the deck to provide a sump thereon.
PAR  Yet another object of the invention is to provide a floating roof of the
      type set forth wherein the asymmetric distribution of weight of the
      floatation ring results from the fact that the floatation ring is formed
      of a pair of spaced-apart side walls extending upwardly from the deck a
      predetermined uniform height with a cover plate having a uniform thickness
      covering the areas between the side walls, the side walls having uniform
      thicknesses around the floatation ring but being spaced closer to each
      other at one point therearound and being spaced farthest apart from each
      other at another point therearound disposed from the one point, thereby to
      provide greater weight per unit area of the floatation ring at the one
      point to place the corresponding area of the deck at a lower level than
      all other areas of the deck to provide a sump thereon.
PAR  Still another object of the invention is to provide a floating roof of the
      type set forth wherein the asymmetric distribution of weight of the
      floatation ring results from the fact that the floatation ring includes a
      pair of spaced-apart side walls extending upwardly from the deck a
      predetermined uniform height and a covering plate having a uniform
      thickness covering the area between the side walls, the side walls being
      substantially uniformly spaced apart around the floatation ring and being
      of greatest thickness at one point therearound and decreasing in thickness
      to a minimum thickness at one point therearound disposed from the one
      point, thereby to provide greater weight per unit area of the floatation
      ring at the one point to place the corresponding area of the deck at a
      lower level than all other areas of the deck to provide a sump thereon.
PAR  Yet another object of the invention is to provide a floating roof of the
      type set forth wherein the asymmetric disposition of the weight of the
      floatation ring is provided by the fact that the floatation ring includes
      a pair of spaced-apart side walls of uniform thickness extending upwardly
      from the deck and a cover plate having a uniform thickness covering the
      area between the side walls, the side walls being of greatest height at
      one point therearound and decreasing in height to a minimum height at
      another point therearound disposed from the one point, thereby to provide
      greater weight per unit area of the floatation ring at the one point to
      place the area of the deck at a lower level than all other areas of the
      deck to provide a sump thereon.
PAR  Still another object of the invention is to provide a floating roof of the
      type set forth wherein two or more floatation rings are provided
      essentially concentric with each other, the number of floatation rings
      provided being proportional to the diameter of the floating roof.
PAR  A further object of the invention is to provide a floating roof of the type
      set forth, wherein the floatation rings are formed as a plurality of
      straight or rectilinear segments interconnected to form a polygonal
      figuration.
PAR  Further features of the invention pertain to the particular arrangement of
      the parts of the floating roof, whereby the above outlined and additional
      operating features thereof are attained.
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PAR  The invention, both as to its organization and method of operation,
      together with further features and advantages thereof will best be
      understood with reference to the following specification taken in
      connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in vertical section, with certain parts broken away, of a
      storage tank having therein a first preferred embodiment of a floating
      roof made in accordance with and embodying the principles of the present
      invention;
PAR  FIG. 2 is a fragmentary plan view of the storage tank of FIG. 1 with
      certain portions broken away;
PAR  FIG. 3 is an enlarged view in vertical section through the innermost
      floatation ring of the floating roof of FIGS. 1 and 2 and diagrammatically
      illustrating the principle of operation thereof;
PAR  FIG. 4 is a view similar to FIG. 1 illustrating a second preferred
      embodiment of a floating roof made in accordance with and embodying the
      principles of the present invention;
PAR  FIG. 5 is a fragmentary plan view of the storage tank of FIG. 4, with
      certain parts broken away;
PAR  FIG. 6 is a view partially in vertical section of a storage tank like that
      of FIG. 1 and illustrating a third preferred embodiment of a floating roof
      made in accordance with and embodying the principles of the present
      invention;
PAR  FIG. 7 is a fragmentary plan view of the floating roof of FIG. 6 with
      certain parts broken away;
PAR  FIG. 8 is a view similar to FIG. 2 showing a further preferred embodiment
      of a floating roof made in accordance with and embodying the principles of
      the present invention, the floatation rings in FIG. 8 being formed of
      straight sections interconnected to provide a polygonal form of floatation
      ring;
PAR  FIG. 9 is an enlarged fragmentary view in vertical section through the
      intermediate floatation ring of the floating roof of FIG. 8 and
      diagrammatically illustrating the principle of operation thereof; and
PAR  FIG. 10 is a fragmentary perspective view of one of the straight sections
      of one of the floatation rings of FIG. 8.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 to 3 of the drawings, there is illustrated a storage
      tank 50 of the floating roof type having disposed therein a floating roof
      100 made in accordance with and embodying the principles of the present
      invention. The storage tank 50 is particularly adapted for storing liquids
      such as petroleum products and petrochemical liquids that have a
      significant vapor pressure, the floating roof 100 being provided to trap
      and hold the vapors from the petroleum products to prevent escape thereof
      from the storage tank 50, and also to prevent contamination of the
      petroleum products by material falling onto the storage tank 50. The
      storage tank 50 includes an upstanding substantially cylindrical side wall
      or shell 51 that is in turn mounted upon a suitable base or floor 52. The
      tank 50 also includes suitable inlet fixtures and outlet fixtures (not
      shown) for adding lading to the storage tank 50 and for withdrawing lading
      therefrom.
PAR  The floating roof 100 includes a deck 105 which is a sheet of steel plate
      that substantially covers the surface of the liquid lading stored within
      the tank 50. Surrounding the deck 105 is a hollow pontoon 110 which
      extends outwardly from the deck 105 toward the side wall 51, the space
      therebetween being sealed by sealing structure 117 which may be of the
      type illustrated and described in U.S. Pat. No. 3,439,829, granted Apr.
      22, 1969 to Joseph C. Thompson and Milton W. Heisterberg, the disclosure
      of which is incorporated herein by reference. The pontoon 110 is
      constructed of vertical rims or side walls 111 and 112 which are disposed
      essentially parallel to each other and are circular in shape and
      concentric with respect to each other, the bottom of the space between the
      side walls 111 and 112, being closed by a bottom plate 113 and the top
      being closed by a top or cover plate 114. The joints between the several
      parts 111, 112, 113, and 114 are sealed and fluid-tight, whereby to render
      the pontoon 110 floating in character. In addition, a plurality of
      radially extending and equiangularly spaced-apart bulkhead plates 115 is
      provided transversely of the pontoon 110 and around the entire length
      thereof to divide the pontoon 110 into smaller liquid-tight compartments
      to maintain buoyancy in the event of accidental puncture of the pontoon
      110 and to isolate flooding caused by such accidental puncture.
PAR  In accordance with the present invention, two floatation rings 120 and 130
      are also provided on the deck 105, the floatation rings 120 and 130 being
      intermediate the center of the deck 105 and the pontoon 110, the
      floatation ring 120 more specifically being essentially concentric with
      and intermediate the pontoon 110 and the floatation ring 130, while the
      floatation ring 130 is essentially concentric with the floatation ring
      120. The floatation rings 120 and 130 in cooperation with a drainage
      system to be described hereafter assure positive drainage of the deck 105,
      reduce the structural load on the pontoon 110, support the weight of the
      deck 105 in the event of a puncture or leakage thereof or of the pontoon
      110, and greatly reduces the areas affected by a leak in the deck 105, all
      as will be described more fully hereinafter.
PAR  As illustrated, the floatation ring 120 includes an outer side wall or rim
      121 that is disposed essentially vertical with respect to the deck 105 and
      is circular in shape as viewed in FIG. 2 and is essentially concentric
      with the pontoon 110. An inner side wall or rim 122 is provided that also
      is disposed essentially vertical with respect to the deck 105 and is
      circular in shape as viewed in FIG. 2, but is disposed eccentrically with
      respect to the outer side wall 121, the center thereof being shifted to
      the left to the point 123 with respect to the center C of the pontoon 110
      and the outer side wall 121. It will be appreciated that the deck 105
      serves as the bottom plate for the floatation ring 120. A top plate or
      cover plate 124 is provided, the shape of the cover plate 124 in plan
      being such as to cover the area between the side walls 121 and 122, all as
      is illustrated in FIG. 2. A plurality of transverse radially extending
      bulkhead plates 125 is provided in the floatation ring 120 at spaced
      points therearound to provide hermetically sealed liquid-tight
      compartments therein. More specifically, the deck 105, the side walls 121
      and 122, the cover plate 124 and the bulkhead plates 125 are all suitably
      joined one to the other as required, such as by welding or the like, to
      provide liquidtight seams therebetween.
PAR  The floatation ring 130 includes an outer side wall or rim 131 that is
      disposed essentially vertical with respect to the deck 105, is circular in
      shape as viewed in FIG. 2, and is essentially concentric with the pontoon
      110 and the outer side wall 121 of the floatation ring 120. An inner side
      wall or rim 132 is provided that also is disposed essentially vertical
      with respect to the deck 105 and is circular in shape as viewed in FIG. 2,
      but is disposed essentially with respect to the outer side wall 131, the
      center thereof being shifted to the left to point 123 with respect to the
      center C of the pontoon 110 and the outer side wall 131. It will be
      appreciated that the deck 105 serves as the bottom plate for the
      floatation ring 130. A top plate or cover plate 134 is provided, the shape
      of the cover plate 134 in plan being such as to cover the area between the
      side walls 131 and 132, all as is illustrated in FIG. 2. A plurality of
      radially extending transverse bulkhead plates 135 is provided in the
      floatation ring 130 at spaced points therearound to provide hermetically
      sealed and liquid-tight compartments. More specifically, the deck 105,
      side walls 131 and 132, the cover plate 134 and the bulkhead plates 135
      are all suitably joined one to the other as required, such as by welding
      or the like, to provide liquid-tight seams therebetween.
PAR  The floatation rings 120 and 130 are symmetrical only about the horizontal
      line through the center point C and are asymmetrical with respect to any
      other line through point C. Because of the asymmetrical structure of the
      floatation rings 120 and 130, the deck 105 is deformed downwardly in the
      areas 126, 136 and 146 to provide sumps thereat, the sump 126 collecting
      all liquid upon the deck 105 between the pontoon 110 and the floatation
      ring 120, the sump 136 collecting all liquid upon the deck 105 between the
      floatation rings 120 and 130, and the sump 146 collecting all liquid upon
      the deck 105 within the floatation ring 130. Disposed in each of the sumps
      126, 136 and 146 is a drain opening 127, 137 and 147, respectively,
      connected with a drain pipe 128, 138, 148, respectively, that forms part
      of a drain system to drain liquids to the exterior of the associated tank
      50.
PAR  The manner in which the deck 105 is deformed downwardly to provide the
      sumps 126, 136 and 146 can best be understood by reference to
      diagrammatical FIG. 3 where there is illustrated a cross section through
      the floatation ring 130 along the horizontal line through the center C in
      FIG. 2.
PAR  The side walls 131 and 132 are illustrated as being of uniform height
      throughout the length thereof and of uniform thickness, and also are
      formed of homogeneous material. The cover plate 134 is illustrated as
      being of uniform thickness throughout the length thereof and is also
      formed of homogeneous material. With this configuration, the weight
      supported by a unit area of the deck 105 under the left hand portion of
      the floatation ring 130 in FIG. 3, is substantially greater than the
      weight supported by a like unit area of the deck 105 under the portion of
      the floatation ring 130 to the right in FIG. 3. Since the deck 105 is
      supported by the stored liquid, and further since the material of
      construction of the deck 105 is flexible, the submergence at the sumps 126
      and 136 is greater than that adjacent to the portions of the floatation
      ring 130 disposed to the right in FIG. 3.
PAR  As a result, water, accumulating due to rain fall for example, will flow in
      the area of the deck 105 bounded by the floatation ring 130 to the sump
      146. Likewise such water will flow from the entire area disposed between
      the floatation rings 120 and 130 to the sump 136. In a like manner all of
      the water falling upon the portion of the deck disposed between the
      pontoon 110 and the floatation ring 120 will flow to the sump 126.
PAR  If the deck 105 is punctured, the floatation rings 120 and 130 will support
      the deck since the rings under those conditions will impart additional
      buoyancy to the deck 105. More specifically, the water-tight character of
      the floatation rings 120 and 130 will come into action and will support
      the deck 105 and all the attached structures by floatation upon the liquid
      lading within the associated tank 50. The provision of the bulkhead plates
      125 and 135 in the floatation rings 120 and 130, respectively, also
      assures that there will be added buoyancy even if the puncture in the deck
      105 occurs in an area covered by one of the floatation rings 120 and 130,
      the bulkhead plates 125 and 135 isolating and limiting the volume of the
      floatation rings that would be flooded by the liquid lading.
PAR  It will be appreciated that because of the construction of the floatation
      rings 120 and 130, they also can be added to existing pontoon roofs to
      improve the drainage and buoyancy thereof.
PAR  From the above description, it will be appreciated that the improved
      floating roof 100 of the present invention assures positive drainage of
      the deck 105 by providing the sumps 126, 136 and 146 thereon due to the
      asymmetric distribution of the weight of the floatation rings 120 and 130
      upon the deck 105. The structural load on the pontoon 110 is also reduced,
      the floatation rings 120 and 130 acting to support and reinforce the deck
      105; in this connection, the floatation rings 120 and 130 also inhibit
      wind induced wave motion in the deck 105, thus to reduce the strain
      thereon and on the pontoon 110. In the event of a leakage due to a
      puncture of the deck 105, the floatation rings 120 and 130 greatly reduce
      the area affected by the leak, and also impart added buoyancy to the
      floating roof 100 to insure continued floatation thereof.
PAR  Although two floatation rings 120 and 130 have been illustrated in FIGS. 1
      to 3 of the drawings, only one floatation ring 120 may be utilized on
      floating roofs 100 of smaller diameter, whereas three or more floatation
      rings may be utilized on floating roofs 100 having greater diameters. The
      two concentric floatation rings 120 and 130 would be useful upon a
      floating roof 100 having a radius of the order of 120 feet, i.e., a
      distance from the center C to the inner surface of the tank side wall 51
      of 120 feet. In such a floating roof 100, the pontoon 110 would have a
      radial width of 10 feet, whereby the deck 105 would have a radius of 110
      feet. The outer side wall 121 of the floatation ring 120 has a radius of
      70 feet and the outer side wall 131 of the floatation ring 130 has a
      radius of 30 feet. The height of each of the side walls 121, 122, 131 and
      132 is 3 feet. The smallest distance within the side wall 121 and 122 is 3
      feet and the greatest distance therebetween is 6 feet, while the smallest
      distance between the side walls 131 and 132 of the floatation ring 130 is
      3 feet and the greatest distance therebetween is 6 feet.
PAR  Referring to FIGS. 4 and 5 of the drawings, there is shown a second
      preferred embodiment of a floating roof 200 made in accordance with and
      embodying the principles of the present invention. Many of the parts of
      the floating roof 200 are identical in construction to and function like
      parts in the floating roof 100, whereby suitable numerals in the 200
      series corresponding to numerals in the 100 series have been applied to
      the parts of the floating roof 200 that correspond to like numbered parts
      in the floating roof 100. The floating roof 200 also has been shown in
      association with a storage tank 50 identical to that illustrated with
      respect to the floating roof 100.
PAR  The floating roof 200 includes a deck 205 which is a sheet of steel plate
      that substantially covers the surface of the liquid stored within the tank
      50. Surrounding the deck 205 is a pontoon 210 that extends outwardly from
      the deck 205 toward the side wall 51, the space therebetween being sealed
      by sealing structure 217 identical to the sealing structure 117 described
      above. The pontoon 210 has a construction like the pontoon 110 described
      with respect to the floating roof 100.
PAR  Two floatation rings 220 and 230 are provided on the deck 205, the
      floatation rings 220 and 230 being intermediate the center of the deck 205
      and the pontoon 210, the floatation ring 220 being essentially concentric
      with and intermediate the pontoon 210 and the floatation ring 230, while
      the floatation ring 230 is essentially concentric with the floatation ring
      220.
PAR  The floatation ring 220 includes an outer side wall or rim 221 that is
      disposed essentially vertical with respect to the deck 205, is circular in
      shape as viewed in FIG. 5, and is essentially concentric with the pontoon
      210. An inner side wall or rim 222 is provided that also is disposed
      essentially vertical with respect to the deck 205, is circular in shape as
      viewed in FIG. 5, and is disposed essentially concentric with the outer
      side wall 221. The deck 205 serves as the bottom plate for the floatation
      ring 220, and a top plate or cover plate 224 is provided, the shape of the
      cover plate 224 being such as to cover the area between the side walls 221
      and 222, all as is illustrated in FIG. 5. A plurality of radially
      extending transverse bulkhead plates 225 is provided in the floatation
      ring 220 at spaced points therearound to provide hermetically sealed
      liquid-tight compartments therein. More specifically, the deck 205, the
      side walls 221 and 222, the cover plate 224 and the bulkhead plates 225
      are all suitably joined one to the other as required, such as by welding
      or the like, to provide liquid-tight seams therebetween.
PAR  The floatation ring 230 includes an outer side wall or rim 231 that is
      disposed essentially vertical with respect to the deck 205, is circular in
      shape as viewed in FIG. 5, and is essentially concentric with the pontoon
      210 and the outer side wall 221 of the floatation ring 220. An inner side
      wall or rim 232 is provided that also is disposed essentially vertical
      with respect to the deck 205, is circular in shape as viewed in FIG. 5,
      and is essentially concentric with the pontoon 210 and the outer side wall
      231. The deck 205 serves as the bottom plate for the floatation ring 230,
      and a top plate or cover plate 234 is provided, the shape of the cover
      plate 234 in plan being such as to cover the area between the side walls
      231 and 232, all as is illustrated in FIG. 5. A plurality of radially
      extending transverse bulkhead plates 235 is provided hermetically sealed
      and liquid-tight compartments. More specifically, the deck 205, the side
      walls 231 and 232, the cover plate 234 and the bulkhead plates 235 are all
      suitably joined one to the other as required, such as by welding or the
      like, to provide liquid-tight seams therebetween.
PAR  The side walls 221 and 222 of the floatation ring 220 and the side walls
      231 and 232 of the floatation ring 230 are all essentially circular in
      configuration, concentric one with the other, and of uniform height with
      respect to the deck 205. The side walls, however, are of varying thickness
      around the circumference thereof, the thickest points of each of the side
      walls 221, 222, 231 and 232 being along the horizontal center line to the
      left in FIG. 5 and at the point of the cross section of FIG. 4 at the left
      thereof. From the thickest point illustrated at the left in FIG. 4, the
      side walls 221, 222, 231 and 232 uniformly decrease in thickness to a
      point along the horizontal center line to the right in FIG. 5 and at which
      the cross section of FIG. 4 is taken, and specifically the right hand
      portion thereof.
PAR  As a result of this formation of the side walls 221, 222, 231 and 232, the
      floatation rings 220 and 230 are substantially heavier on the left
      portions thereof as viewed in FIGS. 4 and 5 than in the right portions
      thereof. The resultant asymmetrical distribution of weight upon the deck
      205 causes the deck 205 to be deformed downwardly in the left hand
      portions of FIGS. 4 and 5 to provide sumps 226, 236 and 246, the sump 226
      collecting all of the liquid upon the deck 205 between the pontoon 210 and
      the floatation ring 220, the sump 236 collecting all of the liquid upon
      the deck 205 between the floatation rings 220 and 230, and the sump 246
      collecting all of the liquid upon the deck 205 within the floatation ring
      230. Disposed in the sumps 226, 236 and 246 are drain openings 227, 237
      and 247, respectively, connected with drain pipes 228, 238 and 248,
      respectively, that form part of a drain system to drain liquids to the
      exterior of the associated tank 50.
PAR  The floatation rings 220 and 230 also perform the important function of
      providing additional buoyancy to the deck 205 in the event of inadvertent
      or accidental puncture thereof. More specifically, the water-tight
      character of the floatation rings 220 and 230 will come into action and
      will support the deck 205 and all the attached structures by floatation
      upon the liquid lading within the associated tank 50. The provision of the
      bulkhead plates 225 and 235 in the floatation rings 220 and 230,
      respectively, also assures that there will be added buoyancy even if the
      puncture of the deck 205 occurs in an area covered by one of the
      floatation rings 220 and 230, the bulkhead plates 225 and 235 isolating
      and limiting the volume of the floatation rings that would be flooded by
      the liquid lading.
PAR  From the above, it will be appreciated that the floatation rings 220 and
      230 can also be added to existing pontoon roofs to improve the drainage
      and buoyancy thereof.
PAR  Recapitulating, the improved floating roof 200 of the present invention
      assures positive drainage of the deck 205 by providing the sumps 226, 236
      and 246 thereof due to the asymmetric distribution of the weight of the
      floatation rings 220 and 230 upon the deck 205. The structural load on the
      pontoon 210 is also reduced, the floatation rings 220 and 230 acting to
      support and reinforce the deck 205; in this connection, the floatation
      rings 220 and 230 also inhibit wind induced wave motion in the deck 205,
      thus to reduce the strain thereon and on the pontoon 210. In the event of
      a leakage due to a puncture of the deck 205, the floatation rings 220 and
      230 greatly reduce the area affected by the leak, and also impart added
      buoyancy to the floating roof 200 to insure continued floatation thereof.
PAR  Referring to FIGS. 6 and 7 of the drawings, there is shown a third
      preferred embodiment of a floating roof 300 made in accordance with and
      embodying the principles of the present invention. Many of the parts of
      the floating roof 300 are identical in construction to and function like
      parts in the floating roofs 100 and 200, whereby suitable numerals in the
      300 series corresponding to numerals in the 100 and 200 series have been
      applied to the parts of the floating roof 300 that correspond to like
      numbered parts in the floating roofs 100 and 200. The floating roof 300
      also has been shown in association with a storage tank 50 identical to
      that illustrated with respect to the floating roof 100.
PAR  The floating roof 300 includes a deck 305 which is a sheet of metal plate
      that substantially covers the surface of the liquid stored within the tank
      50. Surrounding the deck 305 is a pontoon 310 which extends outwardly from
      the deck 305 toward the side wall 51, the space therebetween being sealed
      by sealing structure 317 identical to the sealing structure 117 described
      above. The pontoon 310 has a construction like the pontoon 110 described
      above with respect to the floating roof 100.
PAR  Two floatation rings 320 and 330 are provided on the deck 305, the
      floatation rings 320 and 330 being intermediate the center of the deck 305
      and the pontoon 310, the floatation ring 320 being essentially concentric
      with and intermediate to the pontoon 310 and the floatation ring 330,
      while the floatation ring 330 is essentially concentric with the
      floatation ring 320.
PAR  The floatation ring 320 includes an outer side wall or rim 321 that is
      disposed essentially vertical with respect to deck 305, is circular in
      shape as viewed in FIG. 7, and is essentially concentric with the pontoon
      310. An inner side wall or rim 322 is provided that also is disposed
      essentially vertical with respect to the deck 305, is circular in shape as
      viewed in FIG. 7, and is disposed essentially concentric with the outer
      side wall 321. The deck 305 serves as the bottom plate for the floatation
      ring 320, and a top plate or cover plate 324 is provided, the shape of the
      cover plate 324 being such as to cover the area between the side walls 321
      and 322, all as is illustrated in FIG. 7. A plurality of radially
      extending transverse bulkhead plates 325 is provided in the floatation
      ring 320 at spaced points therearound to provide hermetically sealed
      liquid-tight compartments therein. More specifically, the deck 305, the
      side walls 321 and 322, the cover plate 324 and the bulkhead plates 325
      are all suitably joined one to the other as required, such as by welding
      or the like, to provide liquid-tight seams therebetween.
PAR  The floatation ring 330 includes an outer side wall or rim 331 that is
      disposed essentially vertical with respect to the deck 305, is circular in
      shape as viewed in FIG. 7, and is essentially concentric with the pontoon
      310 and the outer side wall 321 of the floatation ring 320. An inner side
      wall or rim 332 is provided that also is disposed essentially vertical
      with respect to the deck 305, is circular in shape as viewed in FIG. 7,
      and is essentially concentric with the pontoon 310 and the outer side wall
      331. The deck 305 serves as the bottom plate for the floatation ring 330,
      and a top plate or cover plate 334 is provided, the shape of the cover
      plate 334 in plan being such as to cover the area between the side walls
      331 and 332, all as is illustrated in FIG. 7. A plurality of radially
      extending transverse bulkhead plates 335 is provided in the floatation
      ring 330 at spaced points therearound to provide hermetically sealed and
      liquid-tight compartments. More specifically, the deck 305, the side walls
      331 and 332, the cover plate 334 and the bulkhead plates 335 are all
      suitably joined one to the other as required, such as by welding or the
      like, to provide liquid-tight seams therebetween.
PAR  The side walls 321 and 322 of the floatation ring 320 and the side walls
      331 and 332 of the floatation ring 330 are all essentially circular in
      configuration, concentric one with the other, and of uniform thickness
      along the entire length thereof. The side walls, however, are of varying
      height around the circumference thereof. The highest points of each of the
      side walls 321, 322, 331 and 332 being along the horizontal center line to
      the left in FIG. 7 and at the point of the section of FIG. 6 at the left
      thereof. From the highest point illustrated at the left in FIG. 6, the
      side walls 321, 322, 331 and 332 uniformly decrease in height to a point
      along the horizontal center line to the right in FIG. 7 and the point at
      which the section of FIG. 6 is taken, and specifically the right hand
      portion thereof.
PAR  As a result of this formation of the side walls, and the configuration of
      the side walls 321, 322, 331 and 332, the floatation rings 320 and 330 are
      substantially heavier on the left portions thereof as viewed in FIG. 6
      than on the right portions thereof. The resultant asymmetrical
      distribution of weight upon the deck 305 causes the deck 305 to be
      deformed downwardly in the left hand portions of FIGS. 6 and 7 to provide
      sumps 326, 336 and 346, the sump 326 collecting all of the liquid upon the
      deck 305 between the pontoon 310 and the floatation ring 320, the sump 336
      collecting all of the liquid upon the deck 305 within the floatation rings
      320 and 330, and the sump 346 collecting all of the liquid upon the deck
      305 within the floatation ring 330. Disposed in the sumps 326, 336 and 346
      are drain openings 327, 337 and 347, respectively, connected with drain
      pipes 328, 338 and 348, respectively, that form part of a drain system to
      drain liquids to the exterior of the associated tank 50.
PAR  The floatation rings 320 and 330 also perform the important function of
      providing additional buoyancy to the deck 305 in the event of inadvertent
      or accidental puncture thereof. More particularly, the water-tight
      character of the floatation rings 320 and 330 will come into action and
      will support the deck 305 and all the attached structures by floatation
      upon the liquid lading within the associated tank 50. The provision of the
      bulkhead plates 325 and 335 in the floatation rings 320 and 330,
      respectively, also assures that there will be added buoyancy even if the
      puncture of the deck 305 occurs in an area covered by one of the
      floatation rings 320 and 330, the bulkhead plates 325 and 335 isolating
      and limiting the volume of the floatation rings that would be flooded by
      the liquid lading.
PAR  From the above, it will be appreciated that the floatation rings 320 and
      330 can also be added to existing pontoon roots to improve the drainage
      and buoyancy thereof.
PAR  Recapitulating, the improved floating roof 300 of the present invention
      assures positive drainage of the deck 305 by providing the sumps 326, 336
      and 346 thereon due to the asymmetric distribution of the weight of the
      floatation rings 320 and 330 upon the deck 305. The structural load on the
      pontoon 310 is also reduced, the floatation rings 320 and 330 acting to
      support and reinforce the deck 305; in this connection, the floatation
      rings 320 and 330 also inhibit wind induced wave motions in the deck 305,
      thus to reduce the strain thereon and on the pontoon 310. In the event of
      a leakage due to a puncture of the deck 305, the floatation rings 320 and
      330 greatly reduce the area affected by the leak, and also impart added
      buoyancy to the floating roof 300 to insure continued floatation thereof.
PAR  Referring to FIGS. 8 to 10 of the drawings, there is shown a fourth
      preferred embodiment of a floating roof 400 made in accordance with and
      embodying the principles of the present invention. Many of the parts of
      the floating roof 400 are identical in construction to and function like
      parts in the floating roofs 100, 200 and 300, whereby suitable numerals in
      the 400 series corresponding to like numerals in the 100, 200 and 300
      series have been applied to the parts of the floating roof 400 that
      correspond to like parts in the floating roofs 100, 200 and 300. The
      floating roof 400 also has been shown in association with a storage tank
      50 identical in construction and operation to that illustrated with
      respect to the floating roof 100.
PAR  The floating roof 400 includes a deck 405 which is a sheet of steel plate
      that essentially covers the surface of the liquid stored within the tank
      50. Surrounding the deck 405 is a pontoon 410 that extends outwardly from
      the deck 405 and toward the side wall 51, the space therebetween being
      sealed by sealing structure 417 identical to the sealing structure 117
      described above. The pontoon 410 has a construction like the pontoon 110
      described with respect to the floating roof 100.
PAR  Floatation rings 450 and 460 are disposed intermediate the center of the
      deck 405 designated by the letter C, and the pontoon 410. The intermediate
      floatation ring 450 is essentially concentric with and intermediate the
      pontoon 410 and the inner floatation ring 460, while the inner floatation
      ring 460 is essentially concentric with the intermediate floatation ring
      450.
PAR  The floatation ring 450 is formed of a plurality of rectilinear sections
      451a through 451h arranged to form a closed polygonal configuration.
      Referring to FIGS. 9 and 10, the details of construction of one of the
      rectilinear sections, specifically rectilinear section 451a, is
      illustrated. An outer angle member 452a is provided including a vertically
      extending portion providing an outer side wall 453a and having an integral
      top flange 454a extending inwardly toward the center of the deck 405. An
      inner angle member 456a is provided having a vertically arranged portion
      providing an inner side wall 457a disposed substantially vertically with
      respect to the deck 405. Integral with the upper edge of inner side wall
      457a is a top flange 458a directed outwardly away from the center C and
      closely overlying the top flange 454a on the outer angle member 452a. As
      is best seen in FIG. 9, the side walls 453a and 457a are disposed parallel
      to each other and both normal to the deck 405 and are secured to the deck
      405 by welds 459. The outer ends of the top flanges 454a and 458a are
      secured to each other by welds 459.
PAR  The various rectilinear sections 451b through 451h are of essentially the
      same construction as the section 451a  described above, but are of
      increasing widths, the section 451h being illustrated to the right in FIG.
      9 and being the widest section in the intermediate floatation ring 450.
      The outer angle members 452a through 452h are identical in construction
      one to the other, and the inner angle members 456a through 456h are
      identical in construction one to the other, and furthermore, as
      illustrated, are identical in construction to the outer angle members 452a
      through 452h. The different widths of the sections 451a through 451h is
      achieved by spacing the outer angle members 452a through 452h different
      and increasing distances from the corresponding cooperating inner angle
      members 456a through 456h, respectively. The outer side walls 453a through
      453h form a polygonal closed surface which is essentially concentric with
      the center C of the pontoon 410, while the inner side walls 457a through
      457h form a closed polygonal figure that is disposed eccentrically with
      respect to the other side wall 452, the center of the inner polygonal wall
      being shifted to the left to the point 423 with respect to the center C of
      the pontoon 410 and the outer side wall 452. It will be appreciated that
      the deck 405 serves as the bottom plate for the floatation ring 450. A
      plurality of transverse radially extending bulkhead plates 455 is provided
      at the junctures of the several sections 451 to provide hermetically
      sealed liquid-tight compartments. More specifically, the deck 405, the
      outer angle members 452, the inner angle members 453 and the bulkhead
      plates 455 are all suitably joined one to the other as required, as
      illustrated with the welds 459, to provide liquid-tight seams
      therebetween.
PAR  The floatation ring 460 is formed of a plurality of rectilinear sections
      461a through 461h arranged to form a closed polygonal configuration, these
      sections being essentially constructed like sections 451a through 451h.
      The various rectilinear sections 461a through 461h are of essentially the
      same construction but are of increasing widths, the section 461h being the
      widest section in the floatation ring 460. The outer side walls 463a
      through 463h form a polygonal closed surface which is essentially
      concentric with the center C of the pontoon 410, while the inner side
      walls 467a through 467h form a closed polygonal figure that is disposed
      eccentrically with respect to the outer side wall 462, the center of the
      inner polygonal wall being shifted to the left to the point 423 with
      respect to the center C of the pontoon 410 and the outer side wall 462. It
      will be appreciated that the deck 405 serves as the bottom plate for the
      floatation ring 460. A plurality of transverse radially extending bulkhead
      plates 465 is provided at the junctures of the several sections 461 to
      provide hermetically sealed liquidtight compartments. More specifically,
      the deck 405, the outer angle members 462, the inner angle members 463 and
      all bulkhead plates 465 are all suitably joined one to the other as
      required such as by welding, to provide liquid-tight seams therebetween.
PAR  While there have been described what are at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A floating roof for covering liquids stored in storage tanks or the like
      wherein the roof floats on the stored liquid, said roof including a deck
      generally conforming to the horizontal cross-sectional shape of the
      associated storage tank and having transverse dimensions and a thickness
      such as to cause said deck to be flexible, a pontoon around the outer
      periphery of said deck and secured thereto for imparting buoyancy to said
      roof to float said roof upon the surface of the stored liquid, said deck
      having an upper surface and a lower surface in contact with the stored
      liquid to prevent evaporation therefrom and to prevent contamination
      thereof, and a hermetically sealed hollow floatation ring mounted on said
      deck and secured thereto and disposed intermediate the center and the
      outer edge thereof, the weight of said floatation ring being
      asymmetrically disposed with respect to said deck so as to place an area
      of said deck at a lower level than all other areas of said deck to provide
      a sump thereon, and a drain communicating with said sump to drain liquid
      from the upper surface of said deck to maintain the buoyancy of said roof
      at all times.
NUM  2.
PAR  2. The floating roof set forth in claim 1, wherein a sump is provided for
      the area between said pontoon and said floatation ring and for the area
      within said floatation ring, said drain communicating with both said
      sumps.
NUM  3.
PAR  3. The floating roof set forth in claim 1, wherein said floatation ring has
      a plurality of bulkheads therein dividing the floatation ring into a
      plurality of liquid-tight compartments.
NUM  4.
PAR  4. The floating roof set forth in claim 1, wherein at least two generally
      concentrically arranged floatation rings are mounted on said deck.
NUM  5.
PAR  5. A floating roof for covering liquids stored in storage tanks or the like
      wherein the roof floats on the stored liquid, said roof including a deck
      generally conforming to the horizontal cross-sectional shape of the
      associated storage tank and having transverse dimensions and a thickness
      such as to cause said deck to be flexible, a pontoon around the outer
      periphery of said deck and secured thereto for imparting buoyancy to said
      roof to float said roof upon the surface of the stored liquid, said deck
      having an upper surface and a lower surface in contact with the stored
      liquid to prevent evaporation therefrom and to prevent contamination
      thereof, and a hermetically sealed hollow floatation ring mounted on said
      deck and secured thereto and disposed intermediate the center and the
      outer edge thereof, said floatation ring including a pair of spaced-apart
      side walls extending upwardly from said deck a predetermined uniform
      height and a cover plate having a generally uniform thickness covering the
      area between said side walls, said side walls having generally uniform
      thicknesses around said floatation ring and being spaced closest to each
      other at one point therearound and being spaced furthest apart from each
      other at another point therearound disposed from said one point, thereby
      to provide greater weight per unit area of said floatation ring at the one
      point to place the corresponding area of said deck at a lower level than
      all other areas of said deck to provide a sump thereon, and a drain
      communicating with said sump to drain liquid from the upper surface of
      said deck to maintain the buoyancy of said roof at all times.
NUM  6.
PAR  6. The floating roof set forth in claim 1, wherein said floatation ring has
      a plurality of bulkheads therein dividing the floatation ring into a
      plurality of liquid-tight compartments.
NUM  7.
PAR  7. The floating roof set forth in claim 5, wherein at least two generally
      concentrically arranged floatation rings are mounted on said deck.
NUM  8.
PAR  8. A floating roof for covering liquids stored in storage tanks or the like
      wherein the roof floats on the stored liquid, said roof including a deck
      generally conforming to the horizontal cross-sectional shape of the
      associated storage tank and having transverse dimensions and a thickness
      such as to cause said deck to be flexible, a pontoon around the outer
      periphery of said deck and secured thereto for imparting buoyancy to said
      roof to float said roof upon the surface of the stored liquid, said deck
      having an upper surface and a lower surface in contact with the stored
      liquid to prevent evaporation therefrom and to prevent contamination
      thereof, and a hermetically sealed hollow floatation ring mounted on said
      deck and secured thereto and disposed intermediate the center and the
      outer edge thereof, said floatation ring including a pair of spaced-apart
      side walls extending upwardly from said deck a predetermined generally
      uniform height and a cover plate having a generally uniform thickness
      covering the area between said side walls, said side walls being
      substantially uniformly spaced apart around said floatation ring and being
      of greatest thickness at one point thereacross and decreasing in thickness
      to a minimum thickness and  at another point therearound disposed from
      said one point, thereby to provide greater weight per unit area of said
      floatation ring at the one point to place the corresponding area of said
      deck at a lower level than all other areas of said deck to provide a sump
      thereon, and a drain communicating with said sump to drain liquid from the
      upper surface of said deck to maintain the buoyancy of said roof at all
      times.
NUM  9.
PAR  9. The floating roof set forth in claim 8, wherein said floatation ring has
      a plurality of bulkheads therein dividing the floatation ring into a
      plurality of liquid-tight compartments.
NUM  10.
PAR  10. The floating roof set forth in claim 8, wherein at least two generally
      concentrically arranged floatation rings are mounted on said deck.
NUM  11.
PAR  11. A floating roof for covering liquids stored in storage tanks or the
      like wherein the roof floats on the stored liquid, said roof including a
      deck generally conforming to the horizontal cross-sectional shape of the
      associated storage tank and having transverse dimensions and a thickness
      such as to cause said deck to be flexible, a pontoon around the outer
      periphery of said deck and secured thereto for imparting buoyancy to said
      roof to float said roof upon the surface of the stored liquid, said deck
      having an upper surface and a lower surface in contact with the stored
      liquid to prevent evaporation therefrom and to prevent contamination
      thereof, and a hermetically sealed hollow floatation ring mounted on said
      deck and secured thereto and disposed intermediate the center and the
      outer edge thereof, said floatation ring including a pair of spaced-apart
      side walls of generally uniform thickness extending upwardly from said
      deck and a cover plate having a generally uniform thickness covering the
      area between said side walls, said side walls being of greatest height at
      one point therearound and decreasing in height to a minimum height at
      another point therearound disposed from said one point, thereby to provide
      greater weight per unit area of said floatation ring at the one point to
      place a corresponding area of said deck at a lower level than all other
      areas of said deck to provide a sump thereon, and a drain communicating
      with said sump to drain liquid from the upper surface of said deck to
      maintain the buoyancy of said roof at all times.
NUM  12.
PAR  12. The floating roof set forth in claim 11, wherein said floatation ring
      has a plurality of bulkheads therein dividing the floatation ring into a
      plurality of liquid-tight compartments.
NUM  13.
PAR  13. The floating roof set forth in claim 11, wherein at least two generally
      concentrically arranged floatation rings are mounted on said deck.
NUM  14.
PAR  14. A floating roof for covering liquids stored in storage tanks or the
      like wherein the roof floats on the stored liquid, said roof including a
      deck generally conforming to the horizontal cross-sectional shape of the
      associated storage tank and having transverse dimensions and a thickness
      such as to cause said deck to be flexible, a pontoon around the outer
      periphery of said deck and secured thereto for imparting buoyancy to said
      roof to float said roof upon the surface of the stored liquid, said deck
      having an upper surface and a lower surface in contact with the stored
      liquid to prevent evaporation therefrom and to prevent contamination
      thereof, and a hermetically sealed hollow floatation ring mounted on said
      deck and secured thereto and disposed intermediate the center and the
      outer edge thereof, said floatation ring including a plurality of
      rectilinear sections interconnected to form a polygonal ring, each
      rectilinear section having a pair of spaced-apart straight side walls
      extending upwardly from said deck a predetermined uniform height and a
      cover plate having a generally uniform thickness covering the area between
      said side walls, said side walls having generally uniform thicknesses
      around said floatation ring and being spaced closest to each other at one
      point therearound and being spaced farthest apart from each other at
      another point therearound disposed from said one point, thereby to provide
      greater weight per unit area of said floatation ring at the one point to
      place the corresponding area of said deck at a lower level than all other
      areas of said deck to provide a sump thereon, and a drain communicating
      with said sump to drain liquid from the upper surface of said deck to
      maintain the buoyancy of said roof at all times.
NUM  15.
PAR  15. The floating roof set forth in claim 14, wherein said polygonal
      floatation ring has a plurality of bulkheads therein at the junctures of
      said rectilinear sections dividing the polygonal floatation ring into a
      plurality of liquid-tight compartments.
NUM  16.
PAR  16. The floating roof set forth in claim 14, wherein at least one generally
      concentrically arranged polygonal floatation rings are mounted on said
      deck.
NUM  17.
PAR  17. The floating roof set forth in claim 14, wherein each rectilinear
      section is formed of opposed angle members each including one of said
      straight side walls and a top flange overlapping the top flange of the
      other angle member to provide said cover plate, opposed pairs of said
      angle members being spaced apart different distances around said
      floatation ring.
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ABST
PAL  A plug of plastic or other soft material to be screwed into a metal neck,
      with means for preventing the possibility of screwing in the plug
      obliquely. The means comprises a cone-shaped bevel around the first thread
      of the plug, the top angle of the bevelling cone corresponding to the top
      angle of the reamer used to ream the entry of the neck screw thread.
BSUM
PAR  The invention relates to a plug of plastic or another rather soft material,
      provided with external screw thread and adapted to be screwed in a metal
      neck provided with internal screw thread, especially in a closure of a
      vessel.
PAR  Such a plug is in practice commonly known and is generally manufactured by
      molding from plastic.
PAR  At screwing-in such a rather soft plug in a hard metal neck there exists
      the chance that the plug is screwed-in obliquely in the neck. When then
      the plug is fastened manually or mechanically, there exists the danger
      that the plug is screwed-in obliquely and that the hard screw thread of
      the neck makes a new screw thread in the rather soft plug, by which the
      plug will be further unusable.
PAR  The invention aims to remove this disadvantage and this is obtained in that
      the first thread of the screw thread on the plug is bevelled over
      360.degree. by cone-shaping the lower edge of the plug, the top angle of
      the bevelling cone corresponding to the top angle of the reamer, with
      which the entry of the screw thread in the neck has been reamed.
PAR  Thus the bevelled edge is extending over the whole circumference of the
      lower edge of the plug and is concerning the angle adapted to the angle of
      the entry of the screw thread in the neck. The angle of the entry is
      determined by the top angle of the reamer, with which the screw thread in
      the neck is reamed. This measure gives a solution of the problem of
      screwing-in obliquely, because in this way the centre of the plug will
      tend to coincide with the axis of the neck and because over a great part
      of the circumference of the plug the first thread is located at such a
      small diameter, that when the next thread comes into contact with the
      cylindrical part of the neck, the first thread of the screw thread cannot
      be located below the entry of the thread of the neck.
PAR  However, this bevelled edge is only effective, when the thread profile has
      a triangle form. However, this is not always the case.
PAR  At a plug with external screw thread in the form of a truncated triangle or
      a triangle with rounded top angle this cone-shaped bevelled edge does not
      give a screw top diameter increasing equally and again there exists a
      danger of screwing-in obliquely.
PAR  For this reason such a plug is carried out in such a way that about
      90.degree. before and 90.degree. after the point where the bevelling cone
      is intersecting the foot of the first thread on the screw thread on the
      plug, second and third cone-shaped bevelled edges start, the top angles of
      the second and third bevelling cones being greater than the top angle of
      first bevelling cone and the first bevelling cone is intersecting the
      bottom of the plug at a larger diameter than the second and third
      bevelling cone.
PAR  In this way practically each chance of screwing-in obliquely is avoided. On
      the tops of the thread a smooth line is formed.
DRWD
PAR  The invention will now be explained for an embodiment referring to a
      drawing, in which:
PAR  FIG. 1 is a side view of the plug according to the invention, and
PAR  FIG. 2 is a bottom view of the plug according to FIG. 1.
DETD
PAR  The plug according to the invention is moulded from plastic with screw
      thread of triangle form and rounded top angle.
PAR  The plug comprises an upper flange 1, with which not-shown fastening means
      can engage and the lower edge of which is sealing on the upper edge of a
      not-shown metal neck. This neck can form the cylindrical part of the
      closure of the vessel.
PAR  Further the plug comprises a cylindrical part 2 which forms one part with
      the flange 1 and which is provided with external screw thread 3. This
      cylindrical part 2 can be solid or may consist of a thick cylindrical
      wall, at the lower side closed by a bottom.
PAR  In FIG. 2 the different bevelled edges according to the invention are
      shown.
PAR   The first bevelled edge extends over 360.degree. and is indicated with I.
      This bevelled edge I intersects the bottom of the plug along a circle, the
      diameter of which is indicated with a.
PAR  The second bevelled edge is indicated with II and extends over about
      90.degree., in FIG. 2 the quadrant extending from 270.degree. - 0.degree..
PAR  The bevelled edge II consists of three parts. The centre part IIa is formed
      by a second bevelling cone and extends over about 30.degree. on both sides
      of the radius indicated with 315.degree.. Two tangential exits IIb and IIc
      are connected with this centre part IIa, which tangential exits thus
      extend over about 15.degree. and form the transition to the bevelled edge
      I at the diameter a. The bevelling angles over the parts IIa, IIb and IIc
      are the same.
PAR  The bevelling cone for forming the bevelling edge IIa intersects the bottom
      of the plug on a circle, the diameter of which is indicated with b. The
      diameter b is smaller than the diameter a for the bevelled edge I.
PAR  The third bevelled edge is indicated with III and extends also over about
      90.degree., namely over the quadrant extending from 90.degree. -
      180.degree.. Also the third bevelled edge consists of the parts IIIa, IIIb
      and IIIc, corresponding to the second bevelled edge II.
PAR  For clearity the transition points between the different bevelled edges are
      indicated in FIG. 2 with thick dots.
PAR  Preferably the bevelled edge I is made with a cone with a top angle of
      90.degree.. This means thus that the bevelled edge I is at an angle with
      the horizontal line of 45.degree..
PAR  The bevelled edge II is made with a cone with a top angle of 125.degree..
      The bevelled edge II is thus with the horizontal line at an angle of
      27.degree.30'.
PAR  The bevelled edge III is made with a cone with a top angle of 145.degree..
      The bevelled edge III is thus with the horizontal line at an angle of
      17.degree.30'.
PAR  the bevelling cone forming the bevelled edge I intersects the foot of the
      thread 3 on the radius 0.degree.. The bevelled edge II starts at radius
      270.degree., thus 90.degree. before radius 0.degree. and the bevelled edge
      III starts at radius 90.degree. thus 90.degree. after radius 0.degree..
PAR  By the differences in bevelling angles between the bevelled edges II and
      III each chance on screwing-in obliquely is avoided, because in this way
      the first thread of the plug can never be located below the thread entry
      of the neck.
PAR  The bevelled edge III removes namely a part of the flank of the first
      thread, when the bevelling cone of the bevelled edge III intersects the
      bottom of the plug at a certain diameter. In order to provide that the
      bevelled edge II also removes a part of the flank of the first thread, the
      bevelling cone of the bevelled edge II intersecting the bottom of the plug
      on a circle with diameter b as well as the bevelling cone of the bevelled
      edge III must have a smaller top angle than the bevelling cone of the
      bevelled edge III.
PAR  In the embodiment shown and described here above the cones with which the
      bevelled edges II and III are made, have a different top angle and
      intersect both the bottom of the plug on a circle with a diameter b.
      However, it is also possible to give the top angles of both cones the same
      value, but then to let intersect the cone the bottom on circles with
      different diameters. In that case the cone of the bevelled edge III must
      intersect the bottom on a circle with a greater diameter than the cone of
      the bevelled edge II. This variant is not indicated in a drawing.
PAR  The invention can also be applied to plugs of other material than plastic,
      for instance zinc.
CLMS
STM  I claim:
NUM  1.
PAR  1. Plug of plastic or another rather soft material provided with external
      screw thread and adapted to be screwed in a metal neck provided with
      internal screw thread, especially in a closure of a vessel, characterized
      in that the first thread of the screw thread on the plug is bevelled over
      360.degree. by cone-shaping the lower edge of the plug, the top angle of
      the bevelling cone corresponding to the top angle of the reamer, with
      which the entry of the screw thread in the neck has been reamed.
NUM  2.
PAR  2. Plug according to claim 1 with external screw thread in the form of a
      truncated triangle or a triangle with a rounded top angle, characterized
      in that about 90.degree. before and 90.degree. after the point where the
      bevelling cone is intersecting the foot of the first thread of the screw
      thread on the plug, second and third cone-shaped bevelled edges start the
      top angles of the second and third bevelling cones being greater than the
      top angle of the first bevelling cone and the first bevelling cone is
      intersecting the bottom of the plug at a larger diameter than the second
      and third bevelling cone.
NUM  3.
PAR  3. Plug according to claim 1, characterized in that the second and the
      third bevelled edges are extending over about 90.degree. in the
      circumferential direction of the plug.
NUM  4.
PAR  4. Plug according to claim 3, characterized in that the second as well as
      the third bevelled edges are formed over about 60.degree. by bevelling
      cones and at both ends have the form of a tangential exit over about
      15.degree. with the same angle in order to meet with the starting points
      and end points of the first bevelling cones.
NUM  5.
PAR  5. Plug according to claim 2 characterized in that the top angle of the
      second bevelling cone differs from the top angle of the third bevelling
      cone.
NUM  6.
PAR  6. Plug according to claim 2, characterized in that the top angle of the
      first bevelling cone is about 90.degree., the top angle of the second
      bevelling cone is about 125.degree. and the top angle of the third
      bevelling cone is about 145.degree..
NUM  7.
PAR  7. Plug according to claim 2, characterized in that the top angle of the
      second and third bevelling cones are the same and in that the bevelling
      cones intersect the bottom of the plug on circles with different
      diameters.
NUM  8.
PAR  8. Plug according to claim 7, characterized in that the bevelling cone of
      the third bevelling edge intersects the bottom of the plug on a circle
      with a greater diameter than the bevelling cone of the second bevelling
      edge.
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ABST
PAL  A container and a lid therefor is provided in which the rim of the
      container has an inverted U-shaped raised portion which is engaged by a
      complementary shaped portion on the lid to secure the lid to the rim of
      the container, and in which the raised portion of the rim terminates in a
      bead extending inwardly with respect to said raised portion, the outer
      wall of the raised portion is longer than the inner wall, the outer wall
      of the complementary portion of the lid is longer than the inner wall of
      said complementary portion of the lid and the outer wall of the inverted
      U-shaped raised portion of the rim has a downwardly and outwardly
      extending portion extending toward the inner surface of the container and
      then upwardly along a vertical wall of the container, thereby providing a
      structure which is highly resistant to damage due to dropping or
      compression.
BSUM
PAC  BACKGROUND
PAR  One of the difficult problems in the container art and especially in the
      manufacture of containers for paint and similar products such as the metal
      containers in the one gallon sizes normally used in the paint industry as
      well as in other sizes has been the provision of containers and lids
      therefor which will withstand damage caused by dropping the container or
      by compression when containers are stacked on one another. When a
      container filled with a liquid such as paint which is normally quite heavy
      is dropped from a substantial distance, say from a height of 18 to 30
      inches, there is a tendency for the container to come apart or be damaged
      in the area where the lid is secured to the container.
PAR  Once the seal between the lid and the container has been broken and the
      contents are exposed to air, the contents in many cases will be unusable
      unless the damage is detected within a short period of time and corrected
      or the contents removed from the container. In many cases once the lid and
      rim structure of the container has been damaged it is not possible to
      reapply the lid to the container and at the same time maintain a tight
      seal of the contents.
PAR  Many attempts have been made to solve this problem as illustrated by
      various structures suggested and taught in U.S. Pat. Nos. 2,273,247,
      2,734,654, 2,905,357, 3,383,006 (Re.26,730), 3,410,448, 3,770,161 and
      3,825,149. In general, these structures have provided some improvement in
      the art but they still leave much to be desired, especially when subjected
      to drop tests and compression tests.
PAC  OBJECTS
PAR  An object of the present invention is to provide a new and improved
      container and a lid for closing said container which is relatively simple
      to manufacture and has advantages over previously proposed structures with
      respect to resistance to damage as evaluated by drop tests and compression
      tests.
DRWD
PAR  Other objects and advantages of the invention will appear from the
      following description in conjunction with the accompanying drawing.
PAC  THE DRAWING
PAR  FIG. 1 is a partial sectional view with parts broken away of a container
      illustrating a new and improved rim and lid structure provided in
      accordance with the invention; and
PAR  FIG. 2 is similar to FIG. 1 except that it shows the position of the lid
      with respect to the rim of the container after the lid has been pressed
      firmly in place over the rim of the container so that the container is
      closed and the contents are sealed.
DETD
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a container and a lid therefor is
      provided in which the rim of the container has an inverted U-shaped raised
      portion which is engaged by a complementary shaped portion on the lid to
      secure the lid to the rim of the container, and in which the raised
      portion of the rim terminates in a bead extending inwardly with respect to
      said raised portion, the outer wall of the raised portion is longer than
      the inner wall, the outer wall of the complementary portion of the lid is
      longer than the inner wall of said complementary portion of the lid and
      the outer wall of the inverted U-shaped raised portion of the rim has a
      downwardly and outwardly extending portion extending toward the inner
      surface of the container and then upwardly along a vertical wall of the
      container, thereby providing a structure which is highly resistant to
      damage due to dropping or compression.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawing, FIG. 1, which is a partial section of a container
      and lid structure embodying the invention with parts broken away,
      illustrates a cylindrical container body 1 having a rim 2 which is
      attached to the top of the container body 1 in a conventional manner by an
      interlocking joint 3 which forms an airtight seal between the rim 2 and
      container body 1.
PAR  A lid 4 is shown in superposed position with respect to the raised portion
      5 of rim 2. In this position the lid 4 is about to be applied to the
      raised portion 5 of rim 2, as shown in FIG. 1. In FIG. 2 the lid 4 has
      been pressed downwardly over the raised portion 5 of rim 2, thereby
      causing frictional engagement in the area 6 between the inner wall 7 of
      the raised portion 5 and the inner wall 8 of the complementary portion of
      the lid 4 and also in the area 9 between the inner surface of the outer
      wall 10 of the complementary portion of lid 4 and the outer surface of the
      outer wall 11 of the raised portion 5 of rim 2.
PAR  The area of frictional engagement 9 as shown at y is longer than the area
      of frictional engagement 6 as shown at z. This double frictional
      engagement serves as a seal after the lid has been applied to the rim of
      the container as shown in FIG. 2. The lid 4 may be applied to the
      container in any suitable manner by compressive force. One method of
      accomplishing this is to pass the container which has already been filled
      with the rim 4 loosely applied as in FIG. 1 on a suitable conveyor, for
      example, a roller conveyor, and gradually apply force by means of rollers
      or otherwise to the top of lid 4 so as to compress the lid and rim
      together. This may produce a flattening of the lid 4 in the area 12 and in
      some instances might cause the area 12 of lid 4 to contact and even
      flatten the area 13 of the raised portion 5 of rim 2. Regardless of
      whether there is a space between the areas 12 and 13, the contents of the
      can will be sealed by the double frictional engagement in the areas 6 and
      9. The inner end of the raised portion 5 of rim 2 is rolled to form a bead
      14 which extends outwardly from the vertical wall 7 of raised portion 5
      into the space between the two sides 7 and 11 of raised portion 5. The
      bead 14 provides a rolled surface so that after the container is opened
      and the lid 4 removed therefrom, anyone contacting this surface will not
      encounter a sharp edge. Another function of the closed bead 14 is to
      prevent accumulation of rust or any other substances which might
      contaminate the contents of the container. The rolled bead 14 also makes
      it easier to remove and prevent the accumulation of contents of the
      container on the inside of raised portion 5 of rim 2. In addition, the
      rolled bead 14 acts as a reinforcement of the raised portion 5 in one of
      the areas of frictional contact between the rim 2 and the lid 4.
PAR  A rolled bead 15 is provided at the end of lid 4 and serves functions
      similar to those described with respect to rolled bead 14. The bead 15 has
      the additional function of providing an outwardly extending area against
      which leverage can be exerted in order to remove the lid 4 from the
      container. The beads 14 and 15 may be of substantially the same size or
      one can be larger than the other. Thus, satisfactory results are obtained
      with a structure in which the bead 14 is larger than the bead 15.
PAR  Usually when the container is sealed by applying the lid 4 the dimensions
      of the side 11 of raised portion 5 and the side 10 of lid 4 are such that
      the bead 15, after application of the lid 4, remains slightly above the
      juncture 16 with the downwardly and outwardly extending portion 17 of rim
      2. However, the bead 15 can be forced downwardly so that it fills the
      outer surface of juncture 16 and is complemental thereto.
PAR  The downwardly and outwardly extending portion 17 of rim 2 preferably makes
      an angle of 45.degree. with the surface 18 as indicated by the angle x in
      FIG. 1. The tapering surface 17 assists in withstanding the axial load
      during the closing process and also adds to the ability of the rim and lid
      structure to withstand compressive axial pressure when filled containers
      are stacked on one another or when they are dropped. The rim extends
      upwardly at 19 to form a vertical wall which is in contact with the
      vertical wall 20 of container 1. The side walls 17, 18 and 19 of the rim
      structure form an annular recess 21 in the rim 2 around the top of the
      container.
PAR  The lid 4 contains an annular recess 22 and a reentrant portion 23, the top
      24 of which is flat or horizontal. This reentrant portion and the annular
      recess 23 increase the strength of the lid 4 and tend to enhance the
      frictional engagement between the side 8 of the lid and the side 7 of the
      raised portion 5 of rim 2 in the area 6.
PAR  While the dimensions of the container and the various portions of the rim
      and lid structures may vary, a typical one gallon paint container would
      have a wall diameter of 6.5 inches. The angle x would be 45.degree.. The
      distance y would be 0.156 inch. The distance z would be 0.131 inch. The
      distance a would be 0.325 inch. The distance b would be 0.19 inch. The
      diameter of the flat panel 24 would be 5.24 inches. The distance c would
      be 0.185 inch. The distance d would be 0.135 inch. The distance e would be
      0.205 inch. These dimensions are subject to variation. Thus, the distance
      z might be 0.092 inch and the distance y 0.23 inch. The distance a might
      be 0.375 inch. The distance c might be 0.203 inch. The distance d might be
      0.106 inch. The distance e might be 0.241 inch. On a cylindrical container
      where the diameter of the container is 6.5 inches, the diameter of the
      outer wall of the raised portion 5 might be 6.0 inches. The diameter of
      the inner wall 7 of the raised portion 5 might be 5.59 inches.
PAR  Tests made with containers constructed as previously described by dropping
      one gallon metal containers filled with paint from heights of 18 inches,
      24 inches and 30 inches in vertical drops have shown that these containers
      have excellent ability to withstand such tests. They also have the ability
      to withstand dropping from heights of 18 inches with the container at an
      angle of 20.degree. from horizontal so that the bottom edge of the
      container strikes the surface against which it is dropped. In addition
      these containers are highly resistant to failure due to compressive forces
      applied against the top and bottom of the containers.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. A container and a lid for closing said container, said container having
      a rim, said rim having a raised portion spaced inwardly of the side wall
      of the container, said raised portion being of an inverted U-shape which
      comprises an outer vertical wall and a spaced inner vertical wall
      connected by a transversely extending top portion, said outer vertical
      wall being longer than said inner vertical wall of said raised portion of
      said rim, the lower end of said outer vertical wall of said raised portion
      extending downwardly and outwardly toward the inner surface of said
      container in a straight line at an angle of approximately 45.degree. to
      the vertical and then upwardly along a vertical wall of said container,
      the lower end of the inner vertical wall of said raised portion of said
      rim terminating in a bead extending inwardly with respect to said raised
      portion, said lid having a complemental portion adapted to overlie and
      continuously frictionally engage the vertical walls of said raised portion
      of said rim, the friction engaging surfaces between the outer wall of said
      complemental portion of said lid and the outer wall of said raised portion
      of said rim being longer than the friction engaging surfaces between the
      inner wall of said complemental portion of said lid and the inner wall of
      said raised portion of said rim, the outer wall of said complemental
      portion of said lid terminating in a bead extending outwardly, said bead
      on the outer wall of the complemental portion of said lid extending to a
      point just short of the juncture of said outer vertical wall of said
      raised portion of said rim and said downwardly and outwardly extending
      portion of said rim, and the inner wall of said complemental portion of
      said lid extending downwardly beyond said bead at the inner end of said
      raised portion of said rim.
NUM  2.
PAR  2. A container as claimed in claim 1 in which the transverse sections of
      the inverted U-shaped rim and lid are flattened when the lid is applied to
      the rim of the container.
NUM  3.
PAR  3. A container as claimed in claim 1 in which said lid has a central
      reentrant portion which is flat.
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ABST
PAL  The present invention discloses a process of closing a nozzle hole in the
      bottom of a tundish, which is used in pouring molten steel. The tundish
      has a bottom, which is generally funnel-shaped and, also, has wall means
      which define the nozzle hole. The steps of the process comprise placing a
      closure in the nozzle hole to close the same and then placing a finely
      divided chrome compound on top of the closure and into the nozzle hole and
      in an amount to at least partially fill the bottom of the tundish. The
      chrome compound has a sintering temperature of on the order of at least
      1740.degree. C. The closure is provided by inserting a rolled up and
      pressed asbestos bead into the nozzle hole with an end of the bead
      extending out of the nozzle hole in a position to be grasped by a workman.
      The tundish of the present invention is operated by pouring molten steel
      into the tundish and on top of the finely divided chrome compound, which
      resides on top of the closure. When it is desired to remove the steel from
      the tundish the closure is removed from the nozzle hole by an operator
      grasping and pulling out the asbestos bead, which permits the finely
      divided chrome compound and the molten steel to flow from the nozzle hole.
PARN
PAR  This application is a continuation of U.S. patent application Ser. No.
      307,978 filed Nov. 20, 1972, now abandoned.
BSUM
PAR  This invention relates to a process and associated device for aiding in
      opening the tundish nozzle in a continuous casting system as designed to
      obviate the casual obstruction of the tundish nozzle casting gate,
      obstruction which is due to slags, refractories and cold steel splashes.
      Such a device consists of inserting in the tundish nozzle gate some amount
      of chrome sand, which is held in place by a rolled up asbestos bead
      pressure applied externally of the tundish, leaving a short length
      outwardly hanging down which is for gripping purposes in opening the
      tundish, when desired.
PAR  In modern continuous casting steel production plants, some drawbacks occur
      as due to the problems built up by the tundish clogging. At the casting
      beginning such a clogging, always of a casual nature, is determined
      because of slags, refractories and also cold steel splashes. Thus, in
      addition to unavoidably carrying slags and refractories, upon reaching the
      tundish a molten steel will produce on dropping on the tundish refractory
      splashes which become solidified by spattering. Along with slags and
      refractories, such splashes will unavoidably insert in the tundish duct
      and clog the same. Such a clogging will partially or even totally stop the
      working line or schedule and, hence, the production, with all of the
      accompanying disadvantages and damages. In this case it would be quite
      necessary to use oxygen for removing the tundish clogging, which is always
      objectionable for the damages caused to refractories and steel as well.
DRWD
PAR  The accompanying drawing is an axial vertical sectional view showing the
      bottom portion of a tundish.
DETD
PAR  The process for aiding in opening the tundish in a continuous casting
      system essentially consists of carrying out the following operations.
PAR  Prior to filling the tundish 6 with molten steel, and thus just at
      preheating step completion, as asbestos plug 1 is applied externally of
      the tundish 6 at the cylindrical portion 3' of the tundish nozzle 3, which
      includes a nozzle hole this asbestos plug 1 comprising a rolled up bead
      which is pressured inserted from outside, leaving one end 1' downward
      extending. Then, some amount of chrome sand 2 is poured at the nozzle in
      said tundish 6 to obtain the level of refractories 5. This chrome sand 2,
      the sinterizing point of which is 1740.degree.C, is quite suitable to
      endure both the heat and weight of the molten steel and, by partly
      occupying the cylindrical gate 7 of the tundish nozzle 3, will
      concurrently prevent slags, refractories and cold splashes from inserting
      therein. Therefore, the slags and refractories will be caused to float in
      the molten steel bath by rising and the cold splashes will be melted again
      and thus removed. Whereupon, the tundish 6 is filled with molten steel for
      casting beginning, it being then sufficient to remove from below the
      asbestos plug 1 by pulling the bead tail or end 1' comprising it. The gate
      7 opens and first the chrome sand issues, followed by the steel flow.
      Should the latter not sufficiently flow, then slight strikes would be
      given by a hammer or the like to the outer wall of the tundish to cause
      the chrome sand 2 to rapidly issue. First the red-hot sand and then the
      molten steel will readily issue from the tundish nozzle 3 as maintained
      clear up to that time. Said tundish nozzle 3 is supported by means of a
      tundish nozzle carrier 4 provided with a step 4' for the support of the
      tundish nozzle shoulders. The nozzle 3 and the carrier 4 form what may be
      referred to as a funnel-shaped bottom of the tundish. The chrome sand
      fills the top end of the cylindrical tundish nozzle portion and the other
      spaces up to the level of the refractories 5 in the casting tundish base.
      The use of the chrome sand is particularly advantageous because of its
      high sinterizing point, suitable to endure both the high heat and high
      pressure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process of closing a nozzle hole in the bottom of a tundish used in
      pouring molten steel, comprising the steps of inserting a rolled up and
      pressed asbestos bead into the nozzle hole with an end of the bead
      extending out of the nozzle hole in a position to be grasped by an
      operator, applying a finely divided chrome compound into the nozzle hole
      adjacent the closure and at least partially filling the bottom of the
      tundish, said chrome compound having a sintering temperature of on the
      order of at least 1740.degree. C.
NUM  2.
PAR  2. In a tundish for use in pouring molten steel having a funnel-shaped
      bottom and wall means defining a nozzle hole providing an exit from the
      bottom, the provision in said nozzle hole of a rolled up and pressed
      asbestos bead forming a closure for said nozzle and having an end which
      extends out of said nozzle hole and a finely divided chrome compound
      filling the nozzle hole adjacent the closure and at least a portion of the
      funnel-shaped bottom, said chrome compound having a sintering temperature
      of on the order of at least 1740.degree. C.
NUM  3.
PAR  3. The process of operating a tundish having a nozzle hole in the bottom
      thereof including the steps of inserting a rolled up and pressed asbestos
      bead into said nozzle hole so an end of said bead extends out of said
      nozzle hole, placing a finely divided chrome compound on top of the
      closure formed by the asbestos bead and into the nozzle hole and at least
      partially filling the bottom of the tundish, said chrome compound having a
      sintering temperature of on the order of at least 1740.degree. C, pouring
      molten steel into the tundish and on top of the finely divided chrome
      compound, removing the bead from the nozzle hole by grasping its extended
      end and pulling it to permit the finely divided chrome compound and molten
      steel to flow from the nozzle hole.
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ABST
PAL  A rollonet designed to provide positive displacement of liquid rocket
       prolants for missle tankage comprising an inner and outer diaphragm each
      in the form of a continuous cylinder with a piston head therebetween. Gas
      pressure acting on the piston head imparts an axial thrust on the
      prerolled portions of the inner and outer cylinders, causing them to roll
      through 180.degree. away from the tank wall in a progressive manner.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 811,696 filed Mar. 26, 1969,
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a system for positively expelling liquid
      propellant for a rocket motor or similar device.
PAR  In the construction and operation of liquid propellant propulsion systems
      for rocket motors, one of the major problems involves the release of the
      propellant to the rocket motor without the inclusion of bubbles. Another
      problem relates to the metering of the fuel which may involve starting and
      stopping the flow of the fuel at predetermined times and under
      predetermined pressures.
PAR  Various attempts have been made to provide such a system, among which is
      that disclosed in U.S. Pat. No. 2,505,798 which relates to a liquid
      propellant propulsion system and U.S. Pat. No. 2,609,118 which relates to
      providing an aircraft fuel tank for reducing the danger of explosions due
      to the mixing of gasoline vapors and air.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross section of the rollonet; and
PAR  FIG. 2 is a rollonet-tank expulsion unit assembly in section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The rollonet is illustrated in FIG. 1 and comprises an outer diaphragm 10
      formed of aluminum of an appropriate thickness and an inner diaphragm 11
      formed of the same material. The inner and outer diaphragms are rolled to
      cylindrical shape and seam welded to form a continuous circular cylinder
      in each instance (seamless tubing might also be used). The outer diaphragm
      10 is then spun to form an inwardly turned prerolled lip as at 12. The
      inner diaphragm 11 has an outwardly turned prerolled lip as at 13 which is
      also spun on at one end.
PAR  A piston head 14 is constructed in a flat or contoured configuration so
      that its inner diameter fits around the preroll 13 of the inner diaphragm
      in such a manner as to rest against the outwardly turned flange portion of
      the preroll. The outer diameter of the piston head 14 fits into the
      inwardly turned preroll 12 of the outer diaphragm in a similar manner.
PAR  The entire rollonet assembly is completed by welding the inner and outer
      diaphragms to the piston in the prerolled areas 15 and 16. The ends of the
      diaphragms 10 and 11 opposite the piston head 14 may be shaped to match
      the tank to be used.
PAR  The rollonet assembly of FIG. 1 is fitted into the tank support structure
      as shown in FIG. 2. The tank support structure comprises an outer tank 20,
      inner rollonet support tube assembly 21, forward end plate 22 and aft end
      plate 23. The forward end plates 22 and aft end plate 23 are secured to
      the outer tank 20 by means of bolts as shown at 24 or may be welded. Each
      of the end plates is also suitably grooved to receive and O-ring seal with
      the outer tank 20 as shown at 25 and 26, respectively. An O-ring seal is
      also provided between the support tube assembly and the forward and aft
      end plates as at 31 and 32 respectively.
PAR  The rollonet support tube assembly 21 is closed at either end and the
      closed ends threaded. The threaded ends protrude through openings in the
      forward and aft end plates and are held in position by means of nuts 27
      and 28, respectively engaging the forward and aft end plates. It is to be
      understood, however, that other configurations and different assembly
      means may be used to reduce weight where necessary to accomodate weight
      limitations.
PAR  The outer diaphragm 10 and inner diaphragm 11 are bonded, as shown at 33
      and 34, to the outer tank 20 and rollonet support tube assembly 21,
      respectively, by Teflon or a silicone rubber which in the present instance
      is GE RTV-511. The surfaces are suitably prepared by using a primer, in
      the present instance GE SS-4004.
PAR  An inlet pressurization port 29 is provided in the forward end plate in
      open communication with the piston head assembly 14 and an outlet port 30
      is provided in the aft end plate 23 in open communication with the
      rollonet tank.
PAR  The rollonet assembly is bonded to the propellant tank by an adhesive, such
      as the TRV silicone rubber or Teflon in order to prevent pressurization
      gas from passing between the outer diaphragm 10 and tank wall 20. Such gas
      passage would result in collapse of the diaphragm. The inner diaphragm is
      bonded to the center support with a bonding agent to provide actual
      structural support during expulsion of the propellant.
PAR  In the operation of the apparatus, propellant to be expelled is contained
      within the rollonet diaphragms and the tank aft end plate 23. Upon
      command, high pressure gas is introduced into the volume between the tank
      forward end plate 22 and piston head 14 of the rollonet through the
      pressurization port 29. The gas pressure exerts a force on the rollonet
      piston 14 which in turn imparts an axial tensile load on the preroll
      portions of the inner and outer diaphragms 10 and 11, respectively.
PAR  When the gas pressure reaches the required value (dependent on diaphragm
      diameters, thickness and type of bond to tank) the forces on the
      diaphragms cause them to roll through 180.degree. and peel away from the
      tank wall in a progressive manner. The large clearances between the inner
      and outer edges of the free-floating piston and the inner and outer
      diaphragms allows the piston to cock up to 10.degree. (due to eccentric
      loads resulting from an ullage bubble in the propellant) without damage to
      the diaphragms. Thus the eccentric loads are absorbed and the piston
      straightens and progresses through the tank. As the diaphragms peel from
      the tank wall and rollonet supported tube assembly, respectively, and roll
      down the length of the tank, the piston is allowed to push the propellant
      ahead of itself and through the outlet port 30 in the tank aft end plate
      23 until the entire volume of contained propellant is expelled from the
      tank.
PAR  When complete expulsion is accomplished, the piston 14 will come to rest
      against the tank aft end plate 23 and the diaphragms 10 and 11 will have
      rolled back along the tank wall and rollonet support tube assembly a
      distance equal to 1/2 the distance travelled by the piston 14. In the
      final position the rollonet diaphragms have been turned back on themselves
      until they are concentric cylinders, one within the other, joined together
      at the roll point.
PAR  The rollonet expulsion assembly has the advantages of containing the
      propellant in non-permeable corrosion resistant metal diaphragms. In
      addition, the assembly does not require close fitting pistons for sealing
      or guidance and is not subject to folding. Other advantages reside in
      maintaining a predictable propellant center of gravity and a free-floating
      piston.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rollonet assembly adapted to contain a liquid therein comprising;
PA1  a cylindrical outer member;
PA1  supporting means surrounding said outer member;
PA1  an inner member;
PA1  an inner support member for maintaining said inner member in spaced
      relationship with said outer member;
PA1  said inner member being releasably attached to said supporting means along
      the entire length of said inner member; and
PA1  an end member connecting one end of said outer member and inner member
      impervious to fluids.
NUM  2.
PAR  2. A rollonet assembly as set forth in claim 1 wherein;
PA1  said cylindrical outer member is releasably attached along substantially
      its entire length to said supporting means surrounding said outer member.
NUM  3.
PAR  3. A rollonet assembly as set forth in claim 2 wherein;
PA1  said inner support member comprises a rigid tubular member in physical
      contact with said inner member along the entire length thereof.
NUM  4.
PAR  4. A rollonet assembly as set forth in claim 2 and further including;
PA1  end plates secured to both ends of said cylindrical outer member;
PA1  one of said end plates having an inlet port in communication with said end
      member connecting one end of said outer member and inner member.
NUM  5.
PAR  5. A rollonet assembly as set forth in claim 1 wherein;
PA1  said cylindrical outer member is adhesively secured along substantially the
      entire length thereof to said supporting means surrounding said outer
      member; and
PA1  said inner member is adhesively secured along substantially the entire
      length thereof to said inner support member.
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ABST
PAL  A thermoplastic resin processing machine has removably affixed onto its
      loading hopper a ratio loader which has a source of vacuum and two
      conduits leading to two different reservoirs of thermoplastic resin
      pellets. The ratio loader has a container having a movable internal
      separation wall in a vertical plane which is moved horizontally, for
      example, by rotation of a screwthreaded shaft having a handle at one of
      its ends. The ratio loader container has a bottom orifice to the
      thermoplastic processing machine, which orifice is coverable by a flap
      which is normally closed by a spring and is held closed by the vacuum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to plastic industry machinery and more
      particularly to a loader for loading the hopper of a thermoplastic resin
      processing machine. Such processing machines include blow molding
      machines, injection molding machines, film extrusion machines, pipe
      extrusion machines and screw extrusion machines.
PAR  At the present time extrusion is one of the major methods of producing
      shaped articles from thermoplastic resin. In a widely used extrusion
      process thermoplastic resin, in the form of pellets, is delivered to a
      hopper at the top of a screw extrusion machine. For example, the pellets
      may be delivered to the extrusion factory in large bags and the bags
      dumped, by machine or by hand, into the hopper. The hopper has an orifice
      leading to an elongated chamber in which a screw compresses, and by
      friction heats, the resin pellets until the thermoplastic material becomes
      a hot formless mass. The thermoplastic assumes the shape of the opening at
      the extruder head and is cooled to retain that shape.
PAR  It is requently desirable to mix two types of plastic pellets to produce
      the extruded article. For example, it may be less costly to use some
      percentage of reclaimed resin pellets and the remainder virgin
      (unreclaimed) resin pellets. The two "types" of resin pellets may,
      alternatively, be pellets of two different colors or different
      thermoplastic compositions. Generally at least half virgin pellets are
      used and, depending upon the type and grade of thermoplastic and the
      articles to be produced, anywhere from 50 to 5% of reclaimed pellets may
      be employed. A similar mixing problem is presented when, for uniformity of
      color or other reasons, it is desired to mix together thermoplastic
      pellets from different bags or batches.
PAR  One method used to obtain such mixtures is to simply dump the different
      materials into the extrusion hopper one after another. The materials are
      put into the hopper in sequence and they may be poorly mixed in the
      hopper, producing a non-uniform "hit-and-miss" mixture which results in
      non-uniform products. In another method the two materials are mixed in a
      batch, either by hand or machine, and the mixed batch transferred to the
      hopper of the extruder. That mixing process requires careful supervision
      to assure the correct proportions and is time consuming and costly.
PAR  A device has been proposed in U.S. Pat. No. 3,309,146 which is a ratio
      loader. It automatically transfers, by vacuum,  pg,3 two different
      thermoplastic pellet materials to a ratio loader device installed over the
      extruder hopper. The ratio of one type of resin pellet to another may be
      pre-set by the operator. That ratio loader suffers from certain serious
      defects, namely: (1) as the ratio of one material to another is determined
      by the heights of the different piles, one pile will generally (except in
      a 50-50 ratio) be higher than the other. When the load is unloaded the
      higher pile will continue to flow out after the lower pile has ceased to
      flow, resulting in a non-uniform mixture of material into the hopper of
      the extruder; (2) the method of controlling the amount of material causes
      a cone or dome shape to form on the top surface of the material and this
      cone or dome shape remains the same whether the proportion of material is
      small or large, resulting in inaccuracies in obtaining the desired ratios
      between the two materials.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a device is provided to load the
      hopper of a thermoplastic resin processing machine with thermoplastic
      resin granules or pellets from two different reservoirs of such granules.
      The ratio loader device is removably attached to the top of the processing
      machine hopper. It consists of a container (a material receiving chamber)
      having four top side walls and four bottom side walls, two of the bottom
      side walls being inclined inwardly to form a chute terminating in a bottom
      orifice. The bottom orifice is closed by a flap which pivotly opens, at
      the proper time, to permit the two types of resin granules to fall into a
      mixer positioned between the bottom orifice and the process machine
      hopper. The ratio loader device is connected to a source of vacuum; for
      example, a motor turbine set (an air pump using an impeller) may be
      mounted on its top. The device has two conduits (tubes or feed pipes)
      which lead to respective reservoirs, for example, hoppers or storage bins
      of thermoplastic resin granules, pellets or other granular or pulverant or
      free-flowing materials. The interior of the container is divided into two
      volumes by a vertical movable separation wall, the movement of the wall
      determining the ratio of one type of resin pellet to the other. The
      separation wall has affixed to it an internally screw-threaded bushing
      whose threads mesh with the external screw threads of a rotatable shaft.
      The shaft is rotatably and horizontally mounted and is rotated by an
      operator controlled handle. The vertical separation wall carries a
      peripheral seal sealing it to the interior faces of the side walls.
PAR  The operator is informed of the two types of resin granules and the ratio
      required between them. Assuming the ratio loader device of the present
      invention is already installed on top of the hopper of an extruder or
      other processing machine, the operator connects one of the conduits to the
      bin of one type of resin granule and connects the other conduit to the bin
      for the other type. He then rotates the handle so that the vertical
      separation wall is placed in direct proportion to the desired ratio. For
      example, if the desired ratio is 80:20, the wall is moved 80/100 of the
      distance from one end wall.
PAR  The separation wall may be viewed through a glass window and its position
      directly aligned with a scale positioned below the window. The operator
      will then start the vacuum which closes the bottom orifice flap and sucks
      both types of resin granules into their respective sides of the separation
      wall. The vacuum is automatically shut off, by a timer, after both types
      of resin granules have reached a predetermined level. The predetermined
      level is the level of the conduit orifices in the container, the two
      orifices being at the same level. The smaller amount of resin will form a
      pile up to its conduit orifice after which the larger amount of resin will
      rise to the same level. When the vacuum is shut off, the bottom flap will
      open under the weight of the granules and the granules will tumble over
      each other, become mixed, and fall into the hopper of the processing
      machine. When all the granules have fallen out of the device, a spring
      closes the bottom flap, the closing of the bottom flap activates a switch
      and the cycle is automatically recommenced by re-application of the
      vacuum.
PAR  It is an objective of the present invention to provide a ratio loader for
      thermoplastic processing machines in which the ratio of one material to
      another may be selected and in which, regardless of the ratio so selected,
      the levels of the two materials within the ratio loader will be
      essentially the same on both sides of the vertical separation wall,
      thereby providing that, upon emptying of the container, the two materials
      commence and finish flowing essentially together, thereby providing a
      uniform material composition in the process machine hopper. This mixing is
      further improved by the addition of a mixing device.
PAR  It is a further objective of the present invention to provide a ratio
      loader in which, because the cross-sectional area of each of the two
      sections changes according to the ratio selected, there is an improved
      control of the amount of material in each section and an improvement in
      repetition accuracy.
PAR  It is still a further objective of the present invention to provide a ratio
      loader in which, regardless of the ratio of materials required, the whole
      volume of the container is used and permits the maximum amount of material
      to be loaded per cycle.
PAR  It is a feature of the present invention that the ratio loader has means to
      connect the ratio loader to the hopper of a thermoplastic resin forming
      machine, a set of connected side walls which form an enclosed container, a
      bottom orifice in said container, a movable flap having opened and closed
      positions and removably covering said orifice in its closed position and
      opening to uncover said orifice in its open position, a substantially
      vertically oriented separation wall within the container and separating
      the container into two volumes, a first and a second conduit each having
      an opening into only one of said volumes and each being connectable to
      different reservoirs of thermoplastic resin granules, means to apply
      vacuum to within said two container volumes, movement means to move said
      separation wall sidewise to select the ratio of resin granules from the
      two different reservoirs, and control means to start and stop said vacuum
      means in timed relationship to the opening and closing of said flap.
PAR  It is a further feature of the present invention that the movement means is
      an elongated horizontally directed rotatable shaft rotatably mounted on
      said container and said separation wall has an affixed member having
      internal screw threads meshing with the threaded shaft.
PAR  It is a still further feature of the ratio loader that the bottom orifice
      is an elongated slot extending to below both of said volumes and that the
      ratio loader may include a mixer means positioned beneath the flap and
      above said machine hopper.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front cross-sectional view of the ratio loader of the present
      invention;
PAR  FIG. 2 is a side cross-sectional view of the ratio loader of the present
      invention;
PAR  FIG. 3 is an enlarged drawing showing the location of the micro-switch; and
PAR  FIG. 4 is a cross-sectional view along the lines 4--4 of FIG. 1 looking in
      the directions of the arrows and showing a partial cross-section of the
      mixer device.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is of a ratio loader device which is adapted to be
      secured on the top hopper of a thermoplastic processing machine such as a
      screw extrusion machine. The ratio loader, except as otherwise indicated,
      is made of metal, for example, of castings, or fabricated from metal sheet
      stock or any other suitable material. The device as described below will
      sit on the factory floor without exterior supports, so that it may be
      lifted by a crane or other means from one processing machine to another
      and stored on the factory floor or storage area between its use on the
      hoppers of the processing machines.
PAR  As shown in FIG. 1, the device includes four top side walls 10, 11, 12 and
      13 joined along their sides. The side walls 11 and 13, at their bottom
      edges, are integral with, or joined with, inwardly slanting bottom side
      walls 14 and 15 which form a slide slope. The top and bottom side walls
      form a container. A bottom side wall 16, which is integral with the top
      side wall 12, is straight. However, the bottom side wall 17, which is
      joined to the top side wall 10, is preferably, but not necessarily,
      slightly canted inward. The bottom of the side wall 15 is bent to form an
      elongated vertical lip 28 and the bottom edge of the bottom side wall 14
      has a short vertical lip 18. The lower side walls form a controllable
      orifice, for example, as shown, a sloped orifice controlled by a hinged
      flap valve.
PAR  A hopper door flap 19 is positioned between the bottoms of the lips 18 and
      17. The flap 19 pivots on shafts 20a, 20b and, as shown by the direction
      of arrow 21, will pivot in a clockwise direction. As shown in FIG. 1,
      there is a left-hand shaft 20a and a right-hand shaft 20b upon which the
      flap 19 is fixed. The right-hand shaft 20b is rotatably mounted on the
      bearing 22 which is fixed to the support bracket 23. The left-hand shaft
      20a protrudes through a hole in the left support bracket 24 and carries a
      fixed washer 25 and is rotatably mounted in the bearing 26. A torsion
      spring 27 is fixed between the bearing 26 and the washer 25 and acts to
      keep the flap 19 closed.
PAR  A movable separation wall 30 is positioned within the device and is moved
      horizontally. The movable separation wall unit consists of a left-hand
      plate 31 and a right-hand plate 32 between which is secured a gasket 33 of
      flexible material, which gasket is secured only along the edges of the
      plates. The separation wall 30 occupies the entire cross-section of the
      inside volume of the device and its gasket seals against its interior
      walls of the side walls 11, 14, 13, 15.
PAR  An elongated bushing (tube) 34 is fixed to the separation wall 30 and moves
      with it. The bushing 34 has fixed to it, at its right end, a nut 34a which
      is internally threaded and its threads are in mesh with the threads of the
      externally threaded elongated shaft 35. The shaft 35 is threaded on its
      left-hand half and unthreaded on its right-hand half. One end of the shaft
      35 is fixed to the hub 36 of the wheel 37, the wheel 37 having thereon a
      handle 38. A smooth portion 39a near the end of the shaft 35 rotatably
      fits within a bearing 39, the bearing 39 being fixed to the side wall 12.
      The opposite end of the threaded shaft 35 rotates within a bearing 40
      which is fixed to the support plate 41.
PAR  The support plate 41 also has secured to it one end of a second elongated
      bushing (tube) 51 which fits over the first bushing 34. The first bushing
      slidingly telescopes within the larger and outer second bushing 51. The
      first bushing 34 moves with the separation wall and the second bushing 51
      is fixed. This arrangement permits the threaded portion of the shaft 34 to
      be covered by the bushings 34, 51 and prevents the pellets from entering
      the threads of the shaft 34. The rotation of the shaft 35 causes the nut
      34a to move sidewise, carrying along the inner first bushing 34. As the
      bushing 34 is fixed to the separation wall, the separation wall is moved
      sidewise.
PAR  In an alternative embodiment (not shown) the separation wall slides for
      support on the horizontal fixed rods which prevent twisting motion arising
      from the turning of the handle 37 being imparted to the separation wall
      32; that is, the separation wall 32 is prevented from twisting by the rods
      as well as by its position within the hopper.
PAR  As mentioned above, fixed sleeve 51 is provided around the left-hand side
      of the threaded shaft 35 and prevents plastic pellets from dropping on the
      left-hand threaded side of the shaft 35. The fixed sleeve 51 terminates at
      about the center of the hopper. Consequently, the separation wall 32 may
      not move past about the center of the hopper in its movement to the left
      as shown in FIG. 1. This limitation of movement of the separation wall is
      permissible as there will be at least 50%, at the minimum, of one material
      in the device. The ratio between the two resin granules is obtained by
      decreasing or increasing the size of both the left and right-hand volumes,
      on opposite sides of separation wall 32, by movement of the separation
      wall 32 away from the center and to the right along the horizontal line of
      arrow 60, except for a 50-50 ratio.
PAR  A sight glass 61 is provided in the side wall 11. The sight glass 61
      consists of a glass or other transparent material over a horizontally
      elongated opening in the side wall 11 and covering that opening. The glass
      61 is held in position by the elongated frame member 63. The glass 61
      permits viewing of both the left and the right side of the separation wall
      32. A scale, preferably along the bottom exterior edge of the frame 63, is
      provided to indicate to the operator the movement of the separation wall
      32. The operator will line up the separation wall 32 with the scale
      provided on the bottom of the exterior lower edge of the frame 63.
PAR  A conduit (tube) 65, having an orifice 66 within the container, within side
      wall 11, leads to a reservoir, for example, a bin of virgin thermoplastic
      resin granules. A second conduit (tube) 67 having an orifice 68 in wall 12
      leads to the reservoir (bin) of the other material, for example, the
      non-virgin thermoplastic resin granules. The conduit 67 is at the end of
      the side wall 12 and has a tangential entry so that materials may be
      sucked into the right side of the container when the separation wall 32 is
      close to the side wall 12. As shown in FIGS. 1 and 2 the two conduit
      orifices 66, 68 in the container are at the same level.
PAR  A suitable source of vacuum is provided to the ratio loader, which vacuum
      source (air pump) is controlled as to its timing. As shown in FIGS. 1 and
      2, as an example of a controllable vacuum source, the vacuum source
      consists of a motor turbine unit 70 in which an electric motor drives a
      turbine, i.e., an impeller blade. A control box 71 is provided for the
      electrical control of the motor. As shown in FIG. 3, a microswitch 75 is
      mounted within the box 76 attached near the bottom of the bracket 24. The
      movable arm 76A of the microswitch 75 may be moved by a pin 77 attached to
      the washer 25. The rotation of the washer 25, because of the rotation of
      the shaft 20a due to movement of the flap 19, causes rotation of the pin
      77, thereby operating the arm 76 of the microswitch 75.
PAR  When the flap 19 is opened, that is, when it moves in the clockwise
      direction of arm 21, opening the bottom orifice 80 of the container, the
      two types of thermoplastic resin granules within the container will fall
      out through the orifice 80 and into the hopper of the plastic extruder.
      The pivoting movement of the flap 19, through the rotation of pin 77,
      causes the movement of arm 76 of the microswitch 75, opening the motor
      circuit to the motor turbine unit 70 and preventing the vacuum from
      starting. Upon emptying of the container, after all of the thermoplastic
      resin granules have fallen out of the container and through the orifice
      80, the flap 19 will be closed, i.e., rotated in a counterclockwise
      direction by means of the torsion spring 27. This movement of the shaft
      20a will cause a rotation of the pin 77 moving the arm 76 of the
      microswitch 75. This closes the motor circuit to the motor turbine unit
      70, starting the motor turbine 70 and causing a vacuum. Such vacuum,
      operating through the conduits 65 and 68, will draw thermoplastic resin
      granules from the respective reservoirs to which those conduits are
      connected. A timer (not shown), for example, within the electrical control
      box 71, will stop the rotation of the motor turbine unit after a
      predetermined time, thereby ending the vacuum so that additional resin
      would not be drawn from the two reservoirs. At that time the two volumes
      on opposite sides of the separation wall 32 would have been filled to the
      predetermined height at the level of the two orifices 66, 68 by the two
      types of plastic resin pellets. Under the weight of the granules the flap
      19, which is elongated and extends over the entire length of the orifice
      80 so that it is beneath both sides of the separation wall 32, will open
      and unload the two types of thermoplastic resin granules. After such
      unloading, the cycle will automatically recommence.
PAR  A mixer 81 may be provided beneath the flap 19. The mixer may be of various
      types and may be, for example, interleaved metal fingers or a motor unit
      such as motor driven screens or fingers, which motor is driven only when
      the flap 19 is opened. As shown in FIG. 4, the mixer 81 consists of
      interleaved metal fingers which extend from opposite sides, the fingers
      82a and 82b, etc., extending from the left side and being interleaved,
      although separated from the fingers 83a and 83b, etc., extending from the
      right side. The fingers are fixed and provide mixing of the two types of
      resin pellets as they fall from the orifice 80. The fingers are provided
      sufficiently below the level of the movement of the bottom free edge of
      the flap 19 so as not to interfere with the opening of the flap.
PAR  A filter 90 is provided between the container and the motor turbine unit
      70. The filter is arranged so that it prevents the pellets from being
      pulled up into the motor turbine unit. The filter is replaceable by
      lifting the motor turbine unit in a counterclockwise direction as shown in
      FIG. 2, the entire motor turbine unit 70 being hinged on the hinge 91.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ratio unit loader having means to connect said loader to the hopper of
      a thermoplastic resin processing machine, a set of connected side walls
      forming an enclosed container, a bottom orifice in said container, a
      movable flap having opened and closed positions and covering said orifice
      in its closed position and opening to uncover said orifice in its open
      position, uniform mixture means to form separate piles from two different
      reservoirs of thermoplastic resin to the same predetermined level within
      said container and to flow the said two resins after the said flap is
      opened in a uniform simultaneous flow from said two piles within said
      container to provide a uniform mixture to said processing machine, said
      uniform mixture means including, a single substantially verticially
      oriented separation wall within said container which separates the two
      said piles of thermoplastic resin and forms two volumes within said
      container, a first and a second conduit each having a fixed opening into
      only one of said volumes and each being connectable to different
      reservoirs of said two reservoirs of thermoplastic resin, movement means
      to move said separation wall sidewise to select the ratio of the said two
      resins in said mixture and to determine the size of the outlets through
      which the said resins will discharge, said movement means including a
      handle outside of said container to move said separation wall sidewise to
      form a proportionally smaller outlet to discharge the lesser amount of the
      two said resins and at the same time to form a larger outlet to
      simultaneously discharge the greater amount of the two said resins, means
      to apply vacuum to within the two said container volumes and bring the
      said two resins on opposite sides of said separation wall to substantially
      said same predetermined level before said flap is opened, a timer means to
      control the timing of said vacuum means to continue said vacuum until said
      predetermined substantially equal level is obtained and thereafter to stop
      said vacuum means, whereby after the flap is opened the two resins
      commence and finish flowing substantially at the same time to provide a
      uniform mixture to said processing machine, and control means to start
      said vacuum means in timed relationship to the closing of said flap so
      that upon said flap closing the vacuum means is thereafter started.
NUM  2.
PAR  2. A ratio unit loader as in claim 1 wherein said movement means is an
      elongated horizontally directed rotatable shaft rotatably mounted on said
      container and said separation wall has an affixed member having internal
      screw threads meshing with said threaded shaft.
NUM  3.
PAR  3. A ratio unit loader as in claim 1 wherein said bottom orifice is an
      elongated slot extending to below both of said volumes.
NUM  4.
PAR  4. A ratio loader as in claim 1 and further comprising mixer means having
      opposed and interleaved fingers positioned beneath said flap and above
      said machine hopper.
NUM  5.
PAR  5. A ratio loader as in claim 1 wherein said separation wall has along its
      outer edge a seal which slides on the inner walls of the container.
NUM  6.
PAR  6. A ratio loader as in claim 1 wherein the means to apply vacuum is a
      motor turbine set having an impeller, said motor turbine being mounted
      above said container.
NUM  7.
PAR  7. A ratio loader as in claim 1 wherein said flap is mounted on a shaft and
      said control means includes a switch operated by movement of said flap
      shaft.
NUM  8.
PAR  8. A ratio unit loader as in claim 1 wherein said uniform mixture means
      includes the said two fixed openings of the said first and second conduits
      at the same level.
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ABST
PAL  The preferred embodiment of the invention disclosed herein relates to a
      feeding and mixing arrangement for generally fluent material including
      components having different specific gravities, for example, certain food
      products, and includes a supply hopper in which the material is adapted to
      be contained. The supply hopper has an open upper end and has both
      discharge and inlet openings in its base. The discharge opening
      communicates through a supply conduit with an associated device, for
      example, a container filling apparatus, to which the fluent material is to
      be delivered and the inlet opening communicates with the supply conduit
      through a return conduit connected to the supply conduit adjacent the
      container filling apparatus. Rotatably mounted in the supply hopper is a
      first set of mixing tubes having one end in communication with the inlet
      opening and the other end in communication with the interior of the supply
      hopper and a second set of mixing tubes having one end in communication
      with the lower portion of the supply hopper and the other end in
      communication with a higher portion of the supply hopper. As the sets of
      mixing tubes are rotated or oscillated, they gently agitate the material
      in the supply hopper. The first set of mixing tubes recirculates some of
      the material being delivered through the supply conduit and the second set
      of mixing tubes recirculates the material within the supply hopper to
      maintain a homogeneous mixture.
BSUM
PAR  The invention disclosed herein relates to feeding and mixing apparatus for
      fluent materials and, more particularly, to feeding and mixing apparatus
      for fluent materials including separate components having different
      specific gravities.
PAR  When feeding fluent material including components having different specific
      gravities, it is usually desirable to maintain the material as a
      homogeneous mixture. If the fluent material is an end product being fed to
      a container filling apparatus filling the containers in which the product
      is to be sold, it is particularly desirable to maintain the mixture in a
      homogeneous condition so that each container is filled with generally the
      same proportion of each component resulting in a generally consistent
      product being delivered to consumers.
PAR  A most usual technique for feeding products of this type to filling
      apparatus involves the utilization of a mixing or stirring device in the
      supply hopper from which the product is fed for continually mixing,
      stirring or otherwise agitating the product in the hopper. While
      techniques of this type are generally satisfactory for certain products,
      it has been found that if the filling apparatus is temporarily shut down
      the heavier component of the product already in the supply line between
      the supply hopper and the filling apparatus will settle to the bottom of
      the supply line at the filling station forming part of the filling
      apparatus. Accordingly, when the filling apparatus is restarted the
      initial containers filled generally include more of the heavier component
      than usual resulting in, of course, an unsatisfactory product.
PAR  In addition to the problem noted above, certain additional problems have
      been encountered if the product is a food product such as soup including
      vegetables and/or meat chunks or a gravy including meat chunks. A most
      significant of these problems results from the fact that the vegetables
      and meat chunks should not be shredded or otherwise mutilated during
      either the filling operation or when being fed to the filling apparatus.
      Thus, in the food industry, utilization of the mixing or stirring devices
      noted above having sharp edges on that portion of the device actually
      immersed in the product has not been satisfactory because these sharp
      edges can shred or otherwise mutilate the vegetables and/or meat chunks.
      Additionally, some of these stirring devices are driven at such slow
      speeds to minimize the shredding problem that the agitation provided may
      not be satisfactory for maintaining a homogeneous mixture.
PAR  Accordingly, it is an object of this invention to provide a feeding and
      mixing apparatus for feeding fluent materials including components having
      different specific gravities that maintains the material as generally
      homogeneous mixture.
PAR  It is another object of this invention to provide a feeding and mixing
      apparatus for feeding fluent materials including components having
      different specific gravities that does not shred or otherwise mutilate the
      components thereof.
PAR  It is yet another object of this invention to provide a feeding system for
      feeding fluent materials having different specific gravities which system
      includes a mixing apparatus that both stirs the material and recirculates
      it to further assure a homogeneous mixture.
PAR  Finally, it is an object of this invention to provide a feeding and mixing
      apparatus particularly suited for use with soups, gravies and similar
      products having easily shredded or mutilated components and which is
      economically and easily constructed.
PAR  Briefly, these and other objects of this invention are accomplished by
      providing a feeding and mixing apparatus including a supply hopper adapted
      to contain a fluent material and formed with a discharge opening
      communicating with a supply conduit adapted to deliver the material to an
      associated apparatus and being further formed with an inlet opening
      forming part of a recirculation path between a portion of the supply
      conduit adjacent the associated device and the supply hopper. Rotatably
      mounted in the supply hopper is a first set of mixing tubes communicating
      with the inlet opening and the supply hopper and a second set of mixing
      tubes communicating with lower and upper portions of the supply hopper.
      Rotation of the mixing tubes about the longitudinal axis of the supply
      hopper stirs the material in the supply hopper and the first set of mixing
      tubes recirculates some of the material in the supply conduit back through
      the supply hopper while the second set of mixing tubes recirculates the
      material within the supply hopper.
PAR  Preferably the first set of mixing tubes includes a central hub rotatably
      mounted adjacent the inlet opening and which carries a pair of conduits
      having one end in communication with the inlet opening and another end in
      communication with the interior of the supply hopper. The second set of
      mixing tubes can conveniently include a pair of conduits rigidly carried
      on the hub and having both ends in communication with the interior of the
      supply hopper. All of the conduits or mixing tubes are arranged to extend
      upwardly and outwardly from the hub at an angle to the axis of rotation
      whereby a component of centrifugal force causes the material to flow
      upwardly through the conduits. By providing conventional conduits of
      circular cross-section, the portions immersed in the material being mixed
      will not shred or otherwise mutilate any easily degradable components
      thereof.
DRWD
PAR  For a better understanding of the invention, reference is made to the
      following description of a preferred embodiment thereof taken in
      conjunction with the figures of the accompanying drawings, in which:
PAR  FIG. 1 is a front elevational view of a preferred embodiment of a feeding
      system in accordance with this invention;
PAR  FIG. 2 is a top plan view of the supply hopper and mixer disclosed with the
      embodiment of the invention illustrated in FIG. 1 looking along the line
      2--2 thereof;
PAR  FIG. 3 is an enlarged sectional view of a portion of the supply hopper and
      mixer illustrated in FIG. 1;
PAR  FIG. 4 is a sectional view of the supply hopper and mixer taken along the
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a partial sectional view of the supply hopper and mixer taken
      along the line 5--5 of FIG. 4; and,
PAR  FIG. 6 is a plan view of a limit switch assembly usable with the preferred
      embodiment of the invention illustrated in FIG. 1 and taken along the line
      6--6 thereof.
DETD
PAR  Referring particularly to FIG. 1 of the drawing, there is illustrated a
      preferred embodiment of the invention particularly adapted to be utilized
      with food products including components having different specific
      gravities and which includes a supply hopper 10 in which the product P is
      contained and from which it is delivered through a supply conduit 12 to a
      container filling apparatus 14. Before proceeding, it should be understood
      that container filling apparatus 14 could be of any variety of suitable
      devices and that in the preferred embodiment of the invention disclosed
      herein is of the general type disclosed in U.S. Pat. No. 3,371,715 issued
      May 8, 1973 to Gageant et al and generally referred to as a "bottom
      filler." It should also be noted that the filler apparatus disclosed in
      the Gageant et al patent is a multi-stage filler apparatus, but for the
      sake of clarity only a single stage filler is illustrated herein.
      Container filling apparatus 14 includes a rotary table 16 driven by a
      suitable motor and drive arrangement shown generally at 18 and on which is
      carried a series of piston operated filling chambers 20. Product P to be
      dispensed into a container, the containers being generally illustrated at
      C, is delivered from supply hopper 10 through supply conduit 12 to a
      filling station which can be an enlarged portion of the conduit as
      indicated generally at 22. Rotary movement of table 16 locates filling
      chambers 20 over filling station 22 and as will be understood by reference
      to the Gageant et al patent, pistons associated with the filling chambers
      are driven upwardly allowing product P to flow into a filling chamber.
      Movement of the pistons is controlled by a cam track, a portion of which
      is shown at 24, so that a predetermined quantity of product is dispensed
      into a filling chamber 20. Continued rotary movement of table 16 will
      cause a filled chamber to move to a discharge position (not shown) located
      above a container moving at the same speed as the table, at which time the
      piston is caused to move downwardly by cam track 24 to discharge the
      product in the filling chamber into the container. Associated with
      container filling apparatus 14 is a conveyor 25 for feeding empty
      containers C thereto and a conveyor 26 for removing the filled containers.
PAR  Supply hopper 10 can be seen to be a generally cylindrical tank member
      having an open top on which is carried a drive assembly 28 the purpose of
      which will be made clear hereinafter and further having a discharge
      opening 30 formed in the bottom wall 32 thereof for communicating with
      conduit 12. Also formed in bottom wall 32 of supply hopper 10 is a
      centrally disposed inlet opening 34 having an axially extending sleeve 36
      projecting therefrom. Sleeve 36 communicates with a recirculation conduit
      38 having one end received in the sleeve and secured thereto by a
      retaining ring arrangement shown at 40 which includes a sealing
      arrangement 42. At the free end of conduit 38 extending inwardly of bottom
      wall 32 is located a suitable bearing member 44 in the form of a suitable
      thermoplastic collar and the purpose of which will be more fully explained
      hereinafter. As most clearly seen in FIG. 1 of the drawing, the conduit 38
      communicates at its other end with supply conduit 12 adjacent the filling
      station 22 at the delivery end of the supply conduit. Thus, the conduit 38
      provides a recirculation flow path between the delivery end of the supply
      conduit 12 and the inside of supply hopper 10. Still referring to FIG. 1,
      it can be seen that conduit 38 extends downwardly from conduit 12 to an
      elbow 46 from which it extends upwardly through collar 44. At elbow 46,
      conduit 38 communicates with a drain pipe 48 including a drain valve 50.
      Drain pipe 48 and drain valve 50 are utilized to drain the system for
      cleaning or other purposes.
PAR  Rotatably mounted in the supply hopper 10 is a stirring and mixing assembly
      including a central annular hub 54 seated on or surrounding the bearing
      member 44 for rotation thereon. As best seen in FIG. 3 of the drawing, the
      hub 54 defines a central flow chamber 56 from which extends a first set of
      mixing tubes including a pair of hollow open ended tubes 58, 58. While in
      the preferred embodiment of the invention, two such tubes are utilized, it
      should be understood that any number may be provided. The tubes 58, 58
      each communicate at one end with flow chamber 56 and, thus, with conduit
      38. In addition, at their other or free ends, each tube 58 includes a
      discharge opening 60 such that a recirculation flow path is established
      between the delivery end of supply conduit 12 and the interior of supply
      hopper 10. Each tube 58 extends upwardly and outwardly from hub 54 forming
      an angle with the axis of rotation of the hub. While the angle formed can
      vary it should be noted that for reasons to be fully understood hereafter,
      the tubes 58, 58 should not be oriented such that their longitudinal axis
      is parallel to the axis of rotation of hub 54.
PAR  In addition, a second set of mixing tubes extends upwardly and outwardly
      from the outer surface of central hub 54. As best seen in FIG. 5 of the
      drawing, the second set of mixing tubes includes a pair of hollow open
      ended tubes 62, 62 each having an inlet opening 64 and a discharge opening
      66. Adjacent the inlet opening 64, each tube 62 can be welded or otherwise
      secured to the outer surface of hub 54 so that the inlet opening
      communicates with an interior portion of supply hopper 10 adjacent the
      bottom wall 32. The tubes 62, 62 extend upwardly and outwardly from hub 54
      forming an angle with the axis of rotation and discharge openings 66
      communicate with another portion of the interior of supply hopper 10
      axially and radially spaced from inlet openings 64. Thus, the tubes 62, 62
      define recirculation paths within the supply hopper 10. Intermediate its
      inlet and discharge openings, 64 and 66 respectively, each tube 62 can be
      secured to a cross-brace member 68 secured to and radially extending from
      a drive shaft 70 extending upwardly from the intersection of the tubes 58,
      58 and which, as will be explained hereinafter, cooperates with drive
      assembly 28 for rotating the two sets of mixing tubes. Before proceeding
      with the description of the preferred embodiment of the invention it is
      noted that similar to the tubes 58, 58, the tubes 62, 62 can form any of a
      variety of angles with hub 54 and, thus, their axis of rotation, but
      should not be oriented such that their longitudinal axis is parallel to
      the axis of rotation.
PAR  Proceeding now with a description of drive assembly 28, specific reference
      is made to FIGS. 1, 2 and 6 of the drawing. Drive shaft 70 projects above
      the top of supply hopper 10 and through a rotary bearing 72 on which are
      formed radially projecting arms 74, 74. At their free ends, arms 74, 74
      are secured to an annular collar 76 which is removably seated on the top
      of supply hopper 10. Carried on the outer periphery of collar 76 is a
      generally L-shaped bracket 78 on which is carried a motor 80. It should be
      realized that motor 80 may be any suitable type and is preferably a
      hydraulic motor having a rotary output shaft 82 on which is fixedly
      carried a sprocket 84. Another sprocket 86 is fixed on the projecting end
      of drive shaft 70 and a chain 88 is engaged with both sprockets for
      transferring rotary output of motor 80 to the drive shaft for rotating the
      stirring and mixing assembly. It should be realized the output speed of
      motor 80 and drive shaft 70 can vary in accordance with the nature of the
      product P and in the case of a food product with which the preferred
      embodiment of the invention disclosed herein is particularly useful, only
      a gentle mixing or agitation of the product is desired. Accordingly, the
      rotation or oscillation of drive shaft 70 should be within a range of
      about 40 to 60 cycles per minute.
PAR  In certain applications depending on the nature of the fluent material with
      which the apparatus is used, it may be desirable to rotate drive shaft 70
      and its associated mixing tubes and in certain other applications it may
      be desirable to oscillate the drive shaft and its associated mixing tubes.
      Accordingly, drive system 28 further includes a limit switch assembly for
      providing an oscillating output from motor 80 and thus for drive shaft 70.
      Motor 80 includes a second output shaft 90 on which is carried a disc 92
      having trip arms 94 adjustably carried thereon. Trip arms 94 are removably
      and adjustably positioned in any of a series of arcuate slots 96 formed in
      the face of disc 92. As clearly shown in FIG. 6 of the drawing, trip arms
      94 extend radially outwardly beyond the periphery of disc 92 so as to
      engage a pivoted switch arm 98 associated with switch 100 connected in a
      control circuit which reverses the output of motor 80. As shown in FIG. 6,
      trip arms 94 are located so that the switch arm 98 is provided to reverse
      the motor at the end of a corresponding output. By removing trip arms 94,
      motor 80 would provide a continuous rotary output.
PAR  Summarizing the operation of the preferred embodiment of the invention
      disclosed herein, supply hopper 10 is filled with food product P having
      components with different specific gravities to a level extending above
      discharge openings 60, 60 and 66, 66 of the mixing tubes 58, 58 and 62,
      62, respectively. This level is preferably maintained. The food product is
      fed by gravity through discharge opening 30 in bottom wall 32 of supply
      hopper 10 and is delivered to the delivery end of supply conduit 12
      adjacent filling apparatus 14. Some of the product will also flow through
      a recirculation path established by conduit 38, flow chamber 56 and mixing
      tubes 58, 58. When the motor 80 is activated, the drive shaft 70 will be
      rotated through sprockets 84 and 86 and chain 88. Rotation of drive shaft
      70 will rotate the stirring and mixing assembly and the mixing tubes will
      stir the product in supply hopper 10. Since the mixing tubes form an angle
      with their axis of rotation, a component of centrifugal force will be
      applied to the product within the mixing tubes causing the product to be
      discharged into the interior of supply hopper 10 through the various
      discharge openings 60, 60 and 66, 66. Discharged product from tubes 58, 58
      will be replaced from the delivery end of supply conduit 12 through
      conduit 38 and flow chamber 56. Thus product adjacent filling apparatus 14
      is recirculated back to supply hopper 10. Discharged product from tubes
      62, 62 will be replaced by product adjacent bottom wall 32 flowing into
      inlet opening 64, 64. Thus product within supply hopper 10 is
      recirculated.
PAR  It can be seen that the product is maintained throughout the feeding and
      filling cycle as a homogeneous mixture because of the stirring action
      provided by the mixing tubes 58, 58 and 62, 62 and because of the
      recirculation provided thereby. If the filling apparatus 14 is temporarily
      shut down, product at the delivery end of supply conduit 12 will be
      recirculated to assure that a homogeneous mixture is provided at filling
      station 22 when it is reactivated.
PAR  Finally, in the preferred embodiment of the invention disclosed herein, it
      can be seen that the mixing tubes 58, 58 are of a different length and
      that the mixing tubes 62, 62 are of a different length. With this
      arrangement discharge openings 60, 60 are axially spaced apart and
      discharge openings 66, 66 are also axially spaced apart. The recirculated
      product is thus discharged at varying axial locations in supply hopper 10
      to provide a more consistent mixture.
PAR  In view of the foregoing description of a preferred embodiment of the
      invention it can be seen that a feeding and mixing apparatus has been
      provided which both stirs and recirculates a fluent material whereby the
      stirring can be done at relatively low speeds and still provide a
      homogeneous mixture. In addition it can be seen that by utilizing mixing
      tubes of circular cross-section, no sharp edges are immersed in the
      material which could shred or otherwise mutilate easily degradable
      components of the material.
PAR  While in the foregoing there has been disclosed a preferred embodiment of
      the invention, it should be obvious to one skilled in the art that various
      modifications may be made without departing from the scope of the
      invention as recited in the appended claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A feeding and mixing apparatus for generally fluent material including
      components having different specific gravities, said apparatus comprising
      a supply hopper adapted to contain a supply of said material, said supply
      hopper including a discharge opening adjacent its lower end for
      communicating with a supply conduit adapted to deliver said material to an
      associated device and further including an inlet opening also adjacent its
      lower end and the discharge opening for communicating with the delivery
      end of said supply conduit, first and second mixing tube means rotatably
      mounted in said supply hopper, said first mixing tube means communicating
      with said inlet opening and with a portion of the interior of said supply
      hopper above the lower end whereby said first mixing tube means is
      operative to stir said material within said supply hopper and recirculate
      material between said delivery end of said supply conduit and said supply
      hopper, said second mixing tube means communicating with different
      interior portions of said supply hopper whereby said second mixing tube
      means is operative to stir and recirculate said material within said
      supply hopper.
NUM  2.
PAR  2. A feeding and mixing apparatus in accordance with claim 1 wherein both
      said first and second mixing tube means extend at an angle to their axis
      of rotation whereby centrifugal force causes said material to flow
      therethrough.
NUM  3.
PAR  3. A feeding and mixing apparatus in accordance with claim 1 wherein said
      first mixing tube means includes a plurality of tubes having one end in
      communication with said inlet opening and another end axially and radially
      spaced therefrom.
NUM  4.
PAR  4. A feeding and mixing apparatus in accordance with claim 3 wherein each
      of said tubes has a different length.
NUM  5.
PAR  5. A feeding and mixing apparatus in accordance with claim 1 wherein said
      second mixing tube means includes a plurality of tubes having an inlet
      opening located adjacent a first portion of said supply hopper and a
      discharge opening located adjacent another portion of said supply hopper.
NUM  6.
PAR  6. A feeding and mixing apparatus in accordance with claim 5 wherein said
      first portion of said supply hopper is adjacent the bottom wall.
NUM  7.
PAR  7. A feeding and mixing apparatus in accordance with claim 5 wherein each
      of said tubes has a different length.
NUM  8.
PAR  8. A feeding and mixing apparatus in accordance with claim 1 including an
      annular hub rotatably mounted adjacent said inlet opening and forming a
      flow chamber in communication therewith.
NUM  9.
PAR  9. A feeding and mixing apparatus in accordance with claim 8 wherein said
      first mixing tube means includes a plurality of tubes having one end in
      communication with said flow chamber and extending upwardly and outwardly
      therefrom.
NUM  10.
PAR  10. A feeding and mixing apparatus in accordance with claim 8 wherein said
      second mixing tube means includes a plurality of tubes carried on the
      outer surface of said annular hub.
NUM  11.
PAR  11. A feeding and mixing apparatus in accordance with claim 1 wherein said
      first and second mixing tube means are carried on drive shaft means and
      wherein said drive shaft means is driven by a motor.
NUM  12.
PAR  12. A feeding and mixing apparatus in accordance with claim 11 wherein said
      motor is reversible and is associated with a limit switch wherein said
      driven shaft can be oscillated.
NUM  13.
PAR  13. A feeding and mixing apparatus for fluent material having components
      with different specific gravities including a supply hopper adapted to
      contain a supply of said material, said supply hopper including a
      discharge opening communicating with a supply conduit for delivering said
      material to the delivery end of said conduit adapted to be located
      adjacent an associated device, said supply hopper further including an
      inlet opening communicating with one end of a recirculation conduit having
      its other end in communication with said delivery end of said supply
      conduit, an annular hub member rotatably mounted in said supply hopper
      adjacent said inlet opening and forming a flow chamber in communication
      with said recirculation conduit, a first plurality of mixing tubes having
      one end in communication with said flow chamber and extending upwardly and
      outwardly therefrom at an angle to the axis of rotation of said hub member
      and another end formed with a discharge opening radially and axially
      spaced from said flow chamber, a second plurality of mixing tubes rigidly
      connected to said first plurality of mixing tubes for rotation with said
      hub member, said second plurality of mixing tubes having one end in
      communication with one portion of said supply hopper and another end in
      communication with another portion of said supply hopper, and drive means
      for driving said hub member and said first and second plurality of mixing
      tubes whereby said tubes stir said mixture within said supply hopper and
      said first plurality of tubes recirculate some of said material between
      said delivery end of said supply conduit and said supply hopper and said
      second plurality of tubes recirculate said material in said supply hopper.
NUM  14.
PAR  14. A feeding and mixing apparatus for generally fluent material including
      components having different specific gravities, said apparatus comprising
      a supply hopper adapted to contain a supply of said material, said supply
      hopper including a discharge opening for communicating with a supply
      conduit adapted to deliver said material to an associated device and an
      inlet opening for communicating with the delivery end of said supply
      conduit, first and second mixing tube means rotatably mounted in said
      supply hopper, said first mixing tube means communicating with said inlet
      opening and the interior of said supply hopper whereby said first mixing
      tube means is operative to stir said material within said supply hopper
      and recirculate material between said delivery end of said supply conduit
      and said supply hopper, said second mixing tube means communicating with
      different interior portions of said supply hopper whereby said second
      mixing tube means is operative to stir and recirculate said material
      within said supply hopper, said second mixing tube means including a
      plurality of tubes having an inlet opening located adjacent a first
      portion of said supply hopper and a discharge opening located adjacent
      another portion of said supply hopper, said first portion of said supply
      hopper being adjacent the bottom wall.
NUM  15.
PAR  15. A feeding and mixing apparatus for generally fluent material including
      components having different specific gravities, said apparatus comprising
      a supply hopper adapted to contain a supply of said material, said supply
      hopper including a discharge opening for communicating with a supply
      conduit adapted to deliver said material to an associated device and an
      inlet opening for communicating with the delivery end of said supply
      conduit, first and second mixing tube means rotatably mounted in said
      supply hopper, said first mixing tube means communicating with said inlet
      opening and the interior of said supply hopper whereby said first mixing
      tube means is operative to stir said material within said supply hopper
      and recirculate material between said delivery end of said supply conduit
      and said supply hopper, said second mixing tube means communicating with
      different interior portions of said supply hopper whereby said second
      mixing tube means is operative to stir and recirculate said material
      within said supply hopper, an annular hub rotatably mounted adjacent said
      inlet opening and forming a flow chamber in communication therewith, said
      first mixing tube means, including a plurality of tubes having one end in
      communication with said flow chamber and extending upwardly and outwardly
      therefrom.
NUM  16.
PAR  16. A feeding and mixing apparatus for generally fluent material including
      components having different specific gravities, said apparatus comprising
      a supply hopper adapted to contain a supply of said material, said supply
      hopper including a discharge opening for communicating with a supply
      conduit adapted to deliver said material to an associated device and an
      inlet opening for communicating with the delivery end of said supply
      conduit, first and second mixing tube means rotatably mounted in said
      supply hopper, said first mixing tube means communicating with said inlet
      opening and the interior of said supply hopper whereby said first mixing
      tube means is operative to stir said material within said supply hopper
      and recirculate material between said delivery end of said supply conduit
      and said supply hopper, said second mixing tube means communicating with
      different interior portions of said supply hopper whereby said second
      mixing tube means is operative to stir and recirculate said material
      within said supply hopper, said first and second mixing tube means being
      carried on drive shaft means, said drive shaft means being driven by a
      motor.
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ABST
PAL  An elongated pipe is held in a first constant tension mechanism and then,
      while the tension is maintained, the pipe load is shifted to a second
      constant tension mechanism by automatically correlating the declining
      tension force of the first constant tension mechanism with the increasing
      tension force of the second constant tension mechanism until the pipe is
      completely shifted to the second constant tension mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PA1  Field of the Invention
PA3  This invention pertains to constant tension load-transporting mechanisms
      and, more particularly, to a control for shifting the load between two
      such mechanisms without effecting a change in the tension on the load.
PA2  Description of the Prior Art
PA3  A pipeline is normally held on a ship, or barge, by a machine or mechanism
      called a pipe tensioner. The pipe tensioner carries the pipeline in
      constant tension such that motion of the ship due to sea movement does not
      cause the pipeline to be damaged by exceeding the tensile strength of the
      pipeline or bending it so sharply as to cause buckling.
PAR  At certain times in the process of laying the pipeline, it may become
      necessary to lower the entire pipeline to the bottom of the sea. This may
      be necessary, for example, because of rough seas. The process is called
      "abandonment," and the process of picking up the pipeline from the sea
      bottom is called "recovery."
PAR  During abandonment, the pipeline is held in constant tension by the pipe
      tensioner mechanism or mechanisms. A plug is then secured in the open end
      of the last section of pipe forward of the pipe tensioner mechanism. To
      this plug is added a shackle which connects through a wire rope to a
      constant tension winch.
PAR  Since abandonment is normally caused by rough seas, during this condition,
      there is generally regular, perhaps exaggerated, movement of the pipeline
      through the tensioner mechanism in order that the tension on the pipeline
      can be maintained relatively constant. Thus, in attempting to transfer
      tension from the pipe tensioner to the winch, there is the problem of
      having two constant tension systems pulling on the same pipeline, with the
      possibility of instability.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a method for transferring a
      load from one constant tension mechanism to another constant tension
      mechanism without substantially varying the tension in the load.
PAR  It is another object of this invention to provide an apparatus for
      transferring a load exclusively from a first load-transporting means to a
      second transporting means without substantially varying the desired
      tension in the load.
PAR  It is another object of this invention to provide a control for correlating
      the independent controls of two constant tension load-transporting
      mechanisms so that a load can be shifted exclusively from one of the
      mechanisms to the other of the mechanisms automatically and without
      substantially varying the tension in the load.
PAR  Basically, these objects are obtained by the method of applying a first
      variable tension force on the load while the load is in motion, then
      applying a second variable tension force on the load, again while the load
      is in motion, and simultaneously decreasing the first variable tension
      force while increasing the second variable tension force in substantially
      identical increments so as to shift the load exclusively from said first
      variable tension force to said second variable tension force while the
      load is in motion.
PAR  The apparatus objects are obtained by basically providing a control
      apparatus to correlate the shifting of a load from a first
      load-transporting mechanism having means for holding a load, first powered
      means for moving the first holding means along a path to move the load and
      first control means for varying the velocity and direction of the holding
      means in order to maintain a desired tension in the load, a second
      load-transporting mechanism including second means for holding a load,
      second powered means for moving the second holding means along a path to
      move the load, and second control means for varying the velocity and
      direction of the holding means in order to maintain a desired tension in
      the load, and transfer control means operative for shifting the load
      exclusively from said first load-transporting means to said second
      load-transporting means without substantially varying the desired tension
      in the load.
PAR  In the preferred embodiment, the transfer is done automatically by
      providing an identical timing pulse to each of the first and second
      control means and, in response to the timing pulse, respectively
      increasing or decreasing the tension forces in substantially identical
      increments in opposite directions so that as one load-transporting
      mechanism reduces its tension on the load, the other load-transporting
      mechanism increases its tension on the load.
PAR  Using the apparatus and method of this invention, any type of load can be
      shifted between two constant tension devices for various applications
      other than laying pipeline on an ocean floor. Preferably, however, the
      invention is best utilized for transferring between two constant tension
      devices, such as a pipe tensioner of the type shown in U.S. Pat. Nos.
      3,669,329 and 3,722,769 and a conventional constant tension winch whose
      controls are modified in accordance with the teachings of this invention.
      In this manner, a pipe can be abandoned or recovered while maintaining it
      under the desired tension and regardless of the extent of wave motion or
      ship forward movement occurring at the time of the operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWING
PAR  FIG. 1 is a schematic block diagram illustrating the overall system of the
      invention.
PAR  FIG. 2 is a logic diagram illustrating the components of the controls for
      shifting between the two constant tension devices.
PAR  FIG. 3 is a graph illustrating the corresponding tension forces of the two
      constant tension devices during an abandonment operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As best shown in FIG. 1, a pipe tensioner 10 of the type shown in U.S. Pat.
      No. 3,669,329 is provided with a pipe-holding and motor power unit 12
      which applies and moves a pipeline 14 for laying the pipeline along the
      bottom of the sea. As is well known with this type of device, the motor
      and holding unit 12 can be varied in speed and in direction to maintain a
      substantially constant tension on the pipeline, generally through a range
      of several thousand pounds. The upper limit of the range is that tension
      at which there is a danger of overstressing the pipeline. The lower end of
      the range is that tension which is insufficient for maintaining a desired
      catenary in the pipeline, thus raising the possibility of buckling the
      pipeline. Therefore, the terms "desired tension" or "set tension" are to
      be understood as referring to an acceptable range of tension forces on the
      pipeline rather than necessarily implying a single force value.
PAR  The holding and motor unit 12 is controlled in speed and direction by a
      control 15 that is powered by a servo control 16. The servo control is
      driven by conventional servo control drive circuitry 18 and is provided
      with a conventional feedback loop 19. The activating signal to trigger the
      servo control drive circuitry 18 comes from a summing amplifier 20 which
      receives input signal from a tension set 22, a tension sensing amplifier
      24 and a slope control circuit 26. As described in U.S. Pat. No.
      3,722,769, the tension sensing amplifier receives its signals from load
      cells 28 mounted on the pipe tensioner 10. The slope control circuit 26
      transmits to summing amplifier 20 an adjustable percentage of the signal
      from a tachometer 30 which measures the velocity of the pipe through the
      tensioner 10. As thus far described, the circuitry is substantially
      identical to that described in U.S. Pat. No. 3,722,769.
PAR  An abandonment and recovery constant tension winch 32 is provided with a
      sheave 34 containing the conventional instrumentation necessary to control
      the winch to provide constant tension. The speed of the winch is also
      controlled by a conventional servo control 36, a servo control drive
      circuitry 38 and a conventional feedback loop 39. Signals to the servo
      control drive circuitry are transmitted from a summing amplifier 40 which
      receives its inputs from a tension set 42, a tension sensing amplifier 44
      and a slope control circuit 46. The tension sensing input is derived from
      load cells 48 present in the sheave 34, and a tachometer 50 measures the
      rotational movement of the sheave 34 for determining the speed input. In
      addition, the sheave instrumentation contains a footage counter to measure
      the length of rope or cable paid out. The circuitry and control of the
      winch in constant tension are substantially identical to the circuitry and
      control described in U.S. Pat. No. 3,722,769.
PAR  The strain gauges of the load cell 28 sense the tension which the pipe
      exerts upon the pipe tensioner mechanism 10. This tension signal is
      amplified through the instrumentation for tension sensing amplifier 24
      where it is then summed in amplifier 20 with the tension set input and the
      slope or speed signal input. The tension set signal is the tension
      selected by the operator for laying the pipe. Therefore, if the speed
      control signal from 26 is ignored, the output of amplifier 20 will be zero
      if the signals from tension set 22 and amplifier 24 are equal in magnitude
      but opposite in polarity. Under this condition, the tension selected by
      the operator and the tension actually exerted by the pipe tensioner are
      equal.
PAR  When the tension on the pipe varies from the desired tension as selected by
      the tension set 22, the speed of the pipe must be reduced or increased to
      correct the variance in tension. In order to modify the pipe speed, the
      mass of the pipe must be accelerated, thereby requiring a modification in
      force exerted on the pipe by the pipe tensioner mechanism 10. The force
      will be equal to the product of the pipe mass and the pipe acceleration.
      Because acceleration is the first derivative of speed with respect to
      time, and force is equal to the product of mass and acceleration, the
      tension or force on the pipe is proportional to the first derivative of
      the speed of the pipe. Thus, any change in the tension on the pipe will be
      reflected by a change in speed of the pipe tensioner in order to
      compensate for the change in tension. Therefore, a change in tension will
      be reflected by a change in voltage from the tachometer 30. This speed
      signal is fed to amplifier 20 as positive feedback. For example, when an
      increase in pipe tension occurs, the speed of the pipe tensioner will
      increase in order to reduce the excess tension. As a result of this
      increase in speed, the voltage at the output of tachometer 30 will
      increase, thereby increasing the voltage at the output of slope control 26
      by an amount which is a function of the slope control setting. Since the
      feedback is positive, a voltage increase in the speed control signal will
      increase the voltage at the output of amplifier 20 to further increase
      speed. However, the voltage contributed by the slope input from 26 must
      always remain less than that contributed by the tension difference for
      maximum demand from lines 22 and 24 in order for the system to be stable.
      Thus, the time response of the pipe tensioner as a function of pipe
      tension can be modified by adjusting slope control 26. In this manner, the
      response characteristics of the system can be varied to adjust for the
      optimum pipe slope for the particular set of circumstances under which the
      pipe is being laid.
PAR  The servo control drive circuitry 18 and 19 positions the servo control 16,
      which thereafter controls the speed of the pipe tensioner. With a zero
      input signal to the servo control drive circuit, the output to the servo
      control maintains the servo control in its present position. Whenever a
      plus or minus error signal is present on the output of the summing
      junction amplifier 20, the control drive circuitry 18 will provide an
      output which drives the servo control 16 until the feedback 19 contributes
      a voltage equal in magnitude but opposite in polarity to the error signal
      at the summing junction 20. The net input into 18 is, therefore, zero.
PAR  The abandonment winch circuitry performs identically to the pipe tensioner
      as described.
PAR  The improvement of this invention is to interconnect the control circuits
      from the tensioner and the abandonment winch to correlate their operation
      so that they synchronously operate to shift the tension between one to the
      other. For this purpose, tension control transfer circuitry 54 (FIG. 1) is
      provided and the tension set signals from the pipe tensioner tension set
      22 and the abandonment winch tension set 42 are fed into this transfer
      circuitry 54. The details of the transfer set circuits and the tension
      control transfer circuit are best shown in FIG. 2. Each of the set
      circuitries includes an up/down counter 22a and 42a, respectively. Both
      counters are clocked from the clock 22b in the tension set 22 and produce
      a 12-bit binary output, of which only one bit is shown for simplicity.
      Both counters count up upon actuation of tension increase switches S1 and
      S3 and down upon the actuation of the tension decrease switches S2 and S4.
      The count is stopped upon release of the switches. During abandonment or
      recovery, up/down counters 22a and 42a will be counting in opposite
      directions.
PAR  Digital/analog converters 22c and 42c convert the digital output of the
      counters to an analog signal for input to the respective servo control
      drive circuitry 18 or 38. As shown in FIG. 3, the analog signal will be a
      linear "ramp," and the slope of one analog signal will be positive and the
      slope of the other analog signal will be negative.
PAR  In order to transfer the tension being applied by the pipe tensioner to the
      winch, it is necessary to relieve the tension from the pipe tensioner at
      the same time and by the same amount that it is being acquired by the
      winch. In order to perform this transfer, abandonment switch S5 and
      transfer switch S6 are closed. Closing of switches S5 and S6 energizes
      relay K2, thus closing contacts K2-1 and K2-2. Although relays are
      illustrated in the preferred embodiment, it should be understood that
      solid-state switches may be used as well. Relay K1 is continually
      energized until a zero count is reached on the up/down counter 22a. Thus
      the contacts K1-1 and K1-2 will remain closed until a zero count is
      reached. When a zero count is reached, each bit of the 12-bit digital
      output ("0") is separately inverted by inverter 60 (and other inverters
      not shown) and is fed into a twelve-input NAND gate 61 from where the
      output ("0") is inverted by inverter 62, subsequently deenergizing relay
      K1 and opening the contacts K1-1 and K1-2 and thus stopping counter 22a
      from counting down (decreasing tension) and counter 42a from counting up
      (increasing tension). Once this has taken place, there is no more tension
      being taken by the pipe tensioner and the full load is handled by the
      winch.
PAR  In order to transfer the tension being held by the winch to the pipe
      tensioner, the reverse process takes place. Tensioner switch S7 and
      transfer switch S8 are simultaneously depressed, energizing relay K3, thus
      closing contacts K3-1 and K3-2. Relay K4 is continuously energized until
      counter 42a has counted down to zero. Relay K4 is then deenergized through
      inverter 65, NAND gate 66 and inverter 67. Once the contacts K4-1 and K4-2
      are opened, counter 22a stops counting up and counter 42a stops counting
      down, at which time there is no longer any tension on the winch.
PAR  As is readily apparent, the transfer control circuitry enables the ready
      shift of tension between two of the constant tension devices without
      effecting the tension being carried by the pipe. While the preferred
      embodiment of the invention has been illustrated and described, it should
      be understood that variations will be apparent to one skilled in the art
      without departing from the principles herein. Accordingly, the invention
      is not to be limited to the specific embodiment illustrated.
CLMS
STM  The embodiments of the invention in which a particular property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Control apparatus for shifting tensioned loads between two
      load-transporting mechanisms, comprising;
PA1  a first load-transporting mechanism including first means for holding a
      load, first powered means for moving the first load-holding means along a
      path to move the load, and first control means for varying the velocity
      and direction of the first load-holding means in order to maintain a
      desired tension in the load,
PA1  a second load-transporting mechanism including second means for holding a
      load, second powered means for moving the second load-holding means along
      a path to move the load, and second control means for varying the velocity
      and direction of the second load-holding means in order to maintain a
      desired tension in the load, and
PA1  transfer control means operative for shifting the load exclusively from
      said first load-transporting mechanism to said second load-transporting
      mechanism without substantially varying the desired tension in the load.
NUM  2.
PAR  2. The apparatus of claim 1, said first control means including a first
      tension increase mode and a first tension decrease mode, said second
      control means including a second tension increase mode and a second
      tension decrease mode, said transfer control means including first shift
      means for simultaneously operating said first control means in tension
      decrease mode and said second control means in tension increase mode
      whereby the load will be transferred exclusively from the first
      load-transporting means with a declining tension force while being
      received by the second load-transporting means at an ascending tension
      force corresponding to said declining tension force.
NUM  3.
PAR  3. The apparatus of claim 2, said transfer control means including:
PA1  means for generating a first tension control signal adapted to control the
      tension on said first load-holding means in proportion thereto;
PA1  means for generating a second tension control signal adapted to control the
      tension on said second load-holding means in proportion thereto;
PA1  means for simultaneously decreasing the value of said first tension control
      signal and increasing the value of said second tension control signal; and
PA1  means for simultaneously terminating the decrease in value of said first
      tension control signal and the increase in value of said second tension
      control signal when said first tension control signal falls to a
      predetermined value.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the value of said first tension control
      signal plus the value of said second tension control signal is
      substantially constant.
NUM  5.
PAR  5. The apparatus of claim 4, said transfer control means including:
PA1  a clock for generating a plurality of uniformly spaced pulses;
PA1  a first presettable counter adapted to decrement in response to pulses
      generated by said clock;
PA1  a second counter adapted to increment in response to pulses generated by
      said clock;
PA1  a first digital-to-analog converter for generating a first tension control
      signal, the value of which is proportional to the binary output of said
      first counter;
PA1  a second digital-to-analog converter for generating a second tension
      control signal, the value of which is proportional to the binary output of
      said second counter;
PA1  means for simultaneously enabling said first counter to count downward from
      a predetermined number and said second counter to count upward from zero;
      and
PA1  means for simultaneously disabling said counters from counting clock pulses
      when the binary output of said first counter reaches a predetermined
      value.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the value of the sum of said first and
      second tension control signals can be modified by independently modifying
      the number in said counters.
NUM  7.
PAR  7. A method for shifting tension loads between two load-transporting
      mechanisms, comprising;
PA1  gradually reducing the load forces on a first load-transporting mechanism;
      and
PA1  gradually increasing the load forces on a second load-transporting
      mechanism at a rate which causes the total forces on said first and second
      load-transporting mechanisms to be substantially constant.
NUM  8.
PAR  8. The method of claim 7, including the steps of:
PA1  generating a plurality of uniformly spaced pulses;
PA1  presetting a first counter to a predetermined value;
PA1  decrementing said first counter one unit in response to each of said pulses
      when said first counter receives an enabling signal;
PA1  incrementing a second counter one unit in response to each of said pulses
      when said second counter receives an enabling signal;
PA1  manually initiating an enabling signal, thereby allowing said first counter
      to decrement and said second counter to increment;
PA1  converting the outputs of said counters to an analog voltage, the value of
      which is proportional to the binary output of said counters;
PA1  producing a load force on one of said load-transporting mechanisms which is
      proportional to the value of one of said analog voltages and producing a
      load force on the other of said load-transporting mechanisms which is
      proportional to the value of the other of said analog voltages; and
PA1  sensing when the binary output of said first counter reaches a
      predetermined value and terminating said enabling signal in response
      thereto.
NUM  9.
PAR  9. A constant tension load-transferring apparatus comprising:
PA1  a first load-supporting mechanism connected to said load including means
      for exerting a first axial force on said load for alternately paying out
      and retracting said load;
PA1  a second load-supporting mechanism connected to said load including means
      for exerting a second axial force on said load for alternately paying out
      and retracting said load; and
PA1  tension control means for gradually increasing said first force while
      gradually decreasing said second force and for maintaining the sum of said
      first and second forces substantially constant, whereby the tension in the
      load is substantially constant during the transfer.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said first force is a predetermined
      function of time.
NUM  11.
PAR  11. An apparatus for transferring a length of conduit from a first
      conduit-supporting mechanism to a second conduit-supporting mechanism
      while maintaining the tension of said conduit substantially constant while
      the conduit is suspended from a vessel and is subjected to wave action and
      other dynamic forces, said apparatus comprising:
PA1  transfer control means including means for generating a first desired
      tension signal which changes as a function of time from a value indicative
      of a preset tension in the conduit to a value indicative of substantially
      zero tension in the conduit, said transfer control means further including
      means for generating a second desired tension signal indicative of the
      present tension minus the tension indicated by said first desired tension
      signal;
PA1  first tension sensing means for measuring the axial force exerted on said
      conduit by said first conduit-supporting mechanism and generating a first
      actual tension signal indicative thereof;
PA1  second tension sensing means for measuring the axial force exerted on said
      conduit by said second conduit-supporting means and generating a second
      actual signal indicative thereof;
PA1  first comparator means for comparing said first actual tension signal to
      said first desired tension signal;
PA1  second comparator means for comparing said second actual tension signal to
      said second desired tension signal;
PA1  first powered means associated with said first conduit-supporting mechanism
      and responsive to said first comparator means for paying out said conduit
      when said first actual tension signal is greater than said first desired
      tension signal and for retracting said conduit when said first actual
      tension signal is less than said first desired tension signal; and
PA1  second powered means associated with said second conduit-supporting
      mechanism and responsive to said second comparator means for paying out
      said conduit when said second actual tension signal is greater than said
      second desired tension signal and for retracting said conduit when said
      second actual tension signal is less than said second desired tension
      signal, whereby said conduit-supporting mechanisms pay out and retract
      conduit in response to said wave action and other dynamic forces, thereby
      maintaining the tension of said conduit substantially constant during the
      transfer.
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ABST
PAL  Apparatus of the type wherein a desired length of adhesive strip is fixed
      to an edge of a stack of sheets with heat and pressure includes automatic
      means for reliably providing the desired length of strip from a roll of
      adhesive strip. The automatic means include a pair of rollers which engage
      and feed strip, one of the rollers being mounted for free rotation and the
      other of the rollers being coupled to a shaft by a one-way clutch. Means
      rotate the shaft from a start-of-feed position a selectable amount in one
      direction, with said other roller and clutch engaged, to feed the desired
      length of strip and, thereafter, a spring counter rotates the shaft to the
      start-of-feed position, said position being determined by an abutment
      which limits rotation of a gear coupled to the shaft. A flywheel
      frictionally coupled to the shaft prevents bounce when the abutment limits
      rotation of the gear, thereby preventing rotation of the shaft in said one
      direction and, consequently, unmetered feeding of adhesive strip.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject invention relates to mechanism for paying out predetermined
      lengths or sections of sheet type materials and in particular to a
      mechanism for feeding to apparatus for binding books predetermined lengths
      of adhesive bearing binding strips.
PAC  PRIOR ART
PAR  U.S. pat. applications 474,840 and 474,839, filed on May 30, 1974 by R. J.
      Kuhns, and U.S. pat. applications 474,510 and 474,841, filed on May 30,
      1974 by E. Sarring, disclose bookbinding apparatus which automatically
      applies a length of adhesive bearing strips to a stack of sheets to form a
      book. In said apparatus the length of strip to bind a stack of sheets may
      be provided by an automatic strip inserter such as is described in U.S.
      pat. application 393,583, filed by R. J. Kuhns on Aug. 29, 1973.
PAR  Briefly, the automatic strip inserter disclosed by R. J. Kuhns includes a
      pair of contacting rollers into the nip of which an end of a roll of
      adhesive strip is inserted. One of the rollers is connected by a one-way
      clutch to a rotatably mounted shaft such that rotation of the shaft in one
      direction rotates the roller, thereby feeding strip, and rotation of the
      shaft in the other direction has no effect on the rollers. Rotation of the
      shaft in said one direction is achieved with a first gear rigidly mounted
      on the shaft; a second gear, engaged with the first gear, rotatably
      mounted on a drive shaft coupled to a motor; detent means fixed to the
      second gear; and a member, fixed to the drive shaft, which is engagable
      with the detent means. A tension spring coupled to the roller shaft
      normally maintains the detent means against an abutment and when the motor
      is actuated by a timing circuit the member engages and moves the detent
      means away from the abutment. In the process, the second gear is rotated
      and the adhesive strip is fed. Rotation of the second gear continues until
      a projection thereon strikes a stop on a metering wheel and causes the
      member to disengage from the detent means. Additional tension is provided
      to the spring during said rotation of the second gear and as a result,
      when the detent means and member disengage, the first gear drives the
      second gear in the opposite direction. Thus, since rotation of the roller
      shaft in the opposite direction does not move the roller, the length of
      strip fed is dependent upon the angular displacement between the abutment
      and the stop. When the tension spring drives the detent means against the
      abutment the inertia provided causes the detent means to bounce away from
      the abutment with a magnitude and frequency which is dependent on the
      angular displacement of the second gear and, since with each bounce the
      clutch moves the roller, some undesired and generally unknown quantity of
      strip is added to the length determined by a setting of the metering
      wheel.
PAR  In bookbinding it is generally desired that the binding strips be
      coextensive with the edge of a stack of sheets to be bound. Since the
      undesired length described above is variable and generally indeterminate,
      if the R. J. Kuhns inserter is used in the referenced bookbinding
      apparatus, the apparatus provides books having excessive strip, extending
      from the bound edges, which is objectionable.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide improved bookbinding
      apparatus wherein books manufactured thereby include a binding strip of
      acceptable length.
PAR  It is another object of the present invention to provide apparatus for
      reliably paying out predetermined lengths of sheet material such as
      adhesive strip.
PAR  Briefly, the invention herein sets forth apparatus for providing a metered
      length of adhesive bearing strip, from a supply roll of adhesive bearing
      strip, to a mechanism for fixing the metered length of adhesive bearing
      strip to an edge of a stack of sheets. The apparatus includes: (a) a first
      roller rotatably coupled to the mechanism; (b) a second roller coupled by
      a one-way clutch to a shaft rotatably coupled to the mechanism, the
      adhesive bearing strip being engagable with a nip provided by the first
      and second rollers; (c) abutment means for limiting rotation of the shaft
      from a start-of-feed position to a direction which causes engagement with
      the one-way clutch; (d) drive means for rotating the shaft to drive the
      second rollers a predetermined amount, thereby providing the metered
      length of adhesive bearing strip when said strip is loaded in the nip; (e)
      spring means responsive to the drive means for rotating the shaft in the
      opposite direction after the roller has been driven said predetermined
      amount; and (f) means for applying a torque, to prevent the shaft from
      reversing its direction, when the spring induced motion is limited by the
      abutment means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Additional objects and features of the invention will become apparent by
      reference to the following description in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a bookbinding machine which includes the
      subject invention;
PAR  FIG. 2 shows a cross-sectional view of an adhesive strip usable with the
      machine to bind a stack of paper sheets;
PAR  FIGS. 3-7 diagramatically show parts of the machine and their general
      movement during a binding cycle of the machine;
PAR  FIG. 8 is a side elevational view of the cartridge shown in FIG. 1 together
      with a side elevational view of apparatus, according to the invention, for
      providing from a roll contained in the cartridge a metered length of
      adhesive strip; and
PAR  FIG. 9 is a side plan view of the apparatus taken along lines 9--9 in FIG.
      8, portions thereof having been broken away to more fully illustrate the
      invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 shows a perspective view of a bookbinding machine 10 which embodies
      the subject invention. Machine 10 is capable of applying an adhesive
      bearing substrate of suitable length and width to an edge of a stack of
      paper sheets, thereby making a book. A functional description of how
      machine 10 operates is set forth below, a more detailed description
      thereof having been disclosed in U.S. patent applications 474,840 and
      474,839, filed May 30, 1974 by R. J. Kuhns, and U.S. patent applications
      474,510 and 474,841, filed May 30, 1974 by E. Sarring.
PAR  Referring to FIGS. 1 and 3, in the operation of machine 10 once a power
      switch 11 is actuated platens 12-14 within the housing 15 of the machine
      are heated with heating coils (not shown). Monitoring means (not shown)
      measure the temperature of the platens and when they reach a predetermined
      temperature an indicator light 16 turns on, thereby indicating that the
      machine is ready to perform a bookbinding cycle. To make a book a stack of
      paper sheets 17 to be bound is initially placed between page guides 18 and
      19 at the extreme left end of the elongated slot 20 in the housing 15 (see
      dotted lines in FIG. 1). In this position, the pages rest on a movable
      plate 21 within the housing. The knob 22 is coupled to the page guides by
      a slip clutch and linkage such that rotation of the knob in the direction
      of the arrow 25 causes the page guides 18 and 19 to be moved toward each
      other until a pair of caliper members 23 and 24 mounted on page guides 18
      and 19, respectively, abut and compress the stack of paper sheets 17.
      Thereafter, because of the resistance offered by the compressed stack of
      paper sheets and the use of a slip clutch, further rotation of the knob in
      the direction of arrow 25 has no effect on the spacing between the page
      guides 18 and 19 and the caliper members 23 and 24. Simultaneously with
      the movement of the page guides 18 and 19 and the caliper members 23 and
      24 toward each other, rotation of the knob 22 in the direction of arrow 25
      brings the heated platens 12 and 13 (see FIG. 3) toward each other and,
      therefore, the space between the platens 12 and 13 is determined by the
      thickness of the compressed stack of paper sheets. The latter is
      significant because such a setting of the distance between platens 12 and
      13 permit their use in the binding of stacks of different thicknesses with
      only a slight additional movement of the platens during a subsequent part
      of the binding process. A linear clutch arrangement, shown in the referred
      applications, holds the page guides 18 and 19 and platens 12 and 13 in the
      position described while rotation of the knob 22 in the opposite direction
      moves bipartite means 27 and 27a, for clamping the stack of paper sheets
      17, into position for clamping and moves strip guides 28 and 29 into a
      position (see FIG. 3) for receiving a suitable length of an adhesive
      bearing strip 30.
PAR  After calipering, as described above, the stack of paper sheets 17 are
      moved, as indicated by arrow 32 in FIG. 1, to the extreme right of
      elongated slot 20 and actuate sensing means (not shown) which turn an
      indicator light 31 on if a cartridge 57 having an adhesive strip, of
      suitable width, for binding is operatively engaged with machine 10.
PAR  As disclosed by the cross-sectional view of strip 30 (FIG. 2), the adhesive
      bearing strip 30 comprises a formable substrate 33 of, typically,
      relatively heavy paper stock, and adhesive coatings 34 and 35. Adhesive
      coatings 34 and 35 constitute a plurality of strip-like formations
      comprising two heat activated adhesive types. Heat activated adhesives may
      be either of the low or high tack types. A low tack adhesive comprises an
      adhesive material which when heated becomes fairly molten or fluid,
      thereby providing a high degree of surface wet-out with a minimum
      application of pressure or heat. A typical low tack adhesive may be a
      mixture of about 80 percent by weight of an ethylene/vinyl acetate
      copolymer having a 90 percent ratio of ethylene to vinyl acetate and about
      20 percent by weight of rosin acid ester. A high tack adhesive comprises
      an adhesive material which when heated remains highly viscous and somewhat
      immobile so that a definite amount of heat is necessary to wet-out a
      surface being adhered. A typical high tack adhesive may be a mixture of
      polyethylene, a rosin acid, and a metal salt of a carboxylic acid, present
      in weight proportions of 80/10/10, respectively. High tack adhesives have
      the advantage that, on application of heat and pressure, the bond created
      thereby immediately possesses a high degree of strength. On the other
      hand, the low tack adhesives have the advantage that on application of
      heat and pressure the adhesive flows readily or is wicked into the edges
      of the paper sheets to be bound. The strip 30 preferably has the high tack
      adhesive 35 uniformly applied to the substrate 33 while the low tack
      adhesive 34 is applied along the center line of the substrate with a
      relatively greater thickness than that of the high tack material.
      Typically, the width of the adhesive 34 is approximately equal to or
      slightly greater than the overall compressed thickness of the stack of
      sheets to be bound. For a more detailed description of the strip reference
      may be had to a U.S. patent application, Ser. No. 196,446, filed Nov. 1,
      1971, by Donald W. Watson.
PAR  Referring again to FIG. 1, with suitable adhesive strip in the cartridge,
      actuation of a "blind button" 36 initiates an automatic binding cycle.
      More specifically, when button 36 is pressed a main drive motor 37 (see
      FIG. 3) is energized and rotates a main drive shaft 38 of the apparatus. A
      cam 39 carried by the main drive shaft effects movement of suitable
      linkage 40 resulting in movement of the clamping means 27 and 27a as
      indicated by arrows 41 and 42 in FIG. 4 and clamping of the stack of paper
      sheets 17. To this end, the page guides 18 and 19 are provided with
      suitable openings through which part of the clamping means move. After
      clamping, the main drive motor 37 is automatically de-energized by a
      timing circuit 26 for a predetermined period of time and a motor of a
      strip inserter, more fully described below, is actuated to insert a
      measured section 47 of strip 30 into the channel-shaped guides 28 and 29.
      Upon re-energization of the motor 37 a cam 43 carried by shaft 38 drives
      linkage 44, thereby rotating the clamping means and lifting the stack of
      paper sheets 17 from the movable plate 21 enough so that the plate 21 can
      be retracted from its page holding position by a cam 45 carried by the
      shaft 38 and connected by linkage 46 to the plate. Thereafter, the stack
      of paper sheets 17 can be plunged or moved in the direction of the heated
      platens 12-14. Referring to FIG. 5, simultaneously with the retraction of
      the plate 21 (see arrow 50), the lifting of the stack of paper sheets 17,
      and subsequent movement, as indicated by arrows 51-53, of the sheets
      downward, the platens 12 and 13 are moved toward each other by a cam 48 on
      shaft 38 and linkage 49 (see arrows 54 and 58). The cams 39 and 48 are
      designed to bring the stack of paper sheets into abutment with the strip
      section 47 and to move strip section 47 against the heated platens 12 and
      13. Strip section 47 remains in contact with the top surfaces of the
      heated platens 12 and 13 for a period of time sufficient to effect
      preheating and softening thereof. After strip section 47 has been heated,
      the cams 43 and 48 effect a slight lifting of the stack of paper sheets
      and a separation of platens 12 and 13 sufficient to snugly accommodate the
      thickness of the compressed stack of sheets and the strip section. The
      stack of paper sheets 17 are then moved downwardly (see FIG. 6) and press
      strip section 47 into contact with heated and resiliently mounted bottom
      platen 14. Thereafter, platens 12 and 13 are biased against the strip
      section for a period of time sufficient to soften the high tack adhesive,
      thereby fixing the strip section to the sides of the stack of sheets.
      After the high tack adhesive has been softened the platens 12 and 13 are
      partially opened and "Cooking" of the low tack adhesive continues for a
      predetermined period of time. During this period the main motor is stopped
      by the timing circuit 26. Subsequently, the main motor is again energized
      and platens 12 and 13 are fully opened by cam 48 and linkage 49.
      Sequentially, the resulting book is then lifted to a position slightly
      above plate 21, plate 21 is returned to its book supporting position, and
      the resulting book is moved downwardly until it rests on the plate.
      Thereafter, the clamping means 27 and 27a are retracted from engagement
      with the book and the main motor is de-energized. The bound book can now
      be removed from the binding apparatus. It should be noted that in this
      plunge of the stack of paper sheets the clamping means are brought against
      abutment means 55 and 56 mounted on strip guides 28 and 29, respectively.
      Further, abutment means 55 and 56 are sloped to limit the plunge in
      proportion to the thickness of the stack of paper sheets. With this
      arrangement platens 12 and 13 always fix edge sections of the strip
      section against the sides of the stack of paper sheets and, consequently,
      a single width of strip section can be used to bind a stack of paper
      sheets within a predetermined thickness range.
PAR  The strip inserter advances a predetermined length of adhesive bearing
      strip from the cartridge 57 into the channel-shaped guides 28 and 29 and
      cutting means, such as disclosed in U.S. patent application 392,583 by R.
      J. Kuhns cut and complete the insertion of the length of strip 47 into the
      guides. Structurally, as disclosed in FIG. 8, the cartridge 57 containing
      the adhesive bearing strip 30 is removably mounted to the housing 15 by
      means of a rod 60 fixed by a bracket 61 to a frame plate 63 and a spring
      clip 62 attached to the housing 15. To this end, the rod 60 and spring
      clip 62 cooperate with pairs of lip portions 64 and 66 of the cartridge.
      As can be seen from a consideration of FIG. 8, the cartridge 57 is mounted
      so that its upper portion is aligned with the nip 68 formed by an upper
      feed roller 70 and a lower feed roller 72 of the strip inserter. With this
      arrangement, the leading edge of the adhesive bearing strip 30 can be
      conveniently threaded into the nip 68 and permits optimum feeding of the
      adhesive bearing strip from the cartridge to the guides 28 and 29.
PAR  To facilitate the threading of the adhesive bearing strip the upper feed
      roller 70 is mounted such that it can be temporarily moved out of
      engagement with the lower feed roller 72. To this end, the upper feed
      roller is rotatably carried by the central part of a U-shaped support
      member 74 and the support member is pivotably secured at its ends to a pin
      member 76 carried by bracket 61. A lever arm 80 extending outwardly from
      the housing 15 through an opening 82 (shown in FIG. 1) includes a finger
      engagable with support member 74 and serves to lift the upper roller 70
      out of its engagement with the lower roller 72 through movement of the
      lever in an upward direction, suitable biasing means, such as a spring
      (not shown), being provided for returning the upper feed roller to its nip
      forming position with the lower feed roller.
PAR  In FIG. 9 there is disclosed additional parts of the strip inserter, among
      which are a strip feed motor 84 and a gear box 86, the latter of which
      houses suitable gears for providing speed reduction and control of an
      output shaft 88 from the gear box 86. A driving lever 90 is carried
      approximate the end of the shaft 88 such that it can engage a detent
      member 92 carried by a drive gear 94. The gear 94 serves to drive a driven
      gear 96 supported by shaft 98 and shaft 98 is coupled via a one-way clutch
      109 to the lower feed roller 72. Therefore, when the output shaft 88
      rotates and clutch 109 is engaged the lower feed roll 72 also rotates to
      thereby feed adhesive bearing strip.
PAR  In accordance with the objects of the present invention, it is desired to
      reliably feed or meter different lengths of adhesive bearing strip
      depending on the length of an edge on a stack of sheets which is to be
      bound into a book. Accordingly, adjustable feed is accomplished by the
      provision of a metering mechanism including a metering wheel in the form
      of a thumb actuatable wheel 100 which protrudes through one side wall of
      the housing 15 (FIG. 1) to permit setting thereof in accordance with
      indicia (not shown) on its periphery which is aligned with an index mark
      102 on the aforementioned side wall.
PAR  The metering wheel carries a stop member 104 on one face (i.e., to the left
      as viewed in FIG. 9) which stop serves as a fixed abutment engagable by a
      sidewardly projecting pin member 106 carried by the drive gear 94. For
      this purpose, means, such as a pawl fixed to bracket 61 and engagable
      ratchet teeth on the wheel (not shown), are provided to prevent the
      metering wheel from rotating in the counterclockwise direction, as viewed
      from the right in FIG. 9, once the wheel has been manually set in
      accordance with the desired length of adhesive strip to be metered. In
      operation, when motor 84 is actuated lever 90 engages and rotates the
      detent member away from an abutment 91, thereby rotating gear 94 until
      stop member 104 engages pin 106. Engagement of the stop member 104 by the
      sidewardly projecting pin member will cause the driving lever 90 to move
      the detent member against the bias of a bellville washer 108 which allows
      the driving lever to move past the detent to thereby effect disconnection
      of the driving coupling therebetween to terminate rotation of the lower
      feed roller 72, which, as will be appreciated, terminates the feed of
      adhesive bearing strip.
PAR  During feeding of the adhesive bearing strip, a spring member 110, secured
      at one end to the shaft and at its other end to bracket 61, is tensioned
      through clockwise rotation, as viewed from the right in FIG. 9, of the
      shaft 98. Once the feeding has stopped and the strip material has been cut
      the spring functions to reposition the sidewardly extending pin member 106
      to its "start-of-feed position" through rotation of the gears 90 and 94.
      During repositioning clutch 109 is disengaged from roller 72 and roller 72
      is not driven. It will be appreciated that the relative angular distance
      between the pin member 106 and the stop member 104 determines the length
      of strip material that is fed during one cycle of operation. It will also
      be appreciated that the length of the strip material fed can be varied by
      changing the aforementioned arc angular distance length which, in this
      embodiment, is accomplished by setting of the metering wheel.
PAR  Shaft 98 rotatably carries a disc-like flywheel 111 which includes a radial
      bore 112 having a threaded peripheral end section. In the bore there is
      slidably located a Delrin plug 113, a spring 114, and a set screw 115
      engaged with the threaded end section to press the spring against the
      plug. Plug 113 abuts shaft 98 and the frictional force therebetween is
      determined by the depth to which the set screw 115 is inserted. Thus, a
      spring loaded Delrin plug permits the flywheel to turn on shaft 98 with an
      adjustable degree of slip. As previously mentioned, during the process of
      feeding spring member 110 is tensioned and this tension drives gears 96
      and 94. However, during this process energy stored in the spring member is
      partially absorbed by the starting inertia of the flywheel 111 and when
      detent member 92 moves against abutment 91 the rotational inertia of the
      flywheel causes the flywheel to over-travel. The over-travel provides a
      torque which prevents rebounding of the detent member. Since clutch 109
      would cause adhesive strip to be advanced if the detent member bounced and
      rotated gear 94, it may be seen that the flywheel eliminates unmetered
      feeding of the adhesive bearing strip. Although Delrin has been selected
      in this embodiment because of its properties, e.g., eliminates any need to
      lubricate the shaft and is insensitive to humidity, it should be noted
      that other materials may be used to provide a frictional engagement with
      the shaft 98. Moreover, it should be noted that the frictional force
      between the plug and the shaft may be varied to optimally damp the return
      of the detent member and, consequently, roller 72, when the automatic
      strip feeding apparatus is assembled and when plug 113 wears down.
PAR  It is to be understood that the description herein of a preferred
      embodiment, according to the invention, is set forth as an example thereof
      and is not to be construed or interpreted as a limitation on the claims
      which follow and define the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for providing a metered length of adhesive bearing strip, from
      a supply roll of adhesive bearing strip, to a mechanism for fixing the
      metered length of adhesive bearing strip to an edge of a stack of sheets,
      comprising:
PA1  a. a first roller rotatably coupled to the mechanism;
PA1  b. a second roller coupled by a one-way clutch to a shaft rotatably coupled
      to the mechanism, the adhesive bearing strip being engagable with a nip
      provided by the first and second rollers;
PA1  c. abutment means for limiting rotation of the shaft from a start-of-feed
      position to a direction which causes engagement with the one-way clutch;
PA1  d. drive means for rotating the shaft to drive the second rollers a
      predetermined amount, thereby providing the metered length of adhesive
      bearing strip when said strip is loaded in the nip;
PA1  e. spring means responsive to the drive means for rotating the shaft in the
      opposite direction after the roller has been driven said predetermined
      amount; and
PA1  f. means for applying a torque, to prevent the shaft from reversing its
      direction, when the spring induced motion is limited by the abutment
      means.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said means for applying a torque
      includes means frictionally coupled to the shaft.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein said means frictionally coupled
      to the shaft include: a member rotatably mounted on the shaft, said member
      having a hole communicating with the shaft; a plug slidably mounted in the
      hole; and means for biasing the plug against the shaft.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein said hole includes a threaded
      section and wherein said means for biasing the plug include a spring and a
      threaded member engated with the threaded section for compressing the
      spring against the plug, thereby creating frictional engagement between
      the plug and shaft.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein said member is a disc; wherein
      the axis of said hole extends radially away from the shaft; and wherein
      the plug, the spring and the threaded member are aligned with said axis.
NUM  6.
PAR  6. Apparatus as defined in claim 4 wherein the drive means include: a
      driven gear coupled to the shaft; a drive gear having a projecting member;
      means responsive to the mechanism for engaging and driving the drive gear
      through a predetermined angular displacement and thereafter releasing the
      drive gear for return by the spring means, during which return the
      projecting member is brought into contact with the abutment means to limit
      rotation of the shaft.
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ABST
PAL  This disclosure relates to a guidance arrangement for web handler, for
      example of the type used for moving an elongated tape. A direction
      modifying idler roller has associated therewith means for maintaining the
      alignment of a tape with tape receiving and dispensing members disposed on
      opposite sides of the roller irrespective of any misalignment of the
      roller. Basically, the tape guidance means includes a fixed member having
      arcuate tape guide surfaces over which the tape slides and each guide
      surface having associated therewith shoulders which are resiliently
      mounted and which engage opposite edges of the tape.
BSUM
PAR  This invention relates to a device for guiding an elongated web, for
      example for guiding tape in a magnetic tape handling apparatus.
PAC  BACKGROUND OF THE INVENTION
PAR  Usually whenever a driven tape must change its direction, it is wound
      either around fixed guiding members or, if the winding angle around such
      guiding members is relevant, around rotating rollers, also called idlers.
      In the arrangement in question, the friction between the tape and a fixed
      guiding member would cause traction and wear values not to be tolerated.
PAR  In tape handlers of the type under consideration here, particularly high
      speed magnetic tape handlers provided with buffer vacuum chambers, the
      guiding members are usually idler rollers provided with guiding shoulders
      in consideration of the speed and the high value of the winding angle.
PAR  This system, however, has some drawbacks, which can be summed up in the
      difficulty of completely removing the axial clearance between the rotating
      and the fixed part of the guiding member, and in the difficulty of
      adjusting the rollers to be perfectly perpendicular to a reference plane,
      which is usually the internal wall of the vacuum chamber. Therefore, the
      edges of the tapes are subject to deterioration as the surfaces for
      axially limiting the motion of the tape are close to the roller.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a guiding device for such tape handlers
      which obviates the above indicated disadvantages and which allows easy and
      accurate reciprocal positioning of the guiding member, the tape and the
      main frame of the apparatus.
PAR  The guiding device according to the invention comprises a guiding body of
      suitable shape and size, located in proximity of an idling roller, in such
      a way, that the tape, before and after the roller, is wound through a
      small angle around the guiding body.
PAR  The positioning of the tape in a direction transverse to the tape path,
      which is in no way limited by the roller. Such transverse positioning is
      obtained by means of guiding shoulders which are located adjacent to
      surface portions of the guiding body over which the tape passes and which
      are preferably mounted on the guiding body itself.
PAR  This guiding member is easily fixed to the main frame of the apparatus, and
      allows the precise alignment of the guiding shoulders with respect to the
      walls of the vacuum chambers.
PAR  With the above and other objects in mind, as will hereinafter appear in
      greater detail, the nature of the invention will be more clearly
      understood by reference to the following detailed description, the
      appended claims and the several views illustrated in the accompanying
      drawings:
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a schematic view and shows the path of the tape in prior art
      magnetic tape handling apparatus.
PAR  FIG. 2 is a schematic front view of a tape guiding device according to the
      invention, and also shows a portion of the tape path near to the device.
PAR  FIG. 3 is an enlarged fragmentary sectional view of the device of FIG. 2,
      taken generally along the section line A--A thereof, the tape being
      omitted.
DETD
PAR  In FIG. 1 the path of a magnetic tape 9 in prior art magnetic tape handling
      and recording apparatus is schematically indicated; the tape 9 being
      unwound from tape reel 1 and passing around a tape guiding device 2 to a
      vacuum chamber 4, which is provided with photoelectric means 3 for
      signalling the presence of the tape in the interior of the vacuum chamber.
      The tape, coming out of the first vacuum chamber 4, passes under an
      assembly 6 of read-write heads, is seized by a capstan 5 and sent to a
      second vacuum chamber 4', and finally through a second tape guiding device
      2' after which it is wound up on reel 1'.  During the re-winding of the
      tape and whenever the tape reels 1 and 1' exchange their respective
      functions, the path of movement of the tape is in the opposite direction,
      that is, from reel 1' to reel 1.
PAR  The capstan 5 has the object of handling the movement of the tape in the
      vicinity of the head assembly 6 and the vacuum chambers 4 and 4' develop
      traction sufficient to prevent the tape from slipping with respect to the
      capstan. The vacuum chambers also serve as buffers for isolating within
      certain limits the speed of the tape, imposed by the capstan, from the
      speed of the reels 1 and 1'.
PAR  It may be seen that the guiding device 2, usually in the form of a guiding
      roller, is located in close proximity to the opening of the vacuum chamber
      4 and may subject the tape to a considerable winding angle to cause the
      above described undesirable conditions. The use of a fixed pivot, as
      stated, would cause yet more serious problems.
PAR  According to the present invention, these prior art guiding devices are
      replaced by a novel device, as shown in FIG. 2,  wherein a portion of the
      path of the tape 9 is fed from reel 1 and is directed toward the vacuum
      chamber 4 by means of a guiding device 19.
PAR  The guiding device 19 includes a main body 20 circumscribed by an arcuate
      guide surface 54. For ease of manufacture, the body 20 may take the form
      of a cylinder, having a height slightly greater than the width of the tape
      9, and slightly smaller than the width of the vacuum chamber. These
      differences are on the order of a tenth of a millimeter (4 mils). The main
      body 20 is provided with a recess 39 partially formed in the plane surface
      contacting the reference plane 40 of a supporting member or plate 30. The
      depth of this recess is very small, preferably not over a tenth of a
      millimeter. A bigger recess 29 is formed on the supporting plate 30 for
      the main body 20. Pairs of guiding shoulders 21 and 22, preferably formed
      of ceramic material, are mounted on the main body 20, partially protruding
      radially from the circular outline of the body. In each pair of shoulders,
      one shoulder is located at the recess 39, and the other one on the
      opposite plane surface of the main cylindrical body 20. Therefore, the
      tape is held in place and freely guided between the shoulders 21, 22 in
      proximity of the input opening of the vacuum chamber 4, and the tape edges
      do not touch the vacuum chamber walls.
PAR  The guiding shoulders are fixed to the body as described hereinafter.
      Between the pairs of the guiding shoulders 21 and 22, the arcuate guide
      surface 54 of body 20 has a recess, partly circular in outline which
      partially receives therein in mating relationship an idling roller 23. The
      latter is not provided with guides and is preferably of a width greater
      than the tape.
PAR  The body 20 is fastened to a main frame of the tape.
PAR  The path of the tape 9 wound out from the reel 1 will now be considered.
      The tape is seized and guided by the pair of guiding shoulders 21. In
      order to allow effective transverse guiding of the tape in cooperation
      with the shoulders, the tape contacts a portion of the arcuate surface 54
      in advance of the roller 23. Such contact extends only through a limited
      winding angle, which does not cause any appreciable friction, but which is
      sufficient to insure the transverse stiffening of the tape to enable the
      shoulders to exert an effective guiding action.
PAR  After it leaves the contacted surface portion in the vicinity of the
      guiding shoulders 21, the tape 9 winds around the idling roller 23 and
      enters between the pair of shoulders 22. Here again transverse stiffening
      of the tape is assured by contact with a portion of the arcuate surface 54
      extending through a small winding angle, transverse guiding action of the
      tape being effected in cooperation with the shoulders 22.
PAR  It will be apparent that on that portion of the path of the tape 9, between
      the pairs of shoulders 21 and 22, the guiding action of these shoulders is
      the more effective the closer they are to the roller 23.
PAR  By this arrangement, possible axial displacement and a limited departure of
      the roller 23 from perpendicularity with the reference surface do not
      cause any damage to the tape edges entering the vacuum chamber. This is
      due to the action of the guiding shoulders 21 and 22, which accurately
      align the tape with the walls of the vacuum chamber. It will be understood
      that the same guiding action is carried out by the shoulders 21,22 in the
      case where the direction of tape movement is reversed and the tape emerges
      from vacuum chamber 4.
PAR  It should be noted that in FIG. 2 the body 20 and the roller 23 are shown
      in magnified dimension with respect to the dimensions of the other
      elements, such as the tape reel 1 and the vacuum chamber 4. The purpose of
      such representation is to clearly show the shape and the operation of the
      device. Actually, the main body 20 may have a diameter of appr. 22 mm
      (appr. 7/8 inch) and the idling roller a diameter of appr. 13 mm. (appr.
      1/2 inch), whereas the reel may have a diameter of 300 mm (1 foot
      approximately).
PAR  As stated heretofore, the main body 20 is fastened to the main frame of the
      tape handling apparatus, for instance, by the screw 24. In order to obtain
      correct operation of the device according to the invention, it is apparent
      that the guiding shoulders 21,22 must be perfectly aligned with the edges
      of the walls of the vacuum chamber 4. This alignment is obtained as shown
      in FIG. 3.
PAR  The recess 29 in the supporting plate of the tape unit provides clearance
      for a bushing 27, a mounting screw 28, an elastic member 31 and the
      respective guiding shoulder 22. Corresponding elements are mounted on the
      other face of the body 20. The shoulder components on the opposite side of
      the body 20 include a shoulder 22', a bushing 27', a mounting screw 28',
      and an elastic member 31'.
PAR  The screws 28 and 28' fasten to the body 20 the respective bushings 27 and
      27' which resiliently hold the shoulders 22 and 22' against the body 20,
      through the interposition of the elastic elements 31 and 31'. These
      elastic elements, which may be cup cross sectional springs, provide for a
      stable position of the ceramic shoulders 22,22'  without subjecting them
      to damage and insure their resting on the adjacent surface of the body
      similar to that illustrated and described with respect to the shoulders
      22,22' .
PAR  In FIG. 3 the cross-section 50 of the idling roller 23 is also shown. The
      roller 23 is fastened on the supporting plate 30 of the main frame of the
      tape unit by means of a pivot 51 carrying two roller bearings 52.
PAR  In the working position of the apparatus, the body 20, on that side having
      the recesses 39 therein, rests on a reference plane 40 of the main frame
      of the tape unit. This plane 40 is also the reference plane for the inner
      edge of the vacuum chamber 4, which therefore is precisely aligned to the
      guiding shoulder 22 positioned in the recess 29. As the thickness of the
      main body 20 and the depth of the recess 39 may be easily machined to high
      precision, it follows that also the other guiding shoulder 22 is precisely
      aligned with the external edge of the wall of the vacuum chamber 4.
PAR  It will be apparent from the above description that the simplicity and the
      functionality of this arrangement provide very precise guiding of the tape
      without incurring any marked difficulties of construction. The tape
      guiding function is carried out by the action of the guiding shoulders in
      cooperation with the tape contacting portions of the arcuate guide surface
      54, along the tape path both before and after the idling roller 23. The
      latter, although located in immediate proximity to the arcuate guide
      surface, is separate therefrom and hence from the body 20, and itself
      lacks tape edge guiding means. Thus, any lateral motion of the tape caused
      by axial displacement of the idling roller 23 and by perpendicularity
      defects of the latter, are corrected on the spot without causing damage to
      the edges of the tape. This is accomplished by the action of the guiding
      ceramic shoulders secured to the body 20, which in turn is fastened to the
      main plate of the tape unit and has no lateral play.
PAR  An important feature of this guiding device is that the body 20 may be
      mounted on the main frame of the tape unit in such a way (FIG. 2) that the
      guiding shoulders 22,22'  may be very close to the opening of the vacuum
      chamber 4, thereby enhancing the precision with which the magnetic tape is
      guided into the vacuum chamber and out of the same, and protecting the
      walls of the chamber 4 from any wear.
PAR  In addition, the high speed motion of the magnetic tape on the arcuate
      guide surface 54 of the body 20 causes an air cushion to become interposed
      between the tape surface and the arcuate guide surface, thus substantially
      reducing the friction between these surfaces and the resultant tape wear.
PAR  Moreover, the ability of easily removing and positioning the body 20 on the
      main frame of the tape unit allows for any desired special treatment of
      the arcuate guide surface, such as surface hardening and lapping, so as to
      reduce friction and tape wear to a minimum value.
PAR  Alternatively, in place of the individual fastening screws for each guiding
      shoulder, a clamping device may be used comprising, for example, a screw
      passing through the body and an associated nut. The pairs of ceramic
      shoulders 21,22 may also be cemented to the body 20 by means of epoxy
      resins and similar means.
PAR  It will be apparent that the fastening of the body 20 to the main frame may
      be carried out by using the same screws provided for clamping the guiding
      shoulders. In the latter case, referring to FIG. 3, the screw 28' may
      extend into the frame 30 and the positioning of the guiding shoulder 22
      may be obtained by a compression spring acting between the frame 30 and
      the shoulder 22.
PAR  It is also to be noted that the guiding shoulders are preferably mounted on
      the body 20, but may also, alternatively, be fastened to different
      supports. For instance, they may be attached to the main frame on one side
      of the tape path and to the lid of the vacuum chamber 4 on the other side
      of the tape path, or alternatively to other different supporting members.
      In other words, it is possible to render mechanically independent the
      three elements which constitute the device, that is, the guiding
      shoulders, the guiding body and the idling roller, provided that the
      mounting system adopted ensures the respective positioning and the desired
      function of said elements.
PAR  The device according to the invention, in addition to providing the already
      mentioned advantages for positioning and guiding the tape, requires only a
      minimal amount of space and may therefore be used with advantage in all
      units where structural compactness is an essential requirement.
PAR  Although the essential features of the invention have been explained in the
      preceding description, and represented in the annexed drawings, it is
      intended that any one skilled in the art may carry on any modifications of
      shape and of details, which may be deemed useful, without thereby
      departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for handling an elongated tape, tape guiding means
      including the combination of a tape direction modifying roller and a guide
      unit, said roller being free of tape edge guidance means, said guide unit
      comprising a fixed arcuate guide surface positioned immediately adjacent
      said roller and including a pair of tape contacting surface portions
      straddling said roller along the path of said tape, said surface portions
      being adapted to provide guiding engagement with said tape through a
      limited wrapping angle and having a dimension in a direction transverse to
      said tape path slightly in excess of the width of said tape, and separate
      edge guiding shoulders spaced in said transverse direction to accept said
      arcuate guide surface therebetween for transversely aligning said tape
      immediately adjacent said roller.
NUM  2.
PAR  2. The apparatus of claim 1 wherein each shoulder is resiliently mounted
      and constantly urged towards said body.
NUM  3.
PAR  3. The apparatus of claim 1 wherein each shoulder is in the form of a ring
      member and futher including a centering bushing supporting said ring
      member, and an axially operative resilient member between said bushing and
      said ring member for urging said ring member against said body.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said guiding shoulders are in the form
      of rings formed of ceramic material.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said arcuate surface circumscribes a
      fixedly mounted body and each guiding shoulder is mounted on said body.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said arcuate surface circumscribes a
      fixedly mounted body, said roller and said body being independently
      mounted on a common reference surface.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said tape handler is adapted to move
      magnetic tape, said tape handler further including a main frame, a vacuum
      chamber having a tape receiving opening, a tape reel spaced from said tape
      receiving opening and selectively operable to dispense or receive said
      tape passing through said tape receiving opening in a selected one of
      opposite directions, said arcuate guide surface including a recess
      intermediate said surface portions for receiving said tape direction
      modifying roller in mating relationship, said roller being mounted on said
      frame between said tape reel and said tape receiving opening along said
      tape path so as to define said path substantially in a common plane, a
      pair of said edge guiding shoulders being positioned at opposite sides of
      each of said surface portions for guiding said tape both in advance and
      downstream of said roller, said arcuate guide surface circumscribing a
      fixed body mounted on said main frame independently of said roller, one of
      said surface portions and the associated guiding shoulders being aligned
      with said tape reel, and the other of said surface portions and the
      associated guiding shoulders being aligned with said tape receiving
      opening, whereby the required tape alignment is maintained independently
      of the direction of tape movement.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said arcuate surface includes a recess
      intermediate said tape contacting surface portions, said recess receiving
      said roller in mating relationship.
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ABST
PAL  Dimerised and trimerised unsaturated aliphatic monocarboxylic acids having
      at least 10 carbon atoms are advantageous in or as fluxes for soldering of
      tin plate. Especially valuable novel fluxes for this purpose comprise, in
      free acid or ammonium or amine salt form, (1) at least one compound
      selected from the group consisting of C.sub.7.sub.-11 aliphatic
      monocarboxylic acids and acid organic phosphates and (2) at least one
      substance selected from the group consisting of dimerised and trimerised
      unsaturated aliphatic monocarboxylic acids having at least 10 carbon
      atoms, saturated C.sub.12.sub.-36 aliphatic monocarboxylic acids and
      rosin.
BSUM
PAR  Tin plate i.e. steel having a plating of tin is used on a large scale,
      especially in making so-called tin cans. Such cans have seams and
      conventionally these are formed by soldering. Likewise, tabs or keys may
      be attached to the cans by soldering. In these operations a soldering flux
      is needed and because of the scale on which tin cans are made, and thus
      the speed at which it is desirable to make them, it is desirable that the
      flux used should be very reliable and rapidly acting.
PAR  The fluxes now used in making tin cans are not as reliable or as rapidly
      acting as would be desirable. Such fluxes, i.e. ones based on oleic acid,
      although they may work fairly well with one particular type of tin plate
      may not be satisfactory with other types of tin plate. With the increasing
      use of less good qualities of tin plate e.g. qualities having relatively
      thin tin layers this problem is becoming more serious. The problem is
      aggravated if the tin plate surface has become oxidised or mechanically
      damaged, e.g. scratched, or it there has been loss of free tin and growth
      of Fe Sn.sub.2 during stoving of print-work. Other adverse factors include
      the presence of lacquer film or printing in seam areas and tin layers of
      varying temper, stiffness or thickness.
PAR  Because of the speed at which can-making machinery works, an inadequate
      flux may give rise to a large number of defective or suspect products
      before the fault is noticed and corrective action taken. Accordingly, an
      inadequate flux is liable to cause a considerable waste of materials and
      serious loss of production time through disruption of the continuous,
      highspeed, automated, multi-stage process involved in can-making.
PAR  I have now found that certain very specific materials are advantageous in
      or as fluxes for soldering tin plate. According to one aspect of the
      present invention, in soldering tin plate a flux is used that comprises a
      dimerised and/or a trimerised unsaturated, long-chain, aliphatic,
      carboxylic acid.
PAR  The monomeric acid corresponding to the dimerised or trimerised acid
      contains at least 8, preferably at least 12, e.g. at least 14, carbon
      atoms and thus the dimerised and trimerised acids contain at least 20 or
      30, preferably at least 24 or 36, carbon atoms respectively. Such
      dimerised and trimerised acids are commercially available from
      Unilever-Emery N.V. Dimerised oleic acid and trimerised oleic acid are the
      preferred dimerised and trimerised oleic acids and, in general, the
      dimerised acids are preferred. Empol 1022 is an example of a dimerised
      oleic acid commercially available from the above source while Empol 1043
      is an example of a trimerised oleic acid commercially available from the
      above source. Mixtures of either dimerised or trimerised acids may be used
      as may mixtures of acids of both these types. The commercially available
      dimerised acids usually contain a minor proportion, e.g. 3 to 22%, of the
      corresponding monomeric acid. Likewise, the commercially available
      trimerised acids usually contain a minor proportion of the corresponding
      dimerised acids, e.g. 5 to 24%, and often contain a minor proportion, e.g.
      up to 5%, of the corresponding monomeric acid.
PAR  The exact structure of the dimerised and trimerised acids is not known but
      these acids are known to be long-chain, di- and tri-carboxylic acids
      respectively, having at least 2 or at least 3 alkyl side chains
      respectively. The acids behave as if they contain ethylenic unsaturation
      and catalytic hydrogenation can be effected with heat and pressure.
PAR  If the sole active component is a dimerised and/or trimerised acid, the
      chief use of the fluxes is in direct flame soldering e.g. of tabs or keys
      to cans. However such fluxes are also usable in soldering seams of cans of
      high quality tin plate although in this case the fluxes desirably contain
      a major proportion of a solvent or solvents. In the case of direct flame
      soldering it is desirable that the flux should have relatively high
      thermal stability and thus the dimerised and trimerised acids used in this
      situation preferably have a low degree of unsaturation, particularly in
      side chains, since I have found that such acids have a greater thermal
      stability than that of the more unsaturated acids. Normally the acids have
      an iodine value of less than 100 but, when high thermal stability is
      desired, it is preferred that the acids should have been hydrogenated to
      such an extent that they have iodine values less than 25, more preferably
      less than 15.
PAR  According to a further aspect of the invention a flux comprises a dimerised
      and/or a trimerised acid as defined above and a Versatic acid. I have
      found that such fluxes are particularly reliable and rapidly acting fluxes
      for soldering tin plate. The fluxes can be used satisfactorily even with
      poor quality tin plate as long as a small amount of free tin is present on
      the surface: this applies not only to ordinary tin plate but, also to
      `passivated` varieties. By "Versatic acid" is meant an acid or mixture of
      acids corresponding to the general formula CR.sub.1 R.sub.2
      R.sub.3.CO.sub.2 H in which there is a total of 9 to 11 carbon atoms and
      each R is an alkyl group, at least one of these being methyl. Such a
      material is commercially available from Shell Chemical Company under the
      name `Versatic Acid 911` or "Versatic Acid 10".
PAR  In the above fluxes one or more straight chain, saturated or unsaturated,
      aliphatic monocarboxylic acids containing 7 to 11 carbon atoms can be used
      in addition to, or to replace some or all of, the Versatic acid but it is
      preferred to use a Versatic acid alone. Examples of acids of this type are
      decanoic acid and 3,5,5-trimethylhexanoic acid. Likewise, some or all of
      the Versatic acid can be replaced or supplemented by one or more other
      branched chain saturated aliphatic monocarboxylic acids containing 7 to 11
      carbon atoms and the corresponding unsaturated acids can be used
      similarly. Similarly, some or all of the Versatic acid can be replaced or
      supplemented by one or more organic acid phosphates, in which the organic
      groups generally contain up to 18 carbon atoms, such as an aryl or alkyl
      acid phosphate, preferably a lower alkyl acid phosphate e.g. butyl acid
      phosphate and other alkyl acid phosphates in which the alkyl group
      contains up to 6 carbon atoms. Furthermore, the fluxes may additionally
      contain one or more aliphatic or alicyclic dicarboxylic acids e.g.
      succinic acid, azelaic acid, sebacic acid, fumaric acid and hydrophthalic
      acid. These acids may be used as their half-esters e.g. mono-lower alkyl
      esters. Any acid used to replace or supplement the Versatic acid
      preferably has a boiling or sublimation point in the range of 275.degree.
      to 375.degree.C.
PAR  The above fluxes may also be modified by replacing or supplementing some or
      all of the dimerised and/or trimerised acid by rosin or by one or more
      straight or branched chain, saturated C.sub.12 -C.sub.36 aliphatic
      monocarboxylic acids preferably containing at least 16 but preferably not
      more than 22 carbon atoms e.g. stearic acid, isostearic acid and
      5,7,7-trimethyl-2(1,3,3-trimethylbutyl) octanoic acid.
PAR  Preferred fluxes according to the invention comprise a dimerised and/or a
      trimerised acid as defined above, the dimerised acids being preferred, and
      a Versatic acid, with or without an organic acid phosphate and/or a higher
      aliphatic dicarboxylic acid.
PAR  The acid value of the mixture of all the acids in the fluxes is preferably
      in the range of 250 to 400, preferably not greater than 300.
PAR  Some or all of the various acids which may be present in the fluxes may be
      used in the form of their ammonium or amine salts. This can be useful if a
      flux is desired which is substantially non-corrosive at room temperature
      or if it is desired to incorporate the acids in an aqueous and/or
      alcohol-containing medium. If the fluxes are to be used in the form of
      aqueous compositions it is generally desirable to include an emulsifying
      agent e.g. a non-ionic emulsifier.
PAR  It is usually desirable that the fluxes should be homogeneous liquids and
      this presents no particular problems. The Versatic acids and the dimerised
      and trimerised acids are liquids which are miscible with each other.
      Likewise, alkyl acid phosphates such as butyl acid phosphate are liquids
      miscible both with the Versatic acid and the dimerised and trimerised
      acids. Certain of the components mentioned e.g. decanoic, succinic,
      sebacic and azelaic acids are solids and if these are used in proportions
      such that they are not soluble in the liquid components solvents are
      desirable. Suitable solvents include lower alkanols, such as ethanol e.g.
      in the form of methylated spirits and isopropyl alcohol, the latter being
      preferred, and lower alkyl amines such as diethylamine and
      monoisopropylamine. Mixtures of solvents may be used. Even if the fluxes
      have no solid components or immiscible liquid components, solvents may be
      useful to adjust the concentration of active matter in the fluxes and/or
      to adjust the viscosity. Often it is convenient to use a solvent or
      solvent mixture in an amount of about 2.5 parts by weight per part by
      weight of the other components of the composition.
PAR  On the basis of the components of the fluxes other than any solvent or
      solvents present, the fluxes preferably contain at least 20% by weight,
      more preferably at least 30% by weight, of a Versatic acid and at least
      10% by weight, more preferably at least 15% by weight, of one of the
      dimerised or trimerised acids. These percentages apply correspondingly
      where part or all of the Versatic acid and/or of the dimerised and/or
      trimerised acids are replaced by the alternative components mentioned.
      Commonly, based on the total weight of Versatic acid or alternative and
      dimerised and/or trimerised acid or alternative, there will be 25 - 75%,
      preferably 40 - 50%, of the former and a corresponding percentage of the
      latter.
PAR  The precise reasons why the fluxes are so satisfactory are not known but it
      is thought that the Versatic acid and/or alternative component, which is
      relatively reactive as a flux, exerts a very rapid initial fluxing action
      and that the dimerised and/or trimerised acid and/or alternative
      component, which is less reactive, provides a more sustained fluxing
      action which enables the soldering to be completed satisfactorily. The
      Versatic acid or alternative is relatively volatile (more so than the
      dimerised or trimerised acid or alternative) and thus the tendency for any
      excess to remain at the end of the soldering operation is negligible. By
      use of the various active components fluxes each having a graded spectrum
      of activities can be made and thus, in soldering, a desirably high speed
      of wetting can be achieved with a desirably high degree of wetting. The
      dimerised and/or trimerised acid and alternative components are of
      relatively high thermal stability and thus are generally available to
      perform fluxing functions until completion of soldering. The dimerised or
      trimerised acid or alternative tends eventually to decompose rather than
      volatilise and the decomposition and reaction products are harmless and
      readily removed together with any excess after soldering. Any excess flux
      remaining, e.g. after soldering a seam, is normally removed and this can
      easily be done by wiping.
PAR  The fluxes have the advantages the despite their effectiveness in soldering
      tin plate they do not tend to leave corrosive residues and they do not
      have any significant corrosive effect on steel equipment used in
      can-making. Furthermore, the fluxes containing the dimerised and/or
      trimerised acids have a valuable anti-dross effect on solder and, in
      can-making where a certain amount of the flux tends to find its way back
      to the solder bath, this is a desirable incidental property. In can-making
      a certain amount of zinc chloride is normally added to the solder bath as
      an anti-dross agent and when fluxes according to the invention are used a
      smaller amount of zinc chloride can be added. Also, feed back of the flux
      to the solder bath helps to minimise the emission of corrosive and
      unpleasant halide vapours derived from zinc chloride in the solder bath.
PAR  The fluxes according to the invention are most satisfactory when used at
      soldering temperatures of 300.degree.C or more e.g. up to 400.degree.C but
      may be used satisfactorily at temperatures as low as, for example,
      250.degree.C. Thus, the fluxes are of use with soft solders in general.
DETD
PAR  The following are examples of fluxes according to the invention.
TBL  ______________________________________                                    
     Example 1                                                                 
     Versatic acid 911    55 parts by weight                                   
     Dimerised oleic acid, Empol 1022                                          
                          45 parts by weight                                   
     Example 2                                                                 
     Butyl acid phosphate 33 parts by weight                                   
     Versatic acid 911    33 parts by weight                                   
     Dimerised oleic acid, Empol 1022                                          
                          33 parts by weight                                   
     Example 3                                                                 
     Versatic acid 911    3 parts by weight                                    
     Azelaic acid         2 parts by weight                                    
     Dimerised oleic acid, Empol 1022                                          
                          1 part by weight                                     
     Isopropyl alcohol (as solvent)                                            
                          4 parts by weight                                    
     Monoisopropylamine (as solvent)                                           
                          2 parts by weight                                    
     Example 4                                                                 
     Versatic acid 911    20 parts by weight                                   
     Butyl acid phosphate 40 parts by weight                                   
     Dimerised oleic acid 40 parts by weight                                   
     ______________________________________                                    
PAR  The fluxes of the above Examples were made simply by mixing the components
      together. All the fluxes were very satisfactory for use in soldering tin
      plate using soft solders such as tin/lead solders at temperatures in the
      range of 250.degree.to 400.degree.C. The fluxes are suitable not only for
      use with good quality tin plate in good condition but also with tin plate
      of less good quality or in poor condition or both. Example 3 exemplifies
      fluxes containing in aliphatic or alicyclic dicarboxylic acid or
      half-ester thereof in an amount of up to 100% by weight (50% in this
      Example) of the total weight of the essential components one and two.
      Example 3 also exemplifies the use of a solvent or solvents in amounts up
      to 90% by weight of the total flux (50% in this Example).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of soldering tin plate in which as the soldering flux is used a
      flux comprising at least one compound selected from the group consisting
      of dimerised and trimerised unsaturated aliphatic monocarboxylic acids
      having at least 10 carbon atoms.
NUM  2.
PAR  2. A method according to claim 1 in which as the soldering flux is used a
      flux comprising, in free acid or ammonium or amine salt form, (1) at least
      one compound selected from the group consisting of C.sub.7-11 aliphatic
      monocarboxylic acids and acid organic phosphates and (2) at least one
      substance selected from the group consisting of dimerised and trimerised
      unsaturated aliphatic monocarboxylic acids having at least 10 carbon
      atoms.
NUM  3.
PAR  3. A method according to claim 2 in which component (1) of the flux
      comprises a C.sub.7-11 aliphatic monocarboxylic acid and component (2)
      comprises at least one compound selected from the group consisting of
      dimerised and trimerised unsaturated aliphatic monocarboxylic acids having
      at least 10 carbon atoms.
NUM  4.
PAR  4. A method according to claim 1 wherein the soldering is carried out at a
      temperature within the range of 250.degree. to 400.degree.C.
NUM  5.
PAR  5. A method of soldering tin plate in which as the soldering flux is used a
      flux comprising, in free acid or ammonium or amine salt form, (1) at least
      one acid organic phosphate and (2) at least one saturated C.sub.12-36
      aliphatic monocarboxylic acid.
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ABST
PAL  A cup-shape container of relatively thin plastic material having
      non-sinuous or non-corrugated body wall provided with reinforcing zones
      extending at least in part with a directional component adapted to
      intersect the upper open edge or lip, and having a width substantially
      less than the remaining wall areas.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates to an open ended, cup-shaped container made
      from plastic material and adapted for use as a cream, yogurt, milk or
      similar liquid container. Particularly, the present invention relates to a
      plastic container made for example by injection molding, provided with a
      unitary conical or cylindrical body closed at its bottom and having a
      variable thickness in selected areas of its wall. The body may be also
      provided with a circumferential flange lip about its open end to which a
      cover or foil may be attached.
PAR  In the mass production of plastic cups such as those described above, it is
      most desireable to maintain the material usage as small as possible. For
      this reason, efforts are made to mold the walls of the cup from thin
      material and provide the same with sufficient stiffness by the use of
      corresponding corrugated profiles so that the wall thickness compared with
      smooth wall cups can be reduced, while the strength retained.
PAR  Cups are known in this art by which the peripheral wall is formed with
      alternate and substantially parallel inner and outer longitudinal ribs and
      lengthwise indentations in either horizontal or vertical orientation.
      These ribs form a corrugated or undulating surface, the crests, backbone
      or crown of the ribs serving as gripping surfaces by which the cup may be
      picked up or handled. Because of the manipulation of the body walls in the
      formation of the ribs, a very thin material cannot be used for the basic
      structure. It has, therefore, become known, to form the crown or crest of
      the ribs, on at least one side of the container wall, with a
      reinforcement, as for example, an increase in material thickness, or by
      the insertion of an additional member to make it stronger. Cups made with
      profiled peripheral walls and reinforced ribs, permit some saving in
      material particularly over those earlier cups having smooth thicker walls.
      However, because the corrugations subject the wall surface to distention
      and enlargement, if viewed in a planar development, and because material
      spills or flows over into adjacent portions of the remaining peripheral
      wall areas, the actual savings in material is virtually insignificant.
PAR  It is an object of the present invention to provide a complete plastic
      cup-like container having substantial material savings over the prior
      products without any reduction in strength.
PAR  Further objects and disadvantages will be seen from the following
      disclosure of the present invention.
PAC  SUMMARY OF INVENTION
PAR  According to the present invention a cup-shape container is provided of
      relatively thin plastic material having on its body wall non-sinuous or
      non-corrugated reinforcing zones extending at least in part with
      directional component adapted to intersect the upper open edge or lip, and
      having a width substantially less than the remaining wall areas.
PAR  The exact form of the reinforced wall zones can be obtained in numerous
      ways. In one embodiment the zones extend in strips at least in part from
      the bottom to the upper open edge and they can thus be formed on either or
      both the inner or outer face of the wall.
PAR  In another embodiment, the reinforcing wall zones run partially straight to
      the lip or edge and partially angular thereto and are joined one to
      another where they intersect. In this embodiment the zones take on waffle
      or woven-like configuration wherein the areas between the reinforcing
      zones are substantially larger than the reinforcing zones themselves.
PAR  In still another embodiment at least some of the reinforcing zones are
      curved, and extend screw-like about the wall, crisscrossing over each
      other. This arrangement may be also combined with vertical reinforcing
      zones.
PAR  The reinforcing members, in cross section, are formed so that they blend
      into the adjacent wall portions of the cup, in a stepless or continuous
      manner to make a smooth transition between reinforcing zone and wall.
      Thus, the injection molding of the container, from any suitable plastic,
      such as P.V.C., polyeurathane, polypropolene etc., can be made easily. The
      material flows between the sections so that a uniform density is obtained
      in a unitary body even though the wall has varying thicknesses.
      Furthermore, the tapered transition between reinforcing zones and
      intermediate zones permits further reduction in the use of material, as
      well as simplification of the mold.
PAR  It is further preferred that the reinforcing members, extend below the
      sides or wall of the cup to the bottom, forming reinforcing zones therein,
      and extend like spokes, radially from the center of the bottom. The bottom
      reinforcing zones are similar in form to those used on the side wall.
PAR  Through the non-undulating formation of the body wall considerable material
      savings are obtained over known containers having corrugated or rippled
      reinforced ribs. Smooth wall areas of large size can be formed of
      substantial thin material, yet the reinforcing zones provide the necessary
      rigidity. The actual savings of the invention are significantly greater,
      since the amount of material saved in the smooth areas far exceeds that
      used in the reinforcing zones. Furthermore, a biaxial flow of plastic
      material occurs through the arrangement of reinforcing zones having a
      directional component with respect to the opening edge, so that during the
      manufacturing process a higher degree of strength and physical orientation
      of the plastic, is obtained. In this manner very thin intermediate areas
      between reinforcing zones can be made. It has been found that savings of
      even higher than 30% in material alone can be obtained by forming cups in
      accord with the present invention. The cups are stronger and lighter in
      weight and can therefore be shipped and stored more economically and
      easier.
PAR  The thickness of each section in the wall and the bottom should be
      selectively apportioned so that the areas which are not reinforced are
      less than one half (1/2) the thickness of the reinforced zones. In
      particular, for example, a very satisfactory yogurt or cream cup has been
      formed with a wall thickness of 0.3 millimeters and in the reinforced
      zones of a thickness of 0.7 millimeters. Such a container has the desired
      strength, and exhibits an unexpected increase in temperature stability,
      maintaining the contents at the desired degree of temperature over longer
      periods than heretofore known containers.
PAR  Full details of the present invention are given in the following disclosure
      and are shown in the attached drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a vertical sectional of a container taken along lines 1--1 of
      FIG. 2 showing one embodiment of the present invention;
PAR  FIG. 2 is a sectional view looking down on the container as taken along
      lines 2--2 of FIG. 1;
PAR  FIG. 3 is a view similar to that of FIG. 2 showing a second embodiment;
PAR  FIGS. 4-7 are side elevational views of containers showing respectively
      four additional embodiments of the present invention; and
PAR  FIGS. 8 and 9 show bottom plan views of containers illustrating the
      application of the present invention to the formation of container bottoms
     .
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In the example of FIGS. 1 and 2, the illustrated container 1 is conically
      shaped in the form of a cup having an upper edge 2 defining the opening
      lip on which a welding or sealing flange 3 is built. The shape may be
      cylindrical, as will be obvious to those skilled in this art. The flange 3
      serves to secure a more or less rigid cover or a tear foil which may be
      fastened or welded in seal tight condition after the cup is filled. The
      flange 3 may be made of the same material as the cup and may be provided
      with a pressure adhesive, a thermo-adhesive or other known sealing means.
PAR  The side wall of the cup seen in FIGS. 1 and 2 is provided with three
      uniformly spaced, vertical reinforced ribbon or strip-like zones 4,
      extending from the top edge or flange 3, to the bottom. In cross section
      each of the reinforced zones is elliptical and gradually merges into the
      adjacent non-reinforced areas 5. The smooth gradual transition between the
      reinforced zones and the non-reinforced zones establishes a cup without
      any disturbingly sharp edges. While an elliptical cross section is shown,
      the zones may be semi-elliptical, or other compound configuration
      permitting, more or less, bevelling or tapering of the edges. The zones
      may be formed on the outer surface or on the inner surface of the wall or
      may extend from both surfaces, if desired.
PAR  The reinforced zones of this first embodiment extending in vertical
      straight strips or rails from the upper flange 3 to the bottom 6, merge
      with correspondingly formed ribs 7 extending radially inward toward the
      center of the bottom wall 6. The bottom ribs 7 may be arranged on the
      outer surface as well as the inner surface of the bottom, extending
      radially from the center to provide for a more efficient center of
      gravity.
PAR  In the example of FIG. 3, the reinforced zones 8 are rectangular in cross
      section rather than elliptical and are formed on the outside surface of
      the container wall so that the inner wall of the cup has a smooth interior
      surface. However, even here the edges of the zones are tapered so as to
      provide a continuous merging of the zones with the adjacent non-reinforced
      area. In the embodiment six vertical zones 8 are shown, each merging with
      a corresponding zone 9 similarly made on the outer surface of the bottom
      wall. By placing the zones 9 on the outer surface they serve also, as feet
      for the container.
PAR  In the embodiment of FIG. 4 a similar container as is seen in FIGS. 1 and
      2, is shown, having vertical reinforcing zones extending straight from the
      flange 3 to the bottom 6. However, here a plurality of parallel narrow
      circumferential or horizontal bands 10 of additional reinforced zones
      extend across and intersect with the vertical ones. In FIG. 5 a plurality
      of parallel narrow bands 11 extend at an angle to the vertical reinforced
      zones, also intersecting with them. The intersecting bands merge so that
      the flow of material is uniform, and the outer dimensions or gauge are
      accurate and clear.
PAR  In the embodiment of FIG. 6 a plurality of curved reinforcing zones 12
      extend over the circumference of the cup wall. The curves are screw or
      coil like, being formed in a manner similar to an openly developed helix.
      It may be preferred to provide the cup with a second series of curved
      reinforcing zones 12a which are formed to run in an open helix in the
      opposite direction. The two series of zones 12 and 12a may intersect each
      other, or one may be formed on the outer surface and the other may be
      formed on the inner surface of the wall. In FIG. 7 a combination of
      vertical reinforcing zones 4 and curved zones 12b are shown. Here, the
      curved zones 12b are shown as one or more continuous helical coils wound
      about the circumference of the cup.
PAR  The construction of the bottom portions of the containers illustrated in
      FIGS. 1 and 2 can be modified or changed to forms shown in FIGS. 7 and 8.
      While in FIGS. 1 and 2 the reinforcing zones of the wall merge with those
      on the bottom, those bottom zones 13 and 14 in FIGS. 8 and 9 are radially
      offset. This adds a further degree of rigidity to the container. In the
      particular embodiment of FIG. 9 the reinforced zones are forked or
      separated adjacent to the peripheral edge of the bottom.
PAR  The present invention is easily adapted for the mass production of
      containers of any size and generally conical or cylindrical shape,
      requiring only a corresponding modification of the conventional molds in
      which they are cast to provide the reinforced zones. The injection of a
      plastic charge into the mold permits the simultaneous casting of the
      normal wall thickness and the reinforced zones, from the same material. No
      separate steps are required to provide the reinforcement, and since the
      reinforcing zones merge and gradually blend with the surrounding wall
      areas, the mold may be simple and very inexpensive, requiring no special
      part or separating lines.
PAR  All of the embodiments shown are characterized by certain similar features,
      among which is the fact that the reinforced zones are ribbon or
      strip-like, are materially less in width (i.e. peripheral width or
      breadth) than the non-reinforced areas, and that they are themselves
      non-sinuous or corrugated. Further the zones are not formed to corrugate
      or ripple the body of the container which is otherwise flat. The
      reinforced zones extend at least in part with a perpendicular component
      adapted to intersect the open edge or lip of the container. In the molding
      process the flow of material allows the plastic to proceed from the
      thickened portions, forming the reinforcement zones to the thinner wall
      areas and from the upper edge to the bottom of the container. Thus a
      unitary, uniform density product is obtained. The physical strength of the
      container is enhanced by this process since a circumferential as well as
      biaxial component of material flow is obtained during the molding step.
      The thin wall sections are very elastic and resistant to breakage while
      the reinforced zones provide the necessary stiffness to provide shape and
      cohesive bodily form providing a self-supporting container. Accordingly,
      containers adapted to receive hot and cold contents can be obtained with
      sufficient temperature stability to withstand destruction, which
      containers are on a par with smooth uniformly thick walled containers. As
      a result, a significant savings in material is obtained, even greater than
      30% in comparison with uniform walled containers, when the non-reinforced
      areas are formed of a thickness less than one half (1/2) the thickness of
      the intermediate thin areas. Yogurt cups have been made in the embodiment
      shown, with normal thin areas of 0.3 mm and reinforced zones of 0.7 mm.
      Since the same procedures and structures are followed in the formation of
      the container's bottom, similar savings in material are obtained, with
      comparable strength and functional advantages.
PAR  Various modifications, embodiments and changes have been described, others
      will be obvious to those skilled in the art. Accordingly, the present
      disclosure is to be taken as illustrative only and not limiting of the
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pot and adapted to contain a yoghourt product subject to refrigeration
      comprising a molded plastic cup shaped body having an integral bottom and
      a continuous conical wall terminating in an open edge, said wall being
      formed of a thin material having a plurality of integral circumfrentially
      spaced-apart strip-like reinforcing zones extending between the bottom and
      said edge and having at least in part a directional component intersecting
      said edge and the bottom edge, each of said reinforcing zones having
      lateral edges which smoothly taper in a continuous transition to the flat
      remaining areas of the wall and having a width substantially smaller than
      that of the intervening flat walls whereby the define thin wall sections
      which are elastic and resistant to breakage and circumferentially
      spaced-apart reinforcing zones which provide container stiffness, said
      flat wall having a thickness of 0.3 mm and said reinforcing zones having a
      thickness of 0.7 mm, said bottom being formed with corresponding radial
      zones which merge with said reinforcing zones.
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ABST
PAL  A container comprising a side wall formed from paper. A bottom end sealing
      disc is secured to the bottom of the side wall. A single oil impervious
      resin lacquer is then applied to cover the inner surface of the sidewall
      and the exposed joints between the side wall and the bottom end. The
      impervious resin is partially impregnated into the side wall. The
      disclosure also relates to a method of forming such container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to containers and more particularly to a paperboard
      type container especially adapted to contain oil liquid contents, solid or
      liquid food or any other type of material.
PAR  2. Description of the Prior Art
PAR  Heretofore, paperboard oil containers have been provided. One disadvantage
      of the known paperboard containers is that they are constructed from a
      convolute or spiral wound paperboard tube and leakage often takes place
      between the joints of the convolute or spiral winding and the joints
      formed at the interconnection of the bottom end of the container with its
      end sealing disc. Some container constructions utilize a silver paper
      covering over the inner side wall surface of the container or a plastic
      coating over the convolute or spiral joints in an attempt to eliminate the
      leakage problem.
PAR  A further problem is that once the paperboard is impregnated with oil it
      tends to shrink and thereby loosening the convolute or spiral joints and
      the joint with the bottom metallic sealing disc resulting in leaky joints.
PAC  SUMMARY OF THE INVENTION
PAR  It is a feature of the present invention to provide a container structure
      and method of making same which substantially eliminates the leakage
      problems and which is economical to manufacture.
PAR  Accordingly, from a broad aspect, the present invention provides a
      container comprising a side wall formed from paper. A bottom end sealing
      disc is secured to the bottom of the side wall. A single oil impervious
      resin lacquer is then applied to cover the inner surface of the side wall
      and the exposed joints between the side wall and the bottom end. The
      impervious resin is partially impregnated into the side wall.
PAR  From a further broad aspect, the present invention further provides a
      method for the fabrication of a container suitable for oil liquid contents
      comprising the steps of forming a side wall by overlapping and bonding a
      plurality of layers of a paperboard sheet. A bottom end sealing disc is
      then secured to the bottom periphery of the side wall. A synthetic resin
      lacquer lining is then sprayed over the inner surface of the side wall and
      the bottom end sealing disc to substantially seal the pores of the
      paperboard on the inner surface of the side wall and the exposed joints on
      the inner surface of the container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described with reference to a preferred
      embodiment as illustrated by the drawings in which:
PAR  FIG. 1 is a fragmented perspective of the paperboard container;
PAR  FIG. 2 is a section view of the paperboard seams; and
PAR  FIG. 3 is a section view of a portion of the container filled with oil and
      illlustrating part of the end sealing disc and the cardboard side wall.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and more particularly to FIG. 1, there is
      shown generally at 10, a container especially constructed for oil liquid
      contents. The completed container 10 comprises essentially a paperboard
      cylinder constituting a side wall 11 and a top and bottom end sealing
      disc, 12 and 13 respectively. The bottom sealing disc 13 is formed of 9-10
      gauge tin whilst the top disc 12 may be of a lower gauge metal. The
      sealing discs 12 and 13 are crimped about a respective outer periphery of
      the cylindrical side wall 11. Although this embodiment shows a cylindrical
      side wall, the container may be of rectangular configuration and
      constructed of other materials, for example, fiberboard.
PAR  The side wall 11 is formed from a straight convolute or spiral wind of
      paperboard material 14 which is rolled three times and bonded as shown in
      FIG. 2. Each layer of paperboard material is of approximately 12 mils, and
      may also vary between 8 and 15 mils thus forming a paperboard side wall
      having a thickness of approximately 37 mils it being understood that the
      total range may vary between 24 and 45 mils. The vertical wound ends of
      the paperboard material are overlapped to form an outer surface seam 15
      and an inner surface seam 16. The intermediate layer is shown at 17. An
      outer wrapper, hereinshown as a silver paper covering 18, is then fastened
      about the outer surface of the paperboard material 14. The silver paper 18
      is in single sheet form and is overlapped in an area of the outer surface
      of the paperboard material 14, remote from the seams 15 and 16. This
      silver paper 18 provides an outer insulating layer to the paperboard
      protecting it against exposure to rain, sunlight, etc. The silver sheet 18
      also serves as the label for the container.
PAR  The side wall 11 and the bottom disc 13 are assembled in the conventional
      manner and the inner surface of the paperboard material 14 and the bottom
      end sealing disc 13 are coated with a spray, in the cold at room
      temperature, under pressure of approximately 100-120 lbs., with a
      sufficient quantity of lacquer of a synthetic oleo-phobic resin emulsion,
      for example polyvinylidene chloride aqueous emulsion, to form a sealed
      inner lining 19 sealing substantially all the paperboard pores and exposed
      joints such as at 20. Because the polyvinylidene chloride is applied under
      a predetermined pressure and the paperboard is porous, the polyvinylidene
      chloride impregnates the paperboard to a depth of approximately 3 to 5
      mils and, when dry, forms a tough flexible inner skin providing an
      improved protection of the side wall and the contents against external
      influences of sunlight, heat, cold, water, ect., and preventing leakage of
      its contents. The total thickness of the lining 19 is approximately 4 to 6
      mils with 3 to 5 mils of this thickness impregnated in the paperboard. In
      FIG. 3 the lining is shown out of proportion to better illlustrate the
      invention. Although almost any type of polyvinylidene chloride aqueous
      emulsion can be used for producing the inner lining 19, coatings known
      under the trademarks DARAN 220, DARAN 225, DARAN 211, DARAN 212, DARAN
      X-301, and DARAN X-801 have given satisfactory results. DARAN 225 is
      preferred because it is not brittle.
PAR  Whilst the spray is applied, it is preferable to have the container
      spinning about its longitudinal axis to permit a better distribution of
      the coating and insuring that the emulsion enters the exposed joints.
      Also, the spinning causes the emulsion to dry more rapidly. The spray can
      be either a cold or a hot spray. Other synthetic resin lacquers may be
      used for the lacquer such as acrylate resins, halocarbon plastics,
      polyethylene, epoxy resins, polyurethane resins, polyester resins, furan
      resins, silicon resins and other such synthetic resins.
PAR  After the lacquer has thoroughly dried, the can is ready to be filled with
      its oil content 21 and the upper end sealing disc 12 fastened thereon. A
      suitable sealing compound may be added about the upper periphery of the
      side wall 11 to provide a better seal with the top end sealing disc 12.
      With this type of paperboard container structure any grade of oil may form
      its contents. Also, the improved structure substantially eliminates
      leakage, thus preserving the container for longer periods of time than
      heretofore possible. Still further the handling of these containers is
      facilitated because of its improved sealing and more resistant side wall
      as the oil content does not weaken it by impregnation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A container for carrying oil, said container comprising,
PA1  a continuous encircling, open ended, side wall of paper,
PA1  a bottom end sealing disc secured to the bottom of said side wall,
PA1  a homogeneous single oil impervios resin layer derived from a sprayed
      polyvinylidene chloride aqueous emulsion applied to the inner face of said
      side wall and exposed joints between said side wall and said bottom end,
PA1  said impervious resin being partially impregnated into said side wall to a
      depth of at least 3 mils to anchor said resin layer which defines an oil
      receiving uninterrupted chamber within said side wall.
NUM  2.
PAR  2. A container as claimed in claim 1 wherein there is further provided an
      outer wrapper on the outer surface of said cylindrical sidewall, said
      outer wrapper having a vertical seam spaced apart from said outer surface
      vertical seam.
NUM  3.
PAR  3. A container as claimed in claim 1 wherein said polyvinylidene chloride
      emulsion is sprayed under pressure of between 100-120 lbs. onto said inner
      surface of said sidewall and said exposed joints whereby said
      polyvinylidene chloride emulsion impregnates said inner surface to a depth
      of approximately 3-5 mils and forms an inner lining of from 4-6 mils.
NUM  4.
PAR  4. A container as claimed in clam 3 wherein said bottom end sealing disc is
      crimped to the bottom periphery of said side wall forming an interior
      joint with the inner surface of said side wall and a top sealing disc is
      secured to the top of said side wall.
NUM  5.
PAR  5. A container as claimed in claim 1 wherein said side wall is cylindrical
      and convolute-wound from a plurality of turns of paper and having inner
      and outer longitudinally extending seams.
PATN
WKU  039441261
SRC  5
APN  5112710
APT  1
ART  241
APD  19741002
TTL  Container
ISD  19760316
NCL  3
ECL  1
EXP  Moorhead; Davis T.
NDR  1
NFG  5
INVT
NAM  Richards; Frank P.
CTY  Kansas City
STA  MO
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
CLAS
OCL  229  45
XCL  229 48T
EDF  2
ICL  B65D  304
ICL  B65D  314
FSC  229
FSS  4.5;5.5;5.6;48 T
UREF
PNO  2347236
ISD  19440400
NAM  Barbieri
OCL  229  4.5
UREF
PNO  2409655
ISD  19461000
NAM  Annen
OCL  229  5.6
UREF
PNO  2496043
ISD  19500100
NAM  Farrell
XCL  229 48T
UREF
PNO  2883045
ISD  19590400
NAM  Abramson
XCL  229  5.5
UREF
PNO  3018212
ISD  19620100
NAM  Chinn
XCL  229  4.5
UREF
PNO  3070225
ISD  19621200
NAM  Schwartz
XCL  229 48T
UREF
PNO  3157339
ISD  19641100
NAM  Negoro
OCL  229  5.5
UREF
PNO  3365111
ISD  19680100
NAM  McNair et al.
OCL  229 17G
UREF
PNO  3411542
ISD  19681100
NAM  Walsh et al.
XCL  229  4.5
UREF
PNO  3454208
ISD  19690700
NAM  Amberg
OCL  229  4.5
ABST
PAL  A container is formed from a generally rectangular blank of paperboard or
      the like which is rolled to form a cylindrical or conically shaped side
      wall. A circular disc is secured to one end of the side wall to form an
      end closure. Leakage at the junction between the side wall seam and the
      disc is eliminated by positioning a bead of sealant material at this
      junction. Blanks employed to construct the container are also disclosed.
BSUM
PAR  Increasing use is being made in the packaging industry of containers formed
      of relatively low-priced paperboard, cardboard and the like. Cylindrical
      containers formed of these materials are often constructed by spirally
      wrapping a strip of material on a mandrel. However, this method of
      construction requires the use of rather complex machinery and results in a
      container with a relatively long spiral seam. Another procedure for
      forming cylindrical containers involves forming the side wall from a
      rectangular blank which is rolled on a mandrel to form the cylindrical
      side wall. A circular disc is secured to one end to form the end closure.
      While this procedure is satisfactory for many applications, leaks may
      develop at the junction between the side wall seam and the end disc.
PAR  In accordance with one embodiment of this invention, an improved
      cylindrical container is constructed from a rectangular side wall blank
      and a circular end disc having a depending skirt. Leakage at the junction
      between the side wall seam and the bottom seam is eliminated by
      positioning a bead of sealant material at this junction. In one
      embodiment, the sealant is placed on the side wall blank before the
      cylindrical container is formed. In another embodiment, the sealant is
      placed on the end closure disc before the container is formed. Blanks of
      paperboard and the like to be used in forming the container of this
      invention are also provided.
DRWD
PAR  In the accompanying drawing,
PAR  FIG. 1 illustrates blanks employed to form the container of this invention
      and a mandrel employed in the container assembly.
PAR  FIG. 2 is a view, shown partially in section, of one end of a container of
      this invention.
PAR  FIG. 3 is a view taken along line 3--3 in FIG. 2.
PAR  FIG. 4 illustrates a container of this invention having a second end
      closure thereon.
PAR  FIG. 5 illustrates a blank employed to form an end closure of the container
     .
DETD
PAR  Referring now to the drawing in detail and to FIG. 1 in particular, there
      is shown a generally rectangular blank 10 which is formed of paperboard,
      cardboard or the like. The surfaces of this blank are advantageously
      coated with a thermoplastic material such as polyethylene or a wax which
      reduces the permeability of the blank and which assists in sealing the
      edges of the blank when the container is formed. The left-hand edge 11 of
      blank 10 is provided with a cutoff corner 12, and the right-hand edge 13
      is provided with a rounded corner 14. Sealant material 15, to be described
      in greater detail hereinafter, is positioned on the inner face of blank 10
      near corner 12.
PAR  The side wall of the container is formed by heating edges 11 and 13 of
      blank 10 and wrapping blank 10 around a cylindrical mandrel 16, which is
      provided with a recess 17 at the lower edge. A bottom closure 19 for the
      container comprises a generally cylindrical disc 20 of coated paperboard,
      cardboard or the like, which has a depending skirt 21 thereon. This end
      closure is positioned in engagement with mandrel 16, as illustrated. Edge
      13 is rolled onto the mandrel, followed by edge 11, so that edge 11
      overlaps edge 13, as illustrated in FIG. 3. Pressure is applied to seal
      these edges. The bottom edge of blank 10 and the end closure are heated
      and a crimping roller, not shown, then engages the lower edge of blank 10
      and forces it into engagement with skirt 21 to form a crimped seal 22,
      such as illustrated in FIG. 2. The heat supplied to edges 11 and 13 of
      blank 10 and to the region of crimp 22 serves to melt the coating on the
      blank and on end closure 19 to form fluid-tight seals.
PAR  In accordance with this invention, sealant 15 is positioned so as to fill
      the space between edge 13 and side 11 at the region this seam joins crimp
      22. The application of heat in the sealing process serves to melt sealant
      15 so as to form a seal at the junction of the seam and depending skirt of
      the end closure. The final solidified sealant 15' is illustrated in FIG.
      3.
PAR  The second end of the container can be closed after filling by any suitable
      end closure. In the embodiment illustrated in FIG. 4, an end closure 23
      provided with a pull ring 24 is crimped to the top of the container.
      However, other types of end closures such as solid discs and those
      containing pour spouts or tear tabs can also be employed.
PAR  A second embodiment of the sealing construction of this invention is
      illustrated in FIG. 5 wherein sealant 15a is deposited on end closure 19.
      This sealant is positioned on the end closure in the region of the seam
      which is formed by the overlapped edges of blank 10. Such a sealant can be
      positioned on the end closure before the end closure is positioned on the
      mandrel, but this requires that the end closure be aligned carefully on
      the mandrel. Another alternative involves depositing the sealant on the
      end closure after it is positioned on the mandrel and before the side wall
      blank is wrapped onto the mandrel.
PAR  The sealant 15 or 15a preferably is a heat-sensitive material which melts
      when the container is formed and thereby fills the joint at the seam.
      Various thermoplastic resins and waxes and hot melt adhesives can be
      employed. Examples of suitable materials include paraffin wax, gelled
      lacquer, microcrystalline wax, polyethylene and the like. The sealant
      should be carefully placed on the side wall blank or the bottom closure so
      as to fill the joint when the container is assembled. A minimum amount of
      sealant to provide the necessary seal should be employed. In some
      instances, the sealant can be applied immediately before the container is
      assembled. This minimizes any stacking problems that may be encountered if
      excessive sealant should be placed on the blanks. In general, the spot of
      sealant 15 or 15a extends less than about one-fifteenth of the
      circumference of the container.
PAR  This invention has been described in conjunction with the manufacture of
      cylindrical containers from rectangular side wall blanks. However, it
      should be apparent that containers having the shape of a frustum can also
      be made from blanks which, while being generally rectangular, are
      fan-shaped with curved upper and lower edges as illustrated in U.S. Pat.
      No. 3,157,339, for example.
PAR  While this invention has been described in conjunction with presently
      preferred embodiments, it should be evident that it is not limited thereto
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container having a cylindrical or a conically shaped side wall
      constructed from a generally rectangular blank which has one bottom corner
      cut off and the other bottom corner rounded, said blank being formed into
      a container side wall with one side edge of the blank overlapping the
      opposite side edge to form a side wall seam with the rounded corner on the
      inside, an end closure member comprising a generally cylindrical disc
      having a skirt depending therefrom which is crimped to the bottom of the
      blank to form a bottom seam, and means to prevent leakage at the joint
      which is formed at the junction of the side wall seam and the bottom seam
      comprising a bead of sealant positioned at said junction and adhering to
      the side wall and bottom closure, said bead of sealant being of such size
      as to fill the joint which formed at said junction.
NUM  2.
PAR  2. The container of claim 1 wherein said blank and said bottom closure are
      formed of paperboard or the like having a coating of a thermoplastic
      material on the surfaces thereof.
NUM  3.
PAR  3. A blank to be used in the manufacture of a container comprising a
      generally rectangular sheet of paperboard or the like coated with a
      thermoplastic material and having two side edges, a bottom edge and a top
      edge, the corner of said bottom edge and one side edge being cut off and
      the corner of said bottom edge and the second side edge being rounded, and
      a bead of sealant material disposed on one surface of said sheet adjacent
      the cut off corner but spaced from said one side edge and said bottom edge
      so that the sealant material is positioned at the side seam when the blank
      is formed into the side wall of a container by lapping said one side edge
      over said second side edge to form said side seam.
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ABST
PAL  There is disclosed a package or wrapping for powderized material such as
      ground coffee. The package consists of a substantially rigid outer casing
      and an inner container or liner made of plastic or other flexible
      material. The goods to be packaged are placed in the inner container, the
      shape of which is so that it substantially fits the casing when filled.
      The casing has on one side an opening which can be closed by a cover and
      the inner container when placed in the casing has on its side facing the
      casing opening a flat closure. The container is secured to the casing
      along its edges adjacent to the container opening. The fastening is of the
      type which can be ruptured, for instance, by means of a tear strip secured
      to the material of which the container closure is formed.
BSUM
PAR  The present invention is to provide a wrapping of the type which has an
      outer supporting casing and placed therein a container made of flexible
      material and which is particularly intended for pulverized, liquid,
      semi-solid and solid goods.
PAR  As a wrapping for the above-mentioned goods, according to known technology,
      among others, a combination of a rigid outer casing and an inner container
      made of foil material has been used. The inner container has been placed
      loosely in the outer casing. With this type of wrapping, certain
      difficulties are involved in emptying the contents from the inner
      container. These difficulties arise regardless of whether the inner
      container, when being emptied, remains in its outer casing or if it is
      removed from same.
PAR  When the inner container is being filled, a rather hard vacuum is often
      used. Evacuation subjects the plastic films to heavy stresses, which is
      liable to cause pinholes to occur, particularly if the enclosed goods have
      sharp edges, e.g. if they consist of particles of coffee. It is moreover
      difficult to make the weld seams sufficiently tight to completely
      withstand the forces to which they are subjected by the hard evacuation.
      It is obvious that air will leak into the wrapping and fill this
      completely, if a hole, regardless of how small it may be, should be made
      in the material that encloses the goods. This involves a risk that the
      enclosed goods will be spoiled. If they consist of e.g. coffee, the
      quality will deterioriate considerably after only a week or so.
PAR  Sometimes inner containers are used which are not filled under vacuum. A
      container filled in this way will usually be difficult to handle and to
      place in its outer casing. It is moreover difficult to achieve that the
      inner container fills up the outer casing completely. The purchaser will
      thereby be misled as regards the quantity in the wrapping.
PAR  The above-mentioned two types of wrappings with separate containers have
      the drawback that it is not possible to empty a certain quantity out of
      the wrapping and thereafter close it again, but the entire contents must
      be transferred to another container, which can be closed.
PAR  It is also possible to use wrappings which have a rigid outer casing, which
      is lined with a container made of flexible material. As a rule, such a
      container is closed by means of certain folding of flaps, and is difficult
      to open, and which, once it has been opened, is possible to close, but not
      tightly, which involves that if the goods in the wrapping have a certain
      aroma, this can be lost in the remaining quantity in the wrapping when
      this has been opened and a certain quantity has been removed.
PAR  The purpose of the present invention is to provide a wrapping of the type
      which has an outer supporting casing with an internally fixed container
      made of flexible material. It is thereby possible to use a cheap material
      for the outer, supporting casing, while the use of the material which
      produces the necessary barrier and is accordingly more expensive, can be
      limited to the inner container. Through the build-up of the wrapping, the
      quantity of the more expensive material used can be reduced considerably.
PAR  A wrapping made in accordance with the invention has the favourable
      properties of a can when being handled. It is just as easy to empty out of
      and re-close as a can of the type from which a cover is removed by its
      being torn open and which is closed with the aid of a plastic cover. These
      properties are achieved according to the present invention in that a
      smooth surface -- one having no joints and seams -- of the inner container
      serves as a cover of the composite wrapping and in that the smooth surface
      is located at the part of the outer wrapping which is to function as the
      opening for emptying out contents. The inner container is fastened at this
      opening of the outer casing, and then particularly in such a way that when
      the wrapping has been emptied, the outer casing and the inner container
      can easily be separated from each other.
PAR  If the inner container should be filled with goods of such a kind that an
      increase in pressure can arise in the sealed wrapping, the wrapping can be
      provided e.g. in its seams with one or several one-way valves, made of
      e.g. organic material. If a a release of gas takes place in the wrapping
      this gas can thereby leave the wrapping while, on the other hand, gas
      cannot flow into the wrapping. These valves thus co-operate towards a
      one-way equalization of pressure between the inner space in the inner
      container and its surroundings.
PAR  Said valves can coact with one or several closed spaces outside of the
      space for the goods, in order to collect particles, if any, of the goods
      enclosed in the inner container, which particles can undesirably endeavour
      to go through a valve. If particles then become jammed in the valve, the
      function of the valve can cease, and with the designs now available, it
      will usually remain in an open position. A valve suitable for use in this
      connection is described in the Swedish patent application No. 7405612-8.
PAR  In certain applications, e.g. when the wrapping is used for storage of
      coffee, the need for valves can be avoided by the goods being kept in
      intermediate storage for such a long time that the goods are degassed to a
      sufficient extent so that overpressure will be avoided in the filled and
      sealed wrapping during the storage of the filled wrapping. This can
      possible be combined with a light evacuation of the inner container before
      this is sealed.
PAR  The wall part of the inner container which serves to obtain as an opening
      can be provided with sections to facilitate its being torn off. These
      sections can also serve as an indication for a cutting implement for
      cutting away the cover panel made of flexible material which is located
      below. This material can then be partly fastened to the well part of the
      outer container which is to be removed. Once the wrapping has been opened,
      a closable cover can be placed over the opening, so that the wrapping can
      be emptied as required.
PAR  The wrapping can be strictly parallelepipedical, and one wall side can then
      constitute the opening of the wrapping, and the inner container is then
      fastened at the mouth of the opening in such a way that the smooth surface
      forms a cover panel at this mouth and can easily be cut away with a knife.
      When the wrapping is emptied in portions, it can be combined with a cover
      made of e.g. plastic, which tightly seals the wrapping, so that its
      contents will not be spoiled. In a wrapping of the last-mentioned kind, it
      is assumed that the parallelepipedical wrapping, viewed from its mouth,
      has entirely smooth walls internally. The wrapping can, of course, also be
      provided with a peripheral flange, directed inwards, at its mouth. The
      smooth surface of the inner container can then be fastened to the under
      side of the peripheral flange.
PAR  It is thus characteristic of the invention to form an easily opened cover
      panel of the wall of the container. In such a wrapping it is also a
      characteristic property according to the invention that the inner
      container has been filled before it is placed in the outer wrapping in
      such a way that the filled-in goods substantially fill up the entire
      volume of the inner container. This reduces material required for the
      inner container which, because of the special requirements, e.g. for
      barrier properties, is usually made of comparatively expensive material.
      It is also characteristic for the invention that the geometric shape of
      the inner container conforms comparatively well to the geometric shape of
      the outer casing.
PAR  In order to obtain a substantially inflexible wrapping, in a wrapping
      according to the invention, if it is appropriate with consideration to the
      goods enclosed, compression and/or evacuation can be employed to a varying
      degree. This gives the inner wrapping a stable form. This modification of
      the treatment of the inner wrapping with its contents is appropriate for
      the storage of e.g. coffee. If protective gas is used, the inner wrapping
      will, of course, be less inflexible. According to the invention a folding
      and/or a sealing procedure is used in connection with the sealing of the
      wrapping, which also when protective gas is used gives comparatively good
      conformity between the shape of the inner container and the shape of the
      outer casing.
PAR  The inner container according to the invention appropriately has a tubular
      shape when it is filled with goods, and it is thereafter sealed with the
      aid of an appropriate device so that the filled up inner container will
      obtain substantially the same geometric shape as the outer casing.
PAR  A very characteristic property of the present invention is that the inner
      container and the outer casing are fastened together in such a way that
      when the wrapping has been emptied the inner container made of flexible
      material can easily be separated from the outer casing made of rigid
      material. This substantially facilitates the recycling of the material,
      since the different kinds of material can easily be separated from each
      other. The actual fastening takes place along a closed line of the width
      desired, continuously or discontinuously. The inner container can be
      utilized for goods of various kinds, such as liquids for instance beer,
      milk or carbonated beverages, semi-solid goods such as butter, and
      pulverized goods such as coffee, tea, sugar and flour.
DRWD
PAR  The present invention will be described in more detail with reference to
      the attached drawings, in which
PAR  FIG. 1 shows an exploded perspective view of a parallelepipedical outer
      casing and a likewise parallelepipedical member consisting of an inner
      casing made of flexible material, for example plastic, aluminium or the
      like, and containing filled-in goods, which member is intended to be
      placed in the first-mentioned outer casing,
PAR  FIG. 2 shows said member placed in the outer casing and with a cover panel
      made of flexible material,
PAR  FIG. 3 shows a modification of the wrapping according to FIG. 2,
PAR  FIG. 4 shows how the inner casing for said member is fastened to the outer
      casing of the wrapping according to FIG. 3,
PAR  FIG. 5 shows the wrapping according to FIG. 3 provided with a cover for
      closing same,
PAR  FIG. 6 shows the removal of the cover panel according to FIG. 5,
PAR  FIG. 7 shows the wrapping according to FIG. 6 but with the cover panel
      removed,
PAR  FIG. 8 shows how the inner container can be removed from the outer casing
      of an emptied wrapping,
PAR  FIG. 9 shows an outer casing with an inner container with filled-in goods,
      the flange of the outer casing which is directed inwards in the process of
      being formed, and consisting of parts of the wall of the outer casing,
PAR  FIG. 10 shows the wrapping according to FIG. 9 with the peripheral flange
      completely formed,
PAR  FIG. 11 shows the blank for the outer casing according to FIG. 9 and 10,
PAR  FIG. 12 shows a wrapping with a depressed inner container and where the
      open surface of the inner container to a major extent is covered by rigid
      well material and where a cover is arranged which can be placed in two
      positions, viz. a position covering the opening and a position uncovering
      the opening,
PAR  FIG. 13 whows the wrapping according to FIG. 12 with the cover in the
      uncovering position and where a cover panel located under the opening is
      being cut,
PAR  FIG. 14 shows how the wrapping according to FIGS. 12 and 13 is being
      emptied,
PAR  FIG. 15 shows the wrapping according to FIGS. 12-14 with the cover put on,
      covering the opening,
PAR  FIGS. 16 and 17 show a parallelepipedical wrapping, in which the outer
      casing has a peripheral flange, directed inwards with which a depressed
      cover coacts, which has a strip-formed member that functions as a hinge
      and also as a cover,
PAR  FIGS. 18 and 19 show in two different situations a parallelepipedical
      wrapping according to FIG. 3 with a closing unit consisting of edge frame,
      flange and cover,
PAR  FIG. 20 shows the fastening of the edge frame,
PAR  FIGS. 21, 22, 23 and 24 show in different situations a wrapping according
      to FIG. 3 with a cover which is applied to the peripheral flange,
      achieving sealing,
PAR  FIGS. 25, 26, and 27 show the principle of a one-way valve comprised in the
      wrapping,
PAR  FIG. 28 shows a parallelepipedical inner container provided with closed
      spaces outside the space containing the goods, which closed spaces
      function as pockets for collecting particles from the space containing the
      goods, and
PAR  FIG. 29 shows a more complete view of the inner container shown in FIG. 28.
DETD
PAR  FIG. 1 shows a parallelepipedical inner container 1 made of flexible
      material, which is filled with appropriate goods, for example milk,
      butter, sugar, coffee, tea or the like. Appropriate material for the inner
      container is a multi-layer plastic foil. An example of such a foil is a
      five-ply foil with a center layer of polyvinylidene chloride and outer
      layers of polyethylene and intermediate layers of ethylene vinyl acetate.
      Appropriate values of the thickness of the container wall using a foil
      built up in this way vary between 50 .mu.m and 200 .mu.m. In one example
      of the embodiment a film with a thickness of 100 .mu.m has been used. The
      foil has the properties that it prevents for example oxygen or water vapor
      from the outer atmosphere from entering, at the same time as the flavor
      elements are retained inside of the wrapping. With the thickness of 100
      .mu.m the following barrier properties have been measured as regards the
      gas transmission:
PAR  Water vapour
PAR  2.3g/m.sup.2 /24 hr at 38.degree.C 95% RH or
PAR  0.15 g/100 sq.in./24 hr at 100.degree. F 95% RH
PAR  Oxygen
PAR  7.0 cc/m.sup.2 /24 hr/atm at 24.degree.C or
PAR  0.45 cc/100 sq.in./24 hr/atm at 75.degree.F
PAR  Carbon dioxide
PAR  19.5 cc/m.sup.2 /24 hr/atm at 24.degree. C or
PAR  1.26 cc/100 sq.in./24 hr/atm at 75.degree. F
PAR  Nitrogen
PAR  0.9 cc/m.sup.2 /24 hr/atm at 24.degree.C or
PAR  0.06 cc/100 sq.in./24 hr/atm at 75.degree.F
PAR  Other materials for the inner container are paper, plastic and metal, and
      combinations of these. When the inner container is being filled, from the
      beginning it should appropriately have the form of an open tube, which is
      thereafter closed so that the container will obtain the form shown in the
      figure. The closing should moreover take place in such a way that the
      closed inner container will tend to retain the form obtained, which fits
      well into the outer casing. If the container is filled with a pulverized
      material which, when appropriate, is compressed and/or evacuated, a rigid
      and inflexible member is obtained. It is a characteristic that the inner
      container is always well filled.
PAR  If a tubular material is used, this will have a longitudinal weld, and this
      is shown in FIG. 1 with the reference designation 2. If the tube is
      extruded, it will not have any longitudinal weld. The material should
      appropriately be closed at its ends with the aid of heat sealing and by
      flaps 3 and 4. The container can be filled using an inert gas or with a
      product which emits gas. At the joints or seams of the container it is
      possible to place one-way valves, so-called ribbon valves, made of organic
      material, which have the capability of letting out gas from the container
      but do not let in gas. The flaps of the container can also be formed in
      such a way that they create pockets for collecting particles that are
      carried by the gases through the valves when the gas pressure in the
      container is too high. The purpose of the pockets is to prevent particles
      from trying to escape through the one-way valves into the environment of
      the container. The container can also be made of paper sheets, metal or
      other appropriate material, or combinations thereof. The container also
      has a smooth rectangular surface 5, and the container has been given
      exactly the same geometric dimension as an outer supporting casing 6. The
      container 1 is placed in this supporting casing, and this forms a
      combination wrapping consisting of an outer, rigid casing and an inner
      container made of flexible material. The outer supporting casing 6 can be
      made of any appropriate material whatsoever, e.g. cardboard, paper, wood,
      metal, plastic and other materials, and combinations thereof. The casing
      should be of such a nature that it does not constitute a weak or unsteady
      wrapping. The thickness of the outer casing should be adapted to the
      nature of the filled-in product and external requirements for the
      stability of the wrapping. The parallelepipedical member 1 made of elastic
      material is fastened around its periphery at the wall part 5 to the inner
      wall of the casing 6, and then along a narrow strip around the mouth of
      the casing. The adhesion between the material in the container 1 and the
      casing 6 should be such that a stable cover panel is formed by the side
      wall 5 in the container 1. When the wrapping has been emptied, the
      adhesion should be such that the inner container can easily be separated
      from the supporting casing. FIG. 2 shows the container inserted in the
      supporting casing 6.
PAR  FIG. 3 shows a wrapping of the same kind as the one shown in FIG. 2, but
      with the difference that the outer casing, at its opening, has been
      provided with a peripheral edging strip 7. The container 1 is fastened to
      the bottom edge of this strip. The way in which the fastening is effected
      is clearly shown at 10 in FIG. 4.
PAR  FIG. 5 shows the wrapping according to FIG. 3 provided with a cover 8,
      which can tightly close the opening of the outer casing 6' so that a tight
      sealing is obtained. The cover should appropriately be made of plastic or
      cardboard.
PAR  The wrapping described in the foregoing according to FIGS. 2, 3 and 5
      function in the following way. The container 1 is placed in the casing 6
      or 6', as previously described, and the side 5 of the container then
      functions as a cover panel for the combination wrapping. The container 1
      is fastened continuously or discontinuously to the outer casing 6 as well
      as 6' along a peripheral strip in said outer casing. When the wrapping
      according to FIGS. 2, 3 or 5 is to be opened, a cut is made along the
      periphery of the cover panel with a knife 9, so that the cover panel made
      of flexible material is cut away. This is clearly shown in FIG. 6. When
      the cover panel 5 has been removed, the desired quantity of goods 11 can
      be removed from the wrapping, which can thereafter be closed with the aid
      of the cover 8 -- see e.g. FIG. 7. When the wrapping has been emptied
      entirely, the inner container can easily be torn loose from the outer
      casing 6 or 6', since it has only been fastened along a peripheral strip.
      This is shown in FIG. 8. At the separation the materials can be sorted up
      for recycling.
PAR  FIG. 9 shows a parallelepipedical wrapping 6", of which the wall parts 12
      and 13 of the wall of the outer casing 6" are being folded in to form a
      peripheral flange 7. At the ends of the wall parts, notches 14 in the
      outer casing 6" prevent overlapping wall material. The peripheral flange 7
      which is formed will thus consist of two wall parts 12 and 13, one located
      over the other, as shown in FIGS. 9 and 10. The open smooth surface 5 of
      the container 1 is fastened to the wall part 12 in the way shown in FIG.
      4. The outer casing 6" is provided with four cover flaps 15, 16, 17 and
      18, for closing of the wrapping. FIG. 11 shows the blank for the outer
      casing 6" with its flaps 15, 16, 17 and 18, 15a, 16a, 17a and 18a, and the
      notches 14.
PAR  FIGS. 12-15 show a parallelepipedical wrapping 6'". The smooth surface 5 of
      the inner container 1 is depressed somewhat below the opening edge of the
      outer casing 6'". The major portion of the smooth surface 5 of the inner
      container 1 is covered with an upper part 19 made of rigid material, which
      can be fastened to the envelope surface of the outer casing 6'". The upper
      part 19 has such a shape that it exposes a triangular surface 20. At this
      surface 20 the smooth surface 5 of the inner container 1 is laid open. The
      wrapping has a cover 21 made of e.g. plastic, which can be set down into
      the opening formed by the mouth edge and the upper part 19 of the outer
      casing 6'". The cover has a cut-off corner 60, which conforms to the
      opening 20. This is clearly shown in FIG. 12, in which both the cut-off
      corner 60 and the edge of the upper part 19 coincide at the opening 20 and
      form a support for the removal of the wall part 5 of the inner container 1
      which has been laid open, by means of a knife 9. When the wall part 5 has
      been removed, the desired quantity can be emptied out of the wrapping with
      the cover 21 put on or removed (see FIGS. 12 or 14). The wrapping can
      thereafter be closed, as shown by FIG. 15, by turning the cover through a
      1/4, 1/2 or 3/4 turn in relation to the position shown in FIG. 12.
PAR  FIG. 16 shows an outer casing of the same kind as the one shown in FIG. 3.
      The outer casing has the reference designation 6.sup.IV. In the space
      formed above the surface 5 of the inner container and the peripheral edge
      strip a sealing cover 22 is arranged, which has a peripheral wall directed
      upwards and a bottom. In the middle of the cover a raised portion 24 is
      arranged which, when the cover is on, coincides with the edge of the
      opening of the outer casing 6.sup.IV. On the cover a ribbon 23 is
      fastened, which has one end firmly attached to one side wall of the outer
      casing 6.sup.IV and one end for coaction with the opposite wall of the
      outer casing. This last-mentioned end can be put into and out of contact
      with the wall and thereby functions as a locking device. The
      first-mentioned end of the ribbon 23 functions as a hinge. The functioning
      of the two ends of the band is clearly shown in FIG. 17.
PAR  FIGS. 18 and 19 show a wrapping according to FIG. 2. The outer casing has
      the reference designation 6. Coacting with the outer casing there is a
      cover 25, fastened to a peripheral edge frame 26, which has a peripheral
      groove 27. The edge at the opening of the outer casing 6 can to be
      inserted into groove 16. The groove 27 can appropriately contain an
      adhesive, so that an edge frame mounted on it will remain in place on the
      outer casing 6. The edge frame 26 is provided with a peripheral flange 7',
      and the edge frame 26 with flange 7' and the cover 25 are appropriately
      made in one cohesive unit, and consist of e.g. plastic. The cover 25 has
      one side fastened to the edge frame 26 in such a way that a hinge function
      arises. A put on cover with edge frame is clearly shown in FIG. 19, and
      FIG. 20 shows in more detail how the edge of the opening of the outer
      casing is inserted in the groove 27.
PAR  FIGS. 21, 22, 23 and 24 show a wrapping according to FIG. 3 on which,
      however, the wrapping has flaps 29, 30, 31 and 32 at its edge for closing
      the outer casing, which has been given the reference designation 6.sup.V.
      A plastic cover 28 or a cover made of some other material is placed on the
      surface 5 of the inner container. Parts of the cover, located inside its
      outer edge, can be bent in as shown in the figure.
PAR  Wrappings of the last-mentioned kind are utilized in the following way.
      First a filled inner container is placed in the outer casing 6.sup.V and
      it is also fastened to the outer casing 6.sup.V, and then appropriately
      under the peripheral flange 7 (see FIGS. 7 and 8). When this has been
      done, the cover 28 is placed on the surface 5 of the container 1.
      Thereafter the wrapping is closed with the aid of the flaps 29, 30, 31 and
      32. The wrapping is now ready for sale. To open the wrapping, a person
      opening the wrapping first tears off the top layer formed by the flaps 29
      and 32. He thereafter lifts off the cover 28 and cuts out the cover panel
      which is formed by the smooth surface 5 of the inner container. The
      desired quantity of goods can then be removed from the wrapping and when
      this has been done, the cover can be replaced, forming a seal, and its
      outer edge will then be in contact with the flange 7. The principle of a
      one-way valve other than the valve according to the previously mentioned
      in Swedish patent application No. 7405612-8 is shown in FIGS. 25-27, which
      show two layers of foil 33 and 34 in contact with each other, the outer
      edges of which are intended to be welded or made to adhere to each other.
      The two layers of foil 33 and 34 can be comprised in an inner container.
      Between the two layers 33 and 34 a central member 35 is placed, which has
      a rectangular cross-section. This member can, of course, have any
      cross-sectional surface whatsoever, and can thus be e.g. circular. The
      choice of material in the layer of foil and the central member as well as
      the adhesion should be such that between the central member and the layer
      of foil a narrow space can arise, which can have the nature of a
      peripheral ring or several spaces. This peripheral ring space or spaces
      can arise if the layers 33 and 34 are comprised in a closed container in
      which there is a higher pressure than in its surroundings. The space or
      spaces are to be closed as soon as the higher pressure has been equalized.
      The central member 35 and the parts of the layers 33 and 34 which coact
      with it function as a one-way valve. FIG. 26 shows more clearly a closed
      one-way valve according to FIG. 25, and in FIG. 27 the same one-way valve
      is shown open, two narrow spaces 36 and 37 then being formed.
PAR  It is appropriate to have the material comprised in said one-way valve
      consist of plastic and the surface of the central member and the opposite
      surfaces of the layers of foil are then to be of different material. The
      adhesion between the layer of foil and the central member can then be
      achieved by means of an adhesive agent or by welding. Appropriate material
      for the central member is e.g. polyvinylidene chloride. The two layers 33
      and 34 can consist of e.g. a plastic foil which has a central layer of
      polyvinylidene chloride and an outer layer of polyethylene and an
      intermediate layer of ethylene vinyl acetate. However, it should be
      obvious that the material in the central member and the layers can be
      chosen within wide limits, provided that one-way valves are obtained. The
      adhesion between the layers of foil should be stronger than between the
      layer of foil and the central member. The central member can also consist
      of a laminate in which one of the outer layers can be made of the same
      kind of material as the layers of foil.
PAR  FIG. 28 shows a part of a parallelepipedical inner container 1' which is
      formed of a layer of film 38, which has first been formed into a tube with
      the aid of a longitudinal weld. The container has been formed so that it
      has become parallelepipedical, and this has been done inter alia with the
      aid of a seal 39 and an edge seal 50. There are corresponding seals along
      three more edges. In this way, in a known manner, four flaps 51, 52, 53
      and 54 are formed in the wrapping. These flaps are folded double, and
      contain layers of foil material, one on the other. Through a seal 55
      parallel to the seal 50 on the flap 51, enclosed spaces 56 and 57 and also
      spaces 58 and 59 will be obtained which are in contact with the outer side
      of the container. A central member in the form of a strip 40 is laid
      through the seal 50 and the seal 55, whereby passage places 41 and 42 are
      obtained. The central strip 40 is of the same kind as the central strip
      35. Further central strips can be laid through the welds 50 and 55. At the
      passage places 41 and 42 two one-way valves have been provided. There need
      of course not be a common central strip at the passage places 41 and 42,
      but there can be two separate strips at these two places. Moreover,
      further seals can be made above the seal 55, so that further spaces of the
      same kind as spaces 56 and 57 will be obtained. At these further spaces,
      one-way valves of the same kind as those at the seals 50 and 55 can be
      arranged.
PAR  FIG. 29 shows an inner container 1' according to FIG. 28, viewed from
      above, in which the two flaps 51 and 52 at one end of the container will
      be noted. At the opposite end there are two similar flaps. From FIG. 29 it
      will also be noted that the flap 52 has a seal 43 and a seal 44, and that
      the central strip is common for both of the flaps, and has been given the
      reference designation 40'. FIG. 28 and FIG. 29 are variants of each other
      in a certain respect, with consideration to the points of the flaps 51 and
      52. In FIG. 28 the points have been cut off, and outlet openings 45 and 46
      have then been created at the point of the flap and corresponding openings
      at the other three points. In FIG. 29, the points of the flaps are intact,
      and each central strip emerges adjacent to the points and either one-way
      valves or outlet openings are formed there, depending upon whether or not
      the exit is in a seal. The one-way valves at the different passage places
      can be positioned so that the gas which flows out has different directions
      in relation to each other. This is indicated in FIG. 28 at the passage
      places 41 and 42.
PAR  A container according to FIGS. 28 and 29 functions in the following way. It
      may be assumed, for instance, that the container is filled with coffee,
      and that there is a pressure inside the container in relation to the
      conditions prevailing outside of it. Owing to the pressure differential,
      the one-way valves are opened at the passage places 41 and 42, with the
      result that gas flows out through the opening 45. At the one-way valve at
      the passage place 41, which is nearest to the space for the goods, there
      is the risk that small particles will enter into the space formed and
      remain there, and prevent the valve from closing. Furthermore, the
      particles can pass through the valve, but owing to the direction of the
      valve they will be collected in the space 56, while the gas passes through
      the one-way valve at the passage place 42. No particles will go to the
      one-way valve at the passage place 42, as these have been collected in the
      space 56.
PAR  If a higher safety factor is desired, further closed spaces can be arranged
      above the weld 55.
PAR  In the foregoing description it has been assumed that the inner container,
      when placed in the outer casing, has been turned so that a smooth surface
      5 of the inner container is always facing the part of the outer casing
      that constitutes the opening part of the container. A smooth cover panel
      is thereby obtained. However, it can sometimes be preferable to have other
      side surfaces of the inner container face the opening part of the
      container. This combination of inner and outer container is also included
      in the concept of the invention. In case a surface with a seal or closing
      flaps is facing the opening part, it will of course be more difficult to
      cut the cover panel.
PAR  It is also within the concept of the invention that the tube of which the
      inner container is formed is made of two or more foils which are sealed to
      each other so that the walls of the tube will have a number of
      longitudinal seals. Also in this embodiment, a smooth surface of the inner
      container can constitute its opening part.
PAR  It is moreover possible to make the inner container of a number of sheets
      of foil that can be pre-cut and which are sealed together in such a way
      that the inner container will obtain the above-mentioned properties.
CLMS
STM  We claim:
NUM  1.
PAR  1. A storage and shipping carton comprising:
PA1  a container made of a form-retaining material and having an opening in one
      side;
PA1  a rim extending from the inner surface wall of the container adjacent to
      the side opening of the container;
PA1  a cover constituting part of the container and being movable into and out
      of a position covering said opening, said cover when in its covering
      position being in sealing engagement with said rim;
PA1  an inner liner for placing goods therein, said inner liner being made of
      pliable material and having a shape substantially matching the inner shape
      of the container, the inner liner including a surface portion
      substantially parallel to the side of the container including the opening
      and in registry with said opening; and
PA1  fastening means fastening the liner at said surface portion to an inner
      surface of the container along a line adjacent to said opening in the
      container.
NUM  2.
PAR  2. The carton according to claim 1 wherein said cover includes score lines
      for opening and tearing off the scored portion of the cover, said surface
      portion of the inner liner being fastened to the scored cover portion of
      the container to effect opening of the liner upon tearing off the second
      portion of the cover.
NUM  3.
PAR  3. The carton according to claim 1 wherein said container has a tubular
      shape, said container opening being at one end thereof.
NUM  4.
PAR  4. The carton according to claim 1 wherein said inner liner is fastened to
      inner wall surface portions along a peripheral line.
NUM  5.
PAR  5. The carton according to claim 1 wherein said rim is a peripheral rim,
      and said inner liner is fastened to the lower side of the rim relative to
      said opening in the container.
NUM  6.
PAR  6. The carton according to claim 1 wherein said container is a
      substantially rectangular container having in its inner wall surface a
      peripheral groove adjacent to the container side including said opening,
      and wherein a rectangular frame is secured to said surface portion of the
      liner framing the same, said frame being engaged with said groove.
NUM  7.
PAR  7. The carton according to claim 1 wherein said surface portion is provided
      on its upper side with a protrusion engaging said cover of the container
      when the cover is in the position closing the container opening.
NUM  8.
PAR  8. The carton according to claim 1 wherein said inner liner consists of a
      folded one-piece blank.
NUM  9.
PAR  9. The carton according to claim 1 wherein said inner liner contains inert
      gas.
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ABST
PAL  A shipping and dispensing container having a panel at the lower end of the
      container front wall adapted to be tilted outwardly to provide a
      dispensing trough or spout.
BSUM
PAR  This invention relates to a shipping and dispensing container and, more
      particularly, to a container of the type having a wall portion separable
      from the adjacent wall portions of the container so that it can be tilted
      outwardly and form a dispensing trough or spout on the container.
PAR  The object of this invention is to provide a container of the above type
      which is constructed so that it can be formed from a generally
      rectangularly shaped blank and so that the strength thereof is maximized
      while the amount of material required to form the container is minimized.
DRWD
PAR  Other features and objects of the present invention will become apparent
      from the following description and accompanying drawing, in which:
PAR  FIG. 1 is a plan view of the blank from which the container of the present
      invention is formed;
PAR  FIG. 2 shows the blank of FIG. 1 in a partially assembled condition;
PAR  FIG. 3 is a perspective view of the container fully assembled and with the
      spout or trough thereon in the opened position; and
PAR  FIG. 4 is a sectional view along the line 4--4 in FIG. 3.
DETD
PAR  In FIG. 1 there is illustrated a blank, generally designated 10, from which
      the container of the present invention is formed. The blank has a front
      wall panel 12, a rear wall panel 14, a bottom wall panel 16, and a top
      wall panel 18. These panels are interconnected by fold lines 20. If
      desired, the free edge of top wall panel 18 can be provided with a short
      extension to form a glue panel 22. The blank is also provided with a
      plurality of end wall panels connected to the other walls by fold lines
      24. The end wall panels connected to top wall 18 are designated 26; the
      end wall panels connected to front wall 12 are designated 28; the end wall
      panels connected to bottom wall 16 are designated 30; and the end wall
      panels connected to rear wall 14 are designated 32. The successive end
      wall panels illustrated in FIG. 1 are separated from each other by narrow
      notches or slits 34. It will be noted from FIG. 1 that, except for glue
      panel 22 (which is optional), the blank is perfectly rectangular in shape;
      consequently, a plurality of such blanks can be formed from paperboard
      sheet material with a minimum of waste.
PAR  In forming the container from blank 10 the walls 12, 14, 16, 18 are first
      folded into tubular shape as illustrated in FIG. 2 and the glue panel 22
      is secured to the upper edge of rear panel 14. It will be noted from FIG.
      2 that front wall 12 has a score line 36 extending horizontally
      thereacross below the horizontal center line of front wall 12. Each of the
      end wall panels 28 which are connected to the front wall 12 by the fold
      line 24 are severed along a line which first extends downwardly and in a
      rearwardly direction from the adjacent end of score line 36, as at 38, and
      then upwardly and rearwardly, as at 40, to the free edge of panels 28. As
      is illustrated, all of the end wall panels are of the same width; that is,
      the transverse distance between the fold lines 24 and the free edges of
      these panels is the same on all the end panels. It will be further noted
      that the dimension a is less than the width of the end wall panels.
PAR  In completing the assembly of the container, the portions 42 of end panels
      28 below severed lines 38, 40 are first folded inwardly to a plane
      perpendicular to the plane of front wall 12. Then end panels 30 are folded
      upwardly so as to overlie the inwardly folded panel portions 42.
      Thereafter, end panels 26 are folded downwardly. Finally, panels 32 are
      folded forwardly and the portions 44 of end panels 28 above the severed
      lines 38, 40 are folded rearwardly. The container thus formed has the
      appearance illustrated in FIG. 3.
PAR  It will be noted that the width of the end wall panels is equal to one-half
      the dimension of the container between the front and rear walls. In the
      container illustrated the height is equal to twice the width of the end
      panels. However, this is not essential; the height of the container can be
      greater than twice the width of the end panels. It is preferred, however,
      that when the container is fully assembled the free vertical edges of end
      panels 32 coincide with the free vertical edges of panel portions 44 so
      that the panels form a completely closed container which can be readily
      taped along the meeting edges of these panels. In this connection it will
      be noted that as long as the dimension a is not greater than the width of
      the end panels, the lower ends of the panel portions 44 will overlie the
      end panels 30.
PAR  After the container is fully assembled as illustrated and taped or glued as
      desired, it can be shipped to its destination in a loaded condition. After
      it reaches its destination the user can sever the front wall along score
      line 36 and then tilt the front wall portion 46 below score line 36
      outwardly. The end wall portion 42 will pivot about the lower front edge
      of the container until a point is reached where the severed edges 40
      engage the inner face of the front wall above score line 36. When the
      front wall portion 46 is tilted outwardly in this manner a trough or spout
      is formed which permits the contents of the container to be readily
      dispensed.
PAR  Thus it will be seen that I have provided a shipping and dispensing
      container of economical and sturdy construction. By reason of the design
      and arrangement of the end wall panels the container is capable of
      sustaining substantial vertical loading. In addition, the dispensing spout
      or trough can have a vertical dimension as great as the width of the end
      wall panels without appreciably diminishing this strength of the
      container. The vertical dimension of the dispensing spout or trough is
      controlled to a large extent by the contents of the container and the
      desired method of dispensing; that is, manual withdrawal of the contents
      or tilting the container itself.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shipping and dispensing container formed of a one piece blank of
      generally rectangular shape and having front, rear, top and bottom walls
      and a pair of opposite end walls, said front, rear, top and bottom walls
      each consisting of a panel of single thickness hingedly connected together
      by fold lines at their adjacent edges, each end wall comprising four
      panels hingedly connected by a fold line, one with each of said top,
      bottom, front and rear walls, said front wall having a score line
      extending generally horizontally thereacross intermediate the upper and
      lower ends thereof, the end wall panels connected to the front wall each
      being severed along a line extending downwardly and rearwardly from the
      adjacent end of the score line on the front wall and then upwardly and
      rearwardly to the free edge of the last-mentioned panel, the portion of
      each of the last-mentioned panels below said severed line being folded
      inwardly perpendicular to the plane of the front wall and defining an
      inner surface portion of the container, the end wall panels connected to
      the bottom wall being folded upwardly to overlie said inwardly folded
      panel portions, the end wall panels connected to the top wall being folded
      downwardly to a plane perpendicular to the top wall and defining an inner
      surface portion of the container, the portion of each end wall panel
      connected to the front wall above said severed line being folded inwardly
      perpendicular to the plane of the front wall with the lower end portions
      thereof overlying said upwardly folded end panels and the upper portions
      thereof overlying said downwardly folded end panels, the end wall panels
      connected to the rear wall being folded forwardly to overlie the upwardly
      and downwardly folded end wall panels so that the container assumes the
      shape of a cube, means securing said walls together to retain said cubical
      shape, said front wall being adapted to be severed along said score line
      so that the portions thereof below said severed lines are substantially
      free so that they can be tilted outwardly to a position wherein the
      upwardly and rearwardly extending severed edges of said lower portions of
      said end panels engage the inner face of the front wall above said score
      line and thereby form a dispensing trough at the lower portion of said
      front wall.
NUM  2.
PAR  2. A container as called for in claim 1 wherein the width of the end wall
      panels connected to the bottom wall is equal to at least the vertical
      dimension between said bottom wall and said score line.
NUM  3.
PAR  3. A container as called for in claim 1 wherein the radial distance between
      the lower front corner of each end panel connected to the front wall and
      all points along said downwardly and rearwardly extending line of severing
      is not greater than the vertical dimension between said score line and the
      lower edge of the front wall.
NUM  4.
PAR  4. A container as called for in claim 1 wherein all of said end wall panels
      are of the same width.
NUM  5.
PAR  5. A container as called for in claim 4 wherein the height of the container
      is at least twice the width of the end wall panels.
NUM  6.
PAR  6. A container as called for in claim 5 wherein the front to back dimension
      of the container is equal to twice the width of the end wall panels.
NUM  7.
PAR  7. A container as called for in claim 6 wherein said score line on the
      front wall is disposed below the horizontally extending centerline
      thereof.
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ABST
PAL  A foldable corrugated shipping tray has a one-piece blank which is scored,
      stripped, and cut for assembly into a rectangular tray with vertical sides
      and ends, the ends having portions which raise the tray bottom to create
      an air space below.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved shipping tray for use either
      independently or stacked with others in another container.
PAR  2. Description of the Prior Art
PAR  It is generally known to fold cardboard blanks into boxes of various sizes
      and shapes and to use pieces of such material in multiple layers to
      cushion, separate, and protect items for storage or shipment, as in U.S.
      Pat. Nos. 2,942,768 and 3,550,834 to one of the co-applicants. Prior art
      devices which provide air spaces for circulation and/or cushioning
      generally have employed multiple pieces separately placed or assembled to
      form separators among the trays or boxes.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of this invention, a flat sheet of
      corrugated material may be scored to form five panels. A rectangular panel
      centered on the sheet has two parallel side edges which join two side
      panels to the central panel along side folds and perpendicular to the side
      edges, two end panels are connected to the central panel at end edges
      along end folds. Each end panel, in turn, is scored twice down its length,
      parallel to the end folds, and the outer edge folded under the sheet and
      beneath the end edge of the rectangular panel. Flaps at either end of the
      length of the end panel are then folded upward. The side panels are also
      folded upward, perpendicular to the rectangular panel. The end panels are
      then folded upward, engaging between the inner and outer portions of the
      end flaps on the end panel. When the end panels are in their vertical
      position, the rectangular panel is raised above any underlying supporting
      surface by extensions of the outer portions of the folded end panels
      beyond the edges of the rectangular panel.
PAR  Air spaces are thereby formed beneath the rectangular panel which forms the
      bottom of the tray, and air spaces are also formed between the folded
      portions of the end panels and along the side panels of the tray away from
      their overlaps with the end flaps of the end panel. One or more surfaces
      of the rectangular panel and other panels may be treated to be moisture
      and infestation resistant, and any of the panels may be perforated to
      increase the circulation of air about the surfaces. The corrugations in
      the material used for the shipping tray should run perpendicularly to the
      end edges of the central rectangular panel so that the vertical end panel
      sections may have maximum strength in the vertical direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows in perspective a folded and assembled tray.
PAR  FIG. 2 shows the flat blank from which a tray is folded, with cuts, scores
      and fold lines.
PAR  FIG. 3 shows a portion of an end panel and a side panel after the outer
      edge of the end panel has been folded under the rectangular panel, and the
      side panel and end panel end flap folded vertical.
PAR  FIG. 4 shows the engagement of the side panel between the folds of an end
      panel end flap during final assembly of the tray.
PAR  FIG. 5 shows a cross-section of the completed tray along lines V--V through
      an end panel.
PAR  FIG. 6 shows a cross-section of the assembled tray along lines VI--VI
      through the side panel and end flaps.
PAR  FIG. 7 shows the bottom of the completed tray with optional perforations
      and surface treatment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, a flat sheet of material 10, preferably
      corrugated having a thickness t, has a rectangular panel 11 in the center
      thereof marked by parallel side edges 12 and 13 and parallel end edges 14
      and 15. The side edges 12 and 13 separate side panels 16 from the
      rectangular panel 11. The width of the side panels 16, between edges 12
      and 17 or edges 13 and 18 may conveniently be referred to as depth D of
      the resulting tray.
PAR  End panels 19 are separated from the rectangular panel 11 by end edges 14
      and 15. Each end panel 19 has a depth D between the end edge 14 or 15 of
      the rectangular panel 11 and the tray support edges 20 equal to the sum of
      twice the depth D of the side panels 16, four thicknesses t of the
      material 10, and the thickness X of the air space desired below the
      rectangular panel 11, as shown in FIG. 5.
PAR  The end panels 19 have a length parallel to the end edges 14 or 15 of the
      rectangular panel 11 which conveniently may be equal to the side-to-side
      dimension of the panel 11 plus twice the depth D of each of the side
      panels 16, as shown in FIG. 2. Each of the end panels 19 has two
      longitudinal fold lines 21,22 parallel to the end edges of the rectangular
      panel 11. A first panel fold line 21 is located at a distance D plus t
      from the end edge 15 or 14; a second panel fold line 22 is a distance 3t
      from the line 21. Each end panel 19 has end flaps 23 at either
      longitudinal end thereof and which is joined to the main portion of the
      end panel 19 by fold lines 24 and 25 which may be respectively
      substantially colinear with side edges 12 and 13 of the rectangular panel
      11. The end flaps 23 are separated from the side panels 16 by means of
      gaps or slots 26 formed generally along the end edge lines 14 and 15. The
      outer ends 27,28 of each of the slots 26 may be rounded into the end flaps
      23 and the side panels 16 to facilitate assembly as discussed below. Each
      slot 26 should be at least one t wide, also to facilitate assembly.
PAR  The device 10 may be shipped and stored flat until needed. When it is
      desired to assemble the tray, such assembly may be accomplished as
      follows. First, the outer end panel portions 19b are each folded along the
      two panel fold lines 21 and 22 to bring the support edges 20 underneath
      the rectangular panel 11 and parallel to the end edges 14,15. Each of the
      folds 21 and 22 should be crisply made in order to provide a space as
      shown between the inner and outer portions of 19a and 19b of the end panel
      19. Second, the side panels 16 are folded upward along the side edges 12
      and 13 to a position perpendicular to the face of the rectangular panel
      11. Third, each of the end flaps 23, now of double thickness, on one of
      the end panels 19 is folded upwards along the flap fold lines 24 and 25,
      to a position perpendicular to the surface of the end panel 19, as shown
      in FIG. 3. Fourth, the end panel 19 with the end flaps 23 in their
      perpendicular positions is itself raised perpendicular to the rectangular
      panel 11, forcing the folded end flaps 23 over the side panels 16, as
      shown in FIG. 4. Finally, the last two steps are repeated for the other
      end flaps 23 and end panel 19. The rounded corners 27 and 28 facilitate
      rapid folding of the tray when the panels 16 or the end flaps 23 are not
      in precisely perpendicular positions. In the folded position, the support
      edges 20 will extend below the lower surface of the rectangular panel 11
      and keep the bottom of that panel a distance x away from the underlying
      supporting surface. Downward forces on the rectangular panel 11 will tend
      to force the tray into greater rigidity.
PAR  The bottom surface 28 of the rectangular panel 11 may be treated with any
      of a number of chemicals to resist moisture and/or to repel infestations
      by insects, vermin, bacteria, or mold, etc. The lower surface may also be
      perforated as in FIG. 7 to increase the air flow through and about the
      lower surface of the material.
PAR  It is generally desirable to have the corrugations of the material of the
      sheet 10 extend from end to end of the rectangular panel 11 as in FIG. 6,
      so that the corrugations are vertical, or perpendicular to the support
      edges 20, on the end panel 19 and in flaps 23.
PAR  Although various modifications might be suggested by those versed in the
      art, it should be understood that we wish to embody within the scope of
      the patent warranted hereon all such modifications as reasonably and
      properly come within the scope of our contributions to the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A shipping tray comprising:
PA1  a rectangular panel having two end and two side edges and having a
      thickness;
PA1  two side panels each connected to a side edge of said rectangular panel by
      a side fold, each of said side panels further having a side panel depth
      perpendicular to said side fold and a length substantially equal to the
      length of said side edge of said rectangular panel;
PA1  two end panels each connected to an end edge of said rectangular panel by
      an end fold,
PA2  each end panel extending the full length of the end edge of said
      rectangular panel and a distance beyond each side edge and being separated
      from each of said side panels by a slot,
PA2  each end panel having a depth perpendicular to said end fold equal to the
      sum of twice the side panel depth, approximately four times said
      rectangular panel thickness, and a distance substantially equal to the
      thickness of a desired air space,
PA2  each end panel having two end panel fold lines each parallel to the end
      edges of the rectangular panel and extending the length of said end panel,
      the first end panel fold line being a distance from the rectangular panel
      end edge equal to the depth of a side panel plus approximately one panel
      thickness and the second end panel fold line being a distance from the
      first end panel fold line equal to approximately three thicknesses of the
      material of said rectangular panel, and
PA2  each end panel further having two flap fold lines each substantially
      colinear with the corresponding side edge and extending the depth of said
      end panel and forming end flaps at either end of each end panel;
PA1  whereby the panels may be folded in relation to one another to form a tray
      having a rectangular bottom and vertical sides and which is supported a
      distance above an underlying flat surface by said end panels to create an
      air space therebelow, and said end flaps capture full-length portions of
      the side panels between the folds thereof to maintain the tray in its
      folded condition.
NUM  2.
PAR  2. A shipping tray as defined in claim 1 and further characterized by said
      slot between said end flaps and said side panels being flared outwardly at
      the end of said slot opposite said panel side edge.
NUM  3.
PAR  3. A shipping tray as defined in claim 1 and further characterized by said
      rectangular panel being treated on its undersurface to increase its
      resistance to decay and infestation.
NUM  4.
PAR  4. A shipping tray as defined in claim 1 and further characterized by said
      rectangular panel being perforated on its undersurface to increase air
      circulation about the rectangular panel.
NUM  5.
PAR  5. A shipping tray as defined in claim 1 and further characterized by the
      material of said tray being corrugated and the corrugations of said
      material running perpendicularly to the end edges of the rectangular
      panel.
NUM  6.
PAR  6. In a shipping tray formed from a single piece of corrugated material,
      the improvement of:
PA1  folding means by which the material is formed into a tray with air space
      surroundings below and about four sides thereof; and
PA1  means to capture full-length portions of side panels thereof between
      doubly-folded end flaps formed by said folding means.
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PAL  A container formed of paperboard or the like is provided with a lower
      rectangular section and an upper tapered section which forms a truncated
      pyramid. The bottom can also be tapered. A blank is disclosed which can be
      employed to form the side walls of the container.
BSUM
PAR  It is common practice to package liquids and granular solids in containers
      formed of paperboard, cardboard and the like. Such containers are
      generally of rectangular or cylindrical construction. Containers of
      rectangular configuration are commonly employed to package milk,
      particularly in one-half gallon and smaller-sized containers. While these
      containers are quite successful, it is sometimes desirable to employ a
      container of a different configuration, particularly when the container is
      to be used to package a material other than milk.
PAR  In accordance with this invention, a container is provided which is of
      generally rectangular cross section at any given vertical location, but
      which is tapered to provide a top of smaller cross section than the lower
      region. The lower region of the container can thus be of uniform
      rectangular cross section, whereas the upper region is in the form of a
      truncated pyramid. Containers of this configuration are formed in
      accordance with this invention from generally rectangular blanks which are
      provided with a series of score lines which form the corners of the
      container. The upper section of the blank is provided with additional
      score lines which form pleats which permit the tapered construction and
      serve to strengthen the top of the container. In another embodiment of
      this invention, the bottom is also of tapered configuration.
DRWD
PAR  In the accompanying drawing,
PAR  FIG. 1 illustrates a blank formed in accordance with this invention.
PAR  FIG. 2 illustrates a partially assembled container formed from the blank of
      FIG. 1.
PAR  FIG. 3 illustrates an assembled container having top and bottom end
      closures thereon.
DETD
PAR  Referring now to the drawing in detail and to FIG. 1 in particular, there
      is shown a generally rectangular blank 10 which is formed of paperboard,
      cardboard or the like. The blank advantageously is coated with a material
      such as polyethylene or wax which decreases the permeability of the blank
      and provides a surface which can be heat sealed when the blank is formed
      into a carton. Blank 10 is provided with an upper edge 11, a bottom edge
      12, and side edges 13 and 14. A first score line 15 extends between edges
      13 and 14 and is parallel to edges 11 and 12. A second score line 16 can
      be formed near the bottom of the blank parallel to lower edge 12. A
      plurality of score lines 17, 18, 19 and 20 extend between upper and lower
      edges 12 in spaced relationship with one another and parallel to side
      edges 13 and 14. Score lines 17 to 20 define edges of the assembled
      carton.
PAR  Angular score lines 17a and 17b extend upwardly and outwardly from the
      intersection of score lines 15 and 17 to form acute angles with score line
      17 located therebetween. Similar annular score lines 18a and 18b, 19a and
      19b, and 20a and 20b are associated with respective score lines 18, 19 and
      20. The score lines thus far described divide blank 10 into rectangular
      lower side panels 22, 23, 24, 25a and 25b, and upper side wall panels 26,
      27, 28, 29a and 29b.
PAR  In the embodiment of this invention illustrated in FIG. 1, additional
      angular score lines 17c and 17d are formed which extend downwardly from
      the intersection of score lines 16 and 17. Corresponding score lines 18c
      and 18d, 19c and 19d, and 20c and 20d are associated with respective score
      lines 18, 19 and 20. These additional score lines result in bottom side
      wall panels 30, 31, 32, 33a and 33b being formed.
PAR  The container of this invention is formed by blending blank 10 along the
      score lines to form a carton of generally rectangular configuration as
      illustrated in FIG. 2. Edge 14 overlaps edge 13 and sections of the blank
      adjacent these edges are sealed together such as by the application of
      heat which melts the coating on the paperboard to form the seal. As an
      alternative, an adhesive can be applied to the overlapped edges. The
      corners of the upper side wall panels are folded inwardly to form pleats
      35, 36, 37 and 38, as illustrated in FIG. 2. These pleats may then be bent
      sidewardly and sealed to an adjacent upper side panel to form an
      unobstructed top opening. However, this bending is not required in all
      situations, depending upon the configuration of the top closure employed.
      In similar fashion, the corners of the bottom section of the blank are
      folded inwardly.
PAR  The partially assembled container illustrated in FIG. 2 can then be
      provided with a suitable bottom closure 41, as shown in FIG. 3. This
      closure can be of the type described in U.S. Pat. No. 2,704,179, for
      example. After the container is filled, a suitable top closure 40 can be
      placed on the carton. Top closures which can be employed are illustrated
      in U.S. Pat. Nos. 2,471,017 and 3,195,795, for example. As an alternative,
      a solid top closure can be employed with a suitable opening, such as a
      pour spout, formed in one of the upper side wall panels or in the top
      closure itself. The particular top closure employed depends to some extent
      on the nature of the material to be packaged.
PAR  The relative heights of the lower side wall and upper side wall panels can
      be varied to produce cartons of different configurations. Similarly, the
      angles at which the angular score lines are formed determine the amount of
      taper provided in the upper section of the carton. Although the
      illustrated carton has a square cross section with the distances between
      adjacent score lines 17 to 20 being equal, this is not essential. The
      carton of this invention can be provided with or without the illustrated
      tapered bottom section. As previously mentioned, pleats 35 to 38 serve to
      strengthen the upper region of the container. The pleats in the bottom
      section strengthen the bottom. This is particularly desirable when the
      container is employed to package a material which is used in relatively
      small quantities at a given time and must be opened a number of times
      during the life of the container. The tapered upper section provides a
      container which is more convenient to use, particularly when liquids are
      to be dispensed.
PAR  While this invention has been described in conjunction with presently
      preferred embodiments, it should be evident that it is not limited thereto
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container blank comprising:
PA1  a sheet of paperboard or the like of rectangular configuration having upper
      and lower edges and first and second side edges;
PA1  a first score line extending from the first side edge to the second side
      edge in spaced relationship with and parallel to the upper and lower
      edges;
PA1  four second score lines, each extending from the upper edge to the lower
      edge and being parallel to the side edges, the second score lines being
      spaced from one another to form the edges of a container of rectangular
      cross section when the blank is formed into a container by bending at the
      second score lines;
PA1  four pairs of third score lines, each pair extending from a respective
      intersection of the first score line and one of the second score lines to
      the upper edge, the pair forming an acute angle with one another with the
      respective second score line being located therebetween;
PA1  a fourth score line extending from the first side edge to the second side
      edge, said fourth score line being parallel to the first score line and
      being positioned between the first score line and the lower edge; and
PA1  four pairs of fifth score lines, each pair extending from a respective
      intersection of the fourth score line and one of the second score lines to
      the lower edge, the pair forming an acute angle with one another with the
      respective second score line being located therebetween.
NUM  2.
PAR  2. The blank of claim 1 wherein the sheet is coated with a thermoplastic
      material.
NUM  3.
PAR  3. The blank of claim 1 wherein the distances between adjacent second score
      lines are equal.
NUM  4.
PAR  4. A container formed from the blank of claim 1 wherein the blank is bent
      along the score lines to form a container of rectangular center section
      between the first and fourth score lines, an upper truncated pyramid
      section between the first score line and the upper edge, and a lower
      truncated pyramid section between the fourth score line and the lower
      edge; and the blank is sealed at the region of the side edges.
NUM  5.
PAR  5. The container of claim 4 wherein the sections of the blank between the
      pairs of third score lines are bent inwardly to form pleats.
NUM  6.
PAR  6. The container of claim 4 having a closure member extending across the
      end of the container adjacent the lower edge.
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PAL  Disclosed is a mailing carton having two opposed rectangular panels joined
      to and framed about all four edges by V-shaped panels. A book or other
      object having dimensions of length and width of substantially the same
      dimension as the rectangular panels is held within the container and
      cushioned by the V-shaped panels. The container can accommodate books of
      varying thicknesses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is related to mailing cartons for fragile items such as
      books, phone records, photo albums, and the like and in particular,
      mailing cartons which provide protection for the side edges.
PAR  It has been observed that books are dimensionally standardized as to length
      and which but vary considerably as to their respective thickness.
      Thickness is determined by the number of pages, the thickness of the paper
      and of the cover, among other factors.
PAR  It has also been observed that postal regulations and prevailing standards
      make obiligatory that the contents within the carton be confined in a snug
      and shakeproof manner.
PAR  In the prior art, in conformance with said requirements, the rectangular
      mailing cartons for such items were devised to have the top and bottom
      panels and also the four side wall panels to conform to the dimensions of
      the contents. Since the basic blanks of such cartons are normally
      fabricated by means of cutting and creasing dies each variation of the
      thickness required an individual die. This necessity represents a
      substantial expense in the cost of such dies and of their storage.
PAR  There have been many attempts to provide boxes intended to protect the
      narrow edges of such objects as books. In the past, it has been common
      practice to contain books in containers made of corrugated cardboard but
      having somewhat larger dimensions of length and width than the object
      contained. Interior packaging is provided to hold the object in spaced
      relation to the end walls of the container. More recently, the use of
      recessed-end containers has increased. Containers of this type comprise
      sleeves having intergral closure flaps which extend inwardly of the
      container so as to engage the product and to hold it from relative
      movement with respect to the container. Such arrangements are exemplified
      by Boytel (U.S. Pat. No. 3,289,824) which discloses such flaps on three
      sides of a parallel sleeve rectangular container. Shirley (U.S. Pat. No.
      2,591,882) and Nehers (U.S. Pat. No. 3,064,875) also disclose the use of
      end flaps folded in upon itself to form a rectangular cushion.
PAR  Johnson (U.S. Pat. No. 3,465,946) and Greene et al. (U.S. Pat. No.
      3,485,435) suggest side panels interconnecting larger rectangular panels.
      The side panels of these containers are so disposed as to form
      channel-like flanges which terminate inwardly of the outer edges of the
      rectangular panels. The extension of the outer edges are intended to form
      a buffer to protect the edges of the book therewithin.
PAR  All of these suggestions have a number of difficulties in common. Firstly,
      the use of a complicated fold enabling the formation of air pockets at the
      narrow end of such containers invariably results in a variety of
      pre-scored widths of the container blank. As a result, dies of varying
      sizes are required in order to score the material from which such cartons
      or containers are made. With each new book, as might be expected, at least
      one dimension must change. Thus, while a publisher can hold length and
      width constant, for example, thickness (i.e., the number of pages) will
      change from book to book. This requires the manufacturer to maintain a
      great many dies -- a plurality of each container of a different thickness
      of book.
PAR  With reference to cartons having inwardly-expanding flanges along the
      narrow edges thereof, such arrangements require different types of
      scoring. Thus, the inwardly-folded edges must be scored on one side of the
      container while other folds are scored along the opposed surface. The
      inward thrust of the narrow flap ends formed with the inward folds tend to
      injure the book as it comes in contact therwith. This may be particularly
      seen with reference to the device of Greene et al. in FIG. 4 of the patent
      referred to hereinabove, in which the inward edges of the flap directly
      contact the pages of the book. Assembly of such containers is complicated
      and time consuming.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a shipping container which
      will hold goods in place providing a supportive air pocket around the
      narrow edges thereof.
PAR  It is a further object of this invention to provide a container which is
      simple in construction and economical in manufacture and use.
PAR  It is a further object of this invention to provide a container for holding
      books and the like and being capable of receiving objects having similar
      dimensions of length and height by differing in thickness.
PAR  It is a further object of this invention to provide a container for holding
      books and the like which is capable of holding a number of different books
      within the same carton in spaced relationship from the edges thereof.
PAR  In accordance with the objects of this invention, there is provided a
      mailing carton for holding books or other objects comprising a receptacle
      chamber defined by opposed four-sided rectangular panels for holding the
      object. In addition, there are provided V-shaped buffer chambers
      contiguous to and about all four of the four-sided panels of the
      receptacle chamber. The apices of the V-shaped panels extend outwardly of
      the receptacle chamber, thereby forming buffer chambers about the mailing
      carton to protect the object therein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a shipping container constructed in
      accordance with the teachings of this invention;
PAR  FIG. 2 is a perspective sectional view of the container of FIG. 1 taken
      along the lines 2--2;
PAR  FIG. 3 is a perspective sectional view of the container of FIG. 1 taken
      along lines 3--3;
PAR  FIG. 4 is a plan view of a container of the type of FIG. 1 without an
      object therein;
PAR  FIG. 5 is a sectional view of the container of FIG. 4 taken along 5--5;
PAR  FIG. 6 is a sectional view of the container of FIG. 4 taken along lines
      6--6;
PAR  FIG. 7 is a plan view of a blank of the container of FIG. 1;
PAR  FIG. 8 is a sectional view of the container of FIG. 1 taken along lines
      8--8;
PAR  FIG. 9 is another blank constructed in accordance with the teachings of
      this invention;
PAR  FIG. 10 is a sectional view of an assembled blank of FIG. 9;
PAR  FIG. 11 is a plan view of one side of an assembled container constructed in
      accordance with the teachings of this invention and having therein a book;
PAR  FIG. 12 is a sectional view of the container of FIG. 11 taken along lines
      12--12;
PAR  FIG. 13 is a view of a blank of the container of FIG. 11 in a folded and
      collapsed condition;
PAR  FIG. 14 is a sectional view of a blank taken along lines 14--14; and
PAR  FIG. 15 is a plan view of a blank of the container of FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The proposed mailing carton offers an expandable side wall construction for
      use in combination with objects having standardized length and width
      dimensions. Thus, the carton is particularly useful in accommodating such
      objects of varying thicknesses without necessitating the use of individual
      dies.
PAR  This invention makes it practical to device a series of the more frequently
      used standardized mailing carton sizes and to produce and store them in
      quantities so as to make them commercially available without delay and at
      reduced costs. These reduced costs are the result of the need for less
      special or unscheduled production runs and lesser cost due to the reduced
      number of dies.
PAR  The rectangular mailing cartons of the prior art are frequently
      characterized by a rectangular receptacle chamber with two opposite
      extension compartments or air cells of a variety of constructions, usually
      on only two sides of the carton. By comparison, the carton of this
      invention offers four air cells thus yielding 100% peripheral protection.
PAR  In addition, the cells serve as expendable side walls and act to hold the
      contents relatively fixed within the carton.
PAR  It is believed customary to ship the basic blank of the carton to the
      packaging station and to form the carton around the contents. This
      represents a laborious and slow operation. The proposed carton is
      contemplated to be prefabricated into a collapsed two-ply unit with three
      sides closed, readily expandable for easy insertion of an object. This
      represents a significant improvement in efficiency at the packing station.
PAR  Turning now to FIG. 7 and 9, there is disclosed two blanks 20 and 20'
      having crease lines for the fabrication of the proposed container. Each
      blank 20 and 20' may be made of a variety of fairly rigid paperboard
      preferably double-faced corrugated paperboard of substantially rectangular
      shape. Such material provided rigidity, strength, and capacity to cushion
      shock loads. In the alternative, the blanks 20 and 20' may be made of any
      other fairly rigid paperboard materials.
PAR  The blanks 20 and 20' (FIGS. 7 and 9) have center crease line 22 which
      divides the blanks 20 and 20' into unequal halves 24 and 26, 24' and 26',
      respectively.
PAR  The shorter halves 24 and 24' contain crease lines 28, 30, and 32 and
      terminal edge line 34, all of which are parallel to the center line 22.
      The longer halves 26 and 26' respectively (FIGS. 7 and 9) have crease
      lines 26', 28', 32', and 34', as sell as terminal edge 36. All crease
      lines are parallel to the crease line 22 and are also parallel to the
      flutes of the corrugations. The crease line 34' is intended to be in
      registry with the edge line 34 with the blank 20 and 20' folded along the
      crease line 22.
PAR  At right angles to the aforementioned crease lines and terminal edge lines
      28-36 and 28'-34', are crease lines 38 and 38' which are coterminous with
      one another and meet at the crease line 22, as well as similar crease
      lines 40 and 40'. At right angles as well are edge lines 42 and 42' which
      are colinear and meet at the crease line 22 as well as the opposed edge
      lines 44 and 44'. It should be noted, however, that the corresponding edge
      or line in blank 20' to edges 42 and 44 are defined by crease lines 42"
      and 44". There is further provided parallel edge lines 46 and 48 which
      define glue flaps 50 and 52.
PAR  The crease lines and terminal edges 28-48, 28'-34', 38'-44' partition the
      blanks 20 and 20' into a plurality of panels. Thus, the area defined by
      crease lines 28, 30, 38, and 40, as well as 28', 30', 38', and 40' define
      rectangular panels 54 and 54' respectively. Panels 54 and 54' are part of
      the blank 20, as well as the blank 20', are surrounded by and hingedly
      connected thereto by narrow rectangular panels 56, 58, 60, and 62 about
      panel 54 and 56', 58', 60', and 62' about panel 54'.
PAR  The smaller rectangular panels 56-62 and 56'-62' are respectively defined
      by crease lines 28, 30, 38, 40, 28', 30', 38', and 40', as well as crease
      lines 32, 32', 42" (FIG. 9), 44" (FIG. 9), as well as terminal edges 42,
      42', 44, and 44'.
PAR  The respective corners of the aforesaid panels 60 and 58, 58 and 62, 62 and
      56, 60 and 56, 56' and 62', 62' and 58', 58' and 60', 60' and 56', overlap
      to form substantially square sections, each of which are bisected by
      diagonal crease lines 64, 64', 66, 66', 68, 68', 70, and 70'.
PAR  On the shorter halves 24 (FIG. 7) and 24' (FIG. 9), a terminal panel 72
      extends from the crease line 32 to the edge line 34. Whereas on the longer
      half the panel 26 (FIG. 7), 26' (FIG. 9) is provided with a terminal panel
      72' defined by crease lines 32' and 34'. In addition, the larger half
      panel 26 and 26' is surmounted by an additional terminal panel 74 which is
      hingedly connected from the crease line 34' and is defined by the edge
      line 36.
PAR  In FIG. 9, an additional narrower panel 50 and 52 are hingedly connected
      along crease lines 42" and 44" respectively and defined by the edge lines
      46 and 48.
PAR  With particular reference to the blank 20 in FIG. 7, this blank 20 may be
      folded into a carton by folding along crease line 22 as illustrated in
      FIGS. 4-6. Shown therein is a fully collapsed two-ply unit assembly.
PAR  In use, the conversion starts by pre-breaking various crease lines to be
      more fully discussed hereinafter. Next the halves are folded on the crease
      line 22 and placing in registry the panels 54 and 54'.
PAR  By folding the blank 20, the open ends defined by the edge lines 42 and 42'
      as well as 44 and 44' are in contact. These edges may be secured by any
      means such as adhesive tape 76, thereby uniting the opposite and opposed
      end panels 60, 60' and 62, 62' on their exterior surfaces.
PAR  The conversion of the basic blank 20' of FIG. 9 is accomplished by first
      folding inwardly upon the blank 20' the glue flaps 50 and 52 along the
      crease lines 42" and 44". Adhesive films may then be applied to the flaps
      50 and 52 so that when the blank 20' is folded along crease line 22, the
      glue flaps 50 and 52 will adhesively unite with the interior face of the
      panels 62' and 60' (FIG. 10).
PAR  The aforesaid methods of conversion between FIG. 7 and FIG. 9 are
      alternative preferred embodiments.
PAR  At the conclusion of the conversions as discussed hereinbefore, the carton
      is now ready for packaging.
PAR  The interior space between the opposed rectangular panels 54 and 54' (FIGS.
      1-3) constitute the receptacle chamber for the contents. Viewed from
      another aspect, these panels 54 and 54' represent the top and bottom
      panels of a receptacle chamber. The area of the panels is defined by the
      crease lines 28, 30, 38, 40, and 28', 30', 38', 40', and are intended to
      eventually coincide with the respective length and width of the contents
      which may be, for example, a book 78.
PAR  The panels 56-62 and 56'-62' perform several useful functions. First, they
      serve as the expandable side walls for the container to accommodate
      contents of varying thicknesses as compared to the side walls of
      fixed-type containers in the prior art. Secondly, they form V-shaped
      contiguous outwardly projected and fully circumferential buffer chambers
      which protect the peripheral edge of the contents. The diagonal creases
      64-70 and 64'-70', the four corners of these buffer chambers assume a
      pyramidal shape (FIG. 8) which further enhances the protective effect of
      the corners. Thirdly, due to the internal wedge shape of the buffer
      chambers. These chambers serve as a peripheral wedge lock for the contents
      to thereby limit any internal movement of the object with respect to the
      mailing carton. The wedge effect is accomplished due to the rigidity and
      firmness of fthe double-faced corrugated paperboard. Thus, the rigidity of
      the board selected to make the carton is an important consideration.
PAR  It should also be noted that the proposed formation of the buffer chamber
      or air cells represents an economy in board material as compared to the
      majority of air cell constructions in the prior art.
PAR  The panels 72 and 72' serve as expandable mouth panels to provide access
      and guidance for the insertion of the object 78 into the receptacle
      chamber. In combination with the lid panel 74, the mouth panel 72 and 72'
      serve as the closure of the opening of the carton.
PAR  Still another embodiment of this invention may be seen in FIGS. 11 through
      15.
PAR  In this embodiment, the rectangular panels 72, 72', and 74 are omitted and
      the crease lines 32 and 32' are now designated as edge lines 32" and 32'".
      Otherwise, the remaining layout of crease and edge lines and of panels
      specified in the aforementioned FIGS. 7 and 9 remain unchanged.
PAR  In the proposed modified carton, the omitted panels are replaced by a
      relatively narrow tape strip 80 (FIGS. 11 through 14) which may be
      water-cured along half of its width to panel 58'. The adhesive film on the
      tape 80 may be of a well known type which is either water or heat
      activatable. The material of the tape 80 may be craft paper, textile, or
      plastic and shall be able to withstand the stresses applied thereto. The
      adhesive strip 80 is attached to the blank 20" during the fabrication of
      the carton (FIGS. 13 and 14).
PAR  The aforesaid modification actually applies to the closure elements on the
      open side of the carton after the contents 78 are inserted therein. The
      major merit lies in the saving of board material, although there may be
      other advantages resulting therefrom. These may be obtained by comparative
      usage of each of the proposed embodiments herein.
PAR  In the packaging operation, the open side of the carton designated by the
      wall panels 58 and 58' are first expanded to permit the insertion of the
      contents 78. Next the panels 58 and 58' are brought together to allow the
      edge lines 32" and 32'" to abut. Next the adhesive film of the projecting
      half of the tape strip 80 is activated and folded over the exterior face
      of the panel 58. Finally, the tape 80 is brought into intimate pressure
      contact with the panel 58 to adhere thereto. The resulting package is
      illustrated in FIGS. 11 and 12.
PAR  It should be noted that, as demonstrated in connection with FIGS. 4-6 and
      10, the fact that the proposed carton reaches the packaging station in a
      fully collapsed state, not exceeding the thicknesses of two plies of the
      board material, it is a distinct economic advantage in connection with
      both shipping and storage.
PAR  The fact that the carton reaches the packaging station prefabricated having
      three sides closed, and an expandable mouth opening saves several
      operational steps and apparatus as compared to the methods and means
      employed by the prior art.
PAR  The proposed packaging operation consists of expanding the mouth panels 72,
      72' (FIGS. 7 and 9) sufficiently to provide an opening in excess of the
      thickness of the contents 78. Next the contents 78 are inserted through
      the opening until they reach the crease lines 28 and 28' of the receptacle
      chamber. Next the mouth panels 72 and 72' are brought into intimate
      contact with each other and the lid panel 74 is folded over them and
      united with them into a three-ply combination (FIG. 1). Last, the closure
      panels 72, 72' and 74 may be secured by any suitable commercial fastener
      such as wire staples, clips, or similar items 82.
PAR  It should be noted that the proposed structural combination, the collapsed
      carton having three sides closed, provides an enclosure with sufficient
      elasticity to permit the insertion of the contents 78 into the receptacle
      chamber. In view of the material used, however, the container would retain
      its natural tendency to return to its original collapsed state. In view of
      this tendency, there is established a moderate surface contact pressure by
      the interior faces of the panels 54 and 54' against the contents 78 which
      combines with the wedge lock effect as previously discussed hereinbefore.
      These effects may be further enhanced by selectively creasing and
      pre-breaking the following crease lines. The crease lines 28 and 28', 30
      and 30', 38 and 38', 40 and 40', may be lightly creased and only partly
      prebroken (not in excess of 90.degree.). However, the crease lines 22, 32,
      32', and 34', and (FIG. 9) 42" and 44" may be heavily creased and fully
      prebroken (up to 180.degree.). As a result of the selective treatment of
      the area served by the lightly creased and partly pre-broken crease lines
      shall have a lesser elasticity. Consequently, the major angular movement
      resulting from the expansion of the container will take place at the outer
      areas at the crease lines 22 and 32 and 32', the edge line 42, 42', 44,
      and 44' acting as pivots. The ultimate effect is tension at the peripheral
      edges of the object in the container and a snug shakeproof confinement. In
      addition, the thicker the contents the more tension results as the carton
      is expanded thereby.
PAR  It should be noted the effects of holding the contents securely within the
      mailing carton are directly related to the characteristics of the board
      material that is used.
PAR  In addition, it should be noted that the invention disclosed herein is
      extremely efficient in the material it uses. Thus, there is no waste
      portion, 100% of the blank area being used, in most of the embodiments
      disclosed herein. This is a marked departure from the prior art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A blank of the type from which mailing cartons may be formed, said blank
      being of the type made of rigid paperboard and comprising:
PA1  a large and small rectangular panel hingedly secured to one another by a
      crease line; each panel having symmetrically disposed therein at equal
      distances from said joining crease a first, second, and third parallel
      crease lines; said larger panel having a fourth crease line at a distance
      from said joining crease line equal to a parallel terminal edge of said
      shorter panel; a plurality of crease lines perpendicular to said hinge
      crease line; said perpendicular and parallel crease lines extending the
      entire width and length, respectively, of said blank and defining therein
      at least two rectangular panels framed by smaller overlapping rectangular
      panels; diagonal crease lines symmetrically disposed about said blank
      bisecting said overlapping portions of said smaller rectangular panels.
NUM  2.
PAR  2. A blank as recited in claim 1, wherein upon folding said first and
      second unequal rectangular panels along said hinged crease line, said
      parallel and perpendicular crease lines being so disposed such that one of
      said lines on one of said larger and smaller rectangular panels being
      aligned with each other.
NUM  3.
PAR  3. A blank as recited in claim 2, further comprises adhesive tapes being
      secured along two terminal edges, said terminal edges being perpendicular
      to said crease line, along which said two unequal panels are hingedly
      joined, said tape securing said perpendicular smaller panels to thereby
      form a collapsed container having expandable sides.
NUM  4.
PAR  4. A blank as recited in claim 3, further comprises narrow glue tabs
      hingedly secured along crease lines, said crease lines being perpendicular
      to said crease line hingedly joining said unequal opposed panels; said
      glue tabs constituting extensions projecting beyond the terminal edge
      lines of said opposed panel; adhesive applied to said glue panels for
      securing two of the four sides of the said mailing carton.
NUM  5.
PAR  5. A blank as recited in claim 4, wherein said glue tabs are bent at
      180.degree., thereby exposing one surface thereof to an opposed one of
      said vertical smaller rectangular panels such that upon folding said
      blanks along said hinged crease line, said adhesive joining said carton
      along two of the four sides thereof.
NUM  6.
PAR  6. A mailing carton of the type intended to hold an object such as a book,
      record, or the like, each object having substantially predetermined width
      and length but wherein such objects may vary one from the other in
      thickness, said mailing carton comprising:
PA1  a. one continuous sheet of double-faced corrugated paperboard folded upon
      itself to form opposed members;
PA1  b. said members having crease lines in registry with one another and
      extending parallel, perpendicular and at a diagonal to said folds;
PA1  c. said crease lines defining within said members two substantially
      identically dimensioned four sided panels, said panels being substantially
      dimensioned to the width and length of the object to be held by said
      cartons;
PA1  d. said crease lines further defining panels framing said four sided
      panels;
PA1  a first pair of said framing panels being hingedly joined at said fold
      thereby forming a V-shaped expandable buffer chamber with the apex thereof
      extending outwardly of said foursided panels;
PA1  e. said framing panels extending perpendicularly to said fold having their
      terminal edges co-terminous with the marginal edges of said sheet;
PA1  f. tape means having greater flexibility than said sheet for joining said
      opposed perpendicular panels at said terminal edges to thereby form two
      V-shaped buffer panels perpendicular to said folds with the apices of said
      V-shaped buffer chambers extending outwardly of said four sided panels;
PA1  g. said remaining framing panels forming in combination a fourth V-shaped
      buffer chamber thereby providing V-shaped expandable buffer chambers
      contiguous and about all four sides of said four sided panel; and
PA1  h. means for closing said carton hingedly joined to said fourth buffer
      panel;
NUM  7.
PAR  7. A mailing carton as recited in claim 6 wherein said means for closing
      comprises:
PA1  a pair of opposed rectangular mouth panels hingedly secured to said
      remaining framing panels for admitting therethrough the object;
PA1  a rectangular lid panel hingedly secured to one of said mouth panels at a
      crease line to thereby form an enlarged mouth opening;
PA1  said lid panel being foldable over said opposed rectangular mouth panel for
      closing said container; and
PA1  means for securing said lid panel to said mouth panel thereby sealing said
      mailing carton.
NUM  8.
PAR  8. A blank of the type from which mailing cartons may be fabricated, said
      blank being of the type made of rigid paperboard comprising:
PA1  equal rectangular panels hingedly secured to one another by a joining
      crease line and defining at the marginal edges thereof said blank; each of
      said panels having symmetrically disposed, at equal distances from said
      joining crease line, first and second parallel crease lines and first and
      second perpendicular crease lines, thereby defining within said
      rectangular panels symmetrically disposed rectangular panels framed by
      smaller dimensioned rectangular panels; said smaller dimensioned
      rectangular panels overlapping; and diagonal crease lines symmetrically
      disposed about said blank bisecting said overlapping portion of said
      smaller rectangular panels; and
PA1  narrow glue tabs hingedly secured along crease lines, said crease lines
      being perpendicular to said crease lines lying hingedly joining said equal
      panels; said glue tabs constituting extensions projecting beyond the
      terminal edge lines of said opposed panels; adhesive applied to said glue
      panels for securing two of the four sides of said mailing carton.
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ABST
PAL  A multi-pocketed envelope is described. The envelope has side flaps which
      fold one underneath another with one projecting above the other to form
      two pockets, one above the other. The bottom then overlaps both side flaps
      sealing them to the base and forming a third pocket in line with the first
      two formed pockets. The top flap of the envelope folds over to cover the
      two pockets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a multi-pocketed envelope which may be used for
      various functions such as containing a sales contract, a series of smaller
      payment envelopes and a payment coupon book.
PAR  2. Description of the Prior Art
PAR  Many multi-pocketed envelopes have previously been formed. None of these
      envelopes, however, contain three pockets all lined up in order to hold a
      sales contract, a sales payment book, and envelopes to make the payment
      in. It is readily desirable to have such an envelope in order to keep all
      features of a sales agreement together. For instance, U.S. Pat. No.
      3,482,764 shows two pockets in an envelope but does not have the third
      feature with ready access thereto. U.S. Pat. No. 2,469,853 likewise shows
      a two-pocketed envelope. U.S. Pat. No. 3,790,068 shows a multi-pocketed
      envelope but with the layering such that it fits in a machine and not such
      as to have the entire content of the package within one subdivided
      chamber. U.S. Pat. No. 3,266,712 shows a multi-pocketed envelope for
      mailing but does not show one capable having all of the constituents
      herein in one divided chamber. U.S. Pat. No. 837,228 shows a
      multi-pocketed envelope but the pockets all open at the same level thereby
      not giving ready access to the multi-pockets. U.S. Pat. No. 1,683,584
      shows a multi-pocketed envelope but not of the type that is utilized
      herein for providing the chambers and one which would close to contain all
      of the chambers. And, U.S. Pat. No. 2,749,021 shows a single-pocketed
      envelope for a similar use but does not have the necessary features as
      disclosed herein. While relatively simple, this invention provides a
      multi-pocketed with ready access to each chamber and which may be utilized
      in the heretofore described manner.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a multi-pocketed envelope
      which may provide for ready access in a single subdivided chamber of a
      sales contract or the like, a sales payment book, and a multiplicity of
      smaller envelopes.
PAR  The object of this invention is accomplished by a multi-pocketed envelope,
      said envelope comprising a back panel having two side flaps, a bottom flap
      and a top flap, said side flaps folding at the side edges of the back
      panel and extending substantially across the back panel and forming two
      separate and distinct pockets with one of said side flaps being taller
      than the other side flap to form openings to the pockets one above the
      other, said bottom flap folding at the bottom of the back panel and
      extending upward to form a bottom pocket separate and distinct from the
      pocket formed by the side flaps and said bottom pocket opening below the
      openings of the pockets formed by the side flaps, said bottom flap being
      adhesively secured at its side portions to the side flaps to form the
      pockets, and said top flap folding over the pockets to enclose them and
      secure them shut.
PAR  Preferably the objects of this invention are accomplished by a
      multi-pocketed envelope wherein the top flap secures the pocket shut by
      having a tongue thereon which engages a slot in the bottom flap.
PAR  More particularly the envelope of this invention is a back panel which has
      two side panels. The side panels fold one over the other to form separate
      and distinct pockets. One of the side flaps must be taller than the other
      side flap in order to form an opening of its pocket above the opening of
      the other. The bottom flap which folds upward then secures both of the
      other flaps to form chambers on them and forms a third opening for holding
      some type of material. The top then folds over and may be secured shut by
      having a tongue thereon which engages a slot in the bottom flap.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention may be more fully described but is not limited by the
      following drawings in which:
PAR  FIG. 1 shows the blank envelope of this invention;
PAR  FIG. 2 shows the first flap folded thereover;
PAR  FIG. 3 shows the second side flap folded thereover;
PAR  FIG. 4 shows the bottom flap folded up to complete the three pockets in the
      envelope;
PAR  FIG. 5 shows the closed envelope with the top flap secured into the bottom
      flap; and
PAR  FIG. 6 shows the top view of the envelope as taken along lines 6--6 of FIG.
      4.
DETD
PAR  In the drawings I have used the numeral 11 to refer to the back panel of
      the envelope. The first side panel 12 is folded along weakened line 13 to
      provide opening and chamber 14. A second side flap 15 is folded along
      weakened line 16 to form a second pocket or opening 17 which may also hold
      other material. The bottom flap 18 having glue lines 19 thereon is secured
      to the other panels by folding along weakened line 20, thus forming a
      third pocket or opening 21. The top flap 22 having a tongue 23 thereon is
      then folded along weakened line 25 to secure the closing of the openings
      or pockets and may be secured to the bottom flap 18 by tongue 23 being
      engaged in slot 24. The envelope may then be utilized to carry three
      diverse sets of material such as a sales contract in one pocket, a sales
      coupon book in a second pocket, and smaller envelopes in the third pocket.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The drawings of this invention constitute the preferred embodiments of this
      invention.
PAR  We have discovered a new and novel envelope and although it is simple it is
      highly functional for use in the savings and loan industry and for banking
      purposes. It makes possible the containment of the complete sales package
      for installment sales purchases. While simple, it is highly desirable and
      useful in this type of function.
CLMS
STM  Having fully described this new and unique invention, we claim:
NUM  1.
PAR  1. A three pocket envelope, said envelope comprising a back panel having
      two side flaps hingedly connected to said back panel along its side edges,
      one of said flaps having a height greater than the height of the other
      said side flap, a bottom flap hingedly connected to said back panel along
      its bottom edge, said flap having a height less than the height of the
      shorter of said side flaps, and a top flap, hingedly connected to said
      back panel along its top edge said side flaps extending substantially
      across the back panel and terminating within close proximity of the side
      edges of the back panel and forming two separate and distinct pockets with
      one of said side flaps being taller than the other side flap to form
      openings to the pockets one above the other, said one of said side flaps
      directly overlying said back panel, said bottom flap extending upward from
      the bottom edge of said back panel to form a bottom pocket that is
      separate and distinct from the pocket formed by the side flaps, said
      bottom pocket opening below the openings of the pockets formed by the side
      flaps, said bottom flap being adhesively secured at its side portions to
      the side flaps said top flap being capable of folding over the pockets to
      enclose them and secure them shut.
NUM  2.
PAR  2. A multi-pocketed envelope as in claim 1 wherein the top flap secures the
      pockets shut by having a tongue thereon which engages a slot in the bottom
      flap.
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ABST
PAL  A centrifuge for spinning sample containers about their respective axes
      with such axes vertical. An inlet elevator conveys the containers in
      groups to the level of a spinning means which simultaneously spins the
      containers of each group about their respective vertical axes. The groups
      of centrifuged containers are conveyed downwardly by an outlet elevator on
      the opposite side of the spinning means from the inlet elevator. The
      containers of each group are suspended from a carrier having
      keyhole-shaped openings, the containers having necks which are receivable
      in the smaller ends of such openings and which are provided with external
      annular flanges seatable on the carrier adjacent the smaller ends of the
      openings to suspend the containers from the carrier. The spinning means
      comprises cups into which the containers are lowered by downward movement
      of the carrier, the latter then being moved horizontally to dispose the
      container necks in the larger ends of the openings in the carrier. The
      cups carry centrifugally responsive means movable inwardly over annular
      shoulders on the containers to prevent upward movement of the containers
      out of the cups. The spinning means is programmed by a control means which
      includes a cam having means for decelerating the cups in accordance with a
      predetermined program to avoid remixing of the centrifuged samples in the
      containers.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates in general to centrifuges and, more
      particularly, to a centrifuge for sample containers, e.g., containers in
      which samples of blood, urine, or the like, have been placed.
PAR  Still more particularly, the invention relates to a centrifuge of the type
      which spins each sample container about its axis with such axis vertical.
PAC  OBJECTS AND SUMMARY OF INVENTION
PAR  In general, a primary object of the invention is to provide an automatic
      centrifuge capable of procesing sample containers automatically in large
      volumes. A related object is to provide a centrifuge which handles the
      sample containers in groups and which simultaneously spins all of the
      sample containers in each group about their individual vertical axes.
PAR  The invention may be summarized as including, and an important object is to
      provide a centrifuge which comprises: spinning means for spinning the
      containers of a group about their respective axes with such axes vertical;
      an inlet elevator on one side of the spinning means for conveying the
      containers vertically to the level of the spinning means; an outlet
      elevator on the opposite side of the spinning means for conveying the
      containers from the level of the spinning means; and means for
      transferring the containers horizontally from the inlet elevator to the
      spinning means and from the spinning means to the outlet elevator. Related
      objects are to provide an inlet elevator which extends below the level of
      the spinning means and conveys the containers upwardly thereto, and an
      outlet elevator which also extends below the level of the spinning means
      and conveys the containers downwardly therefrom. Further related objects
      are to provide inlet and outlet elevators capable of handling plural
      groups of sample containers.
PAR  With the foregoing construction, the inlet elevator may be loaded with a
      plurality of groups of containers for sequential delivery to the spinning
      means, and the outlet elevator is capable of storing a plurality of groups
      of centrifuged containers pending their removal. This relationship,
      coupled with the fact that the sample containers are spun in groups,
      permits the achievement of a high processing volume.
PAR  Further, the foregoing results are achieved with a very compact centrifuge,
      resulting from the use of the inlet and outlet elevators on opposite sides
      of and extending below the spinning means. This arrangement provides a
      high volume centrifuge which takes up very little space.
PAR  Another important object is to provide a centrifuge wherein the spinning
      means comprises a plurality of upwardly facing cups rotatable about
      vertical axes and respectively adapted to receive the sample containers of
      a particular group therein.
PAR  Still another important object is to provide a carrier for a group of
      sample containers comprising a horizontal plate having keyhole-shaped
      openings the smaller ends of which are slightly larger than necks on the
      containers, but smaller than external annular flanges at the upper ends of
      the necks, the larger ends of the openings being larger than the annular
      flanges. With this construction, the carrier may be displaced downwardly
      past the annular flanges on the containers by aligning the large ends of
      the keyhole-shaped openings with the containers. By subsequently moving
      the carrier horizontally relative to the group of containers, the necks of
      the containers are caused to enter the smaller ends of the openings so
      that, upon upward displacement of the carrier, the containers are all
      suspended from the annular flanges at the upper ends of the necks thereof.
      Thus, with this construction, large groups of the containers can be
      handled by the inlet and outlet elevators and by the spinning means.
PAR  Another object is to provide means associated with the spinning means for
      lowering a carrier to insert the containers into the spinner cups, and
      means for then displacing the carrier horizontally so that the larger ends
      of the keyhole-shaped openings are in register with the necks of the
      containers. With this construction, the cups can be spun about their
      vertical axes without any possibility of having the necks of the
      containers contact the carrier. After spinning, the carrier is displaced
      horizontally to its original position, and is then moved upwardly to seat
      the annular flanges of the containers on the carrier, thereby removing the
      containers from the cups for transfer to the outlet elevator.
PAR  Yet another object of the invention is to provide centrifugally responsive
      means carried by the cups, and movable inwardly over annular shoulders on
      the containers, for preventing upward movement of the containers out of
      the cups under the influence of vibration.
PAR  Still another important object is to provide a control means for the
      spinning means which includes a cam having means for decelerating the cups
      in accordance with a predetermined program to avoid remixing of the sample
      after centrifuging.
PAR  An additional object of the invention is to provide a drive means for the
      cups which includes pulleys connected to the respective cups, and a belt
      threaded through the pulleys and engaging opposite sides of alternate
      pulleys. This construction facilitates maintaining driving engagement
      between the belt and the pulleys connected to the cups, which is an
      important feature.
PAR  The foregoing objects, advantages, features and results of the present
      invention, together with various other objects, advantages, features and
      results which will be evident to those skilled in the centrifuging art in
      the light of this disclosure, may be achieved with the exemplary
      embodiment of the invention illustrated in the accompanying drawings and
      described in detail hereinafter.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a plan view of an automatic centrifuge which embodies the
      invention;
PAR  FIG. 2 is a view which is partially in elevation to show an inlet elevator
      of the centrifuge and which is partially in section to show, in the
      background, part of an outlet elevator thereof;
PAR  FIG. 3 is an enlarged, fragmentary sectional view taken as indicated by the
      arrowed line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary view taken as indicated by the arrowed line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a view duplicating a portion of FIG. 4, but showing a
      centrifugally responsive retaining means in a retracted position;
PAR  FIG. 6 is a highly simplified diagrammatic view of a control means for a
      spinning means of the centrifuge;
PAR  FIG. 7 is an enlarged view of an acceleration, speed and deceleration
      control or programming cam of the control means; and
PAR  FIG. 8 is a graph showing the relationship between container rotational
      speed and time.
DETD
PAC  DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT OF INVENTION
PAR  In the drawings, the automatic centrifuge of the invention is designated
      generally by the numeral 10 and includes as its major components: flat
      carriers or carrier plates 12 each capable of suspending therefrom a
      plurality or group of sample containers 14; an inlet elevator 16 for
      conveying carriers 12 upwardly in sequence to the level of a spinning
      means 18 with the axes of the containers vertical, the spinning means
      being adapted to spin the containers about their respective axes with such
      axes vertical; an outlet elevator 20 on the opposite side of the spinning
      means 18 from the inlet elevator 16 for conveying the carriers in sequence
      downwardly from the level of the spinning means, again with the axes of
      the containers vertical; and transferring means 22 for transferring the
      carriers in sequence from the inlet elevator to the spinning means and
      from the spinning means to the outlet elevator. The carriers 12 bearing
      uncentrifuged containers 14 are placed on the inlet elevator 16 manually,
      and the carriers bearing centrifuged containers are removed manually from
      the outlet elevator 20. As will become apparent, each elevator 16 and 20
      is capable of supporting a plurality of carriers 12.
PAR  As best shown in FIGS. 1 and 3, each carrier 12 is a flat plate provided
      therein with rows and columns of keyhole-shaped openings 26, there being
      two rows and five columns in the particular construction illustrated. The
      containers 14 are frustoconical flasks having cylindrical necks 28
      terminating at their upper ends in external annular flanges 30. The necks
      28 are slightly smaller than the smaller ends of the openings 26, while
      the annular flanges 30 are larger than the smaller ends of the openings,
      but somewhat smaller than the larger ends thereof. Thus, each carrier 12
      may be loaded with containers 14 by displacing the carrier downwardly over
      the containers with the larger ends of the openings 26 aligned with the
      containers. Once the carrier 12 has been lowered below the level of the
      annular flanges 30, it can then be displaced horizontally to position the
      necks 28 in the smaller ends of the openings 26. Subsequent upward
      movement of the carrier 12 then seats the annular flanges 30 on the
      carrier to suspend the containers 14 therefrom.
PAR  The inlet elevator 16 comprises two vertical endless chains 32 spaced apart
      longitudinally of the centrifuge 10 on one side of the spinning means 18,
      these chains being trained around sprockets 34 suitably mounted on the
      frame of the centrifuge. The inlet elevator 16 is driven by an electric
      motor 36 through a chain 38 trained around sprockets 40 respectively
      connected to the two lower sprockets 34.
PAR  The chains 32 carry opposed lugs 42 each opposed pair of which is adapted
      to have the ends of one of the carriers 12 placed thereon. As will be
      apparent, the inlet elevator 16 is thus capable of supporting a plurality
      of the carriers 12 loaded with uncentrifuged containers 14.
PAR  Because the outlet elevator 20 is similar to the inlet elevator 16, it will
      be described at this juncture. More particularly, the outlet elevator 20
      also includes two vertical endless chains 44 spaced apart longitudinally
      of the centrifuge 10 and located on the opposite side of the spinning
      means 18 from the inlet elevator 16. The chains 44 are trained around
      sprockets 46 and are driven by an electric motor 48, FIG. 1, through a
      chain 50 trained around sprockets 52 respectively connected to the lower
      ones of the sprockets 46. The chains 44 are provided with opposed lugs 54
      each opposed pair of which is also adapted to support the ends of one of
      the carriers 12 with its load of centrifuged containers 14.
PAR  As will be apparent, the operator of the centrifuge 10 places carriers 12
      of uncentrifuged containers 14 on the inlet elevator 16 and removes
      carriers of centrifuged containers from the outlet elevator 20.
PAR  In the particular construction illustrated, the transferring means 22
      comprises simply a transfer member 58 movable laterally across the
      centrifuge 10 above the level of the spinning means 18 by a screw 60
      driven by a motor 62, FIG. 1. The transfer member 58 merely pushes a
      carrier 12 from the inlet elevator 16 onto supports 64 which receive the
      ends of the carrier and which are located above the level of the spinning
      means. After the containers 14 with which the carrier 12 on the supports
      64 is loaded have been centrifuged by the spinning means, in a manner to
      be described hereinafter, the transfer member 58 continues across the
      centrifuge 10 to displace the carrier of centrifuged containers onto the
      outlet elevator 20. It will be understood, of course, that the motors 36,
      48 and 62 are so timed that a pair of opposed lugs 42 on the inlet
      elevator 16 is horizontally opposite the supports 64 in transferring a
      carrier 12 from the inlet elevator to the supports 64, and that a pair of
      opposed lugs 54 on the outlet elevator 20 is horizontally opposite the
      supports 64 when transferring a carrier from the supports 64 to the outlet
      elevator.
PAR  The spinning means 18 comprises upwardly facing cups 68 arranged in rows
      and columns to match the arrangement of containers 14 on each carrier 12.
      The cups 68 are rotatable about vertical axes by being mounted on the
      upper ends of vertical shafts 70 provided at their lower ends with pulleys
      72. A drive belt 74 is threaded through the pulleys 72 of each row and
      engages opposite sides of alternate or adjacent pulleys in such row, as
      will be clear from FIG. 1 of the drawings. The belt is trained around the
      pulleys 72 at the left ends of the rows of pulleys, as viewed in FIG. 1,
      and then passes between two tension adjusting idler pulleys 76, the belt
      thereafter being trained around a pulley 78 driven by a motor 80. This
      motor drives the cups 68 at high rotational speeds, e.g., 20,000
      revolutions per minute. Threading the belt 74 through the pulleys of each
      row in the manner described and shown insures positive driving contact
      between the belt and the pulleys.
PAR  To place the containers 14 on a particular carrier 12 in the respective
      cups 68, the carrier is lowered into the position shown in FIG. 3. This is
      accomplished by lowering the supports 64 from the raised positions they
      occupied when the carrier 12 was transferred thereto from the inlet
      elevator 16 by the transfer means 22. As shown in FIG. 3, each support 64
      has connected thereto a crank 82 which moves the corresponding support 64
      between its raised and lowered positions in response to 180.degree. of
      crank rotation. The two cranks are interconnected by a shaft 84 and are
      driven by a motor 86.
PAR  The supports 64, cranks 82 and motor 86 are all mounted on a slide 88
      movable longitudinally of the frame of the centrifuge 10 by an eccentric
      90 driven by a motor 92 on the frame of the centrifuge. One half of a
      revolution of the eccentric 90 shifts the slide 88 between positions
      wherein the smaller and larger ends of the keyhole-shaped openings 26 are
      in register with the containers 14 on the particular carrier 12 at the
      spinning station. As shown in FIG. 3, the slide 88 has been shifted to a
      position such that the necks 28 of the containers 14 are in the larger
      ends of the openings 26, thereby providing clearances between the
      containers and the carrier 12 to prevent contact during centrifuging of
      the containers. After centrifuging, the slide 88 is shifted into a
      position such that the container necks 28 are in the smaller ends of the
      openings 26, whereupon rotation of the cranks 82 through 180.degree.
      causes the carrier 12 to lift the centrifuged containers 14 out of the
      cups 68 for subsequent transfer to the outlet elevator 20 by the transfer
      member 58.
PAR  During centrifuging, the containers 14 are prevented from creeping upwardly
      out of the cups 68 by centrifugally responsive retaining means 94 on the
      cups. As best shown in FIGS. 4 and 5, the retaining means 94 associated
      with each cup 60 comprises two diametrically opposed weights 96 mounted on
      the rim of the corresponding cup by vertical pivots 98. The weights 96 are
      biased toward retracted positions, as shown in FIG. 5, by springs 100.
      However, during rotation of the cups 68, the weights 96 pivot into the
      positions shown in FIG. 4, in opposition to the springs 100, to dispose
      fingers 102 on the weights above the annular shoulder on the corresponding
      container 14 which results from its frustoconical configuration. These
      fingers 102 prevent upward migration of the containers 14 out of the cups
      68 under the influence of vibration, or the like.
PAC  OPERATION OF INVENTION
PAR  Summarizing the overall operation of the centrifuge 10, the operator places
      carriers 12 loaded with containers 14 to be centrifuged on the inlet
      elevator 16. The latter operates in a step-by-step manner to position
      successive carriers 12 opposite the supports 64, with the latter in their
      raised positions. As each carrier 12 arrives at the level of the raised
      supports 64, the transfer member 58 displaces it laterally onto the
      supports 64, which are then lowered to place the containers 14 in the
      centrifuging cups 68. The slide 88 is then shifted to align the larger
      ends of the keyhole-shaped openings 26 with the container necks 28 to
      provide clearances, and the centrifuging motor 80 is then energized. Upon
      completion of the centrifuging, the slide 88 is shifted back to its
      initial position to dispose the container necks 28 in the smaller ends of
      the openings 26 in the carrier 12, whereupon the supports 64 are shifted
      to their raised positions to lift the centrifuged containers 14 out of the
      cups 68. Then, the carrier 12 of centrifuged containers 14 is shifted onto
      the outlet elevator 20 by the transfer member 58, such carrier
      subsequently being removed from the outlet elevator 20 by the operator of
      the centrifuge 10.
PAR  Any suitable control system for carrying out the foregoing sequence of
      events may be utilized to establish the necessary timed operating
      relationships between the various motors 36, 48, 62, 80, 86 and 92.
      Consequently, no overall control system has been shown.
PAR  However, the invention does include a control means 104, FIG. 6, for the
      spinning or centrifuging motor 80 which decelerates this motor in
      accordance with a predetermined program designed to achieve relatively
      rapid deceleration without any danger of remixing of the samples in the
      centrifuged containers 14. More particularly, the control means 104
      includes a potentiometer 106, for controlling the speed of the motor 80,
      which is actuated by a control cam 108 driven by a timer motor 110. The
      motor 80 may also be provided with a manually operable potentiometer 112
      for setting the maximum motor speed.
PAR  The control cam 108 is provided with a variable-radius portion 114 which
      causes the potentiometer 106 to accelerate the motor 80 to its operating
      speed, as designated by the corresponding portion 116 of the graph of FIG.
      8. A constant radius portion 118 then causes the potentiometer 106 to
      operate the motor 80 at its predetermined maximum speed, as indicated by
      the portion 120 of the graph. Finally, a variable radius portion 122 of
      the cam 108 causes the potentiometer 106 to decelerate the motor 80 in
      accordance with a predetermined program, as indicated by the portion 124
      of the graph of FIG. 8. The portion 122 of the control cam 108 is so
      shaped as to achieve deceleration in a reasonable length of time without
      any danger of remixing of the samples in the containers 14, which is an
      important feature of the invention.
PAR  Although an exemplary embodiment of the invention has been disclosed for
      purposes of illustration, it will be understood that various changes,
      modifications and substitutions may be incorporated in such embodiment
      without departing from the spirit of the invention as defined by the
      claims appearing hereinafter.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In a centrifuge for sample containers, the combination of:
PA1  a. spinning means for simultaneously spinning all of the containers in a
      group thereof about their respective axes with such axes vertical;
PA1  b. an inlet elevator on one side of said spinning means for conveying the
      group of containers vertically to the level of said spinning means with
      the axes of the containers vertical;
PA1  c. an outlet elevator on the opposite side of said spinning means for
      conveying the group of containers from the level of said spinning means
      with the axes of the containers vertical;
PA1  d. means for transferring the group of containers horizontally from said
      inlet elevator to said spinning means and from said spinning means to said
      outlet elevator; and
PA1  e. means for actuating said spinning means.
NUM  2.
PAR  2. A centrifuge according to claim 1 wherein said inlet elevator extends
      below the level of said spinning means and conveys the group of containers
      upwardly thereto.
NUM  3.
PAR  3. A centrifuge as set forth in claim 2 wherein said outlet elevator also
      extends below the level of said spinning means and conveys the group of
      containers downwardly therefrom.
NUM  4.
PAR  4. In a centrifuge for sample containers having necks provided with
      external annular flanges at their upper ends, the combination of:
PA1  a. a horizontal carrier having keyhole-shaped openings the smaller ends of
      which are slightly larger than the necks of the containers but smaller
      than the annular flanges thereon, whereby the annular flanges may be
      seated on said carrier to suspend the containers when the necks are in the
      smaller ends of said openings;
PA1  b. spinning means comprising upwardly facing cups to receive the containers
      suspended from said carrier;
PA1  c. inlet conveyor means for conveying said carrier to a location above said
      spinning means;
PA1  d. means for moving said carrier vertically between an upper position
      wherein the containers suspended from said carrier are above said cups and
      a lower position wherein the containers are disposed in said cups;
PA1  e. means for moving said carrier horizontally, when it is in said lower
      position, between a position wherein the necks of the containers are in
      the smaller ends of said openings and a position wherein they are in the
      larger ends thereof;
PA1  f. means for actuating said spinning means; and
PA1  g. outlet conveyor means for removing said carrier from above said spinning
      means.
NUM  5.
PAR  5. A centrifuge according to claim 4 wherein said inlet and outlet conveyor
      means are inlet and outlet elevators disposed on opposite sides of said
      spinning means.
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ABST
PAL  A punching machine for the cards or paper bands used in jacquards, dobbies
      and the like, comprises horizontal punches individually actuated by pusher
      means through presser rods which may be selectively brought to an
      ineffective oblique position. Each presser rod is attached to a needle
      itself attached by its upper end to a vertical rod. All these vertical
      rods are alternately raised and permitted to return downwardly so as to
      reciprocate in front of individual electromagnets which are selectively
      energized to retain some of the said vertical rods at their raised
      position. The vertical rods are disposed in successive longitudinal rows
      and the electromagnets are arranged in corresponding superposed horizontal
      elongated banks, the vertical rods of each row terminating upwardly short
      of the next bank of electromagnets in order not to interfere with them.
      The electromagnets are of the U-shaped type with the poles one above the
      other at a quite short distance from the rods, in order that each rod may
      be attracted and retained frictionally by its corresponding electromagnet.
BSUM
PAR  This invention relates to the punching of the cards or paper bands for loom
      jacquards.
PAR  It is known that these cards or paper bands are preforated or punched in
      accordance with the design which should appear on the fabric. For this
      purpose, punching machines have been deviced which were actuated by an
      operator who "read-in" the successive horizontal lines of a colored
      drawing prepared on squared paper. More recently photo-electric devices
      have been imagined which effect automatically the selective detection or
      "reading-in" of the colors, while appropriate circuits combine the signals
      from these devices with those which result from the ground weave to
      electrically control the punching machine.
PAR  It is an object of the present invention to provide such a punching machine
      adapted to be controlled either directly by the photo-electric reading-in
      devices, appropriate cards then supplying the ground weave, or by
      appropriate circuits which combine the ground weave with the signals
      received from the photo-electric devices.
PAR  The machine according to the invention makes use of the known presser
      needle system of the Verdol jacquard for actuating the perforating
      punches, the feeler needles associated with the pusher needles being
      alternately raised and lowered at the reading-in rate, while their
      selection is effected by means of electromagnets adapted to retain at the
      "raised" position rods associated with these feeler needles, and also, if
      necessary, by a perforated card or paper band which the said feeler
      needles are caused to engage.
DRWD
PAR  In the annexed drawings;
PAR  FIG. 1 is a diagrammatical view illustrating the main parts of a punching
      machine according to the invention and their operation.
PAR  FIG. 2 is an enlarged detail view showing the lower eyelet of a selecting
      rod with the upper end of the corresponding feeler needle.
PAR  FIG. 3 is a longitudinal section of that portion of the machine which
      includes the selecting rods and the electromagnets associated therewith.
PAR  FIG. 4 is a transverse section of this portion.
PAR  FIG. 5 is an enlarged detail section illustrating one of the electromagnets
      of the retaining block.
PAR  FIG. 6 is a diagram showing the arrangement of the perforations in the
      lower cross member and its correspondence with the first series of
      electromagnets on one side of the machine.
DETD
PAR  Referring to FIG. 1, the paper band 1 to be perforated is displaced
      vertically by a pegged cylinder 2 and is thus caused to slide in front of
      a perforating die 3 adapted to cooperate with punches 4 (two only of which
      have been illustrated) which are guided by a counter-die plate 5 and by a
      perforated guiding plate 6. A spring 7 mounted on each punch 4 acts on an
      abutment 8 secured to the punch to bias the latter towards its retracted
      position with respect to die 3. Each punch 4 is actuated by a presser rod
      9 which is guided with a reduced clearance by a first perforated guiding
      plate 10 situated adjacent the end of punches 4 remote from die 3, and
      with a considerable clearance in the vertical direction by a second
      guiding plate 11 disposed near the other end of the said rods, the said
      plate 11 having for this purpose vertically elongated perforations 11a. At
      its operative position, each presser rod 9 rests against the lower end of
      the corresponding perforation 11a of the guiding plate 11 under the effect
      of its own weight and it is thus in the alignment of the corresponding
      punch 4. If on the contrary the end of the presser rod situated near
      guiding plate 11 is raised, this pusher rod assumes a somewhat oblique
      position. Pushers 12 are disposed in front of the ends of presser rods 9
      opposed to punches 4, these pushers having a horizontal reciprocating
      motion in synchronism with the intermittent advance of the paper band 1 in
      such manner as only to act on the presser rods when the said band is at
      standstill in front of the die 3. Pushers 12 are arranged in order to be
      situated in front of the presser rods 9 which are "low", i.e. which rest
      on the lower end of the corresponding perforations 11a, while they are
      ineffective for those of the said presser rods which have been raised.
PAR  A feeler needle 13 is attached to each presser rod 9 in the vicinity of
      guiding plate 11. Each feeler needle 13 has a hook-shaped upper end (see
      also FIG. 2) which is passed through an elongated opening 14a provided in
      the flattened lower end of a retaining rod 14 made of iron or soft steel.
      Rods 14 are disposed in successive rows and a transverse bar 15 is passed
      through the openings 14a of the rods of each row, these bars being
      supported by a vertically movable frame 16. In the diagrammatical
      embodiment of FIG. 1 frame 16 is shown as actuated by a lever 17 pivoted
      at 18 and driven in any appropriate manner. The upper end of each rod 14
      passes through a guiding plate 19 and in front of the ends of the fixed
      core 20 of an individual electromagnet 21.
PAR  Of course in actual practice the number of punches, presser rods, pushers,
      feeler needles, retaining rods and electromagnets is equal to the number
      of holes which may be punched in one card of the paper band 1.
PAR  The operation is as follows:
PAR  Pushers 12 being at their retracted or ineffective position (towards the
      right in FIG. 1), feeler needles 13, retaining rods 14 being at their
      lowered position, and punches 4 being retracted under the action of their
      springs 7, the paper band 1 is advanced from one card to the next one. At
      the same time frame 16 is raised in order that bars 15 may raise all the
      retaining rods 14 together with feeler needles 13 and presser rods 9. The
      appropriate electric signals are then selectively applied to the
      individual electromagnets 21. Those of the latter which are thus energized
      attract the corresponding retaining rods 14 which thus engage their cores
      20.
PAR  Frame 16 is then lowered. The retaining rods 14 which do not correspond to
      energized electromagnets are thus also lowered together with the
      corresponding pusher rods 9, while on the contrary the retaining rods 14
      corresponding to energized electromagnets remain at their "raised"
      position, whereby selection of the presser rods is effected.
PAR  Pushers 12 are then advanced and they selectively actuate the lowered
      presser rods 9, and the corresponding punches 4 thus perforate the paper
      band 1.
PAR  For the case wherein the signals applied to the electromagnets would not
      take into account the ground weave, the machine further comprises a
      perforated table 22 on which may slide a paper band 23 pre-perforated in
      correspondence with that weave. It will be understood that those of the
      feeler needles which will meet an unperforated portion of band 23 will
      then remain at the raised position even if there retaining rods 14 are not
      retained by their electromagnets 21.
PAR  Pushers 12 may be driven in any appropriate manner. In FIG. 1 there has
      been shown for this purpose a cam 24 mounted on a shaft 25 conveniently
      connected with the driving shaft of the machine, the said cam acting on a
      roller 26 mounted on the end of a rod 27 which slides in guides 28 which
      terminates into a head to which pushers 12 are secured. A spring 29 acting
      on an abutment 30 urges roller 26 against cam 24. Of course, there is
      provided at least another rod 27 to positively guide pushers 12. In order
      to ensure a satisfactory centering between these pushers and the presser
      rods the ends of the presser rods (or respectively those of the pushers)
      may be conical while those of the pushers (or respectively of the presser
      rods) are formed with a corresponding depression.
PAR  Lever 17 may also be actuated by a cam such as 31 mounted on a shaft 32
      connected with the driving shaft of the machine.
PAR  Finally the pegged wheel 2 may be driven by a gear 33 which meshes with a
      pinion 34 itself driven from the driving shaft of the machine through a
      Geneva cross mechanism in the per se known manner.
PAR  FIGS. 2 to 5 illustrate the general construction of the above described
      system including the feeler needles 13, the retaining rods 14 and the
      electromagnets 21.
PAR  As above mentioned, FIG. 2 shows to an enlarged scale a bar 15 disposed
      within the elongated lower eyelet 14a of a retaining rod 14. It will be
      noted that the corresponding feeler needle 13, practically made of steel
      wire of reduced diameter, is merely hooked to the lower portion of the
      eyelet. Referring to FIGS. 3 and 4, the reciprocatable frame 16 supports
      the bars corresponding to all the retaining rods of the machine. As shown
      these rods are disposed in successive transverse rows of eight rods each,
      a bar 15 passing through the eyelets of all the rods of each row. Each end
      of frame 16 is secured to a column 35 by means of a nut 36, this column
      sliding in guides 37 and 38 carried by a stationary frame 39. A spring 40
      takes rest against the guide 38 and against a ring 41 keyed to the column
      and it thus urges downwardly the reciprocatable frame 16, this descending
      stroke being limited by a nut and counter-nut unit 42 screwed on the upper
      end of each column and which engages the upper guide 38. FIG. 3 further
      shows one of the oscillating levers 17 which reciprocate frame 16 as
      diagrammatically illustrated in FIG. 1.
PAR  The stationary frame 39 is of general rectangular shape, its flat lower
      cross-member 39a being perforated to ensure the guiding of the retaining
      rods 14. Above cross-member 39a frame 39 comprises a number of superposed
      pairs of other cross-member 43a-43p, 43b-43o, 43c-43n, etc . . . , the
      cross-members of each pair, disposed in the same horizontal plane, leaving
      between them a space for passage of the retaining rods 14 which extends
      upwardly above their level. As shown each cross-member such as 43a, has
      along its edge which faces the retaining rods 14 a marginal extension of
      reduced thickness which is perforated for passage of a longitudinal row of
      these rods 14, this extension thus being the equivalent of the perforated
      guide 19 of FIG. 1. Each cross-member 43 carries an elongated block formed
      of a row of electromagnets 21, each comprising a U-shaped core 44 (FIG. 5)
      the branches of which are superposed in a transverse vertical plane. One
      of these branches supports a spool 45, the said spool being alternately
      mounted on the upper branch and on the lower one in the succession of
      electromagnets which may thus be disposed close to each other along the
      row. All the electromagnets of the row are embedded in a mass 46 of an
      appropriate plastic material within a metallic casing 48 to form therewith
      a single block which extends almost across the full width of frame 39
      between the lateral uprights thereof, their poles projecting outwardly
      towards retaining rods 14.
PAR  For a clear understanding of the arrangement of the rows of electromagnets
      along the height of frame 39, reference should be had to the disposition
      of the perforations in the flat lower cross-member 39a which acts as a
      guiding plate for retaining rods 14. These perforations are arranged as
      those of the conventional paper band in a Verdol Jacquard. In such a paper
      band each rectangular zone or "card" corresponding to a weft thread
      comprises 168 transverse rows of eight possible perforations, these rows
      being alternately displaced in one direction and in the other in such
      manner as to obtain for the perforations the staggered arrangement
      illustrated in FIG. 6 wherein these transverse rows (which are vertical in
      the figure) have been referenced A to F. It results therefrom that
      considering the longitudinal direction (horizontal direction in FIG. 6),
      the flat lower cross-member comprises sixteen rows a to p, each including
      84 perforations.
PAR  The perforations of the longitudinal row a correspond to retaining rods 14
      of relatively short lenght, which are adapted to cooperate with the
      electromagnets of the block carried by the cross-member 43a which is
      situated at the lowermost level and on the left in FIG. 4. In FIG. 6 this
      block of electromagnets has been referenced 21a. The retaining rods 14
      which pass through the second longitudinal row b are somewhat longer in
      order to cooperate with the next block 21b of electromagnets situated on
      the same side of frame 39 as block 21a in FIG. 4, but immediately above
      the latter. Owing to the staggered arrangement of the perforations in
      cross-member 39a, this block 21b is somewhat displaced towards the right
      in FIG. 6 with respect to block 21a, the amount of this displacement being
      of course equal to the displacement of the longitudinal row b with respect
      to the longitudinal row a.
PAR  In the same manner the retaining rods 14 of the third longitudinal row c
      cooperate with a third block 21c disposed above block 21b, but displaced
      with respect to the latter in such manner as to be vertically aligned with
      block 21a, and so on up to the eighth longitudinal row h, the retaining
      rods of which cooperate with the electromagnets of block 21h (FIG. 4).
PAR  The arrangement which corresponds to the remaining longitudinal rows of
      perforations i to p is exactly symmetrical with respect to rows a to h and
      need not therefore be described. In other words the relatively short
      retaining rods which correspond to the perforations of the longitudinal
      row p cooperate with the block of electromagnets 21p situated at the
      lowermost level in front of block 21a, on the right in FIG. 4, and so on
      up to the retaining rods corresponding to row i which cooperate with block
      21i disposed in front of block 21h.
PAR  It will be observed that in FIG. 4, for a clearer understanding of the
      staggered arrangement of blocks 21a to 21p, those of these blocks which
      are displaced with respect to block 21a owing to the staggered arrangement
      of the perforations in cross-member 39a (namely blocks 21b, 21d, 21f, 21h,
      21j, 21l, 21n and 21p) have been shown in broken lines together with the
      corresponding cross-members (43b, 43d, and so on).
PAR  While in the preceding description it has been supposed that the signals
      applied to the electromagnets 21 were generated by a photo-electric
      reading-in device, it is obvious that they could as well be derived from
      any other appropriate source, as for instance from push button switches
      manually actuated by a reading-in operator, or by feeler contacts when it
      is desired to copy an already perforated paper band.
CLMS
STM  I claim:
NUM  1.
PAR  1. A punching machine for cards and paper bands used for the control of
      Jacquards, dobbies and the like, comprising:
PA1  a. multiple punches arranged to punch the cards and bands;
PA1  b. actuator means disposed to actuate said punches;
PA1  c. selector rod means connected to control the actuator means, each rod
      means having a portion made of magnetically attractable material and each
      rod means being movable between an inoperative position and an operative
      position in which it positions an actuator means to actuate a
      corresponding punch;
PA1  d. reciprocable means coupled to said rod means and operative to move them
      between said operative and inoperative positions; and
PA1  e. retaining means corresponding with each selector rod means and
      selectively operable to retain the corresponding rod means in one of said
      positions, each retaining means comprising an electromagnet having
      magnetic pole means disposed adjacent to the path of the magnetically
      attractable portion of a corresponding selector rod means to act directly
      upon the rod means when the rod means is in one of said positions, the
      pole means being disposed such that when the electromagnet is energized
      said portion of the rod means will be retained by the pole means and
      prevented from movement to the other position of the rod means.
NUM  2.
PAR  2. The punching machine as set forth in claim 1, wherein the pole means of
      each electromagnet comprises a U-shaped core having two branches with free
      ends which are oppositely poled when the electromagnet is energized, the
      free ends of said branches being disposed adjacent to and in alignment
      with the path of movement of the corresponding selector rod means, whereby
      when the rod means is in said one position its magnetically attractable
      portion spans said free ends.
NUM  3.
PAR  3. The punching machine as set forth in claim 1, wherein said selector rod
      means are disposed parallel to each other and arranged in successive
      parallel rows; said electromagnets being disposed in successive parallel
      banks arranged transversely across said rows of rod means, the
      electromagnets in each bank being operatively associated with the rod
      means in one row; support plate means for each bank, each plate means
      having guiding holes receiving and guiding the rod means of that row with
      respect to the pole means of the corresponding electromagnets.
NUM  4.
PAR  4. The punching machine as set forth in claim 3, wherein the pole means of
      each electromagnet comprises a U-shaped core having two branches with free
      ends which are oppositely poled when the electromagnet is energized, the
      free ends of said branches being disposed adjacent to and in alignment
      with the path of movement of the corresponding selector rod means; and
      each electromagnet having a single coil wound on one of the branches of
      its core, and the coils on successive electromagnets in a bank being wound
      on alternately different branches.
NUM  5.
PAR  5. The punching machine as set forth in claim 4, wherein the electromagnets
      are embedded in a mass of insulating material within a casing to form in
      each bank an elongated unit, the free ends of the core branches of each
      electromagnet being exposed at the surface of said insulating material.
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ABST
PAL  A condition responsive valve construction having a housing provided with a
      valve seat. A pair of metallic balls are secured together in abutting
      relation and are movable toward and away from the valve seat so that one
      of the balls acts to open and close the valve seat. A lever is movably
      mounted in the housing and acts between the balls to cause movement
      thereof upon certain movement of the lever caused by a condition
      responsive means sensing different conditions. Spring means are provided
      for tending to hold the balls in the valve seat closed position thereof
      and in a certain valve seat open position thereof so that the lever can
      have lost motion travel between the balls for creating a differential in
      the conditions required to open and close the valve seat.
BSUM
PAR  This invention relates to an improved condition responsive valve
      construction as well as to an improved method of making such a valve
      construction or the like.
PAR  It is a feature of this invention to provide a temperature actuated,
      pneumatic thermostat for use in automobile emission control systems
      wherein it is desired to vent a control pressure at approximately
      1500.degree. F and restore that pressure at approximately 1100.degree. F
      whereby means must be provided for permitting such a differential in the
      operating conditions thereof.
PAR  Accordingly, it was found according to the teachings of this invention that
      such a condition responsive valve construction could be provided and be
      formed from a housing means having a valve seat therein. A pair of balls
      can be secured together in abutting relation and be movable toward and
      away from the valve seat so that one of the balls acts to open and close
      the valve seat. A lever can be movably mounted in the housing means and
      act between the balls to cause movement thereof upon certain movements of
      the lever. A condition responsive means can be carried by the housing
      means and be operatively associated with the lever to cause movement
      thereof upon conditions sensed thereby, the lever having lost motion
      travel between the balls for creating a differential in the conditions
      required to open and close the valve seat. Holding means can be provided
      for tending to hold the balls in the valve seat closed position thereof
      and in a certain valve seat open position thereof to thereby permit the
      lost motion travel of the lever between the interconnected balls.
PAR  Accordingly, it is a feature of this invention to provide an improved
      condition responsive valve construction having one or more of the novel
      features set forth above or hereinafter shown or described.
PAR  Another object of this invention is to provide an improved method of making
      such a condition responsive valve construction or the like.
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description, which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
DRWD
PAR  FIG. 1 is a cross-sectional view of the improved condition responsive valve
      construction of this invention with the valve seat being in a closed
      condition thereof.
PAR  FIG. 2 is a fragmentary view similar to FIG. 1 and illustrates the lost
      motion travel of the lever means of the valve construction.
PAR  FIG. 3 is a view similar to FIG. 1 and illustrates the valve construction
      with the valve seat in an open condition thereof.
PAR  FIG. 4 is a cross-sectional view taken on line 4--4 of FIG. 1.
PAR  FIG. 5 is a cross-sectional view taken substantially on line 5--5 of FIG.
      1.
PAR  FIG. 6 is an exploded perspective view of certain parts of the valve
      construction of FIG. 1.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted to provide a valve construction
      that can be utilized in the auto industry for controlling an automobile
      emission control system, it is to be understood that the various features
      of this invention can be utilized singly or in any combination thereof to
      provide valve control means for other systems as desired.
PAR  Therefore, this invention is not to be limited to only the embodiments
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of uses of this invention.
PAR  Referring now to FIGS. 1, 2 and 3, the improved condition responsive valve
      construction of this invention is generally indicated by the reference
      numeral 10 and comprises a housing means 11 formed from a plurality of
      parts 12, 13, 14 and 15 suitably secured together to define an internal
      chamber 16 in the housing means 11 having an inlet 17 leading to the
      chamber 16 through a valve seat 18 and an outlet 19 leading from the
      chamber 16 and having suitable filter means 20 disposed therein.
PAR  The housing part 14 can have an externally threaded end 21 threadedly
      disposed in a threaded bore 22 formed in the housing part 12 as
      illustrated whereby the housing part 14 carries the valve seat 18 integral
      therewith.
PAR  Similarly, an externally threaded part 23 of a fitting 24 can be threadedly
      disposed in a threaded bore 25 of the housing part 12 and be secured
      thereto by a locknut means 26, the fitting 24 forming part of a condition
      responsive means that is generally indicated by the reference numeral 27
      and comprising a rod 28 and tube 29 formed in a conventional rod and tube
      manner wherein the tube 29 has a relatively high coefficient of thermal
      expansion while the rod 28 has a relatively low coefficient of thermal
      expansion. The rod 28 has one end 30 bearing against a closed end 31 of
      the tube 29 and an opposed end 32 abutting against a sliding actuator 33
      having a reduced conical end 34 projecting into an opening 35 formed in a
      lever 36 disposed within the chamber 16 and normally urged toward the
      actuator 33 by a compression spring 37 disposed in the chamber 16 and
      having one end 38 bearing against the housing part 12 and another end 39
      bearing against the lever 36. The reduced conical end 34 of the sliding
      actuator 33 is actually spherical where it contacts opening 35 of the
      lever 36 but should the end 34 of the actuator leave contact with the
      lever when the sensed temperature is 1600.degree. F or above as will be
      apparent hereinafter, the conical tip part of the end 34 helping the
      actuator 33 to reengage the opening 35 of the lever 36 after the rod and
      tube arrangement 27 has been subjected to temperatures above approximately
      1600.degree. F, the temperature which causes the actuator 33 and lever 36
      to separate as will be apparent hereinafter.
PAR  The lever 36 has a projection means 40 on one end 41 thereof which bears
      against the housing part 12 to pivotally mount the lever 36 in the chamber
      16, a small compression spring 42 being disposed about the conical
      projection 34 of the actuator 33 to bear against a shoulder 43 of the
      actuator 33 and the end 41 of the lever 36 to tend to maintain the
      actuator 33 in contact with the end 32 of the rod 28 at the temperature
      which causes the end 34 of the actuator 33 to separate from the lever 36
      above 1600.degree. F as will be apparent hereinafter.
PAR  A pair of steel balls 44 and 45 are welded or otherwise secured together in
      abutting relation as illustrated in FIG. 1 whereby the balls 44 and 45
      move in unison. The balls 44 and 45 are arranged in the chamber 16 in such
      a manner that a compression spring 46 has one end 47 abutting against the
      ball 45 to tend to move the balls 44 and 45 to the left in FIG. 1 and
      thereby cause the ball 44 to close the valve seat 18, the other end 48 of
      the spring 46 bearing against the filter 20 in the housing part 15. Thus,
      the spring 46 tends to maintain the valve seat 18 in a closed position by
      urging the balls 44 and 45 in their valve seat closing direction.
PAR  The lower end 49 of the lever 36 has a slot means 50 passing therethrough
      and defines a pair of opposed side edges 51 and 52 of the lever 36 which
      are reduced in cross-sectional thickness as illustrated in the drawings so
      that the edges 51 and 52 are disposed between the balls 44 and 45 as
      illustrated in FIGS. 1-3 when the slot 50 straddles the balls 44 and 45
      during assembly therewith.
PAR  In this manner, the end 49 of the lever 36 is free to travel from the
      position illustrated in FIG. 1 wherein the side edges 51 and 52 are
      engaging against the ball 44 to the position illustrated in FIG. 2 wherein
      the edges 51 and 52 are out of contact with both balls 44 and 45 until the
      lever 36 pivots to the right to have the edges 51 and 52 contact against
      the ball 45 and cause movement of the balls 44 and 45 away from the valve
      seat 18 in opposition to the force of the compression spring 46 as will be
      apparent hereinafter. Thus, there is space for a lost motion travel of the
      end 49 of the lever 36 between engagement of one of the balls 44 or 45 to
      engagement with the other ball 45 or 44 as the case may be to provide for
      a differential in the operation of the condition responsive valve
      construction 10 for a purpose hereinafter described.
PAR  A spring member 53, formed in a substantially triangular configuration as
      illustrated in FIGS. 5 and 6, is received in an annular recess 54 formed
      in the housing part 12 and disposed adjacent the housing part 15 as
      illustrated in FIG. 5 so as to be trapped in the recess 54 and require the
      ball 45 to move in the triangular configuration thereof as the ball 45 is
      moved from the position illustrated in FIG. 1 to the position illustrated
      in FIG. 3 for a purpose hereinafter described. Thus, the spring member 53
      acts radially on the ball 45 to tend to hold the balls 44 and 45 by
      friction in their valve seat closing position as illustrated in FIG. 1, in
      the full valve seat open position as illustrated in FIG. 3 or any position
      intermediate their fully opened and closed positions for a purpose
      hereinafter described.
PAR  Therefore, it can be seen that the valve construction 10 of this invention
      can be made from a relatively few parts in a simple manner to operate in a
      manner now to be described.
PAR  As previously stated, it is desired that the condition responsive valve
      construction 10 of this invention, when being utilized for an automobile
      emission control system, be adapted to vent a control pressure at the
      inlet 17 when the temperature reaches approximately 1500.degree. F and
      then restore that control pressure when the temperature drops to
      approximately 1100.degree.F whereby the valve seat 18 of the control
      device 10 of this invention must be opened by the rod and tube arrangement
      27 when the same senses a temperature of approximately 1500.degree. F and
      such rod and tube arrangement 27 must cause closure of that valve seat 18
      when the rod and tube arrangement 27 senses that the temperature is at
      approximately 1100.degree. F.
PAR  Accordingly, the rod and tube arrangement 27 is so calibrated that when the
      same is sensing a temperature below 1500.degree. F, the tube 29 is only
      elongated to a certain distance relative to the rod 28 to maintain the
      lever 36 with its end 49 either completely against the ball 44 or
      somewhere intermediate the balls 44 and 45 such as illustrated in FIG. 2.
      However, when the temperature reaches approximately 1500.degree. F, the
      tube 29 has elongated in such a manner that the force of the compression
      spring 37 has caused the lever 36 to pivot on the pivot means 40 in a
      counterclockwise direction sufficiently to cause the end 49 of the lever
      36 to contact against the ball 45 and move the balls 44 and 45 from the
      position illustrated in FIG. 1 to the position illustrated in FIG. 3
      wherein the ball 45 moves in the spring member 53 as illustrated in FIG. 3
      so as to be held by the radial friction of the spring member 53 in that
      fully open position illustrated in FIG. 3 even though the end 49 of the
      lever begins to move in a clockwise direction away from the ball 45 and
      toward the ball 44. Thus, the opened valve seat 18 will vent the control
      pressure interconnected to the inlet 17 through the open valve seat 18 and
      out through the vent filter 20 at the outlet 19. Should the temperature
      further increase after the lever 36 has been fully moved in its
      counterclockwise direction as illustrated in FIG. 3, such as above
      1600.degree. F, the spring 42 will maintain the actuator 33 in contact
      with the end 32 of the rod 28 even though the end 34 of the actuator 33
      moves away from the lever 36 and, thus, out of influence of the spring 37.
      However, when the temperature drops to approximately 1100.degree. F, the
      tube 29 has contracted sufficiently to cause the rod 28 to move to the
      left in FIG. 3 and thereby pivot the lever 36 in a clockwise direction so
      that the end 49 thereof again contacts against the ball 44 and moves the
      balls 44 and 45 to the left whereby the ball 45 moves in the member 53 to
      the left side thereof as illustrated in FIG. 1 so that the balls 44 and 45
      are placed into sealing engagement with the valve seat 18 to close the
      same and be held thereagainst by the compression spring 46 in the manner
      previously described. As the temperature drops below 1100.degree. F, ball
      44 becomes the fulcrum point of the lever 36 and spring 37 absorbs the
      additional motion of the lever 36 as the tube 29 further contracts.
PAR  Therefore, it can be seen that by predeterming the sizing of the slot 50,
      the thickness of the edges 51 and 52 of the lever 36 and the diameter of
      the balls 44 and 45, a particular desired differential in the condition
      required for the opening and closing of the valve seat 18 can be provided
      for the control device 10 of this invention.
PAR  Accordingly, it can be seen that this invention not only provides an
      improved condition responsive valve construction, but also this invention
      provides an improved method of making such a condition resposive valve
      construction or the like.
PAR  While the form and method now preferred have been disclosed and illustrated
      as required by the Patent Statute, it is to be understood that other forms
      and method steps can be utilized and still come within the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A condition responsive valve construction comprising a housing means
      having a valve seat, a pair of balls having their respective substantially
      spherical surfaces secured together in abutting relation and being movable
      toward and away from said valve seat so that one of said balls acts to
      open and close said valve seat, a lever movably mounted in said housing
      means and acting between said balls to cause movement thereof, and
      condition responsive means carried by said housing means and being
      operatively associated with said lever to cause movement thereof upon
      conditions sensed thereby.
NUM  2.
PAR  2. A condition responsive valve constuction comprising a housing means
      having a valve seat, a pair of balls having their respective substantially
      spherical surfaces secured together in abutting relation and being movable
      toward and away from said valve seat so that one of said balls acts to
      open and close said valve seat, a lever movably mounted in said housing
      means and acting between said balls to cause movement thereof, and
      condition responsive means carried by said housing means and being
      operatively associated with said lever to cause movement thereof upon
      conditions sensed thereby, said lever having a part thereof disposed
      between said balls for acting thereon, said part of said lever having lost
      motion travel between said balls for creating a differential in the
      condition required to open and close said valve seat.
NUM  3.
PAR  3. A valve construction as set forth in claim 2 wherein said part of said
      lever comprises one end thereof that has a slot passing therethrough and
      straddles said secured together balls.
NUM  4.
PAR  4. A valve construction as set forth in claim 1 and including spring means
      acting on said balls to tend to move said balls in a valve seat closing
      direction thereof.
NUM  5.
PAR  5. A valve construction as set forth in claim 4 wherein said spring means
      acts against the other of said balls.
NUM  6.
PAR  6. A valve construction as set forth in claim 1 and including means for
      tending to hold said balls in a valve seat closed position thereof and in
      a valve seat open position thereof.
NUM  7.
PAR  7. A valve construction as set forth in claim 6 wherein said means for
      holding said balls comprises a spring member that acts on one of said
      balls.
NUM  8.
PAR  8. A condition responsive valve construction comprising a housing means
      having a valve seat, a pair of balls having their respective substantially
      spherical surfaces secured together in abutting relation and being movable
      toward and away from said valve seat so that one of said balls acts to
      open and close said valve seat, a lever movably mounted in said housing
      means and acting between said balls to cause movement thereof, and
      condition responsive means carried by said housing means and being
      operatively associated with said lever to cause movement thereof upon
      conditions sensed thereby, and means for tending to hold said balls in a
      valve seat closed position thereof and in a yalve seat open position
      thereof, said means for holding said balls comprising a spring member that
      acts on one of said balls, said spring member acting radially on one of
      said balls to tend to hold the same in either of said positions of said
      balls.
NUM  9.
PAR  9. A condition responsive valve construction comprising a housing means
      having a valve seat, a pair of balls secured together and being movable
      toward and away from said valve seat so that one of said balls acts to
      open and close said valve seat, a lever movably mounted in said housing
      means and acting between said balls to cause movement thereof, condition
      responsive means carried by said housing means and being operatively
      associated with said lever to cause movement thereof upon conditions
      sensed thereby, and means separate from said lever for tending to hold
      said balls in said valve seat closed position thereof and in an open
      position thereof.
NUM  10.
PAR  10. A valve construction as set forth in claim 9 and including spring means
      acting on said balls to tend to move said balls in valve seat closing
      direction thereof, said spring means being separate from said means for
      tending to hold said balls in said valve seat closed and open position
      thereof.
NUM  11.
PAR  11. A valve construction as set forth in claim 9 wherein said means for
      holding said balls comprises a spring member that acts on one of said
      balls.
NUM  12.
PAR  12. A condition responsive valve construction comprising a housing means
      having a valve seat, a pair of balls secured together and being movable
      toward and away from said valve seat so that one of said balls acts to
      open and close said valve seat, a lever movably mounted in said housing
      means and acting between said balls to cause movement thereof, condition
      responsive means carried by said housing means and being operatively
      associated with said lever to cause movement thereof upon conditions
      sensed thereby, means separate from said lever for tending to hold said
      balls in said valve seat closed position thereof and in an open position
      thereof, and spring means acting on said balls to tend to move said balls
      in a valve seat closing direction thereof, said spring means being
      separate from said means for tending to hold said balls in said valve seat
      closed and open position thereof, said spring means acting radially on one
      of said balls to tend to hold the same in either of said positions of said
      balls.
NUM  13.
PAR  13. A valve construction as set forth in claim 12 wherein said spring
      member is substantially triangular in shape and said one ball is adapted
      to move in said triangular shape to be radially compressed by said spring
      member in all positions of said one ball.
NUM  14.
PAR  14. A method of making a condition responsive valve construction comprising
      the steps of providing a housing means with a valve seat, securing the
      respective substantially spherical surfaces of a pair of balls together in
      abutting relation and disposing the same in said housing means so as to be
      movable toward and away from said valve seat in such a manner that one of
      said balls acts to open and close said valve seat, mounting a movable
      lever in said housing means to act between said balls to cause movement
      thereof, and operatively associating a condition responsive means with
      said lever to cause movement thereof upon conditions sensed thereby.
NUM  15.
PAR  15. A method of making a condition responsive valve construction comprising
      the steps of providing a housing means with a valve seat, securing the
      respective substantially spherical surfaces of a pair of balls together in
      abutting relation and disposing the same in said housing means so as to be
      movable toward and away from said valve seat in such a manner that one of
      said balls acts to open and close said valve seat, mounting a movable
      lever in said housing means to act between said balls to cause movement
      thereof, operatively associating a condition responsive means with said
      lever to cause movement thereof upon conditions sensed thereby, disposing
      a part of said lever between said balls for acting thereon and causing
      said part of said lever to have lost motion travel between said balls for
      creating a differential in the condition required to open and close said
      valve seat.
NUM  16.
PAR  16. A method of making a valve construction as set forth in claim 15 and
      including the step of forming said part of said lever at one end thereof
      with a slot passing therethrough that straddles said secured together
      balls.
NUM  17.
PAR  17. A method of making a valve construction as set forth in claim 14 and
      including the step of disposing a spring means to act on said balls to
      tend to move said balls in a valve seat closing direction thereof.
NUM  18.
PAR  18. A method of making a valve construction as set forth in claim 17 and
      including the step of causing said spring means to act against the other
      of said balls.
NUM  19.
PAR  19. A method of making a valve construction as set forth in claim 14 and
      including the step of providing means for tending to hold said balls in a
      valve seat closed position thereof and in a valve seat open position
      thereof.
NUM  20.
PAR  20. A method of making a valve construction as set forth in claim 19 and
      including the step of forming said means for holding said balls from a
      spring member that acts on one of said balls.
NUM  21.
PAR  21. A method of making a condition responsive valve construction comprising
      the steps of providing a housing means with a valve seat, securing the
      respective substantially spherical surfaces of a pair of balls together in
      abutting relation and disposing the same in said housing means so as to be
      movable toward and away from said valve seat in such a manner that one of
      said balls acts to open and close said valve seat, mounting a movable
      lever in said housing means to act between said balls to cause movement
      thereof, operatively associating a condition responsive means with said
      lever to cause movement thereof upon conditions sensed thereby, providing
      means for tending to hold said balls in a valve seat closed position
      thereof and in a valve seat open position thereof, forming said means for
      holding said balls from a spring member that acts on one of said balls,
      and causing said spring member to act radially on one of said balls to
      tend to hold the same in either of said positions of said balls.
NUM  22.
PAR  22. A method of making a condition responsive valve construction comprising
      the steps of providing a housing means with a valve seat, securing a pair
      of balls together and disposing the same in said housing means so as to be
      movable toward and away from said valve seat in such a manner so that one
      of said balls acts to open and close said valve seat, mounting a movable
      lever in said housing means to act between said balls to cause movement
      thereof, operatively associating a condition responsive means with said
      lever to cause movement thereof upon conditions sensed thereby, and
      forming means separate from said lever for tending to hold said balls in
      said valve seat closed position thereof and in a certain open position
      thereof.
NUM  23.
PAR  23. A method of making a valve construction as set forth in claim 22 and
      including the step of disposing spring means to act on said balls to tend
      to move said balls in valve seat closing direction thereof, said spring
      means being separate from said means for tending to hold said balls in
      said valve seat closed and open positions thereof.
NUM  24.
PAR  24. A method of making a condition responsive valve construction comprising
      the steps of providing a housing means with a valve seat, securing a pair
      of balls together and disposing the same in said housing means so as to be
      movable toward and away from said valve seat in such a manner so that one
      of said balls acts to open and close said valve seat, mounting a movable
      lever in said housing means to act between said balls to cause movement
      thereof, operatively associating a condition responsive means with said
      lever to cause movement thereof upon conditions sensed thereby, and
      forming means separate from said lever for tending to hold said balls in
      said valve seat closed position thereof and in a certain open position
      thereof, forming said means for holding said balls from a spring member
      that acts on one of said balls, and causing said spring member to act
      radially on one of said balls to tend to hold the same in either of said
      positions of said balls.
NUM  25.
PAR  25. A method of making a valve construction as set forth in claim 24 and
      including the step of causing said spring member to act radially on one of
      said balls to tend to hold the same in either of said positions of said
      balls.
NUM  26.
PAR  26. A method of making a valve construction as set forth in claim 25 and
      including the step of forming said spring member in substantially a
      triangular shape so that said one ball is adapted to move in said
      triangular shape to be radially compressed by said spring member in all
      positions of said one ball.
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ABST
PAL  A heater unit and draft control adapted to be connected to an existing
      solid, liquid or gas fueled heating furnace includes a heat exchanger
      having a stack gas passage connected in series to a stack from the furnace
      and a blower which forces air through the heat exchanger and into the
      plenum of the furnace. A stack cooler and/or draft control includes a pipe
      extending from outside of the house into the exit portion of the stack gas
      passage with an adjustable damper therein.
BSUM
PAR  This invention relates to an improved small building heating system and has
      for an object thereof the provision of an improved home heating system and
      draft control using the principle of air or gases following the line of
      least resistance.
PAR  Another object of the invention is to provide an auxiliary heater adapted
      to be mounted in a stack flue, be connected to a stack cooler pipe and/or
      draft control pipe from outside the building and be connected to the
      plenum to supply air heated thereby to the plenum, or can be used to
      supply heated air to the immediate area or ducted to other areas.
PAR  A further object of the invention is to provide an improved auxiliary
      heating system including a heat exchanger mounted in the stack flue and a
      stack gas cooler and/or draft control leading from outside the building to
      the exit portion of the heat exchanger and having an adjustable damper.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is fragmentary, partially schematic, partially sectional front
      elevation view of an improved small building heating system forming one
      embodiment of the invention;
PAR  FIG. 2 is a vertical, sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a horizontal sectional view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is a vertical sectional view taken along line 4--4 of FIG. 3; and
PAR  FIG. 5 is an enlarged, fragmentary, horizontal sectional view taken along
      line 5--5 of FIG. 3.
DETD
PAR  Referring now in detail to the drawings, there is shown therein an improved
      home or small building heating system forming one embodiment of the
      invention and including an auxiliary heating unit 10 mounted between stack
      flue sections 12 and 14 of a conventional furnace 16 having its stack
      cooling port 18 closed by a cover 20. The unit 10 picks up heat from a
      conventional furnace heat exchanger 22 and feeds heated air into a
      conventional plenum 24 of the furnace to mix with air heated in the plenum
      and forced to the rooms to be heated through the plenum 24 by a blower 26
      of the furnace, cold air to the blower 26 being supplied by a cold air
      return duct 28 returning from the rooms to be heated.
PAR  The auxiliary heating unit 10 includes an entrance header 30, an elongated
      heat exchanger 32 and an outlet header 34. The smoke or flue gases from
      the furnace flow through the stack section 12 into the entrance header 30,
      through core pipes 36 of the heat exchanger, through outlet header 34 and
      stack section 14 to a chimney 37, and up the chimney to the outside. The
      pipes 36 are supported by and sealed in openings in header plates 38 and
      40 sealed to inlet and outlet headers 30 and 34 by a sealing compound,
      such as an engine gasket cement. The heat exchanger 32 has an outer casing
      42. Ambient air rom the furnace room is drawn by a fan 44 through inlet
      openings 46, through passages 48 surrounding the pipes 36 and through
      outlet opening 52 and outlet chamber 54. The fan blows the heated air
      through pipe 56 and an outlet 58 into the plenum, the outlet being
      directed longitudinally of the plenum and along the air duct 24. The
      outlet 58 has a large concentric sleeve 25 thereover which is slightly
      tapered to give a venturi effect to tend to draw air from the heat
      exchanger. The fan 44 is driven by an electric motor 60 controlled by an
      adjustable thermostat 62 responsive to heat in the outlet chamber 54, the
      thermostat actuating the motor 60 whenever the air in the chamber 54 is
      warm (not less than a predetermined temperature) the chamber 54 being
      above the heat exchanger portion. The furnace 16 is of conventional
      construction except for the closure of the opening 18 and includes a
      burner 70, a combustion chamber 72 under the plenum and an exhaust opening
      74. An air inlet 75 to the burner 70 is provided at the front of the
      furnace. If desired, the auxiliary heating unit can omit the fan 44 and
      use only the venturi effect. Also, instead of supplying heated air to the
      plenum, the heat exchanger 32 can be connected in the cold air return and
      deliver heated air to the cold air inlet of the furnace. In the latter
      arrangement, the heat exchanger 32 can be connected in series with the
      cold air return to the duct 28 or can be in a branch conduit of the cold
      air return with the branch feeding into the duct 28.
PAR  To further cool the stack gases and optimize draft, a stack gas cooling
      pipe 80 leading from the outside of the building through wall 82 opens
      into the bottom of the outlet header 34. The pipe 80 has a damper 84
      therein which is manually adjustable between a fully open position and a
      partially closed position, as shown. The air from the pipe 80 joins the
      flow of the stack gases to the chimmey and decreases draft through the
      burner and heat exchanger to increase the extraction of heat from the flue
      gases by the heat exchangers.
PAR  In an alternate construction, a solenoid (not shown) is utilized to
      partially close the damper 84 to a position creating optimum draft through
      the burner and stack. The solenoid is actuated by the burner control to
      partially close the damper when the control turns the burner on. When the
      control turns the burner off, it also de-energizes the solenoid, and a
      spring (not shown) moves the damper to its fully open position, in which
      the draft through the burner, the furnace heat exchanger and auxiliary
      heat exchanger is greatly reduced, thus leaving this residual heat in the
      building. In one constructed embodiment, the damper 84 was manually
      adjustable and was set to a position in which, when the burner was on and
      with the motor 60 operating, the temperature of the stack gases in the
      entrance header was between 325.degree. F. and 400.degree. F. and the
      temperature at the exit end of the heat exchanger 32 was not greater than
      about 125.degree. F. That is, the heat exchanger 32 extracted a very large
      part of the heat from the flue gases.
PAR  Since the heat exchanger 32 cools the flue gases to such a great extent, in
      some installations, condensation of moisture occurs in the pipes 36, and,
      to drain this away, the heat exchanger 32 is sloped slightly downwardly
      toward the outlet header 34 to drain all condensate through a trap 85 at
      the bottom of the pipe 80 and leading to a drain. Also, a sump 31 with a
      pipe 33 to a trap (not shown) may be provided in the entrance header 30,
      but this is not really necessary when the heat exchanger is sloped as
      described above.
PAR  The main object of my invention is necessitated by the fact that all
      previous attempts at extracting heat from exhaust gases by utilizing an
      auxiliary heat exchanger have been using heated air from within the
      structure itself to supply the draft. My invention will utilize air taken
      from outside the building ducted to the outlet header on the auxiliary
      heat exchanger joining the cooled exhaust gases to create a draft. This
      principle also saves heated air within the building from being drafted to
      the outside. Another consideration is the fact that if heated inside air
      is drafted outside, the pressure differential will cause cold air from the
      outside to enter the building. The above conservation of heat, plus the
      heat extraction from the auxiliary heat exchanger, will result in
      considerable fuel economy.
PAR  When the furnace burner goes off, the solenoid controlled damper opens and
      air following the line of least resistance will be diverted from the
      burner and furnace and auxiliary heat exchanger to the stack gas cooler
      and/or draft control, thus conserving the heat in the furnace heat
      exchanger and the heat in the auxiliary heat exchanger. This also
      conserves the warm air in the building which without this invention would
      be by natural draft exhausted up the chimney. The manual damper 84 can be
      preset in the stack gas cooler and/or draft control for different draft
      conditions, thus eliminating possible mechanical failure of the solenoid.
      The thermostat 62 is of a well known construction and of a fairly small
      variable, and serves to turn the motor 60 on when its temperature is
      raised to about 100.degree. F., for example, and turns off the motor 60
      when the temperature of the thermostat is about 80.degree. F., for
      example.
PAR  The stack cooler and/or draft control connected to outside air can be
      connected to a stack flue of a furnace without the auxiliary heat
      exchanger. This will not be as efficient as with an auxiliary heat
      exchanger unless the furnace is equipped with a heat exchanger of
      sufficient size to give proper transfer of heat. However, architects,
      designers and builders in their search to provide more space have reduced
      the size of heating units and the result is that a large portion of usable
      heat is lost by it being exhausted up the chimney.
PAR  If a furnace using my draft control must compete with a fireplace or
      exhaust fan for air, outside air must be provided for proper combustion.
      This can be done by opening a door or window or outside air can be ducted
      to the furnace burner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a heating system for
PA1  a small building,
PA1  a chimney,
PA1  furnace means in the building including a burner means, combustion air
      supply means and flue gas exit means,
PA1  stack means connecting the flue gas exit means to the chimney,
PA1  conduit means completely separate from the combustion air supply means and
      having an inlet outside the building and an outlet connected to the stack
      means for supplying outside air to the stack means to cool the flue gas
      and to act as a damper to control the flow of the flue gas to the chimney,
      and an auxiliary heat exchange means in the stack means upstream from the
      outlet of the conduit means and receiving heat from the flue gas.
NUM  2.
PAR  2. The heating system of claim 1 wherein the auxiliary heat exchange means
      has an air passage having an inlet for receiving cooler air from the
      building and an outlet for discharging warmed air into the building.
NUM  3.
PAR  3. The heating system of claim 2 including blower means for flowing air
      through the heat exchange means.
NUM  4.
PAR  4. The heating system of claim 3 wherein the furnace means includes primary
      heat exchange means and primary blower means for flowing air along a
      predetermined path including the primary heat exchange means, the
      first-mentioned blower means being connected to said path to discharge
      into said path.
NUM  5.
PAR  5. The heating system of claim 4 wherein the first-mentioned blower means
      is connected to said path at a point downstream from the primary blower
      means.
NUM  6.
PAR  6. The heating system of claim 2 wherein the furnace means includes primary
      heat exchange means and primary blower means for flowing air along a
      predetermined path including the primary heat exchange means, the outlet
      of the air passage being connected to said path.
NUM  7.
PAR  7. The heating system of claim 1 wherein the conduit means includes
      adjustable damper means for controlling the flow of air therethrough.
NUM  8.
PAR  8. The heating system of claim 1 wherein the heat exchange means includes
      pipe means for conveying flue gases, the pipe means being sloped
      downwardly toward the chimney, and means for receiving condensate from the
      pipe means.
NUM  9.
PAR  9. The heating system of claim 1 wherein the auxiliary heat exchange means
      includes a heat exchange section, an inlet header at one end of the heat
      exchange section and an outlet header at the other end of the heat
      exchange section.
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ABST
PAL  A device adapted for operational mounting upon a ground-level superior,
      moving, and dirigible platform, which device distributes individualized
      members of a particulate solid according to a ground pattern selectively
      controllable with respect to distribution frequency and locational
      placement of the individualized members.
PAL  Claimed also is a sequence of operations method for distributing members of
      a particulate solid according to a ground pattern which ground pattern is
      selectively controllable with respect to member distribution frequency and
      locational placement.
GOVT
PAR  A non-exclusive, irrevocable, royalty-free license in the invention herein
      described, throughout the world for all purposes of the United States
      Government, with the power to grant sub-licenses for such purposes, is
      hereby granted to the Government of the United States of America.
BSUM
PAR  Specifically and more narrowly, the instant invention relates to a method
      and to a device for accomplishing the controlled and uniform distribution
      of commercially available dewinged and pelletized pine tree seeds over a
      land area. It will be obvious however that both method and device are
      applicable for the controlled placement and controlled frequency
      distribution over a selected and finite area of any uniform, free-flowing
      particulate solid such as soybean seed, for example.
PAR  The continuously performed sequence of operations method involves the steps
      of segregating the individual members of the particulate solid, ordering
      the members individualized via the segregation step into spaced, serial
      arrays and finally projecting, mechanically, the individualized members in
      ordered arrays at controlled rate and at controlled speed from particle
      projecting nozzles which nozzles have been directionally aimed to yield
      selectively oriented particle trajectories. Placement of the
      individualized members of the particulate solid is thereby accomplished in
      a pre-planned ground pattern.
PAR  The device consists of a receptacle for containing a supply of the uniform,
      free-flowing particulate solid material, means for segregating and
      ordering at a controllable rate the individual particle members of the
      particulate solid and particle projecting means amenable to selective
      directional orientation and amenable to controllable projection speed for
      mechanically projecting the segregated and ordered particle members of the
      particulate solid at a controlled rate, at a controlled speed and in
      controlled trajectories.
PAR  If the operational mounting platform for the claimed device is a fixed wing
      aircraft or a rotary wing aircraft, the uniform and spaced row seeding of
      extended areas of quite intractable terrain can be achieved at rates that
      exceed any conventional controlled placement seeding operation by orders
      of magnitude. For example, the particular device herein described (a
      single, three-nozzle unit) can seed at the rate of about 9000 seeds per
      minute. An experienced person working a long day might possibly plant 2000
      pine seedlings. Moreover, the placement of multiple units on an aircraft
      platform is entirely feasible with consequent savings in flight time and
      increases in areas seeded.
PAR  It is known to seed extensive areas to pine trees in particular and to
      other crops in general via projection of the seed from ground located
      machines or from aircraft, as is evident, for example, by the commercial
      availability of dewinged and pelletized pine tree seed, but such methods
      and the apparatus associated therewith broadcast the seed in an entirely
      indiscriminate manner.
PAR  The instant claimed method and device accomplish aerial seeding of selected
      areas at controlled rate together with controlled placement of the
      individual seeds. Accordingly, the claimed method and device exhibit some
      compelling inherent advantages over undirected, broadcast seeding by
      whatever means accomplished.
PAR  Directed, uniform seed placement permits of "row seeding" so that in the
      case of tree farms, pine tree acreage in particular can be ultimately
      subjected to mechanized harvest methods. Directed, uniform seed placement
      also allows for the efficient use of high cost hybrid seeds.
PAR  The particular device described herein and employed for the purpose of
      depicting and describing an operating example for the disclosure, is a
      single unit that utilizes three seed projecting nozzles. This single unit
      mounted under the centerline of a fixed wing aircraft can sow
      approximately 9000 dewinged pine tree seeds in pelletized form in one
      minute (i.e. about 3000 seeds per minute per particle projecting nozzle).
      The seeds sown are distributed with respect to ground pattern placement in
      three columns or rows of seeds, each row comprising a four foot wide swath
      and each swath separated from an adjacent swath by a row spacing 8 feet in
      width (i.e. one pass of the aircraft with aerial seeder attached and
      operating seeds an area twenty-eight feet wide).
PAR  A considerable and quite obvious advantage of the claimed device vis-a-vis
      ground level initiated seed placement whether via hand or via machine
      operations is the far shorter time required to seed commensurate land
      areas. The time factor advantage is especially important if the planting
      season is restricted by virtue of weather conditions, for example, or if
      accelerated planting appears mandatory by reason of forest areas destroyed
      by fire and susceptible to imminent water and/or wind erosion.
PAR  Seeding by the method and the means of the instant invention can be
      accomplished at times subsequent to periods of inclement weather when land
      areas to be seeded would present accessibility problems for ground
      operations.
PAR  The following section of the disclosure is submitted as a practical
      information aid for prospective users of the instant invention.
PAR  Certain criteria are of importance for selecting the aircraft to be used as
      an operational mounting platform for the aerial row seeder. In most
      instances, the availability of a particular type will be the decisive
      factor.
PAR  Desired spacing of the individual trees along the sown rows is another
      consideration. Tree spacing along the rows is controlled by the forward
      speed of the aircraft and by the seed dispensing rate of the seeding
      device. Percent germination reliability of the seed as sown will also be a
      factor.
PAR  Variation in wind velocity and direction along with inherent air flow
      fields around various types of aircraft will affect seed placement
      somewhat. However, these last mentioned effects alter seed placement to a
      much smaller degree than might be expected. These effects seem to be
      minimized by the use of high nozzle exit velocities for the individualized
      seeds being projected coupled with the relatively small size and
      essentially spherical shape of the pelletized seeds. It is recommended,
      however, that in the case of rotary winged aircraft, the seed projecting
      apparatus be placed as far forward on the aircraft as is practical.
PAR  Because there is a practical upper limit to the operational rate of the
      seed dispensing mechanism before jamming occurs, some trade-off must be
      made between flight speed and tree spacing. The ability of rotary winged
      aircraft to fly at slower speeds makes the rate of seeding less critical
      while the lower limit of air-speed for fixed wing aircraft demands a
      specific seed-dispensing rate for a specific spacing. We estimate the
      lower limit for fixed wing aircraft seeding operations to be about 70
      miles per hour altered somewhat, of course, by aircraft type and pilot
      skill. Reduced to useful number information, 70 miles per hour is about
      103 feet per second. In order to achieve a tree spacing of 1 foot at this
      speed a seed dispensing rate of 6180 seeds per minute is required; for a
      tree spacing of 2 feet, 3019 seeds per minute is required. Rotary winged
      aircraft speeds of 40 miles per hour (58.6 feet per second) require a seed
      dispensing rate of 3516 seeds per minute for a one tree per foot spacing;
      1758 seeds per minute for a spacing of one tree per every two feet.
PAR  At this juncture, attention is directed to the drawings and directed, in
      particular, to the exploded view depicted in FIG. 1 which view will be
      useful for a detailing both of the structure and of the operation of a
      particular seeding device. Namely, the device with which the herein
      disclosed operational data was obtained.
DRWD
PAR  FIG. 1, as noted above, is an exploded view of the apparatus and as such
      shows all of the components and the positional relationships of the
      components.
PAR  FIG. 2 depicts, via a sectional view, the details of one of several seed
      projecting nozzles.
PAR  FIG. 3 represents graphically the actual seed projection and placement
      performance of the apparatus side row nozzles (i.e. a port nozzle and a
      starboard nozzle) relative theoretical performance.
PAR  FIG. 4 represents the overall plan view of an actual seeding run performed
      by the device of the invention operating aboard a fixed wing aircraft.
      FIG. 4, in addition, shows the seed recovery sampling scheme that was
      employed for measuring seeding performance.
DETD
PAR  In the exploded view of FIG. 1, a lower portion fragment of the seed supply
      storage bin 1 is shown. The bin can be a receptacle of any convenient
      configuration with the proviso that the lower wall portion (interior)
      terminate as a circle and with the additional proviso that the interior
      walls exhibit sufficient vertical inclination to assure gravity induced
      downward flow of the free-flowing, uniform particulate solid material
      (seeds) intended for retention within the said bin.
PAR  Item 2 is an electric wire lead and associated fitting for a tachometer
      (the r.p.m. of the motor driven seed segregator or seed metering plate 11
      is monitored via a tachometer 7).
PAR  Item 3 is a hex screw that functions to fix the location of tachometer 7
      relative the inverted cone shaped bin bottom 5.
PAR  Item 4, of which one of four is shown, is a support bracket that provides
      for the locational attachment of the inverted cone-shaped bin bottom 5 to
      base plate 12.
PAR  Seed supply storage bin 1 is also supported positionally and secured to
      base plate 12. Attachment is via four locating brackets, one of which 31,
      is shown. Cap screws 32 and 32' secure the bracket 31 to the base plate
      12.
PAR  Item 6 is the tachometer lead wire to fitting 2 (see above).
PAR  Item 7 is the tachometer, the drive portion of which is attached to adapter
      9 via hex screw 8.
PAR  Item 10 is a threaded nut that serves to clamp the seed segregator plate 11
      to segregator plate drive shaft adapter 15.
PAR  Item 14 is a hex screw that secures and positions adapter shaft 15 to and
      relative output shaft 39 of gear reducer component 19. The position
      (vertical) of adapter shaft 15 controls the rotational clearance (i.e.
      axial clearance) between rotatable seed segregator plate 11 and stationary
      base plate 12.
PAR  Base plate 12 provides for the support and the locational positioning of
      the several components of the device.
PAR  Item 13 is an adapter plate attached to base plate 12 by four bolts, one of
      which 28 is shown. Adapter plate 13 joins the gear reducer component 19 to
      base plate 12.
PAR  Gear reducer 19 is actuated by electric motor 17 which is supplied with
      current through electric wire leads 16 and is attached to the driven end
      on gear reducer 19 by four bolts, one of which 18 is shown. The drive
      shaft of gear reducer 19 is attached to and provides rotational drive to
      seed segregator plate 11 via output shaft 39 and adapter 15. Segregator
      plate 11 and adapter shaft 15 are joined by threaded nut 10.
PAR  Attention is now directed to the three openings that perforate base plate
      12 at the locations indicated by lead lines 29. These openings are sized
      dimensionally to pass individually and serially the seeds intended for use
      in the device. These openings are so located that they will register
      precisely and sequentially with each of the seed sized perforations of the
      seed segregator plate pursuant to rotation of segregator plate 11.
PAR  Seed segregator plate 11 is provided in the vicinity of its periphery with
      a row of perforations uniformly spaced and sized dimensionally to accept
      and accommodate a single use intended seed. As noted supra, the
      perforations of the segregator plate are so located that rotation of the
      segregator plate will bring the several perforations sequentially into
      register with the associated openings that perforate base plate 12.
PAR  Positioned on the underside of base plate 12, at the locations indicated by
      lead lines 29 are the seed suction and projecting nozzles.
PAR  The nozzles of which one of three is shown in FIG. 2, are a composite of
      component parts 20-27 inclusive. Each nozzle is secured to the underside
      of base plate 12 via a nozzle angle mounting adapter 20. The junction is
      sealed with O-ring 21.
PAR  Attention is now directed to FIG. 2 which is an isometric view of a nozzle.
      The nozzle assembly is composed of the following components: nozzle outer
      housing 22, nozzle inner core 25, nozzle angle mounting adapter 20,
      locknut 27, gasket 26, and O-ring 21. Standard screws are used to secure
      housing 22 to adapter 20 with O-ring 21 used to seal the connecting
      surfaces between the two.
PAR  Outer nozzle housing 22 and nozzle core 25 have matching threads along
      their common cylindrical surfaces. When nozzle core 25 is assembled with
      nozzle housing 22, they jointly form an annular shaped air chamber (A) and
      a close tolerance air exit gap (G). The dimension of the gap depends upon
      the threaded adjustment of core 25 into housing 22. Locknut 27 and gasket
      26 insure the dimensional stability of the gap once the gap is
      established.
PAR  The configuration of core 25 and housing 22 at the gap (G) are such that a
      high velocity annular air jet is formed as the air exits the annular air
      chamber through the gap.
PAR  The high velocity air jet entrains air from upstream the gap and as a
      consequence creates the suction that draws each seed in turn from its
      position in the seed segregator plate down through the opening in the base
      plate, through the angle mounting adapter and into the nozzle where, once
      downstream, past the air gap, the driving force of the air relative the
      seed changes from suction to pressure which pressure entity propels the
      seed from the seed egress aperture of the nozzle into a trajectory that is
      subject to control via adjustment of the air pressure supplied to the
      nozzle through air supply opening 23 and via modification of the nozzle
      adapter angle which for the device described was set at 60.degree.
      relative vertical.
PAR  A supply of low pressure air (16-30 pounds per square inch) is either
      available on board the aircraft platform or can be produced by an
      off-the-shelf compressor item, not part of the claimed invention. The same
      is true of the lines and the connections used to join the low-pressure air
      supply to the seed projecting nozzles.
PAR  Ejection velocity is controlled via air pressure and can be predicted
      analytically as is shown in FIG. 3. The rate of seeds dispensed through
      each seed projecting nozzle is dependent on the speed of rotation of the
      seed segregator plate. Test results yielded measured rates as shown below
      for a segregator plate approximately 11 inches in diameter and carrying 90
      perforations rotating 50 times per minute with an air supply to the seed
      projecting nozzles being held at 40 pounds per square inch gauge pressure.
TBL  ______________________________________                                    
     Nozzle Assembly                                                           
                  Range (Seeds/Minute)                                         
                                  Mean                                         
     ______________________________________                                    
     Right        2940-3329       3173                                         
     Center       2179-2480       2304                                         
     Left         2310-2672       2440                                         
     ______________________________________                                    
PAL  The seed segregator plate measured 11 inches in diameter and carried 90
      openings.
PAR  The following will provide a useful guide for adjusting the nozzle air-gap.
      The air-gap, which provides upstream suction to draw the isolated seeds
      out of the segregator plate into the nozzle assembly and additionally
      supplies downstream driving force pressure to eject the seeds from the
      nozzle egress aperture, should be so adjusted that the gap area
      (cylindrical area) approximates 1/10 of the nozzle egress aperture area
      (circular area). Such an adjustment used with 30 to 40 pounds per square
      inch of air pressure supplied to the nozzle assembly will provide a useful
      upstream suction of from about 20 to 30 inches of water.
PAR  In general, the device of the instant invention operates as follows.
PAR  A supply of dewinged and pelletized pine tree seeds, item 30 of FIG. 1, is
      introduced into the seed supply storage bin 1. Dewinged pine tree seeds
      coated with a water soluble clay and, if desired, augmented with
      germination and growth promoting ingredients are commercially available.
      The coated seeds in pelletized form are approximately 3/16 of an inch in
      diameter, free-flowing and are very nearly spherical in shape. The
      pelletized seeds introduced into bin 1 flow via gravity downward toward
      the bin nadir by reason of the vertical side walls of the bin and by
      reason of the steeply inclined slope of the inverted cone-shaped bin
      bottom 5. The bin nadir consists of an annular ring shaped area delimited
      by the concentric outer edge of the bin bottom and the bin interior side
      walls. The annular ring shaped nadir area of the bin is occupied by that
      exposed (i.e. exposed with respect to the interior of the bin) peripheral
      portion of the seed segregator plate 11 which carries the accurately
      ordered and spaced seed sized perforations. The free-flowing essentially
      spherical, dewinged and pelletized seeds within the bin, by virtue of
      gravity induced downward flow, ultimately reach the perforated portion of
      seed segregator plate 11. The individual perforations being rather
      precisely sized relative the individual pelletized seeds, accept and
      substantially isolate from the seed supply one seed per plate perforation.
      The individual seeds stay within their respective segregator plate
      perforations until such time, pursuant of plate rotation, that a
      segregator plate perforation with a resident seed comes into register with
      one of the openings in base plate 12 the opening communicates with an
      associated seed acceleration and projection nozzle lead line 29. At the
      moment of register between the segregator plate perforation and the base
      plate opening which defines a seed conduit to the associated seed
      projection nozzle, the suction effect from the base plate proximal end of
      the nozzle (i.e. the nozzle portion upstream the nozzle air-gap) draws the
      individual seed resident within the segregator plate perforation downward
      out of the segregator plate perforation, through the momentarily indexed
      opening in the base plate and into the seed projection nozzle. The seed,
      once past the nozzle air-gap is accelerated via air pressure downstream
      the nozzle air-gap and is finally projected from the nozzle seed egress
      aperture into a preplaned trajectory. The trajectory of the projected seed
      is controlled relative the vertical plane via the nozzle angle adapter and
      relative the horizontal plane via directional orientation of the nozzle
      seed egress aperture. Pressure of the air being supplied to the projection
      nozzle affords control of the seed projection velocity. The rate of seed
      projection is controlled via the rotating speed of the seed segregator
      plate. Soon after the instant an individual seed is removed from its
      resident location within a seed segregator plate perforation, the
      location, upon exit from beneath bracket 4 is filled by another seed from
      the seed supply within the bin above the rotating seed segregator plate.
PAR  The next immediate section of the disclosure relates to a test of the
      device and of the method from on board a fixed wing aircraft.
PAR  The device was mounted, for purposes of flight testing, on a Cessna 172.
      The entire assembly was supported beneath the fuselage on the centerline
      and at an essentially midship location.
PAR  Three seed projecting nozzles were employed: one directed 90.degree. to the
      right, one directed 90.degree. to the left, and one directed center aft,
      all orientations established with respect to the seeding flight path of
      the aircraft.
PAR  All three seed projection nozzles were set in the vertical plane at an
      angle of 60.degree. (i.e. the seed egress aperture was aimed at a downward
      angle of 30.degree. relative horizontal). Air pressure supplied to the
      seed projection nozzles was controlled at 40 pounds per square inch. Rate
      of seed distribution was controlled at 9000 seeds per minute (3000 seeds
      per nozzle per minute). This rate of seeding requires a seed segregator
      plate rotation of about 50 revolutions per minute with the flight tested
      model of the device.
PAR  Aircraft forward speed was held at 80 miles per hour and altitude
      maintained within the range 25-35 feet. Directional guidance for the
      aircraft pilot was in the form of a lime line and a ground located transit
      was utilized to check deviation of the aircraft from the intended path
      during the seeding run. Actual deviation from the intended path during the
      seeding run was less than six inches. Wind velocity during the seeding run
      was approximately one mile per hour off the portside quarter.
PAR  The overall plan of the seeding run is depicted in FIG. 4 which figure is
      essentially self-explanatory. Attention is however directed to the nine
      sampling areas (the sampling areas for each of the three seed projecting
      nozzles). The sampling areas are designated S, R, S.sub.2 R, S.sub.3 R for
      the right hand located nozzle; S, C, and so forth, for the center nozzle
      and S, L, and so forth, for the left hand located nozzle. Projected seeds
      were located in the designated sampling areas to the end that
      effectiveness of the aerial seeder could be established.
PAR  Analysis of the sampled areas and related computer simulation demonstrated
      that employing seed projection nozzle air pressures between about 16 and
      30 pounds per square inch, cross winds of up to 5 feet per second can be
      tolerated without seed impact points straying beyond the intended seeding
      swath of a particular nozzle. Air pressures within this range yield seed
      ejection velocities within the range of 50 to 80 feet per second. Nozzle
      angles of 60.degree. relative the vertical yield better seed placement
      than nozzle angles of 30.degree.. Orientation of the center nozzle aft
      produces better seed placement than a forward orientation. Forward speed
      of 80 miles per hour and a seed projection rate of 3000 seeds per minute
      will produce a spacing of the seeds along the row of approximately 2 feet.
      The invention having thus been disclosed what we claim is recited infra.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device operable from a controlled, ground-level superior, moving and
      dirigible platform to segregate the particles of a free-flowing, uniform
      particulate solid material and to disperse the segregated particles over a
      land area in accordance with a preselected pattern, which device consists
      of the following integrated components each defined as a means and
      characterized by a related function:
PA1  a. means defining a receptacle with bottom and side walls adapted to
      contain and deliver a continuing supply of free-flowing, uniform,
      particulate solid material to the receptacle bottom via gravity induced
      downward displacement;
PA1  b. means, numbering at least one, in the form of openings dimensionally
      sized to pass segregated particles serially, defining interior-exterior
      communication through the receptacle bottom;
PA1  c. particle segregating means adapted to individualize and serially order
      in spaced array, the individual particles from a supply of free-flowing,
      uniform particulate solid material, said means disposed intermediate the
      material supply and the nadir area of the receptacle bottom, said
      segregating means in the form of a generally planar member extended in
      length and width dimensions to conform with at least the nadir area of the
      receptacle bottom, movement clearance there-between provided, said member
      provided with an associated driving mechanism controllable to impart to
      said member uniform periodic movement in a plane normal to the nadir area
      of the receptacle bottom, said member perforated over the length and width
      extended area with a multiplicity of spaced, uniform openings directed
      through the thickness dimension of the member and collectively disposed to
      define at least one functionally endless, serially ordered array of
      openings, each opening adapted dimensionally to accommodate, effectively
      isolate, and transport individual segregated particles from the material
      supply, the openings severally disposed to insure that periodic movement
      of the extended member will carry each opening, serially relative its
      immediate array adjacent openings, into register with a receptacle bottom
      opening, once per cycle of periodic movement;
PA1  d. particle projecting means, numerically equal to the receptacle bottom
      openings of (b) supra, each projecting means comprising a particle ingress
      aperture communicatively adjacent an associated receptacle bottom opening,
      a particle accelerating section actuated via an externally supplied
      pressurized fluid, and a particle egress aperture, each projecting means
      selectively adjustable relative the directional orientation in space of
      its particle egress aperture and each particle projecting means
      functionally adapted to serially accept, serially accelerate, and serially
      project segregated and ordered individual particles away from its egress
      aperture at controlled interval rate and at controlled speed, thereby to
      generate in space a trajectory defined by an ordered array of moving,
      spaced particles, the plurality of particle projecting means, severally
      aimed pursuant to a planned collective trajectory orientation,
      continuously translocated via movement of the platform effecting
      distribution of individualized particles in accordance with a
      predetermined ground pattern.
NUM  2.
PAR  2. A device for effecting the uniform, patterned seeding of land areas
      which device is mounted upon and operated from a controlled, ground level
      superior, moving, and dirigible platform and which device consists of the
      following integrated combination of components viz-- a seed supply bin, a
      seed segregator with included motor drive for individualizing and ordering
      seeds from the seed supply bin, and a plurality of directionally oriented
      seed accelerating and projecting nozzles activated via low pressure air:
PA1  seed supply bin consisting of seed confining side walls and bottom, said
      side walls shaped in any convenient conformation with the proviso that the
      interior wall surfaces exhibit a vertical inclination sufficient to assure
      gravity induced downward travel of the confined supply of seed and with
      the additional proviso that the supply bin interior wall lower edge
      terminate in a circular configuration, said supply bin bottom shaped in
      the form of an inverted cone with the cone surface upward slope toward the
      apex at least sufficient to assure gravity induced downward travel of the
      confined seed supply and with the inverted cone lower edge terminating in
      a circular configuration disposed horizontally adjacent and interiorly
      concentric to the supply bin interior wall lower edge, thereby to delimit
      a supply bin nadir in the form of a horizontally disposed, annular ring
      shaped area which supply bin nadir is integral and intervening the
      respective lower edges of the supply bin side walls and cone shaped
      bottom, the horizontal width dimension of the annular ring shaped supply
      bin nadir approximating but sensibly exceeding the maximum dimension of a
      use contemplated individual seed, at least a plurality of three
      selectively and regularly spaced openings through the supply bin nadir
      providing communication with the supply bin exterior, the openings
      dimensionally adapted severally to pass singly and serially individualized
      members of the use contemplated seed supply;
PA1  seed segregator consisting of an annular ring shaped member rotatably
      driven via an associated driving motor and rotatably mounted with biradial
      and axial clearance within the annular ring shaped space intervening the
      respective lower edges of the supply bin interior side walls and the
      inverted cone shaped bottom and vertically coincident the supply bin
      nadir, said annular ring shaped member of width and thickness dimensions
      approximating but sensibly exceeding the maximum dimension of a use
      contemplated individual seed and said annular ring-shaped member
      perforated along its entire annular course with at least one row of
      arcuately spaced and vertically directed openings, severally adapted to
      accommodate and to pass individually, use contemplated seeds and said
      openings severally adapted and disposed to register, during driven
      rotation of the seed segregator, with the openings of the supply bin nadir
      recited supra, operational rotation of the perforated ring-shaped seed
      segregator at the bottom of the supply bin effecting the acceptance and
      the withdrawal of individual seeds from the seed supply into the
      perforations, forming thereby a continuous, ordered and spaced array of
      seeds, one seed in each perforation and operational rotation of the
      segregator effecting further, the delivery and discharge of ordered and
      spaced individual seeds at any instant during segregator rotation when a
      perforation with a resident seed comes into register with a supply bin
      nadir opening segregator perforations emptied of a resident seed via
      downward discharge through the supply bin nadir, concomitantly accept and
      withdraw a seed replacement from the supply above;
PA1  seed accelerating and projecting nozzles equal in number to the openings
      through the supply bin nadir, severally adapted to pass serially,
      individualized seeds and severally consisting of a seed ingress aperture
      disposed communicatively adjacent an associated supply bin nadir opening,
      a seed egress aperture directionally oriented in space according to a
      preselected plan and a tubular seed accelerating section located
      intermediate the recited apertures and defining a conduit there-between,
      said seed accelerating section dimensionally adapted to pass
      individualized seeds serially and provided, proximate the egress aperture,
      with an air-gap discontinuity in the form of a venturi throat directed
      toward the egress aperture and surrounded by a concentrically enlarged
      enclosure carrying low pressure air supplied from an external source,
      airflow into the air-gap and through the throat with attendant air
      velocity increase providing via the venturi effect, a reduction in air
      pressure upstream the throat toward the ingress aperture, thereby
      enhancing the gravity induced flow of individualized seeds downward from
      the supply bin, through the seed segregator perforations, the, at some
      instant, registering supply bin nadir openings and the associated seed
      ingress apertures of the seed accelerating and projecting nozzles to the
      venturi throat, concurrently, airflow through the throat with attendant
      air velocity increase providing a driving force downstream the throat
      toward the egress aperture thereby accelerating the individualized seeds
      and projecting the accelerated seed away from the egress aperture,
PA1  individualized and arrayed seeds projected in continuous and moving
      trajectories from the several directionally oriented nozzles, which
      nozzles as integral components of the device undergo a constant and
      systematic translocation via controlled movement of the said platform,
      collectively effect the uniform seeding of a land area in accordance with
      a preselected pattern.
NUM  3.
PAR  3. A method for the uniform, ground patterned seeding of land areas which
      method consists of the following sequential operations performed
      continuously:
PA1  1. separating seeds as discrete particles from a source supply of uniform,
      free-flowing seeds;
PA1  2. ordering the separated seeds into a plurality of arrays severally
      consisting of individualized, serially disposed and sequentially spaced
      seeds;
PA1  3. mechanically propelling the seeds of the arrays of (2) supra into the
      air-space above the land area to be seeded at selectively controlled,
      uniform interval rates and speeds and in selected, severally singular,
      directionally oriented trajectories from a controlled, moving, dirigible,
      and ground level superior platform, the collective space oriented
      trajectories, translocated systematically and continuously via controlled
      movement of the said platform, effecting the distribution of
      individualized seeds over a land area in accordance with a preselected
      ground pattern.
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ABST
PAL  A lawn sprinkler is provided with a first female hose fitting disposed in
      fluid communication with a housing having a base and interior chamber in
      fluid communication with the first fitting and a second fitting in fluid
      communication with the chamber. A sprinkler head is provided having a
      third fitting dimensioned and configured for engagement with the second
      fitting. The head has a plurality of petals representing a flower which
      has a plurality of fluid passageways disposed therein extending to the
      surface of the petals. The sprinkler head may be luminous and may also be
      selectively removed and replaced by a dished bird bath structure having a
      fitting cooperatively dimensioned and configured for engagement with the
      second fitting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to lawn and garden equipment and particularly to lawn
      sprinklers. The prior art includes various lawn sprinklers which in
      general have not been aesthetically appealing, have had only one use and
      in some cases pose a hazard for people walking on the lawn in dim
      lighting. Apparatus having a very general similarity to the apparatus of
      the present invention includes that shown in the following U.S. Pat. Nos.:
      Requa, 1,929,825; Moore, 1,989,525; Forman, 2,611,645; Koniskson,
      2,884,200; and Butt U.S. Design Pat. No. 100,087. It is a primary purpose
      of the invention to provide apparatus which is aesthetically pleasing,
      which avoids potential hazards due to tripping over the lawn sprinkler in
      darkness and which has a dual purpose.
PAR  It is still another object of the invention to provide apparatus which is
      simple and inexpensive to manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that these and other objects of the invention may be
      attained by a water sprinkler which comprises a first female hose fitting
      and a housing having an interior chamber in fluid communication with the
      first fitting and also a second fitting carried on the housing. The
      housing provides a base for support of the assembly. A sprinkler head is
      provided having a third fitting dimensioned and configured for engagement
      with the second fitting and which includes a plurality of three
      dimensional representations of flowers including petals include a
      plurality of passageways disposed therein communicating with the third
      fitting.
PAR  In one form of the invention the sprinkler head is luminous. The sprinkler
      head may be selectively removed and replaced by a generally horizontally
      dished bird bath member and which has a fitting cooperatively dimensioned
      and configured for engagement with the second fitting when the sprinkler
      head is removed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood by reference to the accompanying
      drawing in which:
PAR  FIG. 1 is a side elevational view of one form of the apparatus in
      accordance with the invention;
PAR  FIG. 2 is a side elevational view to an enlarged scale of the apparatus
      shown in FIG. 1;
PAR  FIG. 3 is a sectional view taken through the line 3--3 of FIG. 2; and
PAR  FIG. 4 is a perspective view of a bird bath which may be selectively
      positioned on the housing shown in FIGS. 1 through 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 through 3 there is shown a first fitting 10 which
      is coupled to a garden hose 12. The coupling is carried by a housing 14
      having an interior chamber 16 which is in fluid communication with the
      coupling 10 and a second coupling 18. The housing includes a base 20 which
      is generally planar and which supports the entire assembly.
PAR  Engaging the second coupling or fitting 18 is a sprinkler head 26 having
      fitting 28 dimensioned and configured for engagement with the fitting 18.
      In the preferred form the sprinkler head 26 is hollow and has a plurality
      of passageways for the passage of water which enters through the garden
      hose 12 and passes via the chamber 16 to the interior 32 of the head 26.
      In one form of the invention the head 26 is manufactured of a luminous
      material and which may be a plastic. It has been found that the apparatus
      so manufactured substantially reduces the danger of tripping over the
      sprinkler which must by necessity be placed away from the side of the lawn
      to do an efficient watering job.
PAR  Another form of the invention is shown in FIG. 4 wherein the garden hose 12
      is used to supply water through the same housing 14 which is supported on
      the same base 20. The removable bird bath 40 includes a dished member 42,
      an upstanding truncated conical support 44 and an umbrella shaped member
      46 having a plurality of passageways 48. It will be understood that the
      passageways 48 are in fluid communication with the interior of the housing
      14 and that this arrangement permits a dual use not only for lawn
      sprinklers, but also for providing a suitable place for a bird bath. More
      particularly it will be understood that the dished surface 42 will be used
      for birds. If desired the dished surface 42 may also be used for feeding
      birds.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A water sprinkler which comprises: a first hose fitting, a housing
      having an interior chamber in fluid communication with said first hose
      fitting, said housing having a second fitting carried on said housing and
      disposed in fluid communication with said chamber, said housing further
      including a base for support thereof, a sprinkler head having a third
      fitting dimensioned and configured for selective engagement with said
      second fitting, said sprinkler including a plurality of three dimensional
      representations of flowers including petals, said petals having a
      plurality of passageways disposed therein communicating with said third
      fitting.
NUM  2.
PAR  2. The apparatus as described in claim 1 wherein said sprinkler head is
      manufactured of a luminescent material.
NUM  3.
PAR  3. The apparatus as described in claim 1 wherein said sprinkler includes a
      generally horizontal dished member having a fitting cooperatively
      dimensioned and configured for selective engagement with said second
      fitting when said sprinkler head is removed.
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ABST
PAL  A moisturizing apparatus for use with a wind machine including a fluid
      manifold mounted on the wind machine to dispense fluid in the path of an
      air stream created by a rotating fan blade on the wind machine to humidify
      hot dry air blown over agricultural crops. The apparatus includes valve
      means and valve control means to selectively activate the valve means from
      a normally closed position to an open position to allow fluid under
      pressure to pass through the manifold into the air stream.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  During the growing cycle of citrus trees and the formation of fruit buds
      unseasonable hot dry weather, particularly encountered in the southwestern
      part of the United States, will cause what is known as "June Drop."
      Because of the lack of sufficient water moisture in the air citrus buds
      will dry up and fall from the tree. The loss of such buds will at fruit
      maturity greatly diminish the yield.
PAR  Heretofore, very little, if anything, has been done to adeuqately prevent
      "June Drop" because the size of citrus orchards being large prevented any
      completely satisfactory moisturizing techniques. The only partial help to
      prevent this loss of buds has been by water sprinkler aeration means. This
      has required a great number of water sprinkler pipes to be placed
      vertically between rows of trees and of a height to extend above the trees
      whereby water may be mingled with the dry air for humidity. This, however,
      has not proved satisfactory for large acreage because of the tremendous
      number of such pipes that are needed. Further, with variances in water
      pressure it can not be assured that sufficient spray can be achieved to
      permeate the air over the trees in the orchard or grove. Finally, with the
      general lack of air movement during such weather conditions, the spray
      does little more than water a tree or few trees in the immediate vacinity
      of the sprinkler.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention includes moisturizing apparatus which is adapted for
      use with conventional agricultural wind machines. At the present time many
      large citrus groves are equipped with a number of wind machines
      strategically placed around the grove for winter frost protection.
PAR  Generally the wind machines include a base set in the ground with a tower
      rising vertically therefrom to an elevation well above the trees. A power
      means is employed to rotate a fan blade at the top of the tower and air is
      drawn through the blade and spirally forced over the trees creating a
      disturbance of the ambient air preventing cold air to settle. In addition,
      the blade by gearing means is allowed to rotate 360.degree. around the
      vertical axis of the tower so that a larger area of air turbulence is
      possible.
PAR  The object of this invention is to provide a moisturizing means which can
      be used in conjunction with such a wind machine to force water into the
      air stream and force water-ladened air over the citrus trees to humidify
      the hot dry air which causes "June Drop" of citrus buds.
PAR  More particularly the invention includes an annular water manifold secured
      atop the wind machine tower with a water supply means connected to the
      manifold. The manifold is formed with a series of upward pipe projections
      spaced around the manifold. Fitted to the projections are valves such as
      poppet valves that are normally biased closed. Mounted on the valves are
      nozzles or sprinkler heads to diffuse water passing through the valves
      into the air stream.
PAR  A further object of the invention is to provide cam means associated with
      the fan as it rotates around the vertical axis of the tower so that
      selected valves may be activated whereby water may be directed into the
      air stream. While all the valves could be opened simultaneously, it has
      been found that such practice creates an unnecessary waste of water. The
      caming arrangement may be adapted to any predetermined sequencing to
      achieve the most desirable valve opening so that an effective permeation
      of the air stream with water is achieved.
PAR  Another object of the invention is to utilize the manifold and air flow to
      distribute fluid pesticides through the manifold into the air stream
      whereby the pesticides will settle over the trees.
PAR  Further objects and advantages of the invention may be brought out in the
      following part of the specification wherein small details have been
      described for the competence of disclosure, without intending to limit the
      scope of the invention which is set forth in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a wind machine including the
      moisturizing apparatus of the present invention and the environment of its
      use;
PAR  FIG. 2 is a top plan view of the moisturizing apparatus mounted to a wind
      machine illustrating cam actuated valves and nozzles with water being
      expelled therefrom;
PAR  FIG. 3 is a side elevational view partly in section of the moisturizing
      apparatus and a wind machine illustrated in FIG. 1;
PAR  FIG. 4 is a top elevational view partly in section taken on line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a top plan view of the moisturizing apparatus such as illustrated
      in FIG. 2 with a modified cam arrangement for actuating the valves;
PAR  FIG. 6 is a side elevational view similar to FIG. 3 showing a modified form
      of mounting the valves and cam actuating means for the moisturizing
      apparatus; and
PAR  FIG. 7 is a top elevational view partly in section taken on line 7--7 of
      FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in more detail, in FIG. 1 there is
      illustrated a conventional wind machine generally designated 10 which
      includes a tower 12 in the form of a hollow column mounted on a base 14
      within an orchard of trees 16.
PAR  The power source 18 which may be an electric motor, gasoline or Diesel
      engine illustrated in this particular embodiment, is mounted adjacent to
      the base of the tower on the base 14 and through a reduction gear
      generally illustrated at 20, is coupled to the lower part of a vertical
      drive shaft 22, best seen in FIG. 3 mounted within the tower 12. The
      vertical drive shaft 22 extends upwardly through the hollow tower 12 and
      bushing (not illustrated) and terminates in a bevel gear 24 above the top
      25 of the tower 12.
PAR  Meshed with the bevel gear 24 is a second bevel gear 26 which in turn is
      mounted on a fan blade shaft 28. The fan blade shaft 28 is journaled
      through the front wall 30 of a gear housing 32 which covers a portion of
      the fan blade shaft 28 and the respective bevel gears 24 and 26. The
      housing 32 is rotatably mounted within a gear assembly cavity 35
      (partially illustrated in dotted lines) which extends from top 25 into the
      hollow tower 12 and surrounds the vertical drive shaft 22 whereby the
      housing 32 and fan 36 will rotate 360.degree. around the vertical axis of
      the tower 12.
PAR  Mounted at the forward end of the fan blade shaft 28 is a fan blade
      generally designated 36. As can be seen, when the vertical shaft 22
      rotates, movement is imparted through the bevel gears 24 and 26 to the fan
      drive shaft 28 in turn rotating the fan 36. Due to the pitch of the blades
      38 of the fan 36, air is drawn through the blades 38 and expelled
      rearwardly as shown by the arrows in FIG. 1.
PAR  There is also provided a ring gear 40 which is fixedly mounted on the gear
      assembly cavity 35 at the top of the tower 26. Meshed with the ring gear
      40 is a drive spur reduction gear 42 which in turn extends downwardly from
      reduction gearing (not fully illustrated) in a housing extension 44. Thus
      rotation of fan shaft 28 will also impart 360.degree. rotation of the fan
      36 and housing 32 around the vertical axis of tower 12.
PAR  The moisturizing apparatus generally designated 50 includes an annular
      manifold 52 preferably formed of pipe and having a bore 54. The manifold
      52 preferably completely encircles the tower 12. In order to mount the
      manifold 52 to the tower 12, a plurality of support struts 56 extend
      outwardly from the tower 12 and are welded or otherwise secured to the
      inner surface 57 of the manifold 52. As can be seen from the drawings the
      manifold 52 is preferably mounted slightly below the top 25 of the tower
      12 and on a horizontal plane when viewing it from the side.
PAR  In order to bring fluid or water to the manifold 52 a supply line 58 is
      preferably provided which extends from the ground, up the side of the
      tower, terminating in a T-joint 60 in the manifold 52, so that water will
      flow into the bore 54.
PAR  Positioned at spaced intervals around the manifold 52 and extending
      upwardly therefrom are a plurality of pipe nipples 62 which communicate
      with the bore 54. Preferably secured to each of the nipples 62 are valve
      means 64 such as a conventional poppet valve 65. Extending from the valves
      65 are nozzles or sprinkler heads 66 having exit orifices 67 of any
      general configuration whereby water which exits through the orifices 67
      may be dispersed in a relatively fine spray.
PAR  Each of the valves 65 include a plunger 68 and a tension spring 70 mounted
      between the valve and a cam follower 72 on the end of the plunger 68 so as
      to normally bias the valve 65 in a closed position.
PAR  In order to actuate the valves 65 whereby they may be opened and water
      allowed to pass through the nozzles 66, valve control or camming means 80
      such as illustrated in FIGS. 2, 4 and 5 is provided. This camming means 80
      preferably includes a cam 82 having a flank or cam profile 84. The cam 82
      in turn is secured to a downwardly extending cam plate 86 depending from
      the housing extension 44.
PAR  Thus, in operation, as the housing 32, extension 44 and fan 36 rotate about
      the vertical axis of the tower 12, the cam plate 86 and cam 82 will also
      rotate 360.degree. around the tower 12. Because of the profile 84 of the
      cam and being on the same horizontal plane as the followers 72, it will
      engage the cam followers 72 of one or more of the valves 65 depressing the
      plungers 68 which in turn will open the valve allowing water within the
      manifold 52 to exit from the nozzles 66 as is illustrated in FIGS. 2 and
      5.
PAR  As can be seen in the drawings, the camming means 80 is preferably
      diametrically opposite the fan 36. In this way air which is drawn in
      through the blades 36, passes over the housing 32 and fluid passing out of
      the nozzles 66 will be picked up by the swirling air stream and
      distributed rearwardly as best seen by the arrows and dotted lines in FIG.
      1, carrying the moisture ladened air over and around the trees 16 in the
      orchard to effect a humidifying of the hot dry air and prevent the
      unwanted "June Drop" of citrus fruit buds.
PAR  As the housing 32 and extension 44 continue to rotate around the vertical
      axis of the tower 12, the cam profile 84 will engage successive cam
      followers 72 of valves 65 and in turn as it disengages the cam followers
      72 the springs 70 will return the plunger 68 to a normally closed position
      whereby the valve 65 will prevent moisture from exiting through the
      nozzles 66.
PAR  FIG. 5 illustrates one modified form of cam 82 wherein the cam profile 84'
      in the central portion between the respective ends is curved inwardly so
      that while the overall length of the cam 82 would be sufficient in this
      illustration to engage and activate three valves 65, the curved central
      portion is spaced inwardly from the plunger 68 whereby only two of the
      valve cam followers 72 on either side of a center valve 65 are depressed
      to allow fluid to exit and pass into the air stream for moisturizing of
      the air.
PAR  FIGS. 6 and 7 illustrate a further modified form of the moisturizing
      apparatus 50 wherein the manifold 52 is of a lesser diameter than that
      illustrated in FIGS. 2 and 5 and is mounted relatively close to the tower
      12 so that there can be a more concentrated flow of water exiting from the
      nozzles 66. In this particular modification the struts 56 are reduced in
      length from those illustrated in FIGS. 2 through 5. In order to activate
      the valves 65 it will be noted that the valves are reversed whereby the
      plungers 68 and cam followers 72 extend radially upward from the manifold
      52. In this position the cam 82 is mounted on the outside of the manifold
      52 by means of cam plate 86 extending downwardly from an elongated housing
      extension 44. The profile or flank 84 of the cam 82 may be as illustrated
      in FIG. 5 or may be of the uninterrupted curved type such as viewed in
      FIGS. 2 and 4 whereby a number of adjacent valves 65 one to the other may
      be actuated simultaneously.
PAR  While the invention is particularly adapted to moisturize dry hot air with
      water to prevent "June Drop" of citrus buds, it should be noted that the
      moisturizing means 50 may also be adapted for dispersing fluid pesticides
      through the supply line 58 into the manifold 52 and into the stream of air
      created by the fan 36 so as to allow the pesticide to settle on the trees
      16.
PAR  Additionally, while the manifold 52 is illustrated and described as
      extending around the entire tower 12 and has nozzles 66 therearound, it
      should be noted that the manifold does not have to extend around the
      entire circumference of the tower, nor do the nozzles 66 have to be
      positioned around an entire manifold for the apparatus to function.
PAR  With a plurality of conventional wind machines 10 positioned within the
      citrus orchard whereby each of the fans 36 are adapted to rotate
      360.degree. around the vertical axis, the attachment of the moisturizing
      means 50 to existing wind machines or to new machines strategically
      positioned within an orchard it can be assured that the orchard during dry
      hot weather, such as encountered in the southwestern part of the United
      States, may be permeated with moisture to be dispersed over the grove and
      humidify the air preventing the buds on the trees 16 from becoming dried
      out and falling from the tree.
PAR  Although I have herein shown and described my invention in what I have
      conceived to be the most practice and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of my
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. The combination of a wind machine and air moisturizing means adapted for
      use on agricultural crops, said combination including a hollow vertical
      tower mounted on the ground; a rotatable fan mounted at the top of said
      tower for creating an air stream horizontally over the crops; power means
      coupled to said fan; gearing means on said tower and coupled with said
      power means for rotating said fan 360.degree. around the vertical axis of
      said tower; a fluid manifold on said tower; fluid supply means connected
      to said manifold; fluid nozzles on said manifold and in communication
      therewith to direct fluid upward into said air stream; said nozzles
      including normally closed valve means spaced between said manifold and
      said nozzle to control fluid flow from said manifold through said nozzles;
      camming means linked with said fan and rotatably engaging said valve means
      momentarily biasing said valve means open to release fluid through said
      nozzles; wherein each of said normally closed valve means includes a
      plunger extending radially from said valve and a cam follower at the end
      thereof remote said valve, and a spring biasing said plunger radially
      outward whereby said valve is closed.
NUM  2.
PAR  2. The combination of claim 1 wherein said cam means includes a cam having
      a profile engageable with said cam follower for depressing said plunger
      and opening said valve.
NUM  3.
PAR  3. The combination of claim 1 wherein said cam profile is of such a curved
      configuration to simultaneously engage a plurality of said cam followers.
NUM  4.
PAR  4. The combination of claim 1 wherein said plunger extends radially inward
      toward said tower and said camming means is positioned between said tower
      and said plunger.
NUM  5.
PAR  5. The combination of claim 1 wherein said plunger extends radially outward
      away from said tower and said camming means is positioned outwardly of
      said plungers.
NUM  6.
PAR  6. A moisturizing apparatus to humidify air for use with an agricultural
      wind machine wherein said machine includes a vertical tower mounted on the
      ground; power means mounted on the ground adjacent the tower and connected
      to a vertical drive shaft journaled within the vertical tower and
      extending upwardly through the top of said vertical tower; a fan journaled
      on a fan shaft atop the tower and gear means interconnecting said drive
      shaft and said fan shaft whereby rotation of said fan to create an air
      stream horizontally over agricultural crops may be effected; a gear
      housing surrounding said gear means; said housing, said fan shaft and said
      fan rotatable 360.degree. around the vertical axis of said tower through
      said drive shaft; said moisturizing apparatus including an annular fluid
      manifold extending circumferentially around said tower and secured to said
      tower adjacent the top thereof; fluid supply means connected to said
      manifold; nozzles on said manifold and in fluid communication therewith to
      direct fluid upward into said air stream; valve means associated with said
      nozzles to control fluid flow from said manifold through said nozzles
      wherein said valve means each includes a normally closed valve, a plunger
      extending radially from said valve and a cam follower at the end thereof
      remote from said valve, and spring means biasing said plunger radially
      outward whereby said valve is closed.
NUM  7.
PAR  7. A moisturizing apparatus of claim 6 wherein said valve control means
      includes a cam having a profile adapted to engage and depress a cam
      follower to open a valve and permit fluid to flow from said manifold
      through a nozzle into said air stream, said cam being connected to said
      gear housing whereby rotation of said housing 360.degree. around the
      vertical axis of said tower will rotate said cam and sequentially
      temporarily open each of said valves.
NUM  8.
PAR  8. A moisturizing apparatus of claim 6 wherein said cam is mounted
      diametrically opposite said fan whereby nozzles generally diametrically
      opposite said fan will be activated in line with the air stream created by
      said fan.
NUM  9.
PAR  9. A moisturizing apparatus of claim 6 wherein said cam includes a profile
      which will engage at least two valve cam followers simultaneously and open
      said valves to allow fluid to flow through at least two nozzles.
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ABST
PAL  A shower head adapted to mix and dispense a detergent and water is
      disclosed. A rotational shaft with impeller blades mounted on one end and
      a rotary brush engaging a detergent bar on the other end is rotated in a
      shower head when water under pressure flowing through the shower head
      impinges on the blades. Means are employed to keep the rotary brush in
      contact with the detergent bar when the detergent bar is being consumed
      during use. Means for diverting water toward or away from the impeller
      blades are also provided so that a bather may adjust the shower head
      during use to provide water or a mixture of water and a detergent.
BSUM
PAR  The present invention relates to a shower head adapted to mix and dispense
      a detergent and water.
PAR  An object of the invention is to provide means for mixing and dispensing a
      solid or a liquid chemical compound with a fluid such as a liquid or a
      gas.
PAR  A further object of the invention is to provide means for supplying a fluid
      by itself and which means can be adjusted to mix and dispense a solid or a
      liquid chemical compound with such fluid.
PAR  It is also an object of this invention to provide a shower head to mix and
      dispense water with a detergent.
PAR  A further object of this invention is to provide a shower head for
      supplying water by itself but which can also be adjusted to mix and
      dispense a detergent and water.
DRWD
PAR  These and other objects have been achieved by the present invention which
      will become apparent from the specifications and claims which follow taken
      together with the appended drawings in which:
PAR  FIG. 1 is a side view of an embodiment of the invention in assembled form;
PAR  FIG. 2 is a three dimensional view of rotary means that rotate in response
      to fluid flow and contacts and mixes a compound with a fluid according to
      the present invention;
PAR  FIG. 3 is a view partially in section taken along the line 3--3 in FIG. 1.
DETD
PAR  In FIG. 1 conduit 10 is shown which comprises influent means for
      introducing water under pressure into a conventional shower casing 14
      which has a perforate base plate 16 with opening 18. Coupling 12 is
      employed to connect conduit 10 to casing 14 in a conventional manner that
      is known in the art. A shower head comprising collar 22 is rotationally
      attached to the base of casing 14. Integral with collar 22 is bridge plate
      20 having opening 24 therein, bridge plate 20 also comprising the influent
      end of the shower head comprising collar 22. A perforate plate 26 is
      attached to the base of collar 22 and comprises the effluent end of the
      shower head comprising collar 22. The space defined by collar 22 between
      the influent end at bridge plate 20 and the effluent end at perforate
      plate 26 comprises a flow path for fluids such as water. Rotary means
      comprising a rotatable shaft 28 is rotationally mounted in collar 22
      transverse to the flow path in the shower head on which is mounted
      impeller blades 30 for rotating shaft 28 and a rotary brush 33 driven by
      the shaft 28. Means for contacting a compound, such as a detergent, with
      rotary means comprising compound dispensing means and especially detergent
      dispensing means such as tray 34 is mounted on resilient means such as
      springs 36 secured to plate 26. Any detergent can be used in the apparatus
      of the present invention such as the saponification product of fatty acid
      glycerides or fatty acids and alkalis such as sodium hydroxide or
      alternately the alkali metal salts of alkyl aryl sulfonates or the
      condensation and addition products of alkylene oxides or the condensation
      and addition products of such alkylene oxides and aryl compounds including
      phenols or alkyl substituted phenols. A detergent bar such as a soap bar
      38 is placed in tray 34 and is kept in contact with brush 32 by means of
      springs 36.
PAR  Visual inspection of the aforementioned rotary means and detergent bar is
      possible when collar 22 and bridge plate 20 integral therewith are made of
      a transparent material such as glass or a plastic material such as the
      various polymers and copolymers of styrene, acrylonitrile, acrylic acid,
      alkyl substituted acrylic acid and the various art known esters of such
      acids.
PAR  FIG. 2 is a three dimensional view of rotary means and detergent dispensing
      means in which rotary shaft 28 having impeller blades 30 and rotary brush
      32, tray 34 and soap bar 38 are shown removed from the shower head of the
      present invention.
PAR  FIG. 3 shows a view looking downward of means for diverting the flow of
      water in the shower head of the present invention to thereby change the
      rate of rotation of the rotary means comprising shaft 28, impeller blades
      30 and rotary brush 32. In the present specification and the foregoing
      claims when reference is made to changing the rate of rotation of the
      rotary means it is intended to include increasing or decreasing the rate
      of rotation of such means as well as completely stopping the rotary means
      and stopping the mixing and dispensing of the compound and fluid such as
      the detergent and water.
PAR  In operation, water under pressure passes through conduit 10 into casing 14
      through perforate plate 16, over bridge plate 20 and out effluent end at
      plate 26. When opening 24 in the flow path above impeller blades 30 is in
      register with opening 18, water under pressure impinges upon blades 30
      causing shaft 28 to rotate along with rotary brush 32 which engages
      detergent bar 38 and is held in such engagement by resilient means such as
      resilient means 36 until the detergent bar is consumed. Bridge plate 20 is
      arranged to slidingly engage perforate plate 16 so that opening 24 in
      bridge plate 20 registers with opening 18 in plate 16 whereby the flow
      path in which impeller blades 30 are placed will conduct water to impinge
      upon blades 30. Collar 22 can be rotated to cause partial registration of
      opening 18 with opening 24 so that the rate of rotation of the
      aforementioned rotary means can be reduced. Further, collar 22 can be
      rotated so that non-perforate area of plate 16 is placed immediately above
      opening 24 as is shown in FIG. 3. This arrangement as illustrated in FIG.
      3 shows a manner of using the present invention to prevent water from
      impinging on blades 30 thereby allowing a bather to select either water or
      a mixture of water and a detergent from the shower head.
PAR  In its broadest aspect, the present invention relates to not only the
      shower head as described above, but also relates to means for mixing a
      chemical compound such as a liquid or a solid with a fluid such as a
      liquid or a gas.
PAR  Although the invention has been described by reference to some embodiments
      it is not intended that it is to be limited thereby since certain
      modifications thereof are intended to be included within the broad scope
      and spirit of the foregoing disclosure and the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Means for mixing and dispensing comprising a shower head for mixing and
      dispensing a detergent with water, said shower head having a housing
      defining a flow path intermediate influent means adapted to receive a
      source of water under pressure and effluent means, shaft means rotatingly
      mounted in said housing and transverse to said flow path, said shaft
      having impeller blade means mounted thereon and in said flowpath so that
      said blade means rotate said shaft when water under pressure impinges on
      said blade means, rotary brush means mounted on said shaft for rotatingly
      engaging a detergent bar, tray means arranged for presenting a detergent
      bar for engagement with said brush means, resilient means arranged to
      allow continuous engagement of a detergent bar with said brush means while
      such detergent bar is being consumed during use.
NUM  2.
PAR  2. The shower head of claim 1 further comprising plate means mounted in
      said housing and transverse to said flow path, said plate means having
      opening means adjustable to register with the flow path in which said
      impeller blades are placed to divert flow of water in said flow path in
      which said blades are placed toward and away from said blades to change
      the rate of rotation of said blades, said plate means having further
      opening means to allow water to flow in said flow path and out of said
      effluent means.
NUM  3.
PAR  3. The shower head of claim 2 where said plate means mounted in said
      housing comprises first fixed perforate plate means with first opening
      means for registration with said flow path in which said impeller blades
      are mounted and second plate means with second opening means, said second
      plate means slidingly engaging said first plate means to register and
      second opening means with said first opening means, collar means integral
      with and on the periphery of said second plate means, said shaft means
      being rotatably mounted on said collar.
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ABST
PAL  Apparatus is disclosed for forming a paint spray gun having a protective
      hood about the spray orifice, wherein the hood may be pivotally lifted for
      cleaning and other purposes. A cam surface connected to the hood disables
      the spray gun trigger apparatus, which in turn prevents the spray gun
      paint valve from being actuated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a spray gun apparatus for spraying paint and the
      like. The invention particularly relates to a safety apparatus for
      guarding the region near the paint spray orifice and for disabling the
      spray gun trigger, and to a spray actuating mechanism which operates in
      cooperation with the safety apparatus.
PAR  In the field of painting, and particularly paint spraying, there has been
      developed apparatus and techniques for spraying paints under high
      hydraulic pressures. The apparatus usually embodies a pistol-shaped spray
      gun having a trigger which controllably actuates a valve for admitting
      paint into a chamber and emitting it from the chamber through an orifice.
      Because of the extremely high hydraulic pressures utilized in this type of
      spray gun the emitted paint travels at high particle velocities which are
      sufficient to penetrate the skin if one comes within several inches of the
      paint spray orifice. Beyond this "critical zone" of danger the paint
      particle velocities are reduced to a point where they are not sufficient
      for skin penetration and are therefore not dangerous. It is therefore
      important to guard against close personal contact with the region near the
      paint spray orifice, and operators are typically warned of this danger
      through various means. Apparatus has been developed to provide a guard
      around the region of the paint spray orifice in order to prevent a person
      from coming into contact with this region. For example, in U.S. patent
      application Ser. No. 532,021, filed Dec. 12, 1974,  and owned by the same
      assignee as the current invention, a novel guard is described which
      accomplishes the purpose of protecting against personal contact with the
      region around the paint spray orifice.
PAR  Another approach to preventing inadvertent spraying is to design a safety
      guard mechanism for disabling the paint spray gun trigger whenever the gun
      is not actually being used for spraying. U.S. patent application Ser. No.
      450,927, filed Mar. 13, 1974, now U.S. Pat. No. 3,913,844, and owned by
      the same assignee as the present invention describes a trigger disabling
      feature which is but one of a number of approaches to solving this
      problem.
PAR  Improved safety features of the general class described above have been
      incorporated into the basic spray gun operating mechanism which includes a
      trigger actuator and a paint spray valve mechanism. As hereinbefore
      stated, the valve operates to open a passage between the pressurized paint
      chamber within the spray gun and the paint spray orifice. In such a spray
      apparatus, the pressurized paint line is typically attached to the spray
      gun, usually to its handle, and internal passages provide a conduit for
      the pressurized paint to travel to the paint chamber openable by the
      valve.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a paint spray gun having a paint supply
      connection directly to the gun body at a point near the paint spray
      chamber. The apparatus further has a novel valve and actuating mechanism
      for passing paint into the spray tip and sealably confining the internal
      pressurized paint from leaking external the spray gun. Further, the
      present invention includes a novel and pivotal guard which surrounds the
      exterior region near the paint spray orifice to protect against
      inadvertent operator contact. The guard is pivoted about the same point as
      the spray gun trigger, and a cam arrangement which forms a part of the
      guard disables the trigger actuating mechanism whenever the guard is
      pivoted away from protective contact with the paint spray orifice. When
      the trigger mechanism is disabled the paint spray valve cannot be opened,
      thus preventing inadvertent spraying from the paint spray orifice.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a preferred embodiment in side view;
PAR  FIG. 2A illustrates a top view of the invention;
PAR  FIG. 2B illustrates a front view of the invention;
PAR  FIG. 3 illustrates an alternative embodiment of the invention; and
PAR  FIG. 4 illustrates another alternative embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, the invention as shown in side view. A handle 10
      forms a portion of the main body of the spray gun, the remaining portion
      being a barrel 11. A flexible hose 12 designed for connecting to a supply
      of highly pressurized paint is attached to the underside of the spray gun.
      By way of example, the hydraulic paint pressures intended for use in
      conjunction with the invention may range from pressures of 500 pounds per
      square inch (p.s.i.) to 2,000 p.s.i., and it is necessary that hose 12 and
      barrel 11 be capable of withstanding pressures exceeding the upper limit
      of this range. A trigger 14 is used to actuate the spray gun, by opening
      an internal paint spray valve. Trigger 14 has a trigger guard 18 in
      shielding configuration around it in order to prevent inadvertent
      triggering of the spray gun.
PAR  Trigger 14 pivots about pin 20, and its rearward movement is transmitted to
      trigger lever 22 through its contact point at notch 21. A second trigger
      lever and notch are also found on the other side of the spray gun, so that
      rearward movement is distributed evenly across the spray gun assembly.
      Trigger lever 22 is attached by a bolt 25 or other suitable fastening
      means to a valve nut 24. Valve nut 24 is connected to the spray gun valve
      actuating mechanism so that its rearward movement causes the paint valve
      to open and allows the spray gun to emit paint spray under high pressure
      through spray tip 28. Spray tip 28 is clamped against gun body 11 by means
      of a threaded tip nut 29. This portion of the invention is common and well
      known in the prior art.
PAR  A tip guard 26 forms a protective shield about tip 28 and the region
      forward of tip 28. Tip guard 26 is also pivotally mounted on pivot pin 20,
      and the tip guard may be pivoted upwardly to swing clear of the tip 28 end
      of the spray gun. This pivotal function is necessary in order to enable
      the operator to loosen tip nut 29 for purposes of cleaning or replacing
      spray tip 28. The pivot mounting of tip guard 26 allows the creation of a
      cam surface 30 for disabling trigger lever 22 whenever tip guard 26 is
      lifted out of protective position. It is apparent from FIG. 1 that the cam
      surface 30 bears against the edge of lever 22 and forces lever 22
      downwardly whenever tip guard 26 is raised or pivoted upwardly. This
      causes lever 22 to disengage from notch 21 and effectively disengages its
      mechanical contact with trigger 14. With tip guard 26 in an upward
      position the squeezing of trigger 14 will not engage lever 22, and
      therefore the paint spray valve is prevented from opening to release
      paint.
PAR  FIG. 2A illustrates the spray gun in top view. It is seen that pin 20
      extends all the way through the spray gun body 11, and may take the form
      of a suitable bolt and nut fastener. Trigger lever 22 forms a U-shaped
      bracket pivotally mounted on bolts 25 and extending on either side of
      barrel 11 to contact respective cam surfaces 30, and also to bear against
      trigger 14 on both sides of barrel 11. FIG. 2A also illustrates the hooded
      protective construction of tip guard 26. It is apparent that an operator
      is prevented from placing his hand anywhere near the region of spray tip
      28 which is considered dangerous because of the emission of high-velocity
      paint particles.
PAR  FIG. 2B is a front view of the invention, which further illustrates the
      hooded shape of tip guard 26. It can be seen that the spray tip 28 is
      centered within the protected region defined by the surface of tip guard
      26. Since, in the design and use of a typical paint spray gun, the spray
      pattern emitted from spray tip 28 is vertically fan-shaped and
      horizontally quite narrow, spray tip 28 must be positioned relative to the
      front edge of guard 26 so that none of the spray contacts guard 26.
PAR  FIG. 3 illustrates an alternative embodiment of the invention, wherein the
      shape of cam surface 30a is modified slightly to give a different
      operating characteristic. Whereas the cam surface 30 shown in FIG. 1
      causes the lever 22 to quickly disengage from notch 21 when tip guard 26
      is raised, the same elements in the illustration of FIG. 3 will cause a
      smoother trigger 14 disengagement from lever 22. Aside from the more
      rounded shape of cam surface 30a in FIG. 3, which tends to give a smoother
      disengagement characteristic, cam surface 30a bears against lever 22 at a
      point farther removed from pivot point 25, thus requiring relatively more
      cam deflection to unseat lever 22 from notch 21.
PAR  Conversely, FIG. 4 illustrates an embodiment of the invention which quickly
      and decisively unlatches lever 22 from notch 21. This is accomplished by
      the shaping and positioning of cam surface 30b closer to pivot point 25 of
      lever 22. A very slight upward pivoting movement of tip guard 26 will
      cause cam surface 30b to unlatch lever 22 from notch 21. However, a
      greater upward force on tip guard 26 is required to unlatch lever 22 in
      the FIG. 3 example.
PAR  Depending on the operating characteristics desired any of the three
      alternative embodiments described herein may be used satisfactorily,
      provided that trigger 14 becomes disengaged from lever 22 before tip guard
      26 is pivoted upwardly sufficiently high to expose the paint spray pattern
      which emits from spray tip 28. To further modify the operating
      charcteristics of any of the embodiments described herein, it may be
      desired to bias lever 22 in an unlatched position through the use of a
      suitable spring. For example, such a spring may be positioned between
      lever 22 and its pivot point about bolts 25 such that it imparts a
      downward force on the end of lever 22 seated in notch 21. This spring
      action can assist in unlatching lever 22 from contact with notch 21.
      Moreover, once lever 22 is unlatched, the spring tends to hold lever 22
      downwardly and out of engagement with notch 21 regardless of the position
      of the spray gun. This tends to prevent any inadvertent latching of lever
      22 which might occur if the gun's position were changed.
PAR  In operation, trigger lever 22 provides the mechanical force transfer
      member between trigger 14 and valve nut 24 for so long as tip guard 26
      remains in the lowered position. However, when tip guard 26 is raised, by
      pivoting it about pivot pin 20, cam surfaces 30 force trigger lever 22
      downwardly and out of contacting relationship with notches 21 of trigger
      14. This removes the trigger force transfer member from contact with the
      trigger and prevents valve nut 24 from being actuated by the trigger. When
      tip guard 26 is returned to its lowered position trigger lever 22 can
      again be latched into contact with notches 21 to make the spray gun
      trigger operative.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety spray gun apparatus for accepting hydraulically pressurized
      fluid and for emitting an atomized fluid spray through an orifice under
      control of an actuating trigger, which opens an internal valve to permit
      fluid flow, comprising:
PA1  a. a valve rod connected to said internal valve and sealably projecting
      external said spray gun;
PA1  b. an actuating arm pivotally attached to the projecting end of said valve
      rod and contacting said actuating trigger; and
PA1  c. a spray orifice shield pivotally mounted on spray gun, the region about
      said mounting point being constructed in an eccentric cam surface
      contacting said actuating arm, said shield having a forwardly projecting
      hood for at least partially blocking the region forward of the spray
      orifice, whereby the shield may be lifted about its mounting point and
      said cam surface will engage said actuating arm to move it from contact
      with said actuating trigger.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said trigger further comprises a notch
      for contacting said actuating arm end.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said trigger is pivotally mounted about
      the same mounting point as said spray orifice shield.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said trigger pivot mounting further
      comprises an extended arm on either side of said spray gun, each arm
      having a pivotal mounting connection to said spray orifice shield mounting
      point.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said spray orifice shield further
      comprises a pivotal mounting connection on each side of said spray gun,
      and said actuating arm further comprises a section on each side of said
      spray gun in contact with respective extended arms of said trigger.
NUM  6.
PAR  6. The apparatus of claim 5 wherein each of said spray orifice shield
      pivotal mounting connections includes an eccentric cam surface about the
      respective mounting points.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said spray orifice shield hood projects
      at least one inch forward of said spray orifice.
NUM  8.
PAR  8. Safety apparatus and guard for use on a high pressure spray device to
      shield the high pressure spray from contacting the operator and for
      disabling the spray device valve, comprising:
PA1  a. a pivot pin attached to the spray device and having pivotally attached
      thereto the trigger of the spray device;
PA1  b. an arm attached to the spray device valve and having a first position in
      valve operable contact with said trigger and having a second position out
      of valve operable contact with said trigger;
PA1  c. a spray orifice shield at least partially shielding the region near the
      exterior of the spray orifice, said shield being pivotally mounted to said
      pivot pin and having a cam surface about its mounting pivot in contact
      with said arm, whereby the cam permits operable engagement of the arm with
      the trigger when the shield is in shielding position about the orifice and
      the cam prevents operable engagement of the arm with the trigger when the
      shield is pivoted away from shielding position about the orifice.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said spray orifice shield extends at
      least one inch forward of said spray orifice.
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ABST
PAL  A burner assembly in which pulverized solid fuel passing through the burner
      housing is divided into a plurality of streams, which, upon combustion,
      produce a plurality of flame patterns to reduce the formation of nitric
      oxides.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a burner assembly and, more particularly, to an
      improved burner assembly which operates in a manner to reduce the
      formation of nitric oxides as a result of fuel combustion.
PAR  A great deal of attention has recently been directed to the reduction of
      nitric oxides resulting from the combustion of fuel, and especially in
      connection with the furnace sections of relatively large installations
      such as vapor generators and the like.
PAR  In these type of arrangements, one or more burners are usually disposed in
      communication with the interior of the furnace and operate to combust
      pulverized solid fuel in air. The burners used in these arrangements are
      generally the type in which a swirling fuel-air mixture is continuously
      injected through a single nozzle so as to form a relatively large and
      single flame. As a result, the surface area of the flame is relatively
      small as compared to its volume and therefore the average flame
      temperature is relatively high. This condition, in turn, leads to the
      production of high levels of nitrogen oxides in the final combustion
      products which cause severe air pollution problems.
PAR  Although several attempts have been made to suppress the formation of
      nitric oxides, including techniques involving two stage combustion and
      flue gas recirculation, they often result in added expense in terms of
      contruction costs, etc., and lead to other related problems, such as the
      production of soot.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a burner
      assembly in which the level of nitric oxides is considerably reduced
      without any significant increase in costs, or other related problems.
PAR  It is a more specific object of the present invention to provide a burner
      assenbly in which the surface area of the flame per unit volume is
      increased which results in a greater flame radiation, a lower flame
      temperature, and a shorter residence time of the gas components within the
      flame at maximum temperature, all of which contribute to reduce the
      formation of nitric oxides.
PAR  Towards the fulfillment of these and other objects, the burner assembly of
      the present invention comprises a housing adapted to receive a fuel, means
      in said housing for defining an annular flow path for said fuel through
      said housing, said flow path terminating in an annular discharge opening,
      and means disposed in said annular discharge opening for splitting up the
      fuel discharge from said opening so that, upon ignition of said fuel, a
      plurality of flame patterns are formed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross-sectional view depicting the burner assembly
      of the present invention;
PAR  FIG. 2 is a cross-sectional view taken along the line 2--2 of FIG. 1; and
PAR  FIGS. 3 and 4 are schematic elevational views of the assembly of FIGS. 1
      and 2 and depicting the flame patterns produced.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring specifically to FIGS. 1 and 2 of the drawings, the reference
      numeral 10 refers in general to the burner assembly of the present
      invention which comprises a tubular housing 12 shown partially and adapted
      to receive fuel at one end thereof (not shown). A rod 14 is disposed
      concentrically within the housing 12 and, together with the inner wall of
      the housing, defines an annular flow path 16 through which the fuel passes
      in a direction shown by the solid arrows. The housing 12 is tapered
      slightly toward its discharge end 12a and the corresponding end of the rod
      14 extends flush therewith to define an annular discharge opening 18.
PAR  A plurality of splitters, or posts 20, are equally spaced around the
      discharge opening 18. A typical arrangement would include four posts at
      ninety degree intervals to define a plurality of arcuate openings 18a as
      shown in FIG. 2. The posts 20 may be fastened relative to the housing 12
      and the rod 14 in any conventional manner such as by welding.
PAR  As shown in FIG. 1, the posts 20 are tapered in cross-section with the
      relatively narrow end, or edge, 20a of each post facing upstream with
      respect to the flow path 16 to facilitate the splitting of the fuel.
PAR  In operation, a fuel such as an appropriate mixture of pulverized coal and
      primary air is emitted into the housing 12 and passes along the annular
      flow path 16 between the inner wall of the housing 12 and the outer
      surface of the rod 14 until it reaches the discharge opening 18. At this
      point the fuel is divided, or split up into multiple streams by the posts
      20 and, upon being ignited in any conventional manner, forms the
      individual flame patterns shown by the reference numerals 22 in FIGS. 3
      and 4. It is noted that the flame patterns 22 are substantially arcuate
      shaped as they emit from the discharge openings 18a and diverge outwardly
      from the latter openings.
PAR  This splitting up of the flame patterns results in a greater flame
      radiation, a lower average flame temperature and a shorter residence time
      of the gas components within the flame at maximum temperature all of
      which, as stated above, continue to reduce the formation of nitric oxides.
PAR  It is understood that several variations may be made in the foregoing
      without changing the scope of the invention. For example, the shape and
      size of the posts 20 may be varied along with their number and relative
      spacing around the discharge opening 18. Also, the type of fuel may be
      varied.
PAR  Of course, other variations of the specific construction and arrangement of
      the burner assembly disclosed above can be made by those skilled in the
      art without departing from the invention as defined in the appended claims
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A burner assembly comprising a housing adapted to receive a fuel, a rod
      extending within said housing for defining an annular flow path for said
      fuel through said housing, said flow path terminating in an annular
      discharge opening, and a plurality of posts extending between said housing
      and said rod and spaced around said annular discharge opening for
      splitting up the fuel discharging from said opening so that, upon ignition
      of said fuel, a plurality of flame patterns are formed, each of said posts
      having a triangular cross-section with a base of said triangle extending
      substantially flush with the discharge end of said housing and with an
      angle of said triangle extending in said flow path upstream from said
      base.
NUM  2.
PAR  2. The assembly of claim 1 wherein said posts define a plurality of arcuate
      discharge openings, the arcuate lengths of which are greater than the
      arcuate lengths of said posts.
NUM  3.
PAR  3. The assembly of claim 1 wherein said housing is tapered in a manner so
      that the cross-sectional area of said flow path decreases in a direction
      towards said discharge opening.
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ABST
PAL  A power train for heavy duty equipment comprising a flexible power cable
      and a sensing mechanism for monitoring the contraction of the cable as
      torque is applied to the cable and a member for decreasing the power to
      another control mechanism in response to the torque applied to the cable.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application includes additional information on a flexible cable
      sensing mechanism for use with power equipment and is a
      continuation-in-part of our application titled "Attachments for Unloading
      Devices", U.S. Ser. No. 412,690, filed Nov. 5, 1973, now U.S. Pat. No.
      3,887,153, issued June 3, 1975, which shows and describes a manure
      spreader that can be used with the present invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention relates generally to power trains and, more specifically, to
      flexible power trains in which the expansion and contraction of the power
      cable is used to control the amount of power applied to either the power
      train or a secondary source of power.
PAR  2. Description of the Prior Art.
PAR  The concept of unloading bulk materials with powered vehicles such as
      manure spreaders is well known in the art. Typically, the unloading units
      include some type of a power train to couple the power unit to the
      spreader and a pusher such as an endless chain or a cable actuated false
      end gate for forcing the bulk material to the one end of the box on the
      vehicle. For example, a typical manure spreader usually contains a pair of
      endless chains with slats therebetween which slide along the bottom of the
      spreader box. The slats pull the manure into a rotating beater which
      spreads the manure over the field. Still another embodiment of the manure
      spreader is shown in the Webb et al U.S. Pat. No. 2,263,748 which shows a
      sliding end gate pulled along the spreader box by a pair of cables.
      Similarly, another type of unloading device is shown in the Glass U.S.
      Pat. No. 3,211,308. The Glass patent also shows a system of cables for
      pushing material to the front of the forage box. These are typical of
      prior art unloading devices and boxes available and in use for unloading
      bulk material such as forage and manure.
PAR  One of the problems with virtually all of the box type spreaders is the
      buildup of material which occurs on the sidewalls of the spreader. The
      buildup occurs because it is extremely difficult to scrape the sidewalls
      of a spreader to get them clean. The buildup of material creates a problem
      in both the summer use and the winter use of the spreader. In the
      summertime, the buildup generally causes a decrease in the internal
      dimensions of the box which may result in sticking or binding of the
      pusher. In the winter time, the problem is more severe in that natural
      buildup is assisted by freezing which causes material to also freeze to
      the sides. When the weather warms up, some of the excess buildup will melt
      and run to the bottom of the spreader where it freezes again. This can
      freeze up the spreader rendering it virtually unuseable until the warm
      weather returns.
PAR  With all these prior art types of unloading devices, the spreader box is
      basically a wood or metal box for confining the bulk material. The present
      invention includes a unique power coupling for the spreader box which
      works particularly well with the unloading devices using a false end gate
      for pushing material out of the spreader. The power train comprises a
      sensing mechanism to determine if the torque on the train cable exceeds a
      predetermined level and a member to reduce the power applied to the power
      train or a secondary source of power if the torque exceeds a predetermined
      level.
PAR  Other features have been included in the spreader provide means for
      adjusting the horizontal position of the load to eliminate problems of
      spreading manure on slopes.
PAR  Another feature of the invention is that the spreader with the side wall
      attachments can better accommodate loose manure as well as manure
      containing large amounts of bedding.
PAR  Another feature of the invention is the use of a hydraulic system to power
      the unloading of the manure.
PAR  Another feature of the invention is the means for preventing the unit from
      freezing during cold weather.
PAR  One of the problems occurring with remotely powered units such as the
      aforedescribed spreaders is the variation in load that occurs under
      varying conditions. For example, in a manure spreader, a load of frozen
      material or heavy material will produce a large force on the beater. If
      the force becomes too large, it may break the beater. The present
      invention provides a means for sensing when the load becomes too heavy and
      for reducing the rate of feed of the bulk material into the beater.
PAR  One of the prior art solutions of eliminating problems of stress on
      equipment is to use a slip clutch which disengages the power shaft if the
      stress exceeds a predetermined value. Such a device is shown and described
      in the Yergens U.S. Pat. No. 2,626,000. However, such devices only
      disengage and do not provide a compensating or controlling force as does
      the present invention. Thus, the present invention is well suited for
      utilization with the type of spreader shown and described in FIGS. 1 - 9.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly, the present invention comprises a flexible power train assembly
      having a power cable that expands and contracts in response to the torque
      applied to the cable, a sensing mechanism for determining the expansion
      and contraction of the cable and a member for reducing the power applied
      to a secondary power source in response to the torque applied to the power
      cable.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings, FIG. 1 shows a top view of our spreader;
PAR  FIG. 2 shows a side elevation view of our spreader;
PAR  FIG. 3 shows a side elevation view of our spreader with the side cut away
      to reveal the functional internal parts of our spreader;
PAR  FIG. 3a is a perspective view of our end gate and side wall scrapers;
PAR  FIG. 3b is a perspective end view of a spreader box having my flexible side
      wall attachments;
PAR  FIG. 3c is an end view of a portion of the spreader box and our side wall
      attachment member;
PAR  FIG. 4 is a top view of one embodiment of our pusher member which prevents
      compaction of the bulk material;
PAR  FIG. 5 is an end view of FIG. 4 showing the folding arms in one embodiment
      of the pusher member;
PAR  FIG. 6 shows the guard members for repositioning the foldable pusher arms;
PAR  FIG. 7 shows the arrangement of the beater teeth with respect to our pusher
      member;
PAR  FIG. 8 shows a cross-sectional view of our flexible drive shaft mechanism;
PAR  FIG. 9 shows the mounting of the flexible drive shaft on the frame of our
      manure spreader;
PAR  FIG. 10 shows the sensing mechanism of our invention in the contracted
      position; and
PAR  FIG. 11 shows the sensing mechanism of our invention in the expanded
      position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 10 and FIG. 10a, reference numeral 300 identifies the
      heart of the sensing mechanism which is used with the cable and cable
      housing shown and described hereinafter with respect to FIGS. 8 and 9 and
      the spreader shown and described with respect to FIGS. 1 - 7.
PAR  Reference numeral 301 designates the power shaft which is connected to the
      beater 39 of spreader 10 (FIG. 1). While the present invention is shown
      and described with respect to a manure spreader, it will be understood our
      sensing and flexible drive power mechanism is suitable for use with other
      equipment also. Shaft 301 has a splined recess therein for receiving a
      spline shaft 302 which is fastened to flexible stranded cable 303.
      Flexible stranded cable 303 turns in an oil-filled housing 304 which
      connects with sensing mechanism housing 305. The first end of flexible
      cable 303 which is not shown is mounted to restrain lateral movement of
      the first end of cable 303 within the housing while allowing the second
      end of cable in sensing mechanism 305 to expand and contract in response
      to the torque applied thereto. Located on the second end of flexible cable
      303 is a sensing collar 306 that forms engagement with a Y-shaped pivot
      member 308 which pivots about pivot pin 307. A spring 309 holds member 308
      in pressure contact with collar 306. An arm 310 connects pivot member 308
      to a hydraulic valve 312 which, in the present invention, connects to the
      hydraulic cylinder 15 shown and described hereinafter with respect to FIG.
      1.
PAR  In normal operation of a flexible cable mechanism, there is a certain
      amount of contraction of the cable in proportion to the torques on the
      cable. With a small or light load, the cable may be fully extended as
      shown in FIG. 10a. However, as the torques or load increases, the cable
      contracts as shown in FIG. 10. Thus, contraction causes arm 308 to pivot
      about point 307. Arm 308 is, in turn, connected to fluid valve 312. As
      member 310 moves as shown in FIG. 10, it closes valve 312. With valve 312
      closed, the amount of hydraulic fluid directed to hydraulic cylinder 15 is
      decreased thus slowing down the rate of feed of bulk material into the
      beater.
PAR  In the present invention, the amount of torque on the flexible drive
      mechanism is sensed or measured and a signal is sent not to reduce the
      torque on the flexible drive mechanism but to reduce the hydraulic
      pressure in hydraulic cylinder 15 which, in turn, will reduce or stop the
      feeding of material into beater 39. As the amount of material being fed
      into beater 39 decreases, it allows the beater to dislodge or slowly
      remove any hard materials without damaging either the beater or the
      spreader. Once the problem has been corrected, the spreader returns to
      normal operating conditions.
PAR  While this sensing and control apparatus has an ideal application for a
      hydraulic power spreader, the present invention is also suitable for other
      power equipment such as combines or corn pickers or the like. However, in
      these units the speed of the vehicle may be controlled rather than the
      discharge of material. In addition, while a fluid valve is shown as being
      controlled in response to the motion of the cable, a mechanical or
      electrical device could also be used in conjunction with the member for
      sensing the motion of the cable.
PAR  Referring to FIG. 3b and FIG. 3c of the drawing, reference numeral 10b
      identifies one side wall of a spreader box. Attached to side wall 10b is
      our flexible side wall attachment member 200 which is shown held in a
      spaced relationship from spreader side wall 10b by a central compressible
      or resilient member 201. Typically, compressible member 201 may be closed
      cell sponge rubber, however, no limitation is intended thereto. The top of
      flexible member 200 is held against the top edge of side wall 10b by a
      strip 210 and screws 211. In the preferred embodiment, the top of flexible
      sheet 200 is tightly held against the top of side wall 10b to prevent
      moisture or material from falling between flexible side wall attachment
      200 and side wall 10b. The bottom of our flexible side wall attachment
      member 200 is fastened to side wall 10b by spaced members such as flathead
      nails or the like. The purpose of the spaced members is to provide for air
      openings at the bottom of the flexible side wall attachment member which
      allows air to escape from between side wall attachment member 200 and side
      wall 10b. Similarly, located on the opposite side of the spreader is
      another flexible side wall attachment member 200 which performs an
      identical function as side wall attachment member 200 and therefore will
      not be described herein. Similarly, the ends of side wall attachment
      member are fastened to allow air to escape as the pusher passes over the
      flexible side wall attachment member. Flexible side wall attachment member
      200 is held in a spaced relationship from spreader side wall 10b by a
      compressible or resilient member 201; however, it is not necessary for the
      invention to have a compressible member 201 but it is preferred to have a
      member that will hold flexible side wall attachment in a somewhat spaced
      relationship from side wall 10b.
PAR  In operation of the spreader, the pusher member or sliding false end gate
      28 includes a non-abrasive scraper member 151 on one side and a similar
      non-abrasive scraper member on the opposite side which are forced along
      the side wall attachment members 202 and 200. Scraper members 151 and 152
      are made from flelxible material such as belting, plastic, or the like,
      and do not contain any sharp edges which would catch on the flexible side
      wall attachment members. The flexible side wall attachment member is
      preferably made from a plastic polymer material such as polyvinyl chloride
      or polyethylene. However, no limitation to these materials is intended.
PAR  The present invention prevents the buildup of material on the spreader side
      wall by the coaction of members 152 and 151 and fleixble side wall
      attachment members 200 and 202. For example, as flexible member 152 moves
      back and forth along side wall attachment member 200, it produces both a
      rippling action and a scraping action along the side wall attachment
      member 200. This combined action has been found to be extremely effective
      in removing any residue or materials which would cling to the side of the
      box. While my side wall attachment members can be rigidly mounted to the
      side walls of the spreader, it has been found there is a better cleaning
      action if there is some slack or looseness in the flexible sheet as this
      produces a rippling action as well as a scraping action.
PAR  One of the problems with the conventional spreader boxes utilizing false
      end gates is a tendency of the center of the boxes to bow outward. If the
      box bows outward, a conventional straight edge scraper on the false end
      gate cannot maintain the side walls of the spreader clean. In contrast,
      the present invention maintains the spreader side wall members clean to
      prevent build up of materials on the spreader side walls even if the box
      bows out slightly. More specifically, one of the problems with the prior
      art spreader devices including those that use chains for unloading the
      material is that build up occurs along the side wall of the spreaders.
      During winter use, it freezes to the spreader side wall. As the material
      continues to freeze to the spreader box, the box gets smaller and smaller
      to create binding problems with the unloading device. However, the more
      important problem is that if the weather warms up on a particular day, the
      build up on the sides may partially melt and run down to the bottom of the
      spreader where it freezes. When it freezes to the bottom of the spreader,
      it usually freezes the pusher gate or unloading chains to the spreader. If
      one were to engage the spreader with the unloading device frozen, one
      would break the unloading device. The present invention solves this
      problem by eliminating the build up along the sides by use of the flexible
      members 200 and 202 located attached to the side wall member of the
      spreader.
PAR  Another feature of the present invention is a splash beater 205 which is
      powered from gear box 203 by a chain located under guard 208. Splash
      beater 205 is held in position by brackets 207 and 206. The splash beater
      205 is powered from the same power source as main beater 204. The purpose
      of splash beater 205 is to handle any loose materials coming out of the
      unloading device. For example, the loose or liquid type materials tend to
      flow out underneath the main beater, however, with the present invention,
      the liquid or semi-liquid type of material will fall onto the rotating
      splash beater 205 which will disperse he material over the field as well
      as immediately under the spreader.
PAR  In the preferred embodiment, the material used for flexible side wall
      attachment member can be polyvinyl chloride or polyethylene. We have found
      a minimum thickness approximately 3/32 inches has worked extremely well
      for these type of materials. The polymer plastics are preferred because of
      their slipperiness, however, other flexible materials can be used which
      are able to withstand the environmental conditions normally encountered in
      winter and summertime use of the spreaders.
PAR  While the heart of the present invention is a flexible side wall
      attachement member for use with various types of unloading devices, the
      invention is best utilized with the spreader shown and described
      hereinafter.
PAR  With reference to the remaining drawings, the preferred type of spreader
      for use with the present invention will be described more specifically.
      FIG. 1 and FIG. 2, reference numeral 10, generally designates a bulk
      loading device in which the preferred embodiment is a manure spreader.
      While the invention is described as an attachment to side walls of a
      manure spreader, it is apparent that the side wall attachments for my
      spreader can be used for unloading materials which have the bulk
      characteristics of manure as well, for example, lime or forage material
      could also be unloaded with our spreader. The spreader comprises a main
      frame 11 which has wheels 12 mounted thereon for rotatably supporting
      spreader 10 thus allowing spreader 10 to be transported over open fields.
      Pivotally attached to main frame 11 by pivot bolts 23 is a front frame 14
      which contains a hitch 60 for connection to a pulling device such as a
      farm tractor. Spreader 10 includes a box comprised of side walls 10a and
      10b, a bottom 10c,  and a pair of end gates 20 and 28. Preferably, the
      prior art boxes are made from wood to prevent rapid freezing of bulk
      material to the box which occurs with the use of metal boxes. In an
      alternate embodiment of the invention, we use an inside and an outside
      wood box with a layer of insulation therebetween to lessen the opportunity
      for the manure to freeze to the side walls.
PAR  In the loading position, end gate 28 is located in the front of the
      spreader 18; however, in FIG. 1, end gate 28 is shown in the extended
      position or unloaded position. A rear end gate 20 is provided which is
      powered by hydraulic cylinder 21 and extendible arm 22. Rear end gate 20
      prevents the manure from falling into the beater during the loading
      process. When the spreader is in operation, end gate 20 is raised to the
      position shown in FIG. 2 by applying a signal to hydraulic cylinder 21 to
      cause arm 22 to become extended. In order to simplify the drawing, only
      one cylinder 21 is shown, however, in practice it is preferred to have one
      cylinder on each side of the spreader. Also, in an attempt to simplify the
      drawings, the end gate 20 and hydraulic cylinders have been omitted from
      FIG. 1.
PAR  The beater which contains teeth or spikes for spreading the manure is
      designated by reference numeral 39 and is powered from a tractor through a
      power take-off shaft 18, a gear box 40, a chain drive 41 and a spur gear
      42 located on the shaft supporting beater 39.
PAR  Referring to FIGS. 1, 2 and 3, the power mechanism for unloading the bulk
      material from the box comprises a hydraulic cylinder 15 which is powered
      through hydraulic line 16 and 17. The advantage of our hydraulic cylinder
      is that the motion and the pusher members can easily and quickly be
      controlled by the tractor operator as well as provide a uniform unloading
      device. The hydraulic cylinder 15 contains an extendible rod 19 that
      attaches to our pusher member. Bottom 10c contains an opening so that a
      portion of cylinder housing 15 and 19 can extend therethrough so rod 19
      can be attached to pusher member 29. Attachment to pusher member 29 is
      preferably made at the end of member 30 by a clevis or pin. Thus, in the
      event of breakdown the load can be unloaded by extending rod 29. The
      purpose of the opening around cylinder 15 is to allow any material behind
      the end gate to fall through the opening when the end gate is returned to
      a front position. Pusher member 29 actually comprises two members which
      are fastened together and simultaneously powered by hydrualic cylinder 15.
      The first pusher member is end gate 28 which extends upward in a vertical
      position to push on the bulk material and the second member is pusher
      member 29 which extends in a horizontal direction into the bulk material
      in spreader 10. End gate 28 is shown with a curved section and a covering
      shroud 28a to better facilitate the unloading of the bulk material as the
      end gate approaches the beater 39. In the extended position of end gate
      28, the lower edge of end gate 28 extends slightly beyond the lip of the
      box to insure that all the bulk material is pushed out of the box during
      the unloading operation.
PAR  In FIGS. 1 and 2, the pusher members are shown in the extended position
      while in FIG. 3 the pusher members are shown in the retracted position.
      Second pusher member 29 comprises a straight section 30, a pair of arms or
      wing bars 31 and 32 that extend out from member 30. Arms 31 and 32 are
      braced for support by members 33, 36, 34 and 35, respectively. Located at
      the end of arm 31 is a guide shoe 37 and similarly located at the end of
      arm 32 is a guide shoe 38. Also located on the end gate 28 are guide shoes
      55 and 56. The purpose of guide shoes is to maintain the orientation of
      the pusher members with respect to the spreader box by engaging the side
      walls of the spreader 10 and thereby prevent twisting of the pusher member
      when hydraulic cylinder 19 is actuated. It is this second pusher member 29
      in conjunction with end gate 28 which extends into the bulk material and
      has been found to prevent compaction of the bulk material as well as
      prevent the spillage of material over the sides of the box. The operation
      is not fully understood but it is believed that the support members tend
      to direct the bulk material away from the sides of the spreader thus
      reducing the side wall friction and eliminating the spillage over the
      sides. In addition the center member 30 and the arms and supports also
      partially support the load of bulk material.
PAR  Located within the box spreader 10 is a set of antifreeze blocks 51, 52,
      53, and 54. These blocks which are small ramps provided for elevation of
      the pusher members during storage. The blocks lift and maintain the pusher
      mechanism off the floor of the spreader so that the pusher members 28 and
      29 cannot freeze to the bottom of the spreader. The only part of the
      pusher mechanisms which can freeze are those points in contact with the
      antifreeze blocks; however, since the surface area is quite minimal, one
      can easily free the pusher members by applying a signal to power cylinder
      15.
PAR  Referring to FIG. 3a, reference numeral 28 indicates the end gate and
      reference numeral 10b indicates one side of the box. This detail reveals
      two additional features of the invention, namely, scrapers 150, 151 and
      152. These scrapers are flexible enough to prevent binding of end gate
      against the walls of the box but stiff enough to bend backward and not
      allow the bulk material to slip past end gate 28. A typical suitable
      material is rubber, belting, plastic, or the like.
PAR  Located on top of end gate 28 is a channel iron 153 which serves a dual
      function. The first function is to scrape the top edges of the box to
      remove any bulk material that falls thereon. The second purpose is to
      coact with stop 154 to prevent end gate 28 from accidentally engaging
      beater 39.
PAR  Referring to FIG. 3, the operation of the unit will become more apparent.
      In FIG. 3, the false end gate 28 or first pusher member is shown in its
      front position storage position. In the storage position, the pusher
      members are resting on the antifreeze blocks which comprise ramped blocks.
      However, prior to loading the pusher members are displaced slightly
      rearward so that the bottom of the pusher members rest on the bottom 10c
      of spreader 10. This is called the loading position. It is apparent that
      in the loading position, the second pusher member 29 is located about in
      the middle of spreader 10. In loading, the bulk material is dumped on top
      of second pusher member 29. The bulk material is held in confinement by
      false end gate 28, the side wall 10a and 10b and the rear end gate 20.
      When the spreader has been loaded and ready for spreading, one can raise
      end gate 20 so that the bulk material can be forced into beater 39. While
      we show a rear end gate 20, it is apparent that an end gate need only be
      used for bulk materials which are sloppy and would tend to spill out of
      the spreader during loading.
PAR  Further features of the spreader which are shown in FIG. 3 are the concept
      of our break-away beater housing 65 which is pivotally fastened to
      spreader 10 by pivot member 66. The bottom of beater housing 65 is held in
      contact with the rear of spreader 10 through a set of break-away pins 67
      which are located on both sides of spreader 10. FIG. 3 shows the
      break-away pin broken. The purpose of break-away pin 67 is so that if
      there should be hard material or frozen material in the spreader, the
      pusher members will not break the beater by forcing the frozen material
      into the beater but instead would break the break-away pins thus allowing
      the beater to swing free without any damage thereto. In addition, the
      pivot members may be removed to allow the use of the box for unloading
      without spreading.
PAR  Another aspect of our spreader shown in FIG. 3 is the tiltable bed
      comprised of frame 11 and frame 14 which has a hydraulic cylinder 61 that
      connects to frame 11. By extending or retracting cylinder 61, one can tilt
      the bed of spreader 10 to the desired position. Thus, the operator can
      adjust the spreader for going downhill or uphill.
PAR  Another feature of the spreader shown in FIGS. 1, 2, and 3 is guide or
      support 50 for pusher member 29. Support 50 provides vertical support to
      arm 30 as it extends beyond the rear of the spreader. In addition, we
      provide a scraper 43 which fastens to frame 65 through a pair of helical
      springs 45. The helical springs hold the edge of scraper 43 against the
      top portion of pusher member 29 as well as allows the scraper member to
      flex inward or outward. That is, as pusher member 29 moves outward,
      helical springs 45 allows scraper 43 to flex rearward as well as upward.
      This enables scraper 43 to always maintain pressure contact with the
      member 30 and thereby scrape any loose material off member 30. Member 30
      has been shown as flat with a top parallel to bottom 10c of spreader 10.
      However, in an alternate embodiment, member 30 has a cross sectional shape
      of an isosceles triangle to allow the bulk material to slide off by
      gravity.
PAR  Referring to FIG. 4, an alternate embodiment of my wing bars or second
      pushing member 29 is designated by reference numeral 80. Wing bar 80 is
      substantially the same as the pusher shown in FIG. 1 except that the
      member 81 contains a pair of wing bars or pushing members which extend
      into the bulk material. The unit comprises arms 81 and 86, angle supports
      88 and 89 and arms 82 and 83 and angle supports 84 and 85. Both of these
      members have guide shoes as indicated by reference numerals 91 and 92, 90
      and 93. Thus, a modification of the spreader is the use of two wing bars
      for extending into the bulk material to provide more contact with the bulk
      material.
PAR  In addition to the modification of the wing bars by use of two members,
      FIG. 5 shows an additional modification of pivotal mounting arms 82 and 83
      to member 81 by hinges 95 and 96. With this embodiment, arrms 82 and 83
      fall downward after having passed under the beater thus eliminating the
      need for a scraper.
PAR  A reference to FIG. 6 shows how a wing bar would appear in a side view.
      Note, arm 103 and angle support 104 are fastened by hinges 105 and 106 to
      member 102 which could be substituted for member 30. Also, a roller guide
      101 is located at the rear of the spreader 10 to engage angle support arm
      104 to gradually lift the wing bar up to the horizontal position for
      pulling into the spreader.
PAR  FIG. 7 shows an end view of the wing bars and beater to illustrate that the
      teeth are shorter in the region that passes over member 30. This allows
      one to maintain a uniform minimum clearance under the entire length of the
      beater.
PAR  Referring to FIG. 8, my novel flexible drive mechanism 18 from the tractor
      to spreader beater 39 is shown in cross section. The drive unit comprises
      a rigid shaft 141 that runs through a transfer box 142, a wire cable 127
      which runs through a curved housing 144 connecting to unit 18 which is
      pivotally mounted to frame 14 by support 140. More specifically, the unit
      18 comprises a housing 123, a conventional power take-off shaft 120, a
      spline shaft 121 for fitting into a splined opening 124 located in member
      122. Splined shaft 121 is allowed to slide within member 122 and thus
      compensate for any variations in hookup of the spreader to the tractor.
      Located on the other end of member 122 is another opening which contains a
      pipe 126 which is pinned to member 122 by a pin 125. Located inside pipe
      126 is a portion of my flexible steel wire cable 127 which is brazed to
      the pipe to form integral engagement with pipe 126. The flexible cable 127
      extends through a section of a flexible hose 140 comprised of a sleeve
      with a coil spring on the outside and into housing 144 which fastens to
      the gear box 142. Located within the flexible hose section 140 are
      bushings 130 and 131 which prevent the flexible wire cable from rubbing
      against flexible hose 140. In addition, one may fill the hose with a
      lubricant such as oil to continually lubricate the flexible cable.
PAR  The purpose of the flexible mechanism 18 as shown in FIG. 8 is to allow for
      contraction of the cable as one applies the load by allowing member 122 to
      slide within the housing 123. That is, as one applies torque to the power
      take-off shaft 121, flexible cable 127 tightens up thus causing the cable
      to shorten. Thus, the present drive mechanism allows for this contraction
      or shortening of the cable without providing an undue torque to the
      housing itself. We have found that this arrangement will operate
      exceedingly well under rpm conditions of as high as 1,000 rpm and thus
      replace conventional universal type connections.
PAR  When used in conjunction with our sensing mechanism, member 122 would be
      restrained from lateral movement within housing 123 and the other end of
      the cable would be allowed to expand and contract within housing 142.
      Typically, housing 142 would contain the sensing mechanism 300 shown in
      FIGS. 10 and 10a.
PAR  One other feature of my flexible drive shaft is that we have discovered to
      utilize a flexible shaft under load conditions of 25 to 30 horsepower, it
      is necessary to have a flexible cable in which the twist of the strands of
      the cable is in the same direction as the lay or twist of the strands
      around the core of the cable. Typically, we can use a 1 flexible shaft to
      transmit up to 30 horsepower in contrast to available prior art flexible
      shafts which are unable to handle these horsepower requirements without
      unraveling.
PAR  In still another embodiment of the present invention the sensing mechanism
      can be used to deliver a signal to a warning device or gauge to thereby
      allow an operator to determine the amount of torque on the flexible cable.
PAR  Thus, it will be apparent that our machine is much simpler and easier to
      repair and adjust than prior art spreaders. For example, if one wishes to
      adjust the rate of discharge of the bulk material by controlling the speed
      of the end gate, all one has to do is adjust the amount of hydraulic fluid
      supplied to hydraulic cylinder 15 by either inserting a different orifice
      into the hydraulic line or use available supply hydraulic valve.
CLMS
STM  We claim:
NUM  1.
PAR  1. A flexible drive mechanism operable for powering a device by
      transmitting torque around a bend comprising:
PA1  an input member for ataching a first source of power;
PA1  a housing for rotatably supporting a flexible cable;
PA1  a flexible cable mounted in said housing, said flexible cable operable for
      flexing at least once per revolution and transmitting a torque during the
      flexing; said cable comprised of strands which simultaneously flex and
      tighten around one another during the transmission of torque to thereby
      produce a displacement of said cable in said housing in response to the
      torque applied thereto.
NUM  2.
PAR  2. The invention of claim 1 wherein said flexible drive mechanism includes
      a member for sensing the displacement of said cable in said housing.
NUM  3.
PAR  3. The invention of claim 2 wherein said member for sensing the
      displacement comprises a pivotal mounted member and said flexible cable
      includes a collar attached thereto for engaging said pivotal mounted
      member.
NUM  4.
PAR  4. The invention of claim 2 wherein said member for sensing the
      displacement of said cable includes means for controlling the amount of
      power deliverable from a second source of power.
NUM  5.
PAR  5. The invention of claim 3 wherein said device comprises a spreader having
      a beater, said beater being powered by said flexible cable, said spreader
      further having a hydraulic cylinder and pusher member powered from said
      second source of power for forcing material into said beater, said
      hydraulic cylinder responsive to a signal from said sensing mechanism so
      that a high torque on said flexible cable produces a control signal to
      said hydrualic cylinder to thereby change the power applied on said pusher
      member.
NUM  6.
PAR  6. The invention of claim 1 wherein said flexible drive mechanism includes
      means for allowing contraction of said cable in said housing.
NUM  7.
PAR  7. The invention of claim 6 in which the flexible cable comprises two sets
      of strands, the first set of smaller strands twisted to form a cable of
      lesser diameter than the flexibe cable, and a second set of strands formed
      from said first set of strands.
NUM  8.
PAR  8. The invention of claim 7 wherein the twist of the first set of strands
      is the same direction as the twist of the strands formed from said first
      set of strands.
NUM  9.
PAR  9. The invention of claim 8 including a member for pivotal mounting said
      flexible drive mechanism to the form of a towed vehicle.
PATN
WKU  039441440
SRC  5
APN  4781678
APT  1
ART  325
APD  19740610
TTL  Method and apparatus for dispersing suspensions
ISD  19760316
NCL  10
ECL  1
EXP  Custer, Jr.; Granville Y.
NDR  6
NFG  22
INVT
NAM  Okada; Akira
CTY  Fujiidera
CNT  JA
INVT
NAM  Izumi; Ryoji
CTY  Neyagawa
CNT  JA
INVT
NAM  Ninomiya; Syogo
CTY  Itami
CNT  JA
INVT
NAM  Tahara; Yukio
CTY  Toyonaka
CNT  JA
INVT
NAM  Takehara; Yuji
CTY  Nishinomiya
CNT  JA
INVT
NAM  Suezawa; Masaaki
CTY  Matsubara
CNT  JA
INVT
NAM  Kawasaki; Kazuhiro
CTY  Ibaraki
CNT  JA
ASSG
NAM  Dai Nippon Toryo Co., Ltd.
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730613
APN  48-66520
CLAS
OCL  241 22
XCL  241 27
XCL  241 4611
EDF  2
ICL  B02C 1716
FSC  241
FSS  15;21;22;24;26;27;30;46.06;46.11;46.15;124
UREF
PNO  1956293
ISD  19340400
NAM  Klein et al.
XCL  241 21
UREF
PNO  2581414
ISD  19520100
NAM  Hochberg
OCL  241 22
UREF
PNO  2764359
ISD  19560900
NAM  Szeguari
OCL  241 15
UREF
PNO  3131875
ISD  19640500
NAM  Szeguari
OCL  241 27
UREF
PNO  3309030
ISD  19670300
NAM  Molls et al.
OCL  241 21
UREF
PNO  3337140
ISD  19670800
NAM  Wahl
OCL  241 21
UREF
PNO  3799455
ISD  19740300
NAM  Szeguari
OCL  241 27
LREP
FRM  Haseltine, Lake & Waters
ABST
PAL  This invention relates to a method for dispersing a suspension of solid
      particles into the colloidal state, which comprises charging grinding
      media and said dispersion into a vessel so that the volume ratio of the
      grinding media and the suspension is within a range of from 2/1 to 1/2 and
      agitating the suspension and the grinding media by rotating one agitation
      rod mounted on the tip end of an agitation shaft at the lower part of the
      central portion of the vessel so that the peripheral velocity of the tip
      of the agitation rod is within a range of from 6 to 20 m/sec. The
      invention also is directed to an apparatus for practicing this method.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a method for dispersing suspensions and an
      apparatus for practicing this method.
PAR  More particularly, the invention relates to a novel method for dispersing
      suspensions, which comprises charging a suspension of solid particles such
      as paints and inks in a cylindrical vessel packed with a number of small
      grinding media, mixing the suspension with the grinding media, and
      agitating the suspension together with the grinding media by means of an
      agitator having one agitation rod, which is disposed in the interior of
      said vessel, to thereby disperse the suspension in the colloidal state,
      and to an apparatus for use in practicing this method.
PAR  2. Description of the Prior Art:
PAR  As dispersion means for dispersing suspensions such as paints and inks,
      there have heretofore been employed an apparatus having an agitation shaft
      provided with one or several discs or vanes having a specific shape and an
      apparatus having an agitation shaft provided with several agitation rods.
      As typical instances of such conventional apparatus, there can be
      mentioned a sand mill (disclosed in the specifications of U.S. Pat. Nos.
      2,581,414 and 3,185,398), an Attritor (trademark for a dispersion
      apparatus manufactured by Union Process Company, U.S.A.), and the like.
PAR  In the sand mill, a suspension is continuously fed into the interior of a
      cylindrical vessel from the bottom thereof, and during passages through
      the interior of the vessel, the suspension undergoes the action of a
      number of grinding media (for example, glass beads or synthetic ceramic
      balls having an average size of 0.7 to 3.0 mm) packed in the vessel and
      several disc-like agitation vanes provided on an agitation shaft disposed
      in the cylindrical vessel and rotated at a high speed corresponding to a
      peripheral speed of at least about 10 m/sec, and suspension is dispersed
      by high "shearing stress" developed by the grinding media. The dispersed
      suspension is separated from the grinding media by means of a mesh screen
      mounted in the interior of the cylindrical vessel, and then it is
      withdrawn in the dispersed state.
PAR  The dispersion apparatus of this type, however, includes defects such as
      mentioned below:
PAR  1. Unless the agitation shaft is rapidly rotated at a velocity of at least
      800 rpm and a peripheral velocity of at least about 10 m/sec, the
      suspension is not effectively dispersed. This structural limitation
      results in the following disadvantages:
PAR  1. Because of excessive wearing of the inner wall of the cylindrical
      vessel, the mesh screen and the grinding media, the maintenance cost
      becomes high.
PAR  2. In the case of a suspension of a high content of solid particles or a
      suspension of a high viscous resistance, the temperature is extremely
      elevated, and in some cases, the degree of the temperature elevation is
      extremely high. Therefore, sufficient temperature control cannot be
      accomplished, with the result that a great deviation is brought about in
      the quality of products. Accordingly, this apparatus cannot be applied to
      suspensions including a composition having a high temperature sensitivity.
PA1  3. When an agitation shaft provided with several disc-like agitation vanes
      is rotated at a high speed, a high agitation resistance is imposed and
      much power is required for the high speed agitation. Accordingly, the
      capacity is naturally limited in the dispersion apparatus of this type,
      and the maximum capacity is about 250 liters in commercially available
      apparatuses of this type.
PAR  2. As is apparent from the dispersing mechanism in the apparatus of this
      type, it is difficult to disperse a suspension containing solid masses and
      large agglomerates, and therefore, it is sometimes necessary to
      disentangle such masses or agglomerates sufficiently in a preliminary
      kneading step prior to the treatment by the apparatus.
PAR  3. Some solid materials cannot be finely dispersed by the apparatus of this
      type, and in such case it is necessary to use another dispersing machine
      in addition to the apparatus of this type.
PAR  4. The range of a viscosity of the suspension applicable to the apparatus
      of this type is very narrow, and unless the viscosity is within a range of
      85 KU to 120 KU (as measured at 25.degree.C. by a Stormer viscometer),
      sufficient dispersion is not obtained or it takes a long time to complete
      dispersion.
PAR  5. Unless the specific gravity of the suspension is lower than that of the
      grinding media contained in the cylindrical vessel, it is quite impossible
      to accomplish dispersion or it takes a long time to complete dispersion.
PAR  6. Provision of accessory equipment such as the above-mentioned
      pre-treatment equipment (for preliminary kneading) and the post-treatment
      equipment (for dissolution and color adjustment) is indispensable in the
      dispersion apparatus of this type. Therefore, the equipment cost becomes
      high and a large space is necessary for accommodation of the apparatus of
      this type.
PAR  In the Attritor, several columnar agitation rods are provided at prescribed
      intervals with a certain angle on an agitation shaft disposed in a
      cylindrical vessel, and the agitation shaft is rotated at a relatively low
      speed corresponding to a peripheral speed of about 3 m/sec. By the
      rotation of this agitation shaft, as in the case of the above-mentioned
      sand mill, a number of grinding media (for example, synthetic ceramic or
      steel balls having an average size of 3 to 12 mm) and the suspension
      undergo the moving action of the agitation shaft, and the suspension is
      dispersed by high shearing stresses formed by the grinding media.
PAR  The dispersion apparatus of this type, however, includes the following
      defects:
PAR  1. Although agitation is conducted at a relatively low speed, since
      relatively heavy media such as synthetic ceramic or steel balls having an
      average size of at least 3 mm are employed, much power is required for
      agitation and hence, the capacity of the apparatus is naturally limited.
      The maximum capacity is about 1000 liters (net capacity of 600 liters) in
      commercially available apparatuses of this type.
PAR  2. Since grinding media composed of a heavy and rigid material are
      employed, the inner wall of the vessel is readily worn and such
      disadvantages as contamination and discoloration of products are brought
      about by incorporation of iron powder.
PAR  3. Prior to the treatment by the apparatus, it is necessary to disentangle
      masses and agglomerates and make the suspension homogeneous in a
      pre-treatment step (preliminary kneading).
PAR  4. Convection currents of the suspension are so mild that the apparatus
      cannot be used as a mere mixer (for incorporation of a pigment or the
      like).
PAR  As another instance of a dispersion apparatus recently developed, there can
      be mentioned the dispersion apparatus marketed under the tradename of
      "Polymill" by J.H. Day Company (disclosed in Paint and Varnish Production,
      October issue, 1972, pages 6 to 7, published by Palmerton Publishing Co.,
      Incorp., U.S.A.). Glass bead grinding media are employed also in this
      apparatus, and the suspension is dispersed by rotating a disc having a
      specific convex and concave shape in a mixture of the grinding media and
      suspension. Defects involved in the above-mentioned sand mill are
      similarly observed in the dispersion apparatus of this type.
PAR  Further, there is known an apparatus in which the suspension is dispersed
      by agitation of one disc impeller (see U.S. Pat. No. 3,416,740), a
      dispersion method in which the suspension is agitated in grinding media
      with several agitation rods mounted on one agitation shaft in random
      directions (see U.S. Pat. No. 2,764,359), and similar apparatuses and
      methods. However, the above-mentioned defects cannot be overcome by any of
      these conventional techniques.
PAC  SUMMARY OF THE INVENTION
PAR  This invention has now been achieved as a result of our research work made
      with a view to improving and overcoming the above-mentioned defects
      involved in the conventional techniques, and this invention relates to a
      method for dispersing suspensions which comprises agitating and mixing a
      suspension together with a number of small grinding media packed in a
      dispersion vessel by means of one agitation rod, and to an apparatus
      practicing this method.
PAR  It is a primary object of this invention to provide a method in which a
      large quantity of a suspension can be dispersed in a short time into the
      fine colloidal state and an apparatus for practicing this method.
PAR  Another object of this invention is to provide a suspension-dispersing
      method in which the pre-treatment step, the dispersing step and the
      post-treatment step can be performed substantially in one vessel, and an
      apparatus for practicing this method. In other words, a secondary object
      of this invention is to shorten the manufacturing steps and reduce the
      equipment cost and the equipment space.
PAR  Still another object of this invention is to provide a
      suspension-dispersing method in which a variety of suspensions differing
      in viscosity in a very broad range can be dispersed and homogeneous
      products can be obtained without deviation of the quality, and an
      apparatus for practicing this method.
PAR  More specifically, in accordance with one aspect of this invention, there
      is provided a method for dispersing suspensions which comprises charging
      grinding media and a suspension containing solid particles in a vessel so
      that the grinding media/suspension volume ratio is within a range of from
      2/1 to 1/2 and agitating the suspension and griding media by rotating one
      agitation rod mounted on the tip end of an agitation shaft at a lower part
      of the central portion of the vessel so that the peripheral velocity of
      the tip end of the agitation rod is within a range of from 6 to 20 m/sec,
      to thereby disperse the suspension in the colloidal state.
PAR  In accordance with another aspect of this invention, there is provided an
      apparatus for dispersing suspensions, which comprises a vessel, grinding
      media contained in said vessel, an agitation shaft driven by driving means
      and disposed in the central portion of said vessel and one agitation rod
      mounted on the tip end of said agitation shaft at a right angle to said
      agitation shaft, wherein said agitation rod is disposed at a point
      vertically spaced from the bottom of the vessel by a distance
      corresponding to 5 to 20% of the inner diameter of said vessel, the length
      of said agitation rod corresponding to 65 to 95% of the inner diameter of
      said vessel and the thickness of said agitation rod being 2 to 5% of the
      length of the agitation rod.
DRWD
PAC  BRIEF DESCRIPTION
PAR  FIG. 1 is a view illustrating a longitudinal section of an embodiment of
      the apparatus of this invention;
PAR  FIG. 2 is a view illustrating a longitudinal section of another embodiment
      of the apparatus of this invention;
PAR  FIG. 3A shows an example of the agitation rod used in this invention, FIG.
      3B shows a comparative example of an agitation rod provided with a baffle
      board at the tip thereof, and FIG. 3C shows a comparative example of an
      agitation disc;
PAR  FIG. 4 is a view showing an example of the sectional shape of the agitation
      rod used in this invention;
PAR  FIGS. 5A and 5B show the fluidized state of a mixture of the suspension and
      grinding media in the vessel of the apparatus of this invention;
PAR  FIG. 6 shows an example of the shape of the mesh screen used in this
      invention;
PAR  FIG. 7 is a graph showing the relation of the viscosity of the suspension,
      the dispersing time and the size of dispersed particles.
PAR  FIG. 8 is a diagram illustrating the relation among the length of the
      agitation rod (expressed in terms of the ratio to the inner diameter of
      the cylindrical vessel), the dispersing time and the size of dispersed
      particles;
PAR  FIG. 9 is a graph illustrating the influences of the shape of the agitation
      rod such as shown in FIGS. 3A to 3C on the dispersing time and size of
      dispersed particles;
PAR  FIG. 10 is a graph illustrating the influences of the thickness of the
      agitation rod (expressed in terms of the ratio to the length of the
      agitation rod) on the dispersing time and size of dispersed particles;
PAR  FIG. 11 is a graph illustrating the influence of the thickness of the
      agitation rod (expressed in terms of the ratio to the ratio to the length
      of the agitation rod) on the power load;
PAR  FIG. 12 is a graph illustrating the influence of the position of the
      agitation rod (expressed in terms of the ratio of the height of the
      position of the agitation rod from the vessel bottom to the inner diameter
      of the cylindrical vessel) on the dispersing time and size of dispersed
      particles;
PAR  FIG. 13 is a graph illustrating the influences of the rotation number
      (peripheral velocity) on the dispersing time and size of dispersed
      particles;
PAR  FIG. 14 is a graph illustrating the relation between the grinding
      media/suspension volume ratio and the dispersing time;
PAR  FIG. 15 is a graph illustrating the relation between the grinding
      media/suspension volume ratio and the power load;
PAR  FIG. 16 is graph illustrating the relation between the mixing ratio of
      grinding media and the dispersing time;
PAR  FIG. 17 is a flow diagram comparing the steps of the method of this
      invention with the steps of the conventional method;
PAR  FIG. 18 is similar to FIG. 1 but showing a modified arrangement thereof;
      and
PAR  FIG. 19 is similar to FIG. 1 but showing a further modification thereof;
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  According to the method of this invention, as mentioned above, a suspension
      and grinding media are charged in a vessel so that the grinding
      media/suspension volume ratio is within a range of 2.1 to 1/2, and the
      mixture of the suspension and grinding media is agitated by an agitation
      rod rotated at a peripheral velocity of 6 to 20 m/sec, whereby solid
      particles in the suspension can be dispersed uniformly and finely in the
      liquid.
PAR  By the term "suspension" used herein is meant a liquid containing solid
      particles, which is treated in the paint, ink, food and cosmetic
      industries, etc.
PAR  Grinding media to be used in this invention can take a spherical,
      cylindrical or similar form, but the shape of the grinding media is not
      limited to such form. In other words, grinding media of an indefinite
      shape or form can be used in this invention as long as they have no
      extreme convexities or concavities.
PAR  As the media-constituting material, there can be mentioned, for example,
      metals and metal compounds such as alumina and steel, and synthetic and
      natural ceramics such as glass, porcelain, flint, silica sand and zircon.
PAR  It is preferred that grinding media having a maximum length or average
      particle size of about 1 to about 5 mm are employed.
PAR  The greater the specific gravity of the grinding media, the better the
      dispersing effect. At a high specific gravity, however, a high resistance
      is imposed on the agitation rod, resulting in increase of the power load.
      Therefore, it is preferred that the grinding media have a specific gravity
      of 2 to 8.
PAR  Some grinding media cause contamination or discoloration of the suspension
      depending on the ball-constituting material. In case contamination or
      discoloration is not significant, grinding media composed of steel can be
      used, but in the case of a suspension in which contamination or
      discoloration is not desired, it is preferred to use glass beads, alumina
      balls, zircon sand or synthetic ceramics.
PAR  In this invention, it is preferred that a combination of grinding media of
      a relatively large particle size (for example, and average particle size
      of 3 to 5 mm) with grinding media of a relatively small particle size (for
      example, an average particle size of 1 to 2.5 mm) be employed. In this
      case, the mixing weight ratio of large media to small media is within a
      range of from 1/9 to 5/5, preferably from 2/8 to 4/6. In this case, it is
      construed that solid particles having a relatively large size are
      dispersed by large media and solid particles having a relatively small
      size are dispersed by small media, whereby the dispersing effect can be
      enhanced.
PAR  In this invention, it is indispensable that the suspension be mixed with
      grinding media so that the grinding media/suspension volume ratio is
      within a range of from 2/1 to 1/2. As the proportion of the grinding media
      increases in the mixture of the grinding media and the suspension, the
      dispersing efficiency is increased, but when the proportion of the
      grinding media becomes too great, abrasion of the grinding media is
      extreme and abrasion of the agitation rod or vessel is also made
      conspicuous. Therefore, it is not preferred that the proportion of the
      grinding media be increased beyond the above range. It is most preferable
      that the mixing volume ratio of grinding media/suspension is about 1, more
      specifically 1.4/1 to 1/1.4.
PAR  As regards the charging method, it is desired into this invention that a
      liquid be first charged in a vessel packed with grinding media while
      rotating an agitation rod at a low speed and then solid particles be
      charged into the vessel.
PAR  After the suspension and grinding media have been charged into the vessel
      so that the above-mentioned mixing volume ratio can be attained, the
      contents of the vessel are agitated.
PAR  The agitation is performed by agitation means having one agitation rod. One
      of the important features of this invention is that the agitation is
      accomplished by employing one agitation rod having a simple configuration.
      In the case of the conventional agitation rod of a complicated shape
      provided with a baffle board or the like, it has been found that turbulent
      flows are formed by rotation of the agitation rod and the operation
      efficiency is rather reduced by such turbulent flows. In contrast, in the
      case of the agitation rod of this invention having a simple shape, laminar
      flows are formed by rotation of the agitation rod, and it is construed
      that the operation efficiency and dispersing effect can be improved by
      such laminar flows. The agitation rod is so rotated that the peripheral
      velocity of the tip end of the agitation rod is at least 6 m/sec,
      preferably 6 to 20 m/sec.
PAR  To the dispersing step of the method of this invention, in order to prevent
      reduction of the quality of the suspension, it is preferred that cooling
      water be passed through a jacket provided on the outside of the vessel.
      Further, in the charging and dispersing steps, the liquid acting as the
      dispersion medium or the suspension is circulated in the vessel by means
      of a circulation pump. The thus dispersed suspension is passed through a
      separating net after termination of the dispersing step while rotating the
      agitation rod at a low speed, and the suspension is thus separated from
      the grinding media and withdrawn from the dispersion apparatus.
PAR  At this withdrawing step, if the viscosity of the suspension is high, the
      suspension sticks to the inner face of the vessel or the surfaces of the
      grinding media, and it is sometimes difficult to withdraw the suspension
      from the dispersion apparatus smoothly. In such case, about 2/3 of the
      suspension is first withdrawn from the apparatus, and a small amount of
      the liquid used as a dispersion medium, such as a solvent or liquid resin,
      is added to the vessel, and the remainder of the suspension is then
      withdrawn in a state diluted with such liquid.
PAR  The resulting, colloidally dispersed suspension is transferred to another
      vessel or to a tank through a pipe line or the like, and it is used as a
      final product, mixed with other material or stored.
PAR  Preferred embodiments of the apparatus used in this invention will now be
      described by reference to the accompanying drawings.
PAR  Referring to FIG. 1, a cylindrical vessel 1 has on the periphery thereof a
      jacket 2 for adjusting the temperature of the suspension, and opening 3
      for withdrawal of the suspension, a screen separating screen 4 for
      separating the suspension from grinding media, and an opening 5 for
      withdrawal of grinding media. One agitation rod 9 is mounted at a lower
      part of the central portion of the vessel at a right angle to an agitation
      shaft 8, and a drive device 13 is so disposed as to move the agitation rod
      freely so that the peripheral velocity of the tip end of the agitation rod
      is within a range of 6 to 20 m/sec, preferably 10 to 15 m/sec. Grinding
      media 11 are packed in the cylindrical vessel 1.
PAR  The vessel 1 may be of any of the fixed or moving type, and the volume of
      the vessel 1 is within a range of 1 to 10,000 liters. The
      temperature-adjusting jacket 2 is provided mainly for cooling for
      preventing increase of the temperature of the suspension at the dispersing
      step. The jacket 2 covers the entire bottom face of the vessel except the
      withdrawal opening and it also covers the outside of the vessel from the
      bottom face to a height corresponding to about 70% of the total height of
      the vessel. Thus, the object of preventing the temperature increase of the
      suspension can be attained. The thickness of the jacket is about 5 cm and
      it can be formed by winding a pipe or the like spirally on the vessel
      surface.
PAR  In the dispersion apparatus having the above-mentioned structure, the
      starting materials are charged from above, and during the dispersing
      operation, the suspension 12 which has passed through the with-drawal
      opening 3 and screen 14 is introduced into a circulation pipe 6 by means
      of a pump 14 and returned into the vessel via a circulation opening 7.
      When the suspension 12 is withdrawn from the apparatus, it is fed to a
      recovery opening 15 by means of the pump 14.
PAR  When the suspension 12 is circulated or recovered from the apparatus, it
      sometimes happens that the density of the grinding media 11 increases in
      the vicinity of the withdrawal opening 3 and it becomes difficult to
      perform circulation or recovery of the suspension. In such case, good
      results can be obtained when a grinding media-scraping vane 10 is provided
      below the agitation shaft. It is preferred that the scraping vane be
      provided vertically or with a certain angle to the bottom face of the
      vessel and have such a shape as shown in the drawings.
PAR  In the case of a relatively small vessel, for example, a vessel having a
      capacity of 1 to 1,000 liters, during the separating step the suspension
      can be separated from the grinding media in a short time if the vessel per
      se is rotated at 300 to 800 rpm.
PAR  In the drawings, the mesh screen 4 is disposed on the bottom of the vessel,
      but in this invention, it is possible to dispose the mesh screen 4 on the
      side face of the vessel as shown in FIG. 18. In FIG. 1, the mesh screen 4
      is provided on the bottom face of the vessel 1 just below the agitation
      shaft 8, is preferred however as shown in FIG. 19 that the center of the
      mesh screen be disposed below the tip end of the agitation rod 9 and the
      diameter or length of the screen extend over a distance corresponding to
      10 to 50%, especially 25 to 35%, of the total length of the agitation rod.
      In such case, the movement of the grinding media is most vigorous in the
      vicinity of the tip end of the agitation rod, and a high separation
      efficiency can be attained. In case the length of the agitation rod is
      great, the mesh screen is spread from the bottom of the vessel to the side
      face thereof.
PAR  In order to increase the separation efficiency, it is possible to provide
      the mesh screen so that it covers the entire bottom face of the vessel,
      but in view of the abrasion and strength of the screen, it is preferred
      that the screen be so disposed as to cover 10 to 50% of the bottom area of
      the vessel.
PAR  In order to prevent destruction of the screen by abrasion or the like and
      subsequent destruction of the pump by flow-out of the grinding media, it
      is possible to provide another screen having a mesh size of 500 to 3350
      microns in the pipe line between the vessel and pump.
PAR  In this invention, provision of the above-mentioned mesh screen can be
      omitted. In this case, after the dispersing step, the suspension is
      withdrawn from the vessel together with the grinding media, and the
      mixture is separated into the solid portion (grinding media) and the
      liquid portion (suspension) by means of a centrifugal separator or the
      like. Thus, the suspension is recovered in a state free of the grinding
      media.
PAR  In this invention, as is illustrated in FIG. 2, it is possible to provide a
      sealable lid 16 having an opening 18 for charging the raw material and an
      opening 17 for feeding gas under pressure. By provision of such lid,
      scattering of the solvent vapor can be prevented, and the recovery rate of
      the suspension can be heightened by feeding air or inert gas under
      pressure from the opening 17.
PAR  In the apparatus of this invention, the dispersion efficiency can be
      further enhanced by provision of the following auxiliary means.
PAR  For instance, after the dispersion, the suspension can be passed through an
      auxiliary means 24 which can be (1) an ultrasonic device having a
      frequency of 20 to 200 KHZ and an output of 500 to 1,000 W, (2) a
      high-speed agitator (homogenizer) rotated at 1,000 to 10,000 rpm and/or
      (3) a shearing device such as a colloidal mill rotated at 250 to 2,500
      rpm. The production rate can be further increased by employing such
      auxiliary means, and the quality of the suspension can be further
      improved.
PAR  Several different types of agitation rods are shown and FIG. 3A shows the
      agitation rod of the invention, FIG. 3B shows a comparative example of an
      agitation rod provided with a baffle board 19 and FIG. 3C shows a
      comparative example of a disc-like (vane-like) agitation member. Results
      of the comparative tests using these agitation members are illustrated in
      the Examples given hereinafter.
PAR  As is shown in FIG. 3A, in this invention, it is most preferable that the
      agitation shaft be positioned at the center of the agitation rod when but
      the agitation shaft is offset from the center of the agitation rod toward
      the right or left side, namely the length of the agitation rod is
      different to some extent between the right and left sides, is included in
      the scope of this invention.
PAR  FIG. 4 shows examples of the sectional configuration of the agitation rod
      of this invention, and in this figure, C indicates the line along which
      the thickness of the agitation rod referred to herein is measured.
PAR  FIG. 5 shows the fluidized state of the suspension in the cylindrical
      vessel of the apparatus of this invention. In the case of the conventional
      apparatus provided with two or more discs or agitation rods having a
      baffle board or the like, convection currents such as shown in FIG. 5 are
      not formed in the dispersion vessel.
PAR  FIG. 6 shows the mesh shape and arrangement of the mesh screen shown in
      FIG. 1.
PAR  According to the above-mentioned method and apparatus of this invention,
      the defects involved in the conventional techniques can be overcome or at
      least reduced conspicuously.
PAR  Advantages of the method and apparatus of this invention over the
      conventional techniques are as follows:
PAR  1. According to this invention, the pre-treatment step, dispersing step and
      post-treatment step can be accomplished in one vessel, and therefore, the
      manufacturing process and equipment can be simplified and the equipment
      cost and space can be reduced (see FIG. 17).
PAR  2. In this invention, sufficient dispersing effects can be obtained by
      employing grinding media of a relatively low density such as glass beads
      and one agitation rod of a very simple structure. Accordingly, no great
      power is required for agitation and an apparatus having a large capacity
      such as 6,000 to 10,000 liters can be constructed and used conveniently.
      Further, since the apparatus per se has a simple structure, the equipment
      cost can be reduced by 20 to 50% as compared with the conventional
      Attritor or sand mill. Still further, consumption of energy for treating a
      unit volume of the batch also be reduced.
PAR  3. In case a variety of products are prepared in small quantities (such as
      coloring compositions for formation of paints), by providing an agitation
      apparatus having one agitation rod and small-capacity moving tanks for
      respective products (each being packed with dispersing balls), the
      production can be accomplished with ease without any particular trouble in
      the change-over of the kinds of products, and the equipment cost and
      production space can be reduced. In this case, respective moving tanks can
      also be used as storage tanks, and it is possible to gradually supply raw
      materials into the tanks to compensate for the amounts of the raw
      materials used.
PAR  4. The temperature increase is small at the dispersing step and the
      temperature can be controlled sufficiently. Accordingly, no deviation is
      brought about as regards the product quality and even a suspension having
      a high temperature sensitivity can be dispersed sufficiently and
      conveniently.
PAR  5. The viscosity of the suspension to be treated is not particularly
      critical, and suspensions having a viscosity within such a broad range as
      1 to 140 KU (as measured by a Stormer viscometer) can be dispersed
      according to this invention.
PAR  When this invention is compared with the conventional techniques such as
      those as mentioned in the description of the prior art hereabove as
      regards the actual operation of dispersion of paints, the results such as
      shown in Tables 1 and 2 are obtained.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Paint Manufacturing Rate (Kg/hr)                                          
                        This Invention Conventional Technique                  
                        400 liter                                              
                               2,000 liter                                     
                                       Attritor(500                            
                                                  Sand Mill (120               
     Kind of Suspension Capacity                                               
                               Capacity                                        
                                       liter capacity)                         
                                                  liter capacity               
     __________________________________________________________________________
     Chlorinated rubber type synthetic                                         
     resin paint (viscosity = 100 KU,                                          
     non-volatile content = 50%)                                               
                        230    --      113        84.sup.1)                    
     Acrylic type synthetic resin paint                                        
     (viscosity = 120 KU, non-                                                 
     volatile content = 58%)                                                   
                        260    --      192        43.sup.1)                    
     Vinyl type synthetic resin paint                                          
     (viscosity = 120 KU, non-                                                 
     volatile content = 38%)                                                   
                        666    1450    177        19.sup.1)                    
     Synthetic resin mixed paint (white)                                       
                        600    1700    not applicable to                       
     (viscosity = 120 KU, non-volatile white paint because                     
                                                  500                          
     content = 70%)                    of contamination                        
     __________________________________________________________________________
      Note:                                                                    
      .sup.1) :sand mill is not ordinarily employed because the viscosity is to
      high or the paint is quick-drying.                                       
TBL                                    Table 2                                 
     __________________________________________________________________________
                       Attritor (capacity)                                     
                                     This Invention (capacity)                 
                       300 467  1,135                                          
                                     400 1,000                                 
                                              2,000                            
                                                   6,000                       
     __________________________________________________________________________
     Power (HP) of Motor                                                       
                       7.5 15   50   7.5 30   50   100                         
     Electric Power Consumption (KW)                                           
                       5.5 11.3 37.5 5.5 22.5 37.5  75                         
     Provision of Pre-treatment Tank                                           
     for Preliminary Kneading of                                               
     Suspension and Post-treatment                                             
                       necessary     not necessary                             
     Tank for Mixing and Preparing                                             
     Paint                                                                     
     __________________________________________________________________________
PAR  As is apparent from Table 1, the application range of the sand mill is
      greatly limited by the kind, viscosity and properties of the paint, and
      the Attritor cannot be used for a white paint because of contamination.
PAR  Further, as is apparent from Table 2, in the case of the Attritor, the size
      of the vessel is limited because of a high power load, and provision of
      such accessory means as a pre-treatment tank is indispensable.
PAR  These defects involved in the conventional sand mill and Attritor can be
      completely overcome in this invention, and the power consumption per unit
      volume of the batch is very low in this invention. Further, this invention
      is characterized in that the application range of the apparatus is almost
      totally unlimited by the kind and viscosity of the suspension and other
      factors and provision of accessory means for preliminary kneading or color
      adjustment is quite unnecessary.
PAR  When the apparatus of this invention is applied to preparation of paints,
      by virtue of the above characteristics, paints of improved properties
      capable of giving coatings excellent in various properties such as gloss
      can be obtained.
PAR  Furthermore, when this invention is applied in the fields cosmetics,
      foodstuffs and the like, similar effects can be attained as in the case of
      paints.
PAR  Accordingly, the method and apparatus of this invention are industrially
      very valuable for dispersing suspensions into the finely divided colloidal
      state.
PAR  Criticalities of numerical limitations of this invention will be apparent
      from the description given hereinafter by reference to Examples and
      accompanying drawings.
PAR  This invention will now be described in more detail by reference to the
      following Examples. Paints in which high dispersion of pigment particles
      is a critical requirement were used in these Examples as suspensions to be
      dispersed. Namely, paints shown in Table 3 were used in these Examples.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Paint Composition and Viscosity                                           
               Composition 1 Composition 2 Composition 3                       
     __________________________________________________________________________
     Titanium oxide                                                            
               36.0 parts by weight                                            
                             38.0 parts by weight                              
                                           38.5 parts by weight                
     Extender pigment                                                          
               27.0 parts by weight                                            
                             28.5 parts by weight                              
                                           29.0 parts by weight                
     Long oil alkyd                                                            
               22.0 parts by weight                                            
                             23.2 parts by weight                              
                                           23.5 parts by weight                
     resin varnish                                                             
     Additive  0.5  part by weight                                             
                             0.5  part by weight                               
                                           0.5  part by weight                 
     Solvent   14.5 parts by weight                                            
                             9.8  parts by weight                              
                                           8.5  parts by weight                
     Total     100.0                                                           
                    parts by weight                                            
                             100.0                                             
                                  parts by weight                              
                                           100.0                               
                                                parts by weight                
     Viscosity, KU                                                             
     (as measured at                                                           
               90            110           120                                 
     25.degree.C. by Stormer                                                   
     viscometer)                                                               
     __________________________________________________________________________
PAC  EXAMPLE 1
PAR  Each of paint composition 1 (having a viscosity of 90 KU as measured at
      25.degree.C.), paint composition 2 (having a viscosity of 110 KU as
      measured at 25.degree.C.) and paint composition 3 (having a viscosity of
      120 KU as measured at 25.degree.C.) shown in the above Table 3 was
      dispersed under conditions indicated in Table 4 given below until the
      prescribed particle size could be attained in the dispersed suspension.
      Obtained results are shown in FIG. 7. The size of the dispersed particles
      is expressed in terms of the value determined by Hegmann scale (H scale)
      such as H-4, H-5 and H-6. (In the subsequent Examples, the particle size
      is indicated by this value.)
PAR  As is apparent from the results shown in FIG. 7, suspensions having a
      relatively high viscosity could be dispersed to the prescribed fine
      particle size in a short time.
TBL                Table 4                                                     
     ______________________________________                                    
                                Prescribed                                     
     Item                       Condition                                      
     ______________________________________                                    
     1.    Dimension of cylindrical vessel                                     
                                400 liter capa-                                
           of apparatus         city, 700 mm                                   
                                inner diameter,                                
                                1000 mm height                                 
     2.    Shape of agitation rod                                              
                                column                                         
     3.    Length of agitation rod                                             
                                60 cm                                          
     4.    Diameter of agitation rod                                           
                                 2 cm                                          
     5.    Position of attachment of                                           
                                 7 cm from                                     
           agitation rod         bottom of                                     
                                 cylindrical                                   
                                 vessel                                        
     6.    Number of agitation rod                                             
                                one                                            
     7.    Material of grinding media                                          
                                glass beads                                    
     8.    Particle size of grinding                                           
                                2 mm(.phi.)                                    
           media                                                               
     9.    Amount charged of grinding                                          
                                110 liter                                      
           media                                                               
     10.   Rotation rate        400 rpm                                        
     11.   Peripheral velocity  12.56 m/sec                                    
     12.   Amount charged of suspension                                        
                                110 liter                                      
     13.   Total amount charged of sus-                                        
                                220 liter                                      
           pension and grinding media                                          
     13.   Grinding media/suspension                                           
                                1/1                                            
           volume ratio                                                        
     15.   Circulation of charged sus-                                         
                                effected                                       
           pension (at least one                                               
           circulation)                                                        
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  The suspension of the paint composition 2 (paint composition 2 was used in
      subsequent Examples unless otherwise indicated) was dispersed to the
      prescribed dispersed particle size under the same conditions as shown in
      Table 4 except that the length of the agitation rod 9 was changed to one
      corresponding to 65%, 75%, 85% or 95% of the inner diameter of the
      cylindrical vessel 1. The time required for obtaining the prescribed
      dispersed particle size was measured to obtain results shown in FIG. 8.
PAR  The results shown in FIG. 8 indicate that the dispersion can be
      accomplished effectively when the agitation rod 9 has a length
      corresponding to 65 to 95% (preferably 75 to 95%) of the inner diameter of
      the cylindrical vessel 1. It was found that when the length of the
      agitation rod 9 is shorter than 65% of the inner diameter of the
      cylindrical vessel 1, the time required for dispersion is abruptly
      prolonged.
PAR  Similar results were obtained when supensions of other compositions were
      employed.
PAC  EXAMPLE 3
PAR  The time required for obtaining the prescribed dispersed particle size was
      determined by performing the dispersion by employing the agitation rod of
      a shape shown in FIG. 3A (this invention), a comparative baffle
      board-provided agitation rod shown in FIG. 3B and a disc shown in FIG. 3C,
      respectively. Obtained results are shown in FIG. 9.
PAR  The paint composition 2 was used as the suspension and conditions other
      than that of the starting rod were the same as shown in Table 4.
PAR  As is apparent from the results shown in FIG. 9, a rod of a simple
      structure such as the agitation rod of this invention shown in FIG. 3A
      gives the highest dispersion efficiency (the shortest dispersing time) and
      in the case of a disc-like agitator or an agitation rod provided with a
      baffle board the efficiency is rather reduced.
PAC  EXAMPLE 4
PAR  The dispersion was conducted under the same conditions as indicated in
      Table 4 except that the number of the agitation rod 9 was increased from
      one to two, three or more and the rods were disposed in parallel with each
      other and with a right angle to the agitation shaft. It was found that
      with increase of the number of agitation rods the dispersing time and
      power load increased. For example, if the number of the agitation rod was
      increased from one to two or three, the dispersing time was 1.5 to 2 times
      prolonged.
PAR  In Examples 3 and 4, the following matters were observed.
PAR  In the case of the agitation rod of this invention the mixture of the
      suspension and grinding media flowed in the cylindrical vessel while
      forming a definite laminar flow, as shown in FIG. 5, and as the head from
      the point a to the point b was greater, a better dispersing effect was
      obtained with a smaller power load.
PAR  When the shape of the agitation rod or vane was complicated (as shown in
      FIG. 3B or 3C or when the number of the agitation rod 9 was increased, a
      greater power load was imposed and the head from the point a to the point
      b became small to cause turbulent flows in parts of the mixture of the
      suspension and grinding media. Further, in such case, the temperature
      elevation was extreme.
PAR  From the foregoing results it was found that when the agitation vane has a
      simplest shape, namely a rod-like shape as in this invention, and the
      number of such agitation rod is one, a highest dispersing effect can be
      obtained with a minimum power load.
PAC  EXAMPLE 5
PAR  The dispersion was conducted by changing the sectional shape of the
      agitation rod 9 from circle to oval, modified oval, triangle or the like
      such as shown in FIG. 4. Similar results were obtained.
PAR  From the following experiment, it was confirmed that it is indispensable
      that the thickness (line C in FIG. 4) of the agitation rod should be 2/100
      to 5/100 of the length of the agitation rod.
PAR  The suspension was dispersed under the same conditions as indicated in
      Table 4 by changing the thickness of the agitation rod and the dispersing
      time and power load were determined to obtain results shown in FIGS. 10
      and 11, from which it was found that when the thickness of the agitation
      rod is within a range of 2 to 5% of the length of the agitation rod, the
      dispersing time can be shortened and the power load can be reduced. From
      the results shown in FIG. 10, it is seen that when the thickness of the
      agitation rod is smaller than 2% of the length of the agitation rod, the
      dispersing time is abruptly prolonged, and from the results shown in FIG.
      11, it is seen that when the thickness of the agitation rod is larger than
      5% of the length of the agitation rod, increase of the power load is
      extreme. Similar results were obtained in the case of suspensions of other
      compositions.
PAC  EXAMPLE 6
PAR  The suspension was dispersed under the same conditions as indicated in
      Table 4 by employing the same agitation rod 9 as used in Example 1 and
      changing the height of the attachment point of the agitation rod to 5, 10,
      15 or 20% of the inner diameter of the cylindrical vessel 1. Obtained
      results are shown in FIG. 12.
PAR  From the results shown in FIG. 12, it was found that the dispersing time
      can be shortened when the height of the attachment point of the agitation
      rod is 5 to 20%, preferably 5 to 15%, of the inner diameter of the
      cylindrical vessel. Thus, it was confirmed that a better dispersing effect
      can be obtained as the attachment position of the agitation rod is closer
      to the bottom of the vessel but when the attachment position is too close
      to the vessel bottom, abrasion of the separating net and vessel wall is
      caused. Similar results were obtained in the case of suspensions of other
      compositions.
PAC  EXAMPLE 7
PAR  The suspension was conducted under the same conditions as indicated in
      Table 4, and the case in which circulation of the suspension was effected
      was compared with the case where the circulation was not effected, to
      obtain results shown in Table 5.
TBL                Table 5                                                     
     ______________________________________                                    
                Dispersing Time Required                                       
     Dispersed                                                                 
     particle  Circulation    Circulation was                                  
     size      was effected   not effected                                     
     ______________________________________                                    
     H-5       28 minutes     30 minutes                                       
     H-6       50 minutes     70 minutes                                       
                              (presence of                                     
                              coaser parti-                                    
                              cles was ob-                                     
                              served)                                          
     ______________________________________                                    
PAR  From the above results, it is seen that the dispersing time can be
      shortened if the suspension is circulated during the dispersion operation.
PAC  EXAMPLE 8
PAR  Dispersion tests were repeated under the same conditions as indicated in
      Table 4 while changing the position of an opening 3 for separating
      grinding media 11 from the suspension, the area of said opening and the
      shape of a mesh screen 4. From the results, it was found that the
      separating opening 3 may be disposed on either the bottom or side of the
      cylindrical vessel 1 but it is preferred that the opening 3 is disposed on
      the bottom in a circle concentric to the vessel bottom having a diameter
      not larger than 1/4 of the inner diameter of the vessel bottom and in this
      case a scraping vane 10 such as shown in FIG. 1 is provided to prevent
      clogging of the opening 3 with the grinding media. It was also found that
      when a highly viscous liquid such as the suspension of the paint
      composition 2 is treated, the area of the separating opening 3 is at least
      5% of the area of the bottom of the vessel, and that good results are
      obtained when the mesh screen has a perforated shape such as shown in FIG.
      6 and holes of the screen have a width of 0.4 to 0.7 mm and a length about
      5 to about 10 times the width thereof.
PAC  EXAMPLE 9
PAR  The suspension was dispersed under the same conditions as indicated in
      Table 4 except that the rotation number (peripheral velocity) was changed
      variously, and the time required for obtaining the prescribed dispersed
      particle size was measured to obtain results shown in FIG. 13, from which
      it is seen that the lower limit of the peripheral velocity is 6 m/sec and
      at a peripheral velocity lower than this limit the dispersing time is
      abruptly prolonged, and that if the peripheral velocity is heightened
      beyond 15 m/sec, no drastic shortening of the dispersing time can be
      attained. Similar results were obtained in the case of suspensions of
      other compositions.
PAC  EXAMPLE 10
PAR  The suspension was dispersed under the same conditions as indicated in
      Table 4 except that the ratio of the grinding media and suspension and the
      total amount charged of the grinding media and suspension were changed,
      and the dispersing time and the power load were determined to obtain
      results shown in FIGS. 14 and 15. In the case of suspension of other
      compositions similar results were obtained.
PAR  From the results shown in FIGS. 14 and 15, it is seen that best results are
      obtained when the grinding media/suspension volume ratio is within a range
      of from 1.5/1 to 1/1.5.
PAR  As a result of examination of the relation between the dispersing effect
      and the total amount charged of the grinding media and suspension, it is
      seen that the total amount charged of the grinding media and suspension is
      within a range of 1/4 to 3/4 of the capacity of the vessel.
PAC  EXAMPLE 11
PAR  The suspension was dispersed under the same conditions as indicated in
      Table 4 except that the average particle size of the grinding media (glass
      beads) and the mixing ratio of the grinding media differing in the
      particle size were changed, and the dispersing time was measured to obtain
      results shown in FIG. 16.
PAR  From the results shown in FIG. 16, it is seen that the dispersing time can
      be shortened when grinding media differing in the particle size are mixed
      at a small particle size media: large particle size media weight ratio
      ranging from 9/1 to 5/5, as compared with the case where one kind of
      grinding media having the same particle size are employed.
PAR  It was also found that optimum results are obtained when grinding media
      having a maximum diameter of 1 to 5 mm are employed.
PAC  EXAMPLE 12
PAR  Procedures of Example 7 were repeated by circulating the suspension through
      a ultrasonic device having a frequency of 28 KHZ and an output of 200 W.
      The dispersing effect was further improved by cavitation caused in
      interfaces among the solid particles and the impinging action. Further,
      the distinctness and gloss of the coating formed from the resulting
      suspension were also improved.
PAC  EXAMPLE 13
PAR  Procedures of Example 7 were repeated by circulating the suspension through
      a high speed agitator rotated at 6,000 rpm. The dispersing effect was
      further improved by the shearing action of the agitator, and the gloss of
      the coating prepared from the resulting suspension was also further
      improved.
PAC  EXAMPLE 14
PAR  Procedures of Example 7 were repeated by circulating the suspension through
      a colloid mill rotated at 1,000 rpm. The dispersing effect was further
      improved, and the distinctness and gloss of the coating prepared from the
      resulting suspension were also further improved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for dispersing suspensions which comprises charging grinding
      media and a suspension containing solid particles in a vessel so that the
      grinding media/suspension volume ratio is withing the range of from 2/1 to
      1/2, and agitating the suspension and grinding media by rotating a single
      agitation rod mounted on the tip end of an agitation shaft at a lower part
      of the central portion of the vessel so that the peripheral velocity of
      the tip of the agitation rod is within a range of 6 to 20 m/sec, and a
      laminar flow is produced in the suspension to thereby disperse the
      suspension in the colloidal state.
NUM  2.
PAR  2. A method for dispersing suspensions according to claim 1 wherein said
      grinding media comprise grinding media having an average particle size of
      1 to 2.5 mm and grinding media having an average particle size of 3 to 5
      mm at a weight ratio of from 9/1 to 5/5.
NUM  3.
PAR  3. A method for dispersing suspensions according to claim 1 comprising
      separating the suspension from the grinding media and then recirculating
      the grinding media into the vessel.
NUM  4.
PAR  4. A method of dispersing suspensions according to claim 1 wherein the
      peripheral speed of the tip of the agitation rod is 10 to 15 m/sec.
NUM  5.
PAR  5. A method for dispersing suspensions according to claim 1 wherein the
      total amount charged of the grinding media and suspension is 1/4 to 3/4 of
      the volume of the vessel.
NUM  6.
PAR  6. An apparatus for dispersing suspensions which comprises a vessel,
      grinding media contained in said vessel, an agitation shaft driven by
      driving means and disposed in the central portion of said vessel and a
      single agitation rod mounted on the tip end of the agitation shaft at a
      right angle to said agitation shaft, such that said agitation rod is
      disposed at a point spaced vertically from the bottom of the vessel by a
      distance corresponding to 5 to 20% of the inner diameter of said vessel,
      the length of said rod corresponding to 65 to 95% of the inner diameter of
      said vessel and the thickness of said agitation rod being 2 to 5% of the
      length of the agitation rod, said agitation rod having a peripheral
      velocity at its tip to produce laminar flow in the suspension.
NUM  7.
PAR  7. An apparatus set forth in claim 6 comprising a mesh screen mounted over
      an opening in the vessel to separate the suspension from the grinding
      media.
NUM  8.
PAR  8. An apparatus set forth in claim 6 comprising a mesh screen having a
      diameter corresponding to 10 to 50% of the total length of the agitation
      rod disposed below the agitation rod, said screen having a center aligned
      in the tip of the agitation rod.
NUM  9.
PAR  9. An apparatus set forth in claim 6 wherein the agitation rod has a
      columnar shape and its diameter is 2/100 to 5/100 of the length thereof.
NUM  10.
PAR  10. An apparatus set forth in claim 6 wherein the grinding media contained
      in the vessel have a true specific gravity of 2 to 8 and are composed of a
      material selected from steel, glass, alumina, zircon and porcelain.
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ABST
PAL  Grinding mill including at least one container partially filled with
      grinding media, and at least one excitation member extending in direction
      of the longitudinal axis of the container and disposed within the
      container so as to be surrounded by the grinding media received in the
      container; the excitation member being supported on the wall of the
      container by a plurality of individual rod-shaped support elements
      extending substantially radially from the excitation member and disposed
      in spaced relationship to one another in direction of the longitudinal
      axis.
PARN
PAR  This application is a continuation-in-part of our application Ser. No.
      269,320, filed July 6, 1972, now abandoned, which is a
      continuation-in-part of our application Ser. No. 115,386, filed on Feb.
      16, 1971, now abandoned, and relates to a grinding mill having at least
      one crushing container or chamber partially filled with comminuting or
      grinding media, such as balls, punchings, pebbles, rods or the like, and
      at least one excitation member extending in direction of the axis of the
      container and disposed in the interior space of the container.
BSUM
PAR  Grinding mills to which the present invention is directed comminutes
      material introduced into the grinding mill by agitation or movement of
      grinding media partially filling a compartment of the grinding mill. The
      grinding media may be balls, punchings, pebbles or rods which rotate,
      revolve, tumble and travel thereby powdering or pulverizing the material
      by pressure and abrasion. Grinding mills having a container with a
      compartment partially filled with grinding media with movement of the
      grinding media, generally by rotations or vibration or oscillation of the
      container, to pulverize material are well known in the art and referred to
      as tumbling, ball, rod, pebble, tube and vibrating or oscillating mills.
PAR  In grinding mills, the comminuting action, due to damping caused by the
      material being comminuted, diminishes radially inwardly from the outer
      wall of the container, so that with respect to the volume of the
      comminuting space within the container, the effective comminuting
      efficiency or output, especially for very large comminuting container
      diameters, is unsatisfactory. An attempt has therefore been made,
      heretofore, to locate a so-called center tube in the comminuting container
      parallel to the longitudinal axis of the latter so that it lay within the
      charge of material to be comminuted. It was thereby possible, in fact, to
      transmit with equal intensity, the vibratory or oscillatory movement of
      the comminuting chamber also to the interior region of the charge of
      material to be ground. Since such center tubes, however, could be welded
      or screwed to the comminuting container only at the ends thereof, they
      tended to break off after a short period due to the heavy stresses imposed
      thereon during operation of the grinding mills.
PAR  A grinding mill is known from German Pat. No. 678,779 which has a member
      for transmitting the oscillating movement of the comminuting container
      that is formed preferably of guide plates disposed in the form of a star.
      This heretofore known transmission member is elastically or resiliently
      secured at the ends of the comminuting container and, in turn, carries the
      bearing system for the driving imbalance shaft of the grinding mill. By
      means of the elastically or resiliently mounted bearing system, the
      patentee sought to have the transmission member oscillate relative to the
      comminuting container. The transmission member, therefore, had to be of
      such dimensions that the guide plates thereof did not come into contact
      with the wall of the comminuting container. Since the energy required for
      the comminuting action in this grinding mill of the German patent, is
      transmitted substantially solely through the transmission member to the
      charge of material to be comminuted in the grinding mill, the transmission
      member is subjected to especially heavy wear and tear. This construction
      of the known transmission member is relatively complex and costly
      primarily because of the bearing system and the connection to the
      imbalance shaft. Therefore, the exchange of a worn transmission member
      requires considerable expense both in terms of time as well as money.
PAR  Furthermore, German Published Application No. 1,247,823 discloses a
      grinding mill, into the comminuting tube or compartment of which there are
      loosely inserted plate shaped cleaning members having sharp-edged margins
      which are supposed to prevent accretions or incrustations on the wall of
      the comminuting tube. No increase in the comminuting action in the
      interior of the charge of material to be comminuted is achieved thereby,
      however.
PAR  It is accordingly an object of the invention to provide grinding mill with
      excitation member within the charge of material to be comminuted which
      avoids the foregoing disadvantages of the heretofore known devices of this
      general type.
PAR  In accordance with further and more specific objects of the invention such
      a grinding mill is provided with an excitation member which will not
      readily break away from its connection to the wall of the grinding mill
      during operation of the latter as does the aforementioned transmission
      member, and which furthermore increases the comminuting action within the
      charge of material to be comminuted.
PAR  Other objects of the invention are to support the excitation member in the
      container at locations most favorable with respect to the stresses imposed
      thereon and, furthermore, to support a relatively longer excitation member
      at more than two locations.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, grinding mill having at least one container
      partially filled with grinding media, and at least one excitation member
      extending in direction of the longitudinal axis of the container and
      disposed within the container so as to be surrounded by the grinding media
      received in the container, the excitation member being supported on the
      wall of the container by a plurality of separate rod-shaped support
      elements extending substantially radially from the excitation member and
      disposed in spaced relationship to one another in direction of the
      longitudinal axis.
PAR  In accordance with another feature of the invention, the grinding mill has
      at least two support elements that are disposed in a common plane
      extending in longitudinal direction of the excitation member, the support
      elements being firmly though releasably fastened to the wall of the
      container.
PAR  In accordance with a further feature of the invention, instead of providing
      the excitation member with a conventional tubular cross section, we
      provide it with a cross-sectional shape substantially conforming to the
      shape of the volume occupied by the charge of the material to be
      comminuted in the travel path thereof during operation of the grinding
      mill. The advantage of this last-mentioned cross-sectional shape of the
      excitation members is that they may be individually and rapidly exchanged
      when worn and that the movement of the comminuting or grinding media is
      not obstructed by the support elements. When the cross-sectional shape of
      the excitation member is accommodated to or conforms with the circulating
      travel of the grinding media, wear and tear of the excitation member is
      reduced to a minimum.
PAR  In accordance with other features of the invention, there is provided a
      grinding mill, especially of the type having a circular cylindrical
      crushing container or chamber, wherein a plurality, such as three, for
      example, support elements are disposed in a common plane extending in
      longitudinal direction of the excitation member and are distributed
      uniformly about the periphery of the excitation member for supporting the
      excitation member on the inner surface of the crushing compartment wall
      free of any firm connection thereto. Due to this construction of the
      excitation member, the exchange of worn excitation members is even further
      simplified, because such an excitation member need only be slid into the
      interior of the mill. Since the excitation member is disposed, free of any
      firm connection, within the crushing container or chamber, there is little
      wear on the rod-shaped or crosspiece-shaped support elements because, due
      to the circulatory movement of the grinding media charge, the excitation
      member can follow the circulatory movement of the grinding media.
PAR  In accordance with an added feature of the invention, the excitation member
      which is supported on the inner surface of the wall of the container free
      of any connection thereto, is provided at the ends of the support elements
      thereof, that are in engagement with the inner surface of the wall, with
      respective base members of wear-resistant material, such as rubber,
      plastic material or the like. In this way, the region of the inner surface
      of the container wall with which the support elements are in engagement
      are protected against wear.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the grinding mill of the invention is illustrated and described
      herein as embodied in a grinding mill with excitation member in the charge
      of material to be comminuted, it is nevertheless not intended to be
      limited to the details shown, since various modifications and structural
      changes may be made therein without departing from the spirit of the
      invention and within the scope and range of equivalents of the claims.
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PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal sectional view of a grinding mill in the form of a
      vibrating mill of the tube type constructed in accordance with the
      invention of the instant application with a multiplicity of excitation
      members firmly supported at the longitudinal wall of the mill container;
PAR  FIG. 2 is a cross-sectional view of FIG. 1 taken along the line II--II in
      the direction of the arrows;
PAR  FIG. 3 is a view similar to that of FIG. 2 of a modified form of the
      invention wherein the cross-sectional shape of the excitation member
      substantially conforms to the volume of the grinding media as they travel
      about within the mill container;
PAR  FIG. 4 is a longitudinal sectional view corresponding to that of FIG. 1 of
      another embodiment of the invention wherein excitation members are slid
      into the mill container and are free of any connection to the inner
      surface of the container;
PAR  FIG. 5 is a cross-sectional view of FIG. 4 taken along the line V--V in the
      direction of the arrows;
PAR  FIG. 6 is a view similar to that of FIG. 5 of a modified form of the
      invention wherein the support elements of the excitation members are
      provided with bases formed of wear-resistant material;
PAR  FIG. 7 is a much-enlarged cross-sectional view similar to those of FIGS. 5
      and 6 of a further modified form of the invention wherein a cylindrical
      member of wear-resistant material formed with an axially extending gap is
      in engagement with the inner surface of the mill container, and one of the
      support elements of the excitation members is retained within the gap; and
PAR  FIG. 8 is a fragmentary view of FIG. 1 showing one of the excitation
      members in longitudinal section with supply and discharge lines for a heat
      transfer medium, such as heating or cooling fluid, connected thereto.
DETD
PAR  Referring now to the drawings and first, particularly, to FIG. 1 thereof,
      there is shown therein in longitudinal section a crushing or grinding tube
      1 of a grinding mill in the form of a vibrating mill of the tube type
      constructed in accordance with the invention, which is provided with
      excitation members 7 that are firmly secured to the wall of the crushing
      tube or container 1. The crushing tube 1 is closed at one of the ends
      thereof by an inlet chamber 2 provided with a material inlet tube 3, and
      at the other end thereof with a material outlet tube 5. The outlet chamber
      4 is separated from the crushing tube 1 by a perforated partition 6 so
      that the comminuting or grinding media (not shown in FIG. 1) and
      insufficiently ground material in the crushing tube 1 are retained in the
      latter while the adequately comminuted material is able to pass through
      the perforations of the perforated partition 6 into the outlet chamber 4
      and consequently discharge from the latter through the outlet tube 5.
PAR  A multiplicity of the excitation members 7, for example, four in number in
      the embodiment of FIG. 1, are located one behind the other in the vicinity
      of the central axis of the crushing tube, preferably just below the
      central axis thereof and extending in the direction of the central axis.
      The excitation members 7 are firmly secured, though with a releasable
      connection for example by means of a screw connection, respectively to the
      upper side of the cylindrical crushing tube wall with two radially
      upwardly directed support elements 8 which are connected to one another at
      the free ends thereof through a base plate 9.
PAR  In the cross-sectional view of FIG. 2, the position of the excitation
      members 7 with respect to the comminuting or grinding media, such as the
      balls 16, is shown. In order to save weight, the excitation members 7 are
      of hollow construction and are closed respectively at the ends thereof.
      Instead of employing excitation members 7 with circular cylindrical
      sections as shown in the embodiment of FIG. 2, the excitation members 7'
      shown in cross section in FIG. 3 of the drawings have a special
      constructions in accordance with the invention, namely, the
      cross-sectional shape thereof is conformed substantially to the shape of
      the volume of the comminuting or grinding media 16 as they carry out their
      revolving or circular travel motion during operation of the vibrating
      mill. Also for the purpose of limiting the weight thereof, the excitation
      members 7' have a hollow construction.
PAR  In the longitudinal sectional view of FIG. 4, there is shown another
      embodiment of the vibrating mill of the invention wherein the crushing
      tube is provided at the ends thereof with an inlet chamber 2 and an outlet
      chamber 4 as in the embodiment of FIG. 1 and is again provided with a
      multiplicity of excitation members 10 which extend within the crushing
      tube 1 behind one another in longitudinal direction of the tube. The
      difference between the embodiment of FIG. 4 and that of FIG. 1 is that the
      excitation members of the embodiment of FIG. 4 are supported at the inner
      surface of the crushing tube 1 without any firm or fixed connection.
PAR  As is more clearly shown in FIG. 5, which is a cross-sectional view of FIG.
      4, each excitation member 10 is in the form of a hollow cylinder and is
      provided at both ends thereof with, for example, three radially extending
      rod-like or crosspiece-like support elements 11. The support elements are
      of such length that the excitation members 10 can be inserted in a
      straight or rectilinear manner into the crushing tube 1 through one of the
      ends thereof with the support elements 11 acting as spacers for the
      excitation members. By this construction, it is possible to exchange the
      excitation members 10 individually in accordance to the extent to which
      they are subjected to wear.
PAR  The number of the excitation members that are located within the crushing
      tube depends essentially upon the length of the crushing tube. When the
      crushing tube is relatively short it is possible, for example, to provide
      a continuous excitation member which is then placed at various locations
      thereof along the longitudinal axis thereof with radially extending
      support elements. With such a construction it is then possible besides to
      arrange additional support elements in the vicinity of both ends of the
      excitation members, which in this case however need not lie in a plane
      perpendicular to the longitudinal axis of the crushing tube.
PAR  Depending upon the type of the material to be comminuted or ground it may
      be desirable, as shown in FIG. 4, to vary the diameter of the excitation
      members 7, 10 stepwise in the longitudinal direction of the grinding tube.
      It is also within the scope of the invention to have a continuously
      varying diameter along the excitation members 10 in the longitudinal
      direction of the crushing tube. In such case, although not illustrated in
      the figures, it is believed to be quite clear that the excitation members
      would have a substantially frustoconical construction or a taper which is
      uniformly decreasing from one end of the crushing tube to the other end
      thereof.
PAR  In the cross-sectional view of the modified construction shown in FIG. 6,
      there is shown an excitation member corresponding somewhat to the
      structure of the excitation members of FIGS. 4 and 5. However, in the
      embodiment of FIG. 6, the support elements 11 have free ends 12 that are
      provided with a respective base member 13 formed of wear-resistant
      material, such as rubber, plastic material or similar material, by means
      of which the support elements 11 are in engagement with the inner surface
      of the container wall 1.
PAR  FIG. 7 shows an enlarged sectional view of a vibrating mill corresponding
      to that of FIG. 4 but provided with so-called wear cylinder 14, namely a
      cylindrical sheet made of wear-resistant material which is in engagement
      with the cylindrical inner surface of the crusher tube 1. Such a wear
      cylinder 14 may be provided in each of the embodiments shown in FIGS. 1-6
      but, in the interest of clarity, has been omitted from those figures. In
      those cases where a rotary motion of the excitation member 10 might be
      disadvantageous, for example, when the axis of the excitation member does
      not coincide with the axis of the crusher tube but rather is located below
      the axis of the crusher tube and is supposed to be immersed more deeply
      into the volume of comminuting or grinding media partially filling the
      crusher tube, it is advantageous to retain at least one of the support
      elements 11' at the inner surface of the container wall 1 in an upper
      region of the crushing tube. The simplest manner for effecting this is to
      make the support element 11' somewhat longer than the other two supporting
      elements 11 and to conform the width of at least the free end of the
      support element 11' to the width of a longitudinal gap extending axially
      along the wear cylinder 14 at an upper location thereof, as shown in FIG.
      7, and to be thereby retained in that gap. With crusher tube linings that
      do not have such a gap, such as for example, with ceramic linings, the
      retention of the longer support elements 11' can be effected by providing
      suitable nose pieces or cams at the lining in a relatively simple manner.
      Also, it is possible with such a construction to exchange the worn
      excitation member or members of this construction by simply sliding the
      same out of the crusher tube and sliding a replacement excitation member
      into the same. This arrangement of the excitation member in the vibrating
      mill further permits the excitation member to be provided with cross
      sections of the shape shown in FIG. 3, which is accommodated or conforms
      to the shape of the volume of comminuting or grinding media 16 assumed
      thereby in the course of the circulation thereof during operation of the
      vibrating mill. Due to the fact that the rotary motion of the excitation
      member or members is eliminated, they need no longer be of rotationally
      symmetrical shape.
PAR  In order to set in vibration the vibratory mill constructed in accordance
      with the invention, bearings may be secured, for example, to the grinding
      tube 1. A drive shaft carrying unbalanced weights may extend through the
      bearings and may be connected through a universal joint to a drive motor,
      all of which are not illustrated in the drawings, but are nevertheless
      fully shown and described with respect to a vibratory mill having two
      grinding tubes in U.S. Pat. No. 3,212,722 to Maeder et al, which is
      assigned to the same assignee as that of the instant application.
PAR  As shown in FIG. 8, the hollow excitation members 7 are provided with
      hollow support elements 8 which are in turn connected to supply and
      discharge lines 15 for passing a cooling or heating heat transfer medium
      therethrough.
PAR  It is also with the scope of the invention, although not illustrated in the
      drawings, to provide an electrically energized heating coil in the
      interior of the excitation member. Heating or cooling is also possible
      with the construction shown in FIG. 7. In this case, the supply lines may
      be inserted axially into the excitation members with the condition,
      however, that they must have an elastic construction at the respective
      transition locations thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. Grinding mill having at least one container partially filled with
      grinding media, and a plurality of excitation members extending spaced
      from one another in direction of the longitudinal axis of said container
      and disposed within said container so as to be surrounded by the grinding
      media received in said container, said excitation member being supported
      on the wall of said container by a plurality of separate rod-shaped
      support elements extending substantially radially from said excitation
      member and disposed in spaced relationship to one another in direction of
      said longitudinal axis.
NUM  2.
PAR  2. Grinding mill according to claim 1, wherein the diameters of all said
      excitation members are not equal.
NUM  3.
PAR  3. Vibrating mill having at least one container partially filled with
      grinding media, and at least one excitation member, closed on all sides
      thereof, extending in direction of the longitudinal axis of said container
      and disposed within said container so as to be surrounded by the grinding
      media received in said container, said excitation member being supported
      from above on the wall of said container by a plurality of separate
      rod-shaped support elements extending substantially radially from said
      excitation member and disposed in spaced relationship to one another in
      direction of said longitudinal axis.
NUM  4.
PAR  4. Vibrating mill according to claim 3, wherein a plurality of said support
      elements are disposed in each of at least two planes extending
      perpendicularly to said longitudinal axis at least one of said support
      elements being firmly secured to said container wall on its inner surface.
NUM  5.
PAR  5. Vibrating mill according to claim 3, wherein said excitation member is
      of hollow construction and the interior thereof is connected to inlet and
      outlet means for a fluid heat transfer medium.
NUM  6.
PAR  6. Vibrating mill having at least one container partially filled with
      grinding media, and at least one excitation member extending in direction
      of the longitudinal axis of said container and disposed within said
      container so as to be surrounded by the grinding media received in said
      container, said excitation member being supported on the wall of said
      container by a plurality of separate rod-shaped support elements extending
      substantially radially from said excitation member and disposed in spaced
      relationship to one another in direction of said longitudinal axis, a
      plurality of said support elements being disposed in each of at least two
      planes extending perpendicularly to said longitudinal axis, said support
      elements being in engagement with the wall of said container free of any
      connection thereto.
NUM  7.
PAR  7. Vibrating mill according to claim 6, wherein said plurality of support
      elements in each of said planes extending perpendicularly to said
      longitudinal axis is distributed uniformly about the periphery of said
      excitation member.
NUM  8.
PAR  8. Vibrating mill according to claim 6, wherein said support elements have
      a respective end provided with a base member formed of wear-resistant
      material located in engagement with the inner surface of said container
      wall.
NUM  9.
PAR  9. Vibrating mill according to claim 8, wherein said wear-resistant
      material is selected from the group consisting of rubber and plastic
      materials.
NUM  10.
PAR  10. Vibrating mill having at least one container partially filled with
      grinding media, and at least one excitation member extending in direction
      of the longitudinal axis of said container and disposed within said
      container so as to be surrounded by the grinding media received in said
      container, said excitation member being supported on the wall of said
      container by a plurality of separate rod-shaped support elements extending
      substantially radially from said excitation member and disposed in spaced
      relationship to one another in direction of said longitudinal axis, said
      container being cylindrical, and including a cylindrical member formed of
      wear-resistant material received within said container in engagement with
      the cylindrical wall thereof, said cylindrical member having an axially
      extending gap formed therein, at least one of said support elements having
      an end located in said gap.
NUM  11.
PAR  11. Vibrating mill having at least one container partially filled with
      grinding media, and at least one excitation member extending in direction
      of the longitudinal axis of said container and disposed within said
      container so as to be surrounded by the grinding media received in said
      container, said excitation member being supported on the wall of said
      container by a plurality of separate rod-shaped support elements extending
      substantially radially from said excitation member and disposed in spaced
      relationship to one another in direction of said longitudinal axis, said
      excitation member having a cross-sectional shape substantially conforming
      to the shape of the volume occupied by the charge of material to be
      comminuted in the travel path thereof during operation of the vibrating
      mill.
NUM  12.
PAR  12. Method of producing a vibrating mill having a container with at least
      one compartment partially filled with grinding media which upon movement
      of the grinding media induced by movement of the container comminutes
      material introduced into the vibrating mill, which comprises disposing at
      least one excitation member closed on all sides thereof in the interior
      region of said grinding media, extending in direction of longitudinal axis
      of said container and communicating with and supported from above on the
      wall of said container by a plurality of separate rod-shaped support
      elements extending substantially radially from said excitation member and
      disposed in spaced relationship to one another in direction of said
      longitudinal axis so as to transmit movement of said container to the
      interior region of said grinding media.
NUM  13.
PAR  13. A method according to claim 12 which comprises disposing a plurality of
      said support elements in each of at least two planes extending
      perpendicularly to said longitudinal axis, at least one of said support
      elements being firmly secured to said container wall on its inner surface.
NUM  14.
PAR  14. A method according to claim 12, wherein said excitation member is of
      hollow construction, and which includes connecting the interior of the
      hollow excitation member to inlet and outlet means for a fluid heat
      transfer medium.
NUM  15.
PAR  15. Method of producing a vibrating mill having a container with at least
      one compartment partially filled with grinding media which upon movement
      of the grinding media induced by movement of the container comminutes
      material introduced into the vibrating mill, which comprises disposing at
      least one excitation member in the interior region of said grinding media,
      extending in direction of longitudinal axis of said container and
      communicating with and supported on the wall of said container by a
      plurality of separate rod-shaped support elements extending substantially
      radially from said excitation member and disposed in spaced relationship
      to one another in direction of said longitudinal axis so as to transmit
      movement of said container to the interior region of said grinding media,
      a plurality of said support elements being disposed in each of at least
      two planes extending perpendicularly to said longitudinal axis, said
      support elements being in engagement with the wall of said container free
      of any connection thereto.
NUM  16.
PAR  16. Method of producing a vibrating mill having a container with at least
      one compartment partially filled with grinding media which upon movement
      of the grinding media induced by movement of the container comminutes
      material introduced into the vibrating mill, which comprises disposing at
      least one excitation member in the interior region of said grinding media,
      extending in direction of longitudinal axis of said container and
      communicating with and supported on the wall of said container by a
      plurality of separate rod-shaped support elements extending substantially
      radially from said excitation member and disposed in spaced relationship
      to one another in direction of said longitudinal axis so as to transmit
      movement of said container to the interior region of said grinding media,
      said container being cylindrical, and which includes disposing a
      cylindrical member formed of wear-resistant material within said container
      in engagement with the cylindrical wall thereof, said cylindrical member
      having an axially extending gap formed therein, at least one of said
      support elements having an end located in said gap.
NUM  17.
PAR  17. Method of producing a vibrating mill having a container with at least
      one compartment partially filled with grinding media which upon movement
      of the grinding media induced by movement of the container comminutes
      material introduced into the vibrating mill, which comprises disposing at
      least one excitation member in the interior region of said grinding media,
      extending in direction of longitudinal axis of said container and
      communicating with and supported on the wall of said container by a
      plurality of separate rod-shaped support elements extending substantially
      radially from said excitation member and disposed in spaced relationship
      to one another in direction of said longitudinal axis so as to transmit
      movement of said container to the interior region of said grinding media,
      said excitation member having a cross-sectional shape substantially
      conforming to the shape of the volume occupied by the charge of material
      to be comminuted in the travel path thereof during operation of the
      vibrating mill.
PATN
WKU  039441466
SRC  5
APN  524126&
APT  1
ART  325
APD  19741115
TTL  Crusher gap setting by ultrasonic measurement
ISD  19760316
NCL  19
ECL  1
EXP  Custer, Jr.; Granville Y.
NDR  2
NFG  2
INVT
NAM  Stockmann; Helmut
CTY  Wesseling
CNT  DT
INVT
NAM  Jakobs; Willy
CTY  Porz-Grengel
CNT  DT
ASSG
NAM  Klockner-Humboldt-Deutz Aktiengesellschaft
CNT  DT
COD  03
PRIR
CNT  DT
APD  19731117
APN  2357432
CLAS
OCL  241 30
XCL  241 37
XCL  241208
EDF  2
ICL  B02C  204
FSC  241
FSS  30;33;37;208
FSC   73
FSS  67.8
UREF
PNO  2280226
ISD  19420400
NAM  Firestone
OCL   73 67.8
UREF
PNO  2941732
ISD  19600600
NAM  Cross et al.
XCL  241 37
UREF
PNO  3133706
ISD  19640500
NAM  Mertz
XCL  241 37
UREF
PNO  3303694
ISD  19670200
NAM  D'Onofrio
XCL   73 67.8
UREF
PNO  3532277
ISD  19701000
NAM  Decker et al.
OCL  241208
LREP
FRM  Hill, Gross, Simpson, Van Santen, Steadman, Chiara & Simpson
ABST
PAL  A method for determining the adjustment of a crusher gap setting and/or
      crusher rate of wear in a gyratory crusher with hydraulic adjustment of
      the crusher cone height. The invention allows measurement of the gap while
      the machine is in motion and this data permits automatic adjustment during
      operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to gyratory rock crushers and more
      particularly to a method of measuring a crusher gap conveniently when a
      crushing cone is in operation.
PAR  2. Description of the Prior Art
PAR  With the increasing size of crusher installations, particularly crusher
      installations which are connected in series for continuous operation such
      as with a blast furnace, the desire exists for convenient and reliable
      remote control of the crusher gap and associated discharge setting.
PAR  As disclosed in German Auslegeschrift No. 2,230,788 it is known how to
      adjust a crusher gap by measuring the position of a crusher cone with
      reference to the housing by use of inductive or capacitive transmitting.
      However, since a stationary crushing sleeve fixed on the housing and a
      lining on the cone wear with time, accurate adjustment of the gap is only
      possible by a continuous analysis of crushed product grain size. The
      height of the crushing cone with respect to the housing does not reflect
      the wearing of the sleeve and lining.
PAR  With the existing methods of gap measurement described above, automatic
      adjustment is not possible since the grain size must be manually analyzed.
PAR  An additional disadvantage of the capacitance or inductance method is the
      inherent inaccuracy of the measurements.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to accurately and conveniently
      measure the crusher gap of a gyratory crusher.
PAR  It is a further object of the present invention to measure the crusher gap
      while the crusher cone is in gyratory operation.
PAR  It is another object of the present invention to automatically readjust the
      crusher gap as a result of changes in a continuous data feed showing a
      change of the crusher gap due to wearing or other operating parameters.
PAR  It is a further object of this invention to measure the thickness of the
      crusher sleeve to determine wear.
PAR  The invention is utilized in conjunction with a gyratory rock crusher
      having a housing member with a crusher sleeve attached thereto. A crusher
      cone with a lining thereon gyrates in a horizontal plane within the
      crusher sleeve. The crusher cone is mounted on a supporting shaft whose
      height is hydraulically adjustable. As the cone is raised, the gap between
      the sleeve and cone is narrowed.
PAR  Ultrasonics are used to measure the thickness of the crusher sleeve and the
      relative height of the crushing cone with reference to the housing. One
      ultrasonic transducer head is mounted on the outside surface of the
      crusher sleeve and another on the cylinder floor of the hydraulic lifting
      chamber controlling the elevation of the crusher cone. A transmitted
      signal is reflected at each transmission medium discontinuity. In the
      invention, these discontinuities are the inner surface of the crusher
      sleeve and a reflector plate mounted to the upper adjusting piston end of
      the hydraulic chamber. The reflections or echoes are received and the
      times of transmission constants of the transporting mediums provide a
      direct measurement of distance. By comparing the changes in thickness of
      the crusher sleeve to the changes of height for the crusher cone, the
      crusher gap changes can be directly computed. Since no measurements are
      made with respect to the horizontally gyrating crusher cone other than
      height, there is no need to stop the machine. An additional benefit of the
      impulse-echo technique is the inherent measurement accuracy of
      ultrasonics. Also, since these accurate measurements provide continuous
      data, the height of the crusher cone and thereby the crusher gap may be
      automatically controlled by feeding a correction signal to the hydraulic
      control system.
PAR  If a strong ultrasonic signal is transmitted by the head mounted on the
      exterior of the crusher sleeve, a reflection not only occurs at the inner
      surface of the sleeve, but also an echo can be detected from the adjacent
      crushing cone lining surface. Hence, the time difference between the
      transmitted signal and inner surface reflection provides a direct measure
      of the crusher surface thickness and the time between the inner surface
      reflection and lining reflection is a measurement of the crusher gap. It
      should be noted, however, that the differing transmission constants of the
      crusher sleeve and air in the crusher gap must be taken into account.
      Also, this direct measurement method requires a stationary crusher head
      which is aligned at closest approach to the crusher sleeve.
PAR  The temperature of the hydraulic liquid in the adjustable cylinder chamber
      is measured by a temperature scanner. A signal from this device is used to
      correct the distance signal provided by the ultrasonic head mounted on the
      cylinder floor since hydraulic liquid temperature changes affect the sound
      transmission characteristics.
PAR  The time signals generated by ultrasonics and the temperature signal
      described above is fed into a computer. There, the crusher gap is computed
      after taking into consideration the distance and angle relationships of
      the crusher together with the transmission characteristics of the
      materials through which the ultrasonic waves travel. This computer drives
      a digital display indicating gap width or crusher sleeve thickness. An
      oscilloscope calibrated in distances may be used to display the ultrasonic
      transmissions and echoes after correction for transmission medium
      constants. This provides a visual picture of the sleeve thickness and
      crusher gap width.
PAR  In the preferred embodiment, the computer described above is connected to
      the hydraulic control system to automatically change the crusher gap in
      response to surface wear. However, since the lining of the crusher cone
      also wears and changes the crusher gap, thickness valves based upon
      experience must be periodically fed to the computer. Actual thickness
      values cannot be determined by the ultrasonic method described above since
      the transfer of the measuring signals by cable is not possible due to the
      rotation of the crushing cone.
PAR  In an installation where several crushers are employed, a computer may be
      used as a central command post for maintaining control over all the
      crushers simultaneously by analyzing the ultrasonic pulses from each
      crusher.
PAR  Each of the ultrasonic transducer heads is located in a cavity directly
      adjacent the transmission medium which is the subject of measurement. Such
      a location has the advantage of eliminating any reflective surfaces
      between the transducer and the medium to be measured. Hence, measurement
      accuracy is increased and interference eliminated. Also, a low power
      ultrasonic signal may be used.
PAR  Since ultrasonic transmissions and reflections through the liquid in the
      hydraulic cylinder are attenuated by the dissipating nature of the fluid,
      the separate reflector surface is mounted to the bottom of the adjusting
      piston with a large space between the two. This shortens the transmission
      path and allows the use of weaker ultrasonic signals.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view showing a vertical cross section of a gyratory rock
      crusher with ultrasonic heads.
PAR  FIG. 2 is an operational block diagram of a complete ultrasonic measurement
      system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With the gyratory crusher of the type shown in FIG. 1, there is arranged in
      the housing 1 a stationary hollow shaft 2. On the outer side of the hollow
      shaft is positioned an eccentric bushing 3 which has on its lower end a
      ring gear 4, by means of which through a gear 5 the eccentric bushing is
      set in rotation about the hollow shaft. The crushing cone 6, which carries
      on its upper side a crusher cone lining 7 that is subject to wear, is
      positioned on the outer side of the rotatable eccentric bushing 3. The
      crushing cone 6 is supported in the axial direction through a concave
      supporting bearing 8 by a supporting shaft 9 which is slidably positioned
      in the inner bore of the hollow shaft 2. A spring element is contained
      within the supporting shaft 9, the upper end of which rests against the
      bottom of the supporting bearing 8. The spring element consists of a
      tension packet of so-called ring springs which are carried on a
      prolongation 11 of the supporting shaft and are tensioned under a
      tightening-nut on the lower end of the prolongation. Alternatively, a
      deformable container filled with pressure gas may be employed in place of
      the spring.
PAR  The lower end of the spring element 10 slidable with respect to the
      supporting shaft 9 is supported on a cup-shaped member 12 which is
      longitudinally slidable in the lower end of the bore of the hollow shaft
      2.
PAR  A crusher gap width s is formed when the crusher cone lining 7 and crusher
      sleeve 15 are in closest approach. This gap determines the grain size of
      the rock crushed therebetween.
PAR  The adjustment of the gap-width s takes place through an independent piston
      cylinder unit 13 and 14 in separable contact with the supporting shaft 9.
PAR  In the upper part of the housing 1 is fixed the stationary crushing sleeve
      15. In order to determined the gap width s between the crusher cone lining
      7 and the crusher sleeve 15 taking into account the wear, there is
      provided a recess 16 in which is seated an ultrasonic testing head 17
      directly on the outer side of the crushing sleeve. The ultrasonic head is
      connected to an ultrasonic measuring unit 22 which is further connected to
      a computer 24 and oscilloscope 25. Upon operation of the ultrasonic head,
      the oscilloscope display shows a starting signal blip 27 and the echo
      signal blip 28 reflected by the inner wall of the crushing sleeve 15.
      After accounting for the material constants the wall thickness of the
      crushing sleeve may be read off from the spacing of these two signals.
PAR  In the case of crushers which are not in operation, the use of strong
      signals at ultrasonic head 17 allows measurement of the actual gap width
      s. In addition to the echo signal 32 from the inner side of the crushing
      sleeve, a further echo signal 31 will be received from the adjacent outer
      wall of the crushing cone lining 7. By the spacing between the two echo
      signals represented as blips 28 and 29, the width of the crusher gap may
      be determined.
PAR  For continuous supervision of the crusher gap in operation, however, the
      ultrasonic head 17 is used solely to determine the wall thickness of the
      crushing sleeve 15. Reflections from the lining 7 are impossible since the
      cone is gyrating and rocks are falling through the gap. Hence the gap
      width cannot be measured. In order to determine the width of the gap, a
      recess is arranged in the floor of the cylinder 4 in which is located a
      second ultrasonic head 18. Adjacent this head a reflector surface 20 is
      mounted on the piston 13. This ultrasonic head 18 is likewise attached
      through the ultrasonic measuring unit 22 to the oscilloscope 27 and the
      computer 24.
PAR  The method for determining the crusher gap width s when the cone is in
      gyratory motion can best be understood by referring to the geometrical
      relationships illustrated in FIG. 2.
PAR  The reflector height h is determined by ultrasonic signal 34 transmitted
      through the fluid in hydraulic cylinders 13 and 14. Reflector reference
      height hREF represents the position of the reflector surface with respect
      to the second head 18 when the gap width s is zero and crusher sleeve 15
      and lining 7 are new, i.e. not worn. Referring to triangle 33 constructed
      between sleeve 15 and lining 7, the hypotenuse has a length hREF-h since
      the height H between the lining surface 7 and the reflector 20 is a
      constant. Any change of height of the reflector plate is coupled with an
      equal change of height at the lining 7 surface.
PAR  The angle .theta. of the triangle 33 is included between the hypotenuse
      hREF-h and a leg representing the crusher gap thickness s' before wearing
      down of the sleeve 15 and corresponding thickness t.sub.1 NEW. This angle
      is known by measuring the crusher sleeve slant angle .theta. .
PAR  From the above, s', the gap before wearing down, can be calculated as
      ##EQU1##
PAR  After wearing of sleeve 15, there is a thickness change t.sub.1
      NEW-t.sub.1. Hence, the crusher gap distance can be finally expressed as
EQU  s = s' + t.sub.1 NEW-t.sub.1                               (2)
      ##EQU2##
PAR  The change in thickness of the sleeve is determined by use of ultrasonic
      signals 30 and 32 which measure t.sub.1. t.sub.1 NEW is the known
      thickness of a new crusher sleeve 15 before any wear.
PAR  The ultrasonic measuring unit 22 supplies signals to the computer which are
      timed in coincidence with the transmitted signal 30 and reflected signals
      34 from the reflector 20 and 32 from the inner sleeve 15 surface. The
      material constants for the sleeve 15 and liquid in the hydraulic cylinder
      13 and 14 are stored in the computer. Using these constants, the computer
      24 calculates the distances t.sub.1 and h respectively.
PAR  The known parameters t.sub.1 NEW, hREF, and .theta. are stored in the
      computer 24 and, together with the calculated values t.sub.1 and h, the
      computer calculates s by formula (3) above. The crusher gap s is read out
      to digital readout 23 together with t.sub.1, the thickness of the crusher
      sleeve.
PAR  Since the lining 7 mounted on the crusher cone 6 also wears with time, the
      gap calculation based strictly upon the ultrasonic measurements will be
      somewhat inaccurate. Direct measurement of the lining thickness by
      ultrasonic means during operation is difficult since the cone gyrates and
      signal transfer by cable is a major problem. However, it is known from
      experimental data that the ratio of wear for the crusher sleeve to the
      crusher cone lining is 1:1 to 1:1.5. Hence, a data input 33, which is a
      data transmission device, is used to supply the computer with a corrected
      thickness t.sub.2 for the lining 7. This input could be made each week,
      for example. If the original thickness of the new sleeve is t.sub.2 NEW,
      then the formula for calculating the crusher gap s becomes
      ##EQU3##
PAR  The value t.sub.2 NEW is stored in the computer for comparison with read in
      values of t.sub.2.
PAR  It is not necessary to use the experimental value approach as to the
      thickness of the lining 7 where so-called coarse gyratory crushers are
      used. In those devices the crushing cone is supported not only at its
      base, but also at the head-end by a cross-arm in the area of the material
      input. This permits placement of an ultrasonic head adjacent the inner
      surface of the crusher lining since the signal cable may be guided through
      the cross-arm. Hence direct measurement on this type of a crusher is
      feasible and this data may provide an on-line correction of the gap width.
      Other rock crusher designs besides those enumerated may also measure both
      crushing surfaces if means are employed to transfer ultrasonic signaLs
      from an interior head out to the control points.
PAR  A temperature scanner 21 is mounted in hydraulic cylinder cup member 14 on
      the floor of the unit directly adjacent the ultrasonic head 18. Since the
      scanner is in contact with the fluid, it provides signals which are
      proportional to the fluid temperature. Since the sound transmission
      constant of the fluid changes with temperature, increased accuracy in the
      height measurement h between the ultrasonic head 18 and reflector 20 can
      be obtained by an on-line correction of the computer's calculation of h.
      Hence, a temperature input 35 is provided to the computer 24.
PAR  Other, lesser important parameters affecting the measurement of the gap s
      may be considered in other embodiments such as pressure in the hydraulic
      device which can change ultrasonic transmission.
PAR  By entering the planned crusher gap width for a particular stone crushing
      operation into the computer by data input 33, the actual value of s
      computed is compared to the planned value. When differences arise, a
      control signal is generated to a hydraulic control 26 which either raises
      or lowers the height of the crusher cone 6 until the actual and planned
      values become equal. Hence, completely automatic control of the crusher is
      obtained during operation and supervision is reduced.
PAR  Although a computer 24 was used in the preferred embodiment, manual
      computations of the gap width may be performed, thus eliminating the need
      for the computer unit. The oscilloscope display may be arranged to
      indicate the transmitted signal 30 shown as blip 27, reflected signal 32
      from the inner sleeve surface shown as blip 28, and reflected signal 34
      from the reflector shown as dotted blip 36. From the time relationships of
      the blips, the manual operator may calculate the distance h and t, by
      known methods taking into consideration the hydraulic fluid temperature
      and transmission constants of the sleeve and fluid. Then he employs
      formula 4 to directly calculate s. He then compares this value to the
      planned crusher gap thickness, and readjusts the hydraulic cylinder
      height.
PAR  An obvious additional feature is the use of an alarm bell whenever either
      automatic or manual crusher gap changes are called for. The alarm bell may
      be triggered by a change in either one of ultrasonically measured
      distances.
PAR  In the preferred embodiment, the gap width is read out on a digital readout
      23 to provide a constant indication of the thickness during operation.
PAR  Although not shown in the embodiment, in automatic operation the maximum
      adjusting range provided by the hydraulic cylinder may be read in using
      data input 33 to prevent further signaling at the hydraulic control or to
      trigger in alarm bell.
PAR  It will be apparent to those skilled in the art that many modifications and
      variations may be effected without departing from the spirit and scope of
      the novel concepts of the present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method for the determination and adjustment of a width of a crusher
      gap and rate of wear of a crusher member of a gyratory crusher,
      particularly a gyratory crusher with hydraulic adjustment of an adjusting
      cone, comprising the steps of:
PA1  a. a thickness of a stationary crusher sleeve and an adjustment as to
      height of a crusher cone in reference to a housing are measured in each
      case by ultrasonic means according to an impulse-echo method and
PA1  b. a width of a crusher gap is determined by means for comparison and
      display measuring signals generated by said ultrasonic means.
NUM  2.
PAR  2. The method according to claim 1, wherein a signal for determination of
      the thickness of the crushing sleeve is displayed by said means for
      comparison and display.
NUM  3.
PAR  3. The method according to claim 1, wherein the measurement of the
      adjustment as to height of the crushing cone by ultrasonic means comprises
      the measurement of a spacing of a piston bottom with respect to a cylinder
      floor in a hydraulic cylinder.
NUM  4.
PAR  4. The method according to claim 3, wherein the spacing measurement takes
      place with reference to a reflector plate connected with the piston.
NUM  5.
PAR  5. The method according to claim 3, wherein a temperature measurement of a
      hydraulic liquid in said hydraulic cylinder is used for a correction of
      signal recovered from the spacing measurement.
NUM  6.
PAR  6. The method according to claim 1, wherein the comparison and display
      means is comprised of a computer to which the measuring signals are
      submitted.
NUM  7.
PAR  7. The method according to claim 6, wherein correction data is entered in
      the computer to allow for a wear of a lining of the crusher cone.
NUM  8.
PAR  8. The method according to claim 6, wherein an actual value determined in
      the computer for the width of the crusher gap is compared with a planned
      operational value to determine a deviation and the crusher cone is
      automatically adjusted in its height to readjust the crusher gap to the
      planned value when said deviations occur.
NUM  9.
PAR  9. A method for determining a crusher gap width in a gyratory crusher
      having a gyrating crusher cone, a crusher sleeve surrounding said crusher
      cone, said crusher gap being formed therebetween at an angle to the
      crusher cone axis, a housing surrounding an outside of said gyratory
      crusher, and said crusher cone being height adjustable, wherein the method
      comprises:
PA1  a. measuring the crusher sleeve thickness with ultrasonics,
PA1  b. measuring a change of axial height of the crusher cone with ultrasonics,
      and
PA1  c. computing the crusher gap width using known parameters and said
      measurements from ultrasonics.
NUM  10.
PAR  10. The method of claim 9, in which the planned crusher gap width is
      compared to the computed gap width and a hydraulic control signal is
      transmitted to raise or lower said crusher cone, said raising or lowering
      changing the gap width until it equals the planned width, and said signal
      being created only when there is a deviation between the planned and
      computed widths.
NUM  11.
PAR  11. The method of claim 9, in which said ultrasonic measurements are
      displayed on an oscilloscope.
NUM  12.
PAR  12. A method for determining a crusher gap width in a gyratory crusher
      having a gyrating crusher cone, a crusher sleeve surrounding said crusher
      cone, said crusher gap formed therebetween at an angle to the axis with
      said crusher cone being axially adjustable, the method comprising:
PA1  a. generating a first signal having value directly related to the crusher
      sleeve thickness,
PA1  b. generating a second signal having value directly related to the axial
      position of the crusher cone,
PA1  c. converting said axial position signal to a value related directly to the
      impovement of the cone working face relative to the sleeve,
PA1  d. and comparing said signals to provide an output indicating gap
      thickness.
NUM  13.
PAR  13. In a gyratory crusher having a housing, a gyrating crusher cone
      adjustably mounted within said housing, and a crusher sleeve attached to
      said housing and surrounding said crusher cone to form a crusher gap
      therebetween at an angle to the crusher cone axis, wherein the improvement
      comprises:
PA1  a. a first ultrasonic means arranged adjacent said crusher sleeve for
      measuring the thickness thereof;
PA1  b. a second ultrasonic means arranged adjacent said crusher cone for
      measuring a change of axial height thereof; and
PA1  c. computing means connected to said first and second ultrasonic means for
      computing the crusher gap width using known gyratory crusher parameters
      and measurement signals from said first and second ultrasonic means.
NUM  14.
PAR  14. The gyratory crusher of claim 13 in which the housing has in the area
      near the crusher gap a recess and that in said recess an ultrasonic head
      is seated directly on an outer surface of the crusher sleeve surrounding
      the crusher cone.
NUM  15.
PAR  15. The gyratory crusher of claim 13 in which an ultrasonic head is
      arranged in a cylinder floor of a hydraulic adjusting cylinder below a
      crusher cone support member connected to said crusher cone.
NUM  16.
PAR  16. The gyratory crusher of claim 15 in which a separate reflector surface
      is arranged on an adjusting piston connected to said crusher cone support
      member.
NUM  17.
PAR  17. The gyratory crusher of claim 15 in which a means for measuring
      temperature is in thermal contact with a fluid inside of said hydraulic
      adjusting cylinder.
NUM  18.
PAR  18. The gyratory crusher of claim 13 in which said computing means
      comprises an ultrasonic measuring unit, a computer, and display means.
NUM  19.
PAR  19. The gyratory crusher of claim 13 in which a hydraulic control for
      adjusting height of said crusher cone is connected to said computing
      means.
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ABST
PAL  The preferred embodiment of the invention disclosed herein includes a
      housing having an inlet opening and an outlet opening, the latter being in
      communication with a discharge chute. Inside the housing a cutter bar is
      rigidly mounted adjacent a rotor assembly including a plurality of cutting
      blades which cooperate with the cutter bar for cutting brush, that is,
      tree limbs and similar debris, into small chips. The brush is fed to the
      cutter bar through the inlet opening and the chips are discharged through
      the outlet opening into the discharge chute where they are carried away in
      a high velocity air stream provided by a blower unit. Further included is
      inertia means mounted for rotation with the rotor assembly whereby the
      rotor assembly can be rotated at lower speeds while assuring that the
      cutting blades exert sufficient force to adequately cut the brush.
      Finally, air vents are formed adjacent the rotor assembly between the
      outlet opening and the air stream to prevent the blower unit from creating
      a vacuum adjacent the rotor assembly.
BSUM
PAR  This invention relates to brush chippers that reduce the volume of tree
      branches and similar debris by cutting it into small chips and, more
      particularly, to brush chippers that are relatively quiet in operation.
PAR  As a result of various tree pruning, land clearing and similar operations,
      tree limbs and similar debris referred to as brush are provided and should
      be reduced in volume to facilitate its handling and disposal. At the
      present time, brush chippers are utilized to cut the brush into small
      chips which can be deposited in an easily handled pile and utilized for
      natural recycling as mulch or ground cover or which can be utilized for
      pulp in making paper. One type of brush chipper which has been effectively
      used includes a housing having an inlet opening and an outlet opening in
      communication with a discharge chute. Carried in the housing is a cutter
      bar and a rotor assembly including a plurality of cutting blades which
      cooperate with the cutter bar for cutting brush fed through the inlet
      opening into small chips and for discharging the chips through the outlet
      opening into the discharge chute. A blower is usually associated with the
      discharge chute for facilitating the conveyance of chips through the
      chute.
PAR  While brush chippers of the type described above cut brush in a generally
      satisfactory manner, their operation is relatively noisy and is, in fact,
      unsatisfactory by today's standards. A major source of operating noise
      while the chipper is not cutting brush is the rotor assembly which is
      conventionally formed with recesses in which the cutting blades are
      carried. The cutting blades do not occupy the full volume of the recesses
      so that a portion of each recess receives chips during the cutting
      operation and hurls the chips into the discharge chute. The unoccupied
      portion of the recesses carry air and when the rotor is rotating the air
      is compressed as the recesses approach the cutter bar and expands after
      the recesses pass the cutter bar. Since the rotors are driven at
      relatively high speeds the compression and expansion occurs rapidly and
      frequently thus developing a significant level of noise.
PAR  Accordingly, it is an object of this invention to provide a brush chipper
      that is relatively quiet in operation.
PAR  It is a further object of this invention to provide an arrangement for
      reducing the noise of brush chippers and which is suitable for use with
      existing brush chippers with only minor modification.
PAR  Finally, it is yet another object of this invention to provide a brush
      chipper that is relatively quiet in operation and that is simple and
      economical to construct and effective in operation.
PAR  These and other objects of this invention are accomplished by providing a
      brush chipper having a housing formed with an inlet opening and an outlet
      opening communicating with a discharge chute. Inside the housing, a cutter
      bar is rigidly carried adjacent a rotor assembly rotatably mounted therein
      and including a plurality of cutter blades constructed and arranged to
      cooperate with the cutter bar to cut brush fed through the inlet opening
      into small chips and to discharge the chips through the outlet opening
      into a discharge chute. Also included is a blower means communicating with
      the discharge chute at a point spaced from the outlet opening to provide a
      stream of air which conveys the chips through the discharge chute. Mounted
      for rotation with the rotor assembly is inertia means, preferably in the
      form of a flywheel, which allows the rotor assembly to be driven at a
      relatively slow speed and still provide sufficient force to adequately cut
      the brush chips. Adjacent the rotor assembly and preferably between the
      outlet opening and the point of communication between the blower means and
      the discharge chute, is formed an air inlet which prevents the blower from
      creating a vacuum adjacent the rotor. Because of the relatively slow speed
      of the rotor assembly and the presence of air adjacent the rotor assembly,
      the operating noise level of the brush chipper is reduced to an acceptable
      level.
PAR  More particularly, the inertia means is such that the speed of the cutter
      blades can be reduced to about 58% to 84% of their normal operating speed
      and, preferably, to about 65% of their normal operating speed. The normal
      speed of the cutting blades of conventional brush chippers is in the range
      of about 9,000 fpm to 9,500 fpm which can be reduced in accordance with
      this invention to about 5,500 fpm to about 7,500 fpm and preferably to
      about 6,000 fpm.
DRWD
PAR  For a better understanding of the invention, reference is made to the
      following description of a preferred embodiment taken in conjunction with
      the figures of the accompanying drawing in which:
PAR  FIG. 1 is a perspective view of a trailer on which is carried a power
      supply and a brush chipper in accordance with this invention;
PAR  FIG. 2 is a side elevational view with parts in section of the brush
      chipper illustrated in FIG. 1; and,
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2 with parts
      thereof broken away for the sake of clarity.
DETD
PAR  Referring briefly to FIG. 1 of the drawing, there is illustrated a
      preferred embodiment of a brush chipper 10 in accordance with this
      invention which is mounted on trailer 12 on which is also mounted a power
      supply 14 for driving the brush chipper. As is generally conventional,
      trailer 12 includes wheels 16, only one of which can be seen, and a draw
      bar 18 so that it may be hitched to the back of a truck and transported
      with brush chipper 10 and power supply 14 from one job site to another. In
      the embodiment disclosed herein and as is also conventional, power supply
      14 is in the form of a gasoline engine and includes a throttle 20 for
      controlling the output speed of the engine and, accordingly, brush chipper
      10.
PAR  As can best be seen in FIG. 3 of the drawing, brush chipper 10 includes an
      enclosed generally cylindrical housing 22 formed with an inlet opening 24
      and an outlet opening 26. Located within housing 22 intermediate inlet and
      outlet openings 24 and 26, respectively, is a brush cutting assembly 28
      which will be explained in further detail hereinafter. At this point,
      however, it is noted that brush cutting assembly 28 is operative to cut
      brush fed through inlet opening 24 into small chips and discharge the
      chips through the outlet opening 26. Communicating with inlet opening 24
      is a feed chute 30 and a feed table 32 on which brush may be rested while
      being fed to brush cutting assembly 28 through feed chute 30 and inlet
      opening 24. Feeding of brush to cutting assembly 28 is generally a manual
      operation and, thus, located over the opening of feed chute 30 is a
      flexible shroud 34 which protects the operator during the feeding
      operation. Extending upwardly and away from outlet opening 28 is a
      discharge chute 36 formed with a discharge opening (not shown) for
      conveying the chips from brush chipper 10 to an appropriate storage
      device. If, as is usual, brush chipper 10 is mounted on a trailer hitched
      to a truck, the storage device is the enclosed bed of the truck.
PAR  Still referring to FIG. 3, brush cutting assembly 28 is clearly
      illustrated. Included is a generally cylindrical rotor 38 carried on a
      shaft 40 centrally located within cylindrical housing 22 and extending
      through the end walls thereof. One end of shaft 40 fixedly carries a
      sheave 42 which cooperates with a drive belt 44 driven by the output shaft
      of the power supply 14 for driving rotor 38. As best seen in FIG. 2,
      sheave 42 is formed with a plurality of grooves such that a plurality of
      belts are utilized to drive rotor 38. Referring back to FIG. 3, it can be
      seen that rotor 38 is formed with a plurality of recesses 46 extending
      generally inwardly from the periphery of the rotor. Each recess 46
      includes first and second sidewalls 48 and 50 and a backwall 52 all of
      which form an angle with the radius of the cross-section of rotor 38. A
      threaded opening 53 communicates with backwall 52 of recess 46 and with
      sidewall 48 of the adjacent recess 46. Threaded opening 53 receives an
      adjusting screw 55 on which bears the end face of a cutting blade 54 a
      side face of which bears along sidewall 50 of recess 46. Cutting blade 54
      is formed with a cutting edge 57 usable to cut brush as will be explained
      hereinafter and is seated in recess 46 so that the cutting edge projects
      beyond the outer surface of rotor 38. By adjusting the position of screw
      55 in threaded opening 53, the projection of cutting edge 57 relative to
      rotor 38 can also be adjusted. Securing cutting blade 54 in recess 46 is a
      wedge bar 56 having a shape generally complimentary to that of recess 46,
      but being smaller than the recess as clearly illustrated in FIG. 3 of the
      drawing. Wedge bar 56 is formed with a central opening in which is
      received a locking screw 58 for securing wedge bar 56 to rotor 38. After
      locking screw 58 has been tightened, wedge bar 56 clamps cutting blade 54
      in position against sidewall 50 and adjusting screw 55.
PAR  Still referring to FIG. 3, it can be seen that housing 22 is secured to a
      base member 60 by a plurality of fasteners 62 and that the base member is
      carried on the frame of trailer 12 or may be an integral part thereof.
      Extending upwardly from base portion 60 is an angle iron 64 which carries
      a pressure bar 66. Conveniently, pressure bar 66 can include a threaded
      opening aligned with an opening in angle iron 64 for receiving a fastener
      70 which secures the pressure bar to the angle iron. Additionally, another
      fastener 72 can extend through the bottom of base member 60 into
      supporting engagement with the bottom face of pressure bar 66. On the
      upper surface of pressure bar 66 is formed a notch 74 which defines with
      angle iron 64 a seat in which is carried a cutter bar 76 having a
      generally square cross-section and formed with cutting edges 77 at the
      intersection of the wall surfaces. The height of the walls are larger than
      the depth of notch 74 so that a cutting edge 77 projects above the top
      face of pressure bar 66. Angle iron 64 and pressure bar 66 are located
      such that a cutting edge 77 of cutter bar 76 is located adjacent the
      periphery of rotor 38 and spaced by a small distance from cutting edge 57
      on cutting blade 54. Between inlet opening 24 and cutter bar 76 is a floor
      plate 78 inclined at a slight angle to base member 60 so that it guides
      brush to be cut to the cutting assembly 28. Thus, when rotor 38 is driven
      in the direction of the arrow in FIG. 3 of the drawing cutting blades 54
      cooperate with cutter bar 76 to cut brush into small chips and the chips
      are thrown into a pocket formed by the unoccupied volume of recesses 46,
      that is the volume defined by the end face of wedge bar 56 and the
      sidewalls 48 and 50 of recess 46. Further rotation of rotor 38 causes the
      chips to be hurled through outlet opening 26 into discharge chute 36.
PAR  As noted previously, shaft 40 extends through the end walls of housing 22
      and on the projecting end opposite sheave 42 is keyed to a hub 80, to
      which is secured an inertia means, conveniently a flywheel 82 which is
      secured to the hub by fasteners 85. The purpose of flywheel 82 will be
      explained hereinafter it being sufficient to note at this point that
      flywheel 82 rotates with rotor 38. An impeller 86 is secured to the outer
      face of flywheel 82 by a suitable fastener and spacer assembly 87 so that
      the impeller rotates with the flywheel. A shroud 90 covering flywheel 82
      and including a reduced diameter portion 92 covering impeller 86 is
      secured to a plate 93 carried on housing 22. The outer wall of shroud
      portion 92 is formed with an opening 94 which is centrally located about
      the axis of shaft 40 and impeller 86. As best seen in FIG. 1, shroud
      portion 92 is also formed with a tangential discharge conduit 96 which
      communicates with a flexible conduit 98. The other end of conduit 98
      communicates with the interior of discharge chute 36 at a point spaced
      from outlet opening 26 and rotor 38. From the above description it should
      be clear that impeller 86 functions as a blower drawing air through intake
      opening 94 and discharging a stream of air at high velocity through
      discharge conduit 96 and flexible conduit 98 to the interior of discharge
      chute 36. This stream of air picks up the chips discharged into discharge
      chute 36 and carries the chips upwardly along the chute through the
      discharge opening of the chute.
PAR  Completing the description of a preferred embodiment of the invention,
      discharge chute 36 is formed with air inlet means in the form of vents 100
      located as close to rotor 38 as possible. For safety purposes, vents 100
      are covered with a screen as shown in the drawing. Preferably one vent is
      formed on the top and side faces of discharge chute 36, but such an
      arrangement is not necessary as will be understood from the explanation of
      the air vent function.
PAR  As will now be explained because of flywheel 82 and air vents 100, the
      noise produced by brush chipper 10 during its operation is significantly
      reduced relative to conventional brush chippers and, in fact, is
      acceptable by present standards. When brush chipper 10 is operative and
      rotor 38 is rotating air is carried in the unoccupied portion of each
      recess 46, that is, that portion defined by sidewall 48, the end face of
      wedge bar 56 and the top face of cutting blade 54. As any recess
      approaches cutter bar 76, the air is compressed and after is passes the
      cutter bar, the air is expanded. In conventional brush chippers, the speed
      of the rotor is such that the speed of the cutting edge of the blades is
      relatively high, normally in the range of 9,000 fpm to 9,500 fpm, to
      assure adequate cutting of the brush. Therefore, the compression and
      expansion of the air occurs rapidly and frequently and is, therefore, a
      significant source of noise. Adding to the noise is the fact that the
      blowers used to discharge the chips create a vacuum adjacent the rotor so
      that the amplitude of the expansion is significant.
PAR  Use of flywheel 82 or other inertia means in accordance with this invention
      allows the speed of rotor 38 and, accordingly, recesses 46 to be reduced
      so that the frequency of the noted expansion-compression cycle is reduced
      while assuring that cutting blades 54 exert sufficient force on brush to
      adequately cut it into chips. In accordance with this invention it has
      been found that the speed of cutting blades 54 can be reduced to a range
      of about 58% to about 84% of the normal operating speed without the
      inertia means. Preferably, the operating speed is reduced to about 65% of
      the normal operating speed. For a typical brush chipper in accordance with
      this invention the speed of cutter blades 54 can be reduced from a range
      of about 9,000 fpm to 9,500 fpm to a range of about 5,500 fpm to 7,500 fpm
      and preferably to about 6,000 fpm. Within the noted range, cutter blades
      54 exert sufficient force to adequately cut brush into chips and the noise
      has been reduced since the frequency of the compression-expansion cycle
      has been reduced.
PAR  Further, use of air vents 100 assures that during operation of brush
      chipper 10, the blower will not create a vacuum adjacent rotor 38. As the
      blower drives the air through discharge chute 36, air flows through vents
      100 so that air is always present adjacent rotor 38. Because of the
      presence of air the amplitude of the compression-expansion cycle is
      reduced. It should be clear that any number of air vents 100 can be
      provided and that regardless of their number it is desirable to locate the
      air vents as close to rotor 38 as possible.
PAR  The combined effect of the inertia means and the air vents is to reduce the
      noise provided by the compression and expansion of the air in recesses 46
      to an acceptable level, while assuring adequate chipping of brush. For
      example, a brush chipper without the inertia means and air vents was
      tested while the rotor was driven at about 3,000 rpm. At that rotor speed
      the speed of the cutting blades was about 9,400 fpm and provided adequate
      cutting of brush noise was measured at various distances from the
      following locations: the edge of the feed table, point A; the fender
      adjacent the blower, point B; the end of the discharge chute, point C;
      and, the fender adjacent the drive belt, point D. The results of that test
      are indicated in Table I with the noise given in db(A).
TBL                TABLE I                                                     
     ______________________________________                                    
     DISTANCE                                                                  
     (FEET)   POINT A   POINT B   POINT C POINT D                              
     ______________________________________                                    
      0       113       107       112     101                                  
      5       104       103       104     98                                   
     10       101       98        102     93                                   
     15       97        95        97      90                                   
     20       96        91        95.5    88                                   
     25       95        87        92      87                                   
     30       93        86        91      84                                   
     50       88        83        87      82                                   
     ______________________________________                                    
PAR  In contrast the same test was performed with a brush chipper including a
      flywheel and air vents as described with respect to the preferred
      embodiment of the invention. The rotor speed was maintained at about 1,900
      rpm which resulted in the speed of the cutting blades being maintained at
      about 6,000 fpm. Brush was adequately chipped and the noise measured at
      the same distances from the same points as recorded for Table I were
      significantly lower and are reported in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     DISTANCE                                                                  
     (FEET)   POINT A   POINT B   POINT C POINT D                              
     ______________________________________                                    
      0       101       99.5      94      94                                   
      5       92        91.5      92      87                                   
     10       87        88        87      84                                   
     15       85        85        84.5    81                                   
     20       84        83        82      79                                   
     25       82        82        81      77                                   
     30       81        80        81      76                                   
     50       77        76        76      73                                   
     ______________________________________                                    
PAR  It should be noted that the units db(A) are logarithmic and thus the
      reduction in the loudness of the noise noted by comparing Tables I and II
      is more significant than it might appear. For example, at a distance of
      fifty feet from the edge of the feedtable the noise was reduced from 88
      db(A) to 77 db(A) or 11 db(A). By converting the noise measurement to
      SONES, a unit allowing linear comparison and which is defined in ANSI
      Standard S3.4 and in lSO R532 method A, the noise reduction is from about
      58 SONES to about 30 SONES, that is, the noise has been reduced almost in
      half.
PAR  While in the foregoing there has been described a preferred embodiment of
      the invention, it should be understood that various modifications and
      changes may be made by those skilled in the art without departing from the
      true spirit and scope of the invention as recited in the appended claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A brush chipper comprising a housing having an inlet opening and an
      outlet opening communicating with a discharge chute; a cutter bar rigidly
      carried in said housing and a rotor rotatably mounted adjacent said cutter
      bar, said rotor including a plurality of cutting blades extending
      outwardly beyond the periphery thereof, said cutting blades being operable
      with said cutter bar for cutting brush fed through said inlet opening into
      small chips and to discharge said chips through said outlet opening and
      into said discharge chute, blower means having an air intake opening and a
      discharge opening communicating with said discharge chute at a point
      spaced from said rotor for conveying said chips through said discharge
      chute, inertia means mounted for rotation with said rotor whereby said
      rotor can be rotated at a slower speed than normal and provide sufficient
      force so that said cutting blades can adequately cut said brush and at
      least one air inlet opening formed in said discharge chute adjacent said
      rotor.
NUM  2.
PAR  2. A brush chipper in accordance with claim 1 wherein said inertia means is
      a flywheel mounted on a shaft carrying said rotor.
NUM  3.
PAR  3. A brush chipper in accordance with claim 1 wherein said air inlet
      opening is formed in said discharge chute between said point where said
      discharge opening communicates with said discharge chute and said rotor.
NUM  4.
PAR  4. A brush chipper in accordance with claim 1 wherein said inertia means
      allows the speed of said cutting blades to be reduced to within a range of
      about 58% to about 84% of the normal operating speed of said blades
      without said inertia means.
NUM  5.
PAR  5. A brush chipper in accordance with claim 4 wherein said inertia means
      allows the speed of said cutting blades to be reduced to about 65% of
      their normal operating speed.
NUM  6.
PAR  6. A brush chipper in accordance with claim 1 wherein said inertia means
      allows the speed of said cutting blades to be reduced from a range of
      about 9,000 fpm to about 9,500 fpm to a range of about 5,500 fpm to about
      7,500 fpm.
NUM  7.
PAR  7. A brush chipper in accordance with claim 6 wherein said inertia means
      allows the speed of said cutting blades to be reduced to about 6,000 fpm.
NUM  8.
PAR  8. A brush chipper in combination with a trailer and a power supply, said
      brush chipper comprising a housing carried on said trailer and including
      an inlet opening and an outlet opening in communication with a discharge
      chute; a cutter bar rigidly carried in said housing intermediate said
      inlet and outlet openings and a rotor carried on a shaft extending through
      the end walls of said housing, one end of said shaft being driven by said
      power source for rotating said rotor; cutting blades carried in recesses
      formed on said rotor, said cutting blades cooperating with said cutter bar
      when said rotor is being rotated for cutting brush fed through said inlet
      opening into chips, said recesses including an unoccupied portion for
      hurling said chips through said outlet opening into said discharge chute;
      blower means including an impeller mounted on the other end of said shaft
      and conduit means communicating with said impeller and the interior of
      said discharge chute at a point spaced from said rotor, rotation of said
      impeller providing a stream of air through said discharge chute for
      conveying said chips; a flywheel mounted on said shaft whereby said power
      supply can drive said rotor such that the speed of said cutting blades can
      be reduced from a range of about 9,000 fpm to about 9,500 fpm to a range
      of about 5,500 fpm to about 7,500 fpm and still provide sufficient force
      to allow adequate cutting of said brush; and air inlet means formed in
      said discharge chute between said conduit means and said rotor.
NUM  9.
PAR  9. A brush chipper in accordance with claim 8 wherein the speed of said
      cutting blades can be reduced to about 6,000 fpm.
NUM  10.
PAR  10. A brush chipper comprising a housing having an inlet opening and an
      outlet opening communicating with a discharge chute; a cutter bar rigidly
      carried in said housing and a rotor rotatably mounted adjacent said cutter
      bar, said rotor including a plurality of cutting blades extending
      outwardly beyond the periphery thereof, said cutting blades being operable
      with said cutter bar for cutting brush fed through said inlet opening into
      small chips and to discharge said chips through said outlet opening and
      into said discharge chute, blower means communicating with said discharge
      chute at a point spaced from said rotor for conveying said chips through
      said discharge chute, inertia means mounted for rotation with said rotor
      whereby said rotor can be rotated at a slower speed than normal and
      provide sufficient force so that said cutting blades can adequately cut
      said brush and at least one air inlet opening adjacent said rotor, said
      air inlet opening being formed in said discharge chute between said point
      where said blower means communicates with said discharge chute and said
      rotor.
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ABST
PAL  A cassette for holding a roll of flexible material such as copy paper
      including a housing and a core on which the material is wound rotatably
      mounted within the housing. Braking means is provided for exerting a
      retarding force on the core as it is rotated with respect to the housing.
      The housing includes a plurality of components and locking means for
      connecting the components whereby the locking means is destroyed upon
      disassembly of the components.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of our co-pending application Ser. No.
      304,519, filed Nov. 7, 1972 for "Reader-Printer Apparatus" which is in
      turn a continuation-in-part of our still earlier application Ser. No.
      146,114, filed May 24, 1971 for "Microfilm Viewer-Printer", now U.S. Pat.
      No. 3,730,622, but pending on Nov. 7, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various machines are available on the market today for electrostatically
      copying the visual image on an original document medium onto copy paper.
      Usually, the various components of these machines are independently driven
      with the operation controlled by the use of switch elements operated by
      the leading edge of the copy paper. Because of the sensitivity required
      for paper actuated switches, these prior art machines have been difficult
      to properly adjust and to maintain. Moreover, because a relatively large
      number of components required for these prior art machines, the
      manufacture thereof has been expensive. Because of the synchronization
      required to seccessfully copy, these prior art machines have frequently
      become out of adjustment resulting in excessive loss of production and in
      the necessity of having technically trained personnel available to repair
      same.
PAC  SUMMARY OF THE INVENTION
PAR  These and other problems and disadvantages associated with the prior art
      are overcome by the invention disclosed herein by providing a machine
      which has a minimum number of components, operates with a minimum required
      amount of adjustment, and is efficient in operation. Thus, not only is the
      manufacturing cost minimized, but also the operating and maintenance cost.
      The machine provides a single endless member which both drives the various
      components of the machine and carries the control elements for controlling
      the operation of the machine independently of the position of the copy
      paper.
PAR  Generally, the apparatus of the invention includes a supply of copy paper,
      an image forming means, a conveyor means for moving the copy paper through
      the image forming means, and a combination driving and control means for
      operating the image forming means and conveyor means. The image forming
      means includes charging means for imposing an electrostatic charge on the
      copy paper, projection means for projecting the image from the original
      document medium onto the copy paper to expose same at an exposure station,
      and developing means for applying toner particles to the exposed copy
      paper at a developing station to develop the latent electrostatic image on
      the copy paper into a visual image. In the microfilm reader-printer
      embodiment of the invention, a shutter-mirror assembly is provided for
      selectively projecting the visual image from the original document medium
      onto a viewing screen while at the same time preventing the image from
      being projected to the exposure station.
PAR  The conveyor means includes a paper feed means for feeding the copy paper
      from the supply of copy paper in single sheet fashion toward the image
      forming means, exposure conveyor means for receiving the copy paper from
      the paper feed means and positioning same at the exposure station, and
      discharge means for receiving the exposed and developed copy paper after
      passage through the developing station.
PAR  A paper cutter mechanism is provided for cutting the copy paper to length
      after a prescribed amount of the paper has been fed by the paper feed
      means. The mechanism has a cocked position in which it is spring urged
      toward a cutting position through which the cutter moves upon release from
      the cocked position to cut the paper.
PAR  The endless member is flexible and drivingly connects a main drive motor to
      the exposure conveyor means and discharge means to drive same when the
      main drive motor is operated. A secondary flexible engaging member of a
      prescribed length is carried by the endless member at a prescribed
      location thereon to selectively drivingly engage the paper feed means for
      a prescribed period of time during each print cycle to feed a prescribed
      length of paper toward the image forming means. The control means includes
      a plurality of control switches spaced along the prescribed path of the
      endless member and a plurality of switch actuating members carried by the
      endless member at prescribed locations thereon to operatively engage only
      a corresponding one of the control switches to operate same. An additional
      operating member is also carried by the endless member for moving the
      paper cutter mechanism to its cocked position, and a release operating
      member is carried by the endless member for releasing the cutter mechanism
      to cut the copy paper to length. In microfilm reader-printer, the
      operating member used to cock the cutter mechanism is also used to
      transfer the shutter-mirror assembly from its viewing position to its
      printing position and then back to its viewing position during a printing
      cycle.
PAR  The supply of copy paper is in the form of a roll which is carried in a
      paper cassette. The roll of copy paper is carried on a support tube
      rotatably mounted in a housing. A braking means is carried by the housing
      for internally braking the support tube. The housing is designed for a
      single use which lends itself to assembly with the roll of copy paper
      therein but is destroyed upon disassembly to prevent reloading same.
PAR  These and other features and advantages of the invention will become more
      clearly understood upon consideration of the following detailed
      description and accompanying drawings wherein like characters of reference
      designate corresponding parts throughout the several views and in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view illustrating the invention embodied in a
      microfilm reader-printer for use with microfiche;
PAR  FIG. 2 is an exploded perspective view of the machine of FIG. 1 taken from
      the rear of the machine to show the cabinet construction;
PAR  FIG. 3 is a side elevational view of the drive side of the machine of FIG.
      1 with the side panel removed to show the combination driving and control
      means;
PAR  FIG. 4 is a longitudinal cross-sectional view of the machine of FIG. 1
      showing the internal construction thereof;
PAR  FIG. 5 is a partial exploded perspective view of the duct side of the
      machine with the side panel ommitted for clarity;
PAR  FIG. 6 is a longitudinal cross-sectional view of the paper cassette of the
      invention;
PAR  FIG. 7 is a partial longitudinal cross-sectional view of the main cylinder
      of the paper cassette;
PAR  FIG. 8 is an enlarged partial cross-sectional view showing the end cap and
      main cylinder of the paper cassette ready for assembly;
PAR  FIG. 9 is a view similar to FIG. 8 showing the end cap and main cylinder
      during assembly;
PAR  FIG. 10 is a view similar to FIG. 8 showing the end cap and main cylinder
      assembled;
PAR  FIG. 11 is an enlarged cross-sectional view of the end cap taken along line
      11--11 in FIG. 6 showing the brake;
PAR  FIG. 12 is an enlarged portion of the cross-sectional view of FIG. 4
      showing the construction of the light source assembly and the projection
      unit;
PAR  FIG. 13 is an exploded perspective view of the light source assembly;
PAR  FIG. 14 is an exploded perspective view of the projection unit;
PAR  FIG. 15 is an enlarged cross-sectional view of the lens unit taken along
      line 15--15 in FIG. 14;
PAR  FIG. 16 is an enlarged elevational view of the fan unit showing the inlet
      and outlet thereof;
PAR  FIG. 17 is an enlarged elevational view of the cutter drive means in the
      released position;
PAR  FIG. 18 is an enlarged elevational view of the cutter drive means in the
      cocked position;
PAR  FIG. 19 is a top view of the cutter drive means in the cocked position;
PAR  FIG. 20 is a cross-sectional view through knife assembly of the cutter
      means taken longitudinally of the machine;
PAR  FIG. 21 is an elevational view showing the secondary chain of the drive and
      control means;
PAR  FIG. 22 is a view taken along line 22--22 in FIG. 3 with the various cam
      and switch members supperimposed thereon;
PAR  FIG. 23 is an enlarged elevational view of a portion of the main drive
      chain;
PAR  FIG. 24 is an enlarged view taken along line 24--24 in FIG. 21;
PAR  FIG. 25 is an exploded perspective view of the fiche carrier assembly;
PAR  FIG. 26 is an electrical schematic diagram for the machine;
PAR  FIG. 27 is an elevational view of the polarity switch with portions thereof
      removed to show the interior construction thereof;
PAR  FIG. 28 is a cross-sectional view taken along line 28--28 in FIG. 27;
PAR  FIG. 29 is an exploded perspective view of the machine showing its use with
      roll microfilm;
PAR  FIG. 30 is a schematic view of the main drive chain showing a time delay
      mechanism;
PAR  FIG. 31 is a view taken along line 31--31 in FIG. 30;
PAR  FIG. 32 is a perspective view of the shutter-mirror assembly;
PAR  FIG. 33 is an enlarged view of the drive arm of the shutter-mirror
      assembly;
PAR  FIG. 34 is a cross-sectional view taken along line 34--34 in FIG. 33; and
PAR  FIG. 35 is a cross-sectional view taken along line 35--35 in FIG. 33.
PAR  These figures and the following detailed description disclose specific
      embodiments of the invention, however, the inventive concept is not
      limited thereto since it may be embodied in other forms.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
PAR  Referring to the figures, especially FIG. 1, it will be seen that the
      invention is disclosed herein as a microfilm reader-printer, however, it
      is to be understood that the inventive concept may be embodied in other
      machines such as a copying machine. The machine 10 disclosed in FIG. 1 is
      designed for use in copying the visual image from a microfiche. As best
      seen in FIGS. 2, 3 and 4, the machine 10 includes generally a cabinet 11,
      a supply of copy paper 12, an image forming means 14, a conveyor means 15,
      a cutter means 16, a carrier assembly 18 and a drive and control means 19.
      Generally, the machine is operated by placing a piece of microfiche in the
      carriage assembly 18, the controls of the image forming means operated to
      project the visual image from the microfiche to a viewing position for
      viewing a selected portion of the microfiche and then to an exposure
      position to print the selected portion of the microfiche shown in the
      viewing position onto a piece of copy paper from the supply of copy paper
      12.
PAC  CABINET
PAR  The cabinet 11 includes generally a frame 20 with a cover assembly 21
      enclosing same as best seen in FIGS. 1 and 2. The frame 20 includes a
      rectangular base 22 and a pair of upstanding, spaced apart side frames 24
      attached to and extending upwardly from opposite sides of base 22 and
      connected by cross braces 23. Each of the side frames 24 includes central
      upstanding rectangular support plate 25 having outwardly directed front
      and rear flanges 26 and top flange 28, all of which are flush with a
      vertical plane at the side edges of the base 22 at their outer ends. An
      outwardly extending mounting flange 29 is provided along the lower edge of
      plate 25 to be used in attaching the side frame to the base. Thus, an
      outwardly opening recess 30 is provided by each side frame 24 with a space
      31 between the side frames 24. The near side of the machine as seen in
      FIG. 1 is the duct side and the far side is the drive side.
PAR  The cover 21 includes a bottom channel 32 on opposite sides of base 22 with
      top channels 34 along the outer edges of each top flange 28 above channels
      32. A side panel 35 is slidably carried between each of the opposed bottom
      and top channels 32 and 34 which has a forwardly projecting front edge 36
      toward its upper end to close the recesses 30 in the sides of the machine.
      A top panel 38 is carried between the top channels 34 to close the upper
      forward portion of space 31. A back panel 39 is mounted on the rear
      flanges 26 to close the lower back portion of the space 31. A cassette
      cover 40 which has an inverted L-shape is carried between the top channels
      34 to close both the upper rear portion of space 31 and upper back portion
      of space 31 as will become more apparent. A paper exit cover 41 as bes
      seen in FIG. 1 is carried by the bottom channels 32 to cover the lower
      front portion of space 31 and is provided with a paper exit opening 42 as
      will become apparent. The side frames 24 are provided with aligned,
      forwardly opening cutouts 44 best seen in FIG. 3 as will become more
      apparent.
PAR  A control panel 45 is carried between the front flanges 26 of side frames
      24 to close part of the front portion of space 31 immediately above
      cutouts 44 as best seen in FIGS. 1, 4. The upper edge of panel 45 is
      provided with an upwardly opening support channel 46, which, in
      combination with a downwardly opening channel 48 carried by the upper ends
      of front flanges 26, removably mount a substantially square viewing screen
      49. The viewing screen 49 is of known construction as will become more
      apparent.
PAC  SUPPLY OF COPY PAPER
PAR  The supply of copy paper 12, as seen generally in FIGS. 2 and 4 and more
      specifically in FIGS. 6-11, includes generally a roll 50 of copy paper
      mounted in a cassette 51. The cassette 51 includes a housing 52, a support
      tube 54 rotatably mounted in the housing 52 and on which is carried the
      roll 50 of copy paper, and a brake 55 carried by housing 52 and
      operatively engaging the support tube 54 to retard its movement.
PAR  The housing 52 is made in two pieces, a main cylinder 56 and an end cap 58.
      The housing 52 is assembled with the roll 50 and support tube 54 therein
      and is designed so that the housing 52 will be destroyed if disassembly is
      attempted to reload same. This makes the cassette 51 a single use item.
      The main cylinder 56 includes a tubular side wall 59 integral with a
      circular end wall 60 closing one end thereof. A paper exit slot 61 as seen
      in FIGS. 2 and 7 is defined along the length of the wall 59 parallel to
      its centerline CL as will become more apparent. A centrally located
      annular bearing flange 62 is carried on the inside of end wall 60 and
      projects into the paper cavity defined by walls 59 and 60 with a beveled
      inner end (FIG. 6) as will become more apparent. One end of the support
      tube 54 is received over bearing flange 62 to be rotatably carried
      thereon. Support lugs 64 are provided on diametrically opposed sides of
      the outside of end wall 60 for mounting the cassette 51 as will become
      more apparent.
PAR  The opposite end of side wall 59 is beveled along its outside edge as
      indicated at 65 in FIGS. 7-10 for a prescribed distance and down the
      length of wall 59. A notch 66 is also provided in the end of said wall 59
      as best seen in FIG. 7 to locate the end cap 58 as will be explained. A
      plurality of locks 68 project out from the beveled surface 65 on side wall
      59, one of which is shown in detail in FIGS. 8-10. While three such locks
      68 are provided for the embodiment illustrated, the number may be varied
      without departing from the scope of the invention. Each lock 68 is formed
      integral with the side wall 59 and defines an outwardly tapering surface
      69 and a radially extending locking surface 70. The surface 69 defines an
      angle .alpha. (FIG. 8) with the centerline CL of main cylinder 56 and
      tapers inwardly toward the free end of side wall 59. The locking surface
      70 is spaced from the end of wall 59 the distance a and is perpendicular
      to centerline CL. The inside of the free end of wall 59 directly under
      each of the locks 68 is undercut as indicated at 71 to provide a thinned
      portion 72 under each lock 68 of a prescribed thickness b at that point
      directly under the locking surface 70. This allows the locks 68 to deflect
      inwardly while the housing 52 is being assembled but fractures if
      disassembly is attempted as will become more apparent.
PAR  The end cap 58 closes the open end of the main cylinder 56. It includes a
      circular central plate 74 of approximately the same diameter as the end
      wall 60. An annular abuttment 75 is provided around the circumference of
      plate 74 and projects over the outside surface 76 of the plate 74. The
      abuttment 75 defines an annular groove 78 therein which opens on the
      inside surface 79 of plate 74. The groove 78 has a mean diameter equal to
      that of the side wall 59 of main cylinder 56 and has a width substantially
      equal to the thickness of side wall 59 so that the beveled end 65 of side
      wall 59 can be slidably received in groove 78 as will become more
      apparent. An annular support lip 80 integral with abuttment 74 projects
      over the inside surface 79 of plate 74 with its inside surface forming a
      continuation of the outside edge of groove 78.
PAR  A plurality of retainers 81 (FIGS. 8-11) are provided on the inside surface
      of lip 80 which correspond in number and location to locks 68 on the main
      cylinder 56 and co-operate therewith to hold the cap 58 onto cylinder 56.
      Each retainer 81 includes an inwardly beveled leading surface 82 and a
      radially extending trailing surface 84 perpendicular to the centerline CL
      of cap 58 and cylinder 56. The surface 84 is spaced from the bottom of the
      groove 78 the distance a (FIG. 8) so that when the end of side wall 59 is
      fully seated in the groove 78, the surface 84 of retainer 81 engages the
      locking surface 70 of lock 68 to hold the cylinder 56 and cap 58 together
      as seen in FIG. 10. It will also be noted that the locks 68 and retainers
      81 are located so that the projecting end 85 of side wall 59 has just
      entered the groove 78 when the tapering surface 69 of lock 68 first
      engages the beveled leading surface 82 of retainer 81 as best seen in FIG.
      9. A reinforcing boss 86 is provided at each retainer 81 to strengthen the
      lip 80 thereat. A slot 88 is formed through boss 86, abuttment 75, and
      partly through lip 80 as an incident to the molding operation when
      retainers 81 are formed. A locator 89 is formed across groove 78 which
      cooperates with the notch 66 to locate the retainers 81 in alignment with
      locks 68.
PAR  As the main cylinder 56 and end cap 58 are forced together, the tapering
      surface 69 of locks 68 and beveled surface 82 of retainers 81 create
      radially inwardly directed forces on the thinned portion 72 of side wall
      59 causing the locks 68 to be deflected inwardly and allow the projecting
      end 85 of side wall 59 to fully seat in groove 78 whereupon the resilience
      of side wall 59 causes the locks 68 to spring back into their initial
      position. At this point the locking surface 70 of lock 68 is engaged by
      the trailing surface 84 of retainer 81 to hold the end cap 58 in position.
      If disassembly is attempted, the surfaces 70 and 84 exert substantially
      longitudinally directed forces on side wall 59 causing the thinned
      portions 72 to break away with locks 68. This prevents reuse of main
      cylinder 56.
PAR  A centrally located bearing flange 90 is provided on the inside surface of
      plate 74 of cap 58 which has a cylindrical portion 91 corresponding in
      diameter to that of bearing flange 62 to rotatably mount the support tube
      54 within housing 52 in conjunction with flange 62. The flange 90 also
      includes an inwardly tapering brake mounting wall 92 on the leading end of
      cylindrical portion 91. The wall 92 mounts the brake 55 therein through
      three cutouts 94 equally spaced about the wall 92 at its juncture with the
      cylindrical portion 91.
PAR  The brake 55 is a resilient member 95 formed from wire stock which has a
      convex arcuate central bearing portion 96 and a pair of convex arcuate
      side bearing portions 98 with each of the side bearing portions 98 being
      connected to the central bearing portion 96 through a concave arcuate
      camming portion 99 as best seen in FIG. 11. Camming prongs 100 are
      provided on those ends of the side bearing portions 98 opposite those ends
      connected to the central bearing portion 96 which face each other but are
      not connected. The side portions 98 can be forced toward each other
      through the spring action of the central portion 96 which urges the side
      portions 98 apart toward their normal positions as shown by dashed lines
      in FIG. 11. Thus, to insert the member 95 through the cutouts 94, the side
      portions 98 are forced toward each other, the central portion 96 inserted
      through one of the cutouts, and then the side portions 98 released so that
      they project through the other cutouts when the member 95 springs back.
      When the tube 54 is on the cylindrical portion 91 of flange 62, the outer
      tips of the portions 96 and 98 engage the inside thereof under the spring
      action of member 95. The sides 101 of the cutouts 94 prevents the member
      95 from rotating as the tube 54 is rotated. This exerts a retarding force
      of tube 54 as it is rotated.
PAR  The tube 54 is illustrated as made of fiberboard, however, other materials
      may be used. The tube 54 is as long as the cavity in the housing 52 and is
      rotatably supported between the cylindrical portion of flange 90 and
      flange 62 concentrically within the side wall 59. The roll 50 is made up
      of layers of a single web 102 of copy paper wound around the tube 54 so
      that as the web 102 is unwound therefrom, the tube 54 is rotated therewith
      with a constant braking force exerted thereon by member 95.
PAR  The cap 58 also includes a pair of mounting lugs 104 similar to lugs 64 on
      end wall 60 which are aligned with lugs 64. Mounting brackets 105 are
      provided on the inside of each support plate 25 of side frames 24.
      Brackets 105 as best seen in FIGS. 5 and 6 are provided with upwardly
      oriented channels 106 which are horizontally aligned across space 31 at
      the upper rear portion thereof. The lugs 64 and 104 are slidably received
      in channels 106 with the downward movement being arrested by abuttments
      108. This locates the paper exit slot 61 in an upward rearwardly extending
      position as seen in FIG. 2.
PAR  While various materials may be used for making the main cylinder 56 and end
      cap 58 one satisfactory material is a medium impact polystyrene. This
      material is injection molded and has sufficient strength and elasticity to
      be assembled without being damaged, but insufficient strength and
      elasticity to be disassembled without fracture at the thinned portions 72
      of side wall 59.
PAC  IMAGE FORMING MEANS
PAR  The image forming means 14 is mounted between the side frames 24 in space
      31 as best seen in FIG. 4 and includes a light source assembly 110, a
      projection unit 111, a fixed mirror assembly 112, a movable mirror-shutter
      assembly 114, a charging unit 115 with a charging station 116, an exposure
      station 118, a developing unit 119 with a developing station 120, and a
      fan-pump assembly 121.
PAR  The light source assembly 110 is mounted in space 31 below the cutouts 44
      in side frames 24 and is best seen in FIGS. 12 and 13. The assembly 110
      includes an open top carriage box 125 having side walls 126, end walls 128
      and a bottom wall 129. Mounting tabs 130 are provided on side walls 126
      which project out over end walls 128 to engage notches 131 in the lower
      edge of each of the cutouts 44 to suspend the box 125 therebetween as seen
      in FIG. 4. An air inlet opening 132 is provided through one end wall 128
      with an air directing vane 134 along one edge of opening 132 and
      projecting into the interior of box 125 as seen in FIG. 13. An exhaust
      opening 135 is defined through the front side wall 126 across the lower
      portion thereof and a downwardly inclined vane 136 is provided along the
      upper edge thereof and projects forwardly of box 125 to deflect the air
      flow exhausting from the box 125 downwardly as will be explained.
PAR  A light source undercarriage 140 is mounted on the bottom wall 128 of box
      125 in the interior thereof. A lamp 141 is mounted between a pair of
      upstanding flanges 142 of undercarriage 140 in alignment with the air flow
      through inlet opening 132 as will be explained. A pair of condenser lens
      144 are carried between upstanding resilient plates 145 of undercarriage
      140 and, in conjunction with a reflector 146 also held between plates 145,
      direct the light from lamp 141 from a horizontal direction into a vertical
      direction. The lens 144 and reflector 146 are removably held between
      plates 145 by a spring 148 connecting the plates as best seen in FIG. 13.
PAR  The open top 149 of the box 125 is closed by a cover 150 as seen in FIGS.
      12 and 13 which is held in place by catches 151 engaging flanges 152 along
      the upper edges of the side walls 126. A light exit opening 154 is
      provided through cover 150 to allow the light to pass from the assembly
      110 after it passes through the condenser lens 144. The light thus exits
      the opening 154 along the upwardly directed leg P.sub.1 of the light path
      P in the machine as best seen in FIG. 4.
PAR  The projection unit 111 as best seen in FIGS. 4, 14, 15 includes a support
      platform 160 connected to the back of control panel 45 and flush with the
      upper edge of cutouts 44. A centrally located aperture 161 is provided
      through platform 160 and is located in vertical alignment with the opening
      154 in the cover 150 of light source assembly 110 so that the light
      through opening 154 passes through the center of aperture 161. A focusing
      lens assembly 162 is provided at aperture 161 to focus the image
      transmitted in the light from assembly 110 as will be explained. The lens
      assembly 162 includes a lens tube holder 164 adjustably mounted on
      platform 160 about aperture 161, a lens adjustment tube 165 slidably
      mounted in the holder 164, and a lens unit 166 slidably and rotatably
      mounted in the tube 165.
PAR  The lens tube holder 164 includes a central cylinder 168 defining a central
      passage 167 therethrough with a mounting flange 169 intermediate the ends
      of cylinder 168. The centerline CL.sub.1 of cylinder 168 is centered with
      respect to the aperture 161. The flange 169 has three equally spaced holes
      170 therethrough which slidably receive a like number of threaded studs
      171 therethrough. The studs 171 are carried by platform 160 about aperture
      161 so as to locate the centerline CL.sub.1 of cylinder 168 in alignment
      with the centerline of aperture 161. A compression coil spring 172 is
      received around each stud 171 between platform 160 and flange 169 and nuts
      174 are threadedly received on studs 171 above flange 169. Thus, by
      tightening or loosening nuts 174, the angular position of centerline
      CL.sub.1 can be varied with respect to the centerline of aperture 161 as
      will become more apparent. An upwardly opening slot 175 is provided in the
      upper portion of cylinder 168 that faces the front of the machine as will
      become apparent.
PAR  The lens adjustment tube 165 is slidably received in the central passage
      167 of the cylinder 168 from the lower end thereof. The tube 165 includes
      a main cylindrical body 176 with a central passage 178. An abuttment
      flange 179 extends outwardly from the bottom end of tube 165. The body 176
      is slidably received in passage 167 in cylinder 168 and a compression coil
      spring 180 is received around body 176 between the lower end of cylinder
      168 and flange 179 on tube 165 to urge the tube 165 downwardly as will
      become more apparent. A longitudinally extending slot 181 is provided
      along the outside of body 176 which co-operates with a locator 182 inside
      cylinder 168 of holder 164 to fix the rotational position of tube 165 with
      respect to holder 164 while allowing tube 165 to slide in holder 164. The
      lower face 184 of tube 165 rests on the carrier assembly 18 as will be
      explained. A hole 185 is provided through the body 176 that lies in
      alignment with the slot 175 when the tube 165 is in position as will be
      explained.
PAR  The lens unit 166 is slidably and rotatably received in the upper end of
      adjustment tube 165. Unit 166 includes an elongate hollow cylinder 186
      having an outside diameter just sufficient to be slidably and rotatably
      received in passage 178 through tube 165. A convex focusing lens 188 is
      mounted in the lower portion of cylinder 186 to focus the image
      transmitted by the light source assembly 110 as will become more apparent.
      A dove prism 189 is mounted in cylinder 186 above lens 188 with its
      longitudinal centerline aligned with the centerline of lens 188. The light
      entry face 190 of prism 189 is located from the lens 188 a mean distance c
      as best seen in FIG. 15. The distance c is such that the image from lens
      188 just fits within the confines of the face 190. Because it was found
      that the image does not expand while it passes through prism 189, it is
      only necessary that the entry face 190 and exit face 191 be as large as
      the image received rather than several times larger as was previously
      thought.
PAR  A circumferentially extending groove 192 is provided around the outside of
      cylinder 186 which lies behind the hole 185 in tube 165 and slot 175 in
      holder 164 when the unit 166 is in position as will become more apparent.
      A toothed gear 194 is also provided around cylinder 186 for use in
      rotating the image as is known in the art by rotating the cylinder 186
      along with prism 189.
PAR  A focusing drive mechanism 195 is provided to allow adjustment of the lens
      unit 166 from the control panel 45. The mechanism 195 includes a drive
      shaft 196 with its driving end rotatably carried in the hole 185 in
      adjustment tube 165 and its driven end rotatably carried through an
      appropriate aperture in the control panel 45. The driving end 198 of shaft
      196 rests against the outside of cylinder 186 and a drive pin 109 carried
      by shaft 196 at the outside edge of end 198 is slidably received in groove
      192 so that the unit 166 will be raised and lowered as the shaft 196 is
      rotated to focus the image. A focusing knob 200 is affixed to the driven
      end of shaft 196 protruding through the control panel 45 for the operator
      to selectively rotate shaft 196. Springs 201 maintain shaft 196 in
      position. A driving gear 202 rotatably mounted on the back of panel 45,
      meshes with the gear 194 and protrudes through panel 45 so that the unit
      166 can be rotated by the operator from the front of control panel 45.
PAR  The fixed mirror assembly 112 is mounted in the upper forward portion of
      space 31 on cross brace 23 as seen in FIGS. 2 and 4. The assembly 112
      intersects the path P at the upper end of leg P.sub.1 thereof and reflects
      the image from the projection unit 111 downwardly and rearwardly along the
      leg P.sub.2 of path P. Assembly 112 includes a mirror 205 mounted on
      backing 206. The backing 206 has three studs 208 thereon which extend from
      the back thereof in spaced apart positions through holes in cross brace
      23. A coil spring 210 is placed around each stud 208 between cross brace
      23 and backing 206 and nuts 211 engage the ends of studs 206 protruding
      through cross brace 23 to locate the reflecting plane of the mirror 205.
      Thus, the mirror can be adjusted through nuts 211 to reflect the image
      along the leg P.sub.1 of path P at a desired angle.
PAR  The movable mirror-shutter assembly 114 is pivotally mounted centrally
      within space 31 between side frames 24 as seen in FIGS. 4 and 33. Assembly
      114 serves to selectively reflect the image as it is directed along the
      leg P.sub.2 of path P along the viewing leg P.sub.3 of path P and onto the
      viewing screen 49 for viewing or to allow the image to continue along leg
      P.sub.2 to the exposure station 118 as seen in the dashed line in FIG. 4
      as will become apparent.
PAR  The assembly 114 includes a pivot shaft 220 pivotally mounted between the
      support plates 25 of side frames 24. A pair of spaced apart driving links
      221 are attached to opposite ends of shaft 220 between side frames 24 and
      extend forwardly and downwardly therefrom for rotation with shaft 220. A
      reflector assembly 222 is mounted between the projecting ends of links 221
      at the lower portion thereof. A positioning link 224 is pivoted
      intermediate its ends to each link 221 intermediate its ends. One of the
      ends of each of links 224 is pivoted to the upper end of reflector
      assembly 222 and the other of the ends of each link 224 pivoted to one end
      of a secondary arm 225. The arms 225 are directed generally rearwardly and
      are pivoted to the side frames 24 on opposite sides of space 31.
PAR  The reflector assembly 222 includes a support 226 with a forwardly facing
      bed 228, a downwardly and forwardly facing shutter flange 229 along the
      bottom edge of bed 228, and a pair of rearwardly facing side angles 230
      along opposite side edges of bed 228. A reflector 231 of known
      construction is mounted on the forward surface of bed 228 to reflect the
      image along the leg P.sub.3 of path P onto the back of the viewing screen
      49 when assembly 114 is in viewing position as shown by solid lines in
      FIG. 4. Also, sealing strips 232 may be provided along the forward edges
      of the assembly 222 to block the light through screen 49 when the assembly
      114 is in its print position as shown by dashed lines in FIG. 4. The links
      224 are pivoted to angles 230 at their upper end while the driving links
      are slidably and pivotally connected to the lower ends of angles 230
      through slip joints 234.
PAR  Viewing abuttments 235 are provided on the support plates 25 of the frames
      24 that engage the underside of the ends of positioning links 224 adjacent
      their connection with arms 225 to locate the assembly 114 in the viewing
      position. Print abuttments 236 are provided on plates 25 of the side
      frames 24 to engage the top of the projecting ends of driving links 221
      and locate the assembly 114 in its printing position.
PAR  A driving arm 238 is provided on one end of pivot shaft 220 protruding
      through the plate 25 and extends generally downward therefrom within the
      drive recess 30 in side frame 24 as best seen in FIG. 3. The arm 238 is
      shown in its viewing position in FIG. 3 in solid lines and in its printing
      position in phantom lines. Thus, as the lower end of arm 238 is pivoted
      forwardly in a counterclockwise direction in FIG. 3, the reflector
      assembly 222 will be moved forwardly and upwardly while its top is pivoted
      forwardly to its printing position and, as the arm 238 is pivoted
      rearwardly or clockwise in FIG. 3, the assembly 222 will be moved
      rearwardly and downwardly while its top is pivoted rearwardly to its
      viewing position. It will also be noted that since the center of gravity
      of assembly 222 is always forward of the pivot axis of shaft 220, the
      weight of the assembly 222 urges the assembly 114 toward its viewing
      position.
PAR  The lower end of arm 238 is received in a guide 239 mounted on the outside
      of plate 25 within recess 30 as seen in FIGS. 3 and 35. A resilient detent
      240 is provided at the forward end of guide 239 to maintain the arm 238
      and assembly 222 in their viewing position as will become more apparent.
PAR  The charging means 115 is positioned at the rear of the space 31 across the
      path P'  of travel of the web 102 of copy paper as it moves from cassette
      51 to the exposure station 118 as seen in FIGS. 3 and 4. The unit 115
      includes a pair of corona units 245 and 246 mounted between plates 25 of
      side frames 24 with an opening 248 therebetween through which the web 102
      of copy paper passes to be electrostatically charged. The units 245 and
      246 are wire type coronas of known construction as will become apparent.
PAR  The developing unit 119 is positioned in the lower forward portion of space
      31 and is slidably supported by the base 22 of cabinet 11 as seen in FIG.
      4. The unit 119 applies toner particles to the copy paper after the
      electrostatic latent image has been formed to develop the image into a
      visual image. Unit 119 includes a liquid toner reservoir 250, a paper
      submerging tray 251 which is filled with toner from reservoir 250 and
      through which the exposed copy paper passes to be submerged in the liquid
      toner for development, and an intensifier plate 252 which guides the paper
      through the toner and enhances the quality of the reproduced image as is
      known in the art.
PAR  The fan-pump assembly 121 is mounted on the developing unit 119 and drives
      the developing unit as well as creates a partial vacuum at the exposure
      station 118 while supplying cooling air to the light source assembly 110
      and heated air to the developed copy paper. The assembly 121 includes a
      secondary drive motor 260 mounted on top of reservoir 250 with a drive
      shaft 261 extending both into the reservoir 250 and above motor 260. A
      toner pump 262 of known construction is suspended in reservoir 250 and
      drivingly connected to that end of shaft 261 extending into the reservoir
      to pump the toner from reservoir 250 into tray 251. Overflow holes 254 are
      provided in tray 251 to allow the excess toner to flow back into the
      reservoir 250.
PAR  A fan unit 264 is mounted on reservoir 250 over motor 260 and operatively
      connected to the upper end of shaft 261. The unit 264 of the centrifugal
      fan type with a housing 265 having an inlet 266 and an outlet 268 as seen
      in FIG. 16. Both the inlet 266 and outlet 268 face the central plate 25 of
      the duct side frame 24 and are in a sealing relationship therewith when
      unit 119 is in position as seen in FIG. 4.
PAR  An inlet port 270 (FIG. 5) is provided through plate 25 in alignment with
      the inlet 266 of fan unit 264 and an outlet port 271 (FIG. 5) is provided
      through plate 25 in alignment with outlet 268 of fan unit 264.
PAR  An intake duct 272 (FIG. 5) on the outside of plate 25 within duct recess
      30 connects inlet port 270 to a vacuum port 274 through plate 25 at the
      exposure station 118 as will be explained. An exhaust duct 275 (FIG. 5) on
      the outside of plate 25 in recess 30 connects the outlet port 271 to a
      cooling port 276 through plate 25 at the forward portion thereof. Cooling
      port 276 is aligned with the opening 132 in the end wall of light source
      assembly 110 (FIG. 13) so that the cool air exhausted from the fan unit
      264 passes over the lamp 141, lens 144, and reflector 146 to cool same
      while the air is heated. The heated air then passes through exhaust
      opening 135 and is deflected downwardly by vane 136 across the exit path
      P' of the developed copy paper as will become apparent to dry same.
PAC  CONVEYOR MEANS
PAR  The conveyor means 15 includes a guide roll 280, a paper feed roll assembly
      281, a vacuum exposure assembly 282, and a squeegee discharge roll
      assembly 284 that move the web 102 of copy paper from the cassette 51
      along the path P' down through the charging station 116, exposure station
      118, developing station 120 and out of the paper exit slot 42 in the front
      of the machine 10 as best seen in FIG. 4.
PAR  The guide roll 280 is freely rotatably mounted between the upper rear
      corners of plates 25 of side frames 24 behind the paper cassette 51. The
      web 102 of copy paper passes over the roll 280 and then downwardly to be
      drivingly engaged by the paper feed roll assembly 281. The assembly 281 is
      located above the charging unit 115 at the rear end of the machine and
      includes a pair of rolls 285 of known construction spring biased together
      and rotatably mounted between the plates 25 of side frames 24. The rolls
      285 are driven as will be explained so as to drive the web 102 downwardly
      through the cutter means 16 as will be explained while unrolling the web
      102 from roll 50 against the braking action of brake 55. After the web 102
      passes through cutter means 16, it passes through the opening 248 between
      corona units 245 and 246 and then onto the exposure assembly 284.
PAR  Assembly 284 includes a support pan 286 mounted between plates 25 of side
      frames 24 and extends from a position just below the charging unit 115
      forwardly and downwardly to a position just rearwardly of the paper
      submerging tray 251. Driving rolls 288 are positioned across the upper and
      lower ends of pan 286 to mount a vacuum exposure belt 289 therearound with
      an upper flight 290 passing over and supported by pan 286 and a lower
      flight 291 passing under pan 286. As the rolls 288 are synchronously
      rotated, the upper flight 290 of belt 289 will be moved downwardly across
      pan 286.
PAR  The pan 286 is hollow with a vacuum chamber 292 therein which communicates
      with the vacuum port 274 through plate 25 of side frame 24 so that a
      partial vacuum will be drawn in pan 286 when the fan unit 264 is
      operating. The top wall 294 of pan 286 is slotted at 295 to allow air to
      be drawn therethrough as is known in the art and apertures 296 are
      provided through belt 289 in known manner. This causes the partial vacuum
      to hold the copy paper deposited on belt 289 thereon as the upper flight
      290 of belt 289 moves the paper through the exposure station 118 so that
      it is oriented perpendicular to the image path P.
PAR  A backup roll 298 is rotatably mounted between side frames 24 in driving
      contact across the upper end of upper flight 290 of belt 289 so as to
      insure positive placement of the copy paper on the belt 289. A separator
      roll 299 is rotatably mounted between side frames 24 in driving contact
      with the lower end of upper flight 290 of belt 289 to insure separation of
      the exposed copy paper from belt 289 and to drive the paper through the
      submerging tray 251 into contact with squeegee discharge roll assembly
      284.
PAR  The assembly 284 includes a pair of squeegee rolls 300 of known
      construction which squeeze the excess toner from the developed copy paper
      and discharge the paper through slot 42 as the rolls are driven as will be
      explained.
PAC  CUTTER MEANS
PAR  As noted above, the cutter means 16 is positioned across the path P' of
      paper travel between the feed roll assembly 281 and charging unit 115 to
      cut the web 102 when a prescribed length of the web has been fed by the
      rolls 285 as best illustrated in FIGS. 3, 4, and 17-20. The cutter means
      includes a knife assembly 305 having a stationary blade 306 and a rotary
      blade 308. Blade 306 has a rectangular cross section with a forward face
      309 and a cutting edge 310 at the lower forward corner thereof. The blade
      306 is angled upwardly at its forward end as seen in FIG. 20 generally
      horizontally extending between mounting brackets 311 attached to the
      plates 25 of side frames 24. The rotary blade 308 is rotatably mounted in
      brackets 311 in an operative relationship with stationary blade 306. The
      blade 308 is a cylinder with a portion thereof removed to form a cutting
      edge 312 as is known in the art with circular abuttments at opposite ends
      thereof. The blade 308 is rotatably journalled in slots 314 through
      brackets 311 and a leaf spring 315 is positioned under the stub shafts 316
      of knife 308 and held by detents 318 on brackets 311 to constantly urge
      the abuttments on blade 308 against the edge 310 on blade 306. Thus, it
      will be seen that when the cutting edge 312 of rotary blade 308 is rotated
      past the cutting edge 310 of stationary blade 306, the web 102 of paper
      passing between blades 306 and 308 will be cut as is known in the art.
      Guides 319 are carried between brackets 311 below blades 306 and 308 to
      guide the paper into the opening 248 between corona units 245 and 246.
PAR  A driving arm 350 is affixed to the end of the stub shaft 316 extending
      through an opening in that plate 25 of drive side frame 24 as seen in
      FIGS. 17 and 18. The arm 350 is located adjacent the outside of plate 25
      and within recess 30. The arm 350 is used to rotate the rotary blade 308
      to cut the web 102 of copy paper. The arm 350 is urged in a
      counterclockwise direction as seen in FIGS. 2 and 17 by a torsion spring
      351 positioned around stub shaft 316 with one held by the plate 25 of side
      frame 24 and the other end connected to arm 350 through a slot 352. The
      projecting end 354 of arm 350 is provided with a camming surface 355 on
      the outside thereof that is used to rotate the arm 350 clockwise as will
      be explained. The inside of the end 354 of arm 350 defines a check notch
      356 that opens upwardly for use in holding the arm 350 in a cocked
      position as shown in FIG. 18 and described below. The lower portion of end
      354 is beveled to provide a driving surface 358 as will become apparent.
      The counterclockwise movement of arm 350 is limited by a bumper 359 as
      seen in FIG. 17 as will become more apparent.
PAR  A latch 360 is pivoted on plate 25 of side frame 24 a prescribed distance d
      forwardly of drive arm 350 and co-operates therewith to control the
      position of arm 350. The latch 360 is urged in a clockwise direction by a
      torsion spring 361 as best seen in FIG. 19 which is carried around the
      pivot shaft 362 of latch 360 with one of its ends connected to plate 25
      and its other connected to latch 360 through hole 364. The projecting end
      365 of latch 360 is provided with a cutout 366 to provide a check shoulder
      368 registerable with notch 356 to maintain the arm 350 in its cocked
      position as shown in FIG. 18. The rearwardly facing edge 369 of latch 360
      provides a camming surface lying in the plane of the projecting end 354
      and notch 356 of arm 350 so that as the arm 350 is rotated in a clock wise
      direction as seen in FIG. 17 and further explained below, the beveled
      surface 358 of arm 350 will engage the edge 369 of latch 360 and rotate it
      in a counterclockwise direction sufficiently to allow the shoulder 368 to
      engage notch 356 in arm 350 to maintain the arm 350 in its cocked
      position. The cutout 366 also provides a limiting surface 370 which
      engages the tip 357 of arm 350 as the tip 357 passes over shoulder 368 to
      maintain the shoulder in alignment with notch 356. Thus, when the arm 350
      is released to be rotated in its counterclockwise direction, the shoulder
      368 of latch 360 will engage the notch 356 of arm 350 to hold the arm 350
      in its cocked position as shown in FIG. 18.
PAR  A striker 371 is provided on the lower forward portion of the projecting
      end 365 of latch 360 to engage an abuttment 372 as will be explained to
      limit the clockwise movement of latch 360 under the influence of spring
      361 so that when the latch is released, the edge 369 is in alignment with
      the beveled surface 358 of arm 350 so that the arm can be recocked.
PAR  For releasing the shoulder 368 from notch 356, a trip 374 is provided on
      the upper end of latch 360 and displaced forwardly of the end 365 of latch
      360. When the trip 374 is moved downwardly as will be explained, the latch
      360 will be rotated counterclockwise against the force of spring 361 to
      release arm 350.
PAR  The cutting edge 312 of rotary blade 308 is oriented with respect to arm
      350 so that when the arm 350 is in its cocked position shown in FIG. 18,
      the blade 308 is oriented as shown by solid lines in FIG. 20 so that
      sufficient clearance is provided between cutting edges 310 and 312 for the
      web 102 of copy paper to pass therebetween. When the arm 350 is released
      from its cocked position (FIG. 18) and is moved toward the bumper 359
      (FIG. 19), the cutting edge 312 of rotary blade 308 is moved past the
      cutting edge 310 of stationary blade 306 as seen by dashed lines in FIG.
      20 as the arm 350 is rotated counterclockwise as seen in FIGS. 18 and 19
      by spring 351 so that the web 102 will be cut as will become more
      apparent.
PAC  DRIVE AND CONTROL MEANS
PAR  The drive and control means 19 is mounted in recess 30 of side frame 24 on
      the drive side of the machine as best seen in FIGS. 3 and 21-25. The means
      19 includes a flexible endless transfer member 375 mounted about and
      engaging a series of sprockets for movement along a prescribed path P"
      shown in FIGS. 4 and 21 and lying in a vertical plane PL within recess 30
      shown in FIG. 22 and spaced a predetermined distance d.sub.1 from plate 25
      of side frame 24 as will become more apparent. A main drive motor 378 is
      mounted on plate 25 within space 31 below the upper rear portion of the
      exposure assembly 284 with its drive shaft 379 protruding outwardly
      through plate 25 into drive recess 30. A main drive sprocket 380 is pinned
      to the end of drive shaft 379 with its teeth lying within the plane PL. An
      upper driven sprocket 381 is pinned to the end of the support shaft of the
      drive roll 288 at the upper rear end of assembly 282 with its teeth also
      lying in plane PL. An idler sprocket 382 is rotatably journalled on the
      support shaft of the rearmost paper feed roll 285 with its teeth lying
      within the plane PL so that sprocket 382 rotates independently of roll 285
      as seen in FIG. 24. A driven sprocket 384 is also mounted on the end of
      the support shaft of roll 285 outboard of sprocket 382 but is pinned
      thereto so as to cause rolls 285 to rotate as it is rotated. The teeth of
      sprocket 384 lie in a plane PL.sub.1 outboard of plane PL by a distance
      d.sub.2 as best seen in FIG. 24. An upper idler sprocket 385 is rotatably
      mounted on plate 25 forwardly of sprocket 382 with its teeth lying in
      plane PL as seen in FIG. 3. A backup sprocket 386 is rotatably mounted on
      plate 25 through abuttment 372 below sprocket 385 with its teeth lying in
      plane PL. A corner sprocket 388 is rotatably mounted on plate 25 below
      sprocket 386 and adjacent the main drive sprocket 380 with its teeth lying
      in plane PL. A backup sprocket 389 is rotatably mounted on plate 25 just
      below the rear edge of the cutout 44 in plate 25 with its teeth in plane
      PL. A dual backup sprocket 390 is rotatably mounted on plate 25 below
      cutout 44 and just rearwardly of the discharge roll assembly 284. The
      lower squeegee roll 300 has its support shaft pinned to a driven sprocket
      391 with its teeth in plane PL. A backup sprocket 392 is rotatably mounted
      on plate 25 below cutout 44 and sprockets 389 and 390 and just forward of
      the lower front end of exposure assembly 282. A driven sprocket 394 is
      pinned to the support shaft of the lower belt drive roll 288 of assembly
      282 with its teeth lying in the plane PL. A takeup sprocket 395 is
      rotatably mounted on plate 25 between the main drive sprocket 380 and the
      driven sprocket 381 with its teeth in plane PL.
PAR  The flexible transfer member 375 includes a main drive endless link chain
      396 which passes around the sprockets lying in plane PL. Starting at point
      A at the main drive sprocket 380, it will be seen that chain 396 passes
      partly around the lower back portion of sprocket 380; then upwardly around
      the front of sprocket 395, then upwardly around the back of sprocket 381
      and the upper back of sprocket 382; then forwardly around the upper front
      of sprocket 385; then downwardly along the back of sprocket 386 and around
      the lower back of sprocket 388, then forwardly and slightly downwardly
      over the tops of sprockets 389 and 390; then around the front of sprocket
      391; then rearwardly and upwardly under the bottom of sprocket 390 and
      over the top of sprocket 392; then downwardly under sprocket 394; and
      finally upwardly and rearwardly back to point A at main driven sprocket
      380.
PAR  As the motor 378 rotates its drive shaft 379 in a clockwise direction, the
      main drive chain 396 will be moved in the direction of the arrows in FIG.
      3 thereby rotating the sprockets 381, 382, 385, 386, 388-392, 394 and 395.
      This causes the upper flight 290 of exposure belt 289 to be moved in the
      direction indicated in FIG. 4 and the squeegee rolls 300 to be rotated to
      drive copy paper out of slot 42.
PAR  For driving sprocket 384 and paper feed rolls 285, transfer member 375
      includes a secondary link chain 398 mounted on and movable with the main
      drive chain 396. The secondary chain has a length considerably shorter
      than chain 396 as seen in FIG. 21 and is mounted on the outside thereof so
      that chain 398 moves along a path parallel to the path of the main chain
      296 lying in the plane PL.sub.1 of the teeth of sprocket 384 as seen in
      FIG. 24. The chain 398 extends between points B and C on main drive chain
      396 so that when that portion of main drive chain 396 between points B and
      C passes over idler sprocket 382, the secondary chain 398 will drivingly
      engage the sprocket 384 to rotate it and paper feed rolls 285 to feed the
      web 102 of copy paper as will be more fully explained.
PAR  A control system 400 is also carried by main drive chain 396 as best seen
      in FIGS. 3 and 22 for controlling the electrical operation of the machine,
      the operation of cutter means 16, and the position of the shutter-mirror
      assembly 114. System 400 includes a cycle stop cam 401 mounted on the back
      links 402 of chain 396 as seen in FIG. 22 which extends on the outside of
      the chain at point D to move along with chain 396 on a path P.sub.1 behind
      the plane PL and parallel thereto. System 400 also includes a registration
      cam 404 mounted on the back links 402 of chain 396 which extends inside
      the chain at point E to move along with chain 396 on a path P2 behind the
      plane PL and parallel thereto.
PAR  System 400 further includes a cocking and drive pin 405 mounted on chain
      396 at point F. It is carried by the back links 402 and extends behind
      chain 396 to be moved therewith along path p.sub.3 behind and parallel to
      plane PL. The pin 405 serves both to cock the cutter means 16 and to drive
      the shutter-mirror assembly 114 from its viewing to printing position and
      back again during each printing cycle as will be explained. The pin 405
      includes a disk shaped retainer 406 as seen in FIG. 22 which maintains
      contact with the driving arm 238 of the mirror-shutter assembly 114 as
      will be further explained.
PAR  Also included in system 400 is a trip cam 408 mounted on chain 396 at point
      A. Cam 408 is carried by the front links 409 of chain 396 as seen in FIG.
      22 and extends outwardly of chain 396 to be moved therewith along path
      p.sub.4 parallel to and in front of plane PL. Trip cam 408 engages the
      trip 374 of latch 360 to release the driving arm 350 and allow same to
      rotate blade 308 and cut web 102 as will be explained.
PAR  From the foregoing, it will be seen that paths p.sub.1- p.sub.4 never
      intersect so that each of the cams 401, 404 and 408 as well as pin 405 can
      be used to operate different components independently of each other.
PAR  System 400 further includes a cycle stop switch 410 in tandem with a light
      switch 411 positioned adjacent chain 396 at point G on side frame 24.
      Switches 410 and 411 have a common actuator arm 412 which overlies only
      path p.sub.1 as seen in FIG. 22 so that cam 401 transfers both switch 410
      and switch 411 when point D on chain 396 reaches point G on side frame 24.
      This causes the cycle to stop while at the same time causing lamp 141 to
      be illuminated as will be further explained. Thus, the chain 396 is always
      stopped at the same position at the completion of each cycle. A
      registration switch 414 is mounted adjacent chain 396 at point H on side
      frame 24. The actuator arm 415 of switch 414 overlies path p.sub.2 as seen
      in FIG. 22 so that cam 404 on chain 396 transfers arm 415 when point E on
      chain 396 reaches point H. This energizes the exposure timing circuit as
      will be explained.
PAR  A drive bracket 420 is provided on the lower portion of driving arm 238 of
      assembly 114 lying behind the chain 396 between sprockets 388 and 389 and
      between sprockets 380 and 394 as seen in FIGS. 3 and 33. Bracket 420
      includes a pair of upper flanges 421 and 422 facing chain 396 with flange
      421 being the front flange and flange 422 being the rear flange. Each of
      flanges 421 and 422 include an inwardly facing lip 424 as seen in FIG. 34
      so that a reduced width slot 425 is provided therebetween with a larger
      width channel 426 behind lips 424 and between flanges 421 and 422. The
      flange 421 is shifted upwardly along arm 238 with respect to flange 422 so
      that rearwardly facing entrance space 428 is provided above the upper end
      of flange 422 and a forwardly facing exit space 429 is provided below the
      lower end of flange 421. Whem arm 238 is pivoted to its rearmost position
      with the reflector assembly 222 at its viewing position, the entrance
      space 428 is aligned with path p.sub.3 of drive pin 405 so that as point F
      on chain 396 moves past arm 238, the pin 405 will pass over flange 422 and
      into channel 426 to engage the lip 424 of flange 421 to drive the arm 238
      forwardly therewith. Because the chain 396 is moving forwardly and
      downwardly carrying pin 405 therewith and because the bracket 420 moves
      along an arcuate path as arm 238 is pivoted, the relative movement between
      pin 405 and bracket 420 causes the pin 405 to pass down through slot 425
      as arm 238 is driven forwardly to the print position while the retainer
      moves down through channel 426. Thus, lips 424 keep the pin 405 in
      engagement with flanges 421 and 422 to insure the pivoting of the arm 238
      and reflector assembly 222 forwardly to the print position. As arm 238
      reaches its print position, its lower end passes detent 240 which holds it
      in print position. At this time, the exit space 429 has become aligned
      with path p.sub.3 so that pin 405 can pass out from between flanges 421
      and 422 leaving arm 238 in print position. If the forwardmost position of
      arm 238 is reached before exit space 429 has become fully aligned with
      path p.sub.3, it will be seen in FIG. 3 that chain 396 can flex downwardly
      since slot 425 is angled in a forward direction to allow pin 405 to move
      down slot 425 and out space 429. The amount chain 396 is allowed to flex
      downwardly is controlled by the position of backup sprocket 389 which is
      adjustable in known manner. This insures positive positioning of arm 238
      forwardly of detent 240.
PAR  Bracket 420 also includes a pair of lower flanges 430 and 431 spaced below
      flanges 421 and 422 and facing chain 396 as seen in FIGS. 33 and 35.
      Flange 430 is the front flange and flange 431 is the back flange. Each of
      flanges 430 and 431 include an inwardly facing lip 432 which together
      define a slot 434 and channel 435 similar to that of flanges 421 and 422.
      The flange 430 is shifted upwardly along arm 238 with respect to flange
      431 to provide a forwardly opening entrance space 436 below flange 430 and
      a rearwardly opening exit space 438 above flange 431. As point F on chain
      396 passes rearwardly along the lower flight thereof between sprockets 394
      and 380, the pin 405 enters channel 435 and passes upwardly along slot 434
      to drive the arm 238 rearwardly out of engagement with detent 240 and back
      to its viewing position where pin 405 passes out through exit space 438.
PAR  The drive arm 350 of cutter means 16 is also positioned behind chain 396 so
      that the camming surface 355 overlies path p.sub.3 when arm 350 is in its
      released position as seen in FIG. 17. When point F on chain 396 reaches
      the arm 350 in its released position, drive pin 405 engages the camming
      surface 355 and drives arm 350 down and clockwise as seen in FIG. 17. This
      causes the driving surface 358 on arm 350 to engage edge 369 of latch 360
      and drive latch 360 counterclockwise to allow tip 357 to pass over
      shoulder 368 and engage surface 370 to locate shoulder 368 over notch 356.
      Camming surface 355 is dimensioned so that pin 405 releases it after tip
      357 of arm 350 engages limiting surface 370 of latch 360. This leaves the
      shoulder 368 of latch 360 engaging notch 356 in arm 350 to hold arm 350 in
      its cocked position against spring 351 as seen in FIG. 18.
PAR  Trip 374 of latch 360 is located over the path p.sub.4 of trip cam 408 when
      latch 360 is in its latching position holding arm 350 in its cocked
      position. When point A on chain 396 passes trip 374, the trip cam 408
      engages trip 374 driving it downwardly and rotating latch 360
      counterclockwise. This releases arm 350 to allow spring 351 to drive arm
      350 upwardly in a counterclockwise direction to cause cutting edge 312 of
      rotary blade 308 to pass in a cutting relationship with cutting edge 310
      on stationary blade 306 as shown by dashed lines in FIG. 20.
PAC  CARRIER ASSEMBLY
PAR  The carrier assembly 18 is mounted within cutouts 44 of side frames 24 as
      seen in FIGS. 1, 3, 4, 15 and 25 and is designed to position a microfiche
      440 across the light path P between the light source assembly 110 and
      projection assembly 111 so that the visual image on the microfiche will be
      projected on the viewing screen 49 or the copy paper at exposure station
      118. Assembly 18 is mounted under platform 160 of the projection unit 111
      on a transversely extending race 441 attached to the underside of platform
      160. Race 441 includes a pair of spaced apart depending race flanges 442
      extending across space 31 transversely of the machine. A central opening
      is provided through race 441 in alignment with opening 161 in platform 160
      to allow the light to pass therethrough.
PAR  Assembly 18 includes an undercarriage 444 mounted between race flanges 442
      for movement back and forth transversely of the machine. Undercarriage 444
      includes a central web 445 generally rectangular in shape with upstanding
      race flanges 446 along the front and rear edges thereof which cooperate
      with depending race flanges 442 to movably mount undercarriage 444 on ball
      bearings 448 between flanges 442 and 446. Thus, undercarriage 444 is
      easily movable transversely of the machine. A generally rectangular
      opening 449 is provided through web 445 to allow light to pass
      therethrough as will become more apparent. The sidewise movement of
      undercarriage 444 is limited by stops 450 attached to opposite ends of
      race 441 as best seen in FIG. 15.
PAR  A pair of outwardly facing race flanges 451 depend from opposite sides of
      web 445 starting at the back of the web and extending forwardly of the
      front of the web longitudinally of the machine. A pair of pivot cams 452
      are carried by inwardly turned ledges 454 on flanges 451 in the vicinity
      of the front of web 445 as will be explained.
PAR  A fiche carrier 455 is mounted on undercarriage 444 for lateral movement
      therewith and longitudinal movement with respect thereto and to the
      machine as seen in FIG. 25. Carrier 455 includes a generally rectangular
      web 456 having inwardly facing upstanding race flanges 458 which
      co-operate with flanges 451 to movably mount carrier 455 on undercarriage
      444 through ball bearings 459 between flanges 451 and 458. An opening 460
      is provided across the rear portion of web 456 selectively alignable with
      opening 449 in undercarriage 444 to allow light to pass therethrough.
      Inwardly extending support lips 461 are provided around opening 460 as
      well as upstanding locating tabs 462 also as will become apparent.
PAR  A camming flange 464 is provided along the rear edge of web 456 which
      engages the face 184 of adjustment tube 165 of the projection assembly 111
      as will become apparent to raise the face 184 onto the carrier 455 when
      the carrier 455 is moved rearwardly in the machine. A handle 465 is
      provided across the front edge of web 456 for use in positioning carrier
      455 and undercarriage 444.
PAR  A lower platen 466 is positioned over opening 460 where it is supported on
      flanges 461 and located by tabs 462 and side angles 474. The platen 466 is
      generally rectangular sheet of clear glass. An upper platen 468 is
      pivotally positioned over lower platen 466 so that the microfiche 440 can
      be positioned between the two platens. Platen 468 includes a generally
      rectangular sheet 469 of clear glass mounted on a pivot rod 470 along its
      rear edge. Rubber treads 471 are mounted on opposite ends of rod 470 which
      rest on the top of web 456 between an abuttment 472 at the juncture of
      flange 464 with web 456 and the rear ends of side angles 474 along
      opposite sides of opening 460. The rod 470 is located on sheet 469 so that
      sheet 469 will be parallel with platen 466 when it overlies same as seen
      by solid lines in FIG. 15. The pivot cams 452 on undercarriage 444 are
      provided with rearwardly facing inclined surfaces 475 which engage the
      upper portion of treads 471 to roll the treads 471 on the web 456 and
      rotate the upper platen upwardly in a counterclockwise direction as seen
      in FIG. 15 when the carrier 455 has been pulled to its forwardmost
      position. This allows the microfiche to be placed between platens 466 and
      468 to load same. As the carrier 455 is pushed rearwardly, the cams 452
      allow the upper platen to pivot down onto the microfiche. The camming
      flange 464 also lifts the tube 165 as the carrier 455 is moved rearwardly
      so that its face 184 rests on the upper surface of the sheet 469 of the
      upper platen 466.
PAR  A pointer 476 is mounted on control panel 45 and is used with an
      interchangable grid 478 carried on web 456 to locate the particular image
      on the microfiche 440 to be viewed and/or printed.
PAC  ELECTRICAL CIRCUIT
PAR  The electrical circuit 500 of the invention is best seen in FIG. 26 and is
      connected to a conventional 110-120 volt A-C volt source. The circuit 500
      includes a common hot wire 501 and a common ground wire 502 and is
      operatively associated with the drive and control means through the cycle
      stop switch 410, the light switch 411, and the registration switch 414
      seen in FIGS. 3 and 22. The hot wire 501 includes a fuse 504, a safety
      switch 505 (FIG. 5), an an on-off switch 506 also shown in FIGS. 1 and 26
      that connects the various components of the electrical circuitry to the
      power source. The safety switch 505 is closed when the cassette cover 40
      is in position. The pump motor 260 that operates the fan-pump assembly 121
      is connected between the hot wire 501 and ground wire 502 so that when the
      on-off switch 506 is closed, the pump motor will be driven to pump the
      toner in the developing tray 251, create a partial vacuum in pan 289 and
      to force cooling air over lamp 141 where it is heated and discharged
      through the opening 135 in light source assembly 110 across the discharge
      path of the developed copy paper.
PAR  The common contact 414.sub.c of the registration switch 414 is connected to
      hot wire 501. The normally open contact 414.sub.2 of switch 414 is
      connected to timer motor TM.sub.m of timer TM and to normally closed
      contact 411.sub.2 of light switch 411 in parallel with each other. The
      normally closed contact 414.sub.1 of switch 414 is connected to the common
      contact 410.sub.c of the cycle stop switch 410. The normally open contacts
      TM.sub.c of timer TM are connected in parallel across the contacts
      414.sub.c and 414.sub.1 of switch 414. The other side of timer motor
      TM.sub.m is connected to ground wire 502. The timer TM is conventional and
      adjustable through knob TM.sub.k on panel 45 in FIGS. 1 and 3 to vary its
      timing cycle. When the timer TM times out, contacts TM.sub.c close until
      power is removed from its motor TM.sub.m.
PAR  The normally open contact 411.sub.1 of light switch 411 is connected to
      normally closed contact 410.sub.2 of cycle stop switch 410 through
      normally open, momentary push button print switch 508. The contact
      410.sub.2 is also connected to one side of main drive motor 378 with its
      other side connected to ground wire 502. The normally open contact
      410.sub.1 is connected to one side of lamp 141 through wire 507. Wire 507
      is also connected to the common contact 411.sub.c of light switch 411. The
      other side of lamp 141 is connected to ground wire 502.
PAR  The corona power supply 509 is also connected to contact 410.sub.2 in
      parallel with motor 378 so that when power is supplied to motor 378, the
      power supply 509 will also be powered. The power supply 509 is
      conventional with direct current outputs 0.sub.+ and 0.sub.- which are
      selectively connected to the corona units 245 and 246 through the charge
      selector switch 510.
PAR  The charge selector switch 510 as best seen in FIGS. 27 and 28 serves to
      selectively reverse the polarity of the electrostatic field imposed on the
      copy paper by the corona units 245 and 246. It is known that the polarity
      of the charge on the surface of the copy paper to be exposed will have the
      same polarity as the polarity of the corona unit facing that surface of
      the paper. Reference to FIG. 4 will show that the surface of the copy
      paper which is to be exposed is the forwardly facing surface as its passes
      between the corona units 245 and 246 and thus will have a charge thereon
      of the same polarity as the front corona unit 245. When the unit 245 is
      connected to the output 0.sub.-, the resulting electrostatic charge on the
      exposure surface of the copy paper will be negative and when the corona
      unit 245 is connected to the output 0.sub.+, the resulting charge on the
      copy paper will be positive. This feature of the invention is necessary
      since some pieces of microfiche 440 have positive images thereon, while
      others have negative images thereon. Switch 510 includes a pair of input
      contacts I.sub.1 and I.sub.2 with contact I.sub.1 being connected to the
      positive output 0.sub.+ of the corona power supply 509 and the input
      I.sub.2 being connected to the negative output 0.sub.- of the corona power
      supply 509. The switch 510 also includes a pair of output contacts 0.sub.1
      and 0.sub.2 which can be selectively connected to either of the inputs
      I.sub.1 or I.sub.2 through an actuator 511.
PAR  The contacts I.sub.1, I.sub.2 and 0.sub.1, 0.sub.2 are mounted by a housing
      512 that is cylindrical and defining an actuator receiving cavity 514
      therein which receivs the actuator 511 therein. The input contacts I.sub.1
      and I.sub.2 are located on housing 512 so that they are diametrically
      opposed and output contacts 0.sub.1  and 0.sub.2 are also located by
      housing 512 so that they are diametrically opposed but shifted 90.degree.
      with respect to the input contacts I.sub.1 and I.sub.2. This is best seen
      in FIGS. 27 and 28. The actuator 511 is rotatably mounted within the
      chamber 514 and housing 512 on a pivot shaft 515 which is rotatably
      mounted within housing 512. The shaft 515 extends through the control
      panel 45 of the machine and is equipped with a knob 516 as seen in FIG. 1
      forwardly of control panel 45 so that the switch can be selectively
      operated. The actuator 511 includes a rotor 518 mounted on shaft 515
      within the chamber 514 and connected to shaft 515 through a drive pin 519.
      The rotor 518 is cylindrical and defines a pair of diametrically opposed
      outwardly facing slots 520 along the outer surface of the rotor 518 and
      extending generally parallel to the rotational axis of the rotor 518.
PAR  A switch contact 521 is carried in each of the slots 520 for selectively
      connecting contacts I.sub.1 and I.sub.2 with contacts 0.sub.1 and 0.sub.2.
      Each contact 521 includes an inwardly extending protrusion 522 which fits
      within slot 520 to hold contact 521 in place and a pair of contact arms
      524 which extend from protrusion 522 outwardly along the circumference of
      rotor 518. Each of the arms 524 is urged outwardly toward housing 512 by
      the natural resiliency in the contact 521 so that the outermost ends 525
      of the arms 524 will be urged into contact with the contacts I.sub.1,
      I.sub.2, 0.sub.1 or 0.sub.2. The arms 524 extend outwardly so that the
      total length of each contact 521 extends for approximately 90.degree.
      about the periphery of rotor 518 on either sides of slot 520. The natural
      resiliency of the protrusion 522 is also sufficient to maintain each
      contact within the slot 520. Thus, it will be seen that when the contact
      end 525 of the contact member 521 is contacting the input contact I.sub.1,
      the opposite end 525 will be contacting either the output contact 0.sub.1
      or 0.sub.2. Likewise when the contact end 525 of the other contact member
      521 is contacting the input contact I.sub.2, the other end will be
      contacting either the output contact 0.sub.1 or 0.sub.2.
PAR  The output contact 0.sub.1 is connected to the front corona unit 245 while
      the output contact 0.sub.2 is connected to the corona unit 246. Thus, it
      will be seen that when the rotor 518 is in the position shown in FIG. 27,
      the input contact I.sub.2 will be connected to the output contact 0.sub.1
      so that the front corona unit 245 has a negative charge imposed thereon
      thus creating a negative electrostatic charge on the copy paper. When the
      rotor 518 is rotated counterclockwise as seen in FIG. 27, it will be seen
      that the output contact 0.sub.2 will be connected to the input contact
      I.sub.2 so that a negative charge will be imposed on the rear corona unit
      246 and the electrostatic charge on the copy paper will be of a positive
      polarity.
PAR  A stop 530 on the back of rotor 518 co-operates with an abuttment 531 on
      housing 512 to limit the movement of rotor 518 between the position in
      which contact 521 connects the input contact I.sub.1 with output contact
      0.sub.1, and the position in which contact 521 connects the input contact
      I.sub.2 with output 0.sub.2. Thus, the proper contact is insured.
PAR  This particular switch arrangement allows both positive and negative image
      microfiche to be copied without the necessity of changing the toner used
      to always produce a positive image on the copy.
PAC  OPERATION
PAR  In operation, it will be seen that the operator turns the machine "on" by
      closing the on-off switch 506. The microfiche 440 is placed in the machine
      by the operator pulling the fiche carrier 455 forwardly with handle 465 so
      that the upper platen 468 is pivoted upwardly by the cams 452 to open the
      platens 466 and 468. The microfiche 440 is then placed onto the lower
      platen 466 and the fiche carrier 455 pushed into the machine to close the
      upper platen 468 onto the lower platen 466 with the microfiche 440
      therebetween. Because the cycle stop cam 401 is in the position seen in
      FIG. 3, the switches 410 and 411 are both transferred so that the normally
      open contacts 410.sub.1 are closed and the normally open contacts
      411.sub.1 are closed. Thus, when the on-off switch 506 was closed to turn
      the machine "on", the lamp 141 is illuminated through the normally closed
      contact 414.sub.1 of registration switch 414, the closed contact 410.sub.1
      of the cycle stop switch 410 and ground wire 502 so that the light
      directed through the microfiche and the image is projected onto the
      viewing screen 49.
PAR  To locate the correct portion of the microfiche 440 to be projected onto
      screen 49, the operator then moves the carrier 455 into or out of the
      machine and laterally of the machine so as to align the pointer 476 over
      the desired seciion of the grid 478. This generally locates the indicated
      portion of the visual image on the microfiche in alignment with the light
      path P from lamp 141 so that the visual image will be projected on the
      viewing screen as it passes upwardly to the fixed mirror assembly 112
      along the portion P.sub.1 where it is reflected downwardly and rearwardly
      along the portion P.sub.2 of the path P and then reflected forwardly onto
      the screen 49 by the reflector assembly 222 which is now in its viewing
      position. The operator then focuses the image on the viewing screen 49 by
      turning the focusing knob 200 to focusing drive mechanism 195 which
      selectively moves the lens unit 166. The operator may then rotate the
      driving gear 202 to selectively rotate the lens unit 166 and orient the
      image properly on the screen. The operator manipulates the charge selector
      switch 510 so that the contacts 521 properly connect the power supply 509
      with the corona units 245 and 246 for a positive image to be formed on the
      copy paper regardless of whether the image on the microfiche is positive
      or negative.
PAR  It will also be noted that when the on-off switch 506 is closed, the motor
      260 in the pump-fan assembly 121 is energized and remains energized as
      long as the machine is in its "on" position. This serves to continuously
      pump toner from the reservoir 250 into the paper submerging tray 251 to
      keep the toner both well mixed and a sufficient supply in tray 251 to
      develop the image on the copy paper. Simultaneously, it also causes the
      fan unit 264 to be continuously driven to create a partial vacuum through
      the upper flight of exposure belt 289 to hold the copy paper thereon.
      Also, the relatively cool air exhausting from the fan unit 264 is directed
      along duct 275 over the lamp 141. This cools the lamp 141 while heating
      the air. The thusly heated air is then exhausted from light source
      assembly 110 through opening 135 to dry the developed copy paper as it
      passes from the machine.
PAR  When the image has been properly focused on and aligned with the screen 49,
      the operator then depresses the momentary print switch 508 which is spring
      biased toward its open position. This action momentarily energizes the
      main drive motor 378 and the corona power supply 509. Energizing the motor
      378 drives the main drive chain 396 so that the stop cam 401 moves out of
      contact with the actuator arm 412 of switches 410 and 411 allowing them to
      return to their normal position. This causes contacts 410.sub.2 and
      411.sub.2 to be closed so that power is maintained to motor 378 and corona
      power supply 509 through the normally closed contact 414.sub.1 of switch
      414 and the normally closed contacts 410.sub.2 of the switch 410. It will
      also be noted that the lamp 141 is de-energized when the switch 410
      returns to its normal position to prevent premature exposure of the copy
      paper.
PAR  When the main drive chain 396 is at its initial position shown in FIG. 3,
      the cutter drive arm 350 is held in its cocked position with latch 360
      engaging the notch 356 in arm 350. As the chain 396 is moved around the
      sprockets by the motor 378, the secondary chain 398 drivingly engages the
      sprocket 384 to rotate the paper feed rolls 285 together so as to drive
      the web 102 of copy paper downwardly between the stationary blade 306 and
      the rotary blade 308 of the cutter means 16. This also drives the web 102
      downwardly through the opening 248 between the corona units 245 and 246 so
      that the electrostatic charge is imposed thereon as the paper is fed
      downwardly. The leading edge of the paper engages the upper flight 290 of
      the exposure belt 289 as it moves downwardly and moves along with the
      upper flight 290 under the roll 298 so that the web 102 is held onto the
      upper flight 290 of the exposure belt 289. The partial vacuum exerted
      through the belt 290 by the fan-pump assembly 121 holds the web 102 onto
      the exposure belt. As the chain 396 continues to move, the secondary chain
      398 clears the sprockets 384 so that the paper feed rolls 285 cease to
      rotate. At the instant the secondary chain 398 releases the sprocket 384,
      the trip cam 408 on chain 396 engages the trip 371 of latch 360 to pivot
      the latch 360 forwardly and cause the driving arm 350 to be released. This
      allows the spring 351 to pivot the driving arm 350 upwardly and rotate the
      blade 308 so that the web 102 is cut by the cutting edges 310 and 312.
      This cuts a sheet of copy paper of a prescribed length from the web 102
      and allows it to pass down onto the upper flight 290 of the belt 289.
PAR  While the copy paper is being fed onto the upper flight of belt 289, the
      drive pin 405 on chain 396 has moved into engagement with the upper
      flanges 421 and 422 of bracket 420 to shift the driving arm 238 of the
      assembly 114 forwardly with chain 396. This transfers the shutter-mirror
      assembly 114 from its rearmost viewing position to its forwardmost
      printing position so that the reflector assembly 222 now covers the back
      side of the viewing screen 49 to block any light from entering the space
      31 through screen 49. The pin 405 leaves the arm 238 in its forwardmost
      printing position and continues to move with the chain 396.
PAR  When the copy paper on the upper flight 290 of the exposure belt 289
      reaches an exposure position so that the projected image from the
      microfiche 440 will be positioned within the confines of the sheet of copy
      paper, the registration cam 404 engages the actuating arm 415 of the
      registration switch 414 and transfer same. This causes the normally open
      contact 414.sub.2 of switch 414 to be closed to disconnect the main drive
      motor 378 and the corona power supply 509 from the power source and to
      connect the timer motor TM.sub.m of timer TM to the power source. At the
      same time, the closure of contact 414.sub.2 also connects the lamp 141 to
      the power source through the normally closed contacts 411.sub.2 of the
      light switch 411. This projects the image from the microfiche 440 onto the
      electrostatically charged sheet of copy paper on the upper flight 290 of
      the exposure belt 289 since the projected image now passes behind the
      reflector assembly 222 and onto the upper charged surface of the copy
      paper. It will also be noted that because it may be necessary to vary the
      exposure time during which the charged copy paper is exposed, the timer TM
      is of the variable type with a knob TM.sub.k on the control panel 45 for
      selectively controlling same.
PAR  After a prescribed period of time which is determined by the setting of the
      knob TM.sub.k, the timer motor TM.sub.m times out and the normally open
      contact TM.sub.2 is closed so that the main drive motor 378 is again
      energized through the normally closed contacts 410.sub.2 of the cycle stop
      switch 410 while at the same time powering the corona power supply 509.
      This moves the chain 396 so that the registration cam 404 is moved out of
      engagement with the registration switch 414 to allow the switch to return
      to its normal position. Thus, it will be seen that during the exposure of
      the copy paper on the exposure belt 289, the chain 396 is not moving and
      the exposure belt 289 is held in a stationary position with the copy paper
      in registration with the projected image from the microfiche. Also, since
      the timer TM times out, the lamp 141 is de-energized so as to prevent over
      exposure of the copy paper.
PAR  As the chain 396 continues to move, the exposure belt 289 is again moved to
      cause the exposed copy paper to be fed through the toner in the tray 251
      of the developing unit 119 and into engagement with the squeegee rolls 300
      of the discharge roll assembly 284 to develop the latent image on the copy
      paper. It will also be noted that the drive chain 396 is rotating the
      rolls 300 together so as to force the copy paper out of the machine
      through the discharge slot 42 and cover 41. The squeegee rolls 300 are of
      such construction that the excess toner will be squeezed from the
      developed copy. Also, the heated air discharged from the box 125 of the
      light source assembly 110 is directed onto the paper to heat and dry same.
      When the developed copy has been discharged, the chain 396 has again
      reached the position shown in FIG. 3 where the stop cam 401 again engages
      the actuator arm 412 of the switches 410 and 411 to transfer them back to
      their initial position. This completes the cycle of the machine.
PAR  While the chain 396 is moving the copy through the developing unit 119 and
      out between the rolls 300, the drive pin 405 engages the lower flanges 430
      and 431 on the driving arm 238 and moves the reflector assembly 222 back
      to its viewing position. Also, the pin 405 has moved past the drive arm
      350 of the knife assembly 305 to move the arm 350 down to its cocked
      position as seen in FIG. 3 ready for the next printing operation.
PAC  MICROFILM CONVERSION
PAR  For using the machine 10 with roll type microfilm, a microfilm conversion
      unit 600 is provided as seen in FIG. 29. The conversion unit 600 replaces
      the paper exit cover 41 of the machine cover 21, the light source assembly
      110 and the focusing lens assembly 162 of the projection unit 111. The
      above enumerated units are removed from the machine prior to the
      installation of the conversion unit 600. Also, the carrier assembly 18 is
      removed prior to the mounting of the conversion unit 600.
PAR  It will be seen that the conversion unit 600 conforms in external
      appearance generally to the configuration of the paper exit cover 41 and
      is provided with a paper exit slot 602 corresponding to the paper exit
      slot 42 in the cover 41. The upper rear edge of the unit 600 is provided
      with an upstanding bracket 601 adapted to conform with and engage the
      front race flange 442 of the race 441 mounted in the slot 44 of the
      machine frame 20. The lower edges of the conversion unit 600 are adapted
      to sit within the bottom channel 32 on opposite sides of the machine frame
      20 similarly to the paper exit cover 41. Thus, it will be seen that the
      conversion unit 600 is mounted on the machine by placing the upstanding
      mounting bracket 602 behind the race 442 and placing the lower outside
      edges of the unit 600 within the botton channels 32. The unit 600 defines
      a substantially horizontally oriented working surface 604 on which the
      microfilm drive mechanism 605 is mounted.
PAR  The microfilm drive mechanism is of the reversing and variable speed type
      as is conventional in the microfilm reader-printer art with take-up and
      play-out reels 606 and 608 between which the rolls of microfilm 609 is
      mounted. An appropriate control 610 is provided which allows the direction
      of movement of the microfilm between the reels 606 and 608 to be
      selectively changed as well as the rate at which the transfer is taking
      place to be changed. The microfilm 609 passes through a guide assembly
      (not shown) as is known in the art for selectively positioning the roll of
      microfilm 609 for projection of the visual image thereon onto the screen
      49 of the machine.
PAR  A light source assembly 620 is mounted forwardly of the film guide of the
      machine and has a construction similar to the construction of the light
      source assembly 110. A duct 621 is associated to the light source assembly
      620 to connect the cooling air from the duct 235 into the light source
      assembly 620 to cool same. The heated air exiting from the light source
      assembly 620 may be directed downwardly onto the developed copy paper to
      dry same in a manner similar to that previously disclosed for the light
      source assembly 110.
PAR  A projection assembly 630 is mounted behind the film guide for focusing and
      orienting the projected image from the roll of microfilm similarly to the
      projection unit 111. An appropriate prism 631 is provided behind and
      aligned with both the projection unit 630 and the aperture 161 in the
      platform 160 in the machine so that the projected image is deflected from
      a rearwardly oriented path upwardly through the aperture 161 along the
      path P as set forth previously. Thus, because the paper exit cover 41, the
      light source assembly 110, the lens assembly 162 and the carriage assembly
      18 can be easily removed from the machine 10 and the conversion unit 600
      substituted therefor, the machine 10 can be easily converted from a
      machine for reading and printing microfiche to a machine for reading and
      printed roll microfilm.
PAC  ALTERNATE EMBODIMENT OF TIME DELAY MEANS
PAR  Referring now to FIGS. 30 and 31, an alternate form of the exposure time
      delay means for the machine is illustrated. The time delay means 700 is
      mechanical rather than electrical as disclosed in the first embodiment of
      the invention. The means 700 includes the main drive chain 396 which
      passes around the sprockets as enumerated in the first embodiment of the
      invention. It will be noted, however, that the sprockets 381 and 394 over
      which the endless chain 396 passes are idler sprockets rotatably mounted
      on the support shafts of the upper and lower belt drive rolls 288 of the
      assembly 282 so as to be moved independently of the rolls 288. Mounted
      outboard of and immediately adjacent the lower sprocket 394 is a drive
      sprocket 701 which is pinned to the support shaft of the lower belt drive
      roll 288 for rotating same. Transfer sprockets 702 are pinned to the
      support shafts of the upper and lower belt drive rolls 288 behind sprocket
      381 and 394 and a transfer chain 704 connects these sprockets so that when
      the lower drive roll 288 is rotated, the upper drive roll 288 will be
      correspondingly rotated.
PAR  Mounted on the main drive 396 on the outside thereof is a conveyor belt
      drive chain 705 which has a finite length slightly shorter than the length
      of the main drive chain 396 as seen in FIG. 31. The chaim 705 is mounted
      on the chain 396 in such a manner that they move as a single unit. The
      chain 705 is positioned on the chain 396 so as to leave a space 706
      between the ends thereof at point Y on the main drive chain 396. The space
      706 has a length x such that when point Y on the main drive chain reaches
      the position corresponding to that position at which point E on the
      original drive chain 396 reaches the registration switch 414, the chain
      705 will disengage the drive sprocket 701 mounted on the support shaft of
      the lower belt drive roll 288 to stop the movement of the conveyor belt
      289 for exposure. The space 706 is selected so that the conveyor belt 289
      will be stopped for an average exposure time for the copy paper on the
      upper flight of the belt 289. An appropriate control (not shown) may be
      provided which is connected to the lamp 141 to vary the intensity of the
      light from lamp 141 to provide a fine adjustment for the correct exposure
      of the copy paper. Thus, the belt 289 will be stopped for a prescribed
      period of time and will then be re-engaged by the chain 705 to continue
      the movement of the copy paper through the machine.
PAR  The secondary link chain 398 is mounted outboard of the chain 705 and the
      drive sprocket 384 which is engaged by the chain 398 is appropriately
      moved on the support shaft of the paper feed roll to accommodate this
      change in the flexible transfer member 375.
PAR  It is also understood that the original time delay means embodied in the
      timer TM may be changed so that the time delay is constant and the light
      intensity may be varied to obtain the proper exposure of the copy paper on
      the exposure belt 289.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cassette for holding a roll of flexible material comprising:
PA1  a tubular member having the roll of material wound therearound;
PA1  a housing defining a chamber therein and including mounting means for
      rotatably mounting said tubular member with said roll of material thereon
      within said chamber, said housing further defining an opening therethrough
      for discharge of a layer of material from said roll of material
      therethrough; said mounting means including an annular flange adapted to
      fit within said tubular member for rotatably supporting same, said annular
      flange defining a plurality of cutouts therethrough positioned within said
      tubular member; and,
PA1  braking means including a resilient member comprising an arcuate central
      bearing portion having opposite ends and a pair of side bearing portions
      resiliently connected to the opposite ends of said central bearing
      portion, said central bearing portion and each of said side bearing
      portions extending through and urged outwardly through said cutouts by the
      resiliency of said member to engage said tubular member for exerting
      forces on said tubular member resisting rotation of said tubular member.
NUM  2.
PAR  2. The cassette of claim 1 wherein said housing includes a plurality of
      components and locking means for selectively connecting said components to
      form said housing, said locking means being destroyed upon disassembly of
      said components.
NUM  3.
PAR  3. The cassette of claim 2 wherein said components include a main cylinder
      and an end cap, said main cylinder comprising a tubular side wall defining
      said opening along the length thereof and an end wall closing one end of
      said tubular side wall, and said end cap being adapted to selectively
      close the opposite end of said side wall; and wherein said locking means
      includes a plurality of locks on said opposite end of said tubular side
      wall and a plurality of retainers on said end cap, said locks and
      retainers co-operating to selectively connect said end cap to said side
      wall upon assembly of said end cap and said main cylinder and designed to
      be destroyed upon disassembly of said end cap and said main cylinder.
NUM  4.
PAR  4. The cassette of claim 3 wherein each of said locks has a trailing end,
      and defines an outwardly tapering surface toward the trailing end thereof
      and a locking surface at the trailing end thereof; and wherein each of
      said retainers defines an inwardly tapered surface toward the trailing end
      thereof and a retaining surface at the trailing end thereof, said tapering
      surfaces of said locks and said retainers adapted to engage each other and
      deflect said locks and retainers with respect to each other as said end
      cap and said opposite end of said side wall are moved toward each other to
      allow said locks and said retainers to pass by each other and said locking
      and trailing surfaces to engage each other, said locking and engaging
      surfaces arranged to cause said locks and retainers to be destroyed if
      said end cap and main cylinder are forced apart.
NUM  5.
PAR  5. The cassette of claim 1 wherein said central bearing portion and each of
      said side bearing portions of said resilient member have a convex arcuate
      shape; wherein each of said side bearing portions has opposite ends; and
      wherein said resilient member further includes a pair of camming portions
      having a concave arcuate shape integrally connecting the opposite ends of
      said central portion to one of the ends of said side bearing portions, and
      a pair of camming prongs connected to the ends of said side bearing
      portions opposite said camming portions, said camming prongs being
      unconnected so that said side bearing portions may be forced toward each
      other.
NUM  6.
PAR  6. A cassette for holding a roll of flexible material comprising:
PA1  a tubular member having the roll of material wound therearound; and,
PA1  a housing defining a chamber therein in which said tubular member with said
      roll of material thereon is rotatably mounted, said housing comprising:
PA2  a main cylinder having a longitudinal centerline comprising a resilient
      tubular side wall having opposed ends, opposed sides, a prescribed first
      mean diameter and a first prescribed thickness; concentric about said
      centerline; and, an end wall generally normal to said centerline closing
      one end of said side wall, the opposed open end of said side wall opposite
      said end wall oriented generally normal to said centerline, said side wall
      including a plurality of locks thereon circumferentially spaced about said
      side wall adjacent said opposed end and projecting outwardly from one side
      of said side wall, each of said locks having a leading end and a trailing
      end, and defining a leading tapering surface angled outwardly from one
      side of said side wall from the leading end of said lock toward the
      trailing end of said lock and a trailing locking surface at the trailing
      end of said lock oriented generally normal to said centerline, each of
      said locking surfaces located a first prescribed distance from said
      opposed open end of said side wall, said side wall further defining an
      undercut in that side of said side wall opposite each of said locks to
      form a thinned portion in said side wall directly aligned with each of
      said locks;
PA2  an end cap having a central axis adapted to selectively close said opposed
      open end of said side wall of said main cylinder, said end cap including a
      circular central plate; an annular abuttment carried by the circumference
      of said central plate, said annular abuttment defining an annular groove
      therein concentric about said central axis, said groove having a second
      prescribed mean diameter substantially equal to said first mean diameter,
      a bottom, and a width sufficiently wide to slidably receive said opposed
      open end of said side wall therein; a support lip integral with said
      abuttment, said support lip having a side surface forming a continuation
      of one side of said groove and overlying said locks adjacent said opposed
      open end of said side wall when said opposed open end of said side wall is
      slidably received in said groove; and a plurality of retainers on said
      side surface of said support lip corresponding in number and location to
      said locks on said side wall and in opposition thereto, each of said
      retainers having a leading end and a trailing end and defining a leading
      deflection tapering surface angled outwardly from said side surface of
      said support lip from the leading end to the trailing end of said retainer
      and a trailing retaining surface at the trailing end of said retainer
      oriented generally normal to said central axis, said retaining surface
      located said first prescribed distance from the bottom of said groove so
      that when said opposed open end of said side wall is slidably received in
      said groove said retaining surface of each of said retainers engages said
      locking surface of one of said locks to maintain said opposed open end of
      said side wall within said groove; and,
PA2  locating means for maintaining alignment between said locks and retainers
      so that said leading surface on each of said locks engages said leading
      deflecting surface on one of said retainers to cause said locks to be
      deflected inwardly sufficiently to allow said locks to pass said retainers
      as said opposed open end of said side wall is forced into said groove in
      said end cap with said centerline of said main cylinder coaxial with said
      central axis of said end cap by flexing said side wall at said undercuts,
      said undercuts weakening said side wall sufficiently to cause said side
      wall to fracture at said undercuts wnen said opposed open end of said side
      wall is forced out of said groove to urge said retaining surfaces against
      said locking surfaces.
NUM  7.
PAR  7. The cassette of claim 6 further comprising mounting means for rotatably
      mounting said tubular member, said mounting means including an annular
      flange adapted to fit within said tubular member for rotatably supporting
      same, said annular flange defining a plurality of cutouts therethrough
      positioned within said tubular member, and braking means including a
      resilient member comprising a central bearing portion having opposite ends
      and a pair of side bearing portions resiliently connected to opposite ends
      of said central bearing portion, said central bearing portion and each of
      said side bearing portions resiliently extending through said cutouts to
      engage said tubular member for exerting forces on said tubular member
      resisting rotation of said tubular member.
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ABST
PAL  The invention relates to control of the cut end of a fabric web during
      batching and doffing thereof to provide positive engagement of the cut end
      with a new mandrel after cutting.
PAL  Included herewith is a tucking mechanism rotatable into and out of
      engagement with the bite between a winding roll and an empty mandrel which
      provides simultaneously positive pressure against the web during the first
      several windings on the empty mandrel with tucking engagement of the loose
      end of the web into the bite. The tucking mechanism includes a transverse
      bar receiving a plurality of reversible holders which are displaceable
      along the transverse bar for accommodating different widths of fabric. The
      holders contain opposed tucking feelers of different lengths for differing
      fabric characteristics.
PARN
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 348,068, filed Apr. 5, 1973 now U.S. Patent 3,875,624.
BSUM
PAR  In the processing and finishing treatment of tubular knitted fabric, it is
      conventional practice to direct the tubular fabric over an internal
      spreading device. This distends the fabric laterally to a predetermined
      uniform width. While the fabric is held in this condition, it is steamed
      to relax the fibers and enable the fabric to readjust to the laterally
      distended, geometrically uniform condition. The fabric then tends to
      retain this condition as it is delivered off of the spreading device. The
      thus treated fabric may then be passed between a pair of calender rolls,
      and subsequently gathered in a convenient manner, as by folding or
      gathering into a roll.
PAR  At the discharge end, the system may include a folder or roll-up batcher.
      This invention relates to an improved form of roll-up batcher, which
      minimizes shutdown or slowdown intervals when a completed roll is removed
      and a new roll is started. To this end, the roll-up batcher mechanism
      provides an increased degree of automation in the cutoff and restarting
      procedures. The invention includes an improved tucking mechanism during
      this cutoff and restarting procedure which provides for increased positive
      engagement of the cut loose end of web with a new empty mandrel for
      continued winding and batching. The arrangement is such that an operator,
      stationed at the discharge end of the machine, need merely initiate a roll
      removal operation, after which fabric cutoff and the restarting of another
      batch roll takes place rapidly and without further operator intervention.
      This has desirable safety aspects, as well as providing for higher
      production by shortening the change-over interval.
PAR  For a better understanding of the above and other features of the
      invention, reference should be made to the following detailed description
      of a preferred embodiment and to the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B, taken together, constitute a side elevational view of
      apparatus embodying and for practicing the invention.
PAR  FIG. 2 is a back elevational view of a fabric infeed stand utilized in the
      apparatus of FIG. 1A-1B, as viewed generally at line 2--2 of FIG. 1B.
PAR  FIG. 3 is a top plan view of a portion of the apparatus of FIGS. 1A and 1B,
      illustrating details of the spreader frame and edge drive arrangements
      therefor.
PAR  FIGS. 4 and 5 are enlarged, fragmentary top plan views illustrating details
      of edge drive pressure control means utilized in the apparatus of the
      invention.
PAR  FIG. 6 is an enlarged, fragmentary cross-sectional view taken generally on
      line 6--6 of FIG. 3.
PAR  FIG. 7 is an enlarged, fragmentary view, partly in section, illustrating
      structural details of the discharge end of the apparatus of FIG. 1A-1B.
PAR  FIG. 8 is a fragmentary back elevational view of the apparatus of FIG.
      1A-1B, as viewed generally at line 8--8 of FIG. 7.
PAR  FIG. 9 is an enlarged side elevational view of the tucking mechanism of the
      invention.
PAR  FIG. 10 is a top plan view of the tucking mechanism of the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings and initially to FIGS. 1A-1B, the reference
      numeral 10 applies generally to a fabric-feeding stage, which supports a
      supply 11 of unfinished, tubular knitted fabric 12. In the illustration,
      the supply 11 is in the form of a roll, although it could as well be a
      truck or other supply container. The fabric 12 is delivered by the supply
      section to a spreading or distending section 13, where the fabric is
      initially distended to a predetermined uniform width and arranged in a
      flat, two-layered form. The fabric then passes through a steaming section
      14, while still in its distended condition, and it is there subjected to
      the action of jets of steam to warm and moisten the fibers of the fabric.
PAR  In the illustrated system, the fabric being discharged from the spreading
      section 13 passes through a calendering section 15 comprising essentially
      a pair of nip rolls, which may be in pressure-bearing relation or not,
      depending on the desired finishing procedure. The thus-finished fabric
      advances to a gathering section 16, where it is accumulated in a
      convenient manner and in batches of convenient size and weight. In the
      illustrated arrangement, the gathering section comprises a roll-up
      batcher, arranged to collect the fabric in the form of a roll, and to
      sever the fabric and deliver a roll of finished material of predetermined
      length or weight and of uniform width.
PAR  Referring more particularly to FIG. 1B, the supply section 10 of the
      apparatus includes an appropriate frame structure 17 arranged to rotatably
      support a supply roll 11 by means of arms 18. The arms 18, which normally
      are supported in operative positions by latch arms 20, are arranged to be
      folded in close to the frame 17, about pivots 19, to accommodate other
      forms of fabric supplies, such as containers.
PAR  Supply fabric 12 leaving the roll 11 advantageously is first directed
      upwardly about an idler roll 21, and then downwardly underneath and around
      a second idler roller 22. This provides a broad expanse of cloth
      conveniently accessible for visual inspection by the machine operator.
PAR  In the illustrated system, the supply fabric 12, after passing the idler
      roller 22, is guided over and around a driven feed roller 23. In
      accordance with well known principles, the feed roller 23 may be provided
      with a high friction surface so as to have a suitable frictional
      engagement on the fabric surface. After passing around the feed roller,
      the fabric travels downwardly, under and around a floating control roller
      24 and thence upwardly and around an idler roll 25. As will be observed,
      the geometric relationship of the several rollers 22-24 provides for the
      fabric to be in contact with the feed roller 23, over a substantial arc of
      its circumference for good feeding contact.
PAR  In the illustrated apparatus, the feed roller 23 is driven by a chain 26
      from a variable speed electric motor 27. The operating speed of the motor
      27 is controlled by a rotary control device 28, which senses the vertical
      position of the floating roller 24 to effect an increase in motor speed,
      as the floating roller tends to rise, and to effect a slowdown of the
      motor if the floating roller tends to move to a lower position. This
      provides a constantly modulating speed control over the infeeding of the
      fabric.
PAR  With reference to FIG. 2, the floating roller 24 is shown to be supported
      at its opposite end by chains 29 trained over sprockets 29a affixed to
      opposite ends of an equalizer shaft 30. The chains 29 also support
      counterweights 31, which are intended to provide a substantially neutral
      couterbalance to the entire floating roll mechanism. The end extremities
      of the shaft 32 of the floating roll are guided in a vertical slot 33
      (FIG. 1B) which confines the movement of the floating roll and guides it
      in a vertical plane.
PAR  To provide a controlled downward weight bias on the floating roller 24, a
      rod 34 is pivoted at 35, at one side of the supply stand, and is connected
      at the other end to one side of the floating roll shaft 32 by means of a
      pivoted connecting link 35a. The rod 34 carries one or more slideably
      adjustable control weights 36, which may be moved toward and away from the
      pivot point 35 to adjust the effective weight applied to the floating
      roll. In this connection, although the adjustable weight is applied at one
      side only, its effect is balanced because of the equalizer shaft 30. A
      suitable chain and sprocket arrangement, generally designated by the
      numeral 37, connects the equalizer shaft 30 to the rotary control device
      28, so that a positive relationship is maintained between the vertical
      position of the floating roll and the rotary position of the control
      device 28. The rotary control device does not significantly alter the
      forces balancing the floating control roller 24, so that the fabric
      supplied from the feeding device of FIG. 1B is at all times under a
      substantially uniform tension, which is maintained at the lowest
      practicable amount.
PAR  Suitable limit switch means (not shown) may be provided to shut down the
      entire line in the event that the floating roller 24 would move to either
      the upper or lower limit of travel provided by the slot 33, reflecting a
      malfunction of the system at some stage. In addition, it is desirable to
      support the initial idler roll 21 to accommodate a limited downward
      movement in response to excessive tension in the fabric leading from the
      supply. Such movement is utilized to trip a safety switch 21a, to shut
      down the entire line.
PAR  Referring now to FIGS. 1A and 3, the numeral 40 designates a frame
      structure for the processing section which supports the edge drive rolls,
      the steamer and the calender rolls. At the upstream or entry side of frame
      40 there are provided brackets 41, which support a pair of guide rods 42,
      43 extending transversely across the machine frame. The guide rods support
      a pair of edge drive roll carriages 44, 45, on which are supported, for
      rotation about vertical axes, a pair of edge drive rolls 46, 47.
PAR  A square or splined shaft 48 is journalled in the brackets 41, extends
      through the carriages 44, 45 and mounts a sprocket 49 at one end. The
      square shaft 48 is driven by a chain 50 from an adjustable speed motor 51.
      The speed of the motor 51 is controlled by the machine operator, using
      conventional controls (not specifically illustrated) such that adjusted
      speed of the edge drive rolls constitutes the basic machine speed of the
      system, and all other speed fuctions are appropriately related thereto. By
      way of example, the operational speed of the infeed station 10
      automatically is related to the adjusted speed of the edge drive rolls by
      means of the modulating control of the floating roller 24, which
      continually senses the rate at which the fabric is being demanded by the
      edge drive rolls 46, 47.
PAR  Positioned between the edge drive rolls 46, 47 is a spreader frame
      designated by the reference numeral 52. This spreader frame typically
      includes a pair of frame sections 53, 54 extending longitudinally in
      spaced relation, and an adjusting bar 55, which connects the two frame
      sections, advantageously in the region of the edge drive rolls, and holds
      them at a predetermined width dictated by the fabric processing
      requirements.
PAR  When the equipment is to be operated as a tensionless calender (see Cohn,
      et al. United States Pats. Nos. 2,589,344 and 2,589,345, for example), the
      spreader frame 52 includes a pair of upstream propeller belts 56, and a
      pair of downstream propeller belts 57, guided by a plurality of rollers
      58, so as to have longitudinally extending portions exposed at the outer
      edge extremities of the spreader frame for engagement with the internal
      edges of a length of tubular knitted fabric distended over the frame.
PAR  The respective pairs of belts 56, 57 are trained over drive pulleys 59, 60
      located in the mid-region of the spreader frame. The drive pulleys are
      arranged to be positioned in straddling relation to the edge drive rolls
      46, 47 and to contact the rolls through an interposed wall of fabric.
      Thus, when the edge drive rolls are rotated by the square drive shaft 48,
      the respective propeller belts 56, 57 are driven by the pulleys 59, 60. By
      appropriate design of the pulleys 59, 60, the upstream belts 56 are caused
      to operate at a slightly higher rate of speed than the downstream belts
      57, so that the tubular knitted fabric is slightly "overfed" onto the
      downstream belts. This accommodates lengthwise relaxation of the fabric.
PAR  The two-stage spreader can also be arranged to underfeed the fabric from
      the first to the second stage, if desired. Where the equipment is to be
      operated as a so-called straight line calender, the spreader frame may
      employ a single pair of belts arranged to convey the fabric at constant
      speed over the full length of the spreader.
PAR  Proper entry of the unprocessed tubular knitted fabric 12 onto the spreader
      frame is promoted by an entry end guide bar assembly 61. The guide bar
      assembly includes at each side a rod section 62 which is received in a
      pivotable socket 63 carried at the upstream extremity of the spreader
      frame. The rod sections 62 are connected to second rod sections 64 by
      short springs 65, which accommodate bending action between the first and
      second rod sections. The respective rod sections 64 are in turn connected
      together by a spring 66, which likewise accommodates bending action
      between those rod sections. The entire assembly is covered by a section of
      plastic tubing 67, so that the incoming fabric freely slides over the
      guide bar and is advanced to the propeller belt sections of the spreader
      frame. The described construction of the entry guide bar assembly is
      advantageous in that it accommodates substantial variation in the spacing
      of the spreader frame sections 53, 54 by the bending action of the springs
      65, 66 and the pivoting movement of the sockets 63.
PAR  Transverse adjustment of the edge drive roll carriages 44, 45 is effected
      by means of a threaded shaft 70, which is reversely threaded at opposite
      ends so as to effect simultaneous and equal inward or outward movement of
      the respective carriages 44, 45 upon rotation. In accordance with the
      invention, the threaded shaft 70 is not directly threadedly connected to
      the carriages 44, 45. Rather, there are provided drive nuts 71, 72 which
      have threaded engagement with the shaft 70 and which are connected to the
      respective carriages 44, 45 through a plurality of bolts 73 and
      compression springs 74. The springs 74 normally are precompressed so as to
      urge the carriages away from the drive nuts, in a transversely inward
      direction, until the bolt heads 75 are seated against the outer surfaces
      of the drive nuts.
PAR  For driving the threaded shaft 70, there is advantageously provided a
      stallable drive motor, such as a stall-torque electric motor or, more
      preferably, a low torque air motor 76. The air motor 76 is actuated by
      means of a reversing valve 77 and a variable pressure regulator valve 78.
      Thus, when the valve 77 is actuated to advance the edge drive roll
      carriages 44, 45 in a closing direction, it will continue to operate until
      the edge drive rolls have engaged the spreader frame 52 through the fabric
      walls, and the threaded shaft 70 has met with sufficient resistance to
      further rotation to cause the air motor 76 to stall out. The amount of
      torque resistance required to effect such stalling is controlled by the
      variable pressure regulator 78.
PAR  A substantial advantage is realized in actuating the carriages 44 or 45
      through the compressible springs 74 rather than directly from the threaded
      shaft 70, in that inertia effects of the closing movement can be to a
      large extent absorbed by a slight amount of compression in the springs.
      Likewise, minor irregularities in the fabric can be accommodated between
      the spreader frame and the edge drive roll by slight compression of the
      springs, without significantly increasing the momentary edge pressure of
      the fabric. To even greater advantage, it is feasible to provide a great
      degree of operator control over fabric edge pressure by providing a
      calibrated indicating device to reflect the amount of compression in the
      springs 74. Thus, as shown in FIG. 5, the drive nut 71 may be provided
      with a series of calibrating marks 79 associated with a fixed mark 80
      carried by an indicator bracket 81 extending from the carriage 44. When
      the edge drive rolls are advanced into position, the spring 74 will be
      compressed a predetermined amount before the motor 76 stalls out. The
      extent of the spring compression will be reflected by the relationship of
      the calibration marks 79, 80 and this will accurately reflect the amount
      of the edge pressure on the fabric. The machine operator may then easily
      adjust the pressure regulating valve 78 to achieve a desired degree of
      edge pressure as reflected by the calibrating marks.
PAR  On occasion, the incoming fabric 12 may tend to jam at the upper extremity
      of the spreader frame (as, for example, if the fabric were badly twisted
      or torn). In such cases, the driving forces on the fabric may dislodge the
      spreader frame with the potential of causing considerable damage to the
      equipment. This eventuality is effectively prevented by providing a safety
      limit switch 82, mounted on one of the carriages 45 (FIG. 4) by means of a
      suitable bracket 83. The safety switch 82 cooperates with an actuating arm
      84 carried by the associated drive nut 72. One or both of the switch and
      actuating lever 82, 83 are positioned to provide for the switch to be in a
      "deactuated" condition during normal operations of the equipment. However,
      should the fabric 12 snag at the entry end of the spreader frame,
      dislodging the spreader frame, the edge drive roll cases will be moved
      quickly inward by the springs 74, causing the switch 82 to be actuated. By
      appropriate circuit arrangement (not shown but readily providable by
      persons skilled in the art) actuating of the safety switch 82 immediately
      shuts down the entire line for correction of the malfunction.
PAR  As will be appreciated, when the edge drive rolls 46 and 47 are withdrawn
      from the spreader frame, the frame will drop downward unless independently
      supported. Normally, the downstream extremity 85 of the spreader frame
      extends at least slightly between the rolls 86, 87 of the calendering
      stage, so that some support is provided for this end of the frame. For
      support of the upstream end of the frame, it is advantageous to provide a
      support bar 88 which is pivotally mounted on the machine frame by swing
      arms 89. Normally, the bar 88 rests in a position spaced below the
      spreader frame, to be out of contact with the fabric passing thereover.
      However, in preparation for separating the edge drive rolls and releasing
      the frame, the support bar 88 is swung to its upward position, shown in
      phantom lines in FIG. 1A, and secured by a latch 90.
PAR  The system incorporates a new and improved steaming facility which is the
      subject of copending application Ser. No. 355,401, filed Apr. 30, 1973,
      entitled "High Production Steamer". This steamer, generally designated by
      the numeral 14 in FIG. 1A, is described in detail in said copending
      application and reference thereto may be made for supplemental
      information. In general, the steaming apparatus 14 includes a pair of
      dripless steam boxes 91, 92 extending transversely across the width of the
      fabric above and below the plane of the spreader 52. The construction of
      these steam boxes may be substantially in accordance with the S. Cohn, et
      al. U.S. Pat. No. 2,602,314, granted July 8, 1952.
PAR  As reflected in FIG. 6, the steam boxes 91, 92 may be of similar
      construction, although reversely oriented, to provide pairs of
      transversely extending steam discharge slots 93. Perforated steam inlet
      pipes 94 extend across the width of the steam boxes and are arranged to
      discharge steam toward the closed side of a U-shaped channel 95. Flanged
      lips 96 of the channel extend toward the steam pipes and provide for the
      egress of steam into the main chamber of the steam box formed by an outer
      casing 97. In the case of the upper steam box 91, condensate is collected
      in the bottom of the channel 95, draining through an end opening 98 and
      eventually being extracted through an outlet pipe 99. In the case of the
      lower steam box, condensate is collected in troughs formed by the flange
      lips 96, enabling the condensate to be drained toward the ends of the
      steam box and eventually to be extracted through an outlet pipe 100. The
      outer housing 97 has flanged lips 101 which extend alongside the outer
      walls of the interior channel 95, to provide narrow, vertically extending
      slots 93 for the discharge of steam to the outside. The configuration of
      these slots 93 is such that steam condensate in the outer casing 97 of the
      upper box is collected in troughs 102 and eventually drained through
      outlet pipe 99.
PAR  The arrangement of the steam boxes is such as to enable steam to be
      discharged in full width jets across the width of the fabric both from
      above and from below the plane of the fabric. At the same time, condensate
      formed internally of the steam boxes is trapped and prevented from
      dripping on the fabric to cause spotting or staining. Desirably, at least
      the upper steam box 91 is provided with thermal insulation 103.
PAR  The steam boxes 91, 92 are surrounded and substantially enclosed by a steam
      chamber 104. The chamber 104 includes an insulated upper wall 105
      extending over the top of the upper steam box 91, and insulated upper side
      walls 106, 107 extending downward at an angle and terminating
      approximately at the level of the bottom of the steam box 91. The chamber
      also includes a bottom wall 108 disposed below the lower steam box 92,
      bottom side walls 109 and 110 extending upward at an angle from the bottom
      wall, and side wall extensions 111, 112 extending more or less vertically
      upward from the upper extremities of the bottom side walls and terminating
      approximately at the level of the top of the lower steam box 92. End walls
      113 connect the upper wall structure with the lower wall structure and
      form therewith a substantially totally enclosed steam chamber having
      narrow transverse openings 114, 115 to accommodate the spreader frame and
      the distended fabric being conveyed by the frame. Desirably, flexible
      seals 116, 117 are provided at the openings arranged to conform to the
      operatively positioned spreader frame to substantially close off the
      openings 114, 115 while permitting the free passage of the tubular knitted
      fabric through the chamber. Typically, the flexible seals may take the
      form of soft brushes or the like. In this respect, highly effective
      sealing is not a requirement of the elements 116, 117, but some closure
      facility is preferred to guide and confine the flow of steam and air
      within and about the chamber.
PAR  As will be readily apparent in FIGS. 1A and 3, the "width" dimension of the
      steam chamber 104 -- that is in the longitudinal direction of fabric
      movement -- is substantially less than the length of the spreader frame
      52. In the illustrated system, the upstream-to-downstream dimension of the
      steam chamber is considerably less than the length of the second or
      downstream stage of the spreader frame, and is also considerably less than
      the transverse dimension or "length" of the chamber.
PAR  As reflected in FIG. 6, the steam chamber 104 includes a baffle plate 120,
      having a portion extending underneath the lower steam box 92, and flanges
      121 extending upwardly and outwardly from the bottom portion. The baffle
      plate 120 is mounted by means of spacer posts 122 in spaced relation with
      the bottom wall 108 and bottom side walls 109, 110 of the steam chamber.
      The baffle plate 120 extends substantially to the end walls 113 of the
      steam chamber, but its flanges 121 are spaced away from the vertical side
      walls 111, 112 of the chamber so as to form large, transversely elongated
      passage openings 123 on opposite sides of the lower steam box 92.
PAR  An exhaust duct 124 is connected to the bottom wall 108 of the steam
      chamber so as to be in communication with the flow passage formed between
      the baffle 120 and the adjacent walls of the chamber. The exhaust duct is
      connected by suitable tubing 125 to the intake of an exhaust fan 126
      arranged to direct the exhaust materials to an appropriate discharge
      point.
PAR  As will be understood from the illustration of FIG. 6, the exhaust duct 124
      provides for a downdraft exhaust flow of the steam atmosphere contained in
      the chamber 104. Thus, steam issued in high velocity jets from the narrow
      openings 93 impinges directly on the fabric passing through the chamber,
      disperses into the chamber at large, and then is quickly drawn downwardly
      through the passages 123 and exhausted through the duct 124. This
      arrangement of conventional steam boxes, closely confined within a steam
      chamber of limited volume in relation to the steam boxes and provided with
      a highly effective exhaust facility, enables the rate of application of
      steam from the steam boxes to be greatly increased without undesirably
      affecting the processing operation. More importantly, it increases
      significantly the rate at which the fabric may be processed to a desired
      moisture content. Thus, high quality processing may be achieved at up to
      four times the rates possible with conventional apparatus.
PAR  Most advantageously, the capacity of the exhaust blower 126 is so related
      to the rate of input of steam into the chamber 104 as to maintain a
      substantially neutral to slightly positive pressure condition within the
      chamber, thereby preventing the excape of excessive amounts of steam from
      the chamber, while also preventing the inflow of undesirable amounts of
      fresh air.
PAR  After passing through the steam chamber 104, the fabric is directed through
      calendering rolls 86, 87, which may or may not be closed, depending upon
      the desired treatment to be imparted to the fabric. Where the fabric is to
      be calendered, the rolls 86, 87 are brought into closed, pressure-bearing
      relationship. To this end, the lower roll 87 may be journalled on a fixed
      axis in a bearing block 130, while the upper roll 86 may be journalled in
      a bearing block 131 arranged for vertical guided movement in a guide frame
      132. To advantage, appropriate spring means (not shown) are provided for
      biasing the movable bearings 131 and the upper calender roll 86 to an
      upward or open position. The calender roll may be moved downwardly, in
      opposition to the biasing springs, by means of fluid actuators 133 at each
      side, controlled by a pressure regulator 134. Thus, any degree of
      operating pressure may be applied to the nip of rolls 86, 87 by
      appropriate adjustment of the pressure regulator 134. In the illustrated
      arrangement, the lower calendering roll 87 is driven directly by an
      electric drive motor 135, through a chain 136. The upper calendering roll
      86 is driven in synchronism with the lower roller by means of idler
      pinions 137, 138 mounted on suitable linkages (not shown) or otherwise
      arranged to maintain a constantly meshing relationship while accommodating
      limited vertical movements of the upper roll 86.
PAR  The drive motor 135 for the calender rolls is speed adjustable relative to
      the main drive motor 51 for the edge drive rolls. Thus, as will be
      understood, any change in the speed of the edge drive rolls automatically
      will be reflected in the calender rolls, although the latter may be
      separately adjusted, typically to run at a controllably lower rate of
      speed than the edge drive rolls, to accommodate the overfeeding of the
      fabric where desired.
PAR  At the discharge end of the equipment, there is provided a batching stand
      140, which includes a roll-up batcher for the processed fabric, as well as
      fabric cutoff means and means for automatically or semi-automatically
      commencing the start of a new roll batch after fabric cutoff. To
      advantage, the batching stand may also include means for weighing the
      completed roll or batch, and also yardage counting means for recording the
      lengths of material in the successive batches.
PAR  Referring now to FIGS. 1A, 7 and 8, the batching stage includes a driven
      windup roller 141, which is journalled in the frame and is driven by a
      variable speed electric motor 142 by means of a chain 143 and suitable
      sprockets. The variable speed motor 142 is controllable in relation to the
      drive motor 135 for the calender rolls. Thus, as will be understood, any
      variation in calender roll speed automatically will be reflected by a
      corresponding speed change in the windup roll motor 142. In addition,
      however, the motor 142 may be adjusted to operate at a certain percentage
      of speed above or below the speed of the calender drive motor 135. The
      arrangement typically is such that the fabric 145 extending between the
      calendering stage 15 and the windup stage 16 is maintained under a very
      slight tension, sufficient to maintain the fabric under complete control
      without, however, introducing an excessive degree of longitudinal tension.
PAR  Pivotally mounted on the batching stand 140 is a support bracket 146,
      comprising a pair of support arms at each side of the machine, pivoted by
      a shaft 147 and secured together by suitable bracing (not shown) for
      movement in unison. The bracket 146 is operatively connected to a fluid
      actuator 152 for pivoting movement about an angle of almost 90 degrees,
      from the position shown in full lines in FIGS. 1A and 7, to the position
      shown in phantom lines in FIG. 7.
PAR  Secured to the bracket 146 are opposed pairs of mandrel guiding channels
      148 and 149. The channels 148 constitute the principal mandrel guides,
      while the channels 149 form a reservoir for a new mandrel, being provided
      with an upwardly opening slot 150 in which a new mandrel may be placed
      during the winding of a roll of fabric on a previous mandrel. In
      operation, a mandrel 151 of appropriate length and diameter is received in
      the main guide channel 148 and arranged to bear against fabric resting on
      the driven winding roll 141. After starting of the windup operations, by
      means to be described, the accumulating roll forces the mandrel 151
      radially away from the windup roll, urging it upward in the guide channels
      148, until the desired roll size has been reached, as reflected in FIG.
      1A. At that point, the actuator 152 is energized by means described below
      and extended to pivot bracket 146 in a counterclockwise direction, to a
      position in which the guide channels 148 are tilted slightly downward. The
      completed roll of fabric then readily rolls downhill, while still
      supported by the ends of the mandrel 151, until the mandrel ends drop into
      V-shaped receiving troughs 153 at the end of windup stand 140. When this
      pivoting action takes place, a new mandrel, held in the feeder channel
      149, rolls down and enters the main guide channel 148 behind the fully
      wound fabric roll and rests there, as reflected at 151a in FIG. 7. When
      the bracket 146 subsequently is pivoted clockwise back to its normal
      position, the new mandrel 151a slides down the main guide channel 148, to
      rest directly on the fabric passing over the winding roll 141.
PAR  A cutoff facility is provided on the downstream side of the winding
      station. This comprises a pair of transversely extending, opposed guide
      channels 160, 161 (FIG. 8) which serve to support and guide for transverse
      movement a cutter carriage 162. The carriage mounts a rotary cutting knife
      163 driven by an electric motor 64. The cutter carriage has a plurality of
      guide rollers 165 arranged to engage channels 160, 161 internally and
      accommodate the high speed travel of the cutter carriage across the full
      width of the machine. A drive cable 166 is connected to the carriage 162
      by means of a bracket 167. The drive cable passes around pulleys 168 at
      each side of the machine and is connected to a moving piston element 169
      within an elongated air actuator 170. When air is introduced into the left
      hand end of the actuator, as illustrated in FIG. 8, the cutter carriage is
      rapidly driven toward the left across the machine. When the cutter
      carriage engages a traverse limit switch 205 at the extremity of its
      movement, it energizes a carriage traverse timer 202. At the end of an
      adjustable delay period, as determined by timer 202, the air supply to the
      actuator 170 is reversed, and the cutter automatically returns to its
      starting position.
PAR  In this connection, timer 202 provides a sequence of signals through a
      plurality of lines connected thereto for the sequential control of a
      number of operations following cutoff and during the adjustable delay
      period of cutter carriage 162, as will be understood by practitioners in
      the art. Thus, after the predetermined adjustable dwell of cutter carriage
      162 following its actuation of limit switch 205, timer 202 signals an
      appropriate solenoid through line 210 for admitting air to the left hand
      side of piston 169 for returning cutter carriage 162 to its starting
      position. Typically, the cutter motor 164 is electrically driven and, for
      this purpose, a retractable power cord 172 extends from an automatic
      rewind device 173 secured at the side of the windup frame 140.
PAR  In typical operation of the equipment, when a fabric roll has achieved the
      desired size, the machine operator stations himself at the discharge end
      of the machine (left hand end, as viewed in FIG. 1A) to prepare for the
      cutoff and restarting operations. When he desires to remove the completed
      roll, the operator actuates a foot switch 180, which is accessible from
      his station at the end of the machine. This causes a signal to be sent to
      a speed reduction control 221 as through line 222. Speed reduction control
      221 is connected, in turn, to each of motors 142, 135 and 51 for
      selectively reducing speed or stopping the entire line momentarily for the
      web severing sequence to be described below. The actual connections
      between control 221 and each of the drive motors are not shown for
      clarity. At the same time, the fluid actuators 152 are energized through a
      connection (not shown) to foot switch 180 to pivot roll support brackets
      146 in a counterclockwise direction to the position shown in phantom lines
      in FIG. 7. The fabric roll will then tend to travel down the path formed
      by the downwardly inclined guide channels 148, but typically this movement
      is expedited by the operator manually gripping the exposed ends of the
      mandrel 151 (see FIG. 8) and drawing the completed roll toward the end of
      the machine. As the mandrel 151 reaches the end of the guide channel 148,
      it drops into the V-shaped receiving sockets 153 initiating further
      operations.
PAR  When the mandrel ends are in their receiving sockets, a switch 181
      associated with one of the sockets is actuated. The fluid actuator 152 is
      thereby reversed to swing the brackets 146 and guide channels 148
      clockwise back to their normal operating positions. After guide channels
      148 have returned, and thus cleared the path of the cutter assembly
      162-165, that movement trips a switch (not specifically illustrated) to
      energize traverse cylinder 170 and initiate a rapid cutting traverse of
      the cutter carriage. The tubular fabric will at this time be draped over
      the guide channels 160, 161 and the fabric thus will be severed by the
      cutter as it proceeds through its traverse, freeing the completed roll
      from the remainder of the fabric supply.
PAR  When the carriage reaches the end of its cutting stroke, it remains there,
      as described above, until timer 202 times out and initiates a return
      movement. During the short "dwell" of the carriage between cutting and
      return strokes, the cut end of the fabric is flipped over and restarted as
      a new roll, as will appear.
PAR  The entire cutter apparatus, including the carriage 162, its guide channels
      160, 161, and the related mechanisms is mounted on the arms of the
      pivotable bracket 146. As a result, when the bracket 146 is pivoted to
      discharge a wound roll, the entire cutter assembly pivots with the bracket
      and is thus temporarily retracted out of the way of the discharged roll.
      After the wound roll has been received in the sockets 153, the bracket 146
      is pivoted back to its upright position, returning the cutter assembly to
      its operative position and orientation. By providing for the momentary
      pivotal retraction of the cutter assembly during roll discharge, it is
      possible to locate the cutting system and the cutting line much higher and
      much closer to the winding roll 141 than would be possible otherwise. This
      has the important advantage of reducing to a practical minimum the length
      of the "tail" of fabric which is to be flipped back over the new mandrel
      to start a new roll. By keeping this tail very short, greater reliability
      and uniformity is achieved in the restarting of rolls. In addition, the
      improved arrangement better accommodates the winding and handling of rolls
      of relatively large diameter.
PAR  Upon return of the guide channels 148 to their upright position, the new
      mandrel 151a, having previously rolled into the channel 148, now rolls
      down onto the winding roller 141, where it engages the layer of fabric
      extending over the winding roller in preparation for winding a new roll.
      In the following moments, the cutter carriage 162, as it completes its
      cutting traverse, trips limit switch 205, initiating a further sequence of
      operations through the action of timer control 202. Thus, timer 202
      through line 208 signals solenoid 215 to actuate valve 213 admitting air
      under pressure to one end of a pair of reversible fluid actuated cylinders
      207. Only one cylinder 207 is shown in FIG. 7, but it will be understood
      that there is one cylinder 207 at each side of the apparatus. Cylinders
      207 are supported on vertical brackets 209 which are fixed on horizontal
      brace 219 which, in turn, is fixed to the frame of the machine.
PAR  Thus, the upper end of the piston rod of each of cylinders 207, as viewed
      in FIG. 7, has an air manifold pipe 190 affixed thereto. Manifold 190 has
      an elongated horizontal discharge slot 191, which is directed rearwardly.
      By initiation of timer 202, solenoid 215 actuates cylinders 207 for
      raising manifold 190 to its upward position shown in phantom lines in FIG.
      7. Because the tail end of the severed web 145 lies between cutter
      carriage 162 and windup roll 141, it is raised and partially folded
      backward by engagement with manifold 190. When air is supplied to this
      manifold 190 after it has reached its upper position and through a signal
      from timer control 202, the free cut end of the fabric is blown upwardly
      and rearwardly around the newly positioned mandrel 151, coming to rest on
      the upper surface of the fabric, on the upstream side of the mandrel 151
      as reflected at 192 in FIG. 7. The duration of the raised position and the
      air supply to pipe 190 advantageously is controlled by timer 202. The
      subject matter of the operation of air manifold 190 forms part of the
      invention disclosed and claimed in my copending Application Ser. No.
      494,517, filed simultaneously herewith Aug. 5, 1974.
PAR  In timed sequence with the action of manifold 190 above, a rotary actuator
      193 is energized by timer 202 through line 226 to pivot, in
      counterclockwise direction, a pair of tuck-in arms 194 (FIGS. 9 and 10).
      These arms, which are of L-shaped configuration, carry positioning rollers
      195 at their free ends, which are arranged to engage the end extremities
      of the newly positioned mandrel, to serve both as a position stop for the
      tuck-in arms 194 and momentarily to apply a controlled amount of pressure
      to the mandrel. Such momentary pressure helps to avoid slippage of the
      fabric on the driven winding roller 141 during the start-up of a winding
      sequence when there is little or no inherent weight to the newly started
      roll.
PAR  Secured to tuck-in arms 194, and extending across the width of the machine,
      is an L-shaped tuck-in bar 196. The tuck-in bar has a plurality of
      resilient tucking fingers 197 so positioned that, when the arms 194 are
      actuated to their counterclockwise limit positions, the fingers engage the
      loose upper flap 192 of the fabric, in the region of the bight between
      mandrel 151 and the winding roller 141, and cause a portion of the fabric
      to be tucked into this bight.
PAR  The construction of tuck-in arms 194 and tuck-in bar 196 are shown in
      detail in FIGS. 9 and 10. Thus, referring first to FIG. 9, rotary actuator
      193 is affixed to a supporting plate 243 by bolts 241 with plate 243
      affixed to frame 40. Journalled in rotary actuator 193 is shaft 230 which
      includes cam 219 for actuating switch 225, as described below. Bar 196 has
      a plurality of generally U-shaped feeler holders 231 disposed in spaced
      apart relation therealong. Holders 231 may be slid along the upstanding
      portion of bar 196 to accommodate different widths of fabric web. The
      number of holders 231 may be increased or decreased, again depending upon
      the width and characteristics of the fabric. That is, a heavier, stiffer
      fabric may require a larger number of feelers to properly engage and tuck
      the loose end 192 of web into the bight between mandrel 151 and roll 141.
PAR  Each holder 231, after it is positioned on bar 196, is affixed thereto by a
      pair of locking screws 233 (FIGS. 9 and 10). As will be apparent from FIG.
      9, each holder 231 cooperates with the lower horizontal portion of bar 196
      to engage and hold a feeler 197 firmly in place. Moreover, the generally
      U-shaped configuration of holder 231 allows for accommodation of a second
      set of shorter or longer feelers 197a which may be selected, again
      depending upon the nature of the fabric being processed. In this
      connection, each feeler 197 and 197a is initially affixed to holder 231 by
      some kind of connection such as screws 245.
PAR  Referring to FIG. 10, the construction for supporting bar 196 on spaced
      apart arms 194 may include an angle plate 237 affixed to each arm 194 by
      bolts 235. Bar 196 is connected at each end thereof to angle plates 237 by
      spacer 247 and bolts 239.
PAR  The feelers 197 and 197a may be comprised of any flexible metallic or
      plastic material. Preferably, however, they will be comprised of a
      metallic material impervious to oxidation from the aqueous environment in
      which they operate.
PAR  Thus, flexible feelers 197 or 197a, upon raising of arms 194, engage and
      push or tuck loose end 192 of the cut fabric web into the bite between
      mandrel 151 and roll 141 simultaneously with pressure application of
      rollers 195. The combination of this tucking, in cooperation with the
      controlled momentary pressure applied by positioning rollers 195, provides
      for controllably reliable restarting of the winding operation, after
      cutoff and doffing of a completed batch. The flip-over and tuck-in
      operations are normally initiated while the processing line remains in a
      stopped or slow speed condition. However, by an appropriately located
      limit switch 225, the counterclockwise movement of tuck-in arms 194 to
      operative positions serves to reactuate the processing line to resume its
      normal operating speed. That is, cam 219 on one of arms 194 engages switch
      225 which, in turn, sends a signal through line 208 to speed controller
      221 for reinstituting normal operating speed of the production line.
PAR  The clockwise or return movement of the tuck-in arms is controlled by timer
      202, coinciding with the return of cutter carriage 162, and lowering of
      manifold 190, enabling the tuck-in operation to be reliably and
      effectively carried out, while at the same time withdrawing the tuck-in
      bar 196 before the newly winding roll undergoes a significant increase in
      diameter.
PAR  The completed roll batch, now resting in the sockets 153, may be removed
      and carried away during the interval of the winding of the next successive
      roll, as will be appreciated. When the filled mandrel 151 is received in
      the socket 153, it is also automatically weighed. The specific facility
      for registering the weight is not critical. To advantage, however, it may
      be an appropriate strain gauge or transducers element (not shown) which
      will sense the weight of the ends of mandrel 151 when resting in sockets
      153.
PAR  The apparatus of the invention provides a highly improved form of apparatus
      for carrying out calendering and finishing operations on tubular knitted
      fabrics. While the finishing operations themselves the essentially
      conventional in a general sense, the manner in which these operations are
      accomplished with the apparatus of the invention results in important
      advantages including significantly increased production speeds.
PAR  The "upstream" portions of the system may be utilized with various batching
      means, including folders. Nevertheless, the system of the invention
      incorporates to advantage improved yet simplified semi-automatic
      facilities for windup batching and doffing of the fabric, with a minimum
      of operator attention and with a minimum of discontinuity in the operation
      of the equipment. Thus, when the batch roll has reached the desired size,
      the operator initiates the doffing sequence by means of a simple foot
      switch control, after roll removal, fabric cutoff, and restarting
      operations are carried out in a rapid, automatic sequence without further
      operator intervention. To this end, a novel mechanism is provided for
      tucking in the cutoff fabric end and for applying momentary starting
      pressure to the new mandrel for effectively reliable restarting of the
      windup. Once a few turns of fabric have been made upon the new mandrel,
      the rewinding will continue unaided, and the tuck-in element, the air-jet
      manifold and the auxiliary pressure means may be quickly retracted.
PAR  It should be understood, of course, that the specific form of the invention
      herein illustrated and described is intended to be representative only,
      and any changes may be made therein without departing from the clear
      teachings of the disclosure. Accordingly, reference should be made to the
      following appended claims in determining the full scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tuck-in arrangement for a semi-automatic batching and doffing
      apparatus for winding fabric in batches, and of the type comprising
PA1  a. a controllably driven winding roll for supporting and driving a roll of
      winding fabric,
PA1  b. fabric cutoff means on the downstream side of the winding roll for
      severing the fabric web after completion of a roll, and
PA1  c. means for restarting the winding of a new roll including means for
      directing the cutoff end of the fabric web back and over a newly
      positioned winding mandrel; the improvement characterized by
PA1  d. said restarting means including a controllably movable tuck-in support
      extending across the width of the machine upstream of the new mandrel and
      the winding roll,
PA1  e. a pair of spaced apart pivoted arms supporting said tuck-in support at
      each end thereof,
PA1  f. each of said arms supporting a pair of pressure bearing rollers,
PA1  g. a plurality of spaced apart movable brackets affixed to said tuck-in
      support, and
PA1  h. a flexible elongated tuck-in element affixed to each of said brackets
      for engaging a loop of the fabric end and tucking it into the bight formed
      between the mandrel and winding roll.
NUM  2.
PAR  2. A tuck-in arrangement for a semi-automatic batching and doffing
      apparatus for winding fabric in batches, and of the type comprising
PA1  a. a controllable driven winding roll for supporting and driving a roll of
      winding fabric;
PA1  b. fabric cutoff means on the downstream side of the winding roll for
      severing the fabric web after completion of a roll, and
PA1  c. means for restarting the winding of a new roll including means for
      directing the cutoff end of the fabric web back and over a newly
      positioned winding mandrel; the improvement characterized by
PA1  d. said restarting means including a controllably moveable tuck-in support
      extending across the width of the machine upstream of the new mandrel and
      the winding roll,
PA1  e. a pair of spaced apart pivoted arms supporting said tuck-in support at
      each end thereof,
PA1  f. each of said arms supporting a pair of pressure bearing rollers;
PA1  g. a plurality of spaced apart moveable brackets affixed to said tuck-in
      support, each of said brackets being generally U-shaped in cross-section;
PA1  h. the legs of said brackets extending on either side thereof being reverse
      facing duplicates of each other,
PA1  i. a flexible tuck-in element affixed to each leg of each of said brackets
      for engaging a loop of the fabric end and tucking it into the bight formed
      between the mandrel and winding roll, and
PA1  j. the opposed tuck-in elements on each bracket being of different lengths.
NUM  3.
PAR  3. A tuck-in arrangement as recited in claim 2, in which
PA1  a. said pressure bearing rollers are positioned and arranged to bear upon
      the opposite ends of a mandrel and thereby to urge the mandrel toward and
      into friction driven relation with the winding roll.
NUM  4.
PAR  4. A tuck-in arrangement as recited in claim 2, in which
PA1  a. said tuck-in support is L-shaped with a vertical portion and a
      horizontal portion,
PA1  b. the U-shaped portion of each of said brackets slidingly engaging the
      vertical portion of said tuck-in support, and
PA1  c. connecting means between said tuck-in support and each of said brackets
      for preventing movement of said brackets along said tuck-in support.
NUM  5.
PAR  5. A tuck-in arrangement as recited in claim 2, which includes
PA1  a. means for stopping or slowing down the winding roll during the severing
      of the fabric,
PA1  b. control means associated with said arms for initiating restarting of the
      winding roll upon actuation of said arms toward the tuck-in position, and
PA1  c. means connected to said arms effecting retraction thereof a
      predetermined time after restarting.
NUM  6.
PAR  6. A tuck-in arrangement as recited in claim 5, in which
PA1  a. said retraction means includes a time delay control.
NUM  7.
PAR  7. The means of claim 6, further characterized by
PA1  a. said control means including a switch disposed adjacent said tuck-in
      arms and connected to said time delay control; and
PA1  b. a cam disposed on said tuck-in arms for engaging said switch.
PATN
WKU  039441504
SRC  5
APN  4897641
APT  1
ART  242
APD  19740718
TTL  Apparatus and a method for slitting and winding elongated sheets of
      material into rolls
ISD  19760316
NCL  31
ECL  1
EXP  McCarthy; Edward J.
NDR  4
NFG  14
INVT
NAM  Jennerjahn; Brian M.
CTY  Hartford City
STA  IN
ASSG
NAM  Phylpat, Inc.
CTY  Hartford City
STA  IN
COD  02
CLAS
OCL  242 562
XCL  242 66
EDF  2
ICL  B65H 3402
FSC  242
FSS  66;56 R;56.2
UREF
PNO  1131146
ISD  19150300
NAM  Langston
OCL  242 56.2
UREF
PNO  1465964
ISD  19230800
NAM  Cameron
XCL  242 66
UREF
PNO  1827802
ISD  19311000
NAM  Sieg
OCL  242 66
UREF
PNO  1831201
ISD  19311100
NAM  Sieg
OCL  242 66
UREF
PNO  2364888
ISD  19441200
NAM  Aycock
XCL  242 66
UREF
PNO  3104072
ISD  19630900
NAM  Doven
XCL  242 56.2
ABST
PAL  An apparatus and a method are provided for the slitting and the rolling of
      elongated sheets of material. The apparatus includes a pair of parallel
      spaced supporting rollers, a mandrel longitudinally disposed upon both of
      the supporting rollers, a riding roller being longitudinally disposed upon
      the mandrel and being guided for movement away from the mandrel, drive
      means rotating one of the supporting rollers at a predetermined speed and
      providing predetermined rotational torque to the other supporting roller
      and to the riding roller, and rider forcing means separately and
      adjustably forcing each end of the riding roller toward the mandrel.
PAL  The apparatus also includes a cylindrically shaped slitting drum having a
      plurality of longitudinally spaced circumferential grooves thereon and a
      plurality of disc-shaped slitting knives being mounted on a knife-mounting
      shaft for movement into meshing engagement with the slitting grooves and
      for movement into resilient operative contact with one side of each of the
      grooves.
PAL  The method includes placing a mandrel upon a pair of supporting rollers
      which are in parallel and longitudinal supporting relationship thereto,
      securing one end of the material to the mandrel, moving a riding roller
      into longitudinal surface contact with the mandrel distal from the
      supporting rollers, rotating the first supporting roller at a
      predetermined speed in the direction that draws the material between the
      first supporting roller and the mandrel, applying a predetermined
      rotational torque to the other supporting roller in the direction that
      provides tensioning of the sheet material on the mandrel, applying a
      predetermined rotational torque to the riding roller in the direction that
      provides tensioning of the sheet material on the mandrel, and separately
      and adjustably urging both ends of the riding roller into contact with the
      material being wound on the mandrel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an apparatus and a method for slitting
      and for rolling elongated sheets of material, and more particularly to an
      apparatus and a method for controlling the uniformity and the density of
      the rolled material.
PAR  2. Description of the Prior Art
PAR  It has been common practice in prior art to feed paper from a wide payoff
      roll through a slitting mechanism and then to rewind the slitted strips of
      paper onto a mandrel.
PAR  The mandrel onto which the slitted paper is to be wound is customarily
      supported on a pair of supporting rollers and retained upon the supporting
      rollers by a riding roller disposed longitudinally thereupon. It has been
      common practice to drive all three of these rollers at constant peripheral
      speed by connecting them to a common drive source by sprockets and roller
      chains. In some cases, rotational torque to the second supporting roller
      and to the riding roller has been applied with friction clutches driven
      from a common drive. It has also been common practice to use weights,
      placed upon the riding roller mechanism, to urge the riding roller into
      contact with the mandrel, the purpose being to adjust the density of the
      roll being made.
PAR  There have been two deficiencies in apparatus built according to prior art.
      One of these deficiencies is that means for separately and adjustably
      urging the riding roller toward or away from the mandrel has not been
      provided. Thus when winding paper stock which varies in thickness from one
      edge to another, the roll becomes larger in diameter at one end than at
      the other with the result that the material tends to telescope off of the
      end of the roll. The other deficiency in prior art is that insufficient
      provision has been made for controlling the density of the rolled
      material. That is, the driving of the three rollers by sprockets, roller
      chain, and friction clutches has not provided for applying a reliable,
      repeatable, measurable and predetermined rotational torque to the second
      supporting roller and to the riding roller.
PAR  The present invention overcomes the limitations of prior art by providing
      means for individually and manually controlling the resilient forcing of
      both ends of the riding roller toward or away from the mandrel, thereby
      adding to or partially counterbalancing the weight of the riding roller.
      The present invention also overcomes the torque transmitting inaccuracy
      and indeterminability of friction clutches, and instead provides separate,
      predetermined, measurable, and manually adjustable rotational torque to
      the second supporting roller and to the riding roller so that the paper
      may be selectively tensioned between the respective rollers and so that
      the density of the roll can more effectively be controlled.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the broader aspects of this invention, there is provided
      an apparatus and a method for slitting elongated sheets of paper and for
      winding the slitted paper into rolls. The apparatus includes a pair of
      parallel disposed supporting rollers being rotatably mounted. A mandrel is
      mounted in longitudinal supporting relationship to the two supporting
      rollers and is guided for movement orthogonally from the plane through the
      axes of the supporting rollers. A riding roller is longitudinally disposed
      upon the mandrel, distal from the supporting rollers and in the plane of
      movement of the mandrel, and is guided for movement from the mandrel in
      the aforesaid plane.
PAR  A hydraulic system is provided for the rotational driving of the first and
      second supporting rollers and the riding roller. The hydraulic drive means
      includes three hydraulic motors, one being attached to each of the
      rollers. The motor which is attached to the first supporting roller is
      provided with pressurized fluid at a predetermined fluid flow rate so that
      the first supporting roller rotates at a predetermined rotational speed.
      Pressurized fluid is supplied to the motor which is attached to the second
      supporting roller, at a flow rate sufficient to rotate the second
      supporting roller at a rotational speed at which the peripheral velocity
      of the second supporting roller would be greater than the peripheral
      velocity of the first supporting roller; but an adjustable pressure relief
      valve is provided to limit the rotational torque of this second fluid
      motor and to bypass excess fluid and a pressure gauge is provided at the
      relief valve to indicate magnitude of the rotational torque. Thus the
      second supporting roller rotates at a speed wherein the peripheral speed
      of the second supporting roller is substantially equal to that of the
      first supporting roller and the paper is tensioned around the mandrel
      intermediate of the two supporting rollers. In like manner an excess of
      fluid is furnished to the motor driving the riding roller and this fluid
      is furnished at a limited and a manually adjustable pressure magnitude so
      that the peripheral speed of the riding roller will also be substantially
      equal to that of the first supporting roller and the paper will be
      tensioned around the mandrel between the second supporting roller and the
      riding roller.
PAR  The aforesaid guiding of the riding roller for movement from the mandrel
      includes a pair of pneumatic cylinders which are connected to a source of
      pressurized air. Intermediate of the source of pressurized air and the
      pneumatic cylinders, control means is provided to separately and
      adjustably control the pressure magnitude of the air being supplied to the
      pneumatic cylinders and the resilient forcing of the riding roller toward
      or away from the mandrel and the roll of paper thereupon, thereby adding
      to or subtracting from the gravitational or initial forcing of the riding
      roller toward the supporting rollers.
PAR  The method includes individually and selectively adjusting the rotational
      torque of the second supporting roller and the riding roller. The method
      also includes individually and manually adjusting air pressures
      resiliently urging the ends of the riding roller toward or away from the
      mandrel and the roll of paper thereupon.
PAR  It is an object of this invention to provide an apparatus for uniformly
      rolling an elongated sheet of material on a mandrel.
PAR  It is another object of this invention to provide a method for adjustably
      controlling the density of the roll.
PAR  It is still another object of this invention to provide an apparatus for
      slitting and for winding elongated sheets of material in which a mandrel
      is rotatably mounted between three rollers, one of the rollers is rotated
      at a predetermined speed, and the rotational torque of two of the rollers
      is separately and manually adjustable and measurable.
PAR  It is still a further object of this invention to provide an apparatus for
      the slitting and winding of elongated sheets of paper in which a mandrel
      is supportably mounted between three rollers and one of the rollers is
      held in contact with the roll of material being formed by separate and
      manually adjustable forces at both ends of the one roller.
PAR  The above-mentioned and other features and objects of this invention and
      the manner of attaining them will become more apparent and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a cross-section of a side elevation of the apparatus taken
      substantially as shown by view line 1--1 of FIG. 3;
PAR  FIG. 2 is an enlarged perspective view of the slitting mechanism taken
      substantially as shown by view line 2--2 of FIG. 1;
PAR  FIG. 3 is a front elevation of the apparatus taken substantially as shown
      by view line 3--3 of FIG. 1, but with the mandrel and the roll of paper
      removed.
PAR  FIG. 4 is a partial cross-section of the apparatus taken as shown by view
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a partial view of the front elevation of FIG. 3 with the control
      panel thereof removed, showing one of the air cylinders which urges the
      riding roller into contact with the mandrel and the roll of material
      thereupon;
PAR  FIG. 6 is a partial front elevation, taken the same as the FIG. 3
      illustration, but with the enclosing cabinets and the sheet of material
      removed to more clearly show the apparatus;
PAR  FIG. 7 is a partial and enlarged front elevation, taken the same as the
      FIG. 3 illustration, and more clearly showing the mechanism for moving the
      slitting knives into meshing engagement with the slitting drum and for
      moving one side of each of the slitting knives into operative engagement
      with the sides of the respective slitting grooves;
PAR  FIG. 8 is partial end view of one of the mechanisms of FIG. 7 taken as
      shown by view line 8--8 of FIG. 7;
PAR  FIG. 9 is a partial and enlarged view of the knife-mounting shaft and the
      shaft of the linear pneumatic actuator, taken the same as the FIG. 7
      illustration;
PAR  FIG. 10 is a partial and enlarged front elevation taken the same as the
      FIG. 6 illustration, showing the mechanism for supportably guiding one end
      of the mandrel;
PAR  FIG. 11 is a partial end view of the mechanism of FIG. 10 taken as shown by
      view line 11--11 of FIG. 10;
PAR  FIG. 12 is a partial and enlarged view of the slitting drum and one of the
      slitting knives, taken substantially as shown by view line 12--12 of FIG.
      2, showing an enlarged detail of one of the slitting grooves;
PAR  FIG. 13 is a schematic drawing of the hydraulic system which drives both of
      the supporting rollers and the riding roller; and
PAR  FIG. 14 is a schematic drawing of the pneumatic system for the apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1, 3 and 6, a paper slitting and rolling apparatus
      20 includes a frame 22 having a pair of parallel spaced frame members 24a
      and 24b, a first enclosing cabinet 26 covering the outer extremity of the
      frame member 24a and a second enclosing cabinet 28 covering the frame
      member 24b and including a control panel 30.
PAR  Referring now to FIGS. 1 and 6, the apparatus 20 includes a first
      supporting roller 32 having ends 34a and 34b which are supported in the
      frame members 24a and 24b respectively by a pair of bearings 36a and 36b,
      a second supporting roller 38 like roller 32 having ends 40a and 40b (not
      shown) which are supported respectively in the frame members 24a and 24b
      by a pair of bearings 42a and 42b (not shown) like bearings 36a and 36b
      and a riding roller 44.
PAR  Referring now to FIGS. 1, 4 and 6, the riding roller 44 includes ends 46a
      and 46b which are rotatably mounted in a pair of bearings 48a and 48b
      (FIG. 6) which are in turn receivably mounted into a pair of riding roller
      heads 50a and 50b. The riding roller head 50a (FIG. 1) is slidably mounted
      for vertical movement on a pair of guide rods 52a and 52b, and the riding
      roller head 50b (FIG. 4) is slidably mounted for vertical movement upon a
      pair of guide rods 52c and 52d. The upper ends of the guide rods 52a and
      52b (FIG. 1) are mounted to the frame member 24a by a pair of mounting
      blocks 54a and 54b. The lower ends of the guide rods 52a and 52b are
      attached to the frame member 24a by a pair of mounting blocks 54c and 54d.
      In like manner, the riding roller head 50b is slidably attached to the
      guide rods 52c and 52d; and the guide rods 52c and 52d are mounted to the
      frame member 24b by four mounting blocks 54e - 54h.
PAR  Thus the riding roller 44 is guided for rectilinear movement in a plane
      transverse to and bisecting a plane through the axes of the supporting
      rollers 32 and 38; although, the only requirement for satisfactory
      operation is that the riding roller 44 be maintained angularly disposed
      around the longitudinal axis of a mandrel and a roll of paper thereon by
      less than 180.degree. from either of the supporting rollers 32 or 38 so
      that the roll of paper will be retained upon the supporting rolls 32 and
      38.
PAR  Referring now to FIGS. 1, 3, 4 and 5, a pair of pneumatic cylinders 58a and
      58b are connected to one of the frame members 24 by brackets 60a and 60b
      respectively (FIGS. 3 and 5). Each of the pneumatic cylinders 58 includes
      a piston rod 62 (FIGS. 1 and 4), the piston rods 62a and 62b being
      connected respectively to the riding roller heads 50a and 50b.
PAR  Referring now to FIG. 1, the apparatus 20 includes seven feed rollers 64a -
      64g which separate and guide three elongated sheets of paper 66a - 66c,
      sheet 66a being fed from payoff roll 68 and the sheets 66b and 66c being
      fed from similar payoff rolls (not shown).
PAR  Referring now to FIGS. 1 and 6, the apparatus 20 includes a cylindrically
      shaped slitting drum 70 having a plurality of longitudinally spaced
      circumferential slitting grooves 72 (FIG. 6) and having a pair of ends 74a
      and 74b which are rotatably mounted into the frame members 24a and 24b
      respectively by a pair of bearings 76a and 76b.
PAR  Referring now to FIGS. 1 and 6, the apparatus 20 includes a knife-mounting
      shaft 78 which is parallel disposed to the slitting drum 70 and which
      includes an end 80 which is mounted to the frame member 24a for rotational
      and reciprocating movement therein.
PAR  Referring now to FIGS. 7 and 9, the knife-mounting shaft 78 includes a
      second end 82. The second end 82 includes a cylindrical bearing portion 84
      (FIG. 9) having a longitudinally disposed and threaded bore 86 therein,
      and a square portion 88 being adjacent to the bearing portion 84.
PAR  Referring now to FIG. 7, the bearing portion 84 (FIG. 9) is rotatably and
      reciprocally mounted in the plate 90 of a mounting bracket 92 which is in
      turn attached to the frame member 24b.
PAR  Referring now to FIGS. 7 and 8, a means for angularly rotating and
      positioning of the knife-mounting shaft 78 and a means for longitudinally
      actuating the knife-mounting shaft 78 will be described. A pneumatic
      cylinder 94 is pivotally attached to the frame member 24b by a bracket 96.
      The pneumatic cylinder 94 includes a piston rod 98 which is attached to
      one end of a torque arm 100. The other end of the torque arm includes a
      slot 102 which provides a clevis 104 for straddling the square portion 88
      of the knife-mounting shaft 78. The clevis 104 of the torque arm 100 is
      connected to the square portion 88 by a pair of set screws 106a and 106b.
PAR  Referring now to FIGS. 7 and 9, a linear pneumatic actuator 108 (FIG. 7) is
      connected to the mounting bracket 92 for mounting thereof. The linear
      pneumatic actuator 108 includes a threaded piston rod 110 which is
      threadably engaged with the threaded bore 86 of the knife-mounting shaft
      78, the two threads being free to relatively rotate so that the pneumatic
      cylinder 94 and the torque arm 100 can rotate the knife-mounting shaft 78
      without rotating the threaded piston rod 110.
PAR  The actuator 108 is pressure actuated by air pressure applied to a
      diaphragm 109 through a port 111 to move the knife-mounting shaft 78
      toward the frame member 24a and is moved in the other direction to a stop
      113 by a spring 115.
PAR  Referring now to FIGS. 1, 2 and 6, the purpose for rotating and for
      linearly actuating the knife-mounting shaft 78 will be shown. The
      knife-mounting shaft 78 includes a dovetail 112 (FIG. 2) which extends for
      a major portion of the length thereof as can be seen in the FIG. 6
      illustration. A plurality of knife-mounting brackets 114 each includes a
      dovetail groove 116 which is slidably mounted onto the dovetail 112 and
      which serves for positioning and securing of the respective knife-mounting
      brackets 114 to the dovetail 112 of the knife-mounting shaft 78. Each of
      the knife-mounting brackets 114 includes a cutter arm mounting groove 118
      which is disposed orthogonally to the longitudinal axis of the
      knife-mounting shaft 78. A plurality of slitting knife arms 120, each
      having an elongated slot 122 therethrough are adjustably attached to the
      knife-mounting brackets by respective ones of a plurality of securing
      bolts 124.
PAR  A plurality of disc-shaped slitting knives 126 are each rotatably attached
      to a distal end 128 of the slitting knife arms 120, the axis of rotation
      of the slitting knives 126 being parallel to the longitudinal axis of the
      slitting drum 70.
PAR  Referring now to FIG. 12, the annular slitting grooves 72 of the slitting
      drum each include a shearing side 117, an opposite side 119, and a bottom
      surface 121. The slitting knives 126 each include a shearing side 127, an
      opposite side 129, and a beveled outside diameter 131. As clearly shown in
      FIG. 12, the slitting grooves 72 have a width greater than the thickness
      of the slitting knives 126 so that the slitting knives 126 can be moved
      into and out of meshing engagement with the grooves 72 without any of the
      slitting knives 126 touching any of the respective sides 117 and 119.
PAR  Referring now to FIGS. 1 and 6, a mandrel 130 having a plurality of
      adjacent rolls of paper 133 wrapped thereon and having ends 132a and 132b
      (FIG. 6) is supportably received on the first supporting roller 32 and the
      second supporting roller 38 and the riding roller 44 is pressed into
      engagement with the mandrel 130 or with the rolls of paper 133 that are
      wrapped onto the mandrel 130.
PAR  Referring now to FIGS. 6, 10 and 11, a pair of bearings 134a and 134b have
      been mounted onto the ends 132a and 132b respectively. The bearing 134a is
      supportably received into a saddle 136a which is more clearly seen in
      FIGS. 10 and 11. The saddle 136a is rigidly attached to a piston rod 138a
      of a pneumatic cylinder 140a. The pneumatic cylinder 140a is attached to a
      mounting bracket 142a which is attached to the frame member 24a. In like
      manner, the end 132a of the mandrel 130 is supported by the bearing 134b,
      by a saddle 136b (not shown) like 136a, by a pneumatic cylinder 140b (not
      shown) like 140a, and by a mounting bracket 142b (not shown) like bracket
      142a. The piston rod 138a is guidably supported by a guide bushing 144a
      and the piston rod 138b (not shown) for the other end of the mandrel 130
      is supported in like manner (not shown). The saddle 136a includes a
      mandrel receiving recess 146a (FIG. 11) opening toward the end 132a of the
      mandrel 130 and a loading notch 148a which opens upwardly from the mandrel
      receiving recess 146a.
PAR  Referring now to FIG. 8, an electrical switch 150 having a pair of contacts
      152a and 152b and an actuating plunger 154 is attached to the mounting
      bracket 92. The actuating plunger 154 is aligned to be engaged by and
      receive motion from the torque arm 100 and to thereby control electrical
      communication between the contacts 152a and 152b when the slitting knives
      126 have penetrated into the slitting grooves 72 by a predetermined
      distance.
PAR  Referring now to FIG. 6, a first fluid motor 156, having a fixed fluid
      displacement per revolution includes a housing 158 which is attached to
      the frame member 24a by a mounting bracket (not shown). The fluid motor
      156 includes a shaft 160 which is connected to the end 34a of the first
      supporting roller 32 by a coupling 162. In like manner, a second fluid
      motor (214 of FIG. 13) is connected (not shown) to the second supporting
      roller 38 and to the frame member 24a. A third fluid motor 166, having a
      fixed fluid displacement per revolution, includes a housing 168 which is
      attached to the riding roller head 50b and a shaft 170 which is connected
      to the end 46b of the riding roller 44.
PAR  Referring now to FIG. 13, the hydraulic system for the apparatus 20
      includes a source of fluid pressure comprising a pump 172 having manually
      adjustable displacement and a sump 174, the pump 172 being driven by an
      electric motor 176. The hydraulic system of FIG. 13 includes inlet
      conduits 178a and 178b connecting sump or reservoir 174 with an inlet port
      180 of the pump 172 and having a filter 182 being interposed between the
      conduits 178a and 178b.
PAR  The pump 172 includes an outlet port 184 which is connected by a conduit
      186 to a flow divider 188 and to a pressure relief valve 190 by a conduit
      192. The relief valve 190 is connected to the sump or reservoir 174 by
      conduits 194a - 194c and by a filter 196 which is interposed between the
      conduits 194b and 194c.
PAR  The flow divider 188 includes a first outlet port 198 which is connected to
      an inlet port 200 of the first fluid motor 156 by a conduit 202 and a
      second outlet port 204 which is connected to an inlet port 206 of the
      third fluid motor 166 by a conduit 208.
PAR  The first fluid motor 156 includes an outlet port 210 which is connected to
      an inlet port 212 of a second fluid motor 214 by a conduit 216. An outlet
      port 218 of the second fluid motor 214 and an outlet port 220 of the third
      fluid motor 166 are both connected to the sump or reservoir 174 by conduit
      222 and 194.
PAR  A first manually adjustable pressure relief valve 224 is connected between
      the inlet port 212 and the outlet port 218 of the second fluid motor 214
      to bypass excess fluid from the inlet port 212 to the reservoir 174 and to
      limit the torque of the second fluid motor 214 to predetermined and
      manually adjustable magnitude. In like manner, a second manually
      adjustable pressure relief valve 226 is connected between the inlet port
      206 and the outlet port 220 of the third fluid motor 166 to bypass excess
      flow from the inlet port 206 to the sump or reservoir 174 and to limit the
      rotational torque of the third fluid motor 166 to predetermined and
      manually adjustable magnitudes.
PAR  Referring now to FIG. 14, the FIG. 14 illustration is a schematic drawing
      of the pneumatic circuit which is used for raising and lowering the riding
      roller 44 (FIG. 1) and for raising and lowering the saddles 136 (FIG. 6)
      which guide the mandrel 130.
PAR  The FIG. 14 schematic includes the pneumatic cylinder 58a and the piston
      rod 62a thereof which is connected to the riding roller head 50a (FIG. 1)
      and the pneumatic cylinder 140a which includes the piston rod 138a that is
      connected to the saddle 136a (FIG. 6). Thus only one each of the cylinders
      58 and of the cylinders 140 are included in the schematic of FIG. 14. In
      like manner, where identical components and conduits are used for
      actuating the cylinders 58b and 140b, these identical conduits and
      components are omitted from the FIG. 14 illustration, the points of
      connection of the identical conduits and components being clearly
      illustrated.
PAR  The pneumatic cylinder 58a is shown in a vertical orientation with the
      piston rod 62a thereof depending therefrom as it is mounted on the
      apparatus 20 (FIG. 1). The pneumatic cylinder 58a includes a piston rod
      extending port 230a and a piston rod retracting port 232a. In like manner,
      the pneumatic cylinder 140a is shown in a vertical position with the
      piston rod 138a thereof extending upwardly therefrom as it is mounted on
      the apparatus 20 (FIG. 6). The pneumatic cylinder 140a includes a piston
      rod extending port 234a and a piston rod retracting port 236a.
PAR  The pneumatic system includes pilot-operated valves 238a and 240a which
      control the extending and retracting of the piston rod 62a, pilot and
      solenoid-operated valve 242 which controls the extending and retracting of
      both the pneumatic cylinder 140a and the pneumatic cylinder 140b (not
      shown), a pressure regulator 244a which controls the pneumatic pressures
      applied to the pneumatic cylinder 58a, a pressure regulator 246 which
      controls the pneumatic pressures applied to the pneumatic cylinders 140a
      and 140b, and a pair of pressure gauges 248 and 250 which respectively
      monitor the pneumatic pressures controlled by the pressure regulators 244a
      and 246.
PAR  The pneumatic system also includes pilot valves 252 and 254 which provide
      alternate controls for applying pneumatic pressure to the ports 230a and
      230b (not shown) of the cylinders 58 and thereby to lower both of the ends
      46 of the riding roller 44, a pilot valve 256 which may be actuated to
      apply pneumatic pressure to the ports 232a and 232b (not shown) of the
      pneumatic cylinders 58a and 58b and thereby to retract the piston rods 62
      and to raise both of the ends 46 of the riding roller 44, a pilot valve
      258a which selectively determines actuation of the pilot operated valve
      238a to positions wherein the pneumatic cylinder 58a is raised and
      lowered, and pilot valves 260 and 262 which are series connected and which
      serve to retract the pneumatic cylinders 58a and 58b (not shown) and to
      raise the riding roller 44 when both the pilot valve 260 and 262 are moved
      to their respective positions wherein communication is made therethrough.
PAR  The pneumatic system of FIG. 14 also includes a plurality of shuttle valves
      264 each having inlet ports 266 and 268 and each having an outlet port
      270. The shuttle valves 264 are effective to accept a pilot input signal
      to either the inlet ports 266 or 268 and to deliver a pressure signal to
      the outlet port 270.
PAR  The pneumatic system of FIG. 14 includes three pilot pressure lines whose
      function should be understood before attempting to follow through the
      schematic of FIG. 14. One of these pilot lines is pilot line 272 which
      includes line portions 272a - 272g and which is pressurized to apply
      pneumatic pressure to the ports 232a and 232b (not shown) and thereby to
      retract the piston rods 62 of the cylinders 58 and to raise the riding
      roller 44. A second of these pilot lines is pilot line 274 which includes
      pilot line portions 274a - 274c and which is effective to move the pilot
      operated valves 238a and 238b (not shown) to positions wherein the
      pneumatic cylinders 58 are extended and the riding roller 44 is lowered.
      The third of the pilot lines is pilot line 276 which includes portions
      276a - 276d and which is effective to move the pilot operated valve 240 to
      the position shown wherein pneumatic pressure applied to an air supply
      port 278 is reduced in pressure by passing through the pressure regulator
      244a before being applied to the pneumatic cylinder 58a.
PAR  The only other component in the pneumatic system of FIG. 14 is a check
      valve 280. The check valve 280 cooperates with the pressure regulator 246
      to allow free flow of air from the ports 234a and 234b (not shown) of the
      pneumatic cylinders 140a and 140b (not shown) to be exhausted by the valve
      242 while preventing pressurized air from being supplied to the ports 234
      except via the pressure regulator 246.
PAR  Having described the apparatus in some detail, the operation of the
      apparatus 20 will now be described. Referring to FIGS. 7, 8 and 12,
      pneumatic pressure is released from the linear pneumatic actuator 108
      (FIG. 7) allowing the spring 115 therein to move the knife-mounting shaft
      78 axially to the right against the stop 113 to a position wherein the
      slitting knives 126 (FIG. 12) are centered within the grooves 72 of the
      slitting drum 70. Then air is applied to the pneumatic cylinder 94 (FIG.
      8) to extend the piston rod 98 thereof and to rotate the knife-mounting
      shaft 78 to a position wherein the slitting knives 126 (FIG. 12) are
      removed from meshing engagement with the slitting grooves 72 of the
      slitting drum 70.
PAR  Referring now to FIGS. 1, 3, 4, 5 and 6, pressurized air is applied to the
      cylinders 58a and 58b (FIG. 3) to retract the piston rods 62 thereof and
      to raise the riding roller heads 50 (FIGS. 4 and 5) and the riding roller
      44 which is mounted therebetween. Then the mandrel 130 is removed from the
      supporting rollers 32 and 38. Next, the end of an elongated sheet of paper
      66a (FIG. 1) is fed from the payoff roll 68a, around appropriate ones of
      the feed rollers 64, between the slitting drum and a plurality of the
      slitting knives 126, and over the supporting rollers 32 and 38. The
      mandrel 130 is then placed on top of the elongated sheet of paper 66a and
      into longitudinal supporting engagement with the supporting rollers 32 and
      38. The end of the elongated sheet of paper 66a is then attached to the
      mandrel 130.
PAR  It should be understood that additional elongated sheets of paper 66 may
      also be fed around the appropriate ones of the feed roller 64, between the
      slitting drum 70 and the slitting knives 126 and across the supporting
      roller 32 and 38, if it is desired to slit multiple plies of paper and to
      wind a multi-ply roll of paper.
PAR  Next the pneumatic cylinders 58a and 58b are pressurized to extend the
      piston rods 62a and 62b and thereby to lower the riding roller 44 into
      longitudinal contact with the mandrel 130.
PAR  Referring now to FIG. 6, pressurized air is not applied to the pneumatic
      cylinders 140a and 140b (not shown) to extend the piston rods 138a and
      138b (not shown) and thereby to raise the saddles 136a and 136b (not
      shown) into guiding alignment with the bearings 134a and 134b of the
      mandrel 130, the pressure magnitude of the air pressure being controlled
      by the pressure regulator 246 (FIG. 14) to a value wherein the cylinders
      140 are not able to raise the mandrel 130 from the supporting rollers 32
      and 38 against the opposition of the force supplied to the riding roller
      44 by the cylinders 58.
PAR  Referring now to FIGS. 1, 2, 7, 8 and 12, the pneumatic cylinder 94 (FIGS.
      7 and 8) is now pressurized to retract the piston rod 98 thereof and
      thereby to rotate the torque arm 100 which in turn rotates the
      knife-mounting shaft 78 to a position wherein the slitting knife arms 120
      (FIG. 2) move the slitting knives 126 into meshing engagement with the
      grooves 72 (FIG. 12) of the slitting drum 70. When the torque arm 100
      engages the plunger 154 of the electric switch 100, the cylinder 94 is
      locked against further movement by controlling the supply of pressurized
      air thereto, and pressurized air is supplied to the linear actuator 108
      (FIG. 7) to move the knife-mounting shaft 78 to the left and thereby to
      move the shearing sides 127 (FIG. 12) of the slitting knives 126 into
      operative engagement with the shearing sides 117 of the slitting groove
      72, the pneumatic pressure that is applied to the linear actuator 108
      being regulated to provide resilient contact between the shearing sides
      117 and 127.
PAR  The machine is now ready to operate the supporting roller 32 is rotated in
      a clockwise direction (FIG. 1) at a predetermined rotating speed, the
      supporting roller 38 is supplied with a predetermined rotational torque in
      a clockwise direction, and the riding roller 44 is supplied with a
      predetermined rotational torque in a clockwise direction. The rotational
      torques, being applied to the supporting roller 38 and to the riding
      roller 44, are limited to values wherein the total torque applied to both
      the supporting roller 38 and to the riding roller 44 is less than the
      total required to propel the paper, to slit the paper and to wind the
      paper so that a portion of the total required torque is supplied to the
      supporting roller 32. Since the supporting roller 32 is driven by a fluid
      motor which is supplied with a predetermined fluid flow, the supporting
      roller 32 can provide torque only up to a predetermined speed, and since
      the supporting roller 38 and the riding roller 44 can only provide a
      portion of the total required torque, the supporting roller 38 and the
      riding roller 44 can rotate only at the speed at which the supporting
      roller 32 can assist in providing the total torque. Thus all of the
      rollers 32, 38 and 44 rotate at peripheral speeds substantially equal to
      that which is determined by the peripheral speed of the supporting roller
      32 and the corresponding linear speed of the paper 66.
PAR  Referring now to FIGS. 1 and 6, to remove the completed roll of paper from
      the machine, the rotation of the supporting rollers 32 and 38 (FIG. 1) and
      the riding roller 44 is first stopped. Then the pneumatic cylinders 58 are
      retracted to raise the riding roller 44 from the roll of paper 133 that is
      wrapped on the mandrel 130, and the pneumatic cylinders 140 (FIG. 6) are
      retracted to pull the saddles 136 downward from supporting engagement with
      the bearings 134 of the mandrel 130. The completed roll of material and
      the mandrel 130 can now be removed and another mandrel placed into the
      manchine.
PAR  Referring now to FIG. 13, the operation of the hydraulic system is as
      follows: the pump 172 receives fluid from the sump 174 and delivers
      pressurized fluid to the flow divider 188. The flow divider 188 divides
      the pressurized fluid from the pump 172 into two proportional flows. One
      of the proportional flows is delivered through the outlet port 198 to the
      inlet port 200 of the first fluid motor 156. The other of the proportional
      flows is delivered from the outlet port 204 to the inlet port 206 of the
      fluid motor 166. Thus it can be seen that the flow divider 188 must divide
      the total output of the pump 172 into respective proportions wherein a
      sufficient quantity of fluid is provided to the fluid motor 166 to rotate
      the fluid motor 166 at a rotational speed wherein the peripheral velocity
      of the riding roller attached thereto would exceed the peripheral velocity
      of the supporting roller 38 (FIG. 1) which is attached to the first fluid
      motor 156. Thus by attaching the relief valve 226 in bypassing
      relationship to the third fluid motor 166, the excess flow being provided
      to the fluid motor 166 may be bypassed at a predetermined pressure, and
      the riding roller 44 attached thereto will rotate at a peripheral speed
      substantially equal to that of the first supporting roller 32 and to the
      linear velocity of the sheet of paper 66.
PAR  Fluid being discharged from the first fluid motor 156 is supplied to the
      inlet port 212 of the second fluid motor 214. The second fluid motor 214
      has a smaller displacement than the fluid motor 156 so that the first
      fluid motor 156 supplies an excess of fluid to the fluid motor 214 above
      that which would be required to rotate the second supporting roller 38
      (FIG. 1) at a peripheral velocity equal to that of the first supporting
      roller 32. The pressure relief valve 224 is connected to bypass excess
      fluid from the inlet port 212 of the second fluid motor 214 to the sump
      174 at a predetermined bypass pressure. Thus the torque output of the
      fluid motor 214 is limited to a predetermined value and the rotational
      velocity of the motor 214 is controlled to a value wherein the peripheral
      speed of the second supporting roller 38 is governed by the peripheral
      speed of the first supporting roller 32 and the linear velocity of the
      paper 66.
PAR  Referring now to FIG. 14, the operation of the pneumatic system will be
      described. First, raising the riding roller, the pilot valve 256 is
      operated from a position 282 as shown to a position 284 wherein a flow
      path 286 connects a supply conduit 288 to a pilot line 290 to supply
      pressurized air to an inlet port 268b of a shuttle valve 264b. This air
      being delivered to the inlet port 268b is transmitted to the pilot lines
      272 by the shuttle valve 264b, and the pressurized air in the pilot lines
      272 is delivered to an operator 292 of the pilot-operated valve 240a and a
      shuttle valve 264d. The air which is supplied to the operator 292 of the
      pilot-operated valve 240a is effective to move the valve 240a from a
      position 294 as shown to a position 296 wherein a flow path 298 delivers
      pressurized air from the supply conduit 288 to a conduit 300. At the same
      time the pressurized air in the pilot lines 272 and the shuttle valve 264d
      has been supplied to a pilot line 302 and to an operator 304 of the
      pilot-operated valve 238a, moving the valve 238a from a position 306 as
      shown to a position 308 wherein the conduit 300 is connected to a conduit
      310 by a flow path 312 in the valve 238a thereby applying pressurized air
      from the supply conduit 288 to the retracting port 232a of the pneumatic
      cylinder 58a.
PAR  The pressurizing of the pilot lines 272 by the actuation of the pilot valve
      256 to the position 284 is also effective to supply pressurized air to an
      operator 314 of the pilot-operated valve 242, moving the valve 242 from a
      position 316 as shown to a position 318 wherein pressurized air is
      supplied from the supply conduit 288 to a conduit 320 via a flow path 322
      in the valve 242, thereby applying pressurized air to the retracting ports
      236a and 236b (not shown) of the pneumatic cylinders 140 and retracting
      the piston rods 138 to lower the saddles 136a (FIG. 10 and 11) and 136b
      (not shown).
PAR  Referring again to FIG. 14, moving of the riding roller 44 (FIGS. 4 and 5)
      downward is as follows: the pilot valves 252 and 254 are provided for
      optionally lowering the riding roller 44 by hand-actuation of the pilot
      valve 254 or by foot-actuation of the pilot valve 252. Since the valves
      252 and 254 are identical in operation, only one of them will be
      described. When the pilot valve 254 is moved, from a position 324 as shown
      to a position 326, a flow path 328 connects the conduit 288 with the inlet
      port 266a of the shuttle valve 264a thereby applying pressurized air to
      the pilot lines 274. Pressurized air in the pilot lines 274 is supplied to
      an inlet port 266c of a shuttle valve 264c and then to an operator 330 of
      the pilot-operated valve 238a, moving the valve 238a to a position 332 (as
      shown) wherein a fluid flow path 334 connects the conduit 300 to a conduit
      336 and to the extending port 230a of the pneumatic cylinder 58a to lower
      the riding roller 44 (FIG. 1).
PAR  Referring again to FIG. 14, whenever the pilot and solenoid-operated valve
      242 is in the position 316 (as shown), a fluid flow path 338 connects the
      supply conduit 288 to a conduit 340. Supplying pressurized air to the
      conduit 340 is effective to supply pressurized air to an inlet port 342 of
      the pressure regulator 246 and to supply air at a reduced pressure from an
      outlet port 344 of the pressure regulator 246 to the extending ports 234
      of the pneumatic cylinders 140 by way of a conduit 346. Thus air pressure
      at a reduced pressure magnitude is supplied to the extending ports 234 of
      the cylinders 140 to resiliently urge the piston rods 138 upward and
      thereby to resiliently hold the saddles 136a (FIGS. 10 and 11) and 136b
      (now shown) into guiding contact with the bearings 134 (FIG. 6) of the
      mandrel 130.
PAR  It should be noted that the check valve 280 prevents the pressure in the
      conduit 340 from being applied to the extending ports 234 of the pneumatic
      cylinders 140 without the pressure magnitude of the air pressure first
      being reduced by flowing through the pressure regulator 246, but the check
      valve 280 permits free flow of air from the ports 234 to the atmosphere
      via the flow path 348 when the valve 242 is in the position 318.
PAR  Referring again to FIG. 14, it has been shown that the pilot lines 276 are
      pressurized from the supply conduit 288 by way of the flow path 338 of the
      valve 242 and by the conduit 340 whenever the valve 242 is in the position
      316. It can be seen that this pressurizing of the pilot lines 276 occurs
      at the time that the conduit 340 is supplying air to the pressure
      regulator 246 and the pressure regulator 246 is supplying air at a reduced
      pressure to the conduit 346 and to the ports 234 of the pneumatic
      cylinders 140 to resiliently urge the saddles 136 into guiding alignment
      with the mandrel 130. Thus it can be understood that the pilot lines 276
      are pressurized when the apparatus 20 is in operation.
PAR  The functioning of the pressurized air in the pilot lines 276 is as
      follows: pressurized air in pilot lines 276 is applied to an operator 350
      of the pilot-operated valve 240a, moving the valve 240a to a position 352
      (as shown) wherein a fluid flow path 354 is established connecting the
      supply conduit 288 to the conduit 300 by way of the pressure regulator
      valve 244. Thus, during operation of the machine, the air pressure being
      applied to the pneumatic cylinder 58a by way of the conduits 288 and 300,
      is adjustably reduced by the pressure regulator 244a. In like manner,
      another manually adjustable pressure regulator 244b (not shown) is
      supplied to manually ajust and to control the pressure magnitude of the
      pressure being applied to an extending port 230b (not shown) of the
      pneumatic cylinder 58b
PAR  Finally, referring to FIG. 14, the functioning of the pilot valve 258a will
      be described. It was shown that the pilot lines 276 are pressurized
      whenever the apparatus 20 is in operation. Thus pressurized air is
      selectively supplied to pilot lines 356 and 358 when the pilot valve 258a
      is in positions 360 and 362, respectively. When pressurized air is
      supplied to pilot line 358, pressurized air is supplied to the operator
      304 of the valve 238a by way of the shuttle valve 264d, moving the valve
      238a to the position 308 wherein pressurized air is supplied from the
      conduit 300 to the conduit 310 to retract the cylinder 58a. In like
      manner, when pressurized air is furnished to the pilot line 356,
      pressurized air is furnished to the operator 330 by way of the shuttle
      valve 264c, moving the valve 238a to the position 306 wherein the conduit
      300 is connected to the conduit 336 and to the port 230a of the cylinder
      58a by way of the flow path 334 to extend the cylinder 58a.  Thus, it can
      be seen that the pilot valve 258a can be actuated to selectively apply
      pressure to the extending port 230a or to the retracting port 232a of the
      pneumatic cylinder 58a.
PAR  Thus it can be seen that the pressure regulator 244a and the pilot valve
      258a cooperate to adjustably and selectively control the magnitude and the
      direction of the force produced by the pneumatic cylinder 58a and thereby
      to adjustably and selectively increase or decrease the initial or
      gravitational force of the weight of the riding roller head 50a and
      one-half of the weight of the riding roller 44.
PAR  In like manner, the initial or gravitational force of the riding roller
      head 50b and of the other half of the riding roller 44 is adjustably and
      selectively increased or decreased by the pneumatic cylinder 58b, the
      pressure regulator 244b (not shown) and the pilot valve 258b (not shown).
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for winding elongated sheets of material into rolls, which
      comprises:
PA1  a. a mandrel having a length greater than the width of the material to be
      rolled;
PA1  b. supporting roller means, comprising a pair of parallel-disposed
      supporting rollers each having a length greater than the width of the
      material to be rolled and each being rotatably mounted for rotation about
      the respective longitudinal axes thereof, for supporting said mandrel upon
      both of said rollers and in parallel disposition to both of said rollers,
      for receiving the material to be rolled between a first of said supporting
      rollers and said mandrel, and then for receiving the material between the
      second of said supporting rollers and said mandrel;
PA1  c. riding roller means comprising a riding roller having a length greater
      than the width of the material to be rolled, being rotatably and
      reciprocably mounted at opposite ends thereof for rotation about the axis
      thereof, for guiding said riding roller to a first position wherein said
      riding roller is in longitudinal surface contact with said mandrel distal
      from said supporting rollers when said mandrel is in longitudinal surface
      contact with said supporting rollers, for guiding and riding roller
      distally from said supporting rollers and said mandrel to a plurality of
      positions wherein the axis of said riding roller is substantially parallel
      to the axes of said supporting rollers and wherein the axis of said riding
      roller is disposed aroung the axis of said mandrel by an angle less than
      180 degrees from the longitudinal axis of either of said supporting
      rollers, and for receiving the material to be rolled between said riding
      roller and said mandrel after said material passes between said second
      supporting roller and said mandrel;
PA1  d. drive means being operably connected to said first supporting roller for
      imparting a predetermined rotational speed thereto for receiving the
      material to be rolled between said first supporting roller and said
      mandrel and then for transporting the material toward said second
      supporting roller, and being connected to one of the other of said rollers
      for applying a force to said other roller to rotate said other roller at a
      rotational speed a predetermined amount higher than the rotational speed
      of said first roller and including means for limiting the force applied to
      said other roller to a predetermined maximum so that said paper is
      protected against excessive tensional forces on said sheet material
      between said rollers;
PA1  e. rider roll forcing means being operatively connected to said riding
      roller means, for resiliently forcing of both ends of said riding roller
      in a plane substantially orthogonal to the plane through the axes of said
      supporting rollers, and for controlling the forcing of said riding roller
      toward and away from said mandrel and said supporting rollers; and
PA1  f. guide means for retaining said mandrel between said supporting rollers
      and said riding roller and for allowing said mandrel to move from said
      supporting rollers as material is rolled onto said mandrel.
NUM  2.
PAR  2. The apparatus of claim 1 in which said drive means is operably connected
      to the third of said rollers for rotating said third roller in the same
      direction as said supporting roller.
NUM  3.
PAR  3. The apparatus of claim 1 in which said other roller comprises said
      second supporting roller, and said drive means is operably connected to
      said riding roller for applying a predetermined rotational torque to said
      riding roller in the same direction aas the first said predetermined
      rotational torque.
NUM  4.
PAR  4. The apparatus of claim 3 in which said drive means includes torque
      adjusting means for manually adjusting the torque magnitude of one of said
      predetermined rotational torques.
NUM  5.
PAR  5. The apparatus of claim 4 in which said drive means includes torque
      measuring means for visual reading of said torque magnitude.
NUM  6.
PAR  6. The apparatus of claim 1 in which said drive means comprises a source of
      pressurized fluid that includes a pump and a sump, said connection of said
      drive means to said first supporting roller comprises a first fixed
      displacement fluid motor being operably connected thereto, said connection
      of said drive means to said other roller comprises a second fixed
      displacement fluid motor being operably connected thereto, said fluid
      motors are series connected whereby said second fluid motor is operated by
      fluid exahusted by said first fluid motor, and said fluid motors are sized
      to provide a greater peripheral speed to said other roller for a given
      flow rate than to said first supporting roller, said source includes means
      for delivering pressurized fluid to said first fluid motor at a
      predetermineed rate of fluid flow, and a pressure relief valve being
      connected to bypass fluid around said second fluid motor at a
      predetermined pressure magnitude provides said predetermining of said
      rotational torque, whereby said first motor will rotate said first
      supporting roller at said predetermined rotational speed in accordance
      with said predetermined fluid flow rate, and said fluid motors share the
      total torque requirements of conveying and winding of material in
      accordance with said predetermined pressure magnitude of said pressure
      relief valve whenever said predetermined pressure magnitude is less than
      the value which would provide said total torque by said second fluid
      motor.
NUM  7.
PAR  7. The apparatus of claim 6 in which said source includes means for
      manually adjusting said predetermined rate of fluid flow.
NUM  8.
PAR  8. The apparatus of claim 6 in which said pressure relief valve is manually
      adjustable.
NUM  9.
PAR  9. The apparatus of claim 8 in which said drive means includes a pressure
      gauge being operatively connected to said second fluid motor to visually
      determine said predetermined rotational torque.
NUM  10.
PAR  10. The apparatus of claim 1 in which said drive means includes a source
      having a pump and a sump, said connection of said drive means to said
      first supporting roller comprises a first fluid motor being operably
      connected thereto, said connection of said drive means to said other
      roller comprises a second fluid motor being operably connected to said
      second supporting roller, and said drive means includes a third fluid
      motor being operably connected to said riding roller for applying a
      predetermined rotational torque thereto in the same direction as the first
      said predetermined rotational torque.
NUM  11.
PAR  11. The apparatus of claim 10 in which all three of said fluid motors are
      of the fixed displacement type and said drive means includes means for
      supplying pressurized fluid to said first fluid motor at a predetermined
      flow rate whereby said predetermined rotational speed is determined
      thereby, for supplying pressurized fluid to said second fluid motor at a
      flow rate in excess of that required to rotate said second supporting
      roller at a peripheral speed equal to that of said first supporting
      roller, and for supplying pressurized fluid to said third fluid motor at a
      flow rate in excess of that required to rotate said riding roller at a
      peripheral speed equal to that of said first supporting roller, and said
      drive means includes pressure-limiting means for limiting the pressure
      magnitude of said pressurized fluid applied to said second and third fluid
      motors a value wherein the total torque developed by said second and third
      fluid motors is less than the total required to convey and to wind said
      material, whereby said predetermined torques are determined thereby, and
      whereby said second supporting roller and said riding roller rotate at
      speeds wherein the respective peripheral speeds thereof are substantially
      equal to that of said first supporting roller and the linear speed of the
      paper being conveyed therebetween.
NUM  12.
PAR  12. The apparatus of claim 11 in which said pressure limiting means
      comprises a first manually adjustable pressure relief valve being
      connected to said second fluid motor and to said sump, and a second
      manually adjustable pressure relief valve being connected to said third
      fluid motor and to said sump.
NUM  13.
PAR  13. The apparatus of claim 1 in which said rider-forcing means includes a
      first manually adjustable rider forcing mechanism for resiliently forcing
      one end of said riding roller, and a second manually adjustable
      rider-forcing mechanism for resiliently forcing the other end of said
      riding roller.
NUM  14.
PAR  14. The apparatus of claim 13 in which said rider forcing mechanisms are
      remotely adjustable at a control panel.
NUM  15.
PAR  15. The apparatus of claim 13 in which said rider-forcing mechanisms
      comprise fluid power cylinders.
NUM  16.
PAR  16. The apparatus of claim 1 in which the longitudinal axes of said
      supporting rollers are in a horizontal plane, said riding roller means is
      disposed above said supporting rollers with the weight thereof providing
      an initial forcing of said riding roller toward said supporting rollers,
      and said rider-forcing means is selectively adjustable to provide forces
      adding to or substracting from said initial forcing.
NUM  17.
PAR  17. The winding apparatus of claim 1 in which said apparatus further
      includes paper slitting means comprising a cylindrical slitting drum that
      is rotatably mounted about the longitudinal axis thereof and parallel to
      said first supporting roller and that includes a plurality of
      longitudinally disposed circumferential slitting grooves thereupon, a
      plurality of disc-shaped slitting knives being rotatably mounted with the
      axes thereof parallel to the longitudinal axis of said slitting drum and
      with said slitting knives operatively engaged with corresponding ones of
      said slitting grooves.
NUM  18.
PAR  18. The apparatus of claim 17 in which said operative engagement of said
      slitting knives with said grooves includes meshing engagement of said
      slitting knives with respective slitting grooves and forceable contact to
      one side of each of said slitting knives with one side of said respective
      slitting grooves, and said apparatus includes means for longitudinally
      moving each of said slitting knives away from contact with said one side
      of the respective slitting grooves, for moving said slitting knives from
      meshing engagement from said slitting grooves, and for moving said
      slitting knives back into operative engagement with said grooves.
NUM  19.
PAR  19. The apparatus of claim 17 in which said apparatus includes a frame:
PA1  a. said rotatable mounting of the three said rollers comprises a plurality
      of bearings each supportably mounting one end of each of said rollers to
      said frame;
PA1  b. said rotatable mounting of said slitting drum comprises a pair of
      bearings each supportably mounting one end of said slitting drum to said
      frame; and
PA1  c. said rotatable mounting of said slitting knives comprises a
      knife-mounting shaft being mounted to said frame in parallel relationship
      to the longitudinal axis of said slitting drum, and a plurality of
      slitting knife arms each having a first end thereof attached orthogonally
      to the longitudinal axis of said knife-mounting shaft and each having one
      of said slitting knives pivotally attached to the distal end thereof.
NUM  20.
PAR  20. The apparatus of claim 19 in which said apparatus includes means for
      rotating said knife-mounting shaft to a first angular position wherein
      said slitting knives are meshed with respective ones of said
      circumferential grooves and to a second angular position wherein said
      slitting knives are withdrawn from said circumferential grooves, and means
      for longitudinally actuating said knife-mounting shaft and resiliently
      forcing one edge of each of said slitting knives into operative engagement
      with one side of each of the respective grooves, and for longitudinally
      actuating said knife-mounting shaft to a position wherein said slitting
      knives may be moved into meshing engagement and out of meshing engagement
      with said grooves without either edge of any of said knives engaging
      either side of the respective grooves.
NUM  21.
PAR  21. The apparatus of claim 20 in which said shaft-rotating means comprises
      a reciprocating fluid motor and a mechanism linkage being operatively
      connected to said knife-mounting shaft and to said frame and said
      longitudinal actuating means comprises a liner fluid motor being
      operatively connected to said knife-mounting shaft and to said frame.
NUM  22.
PAR  22. The apparatus of claim 21 in which said operative connection of said
      linear fluid motor to said knife-mounting shaft comprises thread means for
      transferring axial motion therebetween and for allowing rotary motion
      therebetween.
NUM  23.
PAR  23. The apparatus of claim 1 in which said guide means comprises a pair of
      reciprocating fluid motors each being mounted proximal to respective ends
      of said mandrel in a plane orthogonally bisecting the plane between the
      longitudinal axes of said supporting rollers, and each including means for
      supportably receiving one end of said mandrel.
NUM  24.
PAR  24. The apparatus of claim 23 in which said longitudinal axes of said
      supporting rollers are in a horizontal plane and said means for
      supportably receiving one end of said mandrel comprises a saddle being
      attached to a respective one of said reciprocating motors, having a
      mandrel-receiving recess that opens toward said mandrel, and having a
      loading notch that opens distal from said supporting rollers.
NUM  25.
PAR  25. The apparatus of claim 1 in which said apparatus includes a frame
      having a first vertical frame member proximal to one end of said
      supporting rollers and substantially orthogonal thereto, and having a
      second vertical frame member proximal to the other end of said supporting
      rollers and substantially orthogonal thereto:
PA1  a. said supporting rollers are disposed with the longitudinal axes thereof
      in a horizontal plane, and said rotatable mounting thereof comprises a
      bearing each being attached to one end of said supporting rollers and to
      the proximal one of said frame members;
PA1  b. said mandrel is disposed on top of said supporting rollers;
PA1  c. said rotatable and reciprocable mounting of said riding roller comprises
      first and second riding roller heads each being slidably mounted to the
      proximal one of said frame members by a pair of parallel spaced and
      vertically disposed guide rods, each having a bearing therein that is
      attached to one end of said riding roller, each being movable vertically
      to move said bearings and said mandrel from said first position to said
      second position, and both cooperating with said riding roller to
      gravitationally provide an initial force urging said riding roller toward
      said supporting rollers;
PA1  d. said rider-forcing means comprises a pair of pneumatic cylinders being
      vertically disposed at opposite ends of said riding roller and each being
      attached to one of said frame members and to one of said riding roller
      heads, and pressure regulator and valve means for adjustably and
      selectively controlling said resilient forcing of the ends of said riding
      roller toward or away from said mandrel, thereby adjustably and
      selectively increasing or decreasing said initial force;
PA1  e. said guide means comprises a pair of saddles each having a mandrel
      receiving recess opening toward a respective one end of said mandrel and
      each having a loading notch opening upwardly from said mandrel receiving
      recess, a pair of vertically disposed pneumatic cylinders each having the
      upper end thereof connected to one of said saddles and each having the
      lower end thereof operatively connected to a respective one of said frame
      members, and means for selectively and adjustably applying air pressure to
      said pneumatic cylinders to resiliently urge said saddles into guiding
      engagement with the respective ends of said mandrel;
PA1  f. said operable connection of said drive means to said first supporting
      roller comprises a first fixed displacement fluid motor having an inlet
      port and an outlet port, being operably connected to said first supporting
      roller, and being effective to rotate said first supporting roller at said
      predetermined rotational speed and at a predetermined peripheral velocity
      for a given fluid flow rate;
PA1  g. said operable connection of said drive means to said other roller
      comprises a second fixed displacement fluid motor having an inlet port and
      an outlet port, being operably connected to said second supporting roller,
      and being effective to rotate said second supporting roller at a
      peripheral velocity greater than said predetermined peripheral velocity
      for said given flow rate;
PA1  h. said operable connection of said drive means to said other roller
      comprises a second fixed displacement fluid motor having an inlet port and
      an outlet port, being operably connected to said second supporting roller,
      and being effective to rotate said second supporting roller at a
      peripheral velocity greater than said predetermined peripheral velocity
      for said given flow rate;
PA1  i. said drive means comprises a third fixed displacement fluid motor having
      an inlet port and an outlet port and being operatively connected to said
      riding roller, a pump having a manually adjustable displacement, a sump
      being connected to said pump to supply fluid thereto, a flow divider being
      connected to said pump to receive pressurized fluid therefrom and having
      first and second outlet ports being connected to respective inlet ports of
      said first and said third motors for proportionally delivering the output
      of said pump to said first and third motors at flow rates wherein an
      excess of flow is delivered to said third motor above that required to
      rotate said riding roller at the same peripheral velocity as said first
      supporting roller, a first conduit connecting said outlet port of said
      third fluid motor to said sump, a first manually adjustable pressure
      relief valve being connected between said inlet and outlet ports of said
      third fluid motor to bypass excess fluid from said inlet port thereof to
      said sump and to adjustably control said predetermined rotational torque,
      a second conduit connecting said outlet port of said first motor to said
      inlet port of said second motor, a third conduit connecting said outlet
      port of said second motor to said sump, a second manually adjustable
      pressure relief valve being connected between said inlet and outlet ports
      of said second fluid motor to bypass excess fluid from said inlet port to
      said sump and to adjustably control said predetermined torque, and a third
      pressure relief valve being operably connected to said pump and to said
      sump to limit the maximum pressure output of said pump;
PA1  j. a slitting drum being parallel disposed to said first supporting roller,
      being distal from both said second supporting roller and said riding
      roller, and having first and second ends thereof rotatably mounted to
      respective ones of said frame members;
PA1  k. a plurality of longitudinally spaced circumferential slitting grooves on
      said slitting drum each having a shearing side and an opposite side;
PA1  l. a knife-mounting shaft being parallel disposed to said slitting drum and
      distal from said rollers, having first and second ends operably mounted to
      respective ones of said frame members for rotational and reciprocal
      movement, and having a longitudinally disposed dovetail projecting from a
      portion of the length thereof;
PA1  m. a plurality of knife-mounting brackets each having a dovetail groove
      therein sized to fit said dovetail, each having means for selectively
      positioning and securing said dovetail groove relative to said dovetail,
      and each having an arm-mounting groove disposed orthogonally to said
      dovetail groove;
PA1  n. a plurality of slitting knife arms each having one end thereof attached
      to one of said arm-mounting grooves and each having a distal end;
PA1  o. a plurality of disc-shaped slitting knives each having a shearing side
      and an opposite side, each having a thickness less than the width of the
      respective ones of said slitting grooves, and each being attached to the
      distal end of one of said slitting knife arms with the longitudinal axis
      thereof parallel to the longitudinal axis of said slitting drum;
PA1  p. means including a torque arm and a pneumatic cylinder for rotating said
      knife-mounting shaft from a meshing position wherein said knives are
      engaged with respective ones of slitting grooves to a second position
      wherein said knives are spaced from said slitting drum; and
PA1  q. means including a linear pneumatic actuator for longitudinally actuating
      said knife-mounting shaft to a longitudinal position wherein both said
      sides of said knives are spaced from engagement with the proximal sides of
      the corresponding slitting grooves, and for longitudinally actuating and
      resiliently urging the shearing sides of each of said knives into
      operative engagement with the shearing sides of the respective ones of
      said slitting grooves.
NUM  26.
PAR  26. A method of winding an elongated sheet of material into a roll
      comprising the steps of:
PA1  a. extending one end of the material across the top of a first of a pair of
      parallel spaced supporting rollers and then across the second of the
      supporting rollers;
PA1  b. placing a mandrel upon said supporting rollers in parallel and
      longitudinal surface-supporting relationship thereto and with the material
      between the mandrel and the supporting rollers;
PA1  c. securing the one end of the material to the mandrel;
PA1  d. moving a riding roller into longitudinal surface contact with the
      mandrel distal from the supporting rollers;
PA1  e. rotating the first supporting roller at a predetermined speed in the
      direction that draws the material between the first supporting roller and
      the mandrel and then delivers the material between the other of the
      supporting rollers and the mandrel to make a roll of material on the
      mandrel;
PA1  f. applying a rotational force to another of said rollers sufficient to
      rotate said other roller at a rotational speed higher than the rotational
      speed of said first roller thereby providing tensioning of the sheet
      material on the mandrel between the first supporting roller and said other
      roller, limiting the rotational force applied to said other roller to a
      predetermined maximum thereby protecting against excessive tensional
      forces in said sheet material between said rollers;
PA1  g. guiding the mandrel to allow same to move away from the supporting
      rollers to make room for the roll of material being formed, and to hold
      the roll being formed in longitudinally contacting alignment with the
      supporting rollers and with the riding roller; and
PA1  h. resiliently urging the riding roller against the roll of material being
      formed as the riding roller is moved away from said mandrel by the roll of
      material being formed.
NUM  27.
PAR  27. The method of claim 26 in which said method further comprises manually
      adjusting said predetermined torque.
NUM  28.
PAR  28. The method of claim 27 in which said method further comprises applying
      a predetermined rotational torque to the third of the rollers in the
      direction that provides tensioning of the material passing between the
      first supporting roller and the mandrel, whereby the third roller rotates
      at a peripheral speed substantially equal to that of the first supporting
      roller.
NUM  29.
PAR  29. The method of claim 28 in which said method further comprises manually
      adjusting said second predetermined torque.
NUM  30.
PAR  30. The method of claim 26 in which said method further comprises manually
      adjusting the force magnitude of the resilient urging of the riding roller
      against the roll of material being formed to selectively adjust the
      density of the roll being formed.
NUM  31.
PAR  31. The method of claim 26 in which said method further comprises manually
      adjusting the force magnitude of the resilient force urging one end of the
      riding roller against the roll of material being formed to selectively
      correct for non-uniformity of winding.
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ABST
PAL  The invention relates to an alternate side web splicing apparatus in which
      a bumper roll and a knife roll supported on a frame are adapted
      successively to be fired in the same direction from ready positions to
      perform an undersplice and in which means is provided for automatically
      changing the ready position of the knife roll while properly orienting the
      blade thereof and for firing the bumper roll and the knife roll in the
      opposite direction to perform an oversplice.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In continuous processes of treating or otherwise working with webs, it is
      necessary to splice the surface of a web carried by a new roll to the
      surface of the web leading from an expiring roll without interrupting the
      movement of the web to the installation at which operations are being
      performed thereon.
PAR  Apparatus is known in the prior art for automatically achieving the
      operation of splicing the surface of a new roll web to the surface of a
      web leading from an expiring roll. In apparatus of this kind, in the
      normal course of operations the web extends from the roll stand over a
      splicing unit bumper roll in its inactive position to a web tensioning
      system. To control the web tension the tensioning unit normally provides
      an output signal which is applied to a brake on the spindle of the roll
      being unwound. In preparation for a splicing operation, the
      roll-supporting turret is brought to a location at which a new roll is
      loaded onto a pair of empty arms on the turret. Next, the leading edge of
      the new web is torn to form a V therein at a predetermined location around
      the roll. Adhesive is applied to the surface of the web along the edge of
      the V and tear strips are used to hold this free edge down onto the
      remainder of the web. Next, the turret is moved in a direction to bring
      the new roll to a position at which it will be adjacent to the surface of
      the bumper roll of the splicing unit in its ready position. Next, the new
      roll is driven to bring it up to line speed. When this has been achieved,
      the operator notes the expiration of the web on the old roll and at a
      predetermined time operates a push-button to "fire" the bumper roll by
      pivoting it to bring the expiring web into contact with the web on the new
      roll. When that occurs, the new and old webs are adhered and the new web
      is caused to move along with the old web as the tear strips break. Shortly
      thereafter, a knife bar is swung from its ready position to an active
      position, in the course of which movement it severs the tail of the old
      web. The splice is now complete. Subsequently, the old roll is stopped,
      the tension system braking signal is applied to the new roll spindle, the
      bumper roll and knife bars return to their ready positions and the entire
      splicing unit is retracted.
PAR  Manufactured webs of paper, plastic and the like, are never identical on
      the two sides thereof. Moreover, as supplied by the manufacturer, the same
      side of the web always is in on the roll. In some web treating or
      assembling process of the prior art, it is desirable to work with one side
      of the web up, while in other processes it is desirable to work with the
      other side of the web up. Automatic splicing arrangements of the prior art
      generally are capable of performing only a splice of one type. That is to
      say they permit of use of an installation in which only one side of the
      web being unwound can be up. More particularly, there is known in the
      prior art, for example, an apparatus which is adapted to perform an
      undersplice, which is splicing the inner surface of the expiring web to
      the outer surface of the web on the new roll in an arrangement in which
      the inner surface of the web being unwound is up in the subsequent
      process. If it were desired to have the outer surface of the roll as
      applied by the manufacturer up in the process involved, it would be
      necessary to rewind the roll first in order to use this splicing
      apparatus, or in some manner invert the travelling web as it moved toward
      the process installation. While units capable of performing both an
      undersplice and an oversplice are known in the prior art, such units are
      cumbersome and changing over from an undersplice to an oversplice and vice
      versa with such units is a relatively complex operation.
PAR  We have invented an improved automatic web splicing apparatus which is
      adapted to perform either an undersplice or an oversplice. Our apparatus
      accomplishes this result which being less cumbersome than are alternate
      side splicing units of the prior art. Our apparatus may rapidly and
      expeditiously be changed from a condition in which it performs an
      undersplice to a condition in which it can perform an oversplice. It is
      relatively simple in construction for the results achieved thereby.
PAC  SUMMARY OF THE INVENTION
PAR  One object of our invention is to provide an improved automatic web
      splicing apparatus of the type which is adapted alternatively to perform
      an undersplice or an oversplice.
PAR  A further object of our invention is to provide an alternate side web
      splicing apparatus, which is less cumbersome than are alternate side
      splicers of the prior art.
PAR  A still further object of our invention is to provide an automatic splicing
      apparatus which accomplishes changeover from one direction of splicing to
      the other in a rapid and expeditious manner.
PAR  Yet another object of our invention is to provide an alternate side web
      splicing apparatus which is compact.
PAR  A still further object of our invention is to provide an alternative side
      web splicing apparatus, which is relatively simple in construction for the
      result achieved thereby.
PAR  Other and further objects of our invention will appear in the following
      description.
PAR  In general our invention contemplates the provision of an alternate side
      web splicing apparatus a frame is adapted to be swung from a retracted
      position to an operative position to permit a bumper roll and a knife roll
      carried by the frame to be fired successively in the same direction to
      perform an undersplice and in which automatic means is provided means
      changing the knife roll ready position and firing the bumper roll and
      knife roll successively in the opposite direction to perform an
      oversplice. As the knife roll is selectively moved to one of its two ready
      positions, the knife thereof is automatically oriented so that it will
      effectively sever the trailing edge of the old web as it moves from its
      ready to its active position.
DRWD
PAC  BRIEF DESCRIPTIONS OF THE DRAWINGS
PAR  In the accompanying drawings which reference is made in the instance
      specification and in which like reference characters indicate the like
      parts in the various views.
PAR  FIG. 1 is a side elevation of a web unwinding stand, provided with our
      alternate side web splicing apparatus.
PAR  FIG. 2 is a side elevation of our alternate side web splicing apparatus,
      showing the various positions of the parts in performing an undersplice
      and in performing an oversplice.
PAR  FIG. 3 is a fragmentary top plan view of our alternate side web splicing
      apparatus, illustrating one side of the unit.
PAR  FIG. 4 is an end elevation of our alternate side web splicing apparatus.
PAR  FIG. 5 is a fragmentary elevation illustrating a part of our alternate side
      web splicing apparatus.
PAR  FIG. 6 is a schematic view of one form of control circuit, which may be
      employed in our alternate side web splicing apparatus.
DETD
PAC  DESCRIPTION OF OUR PREFERRED EMBODIMENT
PAR  Referring now to the drawings, our alternate side web splicing apparatus
      may be associated with a roll unwinding stand, indicated generally by the
      reference character 10, supported on a floor 12. The stand 10 rotatably
      carries a turret indicated generally by the reference character 14, having
      a shaft 16 adapted to be driven by any suitable drive, such as is
      indicated by the reference character 18.
PAR  The turret 14 includes two pairs of oppositely extending arms 20 and 22.
      Each pair of arms 20 and 22 carries a roll-supporting spindle 24. By way
      of example, the spindler 24 on arms 20 may support the roll carrying the
      expiring web 26, while the spindler 24 on arms 22, may support the roll
      carrying the fresh or new web 28. Preferably we provide each of the
      respective spindles 24 with a steel drum 30 at the end thereof. Turret 14
      includes two other pairs of oppositedly extending arms 32 and 34 carrying
      respective idle rolls 36 and 38.
PAR  An arm 40 supported by means (now shown) carries a rubber drive roller 42
      having a shaft 44 adapted to be driven by a suitable drive 26. As will
      more fully be explained hereinbelow, the arm 40 is adapted to be moved
      from a retracted position to a position at which the rubber roll 42
      engages the drum 30 associated with the spindle carrying the new roll to
      drive the new roll up to speed in the course of a splicing operation.
      Further as will be explained more fully hereinbelow, a photocell 48 is
      adapted to be energized by a reflective strip on the drum 30 being driven
      to control the splicing operation. A mark 50 on the drum indicates the
      position of the reflective strip, so that the operator can prepare the
      leading edge of the new web at the proper location. In addition to the
      photocell 48, we provide two photocells 52 and 54, respectively positioned
      on a stanchion or the like adjacent to the stand 10 to sense the movement
      of a new roll into position for splicing in the course of an undersplice
      or an oversplice.
PAR  Our alternate side splicing unit indicated generally by the reference
      character 60, includes a frame 62 keyed to a shaft 64 supported on an
      upright 66, adjacent to the stand 10. A crank 68 carried by shaft 64 for
      rotation therewith is pivotally secured to a piston rod 70 associated with
      a cylinder 72 supported on a pivot 74. As will more fully be explained
      hereinbelow, cylinder 72 is adapted to be supplied with fluid under
      pressure selectively to move the unit 60 between an operative position
      indicating in full lines in FIG. 1 and an inoperative position indicated
      in broken lines in the Figure.
PAR  The unit 60 includes a bumper roll 76 carried by a shaft 78 supported in a
      pair of arms 80 at the sides of the splicing unit 60. Each arm 80 is
      carried by a hub 82 pivotally supported on a pivot shaft 84 carried by a
      pair of spaced frame members 86 and 88. Hub 82 is provided with a crank
      arm 100 extending upwardly into the space between a pair of stops 102 and
      104 on the frame members 86 and 88. A pin 106 pivotally connects arm 100
      at a point below the upper end thereof to a piston rod 108 associated with
      a double acting piston and cylinder assembly 110. This assembly 110 is
      swingably supported on a pin 112 extending between the frame members 86
      and 88. We provide respective valves 114 and 116 connected to the interior
      of the cylinder 110 on the opposite sides of the piston head associated
      with rod 108. As will be more fully explained hereinbelow, each valve is
      adapted alternatively to connect the interior of the cylinder at one side
      of the piston to a source of fluid under pressure or to an exhaust. The
      arrangement we have shown enables the cylinder assembly 110 to act as an
      accumulator. That is to say, the operation of the device to fire the
      bumper roll the interior of the cylinder 110 at one side of the piston
      head may be at a pressure of, for example, 55 pounds per square inch,
      while the other side is at a pressure of 50 pounds per square inch. When
      the bumper roll is to fire the 50 pounds pressure is dumped and the bumper
      roll moves extremely rapidly into engagement with the surface of the web
      on the new roll.
PAR  The unit 60 includes a shaft 118, supported in respective bearings 120 and
      122 on a frame member 124 and on the frame member 86. A bushing 126 on the
      shaft 118 rotatably carries the hub 128 of a lever, one arm, 130, of which
      supports one end of the knife roll 132 carrying the knife 133. It will
      readily be appreciated that a similar lever is provided for supporting the
      other end of the knife roll 132.
PAR  We connect the other arm 134 of the lever having the hub 128 to a piston
      rod 138 by means of a pin 136. Rod 138 forms a part of a single acting
      piston and cylinder assembly 140. Respective rollers 142 and 144 carried
      by the assembly 140 are received in brackets 146 and 148 on the frame
      members 86 and 124, swingably to support the assembly 140 for a reason
      which will more fully be understood from the description hereinbelow. A
      valve 150 is adapted to be operated to supply fluid under pressure to the
      interior of the assembly 140 to fire the knife roller in a manner to be
      described.
PAR  One end of the knife roller 132 carries a planet gear 152 for a rotation
      therewith, inboard of the lever arm 130. Each planet gear 152 is
      associated with a sun gear segment 154, carried by a hub 156 secured to
      the shaft 118. Sun gear arrangement 154 carries a pair of spaced stops 153
      and 155 adapted to be engaged by an element 157 on arm 130. We form the
      hub 156 with an arm 158 which receives a pivot pin 160, carried by the
      upper ends of a pair of spaced crank arms 162 and 164. The lower ends of
      the crank arms 162 and 164 receive a crank pin 166, adapted to be driven
      by a pair of crank plates 168 and 170 secured to a pinion 172 carried by a
      shaft 174. A rack 176 associated with pinion 172 is secured to the movable
      cylinder 178 of a piston and cylinder assembly including a rod 180. We
      secure the rod 180 on which cylinder 178 rides between a pair of pins 182
      and 184 on the frame 62. A valve 186 is adapted to be actuated to supply
      fluid under pressure to the interior of the cylinder 178 when it is
      desired to change the condition of the apparatus.
PAR  Referring now to FIG. 6, we have shown one form of control circuit, which
      may be used to control the operation of our alternate side web splicing
      apparatus. Respective conductors 188 and 90 supply power to the circuit.
      In order to control the movement of the turret 14, we provide a drive
      motor M associated with the driving member 18. A push-button PB1 is
      adapted to be closed to energize the relay winding 1R to close a pair of
      normally open switch contacts 1R1 and 1R2, to cause the motor M to drive
      the turret 14 in one direction, such for example as in the clockwise
      direction.
PAR  To energize the motor M to drive the reel 14 in a clockwise direction, for
      example, the operator actuates a push-button PB1 to energize a relay
      winding 1R to close contacts 1R1 and 1R2 in the motor circuit and to
      provide a holding circuit for the relay through contact 1R3, a normal
      closed contact 5R2 and a stop push-button PB3. To energize motor M for
      driving the reel in the reverse direction, such for example as the
      counterclockwise direction, the operator actuates a push-button PB2 to
      energize a relay winding 2R to close two normally open switches 2R1 and
      2R2 to energize the motor and to provide a holding circuit through switch
      2R3, switch 5R2 and the stop push-button PB3. When the reel has arrived at
      the desired position, the operator opens the push-button switch PB3 to
      stop the reel.
PAR  The operation just described of driving the reel to a desired position is
      entirely under the control of the operator and depends upon the times at
      which he actuates the start and stop push-button. As will more fully be
      explained hereinbelow, when automatic operations are to take place during
      a splicing operation, contacts 5R1 are closed and contacts 5R2 are open.
      Under these conditions stopping of the reel drive automatically takes
      place upon the opening of the contacts 5R1.
PAR  Prior to initiating a splicing operation, the operator sets the system to
      perform an oversplice or an undersplice, as desired.
PAR  The circuit of FIG. 6 is shown in the condition at which the various
      elements are set to perform an undersplice. That is to say, a photocell
      52, which is adapted to sense clockwise movement of the turret 14 in
      bringing a new roll into position adajcent to the bumper roll is connected
      in the circuit with winding 5R by a contact 4R1. At the same time, switch
      contacts 4R2 ready the circuit of a solenoid winding S2, associated with
      the valve which supplies fluid to the bumper roll cylinder to cause the
      bumper roll to move in a counterclockwise direction.
PAR  If it is desired to perform an oversplice, a pushbutton PB5 is operated to
      energize the winding 4R to move contact 4R1 downwardly to place photocell
      54 in the circuit with winding 5R to move contact 4R2 down to ready a
      circuit of a solenoid S3, which operates the valve associated with the
      bumper cylinder to supply fluid thereto to cause the bumper roller to move
      in a clockwise direction. At the same time, winding R4 closes contacts 4R3
      to supply fluid to the rack cylinder valve 186 and to complete its own
      holding circuit through contacts 4R4 and PB6. To return the system to the
      undersplice condition, it is only necessary to operate push-button PB6 to
      interrupt the holding circuit of winding 4R.
PAR  When a splicing operation is to be achieved and after the empty turret arms
      have been loaded in the manner to be described hereinbelow, the operator
      actuates a pushbutton PB4 to energize a relay winding 3R to close contacts
      3R1 to apply power to a control circuit conductor 192. At the same time,
      contacts 3R2 close to provide a holding circuit for the winding 3R through
      normally closed switch contacts 9R1.
PAR  In the arrangement with which our alternate side splicer is used each pair
      of turret arms is provided with a let-off brake (not shown) which is
      adapted to be released upon energization of a solenoid. By way of example,
      in the circuit of FIG. 6 we have shown only the solenoid S8 associated
      with the arms carrying the full roll. Actuation of PB4 to energize winding
      3R also closes a normally open switch 3R3 to energize solenoid S8 to
      release the brake associated with the full roll. It will readily be
      appreciated that a similar system is provided for the other set of arms.
PAR  When, as described hereinabove, power is applied to the line 192, one of
      the photocells 52 and 54 immediately completes the circuit of winding 5R
      to close contacts 5R1 to open contacts 5R2 and open contacts 5R3. The
      circuit is now ready for the splicing operation to proceed. The operator
      actuates PB1 to cause motor M to move in the clockwise direction to bring
      the fresh roll into position adjacent to the bumper roll. At the same
      time, the holding circuit for winding 1R is complete through now closed
      contacts 5R1. When the periphery of the new roll approaches to within a
      predetermined distance from the ready position of the bumper roll, the
      path of light to the photocell 52 is interrupted so that winding 5R is
      deenergized. When that occurs, contacts 5R1 open to interrupt the drive
      circuit of motor M. At the same time, contacts 5R3 close to energize the
      solenoid S1 to supply fluid under pressure to cylinder 72 to raise the
      splicing unit 60 to the ready position. In addition, closing of 5R3
      energizes a solenoid S8 to supply fluid under pressure to the system (now
      shown) for raising arm 40 to a position at which wheel 42 engages the drum
      30. When the operator observes that the roll being unwound has reached a
      predetermined condition of depletion, he operates a push-button PB7 to
      energize the winding 6R to close switch contacts 6R1 and 6R2. Closing of
      contacts 6R1 completes a holding circuit for winding 6R. Closing of the
      contact 6R2 energizes a conrol circuit 194 to energize the drive 46 of
      wheel 42, so that the new roll is driven up to line speed. At the same
      time, closing of contacts 6R2 energizes a timer 196, which, after a
      predetermined time, applies power to a conductor 198. Timer 196 provides a
      delay sufficient to ensure that the new roll is up to line speed. The next
      time the reflective strip 50 on the driven drum passes the photocell 48, a
      counter 200 produces an output pulse on a first channel to energize a
      relay winding 7R. Energization of this winding closes contacts 7R1 to
      complete a holding circuit for the winding 7R. In addition, contacts 7R2
      close to energize either of the two solenoids S2 or S3 to cause the bumper
      roll to fire. On the next passage of the reflective strip past photocell
      48, counter 200 puts out a pulse on a second channel to energize a winding
      8R to close a switch 8R1 to complete its own holding circuit and to close
      8R2 to energize solenoid S5 associated with the knife cylinder to cause
      the knife cylinder to fire the knife to sever the trailing edge of the web
      being exhausted. Energization of winding 8R also closes a switch 8R3,
      which, after a delay provided by a circuit 202, energizes a winding 9R to
      open switch contacts 9R1 to deenergize line 192. Circuit 202 provides
      sufficient delay to permit the knife roll to complete its stroke. When
      that occurs, arm 40 is retracted, the bumper roll is retracted, the knife
      is retracted, and the entire splicing unit 60 is moved to its retracted
      position. At the same time, signals may be provided to stop the roll being
      exhausted and to apply the tension-control braking signal to the spindle
      of the fresh roll.
PAR  It will readily be appreciated that various modifications can be made in
      the circuit of FIG. 6 within the scope of our invention. For example, we
      might modify the fluid circuit when setting the apparatus for the
      particular type of splicing operation to be performed and use only a
      single solenoid in place of the two solenoid S2 and S3 to fire the bumper
      roll.
PAR  In use of our apparatus in performing an oversplice, for example, the web
      26 which is expiring is being unwound in a clockwise direction. Fluid
      under pressure is supplied to the cylinder 178 to move the cylinder to its
      upper limit position illustrated in full lines in FIG. 2. In this
      condition of the parts, sun gear segment 154 occupies the position shown
      in full lines at 154a in FIG. 2. At the same time, pinion 154 occupies the
      position indicated by the reference character 152a, with the knife blade
      133a pointing generally downwardly. The operator first moves the empty
      arms 22 of the turret 14 to about the 9  o'clock position of FIG. 1, loads
      in a new roll and prepares it for splicing.
PAR  When the roll has been loaded and prepared, the associated brake is
      released and the turret is driven to move the new roll to the ready
      position indicated in full lines in FIG. 1. As it approaches the ready
      position at which its surface is a predetermined distance from the
      location of the bumper roll in the ready position, the turret
      automatically stops and the splicing unit 60 and wheel 42 move to the
      ready position. This operation is under the control of either photocell 52
      or photocell 54. Next, the operator notes the fact that the splicing roll
      is becoming exhausted and presses push-button PB7. This operation drives
      the new roll up to line speed. A timer 196 provides sufficient delay to
      ensure the new roll is up to speed. As soon as the timer operates,
      photocell 48 notes the first passage of the reflective strip on drum 38
      and fires the bumper roll 76. In performing an oversplice, fluid under
      pressure is supplied to the cylinder 110 in a direction to fire the roll
      in a counterclockwise direction to bring the old web into engagement with
      the surface of the new web. On the next passage of the reflective strip
      past photocell 48, the knife roll 132 is fired. This is achieved by
      supplying fluid under pressure to the interior of cylinder 140 to move rod
      138 inwardly of the cylinder. When this is done, the arm 130 moves from
      the stop 153 toward the stop 155 to the position indicated in full lines
      in FIG. 2. As this occurs, pinion 152 rotates to the position indicated by
      the reference character 152a and the knife 133, correspondingly rotates to
      the position shown in FIG. 2 as 133a, in the course of which movement it
      cuts the tail of the expiring web. The splicing operation is now complete
      and the remaining operations are performed in the manner described
      hereinabove in connection with the showing of FIG. 6.
PAR  When our apparatus is being employed to perform an undersplice, the web is
      being unwound in a counterclockwise direction. In this instance, fluid
      under pressure is supplied to the interior of cylinder 178 to move the
      cylinder to the down position indicated in FIG. 2. As a result, crankpin
      166 drives arms 162 and 164 to rotate the sun gear segment 154 to the
      position indicated as 154b in FIG. 2. This is a movement of the sun gear
      of approximately 90.degree.. At the same time the pinion rotates to the
      152b position indicated in FIG. 2 and knife 133 correspondingly rotates to
      a generally vertically upright position indicated as in 133b in FIG. 2.
PAR  To prepare for the splicing operation, the operator rotates the turret 14
      in a counterclockwise direction to bring the empty arms 20 to the 9
      o'clock position, loads the roll and prepares the roll end for splicing.
      Next, the turret is driven to bring the new roll into the ready position
      and the splicing assembly 60 is automatically raised to the ready
      position. When the operator notes that the expiring roll is very nearly
      depleted, he pushes button PB7 to bring the new roll up to line speed.
      When the roll is up to speed the timer 196 again operates and the first
      time photocell 48 senses the passage of the reflective strip on the drum
      36, the bumper roll is fired. In this instance, fluid under pressure is
      supplied to the double-acting cylinder 110 in a direction to move the
      bumper roll in a clockwise direction to bring the expiring web into
      engagement with the surface of the new roll. On the next revolution of the
      new roll, photocell 48 signals the firing of the knife. As will be
      apparent from FIG. 2, to fire the knife for an undersplice, fluid under
      pressure is supplied to the cylinder 140 in the same direction as for an
      oversplice, so as to move rod 138 inwardly of the cylinder 140. In the
      course of this operation, pinion 152 moves to the 152b' position and
      rotates the knife 133 from the 133b position to the 133b' position, so
      that the knife passes through the web at the correct angular orientation
      to sever the trailing end of the expiring web. The splicing operation is
      now complete and the final operations are performed in a manner described
      hereinabove.
PAR  It will be seen that we have accomplished the objects of our invention. We
      have provided a web splicing unit which can rapidly and expeditiously be
      changed over to perform an undersplice or an oversplice. Our apparatus is
      less cumbersome than are alternate side splicers of the prior art. It is
      relatively simple in construction for the result achieved thereby.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of
      claims. It is further obvious that various changes may be made in details
      within the scope of the claims without departing from the spirit of the
      invention. It is, therefore, to be understood that the invention is not to
      be limited to the specific details shown and described.
CLMS
STM  Having thus described my invention, what I claim is:
NUM  1.
PAR  1. Automatic web splicing apparatus for splicing the outer surface of a new
      roll web alternatively to the under surface of an expiring roll web or to
      the upper surface of an expiring roll web including in combination, a face
      of an expiring roll web including in combination, a support, a bumper
      roll, means mounting said bumper roll on said support for movement between
      a ready position and first and second fired positions, a knife roll, a
      knife on said knife roll, means mounting said knife roll on said support
      for movement between first and second ready positions and for movement
      from said first and second ready positions to respective first and second
      fired positions, and means for selectively initially positioning said
      knife roll in one of said ready positions.
NUM  2.
PAR  2. Apparatus as in claim 1 including means responsive to said knife roll
      moving means for producing a predetermined initial angular orientation of
      said knife.
NUM  3.
PAR  3. Apparatus as in claim 1 in which said bumper roll mounting means mounts
      said bumper roll for swinging movement around an axis, and means adapted
      to be actuated alternatively to swing said bumper roll in one direction
      from its ready position to its first fired position to bring the upper
      surface of an expiring roll web into engagement with the outer surface of
      a new roll web or to swing said bumper roll in the opposite direction from
      its ready position to its second fired position to bring the under surface
      of an expiring roll web into engagement with the outer surface of a new
      roll web.
NUM  4.
PAR  4. Apparatus as in claim 3 in which said bumper roll swinging means
      comprises a double acting piston and cylinder assembly.
NUM  5.
PAR  5. Apparatus as in claim 1 in which said knife roll mounting means includes
      means mounting said knife roll for swinging movement between said first
      and second ready positions and for swinging movement from said ready
      positions to said respective fired positions, and means adapted to be
      actuated alternatively to swing said knife roll in one direction from said
      first ready position to said first fired position to sever the trailing
      edge of an expiring roll web from the under side thereof or to swing said
      knife roll in the opposite direction from said second ready position to
      said second fired position to sever the trailing edge of an expiring roll
      web from the upper side thereof.
NUM  6.
PAR  6. Apparatus as in claim 5 in which said knife roll swinging means
      comprises a single acting piston and cylinder assembly.
NUM  7.
PAR  7. Apparatus as in claim 5 in which said knife roll mounting means
      comprises means mounting said knife roll for rotary movement around a
      second axis spaced from said axis of swinging movement, and means
      responsive to said swinging movement of said knife roll for rotating said
      knife roll around said second axis in the direction of said swinging
      movement.
NUM  8.
PAR  8. Apparatus as in claim 1 in which said bumper roll mounting means mounts
      said bumper roll for swinging movement around an axis, and means adapted
      to be actuated alternatively to swing said bumper roll in one direction
      from its ready position to its fired position to bring the upper surface
      of an expiring web into engagement with the outer surface of a new roll
      web or to swing said bumper roll in the opposite direction from its ready
      position to its second fired position to bring the under surface of an
      expiring roll web into engagement with the outer surface of a new roll
      web, and in which said knife roll mounting means includes means mounting
      said knife roll for swinging movement between said first and second ready
      positions and for swinging movement from said ready positions to said
      respective fired positions, and means adapted to be actuated alternatively
      to swing said knife roll in said one direction from said first ready
      position to said first fired position to sever the trailing edge of an
      expiring roll web from the under side thereof or to swing said knife roll
      in said opposite direction from said second ready position to said second
      fired position to sever the trailing edge of said expiring roll web from
      the upper side thereof.
NUM  9.
PAR  9. Apparatus as in claim 8 in which said knife roller mounting means
      comprises means mounting said knife roll for rotary movement around a
      second axis from the axis of swinging movement of said knife roll, and
      means responsive to swinging movement of said knife roll between said
      first and second ready positions for angularly orienting said knife.
NUM  10.
PAR  10. Apparatus as in claim 1 in which said knife roll mounting means
      includes an arm, means mounting said knife roll on said arm for rotary
      movement around a first axis, means mounting said arm for pivotal movement
      around a second axis spaced from said first axis, said means for
      selectively initially moving said knife roll including means adapted to be
      actuated to move said arm between limit positions corresponding to the
      respective ready positions of said knife roll, said apparatus including
      means responsive to movement of said arm for rotating said knife roll to
      produce a predetermined orientation of said knife.
NUM  11.
PAR  11. Apparatus as in claim 10 in which said means for moving said arm and
      said means for rotating said knife roll comprise a sun gear segment
      mounted for movement on said knife roll for movement therewith and in
      engagement with said sun gear segment, and means adapted to be actuated to
      move said sun gear between limit positions corresponding to the ready
      positions of said knife roll.
NUM  12.
PAR  12. Apparatus as in claim 11 in which said means for moving said knife roll
      from said ready positions to said fired positions comprises second means
      for rotating said arm to roll said planet gear along said sun gear
      segment.
NUM  13.
PAR  13. Apparatus as in claim 12 in which said second means for rotating said
      arm comprises a single acting piston and cylinder assembly including a
      piston rod and means pivotally connecting said piston rod to the end of
      said arm remote from said knife roll.
NUM  14.
PAR  14. Apparatus as in claim 13 including means supporting said piston and
      cylinder assembly for pivotal movement on said frame.
NUM  15.
PAR  15. Apparatus as in claim 11 in which said sun gear moving means comprises
      a crank, means mounting said crank for rotary movement on said support, a
      connecting rod for coupling said crank to said sun gear segment, and means
      for driving said crank.
NUM  16.
PAR  16. Apparatus as in claim 15 in which said crank driving means comprises a
      pinion, a rack in engagement with said pinion, a stationary piston rod, a
      cylinder mounted for movement along said rod and means mounting said rack
      on said cylinder.
NUM  17.
PAR  17. Apparatus as in claim 1 in which said bumper roll mounting means
      comprises an arm rotatably supporting said bumper roll, means mounting
      said arm on said support for pivotal movement around an axis and means
      including a double acting piston and cylinder arrangement for pivoting
      said arm.
NUM  18.
PAR  18. Apparatus as in claim 1 in which said bumper roll mounting means
      comprises an arm, means mounting said bumper roll on said arm for rotary
      movement around a first axis, means mounting said arm on said support for
      pivotal movement around a second axis spaced from said first axis, said
      apparatus including a frame, and means mounting said support on said frame
      for pivotal movement between an inactive position and an active position,
      said first axis describing a generally horizontal arc as said support
      moves between said active and inactive positions.
NUM  19.
PAR  19. Apparatus as in claim 1 in which said bumper roll mounting means
      comprises a first arm, means mounting said bumper roll for rotary movement
      on said first arm, and means mounting said first arm on said support for
      pivotal movement around an axis, and in which said knife roll mounting
      means comprises a second arm, means mounting said knife roll for rotary
      movement on said second arm, means mounting said second arm on said
      support for pivotal movement around an axis, a sun gear segment, means
      mounting said sun gear segment on said support for pivotal movement around
      said second arm axis and a planet gear carried by said knife roll for
      movement therewith, said planet gear being in engagement with said sun
      gear segment, and in which said means for initially positioning said knife
      roll comprises means for moving said sun gear segment between limit
      positions corresponding to the ready positions of said knife roll, said
      apparatus including means for actuating said first arm to move said bumper
      roll from its ready position in one direction to its first fired position
      in the course of an undersplicing operation and to move said bumper roll
      from its ready position in the other direction to its second fired
      position in the course of an oversplicing operation, and means for
      actuating said second arm to move said knife roll from its first ready
      position in said one direction to its first fired position in the course
      of an undersplicing operation and to move said knife roll from its second
      ready position in said other direction to its second fired position in the
      course of an oversplicing operation.
NUM  20.
PAR  20. Apparatus as in claim 19 in which said first arm actuating means
      comprises a double acting piston and cylinder assembly.
NUM  21.
PAR  21. Apparatus as in claim 19 in which said second arm actuating means
      comprises a single acting piston and cylinder assembly.
NUM  22.
PAR  22. Apparatus as in claim 21 in which said first arm actuating means
      comprises a double acting piston and cylinder assembly.
NUM  23.
PAR  23. Apparatus as in claim 22 in which said segment moving means comprises a
      crank, means mounting said crank for pivotal movement on said support, a
      connecting rod coupling said crank to said segment, a pinion secured to
      said crank for movement therewith, a rack in engagement with said piston,
      a stationary piston rod, a cylinder mounted for movement on said rod and
      means mounting said rack on said cylinder for movement therewith.
NUM  24.
PAR  24. Apparatus as in claim 19 in which said first and second arm axes are
      coincident.
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ABST
PAL  The application relates to an improvement in a rewinding machine for
      continuous individual webs of paper cut from a wider web, and including a
      backing cylinder, a plurality of winding shafts alternately arranged
      diametrically opposite one another relative to the backing cylinder, a
      roll on each of the winding shafts, and bearing blocks for each of the
      rolls, whereby the individual webs contact the backing cylinder and
      alternate individual webs are taken up on the rolls arranged on the
      winding shafts on each side of the backing cylinder, the bearing blocks
      permitting the shafts and rolls to move away from the backing cylinder as
      the roll diameters increase due to webs wound thereon, all known in the
      art. In accordance with the invention, a bearing block on one side of the
      backing cylinder is coupled with a bearing block on the other side of the
      backing cylinder, the coupled bearing blocks constituting those which
      define a plane of division between two adjacent individual webs, and means
      are provided for displacing the coupled bearing blocks along the axis of
      the backing cylinder, whereby in adjusting the rewinding machine to accept
      individual webs of different widths by displacement of the bearing blocks
      on both sides of the backing cylinder, the coupling of the bearing blocks
      ensures that opposite blocks are properly aligned to define planes of
      division.
BSUM
PAR  A roll cutting and rewinding machine of the above-described kind is a paper
      working machine by which a wide paper supply roll is divided in a single
      operation into a plurality of narrower individual rolls. The system used
      for rewinding the web which has been divided by a plurality of
      longitudinal slits is to provide a plurality of rewinding stations
      adjacent one another diametrically opposite a backing cylinder on either
      side thereof and parallel to the axis thereof. The individual rewinding
      stations consist of bearing blocks arranged in pairs, which are adjustable
      parallel to the backing cylinder according to the width of the roll to be
      wound and to the length thereof with respect to the total working width.
      This adjusting becomes necessary whenever the machine-width paper web
      coming from the supply roll is divided into individual rolls having new
      widths. For this purpose the slitting knives are first moved to their new
      position, thus creating the new planes of division. Every two adjacent
      individual webs produced by such slitting are likewise formed into
      adjacent individual rolls as they are wound, each having one end in the
      same common plane of division. Now, in order to produce proper paper
      rolls, a paper web, preferably passed around a backing cylinder and wound
      into a roll against the latter, must not undergo any lateral displacement,
      i.e., each pair of bearing blocks must occupy during the winding process a
      certain position in relation to its respective roll and also to the
      immediately adjacent roll on the other side of the backing cylinder.
PAR  Hitherto the bearing blocks have had to be adjusted individually upon every
      change in the web width. This means that the precise alignment of the
      individual bearing blocks was not possible until the roll core tubes were
      already mounted in place, on the one hand, and on the other hand the slit
      individual webs had been threaded in and had been glued to the alternately
      disposed roll core tubes. With the above-described setting-up procedure it
      becomes clear that, upon a change in the web width, a precise prealignment
      of the bearing blocks was not possible.
PAR  The invention is addressed to the problem of eliminating the existing
      deficiencies with respect to the readjustment of the bearing blocks when
      the web widths are changed, and of finding an apparatus by which the
      bearing blocks can be placed in their winding positions in a very short
      amount of time, without correction.
PAR  This problem is solved by the invention in that, in the initially described
      roll cutting and rewinding machine, bearing blocks located diametrically
      opposite the backing roll in the area of each plane of division are
      coupled together for common lateral adjustment, the coupling of the
      bearing blocks consisting of at least two matingly joined plates.
      Furthermore, the plates are of such construction that they are not
      displaceable with respect to one another in the direction of the
      adjustment of the bearing blocks but do permit a slight displacement
      transversely thereof. In further development of the roll cutting machine
      provision is made for the association of displacement driving means with
      only one of the bearing blocks. It is additionally proposed that the
      displacement of the bearing blocks be actuated simultaneously with the
      displacement of the slitting means for the division of the machine-width
      web into a plurality of narrower webs.
PAR  The advantages achieved with the invention consist especially in the fact
      that, due to the mechanical joining of the bearing blocks disposed
      opposite one another adjacent a plane of division, when only one of these
      blocks is displaced, the bearing block serving the adjacent paper roll
      located on the other side of the backing cylinder is displaced with it. In
      this manner the latter bearing block will always be in its proper
      location, thereby eliminating the time-consuming correction of the bearing
      blocks, so that immediately upon completion of the resetting operation a
      trouble-free winding operation can be started. It is also advantageous
      that, due to the coupling together of specific bearing blocks, the
      resetting time and the number of setting drives have been reduced by
      virtually one half. The invention offers a very special advantage in the
      fact that the coupled bearing blocks can be shifted by the shifting of the
      remotely adjustable slitting knives, i.e., the signals for the
      displacement of the slitting knives can serve simultaneously for the
      displacement of the associated bearing blocks.
DRWD
PAR  One illustrative embodiment of the invention is shown in the accompanying
      drawing wherein:
PAR  FIG. 1 is a perspective representation of the roll cutting machine having
      coupled bearing blocks, and
PAR  FIG. 2 is a partial plan view of the roll cutting machine represented in
      FIG. 1.
DETD
PAR  As seen in FIG. 1, the paper web 1, which comes from a supply roll which is
      not shown, has already been divided by slitting knives, which also are not
      shown, into individual webs 2, 3 and 4. These individual webs pass around
      a backing cylinder 5 by alternately different degrees, which means that
      winding stations 10 and 11, each composed of a plurality of individual
      stations 6 and 7, and 8 and 9, respectively, are located one on each side
      of the backing cylinder 5. The rolls 12 and 13, and 14 and 15,
      respectively, which form in the individual stations 6 and 7, and 8 and 9,
      respectively, all have the same diameter and the same sense of rotation.
      They differ only in their widths, which correspond in each case to the
      widths of the individual webs 2-4. The rolls 12-15 are accommodated in
      bearings 16-23 which are displaceable radially of the backing cylinder 5
      on flat guiding means 24-31 on the bearing blocks 32-39. For the lateral
      displacement of the bearing blocks 32-39, the latter are provided with
      slide bearings 40-45 which slide on round guides 46 and 47 disposed on
      either side of the backing cylinder 5. Furthermore, pairs of bearing
      blocks 33 and 36, 34 and 37, and 35 and 38, located on diametrically
      opposite sides of the backing cylinder 5, are coupled together by plates
      52 and 53, 50 and 51, and 48 and 49, respectively. These plate pairs 48
      and 49, 50 and 51, and 52 and 53 have on their common contact sides mating
      portions consisting of projections 55, 57 and 59, extending into the
      recesses 54, 56 and 58, respectively. In addition, on the undersides of
      plates 48, 50 and 52 there is disposed one displacement drive means each
      in the form of a gear motor 60, 61 and 62. These gear motors 60-62 have
      each a pinion 63-65 on their drive shaft, these pinions all meshing with a
      rack 66 affixed to the floor of the room. When the bearing blocks 33-35
      are shifted by the gear motors 60-62, the oppositely located bearing
      blocks 36-38 are driven with them, without any free play, by the
      projections 55, 57 and 59 extending into recesses 54, 56 and 58,
      respectively, which means that the directly opposite bearing blocks 36-38
      will also have assumed their proper position upon the end of the
      displacement. As best seen in FIG. 2, the mating portions 54 and 55, 56
      and 57, and 58 and 59 permit a slight relative movement between the plate
      pairs 48-49, 50-51 and 52-53 transversely of the direction of
      displacement, this being necessary in the event of any possible lack of
      parallelism between the two round guides 46 and 47.
PAR  In further development of the subject matter of the invention, it is
      possible, in the case of remotely displaceable slitting knives, to use the
      displacement signals thereof simultaneously for the displacement of the
      coupled bearing blocks, whereby a maximum saving of time is achieved in
      addition to winding that is precise at the edges.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rewinding machine for continuous individual webs of paper or the
      like longitudinally cut from a wider web, including a backing cylinder, a
      plurality of winding shafts alternately arranged diametrically opposite
      one another relative to said backing cylinder, a plurality of rolls
      respectively on said winding shafts, and bearing blocks for each of said
      rolls, whereby said individual webs contact said backing cylinder and
      alternate individual webs are taken up on the rolls arranged on the
      winding shafts on each side of the backing cylinder, the bearing blocks
      permitting said shafts and rolls to move away from said backing cylinder
      as the roll diameters increase due to webs wound thereon, the improvement
      which comprises means coupling a bearing block on one side of said backing
      cylinder with a bearing block on the other side of said backing cylinder,
      the coupled bearing blocks constituting those which define a plane of
      division between two adjacent individual webs, and means for displacing
      said coupled bearing blocks along the axis of said backing cylinder,
      whereby in adjusting the rewinding machine to accept individual webs of
      different widths by displacement of the bearing blocks on both sides of
      the backing cylinder the coupling of the bearing blocks will ensure that
      opposite blocks are properly aligned to define planes of division.
NUM  2.
PAR  2. A rewinding machine according to claim 1, wherein said coupling means
      each comprises a plate connected to each bearing block and means joining
      said plates.
NUM  3.
PAR  3. A rewinding machine according to claim 2, wherein the plates are joined
      to one another so as to have play relative to one another perpendicularly
      to the axis of the backing cylinder but not parallel thereto.
NUM  4.
PAR  4. A rewinding machine according to claim 1, including means for driving
      only one of each coupled pair of bearing blocks along the axis of said
      backing cylinder, coupling ensuring that the other of each coupled pair
      also is driven, thereby maintaining the planes of division.
PATN
WKU  039441539
SRC  5
APN  5600049
APT  1
ART  242
APD  19750319
TTL  Spindle and latch
ISD  19760316
NCL  9
ECL  1
EXP  McCarthy; Edward J.
NDR  1
NFG  4
INVT
NAM  Linker; Elliott C.
CTY  Irvine
STA  CA
ASSG
NAM  Electronic Engineering Co. of California
CTY  Santa Ana
STA  CA
COD  02
CLAS
OCL  242 683
XCL  403330
EDF  2
ICL  B65H 1702
FSC  242
FSS  68.3;71.8 A
FSC  403
FSS  322;327;328;330
FSC   85
FSS  3 S
UREF
PNO  1041184
ISD  19121000
NAM  Spiro
OCL  242 68.3
UREF
PNO  1179924
ISD  19160400
NAM  Howell
OCL  242 68.3
UREF
PNO  2882078
ISD  19590400
NAM  MacDonald
XCL  242 68.3
UREF
PNO  3275257
ISD  19660900
NAM  Cherniavskyj
OCL  242 71.8A
UREF
PNO  3330494
ISD  19670700
NAM  Rissberger
OCL  242 71.8A
UREF
PNO  3359020
ISD  19671200
NAM  O'Donnell
XCL  242 68.3
LREP
FR2  Lubcke; Harry R.
ABST
PAL  A spindle and latch combination for removably retaining a reel. Keys drive
      the reel. Oppositely, a slot in the spindle holds the latch and a spring
      there urges the latch against the reel. Engagement or disengagement of the
      reel and spindle by one hand is possible. The latch may be embodied to
      pivot inboard or outboard of the reel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to spindles and latching means associated
      therewith.
PAR  A simple spindle with an "over-center" tongue at one extremity has long
      been known for removably supporting reels in theatrical motion picture
      equipment.
PAR  With the advent of magnetic tape for recording and reproducing electrical
      variations, another generation of spindles for detatchably mounting a reel
      came into being. These frequently employed large hubs for the "spindle"
      and multiple resiliently-mounted latches.
PAR  With the coming of Super 8 mm film and the larger hole size in the reel for
      the same, a number of compound spindles have been evolved, capable of
      selectively driving either the new film or the prior standard 8 mm film.
PAR  Insofar as latching is concerned, the known over-center tongue has been
      used. Also, spindles of small size and an adapter sleeve that may be
      either placed upon or removed from the small spindle, or remains a part of
      it to prevent loss, have been used.
PAR  A shaped spring within the small spindle, having a projection at each of
      two extremities for retaining either the reel or the sleeve upon the small
      spindle has been used. The projecting part of the spring is moved into the
      hollow shaft by manual force when the reel or sleeve is moved into place
      upon the shaft.
PAC  SUMMARY OF THE INVENTION
PAR  A relatively simple spindle and latch, locking a reel to a spindle for
      rotational driving thereby, and by simple finger manipulation to allow the
      reel to slide off of the spindle. In order to retain a valid structure
      despite very large accelerations and decelerations of starting and
      stopping, as is characteristic of paper tape apparatus, a plurality of
      radially-extending keys, not merely pins, are formed into a flange at the
      inner end of the spindle. This should be by cold heading, or by machining
      from a single piece of metal.
PAR  At the outer end of the spindle a spring latch is positioned so that the
      reel is secured between the keys and the latch. The latch has a particular
      configuration to engage the reel. It may be fulcrumed at the end of the
      spindle or at an intermediate point along the length.
PAR  A torsion spring is nested in the longitudinal slot holding the latch, with
      one end thereof bearing upon the latch and the other end anchored to the
      spindle to provide the spring force to keep the latch closed against the
      reel.
PAR  At a tape reading speed of 750 characters per second, with random stops and
      starts as required in computer service, prior art spindles were destroyed
      as to the function of driving the reels with tape after 10 stops. The
      present invention spindle was effective for 24,000 stops and starts under
      the same conditions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation, partly in section along lines 1--1 in FIG. 2,
      of an assembled spindle and latch according to this invention.
PAR  FIG. 2 is an end view of the same.
PAR  FIG. 3 is a side elevation of an alternate embodiment of the spindle and
      latch, partly in section along a vertical diameter.
PAR  FIG. 4 is a plan view of the same, partly in section along a horizontal
      diameter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1 and 2, numeral 1 indicates the cylindrical spindle. This may
      have a variety of sizes and proportions, but to accommodate a standard
      paper tape reel, for instance, it is one half inch (1.27 cm) in diameter
      by 2.16 inches (5.5 cm) long, from flange 2 to the end.
PAR  Flange 2 provides a needed surface against which one side of the inner
      portion of the reel, shown fragmentarily and dotted at 3, can be
      butressed. The flange also carries plural, typically three, rectangular
      keys 4, which fully occupy corresponding slots in the reel. An axial bore
      13 is typically provided within the flange end of spindle 1 to allow a
      shaft (not shown) to enter the spindle in the usual manner.
PAR  Slot 6 extends from the end of the spindle opposite to that occupied by the
      flange along a diameter and to approximately the center of the spindle,
      longitudinally. It has a width only slightly greater than the thickness of
      latch 7, to therefore provide a nesting support for the latch.
PAR  In addition, there is a wider part 8 to the slot. This part extends from
      the free end of the spindle along only a small fraction of the length of
      the spindle. It provides a space for spring 9, which spring is held in
      place by axle 15.
PAR  The spring may conveniently be a coiled spring of approximately three
      turns, having both ends extending tangentially away from the coil. The
      lower end in FIG. 1 enters small hole 10 in the body of the spindle beyond
      the longitudinal extent of slot 8. The upper end lies against the under
      side of latch 7 and provides the force for maintaining it in the upper, or
      radially outward, position, which is as shown in FIG. 1.
PAR  A leaf spring equivalent to spring 9 to urge the latch upward may
      alternately be used.
PAR  A bore coaxial with the spindle may alternately provide space for spring 9,
      being equivalent to slot 8.
PAR  Latch 7 has a stepped configuration at its end toward flange 2. This is to
      provide an additional radial key at 11, to fit in an additional slot in
      the right-hand face of reel 3. With the known "two-piece" reel this aids
      in maintaining the reel unitary under the extreme start and stop stresses
      by providing driving to both sides of the reel.
PAR  The opposite end of the latch is relatively narrow and has a
      pivot-accepting notch 12. Typically, two turns of a spring wire wrap 14
      engages this notch and is otherwise nested in a circumferential slot all
      the way around the spindle at the location of wrap 14.
PAR  Washer 16 is positioned on axle 15 to prevent latch 7 from being depressed
      in such a way as to disengage notch 12 from retaining ring 14.
PAR  The completed structure is used as follows. A reel 3 is merely pushed upon
      spindle 1 from the free end; at the right in FIG. 1. This action forces
      latch 7 fully into slot 6 of the spindle, after which the latch moves
      upward. A slight rotation of the reel upon the spindle may be required to
      cause the keyways in the hub of the reel mate with keys 4 and 11. Latch 7
      then extends fully upward, as shown in FIG. 1.
PAR  The simplicity and convenience of merely pushing the reel upon the spindle
      is an important feature of this invention over the more complicated
      manipulation of catches and/or other elements required in the prior art.
PAR  For removing the reel, latch 7 is merely pushed down sufficiently far with
      a finger so that the latch lies within slot 6, radially, and the reel is
      pulled off of the spindle. This can all be accomplished with one hand.
PAR  It is to be noted that the pivot point for latch 7 is near the surface of
      cylindrical spindle 1 and near the free end thereof.
PAR  The alternate embodiment of FIGS. 3 and 4 is principally characterized in
      having the latch fulcrumed at approximately the center of the axial length
      of the spindle, rather than at the end, as before. Axial bore 28 serves
      not only to fasten the spindle to a shaft having a smaller diameter, but
      also to provide suitable housing for spring 29. This spring is similar to
      spring 9, but is a double-wound torsion spring with right and left handed
      coils equally disposed about a center portion suitable for actuating latch
      27. Spindle 21 has flange 2, keys 4, and a slot 26 diametrically disposed,
      as before.
PAR  Latch 27 is roughly a mirror image of previous latch 7. A modified pivot
      point is provided relatively central of spindle 21, both longitudinally
      and radially. A diametrically disposed pin 31 passes through the whole of
      the spindle and the spring and a hole at substantially the inner end of
      latch 27 receives the pin also.
PAR  In operation the functioning is the same as before. Latch 27 is
      automatically depressed by a reel being pushed upon spindle 21. Thereafter
      the latch springs up into reel-securing position, at 32.
PAR  The arc of the motion of the latch is merely opposite to the previous arc.
PAR  A suitable material for fabricating the spindle and associated parts having
      sufficient strength for the intended use is 303 stainless steel or
      equivalent.
PAR  A hard aluminum alloy or a hard polyester plastic are possible alternate
      materials.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spindle for removably retaining a reel, comprising;
PA1  a. a cylindrical spindle (1 or 21) having plural radial keys (4) at a
      common longitudinal position to drive said reel (3),
PA1  and a longitudinal slot oppositely longitudinally disposed with respect to
      said keys,
PA1  b. an end-pivoted latch (7 or 27) fitted within said slot (6), and
PA1  c. a spring (9 or 29) engaging said latch and bearing upon said spindle
PA1  to urge said latch radially outward to a limit set by the shape of the
      latch
PA1  to axially and circumferentially retain said reel upon said spindle.
NUM  2.
PAR  2. The spindle of claim 1, in which;
PA1  a. said spring is disposed within said slot under said latch, and has a hub
      colinear with the pivot of said latch.
NUM  3.
PAR  3. The spindle of claim 2, in which;
PA1  a. said spring is of the torsion type having tangentially extending ends,
PA1  one of which bears upon said latch and the other of which bears upon said
      spindle,
PA1  with said hub secured to said spindle (15 or 31).
NUM  4.
PAR  4. The spindle of claim 1, in which;
PA1  a. said latch (7 or 27) has a projection (11 or 32) to engage a keyway in
      said reel longitudinally opposite to keyways in said reel engaging said
      keys (4).
NUM  5.
PAR  5. The spindle of claim 1, in which;
PA1  a. said latch has a fulcrum (12) at the extremity of said latch slot, and
      the portion of said latch for engaging the reel is disposed toward said
      keys (4)
PA1  with respect to said fulcrum.
NUM  6.
PAR  6. The spindle of claim 5, in which;
PA1  a. said fulcrum is disposed at substantially the surface of said spindle.
NUM  7.
PAR  7. The spindle of claim 1, in which;
PA1  a. said latch has a linear shape (27), has a fulcrum (31) at an
      intermediate point in said slot, and the portion (32) of said latch for
      engaging the reel is wholly disposed away from said keys (4) with respect
      to said fulcrum.
NUM  8.
PAR  8. The spindle of claim 7, in which;
PA1  a. said fulcrum (31) is disposed substantially at the center of said
      spindle, radially.
NUM  9.
PAR  9. The spindle of claim 1, in which;
PA1  a. said spring (29) is a double-wound torsion spring.
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ABST
PAL  The film cassette for photographic cassette cameras comprises supply and
      take-up chambers interconnected by a web having front and rear walls. The
      rear wall has a film presser surface and the front wall is provided with
      an exposure window defined by side walls. Fitting elevations are provided
      on the side walls of the exposure window extending parallel with the film
      transport direction. The fitting elevations commence in the plane of the
      film pressure surface and extend out beyond the plane which the front of
      the film occupies when in the pressed position against the presser
      surface. Guide surfaces are provided on said fitting elevations which face
      the longitudinal edges of the film, said surfaces lying in one common
      plane together with the longitudinal edges of the film. On insertion of
      the cassette into the camera the guide surfaces on the fitting elevations
      engage both the surfaces of the film and the sides of thefilm trap located
      in the camera.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  The invention relates to a film cassette having a supply chamber and a
      take-up chamber and a web connecting the two chambers, the rear wall of
      which web is provided with a film presser surface and the front wall of
      which possesses an exposure window into which a film trap on the camera
      can be introduced.
PAR  In known cassettes of this kind, first fitting surfaces for the lateral
      orientation of the film strip in the cassette and second fitting surfaces
      for the orientation of the cassette in the camera are provided. Even in
      the case of close tolerances, cumulative tolerances produce danger of
      undesired film shifting in relation to the film trap of the camera, which
      has a disadvantageous effect especially in the case of miniature cameras.
PAR  An object of the invention is to provide a film cassette for the improved
      and simplified orientation of the film in relation to the film trap on the
      camera.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention this is achieved in that fitting
      elevations are provided on the side walls of the exposure window extending
      parallel with the direction of conveying of the film, which elevations
      commence in the plane of the film presser surface and extend out beyond
      the plane which the front of the film occupies when in the pressed
      position against the film presser surface, and guide surfaces on said
      fitting elevations face the longitudinal edges of the film which surfaces
      lie in one common plane together with the longitudinal edges of the film
      whereby on insertion of the cassette into the camera, the guide surfaces
      on said elevations engage both the surfaces of the film and the sides of
      the film trap. The term "film" is intended to include film protective
      strip. According to preferred embodiments the fitting elevations can be
      arranged with spacing from the transverse walls defining the picture
      window in the direction of conveying of the film or directly beside the
      transverse walls defining the picture window in the direction of conveying
      of the film. Several guide surfaces are expediently allocated to each of
      the two longitudinal edges of the film. According to one particular
      feature of the film the fitting elevations have end distance surfaces
      which on insertion of the cassette into the camera hold the front surface
      of the film in the plane of the film trap of the camera when in the
      position pressed, possibly together with a film protective strip, entirely
      against the rear wall of the cassette.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention will now be described with reference to the accompanying
      drawings in which:
PAR  FIG. 1 shows a film cassette according to the invention,
PAR  FIG. 2 shows a further arrangement of the fitting elevations,
PAR  FIG. 3 shows a film cassette according to the invention inserted into a
      camera,
PAR  FIG. 4 shows a section through FIG. 3 along the line A-B,
PAR  FIG. 5 shows a section according to FIG. 4 with a different conformation of
      the film cassette in accordance with the invention and
PAR  FIG. 5a shows a detail of FIG. 5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In the camera housing 1 (see FIG. 3) the picture-taking lens 3 is arranged
      on the front of the light chamber housing 2. The back of the light chamber
      2 is formed by the film trap 4. The film trap 4 extends into the exposure
      window of the film cassette, in which the film strip 5 together with the
      protective strip 6 is conveyable from the supply chamber 7 into the
      take-up chamber 8. The presser spring 10, which presses the film cassette
      against the film trap 4 when the camera is closed, is secured to the back
      cover 9 of the camera.
PAR  The film cassette consists of a supply chamber 7 and the take-up chamber 8.
      The supply coil is situated in the supply chamber 7 of the film cassette,
      the commencement of the protective strip 6 being connected with the
      take-up spool 11 and the commencement of the film strip 5 being connected
      with the protective strip 6. The two chambers 7 and 8 (see FIG. 1) are
      connected by the web 12 of which the front of the rear wall is provided
      with a film presser surface 13. The picture window is formed in the front
      wall of the web by the side walls 14 and the transverse walls 15. Fitting
      elevations 16 having guide surfaces 17 facing the lateral edges of the
      film strip 5 are provided on the side walls 14 extending parallel with the
      direction of conveying of the film strip 5. The guide surfaces 17 are
      arranged in one common plane together with the lateral edges of the film
      strip 5 and of the protective strip 6. The guide surfaces 17 extend
      transversely of the direction of conveying of the film strip 5, commence
      at the film presser surface 13 and extend out beyond the plane which the
      front of the film strip 5 occupies when in position pressed together with
      the protective strip 6 entirely against the film presser surface 13. This
      plane is at the same time the plane of the film trap 4, on which the front
      of the film strip 5 rests.
PAR  The longitudinal walls 19 of the film trap 4 of the camera have external
      fitting surfaces 19a which, apart from necessary small tolerances, are
      arranged in the plane of the guide surfaces 17 (see FIG. 4), so that the
      fitting surfaces 19a of each longitudinal wall 19 of the film trap 4, the
      lateral edges of the film strip 5 and of the protective strip 6 and the
      guide surfaces 17 of the cassette lie in one common plane. On insertion of
      the film cassette into the camera therefore the film strip 5 is orientated
      directly in relation to the film trap 4 of the camera by the guide
      surfaces 17.
PAR  In departure from the embodiment according to FIG. 1, in the embodiment
      according to FIG. 2 the fitting elevations 16 are arranged directly beside
      the transverse walls 15 of the picture window.
PAR  According to the example of embodiment as shown in FIG. 5, fitting
      elevations 16a are provided having end distance surfaces 18 (see FIG. 5a)
      which on insertion of the cassette into the camera meet with support
      surfaces 20 provided laterally of the film trap 4. These distance surfaces
      18 and support surfaces 20 avoid jamming of the film strip 5 and of the
      protective strip 6 between the film trap 4 and the film presser surface
      13, even if a relatively strong presser spring 10 is used.
CLMS
STM  We claim:
NUM  1.
PAR  1. A film cassette for photographic cassette cameras having a film trap and
      a housing with a film presser thereon said cassette comprising:
PA1  a. a supply chamber,
PA1  b. a take-up chamber,
PA1  c. a web connecting the two chambers, said web having a front and
PA1  d. a rear wall,
PA1  e. a film presser surface on said rear wall,
PA1  f. an exposure window defined by side and transverse walls extending from
      the front wall of said web into which window the film trap on the camera
      can be introduced,
PA1  g. fitting elevations provided on the side walls of the exposure window
      extending parallel with the direction of conveying of the film, which
      elevations commence in the plane of the film presser surface and extend
      out beyond the plane which the front of the film occupies when in the
      pressed position against the film presser surface and
PA1  h. guide surfaces on said fitting elevations facing the longitudinal edges
      of the film, which surfaces lie in one common plane together with the
      longitudinal edges of the film whereby on insertion of the cassette into
      the camera, the guide surfaces on said elevations engage both the surfaces
      of the film and the sides of the film trap.
NUM  2.
PAR  2. A film cassette according to claim 1, wherein the fitting elevations are
      arranged with spacing from the transverse walls defining the picture
      window in the direction of conveying of the film.
NUM  3.
PAR  3. A film cassette according to claim 1, wherein the fitting elevations are
      arranged directly beside the transverse walls defining the picture window
      in the direction of conveying of the film.
NUM  4.
PAR  4. A film cassette according to claim 3, wherein several guide surfaces are
      allocated to each of the two longitudinal edges of the film.
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ABST
PAL  One piece ribbon spool molded from suitable plastic, with no fastening
      hardware with spool or on ribbon required, comprising spaced circular side
      guide flanges, a central cylindrical hub joined by radial ribs with
      ribbon-receiving segmental cylindrical wall, a female ribbon latch forming
      a hook for receiving free end of a male ribbon latch to anchor end of
      ribbon therebetween, other end of male latch forming unitary hinge
      connection, and outer surfaces of latches when in ribbon-anchoring
      position describing extension of cylindrical surface of segmental
      ribbon-receiving wall, the male latch being narrower than the space
      separating the side flanges, and apertures in the latter opposite the
      latches to facilitate engagement and disengagement of the ribbon and the
      spool.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to spools for inking ribbons for use in
      business machines and equipment, such as adding machines, calculating
      machines, cash registers, printing computers and typewriters.
PAR  2. Description of the Prior Art
PAR  Ribbon spools heretofore have been made up of several parts, such as metal
      stampings, with an end of the ribbon specially constructed for fastening
      to the spool. For example U.S. Letters Pat. No. 2,600,409 employs metal
      stampings staked together and having an end loop riveted on the ribbon for
      engagement over an anchoring ear struck inwardly from one of the side
      discs, and U.S. Pat. No. 2,652,918 discloses several forms of anchoring
      members secured to the end of the ribbon to be moved laterally into the
      interior of the hub through an aperture in one side disc and a peripheral
      slot in the hub, with a locking lever pivotally mounted on the side disc
      to close that disc aperture.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises an inexpensive one piece ribbon spool
      molded from suitable plastic which does not require any fastening hardware
      nor any anchoring means on the ribbon, but is readily and easily connected
      to and disconnected from the ribbon. This one piece construction has
      spaced circular side guide flanges, a central cylindrical hub and a
      ribbon-receiving segmental cylindrical wall spaced outwardly therefrom.
      Ribbon anchoring means comprises a female latch forming a hook for
      receiving the free end of a male latch to anchor an end of the ribbon
      therebetween. The other end of the male latch comprises a unitary hinge
      construction, with the male latch being narrower than the space between
      the side flanges and the two latches having outer surfaces, when in
      ribbon-anchoring position, disposed in the cylindrical plane of the
      segmental ribbon-receiving wall. The side guide flanges preferably have
      apertures opposite the ribbon anchoring latches to facilitate attachment
      and removal of the ribbon. This design of the spool lends itself to
      automatic assembly with a ribbon, and it can be manufactured in a single
      step at a low cost.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side view of a ribbon spool embodying the invention before
      mounting of a ribbon thereon;
PAR  FIG. 2 is a transverse section taken substantially on the line 2--2 of FIG.
      1; and
PAR  FIG. 3 is a side view like FIG. 1 showing an end of a ribbon secured to the
      spool.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The ribbon spool of this invention is a one piece molding of a suitable
      plastic having a pair of parallel circular side guide flanges 11
      terminating centrally in, and joined by, a hollow cylindrical hub 12. A
      segmental cylindrical wall 13, preferably in two sections, extends between
      the flanges 11 and is spaced radially outwardly from, and is joined with,
      the hub 12 by a plurality of radial ribs 14. The outer peripheral surface
      of the wall 13 defines part of a cylindrical ribbon-receiving surface upon
      which an inking ribbon 15 (FIG. 3) is to be wound. The interior of the hub
      or spool retainer beam 12 is provided with an inwardly extending nub or
      protuberance 16 to facilitate snap-fitting of the spool on a ribbon post
      (not shown).
PAR  The leftmost rib 14 (viewing FIGS. 1 and 3) joins the lower end of a
      segmental cylindrical wall 17 of smaller diameter than the
      ribbon-receiving wall 13 which is connected to the hub 12 by radial ribs
      18 that are shorter than the ribs 14. The outer peripheral surface of the
      wall 17 defines a ribbon-clamping surface 19 in connection with a
      hook-shaped female ribbon latch 21 and a male ribbon latch 22 comprising
      ribbon anchoring means. The lower or inner end of the female latch 21
      joins the wall 17 and its free outer end cooperates with the free end of
      the male latch 22 which, as shown best in FIG. 1, has a camming nose 23
      and an upper transverse notch 24. The other end of the male latch 22 is
      reduced in cross section, reentrantly curved and joins the upper end of
      wall 17 to provide a strong but readily flexible hinge portion 25. To
      facilitate freedom of hinged movement of the male latch 22 from its open
      position of FIG. 1 to its ribbon-anchoring position of FIG. 3, it is made
      narrower than the space between the side flanges 11, as seen in FIG. 2.
      The side flanges 11 are provided with apertures 26 which give ready access
      to the ribbon anchoring means or latches 21, 22. Acetal homopolymers
      constitute suitable plastics for molding this one piece ribbon spool, one
      of which is designated by E. I. DuPont de Nemours & Co., Inc. as DELRIN
      500.
PAR  In operation or use, the male latch 22 is moved to its open position of
      FIG. 1, an end of the ribbon 15 is dropped or inserted between the side
      guides 11 and the free ends of latches 21 and 22, and the free end of the
      latter pushed inwardly to its latched position of FIG. 3. As the male
      latch 22 is moved into engagement with the female latch 21, the nose 23
      will cammingly cooperate with the free end of 21 to move the free ends of
      the latches away from each other, the final portion of inward movement of
      latch 22 permitting the hooked nose of 21 to latchingly engage the notch
      24 as shown in FIG. 3 to trap and anchor the end of the ribbon 15. As seen
      in FIG. 3, it is preferred that enough of the end portion of ribbon 15
      initially was inserted as to result in its terminal part being clamped
      between latch 22 and the wall 17. Such insertion is facilitated by first
      rotating the spool 90 degrees from its position of FIG. 1. In any event,
      the end of the ribbon is effectively anchored by the latches 21, 22
      without requiring any fastening means on the ribbon or hardware of any
      kind on the spool.
PAR  In the ribbon anchoring position of FIG. 3, it will be seen that the outer
      surfaces of the male latch 22 and the free end of the female latch 21 lie
      in the cylindrical plane comprising an extension of the outer surface of
      the segmental cylindrical wall 13 to provide a smooth surface around which
      the ribbon may be wound. When a ribbon has been unwound from the spool, it
      is a simple matter to spring the outer end of the female latch 21 away
      from the notch 24 by reaching through one or both of the apertures 26 to
      permit the male latch 22 to swing outwardly to its normal release position
      of FIG. 1 to release the previously anchored end of the ribbon.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description, and it will be apparent that
      various changes may be made in the form, construction, and arrangement of
      the parts without departing from the spirit of the invention or
      sacrificing all of its material advantages, the form hereinbefore
      described and shown in the drawings being merely preferred embodiments
      thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A one piece plastic spool for an inking ribbon, comprising a pair of
      parallel side guide flanges, a central cylindrical hub, a segmental
      cylindrical wall spaced outwardly from said hub interconnecting said side
      flanges and having a ribbon-receiving peripheral surface, and ribbon
      anchoring means including a male latch having one end forming a
      reentrantly curved flexible hinge integral with said wall and a free end,
      and a female latch forming a hook for receiving said free end of said male
      latch to anchor an end of said ribbon therebetween, wherein said latches
      when in ribbon-anchoring position have their outer surfaces disposed as
      extensions of said peripheral surface of said segmental cylindrical wall,
      said male latch is narrower than the space between said side flanges and
      each of said side flanges is provided with an aperture opposite said
      ribbon anchoring means to facilitate attachment and removal of said
      ribbon.
NUM  2.
PAR  2. In a ribbon spool according to claim 1, radial ribs joining said hub,
      said segmental cylindrical wall, said female latch and said flexible hinge
      end of said male latch.
NUM  3.
PAR  3. In a ribbon spool according to claim 1, a radial protuberance extending
      inwardly from and formed integrally with said central cylindrical hub to
      effect snap-fit mounting of said spool on a post.
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ABST
PAL  A thread storage and supply device for textile machines comprising a
      storage drum which is nonrotatably journaled at the free end of an axle,
      which axle is prevented from rotating by means of a laterally displaced
      journal pin which extends parallel to the longitudinal direction of the
      axle and is rotatably positioned in a rotatably journaled disc. The device
      further comprises a thread supply means which is journaled on the axle,
      which support means can be set in rotation and which winds the thread upon
      the storage drum. The rotatably journaled disc is connected, for the
      purpose of synchronous rotation, to the rotating thread supply means by a
      connecting pin which is rigidly mounted on the thread supply means and
      which passes through a radial slot in the rotatably journaled disc. The
      thread supply means includes a corotational channel for the thread.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an improved thread storage and supply device for
      a textile machine.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a thread storage and supply device for textile
      machines comprising a storage drum which is nonrotatably journaled at the
      free end of an axle, which axle is prevented from rotating by means of a
      laterally displaced journal pin which extends parallel to the longitudinal
      direction of said axle and is rotatably positioned in a rotatably
      journaled disc. The device further comprises a thread supply means which
      is journaled on said axle, which supply means can be set in rotation and
      which winds the thread upon the storage drum. The rotatably journaled disc
      is connected, for the purpose of synchronous rotation, to the rotating
      thread supply means by a connecting pin which is rigidly mounted on said
      thread supply means and which passes through a radial slot in said
      rotatably journaled disc. The thread supply means includes a corotational
      channel for the thread.
PAR  A thread supply and storage device is already known (see German publication
      Offenlegungsschrift No.2 037 031) in which the thread supply means
      includes a support sleeve which is rotatably journaled on the axle. At the
      one end thereof facing the storage drum, an annular support plate is
      positioned whose outer rim projects beyond the winding member and supports
      a thread eye at this location. At the other end remote from the storage
      drum, there is positioned a short connecting pin which projects axially
      and which engages the rotatably journaled disc. The channel for guiding
      the thread is provided in the form of a cylindrical aperture in the wall
      of the support sleeve extending from the storage drum remote end over
      approximately three-fourths of its length. It terminates there in a
      discharge nozzle which extends downwardly toward the thread eye from the
      wall of the support sleeve in an outwardly inclined direction. The thread
      can pass into the opening of the channel remote of the storage drum
      through a recess in the rotatably journaled disc. This opening is disposed
      and designed such that it is aligned with the channel opening in each
      position of the two synchronous, asymmetrically rotating elements: the
      rotatably journaled disc and the support sleeve. This known device is very
      expensive in construction in view of the thread guide. The thread supply
      means requires a channel aperture in a sleeve wall, and the use of a
      discharge nozzle as well as a support disc with a thread eye. All of these
      parts must be manufactured separately and assembled. The rotatably
      journaled disc requires an opening of its own which must have relatively
      large dimensions. This necessitates an individual production cycle as
      well. Since perfect passage of the thread with as little friction as
      possible is important for the mode of function of the device, all parts
      must be processed and assembled with particular care. The result is a
      considerable expenditure of work and a corresponding increase in costs.
      Since storage and supply devices of this type are required in large
      numbers for modern textile machines, this expenditure plays a considerable
      economic role.
PAR  The object of the invention is to provide a thread storage and supply
      device of the type recited at the outset which demonstrates a construction
      which is both simple and economical.
PAR  This object is accomplished in accordance with the invention in that the
      connecting pin contains the channel for the thread.
PAR  Using a tubular body as the connecting pin results neither in a
      considerable increase in costs nor in the time necessary for assembly,
      since the connecting pin had to be manufactured and assembled separately
      in any case. Even if an aperture had been provided in the body of the
      thread supply means in place of the tubular connecting pin in order to
      provide a possibility for emergence of the thread, the requirements made
      on the tolerance exactness and surface quality of this aperture are
      considerably lower than for an aperture which forms the channel directly.
      An essential advantage is that the connecting pin passes through the
      rotatably journaled disc in a radial slot and acts on the walls thereof so
      as to transmit the rotary movement. If the connecting pin contains a
      channel, this channel is accessible at all times for the thread and
      another opening in the rotatably journaled disc is not necessary, thereby
      leading to a further reduction in construction costs in an economical
      manner.
PAR  In an advantageous further development of the inventive device, the
      connecting pin with the channel for the thread extends from the side of
      the rotatably journaled disc which is remote of the storage drum to the
      level of the storage drum in a continuous manner and runs parallel to the
      axle somewhat outside the imaginary extension of the storage drum external
      surface. This embodiment has two essential advantages as compared to the
      known device described at the outset: on the one hand, the thread is
      transported in a straight line from the location where it enters the
      device up to the storage drum, thereby producing no deviations in the path
      of the thread which would lead to friction. Moreover, the construction of
      the device is simplified considerably. The connecting pin designed as a
      tubular body of sufficient length is a structural element which is simple
      in manufacture and assembly and also eliminates elements which are
      considerably more difficult to manufacture and assemble, i.e. an inclined
      discharge nozzle and a thread eye. The connecting pin can be secured in or
      on the thread supply means in a simple way, since an aperture provided for
      the pin is continuous in any case and thus easy to provide.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the inventive thread storage and supply device are
      illustrated in the drawings, in part in sectional elevation, in which:
PAR  FIG. 1 is a first embodiment of an inventive device;
PAR  FIG. 2 is a second device suitable for web-like yarn; and
PAR  FIG. 3 is a partial front elevation of FIG. 2 corresponding to arrow III
      shown in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  The device according to FIG. 1 includes a housing to which a motor 2 is
      secured. A disc 4 is rotatably journaled in the housing 1 by means of ball
      bearings 3. A thread supply means, which is designated in its entirety by
      number 5, includes a support member 6 which is rotatably journaled in the
      housing 1 by means of bearings 7 and which is coupled to the motor 2 by
      means of a driving belt 8. The plane of rotation of the support member 6
      is parallel to the plane of rotation of the rotatably journaled disc 4,
      the centers of rotation of both elements, however, are offset laterally
      relative to one another.
PAR  An axle 9 is freely journaled in the support member 6 with ball bearings 10
      at its one end region. At this end near the bearings, it also includes a
      bearing pin 11 which lies parallel to the longitudinal direction of the
      axle, which is displaced laterally and which is journaled in the rotatably
      journaled disc 4 by means of bearings 12. The axle 9 is prevented from
      rotating relative to the housing 1 due to this double eccentric journaling
      arrangement. The free end of axle 9 has a storage drum for the thread F
      secured thereto so as to prevent rotation thereof. The storage drum is
      designated in its entirety by number 13. The drum has a substantially
      cylindrical design and a bead 13a in the area remote of the housing. A
      conventional elastic braking ring 14 is supported against said bead 13a.
PAR  A tubular connecting pin 15 is associated with the thread supply means 5.
      The pin is fixedly secured in the support member 6 so as to be parallel to
      the axle 9, and passes through a radial slot 16 in the rotatably journaled
      disc 4. The end of pin 15 is movably supported on the sidewalls of slot 16
      by means of a ball bearing 17. The connecting pin 15 has one end which
      projects beyond the surface of the rotatably journaled disc 4. It projects
      beyond the support member 6 at the other end. The distance between the
      connecting pin 15 and the axle 9 is somewhat larger than the radius of the
      storage drum 13. The hollow interior of the connecting pin 15 forms a
      channel 18 for the thread F.
PAR  The thread supply means 5 also includes a conventional swash ring 19 which
      is rotatably journaled on the support member 6 in bearings 20 and which
      surrounds the area of the storage drum 13 near the support member 6 in a
      direction which is inclined relative to the axis thereof. Its plane of
      relative rotation is inclined relative to the plane of rotation of said
      support member. The device is also associated with a thread storage
      control means 21 which operates with a photocell.
PAR  The mode of function of the recited thread storage and supply device is as
      follows:
PAC  OPERATION
PAR  The motor 2 drives the support member 6 and causes it to rotate. This
      movment which is concentric relative to the axle 9 results in the
      connecting pin 15 moving along a circular path about the axle 9. In so
      doing, it pulls the rotatably journaled discs 4 along with it, thereby
      causing said disc to rotate synchronously and parallel, but eccentrically,
      relative to the support member 6. A relative motion takes place between
      the connecting pin 15 and the walls of the radial slot 16. The axle 9 and
      thus the storage drum 13 remain stationary, since the torque acting on the
      axle 9 is absorbed by the bearing pin 11.
PAR  The thread F, which passes through the channel 18 of the connecting pin 15,
      is moved in a circle about the storage drum as it emerges from the outlet
      near the storage drum, whereby the thread is wound upon the drum. The
      swash ring 19 ensures that the windings are pushed toward the free end
      (leftward end in FIG. 1) of the storage drum where the bead 13a prevents
      them from slipping off. The thread F is removed from underneath the
      braking ring 14 in a horizontal direction (i.e., axially of the drum). The
      thread storage control means 21 monitors the number of windings wound on
      the storage drum and de-energizes the motor 2, thus stopping the winding
      process, when a predetermined number of windings has been attained.
PAR  The invention is not limited to the illustrated embodiment. For example,
      the details in the arrangement and journaling of the disc 4, in the
      support member 6 and in the swash ring 19 may be varied as desired as well
      as in the design of the storage drum 13. The embodiment according to FIG.
      2 coincides substantially with that according to FIG. 1. Thus,
      corresponding parts have been provided with the same reference numerals
      and therefore do not need to be described once again.
PAR  Unlike the device according to FIG. 1, the one according to FIG. 2 includes
      a channel 18' of rectangular cross section in the connecting pin 15' as is
      clearly illustrated in FIG. 3, and pin 15' is rotatably journaled on
      support member 6, as by ball bearings. A gear 25 is fixedly secured to the
      rotatably journaled connecting pin 15'. This gear 25 meshes with an
      intermediate gear 26 which is rotatably journaled on a pin 27 of the
      support member 6. The intermediate gear 27 in turn meshes with another
      gear 28 which is fixedly secured to the axle 9. The device according to
      FIG. 2 is especially suitable for web-like yarn which is held in the
      rectangular cross section of the channel 18 so as to prevent twisting. The
      connecting pin 15 is always maintained in a specific relative position
      with respect to the surface of the storage drum 13 due to the gear train
      25-28. That is, the channel 18' remains in a fixed (for example, vertical)
      orientation at all times even though the pin 15' is moved in a circular
      path around the drum. Thus, the web-like yarn is twisted only once when
      being wound onto the storage drum. This single twist is eliminated during
      unwinding from the drum.
PAR  The control of the pin containing the channel 18' by means of a gear train
      (transmission) so that the channel together with its rectangular cross
      section always assumes a definite position relative to the drum surface
      may also be provided when the pin only serves to conduct the yarn and a
      separate connecting pin is provided for connecting the disc 4 and support
      member 6 for joint rotation.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed above for illustrative purposes, it will be understood that
      variations or modifications thereof which lie within the scope of the
      appended claims are fully contemplated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A thread storage and supply device for a textile machine, comprising an
      axle having means associated with one end thereof for maintaining the axle
      in a nonrotatable condition, the axle having a free end portion adjacent
      the other end thereof, a thread storage drum nonrotatably mounted relative
      to said axle and disposed in surrounding relationship to the free end
      portion thereof, supply means for permitting a thread to be wound onto
      said drum, said supply means including a thread supply member disposed
      adjacent one end of said drum and rotatably journaled on said axle for
      rotation about the axis thereof, rotatable disc means disposed adjacent
      said supply member on the side thereof remote from said drum, said disc
      means being rotatable about an axis which is parallel to but radially
      displaced from the axis of said axle, and means drivingly interconnecting
      the disc means and the supply member for synchronous rotation, the
      improvement wherein said interconnecting means includes a thread guide pin
      mounted on the thread supply member and passing through a radial slot
      formed in said disc means so that the thread guide pin passes axially
      through both the supply member and the disc means, the thread guide pin
      having a channel extending axially therethrough for permitting passage of
      a thread which is to be wound on the drum.
NUM  2.
PAR  2. A device according to claim 1, wherein the thread guide pin extends
      continuously from the side of the disc means remote from the storage drum
      to a point located adjacent the outer thread storage surface of the drum,
      said thread guide pin extending parallel to the axis of said axle but
      being positioned outside of an imaginary extension of the storage drum
      outer surface.
NUM  3.
PAR  3. A device according to claim 1, wherein the channel has a flat
      rectangular cross section, wherein the thread guide pin is rotatably
      supported on the supply member, and gear means drivingly connected to said
      thread guide pin for maintaining said pin and the slot therein in a
      constant relative position with respect to the surface of the storage
      drum.
NUM  4.
PAR  4. A device according to claim 1, wherein the means for preventing rotation
      of the axle includes a journal pin which is fixed to the axle and radially
      displaced therefrom and extends parallel to the axis thereof, said journal
      pin having said disc means rotatably journaled thereon and defining the
      rotational axis of said disc means.
NUM  5.
PAR  5. A device according to claim 3, wherein the gear means is formed from a
      first gear which is rigidly secured on the axle of the storage drum, an
      intermediate gear which meshes with said first gear and is rotatably
      journaled in a part which rotates with the guide pin, and a second gear
      which meshes with said intermediate gear and which is rigidly mounted on
      said guide pin.
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ABST
PAL  The fabric reel end frame for a shipping carton is constructed with
      radiating hook containing sections secured in metal-to-metal contact to a
      centrally located flat outer plate. In addition, a board, such as
      cardboard, is sandwiched between the plate and hook containing sections
      and a compression plate is mounted centrally between the hook containing
      sections. The board is provided with holes through which protuberances on
      the outer plate pass into contact with the hook containing sections and
      rivets pass through the protuberances to secure the plate to the hook
      containing sections. Drill holes are formed in the outer plate to
      facilitate driving of the end frame in a winder for winding pile fabric
      onto the reel.
BSUM
PAR  This invention relates to a fabric reel end frame. More particularly, this
      invention relates to a pile fabric reel end frame and a shipping carton
      utilizing such an end frame.
PAR  Heretofore, various types of fabric reels have been known for storing and
      transporting pile fabrics such as velvet and plush in layered conditions
      for example as disclosed in U.S. Pat. No. 3,593,847. In some cases, these
      fabric reels have been constructed so as to become a part of a shipping
      carton within which a loaded reel is shipped. For example, it has been
      known to incorporate a board in a reel end frame which acts as an end wall
      of the shipping carton. In such a case, the end frame has generally been
      made up of a pair of plates, a cardboard sheet and a plurality of hook
      containing sections. The cardboard sheet has usually been sandwiched
      between the two plates with rivets passing through the two plates, the
      cardboard sheet and hook containing sections to form an integral unit of
      the various components. In addition, other rivets have been passed through
      the outer plate, the cardboard sheet and the hook containing sections,
      e.g. to add rigidity. However, the outer plate has generally had a
      relatively bulky profile shape due in part to a need to provide a gripping
      surface for rotating the end frame in a fabric winder. As a result, when
      shipping a number of end frames for use in making up reels, the end frames
      have occupied a relatively great deal of space. Thus, for a given height
      of stack, a relatively low number of end frames can be transported, e.g.
      about 1500 per fourty-foot van. In addition, the inner plate which is
      usually flat and on the same side of the cardboard sheet as the hook
      containing sections, has usually been provided with a central circular
      aperture sized to slidably receive a spacer tube or bar therein without
      locking the tube in place. Because of this, the two end frames making up a
      reel may be brought closer together, for example, due to the tension of
      the fabric wound on the reel or due to the dropping of a shipping carton.
      As a result, the tension in the fabric can be relaxed to such a degree as
      to damage the fabric, e.g. crushing of the pile. In order to prevent this,
      some reel frames have been provided with various types of locking means to
      prevent the spacer bar from moving into the end frames after a fabric has
      been impaled. Similar means have also been used to prevent rotation of the
      spacer bar relative to the end frame after a fabric has been put in place.
      In order to provide for these various means, additional plates or members
      have been required. However, these require additional space during
      shipping as well as additional fabrication procedures which can be time
      consuming and laborious.
PAR  Accordingly, it is an object of the invention to provide an end frame for a
      fabric reel which is of relatively small thickness.
PAR  It is another object of the invention to provide an end frame of small
      profile for shipping purposes.
PAR  It is another object of the invention to provide an end frame for a fabric
      reel which can be shipped in relatively large quantities in a limited
      space.
PAR  It is another object of the invention to provide a relatively rigid end
      frame which incorporates a cardboard sheet therein for use as one end of a
      shipping carton.
PAR  It is another object of the invention to provide an end frame for a reel of
      fabric composed of a minimum of parts.
PAR  Briefly, the invention provides an end frame for a fabric reel comprising a
      plate, a plurality of hook containing sections for impaling a fabric
      thereon, a board and means for securing each hook containing section at an
      outer end to the board. The hook containing sections are secured to the
      plate at predetermined points to extend outwardly from the plate in a
      radiating pattern which being in metal-to-metal contact with the plate at
      these points. The board is disposed between the plate and the hook
      containing sections and is provided with suitable cutouts or holes at the
      points where the hook containing sections are secured to the plate.
PAR  In order to secure the hook containing sections to the plate, rivets can be
      passed through each hook containing section and the plate. Similar rivets
      can also be used with or without washers on the opposite side of the board
      from the hook containing section to secure the hook containing sections to
      the board at their outer ends.
PAR  In order to facilitate securement of the plate to the hook containing
      sections, the plate is provided with a plurality of protuberances which
      project through the holes in the board. These protuberances contact the
      respective hook containing sections and are provided with holes for
      passage of the securing rivets.
PAR  The plate is of flat shape to have a limited profile and includes an inner
      annular flange projecting perpendicularly about a central opening to
      receive a spacer tube thereon in a snug relation. The board is similarly
      provided with an opening sized to permit passage of the flange of the
      plate. The flange increases the stability of the end frame while also
      providing a smooth surface into the inside face of the end frame.
PAR  The board is of rectangular or square shape and includes an integral
      peripheral flange which can be folded to extend perpendicularly in a
      direction away from the hook containing sections. This flange allows the
      end frame to be secured to an enveloping shipping tube, as by staples or
      other clips, to close off one end of the shipping tube. The flange can be
      formed when the shipping carton is to be made up, so that the board can
      remain in a flat condition when the end frame is shipped in bulk or is
      stored.
PAR  In addition, the end frame includes a lock plate mounted centrally between
      the hook containing sections. The lock plate serves as a compression plate
      to further rigidify the end frame while also acting as a lock plate to
      secure a spacer tube or bar in place when a reel is made up of two end
      frames. Each hook plate is sized to be secured to the inner ends of the
      hook containing sections in any suitable manner. In addition, each lock
      plate has a plurality of tangs which project inwardly so as to be embedded
      in the spacer bar or tube to hold the bar or tube in place after a fabric
      has been reeled up against the tension force of the fabric. These tangs
      may also serve to permit movement of the end frames away from each other
      to impart increased tension in the reeled fabric while preventing movement
      of the end frame together.
PAR  The overall thickness or profile thickness of the end frame is of a
      relative minimum due to the flatness of the plate on the outside of the
      end frame. Thus, a large number of end frames can be stacked within a
      limited space for shipping purposes. In this case, it is noted that the
      hook containing sections are nested one within the other during shipping
      or storage. For example, end frames of the invention of standard width and
      height, e.g. 30 inches by 30 inches, can be shipped in bulk at about 2500
      per 44 foot shipping van as opposed to about 1500 of other known types of
      the same width and height, as indicated above.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 illustrates a shipping carton composed of a pair of end frames
      according to the invention;
PAR  FIG. 2 illustrates a view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 illustrates an exploded view of an end frame according to the
      invention;
PAR  FIG. 4 illustrates an exploded view of a lock plate according to the
      invention with a spacer bar;
PAR  FIG. 5 illustrates an exploded view of the shipping carton of FIG. 1
      without the shipping tube;
PAR  FIG. 6 illustrates a view taken on line 6--6 of FIG. 2;
PAR  FIG. 7 illustrates a view of the locking plate immediately prior to
      securement in place; and
PAR  FIG. 8 illustrates a view of the locking plate secured in place on the hook
      containing sections.
DETD
PAR  Referring to FIG. 1, shipping carton 10 is constructed of a shipping tube
      11 of elongated shape and of generally rectangular cross section as well
      as a pair of end frames 12 which are secured at the ends of the shipping
      tube 11 by suitable means such as staples or clips 13 as is known.
PAR  Referring to FIGS. 1, 3 and 5, each end frame 12 is constructed of a
      plurality of L-shaped hook containing sections or hook plates 14 which are
      provided with hooks 15 for impaling the edges of a fabric (not shown) such
      as velvet or plush thereon in known fashion. In addition, the end frame 12
      includes a plate 16 secured to the hook containing sections 14 with the
      hook containing sections 14 disposed in a radiating pattern. Also, a board
      17 such as, a flat cardboard, is sandwiched between the hook containing
      sections 14 and the plate 16.
PAR  The plate 16 is secured to the hook containing sections 14 in a
      metal-to-metal contact in any suitable manner such as by a number of
      rivets 18. Similar rivets 19 are also passed through the board 17 and the
      outer ends of the hook containing sections 14 to secure the hook
      containing sections 14 directly to the board 17. For this purpose, washers
      20 are provided on the outside face of the end frame 12 about the rivets
      19 although the washers 20 can be omitted.
PAR  Referring to FIG. 2, the plate 16 is of generally flat rectangular shape
      and is provided with an inner annular flange 21 which is slightly tapered
      inwardly and serves to define a surface to receive a spacer tube 28 as
      described below while also defining a central opening within the plate 16.
      In addition, the plate 16 is provided with pairs of apertured
      protuberances 22 which are oriented in the surface of the plate 16 in a
      radiating pattern relative to the corners of the plate 16. Also, a set of
      drill holes 41 are formed in the plate 16, one each between the
      protuberances 22. The board 17 is provided with pairs of holes 23, 23'
      aligned with the protuberances 22 in the plate 16 which are of a size to
      permit passage of the protuberances. In addition, the outer holes 23' are
      each of a keyhole shape to be aligned with a protuberance 22 and a drill
      hole 41 in the plate 16. Other holes 24 are also provided in the board 17
      near the outer corners to facilitate passage of the rivets 19. Each hook
      containing section 14 also has holes 25 aligned with the protuberances 22
      and the holes 23 in the board 17 to facilitate passage of the rivets 18
      therethrough and holes 26 in the outer ends to permit passage of the
      rivets 19.
PAR  As shown in FIG. 6, each protuberance 22 of the plate 16 is sized to come
      into direct contiguous contact with a hook containing section 14 disposed
      on the opposite side of the board 17. In this way, the metal-to-metal
      contact of the plate 16 and the hook containing sections 14 is achieved to
      provide a more secure arrangement imparting rigidity to the hook
      containing sections 14. In this regard, it is noted that if the board 17
      were interposed between the protuberances 22 of the plate 16 and the hook
      containing sections 14, looseness of the end frame could occur over a
      period of time due to warping or disintegration of the board 17, caused,
      for example, by the board becoming wet and limp over a period of time.
PAR  The board 17 has a peripheral flange 27 which is integral with the
      remainder of the board 17 and which projects perpendicularly to the
      remainder of the board 17. This flange 27 is formed in any conventional
      fashion such as by slitting the board 17 near each corner and by folding
      in the edges of the board 17 about the slit with the resultant tab on one
      side edge of the board 17 being folded over and secured to the edge on the
      other side edge of the board 17. The formation of the flange 27 is
      conventional and no further description is believed to be necessary.
PAR  Referring to FIG. 2, each end frame 12 also has an apertured lock plate 29
      mounted on the hook containing sections 14 coaxially of the plate 16 to
      receive a spacer tube 28. As shown in FIG. 2, the lock plate 29 is of
      rectangular shape and is of a generally flat contour or profile. In
      addition, the lock plate 29 has a flange 30 projecting perpendicular
      therefrom to define a central opening 31 which is sized to snugly receive
      the spacer tube 28 therein. The diameter of the opening 31 is
      substantially equal to the outer diameter of the tube 28. The flange 30
      has a plurality of tangs 32 projecting at a slight inward angle towards
      the axis of the tube 28 so as to embed in the spacer tube 28 as explained
      below. The plate 29 also has a recess 33 at each corner which serves to
      form a sharp projection 34 at each corner.
PAR  Referring to FIG. 2, each hook containing section 14 is provided with a
      profiled end on the upstanding leg 36. The profiled end includes an
      upstanding portion 37, a curvilinear portion 38, a ledge portion 39, and a
      shoulder portion 40. As shown, the shoulder portion 40 projects over the
      ledge portion 39. The distance between opposite hook containing sections
      14 is substantially equal to the diameter of the central opening 31 in the
      lock plate 29 and the diameter of the tube 28. As shown, the straight
      portion 37 of each hook containing section 14 carries a tab 42 which
      penetrates into the cardboard spacer tube 28 while the spacer tube 28 is
      snugly received between the inwardly tapered flange 21 of the plate 16 and
      the hook containing sections 14. In addition, the lock plate 29 of each
      end frame rests on the ledge portion 39 of each hook containing section 14
      under the shoulder portion 40 of each. Referring to FIG. 7, in order to
      place the lock plate 29 in position, the lock plate 29 is first laid on
      the ledge portions 39 of the hook containing sections 14 so that the
      projections 34 are spaced from the respective shoulder portions 40.
      Thereafter, as shown in FIG. 8, the lock plate 29 is rotated until the
      projections 34 abut against the upstanding legs 36 of the hook containing
      sections 14. At this time, the lock plate 29 is frictionally locked within
      the hook containing sections 14. As shown in FIG. 7, in order to
      facilitate the locking fit of the lock plate 29 in the sections 14, the
      plate diameter A where the lock plate 29 is first placed on the ledge
      portions 39 is the smallest diameter. Rotation of the plate 29 against the
      legs 37 creates a compressive force on the plate via the sections 14 to
      lock the plate 29 in place.
PAR  Referring to FIG. 3, in order to fabricate an end frame 12, the plate 16,
      board 17 and respective hook containing sections 14 (e.g. four) are placed
      in alignment. Thereafter, the rivets 18 are passed through the holes in
      the plate 16, the board 17 and the hook containing sections 14 and
      deformed on the hook containing side of the board 17 to secure the
      components together into a rigid structure. In addition, the rivets 19 are
      passed through the washers 20, the board 17 and the hook containing
      sections 14 and similarly deformed to secure the outer ends of the hook
      containing sections 14 to the board 17. Next, the lock plate 29 is placed
      on the ledge portions 39 (FIG. 7) and rotated, e.g. manually, until the
      projections abut the legs 36 (FIG. 8). The resultant structure can then be
      shipped in this form without forming the flange 27 so that the board 17
      remains flat. The slit in the corners of the board 17 can be made during
      fabrication so as to facilitate assembling of the end frame into a
      shipping carton at a later time.
PAR  In order to assemble a reel, two end frames 12 are slid over the spacer
      tube 28 to a predetermined point sufficient to permit reeling on of a
      determined width of fabric under tension. During this time, the tangs 32
      which are sufficiently resilient slide along the surface of the spacer
      tube 28. Thereafter, should an attempt be made to pull the end frames 12
      off the spacer tube 28, the tangs 32 bite into the surface of the tube 28
      to prevent removal. In this way, the integrity of the reel is maintained
      during shipping within the shipping carton. This reduces the possibility
      of a situation occurring in which the end frames 12 would be disconnected
      from each other causing the fabric material to pile up within the shipping
      carton.
PAR  When winding a fabric onto or off the reel, the end frames 12 of the reel
      would usually be placed in a winder frame with the end frames gripped in
      some fashion for a positive drive. In the case of the above reel, suitable
      drive pins (not shown) can be used in the winder drive motion (not shown)
      to pass through the holes 41 in the plates 16 (FIG. 1) and provide a drive
      transfer means for rotating the reel.
PAR  The invention thus provides an end frame for a pile fabric reel which can
      be easily constructed in a rapid manner from a minimum of parts. Further,
      the invention provides an end frame which can be shipped in stacked
      fashion in relatively large quantities since the thickness of the plate
      securing the hook containing sections together is basically flat. In this
      respect, it is noted that the protuberances on each plate project through
      the thickness of the board and are of a thickness or height substantially
      equal to the thickness of the board. Therefore, the protuberances do not
      increase the overall thickness of the end frame.
PAR  Since the hook containing sections are each secured to the plate at two
      metal-to-metal contact points, the resultant structure is relatively
      rigid.
PAR  The invention provides an end frame which is relatively inexpensive to
      manufacture in large quantities, easy to transport and of minimum bulk for
      shipping. Further, the end frames are of relatively long life for use in
      shipping of fabrics such as pile fabric.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An end frame for a fabric reel comprising
PA1  a plate;
PA1  a plurality of hook-containing sections for impaling a fabric material
      thereon secured to said plate at predetermined points, said sections being
      in contact with said plate at said points and extending outwardly from
      said plate in a radiating pattern;
PA1  a board disposed between said plate and said sections; and
PA1  means for securing each said section at an outer end thereof to said board.
NUM  2.
PAR  2. An end frame as set forth in claim 1 which further comprises a plurality
      of rivets securing said sections to said plate.
NUM  3.
PAR  3. An end frame as set forth in claim 1 wherein said plate has an annular
      flange projecting perpendicularly therefrom about a central opening in
      said plate and passing through an aperture in said board.
NUM  4.
PAR  4. An end frame as set forth in claim 1 wherein said means includes a
      washer disposed on an opposite side of said board from said hook
      containing sections and a rivet passing through said washer and a
      respective hook containing section.
NUM  5.
PAR  5. An end frame as set forth in claim 1 wherein said board is of
      rectangular shape and has a peripheral flange extending perpendicularly
      therefrom in a direction away from said hook containing sections.
NUM  6.
PAR  6. An end frame as set forth in claim 1 further comprising a lock plate
      mounted on said hook containing sections on an opposite side of said board
      from said first plate, said lock plate having a central aperture therein.
NUM  7.
PAR  7. An end frame as set forth in claim 1 wherein said board has a plurality
      of holes located within the plane of said plate and said plate has a
      plurality of protuberances projecting through said holes, each said
      protuberance being in contact with a respective one of said hook
      containing sections.
NUM  8.
PAR  8. An end frame as set forth in claim 7 which further comprises a plurality
      of rivets, each rivet passing through a respective one of said
      protuberances and a respective one of said hook containing sections.
NUM  9.
PAR  9. In an end frame for a fabric reel, the combination comprising a
      plurality of hook containing sections for impaling a fabric material
      thereon, a plate secured in contacting relation at predetermined points to
      said hook containing sections centrally of said section, and a board
      disposed between said plate and said hook containing sections.
NUM  10.
PAR  10. In an end frame as set forth in claim 9 wherein said plate has a
      plurality of drill holes receiving driving pins of a winder.
NUM  11.
PAR  11. In an end frame as set forth in claim 9, said board having a plurality
      of holes located within the plan of said plate and said plate having a
      plurality of protuberances projecting through said holes into contact with
      respective ones of said hook containing sections.
NUM  12.
PAR  12. In an end frame as set forth in claim 11, a plurality of rivets, each
      rivet passing through a respective one of said protuberances and a
      respective one of said hook containing sections.
NUM  13.
PAR  13. In an end frame as set forth in claim 12, means securing each said hook
      containing sections at an outer end thereof to said board.
NUM  14.
PAR  14. In combination, an end frame for a fabric reel including a plurality of
      hook containing sections for impaling a fabric material thereon, a plate
      secured in contacting relation to said hook containing sections, a board
      disposed between said plate and said hook containing sections, and a lock
      plate secured to said hook containing sections on a side of said board
      opposite said first plate and having a central aperture therein; and a
      spacer bar mounted within said aperture of said lock plate and extending
      perpendicularly therefrom.
NUM  15.
PAR  15. The combination as set forth in claim 14 wherein said lock plate
      includes a plurality of tangs embedded in said bar to hold said bar in
      place relative to said end frame.
NUM  16.
PAR  16. The combination as set forth in claim 14 wherein said first plate has a
      central aperture and an annular flange about said central aperture
      thereof, said spacer tube being slidably mounted on said flange.
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PAL  A collecting device used in co-operation with a vertically displaceable
      centering mandrel for forming long coils from a given length of wire rod
      supplied in the form of overlapping non-concentric windings to a
      collecting space in the device comprises oppositely disposed interceptor
      arms which can be pivoted into the collecting space to intercept and
      temporarily store initial ones of the wire rod windings supplied to the
      space. Additionally oppositely disposed pivotal arms provided with
      part-conical members are arranged to be rotated into the collecting space
      in such manner that the part-conical members together form a centering
      cone for guiding and centring the initial windings and for accommodating
      the top of the centering mandrel. Means are provided for suddenly rotating
      all the arms outwardly to permit the collected windings to fall onto a
      collecting plate and the coil forming process to continue without
      interruption, the mandrel serving as a guide and centering means, and for
      rotating the arms back into their position in the collecting space upon
      completion of the coil to permit the next coil forming process to be
      started while the mandrel is lowered to permit lateral removal of the
      completed coil and thereafter returned to its raised position.
BSUM
PAR  This invention relates to a collecting device for producing long wire rod
      coils from wire supplied in the form of non-concentric overlapping
      windings continuously fed to the collecting device. Such a device may have
      a centering mandrel which can be lowered relatively to the collecting
      space, and controllable interceptor arms which are associated with an
      upper tapering region of the mandrel and which temporarily intercept the
      initial downwardly moving wire rod windings produced from a length of wire
      rod to be collected and release them from free fall on to a collecting
      plate by a sudden pivotal downward movement.
PAR  In a known collecting device for wire rod coils with intermediate storage
      the apex of the centering mandrel is formed by a loose second centering
      mandrel which is alternately supportable on the interceptor arms and on
      the vertically displaceable first mentioned centering mandrel for the
      purpose of collecting the initial windings of a long wire rod coil,
      thereby to form a partial coil, and thereafter permitting the latter to
      drop onto a collecting plate disposed further below.
PAR  This two-part mandrel construction necessitates guidance of the loose
      mandrel on the lower vertically displaceable main mandrel but this
      guidance does not exist just at that instant when, after completion of a
      coil, the upper mandrel is received again by the interceptor arms in order
      to intercept the initial wire rod windings of the next following length of
      wire rod, because then the main mandrel must be lowered to a low position
      which permits lateral conveyance of the coil. If the wire rods to be
      coiled follow each other in short succession, the intermediate storage of
      the respective initial wire rod windings occurs with the loose upper
      centering mandrel unguided. The latter cannot therefore correctly fulfil
      its task as centering means for the downwardly moving wire rod windings,
      becuase it itself is not safely centered on the interceptor arms.
PAR  The invention is based on the object of finding a different solution for
      the collection and intermediate storage of downwardly moving wire rod
      windings, wherein a mandrel point which can be temporarily inserted in a
      highest position is independent of guidance by and support on a main
      mandrel. As a solution of this problem the invention provides a collecting
      device for producing long wire rod coils from overlapping non-concentric
      wire rod windings which are continuously supplied to the collecting
      device, the device co-operating with a centering mandrel which is
      vertically displaceable relatively to a collecting space in the device,
      and having controllable interceptor arms which are functionally associated
      with an upper tapering region of the mandrel, which temporarily intercept
      the initial downwardly falling wire rod windings produced from a desired
      length of wire rod to be coiled and which, by a sudden downward movement,
      release the temporarily collected wire windings for free fall onto a
      collecting plate, wherein oppositely disposed pivotal arms are provided in
      addition to the interceptor arms and arranged to be pivoted into the
      collecting space to form a mandrel point by means of their free oppositely
      disposed ends each of which forms a major portion of half a cone surface,
      and wherein furthermore control means are provided for the interceptor
      arms as well as further pivotal arms forming the part-conical surfaces,
      and are operable in such a manner that shortly prior to the pivotal
      downward movement of the interceptor arms the pivotal arms are rotated
      downwardly to such extent that the part-conical surfaces thereof are
      located outside the vertical projection of the outer limits of the
      temporarily intercepted wire rod windings.
PAR  A collecting device constructed in accordance with the invention ensures
      that during the intermediate storage of the initial wire rod windings a
      cone surface is always available in a position which is accurately defined
      independent of the vertical level at which the vertically displaceable
      centering mandrel is located.
PAR  Advantageously a flat surface at the foot of each part-conical surface is
      flush with the level of the inwardly pivoted interceptor arms in order
      that the periphery of the lower wire rod windings is supported as much as
      possible during the intermediate storage.
PAR  Undesirable displacement of the wire rod windings is avoided by contactless
      outward pivotal movement of the oppositely disposed pivotal arms away from
      the previously collected windings forming a partial coil.
PAR  Preferably always two interceptor arms and one pivotal arm disposed
      therebetween are mounted on a common pivot shaft, whereby a considerable
      constructional simplification is obtained.
DRWD
PAR  One constructional example of the invention is described below with
      reference to the accompanying drawing, in which:
PAR  FIG. 1 is a side view of wire rod coil forming apparatus including the
      collecting device according to the invention, the device being illustrated
      in vertical section on the line I--I in FIG. 2; and
PAR  FIG. 2 is a plan view of the collecting device, partly in section on the
      line II--II in FIG. 1.
DETD
PAR  FIG. 1 illustrates apparatus for producing a long wire rod coil (not shown)
      that is to say a wire rod coil which has an axial length which is a larger
      fraction of, equal to, or greater than the diameter of the coil. In this
      apparatus the coils are formed from wire rod windings 12 which are
      non-concentrically disposed in a mutually overlapping manner on a conveyor
      13 continuously feeding the windings 12 into a funnel 10. The windings 12
      are produced from a wire rod having a desired predetermined length. The
      funnel 10 is afforded an oscillating and rotating movement whereby the
      windings are caused to fall into the collecting device still to be
      described in a manner ensuring formation of a coil of uniform thickness.
      The apparatus further includes a vertically displaceable mandrel 4 which,
      in its uppermost position extends centrally through the collecting device.
      The top of the mandrel 4 is provided with four ledges 4a which are
      disposed at right angles to each other, as shown more clearly in FIG. 2,
      and which taper upwardly to form a pointed upper end of the mandrel 4.
PAR  The collecting device comprises an abutment wall 11 which defines the
      peripherally outer limits of a collecting space 3. Furthermore two
      mutually parallel horizontal pivot shafts 17 are located outside the
      abutment wall 11 on opposite sides thereof. Each shaft 17 has mounted
      thereon two interceptor arms 1 and between them one pivotal arm 2, the
      arms of this one shaft being located diametrally opposite the respective
      arms of the other shaft.
PAR  Each interceptor arm 1 is substantially L-shaped in cross-section, and the
      free end of one limb of each arm in rigidly connected to the respective
      pivot shaft 17. The other limb of each arm 1 has a flat surface on the
      side thereof facing the respective first mentioned limb.
PAR  Each of two hydraulic cylinder-piston devices 18 has one end 18a pivotally
      supported at a fixed location and is arranged to rotate the respective
      pivot shaft 17 together with the interceptor arms 1 mounted thereon into a
      first position shown in full lines, in which the said other limbs of the
      interceptor arms 1 extend into the collecting space 3, and a second
      position 1' shown in broken lines, in which the said arms are located
      outside the downwardly extended limits 16 of the abutment wall 11.
PAR  The pivotal arms 2 are generally U-shaped in cross-section. One limb of
      each arm is substantially straight, and its free end is mounted on the
      respective pivot shaft 17 in a freely rotatable manner. The web member 2b
      of each arm 2 has a flat surface facing inwardly of the U-shape. The other
      limb 2a is part-conical, its part-conical surface facing the straight limb
      and tapering to a point at the free end of the limb. Each of two hydraulic
      cylinder-piston devices 15 has one end 15a pivotally mounted at a fixed
      location and its other end connected to the respective pivotal arms 2, and
      each is arranged to rotate the respective arm 2 into a first position
      shown in full lines, in which the part-conical limb 2a is located inside
      the collecting space and the part-conical surfaces of the two oppositely
      disposed pivotal arms 2 together form a major part of a cone surface in
      the centre of the collecting space 3, and into a second position 2b'shown
      in broken lines in which the part-conical limb 2a of each arm 2 lies
      outside the downwardly extended limits 16 of the abutment wall 11.
PAR  When all the arms 1 and 2 are rotated into the said first positions, the
      flat surfaces on the limbs of arms 1 and on the web members of arms 2
      together form a flat support surface for temporarily receiving thereon a
      partial coil 5 in a manner still to be described.
PAR  Also in this position of the arms 1 and 2 the tapered upper end of the
      mandrel 4 can enter from below into the cone formed by the part-conical
      limbs of the two pivotal arms 2, and in this position two of the ledges 4a
      are located between the opposing edges of the two part-cones, and the
      upper ends of the two other ledges 4a extend through recesses 2c provided
      in the limbs 2a at their free ends.
PAR  In order to explain the operation of the device, it is assumed that the
      mandrel 4, the interceptor arms 1 and the pivotal arms 2 are in the
      position shown in full lines in FIG. 1.
PAR  Wire rod windings 12 continuously supplied by the conveyor 13 fall into the
      collecting space 3 and are uniformly deposited by the intervening action
      of the funnel 10 and the abutment wall 11 on the support surface
      constituted by the respective flat surfaces of the arms 1 and 2 and form
      thereon the partial coil 5. The composite conical surface serving as an
      accurately defined guiding and centering means for the windings.
      Thereafter, first the cylinder-piston devices are actuated to swing the
      pivotal arms 2 into their positions 2b', and immediately thereafter the
      cylinder-piston devices 18 are actuated to swing the interceptor arms 1
      into their positions 1', whereby the partial coil 5 is permitted to fall
      onto a collecting plate (not shown) while being guided by the mandrel 4.
      The swing movement of the pivotal arms 2 is not impeded by the mandrel 4
      because of the provision of the recesses 2c, and the relative position of
      the windings in the partial coil 5 is not disturbed owing to the shape of
      the arms and the location of the pivot axes which are so selected that the
      pivotal arms can rotate downwardly away from the coil without further
      engaging it. The coil winding process continues uninterruptedly until the
      coil is completed, the tapered top and the body of the mandrel 4 serving
      as guiding and centering means.
PAR  Upon completion of the coil, the mandrel 4 is lowered to permit the coil to
      be released for lateral conveyance. Even during the downward movement of
      the mandrel 4 all the arms can be rotated back into the starting position,
      whereupon formation of a next following coil can be initiated. In due
      course the mandrel is raised again into its position shown in FIG. 1, and
      the partial coil formed in the meantime can then be released as described
      above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for forming a long wire rod coil from wire rod supplied in
      the form of overlapping non-concentrically disposed wire rod windings and
      utilizing a vertically displaceable centering mandrel having an upper end
      tapering to a point, a collecting device comprising wall means laterally
      defining a collecting space, means for supplying said wire rod windings
      into said collecting space, mutually oppositely disposed interceptor arm
      means pivotal into said collecting space for intercepting and temporarily
      supporting initial ones of said wire rod windings supplied to said
      collecting space, and mutually oppositely disposed pivotal arm means, each
      of said pivotal arm means being provided with a part-conical member, said
      pivotal arm means being pivotal toward said collecting space into a
      position wherein the part conical members of said pivotal arm means form a
      centrally disposed composite cone means adapted to accommodate therein
      said upper end of said centering mandrel and having a composite conical
      surface for centering said initial wire rod windings and guiding them onto
      said interceptor arm means, and means for pivoting said pivotal arm means
      and said interceptor arm means out of said collecting space to permit said
      initial windings collected on said interceptor arm means to drop along
      said mandrel toward its lower end and to enable further wire rod windings
      to be collected about said centering mandrel to complete formation of said
      coil.
NUM  2.
PAR  2. A collecting device for producing long wire rod coils from overlapping
      non-concentric wire rod windings which are continuously supplied to the
      collecting device, the device co-operating with a centering mandrel which
      is vertically displaceable relatively to a collecting space in the device,
      and having controllable interceptor arms which are functionally associated
      with an upper tapering region of the mandrel, which temporarily intercept
      the initial downwardly falling wire rod windings produced from a desired
      length of wire rod to be coiled and which, by a sudden downward movement,
      release the temporarily collected wire windings for free fall along said
      mandrel toward its lower end, wherein oppositely disposed pivotal arms are
      provided in addition to the interceptor arms and arranged to be pivoted
      into the collecting space, each pivotal arm having at its free end one
      half of a conical surface, and said arms being pivotable into the
      collecting space wherein the halves of the conical surface cooperate to
      form a mandrel point independent of said vertically displaceable centering
      mandrel, and wherein furthermore control means are provided for the
      interceptor arms as well as for the pivotal arms forming the part-conical
      surfaces, and are operable in such a manner that shortly prior to the
      pivotal downward movement of the interceptor arms the pivotal arms are
      rotated downwardly to such extent that each half of the conical surface is
      located outside the vertical projection of the outer limits of the
      temporarily intercepted wire rod windings.
NUM  3.
PAR  3. A collecting device according to claim 1, wherein each of the oppositely
      disposed pivotal arms merges at the foot of the half of the conical
      surface into a flat support surface which, when the pivotal arm is in the
      inwardly pivotal position, is flush with the level of the inwardly pivoted
      interceptor arms.
NUM  4.
PAR  4. A collecting device according to claim 1, wherein each of the
      part-conical surfaces of the oppositely disposed pivotal arms is provided
      at its apex with a recess, the recesses being adapted to receive the two
      appropriate oppositely disposed ones of four radial ledges forming the
      point of the centering mandrel when the later is in, or near, its
      uppermost position and the pivotal arms rotate downwardly.
NUM  5.
PAR  5. A collecting device according to claim 1, wherein two parallel pivot
      shafts are provided, each having one of the said pivotal arms mounted
      thereon as well as two interceptor arms, one on each side of the pivotal
      arm.
NUM  6.
PAR  6. A collecting device according to claim 2 wherein two parallel pivot
      shafts are provided, each having one of the said pivotal arms mounted
      thereon as well as two interceptor arms, one on each side of the pivotal
      arm.
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ABST
PAL  A combination fly and spinning reel tackle having an open-ended spinning
      type reel spool without bail retrieval mechanism and moveable between in
      line with rod position for casting, and transverse to rod position for
      retrieval, thereby combining the best features of spinning and fly reel
      gear in a single reel. The line spool is fixed with respect to a support
      lever so positioned and pivoted with respect to a base support member
      adapted for attachment to a fishing rod reel seat that tensional force
      upon the line in playing or retrieving a fish will have a tendency to
      maintain the reel in its selected position.
BSUM
PAR  This invention relates to sport fishing and is directed particularly to
      improvements in fishing reel gear.
PAR  In both salt water and fresh water sport fishing two kinds of fishing reels
      are commonly in use, one being the so-called fly or bait casting reel
      having a spool which extends transverse to the fishing rod and upon which
      the fishing line is wound for casting and retrieving as controlled by a
      winding lever and brake mechanism geared to the reel spool, and the other
      being the spinning reel wherein the spool is open-ended and in axial
      alignment with the fishing rod to permit spin-off during casting, which
      includes an extensible bail and gear and lever mechanism for rotating the
      bail about the spool for rewinding of the line about the spool during
      retrieving operations. While, to some extent, either type of reel can be
      used for some kinds of salt water and fresh water sportfishing, depending
      upon the skill of the fisherman, the standard fly or bait casting reel is
      generally more satisfactory for ocean fishing of the larger game fish,
      whereas spinning reel gear, because of the ease with which good casting
      can be accomplished even by an inexperienced fisherman, has found wide
      acceptance for use in freshwater fishing for smaller game, where casting
      is more important than the strength and control of the retrieving
      mechanism. It is accordingly the principal object of this invention to
      provide a combination fishing reel which combines the best features of the
      fly reel and spinning gear in a single reel, and which can be changed from
      fly casting reel to spinning reel operation, as desired, while fishing.
      Thus, while fishing for larger game fish, whether in fresh or salt water,
      the combination reel can be used in spinning reel position for ease and
      accuracy in casting, after which the reel can be reset to fly casting reel
      position for better control over the playing and retrieval of a hooked
      fish.
PAR  It is another object of this invention to provide a combination reel of the
      character described which, after use as a spinning reel in casting, can
      readily be converted to fly casting position for line retrieval, thereby
      dispensing with the bail mechanism forming part of ordinary spinning reels
      and the mechanical difficulties associated with such bail operation in
      retrieval.
PAR  Yet another object of the invention is to provide a combination reel of the
      above nature which, while preserving the advantages of spinning reel
      operation in casting and playing out of a line, eliminates the
      deficiencies in the spinning reel bail retrieval operation, such as line
      rotation during wind-on, excessive line looping upon cast off a bail-wound
      spinning reel, and line wear due to frictional contact with the bail upon
      retrieval.
PAR  Another object of the invention is to provide a combination reel of the
      character described wherein the spool and line can readily be changed to
      suit the particular kind of fishing to be undertaken.
PAR  Yet another object of the invention is to provide a combination reel of the
      above nature wherein a wider range of braking control can be effected by
      combining the braking systems of both the spinning reel and the fly
      casting reel brake mechanisms.
DRWD
PAR  Other objects, features and advantages of the invention will be apparent
      from the following description when read with reference to the
      accompanying drawings. In the drawings, wherein like reference numerals
      denote corresponding parts throughout the several views:
PAR  FIG. 1 is a plan view of a combination fishing reel embodying the
      invention, shown assembled to a fishing rod;
PAR  FIG. 2 is a plan view similar to FIG. 1 but showing the reel adjustably
      positioned for use as a spinning reel; and
PAR  FIG. 3 illustrates, in exploded view with portions broken away, the
      adjustable base support mechanism for the combination fishing reel.
DETD
PAR  Referring now in detail to the drawings, reference numeral 10 designates,
      generally, a combination fly casting and spinning reel embodying the
      invention, the same being illustrated as assembled to the reel seat 11 of
      a fishing rod 12, said fishing rod being only partially illustrated. The
      combination casting and spinning reel 10 comprises a substantially flat
      base support member 13, which may be either of cast metal or stamped sheet
      metal, for example. As best illustrated in FIG. 3, the base support member
      13 is substantially rectangular in shape, and is integrally formed with a
      pair of aligned, outwardly-projecting seat clamp lugs 14, 15, adapted to
      be received within the securement sleeves of a typical fishing rod, as is
      hereinbelow more particularly described. The seat clamp lugs 14, 15 are
      downwardly offset (as viewed in FIG. 3), and concavely rounded as seen
      from the underside to conform with the curvature of a fishing rod reel
      seat. Thus, as illustrated in FIGS. 1 and 2, the seat clamp lugs will be
      received under the seucrement sleeves 16, 17 of a typical fishing rod reel
      seat 11. As illustrated in FIGS. 1 and 2 the upper or outer fishing reel
      seat securement sleeve 16 is fixed, whereas the lower or inner securement
      sleeve 17 is screw-threaded for adjustment along the reel seat to
      clampingly secure the base support member 13 in place. The base support
      member 13 is also integrally formed with a sidewardly-projecting extension
      portion 18 providing a pivotal axis for one end of a right-angular pivot
      arm 19. To this end, the sidewardly-projecting extension portion 18 of the
      base support member 13, and the outer end of one arm portion 20 of the
      right-angular pivot arm 19 are each drilled to provide equal diameter
      through openings 21, 22, respectively. A pivot screw 23 having a
      cylindrical shank 24 extends through the openings 21 and 22, and is
      retained in place by a circular nut 25 threaded upon a threaded stud
      portion 26 extending coaxially outwardly of said shank. Upon assembly, the
      circular nut 25 will seat securely against the annular shoulder defined by
      the screw shank 24 and the co-axial threaded stud portion 26, and the
      length of said screw shank portion will be slightly greater than the
      combined thickness of sidewardly-projecting extension portion 18 of the
      base support member 13 and the first arm portion 20 of the right-angular
      pivot arm 19, to permit pivotal swinging of said pivot arm with respect to
      said base support member.
PAR  Means is provided for limiting the pivotal swinging movement of the
      right-angular pivot arm 19 to 90 circular degrees with respect to the base
      support member 13 so that the first pivot arm portion 20 of said pivot arm
      has a first limit position transverse to the base support member 13, as
      illustrated in FIG. 1, and a second limit position substantially parallel
      with the length of said base support member when attached to a fishing
      reel, as illustrated in FIG. 2. To this end, the base support member 13,
      substantially opposite the sidewardly-projecting extension portion 18
      thereof, is provided with an arcuately-extending through slot 27 having
      the opening 21 as its center of curvature, and an outer portion of the
      other arm portion 28 of the right-angular pivot arm 19 is formed with a
      downwarldy and outwardly-extending hook portion 29 adapted to be hookingly
      engaged within said slot, as illustrated at both limit positions of said
      right-angular pivot arm in FIGS. 1 and 2.
PAR  A fishing reel assembly, indicated generally at 30, is secured in
      upstanding relation with respect to an outer end portion of the second
      pivot arm portion 28 of the right-angular pivot arm 19. As best
      illustrated in FIGS. 1 and 2, the gear-box housing end 31 of the fishing
      reel assembly 30 is secured just above the hook portion 29 of the base
      support member 13, in such a manner that the reel spool or spindle 32
      extends in spaced, parallel relation with respect to the first pivot arm
      portion 20 of said pivot arm. As illustrated in FIGS. 1 and 2, the reel
      spool 32 is fully journalled at its inner end within the reel gear box 31,
      and its outer end is formed with an open-ended, small-diameter spool head
      portion 33, smoothly curved about its inner surface to provide for minimal
      frictional drag upon use of the device as a spinning reel as hereinbelow
      more particularly described.
PAR  A crank handle assembly 34 extends outwardly of the gearbox housing end 31
      of the fishing reel assembly 30 for use of the device as a retrieving reel
      or trolling reel when in the position illustrated in FIG. 1. Since the
      gear train and star drag (brake) mechanism of the gear box housing end 31
      may be of ordinary, known construction, and forms no part in this
      invention, a more detailed description is not deemed necessary herein. It
      will be understood that the spinning reel mechanism will include standard
      means for spool replacement to provide for the quick change of spooled
      fishing lines, and that standard spinning reel brake adjustment means will
      also be incorporated for use in combination with the standard brake
      mechanism forming part of the fly casting reel.
PAR  FIG. 1 illustrates the combination fishing reel adjusted to its position
      for use as a retrieving (or trolling) reel, the reel spool 32 being
      transverse to the longitudinal axis of the fishing rod 12. In this
      position it will be seen that the hook portion 29 of the pivot arm 19 is
      at the forward limit position in the associated slot 27, which prevents
      further counter-clockwise movement of the fishing reel assembly 30 about
      the pivotal axis afforded by the pivot screw 23. Since, as illustrated in
      FIG. 1, the pivotal axis is substantially outward of the outer end of the
      reel spool 32, the tensional force of a fishing line being played in or
      out of the spool will have a tendency to exert a counter-clockwise moment
      on the pviot arm 19, thereby reetaining said pivot arm in its forward-most
      limit position as illustrated in FIG. 1 during all usage of device as a
      retrieving, or trolling reel, or even as a casting reel, if so desired.
PAR  When it is desired to change over to use of the device as a spinning reel,
      it is only necessary to manually move the reel assembly and its associated
      pivot arm 19 to the rearward-most limit position, as illustrated in FIG.
      2, whereat the longitudinal axis of the reel spindle 31 will lie in
      spaced, parallel relation above the longitudinal axis of the fishing rod.
      When so positioned, the fishing line will spin off the outer end of the
      spindle 32 in such a way as to impart very little, if any, moment arm
      force to the right-angular pivot arm 19, thereby having no tendency to
      displace the straight, forward position of the reel assembly. Since, as
      described above, the reel assembly 30 will maintain itself in either of
      the adjusted positions as illustrated in FIGS. 1 and 2 without any need
      for locking in place, it can readily be moved from one position to
      another, as desired, during the various fishing operations such as
      casting, trolling and reeling in of a fish.
PAR  While I have illustrated and described herein only one form in which my
      invention can conveniently be embodied in practice, it is to be understood
      that this form is given by way of example only and not in a limiting
      sense. The invention, in brief, comprises all the embodiments and
      modifications coming within the scope and spirit of the following claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A combination fly and spinning reel for use with a fishing rod equipped
      with a reel seat comprising, in combination, a base support member, means
      for attachment of said base support member to a fishing rod reel seat, a
      substantially flat pivot arm, means for swingably attaching one end of
      said pivot arm with respect to said base support member for selective
      movement between limit positions spaced 90 circular .degree. apart, a
      fishing reel assembly comprising a gear box and an open-ended reel spool,
      means rotatively journalling one end of said reel spool with respect to
      said gear box, handle means for rotatively controlling said reel spool
      through said gear box, means mounting said fishing reel assembly
      comprising said gear box and said reel spool with respect to the other end
      of said pivot arm so that the rotational axis of said reel spool, when
      said pivot arm is in one of said limit positions, is disposed in
      transverse position with respect to a fishing rod when said base support
      member is attached to the fishing rod reel seat, and in axial alignment
      directly above and with respect to said fishing rod when moved to the
      other of said limit positions, said base support member and said pivot arm
      being substantially flat and relatively movable while in substantially
      face-to-face relation, said means for swingably attaching said pivot arm
      comprising a pivot member extending through aligned openings in said one
      end of said pivot arm and in said base support member, and an arcuate slot
      in said base support member the center of curvature of which is coincident
      with the pivotal axis of said pivot member, said pivot arm having hook
      means extending through said arcuate slot and serving as abutment means at
      the ends of said slot at said limit positions.
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PAL  A casting reel spool speed control device comprises a disc member for
      rotation with a reel spool within, spaced from and relative to a
      cylindrical housing secured to a reel cage. Two or more pawl-shaped speed
      control fingers are freely, pivotally mounted in slots opening onto the
      rim of the disc member to move under the combined counter-balancing
      influence of centrifugal force and air resistance between retracted
      positions in the slots and deployed positions in which the bevelled finger
      tips lightly brush or just clear the inner circular surface of the
      cylindrical housing. The speed control or braking action is very light and
      is just sufficient to cure the problem of reel overrun during casting
      upwind.
BSUM
PAR  This invention relates to casting reels for fishing tackle and has
      particular application to multiplier casting reels, beach casting reels
      and similar reels for use in situations where long casting is desired.
PAR  If a cast is made into the wind, the weight at the end of the line
      decelerates relative to the ground during its few seconds flight through
      the air. At the same time the reel continues to rotate and pay out the
      line at substantially the full speed imparted to it at the start of the
      cast. Consequently the reel overruns, the line slackens, tangles up
      tightly in the reel cage and jams. It can take very considerable effort
      and time to untangle the line again. A similar result can occur when a
      cast is made with a jerky action rather than the desired smooth powerful
      action: in this case the reel may be imparted an undesirably high initial
      speed and again overrun the weight.
PAR  This problem of overrun has been met to some extent by the use the anglers
      thumb dabbing lightly on the unwinding reel: this is not only very
      difficult but can be painful to the thumb.
PAR  According to the present invention there is provided a casting reel speed
      control device comprising a member adapted for rotation with a reel
      within, spaced from, and relative to a cylindrical housing adapted to be
      secured to a reel cage, and a plurality of speed control fingers pivotally
      mounted to the rotatable member for movement under the influence of
      centrifugal force between retracted positions and deployed positions in
      which their tips lightly brush or are just clear of an inner substantially
      circular surface of said housing.
PAR  The shape, disposition and mass of the fingers is such that even at the
      highest normally expected rate of reel rotation their effect on the rate
      of reel rotation is relatively small: in other words gives just sufficient
      smooth braking or regulation to cure the discussed problem of reel
      overrun.
PAR  The fingers are preferably shaped and disposed so that the force due to air
      resistance acting on the fingers in their deployed position is significant
      in tending to move the fingers back towards their retracted positions.
      This air resistance force increases with reel speed and thus reduces the
      rate of increase in braking force with increased speed which would be due
      to the centrifugal force acting alone. The device is preferably fairly
      closely enclosed when installed in a complete reel to assist air
      resistance becoming a significant force in operation as just described.
PAR  The tips of the fingers are preferably bevelled so that in their deployed
      positions the bevels are generally parallel to the braking surface.
PAR  The fingers are preferably in the general shape of pawls or commas, the
      indents facing forwardly with respect to the direction of rotation during
      casting, not rearwardly as might be expected.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is an end view of a casting reel with parts removed to show a speed
      control device according to the present invention; and
PAR  FIG. 2 is a side view of the reel with one reel cage side-plate shown
      detached and with portions broken away.
DETD
PAR  Referring to the drawings, there is shown a casting reel comprising a reel
      cage 10, including reel side-plates 11 and 12. Plates 11 and 12 are spaced
      and secured together by the conventional four cage bars 13 and by an
      attachment shoe assembly 14 having tongues 15 for attaching the reel to a
      rod butt. The plate 12 is shown removed in FIG. 2. It is secured in
      position by screws working through bores 16 into threaded recesses 16a in
      the cage bars 13 and shoe assembly 14.
PAR  A reel spool 17 is mounted for rotation within the reel cage. The spool has
      end flanges 18, 19, a body 20 upon which in use fishing line 21 is wound,
      a shaft 22. The left-hand end of shaft 22 in FIG. 2 is received in a
      suitable bearing, clutch and gear drive assembly and driven by a manually
      operable handle (none of which is shown) as conventional in the art. The
      right-hand end of shaft 22 is received in a suitable conventional bearing
      (not shown) in the reel side-plate 12.
PAR  The right-hand end of shaft 22 presents a shoulder 23 and an end portion 24
      of reduced diameter. A speed control device according to the present
      invention includes a composite disc member 30 adapted for rotation with
      the reel spool 17 within, spaced from and relative to a cylindrical
      housing 60 forming part of the reel side-plate 12 as will be described
      below. The disc member 30 is suitably formed of "Nylon" and is a tight
      press fit or is otherwise keyed to the shaft 22 of the reel spool 17 for
      rotation therewith. A central aperture 31 is shown for this purpose.
PAR  The composite disc member comprises a first ring member 32, an intermediate
      ring member 33 having four symmetrically disposed shaped cutouts 34
      therein and a central boss 35; and a top ring member 36 (removed for
      clarity in FIG. 1) which is of the same outside diameter as members 32 and
      33 and fits around the boss 35 so that the cutouts 34 become effectively
      narrow slots opening onto the rim of the assembled composite disc member.
PAR  The four cutouts 34 each have a straight side 37 substantially tangential
      to the boss 35, and a curved forward face 38. The cutouts are provided
      with pivot pins 39 standing out therefrom, which in a preferred embodiment
      are formed by two wire staples 40 inserted from the rear of the ring
      member 32 each through two apertures in the ring member. Adhesive tape
      (not shown) may be used to retain the staples in position. The staples are
      suitably of stainless steel wire.
PAR  Ring member 32 (and suitably also ring 33) is preferably formed integrally
      with a further disc member 41 which abuts the outer end face of the reel
      flange 19. Member 41 has an outstanding peripheral flange 42 provided with
      dimples 43 on its outer peripheral surface. A springy drag finger (not
      shown) mounted to the end plate 12, is selectively cooperable with these
      dimples to provide drag on the line when the line is paid out as familiar
      to those in the art.
PAR  Ring member 33 is actually shown as being rivetted to the integral members
      32 and 41 by means of rivets 44. It will be seen from FIG. 2 that the
      bridge portion of each staple 40 is received in a groove formed in the
      rear face of the member 41. The top ring 36 is screwed to the other ring
      members by screws 46 working in threaded apertures 47.
PAR  Pawl-shaped fingers 50 are freely pivotally mounted by the pivot pins 39.
      The lower left-hand two being removed for clarity in FIG. 1. The fingers
      50 are freely pivotally movable between retracted positions as shown for
      the pawl at the top of FIG. 1, and deployed positions as shown by the pawl
      at the right-hand side of FIG. 1. The tips 49 of the fingers 50 are
      smoothly bevelled and very slightly curved so that the tips 49 lie
      substantially parallel to the surface of housing 60 when the fingers are
      deployed so that a small surface portion of the finger tips 49 lightly
      brush the housing. The fingers are preferably formed of a hard tough
      polymeric or reinforced polymeric material such as the reinforced phenol
      formaldehyde resin sold under the Registered Trade Mark "Tufnol"
      Alternatively they may be of a metal such as phosphor bronze. They are of
      a material different from the material used for housing 60.
PAR  The reel side plate 12 comprises a disc body portion 61 having a thickened
      rim portion 62 and an intermediate circular flange constituting the
      cylindrical housing 60 referred to above. The inner circular surface 63 of
      housing 60 is the surface with which the tips of the fingers 50 co-act.
      This surface 63 is preferably provided with a metallic insert 64, e.g. of
      brass, bronze or stainless steel. A chromed trim ring 65 is provided on
      the body portion 61 and faces a similar trim ring 66 on the opposite side
      plate 11. It will be seen that when the side plate 12 is screwed in
      position the peripheral edge of housing 60 substantially abuts the face of
      the disc member 41. A substantially completely enclosed chamber thereby
      results, defined between the circular inner surface of housing 60, the
      substantially circular outer surface of the composite disc member, and
      having its annular ends closed by wall portions of the disc member 41 and
      of the body portion 61 of the side plate 12 respectively.
PAR  The direction of rotation shown by arrow 70 in each figure is the direction
      of rotation of the reel when casting. During casting the reel rotates very
      rapidly and the finger tip portions 49 fly outwardly under centrifugal
      action so that they lightly brush or just clear the surface 63. Air
      resistance acting on the inclined forward faces 71 of the deployed fingers
      together with the pawl shape of the fingers is found in practice to keep
      the braking action very light, which is exactly what is required to give a
      practical and effective solution to the described problem of reel overrun.
PAR  The braking action is light, regardless of reel speed over a wide range,
      and in particular does not increase rapidly at high reel speeds. It is
      considered that the fairly close enclosure of the annular braking chamber
      assists the air resistance effect. Thus three walls of this chamber are
      stationary and exert frictional drag on the air in the chamber tending to
      prevent the air moving with the fingers. The air is thus forced to flow to
      both sides of each pawl in turn, which each occupy about one third of the
      width of the annular chamber as seen in FIG. 2. The air flow will also
      tend to cam up the inclined forward surfaces 71 of the fingers and attempt
      to funnel through between the finger tip and the housing surface thereby
      keeping the actual rubbing or brushing down to a minimum.
PAR  Purely as an example one embodiment of the invention was found to reduce
      the total number of revolutions of a reel during a long cast (e.g. 150
      yards) by about 30 or 40 revolutions. Since approximately 6 inches of line
      pays out for each spool revolution (clearly the amount decreases as the
      spool depletes), then about one thousand reel revolutions are required to
      cast this distance. The reductions is therefore only about 3 to 4%. It
      will also be appreciated that to accomplish one thousand revolutions in
      the 6 to 8 seconds the cast takes, requires a reel speed of up to 10,000
      r.p.m. or even more. The significant achievement of this invention is to
      give the required very gentle speed control effect under such ardous and
      variable conditions. Moreover the desired control is achieved by means
      which is mechanically very simple and trouble-free, and in particular
      involves no parts under permanent force when not in use, such as springs
      for example, which can easily jam in incorrect positions.
PAR  It will be appreciated that any number of fingers may be used, from two
      upwards, provided they are reasonably symmetrically distributed. The pawls
      may also be removable, individually or in groups, to alter the extent of
      the braking action, and may also be interchangeable with heavier or
      lighter firngers for different casting and wind conditions. The pawls
      would be removed altogether for maximum casting distance, and the heavier
      fingers would be used for casting directly upwind.
PAR  Reels according to the invention may be referred to as using the "Cooper
      Duo-Centrifugal Governor".
CLMS
STM  What I claim as new and desired to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In a casting reel comprising a reel cage, a reel spool, and a bearing
      means rotatably mounting said spool within said cage, the improvement
      comprising a reel spool speed control device, said device including a
      cylindrical housing adapted to be secured to said reel cage and presenting
      a substantially circular inner surface, a rotatable disc member adapted to
      rotate with said reel spool and having a generally circular outer
      circumferential surface disposed radially inwardly of and spaced from said
      substantially circular inner surface of said cylindrical housing to define
      between said surfaces an annular braking chamber, wall means extending
      substantially completely across the annular axial ends of said braking
      chamber to substantially completely enclose said braking chamber, a
      plurality of speed control fingers, and pivot means individually freely
      pivotally mounting said fingers to said rotatable member, each said speed
      control finger being formed of light-weight wear-resistant material and
      being generally pawl-shaped having a boss portion around said pivot means
      and a pawl arm portion extending from said boss portion to present a
      smooth side surface and an opposite indented side surface and a tip
      surface, each said pawl-shaped finger being mounted on its pivot means
      with said indented side surface leading and said smooth side surface
      trailing with respect to the direction of rotation of the disc member
      during a casting action, whereby said speed control fingers are freely
      pivotable for movement under the combined influence of mutually opposedly
      acting centrifugal force and air-resistance force between retracted
      positions and deployed positions in which said tip surfaces lightly brush
      or are just clear of said substantially circular inner surface of said
      cylindrical housing, whereby to control a casting action.
NUM  2.
PAR  2. A casting reel spool speed control device as claimed in claim 1 wherein
      said disc member is provided with slots formed within the disc member and
      opening onto said outer circumferential surface, said pivot means
      extending across said respective slots so that said boss portions of said
      fingers are received in their respective slots, and so that said pawl arm
      portions extend from the slots into said annular braking chamber in their
      deployed positions.
NUM  3.
PAR  3. A casting reel spool speed control device according to claim 1 wherein
      said tips of said fingers are bevelled so that in their deployed position
      the bevelled tips are substantially parallel to the substantially circular
      inner surface of said cylindrical housing.
NUM  4.
PAR  4. A casting reel spool speed control device according to claim 2 wherein
      said fingers in their fully retracted positions are substantially
      completely received within their respective slots.
NUM  5.
PAR  5. A casting reel spool speed control device according to claim 1 wherein
      the two or two of the fingers are pivotally mounted by means of pivot
      means in the form of a single wire staple, said staple having
      substantially parallel end lengths which serve as two pivot pins.
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ABST
PAL  A portable, hand manipulated device for laying flexible, stretchable and
      tearable plastic films and metal foil warning tapes, for example, in a
      trench in which an element of construction such as a telephone cable, a
      gas main, a water main, or the like, has been installed. The device
      enables the tapes to be positioned, during backfilling, along a side wall
      of the trench at any preselected depth in the trench and at a height above
      the level of the element of construction installed therein.
BSUM
PAR  The present invention relates to a portable, hand manipulated device, and
      method, for laying warning tape and the like, in a trench dug in the earth
      in which an element of construction such as a telephone cable, a gas main,
      a water main, a sewer line, an electric service line, or the like, has
      been installed.
PAR  The significant and important practical advantages involved in the
      utilization of plastic film and metal foil warning tapes to facilitate the
      location, presence and identification of buried elements of construction
      have resulted in the widespread use of such film and metal in the form of
      sheets or tapes (hereafter, for convenience, simply called "tapes") in
      new, as well as existing, underground installations of telephone cables,
      gas mains, sewer lines, water mains, electric service line, and the like.
      The nature of such tapes and the advantages accruing from their use are
      disclosed in U.S. Pat. Nos. 3,282,957, 3,504,503, and 3,633,533.
PAR  Typically, the procedure followed in the utilization of warning tapes in
      the installation of buried elements of construction includes the steps of
      digging a trench, placing an element of construction such as a telephone
      cable in the trench, partially backfilling the trench to provide a layer
      of backfill of appreciable depth over the element of construction, laying
      the warning tape in a flat position on the backfill in the partially
      backfilled trench, and then completing backfilling of the trench. The
      warning tape generally is layed in the partially backfilled trench from a
      roll carried on a wheeled, motor-driven vehicle which also may be adapted
      to backfill the trench.
PAR  The procedure outlined above has a number of shortcomings, chief among
      which are the need for a second backfilling operation to cover the warning
      tape and to complete the backfilling of the trench, and the utilization of
      motorized, generally cumbersome and expensive equipment to lay the tape in
      the trench.
PAR  In accordance with the present invention, a device for laying warning tapes
      in a trench is provided which eliminates the need for a second backfilling
      operation. Moreover, in marked contrast to the equipment heretofore
      employed to lay warning tapes, the device of this invention is portable,
      is readily held in the hands of a user, is light in weight and is easily
      manipulatable. Also, in contrast with certain types of prior tape laying
      equipment, the device of this invention enables warning tapes to be placed
      simply and inexpensively in a trench with its front and rear surfaces
      substantially parallel to the side walls of a trench, or, in other words,
      generally vertically in relation to the surface of the earth, as opposed
      to the flat position or generally horizontal position in which it is
      commonly layer with standard tape laying equipment. Thus, the wider faces
      of the tape, rather than the extremely narrow side edges of the tape, are
      presented to a digging tool such as a back hoe which may be working in the
      area of the buried element of construction.
PAR  The device, in brief, comprises an elongated, somewhat tapered body portion
      having warning tape supply support means attached thereto. The tape supply
      advantageously is in roll form, and is maintained on the support means by
      an adjustable retaining member. One end of the body portion desirably is
      provided with a handle to enable the device to be easily carried and
      manipulated by a user. The body portion is further provided with tape
      guide means for receiving and guiding the tape as it unwinds from the roll
      carried on the tape supply support means. The tape guide means enables a
      user of the device easily to maintain proper tension on the tape as it
      unwinds from the tape supply roll during installation. In one form of the
      device, the tape guide means is secured on the body portion in a fixed
      position. In a modified form of the device, adjusting means is provided to
      enable the position of the tape guide means to be changed in relation to
      the longitudinal axis of the body portion thereby facilitating laying of
      the tape in a trench during backfilling.
PAR  The foregoing and other advantages and features of the invention will be
      more fully realized and understood from the following description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
DRWD
PAR  FIG. 1 is a perspective view illustrating a typical warning tape laying
      operation, utilizing the device of this invention, as backfilling of a
      trench containing an element of construction is taking place;
PAR  FIG. 2 is a front view in elevation of an embodiment of the device of this
      invention;
PAR  FIG. 3 is a side view in elevation of said embodiment;
PAR  FIG. 4 is a front view in elevation of another embodiment of the device;
PAR  FIG. 5 is a side view in elevation of the embodiment shown in FIG. 4;
PAR  FIG. 6 is a sectional view taken substantially along line 6--6 of FIG. 5;
      and
PAR  FIG. 7 is a view corresponding to the view of FIG. 6 showing the tape guide
      means rotated at an angle to the longitudinal axis of the body portion of
      the device.
DETD
PAR  Referring, now, in particular, to FIGS. 2 and 3 of the drawings, the
      embodiment of the device there illustrated, and designated by the numeral
      10, comprises an elongated, gently tapered body portion 12 which may be
      formed of wood, a rigid plastic material, or a lightweight metal such as
      aluminum. The body portion 12, at its upper end, is joined to a handle
      portion 14 which, in the embodiment shown, is conveniently formed
      integrally with the body portion 12.
PAR  Below the handle portion 14, and at a point conveniently above the middle
      of the body portion 12, a tape supply support member 16, including a
      removable tape supply retaining member 18, is secured to the body portion
      12 by means of a bolt 20 desirably provided with a wing nut 22. The member
      16 advantageously is cylindrical in shape to enable it to receive and
      support a roll 24 of warning tape. The diameter of the cylindrically
      shaped member 16 is such that the core of the roll 24 will turn easily on
      the member 16 as the tape unwinds from the roll 24 during a tape laying
      operation. The length of the member 16 is such that it will accommodate
      rolls of different widths. The bolt 20, as shown, extends through the body
      portion 12, the support member 16 and the retaining member 18. The center
      portion of the member 18 is recessed sufficiently to receive the end of
      the bolt 20 and the wing nut 22 thereby reducing the possibility of
      inadvertent contact by the hands of a user of the device with the end of
      the bolt and the wing nut.
PAR  Secured to the lower end of the body portion 12, in spaced relation to one
      another, are a tape guide member 26 and a tape roller 28. The lower end of
      the member 26, as shown, is rounded and tapered inwardly. The roller 28 is
      journaled for rotation about a pin 30, one end of which is secured by a
      nut 32 to the lower end of a connecting plate 34. The plate is provided
      with openings for receiving screws 36--36 by means of which the member 26
      is secured to the body portion 12.
PAR  Referring, now, to FIGS. 4 through 7 of the drawings, a modification of the
      device 10 is shown. The device 10a, as illustrated, like the device 10,
      comprises an elongated body portion 12a, having a handle portion 14a,
      joined thereto at its upper end. Also, like the device 10, the body
      portion 12a of the device 10A has a tape supply support member 16a and a
      retaining member 18a secured to it by a bolt 20a and a wing nut 22a. The
      member 16a is adapted to receive and support a roll 24a of warning tape.
      Again, as in the case of the device 10, the lower end of the device 10a is
      provided with a tape guide member 26a and a tape roller 28a secured to the
      body portion 12a by means of screws 36a--36a, and pin 30a and nut 32a,
      respectively, which pass through openings in a connecting plate 34a.
PAR  The device 10a differs from the device 10 in that the body portion 12a
      thereof comprises two sections 12b and 12c which are interconnected by
      brackets 40 and 42. As shown, the upwardly extending leg 40a of the
      bracket 40 is secured to the section 12b by screws 44--44, while the
      downwardly extending leg 42a of the bracket 42 is secured to the section
      12c of the body portion 12a by screws 46--46.
PAR  The bracket 40 and 42 are interconnected by a pivot pin or rivet 48 which
      enables the section 12c to be pivoted in relation to the section 12b of
      the body portion 12a. In the embodiment illustrated, the bracket 42 has a
      fan-shaped extension 42b having an opening therethrough for receiving the
      shaft of a bolt 50. Indicia desirably are provided on the upper face of
      the extension 42b of the bracket 42 to enable a user to more accurately
      select the degree of rotation of the section 12c with relation to the
      section 12b of the body portion 12a.
PAR  The bracket 40 has a fan-shaped extension 40a which partly overlies the
      extension 42a of the bracket 42. The extension 40a is provided with an
      arcuate slot 52 through which the shaft of the bolt 50 extends. A nut 54
      is provided for the bolt 50.
PAR  FIG. 6 of the drawings shows the position of the extensions 40b and 42b of
      the brackets 40 and 42 when the sections 12b and 12c of the body portion
      12a are aligned as illustrated in FIGS. 4 and 5. FIG. 7 shows the position
      of the extensions 40b and 42b when the section 12c has been pivoted
      through an angle of approximately 60.degree. about the pin 48. The section
      12c can be secured in this position by simply tightening the nut 54 on the
      bolt 50. By thus enabling the section 12c to be pivoted in relation to the
      section 12b of the body portion 12a of the device 10a, the angle of the
      tape guide member 26a and the cooperating tape roller 28a with relation to
      the longitudinal axis of the body portion 12a can be changed to facilitate
      positioning of the warning tape at the desired depth against the side wall
      of a trench during backfilling.
PAR  As shown in FIG. 2 of the drawings, the roll 24 of warning tape is secured
      for rotation on the tape supply support member 16 by means of the
      retaining member 18 and the wing nut 22. The end of the tape 58 is passed
      across the side of the tape guide member 26 which corresponds to the side
      of the roll 24 from which the tape will unwind during installation of the
      tape. The end of the tape 58 is then passed through the space between the
      rounded end of the tape guide member 26 and the tape roller 28, and then
      around and under the tape roller 28 so that it is again on the same side
      of the roll 24 from which the tape will unwind. The same practice would,
      of course, be followed in the case of the device 10a, with the exception
      that the angle of the tape guide member 26a and the tape roller 28a with
      relation to the longitudinal axis of the body portion 12a can be changed,
      as desired, to facilitate laying of the tape in a trench.
PAR  In FIG. 1 of the drawings, the device 10 of this invention is shown in use.
      As illustrated, a trench 60, with an element of construction such as a gas
      main 62 installed therein, is being backfilled by means of a tractor 64
      equipped with a blade 66. The user of the device 10 stands on the side of
      the trench 60 opposite to that on which the backfill bank 68 is located.
      The end of the warning tape 58 is initially entrapped by the backfill, and
      as backfilling progresses the tape is held against the side wall 60a of
      the trench 60, at the desired depth, by the user. The tape guide member 26
      and the roller 28 in cooperation with the holding action of the backfill
      enable proper tension to be continuously maintained on the tape as the
      user walks along the side of the trench 60, and the tape, as a result,
      unwinds from the roll 24. Complete filling of trench 60 and the laying of
      the tape 58 are thus accomplished at the same time thereby eliminating the
      need for two backfilling operations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable device for laying warning tape, and the like, in a trench
      containing a utility cable, conduit pipe, or the like, comprising an
      elongated body portion having handle means at the upper end thereof and
      tape guide means at the lower end thereof, said tape guide means being
      secured to one side of the body portion and extending outwardly therefrom,
      said body portion having a length such that a user can walk upright along
      an edge of a trench in which tape is being layed while gripping the handle
      means in one hand and maintaining the tape guide means at a desired level
      within the trench, and tape support means for holding a supply of tape in
      roll form to be layed in the trench, said tape support means being
      positioned on the body portion below the handle means thereof and
      extending outwardly therefrom on the same side as the tape guide means,
      said tape support means including tape roll retaining means which is
      adjustable laterally with relation to the body portion to enable rolls of
      tape of different widths to be supported on the tape support means.
NUM  2.
PAR  2. A device according to claim 1 wherein the handle means is formed
      integrally with the body portion.
NUM  3.
PAR  3. A device according to claim 1 wherein the tape guide means includes a
      stationary tape tensioning member, and a rotatable tape tensioning member
      positioned below and in spaced relation to the stationary tape tensioning
      member, both members coacting to maintain proper tension on the tape as it
      is layed in a trench.
NUM  4.
PAR  4. A portable device for laying warning tape, and the like, comprising an
      elongated body portion having an upper tape support section and a lower
      tape guide section, said body portion having a length such that a user can
      walk upright along an edge of a trench in which tape is being layed while
      gripping the upper tape support section in one hand and maintaining the
      lower tape guide section at a desired level within the trench, tape
      support means secured to one side of the tape support section and
      extending outwardly therefrom, said tape support means including
      adjustable means to enable tapes of different widths to be supported
      thereon, tape guide means secured to one side of the tape guide section
      and extending outwardly therefrom on the same side of the body portion as
      the tape support means, and tape guide section adjusting means
      interconnecting the tape support section and the tape guide section of the
      body portion to enable the tape guide means on the tape guide section to
      be selectively adjusted in relation to the tape support section to
      facilitate positioning of tape along the side of a trench in which the
      tape is being layed.
NUM  5.
PAR  5. A device according to claim 4 wherein the tape guide section adjusting
      means comprises pivotally mounted brackets which are selectively movable
      in relation to one another to enable the tape guide section to be rotated
      in relation to the tape support section.
NUM  6.
PAR  6. A device according to claim 5 wherein the brackets are provided with
      cooperating interlocking means to enable the tape guide section to be
      locked in a selected position with relation to the tape support section.
PATN
WKU  039441628
SRC  5
APN  3532119
APT  1
ART  246
APD  19730420
TTL  Reel for storing belts or the like
ISD  19760316
NCL  14
ECL  1
EXP  McCarthy; Edward J.
NDR  3
NFG  8
INVT
NAM  Henderson; Cyril
CTY  Woodland Hills
STA  CA
ASSG
NAM  American Safety Equipment Corporation
CTY  Encino
STA  CA
COD  02
CLAS
OCL  2421074A
ICL  B65h 7548
FSC  242
FSS  107.4;107.3;107 SB;107.6;107.7
FSC  297
FSS  386;388
FSC  280
FSS  150 SB
FSC   74
FSS  575;577;578
UREF
PNO  1075311
ISD  19131000
NAM  Beck
OCL  192 43.2
UREF
PNO  2923492
ISD  19600200
NAM  Walpole et al.
OCL  242107.4
UREF
PNO  3226053
ISD  19651200
NAM  Petty
OCL  242107.4
UREF
PNO  3240510
ISD  19660300
NAM  Spouge
OCL  242107.4
UREF
PNO  3332720
ISD  19670700
NAM  Hansen
OCL  242107.4
UREF
PNO  3489367
ISD  19700100
NAM  Kovacs et al.
OCL  242107.4
UREF
PNO  3787002
ISD  19740100
NAM  Hayashi et al.
OCL  242107.4
LREP
FRM  Poms, Smith, Lande & Glenny
ABST
PAL  A reel on which seat belts are stored about a rotatable shaft. The reel
      includes spring means for retracting the belt and a ratchet tooth gear
      fixed for rotation with the shaft. Upon rapid unreeling of the belt off of
      the shaft, means which may be inertia responsive activates a pair of
      lockbars to engage the ratchet tooth gear and stop its rotation. Each
      lockbar includes a pawl tip and when one of the pawl tips is radially
      aligned with one of the tooth tips on the gear, the other of the pawl tips
      is aligned midway between a pair of adjacent gear teeth. When the lockbars
      are moved into engagement with the ratchet tooth gear, the combination of
      the two pawl tips and their orientation with respect to the teeth of the
      gear assures that at least one of the tips will be in proper position to
      engage the tooth gear should the other tip break off or not engage upon
      contact with the gear. Differential lever means may be provided for moving
      the pawl tips into engagement with the gear. This latter means thus forces
      one of the pawl tips into engagement with the gear should a first pawl tip
      slip or otherwise not engage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to inertia reels; and, more particularly, to
      inertia-actuated reels of the type upon which a belt or strap is stored.
PAR  2. Description of the Prior Art
PAR  It is well known in the prior art to use inertia reels for restraining and
      positioning an occupant of a seat on an airplane or in a vehicle or the
      like. Such reels are adapted to unreel the belt or strap to permit the
      occupant to lean forward or perform other limited activities. However,
      during a sudden deceleration of the vehicle or sudden forward movement by
      the occupant, such reels are adapted to restrain further unreeling
      therefrom for positive retention of the occupant to prevent injury
      thereto.
PAR  In certain inertia reel devices, spools from part of the device on which
      surplus belt or strap webbing is stored under spring tension. The
      restraint system of these devices is normally such that any extending
      webbing is subject to tension forces at the instant of vehicle impact or
      the like (which results in a sudden deceleration of the vehicle). In order
      to restrain the occupant of such vehicles, the unreeling of further
      webbing is prevented by locking the spool to the frame of the device.
PAR  This locking may be achieved by the engagement of a pawl with a ratchet
      wheel torsionally connected to the spool. The pawl may be urged into
      engagement by a mechanism which either senses deceleration of the vehicle
      in the emergency which results, or by the movement of the webbing from the
      spool as the occupant is thrown forward. In either case, the spool is
      spinning at the time the pawl is to engage with the ratchet wheel.
PAR  In such cases, the first contact between the pawl and the tooth of the
      ratchet may be tip to tip. At the time this contact occurs, shortly after
      vehicle impact, the spool is accelerating rapidly, and the kinetic energy
      of the occupant provides a considerable potential to place heavy loads
      through the belt and the ratchet wheel on to the pawl. If the radial
      engagement of the pawl with the ratchet tooth is small, the tooth tip may
      shear and propel the pawl violently out of engagement. The sudden release
      of belt tension when this happens, and the continuing forward movement of
      the occupant relative to the vehicle, causes the spool speed to increase
      even further, and time intervals between the ratchet teeth passing the
      pawl tip become too short for subsequent engagements to take place. In
      such cases, the result is catastrophic in that the restraint system
      totally fails to function.
PAR  In U.S. Pat. Nos. 2,923,492 and 3,386,683, to Walpole et al and Howland,
      respectively, it is suggested to use a series of latching pawls to engage
      a toothed wheel attached to and rotating with the spindle of a winding
      drum. The multiple pawl structure of both patents is substantially the
      same and, in both cases, the pawls are located so that they engage the
      teeth of the toothed wheel. Thus, in FIG. 3 of Walpole, et al, for
      example, the inertia operated pawls 42 are in cocked position (Col. 3, 11
      62-65). FIG. 5 shows the inertia pawls 42 in released position. The
      uppermost pawl 42 has its tip engaging one of the teeth of wheel 40. At
      the same time, the lowermost pawl 42 is in position to engage a succeeding
      tooth on wheel 40. However, if the uppermost pawl 42 were to engage the
      outer tip of its respective wheel tooth, the lowermost pawl 42 might be
      too close to its respective wheel tooth to engage it in time should the
      uppermost pawl fail to engage. Thus, the Walpole et al system might fail
      if the tip of the tooth of the ratchet wheel is broken off when contacted
      by its respective pawl tip.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a restraint system for an
      inertia reel of the like which will operate effectively to lock a rapidly
      accelerating spool in the frame of such reels to prevent unreeling of
      further seat or belt webbing therefrom.
PAR  It is a further object of this invention to provide a safeguard for such
      systems in the form of a pair of locking pawls so that if one of the pawls
      fails to properly engage the teeth of the ratchet gear, the other pawl is
      favorably placed to so engage the gear.
PAR  It is still further object of this invention to carry out the foregoing
      objects using a differential system so that if one pawl should ricochet
      out of engagement with the gear, the differential system automatically
      will provide extra impetus to engage the other pawl.
PAR  These and other objects are preferably accomplished by providing an inertia
      actuated reel on which seat belts are stored about a rotatable shaft. The
      reel includes spring means for retracting the belt and a ratchet tooth
      gear fixed for rotation with the shaft. Upon rapid unreeling of the belt
      off of the shaft, inertia responsive means activates a pair of lockbars to
      engage the ratchet tooth gear and stop its rotation. Each lockbar includes
      a pawl tip and when one of the pawl tips is radially aligned with one of
      the tooth tips on the gear, the other of the pawl tips is aligned midway
      between a pair of adjacent gear teeth. When the lockbars are moved into
      engagement with the ratchet tooth gear, the combination of the two pawl
      tips and their orientation with respect to the teeth of the gear assures
      that at least one of the tips will be in proper position to engage the
      tooth gear should the other tip break off or not engage upon contact with
      the gear.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical view, partly in section, of an inertia actuated reel
      in accordance with the invention;
PAR  FIG. 2 is a side view of the reel of FIG. 1 showing the belt fully extended
      therefrom;
PAR  FIG. 3 is a cross-sectional view of a portion of the mechanism of the reel
      of FIGS. 1 and 2;
PAR  FIG. 4 is a view similar to FIG. 3 showing the engagement of the ratchet
      gear of the reel of FIGS. 1 and 2 by the lockbars of FIG. 3;
PAR  FIG. 5 is a cross-sectional view of a modification of the means for locking
      the ratchet gear of the reel of FIGS. 1 through 4;
PAR  FIG. 6 is a cross-sectional view of a further modification of the means for
      locking the gear of the reel of FIGS. 1 through 4;
PAR  FIG. 7 is a partial vertical view of another modification of the means for
      locking the gear of the reel of FIGS. 1 through 4; and
PAR  FIG. 8 is a view taken along the lines VIII--VIII of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawing, an inertia reel 10 in accordance
      with the invention is shown as having a frame 11 and a ratchet wheel 12
      fixedly secured and coaxially attached to a main shaft 13 (see also FIG.
      2). Webbing 14 winds and unwinds about shaft 13 so that it can be
      selectively retracted from and wound into the reel 10 as is well known in
      the art.
PAR  Shaft 13 is journalled for rotation within frame 11 by means of bearings
      15, 16 disposed on each end of shaft 13 and rotatably mounted within frame
      11.
PAR  As can be seen in FIG. 2, webbing 14 is in its fully extended position and
      passes through a guide 17 having a roller 18 therein (see the dotted lines
      in FIG. 2) for reducing the friction on webbing 14, which may be of nylon
      or other suitable material, as it is pulled therethrough. A cover 19 may
      be pivotally connected to guide 17 so that the reel 10 may be enclosed by
      cover 19 when webbing 14 is retracted therein. The free end of webbing 14
      terminates in a connector 20 for connecting webbing 14 to a complementary
      locking member (not shown) which may be mounted on the vehicle or from a
      portion of a similar webbing arrangement.
PAR  Referring once again to FIG. 1, a conventional spring cup assembly 21 is
      shown on one side of frame 11. Assembly 21 is to be understood as housing
      therein a suitable torsion spring 22 or the like interacting between the
      shaft 13 and frame 11 to normally wind in or retract the webbing 14. A
      suitable arrangement which may be used is disclosed in U.S. Pat. No.
      3,074,761 to Ryan.
PAR  A guide flange 23 is disposed between the inside of frame 11 and webbing 14
      so that a guide is formed between flange 23 and ratchet wheel 12 as it is
      pulled out of frame 11. A support member 24 extends across the reel 10
      between the sides forming frame 11 as shown. Flange 23 may also include
      suitable spaced gear teeth thereon.
PAR  As particularly contemplated within the present invention, locking means
      for locking ratchet wheel 12 are provided. In the exemplary embodiment,
      such locking means comprises a pair of elongated lockbars 25, 26 mounted
      on frame 11 (see also FIG. 3). As shown in FIG. 2, the sidewall 27 of
      frame 11 includes a pair of openings 28, 29. As can be seen by comparing
      FIGS. 1 and 2, lockbars 25, 26 are longer than the overall width of frame
      11 and may have reduced ends 49a, 51a, respectively, extending out of
      openings 28, 29 (the openings in the opposite sidewall 30 of frame 11 are
      not visible in FIG. 2). The novel features of lockbars 25, 26 will be
      described in more detail further hereinbelow.
PAR  A bracket member 31 extends across the bottom of frame 11 between sidewalls
      27, 30. As can be seen in FIG. 2, a back plate 24a, having a mounting
      flange 32 with an aperture 33 therein, is also mounted on frame 11 between
      sidewalls 27, 30 as shown for mounting reel 10 at any desired location of
      a vehicle or the like. A housing 34 is mounted on bracket member 31 by any
      suitable means, such as by slots 35 therein which receive the bifurcated
      end of bracket member 31 as clearly shown in FIG. 3.
PAR  As particularly contemplated within the present invention, differential
      lever means are provided for moving the lockbars into position to engage
      ratchet wheel 12. In the exemplary embodiment, such differential lever
      means comprises a toggle member 36, which, as shown in FIG. 3, includes a
      pair of spaced, generally upwardly and outwardly extending arms 37, 38
      integral with a base portion 39. The housing 34 includes a generally
      axially extending aperture 40 for receiving therein a downwardly extending
      button member 41 integral with the underside of base portion 39. As can be
      seen in FIG. 3, button member 41 is tapered, as at surface 42, on the
      underside thereof for reasons to be discussed further hereinbelow.
PAR  The differential lever means for locking ratchet wheel 12 also includes a
      weighted element 47 having an actuator 43 fixedly secured within an
      axially extending aperture 44 in element 47. Actuator 43 carries an
      enlarged head portion 45 at the upper end thereof which is retained within
      housing 34 by means of bracket member 31 as shown in FIG. 3. The upper
      surface of head portion 45 is depressed to form a concave cavity 46. As
      shown in FIG. 3, the tapered surface 42 of button member 41 sits in cavity
      46 and, as will be explained shortly, moves thereon when element 47 is
      shifted. Finally, housing 34 includes undercut portions 34a at the top
      thereof so that lockbars 25, 26, which are in engagement with arms 37, 38
      of toggle member 36, are movable into a slotted opening 40a in housing 34.
      A pin 40b (shown in dotted lines) may be integral with member 36 and
      movable in opening 40a.
PAR  As shown in FIGS. 3 and 4, lockbar 25 may be generally rectangular in
      cross-section with end 48 rounded off as shown and the other end 49
      tapering generally to a point. In like manner, lockbar 26 may be rounded
      off at the end 50 adjacent the tapered end 49 of lockbar 25 and tapered to
      a point at the end 51 remote from its rounded-off end 50. Referring once
      again to FIG. 2, the openings 28, 29 are generally triangular with
      rounded-off apices for receiving the respective rounded-off ends 48, 50 of
      lockbars 25, 26. The reduced ends 49a, 51a of lockbars 25, 26 are thus
      movable within their respective openings 28, 29 along the sides opposite
      the apices and retained by the walls forming openings 28, 29.
PAR  Each of lockbars 25, 26 includes a pair of spaced locking pawls 25', 26' so
      located with respect both to each other and to wheel 12 on reel 10 that
      when one pawl tip (i.e., the tapered ends 49, 51) is radially in line with
      a ratchet tooth tip, the other pawl tip is situated midway between two
      ratchet tooth tips. This is clearly shown in FIG. 4 where a portion of
      ratchet wheel 12 is shown. When pawl tip 51 is radially in line with tooth
      tip 52 of ratchet wheel 12, the other pawl tip 49 is situated generally
      midway between ratchet tooth tips 52 and 53. When it is required to lock
      ratchet wheel 12 and thus shaft 13, the pawls 25', 26' are simultaneously
      urged into engagement by the two points or arms 37, 38 of toggle member
      36. The third point on the member 36, i.e., button member 41, may be
      actuated by the movement of element 47 which is in effect a vehicle
      deceleration sensing pendulum. That is, when element 47 is shifted or
      moved due to rapid vehicle deceleration, head portion 45 of actuator 43
      rocks button member 41 within cavity 46 to thus move toggle member 36
      within opening 40a as clearly illustrated in FIG. 4.
PAR  When member 41 is thus activated to lock ratchet wheel 12, a tip-to-tip
      contact may occur as described hereinabove at one locking pawl. That is,
      if wheel 12 is rotating in the direction of the arrow, the tips 51 of
      lockbars 26' may engage tooth 52 of wheel 12 (and also the teeth of flange
      23, not visible). However, should the tip-to-tip contact fail or break,
      the other lockbar 26 is in position for engagement with the tooth 52. That
      is, pawl tips 49 of pawls 25' are automatically opposite a space between
      the teeth 52 and 53 of wheel 12 and thus favorably placed to engage the
      next succeeding tooth of wheel 12 (i.e., tooth 52). Furthermore, if one
      pawl tip should slip or ricochet out of engagement, it will, through means
      of the differential level or toggle member 36, automatically provide extra
      impetus to engage the other pawl tip. Thus, the lever means forces the
      second tip into engagement with the teeth of wheel 12 should the first tip
      slip or richochet out of engagement.
PAR  The aforementioned differential lever means for providing the third point
      of movement for lockbars 25, 26 may vary. For example, as shown in FIG. 5,
      the point of engagement of wheel 12 by the pawls 25', 26' may be at the
      top thereof rather than the bottom as described hereinabove with respect
      to FIGS. 1 through 4. In this embodiment, wherein like numerals refer to
      like parts of FIGS. 1 through 4, the head portion 58 of actuator 43 need
      not have an upper cavity (as cavity 46). The upper surface 59 thereof
      bears against the lower surface 60 of a reversing lever 61. A pair of
      pawls 62, 63, having tapered pawl points 64, 65, respectively, are fixedly
      connected to lever 61. This may be accomplished by providing a bracket
      member 66 fixedly connected to the upper surface 67 of lever 61 and having
      pawl 62 secured thereto. Pawl 63 may be fixedly secured by pin 68 to a
      curved end portion 69 of lever 67 as shown.
PAR  The lever 61 may be held within frame 11 by any suitable means with
      openings, similar to openings 28, 29, provided therein for pawls 62, 63 as
      described hereinabove with respect to FIGS. 1 through 4.
PAR  It is to be understood that when lever 61 is moved by element 47, i.e., by
      the engagement of head portion 58 with the surface 60 thereof, the lever
      61 moves to pivot pawls 62, 63 innto engagement with the teeth of ratchet
      wheel 12 (and of course flange 23, not visible). As shown in FIG. 5, pawl
      tip 65 is about to engage tooth 54 of wheel 12 while pawl tip 64 is
      generally midway between teeth 54 and 55 as previously described.
PAR  Referring now to FIG. 6 wherein like numerals once again refer to like
      parts of FIGS. 1 through 4, the means for locking ratchet wheel 12 may
      include a bellcrank lever 71 carrying pawls 72, 73 on each arm 74, 75
      thereof. Pawls 72, 73 are configured as previously described and also
      include tapered pawl tips 76, 77 respectively. Any suitable means may be
      provided for securing pawls 72, 73 (which may be portions of suitable
      lockbars as discussed hereinabove) to bellcrank lever 71, such as by
      providing a slot 78 in arm 74, which slot 78 receives therein a pin 79. A
      bracket member 80 is fixedly secured to pin 79 and pawl 72 is connected
      thereto by any suitable means. The other pawl 73 is fixedly secured to a
      pin 82 carried by the other arm 75. The point-to-point contact of pawl
      tips 76, 77 with the teeth of ratchet wheel 12 is clearly shown in FIG. 6.
      Thus, tip 77 is radially aligned with tooth 56 while tip 76 is generally
      midway between the teeth 56 and 57.
PAR  Any suitable means may be used for imparting motion to lever 71. Thus, a
      slot 83 may be provided in the main body portion 84 of lever 71. A plate
      85 may be movable within slot 83 and adapted to engage the sides forming
      slot 83. Plate 85 may be webbing sensitive, i.e., responsive to rapid
      unreeling of webbing 14 from shaft 13 as is well known in the seat belt
      art. Thus, as plate 85 is moved, lever 71 is moved to thus move the pawl
      tips 76, 77 of pawls 72, 73 into engagement with the teeth of ratchet
      wheel 12 (and flange 23) all as previously described. The various elements
      described hereinabove with respect to FIG. 6 may be mounted in frame 11 in
      any suitable manner with openings, similar to openings 28, 29 located for
      accommodating the lockbars of pawls 72, 73.
PAR  As shown in FIGS. 7 and 8, a final alternative means for locking ratchet
      wheel 12 is shown. A cup 86 is mounted on the side of frame 11 opposite
      spring cup assembly 21. Again, like numerals refer to like elements of
      FIGS. 1 through 4. A split ring clutch 87 extends about the periphery of
      cup 86 as shown. Clutch 87 includes an inwardly extending protuberance 88
      (see FIG. 7) for reasons to be described shortly and a spider-like washer
      clutch 90 is retained within frame 11 between cup 86 and the interior of
      reel 10. A mounting plate 91 may be used to secure the cup 86 and clutches
      87, 90 in position on frame 11.
PAR  A pair of lockbars 92, 93 (similar to the lockbars previously described)
      having pawls with tips 94, 95 are mounted on frame 11 below ratchet wheel
      12. A pawl spring is associated with each lockbar 92, 93. Thus, spring 96
      has one end secured within a cut-out portion 97 of frame 11, then extends
      about a twopiece lever arm 98 (see also FIG. 8) carrying lockbar 93. In
      like manner, a second pawl spring 99 is secured at one end within an
      opening 100 in frame 11, then extends about a two-piece second lever arm
      101 carrying lockbar 92.
PAR  The aforementioned protuberance 88 extends into an aperture 102 of lever
      arm 101. Arm 89 of clutch 90 includes an extension portion 103 (see also
      FIG. 7) which extends into an aperture 104 formed in arm 98.
PAR  It is to be understood that conventional inertial means may be connected to
      cup 86 for determining sudden extension of webbing 14 and thus rotating
      cup 86. Force of rotation of cup 86 is then transmitted through clutches
      87, 90 to lockbars 92, 93 which are rotated against the tension of springs
      96, 99 and engage the teeth of ratchet wheel 12. If the pawl tips 94, 95
      are positioned so that, if one pawl tip hits the tip of one of the teeth
      of wheel 12 thereby preventing that pawl tip from engaging its respective
      ratchet wheel tooth, the other pawl tip will be free to engage one of the
      other teeth. That is, as shown in FIG. 8, pawl tip 95 is about to engage
      tooth 56 while pawl tip 94 is about midway between teeth 53 and 54. When
      lockbars 92, 93 are moved to the dotted line position, as previously
      described, the tips 94, 95 will engage the teeth of ratchet wheel 12 in
      the manner described hereinabove with respect to FIGS. 1 through 6. It is
      to be understood that all of the foregoing discussions relating to the
      engagement of wheel 12 are also applicable to the engagement of guide
      flange 23.
PAR  It can be seen from the foregoing that an emergency locking system has been
      described for use with seat belt systems or the like. Dynamic failure
      usually encountered in such systems is minimized by the use of a
      differential mechanism which moves a pair of locking pawls into locking
      engagement with the ratchet wheel of the system. The use of a pair of
      pawls actuated by such mechanisms makes for a more reliable seat belt
      system.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reel for storing a belt or the like thereon comprising:
PA1  a frame having a shaft jounalled for rotation thereon;
PA1  a belt having one end connected to said shaft and adapted to be wound about
      said shaft;
PA1  spring means associated with both said shaft and said frame to revolve said
      shaft in a direction retracting said belt about said shaft;
PA1  a ratchet tooth gear circumferentially mounted on said shaft and rotatable
      therewith, said ratchet tooth gear having a plurality of spaced teeth
      thereon extending in the direction opposite the direction of revolution of
      said shaft by said spring means; and
PA1  means mounted on said frame for stopping the rotation of said shaft in the
      direction opposite the direction of revolution of said shaft by said
      spring means, said means including a pair of lockbars mounted on said
      frame, each of said lockbars having a pawl tip movable from a first
      position out of engagement with said ratchet tooth gear in a direction
      generally normal to the axis of rotation of said gear to a second position
      in engagement therewith, said pawl tips in said second position being
      spaced such that when the pawl tip of one of said lockbars is generally
      radially aligned with one of the teeth of said ratchet tooth gear the
      other of said pawl tips of the other of said lockbars is aligned midway
      between a pair of adjacent gear teeth of said ratchet tooth gear, said
      means mounted on said frame including differential lever means operatively
      engaging said lockbars for moving said lockbars between said first and
      second positions, said lever means having first and second portions
      thereon engaging each of said lockbars and a third portion thereon, and
      means associated with said frame operatively engaging said third portion
      to actuate said lever means in a manner whereby said lever means moves
      said lockbars between said first and second positions, said last-mentioned
      means moving to a lever means actuating position in response to inertia
      acting on said last-mentioned means and said differential lever means
      including a toggle member having a base member including said first,
      second and third portions thereon, said first and second portions being a
      pair of generally upwardly extending spaced arms with one of said arms
      bearing against the bottom of one of said lockbars and the other of said
      arms bearing agains the bottom of the other of said lockbars, and said
      third portion includes a downwardly extending button member generally
      rounded off at its lowermost end, said inertia responsive means including
      a weighted member having an integral upper head portion with a cavity on
      its upper surface, the roundedoff portion of said button member resting on
      said cavity and being movable thereon when said weighted member is moved
      between positons actuating said lever means.
NUM  2.
PAR  2. The reel of claim 1 wherein said lockbars extend longitudinally of said
      frame and generally parallel to the axis of said shaft, said frame having
      a pair of sidewalls thereon and at least a pair of spaced openings in each
      of said sidewalls, the opposite ends of said lockbars extending out of
      said openings, each of said openings including means for guiding their
      respective lockbars as each lockbar moves between its first and second
      positions.
NUM  3.
PAR  3. In a reel having a frame, a shaft journaled for rotation in said frame,
      a belt having one end connected to said shaft and adapted to be wound
      about said shaft, spring means associated with both said shaft and said
      frame for revolving said shaft in a direction retracting said belt about
      said shaft, a ratchet tooth gear circumferentially mounted on said shaft
      and rotatable therewith, said ratchet tooth gear having a plurality of
      spaced teeth thereon extending in the direction opposite the direction of
      revolution of said shaft by said spring means, the improvement which
      comprises:
PA1  means mounted on said frame for stopping the rotation of said shaft in the
      direction opposite the direction of revolution of said shaft by said
      spring means, said means including a pair of lockbars mounted on said
      frame, each of said lockbars having a pawl tip movable from a first
      position out of engagement with said ratchet tooth gear in a direction
      generally normal to the axis of rotation of said gear to a second position
      in engagement therewith, said pawl tips in said second position being
      spaced such that the pawl tip of one of said lockbars is generally
      radially aligned with one of the teeth of said ratchet tooth gear and the
      pawl tip of the other of said lockbars is disposed in the space on said
      ratchet tooth gear formed between a pair of adjacent teeth thereon, said
      means mounted on said frame further including differential lever means
      independent of said lockbars and operatively engaging said lockbars for
      moving said lockbars between said first and second positions, said lever
      means having first and second spaced portions thereon engaging each of
      said lockbars and a third portion thereon, spaced from said first and
      second portions, and means associated with said frame operatively engaging
      said third portion to actuate said lever means in a manner whereby said
      lever means simultaneously moves both of said lockbars between said first
      and second positions, the first portion of said differential lever means
      continually bearing against the bottom of one of said lockbars and said
      second portion continually bearing against the bottom of the other of said
      lockbars.
NUM  4.
PAR  4. In the reel of claim 3 wherein said means associated with said frame to
      actuate said lever means includes a pendulum and itself constitutes an
      inertia member.
NUM  5.
PAR  5. In the reel of claim 4 wherein said differential lever means includes a
      toggle member having a base member, said first and second portions
      including a pair of generally upwardly extending spaced arms with one of
      said arms bearing against the bottom of one of said lockbars and the other
      of said arms bearing against the bottom of the other of said arms bearing
      against the bottom of the other of said lockbars.
NUM  6.
PAR  6. In the reel of claim 3 wherein said third portion includes a downwardly
      extending button member generally rounded off at its lowermost end, said
      inertia member includes an integral upper head portion with a cavity on
      its upper surface, the rounded-off portion of said button member resting
      on said cavity and being movable thereon when said inertia member is moved
      between positions actuating said lever means.
NUM  7.
PAR  7. In a reel having a frame, a shaft journalled for rotation in said frame,
      a belt having one end connected to said shaft and adapted to be wound
      about said shaft, spring means associated with both said shaft and said
      frame for revolving said shaft in a direction retracting said belt about
      said shaft, a ratchet tooth gear circumferentially mounted on said shaft
      and rotatable therewith, said ratchet tooth gear having a plurality of
      spaced teeth thereon extending in the direction opposite the direction of
      revolution of said shaft by said spring means, the improvement which
      comprises:
PA1  means mounted on said frame for stopping the rotation of said shaft in the
      direction opposite the direction of revolution of said shaft by said
      spring means, said means including a pair of lockbars mounted on said
      frame, each of said lockbars having a pawl tip movable from a first
      position out of engagement with said ratchet tooth gear to a second
      position in engagement therewith, said means mounted on said frame further
      including differential lever means independent of said lockbars and
      operatively engaging said lockbars for moving said lockbars between said
      first and second positions, said lever means having first and second
      spaced portions thereon engaging each of said lockbars and a third portion
      thereon spaced from said first and second portions and means associated
      with said frame operatively engaging said third portion to actuate said
      lever means in a manner whereby said lever means simultaneously moves both
      of said lockbars between said first and second positions, the first
      portion of said differential lever means continually bearing against the
      bottom of one of said lockbars and said second portion continually bearing
      against the bottom of the other of said lockbars.
NUM  8.
PAR  8. In the reel of claim 7 wherein said means associated with said frame to
      actuate said lever means includes a pendulum and itself constitutes an
      inertia member.
NUM  9.
PAR  9. In the reel of claim 8 wherein said differential lever means includes a
      toggle member having a base member, said first and second portions
      including a pair of generally upwardly extending spaced arms with one of
      said arms bearing against the bottom of one of said lockbars and the other
      of said arms bearing against the bottom of the other of said lockbars.
NUM  10.
PAR  10. In the reel of claim 9 wherein said third portion includes a downwardly
      extending button member generally rounded off at its lowermost end, said
      inertia member includes an integral upper head portion with a cavity on
      its upper surface, the rounded-off portion of said button member resting
      on said cavity and being movable thereon when said inertia member is moved
      between positions actuating said lever means.
NUM  11.
PAR  11. In a reel having a frame, a shaft journalled for rotation in said
      frame, a belt having one end connected to said shaft and adapted to be
      wound about said shaft, spring means associated with both said shaft and
      said frame for revolving said shaft in a direction retracting said belt
      about said shaft, a ratchet tooth gear circumferentially mounted on said
      shaft and rotatable therewith, said ratchet tooth gear having a plurality
      of spaced teeth thereon extending in the direction opposite the direction
      of revolution of said shaft by said spring means, the improvement which
      comprises:
PA1  means mounted on said frame for stopping the rotation of said shaft in the
      direction opposite the direction of revolution of said shaft by said
      spring means, said means including a pair of lockbars mounted on said
      frame, each of said lockbars having a pawl tip movable from a first
      position out of engagement with said ratchet tooth gear in a direction
      generally normal to the axis of rotation of said gear to a second position
      in engagement therewith, said means mounted on said frame further
      including differential lever means unconnected to said lockbars and
      independently movable with respect thereto and operatively engaging said
      lockbars for moving said lockbars between said first and second positions
      whereby said lever means simultaneously moves both of said lockbars
      between said first and second positions.
NUM  12.
PAR  12. In the reel of claim 11 further including a pendulum associated with
      said frame and which itself constitutes an inertia member operatively
      engaging said differential lever means and adapted to move said lever
      means to thereby move said lockbars between said first and second
      positions.
NUM  13.
PAR  13. In the reel of claim 12 wherein said differential lever means includes
      a toggle member having a base member and first and second portions thereon
      comprising a pair of generally upwardly extending spaced arms
      respectively, with one of said arms bearing against the bottom of one of
      said lockbars and the other of said arms bearing against the bottom of the
      other of said lockbars.
NUM  14.
PAR  14. In the reel of claim 13 wherein said toggle member further includes a
      third portion having a downwardly extending button member generally
      rounded off at its lowermost end, said inertia member including an
      integral upper head portion with a cavity on its upper surface, the
      rounded-off portion of said button member resting on said cavity and being
      movable thereon when said inertia member is moved between positions
      actuating said lever means.
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ABST
PAL  A seat belt retracting apparatus having a spool mounted for rotation on a
      frame member and adapted to have a seat belt wound thereon, a pair of
      locking wheels having a plurality of locking teeth and fixedly mounted on
      the spool, a locking plate engageable with the locking teeth of the
      locking wheels when the seat belt is protracted and engages the body of a
      passenger thereby locking the seat belt against further protraction, and a
      retracting coil spring normally urging the spool in the retracting
      direction. In the apparatus, lock preventing means are provided for
      cooperation with the locking wheels through a driving connection between
      them so that the locking wheels can be temporarily prevented from the
      locked position and can protract over some pre-selected steps in the state
      in which the seat belt is engaged on the passenger's body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to strap retracting apparatus and more particularly
      to improvements in strap retracting apparatus of the type in which the
      belt strap is locked against any further protracting movement after it
      engages the body of a passenger.
PAR  A safely seat belt is provided for a seat in a vehicle such as an
      automobile or airplane, and this seat belt acts to securely hold the body
      of a passenger to the seat for ensuring his safety when an abrupt shock is
      imparted to the vehicle. The belt strap for engagement with the body of
      the passenger is housed within a cover case firmly fixed to a supporting
      member mounted to the floor of the vehicle or the like and the passenger
      can wear any desired length of the belt strap on his body by gripping the
      exposed end of the belt strap and pulling the belt strap out of the cover
      case.
PAR  As an example of prior art seat belt retractors, an automatic locking
      apparatus is known in which a locking mechanism is actuated as soon as a
      passenger wears the belt strap on his body so that it acts to prevent any
      further protraction of the belt strap. In this automatic locking
      apparatus, the outer diameter of the belt strap turns wound around the
      spool, slight retraction of the belt strap during manipulation for
      complete engagement of the belt strap on the wearer's body, or the like
      are utilized to actuate the locking mechanism, and various kinds of such
      locking mechanism are already known in the art. This automatic locking
      apparatus is very satisfactory in ensuring the safety of the passenger due
      to the fact that it locks completely the belt strap against any further
      protraction, but it has a defect as described below. Generally, a force
      for normally urging the belt strap in the retracting direction is imparted
      to the spool so as to cause automatic retraction of the belt strap into
      the cover case. This force acts to fasten the body of the passenger to the
      seat, but it is naturally not so large as to give an uncomfortable sense
      to the passenger. However, it is generally known that the passenger makes
      relatively large movement of his body after wearing the seat belt on his
      body, and following this movement of the passenger's body, the belt strap
      can only move in the retracting direction by being urged by the retracting
      force. As a result, the belt strap is locked again in the retracted
      position when the movement of the passenger's body exceeds a certain
      amount. Since the belt strap cannot be protracted any further even in this
      newly established re-locked state, the body of the passenger is tightly
      fastened in a state which differs from the initially established optimum
      state.
PAR  The belt strap moves a predetermined amount peculiar to the apparatus until
      it is fixed in the re-locked position, and this predetermined amount
      corresponds to one step of the locking mechanism which determines the belt
      length when the belt strap is worn on the body of the passenger. This one
      step is selected to be less than 25 mm in belt length in view of the
      demand that the belt length be finely adjusted as much as possible, and it
      is commonly selected to lie within the range of about 10 to 13 mm. As
      experience teaches, the movement of the passenger's body exceeds
      frequently the above-described limit of one step in terms of the belt
      length. Thus, the belt strap has been re-locked in the one-step retracted
      position each time the passenger moves his body and the passenger's body
      has been excessively fastened to such an extent that he feels
      uncomfortable. In order to alleviate this excessive state of fastening,
      the entire belt strap had to be released once to be retracted into the
      cover case and the belt wearing manipulation had to be carried out again.
      This defect has been an important reason which obstructs wide use of the
      safety seat belt of the automatic locking type.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide an improved seat
      belt retracting apparatus having an automatic locking mechanism.
PAR  Another object of the present invention is to provide a strap retracting
      apparatus in which a lock preventing means is provided to temporarily
      prevent the locking engagement between locking wheels and a locking plate
      so as to increase the allowable range of movement of the body of a
      passenger.
PAR  Still another object of the present invention is to provide a strap
      retracting apparatus in which the lock preventing means is disposed in
      coaxial relation with the locking wheels and is engageable at a plurality
      of locking positions with the locking plate.
PAR  Yet another object of the present invention is to provide a strap
      retracting apparatus in which the lock preventing means is provided with a
      plurality of auxiliary locking teeth whose one step corresponds to a
      plurality of steps of the locking wheels, and said lock preventing means
      operates with the locking wheels through a driving connection including
      frictional coupling means.
PAR  A further object of the present invention is to provide a strap retracting
      apparatus which includes holding means having restricting means for
      restricting the movement of the lock preventing means between a preventing
      position and a non-preventing position.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of the component parts of an
      embodiment of the strap retracting apparatus according to the present
      invention.
PAR  FIG. 2 is a front elevation showing the assembled state of the component
      parts shown in FIG. 1.
PAR  FIG. 3 is a side elevation when viewed from the right-hand side of FIG. 2,
      with a portion of the cover being cut away to show the detail of the
      locking mechanism.
PAR  FIG. 4 is a front elevation of parts of the locking mechanism in the first
      embodiment.
PAR  FIG. 5 is a section taken on the line V--V in FIG. 2 to show the belt strap
      in a retracted state.
PAR  FIGS. 6, 7, 8 and 9 are schematic views showing the relation among the
      locking wheel, lock preventing wheels and locking plate to illustrate the
      operation of the first embodiment.
PAR  FIG. 10 is a side elevation of a second embodiment of the present
      invention.
PAR  FIG. 11 is a front elevation of FIG. 10, with parts cut away to show the
      detail of the lock preventing mechanism.
PAR  FIG. 12 is a front elevation of the locking plate employed in the second
      embodiment.
PAR  FIG. 13 is a side elevation of a third embodiment of the present invention.
PAR  FIG. 14 is an exploded perspective view of parts of a fourth embodiment of
      the present invention.
PAR  FIG. 15 is an exploded perspective view of parts of a fifth embodiment of
      the present invention.
PAR  FIGS. 16 and 17 are views showing the operation of the fifth embodiment in
      a non-preventing position and preventing position respectively.
PAR  FIG. 18 is a perspective view of a sixth embodiment of the present
      invention.
PAR  FIGS. 19, 20 and 21 are views illustrating the operation of the sixth
      embodiment.
PAR  FIG. 22 is an exploded perspective view of a seventh embodiment of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1, 2, 3, 4 and 5 show a first embodiment of the present invention.
PAR  Referring to FIGS. 1 to 5, a frame member 21 constitutes the base of a
      strap retracting apparatus, and an aperture 23 is bored in an extension or
      projection 22 of the frame member 21 so that the apparatus can be firmly
      bolted to a supporting member mounted to a seat, floor or any other
      suitable stationary part (not shown). The frame member 21 has a pair of
      side walls 24 and 25 formed integrally therewith, and a pair of aligned
      bearing apertures 26 and 27 are bored in the respective side walls 24 and
      25. The side wall 25 serves also as a holding member for holding a lock
      preventing means described later. The shaft of a spool 28 is rotatably
      journalled at opposite ends in the bearing apertures 26 and 27, and a belt
      strap 29 is wound around the spool 28 with one end thereof fixed to the
      spool 28. A pair of locking wheels 30 are fixedly mounted on the opposite
      ends of the spool 28 and these locking wheels 30 serve as a guide for the
      belt strap 29. A retracting coil spring 31 is anchored at the inner end 32
      thereof to one end of the shaft of the spool 28 which is mounted for
      rotation on the frame member 21. The spring 31 is anchored at the outer
      end 33 thereof to a spring cover 34 fixed to the side wall 24. The spool
      28 is normally urged in a retracting direction as shown by the arrow A by
      the force of the coil spring 31. A plurality of substantially saw-tooth
      shaped locking teeth 35 are formed in equally circumferentially spaced
      relation on the outer peripheral edge of each locking wheel 30. In the
      illustrated example, 6 such teeth 35 are formed in 60.degree. spaced apart
      relation. A locking plate 37 is swingably supported at opposite ends in a
      pair of aligned apertures 36 bored in the side walls 24 and 25, and a
      sensor 38 for sensing the outer diameter of the belt strap turns wound
      around the spool 28 is riveted to the locking plate 37. A pair of locking
      portions 39 for locking engagement with the locking teeth 35 of the
      respective locking wheels 30 are formed integrally with the locking plate
      37.
PAR  A first lock preventing wheel 40 and a second lock preventing wheel 41 are
      rotatably mounted on the shaft of the spool 28 in coaxial relation with
      said locking wheel to constitute a lock preventing means. A plurality of
      auxiliary locking teeth 42 and 43 of shape substantially similar to that
      of the locking teeth 35 of the locking wheels 30 are formed in equally
      circumferentially spaced relation on the outer peripheral edge of the
      respective wheels 40 and 41. The outer diameter of the first lock
      preventing wheel 40 is slightly greater than that of the locking wheels
      30, and the outer diameter of the second lock preventing wheel 41 is
      slightly greater than that of the first lock preventing wheel 40. These
      lock preventing wheels 40 and 41 themselves make lost motion relative to
      the spool 28. A projection 45 such as a pin fixed to one of the locking
      wheels 30 engages an arcuate recess 44 bored in the first lock preventing
      wheel 40, and a projection 47 such as a pin fixed to the first lock
      preventing wheel 40 engages an arcuate recess 46 bored in the second lock
      preventing wheel 41 so as to constitute a driving connection means between
      the wheels 30, 40 and 41. Thus, the lock preventing means is cooperated
      with the locking wheels 30 by the action of the driving connection means.
      The two lock preventing wheels 40 and 41 are disposed between the
      associated locking wheel 30 and the side wall 25.
PAR  A slot 49 of a first stopper 48 is loosely fitted on the end portion of the
      shaft of the spool 28 projecting from the bearing aperture 27 of the side
      wall 25, and a ratchet wheel 50 having a plurality of saw-tooth shaped
      teeth is also fixedly mounted on such end portion of the shaft of the
      spool 28. A pawl 51 formed on a portion of the first stopper 48 engages a
      latch portion 53 of a second stopper 52 fixed to the locking plate 37 as
      shown in detail in FIG. 4. A spring 54 engages at one end thereof with a
      pipe 55 fixed to the side wall 25 and at the other end thereof with an
      aperture 56 bored in the second stopper 52 so as to normally urge the
      second stopper 52 and the locking plate 37 in a direction as shown by the
      arrow B. A spring 57 engages at one end thereof with the pipe 55 and at
      the other end thereof with an aperture 58 bored in the pawl 51 so as to
      urge the first stopper 48 in a swinging direction as shown by the arrow C
      and in a linearly moving direction as shown by the arrow D. A cover 59 of
      plastic material is securely fixed to the side wall 25 with its
      projections 60 fitted in corresponding apertures 61 bored in the side wall
      25.
PAR  FIG. 5 shows the state in which the belt strap 29 is taken up on the spool
      28. It will be apparent from FIG. 5 that, in this state, the belt strap 29
      is almost entirely taken up on the spool 28. Thus, the diameter of the
      belt strap turns wound around the spool 28 is maximum, and the coiled
      strap diameter sensor 38 is caused to swing in a direction as shown by the
      arrow E by being urged by the belt strap 29. As a result, the locking
      portions 39 of the locking plate 37 are disengaged from the locking teeth
      35 of the locking wheels 30 so that the locking wheels 30 can rotate
      freely. The position of the locking plate 37 in which the locking portions
      39 are disengaged from the locking teeth 35 of the locking wheels 30 is
      called herein an unlocking position. When a passenger pulls the belt strap
      29 in a direction as shown by the arrow F, the diameter of the belt strap
      turns wound around the spool 28 is gradually reduced and the locking plate
      37 swings in the direction of the arrow B. However, after a certain
      swinging movement of the locking plate 37 in the direction of the arrow B,
      the latch portion 53 of the second stopper 52 making swinging movement
      with the locking plate 37 is engaged by the pawl 51 of the first stopper
      48 to limit further swinging movement of the locking plate 37. Therefore,
      even when the belt strap 29 is further extended, the locking portions 39
      of the locking plate 37 would not engage the locking teeth 35 of the
      locking wheels 30 and the protraction of the belt strap 29 would not be
      obstructed.
PAR  When the passenger completes the engagement of the seat belt on his body, a
      small length of the belt strap 29 may be retracted onto the spool 28 due
      to the presence of a slight slack in the protracted belt strap 29. This
      rotation of the spool 28 causes rotation of the ratchet wheel 50 in a
      direction as shown by the arrow G in FIG. 3. As seen in FIGS. 3 and 4, the
      tooth of the wheel 50 rotating in the direction of the arrow G kicks up
      the pawl 51 of the first stopper 48 to cause swinging movement of the
      first stopper 48 in a direction as shown by the arrow H against the force
      of the spring 57. As a result, the latch portion 53 of the second stopper
      52 is disengaged from the pawl 51 of the first stopper 48 so that the
      second stopper 52 is urged in the direction of the arrow B by the force of
      the spring 54 and the locking plate 37 swings also in the same direction.
      The locking portions 39 of the locking plate 37 engage the locking teeth
      35 of the locking wheels 30 again. Thus, the belt strap 29 is locked at
      the length determined by the pitch of the locking teeth 35 and is
      prevented from further protraction. The position of the locking plate 37
      in which the locking portions 39 thereof are in locking engagement with
      the locking teeth 35 of the locking wheels 30 is called herein a locking
      position. In this manner, any desired length of the belt strap 29 can be
      engaged on the body of the passenger, and the belt strap 29 is locked
      against movement in the protracting direction F, but it can move freely in
      the retracting direction. Prior art apparatus have had such a disadvantage
      that, when the belt strap 29 is retracted by the coil spring 31 to such an
      extent that the locking wheels 30 rotate by one step, that is, through an
      angle of 60.degree., the belt strap 29 tends to be re-locked in such a
      position.
PAR  The first embodiment of the present invention is constructed so that the
      belt strap 29 can be maintained in the initially set locked position even
      when the belt strap 29 engaging on the body of the passenger may move in
      the retracting direction within the range of about three steps.
PAR  The locking wheels 30 and the first lock preventing wheel 40 as well as the
      first and second lock preventing wheels 40 and 41 are arranged for
      cooperation by being operatively interconnected by the driving connection
      means composed of the projections 45, 47 and the recesses 44, 46, and each
      of these recesses 44 and 46 is shaped in the form of an arc of about
      45.degree.. Therefore, the locking wheels 30 and the first lock preventing
      wheel 40 as well as the first and second lock releasing wheels 40 and 41
      can make relative movement within the angular range of 45.degree..  The
      lock preventing means is employed to allow the rotation of said locking
      wheel 30 in the protract direction over some of pre-selected steps when
      the belt strap 29 is retracted some steps from the initially engaged
      position.
PAR  FIGS. 6 to 9 show schematically the relation among the locking wheels 30,
      lock preventing wheels 40, 41 and locking plate 37, and only one of the
      locking wheels 30 and the associated locking portion 39 of the locking
      plate 37 are shown therein for convenience of explanation.
PAR  When the belt strap 29 is engaged on the body of the passenger with a
      suitable tension imparted thereto by the force of the coil spring 31, the
      locking portion 39 of the locking plate 37 engages with one of the locking
      teeth, for example, the locking tooth P1 of the locking wheel 30 and with
      one of the auxiliary locking teeth, for example, the auxiliary locking
      teeth R1 and S1 of the first and second lock preventing wheels 40 and 41
      respectively as shown in FIG. 6, thereby locking the belt strap 29 against
      further protraction in the protracting direction. However, the locking
      wheel 30 can rotate freely in the strap retracting direction shown by the
      arrow A in FIG. 1. Thus, when a slack may occur in the tensioned belt
      strap 29 due to shaking movement of the passenger's body owing to
      vibrations of the vehicle, such slackened portion of the belt strap 29 is
      retracted to be wound around the spool 28 by the force of the coil spring
      31. When the spool 28 and locking wheel 30 rotate through an angle of
      about 45.degree., the projection 45 of the locking wheel 30 bears against
      the end b in the direction of retracting rotation of the recess 44 of the
      first lock preventing wheel 40 as shown in FIG. 7, and the first lock
      preventing wheel 40 starts to rotate with the locking wheel 30. In the
      state in which the first lock preventing wheel 40 rotates unitarily with
      the locking wheel 30, the locking teeth 35 of the locking wheel 30 are
      covered by the circumference 62 of the first lock preventing wheel 40.
      Thus, even when the next locking tooth P2 of the locking wheel 30 may be
      brought to a position opposite to the locking portion 39 of the locking
      plate 37 with the rotation of the locking wheel 30 through an angle of
      60.degree. as shown in FIG. 7, the locking portion 39 cannot engage the
      locking tooth P2 of the locking wheel 30. After rotation of the locking
      wheel 30 through an angle of about 90.degree., the projection 47 of the
      first lock preventing wheel 40 bears against the end b in the direction of
      retracting rotation of the recess 46 of the second lock preventing wheel
      41 with the result that the second lock preventing wheel 41 starts to
      rotate with the first lock preventing wheel 40. In this state, the
      auxiliary locking teeth 42 of the first lock preventing wheel 40 are
      covered by the circumference 63 of the second lock preventing wheel 41.
      Thus, even when the locking tooth P3 of the locking wheel 30 may be
      brought to a position opposite to the locking portion 39 of the locking
      plate 37 with the rotation of the locking wheel 30 through an angle of
      about 120.degree. as shown in FIG. 8, the locking portion 39 cannot engage
      the locking tooth P3 of the locking wheel 30. It will thus be understood
      that, even when the belt strap 29 may be retracted due to the rotation of
      the locking wheel 30 over a range corresponding to more than two steps of
      locking teeth 35 thereof as shown in FIG. 8, the belt strap 29 is
      protracted again in response to the restoration of the tension for
      fastening the passenger to the seat so that the belt strap 29 can be
      locked in the initially set position shown in FIG. 6 and there is utterly
      no change in the length of the protracted portion of the belt strap 29. In
      this embodiment, said range is preselected by the number of the lock
      preventing wheels and so on.
PAR  The belt strap 29 may be retracted in the direction of the arrow A until
      the auxiliary locking tooth S2 of the second lock preventing wheel 41
      which is driven by the locking wheel 30 through the first lock preventing
      wheel 40 moves relative to the locking portion 39 of the locking plate 37
      so that the locking portion 39 may take a position as shown by the chain
      lines in FIG. 8. Then, when the belt strap 29 is protracted, the locking
      portion 39 of the locking plate 37 engages with the locking tooth P2 of
      the locking wheel 30 and with the auxiliary locking teeth R2 and S2 of the
      first and second lock preventing wheels 40 and 41 respectively, with the
      result that the length of the protracted portion of the belt strap 29 is
      reduced by an amount corresponding to one step of the locking teeth 35 of
      the locking wheel 30.
PAR  The number of the lock preventing wheels may be modified as desired.
      Further, the angular range in which the lock preventing wheels can make
      relative movement (or more precisely, the length of the recesses) can be
      suitably selected to lie within the range of the angle corresponding to
      one step of the locking teeth 35 of the locking wheel 30.
PAR  FIGS. 10 to 12 show a second embodiment of the present invention. Referring
      to FIGS. 10 to 12, a frame member 121 has a pair of side walls 124 and
      125, and the shaft of a spool 128 having a pair of locking wheels 130
      fixedly mounted thereon is journalled at opposite ends in these side walls
      124 and 125. A known belt strap (not shown) is wound around this spool
      128. A locking plate 137 is swingably supported at opposite ends in a pair
      of aligned butterfly-shaped slots 136 bored in the side walls 124 and 125
      of the frame member 121. As shown in detail in FIG. 12, the locking plate
      137 is provided with a pair of locking portions 139 and an auxiliary
      locking portion 170. These locking portions 139 are engageable with 6
      locking teeth 135 formed on the outer peripheral edge of the respective
      locking wheels 130, and the auxiliary locking portion 170 is engageable
      with 6 auxiliary locking teeth formed on the outer peripheral edge of a
      lock preventing wheel described in detail later. A ratchet wheel 171 is
      fixedly mounted on one end of the shaft of the spool 128, and an arm 172
      is fixed to one end of the locking plate 137. The ratchet wheel 171, the
      arm 172 and a lever 173 constitute parts of a known automatic locking
      mechanism for locking the belt strap when the belt strap is engaged on the
      body of a passenger, but any detailed description will not be given herein
      as such a mechanism is commonly known.
PAR  A holding member 174 is firmly fixed to the frame member 121 by screws 175
      and 176, and a retracting coil spring 131 is housed within this holding
      member 174. The retracting coil spring 131, which is also commonly known,
      is anchored at opposite ends thereof to the shaft of the spool 128 and to
      the holding member 174 respectively for normally urging the spool 128 in a
      retracting direction. A pinion 177 is fixedly mounted on the end of the
      shaft of the spool 128 and protrudes from the holding member 174 as shown
      in FIG. 11. This pinion 177 is in meshing engagement with an internal gear
      179 supported rotatably by a supporting portion 178 which is an extension
      of the holding member 174. A lock preventing wheel 180 serving as a lock
      preventing means is also formed with 6 auxiliary locking teeth and has a
      central opening which makes slipping engagement with the outer periphery
      of the internal gear 179 so that the lock preventing wheel 180 can slip
      relative to the internal gear 179. The lock preventing wheel 180 is
      supported rotatably at the outer periphery thereof by a supporting portion
      181 which is also an extension of the holding member 174. The auxiliary
      locking portion 170 of the locking plate 137 is engageable with the
      auxiliary locking teeth of the lock preventing wheel 180. However, due to
      the fact that the locking wheels 130 and lock preventing wheel 180 are not
      coaxial and the portion of the outer periphery of the lock preventing
      wheel 180 projects beyond the corresponding portion of the locking wheels
      130 as shown in detail in FIG. 10, the locking portions 139 of the locking
      plate 137 cannot engage the locking teeth 135 of the locking wheels 130
      when the auxiliary locking portion 170 of the locking plate 137 is in
      engagement with the outer peripheral portion of the lock preventing wheel
      180. Further, in this second embodiment, the locking wheels 130 and lock
      preventing wheel 180 each having 6 locking teeth are so sized that three
      steps of the locking wheels 130 correspond substantially to one step of
      the lock preventing wheel 180 so as to provide a reduction ratio of 3:1.
      Although not shown, suitable covers are provided to cover the outer
      periphery of the locking wheels 130 and the end face of the lock
      preventing wheel 180.
PAR  The second embodiment having such a structure operates in a manner as
      described below. When the belt strap is protracted in a direction as shown
      by the arrow F to be engaged on the body of a passenger, the locking
      wheels 130 and lock preventing wheel 180 rotate clockwise in FIG. 10,
      while at this time, the locking plate 137 is caused to swing clockwise in
      FIG. 10 by the known locking mechanism and held in an unlocking position.
      Upon completion of the engagement of the belt strap on the body of the
      passenger, the locking plate 137 swings counterclockwise in the manner
      commonly known in the art and the belt strap is slightly retracted by the
      force of the retracting coil spring 131. As a result, the auxiliary
      locking portion 170 of the locking plate 137 engages one of the auxiliary
      locking teeth of the lock preventing wheel 180, and then the locking
      portions 139 of the locking plate 137 engage one of the locking teeth of
      the locking wheels 130 to complete the locking operation with the lock
      preventing wheel 180 making slipping engagement with the internal gear
      179.
PAR  Then, when the passenger moves his body in the locked state, the slackened
      portion of the belt strap is retracted and the locking wheels 130 rotate
      counterclockwise. FIG. 10 shows the situation in which the locking tooth
      P1 of each locking wheel 130 having been engaged by the corresponding
      locking portion 139 is shifted by one pitch and the next locking tooth P2
      is brought to a position opposite to the locking portion 139. In the prior
      art apparatus of this kind, the locking tooth P2 has been engaged by the
      locking portion 139 of the locking plate 137 to fasten the passenger to
      the seat in a tighter state. In the second embodiment of the present
      invention, however, the lock preventing wheel 180 is arranged to rotate
      counterclockwise at a reduced speed with the counterclockwise rotation of
      the locking wheels 30 as apparent from FIG. 10, so that the auxiliary
      locking portion 170 of the locking plate 137 engages the outer peripheral
      portion of the lock preventing wheel 180 to prevent locking engagement
      between the locking portions 139 and the locking wheels 130. Of course,
      the slip between the lock preventing wheel 180 and the internal gear 179
      is selected to be greater than the friction between the auxiliary locking
      portion 170 and the lock preventing wheel 180. Thus, in the second
      embodiment of the present invention, even when the passenger may move his
      body by an amount corresponding to about three steps of the locking wheels
      130 or actually in an amount of the order of 50 to 70 mm, the belt strap
      can be necessarily locked in the initially engaged position and the
      movement of the passenger's body is not unduly restricted. Due to the fact
      that the lock preventing wheel 180 is arranged to slip relative to the
      internal gear 179, the belt strap length engaged on the passenger's body
      can be adjusted over a plurality of steps determined by the step of the
      locking wheels 130, and thus, the protracted belt strap length can be very
      finely adjusted. The lock preventing wheel 180 may be arranged to slip
      relative to any other suitable portion between it and the spool 128, for
      example, the portion in which the pinion 177 is fitted.
PAR  FIG. 13 shows a third embodiment of the present invention which is actually
      a partial modification of the second embodiment. Referring to FIG. 13, the
      lock preventing wheel 180 is disposed in coaxial relation with the locking
      wheels 130, and an intermediate gear 182 is disposed between the pinion
      177 and the internal gear 179. The third embodiment operates in entirely
      the same manner as the second embodiment.
PAR  FIG. 14 shows a fourth embodiment of the present invention which is also a
      modification of the second and third embodiments. The fourth embodiment
      differs from the second and third embodiments in that the lock preventing
      wheel 184 is in slipping engagement with the shaft 183 of the spool 128.
      The lock preventing wheel 184 is disposed between the side wall 125 and
      one of the locking wheels 130 and is frictionally coupled by a spring
      washer 199 to one of the locking wheels 130 on the shaft 183 supporting
      the spool 128 so that it can make interlocking operation with the locking
      wheels 130. No reduction mechanism is provided in this embodiment unlike
      the second and third embodiments, and the number of the auxiliary locking
      teeth of the lock preventing wheel 184 is selected to be two which is 1/3
      of the 6 locking teeth of the locking wheels 130 so as to obtain the
      effect similar to that of the reduction mechanism.
PAR  A fifth embodiment of the present invention will be described with
      reference to FIGS. 15 to 17. Referring to FIGS. 15 to 17, a frame member
      221 has a pair of side walls 224 and 225, and a spool 228 having a pair of
      locking wheels 230 fixedly mounted thereon is rotatably supported between
      the side walls 224 and 225 by a shaft 283 which extends through the spool
      228. The shaft 283 rotates in unitary relation with the spool 228, and a
      cam member 284 serving as a lock preventing means is loosely mounted on
      one end portion of the shaft 283. The shaft 283 extends further through a
      spring washer 285 imparting driving force to the cam member 284 and is
      fixed at the end thereof to a retracting coil spring 231. The cam member
      284 is provided with a cam 286 projecting from an outer peripheral portion
      thereof, and its rotating movement is limited by a pair of spaced pins 287
      and 288 fixed to the side wall 225 of the frame member 221 so that it is
      movable between a preventing position and a non-preventing position. A
      locking plate 237 has a pair of locking portions 239 similar to those in
      the second embodiment, and a separately prepared auxiliary locking portion
      270 is fixed to the locking plate 237.
PAR  The operation of the fifth embodiment having such a structure will be
      described with reference to FIGS. 16 and 17. When a belt strap (not shown)
      is protracted, the locking wheels 230 and cam member 284 rotate in a
      counterclockwise direction, but the counterclockwise rotation of the cam
      member 284 is limited by the pin 287 and the cam member 284 is held in the
      non-preventing position shown in FIG. 16 due to the fact that it is
      loosely mounted on the shaft 283. When a passenger wears the belt strap on
      his body, the locking plate 237 makes swinging movement in the manner
      commonly known in the art. Since the cam member 284 is held in the
      position shown in FIG. 16, the auxiliary locking portion 270 of the
      locking plate 237 does not engage the cam 286 and each of the locking
      portions 239 engages the locking tooth P1 of the associated locking wheel
      230 to complete locking of the belt strap. When the passenger moves his
      body in such a state and the locking wheels 230 rotate clockwise, the next
      locking tooth P2 of each locking wheel 230 is brought to a position
      opposite to the locking portion 239 as shown in FIG. 17. However, the cam
      member 284 is also rotated clockwise at the same time to take the
      preventing position shown in FIG. 17 thereby urging the auxiliary locking
      position 270 of the locking plate 237 upward. Therefore, each of the
      locking portions 239 does not engage the locking tooth P2 of the
      associated locking wheel 230. Due to the fact that further clockwise
      rotation of the cam member 284 is restricted by the pin 288, the cam
      member 284 makes slipping movement relative to the shaft 283 even when the
      locking wheels 230 rotate over more than about three steps. It is apparent
      that, in the fifth embodiment too, impartation of an excessive fastening
      pressure to the passenger can be prevented when he may move his body in
      the usual manner.
PAR  A sixth embodiment of the present invention will be described with
      reference to FIGS. 18 to 21. Referring to FIGS. 18 to 21, a pinion 377 is
      mounted on the shaft of a spool 328 in such a manner that it makes
      slipping movement relative to the spool 328 when a torque greater than a
      predetermined setting is imparted to the spool 328. This pinion 377 is in
      meshing engagement with a rack 390 serving as a lock preventing means. The
      rack 390 is arranged for linear movement by being guided by a guide 391
      fixed to a frame member 321 and the linear movement of the rack 390 is
      limited by a pin 392 fixed to the frame member 321, to engage a recess
      formed on the rack 390.
PAR  The operation of the sixth embodiment having such a structure will be
      described with reference to FIGS. 19 to 21. When a belt strap (not shown)
      is protracted, locking wheels 330 and pinion 377 rotate counterclockwise
      and the rack 390 moves to the right. The linear movement of the rack 390
      to the right is restricted by the pin 392 due to engagement of the pin 392
      with the left-hand end of the recess of the rack 390. The pinion 377 makes
      slipping movement relative to the spool 328, and when the engagement of
      the belt strap on the passenger's body is completed, each of locking
      portions 339 of a locking plate 337 engages the locking tooth P1 of the
      associated locking wheel 330 as shown in FIG. 19 to lock the belt strap.
      This position of the rack 390 is the non-preventing position. When the
      passenger wearing the belt strap on his body moves his body, the locking
      wheels 330 rotate clockwise as shown in FIGS. 20 and 21, and the rack 390
      is urged toward the left by the pinion 377 to engage an auxiliary locking
      portion 370 of the locking plate 337 thereby causing swinging movement of
      the locking plate 337. This position of the rack 390 is the preventing
      position. As a result, the locking portions 339 are urged away from the
      engageable range with the locking wheels 330, and no locking action is
      carried out even when the locking tooth P2 in FIG. 21 and the locking
      tooth P3 in FIG. 22 is brought to a position opposite to the corresponding
      locking portion 339 of the locking plate 337. As seen in FIG. 21, the rack
      390 is restricted from further movement after it has moved the
      predetermined distance, and the pinion 377 makes slipping movement
      relative to the spool 328 again. It will therefore be understood that this
      embodiment can also provide a great margin for the movement of the body of
      the passenger.
PAR  FIG. 22 shows a seventh embodiment of the present invention which is
      generally similar to the fifth embodiment shown in FIGS. 15 to 17.
      Referring to FIG. 22, a spool 428 having a pair of locking wheels 430
      fixedly mounted thereon is supported on a shaft 483 which is journalled in
      opposite side walls 424 and 425 of a frame member 421. A lock preventing
      member in the form of a cam member 484 is loosely mounted on the shaft
      483, and this cam member 484 is frictionally coupled to one of the locking
      wheels 430 by a spring washer 485 disposed between the cam member 484 and
      the side wall 425 which serves as a holding member. The shaft 483 extends
      through the spool 428 so as to rotate in unitary relation with the locking
      wheels 430, and a retracting coil spring 431 is fixed at the inner end
      thereof to one end of the shaft 483. A projection 496 is formed as an
      integral part of the cam member 484 to engage an arcuate slot 497 bored in
      the side wall 425. This slot 497 serves as a means for restricting the
      position of the lock preventing cam member 484. A locking plate 437 having
      a pair of locking portions 439 is swingably supported at opposite ends in
      apertures bored in the side walls 424 and 425 of the frame member 421. A
      part of one of the locking portions 439 serves as an auxiliary locking
      portion 470 which holds the locking plate 437 in an unlocking position
      when it engages a cam surface 486 formed on the outer peripheral edge of
      the lock preventing cam member 484.
PAR  In response to protraction of a belt strap (not shown), the locking wheels
      430 rotate in a direction as shown by the arrow K in FIG. 22, and the cam
      member 484 rotates also in the same direction. The cam member 484 rotating
      in this direction is restricted from further rotation since the projection
      496 bears finally against one end of the slot 497 bored in the side wall
      425 of the frame member 421. The cam member 484 is provided with a recess
      495 as shown so that the locking member 437 can be held in a locking
      position when the auxiliary locking portion 470 engages this recess 495.
      In response to retraction of the belt strap from the position engaging on
      the body of a passenger, the locking plate 437 can be held in the
      unlocking position due to the fact that the cam surface 486 is engaged by
      the auxiliary locking portion 470.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A seat belt retracting apparatus comprising: a frame member; a spool
      mounted for rotation on said frame member and adapted to have a seat belt
      wound thereon; a retracting spring anchored at one end thereof to said
      spool for normally urging said spool in one direction of rotation to
      retract said seat belt on said spool; at least one locking wheel fixedly
      mounted on said spool and having a plurality of locking teeth on the outer
      periphery thereof; a locking plate having at least one locking portion
      engageable with one of said locking teeth when said seat belt is
      protracted and engages the body of a passenger thereby locking said seat
      belt against further protraction, said locking plate being supported on
      said frame member so as to be movable between a locking position and an
      unlocking position; lock preventing means arranged for cooperation with
      said locking plate for temporarily unlocking said locking wheel to allow
      the rotation of said locking wheel in protracting direction over a
      predetermined number of said locking teeth after said engaged seat belt is
      retracted said predetermined number of locking teeth from the engaged
      position driving connection means between said locking wheel and said lock
      preventing means for drivably connecting said lock preventing means in
      interlocking relation with said locking wheel; and holding means for
      holding said lock preventing means on said retracting apparatus.
NUM  2.
PAR  2. A seat belt retracting apparatus as claimed in claim 1, wherein said
      lock preventing means is mounted rotatably on said spool and adjacent to
      said locking wheel.
NUM  3.
PAR  3. A seat belt retracting apparatus as claimed in claim 1, wherein said
      driving connection means includes interconnecting members for connecting
      said lock preventing means to said locking wheel so that said lock
      preventing means is movable relative to said locking wheel within a
      predetermined angular range.
NUM  4.
PAR  4. A seat belt retracting apparatus as claimed in claim 3, wherein said
      interconnecting members include a projection provided on one of said
      locking wheel and said lock preventing means and a recess provided on the
      other for engagement with said projection.
NUM  5.
PAR  5. A seat belt retracting apparatus as claimed in claim 2, wherein said
      lock preventing means includes a plurality of lock preventing wheels, and
      said driving connection means includes a set of interconnecting members
      for connecting said locking wheel to one of said lock preventing wheels so
      that said lock preventing wheel is movable relative to said locking wheel
      within a predetermined angular range and another set of interconnecting
      members for connecting said lock preventing wheels to each other so that
      said lock preventing wheels are movable relative to each other within a
      predetermined angular range.
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ABST
PAL  A storage device for a safety belt in which the safety belt is wound up on
      a shaft rotatably mounted in a housing. A ratchet wheel is carried by the
      shaft and rotation of the ratchet wheel is arrested by a pawl. The pawl is
      moved into engagement with the ratchet wheel by an inertia member
      comprising a ball which, in a normal position of rest, sits on a circular
      edge of a recess or aperture in a base member. The pawl is of such
      construction that its tip, which engages with the ratchet wheel, is
      longitudinally displaceable under a predetermined loading.
BSUM
PAR  Storage devices for safety-belts, in which the belt is wound up on a reel,
      are finding more and more acceptance in motor vehicles. They serve for
      protecting the belt when not being worn and for so holding it, in
      readiness, that the safety belt can at any time, immediately be put on.
      The belt is pulled out, i.e. unwound from the reel, against the action of
      a spring force which, when the safety belt is taken off, causes the belt
      to reel up again.
PAR  In such devices, the belt must be locked in the pull-out direction, when
      the vehicle concerned is decelerated in order that the safety belt fulfils
      its proper function, that is to say holds the seat occupant, in the
      vehicle, in his seat. If it were not for this locking of the belt, the
      occupant would be hurled forwards out of his seat.
PAR  Belt-sensitive and/or vehicle-sensitive, inertia locking mechanism are
      known which lock the belt against pull-out or withdrawal from the storage
      device or reel, at a specific belt pull-out acceleration of, for example,
      1g, or at a specific vehicle deceleration of, for example, 0.4g, that is
      to say, at about half of the vehicle deceleration which takes place in an
      emergency braking.
PAR  The storage devices, for rolling up the belt, have a winding or coiling
      shaft, rotatably mounted in a housing, to which shaft the belt is secured
      at one end and which shaft is at one end connected to a spiral tension
      spring. The spiral spring loads the winding or coiling shaft in such a
      direction of rotation that the belt is reeled up on to the shaft. As a
      rule, at the other end of the winding or coiling shaft there is proved the
      belt-sensitive and/or vehicle-sensitive device for locking the belt
      against pull-out or withdrawal from the storage device.
PAR  For vehicle-sensitive locking of the belt, in the direction of pull-out, it
      is known to mount a ratchet wheel fast on the rotatable winding or coiling
      shaft with which ratchet wheel a detent or pawl is capable of being made
      to engage, under the influence of a movable inertia member. The inertia
      member may comprise a ball resting in a support. When the ball moves out
      of the resting position, the detent or pawl is caused to move into
      engagement with the ratchet wheel, thereby locking it and the shaft
      against rotation in a belt pull-out direction. Instead of a ball, the
      inertia member may comprise an inverted frustro-conical member standing on
      its smaller diameter end and cpaable of tilting at a specific deceleration
      of the vehicle to actuate locking of the belt.
PAR  It is also known to mount the ratchet wheel on the winding or coiling shaft
      so that, within limits, it can turn and move axially relative to the
      winding or coiling shaft. Thus the ratchet wheel may have an internal
      screw thread and the winding or coiling shaft may have a corresponding
      external screw thread. The ratchet wheel may have peripheral teeth and an
      annular set of teeth on an end face, the latter being adapted to engage,
      upon axial displacement of the ratchet wheel, with teeth fixed with or
      part of a main housing of the storage device. When the detent or pawl is
      brought into engagement with the peripheral teeth, of the ratchet wheel,
      upon displacement of the inertia member, the ratchet wheel is held against
      further rotation and with a slight turning of the winding or coiling
      shaft, through pull on the safety belt, the ratchet wheel moves axially
      against the action of a restoring spring, so that the teeth on the face
      end come into engagement with the teeth fixed with or part of the main
      housing. Thus the ratchet wheel and the winding or coiling shaft are
      locked against rotation and further pull-out or withdrawal of the belt is
      prevented.
PAR  This latter construction is, moreover, belt-sensitive in that the ratchet
      wheel itself is an inertia member; that is to say when the belt if pulled
      out with sudden acceleration of for example, 1g, the ratchet wheel, in
      angular movement lags behind the winding or coiling shaft so that the
      shaft rotates relative to the ratchet wheel, whereby the ratchet wheel is
      displaced axially into locking engagement with the fixed teeth on the main
      housing. A further turning of the winding or coiling shaft is therefore
      arrested and belt pull-out is blocked.
PAR  In the case of the described vehicle-sensitive inertia locking mechanism,
      with a spherical ball as the inertia member, actuation of the locking
      mechanism is not precisely defined; that is to say it does not always take
      place at exactly the desired level of vehicle deceleration. Also, locking
      can come into effect when the vehicle concerned is parked on a slope and
      stands at an angle, without acceleration or deceleration of the vehicle,
      in any dirction, being present.
PAR  In those devices with vehicle-sensitive, belt locking and a toothed wheel
      which is rotatable and axially moveable relative to the winding or coiling
      shaft, difficulties arise, particularly in view of the manufacturing
      tolerances, the elastic deformations of the engaging components and the
      possibility that the teeth on the end face of the ratchet wheel and on the
      main housing may stand point to point and not engage properly with each
      other. Furthermore, these devices have comparatively large dimensions,
      especially in the region of the toothed wheel, of the detent or pawl
      co-operating therewith and of the body of inertia actuating the latter;
      the toothed wheel is comparatively large and therefore the detent (or
      pawl) and the inertia member have to be arranged relatively for from the
      axis of rotation of the winding or coiling shaft.
PAR  The present invention seeks to provide a safety belt storage device and
      inertia locking mechanism which overcomes the disadvantages and
      difficulties set out above.
PAR  According to a feature of the present invention there is provided a storage
      device for a safety belt with vehicle-sensitive locking of the belt in the
      direction of pull-out, including a winding or coiling shaft rotatably
      mounted in a housing, a ratchet wheel provided with peripheral teeth and
      with teeth on an end face, said ratchet wheel being axially movable on the
      winding or coiling shaft, a detent or pawl, an inertia member for moving
      the detent or pawl into engagement with the peripheral teeth of the
      ratchet wheel and teeth fast with the housing with which the end face
      teeth of the ratchet wheel co-operate and lock upon axial displacement
      thereof, wherein the detent or pawl is formed with a tip to engage the
      peripheral teeth of the ratchet wheel, said tip, under a predetermined
      loading, being displaceable longitudinally of the pawl.
PAR  By the present invention there is also provided a storage device for a
      safety belt with vehicle-sensitive locking of the belt in the direction of
      pull-out, including a rotatably mounted winding shaft, about which the
      belt is coiled, means to lock the shaft against rotation in a belt
      withdrawal direction and an inertia member to actuate said locking means,
      said inertia member comprising a ball resting on a circular edge on a base
      support and adapted to tilt about said edge upon acceleration or
      deceleration of the vehicle in excess of a predetermined value.
DRWD
PAR  Embodiments of the present invention are now described, by way of example,
      with reference to the accompanying drawings, in which
PAR  FIG. 1 shows the longitudinal section along the line I--I in FIG. 2 through
      a first embodiment;
PAR  FIG. 2 shows the side view in the direction of the arrow II in FIG. 1; the
      front housing cover is removed and some components are shown in
      longitudinal section;
PAR  FIG. 3 shows the section along the line III--III in FIG. 1;
PAR  FIG. 4 shows schematically a view (corresponding to FIG. 2) of a second
      embodiment;
PAR  FIG. 5 shows the longitudinal section along the line I--I in FIG. 6 through
      a third embodiment;
PAR  FIG. 6 shows the side view in the direction of the arrow II in FIG. 5; the
      front housing cover is removed and some components are shown in
      longitudinal section;
PAR  FIGS. 7 and 8 show the section along the line III-- III in FIG. 6 through
      the detent or pawl and the plan view of the detent or pawl according to
      FIG. 6;
PAR  FIGS. 9 and 10 show respectively a view (corresponding to FIG. 6) of a
      fourth and fifth embodiment;
DETD
PAR  In the following description, like reference numerals are used to identify
      like parts.
PAR  Referring to the drawings, the mechanism includes a housing 1 in which is
      rotatably mounted a winding or coiling shaft 2 on which is a coil 3 of
      webbing comprising a safety belt 4. The belt 4, at one end, is secured to
      the shaft 2 and its other, free, end extends from the housing 1.
PAR  On one side of the housing there is provided a spiral, tension spring 5
      with as flat a characteristic line as possible, which spring is secured at
      its inner end 6, to the shaft 2 and at its outer end 7 to a cover 8 which
      is screwed to the housing 1. When the belt 4 is pulled out of the housing
      1, when the safety belt is put on, the shaft 2 rotates in the direction of
      the arrow 9 (see FIG. 3) and the spiral spring 5 is tensioned. When the
      safety belt is taken off, the belt 4 is automatically pulled into the
      housing 1 and wound or rolled on to the shaft 2, under the action of the
      spring loading of the tension spring 5.
PAR  Inside a cover 10, screwed to the housing 1, there is provided at the other
      end of the winding or coiling shaft 2, a ratchet wheel 11 with peripheral
      teeth 11' of saw-tooth profile. Adjacent the ratchet wheel 11 there is
      pivotally mounted about a pin 13 fixed to the housing, a detent or pawl 12
      which can be actuated by an inertia member in the form of ball 14. The
      ball 14 rests in a cage 15 fast with the housing 1.
PAR  In the embodiment according to FIGS. 1 to 4, the toothed wheel 11 is
      secured to the winding or coiling shaft 2 and the detent or pawl 12 is
      arranged below the ratchet wheel 11 with a lateral tongue 16 of the pawl,
      supported on an actuating pin 17. This pin 17 is slidably mounted in a
      guideway 18 stationary with the housing and at its lower end has a socket
      19 which lies on the ball 14.
PAR  The cage 15, in the embodiment according to FIGS. 1 and 2, has a flat base
      20 formed with a circular opening 21 to receive the ball 14. In the
      resting position, shown in FIGS. 1 and 2, the ball 14 sits on the circular
      edge 22 of the opening 21 and the detent or pawl 12 is out of engagement
      with the peripheral teeth 11' of the ratchet wheel. The ratchet wheel 11
      is, therefore, free to rotate in the direction of the arrow 25 for pulling
      the belt 4 out of the housing 1 or vice versa.
PAR  When a relative acceleration between ball 14 and cage 15 takes place,
      caused by a corresponding deceleration of the vehicle in which the
      mechanism is mounted, the ball 14, upon a specific critical value of the
      relative acceleration being exceeded, tilts about the edge 22 out of the
      opening 21. This results in a lifting of the actuating pin 17 away from
      the cage 15 whereby the detent or pawl 12 is pivoted to bring a tip 25, of
      the pawl, into engagement with the peripheral teeth ll' of the ratchet
      wheel 11. When this engagement occurs, the ratchet wheel 11 is locked
      against rotation in the direction of the arrow 23 and thereby the belt is
      positively held against further withdrawal from the housing 1.
PAR  The socket 19 is shown as being conical in form, but can be plane and
      extend parallel to the cage base 20. Likewise, the cage base 20 need not
      necessarily be plane but may also be conical in form, as in the embodiment
      according to FIG. 4. From this it can be seen that, instead of the base
      opening 21, a depression or recess 26 may be provided which, in order to
      receive the ball 14, is correspondingly spherically concave and, with the
      conical base 20, provides the circular edge 22. The cage 15 and the
      guideway 18 may be formed on a one-piece component, preferably of plastics
      material, which is secured to the housing 1.
PAR  Also, in the embodiment according to FIGS. 1 to 4 it is possible to arrange
      the ratchet wheel 11 in screwable manner on the coiling shaft 2 by means
      of a worm, to provide the ratchet wheel 11 with teeth on an end face and,
      by means of a spring, to bias the ratchet wheel away from teeth fast with
      the housing. Thus, when the pawl 12 engages the peripheral teeth 11' of
      the ratchet wheel 11 and there is a simultaneous pull on the belt 4 with
      slight turning of the shaft 2, the ratchet wheel 11 moves axially against
      the action of the spring and the teeth on the end face of the ratchet
      wheel come into engagement and lock with the fixed teeth on the housing,
      to lock the shaft 2 against rotation. The teeth fast with the housing may
      be formed on a component secured to the housing 1, in particular from
      plastics materials, from which also the cage 15 and, where appropriate,
      the guideway 18 are formed.
PAR  In FIGS. 5 to 10, such embodiments are shown. The ratchet wheel 11 has,
      besides the peripheral teeth 11', teeth 11" on an end face, and an
      internal screw thread 11'", the coiling shaft 2 extends with a section 27
      into the ratchet wheel 11. On the section 27 is provided an external screw
      thread 28 which co-operates with the internal screw thread 11'", of the
      ratchet wheel 11. Fixed teeth 29 are provided on the housing opposite the
      teeth 11" on the end face of the ratchet wheel. These fixed teeth 29 are
      formed on a component 30, stationary with the housing, consisting of
      plastics material. Between the coiling shaft 2 and the ratchet wheel 11 is
      a restoring spring 31 which biases the ratchet wheel 11 away from the
      fixed teeth 29 and against a stop 32. In the embodiments according to
      FIGS. 5 to 10, the stop 32 is formed by the head of a screw screwed into
      the coiling shaft 2.
PAR  In this embodiment the pawl 12 consists of a carrier 33, a locking slider
      34, which is longitudinally slidable with respect to the carrier 33, and a
      spring 35. The carrier 33 rests on the ball 14, the cage 15 of which has a
      conical bottom 20 and a bottom opening 21 (or a bottom concavity 26) to
      receive the ball 14. In the resting position reproduced in the drawing,
      the ball 14 lies on the circular edge 22 of the opening 21 (or of the
      concavity 26) and the pawl 12 is out of engagement with the peripheral
      teeth 11' of the ratchet wheel 11.
PAR  When a relative acceleration between the ball 14 and the cage 15 takes
      place, caused by a corresponding deceleration of the vehicle in which the
      storage device is fitted, the ball 14, upon a specific predetermined value
      of the relative acceleration being exceeded, tilts around the edge 22 out
      of the opening 21. This results in the pawl 12 being pivoted into
      engagement with the peripheral teeth 11' of the ratchet wheel 11, so that
      rotation of the ratchet wheel 11 in the direction of the arrow 23, is
      arrested. By the pull exerted on the belt 4, however, the coiling shaft 2
      is turned slightly further, in the direction of the arrow 23, so that the
      ratchet wheel 11, against the action of the spring 31, screws on to the
      coiling shaft 2, i.e. is axially displaced, until the teeth 11" come into
      engagement with the teeth 29 stationary with the housing. The belt is thus
      locked against further withdrawal from the housing 1.
PAR  The pawl 12 may be formed as an angled lever 33, with two arms 33' and 33".
      The arm 33" carries the locking slider 34. As is seen particularly
      distinctly from FIG. 7, the arm 33" has two lateral longitudinal grooves
      36 into which engage two corresponding longitudinal projections 37 of the
      locking slider 34. Furthermore, the locking slider 34 has, near the free
      end edge 25, a support 38 for a spring 35 which, at the end remote from
      the end edge 25 bears against a stop 40 on the angled lever 33 or on the
      angled-lever arm 33". The spring biasses the locking slider 34 to project
      beyond the free end of the arm 33" and this movement is limited by a cross
      bar 39, across the end 41 of the locking slider, coming up against the
      stop 40.
PAR  Cage 15 and ball 14 are arranged below the toothed wheel 11. The arm 33" of
      the angled lever 33, which extends approximately horizontally and carries
      the locking slider 34, lies on the ball 14. The other arm 33" extends
      approximately vertically and at its lower free end is pivotally mounted on
      a pin 13 fixed to the housing.
PAR  The embodiment according to FIG. 9 differs from that according to FIGS. 5
      to 8 in that cage 15 and ball 14 are arranged above the ratchet wheel 11.
      The angled lever 33 is pivoted about the axle 13, at the junction between
      the two arms 33' and 33". The horizontal arm 33' lies on the ball 14 and
      the locking slider 34 is provided on the other, vertical arm 33". The
      locking slider 34 is longitudinally slidable in the arm 33" via
      longitudinal grooves and longitudinal projections.
PAR  In the embodiment according to FIG. 10, cage 15 and ball 14 are arranged
      laterally beside the ratchet wheel 11. The angled lever 33 lies, with the
      approximately horizontal arm 33', on the ball 14, while the other arm 33"
      carrying the locking slider 34 extends approximately vertically. The free
      end of the arm 33" is povoted about the pin 13 to the housing 1.
PAR  The embodiments according to FIGS. 5 to 8 or 9 are particularly suitable
      for motor vehicle front seat safety belts; the embodiment according to
      FIG. 10 is suitable for, above all, safety belts of motor vehicle rear
      seats. The direction of pullout of the belt is, in each case, shown by the
      arrow 42.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A storage device for a safety belt with vehicle-sensitive locking of the
      belt in the direction of pullout, said device comprising a housing, a
      coiling shaft rotatably mounted in said housing, a ratchet wheel provided
      with peripheral teeth and with teeth on an end face, said ratchet wheel
      being axially movable on said coiling shaft, a pawl, an inertia member for
      moving said pawl into engagement with the peripheral teeth of the ratchet
      wheel, and teeth fast with the housing with which the end face teeth of
      the ratchet wheel co-operate and lock upon axial displacement of said
      ratchet, the pawl including a separately formed tip for engaging the
      peripheral teeth of the ratchet wheel, and means mounting said tip for
      displacement longitudinally of the remainder of said pawl under a
      predetermined loading in response to engagement with said ratchet wheel
      peripheral teeth.
NUM  2.
PAR  2. A storage device according to claim 1 wherein the tip includes a locking
      slider slidably mounted against a spring bias in the pawl.
NUM  3.
PAR  3. A storage device according to claim 2, wherein the pawl comprises an
      angled lever rotatably mounted on the housing, said angled lever having a
      first arm which carries the locking slider.
NUM  4.
PAR  4. A storage device according to claim 3, wherein the arm carrying the
      locking slider rests on the inertia member in the form of a ball movable
      in a cage stationary with the housing, and said angled lever has a second
      arm with a free end pivotally joined to the housing.
NUM  5.
PAR  5. A storage device according to claim 3, wherein the angled lever has a
      second arm, the angled lever being pivotally mounted on the housing at the
      junction between the first and second arms, the first arm carrying the
      locking slider and the second arm resting on the inertia member which is
      in the form of a ball movable in a cage stationary with the housing.
NUM  6.
PAR  6. A storage device according to claim 3 wherein the first arm has a free
      end pivotally joined to the housing, and the angled lever has a second arm
      which lies on the inertia member which is in the form of a ball movable in
      a cage stationary with the housing.
NUM  7.
PAR  7. A storage device according to claim 1 wherein said inertia member
      comprises a ball resting on a circular edge of an opening in a base
      support, said ball being adapted to roll over said edge upon acceleration
      or decceleration of the vehicle in excess of a predetermined value, said
      pawl including an arm portion, and said arm portion resting freely on said
      ball whereby said pawl is moved into engagement with the peripheral teeth
      of the ratchet wheel.
NUM  8.
PAR  8. A storage device according to claim 7 wherein said base support is
      conically dished towards said opening in said base support to
      automatically return said ball to said opening to rest on said circular
      edge thereof.
NUM  9.
PAR  9. A storage device according to claim 1 wherein that portion of said pawl
      having said tip is directed tangentially with respect to the peripheral
      teeth of said ratchet wheel and said tip is arranged for displacement in a
      tangential direction relative to said ratchet wheel to enable engagement
      between the teeth on the end face of said ratchet wheel and the teeth fast
      with the housing.
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ABST
PAL  A threaded material dispenser having first and second substantially
      identical contoured members, hinged together to fold into overlapping
      position with said second member supported by said first member; each
      member preferably being pliable and having a depressed central region
      surrounded on at least three sides by raised portions, so that at least
      one skein of yarn positioned between said members in the central region
      thereof may be dispensed between said raised portion of said two members
      without pulling out the skein of yarn, said raised portions and the walls
      of one of said central regions preferably enclosing granulated material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is desirable to have a dispenser of threaded material which is
      particularly adapted to store and hold a skein of yarn while allowing yarn
      to be withdrawn, keeping the right tension on the yarn to allow a single
      strand to be withdrawn.
PAC  PRIOR ART
PAR  U.S. Pat. No. 2,827,247 pertains to a container having a plurality of pegs
      upon which the yarn is wound and from which it is dispensed.
PAR  U.S. Pat. No. 2,940,683 pertains to an embroidery thread holder having a
      rack for holding threads of different colors and for dispensing the
      threads without tangling.
PAR  U.S. Pat. No. 3,335,847 pertains to a brief case type structure including
      storage trays having shaped storage cavities for storing knitting needles
      and the like.
PAR  U.S. Pat. No. 3,833,183 pertains to a rack for pegs, the pegs being
      positioned and biased to hold yarn in tension when wound around a pair of
      said pegs.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The apparatus contemplated by this invention is described herein as a yarn
      dispenser. Obviously other threaded material may be dispensed, and the
      claims reflect that concept.
PAR  The apparatus, in its preferred embodiment, comprises two substantially
      identical cloth or plastics members filled with granular material such as,
      for example beans, rice and bird seed. The members are preferably
      substantially oval in plan view, and they are hinged together at one end
      so that a second member may be folded over a first member. The first or
      bottom member has a depressed central region surrounded by raised
      portions. The members are preferably pliable, and the central portions are
      preferably made of two overlapping sheets of material. Granular material
      is placed between the two sheets of the second or upper member so that
      when a skein of yarn sits in the central region of the first member, the
      weight of the granular material causes the center portion of the upper or
      second member to sag onto the enclosed yarn skein, braking it against
      moving. Thread from the enclosed yarn skein is threaded between the
      abutting raised portions of the members. The abutting raised portions are
      also made of yielding material and filled with granular material to allow
      single strands of yarn to be pulled from the yarn skein.
PAR  In one preferred embodiment, the invention may be characterized as an
      oval-shaped, fabric bean-bag cradle that beds a skein of yarn, snuggles
      over, under and around the skein of yarn, keeping it securely in place.
      The central portion of the second or upper member of the invention
      preferably settles with the yarn skein as yarn is used, keeping the right
      amount of pressure on the yarn to prevent the yarn skein from
      flip-flopping out of control. The item stores and protects yarn and keeps
      items together when they are not in use. It may have handles for carrying.
PAR  It is therefore an object of this invention to store and hold a storage
      member of threaded material.
PAR  It is a more specific object of this invention to hold at least one skein
      of yarn and to dispense a single strand from each held skein.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects will become apparent from the following description taken
      together with the accompanying drawings in which:
PAR  FIG. 1 shows the apparatus of this invention in an unfolded view;
PAR  FIG. 2 shows the apparatus of the invention in a folded view; and
PAR  FIG. 3 is a sectional view taken at 3--3 in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The apparatus of this invention is for dispensing threaded material. It is
      obvious that the threaded material need not be yarn, and that it may be
      upon another type of storage member than a skein.
PAR  The apparatus comprises first and second contoured members 12 and 14. Each
      contoured member 12, 14 has a central region 13, 15 respectively,
      surrounded on at least first, second and third sides by raised portions
      18, 20 respectively. The first, second, third and fourth sides of raised
      portions 18, 20 are designated 18A, 18B, 18C, 18D and 20A, 20B, 20C, 20D
      respectively. The raised portions 18 and 20 are preferably substantially
      identical to allow the raised portion 18 to sit upon the raised portion 20
      as shown in FIGS. 2 and 3.
PAR  The regions 13 and 15 are sufficiently large to hold at least one storage
      member 10 of threaded material. It is obvious, however, that if one wanted
      to hold more than one storage member, the regions 13 and 15 could be made
      larger.
PAR  Threaded material is dispensed, as shown at 11, from the yarn skein 10
      between the overlapping sides 18A and 20A of the raised portions 18, 20.
      Notice that it could be dispensed between 18B/20B, between 18C /20C, and
      between 18D /20D of portions 18 and 20.
PAR  With dispensing between 18A/20A, it is preferable that sides 18B, 18C, 20B,
      20C be present so that pulling on thread strand 11 does not pull the yarn
      skein 10 out of the central depression. In a most preferred embodiment the
      sides 18D and 20D are also present, and the enclosures 13, 15 are
      completely surrounded by raised portions 18, 20.
PAR  Preferably the two contoured members 12, 14 are hinged by a hinge 24 so
      that member 12 may be folded over member 14.
PAR  In the most preferred embodiment the entire dispenser is made of pliable
      material such as cloth or plastic material sheets 15A, 15B, and except for
      the region between is filled with granular material such as beans, rice,
      bird seed or polished sand. Sharp granular material is not desirable
      because it may tear the cloth. Note, however, that such sharp granular
      material is within the scope of the invention.
PAR  Note also that in the shown embodiment the walls of the central portions
      are each a pair of overlapping sheets, 13A, 13B and 15A, 15B. Between 13A
      and 13B is granular material 30. Optionally, granular material may be
      between sheets 15A, 15B. (not shown)
PAR  The raised portions 18, 20 are shown as substantially circularly
      cylindrical tubular members 18A, 18B, 18C, 18D and 20A, 20B, 20C, 20D
      filled with granular material 30.
PAR  It is desirable that the central portion walls 13A, 13B, 15A, 15B be
      sufficiently pliable that the weight of the enclosed granular material
      between 13A, 13B causes the walls to sag and snuggle around the yarn skein
      10 as it becomes smaller, producing a braking action to prevent
      inadvertent unwinding and tangling of the yarn.
PAR  The shown oval plan with raised portions 18, 20 lineally surrounding the
      central regions 13, 15 is preferred.
PAR  It is also preferred to include handles 40, 42 attached to the sides 20B
      and 20C of bottom member 14.
PAR  Preferably each member 10, 12 is fabricated from two overlapping sheets of
      material with seams separating the central from the outside regions.
PAR  Although the invention has been described in detail above, it is not
      intended that the invention shall be limited by the specification but only
      by the claims as interpreted by the specification.
CLMS
STM  I claim:
NUM  1.
PAR  1. A threaded material dispenser comprising:
PA1  first and second contoured members, each said member having an oval plan
      and a depressed central region lineally surrounded by raised portions,
      said raised portions being substantially identical on said two members to
      allow the said raised portion said second member to sit on the said raised
      portion of said first member, said members being hinged together on one
      side thereof;
PA1  said dispenser being made of pliable material, and at least said raised
      portions being filled with granular material;
PA1  the space formed between said overlapping central regions being of
      sufficient size to hold at least one storage member of threaded material;
PA1  whereby threaded material may be dispensed from said storage member between
      at least one side of said raised portions of said first and second
      members.
NUM  2.
PAR  2. The dispenser of claim 1 in which said central portions each comprise a
      pair of overlapping sheets of pliable material; and
PA1  granular material between said sheets of said second member.
NUM  3.
PAR  3. The dispenser of claim 2 in which said raised portions comprise
      substantially circularly cylindrical tubes surrounding their respective
      central portions.
NUM  4.
PAR  4. The dispenser of claim 3 in which said pliable material is selected from
      the class consisting of cloth or plastic material and said granular
      material is selected from the class consisting of beans, rice or seed.
NUM  5.
PAR  5. A threaded material dispenser comprising:
PA1  first and second contoured members, each said member having a depressed
      central region surrounded on at least first, second and third sides by a
      raised portion;
PA1  said raised portions being substantially identical on said two members to
      allow the said raised portion of said second member to sit on the said
      raised portion of said first member;
PA1  the space formed between said overlapping central regions being of
      sufficient size to hold at least one storage member of threaded material;
PA1  said central portion of at least said second member being sufficiently
      pliable and heavy that it sags of its own weight, whereby it rest upon
      said storage member of threaded material;
PA1  whereby threaded material may be dispensed from said storage member between
      at least one side of said raised portions of said first and second
      members.
NUM  6.
PAR  6. The dispenser of claim 5 in which said raised portions are sufficiently
      pliable to allow a strand of said threaded material to be pulled between
      said raised portion of said first and second members from at least one of
      said storage members of threaded material.
NUM  7.
PAR  7. The dispenser of claim 6 in which there is only one said storage member.
NUM  8.
PAR  8. The dispenser of claim 7 in which said threaded material is yarn, and
      said storage member is a skein of said yarn.
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ABST
PAL  A method and apparatus is provided for compensating short duration thread
      tension fluctuations during feed of thread to a textile machine. The
      method includes blowing a jet of fluid medium along the thread in a
      direction opposite to the direction of travel of the thread from a
      delivery zone to a thread takeup zone. The blown jet of fluid medium
      produces a deflection of the thread from its straight path to form a
      storage or reserve of the thread from which thread may be taken during
      short-term fluctuations. The apparatus includes various forms of a blower
      mechanism and control means for providing the necessary storage or reserve
      of thread along its path of travel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a winding machine such as a cross bobbin winding machine, thread is
      deposited in a spiral configuration during winding onto a spool. A thread
      guide reciprocates back and forth along the length of the spool in an
      alternating left and right hand spiral with the pitch of the spiral
      reversing at the spool end. Because of this, the winding speed of the
      thread is not equal to the peripheral speed of the rotating spool but
      equals the peripheral speed divided by the co-sine of the pitch angle.
PAR  The reversal of the pitch direction does not occur in zero time but in a
      finite time dependent on the type of thread guide being used. The thread
      is not deposited at the spool ends in a sharp reversing angle, but in a
      reversing arc determined by the mechanics of the thread guide elements.
      Consequently, the pitch angle changes to zero in a finite time and then
      increases again in the opposite direction to its maximum value. Because of
      this, the thread speed during the back and forth movement of the thread
      constantly changes. Thus, when the spool rotates at a constant peripheral
      speed, the thread speed is not constant.
PAR  A further cause of non-constant thread speed is the influence of the
      so-called thread triangle. The thread triangle is formed by both the
      reversing points of the thread guide and an upper fixed point which
      generally lies above the center of the traverse path of the thread guide
      along the base of the thread triangle. The upper fixed point is spaced
      from the traverse path of the thread guide by a distance which can be
      considerable and is generally from two to four times the length of the
      traverse stroke path. When the thread guide moves from the middle of the
      traverse path to one distal end thereof, the distance between the thread
      guide and the fixed point increases. With a constantly rotating spool
      taking up the thread, this alteration or change in distance causes an
      increase in the thread speed. When the thread moves in the opposite
      direction toward the middle of the traverse path, the thread speed
      decreases because of the decreasing distance between the thread guide and
      the fixed point. Thus, with a constantly rotating spool, the thread speed
      is not constant.
PAR  Both of these speed alterations are unavoidable and have undesirable
      effects on the direct winding of threads which are delivered at a takeup
      zone at constant speed from a processing machine. A medial thread winding
      speed and thread winding tension may be selected by adjusting the ratio of
      the winding speed to the delivery speed in a direct winding process.
      However, because of the constantly changing speed of thread during the
      winding procedure, irregular thread tension occurs. The resultant
      differences in thread tension can reach values which can drop from the
      medial tension to zero and the tension peaks can come to two to five times
      the value of the medial tension.
PAR  It is known to equalize the constant alteration in thread tension by
      passing the thread over a guide pulley as it runs from the fixed point to
      the traversing thread guide. The guide pulley is mounted on a pivoting arm
      and the wrapping angle of the thread is approximately 180.degree.. Such a
      pivoting arm is also called a jumper arm. The pivoting arm is intended to
      regulate the thread tension to a constant value as a result of its
      continual pivoting by means of a counter force. Because the pivoting arm
      is an inertial element, the regulating facility is difficult and sluggish.
PAR  Attempts have been made to replace the guide pulley by having the thread
      blown in a reverse manner by a stream of fluid medium. In this attempt,
      the blower device is located at the end of the arm and forms the return
      momentum for the deflection of the arm. It is necessary to guide the
      thread around further turning units such as pins or the like on both sides
      of the blower device so that varying sizes of loops may be formed during
      the blowing operation. However, even in this case, the device is not free
      of inertia. Moreover, such a device is bulky because additional turning of
      the thread in the thread run must be incorporated. In addition, the device
      is wasteful of energy. That is, a considerable volume of air is consumed
      because the thread loop must be maintained by a blown jet of fluid medium
      and a continuous air cushion must be maintained at a relatively high
      pressure.
PAC  PURPOSE OF THE INVENTION
PAR  The primary object of the invention is to maintain thread tension when a
      thread is fed to a thread takeup machine in a simple and inexpensive
      manner.
PAR  Another object of the invention is to provide a method and apparatus of
      compensating short-term fluctuations in thread tension while using a blown
      jet of fluid medium which causes a deflection in the traveling thread
      thereby producing a reserve or storage amount of thread along the path of
      travel.
PAC  SUMMARY OF THE INVENTION
PAR  As disclosed herein, thread is fed from a delivery mechanism at a constant
      speed to a processing machine such as a winding machine or the like. The
      thread extends freely along a linear path and is subjected to a blown jet
      directed along the thread in a direction opposite to the direction of
      travel for the thread. Such a blowing procedure along the longitudinal
      axis and in a direction opposite to the direction of travel produces an
      effect enabling a constant thread tension to be maintained. Such a blowing
      procedure causes the thread to move in a more or less vibratory fashion.
      That is, a fluttering movement occurs along the length of the thread
      causing the thread to be taken up within a relatively small deviation from
      the straight line of travel. The deviation of the thread represents a
      thread reserve which serves to maintain the regular thread tension during
      altering or changing thread speeds. That is, the thread reserve is
      decreased to a greater or lesser degree during operation of the thread
      takeup processing machines.
PAR  When the thread speed decreases, the deflection of the thread becomes
      larger and the thread reserve increases. When the thread speed increases,
      the thread reserve resulting from the thread vibration is correspondingly
      decreased without an increase in thread tension.
PAR  The apparatus made in accordance with this invention is used to effect the
      method as described hereinabove. The apparatus comprises a blower
      mechanism adapted to blow a jet of fluid medium along the moving thread in
      a direction opposite to the direction of travel for the thread. The blower
      mechanism may include a nozzle device having the form of an injector and
      including a thread passage and a fluid medium passage through which a
      blown jet of fluid medium is supplied longitudinally along the thread
      outside the nozzle device. The fluid medium passage may include an annular
      duct and an inlet means to the said annular duct. In a specific
      embodiment, the inlet means is disposed to tangentially introduce the
      fluid medium into the annular duct. In this way, the stream of fluid
      medium emerges from a funnel-shaped outlet in a swirling movement to
      effect a twisting or rifled effect in the moving thread. Such a twisting
      effect reinforces the provision of vibrations in the thread by a
      considerable degree. The blower mechanism which directs the jet of fluid
      medium in a direction opposite to the direction of thread travel serves as
      a counter flow brake on the thread.
PAR  In another embodiment, the blower mechanism includes two nozzle devices of
      the type described hereinabove. The nozzle devices are spaced apart with
      respect to each other along the length of the thread with the jet outlet
      ends being directed toward each other. This relationship between the
      nozzle devices considerably reinforces the formation of vibrations in the
      thread between the devices. A so-called thread balloon is formed between
      the devices and is maintained at different sizes in dependence upon the
      intensity of the blowing fluid medium. As described, the devices are
      spaced apart by a distance effective to have the jets of fluid medium
      directed therefrom to cooperate with respect to each other to form the
      appropriate thread deflection forming a thread reserve.
PAR  The thread reserve may also have a deflecting configuration established by
      transverse vibration thereof instead of producing a so-called thread
      balloon effect. In this embodiment, the blower mechanism includes a nozzle
      device having a casing with a duct extending longitudinally thereof and
      being open at each end to form a thread passage therethrough. The duct
      includes a deflecting zone wherein the inside surface of the casing has an
      undulating configuration to cause the jet of fluid medium to change
      directions therein thereby causing a deflection of the thread extending
      through the thread passage. A blower feed hole is disposed eccentrically
      with respect to the thread outlet opening which has a passage of smaller
      diameter than the deflecting zone within the duct.
PAR  In a further embodiment of the invention, the blower mechanism is offset
      with respect to the direction of delivery from the delivery mechanism to
      form a loop in the thread between the delivery mechanism and the blower
      mechanism. Thus, the thread can hang in a greater or lesser bight thereby
      providing the desired thread reserve.
PAR  Air may be used at a predetermined pressure as a fluid medium in the jet
      blowing device. However, other fluid mediums such as steam or liquid may
      also be used.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of this invention will appear in the following description
      and appended claims, reference being made to the accompanying drawings
      forming a part of the specification wherein like reference characters
      designate corresponding parts in the several views.
PAR  FIG. 1 is a side elevational view partially in section of an apparatus for
      maintaining constant thread tension in accordance with this invention,
PAR  FIG. 2 is a cross-sectional view along line II--II of FIG. 1,
PAR  FIG. 3 is a cross-sectional view of another embodiment of an apparatus made
      in accordance with this invention,
PAR  FIG. 4 is a side elevational view partially in section of an apparatus
      functioning in accordance with the invention,
PAR  FIG. 5 is a diagrammatic elevational view partially in section of a further
      embodiment made in accordance with this invention,
PAR  FIG. 6 is a cross-sectional view of a still further embodiment of an
      apparatus made in accordance with this invention,
PAR  FIG. 7 is a cross-sectional view along line VII-VII of FIG. 6, and
PAR  FIG. 8 is a longitudinal cross-sectional view of a still further embodiment
      of an apparatus made in accordance with this invention.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  More specifically, referring to FIG. 1, thread 1 passes from a delivery
      mechanism 2 which comprises rollers 3 and 4 to a traversing device 5
      having thread guide 6 which is continuously moved back and forth along a
      spool core 7 by a mechanism such as a reverse thread roller. Thread 1 is
      wound onto spool core 7 to form a thread package 8. Friction roller 9
      rotates the spool core 7 and friction package 8. The friction roller 9 is
      driven at a constant rotational speed by a motor 10 by means of pulleys 11
      and 12 and a drive belt 13. The delivery mechanism 2 and the friction
      roller 9 are driven at a constant r.p.m. ratio. The peripheral speed of
      the package 8 taking up the thread 1 is independent of the spool diameter
      and thus is always in the same ratio to the speed of the driven friction
      roller 9. This peripheral speed relationship is maintained because of the
      type of friction roller drive being used.
PAR  A blower mechanism comprising nozzles, generally designated 14 and 21, are
      used to maintain constant thread tension in the thread 1 which is freely
      moving in a straight line. Nozzle 14 includes a casing 15 having a throat
      16 adjacent one end thereof. Casing 15 also includes an annular duct 17
      connected to a feed duct 18 through which fluid medium is blown. A
      shell-shaped portion 19 has an axial passage 20 disposed in the interior
      of casing 15. Thread 1 runs through the throat 16 and passage 20. The
      annular duct 17 opens into the throat 16 located at the open mouth end 16a
      of nozzle 14. The construction of nozzle 21 is identical to nozzle 14 and
      the mouth ends of the nozzles 14 and 21 face each other at laterally
      spaced locations along the continuously running thread 1. A straight path
      zone for the thread 1 is defined between the laterally spaced nozzles 14
      and 21 disposed at opposite ends of the zone.
PAR  Fluid medium is blown into the feed duct 18 and out of the open mouth ends
      so that a jet of fluid medium is blown in a direction from one nozzle to
      the other nozzle.
PAR  Nozzle 21 with its corresponding jet of fluid medium insures that the
      thread 1 is drawn from the delivery mechanism 2 particularly when there is
      a speed minimum at the winding point. The other blower device or nozzle 14
      has its corresponding jet of fluid medium operating in the direction
      opposite to the direction of travel of the thread thereby producing a
      braking effect. Consequently, the thread 1 is caused to deviate a certain
      extend from its extended straight position between the nozzles 14 and 21.
      This method of blowing produces a ballooning effect in the thread 1
      between the open mouth ends of the nozzles 14 and 21 as shown in FIG. 1.
      Thus, there is formed a predetermined thread reserve so that the thread 1
      runs at a predetermined tension even when there is a minimum speed at the
      winding point. The braking or ballooning effect on the thread 1 can be
      adjusted by altering the pressure of the blown fluid medium in nozzles 14
      and 21.
PAR  As shown in FIG. 2, the fluid medium input jet is applied to the annular
      duct 17 in a slightly tangential and not radial configuration. The feed
      duct 18 is oriented slightly obliquely to the longitudinal axis of the
      nozzle instead of being perpendicular thereto. The tangential introduction
      of the blown jet of fluid medium produces a rifled or twisting motion
      therein as it emerges from the funnel-shaped outlets of the duct 17 into
      the throat 16. The rifled or twisting motion reinforces the deflection of
      the thread 1 along the free run to enhance the ballooning effect.
PAR  Thread 1 emerges from nozzle 21 at a constant speed as predetermined by the
      delivery mechanism 2. Thread 1 is withdrawn from nozzle 14 at a speed that
      is not constant because of the traversing of the thread guide 6 along the
      length of the thread package 8 and the thread triangle formed as a result
      of the operation of the winding device. Consequently, the ballooning
      portion of thread 1 located between blower devices or nozzles 21 and 14
      changes its length. The ballooning thread portion is moved in a swirling
      motion by the blown fluid medium emerging from the open mouth ends of the
      nozzles 14 and 21. The production of the thread reserve within the thread
      balloon enables the thread emerging from blower device 14 and running onto
      spool 8 to have a constant thread tension despite differing thread speeds.
PAR  A blowing device, generally designated 22, shown in FIG. 3 imparts a
      transverse vibration to the thread 1. Casing 23 includes a duct 24 which
      extends in an undulating manner along casing 23. Inlet end 25 of duct 24
      is entirely open. A fluid medium supply 26 such as air is introduced
      through a hole 27 located at the outlet end of casing 23. A nozzle 28 is
      disposed at the outlet end of casing 23 and it has a passage 29 with a
      diameter smaller than that of duct 24.
PAR  The overall length of corrugated duct 24 must be large enough for the
      difference in thread length resulting from the traversing of the thread
      guide and the thread triangle to correspond to additional thread length
      resulting from the deflection of thread 1 within duct 24. In this way,
      sufficient storage of thread 1 is achieved in device 22 in order to
      provide sufficient amount of thread reserve. The thread reserve in the
      device 22 is sufficient in the same manner as the size of the thread
      balloon formed in the embodiment of FIG. 1 between nozzles 14 and 21. It
      is contemplated that the blowing device 22 may be provided as a substitute
      for either the nozzle 14 by itself or the combination of nozzles 14 and
      21.
PAR  In the arrangement generally designated 29 as shown in FIG. 4, there is
      only one nozzle 14 whose air jet produces no swirling effect in the thread
      1. The longitudinal axis of the nozzle 14 is offset from the direction of
      delivery from the delivery mechanism 2. This makes it possible for thread
      1 to form a loop 1a by means of the nozzle 14 and the property of the
      delivery mechanism which is to carry the thread 1 only slightly in the
      direction of travel. In this embodiment, loop 1a forms the thread reserve
      entirely in the open. The size of loop 1a is a measure of the thread
      reserve required in dependence on the thread triangle and the reversing
      traverse path of the thread guide along the reverse thread roller.
PAR  In the arrangement generally designated 30 as shown in FIG. 5, spool 7a is
      driven directly from the motor 10 in the winding machine, generally
      designated 31. Consequently, the peripheral speed of spool 7a results in a
      variation in the r.p.m. as the diameter of the thread package 8a
      increases. Even in such a spindle-driven winding machine 31, the nozzle 14
      or the combination of nozzles 14 and 21 may be incorporated to provide a
      certain thread reserve in a very simple way. However, a further control
      device, generally designated 32, is provided to control the winding speed
      of the thread 1. The control device 32 includes an arm 33 pivotally
      mounted intermediate its ends at axis 34. A return spring 35 is attached
      to one end of the arm 33 and a guide pin 36 is disposed at the other or
      free end of arm 33. A further guide pin 37 is associated with the guide
      pin 36 at a spaced distance therefrom as shown in the drawing. By means of
      the deflection of arm 33, the r.p.m. of the spindle 7a is controlled via
      the motor 10 for a constant peripheral speed of the thread package 8a. The
      speed alterations during one back and forth or to and fro movement of
      thread guide 6 are correspondingly equalized in order to maintais the
      thread tension constant by the action of nozzles 14 and 21.
PAR  Each of the devices shown in FIGS. 6 through 8 serves to form a thread
      reserve in the running thread in the form of a thread balloon by means of
      a blown jet of fluid medium. The device, generally designated 38, includes
      a casing 39 having central openings 40 and 41 through which the thread 42
      extends and runs in a continuous manner. Opening 40 gradually expands
      somewhat conically along surface 49 into the inner space 43 which is
      cylindrical in form. An annular trough 44 is located around the opening
      41. A tangential duct 45 opens into the annular trough 44 to supply a
      blown fluid medium. In this particular embodiment, air is the fluid
      medium. The flow of air blown into the device through duct 45 is in a
      direction opposite to the movement of thread 42. The air will
      predominantly emerge at the opening 40 thereby exerting a braking effect
      on thread 42. Radial air outlet holes 48 as shown in phantom in FIG. 7 may
      be provided to reduce such a braking effect. The blown air adopts a
      swirling movement within the casing 39. Consequently, thread 42 is
      deflected in the form of a thread balloon 42a having varying size.
PAR  Casing 39a shown in the embodiment of FIG. 8, is cylindrical at the passage
      40 for thread 42. The casing end wall is generally conical around the
      thread passage 41 as shown at profiles 46 or 47. The thread passage may
      also be arranged in accordance with the openings 41a as shown in FIG. 8.
      The thread balloon forms when the blown jet of fluid medium is provided
      through duct 45. The thread reserve in the thread balloon equalizes short
      duration fluctuations in thread tension in the associated winding
      machines. Blower devices or nozzles having a closed casing have the
      advantage that a smaller amount of air is required for the blown jet.
PAR  Little air is used in providing the thread reserve. This is of considerable
      importance during continuous operation of winding machines and is
      extremely economical. The casing can be made of transparent material such
      as glass or artificial glass. This provides the advantage that the size of
      the thread balloon can be monitored at any time. The intensity of the
      blown jet is accordingly easily regulated.
PAR  The described devices combine several advantages of an important type. Not
      only is control of thread tension and compensation of fluctuations in
      thread tension during a winding process achieved, but turbulence in the
      thread is achieved by the blown jet. This is particularly true with
      synthetic threads which are made up of individual fibers. In this case,
      the blown jet twists the individual fibers together so that twisting or
      smoothing of the thread can be eliminated. The described devices can be
      incorporated without difficulty in the thread run in front of the
      so-called thread triangle in existing winding machines. This provides
      compensation of short duration fluctuations in thread tension in a simple
      manner in winding machines already in existence.
PAC  ADVANTAGES OF THE INVENTION
PAR  The method carried out in accordance with this invention is simple and
      effective and entirely eliminates problems associated with inertia as in
      the prior art mechanisms. There is no looping of the thread by 90.degree.
      or more required for the method of this invention. Additional frictional
      points are eliminated because guide units formerly used have been
      eliminated. The structural arrangement of the apparatus is compact and
      economical with respect to the consumption of energy. Further, the
      apparatus of the invention may be disposed along a straight portion of any
      thread being wound. In addition, the consumption of fluid medium is
      maintained at a minimum because there is no necessity for forming an air
      cushion in conjunction with this operation.
PAR  While the process and apparatus for compensating short-term fluctuations in
      thread tension during feeding of thread to winding machines and the like
      has been shown and described in detail, it is obvious that this invention
      is not to be considered as being limited to the exact form disclosed, and
      that changes in detail and construction may be made therein within the
      scope of the invention, without departing from the spirit thereof.
CLMS
STM  Having thus set forth and disclosed the nature of this invention, what is
      claimed is:
NUM  1.
PAR  1. A method of compensating for short term fluctuations in thread tension
      during feeding of a thread to a working station that demands a varying
      amount of thread length during operation, said method comprising:
PA1  a. supplying thread to run freely along a straight path zone at a constant
      speed from a delivery zone,
PA1  b. said straight path zone having a downstream end and an upstream end,
PA1  c. blowing a first jet of fluid medium along the thread from the downstream
      end in a direction opposite to the direction of travel of the thread, and
PA1  d. blowing a second jet of fluid medium along the thread from the upstream
      end toward said first jet,
PA1  e. said blowing jets of fluid medium being effective to produce a reserve
      supply of thread within the straight path zone by causing a thread
      deflection away from the straight path.
NUM  2.
PAR  2. A method as defined in claim 1 wherein
PA1  a thread winding machine having a thread guide device reciprocating along
      the length of a reverse thread roller is provided and
PA1  the blowing of said first and second jets is effected between the delivery
      zone and the reciprocating thread guide device.
NUM  3.
PAR  3. A method as defined in claim 1 further including
PA1  causing turbulence in the blown jets of fluid medium to cause deflections
      in the straight path zone traveled by said thread.
NUM  4.
PAR  4. A method as defined in claim 1 wherein
PA1  said blown fluid medium is steam or a liquid.
NUM  5.
PAR  5. A method of delivering thread to a thread package, comprising:
PA1  a. supplying thread to run freely along a straight path zone at a constant
      speed from a delivery supply zone,
PA1  b. said straight path zone having a downstream end and an upstream end,
PA1  c. blowing a first jet of fluid medium along the thread from the downstream
      end in a direction opposite to the direction of travel of the thread, and
PA1  d. blowing a second jet of fluid medium along the thread from the upstream
      end toward said first jet,
PA1  e. said blowing jets of fluid medium being effective to produce a reserve
      supply of thread within the straight path zone by causing a thread
      deflection away from the straight path,
PA1  f. reciprocating a thread guide device along the length of a reverse thread
      roller rotatably mounted adjacent the thread package, and
PA1  g. directing the thread from the straight path zone through said thread
      guide device and onto the thread package.
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PAL  A radiation sensor including an inner detector surrounded by an array of
      outer detectors is employed in radiation tracking apparatus which is
      capable of tracking a true target in a field of targets which may include
      a decoy or false target. The apparatus includes a color filter arrangement
      and a reticle which cooperates to produce pulses of long and short
      wavelength filtered infrared radiation upon the outer detectors of the
      sensor. The apparatus includes means for processing the signals produced
      by the outer and inner detector elements so as to discriminate between
      true and false targets and cause the tracking apparatus to track a true
      target.
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PAC  BACKGROUND OF INVENTION
PAR  1. Field of Invention
PAR  The present invention relates generally to radiant energy responsive
      apparatus and in particular to infrared radiation homing apparatus and a
      radiation sensing device useful therein.
PAR  Radiation homing or tracking apparatus is useful to track or home in on an
      optical image of a remote light transmitting object. In one application
      the object is a missile or aircraft and the transmitted light takes the
      form of an infrared radiation (hereinafter referred to as IR) pattern
      emitted from the propulsion system thereof. Since many natural objects and
      various kinds of machines also emit IR, the tracking apparatus must be
      capable of discriminating between the radiation pattern of the object
      being tracked and the IR pattern of the background as well as the IR
      patterns of undesired or false targets, such as pyrotechnic devices or
      flares. In addition, the radiation detection apparatus should be capable
      of operation in a multiple target environment so that it tracks or homes
      in on a single true target.
PAR  2. Prior Art
PAR  It is generally known that the IR patterns of a true target, such as a
      missile, or aircraft and of a false target, such as a flare, have
      different spectral energy content in different wavelength bands of the
      spectrum. That is, a flare and an aircraft have different IR color
      temperatures. Low color temperature targets, such as missiles or aircraft,
      have their maximum spectral energy emitted at a longer wavelength than
      higher color temperature targets, such as flare decoys. As a result, many
      devices are known which discriminate between true and false targets by
      comparing the differences between the IR intensities in different
      wavelength bands with one another or with reference intensities.
PAR  One type of prior art device includes a separate electro-optical system for
      each particular color. The IR color intensities produced by each system
      are balanced with one another to reduce the effect of false target
      radiation (U.S. Pat. No. 2,927,212) or simply employed to enable or
      disable (U.S. Pat. Nos. 3,147,381 and 3,219,826) the electro-optical
      system associated with the true target IR color. The use of a separate
      optical system for each color is undesirable because the parallel optical
      systems are bulky and heavy. In addition, these parallel electro-optical
      systems are not only difficult to align so that the object viewed by each
      is correspondingly positioned but also difficult to design so that they
      track with variations in ambient light level and ambient temperature.
PAR  In another prior art device, exemplified by U.S. Pat. No. 3,160,751, a
      single optical system is employed to discriminate between different IR
      patterns. In this device a number of concentric color filters are employed
      at the optical entrance aperture to permit preselected and separate IR
      colors to enter the optical system. A field lens images the entrance
      aperture and, hence, the filtered IR colors, on a like number of detectors
      such that separate detectors receive different IR colors. The output
      voltages of the detectors are then compared to produce an indication or
      identification of the target from which the IR is emanating. A
      disadvantage of this device is that it requires a plurality of detectors,
      one for each IR color being measured. Moreover, this device does not
      appear to give a valid color identification in a multiple target
      environment or select and track a single target in such an environment.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide novel and improved radiant
      energy responsive apparatus.
PAR  Another object is to provide novel and improved IR tracking or homing
      apparatus which is capable of discriminating between objects having
      different color temperatures.
PAR  Still another object is to provide novel and improved radiant energy
      tracking apparatus which is capable of tracking and selecting a single
      target in a multiple target environment.
PAR  Yet another object is to provide novel and improved radiation tracking
      apparatus which is capable of discriminating between color temperatures of
      different targets in a multiple environment.
PAR  A further object is to provide novel and improved radiation tracking
      apparatus which is capable of discriminating between different color
      temperature targets as well as selecting and tracking a single target in a
      multiple target environment.
PAR  Still a further object is to provide a novel and improved radiant energy
      sensing device.
PAR  Yet a further object is to provide a novel and improved radiant energy
      sensing device which can be adapted for tracking and selecting a single
      target in a multiple target environment.
PAR  Briefly, radiant energy responsive apparatus embodying the present
      invention includes first and second electo-optical devices and a guidance
      device all arranged to track a field of targets which includes a true
      target and a false target. The first electro-optical device produces error
      signals indicative of the deviation from its optical axis of radiant
      energy emanating from any of the targets which are within its field of
      view. The guidance device responds to these error signals to home the
      optical axis on the centroid of the targets until only one target remains
      in the optical field of view of the first device and then to home the
      optical axis on the remaining target. The second electro-optical device
      has a field of view which is centered on the optical axis of and surrounds
      the field of view of the first electro-optical device. The second device
      responds to radiant energy emitted by any of the targets which come within
      its field of view to produce signals which cause the guidance device to
      reorient the optical axis only when the radiant energy is that of a true
      target so that it comes within the field of view of the first device.
PAR  Radiant energy sensing detector apparatus embodying the invention includes
      a centrally located detector element which produces a set of signals the
      amplitudes of which are a function of the position of an image of a target
      incident thereon. A plurality of separate detector elements surround and
      are equally spaced from the center of the centrally located detector and
      are each arranged to produce an output signal in response to the imaging
      of a point source target thereon.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings like reference characters denote like elements
      of structure; and
PAR  FIG. 1 is a block diagram in part and a side elevational view in part of
      radiant energy responsive apparatus embodying the present invention;
PAR  FIGS. 2a to 2f are a sequence of plan views of the radiant energy sensing
      element of the FIG. 1 apparatus showing an exemplary sequence of events
      for discriminating between a true and a false target;
PAR  FIG. 3 is a plan view of the reticle carrying surface of the spinning disc
      included in the radiant energy responsive apparatus of FIG. 1;
PAR  FIG. 4 is a plan view of the other surface of the spinning disc showing the
      location of the IR color filters;
PAR  FIG. 5 is a plan view of one surface of a radiation sensing element
      embodying the present invention;
PAR  FIG. 6 is a sectional view taken along the lines 6--6 of the radiation
      sensing element shown in FIG. 5;
PAR  FIG. 7 is a plan view of the other surface of the radiation sensing element
      of FIG. 5;
PAR  FIG. 8 is a more detailed block diagram of radiant energy responsive
      apparatus embodying the present invention;
PAR  FIG. 9 is a block diagram of the signal adder and multiplexer employed in
      the radiant energy responsive apparatus.
PAR  FIG. 10 is a block diagram of a sampling signal generator useful in the
      radiant energy responsive apparatus;
PAR  FIG. 11 is a block diagram of a color discriminator network which is also
      useful in the radiant energy responsive apparatus;
PAR  FIG. 12 is a logic schematic diagram of the control logic block of the
      radiant energy sensing apparatus; and
PAR  FIG. 13 is a waveform diagram of signals which occur at various points in
      the circuits of FIGS. 10 and 11.
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PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  It is contemplated that radiant energy sensing devices and radiant energy
      responsive devices embodying the present invention may be employed in any
      application where it is desired to sense or detect multiple targets and/or
      to discriminate between targets having different spectral characteristics.
      However by way of example and completeness of description, radiant energy
      sensing devices and radiant energy responsive apparatus embodying the
      invention are illustrated herein in a missile guidance system. As shown in
      FIG. 1, the guidance system includes an optical system 30, a radiant
      energy sensing element 40, inner and outer electro-optical networks 22 and
      23, a signal adder and multiplexer (MUX)24 and a guidance control unit 25
      which are all housed within a missle 26. Radiant energy is admitted
      through the missile nose aperture 27 and passed by the optical system 30
      to the radiant energy sensing element 40. The sensing element 50 converts
      radiant energy incident upon its surface to electrical energy in the form
      of output signals. These output signals are processed by the
      electro-optical networks 22 and 23 and combined in the signal adder and
      multiplexer 24 to produce error signals .DELTA. x and .DELTA. y (azimuth
      and elevation, respectively) which are indicative of the deviation of a
      detected target from alignment with the optical axis 28 of the optical
      system 30 and the detector element 40. The guidance control unit 25
      responds to these error signals to change or modify the spatial
      orientation of the optical axis 28 so as to bring it more closely in
      alignment with the target.
PAR  Since the details of the guidance control unit 25 do not form a part of the
      present invention, it will not be described in detail herein. Suffice it
      to say here that such units exist in present day missile guidance systems
      and that the output error signals provided by the radiant energy
      responsive apparatus embodying this invention are intended as intput
      signals to such guidance control units.
PAR  The optical system 30 includes a first lens 31 positioned in the missile
      nose aperture 27 and arranged to focus radiant energy incident on its
      surface to a disc 32 located in the focal plane of the lens 31. The disc
      32 has a reticle pattern 33 fabricated on its surface which faces the lens
      31. As shown in the plan view of FIG. 3, the reticle 33 preferably takes
      the form of a checkerboard pattern of radial sectors or regions 33-1 and
      33-2 which are opaque and transparent, respectively, to the incident
      radiation in the wavelength band of interest. For the purpose of timing as
      described hereinafter, the opaque region in one area 33-3 of the reticle
      has been omitted. That is, the area 33-3 of the reticle is transparent to
      incident radiation in the wavelength of interest. The disc 32 is rotated
      by means of a motor 36 whereby the checkerboard reticle pattern acts to
      scan or chop the incident radiation so as to enhance the detection of
      point source targets such as airplanes or missiles, in the presence of
      background IR. That is, the spinning reticle 33 with its geometrical
      scanning pattern acts to spatially filter the radiation collected by the
      lens 31.
PAR  Fabricated on the opposite surface of the disc 32 is a spectral filter
      arrangement 34. As best seen in the plan view of FIG. 4, the spectral
      filter arrangement 34 takes the form of a pair of spectral filters 34-1
      and 34-2. The filter 34-2 consists of a radial sector the same size as and
      in registration with the reticle area 33-3. The filter 34-1 covers the
      remainder of the disc surface. The spectral filter 34-1 is given a
      passband which substantially matches the wavelength band in which the
      major portion of the spectral energy radiated by the desired or true
      target occurs. For the case of an aircraft or missile target this passband
      is in the infrared region and may extend from 2.8 to 3.2 microns. On the
      other hand, the spectral filter 34-2 is given a passband which is distinct
      from that of filter 34-1 and which is chosen in accordance with the
      spectral energy distribution of unwanted or undesired targets. For
      example, the radiation from an undesired target such as a flare has a
      rather high spectral content in the near visible region of the infrared
      spectrum. Accordingly, as the disc 32 rotates, the incident radiation is
      not only spatially filtered by the reticle 33 but is also color filtered
      by the spectral filters 34-1 and 34-2 so as to produce in an outer
      circumferential annular band defined by the area 33-3 or filter sector
      34-2 a relatively short pulse of short wavelength filtered IR and a
      relatively long pulse of long wavelength filtered IR during each
      revolution.
PAR  The fabrication technique employed to make the reticle 33 does not form any
      part of the present invention and therefore will not be described herein
      in detail. Suffice it to say here that any of the reticle fabrication or
      techniques described in Chapter 9 of the textbook entitled "Reticles and
      Electro-Optical Devices" by Lucien N. Biberman, 1966, may be employed. The
      materials for filters 34-1 and 34-2 may be selected from dielectric
      semiconductor materials, such as zinc sulphide, which are deposited in a
      suitable substrate such as quartz by standard deposition techniques. The
      motor 36 preferably takes the form of a hysteresis synchronous motor with
      a belt drive linkage to the shaft of the disc 32.
PAR  The spatially and spectrally filtered IR is again nearly focused by means
      of another lens 35 onto the detector element 40 which is located just out
      of the focal plane of the lens 34. The image is deliberately defocused a
      small amount in order to avoid a dead zone in the detector transfer
      function as the image traverses the central electrode 41-5. For simplicity
      of illustration, detector element 40 is shown in skeletal form in FIG. 1
      as consisting of an inner detector 41 and an outer detector 45 which is
      concentric with the inner detector 41 and which is in optical registration
      with the circumferential band of short and long wavelength filtered
      radiation produced by the spectral filters 34-1 and 34-2.
PAR  The inner and outer detector elements 41 and 45 preferably take the form of
      a unitary or one piece construction as shown in FIGS. 5 to 7. The inner
      detector 41 (FIG. 7) takes the form of a five electrode variable impedance
      lead sulfide (PbS) detector of the type described at column 7 of U.S. Pat.
      No. 3,657,548. Thus, a circular layer of lead sulfide material 42 is
      deposited on one surface of a substrate 43 which consists of a material,
      such as quartz, which is transparent to IR. A d.c. bias source,
      illustrated as a battery 44, applies a d.c. bias to a center electrode
      41-5 adhered to the external surface of layer 42. The other four
      electrodes 41-1 to 41-4 take the form of radial sectors located at
      90.degree. intervals about the periphery of the layer 42. The radial
      length of each outer electrode sector is equal to the radial length of the
      filter 34-2 whereby the active area of detector 41 consists of the inner
      circular region defined by the outer electrodes. The dashed connections of
      resistors between the center electrode 41-5 and each of the outer
      electrodes 41-1 to 41-4 diagrammatically illustrate the approximate
      equivalent circuit.
PAR  The output signals EI1 and EI4 produced by the detector 41 at electrodes
      41-1 through 41-4, respectively, are functions of the position or location
      of the detector surface where the optical system 30 focuses an image of a
      radiating point source target. The center (electrode 41-5) of the detector
      41 coincides with the optical axis. When a slightly defocussed point
      source target image modulated by the reticle scanner 33 lands on the
      detector center electrode 41-5, positive going signals of equal amplitude
      are produced on the output leads connected to each of the output
      electrodes 41-1 to 41-4. These equal amplitude signals are balanced or
      nulled in the inner electro-optical network 22 to produce a target on axis
      or on boresight condition. If the radiation pulse lands at another point
      on the detector surface, the amplitudes of the positive going signals
      produced at the output electrodes will be functions of the displacement
      from the cell center. These signal amplitudes are then compared with one
      another in network 22 so as to produce signals indicative of the amount
      and direction of displacement from the cell center. The actual comparisons
      made are dependent upon the definition of elevation and azimuth with
      respect to the orientation of the cell 41. For the illustrated embodiment,
      the elevation and azimuth direction are considered as the vertical and
      horizontal, respectively, illustrated by the Y and X coordinate axes which
      are superimposed upon the cell 41 with the origin coinciding with the cell
      center. For such a definition, it can be determined if a target is either
      on or to the right or left of the Y axis by comparing the signals at
      electrodes 41-2 and 41-4. Similarly, it can be determined if the target is
      either on or above or below the X axis by comparing the signals from
      electrodes 41-1 and 41-3. The results of these comparisons are then
      employed to generate the inner detector error signals .DELTA. x.sub.I and
      .DELTA. y.sub.I indicative of the amount of displacement of the target
      image from the X and Y axes, respectively. These error signals are applied
      via the signal adder and MUX 24 to the guidance control 25 which responds
      thereto to orient the optical axis in a direction to bring the missile on
      to boresight.
PAR  As shown in FIGS. 5 and 6, the outer detector 45 consists of four
      90.degree. radial sectors 45-1 to 45-4 of lead sulfide material arranged
      about the periphery of and on the opposite side of the substrate 43 so as
      to be responsive to the aforementioned outer band of spectrally filtered
      IR. To this end the sectors 45-1 to 45-4 have the same radial length as
      sectors 33-3, 34-2 and 41-1 to 41-4 and are arranged in optical
      registration therewith. The sectors 45-1 to 45-4 subtend annular radial
      sectors about the +Y, +X, -Y and -X directions, respectively. As a result,
      when a point source target is focused on any one of the sectors 45-1 to
      45-4 an output signal EO1, EO2, EO3, or EO4, is produced on the
      corresponding output electrodes 45-11, 45-21, 45-31 or 45-41, as the case
      may be. For example, the output signal EO1 indicates that a target is
      present on the outer detector element 45-1 and that its displacement from
      boresight is in the +Y direction. The output electrodes 45-11, 45-21,
      45-31 and 45-41 are located at one end of their corresponding sectors
      while corresponding electrodes 45-12, 45-22, 45-32 and 45-42 are located
      at the other ends of the sectors and are connected to bias sources
PAR  The inner and outer detectors 41 and 45 operate as follows to seek a true
      target in a multitarget environment in which one or more true target
      aircraft emit a false target flare as a countermeasure. As the missile
      approaches a field of targets the inner detector 41 is operable to track
      the centroid of the IR energy emitted by the targets. That is, the signals
      EI1 to EI4 are indicative of the centroid location for a plurality of
      targets within its optical field of view (the inner circular region
      defined by electrodes 41-1 to 41-4). If one of the aircraft targets T in
      FIG. 2a deploys a flare decoy F the centroid is nearer to the flare due to
      its higher color temperature. As the missile approaches the flare and
      aircraft the flare F and aircraft T targets separate (FIGS. 2b-2d) until T
      target leaves the field of view of the inner detector 41 (FIG. 2d). As the
      T target or aircraft enters the field of view of the outer detector 45 and
      is focused on to the outer detector element 45-4, the signal EO4 is
      produced. Due to the spectral filtering produced by filters 34-1 and 34-2
      (FIGS. 1 and 4) the signal EO4 consists of a short portion of a first
      amplitude and a longer portion of a second amplitude during each
      revolution of the disk 32. The second electro-optical network 23
      discriminates between the amplitudes (color temperatures) of these two
      amplitude values to determine that the aircraft is a true target and
      issues a correction signal .DELTA. x.sub.o which causes the guidance
      control 25 to reorient the optical axis so that the aircraft or true
      target T again comes within the field of view of the inner detector 41
      (FIG. 2e). When the flare is detected by the outer detector element 45-2
      the second electro-optical network 23 determines that it is a false target
      so as to produce signals which command the guidance control 25 to respond
      only to the error signals .DELTA. x.sub.I and .DELTA. y.sub.I produced by
      the inner detector 41. As a result, the inner detector 41 continues to
      track the aircraft and the outer detector ignores the flare which
      eventually leaves the outer detector field of view as the missile comes
      nearer to the aircraft.
PAR  For the case where none of the aircraft in the optical field of view of the
      detector element 41 and 45 deploys a flare, the inner detector 41 tracks
      the centroid of the emitted IR. As the missile approaches and a first one
      of the aircraft leaves the inner detector field of view and enters the
      outer detector field of view the outer detector 45 produces an appropriate
      output signal EO1 to EO4, as the case may be. This signal causes the
      electro-optical network 23 to produce a corresponding .DELTA. x.sub.o or
      .DELTA. y.sub.o signal to cause the guidance control to reorient the
      optical axis by one-half the field of view of the inner detector. The
      result is that the IR centroid tracked by the inner detector 41 is close
      to the first aircraft and that some of the other aircraft may be driven
      from the field of view of both detectors. As further ones of the aircraft
      leave the inner detector field of view, the same process is repeated until
      only one target is within the inner detector field of view and no targets
      are within the outer detector field of view.
PAR  The outer detector also performs a gross or coarse positioning operation.
      With no target images present on the inner detector 41, one or more target
      images appearing on the outer detector 45 causes the second
      electro-optical network to produce coarse positioning signals .DELTA.
      x.sub.c and .DELTA. y.sub.c. These signals are applied to the guidance
      control 25 via the signal adder and MUX 24 to reorient the optical axis by
      one half the field of view of the inner detector so that the target images
      are incident on the inner detector surface. The target tracking process
      described above then begins.
PAR  With reference now to FIG. 8, the inner electro-optic network 22 is shown
      as receiving the output signals EI1 to through EI4 from the inner detector
      41 so as to produce not only the error signals .DELTA. x.sub.i and .DELTA.
      y.sub.i but also a control signal which is indicative of a signal present
      on the inner detector (SPID). The inner electro-optic network 22 may
      include any suitable circuits for generating the .DELTA. x.sub.i and
      .DELTA. y.sub.i error signals. For example, network 22 may include
      circuits substantially identical to those shown in FIG. 4 of our copending
      application entitled "Radiation Detection Apparatus", filed concurrently
      herewith, provided that the sampling signal generator shown in FIG. 10 of
      this application is employed. In addition, the inner electro-optic network
      22 includes a summing circuit which takes the sum of the signals EI1
      through EI4 to produce the SPID signal.
PAR  With the exception of the signal adder and MUX 24 and the guidance control
      25, the outer electro-optic network 23 includes the remainder of the block
      shown in FIG. 8. The network 23 includes a plurality of limiting
      amplifiers 50-1 through 50-4 which serve to amplify and limit the outer
      detector output signals EO1 through EO4, respectively. After amplification
      and limiting in the devices 50-1 through 50-4 the signals EO1 through EO4
      are applied both to level detectors 51-1 through 51-4 and to switches 52-1
      through 52-4, respectively. Level detectors 51-1 through 51-4 produce
      output signals LDE01 to LDE04 only when the amplitudes of the
      corresponding input signals exceed a threshold level which is set to be
      less than the signal level normally expected by a point source true
      target. The output signals of the level detectors 51-1 through 51-4 are
      coupled so as to enable the switches 52-1 through 52-4 to pass the
      amplified and limited signals EO1 through EO4 as signals ALE01 to ALE04,
      respectively, to a color discriminator 53 only when the corresponding
      input signals exceed the threshold level. In addition, the output signals
      of the level detectors 51-1 through 51-4 are combined in an OR network 54
      so as to produce a signal indicative of a target on the outer detector
      (SPOD).
PAR  The SPOD signal is also applied to a sampling signal generator 55 which
      responds thereto to produce a long wavelength sampling signal S.sub.1 and
      a short wavelength signal S.sub.s once each revolution of the reticle 33
      (FIGS. 1 and 3). A color discriminator 53 uses the sampling signals
      S.sub.1 and S.sub.s during each reticle revolution to take a long and
      short wavelength filtered signal sample of the outer detector signals
      ALE01 to ALE04 which appear at the outputs of the switches 52-1 to 52-4,
      respectively. The color discriminator 53 then compares the two signal
      samples taken during each reticle revolution to produce a signal
      indicative of a valid target present on the outer detector (VSPOD) and a
      set of signals VE01 to VE04 which are indicative of valid signals present
      on the outer detectors 45-1 to 45-4 (FIG. 5), respectively. The signals
      VE02 and VE04 are applied to the plus and minus inputs of the differential
      amplifier 56 which produces at its output the outer detector error signal
      .DELTA. x.sub.o. The VE01 and VE03 signals are applied to the plus and
      minus inputs of another differential amplifier 57 which produces at its
      output the outer detector error signal .DELTA. y.sub.o.
PAR  The limited and amplified signals ALE01 to ALE04 are also applied to a
      coarse positioning network 70 which is operable to produce the coarse
      positioning error signals .DELTA. x.sub.c and .DELTA. y.sub.c only when
      there is no signal present on the inner detector 41 (FIG. 1). Network 70
      includes a first differential amplifier 71 which receives at its plus and
      minus inputs the EO2 and EO4 outer detector signals and a second
      differential amplifier 72 which receives at its plus and minus inputs the
      EO1 and EO3 outer detector signals. The signals at the outputs of the
      amplifiers 71 and 72 are, hence, indicative of x or azimuth and y or
      elevation information, respectively. The output signal produced by the
      amplifier 71 is coupled in a series path including a switch 75-1, a low
      pass filter 76-1 and another switch 77-1 to produce the .DELTA. x.sub.c
      signal. On the other hand, the output signal from the amplifier 72 is
      coupled in another series path which includes the switch 75-2, a low-pass
      filter 76-2 and a further switch 77-2 to produce the .DELTA. y.sub.c
      signal. The switches 75-1 and 75-2 are closed or enabled only when there
      is a signal present on the outer detector. To this end, network 70
      includes a summing network 73 which receives all of the signals EO1
      through EO4 so as to produce at its output a signal representative of the
      sum thereof. This signal is hard limited by a hard limiter device 74 and
      applied as the open and close control for switches 75-1 and 75-2. The low
      pass filters 76-1 and 76-2 serve to demodulate the detector signals and
      produce a d.c. level indicative of signal strength. The switches 77-1 and
      77-2 are enabled only when there is no signal present on the inner
      detector 41. To this end, the signal SPID is applied to the open and close
      control of the switches 77-1 and 77-2. The signal SPID is merely the
      complement of SPID and is derived therefrom by means of an inverter
      included in a logic control 80.
PAR  The SPID, SPOD and VSPOD signals are processed by the control logic network
      80 so as to produce a pair of multiplex control signals LC1 and LC2. The
      multiplex control signals LC1 and LC2 control the signal adder and MUX 24
      to multiplex the inner detector (.DELTA. x.sub.i and .DELTA. y.sub.i),
      outer detector (.DELTA. x.sub.o and .DELTA. y.sub.o) and the coarse
      positioning (.DELTA. x.sub.c and .DELTA. y.sub.c) error signals to the
      guidance control 25.
PAR  As shown in FIG. 9, the signal adder and MUX 24 includes four switching
      elements 24-1 through 24-4. The switching devices 24-1 and 24-4 are
      arranged to couple the .DELTA. x.sub.o and .DELTA. y.sub.o signal to the
      .DELTA. x and .DELTA. y output leads, respectively, under the control of
      the LC2 multiplex control signal. The LC2 signal is true so as to close
      switches 24-1 and 24-4 when there is a signal present in the outer
      detector 45 (SPOD true) and no signal present on the inner detector 41
      (SPID false) or when there is a valid signal (VSPOD true) and (SPOD true)
      on the outer detector 45 and simultaneously signal present on the inner
      detector 41, (SPID true). The LC.sub.I signal is true whenever there is a
      signal present on the inner detector 41 (SPID true) except if there is a
      valid signal on the outer detector 45 (both SPOD and VSPOD true). This is
      set forth clearly in the truth table below.
TBL  ______________________________________                                    
     TRUTH TABLE                                                               
     ______________________________________                                    
     INPUT                OUTPUT                                               
     SPID    SPOD      VSPOD      LC1     LC2                                  
     ______________________________________                                    
     0       1         1          0       1                                    
     0       1         0          0       1                                    
     0       0         1          0       0                                    
     0       0         0          0       0                                    
     1       0         1          1       0                                    
     1       0         0          1       0                                    
     1       1         1          0       1                                    
     1       1         0          1       0                                    
     ______________________________________                                    
PAR  One exemplary implementation of the truth table is shown in FIG. 12 to
      include a three input NAND network 81 which receives SPID, SPOD and VSPOD
      at its inputs. A first invertor 82, shown as a two input NAND gate with
      its inputs connected together, is used to derive the SPID signal. A second
      inverter 82 inverts the output of gate 81 before application to a NOR gate
      84. The other input to gate 84 is the SPID signal. The output of gate 84
      is the LC1 signal. A NAND gate 85 is used to detect the coincidence of
      SPID and SPOD. The output of gate 85 is inverted by another inverter 86
      before application to an OR gate 87. The OR gate 87 receives the output of
      inverter 83 and produces the signal LC2. The operation of this circuit is
      completely described by the Truth Table.
PAR  With reference now to FIG. 10 and to the waveform diagram of FIG. 13 which
      shows the waveforms of the signals occurring at various points and of the
      circuit at FIG. 10, the sampling signal generator 55 is shown to include
      an integrator and threshold device 55-1 which is operable to integrate the
      SPOD signal. As shown in the waveform diagram of FIG. 13, the SPOD signal
      is a squarewave having a period equal to the time required for two of the
      radial spoke sectors 33-1 and 33-2 (FIG. 3) to sweep past the point source
      target image which is present on one of the outer detector elements 45-1
      to 45-4 (FIG. 5). However, the SPOD squarewave is interrupted once per
      reticle revolution as the wholly transparent (to IR) area 33-3 sweeps past
      the point source target image. This interruption is equal to one
      squarewave period or two radial spoke sectors.
PAR  The integrated and threshold network 55-1 remits an output signal I & T
      only when the integrated SPOD signal exceeds a threshold voltage V.sub.t.
      As shown in FIG. 13 this occurs only once per reticle revolution when the
      reticle area 33-3 sweeps past the target image. The integrate and
      threshold network 55-1 is reset by the complement signal SPOD.
PAR  The I & T signal causes a first one-shot multivibrator 55-2 to fire so as
      to produce an output signal OS2 which has a duration equal to the time
      required for three radial spoke sectors to sweep past the target image.
      The leading edge of the OS2 signal causes another one-shot 55-3 to fire to
      produce the short wavelength sampling signal S.sub.s which has a duration
      of one spoke period. The trailing edge of the S.sub.s signal causes
      another one-shot 55-5 to fire which produces an output signal OS5 having a
      duration of one spoke period. The trailing edge of the OS5 signal then
      causes a further one-shot 55-6 to fire so as to produce a long wavelength
      sampling signal S.sub.L having a duration of one spoke period. Finally, a
      further one-shot 55-4 responds to the trailing edge of the signal OS2 to
      produce an output signal FHR (not shown in FIG. 13) having a duration of
      long enough to reset the follow and hold circuits (less than 1 spoke). The
      FHR signal is employed in the color discriminator 53.
PAR  Although the color discriminator network 53 may take the form of the
      network of color discriminator described in our aforementioned copending
      application, it is preferably of the type shown in FIG. 11 which can be
      time shared by the various outer detector elements 45-1 to 45-4. As shown
      in FIG. 11, the ALE01 to ALE04 signals are combined in an OR network 53-1,
      the output of which is coupled via a switch 53-2 to an integrator 53-3.
      The switch 53-2 is enabled or closed only during the short and long
      wavelength sampling periods. To this end, the S.sub.1 and S.sub.s sampling
      signal are applied via an OR gate 53-4 to the control or enabling input of
      the switch 53-2. The trailing edge of the output of the OR gate 53-4
      causes a one-shot 53-5 to fire so as to produce a signal having a duration
      short compared to a spoke period. This output signal of one-shot 53-5 is
      applied to the reset R input of the integrator 53-3. The integrator 53-3
      is then operable during each reticle revolution to intergrate both the
      short wavelength signal sample and the long wavelength signal sample
      occurring in sequence at the output of switch 53-2. The output of the
      integrator 53-3 then comprises a sequence of the short and long wavelength
      signal samples having amplitude values which are proportional to the IR
      intensity of the point source target in the short and long wavelength
      bands, respectively.
PAR  The output signal of the integrator 53-3 is then applied via switches 53-6
      and 53-7 to the inputs of follow and hold circuits 53-8 and 53-9,
      respectively. The switches 53-6 and 53-7 are enabled by the S.sub.s and
      S.sub.1 sampling signals, respectively, to pass the short and long
      wavelength signal samples to the corresponding follow and hold circuits.
      Each of the follow and hold circuits is operable to follow and hold the
      peak amplitude value of the signal sample supplied to it by the
      corresponding switch 53-6 and 53-7 until it is reset by the trailing edge
      of the FHR signal (see FIG. 10). The output signals of EOS and EOL of the
      follow and hold circuits 53-8 and 53-9 are also shown in waveform diagram
      of FIG. 13.
PAR  The EOS and EOL sampled signals are then applied to a color ratio network
      53-10 which may suitably take the form of the color ratio network shown in
      FIG. 4 of our aforementioned copending application. Suffice it to say here
      that the color ratio network 53-10 emits an output signal only when the
      signal amplitudes of the EOS and EOL signal are such that the point source
      target image is a true or valid target. This output signal is employed to
      fire a one-shot 53-11, the output of which is the VSPOD signal. The output
      of color ratio network 53-10 is also employed to enable a set of two input
      NAND gates 53-12 to 53-15. When so enabled, the gates 53-12 to 53-15 pass
      the LDEO1 to LDEO4 signals applied to their other respective inputs to
      produce at their inputs the VEO1 to VEO4 signals, respectively.
PAR  The various circuit blocks shown in the various drawings are all well known
      circuits and do not form any part of the invention. Accordingly, they are
      not described in detail herein. The various logic gates, one-shot
      multivibrators, may be selected from the Texas Instruments TTL catalog.
      The switches shown throughout the drawings may be any suitable analog
      switch, such as a field effect transistor available from Signetics. The
      differential amplifiers, limiting amplifiers, summing networks and level
      detectors may be implemented with operational amplifiers such as the .mu.
      A741, available from Fairchild Semiconductor Corporation. For differential
      amplifier operation both the inverting and noninverting operational
      amplifier inputs are employed. For a limiter amplifier, a diode is placed
      in the feedback loop. For a summing amplifier, a resistor summing network
      is employed at the operational amplifier input. For level detector
      operation, the operational amplifier is operated as a Schmitt trigger
      device. The integrator 53-3 and the integrate and threshold network 55-1
      may suitably take on the form of an operational amplifier with capacitor
      feedback and of operational amplifiers connected as Schmitt triggers. The
      follow and hold circuits may take the form of the MP 255 sample and hold
      module available from Analogic Corporation, Wakefield, Mass.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Radiant energy sensing apparatus comprising:
PA1  a spectral filter including first and second spectral bandpass portions
      which pass radiations of long and relatively short wavelength,
      respectively
PA1  a centrally located detector element arranged to receive radiation passing
      through said first spectral bandpass portion of said spectral filter and
      which produces a set of signals, the amplitudes of which are a function of
      the position of an image of a point source target incident thereon; and
PA1  a plurality of separate detectors arranged to receive radiation passing
      through said first and second spectral bandpass portions of said spectral
      filter surrounding and equally spaced from the center of the centrally
      located detector and each arranged to produce an output signal in response
      to the imaging of a point source target thereon, said output signal having
      a particular characteristic depending on the spectral content of the point
      source target.
NUM  2.
PAR  2. Radiant energy sensing apparatus as set forth in claim 1
PA1  wherein the centrally located detector element has a substantially planar
      surface with a bias electrode located centrally thereon and four output
      electrodes also located thereon in spaced apart relation about the
      periphery of the surface.
NUM  3.
PAR  3. Radiant energy sensing apparatus as set forth in claim 2
PA1  wherein each of said separate detectors has a planar surface with a bias
      electrode and an output electrode located thereon in spaced apart
      relation.
NUM  4.
PAR  4. Radiant energy sensing apparatus as set forth in claim 3
PA1  wherein the planar surface of the centrally located detector element is
      substantially circular in shape; and
PA1  wherein each of the separate detectors comprises an annular segment of an
      annular band surrounding the centrally located detector element.
NUM  5.
PAR  5. Radiant energy sensing apparatus as set forth in claim 4 wherein said
      plurality is four.
NUM  6.
PAR  6. Radiation detector apparatus comprising
PA1  an optical device for collecting incident radiations;
PA1  a filter for filtering the collected radiations;
PA1  a detector element for converting the filtered radiations into an
      electrical signal;
PA1  said filter including
PA1  a revolving disc having a reticle pattern on one planar surface thereof for
      spatially filtering the collected radiations, said reticle pattern
      comprising a substantially uniform array of opaque and transparent areas
      with the exception that at least one opaque area of the uniform array
      pattern being transparent in one region of the disc planar surface;
PA1  first and second bandpass filters disposed on the opposite planar surface
      of the disc for passing radiations of long and relatively short
      wavelengths, respectively, one of said spectral filters having the same
      shape as and being in registration with said one region and the other
      spectral filter covering the remainder of said opposite disc surface, said
      detector element being so located that the detector element receives
      filtered radiation from the first and second filters;
PA1  means responsive to said electrical signal to produce first and second
      coupling sampling signals during revolution of said reticle; and
PA1  means responsive to the first and second sampling signals to convert the
      electrical signal produced by the detector element into first and second
      sequences of signal samples indicative of long and short wavelength
      filtered radiation, respectively.
NUM  7.
PAR  7. Radiation detection apparatus as set forth in claim 6 and further
      including
PA1  means for comparing the first and second sequences of signal samples with
      one another to produce a comparison signal; and
PA1  means for producing a target signal when the amplitude of the comparison
      signal at least equals a predetermined value.
NUM  8.
PAR  8. Radiation detection apparatus as set forth in claim 7 wherein the
      sampling signal producing means includes
PA1  a limiter for limiting the electrical signal;
PA1  an integrator for integrating the limited electrical signal, said
      integrated signal exceeding a first amplitude value only once each disc
      revolution corresponding to the passage of said one region over the
      detector element; and
PA1  a level detector circuit responsive to said integrated signal exceeding
      said first amplitude value for sequentially producing said first and
      second sampling signals during revolution of said reticle.
NUM  9.
PAR  9. Radiation homing apparatus for tracking a field of targets which
      includes a true target and a false target, said apparatus comprising
PA1  an optical device for collecting incident radiations;
PA1  a filter for filtering the collected radiations;
PA1  a first centrally located detector having a field of view centered on the
      optical axis of said optical device and producing first output signals
      indicative of the location of a target image upon its surface;
PA1  means responsive to said first output signals to produce error signals
      indicative of the deviation from the optical axis of radiation emanating
      from any of the targets within the field of view of the first detector;
PA1  a guidance device responsive to said error signals to home said optical
      axis on the centroid of the targets until only one target remains in the
      optical field of view of the first detector and then to home the optical
      axis on the remaining target;
PA1  a second detector means having a field of view centered on said optical
      axis and surrounding the field of view of the first detector and producing
      second output signals in response to incident radiation from any of said
      targets which come within its field of view;
PA1  said filter including
PA2  a revolving disc having a reticle pattern on one surface thereof for
      spatially filtering the collected radiations;
PA2  first and second bandpass spectral filters on another surface of the disc
      which pass radiations of long and relatively short wavelength,
      respectively, in the optical field of view of the second detector; and
PA1  means responsive to said second output signals to produce correction
      signals which cause the guidance device to reorient the optical axis only
      when the radiation is that of the true target so that it comes within the
      field of view of the first detector.
NUM  10.
PAR  10. Radiation homing apparatus as set forth in claim 9 wherein said
      correction signal producing means includes
PA1  means responsive to said second output signals to produce first and second
      sampling signals during the first and second revolution portions,
      respectively, and
PA1  means responsive to the first and second sampling signals to convert the
      second output signals into first and second sequences of signal samples
      indicative of long and short wavelength filtered radiation, respectively;
PA1  means for comparing the first and second sequences of signal samples with
      one another to produce a comparison signal; and
PA1  means for producing a target signal when the amplitude of the comparison
      signal at least equals a predetermined value whereby the target signal
      corresponds to said correction signal.
NUM  11.
PAR  11. Radiation homing apparatus as set forth in claim 10 wherein the
      sampling signal producing means includes
PA1  a limiter for limiting the electrical signal;
PA1  an integrator for integrating the limited electrical signal, said
      integrated signal exceeding a first amplitude value only once each disc
      revolution corresponding to the passage of said one region over the
      detector element; and
PA1  a level detector circuit reponsive to said integrated signal exceeding said
      first amplitude value for sequentially producing said first and second
      sampling signals during revolution of said reticle.
NUM  12.
PAR  12. Radiation homing apparatus as set forth in claim 11
PA1  wherein said reticle pattern comprises an array of opaque and transparent
      areas with at least one opaque area omitted in one region of the disc
      surface; and
PA1  wherein one of said spectral filters has the same shape as and is in
      registration with said one region on the opposite surface of the disc and
      the other spectral filter covers the remainder of said opposite disc
      surface, said second detector element being so located that it receives
      the filtered radiation from the first and second filters.
NUM  13.
PAR  13. Radiation homing apparatus as set forth in claim 12
PA1  wherein said second detector means comprises a plurality of separate
      detectors surrounding and equally spaced from the center of the located
      detector and each arranged to produce one of said second output signals in
      response to the imaging of a point source target thereon.
NUM  14.
PAR  14. Radiation homing apparatus as set forth in claim 13
PA1  wherein the first detector element has a substantially planar surface with
      a bias electrode located centrally thereon and four output electrodes also
      located thereon at spaced apart relation about the periphery of the
      surface.
NUM  15.
PAR  15. Radiation homing apparatus as set forth in claim 14
PA1  wherein each of said second detector elements has a planar surface with a
      bias electrode or an output electrode located thereon in spaced apart
      relation.
NUM  16.
PAR  16. Radiation homing apparatus as set forth in claim 15
PA1  wherein the planar surface of the first detector element is substantially
      circular in shape; and
PA1  wherein each of the second detector elements comprises an annular segment
      of an annular band surrounding the first detector element.
NUM  17.
PAR  17. Radiation homing apparatus as set forth in claim 16
PA1  wherein said plurality of second detector elements is four.
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ABST
PAL  The invention relates to an artillery projectile with spreading tail
      assembly and a synchronization ring for controlling the orientation of the
      fins of the tail assembly. The synchronization ring slides on an extension
      of the projectile base and includes a first means cooperating with at
      least one piston seated in the projectile base to hold the synchronization
      ring in the forward position on the one hand, and on the other hand a
      second means cooperating with a projection of the respective fins to hold
      the fins in folded position inside the launcher tube when the
      synchronization ring is held in the forward position. The fins are spread
      when the ring moves to its rearward position. The movement of the ring may
      be under the control of one or more of the launching pressure at the
      projectile base, inertia, a specially generated pressure, rotational
      forces, or combinations of these.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an artillery projectile with spreading
      tail assembly, which is to say an artillery projectile which may or may
      not be self-propelled, at the rear of which, as soon as it issues from the
      tube or barrel, a tail assembly is spread out, which tail assembly orients
      and stabilizes the projectile on its trajectory.
PAC  BACKGROUND AND SUMMARY
PAR  Such a spreading tail assembly, for a projectile that may or may not be
      self-propelled, must satisfy as completely as possible three -- often four
      -- technological imperatives:
PAR  1. In interior ballistics, i.e., while the projectile is within the tube,
      the tail assembly fins are thrust against the core of the tube by rotation
      of the projectile and by inertial forces, hence there is possibility of
      damage and wear to fins and tube. Therefore, the fins must be held in the
      folded position.
PAR  2. If there is a muzzle brake, the fins are thrust toward it by the
      rotation of the projectile and by the muzzle blast, with the same risks as
      above. Therefore, again the fins must be held in folded position.
PAR  3. As soon as the projectile emerges, the tail assembly and a certain
      opening of the fins are needed for stability of the projectile and for
      firing precision. It must therefore spread the tail assembly very rapidly
      (order of magnitude, 2 or 3 meters), and for the same reasons all fins
      must be spread simultaneously and suddenly.
PAR  4. On the trajectory, the spread tail assembly must have stable precise
      geometry, and this must moreover be faithfully reproducible from one
      projectile to another to have accurate firing.
PAR  In the present known state of the art, several systems of spreading tail
      assemblies have already been proposed.
PAR  In one of these known systems each fin, in the folded position, is held by
      a tie that is constituted by a platelet in the form of a cross which is
      ejected on issuing from the tube. This system does not meet the first
      imperative listed above. It is dangerous for the muzzle brake if there is
      one, and it is troublesome for persons operating the piece.
PAR  In another known system, each fin has a wear shoe that holds it in folded
      position, and that only opens under the effect of muzzle blast and
      projectile rotation. This system only responds to or meets the first two
      technological demands listed above, and in no way does it ensure
      simultaneity of the spreading of the respective fins.
PAR  In another known system which only refers to self-propelled projectiles,
      the outlet nozzle is movable, retracting on ignition of the propellant
      charge. In so doing, it stops clamping the fins in the folded position,
      but the propellant charge is ignited by a pyrotechnic delay triggered by
      the departure of the round. This system thus depends upon the delay and
      its dispersion, and it does not respond positively to any of the four
      technological requirements already mentioned.
PAR  A spreadable tail assembly for self-propelled projectile is also known from
      French Pat. No. 1,270,054. The fins of such a projectile are combined
      there with a thrust device concentric to the longitudinal axis of the tail
      assembly, and movable along this axis between a position in which the fins
      are folded down and a rear position in which the fins are spread and held
      in this position by the thrust device, said device being in turn combined
      with means to exert on it an axial thrust that tends to move it from the
      forward position to the rear position. Though this system effectively
      allows a sudden and simultaneous spreading of the fins as well as their
      clamping after issuing from the launcher tube, it does not resolve the
      problem of holding the fins in folded position in the launcher tube and
      during passage of the muzzle brake. Now, it is essential for good firing,
      especially when a rifled tube is used and when the initial velocity is
      high and the acceleration strong, that the fins not be thrust against the
      core of the tube and toward the muzzle brake. If this happens, on the one
      hand the fins are damaged, spreading poorly and not performing their
      function during the flight of the projectile, and on the other hand there
      is abnormal wear on the tube.
PAR  The present invention alleviates these drawbacks and deficiencies and
      allows the four imperatives that were listed to be fully satisfied.
PAR  The present invention relates to an artillery projectile with spreading
      tail assembly which comprises on the one hand fins that each pivot in a
      plane passing through the longitudinal axis of the projectile, about an
      axis perpendicular to said plane, the said fins having an internal edge
      that presents at least one projection and, on the other hand, a
      synchronization ring slidable concentrically with reference to an
      extension of the projectile base from a forward position to a rear
      position to cause simultaneous spreading of the fins and ensure their
      clamping in the spread position, the said projectile being characterized
      in that the synchronization ring has on the one hand a first means
      cooperating with at least one piston seated in the projectile base, such
      that the rear surface of said piston is subjected to the pressure
      prevailing in the launcher tube, to hold the synchronization ring in the
      forward position, and on the other hand a second means cooperating with
      said projection of the respective fins, to hold the fins in folded
      position inside the tube when the synchronization ring is held in the
      forward position.
PAR  Said first means may be an annular groove in which a cap of said piston
      engages.
PAR  Said second means may be a second annular groove in which there engages the
      said projection of the respective fins.
PAR  In a preferred embodiment, said first and second means are one and the same
      groove in which there are simultaneously engaged a cap of said piston and
      said projections of the respective fins.
PAR  Another object of the present invention is to provide a projectile as
      described above, characterized in that the piston is a differential
      piston, on the front small face of which the gases act that are produced
      by a generator of pyrotechnic gas. Preferably but not necessarily the
      movement of the differential piston (or differential pistons) disengages
      the back of the large surface of the piston from the cylinder, further to
      accelerate its movement.
PAR  In a special form of embodiment, the gas generator operates by using gas in
      the tube to actuate the differential piston, for example, by means of an
      auxiliary piston, uncovering a set of ports.
PAR  In brief, according to the present invention, at the departure of the round
      the considerable pressure prevailing in the launch tube and then the hold
      the pressure holdthe piston or pistons in the forward position. The piston
      or pistons hold the synchronization ring in the forward position and the
      fins are thus held in the folded position by means of a projection engaged
      in an annular groove of the said synchronization ring.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood from the ensuing description of the
      drawings which are given as non-limitative examples, wherein:
PAR  FIG. 1 is an axial section of a projectile furnished with a device of the
      invention, incorporating a motorizing system using gases emitted by a
      pyrotechnic generator.
PAR  FIGS. 2 and 3 are axial section views of the base part of FIG. 1, that is,
      wherein pistons are moved by gases emitted by one or more pyrotechnic
      generators.
PAR  FIG. 4 is an axial view of the base part of a second embodiment wherein the
      piston or pistons are not driven by gases emitted by a pyrotechnic
      generator.
PAR  FIG. 5 is an axial section of a base part of a third embodiment wherein the
      pistons are driven by gases bled in the launch tube.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a self-propelled projectile, 105 mm caliber, it being
      understood that the invention is not limited to this caliber or to this
      type of projectile.
PAR  In the conventional way, this projectile comprises (FIGS. 1-3) a body 1,
      containing a propellant charge 3, a head 5 with a fuze 7, an explosive
      charge 9, an igniter 11, and a base 13 with a nozzle 15 and four fins 17
      pivoted at 19 on the base. According to the invention, at least one gas
      generator 21 is mounted in base 13, where it is tightly fixed, e.g. by
      screwing and bonding, and it feeds a toric groove 23, which feeds the
      chambers of the small face 25 of differential pistons 27 (there being four
      in the present embodiment, where only one is shown in the figures).
      Differential piston 27 is sealed by a toric seal 29 such as an O-ring. Its
      large face 31, with a toric seal 33, is uncovered. Differential piston 27
      has a cap 35 that is in engagement in an annular groove 37 of
      synchronization ring 39. The synchronizing ring slides on that part of
      base 13 that forms a nozzle 15, from the forward position that corresponds
      to the folded fin position, to a stop formed by a stop ring 41. Fins 17,
      pivoted at 19 on base 13 as already mentioned, are each furnished with a
      tooth 43 which, before the departure of the round (FIG. 2), is engaged in
      annular groove 37 of synchronization ring 39, and in trajectory (FIG. 3)
      bears on a circular shoulder 45 of synchronizing ring 39. Finally, each
      fin 17 has a flattened portion 47 which in trajectory (FIG. 3) bears on a
      damping ring 49, made of softer metal, of base 13.
PAR  The functioning of this embodiment of the invention will be apparent. On
      departure of the round, there is rapidly established on the rear face of
      base 13 a pressure that is considerable. The projectile then starts to
      move. Under the effect of this, by inertia, the gas generator or
      generators 21 function and direct onto the small faces 25 of pistons 27 a
      pressure whose magnitude depends only upon the pyrotechnic charge of
      generator 21.
PAR  The differential piston 27 at this moment is subjected to a series of
      opposed forces:
PAR  closing forces due to the pressure prevailing in the chamber of the
      launcher, applied to the large face 35 of piston or pistons 27;
PAR  friction forces, difficult to evaluate, which oppose any movement;
PAR  opening forces due first to the counter pressure applied to the small face
      25 of piston 27 and then to (possible) rotation of the projectile and the
      fins, transmitted by synchronization ring 39, and finally to inertial
      forces developed by pistons 27 themselves, synchronization ring 39 and
      fins 17 according to the position of their center of gravity. These
      inertial forces may be considerable in the case wherein the projectile is
      fired from a gun, when acceleration may reach or exceed 40,000 times that
      of gravity.
PAR  It is easy, however, to make the closing force preponderant during the
      passage of the projectile through the launch tube, the main control
      parameters being on the one hand the motorizing counterpressure, and on
      the other hand the ratio of the differential faces of the piston (small
      face 25, large face 35).
PAR  Considerable acceleration of the projectile is not a difficulty in any
      case, since this acceleration is in fact, like the closing force, in
      proportion to the pressure prevailing in the launcher chamber.
PAR  In passage of a possible muzzle brake, the closing force rapidly
      diminishes, but it sufficiently slows the spreading of the fins 17 which
      do not have time to touch the muzzle brake.
PAR  Beyond the muzzle brake, under the effect of the (possible) rotation and
      the motorizing pressure, the synchronization ring 39, thrust by pistons
      27, entrains teeth 43 of fins 17.
PAR  In a given position, determined by the configuration of teeth 43, ring 39
      escapes to stop 41. Fins 17 are then stopped between shoulder 45 of
      synchronization ring 39 on the one hand and damping ring 49 (FIG. 3) on
      the other. The role of this damping ring 49, made of soft material
      (plastic, copper, lead, aluminum alloy, etc.) is to absorb the major part
      of the kinetic energy of fins 17 by inelastic shock, and thus to reduce
      the pulses transmitted to the projectile at the time of stopping.
PAR  In the embodiment shown in FIG. 4, the arrangement of the constituent
      elements of the invention has not been varied, but the pyrotechnical
      generators have been left out. The piston or pistons are no longer
      necessarily differential. The operation of the device inside the launch
      tube is the same as in the earlier embodiment. The opening of the fins,
      outside the launch tube, is the result of the conjugated action of the
      muzzle blast, the possible rotation of the projectile, and inertial forces
      developed by the pistons and the synchronization ring themselves.
PAR  FIG. 5 schematically shows a gas bleed device in the base. Because of the
      strong pressure prevailing inside the tube during departure of the round,
      ball 51 of ball valve 52 of auxiliary piston 53 allows a certain amount of
      high pressure gas to pass, which gas accumulates in chamber 54. Beyond the
      launch tube the pressure prevailing in 54 will move piston 53, to uncover
      port or ports 55. The gases in 54 will flow via groove 56 and act on small
      faces 25 of differential pistons 27 in much the same manner as previously
      described in connection with FIGS. 1-3.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an artillery projectile for launching by means of a launch tube, the
      combination comprising a spreading tail assembly on the base of the
      projectile, said tail assembly comprising fins that respectively pivot in
      a plane that passes through the longitudinal axis of the projectile, about
      an axis perpendicular to said plane, said fins having an internal edge
      with at least one projection, means forming an extension of the projectile
      base, a synchronization ring slidable concentrically on said extension of
      the projectile base from a forward position to a rear position to cause
      the simultaneous spreading of the fins and ensure their clamping in the
      spread position, means forming at least one axially oriented cylinder in
      the projectile base, a piston slidably mounted in each such cylinder for
      movement between forward and rear positions and constructed and arranged
      such that the rear face of said piston will be subjected to the pressure
      prevailing at the rear of the projectile base and hence the pressure in a
      launch tube during departure of the projectile, said synchronization ring
      having, on the one hand, first means cooperating with said at least one
      piston slidably seated in said cylinder in the projectile base, such that
      the rear face of said piston will be subjected to the pressure prevailing
      in a launch tube during departure of the round, to hold the
      synchronization ring in the forward position with said piston because of
      launch tube pressures during firing, and, on the other hand, second means
      cooperating with the said projections of the respective fins to hold the
      fins in folded position inside the launcher tube when the synchronization
      ring is held in the forward position, and gas pressure means for
      subjecting the forward face of said piston to gas pressure during
      launching, said gas pressure means comprising an enclosed space in said
      projectile base, means for pressurizing said space during launching, and
      means for preventing egress of gas from said space at least until
      destruction of said projectile, such that said gas pressure acts against
      said forward face of said piston throughout substantially the entire
      flight of said projectile.
NUM  2.
PAR  2. Projectile as in claim 1, wherein said first means is an annular groove
      in which a cap of said piston engages.
NUM  3.
PAR  3. Projectile as in claim 1 wherein said second means is an annular groove
      in which said projections of the respective fins engage.
NUM  4.
PAR  4. Projectile as in claim 1 wherein said first and second means comprise a
      single annular groove in which there are simultaneously engaged a cap of
      said piston and said projections of the respective fins.
NUM  5.
PAR  5. Projectile as in claim 1 wherein said gas pressure means includes gas
      generator means, and wherein the piston is a differential piston on the
      forward small face of which the gases produced by the gas generator means
      act.
NUM  6.
PAR  6. Projectile as in claim 5 characterized in that said generator means
      comprises means for bleeding gas from a launch tube, in which the
      projectile is located during firing, into a space in the projectile and
      subsequently to the small face of said differential piston.
NUM  7.
PAR  7. Projectile as in claim 6 wherein said means for bleeding gas comprises a
      one-way valve in said base for effecting one-way flow of gas from the area
      adjacent the rear face of the base to a space in the projectile, and means
      for feeding gas from said space to the small face of said differential
      piston in dependence on the relative pressures in said space and the area
      adjacent the rear face of the base of the projectile.
NUM  8.
PAR  8. Projectile as claimed in claim 1 wherein said piston and its cylinder
      are oriented with their axis parallel to but radially offset from the axis
      of the projectile, said synchronization ring is slidably mounted on said
      axial extension of the base of the projectile, and said first means
      operatively couples said piston to said ring so as to prevent rearward
      movement of said ring apart from said piston.
NUM  9.
PAR  9. Projectile as claimed in claim 8 wherein said second means comprises
      means on said ring for holding the projection of each fin in captive
      relationship when said fins are in the folded position and said ring is in
      its forward position, whereby to prevent spreading of said fins until said
      ring moves rearwardly from its forward position.
NUM  10.
PAR  10. Projectile as claimed in claim 7 wherein said means for feeding gas
      from said space to the small face of said differential piston comprises a
      pressure responsive slide valve having one face exposed to pressure in
      said space and an opposite face exposed to pressure adjacent the rear face
      of said projectile, a passage for communicating said space and the small
      face of said differential piston, and means biasing said slide valve to a
      normal position in which it closes said passage, said slide valve being
      oriented such that pressure in said space acts on said one face to urge
      said slide valve to a position in which it opens said passage, and such
      that pressure acting on said opposite face urges said slide valve to a
      position in which it closes said passage.
NUM  11.
PAR  11. Projectile as claimed in claim 10 wherein said oneway valve is located
      in and controls a passage in said slide valve connecting said one face and
      said opposite face.
NUM  12.
PAR  12. Projectile as claimed in claim 11 wherein said slide valve is a
      differential piston, said one face constituting the small face and said
      opposite face constituting the large face thereof.
NUM  13.
PAR  13. Projectile as claimed in claim 5 wherein said differential piston has a
      forward small face, a rear large face, and an intermediate face oriented
      oppositely from said rear large face, said cylinder having a portion
      housing said intermediate face at least while said piston is in its
      forward position so that said intermediate face is sealed from the gas
      pressures prevailing on said forward and rear faces, said cylinder being
      constructed and arranged such that said intermediate face is opened to the
      pressure prevailing on said rear large face at a predetermined point in
      the movement of said piston from its forward to its rearward position,
      whereby to increase the effective gas pressure thrust on said piston in
      the rearward direction.
NUM  14.
PAR  14. Projectile as claimed in claim 1 wherein said synchronization ring
      encompasses and is slidably mounted on at least a portion of said
      extension, and said piston comprises a differential piston having a
      relatively small forward face and a relatively large rear face, said
      piston being disposed radially outwardly from said synchronization ring.
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ABST
PAL  A hang glider in the form of an aerial wing of airfoil shape is disclosed.
      The wing is defined by an outer envelope of flexible material inflatable
      to the airfoil shape and having a plurality of chambers therein each
      receiving an inflatable bladder. Air inlet openings are provided in the
      bottom portion of the envelope adjacent the leading edge of the wing.
      Either the bladders or the chambers are inflated with a gas lighter than
      air and, during flight, air enters the openings and fills the available
      space in the others of the bladders or chambers to provide a complete
      smooth airfoil shape for the wing. Shroud lines are employed to suspend a
      person beneath the wing during flight.
BSUM
PAR  This invention relates to the art of aerial devices and, more particularly,
      to an aerial wing of airfoil shape for suspending loads in flight through
      the atmosphere.
PAR  The aerial wing of the present invention finds particular utility as a hang
      glider which is flown by an individual essentially hanging in suspension
      from the wing structure. The term hang gliders is used currently in
      connection with a sport-type aerial vehicle capable of supporting an
      individual for gliding-type flight through the atmosphere. These devices
      are essentially one man gliders of a size and weight which enables the
      operator to, for example, run down a hill into a breeze holding the glider
      over his head so that the glider device becomes airborne and supports the
      operator in flight for a reasonable length of time. The forward speed of
      the glider is generally slow enough that landing is accomplished by the
      operator touching the ground with his feet in a running motion. During
      flight, directional control, climb and descent are generally controlled by
      the operator shifting his weight relative to the glider structure.
PAR  A wide variety of such hang gliders, or aerial devices having a similar
      function, have been provided heretofore. Among such previous devices are
      those comprised of an airframe of rigid structure supporting cloth or
      other sheet material defining wing panels. Generally, the structure is
      sufficiently light to enable a person to manipulate the glider while on
      the ground, and the components of the structure are often collapsible to
      facilitate storage of the glider when not in use. Hang gliders of this
      character have many drawbacks including, for example, the fact that the
      airframe structure can cause injury to the operator if the landing speed
      is too great and/or the operator cannot stand upright when his feet touch
      the ground on landing. Further, such airframe structures are subject to
      breakage in flight, whereby a serious or fatal crash could result.
      Moreover, the combined weight of the glider and its occupant must be
      lifted for flight. This generally restricts gliding to a downward path
      from a first elevation to a second lower elevation and requires a
      considerable wind to maintain flight. Thus, use of the device is
      restricted to terrain areas and/or days when there is sufficient wind
      speed. Still a further drawback with regard to such rigid airframe type
      hang gliders lies in the inability to sufficiently control flight of the
      device to avoid ascent to a dangerous altitude or wing stalls resulting in
      a very rapid descent.
PAR  Other hang gliders and similar devices heretofore provided have included
      open, airfoil shaped wing structures adapted to be inflated to the airfoil
      shape by air passing through the wing structure during flight. These
      devices, while affording a better degree of control of flight than the
      rigid airframe type gliders, have no stability against collapse during
      flight other than that provided by wind blowing through the cells of the
      wing structure. Accordingly, the device has to be carefully directed
      relative to wind direction to avoid collapse and sudden descent. Moreover,
      since wind is relied upon for establishing and maintaining the airfoil
      shape, use of the device as a hang glider is limited in accordance with
      wind conditions. Moreover, the structural instability of the device, if
      used as an operator controlled hang glider, would render the device unsafe
      for use by an inexperienced or untrained operator.
PAR  Other operator controlled gliding devices heretofore provided have included
      aerial wing structures having an airfoil shape in cross section and
      including an envelope of flexible material inflated with a gas lighter
      than air to achieve buoyancy. WHile such a structure reduces the
      likelihood of collapse of the glider and/or sudden descent such as that
      attendant to rigid airframe and air inflated wings of the type mentioned
      hereinabove, the structures of such devices heretofore provided are
      somewhat complex with regard to controlling the wing shape in response to
      changes in the pressure of the inflating gas. Moreover, such devices rely
      solely on the inflating gas to achieve an airfoil shape. Thus, in the
      event of a rupture in the wing during use, a sizeable portion of the total
      wing structure collapses and the airfoil shape in the collapsed portion is
      lost. The end result is not only a loss in buoyancy but also a substantial
      reduction in the ability to control descent of the device and a safe
      return to earth.
PAR  In accordance with the present invention, an aerial wing is provided which
      overcomes the disadvantages of similar devices heretofore provided,
      including those disadvantages specifically pointed out hereinabove. More
      particularly, the aerial wing of the present invention is an inflatable
      structure having an airfoil shape and constructed of flexible sheet
      material, thus to minimize the possibility of injury to the operator by
      contact with the device. Further, the structure enables achieving a
      desired buoyancy for the wing and at the same time maintaining the desired
      airfoil shape during flight regardless of the extent to which the
      structure is inflated to its full capacity with gas. Still further, the
      wing structure enables the airfoil shape to be maintained even in the
      event of a loss in buoyancy due to a rupture in the wing and a loss of at
      least a portion of the inflating gas during flight. Accordingly, the
      aerial wing of the present invention can be safely used by inexperienced
      and untrained operators. Moreover, the wing structure maximizes stability
      and control thereof during flight thus increasing the ability to safely
      operate the wing glider at relatively high altitudes. In this respect, the
      operator is suspended a considerable distance below the wing to increase
      stability, and the buoyancy minimizes any possibility of the operator
      getting the wing into an uncontrolled attitude. For example, should the
      wing be flown at too high an angle of attack so as to produce a stall, the
      loss of lift would be minimal and any descent under such conditions would
      likewise be minimal.
PAR  The foregoing advantages are achieved in accordance with the present
      invention by providing a wing structure which includes an envelope
      inflatable to an airfoil shape. Inflation of the envelope is achieved at
      least in part by a quantity of inflating gas which is retained in the
      wing, and by introduction of outside air into the wing during flight. The
      inflating gas is retained in the wing in sealed relationship with respect
      to the incoming air during flight and provides the desired buoyancy for
      the wing. The incoming air occupies space within the wing, the volume of
      which is determined by the amount of inflating gas in the wing, and the
      inflating gas and air cooperate to maintain the desired airfoil shape of
      the wing during flight. Upon expansion of the inflating gas during flight,
      the air space is of course reduced, but the inflating gas and air continue
      to maintain the desired airfoil shape. Moreover, upon contraction of the
      inflating gas the air space increases and is filled with incoming air so
      that the inflating gas and air continue to maintain the desired airfoil
      shape.
PAR  As mentioned hereinabove, the operator is suspended below the wing, and
      such suspension may be achieved by shroud lines attached to the wing and
      to a harness or the like worn by the operator. Moreover, the operator can
      exercise certain control of the flight by manipulating such shroud lines
      and, if desired, control elements such as an elevator on the trailing edge
      of the wing can be provided to further increase the operator's ability to
      control the flight.
PAR  It is accordingly an outstanding object of the present invention to provide
      an improved inflatable aerial wing device for suspending a load for flight
      through the atmosphere.
PAR  Another object is the provision of a device of the foregoing character
      which enables maintaining a desired airfoil shape at various altitudes of
      flight and in response to expansion and contraction of an inflating gas
      therein.
PAR  Yet another object is the provision of a device of the foregoing character
      for supporting a human being for flight through the atmosphere and which
      maximizes conditions of safety with respect to the operator during flight
      and landing of the device.
PAR  Still another object is the provision of a device of the foregoing
      character which utilizes both an inflating gas and the flow of outside air
      into the device to maintain a desired airfoil shape and thus increase
      stability of the device in flight and the ability to control flight of the
      device.
PAR  Still a further object is the provision of an inflatable aerial wing for
      suspending a human being in flight and which is of a light weight
      structure, relatively simple to manufacture, and fabricated primarily of
      flexible sheet material to minimize the possibility of injury to the
      operator thereof.
DRWD
PAR  The foregoing objects, and others, will in part be obvious and in part
      pointed out more fully hereinafter in conjunction with the written
      description of preferred embodiments of the invention illustrated in the
      accompanying drawings in which:
PAR  FIG. 1 is a front elevation view of an aerial wing made in accordance with
      the present invention;
PAR  FIG. 2 is a plan view, partially in section, of the aerial wing, the view
      being along line 2--2 in FIG. 1;
PAR  FIG. 3 is an elevation view of the wing, partially in section, the view
      being along line 3--3 in FIG. 1;
PAR  FIG. 4 is a detailed sectional view of the wing taken along line 4--4 in
      FIG. 3;
PAR  FIG. 5 is a cross-sectional elevation view of another embodiment of the
      aerial wing of the present invention;
PAR  FIG. 6 is a plan view in section of the embodiment shown in FIG. 5, the
      section being along line 6--6 in FIG. 5; and,
PAR  FIG. 7 is a sectional elevation view of the embodiment shown in FIG. 5, the
      section being along line 7--7 in FIG. 5.
DETD
PAR  Referring now in greater detail to the drawings wherein the showings are
      for the purpose of illustrating preferred embodiments of the invention
      only and not for the purpose of limiting the invention, a hang glider is
      shown in FIGS. 1-4 which includes an aerial wing 10 having longitudinally
      opposite ends 12 and 14 and which, in plan view, is rectangular in shape.
      Wing 10 includes an outer envelope 16 of flexible material such as a
      rubberized fabric, plastic, or the like, and which envelope is inflatable
      to an airfoil shape as shown in FIG. 3. Envelope 16 includes a top portion
      18 and a bottom portion 20, which portions meet to provide the wing with
      the leading edge 22 and a trailing edge 24. Envelope 16 further includes
      end wall panels 26 at the opposite ends thereof and which end wall panels
      have the desired airfoil shape. Envelope 16 may be constructed in any
      suitable manner and, in the embodiment shown, top and bottom portions 18
      and 20 are defined by a continuous sheet of material having its opposite
      ends bonded or otherwise suitably interconnected along trailing edge 24,
      and end walls 26 are separate panels of similar material bonded or
      otherwise secured to the material of the top and bottom portions of the
      envelope.
PAR  A plurality of partitions 28 having the desired airfoil shape are disposed
      within envelope 16 in spaced apart relationship along the length of the
      wing. Partitions 28 are of a flexible sheet material preferably
      corresponding to that of envelope 16 and are bonded or otherwise secured
      to the envelope so as to extend generally perpendicular to top and bottom
      portions 18 and 20 and to leading and trailing edges 22 and 24. Partitions
      28 divide the interior of envelope 16 into a plurality of chambers
      disposed side-by-side between ends 12 and 14 of the wing. While five such
      chambers are shown in the preferred embodiment, it will be appreciated
      that a greater or lesser number of chambers can be employed.
PAR  An inflatable bladder 30 of flexible sheet material such as that employed
      for envelope 16 is disposed in each of the chambers. Bladders 30 are shown
      in a partially inflated condition and, when fully inflated, generally
      conform with the contour of the corresponding chamber as defined by the
      top and bottom portions of envelope 16 and the sidewalls of the chamber
      which of course are defined by adjacent partitions 28 or by an end wall 26
      and the adjacent partition. Bladders 30 may be of any suitable structure
      and may, for example, be of a unitary wall structure in the form of a
      balloon, or comprised of a plurality of sheet material panels suitably
      interconnected with one another.
PAR  The material of bottom portion 20 of envelope 16 is structured to provide a
      plurality of air scoops 32 each leading into a corresponding one of the
      chambers in the envelope. In the embodiment shown, air scoops 32 are
      defined by slitting the material of bottom portion 20 along lines
      extending generally parallel to leading edge 22, and suitably shaping a
      portion of the material behind the cut line downwardly to provide an
      arcuate leading edge 34 for the air scoop, as shown in FIG. 4. It will be
      appreciated, however, that a section of the material of bottom portion 20
      could be removed to define an opening therethrough and a panel bonded or
      otherwise secured along the side and rear edges of such an opening to
      achieve the same air scoop structure. Each air scoop 32 provides an
      opening 36 facing leading edge 22 and defining an entrance into the air
      scoop and thus the corresponding chamber. Each opening 36, preferably, is
      generally coextensive in width with the width of the corresponding chamber
      and is disposed reasonably close to leading edge 22 of the wing.
PAR  Bottom portion 20 of envelope 16 is provided with a plurality of rows of
      webs 38 of suitable flexible sheet material, such as that employed for
      envelope 16. The rows of webs 38 underlie end walls 26 of the envelope and
      each of the partitions 28, and each row is comprised of a plurality of
      webs 38 extending between leading edge 22 and trailing edge 24 of the
      wing. Preferably the webs are triangular in shape, and shroud lines 40 are
      attached to the webs and to a suitable harness or the like 42 which
      supports a person relative to the wing during flight thereof.
PAR  If desired, an elevator 44 can be provided as an integral part of or as an
      attachment to the trailing edges of the wing to facilitate changing the
      amount of lift that the wing can produce at a given speed of flight. In
      the embodiment shown, elevator 44 is in the form of a flap attached to the
      trailing edge of the wing and defined by a pair of panels 46 and 48 of
      flexible sheet material such as that employed in constructing envelope 16.
      Panels 46 and 48 are provided intermediate their opposite ends with a
      plurality of opposed recesses which together define hollow bulbous ribs 50
      extending generally perpendicular to trailing edge 24 of the wing. Panels
      46 and 48 are bonded or otherwise suitably interconnected between ribs 50,
      and the latter are adapted to be inflated to add rigidity to the elevator
      component. The front edges of panels 46 and 48 receive the trailing edge
      of the wing therebetween and are bonded or otherwise secured to the
      corresponding top and bottom portions of envelope 16. Webs 52 of flexible
      sheet material are attached to the endmost ribs 50, and control lines 54
      are connected to webs 52 and to corresponding handles or the like 56 which
      are grasped and manipulated by the person suspended beneath the wing.
      While a separate elevator component is shown, it will be appreciated that
      the elevator component could be defined by integral extensions of the
      material of envelope 16.
PAR  With regard now to the operation of the embodiment illustrated in FIGS.
      1-4, each of the bladders 30 is inflated to a predetermined extent of the
      capacity thereof with a gas lighter than air, such as hydrogen or helium
      for example. Inflation can be achieved in any desired manner and, for
      example, each bladder can be provided with an inflation valve 58
      accessible through opening 36 of air scoop 32. Inflation of bladders 30
      provides for inflation of the corresponding chamber 16 to substantially
      the desired airfoil shape. The extent to which the bladders are inflated
      will depend on the degree of buoyancy desired under the prevailing weather
      conditions and the weight of the person using the wing. For purposes of
      example, it will be assumed that the bladders are each inflated to about
      75 percent of their maximum capacity. Accordingly, the bladders do not
      completely occupy the space in the corresponding chambers in envelope 16,
      and bottom portion 20 of the envelope sags or hangs loosely beneath the
      bottom portion of the corresponding bladder. As the wing moves forwardly
      through the atmosphere to achieve flight, and during such flight, air is
      rammed into each of the chambers through openings 36 of air scoops 32. The
      pressure of this ram air further inflates the corresponding chamber to
      shape the bottom portion of the envelope and thus provide the wing with an
      overall smooth airfoil shape. If desired, each chamber can be provided
      adjacent trailing edge 24 of the wing with a plurality of exhaust openings
      60 for the restricted discharge of input or ram air to the chambers.
PAR  As the wing ascends the gas in bladders 30 expands and, accordingly, the
      maximum altitude to which the wing can ascend is dependent on the initial
      extent of inflation thereof with respsct to their maximum capacity. As the
      wing ascends and the gas in bladders 30 expands, the air in the chamber is
      expelled through opening 36, and as the wing descends and the gas
      contracts additional air enters the chamber through openings 36.
      Accordingly, during flight the desired smooth airfoil shape is constantly
      maintained. As a safety device, it may be desirable to provide pressure
      relief valves, not shown, for the bladders 30 in the event that the wing
      ascends to an altitude beyond that at which the bladders reach their full
      inflation size.
PAR  While a gas lighter than air will most often be used to inflate bladders 30
      so as to provide buoyancy and thus enable flight of the wing under
      conditions of little or no wind, it will be appreciated that under certain
      conditions the wing could be flown with air as the inflating gas for
      bladders 30. In this respect, while no buoyancy would be achieved, the air
      would inflate the wing to the partial airfoil shape as described above and
      ram air would further inflate the wing as described. This enables use of
      the wing under conditions of high wind speed which would otherwise
      overpower the wing or make control thereof difficult as a result of the
      buoyancy provided by lighter than air gas.
PAR  FIGS. 5-7 illustrate a modification of the chamber and bladder arrangement
      for the wing described hereinabove. Accordingly, like numerals are
      employed in FIGS. 5-7 to designate components corresponding to the wing
      structure illustrated in FIGS. 1-4. In the embodiment shown in FIGS. 5-7,
      envelope 16 is divided internally into a plurality of chambers in the
      manner described hereinabove, and each of the chambers houses an
      inflatable bladder 62 which is considerably smaller than the capacity of
      the chamber. Bladder 62 is constructed of flexible material such as that
      of bladders 30 described herein. Bottom portion 20 of the envelope
      material is provided with an opening 64 therein adjacent leading edge 22
      of the wing, and bladder 62 is provided with an opening 66 corresponding
      in contour to opening 64. The bladder and bottom portion 20 of the
      envelope are bonded or otherwise suitably interconnected about the
      periphery of openings 64 and 66 to seal the interior of the chamber with
      respect to the interior of bladder 62. Moreover, the material of bladder
      62 and bottom portion 20 of the envelope adjacent the trailing edge of the
      openings therethrough is formed to define air scoops 68 leading into the
      interior of the bladder.
PAR  In the embodiment of FIGS. 5-7, the wing chambers are inflated with a gas
      lighter than air and, for this purpose, envelope 16 can be provided with
      inflation valves such as valve 70, for example. Each chamber would of
      course be provided with such an inflation valve. Each chamber is inflated
      to a predetermined extent of its capacity, and each bladder 62 is thus
      capable of receiving the quantity of air required to expand the
      corresponding chamber to the complete airfoil shape. Thus, during flight,
      ram air enters bladder 62 and expands the latter in accordance with the
      available space so that the desired airfoil shape of the wing is
      maintained during flight. As the wing ascends and the gas in the chamber
      expands, the air in bladder 62 is expelled through openings 64 and 66, and
      as the wing descends and the gas contracts additional air fills the
      bladders. Accordingly, the desired smooth airfoil shape is maintained
      throughout flight of the wing.
PAR  It will be appreciated from the foregoing description that the chambers in
      the embodiment of FIGS. 5-7 are sealed so as to receive and hold the
      inflating gas and that the bladders are likewise sealed to receive and
      hold incoming air to prevent gas flow communication between the bladders
      and their corresponding chambers. In the embodiment of FIGS. 1-4, however,
      it will be appreciated that it is only necessary to provide for bladders
      30 to be sealed so as to receive and hold inflating gas and prevent gas
      flow communication between the bladders and their corresponding chambers.
      Since the chambers in the embodiment of FIGS. 1-4 only receive ram air,
      the material of envelope 16, end walls 26 and partitions 28 does not have
      to be completely sealed so as to be gas tight. The latter is preferred,
      however, so that escape of inflating gas from the chambers through the
      envelope material would be avoided in the event of a rupture in the
      corresponding bladder.
PAR  The preferred arrangement of a plurality of chambers and corresponding
      bladders in the embodiments herein described advantageously prevents
      complete collapse of the wing in the event of a rupture in one of the
      inflating gas receiving chambers or bladders. Thus, in the event of such a
      rupture minimum buoyancy is lost and the operator is protected against a
      too rapid descent. Further, as inflating gas escapes from a ruptured
      chamber or bladder, the amount of ram air entering the wing increases. In
      the embodiment of FIGS. 1-4, such ram air would fill the chamber and
      substantially maintain the airfoil shape of the corresponding portion of
      the wing. Likewise, in the embodiment of FIGS. 5-7 such ram air would fill
      the bladder to the full capacity thereof. In the latter embodiment, the
      capacity of the bladder relative to the corresponding chamber would
      determine the extent to which the full airfoil shape of the ruptured
      chamber could be maintained. In any event, it will be appreciated that
      with the preferred embodiments described herein, loss of airfoil shape and
      loss of control of the flight of the wing by the operator is minimized in
      the event of a rupture and loss of inflation gas.
PAR  As an example of the size of the aerial wing of the present invention, the
      wing preferably has a length between ends 12 and 14 of about 20 feet and a
      width between leading and trailing edges 22 and 24 of about 15 feet.
      Further, when inflated to the desired airfoil shape, the wing has a
      maximum dimension between top and bottom portions 18 and 20 of the
      envelope of about four feet, and the elevator extends the full length of
      the trailing edge of the wing and has a width perpendicular to the
      trailing edge of about five feet. Moreover, the operator is suspended from
      about 15 feet to 20 feet below the wing to maximize stability.
PAR  While a plurality of chambers and corresponding bladders is preferred for
      the foregoing reasons, it will be appreciated that the desired airfoil
      shape can be obtained and maintained by the combination of a single
      chamber and a single bladder in either of the embodiments herein
      described. In such a single chamber-single bladder construction one or
      more air scoop openings for ram air could be provided along the length of
      the wing. Moreover, while considerable emphasis has been placed on the
      structure of and the structural interrelationship between the chamber and
      bladder components of the embodiments disclosed, it will be appreciated
      that many changes can be made therein without departing from the
      principles of the present invention.
PAR  As many embodiments of the invention may be made and as many changes may be
      made in the embodiments herein illustrated and described, it is to be
      distinctly understood that the foregoing descriptive matter is to be
      interpreted merely as illustrative of the present invention and not as a
      limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aerial wing for soaring having opposite ends and a generally uniform
      airfoil shape between said ends comprising, an envelope of flexible sheet
      material inflatable to said airfoil shape and having leading and trailing
      edges, the interior of said envelope defining chamber means, inflatable
      bladder means within said chamber means and including wall means separate
      from said envelope and providing an airfoil shape for said bladder means
      generally corresponding in contour to said airfoil shape of said envelope,
      said bladder means being expandable and contractible within and relative
      to said chamber means and being sealed against fluid flow communication
      therewith, one of said chamber means and bladder means being adapted to
      receive and hold a quantity of gas, means defining air passageway means
      opening into the other of said chamber means and bladder means and having
      entrance means through said envelope adjacent said leading edge, and means
      to suspend a load beneath said wing.
NUM  2.
PAR  2. The aerial wing according to claim 1, wherein said envelope has a bottom
      portion between said leading and trailing edges, said entrance means being
      through said bottom portion.
NUM  3.
PAR  3. The aerial wing according to claim 1, wherein said envelope has a bottom
      portion between said leading and trailing edges, and said means to suspend
      a load includes means on said bottom portion for attaching shroud lines to
      said wing.
NUM  4.
PAR  4. The aerial wing according to claim 1, and elevator means along said
      trailing edge and pivotal relative to said envelope.
NUM  5.
PAR  5. The aerial wing according to claim 1, wherein said bladder means is said
      one of said chamber means and bladder means.
NUM  6.
PAR  6. The aerial wing according to claim 1, wherein said chamber means is said
      one of said chamber means and bladder means.
NUM  7.
PAR  7. The aerial wing according to claim 1, wherein said chamber means
      includes a plurality of chambers disposed side-by-side in said envelope,
      said chambers including sidewall means extending in the direction between
      said leading and trailing edges, and said bladder means includes an
      inflatable bladder in each chamber.
NUM  8.
PAR  8. The aerial wing according to claim 7, wherein said sidewall means seal
      adjacent ones of said chambers against fluid flow communication
      therebetween and said bladder means is said other of said chamber means
      and bladder means, each said inflatable bladder having an opening
      thereinto, said envelope having a bottom portion between said leading and
      trailing edges, said entrance means through said envelope including
      openings through said bottom portion each communicating with a
      corresponding bladder opening.
NUM  9.
PAR  9. The aerial wing according to claim 7, wherein said envelope includes a
      bottom portion between said leading and trailing edges and said chamber
      means is said other of said chamber means and bladder means, said entrance
      means through said envelope including an opening through said bottom
      portion into each of said chambers.
NUM  10.
PAR  10. An aerial wing for soaring having opposite ends and a generally uniform
      airfoil shape between said ends comprising, an envelope of flexible sheet
      material, said envelope having end walls and top and bottom portions
      meeting to define generally parallel leading and trailing edges of said
      wing, a plurality of partitions of flexible sheet material in said
      envelope and attached thereto, said end walls and partitions having said
      airfoil shape and extending generally perpendicular to said top and bottom
      portions and to said leading and trailing edges, said end walls and
      partitions dividing the interior of said envelope into a plurality of
      chambers, an inflatable bladder in each chamber, each bladder including
      wall means separate from said envelope and providing said bladders with a
      contour generally corresponding to the contour of the corresponding
      chamber, each bladder being expandable and contractible within and
      relative to the corresponding chamber, each chamber and corresponding
      bladder being sealed against fluid flow communication therebetween, one of
      said chamber and corresponding bladder being adapted to receive and hold a
      quantity of gas, means defining an air passageway opening into the other
      of said chamber and corresponding bladder and having an entrance through
      said bottom portion of said envelope adjacent said leading edge, and means
      for attaching load supporting shroud lines to said bottom portion of said
      envelope.
NUM  11.
PAR  11. The aerial wing according to claim 10, wherein said air passageway
      opens into said chamber and said entrance is defined by an opening through
      said bottom portion facing in the direction of said leading edge and
      extending generally parallel thereto.
NUM  12.
PAR  12. The aerial wing according to claim 11, further including elevator means
      extending along said trailing edge and pivotal relative to said envelope,
      and means for attaching control line means to said elevator means.
NUM  13.
PAR  13. The aerial wing according to claim 11, and air outlet means for said
      chamber, said outlet means opening through said envelope adjacent said
      trailing edge.
NUM  14.
PAR  14. The aerial wing according to claim 11, wherein said means for attaching
      shroud lines includes a plurality of rows of individual webs of flexible
      sheet material attached to said bottom portion, said rows extending
      between said leading and trailing edges, and the webs in each row being
      generally coplanar.
NUM  15.
PAR  15. The aerial wing according to claim 14, wherein said rows each underlie
      one of said end walls and partitions.
NUM  16.
PAR  16. The aerial wing according to claim 10, wherein said air passageway
      opens into said bladder and said entrance is defined by an opening through
      said bottom portion facing in the direction of said leading edge and
      extending generally parallel thereto, said means defining said air
      passageway including an opening in said bladder and means connecting said
      bladder and bottom portion of said envelope for said openings to be in
      flow communication.
NUM  17.
PAR  17. The aerial wing according to claim 16, and elevator means extending
      along said trailing edge and pivotal relative to said envelope, and means
      for attaching control line means to said elevator means.
NUM  18.
PAR  18. The aerial wing according to claim 16, wherein said means for attaching
      shroud lines includes a plurality of rows of individual webs of flexible
      sheet material attached to said bottom portion, said rows extending
      between said leading and trailing edges, and the webs in each row being
      generally coplanar.
NUM  19.
PAR  19. The aerial wing according to claim 16, wherein said rows each underlie
      one of said end walls and partitions.
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ABST
PAL  An apparatus for causing relative movement of first and second structures
      about a pivot axis is disclosed wherein a rotatable, elongated member has
      first and second portions which respectively extend from the pivot axis
      toward the first and second structures. The second portion of the member
      extends rotatably within a housing which is also rotatable with respect to
      the second structure. The axis of rotation of the member second portion
      within the housing is skewed from the axis or rotation of its first
      portion relative to the first structure by an angle .theta. and is also
      skewed by an equal angle from the axis of rotation of the housing relative
      to the second structure. Simultaneous rotation of the housing and member
      in opposite rotational directions produces arcuate movement of the member
      first portion and the first structure, about the pivot axis, relative to
      the second structure.
BSUM
PAR  This invention relates to apparatus for causing relative pivotal movement
      of two structures and, more particularly, to such apparatus operable for
      causing controlled, relative pivotal movement of two adjacent segments of
      an airfoil.
PAR  While a variety of fairly straightforward mechanisms can be employed for
      inducing relative pivotal movement between two structures, such mechanisms
      often are not suitable when it is desired to impart a precisely controlled
      degree of relative pivotal movement, particularly when there may be other
      forces acting upon the structures which oppose the controlled movement or
      which impose forces upon the structures tending to induce movement
      independently of the control signal. Accordingly, when a control mechanism
      for positioning relatively movable structures must additionally be capable
      of bearing a substantial load, further structural considerations are
      entailed. Such design considerations may be of little consequence in the
      case of mechanisms not required to meet particular standards of minimum
      weight and size, in that sufficiently large, conventional gearing and
      actuating devices may then be employed. When weight, size, and actuating
      power must be restricted, however, quite serious difficulties may arise in
      providing such a control mechanism which is precisely operable, yet
      capable of maintaining pivotal structures in a selected relative position
      despite the occurrence of severe external forces or loads.
PAR  The problem is particularly acute in the case of movable aircraft
      components, such as flaps, trim devices and the like, which are pivotally
      related to fixed portions of an aircraft. Mechanisms for pivotally moving
      and positioning such airfoil members must be capable of precisely
      controlled operation, while at the same time meeting stringent
      requirements as to weight and size. At the same time, such mechanisms may
      continuously support the weight of horizontally extending, movable
      airfoils when the aircraft is on the ground, and must be capable of
      resisting severe loads in either pivotal direction during flight, the
      loads being dependent upon the angle of attack of the plane and upon the
      position of the movable airfoil. In flight, these loads are usually
      greatest when the airfoil is in its extreme pivotal positions,
      particularly in the upper extreme of pivotal movement. It can be readily
      appreciated that the problems discussed thus far with respect to the
      positioning of a single airfoil or flap relative to an airfoil are even
      more serious in the case of variable camber airfoils or the like having
      two or more movable segments serially connected, each of which must be
      pivoted in a controlled manner with respect to a respective, adjacent
      segment. Such variable camber, or variable geometry, airfoils are known to
      be capable of providing significant aerodynamic advantages over
      conventional airfoils having only one movable element adjacent a leading
      and/or trailing edge portion of the airfoil. However, their application
      has been limited because of the above-discussed problems concerning the
      practical implementation of actuating and control mechanisms capable of
      bearing cumulative loads imposed upon the airfoil segments (the loads
      being greater in magnitude, in some instances, than the entire weight of
      the aircraft), yet meeting reasonable standards of weight, size and
      preciseness of operation.
PAR  Historically, early aircraft employed cables, actuated by the pilot's
      controls, extending externally of the wings and fuselage for transmitting
      control forces to the movable control surface elements. For positioning a
      movable, horizontally extending airfoil, for example, one such cable was
      fastened to a lever or moment arm extending generally upwardly from the
      airfoil at a location adjacent the hinge axis, and a second cable was
      fastened to another lever arm extending downwardly from the movable
      airfoil, again at a location adjacent to the pivot axis. The reason the
      moment arms were extended from the airfoil was to increase their length
      and thus reduce the actuating force required. The mechanical advantage was
      necessary to permit positioning of the control surfaces by the pilot in
      spite of opposing loads, and to permit such control safely and reliably
      with the materials and engineering techniques available at the time. As
      the art developed, single, longitudinally rigid, push rods were
      substituted for the two control cables of early aircraft. In modern
      aircraft, a push rod or its equivalent may be employed as a part of the
      actuation system, but the push rod and associated apparatus through which
      actuating force is applied are mounted internally of the fuselage and wing
      to reduce drag. Suitable gearing and/or fluidly powered actuating
      mechanisms are employed to drive the movable component, and electrically
      transmitted signals may be employed to control remote servo systems
      operatively connected to the actuating mechanism. It will be understood by
      those in the art that even in modern, servo controlled systems wherein no
      lever or moment arm connected to the movable airfoil component is
      employed, and wherein driving forces are applied through hydraulic or
      electrically powered actuating mechanisms operating through gears or racks
      rotatable with the movable airfoil, a moment arm nevertheless exists
      through the rotatable gear or rack to a driving gear or rack in the
      movable airfoil or structure engaged with the gear and operable to
      transmit force thereto and to the movable airfoil.
PAR  In modern aircraft, wherein such actuating mechanisms are installed within
      the external skin of the airfoil to reduce drag, the length of the moment
      arm through which actuating forces are applied is generally limited by the
      local thickness of the airfoil if the moment arm extends vertically (or,
      more generally, perpendicularly of the major plane of the airfoil if
      vertically extending airfoils are considered). This limitation thus
      results in a corresponding requirement, for efficient, reliable operation,
      of gearing and driving mechanisms of undesirably high load capacity,
      adding to the weight and bulk of the actuating system. If it is attempted
      to transmit such control forces through rotatable, spanwise drive shafts
      to avoid such problems, new difficulties arise related to the added weight
      of such shafts and the necessity of torsional rigidity thereof. If, on the
      other hand, the moment arm is extended horizontally or chordwise within
      the fixed airfoil segment and made longer to reduce the required driving
      force, its vertical pivotal movement is also limited by the local
      thickness of the airfoil, and only a small range of pivotal movement is
      possible. Again, these problems are even more serious when the control
      mechanisms are employed to position the plurality of segments required in
      variable camber airfoils and the like. The difficulties are further
      manifold in the case of transonic or supersonic aircraft wherein the
      airfoils are of relatively thin, flat configuration during high-speed
      flight, but are preferably cambered substantially for take-off or landing
      and for low-speed flight.
PAR  In the past, some multi-segment, variable camber airfoils have employed a
      plurality of push rods connected to and extending serially between
      vertical levers or moment arms fastened to the airfoil segments, a
      technique which suffers from the above-stated problems concerning weight,
      size, and power vs. moment arm requirements. Generally, such techniques
      have not been practical in modern airfoils of limited thickness. Another
      approach, which is more closely analogous to the control mechanism of the
      present invention, has involved the use of "bent links" extending
      generally chordwise within the fixed airfoil segment and within a
      relatively movable airfoil segment, each link being rotatable about a
      chordwise axis from which a portion thereof extends angularly. As the link
      is caused to rotate about the chordwise axis, the canted, distal end
      portion of the link passes through a circular path coaxial of the axis and
      thus moves angularly with respect to the pivot axis of the relatively
      movable airfoil component as well as in a spanwise direction. A suitable
      track or the like has thus been required in the movable airfoil segment
      for slideably or movably receiving the distal end of the link to permit
      generally spanwise movement thereof relative to the movable airfoil while
      transmitting angular movement of the link about the pivot axis of the wing
      to the movable airfoil, resulting in the desired pivotal movement of the
      movable component about its pivot axis.
PAR  These "bent link" mechanisms have not been generally accepted in the art,
      however, because of the difficulties involved in accurately mating the
      bent links within the associated tracks, because of frictional
      inefficiencies entailed in moving the link elements along the associated
      tracks, and because there is inherent in such an arrangement a degree of
      play between the links and the tracks which makes the wing structure
      susceptible to possibly dangerous vibration during flight. It is, of
      course, of vital importance that any such actuating and control apparatus
      be capable of highly reliable operation during extending service, and that
      consideration be taken of all possible environmentally or aerodynamically
      induced hazards, such as resonant vibration of the airfoil during
      high-speed or turbulent flight.
PAR  It is, accordingly, a major object of the present invention to provide a
      new and improved apparatus for causing relative pivotal movement of first
      and second structures.
PAR  Another object is to provide such an apparatus capable of effecting
      precisely controlled, relative pivotal movement of two structures while at
      the same time bearing substantial loads received from the structures.
PAR  Yet another object is to provide such a control apparatus which is
      particularly adapted for use in pivotally connecting, and controlling the
      relative position of, two adjacent segments of an airfoil.
PAR  Another major object is to provide such a position control apparatus in
      which the moment arm through actuating force is transmitted from one to
      another of two relatively movable airfoil segments extends in a generally
      chordwise direction within the airfoil.
PAR  A further object is to provide such a control apparatus employing a
      rotatable link having first and second relatively skewed portions for
      imparting angular movement to an airfoil segment relative to a second
      segment, but wherein no corresponding track or groove structure is
      required in either of the relatively pivotable structures for
      accommodating spanwise movement of a portion of the rotatable link.
PAR  A still further object is to provide such a control apparatus which is
      efficiently operable, in series arrangement, for effecting gradual camber
      of an airfoil having a plurality of contiguous airfoil segments.
PAR  Another object is to provide a control apparatus having such a rotatable
      link, incorporating an actuator for rotatably driving the link, which is
      adapted to provide an appropriate moment of force to a pivotable airfoil
      segment upon the application of only a relatively small degree of driving
      force to the rotatable link, whereby an efficient transmission of driving
      force to the airfoil segment is obtained.
PAR  A related object is to provide a control apparatus inherently providing a
      substantial amount of mechanical reduction, whereby the need for an
      additional, braking-coupling device to lock the relatively movable airfoil
      structures in place is obviated.
PAR  A still further object is to provide such a control apparatus which, when a
      movable airfoil segment in positioned by the control apparatus is either
      of two extremes within a range of pivotal movement and in which the
      airfoil segment may receive aerodynamic forces urging it toward a medial
      position within the range, transmits none of the aerodynamic force to the
      associated actuator.
PAR  Yet another object is to provide such a control mechanism in which the
      mutually adjacent segments of an airfoil are rigidly supported by the
      control mechanism in a desired position upon cessation of rotation of the
      mechanism, whereby potentially hazardous vibrations of the airfoil
      segments is minimized, and further, whereby the segments of a
      multi-segment airfoil can be rigidly connected and efficiently controlled.
PAR  Still another object is to provide a control apparatus providing the
      above-stated advantages which, nevertheless, is of practicable, rugged
      construction, employing only a few movable parts, whereby rigorous
      standards of reliability can be met at reasonable cost.
DRWD
PAR  Other objects and advantages will be apparent from the specification and
      claims and from the accompanying drawing illustrative of the invention.
PAR  In the drawing:
PAR  FIG. 1 is a plan view of an aircraft wing having a forwardly extending,
      relatively movable airfoil segment or leading edge flap which is pivotally
      connected to the wing by three control mechanisms constructed according to
      one embodiment of the present invention, the wing and flap being shown in
      broken, phantom lines;
PAR  FIG. 2 is a longitudinal, partially sectional view, taken as on line II--II
      of FIG. 1 but on a relatively enlarged scale, of the rotatable, elongated
      member and the associated housing, portions thereof being broken away for
      clarity, and of associated portions of the wing and leading edge flap;
PAR  FIGS. 3-7 are diagrammatic representations showing the major axes of the
      linkage structure, taken in the same plane as FIG. 2 and showing the
      linkage structure in five successive, rotational positions;
PAR  FIGS. 8-12 are diagrammatic representations taken as on lines VIII--VIII,
      IX--IX, X--X, XI--XI, and XII--XII, respectively, of FIGS. 3-7,
      respectively;
PAR  FIG. 13 is a view, similar to FIG. 1, showing a variable camber wing
      structure having three relatively movable airfoil segments interconnected
      by six of the linkage structures;
PAR  FIG. 14 is a top plan view of a further modification of the linkage
      structure showing a plurality thereof employed in series in a linkage for
      positioning a plurality of relatively pivotable airfoil segments, the
      segments being shown in broken, phantom lines for clarity; and
PAR  FIG. 15 is a side view of the linkage of FIG. 15.
DETD
PAR  With initial reference to FIG. 1, an aircraft wing 10 and an associated,
      forward flap 11 are connected by three linkage structures 13 constructed
      according to a preferred embodiment of the present invention. The linkage
      structures 13 are associated with drive mechanisms 14, as will be
      described in detail hereinafter, and comprises in combination therewith a
      control apparatus or mechanism 15 for causing relative pivotal movement of
      the forward flap 11 and wing 10 about a hinge line or pivot axis 16
      extending spanwise along the junction of the flap and the wing, as in
      conventional airfoil structures. The flap 11 may be considered a first
      relatively pivotable structure or airfoil segment, and the wing 10 a
      second structure or segment. For clarity of description, directional
      terminology such as "upward," "downward," "forward" and "rearward" will be
      used herein with reference to the exemplary aircraft wing 10 and forward
      flap 11 of the illustrated embodiment. It should be understood, of course,
      that such terminology is not to be taken as limiting the scope of the
      invention to the particular embodiment chosen for illustration, and that
      the control apparatus has utility in various aerospace and non-aerospace
      applications wherein it is desired to effect controlled, relative pivotal
      movement of at least two structures.
PAR  With additional reference to FIG. 2, the linkage structure 13 includes an
      elongated member 17 having a first portion 18 extending generally
      chordwise within the flap 11 and a second portion 19 extending within the
      wing structure 10 and received therein by a housing 20 rotatably mounted
      within the wing, and to be described hereinbelow. For structural rigidity,
      the elongated member 17 is suitably of double-ended spindle configuration,
      with the first and second portions 18 and 19 tapering outwardly toward
      their respective distal end portions, and the member is suitably of hollow
      construction for minimizing weight. The first and second member portions
      18 and 19 extend along respective axes 23 and 24 and, in the present
      embodiment, are axisymmetrically configured with respect to their
      respective axes. As can be most clearly seen in FIG. 2, the axis 23 of the
      member first portion is skewed from the axis 24 of the member second
      portion 19 by an angle .theta. which is less than 90 degrees, and which is
      approximately 4 degrees in the illustrated embodiment.
PAR  A first bearing 25 is provided for rotatably journalling the distal,
      reduced diameter end section of the first portion 18 of the member 17
      within a corresponding bore formed through a first support or frame member
      26, which may suitably be a span or other structural portion of the flap
      11, or a vertical plate or the like rigidly mounted within the flap. The
      first bearing, in the present embodiment, consists of an annular, teflon
      lined sleeve fitted circumferentially around the adjacent member portion
      18 and seated within the associated bore through the frame member 26. The
      first bearing 25 has a circumferential, radially projecting lip portion 27
      fitting against the rear surface of the frame member 26, and an annular,
      teflon bearing 28 is seated against the opposite side of the frame member
      26 circumferentially of the member first portion 18. A corresponding,
      radially projecting lip 30 is formed circumferentially of the member
      second portion 18 for axially and slideably bearing against the bearing
      lip portion 27. An externally threaded portion 31 of the member first
      portion is provided extending slightly beyond the first frame member 26
      for receiving a nut 32 suitably bearing against a washer 33 seated between
      the nut 32 and the washer bearing 28, whereby the member 17 is constrained
      against axial movement relative to the flap 11 but is permitted to rotate
      therein. A second bearing 34, suitably a second, annular, teflon lined
      sleeve, is similarly seated within a corresponding, annular opening formed
      through a second frame member 35 of the flap 11 spaced between the first
      frame member 26 and the wing 10, the second bearing 34 serving to
      rotatably journal the member first portion 18 within the second frame
      member 35. The first and second bearings 25, 34 thus comprise a first
      bearing means for permitting rotational movement of the member 17 about
      the axis 23 of the member first portion 18 and preventing yaw or pitch of
      the member 17 relative to the flap 11, i.e., providing moment transfer
      capability between the member 17 and the flap 11.
PAR  Teflon lined, sleeve bearings such as the bearings 25, 34 are
      advantageously used in the present embodiment because of their light
      weight, but other bearing constructions, such as ball or roller bearing
      assemblies (not shown) are suitably employed in alternative embodiments.
      In other applications of the control mechanism 15, the bearing elements
      may comprise slideably mating surfaces of the member 17 itself and the
      frame members 26, 35. For example, the member first portion 18 may be
      provided with smoothly finished, external surfaces, not shown, which are
      adapted to bear slideably directly against adjacent, corresponding annular
      seats defined by adjacent, associated structures such as frame members 26
      and 35, a lubrication agent preferably being provided therebetween, for
      permitting rotation of the member 17 within the frame members 26 and 35.
PAR  Referring again specifically to FIGS. 1 and 2, the member first portion 18
      is provided with a radially projecting portion defining a first beveled
      gear 36, of mitre configuration, extending circumferentially and coaxially
      around the member first portion adjacent the second bearing 34 and
      positioned between the second bearing and the wing 10. The first bevel
      gear 36 is engaged with a corresponding bevel gear 37, termed hereinafter,
      the actuating gear 37, which is coaxially mounted upon a spanwise drive
      shaft or axle 38. As seen most clearly in FIG. 1, the drive shaft of axle
      38 extends from an actuator 40, to be described, in a spanwise direction
      to the linkage structure 13 and is oriented in coaxial alignment with the
      pivot axis 16. The axle 38, actuator 40 and associated gearing thus
      comprise a drive mechanism 14. The actuating gear 37 is mounted for
      rotation upon the pivot axis 16 of the flap 11.
PAR  The member second portion 19 extends and is journalled within the housing
      20 upon other bearings (61 and 75), which will be described in greater
      detail in a later section. The housing 20 is hollow, defining a chamber 44
      open toward the pivot axis 16 for receiving the member second portion 19.
      The housing 20 is suitably of generally cylindrical configuration, having
      a first end portion 45 journalled within a third bearing 46 and a second
      end portion 47, adjacent the actuating gear 37, journalled within a fourth
      bearing 48. The housing 20 extends rearwardly within the wing 10 from the
      actuating gear 37 in a generally chordwise direction, the third and fourth
      bearings 46, 48 being seated within corresponding, mutually coaxial,
      annular openings formed through first and second frame members 50 and 51
      seated within the wing 10. (More specifically, the housing 20 extends
      perpendicularly of the forward edge of the wing 10.) The second end
      portion 47 of the housing 20 is provided, at its forward portion, with a
      coaxial, bevel gear 52, termed hereinafter the second bevel gear 52,
      corresponding in tooth structure to the first bevel gear 36 and also
      engaged with the actuating gear 37. The fourth bearing 48 is provided with
      a circumferential lip 53 projecting radially alongside the wing second
      frame member 51 and between the frame member 51 and the second bevel gear
      52 for maintaining the second bevel gear in engagement with the actuating
      gear 37. At its opposite, first end portion 45, the housing 20 is provided
      with an externally threaded end section 54 extending rearwardly within the
      wing 10 beyond the wing first frame member 50, and a corresponding nut 55
      is threadingly engaged with the threaded portion against a washer 56 and a
      washer-shaped, annular bearing element 57, suitably teflon lined, disposed
      between the washer 56 and the wing first frame member 50; this arrangement
      permits rotational movement of the housing 20, nut 55, and washer 56
      within the third and fourth bearings 46 and 48. The nut 55 thus serves to
      prevent forward axial movement of the housing 20 relative to the wing 10
      and maintains the rear surface of the annular lip defining the second
      bevel gear 52 in sliding contact with the lip 53 of the fourth bearing 48,
      whereby the second bevel gear 52 is maintained in engagement with the
      actuating gear 37. As is common in aircraft construction, the nut 55 is
      preferably locked against rotation by a shear pin or the like, not shown.
PAR  The first end portion 45 of the housing 20 has a planar wall 58 extending
      transversely of the housing and suitably aligned with the first frame
      member 50 of the wing 10, and a generally cylindrical socket 60 is formed
      in and projects rearwardly from the rear side of the transverse wall 58,
      and is open forwardly toward the pivot axis 16 for receiving a fifth
      bearing 61 and the rear end of the elongated member second portion 19. The
      member second portion 19 has a circumferential, radially projecting lip 62
      preferably extending outwardly beyond the inner diameter of the housing
      socket 60 adjacent the fifth bearing 61, the fifth bearing having a sleeve
      portion 63 seated within the socket 60 and a circumferential lip 64
      projecting radially outwardly beyond the inner diameter of the socket 60
      and slideably contacting the lip 62 of the second member portion 19.
PAR  The socket 60 has a circular, transversely extending endwall 65 with an
      opening 66 formed coaxially therethrough and of smaller diameter than the
      sleeve portion 63 of the fifth bearing 61. The member second portion 19
      has a rearwardly projecting, central boss 67 coaxial of the member second
      portion 18 and which extends through the socket opening 66, the bearing
      lip 64 being of a sufficient thickness to space the rear wall of the
      member second portion 19 a small distance from the socket transverse wall
      65, as shown at 68. The boss 67 has a threaded bore 70 formed axially
      therethrough, and a corresponding bolt 71 is threadingly engaged within
      the bore 70, a washer 72 being provided beneath the head of the bolt 71
      and extending radially alongside the transverse wall 65 of the socket 60.
      A teflon lined bearing element 73 or washer is seated between the washer
      72 and the transverse socket wall 65.
PAR  The fifth bearing 61 and the planar bearing element 73 thus permit axial
      rotation of the member second portion 19 within the socket 60, while the
      bolt 71 and the washer 72 serve to constrain the member second portion 19
      within the socket 60, preventing axial translation of the member 17 within
      the housing 20. The thickness of bearings 64 and 73 is selected to provide
      proper adjustment of gears 36 and 52 with respect to the actuation gear
      37, and the spacing may be conveniently varied by substituting bearings of
      different thicknesses.
PAR  The third and fourth bearings 46, 48 are positioned, by the associated,
      supporting, wing frame members 50, 51 in coaxial alignment upon an axis
      intersecting the pivot axis 16. The third and fourth bearings 46, 48 thus
      permit axial rotation of the axisymmetrical housing 20 about an axis 74
      intersecting the pivot axis 16, and preferably perpendicular to the pivot
      axis.
PAR  A sixth, sleeve bearing 75 similar to the second bearing 34 is seated
      within an inner, annular surface of the housing 20 adjacent the housing
      second end portion 47. An inwardly projecting, annular lip 76 is formed on
      the housing second end portion 47 for seating the sixth bearing 75. The
      fifth and sixth bearings 61 and 75 are coaxially aligned on an axis
      intersecting the pivot axis 16, and they and the housing 20 are positioned
      to constrain the member 17 with the axis 24 of the member second portion
      19 intersecting the pivot axis 16 at the point of mutual intersection of
      the axes 23 and 24 of the first and second member portions 18 and 19. To
      achieve continuous, mutual alignment, at the pivot axis 16, between the
      axis 74 of the housing 20, the pivot axis 16, and the juncture of the axes
      23, 24 of the member first and second portions 18, 19, the axis 24 upon
      which the fifth and sixth bearings 61 and 75 are aligned is canted or
      skewed, about the pivot axis 16, from the rotational axis 74 of the
      housing 20 by an angle equal to the angle .theta.  by which the axis 23 of
      the first member portion 18 is skewed from the axis 24 of the second
      member portion 19. The fifth and sixth bearings 61 and 75, in cooperation
      with the adjacent, supporting structure of the housing 20, thus comprise a
      third bearing means for permitting rotation of the member 17 within the
      housing chamber 44 upon the axis 24 of the member second portion 19 and
      for preventing yaw or pitch of the member 17 relative to the housing 20,
      i.e., for providing moment restraint between the member 17 and housing 20,
      the rotational axis of the member 17 within the housing 20 thus being
      canted from the rotational axis 74 of the housing 20 within the wing 10 by
      the angle .theta.. The third and fourth bearings 46 and 48, in cooperation
      with the associated, supporting structure such as the frame members 50 and
      51, thus comprise a second bearing means for permitting rotation of the
      housing 20 within the wing 10 about an axis 74 intersecting the pivot axis
      16 at its intersection with the axes 23, 24 of the member first and second
      portions 18, 19 and for preventing yaw or pitch of the housing 20,
      relative to the wing 10, from the housing rotational axis.
PAR  With primary reference now to FIG. 1, it has been preferred in the present
      embodiment, in which three linkage structures 13, 13A and 13B are mutually
      spaced along the hinge line 16, to employ drive mechanisms 14, 14A, and
      14B including actuators 40, 40A, 40B which are adjacent and drivingly
      connected to respective ones of the linkage structures 13, 13A, and 13B,
      the linkage structures 13A and 13B being identical to the linkage
      structure 13 described above with reference to FIG. 2. The actuators 40,
      40A, and 40B may comprise electrical or hydraulic motors or the like
      powered by remotely located control apparatus, not shown, as are known in
      the art. In one embodiment, for example, the actuators 40, 40A, and 40B
      suitably are hydraulic motors of the type manufactured by the Sperry
      Vickers Division of the Sperry Rand Corporation, under Model No.
      MF-3907-30, combined with gear reduction units providing a speed reduction
      of about 800:1. The actuators 40, 40A and 40B are operable to rotate the
      shafts 38, 38A, and 38B, through selected angular increments, in either
      rotational direction. To provide fail-safe operation in the event of a
      failure of one of the actuators 40, 40A, and 40B, their driving mechanisms
      are preferably interconnected. Thus, a shaft 80, extending along the hinge
      axis 16, is connected between the rotating elements of the actuators 40
      and 40A. Similarly, a second shaft 81 is connected between the actuator
      40B and a bevel gear 82 engaged with the linkage structure 13A in the
      manner described previously with respect to the actuating gear 37 of the
      linkage structure 13.
PAR  Referring now to FIG. 2, because the first and second bevel gears 36 and 52
      each have an equal number of teeth, and because each is continuously
      constrained in engagement with the actuating gear 37 during all operating
      positions, rotation of the actuating gear by the actuator 40 will effect
      rotation of the member 17 upon the first bearing means (comprising the
      first and second bearings 25, 34) in a first rotational direction while
      causing rotation of the housing 20, upon the second bearing means
      (comprising the third and fourth bearings 46, 48), in a second, opposite
      rotational direction. The actuator 40, shaft 38, actuating gear 37, and
      corresponding bevel gears 36, 52 of the linkage structure 13A and 13B thus
      comprise a means for rotating the member 17 upon the first bearing means
      and for simultaneously rotating the housing 20 upon the second bearing
      means at an equal rotational velocity but in an opposite direction.
PAR  With additional reference now to FIGS. 3-12, the operation of the linkage
      structure 13 in response to rotation of the actuating gear 37 (FIG. 2)
      will now be described.
PAR  In FIGS. 3-12, the wing 10, flap 11, and actuating mechanisms are omitted
      for clarity, and the housing 20 and member 17 are shown only in
      diagrammatic form. Reference points a, b, c, and d denote respective
      locations on the member 17 and the housing 20, as described in the
      following paragraph; and, as in FIG. 2, axes 23 and 24 represent the
      central longitudinal axes at the first and second portions 18, 19 of the
      member 17, and axis 74 represents the central axis and the axis of
      rotation of the housing 20.
PAR  Reference point a represents the intersection of the axis 24 of the member
      second portion 19 with the forward end surface of the member second
      portion 19, point b the intersection of axis 23 with the rear end surface
      of the member first portion 18, point c the intersection of axis 74 with a
      plane perpendicular thereto coincident with the rearmost surface of the
      housing 20, point o the common intersection of axes 23, 24, and 74, and
      point d a location on the rear end surface adjacent point b but spaced
      downwardly therefrom and lying in the plane common to axes 23 and 24. As
      seen in FIGS. 3 and 8, the member 17 and housing 20 are oriented with the
      axes 23, 24 of the first and second member portions 18, 19 and the
      rotational axis 74 of the housing 20 in a single plane, corresponding to
      the surface of the drawing in FIG. 3, when the member first end 18 is in
      its uppermost extreme of arcuate movement about the pivot axis 16, as will
      now be described.
PAR  When the member first end portion 18 is in its uppermost positional
      extreme, as shown in FIGS. 2, 3, and 8, the angle 82 (FIG. 3) between the
      central axis 74 of the housing 20 and the axis 23 of the member first
      portion 18 is 2.theta..degree. , and the angle 83 between the axis 74 and
      the axis 24 of the member second portion 19 is .theta. .degree. , as has
      been previously discussed with respect to FIG. 2. Assume now that the
      actuating gear 37 (FIG. 2) is rotated in a counterclockwise direction as
      viewed in FIG. 2, driving the adjacent, engaged portion of the first bevel
      gear 36 downwardly and driving the adjacent, engaged portion of the second
      bevel gear 52 upwardly. This induces rotation of the housing 20 within the
      third and fourth bearings 46, 48 in a counterclockwise direction, as
      viewed in FIG. 8, equal and opposite simultaneous rotation of the member
      17 within the first and second bearings 25, 34 with respect to the forward
      flap 11, and rotation of the member within the fifth and sixth bearing 61
      and 75 with respect to the oppositely rotating housing 20. Rotation of the
      housing 20 and member 17 through respective arcs of 45.degree. results in
      the configuration of FIGS. 4 and 9. The housing 20 has rotated within its
      bearings, as shown by the line c, o -  a of FIG. 9, but has not been
      translated from its original orientation with respect to the fixed wing 10
      (FIG. 2). Because of the equal and opposite rotation of the member 17,
      however, and as indicated by the line d -  b of FIG. 9, the point b
      remains in the same vertical plane, in vertical alignment with c and o.
      Thus, the central axis 23 of the member first portion 18 has rotated or
      pivoted directly downwardly about the pivot axis 16, while remaining in a
      vertical plane coincident with the axes 24 and 74. This is because the
      angle .theta. by which the member axis 23 is skewed from axis 24 is equal
      to the angle by which the central axis of the fifth and sixth bearings 61,
      75 is canted from the rotational axis of the housing 20. As the rotation
      of the member 17 and housing 20 continues, the axis 23 of the member first
      portion 18 continues to pivot downwardly about the pivot axis 16.
      Reference point b is coincident with the axis 74 after 90.degree.  of
      rotation of the housing 20, as shown in FIGS. 5 and 10, and below it after
      135.degree. of rotation as shown in FIGS. 6 and 11. After 180.degree.  of
      rotation of the housing (and 180.degree. of oppositely directioned
      rotation of the member 17) the member first portion 18 reaches its
      lowermost extreme of pivotal movement about pivot axis 16 as shown in
      FIGS. 7 and 9, the axis 23 still remaining in a plane perpendicular to the
      pivot axis 16 and defining an angle 83 of 2.theta. degrees with the
      central axis 74. Thus, the member first portion 18 passes through an angle
      equal to 4.theta., or twice angle 83, during 180.degree. of rotation of
      the housing 20 and member 17. Accordingly, the forward flap 11 is also
      pivoted about the axis 16 through an angle of 4.theta. .degree..
PAR  In the present, exemplary application as illustrated in FIG. 1, the movable
      components of each of the linkage structures 13, 13A, and 13B are
      initially oriented as has been described with reference to FIG. 2 and with
      respect to the housing 20 and member 17 of the first linkage structure 13.
      Because the second and third actuating gears 37A and 37B are each
      positioned, relative to the respective, associated linkage structures 13A
      and 13B, on sides which are opposite that on which the first actuating
      gear 37 is positioned relative to the first linkage structure 13, the
      second and third actuators 40A and 40B must be operable to rotate the
      second and third actuator gears 37A and 37B in a direction opposite to
      that in which the first actuator gear 37 is rotated. The three linkage
      structures 13, 13A, and 13B then operate in concert to effect pivotal
      movement of the forward flap 11 about the pivot axis 16. The
      interconnecting shafts 80 and 81 serve to precisely synchronize the
      pivotal movements of the three linkage structures 13, 13A, 13B, and, in
      the event of a failure of one of the actuators 40, 40A, and 40B, the
      shafts 80, 81 serve as a safety factor, driving the rotatable portions of
      the respective actuators 40, 40A, or 40B to operate the respective,
      associated linkage structure 13, 13A, or 13B.
PAR  The above-described operation of the linkage structures 13, 13A, 13B is
      thus effective to pivot the leading edge flap 11 from a horizontal
      orientation (FIGS. 2, 3, and 8) which is the uppermost extreme of pivotal
      movement of the flap 11, to a downwardly deflected position (FIGS. 7 and
      12) which occurs when the flap 11 and member firsts portion 18 reach the
      lowermost extreme of pivotal movement. If it is alternatively desired to
      pivot the relatively movable element (11) between a downwardly deflected
      position and through a horizontal position to an upwardly deflected
      position, as is required generally for trailing flaps, the member first
      portion 18 is alternatively installed with its central axis 23 extending
      parallel to the chordline of the movable element rather than extending
      along an upward slope as has been shown in FIG. 2. That is, bearings, not
      shown, corresponding to the first and second bearings 25, 34 are installed
      along an axis parallel to the chordline of the flap rather than along an
      upwardly sloped axis. In such an application, the member 17 and housing 20
      are positioned in the orientation illustrated in FIGS. 5 and 10 to achieve
      a horizontal orientation of the flap, are rotated to the orientation of
      FIGS. 3 and 8 to achieve an extreme, upward deflection, and to the
      orientation of FIGS. 7 and 12 to achieve a downward deflection. In the
      embodiment of FIG. 2, the wing 10 and flap 11 are provided with
      overlapping lip portions 85, 86 and 87, 88 at their adjoining edge
      portions for minimizing discontinuity between the contiguous airfoil skin
      surfaces.
PAR  Advantageous features of the apparatus 15 are discussed more fully in a
      later section. However, it is here noted that no loads are imparted to the
      actuators 40, 40A, 40B or the gearing 37, 37A, 37B when the member first
      portion 18 is in its uppermost or lowermost positional extreme. That is,
      aerodynamic loads upon the movable airfoil structure 11 are not then
      imparted to the actuators 40, 40A, 40B, since the member first portion 18
      is centered in alignment with the housing axis 74.
PAR  It will be understood by those in the art that various modifications of the
      above-described embodiment are possible without departing from the scope
      of the appended claims. Thus, in other applications it may be desirable to
      position the actuating motors 40 internally of the aircraft fuselage and
      impart driving forces to the linkage structures by one or a series of
      rotatable drive shafts. The arrangement of FIG. 1 is generally preferred
      for larger wing structures, or for structures subjected to high loads,
      because of the difficulties involved in transmitting forces for a
      substantial distance through a wing by means of such drive shafts or by
      means of cables, push rods, or the like. In other, less critical
      applications, it is preferable to employ only one of the apparatus for
      causing relative pivotal movement (15). In such an application, the
      linkage 13 of the apparatus for causing pivotal movement 15 is spaced
      along the hing line 16 from at least one other means pivotally connecting
      the flap 11 and the wing 10, and which in that case comprises at least one
      conventional hinge mechanism, not show, for maintaining the flap 11 in
      pivotal alignment with the forward edge of the wing 10. In another
      application, the vertical plane of movement of the member first portion 18
      may not be perpendicular to the pivot axis 16. It is possible for the
      linkage structures 13, 13A, and 13B to be directioned parallel to the
      major axis of the aircraft fuselage 84, for example, rather than
      perpendicular to the swept hinge line 16. In this case, however, mutually
      slidable fittings or the like, such as telescoping fittings, not shown,
      must be provided for accommodating axial, chordwise movement of the end
      portions of the elongated member 17 within the relatively movable
      structures (10, 11) which is produced during operation.
PAR  As shown in FIG. 13, the linkage structures are also suitably employed in
      series with additional, similar linkage structures such as those shown as
      13C, 13D, 13E, and 13F, for effecting gradual, cumulative camber to an
      airfoil 10A employing more than one movable airfoil segment (11A, 11B). In
      this case, linkage structures 13C, 13D, 13E, and 13F are connected to
      impart pivotal movement to the intermediate segment 11A, and linkage
      structures 13, 13A, and 13B are connected to impart additional,
      simultaneous pivotal movement to the leading segment 11B with respect to
      the intermediate segment 11A, thus producing an increased, substantial
      degree of total camber to the airfoil 10A. This latter arrangement has
      utility in STOL aircraft and the like wherein large portions of the wings
      are cambered for landing and take-off, but wherein it is then desired to
      eliminate the camber during high-speed flight.
PAR  While the discussion thus far has been primarily of applications of the
      apparatus 15 to the positioning of leading edge flaps, the apparatus is
      alternatively employed to effect relative pivotal movement between an
      airfoil and a trailing flap or series thereof, not shown, instead of or in
      addition to the leading flaps. In such an application for the control of
      rear flaps, it is preferable that the housing 20 and second portion 19 of
      the elongated member 17 be installed in a rear portion of the airfoil and
      that the first member 18 extend rearwardly within the adjacent, trailing
      flap. As has been discussed previously, the orientation described with
      respect to FIGS. 5 and 10 then would correspond to the relatively
      horizontal position of the movable structure or flap.
PAR  It will be understood by those in the art that the apparatus 15 may also be
      employed for causing controlled, relative pivotal movement of structures
      other than adjacent airfoil segments, such as relatively movable, external
      components of spacecraft, or other servo controlled mechanisms.
PAR  While the linkage structure 13 has thus far been described with respect to
      an application in which it extends within portions of mutually adjacent
      elements or segments, the linkage structure 13 is also suitably installed
      externally of the relatively movable segments. For example, if it is
      desired to mount the linkage structure external of and below the wing 10
      and flap 11, the support structures 50, 51, or their equivalents, are
      suitably extended downwardly (not shown) from the wing 10 for supporting
      the housing 20 below the wing, and the support structures 26, 35 are
      extended downwardly from the flap 18 for receiving the member first
      portion 18.
PAR  From the foregoing description, it can now be understood that the invention
      provides an effective means for causing controlled, relative pivotal
      movement between two structures. Because the bevel gears extend for a
      substantial distance around the periphery of the member 17 and housing 20,
      a substantial speed reduction is obtained between the smaller, actuating
      gear 37 and the gears of the member 17 and housing 20. Moreover, an
      additioned, substantial mechanical reduction is inherent in the operation
      of the linkage structure as will be understood from the above description
      with reference to FIGS. 3-12. In the present embodiment, for example,
      rotation of the elongated member 17 and housing 20 through respective arcs
      of 180.degree. produces arcuate movement about the pivot axis 16 of only 4
      .theta. .degree. , a substantial reduction; the reduction is even greater
      as the structures approach the upper and lower extremes of pivotal
      movement. Consequently, the loads on the adjacent gearing is greatly
      reduced, and they may therefore be made smaller and lighter; a relatively
      small actuating motor 40 may be employed, without substantial gear
      reduction, to reliably control the relative position of the movable
      structures 10, 11 in spite of the large aerodynamic loads which they
      receive in flight. Furthermore, because of the large mechanical advantage
      thus provided, bearing and gearing friction is normally suffcient to hold
      the movable airfoil structures in position, as in worm drive gearing, and
      thus prevent feedback of aerodynamic loads to the actuators and eliminate
      the need for an additional, braking-coupling device to lock the movable
      airfoil structure in place. This is an additional cost and maintenance
      advantage, in that such braking-coupling devices are often complex,
      expensive, and subject to malfunctions. A further advantage of this
      inherent gear reduction is that any "slop" in the gearing is reduced by
      the amount of the gear reduction before being transmitted to the airfoil
      segments. This is of particular advantage in multi-segmented airfoils.
PAR  Moreover, as has been previously suggested, the actuator motor 40 and
      associated driving mechanism 38, 37 receive no aerodynamic loads when the
      flap 11 is in its uppermost or lowermost extreme because of the vertical
      orientation of the axis 23 of the member first portion 18. This is
      advantageous, in that the greatest aerodynamic loads received by such
      flaps normally occur during their extremes of pivotal movement. In the
      case of a leading edge flap for a supersonic aircraft, sustained, high
      speed flight normally occurs when the flap is positioned horizontally, and
      the actuator 40 receives no deleterious stresses from the flap during such
      flight.
PAR  It will be further noted that the problems previously discussed concerning
      the limitations present in prior-art systems with respect to the length
      and orientation of the moment arms through which forces are applied to the
      airfoil segments have been effectively avoided in the present invention.
      That is, the moment arms through which actuating forces are applied, i.e.,
      the extension of axis 23 between the first and second bearings 25, 34 and
      the extension of axis 74 between the third and fourth bearings 46, 48,
      extend generally chordwise within the airfoil structures 10, 11 yet the
      apparatus produces a total pivotal movement of 4.theta..degree. , or about
      twice the movement which is achieved by conventional airfoil control
      structures in which a chordwise lever arm is merely pivoted upwardly and
      downwardly about the pivot axis 16 within a wing segment. Accordingly, the
      moment arms may be extended for substantial distances within the airfoil
      segments 10, 11, providing superior rigidity and strength to the wing
      structure, yet produce a degree of pivotal movement normally impossible
      with horizontal lever arms of the same length. This increase in the
      lengths of the moment arms reduces the loads upon the supporting bearings,
      and the construction and dimensional tolerances of the bearings and
      supporting structures may be less precise.
PAR  The apparatus 15 also avoids the problems related to the mounting of
      prior-art, "bent link" or lever actuators in which arcuate, spanwise
      movement of the distal end of the rotatable, bent link is necessarily
      accommodated by a fitting slidably mounted in a track or groove extending
      arcuately within the movable airfoil segment. In the present apparatus,
      all the movable elements are mounted within corresponding bearings which
      are securely and nontranslatably seated within the associated airfoil
      segments. Therefore, the problems previously discussed concerning
      vibration resulting from slop between such bent links and their arcuate
      tracks are avoided.
PAR  Finally, while the apparatus is effective in providing the abovedescribed
      advantages over the prior art, it is, nevertheless, of rugged, practicable
      construction, employing few movable parts, and is thus well suited for use
      in applications entailing rigorous standards of reliability and
      performance.
PAR  Because of the rugged construction, the minimizing of any free play and
      resulting vibration between adjacent airfoil segments, and the chordwise
      orientation of its moment arms, the apparatus 15 is particularly suited
      for use in series arrangement in variable camber airfoils employing a
      plurality of relatively movable segments. It is generally known that such
      multi-segment airfoils are capable of providing significant aerodynamic
      advantages over conventional airfoils employing, for example, only leading
      and trailing flaps. It is known, for example, that airfoils in which large
      portions thereof to the rear of the fixed portion are cambered for
      improving lift at low speeds and for landing and take-off can provide
      significantly better performance than a wing in which a trailing flap of
      the same surface area is employed. This is because of the well-known
      problem of boundary layer separation adjacent and to the rear of the
      pivotal axis of the flap, which phenomenon can become a serious and
      possibly critical factor as the angle of deflection increases and as the
      airspeed drops. Multisegment wings in which a gradual camber can be
      imparted to a large portion of the chord length are capable of retaining
      satisfactory boundary layer flow at lower speeds and with higher degrees
      of camber, thus making them particularly desirable in STOL aircraft or the
      like in which high-speed operation is desired, with conventional wing
      configuration, combined with the activity to land and take off on short
      landing strips at low velocities with a highly cambered wing
      configuration. Such variable camber airfoils are also of important utility
      in transonic airfoils in which the forward and aft regions are gradually
      cambered to successive, predetermined configurations which produce
      optional performance at respective airspeeds approaching the speed of
      sound. During supersonic flight, such airfoils are preferably transformed
      into a thin, substantially flat cross-sectional configuration for reducing
      drag.
PAR  While it has long been recognized that such variable contour airfoils have
      the potential of providing significant improvements in aerodynamic
      performance, their actual use, particularly in high-speed aircraft, has
      been somewhat limited, largely because of the structural problems involved
      in applying cumulative camber to successive, interconnected airfoil
      segments. These problems have been suggested in the foregoing materials,
      and include those relating to the difficulty of retaining structural
      strength and rigidity throughout a series of interconnected segments, and
      the difficulties invloved in transmitting driving forces through such a
      variable geometry structure to the respective linkages. A further major
      problem has been that of the added weight of such structures, particularly
      when they must be made capable of sustaining substantial loads.
PAR  Structural approaches that have been suggested in the past for imparting
      gradual camber have included that exemplified by the early U.S. Pat. No.
      1,190,378 to Clark, in which actuating forces are transmitted from one
      airfoil segment to the next by means of successive cables extending
      chordwise within the airfoil, and that represented by U.S. Pat. No.
      3,109,613 in which a series of rotatable, bent links are connected in
      series and rotated in unison. The former approach suffers from the
      previously discussed problems inherent in the use of vertically extending
      moment arms in an airfoil.
PAR  With reference now to FIGS. 14 and 15, a further modification of the
      linkage structure is advantageously employed for inducing gradual camber
      to an airfoil 101 having a plurality of relatively movable spanwise
      segments, including first, second, third, and fourth segments 111, 111A,
      111B, and 111C to the rear of the fixed portion 110 of the airfoil and
      comprising a tapering, rear portion of the airfoil 101. Referring to FIG.
      15, the linkage 113 comprises first, second, third, fourth, and fifth
      linkage elements 115, 116, 117, 118, and 119, which are mounted rotatably
      in the airfoil fixed portion 110 and the first, second, third, and fourth
      segments 111, 111A, 111B, and 111C, respectively. Considering initially
      only the first and second linkage elements 115 and 116, it will be seen
      that these elements are functionally equivalent to the housing 20 and
      elongated member 17, respectively, of the linkage structure 13 previously
      described with reference to FIGS. 2 and 3-12. The second element 116 has a
      first portion 120 extending generally chordwise and rearwardly within the
      first airfoil segment 111 and a second portion 121 skewed from the first
      by an angle .theta. and extending forwardly within a corresponding chamber
      formed in the first linkage element 115. The first and second portions
      120, 121 of the second linkage element 116 extend along respective axes
      which are mutually skewed by an angle .theta. and which intersect at a
      location coincident with a spanwise pivot axis 124 between the airfoil
      portion 110 and the first airfoil segment 111. The first portion 120 of
      the second linkage element 116 is rotatably mounted within the first
      airfoil segment 111 by means of first and second circumferential bearings
      125 and 126 which correspond structurally and functionally to the first
      and second bearings 25 and 34 of the linkage structure 13 of FIG. 2, and
      thus permit rotation of the second element 116 within the first airfoil
      segment 111 about the axis 122 (FIG. 14) of the segment first portion 120.
      Similarly, third and fourth bearing elements 130, 131 are provided for
      permitting rotation, about its longitudinal axis 132, of the first linkage
      element 115 within the fixed airfoil portion 110, the longitudinal axis
      132 being aligned continuously with the pivot axis 124 at its intersection
      with the axes 122, 123 during axial rotation of the linkage element 115.
      Fifth and sixth bearing elements 133, 134 journal the second portion 121
      of the second element 116 within the first element 115 for permitting
      rotation of the second element 116 about the axis 123 of its second
      portion 121; bearings 133, 134 thus correspond to the fifth and sixth
      bearings 61, 75 of FIG. 2. A first bevel gear 135 facing forwardly is
      circumferentially formed on the second element 116 immediately to the rear
      of the hinge line 124, and a second, rearwardly facing bevel gear 136,
      corresponding to the second bevel gear 52 of the housing 20 of the
      structure of FIG. 2, is formed circumferentially of the rear portion of
      the first element 115. Referring primarily to FIG. 14, the first and
      second bevel gears 135, 136 are engaged with first and second, beveled
      connecting gears 137, 138 which are rotatably journalled within
      corresponding, adjacent supports 140, 141 extending rearwardly from the
      airfoil fixed portion 110, for rotation about respective horizontal axes
      coincident with the pivot axis 124, the supports 140, 141 being positioned
      on opposite sides of the bevel gears 137, 138. The connecting gears 137,
      138, in the present embodiment, are free to rotate about their axes while
      remaining in engagement with the bevel gears 135, 136. As was the case
      with the structure 13 of FIG. 2, the first and second linkage elements
      115, 116 are thus engaged, by the connecting gear 136, 137, in such a
      manner that any rotation of the first element 115 in a first rotational
      direction produces an equal amount of rotation of the second element 116
      in the opposite direction. As in the linkage structure 13 of FIG. 2,
      simultaneous rotation of the two elements 115, 116 results in an arcuate
      translation of the first portion 120 of the second element 116 about the
      pivot axis 124. To provide for both upward and downward pivotal movement
      from a chordwise plane, the second element 116 is oriented with its second
      portion 121 extending horizontally or in a chordwise plane when the first
      portion 120 is in the middle of its range of arcuate movement about pivot
      axis 124, as shown in FIGS. 14 and 15. This orientation corresponds to
      that described previously with respect to FIGS. 5 and 10, and upward and
      downward pivotal movement is achieved by rotation of the connective gears
      in appropriate directions, in the same manner described previously with
      respect to the application of the linkage structure 13 to rearwardly
      extending flaps.
PAR  In the present modification, the linkage 113 includes additional,
      successively connected linkage elements 117, 118, and 119. To accommodate
      the respective linkage elements to the rear of the elements 116, 117, 118,
      the first or rear portion of each intermediate linkage element 116, 117,
      118 is of approximately cylindrical configuration rather than tapering,
      frustoconical configuration as in the case of the first portion 18 of the
      elongated member 17 of FIG. 2. The second or forward portion of each
      element, e.g., 121, 143, 144, then can be rotatably mounted within
      corresponding rearwardly open chambers formed within the rear portions of
      each element forward of a respective succeeding element. At the rear ends
      of the second, third, and fourth linkage elements 116, 117, and 118 are
      respectively installed second, third, and fourth pairs of connecting gears
      145, 146, 147 which are rotatable about respective pivot axes coincident
      with second, third, and fourth hinge or pivot axes 150, 151, 152 between
      the airfoil segments 111-111A, 111A-111B, and 111B-111C, respectively. The
      linkage elements 116, 117, 118, and 119 are initially oriented, when the
      airfoil segments 111, 111A, 111B, and 111C are aligned on a chordwise,
      generally horizontal plane, with their respective first and second axes
      (122, 123) lying in common planes parallel to the chordwise plane, as has
      been discussed with respect to the first and second elements 115, 116 with
      reference to FIG. 14, but the second portion axes (e.g., 123) of each
      successive element 116, 117, 118, and 119, are canted in opposite spanwise
      directions.
PAR  In operation, therefore, the linkage elements of the linkage 113 are
      rotatably engaged by the connecting gears 137, 138, and 145, 146, and 147
      in such a manner that rotation of any of the elements results in
      simultaneous axial rotation of the other elements, with successive
      elements rotating in opposite directions. Thus, each successive pair of
      elements, along with the associated bearing structures and connecting
      gears, comprises a linkage structure operable in the same manner as has
      been described with respect to the linkage structure 13 of FIGS. 2 and
      with reference to FIGS. 3-12. That is, the first and second elements 115,
      116 act as a linkage structure for causing relative pivotal movement of
      the associated airfoil 110 and airfoil segment 111 about pivot axis 124,
      the second and third elements 116, 117 comprise a linkage structure for
      causing relative pivotal movement of the airfoil segments 111 and 111A
      about pivot axis 150, and so on.
PAR  While actuation of the linkage 113 is suitably accomplished by employing
      respective actuating motors, not shown, directly and drivingly engaged
      with one or more of the connecting gears 137, 145, 146, 147, it
      alternatively is suitably accomplished in the present embodiment through a
      single actuating gear 154 mounted on a spanwise drive shaft 155 and
      engaged with a corresponding bevel gear 156 formed circumferentially on
      the forward end of the first linkage element 115. Operation is suitably
      accomplished by means of a drive motor or the like with suitable reduction
      gearing, not shown, drivingly connected to the drive shaft 155 as in the
      previously described embodiments. Rotation of the first element 115 for
      180 degrees in a clockwise rotational direction as viewed looking
      rearwardly from the fixed airfoil portion 110, and as indicated by the
      arrow 157, results in a downward pivotal translation of the first airfoil
      segment 111, and incremental, additional downward pivotal movements of
      each of the successive segments 111A, 111B, and 111C with respect to the
      respective preceeding segments, resulting in the downwardly cambered
      orientation represented at 160 in FIG. 15. Rotation for 180 degrees in the
      opposite direction produces the upwardly cambered configuration
      represented at 161 of FIG. 15. In use, the linkage 113 is employed in
      combination with at least one additional set of pivotal connecting means,
      not shown, between the segments 110, 111, 111A, 111B, and 111C and spaced
      in a spanwise direction from the linkage 113 for constraining the segments
      110, 111, 111A, 111B, and 111C from non-pivotal relative movement. As in
      the embodiments previously described, these may comprise sets of
      conventional hinge connectors, not shown, or additional linkages
      corresponding to the linkage 113 and connected for synchronous movement
      therewith.
PAR  Because of the previously discussed advantages achieved by the several
      linkage structures of the linkage 113 (the linkage structures comprising
      respective, adjacent pairs of the linkage elements) the linkage 113 is a
      practicable means for producing gradual and variable camber of a large
      portion of an airfoil. The advantages inherent in the present approach
      include the rugged construction of the resultant airfoil 101, the
      minimizing of play or slop between adjacent airfoil segments, and the high
      degree of mechanical advantage provided by the relatively long, horizontal
      lever arms of the linkage elements. While gradual curvature is thus
      successfully imparted to a large portion of the variable geometry airfoil
      101, the linkage 113 minimizes vibrational and structural problems
      normally inherent in such multi-segment airfoils.
PAR  While only one embodiment of the invention, together with modifications
      thereof, has been described in detail herein and shown in the accompanying
      drawing, it will be evident that various further modifications are
      possible in the arrangement and construction of its components without
      departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for causing controlled, relative pivotal movement of first and
      second structures, about a pivot axis, within a range extending between
      first and second extremes of pivotal movement, the apparatus being spaced
      along the pivot axis from at least one means pivotally connecting the
      first and second structures, and comprising:
PA1  an elongated member having a first portion, having a longitudinal axis,
      extending within the first structure and a second portion, having a
      longitudinal axis, extending within the second structure, the axes of the
      first and second portions of the elongated member being mutually skewed by
      an angle .theta. less than 90.degree. ;
PA1  first bearing means, rotatably mounting the member first portion within the
      first structure, for permitting rotational movement of the member about
      the axis of its first portion relative to the first structure but
      preventing yaw, and pitch, of the member relative to the first structure,
      the member being positioned with the junction of the axes of its first and
      second portions coincident with the pivot axis;
PA1  a housing extending within the second structure, second bearing means being
      provided for permitting rotation of the housing within the second
      structure about an axis intersecting the pivot axis at its intersection
      with the axes of the member first and second portion and for preventing
      yaw, and pitch, of the housing from its rotational axis relative to the
      second structure,the housing having a chamber open toward the pivot axis
      and receiving the second portion of the member, third bearing means being
      provided for permitting rotation of the member within the housing chamber
      about the axis of the member second portion and preventing yaw, and pitch,
      of the member relative to the housing, the rotational axis of the member
      within the housing being canted from the rotational axis of the housing
      within the second structure by an angle equal to the angle by which the
      axis of the member first portion is skewed from the axis of the member
      second portion; and
PA1  means for rotating the member upon the first bearing means, and for
      rotating the housing upon the second bearing means at an equal rotational
      velocity but in an opposite direction, the axes of the first and second
      portions of the member and the rotational axis of the housing lying in a
      single plane upon the first and second structures being positioned in the
      first and, alternatively, the second extreme of pivotal movement.
NUM  2.
PAR  2. The apparatus of claim 1, the axes of the first and second portions of
      the member and the rotational axis of the housing lying in a single plane
      perpendicular to the pivot axis of the two structures upon the first and
      second structures being positioned in the first, and alternatively, the
      second extreme of pivotal movement, whereby the first and second
      structures are caused to pivot 4 .theta. .degree. upon the member and the
      housing being rotated 180.degree. from a position in which they lie within
      said single plane.
NUM  3.
PAR  3. The apparatus of claim 1, the first and second structures comprising
      adjacent segments of an airfoil.
NUM  4.
PAR  4. The apparatus of claim 1, the at least one means pivotally connecting
      the first and second structures comprising at least one other apparatus
      for causing relative pivotal movement of the first and second structures.
NUM  5.
PAR  5. The apparatus of claim 1, the second structure comprising an aircraft
      wing and the first structure comprising a movable airfoil structure
      contiguous with and extending rearwardly from the wing.
NUM  6.
PAR  6. The apparatus of claim 1, the second structure comprising a fixed
      portion of an aircraft wing and the first structure comprising a movable
      airfoil structure contiguous with and extending forwardly from the wing.
NUM  7.
PAR  7. The apparatus of claim 1, the first bearing means comprising a first
      bearing journalling the first portion of the member and another bearing
      journalling the first portion of the member and spaced between the first
      bearing and the second member portion, the second bearing means comprising
      a third bearing journalling the housing second portion and a fourth
      bearing journalling the housing second portion and spaced between the
      third bearing and the first member portion, and the third bearing means
      comprising a fith bearing journalling the second portion of the member and
      a sixth bearing journalling the second portion of the member and spaced
      between the fifth bearing and the member first portion.
NUM  8.
PAR  8. A variable camber airfoil, comprising:
PA1  a first segment;
PA1  a second segment;
PA1  means for causing controlled, relative pivotal movement of the first and
      second segments, about a pivot axis, within a range extending between
      first and second extremes of pivotal movement, at least one means
      pivotally connecting the first and second segments being provided, the
      means for causing relative pivotal movement of the segments being spaced
      along the pivot axis from the means pivotally connecting the segments and
      comprising:
PA1  an elongated member having a first portion, having a longitudinal axis,
      extending within the first segment and a second portion, having a
      longitudinal axis, extending within the second segment, the axes of the
      first and second portions of the elongated member having mutually skewed
      by an angle .theta. less than 90.degree.;
PA1  first bearing means, rotatably mounting the member first portion within the
      first segment, for permitting rotational movement of the member about the
      axis of its first portion relative to the first segment but preventing
      yaw, and pitch, of the member relative to the first segment, the member
      being positioned with the junction of the axes of its first and second
      portions coincident with the pivot axis;
PA1  a housing extending within the second segment, second bearing means being
      provided for permitting rotation of the housing within the second segment
      about an axis intersecting the pivot axis at its intersection with the
      axes of the member first and second portions and for preventing yaw, and
      pitch, of the housing from its rotational axis relative to the second
      segment, the housing having a chamber open toward the pivot axis and
      receiving the second portion of the member, third bearing means being
      provided for permitting rotation of the member within the housing chamber
      about the axis of the member second portion and preventing yaw, and pitch,
      of the member relative to the housing, the rotational axis of the member
      within the housing being canted from the rotational axis of the housing
      within the second segment by an angle equal to the angle by which the axis
      of the member first portion is skewed from the axis of the member second
      portion; and
PA1  means for rotating thhe member upon the first bearing means, and for
      rotating the housing upon the second bearing means at an equal rotational
      velocity but in an opposite direction, the axes of the first and second
      portions of the member and the rotational axis of the housing lying in a
      single plane upon the first and second structures being positioned in the
      first and, alternatively, the second extreme of pivotal movement.
NUM  9.
PAR  9. Apparatus for causing pivotal movement of first and second structures
      about a pivot axis, the strutures being connected by at least one means
      pivotally connecting the structures, the apparatus being spaced along the
      pivot axis from the connecting means and comprising:
PA1  an elongated member having a first axial portion, a first bearing means
      positionally fixed relative to the first structure and comprising a means
      for receiving the member first portion, the member having a second axial
      portion whose axis is skewed from the axis of the first member portion by
      an angle .theta. less than 90.degree. and whose axis intersects the axis
      of the first member portion at the pivot axis of the structures;
PA1  an axial housing, second bearing means being provided positionally fixed
      relative to the second structure, the second bearing means receiving and
      permitting axial rotation of the housing upon an axis fixed relative to
      the second structure and continuously intersecting the junction of the
      pivot axis of the two structures and the axes of the first and second
      member portions during relative pivotal movement of the two structures;
      the housing having a socket open toward the pivot axis for receiving the
      second portion of the member;
PA1  third bearing means, positionally fixed relative to the housing and
      rotatably mounting the member within the socket, for permitting rotation
      of the member, about the axis of its second portion, relative to the
      housing, the rotational axis of the member within the housing being canted
      from the rotational axis of the housing relative to the second structure
      by an angle equal to the angle by which the axis of the member first
      portion is skewed from the axis of the member second portion; and
PA1  means for rotating the member upon the first bearing means, and for
      rotating the housing upon the second bearing means at an equal rotational
      velocity but in an opposite direction, the axes of the first and second
      portions of the member and the rotational axis of the housing lying in a
      single plane upon the first and second structures being positioned in a
      first, and alternatively, a second extreme of pivotal movement.
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ABST
PAL  A rate-limited, signal magnitude limited, non-linearized lag circuit for
      processing glide slope error signals to reject noise and reduce aircraft
      response to hardover signals due to ground transmitter malfunctions or
      other anomalies. A feature of an embodiment includes a logic circuit
      connected to the lag circuit for preventing aircraft deviation due to
      hardover signals.
BSUM
PAR  This invention relates to glide slope command signal processing system and
      particularly to a system and method for suppressing beam high frequency
      noise or hardover signals without affecting normal precision approaches.
PAR  Known control systems utilize a simple low pass filter to reduce high
      frequency noise and have no provision for further slowing or preventing
      undesired aircraft response to hardover malfunctions.
PAR  It is accordingly an object of the present invention to provide glide slope
      control channel signal processing means for suppressing the effects of
      noise or hardovers.
PAR  It is a further object of the present invention to provide rate limited,
      command limited lag circuit means for processing signals representative of
      glide slope error to prevent nuisance warnings due to excessive beam high
      frequency noise and to further prevent undesired changes in actual
      aircraft flight path due to ground transmitter malfunctions.
PAR  It is another object of the present invention to provide a means for
      processing signals representative of glide slope error to reject noise
      signals and reduce aircraft response to hardover malfunctions.
PAR  A further feature according to an embodiment of the present invention
      includes utilization of logic circuit means for preventing aircraft
      deviation from a specified or desired flight path due to presence in the
      glide slope control channel of command signal components indicative of
      hardover malfunctions.
PAR  A further feature according to an embodiment of the present invention
      includes utilization of logic circuit means for preventing aircraft
      deviation from a specified or desired flight path due to presence in the
      glide slope control channel of command signal components indicative of
      hardover malfunctions.
DRWD
PAR  The above and other features and objects of the present invention will
      become apparent upon a reading of the following description in conjunction
      with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of glide slope command signal processor showing
      filtering representative of a prior art technique utilizing a passive type
      low pass filter;
PAR  FIG. 2 is a diagram of the circuits forming the present rate limited,
      command limited lag circuit for processing unfiltered signals
      representative of glide slope error which may be substituted for the
      passive type low pass filter shown in FIG. 1; and,
PAR  FIG. 3 is a block diagram of an aircraft slope control system for providing
      glide slope control command signals for driving longitudinal axis control
      surfaces e.g. the elevators of an aircraft which control system utilizes
      the rate limited, command limited lag circuit means of FIG. 2 further
      including logic control.
DETD
PAR  Turning now very briefly to FIG. 1, which is representative of a prior art
      approach, it will be noted that glide slope command signal processing
      means 20 upstream of the gain program circuit means 30 comprises a low
      pass filter circuit 22. The glide slope command signal processing means 21
      shown however in FIG. 2 which may be substituted for means 20 in the prior
      art system of FIG. 1 includes features hereinbefore mentioned and now
      discussed in more detail. More specifically, the unfiltered glide slope
      error signal is coupled to a first input of first summing junction 101,
      the output of summing junction 101 being coupled to the input of signal
      limiter circuit 103 which comprises a rate limiting circuit. The output of
      signal limiter circuit 103 is coupled to a first input of integrator
      circuit 105, and the output terminal 107 of integrator circuit 105 is
      coupled back through a first feedback circuit path 109 providing feedback
      gain 112 to the second input of summing junction 101, while a second
      feedback circuit path 118 from output terminal 107 of integrator circuit
      105 including command limiter 115 is coupled back to the second input of
      integrator circuit 105 thereby providing amplitude limiting of the command
      signal at terminal 107. The glide slope command signal processing circuit
      means 21 of FIG. 2 when substituted for the simple passive filter 22 of
      FIG. 1 provides a means for suppressing the effects of noise or hardovers
      by rejecting the noise through the lag circuit means provided by
      integrator circuit 105 and feedback path 109; or suppressing the effects
      of hardovers by slowing aircraft response through (1) signal limiter
      circuit means 103 which permits low pass filtering unless the error signal
      magnitude or the algebraic summation of glide slope exceeds the error
      signal and feedback signal limiting value when the filter output rate of
      change is then limited to a predetermined acceptable maximum value and (2)
      by means of command limiter 115 through feedback path 118 which as
      mentioned earlier provides amplitude limiting of the filtered output
      command signal provided at output terminal 107 of integrator circuit 105.
PAR  Turning now to the system shown in FIG. 3, it will be noted that while the
      circuit of FIG. 2 by means of signal limiter 103 and command limiter 115
      tends to reduce aircraft response due to hardovers, the system of FIG. 3
      includes logic circuit means 202 connected in circuit with the signal
      processing circuit 21 to not only release (by circuit 21) but also prevent
      aircraft response due to hardovers causing glide slope error signals which
      exceed a desired amplitude AND rate.
PAR  In the system of FIG. 3, a glide slope error detector 204 provides the
      unfiltered signal representative of glide slope error as an input to first
      input of adder circuit 101 for processing by circuit 21 to provide command
      signals for controlling longitudinal axis control surfaces, viz. elevator
      servo system 207 which in turn is connected to drive the elevators 209 in
      a conventional manner. Logic circuit means 202 includes a glide slope
      error detector circuit 211 which is coupled to the glide slope error
      detector circuit 211 and responsive to the signal representative of glide
      slope error to provide a first logic control output signal when a
      predetermined glide slope error signal amplitude is exceeded whihc is
      coupled to a first input of AND circuit 217. Glide slope rate detector
      circuit 221 has the input thereof coupled to the output terminal of adder
      circuit 101 to thereby sense glide slope rate velocity error (which is
      eventually integrated downstream by integrator circuit 105 to provide
      glide slope command signals) so that when a predetermined rate is
      exceeded, a second logic control output signal is coupled to a second
      input of AND circuit 217. The presence of the first and second logic
      control output signals as inputs to AND circuit 217 causes the presence of
      an AND circuit output signal which opens normally closed switching means
      225 thereby opening the circuit path between signal limiter circuit 103
      and integrator circuit 105 and thus clamping integrator 105 and causing
      the integrator output glide slope command signal level to remain constant.
      It can thus be seen that logic circuit 202 provides means for maintaining
      a constant glide slope command signal when the signal representative of
      glide slope error exceeds a predetermined amplitude level and the signal
      representative of glide slope error rate of change exceeds a predetermind
      value and therefore further deviation of the aircraft from the constant
      glide.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination in a pitch axis control system for an aircraft having
      longitudinal axis control surfaces:
PA1  means for generating a signal representative of glide slope error; means
      including a servo system connected to drive said longitudinal axis control
      surfaces; rate limited lag circuit means including an integrator circuit
      coupled between said means for generating a signal representative of glide
      slope error and said means including a servo system connected to drive
      said longitudinal axis control surfaces; and, logic circuit means
      connected in circuit between said means for generating a signal
      representative of glide slope error and said rate limited lag circuit
      means for controlling the output of said integrator circuit.
NUM  2.
PAR  2. In a glide slope control system for an aircraft, a circuit for
      processing signals representative of glide slope error comprising:
PA1  adder circuit means having a first input terminal adapted for coupling
      signals to representative of glide slope error, a second input terminal,
      and an output terminal; signal limiter circuit means; integrator circuit
      means having first and second input terminals and an output terminal; said
      signal limiter circuit means coupled in circuit path between said output
      terminal of said adder circuit means and said first input terminal of said
      integrator circuit means; feedback circuit means connected to provide
      feedback gain between said output terminal of said integrator circuit
      means and said second input terminal of said adder circuit means; and,
      further feedback circuit means connected between said output terminal of
      said integrator circuit means and said second input terminal of said
      integrator circuit means for providing command signal limiting.
NUM  3.
PAR  3. The invention according to claim 2 further including logic circuit means
      for interrupting said circuit path between said limiter circuit means and
      said first input terminal of said integrator circuit means when the glide
      slope error rate and glide slope error signal amplitudes exceed
      predetermined values.
NUM  4.
PAR  4. The invention according to claim 3 wherein said logic circuit means
      comprises:
PA1  switching means disposed in said circuit path between said limiter circuit
      means and said first input terminal of said integrator circuit means; AND
      circuit means having first and second input terminals, and an output
      terminal connected to actuate said switching means when said AND circuit
      logic is satisfied; glide slope error detector circuit means coupled
      between said first input terminal of said adder circuit means and said
      second input terminal of said AND circuit means; and, glide slope error
      rate detector circuit means coupled between the output terminal of said
      adder circuit means and said first input terminal of said AND circuit
      means.
NUM  5.
PAR  5. In combination in a glide slope control system for providing glide slope
      command signals in an aircraft having first means for providing signals
      representative of glide slope error, and second means for providing
      signals representative of glide slope error rate:
PA1  glide slope error detector circuit means responsive to said signals
      representative of glide slope error for providing a first logic control
      output signal when said signal representative of glide slope error exceeds
      a predetermined amplitude level;
PA1  glide slope error rate detector circuit means responsive to said signals
      representative of glide slope error rate for providing a second logic
      control output signal when said signal representative of glide slope rate
      exceeds a predetermined rate; and
PA1  And circuit means responsive to said first and second logic control output
      signals for maintaining a constant amplitude glide slope command signal.
PATN
WKU  039441725
SRC  5
APN  5465419
APT  1
ART  315
APD  19750203
TTL  Attitude control for space vehicle
ISD  19760316
NCL  5
ECL  1
EXA  Kunin; Stephen G.
EXP  Blix; Trygve M.
NDR  3
NFG  7
INVT
NAM  Becker; Klaus
CTY  Bremen
CNT  DT
ASSG
NAM  ERNO Raumfahrttechnik GmbH
CTY  Bremen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720414
APN  2217949
RLAP
COD  72
APN  350916
APD  19730413
PSC  03
CLAS
OCL  244169
XCL  2351502
XCL  244  322
EDF  2
ICL  B64G  100
FSC  235
FSS  150.2
FSC  244
FSS  3.15;3.22;169
FSC   73
FSS  178 R
UREF
PNO  2974594
ISD  19610300
NAM  Boehm
XCL  244169
UREF
PNO  3437288
ISD  19690400
NAM  Lam
OCL  244  3.15
UREF
PNO  3643897
ISD  19720200
NAM  Johnson, Jr.
OCL  244169
LREP
FR2  Siegemund; Ralf H.
ABST
PAL  Method of providing position, e.g. attitude control for space vehicles
      having control thrusters producing thrust for imparting momentum upon the
      vehicle, further having a control apparatus for the thrusters causing them
      to produce thrust bursts or pulses so that controlled, incremental momenta
      be imparted upon the vehicle, such thrust bursts being triggered
      respectively when the vehicle tends to move beyond selected descrete
      deviations and error position levels. The highest level, one in either
      direction, define a range of positional tolerance, and the thrusters are
      operated, so that a relatively small momentum is produced when the vehicle
      tends to move past either of said maximum levels; the thrusters are
      operated on the other levels under these conditions. The momentum produced
      on any such level is smaller than the sum of momenta to be produced on all
      higher position levels; such corrective momentum is produced only after
      momenta have been produced for all selected smaller position levels; and
      each level (except the highest) is used only for each sequence of thrust
      bursts leading to a residual error cycle wherein the vehicle is caused to
      oscillate within the range of tolerance with reversal occuring on each
      range limit.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part application of application Ser.
      No. 350,916 filed Apr. 13, 1973, now abandoned.
BSUM
PAR  The present invention relates to control of space vehicles, particularly as
      to position, orientation and attitude control, using control propulsion
      units (thruster) which receive actuation commands for changing momentum of
      the vehicle, such as angular momentum, on a given axis, and under
      automatic feedback control conditions.
PAR  The attitude control of space vehicle is carried out by means of propulsion
      units (thrusters) to impart upon the vehicle well defined angular momentum
      for each instance of actuation, so as to turn the vehicle if its actual
      attitude deviates from the desired attitude. The vehicle will turn if
      thrust pulses are produced and act on the vehicle at points exerting a
      lever effect in relation to its center of gravity. These thrust pulses
      tend to counteract incorrect angular orientation of the vehicle, and, of
      course, any undesired rotation is to be suppressed. The thrust bursts are
      triggered if the incorrect angular orientation and attitude, defined as
      solid angles, exceeds particular differences (error) between desired and
      actual attitude in relation to any of the pitch, roll and yaw axes.
      Basically, the known systems operate in that the momentum produced with
      any thrust burst and in relation to any such axis increases with
      increasing error angle of attitude as to that axis.
PAR  In case the space vehicle turns on a particular axis and with a particular
      rotational or angular velocity, a control thrust of well defined amplitude
      and duration issues after a first attitude error level, i.e., a particular
      angle between desired and actual attitude, has been exceeded. If the
      angular velocity is relatively large, the corrective angular momentum
      produced by the control thrust will not be sufficient to stop the
      roatation, it will merely slow the rotation. Therefor, additional i.e.
      higher, levels of attitude errors will be traversed and additional control
      bursts of larger amplitude are produced in the same direction as the first
      one. The production of such control thrust bursts of increasing magnitude
      continues until rotation in direction away from the desired attitude
      stops. If the last thrust pulse or burst so produced is larger than needed
      to stop the rotation, angular momentum in the opposite direction is
      imparted upon the vehicle; normally this will be the case, causing the
      vehicle to rotate back to its desired attitude. There will be some
      overshoot, and the desired attitude will be reached only after several
      control thrust burst in different directions.
PAR  The operation as described could be termed a directly staggered thrust mode
      using angular momentum producing thrust bursts of different magnitude,
      such magnitudes depending upon and increasing with the angular ranges
      traversed due to undesired deviations in attitude. The individual
      incremental angular momentum produced on an attitude error level at angle
      .phi.k .sup.I k can be described by the equation:
      ##EQU1##
      wherein C is an implementation parameter between zero and unity, and I
      stands for an incremental angular momentum resulting from a corrective
      thrust burst when attitude error traverses the i-level, angle .phi..sub.i
      with .phi..sub.i being .phi..sub.1 or .phi..sub.2 or ... or .phi..sub.n,
      and .phi..sub.n being the maximum permissible attitude error angle and
      level in relation to the axis considered.
PAR  As these pulses are generated for either direction of attitude deviation
      from desired attitude and orientation, the attitude of the vehicle will
      converge towards an orientation within the lowest level range (.phi..sub.1
      /.phi..sub.-.sub.1) with reference to that axis. The vehicle will
      oscillate about a position that is centered between .+-..phi..sub.1 for
      sequential reversals of rotation. In other words, the stability of the
      vehicle is dynamically maintained whereby the rotation is reversed by the
      lowest level thrust burst whenever the vehicle reaches .phi..sub.1 or
      .phi..sub.-.sub.1. This mode will be termed residual error mode, and the
      oscillatory motion of the vehicle is carried out as an residual error
      cycle centered about the desired attitude.
PAR  It was found that this process of control has some inherent disadvantage
      with regard to frequency of producing such control thrust bursts and with
      corresponding regard to consumption of propellant needed for producing the
      thrust. This is particularly so if the vehicle has been intentionally
      taken out of a particular attitude and assumes (usually temporarily) a
      rather high velocity of rotation, for reasons of intentional attitude
      changes. The control system has to stabilize the attitude again on the new
      desired value. Returning the vehicle to the residual error mode and cycle
      requires considerable control effort with the known devices.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to avoid the aforementioned
      drawbacks and to provide a control system for position control of a space
      vehicle, particularly attitude control, which operates with few control
      thrust bursts and at a low level of energy consumption for the production
      of the needed momentum.
PAR  In accordance with the preferred embodiment of the present invention, it is
      suggested to provide controlled thrust bursts for producing pulses or
      increments of momentum such as angular momentum, wherein the magnitude of
      each momentum is smaller than the sum total of all incremental angular
      momenta that are subsequently produced in the same direction, and that the
      instances of triggering thrust producing (attitude) control thrusters are
      selected so that each positioned (attitude) error level allocated for
      producing a control thrust, is used only once, except the two limit levels
      that define maximum permitted angular deflection of the vehicle from its
      desired attitude. Moreover, the position error (angle) levels as used for
      producing the thusly defined incremental momenta are run through in
      ascending order (absolute, independent from direction).
PAR  The mode of control in accordance with the invention can be termed as
      inversely staggered mode. An incremental angular momentum I.sub.K produced
      on the K'th level can be described as
      ##EQU2##
      The factor C must now actually be chosen to have each I.sub.K slightly
      smaller than the sum on the right-hand side of the equation.
PAR  The different levels are defined as descrete error angles .phi. (.phi. = 0
      is the desired attitude) with .phi..sub.1 &lt; .phi. .sub.2 &lt; ...
      .phi..sub.n, and .phi..sub.n being the maximum permissible attitude error.
      The sequence of momentum producing thruster operation, as stated, is such
      that
PAR  1. any incremented angular momentum I.sub.K with K &lt; n is produced only
      once on traversal of error angle and level .phi..sub.K or
      .phi..sub.-.sub.K while the attitude error still increases; the respective
      thrust then produced, of course, tends to counteract further increase;
PAR  2. an incremental angular momentum I.sub.K is produced only after the
      momentum I.sub.K.sub.-1 has been produced, in the same or in the opposite
      direction.
PAR  As a consequence, not more than n control bursts are produced prior to the
      vehicle entering the final and continuing stabilizing, residual error
      cycle in which the vehicle turns back and forth.
PAR  The final, normal or stabilizing state is defined as slow, oscillatory
      rotation about the desired attitude with reversal when the limit is
      reached in each instance. That stabilized operation is to be reached in
      any instance (i.e., for any initial undesired rotation) after n control
      bursts. This is possible generally under observance of the rule concerning
      dimensioning each angular momentum producing control thrust burst outlined
      above.
PAR  Additionally, the sum total of all angular momentum produced in the same
      direction must not be smaller than the maximum angular momentum that may
      occur and that is effective in producing attitude errors. This rule can be
      observed always just by chosing the number of levels sufficiently high,
      but it will be described below that a limited number of levels can be used
      if the momentum produced in the residual error cycle bears a particular
      relation to the maximum error producing momentum. Under these conditions,
      all such errors will be corrected, and, as stated, after n control thrust
      bursts, the vehicle will, in fact, rotate back and forth between maximum
      error angles .phi..sub.n and .phi..sub.-.sub.n in the residual error mode.
      The vehicle continues in that residual error mode to undergo slow,
      oscillatory rotation about the desired attitude, using only low energy
      thrusts to effect reversal when the respective limit is reached.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 shows how the known control system reduce an attitude error
      producing rotation of the vehicle until moving within a limit range of
      attitude errors and in a slow oscillating mode;
PAR  FIG. 2 is a diagram to explain the principle of inversely staggering the
      angular momentum producing control thrusts;
PAR  FIG. 3 illustrates a sequence of control operations under the principle in
      accordance with the invention;
PAR  FIG. 4 shows an improvement with incremental momentum staggering and
      grouping;
PAR  FIG. 5 shows how an undesired rotation of the vehicle is brought under
      control, using staggering and grouping as explained with reference to FIG.
      4;
PAR  FIG. 6 shows schematically equipment for realizing the invention; and
PAR  FIG. 7 shows schematically certain implementing features.
DETD
PAR  Turning now to FIG. 6, there is illustrated schematically conventional
      attitude control equipment for a space vehicle, showing two control
      nozzles 1 and 2 for producing control jets so as to impart thrust upon the
      vehicle. The jets are produced by controlling the flow of a jet producing
      fluid from a fuel tank 3. The jets are turned on and off in response to
      control signals from a control box 4, which responds to signals, from a
      sensor 5. The equipment 1, 2, 3, 5 is conventional. The same is true for
      control box 4 except that the specific timing and sequencing of control
      signals produced in response to attitude errors is carried out in
      accordance with the invention by conventional means. Particular reference
      is made here to R. S. Gayhood and W. N. Keller "Attitude Control System"
      using logically controlled pulses, which is a publication of a paper read
      during the ARG Guidance, Control and Navigation Conference, Stanford,
      Calif., Aug. 7-9, 1961. Reference is further made to U.S. Pat. No.
      2,974,594, and others, showing per se the production of controlled thrusts
      for attitude control. The invention can be realized with this equipment
      and relates specifically to the timing of the production of control thrust
      bursts in response to error angles .phi.. The diagram in FIG. 1
      illustrates how the control systems of the prior art reduces error
      producing vehicle rotations in a convergence towards slow, oscillatory
      rotation between two maxima angles .phi..sub.1 and .phi..sub.-.sub.1.
PAR  The abszissa shows error angles .phi. of deviation from the desired
      attitude .phi. = 0, with .phi..sub.1, .phi..sub.2 ....phi..sub.n denoting
      certain levels of error angles in ascending order. .phi..sub.K is shown
      representatively as any one level, because K is used as running index. The
      ordinate shows angular momentum.
PAR  The prior art control method uses thrusters which produce corrective,
      angular momentum I.sub.1 in one or the opposite direction when the
      attitude of the vehicle deviates from the desired attitude by angle
      .phi..sub.1, but oriented in the opposite direction. Should the vehicle
      continue to turn thereafter in the same direction (though at a lower
      rate), the error angle increases to .phi..sub.2 or .phi..sub.-.sub.2, as
      the case may be, and when these levels are traversed another thrust burst
      is produced, producing another incremental angular momentum I.sub.2.
      Should the vehicle still continue to turn in the same direction, an
      incremental, corrective angular momentum I.sub.2 larger than I.sub.3, is
      produced on traversal of the error level defined by an angle .phi..sub.3
      or .phi..sub.-.sub.3, relative to the desired attitude, etc. There is
      usually a maximum deflection and error angle .phi..sub.n which, when
      traversed, causes a rather large incremental momentum I.sub.n to be
      produced.
PAR  The specific prior art system illustrated has five levels .phi., to
      .phi..sub.5 (i.e., n = 5) and the momentum producing thrust bursts are
      proportioned in that the desired incremental angular momenta I.sub.K
      resulting from such bursts are defined by equation (1), which is restated
      presently;
      ##EQU3##
PAR  I.sub.1 is a value chosen to establish a low velocity level oscillatory
      rotation of the vehicle on the axis under consideration, which can be the
      yaw axis, the pitch axis, or the roll axis or a combination thereof. That
      residual rotation occurs from .phi..sub.1 to .phi..sub.-.sub.1, whereupon
      the thrusters produce I.sub.1 to reverse the rotation until .phi..sub.1 is
      reached and the thrusters produce I.sub.1 in the opposite direction to
      obtain reversal again, etc.
PAR  The FIG. 1 assumes that the vehicle has initially an angular momentum
      I.sub.o about a particular axis in relation to which offsetting control
      momentum is to be produced. I.sub.1, I.sub.2, I.sub.3, I.sub.4 and I.sub.5
      each is an angular momentum increment resulting from thrust bursts pulses
      whenever the respective level of angular misorientation ( .phi. .sub.K, K
      = 1, ... 5) has been reached and is sensed.
PAR  FIG. 1 actually shows a complete regulating cycle and the several momentum
      vectors are concatenated so as to show how the vehicle is compelled to
      dynamically search for, home-in and maintain the desired attitude
      dynamically by operation of the I.sub.1 - I residual error cycle tending
      to maintain the attitude of the vehicle within the range .phi..sub.1 -
      .phi..sub..sub.-1 of residual error. This residual error cycle is shown in
      somewhat heavier lines.
PAR  The proportioning of the prior art control thrust bursts in accordance with
      equation (1), with increasing momentum for increasing error angle levels,
      leads to these results. The initial, undesired rotation due to a rather
      large angular momentum I.sub.o causes the vehicle to deviate rather
      rapidly from the desired attitude by the error angle .phi..sub.1. As the
      vehicle rotation traverses that error angle level a slow down thrust burst
      reduces the initial momentum I.sub.o by I.sub.1. I.sub.1 having direction
      to function as an corrective, incremental angular momentum.
PAR  It is assumed in the present example that this corrective momentum is not
      sufficient to stop the rotation; a mere slow-down occurs, and soon the
      attitude error has increased to .phi..sub.2, whereupon another thrust
      burst is triggered, producing an incremental, slow-down momentum I.sub.2
      etc., until upon reaching the large deflection angle .phi..sub.5 a rather
      strongly corrective, incremental angular momentum I.sub.5 is imparted upon
      the vehicle by a longer lasting thrust pulse, which causes the vehicle to
      reverse rotation. Soon the vehicle returns to desired attitude but
      overshoots, and when reaching angle .phi..sub.-.sub.1, another slow-down
      operation commences etc., until, as stated, the vehicle rotation is
      brought under control so that upon traversing angle error level
      .phi..sub.1 or .phi..sub..sub.-1, reversal of motion occurs in each
      instance. This is called the residual error cycle.
PAR  It can be seen that this known system will produce fifteen thrust bursts or
      pulses before the residual error cycle is entered. That entry can be
      defined by reversal of rotation on traversal of .phi..sub.1 or
      .phi..sub..sub.-1.
PAR  This system works because any thrust pulse causing the vehicle to reverse
      is so strong so that the resulting momentum is equal to the sum of all
      available counteracting momenta causing again reversal prior to reaching
      the same level in the opposite direction [equation (1)]. As a consequence,
      the control will bring the vehicle into the residual error cycle. However,
      a large number of control thrusts is needed if the initial momentum was
      quite large.
PAR  FIG. 2 shows how the control momenta are staggered in accordance with the
      preferred emnodiment of the present invention. Angle .phi. as plotted
      along the abszissa shows again deviation of the attitude of the vehicle
      from a particular angular orientation or a particular axis (roll, yaw or
      pitch or a combination thereof). .phi. = 0 (or .phi..sub.0) denotes the
      desired attitude and coincides with the ordinate in the graph. Again,
      error angles are shown in several descrete levels .phi..sub.1,
      .phi..sub.2, etc. in one direction and .phi..sub..sub.-1,
      .phi..sub..sub.-2, etc. in the opposite direction.
PAR  The ordinate in the graph of FIG. 2 shows the incremental control momentum
      as produced by thrust bursts, whenever the sensing system in the vehicle
      detects deviation angles larger than .phi..sub.1 (I.sub.1), or larger than
      .phi..sub..sub.-1 (I.sub.1) in the opposite direction, or .phi..sub.2 etc.
PAR  However, unlike the prior art, a thrust pulse in a particular direction and
      of particular duration as to the resulting corrective incremental angular
      momentum I.sub.K is not automatically produced on traversal of error level
      .phi..sub.K. Rather, if a corrective momentum I.sub.K has been produced
      already, on error level .phi..sub.K, no such momentum will be triggered
      again when the error level .phi..sub.K (or .phi..sub..sub.-K) is
      traversed, but production of a thrust for a corrective momentum will be
      deferred until level .phi..sub.K.sub.+ 1 is reached, provided a thrust was
      not triggered previously on .phi..sub.K.sub.+ 1 or .phi.-.sub.(K.sub.+1).
PAR  Therefore, the thrusters are controlled in accordance with the present
      invention analogously as prior art thrusters are controlled for that
      purpose as far as basic implementation is concerned. Different is the
      proportioning of the thrust bursts (duration) on the particular levels
      when the thrusters are to be triggered. FIG. 7 shows symbolically that
      thrusts of magnitude I.sub.1, I.sub.2 to I.sub.5 are determined by timed
      durations from timing devices 11, 12, 13, 14, and 15. I.sub..sub.-K and
      I.sub.K have the same magnitude and I.sub..sub.-k is distinguished from
      I.sub..sub.+K in that either thruster 1 or thruster 2 is turned on,
      dependent upon the sign of the error level, symbolically denoted as +.phi.
      and -.phi.. The or circuit 10 merely represents symbolically that each
      timer can operate the thrusters, and the AND circuits 6 and 7 represent
      the selection of the respective thruster, 1 or 2, in response to the sign
      of the error level that triggered any of the timers 11 through 15. The
      magnitude of the resulting incremental angular momentum in each instance
      is to decrease with the error level that causes the triggering of any
      other timing devices. Triggering as such occurs in response to
      conventional attitude sensing on basis of the error levels .phi..sub.1,
      .phi..sub.2 ... .phi..sub.5 and defined as trigger thresholds. Hence, the
      error sensor circuit 10 produces trigger signals whenever the attitude
      error traverses one of the levels and the trigger signals are symbolically
      denoted as f.sub.1, f.sub.2, f.sub.3, f.sub.4, and f.sub.5, with f.sub.1
      being produced on the lowest level .phi..sub.1 or .phi..sub..sub.-1,
      f.sub.2 on the next higher level or .phi..sub..sub.-2 etc. and f.sub.5
      being produced on the highest or limit level of this example .phi..sub.5
      or .phi..sub..sub.-5. Unlike the prior art, however, the triggering on a
      level is not "forgotten," but signal representation of that fact is
      stored, and that level is no longer available. The circuit 21 through 24
      disable the timers 11 through 14 respectively, one by one, once they have
      responded; for example, these circuits 21 to 24 are simple flip-flops,
      whose output normally is in a state enabling timers 11 to 14 respectively.
      When a timer has responded, that response is used as a turn off signal for
      the respective flip-flop (21 to 24) as indicated by the arrows on top,
      disabling in turn the timer, so that it cannot respond. For example, timer
      11 providing the longest period of thruster turn-on was triggered first
      for producing I.sub.1 (or I.sub..sub.-1) on the lowest error level
      .phi..sub.1 (or .phi..sub..sub.-1). Having produced its timing pulse, the
      timer 11 is disabled by circuit 21 so that triggering of either thruster
      is blocked for that level when sensed again, and only the next higher one
      (and all higher levels) are then still available for thruster triggering,
      independently from sign. Thus, as the error signal either goes again to
      amplitude level f, but with opposite sign, that level is not available
      because timer 11 is disabled. Thus, the error will progress to f.sub.2
      regardless of whether the original error continued or whether there was a
      reversal. (The example of FIG. 3 assumes a continuation in that the
      corrective thrust of largest magnitude I.sub.1 is assumed not to correct
      the error completely or bring about a reversal). As signal level f.sub.2
      is produced, timer 12 is triggered to control production of the thrust
      I.sub.2 at the appropriate direction. Also, timer 12 is disabled by having
      turned off flip flop 22. One can readily see the progression here. This
      rule concerning blocking of trigger levels is not observed on the highest
      level .phi..sub.n /.phi..sub.-.sub.n, which remain always un-blocked.
      Accordingly, timer 15 is never blocked, but is always triggered on sensing
      the largest permissible attitude error, .phi..sub.5  or .phi..sub..sub.-5.
      This sequential blocking of all levels except the highest is maintained
      until an intentional rotation of the vehicle is needed and only for
      homing-in of the vehicle into the new attitude, all levels are made
      available again simply by turning all flip flops 21 to 24 on again.
PAR  The vehicle has a particular range of tolerance within which deviations of
      actual attitude from desired attitude are permissible. The limits of that
      tolerance range are determined by the outer levels .phi..sub.n
      /.phi..sub..sub.-n! the incremental momentum produced on a level of
      angular attitude deviation .phi..sub.K decreases within the tolerance
      level with increasing level. Consequently, the largest corrective angular
      momentum is produced when the vehicle is off its correct attitude by the
      relative small angle .phi..sub.1 or .phi..sub..sub.-1.
PAR  The magnitude of each incremental angular momentum is determined as per the
      equation (2) to be effective on traversal of level .phi..sub.K, and is
      restated presently:
      ##EQU4##
      whereby C is actually chosen to have the right-hand side somewhat larger
      than the left-hand side in each instance.
PAR  To put the equation into words, a relatively small angular momentum is
      produced when the vehicle is about to rotate so as to escape an angular
      limit of tolerance as to attitude deviation, given by angle pair
      .phi..sub.n /.phi..sub..sub.-n. Each momentum is the sum total of all
      momenta acting in the same direction and being produced on traversal of
      all higher error angle levels. This rule is relevant as such only for
      proportioning the corrective incremental angular momenta. The rule has no
      relevancy as to timing and actual triggering of the thruster on traversal
      of the error levels.
PAR  In addition, the rule is repeated that each incremental, corrective,
      angular momentum is produced only once, beginning with the production of
      the respectively associated momentum I.sub.1 as soon as the vehicle
      rotates away from the desired attitude and exceeds angle .phi..sub.1 or
      .phi..sub..sub.-1. Once that occurs, level 1 is, so to speak, used up, and
      only the other levels are available for triggering a correction producing
      thrust. The next level used will be .phi..sub.2 or .phi..sub..sub.-2, and
      equation (2) determines the magnitude of the thrust then produced.
PAR  As a consequence, the control system is convergent within the angle range
      .phi..sub.n /.phi..sub..sub.-n in that the above defined residual error
      rotation is carried out between angles .phi..sub.n and .phi..sub..sub.-n,
      with reversal in each instance as the attitude angle tends to increase
      beyond either limit. Any initial angular velocity corresponding to an
      angular momentum I.sub.o is reduced to a velocity corresponding to an
      angular momentum between I.sub.n and half that value. This situation is
      shown in FIG. 3.
PAR  FIG. 3 shows again an initial angular momentum I.sub.o which causes the
      vehicle to deviate from its desired attitude (.phi. = 0). Each of the
      control thrusts provides a particular incremental, angular momentum,
      whereby as a consequence of the proportioning of these momenta, five
      thrust bursts suffice until the stabilizing, residual error cycle is
      reached wherein the attitude is permitted to change between .phi..sub.5
      /.phi..sub..sub.-5, with a velocity of oscillation having indeed value
      between the velocity corresponding to a momentum between I.sub.5 and
      I.sub.5 /2.
PAR  The indices for the incremental momenta as plotted show also the sequence
      of invocation. At first, the relatively large counter momentum I.sub.1 is
      produced as the vehicle, having momentum I.sub.o tends to deflect by more
      than .phi..sub.1 from the desired attitude. As I.sub.o &gt; I.sub.1, the
      rotation continues in the same direction, but is drastically slowed down.
      As .phi..sub.2 is reached, a somewhat smaller counteracting incremental
      angular momentum I.sub.2 is produced, slowing the vehicle to a stop but
      causing, in this example overshooting and the vehicle, rather slowly,
      reverses. Thus, the attitude error is reduced to zero but an oppositely
      directed error builds up.
PAR  In accordance with the rule given above, levels -1 and -2 are already used
      up (using them once eliminates the levels in both directions from
      establishing further trigger levels). Thus, a corrective angular momentum
      I.sub.3 is produced only after the vehicle has been deflected to angle
      .phi..sub..sub.-3. That reverses the rotation again, and it can be seen
      that on .phi..sub.4, I.sub.4 is produced, and as soon as upon slow
      reversal the vehicle has reached maximum angle .phi..sub..sub.-5, the
      system enters the residual error cycle mode in which it continues.
PAR  It can, thus, be seen that an incremental momentum I.sub.k or I.sub.-.sub.k
      is produced only once until the stabilizing cycle is reached. This holds
      true, of course, for all levels except the highest one, but one can say
      that upon calling for I.sub.n or I.sub..sub.-n  for the first time, the
      residual error and stabilizing mode has been reached. All trigger levels
      remain blocked, except .phi..sub.5 and .phi..sub..sub.-5, until the
      vehicle is intentionally turned into a new attitude, whereupon homing-in
      on that new attitude commences anew with all descrete trigger levels
      .phi..sub.1, ... being initially available again.
PAR  Comparing FIG. 1 with FIG. 3 demonstrates clearly the advantages of the
      control mode used in the latter. Inverse staggering rather than direct
      staggering of allocating corrective incremental momenta to error angle
      levels causes a drastic reduction in the production of strong thrusts, and
      limits overshooting accordingly. FIG. 3 shows that the stabilizing and
      residual error cycle is reached after five thrust pulses, whereas fifteen
      pulses were required for reaching that state as per FIG. 1. Specifically,
      the stabilizing cycle in the known method is carried out between
      .phi..sub..sub.-1 and .phi..sub.1, while the new method uses a stabilizing
      cycle between larger levels, e.g. .phi..sub..sub.-5 and .phi..sub.5 so
      that (for similar thrusts, I.sub.1 -- FIG. 1 and I.sub.5 -- FIG. 3) the
      oscillation period is longer. A lower frequency for the stabilizing cycle,
      however, means a correspondingly less frequent thruster operation.
      Frequency of thruster operation and, therefore, their life and total
      consumption of propellant is reduced accordingly.
PAR  The foregoing assumed a satisfactory and tolerable low reversing momentum
      15 for the residual error cycle, and equation (2) then provides the rule
      for the other momenta. That, however, does not per se establish conditions
      for correcting all occurring momenta that may tend to deflect the vehicle
      out of the desired attitude. Thus, for the control system to operate
      satisfactorily, it is necessary that a vehicle having maximum (angular)
      velocity reverses direction not later than when reaching a tolerance limit
      (.phi..sub.n or .phi..sub..sub.-n). Consequently, the sum of all
      incremental momenta produced in one direction upon deviation of the
      orientation of the vehicles from its desired attitude should at least be
      equal to or larger than the angular momentum corresponding to an initial
      maximum angular velocity of the vehicle.
PAR  The following equation (3) sets forth the relationship between the several
      incremental angular momenta as produced by control thrust bursts, and the
      maximum attitude error producing angular momentum of the vehicle
      .phi..sub.o max .sup.. .theta. is the moment of inertia of the vehicle in
      relation to the axis about which the incremental angular momenta are
      produced.
      ##EQU5##
PAR  The equation (3) is true as such for chosen values of C with 0 &lt; C &lt; 1, and
      the sum on the left-hand side can be made larger by choosing a smaller C
      than present for satisfying the equation. A smaller C then meets the
      desired condition stated in the preceding paragraph.
PAR  As the maximum angular velocity .phi..sub.o max is known, equations (2) and
      (3) can be used to determine the magnitude of each incremental angular
      momentum.
      ##EQU6##
PAR  Aside from suppressing undesired high angular velocities of the vehicle
      generally and maintaining its attitude within prescribed limits, it is
      also necessary that the angular velocity itself converges toward the value
      that is determined by the limit momentum I.sub.n. That condition is, in
      fact, fulfilled by chosing the incremental momenta as given by equation
      (2). If the vehicle is caused to return after having reached a particular
      angle of attitude deflection, the velocity or return cannot possibly be
      larger than the relative velocity which that incremental momentum imparts
      per se upon the vehicle. This is necessarily so as at least a part of that
      momentum was, in fact, needed to effect the return to begin with. The sum
      total of all incremental momenta that will be produced thereafter, is
      larger as per equation (2) than the incremental momentum that slowed the
      vehicle completely to a stop and reversed the rotation of the vehicle at
      that point. Thus, the vehicle will be stopped again thereafter with
      certainty by operation of the control thrusts produced as per rules above.
      As these rules apply to each level, including the momentum I.sub.n
      /I.sub..sub.-n, the (absolute) angular velocity after the first limit
      momentum (I.sub.n or I.sub..sub.-n) will not be larger than the relative
      angular velocity produced on basis of that limit momentum itself.
PAR  The implementation factor C, which occurs in all equations, is preferably
      not much smaller than unity (e.g. 0.8). Such a factor, close to but
      definitely below unity, is beneficial for obtaining velocity convergence
      as fast as possible. However, the value C should not be too close to unity
      as reproduction errors in the thrusters may then lead to rotational
      instability. A value of 0.8 for C was found satisfactory in these
      respects.
PAR  In accordance with a further feature of the invention, the several angular
      momenta are to be grouped and in each group the same magnitude of momentum
      prevails. The equation (2) is thus applied only to the magnitude as used
      in each group of levels. This feature is illustrated in FIG. 4. Three
      angular levels are allocated to each group. The velocity converging occurs
      in the same manner as in FIG. 3 in principle. However, the additional
      requirement of grouping coupled with the still further requirement of
      reversal of rotation or each group permits particularly advantageous
      operation.
PAR  If one follows the sequence of thrust production, one can see from FIG. 5
      that a reversal occurs in each group, i.e., the operation is such that
      once angular momentum is produced within any group of angle ranges,
      reversal of rotation will occur, possibly after several bursts but within
      one and the same group. The thrusts are to be proportioned so that the
      angular momentum within a group is related to that of the next lower level
      group by
EQU  I.sub.K = I.sub.K.sub.- 1 .sup.. I/C m                     (5)
PAL  whereby m is the number of levels per group (e.g. 3 in FIG. 4), and C is a
      parameter having constant value between 0 and 1. Again, only one
      incremental angular momentum per level is triggered (except on the limit).
PAR  The invention is not limited to the embodiments described above but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method of providing control for a space vehicle having thrust-producing
      means producing thrust for imparting momentum upon the vehicle thereby
      imparting motion upon the vehicle or reducing existing motion or reversing
      movement, further having control means for the thrust producing means
      causing the thrust producing means to produce thrust bursts or pulses, so
      that a controlled particular momentum is imparted upon the vehicle with
      each burst or pulse, such thrust burst being triggered by the control
      means respectively when the vehicle tends to move beyond selected descrete
      deviations and error positions from a desired position, said descrete
      deviations establishing descrete position levels which in turn establish
      respectively levels for control and triggering of a thrust burst, one of
      the position levels being the highest one, comprising:
PA1  selecting the descrete position levels as levels for control triggering so
      that the highest one of said position levels, one in either direction as
      to deviation from the said desired position, are limit levels, defining a
      range of positional deviation tolerance;
PA1  operating the thrust producing means so that a relatively small momentum is
      produced when the vehicle tends to move past either of said limit levels;
PA1  operating the thrust producing means on particular levels of error
      positions within said range for producing momentum on each one of said
      levels
PA2  (1) at a magnitude that is smaller than the sum of momenta to be produced
      on all position levels higher than said one level;
PA2  (2) only after momenta have been produced for all selected smaller position
      levels;
PA2  (3) only once for each sequence of thrust bursts leading to a residual
      error cycle wherein the vehicle is caused to oscillate within the range of
      tolerance with reversal occuring on each range limit and caused by said
      small momentum triggered in each instance when one of the range limits is
      reached.
NUM  2.
PAR  2. The method as in claim 1, wherein the levels are grouped, a group
      including plural sequentially effective levels, the momenta produced on
      levels of the same group being equal.
NUM  3.
PAR  3. The method as in claim 1, wherein the magnitude of the momentum
      allocated to each level in any group pursuant to the second operating
      step, substep (2) is selected so that the sum of the momenta thereof will
      produce reversal of movement of the vehicle.
NUM  4.
PAR  4. The method as in claim 1, wherein the thrust producing means produce
      angular momenta, and wherein the desired and actual positions are attitude
      angles on a particular axis, said levels being error angles as between
      actual and desired attitude of the vehicle in relation to and about said
      particular axis.
NUM  5.
PAR  5. The method as in claim 4, wherein the said small momentum is an angular
      momentum being dimensioned to be equal to .theta. .sup.. .phi..sub.o max /
      C (I + C).sup.n.sup.-1, wherein .theta. is the moment of inertia of the
      vehicle on said axis, C is a constant smaller than 1, n is the number of
      said levels as to one direction, .phi..sub.o max is the maximum angular
      velocity of the vehicle that produces attitude errors; the angular
      momentum to the K'th level, with K being an integer from 1 to n + 1 being
      .theta. .sup.. .phi..sub.o max (1 + C) .sup.. K.
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ABST
PAL  An apparatus for detecting an approaching train within a track section
      utilizes a transmitter coupled to the rails at a feed point for applying a
      current to the track section. There is a receiver coupled to the track
      section for producing a signal representative of the impedance of the
      track section. There are devices for utilizing the received signal for
      detecting train motion, abnormally low impedance and abnormally high
      impedance of the track section. A normalizer circuit is connected to the
      receiver for increasing or decreasing the received signal gain within
      predetermined limits in accordance with variation in impedance of the
      track section.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a motion sensing system for railroad
      crossings and in particular to a system which compensates for variations
      in ballast resistance and receiver interference.
PAR  A primary purpose of the invention is a motion sensor of the type described
      including a normalizer circuit which is effective to vary the detected
      distance voltage in accordance with range and weather conditions.
PAR  Another purpose is a motion sensor of the type described which utilizes a
      normalized distance voltage in conventional high and low signal detector
      circuits.
PAR  Another purpose is a motion sensor system including a unique normalizing
      circuit in combination with a motion decisioner which compensates for
      electrical noise in the receiver.
PAR  Another purpose is a motion sensing system of the type described utilizing
      an improved track-occupied detector.
PAR  Another purpose is a motion sensing system of the type described utilizing
      an integrator circuit to reduce electrical interference in the detection
      system.
PAR  Another purpose is a motion sensor system using, in combination, a
      normalized distance voltage, a unique motion decisioner which compensates
      for receiver electrical noise and a track-occupied detector which controls
      the normalizer and is in part activated by the motion decisioner.
PAR  Other purposes will appear in the ensuing specification, drawings and
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated diagrammatically in the following drawings
      wherein:
PAR  FIG. 1 is a diagram of the motion sensor system,
PAR  FIG. 2 is a block diagram of the normalizer circuit,
PAR  FIG. 3 is a wave form diagram of distance voltage vs. distance,
PAR  FIG. 4 is a block diagram of the motion decisioner,
PAR  FIGS. 5a- 5d are wave diagrams for various points in the motion decisioner
      circuit, and
PAR  FIG. 6 is a block diagram of the track-occupied detector.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention provides certain distinct improvements on the motion
      sensor system shown in U.S. Pat. No. 3,777,139. Certain of the circuits of
      that patent are incorporated by reference into the present application and
      will not be described in detail.
PAR  Looking particularly at FIG. 1, a railroad crossing is indicated at 10 and
      the system described herein is designed to activate crossing protection
      equipment such as gates and/or signals, depending upon the location of the
      crossing. The system will activate the crossing protection equipment
      whenever a train is within the section of track being monitored and is
      approaching the crossing at a speed greater than a predetermined minimum
      speed or when there is a malfunction in the system as described herein.
PAR  As is known in the art, the approach length of track becomes an integral
      part of the sensor system and this length is established as a function of
      maximum train speed, minimum warning time and the system's response time
      so that the crossing gates and/or signals are operated in sufficient time
      to provide adequate protection and warning.
PAR  In FIG. 1 the transmitter feed point 12 is adjacent the crossing 10 and
      there are approach distances on each side of the feed point 12. The
      right-hand approach is determined by the position of an AC shunt 14 and
      the left-hand approach is determined by the position of an AC shunt 16.
      The approach distances may be the same or they may be different, depending
      upon the particular utilization of the track in question. The shunts 14
      and 16 are connected between rails 18 and 20 and, in like manner, the feed
      point 12 is connected to both rails 18 and 20.
PAR  The shunts 14 and 16, which are coupled between rails 18 and 20, may be a
      hard wire connection, a wide band AC device, such as a capacitor, or a
      narrow band AC device such as a sharply tuned resonant circuit. The
      particular type of shunt will depend upon what other signals are being
      transmitted through the rails.
PAR  The operation of the motion sensor system is based upon a change in
      impedance of the track as an approaching train shunts the rails 18 and 20.
      Such a shunt shortens the effective length of the track section being
      measured and thus reduces impedance. The motion sensor system will respond
      to the approaching motion of a train to activate the crossing equipment if
      the train speed is above a predetermined minimum. The system will be
      deactivated if the train stops while it is in the approach section or its
      speed is reduced below the minimum required for a crossing operation. At
      such time as the train resumes forward motion, the protection equipment
      will again be operated.
PAR  An oscillator 22 which will provide a signal at a selected frequency, for
      example in the range of 26-645 Hz, is connected to a modulator 24 and to a
      phase shifting network 26. A power amplifier 28 is connected to modulator
      24 and provides a constant current signal to a transformer 30, the
      transformer being connected by lines 35 and 32 to rails 18 and 20,
      respectively. A coil 33 is connected in line 35 to simulate a 50-foot
      length of track so that the detected signal level does not disappear when
      a train shunt is at feed point 12. The connection between the transmitting
      section and the receiver section is a three-wire connection and includes
      wire 34. A three-wire connection assures separation of the transmitter and
      receiver in the event of a feed wire break and reduces the effect of feed
      wire series resistance and inductance.
PAR  Transformer 30 is also connected to a bandpass filter and amplifier 36
      which in turn is connected to a rectifier filter 38. The phase shifting
      network 26 is connected to a quadrature detector 40 which also receives an
      input from the bandpass filter amplifier 36. As described in U.S. Pat. No.
      3,777,139, the output of the rectifier filter 38 is a distance voltage
      E.sub.D which is applied to the various detection circuits hereinafter
      described. Since a constant current signal is applied to the rails, and
      assuming no train within either approach section, E.sub.D will be constant
      as long as there is no change in the impedance of the approach section. A
      decrease in E.sub.D normally signifies motion within the approach section
      of track.
PAR  The output of the quadrature detector 40 is a voltage E.sub.DX which is
      representative of the reactance component of the detected voltage. This
      voltage is derived in the manner shown in U.S. Pat. No. 3,614,418.
PAR  The distance voltage E.sub.D is connected to a normalizer 42 and to a low
      signal detector 44, the details of which are shown in the above-mentioned
      U.S. Pat. No. 3,777,139. The reactance component of the distance voltage,
      E.sub.DX, is connected to normalizer 42 and to a motion decisioner 46. A
      high signal detector is indicated at 48 and receives its input from
      normalizer 42. High signal detector 48 is described in U.S. Pat. No.
      3,777,139. The output of the high signal detector 48 and the output of the
      motion decisioner 46 are both connected to a track-occupied detector 50
      whose output is connected to normalizer 42. A third input for the
      track-occupied detector 50 is provided by low signal detector 44. The
      overall circuit of FIG. 1 is completed by a sequencing circuit 52 having
      outputs connected to modulator 24, normalizer 42 and motion decisioner 46.
      The sequencer 52 provides timing signals for the various detection
      circuits and for the modulator 24, as will appear hereinafter.
PAR  In addition to the above-described basic circuits, there may be other
      safegaurds in the operation of the motion sensor. Since the present
      invention is particularly concerned with three aspects of the motion
      sensor, other basic circuitry, old in the art, will not be described in
      detail. However, it should be understood that such circuits will normally
      be included in the commercial embodiment of the invention.
PAR  A broken rail or rail bond causes the track impedance to increase, thereby
      increasing the value of E.sub.D. The high signal detector circuit 48
      senses this increase and activates the crossing protection in response to
      such an increase. In like manner, if ballast resistance (rail-to-rail
      leakage resistance) decreases, the value of E.sub.D decreases. At some low
      ballast resistance the ability to detect a broken rail or rail bond is
      compromised. Hence, the low signal detector 44 monitors E.sub.D and if
      this voltage falls below a critical value, and a set of logic tests
      (track-occupied detector 50) indicate that no train is in the approach
      track section, the low signal detector activates the crossing protection.
PAR  Ballast resistance typically reduces in wet weather. Also, the greater the
      approach track distance, the more pronounced is the E.sub.D voltage sag.
      Thus, the need for broken rail detection imposes range and weather
      performance limits on the system. To extend these limits, an E.sub.D
      normalizer is employed and is shown in detail in FIG. 2. The normalizer
      includes a separation detector 54 having inputs of E.sub.D and E.sub.DX.
      If the separation of the two input voltages to the separation detector,
      E.sub.D and e.sub. DX, is greater than a preset value, indicating that the
      limit of broken rail detection is being approached, the normalizer circuit
      is enabled. Typically, the phase detected voltage E.sub.DX will sag more
      readily with deteriorating ballast resistance than E.sub.D. The output of
      detector 54 is connected to an up-down counter 56 which has inputs from a
      down gate 58 and an up gate 60. The output from counter 56 is connected to
      a gain modulator 62. Also connected to the output of counter 56 is a low
      limit gate 64 which is connected to place an inhibit on down gate 58 and a
      high limit inhibit circuit 66 which is connected to place an inhibit
      signal on up gate 60. A state indicator is indicated at 68 and is
      connected to the counter 56 in such a manner as to give a visual
      indication of the position of the counter. A high deadband threshold
      circuit 70 and a low deadband threshold circuit 72 each receive a
      normalized E.sub.D input and have their outputs connected to,
      respectively, down gate 58 and up gate 60.
PAR  Looking at FIG. 3, which illustrates the relationship between E.sub.D and
      distance from the feed point to the terminal shunt point, curve A
      represents low ballast resistance, below which the system is unable to
      effectively detect a broken rail. Curve B represents high ballast
      resistance or normal ballast resistance. The normalizer circuit is
      effective to maintain E.sub.D between the high signal point C and the low
      signal point D. When E.sub.D is above point C, there is an indication of a
      broken rail or broken rail bond and the high signal detector will be
      activated in the manner described in U.S. Pat. No. 3,777,139. Taking into
      consideration range and weather conditions, the normalizer maintains
      E.sub.D as close as possible to normal signal level E. Thus, the
      normalizer overcomes any effects on E.sub.D caused by weather or distance
      and maintains E.sub.D in a predetermined range, providing there is no
      broken rail, excessively deteriorating ballast resistance or motion
      detected within the approach section.
PAR  When there is sufficient separation between E.sub.D and E.sub.DX, which is
      detected by the separation detector 54, an enable signal is provided to
      up-down counter 56. Both the up gate and the down gate 58 and 60,
      respectively, are operated at predetermined intervals so that the long
      term change in ballast resistance effects the system, not any short period
      changes. Thus, a pulse train of two minutes' pulse separation is indicated
      at 74 and will be used to activate both the up and down gates. In like
      manner, a signal from track-occupied detector 50 is applied to the up and
      down gates so that the gates will not be activated at such time as motion
      is detected within the approach section. Thus, assuming an activating
      pulse from source 74 and no inhibit signal from either the low limit or
      high limit circuits 64 and 66, and that the up-down counter has been
      activated by the enabling circuit 54, if either the high deadband
      threshold or the low deadband threshold, as shown in FIG. 3, have been
      exceeded, then either an up pulse or a down pulse will be provided by the
      appropriate gate to counter 56. Counter 56 is a four-bit up-down counter
      and hence there are 15 steps which are available from the zero condition.
      At the fifteenth step gain modulator 62 has added all of the gain
      available (typically 3DB). A subsequent reduction in E.sub.D will activate
      the low signal detector, assuming that no train has been detected in the
      apprach section.
PAR  There is a dead band of about plus or minus 21/2 percent about the normal
      signal level E as shown in FIG. 3. Upon the high deadband threshold, 21/2
      percent above normal, being exceeded and assuming a signal from source 74
      and an indication that no train is in the approach section, the down gate
      will provide a signal to the up-down counter 56. If the counter is enabled
      by the separation detector, the gate modulator will provide an E.sub.D
      output reduced a predetermined amount to return E.sub.D within the dead
      band of plus or minus 21/2 percent about the normal signal level. Thus,
      the normalizer tends to follow changes in ballast resistance caused by
      weather and range conditions. The E.sub.D output, useful in the high and
      low signal detectors, will not cause the crossing protection equipment to
      be activated unless there is in fact a broken rail or broken rail bond or
      ballast resistance has truly decreased to the point where such a condition
      can no longer be recognized. The normalizer maintains the detected E.sub.D
      voltage within predetermined limits and takes into account any changes in
      ballast resistance due to weather and range conditions.
PAR  Sequencer 52 is connected to modulator 24 and to motion decisioner 46. The
      motion decisioner 46 includes a differentiator 80 which receives a
      normalized E.sub.D input. The differentiator output is filtered in a
      smoothing network 82 which has its output connected to a recycling
      integrator 84. The integrator 84 also receives an E.sub.DX input when the
      system is used with a grade crossing predictor. Such an input is not
      necessary with a motion sensing system. The smoothing network 82 is
      positioned between the differentiator 80 and integrator 84 so that in high
      interference situations variability of the integrator output can be kept
      at a value low enough to preclude false motion alarms. Filter time
      constants, typically 2-6 seconds, can be selected for the smoothing
      network. A fraction of the filter time constant becomes blind time that
      must expire before motion can be seen through the motion decisioner. The
      filter time constant is reduced to zero and the integration rate speeded
      by action of the time signal on integrator input 86 from the sequencer.
      The time change signal coincides with passage of the dynamic self-check
      pulse as described hereinafter. The integrator 84 also receives a timed
      input 88 from the sequencer 82 and has an output connected to a decision
      threshold circuit 90. A coincidence gate 92 receives one input from
      sequencer 52, as designated at 94, and a second input from decision
      threshold circuit 90. The output from coincidence gate 92 is connected to
      the crossing protection drive circuit.
PAR  FIGS. 5a, 5b, 5c and 5d illustrate wave forms at various points in the
      motion decisioner.
PAR  An inherent liability of the differentiation process which provides a
      voltage representative of train motion is the enhancement of interference
      carried into the receiver. To reduce operating difficulties under
      electrically noisy conditions, the measuring system is operated on a
      recycling time frame, normally two seconds in duration. Through each frame
      the motion signal, differentiated, E.sub.D is smoothed, then accumulated
      in integrator 84 to form a single observation for the entire frame. At the
      end of the frame a decision is made concerning the presence or absence of
      train motion above a preset level. The integrator is thereupon reset
      preparatory to motion observation in the next frame. The result of this
      type of processing is a substantial reduction of interference as
      registered in motion decisions. In grade crossing predictor usage the
      phase detected distance measuring signal, E.sub.DX is summed with
      differentiated E.sub.D at the integrator. E.sub.DX is weighted and
      polarized with respect to the motion derivative such that the predictor
      equation is solved by the device. Further details of the predictor
      equation are disclosed in U.S. Pat. No. 3,614,418.
PAR  Looking particularly at FIGS. 5a-5d, in FIG. 5a, an amplitude perturbation
      is imposed on input track current and this is typically a 0.06 second
      perturbation in a two second time frame. The sequencer 52 provides the
      necessary timed control of modulator 24. The current perturbation is
      weighted reciprocally with the prevailing E.sub.D so that in the receiver
      the perturbation takes virtually constant size. See FIG. 5b. After
      differentiation, FIG. 5c, the perturbation is fed into the integrator at
      an essentially zero time constant rate as described above. The result is a
      sharp excursion in the approach motion direction. See FIG. 5d. If motion
      greater than some preset value, typically 2 mph, is present the excursion
      will start from a value greater than the decision threshold value. No
      threshold crossing occurs. However, if approaching motion less than the
      preset value, no motion, or receding motion is present, the decision
      threshold is crossed within the decision time window. Thus, either proper
      motion or loss of the self-check perturbation due to system malfunction
      results in the start of crossing protection.
PAR  The threshold circuit action is observed through a narrow time window at
      the expected time of arrival of the self-check perturbation. If the
      threshold is crossed within that window, by circuit 90, then an AC voltage
      is gated, by gate 92, to maintain the crossing protection equipment
      inactive. Similarly, at each crossing in the window, a pulse is gated to
      implement a circuit requiring two consecutive motion observations before
      crossing protection is started.
PAR  Thus, the motion decisioner provides a signal to the track occupied
      detector 50 as controlled by the sequencer 52 providing logic information
      as to the absence or presence of a moving train, over a predetermined
      minimum speed, within the approach section of the track.
PAR  The track-occupied detector 50 is illustrated in FIG. 6 and has three
      inputs. A first input 100 is from high signal detector 48. A second input
      102 is from motion decisioner 46 and a third input 104 is from low signal
      detector 44. Inputs 100 and 102 are connected to a voltage check circuit
      106 which will provide an AC output on its output line 108 provided there
      are inputs on both lines 100 and 102 signifying that there is no motion
      being detected in the approach section and the high signal level has not
      been exceeded. Voltage check circuit 106 has its output on line 108
      connected to an AC/DC AND gate 110, which also receives an input via line
      112 from a rectifier 114 connected to input 104. A second rectifier 116
      has an AC input from gate 110. A NAND gate 118 has one input from the
      junction 120 of rectifiers 114 and 116 and a second input from an
      inversion rectifier 122 which has an input from the high signal detector
      line 100. The output of the NAND gate 118 is connected to the normalizer
      42 and provides outputs at two different voltage levels. One level
      indicating that the track is occupied and the second level indicating that
      the track is unoccupied.
PAR  In operation assuming there is a signal on line 100, indicating that the
      high signal level has not been exceeded, there will be no signal from
      inversion rectifier 122 at NAND gate 118. Also assuming that the motion
      decisioner circuit 46 provides an output indicating that there is no
      detected motion in the approach section, there will be a signal on input
      102 to voltage check circuit 106. Thus, with signals on both inputs 100
      and 102 for voltage check circuits 106, it will have an output on line 108
      to gate 110. Gate 110 will latch and provide an AC output to rectifier 116
      which in turn will provide a voltage at junction 120 and thus a signal to
      the other input of NAND gate 118. With a signal on only one input line,
      the output of NAND gate 118 will be a voltage indicating that the track is
      unoccupied.
PAR  If there is detected motion by motion decisioner 46, there will be no input
      to circuit 106. Thus, voltage check circuit 106 will not provide an AC
      input to gate 110 and there will be no voltage provided at junction 120 by
      gate 110 through rectifier 116. Since there is detected motion, low signal
      detector 44 will no longer provide a voltage at input 104 and thus
      rectifier 114 cannot now provide a voltage at junction 120. Thus, there
      will be no inputs to NAND gate 118 and so the output from this gate will
      be a voltage level signifying that the track is occupied and this signal
      will be applied to the normalizer as described above. Normally, junction
      120 can receive a voltage to apply to NAND gate 118 either from gate 110
      through rectifier 116, signifying no motion and that the high signal has
      not been exceeded, or from low signal detector 44 indicating that ballast
      resistance has not decreased to the point where a broken rail cannot be
      detected, or signifying that there is no drop in the distance voltage
      signifying motion within the approach section. NAND gate 118 will only
      provide an output signifying that the track is occupied when neither or
      its inputs have a signal.
PAR  In summary, the invention provides several unique circuits for use in a
      motion sensing system and/or a crossing predictor system. The normalizer
      compensates for variations in ballast resistance and range to assure that
      under normal conditions a broken rail can be detected.
PAR  The motion decisioner provides a means for assuring that electrical noise
      or interference in the system will not interfere with the normal functions
      of the receiver. The differentiation process followed by the integration
      process compensates for noise.
PAR  The track-occupied detector logic system utilizes signals from the motion
      decisioner and high and low signal detectors to control operation of the
      normalizer.
PAR  Whereas the preferred form of the invention has been shown and described
      herein, it should be realized that there may be many modifications,
      substitutions and alterations thereto.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An apparatus for detecting an approaching train within a track section
      between a feed point and at least one low impedance connection across the
      rails, said apparatus including:
PA1  transmitter means coupled to the rails at the feed point for applying a
      current to the track section,
PA1  receiver means coupled to the track section for producing a first signal
      representative of the impedance of said track section,
PA1  means for utilizing said first signal for detecting train motion,
      abnormally low impedance and abnormally high impedance,
PA1  The improvement comprising a normalizer circuit connected to said receiver
      means for increasing or decreasing said first signal within predetermined
      limits in accordance with variations in impedance of said track section.
NUM  2.
PAR  2. The apparatus of claim 1 further characterized in that said normalizer
      circuit includes enabling means operated upon detecting a predetermined
      ballast condition.
NUM  3.
PAR  3. The apparatus of claim 2 further characterized in that said receiver
      includes means for producing a second signal representative of the
      reactance component of the impedance of said track section, said enabling
      means including circuit means for detecting the difference between said
      second signal and said first signal.
NUM  4.
PAR  4. The apparatus of claim 2 further characterized in that said normalizer
      circuit includes circuit means for controlling the increase or decrease of
      said first signal in predetermined steps.
NUM  5.
PAR  5. The apparatus of claim 4 further characterized in that said normalizer
      circuit includes counting means for controlling the increase or decrease
      of said first signal.
NUM  6.
PAR  6. The apparatus of claim 5 further characterized by and including a pair
      of gates connected to said counting means, one gate providing for an
      increase in said first signal, the other gate providing for a decrease,
      each of said gates having a plurality of inputs, a timing circuit
      providing one of said inputs, a detection circuit for measuring the level
      of said first signal providing another of said inputs.
NUM  7.
PAR  7. An apparatus for detecting an approaching train within a track section
      between a feed point and at least one low impedance connection across the
      rails, said apparatus including:
PA1  transmitter means coupled to the rails at the feed point for applying a
      current to the track section,
PA1  receiver means coupled to the track section for producing a first signal
      representative of the impedance of said track section,
PA1  the improvement comprising means for changing the level of said transmitted
      current for a limited period of time during a predetermined time frame,
      differentiator means coupled to said receiver means for producing a signal
      representative of the rate of change of said first signal, integrator
      means coupled to said differentiator means, and a threshold detector
      connected to said integrator means for use in determining when said rate
      of change signal represents train motion.
NUM  8.
PAR  8. The apparatus of claim 7 further characterized in that said threshold
      circuit detects, after differentiation and integration, the changed level
      of said transmitter current.
NUM  9.
PAR  9. The apparatus of claim 8 further characterized by and including a gate
      connected to said threshold detector and timing means connected to said
      gate, simultaneous inputs to said gate from said timing circuit and
      threshold detector providing a gate output indicating no train motion.
NUM  10.
PAR  10. The apparatus of claim 7 further characterized in that the level of
      said transmitted current is decreased for a limited period of time during
      said predetermined time frame.
NUM  11.
PAR  11. An apparatus for detecting an approaching train within a track section
      between a feed point and at least one low impedance connection across the
      rails, said apparatus including:
PA1  transmitter means coupled to the rails at the feed point for applying a
      current to the track section,
PA1  receiver means coupled to the track section for producing a signal
      representative of the impedance of said track section,
PA1  normalizer means connected to said receiver means for increasing or
      decreasing said signal within predetermined limits in accordance with
      variations in impedance of said track section,
PA1  motion decision means connected to said normalizer circuit for determining
      when said signal represents train motion,
PA1  and track-occupied detector means connected to said motion decision means
      and having an output connected to said normalizer circuit.
NUM  12.
PAR  12. The apparatus of claim 11 further characterized in that said normalizer
      circuit includes means for increasing or decreasing said signal in
      predetermined steps.
NUM  13.
PAR  13. The apparatus of claim 11 further characterized in that said
      track-occupied detector output is connected to said normalizer circuit for
      disabling said normalizer circuit when train motion is detected.
NUM  14.
PAR  14. The apparatus of claim 11 further characterized in that said motion
      decision circuit includes a differentiator connected to said normalizer
      and an integrator connected to said differentiator, the output of said
      integrator providing an indication of the presence or absence of detected
      motion.
NUM  15.
PAR  15. The apparatus of claim 14 further characterized in that said
      transmitting means includes means for changing the level of transmitted
      current for a limited period of time during a predetermined time frame,
      said motion decision circuit including a threshold circuit for detecting
      motion based on said change in transmitted current.
NUM  16.
PAR  16. The apparatus of claim 11 further characterized by and including low
      signal detector means connected to said receiver means for producing a
      warning signal when said signal is less than a preselected value, said
      track-occupied detector being connected to said low signal detector means.
NUM  17.
PAR  17. The apparatus of claim 16 further characterized by and including a high
      signal detector connected to said track-occupied detector and to said
      normalizer circuit, said high signal detector providing an output when the
      impedance of said track section exceeds a predetermined value.
NUM  18.
PAR  18. An apparatus for detecting an approaching train within a track section
      between a feed point and at least one low impedance connection across the
      rails, said apparatus including:
PA1  transmitter means coupled to the rails at the feed point for applying a
      current to the track section,
PA1  receiver means coupled to the track section for producing a signal
      representative of the impedance of said track section,
PA1  means for utilizing said signal for detecting train motion, abnormally low
      impedance and abnormally high impedance,
PA1  a normalizer circuit connected to said receiver means for increasing or
      decreasing said signal within predetermined limits, in accordance with
      variations in impedance of said track section, and a track-occupied
      detector connected to the means for utilizing said signal for detecting
      train motion having its output connected to said normalizer circuit.
NUM  19.
PAR  19. The apparatus of claim 18 further characterized in that said
      track-occupied detector includes means for disabling said normalizer
      circuit when the track section is occupied.
NUM  20.
PAR  20. The apparatus of claim 19 further characterized by and including low
      signal detector means coupled to said receiver means for producing a
      warning signal when said signal is less than a preselected value, said low
      signal detector means being connected to said track-occupied detector.
NUM  21.
PAR  21. The apparatus of claim 19 further characterized by and including high
      signal detector means connected to the output of said normalizer circuit
      and having an output connected to said track-occupied detector, said high
      signal detector means providing an output when impedance of said track
      section exceeds a preselected value.
NUM  22.
PAR  22. An apparatus for detecting an approaching train within a track section
      between a feed point and at least one low impedance connection across the
      rails, said apparatus including:
PA1  transmitter means coupled to the rails at the feed point for applying a
      current to the track section,
PA1  receiver means coupled to the track section for producing a first signal
      representative of the impedance of said track section,
PA1  means for changing the level of said transmitted current for a limited
      period of time during a predetermined time frame, differentiator means
      coupled to said receiver for producing a signal representative of the rate
      of change of said first signal, integrator means coupled to said
      differentiator means, and a threshold detector connected to said
      integrator means for use in determining when said rate of change signal
      represents train motion,
PA1  and a track-occupied detector connected to the output of said integrator
      means.
NUM  23.
PAR  23. The apparatus of claim 22 further characterized by and including a low
      signal detector coupled to said receiver means for producing a warning
      signal when said first signal is less than a preselected value, said low
      signal detector being connected to said track-occupied detector.
NUM  24.
PAR  24. The apparatus of claim 22 further characterized by and including high
      signal detector means connected to said receiver means for producing a
      signal when said first signal exceeds a preselected value, with the output
      of said high signal detector being connected to said track-occupied
      detector.
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ABST
PAL  A wheel crowder for mounting on a rail opposite a conventional derail for
      cooperation with the latter whereby the wheel crowder engages a wheel of a
      railcar or locomotive and forces the same toward the derail thereby
      assuring that the opposite wheel will move into the throat or entering toe
      of the derail and permit proper operation of the latter.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Derails have been used for many years to derail a runaway railcar or
      locomotive where it is desired to assure that such equipment will not pass
      beyond a designated area along a railroad track. An example of a known
      type of derail is described in U.S. Pat. No. 2,829,246 which is assigned
      to the assignee of the present invention.
PAR  Under normal conditions, a conventional derail of the type described in the
      above-identified patent will perform its intended function and derail a
      moving railcar or locomotive. However, under certain somewhat abnormal
      conditions, a conventional derail will not necessarily be able to derail a
      runaway railcar or locomotive at high speeds, thus presenting a serious
      safety hazard. For example, where a derail is installed on a curved
      section of track, it should preferably be installed on the outside rail,
      because centrifugal force will cause the car to shift toward the outside
      rail on the curve. However, if because of existing conditions it is
      necessary to install a derail on the inside rail of a curve, the outside
      wheels will be caused to crowd the outside rail, and as a result a serious
      risk is created that the inside wheels may by-pass the throat or entering
      point of the derail.
PAR  It is therefore a general object of the present invention to provide a
      wheel crowder which is mounted on a rail opposite a derail and serves to
      assure proper operation of the latter by engaging successive wheels of
      railcars or locomotives and thereby crowding or pushing each opposite
      wheel into the throat or entering toe of the derail.
PAR  Another object is to provide a wheel crowder which is actuated by the same
      mechanism which actuates the derail and may be used in conjunction with
      either a sliding or hinged-type derail.
PAR  The foregoing and other objects and advantages of the invention will be
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a wheel crowder constructed in accordance with
      the present invention and mounted on a rail opposite a sliding derail so
      as to be actuated by the same mechanism which actuates the sliding derail;
PAR  FIG. 2 is a side elevational view looking approximately in the direction of
      the arrows 2--2 of FIG. 1 and showing the wheel crowder and the derail in
      their operative positions;
PAR  FIG. 3 is a side elevational view similar to FIG 2 showing the derail and
      wheel crowder in their inoperative positions;
PAR  FIG. 4 is a sectional view taken substantially along the line 4--4 of FIG.
      1;
PAR  FIG. 5 is a top plan view of an alternative embodiment showing a wheel
      crowder constructed in accordance with the present invention mounted on a
      rail opposite a hinged-type derail so as to be actuated conjointly with
      the hinged-type derail when the latter is manually pivoted between its
      operative and inoperative positions and
PAR  FIG. 6 is a sectional view taken substantially along the line 6--6 of FIG.
      5.
DETD
PAR  Now, in order to acquaint those skilled in the art with the manner of
      making and using my invention, I shall describe, in conjunction with the
      accompanying drawings, certain preferred embodiments of the invention.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, FIG. 1 shows a section of rail track
      comprising a left-hand rail R.sub.L and a right-hand rail R.sub.r mounted
      on cross ties T.sub.1 and T.sub.2. A conventional derail 10 is mounted in
      association with the rail R.sub.r, and a wheel crowder 12 is mounted in
      association with the opposite rail R.sub.L. The derail 10 comprises a
      derail shoe 14 and a guiding portion 16, the derail shoe being of
      composite welded construction and welded to the rear or guiding portion. A
      baseplate 18 is adapted to overlie or rest on the head of the rail R.sub.r
      when the derail is in operative position. The derail further includes a
      deflecting bar 20 and a trailing pad 22. For a more detailed description
      of the derail 10, reference may be had to U.S. Pat. No. 2,829,246.
PAR  Referring to FIGS. 1-4, the wheel crowder assembly 12 includes supporting
      structure comprising four horizontal guide blocks or plates 24, 26, 28 and
      30 (see FIG. 1). The foregoing blocks or plates define a horizontal
      support plane for supporting a crowder bar 32. The crowder bar 32 is
      mounted for pivotal movement about an upright pivot shaft 34 which is
      journalled in the first-mentioned support block 24. Each of the foregoing
      support blocks 24, 26, 28 and 30 is welded to a common mounting plate 36
      which is bolted or otherwise affixed to the rail R.sub.L as shown at 38
      and 40 (see FIG. 4). It will be seen that an upper face or top surface 42
      of the mounting plate 36 is approximately coplanar with the
      above-mentioned horizontal support plane on which the crowder bar 32 is
      supported and is slidable about pivot shaft 34. In addition, a common
      bottom mounting plate 44 is welded to the underside of the support blocks
      24, 26, 28 and 30. The plate 44 extends transversely between the ties
      T.sub.1 and T.sub.2 and is anchored thereto by conventional spikes or the
      like 45 as shown in FIG. 1.
PAR  The crowder bar 32 is pivotally movable between an operative position as
      shown in solid lines in FIG. 1 and an inoperative position as shown in
      dash lines therein. When in its operative position, the crowder bar abuts
      against the inside of the upper section of the rail R.sub.L as best shown
      in FIG. 2, and when in its inoperative position it is spaced inwardly from
      the rail as shown in FIG. 3. The crowder bar 32 has a flat side wall 46 at
      the outer end thereof, and a flat and somewhat longer side wall 48 at the
      inner end thereof which is inclined to the wall 46. The opposite side of
      the crowder bar 32 as shown in FIG. 1 comprises substantially flat
      surfaces 50, 52 and 54. The crowder bar is oriented so that when in its
      operative position the side wall 46 lies substantially flat against the
      inside of the upper rail section as shown in FIG. 1. It will further be
      noted that the opposed side walls 46 and 50 define a small included angle
      in the approximate range of 10 to 15 degrees, thereby providing the bar 32
      with a rather narrow end or tip portion 56.
PAR  A raiser bar 58 is welded to the upper surface of the crowder bar 32. The
      raiser bar 58 has inclined outer side walls 60 and 62, the side wall 60
      being approximately coplanar with the crowder bar side wall 46, and the
      side wall 62 being spaced inwardly somewhat from the crowder bar side wall
      48. As best shown in FIG. 4, the upper surface of the raiser bar 58
      comprises an upwardly sloping entry surface 64, a relatively long surface
      66 which is slightly inclined upwardly from right to left as shown in the
      drawing, and a downwardly sloping surface 68.
PAR  The mechanism for actuating the crowder bar 32 will now be described. A
      support plate 70 (see FIG. 1) extends between the ties T.sub.1 and T.sub.2
      and is anchored thereto by a plurality of spikes or the like 72.
      Additional support plates 74 and 76 may be provided which extend parallel
      to the ties between the plates 44 and 70. A bellcrank member 78 is
      supported on the plate 70 for pivotal movement about a pivot shaft 80, and
      a pair of upright plates 82 and 84 are welded to the support plate 70 to
      guide and support the bellcrank during its pivotal movement.
PAR  One arm 86 of the bellcrank 78 is connected by a pivot shaft 88 to a bar 90
      which is welded to a cross-bar 92. A second cross-bar 94 has a pair of
      bolts 96 and 98 welded thereto which extend through openings in the
      cross-bar 90 and have nuts 100 and 102 fastened on the ends thereof. A
      pair of compression springs 104 and 106 are mounted on the bolts 96 and 98
      between the cross-bars 92 and 94, and each of the springs is pre-loaded to
      64 pounds for a total pre-load of 128 pounds. The cross-bar 94 has a bar
      or lug 108 welded thereto, and a bar or lug 110 is welded to the underside
      of the crowder bar 32, the bars 108 and 110 being interconnected by a
      pivot shaft 112.
PAR  A second bellcrank arm 114 is pivotally connected to a rod 116 by a pin
      118, and the rod 116 carries a turnbuckle 120 which is pivotally connected
      to an arm or lug 122 which forms a part of the slidable derail 14. A main
      actuating rod 124 (see FIG. 1) for the derail 14 is connected to the arm
      or lug 122 by a turnbuckle 126. As viewed in FIG. 1, the actuating rod 124
      extends to the right underneath the rail R.sub.L, and as shown in FIG. 4 a
      downwardly extending plate 128 is welded to the underside of the mounting
      plate 44 and has an opening 130 through which the actuating rod 124
      passes. The rod 124 extends to an operating stand (not shown) for either
      manual or automatic operation of the derail 14 as desired. It will now be
      understood that when the rod 124 is moved to the left as viewed in FIG. 1,
      the derail 14 is moved into its operative position on top of the rail
      R.sub.r, and when the rod 124 is moved to the right, the derail is moved
      to its inoperative position as shown in FIG. 3.
PAR  The wheel crowder member 32 is actuated conjointly with the derail 14 by
      the rod 116 which moves with the rod 124 and is connected to bellcrank arm
      114. Thus, when the rods 124 and 116 move to the left as viewed in FIG. 1,
      the bellcrank 78 is pivoted in a clockwise direction causing transmission
      of a force through plate 92, springs 104 and 106, plate 94, bar 108 and
      shaft 112 so as to pivot the crowder bar 32 into its operative position
      against the upper section of the rail R.sub.L. Such a force can readily be
      transmitted through the springs 104 and 106 due to the above-mentioned 128
      pounds pre-load on the springs. Similarly, when the rod 124 is moved to
      the right as viewed in FIG. 1, the bellcrank 78 is pivoted in a
      counterclockwise direction causing the crowder bar 32 to be pivoted about
      shaft 34 to its inoperative position as shown in FIG. 3 and also in dash
      lines in FIG. 1. In the latter instance, the force is transmitted through
      the bolts 96 and 98 rather than the compression springs 104 and 106.
PAR  The operation of the foregoing apparatus will now be briefly described.
      When the derail 14 and crowder bar 32 are in operative position as viewed
      in FIG. 1 with the top surface of the crowder bar approximately coplanar
      with the top of the rail as shown in FIG. 2, and a runaway car or
      locomotive is moving along the rails in the intended direction (from top
      to bottom as viewed in plan in FIG. 1), the flange on each lefthand wheel
      will engage the inner side wall 56 of the crowder bar 32 thereby crowding
      the wheel inwardly toward the opposite rail and causing the opposite wheel
      to enter the throat or entering toe of the derail 14. As the lefthand
      wheel progresses forwardly, the wheel flange will engage the sidewall
      surface 52 on the crowder bar thereby further assisting in the crowding of
      the wheel toward the opposite rail to assist in the proper operation of
      the derail 14 in derailing the rolling equipment toward the right side of
      the track, i.e., to the left as viewed in FIG. 1. It will further be noted
      that each wheel engaging the crowder bar 32 will ride up on the raiser bar
      58, so that each successive wheel will be elevated while the same is being
      pushed toward the opposite rail.
PAR  The derail 14 is designed to derail equipment approaching from a given
      direction, e.g., from top to bottom as viewed in plan in FIG. 1. However,
      if a car or locomotive should approach in the opposite direction, the
      successive wheels can pass over the derail 14 and remain on the rail as is
      described more fully in the above-mentioned U.S. Pat. No. 2,829,246.
      Moreover, the crowder bar 32 of the present invention is designed to
      permit passage of rolling equipment moving in the opposite direction.
      Thus, if a wheel approaches the crowder bar 32 from the opposite
      direction, the wheel flange will engage the side walls 48 and 46 of the
      crowder bar and cam the latter out of the way by overcoming the pre-load
      on the two compression springs 104 and 106 and causing the bolts 96 and 98
      to move relative to the cross bar 92. In the foregoing manner, the
      yieldable connection afforded by the compression springs 104 and 106
      permits equipment moving in the opposite direction along the rails to pass
      by the crowder bar 32 without interference and without damaging the
      crowder bar related mechanism.
PAR  FIGS. 5 and 6 illustrate an alternative embodiment of the invention where a
      wheel crowder is mounted for cooperation with a hinged-type derail. With
      the exception of the bellcrank and means for actuating the latter, the
      crowder bar shown in FIGS. 5 and 6 is the same as described in conjunction
      with FIGS. 1-4 and will therefore be identified by corresponding primed
      reference numerals. Moreover, a derail 14' as shown in FIGS. 5 and 6
      functions in the same manner as the derail described in FIGS. 1-4, except
      that the derail 14' pivots rather than slides when moved between its
      operative and inoperative positions. Thus, the derail 14' includes a pair
      of lugs 132 and 134 which are mounted on a fixed pivot shaft 136, whereby
      the derail is manually pivoted about the hinge or pivot shaft 136 to move
      the derail between the operative position shown in solid lines and the
      inoperative position shown in dash lines.
PAR  A hinged-type derail as shown in FIGS. 5 and 6 is actuated by manually
      throwing the same over in a vertical semicircle on and off the rail, and
      normally such derails are not operated by stand or pipe line or by remote
      control. However, if desired a target stand may be provided to indicate
      the position of the derail, and there is shown a rod 138 provided for
      actuating such a target stand (not shown). The rod 138 is mounted on a
      link 140 which is pivotally connected at one end to the derail lug 132 by
      a pin 142, and is pivotally connected at its other end to an actuating rod
      144 by a pin 146. The opposite end of the rod 144 carries a turnbuckle 148
      which is pivotally connected to a bellcrank 150 by a pin 152. The
      bellcrank 150 is supported above the mounting plate 70' for pivotal
      movement on a shaft 154, and the bellcrank is further connected to the
      actuating bar 90' by a pin 156. It will now be understood that when the
      derail 14' is pivoted to the operative position shown in solid lines in
      FIGS. 5 and 6, link 140 causes rod 144 to be moved to the left thereby
      pivoting the bellcrank in a clockwise direction as viewed in FIG. 5 so as
      to move crowder bar 58' to its operative position in engagement with the
      side of the upper section of rail R.sub.R. In a similar manner, when the
      derail 14' is moved about the shaft 136 to its inoperative position as
      shown in dash lines in FIGS. 5 and 6, pin 142 is swung around to the
      position shown at 142' and link 140 thus pulls rod 144 toward the right
      causing bellcrank 150 to move in a counterclockwise direction pulling bar
      90' away from the rail R.sub.R and moving crowder bar 32' to its
      inoperative position in spaced relation to the rail R.sub.R.
PAR  It will be seen from the foregoing description that the wheel crowder of
      the present invention is uniquely suited to assist a conventional derail
      under abnormal conditions, as for example where derails are installed on
      the inside rail of curves so that the flange of the wheel may by-pass the
      throat or entering point at the toe of the derail. The wheel crowder will
      push or shove the wheels into the throat or entering toe of the derail to
      assure proper functioning of the latter even under the most difficult
      conditions. Thus, in certain situations on industry tracks and in many
      other locations where buildings or obstructions prevent the proper placing
      of derails on the high or outside rail of a curve, a conventional derail
      may still be utilized with assurance of proper operation where the same is
      used in combination with a wheel crowder in accordance with the present
      invention.
PAR  The derail and wheel crowder combination may be installed at less cost than
      switch-point type derails. In addition, if a derail is required in welded
      rail territory, such as at railroad crossings or in car-repair tracks in
      yards, the wheel crowder in conjunction with a derail will provide more
      positive action without requiring cutting of the running rails. The
      present invention therefore offers particularly advantages where it is
      necessary to install derails on the inside rails of curves, on grades
      descending toward main tracks, at one-spot car-repair shops, and on all
      industry tracks that come under OSHA rulings.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wheel crowder for use in combination with a derail for mounting on a
      rail opposite the derail to assist in operation of the latter, said wheel
      crowder comprising, in combination, a crowder bar located along the inside
      of a first rail opposite a second rail on which a derail is mounted, said
      crowder bar being movable between an operative position where it engages
      the inside of said first rail and an inoperative position where it is
      spaced inwardly form said first rail, said crowder bar having a narrow
      tapered end portion which lies against the inside of an upper portion of
      said first rail when in its operative position thereby functioning as a
      wedge so as to enter between said upper rail portion and the flange on a
      wheel rolling on said first rail to force the wheel toward said second
      rail and thereby force the opposite wheel into the entering point of said
      derail, the sides of said narrow tapered end portion defining an included
      angle not substantially exceeding 15 degrees, and actuating means for
      moving said crowder bar between its operative and inoperative positions,
      said actuating means being responsive to actuation of said derail between
      its operative and inoperative positions.
NUM  2.
PAR  2. A wheel crowder for use in combination with a derail for mounting on a
      rail opposite the derail to assist in operation of the latter, said wheel
      crowder comprising, in combination, a crowder bar located along the inside
      of a first rail opposite a second rail on which a derail is mounted, said
      crowder bar having an upper surface approximately coplanar with an upper
      surface of said first rail, said crowder bar being movable between an
      operative position where it engages the inside of said first rail and an
      inoperative position where it is spaced inwardly from said first rail,
      said crowder bar having a narrow tapered end portion which lies against
      the inside of an upper portion of said first rail when in its operative
      position thereby functioning as a wedge so as to enter between said upper
      rail portion and the flange on a wheel rolling on said first rail to force
      the wheel toward said second rail and thereby force the opposite wheel
      into the entering point of said derail, a raiser bar fixed to the top of
      said crowder bar for supporting and elevating said wheel as the latter
      rolls off said first rail during a derailing operation, and actuating
      means for moving said crowder bar between its operative and inoperative
      positions, said actuating means being responsive to actuation of said
      derail between its operative and inoperative positions.
NUM  3.
PAR  3. A wheel crowder for use in combination with a derail for mounting on a
      rail opposite the derail to assist in operation of the latter, said wheel
      crowder comprising, in combination, a crowder bar located along the inside
      of a first rail opposite a second rail on which a derail is mounted, said
      crowder bar being movable between an operative position where it engages
      the inside of said first rail and an inoperative position where it is
      spaced inwardly form said first rail, said crowder bar having a narrow
      tapered end portion which lies against the inside of an upper portion of
      said first rail when in its operative position thereby functioning as a
      wedge so as to enter between said upper rail portion and the flange on a
      wheel rolling on said first rail to force the wheel toward said second
      rail and thereby force the opposite wheel into the entering point of said
      derail, and actuating means for moving said crowder bar between its
      operative and inoperative positions, said actuating means being responsive
      to actuation of said derail between its operative and inoperative
      positions, said actuating means including yieldable means to permit said
      crowder bar to be cammed out of its operative position when engaged by the
      flange on a wheel rolling on said first rail from a direction opposite to
      said narrow tapered end portion.
NUM  4.
PAR  4. A wheel crowder for use in combination with a sliding derail for
      mounting on a rail opposite the sliding derail to assist in operation of
      the latter, said wheel crowder comprising, in combination, a crowder bar
      located along the inside of a first rail opposite a second rail on which a
      derail is mounted, said crowder bar being movable between an operative
      position where it engages the inside of said first rail and an inoperative
      position where it is spaced inwardly from said first rail, said crowder
      bar having a narrow tapered end portion which lies against the inside of
      an upper portion of said first rail when in its operative position thereby
      functioning as a wedge so as to enter between said upper rail portion and
      the flange on a wheel rolling on said first rail to force the wheel toward
      said second rail and thereby force the opposite wheel into the entering
      point of said derail, and actuating means for moving said crowder bar
      between its operative and inoperative positions, said actuating means
      including bellcrank means connected through yieldable means to said
      crowder bar, and means connecting said bellcrank means with said sliding
      derail, whereby said actuating means is responsive to actuation of said
      sliding derail between its operative and inoperative positions.
NUM  5.
PAR  5. A wheel crowder for use in combination with a hinged-type derail for
      mounting on a rail opposite the hinged-type derail to assist in operation
      of the latter, said wheel crowder comprising, in combination, a crowder
      bar located along the inside of a first rail opposite a second rail on
      which a derail is mounted, said crowder bar being movable between an
      operative position where it engages the inside of said first rail and an
      inoperative position where it is spaced inwardly from said first rail,
      said crowder bar having a narrow tapered end portion which lies against
      the inside of an upper portion of said first rail when in its operative
      position thereby functioning as a wedge so as to enter between said upper
      rail portion and the flange on a wheel rolling on said first rail to force
      the wheel toward said second rail and thereby force the opposite wheel
      into the entering point of said derail, and actuating means for moving
      said crowder bar between its operative and inoperative positions, said
      actuating means including bellcrank means connected through yieldable
      means to said crowder bar, and means connecting said bellcrank means with
      a pivotable portion of said hinged-type derail, whereby said actuating
      means is responsive to actuation of said hinged-type derail between its
      operative and inoperative positions.
NUM  6.
PAR  6. A wheel crowder for use in combination with a derail for mounting on a
      rail opposite the derail to assist in operation of the latter, said wheel
      crowder comprising, in combination, a crowder bar located along the inside
      of a first rail opposite a second rail on which a derail is mounted, said
      crowder bar being mounted for pivotal movement about a fixed pivot shaft
      between an operative position where it engages the inside of said first
      rail and an inoperative position where it is spaced inwardly from said
      first rail, said crowder bar having a narrow tapered end portion which
      lies against the inside of an upper portion of said first rail when in its
      operative position thereby functioning as a wedge so as to enter between
      said upper rail portion and the flange on a wheel rolling on said first
      rail to force the wheel toward said second rail and thereby force the
      opposite wheel into the entering point of said derail, the sides of said
      narrow tapered end portion defining an included angle not substantially
      exceeding 15.degree., and actuating means for moving said crowder bar
      between its operative and inoperative positions, said actuating means
      being responsive to actuation of said derail between its operative and
      inoperative positions and including yieldable means to permit said crowder
      bar to be cammed out of its operative position when engaged by the flange
      on a wheel rolling on said first rail from a direction opposite to said
      narrow tapered end portion.
NUM  7.
PAR  7. A wheel crowder as defined in claim 6 where said narrow tapered end
      portion includes a flat side wall which lies flat against the inside of
      said upper portion of said first rail when said crowder bar is in said
      operative position.
NUM  8.
PAR  8. A wheel crowder as defined in claim 7 where said actuating means
      includes bellcrank means connected through said yieldable means to said
      crowder bar, and means connecting said bellcrank means with said derail.
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ABST
PAL  A universal pipe support and hanger for use in roughing in plumbing pipes
      such as water and waste lines, comprising a central body having formed
      therein a plurality of right and left water pipe receiving recesses and
      clamps removably associated therewith. A medial area is provided to affix
      to a waste pipe in adjustable, spaced relationship. Right and left fixed
      support members may be provided to be affixed in adjustable, lateral
      orientation to the central body to support the central body from fixed
      construction members, such as building columns and beams, large waste
      pipes and large water pipes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the installation of plumbing
      systems and more particularly, is directed to hangers suitable for
      roughing in water and waste pipe systems.
PAR  In the construction of new buildings, it is necessary to provide a
      plurality of piping systems such as hot and cold water pipes, drain lines
      from lavatories, sinks, showers and the like, waste lines from water
      closets, urinals and similar fixtures, miscellaneous piping systems such
      as circulating hot water lines, gas piping, hose bib lines, etc. In those
      buildings wherein extensive toilet room facilities must be provided, such
      as in schools, industrial plants and other similar installations wherein
      large numbers of building occupants are contemplated, men's and women's
      toilet rooms having many fixtures in close proximity must be designed and
      constructed. In such installations, it will be appreciated that numerous
      pipes for the various systems must be provided and must be adequately
      supported during the building construction activities. Failure to
      adequately support the various piping systems could readily result in
      sagging, vibration or other undesirable consequences which could lead to
      rupture, noise, or other defects which could result in plumbing system
      failure.
PAR  In order to prevent such problems within the plumbing systems, prior
      workers in the art have devised various types of pipe hangers and
      vibration dampers which are affixed to the pipes at various intervals to
      provide adequate support. Most often, predesigned pipe hangers have been
      employed that are fabricated in accordance with individual job
      specifications and accordingly, can be utilized in only a limited number
      of locations. Where there are variations in pipe sizes or in pipe
      spacings, other, different types of hangers must be fabricated and
      utilized. Because of the great number of variations in pipe design and
      also, because of the variations encountered due to job conditions, great
      numbers of different sizes and designs of pipe hangers had to be employed
      by prior workers in the art. Also, due to special conditions which can
      arise on the job site, it has been found necessary in many instances to
      actually hand fabricate hangers on the job to meet special conditions, an
      undertaking that has proved to be quite time consuming and very costly
      when considering the high wages which are now commanded by construction
      workers.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a universal type of pipe support and
      hanger that can be readily assembled in the field to accommodate piping
      systems in a wide number of configurations.
PAR  The present invention includes a combination central body support member
      having formed thereon a plurality of laterally extending, spaced pipe
      receiving grooves to receive small water pipes in any one of a number of
      laterally spaced relations. The central body also includes adjustable
      means to affix the device to a waste line in any number of vertically
      spaced positions for adequately support of the device.
PAR  In modifications thereof, one or more laterally adjustable fixed supports
      can be adjustably attached to the central body to affix the combination
      device to stationary building construction members, such as columns, large
      soil pipes, etc., in a manner that can be readily adjustable in the field
      to suit existing conditions. If desired, the lateral fixed support members
      can also be provided with pipe clamps to receive and support additional
      water pipes in laterally adjustable positions.
PAR  The entire device with the exception of the fasteners is preferably
      fabricated of a non-conductive, non-corrosive material, such as
      polyethylene or polystyrene plastic to thereby insulate the various piping
      systems, one from the other, to prevent the passage of electrical energy
      and to provide electrolytic isolation.
PAR  The present invention includes four basic parts which may be interconnected
      in various combinations in accordance with job conditions to give a
      multiplicity of pipe support configurations to thereby accommodate
      substantially any pipe system design which would normally be encountered
      in the field by utilizing the various adjustment features built into the
      four interacting component parts. By employing the basic parts of the
      present invention in adjustably arranged orientation, the device can be
      field assembled in a relatively short period of time to provide a fully
      acceptable pipe support system at extremely low cost by workmen using
      conventional tools and requiring no special training or instruction prior
      to becoming proficient in its use.
PAR  It is therefore an object of the present invention to provide an improved
      pipe support and hanger system of the type set forth.
PAR  It is another object of the present invention to provide a novel pipe
      support and hanger system which employs four basic parts which are all
      adjustably interconnected to permit wide adjustment.
PAR  It is another object of the present invention to provide a novel pipe
      support and hanger system including a basic central body element including
      means to receive and support small water pipes in a plurality of laterally
      adjustable positions and to affix to a vertical waste pipe in laterally
      and vertically adjustable positions.
PAR  It is another object of the present invention to provide a novel pipe
      support and hanger comprising a central body member having means to
      laterally adjustably support a plurality of small pipes and having means
      to affix to a waste pipe in any one of a number of vertically and
      transversely adjustable positions.
PAR  It is another object of the present invention to provide a novel pipe
      support and hanger including a plurality of basic elements which can be
      adjustably interconnected, some of said basic elements including means to
      affix to stationary portions of a building construction.
PAR  It is another object of the present invention to provide a novel pipe
      support and hanger system that includes a plurality of basic elements
      which adjustably interconnect to provide a plurality of adjustable pipe
      receiving recesses which are further adjustably interconnected to provide
      a device capable of accommodating pipes which are arranged in any of a
      number of laterally and vertically oriented positions.
PAR  It is another object of the present invention to provide a novel pipe
      support and hanger system that is simple in design, inexpensive in
      manufacture and trouble free when in use.
DRWD
PAR  Other objects and a fuller understanding of the invention will be had by
      referring to the following description and claims of a preferred
      embodiment thereof, taken in conjunction with the accompanying drawings,
      wherein like reference characters refer to similar parts throughout the
      several views and in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded, perspective view showing a first embodiment of a
      central body which is fabricated in accordance with the present invention.
PAR  FIG. 1A is a top plan view of the device of FIG. 1 showing the pipe clamp
      positioned at 90.degree. from the pipe clamp of FIG. 1.
PAR  FIG. 2 is a side elevational view of the device of FIG. 1 in use and
      supporting a pair of transversely spaced pipes.
PAR  FIG. 3 is an exploded, perspective view of a modified central body.
PAR  FIG. 4 is a side elevational view showing the central body of FIG. 3 in use
      to support a pair of laterally spaced pipes.
PAR  FIG. 5 is an exploded, perspective view showing the central body similar to
      that illustrated in FIG. 1 in conjunction with a laterally adjustable
      positioned right fixed support member.
PAR  FIG. 6 is a side elevational view of the parts of FIG. 5 which are joined
      together to support a pair of laterally spaced pipes.
PAR  FIG. 7 is an exploded perspective view of the central body of FIG. 1 and
      utilized in conjunction with a pair of right and left laterally adjustable
      fixed support members.
PAR  FIG. 8 is a side elevational view on reduced scale of the parts of FIG. 7
      as connected together to support a pair of transversely spaced pipes.
PAR  FIG. 9 is an exploded, perspective view of the central body of FIG. 3 as
      applied to a pair of right and left, transversely adjustable fixed support
      members.
PAR  FIG. 10 is a side elevational view, at reduced scale, of the members of
      FIG. 9 fully assembled to support a pair of laterally positioned pipes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Although specific terms are used in the following description for the sake
      of clarity, these terms are intended to refer only to the particular
      structure of my invention selected for illustration in the drawings, and
      are not intended to define or limit the scope of the invention.
PAR  Referring now to the drawings, I show in FIG. 1, 1A and 2 a pipe support 10
      which includes a central body 12 which is formed to a generally H-shaped
      cross sectional configuration having a central web section 14 and a pair
      of lateral flanges 16, 18 integrally formed therewith. The flanges 16, 18
      are preferably formed with a plurality of right and left transversely and
      vertically aligned recesses 20, 22 which are curved to a suitable diameter
      to receive and retain the small pipes 33, 33' therein, for example, water
      pipes of sizes 1/2 through 1 inch. Cooperating right and left clamps 24,
      24' each having a cooperating recessed area 28, 28' are affixed to the web
      section 14 by employing pairs of conventional threaded fasteners 30, 30'.
      It will be noted that the web is drilled or otherwise provided with a
      plurality of longitudinally aligned, transversely spaced holes 26 which
      are positioned intermediate the adjacent, transversely spaced recesses 20
      in the flange 16 and the corresponding recesses 22 in the flange 18. Each
      of the clamps 24, 24' is provided with a pair of openings 32, 32' which
      are spaced to register over adjacent web holes 26 when the clamps 24, 24'
      are applied to the web 14. In this manner, by aligning the clamp openings
      32, 32' over adjacent web holes 26 and turning the fasteners 30, 30'
      through the aligned holes, the clamps 24, 24' can be tightly drawn against
      the web to clamp a small water or other type of pipe 33, 33' therebetween.
      The large number of spaced, aligned recesses 20, 22 and the holes 26 in
      the web 14 permit the device to be employed to support pipes 33, 33' in a
      wide variety of laterally spaced positions.
PAR  In order to attach the pipe 10 to a larger waste pipe to support the entire
      device, a medial support area 36 is formed in the central body 12. The
      medial support area 36 comprises a relatively large, arcuately curved,
      transversely aligned waste pipe contact section 38 which can be employed
      directly with a pipe clamp 40 for waste pipe clamping purposes. In this
      arrangement (see FIG. 1A) a pair of elongated fasteners 42, 42', which may
      be in the form of threaded bolts, are threadedly connected into a pair of
      spaced holes 44, 44' which are drilled through the web section 14
      longitudinally adjacent to the pipe contact section 38. The bolt heads 46,
      46' position outwardly of the outer surface 48 of the pipe clamp 40 and
      serve to pull the pipe clamp 40 into peripheral contact with a waste pipe
      34 when the bolts 42, 42' are threadedly turned into the respective web
      holes 44, 44'. The pipe clamp 40 cinches the central body 12 to the waste
      pipe 34 in a simple, extremely rigid and strong connection. In this
      configuration, it will be noted that the longitudinal axis of the pipe 34
      is parallel to the transverse alignment of the waste pipe contact section
      38.
PAR  In the configuration illustrated in FIGS. 1, 1A and 2, the lateral flanges
      16, 18 are each provided with a pair of spaced holes 50, 50' near the
      contact section 38, which are employed to receive a pair of elongated
      waste pipe clamp bolts 52, 52'. Optionally, a pair of additional web holes
      44, 44' can be employed to receive the bolts 52, 52A in an offset position
      of ninety degrees (see FIGS. 1A and 2). The bolt heads 53, 53' position
      interiorly of the flanges 16, 18 and the bolts 52, 52' extend at right
      angles to planes drawn through the flanges 16, 18. A pair of similar,
      opposed waste pipe clamps 54, 54' are each provided with a pair of spaced
      openings 56 of a size to receive a bolt 52, 52' and to be a sliding fit
      thereon. Upper nuts 58, 58' are adjustably threaded onto the bolts 52, 52'
      for adjustment purposes to space the waste pipe clamps 54, 54' at any
      predetermined distance from the associated flange 16 or 18. Thus, by
      adjusting the position of the nuts 58, 58', 60, 60' on the elongated bolts
      52, 52', the clamp 54' can be readily secured in any adjustable position
      relative to the central body 12 along the entire length of the elongated
      bolts 52, 52'. Sufficient additional nuts 60, 60' are provided to permit
      the assembly including the clamp 54 to be rigidly secured to a waste pipe
      34 by simply tightening the respective nuts against the pipe clamps 54,
      54'.
PAR  As seen in FIG. 1A, by employing the waste pipe contact section 38, a
      single pipe clamp 40 and bolts 42, 42' which secure through the web
      openings 44, 44', the central body 12 can be clamped to a pipe 34 with the
      web section 14 in parallel alignment with the longitudinal axis of the
      pipe 34. It will be noted that if desired, the bolts 42, 42' and the pipe
      clamp 40 (FIG. 1A) can be replaced with the clamping assembly of FIGS. 1
      and 2 by employing elongated bolts 52, 52', upper and lower pipe clamps
      54, 54' and sufficient nuts 58, 58' and 60, 60' to permit the waste pipe
      34 to be clamped in adjustable spaced relationship from the central body
      12. By drilling the flanges 16, 18 to provide the openings 50, 50', and
      the web 14 to provide the openings 44, 44', the central body 12 can then
      be universally adaptable to position the central web section 14 either in
      alignment with the longitudinal axis of the pipe 34 or at right angles
      thereto. In this manner, the central body 12 can be employed for small
      pipe 33, 33' clamping purposes in an infinite number of vertically and
      horizontally adjustable positions to thereby accommodate an infinite
      number of waste pipe 34 and water pipe 33, 33' arrangements.
PAR  Turning now to FIGS. 3 and 4, I show a modified central body 62 of
      generally channel-shaped, cross sectional configuration having a central
      web 64, and an upper and lower flange 66, 68 integrally connected and
      extending at right angles thereto. One flange 68 is provided with a
      plurality of recesses 70 which cooperate with small pipe clamps 72, 72' to
      clamp a small pipe 33, 33' in any one of a plurality of laterally adjusted
      positions by employing conventional threaded fasteners 74, 74' which turn
      in the spaced holes 76 provided in the flange 68 intermediate the recesses
      70. A curved waste pipe contact section 78 is integrally formed in the
      upper flange 66 which may be utilized to secure the modified central body
      62 to a waste pipe 34 by employing a pipe clamp 80 in diametrically
      opposed relation. A pair of fasteners 82, 82' turn through respective
      openings 84, 84' which are provided in the upper flange 66 to secure the
      central body 62 to the waste pipe 34 in a secure manner. In this manner,
      the central body 62 can be secured to a waste pipe 34 with the plane of
      the web 64 positioned at right angles to the longitudinal axis of the
      waste pipe 34.
PAR  In order to render the central body 62 more universally adaptable to other
      pipe configurations encountered on the job, the central web 64 is
      additionally drilled to provide a pair of spaced openings 86, 86' which
      receive therein a pair of elongated bolts 88, 88' which can be secured
      conventionally in the openings 86, 86' by means of threaded nuts 89, 89'.
      A pair of similar waste pipe clamps 54, 54' are equipped with openings 56
      to slide over the elongated bolts 88, 88'. Suitable nuts 60, 60' are
      threadedly engaged on the elongated bolts 88, 88' to securely affix the
      clamps 54, 54' in any desired longitudinally adjusted position along the
      bolts 88, 88' to secure the modified central body 62 to the waste pipe 34.
      In this configuration, it will be noted that a plane drawn through the
      central web 64 will be parallel to the axis of the waste pipe 34 and will
      be positioned at right angles to the axes of the small water pipes 33, 33'
       which are clamped in position by the modified central body 62.
PAR  Referring now to FIGS. 5 and 6, I show a method whereby the central body 12
      as illustrated in FIGS. 1, 1A and 2 can be secured to a stationary portion
      of the building construction, for example, a large soil pipe 90 by
      employing a lateral clamp member 92 as an extension to the central body
      12. One or more bolts 94 secure the lateral clamp member 92 to the central
      body 12 in a predetermined, laterally adjustable position. The clamp
      member 92 is provided with a plurality of laterally spaced openings 96 to
      facilitate securing the member 92 to the central body 12 in the desired
      position. In this regard, one or more of the spaced openings 96 are
      aligned with one or more openings 26 which are provided in the web 14 of
      the central body 12 and the bolts 94 are inserted therethrough. In this
      orientation, the central web 98 of the lateral clamp member 92 is arranged
      in parallel alignment with the web section 14 of the central body 12.
      Optionally, the openings 96 could be aligned over one or more flange
      openings 100 which could be drilled or otherwise machined in the flanges
      16, 18 of the central body 12. In this manner, by employing bolts 94 which
      insert through aligned clamp member openings 96 and central body flange
      openings 100, the parts can be readily assembled with the central web 98
      of the clamp member 92 arranged at right angles (not illustrated) to the
      web section 12 of the central body 12.
PAR  Thus, the lateral clamp member 92 can be easily affixed to the central body
      12 in positions which are oriented at ninety degrees from each other to
      thereby render the combination readily adjustable to any vertical or
      horizontal building member, such as the soil pipe 90 for clamping
      purposes. An adjustable clamp 102 encircles the soil pipe 90 and positions
      through an elongated opening 104 which is sized to receive the pipe clamp
      102. The lateral clamp member 92 terminates inwardly in an L-shaped
      contact member 106 which is tightly drawn against the building
      construction member 90 by the clamp 102 to laterally support the
      combination of the central body 12 and the lateral clamp member 92. The
      central web 98 carries a pair of integral, depending flanges 108, 110
      which overfit the flanges 16, 18 of the central body in sliding
      relationship to thereby provide an easily adjustable, extremely strong
      connection. The water pipes 33, 33' are connected to the assembled device
      by employing right and left pipe clamps 24, 24' and the threaded fasteners
      and nuts 30, 30' and 31, 31'.
PAR  Referring now to FIGS. 7 and 8, I show the central body 12 connected to a
      pair of laterally opposed right and left clamp members 92, 92' to thereby
      permit the assembled device to be easily clamped to a pair of laterally
      spaced members, such as large soil pipes 90, 90'. The right and left clamp
      members 92, 92' can be adjustably secured to the central body 12 by
      aligning the respective web openings 96, 96' with either the central body
      web openings 26 or the right and left flange openings 100, 100' which are
      provided in the central body 12 and by employing the bolts 94, 94' and
      nuts 95, 95' for this purpose. Thus, the right and left clamp members 92,
      92' can be secured in any desired laterally adjustable position relative
      to the central body 12 by aligning desired holes in the clamp members 92,
      92' with holes which are provided in the central body 12. Also, the
      lateral clamp members 92, 92' can be adjustably connected to the central
      body 12 in any rotatively oriented position at 90.degree. increments by
      aligning the web opening 96, 96' in the clamp members 92, 92' with either
      the central web openings 26 of the central body 12 or the flange openings
      100, 100' that are provided in the flanges 16, 18 of the central body 12.
PAR  By employing the configuration set forth in FIGS. 7 and 8, small water
      pipes 33, 33' can be easily clamped in the manner herein set forth by
      employing right and left small pipe clamps 24, 24' and suitable fasteners
      30, 30'. Further, a small fixture waste pipe 34 can also be clamped into
      the system in the manner hereinbefore set forth by employing upper and
      lower clamps 54, 54', suitable elongated bolts 52, 52' and nuts 60, 60'.
      Accordingly, when a pair of laterally spaced structural members, for
      example, large soil pipes 90, 90' are in place in the building, the
      combined members of FIGS. 7 and 8 can be employed as the device is
      laterally adjustable through a wide size range to facilitate connecting to
      the two adjacent members 90, 90' with a minimum of time and effort. The
      laterally spaced openings 96, 96' in the right and left clamp members 92,
      92' are aligned with respective central body clamp openings 26 or flange
      openings 100 and the parts are secured in place by means of the threaded
      fasteners 94, 94' and nuts 95, 95'. Once the necessary lateral adjustment
      of the parts has been accomplished, suitable clamping members, for
      example, adjustable pipe clamps 102, 102' are tightened in position about
      the stationary structural members 90, 90' to thereby provide an extremely
      sturdy and readily assembled pipe clamping arrangement. If desired, and if
      necessary for job conditions, the flanges 108, 108' and 110, 110' of the
      lateral clamp members 92, 92' can be drilled to provide a pair of spaced
      openings 112, 112', to receive the bolts 30, 30' therein to facilitate
      connection of the small pipe clamps 24, 24' in widely spaced clamping
      arrangement.
PAR  Referring now to FIGS. 9 and 10, I show an assembly 114 which employs the
      modified central body 62 as illustrated in FIGS. 3 and 4 with one or more
      lateral clamp members 92, 92'. In the embodiment illustrated, the central
      web 64 of the modified central body 62 is drilled or otherwise treated to
      provide a plurality of laterally spaced openings 116, 116' therein. The
      lateral clamp members 92, 92' can then be readily affixed to the central
      body 62 by employing suitable bolts 94, 94' and nuts 95, 95' and by
      aligning one of the spaced openings 96, 96' which are respectively
      provided in the webs 98, 98' of the lateral clamp members 92, 92'. Thus,
      the clamp members 92, 92' can be securely affixed to the modified central
      body 62 in any one of a number of easily adjustable, laterally spaced
      positions simply by aligning a different clamp opening member 96, 96' with
      a central body opening 116, 116'.
PAR  As seen in FIG. 10, the assembly 114 can be readily adjusted and clamped
      between adjacent structural members such as large soil pipes 90, 90' by
      employing the pipe clamps 102, 102' to tie the L-shaped contact members
      106, 106' tightly to the fixed construction. In this manner, the small
      water pipes 33, 33' can be easily secured in any desired lateral position
      by employing the right and left pipe clamps 72, 72' and suitable threaded
      fasteners 74, 74' in the manner hereinbefore set forth. Further, a small
      fixture waste line 34 can be clamped to the central body 62 by employing
      either the waste pipe contact section 78 and a waste pipe clamp 80 as
      ilustrated in FIG. 3 or by employing a pair of pipe clamps 54, 54' which
      are longitudinally spaced along the pair of elongated bolts 88, 88' by
      employing suitable nuts 60, 60'. In the embodiment illustrated, it will be
      noted that the central web 64 of the modified central body 62 is aligned
      in parallel relationship with the central webs 98, 98' of the lateral
      clamp members 92, 92' in the manner illustrated by aligning web openings
      96, 96' over central web openings 116, 116' of the modified clamping
      member 62. Optionally, the webs 98, 98' of the lateral clamp members 92,
      92' can be positioned at right angles to the web 64 of the modified
      central body 62 by aligning the respective laterally spaced openings 96,
      96' of the pipe clamp holes 76 which are provided in the flange 68 of the
      central body 62. Thus, an assembly 114 has been provided which permits
      wide lateral adjustment by means of the laterally adjustable clamp members
      92, 92' which can be readily oriented to accommodate vertical or
      horizontal stationary construction 90, 90' or vertical or horizontal small
      water pipes 33, 33' or vertical or horizontal small fixture waste pipes 34
      simply by properly orienting the parts to meet the job conditions.
PAR  Although I have described the present invention with reference to the
      particular embodiments herein set forth, it is understood that the present
      disclosure has been made only by way of example and that numerous changes
      in the details of construction may be resorted to without departing from
      the spirit and scope of the invention. Thus, the scope of the invention
      should not be limited by the foregoing specification, but rather only by
      the scope of the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a universal pipe support and hanger employing a central body
      comprising a planar web and a pair of connected flanges wherein the
      central body is provided with an arcuately curved, transversely aligned,
      waste pipe contact section, and the flanges are provided with a plurality
      of longitudinally spaced small pipe receiving recesses, the improvement
      comprising
PA1  A. waste pipe clamp means maintained in fixed relationship to the central
      body to clamp the central body to a waste pipe which has a longitudinal
      axis, said central body having right and left ends,
PA2  1. said waste pipe clamp means including a pair of elongated fasteners, a
      first pipe clamp secured by the fasteners, and a second pipe clamp secured
      by the fasteners,
PA2  2. said waste pipe clamp means including means to orient the plane of the
      web either in alignment with or at right angles to the longitudinal axis
      of the waste pipe, and
PA2  3. means to secure said first and second pipe clamps in a plurality of
      positions spaced from the central body,
PA2  4. said first and second pipe clamps securing the waste pipe therebetween
      to secure the support and hanger in stationary position.
NUM  2.
PAR  2. The invention of claim 1 wherein central body web is provided with a
      first pair of spaced openings and wherein at least one of the flanges is
      provided with a pair of second spaced openings, the fasteners being
      engaged in either the pair of first or second spaced openings to maintain
      the pipe clamp in spaced relationship from either a flange or from the
      central web.
NUM  3.
PAR  3. The support and hanger of claim 2 wherein the web openings and the
      flange openings are provided in the central body immediately adjacent the
      said waste pipe contact section.
NUM  4.
PAR  4. The support and hanger of claim 1 wherein the means to secure comprise
      the said elongated fasteners and first pipe clamp in combination with the
      second pipe clamp and a plurality of nuts threadedly engaged on the
      fasteners to affix the first and second pipe clamps in any one of a
      plurality of spaced positions from the central body at least one of the
      pipe clamps being secured to the fastener by a nut positioned above the
      clamp and a second nut positioned below the clamp.
NUM  5.
PAR  5. The support and hanger of claim 4 and a lateral clamp member secured to
      one end of the central body, said clamp member having a web and at least
      one flange extending from the web, said clamp member terminating outwardly
      in a fixed construction contact member and inwardly in a central body
      rceiving end, said clamp member being provided with at least one opening
      and said central body being provided with an opening, the clamp member
      opening and the central body opening being in alignment and a fastener
      inserted through the aligned openings to secure the central body and the
      clamp member together.
NUM  6.
PAR  6. The support and hanger of claim 5 and means to secure the central body
      to the clamp member with the clamp member web parallel to the central body
      flanges and wherein the clamp member includes a resilient pipe clamp.
NUM  7.
PAR  7. The support and hanger of claim 6 wherein the means to secure the
      central body to the clamp member comprises the flanges of the central body
      being provided with a plurality of spaced openings and the web of the
      clamp member being provided with a plurality of spaced openings whereby
      the clamp member can be secured to the central body by aligning an opening
      in the central body flange with an opening in the clamp member web and a
      fastener inserted within the aligned openings.
NUM  8.
PAR  8. The support and hanger of claim 7 wherein the spacing between the
      openings in the central body flanges is equal to the spacing between the
      openings in the clamp member web whereby a plurality of fasteners can be
      employed and wherein the clamp member includes at least one opening, a
      portion of the resilient pipe clamp being positioned in the opening.
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ABST
PAL  Apparatus for quickly and economically creating a telephone cable
      interconnecting point is disclosed. The apparatus includes a backboard
      having a planar pan formed with a plurality of holes oriented in a
      predetermined pattern. Terminal block supporting brackets having an open
      throat and wire guide posts or distributing rings are fastened to the
      backboard with integral fasteners which permit the cable to be layed in
      place and captured when the terminal block is mounted on the brackets. The
      brackets and posts are capable of being spaced in oriented patterns to
      accept the cables, brackets and associated terminal blocks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to apparatus for mounting and
      interconnecting telephone cables and the like at a terminal connection
      point.
PAR  In modern commercial or industrial key telephone systems and like
      electrical wiring installations, individual terminal interconnecting
      points are necessary. At these interconnecting points, a number of wires
      leading in cable form from a telephone central office can be individually
      connected to wires coming from a number of individual telephone sets or
      other equipment. Since several hundred or more wires may be routed to the
      interconnecting point, apparatus must be provided there which permits
      electrical wire interconnection in a straightforward and inexpensive
      manner.
PAR  At present, a number of apparatus systems are offered to provide these
      interconnections. Some such systems are formed of wooden parts and are
      more or less hand-crafted for use at each individual interconnecting
      point. Such apparatus is relatively expensive and may necessitate
      interconnection of wires in a somewhat haphazard or illogical manner.
PAR  Other systems provide a backboard member, which may be formed of wood,
      plastic or other material and which is adapted to be mounted to a building
      wall or other platform. An elongated bridge-like mount member is then
      secured to the backboard, and upon the mount is attached a terminal
      connecting block. The necessary cables are then threaded through the mount
      ends. Individual wires comprising each cable are thereafter threaded
      through slots in the mount sides and up to the connecting block itself. As
      a practical matter, the backboards, mounts and cable-guiding devices,
      called distributing posts, are supplied as one or more preassembled units
      to the telephone cable installer.
PAR  It is the general object of the present invention to provide improved
      terminal connecting point connection apparatus of more versatile design
      and less expensive cost.
PAR  More specifically, it is an object of the invention to provide apparatus
      for terminal connecting points which requires only a minimum inventory of
      parts to provide a maximum of completed interconnecting point
      configurations.
PAR  It is another object to provide a terminal block connecting point backboard
      and associated parts which can accommodate a variety of connecting blocks
      of various dimensional lengths and wire-accepting capacities.
PAR  Yet another object is to provide terminal interconnecting point apparatus
      which utilizes individualized brackets and eliminates the above-described
      mount member. A related object is to provide such brackets which are
      adapted for connection to the connecting block and the backboard at spaced
      apart points, thereby maximizing the amount of wire routing room
      underneath the connecting block and above the backboard. Another related
      object is to simplify the routing of cables and individual wires coming to
      the terminal point, and to make easier the connection of the wire ends to
      the connecting block itself. An ancillary object is to provide apparatus
      which permits the terminal connecting block to be easily lifted from the
      brackets, thereby making it easy to correct or change wire terminal
      connections.
PAR  Still another object of the invention is to provide a number of
      distributing rings or wiring guide posts which are especially adapted for
      use with the backboard.
PAR  A further object of the invention is to provide terminal connecting point
      apparatus which will permit the cable installer to lay cable over the
      backboard and then fan out the cable-constituent individual wires before
      the connecting block is secured in plce upon the backboard. In this
      manner, cable and wires can be preliminarily positioned with a maximum of
      ease and a minimum of time and effort.
PAR  A still further object is to provide a terminal connecting point apparatus
      which permits installation of the above-described brackets and/or
      distributing posts by the telephone installer himself as he works at the
      on-site terminal interconnecting point.
PAR  Yet another object is to provide terminal interconnecting point apparatus
      which permits installation of the brackets and/or distributing posts upon
      the backboard by addressing the backboard from one side only. A related
      object is to provide brackets and distributing posts for use with a
      backboard which eliminate the need for access to the reverse side of the
      backboard when installing the posts or brackets. Another related object is
      to provide posts and brackets which are sturdy in design, and which resist
      inadvertent breakage or disassembly from their installed points upon the
      backboard.
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon reference to the
      drawings. Throughout the description, like reference numerals refer to
      like parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general perspective view of the novel apparatus of the present
      invention, including a backboard, a plurality of distributing posts, and a
      plurality of connecting block mounting brackets;
PAR  FIG. 2 is a fragmentary sectional view taken substantially in the plane of
      line 2--2 in FIG. 1 and showing in further detail the construction of the
      backboard;
PAR  FIG. 3 is a fragmentary sectional view taken substantially in the plane of
      line 2--2 in FIG. 1 similar to FIG. 2 but showing the appearance of the
      apparatus as a mounting bracket is being addressed for attachment to the
      backboard;
PAR  FIG. 4 is a fragmentary sectional view taken substantially in the plane of
      line 4--4 in FIG. 1 similar to FIGS. 2 and 3 but showing the apparatus as
      it appears when a mounting bracket has been attached to the backboard;
PAR  FIG. 5 is a plan view showing the bottom of a mounting bracket;
PAR  FIG. 6 is a plan view showing in further detail the novel backboard of the
      present invention;
PAR  FIG. 7 is a sectional view taken substantially in the plane of line 7--7 in
      FIG. 6 and showing in yet further detail the construction of the novel
      backboard; and
PAR  FIG. 8 is a sectional view taken substantially in the plane of line 8--8 in
      FIG. 6 and showing in further detail several backboard holes specially
      adapted to accommodate sheet metal screws which may be used to mount
      additional parts to the apparatus.
DETD
PAC  DETAILED DESCRIPTION
PAR  While the invention will be described in connection with a preferred
      embodiment and procedure, it will be understood that it is not intended to
      limit the invention to this embodiment or procedure. On the contrary, it
      is intended to cover all alternatives, modifications and equivalents as
      may be included within the spirit and scope of the invention.
PAR  Turning first to FIG. 1, there is shown the novel apparatus 10 of the
      present invention. In general, this apparatus can be considered to include
      a mounting backboard 11 upon which are secured a number of mounting
      brackets 12 and distributing or wire guide posts 13 made of polyvinyl
      chloride plastic or other suitable material. As is explained in further
      detail below, the brackets 12 accommodate a terminal connecting block 14
      (shown in phantom lines) at a stand-off position spaced above the top
      surface of the backboard 11.
PAR  It is a feature of the invention that the backboard 11 can be easily
      mounted to a wall or other stationary platform (not shown). To this end,
      key holes 16 and 17 are centrally located at each end of the backboard 11,
      and are sized to accommodate a backboard-wall fastening screw.
      Maximization of spacing between these mounting holes 16 and 17 discourages
      foundation crumbling or wall breakout which could be caused by locating
      these holes closer together.
PAR  If desired, a number of different sizes of backboards can be fabricated to
      accommodate different numbers of terminal wires and sizes of terminal
      blocks. To ease backborad selection and identification, the differenct
      sizes of backboards can be painted or otherwise finished in different
      colors. Color coding could also be used to designate various originating
      sources of the wires accommodated on the backboard.
PAR  In accordance with one aspect of the invention, the backboard 11 is
      provided with a pan member 20 of substantially uniform cross-sectional
      thickness, in which a plurality of polygonal (here, square) holes 21 are
      provided, and which are defined by straight pan edges 23. This pan 20 and
      other portions of the backboard 11 can be formed of an appropriate-gauge
      metal or other convenient material. Fasteners 26, such as those shown in
      FIGS. 3-5, are provided upon the bottoms of the brackets 12 and
      distributing rings or posts 13, and these fasteners 26 are specially
      adapted to attach the respective brackets and posts to the backboard 11.
      Moreover, secure bracket-backboard or post-backboard connections are
      obtained although the backboard 11 may be addressed from only one side and
      access to the reverse side of the backboard may be prohibited because the
      backboard is fixed to the underlying wall, or for other reasons. In
      general, these fasteners 26 include a base 28 which is of a given
      thickness X, as shown in FIG. 3, and which has a polygonal cross-sectional
      shape substantially co-extensive with the hole 21 into which the base 28
      fits, as shown in FIG. 5. A head 29 projects from the base 28 and is of
      polygonal cross-sectional shape at least congruent, if not co-extensive,
      with the hole 21, i.e., the head cross-section is the same shape as the
      hole 21, but may be smaller in size than the hole. However, this head 29
      is offset with respect to the base; here, as shown in FIG. 5, this offset
      takes the form of an angular offset of substantially 45.degree.. As
      further shown in FIG. 3, the head 29 projects from the base 28 for a
      predetermined distance Y; together, the base 28 and head 29 project from a
      fastener foundation plane 30 a total predetermined distance Z.
PAR  When it is desired to mount a part such as the distributing post 13 on the
      backboard 11, the part is oriented and moved toward the addressed
      backboard in the direction indicated by the arrow A in FIG. 1. Such
      addressing motion moves the fastener device from the relative position
      illustrated in FIG. 3 into the backboard with the head being pushed into
      and through the hole 21. When the part is so preliminarily mounted, the
      installer then turns the part  through one-eighth of a revolution. This
      rotative motion aligns the base 28 with the hole 21 and causes the base 28
      to snap into and substantially fill the pan hole 21, as illustrated in
      FIG. 4. Thus located, head cam surfaces 30 resiliently engage backboard
      pan material 31 adjacent to and defining the edges of the hole 21, and
      secure the fastened part in place.
PAR  To provide a rigid, secure fastener-backboard interlock, the pan material
      31 which defines the holes 21 is of a uniform thickness T equal to or
      greater than the thickness X of the fastener base 28. Moreover, the pan
      material thickness T extends uniformly away from each hole 21 for a
      distance at least equal to the amount of offset extension Q of the
      fastener head, thus permitting the head to rotatably snap into
      interlocking place. Generally similar fastener arrangements are disclosed
      in U.S. Pat. Nos. 3,443,783 to Fisher and 2,940,558 to Schlueter and in
      co-pending U.S. application Ser. No. 333,574 by Fisher, filed Feb. 20,
      1973.
PAR  In further accordance with the invention, the backboard 11 includes a skirt
      33 which extends perpendicularly to the plane of the pan 20 over a
      distance S, as shown in FIGS. 3 and 4. This skirt depth S is greater than
      the distance Y over which any fastener head 29 extends from its base 28.
      Thus, when the brackets 12 or the distributing posts 13 are secured to the
      backboard 11, the fastening heads 29 are located with a clearance between
      the pan 20 and the skirt-abutted wall (not shown) when the fastener base
      28 is located in the pan hole 21.
PAR  It will be understood that while it may be convenient to locate the skirt
      33 at the periphery of the pan member 20, it is only necessary, in the
      illustrated embodiment, that the skirt be located at a position on the pan
      20 which is spaced apart from all the pan holes 21 by an amount greater
      than the amount of offset extension Q, as shown in FIG. 5, of any fastener
      head 29 from the corresponding fastener base 28. This spacing prohibits
      skirt-head interference as the fastener-supported part is rotated into
      backboard-fastener interlocking position.
PAR  In carrying out the invention, it is important that the brackets 12 be
      linearly aligned and be discouraged from inadvertent rotational
      misalignment. To this end, one or more secondary securing studs 34 project
      from the foundation plane in a direction generally parallel to the primary
      fastener head 29 and base 28, but the studs 34 are spaced apart from the
      primary fastener 26, as shown in FIG. 5. Mating holes 35 are provided in
      the backboard pan 20 to receive the studs 34 and orient the bracket 12 and
      fastener 26 in the illustrated predetermined angular array upon the
      backboard 11.
PAR  It is yet another feature of the invention that mounts, connecting blocks
      14 and other parts which are not provided with the described fasteners 26
      can be mounted directly to the backboard 11. To this end, sheet
      metal-accepting screw holes 38 are provided. As illustrated particularly
      in FIG. 8, these screw-receiving holes 38 are at least partially defined
      by extended flanges 39. The flanges 39 are formed of a thin membrane of
      the material forming the pan 20 or other yieldable material; when a screw
      (not shown) is turned into the hole 38, the thread of the male screw forms
      a mating thread on and in the female flange 39 to secure the screw in a
      retaining position on the backboard 11.
PAR  As shown in FIGS. 6 and 7, a plurality of transversely extending rib
      members 40 are embossed upon the pan 20 to stiffen the pan and the
      backboard 11 itself.
PAR  Still another feature of the invention is that the rectilinear connector
      block 14 is mounted at its illustrated stand-off position above the
      backboard 11 by connection to brackets 12 at each block end. When mounted
      as illustrated in FIG. 1, substantially the entire underside of the
      connector block 14 is thus unobstructed, and is positioned above the
      backboard 11 at a selected stand-off distance to permit a number of cables
      41 to pass freely below the connector block 14 and above the backboard 11.
      Individual wires constituting the cable 41 can easily be fanned and drawn
      up around the sides of the connector block 14 for attachment to individual
      connector block terminals. It will be understood that by providing a
      plurality of properly aligned holes 21 in the backboard 11, the brackets
      12 can be mounted at a variety of positions, and a corresponding variety
      of differently dimensioned connector blocks 14 can be accommodated. Thus,
      in accordance with a further aspect of the invention, only a relatively
      few apparatus parts need be manufactured and inventoried to meet a wide
      variety of terminal interconnecting point requirements.
PAR  In accordance with another aspect of the invention, use of the terminal
      point apparatus 10 is easy. Depending upon the desires of the cable
      installer, the backboard 11 can be first installed upon a wall.
      Thereafter, even though the underside of the backboard is not accessible,
      the distributing cable guide posts 13 can be addressed to the backboard 11
      and installed in the holes 21 by inserting the fasteners 26 into the holes
      and twisting the posts 13 through a one-eighth turn. If desired, cables
      can be preliminarily layed between the posts at this time. A plurality of
      brackets 12 are also secured to the backboard at the illustrated spaced
      apart but aligned positions. This is done by inserting the bracket
      fasteners 29 into the respective holes 21 and twisting the brackets 12
      through one-eighth turn, in a manner similar to that used for the
      distributing posts 13, to align the secondary studs 34 with the mating
      holes 35. If necessary, cables or individual wires can be preliminarily
      laid over base portions 43 of the U-shaped brackets 12 in positions
      between upstanding bracket pillars 44. These wires or cables are then
      fanned out into preliminary connection positions as desired. Next, the
      terminal connector block 14 is snapped or otherwise secured to free ends
      45 of the bracket pillars 44 to position the connector block as
      illustrated in FIG. 1. Finally, the terminal ends of the wires or cables
      can be attached to the connector block in any convenient manner to create
      an operable terminal interconnecting point.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A modularized device for mounting the terminals of telephone cables and
      the like, comprising an apertured backboard panel adapted to be mounted to
      a complementary support, a plurality of bracket means and one or more
      elongated terminal blocks, said backboard including a substantially planar
      portion and means for spacing the planar portion from the complementary
      support, the plurality of apertures in said support provided in a
      predetermined pattern of orientation; a plurality of said bracket means
      mounted in spaced relation on said backboard, said bracket means including
      a base for mounting each of said bracket means in juxtaposition relative
      to said planar portion, fastener means associated with the base of each of
      said bracket means and cooperative with one or more of the margins of said
      apertures to orient said bracket means relative to said planar portion in
      predetermined orientation patterns relative to each other, said bracket
      means further including one or more support pillars providing laterally
      spaced positive shoulder support means spaced from said base a substantial
      distance with said shoulder means lying in a plane substantially parallel
      to said panel and forming an open throat configuration adapted to permit
      said associated cables to be laid into and within said open throat of each
      of the said bracket means said throat extending longitudinally of the
      terminal block to be supported by said bracket means, each bracket means
      further including additional independently resilient means for receiving
      and retaining a portion of an associated terminal block positioned on said
      positive shoulder support means in spaced relation to said planar portion
      of the backboard and to capture the one or more cables laid into the
      bracket means between said base of said bracket means and the terminal
      block, each said terminal block being supported by at least two spaced
      bracket means mounted in spaced predetermined positioned apertures in said
      backboard suitably accepting and orienting one or more of a corresponding
      variety of differently dimensioned terminal blocks, the spacing between
      each said terminal blocks and the base of its cooperating bracket means
      base being adequate to permit each of the associated cables to be fed
      laterally with the individual wires in said cables being connectable to an
      individual terminal in said block, each bracket fastener means being
      insertable from the face of said planar portion opposite from said
      complementary support.
NUM  2.
PAR  2. A modularized device in accordance with claim 1 wherein said backboard
      includes a pan having a planar surface and a depending skirt, said planar
      portion having a plurality of apertures spaced in a predetermined pattern
      of orientation and capable of cooperation with the fastener means to
      orient the brackets.
NUM  3.
PAR  3. A modularized device of the type claimed in claim 2 wherein said
      apertures are noncircular in configuration, said bracket means and its
      associated fastener means being receivable in said apertures and orienting
      said bracket means relative to said pan.
NUM  4.
PAR  4. A modularized device of the type claimed in claim 3 wherein said
      plurality of apertures are defined by a given number of straight edges
      adapted to accept said fastener means which includes a base of a given
      thickness and polygonal cross-sectional shape substantially co-extensive
      with the aperture and having an axial extent substantially equal to the
      thickness of the pan material, and a fastener head projecting from the
      fastener base and of a polygonal cross-sectional shape at least congruent
      with said aperture but angularly offset with respect to the fastener base,
      the head extending from the fastener base over a predetermined distance,
      the backboard futher including a skirt depending from the pan and
      extending in a direction generally perpendicular to the plane of the pan
      over a distance greater than the predetermined distance over which the
      fastener head extends from the fastener base to permit the fastener head
      to be located between the planar portion of the pan and the support when
      the fastener base is located in the pan aperture.
NUM  5.
PAR  5. A modularized device of the type claimed in claim 3 wherein said
      plurality of apertures are defined by a give number of straight edges and
      said fastener means including a base of a given thickness and polygonal
      cross-sectional shape substantially co-extensive with a pan aperture, and
      a head projecting from the fastener base and of a polygonal
      cross-sectional shape at least congruent with the said aperture but
      angularly offset with the base.
NUM  6.
PAR  6. A modularized device of the type claimed in claim 5 wherein said pan
      apertures are provided at distances to mount the connector block to the
      aperture engaging bracket means adjacent each end of the connector block
      thereby leaving substantially the entire underside of the block
      unobstructed and positioned above said pan to permit a plurality of cables
      to be accepted in the open throat of said bracket means to pass freely
      below the connector block within the confines of the space defined by said
      bracket means and said connector block.
NUM  7.
PAR  7. A modularized device as claimed in claim 1 including a plurality of
      distributing posts, fastening means associated with one end of said posts
      to attach said posts to the backboard apertures at predetermined locations
      to permit said posts to guide and retain cables in desired patterns and
      locations on said backboard.
NUM  8.
PAR  8. A modularized device of the type claimed in claim 7 wherein said planar
      backboard panel includes a plurality of polygonal apertures each defined
      by a given number of straight edges, the post fastening means including a
      base of a given thickness and polygonal cross-sectional shape
      substantially co-extensive with a pan aperture, and a head projecting from
      the base and of a polygonal cross-sectional shape at least congruent with
      said aperture but angularly offset with respect to the fastener base.
NUM  9.
PAR  9. A modularized device in accordance with claim 3 wherein said pan is
      provided with a plurality of rectangular apertures.
NUM  10.
PAR  10. A modularized device as claimed in claim 9 wherein said pan is provided
      with a plurality of square apertures.
NUM  11.
PAR  11. A modularized device of the type claimed in claim 4 wherein said skirt
      is located at the periphery of said pan.
NUM  12.
PAR  12. A modularized device of the type in accordance with claim 11 wherein
      said pan includes a plurality of rib members embossed upon said pan and
      extending transversely thereof to stiffen said pan.
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ABST
PAL  Disclosed is a clamp for fixing pipes, rods and other elongated bodies. The
      device essentially comprises a U-shaped housing and a V-shaped fitting
      piece which is capable of being folded and is supported by a flexible
      supporting piece above said U-shaped housing in the open position. In use
      an object is wrapped by the V-shaped fitting piece, and the so wrapped
      object is snapped in the U-shaped opening of the housing and is caught by
      the vertical walls of the housing. The unique structure of the device
      assures an easy and reliable operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for fixing pipes, rods and other
      elongated bodies to a panel or plate which constitutes, for instance, a
      part of an apparatus or machine.
PAR  The object of this invention is to provide a plastic device for fixing
      pipes, rods and other elongated bodies to a panel or plate by an easy and
      simple operation and without any fear of marring the surface appearance of
      the elongated body.
PAC  SUMMARY OF THE INVENTION
PAR  To attain this object a device for fixing pipes, rods and other elongated
      bodies according to this invention comprises, in combination, a base
      plate, an anchor vertically provided on the underside of said base plate,
      a U-shaped housing portion provided on the topside of said base plate and
      composed of a pair of opposed vertical walls each having an engaging
      projection at the opening edge thereof, and a V-shaped fitting piece
      capable of being double folded, provided above the opening of said housing
      portion, said fitting piece having two wings each connected with said
      vertical wall through a flexible supporting piece and engaging panels each
      provided on the outer side of said wing, whereby an object such as a pipe,
      rod, etc. is fixed in a non-returnable state by allowing said pawls to be
      engaged with said projections respectively when said object is fitted
      within said fitting piece and then is put within said housing portion.
PAR  This invention will be better understood from the following description
      which is made with reference to the accompanying drawings.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS:
PAR  FIG. 1 is a front view of an embodiment of this invention.
PAR  FIG. 2 is a side view of the embodiment.
PAR  FIG. 3 is a front view of the embodiment in the state of being used.
PAR  FIG. 4 is a perspective view of the embodiment in exaggerated scale.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION:
PAR  Referring to the drawings, 1 is a base plate; and 2 is an anchor vertically
      provided on the underside of the base plate for fixing the base plate to a
      panel P; and 3 is a U-shaped housing portion rising from the topside of
      the base plate 1. The housing portion 3 is composed of a pair of opposed
      vertical walls 3a, 3a, and is shaped in the form of a U as a whole. Each
      vertical wall has an engaging projection 3b at the opening edge thereof. 4
      is a V-shaped fitting piece, and 5 is a flexible supporting piece. As
      shown in the drawings, a pair of flexible supporting pieces connect the
      V-shaped fitting piece to the vertical walls, and keep it in the open
      position above the housing portion.
PAR  In the particular embodiment as shown in the drawings, the fitting piece 4
      is composed of two wings 4a, 4a, and a thin hinge connection 4b, thus the
      fitting piece 4 is capable of being double folded with the wings facing
      and lying on each other. Each wing has a recess or concave portion 4c, and
      two opposite recess portions 4c provide an opening to accommodate an
      elongated object B such as a rod or a pipe when the fitting piece is
      folded around the object. Each wing 4a has an engaging pawl 4d provided on
      the outer side of the wing. In operation, the fitting piece functions to
      guide the elongated object B to the inside of the housing portion 3, and
      to grip the object in the folded position. In the normal position the
      fitting piece 4 is supported by the flexible supporting portions 5, 5, and
      is open above the housing portion 3 as shown in FIG. 1. In inserting an
      object B in the housing portions, the object is put in the recess portions
      of the wings, and the wings are put on each other by closing the fitting
      portion with fingers. Then, the so closed fitting is pushed into the
      housing portion, and thus the object B is fixedly caught by the device.
PAR  As mentioned above, the object B is wrapped by the fitting piece 4, and the
      so wrapped object is pushed in the housing 3. Therefore, the object B is
      not subjected to any friction which might cause injury to the surface
      appearance of the object if it is made of a soft plastic material. Because
      of no fear of marring the surface appearance of an object held, the pair
      of opposed vertical walls 3a can be made thick enough to provide an
      increased resilient grip on the object.
PAR  Preferrably, the grip device according to this invention is integrally
      moulded of such a hard plastic material that it gives a strong resilient
      force to the housing portion and, at the same time that it gives to the
      fitting piece a stoutness which is sufficient to allow the folded fitting
      to invade the opening of the housing against the resilient and expulsive
      force of the vertical walls of the housing. This force will turn from
      expulsive to compressive when the housing yieldingly allows the folded
      fitting to invade into the opening of the housing, and the housing fixedly
      clamps the object which is wrapped by the folded fitting piece.
PAR  In removing the object B from the clamp device, a tool such as a screw
      driver is forcedly inserted in between the opposed wings 4a of the folded
      fitting piece 4 to open the opposed vertical walls 3a wide enough to
      release the engaging projections 3b of the vertical walls 3a from the
      engaging pawls 4d of the wings 4a. Then, the folded fitting piece 4 is
      pulled out from the housing 3. The fitting piece 4 is unfolded, and the
      object B is removed.
PAR  As seen from the above, the clamping-and-fixing device according to this
      invention is very useful in fixing a pipe, a rod and any other elongated
      body. The device is very easy and reliable in operation.
PAR  With a view to making the clamping-and-fixing device effective and reliable
      in action it is better to make the recess portion 4c of the wing 4a
      somewhat smaller than the diameter of the elongated body B to be clamped,
      and also it is better to make the total thickness of the wings 4a of the
      fitting piece 4 somewhat larger than the distance between the opposed
      vertical walls 3a.
PAR  Although a single particular embodiment of this invention is fully
      described above, this should not be understood as limitative, and a
      variety of modifications can be made without departing from the scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A one-piece plastic device for fixing elongated, cylindrical items
      relative to an apertured support structure, said device includes a base
      portion, anchoring means vertically provided on the under side of the base
      portion, a U-shaped housing portion provided on the top side of said base
      portion and having a pair of opposed vertical walls, each of said walls
      carrying an engaging projection extending inwardly from each wall in
      opposed relation adjacent the free end of each wall, an initially V-shaped
      fitting piece capable of being hinged about the base line of the V and
      initally positioned above the open end of the U-shaped housing, said
      V-shaped fitting piece being defined by a pair of wings interconnected at
      the base of the V along said hinged base line and each wing being
      connected adjacent its upper extremity through a flexible resilient
      strap-like member with one of said vertical walls at a point spaced from
      the free end of the vertical wall, each of said wings being provided on
      its outboard surface with an engaging pawl, each wing having a first
      portion of one thickness in transverse section for a substantial portion
      of its length adjacent the hinged base line and thence provided with a
      radiused portion of greater thickness than said first portion adjacent the
      free end of each wing and projecting toward the other wing to define a
      recess when said wings are folded about said hinged base line toward one
      another into opposed relation, said wings, when folded, being received
      within the throat formed by said U-shaped housing portion with said pawls
      engaging said projections adjacent the free end of the adjacent arm,
      whereby an elongated rod or the like is introduced into the recess of the
      wings being captured when said wings are folded inwardly and positioned
      within the U-shaped housing portion.
NUM  2.
PAR  2. A device according to claim 1, wherein said recess is somewhat smaller
      than the diameter of said object and the total thickness at said pawls of
      the opposed wings of said fitting piece when folded, is somewhat larger
      than the distance between the said opposed vertical walls of said housing
      portion at said projections.
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ABST
PAL  A universally adjustable bracket structure for supporting a television
      receiver cabinet to accommodate viewing. The loop portion of a generally
      U-shaped bracket is provided with a swivel mount for a television receiver
      cabinet. A cube-shaped block is releasably retained between the leg
      portions of the bracket, and an adjustable clamp is mounted on the block
      for clamping of the bracket on ledge support structure that extends
      horizontally or vertically. Appropriate disposition of the clamp, in
      accommodation of viewing, is afforded by adjustability of the cube
      relative to the U-shaped bracket, or of portions of the clamp relative to
      the block.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to cabinet support structure, and more particularly
      to adjustable bracket structure for supporting portable television
      receiver cabinets and the like.
PAR  It is often desired to use transistorized, portable television receiver
      cabinets in somewhat confined spaces, such as kitchens, boat cabins,
      trailer homes, or the like, where both table and floor space is at a
      premium. Brackets have been provided for mounting receiver cabinets in
      such spaces on walls, tables, or the like, but brackets for this purpose
      typically use needed space or require permanent mounting, and often
      detract from the appearance of the surroundings.
PAR  It is an objective of the invention to provide improved, versatile clamping
      bracket means for supporting relatively small, portable television
      receiver cabinets.
PAR  It is further objective of the invention to provide bracket means of the
      aforementioned type which utilizes space efficiently, and does not require
      permanent mounting.
PAC  SUMMARY OF THE INVENTION
PAR  In achievement of the foregoing as well as other objectives, the invention
      contemplates provision of mounting bracket means for a television receiver
      cabinet or the like, which bracket means comprises a U-shaped main body
      portion having a swivel mount for a receiver cabinet in the region of the
      loop portion. Confronting surfaces of the leg portions are planar, and a
      cube-shaped block is releasably retained between such surfaces. An
      adjustable clamp on the block extends across ends of the leg portions, and
      provides for clamping support of the receiver cabinet on structure such as
      a table ledge, shelf ledge, vertical post, or the like. The clamp itself
      is adjustable to different thicknesses of support structure, and it may be
      repositioned by adjustments of the cube-shaped block to accommodate
      support on one of the aforementioned structures, hence affording
      substantial universality of mounting of a receiver cabinet.
PAR  The manner in which the foregoing as well as other objectives may best be
      achieved will be understood from a consideration of the following
      description, taken in light of the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective showing, on a reduced scale, of a partially
      disassembled portable television receiver cabinet of a type with which the
      invention has special utility;
PAR  FIG. 2 is a perspective showing, on a further reduced scale, of the
      television receiver cabinet seen in FIG. 1, in combination with bracket
      structure embodying the invention;
PAR  FIG. 3 is a view of the bracket shown in FIG. 2, as seen looking generally
      in the direction of arrows 3--3 applied to FIG. 2;
PAR  FIG. 4 is an exploded view, in perspective, of the bracket shown in FIGS. 3
      and 4 including a portion of the television receiver cabinet associated
      therewith; and
PAR  FIGS. 5, 6, and 7 are perspective showings of several bracket and support
      structure combinations contemplated by the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With more detailed reference to the drawing, there is seen in FIG. 1 a
      television receiver cabinet 10 of portable type to which the invention is
      particularly directed. Cabinet 10, which is shown partially disassembled
      for convenience of illustration, includes a viewing screen 11, the usual
      control knobs 12 and 13, and a pedestal 14 that provides for swivel
      mounting of the cabinet on a horizontal surface, to facilitate viewing of
      the screen 11. The pedestal 14 is removably attached to the lower wall of
      cabinet 10 by means of a screw 15 that extends with clearance through an
      opening in the pedestal and is threaded into a cylindrical pin 16
      extending from the lower wall into a cylindrical recess 19 in the
      pedestal. For reasons to be explained hereinbelow, pin 16 includes
      portions 16a and 16b of different diameters separated by a shoulder
      portion 16c (FIG. 4).
PAR  In special accordance with the invention, and with reference to FIGS. 2, 3
      and 4, pedestal 14 is removable and pin 16 is insertable into cylindrical
      recess 18 in a U-shaped bracket 17 clamped, by way of example, to a
      depending ledge portion 22 of cabinet structure 21. Opening 18 is
      essentially a duplicate of opening 19 and, to facilitate swiveling of the
      cabinet while ensuring structural rigidity, includes a portion 18b of
      reduced diameter to receive pin portion 16b and a portion 18a of greater
      diameter to receive pin portion 16a. Engagement of the intervening annular
      ledge 18c by shoulder portion 16c of pin 16, and engagement of the upper
      rim 18d by a lower wall portion of cabinet 10 combine to provide
      load-bearing support of the cabinet on the bracket.
PAR  With more detailed reference to FIGS. 3 and 4, bracket 17 includes an
      enlarged loop portion 23 within which recess 18 is provided, and a pair of
      leg portions 24 having confronting planar surfaces. A cube-shaped block 25
      is positioned between the mentioned planar surfaces, and includes a pair
      of bores 26 and 27. A smooth-shanked bolt 31 extends with clearance
      through an opening 28 in one of leg portions 24 and is threaded into the
      opposite leg portion at 29. As is seen also in FIGS. 3 and 4, block 25 is
      so positioned that the smooth shank of bolt 31 extends through bore 26,
      serving as a retaining pin for the block between the planar surfaces of
      leg portion 24. The rectangular base portion 33 of a clamp 32 is provided
      on a face of block 25, being perferrably, but not necessaily, formed
      integrally therewith. A rectangular adjustable portion 34 of clamp 32 is
      adjustably affixed to base portion 33 by a pair of knurled thumb screws
      35, each extending with clearance through openings 36 in portion 34, and
      threaded into corresponding tapped openings 37 in portion 33, of which
      openings there are four in number.
PAR  Confronting surfaces of base portion 33 and adjustable portion 34 of clamp
      32 are provided with individual friction pads P to transmit the required
      clamping force without marring the sufaces of the supporting ledge. The
      non-padded surface of base portion 33 opposite its padded surface extends
      transversely of, and in close adjacency to, the flat ends of leg portions
      24, preventing rotation of block 25 about bolt 31 in establishing and
      maintaining rigidity of the bracket structure, relative to the ledge 22,
      in provision of support of the cabinet 10.
PAR  Considering the orientation of the bracket elements in FIGS. 2, 3 and 4 to
      be a basic arrangement, some of the arrangements afforded by the bracket
      will be described relative thereto, each such arrangement being arrived at
      by removal of bolt 31, turning of block 25, and reinsertion of bolt 31. In
      the arrangement shown in FIG. 5, clamp 32 has been repositioned by turning
      block 25 through an angle of 180.degree. about an axis A (FIG. 3)
      extending parallel to legs 24 and perpendicular to bores 26 and 27. Such
      an arrangement accommodates fastening of clamp 32 on an upwardly presented
      ledge 22a.
PAR  With reference to FIG. 6, clamp 32 has been repositioned by rotating block
      25 through an angle of 90.degree. about axis A (FIG. 3) to accommodate
      fastening of clamp 32 to a vertically extending ledge 22b.
PAR  With reference to FIG. 7, clamp 32 has been repositioned by rotating block
      25 through an angle of 90.degree. downwardly about axis B (FIG. 3) that
      extends perpendicularly to legs 24 and along the axis of bore 26, whereby
      to accommodate fastening of clamp 32 to a horizontally extending ledge
      22c.
PAR  From the foregoing it will be appreciated that the invention affords
      improved bracket structure characterized by its versatility and efficiency
      of space utilization.
CLMS
STM  I claim:
NUM  1.
PAR  1. Bracket structure for supporting a cabinet or the like, comprising: a
      generally U-shaped main body having a loop portion and substantially
      parallel leg portions having confronting, generally planar surfaces; said
      loop portion including an enlarged section provided with a generally
      cylindrical opening extending perpendicular to the longitudinal dimension
      of said leg portions for receiving matching cylindrical pin means provided
      on a cabinet for mounting thereof on said structure; means for retaining
      said pin means in said opening; a generally cube-shaped block releasably
      retained for adjustable positioning between said planar surfaces of said
      leg portions; and an adjustable clamp including a base portion on one face
      of said cube-shaped block and extending transversely of, in close
      adjacency to, end regions of said leg portions, said clamp further
      including an adjustable portion disposed in spaced confronting
      relationship to said base portion, said clamp being adjustably presented
      for cabinet-supporting engagement with suitable ledge means.
NUM  2.
PAR  2. Bracket structure for supporting a cabinet or the like, comprising: a
      generally U-shaped main body having a loop portion and substantially
      parallel leg portions having confronting, generally planar surfaces, means
      for mounting a cabinet on said loop portion; a generally cube-shaped block
      releasably retained for adjustable positioning between said planar
      surfaces of said leg portions; and an adjustable clamp including a base
      portion formed integrally with said block on one face of said cube-shaped
      block and extending transversely of, in close adjacency to, end regions of
      said leg portions, said clamp further including an adjustable portion
      disposed in spaced confronting relationship to said base portion, said
      clamp being adjustably presented for cabinet-supporting engagement with
      suitable ledge means.
NUM  3.
PAR  3. Bracket structure for supporting a cabinet or the like, comprising: a
      generally U-shaped main body having a loop portion and substantially
      parallel leg portions having confronting, generally planar surfaces; means
      for mounting a cabinet on said loop portion; a generally cube-shaped block
      releasably retained for adjustable positioning between said planar
      surfaces of said leg portions; each leg portion being provided with an
      aperture in the region of said planar portion which is aligned with the
      aperture in the opposite leg portion, said block being formed with a first
      bore extending therethrough in alignment with said apertures in said leg
      portions, said block being formed with a second bore extending through an
      adjacent pair of opposed block faces and perpendicular to said first bore
      in said block, a removable, block-retaining pin means extending through
      said first bore in said block and into said apertures in said leg
      portions; and an adjustable clamp including a base portion on one face of
      said cube-shaped block and extending transversely of, in close adjacency
      to, end regions of said leg portions, said clamp further including an
      adjustable portion disposed in spaced confronting relationship to said
      base portion, said clamp being adjustably presented for cabinet-supporting
      engagement with suitable ledge means, said removable pin means, said bores
      and said apertures, said block and said planar surfaces being so
      cooperably disposed that removal of said pin accommodates repositioning of
      said block to align said second bore with said aperture for reinsertion of
      said pin means, whereby to reposition said adjustable clamp.
NUM  4.
PAR  4. The combination according to claim 3 wherein the ends of said leg
      portions abut said base portion, thereby to prevent rotation of said leg
      portions about said pin means.
NUM  5.
PAR  5. Bracket structure according to claim 3, and characterized in that said
      loop portion includes: an enlarged section provided with a generally
      cylindrical opening extending perpendicular to the longitudinal dimension
      of said leg portions for receiving matching cylindrical pin means provided
      on a cabinet for the mounting thereof; and means for retaining said pin
      means in said opening.
NUM  6.
PAR  6. Bracket structure according to claim 5, and characterized in that said
      clamp base portion in formed integrally with said block.
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ABST
PAL  A ski rack which can be used on most types of slope-backed vehicles is
      disclosed. The ski rack is adapted to attach to the edge of the trunk lid
      or similar planar edge portion of the vehicle. The rack includes a support
      member to which the skis are attached, and a clamp for mounting the
      support member on the vehicle. The clamp has one end attached to the
      support member and a second opposite end which detachably attaches to the
      planar edge portion of the vehicle. The second end has a first planar
      member adapted to abut the underside of the edge portion, and a second
      planar member in parallel spaced opposition to the first planar member and
      adapted to abut the upper surface of the edge portion opposite the first
      planar member. Means are provided for urging the second planar member
      toward the first planar member to engage the edge portion therebetween.
      The first planar member has a lateral edge adapted to be adjacent a
      support rib on the underside of the planar edge portion, and the second
      planar member is adapted to span the support rib so that the clamp is at
      least partially supported by the rib, thereby providing a rigid support
      for the ski rack.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to ski racks, and in particular to ski racks
      for slope-backed vehicles.
PAR  A variety of ski racks are available for carrying skis over the roof
      portion of a vehicle. These ski racks attach to the rain gutters on the
      edges of the roof of the vehicle, and are usually adjustable for use on
      most vehicles which have the required rain gutters. However, for fastback
      or slope-backed vehicles, which are becoming increasingly popular, it is
      usually desirable to mount the skis on the sloping aft portion of the
      vehicle rather than over the roof. Since rain gutters are not provided on
      this aft portion, devising a universal ski rack, i.e. one that fits a wide
      variety of automobiles, has been a difficult problem since there is no
      convenient way to attach the rack to the vehicle.
PAR  Some ski racks found in the prior art for carrying skis on the rearward
      portion of the slope-backed automobile employ either a spaced pair of
      support members or a unitary frame which simply bolts on to the vehicle,
      as illustrated in the patent to Bott, U.S. Pat. No. 3,610,491. Such ski
      racks cannot be conveniently removed from the vehicle since the bolt holes
      must be filled, and are thus usually left on the vehicle, even in the
      summer. This type of ski rack is unacceptable to persons who wish to
      remove their ski racks when the ski season ends.
PAR  Other types of ski racks, as exemplified in the patent to Gjesdahl, U.S.
      Pat. No. 3,606,111, and the patent to Allen, U.S. Pat. No. 3,710,999,
      employ a frame having underlying suction cups which rest on the surface of
      the vehicle. The frame is attached to the vehicle by means of straps which
      extend from the frame to the edges of the trunk lid, and tightening the
      straps maintain the suction cups in contact with the vehicle. The problem
      with this type of ski rack is that the suction cups slide relative to the
      vehicle, and the friction between the cups and the vehicle causes rings or
      marks which mar the finish of the vehicle when the ski rack is removed.
PAR  The above types of ski racks are not limited to a specific type of
      automobile. However, removal of the bolted type of ski rack is
      inconvenient, and the suction cup type leaves marks which detract from the
      appearance of the vehicle. In order to avoid these deficiencies, it has
      become customary to design individual ski racks for each different model
      of automobile. In such ski racks, the shape and size of the frame is
      matched to the shape of the trunk opening of the vehicle. The frame is
      thus readily attachable to the edge of the trunk opening, and can easily
      be removed. The frame itself provides the desired structural rigidity so
      that excessive loads are not placed on the edges of the trunk opening, and
      the finish of the automobile is not damaged. However, such ski racks are
      not adaptable to different makes of cars, and are often restricted to a
      given model year or set of years. Hence, the useful life of such a ski
      rack is usually limited to the life of the automobile.
PAR  Attempts have been made to develop ski racks that can be adapted to
      different types of vehicles, but that do not require bolts or suction cups
      to support the frame. However, such devices are generally impractical
      because the mode of attachment of the frame to the vehicle is insufficient
      to provide structural rigidity required when skis are subjected to
      relatively strong wind forces during transit. Universal clamping
      mechanisms presently available have been unable to provide the necessary
      rigidity and often damage the point of attachment to the vehicle. As a
      result, such ski racks are not in common usage.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a universal ski rack adapted to fit
      virtually all slope-backed vehicles that have a trunk or hatch opening in
      the back. The ski rack of this invention includes a support member, and
      means for attaching skis to the support member. A clamp is provided that
      has one end attached to the support member and a second opposite end
      adapted to detachably attach to the planar edge portion of a vehicle, such
      as the edge of the trunk lid. The second end includes a first planar
      member adapted to abut the underside of the edge portion and a second
      planar member in parallel spaced opposition to the first planar member and
      adapted to abut the upper surface of the edge portion opposite the first
      planar member. Means are provided for urging the second planar member
      toward the first planar member to engage the edge portion therebetween to
      fix the ski rack to the vehicle. The clamp attaches firmly to the vehicle
      so that it cannot slide relative thereto to prevent marring the finish of
      the vehicle.
PAR  In the preferred embodiment of the present invention, the first planar
      member has a lateral edge adapted to be maintained adjacent a support rib
      on the underside of the planar edge portion of the vehicle. The second
      planar member spans the support rib so that the clamp is at least
      partially supported by the rib. Thus, the ski rack is not attached merely
      to the skin or sheet metal of the vehicle, but is also attached to the
      support rib. The support rib provides a structurally sound attachment of
      the ski rack to the vehicle so that the ski rack is capable of
      withstanding the wind resistance on the skis without damaging the vehicle.
PAR  In using the ski rack of the present invention, two separate rack
      assemblies are ordinarily attached to the vehicle, one rack supporting the
      tips of the skis and the other rack supporting the rear portion of the
      skis. The two racks of the present invention can be attached to the upper
      and lower edges respectively of the trunk portion of the vehicle. As an
      alternative, both of the ski racks can be attached to the side edge of the
      trunk lid, or one or the other of the ski racks could be so attached.
PAR  In the preferred embodiment of the present invention, the support member is
      selectively rotatable with respect to the clamp so that the orientation of
      the support member does not depend on the orientation of the trunk lid or
      other attachment edge. Thus, the ski rack can be attached to any portion
      of the trunk opening and the skis still aligned with the direction of
      travel of the vehicle, allowing the ski rack to be used on almost any
      slope-backed vehicle.
PAR  In the preferred embodiment of the present invention the support member is
      elongate and the attachment of the clamp to the support member is offset
      from the longitudinal center of the support member. Thus, if the two ski
      racks of the present invention are attached along a side edge of a trunk
      lid which is not aligned with the direction of travel of the vehicle, one
      of the ski racks can be rotated in one position and the other ski rack
      rotated in the other position to align the skis with the direction of
      travel of the vehicle.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to organization and method of operation, together with
      further objects and advantages thereof will be better understood from the
      following description considered in connection with the accompanying
      drawings in which a preferred embodiment of the invention is illustrated
      by way of example. It is to be expressly understood, however, that the
      drawings are for the purpose of illustration and description only and are
      not intended as a definition of the limits of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the aft portion of an automobile employing the ski
      rack of the present invention;
PAR  FIG. 2 is a fragmentary side elevation view of the aft portion of the
      automobile of FIG. 1;
PAR  FIG. 3 is a side elevation view of the ski rack of the present invention;
PAR  FIG. 4 is a rear elevation view of the ski rack of FIG. 3;
PAR  FIG. 5 is a fragmentary elevation view illustrating the attachment of the
      clamp portion of the ski rack to the trunk edge of a vehicle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The use of the ski rack of the present invention to carry two pairs of skis
      on the sloping aft portion of slope-backed automobiles is illustrated by
      way of reference to FIGS. 1 and 2. The ski rack includes two separate
      basically identical rack portions 10 and 12 mounted on the planar edge 14
      of the trunk lid 16 of vehicle 18. Racks 10 and 12 are spaced along planar
      edge 14, rack 10 connected to the forward portion of skis 20 and rack 12
      attached to the aft portion of the skis. Skis 20 are attached to racks 10
      and 12 by means of loops 22 known in the art.
PAR  The support member portion 24, 26 of the ski racks 10 and 12 are attached
      to clamp portions 28, 30 by means of bolts 32, 34. Support members 24, 26
      are rotatable about bolts 32, 34, and the attachment of clamps 28, 30 to
      the support members is offset from the longitudinal center of the support
      members. Hence, support members 24, 26 can alternatively be extended to
      the right and the left as illustrated to align skis 20 with the direction
      of travel of vehicle 18, even though lateral edge 14 of trunk lid 16 is
      not so aligned. Also, as an alternative, clamps 28, 30 could have been
      attached to the upper and lower edges 36, 38 of trunk lid 16 by rotating
      clamps 28, 30 90.degree. with respect to support members 24, 26. Hence,
      the ski racks 10 or 12 of the present invention can readily be attached to
      different size and shape trunk or hatch openings of slope-back vehicles
      merely by rotating support member 24, 26 with respect to clamps 28, 30.
      Clamps 28, 30 can be attached to any edge of the trunk lid or any other
      like opening, as will hereinafter be more fully illustrated.
PAR  The construction of the ski rack itself is illustrated in more detail by
      way of reference to FIGS. 3 and 4. Reference numerals corresponding to the
      forward ski rack 10 illustrated in FIGS. 1 and 2 will be used for clarity.
      Conventional attachment loops 22 are releasably connected to hooks 40 for
      attachment of two pair of skis to ski rack 10. Hooks 40 are connected to
      the outer surface of the base portion of support member 24, preferably
      having the U-shaped cross section illustrated. The U-shaped cross section
      provides a smooth exterior to minimize damage to the skis as they are
      attached to the support member.
PAR  Clamp 28 includes an armature 42 which has a neck portion 44 attached to
      the interior surface of the base of support member 24 at one end. Armature
      42 also has a shoulder portion 46 at the other end of neck portion 44
      which is axially offset from the neck portion. Shoulder portion 46 has an
      outwardly directed recess 48, and a downwardly directed elongate slot 50
      at the upper end of the recess. An L-shaped member 52 has one flange 54
      adapted to mate with recess 48 and fit into slot 50. Rivets 56 attach
      flange 54 of L-shaped member 52 to the shoulder portion 46 of armature 42,
      and in combination with recess 48 and slot 50 firmly attach the L-shaped
      member to the armature.
PAR  Neck portion 44 of armature 42 has a axial aperture 58 extending
      therethrough. Downwardly projecting bolt 32 engages the upper end of neck
      portion 44 of armature 42 to attach support member 34 thereto. Bolt 32 can
      be loosened to allow support member 34 to rotate relative to clamp 28.
      Also, the position of bolt 32 is longitudinally offset from the
      longitudinal center of support member 24 so that rotation of the support
      member changes its lateral position relative to clamp 48 as illustrated in
      FIG. 1.
PAR  Upwardly projecting bolt 60 is threadably engagable with aperture 58 at the
      lower end of neck portion 44. Bolt 60 has a head portion 62 at the lower
      end thereof for turning the bolt. A planar member 64 is rotatably attached
      to head 62 by means of a tapered rivet 66 which fits in a counter-sunk
      aperture 68 in the planar member so that the head of the rivet is flush
      with the lower surface of the planar member. Planar member 64 is thus in
      parallel spaced opposition to the second flange 70 of L-shaped member 52.
      The opposing planar surfaces of member 64 and flange 70 are preferably
      rubberized to protect the finish of that edge portion of the vehicle
      engaged therebetween.
PAR  The attachment of clamp 28 (or 30) to the planar edge portion 14 of trunk
      lid 16 is illustrated by way of reference to FIG. 5. Trunk lid 16 has an
      elongate rib 80 which runs adjacent lateral edge 14 thereof. Such a
      support rib is ordinarily provided on a trunk or other similar lid to
      provide stiffness to the sheet metal lid. Also, the body of the vehicle 18
      has a lip 82 which underlies lateral edge 14 of trunk lid 16 to provide a
      continuous outer surface for the vehicle and to prevent rain from entering
      the trunk. The lower flange 70 of L-shaped member 52 is adapted to fit in
      the gap between lip 82 and planar edge 14. Flange 70 has a lateral edge 84
      which is adapted to be adjacent rib 80. Such ribs are generally
      approximately 3/4 inch to 1 inch from edge 14, so that the preferred
      lateral extent of flange 70 is approximately 3/4 inch.
PAR  Planar member 64, which is generally in parallel spaced opposition to
      flange 70 of L-shaped member 52, is urged into contact with lateral edge
      14 of trunk lid 16 by bolt 60. Bolt 60 can be rotated by a wrench or
      pliers engaged with head 62. Planar member 64 has a portion adapted to be
      in parallel spaced opposition to flange 70, and an extended portion
      overlying rib 80. The transverse dimension of planar member 64 is such
      that the planar member spans a substantial portion of the rib (See FIG.
      4). In this manner, clamp 28 is at least partially supported by rib 80,
      rather than merely by edge 14 of trunk lid 16, providing a rigid support
      capable of withstanding the substantial forces caused by wind resistance
      on the skis.
PAR  While a preferred embodiment of the present invention has been illustrated
      in detail, it is apparent that modifications and adaptations of that
      embodiment will occur to those skilled in the art. For example, the clamp
      portion of the present invention could be utilized to attach luggage racks
      or any other type of rack to the trunk lid of a slope-backed automobile.
      Also, ski racks could be devised wherein one rack portion is designed
      according to the principles of the present invention, and the other rack
      portion has a different construction and attaches to the bumper of the
      vehicle. Another obvious application of the present invention would be to
      mount skis transversely on the trunk portion of a standard
      (non-slope-backed) vehicle. However, it is to be expressly understood that
      such modifications and adaptations are within the spirit and scope of the
      present invention, as set forth in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A clamp for attaching a rack or other mechanism to the edge of the trunk
      lid or other planar edge portion of a vehicle having an underlying
      supporting member, said clamp comprising:
PA1  an armature comprising an elongate neck portion and a shoulder portion
      axially offset from said neck portion and joined to one end of said neck
      portion, said neck portion having another end adapted to be attached to
      the rack and an internal threaded aperture opening opposite said other
      end;
PA1  an L-shaped member comprising first and second relatively thin orthogonal
      flanges, said first flange attached to the shoulder portion of the
      armature, the second flange being adapted to be placed in abutment with
      the underside of said edge portion of said vehicle and having a lateral
      edge adapted to be maintained adjacent said supporting member;
PA1  a bolt having one end threadably engaged with the threaded aperture in the
      neck portion of the armature, said bolt having a head portion at the other
      end for turning said bolt;
PA1  a planar member rotatably attached to the other end of the bolt and adapted
      to overlie a substantial portion of said supporting member so that said
      clamp is at least partially supported by said supporting member, said
      planar member having at least a portion adapted to be generally in
      parallel spaced opposition to the second flange of the L-shaped member so
      that rotation of the bolt moves the planar member nonrotatably with
      respect to said second flange to releasably secure the planar edge portion
      of the vehicle therebetween.
NUM  2.
PAR  2. A clamp as recited in claim 1 wherein the shoulder portion of the
      armature has an elongate slot, and wherein one lateral edge of the first
      flange of the L-shaped member is adapted to fit in said slot, and
      additionally comprising at least one rivet interconnecting said first
      flange and said shoulder portion, said L-shaped member being fixedly
      connected to said armature by said rivet and said slot.
NUM  3.
PAR  3. A clamp as recited in claim 1 wherein the internal threaded aperture in
      the neck portion of the armature extends axially through said neck portion
      to provide an opening at said one end of said neck portion, and
      additionally comprising a second bolt threadably engagable with said
      aperture at said one end for detachably attaching the rack to said
      armature.
NUM  4.
PAR  4. A clamp as recited in claim 1 wherein the rack comprises a support
      member, and means for attaching skis to said support member.
NUM  5.
PAR  5. A clamp for attaching a rack to the edge of a trunk lid or similar
      planar edge portion of a vehicle, said clamp comprising:
PA1  an armature comprising an elongate neck portion and a shoulder portion
      axially offset from said neck portion, and joined to one end of said neck
      portion said neck portion having an axial threaded aperture therethrough,
      said shoulder portion having an outwardly directed planar recess and a
      downwardly directed longitudinal slot at the upper end of said recess;
PA1  an L-shaped member comprising first and second relatively thin orthogonal
      flanges, said first flange adapted to mate with the recess in the shoulder
      portion of the armature and fit into the slot into the upper end thereof,
      said second flange being adapted to be placed in abutment with the
      underside of the edge portion of the vehicle and having a lateral edge
      adapted to be generally adjacent a support rib on the underside of said
      edge portion;
PA1  means for attaching the first flange to the shoulder portion of the
      armature;
PA1  a bolt having one end threadably engaged with the threaded aperture in the
      neck portion of the armature at the other end of said neck portion, said
      bolt having a head portion at the other end for turning said bolt;
PA1  a planar member having an upwardly directed countersunk aperture
      therethrough, said planar member having a portion adapted to be generally
      in parallel spaced opposition to the second flange of the L-shaped member
      and a portion adapted to overlie a substantial portion of said support
      rib; and
PA1  rivet means adapted to project through the aperture in the planar member
      and attached to the head portion of the bolt, said rivet means having a
      head portion conformed to the aperture so that the planar member is
      rotatably attached to the bolt adjacent the head portion and rotation of
      the bolt moves the planar member with respect to the second flange to
      releasably secure the planar edge portion of the vehicle therebetween.
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ABST
PAL  An apparatus including a track which may have square corners, a carriage
      therefor, a carriage braking device, and a container holder supported from
      the carriage, wherein the holder may be quickly located in a desired
      position and maintained in this position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to apparatus for supporting containers.
PAR  2. Description of the Prior Art
PAR  Conventional apparatus for supporting containers or the like for dispensing
      intravenous liquids to patients frequently used in hospitals is mounted
      from the ceiling above the patient to maintain clear floor area and to
      provide a gravity feed. The apparatus includes a track for positioning the
      container holder and therefore the container in various parts of the room
      and a vertical adjustment to secure the desired container height. The
      vertical adjustment has posed no particular problem, but the positioning
      of the container holder and the maintaining of same has. Automatic locking
      devices actuated by placing a container of a proper weight on the
      apparatus and by a camming action locking an associated carriage to a
      track have been proposed. Generally a spring releases the locking action
      when the container has been removed. The automatic devices are unduly
      complicated; the spring must be carefully selected to be overcome by each
      container; and the containers cannot be moved via the apparatus until
      removed therefrom. Further, the tracks utilized by the carriage do not
      allow right angle turns by the carriage.
PAC  SUMMARY OF THE INVENTION
PAR  Applicant's apparatus has a vertical adjustment as in the prior art and is
      also designed to provide a locking feature that is independent of the
      mounting thereon of a container. Specifically, applicant has provided a
      track that is constructed to be mounted above the patient on the ceiling
      or the like. A carriage having preferably a plurality of bearing elements
      is included for non-rotational carriage movement along the track.
      Suspended for rotation from the carriage is a support member. The support
      member has a threaded surface which is engageable by a nut having a
      braking surface for engaging the track. The nut is also connected to the
      carriage for non-rotational motion therebetween. Also included in the
      apparatus is a first rod partially in the form of a hook that is connected
      to the support member preferably by a universal joint. A second rod for
      supporting a container holder is suspended from the first rod. The
      container holder is provided with a latch device to vertically position
      the holder along the second rod.
PAR  Positioning the container holder, and therefore any container mounted
      thereon, in relation to the track merely requires a quarter rotation of
      the holder. This rotation (through the aforementioned connecting elements)
      rotates the support member. The nut, being restrained from rotation by the
      carriage and the carriage by the track, rises until the braking surface
      contacts the track thereby locking the carriage to the track. The release
      of the braking surface from the track is accomplished by a counter
      rotation of the holder. A noteworthy feature is that by making the track
      restrain the carriage, which allows the nut travel, and providing mitered
      corners for right angle track configurations, a square carriage can be
      moved through the track turns preferably by the use of a universal joint.
      A cross over between parallel tracks is also possible. This advantage is
      normally not possible with the locking carriages found in the prior art.
PAR  It is, therefore, an object of this invention to provide a new and improved
      supporting apparatus for intravenous fluid containers or the like.
PAR  Another object of this invention is to provide a supporting apparatus
      having a locking feature that is operated in a conventional manner
      independent of the containers usable therewith.
PAR  Still another object of this invention is to provide a supporting apparatus
      having a locking feature that is operable with tracks having right angle
      configurations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a supporting apparatus for containers or
      the like according to this invention;
PAR  FIG. 2 is an enlarged and rotated elevational sectional view of the track
      for the apparatus taken along line 2--2 of FIG. 3;
PAR  FIG. 3 is a bottom view of a corner of the track;
PAR  FIG. 4 is a bottom view of the junction of a track and a cross over track;
PAR  FIG. 5 is an elevational view (partially in section) of the carriage
      assembly for the apparatus locked to the track;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 5;
PAR  FIG. 7 is a view similar to FIG. 5 showing the carriage assembly free to
      move on the track; and
PAR  FIG. 8 is an elevational view (partially in section) of the holder assembly
      for the apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, reference numeral 10 indicates generally the
      supporting apparatus for intravenous containers or the like of this
      invention. Apparatus 10 includes track 11. Track 11, as shown, has right
      angle corners 12 and 14. Although the track shown can be either square or
      rectangular, it is obvious that straight or curved tracks could be used
      with the apparatus 10 of this invention. Frequently, space limitations
      make the use of the track shown to be most desirable. FIG. 2 discloses a
      sectional view of the preferred track which may be an aluminum extrusion.
      The track 11, as shown in FIG. 1, may be composed of track lengths 15,
      ends 16 and cross over sections 18. Referring to FIG. 3, corner 14 which
      is typical of the corners of the track 11 is produced by cutting length 15
      and end 16 at a 45.degree. angle. A suitable right angle splice plate 19
      (see FIG. 3) is provided, which through appropriate fasteners, rigidly
      connects length 15 and end 16 together at their top surfaces. Also
      provided are spaced holes (not shown) through the upper track surfaces of
      all sections for its mounting to a room ceiling or other structure.
      Straight splice plates (not shown) can be used to extend the various track
      sections available.
PAR  As shown best in FIG. 2, all sections of track 11 are preferably of a
      generally C-shaped cross section. The inner portion of the C has side
      walls 20 and 21. The dimension between these two walls is closely held for
      a reason that will become evident later in this specification. Also shown
      in FIG. 2 are upper flange surfaces 22 and 24 with slot 25 therebetween.
      Surfaces 22 and 24 provide support for a later to be described carriage
      movable thereon. Lower flange surfaces 26 and 28 are intended to be
      contacted by the braking surface portion of the carriage assembly.
PAR  Referring to FIG. 3, corner 14 discloses how upper flange surfaces 22 and
      24 provide a continuous path for a carriage through the right angle
      corner. Slot 25 also is continuous therethrough.
PAR  FIG. 4 discloses the junction of cross over section 18 and length 15. To
      provide a continuous path through the junction, passage 29 must be cut
      through flanged surfaces 22 and 26. Further, side wall 20 of length 15 has
      to be cut out to form an aperture to match the C-shaped configuration of
      section 18. It will be noted that passage 29 of length 15 interrupts the
      upper flange surfaces 22 and 26 of length 15, hence, no single continuous
      path through the junction into section 18 is present as in corner 14. Due
      to the construction of the carriage bearing elements for use therewith
      this does not present a problem.
PAR  Carriage assembly 30, as best shown in FIGS. 5, 6, and 7, includes carriage
      31 having movable bearing elements 32 retained therein in suitable
      recesses. Carriage 30 has an opening 34 therethrough. Aligned with opening
      34 is hex shaped receptacle 35. It will be noted that the exterior of
      carriage 31 has a square configuration that closely fits in the interior
      of C-shaped track 11. No rotation of carriage 31 in track 11 is possible.
      Mounted in opening 34 is a support member 36 having shaft portion 38.
      Retaining ring 39 fits in a suitable groove in shaft portion 38 and
      rotatably maintains support member 36 on carriage 31. Support member 36
      has an external thread which is preferably a left hand double lead thread
      40 and a shoulder 41 below the thread. A clevis 42 is also a part of
      support member 36. A slide nut 44 having a hex configuration 45 is adapted
      to fit into the hex receptacle 35 of carriage 31 to eliminate rotation
      therebetween. Slide nut 44 has an internal thread 46 adapted to complement
      thread 40 of member 36. Slide nut 44 also has a brake pad 48 which may be
      made of nylon fixed thereto to provide a braking surface in conjunction
      with lower flange surfaces 26 and 28 of track 11. Shoulder 41 provides a
      down stop for nut 44.
PAR  Also shown on FIG. 5 is a rod assembly 49. Rod assembly 49 has a hook end
      50. Rigidly attached to rod assembly 49 at the end opposite the hook by a
      roll pin is rod clevis 51. Center block 52 via suitable pins 54 and pin 55
      provides a universal joint 55A in conjunction with clevis 42 and rod
      clevis 51.
PAR  FIG. 7 shows the braking surface of 48 removed from contact with the lower
      flange surfaces of track 11.
PAR  Holder assembly 56 shown in FIG. 1 and also FIG. 8 is combined with support
      rod assembly 58. Support rod assembly 58 has an upper hook end 59 that is
      adapted to be mounted on hook 50 of rod assembly 49. Hook end 59 is
      attached to square support rod 60 by a collar 61 and a roll pin to form an
      integral unit. Lower hook end 62 is similarly attached to rod 60 by collar
      63 and a roll pin. End 62 can be used to support a container as other
      support rods later to be described.
PAR  Mounted on rod 60 is holder assembly 56 as is best shown in FIG. 8. Holder
      assembly 56 provides support for an intravenous container 65 or the like
      supported by a bail 66 (see FIG. 1) besides including a vertical
      adjustment in regard to rod 60. Holder assembly 56 includes handle bottom
      68 having an opening for the rod 60 therethrough and an upper interval
      thread 69. Located below thread 69 is washer 70. Handle top 71 having
      external thread 72 is threaded along with the use Loctite or similar
      material to handle bottom 68. Handle top 71 has extended neck 73 on which
      is mounted for free rotation hanger rod bearing 74. Bearing 74 has
      openings for four rods 75 which are rigidly fixed thereto by roll pins
      (not shown). Each rod terminates in a hook end 76 from which may be hung a
      bail 66 for a container 65. Maintaining rod bearing 74 on neck 73 is top
      cap 78. Cap 78 has a square hole 79 adapted to complement square rod 60.
      Cap 78 is held rigid with handle top 71 by setscrew 80. Because of the
      construction of cap 78, rotation of handle bottom 68 and handle top 71
      threaded thereto causes rotation of rod 60. As mentioned previously hanger
      rod bearing 74 and its rods 75 are unaffected by rotation of handle top
      71.
PAR  As shown best in FIG. 8 a vertical adjustment is included in holder
      assembly 56. The adjustment feature includes spring 81 extending between
      washer 70 and locking lever 82. Lever 82 has a right angle configuration
      with a square hole 84 in one leg 85. Leg 85 extends into the interior of
      handle top 71 through a suitable opening. In the locking position, spring
      81 maintains leg 85 against the opening in wall of 71 and forces the other
      end of the leg upward to wedge against square rod 60. Holder assembly 56
      is thus locked in position at a desired elevation on rod 60. To raise
      holder assembly 56, lever 82 need not be moved, as physically moving the
      holder assembly tends to straighten leg 85 thereby relieving the wedging
      action of the locking lever 82 to free same. To lower the holder assembly,
      requires the depressing of lever 82 where same extends away from holder
      assembly 56 in the locked position. Depressing lever 82 rotates leg 85
      downward thereby relieving the wedging action. It is to be noted that
      holder assembly 56 is held during the process, thus the holder assembly
      cannot fall freely. A suitable decal 86 (FIG. 1) provides instructions for
      the vertical positioning of holder assembly 56 and also the locking of the
      holder assembly in regard to track 11.
PAR  In operation, the carriage assembly 30 including the rod assembly 49 is
      placed in an open end of track 11 after same has been assembled on a
      ceiling for example. If an open track is to be utilized, suitable stops
      (not shown) with flexible bumpers can be installed. If not, preferably an
      end 16 of track 11 must be installed after the carriage assembly to close
      track 11. With the carriage assembly 30 as shown in FIG. 1 and FIG. 7, the
      carriage is free to move along track 11. The holder assembly 56 including
      support rod assembly 58 is then mounted on the hook 50 of rod assembly 49.
      A container 65 via a bail can be hung at this point on a rod 75 at hook 76
      mounted on rod bearing 74. With the carriage assembly free to move, the
      operator by grasping the holder assembly 56 can, by means of the universal
      joint 55a, work the carriage along the length 15 of track 11 and through
      the square corner 12 to the end 16 and back to the opposing length 15. If
      a cross over 18 is provided, the carriage can also be moved thereover from
      a length 15. Of course, curved portions of the track can be combined with
      the track shown. When the desired holder assembly and therefore container
      position is achieved, the operator by a quarter rotation to the right as
      noted on the decal 86 of the holder assembly 56 locks the carriage
      assembly 30 to track 11. This is because rotating the holder assembly 56,
      in turn, rotates the rod assembly 58, the rod assembly 49 and through the
      universal joint 55a support member 36. Member 36 cannot advance and nut 44
      cannot rotate since restrained by the mating hex receptacle 35 of the
      carriage 31 which in turn cannot rotate in track 11, hence nut 44 rises
      and presses brake pad 48 against lower flange surfaces 26 and 28 of track
      11. Holder assembly 56 and carriage assembly 31 are thus locked in
      position on track 11. A contrary quarter rotation of holder assembly 56
      will free carriage assembly 30 from track 11.
PAR  The vertical positioning of the holder can be achieved by the procedure
      previously detailed.
PAR  By providing the restraints shown in the preferred embodiment for the
      rotation of nut via the carriage and the carriage by the track, applicant
      has provided a locking feature in regard to the carriage and track with a
      carriage that is adapted to be moved through square corners.
PAR  From the foregoing, it should be apparent that applicant has provided an
      apparatus that will operate in a straight forward manner with minimum
      distraction to personnel over a varied track configuration to secure
      almost any conceivable positioning capability.
CLMS
STM  I claim:
NUM  1.
PAR  1. A supporting apparatus for containers comprising:
PA1  a. a track adapted to be fastened to a ceiling, said track having a
      generally C-shaped cross section, said track having mitered joints to
      provide right angle turns;
PA1  b. a square carriage mounted for non-rotational movement in said track;
PA1  c. a support member having a shaft extending into said track through the
      opening in the C-shaped cross section, said shaft rotatably mounting said
      member on said carriage below said track, said shaft having an external
      thread;
PA1  d. a nut having a braking surface, said nut engaging said thread, said nut
      being connected to said carriage for non-rotational motion therebetween;
PA1  e. a first rod movably connected to said support member by a universal
      joint;
PA1  f. a second rod releasably connected to said first rod; and
PA1  g. a container holder having at least one container support mounted
      thereon, said holder being connected to said second rod for rotation
      therewith, said holder upon rotation also rotating said first and second
      rods and said support member to raise said nut to move said braking
      surface against said track to lock said carriage to said track, and
      opposite rotation lowering said braking surface from said track and
      allowing movement of said holder and square carriage via said universal
      joint through the right angle turns in said track.
NUM  2.
PAR  2. The apparatus of claim 1 in which said thread and said nut are left hand
      whereby rotating said holder clockwise raises said braking surface to
      contact said track and rotating said holder counterclockwise lowers said
      braking surface from said track and in which said support member has a
      shoulder to act as a stop when said braking surface is lowered.
NUM  3.
PAR  3. The apparatus of claim 2 further comprising means for releasably
      connecting said holder to said second rod for upward or downward
      positioning thereon.
NUM  4.
PAR  4. The apparatus of claim 3 in which said container support is rotatably
      mounted on said holder and in which said nut braking surface is made of
      nylon.
NUM  5.
PAR  5. The apparatus of claim 4 in which said track further comprises cross
      over tracks connected between parallel tracks at right angles thereto and
      in which each of said parallel tracks has an aperture through a side
      matching the C-shaped cross section of the adjacent cross-over track and
      also a passage in the lower flange of the C section also adjacent the
      cross over track for the movement therethrough of the carriage and the
      support member.
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ABST
PAL  An elastomeric post array mounting structure for mounting any suitable
      dimensionally critical or precision instrument so as to minimize the
      transmission of detrimental external stresses to dimensionally critical
      parts of the instrument where, in a preferred embodiment, an array of
      elastomeric posts are attached at first ends to a surface of a rigid
      support section and at second ends to a mateable surface of the instrument
      being mounted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to means for mounting a ring laser gyroscope or
      other precision inertial or optical instrument, and particularly to a
      means for mounting such a precision instrument to minimize the
      transmission of detrimental stresses to dimensionally critical parts of
      the instrument.
PAR  2. Description of the Prior Art
PAR  Some of the prior art techniques for mounting precision instruments, such
      as ring laser gyroscopes, utilize metallic attachments by hard surface
      mounting, hard point mounting or spring mounting. Each of these techniques
      suffers from the disadvantages of transmitting stresses which can cause a
      distortion of the critical ring laser gyroscope structure and/or does not
      provide sufficient support for higher acceleration or vibration
      environments. A detrimental distortion of the ring laser gyroscope
      structure can arise from mechanical stresses in the mount attachment
      itself, as well as from external thermal, accelerational or vibrational
      effects transmitted through the mounting structure. Experience has shown
      that whenever a ring laser gyroscope structure is hard mounted, there is
      sufficient distortion of the structure to degrade performance. In a
      hard-mounted structure mounting stresses, and hence performance, can also
      vary with environmental changes. Whenever a ring laser gyroscope, or other
      precision instrument, is mounted for operation by the use of a metallic
      spring mounting, stresses are not transmitted so readily. However, the
      metallic spring mounting is less able than one of the hard-mounted
      techniques to resist acceleration or vibrational inputs and tends to be
      sensitive to spatial orientation.
PAR  In using any of the above-described prior art mounting techniques even a
      very small dimensional change in one of the critical parts of a mounted
      precision instrument can adversely affect the instrument. A ring laser
      gyroscope, for example, is sensitive to very small changes in the relative
      positions of the mirrors which define the ring laser gyroscope optical
      cavity. To degrade gyroscope performance, the mirror positions need to
      change only enough to move the laser beam position a small fraction of a
      wavelength. Since the operational wavelength of the helium-neon laser in a
      typical ring laser gyroscope is approximately 25 microinches, a
      dimensional distortion of only a few microinches is detrimental. Thus, if
      the dimensionally critical structure of a ring laser gyroscope is
      compressed or stretched unsymmetrically by several microinches or warped
      or twisted through about one arcsecond, the points of incidence of the
      laser beams on the mirrors will be sufficiently shifted to degrade the
      operational performance of the ring laser gyroscope.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, a novel structure is provided for mounting a precision instrument
      to minimize the transmission of detrimental stresses to dimensionally
      critical parts of the instrument. In a preferred embodiment, an array of
      elastomeric posts are attached at first ends to a surface of a rigid
      support section and at second ends to a mateable surface of the instrument
      being mounted.
PAR  It is therefore an object of this invention to provide a novel structure
      for the ultra-low-stress mounting of any dimensionally critical
      instrument.
PAR  Another object of this invention is to provide an array of separate posts
      made out of an elastomeric material to suspend the body of a precision
      instrument or device to be mounted from a rigid support.
PAR  Another object of this invention is to provide first and second arrays of
      elastomeric posts for respectively mounting opposite side of a precision
      instrument or device to first and second rigid supports, respectively.
PAR  Another object of this invention is to provide a novel mounting structure
      for a precision device to prevent detrimental stresses from being
      transmitted to dimensionally critical parts of the device being mounted.
PAR  Another object of this invention is to provide a mounting technique which
      securely supports a delicate precision instrument without transmitting
      detrimental stresses thereto.
PAR  Another object of the invention is to provide a mounting structure which
      adequately supports a precision instrument in high acceleration and
      vibration environments.
PAR  A further object of this invention is to provide a novel, rugged,
      economical, light weight mounting structure for a precision instrument.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, features and advantages of the invention, as well
      as the invention itself, will become more apparent to those skilled in the
      art in the light of the following detailed description taken in
      consideration with the accompanying drawings wherein like reference
      numerals indicate like or corresponding parts throughout the several views
      and wherein:
PAR  FIG. 1 is an isometric diagram illustrating an exemplary elastomeric post
      array mounting structure for mounting a ring laser gyroscope in accordance
      with a preferred embodiment of the invention;
PAR  FIG. 2 illustrates the components of FIG. 1 mounted into an assembly, with
      cathodes mounted on the ring laser gyroscope and with optional side
      panels.
PAR  FIG. 3 illustrates a cross-sectional view along the line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, FIG. 1 illustrates in isometric form an
      exemplary mounting structure in accordance with the invention for the
      ultra-low-stress mounting of a dimensionally critical instrument or device
      11. While a ring laser gyroscope instrument or device is shown as the
      instrument 11 to be mounted, other dimensionally critical precision
      instruments or devices could be mounted, such as laser accelerometers,
      telescope mirrors, prismatic reflectors, optical instruments, inertial
      instruments, etc.
PAR  The illustrated mounting structure comprises rigid top and bottom support
      sections or plates 13 and 15 having bottom and top surfaces 17 and 19,
      respectively. The rigid support plates 13 and 15 can be made of, for
      example, a light metal such as beryllium or aluminum. In addition to
      providing support, the plates or sections 13 and 15 also provide a heat
      sink for the instrument 11. The surfaces 17 and 19 are respectively
      mateable with top and bottom surfaces 21 and 23 of the ring laser
      gyroscope 11. The surfaces 17 and 23 are not clearly visible since they
      are on the undersides of the section 13 and gyroscope 11, respectively.
      The illustrated configuration of the gyroscope 11 is such that each of the
      surfaces 21 and 23 are flat. As a result, the surface 17 is shown parallel
      to the surface 21, while the surface 19 is shown parallel to the surface
      23. However, if the gyroscope 11 (or other instrument to be mounted) were
      configured to have non-flat or curved surfaces 21 and 23, the sections 13
      and 15 would also be configured to have non-flat or curved surfaces 17 and
      19 contoured to match or mate with the surfaces 21 and 23. The important
      thing in the embodiment shown in FIG. 1 is that the surfaces 17 and 19
      respectively match the surfaces 21 and 23 of the instrument or device 11
      to be mounted. It should however be realized that in other embodiments
      that non matching surfaces of one surface of an instrument and the
      associated opposing surface of a rigid support section could be utilized,
      as required, with the lengths of the posts in an array being of different
      lengths. For example, the surface of the instrument could be curved and
      the opposing surface of the rigid section straight, and vice-versa.
PAR  The bottom surface 23 of the dimensionally critical body of the gyroscope
      11 is attached to the upper surface 19 of the rigid support section 15 by
      means of an array of elastomeric posts 25. One end of each post 25 in the
      array is bonded, or suitably attached, to the surface 19 of the rigid
      support section 15, and the other end of each post 25 is similarly bonded
      to the surface 23 of the gyroscope 11. Thus, the body of the gyroscope 11
      is suspended from the rigid support section 15 by the array of elastomeric
      posts 25.
PAR  The utilization of all or part of the flat surface 23 of the body of the
      instrument 11 would be the simplest application of the elastomeric post
      array mounting technique. This would be sufficient for many cases since
      the supportive strength per unit of the elastomeric post array mounting is
      surprisingly high.
PAR  When additional support strength is required or a larger interface is
      needed for heat transfer, the top surface 21 of the instrument 11 can be
      attached to the bottom surface 17 of the rigid support section 13 by means
      of a second array of elastomeric posts 27. One end of each post 27 in the
      second array is bonded, or suitably attached, to the surface 17 of the
      rigid support section 13, and the other end of each post 27 is similarly
      bonded to the surface of the gyroscope instrument 11.
PAR  Access holes 29 and 31 are shown provided in the support sections 13 and
      15, respectively, for adjusting the ring laser gyroscope 11. When the
      gyroscope 11 has a clearance hole 33 passing therethrough for mounting
      purposes, corresponding mounting holes 35 and 37 are inserted in the
      support sections 13 and 15 respectively. In this manner a mounting post 39
      can be inserted through the holes 35, 33 and 37 to secure or fasten the
      assembly comprising the section 13, gyroscope 11 and section 15 to any
      desired substrate (not shown) by conventional means.
PAR  Although the rigid support sections 13 and 15 are shown as continuous fixed
      elements, it is also within the purview of this invention that either or
      both of them could comprise separated portions. Also, as indicated
      previously, either or both of the sections 13 and 15, along with the
      associated arrays of elastomeric posts 25 and 27 can also be attached to
      curved or non-flat surfaces (not shown) of the body of an instrument with
      the rigid support section or sections simply contoured to match the body
      surface.
PAR  One effect of the elastomeric post array mounting structure shown in FIG. 1
      (as well as FIG. 2) is to distribute attachment forces applied thereto
      over large areas of the surface (e.g., 21 and/or 23) of the body of the
      instrument 11 to achieve ultra-low stress levels without any local stress
      concentrations on the body. Another effect is to absorb any dimensional
      changes in the surrounding rigid section or sections 13 and 15 due to
      thermal expansion, shock, acceleration or vibrations so that stresses
      transmitted to the body of the instrument 11 are greatly reduced.
PAR  Stress levels inherent in the mounting of the instrument 11 can be
      decreased by increasing the area of the post-array-body interface over
      which the attachment forces are distributed. If more support strength is
      required than that shown in FIG. 1 or a larger interface is needed for
      heat transfer, rigid supports could be attached to any number of surfaces
      on the body of the instrument 11 by way of additional elastomeric post
      arrays. The ultimate configuration would be a cube or other polyhedron
      with elastomeric post arrays attached to all surfaces, e.g., six in the
      case of a cube. In any case, it can be seen that as more and more of the
      instrument 11 body surface is used for attachment, the elastomeric post
      array mounting structure approaches an ideal low-stress distribution of
      floation in a fluid, without the additional problems related to
      incorporation of a fluid and a floatation chamber.
PAR  FIG. 2 illustrates more than one surface of the body of the gyroscope
      instrument 11 being used for elastomeric post array mounting. More
      specifically, FIG. 2 illustrates the components of FIG. 1 mounted into a
      composite assembly with the mounting post 39 inserted. In addition,
      cathodes 41 and 43 of the gyroscope 11 are shown mounted through holes
      (not shown) in a contoured optional side panel or plate 45 into the
      gyroscope 11. A further optional straight side panel or plate 47 is also
      illustrated in FIG. 2. Each of the optional panels 45 and 47 can be
      coupled or bolted to the edges of the sections 13 and 15 without directly
      touching the body of the ring laser gyroscope 11. The illustrated optional
      side panels 45 and 47, as well as any additional desired side panels (not
      shown) may also be made from a light metal, such as beryllium or aluminum.
PAR  The optional panels 45 and 47 may, if desired, also have elastomeric post
      arrays molded onto their inner surfaces (not shown) which mate with the
      body of the instrument 11 for additional support. The rigid support
      sections 13 and 15 may be either a continuous fixed structure (like the
      structure shown in FIG. 2 with the optional panels 45 and 47 being
      utilized) or a separated structure (like that shown in FIG. 1). If the
      rigid support sections 13 and 15 are coupled together to form a continuous
      fixed structure, thermal expansion effects of both the rigid support
      material and the elastomeric post material tend to become constrained and
      can apply additional stresses on the body of the instrument 11.
PAR  These stresses, as any others, will be substantially absorbed in the arrays
      of posts 25 and 27, and may be negligible in many applications. If these
      additional stresses must be avoided, then the rigid supports for different
      surfaces can be separate pieces, which are linked together by way of an
      appropriate thermal compensation mechanism, such as the mounting post 39
      (FIG. 1). Essentially, the thermal compensation mechanism or mounting post
      39 in the linkage could be arranged or constructed to move the rigid
      supports apart in correspondence with the thermal expansion of the
      elastomeric material, which typically would have a much larger thermal
      expansion coefficient than other materials in the overall mounting
      structure.
PAR  Each of the elastomeric post arrays of posts 25 and 27 has the special
      property of absorbing most of any applied stress within its own structure
      and transmitting only a small fraction of the applied stress to the body
      of the instrument 11 being suspended. This is due to the fact that each
      discrete post 25 (or 27) in an array can deflect or distort independently
      of the others, and because the shape and density of the posts 25 can be
      selected for optimum values of shear, tensile and compressive strengths.
PAR  For example, when the ambient temperature increases and the rigid support
      section 15 expands considerably more than the very low thermal expansion
      material used for the body of the laser gyroscope instrument 11, the
      elastomeric posts 25 individually adjust to match the differential
      expansion. In the center of the mounting area, where there is no relative
      motion between the rigid support section 15 and the gyroscope 11 body, the
      elastomeric posts 25 individually adjust to match the differential
      expansion. In the center of the mounting area, where there is no relative
      motion between the rigid support section 15 and the gyroscope 11 body, the
      elastomeric posts 25 will remain substantially perpendicular to the
      opposing surfaces 19 and 23. However, progressively further down from the
      central area, as the relative displacement between the rigid support
      section 15 and the gyroscope 11 body increases, the individual posts 25
      will bend more and more at an angle between the two surfaces 19 and 23,
      since the ends of each post 25 must remain where they were originally
      bonded. But the very fact that the individual posts 25 can bend, stretch
      or compress, in response to relative motion between the surfaces 19 and 23
      to which the opposite ends of the posts 25 are attached, means that
      relatively little stress is applied to either of the surfaces 19 and 23.
PAR  Thus, the delicate gyroscope instrument or device 11 can be securely
      suspended to one or more of the sections 13 and 15 because of the
      cumulative strength of the large number of elastomeric posts in the
      associated array or arrays of posts. At the same time any stresses
      transmitted to, for example, the section 15 are greatly reduced because
      the individual posts 25 separately change shape and comply with relative
      motion between the surfaces 19 and 23 which are effectively joined by the
      array of posts 25. Moreover, there is virtually no tendency of the
      suspended instrument 11, as a whole, to vibrate within the elastomeric
      post array mounting structure comprised of the array of elastomeric posts
      25 bonded to the section 15, which structure is in turn bonded to the
      instrument 11. This is due to the fact that the elastomeric material of
      the posts 25 has very strong damping characteristics and does not tend to
      sustain oscillations as can the prior art spring mounting technique
      previously discussed.
PAR  The mechanical properties of an elastomeric post array mounting structure
      depend on the elastomeric material used, the geometry (shape) of the
      individual posts, the spatial density of the posts in the array, and on
      the rigid support material used. In general, the stiffness with which the
      mounting structure suspends or holds the body of the instrument 11 can be
      increased by utilizing: an elastomeric material with a higher elastic
      module; posts with a smaller length-to-cross-section-area ratio; and/or a
      greater post density. Conversely, the mounting stiffness can be decreased
      by a lower elastic moduli; longer or slimmer posts; and/or more separation
      between posts.
PAR  The geometry of the posts has the greatest effect on the mechanical
      properties of the mounting structure. For example, if the posts were
      essentially of infinite diameter, e.g., a continuous sheet of elastomeric
      material, the mounting structure would not achieve the desired low-stress
      holding. In a continuous sheet, elastomeric materials exhibit high thermal
      expansion and very low compressibility. It is only in an array of separate
      posts that the necessary flexibility in shear and compressive
      characteristics can be achieved.
PAR  Generally, the post array can be made progressively softer and more
      compliant in both compression and shear by increasing the ratio of post
      length to post diameter. These effects are not linear but change rapidly
      at length-to-diameter ratios above about 1 to 2. Ratios on the order of 1
      to 1, or slightly greater, give a balance between shear and compressive
      strengths which are suitable for laser gyroscope mounting. With a given
      length-to-diameter ratio of posts, the actual magnitudes of shear and
      compressive strengths can be proportionally adjusted by changing the
      density of the posts in the array.
PAR  An exemplary material which provides suitable properties and, therefore,
      can be used in fabricating the arrays of elastomeric posts 25 and 27 is a
      silicone rubber, which, for example, is manufactured by General Electric
      with the part number of SE 5504. This silicon rubber can be molded
      directly onto the rigid support sections or plates 13 and 15. The molding
      can, for example, be carried out by first putting the elastomeric compound
      (e.g., silicon rubber) on a sieve-like thin plate (not shown) having a
      thickness equal to the height of the elastomeric posts, and holes with
      diameters (or cross-sectioned configurations) equal to those of the posts,
      with the number of holes per unit area determining the density of the
      posts. The silicon rubber can than be squeezed through the holes in the
      sieve-like thin plate onto the surface 19 of the rigid support section 15
      by means of a heated press to fabricate a silicon rubber pad array of
      posts 25. The same process is repeated for the section 13 to fabricate a
      silicon rubber pad array of posts 27. The elastomeric material, such as
      the silicon rubber, will form good bonds to the rigid support plates 13
      and 15. The arrays of elastomeric posts 25 and 27 can then be respectively
      bonded to the surfaces 23 and 21 of the instrument or device 11 with, for
      example, a room-temperature-curing, silicon adhesive, such as General
      Electric's RTV103.
PAR  Another way that an array of elastomeric posts could be bonded to a section
      (e.g. 15) is to fabricate a thin sheet of elastomeric material containing
      the posts and bond the thin sheet and posts to the section (e.g., 15).
PAR  FIG. 3 illustrates a cross-sectional view of the assembly of FIG. 2 taken
      along the line 3--3. In this figure, the sections 13 and 15 are more
      clearly shown mounted or attached to the top and bottom surfaces 21 and 19
      of the instrument 11 by means of the arrays of elastomeric posts 27 and
      25, respectively.
PAR  In an illustrative example, the post diameters may be about 0.025 inch; the
      total column length of each of the posts 25 and 27, including the molded
      posts and adhesive bond line may be from 0.035 to 0.038 inch; and the
      density of the elastomeric posts may be 290 posts per square inch.
      Measurements on test specimens prepared with this post array configuration
      gave shear strengths just under 1.0 lbs/mil/inch.sup.2 and compressive
      strengths about 2.0 lbs/mil/inch.sup.2. The ultimate shear strength of
      this post array was measured to be over 100 lbs/inch.sup.2, which
      illustrates the very great holding ability of the elastomeric post array
      mounting structure.
PAR  Calculations based on the measured values given above indicate that, with
      the elastomeric post array mounting structure shown in FIG. 2, there would
      only be a few tenths of a microinch distortion of the body of the ring
      laser gyroscope 11 in any direction as a result of thermal expansion
      differences over a .+-. 100.degree. Fahrenheit (F) temperature range. This
      illustrates the effectiveness of the elastomeric post array structure for
      the ultra-low-stress mounting of a ring laser gyroscope, or of a similar
      delicate instrument or device.
PAR  The thermal resistance of the elastomeric post array layer is an important
      factor in mounting any instrument, such as a ring laser gyroscope which
      has an internal power requirement and/or a temperature control
      requirement. This is because the elastomeric post array layer is the only
      direct pathway for conductive heat transfer to and from the instrument
      body. Thermal resistance test measurements on a post array of SE 5504
      elastomeric material indicate that there would only need to be a
      temperature drop of 5 to 7.degree.  Fahrenheit across the post array layer
      to dissipate the excess heat generated in a typical laser gyroscope body.
PAR  The invention thus provides an elastomeric post array mounting structure
      which can be used for the ultra-low-stress mounting of any dimensionally
      critical instrument or device to enable the mounting forces to be
      distributed over large areas of the surface of the instrument to avoid
      stress concentrations. In a preferred embodiment of the invention, an
      array of separate elastomeric posts of preselected shape and spacing is
      utilized to attach part or all of the body surface of the instrument or
      device to one or more rigid support sections.
PAR  While the salient features have been illustrated, and described in a
      preferred embodiment of the invention, it should be readily apparent to
      those skilled in the art that many changes and modifications can be made
      in the preferred embodiment without departing from the spirit and scope of
      the invention. It is therefore intended to cover all such changes and
      modifications of the invention that fall within the spirit and scope of
      the invention as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An elastomeric post array mounting structure for suspending a precision
      device in any of a plurality of omnidirectional positions while minimizing
      the transmission of external stresses to the precision device, said
      structure comprising:
PA1  a first rigid support section having a first surface;
PA1  a first array of separate elastomeric first posts, each of said first posts
      having a first end attached to said first surface of said first rigid
      support section and a second end attached to a first surface of the
      precision device, each of said posts having a preselected
      cross-sectional-area and a preselected length between said first and
      second ends to achieve desired shear, tensile and compressive strengths
      for said mounting structure, said first array of separate elastomeric
      first posts acting collectively to suspend the precision device in a
      substantially fixed position relative to said first rigid support section
      for all orientations of said first rigid support section while minimizing
      the transmission of shear, tensile and compressive stresses to the
      precision device;
PA1  a second rigid support section having a second surface; and
PA1  a second array of separate elastomeric second posts, each of said second
      posts have a third end attached to said second surface of said second
      rigid support section and a fourth end attached to a second surface of the
      precision device.
NUM  2.
PAR  2. The elastomeric post array mounting structure of claim 1 further
      including:
PA1  first means, coupled between said first and second rigid support sections
      without directly contacting the precision device, for providing additional
      support to said structure.
NUM  3.
PAR  3. The elastomeric post array mounting structure of claim 1 wherein:
PA1  said first and second surfaces of said first and second rigid support
      sections have configurations substantially mateable with the first and
      second surfaces, respectively, of the precision device.
NUM  4.
PAR  4. The elastomeric post array mounting structure of claim 1 wherein:
PA1  said first and second posts are made of silicone rubber; and
PA1  said first and second rigid support sections are made of metal.
NUM  5.
PAR  5. The elastomeric post array mounting structure of claim 4 wherein:
PA1  said first and second rigid support sections are made of beryllium.
NUM  6.
PAR  6. The elastomeric post array mounting structure of claim 4 wherein:
PA1  said first and second support sections are made of aluminum.
NUM  7.
PAR  7. The elastomeric post array mounting structure of claim 1 further
      including:
PA1  means coupled to said first and second rigid support sections for moving
      said rigid support sections further away from each other as a function of
      the thermal expansion of said first and second arrays and for moving said
      rigid support sections closer toward each other as a function of the
      thermal contraction of said first and second arrays.
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ABST
PAL  A method and apparatus for manufacturing high-frequency coil devices,
      wherein a solid cylindrical rod-like mandrel having a coil element loaded
      thereon is inserted between lower and upper molds each of which is
      provided with a resilient layer, so that an annular cavity is defined
      between the peripheral surface of the mandrel and the resilient layers.
      The coil element is positioned within the annular cavity, and
      compressively enclosed by the resilient layers so as to be partially
      embedded therein, with the opposite end portions thereof being held in a
      fluid-tight manner between the resilient layers so as to be isolated from
      the mold cavity. A molten resin is injected into the mold cavity, and
      after the resin thus injected has been solidified, the resulting coil
      device is automatically removed from the mandrel through relative movement
      of the molds and mandrel.
PARN
PAR  This is a division of application Ser. No. 358,060, filed May 7, 1973, now
      abandoned.
BSUM
PAR  This invention relates generally to the manufacture of electronic
      components, and more particularly to an improved method and apparatus for
      manufacturing highfrequency coil devices.
PAR  A variety of high-frequency coil devices have been proposed, among which is
      one comprising a coil element and a resin bobbin molded integrally
      therewith in such a manner that each turn of the coil element is partially
      projected out of it. In the conventional method of manufacturing such a
      coil device, use is made of a pair of rigid metallic molds each of which
      is formed with a semi-cylindrical recess and axially spaced arcuate
      grooves formed in the semi-cylindrical surface of the recess; a solid
      cylindrical rod-like mandrel having a coil element loaded thereon is
      inserted between the two molds so that the coil element is enclosed by the
      semi-cylindrical recesses which form a mold cavity together with the
      peripheral surface of the mandrel, with the turns of the coil element
      being partially fitted in the arcuate grooves respectively; and then a
      molten resin is injected into the aforementioned mold cavity. The number
      and pitch of the arcuate grooves mentioned above are so selected as to
      conform to those of the coil element turns, and the depth of each groove
      is such that each turn of the coil element is partially fitted therein as
      described above.
PAR  Disadvantageously, however, the prior art mentioned above requires a
      sophisticated technique for forming the arcuate grooves with a high
      precession. More important, the prior-art molds can be utilized only for a
      specific type of coil element, since the number, pitch, etc. of the
      arcuate grooves are selected so as to be adapted only for such a specific
      type of coil element. In other words, if the number of pitch of the turns
      of the coil element is varied, the same molds can no longer be utilized.
      Further disadvantages of the prior art will become apparent hereinafter.
PAR  The primary object of this invention is to provide a novel method and
      apparatus by which high-frequency coil devices can be produced at lower
      cost and on a massproduction basis.
PAR  Another object of this invention is to provide an inexpensive but greatly
      improved method and apparatus for manufacturing high-frequency coil
      devices.
PAR  A further object of this invention is to provide a novel method and
      apparatus for producing high-frequency coil devices comprising a coil
      element and a resin bobbin molded integrally therewith.
PAR  Other objects, features and advantages of this invention will become
      apparent from the following description taken in conjunction with the
      accompanying drawings.
PAR  According to one aspect of this invention, there are provided a method and
      apparatus for manufacturing high-frequency coil devices, wherein a solid
      cylindrical rod-like mandrel having a coil element loaded thereon is
      disposed into engagement with lower and upper molds each provided with a
      resilient layer, so that an annular cavity is defined between the mandrel
      and the resilient layers, with the coil element being compressively
      enclosed by the resilient layers and partially embedded therein; a molten
      resin material is injected into the annular cavity to form a bobbin molded
      integrally with the coil element, those portions of the coil element which
      are embedded in the resilient layers being projected out of the bobbin;
      thereafter, the resulting coil device comprising the coil element and
      integrally molded bobbin is automatically removed through relative
      movement of the molds and mandrel. Furthermore, the opposite end portions
      of the coil element are held in a fluid-tight manner between the resilient
      layers so as to be isolated from the mold cavity, whereby flash is
      prevented from occurring thereat.
DRWD
PAR  FIG. 1 is a perspective view showing an example of the lower or upper mold
      according to the prior art;
PAR  FIG. 2 is a perspective view showing an example of the coil element to
      which this invention is applicable;
PAR  FIG. 3 is a perspective view showing the lower and upper molds according to
      this invention;
PAR  FIG. 4 is a sectional view taken along the lines IV--IV of FIG. 3;
PAR  FIGS. 5(A) and (B) are schematic views, partly in section, useful for
      explaining the method and apparatus of this invention;
PAR  FIG. 6 is a sectional view taken along the line VI--VI of FIG. 5(B); and
PAR  FIG. 7(A) is a perspective view of an example of the high-frequency coil
      device manufactured in accordance with this invention, and
PAR  FIG. 7(B) is a sectional view taken along the line VIIB--VIIB of FIG. 7(A).
DETD
PAR  Referring to FIG. 1, there is shown a conventional mold 1 which can be
      employed for producing high-frequency coil devices. The mold 1 is formed
      with a semi-cylindrical recess 2 having axially spaced arcuate grooves
      3-1, . . . , 3-n formed therein. On the opposite sides of the recess 2 are
      provided substantially flat surfaces 4a and 4b which have rectilinear
      grooves 5a and 5b formed at positions corresponding to the outermost
      arcuate grooves 3-1 and 3-n respectively. Furthermore, stepped portions 6a
      and 6b are provided at the borders between the flat surfaces 4a, 4b and
      the recess 2.
PAR  In producing high-frequency coil devices, two such molds are used as lower
      and upper molds in conjunction with a rod-like mandrel onto which is
      loaded a coil element such for example as shown at 7 in FIG. 2. The
      mandrel having the coil element 7 loaded thereon is placed between the
      lower and upper molds 1, and then the molds are closed into engagement
      with the mandrel so that an annular space or cavity is defined between the
      surface of the mandrel and the recesses 2 of the two molds. In this case,
      the coil element 7 loaded on the mandrel is disposed in engagement with
      the arcuate grooves 3-1, . . . , 3-n, with the opposite end portions 7a
      and 7b thereof being placed in the rectilinear grooves 5a and 5b
      respectively. Thereafter, a molten resin material is injected into the
      annular cavity defined between the mandrel and the recesses 2 of the molds
      1.
PAR  However, the foregoing conventional arrangement is disadvantageous in that
      the molds can only be used for a specific type of coil element since the
      number and pitch of the arcuate grooves formed therein are selected so as
      to correspond to those of the turns of such a coil element. In other
      words, various molds must be prepared to process coil elements having a
      varying pitch or number of turns. Obviously, this will lead to a great
      increase in the cost of the products as well as the apparatus per se. A
      further disadvantage is that the molten resin material injected into the
      annular cavity is permitted to flow into the grooves 5a and 5b in which
      are accommodated the opposite end portions 7a and 7b of the coil element 7
      so that flashes are inevitably caused to occur thereat. To remove such
      flashes, tedious work must be done, which not only further increases the
      cost of the products but also tends to result in a poor yield.
PAR  Turning now to FIG. 3 of the drawings, there are shown a lower mold
      indicated generally at 8a and an upper mold indicated generally at 8b
      which are constructed in accordance with the present invention. FIG. 4 is
      a sectional view taken along the lines IV--IV of FIG. 3. As best shown in
      these figures, each of the lower and upper molds 8a and 8b is provided
      with a pair of vertical end walls 9a and 9b having flat top surfaces 10a
      and 10b respectively. Between the end walls 9a and 9b is formed a recess
      11, on the opposite sides of which two flat surfaces 12a and 12b extend.
      Although the recess is shown as semi-cylindrical, it is to be understood
      that the recess may take any suitable shape. A resilient layer indicated
      generally at 13 is provided on the recess 11 and flat surfaces 12a, 12b.
      The resilient layer 13 is formed by a heat-resisting, resilient material
      such for example as rubber, silicone rubber, synthetic rubber or the like,
      and it comprises a layer portion 13a covering the recess 11 and layer
      portions 13b and 13c covering the flat surface 12a and 12b respectively.
      The layer portions 13b and 13c are made substantially flush with the top
      surfaces 10a and 10b of the end walls 9a and 9b. The layer portion 13a has
      a semi-cylindrical surface similar to that of the recess 11 and may be
      made smaller in thickness than the layer portions 13b and 13c. At the
      respective borders between the layer portion 13a and the layer portions
      13b, 13c are provided stepped portions 14a and 14b, the function of which
      will be described hereinafter. In the top surfaces 10a and 10b of the end
      walls 9a and 9b of each mold are formed semi-cylindrical notches 15a and
      15b respectively. The notch 15a extends completely across the end wall 9a
      and is adapted to be disposed in snug engagement with the periphery of a
      solid cylindrical rod-like mandrel indicated generally at 16 in FIG. 5,
      and the notch 15b, which is smaller than the notch 15a, extends partially
      across the end wall 9b and is adapted to be disposed in snug engagement
      with a smaller-diameter portion 16a provided at the forward end of the
      mandrel 16 shown in FIG. 5. Mandrel 16 has plural, say three,
      circumferentially equally spaced, axially extending grooves 16c,16d and
      16e formed in the periphery thereof. The upper mold 8b has a
      through-aperture 17 formed in that portion of the end wall 9b which
      extends between the layer portion 13a and the smaller notch 15b.
PAR  The method according to an embodiment of this invention will now be
      described with reference to FIGS. 5 and 6. First of all, such a coil
      element 7 as shown in FIG. 2 is loaded onto the mandrel 16 as shown in
      FIG. 5. The coil element 7 may be either preformed one or one which is
      formed by winding a wire onto the mandrel; in either case, the coil
      element 7 has the opposite end portions 7a and 7b thereof extended
      horizontally and perpendicularly with respect to the axis of the mandrel
      16.
PAR  Thereafter, the lower and upper molds 8a and 8b are moved in the direction
      as indicated by arrows in FIG. 5(A), and then moved toward each other to
      be closed as shown in FIG. 5(B), so that the notches 15a and 15b are
      disposed in snug engagement with the periphery of the mandrel 16 and
      smaller-diameter forward end portion 16a thereof respectively. It will be
      readily apparent to those skilled in the art that the lower and upper
      molds 8a and 8b may be displaced from the position shown in FIG. 5(A) to
      the closed position shown in FIG. 5(B) while being moved toward each
      other. Alternatively, the mandrel 16 may be displaced to be placed between
      the molds, and then the molds may be closed. In this way, an annular
      cavity 18 is defined between the mandrel 16 and the layer portions 13a of
      the lower and upper molds, and the coil element 7 on the mandrel 16 is
      located in the annular cavity 18 in such a manner as to be compressively
      enclosed by the layer portions 13a and partially embedded therein as
      indicated at 19 in FIG 5(B). In this case, the opposite end portions 7a
      and 7b of the coil element 7 are held in a fluid-tight manner between the
      lower and upper layer portions 13b, 13c and between the lower and upper
      layer portions 13c, 13b, respectively, as shown in FIG. 6.
PAR  Subsequently, a molten resin material to be molded, which may be either a
      thermosetting resin or thermoplastic resin, is injected into the
      aforementioned annular cavity 18 through the aperture 17 of the upper mold
      8b by means of a nozzle (not shown) connected with a resin material source
      (not shown).
PAR  After the molten resin material injected into the annular cavity 18 has
      been solidified, the lower and upper molds 8a and 8b are displaced in the
      direction as indicated by arrows in FIG. 5(B) so that a resulting coil
      device such as shown generally at 20 in FIG. 7 is automatically removed
      from the mandrel 16, and then the molds are opened to take out the device.
      The displacement of the molds may be effected while they are being moved
      away from each other to be opened completely. Alternatively, the mandrel
      16 may be pulled out from between the molds, and then the molds may be
      opened.
PAR  Referring to FIG. 7(A), the coil device 20 manufactured in accordance with
      the principles of this invention comprises the coil element 7 and a molded
      bobbin 21 having the coil element integrally embedded therein. The bobbin
      21 includes opposite flange-like portions 21a and 21b which are formed due
      to the presence of the stepped portions 14a and 14b at the borders between
      the layer portions 13a and the layer portions 13b, 13c of each mold. Such
      flange-like portions 21a, 21b of the bobbin 21 serve to reinforce the
      device. Furthermore, the bobbin 21 is provided on the inner surface
      thereof with circumferentially equally spaced, axially extending ribs 21c,
      21d and 21e which are formed due to the presence of the grooves 16c, 16d
      and 16e in the periphery of the mandrel 16. These ribs serve to hold a
      magnetic core (not shown) inserted in the hole of the bobbin 16 and
      increase the mechanical strength of the adherence of the bobbin to the
      coil element.
PAR  As will be seen from FIG. 7(B), which is a sectional view taken along the
      line VIIB--VIIB of FIG. 7(A), each turn of the coil element 7 is partially
      projected out of the outer periphery of the bobbin 21. The extent of this
      projection depends upon the Q, mechanical strength and mechanical
      precision required of the coil device. It is to be understood that the
      material constituting the layer 13, the thickness thereof, etc. are so
      selected as to permit the coil element to be embedded in the layer
      portions 13a of each mold to such an extent that the desired projection of
      each turn of the coil element out of the bobbin can be achieved.
PAR  As will be appreciated from what has been described, in accordance with
      this invention, the aforementioned problems with the prior art can be
      completely solved. More specifically, any desired coil device can be
      produced without changing the molds for any number or pitch of the turns
      of a coil element. In addition, the molds according to this invention,
      unlike the prior-art ones, are provided with no special grooves for
      engagement with the turns of the coil element, so that they can be
      manufactured at much lower cost. A further advantage is that the coil
      element can be prevented from being damaged during the molding operation
      by virtue of the fact that it is enclosed by the resilient layers instead
      of by rigid surfaces as in the prior art. A still further advantage is
      that no flash is caused to occur at the opposite end portions of the coil
      element since such end portions are held in fluid-tight manner between the
      resilient layers to be isolated from the mold cavity. Although the
      resilient layer was provided on each of the two molds in the foregoing
      embodiment of this invention, it is to be understood that such a layer may
      be provided on the mandrel or both on the molds and mandrel.
PAR  While the present invention has been described with respect to some
      specific embodiments thereof, it is to be understood that the foregoing
      description is only exemplary of the invention and various modifications
      and changes may be made within the spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for manufacturing a high-frequency coil device comprising a
      coil element having a plurality of coaxial turns and a pair of connector
      leads integral therewith, and a generally cylindrical, hollow bobbin
      molded integrally with said coil element wherein the turns of said coil
      element are partially projected out of the outer surface of said bobbin
      and said connector leads are extended outwardly of said bobbin and
      substantially perpendicularly with respect to the axis of said coil
      element said apparatus comprising a pair of molds, and a rod-like mandrel,
      each of said molds including a semi-cylindrical recess and substantially
      flat surface portions formed in a molding surface thereof, said
      substantially flat surface portions extending in opposite directions from
      the opposite sides of said semi-Cylindrical recess respectively, a pair of
      walls for enclosing the recesses in cooperation with said mandrel when
      said molds are closed, and an aperture formed in one of said walls of one
      of said molds for permitting of the injection of a molten resin material
      into a mold cavity defined by said molds and said mandrel, said mandrel
      adapted to receive a coil element thereon and said molds, when closed,
      adapted to receive said mandrel with said coil element thereon within said
      mold cavity such that when the molten resin material is injected into said
      mold cavity, a bobbin integral with said coil element is formed,
      characterized in that each of said molds further includes a resilient
      layer provided on said molding surface, said resilient layer comprising a
      semi-cylindrical portion corresponding to said semi-cylindrical recess and
      substantially flat portions corresponding to said substantially flat
      surface portions respectively, said resilient layer being of such a
      thickness that when said molds are closed said coaxial turns of said coil
      element are compressively engaged thereby and only partially buried
      therein and said connector leads of said coil element are held in a fluid
      tight manner between said substantially flat portions thereof so as to be
      isolated from said mold cavity; and that said resilient layer has a pair
      of stepped portions provided between said semi-cylindrical portion and
      said substantially flat portions thereof and extending along the opposite
      sides thereof respectively.
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ABST
PAL  A channeling wedge to be used for separating wires in a cable bundle and
      for separating the shield from the sheath to form passages affording resin
      or compound to more freely flow into the cable bundle and between the
      shield and the sheath and block the cable.
PARN
PAR  This is a continuation of application Ser. No. 388,402 filed Aug. 15, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improvement in a member for separating wires
      in a cable bundle when the cable has been opened to form a gas-tight block
      in the cable on both sides of the area where work is to be performed on
      the cable. Multiconductor sheath cables, such as telephone or other
      communications cables, are often protected against moisture-penetration
      over critical parts of their length by maintaining dry air or another gas
      under pressure inside of the cable. If a leak develops in the outside
      sheath of the conductor the pressure of the gas escaping prevents moisture
      from entering the cable, and in addition, the regular monitoring of the
      pressure along the cable permits location of a leak, since a reduction in
      pressure or increase in gas used occurs in the area of the leak. When
      access to such a pressurized cable is desired, as when electrical
      connections are to be made to the cable, it is necessary to form the
      above-mentioned gas-tight blocks in the cable on both sides of the area
      where the work is to be performed. These cable blocks are generally formed
      in situ by introducing a self-curing liquid composition inside of the
      cable or inside a mold surrounding a portion of the cable from which the
      sheath has been removed. To assure the penetration of the resin
      composition into the cable to make sure that it completely blocks the
      migration of gas through the cable at the area selected it is necessary to
      open up channels or passageways transverse to the wires to permit the
      resin to migrate into the interior of the wire bundle.
PAR  The opening of channels into the wire bundle has previously been performed
      by members called channeling pins which are forced into the wire bundle
      producing on each side of the pin a passageway for the resin along the
      length of the pin and through the wire bundle and which channeling pins
      then remain in the wire bundle after the resin block is completed. The
      pins that have been used previously are formed from rod stock circular in
      cross-section and have one pointed end. The pins were generally four
      inches long and 1/8 inch in diameter with a sharpened point formed on one
      end. This pin when forced through the wire bundle would form passageways
      but many times the point would penetrate the insulation on one of the
      wires, would even cut a wire, or the sharp point would catch on a wire and
      draw part of the wire out of the bundle.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a much improved member for opening channels
      through a wire bundle, which channels are adapted to receive resin during
      the preparation of a gas-tight block.
PAR  The member or channeling wedge according to the present invention has a tip
      of a special shape and is tapered or wedge-like in a plurality of its
      dimensions so that the wedge can be easily inserted by hand through a wire
      bundle and will readily slide between the wires without piercing, or
      cutting the insulation on wires which it contacts to open channels for
      receiving the resin.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The present invention will be more fully understood after reading the
      following detailed description which refers to the accompanying drawing
      wherein:
PAR  FIG. 1 is an elevational view of the channeling wedge of the present
      invention;
PAR  FIG. 2 is a side view thereof;
PAR  FIG. 3 is an end view thereof;
PAR  FIG. 4 is a sectional view taken along lines 4--4 of FIG. 1,
PAR  FIG. 5 is a sectional view taken along the lines 5--5 of FIG. 1; and
PAR  FIG. 6 is a detailed view showing channeling wedges according to the
      present invention positioned within a cable bundle to form passageways
      therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, there is shown in FIG. 1 a one-piece
      longitudinal polymeric channeling wedge 10 according to the present
      invention which may be molded from polycarbonate, polypropylene,
      polystyrene nylon or polyethylene to have a matte finish.
PAR  The channeling wedge 10 has a tip end surface 11 with a substantially
      greater length than width dimension; a broad end surface 14 opposite its
      tip end surface 11 adapted to receive force to move the wedge 10, tip end
      surface first, between the wires of a cable; opposite edge surfaces 12 and
      13 having essentially the same width dimension as the tip end surface 11,
      being aligned with the tip end surface 11, and extending from the tip end
      surface 11 to the opposite end surface 14; and opposite broad side
      surfaces 8 and 9 joining the tip end surface 11, the opposite end surface
      14, and the edge surfaces 12 and 13. The wedge 10 includes a narrow
      blade-like tip or end portion 7 terminating at the tip end surface 11. As
      seen in FIGS. 1 and 2 the end portion 7 is smoothly radiused both between
      the side surfaces 8 and 9 and between the edge surfaces 12 and 13 of the
      channeling wedge 10 to define the tip end surface 11. These radii cause
      deflection of wires from the tip end surface 11 upon movement of the end
      portion 7 between the wires of a cable. The end portion 7 also has
      opposite generally planar portions 6 of the side surfaces 8 and 9 which
      diverge from the tip end surface 11 toward the opposite end surface 14.
PAR  As best seen in FIGS. 3, 4, and 5, longitudinal outwardly projecting
      wedge-like edge portions 15 of the wedge 10 define its edge surfaces 12
      and 13. Each edge portion 15 also defines opposite portions of the side
      surfaces 8 and 9 of the wedge that diverge from the associated edge
      surface 12 or 13 toward a central portion of the wedge 10. The edge
      portions 15 diverge from each other longitudinally from the tip end
      surface 11 toward the opposite end surface 14 of the wedge 10. The edge
      surfaces 12 and 13 and planar portions 6 of the side surfaces 8 and 9,
      each of which diverge from the tip end surface 11, together with the
      diverging portions of the side surfaces 8 and 9 on the wedge-like edge
      portions 15 are adapted to smoothly increase the separation between wires
      deflected by the tip end surface 11 and to open passageways for resin
      adjacent the edge surfaces 12 and 13 during movement of the channeling
      wedge 10 between the wires of a cable.
PAR  A groove 16 or 17 is formed in the wedge 10 along each of the side surfaces
      8 and 9. The grooves 16 and 17 are opposite each other and extend from the
      opposite end surface 14 to the end portion 7 such that a cross section of
      the wedge 10 intersecting the grooves 16 and 17 is generally that of two
      diamond-shaped members joined at edges (see FIG. 5). The grooves 16 and
      17, upon insertion of the channeling wedge 10, provide passageways for the
      flow of blocking resin between the side surfaces 8 and 9 and the wires
      into the center of a wire bundle. Smooth sloping grooves (not shown) may
      also extend transverse to the wedge to facilitate resin flow from the
      grooves 16 and 17.
PAR  When the wedge 10 is adapted for use with cables with up to 1000 pairs of
      wires, it is preferably about 4 inches long. It can, however, be made
      longer to permit it to penetrate cables of 3,000 pairs of wires or more.
      The tip 11 is preferably 1/4 inch in width, or between about 0.12 and 0.37
      inch, and between 0.015 and 0.045 inch thick with suitable radii at the
      tip end surface 11. A preferred thickness is 0.030 inch with a radius of
      0.015 inch. Typically the end surface 14 is about 0.12 inch thick and
      about 1/2 inch wide.
PAR  In FIG. 6 there is shown a multiconductor sheathed cable 18 formed with a
      plurality (e.g. 300) of small separately insulated wires 19. A sheath 20
      formed by a helically wound web of paper holds the wires 19 in a bundle
      and a shield 21 formed of steel covers the sheath 20. A layer of
      insulating material 22 usually an elastomeric material) 22 covers the
      outside of the shield 21. In forming a block in the cable 18 the coating
      22, shield 21 and sheath 20 are all severe along a 6 inch length of the
      cable 18 exposing the bundle of wires 19. The channeling wedges 10 may
      thus be inserted between the shield 21 and the sheath 20 to allow some
      resin to penetrate in this area and also a multiplicity of the wedges 10
      are forced through the bundle of wires 19 transverse to the path of the
      wires 19. In FIG. 6, three channeling wedges 10 are illustrated in
      positions penetrating the bundle of wires 19. In the actual forming of a
      block approximately ten to fifteen of the channeling wedges 10 are driven
      through the bundle of wires 19 to open the bundle sufficiently that a
      self-curing resinous composition may be poured into a mold surrounding
      this opening in the cable and that the composition will fill the inside of
      the cable 18. The channeling wedges 10 permit this composition to get into
      the center of the cable and it is necessary that all the passageways
      formed between the wires lengthwise of the cable be coated to block the
      movement of the gas along the wires 19 of the cable 18.
PAR  As is shown in FIG. 6, each channeling wedge 10 forms a channel along each
      of its edge surfaces 12 and 13, permitting the resinous composition to
      flow into the bundle of wires 19 along the edge surfaces 12 and 13; and
      the grooves 16 and 17 have sufficient size to permit the resinous
      composition to flow into the bundle between the wires and the side
      surfaces 8 and 9 of the wedge 10. Where the end portions or tips 7 11 have
      fully penetrated the cable 18 it is noted that the wires 19 have not been
      pulled or stretched from the bundle as the radii on the tip end surfaces
      11 permit the movement of the channeling wedges 10 through the bundle and
      between the wires 19.
PAR  The wedge may also be inserted between the wrapping and the wires in
      bundles, between the sheath and wires, between the sheath and shield, and
      between the shield and protective armour. When used in this manner the
      wedge 10 is inserted at an angle to follow a helical path around the wires
      lifting the wrapping, sheath, shield or armour as is indicated by wedge
      10a in FIG. 6. The flexibility of the wedge and the thin blade-like end
      portion 7 afford entry of the wedge under these members.
PAR  The wedge of this invention may also be formed with a large head like that
      of a nail (not shown) to permit it to be driven easier by hand. Also a pad
      may be applied to the broad end surface 14 to make the wedge easier to
      drive.
PAR  Suitable liquid compositions for forming the block in the cable are sold
      under the trademark "SCOTCHCAST" of Minnesota Mining and Manufacturing
      Company of Saint Paul, Minnesota. These materials may include
      polyurethanes, and epoxy resins and suitable examples are sold under the
      catalogue number 4407 and numbers 4, 10, 11, and 14, respectively.
PAR  The wedges 10 are provided as illustrated with graduations 25 to afford a
      measure of the penetration of the wedge 10 into the wire bundle. The
      graduations 25 are visual indications of inches, centimeters, etc. and
      raised ribs near the edge surface 13 provide for further calibrations and
      are readable by touch.
CLMS
STM  I claim:
NUM  1.
PAR  1. A channeling wedge for forming passageways to allow the introduction of
      resin between the wires of a multiwire cable, said channeling wedge
      comprising a broad longitudinal polymeric member having a tip end surface
      with a substantially greater length than width dimension; an end surface
      opposite said tip end surface adapted to receive force to move the wedge,
      tip end surface first, between the wires of a said cable; opposite edge
      surfaces having essentially the same width dimension as said tip end
      surface, being aligned with said tip end surface, and extending from said
      tip end surface to said opposite end surface; and opposite broad side
      surfaces joining said tip end surface, said opposite end surface and said
      edge surfaces, which polymeric member:
PA1  includes a narrow blade-like end portion terminating at said tip end
      surface, said end portion being smoothly radiused both between said side
      surfaces and between said edge surfaces to define said tip end surface,
      which radii cause deflection of wires from said tip end surface upon
      movement of said end portion between the wires of a said cable, and having
      opposite generally planar portions of said side surfaces which diverge
      from said tip end surface toward said opposite end surface;
PA1  includes longitudinal outwardly projecting wedge-like edge portions which
      define said edge surfaces and diverge from each other longitudinally from
      said tip end surface toward said opposite end surface, and which
      wedge-like edge portions each define opposite portions of said side
      surfaces that diverge from the associated edge surface toward a central
      portion of the polymeric member, said edge surfaces and planar side
      surface portions which diverge from said tip end surface and said
      diverging portions of said side surfaces on said wedge-like edge portions
      being adapted to smoothly increase the separation between wires deflected
      by said tip end surface and to open passageways for the resin adjacent
      said edge surfaces during movement of said channeling wedge between the
      wires of a said cable; and
PA1  has a groove along each of said side surfaces between said wedge-like edge
      portions extending from said opposite end surface to said end portion, the
      grooves along said side surfaces, upon insertion of said channeling wedge
      through a said cable, providing passageways for resin between the side
      surfaces and said wires.
NUM  2.
PAR  2. A channeling wedge according to claim 1 wherein said end portion
      adjacent said tip end surface is between 0.12 and 0.37 inch wide between
      said edge surfaces, said width dimension of the tip end surface is between
      0.015 and 0.045 inch, and said edge surfaces converge over a length of
      about 4 inches from a portion of said wedge about 0.5 inch between said
      edge surfaces and about 0.12 inch between said side surfaces.
NUM  3.
PAR  3. A channeling wedge according to claim 1 wherein at least one of said
      side surfaces has graduations marked along its length.
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ABST
PAL  A pulling attachment for an elbow having a single threaded hole at opposite
      ends for use in passing heavy electrical cable through a conduit is
      described. The attachment comprises means for attaching a median portion
      to the threaded hole, and opposed outwardly and downwardly extending wing
      portions configured to fit over side walls of the pulling elbow. Means are
      connected to each of the wing portions for clamping same to the elbow side
      walls. A roller is mounted on the opposed wing portions so as to extend
      within the box to engage the cable.
BSUM
PAR  This invention relates to a pulling attachment for an angle fitting or
      elbow for use in running cables through electrical conduit.
PAR  It is conventional in running heavy electrical cables through angled
      conduits to employ an angled fitting or elbow at their intersection
      connected to the angled conduits to assist in changing the direction of
      the cable. It is known from U.S. Pat. No. 3,020,332 to install rollers in
      the elbow ends for engaging the cable to avoid damage thereto from the
      cable engaging the elbow edges. This patent also discloses a roller
      attachment for use with an explosion-proof elbow having a pair of ears at
      each opposite end by means of which an access cover plate is mounted on
      the elbow.
PAR  However, elbows are also known having only a single threaded hole at each
      end for mounting of the access cover plate. The aforementioned patented
      attachment is not suitable for use with such single hole-ended elbows.
PAR  The main object of the invention is a novel attachment containing a roller
      for mounting on the end of a single hole-ended elbow to assist in pulling
      an electrical cable through the elbow without damage to the cable.
PAR  This and other objects and advantages of the invention as will appear
      hereinafter are achieved by an attachment construction characterized by a
      mounting plate having a center hole by means of which the attachment can
      be secured to the single threaded hole at the elbow end. Extending
      forwardly and downwardly from opposite ends of the mounting plate are
      opposed wing portions spaced apart so as to fit over the side walls of the
      elbow. Extending inward from each wing portion is a structural member
      adapted to extend within the elbow and onto which is journalled one end of
      a roller. Means are connected to the wing portions for clamping to the
      elbow side walls for securing the attachment to the elbow.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawing, wherein
PAR  FIGS. 1 and 2 are a side and top view, respectively, of an elbow with the
      access cover removed and with one form of pulling attachment in accordance
      with the invention mounted at opposite ends illustrating how the passing
      of a cable through the elbow and adjoining conduits is facilitated;
PAR  FIG. 3 is a perspective, partly exploded view of the pulling attachment
      shown in FIGS. 1 and 2, and FIG. 3a is a detail view of the top;
PAR  FIG. 4 is a top view of the elbow of FIG. 1 without the pulling
      attachments;
PAR  FIG. 5 is a side view of the elbow with the cover in place.
DETD
PAR  Referring now to the drawing, FIG. 3 is a perspective, partly exploded view
      of one form of pulling attachment 10 in accordance with the invention. The
      pulling attachment comprises a mounting plate 11 having a clearance
      slotted aperture 12 at its center through which a top winged screw or bolt
      13 can be passed.
PAR  A bifurcated screw-holding plate 8 is secured as by a screw 7 at the top of
      the mounting plate 11 (see FIG. 3a). The plate 8 slot engages a shank 9 of
      the top screw 13 to hold same in place on the attachment while permitting
      screw rotation. Extending forwardly and downwardly from each end of the
      mounting plate is a wing portion 15, also in the form of a plate. A
      threaded hole 16 is present in each wing portion 15, located forwardly of
      and below the mounting plate 11. It is engaged by a side winged screw or
      bolt 14. The mounting plate with wing portions 15 form a generally
      U-shaped configuration.
PAR  Extending inwardly from each edge of the wing portions 15, also downwardly
      is a roller support portion 17. The support portion 17 forms with the
      interior wall of the wing portion 15 a channel 18 into which the elbow
      side walls are received. Journalled 19 at the end of each support portion
      17 is a roller 20, which thus extends parallel to but below the mounting
      plate 11.
PAR  FIGS. 1 and 2 illustrate how the pulling attachment is installed and
      utilized. The angled conduits into which a heavy electrical cable is to be
      passed are shown at 22 and 23. An angled fitting or elbow 24 is connected
      at opposite ends. FIG. 5 illustrates the conduit construction with the
      cable installed and with a cover access plate in position. The elbow 24
      comprises an elongated hollow cast body 30 having a conduit connection 31
      at one end and at its bottom 32 at the opposite end. The elbow includes
      side walls 33 and an open top closed off by a cover access plate 34. As
      shown in FIG. 4, a single threaded hole 35 is provided at each end of the
      elbow by means of which the cover plate 34 may be secured to the elbow.
      The access cover plate is removed when the cable is installed, to enable
      the cable to be formed into a large loop extending through the open top,
      which simplifies installation of the cable. This is illustrated in FIG. 1
      and 2. To avoid damaging the cable insulation, a pulling attachment 10 of
      the invention is installed at opposite ends of the elbow.
PAR  As will be observed from FIGS. 1 and 2, the attachment mounting plate 11
      rests on the elbow end transversely to the elbow length. The top winged
      screw 13 is used to secure the mounting plate 11 to the threaded opening
      35 at the elbow end. lessening The wing portions 15 fit over the outside
      of the elbow side walls 33, which extend into the channels 18 formed
      between the wing portions 15 and the roller support portions 17. Both side
      winged screws 14 are rotated in to engage the elbow side walls 33 thereby
      to clamp the attachment securely to the elbow. In this position the
      rollers 20 are located below the top edge of the elbow. When the cable is
      pulled through, it will engage at its upper side the rollers 20 rather
      than the elbow edges thereby reducing frictions to ease pulling, and
      lessesing the likelihood that the cable insulation will be damaged.
PAR  The slotted aperture 12 allows for a small longitudinal adjustment in the
      position of the attachment to accommodate different elbow constructions or
      optimize the pulling. The channels 18 are given a clearance spacing also
      to accommodate elbows of slightly different widths, the play being taken
      up by the side wing screws 14 when they are tightened against the elbow
      side walls. It will also be understood that winged screws 13 and 14, while
      convenient for easy attachment or detachment, are not essential, and
      oridinary screws or like fasteners can be used in their place. Also, while
      it is preferred to locate the rollers 20 below the elbow top, this is not
      essential, and the roller can be journalled if desired higher up on the
      support portions 17. It will also be understood that the top plate 11,
      wings 15, and roller supports 17 can be formed out of a single plate of
      metal, bent into shape illustrated, or formed from several individual
      pieces joined by suitable fasteners or other means to form the
      configuration illustrated in FIG. 3.
PAR  While the pulling attachment of the invention has been described for use
      with an elbow, it will be evident that it can also be used singly or in
      pairs with other electrical fittings coupling conduits through which a
      cable has to be passed to facilitate such passage. For example, there are
      fittings wherein one opening is located at the end but the other is at a
      side wall rather than at the bottom. In this case, the pulling attachment
      would be used only at the end opening. Even straight fittings can employ
      the pulling attachment of the invention, since it is easier to pull the
      cable through a conduit by forming a large loop through the open top of a
      connecting straight in which case rollers at both fitting ends will
      facilitate such operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pulling attachment for use with an electrical fitting having opposed
      side walls, a bottom wall, an open top, and openings in its walls through
      which a cable can be passed, comprising a mounting plate, means on the
      mounting plate for attaching the mounting plate to the opposed side walls
      of the electrical fitting, said attaching means comprising means forming
      substantially parallel channels for fitting over and receiving the
      electrical fitting side walls, means connected to the channelforming means
      for engaging the fitting side walls for securing the attachment to the
      fitting, and a roller journalled on the attaching means and extending
      parallel to the mounting plate, said roller being located in a position
      such that when the attachment is mounted on the electrical fitting
      adjacent a wall opening and the cable passed through the opening and
      pulled through the open top, the upper side of the cable bears against the
      roller when viewed from the top.
NUM  2.
PAR  2. A pulling attachment as claimed in claim 1 wherein the channel-forming
      means comprises wing portions extending outwardly and downwardly from
      opposed ends of the mounting plate.
NUM  3.
PAR  3. A pulling attachment as claimed in claim 2 wherein the wing portions
      each comprise a plate for fitting over the outside of the fitting and a
      roller support portion for fitting inside the electrical fitting.
NUM  4.
PAR  4. A pulling attachment as claimed in claim 3 wherein the roller is
      journalled on the roller-support portion such that it extends horizontally
      inside the fitting below its top.
NUM  5.
PAR  5. A pulling attachment for use with an electrical fitting having at an end
      a single threaded hole for mounting of an access cover plate as claimed in
      claim 1 wherein the mounting plate has a center slot, and the attaching
      means further comprises a threaded screw for engaging the fitting threaded
      hole.
NUM  6.
PAR  6. A pulling attachment as claimed in claim 5 wherein the attaching mean
      further comprises outwardly and forwardly extending wing portions and
      means on the wing portions for clamping same to the fitting side walls.
NUM  7.
PAR  7. A pulling attachment as claimed in claim 6 wherein the clamping means
      comprise a screw threadingly engaging each wing portion for engaging and
      clamping to the fitting side walls.
NUM  8.
PAR  8. A pulling attachment as claimed in claim 7 and further comprising
      screw-retaining means secured to the mounting plate and engaging the
      threaded screw which engages the fitting threaded hole.
NUM  9.
PAR  9. A pulling attachment for use with an electrical fitting having opposed
      side walls and end walls, a bottom wall, an open top, openings in its
      walls through which a cable can be passed, and a single threaded opening
      in each end wall for securing an access cover plate to the open top,
      comprising a mounting plate, means on the mounting plate for attaching the
      mounting plate to the opposed side walls of the electrical fitting, said
      attaching means comprising downwardly extending means forming
      substantially parallel wing portions for fitting over the outside of the
      electrical fitting side walls, means connected to the wing portions for
      engaging the outside of the fitting side walls and means connected to the
      mounting plate for engaging an end wall threaded opening for clamping the
      attachment to the fitting, and a roller journalled on the attachment and
      extending parallel to the mounting plate and toward and between the wing
      portions, said roller being located in a position such that when the
      attachment is mounted on the electrical fitting adjacent a wall opening
      and the cable passed through the opening and pulled through the open top,
      the upper side of the cable bears against the roller when viewed from the
      top.
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PAL  The hoist includes a rotatably mounted drive sheave having a continuous
      circumferential groove within which the load cable is received. A flexible
      bandlike member extends about the cable on the sheave, and has both ends
      connected via linkages to an eccentrically mounted bell crank on an
      auxiliary sheave. One cable end, after passing around the drive sheave,
      engages a portion of the auxiliary sheave circumference, translating the
      auxiliary sheave eccentrically and pulling both ends of the bandlike
      member when the cable is loaded.
BSUM
PAR  The present invention relates generally to hoist apparatus for raising or
      lowering a load connected to a cable, and, more particularly, to hoist
      apparatus having a driving pulley interrelated with the cable in such
      manner that driving pressure on the cable varies in accordance with the
      load.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a primary object and aim of the subject invention to provide cable
      drawing apparatus of improved construction for providing efficient and
      controlled handling of the cable and load carried thereby with uniform
      driving force being applied along the engaged portion of the cable which
      increases as the load increases.
PAR  A further object of the invention is the provision of cable hoist apparatus
      including a driving sheave and a flexible beltlike member received
      thereabout for exerting a retaining force onto a cable being driven by the
      sheave, both ends of which member are subjected to simultaneous sheave
      forces by the cable load.
PAR  A still further object of the invention is the provision of hoist apparatus
      as in the above objects which is simple to operate, easy to service and
      maintain, and exceptionally safe and reliable in use.
PAR  In summary of the apparatus of the invention, there is provided a hoist
      apparatus including a rotatably mounted drive sheave, including a
      continuous circumferential groove within which the load cable is received.
      A flexible bandlike member extends about the cable on the sheave, and has
      both ends connected via linkages to an eccentrically mounted bell crank on
      an auxiliary sheave. One end of the cable, after passing around the drive
      sheave, engages a portion of the circumference of the auxiliary sheave in
      such a manner as to translate the auxiliary sheave eccentrically, thereby
      applying a pulling force simultaneously to both ends of the bandlike
      member when a load is applied to the cable. Tension of the bandlike member
      is also applied in a uniform manner about the periphery of the drive
      sheave radially onto the cable, maintaining it in full driving relation
      with the sheave.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the hoist apparatus of this invention shown
      mounted in driving relation onto a cable and connected to a load.
PAR  FIG. 2 is a side elevational sectional view of the apparatus of FIG. 1
      taken along the line 2--2.
PAR  FIG. 3 is a further elevational sectional view of the apparatus taken along
      the line 3--3 in FIG. 2.
PAR  FIG. 4 is a perspective view of the drive sheave, tensioning bell crank,
      and associated linkage.
PAR  FIG. 5 is a plan, sectional view taken along line 5--5 of FIG. 2.
PAR  FIG. 6 is a sectional, elevational view of the power drive train.
PAR  FIG. 7 is a sectional elevational view of a velocity actuated safety brake
      interrelated with the hoist apparatus taken along line 7--7 of FIG. 5.
PAR  FIG. 8 is a further sectional view of the safety brake taken along line
      8--8 of FIG. 7.
PAR  FIG. 9 is a sectional, fragmentary view of a one-way drag assembly.
PAR  FIG. 10 is a sectional view of the cable diverter.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Turning now to FIG. 1 there is illustrated, in perspective view, the hoist
      apparatus of this invention identified generally as 10, which is drivingly
      related in a way to be described, to a cable 11 for moving a load
      interconnected therewith via a mounting bar 12. Customarily, a separate
      cable such as the cable 13 passes through a safety braking means 14
      unitary with the hoist apparatus and which serves to automatically brake
      movement with respect to the cable 13 in the event of the cable moving
      therethrough at an excessive rate such as could occur on severance of the
      cable 11. More particularly, a further safety brake 15 is interconnected
      with the cable 11 to stop descent in the event downward velocity exceeds
      some predetermined maximum. The latter brake is particularly useful if the
      hoist apparatus and attached load should be lowered beyond the end of
      cable 11, at which time due to disengagement of the driving mechanism and
      the cable, there will be a momentary sharp increase in downward velocity
      and the brake will be immediately actuated.
PAR  The hoist apparatus 10 also includes motor drive means 16 which drivingly
      engages the cable 11 for lifting, lowering or otherwise moving the load
      connected at 12. Although innumerable types of loads may be handled by the
      apparatus of this invention, one general application is that of raising
      and lowering scaffolding carrying personnel and equipment in or along the
      face of a building, for example.
PAR  With reference now to FIG. 2, the entire hoist apparatus is seen to be
      enclosed within a housing or casing 17 which may be constructed of
      aluminum, for example. The cable 11, fixedly connected to some stable
      point on a building, for example, passes down through an oversize bushing
      18 received within an accommodating opening 19 in the upper wall of the
      housing. An auxiliary or tensioning sheave 20 is mounted in the upper
      regions of the housing adjacent the opening 19 for eccentric pivoting
      motion about an axis 21 affixed to the housing. A second or driving sheave
      22 of substantially larger diameter than the sheave 20 is also mounted
      within the housing 17 for rotation about a central axle 23 interconnected
      with the motor drive means 16. The two sheaves are mounted with their
      circumferential peripheries in substantially the same plane and each
      includes a peripheral groove (24 in the sheave 20, and 25 in the sheave
      22) for receiving the cable 11 therein. A plurality of circular rollers
      26, having grooved peripheries, are rotatably mounted to the back side of
      the sheave 20 with the grooves forming an arcuate path generally
      coextensive with the edge of the sheave 20.
PAR  The cable 11, as shown in FIG. 2, after entering via the bushing 18, is
      received in the peripheral groove of that portion of the sheave 20 facing
      the drive sheave 22, then passes almost completely around groove 25, is
      guided by a diverter 27 to the grooved peripheries of the rollers 26,
      after which it leaves the housing 17 through guide tube 28. For a purpose
      that will be expanded upon later, exertion of a tensile force on the cable
      11 produces an eccentric swinging movement of the sheave 20 away from
      drive sheave 22.
PAR  Encompassing approximately 270.degree. of the driving sheave periphery, is
      a flexible pressure exerting member or chain 29, constructed of a
      plurality of individual roller links having grooved peripheries adapted
      for engaging the outwardly directed surface of the cable 11 when it is
      received in the groove of sheave 22. The rollers forming each link are
      associated in pairs with some or all having a generally C-shaped leaf
      spring 30 snapped thereover, the outer portion of which engages the inner
      wall of the housing 17, serving to resiliently urge the member 29 inwardly
      into contacting relationship with the cable 11. In this manner, continuous
      contacting relation between the member 29 and the cable 11 is maintained
      throughout.
PAR  Still referring to FIG. 2, a generally L-shaped bell crank 31 is rotatably
      mounted onto the sheave 20 via an axle 32 at substantially the midpoint of
      one of its arms. The other arm of the bell crank extends toward the sheave
      20 and has its extremity rotatably connected to the end of the member 29,
      while the opposite end of the bell crank has a transfer arm 33 rotatably
      connected therewith as well as being connected to the remaining end of the
      member 29. Rotation of the bell crank counter-clockwise about 21 (which is
      affixed to the housing as it is depicted in FIG. 2) accordingly produces a
      pulling force on both ends of the member 29 substantially tangential to
      the sheave periphery. That is, rotation of the bell crank in a
      counter-clockwise direction which is associated with an increase in load
      on the cable 11, causes the member 29 to tighten about the outer surface
      of the cable, compressing it into the groove on the sheave 22. Rotation of
      the bell crank in the opposite direction, of course, loosens the retaining
      force of the member 29 on the cable 11.
PAR  Turning now to both FIGS. 4 and 5 and the more detailed features of the
      tension controlled cable drive means, the sheaves 20 and 22 are shown
      arranged with their grooved peripheries in opposed relationship. The bell
      crank 31 is pivotally secured to the housing 17 via the axle 21 and has it
      one arm pivotally connected to an end of the chain member 29 29 through
      the elongated lever 33. The axle about which the sheave 20 rotates is
      rotatably received within the end of an L-shaped bracket 34. The other end
      of bracket 34 rotatably supports an idler gear 35 which is meshed with a
      set of gear teeth 36 carried by the sheave 20. A further gear is drivingly
      interconnected with the gear 35 by the arm 38, whereby rotation of the
      sheave 20 is transmitted to the gear 37 for rotating the shaft 39. It is
      clear that this rotative driving relation between the sheave and shaft 39
      will be maintained irrespective of the location of the sheave 20 with
      respect to the eccentric axis 21. That is, movement of the cable 11
      through the apparatus not only will produce a levering movement of sheave
      20 in a direction toward and away from sheave 22, but also will rotate the
      sheave 20, producing a corresponding rotation of the shaft 39 for a
      purpose to be described.
PAR  The diverter 27 (FIG. 4) is a one-piece construction which is affixed to
      the interior wall of the housing by conventional threaded means, for
      example, and has curved portions 40 and 41 which conform to the
      peripheries of sheaves 20 and 22, respectively. An opening 42 extending
      completely through the body of the diverter receives the cable 11
      therewithin and serves both as a guide for the cable and as a means for
      maintaining the cable within the peripheral sheave grooves. More
      particularly, the diverter includes a first generally vertical passage 43
      for receiving the incoming cable and directing it to the grooved periphery
      of sheave 20, and a second passage 42 which guides the cable between the
      rollers 26 and the sheave 22.
PAR  With reference simultaneously to FIGS. 5 and 7, a description of the safety
      braking system 15 associated with the cable 11 will now be given. The
      shaft 39, driven by rotation of the sheave 20 as already described,
      extends via a coupling through the housing wall and is fixedly secured to
      a drive plate 44 which is rotated thereby. A pair of spring-loaded pawls
      45 and 46 pivotally mounted on the outwardly facing surface of the drive
      plate 44 have portions which move beyond the periphery of the drive plate
      when it is rotated (in the direction of the arrow in FIG. 7) at a rate
      exceeding some predetermined velocity to engage the brake actuation arm
      47. Turning the arm 47 clockwise as it is depicted in FIG. 7 moves an
      over-center spring plunger for positively moving an eccentric braking cam
      48 against the cable 11 (FIG. 2), thereby gripping the cable between the
      cam and a stop member (not shown) braking its movement through the
      assembly. Resetting of the braking system 15 is accomplished simply by
      manipulation of the external control 49, which removes the cam 48 from
      contacting relation with the cable 11, thereby freeing it. Although the
      braking system 15 is actuated whenever the cable 11 moves through the
      apparatus in excess of a prescribed velocity for whatever reason, it is
      contemplated that it will be most usefully applied when the lower end of
      the cable has completely run through the sheave 22 and is disengaged
      therefrom, at which time the sheave 20 and thus the braking system axle 39
      experiences a rapid increase in rotative velocity actuating the braking
      system and securing the cable end portion.
PAR  The auxiliary braking system 14 operates in a manner very similar to the
      braking system 15 just described. The cable 13 extends downwardly between
      a stop member and braking cam 51 mounted for eccentric rotation about axis
      52. Next, the cable contacts the periphery of a disklike plate 53
      rotatably mounted to the housing. A spring-loaded drive member 54
      continuously urges the cable 13 against the plate periphery so that
      movement of the cable rotates the plate. Rotation of the plate 53 is the
      direction shown (i.e., the apparatus is moving downward) in excess of a
      predetermined speed causes the spring-loaded pawls 55 and 56 to extend
      beyond the plate edge and drive the lever arm 57 counter-clockwise, which
      clamps the cable between the cams 51 and the stop 50. Release from a
      "braked" or "stop" position is simply accomplished by rotating the control
      58 (FIG. 1) with a screw driver which moves the cam 51 away from the
      cable.
PAR  With reference now to FIG. 6, the power train is seen to include a
      conventional electric motor 59, a drive sheave 60 having a notched or
      toothed periphery, and a toothed drive belt 61 received on the sheave 60
      and on a drive sheave 62. The driven sheave interconnects through a worm
      gear arrangement with the axle 23 to impart rotation to the sheave 22
      (FIG. 2).
PAR  The use of a worm drive will prevent back rotation of the power supply
      elements when the apparatus is stopped and a load of moderate size is
      being supported. However, to insure against back movement of the apparatus
      and supported load during no-power conditions, there is provided a wedge
      brake 63 (FIG. 6) which applies a braking force onto the sheave 62
      whenever the electric power is interrupted to the motor 59. Specifically,
      the brake 63 includes a brake shoe 61 pivotally interconnected to one
      corner 65 of a triangular drive plate 66. The plate 66 is rotatably
      mounted adjacent the sheave 62 as at 67, and means 68 is powered to move
      the shoe 64 out of braking relation (to the right as depicted in FIG. 6).
      When power is removed, the means 68 is quiescent and the coil spring moves
      the plate 65 to the left, thereby engaging the brake shoe 64 with the
      sheave 62.
PAR  Furthermore, to assist against back rotation during powered operations and
      particularly when a heavy load is being handled, a so-called drag clutch
      70 is connected to the end of the worm gear shaft 71. Essentially, the
      drag clutch provides low resistance to rotative motion in the direction
      for lifting the load and a substantially increased resistance for rotation
      in the reverse direction. Accordingly, a load may be lifted to any
      predetermined height and the motor 59 turned off and the load will be
      maintained supported with no back motion or slippage occurring through the
      power train due to the combined operation of the wedge brake 53 and drag
      clutch 70. The drag clutch may be of conventional construction such as
      depicted in FIG. 9 where bearings 72 for the shaft 71 have shiftable
      beveled race elements 73 and 74 such that rotation of the shaft in one
      direction moves the beveled race elements apart, allowing free rotation of
      the bearings, whereas rotation in the opposite direction closes the race
      elements slightly to restrict bearing rotation.
PAR  As a further aspect of the invention, in the event that an attempt is made
      to handle a load which is beyond the rated capacity of the equipment, a
      visual indication is provided of the overloaded condition. That is, as is
      shown in FIGS. 2 and 3, a pin 75 is supportingly related to the member 12,
      and which pin is so constructed that it will break upon being subjected to
      a load greated than the predetermined rated load of the equipment. When
      the pin 75 breaks, this causes the member 12 and associated parts to
      extend downwardly the additional distance d, providing the desired
      overloading indication. Additional marking, i.e., colored indicia, may be
      applied which is uncovered when the pin breaks.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Powered hoist apparatus for moving a load along a cable, comprising:
PA1  a first disclike member drivingly connected to a source of rotative power,
      said member having a grooved circumferential periphery within which the
      cable is received;
PA1  a second disclike member having a grooved circumferential periphery within
      a part of which the cable is received, said second member being rotatably
      mounted adjacent the first member in the same plane therewith and arranged
      for eccentric pivotal movement about an axis toward and away from said
      first member;
PA1  roller means having grooved peripheries rotatably mounted on said second
      disclike member for receiving the cable therewithin, the roller means
      grooved peripheries forming an arcuate path offset from and generally
      parallel to the grooved periphery of said first disclike member;
PA1  a resilient pressure applying means received about said first member
      contactingly engaging the cable received within the first member periphery
      and having first and second end portions; and
PA1  lever arm means carried by said second member for movement therewith and
      connected to the first and second end portions of said pressure applying
      means, whereby on movement of the second member away from said second
      member tensile force is applied simultaneously to both said first and
      second end portions, increasing the retaining pressure on the cable within
      the peripheral groove.
NUM  2.
PAR  2. Powered hoist apparatus as in claim 1, in which said lever arm means
      includes a bell crank pivotally connected to said eccentric axis and said
      second disclike member.
NUM  3.
PAR  3. Powered hoist apparatus as in claim 1, in which there are further
      provided diverter means including a body portion having an opening
      extending therethrough aligned with the peripheral grooves in said first
      disclike member and the roller means grooved peripheries for guiding the
      cable therebetween.
NUM  4.
PAR  4. Powered hoist apparatus as in claim 1, in which said pressure applying
      means includes a roller chain.
NUM  5.
PAR  5. Powered hoist apparatus as in claim 1, in which said apparatus is
      mounted in a housing and further includes means attached to said housing
      via a shear pin for connection with the load which means extends from said
      housing upon the load exceeding a predetermined maximum for said load
      shearing said pin.
NUM  6.
PAR  6. Hoist apparatus for moving a load along a cable or the like, comprising:
PA1  a housing;
PA1  a first sheave rotatably mounted onto said housing and drivingly
      interconnected with a rotative power source, the circumference of said
      sheave being formed into a continuous groove;
PA1  a second sheave having a grooved circumference mounted for axial rotation
      coplanar with said first sheave with its circumferential groove lying
      opposite that of said first sheave;
PA1  at least one peripherally grooved roller rotatably mounted on said second
      sheave;
PA1  means mounting said second sheave to said housing for eccentric swinging
      movement toward and away from said first sheave;
PA1  said cable being received into the groove of said second sheave lying
      opposite said first sheave and thence engaging the groove of said first
      sheave over substantially 270.degree. thereof followed by engagement with
      said roller before exiting from the housing;
PA1  flexible chainlike means received over the cable in the first sheave
      groove; and
PA1  bell crank means mounted onto said second sheave and interconnected with
      the ends of said chainlike means, whereby movement of said second sheave
      with respect to said first sheave varies the engagement force of the
      chainlike means with the cable.
NUM  7.
PAR  7. Powered hoist apparatus for moving a load along a cable, comprising:
PA1  a first rotatable member drivingly connected to a source of rotative power,
      said member having a grooved periphery for receiving the cable;
PA1  a second rotatable member having a grooved periphery within a part of which
      the cable is received, said second member being located adjacent the first
      member in the same plane therewith and arranged for eccentric swinging
      movement about an axis toward and away from said first member;
PA1  elongated pressure applying means received about said first member
      contacting the cable received within the first member groove having first
      and second end portions; and
PA1  a bell crank pivotally connected to said eccentric axis and said second
      member for movement therewith and connected to the first and second end
      portions of said pressure applying means, whereby on movement of the
      second member away from said first member, tensile force is applied
      simultaneously to both said first and second end portions, increasing the
      retaining pressure on the cable within the peripheral groove.
NUM  8.
PAR  8. Powered hoist apparatus as in claim 7, in which there are further
      provided diverter means including a body portion having an opening
      extending therethrough aligned with the peripheral groove in said first
      member, said cable passing through the diverter opening to exit from the
      hoist apparatus.
NUM  9.
PAR  9. Powered hoist apparatus as in claim 7, in which said pressure applying
      means includes a roller chain.
NUM  10.
PAR  10. Powered hoist apparatus as in claim 7, in which said apparatus is
      mounted in a housing and further includes means attached to said housing
      for connection with the load which is shifted upon the load exceeding a
      predetermined maximum for said load to thereby provide a visual indication
      of overload.
NUM  11.
PAR  11. Hoist apparatus for powering a load along a cable or the like,
      comprising:
PA1  a housing;
PA1  a first sheave rotatably mounted to said housing and drivingly
      interconnected with a rotative power source, the circumference of said
      sheave being formed into a continuous groove;
PA1  a second sheave having a grooved circumference mounted for axial rotation
      coplanar with said first sheave and with its circumferential groove lying
      opposite that of said first sheave;
PA1  means mounting said second sheave to said housing for eccentric swinging
      movement toward and away from said first sheave;
PA1  said cable being received into that portion of the groove of said second
      sheave lying opposite said first sheave and thence engaging the groove of
      said first sheave before exiting from the housing;
PA1  flexible chainlike means received over the cable in the first sheave
      groove; and
PA1  bell crank means pivotally mounted onto said second sheave and having each
      of its respective ends interconnected with an end of said chainlike means,
      whereby movement of said second sheave with respect to said first sheave
      varies the engagement force of the chainlike means with the cable.
NUM  12.
PAR  12. Hoist apparatus as in claim 11, in which there are further provided
      diverter means including a body portion having an opening extending
      therethrough aligned with the peripheral groove in said first sheave and
      and an exit opening in said housing through which opening the cable
      passes, said exit opening being offset from the first sheave peripheral
      groove.
NUM  13.
PAR  13. Hoist apparatus as in claim 11, in which there are further provided
      means interconnecting the housing and the load which means are extendible
      upon the load exceeding a predetermined maximum.
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PAL  A locking pulley assembly includes a pulley adapted to be affixed to a
      surface, a pull handle, a swivel hook, and a cord extending between the
      swivel hook and the handle around the pulley wheel. The pulley includes a
      unitary pulley wheel having locking grooves and coaxial frustoconical
      bearing surfaces, the pulley wheel being mounted for rotation in a unitary
      frame having inwardly facing frustoconical bearing surfaces engaging the
      bearing surfaces of the pulley wheel to form a rotatable joint. The handle
      is comprised of a cylindrical member having a central axial hole with
      reduced diameter at its central portion for holding a knotted end of the
      cord. The handle also has a slot at each end thereof of width slightly
      less than the diameter of the cord, to enable the handle to hold the cord.
      The swivel hook has a first element adapted to be affixed to the other end
      of the cord, and a hook pivotally mounted on the first member. In the
      formation of the pulley, the frame and pulley wheel are sequentially cast,
      with the bearing surfaces of the first cast member forming the bearing
      surface part of the die for the casting of the second element. The frame
      is cast with bowed sides, and these bowed sides are straightened by
      compression to free the rotating joint.
BSUM
PAR  This invention relates to locking pulley assemblies, and is more
      particularly directed to a manually operable pulley assembly which may be
      employed, for example, for the hanging of a hanging plant or similar
      article. It will be understood, of course, that the various features of
      the invention may be also employed for other purposes, within the teaching
      of the invention.
PAR  It is frequently desirable to provide means for hanging a flower pot or the
      like, whereby the angular displacement and vertical height of the flower
      pot may be adjusted as desired, for example, for watering or maintaining a
      plant. Previous arrangements for achieving this function have generally
      employed hardware elements of purely functional design, or were of such
      design that their manufacture was costly. In the former case, the hardware
      items were undesirable for use in many locations, since they were not
      readily capable of being produced to have pleasing ornamental appearance.
      In the latter case, of course, the high costs of manufacture inhibited
      their use in many locations, for example in the hanging of flower pots in
      an average home.
PAR  The present invention is therefore directed to the provision of a pulley
      assembly that may be economically manufactured, while still presenting a
      pleasing appearance and retaining all of the desired adjustability
      features.
PAR  Briefly stated, in accordance with the invention, the pulley assembly
      comprises a pulley formed of a pulley wheel and a mounting frame for
      affixing the pulley to a desired surface, such as a ceiling. The pulley
      wheel is comprised of a cylindrical portion having coaxial end
      frustoconical bearing surfaces, a circumferential groove, and locking
      grooves joining the circumferential groove. The frame is comprised of top
      and bottom portions joined by bridging members having facing frustoconical
      surfaces which engage the frustoconical surfaces of the cylindrical pulley
      to provide a rotational joint.
PAR  The pulley is adapted to be formed by a die casting process, wherein the
      frame and pulley wheel are sequentially die cast, the frustoconical
      bearing surfaces of the first die cast element being employed as a die for
      the bearing surfaces of the second cast element. This casting process
      enables the inexpensive manufacture of the pulley, and is also adaptable
      to the provision of any desired ornamental features on the pulley.
PAR  In the manufacturing of the pulley, the frame may be initially cast with
      bowed sides, these bowed sides then being compressed to straighten them,
      and thereby separate the bearing surfaces to provide a free rotational
      joint between the pulley wheel and the frame.
PAR  The handle for the pulley assembly is preferably comprised of an elongated
      cylindrical member having a hole extending axially therethrough. The
      central portion of the hole has a reduced diameter, so that a cord
      extending through this portion and provided with a knot at its end will be
      inhibited from removal from the handle. The handle further has slots at
      its ends of a width slightly less than the diameter of the cord, so that
      the handle may be releasably locked to the cord in any desired manner, in
      order to take up the cord.
PAR  The cord extends from a handle around the pulley wheel of the pulley, and
      thence to a swivel hook having a first member affixed to the other end of
      the cord, and a hook member freely swivelably joined to the first member.
PAR  The arrangement in accordance with the invention thus enables an article
      suspended on the swivel hook to be adjusted to any vertical position and
      locked in such position, and also to be rotated to any desirable angular
      displacement. The handle may be readily held to the cord in any desired
      position, for example, so that it will not be visible.
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PAR  In order that the invention will be more clearly understood, it will now be
      disclosed in greater detail with reference to the accompanying drawings,
      wherein:
PAR  FIG. 1 is a simplified perspective view of a pulley assembly in accordance
      with the invention;
PAR  FIG. 2 is a perspective view of the pulley of the assembly of FIG. 1;
PAR  FIG. 3 is a perspective view of the pulley wheel of pulley of FIG. 2;
PAR  FIG. 4 is a plan view of the pulley frame of the pulley of FIG. 2, prior to
      its completion;
PAR  FIG. 5 is a plan view of the pulley of FIG. 1, with the pulley wheel
      assembled in the frame and the rotational joint thereof freed;
PAR  FIG. 6 is a side view of a handle of the assembly of FIG. 1;
PAR  FIG. 7 is a longitudinal cross sectional view of the handle of FIG. 6, with
      the cord assembled therein;
PAR  FIG. 8 is a further longitudinal cross sectional view of the handle of FIG.
      6, taken in a plane at 90.degree. from the view of FIG. 7; and
PAR  FIG. 9 is a perspective view of the handle of FIG. 6, with a cord shown
      wrapped therein, to illustrate one application of the handle.
DETD
PAR  Referring now to the drawings, and more in particular to FIG. 1, therein is
      illustrated a simplified perspective view of a pulley assembly in
      accordance with the invention, as it may be employed in practice. The
      pulley assembly is comprised of a pulley 20 adapted to be mounted on a
      surface, such as ceiling 21 or a wall. A manually operable handle 22 is
      affixed to a cord 23 or the like, the cord extending around the pulley
      wheel of pulley 20, and thence to a swivel hook 24. The swivel hook 24
      includes an upper member 25 adapted to be affixed to the cord 23, and a
      hook member 26 freely pivotably coupled to the member 25. The swivel hook
      may, for example, be of the type disclosed in copending application, Ser.
      No. 549,314 filed Feb. 12, 1975 (Case U-Wp-1059). An article such as a
      flower pot 27 may be hung on the hook of the swivel hook 24.
PAR  In the arrangement of FIG. 1, the pulley 20 is of the locking type, and
      hence the flower pot 27 or any other article desired to be suspended may
      be adjusted in height by means of the handle, and locked in any desired
      position. Further, by employing a swivel hook, the flower pot or any other
      article suspended from the hook may be rotated to any desired angular
      displacement. This is particularly advantageous in the provision of means
      for hanging a plant, since it is frequently desired to rotate the plant in
      order to take advantage of available sunlight. As will be apparent in the
      following paragraphs, the handle may be wrapped up on the cord 23, or may
      be locked to any position on the cord, so that it does not dangle in an
      undesired manner, and may for example by hidden behind the pot or other
      suspended article.
PAR  The pulley 20 illustrated in FIG. 1 is preferably formed by die casting,
      and is readily adaptable to the die casting technique disclosed, for
      example, in U.S. Letters Pat. No. 2,818,494 wherein two elements to be
      pivotably intercoupled are sequentially cast, the first cast element
      having frustoconical bearing surfaces which serve as the die for the
      frustoconical bearing surfaces of the second cast element. This casting
      technique enables the economic manufacture of articles of the type wherein
      one element is pivotably or rotatably coupled to another element, and
      further enables the provision of a finished article having any desired
      ornamental design.
PAR  In the die casting of elements in accordance with the above technique, free
      pivotal or rotational movement between the elements is not obtained, due
      for example to unavoidable unevenness of the cast bearing surfaces.
      Various techniques have been suggested for the freeing of joints formed in
      the above manner. For example, in one technique, as disclosed in U.S.
      Letters Pat. No. 3,742,555, after the formation of the elements, one of
      the elements is staked or deformed to spread the bearing surfaces, and
      thereby free the joint. This technique is adaptable only to certain types
      of articles, such as hinges, and does not free the pivotal joint
      sufficiently, for example, to provide the rotational freedom required in a
      pulley wheel. In another technique for freeing a pivotal joint formed by
      the above casting method, means such as a wedge are forced into suitable
      spaces of the article, in order to spread the joint and hence free the
      pivotal movement. This technique undesirably increases the difficulty of
      manufacturing the articles, and is not readily adaptable to the production
      of some types of articles, wherein the dimensions of the element inhibits
      the use of the technique, due, for example, to the dimensions thereof or
      the force that would be required.
PAR  In order to overcome this problem, a pulley in accordance with the
      invention is cast in the form illustrated in FIG. 2. The pulley is
      comprised of a frame indicated generally by the numeral 30, and a pulley
      wheel 31. Referring to FIGS. 2 and 3, the pulley wheel 31 is a unitary
      cylindrical member of a die cast material having a circumferential groove
      32 extending therearound for receiving a cord. If desired, the groove 32
      may be provided with transversely extending ridges 33, in order to enhance
      the gripping force of the cord to the pulley wheel. The ends of the
      cylindrical body constituting the pulley wheel are formed with coaxial
      frustoconical projections 34, which serve as bearing surfaces. In
      addition, the circumferential surface of the pulley wheel is provided with
      at least one locking groove 35 extending from the groove 32 to one side
      thereof, the depth of the locking groove gradually diminishing as the
      distance from the groove 32 increases.
PAR  As seen in FIG. 3, the diameter of the cylindrical pulley wheel at the end
      36 thereof adjacent the groove 32 may be less than the diameter of the
      wheel on the other side of the groove 32. The taper of the frustoconical
      bearing surfaces 34 may typically be 15.degree. with respect to the axis
      of the cylindrical pulley wheel body. The dimensions of the groove 32 are
      of course dependent upon the cord employed in the assembly, and are such
      that the cross section of the cord is of substantially the same size as
      the groove 32.
PAR  The pulley frame as cast, as more clearly illustrated in FIGS. 2 and 4, has
      a base portion 40 with an upper surface 41 adapted, when the pulley is
      completed, for engaging the surface on which the pulley is to be mounted.
      A hole 42 is provided in each end of the base portion 40, to enable the
      pulley to be mounted to a surface, for example, by means of conventional
      screws. Alternatively, a single screw may be embedded in the frame for
      mounting to pulley.
PAR  Displaced inwardly of the holes 42, a pair of spaced apart bridging
      portions extend substantially normal to the side 44 of the base portion
      opposite the surface 41, the ends of the bridging portions 43 joining the
      ends of a portion 45, whereby the portions 43 and 45 and the central part
      of the portion 40 define a frame.
PAR  Frustoconical apertures 46 are provided generally centrally in the bridging
      portions 43, the apertures 46 facing each other and being aligned. As
      illustrated in the figures, the larger diameter ends of the apertures 46
      are directed towards each other.
PAR  As a further feature of the frame as cast, it is to be noted in the Figures
      that the central portion 47 of the base portion 40, and the portion 45 are
      bowed outwardly, i.e., away from each other, for a purpose that will be
      disclosed in greater detail in the following paragraphs.
PAR  In the formation of the pulley illustrated in FIG. 2, one of the elements,
      for example the pulley wheel 31, is first cast of a die casting material,
      or by conventional techniques. This pulley wheel is then placed in a
      similar shaped cavity in a die which also has a cavity for forming the
      frame. The frame 30 is then cast, with the frustoconical bearing surfaces
      of the pulley wheel serving as the die for the frustoconical bearing
      portions of the frame. In view of this casting technique, the pulley wheel
      can be rotated within the frame, but the movement will be very stiff. This
      stiffness may result, for example, from unavoidable irregularities in the
      bearing surfaces. In accordance with the invention, in order to render the
      pulley wheel completely freely rotatable within the frame, compressive
      forces are applied between the frame portion 47 and the frame portion 45,
      as illustrated by arrows 49 in FIG. 4, whereby the portion 47 of the base
      40, and the portion 45 of the frame are generally straightened and
      flattened, as illustrated in FIG. 5. This straightening of the bowed
      portions of the frame results in the spreading apart of the bridging
      portions 43, whereby the frustoconical surfaces of the frame and pulley
      are slightly moved apart to completely free the bearing surfaces for
      rotational movement. As a consequence, the pulley wheel as illustrated in
      FIG. 5 is freely rotatable within the frame. The compressive forces
      applied to the frame as indicated in FIG. 4, may be applied by
      conventional technques, for example by a press, so that the freeing of the
      movement of the pulley wheel is effected by an inexpensive and simple
      technique.
PAR  In the arrangements of FIGS. 2-4, it was noted that the bearing surfaces of
      the pulley wheel were in the form of frustoconical projections, and that
      the bearing surfaces of the frame were in the form of frustoconical
      apertures. It is apparent, of course, that alternatively the bearing
      surfaces of the pulley wheel may be coaxial frustoconical apertures, into
      which frustoconical bearing surface projections of the frame project.
      Further, while the casting process above described referred to the initial
      casting of the pulley wheel, it will be apparent that alternatively the
      frame 30 may be cast first, with the pulley wheel 31 being thereafter cast
      employing the bearing surfaces of the frame as dies for the bearing
      surfaces of the pulley wheel.
PAR  The handle for the pulley assembly in accordance with the invention is
      illustrated in FIGS. 6-8. The handle is preferably in the form of an
      elongated cylindrical member 50 having a hole 51 extending axially
      therethrough. The diameter of the axially central portion 52 of the hole
      is substantially the same as the diameter of the cord to be employed in
      the assembly, whereas the diameter of the axial ends 53 of the hole is
      greater than the diameter of the portion 52, so that the cord may freely
      move therein. Alternatively, of course, only one end 54 of the hole may
      have a diameter larger than that of the central portion 52. Each axial end
      of the cylinder 50 is provided with a longitudinally extending slot 54,
      the slots in the two ends of the cylinder 50 being generally co-planar and
      intersecting the hole 51. The slots 54 have widths slightly less than the
      diameter of the cord to be employed in the device. The cylinder 50 may be
      formed of wood, or if desired, it may also be die cast or a plastic
      molding.
PAR  As illustrated in FIG. 7, the cord 23 extends into the hole 51 from one end
      55 of the cylinder 50, passing through the central portion 52 of the hole.
      Beyond the central portion 52 of the hole, the cord is provided with an
      enlarged portion such as a knot 56, whereby the knot 56 will engage the
      lower side of the central portion 52 to inhibit removal of the cord from
      the handle.
PAR  As discussed above, the slots 54 have widths slightly less than the
      diameter of the cord 23. As a consequence, the handle may be easily
      clipped onto the cord 23, at any desired position of the cord, by
      inserting that portion of the cord in the slot 54. Alternatively, as
      illustrated in FIG. 9, the cord may be shortened effectively by wrapping
      the cord around the slots 54, the cord being retained in this wound state
      by virtue of the clamping action due to the width of the slots 54. As a
      result, it is apparent that the handle may be positioned as desired on the
      cord, with the cord neatly wrapped therearound, for example so that it may
      be hidden behind the article suspended by the swivel hook, while still
      being readily unwrapped to facilitate the raising and lowering of the
      article.
PAR  In order to effect a locking action, the pulley frame 30 is dimensioned so
      that the clearance between the base portion 40 of the frame and the
      portion of the pulley wheel adjacent the end of the groove 35 is less than
      the thickness of the cord, so that the cord may be clamped or locked
      between the base portion of the frame and the pulley wheel adjacent the
      shallow end of the groove 35.
PAR  In one embodiment of the invention, the components of the pulley were die
      cast from Zamak No. 3 zinc die casting alloy. The base portion had a
      thickness of about 0.15 inches, with a width in its bowed portion of about
      0.350 inches and a maximum width beyond the bowed portion of about 0.664
      inches, whereby the renewed cross sectional area in the bowed portion
      facilitated the straightening of the base portion in the final step of
      production of the article. The radii of the bowed portions of the base
      portion 47 and the portion 45 were about 0.825 inches at the internal
      surfaces of the frame. The portion 45 had a thickness of about 0.125
      inches and a width of about 0.35 inches. The bridging portions 43 tapered
      from widths of 0.35 inches at the portion 45 to about 0.664 inches at the
      base portion 40, and had thicknesses of about 0.18 inches. The pulley
      wheel had a maximum diameter of about 0.69 inches, with the clearance
      between the pulley wheel and the base portion 40 being about 0.04 inches.
PAR  While the method in accordance with the invention has been disclosed with
      reference to the production of a pulley of the locking type, it will be
      apparent that it may be employed also for freeing the pivot joints of
      other types of pulleys. For example, such other pulleys may be of the type
      generally of the form illustrated, but employing a pulley wheel without a
      locking feature. In this case, of course, the bowing of the pulley frame
      may be effected in a manner identical to the above-described method. The
      method in accordance with the invention may also be employed for freeing
      the pivots of a pulley adapted to be suspended by other techniques, for
      example a pulley having an eye for suspension, for example, from a hook,
      or a block and tackle. In this case, it is apparent that the initial cast
      shape of the pulley frame or frame for the block will be bowed or
      otherwise extended beyond its desired final position, with compression
      being effected to force the frame to its final position whereby the
      reshaping of the bowed or other shaped ends of the pulley effects the
      spreading apart of the members to completely free the pivot joint for the
      pulley wheel. Thus, the method in accordance with the invention may be
      employed for the production of marine hardware such as pulleys and the
      like.
PAR  In a further embodiment of the invention, the handle 22 described above may
      be omitted from the pulley assembly, with suitable conventional other
      means being employed to lock the assembly in position and take up the
      cord. For example, the pulley may be of the non-locking type, and the
      locking device for taking up the cord may comprise a conventional cleat
      (not shown) affixed to a wall adjacent the assembly. The non-locking
      pulley in this case may, of course, be of the type employing an eye for
      mounting, instead of having a mounting surface adapted to adjoin the
      ceiling or a wall, so that the pulley may be hung from the ceiling by a
      conventional preferably ornamental hook.
PAR  It is apparent also that the method in accordance with the invention is
      adaptable to the production of pulleys having more than one pulley wheel,
      in which case, of course, the method for freeing the pivotal joints as
      above described is employed with respect to each pulley wheel of the
      pulley.
PAR  While the invention has been disclosed with reference to a limited number
      of embodiments, it will be apparent that variations may be made therein,
      and it is intended in the following claims to cover each such variation
      and modification as falls within the true spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An article suspension system comprising a hoisting means and a pull cord
      and handle assembly comprising a cord, and an elongated handle, said
      handle having a hole extending lengthwise therethrough with the axial
      center of said hole having a diameter substantially the same as the
      diameter of said cord and the axial ends of said hole having a diameter
      greater than the diameter of the center thereof, said cord extending into
      said hole and having an enlarged portion therein whereby displacement of
      said cord in said hole is inhibited in one direction, said handle further
      having lengthwise extending slots which also extend across each end
      thereof and having a width slightly less than the diameter of said cord,
      said slots intersecting said hole and being in a common plane, whereby
      said cord may be inserted and wrapped about said slots and held thereby.
NUM  2.
PAR  2. The pull cord and handle assembly of claim 1 wherein said elongated
      handle has a circular cross section, and said enlarged portion of said
      cord comprises a knot in said cord.
NUM  3.
PAR  3. An article suspension system comprising a locking pulley, a handle, a
      swivel hanger, and a cord extending between said handle and said hanger by
      way of said locking pulley, said locking pulley comprising a cylindrical
      unitary body of a die casting metal having a circumferential groove and
      coaxial frustoconical bearing surfaces formed at its ends, and a unitary
      frame member with mounting means and spaced apart frustoconical surfaces
      engaging the bearing surfaces of said cylindrical body for forming rotary
      joints, said cylindrical body further having locking grooves extending
      from said circumferential groove, said frame having a surface spaced from
      the circumferential surface of said cylinder a distance less than the
      diameter of said cord, said handle comprising an elongated cylindrical
      member having an axial hole extending therethrough with a central portion
      of substantially the same diameter as said cord and axial end portions of
      greater diameter than said cord, and an axially extending slot at each end
      of said cylindrical member of a width less than the diameter of said cord
      but sufficiently large to permit said cord to be inserted therein, said
      slots being coplanar, said cord extending through said central portion of
      said hole and having a knot on its end to inhibit removal of said cord
      from said handle, said swivel hanger comprising a first member to which
      said cord is affixed and a second member freely pivotally coupled to said
      first member for holding said article.
NUM  4.
PAR  4. The article suspension system of claim 3 wherein said second member
      comprises a hook.
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ABST
PAL  A roadway impact attenuator adapted to be installed between lanes on a
      highway or in advance of a barrier on the highway includes a number of
      substantially identical units each of which has a framework slidably
      resting on the ground or pavement, and spaced from the barrier or from a
      similar framework. An energy converting means is disposed between the
      barrier and the framework. The framework is related to the ground by a
      ground anchor secured thereto and releasably connected to the framework.
      Additionally, overlapped side panels are mounted generally horizontally
      along the sides of the framework, being secured thereto and being secured
      to similar panels on other frameworks in a telescoping relationship.
BSUM
PAR  There is an increasing need to provide a barrier or attenuator for use
      along highways and the like, either in front of abutments or between
      highway lanes, in order that crashing vehicles can readily and safely be
      arrested and kept to their own side or within their own lane on the
      highway, and can be kept from impacting superstructures, barriers and the
      like which are adjacent thereto. The aim is to provide an arrangement
      which is substantially self-contained during an impact and does not
      release all sorts of loose portions which may in themselves become
      missiles and cause damage, and which also is sufficiently supported and
      contained as to preclude excessive injury to impacting vehicles or to
      people. Furthermore, a proper impact attenuator should be relatively cheap
      to restructure and restore after an impact, and should serve as a guide or
      director for glancing blows, as well as for head-on blows. The means used
      for absorbing or converting the energy of the crash should be relatively
      harmless, cheap, serviceable in all weather and quite quickly and readily
      be replaced.
PAR  A suitable energy converting cell for this purpose is shown in U.S. Pat.
      No. 3,666,055, issued May 30, 1972, and entitled "Energy Absorbing
      Device." That device is a generally cylindrical cast or molded body of
      vermiculite or comparable material usually enclosed in a light casing and
      particularly wrapped with a helical wire, so that upon impact the
      vermiculite is converted to a relatively fine powder and does not release
      any large particles. It is a general aim hereof to provide an impact
      attenuator which can utilize such an energy conversion unit in a superior
      fashion.
PAR  It is therefore an object of the invention to provide a roadway impact
      attenuator that has all of the features and virtues outlined above.
PAR  Another object of the invention is to provide a roadway impact attenuator
      effective to convert with a relatively small movement a large amount of
      energy.
PAR  Another object of the invention is to provide a roadway impact attenuator
      that can quite readily be installed on existing roadways by present crews
      and with presently available maintenance people and equipment in a simple,
      economical and effective fashion.
PAR  Another object of the invention is to provide a roadway impact attenuator
      that is generally an improvement over comparable devices currently
      available.
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PAR  Other objects together with the foregoing are attained in the embodiments
      of the invention described in the accompanying description and illustrated
      in the accompanying drawing, in which:
PAR  FIG. 1 is a plan of a portion of a roadway impact attenuator pursuant to
      the invention, there being a division line in the center to indicate a
      rather widely flaring construction on the left side and a relatively
      straight construction on the right side;
PAR  FIG. 2 is a cross-section, the plane of which is indicated by the line 2--
      2 of FIG. 1;
PAR  FIG. 3 is a fragmentary view illustrating in cross-section in the line 3--3
      of FIG. 2, the general construction shown in FIGS. 1 and 2.
PAR  FIG. 4 is a view like FIG. 3 but showing a modified form of the attenuator.
DETD
PAR  While the roadway impact attenuator can be embodied in a large number of
      different forms, and can be installed variably in accordance with
      surrounding conditions, it is typically exemplified as shown herein for
      installation on a roadway 6. This is assumed to have the customary
      pavement, in which instance there is especially provided, if necessary, a
      pad 7 of concrete or the like, which is referred to herein as the ground,
      since the composition of the supporting surface is not particularly
      important, save only that the surface be relatively horizontal and planar
      throughout.
PAR  Adapted to rest on the surface or ground 7 is a framework 8. The framework
      8 is usually a generally rectangular box having an impact face 9 extending
      generally normal to one direction of impact illustrated by the arrows 11
      and 12 in FIG. 1. The framework can be made of a number of joined metal
      channels open, for example, on one side so that the framework can be
      filled to provide a solid wall extending thereacross. Preferably embedded
      in the filling material, such as concrete, is a pair of legs 13 and 14.
      These extend for substantially the entire height of the framework and
      project therefrom below the lower edge to end in glides 16 designed to
      rest upon and to slide easily upon the pad 7. Thus, the framework is
      mounted for sliding movement on the ground.
PAR  Disposed between the framework 8 and any barrier behind it, such as a
      similar framework 8', is a plurality of energy converting cells 17 of the
      sort shown in the abovementioned patent. These are preferably arranged
      side-by-side with their axes horizontal, preferably in the direction 11
      and 12 and are disposed on top of each other and behind each other. They
      are conveniently secured usually in a surrounding corrugated cardboard
      enclosure or carton 18 itself supported from the ground 7 by a plurality
      of pedestals 19.
PAR  The framework 8 and adjacent frameworks of a like nature, such as the
      framework 8', are preferably provided along their sides with a particular
      panel construction. There is afforded on the leading framework (considered
      in the direction of the arrows 11 and 12) a primary side panel 21 which
      conveniently is of a corrugated material, such as relatively light sheet
      metal, arranged in a generally horizontal direction and fastened by means
      of through bolts 22. These extend through the framework and mount the
      primary side panel thereon, there being a pair of primary panels one at
      each side of the framework.
PAR  Additionally, each of the side panels secured to the framework 8
      frictionally engages at its trailing end a similar secondary panel 24
      secured to the next adjacent framework, such as 8', so that each side
      panel at least at one end is directly secured to its associated framework.
      Furthermore, the side panels of the primary and secondary type have their
      corrugations interfitting and overlapping each other at least in part. The
      overlapping portions are provided with slots 26 at least in the uppermost
      corrugations, and through each pair of such slots there is disposed a
      fastening 25, such as a nut and bolt assembly, tightened to a reasonable
      degree. The primary and secondary panels, in the event of impact, can
      slide on each other or are arranged to telescope with respect to each
      other.
PAR  Finally, all of the impacts are by no means head on in the direction of the
      arrows 11 and 12, and some may not even have major components in such
      direction, but rather take place from one side as illustrated by the arrow
      27 in FIG. 1. In these events there are components 28 parallel to the
      arrows 11 and 12 but there are also components 29 normal or at right
      angles thereto. It is of great importance that such glancing or side
      impacts, as represented by the arrow 27, be well resisted. For that
      reason, and to keep the various frameworks in approximate original
      alignment, there is provided a securing means. Fastened into the ground,
      preferably into a concrete panel 7, for each framework is a pair of ground
      anchors 31 and 32, arranged behind the face 9 of the particular framework
      8 being described, and also arranged alongside such framework. Each ground
      anchor is secured to its mounting by fastenings 33 and is connected by a
      somewhat flexible rod or cable 34 diagonally to the side and to the rear
      and joins a hook 36 preferably in the form of a ring. This can readily be
      slipped over a corresponding pin 37 projecting forwardly from the face 9,
      counter to the direction of the arrows 11 and 12.
PAR  With the arrangement shown, there is provided on the left of FIG. 1
      substantially the same structure as is shown on the right half of that
      figure except that the side panels overlap each other at more nearly
      divergent angles on the left than is the case in connection with the
      right-hand side. The right-hand side is particularly designed for a median
      use or between oppositely directed lanes of a highway so that the general
      width of the attenuator does not substantially change throughout a
      relatively long length. However, the form on the left half of FIG. 1 with
      the wider divergence is particularly designed to fit in front of a barrier
      such as a post or wall, and is generally tapered as seen in plan. It may
      be understood that any one impact attenuator may have both sides widely
      diverging as on the left half of FIG. 1, or substantially straight as on
      the right half of FIG. 1, or can in some instances include an arrangement
      as shown, with one side widely diverging and the other side substantially
      straight or parallel.
PAR  In the general operation of this arrangement, in the event there is a
      head-on impact as shown by the arrows 11 and 12, say against a face 9,
      whether or not such face has a forward tapered cone (which is largely for
      appearance sake), the impact moves the framework 8 rearwardly in the
      direction of the arrows 11 and 12, since the framework can slide rather
      readily on the ground 7 and in itself not counted upon to convert much
      energy. Such rearward movement of the framework tends to load and
      disintegrate the vermiculite material in the energy converter's cells 17
      which also oppose the force but move generally rearwardly. This framework
      movement is accompanied by telescopic movement of the primary and
      secondary side panels, and is likewise accompanied, in the event it is of
      sufficient extent, by disengagement of the pins 36 withdrawing from within
      the hook rings 37. This allows the energy converting cells to do
      substantially all of the energy conversion, the pin and hook connection to
      the ground anchor being primarily to maintain the framework in position
      normally against lateral dislodgement.
PAR  In the event the impact is a glancing one, as illustrated by the arrow 27
      in FIG. 1, then the rearward component 28 acts just as described, but the
      lateral component 29 tends to dislodge the frameworks laterally and this
      is not desired. Under such circumstances, the frameworks are substantially
      restrained throughout a large amount of their rearward movement and
      against lateral displacement by reason of the fact that the hooks or rings
      are still effective laterally as long as they are in engagement with their
      pins. Thus, the frameworks cannot easily be dislodged sideways upon an
      initial impact. However, if the rearward component is great enough, there
      is then a disengagement of the hook rings from the pins and the energy
      conversion proceeds from one framework to the next, each framework moving
      rearwardly as the energy conversion cells behind it are loaded and
      disintegrate.
PAR  The parts of the framework and anchor structure do not themselves convert
      substantial energy, leaving most of that job to the vermiculite cells, so
      that in many cases the frameworks and side panels can easily be restored
      to their initial condition for re-use. If they are too badly damaged, they
      can easily be removed by unbolting some of the side panel fastenings and
      replaced with fresh units. After an impact, it is easy for the various
      frameworks to be restored to their initial position, to be rehooked to the
      ground anchors and for new energy conversion cells to be installed either
      individually or in their containing boxes 18. The frictionally telescoping
      side panels also have substantial energy converting effects often without
      themselves being unduly distorted or damaged.
PAR  Actual high-speed crash tests of structures of the sort as shown herein
      have demonstrated plainly that the device remains substantially
      self-contained even after severe frontal or glancing impacts, is effective
      to reduce the speed of the impacting object very promptly, does not
      require any special technique or service in order to be restored, does not
      severely injure the impacting object, and in general affords a greatly
      improved arrangement for maintaining safe conditions against impact along
      a roadway.
PAR  Under some circumstances, the energy converting cells, comparable in some
      respects to the cells 17, are of a highly particular characteristic. This
      may be very loosely associated vermiculite particles or, in an elementary
      version, may be simply sacks 40 or containers of sand. Such particles act
      somewhat like fluids and unless the framework 8 is especially restrained
      it may tend, upon a frontal impact, to ride up and over the sand or sand
      bags thus losing much of its frictional or braking resistance upon the
      ground and perhaps dissipating the sand over a wide area, an undesirable
      and perhaps dangerous result.
PAR  To avoid or reduce these and other difficulties, I preferably equip each
      one or more of the frameworks 8 with a deflector 38 (FIG. 4). Conveniently
      this is made of a sheet of metal bent into a horizontal, dihedral form
      with the lower plate 39 close to horizontal to act as a brace and to have
      little or no effective lifting component when encountering sand. The upper
      plate 41 is inclined at an angle having a large downward component when
      entering sand. The deflector 38 has two main functions. When driven into
      sand or the like it presents a desirable downward force through the
      framework onto the ground. Deflection of sand tends to be upwardly and
      forwardly in an inoffensive area ahead of the framework. The horizontal
      and vertical components of the forces acting through the deflector can be
      varied as desired by varying the angles of the deflector plates 38 and 39.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A roadway impact attenuator adapted to be supported on the ground on
      which traffic advances in a predetermined direction comprising a
      framework, means for supporting said framework perpendicular to said
      direction and for sliding movement on the ground in said direction, a
      barrier perpendicular to said direction and separated from said framework
      to leave a space therebetween, a disintegrating energy converting means in
      said space and interposed between said barrier and said framework, a
      ground anchor, and means releasable by movement of said framework in said
      direction connecting said ground anchor to said framework.
NUM  2.
PAR  2. A device as in claim 1 in which said releasable means includes a pin
      projecting from said framework in said direction, and a hook engaging said
      pin and removable therefrom by movement in said direction and joined to
      said ground anchor.
NUM  3.
PAR  3. A device as in claim 1 including a primary side panel, means for
      securing said primary side panel detachably to the side of said framework,
      a secondary side panel, and means for interconnecting said secondary side
      panel and said primary side panel for relative telescoping movement in
      said direction.
NUM  4.
PAR  4. A device as in claim 3 in which said primary side panel and said
      secondary side panel are corrugated in the direction of said telescoping
      movement, and said interconnecting means is disposed away from the exposed
      ridges of said corrugations.
NUM  5.
PAR  5. A device as in claim 1 in which said framework has a transverse face
      disposed to receive an impact in said predetermined direction, said impact
      having a component normal to said transverse face, and in which said
      ground anchor is disposed to one side of said framework and on the side of
      said framework away from said face in said direction.
NUM  6.
PAR  6. A device as in claim 1 including a deflector on said framework having a
      plate extending transversely to said predetermined direction and affording
      a substantial downward component of a horizontal force acting against said
      deflector in said predetermined direction.
NUM  7.
PAR  7. A device as in claim 1 in which said releasable means releases only by
      movement of said framework in said direction.
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ABST
PAL  A concentrating vortex shaker for the simultaneous shaking and
      concentration of a multiplicity of liquid samples comprises a
      heat-conductive block having a plurality of openings for receiving
      laboratory vessels containing sample liquids and removably mounted on a
      base provided with an adjustable eccentric drive for displacing the block
      in a gyrating motion. An airtight cover is removably mounted on the block
      and forms a chamber above the samples which can be controllably evacuated.
      The samples can be heated or cooled by a temperature-controlled liquid
      which is fed through a channel formed in the block or heated by an
      adjustable electrical heater provided in the block mounting or cooled by a
      cooling plate, upon which the block mounts.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to shakers and, more particularly, to shakers
      capable of subjecting a large number of samples, which can be quickly
      interchanged, to conditions of gyration, heating, cooling, evaporation and
      evacuation.
PAC  BACKGROUND OF THE INVENTION
PAR  In scientific laboratory work, it frequently becomes necessary to subject a
      large number of various samples to gyrating motion (mixing), to heating or
      cooling, and to evaporation and evacuation, sometimes simultaneously.
      Devices for performing these tasks separately are readily available but
      have the disadvantage in that the samples, usually in small numbers, must
      tediously be transferred from device to device between operations.
      Although there are some shakers which can perform multiple operations,
      none to our knowledge can perform all of the above mentioned operations in
      a simple, compact and readily accessible device. In systems having vacuum
      facilities, there is usually the problem of "bumping," resulting in a loss
      of some of the sample liquid due to the splashing or violent boiling
      caused by the very rapid build-up of vacuum applied to the sample.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      shaker apparatus which can subject samples placed therein to gyrating
      motion, to heating or cooling, and to evaporation and evacuation,
      simultaneously or in any combination.
PAR  It is another object of the invention to provide an improved shaker
      apparatus capable of eliminating vacuum bumping.
PAR  It is a further object of the invention to provide a shaker apparatus with
      facilities for the quick exchange of large numbers of samples.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other objects of the invention are achieved in a shaker
      apparatus having a base containing a drive assembly which is connected
      through an eccentric to a heater assembly and optional cooling plate upon
      which is mounted a thermally conductive vessel block for holding liquid
      samples to be treated.
PAR  The vessel block has, in its upper portion, a large number of openings
      holding sample laboratory vessels of various size and shape such as tubes,
      vials and flasks, specific blocks being provided for specific vessels. The
      vessel blocks can be quickly interchanged by releasing a single shaft
      having a knurled top which is used to secure the block to the heater
      assembly.
PAR  A tortuous channel is formed in the lower half of the block and connected
      by nipples and flexible tubing to a source of temperature controlled
      liquid which can be passed through the channel for cooling or heating the
      samples in the block, which is made of a highly thermally conductive
      material such as aluminum.
PAR  Alternatively, only cooled liquid can be passed through the channel, the
      block being heated by an assembly which comprises a silicone rubber heater
      plate and a thermistor, connected to a control mounted on the base, for
      adjusting the temperature. However, where required, the only temperature
      control can be that provided by the heater assembly.
PAR  Alternatively, if the block has no channels, the heating can be done by the
      same heater assembly on which a cooling plate can be mounted through which
      temperature controlled coolant is circulated. Hereby an optional cooling
      system is added, which can be mounted or removed at will.
PAR  A transparent cover is fitted over the top of the vessel block and held in
      place by catches provided on the block, the cover forming a chamber above
      the samples, which is made airtight by a gasket between the cover and the
      block. A vacuum can be created in the chamber by removing the air therein
      through a passageway formed in the vessel block and connected through a
      plug-in fitting with a flexible tube which feeds through a vacuum control
      system to a vacuum source.
PAR  The electrically operated automatic vacuum control system, provides a means
      for drawing a vacuum from a constant suction source. The vacuum at the
      start is very low and then slowly increases to its full volume. This
      method, in conjunction with the gyrating motion of the sample, avoids the
      bumping effect encountered with other systems of this type. An automatic
      bleeder valve, electrically controlled, which is another part of the
      vacuum control system, opens the moment the vacuum source is shut off, to
      bleed air into the vacuum chamber, thereby preventing oil or water from
      being drawn into the vacuum chamber and protecting the samples from
      destruction.
PAR  An alternate manual vacuum control system can also be provided.
PAR  A gyratory motion is imparted to the vessel block and heater assembly by
      the eccentric, which forms part of the drive assembly. A counterweight is
      provided for dynamic balancing of the mass of the vessel block and heater
      assembly during gyration, thereby preventing unwanted vibrations from
      being imparted to the entire shaker apparatus. The vessel block and heater
      assembly are held against rotation by a number of springs (or other
      restraints) which are connected between the heater assembly and the base,
      the springs allowing gyrating motion without rotation.
PAR  The gyrating motion of the vessel block, which is adjustable by a
      motor-speed control provided in the base, causes the sample vessels, which
      are held in close fitting openings, to make contact along their sides with
      the vessel block, thereby improving heat transfer between the vessels to
      be heated or cooled and the temperature controlled block. The gyration
      also causes the sample liquids in the vessels to climb the sides thereof,
      presenting a larger surface to be subjected to evaporation or evacuation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other features of the invention will now be described in
      detail with reference to the drawings in which:
PAR  FIG. 1 is a sectional view of a shaker apparatus according to the
      invention;
PAR  FIG. 2 is a view taken along line II--II of FIG. 1; and
PAR  FIG. 3 is a top view of a portion of FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 1 showing another embodiment;
PAR  FIG. 5A is a sectional view of a vacuum control system showing the slow
      buildup of vacuum;
PAR  FIG. 5B is a sectional view of the vacuum system of FIG. 5A in normal
      operation; and
PAR  FIG. 5C is a sectional view of the vacuum system shown in FIG. 5A and FIG.
      5B in the air-bleeding position.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  FIG. 1 shows a shaker apparatus having a base 1 in which a motor 2 is
      provided for driving a vertical shaft 3 by way of a pulley arrangement 4.
      The shaft 3 is journaled in a block 5 by bearings 6, the block 5 being
      mounted on the top 7 of base 1, with the upper end of shaft 3 passing
      through the top 7 and engaging an eccentric 8, which is locked to the
      shaft 3 by setscrews 9. A counterweight 10 is attached to the eccentric 8
      by screws 11 (only one shown in dotted lines), the eccentric 8 being
      provided with an upwardly extending, cylindrical extension 8' whose axis
      0' is parallel to and offset from the axis 0 of shaft 3.
PAR  A bearing block 12 has a recess 12' into which is fitted a bearing 15,
      having an inner race 15' which surrounds the extension 8' and is held in
      place there between a washer 16, fastened to extension 8' and is held in
      place there between a washer 16, fastened to extension 8' by a screw 16'
      and a shoulder 8", formed on eccentric 8. A mounting plate 13 is attached
      to the block 12 by screws 14 and is provided with a central opening 13'
      which surrounds the washer 16, the plate 13 overlying the outer race 15"
      of bearing 15. The plate 13 is also provided with springs 17 which are
      attached to the top 7 of base 1 for biasing the plate 13 against rotation
      and providing additional support for the block 20.
PAR  A heater assembly 18 is mounted on plate 13 by screws 19 and comprises a
      heat conducting plate 18a and a thermal insulating plate 18b between which
      is provided a silicone rubber electric-resistance heater of conventional
      design 18c.
PAR  A vessel-holding block 20 is removably mounted on heater assembly 18 by a
      shaft 21, passing through a bore 22 formed in block 20 and threadedly
      engaging a stud 18a" provided on plate 18a, a shoulder 21' formed on shaft
      21 being provided for engaging and holding block 20 in place on the heater
      assembly.
PAR  The block 20 is provided with an array of openings 23, as can best be seen
      in FIG. 2, for holding sample vessels, such as those shown at 24. A
      channel 25 is formed in the lower half of block 20 for passing a
      temperature-controlled liquid in an undulating path past the openings 23,
      the liquid entering the block 20 through a nipple 26 and leaving through a
      nipple 27. A jacket 38 surrounds the sides and bottom of block 20 for
      confining the liquid within the channels 25, which are open at the bottom
      and two sides of block 20.
PAR  A cover 46, made of plastic or glass for visibility (or metal) overlies the
      block 20 and has a skirt 46' which rests along the edges of the block,
      engageable by catches 27 to the block 20. A sealing ring 28 provided in a
      groove 28' formed in the top of block 20, provides an airtight gasket for
      the chamber 29, formed between the cover 46 and the block 20, the sealing
      ring 28 engaging the skirt 46'.
PAR  In operation, the block 20 can be removed from the shaker by loosening the
      shaft 21 by the knurled knob 21" provided thereon and disconnecting the
      nipples 26, 27 and vacuum connector 30 from the block, if remote sample
      loading is desired or replacement with a preloaded vessel block. The
      loaded vessel block, which can have different size and shaped openings for
      different kinds of sample vessels, is placed on the heater assembly 18 of
      the shaker and oriented thereon by an indexing pin 31 provided on plate
      18a, engaging with a bore 32 in block 20 and locked into place by the
      shaft 21. The transparent cover 46 is then placed on the block 20 and the
      catches 27 are engaged.
PAR  The samples contained in the vessels 24 can be subject to a variety of
      conditions, such as gyrating motion, as shown in FIG. 3, or evacuation,
      heating, cooling and evaporation, all at the same time or separately or in
      any combination.
PAR  A vacuum can be applied to the chamber 29 through a passageway 33 formed in
      the block 20 and communicating through a connector 30 with a flexible
      vacuum line 34 provided with an automatic control valve system shown in
      FIGS. 5A, 5B and 5C for gradually building up the vacuum in chamber 29,
      provided by a vacuum source not shown and a vacuum gage 36 for monitoring
      the amount of vacuum present in the line 34.
PAR  The system employs one large orifice solenoid valve 49 normally closed,
      connected to a vacuum sensitive switch 52 set to close at a pressure of 25
      IN Hg. A small orifice solenoid valve 50, normally open, acts as a bleeder
      valve. The three components are electrically connected by wiring and
      mechanically connected by pipe fittings and flexible tubing. The solenoid
      valve 49 is connected to the vacuum chamber 29 by the vacuum connector 30
      and flexible tubing 34. On the other side solenoid valve 49 is connected
      to a vacuum source (pump, aspirator) not shown. Connected to this flow
      system by means of a tee 53 is the bleeder valve 50 which bleeds outside
      air into the system to break the vacuum at the end of the operation
      thereby preventing oil or water from being drawn into chamber 29. One wall
      inside the solenoid valve 49 is pierced by a fine bypass nozzle 48 which
      permits air to flow or vacuum to be pulled very slowly. This nozzle 48 is
      permanently open. After the instrument has been prepared for vacuum
      operation, the vacuum source is turned on by means of a multiple function
      switch 60. The bleeder valve 50, normally open, is now energized -- closed
      solenoid valve 49 remains closed. The air in the vacuum chamber 29 (not
      shown) is now slowly exhausted through the by-pass nozzle 48. When the
      vacuum reaches 25 IN. Hg the vacuum sensitive switch 52 activates the
      solenoid valve 49 which is energized open. This now permits the vacuum to
      be pulled at full volume until the end of operation.
PAR  The samples contained in vessel block 20 can be subjected to cooling by
      passing a cooled liquid through the channels 25, from a flexible tube 37
      connected to inlet nipple 26 and a source of controlled-temperature liquid
      not shown (e.g. a thermostatic bath) and leaving the vessel block 20
      through the outlet nipple 27 connected to a flexible tube 37'. If heating
      of the samples contained in vessel block 20 is desired a heated liquid can
      be passed through the block in the same manner as that described for the
      cooling of the samples.
PAR  An alternative method for heating the samples contained in the vessel block
      20 is provided by the heater assembly 18, which contains a thermistor 39,
      provided in heater plate 18a and connected to an adjustable heating
      control 40, which accurately adjusts the amount of heating produced by the
      silicone rubber heater 18c, to which it is also connected.
PAR  Another alternative method is shown in FIG. 4 in which the block 20 has no
      channel to conduct liquid and therefore needs no nipples or flexible
      tubing. In this case a cooling plate 54, FIG. 4 is mounted atop the heater
      assembly 18.
PAR  The cooling plate 54 in turn carries the vessel block 20. The cooling plate
      54 carries two nipples, 55 and 56 through which controlled coolant
      circulates inside cooling plate 54. The nipples 55, 56 are connected to a
      refrigerated liquid source (not shown) by flexible tubing. The vessel
      block 20 constructed without internal channels and external tube
      connections is now much easier to exchange.
PAR  The cooling plate 54 remains permanently connected to the unit.
PAR  The rate of gyration to which the samples are subjected is regulated by a
      speed control 41 to which the drive motor 2 is connected.
PAR  The entire shaker assembly is surrounded by a protective skirt 42, attached
      to the base 1 and extending upwardly to just below the nipples 26, 27 and
      the vacuum connector 30.
CLMS
STM  We claim:
NUM  1.
PAR  1. a shaker apparatus, comprising:
PA1  a base;
PA1  a heat-conductive block movably mounted on said base;
PA1  drive means on said base for displacing said block in gyrating motion;
PA1  said block having a plurality of openings for receiving sample vessels;
PA1  an airtight cover on said block, overlying said openings and forming a
      chamber above said block;
PA1  suction means for creating a vacuum in said chamber; and
PA1  control means for adjusting the temperature of said block, said control
      means for adjusting the temperature of said block comprising:
PA1  a heater assembly carrying and in contact with said block, said heater
      assembly being provided with a resistance-type heater and a temperature
      sensor; and
PA1  a control connected with said heater and said sensor for adjusting the
      temperature of said assembly.
NUM  2.
PAR  2. A shaker apparatus as defined in claim 1 wherein said cover is removably
      attached on said block by catches provided on said block; and
PA1  said cover is transparent.
NUM  3.
PAR  3. A shaker apparatus as defined in claim 1, wherein said drive means
      comprises a motor-driven eccentric drive assembly;
PA1  said block is mounted on said heater assembly;
PA1  said base is provided with an upwardly extending protective skirt,
      surrounding said drive assembly and said heater assembly;
PA1  said drive assembly includes a motor-speed control and said control means
      includes a temperature control; and
PA1  said temperature control and said motor speed control are mounted on said
      base, remote from any moving parts.
NUM  4.
PAR  4. A shaker apparatus, comprising:
PA1  a base;
PA1  a heat-conductive block movably mounted on said base;
PA1  drive means on said base for displacing said block in gyrating motion;
PA1  a plurality of openings formed in said block for receiving sample vessels;
PA1  an airtight cover on said block, overlying said openings and forming a
      chamber above said block;
PA1  suction means for creating a vacuum in said chamber; and
PA1  control means for adjusting the temperature of said block, said suction
      means comprising:
PA2  a passageway formed in said block and communicating between said chamber
      and a vacuum source; and
PA2  means for adjusting and monitoring the rate at which a vacuum is created in
      said chamber, said adjusting and monitoring means comprising:
PA2  a duct communicating between said chamber and said vacuum source;
PA2  a first solenoid valve normally closed for controlling the flow of air in
      said duct between said chamber and said vacuum source;
PA2  a second solenoid valve normally open for feeding atmosphere air to said
      duct between said first solenoid valve and said vacuum source;
PA2  a nozzle in said duct for limitedly feeding a flow of air past said first
      solenoid valve;
PA2  means for energizing said vacuum source and said second solenoid valve into
      a closed position simultaneously;
PA2  means responsive to a predetermined level of air pressure in said duct
      between said chamber and said first solenoid valve for energizing said
      first solenoid valve into an open position; and
PA2  a vacuum gauge communicating with said duct between said first solenoid
      valve and said chamber.
NUM  5.
PAR  5. A shaker apparatus as defined in claim 4, wherein said drive means
      comprises:
PA1  a drive shaft journaled on said base and rotated by a motor;
PA1  a mounting plate removably carrying said block;
PA1  an eccentric fixed to said drive shaft and rotatably supporting said
      mounting plate;
PA1  a plurality of springs connected with said mounting plate and said base for
      resiliently biasing said plate against rotation and carrying the weight of
      said block;
PA1  a counterweight fixed to said eccentric for dynamically balancing said
      block; and
PA1  a control for adjusting the speed of said motor.
NUM  6.
PAR  6. A shaker apparatus as defined in claim 4, wherein said control means for
      adjusting the temperature of said block comprises:
PA1  a channel formed in said heat-conductive block; and
PA1  means for feeding a temperature-controlled liquid through said channel.
NUM  7.
PAR  7. A shaker apparatus as defined in claim 6, wherein said channel is
      provided with removable flexible inlet and outlet tubes for connection to
      said temperature controlled liquid.
NUM  8.
PAR  8. A shaker apparatus as defined in claim 4, wherein said control means for
      adjusting the temperature of said block comprises:
PA1  a cooling plate removably carrying said block;
PA1  a channel formed in said cooling plate; and
PA1  means for feeding a temperature-controlled liquid through said channel.
NUM  9.
PAR  9. A shaker apparatus, comprising:
PA1  a base;
PA1  a heat-conductive block movably mounted on said base;
PA1  drive means on said base for displacing said block in gyrating motion;
PA1  a plurality of openings formed in said block for receiving sample vessels;
PA1  an airtight cover on said block, overlying said openings and forming a
      chamber above said block;
PA1  suction means for creating a vaccum in said chamber; and
PA1  control means for adjusting the temperature of said block, said control
      means including a heater assembly carrying said block; said block being
      removably mounted on said heater assembly by a single removable central
      fastening member provided with a manually-grippable top; and
PA1  an indexing pin provided on said heater assembly and engageable with said
      block for orientation thereof.
NUM  10.
PAR  10. A shaker apparatus, comprising:
PA1  a base;
PA1  a heat-conductive block movably mounted on said base;
PA1  drive means on said base for displacing said block in gyrating motion;
PA1  a plurality of openings formed in said block for receiving sample vessels;
PA1  an airtight cover on said block, overlying said openings and forming a
      chamber above said block;
PA1  suction means for creating a vacuum in said chamber; and
PA1  control means for adjusting the temperature of said block, said drive means
      including a drive shaft journaled on said base and rotated by a motor;
PA1  a mounting plate removably carrying said block;
PA1  an eccentric fixed to said drive shaft and rotatably supporting said
      mounting plate;
PA1  a plurality of springs connected with said mounting plate and said base for
      resiliently biasing said plate against rotation;
PA1  a counterweight fixed to said eccentric for dynamically balancing said
      block; and
PA1  a control for adjusting the speed of said motor;
PA1  said control means for adjusting the temperature of said block comprises:
PA1  a channel formed in said heat-conductive block;
PA1  means for feeding a temperature-controlled liquid through said channel;
PA1  a heater assembly carrying and in contact with said block, said heater
      assembly being provided with a resistance-type heater and a temperature
      sensor; and
PA1  a control connected with said heater and said sensor for adjusting the
      temperature of said assembly;
PA1  said suction means comprises:
PA1  a passageway formed in said block and communicating between said chamber
      and a vacuum source;
PA1  a valve between said passageway and said vacuum source for adjusting the
      rate at which a vacuum is created in said chamber;
PA1  a vacuum gauge between said valve and said chamber for monitoring a vacuum
      created in said chamber;
PA1  said cover is removably attached on said block by catches provided on said
      block;
PA1  said cover is transparent;
PA1  said block is removably mounted on said heater assembly by a single
      removable central fastening member provided with a manually-grippable top;
      and
PA1  an indexing pin is provided on said heater assembly and engageable with
      said block for orientation thereof.
NUM  11.
PAR  11. A vortex shaker comprising:
PA1  a base;
PA1  a motor in said base;
PA1  a heat-conductive block mounted movably on said base and connected to said
      motor for gyratory movement of said block by said motor, said block being
      formed with a plurality of upwardly open pockets adapted to receive sample
      vessels;
PA1  means for selectively heating and cooling said block to vary the
      temperature thereof;
PA1  a cover detachably engaging said block and enclosing said pockets while
      forming a hermetic seal with said block while defining a chamber above
      said pockets common to all said pockets;
PA1  suction means communicating with said chamber for inducing a suction
      therein; and
PA1  control means connected to said suction means for regulating the generation
      of suction in said chamber to prevent bumping of said liquid in said
      vessels.
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ABST
PAL  A rotatable barrel for the surface treatment of particulate matter enclosed
      therein including a generally round perforated barrel with end elements.
      An opening is provided in the side for the insertion and discharge of
      particulate matter and a door for opening and closing said opening is
      mounted on lever arms to swing in an arc between open and closed
      positions. The lever arms are mounted on hubs extending from the ends of
      the barrel along its axis of rotation and are mechanically, rigidly
      attached to gears spaced from the ends of the barrel. A limitation is
      placed on the arc through which the door may swing relative to the barrel;
      stop means are provided both adjacent one edge of the opening and remote
      from the other edge of the opening whereby the door may swing into closed
      position in abutment with the one stop means adjacent the opening and may
      swing completely out of the opening into engagement with the other stop
      means. The door serves as the driving mechanism for turning the barrel in
      response to the direction of gear rotation.
PARN
PAC  BACKGROUND AND BRIEF DESCRIPTION OF THE INVENTION
PAR  This is a continuation-in-part of application Ser. No. 419,815, filed Nov.
      28, 1973, entitled DOOR OPENING AND CLOSING APPARATUS FOR TUMBLING BARREL,
      now U.S. Pat. No. 3,861,654.
PAR  The barrel of this invention is generally related to cleaning, rinsing,
      degreasing, pickling, phosphating, black oxidizing, oil drippings, etc.
      and as a general rule these are stainless steel type barrels. Commonly the
      barrels are constructed of "Carpenter Stainless Steel".
PAR  Over the years many, many designs for door opening and closing structure
      has been suggested, all intended to accomplish (1) a tight door closing
      which will prevent the loss of the particulate matter from the barrel as
      it rotates within the tank of treating fluid and (2) a quick opening door
      to allow for the fast dumping and refilling of the barrel. The need has
      always been for some automatic mechanism whereby no manual work is
      necessary to open and close the door. This invention accomplishes that
      purpose.
PAR  The invention herein is not difficult or complicated after it is explained.
      However, this is true with many inventions and the solution may seem quite
      easy and clear once the inventor has conceived of the solution. Hence, it
      should be recognized that this problem has been before the industry for a
      century or more without the solution disclosed herein.
PAR  The structure includes a conventional drum having flat end-walls and a
      circular side-wall. An L-shaped channel is welded longitudinally along the
      barrel periphery. Said channel lies along one side of an opening through
      the side-wall while another parallel L-shaped channel is welded
      longitudinally along the barrel but, remote from the opposite side of the
      opening. A door is mounted on lever arms extending from the hubs at the
      axis of rotation of the barrel and the door is allowed to swing in an arc
      between the two L-shaped channels or stop means. At one extreme, the
      opening is unobstructed and particulate matter may be dumped into the
      barrel through the unobstructed opening. At the other extreme, the door
      blocks the opening and prevents particulate matter from entering or
      leaving the barrel.
PAR  Mechanically connected to each of the lever arms is a gear at each end of
      the barrel. As the gear is driven in one direction, it drives the door to
      the appropriate L-shaped channel and thereafter, the door serves to drive
      the drum in its rotation. Rotation in one direction closes the door and
      tumbles the particulate matter within the barrel. Rotation in the opposite
      direction turns the barrel until the opening is on the down side and the
      particulate matter drops out of the barrel by gravity.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, partially in section, illustrating the barrel
      mounting frame and drive mechanism of this invention.
PAR  FIG. 2 is a perspective view of the barrel of FIG. 1 alone and showing the
      door in closed position.
PAR  FIG. 3 is a side elevational view of the apparatus of FIG. 1.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a diagrammatic view of the barrel as it rotates in counter
      clockwise direction or in stopped position with the door in open position
      to allow the filling of the barrel with particulate matter.
PAR  FIG. 6 shows the barrel with the door rotated to its closed position and
      just as it begins to drive the barrel in its rotation.
PAR  FIGS. 7 and 8 illustrate the position of the door and barrel in its
      sequential turning from FIG. 6.
PAR  FIG. 9 is a fragmentary sectional view taken along line 9--9 of FIG. 4.
PAR  FIG. 10 is a fragmentary sectional view of the connecting means between the
      end gears and the lever arms.
PAR  FIG. 11 is a fragmentary sectional view of the barrel of this invention
      showing a modification of the door and the opening into the barrel.
PAR  FIG. 12 is a fragmentary sectional view similar to FIG. 11 showing another
      alternative structure for the barrel door and barrel opening.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Observing FIG. 1, a foraminous or porous barrel 10 is mounted for rotation
      on hubs 12 in a frame 14. The frame includes downwardly extending legs 16
      with foot portions 18 which serve to mount the barrel 10 above some
      substrate and will serve to stabilize the positioning of the drum as it
      rotates within the treating fluid in a tank or when the drum is to be
      placed on a substrate and the drum rotated to dump the particulate
      material after it has been treated. Mounting the drum well above the
      substrate allows any particulate material to fall out of the drum without
      obstructing the rotation thereof.
PAR  A conventional lifting mechanism is illustrated comprising a plate 20 with
      an aperture 22. Said plate being mounted on a U-shaped channel 24. In the
      preferred embodiment dual channels 24 are welded together but, it is clear
      that one such channel could serve the purpose under certain circumstances.
PAR  Mounted beneath the U-shaped channel 24 is a splash plate 26 which serves
      to protect a motor 28. Preferably the motor 28 is run electrically and the
      splash plate 26 serves the purpose of preventing any fluids dropping from
      above from contacting the electric motor 28 and shorting the same. In
      plants using automatically controlled barrel transfer apparatus involving
      a plurality of the barrels such as are illustrated herein, barrels being
      conveyed are dripping treating fluid when they pass overhead when they are
      transferred from one treating tank to the next. The splash plate 26
      prevents such dripping fluid from contacting the motor 28.
PAR  Mounted coaxially with the motor 28 is a gear reducer 30 having a sprocket
      32 attached to its outlet end and driving a chain 34 over a second
      sprocket 36 mounted on drive shaft 38.
PAR  As a safety feature, the sprocket 36 is connected to the shaft 38 through a
      friction clutch 40 to prevent damage to the motor through overload.
PAR  A drive gear 42 is mounted on each end of the shaft 38 to drive an idler
      gear 44, which in turn drives an end gear 46, one end gear being mounted
      coaxially with the hubs 12 at each end of the barrel 10.
PAR  Illustrated in U.S. Pat. No. 3,668,103, owned by the inventor, is an
      alternative drive motor arrangement which could be applied to this
      invention without departing from the inventive concept. Similarly, the
      drive mechanism requires only one end gear 42 to function adequately
      although the balanced drive illustrated is preferred.
PAR  At each end of the barrel, sandwiched between the barrel end 48 and the
      gear 46 is a generally rectangular-shaped lever arm 50 which is mounted to
      pivot about the hub 12 and coaxially with the barrel. Each lever arm 50 is
      mechanically connected to the end gear 46 by bolt means 51 best
      illustrated in FIG. 10. The purpose is to have a rigid connection between
      the two as the structure described is designed to have the lever arm 50
      transmit force from the end gears 46 to a door 52 which swings through an
      arc between open and closed positions best illustrated in FIGS. 5 and 6.
PAR  It should be noted that while the apparatus is illustrated as rotating in a
      clockwise direction in all embodiments herein, it is clear that rotation
      in a counter clockwise direction to close the door would be equally
      effective and no implication should be drawn from the illustrated
      direction of rotation nor the specific location of the door opening 54.
PAR  The barrel includes an opening 54 through its side-wall 56 and when the
      door is in open position, as illustrated in FIG. 5, particulate material
      may be dumped through the opening 54 to partially fill the barrel. In
      practice, the barrel is loaded with the opening 54 inclined from the
      vertical and in this manner, particulate material may be dumped into the
      barrel without striking the framework 14. As is often the case, continuned
      loading and unloading of the barrel involving heavy pieces of metal tends
      to distort and abrade the side of the barrel immediately below and
      slightly forward of the opening. For this reason, the inventor has
      provided an impact plate 60 spanning about 80.degree. in an arc measured
      from the axis of rotation of the barrel. Thus, particulate material dumped
      through opening 54 will impinge on plate 60 which is mounted between
      tumbling fins 62 and is spaced radially inwardly from the surface of the
      barrel. In this manner, the impact plate may be replaced periodically
      without having to replace the whole barrel. To further assist in absorbing
      these impacts and minimizing damage to the barrel itself, annularly
      extending rods 64 are provided between the surface of the barrel 56 and
      the impact plate 60, see FIG. 9.
PAR  Because of the desire to locate the impact plate 60 such that it will
      receive the impact of most of the particulate matter falling into the
      barrel through the opening 54, it is located whereby the plate extends for
      about 80.degree. measured from the axis of rotation of the barrel with the
      edge of the plate nearest the opening 54 being about 100.degree. from the
      centerline of the opening. More specifically, it is desirable that the
      centerline of the plate 60 be angularly displaced from the centerline of
      the opening 54 by about 145.degree.-155.degree.. This is deemed to be the
      best location for receiving most of the impact in the desired manner.
PAR  Welded longitudinally along the periphery of the barrel are two L-shaped
      channels 66 and 68 which serve as stop means for the door 52 in its
      rotation relative to the barrel. Any rotation of the door subsequent to
      its engagement with either of the stop means 66, 68 results in rotation of
      the barrel and its contents in the same direction, the door itself serving
      as the driving mechanism for the barrel.
PAR  Having thus described the elements of the invention, its use will now be
      described in operation.
PAR  Initially the door 52 is rotated such that the opening 54 is unobstructed
      and particulate material is dumped therein. After the drum is filled to
      the desired capacity, the motor 28 is actuated and through the power chain
      of gear reducer 30, sprocket 32, chain 34, sprocket 36, shaft 38, drive
      gear 42, idler gear 44, end gear 46, lever arm 50 and door 52, the door is
      driven to closed position as illustrated in FIG. 6 from open position
      illustrated in FIG. 5. As the door rotates, its forward or leading edge
      comprising an L-shaped channel or lip 70 will engage stop means 66 and the
      barrel will begin to turn. Then while stopped or while still turning, the
      barrel may be lifted with its frame and lowered into a tank of treating
      fluid where it will continue to rotate until such time as the desired
      treatment has been completed. At which time the barrel will be lifted from
      the tank and placed in another tank and/or subsequently to a place where
      the particulate material has been adequately treated and is to be dumped
      for further processing or packaging or whatever mechanism is desired to
      get it to a market place.
PAR  When the drum is conveyed to a dump area and set down on a substrate where
      it will be supported by the legs 16, the direction of the motor 28 and the
      other elements in the drive train will be reversed which will drive the
      door in a counter clock-wise direction to its open position as illustrated
      in FIG. 5 until the opposite door edge 72 engages the other stop means 68
      and at that time the barrel will begin to rotate in a counter-clockwise
      direction until the opening 54 is facing downward and the particulate
      material will fall out of the barrel by gravity.
PAR  It has been suggested that lock means may be provided as a safety factor to
      lock the door in either open or closed positions and such is not beyond
      the spirit of this invention but none are shown as they are not deemed to
      be necessary for a full understanding of this invention.
PAR  One might wonder at the possibility of the particulate material falling out
      of the drum prematurely as the direction of rotation of the drum is
      changed but, such an event is physically impossible. By way of example in
      FIG. 6, when the barrel is rotating clockwise the particulate material
      will be pushed up the left-hand side of the barrel. It will not lie in the
      bottom of the barrel because the particulate material will only tumble
      when its angle of repose is exceeded as the barrel continues to turn.
      Conversely, when the direction of rotation of the end gear 46 is changed
      by reversal of the motor 28, the door and lever arm will begin to rotate
      in a counter-clockwise direction, Due to gravity, the particulate matter
      will turn the barrel counter-clockwise while maintaining the abutting
      L-shaped stop means 66 and 70 in contact until the particulate matter is
      located in the bottom of the barrel. Then the barrel will stop rotating
      while the door and lever arms continue to rotate until the L-shaped edge
      72 engages the stop means 68, at which time the barrel will again begin to
      rotate due to the force exerted by the door driven by the end gear. Then
      the particulate matter will ride up on the right-hand side of the drum for
      the same reason as it was riding up the left-hand side when the rotation
      was in the opposite direction. It will slowly tumble, due to the force of
      gravity until the opening 54 is near the bottom and then it will be dumped
      out onto the substrate supporting the frame or perhaps into a basket or
      other catching means suitably disposed beneath the opening. The barrel is
      then ready for transport to the filling site to begin the cycle again.
PAR  FIG. 11 illustrates a modified opening and closing structure at the opening
      edges and the door edges. The barrel 74 is shown in closed position with
      the door 76 blocking the opening 78. An outwardly extending abutment or
      flange 80 on the left-hand side of the opening 78 is in abutment with a
      T-shaped abutting end 82 on the forward or driving end of the door 76.
      Note that the radially extending surfaces of the abutments 80 and 82 form
      a line contact to prevent small parts from falling through the opening or
      becoming lodged between the door and the periphery of the barrel 74.
      Similar sealing contact is made between the outwardly extending flange or
      abutment 84 on the right-hand side of the barrel opening and the mating
      T-shaped abutment 86 on the right-hand side of the door 76. As will be
      clear, rather close tolerances will be required in this particular
      structure, but the two sealing surfaces will serve the very valuable
      function of preventing small parts in the barrel from falling out or
      becoming wedged between the exterior barrel surface and the interior door
      surface. Clockwise rotation brings flanges 82 and 84 into contact to dump
      the tumbling load as in the previous embodiment.
PAR  FIG. 12 is another modification of the barrel 74 of FIG. 11. In this case
      the opening 78 has no flange at the right-hand edge 88 of the opening 78.
      In the illustration with the door 90 in closed position the barrel will be
      rotating clockwise and particles within the barrel tumbling will ride up
      over the edge 88 as it starts upward from its bottom section and will fall
      onto the inner surface of the door 90 and due to the direction of tumble
      could not possibly pass into the small space 92 between the door and the
      barrel surface, because gravity would carry the particle in the other
      direction.
PAR  Driving the barrel in the clockwise direction is accomplished by the
      downwardly extending portion of the T-shaped abutment 94 on the left-hand
      side of the door 90. It will be clear from the previous explanations that
      when the direction of rotation is reversed the T-shaped abutment 94 will
      rotate to contact with radially extending flange 96 and together they will
      serve to rotate the barrel in a counter-clockwise direction to allow the
      particles within the barrel to be dumped through opening 78.
PAR  Having thus described the invention, it will be obvious to those having
      ordinary skill in the art that certain modifications may be made in the
      apparatus without departing from the spirit or scope of the invention. It
      is not the inventor's intention to be bound by the limited description
      herein nor the language used to describe the apparatus, rather it is
      intended that the inventor be limited only by the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotatable barrel for use in the surface treatment of particulate
      matter enclosed therein,
PA1  said barrel having ends and side structure, said ends being mechanically
      attached to means forming the side structure,
PA1  said side structure means being foraminous,
PA1  an opening means in said foraminous side structure means for the insertion
      and discharge of particulate matter,
PA1  said barrel being rotatable about an axis extending perpendicular to the
      ends of said barrel,
PA1  a door for opening and closing said opening means, said door being mounted
      on lever arms,
PA1  one said lever arm being spaced from each end of the barrel and extending
      radially from its axis of rotation, a hub means on each end of the barrel
      extending coaxially with said axis of rotation,
PA1  said lever arms being mechanically attached to the hub means to thereby
      swing the door in an arc having an axis coaxial with said hub means,
PA1  stop means for limiting the angle of said arc in which said door may swing
      relative to the barrel,
PA1  at least one of said lever arms being mechanically attached to a gear
      mounted on one side of said hub means whereby, rotation of said gear in
      one direction drives the door to closed abutting position against one of
      said stop means and the barrel is thereafter rotated by force exerted by
      (1) the gear, (2) the attached lever arm and (3) the door pushing against
      the stop means,
PA1  the stop means in abutment with the door comprising an L-shaped channel
      member welded to the periphery of said barrel adjacent one edge of the
      opening means and extending from one end to the other,
PA1  the portion of the door abutting the stop means comprising a radially
      inwardly extending flange whereby the abutting flange and stop means serve
      to seal one edge of the opening against loss of the particulate matter
      during tumbling.
NUM  2.
PAR  2. The barrel of claim 1 wherein a gear is affixed to the hub means and
      each lever arm to balance the barrel driving force and increase the life
      of the same.
NUM  3.
PAR  3. The barrel of claim 1 wherein rotation of the gear in the opposite
      direction drives the door to open position against the other stop means
      and thereafter the barrel rotates due to the force exerted by (1) the
      gear, (2) the attached lever arm and (3) the door and particulate matter
      is dumped from the barrel as the opening rotates to the barrel down side.
NUM  4.
PAR  4. The barrel of claim 3 wherein the portion of the door abutting the other
      stop means comprises opposite surface the same radially inwardly extending
      flange.
NUM  5.
PAR  5. The barrel of claim 1 being mounted within a frame having leg portions
      for supporting said barrel above a substrate, said frame supporting said
      barrel by said hub means.
NUM  6.
PAR  6. The barrel of claim 5 wherein the hub mounted gear is caused to rotate
      by an idler gear which, in turn, is driven by a gear, said drive gear
      being actuated by a motor mounted on said frame above said barrel.
NUM  7.
PAR  7. The barrel of claim 6 including a splash plate mounted on said frame
      above the motor to prevent liquids dropping from above from contacting
      said motor.
NUM  8.
PAR  8. The barrel of claim 1 including an impact plate within said barrel for
      absorbing the shock of particulate matter dumped into said barrel through
      said opening means.
NUM  9.
PAR  9. The barrel of claim 8 wherein the center of the impact plate is
      separated from the center of the opening means by an angle in the range
      145.degree.-155.degree., measured at the axis of rotation of the barrel.
NUM  10.
PAR  10. The barrel of claim 1 wherein the only active force of rotation exerted
      against the barrel is by the door.
NUM  11.
PAR  11. A rotatable barrel for use in the surface treatment of particulate
      matter enclosed therein,
PA1  said barrel having ends and side structure, said ends being mechanically
      attached to means forming the side structure,
PA1  said side structure means being foraminous,
PA1  and opening means in said foraminous side structure means for the insertion
      and discharge of particulate matter,
PA1  said barrel being rotatable about an axis extending perpendicular to the
      ends of said barrel,
PA1  a door for opening and closing said opening means, said door being mounted
      on lever arms,
PA1  one said lever arm being spaced from each end of the barrel and extending
      radially from its axis of rotation, a hub means on each end of the barrel
      extending coaxially with said axis of rotation,
PA1  said lever arms being mechanically attached to the hub means to thereby
      swing the door in an arc having an axis coaxial with said hub means,
PA1  stop means for limiting the angle of said arc in which said door may swing
      relative to the barrel,
PA1  the barrel being mounted within a frame having leg portions for supporting
      said barrel above a substrate, said frame supporting said barrel by said
      hub means,
PA1  a gear being mounted on said hub means and being in driving engagement with
      an idler gear which, in turn, is in driving engagement with a drive gear,
PA1  said drive gear being mounted in operative position to be driven by a motor
      mounted on said frame above the barrel, and
PA1  splash plate means mounted above the motor for preventing fluids dropping
      from above from contacting the motor.
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ABST
PAL  A portable transit mix unit comprising a support base and concrete mixer
      drum thereon, is provided with rollers movably connected to the base
      whereby the base can be elevated out of engagement with the bed of a truck
      or lowered to support the unit directly on the bed. In the elevated
      position of the base, the unit can be rolled off of the truck bed onto a
      support stand. This enables the truck to be used for other purposes while
      the unit is supported on the stand. The stand includes a tiltable platform
      which when inclined forwardly, facilitates transfer of the unit from the
      platform onto the truck bed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Applicant's U.S. Pat. No. 3,767,171, dated Oct. 23, 1973, discloses a small
      volume transit mix system wherein a transit mix unit is removably mounted
      on the bed of a pick up truck. If the truck is to be used for other
      purposes, the transit mix unit thereon must be removed by a derrick or
      hoist. Frequently, the party renting the truck with the concrete mixer
      unit thereon does not have a derrick available. Also, there are seasons of
      the year, particularly in the wintertime, when concrete pouring is not
      practical; and if the concrete mixer unit remains on the truck this ties
      up the truck rendering it non-useful for hauling purposes.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  Summarizing the invention hereof, it comprises a system and method whereby
      the concrete mixer unit can be readily removed from the bed of a truck,
      such as a conventional pick up truck, onto an auxiliary support when it is
      desired to use the truck for other purposes. For such purpose, the
      concrete mixer unit comprises a support base on which a concrete mixer
      drum and appurtenances therefor is mounted. The base is supported on
      rollers which enable the unit to be rolled on the bed of a truck or any
      other support surface.
PAR  These rollers are movably connected to the base for selectively lowering
      the unit of engagement with the bed of the truck so that the unit can be
      rolled, or into engagement with the bed for fixed support thereon. Thus,
      when the transit mix unit is to be removed from the truck bed, the unit is
      elevated with reference to the rollers. Initially, the unit is mounted on
      the truck bed by a hoist.
PAR  Means is provided comprising an auxiliary support stand for the unit,
      including a support platform. When the truck is backed up adjacent the
      front of the platform, the unit can be transferred from the truck bed onto
      the platform by rolling the same from the bed; and the unit can remain on
      the platform as long as desired thus rendering the truck useful for other
      loads. When the unit is to be returned to the truck bed, the truck is
      backed up adjacent the front of the platform, and the unit is rolled from
      the platform onto the truck bed.
PAR  As the concrete mixer unit is quite heavy, means is provided on the
      auxiliary support for the unit for effecting the transfer. Such means
      comprises a winch on the support, desirably connected to the support
      platform, and a cable connectable to the unit, and which is operable by
      the winch to roll the unit from the truck bed onto the platform. When on
      the platform, the winch and cable hold the unit securely thereon.
PAR  The platform is pivotally mounted on a main frame of the support therefor,
      for fore and aft tilting movement about a horizontal axis so that the
      platform can tilt from a substantially horizontal position to a forwardly
      inclined position, and vice versa. In either the forwardly inclined
      position or horizontal position of the platform, the truck is backed up
      with the unit mounted thereon and with its bed adjacent the front of the
      platform, and the unit is transferred to the platform by the winch and
      cable.
PAR  The pivotal connection of the platform is such that when it is inclined
      during the transfer of the unit from the truck to the platform, the weight
      of the truck thereon positions it to a horizontal position for holding the
      unit. In retransferring the unit from the platform to the truck, the cable
      is released and slight shoving of the unit causes the platform to tilt
      forwardly so that the unit can roll onto the truck, primarily by gravity
      with perhaps manual pushing of the platform onto the truck bed. The
      platform is provided with forward extension means to bridge space between
      the rear of the truck bed and the front of the platform when transfer is
      effected from one to the other.
PAR  From the preceding it is seen that the invention has as its objects, among
      others, the provision of simple and economical means enabling a portable
      transit mix unit to be transferred from the bed of a truck onto a support
      therefor, thus obviating the necessity of removing the transit mix unit by
      a derrick or hoist when it is desired to use the truck for other purposes,
      and to a simple method for accomplishing this result. Other objects will
      become apparent from the following more detailed description thereof and
      accompanying drawings, in which:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevational view of a typical portable transit
      mix unit with supporting rollers of this invention movably connected
      thereto;
PAR  FIG. 2 is a schematic side elevational view illustrating a pick up truck
      with the transit mix unit hereof backed up adjacent the front end of a
      support platform for transfer of the unit to the platform;
PAR  FIG. 3 is a similar view illustrating the transit mix unit partially rolled
      onto the platform support therefor;
PAR  FIG. 4 is likewise a similar view illustrating a transit mix unit on the
      platform;
PAR  FIG. 5 is a side elevational view, partly in section, of the auxiliary
      support therefor;
PAR  FIG. 6 is a fragmentary end elevational view looking in the direction of
      line 6 -- 6 in FIG. 5;
PAR  FIG. 7 is a transverse section taken in a plane indicated by line 7 --7 in
      FIG. 5; and
PAR  FIG. 8 is a transverse sectional elevation of a special form of truck bed
      for supporting the transit mix unit at a low center of gravity.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 illustrating a typical small volume transit mix unit
      for concrete, as is disclosed in applicant's aforementioned patent, the
      unit comprises a base 2 on which is supported a mixer drum 3 journaled in
      bearings 4 at its forward end, and at its rear end by bearing ring 6
      engaging bearings 7. A hydraulic motor 8 operable by gas engine driven,
      hydraulic supply unit 9 rotates mixer drum 3 as in the aforementioned
      patent. A loading hopper 11 is provided to load the drum; and a pivoted
      discharge chute 12 from which concrete may be transferred through transfer
      chute 13, are also provided. After the drum is discharged, it may be
      washed out by water in water tank 14 fed by pump 16 through feed pipe 17.
      The above elements are substantially the same as those disclosed in the
      aforementioned patent but any other suitable arrangement of drum on a
      support base, with appurtenances may be employed.
PAR  Means is provided for raising or lowering the aforedescribed unit with
      reference to a support surface, such as the support bed of a conventional
      flat bed pick up truck, indicated by reference numeral 18. Such means
      comprises front and rear sets of rollers 21 journaled on roller bearings
      and which are carried by bell crank arms 22 fixed to fore and aft pivot
      shafts 23 journaled in side beams 24 forming part of the base 2 of the
      unit. The bell cranks 22 are interconnected by linkages 25; and one of the
      rear bell crank arms at one side of the mixer unit base has an upward
      extension which carries a pivoted nut 26 having a screw threaded
      connection with a screw 27 which can be turned in either direction by
      crank arm 28.
PAR  By turning the crank arm in one direction, the unit may be elevated so that
      the rollers 21 support the same, thus enabling such unit to be rolled on
      the bed of the truck or other support surface, while by turning the arm in
      the opposite direction, the base of the unit is brought to rest in direct
      or fixed engagement with the bed of the truck so as to be fixedly
      supported thereon. The weight of the unit is sufficient in most cases to
      provide such fixed support but attaching means for safety purposes, such
      as chains or hold down bolts, may be provided.
PAR  As in the aforementioned patent, the described arrangement is particularly
      useful for a system enabling home owners or the like to obtain relatively
      small volumes of concrete for "do-it-yourself" jobs. For such purpose
      expensive and large equipment for the work is not practical because of the
      economic factor. With applicant's system a "do-it-yourself" individual may
      visit a nursery or lumber yard which usually stocks the components for a
      concrete mix, and obtain relatively small volumes of the mix which he can
      transport to the site of use by the relatively inexpensive transit mix
      unit that can be rented on a reasonable basis. In this connection, the
      concrete components are not mixed at the site where they are obtained.
      They are loaded dry in the mixer drum which is supplied with water
      beforehand or has water added thereto after the mix is introduced into the
      drum. The mixing of the components occurs while the mixer is in transit to
      the use site.
PAR  In situations where an individual may desire to use the truck for other
      purposes, he generally does not have a hoist to remove the mixer unit from
      the flat bed of the truck, and must obtain a hoist to remove it in order
      to render the truck useful for such other purposes. In the present
      invention, the mixer unit is initially positioned on the truck at the site
      where the equipment is mixed or rented, by means of a hoist or derrick. To
      enable removal of the mixer unit from the truck without the necessity of
      employing a hoist, and thus render it readily portable, the invention
      hereof provides a support for the unit against the forward end of which
      the truck may be backed up, and the mixer unit rolled off from the truck
      onto the support for storage or even for use while on the support. When it
      is desired to replace the mixer unit onto the bed of the truck, the
      support is so constructed that the unit may be readily rolled off the
      support onto the truck bed.
PAR  Referring to FIGS. 5 through 7, the support comprises main frame stand 31
      and platform 32 pivotally mounted thereon for fore and aft tilting
      movement on pivot shaft 33 journaled in bearing blocks 33'. Stand 31 is
      formed of suitable metal beams rigidly secured together, and comprises
      ground engaging support legs 34 which are adjustable as to length to vary
      the height of the entire platform or either end thereof above the ground.
      For this purpose, the legs are tubular and have feet 35 telescoped therein
      and which may be held in any desired adjusted position by suitable means,
      such as apertures and pins.
PAR  Platform 32 comprises a plate 36 reenforced by web 37 and cross beams 38.
      Spaced apart channels 39 forming U-shaped trackways are secured to
      platform plate 36 to receive the rollers 21 on the transit mix unit base
      2. A stop 41 extends downwardly from the platform to position it
      substantially horizontally; and to hold it horizontally, a removable latch
      pin 42 is provided.
PAR  Attached to the platform of the stand is a winch 43 and a cable 44
      connectable to a suitable part of the mixer unit. The winch can be turned
      by crank handle 45 through gearing 46. Ratchet mechanism including pivoted
      pawl 47 holds the unit in position when it is being pulled by the cable
      from the bed of the truck onto support platform 32.
PAR  Extending forwardly from the front end of the platform are bridge means 48
      adapted to overlie the back of the truck bed to span the space between the
      platform and the truck, so that the rollers 21 may travel thereover onto
      the platform. Such bridge means may be channels in continuation of
      channels 39.
PAR  In transferring the unit from the truck bed onto the platform, the platform
      may be unlatched and tilted forwardly as shown in FIGS. 2 and 3, and the
      cable connected to the unit. Operation of the winch pulls the unit on its
      rollers 21 onto the platform, as shown in FIG. 4; and when fully on the
      platform the platform tilts rearwardly under the weight of the unit, which
      is held by means of the pawl and ratchet mechanism. In this connection, if
      adjustment of the height of the support frame is required, this may be
      readily done by adjusting the aforementioned feet 35.
PAR  When it is desired to re-transfer the transit mix unit onto the flat bed of
      the truck, the platform is tilted forwardly about pivot shaft 33', which
      may be readily done manually, so that it is inclined forwardly with bridge
      means 48 over the rear part of the truck bed; and by manually pushing the
      unit on its support rollers 21, it may be rolled downwardly onto the truck
      bed under control of the ratchet mechanism.
PAR  FIG. 8 illustrates a special truck bed construction for supporting the
      transit mix unit on the truck bed at a lower center of gravity, to enhance
      stability. The bed comprises a well 51 over longitudinal frame members 52
      and having a bottom plate 53; flat side plates 54 over longitudinal side
      beams 56 extend from each side of the well. The transit mix support
      rollers 21 can ride in the well over beams 52. U-shaped channels to form
      spaced apart U-tracks may be provided by upstanding plates 57. Should it
      be desired to form a flat bed truck when the transit mix unit is not
      supported on the truck, the well may be covered by removably mounted cover
      plate 58 supported on outwardly extending flanges 59, and which is even
      with flat side plates 54.
CLMS
STM  I claim:
NUM  1.
PAR  1. A transit mix system comprising a portable transit mix unit including a
      support base having a concrete mixer drum supported thereon, rollers
      carried by said base enabling the unit to be rolled on the bed of a truck,
      means movably connecting said rollers to said base for selectively
      elevating and lowering said unit out of or into engagement with said bed
      whereby the unit can be rolled on said bed or into engagement with said
      bed for fixed support thereon, a support stand including a support
      platform for the unit, and means carried by said stand for detachable
      connection to said unit to transfer the unit from the bed onto the
      platform when the unit is in elevated position on the rollers and the bed
      of the truck is adjacent the front of the platform.
NUM  2.
PAR  2. The transit mix system of claim 1 wherein the platform is pivotally
      mounted between its front and rear ends for fore and aft tilting movement
      about a horizontal axis so that the platform can tilt from a substantially
      horizontal position to a forwardly inclined position.
NUM  3.
PAR  3. The transit mix system of claim 2 wherein bridge means extends from the
      front of the platform to overlie the rear of the truck bed when transfer
      of the mixer unit is effected from the truck bed onto the platform and
      vice versa.
NUM  4.
PAR  4. The transit mix system of claim 3 wherein said platform comprises spaced
      apart trackways to receive said rollers.
NUM  5.
PAR  5. The transit mix system of claim 2 wherein means is provided to latch the
      platform in said horizontal position.
NUM  6.
PAR  6. The method of rendering a truck useful for other loads in a transit mix
      system wherein a portable transit mix unit is mounted on the bed of a
      truck, which comprises providing support rollers on the unit enabling it
      to be moved readily, movably connecting said rollers to said unit for
      selectively elevating and lowering said unit out of or into fixed
      engagement with said truck bed, providing a support having a support
      platform for said unit, backing the truck adjacent the front of the
      platform, with the unit elevated relative to said bed, rolling the unit
      from the truck bed onto the platform, and when such unit is to be used
      again on the truck rolling it from the platform onto the truck bed, and
      subsequently lowering said unit into fixed engagement with said truck bed.
NUM  7.
PAR  7. The method of rendering a truck useful for other loads in a transit mix
      system wherein a portable transit mix unit is mounted on the bed of a
      truck, which comprises providing support rollers on the unit enabling it
      to be moved readily, providing a support having a support platform for
      said unit, backing the truck adjacent the front of the platform, rolling
      the unit from the truck bed into the platform, and when such unit is to be
      used again on the truck rolling it from the platform onto the truck bed;
      said method further comprising providing a winch and a cable which is
      carried by the support to roll the unit from the truck bed, and the unit
      is rolled under gravity from the platform by providing a tiltable mount
      for the platform, allowing the platform to tilt forwardly under the weight
      of the unit, and controlling the rolling under gravity by the winch.
NUM  8.
PAR  8. The method of claim 7 including the step of bridging space between the
      platform and the truck bed.
NUM  9.
PAR  9. In a transit mix system, a truck for transporting a portable unit having
      a base and a concrete mixer drum mounted thereon, said truck having a bed
      comprising spaced apart flat horizontally extending side plates positioned
      at substantially the same level and a well therebetween to receive the
      unit for lowering the center of gravity when the unit is supported on the
      truck, and a cover plate for removable mounting over said well
      substantially even with said side plates to provide a flat truck bed when
      desired which extends substantially full width of the truck.
NUM  10.
PAR  10. The system of claim 9 wherein the well bottom is provided with spaced
      apart U-shaped trackways for receiving rollers on the base of the mixer
      unit.
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PAL  A plastics extrusion-injection molding machine comprising a screw cylinder
      formed with supply, compression and melting portions having boosting means
      formed in the supply portion to allow plastic material passing therein to
      fully occupy the supply section and boost the discharge pressure of the
      plastic material to a predetermined level high enough to permit injection
      molding. The machine also includes back-flow means formed in the screw
      member at the melting portion to allow plastic material to escape
      backwardly and prevent abnormally high pressure from building up in the
      machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an extruder for plastics-processing, and,
      more particularly, to a plastics-processing apparatus which has a combined
      performance of extrusion and injection.
PAR  2. Description of Prior Art
PAR  As is well known in the art, the extruders for plastics-processing are
      machines for manufacturing plastics products with uniform cross-section,
      such as film, sheet, pipes, angulars or rods, in continuous lengths. The
      injection molding machines are, on the other hand, plastics-processing
      machines for producing three-dimentional mouldings one by one by
      intermittently injecting molten polymer into molds.
PAR  Comparison between the machines of these two types can be tabulated as to
      their performance, as follows:
TBL  Performance Comparison between Extruders and                              
     Injection Molding Machines                                                
     __________________________________________________________________________
                   Extruders Injectors                                         
     Productivity  Great     Small                                             
     Products      lengths having the                                          
                             Three-dimentional                                 
                   same cross-section                                          
                             Moldings                                          
     Material discharge method                                                 
                   Screw rotation                                              
                             Plunger stroke                                    
     Plasticizing capacity                                                     
                   Great     Small                                             
     Plasticizing property                                                     
                   Low temperature                                             
                             High temperature                                  
                   Uniform   Non-uniform                                       
     Mixing property                                                           
                   Excellent Poor                                              
     Dispersing property                                                       
                   Excellent Poor                                              
     Processing temperature                                                    
                   Low       High                                              
     Product cooling                                                           
                   Rapid     Slow                                              
     Stay period   Short     Long                                              
     Melt stagnation                                                           
                   None      Occurs                                            
     Maintenance & control                                                     
                   Easy      Difficult                                         
     Cost          High      Low                                               
     __________________________________________________________________________
PAR  The above differences in performance are considered to come from the basic
      difference in processing operation.
PAR  More specifically, since the extruders are equipped with a long screw, the
      polymer can be heated gradually with a gentle temperature gradient during
      the period from the time when it is fed to the hopper to the time when it
      is discharged from the outlet of the nozzle. As a result, there is little
      cross-sectional temperature difference, that is, the temperature
      difference between the material, which is sticks to the inner surface of
      the cylinder, and the material which is sticks to the outer surface of the
      screw. As compared with this long screw extrusion, however, the injection
      molding machines with a short screw (or plunger) have such a construction
      as to inevitably heat the polymer rapidly within a short period of time,
      so that great difference in the cross-sectional temperature will result.
      This may lead to insufficient plasticizing and mixing of the polymer.
PAR  Since, moreover, the long screw extrusion can process the material at a
      considerably lower temperature than the short screw injection, the cooling
      time period required can be shortened accordingly, and the possible
      thermal deterioration of the material can be effectively prevented.
PAR  Since the long screw extrusion can enjoy great efficiency in mixing, it
      should also be appreciated as another advantage that products of minute
      cell-structure with improved foaming ratios can be obtained if applied to
      foam molding, and that uniformly colored products can be obtained by using
      dry-color.
PAR  Theoretically, it is of course possible to install long screws in the
      conventional injection molding machines. In this instance, however, a
      complicated hydraulic mechanism of large scale is required, which makes
      this impracticable.
PAR  For these reasons, extruders can be said to have greater productivity and
      higher performance at lower cost than injection molding machines.
PAR  When it is intended to afford the injection molding function to
      conventional extruders, several impediments are encountered. In order to
      apply the extruders to intermittent injection, a considerable duration of
      time is required until a proper level of injection pressure is obtained
      after the screw is started. In addition, the screw, which is rotating with
      a large torque, cannot practically be stopped due to its inertia, even if
      the driving motor is stopped after the polymer injection. When, moreover,
      the nozzle is shut simultaneously with the stop of screw rotation,
      abnormally high pressure is induced in the vicinity of the tip of the
      closed nozzle. The high pressure thus induced will bring about leakage of
      the polymer from the nozzle tip or, in some case, will invite machine
      breakage.
PAC  OBJECTS
PAR  It is, therefore, an object of the present invention to provide an improved
      plastics-processing extruder having a combined performance of extrusion
      and injection.
PAR  Another object of the present invention is to provide an improved
      plastics-processing extruder of the above type, in which the
      afore-mentioned drawbacks are eliminated.
PAR  Still another object is to provide an improved plastics-processing extruder
      of the above type, in which a molten plastic material under high pressure
      can be discharged intermittently for the injection performance into a
      mold-cavity within a shortened period of time, and in which even with the
      nozzle tip being closed injection-molded products can be consecutively
      obtained without incuring the leakage of the plastics material and the
      machine breakage.
PAC  SUMMARY OF THE INVENTION
PAR  According to a major feature of the improved plastics-processing extruder
      of the present invention, there is provided a boosting means, which is
      formed in a supply portion of a cylinder for allowing the plastic material
      to fully occupy in the supply portion the clearance between a screw and
      the cylinder, so as to boost the discharge pressure of the plastic
      material to a predetermined level suitable for the injection performance.
PAR  According to another major feature of the present plastics-processing
      extruder, there is provided a back-flow means, which is formed in such
      thread portions of the screw, as correspond to a melting portion of the
      cylinder, for allowing the plastic material to flow backwardly
      therethrough so as to prevent an abnormally high level of the discharge
      pressure from being built up in the machine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will be apparent from
      the following description taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a longitudinal section showing an essential portion of a
      plastics-processing extruder according to the present invention;
PAR  FIGS. 2 and 3 are similar to FIG. 1 but show other embodiments of the
      present invention;
PAR  FIG. 4 is a enlarged cross-section taken along the line IV--IV of FIG. 1
      for showing the melting portion of the screw;
PAR  FIGS. 5(i) and (ii) are perspective views showing the construction
      arrangements of parallel grooves which are formed in the melting portion
      of the screw according to the present invention;
PAR  FIG. 6 is a graphical presentation showing the relationship between the
      pressure built up at the tip of the cylinder and the time duration during
      which the screw is rotated; and
PAR  FIG. 7 is a graphical presentation showing a radial temperature
      distribution of the plastics material at the cylinder tip.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The general construction of the plastics-processing extruder according to
      the present invention will be described with reference to FIG. 1.
PAR  When a valve 1 disposed in the downstream end is closed for the injection
      performance, a screw 2 is rotated by a prime mover 3. Then, the plastic
      material is thrown into a hopper 4, and is conveyed in a cylinder 5 in the
      forward direction to the valve 1, being subjected to heating, compression
      and mixing. The heating is performed by a heater 6 which is mounted on the
      cylinder 5.
PAR  At the downstream end of the cylinder 5 is provided a pressure gauge 7,
      which is operative to detect the pressure level of the material prevailing
      in the cylinder 5. When the pressure level detected by the pressure gauge
      7 exceeds a predetermined value, a sprue bush 8 of a mold 9 is thrust into
      contact with a nozzle 10, and the valve 1 is opened to fill the plastic
      material into the cavity of the mold 9. After that, the mold 9 is detached
      from the nozzle 10, and the valve 1 is closed and the rotation of the
      screw 2 is stopped both concurrently with the detachment. A series of
      these operations may desirably be carried out in an electrically automatic
      manner.
PAR  After this series, another mold 9 is attached to the valve 1 and the screw
      2 is concurrently rotated. In these ways, the operations are cyclically
      repeated.
PAR  The above injecting operations of the present extruder can be accomplished
      by the following construction arrangements.
PAR  In the extruder, there is adopted a boosting means, which is formed in a
      supply portion of the cylinder 5 for allowing the plastic material to
      occupy in such supply portion fully the clearance between the cylinder 5
      and the screw 2, as longitudinally corresponds to the supply portion, so
      as to boost the discharge pressure of the plastic material to a
      predetermined level which is high enough for the injecting operations.
PAR  Generally speaking, the screw 2, which is rotatably inserted in the
      cylinder 5 for conveying the plastic material through the clearance
      inbetween, is divided into three portions, that is, the supply,
      compression and melting portions, to which the portions of the clynder 5
      correspond. Thus, the plastic material thrown into the hopper 4 is
      compressed and mixed by the rotation of the screw 2 and is melted by the
      heater 6, until it is discharged from the nozzle 10. If, in this instance,
      the inner wall of the cylinder 5 is highly smooth, the plastics material
      being worked will receive little resistance from the cylinder wall and
      rotate freely with upon the outer surface of the screw 2 inner wall but
      heavily to the outer surface of the screw 2, thus. As a result, it is
      impossible to obtain a high pressure at the tip of the nozzle 10.
PAR  In the present extruder, as shown in FIG. 1, the cylinder supply portion
      5a, which corresponds to the screw supply portion 2a, is formed with a
      rough surface 12 into which the plastic material intrudes to create
      rotational resistance so that the material may fully occupy the clearance
      inbetween so as to boost the discharge pressure of the material to a
      predetermined level high enough for the injecting operations.
PAR  As for the boosting means, alternatives are conceivable, some of which will
      be described with reference to FIGS. 2 and 3. The embodiment of FIG. 2
      employs a combination of a different-diameter cylinder 21 and a
      different-diameter screw 22. As shown in FIG. 3, on the other hand,
      another embodiment does not employ the screw of different diameter but has
      its supply portion 31a of the cylinder 31 formed with a plurality of
      threads 34 which are arranged in an opposite helical direction to that of
      the threads 33 of the screw 32.
PAR  In FIG. 2, more specifically, the supply portion 21a of the cylinder 21 is
      composed of an enlarged-diameter portion 23 and a converging portion 24
      merged from the portion 23 into the compression portion of the cylinder
      21. In this cylinder 21 is rotatably inserted a screw 22 which is composed
      of an enlarged-diameter portion 25 and a tapered portion 26 positioned to
      radially face the cylinder converging portion 24. Thus, the plastic
      material fed into the clearance between the enlarged-diameter portions 23
      and 25 will wet the inner walls of the two and will then be subjected to
      compression in the clearance between the converging portion 24 and the
      tapered portion 26. Under these conditions, the plastic material is
      cenveyed to the nozzle, where it attains its highest pressure level.
PAR  In another embodiment of FIG. 3, on the other hand, the supply portion 31a
      of the cylinder 31 is likewise composed of an enlarged-diameter portion 35
      and a converging portion 36. In this cylinder 31, on the contrary, is
      rotatably inserted a screw 32 which has the same length and an uniform
      diameter. The enlarged-diameter portion 35 is formed at its inner
      periphery with a plurality of threads 34 which are arranged in an opposite
      helical direction to that of the threads 33 of the screw 32. The plastic
      material engages the helical grooves formed in the threads 34 of the
      enlarged-diameter portion 35, and then is highly compressed by the screw
      32 at the converging portion 36. The plastic material thus conveyed
      attains its highest pressure level at the nozzle tip.
PAR  According to another major feature of the present invention, a back-flow
      means is formed in the melting portion of the screw for allowing the
      plastic material to flow backwardly therethrough so as to reduce the
      discharge pressure of the material, so that an abnormally high level of
      the discharge pressure may be prevented from being built up in the
      clearance.
PAR  Reverting to FIG. 1, when the first series of the injecting operations are
      completed with the mold 9 being removed from the sprue bush 8, the valve 1
      is concurrently closed and the screw 2 is stopped. If it were not for the
      back-flow means, the plastic material would partially leak from the valve
      1 due to the prevailing high pressure exerted on the valve 1.
PAR  With this in mind, therefore, a plurality of parallel grooves 40 are formed
      on the periphery of and longitudinally of the melting portion 2c of the
      screw 2 so as to allow the plastic material, which might otherwise be
      confined in the vicinity of the nozzle tip, to be relieved backwardly
      therethrough.
PAR  Turning now to FIG. 4, indicated at reference numerals 40 and 41 are the
      parallel grooves and threads of the screw 2, respectively. These grooves
      40 are bounded by surfaces which are parallel to the longitudinal axis of
      the screw, and may be arranged along the same longitudinal lines, as shown
      in FIG. 5(i), or may alternatively be arranged to be angularly spaced from
      the longitudinally adjacent one, as shown in FIG. 5(ii). The number, depth
      and width of these grooves 40 may be varied in accordance with the
      property of the plastic material and with its stay period in the cylinder.
PAR  Reference will now be made to FIG. 6, in which the relationship between the
      pressure creation at the cylinder downstream end and the time duration
      from initiation of the screw rotation is graphically presented as for the
      present extruder equipped with the boosting means of the discharge
      pressure and with the back-flow means of the excessive plastic material,
      in comparison with that of the conventional extruder capable of performing
      the extrusion only. In this graph, the horizontal axis represents the
      screw rotation time period and the vertical axis the pressure created. In
      this instance, the solid line corresponds to the extruder according to the
      present invention, and the broken line corresponds to the conventional
      extruder.
PAR  In the conventional extruder, the pressure gradually increases with the
      duration of time from the point A, and the residual pressure is still
      maintained to continue the undesired leakage of the plastic material even
      after the screw rotation is stopped, as shown at the point B. If,
      accordingly, the nozzle is completely shut off, the residual pressure will
      abruptly increase, as shown at the dotted curve, to such an excessively
      high level as to invite the machine breakage. On the contrary, the
      pressure curve with the present extruder shows an abrupt and higher
      pressure generation concurrently with such an initiation of the screw
      rotation as indicated at the point A, and the same high pressure level is
      maintained during the screw rotation. This high pressure level rapidly
      decreases concurrently with the stopping of the screw rotation, as shown
      at the point B.
PAR  Examples of the present extruder will now be enumerated in the following:
PAC  EXAMPLE I
PA1  a. Screw
PA1  Outer Diameter (D) : 65 mm
PA1  Length (L) : L/D = 22
PA2  Supply Portion : 13D, Compression Portion: 2D, and Melting Portion : 7D
PA1  Back-Flow Grooves:
PA2  Type of FIG. 5(i), Depth:2.2 mm, and Width : 2.5 mm
PA2  Four Lines (arranged to be equi-angularly spaced from each other over the
      whole surface of the melting portion)
PA1  Compression Ratio : 1 : 4
PA1  b. Cylinder
PA1  The whole area of the supply portion was formed with a rough surface which
      had twill lines with a pitch of 0.6 mm and a depth of 0.3 mm.
PA1  c. Operations
PA2  With use of the above extruder, a polyethylene resin of high density (M1-1)
      was molded at the screw rotation speed of 80 RPM, under the discharge
      pressure of 300 Kg/cm.sup.2, for the injection time duration of 60 sec.,
      at the material temperature of 190 degrees. The resultant product was a
      thick plate having a thickness of 25 mm, a length of 200 mm, a width of
      200 mm, and a weight of 1 Kg. The product was free from any mold cavity.
PAC  EXAMPLE II
PA1  a. Screw
PA1  Outer Diameter (D) : 65 mm
PA1  Length (L) : L/D = 22
PA2  Supply Portion : 7D, Compression Portion : 9D, and Melting Portion : 6D
PA1  Back-Flow Grooves :
PA2  Type of FIG. 5(ii), Depth : 2.2 mm, and Wigth : 1.7 mm
PA2  Six Lines (arranged to be equi-angularly spaced from each other over the
      whole surface of the melting portion)
PA1  Compression Ration : 1 : 2.7
PA1  b. Cylinder The whole area of the supply portion was formed with a rough
      surface which had twill lines with a pitch of 1.5 mm and a depth of 0.6
      mm.
PA1  c. Operations With use of the above extruder, a polystylene of anti-shock
      type was molded at the screw rotation speed of 60 PRM, under the discharge
      pressure of 400 Kg/cm.sup.2, for the injection time duration of 20 sec.,
      at the material temperature of 180 degrees. The resultant product was a
      salad bowl having an outside diameter of 150 mm and a weight of 300 g. The
      foaming ratio of the product was 120 % and the resulting pores were found
      remarkably fine and uniform. Even after several hundreds of the molding
      cycles weight and shape of the products remained uniform and no leakage of
      material at the nozzle occurred.
PAR  As has been detailed hereinbefore, the present invention is featured in
      that the boosting means is formed in the supply portion for allowing the
      plastic material to fully occupy the clearance at the supply portion to
      thereby boost the discharge pressure to a predetermined high level, and in
      that a plurality of back-flow grooves are formed in the melting portion of
      the screw for allowing the plastic material to flow backwardly
      therethrough to thereby prevent an abnormally high discharge pressure,
      which might otherwise be exerted on the valve outlet after stopping of the
      screw rotation and which might otherwise lead to leakage of the material
      and/or breakage of the mechanism, from being built up. Thus, it should be
      appreciated that the present extruder can perform the injection in
      addition to its intrinsic extrusion.
PAR  The present invention should also be appreciated in that by changing the
      capacity of the clearance as well as the screw rotation speed the amount
      of injection can be accordingly changed within a wide range so that a
      variety of moldings can be obtained with a wide range of weight, for
      instance, 0.1 to 1.2 Kg. It should further be appreciated that, since the
      present extruder has a high ability of plasticity, it can produce a
      cell-structure molding with fine and uniform pores.
PAR  It should further be appreciated that the present extruder can uniformly
      melt the plastic material with respect to the radial temperature
      distribution. As shown in FIG. 7, more specifically, the temperature
      distribution has a more shallow bottom at the center (Reference should be
      made to the solid curve). This means that the molten material in the
      vicinity of the cylinder downstream end has less temperature difference
      between its central portion in the vicinity of the screw and its radially
      outermost portion in the vicinity of the cylinder wall. To the contrary,
      the conventional extruder has a steeper gradient in the radial temperature
      distribution (Reference should be made to the broken curve). In view of
      this fact, the present extruder can melt the plastic material at a lower
      temperature and in a more uniform manner, thus reducing the required
      filling pressure into the mold. This implies that the present extruder can
      employ more advantageously an aluminium mold, which can be appreciated not
      only in its price but also in its high heat conductivity. From the latter
      advantage, more specifically, the molding can be cooled within a shortened
      period of time with use of the aluminum mold.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A plastics extrusion-injection molding machine having:
PA1  a cylinder including three portions for supply, compression and melting
      through which plastic material is conveyed in that order,
PA1  a screw having a longitudinal axis rotatably inserted in said cylinder for
      conveying plastic material through the clearence between said cylinder and
      said screw,
PA1  a nozzle attached to the downstream end of said cylinder for extruding and
      injecting the plastic material there through into a mold which is
      removably attached thereto, and
PA1  a valve mounted in said nozzle for controlling the opening of the same, the
      improvement which comprises:
PA1  boosting means formed in the supply portion of said cylinder for allowing
      the plastic material to fully occupy such portion of said clearance as
      corresponds to said supply portion so as to boost the pressure upon the
      plastic material within the cylinder,
PA1  back-flow means in the melting portion of said cylinder for allowing the
      plastic material to flow backwardly therethrough to mitigate abnormally
      high pressure from being built up in said melting portion, said back-flow
      means comprising a plurality of grooves that extend through the threads of
      said screw, and are bounded by surfaces which are parallel to the
      longitudinal axis of said screw.
NUM  2.
PAR  2. A plastics molding machine of claim 1 wherein said boosting means
      includes a rough surface on inside walls of said cylinder in the supply
      portion thereof.
NUM  3.
PAR  3. The plastics molding machine of claim 2 wherein said grooves are
      equi-angularly spaced from each other and have a width of 1.7 to 2.5 mm.
NUM  4.
PAR  4. The plastics molding machine of the claim 1 wherein a plurality of the
      total number of said grooves are positioned so that they fall along a
      common longitudinal axis.
NUM  5.
PAR  5. The plastics molding machine of claim 1 wherein said grooves are
      arranged so that longitudinally adjacent ones are angularly spaced from
      each other so they do not fall along a common longitudinal axis.
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ABST
PAL  This plasticizer screw, for advancing molten plastic to an injection mold,
      has a row of balls behind the flights of the screw for agitating the
      plastic to promote better mixing and to eliminate dead regions along the
      screw. The balls in a continuous row run in a groove in the shank portion
      of the screw and extend radially beyond the circumference of the shank
      portion for substantially the same distance as the helical flights of the
      screw thread. The raceway groove, in which the balls are held, terminates
      at an abutment where the balls move into a passage within the shank
      portion of the screw, and they travel back through this passage to an
      outlet end where they pass back into the other end of the raceway groove.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  A conventional type of plasticizer for injection molding machines has a
      screw with a helical thread that advances molten plastic along the length
      of a plasticizer barrel to an injection nozzle at the end of the
      plasticizer. These plasticizer screws have a shank portion and a helical
      thread extending beyond the shank portion with the outside diameter of the
      thread flights substantially equal to the entire diameter of the barrel. A
      substantial running clearance between the circumferential faces of the
      flights, and the inside surface of the barrel, is permissible because of
      the high viscosity of the plastic being conveyed.
PAR  The front surfaces of the screw flights propel the plasticized material
      forward with increasing pressure toward the discharge end of the screw.
PAR  Friction of the plastic material with the inside surface of the barrel and
      drag of the plastic on the front faces of the screw flights causes
      agitation and mixing of the plastic material as it advances along the
      barrel. There is, however, considerably less mixing, and sometimes none,
      in the regions near the juncture of the rearward surfaces of the flights
      with the shank portion of the screw. Plastic tends to remain in these
      regions, and with certain kind of plastic the part in these dead regions
      of the plasticizer sometimes decomposes and produces undesirable reaction
      products in the plastic that is being fed to an injection mold.
PAR  In order to assure mixing of the plastic material behind the flights, where
      dead regions in the plastic are likely to occur, this invention provides a
      groove in the shank portion immediately adjacent to the rearward face of
      the helical thread. This groove serves as a raceway for balls which extend
      above the shank portion of the screw to a height substantially equal to
      the circumferential surfaces of the flights of the screw thread.
PAR  This groove with the balls extends for a substantial portion of the length
      of the screw and there is an abutment at the forward end of the groove
      which causes the balls to enter a passage which extends inside the screw
      shank to an outlet end at the portion where the rearward end of the groove
      is located. As the screw rotates, these balls maintain agitation of the
      plastic in the region of the rearward faces of the screw thread flights.
PAR  Other objects, features and advantages of the invention will appear or be
      pointed out as the description proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is a fragmentary view, mostly in section, showing a plasticizer
      apparatus comprising a barrel, a screw, and an injection nozzle;
PAR  FIG. 2 is a fragmentary view showing portions of the structure of FIG. 1
      but showing the screw mostly in section;
PAR  FIG. 3 is a sectional view on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view through the barrel and showing the screw in
      elevation at the section 4--4 of FIG. 3; and
PAR  FIG. 5 is a sectional view taken on the line 5--5 of FIG. 2.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The plasticizer apparatus shown in FIG. 1 includes a plasticizer barrel 10
      having a passage 12 through which plastic material is inserted into a
      cylindrical chamber 14 extending axially of the barrel 10. A plasticizer
      screw 16 is located in the barrel and this screw has a helical thread 18
      which starts from a region rearward of the inlet passage 12 and which
      extends to a head 20.
PAR  An end wall 22 is secured to the discharge end of the barrel 10 by
      fastening means comprising screws 24 which extend through the head 20 and
      into the end face of the barrel 10. An injection nozzle 26 screws into a
      center opening in the head 20.
PAR  The screw 16 is rotated in a direction to cause the screw thread 18 to
      advance plastic material toward the front end of the screw (toward the
      left in FIG. 1) and into a space 28 in the head 20 and nozzle 26. As the
      screw 16 continues to rotate and advance additional plastic material
      beyond the end of the screw, the accumulating material forces the screw 16
      back (toward the right) until sufficient plastic has accumulated ahead of
      the screw to supply the volume of material necessary for injecting
      material into the cavity or cavities of an injection mold during the next
      injection operation of the plasticizer.
PAR  When sufficient material has been accumulated ahead of the screw, the
      rotation of the screw is stopped and when the injection operation is to be
      started, a reciprocating motor advances the screw 16 in the direction of
      its longitudinal axis so that the screw head 20a acts as a piston for
      forcing material from the nozzle 26 into an injection mold. The structure
      and operation thus far described are conventional and no further
      description of the operation is necessary for a complete understanding of
      this invention.
PAR  There is a groove 30 in the shank portion of the screw 16. This shank
      portion is designated in the drawing by the reference character 32. The
      groove 30 is located immediately behind each of the flights of the screw
      thread 18 and is continuous along most of the length of the shank portion
      32 of the screw. There are balls, preferably ball bearings 36 in the
      groove 30 and movable along the groove 30 as a raceway.
PAR  In the construction illustrated, the balls 36 are in position to contact
      with the back face of each of the flights of the screw thread 18. If the
      groove 30 is located somewhat further back from the flights of the screw
      thread, it is preferable that the groove be close enough to the screw
      thread so that the balls can shift transversely in the groove sufficiently
      to touch the back faces of the screw thread flights.
PAR  The groove 30 is of such depth, in proportion to the diameter of the balls
      36, that the balls are held with their upper limits at substantially the
      peripheral surfaces of the screw thread 18. Thus the balls 36 are held in
      the groove 30 by the inside surface of the cylindrical chamber 14 of the
      barrel.
PAR  The screw thread 18 has an outside diameter slightly less than the inside
      diameter of the barrel chamber 14. This is for running clearance of the
      screw 16 in the barrel 10. The clearance can be somewhat greater than a
      mere "running clearance" because the plastic material that is fed through
      the plasticizer is quite viscous. In the preferred embodiment of the
      invention, the balls 36 are of a diameter so that they extend slightly
      above the peripheral surfaces of the screw thread and thus provide
      anti-friction bearings for the screw 16 in the barrel 10.
PAR  As the screw 16 rotates, the balls 36 advance with the screw threads toward
      the front or discharge end of the plasticizer barrel 10. The groove 30
      terminates before the end of the screw however, and the end of the groove
      30 forms an abutment surface 40, best shown in FIG. 3. This abutment
      surface 40 slopes as shown in FIG. 3 so as to serve as a cam surface for
      pushing successive balls 36 into the inlet end of a passage 42 which
      extends inside the shank portion of the screw 16 as shown in FIG. 2. This
      passage 42 extends generally parallel to the axis of the screw 16 and it
      has an outlet passage 44 near the rearward end of the screw thread 18 and
      in a position to communicate with the beginning of the groove 30.
PAR  Thus balls 36 which travel forward on the outside of the screw shank 32 and
      along the groove 30 are thrust into the passage 42 at the forward end of
      the groove 30 and they travel rearwardly within the shank portion 32 of
      the screw 16 to an outlet end 44 of the passage 42 which communicates with
      the beginning of the groove 30.
PAR  The balls 36 are preferably sufficient in number to fill or substantially
      fill the entire length of the groove 30 and the return passage 42 so that
      movement of balls is promoted by pressure of adjacent balls in addition to
      the movement which is caused by rolling against the inside surface of the
      barrel 10 and by friction with the plastic material that is being advanced
      by the screw.
PAR  FIG. 2 shows diagrammatically a motor 50 for rotating the screw 16 through
      a drive shaft 52. This motor 50 is located on a carriage 54 which is moved
      back and forth in the direction of the axis of the screw 16 by a
      reciprocating hydraulic motor 56. This is conventional operating mechanism
      for plasticizer screws.
PAR  The groove 30 can be formed in the shank portion 32 by a machining
      operation. The portion of the passage 42 which extends generally parallel
      to the axis of the screw is preferably drilled from one end of the screw
      and then closed by a plug 60, shown in FIG. 2. This plug 60 has a face
      which forms one side of the entrance into the passage 42 and this entrance
      and also the outlet 44 of the passage 42 are preferably formed by drilling
      through the side of the shank at the appropriate angle, as also shown in
      FIG. 2.
PAR  Movement of the balls is also caused by the fact that the pressure of the
      screw thread 18 against the plastic material in the barrel becomes
      progressively higher as the plastic material is forced toward the front
      end of the plasticizer barrel. Thus the pressure of the plastic material
      at the entrance end of the passage 42 is very much higher than the
      pressure of the plastic at the outlet end 44 of the passage 42. This
      substantial difference in pressure tends to force balls 36 into the
      passage 42 at its forward end and to push the balls 36 rearwardly through
      the passage 42 and out through the outlet 44 at the rearward end of the
      passage 42. Some plastic is carried rearwardly through the passage 42 with
      the balls but the volume of plastic is small because the cross section of
      the passage 42 is occupied mostly by the line of balls advancing
      rearwardly through the passage.
PAR  The outlet end 44 of the passage 42 is sloped, as shown in FIG. 5, so as to
      exert a cam action that starts the balls 36 moving in a direction having
      some circumferential component in the direction in which they have to
      advance in the groove 30 as they leave the outlet end 44. Thus the balls
      36 never come up against a surface which does not have a slope to bias the
      balls to move in the desired direction when subjected to pressure by an
      adjacent ball to the rear.
PAR  The preferred embodiment of the invention has been illustrated and
      described, but changes and modifications can be made and some features can
      be used in different combinations without departing from the invention as
      defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Plasticizer apparatus for injection molding machines including in
      combination a plasticizer screw having a generally cylindrical shank
      portion and a helical thread portion that extends radially beyond the
      circumference of the shank portion and that forms flights for propelling
      plastic material lengthwise of the screw in a forward direction as the
      screw rotates, a helical groove in the cylindrical surface of the shank
      portion immediately adjacent to the rearward side of the thread portion,
      the successive convolutions of the helical thread portion being axially
      spaced from one another with generally cylindrical sections of the shank
      portions between them, balls in the groove, the balls being in a
      continuous helical line and located in the groove adjacent to one another
      whereby the balls form a substantially continuous line of balls and
      movement of any ball along the length of the groove can move the next ball
      by contact therewith, and said balls being movable in the groove to
      agitate plastic material which is adjacent to the rearward surfaces of the
      flights when the plasticizer apparatus is in operation.
NUM  2.
PAR  2. The plasticizer apparatus described in claim 1 characterized by the
      depth of the groove in the circumferential surface of the shank portion,
      in which the groove is formed, being substantially less than the diameter
      of the balls whereby the balls extend radially above said circumferential
      surface of the shank portion and the groove merely serves as a race for
      the balls.
NUM  3.
PAR  3. Plasticizer apparatus for injection molding machines including in
      combination a plasticizer screw having a shank portion and a helical
      thread portion that extends radially beyond the circumference of the shank
      portion and that forms flights for propelling plastic material lengthwise
      of the screw in a forward direction as the screw rotates, a helical groove
      in the surface of the shank portion adjacent to the rearward side of the
      thread portion, balls in the groove and movable in the groove to agitate
      plastic material which is adjacent to the rearward surfaces of the flights
      when the plasticizer apparatus is in operation, characterized by the balls
      being located in the groove adjacent to one another whereby the balls form
      a substantially continuous line of balls and movement of any ball along
      the length of the groove can move the next ball by contact therewith,
      further characterized by an abutment surface at the forward end of the
      groove, a passageway extending lengthwise of the screw and having an
      entrance end at said abutment surface so that balls moving up to the
      abutment surface can enter the passageway, said passageway being of
      sufficient cross section for balls to travel through the passageway, and
      an outlet end of the passageway located adjacent to the rearward end of
      the line of balls and from which balls can re-enter the groove.
NUM  4.
PAR  4. The plasticizer apparatus described in claim 3 characterized by the
      balls being of such diameter that they extend above the shank portion and
      to substantially the top of the flight.
NUM  5.
PAR  5. The plasticizer apparatus described in claim 4 characterized by a barrel
      that surrounds the screw, the outside diameter of the flights being
      slightly less than the inside diameter of the barrel so that rotation of
      the screw pushes plastic material lengthwise through the barrel, the balls
      extending somewhat beyond the top of the flights and contacting with the
      inside surface of the barrel whereby they serve as anti-friction bearings
      between the screw and the barrel.
NUM  6.
PAR  6. The plasticizer apparatus described in claim 4 characterized by a barrel
      surrounding the screw and having a cylindrical inside surface of somewhat
      larger diameter than the flights of the screw but with clearance between
      the circumferential surfaces of the flights and the inside surface of the
      barrel so that rotation of the screw advances plasticized material
      lengthwise along the inside of the barrel, said inside surface of the
      barrel holding the balls in the groove in the shank portion of the screw.
NUM  7.
PAR  7. The plasticizer apparatus described in claim 3 characterized by the
      passageway extending lengthwise through the interior of the shank portion
      of the screw.
NUM  8.
PAR  8. The plasticizer apparatus described in claim 7 characterized by there
      being a plurality of flights between the opposite ends of the passageway
      through which the balls pass inside the shank portion of the screw, a
      barrel surrounding the screw and having an inside cylindrical face that
      confronts the circumferential surfaces of the flights with clearance
      between the flights and the barrel surface so that plasticized material is
      advanced lengthwise of the barrel by the rotation of the screw and the
      pressure on the plasticized material increases progressively as the
      material is forced forward by the flights, the higher pressure of the
      plasticized material serving to force balls into the forward end of the
      passageway and to thrust the balls rearwardly in the passageway toward the
      other end of the passageway which is subjected to much less pressure of
      the plasticized material.
NUM  9.
PAR  9. The plasticizer apparatus described in claim 7 characterized by the
      abutment at the entrance end of the return passageway being sloped in a
      direction to act as a cam surface for urging successive balls downwardly
      into the passageway, and the discharge end of the passageway having a
      sloping bottom surface that serves as an incline for moving balls upward
      to the groove in the shank portion of the screw as the balls move
      rearwardly at the discharge end of the passageway.
NUM  10.
PAR  10. The plasticizer apparatus described in claim 7 characterized by the
      passageway having a diameter slightly greater than the diameter of the
      balls but less than approximately 1 1/2 times the diameter of the balls.
NUM  11.
PAR  11. The plasticizer apparatus described in claim 6 characterized by the
      motor means connected with the screw, one of the motor means imparting
      rotation to the screw and the other of said motor means imparting axial
      movement to the screw with respect to the barrel, the motor means being
      operable simultaneously or independently of one another.
NUM  12.
PAR  12. The plasticizer apparatus of claim 1, wherein said balls occupy
      substantially the entire groove.
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ABST
PAL  Apparatus for forming a refractory lining is disclosed which comprises a
      molding box for forming a refractory lining of an inner wall of a
      container for molten metal made up of an irregularly shaped mass of
      refractory material which has been vibrated and given thixotropic
      fluidity. The molding box is positioned within the container having at
      least one hole pierced in its bottom and means are provided for opening
      and closing the hole and vibrating the molding box, with the hole being
      connected with a vessel for vibrating the refractory material.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of copending U.S. patent application Ser.
      No. 389,633, filed Aug. 21, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention belongs to the field of refractory lined containers intended
      to receive molten metals of high temperatures.
PAR  2. Description of the Prior Art
PAR  In an attempt to provide a container for a molten metal with a deformable
      refractory lining, there have been proposed a method for lining said
      container with an indefinite refractory material and a method for
      repairing only a part thereof which has been ruined by a molten metal at a
      high temperature.
PAR  The term "container" as used herein defines a container for a molten metal
      or a container to receive and transport molten metal at high temperatures
      such as molten steel, etc. for the purpose of treating or reacting said
      metal. Examples of such a container includes ladles, runners, tundishes,
      vacuum degassing containers and other high temperature treating furnaces
      or containers and the like.
PAR  The term "an indefinite refractory material" as used herein defines a
      refractory material in a powdery, pasty, slurry or like refractory
      material form which is deformable when applied, as contrasted to a solid
      brick or the like having a definite shape.
PAR  As the former method, a stamping or ramming process and a sand-slinger
      process are known. As the latter method, a spraying or gunning process is
      known. In the stamping or ramming process, however, there is a
      disadvantage that, when an air rammer is used to ram the bottom lining and
      also to ram up the side lining layer by layer between the side wall of the
      container and that of the core, the lining thus produced has different
      densities at different places, especially in forming the bottom lining and
      that it takes a considerable time to complete the lining. In the sand
      slinger process, which is intended to project the indefinite refractory
      material at high speed so as to replace the old lining thereby, there is
      also a disadvantage in that the lining thus produced has different
      densities at different places, and that said densities are comparatively
      low.
PAR  In the spraying process, a certain degree of effectiveness can be expected
      in the case of filling a partially ruined void. However, there is still a
      disadvantage that in case of spraying the material in the overall side
      wall substantially uniformly, there is a limit in the thickness of the
      lining because it has a comparatively higher water content and that the
      lining thus produced has low density.
PAR  It is therefore an object of the invention to overcome the disadvantages
      incidental to the prior art.
PAR  It is another object of the invention to provide an improved method and
      apparatus for lining a container for a molten metal, said lining being
      effected under the same conditions whether it is to be an entire
      replacement of a lining or a partial repair of a lining.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method and apparatus for providing a container
      for a molten metal with a lining of an indefinite refractory material by
      means of vibration.
PAR  In accordance with this invention, there is provided a method for forming
      by vibration a refractory lining of a container for molten metal which
      comprises vibrating an indefinite refractory material to obtain a
      thixotropically fluidized condition of the refractory material, said
      refractory material having thixotropy with a suitably adjusted water
      content, causing said refractory material under said fluidized condition
      to flow from the bottom of a molding box or frame mounted inside said
      container, and filling a gap formed between said container and said
      molding box with said refractory material while vibrating said molding
      box. In accordance with this invention, there is also provided a molding
      box adapted for use in effecting the above-mentioned method, which molding
      box has a hole pierced through the bottom thereof to define a flow passage
      for outlet of refractory material from the molding box, there being means
      provided for opening and closing said passage, said flow passage
      communicating with a vessel 4 vibrating an indefinite refractory material,
      and a vibrating means for vibrating said box. In accordance with this
      invention, there is still further provided an apparatus adapted for use in
      effecting the above-mentioned method which comprises said molding box for
      vibrating an indefinite refractory material, means for opening and closing
      the flow passage therein, a vessel for vibrating the indefinite refractory
      material, a mold box supporting member fixed indefinite refractory
      material, trunnion members fixed on said molding box, slidable stands
      mounted on a base, said stands being adjustable with respect to their
      positions in the horizontal direction and there further being means to
      adjust positioning of the molding box in a vertical direction, and
      supports fixed on said base, said supports detachably fixing said molding
      box supporting member.
PAR  In the practice of this invention, the thixotropy of an indefinite
      refractory material is utilized very effectively. Thus an indefinite
      refractory material having thixotropy such as one composed of powders
      having particle size of less than about 10 mm added with a suitable amount
      or not more than 10% of water, and preferably a small amount of water
      glass is used with vibration. The term "thixotropy" as used herein defines
      a property that results when a mechanical vibration is given to an
      indefinite refractory material of a certain chemical composition having a
      low water content, the indefinite refractory material becoming fluidized
      as a whole despite its low water content while bubbles between the
      particles of the material are degassed to produce a slurry or fluidized
      refractory material having high density and low porosity, and when the
      vibration is stopped, it becomes solidified immediately, losing its
      fluidity. That is, the term thixotropy is a property that the material
      changes isothermally and reversibly from the fluidized condition to the
      solidified condition and vice versa depending upon the start and stop of
      the vibration. Usually, as the amount of water added to the indefinite
      refractory material is reduced, the porosity of the material after lining
      is reduced while the anti-corrosion property against the molten metal is
      increased proportionally. However, the relation between the thixotropy and
      the water content of the material is such that the thixotropy disappears
      when the water content becomes too much or too small. Thus, when it is to
      small, for example, less than about 3%, the material does not become
      fluidized but small aggregates having great porosity are found since the
      water does not fully extend over the surface of each particle of the
      material. On the other hand, when the water content is too much, for
      example, more than about 10%, the material becomes fluidized very easily
      even by means of mixing in the usual mixer, but the porosity becomes high
      after lining, the time for removing the molding box followed by drying
      becomes long, and the material tends to be contracted and cracked when
      dried.
PAR  The above-stated relation between the thixotropy of the indefinite
      refractory material and the amount of water added thereto varies with the
      composition, the particle size, the particle shape and the particle
      viscosity of the material and so on. The inventors' experience shows that,
      in case of an ordinary indefinite refractory material used for the
      abovementioned container for a molten metal, a suitable water content to
      be added to the material may be between about 3% and about 10%, and most
      preferably, between about 5% and about 7%. The refractory lining thus
      produced in this invention shows porosity as low as 20% or less.
PAR  In this invention, as the means to vibrate and mix the material having its
      water content adjusted to a suitable amount or between about 3% and about
      10%, there have been proposed a method for providing a molding box with a
      vessel and vibrating and mixing the material in said vessel and a method
      for vibrating and mixing the material in a vessel mounted apart from the
      molding box and passing the material thus fluidized to a reservoir mounted
      inside the molding box. In the latter method, it is necessary to provide a
      step of transporting the fluidized material to the reservoir inside the
      molding box, and in this case it is desirable to also vibrate the material
      being transported so as to maintain the thixotropy of the material.
PAR  As the means to impart vibration to the above vessel, there are means to
      attach a vibrating machine to either the vessel or the molding box, or to
      impart vibration through a certain medium or vibration transmitting member
      to said vessel or said molding box. As the vibrating machine, either one
      capable of vibrating at high cycle such as 6000 or more vibrations per
      minute (VPm), or one capable of vibrating at low cycle such as 3600 or
      less VPm may be used depending upon the quality, property or amount of the
      refractory material used. Of course, other vibrating machines having
      various vibration cycles may be used singly or in combination.
PAR  In vibrating the indefinite refractory material, the vibrating machine
      generally generates a comparatively large noise, higher level of which
      results in an adverse effect upon the working environment. In this
      invention however, a vessel for vibrating the material which is mounted
      either inside the molding box or in a place apart from the molding box may
      be used. Accordingly, in the former case, the molding box may serve as a
      sound proof wall, while in the latter case, the vessel can be set inside a
      sealed or tightly closed chamber whereby the noise problem can be
      obviated.
PAR  In order to obtain the fluidized refractory material of high density and
      low porosity with a better result after said material is vibrated and
      mixed, one method is that the vessel for vibrating and mixing the material
      can be put under reduced pressure whereby the degassing of the material
      can be accelerated during the vibration.
PAR  Another method is that a weight having a plurality of bores therethrough is
      put on the material inside the vessel whereby the vibration of the
      material may be conducted under load or weight to accelerate degassing. By
      means of these methods, the fluidized material can be degassed in a short
      time to thereby produce a fluidized refractory material of high density.
PAR  The inventors' experiments show that the vibration of an indefinite
      refractory material adjusted to a water content of 3 to 10% may produce a
      slurry of refractory material of high density with very low porosity such
      as 9 to 12%.
PAR  In the practice of this invention, the fluidized refractory material is
      allowed to flow from the bottom of the molding box mounted inside the
      container and to fill, while vibrated, the gap formed between the
      container and the molding box.
PAR  As stated above, the molding box may be provided with either a vessel for
      vibrating the material or a reservoir. The a passage is provided in the
      bottom of the vessel or reservoir and can be selectively interconnected
      with a passage in the bottom of the molding box. The bottom of the vessel
      or the reservoir is kept closed while the material is vibrated or
      received. When the material is to be caused to flow to fill the gap
      between the container and the molding box, the passage in the molding box
      is opened, through which the fluidized material is supplied. Since the
      filling of the gap resists the gravity of the material, it is preferable
      to keep the vessel or reservoir in the pressurized condition. Experiments
      show that the preferable pressure to be imparted is 2 to 3 kg/cm.sup.2
      when the material is filled up to 3 m.
PAR  In order to keep the vessel or reservoir in the pressurized condition so as
      to fill the fluidized material under pressure, it is desirable to supply a
      compressed fluid such as compressed air to said vessel or reservoir so as
      to impart the pressure from above the material or to use a mechanical
      means such as a piston so as to push down the material.
PAR  In the conventional method where it is desired to repair only a ruined part
      of the lining wall of the container, the thickness of the remaining lining
      which has not been spoiled by a molten metal is greater in the upper
      portion than in the lower portion since the upper portion of the lining
      wall has not come into contact with the molten metal and thus has not been
      ruined by the molten metal very much. Accordingly, when in this case a
      molding box is mounted inside the container, the gap between the remaining
      lining of the wall of the container and the side of the molding box is
      greater in the lower part but smaller or even none in the upper part.
      Under these conditions, it is very difficult to fill the gap with the
      fluidized material from above the gap.
PAR  In this invention, however, the material is allowed to fill the gap from
      the bottom of the molding box, preferably in the pressurized condition,
      whereby the gap may be filled from the greater part to the smaller part
      very easily.
PAR  Also the filling is effected in this invention from the lower gap to the
      upper gap so that the air intervening in the gap may be pushed up from the
      lower part, whereby there is no bubble or void formed in the material.
PAR  When the material is filled in the gap, the molding box is vibrated. As for
      a source for the vibration of the box, the vibrating machine for the
      vessel or the reservoir can be utilized also for the molding box.
      Alternatively, another vibrating machine can be provided for vibrating the
      molding box exclusively.
PAR  In the vibration of the molding box, when it is too strong, a segregation
      may occur in the material filled in the gap, which results in an adverse
      effect upon the lining. The vibration of the molding box can be controlled
      by the structure or rigidity of the molding box and the number of the
      vibrating machines used. As set forth hereinabove, the fluidized
      refractory material is allowed to flow from the bottom of the molding box
      while vibrated and to fill the gap between the container and the molding
      box, whereby the material is elevated through the gap. When the filling is
      completed up to a predetermined position, the supply of the material is
      stopped and the vibration of the molding box is ceased.
PAR  Then the refractory material under slurry or fluidized condition lined over
      the internal surface of the container is solidified owing to its
      thixotropy, whereby a uniform and integral lining of low porosity and high
      density may be produced. Soon after the cessation of vibration of the
      molding box, the molding box is removed from the container.
PAR  Consequently, in this invention, the amount of water added to the material
      is made minimum owing to the vibration mixing based upon the thixotropy,
      and yet a fully fluidized material can be obtained. This fluidized
      material can then be mixed integrally and densely with low porosity
      because it is filled in the gap from the bottom of the molding box and
      preferably in the pressurized condition. Thus the lining produced shows an
      excellent resistance against attack by a molten metal. Furthermore,
      because of utilization of thixotropy and the low water content, the
      forming of the lining is simplified, the time for drying after molding is
      reduced, and cracking seldom occurs at the time of drying.
PAR  Moreover, in the practice of the invention, very economical use of material
      is made possible since, when it is desired to repair the lining, there is
      no need of peeling off the entire lining, and all that is necessary is to
      remove the slag attached to the ruined part keeping the other parts
      intact. The preferable embodiment of the apparatus of this invention is
      described below with reference to the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  FIG. 1 is a sectional elevational view illustrating one example of the
      apparatus of this invention.
PAR  FIG. 2 is a plan view of FIG. 1.
PAR  FIG. 3 is a partial enlarged view illustrating the bottom of the apparatus
      of FIG. 1.
PAR  FIG. 4 is a sectional enlarged view illustrating the bottom of the molding
      box of FIG. 1.
PAR  FIG. 5 is a sectional view of another embodiment of FIG. 4.
PAR  FIG. 6 is an enlarged view of part a of FIG. 1.
DETD
PAR  In FIGS. 1 and 2, numeral 1 is a container to be lined and 2 is a remaining
      lining. This container may be of different shape, size and lining
      thickness depending upon its use, of course. When a molding box 3 is
      mounted inside the container, a gap 4 is formed between the molding box 3
      and the container 1. For the purpose of lining the entire internal surface
      of the container 1, the molding box is composed of the side wall 5 and the
      bottom wall 6.
PAR  A closed vessel 7 may be mounted inside the box 3, which vessel is intended
      to vibrate the indefinite material charged therein so as to keep it under
      fluidized condition. Alternatively, the vessel may serve as a reservoir to
      receive the fluidized material which has been vibrated in another place.
PAR  On the side of the vessel 7, a plurality of vibrating machines 8 can be
      attached. They can supply vibration to the vessel 7 and the box 3 as
      desired. In order to vibrate the molding box 3, some ribs (not shown) may
      be fixed between the box 3 and the vessel 7 at several places so as to
      connect them such that the vibration of the vibrating machines 8 attached
      to the vessel 7 can be transmitted to the box 3. Alternatively, another
      vibrating machine can be used exclusively for the molding box 3.
PAR  The power of vibration for the vessel 7 and the box 3 can be adjusted
      depending upon the number of machines 8 and the structure or rigidity of
      the vessel 7 and the box 3.
PAR  The numeral 9 shows a sound proof cover for the box 3, which serves to
      confine the noise generated from the machines 8 into the tightly closed
      box 3, giving no adverse effect upon the surrounding environment. On the
      upper portion of the vessel 7 is provided a closure lid 10 which can be
      opened and closed so as to seal the vessel 7 and to charge the vessel with
      indefinite refractory material. The lid 10 may be provided with an exhaust
      pipe 11 to reduce the pressure inside the vessel 7, the end of which is
      connected to a proper pressure reduction device (not shown) such as a
      vacuum pump, etc. The reduction of pressure inside the vessel 7 will
      accelerate degassing of air or other gas intervening in the fluidized
      material vibrated inside the vessel 7, and thus will produce a material of
      higher density.
PAR  Moreover, it is preferable to provide the vessel 7 with a means to connect
      the vessel with a source of pressure which promotes the flow of the
      material through a passage 13 of the bottom of the box 3 and the filling
      of the gap 4 with the material.
PAR  As an example of such means, a pressure pipe 12 is shown in the lid 10. One
      end of this pipe 12 is connected to a source of pressure (not shown) such
      as compressed air. In this way the inside of the vessel 7 is pressurized,
      whereby the fluidized material is caused to flow from the passageway 13.
      The bottom of the vessel 7 is provided with a hole 13a which can be
      interconnected with, or in this case it is aligned with, the passage 13 of
      the bottom of the molding box 3. The molding box is provided with means
      13' for opening and closing passage 13 so as to either pass or stop the
      flow of material from the box to the gap. One such example is shown in
      FIG. 4, in which a pair of expansible members 14 are attached to the wall
      of the passage 13. When compressed air is supplied through a pipe 15 to
      the member 14, it is allowed to expand and close the path of the passage
      13. When the compressed air is released, the member 14 is caused to shrink
      as shown with dotted lines and open the path of the passage 13. Another
      modification of the means 13' is shown in FIG. 5 in which one or more
      passages 13 are provided between the bottom wall 16 of the vessel 7 and
      the bottom 6 of the molding box 3 and a transverse plate 17 supported by a
      guide 19 is provided so as to cross over said passages 13. The plate 17
      has the same number of openings 18 as that of the passages 13 and, on both
      ends thereof, one end of wires 20 and 21 are fixed respectively. The wires
      are extended via pulleys 22 over the molding box 3 and the other end of
      the wires 20 and 21 are fixed to both ends of a handle 23. When the handle
      23 is operated, the plate 17 is caused to move sliding to right and left
      as required to register passages 13 with the openings 18 so as to
      interconnect the path therethrough or close off the flow path through
      passages 13.
PAR  In the operation of the above apparatus, the lid 10 is opened, a
      predetermined amount of indefinite refractory material having an adjusted
      water content is then charged into the vessel 7 and the lid 10 is tightly
      closed. Thereafter the vibrating machine 8 is operated to vibrate and mix
      the material. During this time, the vessel is placed under reduced
      pressure by way of exhaust pipe 11.
PAR  When a desirable fluidized refractory material is obtained, the pressure
      reduction inside the vessel is stopped. Then the passage 13 is opened by
      operating means 13' and also the pressurized air is admitted through pipe
      12 so that the fluidized material is caused to flow through the passages
      13, with the material thus discharged filling the gap 4 formed between the
      box and the container 1. After the gap is filled to a predetermined
      height, the vibrating machine 8 is caused to stop. The fluidized material
      filled in the gap 4 then solidifies owing to its thixotropy.
PAR  In order to fulfil the above operation, it is necessary to set and fix the
      molding box 3 inside the container 1 at a predetermined position. In this
      case it is necessary to select the molding box 3 having a size matching
      with that of the container 1 to be lined, determine its position in the
      vertical and horizontal direction, and fix the same therein.
PAR  The mechanism of positioning and fixing the molding box 3 inside the
      container 1 is described below. A molding box supporting member 24 is
      mounted above the molding box 3. This member 24 as noted, has four
      supporting arms which are set at four places as shown in FIG. 2.
PAR  A base 25 is provided so as to mount the container 1. The base 25 also
      mounts the same number of supports 26 as that of the molding box
      supporting member 24 and a position adjustment stand unit 32.
PAR  It is preferable to place the base 25 inside the pit 27.
PAR  A recessed portion 28 is provided on the upper end of the support 26, on
      which the molding box supporting arms are rested via a vibration proof
      packing 29 so as to sustain the molding box 3. On the upper end of the
      support 26, a cotter or like pin 31 is received through a cotter hole 30
      so that the molding box supporting member 24 can be fixed inside the
      recess 28. Alternatively, an oil cylinder may be used instead of the
      cotter pin so as to fix the member 24.
PAR  The position adjustment stand 32 unit has mounted thereon a sliding stand
      33 capable of moving horizontally, a sliding stand 34 below stand 33 and
      capable of moving horizontally and a bottom stand 35. Each of these stands
      33, 34 and 35 has projected parts 37, 39 and recessed grooves 36, 38
      engaged with each other. When the adjacent stand unit 32 is to be used for
      the containers 1 having various sizes, its structure is capable of moving
      vertically as a unit as described below.
PAR  The horizontal movement, back and fore, right and of stands 33 and 34, can
      be effected by the use of oil jacks 40, 41 mounted on the stand 35. As
      those skilled in the art will discern, the arrangement of stands 33, 34 is
      such as to permit two-dimensional horizontal positioning of the container
      1 relative to the molding box 3. The vertical movement of the entire unit
      can be effected by means of the oil cylinders 42. The container 1 to be
      lined rested on the stand 32 can be pinched and fixed with the screw shaft
      mounted on the stand 33.
PAR  The container 1 to be lined is mounted on the center of the stand 32, then
      fixed by means of the screw shaft 42. The molding box 3 is then inserted
      into said container 1 and the arms of molding box supporting member 24 is
      mounted on the upper ends of the supports 26, which are then fixed by the
      cotter 31.
PAR  The relative position in the horizontal direction between the container 1
      and the molding box 3 is adjusted by the operation of oil jacks 40 and 41.
PAR  The relative position in the vertical direction therebetween can be
      adjusted, if necessary, by the operation of the oil cylinder 42.
PAR  After the above mentioned operation, the fluidized material is caused to
      flow from the bottom of the molding box 3 and fill the gap 4.
PAR  In the apparatus of this invention, the mechanism of adjusting the relative
      position of the molding box and the container and the mechanism of fixing
      the same can be made so simple that the apparatus may be rigid and durable
      and the operation may be made simple.
PAR  The material can preferably be degassed and pressurized in this invention,
      so that the gap 4 is tightly filled with the material and the uniform and
      integral refractory lining can easily be obtained.
PAR  Furthermore, since the material is filled in the gap upwardly so that the
      air in the gap, if any, can easily be driven away, leaving no bubbles in
      the product lining.
PAR  An example of this invention in comparison with the prior art is shown
      below using a ladle as the container and using the apparatus shown in the
      drawing above.
TBL                                    Example                                 
     __________________________________________________________________________
     Ladle for molten steel                                                    
     (100 t)                                                                   
     __________________________________________________________________________
               Vibration casting of                                            
                              Brick laying method                              
               this invention of the prior art                                 
     __________________________________________________________________________
               Pyrophyllite   Pyrophyllite                                     
     Material  type   Zirconia type                                            
                              type   Zirconia type                             
     __________________________________________________________________________
     Composition (%)                                                           
     SiO.sub.2 70.about.80                                                     
                      50.about.60                                              
                              70.about.80                                      
                                     50.about.60                               
     Al.sub.2 O.sub.3                                                          
               10.about.20                                                     
                      10.about.20                                              
                              10.about.20                                      
                                      5.about.10                               
     ZrO.sub.2 --     20.about.30                                              
                              --     30.about.40                               
     Water glass                                                               
               about 5                                                         
                      about 5 --     --                                        
     Particle size (%)                                                         
     &gt;1 mm     50.about.60                                                     
                      20.about.30                                              
                              --     --                                        
     1 to 0.3 mm                                                               
               10.about.20                                                     
                      10.about.20                                              
                              --     --                                        
     &lt;0.3 mm   20.about.30                                                     
                      50.about.60                                              
                              --     --                                        
     Water added                                                               
      (%)      6.about.7                                                       
                      5.about.6                                                
                              --     --                                        
     Apparent porosity                                                         
               lining porosity                                                 
                              brick porosity                                   
      (%)      10.about.20    10.about.18                                      
     Vibration time                                                            
     (minute)  20.about.30    --                                               
     Lining time                                                               
               casting & molding time                                          
                              brick laying time                                
     (hour)    0.5.about.1    10                                               
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for applying a refractory lining to the inner wall surfaces of
      a container which is open at the top and is used for holding molten metal,
      said apparatus comprising a stand unit on which said container can be
      received, a molding box including:
PA1  a bottom wall,
PA1  space encircling side wall structure extending upwardly from said base,
PA1  said bottom wall having passage means extending therethrough, said bottom
      wall and side wall structure defining an upright open top housing, means
      for covering the top of said housing, means for suspending said housing
      disposed within said container with the outer surface of said bottom wall
      and side wall structure spaced from the inner wall surface of said
      container, means for vertically and two-dimensionally horizontally
      adjustably positioning said stand unit whereby the positioning of said
      molding box housing relative to said container can be correspondingly
      altered, said molding box further including,
PA1  a closed vessel for holding refractory material which can be vibrated and
      given thixotropic fluidity extending upwardly from said bottom wall and
      disposed thereon centrally relatively of said side wall structure,
PA1  means for selectively establishing communication between the interior of
      said closed vessel and the passage means in said bottom wall whereby
      refractory material present in said vessel can be conveyed therefrom
      through said passage means and into said container, and
PA1  means for vibrating refractory material received in said vessel,
PA1  said closed vessel having a lid at the top thereof, said lid carrying
      exhaust pipe means with which the interior of said vessel can be
      communicated with a source of vacuum for degassing refractory material
      therein, and pressure pipe means with which the interior of said vessel
      can be connected with a source of compressed gas to facilitate conveying
      said refractory material from said vessel into said container.
NUM  2.
PAR  2. The apparatus of claim 1 in which the means for suspending said molding
      box housing within said container comprises a supporting member fixed to
      the top of said molding box and having arms extending laterally of said
      molding box, and uprights extending upwardly from locations adjacent said
      stand unit, said arms being connected with said uprights.
NUM  3.
PAR  3. The apparatus of claim 1 in which said stand unit comprises a base
      stand, a first sliding stand on top of said base stand and slidable
      horizontally of said base stand in each of two opposite directions, a
      second sliding stand on top of said first sliding stand and slidable
      horizontally relatively of said first sliding stand in each of two
      opposite directions disposed at right angles to the sliding directions of
      said first sliding stand, and vertically displaceable cylinder means
      connected to said base stand, there being means on said second sliding
      stand for fixedly connecting said container thereto.
NUM  4.
PAR  4. The apparatus of claim 1 in which said closed vessel has an opening in
      the bottom thereof communicating with said bottom wall passage means, the
      means for selectively establishing communication between the interior of
      said vessel and said passage means including a slidable closure member
      operable in a first position to intervene said opening and said passage
      means to prevent communication therebetween and in a second position to
      permit communication therebetween.
NUM  5.
PAR  5. A molding box for applying a refractory lining to the inner wall
      surfaces of a container which is open at the top and is used for holding
      molten metal, said molding box comprising
PA1  a bottom wall,
PA1  space encircling side wall structure extending upwardy from said base,
PA1  said bottom wall having passage means extending therethrough, said bottom
      wall and side wall structure defining an upright open top housing which
      can be disposed within said container with the bottom wall and side wall
      structures thereof spaced from the inner wall surface of said container
      and with said passage means in communication with the interior of said
      container,
PA1  a closed vessel for holding refractory material which can be vibrated and
      given thixotropic fluidity extending upwardly from said bottom wall and
      disposed thereon centrally relatively of said side wall structure,
PA1  means for selectively establishing communication between the interior of
      said closed vessel and the passage means in said bottom wall whereby
      refractory material present in said vessel can be conveyed therefrom
      through said passage means and into said container,
PA1  means for covering the top of said housing, and
PA1  means for vibrating refractory material received in said vessel,
PA1  said closed vessel having a lid at the top thereof, said lid carrying
      exhaust pipe means with which the interior of said vessel can be
      communicated with a source of vacuum for degassing refractory material
      therein, and pressure pipe means with which the interior of said vessel
      can be connected into a source of compressed gas to facilitate conveying
      said refractory material from said vessel into said container.
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ABST
PAL  An improved device for guiding a cutting torch on a metal surface which
      metal is a magnet attracting material comprises a magnetized base member
      and one or more guide members secured to the base member which guide
      members act as a template having a shaped surface for guiding the cutting
      torch. The device is provided with means for securing one of the guide
      members adjacent the edge of the base member and preferably means for
      holding or securing a plurality of additional guide members having
      different shapes or of different sizes when not in use. In a second
      embodiment, an assembly includes a support for holding the device of the
      invention on a pipe or other surface of revolution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of hole cutting guides or templates for guiding cutting tools such
      as acetylene torches and the like on metal pipes is known in the art. For
      example, U.S. Pat. No. 1,668,086 discloses an apparatus for holding a
      template for guiding cutting torch on a metal plate. However, the
      apparatus shown in the patent incorporates a heavy handle and stand having
      a relatively small projecting ledge on which a template is mounted for
      guiding the cutting torch. Although the apparatus is disclosed as being
      moved manually, its heavy weight is necessary in order to allow it not to
      be readily disturbed during manipulation of the cutting torch. Thus,
      unless the handle and overall weight of the device are sufficient or
      unless the operator is required to hold the handle steady during the
      cutting operation, it may become inadvertently displaced by slipping on a
      metal surface thereby interrupting the cutting operation and resulting in
      an undesirable and untrue cut. Moreover, the device disclosed does not
      offer any means for holding a template on a pipe or surface of revolution.
      Thus, the apparatus disclosed by way of example of state of the art
      devices is unnecessarily heavy, cumbersome and bulky because of its
      dimensional characteristics making it somewhat impractical.
PAC  SUMMARY OF THE INVENTION
PAR  In order to obviate problems with prior template apparatus having a
      template for guiding a cutting torch on a metal plate, it is an object of
      the invention to provide a simple, yet reliable and practical device for
      such a purpose. It is also the object of the invention to provide a guide
      member holding device which is lightweight and which yet can be put on a
      magnetic attracting metal plate and which will allow an operator to guide
      the cutting torch with the template without easily being inadvertently
      moved during the cutting operation. It is also an object of the invention
      to provide a device on which means are secured for holding both a template
      in use and means for holding a plurality of additional templates of
      different shapes or sizes not in use but readily accessible. It is also an
      object of the invention to provide a template holding assembly which can
      be used on a pipe or surface of revolution.
PAR  The device of the invention for achieving the stated objects comprises a
      magnetized base member or one which has a magnet attached or embedded
      therein which base member has a flat surface for resting on a metal plate
      which is to be cut by a cutting tool. Attached to the upper surface of the
      base member are means for securing a template for guiding the cutting tool
      and means for securing a plurality of additional or extra templates having
      various shapes and sizes. In another embodiment the invention comprises an
      assembly including a support for holding the base member on a pipe or
      other surface of revolution. Characteristics of the device and its use
      will be evident from the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating the device of the invention
      magnetically secured on a plate;
PAR  FIG. 2 illustrates the device similar to FIG. 1 and a support for use on a
      pipe; and
PAR  FIG. 3 is a perspective view illustrating another embodiment of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Observing FIG. 1, the device of the invention comprises a magnetized base
      member 10 which is shown as a disc shaped base although it should be
      appreciated that the shape of the periphery of the base is not
      particularly critical. Thus, the base member 10 may be round or disc
      shaped as shown, square, rectangular, five or six sided, octangonal or the
      like as desired. The thickness of the base member is not particularly
      important so long as it is magnetized or has a magnet secured thereto or
      embedded therein. The purpose of the magnetized feature is so that when
      the device is rested or placed on a metal sheet or other metal surface to
      be cut by a cutting torch or the like, the base member will be
      magnetically attracted to the metal sheet and will remain at a single
      position during the cutting operation without being easily or
      inadvertently moved. Of course the ease of movement will depend somewhat
      on the strength of the magnet in the base member. Thus, the magnet secured
      to or embedded in the base should be of a permanent type so that it can be
      used over relatively long periods without loss of its magnetic properties.
      It will also be understood that the usefulness of the base and accordingly
      the feature of the invention will require its use on a magnet attracting
      metal surface or normally one containing iron such as steel or other
      ferrous metals and alloys.
PAR  The base member preferably has a flat lower surface so that it can rest
      firmly upon a flat metal sheet which is to be cut, will resist movement
      due to slight pressures of the cutting torch on the template and when
      resting on an inclined metal surface, and yet which can be moved by an
      operator by hand when he wishes to slide it on the surface to another
      location.
PAR  The base member is also provided with means for securing a guide member or
      template 16 for guiding a metal workpiece 37 as shown. Accordingly, for
      this purpose and by way of example, a post 24 is attached to the upper
      surface of base member 10 near or adjacent an edge. It will be understood
      that the template will have a hole or orifice through it so that it can be
      placed on the post 24 and then secured. Preferably, and as shown, post 24
      is provided with threads, at least adjacent its upper end so that a wing
      nut 26 or similar member can threadedly engage the post and thus secure
      template 16 tightly to base member 10. For this purpose, a sleeve 18 may
      also be used on the post between the wing nut and the template so that by
      tightening the nut, pressure is exerted on sleeve 18 and in turn template
      16 is wedged between the lower end of the sleeve and the upper surface of
      the base member. However, such a means for securing the template is way of
      example only and other equivalent means evident to those skilled in the
      art and within the purview of this invention may also be used.
PAR  Another preferred feature of the invention comprises a second means
      provided on base member 10 for securing one or more extra templates 12 as
      shown. Such additional templates being readily available on the device
      will be appreciated. For this purpose threaded post 14 is attached to the
      upper surface of base member 10 opposite post 24. Wing nut 15 for
      tightening the additional templates 12 on the base is provided. These
      additional templates may be of any size or shape and incorporate a hole
      therethrough for attachment on post 14 and easily removed when desired and
      yet firmly held so as not to interfere with the template being used.
PAR  By way of example, another embodiment providing for a quick disconnect type
      of template is shown in FIG. 3. Template 46 includes a bracket 40 attached
      thereto which bracket has an elongated notch for engaging post 24 which
      may be threaded as shown. On each side of the post are guides 44 and 45,
      secured to the surface of base member 10, which guides form a channel for
      bracket 40 and prevent the template from significant lateral movement when
      the bracket notch engages post 24. The template can be further secured by
      a wing nut on the post as previously explained, or spring clips 42
      attached to the base member may be incorporated for securing bracket 40
      against the base member. Again however, such features are by way of
      illustration only and the invention is not intended to be so limited.
PAR  The embodiment shown in FIG. 1 can be readily used by an operator by simply
      selecting the template having the shape or size of guide surface 21 to be
      used to guide the cutting torch 25. The base member 10 is simply placed on
      the ferrous metal surface 37 to be cut, the proper template selected and
      secured onto post 24 and tightened down. The operator then simply uses the
      template to guide the cutting tool or acetylene torch 25. It will be noted
      that the device as shown is compact, can be lightweight and thus easily
      stored in a tool case with all the necessary templates attached thereto
      and at the same time, because of its magnetized base member, is maintained
      on a ferrous metal surface and not be easily dislodged during the cutting
      operation.
PAR  FIG. 2 illustrates another embodiment of the invention whereby the cutting
      tool guide device of the invention can be used on a surface of revolution
      such as pipe 35 as shown. For this purpose, in addition to the template
      holding base member and attachments previously described and shown in FIG.
      1, a support member 20 is provided. The support includes a supporting
      plate 36, preferably having a flat upper surface and a pair of opposite
      sides 34 which extend upwardly and normal to the plane of the flat plate
      36, and which sides have a pair of inwardly extending upper flanges 32.
      Thus, between the flat upper surface of the plate 36 and the flanges there
      are provided a pair of channels into which base member 30 can be secured.
      In addition, the support member includes a pair of rigid and preferably
      straight legs 22 and 23 which are attached to the bottom of plate 36 and
      which extend downwardly therefrom. The legs have an angle therebetween so
      that they can be placed on a surface of revolution such as pipe 35 during
      the cutting operation. For most surfaces of revolution an angle between
      the two legs 22 and 23 of between about 30 and about 150.degree. is
      suitable, that being shown being about 90.degree. which will be useful for
      most pipes.
PAR  Although a rectangular base member 30 is shown in this embodiment, its
      shape is not critical so long as its width will allow it to fit within the
      channels between flanges 32 and upper plate surface 36 of the support
      member as shown. The base member can be placed on the support member and
      will remain in place thereon during the cutting operation. The support
      member should preferably also be of as magnetizable material so that the
      base member can be slipped into the channels onto the support member and
      will be maintained in that position without being held by an operator
      during the cutting operation. Once the template 16 is secured in the
      proper position past the forward edge of support member plate 36, the
      operator may then use the interior surface of the guide member to guide
      the cutting tool for cutting a hole or orifice in pipe 35. The support
      member may also include a level placed across the flanges 32 or on the
      upper plate surface, preferably at the end opposite from that on which
      template 16 extends. With such an embodiment, the base member will be
      required to be placed on and taken off the support member from one end.
      When the cutting operation is completed, the operator need merely slide
      base member 30 off the support member and the two components can then be
      placed in the tool box or moved readily to the next position on the pipe
      for use.
PAR  Referring again to FIG. 1, there is illustrated the use of an exchangeable
      or replaceable magnet 50 which is inserted into a magnet holding cavity 52
      in the base member 10. This cavity may extend entirely through the base
      member so that the lower magnet surface is exposed and lies along the same
      plane as the lower base member surface. If such exposure is desired, the
      interior cavity sides may be slanted or shaped in such a way as to prevent
      the magnet from falling out of the cavity from the underside of the base
      member. An adhesive composition 54 may be used between the magnet and
      cavity sides to further secure the magnet therein. Any suitable adhesive
      composition may be used and preferably one which may be rather easily
      removed when magnet replacement is desired. The adhesive also preferably
      has thermal insulation properties to assist in protecting the magnet from
      heat transferred through the base member. The importance of the latter
      feature will be understood since repeated heating of the magnet will
      eventually destroy magnetic properties or reduce them to an ineffective
      state. Alternatively, the insulation may be in the form of a lining such
      as asbestos, rubber or the like and the magnet may simply rest against the
      insulation and be easily removed from the top of the base member.
PAR  It will be understood that the replaceable magnet may be of any shape so
      long as it will fit into the cavity and can be secured therein. Although
      the embodiment shown in FIG. 1 incorporates a cavity exposed at the upper
      base member surface, the cavity may be instead exposed from a side and
      again is preferably insulated. For example, asbestos, rubber, cork or
      similar material may be used to insulate the cavity and the magnet, if of
      suitable size can be forced into the insulated cavity so as to
      frictionally engage the insulation and yet be removed when replacement is
      required. The advantages of such a device and other embodiments within the
      purview of the invention will be  evident to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for guiding a cutting torch on a magnet attracting metal
      surface comprising:
PA1  a magnetized base member, having a top surface having first means thereon
      for securing a guide member having a shaped surface for guiding said
      cutting torch, and a second means for holding a plurality of said guide
      members.
NUM  2.
PAR  2. The device of claim 1 wherein said base member has a magnet incorporated
      therein.
NUM  3.
PAR  3. The device of claim 2 wherein said base member has a magnet holding
      cavity therein and said magnet received in said cavity.
NUM  4.
PAR  4. The device of claim 3 wherein said magnet is permanent and removable.
NUM  5.
PAR  5. The device of claim 3 including a thermal insulation composition between
      said magnet and said base member.
NUM  6.
PAR  6. The device of claim 1 wherein said base member comprises a flat metal
      plate having a magnet secured thereto.
NUM  7.
PAR  7. The device of claim 6 wherein said magnet is embedded in said plate.
NUM  8.
PAR  8. The device of claim 7 wherein said guide securing means is located
      adjacent an edge of said top surface.
NUM  9.
PAR  9. The device of claim 8 wherein said first means comprises a threaded post
      and member threadedly engaging said post.
NUM  10.
PAR  10. The device of claim 9 wherein said guide member includes a hole for
      engaging said post.
NUM  11.
PAR  11. The device of claim 9 wherein said guide member includes a notched
      bracket for engaging said post.
NUM  12.
PAR  12. In combination, the device of claim 1 and a support for holding said
      plate on a surface of revolution said support comprising a support member
      having a flat upper surface, a pair of opposite sides extending upwardly
      normal to said flat surface and a flange extending inwardly from each side
      toward the opposite side and spaced from said upper plate surface to form
      a pair of channels for receiving said base member, and a pair of rigid
      legs secured to said support member and extending downwardly therefrom
      said legs being substantially straight and having a 90.degree. angle
      therebetween.
NUM  13.
PAR  13. The combination of claim 12 wherein the support member comprises a
      magnet attracted metal.
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ABST
PAL  An apparatus is provided for introducing additive reactive agents of lower
      specific gravity than steel into a molten steel bath comprising a hollow
      cylindrical canister having an inner cylindrical arbor member and a spaced
      cylindrical outer wall connected to the inner arbor, means for introducing
      an additive agent into the hollow canister, at least one helical vane in
      the interior of the arbor member, said canister having at least a portion
      thereof separate from the inner arbor fusible in the molten steel bath to
      release the contents of the canister into the molten steel bath and means
      for rotating said canister and arbor member in the molten steel.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 431,771 filed Jan. 8, 1974 now abandoned, which was in turn a
      continuation of Ser. No. 350,000 filed Apr. 11, 1973, now abandoned.
BSUM
PAR  This invention relates to an apparatus for feeding granular materials to a
      steel bath and particularly to an apparatus for feeding materials which
      are highly reactive to the atmosphere either to the gases in the
      atmosphere or to the moisture in the atmosphere.
PAR  There are various granular additives which are highly desirable to be added
      to a steel bath which materials are readily reacted by components of the
      atmosphere and which are also difficult to add to a steel bath because of
      their specific gravity. An example of one of these materials is calcium
      carbide. Calcium carbide is much lighter than steel and if added to a
      molten steel bath will tend to float on top of the bath and to react in
      the slag rather than entering the steel bath. Calcium carbide is a highly
      desirable desulfurizing agent but it is difficult to add and difficult to
      keep because it is also readily reacted by moisture to form acetylene gas
      which destroys the calcium carbide and makes it totally useless as an
      additive. The present invention is directed to an apparatus for adding
      materials of this type particularly such as calcium carbide.
PAR  In a preferred embodiment of the apparatus of this invention there is
      provided a cylindrical hollow mandrel having internal helical vanes and a
      replaceable cylindrical canister made of thin walled steel which is filled
      with the granular material to be added to the melt and sealed. The
      canister is slid over the exterior of the mandrel and held in place either
      frictionally or by means of fastening devices. The mandrel and canister
      are inserted into the molten melt of steel and rotated so as to create a
      flow of steel out of the hollow center of the mandrel. This causes the
      canister to be melted and to release the calcium carbide into the moving
      steel, which in turn carries the calcium carbide throughout the body of
      the molten mass reacting it with sulfur to desulfurize the bath. The arbor
      may be made of heat resisting steel, cast iron or a refractory material or
      it may be made of steel coated with a refractory coating to assist in
      protecting it against the high temperatures of the molten steel so that
      the arbor may be used repeatedly with added canisters filled with calcium
      carbide. Alternatively, it would be possible to use the arbor as the
      inside wall of the canister and simply have a thin wall three sided
      canister which attaches to the arbor at top and bottom and is filled with
      the granular material to be introduced into the bath. Alternatively, the
      arbor may simply be a frame or spider carrying the helical vanes, which
      act as structural members of the framework, on the inside and a cannister
      outside.
DRWD
PAR  In the foregoing general description certain objects, purposes and
      advantages of this invention have been set out. Other objects, advantages
      and purposes will be apparent from a consideration of the following
      description and the accompanying drawings in which:
PAR  FIG. 1 is a side elevational view of a submarine type steel vessel partly
      in section showing the manner in which the apparatus is used;
PAR  FIG. 2 is an isometric view of an apparatus according to the invention;
PAR  FIG. 3 is an enlarged section on the line III-III of FIG. 2;
PAR  FIG. 4 is a section through a second embodiment of the invention; and
PAR  FIG. 5 is a section through a third embodiment of the invention.
PAR  FIG. 6 is a section through a frame or spider embodiment of this invention.
DETD
PAR  Referring to the drawings and particularly to FIGS. 1-3 there is
      illustrated a presently preferred embodiment of the present invention. In
      these figures there is illustrated a hollow cylindrical arbor 10 having
      internal helical vanes 11 and a top cross member 12 which is engaged by a
      clamping head 13 on the end of a rotating shaft 14. A cylindrical canister
      15 having inner 16 and outer 17 spaced cylindrical walls of thin steel
      connected by an annular bottom 18 and top 19 is slideable over the outside
      of arbor 10 and fastened by pins 20 through ears 21 on the top of the
      canister and ears 22 on top of the arbor. The canister 15 is filled with
      calcium carbide 23 through openings 24 in the annular 19 top which
      openings may be sealed at the place of filling for shipment or the
      canister may be filled where used. The assembly or arbor 10 and canister
      15 filled with calcium carbide is inserted into a bath 30 to be treated
      and rotated by shaft 14. This causes the metal in the arbor core to be
      pushed downwardly and outwardly by the helical vanes 11. At the same time
      the thin steel walls of the canister 15 are melted by the heat of the
      molten steel and the calcium carbide is carried outwardly from the arbor
      with the moving metal to treat and desulfurize the entire molten body.
PAR  In FIG. 4 a second embodiment is illustrated using a central arbor 10'
      having helical vanes 11' and a cross member 12' as in FIGS. 1-3. A thin
      cylindrical outer wall 40 having inwardly projecting annular top 41 and
      bottom 42 flanges is attached to lugs 43 on the top and bottom of arbor
      10' by pins 44 (or pop-rivets or any other suitable fastener, including
      welding). The hollow space 45 thus formed between the arbor 10' and wall
      40 is filled with calcium carbide 46 through openings 47 in the top
      annulus 41.
PAR  The device is operated as in the case of FIGS. 1-3, with the outer wall 40
      and top 41 and bottom 42 flanges being consumed thus releasing the calcium
      carbide into the bath.
PAR  Still another embodiment of the invention is illustrated in FIG. 5. In this
      embodiment a hollow cylindrical arbor portion 50 is provided with vanes
      51. An outer cylindrical wall 52 is spaced from arbor portion 50 by
      annular ends 53 and 54 forming respectively a top and bottom for a hollow
      canister. The top end 53 is provided with openings 55 through which the
      interior of the canister can be filled with calcium carbide. The outer
      wall 52 is also provided with holes 56 which are covered by a wrapper of
      thin steel 57 held in place by bolting, riveting or otherwise fastening
      its ends together. The filled canister is used as in the case of FIGS. 1
      and 4, except that here only the wrapper is consumed releasing the calcium
      carbide through the openings or holes 56 into the moving bath. The holes
      56 may be designed to induce the molten steel to wash through the interior
      of the canister to aid in mixing the calcium carbide as well as in its
      removal from the canister.
PAR  In FIG. 6 I have illustrated a spider or frame made up of a top ring 61 and
      a bottom ring 62 with helical vanes 63 and vertical ribs 64 connecting
      them. The top ring has a cross member 65 as in FIG. 1. A canister 66
      precisely as in FIG. 1 is attached to rings 61 and 62 by pins 67 as in
      FIG. 1 through ears 68 and 69.
PAR  While certain preferred practices and embodiments of this invention have
      been set out in the foregoing specification, it will be obvious to those
      skilled in the art that this invention may be otherwise embodied within
      the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for introducing additive reactive agents of lower specific
      gravity than steel into a molten steel bath comprising a hollow
      cylindrical canister having an inner cylindrical arbor member and a spaced
      cylindrical outer wall connected to the inner arbor, means for introducing
      an additive agent into the hollow canister, at least one helical vane in
      the interior of the arbor member, said canister having at least a portion
      thereof, separate from the inner arbor, fusible in the molten steel bath
      to release the contents of the canister into the molten steel bath and
      means for rotating said canister and arbor member in the molten steel.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 wherein the arbor member is of
      non-fusible material carrying a pair of spaced fusible cylindrical walls
      connected by fusible annuli and filled with additive agent, the inner of
      said walls being in sliding engagement with said arbor and fastened
      thereto for rotation with the arbor.
NUM  3.
PAR  3. An apparatus as claimed in claim 1 wherein the arbor member is of
      non-fusible material carrying a spaced larger cylindrical wall connected
      to the arbor by fusible annuli, the area between the arbor member and wall
      being filled with additive agent.
NUM  4.
PAR  4. An apparatus as claimed in claim 1 wherein the hollow clindrical
      canister is made of non-fusible material and the outer wall is provided
      with openings covered with a fusible layer.
NUM  5.
PAR  5. An apparatus as claimed in claim 1 wherein the canister is filled with
      calcium carbide.
NUM  6.
PAR  6. The apparatus as claimed in claim 1 wherein the cylindrical arbor member
      is made of heat and corrosion resisting steel.
NUM  7.
PAR  7. The apparatus as claimed in claim 1 wherein the cylindrical arbor member
      is made of refractory material.
NUM  8.
PAR  8. The apparatus as claimed in claim 1 wherein the cylindrical arbor member
      is made of cast iron.
NUM  9.
PAR  9. An apparatus as claimed in claim 1 wherein the arbor is a pair of spaced
      rings connected by helical vanes, said rings having holding means for the
      canister.
NUM  10.
PAR  10. An apparatus for introducing additive reactive agents of lower specific
      gravity than steel into a molten steel bath comprising a hollow canister
      having an inner wall defining an axial passage through the canister and a
      spaced outer wall connected to the inner wall and defining an enclosure
      for containing an additive agent, means for introducing an additive agent
      into the hollow canister, said canister having at least a portion thereof,
      separate from the inner wall, fusible in the molten steel bath to release
      the contents of the canister into the bath, stirring means connected to
      said canister and means for rotating said canister and stirring means in
      the molten steel.
NUM  11.
PAR  11. An apparatus as claimed in claim 10 wherein the arbor is a pair of
      spaced rings connected by helical vanes, said rings having holding means
      for the canister.
NUM  12.
PAR  12. The method of introducing an additive reactive agent of lower specific
      gravity than steel into a molten steel bath comprising the steps of:
PA1  a. filling a hollow cylindrical canister having an inner cylindrical arbor
      member having stirring means thereon with the agent to be added, said
      canister having at least a portion thereof fusible in the steel bath,
PA1  b. inserting said canister into the molten steel bath to be treated while
      rotating the same, and
PA1  c. continuously rotating the canister submerged in the steel bath until
      said fusible portion has melted and the additive agent is released to the
      bath and the bath has been stirred by the stirring means to mix the
      additive agent into the bath.
NUM  13.
PAR  13. The method of claim 12 wherein the stirring means is at least one
      helical vane in the interior of the canister.
NUM  14.
PAR  14. The method of introducing an additive reactive agent of lower specific
      gravity than steel into a molten steel bath comprising the steps of:
PA1  a. forming an elongated canister member containing said reactive agent
      having an axial passage therethrough, and stirring means thereon, and at
      least a portion fusible in said bath;
PA1  b. inserting said member into the molten steel bath to be treated while
      rotating the same; and
PA1  c. continuously rotating the canister submerged in the steel bath until
      said fusible portion has melted and the additive agent is released to the
      bath and the bath has been stirred by the stirring means to mix the
      additive agent into the bath.
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ABST
PAL  A recoil assembly for track type vehicle includes a housing having a
      preloaded spring assembly mounted therein. The housing is an open sided
      housing having a pair of ends with aligned apertures formed therein. The
      spring assembly includes a pair of spaced apart seat members confining a
      pair of compression springs therebetween with adjustable means in between
      the seat members for compressing the spring. One of the seat members
      includes a projection extending into the aperture at one end of the
      housing and the other seat includes means receiving the extension of a
      bushing extending through the other aperture. This bushing and aperture
      arrangement retains the spring assembly within the housing. The open side
      of the housing is provided with a fixed bar and a removable bar for
      removably confining the spring within the housing in a functional
      position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Track type tractors require recoil mechanisms for maintaining the track in
      a taut position yet providing sufficient resilience to recoil under heavy
      shock loads. Such recoil mechanisms must oftentimes be replaced in the
      field and thus must be capable of being handled by field tools.
PAR  With larger machines, the recoil mechanism utilizes extremely large heavy
      springs which can become very dangerous to handle. For this reason, it is
      desirable that such springs be provided with means for loading the springs
      to their preloaded condition in the field or means for mounting them in
      the loaded condition.
PAR  Still another problem exists with track undercarriages for excavator-type
      vehicles. Such tracks are very low in profile and thus do not provide much
      space for the recoil mechanism. It is therefore desirable that such
      mechanism be confined to as compact a space as possible.
PAR  The prior art is exemplified by the following list of U.S. patent Nos.
PAR  RE. 24,126 issued Mar. 6, 1956 to Henderson
PAR  No. 2,683,064 issued July 6, 1954 to Land
PAR  No. 2,717,813 issued Sept. 13, 1955 to Gardner
PAR  No. 2,887,342 issued May 19, 1959 to Helso, Sr.
PAR  No. 3,332,725 issued July 25, 1967 to Rhinesma
PAR  No. 3,409,335 issued Nov. 5, 1968 to Piepho et al
PAL  None of these patents suggests a satisfactory solution to the problem
      presented herein.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  It is the primary object of the present invention to overcome the above
      problems with the prior art.
PAR  Another object of the present invention is to provide a recoil spring
      assembly that may be readily assembled or mounted on a vehicle in the
      field.
PAR  A further object of the present invention is to provide a recoil mechanism
      that may be detachably secured to a vehicle in its preloaded condition.
PAR  In accordance with the present invention, a recoil mechanism for a
      track-type tractor includes a housing confining a recoil spring therein in
      its preloaded condition. The housing is mountable on the rails of a track
      assembly in its preload condition to receive the pushrod of an idler yoke
      assembly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages of the present invention will
      become apparent from the following description when read in conjunction
      with the accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of an excavator machine incorporating the
      present invention;
PAR  FIG. 2 is a detailed view of a portion of the track assembly of the vehicle
      in FIG. 1 with portions broken away to show details;
PAR  FIG. 3 is a cross sectional view of the recoil assembly of FIG. 2;
PAR  FIG. 4 is a front end view of the recoil housing of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring particularly to FIG. 1, there is illustrated a hydraulic
      excavator generally indicated by the numeral 10 which comprises an upper
      frame assembly 12 containing an engine, a hydraulic system, and an
      operator station. The upper frame assembly is rotatably supported by means
      of a swing mechanism 14 to car body frame 16 which in turn is supported on
      a pair of spaced track assemblies 18. Each track roller assembly comprises
      a pair of spaced apart rails 20 and 22 for journaling idler wheels and
      rollers for supporting an endless track 24. The track is trained about an
      idler sprocket or wheel 24 and is engaged at the lower portion thereof by
      means of a plurality of rollers 28 each of which is journaled in two
      suitable bearing assemblies carried by the spaced rails 20 and 22. The
      idler wheel 26 is journaled in a suitable yoke assembly 30 which includes
      a pushrod 32 extending to and operatively connected to a recoil mechanism
      indicated generally at 36.
PAR  As will be appreciated from viewing FIG. 1, the recoil mechanism 36 is
      disposed between the rails 20 and 22 of the track assembly. It will be
      further appreciated that the construction of the track assembly as shown
      in FIG. 1 is that of a low profile track so that the upper structure may
      freely rotate about a vertical axis while maintaining a low profile to
      improve stability of the machine. Thus, it can be appreciated that a
      compact arrangement of recoil mechanism is necessary to maintain the low
      profile of the track assembly.
PAR  The track recoil assembly itself, as best seen in FIG. 3, comprises a
      unitary housing or frame member 38 comprising a side or top wall 40
      interconnecting a pair of end walls 42 and 44. The top wall as best seen
      in FIG. 4 includes a pair of extensions 40a and 40b, extending laterally
      outward to engage and connect to the spaced side rails 20 and 22 such as
      by suitable bolts 46. These end walls are a predetermined distance apart
      to provide preadjusted tension in the springs. The end walls 42 and 44 are
      provided with apertures or bores 48 and 50 respectively which are
      coaxially aligned, and cooperate to hook or retain the spring assembly
      within the housing.
PAR  The spring assembly itself comprises, as best seen in FIG. 3, a large
      compression spring 52 and a somewhat smaller compression spring 54 which
      is nestled within spring 52. These springs are compressed between a pair
      of seat members 56 and 58 and the end walls 42 and 44. These members are
      interconnected by suitable means such as a tie rod 60 connected by
      threaded engagement at 62 to member 58 and extending through aperture 64
      of member 56 and including a nut 66. This arrangement is operative to
      compress the springs for assembly between end walls 42 and 44 of the
      housing. Thus, with this construction, the seat members 56 and 58 may be
      drawn together towards one another by means of the nut 66 threadably
      engaging rod 60.
PAR  A sleeve 68 surrounds rod 60 and serves as stop means and guide means for
      the arrangement. The stop means is provided when the ends of the sleeve 68
      engage the respective seat members. The sleeve may also be provided with
      sufficient diameter to assist in guiding the inner spring to prevent
      buckling or bowing thereof.
PAR  The seat member 56 includes an axially extending annular projecting portion
      70 which extends into bore 48 to maintain the seat position within the end
      42 of housing 38.
PAR  The seat member 58 is generally cup-shaped and has a central bore 72 for
      receiving the end of pushrod 32. A bevelled or conical shaped portion at
      the outer end of the bore 74 is provided within member 58 to receive the
      end of a similarly cooperating end portion 76 of a bearing sleeve endcap
      member 78 having a bevelled portion 76 cooperatively engaging portion 74.
      This cooperative engagement between the sleeve member 78 and the seat
      member 58 retains the seat member laterally in position within the housing
      38. The sleeve member 78 includes a sleeve bearing member 80 operative to
      support and guide the rod member 32 for sliding engagement into and out of
      the housing 38.
PAR  Thus, it will be appreciated from the assembly in FIG. 3 that the entire
      assembly can be preassembled and contained within the housing ready for
      assembly into place between the rails of a vehicle. The assembly is
      mounted between rails 20 and 22 as best seen in FIG. 4 and projects
      downward completely between the rails. The housing 38 may be preferably
      constructed to be open on 3 sides and closed only on top, as shown.
      Suitable guide means such as a longitudinal strap member 82 and a
      removable bolt 84 may be provided to extend across the open side to retain
      and guide the spring member 52 in place in the housing.
CLMS
STM  I claim:
NUM  1.
PAR  1. Track recoil mechanism comprising:
PA1  an elongated unitary housing having an axis and a pair of spaced apart end
      walls connected a fixed distance apart along said axis by side wall means
      including a pair of flanges for securing said housing between a pair of
      spaced apart horizontally extending parallel side rails;
PA1  aligned apertures formed in said end walls along said axis;
PA1  spring retainer means detachably mounted in said housing and including a
      pair of springs mounted therein, said retainer means comprising first and
      second spaced apart annular spring seat members interconnected by
      adjustable means for precompressing said springs independent of said end
      walls for placement between said end walls;
PA1  said end walls being spaced a predetermined fixed distance apart for
      establishing a pretension in said springs when said spring seat members
      engage and are confined by said end walls;
PA1  said first spring seat member including pilot means extending into one of
      said apertures for retaining said assembly in place;
PA1  the second of said seat members having a cupshaped portion opening toward
      the other of said apertures for receiving an idler rod of a yoke assembly
      extending through said aperture; and,
PA1  a sleeve extending through said aperture and engaging said cup portion for
      retaining same in place in said housing.
NUM  2.
PAR  2. The recoil mechanism of claim 1 wherein said second seat member includes
      a beveled portion around the rim of said cup for receiving an extension of
      said sleeve.
NUM  3.
PAR  3. The recoil mechanism of claim 2 comprising guide means including a fixed
      bar and removable bar spaced apart and extending along said axis between
      said end walls defining an open side of said housing, and for guiding said
      spring for preventing bowing thereof.
NUM  4.
PAR  4. The recoil mechanism of claim 3 wherein said housing means is mounted
      between a pair of parallel disposed horizontally extending side rails.
NUM  5.
PAR  5. The recoil mechanism of claim 4 wherein said adjusting means includes an
      elongated rod extending between said seat members; and
PA1  means threadably engaging one end of said rod biasing one of said seats
      toward the other of said seats.
NUM  6.
PAR  6. The recoil mechanism of claim 5 including a sleeve surrounding said rod
      between said seat members.
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ABST
PAL  The invention relates to a hydropneumatic suspension device, comprising in
      the conventional manner a cylinder filled with a liquid in which a piston
      provided with spring-loaded valve is slidably mounted. This device
      comprises compensating apparatus for compensating the expansion of the
      liquid and gaseous media acting as a pneumatic spring, the compensating
      apparatus comprises an auxiliary space containing a gaseous fluid under
      pressure and a movable wall responsive on one side to the gas pressure and
      on the other hand to the pressure of the liquid contained in the device
      and also of the liquid contained in the device and also of the liquid
      filling the hollow rod of this device.
BSUM
PAR  The present invention relates in general to hydropneumatic suspension
      devices, notably for vehicles, and has specific reference to a device of
      this character which is capable of absorbing under proper conditions the
      volumetric variations in the gaseous and liquid fluids which are caused by
      temperature changes.
PAR  In fact, either during its actual operation or in case of service in a
      relatively warm or cold climate, the temperature of a hydropneumatic shock
      absorber or other suspension device of this character is likely to
      increase or decrease to a substantial proportion. In this case, the
      expansion or contraction of the liquid fluid contained in the suspension
      member or device, plus the expansion or contraction of the gas utilized
      therein and acting as a pneumatic spring, tend to alter the relative
      position of the piston and cylinder components of the device. If the
      shock-absorber or suspension device is inserted between the wheels or
      axles of a vehicle and the body thereof, this expansion or contraction is
      attended by an upward or downward movement of the vehicle body to a far
      from negligible extent, of the order of one inch for a temperature
      differential of 30.degree.C.
PAR  It is the essential object of the present invention to avoid this
      inconvenience by providing compensating means in a hydropneumatic
      suspension device of the type broadly set forth hereinabove, whereby the
      temperature increase or reduction cannot imply a change in the vehicle
      trim.
PAR  According to this invention, an auxiliary chamber is associated with the
      shock absorber comprising essentially a piston provided with valve means
      and movable in the main cylinder filled with hydraulic fluid, said
      auxiliary chamber comprising a movable intermediate wall having one face
      exposed to the pressure of the liquid contained in said main cylinder and
      also to the pressure of a liquid enclosed in the hollow rod supporting the
      piston, the other face of said movable intermediate wall being responsive
      to the pressure of a gaseous fluid enclosed in said chamber, the movement
      of said movable wall as a consequence of temperature variations being
      attended by a change in the volume of a complementary space accessible to
      the liquid contained in said main cylinder, the volumetric variation of
      said complementary space corresponding to that of said liquid as a
      consequence of said temperature variations.
PAR  In a preferred form of embodiment of the present invention, the shock
      absorber piston carried by the end of a hollow rod filled with a liquid
      fluid under pressure has fitted therein an auxiliary cylinder provided
      with a piston, of which one face communicates with the volume of the main
      cylinder, is responsive to the liquid pressure, and has a shank extension
      opening into said hollow rod of said main cylinder, the other face being
      responsive to the pressure of a gaseous fluid enclosed in the cylinder
      chamber.
DRWD
PAR  A clearer understanding of this invention will be had as the following
      description of a preferred embodiment thereof proceeds with reference to
      the single FIGURE of the attached drawing.
DETD
PAR  The hydropneumatic suspension device according to this invention comprises
      in a manner known per se a cylinder 1 connected for instance to the wheel
      carrier arm of the vehicle, a piston 2 slidably mounted in said cylinder 1
      and a piston rod 3 connected to the vehicle body. In the device of this
      invention, the piston rod 3 is hollow and filled with liquid under
      pressure. The liquid in cylinder 1 is adapted to flow from one to the
      other face of the piston through valve means loaded by spring means and so
      arranged as to provide a two-way flow as shown at 4. The upper face of
      this piston carries a resilient abutment member 5 for damping out possible
      shocks at the end of the piston stroke against the upper end of the
      cylinder. At the lower end of this cylinder a flexible deformable chamber
      6 containing a gaseous medium acting as a suspension spring and having a
      pressure corresponding to the pressure of the surrounding hydraulic fluid
      is provided.
PAR  The lower portion of piston 2 is rigid with a hollow auxiliary cylinder 7
      forming a chamber 8 divided into two compartments 8' and 8" by a secondary
      piston 9 having a shanklike upper extension 10 extending through the upper
      portion of cylinder 7 where it fits in the main piston 2. Openings 11 are
      provided in said upper portion to enable the liquid contained in cylinder
      1 to penetrate into chamber 8" through ports 12 formed in the base of the
      auxiliary cylinder engaging the walls of main cylinder 1 and via a gap 13
      provided between the remaining portion of the skirt of cylinder 7 and said
      main cylinder 1.
PAR  In the inoperative position, i.e. at room temperature, the secondary piston
      9 is in an intermediate position in said auxiliary cylinder 7. The volume
      of the lower portion 8' is filled with gaseous fluid whereby, irrespective
      of the position of main piston 2 in cylinder 1 and the temperature of the
      complete device, a minimum pressure prevails in the liquid contained in
      the hollow rod 3, due to the expansion of this liquid and to the
      compression of said gaseous medium.
PAR  When a temperature increment takes place, for example of value .DELTA. t
      within the suspension device, thus causing an expansion of the hydraulic
      fluid contained therein and also of the gaseous fluid contained in said
      flexible chamber 6, the expansion of the liquid contained in rod 3 will
      cause the auxiliary piston 9 to travel by a distance proportional to the
      volumetric increment in the liquid contained in said rod 3. This movement
      is permitted by the compressibility of the gaseous fluid contained in said
      chamber 8'.
PAR  The movement of piston 9 clears a space in chamber 8" and thus an amount of
      liquid corresponding to the thermal expansion having occurred penetrates
      into this space, due to the same temperature increment .DELTA. t of the
      liquid contained in the main cylinder 1 and also of the gaseous fluid
      contained in said flexible chamber 6.
PAR  A reduction in the temperature prevailing in the suspension device will of
      course produce the reverse effects.
PAR  Both calculations and experience teach that the pressures and volumetric
      capacities of these various cavities can be adapted in such a manner that
      for a given temperature variation .DELTA. t the movement of the secondary
      piston 9 will release a volume 8" corresponding to the volumetric
      increment of the liquid contained in main cylinder 1 and also of the
      gaseous fluid contained in the flexible chamber 6, this compensation
      actually taking place without producing any movement of said piston 2,
      therefore without altering the vehicle trim.
PAR  As a typical example of the mode of operation of the hydropneumatic
      suspension device according to the present invention, the following data
      may be considered:
     Volume of gas in chamber 6                                                
                        176 cu.cm (10.736 cu.in.)                              
     Pressure of gas in chamber 6                                              
                         28 kg/sq.cm (398.24 psi)                              
     Total volume of liquid in                                                 
     cylinder 1         110 cu.cm (6.71 cu.in.)                                
     Volume of liquid in rod 3                                                 
                        121 cu.cm (7.38 cu. in.)                               
     Pressure of hydraulic liquid                                              
     in the suspension device:                                                 
      under inoperative conditions                                             
                         28 kg/sq.cm (387.24 psi)                              
      during a shock     45 kg/sq.cm (640 psi)                                 
      under rebound conditions                                                 
                         19 kg/sq.cm (270 psi).                                
PAR  In the case of a temperature increment from -15.degree.C to +45.degree.C,
      this suspension element, if not equipped with the compensating device
      described hereinabove, would produce a change of about one inch in the
      vehicle trim. By using the above-described device, this change can be
      reduced to zero.
PAR  In case the temperature increment .DELTA. t were 30.degree.C, the volume of
      the liquid contained in the rod would increase by 3 cu.cm, this
      corresponding to a downward movement of 1.5 cm of the secondary piston 9.
PAR  For a same temperature increment .DELTA. t of 30.degree.C, the volume of
      the liquid contained in the cylinder portion below the piston 2 would
      increase by 21 cu.cm and this would be absorbed completely by the
      volumetric increment 8" previously released during the 1.5 cm downward
      movement of said secondary piston 9.
PAR  The characteristic volume and pressure of the gaseous fluid in chamber 8'
      will vary under these conditions from 129 cu.cm (7.87 cu. in) and 39
      kg/sq.cm (554.7 psi), when the temperature is -15.degree.C, to 83.5 cu.cm
      (5.10 cu.in) and 62 kg/sq.cm (882 psi), when the temperature is
      +45.degree.C. Similarly, the pressure of the liquid contained in rod 3 of
      piston 2 rises to a maximum value of about 340 kg/sq.cm (4.836 psi) when
      the wheel is in a rebound position and the temperature is at a very high
      value.
PAR  A device of the type described herein and illustrated in the accompanying
      drawing is of course adapted to be associated with each wheel of a
      vehicle, but it would not constitute a departure from the basic scope of
      the invention to use an arrangement wherein a plurality of conventional
      suspension devices (i.e. without expansion compensating means) were
      operatively connected to a single central and common expansion
      compensating unit.
PAR  Although a specific form of embodiment of this invention has been described
      and illustrated herein, it will readily occur to those skilled in the art
      that various modifications and changes may be brought thereto without
      departing from the scope of the invention as set forth in the appended
      claims.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. In a hydropneumatic suspension device comprising as conventional a
      cylinder containing liquid and gas, a piston provided with valve means
      loaded by spring means, said piston being disposed at the end of a hollow
      rod filled with liquid under pressure, and means for compensating the
      thermal expansion of said liquid and gas, which act as a pneumatic spring
      in case of temperature increments, said compensating means comprising an
      auxiliary chamber containing a gaseous fluid under pressure and having a
      movable wall responsive on one side to the pressure of said gas and on the
      other side to the pressure of the liquid contained in said cylinder and
      also to the pressure of the liquid contained in said closed volume of said
      rod, said chamber being rigid with said piston.
NUM  2.
PAR  2. Hydropneumatic device as set forth in claim 1, wherein said auxiliary
      chamber consists of a closed hollow cylinder rigid with the suspension
      piston, said auxiliary cylinder containing a piston constituting said
      movable wall and separating a gaseous fluid enclosed on one side of said
      piston from the suspension liquid having access to the other side, a shank
      rigid with said piston of said auxiliary cylinder and adapted to penetrate
      into said hollow rod.
NUM  3.
PAR  3. Hydropneumatic suspension device as set forth in claim 1, wherein a
      flexible space containing said gas under pressure is disposed in the
      chamber of said suspension device.
NUM  4.
PAR  4. Apparatus for compensating for volumetric variations of fluids contained
      in a hydropneumatic suspension device, comprising:
PA1  a liquid containing tubular body adapted to be connected to a wheel carrier
      arm of a motor vehicle;
PA1  a main piston slidably received within said tubular body and having fluid
      passages for fluidly communicating opposite sides of said main piston;
PA1  a sealed liquid containing hollow rod connected to said main piston and
      extending out of said tubular body, said hollow rod being adapted to be
      connected to the body of a motor vehicle;
PA1  receptacle means fixed to said main piston and including attaching means
      sealingly attaching said receptacle means to said hollow rod, said
      receptacle means forming an auxiliary chamber and slidably received in
      said tubular body and including path means for defining a liquid flow path
      around said receptacle;
PA1  a secondary piston slidably received within said receptacle means and
      dividing said receptacle means into a first compartment sealingly
      containing a pressurized gas and a second compartment comprising a pair of
      ports fluidly communicating with said path means so that the liquid
      contained in said tubular body can pass through said second compartment;
PA1  a connecting rod attached to said secondary piston, said connecting rod
      being slidably and sealingly received in said receptacle attaching means
      and extendable into said hollow rod so that the liquid contained in said
      hollow rod acts on said connecting rod to move said secondary piston in
      accordance with the volumetric changes of the liquid contained in said
      hollow rod.
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ABST
PAL  An impact absorber for an automobile bumper includes a first cylinder
      having a closed end and filled with a damping liquid. A second cylinder,
      closed at one end and having a radial partition wall therein, moves within
      the first cylinder for transmitting an impact force to the damping liquid.
      A sealing member is secured to the inner part of the first cylinder to
      define a first chamber with the first and second cylinders. A plurality of
      throttling ports are provided on the second cylinder for expelling the
      damping liquid from the first chamber thereby providing a variable orifice
      effect in cooperation with the sealing member upon movement of the second
      cylinder for dampening the impact force. A second chamber is provided for
      receiving the expelled damping liquid. The expelled damping liquid, within
      the second chamber, urges a piston to slidably move within the second
      cylinder toward the direction opposite the first chamber. A third chamber
      is defined by the second cylinder and the piston to include a restoring
      means for urging the piston toward the first chamber to return the
      expelled damping liquid to the first chamber after the damping or removal
      of the impact force such that the impact absorber may dampen successive
      impact forces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates generally to improvements in impact absorbers
      and more particularly to an impact absorber utilizing a damping liquid for
      an automobile bumper.
PAR  2. Description of the Prior Art:
PAR  An impact absorber including outer and inner tubes and a rod member, such
      as a piston rod, arranged within the inner tube to which an impact force
      is directly inflicted is already known to the prior art. In this type of
      impact absorber, torsion between the inner tube and the rod member is
      brought out when an impact force acts on the impact absorber at an angle
      with respect to the axis thereof. Since the inner tube does not slide
      smoothly into the outer tube, the original function of the impact absorber
      is not satisfactorily achieved. Another type of impact absorber in which
      an inner tube serves for the rod member and a plurality of variable
      orifices are formed through an outer tube in order to improve the
      efficiency of absorption is also already known to the prior art. In this
      type of impact absorber, since a plurality of variable orifices are formed
      through the outer tube, the manufacturing of the outer tube is very
      difficult. Furthermore, in order to strengthen the outer tube, the
      dimension of the external form thereof must be enlarged.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved impact absorber adapted for obviating the above-mentioned
      drawbacks of conventional devices.
PAR  It is another object of the present invention to provide an improved impact
      absorber capable of satisfactorily achieving the original function
      thereof.
PAR  It is still another object of the present invention to provide an improved
      impact absorber which is easy to manufacture and which is mechanically
      simple and inexpensive to manufacture.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Various other objects, features, and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawing in which:
PAR  FIG. 1 is a longitudinal section of a preferred form of the invention
      showing a self-restoring impact absorber utilizing a damping liquid and a
      gas.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An impact absorber 10, shown in FIG. 1, includes an inner tube 12 and an
      outer tube 14. The two tubes 12 and 14 are telescopically fitted into one
      another so as to be relatively slidably displaceable and such that the
      outer tube 14 can be wholly displaced over the inner tube 12. The outer
      tube 14 has a closed end 16 at the right-hand end thereof, as viewed in
      FIG. 1, which is in turn secured to the body of a vehicle by conventional
      means (not shown). A rim 18 of the outer tube 14 is turned inwardly around
      the circumference of outer tube 14. The inner tube 12 is closed at the
      left hand end thereof, as viewed in FIG. 1, by a flange 20 which may be
      attached thereto by suitable means, such for example as welding.
PAR  An annular stop member 22 is secured to the outer surface of inner tube 12
      for limiting the relative expansion of the two tubes 12 and 14 when in the
      illustrated rest position of the impact absorber 10, wherein stop member
      22 is in contact with the inner surface of rim 18 of the outer tube 14. A
      first sealing ring 24 is secured to the outer surface of inner tube 12 at
      the position where one part of the outer surface of the first sealing ring
      24 is in contact with the right side of stop member 22 so as to prevent
      any fluid from permeating into the impact absorber 10 or from leaking
      therefrom.
PAR  An annular sealing member 26 is fixedly secured to the inner surface of
      outer tube 14 and, in the illustrated rest position of the impact absorber
      10, the inner surface of the sealing member 26 is in tight contact with
      the outer surface of the right-hand end of the inner tube 12.
PAR  A partition wall 28 is formed integrally with the inner surface of inner
      tube 12 and is always on the right-hand side of the first sealing ring 24,
      as viewed in FIG. 1. Inner tube 12 is divided by the partition wall 28 to
      form a left bore, not numbered, which contains a power piston 30 slidably
      movable therein. The piston 30 is provided with a second sealing ring 32
      in a groove 34 which acts as a seal to prevent any of the fluid from
      passing around the piston 30.
PAR  A chamber 36 is defined by the flange 20, the inner surface of inner tube
      12 and the piston 30, in which air or gas is enclosed through a screw hole
      38 provided in flange 20. A screw 40 is threaded into the screw hole 38
      with a washer 42 positioned between the screw head and flange 20 in order
      to prevent air or gas from leaking out of the chamber 36. A plurality of
      apertures 44 are radially formed through the inner tube 12 adjacent the
      left-hand side of partition 28, as viewed in FIG. 1.
PAR  A plurality of throttling ports 46 are formed through the inner tube 12 at
      the right-hand side of the partition 28, each of the ports 46 having the
      same diameter.
PAR  The distance between each one of the throttling ports 46 and the
      longitudinally aligned neighboring port is decreased in the direction
      approaching the partition 28.
PAR  A chamber 48 is defined by the outer tube 14, the annular sealing member
      26, the inner tube 12 and the partition 28. Chamber 48 communicates with
      an annular chamber 50 defined by the outer tube 14, the first sealing ring
      24, the annular sealing member 26 and the inner tube 12 through the
      throttling ports 46. A chamber 52 defined by the inner tube 12, the
      partition 28 and the piston 30 communicates with the annular chamber 50
      through the apertures 44. The chamber 48 is filled with damping liquid,
      such for example as oil, through a filler hole, not shown, whereby the
      chambers 48 and 52 and the annular chamber 50 are filled with such damping
      fluid.
PAR  The operation of the impact absorber 10 of this invention will now be
      described. The rest position of the impact absorber 10 is illustrated in
      FIG. 1. An impact force upon the flange 20 causes the inner tube 12 to
      move within the outer tube 14 toward the closed end 16 thereof. As a
      result of such movement, the volume of the chamber 48 is decreased and the
      pressure therein is increased. The damping liquid within the chamber 48 is
      thus expelled from the chamber 48 into the annular chamber 50 through the
      throttling ports 46. In this operation, with the rightward movement of the
      inner tube 12 the number of throttling ports 46 communicating the chamber
      48 with the annular chamber 50 is decreased, by the sealing member 26,
      whereby a variable orifice effect is caused. The damping liquid squeezed
      from the chamber 48 into the annular chamber 50 through the throttling
      ports 46 is further expelled into the chamber 52 through the apertures 44.
      The increased pressure within the chamber 52 caused by the displacement of
      the damping liquid causes the piston 30 to move leftwardly, whereby the
      gas within the chamber 36 is compressed.
PAR  As described above,, the impact absorber 10 absorbs the impact acted
      thereupon by the subsiding forces caused by the variable orifice effect
      and compression of the gas.
PAR  After absorption of the impact force, the increased pressure produced
      within the gas, due to the decreased volume of the chamber caused by the
      movement of the piston 30, causes the piston to move back to the initial
      position thereof expelling the damping liquid from the chamber 52 into the
      chamber 48 through the apertures 44, the annular chamber 50, and the
      throttling ports 46, whereby the inner tube 12 moves back to its initial
      position, shown in FIG. 1, such that the impact absorber 10 may dampen
      successive impact forces.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is to be understood therefore
      that within the scope of the appended claims the present invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An impact absorber comprising:
PA1  a first cylinder having a closed end;
PA1  damping liquid in said first cylinder;
PA1  a second cylinder closed at one end and having a radial partition wall
      therein, said second cylinder being longitudinally movable within said
      first cylinder for transmitting an impact force to said damping liquid;
PA1  a sealing member fixedly secured to the inner part of said first cylinder;
PA1  a first chamber defined by the wall and closed end of said first cylinder,
      the radial partition wall and the portion of said second cylinder on the
      side of said radial partition wall therein facing inwardly of the first
      cylinder toward the closed end thereof and said sealing member;
PA1  a plurality of longitudinally aligned throttling ports formed through said
      second cylinder on the side of said radial partition wall defining said
      first chamber, said damping liquid being forced through said throttling
      ports upon movement of said second cylinder to thereby provide a variable
      orifice effect in cooperation with said sealing member with a
      self-regulating response to changing impact conditions and to dampen a
      wide range of impact forces;
PA1  sealable stopping means fixedly secured to the outer part of said second
      cylinder to limit the relative extension of said first and second
      cylinders and to prevent said damping liquid from leaking out of said
      impact absorber;
PA1  at least one aperture formed radially through said second cylinder wall on
      the closed end side of said radial partition wall;
PA1  a piston slidably movable within said second cylinder in the closed end
      side thereof;
PA1  a second annular chamber defined by the inner surface of said first
      cylinder, the outer surface of said second cylinder, said sealing member
      and said sealable stopping means and communicating with said first chamber
      through said throttling ports;
PA1  a third chamber defined by the portion of said second cylinder on the side
      of said radial partition wall therein facing the closed end thereof, said
      partition wall and said piston and communicating with said second annular
      chamber through said aperture, said damping liquid within said first
      chamber being forced through said throttling ports to said second annular
      chamber and from said second annular chamber through said aperture to said
      third chamber thereby urging said piston toward the closed end of said
      second cylinder responsive to an impact force on said closed end of said
      second cylinder;
PA1  a fourth chamber defined by the portion of said second cylinder between
      said closed end thereof and said piston; and
PA1  restoring means in said fourth chamber for biasing said piston toward said
      partition wall to thereby serve as an additional dampening force for
      dampening said impact force and for returning said damping liquid within
      said third chamber to said second annular chamber and then to said first
      chamber after the dampening of said impact force such that said impact
      absorber may dampen successive impact forces.
NUM  2.
PAR  2. An impact absorber as set forth in claim 1, wherein each of said
      throttling ports has the same diameter.
NUM  3.
PAR  3. An impact absorber as set forth in claim 1, wherein said throttling
      ports are arranged such that the distance between each one of said ports
      and the neighboring port is decreased in the longitudinal direction
      approaching said partition wall.
NUM  4.
PAR  4. An impact absorber as set forth in claim 1, wherein said aperture is
      formed adjacent said partition wall.
NUM  5.
PAR  5. An impact absorber as set forth in claim 1, wherein said restoring means
      is a gas which remains in gas phase even when compressed.
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ABST
PAL  A work holder mounted on a catch pan or drain provides a flat grid to
      support an oil or grease carrying portion of a vehicle or the like. The
      flat grid is supported by and positioned centrally above the catch pan,
      which is substantially larger than the oil carrying portion of the
      vehicle. The catch pan is supported by a hollow central mounting tube
      through which any liquids collected in the pan may drain into a storage
      container for disposal in a routine manner. The storage container may
      support the mounting tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Vehicles, such as cars, are almost a necessity in our civilization, and
      their care and maintenance becomes equally vital to the civilization. Many
      of the services required for the maintenance of a car are routine, and
      functions, such as draining the crankcase of a car have been fairly well
      organized in most service stations. Crankcase draining is usually
      accomplished by the use a funnel-like receiver, positioned under a
      crankcase drain tap, for draining oil and residue into a storage container
      of any type.
PAR  Other functions such as the servicing of an automatic transmission, (where
      drainage plugs may not be provided), are more troublesome since they may
      require the removal of a bulky oil pan with the potential spillage of the
      oils or greases in the pan. This becomes a messy and unpleasant chore that
      may require two mechanics, and is usually overlooked by maintenance men.
      The standard funnels for collecting crankcase oils are too small to be of
      use here, and are otherwise inadequate.
PAR  It is therefore an object of this invention to provide the combination of a
      work holder to support a portion of a car, such as the oil pan of an
      automatic transmission -- while it is being loosened or removed from a car
      -- and a catch pan substantially larger than the oil pan to catch any
      spillage from the oil pan during the process.
PAC  SUMMARY OF THE INVENTION
PAR  A catch pan is provided that is substantially larger than the oil pan of an
      automatic transmission or the portion of a car that is being serviced.
      This catch pan is supported by a central, hollow mounting tube or
      drainpipe that can fit into the tubular receiving tube of a storage
      container that may be of conventional size and shape. The storage
      container may be supported on casters in a well known manner to be free to
      be moved or positioned under a car being serviced.
PAR  A work holder is provided to be supported and held securely by the catch
      pan. The work holder must extend far enough above the catch pan to allow
      access to the portion of the under body of the car that is supported by
      the work holder.
PAR  The central, hollow mounting tube that supports the catch pan is free to
      move up and down in the tubular receiving tube of the storage container to
      adjust the work holder to the height of the portion of the underbody that
      is being serviced. At this height the tubes are secured by a lock screw,
      or the like, to hold the assembly until the operation is completed.
PAR  The device is readily moved into position under a car being serviced, and
      readily adjusted to the precise height for servicing any particular
      portion of the car. It must be strong enough to support the portion of the
      car while it is being serviced, and its catch pan must be large enough to
      catch any and all residue from this portion of the car while it is being
      serviced. The residue may drain into the storage container for later
      disposal, or it may be retained in the catch pan for observation or reuse.
      The entire operation can be handled by a single mechanic, with a minimum
      of time on the job and a minimum of clean-up time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a cross section of the subject device in operation;
PAR  FIG. 2 shows a view of the work holder and catch pan from above; and
PAR  FIG. 3 shows an enlarged cross section of the mounting of the catch pan.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, FIG. 1 shows a cross section of the device
      supported in a typical manner. A catch pan 10 has a bottom portion 11 and
      edge portions 12 that have recesses 13 for receiving the braces of a work
      holder 20. The catch pan may have a central indentation or depression 14
      in the bottom portion, with a central drain hole through which a drain
      fitting 15 can be attached to a mounting tube 33, by means of screw
      threads 17, to secure and support the whole device. This is seen more
      clearly in FIG. 3. The drain fitting includes a strainer 16, and may have
      a removeable plug 18.
PAR  The work holder 20 comprises cross arms or braces 21 and 22 whose
      extremities engage the recesses 13 in the catch pan. The cross braces have
      flattened central portions 23 and 24, respectively, for supporting a
      typical portion of the underbody of a car, such as an automatic
      transmission oil pan 26, which is secured to the rest of the transmission
      by bolts 28.
PAR  A storage container 30 has a vertical receiving tube 31 with a lock screw
      32 for securing the mounting tube 33 whose upper end is coupled to the
      catch pan. This coupling includes a flange or washer 34 where it engages
      and supports the catch pan. The storage container may also have a handle
      37 and a pouring spout 38. Wheels or castors 41 and 42 may provide
      mobility in a well known manner.
PAR  FIG. 2 shows a plan view looking down on the work holder and catch pan, and
      has the same reference numbers for the same elements that are already
      described in the other figures.
PAR  FIG. 3 shows an enlarged cross section of the coupling between the bottom
      portion 11 of the catch pan and the mounting tube 33. This figure also
      shows, more clearly, typical screw threads 17 between the drain fitting 15
      and the mounting tube 33 that may be used to secure the catch pan to the
      mounting tube.
PAR  In the typical coupling between the catch pan and the mounting tube shown
      here, the flanged, threaded drain fitting screws into the mounting tube,
      which may have a metal washer or flange 34 to provide better support for
      the catch pan and work holder. Gaskets, of well known types, now shown,
      may be included between the flange of the drain fitting, or the washer,
      and the bottom of the catch pan to avoid leakage.
PAR  In operation, the complete assembly, as seen in FIG. 1, is wheeled under a
      car or the like, until the work holder 20 is directly under a portion of
      the car to be serviced. The lock screw 32 is then released and the upper
      mounting tube 33 is raised until the flattened central portions 23 and 24
      of the work holder engage the desired portion of the car. At this point,
      the lock screw is tightened to hold the assembly in position.
PAR  If it is desired to work on, or to provide routine maintenance on, an
      automatic transmission, for example, the mounting bolts 28 can then be
      unloosened by a single mechanic to release the transmission oil pan 26.
      Any excess oil or grease from the transmission will fall into the catch
      pan with a minimum of mess for the mechanic or the floor of the garage.
      The mounting tube may be lowered for working on the transmission, or the
      oil in the transmission pan may be dumped into the catch pan, or the whole
      assembly may be moved away at the convenience of the mechanic.
PAR  It should be noted that this whole operation can be handled by one
      mechanic, whereas without this device, it would take two mechanics, one to
      support the transmission oil pan and the other to loosen the bolts, to
      perform the same operation. It should also be noted that there would be
      extra time lost in the cleaning up of the floor of the garage with the
      inevitable spillage after any such operation.
PAR  There is a real need for this device for working on automatic transmissions
      and the like, but its use is not limited to such operations. The large
      collecting area of the catch pan and the access space above it would make
      this device useful for servicing brake drums, differentials, or radiators,
      etc., where there may be a substantial spillage of liquids, or risk of
      losing small parts.
PAR  The work holder, accordingly, may be removeable and is not limited to the
      typical shape or structure shown in FIGS. 1 and 2. It may be formed to
      accommodate the configuration of any special oil pan or other structure
      under a car. The work holder must extend far enough above the catch pan to
      permit access for whatever must be done, however, if the work holder is
      too high, there will be other disadvantages and problems. If necessary, a
      variable-height work holder can be provided.
PAR  This work holder is shown clipped into the catch pan, and can easily be
      snapped out for cleaning or replacement with another unit of the same or
      another shape. Other means, both separable and inseparable, for coupling
      the work holder to the catch pan, will suggest themselves to anyone
      skilled in the art. Clamps may be used to make a more rigid contact
      between the catch pan and the work holder, or they may be bolted together.
      The main factor in the combination of work holder and catch pan is that no
      part of the work holder projects beyond the edges of the pan so that all
      oil spillage will, ultimately, drain into the pan.
PAR  The typical catch pan shown in FIG. 2 is square, for convenience in
      manufacture; in this case by cutting, folding, and welding a piece of
      sheet metal. However, the pan could be almost any shape and could be
      stamped, or molded, or made in any well known manner. As noted earlier,
      the pan must be large enough to extend beyond the edges of the portion of
      the car being worked on, and must be strong enough to support the work
      holder, as well as the portion of the car being worked on, and any liquids
      in the pan.
PAR  The mounting tube 33 should be of a standard size to fit into the vertical
      receiving tube of a standard container. This will normally be strong
      enough to support the catch pan and the work holder when suitably secured
      by the drain fitting. However, in special circumstances, additional
      reenforcements may be necessary. If the mounting pipe and the bottom of
      the catch pan are not strong enough to support a large and heavy unit,
      additional braces can be added in a well known manner, to support any
      portion of the overall device.
PAR  The storage container may be one of the available types for use with a
      small funnel-like structure for catching crankcase oil. Some of the
      receiving tubes of these containers are of a standard, fairly-large size,
      and could be adapted to receive the mounting tube 33 without any
      modifications, except, possibly, a stronger lock screw 32. The base,
      including the wheels 41 and 42, must, of course, be wide enough and strong
      enough to accommodate the higher and heavier structure of the subject
      device.
PAR  If the lock screw 32 does not appear to be strong enough to support this
      device, additional or heavier lock screws may be provided. In addition,
      levering or jacking devices of well-known types may also be adapted to the
      moveable coupling between the receiving tube and the mounting tube to
      provide better support, or more easily and precisely controllable motion
      between the two.
PAR  The plug 18 would be convenient for containing any liquids that spill into
      the catch pan, in the event that they may be reuseable, or that they
      should be studied to observe color, consistency, or any other significant
      characteristic or contents. Similarly, the strainer 16 is desirable for
      catching nuts and bolts or small tools, etc., that may have fallen into
      the catch pan during the operation.
PAR  It is to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications
      will occur to a person skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for servicing a fluid-containing portion of a vehicle
      comprising:
PA1  a catch pan, substantially larger than said fluid-containing portion of
      said vehicle, having a centrally-located drain hole;
PA1  a work holder fitted into said catch pan, and extending substantially above
      said catch pan, said work holder having a central portion for supporting
      said fluid-containing portion of said vehicle;
PA1  means for securing said work holder within said catch pan;
PA1  means for supporting said catch pan and work holder in a desired
      relationship with said fluid-containing portion of said vehicle; and
PA1  means for catching any residue from said centrally-located drain hole of
      said catch pan.
NUM  2.
PAR  2. A device as in claim 1 wherein said means for supporting said catch pan,
      and said means for catching any residue comprise a hollow mounting tube;
PA1  means for rigidly coupling said mounting tube to said catch pan through
      said centrally-located drain hole;
PA1  a container having a hollow receiving tube extending upwardly; and
PA1  means for moveably securing said mounting tube within said receiving tube.
NUM  3.
PAR  3. A device as in claim 2 including means for adjusting the height of said
      catch pan and work holder assembly with respect to said container.
NUM  4.
PAR  4. A device as in claim 2 wherein said means for rigidly coupling said
      mounting tube to said catch pan comprises a flange around the upper end of
      said mounting tube to support the under side of said catch pan;
PA1  a drain fitting extending through said drain hole into the upper portion of
      said mounting tube, said drain fitting having an upper flange to secure
      the upper side of said catch pan; and
PA1  a threaded lower portion on said drain fitting to engage corresponding
      threads on said upper portion of said mounting tube.
NUM  5.
PAR  5. A device as in claim 1 wherein said catch pan has a bottom portion that
      is sloped downwardly to said centrally located drain hole, and side
      portions that extend upwardly around the periphery of said bottom portion.
NUM  6.
PAR  6. A device as in claim 5 wherein said work holder consists of a plurality
      of cross braces extending upwardly from said side portions of said catch
      pan to a central area that has the configuration of the bottom of said
      fluid containing portion of said vehicle.
NUM  7.
PAR  7. A device as in claim 6 wherein said means for securing said work holder
      within said catch pan comprises a plurality of indentations in said side
      portions of said catch pan, each one of said indentations receiving a
      corresponding one of the extremities of said cross braces of said work
      holder.
NUM  8.
PAR  8. A device as in claim 1 wherein said work holder is removeable from said
      catch pan.
NUM  9.
PAR  9. A device as in claim 1 including means for adjusting the height of said
      work holder with respect to said catch pan.
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ABST
PAL  Clamping apparatus for quickly and accurately positioning and maintaining a
      pair of workpieces, such as mitered end picture frame moldings or the
      like, in desired, generally end-to-end, angularly related positions and
      being characterized by evenly and resiliently applying clamping forces and
      positioning forces to the pair of workpieces regardless of slight
      variations in width of the workpieces, as follows. Backstops receive the
      outer longitudinal side edges of each of the workpieces and are mounted in
      angularly related positions corresponding to the desired positions of the
      workpieces. A slide block is positioned for linear movement along an axis
      bisecting the angle formed by the workpieces when positioned against the
      backstops and carries a pair of separate gripper members in side-by-side
      relation for engaging the workpieces during forward movement for clamping
      the workpieces against the backstops and for independent movement toward
      each other upon engagement with the inside edges of the workpieces for
      sliding the workpieces toward each other for a tight end-to-end abutment
      for positioning the workpieces. Resilient members separately bias and
      cushion the gripper members against the opposing movement toward each
      other for insuring substantially equal and even applications of the
      clamping and positioning forces by the gripper members to the respective
      workpieces regardless of slight variations in width thereof.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to clamping apparatus for quickly an accurately
      positioning and maintaining a pair of longitudinally extending workpieces,
      such a mitered end picture frame moldings or the like, in desired,
      generally end-to-end, angularly related positions and is characterized by
      evenly and resiliently applying clamping forces and positioning forces to
      the pair of workpieces regardless of slight variations in width of the
      workpieces.
PAR  In the building of picture frames and in other operations involving the
      securement of two longitudinally extending members together in generally
      end-to-end, angularly related positions, there is a need for a device or
      mechanism for clamping and holding the workpieces in the desired
      end-to-end angularly related positions for securing the workpieces
      together by nails, screws, glue or other means. Heretofore, there have
      been proposed various jigs, devices, clamps, vices, etc. for holding the
      picture frame moldings or other workpieces in desired end-to-end,
      angularly related positions for such securement.
PAR  However, all of these previously proposed devices have been deficient in
      their construction and operation (1) by failing to provide a construction
      for properly positioning the workpieces by sliding the workpieces into a
      tight end-to-end abutting relation during the clamping action of the
      devices for obtaining a better securement of the picture frame moldings or
      other workpieces together and/or (2) by failing to provide a construction
      of such clamping device which will compensate for slight variations in the
      widths of the picture frame moldings or other workpieces during the
      positioning and clamping thereof. These failures have resulted in
      inadequate clamping mechanisms which fail to provide the builder of
      picture frames or other products with a mechanism which will ensure a
      tight and satisfactory securement of the picture frame moldings or other
      work-pieces together in the desired, angularly related, end-to-end,
      abutting relation.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the object of this invention to provide a clamping
      apparatus for a pair of longitudinally extending workpieces, such as
      mitered end picture frame moldings or the like, which will quickly and
      accurately position and maintain the pair or workpieces in desired,
      generally end-to-end angularly related positions by evenly and resiliently
      applying clamping forces and positioning forces to the pair of workpieces
      regardless of slight variations in width of the workpieces.
PAR  By this invention, it has been found that the above object may be
      accomplished by providing a clamping device broadly, as follows. Backstop
      means are provided for receiving the outside longitudinal side edges of
      each of the workpieces and are mounted in fixed, desired, angularly
      related positions corresponding to the desired angularly related positions
      of the workpieces. Slide block means are mounted and positioned for linear
      movement along an axis bisecting the angle formed by the workpieces when
      positioned against the backstop means and toward and away from the inside
      longitudinal side edges of the workpieces. A pair of separate gripper
      means is carried by the slide block means in side-by-side relation and
      extending forwardly thereof for simultaneous, longitudinal, linear
      movement therewith toward and away from the workpieces and the backstop
      means for engaging the inside longitudinal edges of the workpieces during
      forward movement for clamping the workpieces against the backstop means
      and for independent, generally transverse movement toward each other upon
      engagement with the inside edges of the workpieces during forward movement
      thereof for sliding the workpieces toward each other for a tight
      end-to-end abutment for positioning the workpieces. Resilient means are
      provided for separately biasing and cushioning the gripper means against
      the opposing transverse movements toward each other for insuring
      substantial equal and even applications of the clamping and positioning
      forces by the gripper means to the respective workpieces regardless of
      slight variations in width thereof.
PAR  In a preferred embodiment according to this invention, means are provided
      for mounting the gripper means on the slide block means comprising pin
      means secured to each of the gripper means and extending outwardly
      therefrom, and generally rounded slot means formed in the sliding block
      means and being of greater dimensions than the pin means for reception of
      respective ones of the pin means for carrying the gripper means with the
      sliding block means and for allowing independent transverse movement of
      the gripper means toward and away from each other and relative to the
      sliding block means by movement of the pin means within the slot means.
      The biasing and cushioning means for the gripper means normally bias the
      gripper means into positions in which the pin means are positioned in the
      outermost portions of the generally circular slot means for camming the
      pin means slightly forwardly and toward each other along the surfaces of
      the slot means against the bias of the biasing and cushioning means upon
      engagement of the gripper means with the workpieces and upon further
      forward movement of the slide block means for like movements of the
      gripper means for insuring a substantially equal and even application of
      the clamping and positioning forces by the gripper means on the workpieces
      regardless of slight variations in width of the workpieces.
PAR  Further specific details of the preferred embodiment of apparatus in
      accordance with this invention will be set forth in the detailed
      description to follow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Some of the objects and advantages of this invention having been set forth,
      other objects and advantages will appear as the description proceeds, when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the clamping apparatus of this invention;
PAR  FIG. 2 is a reduced, side, elevational view of the clamping apparatus of
      FIG. 1;
PAR  FIG. 3 is a reduced, front, elevational view of the clamping apparatus of
      FIG. 1;
PAR  FIG. 4 is an enlarged, cross-sectional view, taken substantially along the
      line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged, cross-sectional view, taken substantially along the
      line 5--5 of FIG. 3;
PAR  FIG. 6 is an enlarged, fragmentary, top, plan view, with the locking lever
      removed, of a portion of the apparatus shown in FIG. 4 and taken
      substantially at the arrow 6 of FIG. 4;
PAR  FIG. 7 is a cross-sectional view, taken substantially along the line 7--7
      of FIG. 4;
PAR  FIG. 8 is an enlarged perspective detail of a portion of the composite
      sliding block and one of the gripper devices of the apparatus of this
      invention;
PAR  FIG. 9 is an enlarged, fragmentary, cross-sectional view illustrating a
      portion of the apparatus shown in FIG. 7;
PAR  FIG. 10 is an exploded, perspective view of portions of the clamping
      apparatus of this invention; and
PAR  FIGS. 11 and 11A are schematic views illustrating the composite sliding
      block member and gripper members of the clamping apparatus of this
      invention in their relative positions as they engage the workpieces in
      FIG. 11 and after they have applied positioning and clamping forces to the
      workpieces in FIG. 11A.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is shown therein a preferred
      embodiment of a clamping apparatus, generally indicated at 10, in
      accordance with this invention for quickly and accurately positioning and
      maintaining a pair of mitered end picture frame moldings M in desired
      end-to-end angularly related positions for being fastened together to form
      picture frames.
PAR  However, it is to be understood that the clamping apparatus 10 of this
      invention may be utilized for positioning and clamping workpieces other
      than picture frame moldings which may have cut ends other than a 45 degree
      miter and which are desired to be positioned and clamped in generally
      end-to-end angularly related positions which may be 90 degress or any
      other desired angularly related positions for being fastened together for
      any desired purpose. Also, the apparatus 10 of this invention would
      operate for positioning and clamping workpieces which do not have cut ends
      and in which the end-to-end relationship would include an outer transverse
      end of one workpiece and an inner longitudinal end of the other workpiece.
      However, for ease in description, the clamping apparatus 10 of this
      invention is illustrated in the drawings and will be described hereinafter
      with respect to an apparatus for positioning and clamping picture frame
      moldings which have 45.degree. mitered ends in desired end-to-end
      angularly related positions of 90.degree. for forming conventional square
      or rectangular picture frames.
PAR  The clamping apparatus 10 includes a work table means, generally indicated
      at 12, for receiving the bottom surfaces of the mitered end picture frame
      moldings M to be secured together in end-to-end, angularly related
      positions. This work table means 12 comprises a generally vertically
      extending base portion 13 for supporting the clamping apparatus 10 at a
      convenient working height from a floor and collectively includes bottom
      and side frame members extending upwardly from the floor. The work table
      means further includes a table top portion 14 which is mounted on and
      carried by the base portion 13 and positioned at an upwardly extending
      angle with respect to a horizontal plane, as shown clearly in FIGS. 1 and
      2, for providing an upwardly extending upper surface on the table top
      portion 14 for receiving and supporting the picture frame moldings M. The
      upper side edges 14a and 14b of the table top portion 14 are disposed at
      approximately a 90.degree. angle with respect to each other so that the
      picture frame moldings M may be positioned therealong at the same angle
      for clamping and positioning as will be described below.
PAR  Thus, the angular, upwardly extending relation of the table top portion 14
      and the angularly related, upper, side edges 14a and 14b allow positioning
      of the pair of picture frame moldings M at upwardly converging, desired
      positions for easily being worked on by an operator. The work table means
      may further include extending frame portions, collectively indicated at
      15, which are secured to and extend from the lower edges of the table top
      portion 14, as shown in FIG. 1, for supporting the rearwardly extending
      portions of long picture frame moldings M and portions of the picture
      frame being built which have already been secured together.
PAR  The clamping apparatus 10 further includes backstop means 17 carried by the
      work table 12 receiving the outside longitudinal side edges of each of the
      picture frame moldings M and mounted in fixed, desired, angularly related
      positions corresponding to the desired, angularly related positions of the
      moldings M. The backstop means 17 generally comprise elongate flange
      members secured to, extending upwardly from and along the angularly
      related, upper, side edges 14a, 14b of the table top portion 14. The
      backstops 17 include cut outs 17a in the sections thereof adjacent the
      vertex of the angle formed thereby for allowing access to the abutting
      ends of the picture frame moldings M positioned thereagainst for securing
      the moldings together by nails, screws, etc. Thus, the backstops 17 are
      preferably positioned at a 90.degree. angle with respect to each other for
      properly positioning the picture frame moldings M thereagainst in their
      desired 90.degree. angular relationship.
PAR  The clamping apparatus 10 further includes a composite slide block,
      generally indicated at 20, mounted on the work table 12 in a slot 21
      through the table top portion 14 for linear movement therealong and along
      an axis bisecting the angle formed by the picture frame moldings M when
      positioned against the backstops 17 and toward and away from the inside
      longitudinal side edges of the moldings M. The composite slide block 20
      carries a pair of gripper members 22 in spaced apart, side-by-side
      relationship which extend forwardly of the slide block 20 for
      simultaneous, longitudinal, linear movement with the slide block 20 toward
      and away from the picture frame moldings M and the backstops 17 for
      engaging the longitudinal inside edges of the respective moldings M during
      foward movement of the slide block 20 for clamping the moldings M against
      the backstops 17. The gripper members 22 are also mounted on the slide
      block 20 for independent, generally transverse movements toward each other
      upon engagement with the inside edges of the moldings M during forward
      movement thereof for sliding the moldings M toward each other for a tight
      end-to-end abutment of the mitered ends of the moldings M for positioning
      of the moldings M for securement to each other.
PAR  The composite sliding block 20 comprises a solid, center member 25 of
      generally inverted T-shape in cross-section which defines a solid medial
      portion of the composite slide block 20. This center member 25 is
      positioned within the slot 21, as may be clearly seen in FIG. 7, so as to
      allow sliding movement of the composite sliding block 20 along the slot
      21.
PAR  The composite sliding block 20 further includes a top, generally arrowhead
      shape, cover plate member 27 which is positioned generally on top of the
      center member 25 and provides spaced-apart voids on each side of the
      center member 25 under the cover plate member 27 for reception of the
      respective gripper members 22. The top cover plate member 27 defines a
      transversely extending opening 27a on the bottom surface thereof, as may
      be seen in the exploded view of FIG. 10, for the reception of a locking
      plate 29, for purposes to be described below. The members 25, 27, 29 are
      held together by a threaded bolt 30 secured to the center member 24 and
      extending upwardly through suitable openings in the members 27 and 29.
PAR  The upper end of the threaded bolt 30 passes through a circular collar 31
      which includes a lower portion passing through an aperture 27b in member
      27 to bear against locking plate 29. The upper threaded end of bolt 30 is
      threadingly received in and secured to a block member 33 to which an
      eccentric member 34 is pivotally mounted by pin 35. The eccentric member
      34 includes a handle 36 extending therefrom. The purpose of the eccentric
      member 34 and locking plate 29 will be described further below.
PAR  The gripper members 22 each comprise a generally flat member positioned
      within the respective voids formed on each side of the center portion 25
      and below the top cover member 27 of the composite slide block 20. The
      gripper members 22 have portions thereof extending forwardly of the
      composite slide block 20 and include picture frame molding engaging
      surfaces 222a on the forwardly extending portions which are angularly
      related with respect to each other corresponding generally to the angular
      relation of 90.degree. of the backstops 17 and the picture frame moldings
      M positioned thereagainst. These picture frame molding engaging surfaces
      22a on the gripper members 22 preferably include roughened edges in the
      form of serrations or the like therealong for providing a gripping surface
      for applying the clamping and positioning forces by the gripper means to
      the workpieces.
PAR  The gripper members 22 are mounted on the composite slide block 20 by means
      of integral pins 37 extending upwardly and outwardly therefrom and
      generally rounded slots 38 formed in the composite slide block 20 and in
      the top cover plate member 27 thereof. The slots 38 are of generally
      greater dimensions than the pins 37 for purposes to be described below and
      may be of any generally rounded or circular shape including eliptical,
      etc. for obtaining the desired movements, discussed below.
PAR  The gripper members 22 are separately biased and cushioned against the
      opposing transverse movements thereof toward each other and into positions
      in which the pins 37 are positioned in the outermost portions of the
      generally rounded slots 38, as shown in FIG. 6 and the upper portion of
      schematic FIG. 11. This biasing and cushioning is preferably accomplished
      by providing resilient, compressible, elongate elastomeric members 40,
      such as rubber, synthetic rubber or the like, between the inside
      longitudinal edges of the gripper members 22 and the center member 25 of
      the composite slide block 20.
PAR  Thus, as shown particularly in the schematic illustration of FIGS. 11 and
      11A, the composite slide block 20 is moved forwardly in the slot 21 in the
      table top portion 14 of the work table means 12 for purposes of clamping
      and positioning the picture frame moldings M in desired, angularly
      related, tight, end-to-end, abutting relation for being secured together.
      During this forward movement, as the gripper members 22 by the serrated
      forward ends 22a thereof engage the inside longitudinal edges of the
      picture frame molding M, the moldings M will be pushed against the
      backstops 17 into tight engagement. Further forward movement of the
      composite sliding block 20, as indicated in the schematic illustration of
      FIG. 11A, will result in camming of the pins 35 carrying the gripper
      members 22 slightly forwardly and generally tranversely toward each other
      against the bias of elastomeric members 40 to effect a slightly forward
      and generally transverse movement of the gripper members 22 toward each
      other to effect clamping of the moldings M between the gripper members 22
      and the backstops 17 while simultaneously effecting longitudinal sliding
      movements of the moldings M toward each other into a tight end-to-end
      abutting relation for positioning of the moldings M. The above described
      movements and distances are indicated by the comparision position lines
      and arrows in the schematic illutrations of FIGS. 11 and 11A.
PAR  The above arrangement of the elastomeric biasing members 40 and the camming
      action of the pin and slot arrangements 35, 36 for the gripper members 22
      and the composite sliding block 20, will ensure a substantially even and
      equal application of these clamping and positioning forces by the gripper
      means regardless of slight variations in the widths of the moldings M
      since the elastomeric members 40 will be compressed at a rate depending
      upon the actual width of each of the moldings M.
PAR  The clamping apparatus 10 further includes means operatively connected with
      the composite sliding block 20 for releasably locking the sliding block 20
      and the gripper members 22 in clamping engagement with the picture frame
      moldings M after the positioning and clamping forces have been applied
      thereto. For this purpose, the gripper members include resilient,
      compressible, members 42, which may be in the form of rubber O-rings,
      contained within circular cavities 43 in the bottom surface of each of the
      gripper members 22, as shown in FIGS. 8, 9 and 10 particularly. Also,
      elongate plate members 44 are secured to the bottom surface of the table
      top portion 14 by screws 45 so that the bottom portion of center member 25
      of the composite sliding block 20 will slide along the bottom surfaces of
      plates 44. During sliding movement of the composite sliding block member
      20 and gripper members 22, the members 42 will slide along the top surface
      of table top portion 14.
PAR  When the picture frame moldings M have been clamped and positioned by
      forward movement of the composite sliding block 20 and gripper members 22,
      as described above, the eccentric 34 will be rotated ftom the solid line
      position of FIG. 4 to the dotted line position thereof which will effect a
      locking action of the composite sliding block 20 by causing the locking
      palte 29 to push down on gripper members 22 by the downward movement of
      sleeve 31 onto the locking plate 29. This will cause compression of the
      resilient members 42 to cause the gripper members 22 to tightly engage the
      table top 14. Likewise, the bottom portion of the center member 25 will be
      pulled upwardly into tight engagement with the plates 44 to thereby
      tightly lock the sliding block 20 and the gripper members 22 in their
      clamping engagement with the moldings M for holding the moldings M tightly
      for being secured together by nails, screws or the like. This locking
      arrangement may be released simply by rotating the eccentric 34 by moving
      the handle 36 from the position shown in FIG. 1 to the solid line position
      of FIG. 4.
PAR  The compressible, resilient members 42 further function as means to elevate
      the gripper members 22 from the table top portion 14 for aiding in the
      sliding movement thereof toward the molding M along slot 21 and for
      further aiding in the independent transverse movements of the gripper
      members 22 toward each other by reducing frictional contact between the
      table top portion 14 and the gripper members 22.
PAR  The clamping apparatus 20 further includes means operatively connected with
      the sliding block 20 for moving the composite sliding block 20 and the
      gripper members 22 along the slot 21 and into and out of clamping and
      positioning engagement with the picture frame moldings M. This means
      comprises a downwardly extending, elongate lever 50 which is pivotally
      mounted at its upper end by pin 51 to cut out 27c in the rear portion of
      the top cover member 27 of composite slide block 20, as shown particularly
      in FIGS. 5 and 10. The lever 50 is pivoted midway thereof to a block
      member 51 which is in turn mounted between telescoping sets of angled
      plates 52, 53. Th angled plates 52 are secured to the bottom of the table
      top portion 14 and the plates 44 by the screw members 45. The other end of
      the block 51 is mounted by a pin 58 through apertures 56 in the plates 53
      and elongate slots 57 in the plates 52. The path of travel of the slide
      block 20 along the slot 22 is restricted by the relative positions of the
      pin 58 the elongate slots 57 of the plates 52 so that the path of linear
      movement back and forth of the sliding block 20 within the slot 21 is
      restricted to a predetermined length less than the length of the slot 21.
PAR  The bottom end of lever 50 includes a foot engaging extension 60 and is
      biased forwardly by spring 61. For movement of the sliding block 20 and
      gripper members 22 forwardly into engagement with the moldings M, an
      operator would place his foot on the extension 60 of the lever 50 and push
      the lever rwardly against the bias of spring 61 so as to pivot the upper
      end of lever 50 forwardly moving the sliding block 120 and the gripper
      members 22 forwardly.
PAR  For varying the position of the restricted or predetermined linear path of
      travel back and forth of the sliding block 20 within the slot 21 of the
      table portion 14, the side plates 53 include generally saw tooth shaped
      elongate slots 65 having upwardly extending notches for the reception of a
      apin 66 therethough which also passes through apertures 67 in the side
      plates 52. The plates 53 are connected at their fprward ends by a
      partition 68 which includes an outwardly extending handle 69 and receives
      the other end of spring 61 to bias the plates 56 downwardly for
      maintaining the pin 66 in one of the notches of slot 65.
PAR  When the pin 66 is located in the rearward notch of slot 65, the restricted
      predetermined path of linear travel of the sliding block 20 is in its
      forwardmost position for clamping and positioning engagement with
      realtively narrow picture frame moldings M. If wider picture frame
      moldings are to be positioned and clamped by the apparatus 10 of this
      invention, the operator may manually pull down on handle 69 to move the
      bolt 66 into the longitudinally extending portion of slots 65 and then
      push the plates 53 rearwardly moving the pin 58 rearwardly in the slots 57
      of the plates 52. This moves the entire lever mechanism 50 and composite
      sliding block 20 rearwardly within the slot 21. Thus, the apparatus 10 may
      be adjusted for various width picture frame moldings M.
PAR  It is clear from the above description and the illustration of the drawings
      that this invention has provided a clamping device or apparatus 10 for
      quickly and accurately positioning and maintaining a pair of
      longitudinally extending picture frame moldings M or other workpieces in
      desired, generally end-to-end, angularly related positions and which will
      evenly and resiliently apply clamping forces and positioning forces to the
      pair of picture frame moldings M for pushing the picture frame moldings M
      into tighter end-to-end abutting relation and for holding these picture
      frame moldings against fixed backstops for securing of the molding
      together at the corners regardless of any slight variations in width of
      the workpieces. This, thus constructed, apparatus 10 overcomes the
      problems presented with prior clamping devices for such purposes.
PAR  In the drawings and specification there has been set forth a preferred
      embodiment of this invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Clamping device for quickly and accurately positioning and maintaining a
      pair of workpieces in predetermined, generally end-to-end angularly
      related positions and being characterized by evenly and resiliently
      applying clamping forces and positioning forces to the pair of workpieces
      regardless of slight variations in width of the workpieces, said clamping
      device comprising
PA1  backstop means having respective angularly related surface portions
      positioned for receiving the respective outside longitudinal side edges of
      the workpieces and for positioning the workpieces in predetermined
      angularly related positions with respect to one another defining a
      predetermined included angle therebetween.
PA1  slide block means located within the included angle formed by the
      workpieces when positioned against said backstop means and mounted for
      movement along a longitudinal axis toward and away from the workpieces and
      said backstop means,
PA1  a pair of separate gripper means operatively connected to and carried by
      said slide block means in side-by-side transversely spaced relation to one
      another and having portions thereof facing toward said backstop means and
      defining workpiece engaging surfaces,
PA1  said pair of gripper means being operatively connected to said slide block
      means for simultaneous movement with the slide block means longitudinally
      toward the workpieces and said backstop means for engaging the inside
      longitudinal edges of the respective workpieces and for clamping the
      workpieces against said backstop means, and also being operatively
      connected to said slide block means for allowing independent, generally
      transverse movement relative to one another, so that upon engagement of
      the gripper means with the respective inside edges of the workpieces the
      gripper means may move transversely toward one another for sliding the
      workpieces toward each other for a tight end-to-end abutment, and
PA1  resilient means cooperating with each of said gripper means for biasing and
      cushioning the gripper means in opposition to transverse movement of the
      gripper means toward one another for thereby insuring substantially equal
      and even applications of the clamping and positioning forces by said
      gripper means to the respective workpieces regardless of slight variations
      in width thereof.
NUM  2.
PAR  2. Clamping device, as set forth in claim 1, in which said clamping device
      further includes
PA1  means operatively connected with said slide block means for moving said
      slide block and said gripper means into and out of clamping and
      positioning engagement with the workpieces.
NUM  3.
PAR  3. Clamping device, as set forth in claim 1, in which said clamping device
      further includes
PA1  means operatively connected with said slide block means for releasably
      locking said slide block means and said gripper means in clamping
      engagement with the workpieces.
NUM  4.
PAR  4. Clamping device, as set forth in claim 1, in which
PA1  the portions of said gripper means defining said workpiece engaging
      surfaces have roughened edges therealong for facilitating applying the
      clamping and positioning forces by said gripper means to the workpieces.
NUM  5.
PAR  5. Clamping device, as set forth in claim 1, in which
PA1  said gripper means are operatively connected to said slide block means by
      respective pin means secured to each of said gripper means and extending
      therefrom, with respective generally rounded slot means being formed in
      said slide block means and being of greater dimensions than said pin means
      and respectively receiving the pin means therein for carrying said gripper
      means with said slide block means and for allowing independent transverse
      movement of said gripper means toward and away from each other and
      relative to said slide block means by movement of said pin means within
      said slot means.
NUM  6.
PAR  6. Clamping device, as set forth in claim 5, in which
PA1  said slide block means comprises a generally flat, composite block member
      including a solid medial portion and spaced-apart voids on each side of
      said medial portion for receiving said gripper means,
PA1  said gripper means each comprises a generally flat gripper member
      positioned respectively within one of the voids in said block member and
      having portions extending beyond said block member to define said
      workpiece engaging surface, and
PA1  said resilient means comprises respective resilient elastomeric members
      positioned between opposing surfaces of said generally flat gripper
      members and the solid medial portion of said block member for biasing said
      gripper members away from the medial portion of said block member and
      allowing compression of said elastomeric members during movements of each
      of said gripper members relative to said block member for cushioning the
      movements.
NUM  7.
PAR  7. Clamping device for quickly and accurately positioning and maintaining a
      pair of workpieces in predetermined, generally end-to-end angularly
      related positions and being characterized by evenly and resiliently
      applying clamping forces and positioning forces to the pair of workpieces
      regardless of slight variations in width of the workpieces, said clamping
      device comprising
PA1  backstop means having respective angularly related surface portions
      positioned for receiving the respective outside longitudinal side edges of
      the workpieces and for potitioning the workpieces in predetermined
      angularly related positions with respect to one another defining a
      predetermined included angle therebetween,
PA1  slide block means mounted for longitudinal movement toward and away from
      the workpieces and said backstop means along an axis bisecting the
      included angle formed by the workpieces when positioned against said
      backstop means, said slide block means having a solid medial portion and
      transversely spaced-apart voids therein on each side of the solid medial
      portion,
PA1  a pair of gripper members positioned respectively within the transversely
      spaced-apart voids of said slide block means, said gripper members each
      having portions thereof extending outwardly beyond said slide block means
      and facing toward said backstop means and defining respective workpiece
      engaging surfaces,
PA1  means operatively connecting said pair of gripper members to said slide
      block means for simultaneous longitudinal movement with said slide block
      means for engaging the inside longitudinal edges of the respective
      workpieces and for clamping the workpieces against said backstop means,
      and said means operatively connecting said pair of gripper members to said
      slide block means also allowing independent generally transverse movement
      of the gripper members relative to one another so that upon engagement of
      the gripper members with the respective inside edges of the workpieces,
      the gripper members may move transversely toward one another for sliding
      the workpieces toward each other for a tight end-to-end abutment,
PA1  said means operatively connecting said pair of gripper members to said
      slide block means comprising respective pin means secured to each of said
      gripper members and extending therefrom, and respective generally rounded
      slot means formed in said slide block means and being of greater
      dimensions than said pin means and respectively receiving the pin means
      therein,
PA1  resilient elastomeric members positioned between opposing surfaces of said
      gripper members and the solid medial portion of said slide block means and
      cooperating with said gripper members for biasing the same away from the
      medial portion of said slide block means in opposition to transverse
      movement for the gripper members toward one another for thereby insuring
      substantially equal and even application of the clamping and positioning
      forces by said gripper members to the respective workpieces regardless of
      slight variations in width thereof.
PA1  means operatively connected with said slide block means for moving the same
      and said gripper members into and out of clamping engagement with the
      workpieces, and
PA1  means operatively connected with said slide block member for releasably
      locking the same and said gripper members in clamping engagement with the
      workpieces.
NUM  8.
PAR  8. Clamping apparatus for quickly and accurately positioning and
      maintaining a pair of mitered end picture frame moldings in desired
      end-to-end angularly related positions for being fastened together to form
      picture frames and being characterized by evenly and resiliently applying
      clamping forces and positioning forces to the pair of picture frame
      moldings regardless of slight variations in width of the moldings, said
      apparatus comprising
PA1  work table means for receiving the bottom surfaces of the mitered end
      picture frame moldings to be secured together in end-to-end angularly
      related relationship,
PA1  backstop means carried by said work table means and having respective
      angularly related surface portions positioned for receiving the outside
      longitudinal side edge of each of the picture frame moldings and for
      positioning the picture frame moldings in predetermined angularly related
      positions with respect to one another defining a predetermined included
      angle therebetween,
PA1  slide block means mounted on said work table means within the included
      angle formed by the picture frame moldings when positioned against said
      backstop means and positioned for movement along a longitudinal axis
      bisecting the included angle and toward and away from the inside
      longitudinal side edges of the moldings,
PA1  a pair of gripper means operatively connected to and carried by said slide
      block means in side-by-side transversely spaced relation to one another
      and extending forwardly of said slide block means facing toward said
      backstop means and defining respective workpiece engaging surfaces,
PA1  said pair of gripper means being operatively connected to said slide block
      means for simultaneous movement with the slide block means longitudinally
      toward the picture frame moldings and said backstop means for engaging the
      inside longitudinal edges of the respective moldings and for clamping the
      moldings against said backstop means, and said pair of gripper means also
      being operatively connected to said slide block means for allowing
      independent, generally transverse movement relative to one another, so
      that upon engagement of the gripper means with the respective inside edges
      of the moldings the gripper means may move transversely toward one another
      for sliding the moldings toward each other for a tight end-to-end
      abutment, and
PA1  resilient means cooperating with each of said gripper means for biasing and
      cushioning the gripper means in opposition to transverse movement of the
      gripper means toward one another for thereby insuring substantially equal
      and even application of the clamping and positioning forces by said
      gripper means to the respective workpieces regardless of slight variations
      in width thereof.
NUM  9.
PAR  9. Clamping apparatus, as set forth in claim 8, in which said work table
      means comprises
PA1  a generally vertically extending base portion for supporting said apparatus
      at a convenient working height from a floor,
PA1  a table top portion carried by said base portion and positioned at an
      upwardly extending angle with respect to the horizontal for providing an
      upwardly extending upper surface for receiving and supporting the picture
      frame moldings, the upper side edges of said table top portion being
      disposed at an approximately ninety degree angle with respect to each
      other for mounting said backstop means along said edges to be positioned
      in the fixed angularly related positions of approximately ninety degrees
      with respect to each other for positioning and clamping the picture frame
      moldings at the same angular relation, and
PA1  extension means extending from the lower edges of said table top portion
      for supporting the rearwardly extending portions of long picture frame
      moldings.
NUM  10.
PAR  10. Clamping apparatus, as set forth in claim 9, in which the angularly
      related surface portions of said backstop means comprise
PA1  respective flange members extending upwardly from and along said angularly
      related, upper, side edges of said table top portion and including cut
      outs in the sections thereof adjacent the vertex of the angle formed
      thereby for allowing access to the abutting ends of the picture frame
      moldings positioned thereagainst for securing the moldings together.
NUM  11.
PAR  11. Clamping apparatus, as set forth in claim 9, in which
PA1  said table top portion defines a slot extending therethrough along an axis
      bisecting the included angle formed by the picture frame moldings when
      positioned against said backstop means for receiving said slide block
      means and allowing the linear movement thereof along said slot, and
PA1  said apparatus further includes lever means operatively connected with said
      slide block means and extending downwardly from said table top portion of
      said work table means for manual foot engagement by an operator for moving
      said slide block and said gripper means into and out of clamping and
      positioning engagement with the picture frame moldings.
NUM  12.
PAR  12. Clamping apparatus, as set forth in claim 11, in which said apparatus
      further includes
PA1  adjustable means operatively connected with said foot lever means for
      limiting the length of the path of linear movement of said slide block
      means within said table top slot and for adjusting forwardly and
      backwardly such path of linear movement to compensate for various width
      picture frame moldings.
NUM  13.
PAR  13. Clamping apparatus, as set forth in claim 11, in which said clamping
      apparatus further includes
PA1  eccentric, manually operated means operatively connected with said slide
      block means for releasably locking said slide block means and said gripper
      means in clamping engagement with the picture frame moldings and against
      said table top portion of said work table means.
NUM  14.
PAR  14. Clamping apparatus, as set forth in claim 8, in which said apparatus
      further includes
PA1  means operatively associated with said work table means and each of said
      gripper means for elevating said gripper means above said work table means
      for aiding in the linear and transverse movements of said gripper means
      along said work table means by reducing frictional contact therebetween.
NUM  15.
PAR  15. Clamping apparatus, as set forth in claim 14, in which said elevating
      means comprises
PA1  cavities formed in the bottom surfaces of said gripper members, and
PA1  resilient, compressible members positioned in said cavities
PA1  slide block means located within the included angle formed by the
      workpieces when positioned against said backstop means and mounted for
      movement along a longitudinal axis toward and away from the workpieces and
      said backstop means,
PA1  a pair of separate gripper means operatively connected to and carried by
      said slide block means in side-by-side transversely spaced relation to one
      another and having portions thereof facing toward said backstop means and
      defining workpiece engaging surfaces,
PA1  said pair of gripper means being operatively connected to said slide block
      means for simultaneous movement with the slide block means longitudinally
      toward the workpieces and said backstop means for engaging the inside
      longitudinal edges of the respective workpieces and for clamping the
      workpieces against said backstop means, and also being operatively
      connected to said slide block means for allowing independent, generally
      transverse movement relative to one another, so that upon engagement of
      the gripper means with the repsective inside edges of the workpieces the
      gripper means may move tranversely toward one another for sliding the
      workpieces toward each other for a tight end-to-end abutment, and
PA1  resilient means cooperating with each of said gripper means for biasing and
      cushioning the gripper means in opposition to transverse movement of the
      gripper means toward one another for thereby insuring substantially equal
      and even applications of the clamping and positioning forces by said
      gripper means to the respective workpieces regardless of slight variations
      in width thereof.
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ABST
PAL  In a transit vehicle, such as a bus or rail car, wherein each vehicle side
      wall comprises a framework of upright posts or mullions spaced apart for
      mounting the vehicle windows therebetween, and covered exteriorly below
      the windows with strakes of extruded aluminum, slots are provided at
      selected heights in the front and rear sides, respectively, of each two
      mullions between which a seat is to be mounted. One mounting tab extends
      from the wall end of the seat portion of each seat, and another from the
      wall end near the upper end of the seat back portion. These mounting tabs
      are inserted one in each of the openings provided in the facing sides of
      two mullions between which the seat is to be mounted, and the seat is
      secured in such position by a retaining screw which anchors the seat to
      the wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many recently designed transit vehicles, each side wall comprises an
      inner frame structure including upright posts or mullions spaced apart to
      receive the windows of the vehicle therebetween, and an outer covering
      below the window area of extruded aluminum strakes secured to the
      mullions. It is desirable that the mullions, where possible, extend from
      floor to roof structure of the vehicle, and since these mullions are a
      strong, structural part of the wall, it has been common practice to mount
      on them cantilever seats, which are used almost universally on the newer
      transit vehicles. In existing cantilever seat mounting means of this type,
      such arrangement unfortunately positions a passenger's head more or less
      laterally opposite the post or mullion which supports his seat.
PAC  SUMMARY OF THE INVENTION
PAR  A seat for a transit vehicle having side walls comprising spaced vertical
      mullions covered exteriorly over their lower portions with structural
      strakes comprises a generally horizontal seat portion and generally
      upright back portion secured together to define a selected seating angle.
      A first seat mounting element is mounted on a forward portion of the wall
      end of the seat portion, and a second seat mounting element is mounted on
      an upper portion of the wall end of the back portion. Mounting element
      receiving means are provided on the rearwardly and forwardly facing sides,
      respectively, of each two mullions between which a seat is to be mounted,
      and these means receive, respectively, the mounting elements on the seat
      and back portions of a seat to be mounted between the two mullions. Anchor
      means secures the wall end of the seat to the strake material in position
      to provide cantilever support for the seat and to retain the mounting
      elements in their respective receiving means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objectives and advantages of the invention will be apparent from the
      following description and the accompanying drawings, wherein:
PAR  FIG. 1 is a fragmentary, perspective view of the wall end portion of a seat
      mounted in a transit vehicle in accordance with the invention, portions
      being broken away.
PAR  FIG. 2 is a perspective view of the seat shown in FIG. 1.
PAR  FIGS. 3, 4 and 5 show successive stages in the mounting of the seat shown
      in FIG. 1.
PAR  FIG. 6 is an enlarged, fragmentary, sectional view taken along line 6--6 of
      FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED FORM OF THE INVENTION
PAR  Referring to the drawings in detail, and first to FIG. 1, pertinent
      portions of an illustrative transit vehicle A comprise a usual floor
      structure B and side wall C having upright frame posts or mullions 10 and
      11. These and the other usual mullions, not shown, preferably are of
      rectangular steel tubing or extruded aluminum, and are located at
      selected, spaced intervals along each side wall of the vehicle.
PAR  The vehicle windows, not shown, are mounted between adjacent mullions, most
      of the latter being full mullions extending from floor to roof structure
      except where some special structural feature of the vehicle requires the
      use of a shorter or stub mullion 11.
PAR  The mullions below the window area are covered exteriorly by extruded
      aluminum strakes 12 provided with integral angle support flanges 13, such
      as the flange bearing on the mullions 10 and 11 and secured thereto by
      usual rivets, not shown. Wall liner panels 14 of suitable material, for
      example, structural plastic foam preferably with facing material 15 of
      suitable sheet material bonded to their exposed inner surfaces, are
      mounted one between each two adjacent mullions below the window area.
PAR  Depending upon which way the seats 17 are to face in a vehicle in which
      they are to be mounted, slotted openings 18 and 19 are provided at
      selected heights on the forwardly and rearwardly facing sides,
      respectively, of each mullion to receive therein seat mounting tabs 20 and
      21 respectively. The openings preferably are punched, and the mounting
      tabs extend, respectively, rearwardly from an upper portion of the
      generally upright back portion 22 of each seat 17, and forwardly from the
      forward edge of the generally horizontal seat portion 23, of each seat,
      both mounting tabs being located at the wall end of the seat. In order to
      facilitate the mounting of the seat on a vehicle side wall, the rearwardly
      extending mounting tab 18 preferably is disposed substantially tangent to
      an arc 31, see FIG. 5, swung from a center at the base of the other tab
      21.
PAR  An anchor tab 24 extends downwardly, preferably from the junction area of
      the seat portion 23 with the back portion 22, also at the wall end of the
      seat.
PAR  The mounting and anchor tabs are all strongly and rigidly attached to the
      seat structure, the manner of their attachment depending in part at least
      upon the structure of the seat itself. For example, the seat 17
      illustrated is of molded structural plastic foam bonded to an overall
      facing 17a of sheet metal, see FIG. 1. In this structure, an extension 25,
      see FIG. 2, is provided on the inner end of each tab, the extensions being
      embedded in the foam of the seat during the molding process. With other
      types of seat structure, the tabs may be secured to the seat structure by
      means readily apparent to, or within the capability of routine design, by
      an engineer or designer assigned to such task.
PAR  A support bushing 27, best shown in FIG. 6, of suitable material, such as
      metal or suitable strong plastic is fitted into a hole provided therefor
      in each liner panel 14 and bears on the angle flange 13 in position to
      align with a hole provided in the anchor tab 24 of a seat having its
      mounting tabs 20 and 21 fully inserted in their respective slots. A
      bearing washer 28 also preferably is interposed between each anchor tab 24
      and its associated support bushing 27.
PAR  With the seat 17 in its final, mounted position, as shown in FIG. 4, and
      the washer 28 in place, a drill, not shown, of suitable size is inserted
      through the aligned holes in the anchor tab 24, washer 28 and bushing 27,
      and a hole is drilled in the angle flange 13. A self-tapping screw 29, see
      FIG. 5, is then inserted in these aligned holes and is screwed home, as
      shown in FIG. 5, thereby securing the seat 17 in cantilever mounted
      position on the side wall C.
PAC  OPERATION OF THE INVENTION
PAR  With the vehicle side wall assembled as shown in FIG. 1, and a bushing 27
      inserted in the hole provided therefor in each of the lining panels 14; a
      seat 17, to be installed is placed between two adjacent mullions, such as
      the mullions 10 and 11, with the wall end of the seat flush against the
      vehicle side wall as shown in FIG. 3 and with the forwardly extending tab
      21 at the entrance to the opening 19. The terms "forward" and "rearward"
      as used herein are relative to a person seated in the seat and not to the
      vehicle in which the seat is mounted.
PAR  The seat is then moved bodily forward to fully insert the tab 21 in its
      opening 19 as shown in FIG. 4 and is then rocked clockwise from its
      position of FIG. 4 to its position of FIG. 5 to fully insert the tab 20 in
      the opening 18 and also to position the anchor tab 24 with the hole
      therein in register with the bore of the bushing 27. A washer 10 is then
      interposed between the anchor tab 24 and the bushing 27 and is centered on
      the bushing as shown in FIG. 6. A drill of suitable size, not shown, is
      then inserted in the aligned holes in the anchor tab 24, washer 18, and
      bushing 27 and is actuated to drill a hole in the angle flange 13. A
      self-threading screw 29 is then inserted in the aligned holes in the
      anchor tab, washer and bushing and is screwed home into the hole drilled
      in the angle flange, thereby completing the mounting of the seat. The seat
      can be removed by reversing the foregoing procedure.
PAR  The invention provides a strong, simple, rattle-free cantilever mounting
      for a seat for a transit vehicle, with no fastenings exposed to invite
      tampering or vandalism, and with the heads of the passengers opposite the
      windows instead of the mullions. While capable of remaining in place
      normally throughout the life of a vehicle in which it is installed, the
      seat can be easily and quickly removed and replaced in the event it should
      become necessary or desirable.
CLMS
STM  Having thus described the invention, what is claimed as new and useful and
      desired to be secured by U.S. Letters Patent is:
NUM  1.
PAR  1. Cantilever seat mounting mechanism for a transit vehicle comprising, in
      combination with a vehicle side wall having a plurality of vertical
      mullions spaced apart to receive windows between the upper portions of
      adjacent mullions with the lower portions of the mullions below the
      windows covered exteriorly by structural material, and each of the
      mullions projecting inwardly into the interior of the vehicle,
PA1  a passenger seat comprising a generally upright back portion and a
      generally horizontal seat portion, said back and seat portion being joined
      together to define a selected seating angle, one end of the seat being the
      wall end thereof,
PA1  a first seat mounting member, on, and extending forwardly from, a forward
      portion of the seat portion of said seat at the wall end thereof,
PA1  a second seat mounting member on, and extending rearwardly from, an upper
      portion of the back portion of said seat, also at the wall end thereof,
PA1  mounting member engaging means at respectively selected heights on the
      forwardly and rearwardly facing sides, respectively, of each of the
      inwardly projecting portions of two adjacent mullions of such side wall
      between which two mullions the seat is to be mounted, each of said
      engaging means being constructed and located to receive, and have
      interlocking, supporting engagement with, one of said mounting members.
NUM  2.
PAR  2. Cantilever seat mounting mechanism as defined in claim 1 wherein anchor
      means is provided to retain the mounting members in their respective
      engaging means, said anchor means comprising an anchor tab extending
      downwardly from the seat adjacent the juncture of the seat and back
      portion of the seat, and a fastener secures the anchor tab to such side
      wall element.
NUM  3.
PAR  3. Cantilever seat mounting mechanism as defined in claim 2 wherein the
      structural material below the window area comprises at least one
      longitudinally extending, extruded aluminum strake, attached exteriorly to
      the mullions, a liner panel is mounted in the space between each adjacent
      two mullions interiorly of the at least one strake, the mullions
      projecting inwardly beyond the liner panels, a bushing is mounted in a
      hole provided therefor in each liner panel in position to interpose said
      bushing between the anchor tab of a seat mounted between such two mullions
      and an element of the at least one strakes, and a fastener is inserted
      through an opening provided therefor in the anchor tab, through the
      bushing, and is secured to such strake element.
NUM  4.
PAR  4. Cantilever seat mounting mechanism as defined in claim 1 wherein the
      seat is molded of structural, plastic foam bonded to a conforming cover of
      sheet material, and an inward extension is provided on the inner end of at
      least one of the seat mounting members, said at least one extension being
      embedded for support in the structural foam of its respective seat.
NUM  5.
PAR  5. Cantilever seat mounting mechanism as claimed in claim 1 wherein the
      first seat mounting member comprises a metal tab extending forwardly from
      the wall end of the seat portion, the second seat mounting member
      comprises a metal tab extending rearwardly from the back of the seat
      mounting member, and each seat mounting member engaging means comprises
      inwardly projecting mullion structure defining an opening in such facing
      side of its respective mullion.
NUM  6.
PAR  6. Cantilever seat mounting mechanism as claimed in claim 5 wherein the
      seat mounting tab on the seat portion of the seat is positioned to enter
      its mullion slot, when aligned therewith, upon a forward bodily movement
      of the seat, and the seat mounting tab on the back portion of the seat is
      positioned to enter its mullion slot upon a selected rotative movement of
      the seat about an axis through the first seat mounting tab when the latter
      is inserted in its mullion slot.
NUM  7.
PAR  7. Cantilever seat mounting mechanism as claimed in claim 6 wherein the
      second seat mounting tab is elongated and its longitudinal center line is
      substantially tangent to an arc the center of which is substantially
      within the first seat mounting tab.
NUM  8.
PAR  8. Cantilever seat mounting mechanism for a transit vehicle comprising, in
      combination with a vehicle side wall structure having a framework
      including a plurality of vertical mullions spaced apart to receive a
      window between the upper portions of each two adjacent mullions, said
      mullions projecting inwardly into the vehicle, and having tab-receiving
      openings of pre-determined size at selected heights in the facing sides of
      the inwardly projecting portions of each two thereof between which a seat
      is to be mounted, the wall below the window area being covered exteriorly
      by structural material,
PA1  a passenger seat comprising a generally upright back portion and a
      generally horizontal seat portion, said back and seat portions being
      joined together to define a selected seating angle, one end of the seat
      being the wall end thereof,
PA1  a first seat mounting tab extending forwardly from the wall end of the seat
      portion of the seat, said first mounting tab being of a size, and so
      located, as to enter a tab-receiving opening provided therefor in one of
      two mullions between which the seat is to be mounted,
PA1  a second seat mounting tab extending in a direction oppositely to the first
      seat mounting tab from the wall end of the seat back portion and in
      upwardly spaced relation to the seat portion of the seat, said second seat
      mounting tab being of a size, and so located, as to enter a tab-receiving
      opening provided therefor in the other of such two mullions, the size of
      the seat, the location of the seat mounting tabs and their respective
      mullion openings being such that when the two seat mounting tabs are fully
      inserted in their respective mullion openings, the seat is supported
      thereby at a selected height in cantilever manner, and
PA1  anchor means securing the seat to the side wall, thereby retaining the
      mounting tabs in their respective openings.
NUM  9.
PAR  9. Cantilever seat mounting mechanism for a transit vehicle comprising, in
      combination with a vehicle side wall structure having two inwardly offset,
      vertical portions between which a seat is to be mounted, the facing sides
      of the two inwardly offset portions each having a tab-receiving opening at
      a selected height therein,
PA1  a substantially unitary passenger seat comprising a generally upright back
      portion and a generally horizontal seat portion, one end of the seat
      comprising the wall end thereof,
PA1  a first mounting tab structurally secured to and extending forwardly from
      the wall end of the seat portion,
PA1  a second mounting tab structurally secured to and extending rearwardly from
      the wall end of the seat back portion near the upper end thereof, each
      mounting tab and the opening provided therefor being so located that upon
      inserting a selected one of the tabs in its respective opening in one of
      the inwardly offset wall portions and rocking the seat from a position
      clear of the other inwardly offset wall portion toward said other inwardly
      offset wall portion, the second mounting tab enters its respective opening
      in the other inwardly offset wall portion, a portion of the wall end of
      the seat between the two tabs being in bearing relation with a wall
      element between the offset wall portions to provide, with the first and
      second mounting tabs, cantilever support for the seat.
NUM  10.
PAR  10. Cantilever seat mounting mechanism as claimed in claim 9 wherein means
      anchors to a structural wall element a portion of the wall end of the seat
      which is offset downwardly from a line interconnecting the first and
      second mounting tabs.
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ABST
PAL  A clamping assembly particularly useful for aligning abutting ends of pipe
      sections to form a mitered joint. A plurality of individual clamp
      assemblies are clamped in circumferentially spaced positions upon one pipe
      section by a circumferentially extending chain, each clamp assembly having
      an elongate jack arm which can be clamped in selected positions of
      circumferential and axial adjustment upon the one pipe section so that the
      jack arms may be projected to different axial distances from the chain
      into operative engagement with a second pipe section lying in a plane
      inclined to axis of the one pipe section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the assembly of pipelines from individual pipe lengths it is customary
      to weld the pipe lengths to each other at a butt joint in the field. To
      hold the abutting pipe sections in position during the welding operation,
      a plurality of individual clamping devices are clamped in position near
      one end of one pipe length by a circumferentially extending chain which,
      when tightened, presses the clamping devices firmly against the pipe. Each
      clamping device projects beyond the end of the pipe section to which it is
      clamped and jack screws on the clamping device are adjusted to grip the
      end of the adjacent pipe length to hold it in aligned abutting
      relationship with the first pipe length while the joint is welded. Typical
      examples of clamping devices of this type are shown in U.S. Pat. Nos.
      3,593,402; 3,666,159; and 3,704,503.
PAR  Most clamping devices of this general type presently in use perform
      adequately for the formation of joints where the abutting pipe ends lie in
      general planes perpendicular to the pipe axis, i.e., where the assembled
      pipe string runs in a straight line. However, problems are encountered by
      prior art devices in those cases where a mitered joint must be formed,
      that is, where the two pipe lengths form an angled joint with the axes of
      two adjacent lengths inclined to one another.
PAR  The problem encountered in prior art clamping devices where a mitered joint
      is to be formed arises due to the fact that most prior art devices rely on
      the clamping force exerted by the circumferentially extending chain to
      anchor the device to one of the pipe lengths and rely on the jack screw to
      anchor the device to the other of the two lengths. Where a mitered or
      angled joint is to be formed, the axial distance between the points of
      application of the clamping forces on the respective pipe sections will
      vary considerably around the circumference of the joint due to the fact
      that the clamping chain lies in a plane substantially normal to the axis
      of one of the pipe lengths while the abutting joint lies in a plane which
      is inclined to the axis of at least one of the two pipe sections.
      Application of the clamping force as close as possible to the joint is
      desired, because in many instances the clamping device must not only
      establish the desired axial relationship between the two pipe sections,
      but must also be utilized to correct an out-of-round condition of at least
      one pipe length so as to form an abutting joint around the entire
      circumference.
PAR  The present invention is especially directed to a pipe clamping assembly of
      the general type discussed above which is useful not only in coaxially
      aligning abutting pipe lengths, but which is also especially useful in
      aligning abutting pipe lengths where the abutting joint may lie in a plane
      inclined to the axis of one or both of the pipe lengths.
PAC  SUMMARY OF THE INVENTION
PAR  In a clamping device according to the present invention, each of a
      plurality of individual clamping assemblies includes a housing member and
      an elongate jack arm which is received for longitudinal sliding movement
      within the housing assembly. The housing member is formed with an opening
      through which a flexible clamping chain can be passed transversely through
      the housing at the outer side (side remote from the pipe) of the jack arm.
      The width of the opening in the housing through which the chain is passed
      only slightly exceeds the width of the chain so that, although the housing
      can be shifted longitudinally along the chain to a selected
      circumferential position upon a pipe, the housing is held against movement
      relative to the chain in a direction transverse to the chain.
PAR  In its passage through the opening in the housing, the chain rests upon the
      outer side of the jack arm. The jack arm is slidable within the housing
      longitudinally of the arm and axially of the pipe. Tensioning of the chain
      thus forces the clamping arm inwardly toward the pipe, the clamping arm
      bearing against an inner underlying wall surface of the housing so that
      clamping of the chain clamps both the arm and housing in a fixed position
      relative to one of the pipe lengths. The clamping arms are adjusted
      individually axially relative to the pipe section upon which they are
      clamped so that the end of the arm projects beyond the joint to be formed.
      Two jack screws are mounted in longitudinally spaced relationship at the
      end of each arm, and the arm is positioned so that one of the pair of
      screws is positioned on each side of the joint to be formed. A clamping
      plate mounted on the housing is employed to lock the housing in position
      longitudinally of the chain to enable the individual clamping devices to
      be held in circumferentially fixed position while the arm length and jack
      screws are being adjusted.
PAR  Other objects and features of the invention will become apparent by
      reference to the following specification and the drawings.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view showing the clamp assembly of the present
      invention maintaining two abutting pipe sections in alignment with each
      other during the formation of a mitered joint;
PAR  FIG. 2 is a detailed cross sectional view taken approximately on line 2--2
      of FIG. 1;
PAR  FIG. 3 is a detailed cross sectional view taken approximately on the line
      3--3 of FIG. 1; and
PAR  FIG. 4 is a perspective view of an individual clamp assembly.
DETD
PAR  FIG. 1 discloses a clamping device according to the present invention, and
      designated generally by the reference character 10, holding two pipe
      lengths 12 and 14 in the desired alignment with each other to form an
      abutted miter joint 16. In the particular joint shown in the drawing, the
      abutted end of pipe 12 is normal to the axis of pipe 12 and the miter
      angle is formed entirely by the inclined abutted end of the pipe 14. This
      technique is frequently employed because it involves forming an angled end
      on only one of the two abutted pipe sections.
PAR  The clamping device 10 consists of a plurality of individual clamp
      assemblies designated generally 18, a flexible chain 20 which extends
      circumferentially of pipe length 14 and passes through each of the
      clamping assemblies 18, and a chain tightener designated generally 22
      which is operable to tighten the circumferentially extending chain 20 to
      clamp the clamping assemblies 18 in position about the circumference of
      pipe section 14. For purposes of the present invention, chain tightener 22
      may take the form of a known chain tightener commercially available from
      Dearman Manufacturing Products, Inc. of Flint, Michigan, and comprising a
      head 21 adapted to support a threaded sleeve 23 through which extends a
      threaded adjusting shaft 25 having a swivel connection to one end of the
      chain 20. The head 21 also includes a crossbar 27 around which the free
      end of the chain 20 may pass so as to enable any desired size loop to be
      formed by the chain. The chain is secured in a selected position relative
      to the bar 27 by means of a pivoted latch dog 29. Rotation of the shaft 25
      in one direction or the other effects tightening or loosening of the chain
      about the pipe 14.
PAR  The construction of clamping assemblies 18 is best shown in FIGS. 3 and 4
      of the drawings. Referring particularly to FIG. 4, each clamping assembly
      18 includes a housing designated generally 24 which includes spaced apart,
      front and rear rectangular, open frames 26 and 28 fixedly interconnected
      to each other by side frame members 30. Front and rear cross plates 32 and
      34 are welded in the illustrated positions on each of frames 26 and 28 to
      establish a passage through the housing which slidably receives and guides
      an elongate jack arm designated generally 36. The plates 32 and 34 also
      define a passage or opening through housing 24 which extends transversely
      above or at the outer side of arm 36 and is dimensioned to receive
      slidably chain 20.
PAR  A clamp plate 37 is mounted upon the top or upper side of front and rear
      frame members 28 and spans the space between the two members. Plate 37 is
      loosely received upon a pair of threaded studs 38 fixedly mounted upon
      frames 26 and 28, and wing nuts 40 are threadedly received on studs 38.
PAR  The thickness of chain 20 preferably equals or exceeds the vertical
      distance between the upper or outer side of jack arm 36 and the top of the
      frame members 26 and 28. The purpose of clamp plate 37 is to lock housing
      24 at a selected position of longitudinal adjustment upon chain 20 so that
      the various clamp assemblies 18 will remain at the desired locations
      circumferentially of the pipe once they are located and clamped on the
      chain. To assist in this clamping operation, projecting lugs 42 are welded
      or formed on the underside of plate 37 to interlock with the links of
      chain 20 as is best shown in FIG. 3.
PAR  The spacing between cross plates 32 and 34 only slightly exceeds the width
      of chain 20. Hence when wing nuts 40 are tightened to urge plate 37
      against the chain, housing 24 is effectively held against longitudinal and
      transverse movement relative to chain 20.
PAR  Jack arms 36 are of an elongate bar-like configuration and may be either of
      solid or built-up construction. The underside of the front end of arm 36
      is cut away or relieved as at 44 (FIG. 4) to provide a greater range of
      vertical adjustment play for an outer jack screw 46 threadedly received in
      arm 36 as by a welded nut 48. A second jack screw 50 is threadedly
      received in arm 36 at a position spaced longitudinally inwardly from jack
      screw 46. The pipe engaging ends of the two jack screws project below the
      inner (with reference to the pipe sections) side 52 of arm 36.
PAR  Operation of the clamping assembly is believed apparent from FIG. 1 of the
      drawings. The desired number of clamping assemblies 18 are mounted upon
      chain 20 by passing the free end of the chain through each housing across
      the upper side of arm 36 and below clamp plate 37. Clamp plate 37 may be
      loosely tightened to lock the housing in position in the desired spacing
      along chain 20 and the clamp assemblies and chain are trained about one of
      the pipe lengths as shown in FIGS. 1 and 2. At this point, chain 20 is
      tightened to a degree just sufficient to hold all of the housings against
      pipe length 14. The jack arms 36 of each of the individual clamping
      assemblies then may be adjusted relative to their housings and axially of
      pipe 14 so that the screws 50 of each arm are closely adjacent the end of
      pipe 14 with the outer jack screws 46 located beyond the end of pipe
      section 14. Chain 20 is then snugly tightened to lock the clamping
      assemblies 18 in position and also to clamp the jack arms 36 of each
      assembly in their longitudinal or axially adjusted position. Pipe length
      12 is then moved into position and the jack screws 46 and 50 are tightened
      to correct any out of roundness of the abutted pipe lengths and to hold
      the latter in position for the subsequent welding operation. Those parts
      of the frames 26 and 28 which bear on the pipe 14 form spaced apart seats
      for the jack bar to prevent its tilting as the jack screws are tightened.
PAR  Although only one embodiment of the invention has been described in detail,
      it will be apparent to those skilled in the art that the disclosed
      embodiment may be modified. Therefore, the foregoing description is to be
      considered exemplary rather than limiting, and the true scope of the
      invention is that defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for clamping a pair of pipe lengths having confronting ends
      abutting one another and forming a joint therebetween, said apparatus
      comprising a flexible member forming a loop of such size as to encircle
      one of said pipe lengths adjacent its end; a plurality of housing members
      circumferentially spaced about said loop and encircled by said flexible
      member; an elongate jackbar slidably accommodated in each of said housing
      members for sliding adjustment transversely of said loop and being engaged
      by said flexible member, each of said jackbars being of such length as to
      enable one end thereof to extend beyond said joint and overlie the other
      of said pipe lengths; clamp means carried by said one end of each of said
      jackbars for clamping engagement with said other of said pipe lengths; and
      means for varying the size of said loop when said flexible member
      encircles said one pipe length whereby said flexible member selectively
      enables and disables adjustment of said housing members circumferentially
      of said loop and slidable adjustment of said jackbars relative to their
      housing members.
NUM  2.
PAR  2. Apparatus according to claim 1 including lug means carried by each of
      said housing members and engageable with said flexible member for locking
      said housing members on said flexible member.
NUM  3.
PAR  3. Apparatus according to claim 1 including a jack screw carried by each of
      said jackbars between said clamp means and said housing member.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein each of said jackbars has an
      undercut recess between said clamp means and said jack screw.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein each of said housing members
      comprises open rectangular front and rear frame members, side frame
      members fixedly receiving said front and rear members in spaced parallel
      relationship to each other to define a front to rear passage slidably
      receiving and guiding the associated jackbar, and cross plate members on
      the upper portions of said front and rear frame members defining the upper
      side of said passage, said cross plate members being spaced above said
      side frame members and spaced from each other by a distance greater than
      the width of said flexible member whereby opposite sides of said flexible
      member receiving opening are defined by said cross plate members and the
      underside of said opening is defined by the upper surface of said jackbar.
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ABST
PAL  A support for a material being cut in an oxidation cutting operation
      comprising a stanchion and a tip connected to and projecting above the
      stanchion to contact and support a material being cut. In cross section
      the tip is characterized by angled sides which extend upwardly and
      inwardly from a base to an apex which contacts the underside of the
      material being cut. Such a configuration minimizes direct impingement of
      the oxidation stream of the cutter upon the tip and directs molten
      material flowing from the kerf away from the support.
PARN
PAR  This is a continuation, of application Ser. No. 420,512, filed Nov. 30,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a support for material being cut in a
      flame cutting operation. More specifically, the invention relates to a
      stable support comprised of a vertically upright stanchion, and a
      removable tip. The tip is configured to direct molten materials flowing
      from a kerf cut in the material away from the stanchion, to minimize
      direct impingement of the cutter flame upon the stanchion and to quickly
      dissipate localized heat developed at the tip.
PAR  A work support of the type contemplated by the present invention may enjoy
      a broad spectrum of industrial applicability in supporting varient
      materials being cut by either gas, plasma, electronic beam, or arc torches
      (hereafter called oxidation cutting). Of course, the invention need not be
      limited to such applications and may even be employed by a home craftsman
      using a conventional manual acetylene torch or other similar device to cut
      a material. As suggested, however, the invention may be used to its
      greatest advantage in an industrial environment wherein cutting operations
      must be performed in the course of a manufacturing process.
PAR  Many devices of the prior art, employed to support materials being flame
      cut or otherwise treated by heat of high intensity, are subject to this
      type of slag buildup on the surface of the support in contact with the
      material being treated. In a process for cutting metals, molten material
      flowing from a kerf being cut in the metal may solidify into a substance
      which may be referred to as slag. The slag may flow from the kerf onto an
      underlying support and form an encrustation on the support. As a
      consequence of such slag accumulation the surface supporting the material
      becomes irregular and thus incapable of supporting the material being
      treated with accuracy or stability. It would therefore be desirable to
      provide a support for materials being flame cut or otherwise treated by
      heat of high intensity, wherein any slag formed incident to the heating
      process would be directed away from the support and in particular away
      from the portion of the support contacting the material being treated.
PAR  Other devices in the prior art, for supporting materials being flame cut or
      otherwise treated with heat of high intensity, may be destructively
      oxidized in the course of the heat treatment. Such a phenomenon is
      particularly a problem in cutting operations in which the support is
      directly exposed to the heat of the flame or arc. It will be appreciated
      that the larger the portion of the support exposed to the flame or arc and
      the longer the support is exposed to the flame or arc, the greater the
      opportunity for oxidation. It would therefore be highly advantageous to
      provide a support wherein direct impingement upon the support by a flame
      or arc would be minimized both with respect to the portion of the support
      impinged and the duration of the exposure.
PAR  Still other devices of the prior art may support the material being treated
      but may not do so in a manner which affords sufficient lateral or vertical
      stability. With regard to lateral stability, it may be appreciated that in
      an industrial process employing a cutting device guided by a template and
      in which accuracy is required, any lateral movement of the workpiece
      whether by lateral vibration or deflection of the supports will diminish
      the accuracy of the operation. With regard to vertical stability, those
      familiar with gas or arc welding or cutting will appreciate that such
      operations may be relatively sensitive to fluctuations in arc length.
      Therefore, if materials being treated are supported in such a way as to
      cause variations in arc length, the cutting or welding operation may be
      rendered less effective. It would therefore be desirable to provide a
      support for a workpiece wherein lateral and vertical instability are
      minimized.
PAR  A further difficulty, encountered in prior art devices resides in a
      tendency for some supports to disrupt a cut being made in a material at
      points of contact between the support and the workpiece. In a cutting
      operation, the acetylene heating flame and the oxidizing jet of oxygen
      must fully penetrate the material being cut. This full penetration allows
      the material to be fully heated to the temperature necessary to allow
      oxidation and permits the oxidizing jet to oxidize and blow molten
      material out of the resulting kerf through the full thickness of the
      material. When such a cut is attempted through material supported by an
      underlying support of at least some of the prior art, the acetylene flame
      does not fully heat the material to the oxidizing temperature and the
      oxidizing jet may not fully oxidize and blow out material from this
      portion of the kerf. Furthermore, slag resulting from a cutting operation
      may be prevented from freely flowing from the kerf, and thus solidly in
      the kerf. It would therefore be desirable to provide a support for
      material being cut in which the tendency to block the arc or flow of slag
      from the kerf is minimized.
PAR  A further problem which may characterize certain devices of the prior art
      resides in the inability of these devices to adequately dissipate heat
      from the workpiece while maintaining sufficient durability to avoid damage
      incident to use in an industrial environment. It will be appreciated that
      in certain materials being flame cut or otherwise treated with heat of
      high intensity, it may be desirable to rapidly conduct heat developed in
      the area of the heat treatment through the support in order to prevent or
      minimize warping of the material.
PAR  Materials capable of rapidly dissipating heat however are typically rather
      soft and thus do not possess the properties necessary to avoid damage in
      the course of rough industrial use. It would therefore be highly desirable
      if a support for materials could be provided which would rapidly dissipate
      heat from the area of the heat treatment and yet be sufficiently tough to
      avoid damage in the course of rough industrial use.
PAR  An additional difficulty which appears in devices of the prior art resides
      in the fact that these devices may not be easily or economically
      replaceable. If a support is expensive or difficult to remove and replace,
      the support may detract from the overall flexibility and efficiency of the
      manufacturing process.
PAC  OBJECTS AND BRIEF SUMMARY OF THE INVENTION
PAC  Objects
PAR  In light of the foregoing it is a general object of the invention to
      provide a support for a material being flame cut or otherwise treated by
      heat of high intensity intended to obviate or minimize problems of the
      type previously noted.
PAR  It is a particular object of the invention to provide a novel support, for
      material being cut in a flame cutting operation, which is configured to
      direct slag away from the support and avoid the buildup or encrustation of
      slag on the support.
PAR  It is another object of the invention to provide a novel support, for
      material being cut in a flame cutting operation, which is configured to
      minimize oxidation incident to heat developed in the cutting operation.
PAR  It is yet another object of the invention to provide a novel support for
      material being cut in a flame cutting operation which provides stable and
      accurate lateral and vertical support for the material.
PAR  It is still another object of the invention to provide a novel support for
      material being cut in a flame cutting operation which supports the
      material in a manner which allows full penetration of the material, and
      thereby does not disrupt the continuity of the cut.
PAR  It is a further object of the invention to provide a support for material
      being cut by a flame cutting operation which is sufficiently durable to
      resist damage incident to use in an industrial environment while
      concomitantly being capable of relatively rapid dissipation of heat
      developed incident to the cutting operation.
PAR  It is likewise an object of the invention to provide a novel support for
      material being cut by a flame cutting operation which may be easily and
      economically removed, replaced, or relocated.
PAC  Brief Summary
PAR  A support for a material being cut in a flame cutting operation according
      to a preferred embodiment of the invention intended to accomplish at least
      some of the foregoing objects is comprised of a stanchion and a tip
      connected to and projecting above the stanchion to contact and support a
      material being cut. In cross section the tip is characterized by angled
      sides which extend upwardly and inwardly from a base to an apex which
      contacts the underside of the material being cut. Such a configuration
      minimizes direct impingement of the flame of the cutter upon the tip and
      directs molten material flowing from the kerf away from the support.
DRWD
PAC  THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view showing the general relation of a support
      according to a preferred embodiment of the invention to a workpiece and a
      typical cutting apparatus;
PAR  FIG. 2 is a transverse sectional view taken along section line 2--2 in FIG.
      1;
PAR  FIG. 3 is a plan view of one preferred arrangement of the invention;
PAR  FIG. 4 is a plan view of an alternative preferred arrangement of the
      invention;
PAR  FIG. 5 is a partial sectional view taken along section line 5--5 of FIG. 4;
      and
PAR  FIG. 6 is a transverse sectional view of an alternative preferred
      embodiment of the invention having a free standing, laterally movable base
     .
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 of the drawings, one embodiment of the invention 10 can
      be seen generally located relative to a workpiece 14 and a conventional
      cutting apparatus 16. The cutter 16 may be of any conventional design and
      for purposes of illustration has been shown to be of the type in which a
      torch 18 is translated along a carriage 20, and transversely thereto along
      a suitable track, not shown in the interests of simplicity, to make a cut
      of a desired configuration in a workpiece. Movement along the carriage 20
      and the track may be controlled by a control pod 22 which may employ a
      light beam and associated photoelectric cell to follow a template. In the
      interest of simplicity the template has not been shown. Of course any
      number of control mechanisms may be used; the light beam and photoelectric
      cell is simply exemplary. Electricity or gas may be supplied to the
      cutting torch 18 through conduits 24 disposed in the head 26.
PAR  A table forming an aspect of the invention is comprised of a rectangular
      frame 28 supported by vertical legs 30. The table top 32 is comprised of a
      planar surface characterized by a matrix of apertures 34 arranged, as
      illustrated, at the vertices of equal adjacent rectangles. The
      significance of these apertures will be described more fully hereinafter.
PAR  The invention, which may be seen in FIG. 1 is comprised of vertical
      stanchions 36, the uppermost portions of which carry tips 38. As
      illustrated, a stanchion 36 may extend transversely across substantially
      the full width of the table top 32, and underly and support a coextensive
      tip 38.
PAR  The workpiece 14 rests on the apex of the several stanchions and tip
      assemblies while a cutting or other heat treating operation is performed
      by the cutting apparatus 16. The underside of the workpiece 14 can be seen
      to be contacted by apexes 44 of the tips 38 at what may be termed lines of
      contact 51 which may provide continuous support across the full width of
      the workpiece. This may preclude any possibility of warping due to
      insufficient support and also may insure that if the work is cut into
      multiple pieces each will be adequately supported and will remain
      stationary. So long as a portion of the workpiece is contacted by a length
      of at least two of the tips 38, it should remain in a stationary condition
      even though severed from the main portion of the workpiece 14.
PAR  As illustrated, the arc formed by the torch 18 cuts the workpiece 14, for
      instance, along the line 46, guided by the control pod 22 and associated
      template. In cutting the workpiece, the torch leaves a kerf as indicated
      at 48. It will be noted that the kerf 48 intersects the tip 38 at a point
      50 at which an apex 44 contacts the underside of the workpiece 14.
PAR  FIG. 2 comprises a transverse sectional view of the invention taken along
      the lines 2--2 of FIG. 1. As illustrated, the invention provides a support
      for material being cut which is comprised of a vertical stanchion 36 which
      may extend longitudinally across substantially the full width of the
      table. The uppermost portion of the stanchion carries a tip 38
      coextensive, at least in part, with the stanchion 36. As illustrated, the
      tip 38 is characterized by parallel, vertical, planar sides 40 and
      converging planar surfaces 42 which intersect at an apex 44. The lowermost
      portion of the tip 38 is longitudinally morticed to provide a
      longitudinally extending slot 52 which snugly receives the uppermost
      portions 54 of the stanchion 36. It should be noted that the overlapping
      relation between the tip and the uppermost portion of the stanchion
      increases the ability of the support to resist lateral flexure. In this
      way the stability of the support against lateral buckling under the load
      of a workpiece may be increased.
PAR  Transversely of the tip 38 and the uppermost portion 54 of the stanchion 36
      is a pin 56 a plurality of which secures the tip 38 to the stanchion 36 at
      suitable longitudinal intervals. The pin 56 is of a type which may be
      removed with relative ease to allow replacement of the tip 38 if desired.
      It should be noted in this regard that any suitable fastener such as a nut
      and bolt or a rivet could be employed to secure the tip 38 to the
      uppermost portion 54 of the stanchion 36. It is important, however, that
      the pin 56 or other fastener be removable with relative ease in order that
      the tip 38 may be easily and economically removed and replaced.
PAR  The lowermost portion 58 of the stanchion 36 carries a plurality of pegs 60
      disposed along the longitudinal extent of the stanchion 36 at intervals
      which coincide with the spacing between the apertures 34 provided in the
      table top 32. It will be noted that the pegs 60 fit snugly in the
      apertures 34 and that the apertures are fully covered by overhanging
      portions 62 of the stanchion 36. By virtue of the snug fit of the pegs 60
      in the apertures 34 and the transverse breadth of the stanchion 36, slag
      may be excluded from the apertures 34 and the lowermost portion 58 of the
      stanchion 36 may be firmly secured to the table top 32. It will be further
      appreciated that the pin and aperture arrangement allows the invention to
      be easily removed from the work table 12 and relocated thereon. This
      capability renders the invention and thereby the overall cutting process
      more flexible and versatile.
PAR  It will be further noted from FIG. 2 that the support is of relatively
      short vertical height. The combination of the relatively short vertical
      height, the relatively long longitudinal length, the firm securement of
      the lowermost portion of the stanchion, and the increased flexural
      rigidity of the uppermost portion of the stanchion renders the support
      relatively stable both horizontally and vertically. Horizontal instability
      in the form of vibration is minimized by the longitudinal extend of the
      stanchion 36 and the inherent damping qualities thereof. The horizontal
      displacement of the tip 38 and the stanchion 36 is minimized by firm
      securement of the lowermost portion of the stanchion to the table and the
      flexural rigidity of the stanchion and morticed tip. Vertical instability
      of the support is minimized by reason of the full support of all portions
      of the tip 38 by a coextensive portion of the stanchion 38. This
      coextensive support may render vibration and deflection in a vertical
      direction negligible. The longitudinal extend of the stanchion 36 beneath
      substantially the full width of the workpiece 14 minimizes the possibility
      of buckling of the stanchion due to the weight of the workpiece 14.
PAR  As indicated, the tip 38 is characterized by converging planar surfaces 42
      which intersect at an apex 44 and optimumly subtending an angle of
      42.degree.. Such a configuration provides essentially line contact with
      the lowermost surface of the workpiece. Such an arrangement or one
      increased by a maximum of 5.degree. enables the tip to shed slag or other
      molten materials which may flow from the kerf 48 of a cut 46 which may
      intersect the line contact established between the apex 44 and the
      workpiece 14 at a point 50 (see FIG. 1). It will be noted as well that, by
      means of the line contact provided by the intersecting surfaces 42,
      relatively little of the tip 48 may be impinged by the plane of the nozzle
      18. It can be seen that the tip recedes rapidly from the apex 44 which
      contacts the workpiece and thus, only a very small portion may be exposed
      to the more intense portions of the flame. Other portions of the tip
      downstream from the flame are subjected only to the cooler portions of the
      flange. It will also be noted that in light of the essentially line
      contact of the tip 38 with the workpiece 14, any disruption of the
      continuity of the cut is minimized since the flame or oxidizing jet can
      fully penetrate the workpiece on either side of the line of contact 52.
PAR  It will be noted that, despite the line contact between the tip and the
      workpiece, the body of the tip 38 is relatively large in width compared to
      the stanchion 36. A relatively large amount of material is concentrated in
      an area adjacent the workpiece. The bulk of the tip renders it less
      susceptible to damage incident to use in an industrial environment and
      also affords optimal dissipation of heat from the area in which a cut may
      intersect the apex 44 of the tip 38. In other words, as suggested in
      connection with the discussion of FIG. 1, when a cut is made in the
      workpiece 14 which intersects a line of contact 52 between the workpiece
      14 and the apex 44 of the tip 38, the workpiece and the tip may be exposed
      to intense heat. It may be desirable that the tip 38 be capable of
      dissipating such heat quickly. To this end, the invention provides a tip
      of considerable bulk to facilitate the dissipation of the heat.
PAR  The proper dissipation of heat, of course, depends on the composition as
      well as the configuration of the element dissipating the heat. In this
      regard, it has been found that an alloy of at least 95% copper and
      approximately 1% chromium possesses desirable characteristics for use as
      the tip 38 of the invention. It has been found that this composition
      resists oxidation by the flame or arc which may impinge upon the tip and
      also is capable of effectively dissipating the heat. Furthermore, such an
      alloy is sufficiently durable and resistant to damage to be suitable for
      use in an industrial environment.
PAR  FIG. 3 is a plan view of a preferred embodiment of the invention showing
      the tips 38 in relation to the apertured table 32. As more fully described
      in connection with FIG. 2, the tips 38 are characterized by converging
      planar surfaces 42 which intersect at an apex 44. The tips are secured to
      continuous longitudinally extending stanchions by suitable fasteners such
      as a pin 56 (see FIG. 2). The lowermost portions of the stanchions are
      provided with pegs which may be inserted in the apertures 34 of the table
      top 32 and which thereby provide considerable flexibility in the placement
      of the supports.
PAR  As illustrated in FIG. 3, three stanchions and the associated tips are
      arranged to align immediately adjacent one another. The invention is not,
      however, restricted to such a configuration and any number of rows of
      apertures may intervene between adjacent supports. For example, as
      illustrated, the three supports occupy the first three rows of apertures
      in the table counting from left to right. If desired, the third support
      could be moved to the extreme right to occupy the eighth row of apertures,
      in which case there would be five intervening rows of apertures between
      the second support and the third support. In addition, any one or all of
      these supports might be reoriented 90.degree. to extend parallel to the
      length of the table 32 rather than the width as illustrated. It will be
      noted finally that the apexes of the supports provide only line contact
      with the work piece which may rest thereon. As indicated in connection
      with the discussion of FIG. 2, this is desirable for the reason that there
      is no disruption of the cutting of the work piece, minimal exposure to
      oxidation, minimal opportunity for the buildup or encrustation or slag on
      the tip, and continuous support of the material being cut.
PAR  It will be noted that the tips 38 are segmented into identical, basic units
      64 which axially abut one another to form snug joints 66 in order to avoid
      any discontinuity in the line of support provided for the work piece by
      the apexes 44. The segmentation of the tips 38 into the basic units 64
      facilitates mass production of the invention and allows replacement of
      short lengths of the tips 38 in the event of damage. In other words, if a
      short portion of a tip becomes damaged, only one or two sections need be
      removed and replaced rather than the full length of the tip. As will be
      more fully described in connection with the discussion of FIG. 5, all
      segments of a tip are connected to a single stanchion which underlies the
      full length of each tip. In other words, the stanchion coextends with the
      plurality of segments which comprise a full tip member.
PAR  FIG. 4 is a plan view of an alternative embodiment of the invention showing
      a relation between a number of supports and the apertured table. As in the
      preferred embodiment discussed in connection with FIG. 3, the tips 38 are
      comprised of a plurality of identical basic units 64 which are removably
      secured as described in connection with FIG. 2 to continuous stanchions 36
      which may extend across the width of the apertured table. The stanchions
      are secured to the apertured table by means of the pegs 60 which as
      illustrated in FIG. 2 are inserted into the apertures 34.
PAR  In contrast with the embodiment illustrated in FIG. 3, the FIG. 4
      embodiment discloses segments 64 arranged on the stanchions 36 in a
      discontinuous fashion. The result of this discontinuous arrangement of the
      segments 64 on the stanchions 36 is to provide intermittent line contact
      by the apexes 44 of the segments 64 with the work piece. It will be noted
      that such an intermittent arrangement may further minimize the possibility
      that a cut may be disrupted by contact of a support beneath a portion of
      the material being cut and may likewise reduce the opportunity for
      oxidation of a tip and/or the encrustation of slag on a tip. This is due
      to the fact that the total contact of the tips with the material which
      would exist if the work piece were supported by the arrangement
      illustrated in FIG. 3 has been substantially reduced by the alternative
      embodiment of FIG. 4.
PAR  The particular alternating configuration shown in FIG. 4 was chosen in
      order to illustrate an arrangement of the segments which may afford
      particularly stable support for the work piece. It will be noted that the
      arrangement shown may provide a stable three point support for a work
      piece. If any two adjacent segments such as those located at 66 and 68
      disposed on a single stanchion are considered in relation to an alternate
      segment such as 70 of an adjacent stanchion, it is clear that a work piece
      resting on the three segments will be supported by the lines of contact of
      the apexes of these three segments in three separate areas of the lower
      surface of the work piece. This type of support, which may be analogized
      to a tripod, may be advantageous for the reason that the possibility of
      disruption of a cut, oxidation of a tip, and/or encrustation of slag on a
      tip may be minimized while a stable mode of support is maintained. It will
      be noted as well that each stanchion of the embodiment illustrated in FIG.
      4 continues to fully underly any work piece which might rest on the tips
      38 and thus, essentially the same resistance to vertical and lateral
      instability as that discussed in connection with FIG. 2.
PAR  FIG. 5 is a fragmented sectional view taken along section lines 5--5 of
      FIG. 4 and illustrates the relation between the apertured table 32, a
      length of stanchion 36, and one of the segments 64 intermittently arranged
      on the stanchion. As indicated earlier, the segment 64 is one of a
      plurality of identical segments which comprise the tip 38 of a stanchion
      36 upon which a work piece rests. As suggested by the discussion of FIGS.
      1-4, the segment 64 has a vertical plane of symmetry which coincides with
      the vertical plane of symmetry of the stanchion 36. Thus, the segment 64
      can be seen to be characterized by vertical planar sides 40 and converging
      planar surfaces 42 which intersect at an apex 44. A work piece may contact
      the apex 44 and thus, may be supported by the resulting line of contact.
      The segment 64 is removably secured to the stanchion 36 by means of
      suitable fasteners such as the pins 56. As indicated earlier, any suitable
      fastener such as a nut and bolt or a rivet which allows easy removal of
      the segment 64 from the stanchion 36 may be employed. The pins 56 extend
      through apertures 72 and 74 disposed in the segment and the stanchion,
      respectively. The apertures 74 are disposed in the stanchion 36 in any
      repeating pattern which allows the segments 64 to be secured to the
      stanchions 36 either as illustrated in FIG. 3, as illustrated in FIG. 4,
      or as desired by the user to allow any desired intermittent arrangement of
      the segments 64 on the stanchion 36.
PAR  As described earlier, the stanchion 36 is secured to the table 32 by means
      of pegs 60 which protrude from the lowermost portion of the stanchion and
      which may be inserted in the apertures 34 as desired. It can be seen that
      by providing the desired pattern of apertures in the stanchion 74 and the
      desired arrangement of pegs 60, a support may be provided which is quite
      versatile. Any intermittent or continuous arrangement of segments may be
      combined to provide a desired mode of contact with the work piece and each
      stanchion may be secured to the table as desired.
PAR  FIG. 6 is a transverse sectional view of an alternative embodiment of the
      invention. As in the case of the embodiment illustrated in FIG. 2, a tip
      member 38, characterized by parallel vertical planar sides 40 and
      converging planar surfaces 42, receives the uppermost portions 54 of a
      stanchion 36 in a longitudinally extending slot 52.
PAR  The tip 38 is secured to the stanchion 36 by means of a plurality of pins
      56 which are inserted through apertures 72 and 74 in the tip and the
      stanchion respectively. As in the case of the embodiment of FIG. 2, the
      tip and stanchion arrangement just described provides an optimal
      configuration for effectively shedding slag, minimizing oxidation, and
      minimizing possible disruption of a cut; while concurrently providing for
      optimal dissipation of heat and the durability desired.
PAR  The embodiment of the invention illustrated in FIG. 6 is supported on the
      surface of the table 32 by means of a base 76 formed from angle iron to
      which the lowermost portion of a stanchion 56 is welded as at 78. The
      angle iron 76 underlies the full length of the stanchion 36 and therefore
      provides a structurally sound arrangement which is vertically and
      laterally quite stable. Indeed, it will be appreciated that the broadly
      spaced points of contact 80 between the legs of the angle iron 76 and the
      worktable 32 provide a laterally stable support which may resist tipping
      and vibration. Furthermore, it will be noted that the embodiment of FIG. 6
      provides a very versatile support which may be oriented in any desired
      position on the table 32.
PAC  SUMMARY OF MAJOR ADVANTAGES
PAR  It will be appreciated that in providing a support for material being flame
      cut or otherwise treated by heat of high intensity according to the
      present invention, certain significant advantages are obtained.
PAR  In particular, the unique configuration of the tip of the support and more
      particularly, the angle subtended by the converging planar sides of the
      tip insures that slag is effectively shedded from the support to prevent
      slag build up on the tip.
PAR  Further, the configuration of the tip of the support minimizes exposure of
      the tip to oxidation incident to impingement by a cutting flame.
PAR  A further advantage resides in the fact that the support is secured to the
      work table and configured in a manner which affords lateral and vertical
      stability while maintaining versatility in placement of the support on the
      table.
PAR  By reason of the line contact provided between the work piece and the tip
      of the support, any disruption of a cut being made in the material is
      minimized.
PAR  Also quite important is the advantage gained by optimizing the
      configuration of the tip of the support to rapidly dissipate heat while
      concurrently providing for effective shedding of slag, minimization of
      oxidation of the tip and minimization of disruption of cuts being made in
      the material.
PAR  A further advantage resides in the optimization of the composition of the
      tip to afford a sufficiently durable tip for contacting the work piece
      while concurrently providing for maximum heat transfer.
PAR  Finally, the support is possessed of the advantage that segments of the tip
      may be easily replaced if damaged, or may be placed intermittently on the
      stanchion to provide any configuration of support desired.
PAR  In describing the invention, reference has been made to a preferred
      embodiment. However, those skilled in the art and familiar with the
      disclosure of the invention may recognize additions, deletions,
      substitutions, or other modifications which would fall within the perview
      of the invention as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A material support for an oxidation cutting operation comprising:
PA1  longitudinally extending stanchion means for operatively underlying and
      supporting, at least in part, material to be cut by an oxidation cutter,
      and
PA1  longitudinally extending tip means operatively connected to said stanchion
      means and projecting above said stanchion means for supporting the
      material to be cut,
PA1  said tip means in cross section having a recess in the bottom thereof for
      receiving a portion of said stanchion means, and angled side portions,
      said side portions extending from a base portion inwardly and upwardly
      from said base portion to define an upwardly directed acute vertex for
      contacting an underside of the material to be cut to minimize direct
      impingement of the oxidation stream upon said tip means and to direct
      molten material, from a kerf in the material to be cut, away from said tip
      means, and
PA1  said tip means being constructed of material with a thermal conductivity
      greater than the thermal conductivity of said stanchion means and having a
      mass substantially greater than the mass of said portion of said
      longitudinally extending stanchion means to distribute and dissipate
      within said tip means hot spots generated upon said tip means by the
      oxidation cutter.
NUM  2.
PAR  2. A material support for an oxidation cutting operation as defined in
      claim 1 wherein:
PA1  the sides of said tip means subtend an angle of approximately 42.degree..
NUM  3.
PAR  3. A material support for an oxidation cutting operation as defined in
      claim 1 wherein:
PA1  said stanchion and said tip means are longitudinally coextensive to support
      said material to be cut in substantial line contact by said tip means.
NUM  4.
PAR  4. A material support for an oxidation cutting operation as defined in
      claim 1 wherein:
PA1  said tip means longitudinally extend in intermittent regular increments
      along said longitudinally extending stanchion means to support said
      material to be cut in intermittent, substantially line contact by said tip
      means.
NUM  5.
PAR  5. A material support for an oxidation cutting operation as defined in
      claim 1 wherein:
PA1  said tip means is composed of an alloy of copper and a hardening material
      in which the copper content of the alloy is equal to or greater than 95%
      of the alloy composition.
NUM  6.
PAR  6. A material support for an oxidation cutting operation as defined in
      claim 5 wherein:
PA1  said hardening material is comprised of chromium.
NUM  7.
PAR  7. A material support for an oxidation cutting operation as defined in
      claim 6 wherein:
PA1  the sides of the apex of said tip means subtend an angle of approximately
      42.degree..
NUM  8.
PAR  8. A material support for an oxidation cutting operation as defined in
      claim 1 wherein:
PA1  said tip means is provided with a mortise in the base portion thereof which
      is dimensioned to intimately receive the uppermost portion of said
      stanchion means, and
PA1  means extending through said base portion of said tip means and said
      uppermost portion of said stanchion means to releasably connected said tip
      means to said stanchion means.
NUM  9.
PAR  9. A work table for supporting a material to be cut by an oxidation cutting
      operation comprising:
PA1  a generally planar work surface;
PA1  a plurality of vertical, longitudinally extending stanchion means
      positioned upon said work surface for operatively underlying and
      supporting material to be cut by an oxidation cutter; and
PA1  a plurality of longitudinally extending tip means, at least one connected
      to each of said stanchion means and extending between said stanchion means
      and the material to be cut,
PA2  each of said tip means in cross section having a recess in the bottom
      thereof for receiving a portion of the stanchion means to which such tip
      means is connected and having angled sides extending from a base portion
      upwardly and inwardly to define an upwardly directed acute vertex for
      contacting an underside of the material to be cut to minimize direct
      impingement of the oxidation stream upon said tip means and to direct
      molten material, from a kerf in the material to be cut, away from said tip
      means, and
PA2  each of said tip means being constructed of material with a thermal
      conductivity greater than the thermal conductivity of said stanchion means
      and having a mass substantially greater than the mass of said portion of
      said longitudinally extending stanchion means to distribute and dissipate
      within said tip means hot spots generated upon said tip means by the
      oxidation cutter.
NUM  10.
PAR  10. A work table for supporting a material to be cut by an oxidation
      cutting operation as defined in claim 9 wherein:
PA1  said plurality of stanchions are positioned in a substantially mutually
      parallel, equally spaced posture across said work surface, each of said
      stanchion means coextending with said at least one tip means connected
      thereto to support the material to be cut by a plurality of substantially
      line contacts by said tip means.
NUM  11.
PAR  11. A work table for supporting a material to be cut by an oxidation
      cutting operation as defined in claim 9 wherein:
PA1  said plurality of stanchions are positioned across said work surface and
      each of said stanchion means is fitted with a plurality of tip means which
      are positioned in intermittent, regular increments along each of said
      stanchion means to support the material to be cut in a plurality of
      intermittent substantially line contacts by said tip means.
NUM  12.
PAR  12. A work table for supporting a material to be cut by an oxidation
      cutting operation as defined in claim 11 wherein:
PA1  the intermittent tip means of each stanchion means are offset with respect
      to the intermittent tip means of adjacent stanchion means.
NUM  13.
PAR  13. A work table for supporting a material to be cut by an oxidation
      cutting operation as defined in claim 9 wherein:
PA1  a plurality of apertures forming a regular matrix is disposed in said
      planar work surface; and
PA1  a plurality of peg means extend downwardly from said stanchion means for
      snug insertion into said apertures to secure said stanchion means to said
      work table.
NUM  14.
PAR  14. In a work table for supporting a material to be cut by an oxidation
      cutting operation, the work table including a stanchion for supporting in
      a horizontal position, material to be cut by the oxidation stream
PA1  the improvement comprising:
PA2  tip means removably mounted on the stanchion to project above the stanchion
      for directly supporting the material to be cut,
PA2  said tip means in cross section having a recess in the bottom thereof for
      receiving a portion of said stanchion, and upwardly and inwardly
      converging side portions forming an upwardly directed acute vertex for
      contacting an underside of the material to be cut to minimize direct
      impingement of the oxidation stream upon said tip means and to direct
      molten material, from a kerf in the material to be cut, away from said tip
      means, and
PA2  said tip means being constructed of material with a thermal conductivity
      greater than the thermal conductivity of said stanchion and having a mass
      substantially greater than the mass of said portion of said longitudinally
      extending stanchion to distribute and dissipate within said tip means hot
      spots generated upon said tip means by the oxidation cutter.
NUM  15.
PAR  15. In a work table as defined in claim 14 and further wherein the
      improvement comprises:
PA1  the sides of said tip means subtend an angle of approximately 42.degree..
NUM  16.
PAR  16. In a work table as defined in claim 15 and further wherein the
      improvement comprises:
PA1  said tip means is composed of an alloy of copper and a hardening material
      in which the copper content of the alloy is equal to or greater than 95%
      of the alloy composition.
NUM  17.
PAR  17. In a work table as defined in claim 16 and further wherein the
      improvement comprises:
PA1  said hardening material is comprised of chromium.
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ABST
PAL  A radiological table includes a platform for supporting a patient. The
      table is equipped with a single supporting mechanism for effecting the
      desired different translational movements in the transverse direction and
      the vertical direction, and its rotation and about axes parallel to its
      longitudinal axis. The platform is suspended at each of its ends by a
      mechanism which includes two concentric cranks, each journalled at one of
      their respective extremities to a pivot integral with a carriage or slide
      block gliding in a slide fixed transversely at the end of the platform.
      The transverse position of each of the carriages in the slide is
      independently controlled by a pinion secured to a hollow shaft rotatably
      mounted on said pivot and engaging a chain whose two ends are fixedly
      secured to the opposite extremities of the slide. The mechanism is
      especially adapted for being used with tables associated with two x-ray
      tubes, the second x-ray tube having a beam which is perpendicular to that
      of the prncipal x-ray tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a radiological examination table equipped with an
      apparatus for positioning and displacing a patient.
PAR  Present radiological examination tables make possible the shifting of the
      patient by means of different motions imparted to its patient-supporting
      platform in the longitudinal and lateral sense of the platform.
PAR  The presence of a motor means (motor, reduction gears and motion transfer
      members) makes it necessary that one or both ends of the
      patient-supporting platform, which are opaque to radiation, extend over a
      certain considerable length.
PAR  Futhermore, in cases of machines which have both longitudinal and lateral
      movement, an intermediate frame, which is subjected only to one of those
      two movements and which carries the driving assembly for the other
      movement, must be present.
PAR  This intermediate frame, aside from the manufacturing complications which
      it requires, has the distinct disadvantage, because of its thickness, of
      increasing the distance between the support plane of the patient and the
      film in the associated casssett or in a film handling device for bare
      film, when the latter is in the X-ray exposure field, in the case where
      there is a remotely controlled apparatus carrying the cassette receiver of
      the radiographic pictures below the patient-supporting platform.
PAR  Consequently, presently known tables have a certain number of disadvantages
      and are to some degree inconvenient. These tables could be advantageously
      improved, especially with respect to the possibilities of shifting or
      displacing the patient. Actually, especially with respect to longitudinal
      and lateral movements of a patient with respect to the examining assembly,
      it would be very desirable in the case of universal, remotely controlled
      tables, to be able to impart to the patient two other possibilities of
      motion, i.e. (1) a movement changing the height of the plane of the
      patient-supporting platform, and (2) an arcuate movement of the patient in
      the transverse sense.
PAR  In the case of a universal, remotely controlled apparatus equipped with a
      device for tomography, the desired height-changing movement permits the
      choice of the height of the layer of the patient's body (this layer being
      parallel to the plane of the film and traversed by the axis about which
      both the X-ray source and the film are moved in opposite directions) which
      is necessary for tomographic examination. It also readily permits use of
      techniques for optical magnification.
PAR  The arcuate movement is, from the medical point of view, very desirable
      because it permits changing the direction of force due to gravity with
      respect to the various organs in the patient's body. Consequently, it is
      made easy to study the movement and displacement of injected contrast
      materials, which may be either lighter or heavier than the region of the
      patient's body into which these materials have been injected.
PAR  Until the present time, this desirable arcuate movement has been achieved
      by a special mechanism which is independent of those which powered the
      other movements of the patent-supporting platform.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the present invention to provide a
      radiological table equipped with an apparatus which permits imparting to
      the patient-supporting platform lateral movement, vertical movement and
      arcuate movement, and which is not subject to the above-mentioned
      disadvantages and inconveniences.
PAR  The foregoing object, as well as others which are to become clear from the
      text below, is achieved according to the present invention by providing a
      radiological table which includes a patient-supporting platform suspended
      at its two ends by a mechanism having two cranks whose rotational axis is
      essentially parallel to the longitudinal axis of the platform. The end of
      each the two cranks is pivoted in a carriage gliding in a slide fixed
      transversely at the end of the platform. A chain is provided whose two
      ends are respectively fixed to the opposite ends of the slide and engage a
      pinion mounted in concentric manner on the axis at the end of one crank on
      which one of the carriages is pivoted. The rotational movements of the
      toothed pinion and of each of the cranks are controlled in independent
      manner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic plane top view of a patient-supporting platform which
      may be used as part of a radiologic examination table according to the
      present invention.
PAR  FIG. 2 is a partial exploded perspective view of one of the supporting
      mechanisms for the platform shown in FIG. 1, according to the present
      invention; and
PAR  FIG. 3 shows a variant embodiment of the apparatus of FIG. 2 using a
      rack-and-pinion type drive.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a patient-supporting platform 1 is supported at its
      two ends by two identical mechanisms 2 which are described in detail
      hereinafter.
PAR  As shown in FIG. 2, one of the mechanisms 2, which is repeated at the other
      end of the patient-supporting platform, includes two concentric cranks 10,
      11 driven separately in rotation by chain sprocket wheels 12-13 whereto
      they are respectively connected by means of two hollow coaxial shafts.
      Each end of the cranks 10, 11 has a respective carriage 14 and 15 which
      glides in a slide 16 at an end of the patient-supporting platform, the
      cranks 10, 11 being connected to the carriages 14 and 15 by rods pivots or
      spindles 17 which are respectively secured to their free ends.
PAR  Concentric with the common axis of the two cranks 10, 11 there is a shaft
      (arbor) 18 carrying a chain sprocket wheel driven by a pinion 22, which
      drives in rotation a double pinion 19 including two parallel sprocket
      wheels secured to each other and freely rotatably mounted on the spindle
      17 connecting the carriage 15 to the end of the crank 11. The sprocket
      wheel of this double pinion 19 closest to the carriage 15, engages with
      and, when rotated, moves along a chain 20, suspended parallel to the slide
      16, which is located at the end and parallel to the transverse axis of the
      platform 1. The respective ends 21 and 23 of chain 20 are respectively
      secured to the opposite ends of the slide 16. In this lateral transfer
      device of the platform 1, it is obvious to the man of the mechanical art,
      to replace the chain 20 and sprocket (of double pinion 19) drive by a rack
      and pinion-type mechanism, the toothed rack being secured along the slide
      16 and parallel thereto.
PAR  Such a variant embodiment of the invention is illustrated by FIG. 3, where
      the sprocket of the double pinion 19 of FIG. 2 is replaced by a further
      pinion 25 engaging with a rack 24 secured to the slide 16.
PAR  It may be seen that the rotation of the pinion 22 drives the double pinion
      19, whose rotation, by its engagement with the stationary chain 20 (or
      rack), controls the displacement of the slide 16, and hence the platform
      1, on the carriages 14 and 15, thus ensuring the lateral displacement of
      the patient-supporting platform; whereas, the rotation of the pinions 12
      and 13, respectively, causes the rotation of the cranks 11 and 10. Thus,
      it is possible to obtain the three movements described above.
PAR  Firstly, the movement of a lateral displacement of the platform 1 is
      obtained by turning the shaft 18 which carries the sprocket wheel 22 and
      which is concentric with the axes of rotation of the two cranks 10, 11
      respectively materialized by means of a first and second hollow shaft
      respectively secured to pinions 13 and 12 and coaxial with each other and
      with shaft 18, as can clearly be seen from FIG. 2; when the shaft 18
      turns, it drives the double pinion 19 rotatable about the spindle 17 which
      is mounted at the end of the crank 11. The sprocket wheel of the double
      pinion 19 which is located closest to the carriage 15, when rotated acts
      on the chain 20, fixed to the respective ends 21 and 23 of the slide 16,
      integral with the platform 1, and hence displaces the platform 1 parallel
      to the chain 20 fixed on the platform 1.
PAR  Secondly, the arcuate movement is obtained by imparting to the two cranks
      10 and 11 angular speeds which are equal in absolute value and have the
      same sign.
PAR  Thirdly, the up-and-down movement of the platform 1, i.e. perpendicularly
      to the patient supporting plane it is providing, is obtained by imparting
      to the two cranks 10 and 11 angular speeds which are equal in absolute
      value but have the opposite sign.
PAR  With respect to apparatus already known, the present invention has the
      advantage that permits a compact emobodiment and makes it possible that
      the patient-supporting platform 1 can be removed to any desired distance
      from the motion-producing elements. Because of this fact, the access to
      the patient, as well as to each end of the platform 1 and each side of the
      platform 1, is very easy and convenient.
PAR  Furthermore, the remote control of motorizing each movement results in
      being able to apply each of the movements to each of the two ends of the
      platform 1. This produces the possibility of making a very light
      patient-supporting platform 1 since both of its ends are simultaneously
      driven either in rotation or in translation in the direction parallel to
      its plane or in translation in the direction perpendicular to its own
      plane.
PAR  Because of this fact, the patient-supporting platform can be constructed
      entirely of materials which are transparent to x-rays. This is a very
      desirable property when a mechanism is employed in a remotely controlled
      examination table which has a second x-ray tube whose radiation is
      perpendicular to the mean position of the principal x-ray tube of the
      scanning assembly of the remotely controlled table.
PAR  It is to be appreciated that the foregoing detailed description and
      accompanying figures of the drawing have been provided by way of example,
      not by way of limitation. Numerous other embodiments and variants are
      possible within the spirit and scope of the present invention, the scope
      being defined in the appended claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In a radiological examination table including a patient-supporting
      platform having a first and a second end, a supporting mechanism for
      respectively supporting both said ends of said platform and for imparting
      thereto translational displacements, on the one hand, parallel to the
      transverse axis of and, on the other hand, perpendicular to the plane of
      said platform and rotational displacements about an axis parallel to the
      longitudinal axis of said platform; said supporting mechanism including a
      first and a second mechanism identical with each other and respectively
      connected to said first and second ends of said platform; each of said
      first and second mechanisms comprising in combination:
PA1  a slide fixed to said platform and parallel to the transverse axis thereof;
PA1  a first and a second carriage glidably mounted in said slide for
      displacements therealong;
PA1  a first and second pivot respectively journalled to said first and second
      carriages for providing two axes of rotation parallel to the longitudinal
      axis of said platform;
PA1  a first and a second crank having two ends and respectively carrying at one
      of their ends said first and second pivots, the other ends of said first
      and second cranks being respectively secured to a first and a second
      hollow shaft coaxial with each other, one of said two hollow shafts being
      inserted within the other one and both being independently rotatable
      relative to each other;
PA1  a third shaft coaxial with the common axis of said two hollow shafts and
      mounted independently rotatably therewithin;
PA1  a drive means, coupled to one end of said third shaft and rotatably mounted
      on one of said pivots, for driving a geared wheel engaging with a
      stationary structure substantially parallel and fixedly mounted relatively
      to said slide, wherein said geared wheel, when rotated, controls the
      displacement of said slide relative to said carriage.
NUM  2.
PAR  2. Mechanism as claimed in claim 1, wherein said stationary structure
      comprises chain tensioned between the respective ends of said slide and
      said geared wheel comprises a sprocket engaging with said chain.
NUM  3.
PAR  3. Mechanism as claimed in claim 1, wherein said stationary structure
      comprises a toothed rack mounted integrally to said slide and said geared
      wheel comprises a pinion engaging with the teeth of said rack.
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ABST
PAL  A stirrup extension bar is slidably received in an elongated tubular
      channel equipped at its mouth with a brake pad, and the innermost end of
      the extension bar is equipped with a brake pad. If the coefficient of
      friction between the pads and interior channel walls is greater than about
      0.9, the horizontal frictional forces tending to hold the bar in place are
      sufficiently greater than the force tending to unseat the bar, so that the
      bar remains locked in place. When the stirrup assembly held by the outer
      end of the extension bar is raised, the brake pads release and the
      extension bar may be adjusted horizontally. Normal use forces apply the
      locking force after adjustment.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation-in-part of my copending, coowned application for
      "Adjusting Mechanism for Stirrup Extension Bar for Medical Examination
      Table", Ser. No. 329,380, filed Feb. 5, 1973, now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  The present invention relates to medical examination tables; and more
      particularly, it relates to a mechanism for horizontally adjusting and
      locking in place left and right stirrup assemblies extending from the foot
      of the table.
PAR  Heretofore, the horizontally extensible rods which support the stirrup
      assemblies for a medical examination table have been locked in their
      horizontal adjustment by means of a hand wheel with a threaded stud that
      is received in the side of the table and adapted to engage and secure the
      rod after it has been adjusted to the proper distance from the table. This
      has normally required the use of both hands, one for unloosening the turn
      wheel and the other for adjusting the extension of the rod. A further
      disadvantage in the use of prior adjustment assemblies for stirrup
      extension rods is that during use, the normal up and down forces applied
      to the stirrup assembly tend to wiggle the rod and to loosen the
      tightening screw on the hand wheel.
PAR  In the present invention, a rectangular channel with a flat top wall is
      provided in the examination table for receiving a corresponding
      rectangular extension bar provided at its distan end with a stirrup
      assembly. A separate mechanism is included for permitting vertical and
      angular adjustment of the stirrup assembly, but it forms no part of the
      present invention.
PAR  A first brake pad is affixed to the upper inner surface of the extension
      bar so that it is carried along with it during adjustment. A second brake
      pad is secured to the lower surface of the channel adjacent its mouth.
      There is a slight vertical clearance provided in the channel so that the
      rod may be moved back and forth in the unlocked position which is achieved
      by lifting the stirrup assembly upwardly. When the stirrup assembly is
      placed in its proper horizontal adjustment and released, the normal
      gravity force on the stirrup assembly pivots the innermost end of the rod
      about the second brake pad adjacent the mouth of the channel until the
      first brake pad on the top of the rod engages the top of the channel,
      thereby applying braking action at two positions to lock the rod in place
      and prevent against further horizontal adjustment.
PAR  The channel walls are enameled still and the pads may be rubber or
      neoprene. In either case there is a coefficient friction of about 0.9
      between the pads and walls which, as will be discussed further within,
      results in combined frictional holding forces at least twice as great as
      the maximum encountered force on the stirrup tending to further extend it.
      Hence, the bar is locked in place.
PAR  During normal use, the additional downward force exerted by the leg being
      supported or by any downward pressure applied by the person being treated
      or examined, (which is the normal occurrence) will cause a further
      pressure on the brake pads, thereby resulting in an even greater
      frictional engagement between the extension bar and the channel to prevent
      horizontal movement of the bar from the adjusted position.
PAR  Thus, the present invention provides an adjusting and locking mechanism in
      which the horizontal extension bar is released from its locked position
      simply by raising the stirrup assembly, and adjustment is achieved by
      sliding the bar to its desired length. In addition, the normal forces
      encountered during use tend to achieve an even greater locking force on
      the adjustment assembly.
PAR  Other features and advantages of the present invention will be apparent to
      persons skilled in the art from the following detailed description of a
      preferred embodiment accompanied by the attached drawing wherein identical
      reference numerals will refer to like parts in their various views.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a fragmentary perspective view taken from the foot end of a
      medical examination table incorporating the present invention;
PAR  FIG. 2 is a vertical cross sectional view of the adjusting and locking
      mechanism of the present invention with portions of the channel and bar
      cut away;
PAR  FIG. 3 is a view similar to FIG. 2 absent the stirrup assembly and with the
      mechanism in the release position; and
PAR  FIG. 4 is a transverse cross sectional view of the adjusting and locking
      mechanism taken through the sight line 4--4 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning then to the drawing, reference numeral 10 generally designates a
      medical examination table having first and second stirrup assemblies 11
      located at the left and right sides of the foot end. Each of the stirrup
      assemblies 11 includes a support rod 12 holding a stirrup 13. The stirrup
      assemblies 11 are adjustable vertically and angularly by means of a
      vertical adjustment mechanism generally designated 14 which, as mentioned,
      forms no part of the present invention. More details regarding the
      vertical adjustment mechanism 14 may be obtained from the co-owned,
      copending application of Floyd F. Mueller, et al., for "Clamping Mechanism
      for Adjusting Stirrup on a Medical Examination Table", Ser. No. 329,452.
PAR  Each of the stirrup assemblies 11 is mounted to the distal end of a
      horizontal extension bar 15, the height of the center of the stirrup
      assembly 11 relative to the bar 15 has a bearing on the frictional locking
      force, as will be made clear. It is preferred that this height be at least
      about seven inches. The bar is slidably received in a channel generally
      designated 16 in FIG. 4 within the cabinet beneath the patient support
      portion of the examination table 10. As seen in FIG. 4, the bar 15 has a
      rectangular shape with a greater depth than width.
PAR  The channel 16 is formed by fitting a first U-shaped channel member 17
      within a second U-shaped channel member 18. Both members are preferably
      enameled steel. The web portions 19 and 20 respectively of the U channel
      members 17 and 18 are spaced laterally apart by a distance slightly
      greater than the width of the extension bar 15 to allow clearance, and the
      height of the resulting channel ly is slightly greater than the height of
      the extension bar 15, as will be described presently. Thus, in addition to
      the two side web portions 19, 20, the channel 16 is defined by a top wall
      portion 21 and a bottom wall portion 22, thus forming a closed tubular
      channel for telescopically receiving the extension bar 15.
PAR  On the upper surface of the extension bar 15 adjacent the inboard end
      thereof is a thin brake pad 25 which is preferably made of neoprene,
      rubber, or equivalent material which has the property of high frictional
      engagement when it contacts the under surface of the upper wall 21. For
      example, if the channel is made of enameled steel and the pad is neoprene
      or rubber, the coefficient of friction between the two is 0.9, and it is
      preferred that the resulting coefficient of friction be at least about 0.9
      to achieve reliable locking action on the extension bar against further
      horizontal movement.
PAR  The brake pad 25 may be secured to the rod 15 with any suitable bonding
      agent, such as contact adhesive. Similarly, a braking pad 26 is secured to
      the upper surface of the bottom wall 22 of the channel 16 adjacent its
      mouth, designated 27. Typical dimensions for the brake pads 25, 26 are
      1/16 in. thick, 5/16 in. wide, and 1 in. long.
PAR  In operation, when it is desired to adjust the extension of the bar 15, the
      stirrup assembly 11 or the bar itself may be grasped in one hand and urged
      in the direction of the arrow 30, (that is, upwardly). This releases the
      frictional engagement between the contact pads 25, 26 and their associated
      engaged areas on the undersurface of the upper wall 21 and the under
      surface of the bar 15 respectively. Next, the entire assembly may be
      pulled outwardly in the direction of the arrow 31 if it is desired to
      increase the distance of the stirrup assembly from the foot of the table
      10, or it may be pushed inwardly, if desired. When the stirrup assembly is
      released it will fall under gravity with the lower brake pad 26 acting as
      a fulcrum for a clockwise rotation of the extension bar 15 until the upper
      brake pad 25 engages the top wall 21 of the channel 16, locking the bar 15
      in its predetermined horizontal extension.
PAR  Considering now the forces involved in locking the extension bar in place,
      in relation to those tending to unseat it, the following nomenclature will
      be used:
PA1  Force A is the vertical force exerted by the pad 25 on the upper channel
      wall 21.
PA1  Force B is the vertical support force exerted by the extension bar 15 on
      the fixed friction pad 26 adjacent the mouth of the channel.
PA1  F.sub.a is the frictional force between the pad 25 and channel due to Force
      A.
PA1  F.sub.b is the frictional force between the bar 15 and the pad 26 due to
      Force B.
PA1  Coefficient of friction between steel and Neoprene rubber or rubber is
      approximately 0.9.
PA1  W is the force applied by a patient's leg.
PAR  The worst case, in the sense of applying a force tending to unseat the bar
      15 in relation to the frictional forces holding it in place is encountered
      when the bar 15 is located in its innermost, not outermost position. In
      this position, the applied force, W, due to the patient's leg is applied
      at an angle of approximately 60.degree. relative to the horizontal. The
      center of the application of the Force W to the stirrup occurs at 7 in.
      above the bar 15, and 2.75 in to the right of the stirrup rod; and this
      may be resolved into a vertical component, W.sub.V = 0.86 W, and a
      horizontal component, .sup.W H = 0.50 W. In this condition, for the
      illustrated design, the distance between the Force A and the application
      of Force W on the stirrup is 21.75 in. The horizontal distance between
      Force B and the stirrup rod is 2 in. (leaving the distance between Force A
      and Force B to be 17 in.).
PAR  Summing the moments produced by the above forces about the pad 25,
EQU  0 = (17 .times. B) - (0.86 W .times. 21.75) - (0.50 W .times. 7)
PAL  from the above, a simple calculation will show that Force B is 1.3 W. The
      frictional force is 0.9 .times. Force B, and this results in: F.sub.B =
      1.17 W.
PAR  Taking a similar approach of summing the moments about the pad 26, and
      applying the same coefficient of friction, the frictional force F.sub.A
      can be computed to be 0.40 W. Hence, the total frictional force tending to
      maintain the bar 15 in place is 1.17 W + 0.40 W = 1.57 W. The force
      tending to unseat the bar, from the above, W.sub.H = 0.5 W. Hence, the
      total frictional force between the channel and the bar is over three times
      the force tending to unseat the bar under what might be considered worse
      case conditions for normal use.
PAR  If the bar is extended such that the distance between the stirrup and the
      pad 26 is 17 in., and it is assumed that the applied weight W is applied
      at a 10.degree. angle relative to the horizontal, using the same figures
      and approach, the same computation leads to the result that the total
      horizontal holding force on the bar 15 is greater than nine times the
      horizontal component of the applied weight which tends to unseat the bar.
      Thus, the further the bar 15 is extended, the greater is the locking
      force, and reliability is therefore greater.
PAR  It will be observed from the above that when the mechanism is adjusted, any
      increase in downward force on the stirrup assembly 11 will cause even
      further normal force on each of the brake pads 25, 26 to increase the
      frictional engagement during normal use conditions, thereby rendering the
      locking mechanism more reliable rather than less reliable during use.
PAR  Having thus described in detail a preferred embodiment of the present
      invention, persons skilled in the art will be able to modify certain of
      the structure which has been illustrated and to substitute equivalent
      elements for those disclosed while continuing to practice the principle of
      the invention; and it is, therefore, intended that all such modifications
      and substitutions be covered as they are embraced within the spirit and
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an examination table having first and second foot rest assemblies
      located respectively at the left and right sides of the foot end of the
      table, the improvement wherein each of said foot rest assemblies
      comprises: a horizontal support bar having inner and outer ends; a stirrup
      assembly carried by the outer end of said bar; a closed tubular channel in
      said table for telescopically receiving said bar and conforming to the
      shape of said bar with clearances on all sides; and first and second brake
      pads of resilient, compressible material located respectively on the upper
      surface of the inner end of said bar and the lower surface of said channel
      adjacent the mouth thereof, the material of said channel and said brake
      pads being such that the coefficient of friction therebetween is at least
      about 0.9, whereby a downward force on said stirrup assembly will cause
      said extension bar to frictionally engage said second brake pad and pivot
      thereabout while said first brake pad frictionally engages the under
      surface of the top of said channel to lock said bar against further
      horizontal movement, said frictional engagement between said bar and
      channel being the sole force locking said bar in place.
NUM  2.
PAR  2. The structure of claim 1 wherein each of said brake pads is tubber or
      neoprene having a thickness of about one-sixteenth in.
NUM  3.
PAR  3. The structure of claim 2 characterized in that each of said channel and
      said extension bar has a rectangular cross section with a greater height
      than width; and said channel is enameled steel.
NUM  4.
PAR  4. The structure of claim 3 wherein said channel is formed from two
      generally U-shaped channel members turned on their sides, each having a
      web portion, said webs being spaced apart to define the width of said
      channel.
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ABST
PAL  An improved deleaver for separating the plies of multiple-ply, continuous
      business forms stationery assemblies with or without interleaved carbon
      plies. The deleaver includes an input end and an output end having a
      plurality of ply-receiving pockets. Intermediate the output end and the
      input end is a first driving device for engaging the continuous business
      forms assembly along a path of stationery travel to drive the same from
      the input end to the output end. Located forwardly of the drive means is a
      pinfeed device for engaging the assembly and forwardly of the pinfeed
      assembly is an adjustable drag device. The pinfeed device includes a
      non-positive drive that tends to drive the stationery along the path
      faster than the rate at which the stationery is driven by the drive means
      and, due to the effect of the drag device, operates in bucking relation
      therewith to produce smooth deleaving at all points in a deleaving run.
      Also disclosed is a deleaver having a positive drive for stationery
      driving components including timing belts and a unique hold-down roller
      assembly for cooperating with driving rollers forwardly of each of the
      pockets in the output end.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to deleavers for separating the plies of
      multiple-ply, continuous business froms stationery assemblies. The most
      relevant prior art known to the applicant is U.S. Pat. No. 3,514,094 to
      Absler et al.
PAR  With the increasing use of continuous business forms assemblies in a
      variety of business operations due to the efficiency provided thereby,
      there has been a corresponding increase in the use of mechanized apparatus
      for performing various processing operations on such assemblies. A typical
      type of such apparatus is a so-called "deleaver" which is employed for the
      purpose of separating multiple-ply, continuous business forms assemblies
      into individual plies and for removing interleaved carbon transfer
      material located between stationery plies if such is used.
PAR  In the most basic sense, a deleaver includes an input end whereat a
      continuous business forms assembly typically folded in a zig-zag stack, is
      located. The form is fed through the deleaver to an output end which may
      be defined by a plurality of pockets each for receiving a designated ply
      or plies of the assembly. Various means are employed for driving the
      continuous business forms assembly from the input end to the output end.
      Frequently, pinfeed devices which engage control punched margins typically
      found on such forms are employed. In addition, where forms having
      interleaved carbon are employed, carbon takeup reels, generally equal in
      number to the number of pockets less one, are associated with all but the
      last pocket for winding up the interleaved carbon and thereby drawing the
      stationery through the deleaver.
PAR  Such devices do not always operate consistently to provide smooth
      deleaving. For example, because pinfeed drives tend to push the form
      through the apparatus, by reason of the tendency of the form, when not
      under tension, to reassume the typical zig-zag folded shape, the various
      plies of the same may not enter the pockets and refold smoothly.
      Similarly, because as a carbon takeup reel becomes loaded, its effective
      diameter increases, the rate at which the form is pulled through the
      apparatus will steadily increase from the beginning to the end of the run
      with the consequence that such carbon takeup devices tend to buck other
      feeding devices driven at a uniform rate from start to finish during the
      deleaving process. Such bucking can also interfere with uniform refolding
      of the individual plies within their associated pocket.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the invention to provide a new and improved
      deleaver for continuous business forms stationery assemblies. More
      specifically, it is an object of the invention to provide such a deleaver
      wherein smooth operation with uniform refolding is virtually universally
      obtainable throughout a deleaving run even when the assembly to be
      deleaved includes interleaved carbon plies.
PAR  An exemplary embodiment achieves the foregoing objects in a structure
      including a frame having an input end and an output end defined by a
      plurality of individual plyreceiving pockets. The frame also includes
      means defining a path of stationery travel between the input end and the
      output end and the drive means are located along such path for driving the
      stationery along the path. Forwardly of the drive means and along the path
      is a pinfeed device for engaging the control punched margins of forms when
      such are present. The pinfeed device is driven by a non-positive drive,
      preferably in the form of a drive system having a friction clutch, in such
      a way that the pinfeed device would always tend to drive the form along
      the path of stationery travel at a rate greater than the rate at which the
      stationery would travel if driven by the above mentioned drive means alone
      throughout the entire run.
PAR  Forwardly of the pinfeed device is a drag device which is operable to place
      tension upon the form as it proceeds from the input end to the pinfeed
      device. Consequently, the drag device and the pinfeed device are in
      bucking relation with the latter serving to preclude the pinfeed device
      from driving at its intended rate of speed by reason of the non-positive
      drive. This results in the form being pulled through the deleaver under
      uniform tension from start to finish of a run by the drive device to cause
      uniform refolding.
PAR  According to one embodiment of the invention, the drive means includes one
      or more carbon takeup reels, one associated with each of the pockets save
      for that pocket most remote from the input end along the path of
      stationery travel. The carbon takeup reels are positively driven and to
      this end, timing belts are employed. The use of positive driving by means
      of timing belts, as opposed to non-positive drives such as V-belts, also
      promotes uniform refolding of the individual plies in the associated
      pocket.
PAR  The drive means also includes a plurality of driven rollers along the
      stationery path, each located just forwardly of an associated one of the
      pockets. Like the carbon reels, the rollers are positively driven by means
      of timing belts, again, to provide uniform refolding from the start to the
      finish of a run.
PAR  In a highly preferred embodiment of the invention, one or more hold-down
      roller assemblies are employed in connection with one or more of the above
      mentioned rollers for compressively sandwiching the stationery between the
      hold-down roller assembly and the drive roller. Means are provided whereby
      the degree of compression provided by the hold-down assembly may be
      varied.
PAR  Other objects and advantages will become apparent from the following
      specification taken in connection with the accompanying drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a deleaver made according to the invention;
PAR  FIG. 2 is an enlarged, somewhat fragmentary view of the deleaver from the
      side opposite the side illustrated in FIG. 1;
PAR  FIG. 3 is a sectional view taken approximately along the line 3--3 in FIG.
      2;
PAR  FIG. 4 is an enlarged, fragmentary view of a drag device employed in the
      invention with parts shown in section for clarity; and
PAR  FIG. 5 is a view of a hold-down roller assembly with parts shown in
      section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An exemplary embodiment of a deleaver made according to the invention is
      illustrated in FIGS. 1 and 2 and is seen to include a frame, generally
      designated 10, comprised of plural structural members (not numbered)
      appropriately interconnected according to good engineering practice as
      well as various sheet metal panels, also not numbered. The frame 10
      includes an input end, generally designated 12, which may be defined by a
      shelf or the like on which a continuous business forms stationery
      assembly, typically in a zig-zag folded stack, may be placed prior to the
      initiation of a deleaving operation. The frame 10 also includes an output
      end, generally designated 14, at which the deleaved forms may be removed
      following a deleaving operation. The output end 14 includes a plurality of
      pockets 16 and a shelf 18 which receive corresponding ones of the plies of
      the form being deleaved. For example, and with reference to FIG. 1, the
      leftmost pocket 16 will receive the lowermost ply of the assembly being
      deleaved, while the shelf 18 will receive the uppermost ply or plies of
      the form being deleaved assuming the form consists of six or more plies
      and is being deleaved on the deleaver illustrated in FIG. 1 which has five
      of the pockets 16.
PAR  Preferably, the frame 10 is made up of one or more modules. For example, an
      infeed module 18 may be employed and includes the input end 12 and one
      pocket 16. Other identical modules 20 having two pockets 16 may or may not
      be employed depending upon the desired capacity of the deleaver.
PAR  Various means to be described in greater detail hereinafter define a path
      of stationery travel shown in dotted lines and designated P form the input
      end 12 of the deleaver to the various pockets 16 and the shelf 18.
PAR  A drive means for driving the stationery along the path P includes a
      plurality of carbon takeup reels 22, one for each pocket. Of course, the
      carbon takeup reels provide a driving action only when a form having
      interleaved carbon is used. Each pocket 16 is also provided with a
      foldable carbon turning bar, shown in FIG. 1 in an unused position.
      Further details of the carbon turning bar may be ascertained by reference
      to the commonly assigned, copending application of Bower et al., Ser. No.
      426,454, entitled "Deleaver For Continuous Business Forms Assemblies,"
      filed Dec. 20, 1973.
PAR  Also forming part of the drive means for driving the stationery along the
      path P, are a plurality of rollers one for each of the pockets 16 and one
      for the shelf 18. The rollers are designated 26 and are adapted to engage
      the undersurface of the lowermost ply of the assembly as it passes the
      respective position of the rollers 26. Thus, the rollers 26 and/or the
      carbon takeup reels 22 constitute a drive means for driving the forms
      along the path P, which drive means are located forwardly of the output
      end 14 of the deleaver along the path P of stationery travel, i.e.,
      forwardly along the path P with reference to the refolding surfaces of the
      pockets 16 and the shelf 18 as is well known.
PAR  The deleaver also includes a pinfeed assembly, generally designated 28,
      which has a plurality of pins for impaling the holes typically found in
      control punched margins on the forms to be deleaved if the forms are
      provided with such. The pinfeed assembly 28 is described in greater detail
      in the commonly assigned, copending application of Jennings et al.,
      entitled "Powered Adjustable Trimmer Construction," Ser. No. 426,452,
      filed Dec. 20, 1973, the details of which are herein incorporated by
      reference.
PAR  Located forwardly along the path P of the pinfeed device 28, is an
      adjustable drag device, generally designated 30, to be described in
      greater detail hereinafter. The drag device 30 engages business forms
      traveling along the path P for the purpose of producing a drag thereon.
      The general construction is completed by the use of one or more hold-down
      roller assemblies, generally designated 32, and associated with
      corresponding ones of the rollers 26 to compressively sandwich a
      continuous business forms assembly against the rollers 26. The hold-down
      roller assemblies 32 will be described in greater detail hereinafter.
PAR  Referring now to FIG. 2, suitably mounted in the frame 10 is a motor 32
      having a rotary output shaft 34 mounting a sheave 36. A sheave 38 is
      mounted on a suitably journalled shaft 40 and a belt 42 is trained about
      the sheaves 36 and 38 to establish a driving connection. Unlike the belts
      to be described hereinafter, the belt 42 may be of any desired
      construction and, according to one embodiment, is a so-called "poly
      V-belt."
PAR  The shaft 40 also mounts for rotation therewith first and second sheaves 44
      and 46, only one of which can be seen. One of the sheaves 44 and 46
      cooperates with a timing belt 48 to drive a sheave 50, which in turn
      drives a shaft 52. The shaft 52 in turn drives the leftmost roller 26 as
      seen in FIG. 1.
PAR  As will be seen, the timing belt 48 is also used to direct rotary power to
      the pinfeed device 28 as will be described in greater detail hereinafter.
PAR  The other of the sheaves 44 and 46, via a V-belt 54, directs rotary motion
      to a sheave 56 which in turn drives a shaft 58. The shaft 58 in turn
      drives the second roller 26 from the left.
PAR  The timing belt 54 is also trained about a sheave 60 for driving a shaft
      62. The shaft 62 mounts the leftmost carbon takeup reel 22 and,
      accordingly, the latter will be driven when the shaft 62 is rotated. Also
      mounted on the shaft 62 is a sheave 64 having a timing belt 66 trained
      thereabout. The timing belt 66 extends to an arrangement of sheaves and
      shafts corresponding to the arrangement of the sheaves 56, 60 and 64 and
      shafts 58 and 62 to drive the next roller 26 and carbon takeup reel 22 and
      the arrangement is further duplicated as need be to provide motive power
      for all of the carbon takeup reels 22 and the rollers 26.
PAR  It is to be particularly observed that timing belts such as the timing
      belts 48, 54 and 66 are employed to insure positive drive of the rollers
      26 and the carbon takeup reels 22. Other forms of positive drive, such as
      gears or chains, could be employed, but timing belts are preferred for
      economy purposes. It is to be understood that other drive systems which,
      in ordinary usage, may be considered somewhat positive, such as V-belts,
      are not contemplated and, in fact, are to be avoided so that the pinfeed
      device 28, the carbon takeup reels 22 and the drive rollers 26 are all
      driven positively with respect to each other to produce the optimum
      refolding and smooth deleaving accomplished by the invention.
PAR  Turning now to FIGS. 2 and 3, the manner in which the pinfeed device 28 is
      driven will be described in greater detail. With reference specifically to
      FIG. 3, a side plate 70 constituting a portion of the frame 10 mounts a
      bearing 72 for journalling a shaft 74 forming part of the pinfeed device
      28. The shaft 74 provides motive force for the pins (not shown) as can be
      easily ascertained by reference to the aforementioned copending
      application. The shaft 74 includes a leftward extension in the form of a
      stub shaft 76 and the extreme left-hand end thereof, as viewed in FIG. 3,
      mounts a one-way clutch 78 of conventional construction. Intermediate the
      one-way clutch 78 and the plate 70 is a conventional friction clutch 80.
      As will be seen, the shaft 74, when the deleaver is in use, will be driven
      in a counterclockwise direction as seen in FIG. 2, and the arrangement of
      the one-way clutch 78 is such that when the input thereto is maintained
      stationary, assuming no resistance to rotation is provided by other
      components of the drive system, the shaft 74 may be freely rotated in the
      counterclockwise direction but will be held against movement in a
      clockwise direction.
PAR  The exteriors of both the one-way clutch 78 and the friction clutch 80 are
      provided with teeth 82 and 84 respectively for driving cooperation with
      timing belts 86 and 88 respectively.
PAR  The side plate 70 also journals a shaft 90 which is employed to drive a
      trimmer forming part of the pinfeed device 28 as described in greater
      detail in the aforementioned copending application. Mounted on the shaft
      90 is a sheave 92 and the timing belt 48, as seen in FIG. 2, is trained
      thereabout. Also mounted on the shaft 90 for rotation therewith is a
      sheave 94 and a sheave 96, the sheave 94 being of smaller diameter than
      the sheave 96. The belt 86 is trained about the sheave 94 as well as an
      idler 100, while the belt 88 is trained about the sheave 96 and an idler
      102.
PAR  As can be seen in FIG. 3, the pitch diameters of the clutches 78 and 80 are
      approximately the same, while a considerable difference in the pitch
      diameter of the sheaves 94 and 96 exists. Consequently, the driving of the
      shaft 94 via only the belt 86 and the one-way clutch 78 will be at a
      lesser rate than the driving of the shaft 74 via only the friction clutch
      80, the belt 88 and the sheave 96. Consequently, during operation, the
      clutch 78 will always be overrunning by reason of the more rapid drive
      rate of the shaft 74 through the friction clutch 80.
PAR  While precise ratios of various driven components including the carbon
      takeup reels and the rollers 26 do not form a part of the instant
      invention, the relative rates of drive of these components relative to
      each other is of substantial consequence.
PAR  Those skilled in the art will recognize that when a stationery assembly
      having interleaved carbon is being deleaved, by reason of the positive
      driving of the carbon takeup reels 22, the fastest rate of stationery
      travel will occur just prior to the end of a deleaving run when the
      effective driving diameter of the carbon takeup reels 22 has been
      increased by reason of their accumulating carbon thereon. One skilled in
      the art will similarly recognize that the slowest speed during a deleaving
      run will be that at start-up when the effective driving diameter of the
      carbon takeup reels 22 will be at a minimum be reason of no carbon being
      accumulated thereon.
PAR  The selection of gear ratios is such that if the shaft 74 were only driven
      through the one-way clutch 78, the pins associated therewith would always
      drive the form at a rate less than the minimum rate mentioned above. At
      the same time, the selection is such that if the shaft 74 were driven only
      through the friction clutch 80 and there were no slippage in the
      connection by reason of the presence of the clutch 80, the pins associated
      with the shaft 74 would always be driven at the rate equal to or greater
      than the above mentioned maximum. Moreover, the rollers 26 are always
      driven at a rate approximately equal to or greater than the above
      mentioned maximum. Finally, it is generally preferable to drive the first
      and last rollers 26, i.e., those shown at the left and right,
      respectively, in FIG. 1, at a more rapid rate than the remainder.
PAR  One optimum arrangement is illustrated in the following Table wherein the
      base speed of the apparatus is selected as that of the carbon takeup reels
      22 and no slippage in the friction clutch 80 is assumed.
TBL  __________________________________________________________________________
     RELATIVE SURFACE SPEED OF COMPONENTS                                      
     __________________________________________________________________________
                   Start of Run (No                                            
                             End of Run of 1842                                
     Component     Carbon on Reels)                                            
                             Feet of Carbon                                    
     __________________________________________________________________________
     Carbon Takeup Reels                                                       
                   Base                                                        
                       Speed Base                                              
                                 Speed                                         
     Stationery Drive Rollers                                                  
                   61% faster                                                  
                             1%  slower                                        
     First Stationery Drive                                                    
     Roller        164%                                                        
                       faster                                                  
                             62% faster                                        
     Last Stationery Drive                                                     
     Roller        94% faster                                                  
                             19% faster                                        
     Pinfeed - One-Way Clutch                                                  
                   11% slower                                                  
                             45% slower                                        
     Pinfeed - Friction                                                        
     Clutch        64% faster                                                  
                             1%  faster                                        
     __________________________________________________________________________
PAR  The foregoing Table illustrates that the pinfeed device 28 would
      substantially overfeed the carbon takeup reels at the beginning of the run
      and would be nominally overfeeding at the end of the run. However, as
      mentioned previously, the drag device 30 is located forwardly of the
      pinfeed device 28 along the path P of stationery travel and when adjusted
      properly to place drag on the form as it travels through the path P will
      cause the friction clutch 80 to slip. The drag produced is chosen to
      essentially balance the driving forces produced by the pinfeed device 28
      with those produced by the carbon takeup reels and/or the stationery drive
      rollers so that the forms intermediate the pinfeed device 28 and the
      carbon takeup reels and/or stationery drive rollers are under slight
      tension. Consequently, the forms are "lightly" pulled through the pinfeed
      device 28 by either the carbon takeup reels 22 if a form having
      interleaved carbon is being deleaved with some assistance provided by the
      rollers 26 or, if a carbonless form is being deleaved, entirely by the
      rollers 26.
PAR  With reference to FIG. 4, the drag device 30 will be described in greater
      detail. Specifically, the left-hand end of the frame 10 mounts a curved
      plate 110 which defines a portion of the path P of stationery travel is
      illustrated.
PAR  A male collar 112, shown in section, is secured by any suitable means to
      one of the deleaver sides and journals an elongated, split tube 114 as
      well as a female clamping collar 116. By means of a pin 118, the split
      tube 114 is affixed to the female collar 116. At the opposite side of the
      deleaver a further collar secured to the side thereof journals the
      opposite end of the split tube 114 so that the latter extends across the
      entire deleaver.
PAR  A brush 120 has a series of bristles 122 extending through the slit in the
      tube 114 along the entire length thereof and a backing member 124 within
      the interior of the tube 114. A wooden dowel 126 is forced into the tube
      114 in abutting relation with the backing 124 to firmly secure the brush
      120 in the position illustrated in FIG. 4.
PAR  The female collar 116 is provided with a threaded bore 128 at a location
      overlying the male collar 112. A threaded shaft 130 is threadably received
      within the bore 128 and mounts a handle 132 at one end thereof. As a
      result of the foregoing construction, the threaded shaft 130 may be
      brought to bear against the male bushing 112 to affix the assemblage,
      including the brush 120, the slit tube 114, the female bushing 116, and
      the threaded shaft 130 in any desired position of rotation about the axis
      provided by the male bushing 112. Stated another way, by loosening the
      shaft 130 within the bore 128 through appropriate manipulation of the knob
      134, and rotating the latter about the elongated axis of the slit tube
      114, the attitude of the bristles relative to the path P may be
      selectively varied to vary the degree of force applied to stationery
      traveling along the path by the bristle 122, and thus produce an
      adjustable drag effect.
PAR  As a result of the foregoing structure of the drag device 30, the same may
      be appropriately adjusted to balance out the driving force that would be
      applied by the pinfeed device to the business forms being deleaved by
      causing the clutch 80 to slip. In other words, the drive provided to the
      pinfeed device through the clutch 80 and the drag device 30 buck each
      other so that other drive components including the carbon takeup reels 22
      and the rollers 26 provide all feeding action resulting in uniform tension
      of the continuous business forms assembly throughout the deleaving process
      which materially assists in refolding and smooth operation.
PAR  Moreover, because the clutch 80 will attempt to drive the pinfeed device
      associated with the shaft 74 at a rate that would cause the forms to
      overfeed, and such overfeeding is resisted by the drag device 30, friction
      in the pinfeed device is virtually eliminated. That is, throughout the
      entire deleaving operation, when the pinfeed device is being employed in
      connection with forms having control punched margins, the drive components
      are not pulling the assembly against internal friction within the drive
      for the pinfeed device.
PAR  As is well known, many business forms in use presently do not employ
      interleaved carbon strips. Accordingly, when such forms are being
      deleaved, the sole driving force of the forms through the apparatus is
      applied by the rollers 26 since the carbon takeup reels 22 will not be
      employed. Typically, hold-down roller assemblies have been employed in
      connection with such rollers to insure good contact therewith to obtain
      proper feeding. However, even with such hold-down devices as have been
      conventionally used, smooth feeding has not been universally obtained.
PAR  FIG. 5 illustrates a hold-down roller assembly, previously identified under
      the general designation 32, in greater detail. In particular, the side
      plate 70 of the deleaver mounts a suitable bracket 150 for receiving an
      offset end 152 of a shaft 154 to journal the same about a generally
      horizontal axis. At the end of the shaft 154 remote from the end 152, a
      force-fit retaining cap 156 is provided and inwardly of the cap 156 is a
      bushing 158 having an internal diameter just slightly less than the
      diameter of the shaft 154. Consequently, the bushing 158 may be moved
      longitudinally on the shaft 154 but friction will cause the same to remain
      in any position at which it is located.
PAR  The bushing 158 mounts a hold-down roller element 160 which is adapted to
      engage the upper surface of a continuous business forms assembly as it is
      being deleaved.
PAR  Intermediate the roller element 160 and the bracket 150, the shaft 154
      slidably mounts a weight 162 having a screw clamp 164 associated
      therewith. By loosening the screw clamp 164, the position of the weight
      162 on the shaft 154 may be selectively adjusted. By tightening the screw
      shaft 164 at a desired position of adjustment, the weight 162 may be made
      to remain in a particular position.
PAR  It will be recognized that the roller element 160 is mounted in a
      cantilever fashion by reason of the bracket 150 and that the degree of
      compression exerted by the roller element 160 against the form and an
      underlying one of the rollers 26 would be varied in accordance with the
      position of the weight 152 on the shaft 154. When a greater degree of
      compressive force is desired, the weight 162 may be moved toward the cap
      156 while when a lesser degree of compressive force is required, the
      weight 162 may be moved towards the bracket 150. In so varying the force,
      the friction between the rollers 26, which it will be recalled, form part
      of a drive means for the form, and the form is varied according to such
      compression. Thus, through suitable adjustment an optimum degree of
      compression resulting in optimum feeding and refolding can be achieved.
PAR  If desired, the location of the roller element 160 may be adjusted as
      necessary simply by sliding the bushing 158 along the shaft 154 to a
      desired position.
PAR  With the adjustment thus provided in the hold-down roller assembly, smooth
      feeding of the forms to be deleaved and optimum refolding can be obtained
      for carbonless forms or, for that matter, when forms not having control
      punched margins are deleaved. In such a case, through suitable adjusting
      of the hold-down roller assembly and the drag device 30, uniform tension
      can again be achieved.
PAR  From the foregoing, it will be apparent that a deleaver made according to
      the invention provides substantially improved performance over those
      heretofore known regardless of whether used in deleaving carbon or
      carbonless forms or forms with or without control punched margins.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a deleaver for separating the plies of multiple-ply, continuous
      business forms stationery assemblies, the combination comprising: frame
      means having an input end for receiving the continuous business forms
      assembly and an output end for separately receiving individual plies of
      the continuous business forms assembly and including means defining a path
      of stationery travel from said input end to said output end; means along
      said path for engaging the continuous business forms assembly for driving
      the continuous business forms assembly along said path; a pinfeed device
      located forwardly of said driving means for cooperating with control
      punched margins on a continuous business forms assembly, said pinfeed
      device including means defining a non-positive drive for tending to cause
      said pinfeed device to drive the continuous business forms assembly along
      said path at a rate greater than the rate at which said driving means will
      drive the continuous business forms assembly along said path and a drag
      device for engaging a continuous business forms assembly, said drag device
      being located on said path and between said input end and said pinfeed
      device whereby smooth movement of a continuous business forms assembly
      along said path for varying rates of velocity thereof produced by said
      driving means is achieved through balancing of the driving force imparted
      to the continuous business forms assembly by said pinfeed device with drag
      on said continuous business forms assembly produced by said drag device.
NUM  2.
PAR  2. The deleaver of claim 1 wherein said drag device is adjustable to
      produce varying degrees of drag on a continuous business forms assembly.
NUM  3.
PAR  3. The deleaver of claim 2 wherein said drag device comprises a brush-like
      structure having bristles for engaging a continuous business forms
      assembly being driven along said path and means for adjusting the location
      of said bristles relative to said path to adjust the degree of drag placed
      on said continuous business forms assembly.
NUM  4.
PAR  4. A deleaver according to claim 1 especially adapted for the separation of
      a multiple-ply, continuous business forms assembly having interleaved
      carbon plies wherein said output end includes at least two pockets and
      further including at least one carbon takeup reel, said driving means
      including said carbon takeup reel.
NUM  5.
PAR  5. A deleaver according to claim 1 wherein said output end includes at
      least two pockets for receiving different plies of a multiple-ply
      continuous business forms assembly and wherein said drive means comprise a
      roller associated with each of said pockets for engaging associated plies
      of the continuous business forms assembly.
NUM  6.
PAR  6. A deleaver according to claim 1 wherein said non-positive drive means
      includes a friction clutch.
NUM  7.
PAR  7. A deleaver according to claim 1 wherein said pinfeed device includes a
      further drive having a one-way clutch, said further drive tending to cause
      said pinfeed device to drive the continuous business forms assembly along
      said path at a rate lesser than the rate at which said drive means will
      drive the continuous business forms assembly along said path, said one-way
      clutch being arranged to permit said non-positive drive means, said drive
      means and said drag device to substantially determine the rate at which
      said pinfeed device drives the continuous business forms assembly along
      said path.
NUM  8.
PAR  8. A deleaver according to claim 1 wherein said pinfeed device includes a
      rotary shaft and said non-positive drive means includes a motor having a
      rotary output shaft and first means including a friction clutch drivingly
      interconnecting said output shaft with said pinfeed shaft; and further
      including second means drivingly interconnecting said output shaft and
      said pinfeed shaft including a one-way clutch and means for reducing the
      speed at which said pinfeed shaft is driven by said second means through
      said one-way clutch so that said pinfeed shaft is driven at a lesser rate
      by said second means through said one-way clutch than by said first means
      through said friction clutch, said speed reducing means further being such
      that the rate at which said pinfeed shaft is driven by said second means
      will be such that continuous business forms would be driven along said
      path by said driving means at a rate greater than that by said pinfeed
      device if said pinfeed device were driven solely by said second means.
NUM  9.
PAR  9. A deleaver according to claim 1 wherein said output end includes a
      plurality of at least two pockets for receiving different plies of a
      continuous business forms assembly and wherein said drive means includes a
      plurality of rollers, one for each pocket, and located on said path; and
      means for rotating said rollers to drive stationery into the associated
      pockets, said means for rotating said rollers including a driven rotary
      shaft and a positive drive system interconnecting said driven shaft and
      said rollers.
NUM  10.
PAR  10. A deleaver according to claim 9 wherein said positive drive system
      includes timing belts.
NUM  11.
PAR  11. A deleaver according to claim 1 especially adapted for the separation
      of multiple-ply, continuous business forms assemblies having interleaved
      carbon plies wherein said output end includes at least two pockets for
      receiving associated stationery plies and further including at least one
      carbon takeup reel, said driving means including said carbon takeup reel;
      and means for positively driving said carbon takeup reel.
NUM  12.
PAR  12. A deleaver according to claim 11 wherein said means for positively
      driving said carbon takeup reel comprise a driven rotary output shaft and
      a timing belt interconnecting said driven shaft and said carbon takeup
      reel.
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ABST
PAL  An improved collating apparatus for a high speed duplicator machine,
      including a set of collating bins for collating the copy sheets being
      produced by the machine, a set of collecting bins, means for releasing the
      collated sheets into the collecting bins. The bottom members of the
      collating bins are operable to open for releasing the collated sheets into
      the collecting bins whereby the collating bins are conditioned to be ready
      for a succeeding cycle of operation without interruption, if required. The
      apparatus may be also provided with vibrating means to jog the collated
      sheets to align the edges thereof for subsequent removal. The improved
      apparatus provides an increased throughput capacity to the machine,
      simplifies the mechanism and control circuitry involved and makes optimal
      utilization of the space provided for the machine.
BSUM
PAR  This invention relates generally to a collating apparatus for copying
      systems and, in particular, to a system for producing unlimited number of
      collated copy sets from a set of documents arranged in a predetermined
      order.
PAR  High speed copier/duplicators has created a need for improved collating
      apparatus for handling the outputs of the machine produced at a relatively
      high speed. An inventive and novel apparatus meeting such a demand is
      disclosed in U.S. Pat. No. 3,830,590, assigned to the present assignee.
PAR  According to the approach disclosed therein, a collating apparatus is shown
      to include two sets of 25 collating bins. The apparatus includes means
      including a control logic circuitry for operating the two set of bins in a
      limitless sort mode wherein, if the number of copies to be made exceeds
      the capacity of one set of bins, the machine is arranged to fill the one
      set so that while the other set is being filled, the operator can empty
      the one set of bins that have been filled to get them ready for further
      collating operation.
PAR  While the apparatus disclosed in the pending application provides
      significant improvements in that it enables the machine to collate without
      limit, it has certain areas which can stand a further improvement.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved collating
      apparatus.
PAR  It is another object of the invention to provide an improved limitless
      collator for use with copiers or duplicators.
PAR  It is a further object of this invention to combine an office copier, a
      document handling device and a collator to produce unlimited sets of
      collated copies of original documents.
PAR  It is a further object of this invention to maximize the utilization of the
      space provided for the equipment required for producing large number of
      collated documents.
PAR  It is a further object of this invention to increase throughput capacity of
      copiers or duplicators.
PAR  It is a further object of this invention to minimize the complexity of
      collating apparatus.
PAR  It is another object of this invention to automate the collating and edge
      aligning operations in handling copy sheets.
PAR  According to the present invention, the aforementioned and other objects of
      the present invention are achieved by a collating apparatus having a set
      of collating bins for collating the copy sheets produced by the machine, a
      set of collecting bins and, suitable mechanisms and control circuitry for
      releasing the collated sheets into the collecting bins.
PAR  It is a feature of the present invention to provide means for automatically
      releasing the collated sheets and then preparing the collating bins and
      apparatus for a succeeding cycle of operation.
PAR  It is another feature of the present invention to provide means for jogging
      collated sets of copy sheets simultaneously to align their edges.
DRWD
PAR  The foregoing and other objects and features will become clearer from the
      following detailed description of an illustrative embodiment of the
      present invention in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a copying machine incorporating a limitless
      collating apparatus according to the present invention;
PAR  FIG. 2 is a schematic front view of the collating apparatus;
PAR  FIG. 3 is a schematic side view of the collating apparatus;
PAR  FIG. 4 is a segmented enlarged schematic view of a portion of the collating
      and collecting bins;
PAR  FIG. 5 is a perspective sectioned view of the automatic stapling apparatus;
PAR  FIG. 6 is block diagram of the control circuitry for the collating
      apparatus;
PAR  FIG. 7 is a circuit diagram of the motor circuit of the control circuitry;
PAR  FIG. 8 is a block diagram of the control for the solenoids operative for
      deflecting sheets into collating bins, and releasing the collated sheets
      into collecting bins;
PAR  FIG. 9 is a perspective view of another embodiment of the collating
      apparatus;
PAR  FIG. 10 is a perspective view of a means for ejecting stapled sheets.
DETD
PAC  DETAILED DESCRIPTION
PAR  For a general understanding of reproduction apparatus in which the present
      collating apparatus may be incorporated, reference is made to FIG. 1
      wherein various components of a typical electrostatic printer system are
      illustrated. The printer system may be of the xerographic type and is
      generally designated with the reference numeral 11. As in all xerographic
      systems, a light image of an original to be reproduced is projected onto
      the sensitized surface of a xerographic plate to form an electrostatic
      latent image. Thereafter, the latent image is developed with toner
      material to form a xerographic powder image corresponding to the latent
      image on the plate surface. The powder image is then electrostatically
      transferred to a record material such as a sheet or web of paper or the
      like to which it may be fused by a fusing device whereby the powder image
      is caused permanently to adhere to the surface of the record material.
PAR  The xerographic processor indicated by the reference numeral 11 is arranged
      as a selfcontained unit having all of its processing stations located in a
      unitary enclosure or cabinet. The printer system includes an exposure
      station at which a document to be reproduced is positioned on a glass
      platen 22 for projection onto a photoconductive surface in the form of a
      xerographic belt 13. The document is transported by a recirculating
      document feed apparatus 15 from the bottom of a stack 17 on a supply tray
      19 to the platen for exposure and then returned to the top of the supply
      tray on completion of the exposure until the entire stack has been copied
      at which time the cycle may be repeated as described in U.S. Pat. No.
      3,556,512 entitled "Document Feed Apparatus" and commonly assigned with
      the present invention.
PAR  Imaging light rays from the document which is flash illuminated by lamps 18
      are projected by a first mirror 20 and a projection lens 21 and another
      mirror 23 onto the xerographic belt 13 at the focal plane for the lens 21
      at a position indicated by the dotted line 25.
PAR  As an interface structure and for unobstructed optical projections, the
      side of the cabinet is formed with an enlarged rectangular opening to
      permit the projection of image light rays from the lens 21 to the mirror
      23. Similarly, the cabinet supporting the document plane is formed with a
      corresponding rectangular opening that mates with the opening in the
      printer cabinet when the two cabinets are operatively joined together for
      copying purposes. Suitable light tight gaskets may be utilized adjacent
      the exterior of each opening in the cabinets in order to minimize the
      leakage of unwanted extraneous light.
PAR  The xerographic belt 13 is mounted for movement around three parallel
      arranged rollers 27 suitably mounted in the frame processor 11. The belt
      may be continuously driven by a suitable motor (not shown) and at an
      appropriate speed. The exposure of the belt to the imaging light rays from
      the document discharges the photoconductive layer in the area struck by
      light whereby there remains on the belt an electrostatic latent image
      corresponding to the light image projected from the document. As the belt
      continues its movement, the electrostatic latent image passes a developing
      station at which there is positioned a developer apparatus 29 for
      developing the electrostatic latent image. After development, the powdered
      image is moved to an image transfer station whereat record material or
      sheet of paper just previously separated from a stack of sheets 30 is held
      against the surface of the belt to receive the developed powder image
      therefrom. The sheet is moved in synchronism with the movement of the belt
      during transfer of the developed image. After transfer, the sheet of paper
      is conveyed to a fusing station where a fuser device 31 is positioned to
      receive the sheet of paper for fusing the powder thereon. After fusing of
      the powder image, the sheet is conveyed through an opening in the cabinet
      to a limitless collating apparatus 32 as will be described hereinafter.
      The sheets are separated from the stack and fed from the top of the stack
      by means of a separator roll device 33 in timed sequence with the movement
      of the developed latent images on the belt 13.
PAR  Further details of the processing devices and stations in the printer
      system are not necessary to understand the principles of the present
      invention. However, for a detailed description of these processing
      stations and components along with the other structures of the machine
      printer, one may refer to U.S. Pat. Nos. 3,661,452 and 3,597,071,
      respectively which are commonly assigned with the present invention.
PAR  It will be appreciated that the printer system may be operated in
      conjunction with a roll converter unit indicated by the reference numeral
      35. The roll converter unit 35 is adapted to convert a relatively large
      roll of paper 36 into various sizes of sheets of paper by means of a
      cutter device 37 and a suitable control system (not shown) arranged to
      control cutting and feeding of the individual sheets into operative
      cooperation with the separator roller 33. It will be appreciated that
      operative cooperation is assured between the various units operating with
      the printer system by the physical association of the cabinets for the
      units and the matching openings which enable full cooperation of the
      imaging light rays and sheet transport path between the units. In this
      regard, locking clamps may be provided on all the units for preventing the
      inadvertent movement of such units during use and interlocks incorporating
      an alignment device may be utilized on each unit for ensuring proper
      alignment and to terminate or suspend operation in the event of
      misalignment of separation of the unit occurs. For facility and needs of
      operation, each of the units may be provided with caster wheels and
      locking brakes thereby aiding in the movement of the units into and out of
      cooperative engagement.
PAC  LIMITLESS COLLATING APPARATUS
PAR  Referring now to FIGS. 2, 3 and 4, a limitless collating apparatus 32
      according to the present invention comprises a base frame 51 which
      supports an upper and a lower bin assemblies 53 and 55, respectively.
      Upper assembly 53 includes a unitary framework which defines a series of
      bins or trays 56 which receive copy sheets in a downward direction. Lower
      assembly 55 has a unitary framework which defines a series of trays or
      bins 57 for receiving the collated copy sheets from the upper or collating
      bins 56.
PAR  The upper or collating assembly includes a transport 115 made up of
      horizontal belts 117 driven by a motor (not shown) and free wheeling
      rollers 119 positioned below the sheet path. Above the rollers 119 there
      are another set of rollers 121 which are positioned in belts 117 to ensure
      proper traction. Fingers or gate members 123 serve to deflect the copy
      sheet into the bins or trays when actuated by a solenoid control logic of
      a suitable design under the control of the machine control logic (FIG. 6).
      The control logic is of a suitable design such that initially all of the
      solenoids for the fingers 123, except for the left most finger, are
      de-energized to leave the gates open. The copy sheet reaching the
      collating module or the upper assembly of bins is therefore directed to
      the first bin at the left most location. As the sheet entering into the
      left most bin cuts off the light from a light source 125 momentarilly,
      this is sensed by a photodetecting means such as a phototransistor 127, in
      the form of a pulse signal. The pulse signal is then sent out to a machine
      control logic (FIG. 6). The logic in turn actuates the solenoid for the
      second bin from the left most to direct the next sheet to the next bin,
      and so on, until all of the 25 bins provided for the collating operation
      are filled or lesser of number of bins, as may be programmed for the copy
      run.
PAR  To transport the copy sheets into the upper or collating assembly, there is
      provided a vertical transport 129 disposed as shown off the horizontal
      transport 115 which is made up of a vertical belt 131 which moves against
      another belt 131'. The vertical belts are disposed at an incline, as shown
      as much as the frame 51 and other features of the machine would allow, so
      that the paper sheet path does not make abrupt right angle bends. There
      may be provided a pair of pinch wheels 134 which may be driven by a drive
      off the vertical transport to propel the sheet member being directed to
      the collating bins. The sheet member propelled forward in the horizontal
      plane is then deflected upwardly toward the vertical transport 129 by a
      deflector 135. The vertical transport 129 receives the sheets from the
      deflector 135 and the two belts 131 - 131' carry the sheets upwardly.
PAR  At the exit end, there is provided a deflecting guide means 136 of a
      suitable design which guides the sheet into the horizontal path of travel
      path defined by the horizontal transport means 115.
PAR  There is provided an anti-static bar 137 which is energizable during the
      operation of the collating operation for removing the static electricity
      usually built up on the copy sheets during its travel. It has been found
      that often the static electricity built up in the sheet causes trouble in
      the collating bins and may cause a paper jam. This occurs because the
      sheets being collated in the bins do not lose the static electricity for a
      while. As a result the new incoming sheets are prevented from falling all
      the way down to the bottom of the respective bins by the attracting force
      of the static electricity. Instead the successive sheets dropped into a
      bin tend to stick to the sheets already there before they reach the bottom
      and consequently the successive sheets `crawl up` or stagger upwardly.
      Eventually this causes the upper ends of the sheets to reach the entrance
      from the horizontal transport to the bins in the vicinity of the finger
      123. It has been found that, as a result, the bin capacity is materially
      reduced and in some cases the bin entrance is jammed by the statically
      charged copy sheets blocking them. The aforementioned difficulty is
      significantly reduced by removing the static electricity in the sheet by
      the anti-static bar 137. The anti-static bar 137 is actuable by the
      machine control logic (FIG. 6).
PAR  Now referring to FIG. 4, respective collating bins 56 include side walls or
      frame 73 and a releasable retaining bottom 74 for retaining the copy
      sheets deposited therein from the xerographic copier and dropped into the
      bins. The bottom 74 of the bins are releasably mounted so that in their
      normal position they are closed so that they retain the sheets coming into
      the bins while the collating operation takes place, but they can be opened
      to release the collated sheets when they are ready to be released. The
      released sheets are then dropped into the collecting bins 57.
PAR  Preferably, the entrance ways of the collating bins 56 are disposed as
      closed to the gate fingers 123 as possible. There is provided flexible
      retaining members 145 positioned to guide the sheets into the bottom of
      the bins. This arrangement reduces the curling or spreading of the top
      ends 147 of the sheets and thereby prevents or reduces the tendency of the
      curled upper ends from blocking the entry of sheets. This increases the
      net or effective capacity of the bins in receiving and holding the sheets.
PAR  For the opening and closing operation of the bottoms of the collating bins,
      any suitable actuable means may be used such as that schematically
      illustrated in FIG. 4. For example, it may comprise bottom members 74
      hingedly coupled to a bottom end of the vertical members of the bins. A
      linkage arm 59 is provided to couple the bottom members to a suitable
      means such as a solenoid means 58 actuable upon completion of a collating
      operation by a signal provided by the collating logic 201 via a signal
      path 262.
PAR  The bottom assembly may be of a unitary frame as illustrated in FIG. 2 that
      has a set of bins 57 corresponding in number to those in the upper
      assembly. The bottom bins are disposed directly below the corresponding
      collating bins 56 and are aligned so that they receive the copy sheets
      when they are released from the collating bins.
PAR  In accordance with an aspect of the present invention, there may be
      provided a suitable vibrating means, such as that illustrated in FIGS. 2
      and 3. The vibrating means 61 may include a motor MOT-1 mounted in the
      back of the lower assembly 55 to drive a pair of drive belts 63 and 64.
      The belts 63 and 64 are in turn used to drive a suitable reciprocating
      member 67 to vibrate the lower assembly 55.
PAR  In order to enable the bottom bins to align the edges of the collating
      means more effectively, the bottom bins are disposed at a slant toward the
      front and to the right a little and the bottom members 81 are also slanted
      to the right, as illustrated by FIGS. 3 and 4. In this manner, when the
      bins are vibrated by the running belts 63 and 64, the sheets jog and align
      as they incline slightly to the right and to the front. In this manner the
      front and bottom edges of the sheets are aligned. To prevent the sheets
      from spilling out toward the front, a suitable barrier 82 (FIG. 4) is
      placed on the front side of the bins 57.
PAR  According to another aspect of the present invention, the collating
      apparatus is further provided with automatic means for stapling the
      collated and edge aligned sheets in the respective bottom of collecting
      bins. The apparatus is also provided with means automatically removing the
      stapled sheets from the bottom bins. As illustrated in FIG. 5, a suitable
      automatic stapling apparatus 71 may be movably mounted on a stationary
      guide rail 73 along the bottom front of the collecting bins. As shown, the
      apparatus may include a staple driving head 74, staple supply 75, means 76
      for feeding the staples into the staple driving head 74, a driver 79 and
      an anvil 77. These elements are integrally connected to a cylindrical
      carriage member 78. The cylindrical member 78 is mounted to ride on the
      guide rail 73. When actuated by the operation of a suitable solenoid (not
      shown), the hammer 79 hits a trigger (not shown) in the staple head 74 and
      staples the sheets which are already jogged and edge aligned with the last
      or end one of the staples.
PAR  As illustrated in FIG. 5, each of the bottom members 83 of the collecting
      bins 57 are releasably coupled to a right side bin wall 85 by a linkage
      rod and spring bias means 87. The spring is disposed on the bottom end of
      the wall 85, the one end being rigidly attached to the wall 85 and the
      other end to the bottom. The spring applies a clockwise torque to the
      bottom members 83. Guides 91 are provided to guide leading or bottom ends
      of the sheets coming into the collecting bins. The ends 90 of guides 91
      are utilized to act as stops to locate bin bottoms 81 and stops the bottom
      at a position slightly inclined to the right, as shown in FIG. 4 and 5.
      The respective rod member 86 spring coupled to each of the walls 85 is in
      turn rotatably held in position as illustrated in FIG. 5 at hinges 93 at
      the bottom of the wall 85. The front end of the rod members is bent at an
      angle as shown. The bent portion 95 is used as a tripper arm. The arm 95
      is held in downward position by the spring 87 and maintained in that
      position. The rod 86 is free to rotate about the hinge 93 so that when the
      arm 95 is rotated counterclockwise, the bottom member 86 is rotated
      counter-clockwise to open the bottom of the bin. The opening action is
      provided by the stapling apparatus as will be explained below in detail.
PAR  Means for rotating the arm 95 generally include a block member 101 having a
      cam surface 103 thereon. Block member 101 is freely slidable on rail 73
      but is keyed to stop 105 therein by screw 102 to prevent rotation of block
      101 relative to the rail. The stapling apparatus is mounted so that in
      operation, it is rotated into a stapling position as shown in FIG. 5 by
      rotary solenoid 79' which is mounted on block member 101 through arm 79"
      and link 79'". After the stapling operation, the apparatus is rotated
      counter-clockwise to move the stapling head and other members out so that,
      as the apparatus moves to the next bin, it clears the bin wall 85 and
      stapled sheets 81. After the counter-clockwise rotation, the apparatus is
      moved to the right to the next bin.
PAR  To move the stapling head and carriage, a suitable reciprocating rod member
      109 is disposed within the rail 73. The rod member 109 includes spring
      biased protruding members 111 for engagement with the carriage as the
      member 111 moves to the right. A plurality of dogs 107 are provided along
      rail 73 to maintain carriage 78 in position for the stapling operation. In
      order to unlock carriage 78 from locking dogs 107 disposed on the rail 73,
      there is provided an open channel 107' along the length of the carriage
      member 98. The channel is so positioned that after the stapling apparatus
      is rotated counter-clockwise, the channel is in alignment with dogs 107 to
      clear the dogs, reciprocating movement of rod 109 causing protruding
      members 111 to engage the bottom surface of the channel to move the
      assembly to the right or left. As stated above, the dog 107 is integral
      with the guide rail 73 and is positioned to stop the anvil 76 at the right
      place in front of the corresponding bin when the stapling apparatus is
      moved clockwise into the position to staple. The the stapler assembly
      operates as follows.
PAR  Normally, when it is not in operation, the assembly is moved to the extreme
      left position. When actuated the apparatus is advanced to the right to the
      first bin. Then the assembly is rotated clockwise into the stapling by
      solenoid mechanism 79' . The stapler mechanism is then actuated under the
      command of a control signal to drive the hammer 79 against the anvil 77.
      The hammering action staples the sheets near the front bottom corner.
PAR  After stapling action, the assembly is rotated counterclockwise and then
      advanced to the next bin. As the assembly moves to the right, the cam
      surface 103 causes the end 95 of the arm 86 of the sheets just stapled to
      rotate counter-clockwise. This opens the bottom 83 of the bin and thereby
      releases the stapled sheets into the belt below.
PAR  As illustrated in FIGS. 2 and 3 there may be provided a suitable conveyor
      belt 112 and a suitable means including a motor MOT-2which may actuate the
      conveyor belt so that the conveyor belt transports the stapled copy sheets
      to the left. There is also provided a suitable open face collecting tray
      97 for receiving the stapled sheets carried out by the conveyor belt. A
      suitable means may be provided to respond to the control signals from the
      control logic to actuate the conveyor belt motor some time to the stapling
      operating so that the conveyor is moving when the stapled set of sheets
      drops on it and de-actuate and stop the conveyor belt some time after the
      last stapling operation, when the last stapled sheets are carried out and
      removed from the conveyor belt.
PAR  According to another aspect of the present invention, there is provided a
      suitable means including a control logic illustrated in FIGS. 6-8 for
      operating the afore-described apparatus for automatically collating,
      collecting, jogging, stapling and removing copy sheets so that all the
      operator has to do is program the machine, e.g., punch the keys S1 (FIG.
      1) to correspond to the number of copies to be made, press the key S2 to
      program the machine for operation in the collation mode, place the
      originals, and press the start button S3. The collating apparatus is then
      operated automatically to collate, jog the collated sheets, staple and
      remove them in successive cycles until the copy run is complete. Thus, if
      the operator programs more than the bin capacity (e.g., more than 25 sets
      of copies in the above example), then the machine makes 25 sets of copies
      first, i.e., collate them and drop them into the collecting bins in the
      first cycle. While the rest of the operation of jogging and stapling
      operation takes place for the first 25 sets of copies, the second cycle of
      25, or less depending upon the programmed copy number, are collated at the
      collating bins.
PAR  As illustrative control logic for operating the apparatus of the present
      invention will now be described. Referring to FIGS. 6 through 9, there is
      provided a collating logic 201 of a conventional nature designed to
      respond to the detected photosignals coming from the phototransistors 127,
      128 and 208. It may be recalled that the phototransistor 127 is positioned
      to sense the passing of the copy sheets from the horizontal track 115 into
      the collating bins 56. The phototransistor 128 is disposed to sense the
      light source 126 from the opposite end as illustrated in FIG. 2 that
      senses the presence or absence of the copy sheets in the collating bins.
      The phototransistor 208 is designed to sense the presence or absence or
      sheets in the collecting bins depending upon whether or not the light
      supplied by the light source 207 is cut off by the presence of the sheets
      in the collecting bins 57 as illustrated in FIG. 2. The collating logic
      201 is designed to send out appropriate signals to the exposure counter
      209 of the xerographic apparatus XP, the motor drive circuit 210, and
      other circuit elements as shall be explained in detail hereinafter.
PAR  The collating logic 201 responds to the photodetection signals and operates
      in conjunction with the processor control logic 211 of the xerographic
      apparatus to integrate the operational activities of the collating
      apparatus with the operation of the xerographic copier.
PAR  In operation, the collate logic 201 responds to the signals from the
      phototransistors 127, 128 and 208 and certain signals from the machine
      processor logic 211 and generates output signals to actuate the fingers
      123 in sequence, actuate the solenoid 58 to release the bottoms of the
      collated bins, actuate the jogging motor MOT-1,the conveyor belt motor
      MOT-2and send trigger signals to the solenoid 79' in a certain manner, as
      described below.
PAR  Referring to FIGS. 6 and 8, in operating the gate fingers 123 and the
      collating bin bottom releasing solenoid 58, the collating logic is
      provided with a circuitry 251 for detecting the copy counts signified by
      the exposure counter 209 and stores it in a comparison circuit 253. As the
      machine starts producing copies and as the first copy reaches the first
      collating bins, the phototransistor 127 detects it and applies an output
      signal to a collator counter 255. The counter 255, in turn, applies a
      pulse to a decoder 259 and to the comparison circuit 253. As the machine
      starts producing the copies and as the first copy reaches the first
      collating bin, the transistor 127 detects it and applies an output signal
      to a collator counter 255. The counter 255, in turn, applies a pulse to a
      decoder 259 and to the comparison circuit 253. The decoder in turn applies
      a pulse to a driver circuit 261, which, in turn, is adapted to actuate the
      solenoid 123 for the next gate finger. The foregoing process continues
      until all the 25 bins are filled or until the copy run is completed if the
      copy run is less than 25. If the copy run is more than 25, then the
      machine logic controls the operation of copying and collating functions in
      successive cycles until the copy run is complete. The decoder is of such a
      design that it generates a trigger pulse to the solenoid 58 when the count
      reaches 25 or when the collator counter is reset signifying the completion
      of the copy run. The collator is reset when the counts counted by the
      phototransistor 127 reaches the counts stored in the circuit from the
      processor logic 211. When triggered, the solenoid 58 releases the collated
      copies by opening the bin bottoms as described heretofore.
PAR  In the aforementioned manner the collate logic operates to fill the
      collating bins 56 and release the collated sheets into the collecting bins
      57 when all of the collating bins are filled or copy run is completed even
      through all the bins may not be filled. If the collecting bins are not
      available due to the presence of sheets in the bins from the previous
      operation, this is detected by the phototransistor 208 in the form of
      absence of light and this condition is sensed by the collate logic 201. In
      turn, the collate logic 201 causes the machine processor logic 211 to
      prevent the further operation of the machine. It also prevents the
      solenoid 58 from actuating and thereby releasing the newly collated sheets
      into the collecting bins 57. When the sheets are removed, the light is
      sensed by the sensor 208. This enables the operation to resume
      automatically.
PAR  The collate logic 201 is used to drive the motor MOT-1for vibrating or
      jogging the collating bins 57, and thereby the edges of the sheets, the
      stapler, and actuate the motor MOT-2to actuate the conveyor belt, and
      thereby remove the stapled sheets, in a timed manner as follows. The drive
      circuitry for the motors MOT-1and MOT-2 may be of any suitable design such
      as that illustrated in FIG. 8. It includes a pair of triacs QL and Q2, a
      pair of relays K1 and K2 and associated circuit elements connected as
      shown for triggering the associated circuit elements connected as shown
      for triggering the associated triacs Q1 and Q2 in a conventional manner
      and thereby energizing the motors MOT-1and MOT-2. More specifically, when
      the collate logic proves an enabling signal via the path 305, the drive
      circuit relay K1 is actuated and this, in turn, causes the triacs Q1 to
      operate and thereby energize the motor MOT-1. Once energized the motor is
      driven to vibrate the collecting bins 57. Similarly, when the collating
      logic 201 provides an output signal via its output lead 309, an enabling
      signal is provided to for the relay K2. Once actuated K2 in turn operates
      the triac Q2 thereby energizing the motor MOT-2 for the conveyor belt.
PAR  The operating signals for the stapling apparatus may be similarly provided
      by utilizing a motor drive circuit of the type shown in FIG. 7 described
      above or by using a suitable stepper motor 311 which is connected to
      respond to enabling signals from the collate logic 201 via a path 313.
      More particularly, the enabling signals from logic 201 is timed to occur
      after the completion of jogging operation. The signals are timed to move
      the stapling apparatus to the right in increments to the successive bins.
      In timed relationship with the enabling signals, sequential actuating
      signals are applied to the solenoid 79' via a path 315 for effecting the
      rotation of the carriage about rail 73.
PAR  Where it is desirable to effect the stapling operation manually, the
      operator may turn off the stapler actuating means by a by-pass switch (not
      shown) and manually staple the sheets.
PAR  In order to render the present collating apparatus more flexible, there is
      provided a manual bypass for the motors MOT-1 and MOT-2 in jogging the
      collecting bins and operating the conveyor belt. This may be readily
      implemented by providing bypass switches 351 and 352 and 361 and 362 as
      illustrated in FIG. 7. By manually opening the switches 351 and 352 the
      operator can remove the control of the motor drive circuit FIG. 5 from the
      output of the collating logic via the output path 305 and 309 and place it
      under manual operation. When the operator wishes to operate the conveyor
      belt and vibrate the collecting bins independently of the operation of the
      rest of the machinery, the switches 351 and 352, respectively may be
      closed to operate the motors MOT-2 to run the conveyor belt and the motor
      MOT-1 to jog the collecting bins.
PAR  Hereinabove the various features of the present invention have been
      described with respect to a specific illustrative embodiment in FIGS. 1-8,
      in conjunction with a collating apparatus comprising a set of bins for
      collecting operation, another set of bins for receiving the collated
      sheets, means for jogging, and means for stapling the jogged sets of
      collated sheets one at a time in succession. A number of suitable
      variations or changes may be made to the apparatus within the spirit and
      scope of the present invention taught above.
PAR  For example, as illustrated in FIG. 9, for economy or other reasons, one
      may wish to use only one set of bins for collating the copy sheets, edge
      align and staple respective collated sheets. For edge alignment pusposes,
      a suitable vibrating means such as a motor and a pair of belts used in
      jogging the collecting bins 57 illustrated in FIGS. 2 and 3 may be used.
      To aid the alignment process, the bins may be also inclined slightly to
      the right and backwardly, whereby the back and the right side wall and
      bottom provides the necessary guide edges. Also for example, the drive
      belt advancing mechanism illustrated and described in connection with FIG.
      5 in advancing and indexing the stapling apparatus carriage may be
      replaced by a lead screw type of mechanism.
PAR  Upon completion of the collating and edge aligning operation, the stapling
      operation may be performed by using an automatic stapling apparatus such
      as that illustrated in FIG. 10 which is similar design to that shown in
      FIG. 5. The stapled set of sheets may then be dropped to the bottom under
      the command of the control logic and removed from the bins by having the
      bottom of the bins openable as described above in conjunction with FIG. 4.
PAR  In some applications, it may be necessary or preferable that the sets of
      stapled sheets be ejected to the front by suitable means 401. The ejected
      stapled sheets may then be placed on a conveyor belt 403 as illustrated in
      FIG. 9. The belt 403 would then transport stapled set of sheets to a
      suitable stacker 405, as illustrated. For ejecting the stapled sheets
      sidewise an ejecting apparatus of the type shown in FIG. 10 may be used
      advantageously in conjunction with a stapler similar to stapler 71 shown
      in FIG. 5. The ejecting apparatus may comprise a pair of wheels
      comprising; a driven wheel 411 mounted and positioned to rotate freely
      about a vertical axis 413 at the end of a column 412 mounted on the
      carriage frame 78, and a drive wheel 417 mounted on an axis 419. The
      driven wheel 411 is positioned fixedly on the carriage 78 and so
      positioned that its peripheral surface will touch or be in contact against
      one side a set of sheets 421, when the stapling apparatus is moved into
      the stapling position. There is a suitable recess 423 in the side wall 73
      into which the wheel 411 can be brought, as the carriage rotates clockwise
      to bring the stapler 71 into stapling position so that the peripheral
      surface of wheel 411 can be brought into contact with the sheets 421.
PAR  There is provided a solenoid 431 mounted on the carriage 78 and a
      retractable solenoid arm 433 connected as shown. A motor MOT-3, when
      energized, drives the drive wheel 417 by a belt 435. The motor MOT-3 is
      mounted at one end of a pivotal plate member 436 as shown. The drive wheel
      is mounted at the other end as illustrated. The retractable arm 433 is
      normally withdrawn when the solenoid is not energized. Upon energization
      the solenoid arm 433 rotates the plate 436 clockwise about a pivot 438 and
      this pushes drive wheel 417 to the right clockwise about the motor pivot
      438.
PAR  As the drive wheel 417 is pressed to the right it comes in contact with the
      stapled sheets 421 and against the freely rotating wheel 411. By driving
      or rotating the drive wheel 417 clockwise the stapled set of sheets 421 is
      ejected forward as the wheel 417 is pressed and rotated against the
      collated sets of sheets 421, and freely rotating wheel 411 rotating
      counter-clockwise also assists the ejection operation.
PAR  The enabling or actuating signals for the motor MOT-3 and the solenoid 431
      are applied respectively in timed relationship by the control logic 201 in
      a suitable manner. Preferably, the logic enables the stapling the ejecting
      operation to take place concurrently. Thus, as the set in the right bin is
      stapled, the set in succeeding or the left bin is ejected. There is
      provided, preferably, means (not shown) for detecting the ejection and for
      allowing the apparatus to move and index to the next bin only when the
      ejection operation is complete. The motor MOT-3 could be left running all
      the time without any difficulties. The solenoid 431 may be actuated by the
      decoder 259 of the control logic. Thus, in operation, the control logic
      provides necessary command signals to the solenoid 431 so that the
      ejecting operation is implemented for each set of the stapled sheets the
      carried forward by the carriage 78 and indexed into the successive
      operation positions and staple one bin while ejecting a stapled set of
      sheets in a preceeding bin until all of the bins are stapled and ejected.
PAR  While the invention described with respect to illustrative embodiments
      hereinabove, it is not confined to the details set forth hereinabove and
      this application is intended to cover such modificiations or changes that
      may come within the scope of the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for grouping discrete items to form a plurality of
      completed sets according to a predetermined program comprising:
PA1  a first horizontal array of bins,
PA1  a second horizontal array of bins disposed under said first set of bins in
      alignment therewith,
PA1  means for inserting the items into said first array of bins according to
      the predetermined program,
PA1  actuable means movable between a retaining position and a releasing
      position, said means, when in the retaining position, being adapted for
      retaining the items in said first array of bins while they are being
      inserted therein,
PA1  control means including means for detecting the completion of the sets and
      generating a completion signal, said actuable means being actuated to said
      releasing position in response to said completion signal for releasing
      said sets into said second array of bins, said control means further
      including first sensing means for generating a first presence or a first
      absence signal to indicate the presence or absence of items in any of said
      first array of bins,
PA1  second sensing means for generating a second presence or a second absence
      signal to indicate the presence of the absence of items in said second
      array of bins,
PA1  means responsive to said first presence signal for generating a first
      inhibit signal, and
PA1  means responsive to said first inhibit signal for preventing insertion of
      said items into said first array of bins.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein said control means further
      includes means responsive to said second presence signal for generating a
      second inhibit signal and means responsive to said second inhibit signal
      for preventing said actuable means from releasing the sets from said first
      array of bins into said second array of bins,
PA1  means responsive to said second absence signal for enabling said actuable
      means for releasing said sets from said first array of bins into said
      second array of bins when completion of the sets in said first array of
      bins is detected by said control means.
NUM  3.
PAR  3. An apparatus for grouping discrete items to form a plurality of
      completed sets according to a predetermined program comprising:
PA1  a first horizontal array of bins,
PA1  a second horizontal array of bins disposed under said first set of bins in
      alignment therewith,
PA1  means for inserting the items into said first array of bins according to
      the predetermined program,
PA1  actuable means movable between a retaining position and a releasing
      position, said means, when in the retaining position, being adapted for
      retaining the items in said first array of bins while they are being
      inserted therein,
PA1  control means including logic circuitry for monitoring the completion of
      the sets and generating a completion signal, said actuable means being
      actuated to said releasing position in response to said completion signal
      for releasing said sets into said second array of bins to empty said first
      array of bins, and,
PA1  means for preventing said actuable means from releasing the sets in said
      first array of bins when said second array of bins are not empty.
NUM  4.
PAR  4. An apparatus for grouping discrete items to form a plurality of
      completed sets according to a predetermined program comprising:
PA1  a first horizontal array of bins,
PA1  a second horizontal array of bins disposed under said first set of bins in
      alignment therewith,
PA1  means for inserting the items into said first array of bins according to
      the predetermined program,
PA1  actuable means movable between a retaining position and a releasing
      position, said means, when in the retaining position, being adapted for
      retaining the items in said first array of bins while they are being
      inserted therein,
PA1  control means including logic circuitry for monitoring the completion of
      the sets and generating a completion signal, said actuable means being
      actuated to said releasing position in response to said completion signal
      for releasing said sets into said second array of bins to empty said first
      array of bins, said items being sheets and said apparatus including means
      for vibrating said second array of bins to jog the sheets in each of said
      bins and edge align them.
NUM  5.
PAR  5. The apparatus according to claim 4 further including:
PA1  means for stapling the sheets in said second array of bins.
NUM  6.
PAR  6. A sheet handling apparatus comprising:
PA1  a first horizontal array of bins,
PA1  a second horizontal array of bins disposed beneath said first set of bins
      in alignment therewith,
PA1  deflector means for directing sheets into said first array of bins,
PA1  actuable means movable between a retaining position and a releasing
      position, said means, when in the retaining position being adapted for
      retaining the sheets in said first array of bins,
PA1  control means adapted for actuating deflector means for directing sheets
      into said first array of bins to provide collated sets of sheets therein,
      said control means further being adapted to actuate said actuable means
      for moving said actuable means to said releasing position for releasing
      the completed collated sets into said second array of bins,
PA1  means for edge-aligning the sheets in said second array of bins, said
      edge-aligning means including means for simultaneously jogging the sheets.
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ABST
PAL  A vibrating receiver for punch tape produced by Teletype or other high
      speed printer. The device is secured to resilient mounts on a base. A
      receiving magazine is vibrated by an electrically driven eccentric secured
      to an arm oscillating the magazine on the resilient mounts. As an
      alternate structure a rotating off-center weight tuned to the proper
      harmonic secured to the oscillating floor of the magazine might be used to
      impart vibrating motion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The inventor is in a position involving monitoring levels of pollutants by
      numerous devices feeding data to a data logger which every 5 minutes
      activates a Teletype punch tape print-out of the collected data.
      Instruments such as chromatograph, sulphur analyzer, chemiluminescence,
      confluence of haze, hydrocarbon methane, carbon monoxide, and ozone
      monitors provided data to the data logger which was recorded on punch tape
      by the Teletype. Prior to your applicant's invention the tape was
      collected loosely in a box then hand folded for packaging and shipment to
      the computer for analysis and printout. The former method was time
      consuming and wasteful of man hours.
PAR  The need for an efficient collecting and folding of the perforated punch
      tape prompted this invention. The device of this invention collects the
      tape in a magazine for removal and packaging in the original carton for
      shipment to the analyzing computer.
PAR  2. Description of Prior Art
PAR  Several devices for mechanical folding of continuous sheets of paper have
      been developed and patented. The majority utilized reciprocating arms
      creasing the folds in the paper. Another approach utilized progressive
      flaps nestling and folding the paper. The most relevant patent, to the
      best knowledge of your inventor, is U.S. Pat. No. 3,363,895 which is an
      oscillating punch tape guide agitating the continuous strip of folded tape
      as it is released from the printer.
PAC  SUMMARY OF THE INVENTION
PAR  The invention, though developed for and used in the preferred embodiment
      for collecting a continuous strip of punch tape in an Air Quality Control
      Monitoring Station has applicable uses in any data printout using
      continuous folded tape. A device employing a magazine of larger diameter
      might well prove beneficial in receiving wide, continuous fold sheets from
      a computer printout. The device is particularly suited for receiving the
      work product of a continuous, automatic operation providing quantities of
      data without constant human monitoring. The invention is visualized as
      having a wider application than the specific invention of the preferred
      embodiment. The preferred embodiment was valuable and useful in the
      specific application of the preferred embodiment of receiving recorded
      data from Teletype printout in an Air Quality Control Station. The
      invention, however, has other uses and equivalent modifications are
      apparent from study of the drawings and description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a composite presentation of the Teletype machine simulating
      production and receiving punch tape by the device.
PAR  FIG. 2 is a perspective detailed view of the eccentric agitated preferred
      embodiment.
PAR  FIG. 3 is a fragmented suggested modification of the device employing an
      oscillating weight agitator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment was employed for receiving and storing a
      continuous strip of folded punch tape produced by a Teletype. The Teletype
      was activated each five minutes to receive data from a data logger. In the
      printout and punch tape recording 15 factors were received. Channels: 0.
      wind direction; 1. wind speed; 2. ambiant temperature; 3. total
      hydrocarbons; 4. methane; 5. carbon monoxide; 6. ozone; 7. total sulphur;
      8. hydrogen sulfide; 9. sulphur dioxide; 10. nitrogen oxide; 11. nitrogen
      dioxide; 12. ozones of nitrogen; 13. test temperature 1; 14. test
      temperature 2; 15. the confluence of haze. The foregoing data was
      continuously received every 5 minutes for a 24 hour or longer period,
      collected, and shipped to a computer for comparative analysis.
PAR  Prior to this invention a pile of tape was collected and hand sorted. Hours
      could be consumed and on occasions the tape was damaged in the process.
      The device of the preferred embodiment receives and nestles these
      continuous folds of tape without human assistance for a 24 hour period to
      48 hour period.
PAR  For an illustration of the environment of this invention your attention is
      invited to FIG. 1. A high speed punch tape printer 10 produces a
      continuous strip of punch tape 11 having a perforated printout 12. The
      tape in the specific application is one inch wide and laterally perforated
      to produce folds 13 every 81/2 inches. The invention is capable of
      handling tapes or sheets of other dimensions with comparable modifications
      of the dimensions of the device. The preferred embodiment was constructed
      on a wooden base 15 which was 15 inches long and 8 inches wide. Mounted
      above the base 15 is a 1/16 inch thick sheet of aluminum 10 inches long
      and 6 inches wide constituting the oscillating floor 16. Oscillating floor
      16 was mounted on three neopreme or rubber resilient mounts 17. The mounts
      17 in the preferred embodiment were resilient shock mounts of the type
      utilized for mounting radio or other instruments in a mobile vehicle.
      Springs or other mounting means might well be used. In a configuration
      compatible with the dimensions of the punch tape to be received, there was
      secured normal to oscillating floor 16 a receiving magazine 18. This
      magazine 18 was constructed with interior dimensions of 11/4 inches wide
      and 81/2 inches long. The preferred embodiment was slightly over 15 inches
      high; however, this dimension is optional. The magazine was constructed in
      two sections with a U-shaped first fold arm 19 and a U-shaped second fold
      arm 20. These sections were spaced on the oscillating floor 16 in a manner
      to leave a 11/2 inch magazine slot 21. Loosely resting in the lower
      extremities of magazine 18 is a tape fold compensator 22 which in the
      preferred embodiment comprised an aluminum strip 1 inch wide, 81/2 inches
      long with a bend 23 in the center at a 45.degree. angle. This compensator
      bend 23 might well be arcuate in configuration; however, the angular bend
      illustrated at 23 was quite satisfactory in the preferred embodiment. Each
      end of tape fold compensator 22 was covered by a neoprene or rubber
      compensator end cushions 24.
PAR  Mounted on base 15 spaced from oscillating floor 16 constructed of sheet
      aluminum was oscillator housing 25. This housing contained fractional
      horse power electric motor 26 incorporating a low rpm reduction gear 27.
      The drive shaft 28 projected from oscillator housing 25. Attached to
      oscillator housing 25 was power cord 29 which could be attached to any
      suitable exterior source of electric current. For the protection of the
      motor included in the circuit was a condenser 30 as well as a fuse 31.
      This wiring harness and components is a matter of choice. The only
      requirement in the preferred embodiment was to produce a means for
      rotating a drive shaft 28 at approximately 300 rpm. Mounted on drive shaft
      28 was eccentric drive 32. This eccentric 32 was produced by drilling a
      one-fourt inch hole adjacent the circumference of a piece of 1/2inch
      aluminum stock to secure the eccentric drive 32 to drive shaft 28. A
      roller bearing 33 with an exterior diameter of approximately 1 inch with
      an interior diameter compatible with the eccentric drive 32 was then
      mounted on drive shaft 23. Bearing 33 and related components comprising an
      eccentric cam 34 was secured to agitator arm 35 by means of a bearing
      support 36. The opposite end of agitator arm 35 was seucred to the
      oscillating floor 16 by means of arm oscillator attachment 37. This arm
      oscillator attachment 37 incorporated a neoprene or rubber shock mount
      bushing which was, in the preferred embodiment, directly attached to one
      of the shafts of a resilient shock mount 17. The foregoing configuration
      comprised the preferred embodiment and operated quite satisfactorily in
      the environment above described.
PAR  An obvious modification would be to construct magazine 18 mounted on an
      oscillating floor 16 on resilient mounts 17 and agitating the device by
      means of an oscillator 39 mounted on oscillator floor 16. This device
      would comprise an off-center oscillating weight 40 driven by an AC/DC
      variable speed motor 41 whose rate of oscillation would be controlled by a
      potentiometer 42 or a silicone rectifier speed control. This device would
      be secured to oscillating floor 16 by means of oscillator mounting means
      43. The device of this configuration was constructed and successfully used
      in operation; however, it is pertinent to note that the potentiometer 42
      must be adjusted to arrive at a frequency of rotation of oscillator 39
      which is at a harmonic to the harmonic of the magazine 18 oscillating
      floor 16 and resilient shock mounts 17. This can be arrived at by trial
      and error adjustment of the potentiometer 42.
PAC  OPERATION OF THE DEVICE
PAR  The operation of this device is rather self-evident from the composite
      illustration of FIG. 1. All that is required in placing the device in
      successful operation is to position the vibrating receiver device for fold
      punch tape directly beneath the Teletype or other high-speed punch tape
      printer 10. The magazine 18 of the device is so positioned as to permit
      punch tape 11 to nestle into magazine 18 with a natural sequence of fold
      on the perforated folds 13 feeding into magazine 18 with no stress. The
      attaching of cord 29 to an external source of electricity continually
      oscillates the device and receives and stores punch tape 11. A few minutes
      of monitoring on initial set-up is all that is required.
PAR  After describing in detail the construction and operation of the preferred
      embodiment and suggesting at least one probable modification of the device
      what is desired to be claimed is all applications and modifications of the
      invention not departing from the scope of equivalents of appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vibrating receiving device for continuous folded material comprising:
PA1  a. a base means adapted to rest on a flat surface,
PA1  b. an oscillating floor mounted above said base means,
PA1  c. a multiplicity of resilient mounts supporting said oscillating floor
      above the said base means,
PA1  d. a magazine adapted to receive continuous folded material secured to and
      projecting upward normal to said oscillating floor, and
PA1  e. oscillating means attached to said oscillating floor said oscillating
      means further comprising:
PAR  1. an eccentric drive means securely retained relative to said base,
PA2  2. an arm oscillator attachment securely affixed to said oscillating floor,
PA2  3. an agitator arm interconnecting said eccentric drive means and said
      oscillator arm attachment agitating said floor responsive to rotation of
      said eccentric drive means.
NUM  2.
PAR  2. The invention of claim 1 wherein said magazine includes an angular tape
      fold compensator nestling in said magazine adjacent said oscillating
      floor.
NUM  3.
PAR  3. The invention of claim 1 wherein said magazine includes an arcuate tape
      fold compensator nestling in said magazine adjacent said oscillating
      floor.
NUM  4.
PAR  4. The invention of claim 1 wherein said magazine comprises:
PA1  a. a first fold arm mounted on said oscillating floor projecting upward
      normal thereto, and
PA1  b. a second fold arm mounted on said oscillating floor projecting upward
      and normal thereto, said second fold arm spaced from said first fold arm,
      said space defining,
PA1  c. a magazine slot projecting normal to said oscillating floor, said slot
      projecting for substantially the height of said first and second fold arm.
NUM  5.
PAR  5. The invention of claim 4 further comprising:
PA1  a. a tape fold compensator mounted in said magazine adjacent said
      oscillating floor, said tape fold compensator including,
PA1  b. a compensator bend at substantially the center of said magazine slot.
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ABST
PAL  Disclosed is a document handler and feeder device for performing high speed
      separating and transporting of documents, such as business forms. The
      document handling unit is equipped with friction type feed rollers and a
      lipped contour plate over which documents must pass. The feed rollers
      contact and transport a foremost document from a gravity-feed document
      hopper. High speed tracking belts are mounted over grooves or tracks,
      which extend along a track plate and through the lip of the contour plate.
      The feed rolls force the leading edge of the foremost document into the
      lip where the document engages the bottom side of the belts so that it is
      nipped between the belts and the contour plate causing the document to
      move into the tracking grooves. In order to provide ready access to the
      tracking plate area, the entire tracking belt drive assembly is pivotable
      upwards about a pivot pin located adjacent the feed roller shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to sheet feeding and delivering apparatus. In
      particular, it relates to a document handler and feeder device for
      accomplishing efficient single separation of documents from a hopper
      supply, and skewless high speed transport of such documents.
PAR  Current high speed document feeding apparatus exhibit tendencies to misfeed
      and to feed "doubles." Another prevailing problem is misalignment (skew)
      of documents after they have been separated from a stack and are being
      transported.
PAR  Hence, for efficient handling of documents, a high speed document handler
      is needed which accomplishes consistent single separation of stacked
      documents and high speed transport of these documents with minimal
      misalignment. Whereupon, it is an object of this invention to provide a
      high speed document handler capable of separating a single document from a
      stack in a consistent manner without producing "missing" or "multiple
      feeding;" and it is another object to provide a high speed document
      handler which is capable of maintaining documents aligned during high
      speed transport.
PAR  Because of the intricacies of high speed feeding apparatus, even slight
      force imbalances create document jamming in a transport assembly.
      Consequently, it is a further object to provide a high speed document
      handler having easy access to its actual transporting areas to clear
      document jams.
PAR  Another object is to provide an improved type of feed roller.
PAR  Still another object is to provide a high speed document handler including
      adjustable components to adapt the assembly to documents having varied
      surface characteristics and thickness.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with principles of this invention, the objects as set forth
      are attained by providing an inclined document supply hopper equipped with
      feed rolls and a nitrided contour plate at its lower end. A roller or
      plate deflector is set to maintain the documents, such as cards or checks,
      in an upright, but backwardly sloping position. Mounted just before and
      above the surface of the contour plate are feed rollers which make initial
      transporting contact with the foremost document in a stack. A fixed
      "working" portion of the contour plate is a lip or ledge through which
      there are two grooves. These grooves mate with a second set of grooves
      which extend the entire length of a document-transport tracking plate.
PAR  Mounted adjacent the feed rollers is a set of tracking belts which are set
      into the grooves of the contour plate lip and, they too, run the length of
      the tracking plate. Pressure rollers are provided on the tracking belt
      assembly to vary the depth of the belts in the grooves. Also, the entire
      belt assembly is movable fore and aft to provide adjustment of clearance
      between the feed rolls and the contour plate lip. The feed rolls and
      tracking belts are driven by separate driving means, so that a desired
      ratio between their speeds can be maintained, and so that the feed roller
      can be operated at a slower speed. The entire tracking belt assembly is
      pivotable upwards to provide easy access to the tracking plate area to
      clear possible document jams.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features, and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention, as illustrated in the accompanying
      drawings in which like reference characters refer to the same parts
      throughout the different views. The drawings are not necessarily to scale,
      emphasis instead being placed on illustrating principles of the invention.
PAR  In the drawings:
PAR  FIG. 1 is a side pictorial view of a high speed document handler according
      to the invention, including hold back plate and bent hopper plate
      embodiments;
PAR  FIG. 2 is an overall side view of a high speed document handler,
      particularly illustrating the pivotable tracking belt assembly;
PAR  FIG. 3 is a partial top view of a high speed document handler illustrating
      the feed rollers and tracking belts, as well as the hold back roller and
      the belt tension adjustment device;
PAR  FIG. 4 is a rear view of a high speed document handler, depicting the
      extension of the tracking belts into the tracking plate grooves and the
      driving connection between the tracking belts and ejection rollers;
PAR  FIG. 5 is a partial side view of a high speed document handler showing the
      tracking belts extending into the grooves of the contour plate lip and
      tracking plate, and the adjusting means which determine belt depth;
PAR  FIG. 6 is a fragmentary view illustrating the relationship of the tracking
      belts and contour plate;
PAR  FIG. 7 is a fragmentary top view of the contour plate lip including one of
      its cutout grooves;
PAR  FIGS. 8a and 8b are enlarged side fragmentary views of the contour plate
      featuring its lip construction when viewed in section through non-grooved
      and grooved portions thereof respectively; and
PAR  FIG. 9 is a fragmentary view illustrating the relationship between the
      tracking belts and the grooves of the tracking plate.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the elements of the invention as embodied in the drawings,
      numeral 10, in FIG. 1, generally represents a document stack hopper
      equipped with hold back plate 73 which serves to hold documents, such as
      cards, or checks, in a backwardly sloping position in the hopper to make
      an angle of recline with respect to a perpendicular to the bottom of the
      hopper. The front portion 81 of the hold back plate is set at an angle
      slightly less than the angle of recline of the held documents. That is, it
      is more nearly perpendicular to the bottom of the hopper. The top portion
      79 of the plate 73, on the other hand, is set at an angle slightly greater
      than the hopper's angle of incline from horizontal. Thusly shaped, the
      hold back plate offers very low frictional resistance to documents during
      the feeding operation.
PAR  FIG. 1 also illustrates one embodiment of the angular relationship between
      a hopper plate 24 and tracking plate 77. The hopper plate here is set at
      about 12.degree. from horizontal, as compared to about 25.degree. from
      horizontal for the tracking plate. This arrangement tends to further
      reduce adverse frictional forces during the feeding operation. FIG. 2
      shows an arrangement with hopper and tracking plates set at the same
      25.degree. angle.
PAR  Set in the lowermost portion of the inclined hopper is a contour plate 14
      which includes lip 16 (FIG. 8a). The surface of the contour plate is
      nitrided rather than chrome plated, as has been the customary surfacing on
      hopperbottoms. Inasmuch as a chromed surface is more highly polished than
      a nitrided surface, it would be expected that a nitrided surface would
      introduce greater frictional engagement between a fed document and a
      hopper surface such as that of the contour plate. In this regard, the
      coefficient of friction for paper on a surface that is chrome plated is
      about .16, whereas the same surface when nitrided exhibits a coefficient
      of friction of about .25. Nevertheless, tests show that the nitrided
      surface on the contour plate of the instant invention allows for higher
      feed speeds than can be obtained with a more highly polished surface such
      as chrome. In this regard, the dynamic angle of repose, the angle, during
      operation, at which a document's component of gravity equals its
      frictional force with a surface, has been found to be about 9.degree. for
      a chromed surface. This angle is approximately 14.degree.  for a similar
      structure with a nitrided surface. This seeming contradication can
      possibly be explained by the reduction of static electricity by the
      nitrided surface. This static electricity builds up on the chromed surface
      and serves to restrict document movement. In addition, a nitrided surface
      exhibits more favorable wear characteristics than a chromed surface.
PAR  Grooves 18 and 20 (FIGS. 3 and 6) are cut into the lip 16 about two-thirds
      of the way from the top edge 22 of the lip to the upper surface of the
      hopper plate 24 which acts as a reference surface for various contour
      plate parameters having critical significance in connection with some of
      the invention's more detailed aspects. As illustrated best in FIGS. 7 and
      8, these grooves extend the full width 26 of the lipped portion from its
      front surface 28 to a point on its rear radius 30 commensurate with the
      depth of the lip.
PAR  Fluted feed rollers 46 (FIG. 1) are driven by a feed roll shaft 47 which,
      in turn, is driven through a suitable clutch mechanism by a toothed
      drive-belt 48. These feed rollers are shaped somewhat like a series of
      common thread spools. That is, they have a cylindrical body portion with
      driving rims extending outwardly therefrom as shown in FIG. 1. It is these
      driving rims or fluted portions that make the initial contact with the
      foremost document in the hopper-held stack where the cards are jointly
      restrained by the hold-back plate 79 and the lip 16. In this respect, the
      fluted rollers are mounted adjacent the radius 30 of the lip and serve to
      pull the foremost document downwardly and bend it across the lip. Through
      the use of fluted rollers rather than conventional solid rollers, the pull
      power of the feed rolls is enhanced. This result is accomplished because
      of the increased "angle of wrap" between the document and the feed rolls
      which results in an increase in pull power. In this respect, fluted rolls
      have been found to exhibit at least five times more pulling power than the
      solid rollers per inch width of the roller's peripheral surface.
PAR  Also mounted on shaft 47 are tracking belts 50 and 51 (see FIG. 3) which
      ride in idlers 52 that include rims 53 which extend outwardly beyond the
      surfaces of the belts and prevent the belts from making initial contact
      with the foremost document. These tracking belts extend down into grooves
      18 and 20 in the contour plate lip and run the entire length of tracking
      plate 77 also having grooves 32 which are matingly aligned with the
      contour plate's grooves. The tracking belts are mounted on a belt assembly
      40 that is removably fastened on top of the track plate, so that it is
      adjustable fore and aft in the direction of arrow 42 in FIG. 2. The belt
      assembly is comprised of pivot plates 44 and 45 (FIG. 3) that are affixed
      to the main frame by adjustable fasteners 46a.
PAR  As also shown in FIG. 3, the lower ends of the tracking belts ride on belt
      drive sheaves 54 which are mounted on belt drive shaft 55 that is also
      driven by belt 48. In this regard, the tracking belt drive sheaves are
      dimensioned so that the linear speed of the belts is about twice the
      peripheral speed of the feed rolls 53 mounted on shaft 47. The belt drive
      shaft 55 is mounted between subframe elements 56 which are pivotably
      mounted on frame elements 44 by pins 58 at the hopper end of the assembly.
      Thus, the entire subframe is pivotable upwardly as indicated by arrow 59
      in FIG. 2. This easy swing-away motion of the tracking belt assembly
      allows access to the tracking plate area in order that possible jams can
      be removed. In addition, to facilitate feed roll replacement, the tracking
      belt assembly is pivoted about pins 58 instead of shaft 47. This
      eliminates bearing assemblies which would be necessary if the subframe
      were pivoted on the feed roll shaft. The absence of such bearing
      connections greatly facilitates removal and replacement of feed rolls.
PAR  As best illustrated in FIG. 5, belt-pressure rolls 60 are mounted on shafts
      61 whose ends are, in turn, mounted in the subframe members 56 by means of
      eccentrics 62. These belt-pressure rollers are situated inside of the
      tracking belts 50, which, as noted, are located in direct alignment with
      and extend into tracking grooves 32 in the tracking plate as shown in FIG.
      9. Rotation of the eccentrics 62 adjusts the pressure of the belt-pressure
      rolls 60 upon belts 50, and, accordingly, adjusts the tension of belts 50
      and the depth to which these tracking belts are permitted to extend into
      the tracking grooves 32.
PAR  In the above regard, although the drawings illustrate two eccentric shafts
      61, an alternate embodiment, not shown, uses only a single such eccentric
      shaft assembly and employs adjustable arms having one end attached to the
      shaft and a roller mounted on the other end thereof to substitute for the
      second set of belt pressure rolls 60 shown in FIG. 3. In this manner only
      a single eccentric adjustment is required.
PAR  In either of the belt-pressure embodiments just described, fine adjustment
      of the depth of the tracking belts permits ideal transport conditions to
      be set for a particular type of document being handled. In this regard,
      while some degree of forced distortion of a document into the grooves by
      the tracking belt permits high speed transport with a minimum of document
      skew, too much distortion of a document into the grooves would tend to
      create bending of the document, thus separating it from a flat position on
      the tracking plate and subjecting it to adverse aerodynamic forces which
      promote a skewing problem.
PAR  FIG. 4 depicts the exit end of the belt transport assembly. At this end,
      the driven tracking belts 50 and 51 engage elastomeric idler ejection
      rollers 70 which are set within ejection roll cutouts 38 in the tracking
      plate, coextensive with the grooves. These idler rollers are adjustable up
      and down and extend upwardly through the grooves in the tracking plate to
      put light pressure on the tracking belts 50 and 51.
PAR  The tracking plate 77 also is provided with cutouts such as 34 and 36, as
      illustrated in FIG. 3. Opening 36 accommodates a detector such as a
      photocell 90 for counting the number of documents passing thereover. It
      may be further stated the non-used, but exposed, portion of the track
      plate may be used at any point to accommodate a device (electronic or
      sensing) to serve the users' specific requirements for high speed feeding
      of documents.
PAR  In operation, documents, such as cards or checks, which are to be fed from
      a stack held by hopper 10 are initially contacted by the fluted feed
      rollers 46. The friction maintained between the feed roll and a foremost
      document is greater than the friction between the document being fed and a
      subsequent document. Consequently, the foremost document slides over the
      next document. However, in order to maintain a greater frictional force
      between and a subsequent document, it is important that the fed document
      be gradually accelerated. If the feed rolls are rotated at too fast a
      speed, the coefficient of sliding friction between the feed rolls and the
      documents tends to drop to the point where the rollers merely slip rather
      than feed. Therefore, the feed rollers are driven at a relatively slow
      speed in comparison to the high speed transport accomplished by the
      tracking belts, as will be discussed below.
PAR  After the feed rollers initially bend the foremost document and pull it
      across radius 30 of the contour plate lip portion, the document is engaged
      by tracking belts 50 and 51 which are driven at about twice the speed of
      the feed rolls. Once the document has begun to slide over its next
      subsequent document its feed speed can be safely accelerated without
      creating "doubles." Prior to the time of engagement of the belts with the
      fed document (initially moved by the feed rollers) rims 52 and 53 on the
      tracking belt idlers prevent the document from contacting the belts. This
      allows the document to be accelerated from the slower speed of the feed
      rolls to the higher speed of the belts. As the document approaches the
      speed of the belts, the feed rolls exert somewhat of a drag force on the
      document which serves to slightly retard its acceleration at least until
      the document has moved a distance corresponding to its length. In this
      manner, the document's acceleration is relatively uniform throughout its
      initial motion from a stationary position at the document stack to the
      high speed of the belts themselves.
PAR  The radius 30 on lip 16 and the incline of the hopper 10 are such that it
      is a bit difficult for the document being fed to move upwardly to the top
      22 of lip 16 in FIG. 8. However, the feed rolls need only move the
      document about 0.4 inches before the document is brought into engagement
      with the tracking belts. In this respect, the radius 30 of the leading
      edge of the lip is preferrably about one-fourth the radius of the driving
      flute or rims of the feedrolls; and the height of the lip 16 above the
      reference surface 24 is preferrably about two-thirds the radius 30
      (one-sixth the radius of the driving flutes). Similarly, the depth of the
      grooves 18 and 20 preferrably is about 75 percent of the lip height
      (one-eighth of the radius of the driving flutes) depending on whether the
      documents to be fed are card stock, for example, or documents of much
      thinner composition. Similarly, the radius 30 can be varied between about
      half to twice that described above, also depending upon the weight of the
      documents handled. The designated sizes, however, have been found to be
      preferable, since they result in satisfactory performance over a wide
      range of document stocks. The width of the grooves cut through the lip of
      the contour plate is also significant. Preferrably, the width should be no
      more than about 25 times its depth and no less than about 3 times its
      depth with the ratio therebetween preferrably about 14; and a given belt
      is preferrably about two-thirds the width of its grooves. This preferred
      range is dictated by the forces acting upon the document as it is being
      fed.
PAR  As noted, belts 50 and 51 extend into grooves 18 and 20 cut through the
      lip. Hence, when the lead document is intercepted from the feed rollers
      during its initial feeding, the belts distort the document downwardly into
      the grooves. This distortion provides a greater than normal frictional
      force between the document and the belts, so that the next document does
      not also pass. Consequently, the lip grooves act as an additional
      deterrent to doubles. In other words, during the time the foremost
      document is being driven upwardly toward the top of the lip by the feed
      rolls, until it is acted on by the tracking belts and distorted into the
      grooves 18 and 20, the succeeding document is held back by radius 30 and
      does not "see" the distortion or additional frictional forces on the
      preceding document. Hence, there is little tendency for the succeeding
      document to follow its predecessor; whereupon, there is a greatly reduced
      tendency for the instant structure to feed "doubles."
PAR  As noted above, the feed rolls are adjustable fore and aft, so as to adjust
      the initial point at which the documents are brought into engagement with
      the lip; and also the point at which the document are brought into
      engagement with the tracking belts. The vertical clearance between the
      feed rollers and the plate surface 24 is fixed to accommodate the average
      thickness of the documents being fed. This differs significantly from
      conventional devices, wherein feed rolls are positioned by vertical motion
      to merely vary the pressure on the documents being fed.
PAR  After a document has passed fully over lip 16 and is urged into the
      tracking grooves 32 by tracking belts 50 and 51, it is now under full
      control of the belts. The width of the tracking plate grooves is about the
      same as the width of the contour plates grooves. However, the depth of the
      tracking plate grooves is only about two-thirds the depth of the contour
      plates grooves cut into the lip. The rationale for this relationship is
      that the document moves along the tracking plate at a high speed, such
      that aerodynamic forces on the document are greatly increased from those
      occuring at the contour plate lip. Consequently, the less the belts tend
      to distort the document into the tracking plate grooves, the better the
      control and ability to read the surface identification with electronic
      devices. Consequently, by decreasing the depth of the tracking plate
      grooves over those of the contour plate lip grooves the documents can be
      fed faster without skewing or jamming tendencies when ejected and stacked.
      It is important that a given document be sufficiently accelerated from the
      speed of its succeeding document, so that there is substantial separation
      between documents. This is to assure further separation between documents
      that may be of a larger size than normally used.
PAR  The reason for obtaining such separation is in order to count or read the
      documents individually.
PAR  As a document continues along the tracking plate it is pinched between
      ejection rollers 70 and the tracking belt at the belt sheaves 64. As
      previously noted, the pressure and location of the idler rolls 70 is
      substantially vertically adjustable by pivoting about an arm as indicated.
      Hence, again, selective pressure adjustment is used in conjunction with
      variation of the ejection assembly fore and aft to vary the trajectory
      angle of documents as they exit from the tracking plate.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various alterations in form and detail may be made
      therein without departing from the spirit and scope of the invention. For
      example, the multiple variations as suggested may be incorporated so as to
      accommodate particular types of documents; and the dual belt assembly
      could be altered for a multiple or perhaps even a single belt arrangement.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed is defined as follows:
NUM  1.
PAR  1. A document handler comprising:
PA1  a tracking belt means for transporting said document at a first speed; and
PA1  a slower speed feed means mounted adjacent to said higher speed tracking
      belt means; said slower speed feed means being adapted to move said
      document from a rest position to a position in engagement with said belt
      means so that said document is gradually accelerated from said rest
      position under control of said slower speed feed means to a high speed
      transported condition under control of said tracking belt means, said
      slower speed feed means continuing to engage said document during said
      document's initial contact with said tracking belt means to retard the
      document's acceleration.
NUM  2.
PAR  2. The document handler of claim 1 wherein the ratio of speeds of the high
      speed tracking belt means to the slower speed feed means is about 2 to 1.
NUM  3.
PAR  3. A document handler comprising:
PA1  a document stack hopper means defining a hopper-plate surface for
      supporting documents in said hopper and further including a lipped contour
      plate defining a lip surface adjacent to said hopper-plate surface but
      rising with substantial abruptness from said hopper-plate surface, to form
      a barrier surface which documents fed from said hopper-plate surface must
      climb, said lip surface forming a fillet or concave junction with said
      hopper-plate surface; and
PA1  feed means situated adjacent said contour plate at said lip surface for
      engaging a document from a stack on said hopper-plate surface; driving
      said document toward said lip surface; and driving said document over the
      lip surface on said contour plate.
NUM  4.
PAR  4. The document handler of claim 3 including a tracking plate provided with
      a longitudinal groove matingly positioned opposite a groove in said lip
      surface and a tracking belt means extending into the groove of said lip
      surface and the matingly positioned groove of said tracking plate.
NUM  5.
PAR  5. The document handler of claim 4 wherein the groove of said tracking
      plate extends to a depth of about 5% of its width.
NUM  6.
PAR  6. The document handler of claim 4 wherein the groove of said tracking
      plate is about two-thirds as deep as the corresponding groove on said lip
      surface.
NUM  7.
PAR  7. The document handler of claim 6 including means to adjust the depth that
      the tracking belt extends into the tracking plate groove.
NUM  8.
PAR  8. The document handler of claim 7 wherein said means to adjust depth
      includes rollers mounted on eccentrics and located interiorly of said
      tracking belt means.
NUM  9.
PAR  9. The document handler of claim 8 including a first roller means mounted
      at a first location interiorly of said tracking belt means;
PA1  a second roller means mounted at a second location interiorly of said
      tracking belt means; and
PA1  means connecting said first and second roller means.
NUM  10.
PAR  10. The document handler of claim 4 including a cutout portion in said
      tracking plate to accommodate detection means for detecting the passage of
      documents thereover.
NUM  11.
PAR  11. The document handler of claim 4 wherein the groove through said lip
      surface extends to a depth of about 75% of the height of the lip surface.
NUM  12.
PAR  12. The document handler of claim 4 wherein the width of the groove in said
      lip surface is between about 3 and 25 times the depth of said groove.
NUM  13.
PAR  13. The document handler of claim 12 wherein the width of said groove is
      about 14 times its depth.
NUM  14.
PAR  14. The document handler of claim 4 wherein said hopper-plate surface is
      situated at a different angle with horizontal than the angle made by said
      tracking plate with horizontal.
NUM  15.
PAR  15. The document handler of claim 14 wherein said hopper-plate surface
      makes an angle of about 12.degree. with horizontal; and said tracking
      plate makes an angle of about 25.degree. with horizontal.
NUM  16.
PAR  16. The document handler of claim 3 wherein said lip surface includes a
      relatively high friction surface.
NUM  17.
PAR  17. The document handler of claim 16 wherein said relatively high friction
      surface is a nitrided surface.
NUM  18.
PAR  18. A document handler comprising:
PA1  a tracking belt assembly for moving documents along a tracking plate
      including a movable endless tracking belt located adjacent to a surface of
      said plate for holding said documents between said tracking belt and said
      tracking plate surface and thereby moving said documents along said
      surface, said assembly including an adjusting means for selectively moving
      said tracking belt fore and aft longitudinally of said tracking belt along
      said tracking plate to selectively adjust the initial point of engagement
      of said tracking belt assembly with a document to be fed.
NUM  19.
PAR  19. A document handler comprising:
PA1  a document hopper forming a hopper surface for supporting documents to be
      fed;
PA1  a means forming a receiving surface;
PA1  a lipped contour plate located between said document hopper and said
      receiving surface means and forming a lip surface adjacent to said hopper
      surface but rising with substantial abruptness from said hopper surface to
      said receiving surface, thereby forming a barrier surface which documents
      fed from said hopper surface to said receiving surface must climb, said
      lip surface forming a fillet or concave junction with said hopper plate
      surface;
PA1  feed roller means having a feed roller thereon for engaging the foremost
      document of a stack thereof located in said document hopper and delivering
      said foremost document over said lip surface to said receiving surface;
      and
PA1  means for adjusting said roller means fore and aft in a direction
      substantially parallel to the plane of said hopper surface to adjust the
      force with which the document to be fed engages the lip surface on said
      contour plate.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said receiving surface means is a
      tracking plate and said feed roller is located at a first end of said
      tracking plate and further including:
PA1  tracking belt means for transporting said document from said first end of
      said tracking plate toward the other end thereof;
PA1  ejection roller means located at said other end of said tracking plate for
      engaging a document as said document passes over said other end of said
      tracking plate; and
PA1  means for adjusting the ejection roller means and positioning the tracking
      belt to vary the trajectory angle of said document as it leaves said
      tracking plate.
NUM  21.
PAR  21. The document handler of claim 19 wherein said hopper surface is
      inclined at a different angle with the horizontal than said receiving
      surface.
NUM  22.
PAR  22. The document handler of claim 21 wherein said hopper surface makes an
      angle of about 12.degree. with horizontal; and said receiving surface
      makes an angle of about 25.degree. with horizontal.
NUM  23.
PAR  23. In a document handler having a first frictionally engaging feeding
      means operating at a relatively low speed and a second frictionally
      engaging feeding means operating at a higher speed, the method of handling
      a document comprising the steps of:
PA1  initially moving a document from a rest position by frictionally, slidably
      engaging said document with said relatively low speed feed means; and
PA1  intercepting said document by said higher speed feed means after relatively
      slight initial movement of said document by said higher speed feed means
      and accelerating said document by frictionally, slidably engaging said
      document with said higher speed feed means while retarding said
      acceleration with said frictional, slidable engagement between said
      document and said relatively low speed feed means.
NUM  24.
PAR  24. In a document handling apparatus having a first surface over which
      documents travel to a lipped contour plate defining a lip surface adjacent
      to said first surface but rising smoothly with substantial abruptness from
      first surface to a tracking plate surface, thereby forming a barrier
      surface which documents fed from said first surface to said tracking plate
      surface must climb, said lip surface having at least one groove therein,
      and a tracking plate for forming said tracking plate surface, said
      tracking plate surface having a tracking plate groove therein; the method
      of transporting a document comprising the steps of:
PA1  initially moving said document toward said groove in said lip surface at a
      first accelerating speed;
PA1  bending said document over said lip on said contour plate and distorting
      said document into said groove in said lip surface;
PA1  completing motion of said document over said lip surface at a higher speed;
      and
PA1  distorting said document into said groove on said tracking plate while
      moving said document therealong at yet a higher speed.
NUM  25.
PAR  25. The method of claim 24 including the step of simultaneously engaging
      said document with a relatively low speed feed means tending to drive said
      document at said first speed while, at the same time, engaging said
      document with a higher speed feed means tending to drive said document at
      said higher speed.
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ABST
PAL  Apparatus for counting and endorsing documents and more particularly
      tickets dimensionally within the preferred range from 1 inch by 2 inches
      to 2 inches by 5.5 inches and in the thickness range from two mils to 14
      mils. The stack of tickets is placed in an in-feed hopper and is engaged
      by an eccentric bottom feed picker to drive preferably the bottom-most
      document toward a drive wheel and stripper wheel assembly to permit
      documents to pass only in single file beyond the stripper device. The
      documents are fed in single file between cooperating belts until they are
      picked up by acceleration means which abruptly accelerates the documents
      to provide a gap therebetween suitable for counting purposes.
PAL  The documents are driven into a stacker wherein they are stacked in the
      same order in which they were loaded into the in-feed hopper. A stacker
      arm provides pressure on the building stack which pressure is continually
      reduced as the stack increases in height to assure a smooth stacking
      operation. The stacker back plate is adjustable to accommodate the
      documents of different lengths. A single drive belt is utilized to feed,
      drive and convey documents to the acceleration means.
PAL  The documents may be endorsed by selectively moveable endorsing means
      arranged to prevent "back printing." A novel split retainer mechanism is
      utilized to facilitate fast removal and replacement of the endorser, ink
      roller and the endorser drum, while at the same time providing the
      capability of retaining and locking these elements in place during use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There exist a large number of applications wherein it is desired to provide
      a capability of counting and/or endorsing or cancelling documents such as
      tickets. Since many applications require counting devices having a
      capability of counting tickets accurately and at high speeds, apparatus is
      required which not only meets these specifications, but is further capable
      of counting and stacking tickets of which many may be mutilated or creased
      due to folding or rough handling. Typically, damaged or mutilated tickets
      must first be removed from a stack due to the fact that present day
      feeding and separating devices are incapable of counting such tickets.
      Even tickets which may be perfectly intact but which may be either
      severely folded or creased typically require special handling.
PAR  It is also desirable to provide apparatus capable of performing the above
      mentioned functions and which is further designed to accommodate tickets
      of varying length, width, thickness and finishes, as well as being capable
      of handling tickets formed of different materials and thicknesses which
      may be creased either slightly or severely or have slight or severe tears.
PAC  BRIEF DESCRIPTION
PAR  The present invention is characterized by providing a device for feeding,
      separating, counting and stacking tickets and which is simple in design
      and yet is capable of feeding and separating tickets of different
      thicknesses, weight, dimensions, finishes and materials, while at the same
      time being capable of providing an accurate count of a stack of such
      tickets with the feeding, separation, counting and stacking operations
      occurring at speeds not heretofore obtainable through conventional
      apparatus, as well as being capable of stacking tickets so as to maintain
      the same order in which they are fed into the machine.
PAR  The present invention comprises an infeed hopper for depositing a large
      stack of tickets which may include tickets within the stack of dissimilar
      size, thickness, weight and finish. The operator need not exercise any
      special care in forming a stack of such tickets so as to greatly simplify
      the use of the equipment.
PAR  The infeed hopper is provided with an inclined support whose lower end
      terminates to expose a closed loop feed belt entrained about an eccentric
      picker idler which provides the dual functions of advancing at least the
      bottommost sheet in the stack towards stripping and separating apparatus
      while at the same time, due to its eccentric mounting, serving to "jostle"
      or "jog" the stack which further facilitates separation of tickets within
      the stack as they are fed towards stripping and separating apparatus. The
      infeed hopper is provided with a configuration which causes the
      bottom-most group of tickets in the stack to be substantially relieved
      from the weight of the upper portion of the stack to provide a more
      positive picker operation.
PAR  The picker idler advances the bottom-most group of sheets toward a drive
      wheel, releasing the aforesaid group of tickets from the weight of the
      remainder of the stack at the rearward portion of the inclined support.
      The infeed hopper also includes a second inclined surface which supports
      the forward edges of the stacked tickets to further relieve the weight of
      the stack from the bottom few sheets. The sheets thus released are then
      free to slide downwardly along the support surface in order to come under
      the influence of drive and stripper means.
PAR  The drive means consists of the same endless belt having a toothed pattern
      therealong, and which is wrapped about a feed drum of large diameter. The
      aforesaid second inclined surface and a portion of the feed belt form a
      narrow throat region through which the bottom-most documents may pass.
PAR  A stripper wheel is mounted above the feed belt and rotates in a direction
      counter to that of the feed belt. The frictional force exerted upon a
      single document by the stripper roller is less than the frictional force
      exerted upon the single document by the feed belt, causing the document to
      be driven in the forward feed direction. However, if two (or more)
      documents are fed in over-lapping fashion between the feed belt and
      stripper roller, the frictional force between the two over-lapping tickets
      is less than the frictional force exerted upon the upper ticket by the
      stripper roller urging this document rearwardly and assuring feeding of
      only a single ticket beyond the stripper roller.
PAR  A guide deflector urges tickets passing in single file beyond the stripper
      roller into a curved path, defined by the large diameter feed drum and
      O-ring belts entrained about idler rollers. The O-ring belts and feed
      belts are entrained about an additional idler roller which define a
      substantially linear path portion which, after turning the tickets through
      an angle of the order of 180.degree., advances the tickets in single file
      toward acceleration means.
PAR  The idler rollers which define the output end of the feed path between the
      O-ring belts and the feed belt are spaced apart by an amount sufficient to
      cause the O-rings and feed belt to exert only light pressure upon the
      documents fed therebetween.
PAR  As the tickets leave the feed path defined by the feed belt and O-ring
      belts they move between an acceleration roller and cooperating
      acceleration idler roller to abruptly increase the linear speed of tickets
      of the order of 1.5 to two times the linear speed of the tickets as they
      approach the acceleration means. This abrupt acceleration forms a
      separation gap between the trailing edge of a leading document and the
      leading edge of the next trailing document, which gap is of a dimension
      sufficient to permit counting of the documents by a light source and
      cooperating photodetector device.
PAR  The documents, after passing through the acceleration means, are rapidly
      driven into a stacker having a stacker arm designed to hold documents down
      in the stacker. The arm is mounted to a rotatable cam which causes the arm
      to exert continually reduced pressure upon the stack as the stack of
      tickets grows in height. The overall weight exerted upon documents
      entering the stacker remains substantially constant since the decreasing
      pressure applied upon the stack by the stacker arm is compensated for by
      the weight of documents forming the stack.
PAR  Jam detector means is provided in the form of a micro-switch assemby
      designed to abruptly terminate the feeding of documents as a result of
      documents which are improperly fed to the stacker and which cause the
      stacker arm to kick upwardly at a velocity sufficient to cause the stacker
      arm to trip the micro-switch.
PAR  A stacker drive belt is entrained about a roller which forms a knee or bend
      in the path of movement of the drive belt to incline stacked tickets at an
      angle relative to the path of movement of the tickets entering the stacker
      so as to provide a gap sufficient for entry of a ticket into the stacker
      at the bottom end of the stack.
PAR  The stacker hopper is provided with an adjustable back stop designed to
      adjust the stacker to a length sufficient to accommodate tickets of
      varying length assuring the formation of a compact, neat stack of tickets.
PAR  Tickets may be endorsed during the counting operation by means of an
      endorser assembly comprised of an ink roll, an ink transfer roll and an
      endorser die which may all be moved into the operative position or
      alternatively moved into a disengaged position by means of an operating
      lever. The bands of printed matter provided on the endorser die are
      positioned immediately adjacent grooves provided in the feed belt to
      prevent the "back printing" of documents by preventing the transfer of ink
      from the endorser drum print bands to the feed belt. The ink roll,
      transfer roll and endorser die are all idlers which are given by O-rings
      which, in turn, are driven by the feed belt, thus greatly reducing the
      complexites of the drive train required for the apparatus.
PAR  Since it is typical to require rather frequent changing of the endorser ink
      roll and endorser drum, a novelsplit ring retainer assembly is provided
      for facilitating the removal and replacement of ink roll and endorser drum
      without requiring the removal of any components from the ticket counter.
PAR  The above described ticket counter has been found to accurately count
      tickets in the aforementioned size and thickness ranges at speeds of the
      order of 1,500 tickets per minute and if desired, has been found to be
      capable of counting tickets up to speeds in excess of 3,000 tickets per
      minute.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore one object of the present invention to provide novel
      apparatus for feeding, separating, counting and stacking tickets of
      dissimilar characteristics at speeds not heretofore attainable through
      conventional apparatus.
PAR  Another object of the present invention is to provide apparatus of feeding,
      separating and counting tickets of varying sizes, thicknesses and finishes
      and being capable of performing such operations in an accurate fashion
      even though tickets which are mutilitated are encountered during operation
      of the apparatus.
PAR  Still another object of the present invention is to provide a novel feeding
      and stripping assembly in which a single closed loop feed belt serves the
      combined functions of jogging the stack in the infeed conveyor, feeding
      the bottom-most documents toward a stripper assembly and passing these
      documents toward acceleration means whereby abrupt acceleration of the
      documents is made possible even before the tickets leave the influence of
      the feed belt.
PAR  Still another object of the present invention is to provide a novel stacker
      arrangement for stacking documents which have been counted wherein a novel
      pivotally mounted stacker arm is arranged to alter the pressure applied to
      a ticket stack being formed so that the weight exerted upon tickets
      entering the stacker and which is a function of the combined effects of
      the stacker arm and already stacked tickets, is substantially uniform
      during the entire stacking operation.
PAR  Still another object of the present invention is to provide novel jam
      detector means cooperating with a pivotally mounted stacker arm to
      abruptly turn off the machine under certain jam conditions.
PAR  Still another object of the present invention is to provide a novel
      endorsing assembly for use in the aforesaid ticket counter wherein the
      endorsing assembly may be selectively engaged or disengaged through
      operation of a single lever and wherein the feed belt serves the combined
      functions of acting as the backing means for tickets being endorsed while
      preventing the transfer of ink to the feed belt due to the provision of
      notched continuous grooves therein.
PAR  Still another object of the present invention is to provide a novel split
      retainer assembly which facilitates simple and yet rapid removal and
      replacement of the endorser assembly ink roll and/or endorser drum while
      avoiding the need for removal of any of the retaining components during
      either a removal or replacement operation.
PAR  Still another object of the present invention is to provide a novel stacker
      which may be readily adjusted to accommodate tickets of varying length
      while preventing tickets from passing beneath the stacker stop plate and
      which is provided with a stacker feed belt having a knee or bend which
      serves to form a clearance gap at the entrance of the stacker to assure
      proper entry and stacking of tickets therein without jamming.
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PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  The above as well as other objects of the present invention will become
      apparent when reading the accompanying description and drawings in which:
PAR  FIG. 1 shows a perspective view of a ticket counter embodying the
      principles of the present invention.
PAR  FIG. 1a shows an elevational view of the front face of the ticket counter
      of FIG. 1 with the cover plates removed.
PAR  FIG. 1b shows an end view of the feed assembly of FIG. 1a.
PAR  FIG. 1c shows a bottom view of the feed assembly of FIG. 1a.
PAR  FIGS. 2a and 2b show profile and partially sectionalized use of the feed
      belt of FIG. 1.
PAR  FIGS. 3a and 3b show elevational and top views of the upper guide plate of
      FIG. 1a.
PAR  FIGS. 4a and 4b show top and elevational views of the lower guide plate of
      FIG. 1a.
PAR  FIGS. 5a and 5b show top and end views respectively of the stacker slide of
      FIG. 1a.
PAR  FIG. 5c shows an elevational view of the stacker movable guide plate and
      slide as shown in FIG. 1a.
PAR  FIG. 5d shows a perspective view of the stacker of stationery hopper plate
      of FIG. 1.
PAR  FIGS. 6a and 6c show elevational views of the stacker arm assembly of FIG.
      1a.
PAR  FIG. 6b shows a top view of the stacker arm assembly of FIG. 6a.
PAR  FIG. 7a shows a side view, partially sectionalized of the feed picker
      pulley and feed picker extension of FIG. 1a.
PAR  FIG. 7b shows an end view of the feed picker pulley of FIG. 7a.
PAR  FIG. 8a shows a side view, partially sectionalized of the stacker pulley
      and stacker pulley extension of FIG. 1a.
PAR  FIG. 8b shows and end view of the stacker pulley of FIG. 8a.
PAR  FIG. 9 shows an elevational view of the infeed hopper plate of FIG. 1a.
PAR  FIG. 10a shows a top plan view of the stripper pivot arm assembly for
      mounting the stripper roller of FIG. 1a.
PAR  FIG. 10b shows an end view of the stripper arm of FIG. 10a.
PAR  FIG. 11a shows the endorser assembly of FIG. 1a in the disengaged position.
PAR  FIG. 11b shows an end view of the endorser assembly of FIG. 11a.
PAR  FIG. 11c shows a detailed view of a portion of the feed belt and the
      endorser dye of FIG. 1a.
PAR  FIG. 12a and 12b show top and side views respectively of the ink roller and
      split retainer assembly employed for mounting the ink roller of FIG. 1a.
PAR  FIG. 12c shows the split retainer assembly and ink roller assembly of FIG.
      12b with the ink roller in the removed position.
PAR  FIGS. 12d and 12g show detailed views of the split retainer assembly of
      FIGS. 12a-12c with the knurled nut respectively shown in the locked and
      disengaged positions.
PAR  FIG. 12e shows a top plan view of the split retainer halves embodied in the
      assembly of FIG. 12d for example.
PAR  FIG. 12f shows a detailed view of the knurled nut employed in the
      assemblies of FIGS. 12a-12d and 12g.
PAR  FIG. 13 shows the power train utilized in the ticket counter of FIG. 1a.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring initially to FIGS. 1 and 1a, there is shown therein a ticket
      counter 10 comprised of a housing 11. The actual feeding, separating,
      counting and stacking mechanism occupies the region of diagonally aligned
      front face 11a. An upper portion 11b of the front face and set slightly
      back from portion 11a shows the various counters and operating switches
      for controlling operation of the mechanism in a manner to be more fully
      described.
PAR  The housing further consists of first and second hollow cover members 12
      and 13 which serves to conceal portions of the mechanism which do not
      require exposure during normal operation of the equipment. However, cover
      12 and 13 may be easily and readily moved for servicing, maintenance or
      other purposes.
PAR  Cover 12 has a recessed region 12a which forms the infeed hopper for
      receiving tickets such as, for example, the ticket 14, for counting. Cover
      13 has its upper portion positioned immediately below the stacker assembly
      15 which is shown as having created a small stack S of tickets (shown in
      dotted fashion) which have already undergone feeding, stripping,
      separating and counting.
PAR  FIG. 1a shows a detailed view of the front of the ticket counter 10 shown
      in FIG. 1 with covers 12 and 13 removed.
PAR  As shown therein, an infeed hopper 16 is comprised of a stationary plate 17
      for supporting a stack S' of tickets. The right-hand-most portion 17a of
      the infeed hopper supporting plate 17 is inclined at an angle greater than
      that of the adjacent surface portion 17b to which it is integrally joined.
PAR  Infeed hopper 16 is further comprised of a plate 9 which can be seen to
      support the forward edges of tickets in stack S. Plate 9 can be seen to be
      inclined at an angle relative to an imaginary vertical axis. The inclined
      orientation of the entire infeed hopper is such as to cause the forward or
      leading edges of at least a major portion of the tickets in stack S' to
      rest against plate 9. The nature of the orientation of the feeding and
      separating mechanism is such that no special care need be given to the
      preparation of the stack before being placed in the infeed hopper. For
      example, there is no need to jog the stack in order to be sure that all
      forward edges of the sheets are exactly aligned so as to rest against
      plate 9.
PAR  The surface portions 17a and 17b of plate 17 are integrally joined at a
      knee portion 17c which is located a predetermined distance from plate 9
      for tickets of a length greater than this distance, as they are fed in a
      direction shown by arrow A by the feeding apparatus to be more fully
      described. A few bottom-most sheets are displaced in the direction shown
      by arrow A so that their trailing edges are moved downwardly along
      inclined portion 17a causing a substantial portion of the weight of the
      stack to be removed from these few documents so as to facilitate stacking.
PAR  A feed belt 18 cooperates with infeed hopper support plate 17 and serves as
      a portion of the infeed hopper, as will be more fully described.
PAR  Closed loop feed belt 18 is entrained about a large diameter idler drum 19
      mounted upon shaft 19a and is further entrained about drive roller 21 and
      idler roller 20 free-wheelingly rotatable about its shaft 20a. Shaft 21a
      drives roller 21. Idler roller 20 and feed drum 19 defines a linear path
      along which feed belt 18 moves and which linear path is substantially
      aligned with lower section 17b of support plate 17. Idler 20 is actually
      an eccentric idler with the opening receiving shaft 20a being
      significantly removed from the center of the eccentric roller so as to
      cause feed belt 18 to be moved upwardly and downwardly by eccentric idler
      20 between the dotted line position 18' and the solid line position 18.
      This movement performs a jogging or jostling action upon the stack of
      documents causing tickets to be jogged upwardly periodically which serves
      to "loosen" the stack and thereby greatly facilitate document feeding. A
      U-shaped guide plate 22 serves to restrain movement of the feed belt in a
      direction toward or away from face plate 11a.
PAR  The lower edge of plate 9 is provided with two bent portions 9a and 9b
      which cooperate with the portion of the feed belt extending between
      eccentric idler 20 and feed drum 19 to define a narrow throat portion or
      opening through which documents pass.
PAR  Feed drum 19 is driven by drive roller 21 in a manner described so as to
      constantly rotate in the counter-clockwise direction as shown by arrow B
      to move documents in the forward feed direction as shown by arrow A.
PAR  The feed belt 18 lies beneath the path of movement of tickets while a
      stripper roller 23 lies above the path of movement of tickets and is
      locked to a shaft 24 which causes stripper roller 23 to rotate in a
      counterclockwise direction shown by arrow C. Roller 23 is formed of a
      material having a substantially high durometer to frictionally engage
      documents passing therebeneath. Feed belt 18 is formed from a high
      friction urethane material having a lower durometer than stripper roller
      23. The arrangement is such that if a single document passes between belt
      18 and stripper roller 23, the frictional engagement between feed belt 18
      and a single ticket passing therebeneath is greater than the frictional
      engagement exerted upon this single ticket by stripper roller 23, so as to
      cause the single document to be fed in the forward feed direction.
PAR  However, if two or more documents pass between feed belt 18 and stripper
      roller 23, the frictional force exerted upon the upper ticket by stripper
      roller 23 is greater than the frictional force between engaging double-fed
      documents causing the documents engaged by stripper roller 23 to be driven
      in the rearward direction. The frictional forces exerted upon the lower
      double-fed document by feed belt 18 is likewise greater than the
      frictional engagement between the two tickets to cause the lower document
      to be fed in the forward feed direction, thereby assuring that the
      documents will be fed one at a time between feed belt 18 and stripper
      roller 23.
PAR  In order to cause documents passing stripper roller 23 to move along the
      path defined by feed belt 18, there is provided a first pair of O-ring
      belts 25 and 26 (see FIG. 1b) and a second pair of O-ring belts 30 and 31
      entrained about the idler roller 27, 28 and 29 which, in turn, are
      free-wheelingly mounted about the conveyor O-ring idler shafts 27a, 28a
      and 29a. O-ring belts 25 and 26 can be seen to be arranged in spaced
      parallel fashion and are entrained about idlers 28 and 29. O-ring belts 30
      and 31 are more closely spaced than belts 25 and 26 and can be seen to be
      entrained about idlers 27 and 28. The O-ring belts 25 and 26 bear against
      the belt 18 entrained about idler drum 19 so as to hold belts 25 and 26 in
      a curved configuration between idlers 29 and 28 in the region where the
      feed belt loops about feed drum 19.
PAR  A portion of the O-ring belts 30 and 31 bear against feed belt 18 where it
      loops about feed drum 19 so as to impart a curved configuration thereto.
      The remaining portions of belts 30 and 31 extending between feed drum 19
      and idler 27 forms a substantially straight line path P. Thus, it can be
      seen that documents passing in single file beyond stripper roller 23 are
      caused to move around a substantially U-shaped path defined by feed drum
      19 thereby executing a substantially 180.degree. turn after which the
      ticket arranged in single file pass along a linear path P extending over
      substantially the major length of feed belts 30 and 31 extending between
      feed drum 19 and idler roller 27.
PAR  As documents pass beneath stripper roller 23, their relative stiffness has
      a tendency to cause the tickets to want to move along a straight line
      path. In order to deflect and guide the leading edges of tickets along the
      curved path, a deflector plate 32 is provided. Guide plate deflector 32 is
      mounted to face plate 11a by fastening means 32d and a spacer 32e as shown
      best in FIG. 1b. The lower edge 32a of plate 32 has a curved surface to
      guide the leading edges of tickets downwardly so that they pass between
      O-ring belts 25 and 26 and feed belt 18. As can best be seen from FIGS. 1a
      and 1b, stripper roller 23 is provided with a central groove 23a and plate
      32 extends partially into the groove as shown by dotted portion 32b.
PAR  Similarly, O-ring idler 29 can best be seen from FIG. 1b, to be comprised
      of two roller portions 29a and 29b with a spacer 26c provided
      therebetween. A shaft free wheelingly mounted assembly 29 is secured to
      front plate 11a by fastening means 35. A dotted line portion 32c of
      deflected guide plate 32 extends into the grooved region defined by spacer
      26c and roller portions 29a and 29b, as shown in FIG. 1a. This arrangement
      assures that the leading edge of documents will be appropriately guided
      between O-ring belts 25 and 26 and feed belt 18.
PAR  As was mentioned hereinabove, feed belt 18 is formed of a high friction
      urethane material and, in one preferred embodiment has a durometer of 60,
      shore A. The feed belt is provided with triangular teeth 18a as shown best
      in FIG. 2a which are approximately 25 mils high and number approximately
      15 teeth per inch.
PAR  The feed belt has two continuous grooves 18b and 18c as shown best in FIG.
      2b which has been partially sectionalized. These grooves are preferably 50
      mils deep and have a width of the order of 150 mils. The grooves cooperate
      with the two portions 23b and 23c of stripper roller 23 to cause the
      tickets to assume an undulating or corrugated configuration as they pass
      between feed belt 18 and stripper roller 23, which corrugated
      configuration serves to stiffen the documents thereby greatly facilitating
      the feeding and stripping operation. The triangular teeth in belt 18 have
      been found to greatly extend the document thickness range which can be
      accommodated. For example, document thickness over the range from 2-15
      mils, with a common setting of stripper roll 23, have been found to feed
      satisfactorily through the device. The triangular teeth have also been
      found to improve the overall feed reliability.
PAR  As documents pass along the curved path defined by a portion of feed belt
      18 entrained about feed drum 19 and the O-ring belts 25 and 26, they enter
      into the region between a portion of the idler belt extending between feed
      drum 19 and drive roller 21 and the O-ring belts 30 and 31, which path is
      substantially a straight line path P.
PAR  The shafts 29a and 28a which free wheelingly mount O-ring belt idlers 29
      and 28 firmly press the tickets against the belt 18. However, the relative
      positions between shafts 21a and 27a which support drive wheel 21 and
      idler 27, are spaced a sufficient distance apart so as to substantially
      loosely hold documents in the straight line path portion P for a reason to
      be more fully described.
PAR  As the leading edge of each ticket passes to the right of rollers 21 and
      27, they enter between upper and lower document guides 33 and 34. Upper
      document guide 33 is a substantially L-shaped member having a mounting
      bracket portion 33a with an opening provided to receive fastener 35 to
      secure the upper guide to front face-plate 11a. The FIGS. 3a and 3b show
      the upper document guide in greater detail wherein mounting portion 33a is
      secured to the guide portion 33b which has a pair of bifurcated arms 33c
      and 33d which straddle the feed belt 18 (as shown in dotted line fashion
      in FIG. 3b) so as to prevent documents from leaving the feed path.
PAR  The lower document guide 34 (note alo FIGS. 4a and 4b) has a mounting
      portion 34a for receiving a pair of fasteners 36 to secure the guide to
      front plate 11a. The guide portion 34b is provided with three teeth 34c,
      34d and 34e arranged in spaced parallel fashion and having bevelled upper
      surfaces as shown at 34f. The spacing between teeth 34c, 34d and 34e
      enables the guide to straddle between the O-ring belts 30 and 31. This
      serves in a manner similar to the upper guide 33 to prevent documents from
      leaving the designated feed path.
PAR  Upper guide portion 33b (note especially FIG. 3b) is provided with a slot
      33e to provide clearance for a "light pipe" 37 whose function will be more
      fully described. An opening 34g in lower guide portion 34b is provided to
      mount a light source 38 which together with light pipe 37 and other
      components to be more fully described, forms a gap detector which
      functions as a ticket counter.
PAR  As the forward edges of tickets pass between guides 33 and 34, they enter
      into a nip defined by a flat closed loop belt 39 entrained about an
      acceleration pulley 40 fixed to rotatable shaft 40a, and an acceleration
      idler 41 mounted upon acceleration idler shaft 41a which is spring loaded
      by spring means S having an upper end hooked about shaft 41a and having a
      lower end secured to the interior surface of face plate 11a at F.
PAR  Acceleration pulley 40 is continuously rotated by the single drive motor to
      be more fully described to impart movement to flate belt 39 which is
      further entrained about idlers 42 and 43 free wheelingly mounted upon
      shafts 42a and 43a respectively.
PAR  Pulley 40 is rotated at an angular speed sufficient to abruptly accelerate
      tickets as their leading edges pass between the nip formed by belt 39 and
      acceleration idler roller 41 so as to increase the velocity of tickets to
      a speed as the tickets move along the linear path P. This causes a gap to
      be formed between the trailing edge of a document passing between belt 39
      and idler roller 41 and the leading edge of the next document moving along
      the straight line path P. This gap permits counting of the documents in
      the following manner:
PAR  As the trailing edge of an accelerated document passes to the right of
      light source 38 and light pipe 37, due to its increased velocity, a gap
      will be formed between the trailing edge of that document and the leading
      edge of the next document. This permits light to pass from light source 38
      to light pipe 37 which transfers the light along the light pipe to a
      photo-detector device (not shown) for generating a pulse indicating the
      presence of a gap. A satisfactory photo-detector circuit is set forth in
      detail in copending application Ser. No. 273,999 filed July 21, 1972 now
      U.S. Pat. No. 3,870,868, issued Mar. 11, 1975, and assigned to the
      assignee of the present invention. The pulses generated as a result of
      detection of a gap are applied to counter means such as, for example,
      counter means 44 which is incremented by a count of one each time a gap is
      detected in order to count the number of tickets.
PAR  It can be seen that idler roller 42 forms a "knee" or bend in belt 39 which
      move upwardly and to the right between pulley 40 and idler 42 and then
      abruptly changes its direction to move generally downward and to the
      right. The belt 39, in addition to acting as means for accelerating
      tickets, further serves as the "floor" of a stacker assembly 45 comprised
      of a movable stacker guide plate 46 and a stationary stacker hopper plate
      47.
PAR  Guide plate 46 is secured to a plate upper guide block 48 which cooperates
      with the lower guide block 49 to slidably position stacker guide plate 46
      along a stacker slide member 50. Slide member 50 is shown best in FIGS. 5a
      and 5b and is an elongated member having a pair of grooves 50a and 50b
      extending along its entire length. A small guide member 51 is secured to
      the left-hand edge thereof and is provided with a portion 51a resting upon
      the surface of stacker slide 50 and a bent portion 51b. The portion 51a
      receives a fastener 52 which extends through slide 50 and solid block 53
      having one tapped aperture for receiving fastening means 52 and having a
      tapped aperture on its inner surface for receiving a fastening member
      which extends outwardly from the inner surface of face plate 11a and
      through the opening in face plate 11a and into a tapped aperture (not
      shown for purposes of simplicity) in solid block 53. A similar solid block
      55 is provided at the right-hand end of stacker slide member 50 and has a
      first tapped opening for receiving a threaded fastener 56 to secure slide
      50 to block 55. Another tapped opening in block 55 receives a threaded
      fastener (not shown) extending from the inner surface of face plate 11a
      through the face plate into the tapped opening of block 55 whereby blocks
      53 and 55 serve to position and secure slide 50 to face plate 11a.
PAR  Stacker guide plate 46 is shown in detail in FIG. 5c and is provided with
      openings 46a for receiving threaded fasteners to secure the plate to upper
      guide block 48. Upper and lower guide blocks 48 and 49 are secured to one
      another and embrace stacker slide member 50 therebetween. A reciprocally
      movable latch 58 slidably extends through an opening in lower guide block
      49. By gripping the downwardly extending flange 58a of latch 58 and moving
      it in the direction shown by arrow 62, a frictional force exerted upon
      slide 50 by latch 58 is released, enabling the stacker guide plate to be
      moved either generally toward the left or toward the right to accommodate
      the stacking of documents of varying lengths. Once guide plate 46 is
      appropriately positioned, the latch member may be released and a spring
      (not shown) returns the latch in the direction shown by arrow 61 to lock
      the guide plate assembly into position in readiness for a stacking
      operation. Plate 46 is inclined at an angle of less than 90.degree.
      relative to face plate 11a to deflect documents toward face plate 11a and
      thus assure proper stacking of the documents.
PAR  Considering FIG. 5c, it can be seen that plate 46 is provided with an
      elongated substantially vertically aligned slot 46b which provides
      sufficient clearance for the right-hand end of stacker arm 63 to be more
      fully described in cases where the stacker guide plate is positioned
      sufficiently close to stationary hopper plate 47 to cause the right-hand
      end of stacker arm 63 to extend through slot 46b.
PAR  The bottom edge of stacker guide plate 46 is provided with a plurality of
      teeth 46c which extend into the grooves 50a and 50b of stacker slide 50 to
      prevent tickets from passing between guide plate 46 and slide 50. This can
      best be appreciated from FIG. 5c in which dotted line T represents the
      bottom-most ticket in a stack which rests upon the upper surface of
      stacker slide 50. Since teeth 46c extend below this level, the tickets
      will not pass therethrough and will be neatly stacked.
PAR  FIG. 5d shows a perspective view of hopper plate 47 which is comprised of
      an arm portion 47a having openings 47b for securing the plate to face
      plate 11a. An elongated slot 47c provides sufficient clearance for stacker
      arm 63, to be more fully described. A lower slot 47d provides clearance
      for the acceleration idler roller 41 while opening 47e serves as a means
      for passing the lower end of light pipe 37 and securing its lower end in
      proper position, as can best be seen in FIG. 1a.
PAR  Tickets moving under the influence of accelerator pulley 40 and its
      cooperating idler 41, move in the direction shown by arrow 66. Stacker arm
      63 causes the leading edge of each ticket entering the stacker to be
      guided from movement in the direction shown by arrow 66 toward movement in
      the direction shown by arrow 67. The stacker arm 63 further causes the
      trailing edge of each ticket to "flip up" so as to be substantially in
      spaced parallel alignment with stacker slide guide 50 immediately after
      clearing the acceleration pressure roll 41 and the stacker hopper plate
      47. This action clears the way for the leading edge of the next succeeding
      ticket to be driven under the preceding ticket to form a neat stack. Each
      ticket raises the stack by a height equal to its own thickness, pushing
      the stack upwardly and away from the stacker slide guide 50 and flat belt
      39.
PAR  A means must be provided to cause the very first ticket entering the
      stacker to follow a curved path around the flat belt pulley idler 42 and
      hold the document parallel with the stacker guide plate 50 and stacker
      belt 39. This means must exert sufficient weight to prevent the leading
      edge of the second document from turning the first document up on end and
      hold the incoming document against flat belt 39 until its leading edge
      abuts adjustable stacker guide plate 46.
PAR  As soon as a stack of documents having a height of the order of 1/4 to 1/2
      inch is accumulated in the stacker hopper 45, the stacker arm weight is no
      longer required since the weight of the documents is sufficient to assure
      proper stacking of any subsequent documents. As the weight of the stack
      increases, the added weight of the stacker arm would cause excess wearing
      of flat belt 39. The desired action thereby requires a stacker arm to
      initially exert a weight approximately equal to a stack of tickets having
      a height in the range from 1/4 to 1/2 inch with the weight of the stacker
      arm upon the stack decreasing sharply after a sufficient number of
      documents have been stacked in hopper 45.
PAR  All of these functions are accomplished with the spring loaded cam follower
      and notched cam employed in conjunction with the stacker arm, said
      structure being shown best in FIGS. 6a - 6c. As shown therein the stacker
      arm has an intermediate portion 63b extending between straight portion 63a
      which serves as the stacker arm shaft, and free end 63c. With the stacker
      arm in its initial position as shown best in FIG. 1a, free end portion 63c
      can be seen to lie substantially parallel to and upon the upper run of
      belt 39 extending between idlers 42 and 43. Intermediate portion 63b,
      together with the run of flat belt 39 extending between rollers 40 and 42,
      defines a tapering infeed region which provides sufficient clearance for
      documents to enter into the stacker hopper 45. The shaft arm portion 63a
      of stacker arm 63 is rotatably supported by front face plate 11a and rear
      space plate 75 shown best in FIG. 6b, bearings 76a and 11b being provided
      at plates 75 and 11a respectively for free-wheelingly mounting shaft
      portion 63a.
PAR  Eccentric cam 74 is secured to stacker arm shaft portion 63a by means of a
      central opening 74b which lies intermediate the ends of an elongated slot
      74c. Shaft portion 63a is extended through opening 74b fastening member 77
      and threadedly engages a tapped opening 74f provided in cam 74 to draw the
      cam portions above and below slot 74c toward one another in order to
      secure cam 74 to shaft portion 63a so that any rotation imparted to shaft
      portion 63a will cause rotation of cam 74.
PAR  Cam 74 is provided with a notch 74a having a shoulder 74d. Notch 74a and
      shoulder 74d cooperate to seat a roller 72 freewheelingly mounted by a
      pivot pin 71 to cam follower 69. Cam follower 69 has a U-shaped mounting
      portion comprised of short arm 69b and long follower arm 69a joined to one
      another by a yoke portion 69c. Openings are provided in these arms for
      receiving a stationary shaft 70 to permit pivotal movement of the cam
      follower arm about shaft 70. An opening 69d is provided at the free end of
      arm 69a to receive one hooked end of a helical biasing spring 73 whose
      opposite end is secured to the frame of the counter. Opening 69e in arm
      69a is provided for receiving the pin 71 which free-wheelingly mounts
      roller 72.
PAR  FIG. 6a substantially shows the position of the cam follower arm when the
      stacker hopper 45 is empty. In this position the free end 63c is
      positioned immediately above the run of belt 39 between roller 42 and
      backplate 46 as can best be seen in FIG. 1a so as to provide a small
      clearance therebetween. Spring 73 biases the cam follower arm 69a in a
      counterclockwise direction as shown by arrow 79 in FIG. 6a.
PAR  As the first document enters between the tapered infeed region defined by
      the intermediate portions 63b of arm 63 and the run of flat belt 39
      between rollers 40 and 42, the leading edge of a document bears against
      the underside of arm portion 63b and is guided downwardly so as to move
      beneath the free end portion 63c and be driven against adjustable back
      plate 46 by the action of belt 39. The force required to raise the cam
      follower roller 72 out of notch 74a and over knee 74e and the distance the
      arm is raised before most of the force is removed is determined by the
      depth and shape of notch 74a. Opening 74b is arranged to lie off center so
      as to make cam 74 eccentric, which eccentricity compensates for the weight
      of the stacker arm to assure that the arm 63 returns to its original
      position when documents are removed from the stacker. The eccentricity of
      cam 74 can best be appreciated from a consideration of FIG. 6c wherein the
      radial distance X.sub.1 is less than the radial distance X.sub.2. The cam
      and cam follower arrangement operates in the following manner:
PAR  Before any documents are loaded into the stacker hopper 45, the stacker arm
      is in the position shown in FIG. 6a (Note also FIG. 1a). As the first
      group of documents are fed into the stacker hopper 45, the weight of the
      first few documents is clearly insufficient to independently assure the
      formation of a neat stack. Thus the maximum force exerted by stacker arm
      63 upon incoming documents exists when roller 72 rests upon surface 74a
      and before roller 72 rolls beyond knee 74e. As soon as a sufficient number
      of documents have been stacked in hopper 45, cam 74 will rotate counter
      clockwise in the direction shown by arrow 79 (see FIG. 6a) to urge
      follower arm 69a clockwise about shaft 70 and against the biasing force of
      spring 73. Once the roller moves past knee 74e, the force exerted by
      follower arm 69a upon cam 74 is somewhat reduced. Just prior to this
      movement, it can be seen that the stacker arm is most affected by gravity
      at this time. As the stacker arm rotates in the counter clockwise
      direction shown by arrow 79 and from the position of FIG. 6a toward the
      position shown in FIG. 6c, the follower arm 69 gradually moves further
      away from the center of cam 74 due to the gradually increased radius of
      cam 74 which increases from a radius value X.sub.1 toward a larger radius
      value X.sub.2. This movement increases the expansion of biasing spring 73
      to an extent sufficient to assure the cam 74 and stacker arm 63 will
      automatically be moved toward the position shown in FIG. 6a when a stack
      of documents is removed from the hopper. The reason for this eccentricity
      is that the stacker arm 63 is substantially vertically aligned as shown in
      FIG. 6c and the eccentricity of cam 74 insures the return of stacker arm
      to the position in FIG. 1a without exerting too much weight upon the
      documents in the stacker so as to prevent undue wearing of the stacker
      feed belt 39. The rod-like shape of stacker arm 63 also serves to reduce
      the amount of weight exerted by the stacker arm upon the stack of
      documents being formed.
PAR  As was described herein above, the counter of the present invention is
      designed to provide a capability of feeding, separating, counting and
      stacking documents which may be of varying widths, for example over the
      range from 1 to 2 inches wide or wider. In order to facilitate the
      stacking of wider documents, the eccentric idler 20 shown in FIG. 1a may
      be fitted with a hub extension as shown best in FIGS. 7a and 7b. Eccentric
      idler 20 is comprised of a metallic body having a central opening 20b for
      mounting of the eccentric idler upon shaft 20a. A tapped opening 20c is
      provided for receiving a set screw (not shown for purposes of simplicity)
      for locking the eccentric idler 20 to shaft 20a. The peripheral surface of
      the body is provided with a crowned surface 20c which can best be seen
      from FIG. 7a as having a curvature in the direction of center line C. The
      eccentricity of the central opening 20b can best be seen in FIG. 7b.
PAR  Considering FIG. 7a, the right-hand end of eccentric idler 20 is provided
      with an opening 20d terminating at flat base 20f and a sidewall with
      tapers inwardly from the right-hand edge 20g surrounding the opening
      toward 20e and which then tapers radially outward again toward the flat
      base 20f of the opening.
PAR  An extension hub 95 is provided for releaseable mounting to extension 20.
      This hub 95 is comprised of a cylindrical shaped rigid body portion 96
      having a band 97 of a high friction material completely encircling the
      lefthand portion of metallic body 96. The lefthand end of metallic body 96
      has an outwardly flared projection which is designed to seat an O-ring 99
      within a circumferential groove formed by projection 98, the O-ring 99
      being shown in sectional fashion. The hub extension 95 may be pressed into
      opening 20d in eccentric pulley 20 causing the O-ring 99 to be squeezed
      inwardly as it passes the inwardly tapered portion 20e surrounding opening
      20d. As soon as the left-hand surface 96a abuts the right-hand surface 20g
      surrounding opening 20d, O-ring 99 expands providing a good frictional
      fitting of the hub extension within eccentric pulley 20. In this manner,
      the frictional band 97 of picker extension wheel 95 cooperates with the
      feed belt 18 to provide a greater frictional surface area for feeding
      tickets of greater width into the nip formed by the portion of the feed
      belt 18 entrained about feed drum 19 and the stripper roller 23.
PAR  In a similar fashion, the idler pulley 42, shown in greater detail in FIGS.
      8a and 8b, is provided with a similar opening 42b having a tapered portion
      42c of narrow diameter and which is adapted to receive the flared
      projection 103 provided on metallic core 104 of the stacker extension
      member 102. A circumferential band 105 of high friction material having a
      flared or tapered peripheral surface 105a is mounted upon metallic core
      104. An O-ring 106 shown in sectional fashion in FIG. 8a is seated in a
      groove defined by flared projection 103 and is similarly caused to
      contract when the extension is pressed into opening 42b until the
      left-hand surface 104a of core 104 abuts against the right-hand surface
      42e surrounding opening 42b in idler pulley 42, at which time the O-ring
      106 is free to expand providing a good friction fit of the extension 102
      within pulley 42. As will be best noted from FIG. 8a, the flared
      peripheral surface 105a of high friction material cooperates with the flat
      feed belt 39 to drive tickets into the stacker hopper 45. The tapered
      circumferential surface 105a serves to drive the tickets toward face plate
      11a so as to neatly stack tickets within the hopper.
PAR  As shown best in FiGS. 1a and 9, plate 9 is provided with a pair of notches
      9c and 9d which collectively define a finger 9e whose free end extends
      within the circumferential groove 23a in stripper wheel 23 so as to
      prevent the leading edge of tickets from being jammed between the lower
      edge of plate 9 and stripper wheel 23. This arrangement also keeps the
      counter-rotation of the stripper wheel from curling the leading edge of a
      mutilated document.
PAR  FIG. 10a and 10b show the stripper arm assembly which floatingly mounts
      stripper wheel 23. This assembly is comprised of a stripper pivot arm 115
      having a first pair of bifurcated arms 116 and a second pair of bifurcated
      arms 117. Arms 117 are provided with openings for receiving a shaft 118,
      one end of which is secured to front face plate 11a and the other end to
      the back mounting plate 75 (see also FIGS. 6b and 13). A pair of collars
      119 serves to restrain stripper pivot arm 115 from experiencing any linear
      movement relative to shaft 118.
PAR  The other pair of bifurcated arms 116 have a shaft 121 passing through
      openings provided therein. The left-hand end of this shaft (relative to
      FIG. 10a) is secured to a collar 122 forming part of a large diameter
      pulley 123 driven by a closed loop O-ring 124 (shown in sectional fashion
      in FIG. 10a). This belt is also entrained about a pulley operated by the
      motor drive in a manner to be more fully described. Shaft 121 extends
      through an opening or slot 75c in back plate 75 to provide sufficient
      clearance for pivotal movement of shaft 121 received by stripper pivot
      arms 117. A pair of collars 126 restrains movement of pivot arm 116 in the
      linear direction relative to shaft 121. Bearing assemblies 127 and 128 are
      provided in the openings in bifurcated arms 116, as are bearings 129 and
      130 provided in the openings in bifurcated arms 117 to free-wheelingly
      mount shafts 121 and 118.
PAR  The right-hand end of shaft 121 (relative to FIG. 10a) extends through an
      arcuate shaped clearance slot in face plate 11a and its free end is
      secured to stripper roller 23. The O-ring 124 thus serves to impart
      rotational movement to stripper roller 23, as well as imparting a downward
      force of the stripper roller 23 upon feed belt 18 or alternatively upon
      tickets passing between stripper roller 23 and feed belt 18.
PAR  The ticket counter is provided with an endorsing or cancelling capability
      designed to print one or more bands of printed material on the tickets as
      they pass about the curved portion of the feed path defined by feed drum
      19.
PAR  The endorser assembly 130 can best be seen in FIG. 1a and is comprised of
      an ink roll 131 mounted upon shaft 131a, an ink transfer roll 132 mounted
      upon shaft 132a and an endorser drum 133 mounted upon shaft 133a.
PAR  The endorser assembly is designed to be operated by lever arm 134 to enable
      the endorer to be moved to either the engaged position for endorement or
      to the disengaged position to permit counting of tickets without endorsing
      or cancelling.
PAR  As shown in FIGS. 11a and 11b, which will be considered in conjunction with
      FIG. 1a, shaft 131a, on which ink roller 131 is mounted, is secured near
      one end of a lever arm 135 pivoted about a pin 136 secured to face plate
      11a and extending into the interior of the ticket counter housing. A
      biasing spring 137 is secured at one end to a pin 138 secured to the
      interior of face plate 11a and has its other end secured by means of a pin
      135a to lever 135, so as to normally urge lever 135 in the clockwise
      direction, as shown by arrow 139. Transfer roller 132 is mounted upon
      transfer roll lever 141 which is pivotally mounted to face plate 11a by a
      shaft 143. Endorser drum 133 is similarly mounted upon an endorser drum
      lever 144 pivotally mounted to face plate 11a by a pivot pin 145. Helical
      springs 146 and 147 (FIG. 11a) each have a first end thereof secured to a
      pin 148 mounted to face plate 11a. The opposite end of spring 146 is
      secured to lever arm 141 by a pin 149 while the opposite end of spring 147
      is secured to lever arm 144 by a pin 150.
PAR  Endorser operating handle 134 is pivotally mounted to face plate 11a by a
      pin 152 and has a free-wheelingly mounting roller 153 secured thereto.
      With the endorser operating lever 134 in the position shown in FIG. 1a,
      and considering FIGS. 12c, 12d and 12g, arm 135 rotates in the direction
      shown by arrow 139 as a result of the biasing force exerted upon this arm
      by spring member 137. This causes the circumferential surface of ink roll
      131 to engage ink transfer roll 132. Thus, ink embedded in the porous
      material of ink roll 131 is transferred to ink transfer roll 132 and, in
      turn, is transferred to the printed matter in the print bands of endorser
      die 133 to print upon the surface of a ticket as it is carried around by
      the feed belt 18 in passing about the feed drum 19. It should be noted
      that endorser die 133 is free-wheelingly mounted and is driven into
      rotation by the frictional engagement between feed belt 18 and the O-rings
      25 and 26 (see FIG. 1b). Idler rollers 29 and 28 are similarly rotated by
      this frictional drive. Ink transfer roll 132 and ink roll 131 are also
      free-wheelingly mounted upon their lever arms and are rotated as a result
      of the pressure engagement between endorser die 133 and ink transfer roll
      132 and between ink roll 131 and ink transfer roll 132.
PAR  By rotating endorser operating lever 134 in the counterclockwise direction
      (relative to FIG. 1a) about pivot point 152, roller 153 is driven against
      the curved portion 141a of lever arm 141, causing it to rotate in the
      clockwise direction shown by arrow 170 (FIG. 1a) and against the biasing
      force of spring 146. As the operating handle 134 is rotated, lever arm 141
      experiences further rotation until it abuts against a beveled portion 144a
      of lever arm 144 at which time pivotal movement of lever arm 141 (about
      pivot 145) in the clockwise direction shown by arrow 170 starts to drive
      lever arm 144 in the clockwise direction shown by arrow 171. This causes
      the endorser die to move away from and hence be disengaged from either the
      feed belt 18 or tickets passing about the feed belt 18 so as to prevent
      the occurrence of any printing.
PAR  As lever arm 141 pivots still further in the clockwise direction shown by
      arrow 170 its bottom left-hand corner 141b bears against lever arm 135
      causing it to be driven in the counter clockwise direction as shown by
      arrow 172 of FIG. 1a. This pivotal movement disengages ink roller 131 from
      ink transfer roll 132 until the endorser die 133, ink transfer roll 132,
      and ink roll 131 occupy the fully disengaged positions shown in FIG. 11a.
      It is thus possible to operate the ticket counter with the endorser
      disengaged so as to prevent endorsing or cancelling operation.
PAR  By moving the operating handle 134 from the position shown in FIG. 11a to
      the position shown in FIG. 1a, the endorser may be moved to the engaged
      position.
PAR  FIG. 11c shows a detailed view of the endorser die 133 in the engaged
      position relative to feed belt 18. As shown therein, the endorser die is
      provided with a pair of annular grooves 133b and 133c which serve to seat
      the O-rings 25 and 26 to impart rotational movement to the endorser die.
      The endorser die is further provided with annular grooves 133d and 133e
      which receive continuous bands 180 formed of either a rubber or plastic
      material, which bands have raised lettering 181 representative of the
      printed matter to be printed upon a ticket. It can be seen that band 180
      extend beyond the circumferential surface 133f of endorser die 133 and are
      so positioned as to extend into the grooves 18b and 18c provided in feed
      belt 18 (note also FIG. 2b). However, it should be noted that O-ring belts
      25 and 26 bear against the surface of feed drum 19 so as to prevent the
      print bands 180 from making rolling engagement with the basis of grooves
      18b and 18c. This arrangement prevents ink from being transferred from the
      print bands 180 to feed belt 18 in situations where the endorser die is in
      the engaged (i.e., endorsing) position and no tickets are passing between
      the endorser die 133 and feed belt 18.
PAR  When a ticket passes between feed belt 18 and endorser die 133, the toothed
      surface portions serve as the support for a ticket and printing will occur
      on the ticket as it passes between feed belt 18 and endorser die 133.
PAR  Since it may be desired to change the printed matter to be placed upon a
      ticket being endorsed or cancelled, and since it is also necessary to be
      able to refresh the ink roll 131 at periodic intervals, it is necessary to
      provide a mounting for the endorser die and the ink roll which facilitates
      simple and yet rapid removal and replacement. For this purpose, a roll
      retainer assembly shown for example in FIGS. 12a - 12c is provided.
PAR  Although the arrangement of FIGS. 12a - 12c show an assembly for the ink
      roller, it should be understood that substantially the same assembly is
      provided for the endorser die and a description of the endorser die split
      retainer assembly will be omitted herein for purposes of simplicity.
PAR  The ink roll lever arm 135 (see FIGS. 12b and 11a, for example) has a fixed
      shaft 192 secured thereto by fastening means 193 (note FIG. 12c). The
      upper end of ink roll shaft 192 is tapped to received a threaded fastener
      194 which extends through a clearance opening 195a provided in knurled nut
      195. The upper end of opening 195a has a shoulder 195b upon which the head
      of fastening member 194 may rest. The threaded fastener 194 passes through
      an opening in a split retainer assembly 196 comprised of first and second
      split retainer members 196a and 196b. These retainer members are held
      together by means of a resilient O-ring 197 shown best in FIG. 12d.
      Threaded fastener 194 extends into a tapped opening 192a in ink roll shaft
      192.
PAR  Threaded fastener 194 is firmly secured within tapped opening 192a so as to
      prevent any turning of the threaded fastener.
PAR  The bottom portion 195c of opening 195a in knurled nut 195 is threaded so
      as to loosely but threadedly engage threaded fastener 194. Knurled nut 195
      has its bottom portion tapered as shown at 195d, which tapered portion
      extends into the opening collectively defined by split retainer halves
      196a and 196b.
PAR  As shown best in FIGS. 12a, and 12b and 12c, ink roll 131 is provided with
      a hollow cylindrical member 131c having a bushing 131b. Member 131c is
      adapted to free-wheelingly rotate upon shaft 192. A porous ink roll 131d
      is fixedly secured to member 131c and rests against bushing 131b.
PAR  In order to mount ink roller 131 upon ink roller shaft 192 knurled nut 195
      is rotated so as to be moved from the position shown in FIG. 12d to the
      position shown in FIG. 12g. This causes knurled nut 195 to be lifted or
      moved away from the split retainer members so that its tapered portion
      195d moves out from between the central opening defined by retainer halves
      196a and 196b. O-ring 197 is thus free to draw the split retainer members
      toward one another so that their flat portions 196a-1 and 196b-1 move
      towards engatement with one another. It can be seen from FIGS. 12c and 12g
      that with the split retainer members in this position, that these members
      collectively define a periphery having an outer diameter equal to or
      slightly less than the diameter of ink roll shaft 192. In this position,
      the ink roll 131 is brought into alignment with the knurled nut 195 and
      then passed downwardly until it is seated upon the shaft 192, as shown,
      for example, in FIG. 12b. After mounting of the ink roll in this manner,
      knurled nut 195 is rotated in the reverse direction so that it moves from
      the position shown in FIG. 12g to the position shown in FIG. 12d. This
      drives the tapered portion 195d of knurled nut 195 into the central
      opening collectively defined by split retainer halves 196a and 196b,
      causing the tapered portion 195b to act against the restraining force
      exerted upon the split retainer halves by O-ring 197 to move the split
      retainer halves apart and to the position shown in FIGS. 12b and 12d. It
      can be seen that when the knurled nut and split retainer halves are in the
      position shown in FIGS. 12b and 12d that their diameters extend over and
      beyond the diameter of shaft 192 (see FIG. 12c) so as to retain the ink
      roller 131 upon ink roller shaft 192. The distinct advantage of this
      arrangement is to provide a retainer assembly in which no parts are
      required to be removed in order to remove the ink roller since the
      threaded fastener 194 is locked in the tapped opening in shaft 192, thus
      assuring an arrangement in which no parts can be either mislaid or lost
      during an operation in which an ink roller is removed and/or replaced.
PAR  A substantially identical retainer assembly is provided for the endorser
      die and functions in the same manner to facilitate removal and/or
      replacement of the endorser die, for example, for the purpose of changing
      the print band, without misplacing any of the components of the retainer
      assembly.
PAR  FIG. 13 shows the power train for the ticket counter of the present
      invention, which power train is comprised of a single motor 200 secured to
      a pivotally mounted plate 201 to enable adjustment of the motor in either
      of the directions shown by arrows D.sub.1 and D.sub.2. The motor drive
      shaft 200a extends through an opening in the pivotally mounted plate 201
      and has a pulley 202 secured thereto. A timing belt 203 is entrained about
      pulley 202 and a pulley 40b mounted upon the shaft 40a (see FIG. 1a) to
      which the stacker drive acceleration roller is mounted. As was described
      hereinabove, pulleys 42 and 43 are idler pulleys having flat belt 39
      entrained therearound. Shown immediately adjacent stacker acceleration
      drive roller 40 is the spring mounted idler roller 41. Roller 41 is shown
      positioned to the left of drive roller 40 for purposes of simplicity, but
      in actuality, as can best be seen from FIG. 1a, this roller is positioned
      substantially above roller 40.
PAR  Also mounted to shaft 40a is an electromagnetic clutch 204 which is secured
      to back spacer plate 75 referred to earlier. Electromagnetic clutch 204 is
      arranged to selectively engage and/or disengage driving power to the
      remaining components of the counter. Shaft 40a serves as the input to
      electromagnetic clutch 204 which has an output shaft 204a to which pulley
      206 is secured. A timing belt 207 is entrained about pulley 206 and a
      pulley 208 mounted upon shaft 209 which extends through electromagnetic
      brake 210. Electromagnetic brake 210 is operated in conjunction with
      electromagnetic clutch 204, whereby brake 210 is energized at the same
      time that clutch 204 is deenergized, causing clutch 204 to decouple power
      from shaft 40a to shaft 204a, and causing brake 210 to abruptly halt all
      of the other drive and driven pulleys.
PAR  Brake 210 is secured to back space plate 75, and shaft 209 extends through
      an opening in plate 75 and has a gear 211 secured to its opposite end.
      This gear meshes with a gear 212 secured to the same shaft 21a as feed
      drive roller 21. The purpose of the gearing arrangement is to reverse the
      direction of drive to drive pulley 21. Feed drum 19, eccentric picker
      wheel 20, and feed drive pulley 21 are shown in FIG. 13 as having feed
      belt 18 entrained therearound. As can best be understood from FIGS. 13 and
      1a, roller 21 constitutes the drive roller with belt 18 serving as a means
      for imparting rotation to the free wheeling eccentric picker wheel 20 and
      feed drum 19.
PAR  Shaft 19a, upon which feed drum 19 is mounted, extends rearwardly through
      the front face plate and the back space plate 75, and has its opposite end
      secured to O-ring pulley 213. O-ring belt 124 (note also FIG. 10a) is
      entrained about pulley 213 and the large diameter pulley 123 also shown in
      FIG. 10a which is driven by pulley 213 to rotate shaft 121 upon which
      stripper roller 23 is mounted.
PAR  All of the remaining belts and pulleys are driven from the positively
      driven belts and pulleys described hereinabove.
PAR  As shown for example, idler roller 27 and idler roller 28 have O-ring belts
      30 and 31 entrained therearound which engage feed belt 18 to drive these
      belts and hence the idler rollers 27 and 28 into rotation.
PAR  Idler roller 28 also has additional O-ring belts entrained therearound and
      entrained about endorser drum 133 and idler pulley 29. The O-ring belts 25
      and 26, which are entrained about idler pulleys 28 and 29, engage feed
      belt 18 to rotate pulley 28 and 29.
PAR  As was described hereinabove, endorser die 133 is driven into rotation by
      the O-ring belts 25 and 26 which engage the opposing peripheries of feed
      drum 19. Ink transfer roll 132 has its circumference engaging the
      circumference of endorser die 133 to be driven into rotation. Inking roll
      131 has its circumference engaging the circumference of ink transfer roll
      132 to be driven into rotation. Obviously when the endorser operating
      handle 134 (see FIG. 1a) is moved to the position to disengage the
      endorser assembly, the ink transfer roll 132 and the inking roll 131
      experience no rotation, and the endorser die 133, although rotated by
      O-rings 25 and 26, is disengaged from feed belt 18.
PAR  Briefly summarizing the operation of the ticket counter of the present
      invention and particularly considering FIGS. 1a and 13, power push button
      220 is depressed to energize the power supply (not shown) and light source
      38. By depressing start button 221, clutch 204 becomes engaged and brake
      210 becomes disengaged. By depressing the pushbuttons 44a and 222a of
      electromechanical counters 44 and 222, these counters may be automatically
      reset to a count of zero. With the start button 221 depressed, the stacker
      of belt 39 and the feed belt 18 move in a continuous fashion. A stack S'
      of tickets is placed in the infeed hopper. Due to the eccentric mounting
      of picker wheel 20, feed belt 18 is moved from the solid line position to
      the dotted line position 18' to jog or jostle the stack S' of tickets to
      loosen the stack while the movement of feed belt 18 picks up the
      bottom-most ticket in the stack S' and feeds it through the entry throat
      toward the nip formed between feed belt 18 and stripper wheel 23.
PAR  The larger diameter portions of stripper roll 23 extend into the continuous
      grooves formed in feed belt 18 to urge the ticket passing therebetween
      into an undulating or corrugated pattern which serves to stiffen the
      ticket and greatly facilitate the feeding and stripping operation. As was
      mentioned hereinabove belt 124 (note especially FIGS. 10a and 13) in
      addition to imparting rotation to pulley 123, urges pulley 123 downwardly
      which downward movement is imparted to stripper roll 23. The frictional
      force exerted upon the upper surface of a ticket by stripper roll 23 is of
      a smaller magnitude than the frictional force exerted upon the single
      ticket by the feed belt 18 causing the driving force of the feed belt 18
      to be the major influence upon a ticket so as to cause the ticket to pass
      through the aforementioned nip and have its leading edge pass beneath the
      curved portion 32a of the guide feed plate 32 which serves to guide the
      forward edge of the ticket along a curved path and between the O-rings 25
      and 26 entrained about idler rollers 28 and 29. The leading edge of the
      ticket then passes between O-rings 25 - 26 and feed belt 18 and is caused
      to execute substantially a 180.degree. turn whereupon the leading edge
      enters into the linear travel region P between feed drum 19 and driving
      roller 21. Typically, a ticket is moving at a velocity of the order of 76
      inches per second at this time. The leading edge of the ticket passes
      between rollers 21 and 27 and enters between the guide plates 33 and 34
      until the leading edge is engaged by flat belt 39 entrained about
      acceleration roller 40 and the spring mounted idler acceleration roller
      41. The velocity of the stacker belt 39 is of the order of 126 inches per
      second which linear speed is more than 1.7 times greater than the linear
      speed of feed belt 18. This causes the ticket whose leading edge enters
      beteen stacker belt 39 and idler roller 41 to be rapidly accelerated.
      Since the distance between the nip formed by belt 39 and acceleration
      idler 41 and the nip formed between rollers 21 and 27 is less than the
      length of the smallest document which can be handled by the ticket counter
      (said length being measured in the direction of feed), the shafts 21a and
      27a upon which rollers 21 and 27 are mounted are positioned so as to cause
      feed belt 18 and O-ring belts 30 and 31 to only loosely grip the trailing
      portion of the document being accelerated by the stacker belt 39 and idler
      roller 41 so as to enable the document to be rapidly accelerated without
      O-rings 30 and 31 and feed belt 18 exerting any drag upon the ticket and
      further so as to prevent undue wearing of O-rings 30 and 31 and feed belt
      18 due to the continuous abrupt acceleration of tickets as a result of
      this operation. This arrangements thereby enables the acceleration roller
      40 and acceleration idler 41 to be positioned relatively close to rollers
      21 and 27 thereby providing a more compact counter device.
PAR  Due to the abrupt acceleration of a ticket passing between stacker belt 39
      and acceleration idler roller 41, a gap is formed between this ticket and
      the next succeeding ticket moving toward the stacker belt and acceleration
      idler roller. This gap is detected by means of the light source 38 which
      permits light to pass through the gap, be picked up by light pipe 37 and
      directed to a photodetector circuitry mounted upon bracket 37a to develop
      a counting pulse to increment counter 44 and/or counter 222. As each gap
      is detected, these counters are incremented.
PAR  It can be seen that the document is moving at a fairly high rate of speed
      and its leading edge is caused to strike the underside of stacker arm
      portion 63b which serves to deflect the leading edge of the ticket
      generally downwardly and toward the right so as to pass beneath the free
      end portion 63c of stacker arm 63 and ultimately abut against stacker
      guide plate 46 where it then comes to a halt.
PAR  The "knee" formed in stacker belt 39 by the presence of roller 42 causes
      the trailing edge of the document just driven into the stacker to
      "flip-up" to provide sufficient clearance for the leading edge of the next
      document.
PAR  As the height of the stack increases with the insertion of each ticket into
      the stacker, stacker arm 63 is pivoted about its shaft portion to move
      from the position shown in FIG. 6c. The stacker arm exerts the grestest
      magnitude of force upon the stack as it is just being formed. As the stack
      increases in height the magnitude of the force or weight exerted upon the
      stack continues to diminish so that the collective effect of the
      continually reducing weight applied to the stack by stacker arm 63 and a
      continually increasing weight imposed upon each entering document by the
      forming stack remains substantially constant until the stacker arm 63
      moves substantially out of the path of movement of the forming stack which
      will now be at a height sufficient to guide each entering ticket into the
      stacker to form a neat stack.
PAR  As was mentioned hereinabove, if a document strikes stacker arm 63 at a
      very severe angle, for example, due to the stacker guide plate being
      improperly set, the velocity of the ticket will be sufficient to impart a
      high angular velocity to stacker arm 63 causing it to strike microswitch
      runner 82a with sufficient force to trip microswitch button 82b. This
      simultaneously causes brake 210 to be energized and clutch 204 to be
      deenergized to prevent the passage of any more documents to the stacker,
      thus abruptly preventing the feeding of any documents, to limit the
      magnitude of the jam condition.
PAR  As is described in U.S. Pat. No. 3,870,868 referred to hereinabove, a jam
      detection circuit may be coupled to the photodetector circuit for
      providing a second jam detection capability. For example, the range of the
      time interval between gaps detected by the photodetector is well defined.
      The electronic jam detector circuit is provided with a delay circuit which
      will time out at a time greater than the maximum length of the time range
      between gaps causing the clutch to become disengaged and the brake to
      become engaged thereby serving as additional means for anticipating and
      thereby preventing jams. In addition thereto, the jam detection circuit
      also illuminates a "jam" lamp 224 along the control panel face to indicate
      to the operator the fact that a jam condition has occurred.
PAR  After a jam condition has been corrected, and in order to continue the
      proper count, the continue button 225 may be depressed. If, for any
      reason, it is desired to stop counting operations, stop button 226 may be
      depressed.
PAR  The ticket counter also has the capability of "batching." A toggle switch
      227 has a "batch" and "normal" position. In the "normal" position counting
      will occur so long as documents are placed in the ticket counter. In order
      to perform batching, toggle switch 227 is flipped into the "batch"
      position. Prior thereto, however, knurled setting knobs 228a provided in
      the count select device 228 are set to form a batch of any size from as
      few as one document to a maximum of 999 documents. Let it be assumed that
      the count select is set at the value 050 for the purpose of forming
      batches of 50 tickets. Toggle switch 227 is flipped into the "batch"
      position causing the batch lamp 229 to become illuminated. A stack of
      tickets is fed into the infeed hopper and counted. As soon as a count of
      50 is developed in counter 44 and/or counter 222, brake 210 is abruptly
      engaged and clutch 204 is disengaged whereby a stack of exactly 50 tickets
      will have been collected in stacker hopper 45. This stack, having an exact
      count of 50 tickets, may then be removed from the stacker, continue button
      225 is depressed and the next batch of 50 tickets is formed.
PAR  In order to ensure optimal operation of the counter, the stacker latch 58
      is manipulated to permit the stacker guide plate 46 to be set so that the
      distance between plate 46 and hopper plate 47 is slightly greater than the
      length of the tickets to be stacked. Once the guide plate 46 is
      appropriately adjusted, the latch 58 is moved in the direction shown by
      the arrow 61 to lock the guide plate 46 into position.
PAR  If it is desired to endorse documents when they are being counted, the
      endorser operating handle 134 is appropriately moved to engage ink roller
      131, transfer roller 132 and endorser die 133 to endorse and/or cancel the
      documents.
PAR  As was described hereinabove, removal and/or replacement of the ink roller
      131 and endorser die 133 may be simply and readily carried out by
      operating the knurled nut 195 shown, for example, in FIG. 12d with the
      split ring assembly being designed so that no parts thereof need be
      removed from the machine to avoid mislaying or loss of such components.
PAR  It can be seen from the foregoing description that the present invention
      provides a novel ticket counter for accurately counting and/or endorsing
      tickets or other documents of rather small dimensions and at high speeds
      not heretofore obtainable through conventional devices.
PAR  Although the present invention has been described in connection with a
      preferred embodiment thereof, many variations and modifications will now
      become apparent to those skilled in the art. It is preferred, therefore,
      that the present invention be limited not by the specific disclosure
      herein, but only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for feeding sheets arranged in a stack in a predetermined
      direction, which sheets are intermixed in said stack and may be of
      different sizes, shapes, thickness, finishes and quality of condition,
      said apparatus comprising an infeed hopper;
PA1  said hopper including first and second stationary plate means for
      supporting said stack;
PA1  said first plate means engaging the first sheet to be fed from said stack
      and said second plate means engaging the leading edges of at least some of
      the sheets in said stack, wherein the leading edges of said sheets are
      those edges which first pass out of said hopper when moving in said
      predetermined direction;
PA1  a closed loop feed belt and roller means for supporting said belt so that a
      portion thereof extends between the downstream end of said plate and the
      lower end of said second plate and is positioned beneath said stack;
PA1  means driving one of said roller means for moving said belt so that said
      portion moves toward the lower edge of said second plate;
PA1  the downstream end of said belt portion and the lower edge of said second
      plate defining an outfeed opening for said hopper;
PA1  said first plate means having a first surface portion whose downstream end
      lies adjacent said outfeed opening and whose upstream end is remote from
      said outfeed opening, and a second inclined surface portion having a
      downstream end joined to the upstream end of said first surface portion
      with the junction defining an angle of greater than 90.degree., and an
      upstream end remote from said first surface portion wherein the upstream
      end of said second surface portion remote from said junction lies a spaced
      distance from the plate of said first surface portion;
PA1  the upstream end of said first plate means second surface portion engaging
      the trailing edges of the sheets near the bottom of said stack as the
      sheets are fed through the outfeed opening whereby these sheets are
      relieved of the weight of the rearward end of the stack;
PA1  said second plate means having an inclined supporting surface aligned at an
      angle relative to an imaginary vertical line to remove a substantial
      portion of the weight of the stack from the forward ends of the
      bottom-most sheets;
PA1  said roller means including means for periodically and regularly moving
      said belt in a reciprocating manner toward and away from said stack to
      initially engage the intermediate portion of the bottom document and
      simultaneously jog the documents in the stack to facilitate movement of
      the documents for simultaneously moving the trailing edges of documents
      downstream along said first and second surface portions and away from the
      remainder of said stack so as to remove the rearward weight of said stack
      from said sheet engaging the first plate means to facilitate movement of
      said sheet through said outfeed passageway.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said advancing means is comprised of an
      eccentric rotating member positioned between said first and second roller
      and having its periphery engaged by said belt beneath said belt portion
      for simultaneously jogging at least the bottom portion of said stack and
      engaging an intermediate portion of the bottom sheet for advancing at
      least the bottom sheet of said stack in the feed direction.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said belt is formed of a material
      having a durometer adapted to provide good frictional drive for said
      documents.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said belt has a toothed surface for
      engaging said documents.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said roller means comprises a drive
      roller and an idler drum;
PA1  said feed belt being entrained about said drive roller and idler drum;
PA1  said belt reciprocating means comprising an eccentric roller rollingly
      engaging said belt between said idler drum and said drive roller and
      beneath said belt portion.
NUM  6.
PAR  6. The apparatus of claim 5 further comprising a stripper roller positioned
      adjacent said drum;
PA1  means for rotating said belt and stripper roller in opposite directions;
PA1  said belt and stripper roller being positioned to receive documents
      delivered through said outfeed opening for separating said sheets and
      feeding the sheets, one at a time, toward a stacking location.
NUM  7.
PAR  7. The apparatus of claim 6 further comprising second belt means and a
      second group of roller means extending between said drum and said drive
      roller and rollingly supports said second belt means for urging said
      second belt means towards said feed belt to follow the path defined by
      said feed belt between said drum and said drive roller; said feed belt and
      said second belt means cooperatively defining a path for guiding and
      moving documents therebetween.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said second group of roller means
      comprises first and second idler rollers respectively positioned adjacent
      said drum and said drive roller;
PA1  said drive roller and said second roller being positioned at the output end
      of said guiding path;
PA1  acceleration means positioned adjacent said guiding path output ends for
      abruptly accelerating each document passing through said acceleration
      means before the trailing edges pass beyond said feed belt and said second
      belt means;
PA1  said drive roller and said second roller being spaced apart by a distance
      to cause said feed belt and said second belt means to loosely guide
      documents therebetween so as not to impede acceleration of documents as
      they are passed through the acceleration means.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said acceleration means comprises
      cooperating roller means forming a nip therebetween for acclerating
      documents in the feed direction as they pass through said nip.
NUM  10.
PAR  10. The apparatus of claim 9 further comprising means positioned between
      said acclerating means and said guiding path output end for detecting gaps
      formed between succeeding documents due to said acceleration means to
      generate a signal upon the occurrence of a gap;
PA1  means coupled to said detecting means for accumulating said signals to
      generate a count representative of the number of documents passing through
      the acceleration means.
NUM  11.
PAR  11. The device of claim 9 further comprising a stacker assembly adjacent
      the acceleration means for receiving and stacking documents delivered
      thereto by said acceleration means.
NUM  12.
PAR  12. The device of claim 9 wherein said stacker assembly further comprises a
      hopper back plate positioned downstream relative to said acceleration
      means;
PA1  a third group of roller means;
PA1  stacker belt means entrained about said third group of roller means and
      having a portion thereof extending between said acceleration means and
      said plate;
PA1  means for moving said belt to convey documents delivered thereto toward
      said plate.
NUM  13.
PAR  13. The device of claim 12 wherein said stacker belt supports documents
      delivered thereto at an angle offset from said guiding path whereby the
      leading edge of documents entering said stacker assembly strikes the
      bottom surface of the preceeding document fed to said stacker assembly and
      is guided therealong to move the stack upwardly.
NUM  14.
PAR  14. The apparatus of claim 12 further comprising a movable stacker arm
      positioned to rest upon the top of said stack;
PA1  means responsive to the upward movement of the stacker arms as the stack
      increases in height for reducing the force exerted upon documents entering
      the stacker assembly by the stacker arm as the force exerted by the stack
      upon entering documents increases.
NUM  15.
PAR  15. The apparatus of claim 14 further comprising switch means having a
      switch button;
PA1  a flexible runner positioned to overlie said button to prevent said button
      from being depressed by said stacker arm under normal stacking conditions;
PA1  said runner being adapted to flex and operate said button when struck by
      said stacker arm which is adapted to pivot rapidly due to a jam condition;
      said switch means being adapted to deenergize the device delivering
      documents to the stacker assembly.
NUM  16.
PAR  16. The apparatus of claim 1 wherein said feed belt is provided with at
      least one continuous groove;
PA1  stripper means comprising a pivotally mounted wheel means positioned above
      said feed drum;
PA1  biasing means urging said wheel towards said feed drum;
PA1  means for rotating said wheel in a direction opposite the direction of
      rotation of said feed drum;
PA1  said wheel having a continuous circumferential portion extending into said
      feed belt groove to impart a curvature to documents passing between said
      wheel and said feed belt.
NUM  17.
PAR  17. The apparatus of claim 16 wherein the periphery of said stripper wheel
      is formed of a material having a coefficient of friction which is less
      than the coefficient of friction of said feed belt.
NUM  18.
PAR  18. Means for feeding documents comprising:
PA1  first and second rotatable rollers;
PA1  means for rotating one of said rollers;
PA1  a closed loop feed belt entrained about said first and second rollers and
      moved by the rotating rollers in a first direction;
PA1  a third eccentric idler roller positioned between said first and second
      rollers and driven by said moving feed belt to reciprocally move said feed
      belt transverse to said first direction;
PA1  stripper roller means including a stripper roller positioned adjacent said
      first roller;
PA1  means for rotating said stripper roller in a direction reverse that of the
      first roller positioned adjacent thereto;
PA1  the run of said feed belt extending between said eccentric roller and said
      first roller being adapted to move documents towards said first and third
      rollers which cooperate to pass only one document at a time through the
      nip between said feed belt and said stripper roller;
PA1  plural roller means positioned adjacent said first and second rollers and
      additional closed loop belt means entrained about said plural roller means
      for engaging documents passing said nip and moving between said first and
      second rollers to define a path together with said feed belt, along which
      documents are passed;
PA1  accelerating means adjacent the output end of said path for accelerating
      said documents as they enter the acceleration means to form a gap between
      a document entering the acceleration means and the document next fed
      thereto;
PA1  said feed belt having a continuous groove;
PA1  said stripper roller extending into said groove to form a curvature in
      documents as they pass therebetween.
NUM  19.
PAR  19. The apparatus of claim 18 wherein the spacing between said additional
      belt means and said feed belt at said feed path output end is adapted to
      loosely guide documents therebetween enabling said acceleration means to
      begin accelrating a document before it passes out of the output end of the
      feed path without said feed belt and additional belt means exerting any
      drag on the documents being accelerated.
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ABST
PAL  A letter feeder including a pair of belts mounted perpendicular to each
      other for transporting letters positioned thereon, a rotating brush roller
      and a control assembly both selectively movable to a position to stop a
      letter being transported by the belts and to separate double letters a
      selectively operated stop member for controlling the movement of letters
      from the feeder and a plurality of sensing members for selectively
      operating the brush roller, the control assembly and the stop member.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The application is a continuation-in-part of U.S. Pat. application Ser. No.
      410,107 filed on Oct. 26, 1973 now abandoned by Donald C. Rasmussen and
      Richard L. Funkhouser, which application is assigned to the assignee of
      the present application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to a secondary feeder mechanism for use
      in a mail coding system in which each piece of mail is encoded with a bar
      code signifying its destination so that the letter can be machine sorted
      for delivery. Included in the system is an encoding desk at which an
      operator will view each piece of mail and encode the address on the letter
      by means of a keyboard located at the coding desk. In order to provide
      maximum efficiency of operation, the coding desk must be continuously
      supplied with letters to be encoded. In present operations utilizing
      conventional mail feeders for feeding letters directly to the coding desk,
      problems have developed in which gaps have occurred in the stream of
      letters arriving at the coding desk in addition to doubles, that is, one
      letter stacked behind another letter, thereby preventing the operator from
      seeing the back letter. Both of these problems prevent the system from
      operating at an economically feasible rate. Therefore, it is an object of
      this invention to provide a feeder apparatus which will eliminate the
      double feed of letters in addition to allowing the letters to be
      selectively fed to an operating station. Another object of the invention
      is to provide a feeder apparatus which will level the mail pieces during
      transporting by said feeder apparatus. It is a further object of this
      invention to provide a feed mechanism for performing the above-cited
      function which is simple in operation and structure and therefore low in
      cost.
PAC  SUMMARY OF THE INVENTION
PAR  In order to carry out these objects, there is disclosed a selectively
      operated secondary feeder mechanism including a pair of letter pickup
      belts mounted perpendicular to each other for supporting and transporting
      letters through the secondary feeder mechanism, a rotating brush roller
      and a control assembly both rotatably disposed adjacent the pickup belts
      for stopping and holding letters on the pickup belts and a movable stop
      member for releasing the letter for movement to a following station. The
      brush roller, control assembly and the stop member are selectively
      operable to be moved into engagement with the letters to separate double
      letters and to sequentially feed the separated letters to the following
      station.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial view of the coding desk showing the viewing stations
      and the keyboard used to encode data on each mail piece.
PAR  FIG. 2 is a top elevational view of a preferred embodiment of this
      invention as related to leveling, selective feeding and double removal of
      mail pieces.
PAR  FIG. 3 is a partial side view of the vertical pickup belt showing the
      position of the fingers of the control assembly with respect to the
      vertical pickup belt and the backing plate.
PAR  FIG. 4 is a block diagram of the electrical control circuit used to control
      the solenoids of the present invention.
PAR  FIG. 5 is a schematic diagram of the control circuit of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a view of the coding desk in which the
      present invention is incorporated. In normal operation, letters will be
      transmitted by an entry conveyor 20 to a buffer feeder 21 where they are
      stored until transported by a primary feeder apparatus (not shown) to the
      secondary feeder of the present embodiment both located in the main
      console 22 of the coding desk. Upon demand by the operator, the letter
      will be transported from the secondary feeder to a preview window 23. When
      the operator is clear to operate the keyboard 24, the letter will drop
      into a view window 25 where the operator will key in the appropriate data
      read from the letter on the keyboard 24. The letter will then be
      transported past a printer (not shown) where the information is printed in
      bar code on the letter and then to a following station.
PAR  Referring to FIG. 2, there is shown a top view of the secondary feeder
      mechanism which includes a pair of constantly moving transport belts 26,
      27. The bottom horizontal belt 26 and the vertical face belt 27 (FIG. 3)
      are mounted perpendicular to each other and both run continuously at 100
      inches per second. Both belts have a friction surface on one side and a
      non-friction surface on the other side and are composed of a non-static
      material to reduce the build-up of static charges on the mail pieces.
PAR  The belt 26 is mounted on rollers 28 (FIG. 2 and 3) while the belt 27 is
      transported by rollers 31, the belt 27 coacting with a belt 32 to
      transport mail pieces from the buffer feeder 21 (FIG. 1). The belt 32 is
      mounted on rollers 33. Mounted adjacent the belt 27 is a guide plate 34
      for guiding the letter through the feed apparatus while positioned beneath
      the belt 26 is a backing plate 35 for supporting the belt in the
      horizontal plane. A backing plate 36 is also mounted adjacent the vertical
      belt 27.
PAR  Positioned adjacent the belt 27 is a constantly rotating brush 37 rotatably
      mounted on a support bracket 38 which in turn is rotatably mounted on a
      support member 40. The brush 37 is secured to a shaft 41 rotatably
      supported by the bracket 38 to which is also mounted a roller 42 engaged
      by a drive belt 43 which in turn is driven by a drive roller 44 secured to
      a drive shaft 45 extending through the bracket 38. The drive shaft 45 is
      driven by a motor (not shown) in a counter-clockwise direction thus
      rotating the brush in a like direction as indicated by the arrow in FIG.
      2.
PAR  Secured to the other end of the bracket 38 is a rod 46 which is engaged by
      one end of the armature 47 of a solenoid 48. The rod 46 is also engaged by
      one end of a spring 50 which normally urges the bracket 38 and the brush
      37 in a counter-clockwise direction as viewed in FIG. 2. Energizing of the
      solenoid 48 will rotate the bracket 38 in a clockwise direction thereby
      removing the brush 37 from engagement with the belt 27. Deenergizing of
      the solenoid 48 will allow the spring 50 to return the brush against the
      belt.
PAR  Mounted adjacent the belt 27 opposite the brush 37 is a control assembly
      comprising a pair of finger members 51 (FIGS. 2 and 3) positioned adjacent
      both the belt 27 and the guide plate 36. Both finger members 51 are
      secured to a bracket 52 which in turn is mounted on the end of shaft 53
      slidably mounted on a support member 54. The other end of the shaft 53 is
      connected by a pin 55 to the armature 56 of a solenoid 57. Energizing of
      the solenoid 57 will move the fingers 51 away from the belt 27.
      Deenergizing of the solenoid 57 will allow a spring 49 (FIG. 2) mounted
      between the pin 55 and the support member 54 to return the fingers to the
      position shown in FIG. 2.
PAR  Mounted downstream of the fingers 51 is a rod 58 slidably mounted in a
      support member 60 and extending in a direction above the belt 27. The
      other end of the rod is secured to a pin 61 to which is rotatably mounted
      one end of a crank member 62. The other end of the crank member 62 is
      rotatably secured to the drive shaft 63 of a rotary solenoid 64.
      Energizing of the solenoid 64 will withdraw the rod from the pathway of
      the letter allowing the letter to advance. Deenergizing of the solenoid 64
      will allow a spring 59 (FIG. 2) to move the rod to a position blocking the
      movement of the letter.
PAR  Positioned adjacent the belts 26, 27 are a plurality of light sources 65,
      66, 67, 68 which are used in sensing the position of letters on the belts
      26, 27. The light sources 65-68, inclusive, operate with associated
      photo-detectors 69, 72, 73 and 74, respectively, to control the solenoids
      48, 57, and 64 as shown in FIGS. 4 and 5. The light sources 65-68,
      inclusive, may be lamp or light-emitting-diodes, while the photo-detectors
      may include photo-transistors which generate a signal level according to
      the light intensity received from its associated light source in a manner
      which is well known in the art. Thus, when a letter intercepts the light
      path of one of the light sources 65-68, inclusive, the photo-detector
      associated with the light source will generate a first control signal,
      which will control the energizing or deenergizing of an associated
      solenoid. Where the light path is not intercepted by a letter, the
      photo-detector will generate a second control signal which will control
      associated solenoids in accordance with the description of the circuit of
      FIG. 5.
PAR  Referring now to FIG. 4, there is shown a block diagram of the electrical
      control circuit used to control the operation of the various control
      solenoids. As shown in FIG. 4 and FIG. 2, the control signals from the
      photo-detectors 69 and 72 are used to signal the presence or absence of a
      letter adjacent the guide plate 34 which constitutes the secondary feeder
      storage area. Control signals from photo-detectors 72 and 74 will control
      the energizing and deenergizing of the plate solenoid 57 and the brush
      solenoid 48, while a control signal from photo-detector 73 will control
      the energizing and deenergizing of the pin solenoid 64. A feed signal from
      system control 75 will also control the operation of the brush solenoid 48
      and the pin solenoid 64.
PAR  There will now be described an operation of the secondary feeder. As
      described previously, letters will be transported by the conveyor 20 (FIG.
      1) to the input buffer 21. From the buffer, each of the letters will be
      transported by the belts 27, 32 onto the horizontal belt 26 (FIGS. 2 and
      3), the letters being held by the belt 27 against the guide plate 34. At
      this time both the fingers 51 of the control assembly and the rotating
      brush 37 are in an engaging position since their respective solenoids 57,
      48 are in a deenergized state. The transporting of the letters to the
      secondary feeder from the input buffer 21 are controlled by the
      photo-detectors 69, 72 (FIGS. 2 and 5). When no letter is in the secondary
      feeder, the photo-detectors 69 and 72 will each generate a first output
      control signal as a result of receiving directed light from their
      associated light sources 65 and 66, respectively. The first output control
      signals from the photo-detectors 69 and 72 are fed over lines 76, 77 to
      the inputs of the OR gate 78. The gated output signal from OR gate 78 is
      fed to the input of an amplifier 80, the output of which provides a
      control signal to a vacuum feed control 81, resulting in the operation of
      a feed mechanism which positions a letter from the buffer 21 on the belts
      27, 32 which transport the letter to the horizontal belt 26. The use of
      the horizontal belt 26 to transport the letter will also level the letter
      as it is being moved to the brush 37 and the fingers 51. If no letter is
      received by the secondary feeder after a prescribed time interval, a
      second letter will be sent to the secondary feeder. Thus, there will
      always be a letter in the secondary feeder for movement to the preview
      window.
PAR  As the letter is being moved by the belt 26 into engagement with the brush
      37 and the fingers 51, the letter will intercept the directed light from
      the light sources 65, 66, thus causing the photo-detectors 69 and 72 to
      each produce a second output control signal over lines 76 and 77. These
      second output control signals will produce a gated output from the OR gate
      78 through the amplifier 80 to the vacuum feed control 81 which will
      disable the feeding of another letter to the secondary feeder. The second
      output signal from the photo-detector 72 will trigger a single-shot
      multivibrator 82 over line 83 whose output signal will be fed to the set
      input of a flip-flop 84. The output signal from the flip-flop 84 when in a
      set condition will be fed over line 85 to a driver 102 whose output signal
      will energize the brush solenoid 48. The output signal from the
      multivibrator 82 will also be fed to the set input of a flip-flop 86 over
      line 87 whose output signal over line 88 is fed to a driver 103 whose
      output will energize the plate solenoid 57. The single-shot multivibrator
      82 used in the present application is activated by a significant
      transition of the input signal. The shape, duration and polarity of the
      output signal are determined by the circuit characteristics of the
      multivibrator, not by the input signal. As is well known in the art, the
      output signal of the multivibrator is switched from one level to a second
      level when activated for the characteristic period of time determined by
      the circuit and then returned to the first level.
PAR  The flip-flop devices used in this circuit can be of any conventional
      design where the output signal level is switched between two states by the
      application of a control signal to the Set and Reset inputs. In the
      present application, the triggered output signal from the single shot
      multivibrator 82 will flip the flip-flops 84 and 86 to a set condition
      wherein the output signals will result in the energizing of the plate
      solenoid 57 and the brush solenoid 48.
PAR  The energizing of the solenoids 48, 57 will withdraw the fingers 51 and the
      brush 57 from engagement with the letter allowing the belt 26 to move the
      letter forward until it is stopped by the pin 58. As the letter moves into
      engagement with the pin 58, it will block the light source 67 resulting in
      the photo-detector 73 generating a signal to the reset input of a
      flip-flop 92. Since the flip-flop 92 is in a reset condition at the
      present time, the pin 58 will remain in a blocking position. When a feed
      signal is generated over line 90 (FIG. 5) from the system control 75
      indicating that a letter is to be sent to the preview window, the signal
      will be fed to the reset input of the flip-flop 84, thereby resetting the
      flip-flop whose output signal over line 85 to the driver 102 will result
      in the deenergizing of the brush solenoid 48 which allows the spring 50
      (FIG. 2) to move the brush 37 into engagement with the letter. The feed
      signal over line 90 is also fed over line 91 to the set input of the
      flip-flop 92 setting the flip-flop whose output signal over line 93 to the
      driver 104 will result in the energizing of the solenoid 64 (FIG. 2).
      Energizing of the solenoid 64 will result in the withdrawing of the pin 58
      from a blocking position with respect to the letter. Because the friction
      between the letter and the vertical feed belt 27 is greater than the
      friction between the brush 37 and the letter, the belt 27 will move the
      letter past the pin 58 and into engagement with a pair of rollers 70, 71
      (FIG. 2) which feeds the letter to the preview window 23 (FIG. 1).
PAR  As the letter moves through the pinch rollers 70, 71 two conditions will
      occur. The letter will first block the light source 68 (FIG. 2), thereby
      switching the output signal of photo-detector 74. As shown in FIG. 5, the
      switched output signal from the photo-detector 74 will be transmitted over
      line 94 to the reset input of flip-flop 86, thereby resetting the
      flip-flop resulting in the output signal of the flip-flop deenergizing the
      solenoid 57. The deenergizing of the solenoid 57 allows the spring 50
      (FIG. 2) to move the fingers 51 into a blocking position with the brush
      37. As the end of the letter clears the light source 67 (FIG. 2),
      photo-detector 73 will transmit a control signal over line 100 to the
      reset input of flip-flop 92, thereby resetting the flip-flop whose output
      signal will deenergize the solenoid 64 allowing the spring 59 (FIG. 2) to
      move the pin 58 to a blocking position.
PAR  If a double letter condition existed during this feed operation, the
      doubled letter which is against the rotating brush 37 will be moved back
      by the action of the brush since the friction between the letters is much
      less than the friction between the brush and the outer or doubled letter.
      This backward movement of the doubled letter will block the light sources
      65 and 66 resulting in the photo-detector 72 generating a signal over line
      95 to one input of an AND gate 96. Upon the first letter clearing the
      pinch rollers 70, 71 (FIG. 2), the photo-detector 74 will be switched to
      generate a trigger signal over line 97 to a one-shot multivibrator 98
      which will generate a control signal over line 101 to the other input of
      the AND gate 96. The control signal from the multivibrator 98 is of the
      same state as the signal from the photo-detector 72 when in a blocking
      condition, thus turning on the AND gate 96 which gates a set control
      signal to the set inputs of flip-flops 84 and 86 during the time the
      multivibrator 98 is conducting. As described previously, this results in
      the energizing of the solenoids 48 and 57. The energizing of the solenoids
      48 and 57 will withdraw the fingers 51 and the brush 37 allowing the
      doubled letter to be transported to the pin 53, thus resuming a normal
      feed cycle. If there was no double letter present, the photo-detector 74
      would transmit a control signal over line 94 resetting the flip-flop 86,
      resulting in the deenergizing of the solenoid 57, thereby allowing the
      spring 49 (FIG. 2) to move the fingers 51 into engagement with the brush
      37 to block the next letter that is transported from the input buffer 21
      as described previously.
PAR  It will be seen by this structure that a single letter will always be in
      position for feeding to the preview window, thus insuring that all letters
      will be read by the operator at a rate limited by the operator rather than
      by the feed apparatus.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for separating and feeding doubled letters to an operating
      station comprising
PA1  a. means for transporting doubled letters in a straight line stream;
PA1  b. support means movably mounted adjacent the stream of doubled letters;
PA1  c. first urging means engaging said support means for normally urging said
      support means to engage the doubled letters in the stream;
PA1  d. a drive means rotating in a direction opposite to the direction of
      movement of the doubled letters and mounted for movement adjacent the
      stream of doubled letters;
PA1  e. second urging means engaging said drive means for normally urging said
      drive means to a position to engage said support means to block the
      movement of the doubled letters in the stream;
PA1  f. a movable stop member slidably mounted adjacent the stream of letters
      for movement between a blocking and non-blocking position with the letters
      in said stream when operated;
PA1  g. third urging means engaging said stop member for normally urging said
      stop means into a blocking position with the letters in said stream;
PA1  h. first actuating means engaging said support means for disengaging the
      support means from the drive means when operated whereby the drive means
      will separate the doubled letters allowing one of the letters to be moved
      to the stop member by said transporting means;
PA1  i. second actuating means engaging said drive means for disengaging the
      drive means from the separated letter when operated, whereby the separated
      letter is moved by said transporting means to the stop member;
PA1  j. third actuating means engaging said stop member for moving said stop
      member to a non-blocking position when operated whereby the letters
      blocked by stop members are moved to the operating station by said
      transporting means;
PA1  k. and sensing means positioned adjacent the stream of letters and
      operatively connected to said first, second and third actuating means,
      said sensing means operating said actuating means upon sensing letters in
      said stream whereby doubled letters are separated by said drive means and
      moved separately to the operating station by said transporting means.
NUM  2.
PAR  2. The apparatus of claim 1 in which said transporting means includes a
      pair of moving belts mounted perpendicular to each other in a horizontal
      and vertical position and said support means comprises an assembly having
      a pair of fingers straddling the vertical positioned transport belt, said
      assembly slidably mounted for movement in a direction to engage the
      doubled letters in said stream whereby upon movement of said rotating
      drive means to a position engaging the fingers of said assembly, said
      fingers and rotating drive means will block the movement of the doubled
      letters by said belts.
NUM  3.
PAR  3. An apparatus for selectively separating and feeding doubled letters to
      an operating station comprising
PA1  a. means for transporting doubled letters in a straight line stream;
PA1  b. support means slidably mounted adjacent said transporting means for
      movement to a position engaging the doubled letters on said transporting
      means;
PA1  c. drive means rotating in a direction opposite to the direction of
      movement of said transporting means and mounted for movement adjacent said
      transporting means to a position engaging the doubled letters on said
      transporting means;
PA1  d. a stop member positioned adjacent said transporting means and slidably
      mounted for movement to a position blocking the movement of the doubled
      letters by said transporting means;
PA1  e. first means normally urging said support means to an engaging position
      with the doubled letters;
PA1  f. second means normally urging said drive means into engagement with said
      support means to block movement of doubled letters by said transporting
      means and to separate doubled letters stopped by said stop member;
PA1  g. third means normally urging said stop member to a blocking position;
PA1  h. first actuating means for moving said support means to a non-engaging
      position when operated;
PA1  i. second actuating means for moving said drive means to a non-engaging
      position when operated;
PA1  j. third actuating means for moving said stop member to a non-blocking
      position when operated;
PA1  k. first sensing means positioned adjacent said support means and said
      drive means for sensing the double letters stopped by the engagement of
      said support member and said drive means, said first sensing means
      operatively connected to said first and second actuating means to operate
      said means upon sensing a letter whereby the double letters are released
      for movement by said transporting means to a position engaging said stop
      member;
PA1  l. second sensing means positioned adjacent said stop member for sensing a
      letter stopped by said stop member, said second sensing means operatively
      connected to said third actuating means to operate said third actuating
      means upon sensing a letter to disengage the stop member from the letter
      whereby the letter will be transported to the operating station;
PA1  m. and third sensing means positioned downstream of said stop member for
      sensing a letter transported by said transporting means downstream of said
      stop member, said third sensing means operatively connected to said first
      and third actuating means to disable said first actuating means whereby
      said support member is moved by said first actuating means to a position
      blocking the separated double letter and to disable said third actuating
      means whereby said stop member is moved by said third urging means to a
      position blocking the movement of the separated doubled letter by said
      transporting means.
NUM  4.
PAR  4. The apparatus of claim 3 in which said transporting means includes a
      pair of moving belts mounted perpendicular to each other in a horizontal
      and vertical position and said support means comprises an assembly having
      a pair of fingers straddling the vertical positioned transport belt, said
      assembly slidably mounted for movement in a direction to engage the
      doubled letters in said stream whereby upon movement of said rotating
      drive means to a position engaging the fingers of said assembly, said
      fingers and rotating drive means will block the movement of the doubled
      letters by said belts.
NUM  5.
PAR  5. A method for separating and feeding doubled letters to a following
      station comprising
PA1  a. transporting a plurality of letters in a straight line stream;
PA1  b. stopping the letters;
PA1  c. moving a brush member, rotating in a direction opposite to the movement
      of the letters, into engagement with the stopped letters to move a doubled
      letter upstream of said brush member;
PA1  d. transporting the other letter to the following station and the doubled
      letter back toward the brush member;
PA1  e. moving a support member into engagement with the rotating brush member
      to stop the doubled letter;
PA1  f. and removing the support and brush members from engagement with the
      doubled letter to release the letter for movement to the following
      station.
NUM  6.
PAR  6. A method for intermittently separating and feeding doubled letters from
      a supply station to a following station comprising
PA1  a. moving a plurality of letters from a supply station in a straight line
      stream;
PA1  b. moving a support member to a position adjacent one side of the path of
      movement of the letters;
PA1  c. moving a brush member, mounted on the other side of the path of movement
      of the letters and rotating in a direction opposite to the movement of the
      letters into engagement with said support member stopping the moving
      letters;
PA1  d. moving a blocking member into the stream of movement of the letters
      downstream of said support and brush members;
PA1  e. removing the brush and support member from engagement with the letters;
PA1  f. moving the letters into engagement with the blocking member;
PA1  g. moving the brush into engagement with the letters to move a doubled
      letter upstream of the other letter stopped by the blocking member;
PA1  h. removing the blocking member from engagement with the other letter;
PA1  i. transporting the other letter to the following station;
PA1  j. moving the support member into engagement with said brush member
      stopping the doubled letter;
PA1  k. and removing the support and brush members from engagement with the
      doubled letter to release the letter for movement to the following
      station.
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ABST
PAL  A reproduction machine adapted for producing copies of an original on
      either or both sides of a copy sheet and forwarding the finished copy to a
      collator. To collate the produced copy in the proper orientation, an
      inverter-reverser is employed to allow single-sided copy to pass directly
      to the collator, route single-sided copy to a secondary feed tray for
      subsequent processing to allow copying on the reverse side of the sheet to
      produce duplex copies, and for inverting duplex copies prior to delivery
      to the collator to provide the required sheet orientation in the collator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years a number of high volume electrostatic copy machines have
      been introduced. In order to take advantage of the high speed copying
      capabilities of these machines, document handlers adapted to feed the
      documents to be copied to the platen of the copy machine and remove them
      therefrom have been utilized to reduce the time required for an operator
      to place and remove documents. Further, to cope with the large quantities
      of copies produced, collators of the type illustrated in U.S. Pat. No.
      3,830,590, commonly assigned with the instant application, have been
      introduced for collating the copies to minimize operator involvement with
      the copying process. Following these developments, the need for a
      reproduction machine which would reproduce on both sides of a sheet of
      paper, ordinarily referred to as duplex copying was recognized. This
      presents a number of problems in a copy reproduction system adapted to
      produce both single-sided copy and duplex copy in that the machine must be
      capable of routing single-sided copy sheets directly to the collator, must
      be adapted for returning single-sided copy sheets to a paper supply tray
      in preparation for copying on the opposite side of the sheet to produce
      duplex copies, and must be adapted to invert the duplex copy to provide
      the proper orientation thereof prior to passage to the collator if the
      correct page order is to be maintained so that the finished copies are
      ready for stapling or binding without operator involvement. Sheet
      inverter-reversors also find utility in document handlers for turning over
      documents after imaging of the first side for imaging or exposing the
      reverse side. Further, certain automatic document handlers may require
      inversion and reversal of a document when operated in an automatic
      recirculation mode for repetitive imaging of the document. Sheet feed
      inverting mechanisms of the type illustrated in U.S. Pat. No. 3,523,687
      and U.S. application Ser. No. 429,252, now U.S. Pat. No. 3,856,295,
      (D/72426) commonly assigned with the instant application, may be employed
      for this purpose. However, most known inverters are capable of handling
      sheet material within a fairly narrow size range and paper weight.
PAR  At the high speeds encountered, an inverter-reverser must be provided that
      will positively handle light weight paper without damaging the leading or
      trailing edges of the paper. For heavy weight paper, the device must be
      capable of coping with the high inertial forces necessary for inverting
      the sheets at high speed. Further, since a wide variety of paper stock may
      be encountered, it is desirable to provide a device which is sheet size
      insensitive, that is, one which will handle a variety of sheet sizes
      without the necessity for specialized operator adjustment thereto.
PAR  It is therefore an object of this invention to provide a mechanism adapted
      to deliver single-sided copy sheets to the collator, or if duplex copies
      are required, to route the single-sided copy to a duplexing paper tray and
      after the duplex copy is produced, route the duplex copy sheet through a
      self-actuating inverter to the collator to provide the proper sheet
      orientation in the collator.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an inverter-reverser including first and second
      rolls forming a first roll pair to receive copy sheets transported to the
      inverter, the first roll being driven in a sheet forwarding direction, the
      second roll being freely rotatable for co-action therewith. A second roll
      pair formed by the first roll and a third idler roll is adapted to feed
      the sheet in a reverse direction. A third roll pair downstream from the
      first and second roll pairs is provided with an idler roll and a
      cooperating single revolution eccentric roll adapted to feed the sheet in
      the same direction as the second roll pair when the eccentric roll is
      actuated in response to sensing means adapted to sense the passage of the
      trailing edge of the sheet out of the nip of the first roll pair.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of an electrostatic reproduction
      system including a reproduction machine and a collator; and
PAR  FIG. 2 is an enlarged view of the inverter-reverser portion of the
      reproduction system illustrated in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a general understanding of an electrostatic processing system in which
      the invention may be incorporated, reference is had to FIG. 1. In the
      illustrated machine, an original D to be copied is placed upon a
      transparent support platen P fixedly arranged in an illumination assembly
      generally indicated by the reference numeral 10. While upon the platen, an
      illumination system flashes light rays upon the original thereby producing
      image rays corresponding to the information areas on the original. The
      image rays are projected by means of an optical system 11 to an exposure
      station A for exposing the photosensitive surface of a moving xerographic
      plate in the form of a flexible photoconductive belt 12. In moving in the
      direction indicated by the arrow, prior to reaching exposure station A,
      that portion of the belt being exposed would have been uniformly charged
      by a corona device 13 located at the belt run extending between belt
      supporting rollers 14 and 16. The exposure station extends between the
      roller 14 and a third support roller 15.
PAR  The exposure of the belt surface to the light image discharges the
      photoconductive layer in the areas struck by light, whereby there remains
      on the belt a latent electrostatic image in image configuration
      corresponding to the light image projected from the original on the
      supporting platen. As the belt surface continues its movement, the
      electrostatic image passes around the roller 15 and through a developing
      station B located at a third run of the belt wherein there is provided a
      developing apparatus generally indicated by the reference numeral 17. The
      developing apparatus 17 comprises a plurality of brushes 17' which carry
      developing material to the adjacent surface of the upwardly moving
      inclined photoconductive belt 12 in order to provide development of the
      electrostatic image.
PAR  The developed electrostatic image is transported by the belt 12 to a
      transfer station C located at a point of tangency on the belt as it moves
      around the roller 16 whereat a sheet of copy paper is moved at a speed in
      synchronism with the moving belt in order to accomplish transfer of the
      developed image. There is provided at this station a transfer roller 18
      which is arranged on the frame of the machine for contacting the
      non-transfer side of each sheet of copy paper as the same is brought into
      transfer engagement with the belt 12. The roller 18 is electrically biased
      with sufficient voltage so that a developed image on the belt 12 may be
      electrostatically transferred to the adjacent side of a sheet of paper as
      the same is brought into contact therewith. There is also provided a
      suitable sheet transport mechanism 19 adapted to transport sheets of paper
      seriatim from a first paper handling mechanism 20 or a second paper
      handling mechanism 21 to the developed image on the belt as the same is
      carried around the roller 16. A programming device operatively connected
      to the mechanisms 20, 21 and the illumination device for producing an
      electrostatic latent image on the belt 12, is effective to present a
      developed image at the transfer station C in time sequence with the
      arrival of a sheet of paper.
PAR  The sheet is stripped from the belt 12 after transfer of the image thereto
      by a stripper transport 23 and thereafter conveyed by the stripper
      transport into a fuser assembly generally indicated by the reference
      numeral 25 wherein the developed and transferred xerographic powder image
      on the sheet is permanently affixed thereto. After fusing, the copy is
      either discharged from the reproduction machine into the collator 24 or
      routed back to paper handling machanism 21 in a manner to be hereinafter
      described. The toner particles remaining as residue on the developed
      image, background particles, and those particles otherwise not transferred
      are carried by the belt 12 to a cleaning apparatus positioned on the run
      of the belt between rollers 14 and 16 adjacent the charging device 13. The
      cleaning device, comprising a rotating brush 26 and a corona emission
      device 27 for neutralizing charges remaining on the particles, is
      connected to a vacuum source (not shown) for removing the neutralized
      toner particles from the belt prior to the formation of subsequent images
      thereon.
PAR  Referring now to FIGS. 1 and 2, there is illustrated an inverter-reverser
      mechanism adapted to receive copy sheets from the fuser 25 and route the
      fused copies either to the paper handling mechanism 21 or the collator 24.
PAR  The inverter-reverser mechanism includes a first transport 30 adapted to
      receive fused copies from the fuser for transport to the collator. When
      the reproduction system is being utilized to produce one-sided copy, the
      sheets from the fuser are transported by transport 30 directly to the
      collator 24 as illustrated in FIG. 1. When double-sided or duplex copies
      are to be produced, copies on the transport 30 are intercepted by a
      deflector 32 which is adapted for movement into the sheet path as
      illustrated in dotted line position to direct the sheets through a return
      path to paper handling mechanism 21 in a manner to hereinafter explained.
      With the deflector 32 in the intercept position, the sheets are fed into
      the nip of a first roll pair formed by a drive roll 34 and an idler roll
      36.
PAR  A third roll pair downstream from the first roll pair is formed by an idler
      roll 42, and a single revolution eccentric driven roll 44 disposed
      opposite thereto. Roll 44 is adapted to be driven by a continuously
      rotating motor or shaft having a single revolution clutch or by a single
      revolution motor 45. When in the inoperative position, the "flat" side of
      the roll 44 is oriented as illustrated in FIG. 2 to allow sheets to pass
      therebetween to paper handling mechanism 21.
PAR  A fourth roll pair comprising idler roller 46 and a driven roller 48 is
      adapted to receive sheets from roll pair 34, 36 and feed the sheets to
      transport belts 50 for forwarding the sheets to mechanism 21. When the
      desired number of one-sided copies have been produced and delivered to the
      paper handling mechanism 21, the paper handling mechanism 20 may be
      inactivated and the paper handling mechanism 21 activated. It should be
      understood that in following the paper path around roller 34 and between
      feed roll pair 34, 36, the copy sheets are turned over, i.e., the printed
      material is on the top of the sheets in paper handling mechanism 21.
PAR  Upon re-energization of the machine, the sheets from paper handling
      mechanism 21 are fed through the reproduction machine for copying on the
      blank side of the sheet in the same manner as described heretofore. As the
      duplex copy is exited from the fuser it is carried by the transport 30 and
      deflected around roll 33 in the same manner as heretofore described and
      illustrated in FIG. 1.
PAR  Simultaneously with the activation of the machine for producing the duplex
      copy, roll 48 would be inactivated and moved out of contact with idler
      roll 46 to prevent interference with the lead edge of sheets passing
      therebetween.
PAR  With the machine operating to print on the second side of the sheets,
      passage of the trailing edge of a sheet between roll pair 34, 36 will be
      sensed by a suitable sensing mechanism such as a light source 50 and
      phototransistor 51. The signal from the sensing means is adapted to
      energize motor 45 to rotate roll 44 one revolution in the direction
      indicated by the arrow thereon. The large diameter portion of roll 44 will
      "pinch" the sheet between roll 44 and idler roll 42 and cause the sheet to
      be driven in reverse or toward the left in the drawings into the nip of a
      second roll pair formed by roll 34 and an idler roll 52 disposed opposite
      thereto.
PAR  It can be seen that the upper guide members between rolls 52, 44, and 48
      are disposed in a relatively straight line, offset from the path of sheet
      travel through rolls 34, 36. As the trailing edge of the paper leaves
      rolls 34, 36, the main body of the sheet will be disposed in the guide
      between roll pair 42, 44 and roll pair 46, 48. Due to the orientation of
      the guides, the beam strength of the paper will cause the trailing edge
      thereof to lift up toward the nip of roll pair 34, 52. Further, in the
      event there is a slight sag in the trailing edge of the paper, the contact
      of the trailing edge with rotating rolls 34, which are coated with a high
      friction material such as rubber, will also act to help lift the lead edge
      into the nip of roll pair 34, 52.
PAR  As stated heretofore, as the trail edge of the sheet leaves roll pair 34,
      36, roll pair 42, 44 will pinch the paper to drive the paper toward the
      left in the drawings. To provide a slight delay in the drive provided by
      roll 44 and prevent the sheet from being prematurely driven to the left
      before the trailing edge thereof has time to reach the nip between roll 34
      and 52, the sensor may be located a short distance downstream of roll pair
      34, 36 or the sensor could be located upstream therefrom and a suitable
      electronic time delay circuit could be employed to allow time for the
      trailing edge of the sheet to clear roll pair 34, 36. The sheets exiting
      from roll pair 34, 52 are directed by guides 60 to the exit transport 62
      of the processor for forwarding to collator 24.
PAR  In the illustrated embodiment, the collator of the type illustrated in U.S.
      Pat. No. 3,830,590 mentioned heretofore, is adapted to receive
      single-sided copies face down for collation purposes. Stated another way,
      single-sided copy entering the collator is deposited in the collator trays
      face down so that the information material on page 1 is at the bottom
      followed by the informational area on the succeeding page etc. to provide
      collated booklets or reports having the proper page orientation. Thus,
      when employing the collator with duplex copies, page 1 must also be
      presented to the collator face down. Since the duplex copy exits from the
      fuser with page 2 down, the inverter inverts the copy to present the
      duplex copy to the collator with page 1 down. The subsequent sheets having
      pages 3 and 4 thereon would be presented to the collator with page 3 down
      etc. to provide correct numerical order of the sheets in the tray.
PAR  The disclosed reverser-inverter device is capable of extremely high speed
      operation with various sized sheets since irrespective of the sheet
      dimension presented to the inverter, the controlling factor is the
      position of the trailing edge of the sheet relative to roll pair 34, 36
      which "actuates" roll pair 44, 42 for the reversing action. Thus, the
      inverter is capable of handling sheets of any length greater than the
      distance between roll pair 34, 36 and roll pair 42, 44 without machine
      modification or other adjustments.
PAR  Further, since the inverter does not rely on a stop to physically contact
      the lead edge of the sheets prior to the reversing operation, the device
      is capable of extremely high speed operation without producing damage to
      the sheets.
PAR  It should be understood that in the event that it is desirable to exit
      sheets from the reverser at a speed different from entrance speed,
      separate roll pairs may be utilized at the entrance and exit rather than
      utilizing a single driven roll with two idler rolls to provide "two" roll
      pairs.
PAR  While I have described a preferred embodiment of my invention it is to be
      understood that the invention is not limited thereto but may be otherwise
      embodied within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sheet reverser including first and second rolls forming a first roll
      pair to receive sheets transported to the reverser, said first roll being
      driven in a sheet forwarding direction, said second roll being freely
      rotatable for co-action therewith;
PA1  a second roll pair formed adjacent said first roll pair adapted to feed
      sheets in a reverse direction;
PA1  a third roll pair downstream from said first and second roll pair, said
      third roll pair comprising an idler roll and a driven roll having a
      non-uniform diameter;
PA1  means for rotating said driven roll in a reverse direction through one
      revolution when actuated, actuation of said driven roll when a sheet is
      disposed between said third roll pair causing said driven roll to pinch
      the sheet between said driven roll and said idler roll during a portion of
      the revolution of said driven roll, said driven roll being spaced from
      said idler roll when said drive means is inactivated to allow a sheet fed
      by said first roll pair into the space between said third roll pair to
      pass unimpeded therebetween until said drive means is actuated, actuation
      of said drive means causing said third roll pair to contact the sheet
      passing therebetween and drive the sheet in the reverse direction into the
      rolls of said second roll pair to feed the sheet in the reverse direction.
NUM  2.
PAR  2. A sheet reverser according to claim 1 further including sensing means
      adapted to sense the passage of the trailing edge of a sheet passing
      between said first roll pair, said sensing means being adapted to actuate
      said drive means when the trail edge of a sheet has cleared said first
      roll pair for driving said third roll pair into contact with the sheet to
      reverse the sheet and drive the sheet into contact with said second roll
      pair to feed the sheet in the reverse direction.
NUM  3.
PAR  3. A sheet reverse according to claim 2 wherein said second roll is formed
      by an idler roll adapted for cooperation with said first roll on the side
      of said first roll opposite said second roll.
NUM  4.
PAR  4. A reproduction system for reproducing single-sided and double-sided copy
      comprising a reproduction machine including a first sheet handling means
      and a second sheet handling means for feeding sheets seriatim through said
      reproduction machine to produce copy thereon;
PA1  transport means associated with said reproduction machine for transporting
      sheets having copy thereon through a first path to a location external of
      said reproduction machine;
PA1  deflector means associated with said transport to deflect copies from said
      transport along a second path toward said second sheet handling means;
PA1  first and second rolls forming a first roll pair disposed in said second
      path for receiving copy sheets deflected into said second path, said first
      roll being driven in a sheet forwarding direction, said second roll being
      freely rotatable for co-action therewith;
PA1  a second roll pair formed adjacent said first roll pair adapted to feed
      sheets in a direction opposite to the sheet forwarding direction of said
      first roll pair;
PA1  a third roll pair in said second path downstream from said first and second
      roll pairs, said third roll pair comprising an idler roll and a
      cooperating driven roll having a non-uniform diameter adapted to feed
      sheets in a reverse direction;
PA1  means for rotating said driven roll in a reverse direction through one
      revolution when actuated, actuation of said driven roll when a sheet is
      disposed between said third roll pair causing said driven roll to pinch
      the sheet between said driven roll and said idler roll during a portion of
      the revolution of said driven roll, said driven roll being spaced from
      said idler roll when said drive means is inactivated to allow a sheet fed
      by said first roll pair into the space between said third roll pair to
      pass unimpeded therebetween until said drive means is actuated, actuation
      of said drive means causing said third roll pair to contact the sheet
      passing therebetween and drive the sheet in the reverse direction into the
      rolls of said second roll pair to feed the sheet in the reverse direction.
NUM  5.
PAR  5. A sheet reverser according to claim 4 further including sensing means
      adapted to sense the passage of the trailing edge of a sheet passing
      between said first roll pair, said sensing means being adapted to actuate
      said drive means when the trail edge of a sheet has cleared said first
      roll pair for driving said third roll pair into contact with the sheet to
      reverse the sheet and drive the sheet into contact with said second roll
      pair to feed the sheet in the reverse direction.
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ABST
PAL  Disclosed is a document handler and feeder device for performing high speed
      separating and transporting of documents, such as business forms. The
      document handling unit is equipped with friction type feed rollers and a
      lipped contour plate over which documents must pass. The feed rollers
      contact and transport a foremost document from a gravity-feed document
      hopper. High speed tracking belts, are mounted over grooves or tracks,
      which extend along a track plate and through the lip of the contour plate.
      The feed rolls force the leading edge of the foremost document into the
      lip where the document engages the bottom side of the belts so that it is
      nipped between the belts and the contour plate causing the document to
      move into the tracking grooves.
PAL  The contour plate has a transition radius between its lip and the base of
      the document hopper upon which the foremost document rests. This radius is
      about 1/4 the radius of the feed rolls which drive the foremost document
      up to the lip located above the hopper base a distance of about 2/3 the
      radius of the contour plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a portion of an overall document feeder
      described and claimed in simultaneously filed commonly assigned
      application Ser. No. 433,498 by George Fallos entitled High Speed Document
      Feeder.
PAR  The invention relates to sheet feeding and delivering apparatus. In
      particular, it relates to a document handler and feeder device for
      accomplishing efficient single separation of documents from a hopper
      supply, and skewless high speed transport of such documents.
PAR  Current high speed document feeding apparatus exhibit tendencies to misfeed
      and to feed "doubles." Hence, for efficient handling of documents, a high
      speed document handler is needed which accomplishes consistent single
      separation of stacked documents and high speed transport of these
      documents with minimal misalignment. Whereupon, it is an object of this
      invention to provide a high speed document handler capable of separating a
      single document from a stack in a consistent manner without producing
      "missing" or "multiple feeding."
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with principles of this invention, the objects as set forth
      are attained by providing an inclined document supply hopper equipped with
      feed rolls and a contour plate at its lower end. A roller or plate
      deflector is set to maintain the documents, such as cards or checks, in an
      upright, but backwardly sloping position. Mounted just before and above
      the surface of the contour plate are feed rollers which make initial
      transporting contact with the foremost document in a stack. A fixed
      "working" portion of the contour plate is a lip or ledge through which
      there are two grooves. These grooves mate with a second set of grooves
      which extend the entire length of a document-transport tracking plate.
PAR  Mounted adjacent the feed rollers is a set of tracking belts which are set
      into the grooves of the contour plate lip and, they too, run the length of
      the tracking plate. In this respect, the feed rollers deliver the document
      to the tracking belts which pull it over the contour plate's ledge and
      drive it down the tracking plate.
PAR  It is important to have a feeder which operates over a wide range of
      document thicknesses; and we have found that the above briefly described
      feed roll-contour plate structure performs admirably, particularly where
      the various elements have certain proportions. In this respect we have
      found that a transition radius between the hopper base at the bottom of
      the foremost document and the lip, should be about 1/4 the radius of the
      feed rollers; and that a 0.10 inch transition radius is preferred.
      Similarly, we find that the lip should be located above the hopper base by
      a distance of about 1/6 the radius of the feed rollers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features, and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention, as illustrated in the accompanying
      drawings in which like reference characters refer to the same parts
      throughout the different views. The drawings are not necessarily to scale,
      emphasis instead being placed on illustrating principles of the invention.
PAR  In the drawings:
PAR  FIG. 1 is a side pictorial view of a high speed document handler including
      hold-back plate and bent hopper plate embodiments;
PAR  FIG. 2 is an overall side view of a high speed document handler,
      particularly illustrating a pivotable tracking belt assembly;
PAR  FIG. 3 is a partial top view of a high speed document handler illustrating
      the feed rollers and tracking belts, as well as a hold back roller and a
      belt tension adjustment device;
PAR  FIG. 4 is a rear view of a high speed document handler, depicting the
      extension of the tracking belts into the tracking plate grooves and the
      driving connection between the tracking belts and ejection rollers;
PAR  FIG. 5 is a partial side view of a high speed document handler showing the
      tracking belts extending into the grooves of the contour plate lip and
      tracking plate, and the adjusting means which determine belt depth;
PAR  FIG. 6 is a fragmentary view illustrating the relationship of the tracking
      belts and contour plate;
PAR  FIG. 7 is a fragmentary top view of the contour plate lip including one of
      its cutout grooves;
PAR  FIGS. 8a and 8b are enlarged side fragmentary views of the contour plate
      featuring its lip construction when viewed in section through non-grooved
      and grooved portions thereof respectively; and
PAR  FIG. 9 is a fragmentary view illustrating the relationship between the
      tracking belts and the grooves of the tracking plate.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the elements as embodied in the drawings, numeral 10, in FIG.
      1, generally represents a document stack hopper equipped with hold back
      plate 73 which serves to hold documents, such as cards, or checks, in a
      backwardly sloping position in the hopper to make an angle of recline with
      respect to a perpendicular to the bottom of the hopper. The front portion
      81 of the hold back plate is set at an angle slightly less than the angle
      of recline of the held documents. That is, it is more nearly perpendicular
      to the bottom of the hopper. The top portion 79 of the plate 73, on the
      other hand, is set at an angle slightly greater than the hopper's angle of
      incline from horizontal. Thusly shaped, the hold back plate offers very
      low frictional resistance to documents during the feeding operation.
PAR  FIG. 1 also illustrates one embodiment of the angular relationship between
      a hopper plate 24 and tracking plate 77. The hopper plate here is set at
      about 12.degree. from horizontal, as compared to about 25.degree. from
      horizontal for the tracking plate. This arrangement tends to further
      reduce adverse frictional forces during the feeding operation. FIG. 2
      shows an arrangement with hopper and tracking plates set at the same
      25.degree. angle.
PAR  Set in the lowermost portion of the inclined hopper is a contour plate 14
      which includes lip 16 (FIG. 8a). The surface of the contour plate is
      nitrided rather than chrome plated, as has been the customary surfacing on
      hopper-bottoms. Inasmuch as a chromed surface is more highly polished than
      a nitrided surface, it would be expected that a nitrided surface would
      introduce greater frictional engagement between a fed document and a
      hopper surface such as that of the contour plate. In this regard, the
      coefficient of friction for paper on a surface that is chrome plated is
      about 0.16, whereas the same surface when nitrided exhibits a coefficient
      of friction of about 0.25. Nevertheless, tests show that the nitrided
      surface on the contour plate of the instant invention allows for higher
      feed speeds than can be obtained with a more highly polished surface such
      as chrome. In this regard, the dynamic angle of repose, the angle, during
      operation, at which a document's component of gravity equals its
      frictional force with a surface, has been found to be about 9.degree. for
      a chromed surface. This angle is approximately 14.degree.  for a similar
      structure with a nitrided surface. This seeming contradiction can possibly
      be explained by the reduction of static electricity by the nitrided
      surface. This static electricity builds up on the chromed surface and
      serves to restrict document movement. In addition, a nitrided surface
      exhibits more favorable wear characteristics than a chromed surface.
PAR  Grooves 18 and 20 (FIGS. 3 and 6) are cut into the lip 16 about two-thirds
      of the way from the top edge 22 of the lip to the upper surface of the
      hopper plate 24 which acts as a reference surface for various contour
      plate parameters having critical significance in connection with some of
      the invention's more detailed aspects. As illustrated best in FIGS. 7 and
      8, these grooves extend the full width 26 of the lipped portion from its
      front surface 28 to a point on its rear radius 30 commensurate with the
      depth of the lip.
PAR  Fluted feed rollers 46 (FIG. 1) are driven by a feed roll shaft 47 which,
      in turn, is driven through a suitable clutch mechanism by a toothed
      drive-belt 48. These feed rollers are shaped somewhat like a series of
      common thread spools. That is, they have a cylindrical body portion with
      driving rims extending outwardly therefrom as shown in FIG. 1. It is these
      driving rims or fluted portions that make the initial contact with the
      foremost document in the hopper-held stack where the cards are jointly
      restrained by the hold back plate 79 and the lip 16. In this respect, the
      fluted rollers are mounted adjacent the radius 30 of the lip and serve to
      pull the foremost document downwardly and bend it across the lip. Through
      the use of fluted rollers rather than conventional solid rollers, the pull
      power of the feed rolls is enhanced. This result is accomplished because
      of the increased "angle of wrap" between the document and the feed rolls
      which results in an increase in pull power. In this respect, fluted rolls
      have been found to exhibit at least five times more pulling power than the
      solid rollers per inch width of the roller's peripheral surface.
PAR  Also mounted on shaft 47 are tracking belts 50 and 51 (see FIG. 3) which
      ride in idlers 52 that include rims 53 which extend outwardly beyond the
      surfaces of the belts and prevent the belts from making initial contact
      with the foremost document. These tracking belts extend down into grooves
      18 and 20 in the contour plate lip and run the entire length of tracking
      plate 77 also having grooves 32 which are matingly aligned with the
      contour plate's grooves. The tracking belts are mounted on a belt assembly
      40 that is removably fastened on top of the track plate, so that it is
      adjustable fore and aft in the direction of arrow 42 in FIG. 2. The belt
      assembly is comprised of pivot plates 44 and 45 (FIG. 3) that are affixed
      to the main frame by adjustable fasteners 46a.
PAR  As also shown in FIG. 3, the lower ends of the tracking belts ride on belt
      drive sheaves 54 which are mounted on belt drive shaft 55 that is also
      driven by belt 48. In this regard, the tracking belt drive sheaves are
      dimensioned so that the linear speed of the belts is about twice the
      peripheral speed of the feed rolls 53 mounted on shaft 47. The belt drive
      shaft 55 is mounted between subframe elements 56 which are pivotably
      mounted on frame elements 44 by pins 58 at the hopper end of the assembly.
      Thus, the entire subframe is pivotable upwardly as indicated by arrow 59
      in FIG. 2. This easy swing-away motion of the tracking belt assembly
      allows access to the tracking plate area in order that possible jams can
      be removed. In addition, to facilitate feed roll replacement, the tracking
      belt assembly is pivoted about pins 58 instead of shaft 47. This
      eliminates bearing assemblies which would be necessary if the subframe
      were pivoted on the feed roll shaft. The absence of such bearing
      connections greatly facilitates removal and replacement of feed rolls.
PAR  As best illustrated in FIG. 5, belt-pressure rolls 60 are mounted on shafts
      61 whose ends are, in turn, mounted in the subframe members 56 by means of
      eccentrics 62. These belt-pressure rollers are situated inside of the
      tracking belts 50, which, as noted, are located in direct alignment with
      and extend into tracking grooves 32 in the tracking plate as shown in FIG.
      9. Rotation of the eccentrics 62 adjusts the pressure of the belt-pressure
      rolls 60 upon belts 50, and, accordingly, adjusts the tension of belts 50
      and the depth to which these tracking belts are permitted to extend into
      the tracking grooves 32.
PAR  In the above regard, although the drawings illustrate two eccentric shafts
      61, an alternate embodiment, not shown, uses only a single such eccentric
      shaft assembly and employs adjustable arms having one end attached to the
      shaft and a roller mounted on the other end thereof to substitute for the
      second set of belt pressure rolls 60 shown in FIG. 3. In this manner only
      a single eccentric adjustment is required.
PAR  In either of the belt-pressure embodiments just described, fine adjustment
      of the depth of the tracking belts permits ideal transport conditions to
      be set for a particular type of document being handled. In this regard,
      while some degree of forced distortion of a document into the grooves by
      the tracking belt permits high speed transport with a minimum of document
      skew, too much distortion of a document into the grooves would tend to
      create bending of the document, thus separating it from a flat position on
      the tracking plate and subjecting it to adverse aerodynamic forces which
      promote a skewing problem.
PAR  FIG. 4 depicts the exit end of the belt transport assembly. At this end,
      the driven tracking belts 50 and 51 engage elastomeric idler ejection
      rollers 70 which are set within ejection roll cutouts 38 in the tracking
      plate, coextensive with the grooves. These idler rollers are adjustable up
      and down and extend upwardly through the grooves in the tracking plate to
      put light pressure on the tracking belts 50 and 51.
PAR  The tracking plate 77 also is provided with cutouts such as 34 and 36, as
      illustrated in FIG. 3. Opening 36 accommodates a detector such as a
      photocell 90 for counting the number of documents passing thereover. It
      may be further stated the non-used, but exposed, portion of the track
      plate may be used at any point to accommodate a device (electronic or
      sensing) to serve the users' specific requirements for high speed feeding
      of documents.
PAR  In operation, documents, such as cards or checks, which are to be fed from
      a stack held by hopper 10 are initially contacted by the fluted feed
      rollers 46. The friction maintained between the feed roll and a foremost
      document is greater than the friction between the document being fed and a
      subsequent document. Consequently, the foremost document slides over the
      next document. However, in order to maintain a greater frictional force
      between it and a subsequent document, it is important that the fed
      document be gradually accelerated. If the feed rolls are rotated at too
      fast a speed, the coefficient of sliding friction between the feed rolls
      and the documents tends to drop to the point where the rollers merely slip
      rather than feed. Therefore, the feed rollers are driven at a relatively
      slow speed in comparison to the high speed transport accomplished by the
      tracking belts, as will be discussed below.
PAR  After the feed rollers initially bend the foremost document and pull it
      across radius 30 of the contour plate lip portion, the document is engaged
      by tracking belts 50 and 51 which are driven at about twice the speed of
      the feed rolls. Once the document has begun to slide over its next
      subsequent document its feed speed can be safely accelerated without
      creating "doubles." Prior to the time of engagement of the belts with the
      fed document (initially moved by the feed rollers) rims 52 and 53 on the
      tracking belt idlers prevent the document from contacting the belts. This
      allows the document to be accelerated from the slower speed of the feed
      rolls to the higher speed of the belts. As the document approaches the
      speed of the belts, the feed rolls exert somewhat of a drag force on the
      document which serves to slightly retard its acceleration at least until
      the document has moved a distance corresponding to its length. In this
      manner, the document's acceleration is relatively uniform throughout its
      initial motion from a stationary position at the document stack to the
      high speed of the belts themselves.
PAR  The radius 30 on lip 16 and the incline of the hopper 10 are such that it
      is a bit difficult for the document being fed to move upwardly to the top
      22 of lip 16 in FIG. 8. However, the feed rolls need only move the
      document about 0.4 inches before the document is brought into engagement
      with the tracking belts. In this respect, the radius 30 of the leading
      edge of the lip is preferrably about 1/4 the radius of the driving flute
      or rims of the feedrolls; and the height of the lip 16 above the reference
      surface 24 is preferrably about 2/3 the radius 30 (1/6 the radius of the
      driving flutes). Similarly, the depth of the grooves 18 and 20 preferably
      is about 75 percent of the lip height (1/8 of the radius of the driving
      flutes) depending on whether the documents to be fed are card stock, for
      example, or documents of much thinner composition. Similarly, the radius
      30 can be varied between about half to twice that described above, also
      depending upon the weight of the documents handled. The designated sizes,
      however, have been found to be preferable, since they result in
      satisfactory performance over a wide range of document stocks. The width
      of the grooves cut through the lip of the contour plate is also
      significant. Preferably, the width should be no more than about 25 times
      its depth and no less than about 3 times its depth with the ratio
      therebetween preferably about 14; and a given belt is preferably about 2/3
      the width of its grooves. This preferred range is dictated by the forces
      acting upon the document as it is being fed.
PAR  As noted, belts 50 andd 51 extend into grooves 18 and 20 cut through the
      lip. Hence, when the lead document is intercepted from the feed rollers
      during its initial feeding, the belts distort the document downwardly into
      the grooves. This distortion provides a greater than normal frictional
      force between the document and the belts, so that the next document does
      not also pass. Consequently, the lip grooves act as an additional
      deterrent to doubles. In other words, during the time the foremost
      document is being driven upwardly toward the top of the lip by the feed
      rolls, until it is acted on by the tracking belts and distorted into the
      grooves 18 and 20, the succeeding document is held back by radius 30 and
      does not "see" the distortion or additional frictional forces on the
      preceding document. Hence, there is little tendency for the succeeding
      document to follow its predecessor; whereupon, there is a greatly reduced
      tendency for the instant structure to feed "doubles."
PAR  As noted above, the feed rolls are adjustable fore and aft, so as to adjust
      the initial point at which the documents are brought into engagement with
      the lip; and also the point at which the document are brought into
      engagement with the tracking belts. The vertical clearance between the
      feed rollers and the plate surface 24 is fixed to accommodate the average
      thickness of the documents being fed. This differs significantly from
      conventional devices, wherein feed rolls are positioned by vertical motion
      to merely vary the pressure on the documents being fed.
PAR  After a document has passed fully over lip 16 and is urged into the
      tracking grooves 32 by tracking belts 50 and 51, it is now under full
      control of the belts. The width of the tracking plate grooves is about the
      same as the width of the contour plates grooves. However, the depth of the
      tracking plate grooves is only about 2/3 the depth of the contour plates
      grooves cut into the lip. The rationale for this relationship is that the
      document moves along the tracking plate at a high speed, such that
      aerodynamic forces on the document are greatly increased from those
      occuring at the contour plate lip. Consequently, the less the belts tend
      to distort the document into the tracking plate grooves, the better the
      control and ability to read the surface identification with electronic
      devices. Consequently, by decreasing the depth of the tracking plate
      grooves over those of the contour plate lip grooves the documents can be
      fed faster without skewing or jamming tendencies when ejected and stacked.
      It is important that a given document be sufficiently accelerated from the
      speed of its succeeding document, so that there is substantial separation
      between documents. This is to assure further separation between documents
      that may be of a larger size than normally used.
PAR  The reason for obtaining such separation is in order to count or read the
      documents individually.
PAR  As a document continues along the tracking plate it is pinched between
      ejection rollers 70 and the tracking belt at the belt sheaves 64. As
      previously noted, the pressure and location of the idler rolls 70 is
      substantially vertically adjustable by pivoting about an arm as indicated.
      Hence, again, selective pressure adjustment is used in conjunction with
      variation of the ejection assembly fore and aft to vary the trajectory
      angle of documents as they exit from the tracking plate.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various alterations in form and detail may be made
      therein without departing from the spirit and scope of the invention. For
      example, the multiple variations as suggested may be incorporated so as to
      accommodate particular types of documents; and the dual belt assembly
      could be altered for a multiple or perhaps even a single belt arrangement.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed is defined as follows:
NUM  1.
PAR  1. A document feeder comprising:
PA1  a document stack hopper having a base surface for supporting a stack of
      documents in said hopper;
PA1  a lipped contour plate located adjacent said base surface for forming a lip
      surface adjacent to said base surface, rising from said base surface in a
      substantially abrupt manner but including a fillet portion for forming a
      smooth transition from said base surface; and
PA1  a feed roll located above said base surface adjacent said lip surface and
      adapted to engage the foremost document of said stack supported by the
      base surface of said hopper and to drive said foremost document toward
      said lip surface;
PA1  wherein said filled portion or concave junction of said lip surface with
      said base surface has a transition radius which is about one quarter of
      the radius of said feed roll.
NUM  2.
PAR  2. The document feeder of claim 1 wherein said transition radius is about
      0.10 inch.
NUM  3.
PAR  3. The document feeder of claim 1 wherein the highest point of said lip
      surface is about 1/6 of the feed roll radius above said base surface of
      said hopper.
NUM  4.
PAR  4. The document feeder of claim 1 including a tracking belt means for
      transporting a document away from said contour plate at a speed greater
      than the speed at which said feed roll removes said foremost document from
      said document stack, but wherein said feed roll continues to engage said
      foremost document during said foremost document's initial contact with
      said tracking belt means.
NUM  5.
PAR  5. The document feeder of claim 4 wherein said transition radius is about
      one quarter of the radius of said feed roll.
NUM  6.
PAR  6. The document feeder of claim 4 wherein said transition radius is about
      0.10 inch.
NUM  7.
PAR  7. The document feeder of claim 4 wherein the highest point of said lip
      surface is about 1/6 of the feed roll radius above said base surface of
      said hopper.
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PAL  Disclosed is a document handler and feeder device for performing high speed
      separating and transporting of documents, such as business forms. The
      document handling unit is equipped with friction type feed rollers and a
      lipped contour plate over which documents must pass. The feed rollers
      contact and transport a foremost document from a gravity feed document
      hopper. High speed tracking belts are mounted over grooves or tracks,
      which extend along a track plate and through the lip of the contour plate.
      The feed rolls force the leading edge of the foremost document into the
      lip where the document engages the bottom side of the belts so that it is
      nipped between the belts and the contour plate causing the document to
      move with the tracking grooves. In order to provide ready access to the
      tracking plate area, the entire tracking belt drive assembly is pivotable
      upwards about a pivot pin located adjacent the feed roller shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a portion of an overall document feeder
      described and claimed in simultaneously filed, commonly assigned
      application Ser. No. 433,498 by George Fallos entitled High Speed Document
      Feeder.
PAR  This invention relates to sheet feeding and delivering apparatus. In
      particular, it relates to a document handler and feeder device for
      accomplishing efficient signal separation of documents from a hopper
      supply, and skewless high speed transport of such documents.
PAR  Current high speed document feeding apparatus exhibit tendencies to misfeed
      and to feed "doubles." Another prevailing problem is misalignment (skew)
      of documents after they have been separated from a stack and are being
      transported.
PAR  Hence, for efficient handling of documents, a high speed document handler
      is needed which accomplishes consistent single separation of stacked
      documents and high speed transport of these documents with minimal
      misalignment. Whereupon, it is an object of this invention to provide a
      high speed document handler capable of separating a single document from a
      stack in a consistent manner without producing "missing" or "multiple
      feeding"; and it is another object to provide a high speed document
      handler which is capable of maintaining documents aligned during high
      speed transport.
PAR  Because of the intricacies of high speed feeding apparatus, even slight
      force imbalances create document jamming in a transport assembly.
      Consequently, it is a further object to provide a high speed document
      handler having easy access to its actual transporting areas to clear
      document jams.
PAR  Another object is to provide an improved type of feed roller.
PAR  Still another object is to provide a high speed document handler including
      adjustable components to adapt the assembly to documents having varied
      surface characteristics and thickness.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with principles of this invention, the objects as set forth
      are attained by providing an inclined document supply hopper equipped with
      feed rolls and a nitrided contour plate at its lower end. A roller or
      plate deflector is set to maintain the documents, such as cards or checks,
      in an upright, but backwardly sloping position. Mounted just before and
      above the surface of the contour plate are feed rollers which make initial
      transporting contact with the foremost document in a stack.
PAR  These feed rollers are affixed above the lowermost portion of the contour
      plate but spaced therefrom by a distance of between about 1 and 10 times
      the thickness of the documents to be transported. In this respect a
      distance of between about 11/2 to 2 times the document thickness is
      preferred; and a space of about 0.10 inches has been found to be most
      preferable for use with a wide range of documents.
PAR  A fixed "working" portion of the contour plate is a lip or ledge through
      which there are two grooves. These grooves mate with a second set of
      grooves which extend the entire length of a document-transport tracking
      plate.
PAR  Mounted adjacent the feed rollers is a set of tracking belts which are set
      into the grooves of the contour plate lip and, they too, run the length of
      the tracking plate. Pressure rollers are provided on the tracking belt
      assembly to vary the depth of the belts in the grooves. Also, the entire
      belt assembly is movable fore and aft to provide adjustment of clearance
      between the feed rolls and the contour plate lip. The feed rolls and
      tracking belts are driven by separate driving means, so that a desired
      ratio between their speeds can be maintained, and so that the feed roller
      can be operated at a slower speed.
PAR  The entire tracking belt assembly is pivotable upwards to provide easy
      access to the tracking plate area to clear possible document jams. In this
      regard, the assembly is pivoted about a separate point adjacent a tracking
      belt drive shaft so that the tracking belt assembly can be pivoted
      upwardly independently of the drive belt shaft.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features, and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention, as illustrated in the accompanying
      drawings in which like reference characters refer to the same parts
      throughout the different views. The drawings are not necessarily to scale,
      emphasis instead being placed on illustrating principles of the invention.
PAR  In the drawings:
PAR  FIG. 1 is a side pictorial view of a high speed document handler according
      to the invention, including holdback plate and bent hopper plate
      embodiments;
PAR  FIG. 2 is an overall side view of a high speed document handler,
      particularly illustrating the pivotable tracking belt assembly;
PAR  FIG. 3 is a partial top view of a high speed document handler illustrating
      the feed rollers and tracking belts, as well as the hold back roller and
      the belt tension adjustment device;
PAR  FIG. 4 is a rear view of a high speed document handler, depicting the
      extension of the tracking belts into the tracking plate grooves and the
      driving connection between the tracking belts and ejection rollers;
PAR  FIG. 5 is a partial side view of a high speed document handler showing the
      tracking belts extending into the grooves of the contour plate lip and
      tracking plate, and the adjusting means which determine belt depth;
PAR  FIG. 6 is a fragmentary view illustrating the relationship of the tracking
      belts and contour plate;
PAR  FIG. 7 is a fragmentary top view of the contour plate lip including one of
      its cutout grooves;
PAR  FIGS. 8a and 8b are enlarged side fragmentary views of the contour plate
      featuring its lip construction when viewed in section through non-grooved
      and grooved portions thereof respectively; and
PAR  FIG. 9 is a fragmentary view illustrating the relationship between the
      tracking belts and the grooves of the tracking plate.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the elements of the invention as embodied in the drawings,
      numeral 10, in FIG. 1, generally represents a document stack hopper
      equipped with hold back plate 73 which serves to hold documents, such as
      cards, or checks, in a backwardly sloping position in the hopper to make
      an angle of recline with respect to a perpendicular to the bottom of the
      hopper. The front portion 81 of the hold back plate is set at an angle
      slightly less than the angle of recline of the held documents. That is, it
      is more nearly perpendicular to the bottom of the hopper. The top portion
      79 of the plate 73, on the other hand, is set at an angle slightly greater
      than the hopper's angle of incline from horizontal. Thusly shaped, the
      hold back plate offers very low frictional resistance to documents during
      the feeding operation.
PAR  FIG. 1 also illustrates one embodiment of the angular relationship between
      a hopper plate 24 and tracking plate 77. The hopper plate here is set at
      about 12.degree. from horizontal, as compared to about 25.degree. from
      horizontal for the tracking plate. This arrangement tends to further
      reduce adverse frictional forces during the feeding operation. FIG. 2
      shows an arrangement with hopper and tracking plates set at the same
      25.degree. angle.
PAR  Set in the lowermost portion of the inclined hopper is a contour plate 14
      which includes lip 16 (FIG. 8a). The surface of the contour plate is
      nitrided rather than chrome plated, as has been the customary surfacing on
      hopperbottoms. Inasmuch as a chromed surface is more highly polished than
      a nitrided surface, it would be expected that a nitrided surface would
      introduce greater frictional engagement between a fed document and a
      hopper surface such as that of the contour plate. In this regard, the
      coefficient of friction for paper on a surface that is chrome plated is
      about 0.16, whereas the same surface when nitrided exhibits a coefficient
      of friction of about 0.25. Nevertheless, tests show that the nitrided
      surface on the contour plate of the instant invention allows for higher
      feed speeds than can be obtained with a more highly polished surface such
      as chrome. In this regard, the dynamic angle of repose, the angle, during
      operation, at which a document's component of gravity equals its
      frictional force with a surface, has been found to be about 9.degree. for
      a chromed surface. This angle is approximately  14.degree. for a similar
      structure with a nitrided surface. This seeming contradiction can possibly
      be explained by the reduction of static electricity by the nitrided
      surface. This static electricity builds up on the chromed surface and
      serves to restrict document movement. In addition, a nitrided surface
      exhibits more favorable wear characteristics than a chromed surface.
PAR  Grooves 18 and 20 (FIGS. 3 and 6) are cut into the lip 16 about two-thirds
      of the way from the top edge 22 of the lip to the upper surface of the
      hopper plate 24 which acts as a reference surface for various contour
      plate parameters having critical significance in connection with some of
      the invention's more detailed aspects. As illustrated best in FIGS. 7 and
      8, these grooves extend the full width 26 of the lipped portion from its
      front surface 28 to a point on its rear radius 30 commensurate with the
      depth of the lip.
PAR  Fluted feed rollers 46 (FIG. 1) are driven by a feed roll shaft 47 which,
      in turn, is driven through a suitable clutch mechanism by a toothed
      drive-belt 48. These feed rollers are shaped somewhat like a series of
      common thread spools. That is, they have a cylindrical body portion with
      driving rims extending outwardly therefrom as shown in FIG. 1. It is these
      driving rims or fluted portions that make the initial contact with the
      foremost document in the hopper-held stack where the cards are jointly
      restrained by the hold-back plate 79 and the lip 16. In this respect, the
      fluted rollers are mounted adjacent the radius 30 of the lip and serve to
      pull the foremost document downwaardly and bend it across the lip. Through
      the use of fluted rollers rather than conventional solid rollers, the pull
      power of the feed rolls is enhanced. This result is accomplished because
      of the increased "angle of wrap" between the document and the feed rolls
      which results in an incease in pull power. In this respect, fluted rolls
      have been found to exhibit at least five times more pulling power than the
      solid rollers per inch width of the roller's peripheral surface.
PAR  Also mounted on shaft 47 are tracking belts 50 and 51 (see FIG. 3) which
      ride in idlers 52 that include rims 53 which extend outwardly beyond the
      surfaces of the belts and prevent the belts from making initial contact
      with the foremost document. These tracking belts extend down into grooves
      18 and 20 in the contour plate lip and run the entire length of tracking
      plate 77 also having grooves 32 which are matingly aligned with the
      contour plate's grooves. The tracking belts are mounted on a belt assembly
      40 that is removably fastened on top of the track plate, so that it is
      adjustable fore and aft in the direction of arrow 42 in FIG. 2. The belt
      assembly is comprised of pivot plates 44 and 45 (FIG. 3) that are affixed
      to the main frame by adjustable fasteners 46a.
PAR  As also shown in FIG. 3, the lower ends of the tracking belts ride on belt
      drive sheaves 54 which are mounted on belt drive shaft 55 that is also
      driven by belt 48. In this regard, the tracking belt drive sheaves are
      dimensioned so that the linear speed of the belts is about twice the
      peripheral speed of the feed rolls 53 mounted on shaft 47. The belt drive
      shaft 55 is mounted between subframe elements 56 which are pivotably
      mounted on frame elements 44 by pins 58 at the hopper end of the assembly.
      Thus, the entire subframe is pivotable upwardly as indicated by arrow 59
      in FIG. 2. This easy swing-away motion of the tracking belt assembly
      allows access to the tracking plate area in order that possible jams can
      be removed. In addition, to facilitate feed roll replacement, the tracking
      belt assembly is pivoted about pins 58 instead of shaft 47. This
      eliminates bearing assemblies which would be necessary if the subframe
      were pivoted on the feed roll shaft. The absence of such bearing
      connections greatly facilitates removal and replacement of feed rolls.
PAR  As best illustrated in FIG. 5, belt-pressure rolls 60 are mounted on shafts
      61 whose ends are, in turn, mounted in the subframe members 56 by means of
      eccentrics 62. These belt-pressure rollers are situated inside of the
      tracking belts 50, which, as noted, are located in direct alignment with
      and extend into tracking grooves 32 in the tracking plate as shown in FIG.
      9. Rotation of the eccentrics 62 adjusts the pressure of the belt-pressure
      rolls 60 upon belts 50, and, accordingly, adjusts the tension of belts 50
      and the depth to which these tracking belts are permitted to extend into
      the tracking grooves 32.
PAR  In the above regard, although the drawings illustrate two eccentric shafts
      61, an alternate embodiment, not shown, uses only a single such eccentric
      shaft assembly and employs adjustable arms having one end attached to the
      shaft and a roller mounted on the other end thereof to substitute for the
      second set of belt pressure rolls 60 shown in FIG. 3. In this manner only
      a single eccentric adjustment is required.
PAR  In either of the belt-pressure embodiments just described, fine adjustment
      of the depth of the tracking belts permits ideal transport conditions to
      be set for a particular type of document being handled. In this regard,
      while some degree of forced distortion of a document into the grooves by
      the tracking belt permits high speed transport with a minumum of document
      skew, too much distortion of a document into the grooves would tend to
      create bending of the document, thus separating it from a flat position on
      the tracking plate and subjecting it to adverse aerodynamic forces which
      promote a skewing problem.
PAR  FIG. 4 depicts the exit end of the belt transport assembly. At this end,
      the driven tracking belts 50 and 51 engage elastomeric idler ejection
      rollers 70 which are set within ejection roll cutouts 38 in the tracking
      plate, coextensive with the grooves. These idler rollers are adjustable up
      and down and extend upwardly through the grooves in the tracking plate to
      put light pressure on the tracking belts 50 and 51.
PAR  The tracking plate 77 also is provided with cutouts such as 34 and 36, as
      illustrated in FIG. 3. Opening 36 accommodates a detector such as a
      photocell 90 for counting the number of documents passing thereover. It
      may be further stated the non-used, but exposed, portion of the track
      plate may be used at any point to accommodate a device (electronic or
      sensing) to serve the users' specific requirements for high speed feeding
      of documents.
PAR  In operation, documents, such as cards or checks, which are to be fed from
      a stack held by hopper 10 are initially contacted by the fluted feed
      rollers 46. The friction maintained between the feed roll and a foremost
      document is greater than the friction between the document being fed and a
      subsequent document. Consequently, the foremost document slides over the
      next document. However, in order to maintain a greater frictional force
      between it and a subsequent document, it is important that the fed
      document be gradually accelerated. If the feed rolls are rotated at too
      fast a speed, the coefficient of sliding friction between the feed rolls
      and the documents tends to drop to the point where the rollers merely slip
      rather than feed. Therefore, the feed rollers are driven at a relatively
      slow speed in comparison to the high speed transport accomplished by the
      tracking belts, as will be discussed below.
PAR  After the feed rollers initially bend the foremost document and pull it
      across radius 30 of the contour plate lip portion, the document is engaged
      by tracking belts 50 and 51 which are driven at about twice the speed of
      the feed rolls. Once the document has begun to slide over its next
      subsequent document its feed speed can be safely accelerated without
      creating doubles. Prior to the time of engagement of the belts with the
      fed document (initially moved by the feed rollers) rims 52 and 53 on the
      tracking belt idlers prevent the document from contacting the belts. This
      allows the document to be accelerated from the slower speed of the feed
      rolls to the higher speed of the belts. As the document approaches the
      speed of the belts, the feed rolls exert somewhat of a drag force on the
      document which serves to slightly retard its acceleration at least until
      the document has moved a distance corresponding to its length. In this
      manner, the document's acceleration is relatively uniform throughout its
      initial motion from a stationary position at the document stack to the
      high speed of the belts themselves.
PAR  The radius 30 on lip 16 and the incline of the hopper 10 are such that it
      is a bit difficult for the document being fed to move upwardly to the top
      22 of lip 16 in FIG. 8. However, the feed rolls need only move the
      document about 0.4 inches before the document is brought into engagement
      with the tracking belts. In this respect, the radius 30 of the leading
      edge of the lip is preferrably about 1/4 the radius of the driving flute
      or rims of the feedrolls; and the height of the lip 16 above the reference
      surface 24 is preferrably about 2/3 the radius 30 (1/6 the radius of the
      driving flutes). Similarly, the depth of the grooves 18 and 20 preferrably
      is about 75 percent of the lip height (1/8  of the radius of the driving
      flutes) depending on whether the documents to be fed are card stock, for
      example, or documents of much thinner composition. Similarly, the radius
      30 can be varied between about half to twice that described above, also
      depending upon the weight of the documents handled. The designated sizes,
      however, have been found to be preferable, since they result in
      satisfactory performance over a wide range of document stocks. The width
      of the grooves cut through the lip of the contour plate is also
      significant. Preferably, the width should be no more than about 25 times
      its depth and no less than about 3 times its depth with the ratio
      therebetween preferably about 14; and a given belt is preferably about 2/3
      the width of its grooves. This preferred range is dictated by the forces
      acting upon the document as it is being fed.
PAR  As noted, belts 50 and 51 extend into grooves 18 and 20 cut through the
      lip. Hence, when the lead document is intercepted from the feed rollers
      during its initial feeding, the belts distort the document downwardly into
      the grooves. This distortion provides a greater than normal frictional
      force between the document and the belts, so that the next document does
      not also pass. Consequently, the lip grooves act as an additional
      deterrent to doubles. In other words, during the time the foremost
      document is being driven upwardly toward the top of the lip by the feed
      rolls, until it is acted on by the tracking belts and distorted into the
      grooves 18 and 20, the succeeding document is held back by radius 30 and
      does not "see" the distortion or additional frictional forces on the
      preceding document. Hence, there is little tendency for the succeeding
      document to follow its predecessor; whereupon, there is a greatly reduced
      tendency for the instant structure to feed doubles.
PAR  As noted above, the feed rolls are adjustable fore and aft, so as to adjust
      the initial point at which the documents are brought into engagement with
      the lip; and also the point at which the document are brought into
      engagement with the tracking belts. The vertical clearance between the
      feed rollers and the plate surface 24 is fixed to accommodate the average
      thickness of the documents being fed. This differs significantly from
      conventional devices, wherein feed rolls are positioned by vertical motion
      to merely vary the pressure on the documents being fed.
PAR  After a document has passed fully over lip 16 and is urged into the
      tracking grooves 32 by tracking belts 50 and 51, it is now under full
      control of the belts. The width of the tracking plate grooves is about the
      same as the width of the contour plates grooves. However, the depth of the
      tracking plate grooves is only about 2/3 the depth of the contour plates
      grooves cut into the lip. The rationale for this relationship is that the
      document moves along the tracking plate at a high speed, such that
      aerodynamic forces on the document are greatly increased from those
      occuring at the contour plate lip. Consequently, the less the belts tend
      to distort the document into the tracking plate grooves, the better the
      control and ability to read the surface identification with electronic
      devices. Consequently, by decreasing the depth of the tracking plate
      grooves over those of the contour plate lip grooves the documents can be
      fed faster without skewing or jamming tendencies when ejected and stacked.
      It is important that a given document be sufficiently accelerated from the
      speed of its succeeding document, so that there is substantial separation
      between documents. This is to assure further separation between documents
      that may be of a larger size than normally used.
PAR  The reason for obtaining such separation is in order to count or read the
      documents individually.
PAR  As a document continues along the tracking plate it is pinched between
      ejection rollers 70 and the tracking belt at the belt sheaves 64. As
      previously noted, the pressure and locatioon of the idler rolls 70 is
      substantially vertically adjustable by pivoting about an arm as indicated.
      Hence, again, selective pressure adjustment is used in conjunction with
      variation of the ejection assembly fore and aft to vary the trajectory
      angle of documents as they exit from the tracking plate.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various alterations in form and detail may be made
      therein without departing from the spirit and scope of the invention. For
      example, the multiple variations as suggested may be incorporated so as to
      accommodate particular types of documents; and the dual belt assembly
      could be altered for a multiple or perhaps even a single belt arrangement.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed is defined as follows:
NUM  1.
PAR  1. A document feeder comprising:
PA1  a document hopper means including a base plate surface adapted to support
      documents located thereon;
PA1  a lipped contour plate for defining a lip surface adjacent said base plate
      surface, said lip surface rising substantially abruptly from said base
      plate surface and thereby forming a barrier which is relatively difficult
      for documents being fed from said base plate surface to move upwardly and
      over and which has a fillet or concave juncture surface portion to form a
      smooth transition with the base plate surface;
PA1  a feed roller located above said base plate surface adjacent said lip
      surface;
PA1  said feed roller being spaced from said base plate surface by a distance at
      least greater than one but not more than 10 times the thickness of said
      documents.
NUM  2.
PAR  2. The feeder of claim 1 wherein the separation between said feed roller
      and said base plate surface is between about 11/2 and 2 times said
      document thickness.
NUM  3.
PAR  3. The document feeder of claim 1 wherein the separation between said feed
      roller and said base plate surface is about 0.010 inches.
NUM  4.
PAR  4. The document feeder of claim 1 wherein said feed roller is selectively
      adjustable fore and aft substantially parallel to said base plate surface.
NUM  5.
PAR  5. The document feeder of claim 1 including a tracking plate mounted on the
      other side of said contour plate lip surface from said base plate surface;
PA1  tracking belt means mounted above said tracking plate and including
      tracking-belt pulleys as part of a means for driving tracking belts;
PA1  tracking belts mounted on said tracking belt pulleys of said tracking belt
      means; and
PA1  means for pivoting said tracking belt means upwardly about one end thereof
      so that the other end moves away from said tracking plate wherein, said
      means for pivoting pivots about a point located adjacent to but separated
      from said tracking-belt pulleys so that the tracking belt means can be
      pivoted upwardly independently of said belt driving means.
NUM  6.
PAR  6. A document handler comprising:
PA1  a tracking belt assembly for moving documents along a tracking plate, said
      tracking-belt assembly including driven pulleys rotatably mounted at
      opposite ends thereof and an endless tracking belt extending between and
      riding on said pulleys, said tracking belt further including pivot means
      for pivoting said tracking belt assembly upwardly from said tracking
      plate; and
PA1  a feed roller shaft containing feed rollers for delivering documents to
      said tracking belt assembly; said pivot means being located adjacent to
      but separated from said feed roller shaft and the rotational axes of said
      driven pulleys so that said tracking belt assembly can be pivoted upwardly
      independently of said shaft and said driven pulleys.
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ABST
PAL  To rotate sheet engaging means such as a roller disposed in engagement with
      an outermost sheet of a stack sheets in a receptacle, there is provided
      sheet feeding apparatus including first and second rotatable members,
      wherein the first member has inwardly and outwardly facing surface
      portions which respectively define oppositely facing paths of travel when
      the first member is rotated, and wherein the second member is disposed in
      the respective paths of travel. The surface portions of the first member
      are arranged relative to one another to permit one of them to rotate the
      first member in one direction and the other of them to rotate the first
      member in the opposite direction, when the first member is rotated in a
      given direction. Since the second member may be connected to a sheet
      engaging roller for rotating the roller in opposite directions, the sheet
      feeding apparatus is usable in buckle-loop sheet feeding systems.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Commercially available electrostatic copying machines, or copiers, of the
      type wherein a dry process is utilized for developing an electrostatic
      latent image formed on a moving photoconductor, and wherein the developed
      image is thereafter transferred from the photoconductor to a sheet of
      paper, are generally provided with a suitably constructed receptacle for
      carrying a stack of paper sheets and apparatus for feeding sheets, one at
      a time, from the stack and into contact with the photoconductor for image
      transferring purposes.
PAR  The receptacle typically includes a base wall, an upright front wall having
      a lip, an upright rear wall and means for adjusting the respective front
      and rear walls against the front and rear end edges of the stacked sheets,
      with the front wall lip partially overhanging the stack. And, the
      apparatus for feeding the sheets from the stack typically includes a drive
      shaft having a friction roller fixedly attached thereto for engaging the
      upper surface of the top sheet of the stack; and means for alternately
      rotating the drive shaft, and thus the attached roller, in opposite
      directions so as to cause the roller to initially urge the front end of
      the engaged sheet out from beneath the overhanging front wall lip, and
      then urge the engaged sheet over the front wall and out of the receptacle.
PAR  The various prior art means for oppositely rotating the drive shaft of the
      sheet engaging roller, typically include mechanisms which comprise a
      redundancy of gears and shafts, pulleys and belts, sprocket wheels and
      chains, or the like, which are alternately connected to the drive shaft to
      rotate the shaft, and thus the attached roller, in opposite directions. In
      addition to being expensive to design, execute, adjust and maintain, the
      redundant structure calls for the provision of complex control systems
      which add to the already inordinate demand for space required by such
      mechanism.
PAR  Accordingly, an object of the present invention is to provide improved
      apparatus for feeding sheets from a stack of sheets;
PAR  Another object is to provide, in sheet feeding apparatus of the type which
      includes means for engaging an outermost sheet of a stack of sheets,
      improved means for rotating the sheet engaging means in opposite
      directions to feed an engaged sheet from the stack; and
PAR  Another object is to provide a modularly constructed input-output device
      adaptable for general use in sheet feeding systems.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided sheet feeding apparatus
      comprising first and second rotatable means, wherein the first means
      includes inwardly and outwardly facing surface portions which respectively
      define oppositely facing paths of travel when the first means is rotated.
      And, wherein the second means is disposed in the respective paths of
      travel of the first means. In addition, the surface portions are arranged
      relative to one another to permit one of the surface portions to rotate
      the second means in one direction, and to permit the other surface portion
      to rotate the second means in the opposite direction, while the first
      means is being rotated in a given direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  As shown in the drawings, wherein like reference numerals designate like or
      corresponding parts throughout the several figures:
PAR  FIG. 1 is a fragmentary perspective view of sheet feeding apparatus of the
      type which includes a roller for engaging the topmost sheet of a stack of
      sheets disposed in a receptacle, including improved means for rotating the
      sheet engaging roller in opposite directions to feed an engaged sheet from
      the stack;
PAR  FIG. 2 is an end view of the improved means for rotating the sheet engaging
      roller of FIG. 1, taken substantially along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a reduced, partial cross-sectional view, in elevation, of the
      sheet feeding apparatus of FIG. 1, showing the rotatable input and output
      members of the improved means for rotating the sheet engaging roller, with
      the rotatable members arranged out of engagement with one another;
PAR  FIG. 4 is an elevational view, similar to FIG. 3, showing the rotating
      input and output members feeding the topmost sheet of the stack rearwardly
      from beneath the front wall lip of the receptacle in which the stack of
      sheets are disposed;
PAR  FIG. 5 is an elevational view similar to FIG. 3, showing the rotating input
      and output members feeding the topmost sheet over the front wall lip and
      out of the receptacle; and
PAR  FIG. 6 is an elevational view, similar to FIG. 3 showing a second
      embodiment of the input and output members, disengaged from one another.
DETD
PAC  Description of the Preferred Embodiments
PAR  As shown in FIG. 1, a typical arrangement of sheet feeding apparatus 10
      which may be improved in accordance with the present invention includes
      any well-known rotatable sheet engaging means, such as a roller 12 having
      a sheet engaging portion 14 and a hub portion 16. The sheet engaging
      roller portion 14 may be made of rubber, an elastomeric substance or any
      other well-known material which is suitable for frictionally gripping a
      sheet of material such as a paper sheet 18 for movement thereof as the
      roller 12 rotated. The sheet feeding apparatus 10 also includes any
      well-known means, schematically represented by the box 20, for
      transmitting rotational movement to the roller 12. The rotational movement
      transmitting means 20 includes one or more suitably supported, and
      cooperatively connected gears, shafts, sprocket wheels, chains, pulleys,
      and/or belts, or the like, such as an elongated drive shaft 22 to which
      the hub portion 16, and thus the roller 12, is suitably fixedly secured
      for coaxial rotation therewith as by means of a fastener 24, and an
      endlessly movable belt 26 adapted to be driven from a source of supply
      rotational movement 28.
PAR  The sheet feeding apparatus 10 (FIG. 1) is typically utilized in
      combination with paper storing apparatus as found in an electrostatic
      copying machine or copier (not shown), which apparatus includes a
      receptacle of the type numbered 30. As shown in FIGS. 3-6, the receptacle
      30 generally includes a base wall 32, a vertically movable front wall 34
      having a lip portion 35, and a rear wall 36. For illustration purposes a
      plurality of paper sheets 18 are shown disposed in a stack 38 within the
      receptacle 30, and the sheet engaging roller 12, roller drive shaft 22 and
      other rotational movement transmitting means 20 are shown operably
      associated with the receptacle 30 for feeding successive outermost sheets,
      such as the topmost sheet 18, one at a time from the stack 38 for
      processing within the copier.
PAR  The source of supply of rotational movement 28 (FIG. 1) includes an endless
      chain 39 adapted to be driven by well-known means including, for example,
      a motor (not shown) which is electrically energizeable from a local source
      of supply of electrical power (not shown). According to the invention, the
      source of rotational movement 28 also includes a modularly constructed,
      electromechanically operable, input-output device 40, for rotating the
      sheet engaging means, in the instance the roller 12, in opposite
      directions.
PAR  The input-output device 40 (FIG. 1) includes a frame 42 having a top wall
      44, bottom wall 46, and oppositely disposed side walls 48. The walls 44,
      46 and 48 are integrally connected to one another to form an elongated,
      hollow, open-ended, rigid structure, having a rectangularly-shaped
      transverse cross-section. To ensure structural rigidity, the frame 42
      preferably comprises a suitably finished segment of structural steel
      conduit of rectangular transverse cross-section.
PAR  The input-output device 40 (FIG. 1) also includes a first, driven,
      rotatable member 50 having an axis of rotation 52. The first member 50
      includes a cylindrically-shaped outer wall 54, having an inner surface 56
      and an outer surface 58. The inner surface 56 includes a rough,
      inwardly-facing surface portion 60, formed by a plurality of alternate
      ridges 62 and grooves 64 which respectively extend parallel to the axis of
      rotation 52 of the member 50. The inner surface 56 also includes a smooth,
      inwardly-facing surface portion 66. In addition, the first rotatable
      member 50 includes a cylindrically-shaped hub 70, having an outer surface
      72. The outer surface 72 includes a rough, outwardly-facing surface
      portion 74, formed by a plurality of alternate ridges 76 and grooves 78
      which respectively extend parallel to the axis of rotation 52 of the
      member 50. The outer surface 72 also includes a smooth, outwardly-facing
      surface portion 80. Further, the first rotatable member 50 includes a
      flat, annularly-extending wall 82, integrally connecting the outer wall 54
      and hub 70 to one another so as to form therewith an endless,
      circularly-extending channel 84. The channel 84 is U-shaped in transverse
      cross-section and has oppositely facing surfaces, one of which corresponds
      to the inner surface 56 of the outer wall 54 and the other of which
      corresponds to the outer surface 72 of the hub 70. Accordingly, one of the
      oppositely facing surfaces of the channel 84 includes the rough,
      inwardly-facing surface portion 60 of the outer wall 54 and the other
      includes the rough, outwardly-facing surface portion 74 of the hub 70. As
      shown in FIGS. 3-5, the roughened surface portions 60 and 74 are arranged
      relative to one another so as to extend through different segments of the
      longitudinal length of the channel 84. To ensure structural rigidity, the
      first member 50 preferably comprises a suitably finished, molded plastic
      member or metal casting.
PAR  The first rotatable member 50 (FIG. 1) is rotatably attached to the frame
      42 with provision for intermittently driving the same from the chain 39.
      To that end, the input-output device 40 includes an electromagnetically
      operable clutch 88, an input stub shaft 90 (FIG. 2) and a sprocket wheel
      94. The clutch 88, has a driving side 96 and a driven side 98. The driven
      side 98 includes an electromagnet (not shown) adapted by well-known means
      to be electrically energized from a suitable source of supply of
      electrical power (not shown) for energizing the clutch 88. Whereupon, the
      driving side 96 of the clutch 88 is attracted to and engaged by the driven
      side 98 of the clutch 88. The clutch sides 96 and 98 are then engaged with
      one another when the clutch 88 is energized and disengaged from one
      another when the clutch 88 is deenergized. The driving side 96 is suitably
      movably mounted on one of the end portions of the stub shaft 90, which
      shaft 90 is suitably rotatably attached to the opposite frame side walls
      48, as by means of a bearings 100 and 102. And the driven side 98 of the
      clutch 88 is fixedly attached to the other the end portion of stub shaft
      90 which end portion extends through the bearing 102 and outside of the
      frame 42, where the first rotatable member 50 is suitably fixedly mounted
      thereon for rotation therewith, as by means of a fastener 104. The
      sprocket wheel 94 is fixedly mounted by well-known means on the driving
      side 96 of the clutch 88, for continuously rotating the driving side 96
      whenever the chain 39 (FIG. 1) is driven. Since energization of the clutch
      88 (FIG. 2) causes the driven side 98 of the clutch 88 to magnetically
      attract and become engaged with the driving side 96 thereof, rotational
      movement of the sprocket wheel 94 is transmitted to the first member 50,
      via the clutch 88 and attached input shaft 90, whenever the clutch is
      energized, and is not transmitted to the first member 50 when the clutch
      88 is deenergized.
PAR  The input-output device 40 (FIG. 1) additionally includes a second, driven,
      rotatable member 106, having an axis of rotation 108. The second member
      106 includes a roller of suitably-shaped transverse cross-section which is
      made of rubber, an elastomeric substance or other resilient material to
      provide the same with a circumferentially extending, resilient outer
      surface 112 adapted to be gripped by the roughened surface portions 60 and
      74 of the rotating first member 50.
PAR  The second member 106 (FIG. 1) is rotatably attached to the frame 42 with
      provision for adjustment of its axis of rotation 108 relative to the axis
      of rotation 52 of the first member 50. To that end, the device 40 includes
      an elongated output shaft 114, to which the second member 106 is fixedly
      attached, by well-known means, for coaxial rotation therewith; and a shaft
      supporting cage assembly 116 which is movably attached to the frame 42.
      The cage assembly 116 (FIG. 2) includes an outer plate 118 and an inner
      plate 120 a suitable pair of well-known bearing means 122, one of which is
      attached to each of the plates 118 and 120; and a plurality of fasteners
      124 extending between the plates 118 and 120. In addition, to movably
      attach the cage assembly 116 to the frame 42, the frame side wall 48 which
      is located next adajcent to the first rotatable member 50 includes a
      plurality of openings 128 and an aperture 129 which are respectively
      dimensioned to loosely receive the fasteners 124 and shaft 114. The outer
      plate 118 is mounted on the outside surface of the frame side wall 48
      adjacent to the first member 50, by means of the fasteners 124, which
      extend through the side wall openings 128 to support the inner plate 120
      inside of the frame 42 and parallel to the outer plate 118. And, the shaft
      114 (FIG. 1) is rotatably attached to the respective plates 118 and 120,
      at spaced intervals lengthwise of the shaft 114, via the respective
      bearing means 122, so as to dispose the second member 106 outside of the
      frame 42. As thus arranged, the cage assembly 116 may be moved relative to
      the frame 42, for adjustably fixedly positioning the second member 106
      within the circularly-extending channel 84 of the first member 50, to
      properly locate the resilient outer surface 112 of the second member 106,
      in the respective paths of travel of the roughened outer surface portions,
      60 and 74, of the first member 50 for engagement thereby when the first
      member 50 is rotated.
PAR  To transfer rotational movement of the output shaft 114 (FIG. 1) to the
      belt 26, the device 40 includes a pulley 130 which is fixedly attached to
      the shaft 114 for rotation therewith and in engagement with the belt 26.
      To facilitate non-slipping engagement therebetween, the pulley 130 and
      belt 26, may respectively be provided with a plurality of intermeshable
      teeth (not shown) as is well-known in the art.
PAR  In a copier, the chain 39 (FIG. 1) ordinarily continuously drives the
      sprocket wheel 94 whenever the copier is being utilized. And the clutch 88
      is energized in response to a sheet feeding demand signal, provided by
      suitable well-known means within the copier, to rotate the first member 50
      one revolution each time a topmost sheet 18 is to be fed from the stack
      38. Typically, the sheet feeding demand signal may be utilized to
      momentarily energize, for example, a relay (not shown) which is connected
      by well-known means between the clutch 88 and local power supply, to
      commence rotation of the first member 50. In which instance, the
      input-output device 40 may include feedback means associated with the
      first rotatable member 50 for maintaining the clutch 88 energized for a
      single revolution of the first member 50. Preferably, the feedback means
      includes an elongated cavity 134 formed in the outer surface 58 of the
      first member 50, and a suitable two-position switch 136 with associated
      well-known circuitry. The cavity 134 is formed in the outer wall surface
      58 so as to extend parallel to the axis of rotation 52 of the same. And
      the switch 136 is fixedly attached to the frame 42 by well-known means so
      as to permit the switch operating member 138 to extend into the cavity 134
      when the cavity 134 is disposed in registration therewith, and to be
      depressed by the outer wall surface 58 when the first member 50 commences
      rotation. Suitable circuitry (not shown) may then be provided to
      electrically connect the switch 136 across the aforesaid circuitry for
      momentarily energizing the clutch 88, so as to connect the power source to
      the clutch 88 via the switch 136, whenever the switch operating member 138
      is depressed; thereby maintaining the clutch 88 energized during one
      revolution of the first member 50 each time the demand signal momentarily
      energizes the clutch 88.
PAR  Assuming the input-output device 40 is mounted in a copier and the copier
      is being utilized, as a result of which the chain 39 (FIG. 1) is rotating
      the sprocket wheel 88 and thus the driving side 96 of the clutch 88, and
      assuming that the clutch 88 has not as yet been energized by a sheet
      feeding demand signal; then, the first and second rotatable members 50 and
      106 (FIG. 3) are stationarily disposed out of engagement with one another.
      Accordingly, the output 114 (FIG. 1) pulley 130, belt 26 and other
      rotational movement transmitting means 20 including the roller shaft 22,
      and the roller 12, are stationary. And, the roller 12 (FIG. 3) is disposed
      at rest on the topmost sheet 18 of the stack 38. In addition, the switch
      operating member 138 extends from the switch 136 and into the first
      member's outer wall cavity 134.
PAR  When the clutch 88 (FIG. 2) is momentarily energized by a sheet feeding
      demand signal, the clutch sides 96 and 98 engage. As a consequence,
      rotational movement of the driving side 96 of the clutch 88 is transmitted
      through the driven side 98 to the input shaft 90, and thus to the first
      member 50, thereby commencing rotation of the first member 50. Assuming
      the first member 50 rotates clockwise as viewed in FIG. 4, the switch
      operating member 138 is depressed by the outer wall surface 58 of the
      first member 50, thereby actuating the switch 136 to maintain rotational
      movement of the first member 50, and initially, the outwardly facing,
      roughened, hub surface 74 engages and rotates the second member 106
      counterclockwise. Whereupon, the output shaft 114 (FIG. 1) and pulley 130,
      belt 26 and other rotational movement transmitting means 20 including
      roller shaft 22, rotate the roller 12 counterclockwise. As shown in FIG.
      4, the rotating roller 12 engages the topmost sheet 18 and urges the rear
      edge of the same against the rear wall 36 of the receptacle 32, thereby
      causing the sheet 18 to buckle and form a loop 140 therein between the
      roller 12 and the rear wall 36, and urges the front end of the engaged
      sheet 18 out from beneath the receptacle's overhanging front wall lip 35.
      Since the first member 50 continues to rotate clockwise, the inwardly
      facing, roughened, wall surface portion 60 (FIG. 5) thereafter engages and
      rotates the second member 106 clockwise, causing the output shaft 114
      (FIG. 1) and pulley 130, belt 26 transporting means 20 including shaft 22,
      to rotate the roller 12 clockwise in engagement with the previously
      buckled sheet 18. Whereupon the roller 12 (FIG. 5) urges the previously
      buckled sheet 18 over the front wall lip 35 and thus out of the receptacle
      30 for processing within the copier. Thereafter, continued clockwise
      rotation of the first member 50 rotates the outer wall cavity 134 into
      registration with the switch operating member 138. As a result of which
      the switch operating member 138 moves into the outer wall cavity 134 to
      disconnect the clutch 88 (FIG. 2) from the power source. Having
      deenergized the clutch 88, the clutch sides 96 and 98 disengage from one
      another, and the first member 50 stops rotating.
PAR  As shown in FIG. 6 it is within the spirit and scope of the invention that
      the first rotatable member 50 includes resilient means 142 at the inner
      surface 56 of the outer wall 54, and at the outer surface 72 of the hub
      70; and that the second rotatable member 106 include either a resilient
      outer surface 112 (FIGS. 1-5) or a roughened outer surface 144 as shown in
      FIG. 6. In the latter instance the surface 144 may include, for example, a
      plurality of alternate ridges 146 and grooves 148 extending parallel to
      the axis of rotation of the first member 106. Of course, in either of
      these combinations, operation of the device 40 is substantially the same
      as hereinbefore described.
PAR  In accordance with the objects of the invention there has been described a
      modularly constructed electro-mechanical device adaptable for use in with
      sheet feeding apparatus of the type which includes means for engaging an
      outermost sheet of a stack of sheets, for rotating the sheet engaging
      means in opposite directions to feed an engaged sheet from the stack.
PAR  Inasmuch as certain changes may be made in the above described invention
      without departing from the spirit and scope of the same, it is intended
      that all matter contained in the above description or shown in the
      accompanying drawings shall be interpreted in an illustrative rather than
      limiting sense. And, it is intended that the following claims be
      interpreted to cover all the generic and specific features of the
      invention herein described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Sheet feeding apparatus including a modularly constructed input-output
      device comprising:
PA1  a. a rigid mounting frame;
PA1  b. first rotatable means having a first axis of rotation, the first means
      including an input shaft and a first member attached thereto, the input
      shaft rotatably attached to the frame, the first member including an outer
      wall and a hub, the outer wall having an inwardly facing surface portion,
      the hub having an outwardly facing surface portion, the surface portions
      defining opposed circularly-extending paths of travel when the first means
      is rotated;
PA1  c. clutch means mounted on the input shaft, said clutch means adapted to be
      driven from a source of supply of rotational movement, said clutch means
      being energizeable in response to a sheet feeding demand signal for
      imparting the rotational movement to the input shaft for rotation of the
      input shaft and thus the first means in a given direction;
PA1  d. second rotatable means having a second axis of rotation, the second
      means including an output shaft and a second member attached thereto,
      means for rotatably supporting the output shaft, said supporting means
      movably attached to the frame to permit adjustably fixedly positioning the
      second rotatable means relative to the first rotatable means for proper
      disposition of the second member in the paths of travel of the surface
      portions of the first member;
PA1  e. said surface portions arranged relative to one another to permit one of
      said portions to rotate said second means in one direction when said first
      means is rotated in said given direction and to permit the other of said
      surface portions to rotate said second means in the opposite direction
      when the first means is rotated in said given direction, whereby said
      output shaft alternately rotates in opposite directions when said input
      shaft is rotated in said given direction and
PA1  f. said output shaft adapted for transmitting rotational movement thereof
      from the device.
NUM  2.
PAR  2. The input-output device according to claim 1 comprising said clutch
      means including an electrically energizeable clutch having a driving side
      and a driven side, said sides being disposed in engagement with one
      another when the clutch is energized and being disposed out of engagement
      with one another when the clutch is deenergized, the driving side movably
      attached to the input shaft and adapted for continuous rotational
      movement, and the driven side fixedly attached to the input shaft for
      movement thereof, whereby rotational movement of the driving side of the
      clutch is transmitted through the clutch to the first means when the
      clutch is energized, and whereby rotational movement of the driving side
      of the clutch is not transmitted through the clutch to the first means
      when the clutch is deenergized.
NUM  3.
PAR  3. The input-output device according to claim 1 wherein the frame includes
      a segment of structural steel conduit of rectangular transverse
      cross-section.
NUM  4.
PAR  4. The input-output device according to claim 1 wherein the supporting
      means includes a cage assembly, said cage assembly including opposed
      parallel disposed plates respectively adapted for rotatably supporting the
      output shaft and including a plurality of fasteners extending between the
      plates, and said frame including apertures for loosely receiving the
      fasteners, whereby the cage assembly and thus the output shaft may be
      moved relative to the frame for adjustably fixedly positioning the second
      member relative to the first member.
NUM  5.
PAR  5. The input-output device according to claim 1 wherein the first member is
      a molded plastic member to ensure structural rigidity thereof.
NUM  6.
PAR  6. The input-output device according to claim 1 including feedback means
      for maintaining the clutch means energized for at least a single
      revolution of the first member after energization thereof by a sheet
      feeding demand signal.
NUM  7.
PAR  7. The input-output device according to claim 6, wherein said feedback
      means includes a switch fixedly attached to the frame and associated with
      the first member, and said feedback means including said first member
      adapted to actuate said switch during each revolution of the first member.
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ABST
PAL  A workpiece feeding apparatus for feeding workpieces from the top of a
      stack of workpieces, and which includes a support frame on which is
      movably mounted a vertical gear rack having a lifting plate on the upper
      end thereof for engagement with the lower end of a stack of workpieces. A
      horizontally disposed shaft is rotatably mounted on the support frame, and
      a gear is detachably fixed to the shaft for driving the gear rack
      upwardly. The gear may be detached from a driving engagement with the
      shaft after the gear rack has reached its uppermost feeding position to
      permit the gear rack to move by gravity downwardly to its initial starting
      position. A first clutch member is operatively mounted on the shaft, and
      is operated by a power means for driving the shaft in one direction to
      turn said gear and move the gear rack upwardly through a predetermined
      upward feeding movement. The first clutch member is overriding relative to
      said shaft during a succeeding downward, gravity operated retracting
      movement of a travel length less than said upward feeding movement. A
      second clutch means is operatively mounted on said shaft, and it is
      overriding relative to the shaft during the upward feeding movement, and
      it is in braking engagement with the shaft during the retracting movement.
      Gage means is provided to regulate the length of the retracting movement.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to the workpiece feeding art, and more
      particularly, to a workpiece feeding apparatus for feeding workpieces from
      the top of a stack of workpieces.
PAR  Workpiece feeders for feeding workpieces from the top of a stack of
      workpieces have been provided heretofore, but they have been of the screw
      type or ratchet type feeders wherein a lead screw turns through a certain
      predetermined radial travel or a ratchet means moves a lift member up a
      predetermined distance. A disadvantage of the prior art top stack feeders
      is that it is necessary to maintain different sets of interchangeable lead
      screws and matching gears for each workpiece thickness. The same
      disadvantage applies in the prior art top stack feeders which employ
      interchangeable ratchet type means since it is necessary to change the
      ratchets each time a different thickness workpiece is to be fed with the
      feeding apparatus. The aforementioned disadvantages of the prior art top
      stack feeders make them costly because there is a need to maintain the
      aforementioned interchangeable parts which must be purchased and stored.
      Furthermore, it is time-consuming to change from one set of
      interchangeable feed parts to another, and accordingly, the maintenance
      costs are higher, and there is lost production time for changing the
      interchangeable parts when it is necessary because of a change in
      thickness of parts to be fed by the parts feeding apparatus.
PAR  In view of the foregoing, it is an important object of the present
      invention to provide a novel and improved top stack feeder which overcomes
      the aforementioned disadvantages of the top stack feeding apparatuses of
      the prior art.
PAR  It is another object of the present invention to provide a novel and
      improved top stack feeding apparatus which is simple and compact in
      construction, economical to manufacture and efficient in operation.
PAR  It is still another object of the present invention to provide a workpiece
      feeding apparatus for feeding workpieces from the top of a stack of
      workpieces and which comprises a support frame, means operatively mounted
      on the support frame for operatively supporting a vertical stack of
      horizontally disposed workpieces, lifting means movably mounted on said
      support frame for moving said stack of workpieces upwardly in a
      step-by-step manner, clutch means operatively engaged with said lifting
      means for operating said lifting means upwardly in step-by-step manner,
      and power means operatively connected to said clutch means for operating
      the clutch means to move said lifting means upwardly in said step-by-step
      manner.
PAR  It is still another object of the present invention to provide a novel and
      improved top stack feeding apparatus which comprises a vertical gear rack
      for operative engagement with the lower end of a stack of workpieces, a
      horizontal shaft rotatably mounted adjacent the gear rack, a gear
      detachably connected to the gear rack for moving the gear rack through an
      upward feeding movement, a first clutch member operatively engaged with
      said shaft and being operated by a power means for rotating the shaft to
      turn the gear and move the gear rack through said upward feeding movement,
      and a second clutch member operatively engaged with said shaft for
      controlling a gravity operated downward retracting movement of the gear
      rack through a travel distance less than the distance of the upward
      feeding movement.
PAR  Other objects, features and advantages of this invention will be apparent
      from the following detailed description, appended claims, and the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view, with parts removed, of a top stack
      feeder made in accordance with the principles of the present invention.
PAR  FIG. 2 is a fragmentary, elevational, section view, with parts broken, and
      parts removed, of the structure illustrated in FIG. 1, taken along the
      line 2--2 thereof, and looking in the direction of the arrows.
PAR  FIG. 3 is a top plan view, with parts removed, of the structure illustrated
      in FIG. 1, taken along the line 3--3 thereof, and looking in the direction
      of the arrows.
PAR  FIG. 4 is a perspective view of a rack feed gage for use with the top stack
      feeder of the present invention.
PAR  FIG. 5 is a side elevational view of a pair of dish-shaped workpieces which
      may be fed by the top stack feeder of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and in particular to FIGS. 1, 2 and 3, the
      top stack feeder of the present invention includes a vertical support
      frame comprising four tubular posts 10 which are fixedly secured, as by
      welding, at their upper ends of an upper frame plate 11. The lower ends of
      the post 10 are fixedly secured, as by welding, to a lower or base frame
      plate 12. As indicated in FIG. 3, the base plate 12 is provided with a
      plurality of anchor bolts 13 and washers 14 for fixedly securing the
      support frame in place on a floor or other supporting surface.
PAR  As shown in FIGS. 1 and 2, a mounting plate 17 is detachably secured to the
      frame upper plate 11 by a plurality of machine screws 18 (FIG. 3). A pair
      of vertically disposed, parallel shaft support plates 19 and 20 are
      fixedly mounted on the upper face of the mounting plate 17 by any suitable
      means, as by welding. As best seen in FIGS. 2 and 3, the vertical support
      plates 19 and 20 are disposed with the plate 19 centrally disposed on the
      plate 17, and the plate 20 disposed along one side of the plate 17.
PAR  As illustrated in FIGS. 1 and 2, a horizontal workpiece guide support plate
      21 is fixedly secured, as by welding, to the upper ends of the vertical
      support plates 19 and 20. As shown in FIGS. 1 and 3, a vertical support
      plate 22 is mounted on the upper face of the plate 17, at one end of the
      plate 19, and at right angles thereto. A second vertical support plate 23
      is also mounted on the upper face of the plate 17, at the other end of the
      vertical support plate 19, and at right angles thereto. The vertical
      support plates 22 and 23 are fixedly secured, as by welding, to the plates
      17, 19 and 21.
PAR  As shown in FIG. 1, a plurality of horizontally disposed, vertical stacked
      flat workpieces 25 are adapted to be fed by the top stack feeder of the
      present invention. As illustrated in FIG. 1, the workpieces 25 are flat
      workpieces, but it will be understood that the top stack feeder of the
      present invention can also feed workpieces that are shaped, so long as
      they can be stacked, as for example, the dish-shaped parts 24 indicated in
      FIG. 5. As shown in FIG. 1, the stacked workpieces 25 are supported on the
      upper face of a circular lifting plate 26 which is fixedly mounted, by any
      suitable means, on the upper end of a vertically disposed gear rack 27
      that extends upwardly through an opening 28 formed through the plate 21.
PAR  As shown in FIG. 1, the workpieces 25 are guided in their upward movement
      by a pair of vertically disposed, laterally spaced apart guide plates 29
      which are fixed, as by welding, on the upper side of a pair of horizontal
      plates 30. The plates 30 are fixedly secured on the upper face of the
      plate 21 by any suitable means, as by machine screws 31. The plates 29 are
      each supported on their respective plates 30 by a vertically disposed
      bracket 32 which is fixed at right angles to each respective plate 29, and
      secured thereto, and to its respective plate 30 by any suitable means, as
      by welding.
PAR  As best seen in FIG. 2, the gear rack 27 extends downwardly through an
      opening 34 in the plate 17 and into a vertically disposed rack guide tube
      35. The lower end of the gear rack 27 is provided on its lower end with a
      round guide plate 36 which is fixedly secured thereto by any suitable
      means, as by machine screw 37. The round guide plate 36 is mounted within
      the tube 35 with a sliding fit, for slidably guiding the lower end of the
      gear rack 37 in the tube 35. As shown in FIG. 2, the upper end of the gear
      rack guide tube 35 is mounted within an opening 41 formed through a
      retainer plate 38. The tube 35 is secured to the plate 38 by any suitable
      means, as by welding. The plate 38 is seated in an opening 39 formed
      through the plate 11 and it is secured to the plate 17 by any suitable
      means, as by machine screws 40 (FIG. 1).
PAR  As shown in FIGS. 2 and 3, the gear rack 27 is slidably supported at its
      upper end on one side thereof by a vertically disposed bearing plate 44
      which is operatively carried on one end of an adjustment machine screw 45.
      The machine screw 45 is threadably mounted through the vertical plate 19
      and it is locked in an adjusted position by a suitable lock nut 46. A
      second bearing plate 47 is mounted diametrically opposite to the bearing
      plate 44, on the other side of the gear rack 27. An adjustment machine
      screw 48 is threadably mounted through a vertically mounted plate 49 which
      is fixedly secured, as by welding, to the lower side of the plate 21. The
      screw 48 is releasably secured in an adjusted position by a suitable lock
      nut 50. A support bracket 51 is fixedly secured, as by welding, to the
      outer face of the plate 49, and the lower face of the plate 21.
PAR  As shown in FIGS. 1 and 3, the gear rack 27 is rollably supported on its
      back face, at the upper end thereof, by a roller 54 which is rotatably
      mounted by any suitable means on one end of a shaft 55. As shown in FIG.
      3, the shaft 55 is mounted through a bore 56 in the vertical support plate
      19, and it is secured in place by a pair of suitable lock nuts 57 and 58.
PAR  As shown in FIG. 2, the gear rack 27 is moved upwardly for feeding a
      workpiece 25 by a gear 59 which is rotatably mounted on a bearing sleeve
      60 that is carried on a gear carrier 61. The gear carrier 61 is fixed by a
      suitable key 62 to a rotatably mounted drive shaft 63.
PAR  As shown in FIG. 3, a housing 64 is fixed by machine screws 65 to the gear
      carrier 61. As shown in FIG. 2, the housing 64 has a stepped bore formed
      axially therethrough, as indicated by the small bore 66 which communicates
      with the large bore 67. A detent lock rod 68 is slidably mounted in said
      stepped bore and is provided on the outer end thereof with a manual
      control knob 69. The inner end 70 of the rod 68 is adapted to be normally
      seated in an axial hole 71 to lock the gear 59 to the gear carrier 61. It
      will be understood that there are a plurality of holes 71 formed in a
      circle around the outer face of the gear 59.
PAR  As shown in FIG. 2, the rod 68 is provided with a flange 72 adjacent its
      inner end which is slidably mounted in the enlarged portion 67 of the
      stepped bore. A spring 73 is mounted in the bore portion 67 with one end
      engaging the flange 72 and the other end engaging a shoulder formed where
      the bores 66 and 67 meet. The spring 73 normally biases the detent rod 68
      inwardly or to the left as viewed in FIG. 2, so as to maintain the rod end
      70 in one of the holes 71. It will be seen that the last described
      structure functions as a releasable detent means for releasably locking
      the gear carrier 61 to the gear 59. It will be understood that the detent
      rod housing 64 is carried on the gear carrier 61 and rotates with it. As
      described in detail hereinafter, the gear rack 27 may be moved downwardly,
      relative to the gear 59, after the gear rack has been moved upwardly to
      its uppermost position by releasing the detent lock rod 68 to permit the
      gear rack 27 to move downwardly by gravity and rotate the gear 59 freely
      on the bushing sleeve 60.
PAR  As shown in FIG. 2, the drive shaft 63 is provided on one end thereof with
      an integral shaft head 76 which is spaced by a washer 77 from a suitable
      bearing means 78. The bearing means 78 is operatively mounted in the
      vertical support plate 20. The other end of the drive shaft 63 is
      rotatably mounted in a suitable bearing means 79 that is operatively
      mounted in the vertical support plate 19. The shaft is locked axially in
      place by a suitable lock nut means 80.
PAR  As shown in FIG. 2, a pair of one way clutches 81 and 82 are operatively
      mounted on the drive shaft 63 by an elongated key 83. The clutches 81 and
      82 are disposed adjacent each other on the drive shaft 63 and are spaced
      from the bearing means 78 and 79 by the spacer sleeves 86 and 87,
      respectively. A suitable combination spacer sleeve and flange 88 is
      operatively mounted around the shaft 63 between the bearing means 79 and
      the gear carrier 61.
PAR  The clutches 81 and 82 may be any suitable one-way, overriding type clutch,
      that is operative to drive in one direction and inoperative or overriding
      in the other direction. A suitable clutch for carrying out the function of
      the clutches 81 and 82 is one available on the market from the Formsprag
      Company of Warren, Michigan, Model FS 05. The clutch 81 is mounted on the
      drive shaft 63 to drive the shaft 63 when the outer clutch part 92 of
      clutch 81 is rotated in the clockwise direction, as viewed in FIG. 1, and
      to be overriding or inoperative when it is rotated counterclockwise, as
      viewed in FIG. 1. The clutch 82 is set up to be inoperative or overriding
      when the shaft 63 is rotated clockwise, as viewed in FIG. 1, and to be
      engaged or operative with the shaft 63 when the shaft 63 is rotated
      counterclockwise, as viewed in FIG. 1.
PAR  As shown in FIG. 2, the one way clutch 81 comprises the usual inner clutch
      part 91 which is fixed by the key 83 to the drive shaft 63. The clutch 81
      further includes the outer clutch part 92 which is in driving engagement
      with the inner part 91 when the clutch 81 is rotated clockwise, as viewed
      in FIG. 1, and inoperative or overriding relative to the inner part 91
      when clutch 81 is rotated in a counterclockwise direction, as viewed in
      FIG. 1.
PAR  As shown in FIGS. 2 and 3, the clutch outer part 92 is fixedly attached to
      a drive lever 93. The upper end of the drive lever 93 is provided with a
      circular opening 94 in which is seated the outer clutch part 92. The outer
      clutch part 92 is secured to the drive lever 93 by any suitable means as
      by welding. As shown in FIGS. 1 and 2, the lower end of the drive lever 93
      is pivotally connected by a suitable pivot pin 95 to a yoke 96 carried on
      the outer end of a cylinder rod 97. The cylinder rod 97 is operatively
      mounted in a suitable fluid cylinder 98, as for example a pneumatic
      cylinder. A U-shaped cylinder carrier bracket 101 is operatively attached
      to the upper end of the cylinder 98, and it includes a bight portion 100
      which is attached by suitable machine screws 102 to the cylinder 98. The
      cylinder carrier bracket 101 further includes a pair of bracket arms 103
      which are integrally formed on the outer ends of the bight portion 100, as
      shown in FIG. 2. A pivot pin 104 is operatively mounted in a suitable
      pivot hole in each of the bracket arms 103. The pivot pins 104 are
      integrally formed on the inner ends of a pair of pivot screws 105. Pivot
      screws 105 are threadably mounted through suitable holes formed in a pair
      of vertical support plates 106 which are laterally spaced apart and
      secured, as by welding, to the inner face of a horizontal mounting plate
      107. The mounting plate 107 is fixedly secured, as by welding, to the
      inner side of a pair of vertical support posts 10. The pivot screws 105
      are adjustably secured in place by suitable lock nuts 108.
PAR  As shown in FIGS. 1 and 3, a stop screw 112 is threadably mounted through
      an elongated mounting block 111 which is fixed to the vertical support
      plate 19 and the horizontal plate 17, by welding. The stop screw 112 is
      adapted to be locked in an adjusted position in the mounting block 111 by
      a suitable lock nut 113. As shown in FIG. 2, a stop arm 114 is fixedly
      attached, as by welding, to the drive lever 93 and the clutch outer
      housing member 92. As shown in FIG. 1, the stop arm 114 engages the inner
      end of the stop screw 112 when the cylinder 98 moves the cylinder rod 97
      inwardly to the initial starting position of a feeding operation for the
      apparatus of the present invention. The stop arm 114 is provided with a
      horizontal bracket plate 115 which is secured to the drive lever 93 by any
      suitable means, as by welding. As shown in FIG. 2, the drive lever 93
      extends upwardly through an opening 116 formed through the horizontal
      plates 11 and 17. FIG. 3 shows that the opening 116 communicates with the
      opening 39 along one side thereof.
PAR  As shown in FIG. 2, the one-way clutch 82 comprises the usual inner clutch
      part 117 which is fixed by the key 83 to the drive shaft 63. The clutch 82
      further includes the outer clutch part 118 which is in reverse driving or
      braking engagement with the inner part 117 when the clutch 82 is rotated
      counterclockwise, as viewed in FIG. 1, and inoperative or overriding
      relation to the inner part 117 when the clutch 82 is rotated in a
      clockwise direction, as viewed in FIG. 1.
PAR  As shown in FIGS. 1 and 2, the clutch outer part 118 is fixedly attached to
      a brake lever 119 that is provided with a circular opening 120 in which is
      seated the outer clutch part 118. The outer clutch part 118 is secured to
      the brake lever 119 by any suitable means, as by welding.
PAR  As shown in FIG. 2, the upper end of the brake lever 119 has extended
      horizontally therethrough, and affixed thereto, as by welding, a carrier
      pin 123. The carrier pin 123 has a reduced outer end 124 which is slidably
      mounted in an arcuate slot 125 formed in the upper end of the drive lever
      93. As viewed in FIG. 1, it will be seen that when the clutch 81 is
      rotated in a clockwise driving direction to rotate the drive shaft 63
      clockwise, the end 124 of the carrier pin 123 will engage the left end of
      the arcuate slot 125 after a predetermined travel of the clutch 81, and
      then the clutch 82 will be moved in a clockwise direction. The initial
      setting of the clutch 82 relative to the clutch 81 is described in detail
      hereinafter.
PAR  As shown in FIGS. 1 and 2, a depending arm 126 is formed on the lower side
      of the brake lever 119, and it has fixed thereto, as by welding, a spring
      retainer pin 127. One end of a retainer spring 128 is fixed around the
      retainer pin 127, and the other end of the spring 128 is fixed around a
      similar retainer pin 129 which is fixed, as by welding, to the inner side
      of the vertical plate 20, (FIG. 2). The spring 128 functions to return the
      clutch 82 counterclockwise and back to its initial starting position after
      a feeding operation.
PAR  The counterclockwise return or braking movement of the clutch 82 is stopped
      or controlled by the following described structure. As shown in FIGS. 1
      and 2, a horizontal anvil plate or gage mounting plate 132 is fixedly
      mounted, as by welding, in a horizontal slot formed through the vertical
      plate 20. The anvil plate 132 is supported by a support bracket 133 which
      is welded to the underside of the plate 132 and to the vertical support
      plate 20. The anvil plate 132 extends inwardly through the vertical
      support plate 20, through a horizontal opening formed through the plate 20
      and which is seen in FIG. 1. The upper edge of the last mentioned opening
      is indicated by the numeral 136, and the lower edge by the numeral 135.
      Fixedly mounted, as by welding, on the inner end of the anvil plate 132
      are a pair of vertical stop plates 137 and 138. As shown in FIGS. 1 and 2,
      a rack feed gage 134 is disposed on the anvil plate 132.
PAR  As shown in FIGS. 1 and 2, a vertical carrier plate 141 is fixed, as by
      welding, to the clutch outer part 118. Fixedly mounted, as by welding, to
      the carrier plate 141 is a carrier arm 142 that has fixedly mounted on its
      outer end an anvil hammer or screw mounting plate 143. It will be seen
      from FIG. 1 that the anvil mounting plate 143 extends outwardly through an
      arcuate opening formed through the vertical support plate 20, and which
      opening communicates at its lower end with the first mentioned opening,
      and terminates at its upper end at the point indicated by the numeral 145.
      The numeral 144 indicates the upper curved edge of said arcuate opening.
      As shown in FIGS. 1 and 2, an anvil hammer in the form of a screw 146 is
      adjustably mounted in the plate 143, and its lower end is adapted to abut
      against the rack feed gage 134 when the feed mechanism has been returned
      to the initial starting position shown in FIGS. 1 and 2.
PAR  As shown in FIGS. 1 and 2, the one side of the upper end of the top feeder
      structure is enclosed by the vertical support plate 20, and the other
      three sides may be enclosed by suitable cover plates 147 which are
      attached by suitable machine screws 148 to the outer ends of the vertical
      support plate 20 and to the outer ends of the vertical support plates 22
      and 23.
PAR  In use, the gear rack 27 would be positioned in a lowered position, as
      shown in FIG. 1, and the workpieces 25 positioned on top of the gear rack
      lifting plate 26. Upon actuation of the cylinder 98, the clutch 81 is
      rotated clockwise by clutch part 92, as viewed in FIG. 1. The rotary
      movement of shaft 63 in turn rotates gear 59 to move the gear rack 27
      upwardly whereby the uppermost workpiece 25 may be engaged by a suitable
      work transfer means, as for example, a magnetic member which then may be
      moved from a position over the stack of workpieces 25 to a work station on
      a machine tool. During the clockwise rotation of the clutch 81, as viewed
      in FIG. 1, it will be seen that the clutch 82 is carried along in an
      overriding condition by the clutch 81 due to the carrier pin 124 riding in
      the slot 125, and engaging the left end of said slot, as viewed in FIG. 1.
PAR  It will be seen from FIG. 1, that the gage 134 sets the initial position of
      the clutch 82 relative to the clutch 81, and that the clutch 82 does not
      rotate and is not moved until the pin 124 moves from its position shown in
      FIG. 1 to engage the left end of the slot 125. It will be understood that
      the last mentioned non-movement of clutch 82 is commensurate with the
      thickness of the gate 134. When clutch 82 is moved in the clockwise
      direction, as viewed in FIG. 1, it is in the inoperative or overriding
      position. However, upon operation of the cylinder 98 to move the cylinder
      rod 97 inwardly or downwardly as viewed in FIG. 1, then the clutch 81 is
      in an inoperative or overriding condition, and clutch 82 then takes over
      and controls the counterclockwise or return movement of the drive shaft
      63. The weight of the stacked workpieces and gear rack 27, and the return
      spring 111 function to return the clutches 81 and 82 and shaft 63, and the
      shaft 63 is rotated in a counterclockwise direction, as viewed in FIG. 1,
      to lower the lifting plate 26 until the anvil hammer or screw 146 engages
      the upper face of the gate 134. Further rotational movement of the shaft
      63 is restricted since the clutch 82 is working in the operative
      direction, or braking direction. It will be seen that as each successive
      feeding action takes place, that the workpieces 25 are successively raised
      a predetermined distance. After the stack of workpieces 25 has been
      exhausted, the detent rod 68 is pulled outwardly or to the right, as
      viewed in FIG. 2, to permit the weight of the gear rack 27 to rotate the
      gear 59 freely on the sleeve bushing 60 and permit the gear rack 27 to
      return downwardly to an initial starting position, after which a new stack
      of workpieces 25 is positioned on the lifting plate 26.
PAR  FIG. 5 illustrates a dish-shaped or hat-shaped workpiece 24. It will be
      understood that for feeding workpieces 24, that a suitable gear rack gage
      149, as shown in FIG. 4, would be provided, and it would be positioned on
      the anvil plate 132 in the same manner as the gage 134 in FIG. 1. The gage
      149 would have a thickness equal to the thickness of the material used in
      the workpieces 24 plus the dimension of the space caused by the nesting of
      the parts.
PAR  It will be seen that the top stack feeder of the present invention permits
      the feeding of workpieces off of the upper end of a stack of workpieces in
      a fast and efficient manner. The feeding apparatus of the present
      invention can feed any shaped part which can be stacked since a gage as
      149 (FIG. 4) can be employed for workpieces that can be stacked and yet
      which are not flat in cross section. The top stack feeder of the present
      invention can feed workpieces which are thin and which cannot be fed from
      the bottom of a stack and in a feeding device which feeds parts from the
      bottom of a stack. It will be understood that a feeding apparatus which
      feeds parts from the bottom of the stack cannot feed shaped workpieces, as
      shown in FIG. 5. It will also be seen that there is no need for employing
      different change parts, as change gears and lead screws, for feeding
      different sizes or shapes of workpieces since the changeover from one
      shaped workpiece to another requires only the mounting of a different gage
      on the anvil plate 132. The gage correctly adjusts the initial positions
      of the clutches 81 and 82 relative to each other. The provision of the
      anvil hammer in the form of a screw 146 permits the screw to be adjusted
      to compensate for anvil wear and tear. The gear rack 27 may be manually
      elevated to set the gear rack in an initial position by attaching a
      suitable wrench on the hexagonal shaft bead 76 and turning the shaft 63 to
      bring the rack 27 upwardly to engage the stack of workpieces 25 and lift
      the stack to a predetermined starting position. The manual turning of the
      shaft 63 in the clockwise direction, as viewed in FIG. 1, overrides the
      clutches 81 and 82.
PAR  While it will be apparent that the preferred embodiment of the invention
      herein disclosed is well calculated to fulfill the objects above stated,
      it will be appreciated that the invention is susceptible to modification,
      variation and change.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a workpiece feeding apparatus for feeding workpieces from the top of
      a stack of workpieces, the combination comprising:
PA1  a. a support frame;
PA1  b. means operatively mounted on said support frame for operatively
      supporting a stack of horizontally disposed workpieces;
PA1  c. lifting means movably mounted on said support frame for moving said
      stack of workpieces upwardly in a step-by-step manner;
PA1  d. clutch means operatively engaged with said lifting means for operating
      said lifting means upwardly in said step-by-step manner;
PA1  e. power means operatively connected to said clutch means for operating the
      clutch means to move said lifting means upwardly in said step-by-step
      manner;
PA1  f. said lifting means including,
PAR  1.  a vertically disposed gear rack having a lifting plate mounted on the
      upper end thereof for engagement with the lower end of said stack of
      workpieces,
PA2  2. means for movably mounting said gear rack on said support frame,
PA2  3. a horizontally disposed shaft rotatably mounted on said support frame,
PA2  4. a gear rotatably mounted on said shaft and engaged with said gear rack,
      and,
PA2  5. means for detachably connecting said gear to said shaft, and,
PA1  g. said clutch means including,
PA2  1. a first clutch member operatively engaged with said lifting means and
      being operated by said power means for moving said lifting means upwardly
      through a predetermined upward feeding movement; and,
PA2  2. a second clutch member operatively engaged with said lifting means for
      controlling the lifting means through a downward gravity operated
      retracting movement that is less in travel distance than said upward
      feeding movement.
NUM  2.
PAR  2. A workpiece feeding apparatus as defined in claim 1, including:
PA1  a. means for regulating the travel distance of said retracting movement.
NUM  3.
PAR  3. A workpiece feeding apparatus as defined in claim 2, wherein:
PA1  a. said first clutch member is operative to drive said lifting means
      through said upward feeding movement and inoperative during said
      retracting movement; and,
PA1  b. said second clutch member is inoperative during said upward feeding
      movement and operative during said retracting movement.
NUM  4.
PAR  4. In a workpiece feeding apparatus for feeding workpieces from the top of
      a stack of workpieces, the combination comprising:
PA1  a. a support frame;
PA1  b. means operatively mounted on said support frame for operatively
      supporting a stack of horizontally disposed workpieces;
PA1  c. lifting means movably mounted on said support frame for moving said
      stack of workpieces upwardly in a step-by-step manner;
PA1  d. clutch means operatively engaged with said lifting means for operating
      said lifting means upwardly in said step-by-step manner;
PA1  e. power means operatively connected to said clutch means for operating the
      clutch means to move said lifting means upwardly in said step-by-step
      manner;
PA1  f. said lifting means including,
PAR  1.  a vertically disposed gear rack having a lifting plate mounted on the
      upper end thereof for engagement with the lower end of said stack of
      workpieces,
PA2  2. means for movably mounting said gear rack on said support frame,
PA2  3. a horizontally disposed shaft rotatably mounted on said support frame,
PA2  4. a gear rotatably mounted on said shaft and engaged with said gear rack,
      and,
PA2  5. means for detachably connecting said gear to said shaft;
PA1  g. said clutch means including:
PA2  1. a first clutch member operatively mounted on said horizontally disposed
      shaft and being operated by said power means and in driving engagement
      with said shaft for driving said shaft in one direction to turn said gear
      and move said gear rack upwardly through a predetermined upward feeding
      movement, and being overriding relative to said shaft during a gravity
      operated succeeding gear rack retracting movement; and,
PA2  2. a second clutch member operatively mounted on said horizontally disposed
      shaft and being overriding relative to said shaft during said upward
      feeding movement, and being in braking engagement with said shaft during
      said retracting movement.
NUM  5.
PAR  5. A workpiece feeding apparatus as defined in claim 4, including:
PA1  a. gage means for regulating the travel distance of said retracting
      movement.
NUM  6.
PAR  6. In a workpiece feeding apparatus for feeding workpieces from the top of
      a stack of workpieces, the combination comprising:
PA1  a. a support frame;
PA1  b. means operatively mounted on said support frame for operatively
      supporting a stack of horizontally disposed workpieces;
PA1  c. lifting means movably mounted on said support frame for moving said
      stack of workpieces upwardly in a step-by-step manner;
PA1  d. clutch means operatively engaged with said lifting means for operating
      said lifting means upwardly in said step-by-step manner;
PA1  e. power means operatively connected to said clutch means for operating the
      clutch means to move said lifting means upwardly in said step-by-step
      manner;
PA1  f. said lifting means including,
PAR  1.  a vertically disposed gear rack having a lifting plate mounted on the
      upper end thereof for engagement with the lower end of said stack of
      workpieces,
PA2  2. means for movably mounting said gear rack on said support frame,
PA2  3. a horizontally disposed shaft rotatably mounted on said support frame,
PA2  4. a gear rotatably mounted on said shaft and engaged with said gear rack,
      and,
PA2  5. means for detachably connecting said gear to said shaft;
PA1  g. said clutch means including,
PA2  1. a first clutch member operatively mounted on said horizontally disposed
      shaft and being operated by said power means and in driving engagement
      with said shaft for driving said shaft in one direction to turn said gear
      and to move said gear rack upwardly through a predetermined upward feeding
      movement, and being overriding relative to said shaft during a gravity
      operated succeeding gear rack retracting movement, and,
PA2  2. a second clutch member operatively mounted on said horizontally disposed
      shaft and being overriding relative to said shaft during said upward
      feeding movement, and being in braking engagement with said shaft during
      said retracting movement;
PA1  h. gage means for regulating the travel distance of said retracting
      movement; and,
PA1  i. said gage means including,
PA2  1. a gage mounting member mounted on said support frame,
PA2  2. a gage member adapted to be disposed on said gage mounting member, and,
PA2  3. an anvil operatively attached to said second clutch member and being
      operative to contact said gage member to limit the length of said
      retracting movement.
NUM  7.
PAR  7. A workpiece feeding apparatus as defined in claim 6, including:
PA1  a. spring means operatively connected between said support frame and said
      second clutch member for assisting the return movement of said second
      clutch member through said retracting movement.
NUM  8.
PAR  8. A workpiece feeding apparatus as defined in claim 7, wherein:
PA1  a. said means for detachably fixing said gear to said shaft includes a
      detent means.
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ABST
PAL  Sorting and collating apparatus for use with copying and duplicating
      machinery for distribution of flexible sheet material to designated
      stations or series of stations. The device has an interface unit for
      accepting paper sheet copies and which selectively diverts said copies
      into a tray or to the base of the sorter tower. From the base the copies
      are either directed into the sorter tower to a designated bin or they are
      sent on to the next sorter tower module. The apparatus employs mass air
      movement type conveyors for paper transport. Means are provided for
      selectively diverting paper copies into designated paper receiving bins,
      and means may also be provided for maintaining the papers in aligned
      relationship in the individual paper receiving stations.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to sheet distributing devices and in particular to
      apparatuses adapted to separate and sort sheet material as it is fed into
      the apparatus from different types of reproducing, printing or copying
      machines.
PAR  Prior art sorters and/or collators have encountered many problems. One is
      that the rapid advances in copy producing machines have made increased
      demands on sorters and collators. For instance, the speed of a copy
      producing machine to reproduce a number of like sets of copy materials
      requires that the sorter have the capacity to accommodate changing work
      loads. The sorter or collator should be able to increase or decrease its
      capacity with modular slave units or units in tandem rather than requiring
      a variety of sizes in individual machines. Additionally, the types and
      weights of paper used in copy machines may differ substantially and the
      sorter or collator apparatus must be prepared to handle these differences.
      The variety of copy sorting jobs sorter-collators must handle suggests
      they should be modular to the extent that if one unit does not have the
      capacity the materials can be passed on to a second, third, etc., unit
      without any loss of time or extra handling of the copied material. While
      smaller collators or sorters are mainly intended for the office market as
      a necessary adjunct to office copying machines, the larger sorters and/or
      collators are more intended for the high production commercial market.
      That is, a machine with as many as 50 sorting bins in each tower can be
      used to stack books, brochures and/or catalogues for printers and other
      large volume, reproducing operations. With a number of modular units in
      tandem it is possible to print and sort catalogues, for instance, having
      hundred of pages. Those skilled in the art will appreciate the savings in
      labor that would otherwise be needed in handle the volume which modren day
      printing and/or duplicating machines can generate.
PAR  Among the prior art references which may be considered with respect to the
      features of this invention are the following: U.S. Pat. Nos. 3,372,922;
      3,388,907; 3,572,685; 3,598,401; 3,646,372; 3,652,079; 3,460,824;
      3,658,324; 3,467,371; 3,484,101; 3,395,913; 3,497,207; 3,618,936; and
      3,649,006. The devices covered by the above list of patents are of
      interest only and not considered pertinent to the teachings of this
      invention.
PAC  SUMMARY OF INVENTION
PAR  As a paper copy emerges from the copier, duplicator or printing press
      device it is received on the angled conveyor of the interface unit. The
      copy can be then directed into a receiving tray mounted above the conveyor
      or directed onto the base section of the sorter tower. From the base the
      copy then may be directed on through to the next sorter tower or it can be
      deflected upwardly to the desired bin. The angle of the interface conveyor
      may be adjusted to conform to the height of the discharge level of the
      copy or duplicator machine. The interface unit includes, exclusive of the
      fan motors for the mass air transport, one motor for the conveyor and a
      larger motor for driving one or more tower modules in series or tandem.
      Each of the tower base units contains a through drive shaft with belt
      power take off for conveyor driver rollers. Each base unit drive shaft is
      connected to the preceding shaft by a coil wire coupling. The tower has a
      rigid upstanding portion in which the horizontal bins or trays are
      stacked. A conveyor is mounted in a separate section of the tower which
      pivots away from the entry side of the bins by hinges. Conveyor belts
      carry the sheets upwardly, which sheets are guided into the respective
      bins by individual bin deflector means which move out of the plane of the
      conveyor and deflect the leading edge of the paper into the entry end of a
      bins. The tower is additionally provided with an adjustable backstop and
      with a jogging and aligning mechanism.
PAR  Accordingly, it is among the many features, objects and advantages of this
      invention to provide a sorting and collating apparatus which is uniquely
      intended for use in commercial printing, reproducing, duplicating and
      copying shops, and it also is intended for other operations in which there
      are large volumes of paperwork which must be distributed to a number of
      persons or offices. The invention is particularly suited for use in
      printing shops for such things as multi-paged brochures, catalogues,
      and/or books which must be assembled in large numbers. The device handles
      a variety of types of paper including reliable transport and distribution
      of lightweight copy papers. The machine is capable of receiving sheets and
      distributing the same at high speeds demanded by present day advanced
      copying, printing and duplicating machines. The device by design lends
      itself to automatic programing for random or sequential sheet
      distribution. Paper jam-ups within the machine are made readily acceptable
      so that down time is negligible. The apparatus as noted above is designed
      to be modular depending on distribution capacty required.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a side view diagrammatic showing generally the organization of
      the invention with arrows indicating the route a sheet of paper follows as
      it exits from the copying or duplicating apparatus;
PAR  FIG. 2 is a perspective view showing in more detail the general
      organization of the parts and the manner in which the machine is set up
      with respect to the press, copier, or duplicator outlined in dash dot
      lines;
PAR  FIG. 3 is a side elevation view of the interface units;
PAR  FIG. 4 is a top plan view taken from along the line 4--4 of FIG. 3 and
      further illustrating details of design and construction of the interface
      unit;
PAR  FIG. 5 is a partial cross-sectional elevational view of the roller drive
      taken along the line 5--5 of FIG. 4 and illustrating the manner in which
      the two conveyor sections of the interface unit are positively driven;
PAR  FIG. 6 is a top plan view of the base section of the tower;
PAR  FIG. 7 is a cross-sectional view taken in vertical along the line 7--7 of
      FIG. 6 and showing details of the base section;
PAR  FIG. 8 is a vertical cross-sectional view taken along the line 8--8 of FIG.
      6 further illustrating details of construction and design of the base
      section;
PAR  FIG. 9 is a partial cross-sectional view with repetitous details cut away
      to show more particularly features of the bins, vertical transport,
      deflectors and pivotal transport section as it is mounted on the base
      section;
PAR  FIG. 10 is a top plan view taken along the line 10--10 of FIG. 9 further
      illustrating detail of the tower structure;
PAR  FIG. 11 is a vertical cross-sectional view taken along the line 11--11 of
      FIG. 9 and further illustrating details of the vertical transport portion
      of the tower;
PAR  FIG. 12 is a partial view in perspective further illustrating details of
      the entry to the bins and the manner in which the deflectors direct sheets
      of paper into each bin; and
PAR  FIG. 13 is a partial view in perspective further illustrating details of
      the mounting and configuration of the bins including the outer end center
      slot for accommodating the adjustable backstop.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  IN GENERAL
PAR  FIGS. 1 and 2 show the invention so as to make the following detailed views
      more meaningful. Shown in dash-dot lines is a copy or duplicating machine
      C such that its exit side for paper sheet copies is adjacent the interface
      portion of the sorter unit which sorter is generally designated by the
      number 10. The exit side of copy machine C will feed onto the interface
      unit generally designated by the number 12. Located atop the interface 12
      is a proof or receiving tray generally designated by the number 14. From
      the interface unit 12 the paper sheets will go to the tower base generally
      designated by the number 16 where they are either transported on through
      to the next tower unit or directed upwardly on the vertical conveyor,
      designated by the number 18. The vertical conveyor section transports the
      paper sheets upwardly to the designated bin in the tower portion generally
      designated by the number 20.
PAC  INTERFACE SECTION
PAR  Referring now to FIGS. 2, 3, 4 and 5 it will be seen that the interface
      unit 12 is divided into two conveyor sections leading from the exit side
      of copy machine C. The interface unit 12 has upper outside frame members
      30 and 32 and lower outside frame support members 34 and 36. At the upper
      end of interface unit 12 is idler roller 38 and near the center of the
      interface is driven roller 40. Extending around the rollers 38 and 40 is
      porous belt 42 which is shown to be in one piece extending from side to
      side of the interface unit with rubber-like strips 44 added to the belt to
      give additional surface friction for the paper sheets. The interface unit
      has a bottom wall 46 and an end wall 48 both of which extend across the
      bottom of the interface unit to substantially enclose together with side
      frame members 30 and 34 the space between the runs of belt 42 and the area
      beneath. An opening is provided in bottom wall for a fan shroud 50 in
      which is a fan 52 driven by fractional horse power motor 54. At the lower
      end or portion of interface unit 12 is another set of rollers, namely
      lower end idler 56 and drive roller 58 spaced a short distance from drive
      roller 40 of the other conveyor section. A continuous porous or web type
      belt 60 with rubber friction strips 62 extends around rollers 56 and 58.
      Again the lower section of interface 12 has a lower wall 64 extending
      between side members 34 and 36 to substantially enclose the area around
      the sides and beneath the lower conveyor section. An opening is provided
      around which is installed a fan shroud 66 together with its fans and drive
      motor (not shown). Located between drive rollers 40 and 58 and extending
      from side to side is a deflector 68 which is pivotally mounted for up and
      down movement. The paper sheets may be passed from belt 42 to belt 60 or
      if the deflector 68 is moved outwardly into the path of the paper said
      paper will be deflected into the proof tray assembly 14 to be described
      more fully hereinafter. The deflector 68 is actuated by solenoid 70. A
      motor 72, reference being had to FIG. 5, has pulley 74 around which is
      disposed belt 74 which also extends around driver rollers 40 and 58 for
      driving the respective conveyor sections.
PAR  As can be seen by reference to FIGS. 3 and 4 the interface unit 12 is
      provided with a supporting base generally designated by the number 80. It
      has end wall 82, side walls 84 and 86, outer top wall section 88 and
      downwardly and rearwardly inclined top wall section 90. Extending between
      the bottom of the movable or pivotable conveyor section made up of
      conveyor portions 42 and 60 and top wall 88 of the base unit 80 are
      adjustment arms 92 and 94 allowing the height of the outer end of the
      conveyor section to be raised or lowered. A wing nut 96 or other securing
      means may be employed to secure the height adjustment arms 92 and 94
      together. Within base unit 80 is main sorter drive motor 98 having drive
      pulley 100 and drive belt or belts 102. Belts 102 in turn extend around
      shaft pulley 104 for driving main drive shaft 106. As can be seen
      particularly in FIG. 3 main drive shaft 106 extends toward the tower base
      unit and terminates approximately at the inner end of interface base unit
      80 where means are provided for spring coupling it to an aligned shaft
      within the tower base, details of which are to be described more fully
      hereinafter. Obviously, shaft 106 will be supported by appropriate bearing
      structure within base unit 80. The lower end of the conveyor section of
      the interface is pivotally attached as at 120 to brackets 122 attached to
      base portion 80.
PAR  Referring again to the proof tray 14 it will be seen that it has proof tray
      floor 108, width adjustable side walls 110 and 112, and rear stop wall
      114. An angled paper guide surface 112 is interposed at the front or
      entrance end of tray 14 to aid delfector 68 in getting paper sheets into
      said tray.
PAC  SORTER BASE
PAR  The tower base, generally designated by the number 16 has front wall 130,
      side walls 132 and 134 and rear wall 136. The tower base 16 also has top
      side edge surfaces 138 and 140. At the front end is disposed idler roller
      142 and at the back end is located drive roller 144. Extending around
      rollers 142 and 144 are a series of narrow spaced apart porous continuous
      belt members 146. Shaft 106 of the interface base section 80 is seen in
      FIG. 7. The tower base 16 butts against the interface unit as shown in
      FIG. 1 in such a way that drive shaft 106 of the interface is aligned with
      the drive shaft section 148 in the tower base. The shafts are connected by
      a spring coupling 150 and shaft 148 extends to rear end 136 as shown in
      FIG. 7. A pulley 152 located on drive shaft 148 generally directly below
      the drive roller 144 positively drives said roller belt 154. A second
      pulley 156 is secured to shaft 148 in the position shown in both of FIGS.
      6 and 7 for purposes which will be explained more fully under discussion
      of the tower portions of the invention. An opening 158 is provided in top
      edge wall 138 for permitting a drive belt to reach or extend to a drive
      pulley or roller in the tower. Control and electronic equipment 160 are
      included in the space between side edge 132 and the area generally
      accommodating shaft 148. Located below the lower run of the belts 146 is
      an intermediate wall 162 extending generally from end to end of the base
      section 16 and from side to side thereof. Located generally in the center
      of base section 16 is fan 164 with its fractional horsepower drive motor
      166 and fan shroud 168 extending downwardly from opening 170.
PAR  Referring again to FIG. 6 it will be seen that a deflector 172 extends
      across the base unit with appropriate fingers between belts for deflecting
      the sheets up into the tower when deflector is in the position shown in
      dotted lines in FIG. 7. A solenoid 174 actuates the deflector 172 into its
      up position against the compression of spring 176 which normally biases
      deflector 172 into its down position shown in dotted lines in FIG. 7. A
      photo cell mounting bracket 178 is provided on intermediate horizontal
      wall 162, which photo cell (not shown) is used in the control system of
      the invention. Thus, it will be seen that a continuous conveyor is
      provided for the sheets coming off the interface section and which sheets
      may be directed upwardly into the tower to be described more fully
      hereinafter or if several towers are placed in tandem the sheets may be
      directed on through by lowering deflector 172.
PAC  SORTER TOWER
PAR  The tower portion of the sorter is comprised essentially of two sections.
      One is the conveyor section generally designated by the number 18 and the
      other is the tray section generally designated by the number 20. In this
      discussion the vertical conveyor section 18 will be described first
      principally be reference to FIGS. 9, 10 and 11. The conveyor section 18 is
      defined, reference being had also to FIG. 1, by side walls 180 and 182,
      back wall 184 and top wall 186. It will be seen that the inside or
      conveyor face has vertical side edge walls 188 and 190 which extend
      inwardly generally in the plane of the conveyor belts described
      hereinafter. At the lower end of the tower and just above the base portion
      60 is located drive roller 192 connected to base portion drive shaft
      pulley 156 by belt 194. At the upper end of tower section 18 is idler
      roller 196 around which extends a plurality of belts 198 which are porous
      and generally equi-spaced from each other. Belts 198 are preferrably
      porous so that air will move through the conveyor section 18 from top to
      bottom through the entire length of the vertical belt run. Behind the
      belts 198 is a vertical intermediate wall 200 in which are located fan
      shrouds 202 of which there may be a plurality depending on the amount of
      air which must be moved through the vertical conveyor. In each fan shroud
      is a fan 204 with motor 206. A back wall is spaced rearwardly of the fans
      and encloses the back of the conveyor section 18 and which will obviously
      have openings so that air moved by fans 204 can be exhausted from the
      device and away from the trays of the next sorter tower.
PAR  On the conveyor face of the conveyor section 18 are a series of deflectors
      generally designated by the number 208, details of which are best seen in
      FIGS. 11 and 12. Note that the deflectors have an L-shaped base piece 210
      extending from side to side of the conveyor face between vertical edge
      wall section 188 and 190. A series of narrow fingers 212 and wider fingers
      214 are located between the belts and the edge walls 188 and 190. Also at
      the outer ends of each deflector 208 are guide pieces 216 which act as
      movement limiters within the arcuate openings 218 is side frame member 220
      as best seen in FIG. 12. Each of the deflectors 208 is provided with a
      solenoid 222 which is normally biased so that the deflectors 208 are
      retracted with the guide piece 216 being at the back edge of arcuate
      openings 218. When a solenoid 222 is actuated the deflector 208 is moved
      outwardly to intercept paper moving up the conveyor belts by extending
      fingers 212 and 214 into the path of the paper as may best be seen in
      FIGS. 9 and 12.
PAR  The tray portion 20 of the tower has two upstanding side frame members 230
      and 232 which are supported securely by the tower base unit 16. The
      conveyor section 18 of the tower is hingedly attached to the tower section
      20 so that the side identified as 182 of the conveyor section 18 will
      swing away a limited distance in order to allow an operator to reach in
      and remove paper jams, make adjustments or for whatever reason it may be
      necessary to gain access to the area between the two sections 18 and 20 of
      the tower. As can be seen the two main tower support frame pieces 230 and
      232 most nearly resemble a box type beam, and are best seen in FIG. 10.
      Thus, the two side frame members have back or rear flange 234 and 235
      respectively which are generally parallel to the outside of the frame. The
      frame piece members 230 and 232 also have short front flanges 238 and 240
      respectively which are generally at a 90.degree. angle to the outside.
      Thus, by reference to FIG. 13 in which only the tray support flanges are
      shown, it is seen more clearly how the trays, generally identified by the
      number 242, are supported in the tower. It will be seen by reference to
      FIG. 9 that the conveyor section 18 is hinged at its upper end to tray
      section 20 by L-shaped hinge bracket 300 secured to the conveyor section
      and hinge bracket 302 secured to the tray section. A removable hinge pin
      304 is received in aligned holes in brackets 300 and 302. At the lower end
      of the conveyor section a bracket 306 is secured to the conveyor section
      and has a hole for receiving pin 310. The pin 310 extends into an aligned
      hole in the bracket 311 secured to the tray section. A spacing washer 308
      between the brackets 310 and 311 maintains the conveyor section in spaced
      relation to the base.
PAR  The trays have a receiver portion 244 extending between the main support
      frame members with a receiver lip 246 being slightly to the rear of the
      frame members also extending the length of the receiver 244. The lips 246
      are that part of the trays 242 which is closest to the conveyor belts 198.
      It will be noted that the support section 244 of the trays has front
      support projections 248 and rear support projection 250 which are received
      in appropriate slots in the tray support flanges. Thus, the trays 242 are
      readily removable and replaceable. Extending outwardly from the main
      support section 244 of the trays is the tray section which may be dished
      as shown in FIG. 13. A narrow neck portion 252 is formed into the tray so
      that the aligning and jogging mechanism may move into contact against the
      side edges of the paper as they are sorted into the trays. The tray itself
      widens to the outer end sections 254. An opening is cut into the tray from
      the outer end and extending into the neck area 252 to accommodate a
      vertically extending backstop shown in FIGS. 1, 9 and 10. A pair of top
      and bottom backstop support bars 260 and 262 respectively have slidably
      received thereon a slide support assembly 264 on the top bar 260 and a
      slide support assembly 266 on the bottom bar 262. The backstop member
      comprises a channel shaped frame piece 268 extending between the slide
      support assemblies 264 and 266. A resilient backstop material such as foam
      rubber or an arcuate plastic or rubber material 270 faces inwardly and
      absorbs the energy of the paper sheets as they are directed into each
      tray. A U-shaped interconnect or torque tube 280 extends outwardly to one
      side from top to bottom to synchronize movement at top and bottom as shown
      in FIGS. 2 and 9. At the lower end is a handle 282 attached to slide
      assembly 266 so that as shown in FIG. 10 the backstop may be easily moved
      forward or rearwardly depending on the size paper which is being sorted at
      a given moment. Upper and lower support bars 284 and 286 respectively
      provide the fulcrum by which the interconnecting torque rod 280 is further
      supported from main side frame member 230.
PAR  Inner and outer paper jogging and aligning rods 288 and 290 respectively on
      each side of the neck portion 252 of the trays are periodically actuated
      to align the stacks of paper being admitted to the trays. Again the jogger
      and aligning rods 288 and 290 can be adjusted in and out by virtue of a
      crank 292 attached to shaft 294 which is attached to mechanism not shown.
      It is sufficient to say that after each series of papers has come into the
      trays the bars 288 and 290 will move inwardly to align the new paper
      sheets with the remainder of the stack. A guide surface 296 at the bottom
      of the tower near lower conveyor drive roller 192 functions, as
      schematically shown in FIG. 1, with tower base deflector 172 to guide the
      oncoming sheets onto the vertical conveyor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Tower type sheet sorting apparatus, comprising:
PA1  a. an interface section for accepting sheets from a reproducing machine,
      said interface section including an interface base portion, an interface
      conveyor portion on said interface base portion, such that said interface
      conveyor portion angles generally downwardly from said reproducing
      machine, proof tray means located over said interface conveyor portion and
      first deflector means for selectively directing sheets off said interface
      conveyor portion into said proof tray,
PA1  b. a sorter base connected to said interface base portion having a
      generally horizontally disposed sorter base conveyor means for receiving
      sheets from the lower end of said interface conveyor portion, said sorter
      base including a second deflector means for directing sheets upwardly into
      a sorter tower assembly supported on said sorter base or to allow said
      sheets to continue on said sorter base conveyor means,
PA1  c. a sorter tower assembly on said sorter base and including a tower bin
      section rigidly supported on said sorter base, said bin section having a
      vertical array of generally horizontally disposed, spaced apart paper copy
      receiving trays, and
PA1  d. a generally vertically disposed tower conveyor section pivotally
      supported on said tower bin section for receiving sheets from said sorter
      base conveyor means when directed upwardly by said second deflector means,
      and also including a plurality of third deflector means for directing
      sheets into said trays.
NUM  2.
PAR  2. The sheet sorting apparatus according to claim 1 and in which said
      interface section includes power means for driving the sorter base
      conveyor means and the tower conveyor section of one or more sorter base
      and sorter tower sheet sorting apparatuses.
NUM  3.
PAR  3. The sheet sorting apparatus according to claim 2 and in which interface
      section includes two interface conveyors between which said first
      deflector means for said proof tray is located.
NUM  4.
PAR  4. The sheet sorting apparatus according to claim 2 and in which said power
      means in said interface section turns a drive shaft for transmitting power
      to one or more sorter base and sorter tower apparatuses.
NUM  5.
PAR  5. The tower type sheet sorting apparatus according to claim 4 and in which
      said sorter base is provided with a drive shaft in alignment with the
      drive shaft of said interface section and wherein detachable coupling
      means are incorporated to drivingly connect the two drive shafts.
NUM  6.
PAR  6. The sheet sorting apparatus according to claim 5 and wherein power from
      the drive shaft in said sorter base section is used to drive both the
      sorter base conveyor means and the sorter tower conveyor section.
NUM  7.
PAR  7. The sheet sorting apparatus according to claim 6 and wherein said third
      deflector means for said trays are generally within or in close proximity
      to the plane of the tower conveyor when retracted.
NUM  8.
PAR  8. The sheet sorting apparatus according to claim 2 and wherein said sorter
      tower conveyor section consists of a plurality of spaced apart belts
      between at least some of which are located said third deflector means.
NUM  9.
PAR  9. The sheets sorting apparatus according to claim 8 and in which an
      adjustable vertical backstop means is provided against which the leading
      edges of the sheets are engaged for assisting in evening the front and
      rear end edges of papers within said trays.
NUM  10.
PAR  10. The sheet sorting apparatus according to claim 1 and in which the angle
      of disposition of said interface conveyor portion is adjustable with
      respect to its base according to the height of the duplicating machine
      with which it is used.
NUM  11.
PAR  11. The sheet sorting apparatus according to claim 1 and in which the third
      deflector means in said sorter tower for said trays includes a separate
      third deflector and actuating mechanism for each of said trays.
NUM  12.
PAR  12. The sheet sorting apparatus of claim 1 and in which paper jogging the
      aligning devices are located on each side of the trays for tapping and
      evening the side edges of the stacks of papers in said trays.
NUM  13.
PAR  13. Tower type sheet sorting apparatus comprising:
PA1  a. an interface section for accepting sheets from a reproducing machine,
      said interface section including interface base and interface conveyor
      portions and also including proof tray means located above the conveyor
      and first deflector means for directing sheets into said proof tray or for
      permitting the sheets to continue on to the sorter section of said
      apparatus,
PA1  b. a sorter base connected to said interface section including a sorter
      base conveyor and a second deflector means for directing sheets upwardly
      into a tower section supported on said sorter base or on through to exit
      the same from the apparatus,
PA1  c. a sorter tower assembly on said sorter base and including a tower tray
      section supported on said sorter base and having a vertical array of
      generally horizontally disposed, spaced apart paper copy receiving trays,
      and
PA1  d. a tower conveyor section for transporting sheets upwardly from said
      sorter base conveyor and which is pivotally connected to said tower tray
      section so that if a jam occurs the tower conveyor section can be swung
      away from said tray section to allow rapid and easy access for removal of
      said jam, said tower conveyor section further including third deflector
      means for directing sheets into said trays.
NUM  14.
PAR  14. The sheet sorting apparatus according to claim 13 and in which said
      interface section includes power means for driving the sorter base
      conveyor and the tower conveyor section of one or more sorter base and
      sorter tower sheet sorting apparatuses.
NUM  15.
PAR  15. The sheet sorting apparatus according to claim 14 and in which said
      power means in said interface section turns a drive shaft for transmitting
      power to one or more sorter base and sorter tower apparatuses.
NUM  16.
PAR  16. The tower type sheet sorting apparatus according to claim 15 and in
      which said sorter base is provided with a drive shaft in alignment with
      the drive shaft of said interface section and wherein detachable coupling
      means are incorporated to drivingly connect the two drive shafts.
NUM  17.
PAR  17. The sheet sorting apparatus according to claim 16 and wherein power
      from the drive shaft in said sorter base section is used to drive both the
      sorter base conveyor and the sorter tower conveyor section.
NUM  18.
PAR  18. The sheet sorting apparatus according to claim 17 and wherein said
      sorter tower conveyor consists of a plurality of spaced apart belts
      between at least some of which are located said third deflector means.
NUM  19.
PAR  19. The sheet sorting apparatus according to claim 13 and in which said
      interface section includes two interface conveyor portions between which
      said first deflector means for said proof tray is located.
NUM  20.
PAR  20. The sheet sorting apparatus according to claim 13 and in which the
      angle of disposition of said interface conveyor section is adjustable with
      respect to its base according to the height of the duplicating machine
      with which it is used.
NUM  21.
PAR  21. The sheet sorting apparatus according to claim 13 and in which the
      third deflector means in said sorter tower for said trays include a
      separate third deflector and actuating mechanism for each of said trays.
NUM  22.
PAR  22. The sheet sorting apparatus according to claim 13 and wherein said
      third deflector means for said trays are generally within or in close
      proximity to the plane of the tower conveyor when retracted.
NUM  23.
PAR  23. The sheet sorting apparatus of claim 13 and in which paper jogging and
      aligning devices are located on each side of the trays for tapping and
      evening the side edges of the stacks in said trays.
NUM  24.
PAR  24. The sheet sorting apparatus according to claim 23 and in which an
      adjustable vertical backstop means is provided against which the leading
      edges of the sheets are engaged for assisting in evening the front and
      rear end edges of papers within the trays.
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ABST
PAL  The present invention provides a sheet transfer cylinder for a rotary
      printing machine and has associated therewith a mechanism for gripping the
      sheets to be transferred and for turning same. The transfer cylinder is
      rotatably mounted in the side walls of the machine. One of the side walls
      is provided with a centering ring which is fixed relative to that side
      wall. The ring is provided with a pair of circular segments, one of which
      is adjustable circumferentially with respect to the ring. The transfer
      cylinder is provided with roller means which cooperate with the surfaces
      of said circular segments and which, in turn, cause the actuation of
      grippers carried by the transfer cylinder. Means are provided for
      regulating the degree of circumferential adjustment of the first of said
      circular segments.
PARN
PAR  This is a continuation of application Ser. No. 273,356, filed July 20,
      1972.
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates to rotating printing machines and in
      particular to sheet transfer cylinders therefor, by which a paper sheet is
      seized on the cylinder, and turned over for printing on two sides.
PAR  A present technique for transferring paper sheets from one multicolor
      printing unit to the following printing unit is to use chains in which are
      mounted carrier rods provided with pairs of gripper members which seize
      the sheet. This mechanism for transferring sheets is simple and
      inexpensive, but it does not guarantee accurate registration for printing.
      A further disadvantage is the development of excessive noise at high
      printing speeds. When paper sheets are transferred by means of the chains
      and associated grippers it has been found necessary to utilize additional
      mechanisms in order to turn the sheets. Sheet transfer drums are
      frequently used for the transfer of the paper sheets to be printed. Such
      an arrangement provides satisfactory registration of the sheets even at
      high printing speeds. The transfer of the paper sheets by means of such
      transfer drums also enables the turning of the sheets for printing on both
      sides during a single passage through the printing machine. With this
      arrangement one of the sheet transfer drums or cylinders generally has a
      diameter twice the size of the other transfer cylinder, enabling a
      relative adjustment of the gripper sets on the respective transfer
      cylinders so that the grippers of one transfer cylinder delivers the paper
      sheet with its trailing edge into the grippers of the adjacent transfer
      cylinder.
PAR  It has heretofore been known to construct transfer cylinders with grippers
      which seize the leading edge of the paper sheet and to thereafter transfer
      the sheet with suction elements which are arranged on the surface of the
      cylinder adjacent to seize the trailing edge of the sheet. After such
      elements suck the paper sheet, the trailing edge of the sheet can be
      seized by the grippers of the following printing unit whereby the sheet is
      simultaneously transferred and turned so as to be ready for printing on
      the following unit.
PAR  The known mechanisms which enable conversion of the sheet transfer so that
      cylinder printing can be effected on either one or both sides are very
      complicated and expensive to produce. Due to the complexity of these
      mechanisms their accuracy in holding the paper sheet aligned during
      transfer is reduced and failure often occurs. The adjustment of such
      mechanisms by means of auxiliary control cams is time consuming,
      complicated, and the productivity of the printing machine is reduced.
PAR  Accordingly, an object of the present invention is the provision of a sheet
      transfer cylinder having a sheet gripper mechanism which can readily be
      adjusted for printing of the paper sheet on either one or both sides.
PAR  Another object of the invention is the provision of a sheet transfer
      cylinder having a gripping mechanism which is of relatively simple
      construction and performs reliably.
PAR  These objects, others and the advantages of the present invention will be
      seen from the following disclosure.
PAC  SUMMARY OF INVENTION
PAR  According to the present invention there is provided a sheet transfer
      cylinder for a rotary printing machine, having a cylinder on which is
      mounted a mechanism for gripping the sheets to be transferred and for
      turning the sheets. The cylinder is adapted to be rotatably mounted in
      side walls of the machine. One of the side walls is provided with a fixed
      centering ring coaxial with the axis of the transfer cylinder. The
      centering ring has a pair of circular segments secured to opposed
      peripheral faces thereof, the first of the segments being
      circumferentially adjustable with respect to the centering ring and the
      second of the segments being non-adjustable with respect to the centering
      ring. The sheet transfer is provided adjacent the surface thereof with a
      rotatable shaft adapted to carry the sheet gripping means secured rigidly
      thereto, and roller means carried at one end of the shaft adapted to
      engage with the outer surfaces of the first and second circular segments
      respectively. Rotation of the transfer cylinder results in movement of the
      rollers and actuation of the gripping means.
PAR  The mechanism of this invention requires only a simple manipulation to
      convert the printing machine from a capability for printing one side of
      the paper sheet to a capability for printing on both sides of the sheet,
      or vice-versa. While adjusting the machine, the suction elements are
      simultaneously adjusted in such a way that the distance between the
      suction elements and the grippers remain unchanged.
PAR  The invention is more fully described, by way of example, in the following
      description in which reference to the accompanying drawings is made.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevation, partly in section, of the sheet transfer
      cylinder and the gripping mechanism of the present invention shown in FIG.
      2 and viewed along the plane A--A of FIG. 2, and
PAR  FIG. 2 is an end view of the cylinder and gripping mechanism along the
      plane B--B of FIG. 1.
DETD
PAC  DESCRIPTION OF INVENTION
PAR  Referring to the drawings there will be seen shaft 1 rotatably mounted at
      one end in journal bearing 3, in side wall 2 of the printing machine. The
      mounting of the other end of shaft 1 is not illustrated but is
      conventional. The transfer cylinder is journalled between the print
      cylinders of a pair of serially aligned printing units and is adapted to
      receive and move the sheet from one to the other. The transfer cylinder is
      rotated by connection in conventional manner with either the main drive
      means or one or the other of the associated printing units. Suitable
      drive, motor and gear transmission means are provided as is well known.
PAR  The shaft 1 is fixedly connected to opposed carrier shoulders 5, 6 by means
      such as pins 4. The carrier shoulders 5,6 are affixed, by means such as
      screws 7, to transverse bars 8 which form the surface of sheet transfer
      cylinder. Holders 10 are mounted on both ends of the bar 8 by means such
      as screws 9. In the holders 10 there is rotatably mounted a shaft 11 upon
      which are fixedly mounted grippers 12. One end of the shaft 11 carries a
      lever 14 which may be secured by means such as screws 13. Lever 14 is
      provided with a stud 16 which in turn mounts two axially spaced rollers
      17. The carrier shoulders 5,6 are also connected by means of transverse
      rods 20 to a plurality of supporting arcuate segments 18 which are
      pivotally carried by tube 19.
PAR  Carrier shoulder 6 is provided with stud 21 upon which is attached one end
      of a spring 22. The other end of the spring is secured to a stud 16
      biasing the roller 17 radially inward. A centering ring 25 is mounted
      between the wall 2 and the shoulder 6 about the axis of the sheet transfer
      cylinder defined by shaft 1, by means such as screws 23 and a spacer tube
      24. Adjacent the periphery of the centering ring 25 and on the inner face
      thereof, there is fixedly mounted a circular segment 27. In a recess or
      slot on the opposite face of the centering ring 25 there is adjustably
      mounted a circular segment 28. The circular segments 28 and 27 have
      peripheral contoured edges which form surfaces on which the rollers 17
      ride during selected portions of the rotation of the transfer cylinder. By
      adjustment of the ring 28 or the ring 25 the contoured working edge may be
      selectively positioned to vary engagement with the rollers 17. When the
      roller 17 engages the segment 28 the grippers are caused to close on the
      bar 8 and seize the leading edge of the sheet. The working edge of
      segments 27 and 28 are circular in arc so that a uniform constant
      actuation of the gripper 12 is affected.
PAR  The circular segment 28 is adjusted by having secured thereto by means such
      as screws 29, an annular gear segment 30 which is adapted to engage with a
      pinion 31 rotatably mounted in the side wall 2 of the printing machine. In
      order to prevent accidental turning of the pinion 31 it is secured by
      means of a nut 32. On the circular segment 28 in the vicinity of toothed
      gear segment 30, there is fixed by means such as screws 33 an adjustable
      stop 34. The stop 34 bears against the pinion 31, that is against the hub
      of the pinion as seen in FIGS. 1 and 2. On the circumference of the
      toothed segment 30 there is provided a scale 35 opposite to which a
      pointer 36 is attached to the side walls 2 of the printing machine.
PAR  For transfer of sheet between two printing units for printing on the same
      side, the sheet transfer cylinder is rotated in the usual manner. As this
      is done the grippers 12 are actuated by movement of rollers 17 over the
      circular segments 27 and 28, such movement being translated to the
      grippers through lever 14 by stud 16 against the bias of springs 22. The
      paper sheets are then gripped between the grippers 12 and the edge of the
      transverse bar 8 and transferred. While transferring the paper sheet the
      stop 34 bears on the hub of pinion 31 as noted above. When the printing
      machine is to be adjusted from printing of one side of a paper sheet to
      the printing on both sides of the sheet by operating the cylinder in the
      known manner therefor, the adjustable circular segment 28 is rotated
      relative to ring 25 about the shaft axis 1 according to the length of the
      paper sheet to be printed. The necessary adjustment of the circular
      segment 28 is carried out by loosening the nut 32 and by turning the
      pinion 31. This rotates the gear segment 30 to which the segment 28 is
      fixed. Rotation of the segment 28 varies its active or working edge
      relative to that of the segment 27, thus varying the position at which the
      paper sheet is seized during rotation of the cylinder. The degree of
      rotation can be visually observed by the pointer 36 and scale 35. The
      paper rests with its edge seized between grippers 12 and bar 8 on the
      arcuate support segment 18. Two sets of grippers 12, bars 8, and arcuate
      support segments are provided along with the other associated elements, so
      that on a transfer cylinder of twice the diameter of the impression or
      other cylinders, two sheets can be transferred during one rotation of the
      transfer cylinder.
PAR  A simple adjustment of the cam segment 28 permits a change from printing on
      one side of the sheet to printing on both sides of the sheet in accordance
      with the following explanation. When the sheet is printed only on one
      side, the leading edge of the sheet is seized by the grippers of a
      succeeding transfer cylinder (not illustrated). When the paper is to be
      printed on both sides (perfecting printing), that is to be understood to
      mean on one side on the first printing unit and, after transfer and
      turning, the same sheet is printed on the reverse side on the succeeding
      printing unit, the above mentioned leading edge of the sheet has to be
      carried by the grippers 12 for a distance which is equal to the length of
      the sheet to be printed in order that the trailing edge thereof can be
      seized by grippers of the succeeding (not illustrated) cylinder. This is
      made possible by the adjustment of the circular segment 28. By the turning
      of the circular segment 28 about the axis of shaft 1 there is achieved an
      elongation of the cam surfaces on which rollers 17 move and which control
      the opening and closing of the grippers 12.
PAR  In further explanation of the operation of the device according to the
      invention, the following explanation is set forth. The sheet transfer
      cylinder, consisting of shaft 19, of supporting arcuate segments 18 and of
      bars 8, has double the diameter of the adjacent transfer cylinders (not
      illustrated) and with which the illustrated sheet transfer cylinder
      cooperates.
PAR  When the transfer cylinder rotates, the rollers 17 move on the
      circumferential surface of the circular segments 27 and 28. As soon as the
      left-hand roller 17 arrives on the deepened (relieved) part of the surface
      of the circular segment 28, the spring 22 effects a turning of the whole
      gripper mechanism and the grippers 12 are lifted from the abutment bar 8,
      as may be seen on the bottom of FIG. 2. With regard to the fact that the
      overtaking of the sheet by the succeeding cylinder must be carried out in
      a point on the line connecting the centers of the adjacent transfer
      cylinders, it is necessary that the circular segments 27 and 28 be
      adjustable relative to each other. For this purpose the circular segment
      27 is fixed on the centering ring 25 in such a way that the beginning of
      the higher part of the functional surface of the segment will act to close
      the grippers 12 at a point on the line connecting the center of the
      transfer cylinder with the center of the preceding and adjacent (not
      illustrated) transfer cylinder.
PAR  The opening of the grippers at the moment of handing over of the paper
      sheet to the succeeding transfer cylinder (not illustrated) of the second
      printing unit is effected in a manner so that the roller 17 moves on the
      end of the higher circumferential part of the circular segment 28. The
      circular segment 28 is mounted turnably on the centering ring 25. This
      enables the proper positioning of the circular segment 28 to effect the
      opening of the grippers 12, the reaching of which position is defined by
      the adjustable stop 34 fixed on the circular segment 28, when the arm of
      this stop 34 seats (bears) on the hub of the pinion 31. In this way, the
      relative position of the circular segments 27 and 28 is determined. The
      adjustable stop 34 coacts with the hub of the pinion 31 only when the
      sheet transfer mechanism is adjusted for the printing on one side of the
      sheet. When the mechanism is to be adjusted for printing on both sides of
      the sheet (perfecting printing), it is necessary to loosen the nut 32 and
      then the circular segment 28 by means of the pinion 31 to bring the device
      into position where the scale 35 provided on the circular segment 28 shows
      in relation to the indicator 36 the length to which it is to be adjusted
      and which is equal to the length of the paper sheet to be printed.
PAR  In this adjustment of the device for printing on both sides of the sheet,
      where the sheet has to be turned for this purpose, the circular segment 28
      with the step 34 is rotated about the shaft axis 1 in such a fashion, that
      the stop 34 is carried away from the hub of the pinion 31, so that it is
      not in engagement while the operation of sheet turning takes place.
PAR  By such adjustment a prolongation or increase of the higher functional
      surfaces of the circular segments 27 and 28 is achieved, this prolongation
      being equal to the length of the sheet to be printed.
PAR  Various modifications and embodiments will of course be evident to those
      skilled in this art. Accordingly, the foregoing disclosure is to be taken
      as illustrative only, and not limiting of the scope of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sheet transfer apparatus for a rotary printing machine capable of
      successive printing selectively on one or both sides of a sheet,
      comprising a transfer cylinder mounted between the side walls of said
      machine for rotation about its central axis and being provided adjacent
      the surface thereof with a fixed transverse bar and with a rotatable shaft
      spaced therefrom, gripping means secured to said shaft in opposition to
      said bar, said bar and said gripping means adapted to receive the edge of
      a sheet therebetween, and means for selectively actuating said shaft to
      cause said gripping means to engage said transverse bar and hold said
      sheets during rotation of said cylinder, comprising a fixed centering ring
      mounted between said transfer cylinder and one side wall coaxially with
      the axis of rotation of said transfer cylinder, said centering ring having
      a pair of circular segments secured to opposed peripheral faces of said
      centering ring adjacent each other, said segments having radially
      extending circular cam surfaces, roller means carried at one end of said
      shaft adjacent said centering ring for engaging the cam surfaces of each
      of said circular segments, means for biasing said roller means to engage
      with said cam surfaces, said engagement causing said gripping means to be
      activated into engagement with said transverse bar, the first of said
      segments being fixed with respect to said centering ring and the second of
      said segments being circumferentially adjustable with respect to said
      first of said segments to vary the length of engagement of said rollers
      with said cams whereby the point at which said grippers are free from
      engagement with said transverse bar is adjustable relative to the degree
      of rotation of said transfer cylinder.
NUM  2.
PAR  2. A sheet transfer cylinder according to claim 1, wherein a pinion is
      rotatably mounted on said one side wall, said second circular segment is
      provided with a toothed portion, and said pinion is adapted to engage with
      said toothed portion to provide said circumferential adjustment of said
      second segment, said toothed portion being provided with adjustable stop
      means for limitation of the travel of said second circular segment.
NUM  3.
PAR  3. A sheet transfer cylinder according to claim 2, wherein a scale and
      pointer are mounted on said toothed portion and said one side wall to
      provide indicia for regulation of the degree of circumferential adjustment
      of said second segment.
NUM  4.
PAR  4. A sheet transfer cylinder according to claim 1, wherein said one end of
      said shaft is provided with a lever and said lever mounts a pair of said
      rollers.
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ABST
PAL  Exercising apparatus having a frame made of detachably, telescopically
      coupled tubular members. In a free standing version of the invention, a
      U-shaped exercising cross bar has vertical end sections coupled to a
      spider member at each side of the frame. These vertical end sections are
      adjustable up and down to selectively vary the usable height of the cross
      bar and are locked in proper adjusted positions by pin and aperture
      connections. A pair of downwardly diverging legs are coupled to the spider
      on each side of the frame. Horizontal tubular feet extend across the frame
      at the front and back and connect the lower ends of corresponding legs
      together. A pair of horizontal, floor level tension rods interconnect the
      front and back feet to keep them from moving apart and the legs from
      spreading when the cross bar is loaded. A door-stabilized, floor-supported
      version of the invention is made by combining some of the parts of the
      free standing version. A closed rectangular frame is made by using the
      cross bar and a duplicate thereof from the free standing version for the
      top and bottom members of the rectangular frame, and coupling them by
      using two of the legs from the free standing version as side members. The
      rectangular frame so made is substantially the size and shape of a door
      and the upper cross bar is supported in spaced parallel relationship from
      the top of the door while the bottom cross bar is crowded into the corner
      between the door and the floor. It is held at the top by quickly
      releasable spring members and the whole frame may handily be stored behind
      the door when not in use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to gymnastic exercising apparatus and is
      particularly directed to a portable and collapsible free standing
      horizontal bar apparatus, some of the components of which can be
      reassembled into a door-stabilized, floor-supported version.
PAR  A basic gymnastic device is a horizontal bar. This is widely used in homes,
      schools and institutions because of the benefits of chinning exercises, as
      well as a variety of other more advanced forms of exercise which can be
      performed by many people, both men, women, adults, children and even
      individuals who are partially handicapped.
PAR  In most places, whether they be a home, office or a well equipped
      gymnasium, a horizontal bar exercising apparatus should be sufficiently
      portable that it can be moved indoors and outdoors from place to place as
      needed, and it should be collapsible or dismantleable so it can be stored
      when not in use.
PAR  Such horizontal bar exercising apparatus presently available for gymnasiums
      is quite heavy and expensive. If it is free standing and light enough to
      be portable, the versions available today are likely to be tipped or
      displaced across the floor by swinging and chinning exercises,
      particularly by heavy individuals. The versions which are available for
      home and office use are mostly bars which are fastened into or over
      doorways by means of rubber friction pads, or by bolts, screws, or teeth
      which can mar the door or door frame in one way or another.
PAR  Further, these are always subject to dangerous loosening or improper
      installing and are limited in weight capacity, some not even being
      recommended for individuals weighing over 200 pounds. A user can be
      severly injured by a fall if one loosens while he is using it. They are
      limited in height, rarely being over seven feet high, and where used
      inside a doorway the usable height is limited by the upper sill.
PAC  SUMMARY OF THE INVENTION
PAR  With the foregoing in view, the primary object of the present invention is
      to provide a portable and collapsible horizontal bar exercising apparatus
      in which the same basic components can be assembled either as a free
      standing version or a door-stabilized, floor-supported version.
PAR  It is a further object of the invention that the free standing version will
      be light enough to move even while assembled, open and capable of being
      walked through when left assembled, strong enough to enable violent
      exercising maneuvers even when adjusted to maximum height, without
      tipping, and which can be readily dismantleable into a number of small
      parts small enough to be stored or carried in a container that can be
      handled by one person.
PAR  A further object is that the door-stabilized, floor-supported version is
      quickly attachable to a door for exercising, and then can be stored as
      assembled behind the door for ready accessibility. And it can be quickly,
      readily attached to and detached from a door without marring the door or
      the door frame in any way, yet providing positive floor support and solid
      stability without over-stressing the door or door hinges, even when used
      in exercising by heavy, strong individuals.
PAR  Another object of the invention is to provide such apparatus which is
      simply constructed and capable of being manufactured substantially
      completely of standard, universally available, light weight steel tubing
      with many individual parts being identical so it can be produced and sold
      at low cost.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages will be apparent from the following
      description taken in connection with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of an assembly illustrating a free standing
      medium height version of the invention;
PAR  FIG. 2 is a front view of FIG. 1;
PAR  FIG. 3 is a side view of FIG. 1;
PAR  FIGS. 4, 5, 6, 7, 8 and 9 are individual parts of the assembly shown in
      FIGS. 1-3, FIG. 9 being a front view of one of the spiders shown in FIG.
      2;
PAR  FIG. 10 is a side view of one of the spiders as seen in the direction of
      the arrows 10--10 in FIGS. 2 & 9;
PAR  FIG. 11 is a cross sectional view of FIG. 10 taken along the line 11--11;
PAR  FIG. 12 is a fragmentary perspective view of the FIG. 1 assembly
      illustrating a free standing low version of the invention resulting from
      inverting the cross bar shown in the FIG. 1 assembly;
PAR  FIG. 13 is another fragmentary perspective view similar to FIG. 1
      illustrating a free standing high version of the invention resulting from
      adding a pair of vertical extensions to the FIG. 1 assembly;
PAR  FIG. 14 is an individual view of one of the extension tubes shown in FIG.
      13;
PAR  FIG. 15 is a perspective view of a door-stabilized, floor-supported version
      comprising a rectangular frame made from some of the components shown in
      the free standing version and some special spring connecting members; and
PAR  FIG. 16 is a perspective view of one of the spring connecting members shown
      in FIG. 15.
DETD
PAR  Like parts are designated by like reference numerals throughout the
      figures.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment is shown assembled in free standing medium height,
      low, and high versions in FIGS. 1, 12 and 13, respectively. Components
      shown in FIG. 1 can be rearranged and assembled in a door-stabilized,
      floor-supported version, with the addition of a pair of special spring
      attaching members, as shown in FIG. 16.
PAR  Referring first to the free standing medium height version shown in FIGS.
      1, 2 and 3, there is an open frame generally designated 18 made mostly of
      light weight steel tubing. A U-shaped tubular exercising cross bar 20 is
      shown individually and in detail in FIG. 4. It has a horizontal center
      section 22 extending from side to side of the frame and it has vertical,
      depending end sections 24, 24. Each of the latter includes an integral,
      reduced diameter, coupling extension 26, the purpose of which will be
      explained later.
PAR  Pairs of diametrically aligned apertures 27 are provided in the vertical
      end sections 24.
PAR  A spider supporting member 28 is provided on each side of the frame.
      Details of the spider member are shown in FIGS. 9, 10 and 11. Briefly,
      each comprises a vertical tube 30 having in this particular case five
      pairs of aligned apertures 32 diametrically opposed. A pair of curved,
      C-shaped tubes 34 are attached integral with each tube 30 by welding in
      three areas indicated by the numeral 36 in FIG. 11. The outer or free end
      of each of the curved tube sections 34 of the spiders extend downward and
      they diverge uniformly toward the front and back as shown in FIG. 3. In
      addition, these outer or free ends of the two sections 34 diverge slightly
      outwardly, sidewise, as shown in FIG. 2.
PAR  The cross bar 20 is telescopically and detachably coupled to the spider
      members. This is provided by the construction wherein the inside diameters
      of the vertical tubes 30 are slightly larger than the outside diameters of
      the vertical end sections 24 of the cross bar. providing a sliding fit. By
      adjusting the height of the cross bar until a pair of apertures 27
      registers with a pair of apertures 32, and inserting one leg of a C-shaped
      pin 38 therethrough, the cross bar can be locked at a selected usable
      height. The pin 38 is shown in some detail in FIG. 8 and comprises simply
      a rod bent as shown to provide a pair of legs 40 with a bight 42 providing
      a convenient place to grasp the pin when the cross bar is to be unlocked.
PAR  Each pair of downwardly diverging tube portions 44 of each spider are
      telescopically and detachably coupled to the top ends of a pair of
      downwardly diverging tubular legs 46 at each side of the frame. These legs
      46 are simple straight lengths of tubing with outside diameters
      sufficiently less than the inside diameters of the tubes 44 to enable a
      telescopical and detachable slip fit coupling.
PAR  A pair of U-shaped tubular feet 48 are at the front and rear of the frame.
      Each foot has a horizontal center section 50 for providing floor support
      and extending from side to side of the frame. Each has upstanding end
      sections 52 with inside diameters slightly greater than the outside
      diameters of the bottom ends of the legs 46. This, again, enables a
      detachable telescopical slip fit coupling for ready assembly and
      disassembly. Details of one of the feet 48 is shown in FIG. 7 including a
      pair of rubber-like sleeves 54 fitted over the outside to prevent the
      apparatus from slipping or scooting on the floor when in use.
PAR  A pair of tension rods 56, shown in detail in FIG. 6, have hooked end
      portions 58 engaged within apertures 60 in the front and back feet,
      respectively. These tension rods are subjected only to tensile loads and
      therefore may be relatively small in cross section. Despite their size,
      they contribute very substantially to stability of the frame by preventing
      outward movement of the feet, and spreading of the legs, and "walking" of
      the frame due to repeated vertical loads on the cross bar.
PAR  The medium height version just described in connection with FIGS. 1, 2 and
      3, may be converted to a low version, for small children or for waist-high
      horizontal bar exercises, by simply inverting the cross bar as shown in
      FIG. 12.
PAR  The version of FIG. 1 may be converted to a high version, 8 feet high or
      more, as shown in FIG. 13, by removing the pin 38 and cross bar 20, then
      fitting extension tubes 62 within the vertical tubes 30. One of the
      extension tubes is shown in detail in FIG. 14. It consists simply of a
      straight length of tubing with an outside diameter sufficiently less than
      the inside diameter of the vertical tubes 30 to provide a slip fit. A pair
      of apertures 64 will be registered with a pair of apertures 32 in each of
      the vertical tubes and locked in place by the pins 38. The reduced
      diameter coupling extensions 26 at the ends of the cross bar 20 have
      outside diameters slightly less than the inside diameters of the extension
      tubes 62, enabling a slip fit of substantial axial length which will not
      come apart in use but does provide a coupling which is detachable when
      required. Another cross bar 20a, identical to 20, may be held across the
      bottoms of tubes 62 by another pair of pins 38, as shown in broken lines
      in FIG. 13 to provide a complete vertical rectangular frame for additional
      exercises.
PAR  The door-stabilized, floor-supported version in FIG. 15 will now be
      described.
PAR  By making the width of the cross bar 20 approximately that of an ordinary
      doorway (plus or minus up to about 10 inches ) and by making the vertical
      end sections 24 of such length that two of them plus one of the legs 40
      have a combined length equal to the height of a door or slightly less, the
      version of FIG. 15 can be made simply by combining some of the components
      already described, and adding two connecting members for the top of the
      door.
PAR  Specifically, referring to FIG. 15, a rectangular frame generally
      designated 66 consists of spaced vertical tubular side members which are
      two of the legs 46; an upper member which is the exercising cross bar 20
      and a lower member designated 20a which is an identical counterpart of the
      cross bar 20 and may either be kept on hand as a spare or used as a bottom
      member as shown in broken lines in FIG. 13.
PAR  To make the above described parts fit in the closed rectangular frame as
      shown, it will be understood that the outer diameters of the coupling
      extensions 26 on the cross bars 20 and 20a will be slightly smaller than
      the inner diameters of the legs 46.
PAR  A pair of spring connecting members connect the upper part of the frame 66
      to the upper part of a door 50 which may be a regular door mounted on
      hinges (not shown) in a home or office. One of these spring connecting
      members is shown in FIG. 16. It is made of steel rod, preferably some
      grade of light spring steel, and is formed with a pair of straight
      parallel arms 72 and 74 joined in a curved, looped terminal portion 76
      formed with an opening large enough to slip over the cross bar 20 as shown
      in FIG. 15. Arm 72 is shorter and engages the front face of the door,
      functioning as a compression member preventing displacement of the cross
      bar 20 toward the door. Conversely, arm 74 is longer and it engages the
      back face of the door, functioning as a tension member presenting movement
      of the cross bar away from the door. Rubber sleeves 76 are provided on the
      hooked ends of the spring connecting members to prevent marring the door.
      The bottom cross bar 20a will be crowded into the horizontal corner
      defined by the door and the floor. With this arrangement a very heavy man
      can perform chinning exercises on the upper cross bar 20 in absolute
      safety both to himself and to the door. Due to the angle of the
      rectangular frame, the great majority of his weight is directed into the
      floor and there will be minimal stress applied to the hinges.
PAR  Alternatively, the rectangular frame 66 may be held vertically upright by a
      third member 68 connected to the bottom of the door as shown in broken
      lines in FIG. 15.
PAR  The version of FIG. 15 is so light weight and compact, and so easy to place
      on a door and remove it, that it can readily be stored behind a door on
      which it is used and it is entirely practical for an executive who
      normally gets little exercise to have one of these units in his office and
      exercise regularly on it, storing it behind the door when not in use.
PAR  To make the apparatus compact for storage and shipment, the tension rods 56
      may have some alternate form, such as two pieces screwed together in the
      middle (not shown) or they may be substituted by other suitable tension
      members. In actual practice in one commercial embodiment of this
      invention, the longest single component (the feet 48) is only 54 inches
      long yet it can be assembled into the free standing high version shown in
      FIG. 13 with the cross bar almost 9 feet above the floor and be perfectly
      stable during exercising by a heavy individual.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics of it. The present versions
      are therefore to be considered in all respects as illustrative and not
      restrictive, the scope of the invention being indicated by the appended
      claims rather than by the foregoing description, and all changes which
      come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Multipositionable, portable and collapsible horizontal bar exercising
      apparatus comprising an open frame consisting of:
PA1  a U-shaped tubular exercising cross bar having a horizontal center section
      extending from side to side of said frame, and having vertical end
      sections for supporting said center section;
PA1  a spider support member at each side of said frame, each spider support
      member having a vertical tube with a corresponding vertical end section of
      said tubular cross bar telescopically and detachable coupled thereto, each
      spider support member further having integral therewith a pair of
      downwardly diverging tubes;
PA1  a pair of downwardly diverging tubular legs telescopically and detachably
      coupled to said pair of downwardly diverging tubes on the spider support
      member at each side of said frame;
PA1  a pair of U-shaped tubular feet at the front and back of said frame, each
      of said feet having a horizontal center section for providing floor
      support and extending from side to side of said frame, and having
      upstanding end sections telescopically and detachably coupled to the
      bottom ends of said legs; and
PA1  at least one tension member extending from front to back of said frame and
      connected respectively between said feet to prevent said feet from moving
      apart and spreading said legs by downward load applied to said cross bar;
PA1  said frame providing a clear vertical space between said cross bar at the
      top and said feet at the bottom, and between said spider members and
      corresponding pairs of legs at opposite sides to provide room for
      gymnastic exercises.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said vertical end sections of
      said exercising cross bar are adjustable relative to the corresponding
      vertical tubes of said spiders to vary the usable height of the horizontal
      center section of said cross bar.
NUM  3.
PAR  3. Apparatus according to claim 2 in which said vertical end sections of
      the cross bar and the corresponding vertical tubes have a plurality of
      registerable apertures, and pin means insertable through selected
      registered apertures to lock said cross bar at a selected usable height.
NUM  4.
PAR  4. Apparatus according to claim 1 in which the vertical end sections of
      said cross bar are selectively coupleable to said spider support members
      in either upright or depending attitudes to selectively vary the usable
      height thereof.
NUM  5.
PAR  5. Apparatus according to claim 1 in which the vertical end sections of
      said cross bar are in depending attitudes and are telescopically and
      detachably coupled to a pair of vertical extension tubes which extend
      upwardly from said spider members and which are telescopically and
      detachably coupled to said spider members.
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PAL  A glove hand exerciser containing longitudinal stiffening inserts adapted
      to create and apply tension when the finger and/or hand muscles are flexed
      thereby exercising the muscles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an exerciser for the hand and forearm muscles,
      more particularly to an exerciser in the form of a glove which is
      cosmetically acceptable yet at the same time is useful for the purpose for
      which the same is intended.
PAR  The prior art teaches a variety of hand exercising devices, such as for
      example the complicated, cumbersome and unsightly devices set forth in
      U.S. Pat. Nos.: 494,197; 897,471; and 3,347,547; all of which devices are
      obviously not suitable for wearing in public and furthermore are quite
      complex to set up upon the hand. U.S. Pat. No. 2,736,034 while not as
      unsightly is of a different character than the aforementioned group in
      that it relates only to a finger weight-containing glove and not to a full
      hand muscle exercising device. U.S. Pat. No. 2,108,236, is quite similar
      to the aforesaid patent, differing only in that there is a mitten and the
      tips of the fingers therein are provided with panels having varying
      resiliency thereby controlling the up and down movement of the fingers, as
      desired.
PAR  In contradistinction thereto, the instant invention provides for a gloved
      device, having finger stalls, and running longitudinally with the fingers,
      along the inner surface of the glove, into the stall, there are provided a
      plurality of straps operative to be tightened at the wrist such that the
      relative movement of each finger is separately adjustable.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the instant invention to avoid one or more
      drawbacks of the prior art.
PAR  It is another object to provide for a cosmetically and fashionably
      acceptable glove which at the same time functions as a hand exerciser, if
      desired.
PAR  It is a further object of the invention to provide for such a glove that is
      relatively simply and inexpensively constructed.
DRWD
PAR  These and other objects of the invention will become more apparent from the
      following detailed disclosure and claims, and in the accompanying drawing,
      in which:
PAR  FIG. 1 is a top plan view of an embodiment of a glove on a hand;
PAR  FIG. 2 is a perspective view palm up; and
PAR  FIG. 3 is similar to FIG. 2 but shows the tensioning straps in a taut
      position.
DETD
PAR  Broadly speaking, the invention includes the provision of a finger and hand
      exercising glove comprising a glove defining finger stalls and a wrist
      area, tension straps disposed on the glove, each of the straps
      communicating between a single finger stall and the wrist area of the
      glove, the straps having two end portions, a first end portion being
      fixedly engaged by a portion of said finger stall, a second end being
      free, holding means disposed at the wrist area of the glove, the holding
      means being adapted to slidably engage the free end of the strap, the
      strap being operative to slide inwardly and outwardly in the holding means
      whereby movement of the strap exerts restraint upon the finger stall.
PAC  DETAILED DESCRIPTION
PAR  Referring more particularly to the drawing, where like numerals designate
      like elements, there is shown a glove 10, having finger stalls, palm down,
      on a hand 12. The glove 10 has a wrist strap 14 or wrist band to
      facilitate movement of tensioning straps 16. The straps 16 are positioned,
      preferably on the inner surface of the glove 10 and will be placed along
      the palm area and if desired can also be placed along the back hand area;
      the straps 16 will run in the longitudinal direction of the fingers such
      that each one strap 16 will enter a finger stall; the straps 16 can be
      arranged such that each finger stall receives one, as is the preferred
      embodiment. The straps 16 will generally be fabricated of a leather or
      leather-like material, even certain resiliant plastics, such that tension
      may be applied thereto for drawing the same taut or relaxing the same. The
      drawing or relaxing of each strap 16 affecting the relative movement of
      the finger to which stall the same is connected and thence the hand
      muscles therealong. It is to be understood that one to five fingers may be
      exercised, each finger stall being independent of the others. The straps
      16 will be suitably fastened to the inner surface of each finger stall,
      preferably between the inner surface of the glove material and a glove
      lining. Fastening can be accomplished by any suitable means, such as by
      rivets, stitching or the like. Each strap 16 will preferably have an
      elongated shape and will have one free end 18, each free end 18 will be
      adapted to be engaged by a single or plurality of holding means 20 which
      means 20 is adapted to allow for slidable movement of the strap 16
      therethrough. The holding means 20 can be in the form of a ringlet or a
      tightly pulled elastic material defining an opening through which the free
      end 18 of the strap 16 is inserted. In order to draw the strap 16 taut or
      relax the same, the strap 16 is merely slidably moved through the holding
      means 20. The holding means 20 in the preferred embodiment will be
      disposed on a wrist portion of the glove 10. The wrist portion 14 can be
      unitary with the body of the glove 10 or affixed thereto, such as in the
      form of a wrist band 14 attached to the body of the glove 10. It is
      preferable that the wrist portion 14 have a buckle means 22 to facilitate
      holding the glove 10 on the hand, especially when the straps 16 are drawn
      taut. If desired, additional means may be provided at the wrist area to
      lock the straps 16 in place and prevent any slippage thereof.
PAR  While the invention has been described with reference to the embodiments
      shown in the drawings, it is to be understood that various modifications
      and changes will be apparent to those skilled in the art; all of which are
      intended to be within the purview of the invention.
CLMS
STM  Having herein described the invention, what I claim is:
NUM  1.
PAR  1. A finger and hand exercising glove comprising a glove body having an
      inner and outer surface and defining finger stalls, and a wrist area,
      elastic tension straps disposed on said glove, each of said straps
      communicating between a single finger stall and a wrist area of said
      glove, each strap operative to move independent of said other straps, said
      straps each having two end portions, a first end portion being fixedly
      engaged by a portion of said finger stall, a second end being free,
      holding means disposed at said wrist area of said glove, said holding
      means being adapted to slidably engage said free end of each of said
      straps, each of said straps being operative to slide inwardly and
      outwardly in said holding means whereby movement of each of said straps
      exerts independent restraint upon a single finger stall.
NUM  2.
PAR  2. A glove as defined in claim 1, wherein said straps are disposed on the
      inner surface of said glove.
NUM  3.
PAR  3. A glove as defined in claim 1, wherein there are a plurality of holding
      means.
NUM  4.
PAR  4. A glove as defined in claim 1, wherein said wrist area contains buckle
      means adapted to fixedly engage said glove on said hand.
NUM  5.
PAR  5. A glove as defined in claim 1, wherein said wrist area is unitary with
      the remainder of said glove.
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ABST
PAL  Resistance device for a gymnastics apparatus, comprising an air cylinder
      and a piston which is movable inside the cylinder. The device is provided
      with non-return valves in such a manner that, during repeated relative
      movement of the piston in the cylinder, the air pressure in the device
      and, thereby, resistance to movement of the piston increases successively.
BSUM
PAR  Many gymnastics apparatus have a built-in resistance device. These
      resistance devices, whose resistance is to be overcome with training,
      often consist of springs, elastic bands, weights, etc. Thus as a rule the
      size of the resistance is fixed, thereby limiting the effectiveness of the
      devices. The fixed resistance can be too high or too low depending on the
      strength of the user. A person using such a device continuously will find
      that his increase in strength will gradually become almost null while
      endurance, on the other hand, will increase greatly. This is due to the
      fact that effective strength training requires that the resistance be
      adjusted to the strength of the user so that truly great muscle tensions
      are guaranteed.
PAR  The present invention relates to a resistance device by means of which the
      above-mentioned disadvantages can be eliminated and additional advantages
      be obtained. The invention comprises a resistance device whose resistance
      to movement automatically increases in connection with repetition of such
      movements. In this way, it is possible to make a resistance device which
      can at the beginning of training, have a very low level of resistance but
      which increases its resistance in connection with the repetition of the
      movements. If so desired, e.g. in the vicinity of the maximum performance,
      this resistance can be returned to its lowest level, at which point the
      sequence can be repeated, possibly in a new type of motion with other
      muscles at work. This gives everyone, regardless of physical strength,
      effective training with good balance between endurance training and
      strength training. Another important advantage is that, due to the fact
      that training in each type of movement can be at the lowest level of
      resistance, a gradual softening is achieved before the resistance
      approaches the performance maximum. An additional advantage is that the
      return to the starting position is very well dampened and, thus, this
      process does not involve any risk or injury for the user.
PAR  The invention is illuminated by the accompanying drawings wherein FIG. 1
      shows a first embodiment of the apparatus in cross section and FIGS. 2-4
      show schematically three additional embodiments.
PAR  A tube 1 and another tube 2 are at one end connected with each other by
      means of a spherical shaped gable 3. The tubes 1 and 2 are connected at
      their other ends by means of the gable 4. The gable 3 contains holes 5, 6
      and 7, a spring 8, a valve body 9 and a valve seat 10. The tube is
      provided with a hole 11 which puts the chambers 12 and 13 in communication
      with one another.
PAR  In tube 2, a piston 14 is easily glidably inserted. The piston is provided
      with a groove 15 having sides 16 and 17. A hole 18 in the piston connects
      the groove 15 with the chambers 12 and 13 unhindered by the O-ring 19. The
      piston 14 is connected to a rod 20 which, in turn, is connected to gable
      21 and the protective tube 22. Protective tube 22 can easily glide on the
      outside of tube 1. Rod 20 is guided in gable 4 by means of a hole 23. Hole
      23 is provided with a groove 24 having sides 25 and 26. A hole 27 puts the
      groove 24 in connection with a chamber 28 unhindered by the O-ring 29.
PAR  The device functions in the following manner. An outer force is applied to
      the end members 3 and 21 in a direction towards each other. The piston 14
      and the piston rod 20 glide into the pipe 2, thereby compressing the air
      in the chamber 12 and separate accumulating chamber 13 by means of O-ring
      19 sealing against the side 17 of groove 15 and the tube 2. At the same
      time, air is sucked into chamber 28 via the gap between rod 20 and the
      hole 23, between the O-ring 29 and the groove side 26 and through the hole
      27.
PAR  If the outer force is now taken away, the over-pressure in chambers 12 and
      13 will press the piston out with a force which initially corresponds to
      the cross-sectional area of the piston 14. However, this pushing-out of
      the piston 14 and the rod 20 entails that the O-ring 29 is pressed against
      the side 26 of groove 24 and the piston rod 20, thereby compressing the
      air enclosed in chamber 28. When the pressure in chamber 28 is
      approximately as great as in chambers 12 and 13, the O-ring 19 will be
      pressed against the side 16 of the groove 15, so that the amount of air 28
      enclosed in chamber 28 will flow into chambers 12 and 13 via the gap
      between piston 14 and tube 2, between side 17 of groove 15 and the O-ring
      19 and through hole 18.
PAR  During this latter process, the pushing-out force is proportional to the
      cross-sectional area of piston rod 20 and, due to the fact that hole 18 is
      also a choke for the passing amount of air, the return thrust will be very
      well dampened. The return thrust can be accelerated by directing the outer
      forces in the end members 3 and 21 away from each other. If an outer force
      is now once again applied, the device will offer a somewhat higher
      resistance since the pressure of the air in chambers 12 and 13 has
      increased. This overpressure in chambers 12 and 13 can be reduced or
      completely eliminated by pressing in the valve button 9 so that it moves
      away from its seating 10, thereby allowing the air from the chambers 12
      and 13 to pass out into the atmosphere. Spring 8 normally keeps the valve
      button 9 pressed against its seating 10. Thus, the resistance device
      initially provides a pulling resistance which, in connection with the
      repeated pressing together and pulling out of the end members, it
      successively changed to a pressure resistance which finally becomes
      insuperable.
PAR  FIGS. 2-4 schematically show a few additional embodiments of the resistance
      device according to the invention.
PAR  The device shown in FIG. 2 has, as in the one described above, dampened
      automatic return of piston 14. The difference lies in the fact that
      chamber 13' is disposed in piston rod 20, which, for this purpose, is
      hollow. The opening 11 between chambers 12' and 13' can form a choke which
      further contributes to the dampening of the movement outwards. 30 and 31
      are non-return valves in one of the cylinder gables and in the piston,
      respectively. A further valve (not shown here) can be arranged, by means
      of which chambers 12' or 13' can be connected with the atmosphere. Said
      valve can be a manually openable valve or a valve which opens
      automatically at a predetermined pressure.
PAR  FIG. 3 shows an embodiment of the arrangement according to the invention,
      said embodiment having no or only partly automatic return or compression.
      In order to illustrate further variation possibilities, chamber 13 has
      been placed axially outside of chamber 12". Instead of an opening or choke
      11, a non-return valve 32 is arranged between chambers 12" and 13".
      Chamber 28 communicates freely with the atmosphere. A spring (not shown
      here) can be arranged to obtain a return movement. Further, non-return
      valve 32 can be choked in its opening direction in order to provide a
      dampened return. As in the previous embodiment, a manually openable valve
      or a valve having a predetermined opening pressure can also be arranged.
PAR  FIG. 4 shows an arrangement which, in contrast to the previously described
      arrangements, provides increased resistance in both of the pistons'
      directions of movement. Both of the chambers 12'" and 28' are connected
      with the atmosphere by means of non-return valves 33 and 34. Said chambers
      12'" and 28' are also connected to another chamber 13" in the piston rod
      by means of non-return valves 35 and 36. Both of the non-return valves 33
      and 34 can be of the kind which can be set in an open position by means of
      manual influence. In this manner, it is also possible to set the
      arrangement so that increasing resistance is only obtained in one
      direction, that is, either against pressure or pull.
PAR  In FIG. 1, the outer ends of the arrangement have been formed so that they
      are suitable for direct manual gripping. However, a whole series of outer
      arrangements which are especially designed to train certain muscles is
      feasible. Furthermore, a series of other solutions for the construction of
      the resistance device is also feasible, said solutions providing the same
      principal effect as the solution shown and described here.
PAR  It is also possible to construct the above-described resistance device so
      that chamber 28 can be connected with the atmosphere via a hollow piston
      rod 20 and a valve in end portion 21 which can be locked in a pressed-in
      (open) position. The level of resistance can, herewith, be held constant
      at a desired level even after repeated pressing together.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A gymnastics apparatus having a resistive device, said device comprising
      first and second end parts which are reciprocally movable towards and away
      from each other, said first end part having a first end forming an air
      cylinder and said second end part comprising a first end forming a piston
      which is movable inside said air cylinder, and a second end forming a
      piston rod connected to said first end, characterized in that the device
      is provided with a first non-return valve arranged between said piston and
      said cylinder and a second non-return valve arranged between said cylinder
      and said piston rod such that, during repeated relative movement between
      said first and second end parts, the air pressure in the device, and
      therewith, the resistance to said relative movement increases
      successively, and an evacuation valve provided in said first end part and
      in communication with said cylinder and being manually operable to reduce
      the air pressure in said cylinder.
NUM  2.
PAR  2. Device according to claim 1, characterized in that the cylinder chamber
      on the side of the piston removed from the piston rod is in communicating
      connection with a separate accumulating chamber.
NUM  3.
PAR  3. Device according to claim 2, characterized in that the cylinder chamber
      on the piston rod side is connected with the accumulating chamber via a
      choke.
NUM  4.
PAR  4. Device according to claim 1, characterized in that the evacuation valve
      is a pressure-sensitive valve having an adjustable opening pressure.
NUM  5.
PAR  5. Device according to claim 1, characterized in that the evacuation valve
      is a manually openable valve.
NUM  6.
PAR  6. Device according to claim 1, further characterized in that a portion of
      the cylinder chamber on the piston rod side is connected with the
      atmosphere via said second non-return valve which opens into the same,
      said cylinder chamber on the side of the piston removed from the piston
      rod being connected with the cylinder chamber portion via said first
      non-return valve which opens into said cylinder chamber portion.
NUM  7.
PAR  7. Device according to claim 1, characterized in that the cylinder chamber
      on the piston rod side of the piston is in communicating connection with a
      separate communicating chamber formed in said piston rod.
NUM  8.
PAR  8. Device according to claim 7, characterized in that both of the cylinder
      chambers are connected with the atmosphere via respective non-return
      valves, each of said valves opening into their respective cylinder
      chamber, said cylinder chambers both being connected to the accumulating
      chamber via respective non-return valves which open into said accumulating
      chamber.
NUM  9.
PAR  9. A gymnastics apparatus having a resistive device, said device comprising
      first and second end parts which are reciprocally movable towards and away
      from each other, said first end part having a first end forming an air
      cylinder and said second end part comprising a first end forming a piston
      which is movable inside said air cylinder, and a second end part forming a
      piston rod connected to said first end, characterized in that the device
      is provided with a first non-return valve arranged between said piston and
      said cylinder and the cylindrical chamber on the side of the piston
      removed from the piston rod is in communicating connection with a separate
      accumulating chamber via a second non-return valve which opens into said
      accumulating chamber and that a portion of the cylindrical chamber on the
      piston rod side communicates freely with the atmosphere.
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ABST
PAL  A game comprising a playing surface having an upward fence-like projection
      having an opening therethrough and game pieces containing magnets so that
      a player manipulating one game piece may attempt to propel by magnetic
      force another game piece through said opening. The magnetic poles in the
      game pieces are in a plane parallel to the playing surface. The upward
      fence-like projection may divide the playing surface into a plurality of
      starting spaces and a finishing space with an opening from each starting
      space to the finishing space. The finishing space may be in the center of
      the playing surface surrounded by the starting spaces.
BSUM
PAR  This invention relates to a game and more particularly to a game comprising
      a playing surface with game pieces containing magnets so that players each
      manipulating one game piece may attempt to propel by magnetic force other
      game pieces through an obstacle course on the playing surface. The game
      pieces are of non-magnetic material and may be formed to simulate persons
      or animals with the magnets oriented in the game pieces so that the
      magnetic poles are in a plane parallel to the playing surface when the
      game pieces are disposed in upright or natural position. For example, some
      of the game pieces may simulate steers with the magnets oriented therein
      so that the poles are respectively at the head and hind quarters of the
      steer when in upright position; and other of the game pieces may simulate
      cowboys on horseback with the magnets oriented therein so that the poles
      are respectively at the head and hind quarters of the horse. The poles in
      the steers' magnets are reversed relatively to the poles in the magnets of
      the cowboys on horseback; for example, the positive poles may be at the
      steers' hind quarters and at the horses' heads. The steers stand freely on
      the playing surface. The players each hold a cowboy on horseback and
      manipulate it on the playing surface so as to approach one of the steers
      and attempt by magnetic force alone to prod the steer to move in a
      prescribed direction. As the horse's head approaches the steer's hind
      quarters the like poles (e.g., the positive pole at the horse's head and
      the positive pole at the steer's hind quarters) repel each other, and
      since the horse is being manipulated by the player while the steer stands
      freely on the playing surface the steer is moved forward by magnetic
      force.
PAR  The playing surface has an upward fence-like projection having an opening
      therethrough through which a player may attempt to propel a game piece by
      magnetic force as above described. The upward fence-like projection may
      divide the playing surface into a plurality of starting spaces which may
      simulate fenced pastures and a finishing space which may simulate a pen
      with an opening from each starting space or pasture to the finishing space
      or pen. The pen may be in the center of the playing surface surrounded by
      the pastures. There may be as many players as there are pastures. Each
      player attempts to propel a steer by magnetic force as above described
      from his pasture into the pen through the opening from the pasture to the
      pen. The player who thus propels his steer into the pen first is the
      winner. I call this the "Cowboy Cutting Horse Game".
PAR  Other details, objects and advantages of the invention will become apparent
      as the following description of a present preferred embodiment thereof
      proceeds.
DRWD
PAR  The accompanying drawing is a diagrammatic illustration of one form of my
      game.
DETD
PAR  Referring now more particularly to the drawing, reference numeral 2
      designates generally a playing surface which may be in the form of a flat
      board having disposed thereupon upward fence-like projections 4 and 5.
      These upward fence-like projections divide the board into five spaces
      designated A, B, C, D and E. The spaces A, B, C and D are starting spaces
      and may simulate fenced pastures. The space E is the finishing space and
      may simulate a pen. There is an opening 6 from each pasture into the pen.
PAR  The game pieces are, as above described, of non-magnetic material and in
      the form shown are formed to simulate steers and cowboys on horseback. The
      steers are designated 7 and the cowboys on horseback are designated 8. As
      above described the magnets are arranged in the game pieces so that the
      poles in the steers' magnets are reversed relatively to the poles in the
      magnets in the cowboys on horseback. Thus when the steers stand freely on
      the playing surface in the respective pastures and the players manipulate
      the cowboys on horseback the steers may be propelled or prodded by
      magnetic force to move through the openings 6 into the pen E. Reference
      numeral 9 designates the starting lines in the various pastures.
PAR  While I have shown and described a present preferred embodiment of the
      invention it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied within the scope
      of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A game comprising a playing surface having an upward fence-like
      projection dividing the playing surface into a plurality of starting
      spaces and a finishing space with an opening from each starting space to
      the finishing space, each starting space being bounded laterally by radial
      elements of the upward fence-like projection and the opening from each
      starting space to the finishing space being of less width than the
      distance between the inner ends of the radial elements of the upward
      fence-like projection bounding laterally the starting space, and game
      pieces containing magnets all disposed above the playing surface so that a
      player manipulating one game piece may attempt to propel by magnetic force
      another game piece through one of said openings.
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ABST
PAL  A hockey type goal structure which may be readily set up in a yard, street
      or on ice. The goal is formed of a rectangular frame that supports a
      canvas sheet fitted with peripheral openings in a plane generally inclined
      to the horizontal surface on which the device is mounted. The canvas sheet
      is fastened by tension springs to a frame so that a ball or puck striking
      the canvas is rebounded away from the structure, while a ball or puck
      entering one of the peripheral openings is scored as a goal.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention is a hockey type goal structure which may be readily set up in
      a yard, street or on ice. The goal is formed of a rectangular frame that
      supports a canvas sheet fitted with peripheral openings in a plane
      generally inclined to the horizontal surface on which the device is
      mounted. The canvas sheet is fastened by tension springs to a frame so
      that a ball or puck striking the canvas is rebounded away from the
      structure, while a ball or puck entering one of the peripheral openings is
      scored as a goal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is an elevation view of the goal structure; and
PAR  FIG. 2 is a sectional end view of the goal structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-2
      illustrate the goal structure 10 which is formed of a canvas sheeting 11
      or other sheet material suspended by a frame 25 that maintains the canvas
      sheeting 11 in a plane inclined to a horizontal playing surface, at the
      end of which the structure 10 is mounted.
PAR  Frame 25 consists of a pair of vertical posts 26, each joined to a
      horizontal bar 27, together with a top horizontal separator 17 joined to
      the top of the vertical posts 25 and a bottom horizontal separator 18
      joined to the two bottom free ends 15 B of the horizontal bars 27.
PAR  Horizontal bars 27 and horizontal separators 17 may be fitted with through
      holes 28 for fastening to pegs or mounting stakes (not shown).
PAR  Sheeting 11 is cut with through peripheral openings 21 along its top,
      bottom and side borders and with through openings 22 formed in each corner
      of the sheeting 11.
PAR  The sheeting 11 is fastened to the top horizontal separator 17 and the
      bottom horizontal separator 18 and a tension spring 16 is fastened from an
      inside corner 19 of each corner opening 22 of the sheeting 11 to the frame
      25 to maintain a rebound tension on the sheeting. The side edges 14 of the
      sheeting are fastened to stays that join the top of a vertical post 26 to
      the bottom of a horizontal bar 27.
PAR  When erected on a horizontal playing surface, the device serves as an
      automatic hockey type goal which does not require a goal tender. Shots of
      a puck, or a ball which strike the canvas 11 are rebounded back to the
      playing area, while a puck or ball that is directed to go through a border
      opening 21 or a corner opening 22 are not rebounded, but scored as goal
      points.
PAR  The device 10 may be used for practice of hockey.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A hockey puck of official and conventional size and shape and a hockey
      type goal structure formed of a substantially rectangular sheet of
      flexible material supported by springs to a substantially rectangular
      frame structure so that said sheet lies at an angle to a horizontal plane
      upon which the frame rests, said sheet being provided with through
      openings along its periphery, said openings being of a size to permit
      passage of the hockey puck therethrough.
NUM  2.
PAR  2. The combination as recited in claim 1 in which said through openings are
      rectangular-shaped and are provided in the sheet at each corner thereof,
      each said opening being oriented so that an inside corner thereof is at a
      distance from a corner of said frame structure, each provided with a
      tension spring means extending between each inside corner of each said
      corner opening and the nearest corner of the frame so as to tension and
      maintain the sheet taut.
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ABST
PAL  A pocket assembly for a pool table comprising a pocket and a pocket support
      structure which is mountable in a gap between the ends of rails of a pool
      table and supports the pocket beneath the gap and adjacent a cut-out
      portion of the bed of the table. The pocket is a one-piece molded
      container having an opened end which has a stepped configuration to
      provide an upper portion having a reinforcing band and a lower portion
      having a plurality of upstanding tabs. The pocket support structure
      comprises a pocket iron with an integrally molded cover which has an upper
      surface, curved outer surface, curved and slanting inner surface, a bottom
      surface, a flange which has substantially the same curvature as the outer
      curved surface and extends downwardly from the bottom surface, and a
      shield which has a center portion and a pair of end portions. The center
      portion extends downwardly along a line equally spaced from the flange to
      provide a curved recess therebetween which receives the reinforcing band
      as the pocket is attached to the structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to a pool table pocket assembly, the
      pocket support structure and to a one-piece pocket.
PAR  In pool tables, the bed of the pool table is provided with a cut-out
      portion for each of the corner pockets and for the two side pockets. The
      rails of the pool table are cut to provide gaps adjacent each of the
      cut-out portions. A pocket assembly is then mounted in the gaps with the
      pocket positioned to receive a pool ball which falls through the cut-out
      portion and into the pocket.
PAR  The pocket assembly requires a support member which is usually made of a
      durable metal and is provided with a pair of mounting projections which
      are received in the ends of the rails forming the gap. The pocket iron is
      then covered with a cover of suitable material and the pocket is attached
      to the cover so that it is supported in the correct position to receive a
      ball knocked into the pocket. One type of cover is a leather cover of high
      quality which is stitched onto the iron and then has a pocket such as a
      leather pocket and a pocket shield attached to the cover. Due to the fact
      that leather of high quality is difficult to obtain, covers which are made
      of synthetic material have been proposed and a plastic pocket has also
      been proposed.
PAR  A synthetic cover has been proposed which is molded in one piece and is
      provided with an opening at each end for the mounting projections and
      curved flanges which extend between the openings and provides a slot for
      inserting the pocket iron. The pocket iron is then inserted into the
      molded cover and the pocket is stitched to the outer flange with the inner
      flange either acting as a shield or having a shield attached thereto. One
      difficulty with the above described synthetic pocket is that the curvature
      of the two flanges is at a smaller radius than the curvature of the outer
      surface so that the shield is not in a proper location. The second
      difficulty is that when the assembly is mounted in the gap, the curvature
      of the flanges exposes the ends of the rails unless additional material is
      stitched or attached to the covering to cover the exposed ends.
PAR  In all of the above type of pocket assemblies, the attachment of the pocket
      to the covering whether it is a sewn leather cover or a synthetic cover
      and whether the pocket is a leather pocket or a synthetic pocket requires
      numerous manipulative steps which are time consuming and add to the cost
      of the pocket assembly.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a pocket support structure, a
      one-piece pocket, and a pocket assembly which is assembled therefrom and
      is assembled with a minimum number of manipulative steps. The assembly
      when mounted in a gap of a pool table covers exposed ends of the rails and
      provides a shield having the desired contour.
PAR  To accomplish these tasks, the pocket support structure includes a pocket
      iron arm having a body portion with mounting projections extending from
      each end, and a synthetic cover integrally molded on the body portion. The
      cover has an upper surface extending between a pair of ends, an outer
      curved surface extending downward from the upper surface, an inner curved
      surface slanting downward and outwardly from the upper surface, and a
      bottom surface interconnecting the inner and outer surfaces. The cover
      includes an integral outer curved flange which extends downward from the
      bottom surface adjacent the outer surface and has substantially the same
      curved configuration as the outer surface. The cover has an integral,
      downwardly extending shield which has a center portion and a pair of end
      portions. The center portion has a curvature approximately the same as the
      curvature of the flange and extends from a line adjacent to the merger
      between the inner surface and the bottom surface and equally spaced from
      the flange to provide a curved recess between the center portion and
      flange for receiving portions of a pocket which is to be attached thereto.
      Each of the end portions extends substantially parallel to the ends of the
      cover. The pocket comprises a one-piece molded container having an opened
      upper end which has a stepped configuration providing an upper end portion
      and a lower end portion. The lower end portion has spaced upstanding tabs
      for attaching a portion of the pocket to a bed of a pool table and the
      upper end portion has a reinforcing band to provide rigidity for the
      pocket and to provide for attaching the pocket in the recess of the pocket
      support structure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of a pocket assembly according to
      the present invention installed as a corner pocket in a pool table.
PAR  FIG. 2 is a plan view with portions broken away for purposes of
      illustration of the pocket assembly of FIG. 1;
PAR  FIG. 3 is a cross section taken on line III--III of FIG. 2;
PAR  FIG. 4 is a plan view of an embodiment of the pocket assembly of the
      present invention used as a side pocket;
PAR  FIG. 5 is a cross-sectional view taken from lines V--V of FIG. 4;
PAR  FIG. 6 is a cross-sectional view taken on lines VI--VI of FIG. 5; and
PAR  FIG. 7 is a perspective view of the pocket of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The principles of the present invention are particularly useful when
      incorporated in a cover pocket assembly generally indicated at 10 in FIG.
      1 for a pool table 11 or when incorporated as a side pocket assembly
      generally indicated at 12 in FIG. 4.
PAR  The table 11 has a bed 13 which is formed of slate supported on a frame and
      covered with cloth in a quality table and formed of wood or a composition
      board and covered with cloth in the inexpensive tables. As illustrated,
      the bed is provided with a cut-out 14 (FIG. 2) at each corner and a
      cut-out 15 (FIG. 4) for the two side pockets. The table 12 also includes a
      plurality of rails 16,16 which are provided with a resilient bumper 17.
      The rails are mounted either on the bed 13 or on a support frame for the
      slate bed with free ends such as 18,18 forming a gap 19 which receives the
      pocket assembly such as 10 or the side pocket assembly 12.
PAR  The pocket assembly 10 includes a pocket 20 and a support structure 21. The
      support structure as best illustrated in FIGS. 2 and 3 has a pocket iron
      22 which has a body portion with an outer curved surface 23 and inner
      curved surface 24, and a pair of substantially flat end surfaces 25,25. As
      illustrated, the outer curved surface 23 extends through a 90.degree. arc
      so that the ends 25,25 are substantially in perpendicular planes. The
      inner curved surface 24 slopes downwardly and outwardly from a lip 26
      (FIG. 3) and has a U-shaped configuration. A mounting projection 27
      extends from each of the ends 25 which projection is received in a bore 28
      in the end of the rail 16. To maintain the iron in the desired position,
      each of the projections 27 is provided with a bore 29 which receives a
      fastening element such as a machine screw 30 (FIG. 5).
PAR  The iron 22 is provided with an integral molded cover 31 which has an upper
      surface 32 extending between a pair of ends 33, 33. The cover 31 has an
      outer curved surface 34 which extends downward from the upper surface 32
      and as illustrated in FIG. 3, extends radially outward and merges with a
      bottom surface 35. The cover 31 also includes an inner curved surface 36,
      which extends downwardly and radially outwardly to merge with the bottom
      surface and provides a downward deflecting surface to deflect any ball
      striking the inner surface in a downward direction into the pocket 20.
PAR  As best illustrated in FIG. 3, an integral curved flange 38 extends
      downward from the bottom 35 and has a curvature substantially equal to the
      curvature of the outer surface 34. The flange is adjacent to the outer
      surface 34 and set inward to provide an offset 39 which enables attachment
      of a decorative fringe 40 thereto with the fringe being substantially in
      line with the outer surface 34.
PAR  Also extending downward from the covering is an integral shield 41 which
      has a center portion 42 and a pair of end portions 43. The end portions 43
      are substantially parallel to the end 33 of the cover. The center portion
      42 of the shield 41 extends from a curved line which is adjacent a merger
      between the bottom surface 35 and the inner curved surface 36 and which
      line is equally spaced from the flange 38 to provide a recess 45 (FIG. 3)
      between the flange 38 and the center portion for receiving a portion of
      the pocket. As illustrated, the shield extends downward past a lower edge
      47 of the flange 38 and terminates in a ruffled edge 48 which has asthetic
      qualities. Each of the end portions 43 has a tab 49 projecting outward
      therefrom which tab may be shaped or cut to provide a merging joint with
      an end 17a of the bumper 17.
PAR  While the pocket 20 may be of any construction such as a sewn leather
      pocket having tabs which are received in the recess 45, preferably the
      pocket 20 (FIG. 7) is a one-piece molded synthetic pocket. As molded, the
      pocket has a container shape with a body portion 50 which is provided with
      triangular and diamond-shaped openings and extends to a closed end 51. The
      closed end is provided with a downwardly extending flange 52 that has an
      integrally molded knot 53 for decorative purposes which flange 52 and knot
      53 simulate the tied end of a leather pocket. The body portion 50 has an
      opened upper end having a step configuration with a lower portion 55 and
      an upper portion formed by an integral reinforcing band 56 with each
      portion being approximately half of a circle. The lower portion 55 has a
      plurality of spaced upstanding tabs 57 which may be bent and attached to a
      bottom surface of the bed 13 adjacent the opening 14. The reinforcing band
      56, which extends around approximately one-half of the periphery of the
      opening, provides rigidity for the pocket 20 and facilitates attachment of
      the pocket to the flange 38.
PAR  The pocket may be attached by any desirable means such as sewing to the
      flange 38 without attaching or sewing to the shield 41. Preferably, the
      pocket and the fringe 40 are attached simultaneously by a plurality of
      decorative fasteners, such as rivets 60 which coact with the fringe 40 to
      provide a decorative appearance to the outer surface of the pocket and the
      shield 41 will be free of any attachment means. Due to the configuration
      of the flange 38 and the center portion 42 of the shield, the ends 18 of
      the rails 16 are substantially covered as illustrated in FIG. 1 to give a
      highly pleasing appearance to the installed pocket assembly 10. It is also
      noted, that due to the center portion 42 of the shield 41 having the same
      curvature as the flange 38 and the outer surface 34 the corners of the
      shield adjacent the side portion 43 are disposed outward of the projection
      such as 27. While such a structure could be obtained by the leather
      coverings which were sewn with the shields, previous attempts at molded
      synthetic coverings were unable to provide the configuration of the shield
      as obtained with the integrally molded cover 31.
PAR  As mentioned, each of the pockets 20 in the upper portion have the
      reinforcing band 56 which facilitates a quick assembly such as by the
      rivets 60. Due to the continuous nature of the band 56, problems with
      positioning a portion such as a tab of the prior art pocket in the recess
      45 for alignment with the rivet 60 are eliminated and thus the time
      required to align the pocket in the recess is greatly reduced.
PAR  The pocket assembly 12 of FIGS. 4, 5 and 6 is substantially the same except
      for the configuration of the flange and the pocket iron which iron
      configuration is dictated by the fact that it is a pocket assembly for a
      side pocket. The assembly 12 uses the same pocket 20 as the corner pocket
      assembly 10 and utilizes a support structure 70 for mounting the pocket 20
      in the gap between the side rails 16,16. The support structure 70 utilizes
      a pocket iron 71 which has an outer curved surface and inner curved
      surface with the curvature of both surfaces being slightly different due
      to the fact that the gap is between two linearly extending members instead
      of at the corner. The body portion of the iron 71 is provided with
      projections 72,72 for mounting the support structure 70 in the gap and to
      ensure the proper orientation, each of the mounting projections 72 is
      provided with an aperture for receiving a pin or threaded fastener such as
      30.
PAR  The support structure 70 includes an integrally molded cover 75 which has
      an upper surface 76, an outer curved surface 77, an inner curved surface
      78 and a bottom surface 79. The curvature of both the inner and outer
      surfaces 77, 78 is substantially less due to the assembly being a side
      pocket assembly. An integrally molded flange 80 extends downwardly from
      the bottom surface and has a curvature substantially the same as the
      curvature of the outer curved surface 77. As in the previous embodiment,
      the flange 80 is adjacent to the outer curved surface and spaced inwardly
      to provide an offset; however, the flange 80 is substantially longer and
      forms an integral fringe terminating in a configured edge 81. A shield 82
      which has center portion 83 and a pair of end portions 84, is also
      integral with the cover. The center portion 83 extends downward from a
      curved line adjacent the merger of the bottom surface 79 and the inner
      curved surface 78 and which line has a curvature substantially the same as
      the flange 80 to provide a recess 85 for receiving the reinforcing band 56
      of the pocket 20. In the corner pocket, the end portions extend
      substantially parallel to the ends of the cover and are flat with the ends
      of the rail 16 to provide a good covering of any of the raw edges thereof.
      Each of the end portions may have an extending tab 90 which may be cut and
      shaped to merge with the ends of the resilient bumpers 17 to form a smooth
      throat or entrance for the pocket.
PAR  Although various minor modifications may be suggested by those versed in
      the art, it should be understood that I wish to employ within the scope of
      the patent warrented herein, all such modifications as reasonably and
      properly come within the scope of my contribution to the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pocket assembly for a pool table comprising a pocket and a pocket
      support structure mountable in a gap between the ends of rails of a pool
      table to support the pocket beneath the gap and adjacent a cut-out portion
      of a bed of a table, said support structure including a pocket iron having
      a body portion with a pair of spaced ends, each end having a mounting
      projection extending therefrom; and a synthetic cover integrally molded on
      the body portion with the projections extending therethrough, said cover
      having an upper surface extending between said pair of ends to provide a
      surface across the gap, an outer curved surface extending between said
      pair of ends and extending downward from the upper surface, an inner
      curved surface slanting downward and outwardly from the upper surface to
      deflect a ball downward, and a bottom surface interconnecting the inner
      and outer curved surfaces, said cover including an integral outer curved
      flange extending downwardly from the bottom surface adjacent the outer
      surface and having substantially the same curved configuration as the
      outer surface, and an integral, downwardly extending shield having a
      center portion and a pair of end portions, said center portion having a
      curvature approximately the same as the curvature of the flange and
      extending from a curved line adjacent to a merger between the inner and
      the bottom surfaces and equally spaced from the flange to provide a curved
      recess between the center portion and flange for receiving a portion of
      the pocket, each of said end portions of the shield extending inwardly
      from the center portion along the end of the cover, said pocket being
      joined to the cover by having portions inserted into the curved recess and
      attached to said flange.
NUM  2.
PAR  2. A pocket assembly according to claim 1, wherein the flange along its
      length is equally spaced from the outer surface to provide an inset for
      receiving fringe attached to the outer surface of the flange.
NUM  3.
PAR  3. A pocket assembly according to claim 1, wherein the center portion of
      the shield extends downward past the lower edge of the flange.
NUM  4.
PAR  4. A pocket assembly according to claim 3, wherein each of the end portions
      of the shield are provided with integral, projecting tabs for forming a
      smooth joint with the end of the bumpers which form the entrance to the
      pocket.
NUM  5.
PAR  5. A pocket assembly according to claim 4, wherein said tabs extend at an
      angle from the end portion of the shield.
NUM  6.
PAR  6. A pocket assembly according to claim 1, wherein the pocket is a single
      container of molded synthetic material having a body portion with a
      plurality of openings and an opened upper end.
NUM  7.
PAR  7. A pocket assembly according to claim 6, wherein the opened upper end has
      a step configuration providing an upper end portion and a lower end
      portion, said upper end portion terminating in an integral reinforcing
      band which is inserted in the curved recess, and said lower end portion
      having spaced, upwardly extending tabs which are adapted for attachment to
      a bottom surface of the table adjacent the cut-out portion of the bed.
NUM  8.
PAR  8. A pocket support structure adapted for supporting a pocket on a pool
      table, said support structure including a pocket iron having a body
      portion with a pair of ends and with a mounting projection extending from
      each of said ends and a synthetic cover integrally molded on the body
      portion with the projection extending therethrough, said cover having an
      upper surface extending between said pair of ends, an outer curved surface
      extending between said pair of ends and downward from the upper surface,
      an inner curved surface slanting downward and outwardly from the inner
      surface, and a bottom surface interconnecting the inner and outer
      surfaces, said cover including an integral outer curved flange extending
      downwardly from the bottom surface adjacent the outer surface and having
      substantially the same curved configuration as the outer surface and said
      cover having an integral downwardly extending shield having a center
      portion and a pair of end portions, said center portion having a curvature
      approximately the same as the curvature of the flange and extending from a
      curved line adjacent to the merger between the inner surface and the
      bottom surface and equally spaced from the flange to provide a curved
      recess between the center portion and flange for receiving portions of the
      pocket to be attached thereto, each of said end portions extending
      inwardly from the center portion along the ends of the cover.
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ABST
PAL  A practice sleeve used in connection with baseball and similar bats which
      prevents a ball struck by the bat from going any significant distance and
      improves the users swing. The sleeve is fabricated from a single sheet of
      rectangular plastic material having a pair of concentric notches cut into
      one surface the entire length of the plastic sheet. These notches are
      spaced approximately 1/2 inch apart and are spaced an equal distance from
      the longitudinal center line of the sheet. The plastic is then folded
      about the notches to form a substantially V-shaped troughed sleeve having
      a 1/2 inch blunted ball hitting surface. The sleeve is then provided with
      shock cords, transversly attached thereto, for holding the sleeve on a
      bat.
BSUM
PAR  This invention relates to practice sleeves and more particularly to a
      practice sleeve described and defined in my application assigned U.S. Pat.
      No. 3,833,217 and having a filing date of Sept. 3, 1974.
PAR  In making use of the practice sleeve described in my previous invention it
      was found desirable to use shock cord almost exclusively for attaching the
      sleeve to the bat. It has also been found that 3 shock cords, one at each
      of the extreme ends sleeve and one at the middle of the sleeve. It was
      also discovered that a slot cut in the sleeve would permit one of the
      shock cords to be removed at one end rather easily. By installing the
      sleeve over the bat and looping that shock cord about the bat and then
      inserting it in the slotted end a very tight connection was made which
      prevented the sleeve from moving about the bat even after numerous hours
      of use and significant impact by rather powerful batters.
PAR  Younger batters especially those in such activities as the Little League
      benefit a great deal by the use of the practice sleeve. However, in order
      to encourage the young batter to improve his swing, it has been found
      desirable to have a 5/8 inch blunted edge along the "V" shaped tip as an
      optimum size. This makes the batter more enthusiastic because it
      encourages him to hit the ball in a straight level plane.
PAR  Therefore, the object of the present invention is to provide an improved
      practice sleeve having one shock cord permantly affixed at one end and
      long enough completely encircling the bat at least once and be reaffixed
      at the slotted end.
PAR  Another object of the present invention is to provide an improved practice
      sleeve which has a blunted tip of approximately 1/2 inch its entire
      length.
PAR  Another object of the present invention is to provide an improved practice
      sleeve having three shock cords holding it against the bat.
DRWD
PAR  Other objects, features and advantages of the present invention will be
      better understood from the attached detailed specification, when read in
      conjunction with the attached drawings of which:
PAR  FIG. 1 is the improved practice sleeve.
PAR  FIG. 2 is an end view of the practice sleeve.
PAR  FIG. 3 shows the practice sleeve installed on a bat.
PAR  FIG. 4 shows the slotted corner of the sleeve.
DETD
PAR  Referring now the FIG. 1, we see the practice sleeve. The improved practice
      sleeve 11 has 3 shock cords 15, 17, and 13 to connect it or attach it to a
      bat. We also note a surface in the inside 12. We also note notches 17 and
      18 in the plastic material. We take note of a slotted opening for
      connecting one end of shock cord 13.
PAR  Referring to FIG. 2 we see the end view of the practice sleeve. Here we
      note as a result of slots 17 and 18, we have two sloping surfaces 22 and
      20, and which presents a blunted "V" shaped tip 21. The optimum size of
      the blunted edge is 5/8 of an inch.
PAR  In practice the sleeve is fabricated from a single sheet of plastic cut out
      as a rectangular strip. Holes 25, 24, 26, 27, 28 and 16 are drilled into
      the plastic along the outside edge to receive the shock cords. Notches 17
      and 18 are cut into the plastic and extend the length of the plastic
      sheet. These slots that are cut into the plastic are approximately 5/8
      inch apart and are centered in the plastic strip running the entire length
      of it. The plastic can be folded along the slots to form the sloping
      surfaces 20 and 22. The depth of slots 17 and 18 is approximately 25% of
      the sheet thickness making it easy to bend. As a result of the bend about
      these slots, a 1/2 inch surface is presented for the batter to hit the
      ball. By having a larger surface younger baseball players, particularly
      those in Little League will be able to practice and improve their swing
      without getting unduly discouraged. The larger surface enables the young
      batter to hit the ball more often. By his hitting the ball more often he
      becomes more enthusiastic with his success and therefore practices more
      diligently. It is contemplated that a number of practice sleeves can be
      produced that have varying size tips gradually getting smaller and smaller
      as the batter improves. In the first instance with younger batters it is
      recommended and has been found optimum to provide a surface of
      approximately 5/8 inch in width that runs the entire length of the
      practice sleeve.
PAR  Hole 16 in sloping surface 22 is not connected to the shock cord 13 in FIG.
      1. When the sleeve 11 is slid over the bat such that shock cords 15 and 14
      slide onto the top end of the bat, and then by means of a slot 40 (to be
      described later) the cord is then slipped into hole 16 holding the
      practice sleeve tightly against the bat and firmly in place.
PAR  As the swinger swings the bat and strikes the sleeve against various balls
      the centrifugal force on the sleeve cannot cause the sleeve to be removed
      from the bat. The shock cord being wrapped about the bat provides
      additional contact with the bat and holds the sleeve in place even while
      the sleeve is undergoing considerable forces. By wrapping the shock cord
      around the bat at least once it is assured that the sleeve will not
      separate from the bat regardless of usage.
PAR  Referring now to FIG. 4 we see a sectional view of the sleeve where slot 40
      and hole 16 are noted. When the sleeve is placed around the bat and shock
      cord 13 is wrapped at least once around the bat the corner 42 is bent away
      from the surface 43 such that the cord can slip down the slot 40, into
      hole 16. It is to be noted that the slot 40 is at an angle away from
      corner 42. The reason for having the slope away from that direction is to
      enable the cord to remain in place because the centrifugal force on this
      sleeve is in the opposite direction to the slope.
PAR  Although I have described my invention with reference to specific
      apparatus, it is to be clearly understood that those skilled in the art
      may make many substitutions and variations without departing from its true
      scope and spirit, accordingly, I only wish to be limited by the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved practice sleeve in combination with a conventional baseball
      bat comprising,
PA1  a strip of yieldable plastic having two concentric slots running the entire
      length of the strip, said slots having a preselected debth and separated
      approximate 1/2 inch apart (a preselected distance centrally located)
      whereby the strip can be bent about the slots forming a three sided
      substantially V-shaped trough, the area between said slots defined by said
      1/2 inch separation being a blunted tip of said sleeve; and
PA1  a plurality of shock cords, each of said cords being transversely attached
      across the trough opening of said sleeve at a point therealong for
      removably securing said sleeve to said bat, a portion of the large end of
      said bat being enclosed between the walls and shock cords; one of said
      shock cords having one of its ends permanently affixed to said sleeve and
      its other end being extended around said bat before being removably
      attached to said sleeve at a point remote from said one affixed end.
NUM  2.
PAR  2. A practice sleeve according to claim 1 wherein said shock cords number
      at least three.
NUM  3.
PAR  3. A practice sleeve according to claim 2 wherein said other end of said
      cord is knotted and said sleeve is provided with a hole in one of its
      sloping sides; a through slot extending from said hole to the edge of said
      sloping side being provided for receiving said cord for movement from said
      edge to said hole, said knot being larger than the diameter of said hole
      to facilitate anchoring said one end of said shock cord to said sloping
      side.
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ABST
PAL  A police club having at the base of the handle grip a radially protruding
      circumferential shoulder for suspending the club in the carrying ring of
      an officer's belt for preventing objects sliding down the club from
      hitting the officer's hand and for preventing the club from slipping in
      the officer's hand when jabbing.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The conventional police club is a smooth polished cylindrical stick with a
      knurled hand grip at one end and is provided with a leather carrying thong
      which is attached at the base of the hand grip by a wrap around sling or
      stirrup. A carrying ring fastened to the officer's belt is provided for
      receiving the stick when not being held in the hand and the wrap around is
      relied upon to hold the stick suspended in the ring; hence, if the sling
      is not secure the club may slip through the ring. Moreover, since the club
      is of substantially uniform diameter from end to end there is no means for
      protecting the officer's hand from an object sliding down the club from
      hitting the officer's hand, nor is there any means to prevent the
      officer's hand from slipping along the club, except for the knurling when
      employed in jabbing techniques. It is the purpose of this invention to
      provide an improved club providing means which will insure suspension in
      the carrying ring, which will provide a hand guard and which will enable
      delivering the maximum trust in use.
PAC  SUMMARY
PAR  A police club comprising an elongate stick of circular cross section, a
      hand grip at one end and an annular radially protruding shoulder at the
      base of the hand grip by means of which the club may be suspended in a
      carrying ring secured to the officer's belt. A flexible carrying thong is
      wrapped about the base of the hand grip above the shoulder. The shoulder
      is constituted by an annular ring set into an annular groove at the base
      of the hand grip. The ring has an outside diameter greater than that of
      the stick and an inside diameter less than that of the stick and maybe an
      endless band comprised of expandable material which may be expanded over
      the larger diameter of the club and slid therealong into the groove or
      split band which may be expanded over the larger diameter of the club and
      slid along into the groove. The groove is of substantially rectangular
      cross section and has spaced parallel side walls which are perpendicular
      to the axis of the stick and the band has flat spaced parallel annular
      surfaces the distance between which corresponds to the distance between
      walls of the grooves so that the band fits snugly into the groove. The
      stick is comprised of a high impact extruded polymeric material, such as
      polystyrene and the band may be comprised of the same or different
      material, as for example, metal.
DRWD
PAR  The invention will now be described in greated detail with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 is a plan view of a police club broken away in part showing the hand
      grip portion, a thong with a sling disposed about the base of the hand
      grip and the band for preventing the club from slipping through the belt
      carrying ring;
PAR  FIG. 2 is a view similar to FIG. 1 with a portion in section, with the
      thong removed and the band ommited;
PAR  FIG. 3 is a plan view of a split band;
PAR  FIG. 4 is a fragmentary section of the split band taken on the line 4--4 in
      FIG. 3; and
PAR  FIG. 5 is a fragmentary plan view of an endless band.
DETD
PAR  Referring to the drawings the police club comprises an elongate stick (10)
      of circular cross section having a hand grip portion (12) and a club
      portion (14). At the base of the hand grip portion (12) there is an
      annular groove (16) of substantially rectangular cross section having
      spaced parallel radially extending side walls (18--18) and a bottom wall
      (20).
PAR  A band (24) of elastically extendable material is sprung into the groove
      (16). This band has a diameter which is greater than the diameter of the
      club so that when sprung into the groove it forms all the way around the
      stick a radially protruding shoulder (26) by means of which the club may
      be carried suspended in a carrying ring fastened to the officer's belt. A
      carrying thong (30) is secured to the club at the base of the hand grip
      above the band (24) by a wrap around sling (28).
PAR  The band (24) has an inside diameter which is less than the diameter of the
      stick. In one form the band is endless, FIG. 5, and is comprised of
      material sufficiently elastic to enable it to be expanded over the larger
      diameter of the stick and to be slid therealong into the groove.
      Alternatively, the band may be split, FIGS. 3 and 4 so that it may be
      expanded over the larger diameter of the stick and slid therealong into
      the groove. The axial thickness of the band corresponds substantially to
      the width of the groove and it has spaced parallel annular faces which are
      perpendicular to its axis for snugly fitting into the groove. The outer
      side of the band is arcuate to provide a smooth surface and its edges are
      rounded.
PAR  When employing a split band the bottom of the groove (16) may contain an
      annular kerf (32) and the inner side of the band a rib (37) for seating in
      the kerf. When employing an endless band the kerf (32) at the bottom of
      the groove (20) at the rib (37) at the inner side of the band (24) are
      omitted.
PAR  The club is made of a high impact extruded polymeric such as polystyrene
      and has a smooth glossy surface which is especially slick and slippery and
      so it is especially necessary to provide a band to prevent the sling from
      slipping off the hand grip and the club in turn slipping through the
      carrying ring on the belt. The band may be made of a polymeric material
      which provides the elasticity necessary to hold it locked in the groove or
      of a suitable metal, and should be tough and hard enough to withstand a
      heavy blow and to provide a hand guard. The stick as previously mentioned
      is extruded by a special process which insures that it is free of any
      voids which might cause it to break or shatter and in order to preserve
      its integrity the bottoms of the groove and the kerf are filletted so as
      not to be the starting source of cracks. The mating sides of the band and
      rib are correspondingly rounded.
PAR  It should be understood that the present disclosures are for the purpose of
      illustration only and that this invention includes all modifications and
      equivalents falling within the scope of the appended claim.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combination of a police club, abutment ring and carrying thong,
      wherein the club comprises an elongate stick of extruded high impact
      polymer having a uniformly continuous circular cross section with a hand
      grip portion at one end, said stick having at the base of the hang grip
      portion annular grooves of two widths and two diameters, the first groove
      being axially wider than the second and the second groove radially deeper
      than the first and arranged symmetrically at the bottom of the first, said
      first and second grooves having a flat bottom wall and parallel radially
      extending side walls, said abutment ring being comprised of high impact
      elastically extendable polymer mounted on the club in engagement with the
      grooves, said ring having portions of lesser and greater diameter than the
      diameter of the stick, said portion of lesser diameter being of a width,
      depth and of a corresponding configuration to fit into said first groove
      and having an inwardly extending rib of a width, depth and of a
      corresponding configuration to fit into said second groove, said portions
      of lesser diameter and rib locking the ring to the club against movement
      longitudinally thereon at the base of the handle and said part of greater
      diameter projecting from the surface of the stick and having right
      angularly disposed flat annular circular surfaces providing radially
      extending shoulders and said thong being mounted to the club at the base
      of the handle portion at the proximal side of the ring with respect to the
      handle portion and embodying an annular loop constricted about the club at
      the base of the handle with an edge in engagement with the shoulder at
      that side and being of lesser thickness than the radial width of the
      shoulder.
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ABST
PAL  A box like projectile catching device is provided with a front wall of
      translucent material located at an angle to the horizontal plane so as to
      deflect the projectiles. A light bulb is fitted inside the box and will
      illuminate the back face of a target fitted in front of the box, whereby
      hits made in the target may be observed by the shooter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention refers to a target suitable for use with air rifles
      or other short distance weapons. Such targets are usually provided with
      means for preventing the ricocheting of the projectiles and to retrieve
      the same.
PAR  The aim of the present invention is to facilitate for the shooter to
      control the location of the hits during the firing of a series. With many
      short distance shooting galleries the target holder is mounted upon an
      endless track, so it is possible for the shooter to haul the target back
      to the stand on each occasion when it is desirable to control the hits. A
      simple arrangement for training a single shooter may include a fixed
      target, and here the shooter will have to walk up to the target each time
      he wants to look at the results.
PAR  Both manners are tedious and will of necessity impair the concentration of
      the shooter.
PAC  SUMMARY OF THE INVENTION
PAR  A projectile catching means of the ordinary type includes a box like
      structure having a bottom and front, back and side members, the front
      member being arranged at an angle of about 60.degree. to the horizontal
      plane, whereby the projectiles are deflected and prevented from
      ricocheting back against the target.
PAR  According to the invention the possibilities of controlling the location of
      the hits from the stand is highly improved when the front member is made
      of tanslucent material, and at least one source of light is fitted within
      the box like structure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view, partly in section, of a combined target
      holder and projectile catching device,
PAR  FIG. 2 shows, on a reduced scale a vertical section through the device
      according to FIG. 1,
PAR  FIG. 3 shows a modified embodiment of the device, and
PAR  FIG. 4 shows a device suitable for use with a movable target holder.
DETD
PAC  DESCRIPTION OF SOME PREFERRED EMBODIMENTS
PAR  The target holder and projectile catching device shown in FIGS. 1 and 2
      includes a box like structure comprising a bottom 10, two side members 11
      and 12 and a back member 13. These components may be made of wood, sheet
      metal, plastics or other suitable material. The inwardly turned surfaces
      of these components may be painted or treated in any other suitable way so
      as to reflect light.
PAR  The front member 14, which is fitted inside of the side members 11 and 12,
      is made of a translucent material, preferably a safety glass, for instance
      of the type marketed under the trade name MAKROLON, and is located at an
      angle of about 60.degree. to the bottom or the box structure, said bottom
      being, in use, substantially horizontal. Projectiles passing through a
      target fitted in the holder will be deflected downwards and will then not
      bounce back and make further holes in the target.
PAR  In the present embodiment the device is adapted for use with air rifles and
      the thickness of the glass is selected with respect to the impact force of
      bullets from such rifles. With miniature rifles the glass would have to be
      thicker, or be provided with reinforcements.
PAR  Vertical grooves 15 are provided along the front edges of side members 11,
      12, into which grooves a cardboard target may be fitted. In this
      embodiment the target holder and the projectile catcher form one unit.
PAR  A target often used with short distance shooting consists of a square piece
      of cardboard provided with five marks, each being a black spot surrounded
      by rings, one such mark being located centrally in the target and the
      others being located adjacent to each corner thereof.
PAR  A series may comprise one or more rounds against each mark and it is
      advantageous if the shooter, between each round can control the location
      of the hit. This is, according to the invention, made possible by fitting
      a light bulb 16, or some other source of light inside the box structure,
      behind its front member. The bulb will illuminate the back face of the
      target through the front member 14, and a hole made by a projectile will
      immediately appear. At least hits made within the black marks will be
      easily observed from the stand.
PAR  The modified embodiment according to FIG. 3 corresponds substantially to
      that according to the one above described, but the bottom 10 is provided
      with a projectile retriever 17, which is connected to a removing means 18.
PAR  The embodiment according to FIG. 4 is adapted for shooting galleries, where
      the target 19 is mounted in a holder 20 connected to an endless track 21.
      This runs over two sheaves, of which only one, 22, is shown in the
      drawing. By means of a crank (not shown) the target may be transported
      forwards and backwards between the shooting stand and the projectile
      catcher, which is fitted at a suitable distance from the stand. This
      arrangement is of conventional design, and the invention means that it now
      will be necessary to wind the target holder back to the stand for
      substitution of the target only, but not several times for control.
PAR  The projectile catcher is of basically the same type as described above.
      The bottom 10a, however, only extends to the lower edge of the front
      member 14, and the side members 11a and 12a, do only extend to the side
      edges thereof. The bottom member may of course also be formed as a
      projectile retriever as shown in FIG. 3, and in all embodiments a
      removable lid may be fitted which further concentrates the light emitted
      by the bulb. Some of the wall mebers for instance the side and the back
      member, or the lid, back and bottom members, may be formed integral as an
      arcshaped component, to act as a reflector.
PAR  The sheave 22 must not necessarily be mounted at the box structure, but may
      be fitted at a post carrying the box structure separately.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A shooting target for use with air rifles or other short distance
      weapons comprising a box like structure which comprises a bottom member
      having a front edge and a back edge and a pair of spaced side edges
      extending between the front and back edges, a back member extending
      upwardly from the back edge of said bottom member, a pair of side members
      each extending upwardly from one of the side edges of said bottom member
      and a front member extending upwardly from said bottom member spaced from
      said back member and extending laterally between said side members, said
      front member disposed at an angle of about 60.degree. to said bottom
      member with the surface of said front member facing away from said back
      member forming an acute angle with said bottom member, said front member
      being formed of a translucent material, a source of light located within
      said box like structure between said front and back members and
      intermediate said bottom member and the upper end of said front member,
      means for holding a target in alignment with said front and back members
      and located on the opposite side of said front member from said back
      member so that the light from said source of light passes through said
      front member and is directed on the surface of the target facing said
      front member while projectiles passing through the target strike said
      front member and are directed toward said bottom member by the sloping
      arrangement of said front member, and the translucent material of said
      front member having a strength sufficient to withstand the impact of
      projectiles of the type used in air rifles or other short distance weapons
      as the projectiles pass through the target.
NUM  2.
PAR  2. A shooting target, as set forth in claim 1, wherein said means for
      holding a target comprises portions of said side members extending from
      said front member on the opposite side thereof from said back member and
      grooves formed in the portions of said side members with the grooves
      extending upwardly from said bottom member for holding a target therein.
NUM  3.
PAR  3. A shooting target, as set forth in claim 1, wherein said means for
      holding a target comprises a holder spaced from said box like structure
      and located on the opposite side of said front member from said back
      member.
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PAL  A curling stone handle of one piece construction contoured to conform with
      the contour of the face of existing curling stones combined with a ribbed
      washer of plastic oriented interiorly of the cupped area only in the
      curling stone and a bolt extending through the curling stone and securing
      the handle and washer in place with the bolt including a head that will
      fit any curling stone recess and provided with a polygonal depression for
      receiving a wrench to facilitate assembly and disassembly of the handle,
      washer and bolt with respect to the curling stone. The washer is formed
      having a central bore and a plurality of radially extending ribs extending
      from the bore to the periphery of the washer. The ribs are provided with a
      flat side surface and a convex opposite curved surface, both surfaces
      extending substantially perpendicular from one flat side of the washer.
      The washer is placed between the curling stone and handle and having the
      ribs facing downward in contact with the curling stone. When the bolt is
      tightened to secure the handle to the curling stone the ribs will fold and
      be compressed to prevent relative movement between the handle and curling
      stone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to curling stone handles and more
      particularly to a one piece handle having a plate-like structure
      conforming with the contour of the curling stone, a ribbed plastic washer
      oriented only in the cup-shaped recess in the curling stone and a
      fastening bolt having a polygonal structure for receiving a wrench to
      enable assembly and disassembly of the handle and curling stone.
PAR  2. Description of the Prior Art
PAR  Curling stones have been in existence for many years and one of the
      problems encountered has been the provision of a handle on the curling
      stone for enabling it to be securely locked to the stone but yet easily
      assembled and disassembled. Most, if not all curling stones are quarried
      and finished in Britain and are of a particular type of granite and weigh
      approximately 40 pounds. Each stone is generally circular, from 5 to 51/2
      inches high and of a diameter of 101/2 to 11 inches and includes a shallow
      cup or recess of approximately 5 inches in diameter on the top and bottom
      so that the stone may be turned over without regrinding the surface
      contact area. When the stone is turned over so that both surfaces may be
      used as the ice contact area before regrinding, the handle must be
      reversed in relation to the stone. Conventionally, curling stone handles
      have had a relatively small diameter metal plate to which a horizontal
      handle is rigidly affixed. An anchor bolt extends through a central hole
      in the curling stone and a leather washer is positioned between the plate
      and upper surface of the stone. The anchor bolt is provided with a
      pyramidal lower end which engages a recess in the stone around the central
      through hole to prevent the bolt from turning thereby enabling the handle
      to be tightened onto the stone by rotation of the handle. Due to the
      normal forces encountered, handles frequently become loosened and in order
      to tighten the conventional gooseneck handle, a rubber mallet is sometimes
      used to strike the handle or in other instances a slotted wood member is
      used to fit over the handle for rotation of the same.
PAR  U.S. Pat. No. 3,507,498, issued Apr. 21, 1970 discloses a plastic handle
      attached to a curling stone by a through bolt provided with a conical
      lower end and the base plate of the handle is provided with a depending
      peripheral flange resiliently engageable with the upper surface of the
      curling stone with the depending flange defining a plenum between the
      underside of the plate and the upper surface of the stone. In use, this
      plenum has been found to produce an echo sound when the stones contact
      each other and in the event the stone has a shallow cup, the central
      depression will engage the shallow cup prior to the flange frictionally
      engaging the top surface of the stone. The handle disclosed in this patent
      has not solved the problem of securely fastening a curling stone handle to
      the curling stone in a manner which enables the handle to be quickly and
      easily disassembled and reassembled in relation to the stone. Keeping this
      handle tight is very difficult as it depends entirely on the peripheral
      plastic flange frictionally engaging polished granite, which it does
      poorly. Excessive force used in tightening leads to plastic fracture.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a curling stone handle
      incorporating three components, namely, a plate contoured to closely fit
      the upper surface of the curling stone and a gooseneck handle of unitary
      construction, a ribbed washer interposed between the plate and the cup
      depression in the upper surface of the stone and a retaining bolt
      extending through a central hole in the stone with the retaining bolt
      having a conical head on the lower end thereof with the conical head
      including a polygonal depression in its face to receive a wrench to
      facilitate threading of the screw bolt into a depending ferrule on the
      center of the contoured plate so that the plate, in effect, becomes
      intimately engaged with a substantial portion of the upper surface for not
      only securely locking the handle in place but also eliminating hollow air
      spaces which could produce echoes or other objectionable sounds.
PAR  A further object of the invention is to provide a curling stone handle in
      accordance with the preceding objects in which the handle is assembled by
      rotating the bolt rather than rotating the handle with the bolt being held
      stationary by its pyramidal head. This not only reduces the time required
      for disassembly and assembly of the handle but also enables the base plate
      of the handle and ribbed washer to be securely clamped without relative
      rotation between these components and the curling stone.
PAR  A further object of the invention is to provide a curling stone handle in
      accordance with the preceding objects in which the handle base plate is
      self-centering due to its contour which conforms with the contour of the
      stone.
PAR  Still another object of the invention is to provide a curling stone handle
      in which the plastic washer is provided with radiating ribs located
      primarily in the central portion of the washer with the ribs on the washer
      being only on the surface of the washer which engages the stone with the
      flat upper surface of the washer contacting the undersurface of the
      handle. The ribs are curved on one surface and flat on the other and are
      adapted to be compressed and fill any dead space in the cup area with the
      ribs, when compressed, folding over to provide an anti-rotation effect
      thus more securely locking the handle to prevent loosening thereof.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a curling stone and handle.
PAR  FIG. 2 is a vertical, sectional view taken substantially upon a plane
      passing along section line 2--2 of FIG. 1.
PAR  FIG. 3 is a fragmental view of the embedded ferrule in the base of the
      handle.
PAR  FIG. 4 is an exploded group perspective view illustrating the three
      components of the curling stone handle of the present invention.
PAR  FIG. 5 is a detailed sectional view taken along section line 5--5 on FIG.
      4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The curling stone handle is generally designated by reference numeral 10
      and is illustrated in association with a conventional curling stone 12 and
      is secured thereto by a novel and unique washer generally designated by
      the numeral 14 and a novel and unique center bolt generally designated by
      the numeral 16. The curling stone or rock 12 is of conventional
      construction and conforms with conventional size and weight limitations
      with the usually provided cup-shaped recess or depression 13 in both the
      top and bottom surface. A through hole 15 is disposed centrally of the
      curling stone 12 with both ends of the through hole 15 being slightly
      flared outwardly as at 18. The curling stone 12 is completely conventional
      in construction and may be a newly manufactured stone of any suitable
      granite or it may be an old stone inasmuch as the handle 10, washer 14 and
      bolt 16 may be installed on conventional existing curling stones or newly
      manufactured curling stones with equal facility.
PAR  The handle 10 includes a circular plate 20 having a peripheral edge portion
      22 which curves downwardly and conforms closely to the corresponding
      curved surface area of the curling stone 12 as illustrated in FIG. 2. At
      one side of the plate 20, an upstanding gooseneck handle 24 is provided
      which extends into and is of unitary construction with a generally
      horizontal handle 26 which overlies the plate 20 in spaced relation and
      substantially parallel relation thereto with the length of the handle 26
      being less than the plate 20 so that the curling stone will be properly
      balanced when the horizontal handle is used to use the stone in a
      conventional manner. The hollow interior 28 of the gooseneck handle 24 is
      provided with a vertical reinforcing rib 30 to rigidify the horizontal
      handle in relation to the plate 20. The plate 20, its peripheral portion
      22, the gooseneck handle 24 and the horizontal handle 26 are all
      constructed of one piece plastic. Plastic, such as "Lexan 500" or other
      polycarbonate glass-filled resins have sufficient strength and are not
      affected by severe heat or cold or instant change in temperature thus
      eliminating possible damage due to temperature changes and it has been
      found that this material will not fracture even when unusual forces are
      encountered.
PAR  Centrally of the plate 20 and in alignment with the through hole 15, the
      handle 10 includes an inserted ferrule 32 of internally threaded
      cylindrical construction. The ferrule 32 includes a hexagonal head 34 in
      the form of a plate which is embedded in the plate 20 of the handle 10.
      Where the ferrule 32 and the head 34 are received in the plate, the plate
      20 includes a depending cylindrical flange 36 which surrounds a portion of
      the upper end portion of the ferrule 32 as illustrated in FIG. 2 thus
      rigidly affixing the ferrule 32 to the plate 20 so that an integral
      construction is formed.
PAR  The through bolt 16 includes an elongated shank 38 having a threaded end
      portion 40 and a conical head 42. The flat outer surface of the conical
      head 42 is provided with a hexagonal recess or depression 44 for
      telescopically receiving the end of an Allen wrench so that the bolt 16
      may be rotated for threading the threaded end 40 thereof into the
      internally threaded ferrule 32 with the conical head 42 of the bolt 16
      engaging the recess 18 for centering the bolt 16 and pulling the plate 20
      downwardly into engagement with the stone 12 without the necessity of
      rotating the handle 10. As illustrated in FIG. 2, the external diameter of
      the ferrule 32 is such that it is closely received in the through hole 15
      thus further serving to center the handle 10 in relation to the curling
      stone 12.
PAR  The washer 14 is in the form of a circular disc 46 having a central hole 48
      therein which is received on the depending flange 36. The upper surface 50
      of the washer 14 is substantially flat and tapers downwardly at its
      periphery as indicated by numeral 52. The undersurface 54 of the washer is
      slightly thicker centrally then at the periphery and generally conforms to
      the cup depression 13. The undersurface 54 is provided with depending ribs
      56 and 58 with the ribs 58 extending substantially to the center hole and
      the ribs 56 being disposed outwardly from the center hole in radially
      spaced relation thereto and disposed between adjacent ribs 58. As
      illustrated in FIG. 5, each of the ribs is provided with a convexly curved
      surface 60 and a flat  surface 62 so that when the washer 14 is compressed
      between the plate 20 and the cup-shaped depression 13 in the stone 12, the
      ribs 56 and 58 fold over thus creating an anti-rotation or anti-torque
      effect thereby preventing rotation of the handle 10 in relation to the
      stone 12 when the bolt 16 is tightened. The ribs are located in the
      central portion of the washer and the flattened or tapered peripheral
      portion 52 provides for the washer to be accurately fitted to the
      depressed cup 13 inasmuch as the washer periphery can be cut down to the
      necessary size to fit within the shallow cupped stones. The washer is
      constructed of plastics such as an ethylvinyl acetate and may be
      approximately 45/8 inches in diameter and fits only into the cup and does
      not extend all the way to the edge of the plate 20 so that the curved
      portion 22 of the plate 20 will intimately contact the contour of the
      curling stone 12.
PAR  The upper surface of the plate is provided with a plurality of recesses 64
      receiving decals 66 which are substantially flush with the surface. These
      decals may be oriented between the gooseneck handle portion 24 and the
      adjacent peripheral edge of the curved portion 22 and may include
      numerical indicia or the like and may also be oriented at the two opposite
      sides of the handle 10. The handle 10 may be colored any suitable and
      distinguishable color to provide identification for spectators, television
      viewers and the like. With the particular construction of the handle 10
      and the washer 14, there is virtually no dead space between the handle and
      the stone surface and therefore, the device is virtually noise-free and
      does not produce a loud clacking or echo when there is a stone-to-stone
      contact. The upper surface of the washer and bottom surface of the handle
      frictionally engage with great resistance to relative rotation due partly
      to compression and partly to the ethylvinyl acetate material which
      effectively grips the polycarbonate glass-filled resin from which the
      plate 20 is constructed.
PAR  The bolt head 42 will fit all stones and is of steel, zinc-plated
      construction thus eliminating brass-to-brass threading inasmuch as the
      ferrule 32 is brass. When a brass bolt and a brass insert is used, severe
      binding occurs due to metal fatigue which is reduced or eliminated by
      using a steel bolt engaged with the brass ferrule. With this construction
      where the bolt is rotated and the handle and washer remain stationary, the
      assembly or disassembly operation can be quite rapidly performed and the
      compression of the washer and intimate contact between the bottom surface
      of the plate and the stone occurs without rotation of either component
      thereby providing a connection between the handle, washer and stone which
      resists rotation and thus resists loosening of the handle.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination, a curling stone having a center hole and a shallow
      cup-shaped recess in the upper and lower surfaces thereof, and a handle
      therefor comprising a generally circular plate having a downwardly curved
      peripheral edge and a gooseneck handle extending upwardly from an edge
      portion thereof, said plate closely conforming with and engaging the upper
      surface of the stone, rotatable fastening means connected with the central
      portion of the plate and extending into the center hole of the stone, and
      a washer of resilient material having a central bore interposed between
      the plate and the cup-shaped recess in the stone for frictionally engaging
      the stone and plate when compressed by actuating the fastening means while
      maintaining the handle non-rotative in relation to the stone, said washer
      being disposed solely in the cup-shaped recess in the stone and including
      compressible rib means thereon for resisting relative rotation between the
      stone and plate, said rib means including a plurality of ribs extending
      radially from said bore on only one side of the washer, said ribs having
      one flat side surface and a convexly curved opposite side surface for
      folding when the washer is compressed whereby the folded and compressed
      ribs will prevent rotation between the washer and curling stone.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein said fastening means
      includes an internally threaded insert rigid with the plate, a bolt
      extending through the center hole in the curling stone and including an
      enlarged head end and a threaded shank portion engaging the insert, and
      means on the headed end of the bolt for receiving a wrench to enable the
      bolt to be rotated to pull the plate into conforming engagement with the
      curved stone and compress the washer between the plate and stone.
NUM  3.
PAR  3. The structure as defined in claim 2 wherein said means on the headed end
      of the bolt includes a polygonal recess in the flat outer end of the
      headed end of the bolt, said headed end of the bolt being in the form of a
      conical member.
NUM  4.
PAR  4. The structure as defined in claim 1 wherein said washer includes a
      tapered peripheral edge conforming to the diameter of the cup-shaped
      recess, said washer being thicker centrally and provided with a flat upper
      surface and a slightly tapering undersurface from the center toward the
      periphery and tapering more sharply at the periphery.
NUM  5.
PAR  5. The structure as defined in claim 1 wherein said plurality of radially
      extending ribs includes a first group of said ribs extending substantially
      to said center bore and a second group of said ribs being disposed
      radially outwardly a greater distance from said bore than said first group
      and disposed between adjacent ribs of the first group.
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ABST
PAL  A board golf game shows a typical golf course including the shape and
      layout of the holes with both natural and artificial hazards so as to
      exactly duplicate conditions encountered on the golf course. Playing
      pieces are moved to one of differently positioned, non-aligned, and marked
      yardage points which give the exact lie of the ball.
PAL  Dice, simulating clubs, and having different yardage values representing
      frequency and range of a given golf club, are selected and cast to obtain
      the yardage made by the stroke. This yardage is added to the previous
      yardage point value to determine total yardage and the corresponding
      yardage point to which the playing piece is to be moved.
PAL  Yardage points are also located at typical ball locations on the course,
      including hazards such as water and traps, to closely duplicate playing
      conditions. Instructions on the board and two sets of trap cards give a
      variety of possible recovery shots which can be expected.
PAL  A putting die gives the number of putts required to sink the ball after it
      lands on the green.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to a board-type golf game.
PAR  Many types of board golf games have been suggested in the past to duplicate
      the game of golf as played on a typical course. However, the previous
      games have lacked the simple and uncomplicated playing techniques
      necessary to hold player interest and simultaneously present to the
      players the many different types of situations actually encountered on the
      golf course.
PAR  More recently, several games, such as suggested in U.S. Pat. Nos. 3,658,339
      and 3,826,498, respectively issued to Boileau and Monek, have been
      suggested, but these games only simplify play to some extent, and fail to
      present to the board player the actual playing situations encountered on
      the course. They also fail to require judgment of line of play, as on a
      regular course, or to provide the chance and variety of shots necessary to
      hold player interest.
PAC  SUMMARY OF INVENTION
PAR  Accordingly, one of the primary features of the subject golf game is to
      provide a simple, uncluttered, readily playable board golf game which more
      closely duplicates the actual play of a conventional game than heretofore
      proposed.
PAR  More complete golf course representation, and use of yardage points on the
      course, quickly spot the ball in the exact position on the course and
      permit the player to exactly size up the situation and make a judgment as
      to the desired line of play.
PAR  A feature of this invention involves the correlation of yardage point
      location and its yardage with the normally expected yardage distance
      determined from a given club under ordinary playing conditions.
PAR  Another feature of this invention is the use of dice representing certain
      golf clubs to obtain the desired yardage, the values on the dice being
      such that the yardage values obtained correspond to what could be expected
      by the use of such clubs on a regular golf course.
PAR  A further feature of this game is the correlation of the course layout and
      club selection so that a simple readily playable game is obtained which
      duplicates problems encountered on the golf course and requires golfer
      judgment and club selection dependent upon the lie of the ball and
      conditions of that particular hole.
PAR  A further feature is the use of sets of cards which introduce a variety of
      different recovery shots when the player's ball lands in a trap, such
      cards giving fairly typical results of the shot from the trap.
PAR  Use of both club dice and cards provides a fast moving and variable manner
      of moving the ball from the tee to the green under conditions resembling
      actual play which is uncomplicated and rapid, yet provides a wide number
      of golf shots exactly as could be anticipated in normal play on a regular
      course.
PAR  A putter die showing the number of putts required to sink the ball after it
      lands on the green, and numbered in accordance with average experience,
      expedites play on the green.
PAR  The combination of all of the above features results in a simple playable
      game in which golfers and non-golfers, and young and old can participate
      with equal interest and enthusiasm.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the game board.
PAR  FIG. 2 is a perspective view of a pair of dice which represent the driving
      club.
PAR  FIG. 3 is a perspective view of a pair of dice which represent an iron.
PAR  FIG. 4 is a perspective view of a pair of dice which represent a wedge
      club.
PAR  FIG. 5 is a perspective view of the die which represents the putter.
PAR  FIG. 6 shows a type of token which is moved along the game board by the
      player.
PAR  FIG. 7 is a perspective view of the set of fairway trap cards and which
      shows several of the cards.
PAR  FIG. 8 is a perspective view of the set of green trap cards showing several
      individual cards.
PAR  FIG. 9 shows a portion of the game board as it would appear during the
      course of play.
PAR  FIG. 10 shows a partially completed score card, reflecting play of the game
      illustrated in FIG. 9.
PAR  FIG. 11 illustrates play on one of the more difficult holes of the board.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1 gives an overall view of the game board 10 which shows an 18 hole,
      par 69 golf course of 6770 yards surrounding a Club House 12.
PAR  The first tee 14 is shown at the bottom of the Club House, and the first
      hole extends down to the lower right hand corner of the game board. The
      holes are laid out on the game board in a generally clockwise fashion, and
      extending around the Club House from the first hole. The course includes
      par 3, par 4 and par 5 holes as well as difficult water hole 16 at hole
      12, and a long 605 yard 18th hole, 18. The shape of the hole, location and
      shape of the green, terrain, and obstacles such as trees, traps and water
      are clearly shown exactly as they would be encountered on a conventional
      golf course.
PAR  FIG. 2 shows a pair of brown dice 20 and 22 representing the wood clubs.
      These dice have a total yardage range value of 240 to 300 yards. The total
      shown on the dice in FIG. 2 shows an upper range total of 280 yards. Each
      die is similarly marked, and has two faces showing 120 yards, two faces
      showing 130 yards, and one face each showing respectively, 140 and 150
      yards. Yardage totals of 250, 260 and 270 yards each have a probability of
      turning up eight times out of 36 possibilities, while 280 yards will be
      obtained on five occasions, 240 yards on four occasions, and 290 yards on
      two occasions. There is only one chance in 36 of obtaining a 300 yard
      drive.
PAR  FIG. 3 shows a pair of white dice 24 and 25 which are used by the player as
      his iron. The yardage value totals for these dice range from 140 to 240
      yards, in 10 yard increments. Each die has two faces carrying a 70 yard
      marking as well as two faces carrying an 80 yard marking. One face each
      carries 100 yard and 120 yard markings. Of the 36 possibilities over the
      100 yard range between 140 and 240 yards, all of the yardage values up to
      and including 190 yards, with the exception of the 150 yard total, have
      four chances in 36 of being rolled. There are eight chances of getting a
      150 yard total. There are five chances of getting a 200 yard total, while
      there are only two chances of getting 220 yards, and only one chance of
      getting 240 yards. The total yardage shown in FIG. 3 on the white dice is
      180 yards.
PAR  The wedge dice 26 and 28, which are red in color, are shown in FIG. 4. The
      range of total yardage for these dice is from 20 to 80 yards with the dice
      being heavily weighted toward the 20 to 50 yard total range where 30 of
      the 36 possibilities will fall. There are nine possibilities of rolling 20
      yards, six of rolling 30 yards, and eight of rolling 50 yards. There are
      only three possibilities of rolling 60 yards, two of rolling 70 yards, and
      only one possibility of rolling 80 yards. The total yardage shown for the
      dice in FIG. 4 upon dice 26 and 28 is 40 yards. Each die has three faces
      with a 10, and one face each showing 20, 30 and 40 yard markings.
PAR  FIG. 5 shows the single green putting die 30 which is used by the player
      for his putter. The number on the putting die gives the number of putts
      required to sink the ball after it lands on the green. The numbers on the
      die faces, as with the previously discussed die faces, are made to conform
      to experience on the actual golf course. One of the six faces carries the
      numeral 1, while three faces carry the numeral 2, and two faces carry the
      numeral 3.
PAR  FIG. 6 shows a playing token 32, one of which is used by each player to
      mark the positin of his ball. The tokens are of different colors and can
      be of any configuration. It is also possible to place a magnet on the
      bottom of the token and use it with a magnetic board.
PAR  FIG. 7 shows the set of Fairway Trap Cards which are used by the player
      when his ball lands in a trap on the fairway. There are sixteen cards in
      the set, one of which is chosen by the player, instead of dice for his
      next shot. There are sixteen cards giving different and typical results of
      the player's shot from the trap. The cards carry one of the following
      legends:
TBL  "DEEP LIE     "OOPS! MISSED BALL                                          
     USE (2) WEDGE DICE"                                                       
                   ADD (1) --TAKE CARD"                                        
     "GOOD SHOT    "SLICED BALL                                                
     40 YARDS"     -10 YARDS"                                                  
     "HIGH DRIVE!  "HIT A TREE -- BACK ON FAIRWAY                              
     60 YARDS"     (-20 YDS.)                                                  
     "GOOD SHOT    "YOU DIDN'T THINK! `BACK IN                                 
     30 YARDS"     TRAP` +1 (TAKE ANOTHER CARD)"                               
     "GREAT SHOT!  "YOUR ON THE GREEN"                                         
     80 YARDS"                                                                 
     "JUST 10 YDS. SHY                                                         
                   "MOVED BALL 6", ADD (1)                                     
     OF THE GREEN" TAKE ANOTHER CARD"                                          
     "UNDER THE BALL                                                           
                   "TOPPED THE BALL                                            
     20 YARDS"     10 YARDS"                                                   
     "ON THE EDGE  "BAD SHOT!                                                  
     USE (1) WEDGE DIE"                                                        
                   10 YARDS"                                                   
PAR  FIG. 8 shows the set of sixteen cards for the traps adjacent the green and
      designated Green Traps. If the player's ball lands in the green trap,
      instead of using the dice on his next shot he selects one of the Green
      Trap cards. The Green Trap cards contain the following legends:
TBL  "ON GREEN          "CHIPPED ON & SUNK                                     
     (2) PUTTED"        A 40 FOOTER"                                           
     "!TOO HARD!                                                               
     OVERSHOT GREEN BY 10 YDS."                                                
                        "SAVED BY THE MOUND                                    
                        BACK IN 2 PUTTS"                                       
     "BEAUTIFUL LOFT!!! "CHOPPED! ADD A STROKE &                               
     3' FROM PIN - 1 PUTT"                                                     
                        TAKE A CARD" (RELAX)                                   
     "BACK & FORTH ON THE GREEN                                                
                        "!!BEAUTIFUL!!                                         
     (5 PUTTS)"         `RIGHT INTO CUP`"                                      
     "BALL RAN 12' PAST PIN                                                    
                        "!MISSED!                                              
     USE PUTTING DICE"  ADD (1) TRY AGAIN"                                     
     (EASY)                                                                    
     "CHIPPED ON GREEN &                                                       
                        "BARELY ON THE GREEN                                   
     (2) PUTTED"        USE PUTTING DIE"                                       
     "ON THE GREEN BUT  "HIT THE PIN                                           
     (4) PUTTED"        &                                                      
                        FELL IN!"                                              
     "ON THE EDGE OF GREEN                                                     
                        "WOW! RIMMED THE CUP                                   
     BUT...3 PUTTED"    (1) PUTT BACK                                          
                        (CATCH A BREAK)"                                       
PAR  As with the case of the Fairway Trap Cards, an additional and varied means
      of moving the ball to the pin is introduced. With both sets of cards there
      are many different possibilities, both good and bad, and which could
      normally be expected as a shot. The thirty-two possibilities introduced by
      the two sets of trap cards cut down the repetitiveness of using only dice,
      and add a great deal of variety and interest to the game by introducing a
      different and unforeseeable chance factor. The cards also provide an
      expeditious manner of moving the ball along. In many instances, the card
      eliminates the need to use the putting die.
PAR  In FIG. 9, the play of the game illustrating play of holes 2 through 5 is
      shown. From one to four players can participate in the game, but for
      purposes of explanation, play of two players is shown and described.
PAR  Hole No. 2 is generally indicated at 44. The players game pieces are lined
      up at tee 46 prior to start of the play. The tee area of each hole gives
      the number, yardage and par of the hole. Hole No. 2 is a long 435 yard par
      4 hole. As shown at 48, the hole takes a dog-leg to the left at about the
      250 yard yardage-point. The player on observing this and recognizing the
      situation and yardage, would select his wood at this tee rather than an
      iron. In this instance, White, having the white token 50, has selected the
      brown wood dice 52 and 54 and rolled them to obtain his yardage and
      yardage point. The total of the two dice showing 250 yards enables the
      White player to move game piece 50 to the 250 yard point at the fairway as
      shown. This yardage of 250 yards in the lower portion of the mid-range for
      the brown dice, the range being from 240 to 300 yards.
PAR  The next player having the Blue game piece has rolled the brown wood dice
      and his game piece 56 is shown to have landed in the fairway trap 58 at
      the 280 yard point. The shot of 280 yards obtained by using the brown dice
      is at the upper end of the midrange of the yardage total that can be
      obtained by using the brown dice. FIG. 2 shows the brown dice with the 280
      yard total.
PAR  White now looks to his second shot and notes that in order to land on the
      green 60, he must roll a yardage between 170 and 190 yards, and that this
      will require an iron shot. The white dice representing an iron and having
      a range of between 140 and 240 yards would be selected for White's next
      shot.
PAR  It should be noted that the layout of the hole and the yardage points
      themselves with their yardage markings are a guide to the player and
      assist him in making his club selection. Subtraction of the yardage at the
      instant position from that of the green gives the desired yardage. White's
      second shot is made with the white iron dice, and assuming a roll of 180
      yards as shown on the dice 24 and 25 of FIG. 3 is made, White's game piece
      would be advanced to 62 adjacent the 430 yard yardagepoint, on the green.
PAR  When the player lands on the green he is entitled to immediately take the
      putting die and roll it to determine the number of putts required to sink
      his ball. Assuming that White would then take his turn and roll and the
      green putting die 64 shows a numeral 2 on its upper face; White would then
      have landed on the green in two shots and sunk his ball with two putts
      giving him a total of four strokes or a par 4 for the hole.
PAR  FIG. 10 shows a scorecard 66 for the White and Blue players and the number
      of strokes of White, in this case four, is entered at 68 on the scorecard
      to show that White had four strokes for the No. 2 hole.
PAR  It would now be Blue's turn, and since he is in a fairway trap, he must
      select one of the set of Fairway Cards 70 for his shot. Assume that the
      top card 72 is selected, which indicates that Blue's second shot was 60
      yards. The additional 60 yards added to the 280 yard figure would give a
      total of 340 yards, but note that this figure is between 310 and 370 which
      is shown to be a downwardly extending hill 74 so that the ball would
      receive the benefit of a roll down to the 370 yardage point, where the
      game piece as indicated in dotted outline at 76 would then be placed.
PAR  In order to reach the green 60, which has yardage points from 420 to 440, a
      shot of 50 to 70 yards is necessary to land on the green, and Blue could
      select the pair of red wedge dice to roll for his yardage. Assuming that
      the roll of the dice gave him a roll of 40 as shwn on the red wedge dice
      26 and 28 of FIG. 4, the game piece would be placed, as indicated at 78 in
      dotted outline, in the green trap 80 in which the 410 yardage point is
      located. Blue would then for his next shot take one of the set of Green
      Trap Cards 82. Assuming that card 84 was selected by Blue, it would
      indicate that for his fourth stroke, he chipped on the green, and then 2
      putted, giving him a total of 6 strokes for hole No. 2. This score would
      then be entered on the scorecard 66 at 86 as shown in FIG. 10.
PAR  The game pieces are advanced to the tee of the next hole, in this instance
      hole No. 3 at 88, immediately after a player has "holed out."
PAR  The third hole is a short hole, and introduces a variation in the game that
      has added interest -- the possibility of getting a hole-in-one. Hole No. 3
      is a 215 yard par 3 hole. The green 90 has two yardage points at 220 and
      230 yards which can be reached by combining the iron and wood dice.
      Whenever such a situation exists, there is a possibility, under the rules
      of the game, of obtaining a hole-in-one, since the game rules in such
      situations allow a player after driving onto the green to immediately take
      up the putting die and roll the putting die. The number on the putting die
      gives the total number of strokes for the hole.
PAR  In this situation the yardage is such that the minimum yardage of 240 yards
      on the brown wood dice would be beyond the green. The two white iron dice
      yardage values will be short of the green. To cover the in-between range,
      the player is permitted to use one brown die and one white die as an iron,
      and in this case yardage values will extend from 190 to 270 yards, with
      almost half of the possible combinations lying between 210 and 240 yards.
PAR  Assuming that Blue selects the brown-white dice combination for his iron
      and rolls a total value of 220, he will then have landed on the green 90
      at the 220 yardage point where his game piece 92 is shown. Assuming that
      he next takes the putting die and rolls a 1, giving him a total of only 1
      stroke for the hole, he gets a hole-in-one on the third hole.
PAR  Assuming that White for his tee shot also uses the brown-white dice
      combination for his iron shot from the tee and rolls a 240 total, his game
      piece 94 will be placed in the green trap containing the 240 yard yardage
      point; and assuming that he selects a card from the set of Green Trap
      Cards 82 which states that he chipped on the green and two putted, he
      receives a four for the hole. White's total of four strokes is then
      entered on the scorecard 66 for the third hole as shown at 96 next to the
      1 stroke total previously entered on the scorecard 66 for Blue.
PAR  In this instance, White happened to draw a Green Trap Card which gave the
      number of strokes a good player would probably require to hole out after
      hitting the trap. However, a check of the captions on each of the 16 cards
      in the set of Green Trap Cards will show that there are cards which would
      have given White either a higher or a lower score. A sufficiently large
      number of cards is included in each set of trap cards to include more
      possibilities to add interest and to preclude the players from having any
      idea as to what cards might turn up.
PAR  Hole No. 4 as shown at the tee 98 is a 385 yard par 4 hole which has a
      narrow fairway with trees to the left and right. Blue's first shot as
      shown by his token 100 was straight down the middle to the 260 yardage
      point, while White's tee shot was a little bit longer and off to the right
      at the 270 yard yardage point. White, according to the instructions on the
      board, will be required to use the wedge dice to clear the trees on the
      right side of the fairway. Assuming that White rolls the red wedge dice
      for 50 yards, his shot will put him in the green trap containing the 320
      yardage point as shown at 104.
PAR  Blue, at 260 yards and lying between 120 and 130 yards from the green 106,
      has a short iron shot. The combination of red and white dice gives a
      yardage range of from 80 to 170 yards, but a very heavy percentage of the
      yardage totals will be in the 80 to 110 yard range, which would give him a
      good approach shot with a lie probably only a few yards short of the
      green. Assuming a very low throw of the red-white dice for a short yardage
      of only 80 yards, Blue would advance along the fairway to the yardage
      point at 340 yards.
PAR  Assuming that White draws card 42 of FIG. 8 from the stack of Green Cards
      82 on the board, which states that he got a beautiful shot from the trap
      and landed only three feet from the pin, and then 1 putted, White would
      hole out with a par 4.
PAR  Blue, for his shot to the green would have a wedge dice short for 40 to 50
      yards and the roll gives him a 40 yard total which would place him on the
      green as shown at 112 at the 380 yard yardage point. Assuming a putting
      die roll showing two putts, Blue finishes the hole with a 1 over par 5
      stroke total which is entered on the scorecard 66 at 114.
PAR  The play on hole 5, which is a par 4, 319 yard hole, illustrates the use of
      the red chipping dice (wedge dice).
PAR  Assuming that White leads off from the tee 116 with his wood dice and casts
      a 250 yard total, he will end up in the fairway trap at the 250 yard
      yardage marker at 118. Blue, using the brown dice also, rolls a 270 yard
      total and advances his piece shown at 120 to the 270 yard yardage point
      immediately in front of the green.
PAR  The second shot for White would involve selection of a Fairway Trap Card,
      and assuming that the selection is made and he draws a card stating "Oops!
      Missed Ball -- Add (1) . . . Take Card," White would add a stroke.
      Assuming that the second Trap Card selected for White's third shot reads
      "Good Shot 30 Yards", White's playing token would be advanced to a point
      indicated in dotted outline at 124 adjacent the 280 yard yardage point.
PAR  Blue's position on the fairway immediately in front of the green at 120
      gives him a good approach shot since he needs only 40 yards to reach the
      green. The two red chipping dice provide the best selection of a club.
      Assuming that Blue makes this selection, hoping to hit the mid-range of 30
      to 50 yards, he would be in a good position to hole out, with a follow-up
      of a single roll of a single red die to put him on the green. Assuming
      that Blue makes the roll of his red dice in this instance, and
      unfortunately hits the lowest roll of 20 yards, he would land in the green
      trap at the 290 yard yardage point and his playing piece would be advanced
      to the position shown in dotted outline at 126 immediately beside the
      green.
PAR  White's approach shot, which is thirty yards off the green at 124, gives
      him somewhat of a problem in selection of clubs. If the two red dice are
      used, his shot can go anywhere from 20 to 80 yards. If he selects a single
      red die he can go as far as 40 yards, but two-thirds of the possibilities
      would put him in the green trap with Blue. Selection of the two red dice
      would be better in this instance, since 30 of the 36 possibilities with
      these dice would give him a yardage value of from 20 to 50 yards. The odds
      of landing on the green, however, with a roll of a 30 yard value, are the
      same, one in six for both dice choices. Assuming that White elects to play
      the two red dice, to avoid the traps with a possibly high yardage roll,
      for his fourth shot he rolls a 50 yard chip shot over the green placing
      him at the 330 yard yardage point on the far side of the green as
      indicated in dotted outline at 128.
PAR  For the third shot of Blue, a Green Trap Card from the set of Green Trap
      Cards 82 would be selected. Assuming in this case that Blue's luck is not
      too good and he selects the trap card 130 of FIG. 8 stating that his shot
      ended on the edge of the green, but he 3 putted, Blue must settle on this
      hole for a disappointing 7 score which is entered as shown at 132 on the
      scorecard 66.
PAR  Now, assuming that White, positioned as shown at 128 adjacent the green,
      selects one single red die for his green shot, and rolls, getting 20
      yards, this puts him on the green (dotted outline) at 134 adjacent the 310
      yard yardage point. And then, assuming his roll of the putting die gives
      him 2 putts, White ends up with a score of 7, tying Blue's score for the
      hole.
PAR  Play on one of the more difficult holes, specifically hole No. 12, which is
      a large water hole shown at the top of FIG. 1, is illustrated in FIG. 11.
PAR  The tee area 138 carrying the hole number, yardage and par, the same type
      of information which is shown on the board for all holes on the course,
      shows this to be a lengthy and difficult hole. The immediate problem
      encountered for this hole is the large body of water 140 which crosses the
      middle of the fairway. The player has an option of taking a chance on
      getting a long drive which will land on the island or of playing it safe
      and using his irons to get a lie of the ball short of the water. Assuming
      in this situation that White decides to take a chance on getting the
      higher yardage with his woods, and rolls with the brown dice, obtaining a
      total yardage of 270, White's game piece would be advanced to the 270 yard
      yardage point as shown at 142, but inasmuch as that is water area, White,
      according to the directions, must return his game piece to the position
      noted in dotted outline at 144 adjacent the 220 yard yardage point and add
      a stroke to his score.
PAR  Assuming that Blue played the hole cautiously, electing an iron rather than
      a wood shot off the tee, and selected one brown and one white dice
      combination to bring him as close to the water as possible with only a two
      out of nine possibility of landing in the water, and that he rolled a 200
      yard total, this placed his game piece as shown at 146 adjacent the 200
      yard yardage point, only 20 yards behind White's position.
PAR  The next shot for both players requires a club that will carry about 200
      yards to clear the water and to land on the green. The best selection of a
      club here would be a long yardage iron represented by the brown and white
      dice combination. Assuming White rolls the brown-white dice and obtains a
      total of 200 yards as his third shot, he would land on the green as
      indicated in dotted outline at 148 adjacent the 420 yard yardage point,
      putting him on the green in 3.
PAR  Assuming that Blue also selects the long iron brown-white combination of
      dice and rolls the lowest value of 190 yards, he would land (dotted
      outline) at 152 adjacent the 390 yard yardage point. Blue would then
      require an additional 30 yards to get on the green. If the red die were
      used, the chances of rolling the additional 30 yards to the 420 yardage
      point on the green would only be one in six, the same as if two red dice
      were used. However, since there are three ten yard faces on the single red
      die, Blue would probably do better to roll two red dice, giving him a much
      better chance of getting close to the 420 yard mark, since two-thirds of
      the possibilities with two red dice would either put him on the green or
      within ten yards of it. The worst that Blue could do would be to roll a 50
      yard combination which would put him in the green trap at the 440 yard
      mark, as indicated at 154. More likely, he would be on the green in either
      three or four and have a chance to offset White's remarkably good fortune
      in landing directly on the green with his 200 yard long iron shot.
PAR  This hole emphasizes the choices presented to a player on a regular course,
      where he can either gamble for a very good, against the odds shot, or play
      for a conservative surer score. From the foregoing, it can be seen that
      this game presents to the board player the problems encountered on the
      regular golf course, and that the player must evaluate the situation and
      make a decision based upon the yardage desired, hazards to be avoided, and
      yardage to be expected from a given club as represented by collective
      dice.
PAR  It can be seen that the game proposed comes closer to duplicating on a game
      board the actual true game of golf as played on the course than any game
      heretofore proposed.
PAR  The board itself accurately portrays the shape, location and hazards on
      each hole, exactly as they would appear on a regular golf course,
      eliminating all artifical and unreal appearing markings which have had to
      be introduced on the boards of golf games heretofore suggested.
PAR  The use of yardage points in incremental distances of 10 yards between the
      tee and the pin in typical places where a ball might come to rest serve to
      guide the player in club selection and to expedite play of the game.
PAR  Both chance and judgment are factors in a player's success, since the
      correct dice must be selected to give either the yardage desired or to
      avoid hazards such as traps or trees.
PAR  Two dice are selected by the player and represent yardages that may be
      rolled, these yardages being typical yardages that could be expected when
      a corresponding club is used on a regular golf course. In this manner,
      golf experience is a factor in playing of the game, and conversely play of
      the board game presents those situations which normally would occur and
      could be expected by a player on a typical golf course.
PAR  The pairs of brown, white, and red dice respectively represent woods, long
      iron, and short iron shots, and mixing of these dice provide the player
      with the range of yardage values given by a typical set of clubs. The
      single red die representing a wedge and the single green putting die
      representing the putter give the play of the game additional versatility.
PAR  These circumstances and penalties encountered closely duplicate real play
      of the game.
PAR  Additional realism and variety, stricly as a matter of chance, are added to
      the game by the use of the set of Fairway Trap Cards and the set of Green
      Trap Cards.
PAR  The combination of the various features of the game provides a readily
      understood and playable game for young and old, in which there is both
      realism and variety without undue complexity. The game can be played by
      eight and nine year olds. Elimination of complex methods of determining
      ball position and use of yardage points and trap cards, as well as a
      putting die for the number of putts on the green, expedite play so that a
      game played by four persons can be completed in slightly over an hour.
PAR  These and other features and advantages of this invention will be readily
      apparent to those skilled in the art.
PAR  While this invention has been described, it will be understood that it is
      capable of further modification, uses and/or adaptations of the invention
      following, in general, the principle of the invention and including such
      departures from the present disclosure as come within known or customary
      practice in the art to which the invention pertains, and as may be applied
      to the essential features hereinbefore set forth, and fall within the
      scope of the invention or the limits of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A golf board game apparatus, comprising:
PA1  a. a game board having a complete golf course showing the features and
      layout of each hole including terrain, natural hazards, tee, pin,
      disposition and shape of fairway and green traps, and shape of the green,
      as such would appear on a conventional golf course,
PA1  b. each hole having a plurality of different incrementally spaced and noted
      yardage points each disposed at a different yardage location on a given
      hole between tee and pin, and on any one of which a ball may come to rest
      after the player takes a stroke,
PA1  c. the yardage points being positioned along the fairway, in the traps, and
      on the green and having a number disposed adjacent thereto which
      corresponds to the yardage distance from the tee to that yardage point,
PA1  d. a plurality of advancing means for moving the ball toward the pin, any
      one of which may be selected in the judgment of the player, depending on
      the ball location at that time, each advancing means showing the total
      yardage value of the stroke taken, and having a range of yardage values to
      reflect that obtained with a given type of club,
PA1  e. each advancing means providing a combination of numbers covering a
      different range of values and where the more typical values in the range
      for the given club are likely to occur, and at least three yardage values
      have different probabilities of occurrence,
PA1  f. a set of at least ten chance cards associated with the fairway traps for
      giving the result of the player's shot from the traps,
PA1  g. a set of at least ten chance cards associated with the green traps for
      giving the results of the player's stroke from the trap with respect to
      movement of the ball towards the green and possible holing out.
NUM  2.
PAR  2. The golf board game apparatus as set forth in claim 1, wherein:
PA1  a. each advancing means includes a pair of dice, and wherein each die has
      at least two faces with identical values thereon.
NUM  3.
PAR  3. The golf board game apparatus as set forth in claim 2, wherein:
PA1  a. at least one pair of dice gives a combination of at least ten different
      yardage values with a probability of a given number turning up from one in
      four to one in 10 chances.
NUM  4.
PAR  4. The golf board game apparatus as set forth in claim 3, wherein:
PA1  a. wood clubs are represented by a pair of dice representing one of the
      advancing means, and which have a yardage range value of from 240 to 300
      yards,
PA1  b. the yardage totals of 250, 260 and 270 yards each having a probability
      of turning up one out of four chances,
PA1  c. the 280 yard total having a chance of turning up on five out of 36
      chances, the 240 yard total having a possibility of turning up on one of
      nine chances,
PA1  d. the yardage total of 290 yards having the possibility of occurring on
      two occasions of 36 possibilities, while the 300 yard total has a
      possibility of occurring on one in 36 chances.
NUM  5.
PAR  5. The golf board game apparatus as set forth in claim 2, wherein:
PA1  a. the advancing means includes plural pairs of dice, each pair giving
      different yardage ranges, and wherein one die of a given pair of dice may
      be combined with a die of another pair of dice, the total yardage obtained
      from such combination compatible with the yardage points on the board.
NUM  6.
PAR  6. The golf board game apparatus as set forth in claim 2, wherein:
PA1  a. the advancing means includes a putting die which is rolled after the
      player lands on the green to obtain the total number of putts.
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ABST
PAL  A card shuffler is disclosed comprising an inner case slidable in an outer
      case. The inner case has a plurality of separators that both divide the
      playing cards into portions of substantially equal number of cards and
      define compartments oriented at an angle to the direction the inner case
      slides in the outer case. The outer case has runners that hold the playing
      cards in the compartments when the inner case is fully disposed in the
      outer case but permit ejection of the cards, one card from each
      compartment simultaneously, as the inner case is slid out of the outer
      case.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention is a card shuffler which automatically divides the
      pack into a plurality of substantially equal portions and recombines the
      playing cards in an order different from that in which the deck was
      originally arranged.
PAC  PRIOR ART
PAR  Prior art card shufflers have suffered from numerous faults, of which the
      principal fault is extreme complexity. Such complexity generally results
      in a device disproportionally expensive and overly sensitive to mechanical
      failures.
PAR  One prior art device is shown in Bellows, U.S. Patent 892,389. In this
      prior art device, a pack of playing cards is inserted into the top of the
      shuffler. A series of vertical separators divide the pack into smaller
      packs containing substantially equal number of cards. The deck comes to
      rest on a platform. The cards are ejected in a shuffled order by moving a
      plate upwards, which causes, through gears, wheels and levers, another
      plate, having a plurality of slots, each associated with a portion of the
      divided deck of playing cards, to move under the cards. As each slot moves
      under its respective portion of the deck of cards, a card at a time falls
      from each portion simultaneously into a composite pile to form a shuffled
      deck.
PAR  Lipps, U.S. Pat. No. 1,556,856, shows another card shuffler. Lipps, similar
      to Bellows, causes a plate containing a plurality of slots to pass below a
      divided deck of playing cards. Thus, Lipps also requires a complex
      arrangement of wheels and levers to properly move this plate.
      Additionally, Lipps requires another plate to properly separate the
      unshuffled deck of playing cards into portions of substantially equal
      number of cards before passing the shuffling plate below those portions.
      This adds further complexity.
PAR  Thus, it is an object of the present invention to obtain a mechanical card
      shuffler without unnecessary mechanical complexity.
PAR  It is another object to obtain a satisfactory shuffling of one or several
      decks of playing cards in one shuffling operation.
PAR  It is another object of this invention to obtain a mechanical card shuffler
      that divides an unshuffled deck into substantially equal parts without
      moving elements.
PAR  It is yet another object of the present invention to attain the foregoing
      objects in a simple, inexpensive and easily constructed device.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention is a card shuffler comprising a rectangular outer
      case and a rectangular inner case slidably disposed in the outer case. The
      inner case has a plurality of parallel separators which extend from side
      to side of the inner case and which divide the inner case into a series of
      compartments. The separators lie at an acute angle to the direction the
      inner case slides in the outer case.
PAR  A plurality of runners are provided in said outer case, equal in number to
      said compartments. Each runner is associated with one compartment, and is
      located and of such width that if the front and back surfaces of the
      compartment with which the runner is associated, when the inner case is
      fully inserted into the outer case, were extended towards said runner,
      they would both intersect the runner. Thus, when the inner case is fully
      inserted in the outer case, playing cards in the compartments are blocked
      from falling out of the compartment by the runners. When the inner case is
      slid out of the outer case, the front card in each compartment is forced
      towards the leading edge of the runner. Eventually, the leading card is
      forced over the leading edge of the runner and is ejected from the card
      shuffler.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention, as illustrated in the accompanying
      drawings.
PAR  FIG. 1 is a perspective view of the card shuffler with an illustrative deck
      of cards inserted therein.
PAR  FIG. 2 is a cross-sectional side elevation of the card shuffler.
PAR  FIG. 3 is a cross-sectional view of the card shuffler along line 3--3 of
      FIG. 2.
PAR  FIG. 4 is a partial cross-sectional view of the card shuffler along line
      4--4 of FIG. 2.
PAR  FIG. 5 is an enlarged view of one portion of FIG. 2.
PAR  FIG. 6 is a side cross-sectional view of the card shuffler illustrating a
      particular moment during its operation.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  In FIG. 1, there is illustrated the preferred embodiment of the present
      invention. Card shuffler 1 comprises an outer rectangular case 3 and a
      substantially rectangular inner case 5. Inner case 5 is slidably disposed
      in outer case 3. The construction of inner case 5 can best be seen by
      referring to FIGS. 2 and 3. Inner case 5 comprises side walls 7 and 9,
      front wall 11 and back wall 13. Running from side wall 7 to side wall 9
      are a plurality of separators 15. Separators 15 divide the interior of
      inner case 5 into a plurality of compartments 17. Each compartment is
      defined by a front surface 16 and rear surface 18.
PAR  As evident from inspection of FIG. 2, separators 15 and interior surfaces
      of front wall 11 and back wall 13 are oriented at an acute angle to the
      direction in which inner case 5 slides in outer case 3. Also clearly shown
      in FIG. 2 is that the sliding movement of inner case 5 in outer case 3 is
      stopped in a downward direction when ledge 19 on front wall 11 and ledge
      21 on back wall 13 of inner case 5 engage surfaces 20 and 22,
      respectively, of the front and back walls of outer case 3.
PAR  Also clearly illustrated in FIG. 2 is the means to separate the pack of
      cards into substantially equal portions. This means comprises a support
      surface 23 as the upper edge of each of the separators 15. Also, a support
      surface 25 is formed as the top edge of back wall 13. Support surfaces 23
      and 25 are oriented at an angle .theta. greater than 90.degree. to the
      surfaces 18 of separators 15. Additionally, if a line is drawn along
      support surface 23 to intersect front surface 16 of the compartment into
      which the cards fall from that particular support surface 26, the line
      will intersect front surface 16 a distance X from the top of front surface
      16. One skilled in the art will realize that, assuming that the topmost
      portions of separators 15 (i.e., front surface 16) lie in the same plane,
      the distance X is dependent upon angle .theta. and distance Y, the
      distance between front surfaces 16 and rear surface 18 of a compartment,
      (i.e., the width of compartment 17). One skilled in the art will also
      recognize that if the pack of cards is to be divided into portions equal
      in number to the number of compartments 17, and each of these portions has
      a substantially equal number of playing cards, distance X is given by the
      following formula:
      ##EQU1##
      where n is the number of compartments 17 and T is the thickness of the
      pack of cards.
PAR  Similarly, .theta. is defined by the following formula:
      ##EQU2##
      where .theta. is the angle formed between support surface 23 and front
      surface 31 of separators 15, and X and Y are the distance defined above.
PAR  Naturally, the distance Y, the width of compartments 17, must be greater
      than X or more cards will be selected for a particular compartment 17 than
      that compartment 17 can hold.
PAR  Separators 15 have a number of other characteristics, principally prompted
      by the tendency of playing cards to assume a convex shape. Referring to
      FIG. 4, back surfaces 18 of compartments 17 are characterized by two
      intersecting planes meeting at the center of surface 18 without a sharp
      line of intersection. Measured at a short distance from the intersection,
      the planes form an obtuse angle. This particular surface shape is
      hereinafter termed "bi-planar."
PAR  Similarly, although not illustrated in FIG. 4, front surfaces 16 of
      compartments 17 could be bi-planar to match the convex surface of the
      playing card which it faces. Further, as shown in FIG. 3, support surfaces
      23 are bi-planar to minimize obstruction to the playing cards as they fall
      from surface 25 against the topmost portions of surfaces 16. Lower edges
      31 of separators 15 are also seen to be bi-planar. This surface and other
      accommodations to deformed playing cards are described below.
PAR  Outer case 3 has front wall 33, back wall 35 and side walls 37 and 39. Near
      the bottom of outer case 3 a plurality of runners 41 extend from side wall
      37 to side wall 39. As shown in FIGS. 2 and 3, runners 41 are trapezoids
      having face 43, base 45 and legs 47 and 49. As shown in FIG. 2, face 43 is
      substantially perpendicular to the plane of front surface 16 and back
      surface 18. Face 43 has a width slightly greater than the depth Y of
      compartments 17. Although in the preferred embodiment face 43 is
      substantially perpendicular to the plane of separators 15, other
      orientations could also be utilitarian. However, in either case, the width
      of face 43 is such that if front surface 16 and back surface 18 of a
      particular compartment 17 were extended towards runner 41 associated with
      that compartment 17, the extensions of both surfaces 16 and 18 would
      intersect face 43.
PAR  Face 43 is bi-planar and essentially is matched by bi-planar surface 31 of
      separators 15. Legs 47 and 49 of runners 41 slope toward each other as
      they approach base 45. Thus, runners 41 are closest to each other at faces
      43; the clearance between runners 41 increases towards bases 45. A similar
      clearance is provided between runner 41, which is closest to front wall
      33, and front wall 33 by notch 51 cut into the lower portion of front wall
      33.
PAR  Bi-planar face 43 minimizes the contact between the playing cards and faces
      43 and thus reduces the force needed to move the cards along faces 43.
      Lower edge 31 of separator 15 matches the bi-planar shape of face 43 which
      insures that the entire bottom edge of a playing card is supported by
      surface 18 of the compartment 17 in which the card is located. Thus, the
      cards are pushed (see below) at their lowest extremity to provide maximum
      force transmittal. The increasing clearance between runners 41 insures
      that when a playing card slips over the leading edge of runner 41, legs 47
      and 49 do not interfere with the playing card's trajectory.
PAR  The preferred embodiment of the invention has a number of other features
      that augment its utility. As previously mentioned, inner case 5 is
      slidably disposed in outer case 3. As shown in FIG. 2, the fit between
      inner case 5 and outer case 3 as exemplified by the absence of space
      between front wall 33 and front wall 11 and back wall 35 and back wall 13,
      respectively, is rather tight. However, as shown in FIG. 3, there is a
      loose fit between inner case 5 and outer case 3 exemplified by the rather
      large space between side wall 37 and side wall 7 and side wall 39 and side
      wall 9, respectively. This loose tolerance permits inner case 5 to be
      shaken from side to side to aid ejection of the cards from the shuffler as
      described below.
PAR  As previously described, separators 15 lie at an acute angle to the
      direction inner case 3 slides in outer case 5. (Since there is a close
      tolerance between the respective front walls and back walls of inner case
      5 and outer case 3, the direction that inner case 5 slides in outer case 3
      is substantially constant.) In the preferred embodiment, this angle,
      herein termed T, although not critical, has been selected to be
      approximately 75.degree.. Thus, if a playing card rested against the back
      surface 18 of a compartment 17 and against face 43 of a runner 41, then if
      inner case 5 was slid approximately 1 inch out of outer case 3, the
      playing card would move approximately one-fourth of an inch along face 43.
PAR  Also by way of illustration, the following dimensions are suggested for a
      shuffler according to the present invention for a pack of a thickness T =
      5/8 inch.
TBL  ______________________________________                                    
     .GAMMA. =  75.degree.                                                     
                        .psi. =  87.degree.                                    
     .theta. = 135.degree.                                                     
                        .chi. =  30.degree.                                    
     Z = 3/16           .tau. =  75.degree.                                    
     Y = 3/16           W = 1/16"                                              
     ______________________________________                                    
PAC  OPERATION OF PREFERRED EMBODIMENT
PAR  FIGS. 1 and 6 illustrate the use of the preferred embodiment of the
      invention. Initially, card shuffler 1 rests on the table. A deck of
      playing cards is picked up, face down, and placed in a substantially
      horizontal position with the leading edge on support surface 25. The
      trailing edge of the pack of cards is then lifted until they are
      substantially parallel to support surface 25 (and the other support
      surfaces 23). The cards in the deck will slide down, until they strike the
      back surface 29 of one of separators 15 or front wall 11.
PAR  The deck is then lifted until it is substantially parallel to separators
      15. A substantially equal number of cards will fall into each of
      compartments 17. The leading edge of the playing cards will strike and
      rest against faces 43 of runners 41.
PAR  Card shuffler 1 is then lifted from the surface of the table and held at
      approximately a 45.degree. angle as shown in FIG. 6. While holding outer
      case 3 in one hand, the inner case 5 is slowly slid out of outer case 3.
      Simultaneously, inner case 5 can be shaken from side to side to promote
      the ejection of the playing cards. As inner case 5 moves out of outer case
      3, back surface 18 of each of the compartments 17 forces the playing cards
      in compartment 17 forward, eventually causing the forwardmost card in
      compartment 17 over the forward edge of face 43. At substantially the same
      instant the first card (the card closest to front surface 16 of the
      respective compartments 17) from each of the compartments 17 will be
      ejected. Similarly, the remaining cards will be ejected from each of the
      compartments 17, one card at a time from each compartment 17 at
      substantially the same instant. The cards will fall onto the table surface
      51.
PAR  In FIG. 6, the first card from each compartment 17 is shown as they landed
      on table surface 51. Also shown is the second card from each compartment
      in the process of being ejected from card shuffler 1. The remaining
      unshuffled playing cards are shown in their respective compartments 17.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment therof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention. For example, rather than using runners 41 as illustrated in
      the figures, a metal bottom may be supplied to outer case 3 having cutouts
      of proper placement and dimensions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for shuffling a deck of playing cards comprising:
PA1  an outer case;
PA1  an inner case slidably disposed in said outer case;
PA1  a plurality of parallel separators having top and bottom edges in said
      inner case dividing said inner case into a series of compartments having
      front and back surfaces, said separators lying at an acute angle to the
      direction said inner case slides in said outer case;
PA1  a plurality of runners in said outer case each associated with one of said
      compartments and located below said compartments when said inner case is
      fully inserted into said outer case;
PA1  said runners being of such a width that imaginary extensions of the front
      and back surfaces of a particular compartment extended towards the runner
      associated with that compartment would intersect that runner when said
      inner case is fully inserted into said outer case.
NUM  2.
PAR  2. A card shuffler as in claim 1 including means to divide the pack of
      playing cards into substantially equal portions, said dividing means
      including:
PA1  said top edge of each of said separators having a surface that forms an
      angle with a surface of said compartments substantially greater than
      90.degree., such that a line drawn along said top edge surface intersects
      the back surface of an adjacent separator a distance below the top edge
      equal to a T divided by n, where T is a thickness of the pack of cards and
      n is the number of compartments.
NUM  3.
PAR  3. A card shuffler as in claim 2 wherein the back surface of each of said
      compartments is substantially bi-planar.
NUM  4.
PAR  4. A card shuffler as in claim 1 wherein said runners include an upper
      surface intersected by said imaginary extensions, said upper surfaces
      being bi-planar.
NUM  5.
PAR  5. A card shuffler as in claim 2 wherein said top edge surface of each of
      said separators is substantially bi-planar.
NUM  6.
PAR  6. A card shuffler as in claim 2 wherein the inner case can move in said
      outer case in only one additional direction, said additional direction
      being perpendicular to said sliding motion.
NUM  7.
PAR  7. A card shuffler as in claim 4 wherein the bottom edge of said separator
      is of a bi-planar shape that is substantially the mirror image of the
      bi-planar shape of said runners.
NUM  8.
PAR  8. A card shuffler comprising:
PA1  an outer rectangular case;
PA1  an inner rectangular case slidably disposed in said outer case;
PA1  a plurality of parallel separators in said inner rectangular case dividing
      said inner rectangular case into a series of compartments having front and
      back surfaces, said separators lying at an acute angle to the direction
      said inner rectangular case slides in said outer rectangular case;
PA1  a plurality of runners in said outer rectangular case, each of said
      runners:
PA1  located below one of said compartments, and
PA1  having a bi-planar upper surface of orientation and width such that if
      imaginary extensions of the front and back surfaces of the compartment
      above the runner were extended toward the runner, they would intersect
      said upper surface at substantially right angles;
PA1  a bottom edge on each of said separators substantially parallel to the
      upper surface of said runner, said bottom edge being of a bi-planar shape
      that is substantially the mirror image of the bi-planar shape of the upper
      surface of said runners.
NUM  9.
PAR  9. A card shuffler as in claim 8 wherein the bi-planar shape of all
      surfaces and edges is substantially the mirror image of the concavity or
      convexity of the surface or edge, respectively, of the playing card that
      rests or faces that particular surface or edge of the card shuffler.
NUM  10.
PAR  10. An apparatus for shuffling a deck of playing cards comprising:
PA1  an outer case;
PA1  an inner case slidably disposed in said outer case;
PA1  a plurality of separators in said inner case dividing said inner case into
      a series of compartments having front and back surfaces, said separators
      lying at an acute angle to the direction said inner case slides in said
      outer case;
PAR  means for preventing the cards from falling out the bottom of said
      compartments when said inner case is fully inserted in said outer case and
      permitting said cards to fall out of said compartments, one card
      substantially simultaneously falling from each of said compartments, as
      said inner case is slid out of said outer case.
NUM  11.
PAR  11. An apparatus as in claim 10 wherein said separators are substantially
      parallel to each other, and said preventing means comprise a runner
      associated with each compartment, said runner wider than the perpendicular
      distance between said front and back surfaces of said compartments.
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PAL  "Wittek Golf Range Supply Co."; 1971; pp. 46 & 47.
ABST
PAL  A golf glub comprising a shaft and a head in which the head has a
      relatively flat front surface for striking the ball and a rear surface
      that is composed of a ball-receiving pocket between the shaft and the toe
      of the club. The club is further characterized by having an upwardly
      facing arcuate surface on the heel portion of the head terminating in a
      relatively narrow or small section so that the arcuate surface may engage
      and hold a flag pole that is lying on the ground. The club is further
      characterized by having a marking on the top side of the head which
      indicates the center of the club with respect to the weight distribution
      of the head. The latter marking indicates the part of the head that should
      strike the ball.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Golf is becoming a more popular sport in the United States and throughout
      the world and it is particularly becoming more popular with older people
      who find it difficult to stoop to pick up the golf ball and flag after a
      ball has been placed in the hole. There are certain ailments that make it
      difficult for older people, and in some instances younger people, to stoop
      to do these chores. When playing golf, there are only two areas where a
      player must stoop to handle the ball and flag, one being on or about the
      green and the other being on the tee. It is the primary purpose of the
      present invention to eliminate the required stooping to pick up the golf
      balls and the flag in and about the green.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary purpose of the present invention to provide a golf club
      that has a vertically disposed front putting surface that contacts the
      ball and which has a rear surface with a recessed portion between the toe
      of the club and the shaft of the club that will hold a golf ball when the
      club is slightly tilted and the ball is forced into the recess. It is also
      an object of the invention to provide on the heel end of the putter a
      small hook-type extension that will slide under a flagpole laying on the
      ground so that the pole and golf club can be raised to the player's hand
      height.
PAR  It is a further object of the invention to provide on the above-described
      putter a marking on the top side of the putter which will indicate the
      location of weight balance so that the club can strike the ball at the
      mark. Due to the recessed backside of the putter as aforedescribed and to
      the hooked-shaped heel portion of the putter, the overall center of weight
      distribution is not easily determined by viewing the club. Consequently,
      it is believed necessary to provide this marking on the top of the club.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view taken from the rear side showing the head of a putter and
      a portion of the golf club shaft.
PAR  FIG. 2 is a plan view of the golf club portion shown in FIG. 1.
PAR  FIG. 3 is a sectional view taken substantially along the line 3--3 of FIG.
      1.
PAR  FIG. 4 is a sectional view taken substantially along line 4--4 of FIG. 1.
PAR  FIG. 5 is a view showing the club of the present invention in use when
      removing a golf ball from the cup, the latter being shown in section.
PAR  FIG. 6 is a view showing the club in use when hooking a pole laying on the
      ground.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1-4, the putter is is composed of a conventional
      golf club shaft 10 and golf club putter head 11. A shaft opening 12 is
      provided in the head 11 for receiving the shaft 10. As in conventional,
      the putter head 11 has a relatively flat generally vertical side 13 that
      is the surface that normally strikes the golf ball. The head 11 has a toe
      portion 14 and a heel portion 15 disposed on opposite sides of the shaft
      opening 12. The head 11 has a ball-receiving cavity, indicated in its
      entirety by the reference numeral 16, on the rear or trailing surface and
      generally between the toe 14 and the shaft opening 12. The dished cavity
      16 on the rear surface of the head 11 extends generally between the lower
      surface 17 and the upper surface 18 of the putter head as may be seen from
      viewing FIGS. 2 and 3. The bottom side 17 is generally horizontal and is
      relatively wide as compared to the top surfacd 18. The top surface 18 is
      relatively wide at the shaft opening 12 and from there narrows to a
      relatively arcuate-shaped thin-lipped section 19 midway between the shaft
      opening 12 and the toe 14 and from thence rearwardly to a rear lipped
      section 20 extending vertically arcuately around the toe and from there
      downwardly around the lower corner of the toe end to the lower surface 17.
      The cavity or pocket 16 generally opens rearwardly and upwardly when the
      club is in a vertical disposition. The cavity 16 may therefore be defined
      by an arcuate-shaped surface that in a vertical direction extends from a
      rear edge of a relatively wide bottom side 17 of the head to the
      relatively thin sections 18, 19 of the top side, and in a lengthwise
      direction the arcuate-shaped cavity 16 extends from a relatively thin-lip
      20 at the toe 14 first forwardly and then rearwardly to the area of the
      shaft opening 12.
PAR  The heel 15 on the putter head 11 has an upwardly facing arcuate surface 21
      that begins adjacent the shaft opening 12 and extends therefrom first
      downwardly and then outwardly toward a point portion 22. Sides 23, 24 of
      the heel portion 15 converge toward one another and toward the point 22
      and from the forward surface 13 and from the rear side 16 respectively.
      The sides 23, 24 generally begin just to the heel side of the opening 12.
      The underside of the heel portion 25 sweeps upwardly from the bottom
      surface 17 and tapers with respect to the surface 21 toward the point 22.
      As may be best seen from viewing FIG. 1, it is here that the heel portion
      15 generally forms an upwardly opening hook-like portion that will receive
      a flagpole.
PAR  Due to the rather unconventional shape of the golf club head 11, it may be
      difficult for some golfers to locate the center of gravity of the entire
      club. To help in this matter, there is provided an edge or side 18 of the
      head a fore-and-aft extending notch 26. As is clearly evident, the golfer
      will approach the ball in the swing of the putter and attempt to strike
      the ball by the surface 13 substantially at the location of the notch 26.
      This will help the golfer in providing a true or straight putt.
PAR  Referring to FIG. 5, the use of the putter in retreiving the golf ball from
      a conventional cup is shown. The cup has a metal liner 27 that is inserted
      in an hole opening 28 and a downwardly depending tube or pipe 29 which
      receives the lower end of the flagpole. After putting the ball into the
      hole or cup 27, the putter may be inserted so that the shaft 10 is tilted
      in such a manner that the lip 20 at the toe end and the underside of the
      rear surface 16 is placed under the ball. The shaft 10 may then be raised
      and the ball 30 held in the cavity 16. The ball 30 is then removed by the
      golfer when the club is raised to the height of his hands.
PAR  Referring to FIG. 6, the flagpole 31 normally lies on the ground and due to
      the flag and the ringlets that hold the flag on the club, it will not
      engage the ground. By properly tilting the shaft 20, the tip 22 may be
      inserted under the flagpole 31 until it sits in the upwardly opening
      arcuate surface 21. The club may then be raised to the height of handling
      by the golfer so that it can then be replaced in the cup 27.
PAR  A golf ball does not necessarily have to be in a cup for it to be picked up
      by the cavity 16. After a few practices, the golf ball may be picked up
      from the ground without effort with this golf club and the flagpole 31 may
      similarly be picked up.
CLMS
STM  I claim:
NUM  1.
PAR  1. A golf club head having top and bottom sides and having a vertical shaft
      opening in said top side for receiving the end of a golf club shaft and
      extending lengthwise between a toe end and a heel end on opposite sides of
      the opening; a front generally vertically disposed surface that normally
      strikes a ball and extends upwardly from said bottom side, a rear surface
      opposite to the front surface having a ball-receiving cavity therein, said
      cavity being defined by an arcuate shaped rearwardly and upwardly opening
      surface that in a vertical direction extends from a rear edge of said
      bottom side to said top side, and in a lengthwise direction extends from
      said toe end rearwardly to the area of said shaft opening; and said heel
      end having converging side surfaces and an upwardly facing concave arcuate
      pole-engaging surface that begins adjacent the shaft opening and extends
      first downwardly and then outwardly to a relataively small tip at its
      distal end, the heel end further having an underside that extends
      lengthwise and downwardly from the tip to said bottom side so that said
      heel end may be shoved under a flagpole laying on the ground.
NUM  2.
PAR  2. The golf club head as defined in claim 1 further characterized by the
      head having a marking thereon that may be viewed from above denoting the
      approximate center of weight distribution of the golf club head.
NUM  3.
PAR  3. The golf club head as defined in claim 1 characterized by the toe having
      a tip and said cavity begins closely adjacent the tip and the bottom of
      the head so that there is a narrow lip at the tip and bottom of the head.
NUM  4.
PAR  4. The golf club head as defined in claim 3 characterized by a rounded
      corner joining the tip and bottom and said lip extends around the corner.
NUM  5.
PAR  5. A putter head having top and bottom sides and having vertical shaft
      opening in said top side for receiving the lower distal end of a golf club
      shaft and having a relatively flat forward and generally vertical side
      that normally strikes the golf ball and extends between said top and
      bottom sides and between a heel end positioned on one side of the shaft
      opening and a toe end positioned on the opposite side of the shaft
      opening, said head further having a concave ball-receiving cavity in the
      rear face of the putter head between the toe end and the shaft opening and
      between the top and bottom sides of the head, said bottom side being
      relatively wide and said top side being relatively wide at said shaft
      opening and from there narrowing to a relatively thin section between the
      toe end and shaft opening, and said cavity being defined by an arcuate
      surface that in a vertical direction extends from a rear edge of the
      relatively wide bottom side of the head to said relatively thin section of
      the top side, and in a lengthwise direction extends from a relatively thin
      lip at said toe end first forwardly and then rearwardly to the area of the
      head with the shaft opening therein; and said heel end having converging
      side surfaces and an upper arcuate side for receiving a pole and an
      underside that sweeps upwardly from said bottom of the head to join the
      upper arcuate side at a small tip at the distal end of said heel that may
      slide under a pole lying on the ground.
NUM  6.
PAR  6. The invention defined in claim 5 further characterized by said head
      having an arcuate-shaped corner that joins the end of the toe and said
      bottom side and said lip extends vertically along the toe, along the
      corner and along the bottom of the shaft at the rear edge of the bottom
      side.
NUM  7.
PAR  7. The invention defined in claim 5 further characterized by a surface
      marking on the head that is visible from above and denotes the center of
      weight distribution of the club.
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ABST
PAL  A device for playing a game which simulates golf, has front and rear
      sections which are hinged together and fold from open to closed positions.
      Both sections rest on the floor with the rear section presented after
      front section when the device is in its open position. The front section
      has an open end, while the rear section has a closed end. Both sections
      have supporting surfaces which align when the sections are open. The
      supporting surface of the front section is inclined upwardly away from the
      open end of the front section. A flexible mat having tee positions and
      other information presented thereon rests on the supporting surfaces and
      extends out of the open end, beyond which it rests on the floor. The mat
      may be folded over onto itself so that it rests entirely on the supporting
      surfaces, and then the front section may be folded over onto the rear
      section to bring the game device to a compact closed position more
      suitable for carrying or storage. The mat is contained wholly within the
      device when the sections are closed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for playing a game which simulates golf.
PAR  Heretofore various games have been developed for improving one's skill in
      golf putting and many of these games may be set up indoors. Usually, the
      devices are quite large and are difficult to store. Those which are
      relatively small do not provide the challenge of the larger games and are
      not as interesting.
PAC  SUMMARY OF THE INVENTION
PAR  One of the principal objects of the present invention is to provide a golf
      game which is highly compact and easily stored, yet provides a relatively
      large surface over which golf balls may be stroked. Another object is to
      provide a golf game which is interesting and offers a challenge, even to
      experienced golfers. A further object is to provide a golf game which
      folds into a rectilinear configuration which houses all the components of
      the game. An additional object is to provide a game device which is rugged
      in construction and attractive in appearance.
PAR  The present invention is embodied in a golf game having first and second
      sections which are hinged together to fold between open and closed
      positions. The sections have supporting surfaces which support a mat. The
      invention also consists in the parts and in the arrangements and
      combinations of parts hereinafter described and claimed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which form part of the specification and
      wherein like numerals and letters refer to like parts wherever they occur;
PAR  FIG. 1 is a perspective view of the game device of the present invention in
      its open position;
PAR  FIG. 2 is a top view of the game device in its open position with the mat
      extended over the floor.
PAR  FIG. 3 is a longitudinal sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2 and showing the
      end wall of the first section at the location where the first section
      pivots relative to the second section;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 2 and showing the
      return ramp;
PAR  FIG. 6 is a perspective view of the game device in its compact closed
      position, with the front section in its open position being illustrated in
      phantom; and
PAR  FIG. 7 is an end view of the game device in its closed position.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, A designates a game device for playing a
      game which simulates golf. Broadly speaking, the game device A includes
      front and rear sections 2 and 4 and a runner or mat 6. The front and rear
      sections 2 and 4 are hinged together so that they can be folded from a
      compact closed position (FIG. 6), wherein the front section 2 overlies the
      back section 4, to an open playing position (FIG. 1) wherein the front
      section 2 forms an extension of the back section 4. The mat 6 is flexible
      and is further long enough to extend over both the sections 2 and 4 when
      they are in their open positions and out onto the floor on which the
      sections 2 and 4 rest.
PAR  The front section 2 is hinged to the back section 4 at its one end and is
      open at its opposite end to enable the mat 6 to enter into it. Along its
      sides, the front section 2 has sidewalls 10 which are rectangular in shape
      and are connected by a cross rib 12 (FIG. 3) extending through the
      interior of the front section and end wall 14 located at the hinged end of
      the front section 2. The end wall 14 (FIG. 4) has a depressed center
      portion 16 which is at the same elevation as the top of the rib 12, and
      extended over and supported on both the depressed center portion 16 and
      the rib 12 is a horizontal plank 18 which is somewhat below the upper
      edges of the sidewalls 10. Leading from the open end of the front section
      2 to the cross rib 12 is an inclined plank 20, the lower end of which is
      at floor level, while the upper end is at the elevation of horizontal
      plank 18. Both the horizontal and inclined planks 18 and 20 extend from
      one sidewall 10 to the other, and inasmuch as the sidewalls 10 project
      above the upper surfaces of the planks 18 and 20, they form a border along
      the sides of the planks 18 and 20. The bottom of the front section is
      closed by a back wall 22 which is secured to the cross rib 12 and end wall
      14 as well as to the sidewalls 10.
PAR  The rear section 4 is exactly the same size as the front section 2 and
      includes sidewalls 26 which align with the sidewalls 10 on the front
      section 2 (FIG. 1). At the hinged end of the front section 4 the sidewalls
      26 are connected by an end wall 28 which is exactly the same shape as the
      end wall 14 on the front section (FIGS. 4 and 7). Indeed, when the game
      device is in its open position the end wall 28 on the rear section 4 is
      located directly opposite the end wall 14 on the floor section 2. Being
      the same shape as the end wall 14, the end wall 28 likewise has a
      depressed center portion 16. At its opposite end the back section 2 has
      another end wall 30 and a back stop 32, the former of which is the same
      elevation as the depressed portion 16 of the end wall 28, while the latter
      is about twice the height of the sidewalls 26 and hence projects
      considerably above them. The back stop 32 is attached to the end wall 28
      and forms the closed end of the game device A when that device is open.
      Extending between the sidewalls 26 are cross ribs 34, (FIGS. 2 and 5) the
      upper surfaces of which are located about the same elevation as the
      depressed portion 18 of the end wall 28 and the upper surface of the end
      wall 20. These surfaces are below the upper edges of the sidewalls 26 and
      support a horizontal plank 36 which is at the same elevation as the
      horizontal plank 18 of the front section 2 when the game device A is open.
      The horizontal plank 36 completely fills the area between the sidewalls
      26, and since the sidewalls project above the plank 36, they form a border
      along its sides. The backstop 32 on the other hand, forms a barrier at the
      end of the back section 4.
PAR  The horizontal plank 36 of the rear section 4 is provided with a circular
      opening 38 (FIG. 5) midway between the sidewalls 26 and rearwardly from
      the backstop 32. The opening 38 is somewhat larger than a golf ball and is
      located directly above the upper end of a discharge ramp 40. The lower end
      of the ramp 40 is located at a circular opening 42 of equivalent size in
      one of the sidewalls 26. The upper end of the ramp 40 is closed by an end
      member 46.
PAR  Projecting upwardly from the horizontal plank 36 directly behind circular
      opening 38 therein is a center peg 50 (FIGS. 1-3). Ahead of this circular
      opening 38, a pair of lateral pegs 52 project upwardly from the horizontal
      plank 36, and these pegs are transversely aligned and offset with respect
      to the longitudinal center of the plank 36. Nevertheless, the lateral pegs
      52 are set inwardly from the side margins of the depresed center portion
      16 of the end wall 28 so that the possibility exists that a ball passing
      through the depressed center portion 16 will strike one of the pegs 52.
PAR  The bottom of the back section 4 is closed by a back wall 56 (FIG. 3) which
      conceals the cross ribs 34, the end member 46, and the discharge ramp 40.
PAR  The front and rear sections 2 and 4 are joined together at their end walls
      14 and 28, respectively, by two hinges 60 (FIGS. 3 and 7), the leaves of
      which are attached by screws to the opposed faces of the end walls 14 and
      28. These hinges are located adjacent to the sidewalls 10 and 26 and
      laterally beyond the depressed center portions 16 of the walls 14 and 28.
      The common pivot axis for the hinges 60 lies in the plane of the upper
      edges for the sidewalls 10 and 26. This enables the front section 2 to be
      folded over onto the rear section 4, in which case edges of the walls 10
      and 26 will come against each other. This is the closed position for the
      game device A. When in that position depressed center portion 16 of the
      end wall 14 is located directly above the depressed center portion 16 of
      the end wall 28 so as to form a rectangular cutout at one end of the
      closed game device (FIG. 7). The cutout is closed by a flexible web 62,
      one margin of which is captured between the end wall 14 and the horizontal
      plank 18 thereon, while the opposite margin thereof is captured between
      the end wall 28 and the horizontal plank 36.
PAR  Still considering the game device when its closed position, one of the
      sidewalls 10 on front section has a rectangular aperture 66 centered
      midway between the ends of that wall. This aperture receives the end of a
      handle 68 (FIGS. 1 and 2) which is preferably molded from a flexible
      plastic. Actually, the handle 68 is necked inwardly toward its ends to
      provide reduced portions 70 and at each of its ends is further provided
      with a pair of laterally projecting lugs 72. The distance from tip-to-tip
      of the lugs 70 is greater than the length of the rectangular aperture 66.
      The necked in portion at one end of the handle 68 lies within the aperture
      66, in which case the lugs 70 are behind the sidewall 10. Hence, the lugs
      70 prevent the handle 68 from being withdrawn from the sidewall 10. The
      corresponding sidewall 26 on the back section 4 has a slot 74 centered
      between its ends and opening out of its lower margin. This slot is wide
      enough to loosely accommodate the reduced portion 70 on the other end of
      the handle 68, yet is narrow enough to prevent the lugs 72 from passing
      through it. While the one end of the handle 68 is captured in the
      rectangular aperture 66, the opposite end can be inserted into and
      withdrawn from the slot 74 through an aperture 75 (FIGS. 1 and 6) in the
      back wall 56. This aperture, is, of course, wide enough to accommodate the
      lugs 72 on the handle 68. The handle 68, not only provides a convenient
      means of carrying the folded game device A, but also retains the game
      device A in its folded or closed position.
PAR  The flexible mat 6 is about as wide as the depressed center portions 16 on
      the end walls 14 and 28 so that it can stretch out over the horizontal
      plank 36 of the back section 4 and the horizontal and inclined planks 18
      and 20 of the front section 2 when the game device A is open (FIG. 1). The
      mat 4, being considerably longer than the combined lengths of the sections
      2 and 4, further projects out of the open end of the front section 2,
      beyond which it is supported on the floor. Near its one end, the mat 6 has
      relatively small apertures which align with and receive the pegs 50 and
      52, thus enabling the mat 6 to drop down and rest on the horizontal plank
      36.
PAR  The pegs 50 and 52 along with the side edges of the depressed center
      portion 16 in the end walls 14 and 28 serve to position the mat 6 on the
      sections 2 and 4 and maintain it centered between the sidewalls 10 and 26.
      The mat 6 also has an opening which registers with the circular opening 38
      in the horizontal plank 36 so that a ball rolling over the mat 6 can drop
      through the opening 38. The short portion of the mat 4 located beyond the
      center peg 50 has an irregular cutout 76 (FIGS. 1 and 2) which overlies a
      blue surface on the horizontal plank 36 of the rear section 4 and thus
      simulates a lake. Directly behind each lateral peg 52, the mat 6 has two
      more irregular cutouts 78 which simulate sand traps. Since the mat 6 is
      narrower than the planks 18, 20 and 36 on which it rests and has thickness
      of about three-eighths inches, the exposed portions of the planks 18, 20
      and 36 located between the side edges of the mat 6 and the sidewalls 10
      and 26 of the frames 2 and 4 form depressions or gutters which may be
      equated to the rough or woods in the regular game of golf.
PAR  Printed on the upper surface of the mat 6 is a darkened area which
      surrounds the circular openings 38 and represents a green. The remaining
      portions of the mat 6 which overlie the horizontal planks 18 and 36 are
      marked off in areas which are designated "par," "lost ball," "bogey," and
      "double bogey," in that order from the green surrounding the circular
      opening 38. The portion of the mat 6 which overlies the inclined plank 20
      is designated "out-of-bounds" and this portion extends out onto the floor
      a substantial distance. Beyond the out-of-bounds area the mat 6 has 18 tee
      positions, and each tee position is assigned a specific number of strokes
      which constitutes par for that position.
PAC  OPERATION
PAR  A game which closely simulates golf is played on the game device A when the
      device A is in its open position and the mat 6 is spread out over the
      planks 36, 18 and 20 and onto the floor beyond the open end of the front
      section 2.
PAR  The player commences the game by placing a golf ball on the first tee
      position and stroking it with a putter toward the circular opening 38. The
      ball is stroked until it lands in the circular opening 38 or on the par,
      bogey or double bogy areas overlying the horizontal planks 18 and 36. The
      number of strokes for the hole are assigned accordingly. A ball entering
      one of the gutters, which is designated a woods, is returned to the tee
      position and stroked over with a one stroke penalty. The same is true of
      balls entering the cutouts 76 which is considered a lake, or the cutouts
      78 which are considered sand traps.
PAR  Balls which are stroked excessively hard strike the backstop 32 and are
      thereby prevented from rolling beyond the game device A. Any ball which
      enters the circular opening 38 at the green drops onto the return ramp 40
      which discharges the ball onto the floor to the side of the game device A.
PAR  When in the playing position, the game device is quite long and occupies
      almost the entire length of an ordinary room. However, the game device is
      easily and quickly converted into its compact closed position in which it
      is usually stored or carried. The conversion is accomplished by first
      folding the flexible mat 6 over upon itself several times until the entire
      mat 6 overlies only the planks 18, 20 and 36 of the front and rear
      sections 2 and 4. The handle 68, which is permanently attached to the
      front section 2, is then grasped and lifted upwardly. This causes the
      front section 2 to swing upwardly about the axis of the hinges 60. The
      front section 2 is swung completely over until it rests on the upper edges
      of the rear section 2, and when the sections 2 and 4 are so disposed the
      backstop 32 closes the open end of the front section 2. Moreover, the web
      62 is unfolded and closes the opening at the opposite end created by the
      depressed center portions 16. The sidewalls 10 and 26 of the two sections
      2 and 4 abut each other along their longitudinal edges and thus close the
      sides of the game device A. When the front section 2 is folded over onto
      the rear section 4, the mat 6 also makes one more fold and is completely
      housed within the interior of the compact game device A. Finally, the lugs
      72 at free ends of the handle 68 are inserted into the aperture 75 in the
      back wall 56 of the rear section 4 and the adjacent reduced portion of the
      handle 68 is fitted into the slot 74 in the sidewall 26 of the rear
      section 4. Thus, the handle 68 retains the game device A in its highly
      compact closed position.
PAR  This invention is intended to cover all changes and modifications of the
      example of the invention herein chosen for purposes of the disclosure
      which do not constitute departures from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for playing a game which simulates golf, said device comprising
      first and second sections of substantially equal size which are hinged
      directly to each other and fold about a hinge axis from an extended open
      position, wherein both sections are on the floor, to a compact closed
      position, wherein one section is against the other section, the sections
      having supporting surfaces which are located below the hinge axis and
      align when the sections are open, and face each other, yet are spaced a
      substantial distance apart, when the sections are closed, the first
      section further having an open end and the supporting surface of that
      section being substantially at floor level at the open end; and a mat
      which is substantially longer than the combined lengths of the supporting
      surfaces, the mat being adapted to rest on the supporting surfaces when
      the sections are open, the mat being flexible so that it may be folded up
      upon itself and contained wholly within the space between the supporting
      surfaces of the sections when the sections are in their closed position.
NUM  2.
PAR  2. A device according to claim 1 wherein the supporting surface on the
      first section is at least in part inclined upwardly away from the open end
      of the first section when the sections are open.
NUM  3.
PAR  3. A device according to claim 2 wherein the first section is hinged at the
      end opposite the open end, and the second section has a hinged end and a
      closed end.
NUM  4.
PAR  4. A device according to claim 3 wherein the second section has a backstop
      at its closed end and the backstop extends into and closes the open end of
      the first section when the sections are closed.
NUM  5.
PAR  5. A game device according to claim 3 wherein the sections are provided
      with aligned sidewalls having upper edges which are above the supporting
      surfaces when the sections are open and abut each other when the sections
      are closed.
NUM  6.
PAR  6. A device according to claim 5 and further characterized by a handle
      attached permanently at its one end to the sidewall of one of the sections
      and engageable at its other end with the aligned sidewall of the other
      section.
NUM  7.
PAR  7. A device according to claim 6 wherein said aligned sidewall of the other
      section includes a slot which opens out of an edge of that sidewall; and
      wherein the handle at its other end includes a reduced portion which is
      small enough to fit into the slot and an enlarged portion located beyond
      the reduced portion, the enlarged portion being wider than the slot so
      that when it is behind the sidewall containing the slot, the handle will
      not pull through that sidewall.
NUM  8.
PAR  8. A device according to claim 3 wherein the supporting surface on the
      second section is horizontal when the sections are open and the supporting
      surface on the first section is inclined in part and horizontal in part
      when the sections are open with the horizontal portion aligning with the
      horizontal surface on the second section.
NUM  9.
PAR  9. A device according to claim 1 where at least one section has a back wall
      which is presented outwardly when the sections are closed and both
      sections have sidewalls which are along the sides of the supporting
      surfaces for their respective sections, the edges of the sidewalls on the
      one section abutting the edges of the sidewalls on the other section when
      the sections are in the closed position; one of the sidewalls in said one
      section having a slot which leads to an aperture in the back wall for said
      one section, the aperture being wider than the slot; and wherein an
      elongated handle at its one end is attached to that sidewall of said other
      section which aligns the sidewall having the slot therein, the other end
      of the handle having a reduced portion which is narrow enough to fit into
      the slot and an enlarged portion beyond the reduced portion, the enlarged
      portion being wider than the slot but narrrower than the aperture so that
      the reduced portion may be received in the slot when the enlarged portion
      is passed through the aperture.
NUM  10.
PAR  10. A device according to claim 3 wherein the supporting surface of the
      second section has an opening therein, and the second section further has
      an inclined ramp which underlies the opening and slopes downwardly from
      the opening toward one side of the second section so that balls which
      enter the opening will be discharged to the side of the second section.
NUM  11.
PAR  11. A device for playing a game which simulates golf, said device
      comprising: first and second sections which are hinged to each other and
      fold from an extended open position, wherein both sections are on the
      floor, to a compact closed position, wherein one section is against the
      other section, the sections having supporting surfaces which align when
      the sections are open, and face each other, yet are spaced apart, when the
      sections are closed, the sections being provided with aligned sidewalls
      having upper edges which are above the supporting surfaces when the
      sections are open and abut each other when the sections are closed, the
      first section further having a hinged end and an open end and the
      supporting surface of that section being substantially at floor level at
      the open end and at least in part inclined upwardly away from the open end
      when the sections are open, the second section having a hinged end and a
      closed end, the sections being hinged together at their hinged ends where
      the sections are provided with end walls which are in part cut away to
      substantially the level of the supporting surfaces; and a mat which is
      substantially longer than the combined lengths of the supporting surfaces,
      the mat being adapted to rest on the supporting surfaces and being
      accommodated by the cut away portions of the end walls when the sections
      are open, the mat being flexible so that it may be folded upon itself and
      contained wholly between the supporting surfaces of the sections when the
      sections are in their closed position.
NUM  12.
PAR  12. A device according to claim 11 wherein the hinge axis about which the
      sections pivot between their open and closed positions is located at about
      the level of the upper edges of the sections.
NUM  13.
PAR  13. A device for playing a game which simulates golf, said device
      comprising first and second sections which are hinged to each other and
      fold from an extended open position, wherein both sections are on the
      floor, to a compact closed position, wherein one section is against the
      other section, the sections having supporting surfaces which align when
      the sections are open, and face each other, yet are spaced apart, when the
      sections are closed, the first section further having a hinged end and an
      open end and the supporting surface of that section being substantially at
      floor level at the open end and being inclined in part and horizontal in
      part when the sections are open, the second section having a hinged end
      and a closed end and the supporting surface on that section being
      horizontal and aligning with the horizontal portion of the supporting
      surface on the first section when the sections are open, the sections
      being hinged together at their hinged ends, each section further having a
      pair of sidewalls which extend upwardly above the supporting surfaces when
      the sections are open, the supporting surface for each section extending
      from one sidewall to the other for the section; and a mat which is
      substantially longer than the combined lengths of the supporting surfaces,
      the mat being adapted to rest on the supporting surfaces when the sections
      are open, the mat being narrower than the distance between the sidewalls
      and generally centered between the sidewalls so that the areas of the
      supporting surfaces located to the sides of the mat form gutters, the mat
      being flexible so that it may be folded up upon itself and contained
      wholly between the supporting surfaces of the sections when the sections
      are in their closed position.
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ABST
PAL  An upper and a lower flexible plastic telltale arm, each capable of limited
      rotation on a vertical supporting hinge-pin which is common to both
      telltales which are spaced vertically apart with ample space between the
      said telltales to allow a golf clubhead to freely pass between the said
      telltales without contacting either telltale, a yielding target in the
      well known form of a simulated golf ball normally supported at the end of
      a flexible plastic arm which arm is the carrier of the target which
      normally is interposed between the upper and the lower telltales each of
      which is capable of moving to a new position and remaining in the new
      position whenever either of the telltales is struck by the golfclub due to
      an improper "swing."
BSUM
PAR  Heretofore golf-swing training devices have been provided with telltales
      wherein the telltale returns to the "striking" position after having been
      struck by the golfclub while the golfer had difficulty in observing the
      telltale due to the high speed of the return action.
PAR  My invention reduces the number of elements embodied in a golf training
      device which is adapted to provide information as to the height of the
      golf clubhead in relation to the center of the target at the instant the
      target is struck by the golfclub, while the structure affords variation to
      accommodate right handed or left handed golfers by the simple expedient of
      inverting the target carrier arm, while the target may be located as on
      the "tee" or as in the "fairway" where the target rests on the ground with
      the lower telltale moved out of the path of the clubhead while the upper
      telltale will be the only functional signalling means when the "swing" is
      too high. Obviously the anchoring means would have to be inclined away
      from the perpendicular in order to place the target on the playing
      surface.
PAR  As the telltale elements are of the non-return classification, where they
      are moved out of the normal position whenever they are contacted by the
      golf club, it is necessary to manually reset the said telltales after each
      erratic "swing".
DRWD
PAR  Referring now to the drawings in which like numerals refer to like parts;
PAR  FIG. 1 is a side plan view of the apparatus of the invention.
PAR  FIG. 2 is a detailed view of the apparatus of FIG. 1 taken along line A--A
      FIG. 1.
PAR  FIG. 3 is a bottom view of the apparatus of FIG. 1.
DETD
PAR  Persons versed in the arts to which my invention pertains may be enabled to
      make and use this device by referring to the specifications where golfing
      terms are in quotes, and the drawings in which FIG. 1 shows the complete
      assembly of the elements combined to make this device which is poised in
      the normal position and seen from the striking side where the golfer is
      right handed and the elements 5 and 6 are the stabilizing elements which
      are essentially two legs of a large metal staple embedded in solid
      substance such as the playing surface. The upper telltale is indicated at
      1, with the lower telltale shown at 2 with the telltales pivotally
      supported at 3 and 4 by the element 5 which functions as a hinge-pin
      common to both telltales. The element 5 is also part of an anchoring means
      in cooperation with the element 6 which is integral element 5 and embodies
      a return bend indicated at 7, thus forming a large metal staple having
      parallel legs sharply pointed to provide an easy means for forcing the
      staple into the playing surface.
PAR  The target may be in the form of the well known simulated golf ball shown
      at 8 while attached to the moveable end of the carrier arm indicated at 9
      which is normally held in the position shown by the elements 5 and 6 which
      pass through the perforations in the base of the carrier arm as indicated
      at 10 and 11. A metallic washer is shown at 12, with a second washer shown
      at 13, each being firmly held against the telltales 1 and 2 to the extent
      that the elements 1, 2 and 9 are in a compressed state one against the
      other, with cotter pins indicated at 14 and 15 fixing the position of the
      said washers which compress the three elements 1, 2 and 9.
PAR  FIG. 2 is a sectional view of my invention which is indicated by the broken
      line A A in FIG. 1., with upper telltale shown in section at 1, lower
      telltale shown in section at 2, while the target is shown in section at 8,
      with an extra cotter pin hole indicated at 16 which pin hole is provided
      to allow adjustment in the space between the telltales and the target
      carrier arm 9 where additional washers may be inserted to provide the
      desired adjustment.
PAR  FIG. 3 shows the underside of the elements showm in FIG. 1 with part of the
      lower telltale 2 and the base of the target carrier arm 9. As previously
      stated, the three elements 1, 2 and 9 are held in a state of compression
      which state imposes a friction load on the hinge part of the telltales as
      they are forced on the hinge pin 5 and against the stationary base of the
      element 9, with the aforesaid friction load providing means to prevent a
      rebound action of the telltales after being struck by the golfclub when
      the "swing" is inaccurate. While the carrier arm and the telltales
      cooperate in providing a non-return characteristic embodied in the
      telltales they also prevent undesired movement of the telltale elements
      due to air turbulence caused by the close proximity of the fast moving
      golfclub.
PAR  Without departing from the spirit of my invention, any materials may be
      substituded for the materials preferred by me, while the perforations
      within the telltales may embody a binding fit where the hinge-pin is
      slightly larger than the perforations embodied in the flexible telltale.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A golf training device comprising a U-shaped support, a pair of
      elongated arms of substantially the same length pivotally mounted on one
      of the legs of said support, said arms being spaced from each other along
      said leg; a target carrier non-rotatably mounted on said support and
      between said elongated arms and having a target on the end thereof remote
      from said support, said target being positioned between said arms so that
      a golf club improperly swung will contact one of said arms and when
      properly swung will contact only said target, means for preventing the
      return of an arm to its original position after it has been struck and
      caused to pivot on said one leg.
NUM  2.
PAR  2. The golf training device according to claim 1 wherein said means for
      preventing the return of the arm to its original position comprises a
      first annular collar positioned above the elongated arm closest to the
      bend of said U-shaped element and means for pressing said first annular
      collar against its associated elongated arm to cause the elongated arm to
      frictionally engage the target carrier; and a second annular collar
      positioned below the other elongated arm, and means for pressing the
      second annular collar against its associated elongated arm to cause said
      elongated arm to frictionally engage the target carrier.
NUM  3.
PAR  3. The golf training device according to claim 2 further comprising at
      least two perforations in the leg on which said elongated arms are
      mounted, at least one of said perforations being located adjacent to said
      first annular collar and another of said perforations being located
      adjacent said second annular collar, and a pin mounted in each of said
      perforations to anchor said collars against their associated elongated
      arms.
NUM  4.
PAR  4. The golf training device according to claim 1 wherein the end of said
      target carrier remote from said target is provided with a pair of bores
      for engaging both of said legs.
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ABST
PAL  A device for the viewing of photo-images and the presentation of sound
      recordings corresponding to such photo-images, which device may be
      controlled by the user to provide substantially random access to any
      photo-image and the sound recording corresponding thereto, is disclosed. A
      modular construction of such device and its adaptability to either
      hand-held or projection embodiments is described. A novel tone arm system
      as well as a novel turntable driving mechanism, a novel disc type record
      unit and a novel record changing mechanism is disclosed. In addition, a
      novel stereoscopic system based on the use of two identical views of the
      field of vision is disclosed and a specific optical system is described.
      Finally, a method of and means for coordinating a group of photo-images
      and a group of sound recordings so that selection of a particular
      photo-image automatically selects the corresponding sound recording is
      disclosed.
PARN
PAR  This is a division of Ser. No. 421,986, filed Dec. 5, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to audio apparatus for the reproduction of selected
      sound recordings from a plurality thereof included in a common sound track
      unit and more particularly to such an apparatus which may be used with
      audio visual apparatus adapted to enable the user to select any one of a
      group of photo-images for viewing or to sequentially view the photo-images
      of such group in any desired order with the audio production of a lecture
      or commentary relating to each photo-image being automatically selected
      from a corresponding group of sound recordings.
PAR  The prior art provides apparatus of various kinds for the simultaneous
      viewing of photo-transparencies and audio production of sound associated
      therewith. The most crucial feature of any such apparatus is, of course,
      to obtain proper synchronization between the presentation of the
      photo-transparency for viewing and the production of the sound.
PAR  The apparatus used for presenting motion pictures with accompanying sounds
      is a well known example of the broad concept. However, it will be
      understood that such apparatus must be designed to present a large number
      of photo-transparencies in fixed sequence and rapid succession, each in
      conjunction with the production of a relatively short segment of sound
      from a sequentially recorded series of sounds or "sound track." In every
      instance a number of slightly different photo-transparencies will be
      presented in connection with sounds comprising a single word of human
      speech.
PAR  It is an object of this invention to provide apparatus in which an extended
      dialogue or portion of a lecture or commentary is produced in conjunction
      with the presentation of a single photoimage for extended viewing. Thus,
      techniques and apparatus suitable for the presentation of motion pictures
      with sound are not applicable in accomplishing the objects of this
      invention.
PAR  Others have designed apparatus for use in advertising or in the
      presentation of travelogues or for instructional purposes in which a
      series of photo-transparencies are presented for viewing in conjunction
      with the audio production of an extended segment of a recorded sound track
      comprising a dialogue, lecture or commentary. However, in such apparatus
      the synchronization between the sound track and the presentation of the
      photo-transparencies has been accomplished by providing for the sound
      track to control the presentation of the photo-transparencies in fixed
      sequence. See, for example, U.S. Pat. No. 3,048,083 to Rosenbaum.
PAR  The magnetic tape, of course, need not be endless as disclosed by Rosenbaum
      and in some devices of the general type the mechanism is not automatic.
      Instead, the control signal is produced as an audible sound to remind the
      operator to advance the photo-transparencies from one to the next in the
      fixed sequence.
PAR  Similar results have been obtained in apparatus of the type in which the
      dialogue, lecture, or commentary is recorded on conventional disc type
      records as described in U.S. Pat. No. 3,138,061 to Greenway, for example.
      In such apparatus, a control signal may be recorded on the disc and used
      in the same way as described above. However, as disclosed by Greenway, it
      is also possible to utilize the changing angular position of the tone arm
      as it moves across the record to control the presentation of the
      photo-transparencies in fixed sequence.
PAR  It is another object of this invention to provide apparatus of the type
      broadly described above in which the presentation of a photo-image from a
      group thereof automatically selects for production a particular portion of
      a sound track corresponding to such group of photo-images. Thus, prior art
      apparatus as disclosed by Rosenbaum and Greenway in which the sound track
      controls the presentation of the photo-transparencies is not applicable in
      accomplishing the objects of this invention.
PAR  It will be understood that in all apparatus of the prior art as discussed
      above, the presentation of the photo-transparencies and the production of
      sound must occur in a fixed time sequence. Thus, a certain amount of time
      is allowed for viewing each phototransparency which amount of time is
      controlled by the sound track. In order to view a particular
      photo-transparency for a longer or shorter period of time than that
      allowed by the established time sequence, it would be necessary to
      interrupt the normal operation of at least the sound system of the
      apparatus thus tending to interfere with the synchronization between the
      sound track and the sequence of photo-transparencies.
PAR  It is a further object of this invention to provide apparatus of the type
      described in which a particular photo-image may be viewed for any desired
      length of time without effecting the synchronization between the sound
      track and the sequence of photo-images.
PAR  In using audio-visual apparatus of the type described above for
      instructional purposes, it is highly desirable that the person who seeks
      instruction be able to interact with the apparatus. U.S. Pat. No.
      3,484,160 to Glass et al discloses an audio-visual toy in which the visual
      presentations may be viewed for any desired length of time independently
      of the audio presentation associated therewith. However, if the user
      attempts to interact with the device by viewing the visual presentations
      out of their normal order, the synchronization between the video and audio
      presentations will be destroyed.
PAR  In order to provide optimum interaction between the apparatus and the
      person seeking instruction from it, it is also necessary that such person
      be able to control the sequence in which the photo-transparencies and the
      sound corresponding thereto are presented. It will be seen that in the
      apparatus of the prior art it is highly inconvenient, if not impossible,
      for the user to vary the order of the sequence of the presentation without
      destroying the synchronization between the sequence of the
      phototransparencies and that of the sound track.
PAR  It is a still further object of this invention to enable full interaction
      between audio-visual apparatus of the type described and a person seeking
      instruction by providing apparatus which may be operated in a
      substantially random access mode under the control of such person.
PAR  In order for audio-visual apparatus to be useful for instructional
      purposes, it is necessary that such apparatus be simple and convenient to
      operate, small, rugged and lightweight for portability, and inexpensive to
      manufacture and maintain.
PAR  It is yet another object of this invention to provide apparatus of the type
      described based on the use of disc type records for sound recording which
      are mounted in rugged units for storage and use, whereby the mechanism of
      such apparatus is inexpensive to manufacture and maintain, small,
      lightweight and rugged for portability and convenient to operate.
PAC  SUMMARY OF THE INVENTION
PAR  The audio apparatus of this invention comprises means for sequentially
      producing the audio rendition of each of a plurality of sound recordings
      all of which have a time duration greater than one second. According to
      one embodiment of this invention the apparatus also includes means for
      automatically correlating the beginning of the audio rendition of each one
      of the plurality of sound recordings with the beginning of the
      presentation of a different one of said plurality of photo-images for
      viewing and means for controlling the length of time during which each
      photo-image is presented for viewing, and the audio rendition of the sound
      recording correlated therewith is produced, independently of the time
      duration of said sound recording correlated therewith. The sound
      recordings are made in flat planar surfaces, which may be disc type
      records, mounted in a novel package to provide a sound track unit. The
      apparatus includes a novel tone arm arrangement and a pair of disc type
      records for use with the apparatus are preferably mounted as a unit in a
      novel package. The apparatus also includes a novel mechanism for receiving
      the record units and a novel drive mechanism for rotating the recordings.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and features of the apparatus of this
      invention will be more fully appreciated when the following detailed
      description is read in conjunction with the drawing wherein:
PAR  FIG. 1 is a perspective view of an embodiment of the apparatus of this
      invention with a plurality of photo-images positioned therein for use but
      with the disc type record unit containing the sound recordings removed
      therefrom.
PAR  FIG. 2 is a perspective view of a disc type record unit suitable for use in
      the embodiment of the apparatus of this invention shown in FIG. 1,
      represented in position to be inserted into the embodiment of the
      apparatus of this invention as shown in FIG. 1.
PAR  FIG. 3 is a fragmentary view in elevation of the rear portion of the right
      end of the embodiment of the apparatus of this invention as shown in FIG.
      1.
PAR  FIG. 4 is a schematic representation of the optical system of the
      embodiment of the apparatus of this invention shown in FIG. 1.
PAR  FIG. 5 is an exploded view in perspective of the embodiment of the
      apparatus of this invention shown in FIG. 1 with the outer coverings
      thereof either removed or shown in opened position to expose internal
      parts and with certain portions omitted for clarity.
PAR  FIG. 6 is an enlarged fragmentary view of the tone arm assembly and the
      record driving assembly of the embodiment of the apparatus of this
      invention shown in FIG. 1 with a portion of the record driving assembly
      represented in exploded form and with a disc type record shown in
      operating position and the cover of the disc type record unit of FIG. 2
      shown in dotted lines.
PAR  FIG. 7 is a front perspective view of the embodiment of the apparatus of
      this invention shown in FIG. 1 with portions removed or broken away to
      expose the cooperating mechanism for the tone arm assembly and the slide
      viewer assembly thereof.
PAR  FIG. 8 is a fragmentary view, partially in cross-section and partially in
      elevation, of the record changing mechanism of the embodiment of the
      apparatus of this invention shown in FIG. 1 with the elements thereof in
      position immediately prior to the full insertion of the disc record unit
      of FIG. 2 therein, an end view of such disc record unit also appearing in
      FIG. 8.
PAR  FIG. 9 is a view similar to FIG. 8 but showing the disc record unit fully
      inserted and the elements of the record changing mechanism in the position
      corresponding thereto.
PAR  FIG. 10 is a fragmentary perspective view of the fully assembled record
      driving and tone arm module of the embodiment of the apparatus of this
      invention shown in FIG. 1 but with the cover removed to show the internal
      elements thereof.
PAR  FIG. 11 is an enlarged top view of the disc type record unit of FIG. 2 with
      the top cover thereof removed to expose the internal parts thereof.
PAR  FIG. 12 is a cross-sectional view taken along line 12--12 of FIG. 11 with
      the top cover thereof in place.
PAR  FIG. 13 is a cross-sectional view taken along lines 13--13 of FIG. 11 with
      the top cover thereof in place.
PAR  FIG. 14 is a representation of the electrical circuitry of the embodiment
      of this invention shown in FIG. 1, which representation is partly in
      schematic form and partly in block diagram form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 a preferred embodiment of the apparatus of this
      invention in the form of a fully assembled hand-held device is shown.
      According to this embodiment of the invention the apparatus is constructed
      of a series of modules according to the various functions which the
      apparatus must perform which modules are assembled on a frame. Thus, as
      shown in FIG. 1 the device 10 according to this embodiment of the
      apparatus of this invention comprises an optical module 11, an audio
      amplifier and power supply module 12, a synchronization module 13 and a
      sound track drive module 14. All of the above modules are physically
      mounted on a frame unit 15 as will be more fully described hereinafter and
      which frame unit 15 includes the photo-image slide carriage unit 16 and
      the sound track unit receptacle 17.
PAR  As shown in FIG. 1 the various photo-images 18a-18n may be mounted in an
      appropriate frame 19, however, it is also contemplated that such
      photo-images could be formed on a single strip of film material suitable
      for insertion into the slide transport member 16. As shown in FIG. 1 the
      photo-images 18a-18n may be arranged in two rows extending the length of
      the slide transport member 16. Although there are six photo-images in each
      row as shown in FIG. 1, it will be understood that more or less
      photo-images may be used as desired. It will also be understood that the
      row of photo-images 18a through 18f are not in operative position as shown
      in FIG. 1, whereas the second row comprising photo-images from 18f through
      18n are in operative position and thus hidden from view within the device
      10.
PAR  Referring to FIG. 2 a sound track unit 20 is shown in position for
      insertion into the receptacle 17 of the device 10. In the sound track unit
      20 according to this embodiment of the invention, as broadly shown in FIG.
      2, the sound track may be driven through a pair of apertures which are
      shown at 21 and 22. The sound track may be recorded on a pair of apertured
      discs mounted for rotary movement independently of each other within a
      housing 23, for example, in which case a pair of elongated apertures 25
      and 26 are provided through such housing and each associated with a
      different one of such discs to provide access for the pickup unit of a
      tone arm (not shown in FIG. 1) to the sound recordings on such discs. It
      will be understood that other means of recording the sound track as by
      means of magnetic tape, for example, could be used in other embodiments of
      this invention.
PAR  As shown in FIGS. 1 and 2 the sound recordings on the disc associated with
      apertures 21 and 25 are correlated with the photoimages from 18f-18n and
      the sound recordings on the discs associated with apertures 22 and 26 are
      correlated with the photo-images 18a-18f. Thus, it will be understood that
      the orientation of both the slide 19 and the record unit 20 must be
      changed with respect to the device 10 in order to place the photo-images
      18a-18f and the disc bearing the sound recordings correlated therewith,
      which disc is associated with apertures 22 and 26, into operative
      position. Such change in orientation is accomplished by removing the slide
      19 and inverting it in the slide carriage member 16 and by removing the
      sound track unit 20 from the receptacle 17 and turning the unit 20
      end-for-end for reinsertion to the receptacle 17. As shown in FIGS. 1 and
      2 the sound track unit 20 may be held in receptacle 17 in any one of four
      orientations by the engagement of posts 27 at the entrance to the
      receptacle 17 with appropriate recesses 28 formed at the edges of both the
      upper and lower surfaces of the unit 20 as shown in FIG. 2.
PAR  The device 10 according to this embodiment of the apparatus of this
      invention is designed to enable it to be hand-held in use although it
      could also be mounted on a support (not shown). Thus, the device 10 is
      dimensioned so that the thumb of the left hand of the user may support the
      frame 15 under the receptacle 17 with the fingers of the left hand in
      contact with the top of the sound track driver module 14. Similarly, the
      thumb of the right hand of the user may support the frame 15 at the
      opposite end of the device 10 with the fingers of the right hand in
      contact with the top of the audio amplifier and power supply module 12.
PAR  As shown in FIG. 1 the front side of the optical module 11 is provided with
      a pair of eye pieces 41 and 42 with an indent 40 to accommodate the nose
      of the user. It will be understood that the optical module 11 and
      synchronization module 13 are lighter in weight than the audio amplifier
      and power supply module 12 and sound track drive module 14. Thus, the
      device 10 is confortably balanced when the hands of the user engage the
      device 10 toward the rear of the slide carriage unit 16 as shown in FIG.
      1.
PAR  Referring to FIG. 3 a fragmentary view of the rear corner of the right side
      of the device 10 is shown in order to illustrate the type of controls
      which may be built into the audio amplifier and power supply module 12. It
      will be understood that such location of the controls will provide
      convenient access for manipulation by the right hand of the user when the
      unit is in operation.
PAR  The most important control from the standpoint of the user is a microswitch
      associated with the loudspeaker grille 30. As most clearly shown in FIG. 1
      the loudspeaker grille 30 provides the upper surface for the right end
      portion of the audio amplifier and power supply module 12. Thus, the
      fingers of the right hand of the user of the unit normally rest lightly on
      top of the loudspeaker grille 30 when the device 10 is hand-held for use.
      According to this embodiment of the invention a normally open microswitch
      is mechanically associated with the loudspeaker grille 30 such that a
      squeezing action of the right hand of the user will force the loudspeaker
      grille downwardly to close the microswitch. As will be described more
      fully hereinafter the closing of the microswitch will activate appropriate
      circuitry to move the photo-image slide in either direction depending upon
      the setting of a further control. The circuitry is such that a momentary
      squeezing action will be sufficient to move the photo-image slide through
      a complete cycle from one photo-image to the next photo-image without
      further action by the operator. The circuitry is also such that the
      exertion of continuous pressure on the loudspeaker grille 30 by the hand
      of the operator will result in continuous movement of the photo-image
      slide.
PAR  Referring to FIG. 3 the other manual controls provided in the device 10
      according to this embodiment of the apparatus of this invention may be a
      simple toggle or slide type switches. Thus, a single throw, single pole
      on-off switch 31 is provided to connect or disconnect the device 10 from
      the power supply thereof. Such power supply may comprise a set of 6 volt
      rechargeable nickle-cadmium battery, for example. A double throw, double
      pole forward-reverse switch 32 is connected across the motor for driving
      the photo-image slide transport mechanism, thus enabling the operator to
      select the direction in which such mechanism will move. A single pole,
      single throw on-off switch 33 may be provided for connecting or
      disconnecting the power supply across an appropriate light source such as
      an incandescent lamp for illuminating the photo-image to be viewed. A
      single throw, double pole high-low switch 34 may also be provided to
      control the power output of the audio amplifier. Finally, a single pole,
      double throw audio on-off and reset switch 35 may be provided which, in
      its "off" position will automatically reset the audio portion of the
      device back to the beginning of a particular sound recording associated
      with a particular photo-image so that when the switch 35 returns to its
      "on" position, the audio presentation will be repeated.
PAR  As shown in FIG. 3 an earphone jack 36 may be provided for the insertion of
      the plug of an earphone type speaker (not shown). Such jack 36 may be of
      the type which automatically disconnects the audio amplifier from the
      loudspeaker located under the grille 30 at the same time that it makes
      connection to the earphone connected to the plug inserted in the jack 36.
PAR  The audio amplifier and power supply module 12 may be made in upper and
      lower sections joined by a hinge structure 37. As shown in FIG. 3, the
      audio amplifier is in the upper section and the power supply is in the
      lower section of module 12.
PAR  Referring to FIG. 4 the optically active elements of the optical module 11
      together with a representation of a photo-image are shown. As indicated in
      FIG. 4 the optical system of this embodiment of apparatus according to
      this invention is a stereoscopic system. Thus, the eye pieces 41 and 42
      include large aperture lenses which may be used by different persons
      without adjustment even though the spacing between the eyes of different
      persons may vary. The photo-image 18n comprises a left hand view and a
      right hand view. As shown in FIG. 4 the photo-image 18n comprises two
      different fields of vision. Thus, at the top of photo-image 18n a field of
      vision represented by left hand and right hand circular figures is shown
      and at the bottom of photo-image 18n a field of vision represented by left
      hand and right hand triangular figures is shown.
PAR  Considering first the top field of vision represented by the circles, it
      will be seen that the line of vision between the left eye of the observer
      and the left hand view of the field of vision passes through eye piece 41
      to an outer inclined mirror 43 and from there to an inner inclined mirror
      45. The inner inclined mirror 45 is spaced from the photo-image so as to
      exclude the right hand view of the field of vision from the left eye of
      the observer. Similarly, the line of vision for the right eye of the
      observer proceeds through the eye piece 42 to an outer inclined mirror 44
      and from there to an inner inclined mirror 46 which is spaced from the
      photo-image 18n so as to exclude the left hand view of the field of vision
      from the right eye of the observer. Thus, the two fields of vision may be
      slightly different from each other in order to provide a stereoscopic
      effect.
PAR  However, it has been found that such optical system provides useful effects
      even where the images presented are images of planar objects such as
      charts or printed materials. Thus, as shown in FIG. 4 the upper views of
      the field of vision represented by the circles are separated from each
      other by a greater distance than the lower views of the field of vision
      represented by the triangles. It has been found that even where the two
      views of each field of vision are identical to each other the circle will
      appear to the observer to be further from the observer than the triangle.
      Thus, it has been found to be easier for the observer to focus his
      attention on one field of vision to the exclusion of the other.
      Furthermore, it has been found that when the field of vision is a printed
      page of material, it is easier for the observer to read such material from
      the photo-image.
PAR  From the above broad description of the unit 10 according to one embodiment
      of the apparatus of this invention, it will be understood that the main
      objective of the apparatus according to the teaching of this invention is
      to provide for optimum interaction between such apparatus and the user of
      the apparatus. Thus, as will be described more fully hereinafter, the user
      of the device 10 according to this embodiment of the apparatus of this
      invention may place a slide 19 of photo-images in the slide transport
      member 16 and a sound track unit 20 in receptacle 17 properly oriented to
      enable the reproduction of the sound recordings corresponding to the
      photo-images to be viewed. By proper manipulation of the controls 30-35,
      the operator may select any one of the photo-images of a particular row on
      the slide 19 for viewing and he will automatically hear the sound
      recording correlated therewith. He may interrupt the viewing and
      reproduction of the sound recording at any time to move on to another
      photo-image. He may go either forward or backward from one photo-image to
      the next and he may continue to observe a particular photo-image after the
      sound recording correlated therewith has been completely reproduced. He
      may also repeat the sound recording, or a portion thereof, associated with
      a particular photo-image while continuing to view such photo-image.
      Finally, by simple reorientation of the photo-slide 19 and the sound track
      unit 20, the operator may select any particular photo-image and sound
      recording associated therewith from a large number thereof. Thus, the unit
      10 as shown in FIG. 1 will provide substantially random access to any one
      of 12 photo-images together with the sound recording corresponding thereto
      requiring only that the slide 19 be inverted and the sound record unit 20
      be turned end for end and that the controls 30-35 be manipulated to bring
      a proper photo-image into view. Such operations may be quickly performed
      without the necessity for running any appreciable portion of the normal
      sequence which the unit is designed to provide in a semiautomatic program.
PAR  Referring to FIG. 5 an exploded view of the elements of the device 10
      according to the embodiment of FIG. 1 are shown. The covers of the various
      modules have been removed or the modules opened in order to reveal certain
      internal parts thereof with other parts omitted for clarity. Thus, it will
      be seen that the frame 15 comprises an open sided hollow box providing the
      receptacle 17 for the sound track unit 20. A rigid elongated support plate
      50 extends across the top of the hollow box member perpendicularly to the
      open side thereof and projects therefrom. Thus, the frame 15 comprising
      the hollow box and the plate 50 secured thereto form a rigid structure of
      substantially T-shape in top view. The plate 50 divides the upper surface
      of the hollow box into forward and rear portions with the projecting
      portion of the plate 50 providing forward and rear surfaces for the
      mounting of the optical module 11 and the audio amplifier and power supply
      module 12, respectively. As indicated in FIG. 5 the synchronization module
      13 is mounted on the forward portion of the upper surface of the hollow
      box and the sound track drive unit 14 (the internal parts of which are
      omitted in FIG. 5) is mounted on the rear portion of the upper surface of
      the hollow box.
PAR  As most clearly shown in FIG. 5 the photo-image slide transport mechanism
      16 is supported between the optical module 11 and the plate 50 by means of
      a plate 63 as described hereinafter. According to this embodiment of the
      invention the photo-images are transparencies and thus a light source
      comprising a pair of incandescent light bulbs 51 is provided in the audio
      amplifier and power supply module 12 together with a translucent plate 52
      which forms the forward wall of such module. The support plate 50 is, of
      course, provided with an aperture 53 in registry with the light source and
      the translucent plate 52 as well as the optical module 11.
PAR  The photo-image slide transport member 16 comprises an elongated frame
      having a row of apertures 54 therethrough corresponding to the
      photo-images to be presented for viewing. It will be understood that a
      slide including a plurality of photo-images arranged in a row will be
      inserted in a slot 55 provided in the frame of the transport member 16
      bringing the photo-images into registry with the apertures 54 through the
      frame of the transport member 16.
PAR  The transport member 16 is moved along between the forward face of the
      support plate 50 and the optical module 11 by means of a belt 56 and
      sprocket 57 arrangement. As shown in FIG. 5 the transport member 16 is
      fixed to a point on the belt 56 between the bight portions thereof as by
      means of a screw 58. Thus, rotation of the sprockets 57 will cause the
      belt to move in an endless fashion, moving the screw 58 and transport
      member 16 rectilinearly between the bight portions of the belt established
      by the sprockets 57. The sprockets 57 are mounted on axles 59 extending
      perpendicularly to the front surface of the plate member 50 and one of
      such sprockets may be driven by an appropriate motor 60 and gear train 62.
      As shown in FIG. 5 the motor 60 and gear train 62 are mounted on a plate
      63 which plate is adapted to be rigidly fixed to the frame member 15,
      sandwiching the transport member 16, belt 56 and sprockets 57 between such
      plate 63 and the forward surface of the plate 50. It will be understood
      that when the plate 63 is mounted to the frame 15 as by means of screws 64
      (only one of which is shown) the gear train 62 will engage a gear 65
      located in the synchronization module and which is coupled to one of the
      sprockets 57 by means of a worm gear 66 which engages a gear 67 mounted on
      a common axle 59a with such sprocket 57. As will be more fully discussed
      hereinafter the gear 65 and worm gear 66 are mounted on a common axle 68
      which is elongated and provided with screw threads 69 at the end thereof
      opposite from the gear 65. Such screw threads 69 engage a threaded
      aperture in a tone arm slide member 70, thus enabling the position of the
      tone arm of the apparatus to be correlated with the positioning of a
      particular photo-image since both the photo-image slide transport member
      16 and the tone arm slide member 70 are driven by the same motor 60
      through the same gear train 62 and 65 as will be more fully described
      hereinafter.
PAR  As also shown in FIG. 5, the power supply for the device 10 according to
      this embodiment of the apparatus of this invention may comprise a
      plurality of batteries 39 mounted within the audio amplifier and power
      supply module which is shown in its open position to expose the batteries
      for replacement or recharging. The audio amplifier and power supply module
      may be affixed to the rear surface of the plate 50 by any suitable means
      such as by screws 29, for example. As also shown in FIG. 5, the optical
      module 11 may be attached to the plate 63 by means of two posts 38 having
      compressable ends thereon adapted to fit into cooperating apertures (not
      shown) formed in the module 11.
PAR  It will be understood that the sound track drive module 14 is mounted on
      the upper rear surface of the frame 15 in the space indicated by the
      reference numeral 14 in FIG. 5. Representation of the internal parts of
      sound track drive module 14 in FIG. 5 has been omitted for clarity and the
      operative elements thereof will now be described with reference to FIG. 6.
PAR  As shown in FIG. 6, the tone arm slide member 70 mentioned in connection
      with FIG. 5 is shown in the upper right hand portion. The tone arm 71
      comprises a rigid elongated member mounted at one end on the tone arm
      slide member 70. The free end of the tone arm 71 is provided with a rigid
      bracket member 72 providing a substantially U-shaped mounting structure
      for the pickup unit 73. A pivot member 74 extends between the legs of the
      U-shaped supporting structure formed by the tone arm 71 and bracket 72
      through apertures 75 formed in the pickup unit 73 and dimensioned to allow
      the pickup unit 73 to pivot freely about the pivot member 74.
PAR  As shown in FIG. 6, the pickup unit 73 comprises a first leg 76 projecting
      from the pivot member 74 in the direction in which the tone arm 71 extends
      and a second leg 77 projecting in the opposite direction from the first
      projection and offset therefrom to provide a counterweight about the axis
      of the pivot member 74. The second leg 77 thus projects along the tone arm
      71 toward the tone arm slide member 70 and has a sufficient extent to
      contact the tone arm or the bracket member 72 or both, thus limiting
      pivotal movement of the pickup unit about the pivot member 74 in a
      counterclockwise direction. However, the pickup unit 73 is free to pivot
      about the pivot member 74 in a clockwise direction.
PAR  A novel structure including a needle 78 mechanically coupled to a
      piezo-electric crystal 79 is mounted on the free end of the first leg 76
      of the pivot member 74 of the pickup unit 73, as shown. This structure,
      which will be more fully described hereinafter, provides the actual
      interface between the audio recording 80 and the audio amplifier of module
      12.
PAR  In order to provide a more complete understanding of the operation of the
      tone arm 71 and pickup unit 73 a sound track unit 20 is shown, partly, in
      phantom, in FIG. 6 in operative position with respect to such tone arm 71
      and pickup unit 73. One of the record discs 80 which is contained in the
      sound track unit 20 is shown in full in FIG. 6 with the needle 78 of the
      pickup unit 73 in operative engagement therewith. Similarly, a magnetic
      friction drive structure 81 driven by a flywheel 82 and magnetic pinion 83
      is shown in operative engagement with the disc 80.
PAR  It will be understood from FIGS. 5 and 6 that the movement of the tone arm
      slide member 70 will tend to move the free end of the tone arm 71 and thus
      the needle 78 of the pickup unit 73 across the surface of the disc 80.
      Thus, when the needle 78 is raised from the upper surface of the disc 80
      by means which will be more fully described hereinafter, movement of the
      tone arm slide member 70 will enable the needle 78 to be located at any
      particular point along a line extending radially from near the outer
      periphery of the disc 80 to a point adjacent the center of the disc 80.
PAR  According to this embodiment of the invention, a plurality of bands 84-89
      of recorded material are provided on the upper surface of the disc 80, as
      shown in FIG. 6, each of such bands corresponding to one of the
      photo-images to be viewed in this embodiment of the apparatus of this
      invention. Thus, the movement of the tone arm slide member 70 is
      synchronized with the movement of the photo-image slide carriage unit 16
      so that selection of a particular image for viewing will automatically
      select the one of the recorded bands 84-89 corresponding thereto.
PAR  Referring to FIG. 7, it will be seen that both the photo-image slide
      carriage unit 16 and the tone arm slide member 70 are driven by the motor
      60 through the gear chain 62 which meshes with the gear 65 mounted on the
      axle 68. Thus, rotation of the axle 68 by the motor 60 through gear chain
      62 and gear 65 will rotate the worm gear 66 which meshes with the gear 67
      mounted on the axle 59a thereby imparting rotation to the axle 59a.
PAR  Referring to FIG. 5, it will be seen that rotation of the axle 59a will
      rotate the sprocket wheel 57 mounted thereon which sprocket wheel 57
      engages the belt 56 to thereby drive the belt 56 and the photo-image slide
      carriage unit 16 attached thereto by means of screw 58. Similarly,
      rotation of the axle 68 will rotate the threads 69 thereof which engage
      the threaded aperture of the tone arm slide member 70, so that the
      photo-image slide carriage unit 16 and the slide member 70 move in
      synchronism.
PAR  Referring to FIG. 7, it will be seen that a microswitch 24 is mounted on
      the frame 15 in operative contact with the lower edge of the photo-image
      slide carriage unit 16. It will also be seen that the lower edge of the
      photo-image slide carriage unit is provided with a plurality of notches
      adapted to operatively engage the microswitch 24. It will be understood
      that each of the notches 61 is associated with a different one of the
      apertures 54 in the photo-image slide carriage unit 16. According to this
      embodiment of the invention, the microswitch 24 is a single pole, double
      throw switch for reasons which will be more fully described hereinafter.
PAR  FIGS. 8 and 9 show the mechanism for engaging and disengaging the sound
      track drive mechanism with the elements thereof in two different positions
      as will be explained more fully hereinafter. FIG. 10 is a perspective view
      of the sound track drive mechanism which will be more fully understood by
      considering FIGS. 6 and 10 together. The same reference numerals have been
      used in both FIGS. 6 and 10 to identify the same elements.
PAR  Thus, the flywheel 82 and pinion 83 are supported by means of an arm 92
      (shown in exploded position in FIG. 6) with the magnetic pinion 83 in
      contact with the magnetic friction drive structure 81. The arm 92 and the
      magnetic friction drive structure 81 are both mounted on the sound track
      drive support slide 94 by means of a shaft 96. Referring to FIG. 6, it
      will be understood that the magnetic friction drive structure 81 is
      journalled on the end of the shaft 96 for rotation about the axis thereof.
      Similarly, it will be understood that the shaft 96 is fixedly held in the
      support slide 94 by means of set screws 95 and that the arm 92 is fixedly
      mounted on the extending end of the shaft 96 by means of set screws 93.
      The flywheel 82 and pinion 83 are provided with a common axle 97 which is
      journalled in a sleeve 98. The sleeve 98 is in turn rigidly mounted in an
      aperture in the arm 92 by means of set screws 91. Thus, it will be seen
      that the magnetic friction drive structure 81, flywheel 82 and pinion 83
      may be raised and lowered as a unit by raising and lowering the support
      slide 94 as will be more fully described in connection with FIGS. 8 and 9.
PAR  As shown in FIG. 10 the flywheel 82 is driven by an electric motor 102
      which is coupled to the flywheel 82 by means of a drive belt 103.
PAR  As also shown in FIG. 10, a solenoid 104 is mechanically coupled to the
      pickup unit 73 by means of a bowden wire or cable 105. The sheath 106 of
      the bowden cable is rigidly fixed between the housing of the solenoid 104
      and a plate 107 carried by the bracket 74 of the pickup unit 73. The
      central wire 108 of the bowden cable 105 is attached at one end to the
      plunger of the solenoid 104 and the other end of the central wire 108 of
      the bowden cable 105 extends through an enlarged aperture 109 in the
      second leg 77 of the pickup unit 73. The axis of the aperture 109 is
      parallel to the axis of the aperture 75 through which the pivot member 74
      is received. After passing through the aperture 109, the central wire 108
      of the bowden cable 105 terminates in a plug member 110 which tapers from
      a diameter smaller than aperture 109 adjacent the second leg 77 to a
      diameter larger than aperture 109. Thus, when the solenoid 104 is
      energized, it will pull on the central wire 108 of the bowden cable 105
      drawing the plug 110 into the aperture 109 and thus simultaneously raising
      the pickup unit 73 and causing it to pivot in a counterclockwise direction
      about the pivot member 74 until the set screw 111 in the second leg 77 of
      the pickup unit 73 contacts the bracket member 72 to limit such clockwise
      motion of the pickup unit 73.
PAR  Referring to FIG. 14, a representation of the electrical interconnection of
      the elements of the device 10 partially in schematic form and partially in
      block diagram form is shown. Thus, it will be seen that the microswitch 24
      associated with the slide carriage unit 16 and the microswitch 30a (not
      otherwise shown in the drawing) associated with the speaker grille 30 are
      connected in parallel with each other. The batteries 39 of the power
      supply of module 12 are connected across the drive motor 60 of the
      synchronization module through the on-off switch 31, the parallel
      connected microswitches 24 and 30a and the forward-reverse switch 32.
      Similarly, the solenoid 104 is connected across the batteries 39 through
      the on-off switch 31, the parallel connected microswitches 24 and 30a and
      the diode D1 (not otherwise shown in the drawing). It will be understood
      that microswitches 24 and 30a are spring biased to be normally open with
      respect to the motor 60 and solenoid 104. Thus, if the on-off switch is
      closed, the closing of either microswitch 24 or 30a against its spring
      bias will energize the motor 60 and the solenoid 104. The direction of
      rotation of the motor 60 will be determined by the setting of the
      forward-reverse switch 32 and upon the closing of either microswitch 24 or
      30a, the solenoid 104 will raise the pickup unit 73 and the motor 60 will
      drive the slide carriage unit 16 and tone arm slide 70 in the direction
      selected by the forward-reverse switch 32 in synchronism with each other.
PAR  As mentioned hereinabove the microswitch 24 in a single throw, double pole
      switch. Thus, as shown in FIG. 12 the battery 39 is connected across the
      drive motor 102 of the sound track drive module through the on-off switch
      31, the normally closed pole of the microswitch 24 and a variable motor
      speed control resistor R1 (not otherwise shown in the drawing). The light
      bulbs 51 are connected across the motor 102 and resistor R1 through the
      lamp on-off switch 33 and the audio amplifier of the module 12 is
      connected across the motor 102 and resistor R1 through one pole of the
      audio on-reset switch 35. The other pole of the audio on-reset switch 35
      is connected to the junction between the diode D1 and the solenoid 104.
PAR  The piezoelectric crystal 79 of the pickup unit 73 is connected to the
      input of the audio amplifier of module 12 through the single throw, double
      pole high-low audio switch 34. A resistor R2 (not otherwise shown in the
      drawings) is connected between the poles of the high-low audio switch 34.
PAR  The output of the audio amplifier of module 12 is applied to the speaker
      SP1 (not otherwise shown in the drawings) in parallel with the earphone
      jack 36. As mentioned hereinabove, the earphone jack 36 is of the type
      adapted to disconnect the speaker SP1 from the output of the audio
      amplifier when the plug of the earphone is inserted therein.
PAR  From the above, it will be understood that the audio amplifier of module
      12, the light bulbs 51 and the sound track drive motor 102 are normally
      energized through the normally closed pole of microswitch 24 when the
      on-off switch 31 is turned on. The switches 33 and 35 may be operated to
      turn off the light bulbs 51 and audio amplifier of module 12,
      respectively. If the microswitch 30a is closed by exerting pressure on the
      grille 30 of the unit as described hereinabove, the synchronization drive
      motor 60 and solenoid 104 will be energized lifting up the pickup unit 73
      and causing movement of the slide carriage unit 16 and tone arm slide 70.
      As soon as the slide carriage unit 16 has moved sufficiently so that the
      actuation means of the microswitch 24 is no longer received in a notch 61
      in the slide 16, the microswitch will be thrown to its normally open pole,
      thereby maintaining the energization of the synchronization drive motor 60
      and solenoid 104 even through the microswitch 30a is subsequently allowed
      to return to its normally open position. Similtaneously, the sound track
      drive motor 102, light bulbs 51 and audio amplifier will be disconnected
      from the power supply by the microswitch 24. The synchronization drive
      motor 60 will continue to run until an adjacent notch 61 on the slide
      carriage unit 16 is brought into alignment with the actuation means of the
      microswitch 24 at which time the microswitch 24 will return to its normal
      position disconnecting the solenoid 104 and motor 60 from the power supply
      and connecting the light bulbs 51, motor 102 and audio amplifier to the
      power supply. It will be understood that the positions of the notches 61
      in the slide carriage unit 16 are related to the apertures 54 in the slide
      carriage unit 16 in such a way that each of such apertures 54 will be
      aligned with the aperture 53 in the plate 50 when a different one of the
      notches 61 is in operative alignment with the actuation means of the
      microswitch 24. Thus, a photo-image 18 will be presented for viewing each
      time a notch 61 is in operative engagement with the actuation means of the
      microswitch 24 and will remain in such position unless and until the
      microswitch 30a is closed to restart the movement cycle of the carriage
      slide unit 16 and tone arm slide 70.
PAR  Referring to FIG. 14 and assuming that a photo-image is in position for
      viewing, the operation of the audio on-reset switch 35 from its "on"
      position to its "reset" position will be to turn off the audio amplifier
      of the module 12 by disconnecting it from the power supply and
      simultaneously connecting the solenoid 104 across the battery 39 in
      parallel with the sound track drive motor 102 and resistor R1. Under such
      circumstances the diode D1 prevents the synchronization drive motor 60
      from being energized. The energization of the solenoid 104 will raise the
      pickup unit 73 and return it to its initial position with respect to the
      photo-image in view causing the portion of the sound track associated with
      that photoimage to be repeated from its beginning when the switch 35 is
      returned to the audio on-position.
PAR  The operation of the high-low audio switch 34 simply places the additional
      resistance of resistor R2 in, or removes it from, the input circuit of the
      audio amplifier of module 12, thus reducing the audio output thereof. It
      would, of course, be possible to provide a continuously adjustable
      resistance in the input circuit of the audio amplifier, however, it is
      believed that a high and low setting for such audio amplifier will prove
      satisfactory in normal use of the device of this invention.
PAR  The insertion and removal of the slides 19 carrying the photo-images 18
      into the slot 55 of the slide carriage unit 16 is, of course, a simple and
      straightforward operation. However, the insertion and removal of the sound
      track unit 20 into the receptacle 17 and the engagement therewith of the
      sound track drive mechanism as well as the disengagement of the sound
      track drive mechanism from the sound track unit 20 and removal of the
      sound track unit 20 from the receptacle 17 is more complicated. FIGS. 8
      and 9 show the mechanism for engaging and disengaging the sound track
      drive mechanism in two different positions, and FIGS. 11 through 13 show
      the structural details of a preferred embodiment of the sound track unit
      20 according to this invention with the interface between the sound track
      drive mechanism and the sound track unit 20 being shown in FIG. 12.
PAR  Referring first to FIGS. 8 and 9, the sound track unit 20 is shown in the
      process of being inserted into the receptacle 17 in FIG. 8, and in FIG. 9
      the sound track unit 20 is shown fully inserted in the receptacle 17 with
      the sound track drive mechanism operatively engaged therewith. The
      operative elements to be described hereinafter with respect to FIGS. 8 and
      9 are mounted on the forward wall of the sound track drive module 14 as
      shown in FIG. 10. Thus, comparison of FIGS. 8 and 9 with FIG. 10 will be
      helpful although only a few of the reference numerals of FIGS. 8 and 9 are
      repeated in FIG. 10.
PAR  As shown in FIGS. 8 and 9 the drive mechanism support slide 94 comprises
      upper and lower legs mounted on a vertically extending shaft 114. The
      upper and lower ends of the shaft 114 are received in upper and lower
      flanges, respectively, of the housing for the sound track drive module 14,
      as shown. Thus, the support slide 94 is capable of movement up and down
      along the shaft 114 between the position shown in FIG. 8 when the upper
      leg of the support slide 94 is in contact with the upper flange of the
      module 14 and a position in which the upper leg of the support slide 94 is
      spaced from the upper flange of the module 14, as shown in FIG. 9. It will
      be understood, as explained hereinabove, that the magnetic friction drive
      structure 81 is carried up and down with the support slide 94, as is the
      flywheel 82 and pinion 83 carried by the arm 92 which is mounted on the
      support slide 94. Thus, when the support slide 94 is in the position shown
      in FIG. 8, the magnetic friction drive structure 81, flywheel 82 and
      pinion 83 are raised to disengage them from operative relationship with
      the sound track unit 20, and when the support slide 94 is in the position
      shown in FIG. 9 the magnetic friction drive structure 81, flywheel 82 and
      pinion 83 are in operative relationship with the sound track unit 20, as
      will be more fully described in connection with FIG. 12.
PAR  As can be seen in FIG. 10, the support slide 94 and magnetic friction drive
      structure 81, as well as the flywheel 82, pinion 83 and support arm 92 are
      all relatively massive. Thus, the weight of these elements is sufficient
      to urge the support slide 94 toward its lower position shown in FIG. 9 and
      insure effective engagement between the sound track drive mechanism and
      the sound track unit 20.
PAR  As shown in FIG. 8 the slide support member 94 is raised from its lower
      position by the engagement of the pawl 115 formed in the apex of the
      generally triangular pivot arm 116. As shown in FIG. 9 the base of the
      generally triangular pivot arm 116 extends generally vertically and the
      pivot arm 116 is mounted on a shaft 117 extending therethrough at the
      upper base angle thereof whereby the pivot arm 116 may be urged to pivot
      to the position shown in FIG. 8 by means of a coil spring 118 mounted on
      the shaft 117 with one end of the spring 118 bearing against a side flange
      of the module 14 and the other end of the coil spring 118 bearing on the
      pivot arm 116. It will be understood that the coil spring 118 must exert
      sufficient force on the pivot arm 116 to overcome the weight of the
      support slide 94 and the sound track drive mechanism mounted thereon, so
      that the support slide 94 will be maintained in the position shown in FIG.
      8 when there is no sound track unit 20 in the receptacle 17.
PAR  When a sound track unit 20 is being inserted in the receptacle 17, as shown
      in FIG. 8, it will first engage a key hook 121 carried on the lower free
      end of an elongated pivot arm 122 which pivot arm 122 is mounted for
      pivotal movement about a shaft 123 extending therethrough at the upper end
      thereof. The pivot arm 122 is urged toward the position thereof shown in
      FIG. 8 by cantilever spring 124 having one end mounted on a side flange of
      the module 14 and the other end extending into contact with the pivot arm
      122. When the sound track unit 20 is fully inserted in the receptacle 17
      the pivot arm 122 will be moved to the position shown in FIG. 9 against
      the force of the spring 124 and the posts 27 at the entrance of the
      receptacle 17 will engage the recesses 28 in the housing 23 of the sound
      track unit 20 to hold the sound track unit 20 in the receptacle 17 against
      the force of the spring 124.
PAR  As will be more fully described hereinafter, the key hook 121 enters into
      an aperture in the sound track unit to open shutters which normally seal
      the tone arm apertures 25, 26 in the housing 23 of the sound track unit
      20. Thus, the force exerted by the spring 124 not only tends to eject the
      sound track unit 20 froom the receptacle 17 when the posts 27 are
      disengaged from the recesses 28, but also provides sufficient force for
      operation of the shutter mechanism of the sound track unit 20.
PAR  As shown in FIGS. 8 and 9 an elongated locking pin 125 projects from the
      pivot arm 122 toward the generally triangular pivot arm 116. The pivot arm
      116 is provided with a one-way pivot pawl 126 which is mounted on the
      pivot arm 116 by means of a shaft 119. The pivot pawl 126 is adapted to
      pivot about the shaft 119 in a clockwise, direction, but is restrained
      from pivoting about the shaft 119 in a counterclockwise direction. Thus,
      as shown in FIGS. 8 and 9, the spring 118 actually bears against the pivot
      pawl 126 of the pivot arm 116, thus, urging the pivot pawl 126 to rotate
      in a counterclockwise direction against its stop, and at the same time
      urging the pivot arm 116 toward the position shown in FIG. 8.
PAR  The pivot pawl 126 is provided with a projection of sufficient length to
      engage the free end of the locking pin 125 during an intermediate portion
      of the travel of such locking pin 125 from the position thereof shown in
      FIG. 8 to the position shown in FIG. 9. Thus, as the sound track unit 20
      is inserted into the receptacle 17 pivoting the elongated pivot arm 122
      about the shaft 123 against the force of spring 124, it causes the free
      end of the locking pin 125 to move downwardly engaging the projection on
      the pivot pawl 126 of the pivot arm 116. The locking pin 125 exerts a
      force on the projection of the pivot pawl 126 tending to force it to pivot
      in a counterclockwise direction. However, since the pivot pawl 126 is
      restrained from pivoting in a counterclockwise direction, such force is
      transmitted to pivot arm 116 causing it to rotate in a counterclockwise
      direction against the force of the spring 118 to the position thereof
      shown in FIG. 9. Such rotation of the pivot arm 116 removes the pawl 115
      thereof from supporting relation with the lower side of the upper arm of
      the support slide 94, thus allowing the support slide 94 to move
      downwardly by the force of gravity to the position shown in FIG. 9.
PAR  A pivot arm 127 of inverted U-shape is mounted on a shaft 120 extending
      through the free end of one of its legs adjacent the lower base angle of
      the pivot arm 116, the pivot arm 116 being provided with a dog member 128
      at its lower base angle which extends within the inverted U-shape of the
      pivot arm 127. It will be seen that the free end of the other leg of pivot
      arm 127 extends into the receptacle 17 and that a notch 129 for receiving
      the dog member 128 of the pivot arm 116 is provided in the pivot arm 127
      adjacent such free end of the other leg member of the pivot arm 127.
PAR  Thus, when the locking pin 125 engages the pivot pawl 126 forcing the pivot
      arm 116 to rotate toward the position shown in FIG. 9, the dog member 128
      on the pivot arm 116 will tend to raise the pivot arm 127 until the dog
      member 128 enters the notch 129.
PAR  The various members are dimensioned such that the engagement between the
      locking pin 125 and pivot pawl 126 will cease when the dog member 128 has
      entered the notch 125. Thus, the pivot arm 116 will be held in the
      position shown in FIG. 9 by the engagement of the dog member 128 of the
      pivot arm 116 with the notch 129 of the pivot arm 127. In this position
      the free end 130 of the other leg of the pivot arm 127 will project only
      slightly into the receptacle 17. Continued insertion of the sound track
      unit 20 into the receptacle 17 will rotate the pivot arm 122 and locking
      pin 125 to the position shown in FIG. 9 at which point the posts 27 engage
      the recesses 28 in the housing 23 of the sound unit 20, as described
      hereinabove.
PAR  As shown in FIG. 10, the bottom wall of the receptacle 17 is provided with
      an aperture 131 large enough to receive the fingers of the operator of the
      device. To release the sound track unit 20 from the receptacle 17 the
      operator pushes upwardly thereon through the aperture 131, thus
      simultaneously disengaging the posts 27 from the notches 28 and pushing
      upwardly on the free end 130 of the leg of the pivot arm 127 which
      projects into receptacle 17.
PAR  It will be seen that the pivot arm 127 will be caused to rotate in a
      counterclockwise direction when the sound track unit 20 is pushed upwardly
      in receptacle 17. Such rotation of the pivot arm 127 will cause the
      disengagement of the dog member 128 of pivot arm 116 from the notch 129 of
      pivot arm 127. Disengagement of the dog member 128 from the notch 129 will
      allow the spring 118 to force the pivot arm 116 to rotate in a clockwise
      direction bringing the pawl 115 into engagement with the underside of the
      upper arm of the support slide member 94 thereby raising the support slide
      member to disengage the sound track drive mechanism from the sound track
      unit 20.
PAR  When the sound track drive mechanism has been disengaged from the sound
      track unit 20, the spring 124 will cause the pivot arm 122 to rotate in a
      counterclockwise direction and the key hook 121 carried at the free end of
      the pivot arm 122 will tend to eject the sound track unit 20 from the
      receptacle 17 causing the sound track unit 20 to project from the
      receptacle 17 a sufficient distance to be grasped by the hand as shown in
      FIG. 8. As the pivot arm 122 rotates in a counterclockwise direction, the
      free end of the locking pin 125 will be brought into contact with the
      lower inclinded surface of the pivot pawl 126. Such engagement will rotate
      the pivot pawl 126 in a clockwise direction allowing the free end of the
      locking pin 125 to pass the pawl 126 and return to the position shown in
      FIG. 8.
PAR  In order to insure that the sound track mechanism carried by the slide
      member 94 is properly centered over the sound track unit 29 for engagement
      and disengagement thereof, the upper arm of the support slide 94 is
      provided with a pair of nylon screws 134. Such nylon screws 134 pass
      through the upper arm of the support slide 94 and into contact with the
      vertical end wall of the module 14 upon which the pivot arms 116, 122 and
      127 are mounted. Thus, by proper adjustment of the screws 134 the support
      slide 94 may be rotated about the axis of the shaft 114 and rigidly held
      in a particular radially extending position by the abutment between the
      screws 134 and the end wall of the module 14. Since the screws 134 are
      made of nylon they will offer minimum resistance to the sliding movement
      of the support slide up and down along the shaft 114 due to their contact
      with such end wall.
PAR  Referring to FIGS. 11 and 12, the engagement between the sound track drive
      mechanism and the sound track unit will be more fully understood. FIGS.
      11, 12 and 13 show the structural details of the sound track unit 20 and
      FIG. 12 includes a cross-sectional view of the magnetic friction drive
      structure and magnetic pinion in operative engagement with the sound track
      unit 20.
PAR  Referring first to FIG. 12 which will be more fully understood if
      considered in conjunction with FIGS. 6 and 10, it will be seen that the
      magnetic friction drive unit comprises an annular magnet 135 sandwiched
      between upper 136 and lower 137 pole pieces which pole pieces are in the
      form of circular discs. The magnetic pinion 83 comprises a cylinder 138 of
      magnetic material mounted on the end of the shaft 97 in contact with the
      peripheral surfaces of the pole pieces 136 and 137 by means of a resilient
      grommet 139. Thus, the magnetic cylinder 138 will be held firmly in
      contact with the peripheral surfaces of the pole pieces 136 and 137 by the
      magnetic force of the magnet 135. Rotation of the shaft 97 will rotate the
      cylinder 138 tending to impart rotation to the pole pieces 136 and 137.
      The resilient grommet 139 will provide for some degree of misalignment
      between the axis of the cylinder 138 and the axis of the shaft 97 produced
      by inaccuracies in the size or alignment of the peripheral surfaces of the
      pole pieces 136 and 137.
PAR  On the lower pole piece 137 is provided a sound track driving member 140 in
      the form of a truncated right circular cone having its base rigidly
      connected to the lower surface of the pole piece 137 and extending
      coacially with the structure 81 to its truncated apex. The magnet 135,
      pole pieces 136 and 137 and drive member 140 are all rigidly
      interconnected to form the magnetic friction drive structure 81 which is
      journalled on the lower end of the shaft 96 for rotation about the axis of
      such shaft 96 by the pinion 83.
PAR  As shown in FIGS. 12 and 13, the apertures 21 and 22 of the sound track
      drive unit 20 are each provided with a drive cylinder 141 and 142,
      respectively. According to this embodiment of the invention, the inner
      surface of each of such drive cylinders 141 and 142 form a pair of
      truncated right circular cones having their truncated apexes joined and
      their bases at opposite ends of the cylinder. The dimensions of the
      internal surfaces of the drive cylinders 141 and 142 and the external
      dimensions of the drive cone 140 are selected to enable the drive cone 140
      to enter the drive cylinders 141 and 142 from either end thereof and
      engage such internal surface as shown in FIG. 12. Thus, it will be seen
      that rotation of the magnetic friction drive structure 81 about the axis
      of the shaft 96 will also tend to impart rotation to the drive cylinder
      141 due to the contact between the conical exterior surface of the driving
      cone 140, and the conical interior surface of the drive cylinder 141.
PAR  According to this embodiment of the invention, as best shown in FIG. 11,
      the sound track is recorded on a pair of record discs 80, each of which is
      mounted on a different one of the drive cylinders 141 and 142. The drive
      cylinders 141 and 142, each of which carries a disc 80, are mounted for
      rotation within the sound track unit 20, as will now be described.
PAR  As best shown in FIGS. 11 and 12, the sound track unit 20 comprises a rigid
      frame 150 in the form of a hollow open-ended rectangular box. Flanged
      cover members 151 and 152, each of which is provided with apertures 21 and
      22 for receiving the driving cone 140 as well as apertures 25 and 26 for
      receiving the needle 78 of the pickup unit 73, close the open ends of the
      box formed by the frame 150 with the record discs 80 and drive cylinders
      141 and 142 sandwiched therebetween.
PAR  As best shown in FIGS. 6 and 11, the four corners of the frame 150 are
      provided with a reinforcing structure 154, each of which includes an
      eyelet 155. The eyelet 155 provides a convenient method for attaching the
      covers 151 and 152 to the frame 150 after the unit 20 has been fully
      assembled. The eyelet 155 also cooperates with the grooves 28 formed in
      the edges of the covers 151 and 152 to provide a socket for the posts 27
      of the receptacle 17 in holding the unit 20 in the receptacle 17.
PAR  As best shown in FIGS. 12 and 13, each of the drive cylinders 141 and 142
      is provided with a flange 143 which serves both as the means of mounting a
      record 80 on such drive cylinder and as the means of mounting the drive
      cylinders 141 and 142 between the covers 151 and 152. It will be seen that
      such flange 143 is displaced slightly toward one end of the cylinders 141
      and 142. Thus, by inverting the cylinders with respect to each other, the
      records 80 mounted on the flanges 143 of the respective cylinders will be
      positioned at different levels within the unit 20 so that such records 80
      may overlap each other, as best shown in FIG. 11. The flanges 143 of the
      drive cylinders 141 and 142 may be sandwiched between ball bearings 144,
      which are in turn sandwiched between appropriate shims 145, which abut the
      adjacent inner surfaces of the cover members 151 and 152.
PAR  Also sandwiched between the covers 151 and 152 and mounted on the frame 150
      are four shutter members 161, 162, 163 and 164. A first pair of shutter
      members 161, 163 are located on opposite sides of the record disc 80
      associated with the driving cylinder 141 and a second pair of shutter
      members 162 and 164 are located on opposite sides of the record disc 80
      associated with driving cylinder 142.
PAR  It will be understood that the record discs 80 have recording grooves
      formed on both of their surfaces in bands 84-89, as described hereinabove.
      Thus, each of the shutters 161 and 163 are associated with an aperture 25
      through a different one of the cover plates 151 and 152 which provides
      access to one of the sides of the disc 80 associated with the drive
      cylinder 141. Similarly, each of the shutter members 162 and 164 are
      associated with one of the apertures 26, which provides access to one of
      the sides of the record disc 80 associated with the driving cylinder 142.
PAR  As best shown in FIG. 11, the shutters 161-164 extend across the width of
      the sound track unit 20 and are relieved at their center to accommodate
      the driving cylinders 141 and 142, ball bearings 144, and shims 145. One
      end of each shutter 161-164 is provided with a pair of down-turned flanges
      166 and 167. As best shown in FIG. 13, one of the flanges 166 is received
      over the sidewall of the frame 150 and the other end 168 of the shutter
      rests on top of the sidewall of the frame member 150. The downwardly
      extending flange 166 is compressively held against the frame member 150 by
      a spring member 160 mounted between flanges on the cover member 151 and
      152. The flanges 167 on shutter members 161 and 164 are located adjacent
      each other inside the frame member 150 and opposite an aperture 170 which
      extends through the sidewall of the frame member 150. Such aperture 170 is
      best shown in FIGS. 2, 6 and 9.
PAR  Referring specifically to FIG. 9, it will be seen that when the sound track
      unit 20 is inserted into the receptacle 17, the key hook 121 mounted on
      the end of the pivot member 122 will enter the aperture 170 through the
      sidewall of the frame 150 which is presented to it. Entry of the key hook
      121 into the aperture 170 will bring it into abutment with the flanges 167
      on either shutters 161 and 164 or 162 and 163 depending upon the
      orientation of the sound track unit 20. Due to such abutment, the two
      shutter members involved will be caused to pivot about the flange 166 in
      opposition to the spring 169, thus causing the opposite end 168 of the
      shutter members to slide along the top of the frame 150 toward opposite
      ends thereof. Such movement of the shutter members will clear the
      apertures 25 on opposite sides of the sound track unit 20 thereby
      providing access through upper one of such apertures for the needle 78 of
      the pickup unit 73 to contact the surface of one of the record discs 80.
      It will be understood that the other two apertures 26 will remain closed.
      The purpose of this arrangement is, of course, to exclude dust and dirt
      from the interior of the sound track unit 20 when it is not in use. Thus,
      the spring 169 biases the shutter members 161-164 toward their closed
      position, except when the key hook member 121 is in compressive contact
      with the flanges 167.
PAR  It should be pointed out that a teflon strip 171 is interposed between the
      overlapping portions of the record discs 80 in order to avoid abrasive
      contact therebetween when the unit is in operation. Similarly, teflon pads
      172 are provided on the surfaces of the shutter members 161-164 adjacent
      to record discs 80. Such teflon pads prevent abrasive damage to the
      recorded surfaces on the record discs 80 if they should be brought into
      contact with the shutter members 161-164 in operation. The teflon strip
      171 and the teflon pads 172 also reduce any frictional drag that might
      otherwise result from contact between the record discs 80 themselves or
      between the record discs 80 and the shutter members 161-164.
PAR  Referring again to FIG. 12, it should be pointed out that if the cone drive
      member 40 and the drive cylinders 141 and 142 are both made of magnetic
      material, it may be possible to dispense with the roller bearing mounting
      of the drive cylinders 141 and 142. In other words, the magnetic field of
      the magnet 135 could be used to support the drive cylinder 141 and 142 in
      proper position by properly locating the cone drive member 140 with
      respect to the sound track unit 20 and allowing such magnetic field to
      hold the selected one of the drive cylinders 141 and 142 against the
      driving surface of cone drive member 140. In any event, the magnetic field
      would tend to increase the frictional engagement between the cone drive
      member 140 and the drive cylinders 141 and 142.
PAR  Referring again to FIG. 6, the audio coupling between the needle 78 and the
      crystal 79 of the pickup unit 73 according to this embodiment of the
      invention is provided by members 174 and 176 of resilient material capable
      of conducting the mechanical oscillations, imparted to needle 78 by the
      grooves in the record disc 80, from the needle 78 to the crystal 79 which
      is embedded in members 174 and 176. The members 174 and 176 are mounted on
      the free end of the first leg 76 of the pickup unit 73 and member 174 is
      provided with a right angle projection carrying the needle 78 at its free
      end as shown. A transverse stiffening member 175 may be provided in
      parallel with the right angle projection of the member 174 in order to
      resist the relatively constant transverse tracking force exerted on the
      needle 78 by the grooves in the record disc 80 in rotating the pickup unit
      73 about pivot member 74 as the sound recording is reproduced.
PAR  A pair of helical springs 177 of fine electrically conductive wire are
      electrically connected between the piezoelectric crystal 79 and a pair of
      electrical terminals 178 insulatingly mounted on the bracket member 72.
      Appropriate electrical wires (not shown) are connected between the
      terminals 177 and the audio amplifier of the module 12 to conduct the
      output of the crystal 79 to the amplifier.
PAR  The helical springs 177 are designed to offer minimum resistance to the
      vertical movement of the pickup unit 73 with respect to the bracket 72 as
      well as to the rotational movement of the pickup unit 73 about pivot
      member 74. A damping member 179 of resilient material may be mounted
      between the crystal 79 and the free end of the first leg 76 of pickup unit
      73 in order to further isolate the crystal 79 from extraneous vibrations
      inherent in the operation of the mechanism associated therewith.
PAR  It should be pointed out that according to the preferred embodiment of this
      invention, the dimensions of the device 10 are selected so that two slides
      19 each including two rows of six photo-images 18 are associated with a
      sound track unit 20 capable of providing a total of about two hours of
      audio output and having dimensions approximately equal to the dimensions
      of one of such slides 19 when folded in half transversely. Thus, twenty
      four photo-images are associated with a sound track unit 20, each row of
      six photo-images being associated with a different one of the four
      possible orientations of the sound track unit, and about five minutes of
      audio output being available for each photo-image. The slides 19 may be
      folded in half and placed with the sound track unit 20 for convenient
      storage in a common container. Appropriate indicia may be provided on the
      slides 19 and sound track unit 20 to facilitate proper correlation between
      each row of photo-images and the corresponding orientation of the sound
      track unit in inserting them into the device 10.
PAR  From the above, it will be seen that a novel audio-visual device providing
      for optimum interaction between the device and a user thereof has been
      provided. The specific embodiment of the device described hereinabove
      includes many novel features all of which cooperate with each other to
      provide the desired end results. However, it is contemplated that those
      skilled in the art may make various obvious modifications and changes in
      the specific elements of the embodiment of this invention as disclosed
      herein without departing from the teaching of this invention.
PAR  For example, a projection type optical system could be substituted for the
      direct viewing optical system disclosed hereinabove with all other modules
      of the device remaining the same. It would, of course, be necessary to use
      a different light source as well as a different lens system and the
      stereoscopic effect would be more difficult to provide in a projection
      system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for use with a sound track unit comprising a generally planar
      frame containing a tubular body mounted for rotation about its tubular
      axis within said frame and with said axis of said tubular body
      perpendicular to the plane of said generally planar frame by means of
      covers having apertures therein surrounding opposite ends of said tubular
      body, said apparatus comprising:
PA1  a. a rigid receptacle for receiving and locating said sound track unit with
      said frame in a given plane and with said axis of said tubular body
      coincident with a given axis;
PA1  b. an elongated shaft mounted with respect to said rigid receptacle with
      its axis of elongation extending away from said receptacle in spaced
      parallel relation to said given axis and with one end thereof adjacent
      said receptacle;
PA1  c. a slide member mounted on said shaft for movement along said shaft from
      a first position adjacent said receptacle to a second position spaced from
      said receptacle;
PA1  d. drive means comprising a solid body having an exterior surface
      dimensioned to mate with the interior surface of said tubular member
      mounted on said slide member for rotation about said given axis, said
      solid body penetrating said receptacle in said first position of said
      slide member and being spaced from said receptacle in said second position
      of said slide member;
PA1  e. first pivot means mounted for rotation about an axis spaced from and
      perpendicular to said given axis and including a pawl engaging said slide
      member;
PA1  f. first spring means urging said first pivot member to rotate through a
      given arc away from said receptacle and move said slide member from said
      first position to said second position thereof;
PA1  g. second pivot means mounted for rotation about an axis perpendicular to
      said given axis and spaced from both said given axis and said axis of
      rotation of said first pivot means and including a projection extending
      into interfering relation with said first pivot means during a portion of
      the rotational movements thereof through through their respective given
      arcs;
PA1  h. second spring means urging said second pivot means to rotate through a
      given arc away from said receptacle;
PA1  i. key hook means mounted on said second pivot means and extending into
      said receptacle for engagement by said frame upon insertion thereof into
      said receptacle to cause said second pivot means to rotate toward said
      receptacle against the force of said second spring means; said rotation of
      said second pivot means causing said first pivot means to rotate toward
      said receptacle against the force of said first spring means through said
      interfering relation between said first and second pivot means and
      allowing said slide member to move from said second position to said first
      position thereof and said solid body of said drive means to enter into
      driving engagement within said tubular body of said sound track unit.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said first pivot means includes
      a dog and wherein a third pivot means mounted for rotation about an axis
      perpendicular to said given axis is provided, said third pivot means being
      biased to a given position and including a notch engaging said dog of said
      first pivot means when said slide member is in said first position thereof
      and said third pivot means is in said given position thereof, said third
      pivot means also including means for manual rotation thereof to disengage
      said dog and notch.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein said slide member is biased to
      said first position thereof and said third pivot member is biased to said
      given position thereof by the force of gravity when said given axis is
      oriented vertically with said elongated shaft extending upwardly from said
      receptacle.
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PAL  A gasket with heat-insulating properties is provided for such uses as for
      mounting a carburetor on an internal-combustion-engine casting. A thick
      core of heat-insulating resin, such as phenolic resin, is sandwiched
      between two thin cutout sheets of resilient gasket material. The core
      provides the heat insulation, and the gasket material provides the
      resilience needed to assure sealing on rough surfaces. Heat-dissipating
      fins or the like may also be provided, as well as rings of heat-insulating
      material which can surround the bolts used to hold the carburetor in
      place. The core is molded to shape, while the gasket material may be cut
      out to shape and secured to it by a thermo-setting resin, such as a
      nitrile-rubber-phenolic-resin material.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of application Ser. No. 358,293, filed
      May, 8, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel gasket having significant heat-insulating
      properties.
PAR  While the gasket can be used in many environments, one which gave rise to a
      serious problem solved by this invention, will serve as an example. This
      is the gasket used in automobile engines between the carburetor and the
      manifold, in other words, the gasket used between the carburetor and the
      engine casting, to which the carburetor is mounted by bolts. Heretofore, a
      fiber gasket about 1/32nd to 1/16th inch thick or a metal inserted
      asbestos gasket has been used, its function being to seal, so that the
      fuel -- gasoline, gasoline vapor, and mixture of gasoline and air -- could
      not escape to the atmosphere through this connection, nor could air from
      the atmosphere be drawn in through the connection. Such fiber gaskets were
      able to provide little thermal insulation. This factor was given little
      consideration until recently, but now it is recognized that such
      insulation is necessary to reduce fuel bowl temperatures, and it was found
      that problems were being caused by the passage of heat from the engine
      manifold at the engine casting to the carburetor, and that this heat
      transfer was affecting the operation of the carburetor by raising the
      temperature of the fuel bowl to an excessive temperature.
PAR  The initial attempt to solve this problem comprised using thicker gaskets,
      frequently about one-fourth inch thick, sometimes even thicker, in an
      attempt to provide some thermal insulation. However, this had difficulties
      too in achieving accurate control of thickness and other dimensions which
      are necessary for good sealing performance, and for uniform distribution
      of compressive loads over the entire flange surface.
PAR  Other attempts combined in laminar form resin-impregnated vegetable
      fiberboard and elastomeric sheets.
PAR  As indicated above, it is important to provide a gasket having better
      heat-insulation properties. It is also important to provide a more uniform
      distribution of the compressive loads over the entire surface of the
      flange. It has also been important to provide more accurate control of the
      thickness and other dimensions which contribute to sealing performance.
      Also, there have been problems in taking care of various three-dimensional
      configurations, because the gaskets have heretofore been cut from a sheet
      of constant thickness; while this has been a generally economical method
      for making gaskets, it gave no three-dimensional control or configuration
      at all.
PAC  SUMMARY OF THE INVENTION
PAR  The desirable features just mentioned and the solution to the problems
      described just previously are obtained by providing a composite gasket
      comprising a thick molded core of heat-insulating phenolic resin molded to
      desired shape and sandwiched between and cemented to a pair of thin cutout
      sheets of resilient gasket material such as a nitrile rubber and asbestos
      composition. As a result, it has been possible to provide considerable
      thickness, up to a quarter of an inch and more, if desired, to enable heat
      insulation while minimizing the amount of gasket material in the thin
      sheets. But further than this, the combination offers both better heat
      resistance and a more uniform distribution of the compressive loads which
      are distributed over the entire flange surface. Still further, the
      thickness has been more accurately controlled than could be with
      conventional thick gasket material, while other dimensions have been
      controlled too by the molding process so that there is better over-all
      sealing performance. The resin material is substantially rigid and does
      not compress; all the compressing is taken care of by the thin gasket
      material of the outer skin of the composite gasket.
PAR  Since the core is molded, it is possible to incorporate three-dimensional
      configurations, providing thicker portions and thinner portions where
      desired. For example, one or more fins may be provided to help dissipate
      or deflect heat, and these can be thinner than the main core and can
      project out from the gasket into the air. Also, special bolt-encircling
      portions may be provided to fit in recesses and prevent heat from being
      conducted to and through the bolt. It is possible to produce a core of any
      desired thickness and any configuration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a top plan view of a gasket embodying the principles of the
      invention.
PAR  FIG. 2 is a bottom view of the same.
PAR  FIG. 3 is a view in section of the gasket of FIG. 1 taken along the line
      3--3 in FIG. 1, shown in place between two metal members in an
      installation between the carburetor and the engine casting.
PAR  FIG. 4 is a top plan view of a modified form of carburetor gasket in which
      various thicknesses are provided.
PAR  FIG. 5 is a bottom view of the gasket of FIG. 4.
PAR  FIG. 6 is a view in section taken along the line 6--6 in FIG. 4 and shown
      installed in place.
DETD
PAC  DETAILED DESCRIPTION OF SOME PREFERRED EMBODIMENTS
PAR  A gasket 10 shown in FIGS. 1 to 3 exemplifies a simple form of the
      invention. The gasket 10 is provided with a desired shape to fit, as shown
      in FIG. 3, between a carburetor housing 11 and an engine manifold portion
      12 of an engine casting. The gasket 10 is provided with a large central
      opening 13 of an elongated, somewhat oval shape, for the passage between
      the carburetor 11 and the manifold 12, being aligned with their respective
      passages 14 and 15. The gasket 10 is also provided with a pair of bolt
      openings 16 and 17, for bolts 18.
PAR  As shown in section in FIG. 2, the gasket 10 includes a central core 20
      which is molded to shape and comprises the bulk of the thickness, for
      example, in a gasket 10 having a total thickness of about 0.240 inch, the
      core 20 may be about 0.204 to 0.206 thick. This core 20 is preferably
      phenolformaldehyde resin filled with a mineral type of filler, such as
      asbestos, fuller's earth, clay, etc., or with a type of high temperature
      glass for especially high-temperature installations. Other thermosetting
      resins may be used, such as silicone resins, alkyd resins, and poly
      (amide-imide) resins.
PAR  A phenolic core 20 has the following typical properties:
TBL  Tensile Strength - ASTM D 638                                             
                              7,500 psi.                                       
     Compressive Strength - ASTM D 695                                         
                             32,000 psi.                                       
     Flexural Strength - ASTM D 790                                            
                             15,000 psi.                                       
     Impact, Izod - ASTM D 256                                                 
                             0.26 ft. lbs.                                     
                             per in.                                           
     Deflection Temperature at 264 psi. -                                      
     ASTM D 648              360.degree.F.                                     
     Modulus in tension - ASTM D 638                                           
                             1.4 .times. 10.sup.6 psi.                         
     Values based on tests conducted at 23.degree.C.                           
     after conditioning specimens 48 hrs.                                      
     at 50.degree.C.                                                           
     Thermal Conductivity                                                      
                   11.8 .times. 10.sup.-.sup.4 cal.                            
                   gram (15.degree.C.O/(Sec.) (cm..sup.2) (.degree.C/cm.)      
                   3.42 btu (mean)/(hr.) (ft.sup.2) (.degree.F/inch)           
     Water Absorption - ASTM D 570                                             
                             0.35%                                             
PAL  The upper temperature limit of the phenolic core 20 is about 500.degree.F.,
      as compared with a limit of about 300.degree.F. for fiberboard.
PAR  Each bearing surface of the core 20 is covered with a suitable skin 21 or
      22 of gasket material. Non-bearing surfaces 23, 24, 25, 26, and 27 of the
      core 20 are not covered, because they are not seating surfaces. For
      example, in a 0.24 inch thick gasket 10 each facing 21,22 may be 0.014 to
      0.017 thick on each side, so that these are relatively thin gasket skins.
      They may be made from compositions such as a mixture of nitrile elastomer
      and asbestos materials. Other typical kinds of materials thay may be used
      are compositions of styrene elastomer and asbestos, polychloroprene
      elastomer and asbestos, and blends of the named polymers and asbestos. Any
      of these may be produced by the beater addition process or by the sheeter
      process (compressed asbestos).
PAR  The skins 21 and 22 may be bonded to the core by a thermosetting adhesive,
      such as a mixture of nitrile rubber and phenolic resin.
PAR  The skins 21 and 22 may be composed of nitrile (Buna N) rubber and asbestos
      fiber, produced by the beater addition process so as to be highly uniform,
      and then formed into sheets and blanked out to shape. This composition has
      both excellent heat resistance and excellent resistance to petroleum
      fuels, lubricants, water, and other liquids encountered. It can be used at
      temperatures up to 500.degree.F.
TBL  ______________________________________                                    
     Typical material specifications are:                                      
     ______________________________________                                    
     Compressibility                                                           
      5000 psi. load, %        15-25                                           
     Recovery, minimum %       40                                              
     Tensile Strength                                                          
      Longitudinal, minimum psi.                                               
                               3,000                                           
      Transverse, minimum psi. 2,000                                           
     Fluid Immersion                                                           
      ASTM Oil No. 3-5 hours at 300.degree.F.                                  
      Compressibility, maximum %                                               
                               30                                              
      Loss in Tensile Strength, maximum%                                       
                               35                                              
      Thickness Increase, %    5-15                                            
      ASTM Ref. Fuel B--5 hours at 70-80.degree.F.                             
      Weight Increase, maximum %                                               
                               30                                              
      Thickness Increase, %    5-15                                            
     ______________________________________                                    
PAL  Test procedures are according to ASTM F104.
PAL  The skins 21 and 22 should have sufficient heat resistance to be able to
      stand the temperature environment but are not relied upon primarily for
      insulation but for their ability to seal and to provide sufficient
      resilience. Since they are thin, they do not transmit their resilience to
      changes in shape elsewhere to any excessive degree and therefore can be
      well relied upon to give accurate thicknesses and not to affect the
      accuracy of thickness of the composite gasket 10. Similarly, the
      combination of the core 20 with the skins 21 and 22 uniformly distributes
      the compressive loads over the entire flange surface instead of allowing
      some portion to give more than others to a really substantial degree, yet
      there is enough conformability to enable the gasket 10 to take care of
      various environments and to accommodate the roughnesses of the surfaces
      between which the gasket 10 is being installed.
PAR  The installation is relatively simple, the carburetor 11 is bolted to the
      engine casting 12 at the manifold with the gasket 10 in between. The heat
      insulation is provided principally by the core 20, which also provides the
      rigidity noted previously, while the resilient gasket skins 21 and 22 take
      up the imperfections in the surfaces and enable accurate sealing.
PAR  FIGS. 4, 5 and 6, show a modified form of the invention in which a
      different form of gasket 30 is provided. The general shape of gaskets is
      not of great significance, since many automobile manufacturers and
      carburetor manufacturers have different shapes, matching the shapes of the
      carburetor flange 31 and the flange 32 of the engine casting. The gasket
      30 has openings 33 and 34 corresponding to openings 35 in the carburetor
      housing and openings 36 in the engine casting (FIG. 6). What is more
      significant here is that the gasket 30 has a phenolic member 40 molded to
      provide different thicknesses. The member 40 has a main body 41 and a
      thick portion 42 engaging the carburetor flange 31. This portion 42
      comprises two interlocked annular cylindrical portions 43 and 44. The
      member 40 also has a projection 45 extending outside the gasketing area
      and much thinner than the body 41. This portion 45 serves as a
      heat-dissipating and deflecting fin, to radiate some of the heat into the
      environment. Another significant feature is that at each bolt opening 46
      the core 40 is thickened to provide a projection 47 which is cylindrical
      in shape. The projection 47 surrounds the bolt 48 and extends up into the
      recesses for the bolt in the members 31 and 32 and thereby aids in helping
      to prevent heat conduction from that source. The bottom surface of the
      gasket core 40 is faced by a facing 50 of gasket material and the opposite
      surface of the thick portion 42 is faced by a facing 51 of gasket
      material. The facing 51 includes only the two interlinked annuli 52 and
      53.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. A carburetor mounting gasket for interposition between a carburetor
      casting and an automobile engine casting, including in combination,
PA1  a thick molded rigid core of heat-insulating resin having passage means
      therethrough, a first flat bearing surface for facing one said casting, an
      opposite flat non-bearing surface from which projects a portion
      surrounding said passage means, said portion having a second flat bearing
      surface for facing the other said casting,
PA1  two thin cutout sheets of resilient gasket material, one covering each of
      said flat bearing surfaces and secured thereto,
PA1  said core having rigid cylindrical extensions for surrounding bolts used to
      secure the carburetor casting to said engine casting,
PA1  whereby gasket sealing is obtained while the carburetor is also insulated
      from the heat of said engine casting.
NUM  2.
PAR  2. A carburetor mounting gasket for interposition between a carburetor
      casting and an automobile engine casting, including in combination,
PA1  a thick molded core of heat-insulated resin having passage means
      therethrough, a first flat bearing surface for facing one said casting, an
      opposite flat non-bearing surface from which projects a portion
      surrounding said passage means, said portion having a second flat bearing
      surface for facing the other said casting,
PA1  two thin cutout sheets of resilient gasket material, one covering each of
      said flat bearing surfaces and secured thereto,
PA1  said core having at least one thinner heat-deflecting portion of said
      heat-insulating resin extending out laterally beyond said bearing
      surfaces, one surface of said heat-deflecting portion being generally
      co-planar with said non-bearing surface, its opposite surface being
      recessed from said first flat bearing surface.
NUM  3.
PAR  3. The gasket of claim 2 wherein said core is made from filled
      phenol-formaldehyde resin.
NUM  4.
PAR  4. The gasket of claim 2 wherein the gasket material of said cutout sheets
      is made from a blend of nitrile rubber and asbestos fiber.
NUM  5.
PAR  5. A carburetor mounting gasket for interposition between a carburetor
      casting and an automobile engine casting, including in combination,
PA1  a thick molded core of heat-insulating resin having passage means
      therethrough, a first flat bearing surface for facing one said casting, an
      opposite flat non-bearing surface from which projects a portion
      surrounding said passage means, said portion having a second flat bearing
      surface for facing the other said casting,
PA1  two thin cutout sheets of resilient gasket material,
PA1  said cutout sheets being secured to said core by a separate thermosetting
      adhesive.
NUM  6.
PAR  6. The gasket of claim 5 wherein said adhesive is a blend of
      phenol-formaldehyde resin and nitrile rubber.
NUM  7.
PAR  7. A carburetor mounting gasket for interposition between a carburetor and
      an automobile engine casting around a passage, including in combination,
PA1  a thick molded core of heat-insulating thermosetting resin having main
      passage means therethrough for alignment with said passage, said core
      comprising a main body providing a flat base around said passage and a
      thicker portion immediately surrounding said passage means and having a
      flat bearing surface, said core also having bolt openings therethrough and
      thickened projections surrounding each said bolt opening, and
PA1  two thin cutout sheets of resilient gasket material, one facing said flat
      base, the other facing said flat bearing surface,
PA1  whereby gasket sealing is obtained while the carburetor is also insulated
      from the heat of said engine casting.
NUM  8.
PAR  8. A carburetor mounting gasket for interposition between a carburetor and
      an automobile engine casting around a passage, including in combination,
PA1  a thick molded core of heat-insulating filled phenol-formaldehyde resin
      having main passage means therethrough for alignment with said passage,
      said core comprising a main body providing a flat base around said passage
      and a thicker portion immediately surrounding said passage means and
      having a flat bearing surface, said core also having bolt openings
      therethrough and thickened projections surrounding each said bolt opening,
      and
PA1  two thin cutout sheets of resilient gasket material comprising a blend of
      asbestos fibers and nitrile rubber, one facing said flat base, the other
      facing said flat bearing surface,
PA1  whereby gasket sealing is obtained while the carburetor is also insulated
      from the heat of said engine casting.
NUM  9.
PAR  9. The gasket of claim 8 wherein said sheets are adhered to said core by a
      separate thermosetting adhesive comprising a blend of phenol-formaldehyde
      resin and nitrile rubber.
NUM  10.
PAR  10. A carburetor mounting gasket for interposition between a carburetor and
      an automobile engine casting, including in combination,
PA1  a thick molded core of heat-insulating phenol-formaldehyde resin of
      substantially constant thickness having passage means therethrough, and
      bolt openings therethrough, a first flat surface for facing said engine
      casting, and surrounding said passage means and bolt openings, and an
      opposite flat surface for facing said carburetor and surrounding said
      passage means and said bolt openings,
PA1  two thin cutout sheets of resilient nitrile rubber and asbestos fiber
      gasket material,
PA1  said cutout sheets being heatedly secured to said core by a separate
      thermosetting adhesive comprising a blend of phenol-formaldehyde resin and
      nitrile rubber and each said cutout sheet providing a continuous flat
      surface surrounding said passage means and said bolt openings.
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ABST
PAL  A piston ring whose piston ring sliding surface is provided with a channel
      having chrome plating layer, with grooves continuously or discontinuously
      provided on the borders of the chrome layer and land portions of the
      piston ring sliding surface so that the ridgelines of the chrome layer
      form an obtuse angle at each side thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a piston ring for internal combustion engines,
      and more particularly to a piston ring whose piston ring sliding surface
      is provided with a channel having a chrome plating layer (hereinafter
      referred merely to as a "chrome insert piston ring").
PAR  2. Description of the Prior Art
PAR  Conventionally, a chrome insert piston ring which is provided in its
      sliding surface with a cast iron base body 1' and a chrome layer 4 as
      illustrated in FIG. 1 of the drawings has been used in order to improve
      its early fit during the breakingin period after the piston ring has been
      incorporated and also to improve its wear resistance during normal or
      steady operation.
PAR  The prior art chrome insert piston ring of this type, however, does not
      have sufficient scuffing resistance. That is, since the hardness of the
      chrome layer 4 and that of the cast iron base body 1' of the piston ring
      sliding surface are different during operation a small difference
      (.alpha.) in level will appear therebetween as illustrated in FIG. 2 so as
      to form projecting sharp edges 4' and 4" which will come into contact with
      the mating cylinder wall, resulting in scuffing occurring, particularly
      when lubrication is poor. Also, oil-up tends to occur with the prior art
      chrome insert piston ring since the upper edge of the upper land 1' and
      the lower edge of the lower land 1' of the piston ring usually both must
      be bevelled to a large degree in order to prevent scuffing as much as
      possible. If the beveling is small, scuffing would readily occur. In
      addition, recently engines have been designed to have higher power,
      pressure level and speed, and thus the piston ring for these engines
      naturally must have a sliding surface with higher wear resistance and with
      higher scuffing resistance in accordance with the tendency.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, an object of this invention is to provide a chrome insert piston
      ring for use in a high power, high pressure level, and high speed internal
      combustion engine.
PAR  Another object of this invention is to provide a chrome insert piston ring
      for an internal combustion engine which has superior scuffing resistance
      and oil scraping performance as well as superior breaking-in
      characteristics and high wear resistance.
PAR  Still another object of this invention is to provide a chrome insert piston
      ring for an internal combustion engine in which the above-mentioned
      disadvantages of the prior art have been eliminated.
PAR  Accordingly, this invention provides a chrome insert piston ring whose
      piston ring sliding surface has a channel provided with a chrome plating
      layer, the piston ring comprising the chrome layer with grooves
      continuously or discontinuously provided on the borders of the chrome
      layer and land portions of the piston ring sliding surface so that the
      chrome layer has ridgelines forming at an obtuse angle at each side
      thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing in
      which:
PAR  FIG. 1 shows a cross-sectional view of the prior art chrome insert piston
      ring;
PAR  FIG. 2 shows a cross-sectional view of the prior art chrome insert piston
      ring for explaining the level difference generated in operation;
PAR  FIG. 3 shows a cross-sectional view of a chrome insert piston ring
      according to this invention; and
PAR  FIG. 4 shows a cross-sectional view of a chrome insert piston ring
      according to another embodiment of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 3, the chrome insert piston ring according to this
      invention, which is indicated by the numeral 1, includes a chrome plating
      layer 4 in a channel 2 provided in the sliding surface 5 of the piston
      ring 1. On the chrome layer 4 first upper and lower grooves 7 at the
      borders 6 of the chrome layer 4 and land portion 1' of the piston ring
      sliding surfaces 5 are formed in such a way that the chrome layer 4 has
      its ridgelines at an obtuse angle on each side thereof. The formation of
      the first grooves 7 can be automatically accomplished in plating the
      chrome by previously providing second grooves 3 deeper than the channel 2
      in the piston ring base body. The first upper goove and/or the lower
      groove can be formed continuously or discontinuously.
PAR  In operation, the piston ring according to this invention can effectively
      prevent scuffing. First, the chrome layer 4 of this invention is
      constructed so that the ridgelines of the layer are formed at an obtuse
      angle, and therefore, the piston ring sliding surface 5 can slide smoothly
      with respect to the cylinder wall without the production of the sharp
      edges 4' and 4" even if a level difference appears during operation
      between the chrome layer 4 and the land portion 1' of the piston ring
      sliding surface 5. Secondly, each of the first grooves of the piston ring
      of this invention functions in operation as a lubricating oil retaining
      portion, from which the lubricating oil is supplied to the outer surface 5
      throughout the sliding movement of the piston ring 1 so as to provide good
      wettability thereon. Also, the lubricating oil is supplied between the
      outer surface of the chrome layer 4 and the cylinder wall to form a
      lubricating oil membrane therebetween thereby preventing the piston ring
      from coming into metal-to-metal contact with the cylinder wall. Moreover,
      the lubricating oil retained in the first grooves 7 is supplied in
      operation between the land portion 1' of the level difference portion and
      the cylinder wall to form a lubricating oil membrane therebetween so as to
      provide good wettability, thereby preventing the generation of scuffing
      even if the beveling of the upper edge of the upper land portion 1' and
      the lower edge of the lower land portion 1' is small in order to maintain
      effective oil scraping. It has been confirmed experimentally that if the
      beveling is almost zero, scuffing would not occur. As described above, the
      chrome insert piston ring according to this invention has a remarkably
      superior scuffing resistance and oil scraping effect as well as a good
      breaking-in characteristics and high wear resistance, and this chrome
      insert piston ring is free from the disadvantages of the prior art chrome
      insert piston ring.
PAR  FIG. 4 illustrates a chrome insert piston ring according to another
      embodiment of this invention in which the first grooves 7 are formed at
      the borders 6 of the land portion 1' and the chrome layer 4 of the piston
      ring sliding surface 5. The formation of the first grooves can be
      mechanically accomplished by tooling.
PAR  With respect to the first grooves 7 of the piston ring of this invention,
      the width, angle of the ridgelines, and depth thereof can be selected
      appropriately in accordance with the dimension of the piston ring and the
      condition of the engine in which the piston ring is incorporated. Further,
      the shape of the first groove 7 is preferably a V-shape, but shapes other
      than a V-shape can be used as long as the ridgeline of the chrome layer 4
      is formed at an obtuse angle.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
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STM  What is claimed is:
NUM  1.
PAR  1. In a piston ring whose piston ring sliding surface is provided with a
      channel having a chrome plating layer therein, the improvement comprising,
      the piston ring with said chrome layer having an upper groove and lower
      groove at the borders of said chrome layer and, the land portions of said
      piston ring sliding surface and the ridgelines of said chrome layer
      forming an obtuse angle at each side thereof.
NUM  2.
PAR  2. The chrome insert piston ring as set forth in claim 1, wherein at least
      one of said upper groove, and said lower groove is continuously or
      discontinuously formed.
NUM  3.
PAR  3. The chrome insert piston ring as set forth in claim 1, wherein said
      grooves have a V-shaped configuration.
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PAL  A safety ski binding uses a rigid sole plate adapted to be releasably
      secured to a ski boot and having front and rear cam surfaces formed
      thereon for cooperation with toe and heel pieces that secure the sole
      plate, and thus the boot, to the ski. The toe piece and heel piece of the
      ski binding are both mounted on a ski plate or chassis secured to the ski
      in a predetermined position. The toe includes means defining a movable cam
      surface which engages the front cam surface of the sole plate, to
      releasably hold the plate on the ski, while the heel piece includes a
      resiliently biased cam that engages the rear cam surface of the sole plate
      when the sole plate is engaged in the toe piece and is flat against the
      ski, thereby to bias the sole plate towards the toe piece and normally
      maintain the front cam surface of the sole plate in engagement with the
      cam surface of the toe piece. The sole plate has a channel shaped
      configuration in section which is adapted to engage a pivot bar on the
      binding chassis to limit lateral movement of the sole plate to pivotal
      movement only while simultaneously permitting the sole plate to slide fore
      and aft on the ski.
BSUM
PAR  The present invention relates to ski bindings and more particularly to an
      improved safety ski binding of the sole plate type.
PAR  With the expanding popularity of recreational downhill or Alpine skiing
      that has become evident in this country over recent years, there has been
      a complementary increase in demand for ski equipment which will decrease
      the incidence of skier injury and simultaneously be of high quality and
      durability. One of the most important items of Alpine downhill ski
      equipment, particularly from the injury standpoint, is the ski binding
      which secures the boot to the skis. Because of the increased popularity of
      skiing, and the increased number of non-expert skiers participating in the
      sport, there is a substantial need for a ski binding which will reduce the
      possibility of injury for the skiers. It is well recognized that the ski
      binding is an important factor in ski injuries and this of course, has
      lead to the development of the releasable ski binding which will permit
      boot and ski to separate in a fall. While numerous different designs of
      releasable ski bindings have been previously proposed for use in
      protecting the skier against injury during a fall, or by a ski striking an
      object, such previously proposed bindings all have certain inherent faults
      which may lead to injuries.
PAR  The typical binding consists solely of a toe iron or toe piece and a heel
      piece, both of which are secured to a ski and serve as clamps against the
      sole of the ski boot. Such bindings are usually designed to permit the
      release of the boot only in a vertical direction at the heel, and only in
      a lateral direction at the toe. In any case the purpose for such release
      bindings is to hold the skier's boot to the ski as rigidly as possible
      during all normal sking maneuvers which may be extremely violent in nature
      especially in the case of expert skiers and racers. In a fall, however,
      where the ski may bend or twist the skier's leg with high stresses, the
      binding must release the ski from the boot before injurious stresses build
      up in the skier's leg. Typically, because such previously proposed
      bindings are connected directly to the sole of the boot, substantial
      frictional forces also result during the release of the binding, which are
      difficult to overcome and often prevent release and cause injuries, even
      though the actual forces applied to the leg are relatively small. On the
      other hand, a release binding which releases the boot from the ski
      inadvertently during a normal violent skiing maneuver is just as dangerous
      as one which fails to release when required during a fall. Therefore the
      release characteristics of the binding must be sufficiently accurate to
      discriminate between normal skiing stresses and those which are
      potentially damaging.
PAR  Certain attempts have been made to overcome these problems by the provision
      of sole plate bindings, wherein a rigid plate is secured to a boot and
      then held to the ski by releasable toe and heel pieces. The object of such
      bindings is to reduce the friction involved where the ski binding is
      directly connected to the boot, but such previously proposed sole plate
      bindings also have serious problems in that the moment forces required for
      release often increase during release and/or cause premature release.
PAR  Accordingly, it is an object of the present invention to provide an
      improved safety release ski binding which is adapted to release a booth
      from the ski.
PAR  Another object of the present invention is to provide a sole plate ski
      binding which is relatively simple in construction yet durable in use.
PAR  A further object of the present invention is to provide a safety ski
      binding which will firmly hold the ski and boot together under normal
      skiing conditions, but which will readily release when an excessive force
      is applied to the ski or the boot, which would cause injury to the skier.
PAR  A still further object of the present invention is to provide a safety ski
      binding which is relatively inexpensive and simple to mount.
PAR  Yet another object of the present invention is to provide a toe piece for a
      sole plate ski binding which will securely clamp the toe of the boot to
      the sole plate.
PAR  Another object of the present invention is to provide a sole plate ski
      binding which will release reliably and accurately at torque thresholds in
      pitch and yaw which are preset according to the weight, experience and
      ability of the skier but to eliminate premature release as a result of
      normal violent skiing maneuvers.
PAR  A further object is to provide a safety ski binding in which the preset
      release torque levels are relatively unaffected by friction.
PAR  A further object is to provide a safety ski binding in which the stress on
      the skier's leg as a result of a simultaneous release in forward pitch and
      yaw will be no higher than the stress caused by either torque acting
      separately.
PAR  A further object is to provide a safety binding in which one preset
      adjustment determines the release torque values in forward pitch, backward
      pitch, and yaw.
PAR  A further object is to provide a safety ski binding in which the release
      level adjustment is relatively resistant to tampering and misadjustment.
PAR  A further object is to provide a safety binding which accepts sudden shock
      loads without premature release.
PAR  A further object is to provide a safety binding in which the release
      threshold in any mode is not affected by the presence of torques in other
      modes, or loads, or flexing of the ski.
PAR  A further object is to provide a safety binding which retains a rigid
      relationship between the boot and the ski up to the release torque
      threshold.
PAR  A further object is to provide a safety binding which has relatively little
      effect on the flexibility of the ski.
PAR  A further object is to provide a safety binding in which the runaway strap
      normally requires no attachment or detachment when stepping in or out of
      the ski.
PAR  A further object is to provide a plate type safety binding which is easier
      to attach to or detach from the ski boot.
PAR  A further object is to provide a safety binding which is light, inexpensive
      and rugged.
PAR  A further object is to provide a safety binding which is extremely simple
      to mount on the ski.
PAR  A further object is to provide a safety binding in which the mounting on
      the ski will not loosen during use.
PAR  In accordance with the one aspect of the present invention, a releasable
      ski binding for securing a ski boot to a ski, while permitting the release
      of the boot from the ski in all angles of release, includes a rigid sole
      plate having means for releasably securing the sole plate to the sole of
      the ski boot. The sole plate is constructed to cooperate with a ski plate
      or chassis mounted on the ski, which chassis includes pivot means mounted
      below the sole plate and located in a predetermined position, in order to
      limit lateral movement of the plate with respect to the longitudinal axis
      of the ski to pivotal movement about the fixed pivot point. This
      arrangement creates a fixed moment arm in the binding about which releases
      must take place, thereby preventing inadvertent release of the binding
      under small moments and controlling the moments applied to the ski boot or
      leg of the skier during a fall.
PAR  The provision of the pivot means of the binding and the other structural
      features thereof described hereinafter provides a release binding that
      will release as a result of certain torque moments only and not as a
      result of straight loads applied to the side or up or down on the skis.
      For convenience, the major moments can be described according to aircraft
      terminology as roll, pitch and yaw movements. These act around the X, Y,
      and Z axes respectively. While the present binding will release as a
      result of excess roll torques, there are relatively unimportant since,
      because of the narrow width of a normal ski, there is an insufficient
      moment arm to cause any serious torque. In any case, the present binding
      is designed to release reliably and accurately as a result of excess
      torques in the pitch and yaw modes and to be insensitive to straight loads
      whether up, down or sideways. The binding will release when the
      predetermined torque valve is reached in both forward or backward pitch
      and in yaw to left or right.
PAR  The sole plate has front and rear cam surfaces formed thereon. The toe
      piece, which is mounted on the ski plate or chassis (which in turn is
      mounted on the ski in a predetermined position) cooperates with the front
      cam surface of the sole plate to hold the plate against the ski. The toe
      piece includes a housing and an inverted frustroconical cam member
      rotatably mounted therein. The housing has an opening in its rear wall
      through which a portion of the cam member extends for engagement with the
      front cam surface of the sole plate. This front cam surface has a
      configuration which is generally complementary to the frusto-conical cam
      member so that the cam members serves to hold the front portion of the
      sole plate against the ski plate while permitting lateral movement of the
      cam surface of the sole plate, with reduced friction, particularly in the
      lateral direction.
PAR  The heel piece also mounted on the ski plate or chassis, in a fixed
      position adjacent the rear cam surface of the sole plate and includes a
      housing having a locking member slidably mounted therein and extending
      through the opening in the housing. Spring means are provided in the
      housing of the heel piece for resiliently biasing the locking member
      towards the toe piece and into engagement with the rear cam surface of the
      sole plate. This rear cam surface and the locking member also have
      generally complementary configurations so that the locking member holds
      the rear cam surface down against the ski, while permitting lateral and
      upward movement of the sole plate.
PAR  As a result of this construction, the sole plate and the attached boot can
      be released in numerous angles of release, particularly about the X, Y and
      Z axes under any force acting on the ski or boot which is sufficient to
      overcome the resilient biasing of the resilient means of the heel piece.
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PAR  The above, and other objects features, and advantages of the present
      invention will be apparent in the following detailed description of an
      illustrative embodiment thereof, which is to be read in connection with
      the accompanying drawings wherein:
PAR  FIG. 1 is a front perspective view of a ski binding constructed in
      accordance with one embodiment of the present invention and shown mounted
      on a partially broken away ski;
PAR  FIG. 2 is a perspective view of the ski binding of FIG. 1, illustrating the
      manner in which the sole plate is inserted into the binding and is
      released therefrom;
PAR  FIG. 3 is an enlarged side elevational view, partly in section and with
      parts broken away, of the ski binding shown in FIG. 1;
PAR  FIG. 4 is a plan view of the ski plate and heel and toe piece assembly of
      the ski binding of FIG. 3;
PAR  FIG. 5 is a plan view showing the sole plate of the binding as mounted in
      the ski plate assembly between the toe and heel piece;
PAR  FIG. 6 is a sectional view taken along line 6--6 in FIG. 3 of the toe clamp
      used to clamp the toe of the ski booth to the sole plate;
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is a sectional view taken along line 8--8 of FIG. 6; and
PAR  FIG. 9 is a sectional view taken along line 9--9 of FIG. 4. Referring now
      to the drawings in detail, and initially to FIG. 1 thereof, it will be
      seen that the ski binding 10, constructed in accordance with the present
      invention, is adapted to hold a conventional ski boot 12 in a fixed, but
      releasable, position on a ski 14. Ski binding 10 includes a sole plate 16
      which is normally secured to the sole 18 of ski boot 12 by a toe clamp 20
      and a heel retaining member 22. The sole plate 16 is preferably formed of
      metal, e.g. aluminum or steel, so as to form a rigid release plate which
      is not effected by dampness or temperature variations. This overcomes the
      problems of certain previously proposed ski bindings which are secured
      directly to the ski boot sole and thus affected by ski conditions because
      of shrinkage or expansion of the boot sole due to dampness or temperature
      changes.
PAR  Sole plate 16, in turn, secured to ski 14 by means of a ski plate or
      chassis assembly 15 which includes a thin flat plate 160 and a toe piece
      24 and a heel piece 26 secured to the plate. This assembly is secured to
      the ski in the manner described hereinafter.
PAR  The heel piece contains a resilient spring or the like for clamping the
      sole plate between the top and heel pieces. Toe piece 24 and heel piece 26
      are constructed as, described more fully hereinafter, to permit sole plate
      16 to be released from clamping engagement therebetween upon the
      application of an excessive moment or torque to the ski, requiring release
      of the binding in order to protect the skier from injury.
PAR  Referring more specifically to FIGS. 2, 3 and 9 of the drawing, it will be
      seen that sole plate 16 has a generally channel shaped cross section,
      laterally of the ski, and has front and rear cam members 28, 30 mounted
      thereon. These cam members are secured to the channel shaped sole plate 16
      in any convenient manner, as for example by screws 32 or the like. The
      channel shaped configuration of sole plate 16 accommodates extensions of
      the cam members 28, 30 (see FIG. 3) within the sole plate below the sole
      of the boot and out of engagement therewith; thereby to allow more
      convenient securement of the cam members to the sole plate. These
      extensions support the sole plate on the ski plate and thus directly
      support the boot sole. As a result the rigidity of the boot sole is
      utilized in conjunction with the sole plate so that the sole plate can be
      made lighter in weight.
PAR  Preferably the cam members 28, 30 are formed of a plastic self-lubricating
      material, which is relatively rigid and unaffected by temperature changes
      or moisture. These cam members cooperate with the toe and heel pieces 24,
      26 to retain the sole plate 16 therebetween under normal skiing
      conditions. They also reduce friction in the binding during a lateral or
      twisting release because of the low friction forces between the
      self-lubricating cams and the metal ski plate 160.
PAR  The channel shaped configuration of sole plate 16 allows for cooperation of
      the sole plate and a pivot member 34 which is mounted on the ski plate 160
      in any convenient manner. Pivot means 34 (as seen in FIGS. 4 and 9)
      consists of an elongated bar that extends across the width of the ski to
      positions adjacent the ski edges or sides 38. The ends 40 of bar 34 are
      curved and form sections of a continuous body of revolution, i.e., they
      form opposite sections of a cylinder having a central vertical axis of
      revolution 42 located substantially in alignment with and perpendicular to
      the longitudinal axis of the ski. The exterior surfaces 40 at the ends of
      bar 34 cooperate with the internal surfaces 44 of the legs in the U-shaped
      channel sole plate 16 to limit lateral movement of the sole plate with
      respect to the ski. More specifically, the provision of the pivot bar 36
      insures that the lateral movement of the sole plate with respect to the
      ski during release can only occur by rotation of the sole plate about axis
      42, while still allowing the sole plate to move or slide longitudinally
      and vertically with respect to ski plate 160 in order to allow release in
      upward or twisting motions. In this manner the ski boot will not released
      by direct lateral motion of the ski as such movement is prevented by bar
      34. Such movement is often present in violent skiing maneuvers but does
      not cause injury, however, previously proposed bindings will cause
      inadvertent release under these conditions. With the present invention on
      the other hand, since lateral release is limited to pivotal movement the
      binding will release only at a predetermined moment force as defined by
      the moment arm of the sole plate as fixed by pivot bar 34 and by the cam
      configurations of cam surfaces 28, 30. Thus the moments applied to the ski
      boot and skier's leg during a fall are controlled so that the skier will
      not be subjected to erratic twisting forces or moments during such
      release.
PAR  Sole plate 16 also is adapted to accommodate a novel run away safety strap
      structure. More specifically, the ski binding 10 is provided with a run
      away strap 48, formed of a flexible shape retaining and inelastic
      material, such as a light fiberglass/plastic material or nylon strapping
      having two flat arms 50, 52 located in a superimposed relation. The end 54
      of strap 48 is secured in any convenient manner to pivot bar 34, while the
      opposite end 56 of the run away strap is secured to the cam member 30 at
      the rear of the sole plate. As seen in FIG. 3, the ends of the straps are
      folded over upon themselves through slots in bar 34 and cam 30, with the
      overlapped portions being secured together by an adhesive, rivet or the
      like. By this arrangement, as seen in FIG. 2, when sole plate 16 is
      released from between the toe and heel pieces 24, 26, plate 16 is secured
      to the ski 14 by the safety strap 48. As a result it is not possible for
      the skier to loose the ski or for a ski to "run away" upon release of the
      binding during a fall. Moreover, because the safety strap is formed of a
      material which retains its shape and automatically returns to its folded
      configuration as shown in FIG. 2, it does not interfere with the
      reinsertion of the sole plate into the ski binding after a fall. The
      safety strap in this construction also prevents inadvertent loss of the
      sole plate since the sole plate can never truly be separated from the ski
      during storage of the skis. Finally, because of this construction the
      safety strap is short and secured to the ski adjacent its center with the
      result that injurious "windmilling" of the loose ski during a fumbling
      fall is avoided.
PAR  As mentioned above, ski boot 12 is secured to sole plate 16 by a toe clamp
      20 and a heel retention member 22. The latter consists of a generally
      U-shaped frame member 58 having legs 60 (see FIG. 5) which are pivotally
      secured to the side walls 44 of the sole plate adjacent the rear thereof.
      The bight portion 62 of frame member 58 has a pad 64 formed of a plastic
      material secured thereto in any convenient manner for engaging the rear
      groove 66 of the ski boot 12. The configuration of pad 64 is such that it
      has inclined surfaces which engage the boot and center it in the frame
      member 58 on ski plate 15. In use, the skier initially places his boot on
      sole plate 16, while it is mounted in toe and heel pieces 24, 26 and
      pivots frame member 58 to permit pad 64 to enter groove 56 in the boot
      heel and center the boot heel in the binding. Thereafter, the skier
      operates toe clamp 20 to secure the boot to the sole plate.
PAR  Toe clamp 20 consists of a lever 70 which has a generally L-shaped
      configuration including a lower arm 72 and a lever arm 74 located in a
      generally angular relationship with respect to one another. Lever 70
      provides an over-the-center type clamping arrangement in cooperation with
      a link member 76 for securing the toe of the boot to sole plate 16. The
      lever is preferably formed from two identical plastic halves secured
      together by three rivets 77, (FIG. 7). 7).
PAR  Link 76 is a generally U-shaped member formed of a rigid material such as
      metal or the like, which is pivotally mounted in the side walls 44 of the
      sole plate 16, as seen in FIG. 5. The link includes a pair of legs 78 and
      a bight portion 80 which is pivotally mounted in lever 70. This pivotal
      mounting is accomplished, as seen most clearly in FIG. 7, by providing the
      exterior surface of lever 70 with a groove 82 in its front face, which
      groove has a slightly smaller diameter than that of bight portion 80. In
      this manner the bight portion 80 is clampingly held in groove 82, but
      pivotal movement is permitted. In this connection it is noted that lever
      70 is preferably formed of a slightly resilient plastic material so as to
      resiliently accommodate the bight portion 80 of the link therein.
PAR  The free ends 84 of legs 78 have key members 86 formed thereon which
      consist of generally cylindrical rods having protuberances or keys 88
      extending therefrom. These keys are received in apertures 89 formed in the
      side wall 44 of sole plate 14. The apertures 89 each have a configuration
      which is complementary to that of key members 86, and include extensions
      90 which are adapted to the receive keys 88. However, as will be seen from
      FIGS. 3 and 5, the aperture portions 90 extend in a direction which is
      180.degree. opposite to the direction of the keys 88 when the toe clamp is
      positioned on ski boot 12. This arrangement prevents inadvertent removal
      of the ends of link 76 from the sole plate when the binding is in use. In
      addition a plurality of spaced apertures 89 are provided along the forward
      postion of plate 16, so that the position of link 76 along plate 16 can be
      adjusted to accommodate different size boots between the toe clamp 20 and
      the heel retaining member 22.
PAR  It is noted that the amount of tension provided by link 76 can be adjusted,
      in accordance with the present invention, by providing arms 78 with
      adjusting collar mechanisms 79. More particularly, arms 78 are provided
      with the threaded collars 79' which are rotatably mounted on grooves in
      the ends of arms 78. Threaded extensions 79" of arms 78 are integrally
      formed with key members 86 and are threadably received within collars 79'.
      Accordingly, if the skier desires to increase the retention force of toe
      clamp 70, he simply rotates collar 79' in the appropriate direction to
      shorten the effective length of the legs 78 of links 76.
PAR  The lower arm portion 72 of lever 70 includes a free edge 92 which is
      adapted to be engaged in the groove 94 formed at the front of the sole of
      all ski boots. This free edge portion 92 provides a pivot edge for lever
      70 and is formed with a curved surface 96. This surface is defined by a
      pair of generally conically shaped surface sections 98 (see FIG. 5),
      respectively formed on the two lever sections and located with their
      apices adjacent each other along the central axis of the lever. By
      providing the conically shaped sections in this manner, not only is a
      curved pivot surface provided, but also the angularly related surfaces
      tend to center the toe of the ski boot 12 in toe clamp 20.
PAR  The position of the free pivot end 92 of the lower arm 72 is a critical
      feature of the present invention in that it is located with respect to the
      groove 82 in the lever so as to always be below the level of legs 78 in
      link 76 when the clamp 20 is in its clamping position. This relative
      arrangement, of the free edge 96, in particular its central axis 98, with
      respect to legs 78 provides the over-the-center type clamp action in the
      lever. That, is as will be appreciated in FIG. 3, when lever 70 is in its
      closed position (shown in solid lines), link 76 will produce a pulling
      force on the lever tending to rotate the lever in a clockwise direction
      towards the ski boot, thereby urging the pivot end 92 of the lever into
      groove 94 and holding it thereagainst the ski boot. The clamping action of
      link 76 is limited, in accordance with the present invention, by the
      configuration of lever 70. That is, the lever is provided with a pair of
      stop flanges 100 formed along its side edges (see FIG. 6) which are
      located to be above the legs 78 of link 76. Thus, the pivotal movement of
      the lever 70 in a clockwise direction is limited by these stop flanges
      upon their engagement against the legs of the link. Therefore, the lever
      cannot be rotated further than its position shown in FIG. 3. The position
      of stop flanges 100 is selected to be located at a predetermined position
      with respect to link 76 so that the link produces a maximum clamping force
      against the ski boot. It is noted that by locating stop flanges 100 in
      this manner, link 76 will be abutted by the stop flanges in a position
      wherein the link is located above the central axis 98 of pivot edge 92,
      irregardless of which of the pairs of apertures 88 the ends of the links
      are mounted in.
PAR  Initially, when the binding is not in use, lever 70 is in a position such
      as shown in dotted lines in FIG. 3 and the skier simply places the boot on
      the sole plate 16 (which is normally held in position between toe piece 24
      and heel piece 26) with the heel of this boot in the retaining member 22.
      He then pivots lever 70 in a clockwise direction (as seen in FIG. 3) to
      engage the free end 92 thereof in the groove 94 of the toe of his boot,
      and continues rotation of the lever until it reaches its limited position
      as defined by flanges 100.
PAR  In order to prevent the inadvertent opening of lever 70 in a
      counter-clockwise direction, the lever is provided with a safety locking
      mechanism which prevents counter-clockwise motion of the lever once it is
      in its proper clamping position, unless it is released intentionally by
      the skier. This safety locking mechanism consists of a pair of stop bars
      102 which are slidably mounted in lever 70 (see FIGS. 6 and 7) and which
      extend through apertures 104 in the sides of the lever. These stop members
      have retention grooves or notches 106 formed in their free ends which are
      adapted to partially surround the legs 78 to link 76 when the lever 70 is
      in its closed position.
PAR  Stop members 102 are normally biased outwardly by a coil spring 108 (see
      FIG. 8) but are retained within the lever 70 by a latch member 110. The
      latter is freely mounted within lever 70 in a vertical direction (see FIG.
      7), but cannot be removed therefrom. Thus latch 110 has an abutment
      shoulder 112 which engages against the bottom surface 114 of lever 70 to
      limit vertical movement of the latch. Latch 110 also includes angularly
      related cam surfaces 116 which engage complementary cam surfaces 118
      formed in stop members 102. These complementary surfaces 116, 118 limit
      downward movement of the latch 110 in lever 70. Moreover, the cooperating
      surfaces 116, 118 permit retraction of the stop members 102 when the skier
      desires to release toe clamp 20.
PAR  More specifically, latch member 110 is exposed through the top surface of
      lever 70 (see FIG. 7) and has a well 120 formed therein which is adapted
      to receive the tip of a ski pole. Thus, when the skier desires to release
      lever 70 he inserts the tip of the ski pole in recess 120 and pushes latch
      member 110 downwardly. Such downward movement of the latch 110 causes the
      surfaces 116 of the latch to engage the surfaces 118 of stop members 102,
      and urges the stop members inwardly against spring 108, thereby to release
      the engagement of arms 78 in notches 106. Thus, the lower arm portion of
      the arm 72 of the lever is permitted to move upwardly between legs 78 of
      link 76 in a counter-clockwise motion of the lever 70. Continued downward
      pressure on latch 110 will cause counter-clockwise motion of the lever due
      to the location of the recess 120 with respect to the pivot surface 96, so
      that the lever is automatically rotated in the release direction by the
      skier, without the need for the skier bending over to physically open the
      toe clamp. On the other hand, when the lever 70 is rotated from its dotted
      line position in FIG. 3 to its solid line position, the stop members 102
      engage arms 78 and are cammed inwardly by the arms until the arms engage
      stop flanges 110, at which point the stops 102 are free to move outwardly
      under the influence of spring 108. For this purpose the exterior surfaces
      122 of the stop members are provided with a curved cam shaped
      configuration.
PAR  The toe piece 24 which retains the forward end portion of sole plate 16 on
      ski 14 includes a housing 123 which is secured to ski plate 15 in any
      convenient manner. For example, the toe piece 24 and heel piece 26 can be
      secured to the plate by an adhesive in proper relative positions by the
      manufacturer; then the entire assembly is secured to the ski by bolts 36
      or the like by the installer as described hereinafter. Preferably housing
      123 is of a hollow construction and has a generally frustro-conical cam
      member 124 rotatably mounted therein on a post 126 or the like. The rear
      end 128 of housing 123 has an opening therein through which a portion of
      the cam member 124 is exposed. It is noted that cam 124 is in an inverted
      position so that its cam surface 130 faces rearwardly and outwardly with
      respect to the housing 123.
PAR  Cam surface 130 is adapted to cooperate with the cam surface 132 of the
      front cam member 28 on sole plate 16. Cam member 28 (as seen in FIG. 5)
      has a central recess 134 in its cam surface 132 which is located generally
      on the central longitudinal axis of the sole plate. This recess 134 is
      engaged with the surface of cam member 124 to locate the sole plate 16 in
      its proper position with respect to the toe piece. The remainder of the
      cam surface 132 tapers away from the recess 134 to permit rotational
      movement of the sole plate about pivot plate 34 during release. Moreover,
      cam surface 132 is generally complementary to cam surface 130 of cam
      member 124 so that rearward motion of the sole plate 16 is permitted, as
      is upward and rearward motion thereof during twisting or other moment type
      releases. It is noted that the top wall of housing 123 reinforces cam
      member 124 in an upwardly release at the toe preventing any bending of the
      cam member. In addition, the housing, adjacent the opening therein, is
      curved as seen in FIG. 5 to permit free pivotal movement of sole plate 16.
PAR  The sole plate 16 is held against cam member 124 by heel piece 26. The heel
      piece includes a generally cylindrical housing 136 in which plunger 138 is
      slidably mounted. The plunger includes a locking head 140 mounted on a
      stem 142 which extends through housing 136 and is surrounded by a coiled
      compression spring 144. The latter acts against the rear wall 137 of
      housing 136 and an abutment plate 146 which is slidable within housing
      136. Stem 142 is slidable within the rear wall 137 of housing 136 so that
      plunger 138 can be urged inwardly of the housing. Outward movement of
      locking head 140 (towards the left in FIG. 3) is limited by the provision
      of a nut 148 on the threaded end 150 of stem 148.
PAR  The amount of force applied to sole plate 16 by spring 144 is adjusted at
      the time the binding is mounted on the ski and in such a way as to avoid
      tampering with the adjustment. More specifically, the binding is provided
      with one or more annular shims 149 which are placed in housing 136
      adjacent its rear wall behind the bearing plug 149'. The number and
      thickness of the shims is selected in accordance with the weight and skill
      of the person using the binding to compress spring 144 to the extent
      necessary to produce the required bias force in the binding. In this
      connection the purpose of nut 148 is not for adjusting the binding, but
      rather for simply taking up end play in the binding. That is, the nut is
      simply adjusted until the plate 16 does not move in the toe and heel
      pieces, with the principal adjustment being with shims 149.
PAR  Locking head 140 is adapted to engage the cam surface 152 of rear cam
      member 30 on sole plate 16. Preferably locking head 140 has a generally
      semi-spherical configuration which cooperates with the generally concave
      configuration of cam surface 152. That cam surface also has a recess 134
      formed therein, located along the longitudinal axis of the sole plate, so
      as to locate the rear of the sole plate with respect to the heel piece.
      Recess 134 has a generally concave configuration whose configuration is
      selected to produce a predetermined force in cooperation with head 140 and
      spring 144. This force is effected by the angle of cam surface 152 at the
      release point or transition point 158 in the cam. That is, the greater the
      angle adjacent transition point 158 the greater the force will be in order
      to permit release of the binding. The rear cam member 30 of the sole plate
      also has a lower cam surface 154 which extends downwardly and away from
      the heel piece (as seen in FIG. 3) so that upon upward movement of the
      heel an initial increased force is applied to the cam member by spring
      144, as the cam member 30 moves upwardly, thereby tending to hold the sole
      plate in position to prevent undesired release at low forces. Ultimately,
      at transition 158, between cam surfaces 152 and 154, the pressure of
      spring 144 is released so that the sole plate is released from the heel
      unit.
PAR  The recesses 134 in the cams 28, 30 center the sole plate in the binding
      and serve to cam the sole plate back into proper centered position under
      small shock forces during skiing and to allow slight displacement of the
      plate, up to about 5.degree., with automatic return of the plate, thereby
      to prevent inadvertent release of the sole plate under low forces applied
      to the ski, such as when skiing over moguls or bumps.
PAR  By the construction of the toe and heel pieces 24, 26 of the present
      invention it will be appreciated that spring 144 in the heel piece
      provides all of the clamping force used to retain the sole plate 16
      between the toe and heel pieces and controls the exact moment values at
      which the binding will release in the three important release modes of
      yaw, pitch and roll. Moreover, it also will be appreciated that the
      construction of these elements permits release of the sole plate in all
      substantial angles of release above the level of the ski surface. Thus,
      for example, upon the application of an upward force to the boot, i.e. a
      rearward pitch movement, the mating engagement of cam surfaces 130, 132
      will cam the sole plate 16 rearwardly, against locking head 140, thereby
      compressing spring 144 and permitting the sole plate to be released at the
      toe. This rearward movement is of course, permitted by the pivot bar 34
      which permits longitudinal movement of the sole plate. Similarly, on a
      twisting movement applied to the sole plate 16, the front cam member 124
      will permit relatively free lateral movement of the forward end of the
      sole plate while the rearward movement imparted to the plate because of
      the engagement of cam surfaces 130, 132 will compress spring 144 to permit
      the upward and lateral release. The angle of the cam surface 124, plus the
      spring force in heel piece 26, will determine the exact value at which
      release will occur.
PAR  With respect to twisting release of the sole plate, it is noted that the
      pivot bar 34 is located in a predetermined position along the ski (and on
      ski plate 160) between the toe and heel pieces in order to be generally in
      alignment with the tibia of the leg of a skier in the ski binding. In this
      manner, the pivotal motion of the sole plate during release is in
      alignment with the leg of the skier so that the amount of twisting moment
      on the leg is limited. Still further, the provision of a rotatable cam
      member in the toe piece 24 substantially reduces friction in the binding
      since in a release having a lateral component the cam member 124 will
      rotate in the housing. As a result, the problems of previously proposed
      bindings wherein the front of the sole plate must move against a fixed toe
      retention member, thereby creating a substantial friction, is eliminated.
PAR  As mentioned, toe piece 24, heel piece 26 and pivot bar 36 are all mounted
      on a chassis or ski plate 160. These elements can be secured to the plate
      in any convenient manner as for example by an epoxy adhesive. The whole
      assembly is then secured to the ski by bolts 36 when the binding is
      installed. In this connection, it is contemplated that the lower surface
      of plate 160 can be coated with a pressure sensitive adhesive protected by
      a paper layer after manufacture. When the ski binding is then installed
      the paper is torn away to expose the adhesive and then the plate is placed
      in the proper position on the ski as described below.
PAR  In addition to providing a relatively safe ski binding, the structure of
      the present invention also permits convenient mounting of the binding on
      the ski. As is well known, it is normally preferred to mount the toe piece
      of the ski binding in a position on the ski such that the ball of the foot
      on the ski is located in predetermined position with respect to the
      mid-chord point of the ski, which is located in the well known manner and
      marked on the side of the ski by a line or another indicia. With previous
      bindings, the installer initially locates the ski boot to be used with a
      particular set of skis with respect to the mid-chord point, and then
      locates the toe piece with respect to the toe of the ski boot. However, in
      accordance with the present invention a more convenient mounting system is
      provided, simply by inscribing or marking indicia on the side wall 170 of
      housing 123 representing various ski boot sizes within a particular range.
PAR  Since the dimensions of the housing 123, cam 124, and sole plate 16, are
      known, and since the distance from the cam 124 to heel retainer 24 is also
      known, it will be appreciated that by mounting housing 122 in a particular
      position with respect to the mid-chord 170 on the side of the ski, then
      the distance between the mid-chord mark and the ball of any ski boot
      mounted on sole plate 16 will be known. Accordingly, the installer can
      simply place the mid-chord mark 172 in alignment with the indicia on the
      side wall 170 of housing 123, representative of the ski boot size to be
      used with the ski and then secures the assembly 15 to the ski by placing
      the plate 160 with its adhesive back against the ski. The installer then
      drills holes in the ski through the holes provided in the assembly and
      thence screws the assembly in with the screws 36. Since the pressure of
      spring 144 is previously adjusted with shims 149 the binding is now
      completely ready for use. If any adjustment of the ski boot with respect
      to the toe piece is desired by the skier he can move frame member 58 from
      the center openings to the front or rear pair of openings 43 in the sole
      plate.
PAR  Accordingly, it will be appreciated that a relatively simple ski binding is
      provided which is economical in construction and highly convenient in use.
PAR  As will be appreciated from the above detailed description, the binding
      consists of two major assemblies, the sole plate with its boot attachment
      system and the ski plate assembly which is attached to the ski. The sole
      plate snaps into the ski plate assembly and is held in place by the
      forward revolving cam and the spring biased head or plunger which engages
      the three-dimensional cam at the rear of the sole plate. The latter, as
      mentioned, is made in the form of an inverted channel with a flat or a
      ribbed upper surface. If desired, plastic wedges may be mounted on top of
      the sole plate to provide any desired degree of cant. The inside edges of
      the channel engage with the pivot block mounted on the ski plate, but the
      sole plate is allowed to move forward or backward as well as pivot. The
      sole plate may have a plurality of lightening apertures formed therein if
      desired.
PAR  Except after the binding releases the sole plate remains in position on the
      ski at all times. To attach the boot to the ski the heel of the boot is
      pushed back into the heel frame member. The forward toggle lever then
      locks the toe and in so doing the boot is pushed all the way down and back
      into place. The runaway strap which is normally concealed by the sole
      plate, attaches the rear of the sole plate to the front of the ski plate
      assembly near the mid-chord position of the ski and serves to eliminate
      "windmilling" in a fall.
PAR  In operation the sole plate remains firmly locked down to the ski under all
      maneuvers until the release torque threshold is reached in one or more of
      the three release modes of pitch, roll or yaw. The entire design of the
      present binding is based primarily on the principle that it will release
      as a result of torque moments but will not release as a result of
      safe-straight loads applied to the ski. Since injuries to skiers are the
      result of moments in the three principle modes, the binding is designed so
      as to be very accurate on releasing in these torque modes, but is
      insensitive to straight loads whether down, up or sideways along the
      pitch, yaw and roll axes.
PAR  Since one of the principal causes of inadvertent binding release is because
      of side loads on the boot, the pivot bar of the present invention is
      provided to insure release only as the result of torque and not direct
      load. The pivot, which is approximately in line with the center of the
      skier's leg, will effectively prevent side loads from affecting the
      binding. The center of the leg is the ideal position for this pivot since
      violent skiing maneuvers will not create a releasing torque. However, in
      the event of a fall in which the ski catches and rotates, the torque
      created will cause the sole plate to rotate around the pivot bar as the
      plunger is forced out of the rear cam. As mentioned, the spring load and
      the shape of the cam/plunger interface determine the torque level at which
      this rotation will commence. If this is only a very momentary shock the
      binding will be returned to the normal position by the spring action, but
      if it is sustained until approximately 5.degree. of rotation takes place,
      the sole plate will free itself completely from the ski, except for the
      runaway strap.
PAR  In the case of a forward pitch type of release (such as might be caused by
      the skier running into a snow bank at high speed) the sole plate of the
      invention will rotate upward around the forward cam as a fulcrum. Again
      this release torque level is determined by the same spring and plunger/cam
      interface.
PAR  It is evident that a fall which involves a combination of the two above
      torque modes in normal bindings will result in very high combined stresses
      on the leg. However, in the present binding, by choosing the proper
      contour of the rear three-dimensional cam, the combined stress on the leg
      will be no higher than if the torques act individually. In the case of a
      rearward pitch accident, the angle of the forward cam is chosen so as to
      release at the proper relative torque threshhold. This cam angle can be
      between 27.degree. and 45.degree. (preferably41.degree.) depending on what
      relative rear pitch release torque is desired. In this mode the entire
      sole plate is forced back against the spring and plunger force, which,
      together with cam angle determine the threshhold value.
PAR  In a yaw release, because of the recess in the conical front cam of the
      sole plate, the entire sole plate must move aft slightly. This load plus
      the rear three-dimensional shape and the spring load together determine
      the yaw release torque level. Due to the configuration of the yaw pivot
      bar, which is a narrow segment of a circle, as soon as any appreciable yaw
      angle is attained by the boot plate, the pivot disengages itself from the
      inner flanges of the boot plate channel.
PAR  In forward pitch the contour of the rear three-dimensional cam, the radius
      of the spring plunger, and the spring load determine the release torque.
      Note that by properly contouring the three-dimensional cam, any
      combination of relative release torques in yaw and forward pitch may be
      selected. Thus special cams may easily be molded or machined for
      individual preference for downhill, grand slalom, slalom, etc. The cam
      contour is preferably such that the binding will not start to move in
      forward pitch or yaw release until the release torque threshhold is
      reached. This characteristic is desirable since it maintains rigid control
      of the ski unless the danger torque threshhold is reached. It should also
      be noted that by properly contouring the three-dimensional cam, if forward
      pitch and yaw torques occur simultaneously, the combined stress on the leg
      bone can be limited to the stress due to either mode individually.
PAR  In general, the average skier and in fact the average ski shop mechanic is
      incapable of judging with any validity, the relative release torque
      magnitude in forward pitch, yaw, and after pitch. Bindings which permit
      individual adjustment of these values to each other, are an invitation to
      injury due to misadjustment. However, certain very experienced skiers may
      have some individual preferences in these ratios, and special cams should
      be provided as an extra item if desired. A hot-dogger, for instance, might
      want a higher rear pitch release torque, a very polished skier a
      relatively lower yaw release level, etc. In this connection, the present
      invention permits a choice of spring and shim combination in the spring
      plunger assembly that will match the release torque in the three modes to
      the weight, experience and ability of the skier. This system minimizes the
      possibility of improper adjustment by the skier.
PAR  After a release takes place, the sole plate is still attached to the
      skier's boot and is also attached to the ski by the runaway strap.
PAR  Due to the mounting of the strap the possibility of the flailing ski
      injuring the skier, i.e. injuries generally caused by the skier's head or
      face being lacerated by the flailing ski tip are minimized. With the
      present runaway strap geometry, the ski tip cannot reach this far except
      in the event of very unusual contortions.
PAR  To re-assemble the binding after a release, the skier first engages the
      forward cam, then forces the sole plate down into position in front of the
      rear plunger/spring.
PAR  Although an illustrative embodiment of the present invention has been
      described herein with reference to the accompanying drawings, it would be
      appreciated that various modifications and changes can be effective
      therein without departing from the scope or spirit of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ski binding comprising a rigid sole plate including means for
      releasably securing the sole plate to the sole of a boot; said sole plate
      having front and rear cam surfaces thereon;
PA1  a toe piece member adapted to be mounted on a ski in a predetermined
      position and including means defining a movable cam surface for engaging
      said front cam surface of the sole plate to releasably hold said plate on
      the ski; and a heel plate adapted to be mounted on said ski in a fixed
      position adjacent the rear cam surface of the sole plate when the sole
      plate is engaged with said toe piece and including resiliently biased cam
      means for engaging said rear cam surface of the sole plate and for biasing
      said sole plate towards said toe piece thereby to normally maintain said
      front cam surface of the sole plate in engagement with said toe piece;
      said means defining a movable cam surface in said toe piece comprising a
      cam member rotatably mounted in said toe piece and adapted to rotate upon
      lateral movement of the sole plate with respect to the toe piece, thereby
      to reduce resistance to binding release in the lateral direction; and
PA1  means adapted to be mounted on the ski between the toe and heel pieces for
      cooperating with said sole plate to define a limited pivot point for the
      sole plate with respect to the ski during release of the binding, said
      means defining a limited pivot point also permitting simultaneous
      longitudinal movement of the sole plate with respect to the ski whereby
      the sole plate can be released from the ski in a twisting fall with
      simultaneous longitudinal movement of the plate with respect to the ski
      and pivotal movement of the plate about the limited pivot point; and
PA1  said toe piece comprising an enclosed housing having an open end through
      which said cam member projects for engagement with said front cam surface,
      said housing, cam member and said sole plate having fixed predetermined
      dimensions with respect to the direction of ski length, and said housing
      having a plurality of indicia thereon representative of various boot
      sizes, said indicia being located in predetermined positions on the
      housing selected in accordance with the dimensions of the housing, cam
      member and sole plate whereby the appropriate indicia for a selected boot
      size can be aligned with the mid-chord point of a ski to locate said
      housing on the ski in the desired position wherein the ball of the foot in
      a boot of the selected size will be located at a predetermined distance
      from the point of engagement of the cam member and the front cam of the
      sole plate.
NUM  2.
PAR  2. The ski binding as defined in claim 1 including a thin ski plate mounted
      on said ski and said toe piece and heel piece being mounted on said ski
      plate in relatively fixed spaced positions to receive said sole plate
      therebetween on said ski plate.
NUM  3.
PAR  3. The ski binding as defined in claim 1 including a thin ski plate mounted
      on said ski; said toe piece, heel piece and cooperating pivot means being
      mounted on said ski plate in relatively fixed spaced positions.
NUM  4.
PAR  4. The ski binding as defined in claim 1 wherein one of said sole plate and
      means mounted on the ski defining said limited pivot point has an
      elongated slot formed therein bounded by a pair of straight side walls;
      and the other of said sole plate and means defining said limited pivot
      point comprises means for providing at least one pair of arcuate surfaces
      received within said slot when the sole plate is mounted on the ski
      between said toe and heel pieces; said arcuate surfaces limiting lateral
      movement of the sole plate with respect to the ski solely to pivotal
      movement about a vertical axis defined between said arcuate surfaces,
      while simultaneously permitting longitudinal movement of the sole plate
      with respect to the ski.
NUM  5.
PAR  5. A ski binding comprising a rigid sole plate including means for
      releasably securing the sole plate to the sole of a boot; said sole plate
      having front and rear cam surfaces thereon;
PA1  a toe piece member adapted to be mounted on a ski in a predetermined
      position and including means defining a movable cam surface for engaging
      said front cam surface of the sole plate to releasably hold said plate on
      the ski; and a heel piece adapted to be mounted on said ski in a fixed
      position adjacent the rear cam surface of the sole plate when the sole
      plate is engaged with said toe piece and including resiliently biased cam
      means for engaging said rear surface of the sole plate and for biasing
      said sole plate towards said toe piece thereby to normally maintain said
      front cam surface of the sole plate in engagement with said toe piece;
      said means defining a movable cam surface in said toe piece comprising a
      cam member rotatably mounted in said toe piece and adapted to rotate upon
      lateral movement of the sole plate with respect to the toe piece, thereby
      to reduce resistance to binding release in the lateral direction; and
      means adapted to be mounted on the ski between the toe and heel pieces for
      cooperating with said sole plate to define a limited pivot point for the
      sole plate with respect to the ski during release of the binding while
      permitting longitudinal movement of the sole plate with respect to the
      ski; said sole plate being generally channel shaped in cross-section
      transversely of the ski, said channel shaped plate opening downwardly
      toward said ski; said means defining a pivot point comprising means for
      providing a pair of upright arcuate surfaces adjacent the upper edges of
      the ski and adapted to be received within said channel shaped plate; said
      arcuate surfaces limiting lateral movement of the sole plate with respect
      to the ski solely to pivotal movement about a vertical axis defined
      between said arcuate surfaces.
NUM  6.
PAR  6. The ski binding as defined in claim 5 wherein said front cam surface of
      the sole plate and the cam surface of said cam member in the toe piece are
      generally complementary, the cam surface of said cam member providing a
      generally downwardly and forwardly inclined surface adapted to hold said
      front cam surface below it and the sole plate against the ski when the
      rear cam surface of the sole plate is engaged with said heel piece.
NUM  7.
PAR  7. The ski binding as defined in claim 6 wherein said cam member comprises
      an inverted frustro-conical disk rotatably mounted in said toe piece.
NUM  8.
PAR  8. The ski binding as defined in claim 5 wherein said pair of arcuate
      surfaces are located in predetermined positions with respect to said toe
      piece to locate said vertical axis generally in vertical alignment with
      the tibia of a leg in the boot.
NUM  9.
PAR  9. The ski binding as defined in claim 5 wherein said front and rear cam
      surfaces on said sole plate have axially aligned central recessed cam
      surface portions for respective engagement with the cam surface of the toe
      piece and the cam means of the heel piece to normally hold said sole plate
      in a fixed position between said toe and heel pieces.
NUM  10.
PAR  10. The ski binding as defined in claim 9 wherein said front and rear cam
      surfaces include cam sections extending laterally away from said recesses
      and towards said sole plate in controlled contours thereby to provide
      controlled release forces against the sole plate in cooperation with the
      resiliently biased cam means of the heel piece.
NUM  11.
PAR  11. The ski binding as defined in claim 5 including a safety runaway strap
      secured between the ski and said sole plate.
NUM  12.
PAR  12. The ski binding as defined in claim 10 wherein said runaway strap is
      formed of a flexible inelastic material having a flat folded configuration
      defining two straight flat sections located in superimposed relation to
      each other below the sole plate when the plate is positioned between said
      toe and heel pieces.
NUM  13.
PAR  13. The ski binding as defined in claim 5 wherein said means for releasably
      securing the sole plate to the sole of a boot includes means defining an
      over-the-center-clamp for securing the toe portion of the boot to the sole
      plate.
NUM  14.
PAR  14. The ski binding as defined in claim 13 wherein said means defining an
      over-the-center-clamp comprises a generally U-shaped link having a pair of
      spaced legs respectively secured to opposite sides of said sole plate and
      a bight portion extending between said legs; a generally L-shaped lever
      having two arms and being pivotally secured to the bight portion of said
      link between said arms, one of said arms having a pivot edge portion at
      the free end thereof adapted to engage the toe portion of the sole of the
      boot and the other of said arms comprising a lever arm located above the
      toe of the boot when the boot is secured to the sole plate; said bight
      portion of the link being secured to said lever at a predetermined
      location wherein the legs of the link are always located above the pivot
      edge portion of the lever when the boot is secured to the sole plate,
      thereby to clamp the toe of the boot to the plate.
NUM  15.
PAR  15. The ski binding as defined in claim 14 wherein said sole plate has a
      plurality of aligned keyhole shaped apertures formed at opposite sides
      thereof and the free ends of the legs of said U-shaped link have key
      members formed therein which are complementary in configuration to said
      apertures, said key members having protuberances formed thereon which
      extend in a direction opposite to the complementary portions of said
      apertures when the lever is clamped to the boot.
NUM  16.
PAR  16. A ski binding comprising a rigid sole plate including means for
      releasably securing the sole plate to the sole of a boot; said sole plate
      having front and rear cam surfaces thereon.
PA1  a toe piece member adapted to be mounted on a ski in a predetermined
      position and including means defining a movable cam surface for engaging
      said front cam surface of the sole plate to releasably hold said plate on
      the ski; and a heel piece adapted to be mounted on said ski in a fixed
      position adjacent the rear cam surface of the sole plate when the sole
      plate is engaged with said toe piece and including resiliently biased cam
      means for engaging said rear cam surface of the sole plate and for biasing
      said sole plate towards said toe piece thereby to normally maintain said
      front cam surface of the sole plate in engagement with said toe piece;
      said means defining a movable cam surface in said toe piece comprising a
      cam member rotatably mounted in said toe piece and adapted to rotate upon
      lateral movement of the sole plate with respect to the toe piece, thereby
      to reduce resistance to binding release in the lateral direction; said
      means for releasably securing the sole plate to the sole of a boot
      including means defining an over-the-center clamp for securing the toe
      portion of the boot to the sole plate; said means defining an
      over-the-center clamp comprising a generally U-shaped link having a pair
      of spaced legs respectively secured to opposite sides of said sole plate
      and a bight portion extending between said legs; a generally L-shaped
      lever having two arms and being pivotally secured to the bight portion of
      said link between said arms, one of said arms having a pivot edge portion
      at the feee end thereof adapted to engage the toe portion of the sole of
      the boot and the other of said arms comprising a lever arm located above
      the toe of the boot when the boot is secured to the sole plate; said bight
      portion of the link being secured to said lever at a predetermined
      location wherein the legs of the link are always located above the pivot
      edge portion of the lever when the boot is secured to the sole plate,
      thereby to clamp the toe of the boot to the plate; said pivot edge portion
      of the lever forming the only contact between lever and the boot and said
      lever including means integral therewith for engaging said link at a
      predetermined position for limiting pivotal movement of the lever with
      respect to the link in the clamping direction to the optimum clamping
      position of the lever, whereby the lever is maintained in the optimum
      clamping position independently of the type or size of boot mounted on the
      sole plate.
NUM  17.
PAR  17. The ski binding as defined in claim 16 wherein said limiting means
      comprises abutment surfaces on said lever arm located to engage the legs
      of said link and limit pivotal movement of the lever with respect to the
      link beyond a predetermined position.
NUM  18.
PAR  18. A ski binding comprising a rigid sole plate including means for
      releasably securing the sole plate to the sole of a boot; said sole plate
      having front and rear cam surfaces thereon;
PA1  a toe piece member adapted to be mounted on a ski in a predetermined
      position and including means defining a movable cam surface for engaging
      said front cam surface of the sole plate to releasably hold said plate on
      the ski; and a heel piece adapted to be mounted on said ski in a fixed
      position adjacent the rear cam surface of the sole plate when the sole
      plate is engaged with said toe piece and including resiliently biased cam
      means for engaging said rear cam surface of the sole plate and for biasing
      said sole plate towards said toe piece thereby to normally maintain said
      front cam surface of the sole plate in engagement with said toe piece;
      said means defining a movable cam surface in said toe piece comprising a
      cam member rotatably mounted in said toe piece and adapted to rotate upon
      lateral movement of the sole plate with respect to the toe piece, thereby
      to reduce resistance to binding release in the lateral direction;
PA1  said means for securing the sole plate to the sole of the boot including
      means defining an over-the-center clamp for securing the toe portion of
      the boot to the sole plate; said means defining an over-the-center clamp
      comprising a generally U-shaped link having a pair of spaced legs
      respectively secured to opposite sides of said sole plate and a bight
      portion extending between said legs; a generally L-shaped lever having two
      arms and being pivotally secured to the bight portion of said link between
      said arms, one of said arms having a pivot edge portion at the free end
      thereof adapted to engage the toe portion of the sole of the boot and the
      other of said arms comprising a lever arm located above the toe of the
      boot when the boot is secured to the sole plate; said bight portion of the
      link being secured to said lever at a predetermined location wherein the
      legs of the link are always located above the pivot edge portion of the
      lever when the boot is secured to the sole plate, thereby to clamp the toe
      of the boot to the plate; said lever including releasable means mounted
      solely within the lever for normally preventing pivotal movement of said
      lever in an opening direction away from said boot.
NUM  19.
PAR  19. The ski binding as defined in claim 18 wherein said releasable means
      comprises means for normally preventing movement of said link with respect
      to said lever.
NUM  20.
PAR  20. A ski binding comprising a rigid sole plate including means for
      releasably securing the sole plate to the sole of a boot; said sole plate
      having front and rear cam surfaces thereon;
PA1  a toe piece member adapted to be mounted on a ski in a predetermined
      position and including means defining a movable cam surface for engaging
      said front cam surface at the sole plate to releasably hold said plate on
      the ski; and a heel piece adapted to be mounted on said ski in a fixed
      position adjacent the rear cam surface of the sole plate when the sole
      plate is engaged with said toe piece and including resiliently biased cam
      means for engaging said rear cam surface of the sole plate and for biasing
      said sole plate towards said toe piece thereby to normally maintain said
      front cam surface of the sole plate in engagement with said toe piece;
      said means defining a movable cam surface in said toe piece comprising a
      cam member rotatably mounted in said toe piece and adapted to rotate upon
      lateral movement of the sole plate with respect to the toe piece, thereby
      to reduce resistance in binding release in the lateral direction;
PA1  said means for releasably securing the sole plate to the sole of a boot
      including means defining an over-the-center clamp for securing the toe
      portion of the boot to the sole plate; said means defining an
      over-the-center clamp comprising a generally U-shaped link having a pair
      of spaced legs respectively secured to opposite sides of said sole plate
      and a bight portion extending between said legs; a generally L-shaped
      lever having two arms and being pivotally secured to the bight portion of
      said link between said arms, one of said arms having a pivot edge portion
      at the free end thereof adapted to engage the toe portion of the sole of
      the boot and the other of said arms comprising  a lever arm located above
      the toe of the boot when the boot is secured to the sole plate; said bight
      portion of the link being secured to said lever at a predetermined
      location wherein the legs of the link are always located above the pivot
      edge portion of the lever when the boot is secured to the sole plate,
      thereby to clamp the toe of the boot to the plate; and
PA1  releasable means for normally preventing pivotal movement of said lever in
      an opening direction away from said boot; said releasable means comprising
      a pair of aligned stop members movably mounted in said lever and
      respectively extending below the legs of said link, means for biasing said
      stop members outwardly under said legs and means for limiting outward
      movement of said stop members under said legs thereby to normally prevent
      said legs from moving to a release position below the axis of rotation of
      the pivot edge of the lever.
NUM  21.
PAR  21. The ski binding as defined in claim 20 wherein said limiting means and
      said stop means have cooperating cam guide surfaces formed thereon, said
      limiting means being slidable in said lever between first and second
      positions and said cam guide surfaces being constructed to cause
      retraction of said stop members as said limiting means is moved from its
      first to its second direction thereby to remove said stop members from
      below said legs of the link to permit movement of the lever in its opening
      direction.
NUM  22.
PAR  22. The ski binding as defined in claim 21 wherein said limiting means is
      mounted in said lever for vertical sliding movement and is located
      forwardly of the axis of rotation of the pivot edge of the lever, with
      respect to the sole plate, whereby said lever may be engaged by a ski
      pole, depressed to move from its first to its second position to retract
      said stop members, and cause said lever to pivot to its open position.
NUM  23.
PAR  23. A releasable safety ski binding for securing a ski boot to a ski while
      permitting release of the boot from the ski in a plurality of angles of
      release, said binding comprising, a rigid sole plate; means for releasably
      securing said sole plate to the sole of a boot; means adapted to be
      mounted on a ski for cooperating with said sole plate to limit lateral
      movement of the plate with respect to the longitudinal axis of the ski to
      pivotal movement about a fixed pivot point, while permitting free
      longitudinal and vertical movement of the sole plate with respect to the
      ski; said sole plate having front and rear cam surfaces thereon;
PA1  a toe piece adapted to be mounted on the ski in a predetermined position,
      said toe piece including a housing and an inverted frustro-conical cam
      member rotatably mounted therein, said housing having an opening therein
      through which a portion of said cam member extends for engagement with the
      front cam surface of the sole plate, said front cam surface having a
      configuration which is generally complementary to said frustro-conical cam
      member whereby the cam member serves to hold the front portion of the sole
      plate against the ski while permitting lateral and upward movement of the
      front cam surface of the sole plate; and a heel piece adapted to be
      mounted on said ski in a fixed position adjacent the rear cam surface of
      the sole plate when the sole plate is engaged with said toe piece; said
      heel piece including a housing, a locking member slidably mounted in said
      housing and extending through an opening therein and spring means in said
      housing for resiliently biasing said locking member towards said toe piece
      and into engagement with said rear cam surface of the sole plate; said
      rear cam surface and said locking member having generally complementary
      configurations whereby the locking member holds the rear cam surface down
      against the ski while permitting lateral and upward movement of the sole
      plate, whereby said sole plate and the attached boot can be released in
      any angle of release from said toe and heel pieces under any force acting
      on the ski and boot which is sufficient to overcome the resilient bias of
      said resilient means;
PA1  said means cooperating with said sole plate to limit lateral movement of
      the plate to pivotal movement about a fixed pivot point being located
      between and independently of said toe and heel pieces, generally in
      vertical alignment with the tibia of a leg in the boot and permitting
      simultaneous longitudinal movement of the sole plate with respect to the
      ski whereby the sole plate can be released from the ski in a twisting fall
      with simultaneous longitudinal movement of the plate with respect to the
      ski and pivotal movement of the plate about said limited pivot point.
NUM  24.
PAR  24. The ski binding as defined in claim 23 including a thin ski plate
      mounted on said ski, said toe and heel pieces and said cooperating pivot
      means being mounted on said plate in fixed predetermined spaced positions
      with respect to each other.
NUM  25.
PAR  25. The ski binding as defined in claim 23 wherein one of said sole plate
      and means mounted on the ski defining said limited pivot point has an
      elongated slot formed therein bounded by a pair of straight side walls;
      and the other of said sole plate and means defining said limited pivot
      point comprises means for providing at least one pair of arcuate surfaces
      received within said slot when the sole plate is mounted on the ski
      between said toe and heel pieces; said arcuate surfaces limiting lateral
      movement of the sole plate with respect to the ski solely to pivotal
      movement about a vertical axis defined between said arcuate surfaces,
      while simultaneously permitting longitudinal movement of the sole plate
      with respect to the ski.
NUM  26.
PAR  26. A releasable safety ski binding for securing a ski boot to a ski while
      permitting release of the boot from the ski in a plurality of angles of
      release, said binding comprising, a rigid sole plate; means for releasably
      securing said sole plate to the sole of a boot; means adapted to be
      mounted on a ski for cooperating with said sole plate to limit lateral
      movement of the plate with respect to the longitudinal axis of the ski to
      pivotal movement about a fixed pivot point, while permitting free
      longitudinal and vertical movement of the sole plate with respect to the
      ski; said sole plate having front and rear cam surfaces thereon;
PA1  a toe piece adapted to be mounted on the ski in a predetermined position,
      said toe piece including a housing and a inverted frustro-conical cam
      member rotatably mounted therein, said housing having an opening therein
      through which a portion of said cam member extends for engagement with the
      front cam surface of the sole plate, said front cam surface having a
      configuration which is generally complementary to said frustro-conical cam
      member whereby the cam member serves to hold the front portion of the sole
      plate against the ski while permitting lateral and upward movement of the
      front cam surface of the sole plate; and a heel piece adapted to be
      mounted on said ski in a fixed position adjacent the rear cam surface of
      the sole plate when the sole plate is engaged with said toe piece; said
      heel piece including a housing, a locking member slidably mounted in said
      housing and extending through an opening therein and spring means in said
      housing for resiliently biasing said locking member towards said toe piece
      and into engagement with said rear cam surface of the sole plate; said
      rear cam surface and said locking member having generally complementary
      configurations whereby the locking member holds the rear cam surface down
      against the ski while permitting lateral and upward movement of the sole
      plate, whereby said sole plate and the attached boot can be released in
      any angle of release from said toe and heel pieces under any force acting
      on the ski and boot which is sufficient to overcome the resilient bias of
      said resilient means; said sole plate being generally channel shaped in
      cross-section, transversely of the ski, said channel shaped plate opening
      downwardly towards said ski, and said means for limiting lateral movement
      of said plate with respect to said ski to pivotal movement comprising a
      rigid bar adapted to be mounted on said ski between said toe and heel
      pieces and having a pair of upright laterally spaced arcuate surfaces
      adjacent the edges of the ski and received in said channel shaped sole
      plate adjacent the respective legs thereof, said arcuate surfaces defining
      arcuate portions of a common body of revolution and having a common
      central axis whereby said bar limits lateral movement of the sole plate in
      a plane parallel to the ski to pivotal movement about said central axis.
NUM  27.
PAR  27. The ski binding as defined in claim 26 wherein said bar is located in
      predetermined position with respect to said toe piece, thereby to locate
      said central axis in generally vertical alignment with the tibia of a leg
      in the boot.
NUM  28.
PAR  28. The ski binding as defined in claim 26 wherein said front and rear cam
      surfaces on said sole plate have axially aligned central recessed cam
      surface portions for respective engagement with the cam surface of the toe
      piece and the cam means of the heel piece to normally hold said sole plate
      in a fixed position between said toe and heel pieces.
NUM  29.
PAR  29. The ski binding as defined in claim 28 wherein said front and rear cam
      surfaces include cam sections extending laterally away from said recesses
      and towards said sole plate in controlled contours thereby to provide
      controlled release forces against the sole plate in cooperation with the
      resiliently biased cam means of the heel piece.
NUM  30.
PAR  30. The ski binding as defined in claim 29 including a safety runaway strap
      secured between the ski plate and said sole plate.
NUM  31.
PAR  31. The ski binding as defined in claim 30 wherein said runaway strap is
      formed of a flexible inelastic material having a flat folded configuration
      defining two straight flat sections located in superimposed relation to
      each other below the sole plate when the plate is positioned between said
      toe and heel pieces.
NUM  32.
PAR  32. The ski binding as defined in claim 30 wherein said means for
      releasably securing the sole plate to the sole of a boot includes means
      defining an over-the-center-clamp for securing the toe portion of the boot
      to the sole plate.
NUM  33.
PAR  33. A toe clamp for securing a ski boot to a sole plate in a releasable ski
      binding, said toe clamp comprising a generally U-shaped link having a pair
      of spaced legs respectively secured to opposite sides of said sole plate
      and a bight portion extending between said legs; a generally L-shaped
      lever having two angularly related lever arms and being pivotally secured
      to the bight portion of said link, between said arms, one of said arms
      having a pivot edge portion at the free end thereof adapted to engage the
      toe portion of the sole of the ski boot and the other of said arms
      comprising a lever arm located above the toe of the boot when the boot is
      secured to the sole plate; said bight portion of the link being secured to
      the lever at a predetermined location wherein the legs of the link are
      always located above the pivot edge portion of the lever when the boot is
      secured to the sole plate of the lever thereby to provide an
      over-the-center action clamping the boot to the sole plate; said pivot
      edge portion of the lever forming the only contact between the lever and
      the boot, and said lever including integral means for engaging said link
      at a predetermined position for limiting pivotal movement of the lever
      with respect to the link in the clamping direction to the optimum clamping
      position of the lever, whereby the optimum clamping position of the lever
      is maintained independently of the type or size boot mounted on the sole
      plate.
NUM  34.
PAR  34. The toe clamp as defined in claim 23 wherein said limiting means
      comprises abutment surfaces on said lever arm located to engage the legs
      of said link and limit pivotal movement of the lever with respect to the
      link beyond a predetermined position.
NUM  35.
PAR  35. A toe clamp for securing a ski boot to a sole plate in a releasable ski
      binding, said toe clamp comprising a generally U-shaped link having a pair
      of spaced legs respectively secured to opposite sides of said sole plate
      and a bight portion extending between said legs; a generally L-shaped
      lever having two angularly related lever arms and being pivotally secured
      to the bight portion of said link, between said arms, one of said arms
      having a pivot edge portion at the free end thereof adapted to engage the
      toe portion of the sole of the ski boot and the other of said arms
      comprising a lever arm located above the toe of the boot when the boot is
      secured to the sole plate; said bight portion of the link being secured to
      the lever at a predetermined location wherein the legs of the link are
      always located above the pivot edge portion of the lever when the boot is
      secured to the sole plate of the lever thereby to provide an
      over-the-center action clamping the boot to the sole plate; said lever
      including integral means for limiting pivotal movement of the lever with
      respect to the link in the clamping direction to the optimum clamping
      position of the lever; and
PA1  releasable means mounted solely within the lever for normally preventing
      pivotal movement of said lever in an opening direction away from said
      boot.
NUM  36.
PAR  36. A toe clamp for securing a ski boot to a sole plate in a releasable ski
      binding, said toe clamp comprising a generally U-shaped link having a pair
      of spaced legs respectively secured to opposite sides of said sole plate
      and a bight portion extending between said legs; a generally L-shaped
      lever having two angularly related lever arms and being pivotally secured
      to the bight portion of said link, between said arms, one of said arms
      having a pivot edge portion at the free end thereof adapted to engage the
      toe portion of the sole of the ski boot and the other of said arms
      comprising a lever arm located above the toe of the boot when the boot is
      secured to the sole plate; said bight portion of the link being secured to
      the lever at a predetermined location wherein the legs of the link are
      always located above the pivot edge portion of the lever when the boot is
      secured to the sole plate of the lever thereby to provide an
      over-the-center action clamping the boot to the sole plate; said lever
      including integral means for limiting pivotal movement of the lever with
      respect to the link in the clamping direction to the optimum clamping
      position of the lever; and releasable means for normally preventing
      pivotal movement of said lever in an opening direction away from said
      boot; said releasable means comprising a pair of aligned stop members
      slidably mounted in said lever and respectively extending below the legs
      of the link to hold said legs between the stop members and said integral
      limiting means; means for biasing said stop members outwardly under said
      legs; and means for limiting outward movement of said stop members under
      said legs thereby to normally prevent said legs from moving to a release
      position below the axis of rotation of the pivot edge of the lever.
NUM  37.
PAR  37. The toe clamp as defined in claim 36 wherein said limiting means and
      said stop means have cooperating cam guide surfaces formed thereon, said
      limiting means being slidable in said lever between first and second
      positions and said cam guide surfaces being constructed to cause
      retraction of said stop members as said limiting means is moved from its
      first to its second direction thereby to remove said stop members from
      below said legs of the link to permit movement of the lever in its opening
      direction.
NUM  38.
PAR  38. The toe clamp as defined in claim 37 wherein said limiting means is
      mounted in said lever for vertical sliding movement and is located
      forwardly of the axis of rotation of the pivot edge of the lever, with
      respect to the sole plate, whereby said lever may be engaged by a ski
      pole, depressed to move from its first to its second position to retract
      said stop members, and cause said lever to pivot to its open position.
NUM  39.
PAR  39. The toe clamp as defined in claim 36 wherein said pivot edge of the
      lever has a predetermined curved surface configuration consisting of two
      generally conically shaped segments with the apex of each segment abutting
      each other adjacent the center of the lever, thereby to center the ski
      boot in the toe piece.
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ABST
PAL  A low friction device for use between a ski boot sole and the upper surface
      of a ski to minimize friction upon the occurrence of a relative movement
      between the ski boot sole and the upper surface of the ski. A low friction
      material insert is secured to a mounting plate which is, in turn, secured
      to the upper surface of the ski. The low friction material projects above
      the upper surface of the mounting plate to effectively engage the bottom
      surface of the ski boot sole. The insert may be secured to the mounting
      plate in a number of ways but the important characteristic is that the
      structure by which the mounting plate is secured to the upper surface of
      the ski will effect a simultaneous securement of the insert to the
      mounting plate.
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PAC  FIELD OF THE INVENTION
PAR  The invention relates to a guide plate for use between a ski boot sole and
      the upper ski surface to effect a low friction assist in the release of
      ski bindings, the guide plate being arranged within a mounting plate or
      the like which is secured on the upper ski surface and projects with its
      upper end through an opening in the mounting plate or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  Guide plates of the above-described type are known in various embodiments.
      For example, German OS No. 2,142,678 describes a guide plate, which rests
      in a large-surface support member and is secured with its surface only
      slightly projecting over the upper side of the support member surrounding
      the guide plate. Through this, the danger of injury to the guide plate
      which, according to the information in this reference, can occur in other
      similar guide plates, is overcome. In this known construction, the guide
      plate is secured in or on the support member by gluing.
PAR  However, already in other known guide plates it has been shown to be
      disadvantageous to glue the guide plate to the ski because the guide plate
      has excellent sliding characteristics and it is thus difficult to
      effectively glue same with adhesive means to the ski. The mentioned
      reference is supposed to simplify the glued securement by having the glue
      only absorb vertical stresses, because otherwise the guide plate is held
      by the sides of a trough into which the guide plate is placed, however,
      the disadvantageous gluing of the guide plate could also be avoided in
      this solution. To screw the guide plate in the trough would bring about
      the same difficulties, which occur by the wear of the surface of the guide
      plate in other guide support secured by means of screws.
PAR  The purpose of the invention is to produce a guide plate of the
      above-mentioned type, in which the guide plate is held without any
      additional fastening exclusively by a suitable construction of the guide
      plate and the support member.
PAR  The aforementioned purpose is attained according to the invention by the
      provision of a mounting plate which serves as a support member and which
      receives the guide plate in an opening therein and at least the guide
      plate has an offset, projection, shoulder or the like, which cooperates
      with a correspondingly constructed holding part of the mounting plate.
PAR  The inventive construction achieves a secure holding of the guide plate in
      the support member so that additional methods of securement like, for
      example, glue or screws would not be necessary.
PAR  According to a preferred embodiment of the invention, the sliding member
      and the mounting plate have offsets, projections, shoulders or the like
      extending over the entire periphery. Through this a specially good holding
      of the guide plate in the support member is achieved.
PAR  According to a different thought of the invention, the material of the
      actual sliding surface is provided only in the upper area of the guide
      plate and the guide plate itself is mounted on a support, whereby the
      offsets, projections, shoulders or the like are provided on the support.
      This embodiment has the advantage that the material having relatively
      valuable, good low friction sliding characteristics must be used only in a
      small amount.
PAR  In a further development of the thought of the invention, the actual guide
      plate is secured on the support by engaging pins, bolts or the like or
      also recesses, like holes, grooves or riffles. According to a further
      characteristic of the invention, a conventional adhesive material can be
      provided between the guide plate and the support. All of these embodiments
      serve to improve a holding of the guide plate to the support member.
PAR  According to a still further thought of the invention, the opening in the
      mounting plate has dimensions which are constant in elevational direction
      and the offsets, projections, shoulders or the like are constructed in the
      part of the guide plate extending below the upper surface of the mounting
      plate. This construction has the advantage that projecting shoulders or
      the like do not need to be provided in the mounting plate, which
      simplifies the manufacture thereof. Since the guide plate itself is
      secured on the ski by screws, the adjusting of the guide plate to the
      dimensions of the opening in the mounting plate is less critical. Of
      course the high material costs of the guide plate must be considered, in
      this embodiment. The entire construction can thereby be dimensioned so
      that the lower part of the guide plate and the mounting plate correspond
      together to the height of a common mounting plate.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further details of the invention will be described more in detail in
      connection with the drawings, which illustrate several embodiments of the
      invention.
PAR  In the drawings:
PAR  FIG. 1 is a side view of a first embodiment of the inventive guide plate,
      partially cut in connection with a mounting plate and a ski binding,
PAR  FIG. 2 illustrates in an enlarged scale the guide plate according to FIG.
      1,
PAR  FIGS. 3 and 5 illustrate two further embodiments,
PAR  FIGS. 4 and 4a are associated views to FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  As can be recognized from FIGS. 1 and 2, a guide plate 2 made of a material
      having particularly good low friction sliding characteristics, preferably
      of a tetrafluoroethylene material, is arranged in a mounting plate 1. To
      be complete, FIG. 1 also shows the arrangement of a conventional ski
      binding component 3 on the mounting plate 1.
PAR  The mounting plate 1 has, in the area in which the guide plate 2 is
      arranged, an opening 4 therein. The opening 4 has a counterbore on the
      bottom side to define shoulders 5. The guide plate 2 has outwardly
      extending shoulders 6 thereon which engage the shoulders 5 on the mounting
      plate 1. The guide plate 2 projects with its upper surface 2a above the
      mounting plate 1 and the upper end of the recess 4.
PAR  With this construction, it is possible to place the guide plate 2 into the
      mounting plate 1 and thereafter, the mounting plate secured to a ski so
      that the guide plate 2 is securely held without any further measures by
      said mounting plate. Both the manufacture of the guide plate 2 and also
      its installation into the mounting plate 1 can be carried out easily. It
      is thereby of particular advantage that the guide plate 2 is held without
      any additional fastening means in and by the mounting plate 1 which is
      secured to the ski.
PAR  The embodiment according to FIG. 3 is constructed similarly to the one
      according to FIGS. 1 and 2, with the only difference being that the guide
      plate 2 consists of two parts. The lower part 2c is made of a different
      material than the upper part 2b which forms the actual sliding surface.
      For a secure holding of the upper part 2b to the lower part 2c, pins,
      bolts 7 or the like are provided which engage holes, grooves or riffles 8
      or the like. It is easily conceivable to reverse the fastening, namely to
      mount the pins, bolts 7 or the like on the lower part 2c and to have them
      engage the holes, grooves or riffles 8 in the upper part 2b. It is also
      possible to secure the two parts in a conventional manner by gluing and/or
      by screws. This latter embodiment has the advantage that only the upper
      part 2b and not the entire guide plate 2 must consist of a high-grade
      material having special low friction sliding characteristics, because the
      lower part does not need to meet such objectives.
PAR  A different type of securement of the upper part 2b on the lower part 2c
      can take place in that the two parts 2b and 2c enclose an intermediate
      layer (not illustrated). To use an intermeditate layer, of actually known
      material, has the advantage that the guide plate can have particularly
      good low friction sliding characteristics in relation to the intermediate
      layer, which intermediate layer is secured on the lower part.
PAR  FIG. 4 illustrates a mounting plate 1 secured on a ski 9 by means of screws
      10, where the inlaid guide plate 2 is also held on the ski 9 by the
      mounting plate 1.
PAR  FIG. 4a is a top view of FIGS. 2 and 4 without the presence of the guide
      plate 2, in order to more clearly show the opening 4.
PAR  FIG. 5 illustrates a further embodiment, in which a mounting plate 1' has
      an opening 4' therein having a constant dimension along the entire height
      of the mounting plate. A guide plate 2' extends upwardly through the
      opening 4'. The guide plate 2' has forwardly and backwardly extending
      projections which act as additional supports 11 arranged between the ski 9
      and mounting plate 1'. The supports 11 serve thereby at the same time as a
      shoulder holding the guide plate 2' in the opening 4'. The guide plate 2'
      is secured on the ski 9 by means of the screws 10 guided through holes in
      the additional supports 11, which screws 10 secure the mounting plate 1'
      to the ski 9. The heads of the screws 10 are moved in the manner from the
      sliding plane into areas where wear on the guide plate 2' has no
      disadvantages.
PAR  The invention is not limited to the illustrated exemplary embodiment.
      Further possibilities of construction exist which lie within the scope of
      the invention. For example, the upper part of the guide plate can be
      constructed similar to that shown in FIGS. 1 and 2 but the lower part may
      consist only of an insert, which prevents a falling out of the guide
      plate. In this case, high-grade material can be saved, without creating
      additional problems of fastening, as for example in the embodiment
      according to FIG. 3. A different type of fastening comprises a guide plate
      which is essentially made only of one upper part having a hole therein,
      the upper part being held to the mounting plate by means of a longitudinal
      bolt which is received in a hole through the mounting plate and the
      longitudinal bolt or rod is received in an opening at the other end of the
      mounting plate. The longitudinal bolt can, for the purpose of a secure
      holding, have also a screw thread at its end which cooperates with a nut
      part provided in the opening. The longitudinal bolt or screw bolt may, if
      desired, also be inclined. Depending on the need, several longitudinal
      bolts or screw bolts can be arranged side-by-side.
PAR  Screw pins can, in a further development of the invention, be arranged in a
      slotted hole for engagement and disengagement with the opening provided in
      the mounting plate. The screw pins have inwardly extending screw bolts
      with opposite threads which can be adjusted by a central operating member.
      For this purpose the central part of the slotted hole is accessible from
      below. The type of securement itself should be familiar to the man skilled
      in the art.
PAR  Although particular preferred embodiments of the invention have been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a guide plate for use between a ski boot sole and an upper surface of
      a ski adjacent a ski binding component, said guide plate being fixed with
      respect to said ski and arranged within a support plate secured on said
      upper surface of said ski and having an upper surface projecting above
      said support plate, said support plate having an opening receiving said
      guide plate therein, the improvement comprising wherein said guide plate
      comprises a support member having an upper surface recessed below the
      upper surface of said support plate and a low friction guide surface
      mounted only on the upper surface of the support member, said guide
      surface projecting above the upper surface of said support plate, the
      lower portion of said support member engaging said upper surface of said
      ski, said support member having offset means thereon greater in dimension
      than said opening through said support plate and overlappingly cooperating
      with a correspondingly constructed holding part on said support plate to
      hold said support member and thereby said guide plate on said ski.
NUM  2.
PAR  2. An improved guide plate according to claim 1, wherein said low friction
      surface means is secured on said support member by a vertically oriented
      pin and recess connection therebetween.
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ABST
PAL  A ski provided with a multiple number of spaced-apart members, preferably
      in the form of rotatable beveled discs mounted along the side wall of the
      ski at its central binding portion, with each of the members defining a
      lower metal apex, such as the outer peripheral edge of the beveled disc,
      terminating not substantially below the plane of the bottom running
      surface of the ski laterally spaced outwardly from the side wall, so that
      a line intersecting said apex and the closest adjacent point of the lower
      outward edge of the bottom running surface forms an acute angle of 0 to
      20.degree. with said running surface plane.
BSUM
PAR  This invention relates to a modified snow ski.
PAR  As the sport of snow skiing has become more popular and widespread, there
      has been a substantial evolution in the design and construction of skis.
PAR  Progressing from the original snow skis, which were simply in the form of
      long wooden slats with upwardly curved tips, modern skis are of composite
      construction, having fiber glass and/or metal structural bottoms and top
      portions separated by a core of wood, foam, honeycomb metal, or the like,
      and provided with a bottom running surface constructed of a plastic
      material which runs freely on the snow, such as polyethylene. The
      longitudinal edges of the bottom running surface are usually in the form
      of hard metal edges, generally having a right-angular profile to provide
      means for cutting or biting into an icy or hard-packed surface. Even
      though these edges may be made of hardened steel and may be well
      sharpened, the average skier has a good deal of difficulty in getting them
      to hold and check when hard-packed or icy conditions are encountered.
PAR  It is an object of our invention to modify an otherwise conventional ski,
      so that the average skier has little or no difficulty in getting the same
      to hold on slopes on which ice is encountered, which allows the skier
      better control on steeper and more difficult terrain.
DRWD
PAR  This and still further objects will become apparent from the following
      description read in conjunction with the drawing, in which:
PAR  FIG. 1 is a side elevation of an embodiment of a modified ski, in
      accordance with the invention;
PAR  FIG. 2 is a partial cross-section of the ski shown in FIG. 1;
PAR  FIG. 3 is a perspective view of a portion of a ski showing a further
      embodiment of a modification, in accordance with the invention;
PAR  FIG. 4 is a perspective view of a still further embodiment, in accordance
      with the invention;
PAR  FIG. 5 is a partial cross-section of a ski showing a still further
      embodiment; and
PAR  FIG. 6 is a side elevation of a modified construction of a disc, in
      accordance with the invention.
DETD
PAR  In accordance with the invention, the snow ski is modified by providing a
      multiple number of spaced-apart members, such as discs, mounted along the
      side wall of the ski at the central binding portion thereof. Each of said
      members defines a lower metal apex which terminates at, above, or slightly
      below the plane of the running surface and is laterally spaced outwardly
      from the side wall, so that a line intersecting said apex and the closest
      adjacent point of the lower outward edge of the bottom running surface
      forms an acute angle of 0 to 20.degree. with said plane, and the length of
      said line between said intersecting points is about one-sixteenth to
      one-fourth of an inch.
PAR  Referring to the embodiment as shown in FIGS. 1 and 2, 1 represents a snow
      ski of conventional construction which, as may be seen from FIG. 2, has a
      top plate 2 constructed of fiber glass, a bottom plate 3 also constructed
      of fiber glass, and a central core 4 of foam, soft wood, or the like. The
      ski is provided with a bottom running surface 5 which terminates with the
      lateral metal edges 6. The ski is provided with a side wall 7 of plastic
      material, such as phenolic, ABS plastic, or the like.
PAR  The ski bindings, diagrammatically shown at 8, are generally mounted so
      that the toe point is at about the center of the ski length, or in
      connection with shorter skis, the bindings are mounted so that the ball of
      the skier's foot is at about the center of the length of the running
      surface of the ski. The place where the binding is to be mounted, i.e.,
      where the skier's boot is fixed to the ski, is referred to herein as the
      central binding portion of the ski, and this position is well understood
      by those skilled in the art.
PAR  In accordance with the invention, a multiple number of spaced-apart members
      in the form of the discs 9 are mounted along the side wall of the ski at
      the central binding portion. In general, at least three of these discs or
      other members should be provided spaced apart over a distance of at least
      5 to 6 inches, and up to about 12 to 14 inches, or even greater, (though
      the positioning of the members over even a greater length of the ski may
      render the ski more difficult to turn.) While there is no exact upper
      limit for the number of members, it is generally not necessary to provide
      more than about 10. In most instances, no further advantage is provided by
      using more than about five or seven such members.
PAR  In the embodiment shown, 6 discs are provided which are fabricated from
      hardened tool steel or tungsten carbide containing metal, such as is used
      for cutting tools, in order to provide a very hard and wear-resistant
      material. The discs, however, may be made of any known or conventional
      material, provided that their apexes or edges 10 are of a hard metal
      material. Thus, they may be made of a soft, ductable metal with a hard
      steel rim, or may even be made of plastic, such as nylon or polycarbonate
      plastic (Delrin) and provided with a hard metal rim or peripherally
      inserted edge. While, as shown, the discs are simply drilled out and are
      mounted on the ski by screwing the same into the side wall and core with
      the screws 11, the same may be mounted in any other known or desired
      manner. Thus, for example, discs on opposite sides of the ski may be
      mounted on a shaft which is inserted through the ski. The discs may also
      be bonded onto the side wall of the ski.
PAR  It is only necessary that the discs be mounted on one side of each ski of
      the pair which are used by the skier as the inside edges. It is also
      possible, however, to mount corresponding pairs on opposite sides of the
      ski.
PAR  The diameter of the discs should, of course, be smaller than the height of
      the side wall 7 of the ski, and the minimum size is solely determined by
      structural and practical limits.
PAR  It is generally desirable to make the discs of a diameter between about 1
      and one-half inch, such as about five-eighths inch; and of a thickness in
      excess of one-eighth inch, but generally less than one-half inch, as for
      example, one-fourth inch. The discs are preferably beveled, as for
      example, at an angle of 5 to 30.degree. with their axes, though
      substantially greater or lesser bevels may be provided, and within the
      broadest concept of the invention, the discs may be unbeveled, with the
      apex 10 being simply defined by the square outer edge of the disc. The
      disc 9 may also be in the form of a thin disc or plate spaced from the
      side wall of the ski by a suitable spacer or bushing.
PAR  The disc 9 should be positioned so that the lowest point 10a of its apex or
      outer peripheral rim 10, (FIG. 2,) is not substantially below the plane of
      the bottom running surface and laterally spaced from the side wall, so
      that a line 12 intersecting this lowest point 10a and the closest adjacent
      point 13 of the lower outward edge of the bottom running surface forms an
      acute angle alpha of 0 to 20.degree. and preferably 0 to 10.degree. with
      the plane of the bottom running surface (FIG. 2).
PAR  While within the broadest concept of the invention, the point 10a can
      extend slightly below (up to a distance of about one-sixteenth inch) the
      plane of the bottom running surface of the ski, it is generally preferable
      that the point 10a be at or above the same.
PAR  As used herein and in the claims, the designation of the angle alpha of
      "about" 0.degree. is intended to include a slight negative angle, i.e.,
      with the apex of the member, such as the disc, extending slightly below
      the plane of the bottom running surface, as for example, up to about
      one-sixteenth inch below.
PAR  With an angle of greater than 0.degree., when the ski is running free and
      level, the disc 9 will not encounter the snow, but when the ski is canted
      at an acute angle at least equal to alpha, the disc will come in contact
      with the surface on which the ski is running, engaging the same and
      allowing the skier to check and control his turn. The exact value for the
      angle alpha depends on the particular desires of the skier and design of
      the ski. The smaller the alpha angle, the easier it is for the skier to
      check with very little canting of the skis, whereas with greater angles,
      as defined by alpha, a greater canting of the ski will be required.
PAR  When the lower edge of the disc extends slightly below the running surface,
      the greatest holding power is obtained, but more advanced skiers may not
      find this desirable, except under the most icy conditions.
PAR  Within a preferred embodiment of the invention, the disc (or other member)
      is made vertically adjustable with respect to the plane of the bottom
      running surface, so that the point 10a of the disc 9 may be positioned and
      adjusted to extend from slightly below this plane to an upper position
      forming an angle alpha of about 10 to 20.degree.. The adjustability can,
      for example, be effected by eccentrically drilling the hole through the
      disc 9 so that the lower point 10 is determined by its position of
      rotation. In this embodiment, however, the disc cannot be freely rotatably
      mounted on the ski. Preferably, the adjustability may be effected as shown
      in the embodiment of FIG. 6 by rotatably or turnably mounting the discs on
      a bushing 23 which, in turn, is eccentrically drilled for the screw 11.
      The bushing 23 may be provided with the slot 24 for turning the same and
      thus adjusting the height of the roller 9. The side of the bushing facing
      the ski may be provided with ribs, so as to secure the same in place when
      the screw 11 is tightened, or a ribbed washer may be provided for this
      purpose. Adjustment is achieved by simply loosening the screw 11 and
      turning the bushing 23 as desired. As shown, the lowest position of the
      disc is achieved with the slot 24 in the 6 o'clock position, and the
      highest position with the slot 24 in the 12 o'clock position.
PAR  The discs 9 are preferably mounted so that they can freely rotate on the
      ski as the ski is used, as this cuts down friction and constantly presents
      a new edge of the discs 9 when the same are in use. These discs may,
      however, be fixedly mounted on the ski, though, if the same do not rotate
      freely, it is preferable to make the same at least turnable so as to allow
      turning them into a position should the lower edge become dulled or
      injured.
PAR  In place of mounting the discs directly on the side wall of the ski, the
      discs may be provided on a bracket, as shown in FIG. 4, which bracket may
      contain a single disc, groups of discs, or all of the discs, and which may
      be conveniently sold as a unit and mounted on the ski by screwing the
      plate 14 to the top of the ski and plate 15 into the side wall. The
      bracket may also be constructed so that the plate 14 extends over the
      entire top surface of the ski and is provided with a companion bracket 15
      on the opposite side, with a companion disc, as shown in the dotted lines
      in FIG. 4.
PAR  In place of the discs, any other members which define a lower apex
      corresponding to the apex 10a may be utilized. Thus, as shown in FIG. 3,
      the member may be in the form of a bar-shaped member 16 provided at its
      lower end with a bevel terminating in the curved knife edge or apex 17 and
      which is screwed into the side wall of the ski by the screws 18 which
      extend through slot so as to allow for vertical adjustment. In new ski
      construction, the member may be formed as an integral part of the ski.
      Thus, for example, as shown in FIG. 5, the member designated 19 with the
      apex 20 is mounted on the curved bar or plate 21 which, during the
      construction of the ski, is bonded to the upper surface of the bottom
      plate 22 of the ski with screws and/or glue in the same manner as a
      conventional edge is bonded and secured to the ski.
PAR  While the invention has been described in detail with reference to certain
      specific embodiments, various changes and modifications which fall within
      the spirit of the invention and scope of the appended claims will become
      apparent to the skilled artisan.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a snow ski having a bottom running surface and side walls, the
      improvement which comprises a multiple number of spaced-apart members
      mounted along the side wall at the central binding portion of the ski,
      each said member defining a lower metal apex terminating not substantially
      below the plane of said running surface, laterally spaced outwardly from
      the side wall, with a free lateral space between it and the adjacent lower
      outer edge of the bottom surface, so that a line intersecting said apex
      and the closest adjacent point of the lower outward edge of the bottom
      running surface forms an acute angle of about 0 to 20.degree. with said
      running surface plane.
NUM  2.
PAR  2. Improvement according to claim 1, in which said acute angle is an angle
      between 0 and 10.degree..
NUM  3.
PAR  3. Improvement according to claim 1, in which said acute angle is an angle
      of between 0 and 6.degree..
NUM  4.
PAR  4. Improvement according to claim 1, in which about three to 10 members are
      spaced apart over a length of about 5 to 14 inches.
NUM  5.
PAR  5. Improvement according to claim 1, in which the apexes of said members
      are in the form of curved knife edges.
NUM  6.
PAR  6. Improvement according to claim 1, in which said members are adjustably
      mounted along the side wall of said ski to vary said acute angle.
NUM  7.
PAR  7. In a snow ski having a bottom running surface and side walls, the
      improvement which comprises a multiple number of spaced-apart discs
      mounted along the side wall at the central binding portion of the ski,
      said discs each having an outer peripheral metal edge extending not
      substantially below the plane of said running surface and laterally spaced
      outward from the side wall, so that a line intersecting its lowest point
      and the closest adjacent point of the lower outward edge of the bottom
      running surface forms an acute angle of about 0 to 20.degree. with said
      running surface plane.
NUM  8.
PAR  8. Improvement according to claim 7, in which each said disc is a beveled
      disc, with said edge being defined at its circumferential portion of
      greatest diameter.
NUM  9.
PAR  9. Improvement according to claim 8, in which said peripheral metal edge is
      a hard metal knife edge.
NUM  10.
PAR  10. Improvement according to claim 7, in which said discs are rotatably
      mounted.
NUM  11.
PAR  11. Improvement according to claim 7, in which three to 10 discs are
      provided spaced apart over a length of about 5 to 14 inches.
NUM  12.
PAR  12. Improvement according to claim 10 in which said discs are beveled discs
      having an outer diameter of about one-half to three-fourths inch, a
      thickness between about one-eighth and three-eighths inch, and beveled so
      that their greater diameter extends outwardly from the ski, said bevel
      being at an angle of 5 to 30.degree. to their axes, and said
      first-mentioned angle between 0 and 10.degree..
NUM  13.
PAR  13. Improvement according to claim 12, in which said discs are adjustably
      mounted on said wall to allow variation of said first-mentioned angle.
NUM  14.
PAR  14. Improvement according to claim 13, in which said discs are mounted on
      an eccentrically turnable bushing to allow said adjustment.
NUM  15.
PAR  15. Improvement according to claim 7, in which said discs are adjustably
      mounted to vary said angle.
NUM  16.
PAR  16. Improvement according to claim 15, in which said discs are mounted on
      an eccentrically turnable bushing to allow said adjustment.
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ABST
PAL  A safety ski binding comprises a footplate and a tie rod which is mounted
      on said footplate and is adapted to be displaceable against spring force
      in the axis of symmetry of the footplate. This axis of symmetry extends in
      the longitudinal direction of the ski when the binding is in position for
      a downhill run. Said tie rod is adapted to be held in position by a
      tightener. Two pairs of rollers are carried by the tie rod and the
      footplate, respectively. The axles of said rollers extend transversely to
      the longitudinal axis of the tie rod and parallel to the plate and are
      secured to the tie rod and the plate, respectively. Said tie rod has a
      portion which extends within a guide and is provided adjacent to the
      tightener with an upwardly directed release nose. The boot which is
      associated with the binding is provided at the forward and near edges of
      its heel with bearing surfaces for the rollers and is provided preferably
      in the tread face of the heel with a groove which receives the guide when
      the binding is in position for a downhill run. Said footplate is pivotally
      movable about a pivot which is mounted on the baseplate.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  A ski binding comprises a footplate which at its forward end is mounted on
      vertical pin to be pivotally movable at right angles to the skiing
      direction. The pin is carried by a baseplate secured to the ski. The heel
      of the boot is held by two pairs of rollers. One of said pairs engages the
      rear edge of the heel and is rotatably mounted on a stationary axle, which
      extends transversely to the skiing direction. The other pair of rollers
      engages the forward edge of the heel of the boot and is rotatably mounted
      on an axle which extends transversely to the skiing direction and which is
      carried by a rod that is mounted on the footplate and extends in the
      skiing direction. Said rod has a surface which is engageable by a roller,
      which releases a spring-loaded tightener in response to an overloading of
      the ski in the skiing direction. The footplate has surfaces for guiding a
      roller carried by said rod so that said tightener is released in response
      to a rotational movement performed by said footplate under an excessive
      transverse load on the ski binding.
PAC  BACKGROUND OF THE INVENTION
PAR  Safety bindings are known which engage the boot only adjacent to its heel,
      as well as safety bindings which can be imagined to be transferred toward
      said heel. Most of these bindings engage lateral hardware or extend into
      openings from below. The protruding hardware can easily be damaged. Modern
      skiing techniques involve also the danger that such hardware is caught by
      the other boot or by stones. Openings extending from below cannot be kept
      clean in such an arrangement. Bindings are known which are tightened in
      the longitudinal direction of the ski. These bindings comprise plates
      which may have various forms and are screw-connected to the sole of the
      boot and engaged with binding elements which serve to transmit force, to
      control the ski, and to release the binding. This has the disadvantage
      that only a small space is available so that the contact surfaces are
      small and the pressure per unit of area is high, particularly as the
      required holding forces increase as the distance between the gripping
      surfaces decreases in relation to the length of the ski. Stronger forces
      and a higher pressure per unit of area involve stronger and heavier
      gripping elements, which must not have inserts of plastics material and
      are susceptible to damage and may become impressed into the plates. The
      function of these bindings is adversely affected soon and they cannot be
      reset.
PAR  It is an object of the invention to provide a safety ski binding which may
      be used in conjunction with a conventional boot comprising a heel, sole,
      and shank. Experience has shown that best results can be obtained with
      such boots. It is another object of the invention to provide a ski binding
      which can hold and release the heel of the skiing boot independently of
      the state of maintenance of the binding and in which the forces required
      for a release vary in a constant range which is independent of the
      adjustable force which tends to restore the binding when the ski has been
      subjected to a transverse impact. An additional object of the invention is
      to provide a ski binding which is structurally simple and may be provided
      with robust components which can be made in part of plastics material so
      that they are light in weight.
DRWD
PAR  Two embodiments of the ski binding according to the invention are shown by
      way of example in the drawing, in which
PAR  FIG. 1 shows a ski binding which is mounted on a ski and a boot which is
      gripped by the binding,
PAR  FIG. 2 shows the binding in an open position,
PAR  FIG. 3 shows the binding when it has been released after a twisting fall,
PAR  FIG. 4 is a bottom view showing a portion of a skiing boot with a heel
      designed for use with the ski binding according to the invention,
PAR  FIG. 5 is an enlarged axial longitudinal sectional view showing the first
      embodiment of the ski binding according to the invention,
PAR  FIG. 6 is a sectional view taken on line VI--VI of FIG. 5,
PAR  FIG. 7 is a view which is similar to FIG. 5 and shows a second embodiment
      of the ski binding and
PAR  FIG. 8 is a top plan view showing the ski binding of FIG. 7.
DETD
PAR  The ski binding according to the invention comprises a baseplate 2, which
      is adapted to be secured to a ski 1 and carries a pin 3, on which a
      footplate 4 is rotatably mounted. The longitudinal center line of the
      footplate 4 extends in the skiing direction. The footplate 4 is provided
      with a cylindrical or prismatic, hollow rib 5, which extends along the
      longitudinal center line of the footplate 4 and in which a rod 6 is
      slidably mounted. At its forward end, which is nearer to the tip of the
      ski, the rod 6 is connected by a rivet 7 to a block 8. Pins 9 extend
      transversely to the skiing direction from both sides of the block 8.
      Rollers 10 are rotatably mounted on the pins 9 on an axis which is
      parallel to the footplate 4. The baseplate 2 is formed with holes, not
      shown, which receive screws for fixing the baseplate to the ski. At its
      forward end, the baseplate 2 terminates in a reversely bent lug 11, which
      embraces that edge of the footplate 4 which is nearer to the tip of the
      ski. This lug and the opposite portion of the baseplate 2 hold the pin 3
      which extends through a bore 12 of the footplate 4 so that the latter is
      rotatably mounted on the pin 3. At its end remote from the lug 11, the
      baseplate 2 is formed with a reversely bent edge portion 13, which
      overlies the adjacent end of the footplate 4 and which has a longitudinal
      center line extending in the plane of symmetry that extends at right
      angles to the surface of the ski and through the axis of the rod. The edge
      portion 13 has in its longitudinal center line two surfaces 14 which
      include an angle that is open toward the tip of the ski. These surfaces 14
      serve to guide a roller 15, which is rotatably mounted on a pin 16 which
      depends from the rod 6.
PAR  The end faces 25, 26 of the baseplate 2 and the ends of the footplate 4
      which are spaced apart in the skiing direction are so shaped and are
      spaced such distance apart that the footplate 4 can be pivotally moved
      about the pin 3 as will be described hereinafter.
PAR  The footplate 4 is formed at the forward end of each side edge thereof with
      a ramp 17. Each ramp 17 has rearwardly and downwardly extending rear edge
      18. The footplate is formed at each side edge with an upstanding lug 20,
      which is spaced from the rear end of the ramp 17. An axle 21 extending
      transversely to the skiing direction is held by said lugs. Side walls 23
      of a tightener 22 are symmetrically mounted on said axle 21. A roller 24
      is rotatably mounted on the axle 21 between each of the side walls 23 and
      the adjacent lug 20. The rollers 24 are disposed behind the rollers 10
      substantially aligned therewith in the skiing direction.
PAR  At a point which is spaced behind the axle 21, the rod 6 is angled to form
      a rearwardly facing, oblique cam face 27. The rear portion 6A extends
      parallel to and above the forward portion 6B of the rod. At its end remote
      from the roller, the rod 6 is provided with external screw threads 28 in
      threaded engagement with a nut 29.
PAR  The tightener lever 22 carries a pin 30, which is mounted in and extends
      between the side walls 23 of the lever 22 and on which a roller 31 is
      rotatably mounted. When the tightener 22 is in its stressed position,
      shown in FIG. 5, the roller 31 engages the lower rod portion 6B at the
      lower end of the cam face 27. In this position of the tightener the center
      line of the pin 30 is disposed below the center line of the axle 21. Two
      links 32 are disposed near opposite ends of the roller 31. Each link is
      pivoted at one end on the pin 30 and at its other end is pivoted to a
      slidable sleeve 33, which is freely movably fitted on the upper portion 6A
      of rod 6. A spring 34 is wound on the rod portion 6A and held under
      initial stress between the sleeve 33 and the nut 29 so as to bias the
      tightener 22 in the opening sense, as will be described more fully
      hereinafter. When the tightener 22 is in its stressed position shown on
      the drawing, the sleeve 33 suitably engages a hub 35 of the pin 16, which
      protrudes from the rod 6.
PAR  To enable the ski binding described hereinbefore to retain the skiing boot
      36 on the ski 1, the heel of the boot is provided with a central
      longitudinal groove 38, which extends in the skiing direction and serves
      to receive the rib 5, and the heel is also formed at its ends with concave
      surfaces 39, 40 which are engageable by the rollers 10, 24.
PAR  The ski binding described hereinbefore has the following mode of operation:
      When the tightener 22 is relaxed, as shown in FIG. 2, the rollers 10 are
      in a forward position so that their distance from the rollers 24 exceeds
      the length of the heel 37 of the boot measured along the axis of the
      groove 38. The skier can now conveniently place the heel on the rib 5
      between the rollers 10, 24. When the rib 5 has entered the groove 38 and
      the skier holds the surface 39 of the heel 37 against the rollers 24,
      which are immovable in the skiing direction, the tightener 22 is depressed
      in the direction of arrow A to move from the position shown in FIG. 2 to
      the position shown in FIG. 1. During this movement of the tightener 22,
      the toggle joint formed by the tightener and the link 32 is extended so
      that the links 32 assume the horizontal position shown in FIG. 5 and urge
      the sleeve 33 to the right so that the spring 34 moves the rod 6 in the
      same direction.
PAR  When the rollers 10 engage the surface 40 of the heel 37 and the pivotal
      movement of the tightener 22 in the direction of arrow A is continued, the
      spring 34 is compressed and is thus stressed further until the binding has
      assumed the position shown in FIGS. 1, 5, and 6.
PAR  During a dangerous forward fall, the heel 37 of the boot tends to lift from
      the ski so that pressure is applied by the surface 40 to the rollers 10,
      which tend to move the rod 6 toward the tip of the ski. As a result of
      this displacement of the rod, the cam face 27 lift the roller 31 until the
      center line of pin 30 is on or above the level of the center line of pin
      21 so that the tightener moves from its stable stressed position to an
      unstable position in which the tightener is already slightly raised and
      the hub 35 is spaced from the sleeve 33. The spring 34 then causes the
      tightener 22 to move quickly into the open position shown in FIG. 2.
PAR  During this operation, the heel is raised as it rides on the edges 18 of
      the ramps 17 so that the heel cannot be caught by the rollers 10 as the
      skier falls.
PAR  During a dangerous twisting fall the heel 37 tends to rotate the footplate
      4 about the pin 3 in one sense or the other. During this movement the
      roller 15 runs up on one of the two surfaces 14 and forces the rod 6 in
      the direction of the arrow B in FIG. 5. In the manner described
      hereinbefore, the cam face 27 of the rod 6 now raises the roller 31 to
      open the tightener so that the foot assumes the position shown in FIG. 3.
      The binding can be restored to its original position by hand or by a
      rotation of the foot.
PAR  When the tightener 22 is opened by hand, the sleeve 33 engaging the hub 35
      moves the rod 6 forwardly, toward the tip of the ski, to the position
      shown in FIG. 2 so that the rollers 10 release the heel 37 and the skier
      can easily step out of the binding.
PAR  The embodiment of the ski binding shown in FIGS. 7 and 8 differs from the
      one described hereinbefore only in that the baseplate 2 consists of two
      parts and a shock-absorbing bearing is provided for the pin 3. All other
      parts of the binding remain the same. For this reason only the footplate 4
      and the baseplate which retains the footplate on the ski are shown. The
      baseplate consists of parts 2a and 2b. The part 2a is substantially
      Z-shaped in cross-section. The baseplate part 2a has a flange 42, which
      rests on top of the ski and which is formed with bores receiving the
      fixing screws. The baseplate part 2a has another flange 43, which is
      spaced apart from and parallel to the flange 42 and overlies that end of
      the footplate which is nearer to the tip of the ski. The flange 43 is
      formed with a vertical bore 44 in which the pin 3 is mounted. The pin 3 is
      formed with screw threads, which are screwed into the ski so that the pin
      3 serves as an additional fixing screw. The bore 12 in the footplate 4
      contains a rubber bushing 46, which is lined with a guide tube 47, in
      which the pin 3 is rotatably mounted.
PAR  The baseplate part 2b which overlies that end of the footplate 4 which is
      more remote from the tip of the ski is formed in its lower flange 49 with
      three slots 48, which receive the fixing screws, rather than with bores 41
      such as are formed in the forward part 2a of the baseplate. When these
      screws have been loosened, the baseplate part 2b is adjustable in the
      skiing direction so that the binding can be adapted to the heel of the
      boot and the force required for a release is also adjustable. The upper
      flange 50 is formed with the above-mentioned guiding surfaces 14, which
      have the same function as in the first embodiment.
PAR  Owing to the rubber bushing 46 the footplate 4 of the ski binding described
      last can perform a small damped movement mainly in the skiing direction
      and can thus take up the shocks which are applied to the ski when moving
      on uneven ground. This ensures a much softer and more convenient movement
      of the ski than where the conventional shock-absorbing means are employed.
      In other respects, this embodiment has the same mode of operation as the
      ski binding described first.
CLMS
STM  I claim:
NUM  1.
PAR  1. A ski binding comprising a baseplate adapted to be secured to a ski, a
      footplate guided by said baseplate, a spring-loaded tightener, and forward
      and rear rolling means for gripping a heel of a boot, said footplate
      having mounting means for displaceably mounting a rod, which extends in
      the skiing direction and is mounted by said mounting means so as to be
      adjustable in said direction, said rod having a cam face which is oblique
      in the skiing direction and which cooperates with means carried by said
      tightener so as to open the same when the ski binding is under an
      excessively high load in the skiing direction, said footplate being
      rotatably mounted on a pin which is carried by said baseplate at that end
      thereof which is nearer to the tip of the ski, said baseplate having
      guiding surfaces which cooperate during a rotation of said footplate about
      said pin with means carried by said rod so as to longitudinally displace
      the same, said forward rolling means being carried by said rod, said rear
      rolling means being carried by said footplate.
NUM  2.
PAR  2. A ski binding as set forth in claim 1, characterized in that said
      forward rolling means comprise rollers, which are disposed on opposite
      sides of said rod at the forward end thereof and which are rotatable about
      an axle which extends transversely to the skiing direction, said footplate
      being provided at its side edges with ramps having edges which rise toward
      the tip of the ski and are arranged to be engaged by the heel of the
      skiing boot during a forward displacement of said rollers in response to
      an excessively high load acting on the ski binding in the skiing
      direction.
NUM  3.
PAR  3. A ski binding as set forth in claim 1, characterized in that said
      baseplate is provided at its rear end with forwardly divergent guiding
      surfaces, which cooperate with a roller that is mounted on said rod for
      rotation about a vertical axis.
NUM  4.
PAR  4. A ski binding as set forth in claim 3, characterized in that said roller
      which cooperates with said guiding surfaces of said baseplate is mounted
      on a projection which protrudes downwardly from said rod and a spring is
      provided, which is wound on said rod and bears on said projection and
      operates means for opening the ski binding.
NUM  5.
PAR  5. A ski binding as set forth in claim 1, characterized in that said pin on
      which said footplate is rotatably mounted is fitted in a rubber bushing.
NUM  6.
PAR  6. A ski binding as set forth in claim 5, characterized in that said rubber
      bushing which receives said pin for rotatably mounting the footplate is
      fitted in a vertical bore of said footplate and is lined with a guide
      tube.
NUM  7.
PAR  7. A ski binding as set forth in claim 1, characterized in that said
      baseplate consists of two parts, which are Z-shaped in longitudinal
      cross-section, and each of which overlies one end of said footplate so as
      to permit of a lateral pivotal movement thereof, that part which overlies
      the rear end of the footplate being formed with slots that extend in the
      skiing direction and serve to receive fixing screws.
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ABST
PAL  A children's car seat which is adapted to convert into a stroller apparatus
      with minimum of effort and adjustment required by the user. The apparatus
      includes an adjustable handle means and wheel assemblies which are
      pivotally mounted between a raised position defining a car seat
      configuration and a lowered position defining a stroller configuration.
PARN
PAR  This application is a continuation of my copending application Ser. No.
      301,305, filed Oct. 27, 1972, now abandoned.
BSUM
PAC  BACKGROUND
PAR  For quite a few years their has been a tremendous increase in the sale of
      children's car seats and in baby strollers. In addition to the increase in
      population, their has been an increase in the sales of automobiles and an
      increase in safety procedures relating thereto. These regulations extend
      to the manufacture of children's car seats.
PAR  However, what has been overlooked by others is the duplication expense
      relating to the purchase of two separate items to serve the purpose of
      safely and conveniently transporting small children in the auto and out of
      the auto on shopping trips and the like.
PAR  A further disadvantage relating to prior art constructions is the
      inconvenience and effort required to remove the separate stroller
      apparatus from a storage place in the auto when the need for its use
      arises. This procedure, when multiplied by a plurality of stops at
      different locations during a shopping tour, becomes extremely cumbersome
      and frustrating to the user.
PAC  SUMMARY OF INVENTION
PAR  The present invention relates generally to a combination children's car
      seat and stroller apparatus which is easily and simply converted from one
      configuration to the other. The apparatus includes a basic frame which is
      provided with the conventional seat portion, back portion and head rest
      portion. However, the frame construction includes, in a direct and simple
      manner, adjustable handle means and wheel assemblies which cooperate with
      the other structure in a manner to permit use of said structure in either
      a car seat or stroller configuration with no duplication of unnecessary
      parts. Further, the construction of the adaptability features in no way
      interferes with the federal safety regulations relating to children's car
      seats.
PAC  OBJECTS
PAR  It is a primary object of the present invention to provide a combination
      children's car seat and stroller apparatus which is easily converted from
      one configuration to the other.
PAR  It is another object of the present invention to provide a combination
      children's car seat and stroller apparatus wherein an economy of structure
      is realized by utilizing certain portions for similar functions in either
      configuration.
PAR  It is another object of the present invention to provide an apparatus of
      the type described which may be manufactured and fabricated in a
      relatively simple manner and yet which is strong and durable.
PAR  It is a further object of the present invention to provide an apparatus of
      the type described which functions in a simple convenient manner and which
      also qualifies as conforming to federal safety regulations.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein preferred forms of embodiments of the invention are
      clearly shown.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of a combination children's car seat and
      stroller apparatus constructed in accordance with the present invention;
PAR  FIG. 2 is a rear elevational view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a side elevational view of the apparatus shown in FIG. 1
      including a portion of the adjustable handle means illustrated in partial
      section taken through the center-line of the handle portion;
PAR  FIG. 4 is an elongated side elevational view in section of that portion of
      the handle means shown in section in FIG. 3; and
PAR  FIG. 5 is a front elevational view partially in section of a portion of the
      apparatus shown in FIG. 1 illustrating a wheel assembly construction.
DETD
PAC  DETAILED DESCRIPTION
PAR  A children's car seat and stoller apparatus constructed in accordance with
      the present invention is illustrated in FIG. 1 and includes a frame means,
      indicated generally at 20. Frame means 20 includes generally vertical
      support members 22, base means 24, and side support members 26 securely
      fastened to one another by suitable rivots or the like.
PAR  Vertical support members 22 are provided with cross members 28 to support a
      cushioned head rest 30 and back support 32 which are securely fastened to
      frame means 20. Base means 24 is provided with a cross support members 34.
PAR  A partially padded restraining bar 36 is pivotally mounted to vertical
      members 22 such as at pins 38 and restrained from movement past the
      horizontal position shown by stops 40.
PAR  A restraining strap 42 is removably connected between the forward portion
      of bar 36 and a seat portion 44, seat portion 44 being fastened to both
      vertical support 22 and side supports 26.
PAR  Adjustable handle means are provided in the tubular portions 46 slideably
      mounted within outer tubes 48 which, in turnm are rigidly fastened to the
      rear of vertical members 22.
PAR  Outer tubes 48 include a plurality of vertical spaced holes 50 adapted to
      receive a button 52 outwardly biased by spring member 54. By pushing
      button 52 inwardly, portions 46 may be moved vertically to the next
      adjacent hole 50.
PAR  Base means 24 is provided with four wheel assemblies, indicated generally
      at 56, each of which include wheel 58 rotatable mounted by a pin 60 to a
      strut member 62.
PAR  Strut 62 is pivotally mounted to a bracket member 64 via a pin 67. Bracket
      64, in turn, is fixedly connected to a base means 24 such as by welding,
      for example.
PAR  Strut 62 is releasably locked in either a raised configuration or a lowered
      configuration by a locking pin 66 slideably mounted in a housing 68 fixed
      to strut 62 in any suitable manner. Pin 66 is adapted to extend through an
      upper hole 70 or a lower hole 72 depending upon whether strut 66 is in the
      raised or lowered configuration.
PAR  Pin 66 is biased inwardly by a spring 74 which is mounted within housing 68
      between one end of the housing and an enlarged collar portion 76 of pin
      66.
PAR  Pin 66 also includes an outer head portion 78 which extends outwardly of
      housing 68 to permit the user to conveniently pull pin 66 outwardly when
      adjusting the position of strut 62.
PAR  In use, one merely positions the handle portion 46 in the lowered position
      and the wheels 58 in the raised position. As described above, this is
      accomplished simply and quickly by pulling pin 66 outwardly of hole 72 and
      pivoting the respective strut 62 upwardly until it is aligned with upper
      hole 70. Release of pin 66 permits the pin to enter hole 70 to fix the
      position of wheel 58.
PAR  In this configuration, the apparatus is ready for use as a conventional car
      seat as the auto seat belts are used to fasten the child and the seat
      safely to the auto seat.
PAR  When the stroller configuration is desired, the apparatus is removed from
      the auto. By merely following the same procedure described before, the
      struts 62 are pivoted to the lowered position. Handle portions 42 are
      raised to a comfortable position and the apparatus quickly assumes a
      stroller configuration.
PAR  From the foregoing description, it should be readily apparent that the
      apparatus serves a dual function with a minimum effort required to convert
      it from one configuration to another. Further, the construction is
      relatively simple and inexpensive as compared to two separate devices
      which were heretofore manufactured and offered to the consumer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A children's car seat adapted for conversion to a stroller apparatus
      comprising, in combination, a generally L-shaped frame means including
      substantially vertically disposed support members and a horizontally
      disposed base means adapted to rest substantially flush with the
      horizontally portion of an auto seat with the vertical frame portion
      substantially flush to the upright portion of the auto seat; a seat
      portion connected to said frame means and including a back rest portion,
      said seat portion being vertically spaced above said base means and
      including means to restrain a child's forward and sideward movement;
      handle means mounted on said frame means; wheel means rotatably mounted in
      a strut portion, said strut portion pivotally mounted to said base means
      to define raised and lowered positions of said wheel means; and means for
      releasably fixing the position of said strut portion including a locking
      pin assembly slideably mounted through said strut and alternately
      engageable with one of at least a pair of locking holes disposed in a
      bracket member fixed to said base means; the lower edge of said bracket
      member and said strut portion when it is disposed in a raised position
      being in substantially the same horizontal plane as the lower edge of said
      base means.
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ABST
PAL  A new supporting structure for a mobile home comprising pre-stressed
      concrete and a method for making same. The supporting structure comprises
      a rectangular floor, supported by beams on the lower surface of the floor.
      A pair of large longitudinal beams are formed on the lower surface of the
      floor adjacent the longitudinal edge of the floor. A plurality of smaller
      transverse beams are formed on the lower surface of the floor connecting
      the longitudinal beams. Both the longitudinal and transverse beams are
      pre-stressed. Means for attaching wheels and a towing hitch are provided.
      The supporting structure is cast in a single piece in a bed provided with
      channels for the longitudinal and transverse beams. The beams are
      pre-stressed in a conventional manner either by pre-tensioning or
      post-tensioning tendons. After the concrete has set and the tendons
      anchored, the supporting structure is lifted out, and wheels and a towing
      hitch attached. Walls and the upper structure are later attached by means
      of studs cast in the concrete floor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates in general to mobile homes and in particular to a
      new supporting structure comprising pre-stressed concrete and a method of
      making same.
PAR  2. Description of the Prior Art:
PAR  The supporting structure for a conventional mobile home comprises two
      longitudinal steel beams running the length of the mobile home. Lighter
      transverse steel beams, often webbed, provide lateral support. The floor
      is generally of wood or of a suitable composite material. Normally a
      sub-floor encloses wiring, pipes, ducts, or provides a heating and cooling
      duct itself.
PAR  While the steel beam supporting structure is succesful, there are several
      disadvantages. Material and labor costs are high. To save material costs,
      the beams and floor are relatively light-weight. While the light weight is
      an advantage during towing, it is a disadvantage when the mobile home is
      stationary and being used as a home. Increasingly mobile homes are
      purchased for economical considerations, not because of their mobility.
      Often they remain several years on one site, therefore it is desirable for
      them to have the same characteristics of stability and wearability as a
      conventional stationary house.
PAR  One disadvantage of the steel beam supporting structure is derived from the
      high center of gravity, which requires anchoring by guy-wires to prevent
      being blown over by strong winds. Also the wheels are normally removed or
      lifted from the ground, requiring cement blocks to place under the beams.
      The beams normally do not come into contact with the ground, even though
      the trailer would be more stable, because access under the mobile home is
      desirable  or necessary.
PAR  The general object of this invention is to provide a supporting structure,
      including floor and bracing, for a mobile home that is economical in costs
      and construction. Another object is to provide a supporting structure for
      a mobile home that is sufficiently rigid and heavy such that anchoring is
      not required while stationary, yet still light enough to be pulled on its
      own wheels. Another object is to provide a supporting structure, including
      floor and bracing for a mobile home, that comprises pre-stressed concrete.
      Another object is to provide an economical and efficient method of
      constructing a concrete supporting structure for a mobile home.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an isometric view of a typical mobile home in phantom, but with a
      pre-stressed concrete supporting structure constructed in accordance with
      the principles of this invention.
PAR  FIG. 2 is an enlarged fragmentary isometric view of the supporting
      structure of FIG. 1, showing a portion of a side and front, with the
      towing hitch removed.
PAR  FIG. 3 is an enlarged fragmentary elevational view of a front corner of the
      supporting structure of FIG. 1, with the towing hitch attached.
PAR  FIG. 3a is a partial cross-sectional view of FIG. 3 along the line III--III
      with towing hitch attached.
PAR  FIG. 4 is an enlarged partial sectional view of FIG. 1 taken along line
      II--II showing one configuration of wheel assembly and wall attachment.
PAR  FIG. 4a is a partial cross-sectional view of FIG. 4 along the line IV--IV.
PAR  FIG. 5 is an elevational view of the bottom of another embodiment of a
      concrete supporting structure and a second wheel assembly configuration.
PAR  FIG. 5a is a partial cross-sectional view of FIG. 5 along the line V--V.
PAR  FIG. 6 is a partial isometric view showing a method of constructing a
      concrete supporting structure.
PAR  FIG. 7 is a partial sectional view of a third wheel assembly configuration.
PAR  FIG. 8 is a partial cross-sectional view of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring initially to FIG. 1, a mobile home 11 of conventional design,
      except for the supporting structure 13 is shown in phantom. The mobile
      home 11 is normally transported by being towed on a supporting wheel
      assembly 15, which is often removed when it reaches its permanent site. A
      towing hitch 17 provides means to secure the mobile home 11 to a truck. A
      movable wheel assembly 19 maintains the mobile home 11 in a horizontal
      position while detached from a truck.
PAR  As FIG. 2 shows, the supporting structure 13 in the preferred embodiment,
      formed of pre-stressed concrete, comprises floor 21 braced by longitudinal
      beams 23 and transverse beams 25. The longitudinal beams 23 are in the
      proximity of the edge of the floor 21 and may be flush as FIG. 2 shows.
      The longitudinal beams 23 have more cross-sectional height than transverse
      beams 25, and the floor 21 is thinner than both. The longitudinal beams 23
      may be in the range of 15 to 20 inches in height while the transverse
      beams 25 are only 4 to 6 inches in height measuring from the top of the
      floor 21 to the bottom of the beams 23, 25. The floor 21 itself may be
      only 2 to 4 inches in thickness, and normally is reinforced with
      conventional reinforcing wire mesh 22, FIG. 6.
PAR  While the mobile home is stationary at its permanent site, relatively light
      loads will be imposed on it by the upper structure, occupants, and
      furnishings. However during construction handling and towing to a new
      site, there will be various forces imposed by the weight of the supporting
      structure 13 itself. To prevent the supporting structure 13 from breaking
      or cracking in tension, the longitudinal beams 23 and transverse beams 25
      are pre-stressed in known manner in order to increase their strength.
PAR  As shown protruding in the fragmentary view of FIG. 2, tendons 27, fastened
      in tension, compress the beams 23, 25. The beams 23, 25 may be
      pre-stressed by pre-tension, that is by placing the tendons 27 in tension
      before pouring the concrete. Or they may be pre-stressed by post-tension
      by tightening the tendons 27 against the beams 23, 25 after the concrete
      has been poured and set. The number of tendons 27 required per beam 23,
      25, positioning, and amount of tension will vary depending on weight and
      size of the supporting structure 13. Conventional anchors 29, as shown
      schematically in FIG. 3a fasten the tendons 27 in tension against bearing
      plates 31, as by screwing to bolts 30 swaged or welded to tendons 27.
PAR  The towing hitch 17 may be bolted directly onto the anchor assembly 29. If
      desired, the anchors 29 affecting the initial tensioning may be recessed
      as shown in FIG. 3a in order to give the towing hitch 17 greater strength
      and stability. Recess 32 of towing hitch 17 fits over anchor 29 and
      contains a hole through which bolt 30 inserts. Nut 34 tightens the towing
      hitch 17 to bolt 30. Alternately the anchor 29 might be placed in a recess
      cast in the concrete.
PAR  The walls 33 may be installed as shown schematically in FIG. 4 by bolting
      to studs 35 cast in the concrete floor 21. The concrete supporting
      structure 13 may be towed by the use of various types of wheel assemblies
      15, which are not a part of this invention. The supporting structure 13 is
      fairly heavy, thus wheel assemblies 15 stronger than with  a conventional
      mobile home are necessary. One shown schematically in FIG. 4, comprises a
      plurality of wheels 37 in pairs connected by a short axle 39, which may be
      in a U-shape to lower the mobile home. The axles are attached to the
      longitudinal beams 23 by means of springs 41, which are attached to a
      flanged plate 42, shown more clearly in FIG. 4a. The flanged plate 42 is
      attached by bolts 44 inserted through holes formed in beam 23.
      Alternately, studs might be cast on the inner side of beam 23 rather than
      using bolts 44, although not the bottom of beam 23 since the supporting
      structure 13 sits directly on the ground.
PAR  The method of construction, shown schematically in FIG. 6, involves
      initially preparing a bed 43 with channels 45 of depth and size to form
      the beams 23, 25. The bed 43 is enclosed by a frame 47 of dimensions of
      the supporting structure 13. The frame 47 is pivotally fastened to the
      surface via hinge 48. Hydraulic means, such as hydraulic rams 49, break
      the frame 47 from any bonding with the outside edges of the structure 13,
      such as side and end beams 23, 25.
PAR  The hydraulic rams 49 are operated by high pressure hydraulic fluid
      supplied by lines 50 and 52 responsive to operation of a master switch 54.
      The high pressure hydraulic fluid is supplied by a conventional source,
      such as pump 56 taking suction from reservoir 58. Excess fluid is returned
      to the reservoir 58 via relief valve 60 when the pump is operating. The
      hydraulic fluid provides a liquid block that obviates the necessity for
      independent latches. Nevertheless, latches, such as bolts through  aligned
      eyes, can be employed to ensure that the ends and sides of the frame 47
      remain engaged for a correct supporting structure 13.
PAR  Templates for water and drainage pipes, and heating and air conditioning
      ducts (not shown) may be placed in position or they may be cast in place.
      Reinforcing wire mesh 22 for the floor 11, studs 35, and templates for
      bolts 44 for attaching walls and wheel assemblies 15 are placed in
      position.
PAR  Tendons 27 of high strength steel cable are suspended in position. Should
      pre-tensioning be desired, the tendons 27 are placed in tension by
      hydraulic jacks or winches (not shown).
PAR  To prevent bonding between the concrete and mold, all surfaces to remain
      unbonded are covered with a hydrophobic bond breaker. This may be done by
      spraying a solution of oil containing paraffin wax or other hydrophobic
      materials thereon. Moreover, spreading any material which will prevent
      bonding, such as polyethylene plastic, is suitable.
PAR  Should post-tensioning be desired, the tendons 27 are initially suspended
      loosely and covered with a hydrophobic bond breaker to prevent bonding.
      The tendons 27 in the post-tensioning process must not bond with the
      cement, as they do in pre-tensioning.
PAR  In the preferred method a concrete slurry is then poured into the mold
      formed by the frame 47 and bed 43. After setting sufficiently, the frame
      47 is drawn away, and tendons 27 under pre-tension anchored in a
      conventional manner. If post-tension is utilized, the tendons 27 are
      tensioned after setting, in a conventional manner such as by tightening
      anchor 29 on bolt 30 affixed to the end of tendons 27 (FIGS. 3, 3a), or
      other suitable means. A thorough discussion of pre-stressing by both
      methods as well as anchoring may be found in the Standard Handbook for
      Civil Engineers edited by Frederick S. Merritt (McGraw-Hill Book Company,
      1968) in Section 8, all of which material is incorporated by reference.
PAR  After the beams 23, 25, are anchored in a pre-stressed condition, the
      supporting structure 13 is removed from the bed 43 by means of cables 51
      attached to eyes 53 cast in the concrete, and lifted by a crane or other
      lifting device (not shown). Another method of lifting the supporting
      structure 13 may be by use of hydraulic jacks (not shown) embedded in the
      surface of the bed 43. Wheel assembly 15 and towing hitch 17 are then
      affixed. The supporting structure 13 may be towed if desired to another
      location for installing the walls 33 and fixtures. After completion the
      mobile home may be towed to the permanent site and wheel assembly 15 and
      towing hitch 17 removed. For maximum stability, the longitudinal beams 23
      sit directly on the surface, making anchoring unnecessary.
PAR  A fairly heavy, high-strength concrete such as one with weight greater than
      80 pounds per cubic foot is desirable for the pre-stressed beams 23, 25,
      though unnecessary for the floor 21. Normally the concrete slurry is
      monolithic, having a uniform weight and strength throughout the supporting
      structure 13. Should an over-all lighter weight be desired, a bilithic
      concrete slurry may be used by adding more light-weight aggregates, such
      as pumice or furnace cinders in with the portions to be poured which form
      the floor 21. Heavier concrete could remain in the channels which form the
      pre-stressed beams 23, 25. Various suitable light-weight aggregates are
      discussed in the reference The Chemistry of Cement and Concrete by F. M.
      Lea (Chemical Publishing Company, Inc., 3rd Edition, 1971) on pages
      578-590, all of which material is incorporated by reference. Moreover the
      floor 21 could if desired remain free of cement, and a wood or other
      suitable material affixed to the supporting frame created by the
      longitudinal and transverse beams 23, 25.
PAR  Another embodiment is shown in FIG. 5. Transverse beams 25a are placed
      diagonally and pre-stressed to resist twisting forces that may be present
      while towing over an uneven surface. The angle .alpha. between the axes of
      the longitudinal beams 23 and transverse beams 25a depends on the number
      of transverse beams and width of the supporting structure 13, but is less
      than 90.degree.. Normally some or all of the transverse beams 25
      perpendicular to longitudinal beams 23 are retained. Also diagonal
      transverse beams 25a intersect each other forming an "X" configuration in
      FIG. 5, though other variations are apparent without an intersection, such
      as a "V" configuration.
PAR  An alternate form of wheel assembly is shown in FIGS. 5, 5a. This wheel
      assembly, which may also be used with the preferred embodiment of FIG. 1,
      avoids placing one wheel 37 outside of longitudinal beam 23 as in FIGS. 4,
      4a. The wheels 37a are interconnected in a dolly 36 by means of springs 41
      attached to axles 39a. Flange 40 supports longitudinal beam 23. The top of
      dolly 36 may support transverse beams 25 also if desired. A plurality of
      I-beams 38 add strength to the dolly 36. The dolly 36 may be bolted to the
      supporting structure 13 such that it may be positioned at various points
      along the supporting structure and easily removed once the mobile home is
      at its permanent site.
PAR  FIGS. 7, 8 demonstrate a third embodiment for wheel assembly 15. A gang of
      wheels 37 extends across the width of the supporting structure 13,
      supported on a single axle 39b. The axle 39b is attached to two I-beams 38
      by means of leaf springs 41, which are underslung to lower the height. The
      I-beams are fastened by means of bolts 44 inserted through holes cast in
      beam 23. This embodiment allows fewer rows of axles than the three rows of
      FIG. 5, which reduces transverse drag force on wheels 37 during sharp
      turns.
PAR  It should be apparent from the foregoing description that an invention
      having significant advantages has been provided. The concrete supporting
      structure provides a relatively heavy, stable base with a low center of
      gravity. Because the longitudinal beams 23 may sit directly on the
      surface, blocking up and anchoring is unnecessary, yet access underneath
      is still present. Insulation and resistance to deterioration is improved,
      and skirting between the surface and the walls 33 will be unnecessary on
      the longitudinal sides. The method of construction requires a minimum of
      labor and is economical in material costs.
PAR  The foregoing disclosure and showings made in the drawings are merely
      illustrative of the principles of this invention and are not to be
      interpreted in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A supporting structure for a mobile home comprising:
PA1  a rectangular floor,
PA1  means for attaching walls to the periphery of the upper surface of said
      floor,
PA1  first concrete beams extending longitudinally on the lower surface of said
      floor and adjacent the longitudinal edges of said floor, said first beams
      being of uniform cross-sectional height throughout their length,
PA1  second concrete beams extending transversely on the lower surface of said
      floor, each of which forms a connection between said first beams,
PA1  said first and second beams being pre-stressed by a plurality of tendons
      extending longitudinally through each of said first and second beams,
PA1  means for mounting wheels on the lower surface of said structure,
PA1  means for attaching a towing hitch to the front of said structure.
NUM  2.
PAR  2. The supporting structure defined by claim 1 wherein a selected number of
      said second beams extend on the lower surface of said floor and intersect
      each of said first beams at an angle .alpha. less than 90.degree..
NUM  3.
PAR  3. The supporting structure defined by claim 1 wherein a selected number of
      said second beams extend on the lower surface of said floor, intersecting
      each other diagonally, and intersect each of said first beams at an angle
      .alpha. less than 90.degree..
NUM  4.
PAR  4. The invention defined by claim 1 wherein said second beams extend on the
      lower surface of said floor perpendicularly to said first beams, each of
      which forms a connection between said first beams.
NUM  5.
PAR  5. The invention defined by claim 1 wherein said first beams comprise a
      single pair and extend longitudinally on the lower surface of said floor
      and form the extreme longitudinal edges of said floor.
NUM  6.
PAR  6. The invention defined by claim 5 wherein a wheel assembly is attached to
      the first concrete beams.
NUM  7.
PAR  7. The invention defined by claim 6 wherein the wheel assembly comprises:
PA1  a flange detachably mounted below and carrying the first concrete beams;
PA1  at least two pairs of wheels mounted in a substantially common axis and
      carrying the flange.
NUM  8.
PAR  8. The invention defined by claim 1 wherein said floor and said first and
      second beams comprise a monolithic mixture of equal and uniform weight
      concrete.
NUM  9.
PAR  9. The invention defined by claim 1 wherein said first and second beams
      comprise high strength pre-stressed concrete and said floor comprises a
      light-weight concrete.
NUM  10.
PAR  10. The invention defined by claim 1 wherein said floor is composed of
      concrete containing reinforcing means.
NUM  11.
PAR  11. The invention defined by claim 10 wherein said second beams extend on
      the lower surface of said floor, intersect each other diagonally, and
      intersect each of said first beams at an angle .alpha. less than
      90.degree..
NUM  12.
PAR  12. The invention as defined by claim 10 wherein the first and second beams
      and the floor are cast in a solid integral piece.
NUM  13.
PAR  13. The invention as defined by claim 1 wherein the first and second beams
      comprise heavy high strength concrete.
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ABST
PAL  Disclosed is a buggy shaft for a four wheel show buggy which attaches the
      buggy to the horse by means of a ball joint rather than a clevis hinge.
      The shaft is formed of steel tubing through its main portion and has a
      cast aluminum distal end. The ball joint is resiliently loaded and the
      shafts are filled with plastic material to avoid noise generation and
      transmission. A harness cleat is mounted on the cast aluminum end for
      securing the harness to the shafts and a tug guide is provided on the main
      portion of the shaft to keep the tug lines in proper position. In a
      modified form the buggy is connected to the horse by a center shaft which
      mounts to the harness collar by a ball joint and is similarly mounted to
      the buggy. In this form the shaft is formed entirely of steel tubing.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates generally to buggy shaves for single passenger four
      wheel show buggies.
PAR  The showing of horses under harness in fancy buggy competition has grown in
      popularity in recent years. The horses used in this competition are often
      carefully bred, expensive stock and the buggies rival each other in fancy
      appearance and are expensive to build. The shaves which attach the buggy
      to the horse have been made of laminated hickory wood and are attached to
      the front axle of the buggy in a manner which permits the shaves to pivot
      vertically with respect to the buggy axle but not horizontally.
PAR  In training horses to the harness for fancy buggies and in the shows
      themselves, it is not unusual for a horse to lose its footing under
      harness. On occasion this has resulted in the shaves breaking or the buggy
      being turned over. When shaves of laminated hickory break they leave very
      jagged edges which can badly wound a horse. If the buggy turns over its
      destruction or virtual destruction usually results.
PAR  Metal shaves can be made stronger than those of laminated hickory, but this
      does not resolve the problem of the buggy being turned over with possible
      destruction and injury to the horse. Also, metal shaves previously used
      have been found to generate and transmit noise which irritates the horse
      and takes away from the show effect. A need, therefore, exists for metal
      buggy shaves which will not break nor cause the buggy to turn over, and
      yet will avoid noise generation and transmission.
PAC  OBJECTS OF INVENTION
PAR  It is, therefore, a major object of my invention to provide a metal buggy
      shaft for fancy show buggies.
PAR  It is also an important object of my invention to provide a joint for
      interconnecting the shaft between the buggy and the horse, which permits
      universal movement of the shaft with respect to its point of connection,
      so that buggy turnovers are avoided.
PAR  It is also an object of my invention to provide a buggy shaft of the type
      described in which the ball connector and shaft are sound proofed to
      prevent rattling and other distracting noises.
PAR  A further object of my invention is to provide a buggy shaft of the type
      described which has a harness cleat affixed to the distal end of the shaft
      for convenient attachment to the harness.
PAR  It is yet another object of my invention to provide a buggy shaft of the
      type described which utilizes a simple clamp loop for guiding the harness
      tugs along the inside of the shaft.
PAR  It is still a further object of my invention to provide a buggy shaft of
      the type described which has a pleasing appearance and yet is strong,
      durable and easy to manufacture.
DRWD
PAR  These and other objects and advantages of my invention will become more
      readily apparent from the following detailed description of preferred
      embodiments and the accompanying drawings in which:
PAC  DRAWINGS
PAR  FIG. 1 is a plan view of a show buggy utilizing a first preferred
      embodiment of my shaft.
PAR  FIG. 2 is an enlarged plan view of the shaves shown in FIG. 1.
PAR  FIG. 3 is a side elevational view of one of the shaves shown in FIG. 2.
PAR  FIG. 4 is an enlarged sectional side elevational view of one of my shaves.
PAR  FIG. 5 is an enlarged exploded view of the ball joint used with my shaves.
PAR  FIG. 6 is a cross-sectional view of the ball joint connecting my shaves to
      the buggy or harness.
PAR  FIG. 7 is a sectional view taken on 7--7 in FIG. 6.
PAR  FIG. 8 is a sectional view taken on 8--8 in FIG. 3.
PAR  FIG. 9 is an exploded view of the cross brace structure which holds my
      shaves together.
PAR  FIG. 10 is a side elevational view of a second preferred embodiment of my
      invention.
PAR  FIG. 11 is an enlarged plan view of the shaft in my second embodiment;
PAR  FIG. 12 is a partial plan view showing attachment of the shaft in my second
      embodiment to the harness of a draft animal;
PAR  FIG. 13 is a perspective view of the whiffle tree of my first embodiment
      showing its pivotal mounting on the cross-brace member;
PAR  FIG. 14 is a partial elevational view of my whiffle tree shown in FIG. 13;
      and
PAR  FIG. 15 is a sectional view taken at 15--15 on FIG. 14.
DETD
PAC  DETAILED DESCRIPTION OF PARTS
PAR  Referring now to the drawings, and particularly to FIGS. 1-4 thereof, a
      pair of shaves 10 constructed in accordance with my preferred embodiment
      are shown attached to a show buggy 12 and astraddle a horse 14.
PAR  The shaves 10 have a main portion 16 formed of hollow cold rolled steel
      tubing and an end portion 18 formed of cast aluminum (see FIG. 4). The end
      portion 18 fits telescopically into the outer end 19 of the main portion
      16 and is held in this assembled condition by two screws 20. The end
      portion 18 has a harness cleat 22 secured to it by attachement screws. The
      cleat 22 could also be attached by welding or formed as part of the
      casting of the end portion 18.
PAR  The shaves 10 are attached to the buggy 12 by means of a ball joint 24 (see
      FIGS. 5-7). The ball joint 24 includes a ball 26 mounted in an upright
      position on a bar 28 which is welded to the front axle 30 of the buggy and
      projects horizontally forward therefrom.
PAR  A socket 32 for receiving the ball 28 is formed in the proximal end 33 of
      each of the shaves 10 by welding the socket structure to the end of each
      shaft. The socket 32 has an opening 34 in the top. A U-shaped keeper 36 is
      inserted into the bore of each of the shaves above the socket 32 and
      welded in place before the socket is attached. After the keeper 36 has
      been welded into the bore of each shaft, a styrofoam nozzle is inserted
      into the shaft bore on one side of the keeper. By this means styrofoam 38
      is blown in and fills the hollow main portion 16 of the shaft. This
      deadens the generation and transmission of noise in the shaves.
PAR  To keep the ball 28 from rattling in the socket 32 I grease and insert a
      small rubber ball 40 through the opening 34 in the top of the socket,
      where it is snuggly trapped between the keeper 36 and the top of the
      socket. A portion of the rubber ball 40 projects down through the opening
      34 in the top of the socket and engages the upper portion of the steel
      ball 28 when it is inserted into the socket 32. This provides a resilient
      cushion between the upper portion of the steel ball 26 and the socket. To
      hold the steel ball in the socket against the resilience of the rubber
      ball, slots 42 are provided on the skirt of the socket and a clip pin 44
      is inserted through the slots. The clip pin 44 projects into the socket 32
      adjacent the location of the steel ball neck 46 when the ball is pressed
      against the rubber. The clip pins can be quickly removed to disengage the
      ball and socket and thereby disconnect the shaves 10 from the buggy 12.
      The clip pins 44 are disposed on the outside of the shaves to avoid
      conflict with the buggy axle 30.
PAR  To hold the shaves 10 together and provide a mounting for the harness tree,
      a cross-brace 50 is provided (see FIG. 9). The cross-brace 50 is a tubular
      rectangular bar 52 which extends between the shaves to the rear of the
      horse and just forward of their downward curvature. To attach the
      cross-brace 50 to the shaves, a cross-brace ear 54 is welded to each of
      the shaves and projects inwardly. The ears 54 fit into the bore of the
      tubular bar 52 at each end, and are held in place by inserting a bolt and
      nut 56 into holes 58. Further strength is added to the cross-brace 50 by
      tie rods 60 which extend diagonally between the cross-bar 52 and the
      downwardly directed portion of the shaves. The tie rods 60 are attached to
      the bar 52 by bolts and nuts 62 and aligned holes 64 and to the shaves 10
      by welds 66.
PAR  In FIG. 8 I show the harness guides used with my shaves. The harness guides
      70 consist of a strap 72 with aligned holes 74 and an attachment bolt 76.
      The holes 74 are so arranged that when the strap is looped around one of
      the shaves, looped back to form a harness passage 78 and then secured by
      passing the attachment bolt 76 through the holes 74, the loop around the
      shaves will grip them tightly and the harness passage 78 will freely pass
      the tug lines of the harness.
PAR  A tree 80 is pivotally mounted on the top of the bar 52 of the cross-brace
      50 and extends laterally on either side of the mounting. The tree 80 has a
      flat configuration at each end 81 and is horizontally disposed, however,
      at its distal ends 82 the flat end surface is twisted to vertical
      disposition. Since harness tugs are flat also but are vertically disposed
      and have horizontally directed slots 84 in their distal ends, the distal
      ends are attached to the distal ends 82 of the tree 80 by pivoting the tug
      distal ends in a vertical plane until the slots 84 are aligned with the
      distal ends 82 of the tree, slipping the tug ends onto the tree until they
      pass the twist and the tug slots then pivot back into a horizontal
      disposition in alignment with the main body of the tree. The tugs are
      detached from the tree by reversing the above procedure. Thus, I have
      provided a simplified means for attaching tub ends to the distal end of a
      tree, which involves no bolts, stay pins or other movable devices.
PAR  The tree 80 is pivotally mounted to the cross-brace 50 by means of a
      U-bracket 85 and pivot pin 86. At its center the tree 80 is tubular with a
      taper cut 83 at each end. Flat bars 87 are welded to the taper cuts and
      extend horizontally outward therefrom to form the flat ends 81. The taper
      cuts 83 prevent inward movement of the tugs. Rubber spacers 88 are
      provided between the tree and the U-bracket to eliminate noise.
PAC  OPERATION
PAR  Having described the parts of my improved show buggy, I will now describe
      their use. The shaves are attached to the buggy by setting the sockets 32
      on the proximal ends of each of the shaves over the steel balls 26 mounted
      on the axle, and pressing down on the shaves to compress the rubber ball
      40 until the steel ball is into the socket far enough to permit the clip
      pin 44 to pass through the slots 42 in the skirt of the socket and
      adjacent the neck 46 of the steel ball. With the clip pins 44 thus
      inserted the shaves are locked to the steel balls and when each of the
      shaves is thus attached to the buggy, the buggy is ready for harnessing to
      the horse.
PAR  Since show buggies are frequently transported on the top of cars, trucks or
      trailers following the show circuit, easy detachability and attachability
      of the shaves on the buggy is important.
PAR  The buggy is then drawn up on a harnessed horse and the shaves placed on
      each side of the horse. The harness is attached to the distal or forward
      ends of the shaves by wrapping tiedown straps around the cleats 22 and as
      the buggy is attached, the tugs on the harness are passed through the tug
      guides on each side of the horse and their ends attached to the tree 80 by
      pivoting the ends and passing them over the twisted portions at the distal
      ends 80 of the tree.
PAR  With the buggy thus connected with the horse, the shaves 10 will move
      freely to accommodate the position of the horse, even if the horse loses
      its footing and falls. The lateral twisting which would normally be
      transmitted through the shaves to the buggy when a horse falls is
      eliminated by the universal joint movement of the ball and socket joints
      24, and the risk of breaking the shaves or turning over of the buggy is
      largely eliminated. Moreover, the shaves can be readily released from the
      buggy by the driver merely reaching down to the front axle and pulling out
      the clip pins 44.
PAC  SECOND EMBODIMENT
PAR  In FIGS. 10-12 I show a second preferred embodiment of my invention in
      which only one center mounted shaft interconnects the horse and buggy. In
      this form, the shaft 90 is contoured to connect to the buggy axle 92 at
      its proximal end 93 and pass up and over the hind quarters of the horse
      and forward to the uppermost center point on the harness collar 94 at its
      distal end 96. The shaft 90 is formed entirely of steel tubing but is
      filled with styrofoam in the same manner as in my first embodiment to
      eliminate noise. At its proximal end 93 the shaft 90 is connected to the
      buggy 92 by ball joints 98. The ball joints 98 have the same construction
      as the ball joints 24 in my first embodiment. A mounting bar 99 extends
      between the balls joints 98 to form the rear portion of the shaft 90.
PAR  The distal or foward end 96 of the shaft 90 is attached to the harness by
      means of a ball and socket joint 102. The ball and socket joint 102 is
      also constructed the same as joint 24 in my first embodiment except that
      the steel ball is secured to the uppermost center point on the harness
      collar 94 and projects upwardly therefrom. A check rein cleat 107 is moved
      just forward of the steel ball.
PAR  The harness has breast straps 109 which extend down from the harness collar
      to resist rearward movement from the drag of the buggy. Rein loops 111 are
      provided on the sides of the harness collar to carry the reins. In this
      second embodiment, the harness is so modified that tugs and a whiffle tree
      are not required, thus the sides of the horse are open to view.
PAC  OPERATION OF SECOND EMBODIMENT
PAR  My second embodiment is connected to the buggy by the ball joints 98 in a
      manner similar to my first embodiment. The shaft 90 is positioned over the
      horse's back and the ball and socket joint 102 assembled by pressing the
      steel ball into the socket against the resilient urging of the rubber ball
      and locking it by inserting a clip pin 44. The reins then are passed
      through the loops in the harness collar and the harness tiedowns are
      secured to the distal end of the shaft.
PAR  If the horse should lose its footing and fall, the universal action of the
      ball and socket joints 98 and 102 prevents twist on the shaves sufficient
      to break them or overturn the buggy. As in my first embodiment, the ball
      joints 98 have pull pins so the shaves can be readily disconnected from
      the buggy by the driver.
PAR  Since the shaft in my second embodiment does not interfer with a side view
      of the horse, it is especially advantageous in show competition.
PAR  From this description it will be understood that I have provided a show
      buggy capable of attaining the objects and providing the advantages
      heretofore attributed to it. Particularly, my buggy has shaves which can
      replace the laminated hickory shaves presently in predominant use and
      avoid the damage to animals occasioned by the breaking of the hickory
      shaves. My shaft has greater strength than the hickory shaft and by reason
      of its ball and socket mounting on the buggy, or on harness of the horse,
      it gives the horse greater freedom and prevents overturn of the buggy if
      the horse should fall. My shaves permit quick disconnection from the buggy
      by the driver and by reason of their styrofoam filling and rubber ball
      resilient mounting, eliminate the noise usually present in metal shaves.
      Furthermore, my convenient cross-bar for mounting the tree, my cleats for
      attaching the shaft to the harness and my tug guides and my improved
      attachment structure for connecting the tug ends to the tree, all combine
      to provide a safe, inexpensive, versatile and visually pleasing show buggy
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved buggy comprising:
PA1  a chassis;
PA1  an axle connected to said chassis;
PA1  a pair of wheels connected to said axle;
PA1  elongated shaft means having a proximal end disposed for interconnection
      with said buggy chassis and a distal end disposed for interconnection with
      the harness on a draft animal; and
PA1  connector means interconnected with one of said ends of said shaft means
      for connecting said shaft means to said harness and said buggy chassis,
      said connector means including at least one universal joint having a steel
      ball, a socket disposed to receive said steel ball, a top opening in said
      socket, resilient means projecting into said socket through said top
      opening and engageable by said ball when disposed in said socket to urge
      said ball out of said socket, and releasable lock means interconnected
      with said socket and disposed to hold said ball in said socket against
      said resilient urging.
NUM  2.
PAR  2. An improved buggy as described in claim 1 in which:
PA1  said resilient means of said universal joint includes a compartment formed
      above said socket, and a rubber spacer disposed in said compartment with a
      portion projecting into said socket through said top opening.
NUM  3.
PAR  3. An improved buggy as described in claim 1, in which:
PA1  said lock means of said universal joint includes a neck on said steel ball
      adjacent the base thereof, a skirt on said socket disposed to surround
      said ball neck when said ball is near its point of maximum insertion into
      said socket, and a removable key interconnected with said skirt and
      disposable adjacent said ball neck to lock said ball in said socket.
NUM  4.
PAR  4. An improved buggy as described in claim 1, in which:
PA1  said elongated shaft means includes a shaft frame disposed to interconnect
      at said proximal end with each side of said axle and disposed to
      interconnect at said distal end to the upper center point of said harness,
      said shaft frame being contoured to pass upward from said axle and forward
      centrally over the back of a draft animal; and
PA1  said connector means includes a universal joint interconnected between said
      harness and the distal portion of said shaft frame.
NUM  5.
PAR  5. An improved buggy as described in claim 1, in which:
PA1  one of said universal joints interconnects the distal end of said shaft
      means to said harness.
NUM  6.
PAR  6. An improved buggy as described in claim 1, in which:
PA1  said shaft means includes a pair of elongated shaves disposed in spaced
      parallel and having proximal ends disposed adjacent the axle of said buggy
      and distal ends disposable on opposite sides of a draft animal; and
PA1  said connector means includes proximal end connectors interconnected
      between the proximal ends of said shaves and the axle of said buggy, said
      proximal end connectors each comprising a ball and socket joint, and
      distal end connectors disposed to interconnect the distal ends of said
      shaves to the harness of a draft animal, said distal end connectors
      including cleats mounted on the distal ends of said shaves to engage
      harness members and tug guides mounted on the distal ends of said shaves
      and disposed to movably pass harness members.
NUM  7.
PAR  7. An improved buggy as described in claim 6, in which:
PA1  said shaves have their proximal ends formed of metal tubing filled with a
      sound deadening material and their distal ends formed of cast metal and
      interconnected with the proximal ends; and
PA1  said cleats of said distal end connectors are cast in said distal ends.
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ABST
PAL  A telescopic safety steering column for motor vehicles which includes a
      steering wheel displaceable from its normal operating position relative to
      the outer steering column under energy absorption by the steering wheel
      and an energy-absorbing support of the outer column at a fixed vehicle
      part; this support being provided by an undulated tubular member which is
      arranged parallel to the center longitudinal axis of the safety steering
      column and is stable as regards its position while the fixing of the outer
      column is provided in proximity to the steering wheel by a guide strap
      which becomes ineffectual when the body of a vehicle passenger impinges
      against the steering wheel.
BSUM
PAR  The present invention relates to a telescopic safety steering column for
      motor vehicles with a steering wheel displaceable relative to the outer
      column under energy absorption by the steering wheel, and with an
      energy-absorbing support of the outer column at a fixed vehicle part.
PAR  Such a support is described in the German Offenlegungsschrift 2,227,327,
      whereby a slot is provided in a profiled plate which, in case of
      collision, is expanded by an engaging mandrel or pin projecting from a
      further plate. Since the two profiled plates must have a certain spacing
      from one another, various structural spacer parts are necessary which
      serve, in part, also for the guidance at the beginning of the
      displacement. Such a construction, however, is expensive and presupposes
      structural parts which are accurate as regards dimensions and tolerances.
PAR  It is the aim of the present invention to provide an energy-absorbing
      support which, compared to the prior art construction, has a construction
      that is simpler and more favorable as regards cost. In particular, the
      guidance at the beginning of the deformation phase is to take place by
      more simple means.
PAR  Accordingly, a telescopic safety steering column for motor vehicles with a
      steering wheel displaceable relative to the outer column under
      energy-absorption by the steering wheel and with an energy-absorbing
      support of the outer column at a fixed vehicle part is proposed whereby
      according to the present invention the support is provided by an undulated
      or corrugated tubular member which is stably arranged as regards its
      position in parallel to the center longitudinal axis of the safety
      steering column and whereby the fixing of the outer column is provided in
      proximity to the steering wheel by a guide clip, strap or collar which is
      put out of engagement in case of a body impact.
PAR  The use of an undulated or corrugated tubular member offers particular
      advantages since such tubular member represents a commercially available
      and thus price-favorable structural part. Additionally, an undulated or
      corrugated tubular member possesses a high absorption capacity.
PAR  In one preferred embodiment of the present invention, a bracket
      accommodating one end of the corrugated or undulated tubular member
      projects from the outer column, by means of which the corrugated or
      undulated tubular member is pressed against the fixed vehicle part --
      possibly under prestress or with play -- and a jacket-like casing partly
      surrounding the undulated or corrugated tubular member and adapted to be
      stressed in tension, is provided which is connected with the fixed vehicle
      part.
PAR  It is particularly favorable if the jacket-like casing is open toward the
      outer column and is constructed as guide slot, in which the bracket is
      guided safely against canting in case of impact.
PAR  According to a further feature of the present invention, the guide strap or
      collar may form a unit, together with the bracket, which commences to
      displace only upon reaching a predetermined load.
PAR  It may be of advantage if the displacement of the steering wheel relative
      to the outer column starts under energy absorption by the steering wheel
      with the exhaustion of the deformation capacity of the undulated or
      corrugated tubular member.
PAR  Accordingly, it is an object of the present invention to provide a
      telescopic safety steering column for motor vehicles which avoids by
      simple means the aforementioned shortcomings and drawbacks encountered in
      the prior art.
PAR  Another object of the present invention resides in a telscopic safety
      steering column for motor vehicles which is characterized by simplicity in
      structure and reliability of operation.
PAR  A further object of the present invention resides in a telescopic safety
      steering column for motor vehicles which is relatively inexpensive and
      avoids the need for costly structural parts with small tolerances.
PAR  Still another object of the present invention resides in a telescopic
      safety steering column of the type described above in which the guidance
      at the beginning of the deformation phase is to take place by relatively
      simple means.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a schematic elevational view of a telescopic safety steering
      column equipped in accordance with the present invention;
PAR  FIG. 2 is an enlarged cross-sectional view illustrating the details of the
      parts indicated by the dash and dot circle I of FIG. 1; and
PAR  FIG. 3 is a partial cross-sectional view taken along line III--III of FIG.
      2.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, the telescopic
      safety steering column generally designated by reference numeral 1 which
      is illustrated in FIG. 1, essentially consists of a steering wheel 2 with
      an adjoining deformation member 3 of conventional type. An outer column 4
      which may be constructed so as to be telescopically retractable, surrounds
      a steering spindle 5 connected with the steering wheel 2 in a known manner
      not shown and variable in its effective length by conventional means. The
      outer column 4 is connected with a fixed vehicle part generally designated
      by reference numeral 7 by way of a guide strap, bar or collar 6, whereby
      the fixed vehicle part 7 is constructed in the illustrated embodiment as
      braced cross bearer 8.
PAR  The construction and operation of the guide strap 6 is visible from FIGS. 2
      and 3. A tear-off or shear-off nut 10, provided with notches or with a
      groove 9 extending along the entire circumference, accommodates between
      itself the guide strap 6 provided with an elongated guide slot 11, whereby
      elements 12, acting as shearing pins and produced preferably by spray
      method, effect a connection between the guide strap 6 and the shear-off
      nut 10. The nut 10 is secured at the cross bearer 8 by means of a bolt 13.
PAR  The guide strap 6 forms a part of a bracket 14 whereby an undulated or
      corrugated tubular member 16, which is stable as regards its position and
      extends in parallel to the center longitudinal axis of the safety steering
      column 1, is arranged between the bracket 14 and a fixed vehicle part 15.
      A jacket-like casing or cover 17 is disposed partly about the corrugated
      or undulated tubular member 16 and extends below the same in proximity to
      the fixed vehicle part 15. From there, the jacket-like casing 17 opens
      into a guide slot 18, not shown in detail herein, into which engages the
      bracket 14. The jacket-like casing 17 is additionally connected to the
      cross bearer 8 so that an element results which can be stressed in
      tension.
PAR  As a result of the abutment of the end part of the guide slot 11 at that
      part of the indicated notch or groove 9 of the tear-off or shear-off nut
      10, which is indicated by the lead line of reference numeral 9 in FIG. 2,
      the steering column 1 cannot displace itself in the direction toward the
      vehicle passenger space in case of an accident. Only in case of a body
      impact against the steering wheel 2, the elements 11 are sheared off and
      the bracket 14 moves forwardly. The guide slot 11 thereby moves along the
      tear-off or shear-off nut 10 and is thereupon released. A further lateral
      guidance, however, continues to be assured in that the bracket 14 during
      its forward movement and during the compression of the undulated tubular
      member 16, which is connected therewith (not shown), is moved along in the
      guide slot 18 safe against canting. The end of this deformation phase is
      reached when the steering wheel and the bracket 14 have assumed the
      position indicated in dash and dot lines. If the body impact energy has
      not yet been reduced up to this instant to a tolerable extent, then the
      deformation of the deformation member 3 may now take place in a known
      manner.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all those changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a telescopic safety steering column for motor vehicles which includes
      an outer column means, a steering wheel displaceable relative to said
      outer column means under energy absorption, and energy-absorbing support
      means for supporting said outer column means at a fixed vehicle part, the
      improvement comprising said energy-absorbing support means including an
      undulated tubular member stably arranged parallel to the center
      longitudinal axis of said safety steering column, and fixing means for
      fixing said outer column means to said fixed vehicle part in proximity to
      said steering wheel, said fixing means including guide means for guiding
      said tubular member with respect to said axis upon impact against said
      steering wheel, characterized in that the guide means includes a guide
      strap, and characterized in that a bracket means which accommodates one
      end of the tubular member projects from the outer column means, the
      tubular member being pressed against the fixed vehicle part by said
      bracket means, and in that a cover means partly surrounding the tubular
      member and stressable in tension is provided which is connected with the
      fixed vehicle part.
NUM  2.
PAR  2. A telescopic safety steering column according to claim 1, characterized
      in that the tubular member is pressed under prestress against the fixed
      vehicle part by said bracket means.
NUM  3.
PAR  3. A telescopic safety steering column according to claim 1, characterized
      in that the cover means is open in the direction toward the outer column
      means and is constructed as guide slot in which the bracket means is
      guided safely against canting in case of an inpact.
NUM  4.
PAR  4. A telescopic safety steering column according to claim 3, characterized
      in that the guide means forms a unit together with the bracket means which
      commences to be displaced only upon reaching a predetermined load.
NUM  5.
PAR  5. A telescopic safety steering column according to claim 4, characterized
      in that the displacement of the steering wheel relative to the outer
      column means under energy absorption starts upon exhaustion of the
      deformation capacity of the tubular member.
NUM  6.
PAR  6. A telescopic safety steering column according to claim 5, characterized
      in that the tubular member is being pressed under prestress against the
      fixed vehicle part by said bracket means.
NUM  7.
PAR  7. In a telescopic safety steering column for motor vehicles which includes
      an outer column means, a steering wheel displaceable relative to said
      outer column means under energy absorption, and energy-absorbing support
      means for supporting said outer column means at a fixed vehicle part, the
      improvement comprising said energy-absorbing support means including an
      undulated tubular member stably arranged parallel to the center
      longitudinal axis of said safety steering column, and fixing means for
      fixing said outer column means to said fixed vehicle part in proximity to
      said steering wheel, said fixing means including guide means for guiding
      said tubular member with respect to said axis upon impact against said
      steering wheel, characterized in that a bracket means which accommodates
      one end of the tubular member projects from the outer column means, the
      tubular member being pressed against the fixed vehicle part by said
      bracket means, and in that a cover means partly surrounding the tubular
      member and stressable in tension is provided which is connected with the
      fixed vehicle part.
NUM  8.
PAR  8. A telescopic safety steering column according to claim 7, characterized
      in that the tubular member is pressed under prestress against the fixed
      vehicle part by said bracket means.
NUM  9.
PAR  9. A telescopic safety steering column according to claim 7, characterized
      in that the cover means is open in the direction toward the outer column
      means and is constructed as guide slot in which the bracket means is
      guided safely against canting in case of an impact.
NUM  10.
PAR  10. A telescopic safety steering column according to claim 7, characterized
      in that the guide means forms a unit together with the bracket means which
      commences to be displaced only upon reaching a predetermined load.
NUM  11.
PAR  11. A telscopic safety steering column according to claim 10, characterized
      in that the displacement of the steering wheel relative to the outer
      column means under energy absorption starts upon exhaustion of the
      deformation capacity of the tubular member.
NUM  12.
PAR  12. A telescopic safety steering column according to claim 11,
      characterized in that the displacement of the steering wheel relative to
      the outer column means under energy absorption starts upon exhaustion of
      the deformation capacity of the tubular member.
NUM  13.
PAR  13. In a telescopic safety steering column for motor vehicles which
      includes an outer column means, a steering wheel displaceable relative to
      said outer column means under energy absorption, and energy-absorbing
      support means for supporting said outer column means at a fixed vehicle
      part, the improvement comprising said energy-absorbing support means
      including an undulated tubular member stably arranged parallel to the
      center longitudinal axis of said safety steering column, and fixing means
      for fixing said outer column means to said fixed vehicle part in proximity
      to said steering wheel, said fixing means including guide means for
      guiding said tubular member with respect to said axis upon impact against
      said steering wheel.
NUM  14.
PAR  14. A telescopic safety steering column according to claim 13 characterized
      in that the guide means includes a guide strap.
NUM  15.
PAR  15. A telescopic safety steering column according to claim 13,
      characterized in that said guide means guides said tubular member only
      upon said impact.
NUM  16.
PAR  16. A telescopic safety steering column according to claim 13,
      characterized in that said guide means includes frangible members for
      releasing said outer column means from a fixed position with respect to
      said fixed vehicle part upon said impact such that said tubular member is
      guided in deformation by said guide means.
NUM  17.
PAR  17. A telescopic safety steering column according to claim 13,
      characterized in that said tubular member is deformed upon said impact in
      the direction of said impact.
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ABST
PAL  A motor vehicle frame assembly particularly adapted to support rear loading
      and provide antisway characteristics. The side rail of a motor vehicle
      main frame structure has a rear kick-up portion which extends to the rear
      end of the side rail, and a frame member is pivotally attached to the side
      rail, the frame member extending downwardly and outwardly from the kick-up
      portion. The rear axle of the motor vehicle is attached to the frame
      member near its rear end portion, providing rearward support for rear
      loading of the motor vehicle. A spring is interposed between the rear end
      portion of the frame member and the underside of the motor vehicle
      outwardly of the kick-up portion, providing antisway characteristics for
      the motor vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The invention is in the field of land vehicles with roll responsive rocking
      axles for body banking.
PAR  2. Description of the Prior Art:
PAR  In the past, various vehicle stabilizer assemblies have been proposed,
      these being variously spring and shock absorber systems. Examples of such
      stabilizer assemblies may be found in U.S. Pat. Nos. 3,140,098 to
      Broadwell; 3,397,895 to Kuniskis; 3,423,099 to Mars; and 3,572,746 to
      Mueller. A hydraulic leveling device which includes a longitudinally
      extending control arm pivotally attached to a frame side rail is disclosed
      in U.S. Pat. No. 3,123,349 to Cislo.
PAR  With the advent of slide-in campers, as well as fifth wheel campers and
      trailers, the rear loading requirements for pickup trucks and other motor
      vehicles have increased. In addition to the normal expedients of
      modifications to the spring and shock absorber systems, antisway
      mechanisms, such as disclosed in the above-cited patents, have been
      introduced. So far as applicant is aware, however, means have not been
      provided for better weight distribution of the rear loading relative to
      the rear axle in combination with changes and improvements to the
      springing of the rear load of a motor vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  One embodiment of the present invention is a frame assembly for a motor
      vehicle comprising a main frame structure, including a side rail having a
      rear kick-up portion which extends to the rear end of the side rail, and a
      frame member, pivotally attached to the side rail, extending rearwardly
      and positioned lower than the kick-up portion, the rear axle of the motor
      vehicle being attached to the frame member adjacent the rear end of the
      frame member.
PAR  It is an object of the present invention to provide new points of balance
      and weight distribution for the axles of a motor vehicle.
PAR  It is a further object of the present invention to reduce road sway,
      particularly in heavily rear-loaded motor vehicles.
PAR  Further objects and advantages of the present invention shall be apparent
      from the following detailed description and accompanying figures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a pickup truck and camper with a portion of the
      rear of the truck in the area of the rear axle removed to show the frame
      assembly.
PAR  FIG. 2 is an enlarged view of the portion of the frame assembly of FIG. 1.
PAR  FIG. 3 is a top view of a portion of the rear axle, the kick-up portion of
      the side rail and the pivotally attached frame member of the frame
      assembly of FIGS. 1 and 2.
PAR  FIG. 4 is a rear view of the portion of the assembly of FIG. 3 and
      including the spring.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For the purposes of promoting an understanding of the principles of the
      invention, reference will now be made to the embodiment illustrated in the
      drawings and specific language will be used to describe the same. It will
      nevertheless be understood that no limitation of the scope of the
      invention is thereby intended, such alterations and further modifications
      in the illustrated device, and such further applications of the principles
      of the invention as illustrated therein being contemplated as would
      normally occur to one skilled in the art to which the invention relates.
PAR  Referring in particular to FIGS. 1 and 2, there is shown a pickup truck 10
      having a camper mounted thereon. Truck 10 has a main frame structure whose
      rear portion 13 includes side rail 12 with kick-up portion 11. Kick-up
      portion 11 extends to the rear of the motor vehicle rather than assuming
      the standard configuration wherein the kick-up portion returns to its
      lower level at the rear of the vehicle. A lower frame member 16 is
      pivotally attached to side rail 12 by pin 14. The vehicle rear axle and
      axle housing 17 is attached to frame member 16 by U-bolts 18 and 19 (FIGS.
      2 and 4) and nuts such as 21. The bottoms of U-bolts 18 and 19 pass
      through plate 20, which bears against the bottom of frame member 16 and is
      held in place by nuts 21 on bolts 18 and 19.
PAR  The pivotal attachment between side rail 12 and frame member 16 is shown
      most clearly in FIGS. 2 and 3. Pivot pin 14 extends through both frame
      member 16 and side rail 12, with pads 22 and 23 welded inside side rail 12
      as shown. Pin 14 is centered within a Teflon bushing 25, welded pads 22
      and 23, side rail 12, and frame member 16. As used herein, Teflon shall
      mean a synthetic fluorine-containing resin. Frame member 16 is shaped, in
      the area of pivot pin 14, so as to fit around the outside of side rail 12
      on its sides and is pivotally attached on pin 14. Frame member 16,
      therefore, is free to pivot in an arc upward and downward, and rear axle
      17, being rigidly attached to frame member 16, also travels in this arc.
PAR  Teflon bushing 25 surrounds pin 14 within side rail 12 and includes a
      flanged end portion 31 disposed between the outside of side rail 12 and
      the inside of frame member 16. Bushing 25 is positioned through side rail
      12, extending through welded pads 22 and 23, and the flanged portion 31 of
      bushing 25 is located on the outside of side rail 12. A Teflon washer 25'
      is fitted over the opposite end of bushing 25 outside the opposite side of
      side rail 12. Frame member 16 is then positioned over side rail 12 in the
      vicinity of the pivotal attachment, aligning holes in frame member 16 with
      the center opening through bushing 25, and pin 14 is inserted through the
      frame member and side rail 12. Nuts 30 are then attached to pin 14 to
      retain pin 14 within frame member 16 and side rail 12. The surface of nuts
      30 adjacent frame member 16 may include a Teflon layer or, alternatively,
      an additional Teflon washer may be positioned between retaining nuts 30
      and frame member 16.
PAR  A frame member similar to frame member 16 on the opposite side of vehicle
      10 is pivotally attached to a similar side rail and the opposite side of
      the frame assembly is essentially a mirror-image of the suspension and
      framing arrangement as shown for the side of vehicle 10 illustrated in
      FIG. 1. Consequently, a detailed description of the opposite side of the
      frame assembly shall not be provided, it being understood that the
      description of the details of the rear frame assembly are essentially the
      same for both sides of the motor vehicle.
PAR  Referring now to FIGS. 2 and 4, there is also shown a spring 33 attached at
      its lower end to frame member 16 within spring holder 24. The top of
      spring 33 is received in spring holder portion 26 of spring-frame hanger
      32 which is welded to frame kick-up portion 11 (FIGS. 2, 3 and 4). The
      spring and spring holders are located laterally outward from the position
      of frame side rail 12 due to the outward flare of frame member 16 as shown
      in FIGS. 3 and 4. A suitable shock absorber may be coupled between frame
      member 16 and side rail 12. The location of spring 33 outward of the main
      frame assists in increasing the anti-sway characteristics of the vehicle.
      Also, as can be seen from FIGS. 1 and 2, the rear axle 17 of the motor
      vehicle is placed further to the rear than on a conventional motor
      vehicle, this positioning being possible because the kick-up portion 13 of
      side rail 12 extends all the way to the rear of the vehicle.
PAR  It can be seen that a motor vehicle rear frame assembly has been provided
      which provides new points of balance and weight distribution for a motor
      vehicle.
PAR  It can also be seen that a motor vehicle rear frame assembly has been
      described which reduces road sway, particularly in heavily rear loaded
      motor vehicles.
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation in
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A frame assembly for a motor vehicle comprising:
PA1  a main frame structure having a motor vehicle body affixed thereto and
      including a pair of side rails having a rear kick-up portion which extends
      rearwardly along the side rail, the body extending rearwardly and
      downwardly from the kick-up portion,
PA1  a pair of frame members pivotally attached to the side rails, each frame
      member extending rearwardly and positioned lower than the kick-up portion
      of the side rail to which it is attached, the rear axle of the motor
      vehicle being attached to the frame members near the rear ends of the
      frame members; and
PA1  a pair of springs, each spring of said pair being positioned between the
      rear end of one of said frame members and the underside of the rear end of
      the body behind the rear axle, said springs transmitting the weight of the
      rear end of the vehicle from points behind said axle, through the rear
      ends of said frame members to said axle to inhibit pitching motion of said
      body;
PA1  said frame members extending outwardly from their point of attachment to
      the kick-up portion as well as downwardly and rearwardly from their point
      of attachment to a level below the kick-up portion of the side rails, the
      assembly further comprising a pair of spring holders, one of said spring
      holders being rigidly attached to each of said side rails at a point
      laterally outside of the side rail and directly under the body behind the
      rear axle, each of said springs having a lower end mounted to one of said
      frame members at the rear end thereof and an upper end received in one of
      said spring holders, the lower ends of said springs being horizontally
      spaced from each other a greater distance than the spacing between said
      side rails at said spring holders to inhibit lateral roll motion of said
      body.
NUM  2.
PAR  2. A frame assembly for a motor vehicle comprising:
PA1  a main frame structure having a truck body affixed thereto and including a
      pair of side rails having a rear kick-up portion which extends to the rear
      end of the side rail, the truck body having a camper secured thereto and
      projecting rearwardly therefrom, the camper projecting downward behind
      said truck body and main frame structure and rearwardly therefrom,
PA1  a pair of frame members pivotally attached to the side rails, each frame
      member extending rearwardly and positioned lower than the kick-up portion
      of the side rail to which it is attached, the rear axle of the motor
      vehicle being attached to the frame member near the rear ends of the frame
      member; and
PA1  a pair of springs, each spring of said pair being positioned between the
      rear end of one of said frame members and the underside of the rear end of
      the truck body behind the rear axle, said springs transmitting the weight
      of the rear end of the vehicle from points behind said axle, through the
      rear ends of said frame members to said axle;
PA1  said truck body being a pickup truck body, and the frame members extending
      outwardly from their point of attachment to the kick-up portion as well as
      downwardly from their point of attachment to a lever below a kick-up
      portion of the side rails, the assembly further comprising a pair of
      spring holders, one of said spring holders being rigidly attached to each
      of said side rails at a point laterally outside of the side rail and
      directly under the rear end of the pickup truck body, each of said springs
      having a lower end mounted to one of said frame members at the rear end
      thereof and an upper end received in one of said spring holders.
NUM  3.
PAR  3. The assembly of claim 2 in which each of the frame members, at its pivot
      point, is shaped to fit over the sides of the side rail to which it is
      pivotally attached, the assembly further comprising a pivot pin extending
      laterally through the side rail and frame member at each of the pivot
      points, a low friction surface bearing means located between each side of
      each of the side rails and the rail side facing surfaces of the frame
      member fitting thereover and extending around the pin to maintain low
      friction alignment between said frame members and side rails during
      pivoting.
NUM  4.
PAR  4. The assembly of claim 3 in which a bushing is positioned over the pin,
      and said bearing means are spacer elements.
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ABST
PAL  In a vehicle banking arm suspension structure the superstructure supported
      end of each banking arm employing a flexible torsion spring member and
      multiturn cushions, is carried by an intermediate mounting member which
      serves to simultaneously windup and bring under pressure all resilient
      members placed within the banking arm, preferably assembled in advance of
      connecting the mounting member to the superstructure.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application refers to descriptive material disclosed in the U.S. Pat.
      No. 3,,826,514 (Single Leaf Truss), and applications Ser. No. 324,754,
      applied for on Jan. 18, 1973 (Torque Control Pivot), Ser. No. 451,744
      applied for on Mar. 18, 1974 (Cushion Pairs) and Ser. No. 509,830, applied
      for on Sept. 27, 1974, (Flat Cushions).
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention pertains to the suspension structure for automotive vehicles
      and the like, and in particular to an improved vehicle roll banking arm
      construction for resiliently supporting the superstructure of curvebank
      cars to secure inward leaning of the superstructure during curve ride of
      the vehicle. The subject matter of this invention pertains to the mounting
      process of connecting the banking arms to the vehicle superstructure while
      controlling and gradually overcoming the resistance of the related
      resilient means incorporated within the banking arms whereby the resulting
      forces are finally balanced by the essentially static height weight of the
      superstructure.
PAR  2. Description of the Prior Art:
PAR  The development of a practical inexpensive vehicle suspension linkage
      system causing the superstructure to lean inwardly during curve ride has
      been the work of this inventor over a period of many years and the subject
      matter of many U.S. and Foreign Patents issued to him.
PAR  Citing only those patents which are still in force and which might assist
      in the better understanding of the subject matter, they include the
      following:
PA1  U.s. pat. No. 2,739,823 3/27/56 (Power Assist Banking)
PA1  U.s. pat. No. 2,820,646 1/21/58 (Banking Shackles)
PA1  U.s. pat. No. 3,181,883 5/4/65 (Rubber Cushions)
PA1  U.s. pat. No. 3,556,553 1/19/71 (Polyurethane)
PA1  U.s. pat. No. 3,726,542 4/10/73 (Rigid Front Axle)
PAR  In all of the banking suspension structures disclosed in the patents cited
      above, the method used of connecting the structures to the related
      superstructure districts was one of gaining windup degrees step by step
      with intermediate blocking against loss of windup degrees.
PAR  There has been a need in this development for a more practical method of
      assembly than that employed with these former structures.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out the present invention, a so-called windup arm is placed
      between the superstructure supported end of a related banking arm and the
      superstructure itself. This windup arm extends substantially transversely
      of the vehicle and below its superstructure floor from the floor center
      section outwardly towards the nearest lower body side rail. Each end of
      the windup arm is bolted to its respective vehicle body support by a
      longitudinally extending easily removable connecting bolt. The windup arms
      serve as a means to set the resilient members, forming a part of the
      related banking arms, under pressure up to the degree needed to lift the
      vehicle superstructure into its designed static height position. Before
      the pressure activation of the windup arms as described hereinafter is
      begun, all structural members of the whole front and rear suspension
      assembly may first be interconnected with their neighboring members, the
      windup arms and with their respective axles to form the banking arms
      thereafter.
PAR  The insertion of the multiturn cushions can easily take place during the
      assembly process, since the respective operating and carrying plates will
      stary parallel to each other.
PAR  The suspension assemblies may now be positioned below the superstructure,
      and, depending on the rotational direction chosen for the selected leaf
      spring windup typical for the planned suspension, one end of the windup
      arm will be connected by the respective bolt to the superstructure, while
      the respective other end of the windup arm will take a position inclined,
      hanging downwardly to the work floor at a sufficiently large angle to
      cover the full range of said desired systems windup. The lifting of the
      respective other end of the windup arm by means of a car jack into a
      position securing an essentially horizontal arm position, makes the
      insertion of the respective second connecting bolt into the related windup
      arm end possible. A substantially simultaneous insertion of the two
      connecting bolts for at least one pair at a time of the related vehicle
      banking arms eliminates the need for blocking any side pull of one banking
      arm caused by the other, during the mounting process.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate the best mode presently contemplated
      of carrying out the invention.
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a vehicle chassis embodying the invention
      and showing the superstructure in a normal upright position.
PAR  FIG. 2 is a perspective detailed view of a left-hand front end banking arm
      shown as it fits into the related banking arm curvebank geometry pattern,
      selected for this invention.
PAR  FIG. 3 is a schematic front elevation of the front end of the vehicle
      having its superstructure mounted as shown in FIG. 1 and turned into a
      roll banked position, and in particular illustrating the windup arm
      mounting members positioned in accordance with this invention.
PAR  FIG. 4 is a perspective detailed view of an end connection between a windup
      arm and the superstructure and comprising adjustment means for final
      positioning, controlling both wheel base and degree of torsional windup
      within the banking arm suspension system.
PAR  FIG. 5 is a side view of a multiturn cushion, provided with voids
      positioned to regulate the deformation of the cushion.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the "Cross References to Related Patent Applications" cited
      above, both the "Cushion Pairs" and "Flat Cushions" constructions are
      especially suited for the application of the windup arm principle of this
      invention. The preferred embodiment illustrated and described hereinafter
      is that related to the "Flat Cushions" disclosure.
PAR  FIG. 1 illustrates a vehicle body or superstructure having a chassis or
      body support frame 1 supported by the wheels 2 on the road. The wheels are
      arranged in pairs, one pair at the front and the other pair at the rear
      end of the vehicle. The wheels of each pair are disposed on opposite sides
      of the superstructure and are equally spaced from the longitudinal,
      vertical center plane of the vehicle.
PAR  The front wheels 2 are each, in the modification illustrated, carried by a
      wheel spindle member 3 pivotally connected by a kingpin 4 to the outer,
      elevated end 5 of a rigid axle 6 extending transversely between the front
      wheels 2.
PAR  The rear wheels 2 are carried by a rigid axle housing structure 7. The
      front axle 6 and the rear axle housing structure 7 each support the
      respective outer ends of a related pair of roll banking arms 8 which in
      turn at their inner ends support the frame 1. Each banking arm comprises a
      torsionally operated leaf spring 9, preferably in form of a single leaf
      connected at its inner end by a support bracket 10 supporting the banking
      arm ball and socket joint 11, which in effect connects said end of the
      banking arm 8 to the frame 1. The outer end of the respective leaf spring
      9 is held by the support bracket 12 for the support of the banking arm
      ball and socket joint 13, which connects said end of the banking arm 8 to
      the rigid axle 6 in the front, and to the rigid axle housing structure 7
      in the rear of the vehicle, respectively.
PAR  Each support bracket 10 extends substantially horizontally and diagonally
      away from the related ball and socket joint 11 in both directions along a
      straight axis line, forming two support half arms 14 and 15, whereby the
      half arm 14 extends from the ball joint 11 inwardly towards the front
      wheel located at the other side of the vehicle, while the other support
      half arm 15 extends along the extension of the support half arm 14
      outwardly and backwardly towards the outer center district of the vehicle.
PAR  Each support half arm 14 is shaped at its end into an operating plate 16,
      which supports from below a multiturn cushion 17 of substantially
      rectangular but preferably somewhat bent sectional outline and positioned
      essentially parallel to the roadbed and inclined to the longitudinally and
      vertically extending center plane of the vehicle at an angle of
      approximately 45.degree.  as measured between its long side and the
      vehicle center plane. An upper carrier plate 18 covers the multiturn
      cushion 17 from above and is in effect carried by a part of the frame 1.
PAR  A second multiturn cushion 19, supported from above by an operating plate
      20 and carried from below by a carrier plate 21 is positioned at the end
      of the support half arm 15 with all related short edges of the cushion 19
      extending parallel to those of the multiturn cushion 17. The related
      longitudinally extending edge lines of the cushions 17 and 19 have their
      bent sectional outlines arranged in opposite directions relative to each
      other. The carrier plate 21 is supported from below in effect by a part of
      the vehicle frame 1. The distance between the centers of the multiturn
      cushions 17 and 19 is approximately one-third to one-half of the distance
      between the ball joints 11 and 13, with the ball joint 11 preferably
      placed at an equal distance between the cushions 17 and 19. The cushions
      17 and 19 are referred to hereinafter as "bent cushion pairs."
PAR  Each support axle bracket 12 is connected in its central section to the end
      of the torsionally operated leaf spring 9 and extends substantially
      horizontally and transversely away from said connection in both directions
      forming two support half arms 22 and 23, whereby the half arm 22 extends
      outwardly towards the nearest wheel 2, and carries at its end the ball and
      socket joint 13 which is connected to the bracket 24 supported by the
      respective rigid axle structure 6, 7. The half arm 23 is shaped at its end
      into an operating plate 25 against which the multiturn cushion 26 rests
      from below. A carrier plate 27 supports the multiturn cushion 26 from
      below and is itself carried by the respective vehicle axle structure 6, 7.
PAR  The multiturn cushion 26 extends in the modification illustrated in FIG. 1
      as appearing in side view with its longer side longitudinally of the
      vehicle and is positioned inclined to the road at an angle of
      approximately 30 degrees, with its lower edge of its lower surface placed
      somewhat farther away from the respective axle 6, 7, than its respective
      upper edge. Such positioning of the cushion results in a wind-down of the
      spring leaf 9 when located on the curve outside during curve banking. A
      change in inclination of the multiturn cushion 26 from one directed to the
      center district of the vehicle to one directed towards the end section of
      the vehicle would result in additional leaf windup.
PAR  Each axle 6 and 7 carries an upwardly directed arm 28 which supports on its
      ring formed upper end two bushings of resilient material 29 which are
      resting between the two enclosure discs 30 and which are kept under
      pressure by a bolt 31 with corresponding regulatory end nuts 32. Each
      support bracket 12 also carries an upwardly directed arm 33 which
      pivotally receives at its upper end the extended bolt 31. The pivotal
      assembly as a whole constitutes a so-called torque control pivot 34 which
      is selectively positioned to control any tendency of the related axle 6,
      7, to rotate about its axis line 35 interconnecting the centers of the
      respective banking arm ball and socket joints 13, located on either side
      of the vehicle and supported by the related axles in response to
      vertically directed wheel load reaction forces. Torque control pivots and
      their functions are disclosed in the pending U.S. application Ser. No.
      324,754, referred to above.
PAR  The tendency of the torsionally operated leaf spring 9 to bend in reaction
      to forces present in the system is overcome or controlled by the addition
      of a truss cable 36 arranged below and extending between the respective
      support brackets 10 and 12 for each spring leaf, whereby a truss column 37
      is positioned between the spring leaf 9 and the truss cable 36. Single
      leaf truss structures and their functions are disclosed in the U.S. Pat.
      No. 3,826,514, referred to above.
PAR  FIG. 1 further illustrates, schematically only, the front wheel steering
      linkage as it is recommended for a curvebank vehicle comprising a rigid
      front axle. The linkage comprises the horizontally extending lever 38
      which might be considered the Pitman arm of the steering gear mechanism
      enclosed by a gear housing (not shown) mounted on the frame 1 to locate
      the arm as illustrated.
PAR  The outwardly extending lever arm 38 is pivotally connected at its outer
      end to a tie rod 40 supported by the lever arm 41 which is pivotally
      supported by the vertically extending pivot 42 carried in effect by the
      frame 1. The lever arm 41 also carries the backward end of the steering
      drag link 43 whose forward end is connected to the spindle arm 44, which
      extends into the steering arm 45. A cross steering tie rod 46 extends
      between the steering arm 45 and the corresponding steering arm located on
      the other side of the vehicle. All tie rod and drag link ends are also
      connected to their respective support arms by the ball and socket joints
      47.
PAR  Each of the two support brackets 10 located on one side of the vehicle also
      carry an arm 48 extending sidewardly in a direction opposite to each other
      in relation to the two end sections of the vehicle, whereby each of said
      arms carries a ball and socket joint 49 on its free end, supporting the
      ends of a front to rear tie rod 50 arranged to secure lateral operation in
      unison of the front and rear pairs of banking arms 8 during the roll turn
      of the superstructure into a banked position.
PAR  Each vehicle frame end supports a sway bar 51 as illustrated in FIGS. 1 and
      2 in bushings 52 with the longitudinally extending sway bar arms 53
      connected by the resilient bushings 54 at their upper ends to the sway bar
      shackles 55 which are connected by the resilient bushings 56 at their
      lower ends to the respective axle carried support brackets 57.
PAR  As stated above, the rearward ends of the vehicle front pair of banking
      arms 8 and the forward ends of the vehicle rear pair of banking arms 8 are
      "IN EFFECT" connected to the vehicle superstructure frame. The structural
      execution of these banking arm-to-superstructure connections and their
      functions within the banking suspension system are considered the subject
      matter of this invention. FIG. 1 illustrates the banking arm ball and
      socket joint 11 as well as the carrier plates 18 and 21 for each of the
      four vehicle banking arms as connected to its own newly introduced windup
      arm 58.
PAR  This windup arm 58 extends, as stated previously, substantially
      transversely of the vehicle and below its superstructure floor section 59
      from the central part 39 of frame 1 outwardly toward the nearest lower
      body side rail 60 of frame 1. Each end of the windup arm 58 is shown as
      secured to its respective vehicle body support 39, 60 by a longitudinally
      extending easily removable connecting bolt 61. The related carrier plate
      18 transfers the load force exerted on it by the related multiturn cushion
      17 from below to the windup arm 58, and the related carrier plate 21
      transfers the load force exerted on it by the related multiturn cushion 17
      from below to the windup arm 58, and the related carrier plate 21
      transfers the load force exerted on it by the related multiturn cushion 19
      from above to the windup arm 58. Both forces combine to create a
      rotational torque about the ball and socket connection 11 disposed
      generally centrally of the windup arm.
PAR  FIG. 2 is a perspective view of the left-hand front banking arm illustrated
      in FIG. 1, wherein the functioning and service rendered by the newly
      introduced windup arm 58 is more clearly graphically explained and wherein
      outlines related to the geometry pattern as well as a variation of the
      connection between the forward end of the banking arm and the related
      rigid front axle are added. Numerals identical to those given to
      structural elements shown in FIG. 1 have been applied in FIG. 2.
PAR  The connection shown in FIG. 2, between the forward end of the banking arm
      8 and the rigid vehicle front axle 6 comprises a pair of polyurethane
      based multiturn cushions similar to those disclosed in the application
      "Cushion Pairs," referred to above. The support bracket 62 is carried by
      the ball and socket joint 13 which is in turn carried by the front axle 6.
      Bracket 62 supports an outer operating plate 63 supporting the multiturn
      cushion 64 from below, and an inner operating plate 65 supporting a
      multiturn cushion 66 from above. The respective cushion carrier plates 67
      and 68 are carried by the front axle 6. Having in this arrangement all
      vehicle superstructure supporting forces operative in a vertical direction
      guided through four approximately 2.5 inches thick layers of polyurethane
      per banking arm, and only the forces active in a horizontal plane such as
      the drive created forces guided through the two related ball and socket
      joints per banking arm, secures an excellent and nearly completely metal
      free double layer insulation between the superstructure and the roadbed.
PAR  As shown in FIG. 2, removable connecting bolts 61 are carried by the pivot
      support yoke brackets 69. A cross plate 70 provided with a tapered hole is
      carried within the central section of the windup arm 58 and carries the
      ball and socket joint 11. The carrier plate 18 against which the multiturn
      cushion 17 rests from below carries the windup arm bracket 71 which in
      turn is carried by the windup arm 58. The carrier plate 21 against which
      the multiturn cushion 19 rests from above is carried by the windup arm
      bracket 72 which is also carried by the windup arm 58. The banking arm
      ball and socket joint 11 and the two windup arm brackets 71 and 72 thereby
      constitute the means of connecting the related end of the banking arm 8
      "in effect" to the vehicle superstructure.
PAR  The windup arm 58, once bolted and rigidly secured to the superstructure
      cannot be considered a part of the related banking arm 8 anymore. It is
      incorporated into the vehicle frame or body structure as a means to
      simultaneously bring all related banking arm and axle structures and the
      resilient means carried by them into the vehicle static height position
      and under the pressures. The arrangement greatly simplifies the mounting
      and dismounting of the curvebank car suspensions, a task previously done
      on a step by step basis, whereby initial pressures created by earlier
      steps interfered with and repeatedly brought out of alignment part
      sections of the related banking arm, calling for outside initiated counter
      pressures and intermediate blocking procedures. Where replacement of parts
      became necessary the same difficult time consuming and expensive process
      was called for, with unwanted yieldings, sometimes constituting an element
      of danger for a mechanic not familiar with the structure as a whole.
PAR  As FIG. 2 indicates, when the superstructure is suspended from above, the
      removal of the outer connecting bolt 61 will permit the outer end of the
      windup arm 58 to be lowered, turning around the inner connecting bolt 61
      until the arm 58 is moved into a downwardly inclined position, with the
      spring leaf 9 completely freed of torsional windup and all multiturn
      cushions having lost their compression. At that time, the removal of any
      or all multiturn cushions or banking arm ball joints 11, 13, or their
      re-insertion before re-windup can take place free from pressures. Lifting
      the low end of the windup arm as for instance with use of a hydraulic car
      jack, and inserting the respective connecting bolt especially if done on
      both sides of the vehicle simultaneously will avoid the build-up of any
      asymetrical pressures. Complete pre-assembly of both pairs of banking arms
      8 can be done on work tables, including their inner bolt connections to
      the related windup arms 58.
PAR  Where the selected suspension structure calls for a windup of the end of
      the leaf spring 9 near its superstructure supported end in a clockwise
      direction, as viewed by the driver, the inner end of the windup arm has
      first to be connected by the respective bolt 61 to the superstructure. The
      outer end of the windup arm, shown as hanging downwardly in dotted outline
      73 in FIG. 2 will then be lifted to bring the arm 58 into the desired
      horizontal position.
PAR  When serving a suspension system such as that disclosed in the application
      "Cushion Pairs," referred to above, wherein for the left front banking arm
      the windup of the related leaf spring end is counter-clockwise, as viewed
      by the driver, the outer end of the related windup arm was first to be
      connected by the related bolt to the superstructure, with the inner end
      hanging down and to be lifted by outer pressure into the desired
      horizontal position.
PAR  The effective banking arm hinge axis 74 is shown in FIG. 2 by an upper and
      lower somewhat larger cylinder 75 and a number of small cylinders drawn
      all spaced along line 74. The banking arm 8 as a whole is designed to
      swing about the axis line 74 during curvebanking of the superstructure 1
      relative to the axles 6 and 7, whereby the center of the banking arm ball
      joint 13 will travel, relative to the vehicle superstructure along the
      path 76 marked in heavy dotted outline.
PAR  FIG. 3 shows the superstructure 1 as pressed into the inwardly inclined
      position, such as during a turn of the vehicle to the right, and while
      under the side pressure from the centrifugal force as represented by the
      arrow 77. The positions taken by the leaf springs 9 are shown as following
      with their backward ends the combined roll and counter-roll motions of the
      superstructure 1 while the forward ends essentially maintain their
      position relationships to the front axle 6.
PAR  The shear deformation of the superstructure related and now windup arm 58
      carried multiturn cushions 17 and 19 are shown as well as, schematically,
      the support brackets 10 extending from the related ball joints 11
      sidewardly in both directions over the bracket half arms 14 and 15 to the
      upper and lower operating plates 16 and 20 and the lower and upper
      carrying plates 18 and 21 respectively.
PAR  The carrier plates 18 and 21 are, as described above, carried by the
      respective windup arms 58 which are shown as extending below the
      superstructure floor and bolted to the respective reinforced sections of
      the superstructure. The positions of the related sway bar 51 and the
      related sway bar shackles 55 are taken during the superstructure banking
      turn, are also shown schematically.
PAR  FIG. 4 is a somewhat schematic perspective view of a modified outer end
      connection between a windup arm 58 and a pivot support fork 69 designed to
      carry a related connecting bolt 61.
PAR  A number of bolt washers 78 are placed between the side sections of the
      pivot support forks 69 and the bearing ends of the windup arm 58. The
      pivot support fork 69 is shown to carry outer side plates 79 which are
      positioned a selected distance below the horizontally extending flange 80
      of an angle beam 81 whose vertically extending flange 82 acts as a guide
      for the outer wall of the pivot support fork 69. The lift bolts 83 may be
      turned within the threaded hole 84 of the side plate 79, to lift or lower
      the support fork 69.
PAR  Selected bolt washers 85 are placed both above and below the outer side
      plates 79 to secure firm support for any selected position of the end
      bearing of the windup arm 58 both in a vertical and in a longitudinal
      adjustment depending on the numerical distribution of the washers 85 and
      78 respectively. The angle beam 81 is firmly connected to the outer side
      rail 60 of frame 1 of the superstructure.
PAR  Lifting of the end bearing of the windup arm 58 positioned closest to the
      body side rail 60 will result in additional torsional windup of the leaf
      spring 9, lowering it will constitute reduction in windup of the spring.
      Both ends of each vehicle windup arm may be constructed to be position
      adjustable as desired. A great variety of positions will therewith be
      available to reposition and bring into exact alignment both the static
      superstructure height, the vehicle wheel base, and to adjust the
      superstructure to more or less one-sided loading.
PAR  The washers 78 and 85 as illustrated should be considered as somewhat
      schematic means. Shims, designed for easy change in position, threaded
      bushings, eccentric dual bushings and the like, are known in the art as
      similar adjustment means, applicable within the structure of this
      invention.
PAR  FIG. 5 illustrates a multiturn cushion such as shown in FIG. 2 and shaped
      by carefully placed voids provided in a polyurethane block of a high
      durometer hardness, in order to secure a rotational effect of the carrier
      plate 18 relative to the related operating plate 16, as is desirable for
      maximum effectiveness of over-all geometry pattern of the banking arm 8 of
      this invention. Two zones 86 extend along the inclined zone axis lines 87
      forming a trapezoid with plates 16 and 18, are kept free of voids such as
      the selectively positioned holes 88 which are otherwise distributed
      throughout the cushion block to soften the remaining zones of the block
      and secure reduced resistance against shear deformation occurring within
      the block during the curvebank roll of the superstructure. The zones 86
      will serve in effect as inclined links similar to the inclined shackles 55
      of the sway bar 51 shown in FIG. 1. The zone axis 87 positioned on one end
      of the polyurethane block will erect itself into a fully upright position,
      the zone axis 87 positioned on the other end will lower itself with
      increased side inclination, permitting the related carrier plate 18 to
      take the desired inclined position.
PAR  Various other structural arrangements for the cushions may be employed to
      secure rotational side travel for the related cushions, one of which may
      secure a concave travel path, the other a convex travel path as explained
      in the application "Flat Cushion," referred to above.
PAR  With the incorporation of the multiturn cushions, constructed and shaped as
      described above, the related operating plates 16 and the carrier plates 18
      can be positioned, together with the related multiturn cushions 17
      parallel instead of inclined to the roadbed, as drawn in FIGS. 1 and 2.
      Reduced overall minimum height of the structure is the greatest advantage
      of such arrangement.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vehicle having a superstructure and a banking support for the
      superstructure connecting the superstructure at its forward end to a wheel
      spindle carrying wheel supported rigid front axle structure and at its
      rearward end to a rigid wheel supported rear axle structure, said banking
      support comprising a plurality of pairs of cooperating roll banking arms,
      each arm including a longitudinally extending torsionally operated
      resilient spring means connected by a separate support member and a ball
      and socket joint at one end to the superstructure and at the other end to
      the respective rigid axle structure, and side lever arms forming a part of
      said separate support members and bearing at their outer ends against
      respective resilient multiturn cushions disposed at the opposite ends of
      the resilient spring means and bearing against the related rigid axle
      structure at one end and the superstructure at the other end to effect the
      torsional activation of said spring means under static load from the
      superstructure and also under lateral shift forces from the superstructure
      resulting from curve ride, the improvement comprising the interposition of
      a windup arm structure placed between the superstructure supported end of
      each banking arm and the superstructure, each windup arm structure being
      removably connected at each end to the superstructure and supporting its
      corresponding banking arm ball and socket joint and multiturn cushion, to
      thereby provide torsional windup of the related banking arm resilient
      spring means and pressure application on all related multiturn cushions
      during the mounting process of the windup arm into the superstructure by
      first pivotally securing one end of said windup arm and thereafter
      pivoting said windup arm from an initially inclined position into the
      horizontal position, and thereafter securing the other end of said windup
      arm.
NUM  2.
PAR  2. The construction of claim 1 and means to adjust the position of each
      said windup arm longitudinally of said superstructure.
NUM  3.
PAR  3. The construction of claim 1 and means to adjust the position of each
      said windup arm vertically of said superstructure.
NUM  4.
PAR  4. The construction of claim 1 and means to selectively adjust the position
      of each said windup arm longitudinally and vertically of said
      superstructure.
NUM  5.
PAR  5. In a vehicle of the class described, a roll banking arm extending from
      the superstructure to a rigid axle structure and comprising a torsionally
      operated resilient spring means extending longitudinally of the
      superstructure, and a windup arm securing one end of said spring means to
      the superstructure, said windup arm constituting a rigid part of the
      superstructure after completion of the assembly therewith, and in which
      said windup arm extends generally transversely of the superstructure and
      is pivoted thereto at one end on an axis generally parallel to said spring
      with the opposite end of said windup arm hanging downwardly during initial
      assembly operations whereby pivotal movement of the windup arm upwardly to
      a position where its opposite end is secured to the superstructure effects
      a torsional prestressing of said spring means.
NUM  6.
PAR  6. The method of assembly of a torsionally resilient roll banking arm
      between a vehicle superstructure and a rigid axle, comprising securing a
      transverse windup arm to the inner end of the banking arm, pivotally
      securing one end of said windup arm to the superstructure upon an axis
      generally parallel to the banking arm and with the windup arm hanging
      downwardly from said pivotal securement, then pivoting said windup arm
      upwardly to torsionally stress said banking arm, and finally securing the
      opposite free end of said windup arm to the superstructure with the
      pre-stressing of said banking arm conditioning the same for cooperation
      with a like banking arm in support of the superstructure.
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ABST
PAL  A suspension system for a motor vehicle having a rigid axle supporting the
      vehicle on coil springs located at either end thereof. Trailing radius
      arms prevent forward and aft movement of either end of the axle relative
      to the vehicle and symetrically mounted track bars constrain the axle to
      move vertically without significant lateral motion. The track bars of the
      present system operate together to reduce the arcuate movement induced by
      single track bars in conventional rigid axle suspension systems. Flexible
      axle mounting brackets enhance the effect of these various rigid links.
BSUM
PAR  The invention is directed to a suspension system for a motor vehicle. More
      specifically, this invention is directed to a multiple track bar
      suspension system employed with a rigid axle.
PAR  Spring suspension systems associated with rigid axles have been employed on
      a wide variety of vehicles. Such systems have been found to be of
      practical merit as the front suspension for four-wheel drive vehicles.
      However, certain problems are inherent in such systems because of the
      nature and configuration of the various springs employed. Specifically,
      coil springs provide a wide range of spring rates and deflection
      characteristics but they generally do not provide substantial lateral
      rigidity. Leaf springs provide greater lateral stability than coil springs
      but still allow objectionable lateral movement. Consequently, it is
      necessary to constrain the rigid axle by other than the lateral restoring
      forces of the springs.
PAR  Pivotally mounted rigid arms located in a variety of positions have been
      employed to stabilize rigid axles with respect to a variety of vehicles.
      Such rigid arms constrain the motion of rigid axles to an arc of a circle
      having a radius of curvature equal to the length of the arm employed. This
      creates relative arcuate movement of the suspension at the end of the arm.
      This arcuate movement translates at the road into fore and aft or lateral
      movement relative to the frame resulting in a loss of handling and
      traction. To reduce this induced movement, it has been a common solution
      to make each arm as long as possible. The detrimental effect of this
      arcuate movement is most prevalent in the lateral direction. Consequently,
      single rigid arms or track bars have been employed in many rigid axle
      suspension systems which extend laterally across the vehicle from the
      frame on one side to the rigid axle on the other.
PAR  The present apparatus includes two track bars positioned laterally across
      the vehicle. These bars are attached to opposite ends of the rigid axle
      and extend inwardly to the frame. The bars symetrically oppose one another
      to reduce the effect of the arcuate movement of each bar on the rigid
      axle. The mounting brackets associated with the bars provide the necessary
      flexibility to allow linear vertical travel of the rigid axle at either
      end thereof. Consequently, the present invention alleviates the problems
      associated with the relative lateral motion induced by the single track
      bar, specifically on four-wheel drive vehicles where traction and handling
      over rough terrain is essential. The present apparatus further includes
      extended radius arms associated with the same flexible axle mounting
      system which controls fore and aft movement of the rigid axle.
PAR  In conjunction with the improved relative movement between the rigid axle
      and the frame fostered by the present invention, the steering mechanism is
      optimized through careful placement of the drag link. Arcuate movement of
      the drag link similar to that experienced by rigid suspension arms tends
      to detrimentally affect steering. Horizontal placement of the drag link,
      as in the present invention, tends to minimize this effect.
PAR  Accordingly, it is an object of the present invention to provide a
      suspension system for a motor vehicle wherein a rigid axle is constrained
      to move vertically relative to the vehicle.
PAR  Another object of the present invention is to provide a suspension system
      for a motor vehicle having a rigid axle wherein two symetrically opposed
      track bars cooperate to limit lateral motion of the rigid axle.
PAR  A further object of the present invention is to provide a system for
      preventing horizontal movement of a rigid axle suspension system relative
      to the associated vehicle where multiple rigid arms are employed in
      association with flexible axle mounting brackets.
PAR  Other objects and advantages will become apparent from the description
      herein.
DRWD
PAR  FIG. 1 illustrates the suspension system of the present invention in
      association with a rigid axle and coil springs.
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a detailed cross-sectional view of one of the outer brackets of
      the track bar system taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is a top view of the present invention with the springs removed for
      clarity.
PAR  FIG. 5 is a detailed cross-sectional view of one mounting bracket taken
      along line 5--5 of FIG. 2.
DETD
PAR  Turning specifically to the drawings, a suspension system according to the
      present invention is disclosed. A frame 10 of the motor vehicle is
      illustrated at locations where the suspension system is attached thereto.
      The frame 10 is considered to be a rigid assembly to which the suspension
      components are attached. A rigid axle 12 is also illustrated which extends
      across the underside of the frame 10 to rotatably support wheels 14 at
      either end thereof outboard of the king pin assemblies 16. The primary
      suspension elements supporting the vehicle 10 above the rigid axle 12 are
      coil springs 18 in the present embodiment. These springs are rigidly held
      by mounting plates 20 at either end of the rigid axle 12. Similar
      conventional mounting means are provided on the frame 10.
PAR  The basic spring system, including the frame 10, the rigid axle 12 and the
      springs 18, does not provide substantial rigidity against motion of the
      rigid axle 12 relative to the frame 10 of the vehicle in a horizontal
      plane. Consequently, constraining mechanisms must be employed which
      physically limit this relative horizontal motion. When this motion is not
      prevented, the vehicle may take on unstable handling characteristics which
      are both unsafe and annoying.
PAR  To prevent substantial fore and aft motion of the rigid axle 12,
      constraining linkage is provided. Radius arms, generally designated 22,
      are employed to constrain the axle. Each arm 22 has a link between the
      rigid axle 12 and the frame 10 which is not subject to substantial
      compressive or tensile movement. Consequently, the ends of the axle 12 are
      constrained by the radius arms 22 to move in curved, substantially
      vertical planes having radiuses of curvature equal to the lengths of the
      two radius arms 22. The curvature of this locus of axle movement is of
      little consequence because it only allows a minimum of fore and aft motion
      to the axle. A limited amount of fore and aft movement is easily
      accommodated by the suspension in this direction. The radius arms 22 are
      also mounted approximately horizontal to further reduce any effect of the
      arcuate fore and aft motion on handling.
PAR  The radius arms 22 are fixed to the frame 10 at brackets 24 rigidly welded
      to the frame 10. Curved washers 26 and 28 are positioned on either side of
      rubber bushings 30 and 32. A nut 34 then retains the etire assembly and
      the radius arm 22 at the bracket 24. This bracket assembly fixes the
      radius arm to the frame in such a way that limited pivotal motion of the
      radius arm 22 relative to the frame 10 is tolerated. However, fore and aft
      movement of the radius arm 22 relative to the frame 10 is greatly
      restrained.
PAR  The forward end of each radius arm 22 is locked about the rigid axle 12 as
      can best be seen in FIG. 2 and FIG. 5. Flexible axle mounting brackets,
      generally designated 35, are created by the radius arms 22 in conjunction
      with two end caps 36 bolted thereto. Each of these mounting brackets 35
      cooperate with two triangular ears 38 and 40 to effectively constrain axle
      movement relative to the respective radius arm 22. To receive the
      triangular ears 38 and 40, large notches 42 and 44 are provided in the
      mating surfaces of each radius arm 22 and each end cap 36. The triangular
      ears 38 and 40 are welded near either end of the rigid axle 12 on opposite
      sides thereof. Flexible mounting material 46 such as rubber is wrapped
      about the triangular ears 38 and 40 and the interposed portions of the
      rigid axle 12. The radius arms 22 and end caps 36 are then bolted together
      about the flexible mounting material 46 to complete the axle mounting
      brackets 35. Because of the use of flexible mounting material 46, the
      notches 42 and 44 should be slightly larger than the respective triangular
      ears 38 and 40. The use of the flexible mounting material 46 effects
      attenuation of noise and vibration without allowing significant fore and
      aft movement of the rigid axle 12 relative to the radius arms 22 and in
      turn the frame 12.
PAR  Lateral control of the rigid axle 12 relative to the radius arms 22 is also
      provided by the axle mounting brackets 35. Each ear 36 and 38 is formed to
      define grooved outer surfaces. These grooves form concavities extending
      substantially the width of each ear which cooperate with corresponding
      convex surfaces formed on the notched surfaces of the radius arms 22 and
      the end caps 36. This relationship is best seen in FIG. 5. The respective
      concave and convex mating surfaces of the ears 36 and 38 and the notches
      42 and 44 create an interlocking fit between the rigid axle 12 and the
      radius arms 22. However, the presence of the flexible mounting material 46
      and the accommodating tolerance between the ears and the notches allows
      some relative movement between the radius arms 22 and the rigid axle 12.
      This relative movement is somewhat greater than the relative fore and aft
      movement allowed by the same mounting brackets. This more flexible lateral
      constraint of the brackets is employed to advantage by the means for
      laterally constraining the rigid axle as will be discussed below. At the
      same time, comparatively rigid fore and aft constraint is transmitted by
      the mounting brackets 35.
PAR  Unlike the minimal fore and aft movement of the suspension, lateral
      movement of the rigid axle 12 relative to the frame 10 is easily felt by
      the driver and more seriously affects the operation of the vehicle. To
      prevent the relative lateral motion of the rigid axle 12 relative to the
      vehicle 10, means for laterally constraining the rigid axle are employed.
      These means include opposed track bar assemblies. The track bar assemblies
      include track bars 48 and 50 shown to be identical and mounted at one end
      by pivot assemblies to a bracket 52 rigidly associated with the frame 10.
      At the other end, the bars 48 and 50 are mounted by resilient mounting
      assemblies to brackets 54 and 56 which are in turn welded to the axle
      mounting brackets 35, specifically the end caps 36. In the preferred
      embodiment, the bars 48 and 50 are rigid to prevent bending and
      longitudinal compression or tension movement thereof. The flexibility
      necessary to the system is then provided by the resilient mounting
      assemblies and lateral movement of the axle mounting brackets 35.
      Alternately, the resiliency of the resilient mounting assemblies may be
      incorporated in the bars 48 and 50 themselves in which case the outer
      mounting assemblies may be of a more rigid nature. The track bars 48 and
      50 are oriented as shown with the pivot assemblies on the frame and the
      resilient mounting assemblies associated with the axle. However, this
      configuration may be altered so the pivot assemblies are mounted to the
      rigid axle and the resilient mounting assemblies are associated with the
      vehicle frame if desired.
PAR  The track bars 48 and 50 are identically mounted to the mounting bracket 52
      by the pivot assemblies. A ball and taper pin 58 are bolted by means of
      nut 60 to the bracket 52 for each track bar. A socket 62 is provided on
      each track bar 48 and 50 to mount over the ball and taper pin 58. Thus,
      the track bars 48 and 50 are constrained to rotate about the center of
      curvature of the balls 58 and are prevented from moving laterally. Thus,
      the outer ends of the track bars 48 and 50 are constrained to move in
      arcuate paths having a radius of curvature equal to the length of the
      track bars 48 and 50 and centers of curvature located at each respective
      ball and taper pin 58.
PAR  The outer ends of the track bars 48 and 50 are mounted to the brackets 54
      and 56, as best seen in FIG. 3, by resilient mounting assemblies. Curved
      retaining caps 64 and 66 are positioned on either side of bushings 68 and
      70 respectively. The bushings 68 and 70 are in turn positioned on either
      side of the brackets 54 and 56. The diameter of the rod 50 is reduced at
      72 to receive the cap 64 which prevents its longitudinal movement along
      the track bar 50. The end of the track bar 50 is threaded at 72 to receive
      nut 74 which positions the cap 66. The rubber bushings 68 and 70 are
      compressible to allow limited longitudinal movement of the track bar 50
      relative to the bracket 56 through a mounting hole 76.
PAR  Considering both track bars 48 and 50, a structural triangle is formed by
      these bars and the rigid axle 12. As the rigid axle is driven upward, the
      two track bars 48 and 50 are forced outward; and likewise, when the axle
      drops, the bars are drawn inward. However, the rigid axle 12 is not
      capable of expanding. Consequently, the track bar assemblies and/or the
      rigid axle mounting brackets 35 must be extensible. In the present
      embodiment, the track bars 48 and 50 move substantially longitudinally
      along their centerlines through the brackets 54 and 56 as the rigid axle
      moves up or down. This relative movement is experienced and resisted by
      the bushings 68 and 70. The bushings are not able to provide substantial
      resistance to this vertical motion of the rigid axle 12 because of the
      relative mechanical advantage of the vertically moving rigid axle 12. At
      the same time, lateral motion of the rigid axle 12 is directly experienced
      by the bushings 68 and 70 and substantial resistance is presented.
      Consequently, the vertical motion of the rigid axle 12 is not
      substantially resisted by the track bars 48 and 50 but lateral motion is
      strongly resisted by each of the track bars 48 and 50. The length and
      placement of the track bars 48 and 50 does affect the resistance to
      vertical movement. When the track bars are long, there is little
      resistance to vertical movement. However, the length of the bars does not
      affect their ability to laterally control the axle. Consequently, each bar
      may extend all of the way across the frame where desired.
PAR  The relative lateral motion of the track bars 48 and 50 is also
      accommodated by the rigid axle mounting brackets as well as the bushings
      68 and 70. As discussed above, the rigid axle mounting brackets provide
      some degree of lateral motion relative to the rigid axle 12. Thus, the
      arcuate movement of the outer ends of the track bars 48 and 50 induced by
      the vertical movement of the rigid axle is accommodated by both the
      bushings 68 and 70 and the rigid axle mounting brackets. This movement is
      not prevented by the resistance of these several mounting components
      because of the mechanical advantage realized by the vertical motion of the
      rigid axle 12 through the track bars 48 and 50. At the same time, the
      actual lateral motions of the rigid axle 12 directly induced by the road
      do not experience any mechanical advantages against the several mounting
      components and consequently are more severly resisted. The springs 18 are
      also mounted directly to the rigid axle mounting brackets. The lateral
      movement of these brackets to accommodate the arcuate motion of the track
      bars does not affect to any significant degree the springs or their
      effect.
PAR  Because of the symetrical placement of the track bars 48 and 50, the bars
      tend to cooperate to prevent the rigid axle from moving along the plane of
      curvature associated with the end of either bar 48 and 50. As the rigid
      axle 12 moves upward, both track bars 48 and 50 exert compression loads
      against the brackets 54 and 56 in substantially opposite directions. The
      bushings 68 and 70 tend to deform equally to cause a truly vertical travel
      of the rigid axle 12. Consequently, the curved path normally associated
      with a single track bar is overcome and handling and stability are
      improved.
PAR  The steering system employed by the present invention includes conventional
      king pin assemblies 16 which extend forward to steering knuckles 78 and
      80. The steering knuckles are joined by a tie rod 82. The steering
      knuckles are positioned relative to the king pin axes so that the steering
      is more parallel rather than geometrical. This has been found to be
      advantageous on certain vehicles tested with the present embodiment.
      However, empirical analysis is believed necessary for other vehicle
      configurations having variations in suspension and body geometry and
      steering characteristics. Steering control is derived from the steering
      box through a pitman arm 84 and a drag link 86. The drag link 86 is
      disposed substantially horizontally to reduce the effect of vertical
      movement of the rigid axle 22. A shock absorber 88 is positioned between
      the frame 10 and the tie rod 82 to act as a steering stabilizer. The shock
      absorber 88 does not resist controlled steering motion but does resist the
      sharp shock impulses against the wheels which would otherwise cause
      adverse steering motions.
PAR  Working as a unit, the suspension system includes two trailing radius arms
      22 which control the fore and aft motion of the rigid axle and two track
      bars 48 and 50 to control lateral movement of the axle. These various
      rigid bars cooperate through axle mounting brackets 35 to properly resist
      lateral and fore and aft movement of the axle relative to the frame
      without significantly restricting vertical movement. The springs 16 and 18
      restrict vertical movement. Conventional shock absorbers (not shown) are
      also preferably employed to damp the resulting spring mass system. Thus,
      the present embodiment operates to stabilize the rigid axle relative to
      the frame of the vehicle. The steering system also operates to minimize
      the effect of vertical axle movement on steering control.
PAR  While embodiments and applications of this invention have been shown and
      described, it would be apparent to those skilled in the art that many more
      modifications are possible without departing from the inventive concepts
      herein described. The invention, therefore, is not to be restricted except
      by the spirit of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A suspension system for a rigid axle on a motor vehicle comprising
PA1  springs operably mounted between the vehicle and the rigid axle;
PA1  constraining linkage preventing substantial fore and aft movement of the
      rigid axle; and
PA1  a pair of opposed track bar assemblies for preventing lateral movement of
      the axle relative to the frame of the vehicle, each of said track bar
      assemblies being mounted as a first end to the frame of the vehicle and
      mounted at a second end to the axle, said assemblies being extensible to
      accomodate vertical axle movement, a first one of said pair of opposed
      track bar assemblies being attached near one end of the rigid axle and a
      second one of said pair of opposed track bar assemblies being attached
      near the other end of the rigid axle, said pair of opposed track bar
      assemblies extending inwardly therefrom to the frame of the vehicle.
NUM  2.
PAR  2. The suspension system of claim 1 wherein said track bar assemblies
      include track bars and resilient mounting assemblies associated with one
      end of each of said track bars, each of said resilient mounting assemblies
      allowing resilient longitudinal movement of said track bars relative to
      the axle.
NUM  3.
PAR  3. The suspension system of claim 1 wherein said system further comprises a
      pair of axle mounting brackets, each one of said pair of axle mounting
      brackets being attached near the ends of the rigid axle, said pair of
      opposed track bar assemblies each being attached at one end to one of said
      pair of axle mounting brackets and said axle mounting brackets being
      capable of moving laterally on the rigid axle to accommodate movement of
      said pair of opposed track bar assemblies resulting from the vertical
      movement of said rigid axle.
NUM  4.
PAR  4. The suspension system of claim 3 wherein said springs, said constraining
      linkage and said pair of opposed track bar assemblies are all mounted at
      one end to said pair of axle mounting brackets.
NUM  5.
PAR  5. The suspension system of claim 3 wherein said axle mounting brackets are
      unitary with said constraining linkage.
NUM  6.
PAR  6. A suspension system for a rigid axle on a motor vehicle comprising
PA1  coil springs operably mounted between the vehicle and the rigid axle;
PA1  trailing radius arms resiliently mounted at one end to the frame of the
      motor vehicle and resiliently mounted at the other end to the rigid axle;
PA1  a pair of opposed track bars for preventing lateral movement of the axle
      relative to the frame of the vehicle;
PA1  pivot assemblies operably fixing one end of each of said track bars to the
      frame of the vehicle;
PA1  mounting assemblies associated with a second end of each said track bars
      and positioned near the opposite ends of the axle, each of said mounting
      assemblies allowing resisted longitudinal movement of said track bars
      relative to the axle, said pair of opposed track bars extending inwardly
      from said mounting assemblies to the frame of the vehicle.
NUM  7.
PAR  7. A suspension system for a rigid axle on a motor vehicle comprising
PA1  springs operably mounted between the vehicle and the rigid axle;
PA1  axle mounting brackets positioned near either end of the rigid axle, said
      axle mounting brackets being capable of resilient movement laterally on
      the rigid axle;
PA1  radius arms resiliently mounted to said frame and structurally forming part
      of said axle mounting brackets, said radius arms preventing substantial
      fore and aft movement of the rigid axle;
PA1  a pair of opposed track bars for preventing lateral movement of the axle
      relative to the frame of the vehicle;
PA1  pivot assemblies operably fixing one end of each of said track bars to the
      frame of the vehicle;
PA1  resilient mounting assemblies associated with a second end of each of said
      track bars and resiliently mounted to said axle mounting brackets, each of
      said resilient mounting assemblies allowing resisted longitudinal movement
      of said track bars relative to said axle mounting brackets, said pair of
      opposed track bars extending inwardly from said resilient mounting
      assemblies to the frame of the vehicle.
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ABST
PAL  A suspension system for a trailer unit having two pairs of support axles
      providing independent wheel support, each of the wheels being mounted on
      torsion-type axles, with means for retracting at least one of the pairs of
      wheels thereby allowing the remaining pair to support the entire load and
      wherein the torsion supporting device is so designed to permit the
      remaining pair of wheels to be automatically, partially retracted thereby
      lowering the trailer to a predetermined above ground level with added
      means for further lowering the trailer by additional retraction of the
      remaining wheel set.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to vehicle suspension systems wherein independent
      suspension means are provided for each of the wheels and the position of
      the wheels may be shifted with respect to the frame of the vehicle thereby
      lowering or raising the frame with respect to the ground.
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  Although an elevated position for trailers is essential for travel
      conditions, this position is often inconvenient for parked positions of
      the trailer and is often inconvenient for loading of the trailer.
PAR  Applicant provides herein a suspension system that is useable for many
      types of trailers and may find its most beneficial useage in what are
      known as camper trailers.
PAR  With the suspension system of applicant's device a trailer is properly
      elevated and properly supported for transport and thereafter may be
      lowered or if required, tilted for loading. The lowering permits a close
      ground relation and the tilting aids in the loading of equipment into the
      trailer.
PAR  It is therefore an object of applicant's invention to provide a suspension
      system for trailers and the like which permits the trailer to be elevated
      to a transport position and to be lowered to a parked, in use position.
PAR  It is a further object of applicant's invention to provide a suspension
      system for trailers and the like which permits shifting of the axle
      loading.
PAR  It is a further object of applicant's invention to provide a suspension
      system wherein the two sets of wheels are independently mounted and
      wherein the individual wheels of the sets are likewise individually
      mounted.
PAR  It is a further object of applicant's invention to provide a suspension
      system wherein control means are provided for elevating or retracting at
      least one set of axles whereby the remaining set of axles, due to the
      mounting provided therefore, will carry the weight of the trailer and will
      automatically retract to thereby lower the trailer.
PAR  It is still a further object of applicant's invention to provide a
      suspension system wherein control means are provided for controlled
      retraction of either one or both of the employed sets of axles and their
      carried wheel pairs.
DRWD
PAR  These and other objects and advantages of the applicant's invention will
      more fully appear from the accompanying drawings and description in which
      the same numerals are utilized to designate the same or similar parts
      throughout the several views and in which:
PAR  FIG. 1 is a top plan view of a suspension system embodying the concepts of
      applicant's invention having a suggested trailer body illustrated in
      dotted position over the frame of the system; and,
PAR  FIG. 2 is a vertical section taken substantially along Line 2--2 of FIG. 1
      and particularly illustrating the possible ground-height conditions and
      the wheels in the respective transport and rest positions.
DETD
PAR  In accordance with the accompanying drawings, the suspension system
      embodying the concepts of applicant's invention is generally designated 10
      and is illustrated on a frame 11. The frame 11 is purely illustrative and
      it should be obvious that any frame could be modified and adapted for the
      mounting of the suspension system 10 thereon.
PAR  The frame employed herein includes a connecting tongue 12, a first set of
      outwardly and rearwardly extending elements 13a, 13b, a pair of inner
      bearing supporting, rearwardly extending elements 14a, 14b, a pair of
      outer supporting, rearwardly extending elements 15a, 15b and a plurality
      of transversely extending support elements 16, 17, 18. All of these
      elements are appropriately joined by welding or the like to provide a
      frame of sufficient strength and stability for supporting the desired
      load.
PAR  The suspension system 10 mounted on the frame 11 provides independent wheel
      mounting for the desired comfortable ride and this is obtained by
      providing independent mounting means for the wheels. Such an independent
      mounting, in the form shown includes a first forwardly oriented pair of
      axles 20a, 20b each being of the torsion type and therefore including a
      first transversely extending portion 21a, 21b with the inner ends received
      for rotation in a first bearing set 22a, 22b arranged on the inner support
      members 14a, 14b and extending transversely therefrom through the outer
      support members 15a, 15b to a first bell crank portion 23a, 23b and then
      again extending outwardly to a wheel mounting portion 24a, 24b upon which
      the first set of wheels 25a, 25b are mounted. The spring for the torsion
      concept is designated 26a, 26b and engages the axle portions 21a, 21b and
      the outer frame supports 15a, 15b.
PAR  A first control member is provided upon the respective bell crank portions
      23a, 23b and extends, in the form shown, upwardly therefrom. This control
      member is designated 27a, 27b. The concept of this control member is, as
      will be further explained, to permit controlled retraction of this first
      wheel set if so desired.
PAR  The torsion effect of this first set of wheels is so designed to permit the
      automatic retraction thereof upon the full weight of the frame and trailer
      being placed thereon so that, as will also be explained, when the rear set
      of wheels is fully retracted, the first set will, bearing the full weight,
      be rotated upwardly to effectively lower the trailer frame and body
      height.
PAR  The suspension system also includes a second or rearwardly arranged pair of
      axles and wheels having substantially the same structure as the first
      pair. This rear pair includes a first transversely extending portion 31a,
      31b, the entire axle units being designated 30a, 30b, with the inner ends
      thereof mounted in bearings 32a, 32b carried by the inner supports 14a,
      14b and extending transversely outwardly therefrom through the outer
      supports 15a, 15b to a first bell crank portion 33a, 33b and then again
      extending outwardly to a wheel mounting portion 34a, 34b upon which this
      rear pair of wheels 35a, 35b are mounted. The spring for this torsion
      concept is designated 36a, 36b and engages the axles 30a, 30b and the
      outer frame supports 15a, 15b.
PAR  The control member for the rear pair of wheels is designated 37a, 37b and
      is provided with a connection aperture 38a, 38b at the upper end thereof
      to engage and receive a control pin 30a, 39b such that when the pin 39a,
      39b is moved forwardly the rear wheels 35a, 35b will be elevated.
PAR  The means for elevating the wheels includes a first transversely extending,
      rotatably mounted shaft member 40 extending outwardly from the frame to
      have the ends 40a, 40b thereof in substantial alignment with the
      aforementioned control members 27a, 27b, 37a, 37b. Means for actuating the
      shaft 40 include a pivotally mounted actuating member such as a hydraulic
      or electrically operated ram 41 having one end 41a thereof pivotally
      attached to the frame at, for example the tongue connecting portion of the
      frame, with the other end 41b thereof connected to an actuating yoke 42
      rigidly attached to the shaft 40 for rotation thereof upon extension and
      retraction of the ram 41. The means of actuating the ram 41 may also
      include hand operated means such as a jack screw or the like.
PAR  A pair of upstanding lever elements 45a, 45b are fixedly attached to the
      outwardly extending portions of the shaft 40 for movement therewith and a
      shock absorbing biasing member and overload system is connected to the
      upper end thereof, such system being designated in its entirety 46a, 46b.
      Extending rearwardly from the overload system 46a, 46b, in the form shown,
      is a bifurcated arm structure 47a, 47b wherein one of the arms is arranged
      respectively on either side of the control members 27a, 27b, 37a, 37b such
      that the control members are properly and effectively located
      therebetween.
PAR  It should be brought out at this time that there is no positive connection
      between the front control members 27a, 27b and the bifurcated arm
      structure but that the rear control members 37a, 37b are positively
      connected to the bufircated arm structure 47a, 47b through the pins 39a,
      39b and the receiving apertures 38a, 38b. The rear wheels then, being so
      positively connected, provide a spring system including not only the
      torsion spring assembly 36a, 36b but also include the overload structure
      46a, 46b. In this manner, whenever the ram 41 is actuated there is a
      corresponding movement of the rear wheels.
PAR  The connection for desired movement for the front wheels 25a, 25b may take
      several forms depending upon the desired useage. In the form illustrated,
      a cross pin 50a, 50b is provided between the bifurcated arm structure 47a,
       47b and this pin is spaced from the front control members 27a, 27b such
      that after a desired upward movement of the rear wheels 35a, 35b, the
      front wheels may also be elevated. With this type of structure, further
      lowering, in addition to the weight acting against the torsion springs of
      the front wheels is obtainable.
PAR  The utilization of applicant's independent axle and wheel arrangement is
      not impaired by the connection of the rear wheels to the lifting device.
      The rear wheels are free to move independently due the over load
      arrangement as the connection to the shaft 40 for rotation and lifting of
      the wheels is flexible to a degree, that degree being the control for
      raising and lowering these wheels.
PAR  The total independency of the wheels permits the wheels to essentially
      crawl over the terrain.
PAR  It should be obvious that applicant has provided a unique suspension system
      which allows completely independent movement of the wheels and still
      permits control of the same and such control providing a means for raising
      and lowering the unit for its various uses.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A suspension system, including:
PA1  a. a longitudinally extending frame member;
PA1  b. a first pair of independently mounted wheel carrying axles rotatably
      mounted on a forward portion of said frame;
PA1  c. a second pair of independently mounted wheel carrying axles rotatably
      mounted on said frame rearwardly of said first pair of axles;
PA1  d. torsion spring, biasing means arranged on each of said axles;
PA1  e. said wheel carrying axles including a bellcrank arrangement for mounting
      of said wheels on said axles;
PA1  f. control means arranged on each of said axles for shifting thereof with
      respect to said frame member;
PA1  g. said control means including a first control member arranged to
      selectively shift said bellcrank member of one of said pairs of wheel
      carrying members with respect to said frame, whereby one of said pairs of
      wheel carrying axles will be shifted to a non-load carrying position; and
PA1  h. said torsion spring of said other pair of mounted axles is arranged and
      constructed to permit compression of said torsion spring and thereby
      lowering of said frame with respect thereto.
NUM  2.
PAR  2. The structure set forth in claim 1 and said control means including a
      second control member for engagement with said bellcrank member of the
      other of said pairs of wheel carrying members for shifting of said
      bellcrank upon reaching a predetermined shifting of said one of said pairs
      of said wheel carrying members.
NUM  3.
PAR  3. The structure set forth in claim 2 and said control means including
      means for biasing the movement of said first control movement with respect
      to the movement of said second control member, wherein said first control
      member movement is permitted over a certain degree of movement before
      second control member is engaged for movement of said second pair of wheel
      carrying axles.
NUM  4.
PAR  4. The structure set forth in claim 1 and said control means arranged and
      constructed to simultaneously control the movement of one pair of said
      wheel carrying axles.
NUM  5.
PAR  5. The structure set forth in claim 1 and said longitudinally extending
      frame member including an outer, longitudinally extending frame structure,
      an internal, extending frame structure, parallel with said outer frame
      structure, said axles extending through and bearingly mounted in said
      outer frame structure and having their inner ends thereof mounted for
      rotation on said internal frame structure.
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ABST
PAL  An apparatus for use in connection with vehicle safety systems of the type
      including an inflatable confinement which is inflated by the combined
      energy of a stored fluid under pressure and gas generated by the burning
      of a propellant. Two distinct propellant charges are provided which are
      sequentially ignited. The outlet from the reservoir storing the fluid
      under pressure is opened in response to the ignition of the first
      propellant charge. The sequential ignition of the propellant charges
      reduces the peak pressure in the reservoir.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the field of vehicle safety
      systems of the type utilizing an inflatable confinement. More
      particularly, this invention relates to an improved inflating systems for
      inflating the confinements of such safety devices.
PAR  A great deal of attempt is being given to the problem of increasing the
      safety of passenger vehicles. As well as trying to increase the safety of
      the vehicle itself, considerable effort is being given to the development
      of passive restraint systems which will protect the occupants of a vehicle
      from injury due to impact without the necessity of the occupant taking any
      positive action.
PAR  One type of passive restraint system which has been developed utilizes an
      inflatable confinement means such as a bag which is automatically inflated
      in response to a predetermined condition such as impact or upsetting of
      the vehicle to prevent the occupant from contacting the interior of the
      vehicle.
PAR  Some vehicle safety systems of the type employing inflatable confinements
      utilize an inflatable confinement means, a stored fluid under pressure in
      a chamber, and a propellant charge for the generation of hot gas. When a
      collision of the vehicle is sensed, the propellant charge is ignited and
      the hot gas resulting therefrom caused to mix with the stored fluid, and
      the mixture released to inflate the confinement. When the propellant gas
      is caused to discharge into the fluid storage chamber, some propellants
      have been found to be so fast burning that even though the fluid chamber
      outlet is opened at substantially the same time as the propellant gas
      begins to flow into the fluid storage chamber, a substantial increase in
      pressure over that of the fluid storage pressure is experienced in the
      chamber. This could result in the rupturing of the storage chamber with a
      subsequent failure of the safety system as well as possible injury to the
      occupants over and above that caused by the accident itself. Attempts to
      increase the strength of the chamber to withstand the sudden surge of
      pressure results in increased cost and additional manufacturing
      complexity.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has for one of its objects an improved apparatus for
      use in a vehicle safety system of the type which utilizes the combined
      energy of a propellant charge and stored fluid under pressure to inflate
      an inflatable confinement.
PAR  A further object of the present invention is the provision of an improved
      apparatus for use in connection with safety systems of the type utilizing
      the energy of a fluid under pressure in a container and a propellant
      charge to inflate the confinement wherein the surge in pressure in the
      container upon ignition of the propellant charge is reduced.
PAR  These and other objects and advantages of the present invention may be
      accomplished generally speaking through the provision of storage means for
      storing a fluid under pressure. Propellant storage means may be provided
      for storing at least two distinct propellant charges in separate
      propellant chambers which are placed in communication with the storage
      means at least after the ignition of its respective propellant charge.
      Means are provided to ignite the propellant charges in sequence with the
      outlet from the reservoir being open upon or after the ignition of the
      first ignited propellant charge but before the second propellant charge is
      contributing high pressure gas to the storage means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially broken away, fragmentary, side view of a vehicle
      equipped with a device incorporating the present invention and showing the
      inflatable confinement in its inflated position;
PAR  FIG. 2 is a schematic representation of a safety system for a vehicle
      incorporating the present invention;
PAR  FIG. 3 is a cross-sectional view of the inflating unit incorporating the
      present invention;
PAR  FIG. 4 is a schematic representation of the firing circuit used in
      connection with the present invention; and
PAR  FIG. 5 is a graph of time verses current for one specific example of the
      firing circuit of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, and particularly to FIG. 1, a vehicle 2 is shown
      provided with a safety assembly including generally an inflating system 4
      and an inflatable confinement 6 such as a bag or the like. An occupant 8
      is shown seated in the front seat 10 of the vehicle 2. The safety assembly
      is shown mounted in the dashboard 12 of the vehicle 2. The bag 6 is
      normally stored in the collapsed condition. In the event of impact of the
      vehicle 2 due to a crash, the inflating system 4 will be actuated to
      inflate the bag 6 into a position such as shown in FIG. 1 to prevent the
      occupant from coming into contact with the interior of the vehicle 2. It
      is to be understood that the safety device incorporating the present
      invention may be placed in other locations in the vehicle. For example,
      the device may be placed on the inside of the roof of the vehicle, on the
      steering wheel, or in the back of the front seat to protect those
      occupants seated in the rear of the vehicle.
PAR  The inflating system 4 includes a pressure source 14 which is connected to
      the inflatable confinement 6 which is normally stored in a collapsed
      condition. The pressure source 14 may include a housing 16 having a
      chamber 18 therein. The housing 16 is provided with a threaded outlet 20
      to which is attached a tank 22, the interior of which together with the
      chamber 18 provides a fluid storage reservoir for storing fluid, such as
      air, nitrogen, or mixtures thereof under pressure. The housing 16 also
      includes a fluid outlet 24 which is spaced across the chamber 18 from and
      in alignment with a threaded propellant inlet 26. The walls of chamber 18
      normally closes the outlet 24 and propellant inlet 26. However, the walls
      of the chamber 18 are provided with circular grooves 28 and 30 to provide
      rupturable closure portions 32 and 34 which close the outlet 24 and
      propellant inlet 26 respectively.
PAR  A diffuser member 36 may be threadedly secured to the outlet 26 of the
      housing member 16. The diffuser member 26 may be of a generally
      cylindrical shape having a closed outer end 38 with the side wall thereof
      provided with a plurality of apertures 40. A manifold 42 surrounds the
      side wall of the diffuser member 36 and is held in position by virtue of a
      shoulder 44 on the diffuser member 36 clamping it to the wall 46 of the
      housing 16. The inflatable confinement 6 is attached to the manifold 42 by
      any suitable means.
PAR  The chamber 18 of the housing member 16 includes a groove 48 which extends
      around the chamber from a point adjacent to threaded inlet 20. The
      midplane of the groove 48 is perpendicular to the axis of the fluid outlet
      24 and propellant inlet 26. A baffle member 50 may be positioned within
      the groove and substantially subdivides the chamber 18 into two separate
      sections.
PAR  A rod member 52 extends from the rupturable closure portion 34 to a point
      slightly spaced from the rupturable closure portion 32. The enlarged head
      portion 54 of the rod member 52 may be placed in contact with rupturable
      closure portion 34 with the reduced portion 56 extending through an
      aperture 58 in the baffle plate 50 and terminating at a point spaced from
      the rupturable closure portion 32.
PAR  A propellant storage member 60 is threadedly attached to the threaded
      propellant inlet 26 in the housing 16. The propellant storage member 60
      includes a primary propellant chamber 62 which is separated from a
      secondary propellant chamber 64 by a burst diaphragm 66. The burst
      diaphragm 66 is held in place by virtue of a sleeve member 68 extending in
      the primary propellant chamber 64 between the rupturable closure portion
      34 and the burst diaphragm 66. The burst diaphragm is provided with a
      circular groove 69 therein which forms a rupturable closure portion 70. A
      spacer member 71 having a central aperture 72 therein is positioned on the
      opposite side of the burst diaphragm 66 and is engaged by a shoulder 73 in
      the propellant storage member 60.
PAR  Both the primary propellant chamber 62 and secondary propellant chamber 64
      contain a suitable propellant charge 74 and 75 respectively, capable of
      generating a hot non-toxic gas when ignited. Nitrocellulose based
      smokeless powder with or without various modifiers may be used. The
      propellant charges 74 and 75 may be in the form of loose powder, a solid
      gas generating cartridge, or a plurality of large grains.
PAR  A suitable ignitor 76 such as a squib member mounted within an appropriate
      housing is threadedly secured to the side wall of the propellant storage
      member 60 and communicates with the primary propellant chamber 62 through
      an aperture 77 in the sleeve member 72 so that the ignitor 76 will ignite
      the propellant 74 in the primary propellant chamber 62 when it is fired.
      Suitable lead wires 78 connect the squib member 76 with a suitable
      electric circuit and sensor indicated schematically by member 79 in FIG.
      2. A second ignitor 80 which also may be a squib member in a suitable
      housing is attached to the end wall of the propellant storage member 60 in
      a position to communicate with and ignite the propellant charge 75 in the
      secondary propellant chamber 64. Suitable leads 82 connect the ignitor 80
      with the suitable electric circuit and sensor 79.
PAR  The arrangement is such that the ignitors 76 and 82 are designed to fire
      sequentially so that the propellant 74 in the primary propellant chamber
      62 is first ignited and the ignition of the propellant 75 in the secondary
      propellant chamber is delayed for a short interval of time. This delay is
      preferably in the order of 5 15 15 milliseconds.
PAR  When the device is actuated in response to a predetermined condition of the
      vehicle such as a crash, ignitor 76 will ignite the propellant charge 74
      in the primary propellant chamber 62 which will burn and generate hot gas
      under pressure, which, at a predetermined pressure, will cause the rupture
      of rupturable closure portion 34 and open the propellant inlet 26 to the
      chamber 18 in the housing 16. As soon as the rupturable closure portion 34
      is ruptured, rod member 52 is driven toward rupturable closure portion 32
      and impacts thereon to cause the rupturing of rupturable closure portion
      32 and thereby open the fluid outlet 24 in housing 16. The hot gas
      generated from the burning of the propellant 74 in the primary propellant
      chamber 62 flows into chamber 18 and is deflected by baffle member 50 into
      the fluid reservoir, and mixes with the fluid contained therein, with the
      combined hot gas and stored fluid exiting through fluid outlet 24.
PAR  A short time after, preferably in the range of 5 to 15 milliseconds,
      ignitor 80 will ignite the propellant charge 74 in the secondary
      propellant chamber 64. The burning of propellant charge 74 will generate
      gas under pressure which at a predetermined point will rupture the
      rupturable closure portion 70 of burst diaphragm 66 and flow through the
      primary propellant chamber 66 and inlet 26 into the chamber 18 wherein it
      will also be deflected into the fluid reservoir and mix with the fluid
      therein and exit through outlet 24.
PAR  The combined stored fluid and propellant generated gas will pass through
      the apertures 40 in the diffuser member 36 through manifold 42 to the bag
      6 to cause the inflation thereof.
PAR  One method of obtaining the sequential igniting of the two propellant
      charges is by firing the two ignitors 76 and 82 in sequence. One method
      accomplishing this is to connect the ignitors 76 and 82 in parallel in an
      electric circuit with a resistance being placed in series with one of the
      ignitors. Such a circuit is shown in FIG. 4 wherein the ignitors 76 and 82
      are shown connected in parallel to a voltage source 84 which may be the
      battery of the vehicle. The numeral 86 represents a suitable sensor
      designed to sense when the vehicle is involved in an accident. Such a
      sensing device may be an accelerometer or inertia responsive switch. For
      means of explain the particular circuit, reference numeral 88 designates
      the circuit resistance. Resistance 90 designates the resistance placed in
      series with the ignitor 82 to provide the desired delayed time.
PAR  In one particular example, the voltage source 84 was a 12 volt direct
      current battery with the circuit resistance 90 being ascertained at 0.15
      ohms. Both of the ignitors 76 and 82 were identical squibs and rated at
      0.5 ohms. Resistance 90 was 0.80 ohms. Upon actuation of the circuit,
      squib 76 was fired in 1.6 milliseconds with the current being 50 amps.
      This point is shown as point A of the curve of FIG. 5. Squib 76 was fired
      at point B on the curve of FIG. 5 at 11.6 milliseconds with the current
      being 11.5 amps.
PAR  While in the above example, the sequential firing of the squibs was
      provided by placing a resistance in series with one of the ignitors, while
      the ignitors were in turn connected in parallel with the sensor, it is to
      be understood that other means of sequentially firing the ignitors may be
      employed. For example, either an ignitor having a different delay time
      than the first ignitor could be used, also, a second ignitor with a
      different bridge wire may be used to provide the desired delay.
PAR  With the present invention, the outlet of the fluid storage reservoir is
      opened in response to the ignition of the first propellant charge. By
      delaying the ignition of the second propellant charge a predetermined
      time, the peak pressure in the fluid storage reservoir is reduced.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for use with a safety system of the type utilizing an
      inflatable member, a stored fluid under pressure, and a propellant charge
      for generating a hot gas, said apparatus comprising storage means for
      storing a fluid under pressure and including an outlet adapted to be
      attached to the inflatable member; means closing said outlet against fluid
      flow; propellant storage means including at least two propellant storage
      chambers for storing an ignitable propellant; a propellant charge in each
      of said propellant chambers; means sealing each of said propellant
      chambers from the interior of said storage means and operable upon
      development of a predetermined chamber pressure to unseal said chambers;
      condition responsive means for igniting all of said propellant charges
      sequentially; means operable upon the unsealing of the propellant chamber
      housing of the first ignited propellant charge and before the other
      propellant chamber is unsealed to disable said means closing said outlet
      to permit fluid and hot gas to flow through said outlet, said propellant
      storage means including an axially extending housing attached to said
      storage means; means in said housing dividing the interior thereof into a
      primary propellant chamber adjacent one end and a secondary propellant
      chamber adjacent the other end, means at said one end for sealing said
      primary chamber from the interior of said storage means and operable upon
      the development of a predetermined pressure in said primary chamber after
      ignition of the propellant charge therein to unseal said chamber, said
      means in said housing dividing the interior thereof including means
      operable upon development of a predetermined pressure in said secondary
      chamber after ignition of said propellant charge to provide communication
      between said secondary and said primary propellant chambers, said means
      for igniting said propellant charges in sequence igniting the propellant
      charge in said primary propellant chamber before igniting the propellant
      charge in said secondary propellant chamber.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the delay between the ignition of the
      propellant charge in the primary propellant chamber and the ignition of
      the propellant charge in the secondary propellant chamber is between 5 and
      15 milliseconds.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said means for igniting said propellant
      charges sequentially including a first ignitor communicating with the
      propellant charge in said primary propellant chamber, a second ignitor
      communicating with the propellant charge in the secondary propellant
      chamber, and means for firing said first ignitor before said second
      ignitor.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said ignitors are squib members, and
      further including electrical circuit means for connecting said squib
      members in parallel, said electrical circuit means including a resistance
      in series with the squib member associated with the propellant charge in
      the secondary propellant chamber.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the delay between the firing of said
      squib member associated with the propellant charge in the primary
      propellant chamber and the firing of said squib member associated with the
      propellant charge in the secondary propellant chamber is from 5 to 15
      milliseconds when the system is actuated.
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ABST
PAL  A gas cushion for the protection of the passengers of vehicles, especially
      of motor vehicles, which is automatically inflatable upon exceeding a
      predetermined deceleration of the vehicle by means of a gas generator; the
      gas cushion is accommodated in a hollow space, for example, of the
      steering wheel or of the instrument panel opposite the passengers whereby
      the hollow space is closed off by a cover which is adapted to be pushed
      out when the gas cushion is set into operation; means are thereby provided
      which open the cover independently of the inflating gas cushion as a
      function of the response of a sensor serving to set the gas generator into
      operation.
BSUM
PAR  The present invention relates to an automatically inflatable gas cushion
      for the protection of the passengers of vehicles, especially of motor
      vehicles, automatically inflatable upon exceeding a predetermined
      deceleration of the vehicle by means of a gas generator or the like, which
      gas cushion is stored or accommodated in a hollow space, for example, of
      the steering wheel or of the instrument panel, facing the passengers,
      whereby this hollow space is closed off by a cover or lid that is adapted
      to be pushed out of a mounting, when putting the gas cushion into
      operation.
PAR  Practical tests with such gas cushions have demonstrated that very precise
      and definite requirements have to be made of the cover or lid, which
      closes off the space in which the folded-together gas cushion is
      accommodated, in order to assure a completely satisfactory functioning of
      the gas cushion in case of emergency.
PAR  Thus, the cover or lid should have as low as possible a weight and should
      be easily openable since with the extraordinarily high gas velocities
      occurring during the inflation of a gas cushion otherwise an excessively
      strong delay would occur in the first phase of the inflation operation.
      This, however, would have two undesirable consequences. On the one hand,
      with a delayed inflation the gas cushion may be damaged by the very hot
      gases and, on the other, a considerably increased and reinforced bang
      would occur which might lead to damaging the hearing of the vehicle
      passengers.
PAR  However, it has been discovered that also when both of the aforementioned
      requirements are fulfilled, an opening of the cover alone by the inflating
      or filling gas cushion is not sufficient in all cases in order to enable a
      completely satisfactory movement progress of the unfolding gas cushion.
PAR  The present invention is therefore concerned with the task to provide an
      installation which assures a timely opening of the cover or lid under all
      circumstances.
PAR  Consequently, in one embodiment a gas cushion of the aforementioned type is
      proposed whereby according to the present invention at least one explosive
      charge separate from the gas generator of the system is provided for
      pushing out the cover, which is triggered at the latest together with the
      gas generator.
PAR  Movie pictures of corresponding tests have indicated that the gas generator
      serving for the filling of the gas cushion requires a relatively long
      period of time, for example, of the order of magnitude of 10 msec until
      the gas generation starts to function fully. During this time, a small
      explosive charge could have burned out already so that the cover is
      already opened when the unfolding of the gas cushion commences.
PAR  In one preferred embodiment of the present invention, the explosive charge
      is accommodated in a pipe or tubular member open on one side whose closed
      end is secured at the cover or lid and whose open end is directed away
      from the passengers.
PAR  According to another preferred embodiment of the present invention, a gas
      cushion of the aforementioned type is proposed, whereby according to the
      present invention the gas generator is so mounted and supported that after
      being put into operation--driven by the energy of the then-forming or
      released gases--it can carry out a movement in the direction toward the
      cover or lid, and that means are provided which transmit this movement to
      the cover and thereby open the same.
PAR  Advantageously, the gas generator is thereby displaceable against the
      action of a spring which subsequently returns the gas generator again into
      its original position.
PAR  In a gas cushion in which a mounting frame is provided at which are secured
      a container accommodating the folded-together gas cushion and consisting,
      for example, of wire mesh as well as the open end of the gas cushion
      itself, it may be of advantage if the container and the mounting frame are
      utilized for the transmission of the movement of the gas generator to the
      cover.
PAR  However, according to a further feature of the present invention, also
      separate transmission elements, for example, in the form of rods which are
      relatively thin but sufficiently stiff or rigid against bending or
      buckling may be provided for the transmission of the movement of the gas
      generator to the cover.
PAR  Accordingly, it is an object of the present invention to provide an
      automatically inflatable gas cushion for the protection of the passengers
      of vehicles, especially of motor vehicles, which avoids by simple means
      the aforementioned shortcomings and drawbacks encountered in the prior
      art.
PAR  Another object of the present invention resides in an automatically
      inflatable gas cushion for the protection of passengers of vehicles which
      assures a timely opening of the cover under all circumstances.
PAR  A further object of the present invention resides in an automatically
      inflatable gas cushion for the protection of passengers of motor vehicles
      which assures a completely satisfactory progress of the movement of the
      unfolding gas cushion in case of an accident.
PAR  A still further object of the present invention resides in an automatically
      inflatable gas cushion of the aforementioned type which assures a timely
      opening of the cover or lid under all circumstances.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, three embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a partial cross-sectional view through one embodiment of an
      automatically inflatable gas cushion in accordance with the present
      invention;
PAR  FIG. 2 is a partial cross-sectional view through a modified embodiment of
      an automatically inflatable gas cushion in accordance with the present
      invention; and
PAR  FIG. 3 is a partial cross-sectional view through a further embodiment of an
      automatically inflatable gas cushion in accordance with the present
      invention.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the two views to designate like parts, and more particularly to
      FIG. 1, in the safety steering device illustrated in this figure,
      reference numeral 1 designates therein a steering wheel. A deformation
      member 3 consisting of sheet metal which is surrounded in part by a foamed
      material layer or element 2 is arranged adjoining the steering wheel 1 in
      the safety steering device of this figure. The layer 2 consisting of
      conventional synthetic plastic material, such as synthetic resinous
      material, is thereby foamed about the deformation member 3. A container 4
      consisting, for example, of wire mesh is provided on the inside of the
      deformation member 3, in which is accommodated a folded-together gas
      cushion 5 that is connected with the steering wheel 1 by way of a mounting
      frame 6. A conventional gas generator (not shown) may serve for filling
      the gas cushion 5 which, in case of emergency, produces a gas that flows
      into the gas cushion in the direction of the arrow "G".
PAR  A cover or lid 7 forms the upper closure of the space serving for the
      accommodation of the folded-together gas cushion 5; the cover 7 is
      retained in a circumferential groove 8 provided in the foamed-about member
      2. The cover 7 is pivotally connected by way of a band 9 consisting, for
      example, of a fabric that is secured at a flange 13 and forms a
      practically frictionlessly operating joint.
PAR  A small explosive charge 11 is arranged in a tubular member or pipe 10
      opposite the joint constituted by the band 9; the explosive charge 11 is
      connected by way of a cable 12 in a manner not illustrated in detail with
      a conventional sensor S responding to a predetermined vehicle
      deceleration.
PAR  At its upper closed end, the pipe 10 is secured at the cover 7 whereas at
      its lower open end it rests loosely on the flange 13.
PAR  During the ignition of the explosive charge 11 operating according to the
      reaction principle, the cover 7 is pushed out of the groove 8 and is
      pivoted away so that it cannot prevent the unfolding of the gas cushion 5.
PAR  In the embodiment of the safety steering device in FIG. 2, a deformation
      member 3 consisting again of sheet metal and surrounded in part again by a
      foamed-about member 2 of conventional synthetic plastic foamed material,
      again adjoins the steering wheel 1. A container 4 is provided on the
      inside of the deformation member 3 which consists, for example, of wire
      mesh and in which is accommodated a folded-together gas cushion 5 that is
      connected with the steering wheel 1 by way of a mounting frame 6.
PAR  A cover or lid 7 again forms the upper closure of the space serving for the
      accommodation of the folded-together gas cushion 5; the cover 7 is held in
      a circumferential groove 8 provided in the foamed-about member 2. The
      cover 7 is pivotally connected by means of a band 9 consisting, for
      example, of fabric which is secured at a flange 13 and again forms a
      practically frictionlessly operating joint.
PAR  A gas generator 21 serves for the filling of the gas cushion 5 in case of
      the emergency, which is connected with a conventional sensor S responding
      to a predetermined vehicle deceleration in a manner not illustrated in
      detail and is ignited thereby. When the gas generator 21 is in operation,
      the formed or developed gases flow into the gas cushion 5 in the direction
      of the arrows "G". Due to the outflowing gases which flow out from the
      side of the gas generator 21 opposite the gas cushion 5 by way of
      discharge apertures 22, the gas generator 21 is initially lifted against
      the force of the compression spring 23 by the distance "S". This movement
      is transmitted to the cover 7 by way of thin rods 24 which are relatively
      bending or buckling resistant. However, in the dimensioning of the rods
      24, due consideration must also be given to the fact that the buckling
      resistance or stiffness thereof must not be so large that the compression
      of the deformation member 3 is prevented thereby in case of an impact of
      the driver against the steering wheel.
PAR  In the embodiment of FIG. 3, the gas cushion 5 is disposed in a hollow
      space provided in an instrument panel P of the motor vehicle with a cover
      or lid 7 forming the upper closure of the hollow space. As with the
      embodiment of FIG. 1, one end of the cover 7 is held in a circumferential
      groove 8 formed in the foamed material of the instrument panel P and the
      other end of the cover 7 is pivotally connected by a band 9 which is
      secured at flange 13 to form a pratically frictionless operating joint.
PAR  As also with the embodiment of FIG. 1, the embodiment of FIG. 3 includes a
      small explosive charge 11 which is arranged in a tubular member or pipe 10
      opposite the joint constituted by the band 9 with the explosive charge
      being connected by way of a cable 12 with a conventional sensor S
      responding to a predetermined vehicle deceleration.
PAR  While we have shown and described only three embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A gas cushion for the protection of passengers of vehicles, expecially
      of motor vehicles which is automatically inflatable upon exceeding a
      predetermined deceleration of the vehicle and which is accommodated in a
      hollow space means disposed opposite the passengers, said hollow space
      means being closed off by a cover means adapted to be pushed out of a
      retaining means when the gas cushion is set into operation, characterized
      in that cover-displacing means are provided for displacing the cover means
      away from said hollow space means independently of the inflating gas
      cushion means.
NUM  2.
PAR  2. A gas cushion automatically inflatable by a gas generator means
      according to claim 1, characterized in that the cover-displacing means are
      operable in dependence on the response of a sensor means serving the
      purpose of setting the gas generator means into operation.
NUM  3.
PAR  3. A gas cushion according to claim 2, characterized in that said
      cover-displacing means includes at least one explosive charge separate
      from the gas generator means which is triggered at the latest together
      with the gas generator means.
NUM  4.
PAR  4. A gas cushion for the protection of passengers of vehicles, especially
      of motor vehicles, which is automatically inflatable upon exceeding a
      predetermined deceleration of the vehicle and which is accommodated in a
      hollow space means disposed opposite the passengers, said hollow space
      means being closed off by a cover means adapted to be pushed out of a
      retaining means when the gas cushion is set into operation, characterized
      in that cover-opening means are provided for opening the cover means
      independently of the inflating gas cushion means, the cover opening means
      are operable in dependence on the response of a sensor means serving the
      purpose of setting the gas generator means into operation, said
      cover-opening means includes at least one explosive charge separate from
      the gas generator means which is triggered at the latest together with the
      gas generator means, and in that a pipe having an open and closed end is
      provided, the explosive charge is accommodated in the pipe, the closed end
      of said pipe is secured at the cover means and the open end of said pipe
      is directed away from the passengers and is supported at a fixed vehicle
      part.
NUM  5.
PAR  5. A gas cushion according to claim 4, characterized in that said fixed
      vehicle part is a flange provided at a mounting means for the gas cushion.
NUM  6.
PAR  6. A gas cushion according to claim 2, characterized in that said cover
      displacing means is operable to cause the gas generator means, upon being
      set into operation, to move in the direction toward the cover means driven
      by the energy of the then-forming gases, and means for transmitting the
      movement of the gas generator means to the cover means and thereby open
      the latter.
NUM  7.
PAR  7. A gas cushion according to claim 6, characterized in that the gas
      generator means is so supported that it is able to carry out the movement
      in the direction of the cover means upon initiation of its operation.
NUM  8.
PAR  8. A gas cushion according to claim 7, characterized in that the gas
      cushion means is displaceable against the action of a spring means.
NUM  9.
PAR  9. A gas cushion according to claim 8, in which a mounting frame means is
      provided, at which are secured a container means accommodating the
      folded-together gas cushion as well as the open end of the gas cushion
      itself, characterized in that the container means and the mounting frame
      means are used for the transmission of the movement of the gas generator
      means to the cover means.
NUM  10.
PAR  10. A gas cushion according to claim 9, characterized in that the container
      means consists of a wire mesh.
NUM  11.
PAR  11. A gas cushion according to claim 8, characterized in that separate
      transmission elements are provided for transmitting the movement of the
      gas generator means to the cover means.
NUM  12.
PAR  12. A gas cushion according to claim 11, characterized in that the separate
      transmission elements are in the form of thin rods having a sufficient
      buckling rigidity.
NUM  13.
PAR  13. A gas cushion according to claim 6, in which a mounting frame means is
      provided, at which are secured a container means accommodating the
      folded-together gas cushion as well as the open end of the gas cushion
      itself, characterized in that the container means and the mounting frame
      means are used for the transmission of the movement of the gas generator
      means to the cover means.
NUM  14.
PAR  14. A gas cushion according to claim 6, characterized in that separate
      transmission elements are provided for transmitting the movement of the
      gas generator means to the cover means.
NUM  15.
PAR  15. A gas cushion according to claim 14, characterized in that the separate
      transmission elements are in the form of thin rods having a sufficient
      buckling rigidity.
NUM  16.
PAR  16. A gas cushion according to claim 1, characterized in that the hollow
      space means is provided at a steering wheel.
NUM  17.
PAR  17. A gas cushion according to claim 1, characterized in that the hollow
      space means is provided in an instrument panel of the vehicle.
NUM  18.
PAR  18. A gas cushion arrangement comprising: an inflatable gas cushion means,
      means for selectively inflating said gas cushion means, housing means for
      accommodating said gas cushion means in a deflated condition, cover means
      for covering said housing means with said gas cushion means in the
      deflated condition, and means for displacing said cover means away from
      said housing means independently of the inflating gas cushion means by
      said inflating means.
NUM  19.
PAR  19. An arrangement according to claim 18, wherein a substantially
      frictionless pivot means is provided on a portion of said housing means
      for pivoting said cover means away from said housing means.
NUM  20.
PAR  20. An arrangement according to claim 19, wherein said means for displacing
      said cover means includes an explosive charge means directly acting upon
      said cover means.
NUM  21.
PAR  21. An arrangement according to claim 20, wherein a means disposed between
      said cover means and a portion of said housing means is provided for
      accommodating said explosive charge means.
NUM  22.
PAR  22. An arrangement according to claim 21, wherein said means for
      accommodating said explosive charge means includes a first portion secured
      to said cover means and a second portion resting loosely on the portion of
      said housing means.
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ABST
PAL  Separate subassemblies of a gas generator charged with a combustible
      propellant and an inflatable fabric bag for restraining an automobile
      driver are provided. The pre-folded bag is assembled to the gas generator
      in the final stages of assembly to minimize safety hazards in the bag
      folding operation. Means are provided for connecting the subassemblies and
      mounting them in a steering wheel.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 305,722, filed Nov. 13,
      1972, now abandoned, which Ser. No. 305,722 is a continuation-in-part of
      Ser. No. 248,738, filed Apr. 28, 1972, now U.S. Pat. No. 3,827,715.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Government regulations are requiring automobile manufacturers to provide
      passive restraint devices for automobile passengers in case of collision,
      and an inflatable bag between the passenger and the dashboard or the
      driver and the steering wheel appears suitable. Impact sensors are
      provided in the automobile and when a collision occurs, a gas system is
      activated for rapidly inflating the passenger restraint bag. Some such
      systems have employed stored pressurized gas which is suddenly released
      into the bag. Such systems have required very high pressures to obtain
      sufficient gas in a small enough volume. The stored volume of gas must be
      fairly high to compensate for the significant cooling that occurs upon
      rapid depressurization of the gas.
PAR  According to another technique, a propellant is burned to generate
      quantities of gas which are used to inflate the bag. Such gasses must
      enter the bag at a sufficiently low temperature that no injury occurs
      either to the passenger or to the bag. For similar reasons, hot particles
      must be prevented from entering the bag. The gasses that enter the bag are
      dissipated in the passenger compartment of the automobile and it is
      therefore necessary that they be nontoxic and substantially free of smoke.
PAR  To obtain high volumes of nontoxic gasses, a variety of deflagration
      propellants have been devised which react strong oxidizers with various
      organic materials. These combustions typically yield principally carbon
      dioxide and water vapor, often with an excess of oxygen for avoiding
      asphyxiation. In the progress of developing such propellants for practical
      systems, granular or powder mixtures of various oxidizers and organic
      materials have been provided.
PAR  A restraint system for the driver of a vehicle must be relatively small
      since the entire system is accommodated within the existing size envelope
      of the steering wheel. To fit in this envelope, the inflatable bag is
      folded to a compact volume with its mouth adjacent the gas generator.
      These bags are carefully folded in a pre-determined manner for orderly
      deployment and it has been found best to do this folding by hand. such
      manual bag folding may involve large numbers of people.
PAR  The pyrotechnic gas generators have some saftey hazard, particularly when
      accumulated in substantial numbers as would be required in a manufacturing
      operation. Folding the bags on loaded gas generators creates many
      logistics, facilities and safety problems.
PAR  It is desirable to provide an arrangement whereby the gas generators can be
      kept separate from other components of the system during manufacturing
      operations until as late in the assembly cycle as possible for optimum
      safety.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  There is, therefore, provided in practice of this invention according to a
      presently preferred embodiment an inflatable bag restraint system having a
      gas generator with an annular sealing surface around one face of the
      generator and an inflatable bag subassembly including a folded inflatable
      bag with a rigid rim at its mouth, said rim having an annular sealing
      surface for connection to the annular sealing surface of the gas generator
      with a resilient sealing gasket therebetween. An alternate approach
      provides a face seal between a flange integral with the gas generator and
      the mounting plate.
DRWD
PAC  DRAWINGS
PAR  These and other features and advantages of the present invention will be
      appreciated as the same becomes better understood by reference to the
      following detailed description of a presently preferred embodiment when
      considered in connection with the accompanying drawings wherein
PAR  FIG. 1 illustrates in transverse cross section a gas generator constructed
      according to principles of this invention, particularly for use in an
      automobile steering wheel; and
PAR  FIG. 2 is a fragmentary view of an edge of a gas generator.
DETD
PAC  DESCRIPTION
PAR  The gas generator illustrated in FIG. 1 is particularly adapted to fit
      within the decorative hub structure of a conventional automobile steering
      wheel. A mounting plate 1 which may have a variety of configurations to
      adapt a gas generator to a variety of steering wheels is employed for
      supporting the driver restraint system. The mounting plate has a central
      circular aperture in which the gas generator is mounted. The gas generator
      has a cylindrical housing 2 having a flat back portion 3 that abuts a
      portion of the steering wheel hub (not shown). The housing has a central
      conical web 4 leading to an axial shaft 5. The conical web provides a
      depression on the back side of the generator to clear the end of the
      steering shaft.
PAR  A distributor plate 6 is threaded at its periphery and screws into the
      housing 2, the distributor plate is also supported at its center by a nut
      7 threaded on to the axial shaft 5. A hermetic seal (not shown) may be
      provided on the inside or outside of the distributor plate to close the
      plurality of holes 8 through the distributor plate. The axes of the holes
      8 extend generally radially outwardly at an angle of about forty-five
      degrees from the axis of the gas generator so that gases coming through
      the holes are not directed towards the face of the driver nor do they
      stream directly into the central portion of the bag. This reduces the
      initial deployment velocity of the bag to a safe limit.
PAR  A steel plate 9 is welded into the housing and divides the interior thereof
      into two chambers. The inner chamber is packed with an igniter propellant
      mix 11 which may, for example, be a rapidly burning mixture of a strong
      oxidizing agent and an oxygen bearing organic material as described in the
      above-referenced parent application. A conventional electrical initiator
      12 is threaded through one side of the generator housing so as to be in
      contact with the propellant mixture 11. In a typical embodiment, about
      five grams of the igniter propellant mixture poured into the lower chamber
      through the initiator hole is sufficient.
PAR  Much of the interior of the gas generator housing is packed with a granular
      gas generating propellant 13 which may have a separator phase (not shown)
      dispersed therein as described in greater detail in the above-referenced
      parent application. A plurality of holes 14 extend through the steel plate
      within the housing for optimum ignition. When the electrical initiator 12
      fires, the igniter mixture 11 in the inner chamber of the housing burns
      very rapidly and the hot gases so generated pass through the holes 14 in
      the steel plate. Typically, the propellant mixture 13 in the main body of
      the gas generator housing burns considerably slower than the igniter
      mixture. The numerous jets of hot gas from the igniter mixture ignite
      combustion in the main propellant 13 over a broad front so that the action
      proceeds rapidly and completely. It will be noted that some of the holes
      14 are angled to be approximately parallel to the conical web 4 to further
      enhance ignition of the main body of propellant 13.
PAR  A sintered bronze disk 16 is spaced between the propellant mixture and the
      holes 8 through the distributor plate. Typically, this disk is about 1/8
      in. thick and has sufficient porosity for passing the combustion gas from
      the propellant mixture without undue flow obstruction. From four to six
      fine metal screens 17 are also packed into the housing in a position where
      the gas flows therethrough enroute to the holes 8. The screens and bronze
      disk extract heat from the gases, provide a condensation surface for
      reaction products and filter out large particles which could be damaging
      to a bag or passenger.
PAR  A conventional inflatable fabric bag 18 is positioned over the distributor
      plate 6 so that gas passing through the holes 8 enters the interior of the
      bag. The bag is folded in such a manner that much of its bulk is located
      on the mounting plate beside the gas generator housing. If desired, a
      portion of the folded bag may be arranged over the distributor plate,
      particularly in the area surrounding the nut 7. Preferably, the bag is
      folded in such a way as to have a minimum thickness over the nut 7 to stay
      within the available envelope of the steering wheel.
PAR  The bag 18 has a metal attachment ring 19 within its mouth. This ring may
      be a separate element or may be adhesively bonded to the bag to aid in
      subsequent assembly. A generally circular bag mounting rim 21 extends
      around the outer end of the housing. This rim has an inwardly directed
      flange 22 which is connected to the bag attachment ring 19 by a plurality
      of bolts or rivets 23 which preferably extend through an edge of the bag
      adjacent its mouth for attachment and positioning during assembly. The
      flange has a raised annular rib 24 which mates with a corresponding groove
      26 in the bag mounting ring and collectively they serve to tightly grip
      the bag edge around its mouth to hold it in place during inflation. Other
      means will be apparent for gripping the mouth of the bag, including, for
      example, a ring formed integral with the bag and trapped between the
      attachment ring and the flange.
PAR  The rim 21 has an outwardly extending flange 27 around at least a portion
      of its circumference. Tabs may be used on the rim instead of the partial
      outer flange. This flange is connected to the mounting plate 1 and to a
      plurality of tabs 28 welded on the gas generator housing by a plurality of
      bolts 29. It will be apparent that, if desired, a mounting plate can be
      made integral with the gas generator in lieu of the tabs 28; however, this
      means making a variety of gas generators suitable for mounting in
      different steering wheels. Similarly, if desired, the mounting plate can
      be made integral with the rim 21; however, this also means stocking a
      variety of parts to fit each steering wheel. It turns out from
      manufacturing convenience considerations to be preferable to have
      universally useful gas generators, universally useful folded bag
      subassemblies, and a plurality of specialized mounting plates.
PAR  The distributor plate 6 has an annular sealing surface 31 recessed below
      the front face of the gas generator and adjacent the open end of the
      housing 2. A relatively thick soft gasket 32 is positioned between the
      annular sealing surface formed by the underside of the flange 22 and by
      the recessed portion of the distributor plate and the housing end. This
      gasket seals the bag subassembly to the gas generator and prevents leakage
      during inflation. It serves the additional function of sealing the threads
      between the distributor plate and the housing for protecting the gas
      generating compositions before use.
PAR  By recessing the annular sealing surface on the distributor plate and
      housing, the rigid rim 21 and ring 19 are substantially below the front
      face of the gas generator. The assembled generator and folded bag are thus
      small enough to fit into a standard steering wheel hub. Further, the
      portion of the generator face around the central nut is also available for
      accommodating some of the pre-folded bag, if desired.
PAR  In the manufacturing operation, the gas generators are assembled with the
      propellants in place in a facility having the necessary safety features
      for handling such materials. The bags are connected to the rim 21 and
      attachment ring 19 at another facility and the bags are carefully folded
      for compact storage and proper deployment. These two subassemblies are
      suitable for use in any desired automobile steering wheel. Near the point
      of final manufacture, and with suitable safety precautions, the pre-folded
      bag subassembly and the gas generator subassembly are attached together
      with a gasket 32 therebetween. At this point, the mounting plate 1
      suitable for a particular model of steering wheel is also attached and the
      completed assembly may be installed in an automobile steering wheel.
PAR  FIG. 2 is a fragmentary view illustrating an edge of a gas generator with a
      portion of the bag mounting assembly in cross section. As illustrated in
      this embodiment a cylindrical gas generator 36 has a peripheral flange 37
      extending around it and set back from the front face 38 from which gases
      are ejected upon operation of the gas generator. The internal structure of
      the gas generator, propellants therein and the like may be as hereinabove
      described or of any other suitable arrangement.
PAR  A mounting plate 39 for adapting the gas generator to any of a variety of
      automobile steering wheels fits around the body of the gas generator 36
      and has one face abutting the flange 37. An O-ring 41 may be captured
      between a chamfer on the mounting plate and the body and flange of the gas
      generator. This serves as a gas seal to minimize leakage from the interior
      of the gas bag 42, only a fragment of which is shown in FIG. 2. The O-ring
      is entirely optional and it has been found that the metal to metal
      interface between the mounting plate and flange is typically sufficiently
      tight that no substantial gas leakage occurs.
PAR  A retaining ring 43 fits into the circular mouth of the bag and is bolted
      to the mounting plate by a series of bolts (not shown). The mouth of the
      bag is, for example, a circular aperture having a series of smaller holes
      therearound for accommodating the bolts which connect the retaining ring
      and the mounting plate. Thus, the edge of the bag is captured between the
      retaining ring and the mounting plate for bag retention and sealing. Such
      a subassembly is made by bolting together the retaining ring and mounting
      plate with the bag therebetween. The bag is then folded to the desired
      configuration for mounting in a steering wheel.
PAR  At the last stages of assembly, a gas generator is inserted through the
      mounting plate into a position as shown in FIG. 2. Each of four L-shaped
      clips 44 is then connected to the retaining ring by four bolts 46. Part of
      the L-shaped clip bears against the side of the flange 37 opposite from
      the mounting plate and the other end of the L-shaped clip bears against
      the mounting plate. A simple final assembly step is therefore possible for
      connecting the prefolded bag subassembly to a preloaded gas generator
      subassembly for making a completed automobile occupant restraint system.
PAR  Many modifications and variations of the present invention will be apparent
      to one skilled in the art. Thus, for example, in the embodiment of FIG. 2
      the flange around the gas generator may be made somewhat larger so as to
      be engaged by bolts and connected directly to the retraining ring thereby
      dispensing with the L-shaped clips. One could, for example, substitute
      push-in type fasteners or rivets for the bolts shown in the two
      embodiments. It is therefore to be understood that within the scope of the
      appended claims the invention may be practiced otherwise than as
      specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An inflatable bag automobile driver restraint system comprising:
PA1  a generally cylindrical pyrotechnic gas generator including means for
      generating a sufficient volume of gas for inflating a driver restraint
      bag;
PA1  a recessed annular sealing surface around the face of the gas generator
      through which gas is released;
PA1  an inflatable bag subassembly including:
PA2  a folded inflatable bag,
PA2  a rigid ring in the mouth of the bag,
PA2  a rigid rim around the gas generator and having an inwardly directed
      flange,
PA2  means for connecting the inwardly directed flange and the ring with the
      mouth of the bag therebetween,
PA2  an outwardly directed flange on the rim for connecting the rigid rim to the
      gas generator; a resilient sealing gasket between the annular surface on
      the gas generator and the inwardly directed flange, the gasket, inwardly
      directed flange and ring collectively being about the same thickness as
      the depth of the recess adjacent the sealing surface on the gas generator;
      and
PA2  an adapter mounting plate connected to the gas generator and to the
      outwardly directed flange for attachment to a steering wheel.
NUM  2.
PAR  2. An inflatable bag automobile driver restraint system comprising;
PA1  a generally cylindrical gas generator including means for generating a
      sufficient volume of gas for inflating a driver restraint bag;
PA1  a recessed annular sealing surface around the face of the gas generator
      through which gas is released;
PA1  an inflatable bag subassembly including:
PA2  a folded inflatable bag,
PA2  a rigid ring in the mouth of the bag,
PA2  a rigid rim around the gas generator and having an inwardly directed
      flange,
PA2  means for connecting the flange and the ring with the mouth of the bag
      therebetween,
PA2  means for connecting the rigid rim to the gas generator; and
PA1  a resilient sealing gasket between the annular surface on the gas generator
      and the flange, the gasket, flange and ring collectively being about the
      same thickness as the depth of the recess adjacent the sealing surface on
      the gas generator; and wherein the means for connecting the rim to the gas
      generator comprises an outwardly directed flange on the rim; and further
      comprising:
PA1  an adapter mounting plate connected to the gas generator and to the
      outwardly directed flange for attachment to a steering wheel; and wherein
      the gas generator comprises:
PA2  a hollow housing having an open end;
PA2  a distribution plate threaded into the housing, the distribution plate
      having a recessed periphery adjacent the open end of the housing, and
      wherein the recessed sealing surface is one the recessed periphery and the
      end of the housing so that the gasket seals the threads.
NUM  3.
PAR  3. An inflatable bag restraint system comprising:
PA1  a pyrotechnic gas generator subassembly including means for generating a
      sufficient volume of gas for inflating a restraint bag, and an annular
      sealing surface on a peripheral portion of the gas generator;
PA1  a separate inflatable bag subassembly including a folded inflatable bag,
      and a rigid rim connected to the mouth of the bag including a second
      annular sealing surface;
PA1  means for assembling the two subassemblies into a unitary structure by
      connecting the rigid rim to the gas generator with the annular sealing
      surface in opposition; and
PA1  adapter plate means for mounting the assembled unitary structure on an
      automobile steering wheel; and wherein
PA1  the annular sealing surfaces are recessed below the face of the gas
      generator through which gas is released so that the rigid portions of the
      inflatable bag subassembly do not extend substantially beyond the face of
      the gas generator; and
PA1  the rigid rim comprises an inwardly directed flange within the recessed
      region of the gas generator and including the annular sealing surface
      thereunder, and an outwardly extending flange-like portion for connection
      to the gas generator.
NUM  4.
PAR  4. An inflatable bag restraint system as defined in claim 3 wherein the
      mounting plate means is connected to both the gas generator and the
      outwardly extending flange-like portion; and further comprising a
      resilient sealing gasket between the annular sealing surface on the gas
      generator and the annular sealing surface on the rigid rim.
PATN
WKU  039442527
SRC  5
APN  5754828
APT  1
ART  316
APD  19750508
TTL  Tractor front-end weight assembly
ISD  19760316
NCL  9
ECL  1
EXA  Forman; Michael J.
EXP  Song; Robert R.
NDR  2
NFG  5
INVT
NAM  Barth; Hubert
CTY  Mannheim
CNT  DT
ASSG
NAM  Deere & Company
CTY  Moline
STA  IL
COD  02
PRIR
CNT  DT
APD  19740913
APN  2443809
CLAS
OCL  280150E
EDF  2
ICL  B60R 2700
FSC  280
FSS  150 E
FSC  212
FSS  49
UREF
PNO  2967718
ISD  19610100
NAM  Orwig
OCL  280150E
UREF
PNO  2986407
ISD  19610500
NAM  Krueger
XCL  280150E
UREF
PNO  3635493
ISD  19720100
NAM  Barth
OCL  280150E
ABST
PAL  A bar-like base weight is fixed crosswise to the forward end of a tractor
      and connected thereto are two or more identical plate-shaped weights. The
      mounted weights are disposed in side by side abutting relationship and are
      held tightly against each other and in fixed relationship by a pair of
      clamping screws. The base weight includes a primary hitch connection which
      may be used when none of the weights are mounted on the base weight, and a
      weight-hitch connection is provided by cooperating portions of the weights
      when they are mounted on the base weight. Deflectors in the weights are
      provided to guide an implement hitch ring into hitching position in the
      weight-hitch connection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a front-end weight assembly for an
      agricultural tractor, and more particularly relates to a weight-hitch
      connection.
PAR  Plate-shaped ballast weights are known which include the weight-hitch
      connection as shown in the U.S. Pat. No. 3,635,493 granted to Hubert Barth
      et al. on Jan. 18, 1972.
PAR  The prior art systems have horizontally running recessess for insertion of
      implement coupling hitch rings and since this allows considerable
      horizontal play it is difficult to bring the hitch rings directly under
      specific desired vertical openings proximate the recess for insertion of
      hitch pins. Further, due to the large amount of horizontal play, the
      operator who guides the hitch ring into place may be injured if the hitch
      ring slips to the side where he is standing while the vehicle is being
      backed up to hitch up the implement.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide a guide for the
      hitching recess on a tractor's weights so that operator injuries during
      the coupling procedure are prevented. This is done by the addition of
      deflectors to the weights to limit horizontal play of the hitch ring.
PAR  The above and additional objects and advantages of the present invention
      will become apparent to those skilled in the art from a consideration of
      the following detailed description of the preferred embodiments when taken
      in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the weights mounted on a tractor;
PAR  FIG. 2 is a section along line 2--2 of FIG. 1 showing a section of the base
      weight and a side view of a weight;
PAR  FIG. 3 is a section taken along line 3--3 of FIG. 2 including the deflector
      of the present invention;
PAR  FIG. 4 is a section similar to FIG. 3 of an alternate embodiment of the
      present invention; and
PAR  FIG. 5 is a section taken along the line 5--5 of FIG. 4 showing a cross
      section of the alternate embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown the front end of a tractor 11 having
      attached to its front end an elongate base weight 10 extending the whole
      transverse width of the tractor frame. Flat plate-shaped weights,
      designated at 14, are detachably mounted on the support 10.
PAR  Referring to FIG. 2, there is shown a clevis 13 cast in the base weight 10
      to serve as the primary implement hitch connection upon insertion of a
      hitch pin (not shown) through a bore 12 and a centering pin 16 which is
      inserted in the bore 12 to prevent transverse movement of the weights 14.
      The pin 16 has a centrally-located hole perpendicular to its longitudinal
      axis which contains a split pin 17 which holds the centering pin 16 from
      falling through the bore 12. Along the entire width of the upper part of
      the base weight 10 there is an upturned lip 18 and on the bottom part
      there is a bearing surface 19 also over the entire width.
PAR  In the rearward edge of each weight 14 there is a U-shaped recess 20 which
      is hook-shaped in the upper portion 21 to hang over the upturned lip 18 of
      the base weight 10 and the bearing surface 19 of the base weight 10 abuts
      the inner surface 22 of the U-shaped recess 20. The weights 14 are clamped
      together transversely by a pair of clamping screws 24.
PAR  In the forward edge of each weight 14 is another U-shaped recess 26 which
      in cooperation with other weights 14 form a hitching clevis. As best shown
      in FIG. 1, the weights 14 each have semi-cylindrical grooves 27 on either
      side near the recess 26 which form cylindrical vertical openings 32 in
      cooperation with adjacent weights 14. Each vertical opening 32 extends
      across the recess 26 and is open at the top and closed at the bottom below
      the recess 26.
PAR  During coupling, the hitch ring 29 as shown in FIG. 3 of an implement (not
      shown) will be inserted into the recess 26 such that the vertical center
      axis of the hitch ring 29 will coincide with the vertical center axis of
      the vertical opening 32. A hitch pin 28 is then inserted into the vertical
      opening 32 and through the hitch ring 29 to connect the implement to the
      weights 14.
PAR  Referring further to FIG. 3, there are shown weights 15 differing from the
      weights 14 in having integral deflectors 30 which are located in the
      recesses 26. The two weights 15 with the integral deflectors 30 are
      separated in such a manner that there are at least two non-deflector
      weights 14 in between so that the space between the deflectors 30 is
      adequate to take up the hitch ring 29.
PAR  Each deflector 30 is disposed parallel to the center axis of the vertical
      opening 32 and is of wedge shape, tapering to the front. Two outwardly
      inclined deflector surfaces 30a and b on the two deflectors 30 cooperate
      to provide a guide for the hitch ring 29. The front tip 50 of each of the
      deflectors 30 is rounded off and extends laterally in line with the center
      axis of the vertical opening 32. Two deflector surfaces 30a and b are
      provided on each deflector 30 so that the two deflector incorporated
      weights 15 will be interchangeable.
PAR  Through the use of the deflectors 30 the coupling maneuver is significantly
      simplified since a guide is provided which makes the hitch ring 29
      self-centering in relation to the vertical opening 32 into which the hitch
      pin 28 will be inserted. With the deflectors 30 in place, sideward
      slipping of the hitch ring 29 is not possible and therefore possibilities
      of injuries to the operator from this source are minimized.
PAR  In an alternate embodiment in FIG. 4, there are shown deflectors 31 which
      are insertable in the vertical openings 32 to both sides of the vertical
      opening 32 for the hitch pin 28. The deflectors 31 have cylindrical
      portions 36 at the top and bottom of a deflector flange 34. The
      cylindrical portions 36 are inserted into the vertical openings 32 such
      that there is one vertical opening 32 between them for insertion of the
      hitch pin 28. The deflector flange 34 has a deflector surface 35 disposed
      parallel to the center axis of the vertical opening 32 into which the
      hitch pin 28 is inserted and on the back is a supporting brace 38 with
      supporting areas 42 and 44. These supporting areas 42 and 44 abut the back
      of the recess 26 when the hitch ring 29 is inserted. The deflector 31 may
      be inserted between two weights 14 at any desired vertical opening 32 and
      forms together with the complementary deflector 31 a guide which limits
      the sideward movement of the hitch ring 29 in the recess 26.
PAR  Again through the use of deflectors 31 the coupling maneuver will be
      significantly simplified since the deflector surfaces 35 make the hitch
      ring 29 self-centering in relation to the hitch pin vertical opening 32.
      And again, sideward slipping through the hitching recess 26 of the weights
      14 is impossible, and therefore injuries to the operator will be
      prevented.
PAR  While the invention has been described in conjunction with specific
      embodiments, it is to be understood that many alternatives, modifications,
      and variations will be apparent to those skilled in the art in light of
      the aforegoing descriptions. Accordingly, it is intended to embrace all
      such alternatives, modifications, and variations which fall within the
      spirit and scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a front-end weight assembly of the type including an elongate base
      weight adapted for connection to the forward end of a tractor and a
      plurality of plate-shaped weights, said base weight and said weights
      having cooperative surfaces disposed such that said weights may be
      suspended from said base weight, said weights having forwardly opening
      recesses in their forward edges forming recess means for receipt of an
      implement hitch ring and semi-cylindrical grooves disposed in the opposite
      transverse sides of each weight extending vertically in the region of each
      recess whereby opposed grooves in each two adjacent weights cooperate to
      form a vertical opening adapted to receive a hitch pin, the improvement
      comprising: a deflector positioned within the recess means and having a
      deflector surface disposed substantially parallel to the center axis of
      one of the vertical openings and spaced therefrom a distance greater than
      the radius of the hitch ring and outwardly inclined towards the front
      relative to the adjacent sides of the two adjacent weights forming the one
      of the vertical openings, said deflector surface operatively associated
      with the two adjacent weights to form a guide for positioning the vertical
      center axis of the hitch ring coincident with the center axis of the
      vertical opening for insertion of the hitch pin therethrough.
NUM  2.
PAR  2. The invention as claimed in claim 1 wherein the deflector is located
      within the recess of and is integral with a first adjacent weight
      positioned adjacent to the two adjacent weights forming the one of the
      vertical openings.
NUM  3.
PAR  3. The invention as claimed in claim 2 wherein the deflector has a second
      deflector surface forming with the deflector surface a wedge shape tapered
      towards the front of the weight and symmetrical about a vertical,
      transverse plane passing through the center of the first adjacent weight.
NUM  4.
PAR  4. The invention as claimed in claim 3 including a second adjacent weight
      with a further deflector integral therewith positioned adjacent to the two
      adjacent weights forming the one of the vertical openings and opposite the
      first adjacent weight.
NUM  5.
PAR  5. The invention as claimed in claim 1 including a first adjacent weight
      positioned adjacent to the two adjacent weights forming the one of the
      vertical openings and having a semicylindrical groove cooperating with one
      of the outer semicylindrical grooves in the two adjacent weights forming
      the one of the vertical openings to form a second one of the vertical
      openings, and wherein the deflector includes means insertable into the
      second one of the vertical openings to hold the deflector in place.
NUM  6.
PAR  6. The invention as claimed in claim 5 wherein the deflector includes a
      supporting flange projecting rearwardly of and substantially perpendicular
      to the deflector surface for bracing the deflector surface against the
      first adjacent weight upon abutting of the hitch ring against the
      deflector surface.
NUM  7.
PAR  7. The invention as claimed in claim 6 including a second adjacent weight
      positioned adjacent to the two adjacent weights and opposite the first
      adjacent weight, said second adjacent weight including a semi-cylindrical
      groove cooperating with another one of the outer semi-cylindrical grooves
      in the two adjacent weights forming the one of the vertical openings to
      form a third one of the vertical openings, and a second deflector
      insertable in the third one of the vertical openings having a deflector
      surface disposed parallel to the center axis of the vertical opening at a
      distance greater than the radius of the hitch ring and outwardly inclined
      towards the front relative the adjacent sides of the two adjacent weights
      forming the one of the vertical openings.
NUM  8.
PAR  8. In a front-end weight assembly of the type including an elongate base
      weight adapted for connection to the forward end of a tractor and at least
      four plate-shaped weights, said base weight and said weights having
      cooperative surfaces disposed such that the weights may be suspended from
      said base weight, said weights having forwardly opening recesses in their
      forward edges forming recess means adapted to receive an implement hitch
      ring and semicylindrical grooves disposed in the opposite transverse sides
      of each weight extending vertically in the region of each recess whereby
      opposed grooves in each adjacent two weights cooperate to form a vertical
      opening adapted to receive a hitch pin, the improvement comprising: a pair
      of deflectors, each integral with one of the weights adjacent to the two
      adjacent weights forming the one of the vertical openings and in the
      recess means thereof, and each deflector having two deflector surfaces
      forming a wedge shape tapered towards the front of the one of the weights
      and symmetrical about a vertical, transverse plane passing through the
      center of each of the one of the weights, said deflector surfaces
      operatively associated with the two adjacent weights forming the one of
      the vertical openings to form a guide for positioning the center axis of
      the hitch ring coincident with the center axis of the one of the vertical
      openings for insertion of the hitch pin therethrough.
NUM  9.
PAR  9. In a front-end weight assembly of the type including an elongate base
      weight adapted for connection to the forward end of a tractor and at least
      four plate-shaped weights, said base weight and said weights having
      cooperative surfaces disposed such that the weights may be suspended from
      the base weight, said weights having forwardly opening recesses in their
      forward edges forming recess means adapted to receive an implement hitch
      ring and semi-cylindrical grooves disposed in the opposite transverse
      sides of each weight extending vertically in the region of each recess
      whereby opposed grooves in two adjacent weights cooperate to form a center
      vertical opening adapted to receive a hitch pin and opposed grooves in
      first and second adjacent weights, each adjacent to the two adjacent
      weights, cooperate to form additional vertical openings, the improvement
      comprising: a pair of deflectors positioned proximate the recess means and
      having deflector surfaces disposed parallel to the center axis of the
      center vertical opening at a distance greater than the radius of the hitch
      ring and outwardly inclined towards the front relative to the adjacent
      sides of the two adjacent weights and having cylindrical top and bottom
      portions with center axes parallel to the deflector surfaces for insertion
      into the additional vertical openings, each said deflector including a
      supporting flange projecting rearwardly of and perpendicular to the
      deflector surface and abutting the respectively first and second adjacent
      weights, each said deflector surface operatively associated with the two
      adjacent weights to form a guide for positioning the center axis of the
      hitch ring coincident with the center axis of the central vertical opening
      for insertion of the hitch pin therethrough.
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ABST
PAL  A pedal-operated vehicle including a frame, at least two supporting wheels,
      a driven wheel hub, and a variable ratio drive system comprising, (in one
      embodiment) a planetary gear set mounted adjacent and externally of the
      driven wheel hub. The gear set includes a single sun gear, a single ring
      gear, and at least one planet gear rotatably mounted on a carrier, with
      the sun gear being engageable with the wheel hub for driving the same. A
      foot-operated crank is drivingly connected to the planetary carrier,
      whereby torque generated by the crank is transferable to the planetary
      carrier. A rotation controlling means such as a brake is located
      externally of the ring gear and fixed to the frame for affecting the
      rotation which the ring gear is permitted to have as the planetary carrier
      is turned. A hand-operable control unit is used to adjust the brake's
      effectiveness, whereby the speed of rotation of the sun gear is a function
      of the rotation which the ring gear is permitted to have. The
      hand-operable control unit is movable to an infinite number of
      intermediate positions between its two extreme operating positions, so
      that there are an infinite number of drive ratios obtainable. As an
      alternative to the mechanical retarding system, a hydraulic retarding
      system includes a closed hydraulic loop including a positive displacement
      pump with an external shaft in contact with the ring gear. A valve in said
      hydraulic loop can control the amount of liquid circulated through the
      hydraulic loop, which will affect the rotation of the external shaft,
      which will in turn affect rotation of the ring gear when torque is applied
      to the pinion carrier. In another embodiment of the invention, a
      multi-speed bicycle transmission is adapted to be mounted adjacent the
      pedal cranks. It includes a single sun gear adapted to be mounted
      concentrically with the shaft that connects the bicycle's two pedal
      cranks, with the sun gear rotating alongside the pedal crank hub. The sun
      gear is rigidly connected to a front chain sprocket.
BSUM
PAR  This invention relates to foot-powered vehicle drive systems, and more
      particularly to an infinitely variable multi-speed transmission for
      pedal-driven vehicles such as bicycles.
PAR  It has been common in the past to provide on certain bicycles the
      capability of changing the effective ratio between a pedal-driven crank
      (which constitutes the driving member) and a rear wheel (which constitutes
      the driven member). Techniques for changing this ratio generally fall into
      two categories, namely, selective gear engagement and selective sprocket
      engagement. Those bicycles which utilize various gears that are
      selectively engaged may be characterized by the so-called three-speed
      bicycles. A typical three-speed bicycle transmission includes two
      planetary gear systems, with some commonly used parts (such as a single
      ring gear) in the two systems; and the driving ratio is changed by means
      of a cable-actuated rod which acts to position certain elements within a
      hub such that they are either engaged or idle. While there are many
      variations of 3-speed transmissions, most of them have been "internal"
      units that fit within the hub of the driven wheel. Because such internal
      units are of necessity quite small, their components are typically
      manufactured to very close tolerances; and, as is the case with most
      mechanisms, precision in manufacture and criticality in assembly usually
      results in a relatively expensive product.
PAR  The other common multi-speed drive system is usually referred to a
      derailleur system; it utilizes a plurality of external sprockets on either
      the crank or the rear wheel or both. The various sprockets have different
      numbers of teeth, and a roller chain is caused to engage various
      combinations of these sprockets in order to achieve different drive
      ratios. Perhaps the most common of this type of transmission is that
      employed on a so-called ten-speed bike. A typical 10-speed bicycle
      utilizes a rear hub with five sprockets affixed thereto, and a
      pedal-driven crank having two sprockets, thereby providing ten individual
      driving ratios to the rear wheel. Similarly, a 15-speed bike will usually
      have a rear hub with five sprockets and a pedal crank with three
      sprockets. When it is desired to change from one speed to another, it is
      necessary to manually change the position of at least one lever which
      "derails" the chain from one set of sprockets to another set.
PAR  It has been recognized that both of the above-described transmission
      systems have certain disadvantages. For example, the 3-speed planetary hub
      has relatively large increments between its three fixed speed ratios; of
      course, encompassing a wide range with only three specific ratios
      naturally increases the gap between the respective ratios. Also, the
      adjustment of the cable-actuating mechanism is sometimes deemed to be
      rather difficult. One reason for the difficulty in adjustment can perhaps
      be understood when it is realized that there will typically be over 50
      individual parts and subassemblies which fit into a 3-speed hub,
      including, for example: a brake plate, a brake band, a low gear pawl, a
      high gear pawl, a planetary cage, a ring gear, several pinions and
      spindles, three or more sets of ball bearings, several sleeves, spacing
      washers, locking clips, lockwashers, keys, thrust rings, couplings, nuts,
      pins, ratchets, snap rings, an axle, set screws, springs, a push rod, etc.
PAR  Still another deficiency of many multi-speed bicycles has been their
      inability to accommodate the mechanisms used to achieve the various drive
      ratios and also accommodate a simple and reliable coaster brake. Hence,
      most multi-speed bicycles have incorporated external brake pads that bear
      against a tire rim to accomplish braking; activation of such brakes is
      typically accomplished by pulling on a lever mounted somewhere on the
      handlebars, which lever is connected through cables to a linkage and the
      brake pads. Of course, since the brake pads are externally mounted, they
      are exposed to rain and the like, and their efficiency is not always
      consistent.
PAR  In one attempt to avoid the difficulties with the prior art, at least one
      bicycle has been proposed with the object of moving smoothly through an
      infinitely variable number of drive ratios, thus avoiding the specific
      three-and ten-speed ratios that are built into prior transmissions. That
      bicycle is disclosed in U.S. Pat. No. 3,769,849 to Hagen. It appears,
      however, that to utilize such a Hagen drive system would require the use
      of a special frame built to accommodate that particular system; hence it
      would apparently be awkward to modify a conventional frame to receive a
      Hagen system.
PAR  Still another drive system has been disclosed in U.S. Pat. No. 3,766,805 to
      Shea. Like many other 3-speed transmissions, it may be characterized as
      being of the planetary type; but it differs from prior systems having two
      sets of pinion gears by providing three sets of pinion gears, three sun
      gears, and three ring gears.
PAR  If simplicity and a relatively small number of internal parts are goals to
      be espoused, it would seem that there is still room for improvement in
      bicycle transmissions. Accordingly, it is an object of this invention to
      provide the advantage of a multi-speed transmission while doing so in a
      truly simplified manner.
PAR  Another object is to provide a bicycle transmission which can be readily
      attached to existing bicycles so that it can be sold as a replacement or
      conversion kit.
PAR  Still another object is to provide a multi-speed transmission which can
      automatically shift from one speed ratio to another as operating
      conditions change.
PAR  one more object is to provide a multi-speed transmission which employs
      relatively few parts and which is characterized by reliability and ease of
      adjustment.
PAR  Still another object is to provide a multi-speed bicycle transmission which
      can be employed in conjunction with coaster brakes.
PAR  An additional object is to provide a transmission which could be used to
      modify existing 1-speed, 3-speed, 10-speed, or 15-speed bicycles to
      provide an infinite number of drive ratios between the pedal crank and the
      driven wheel.
PAR  These and other objects are met by providing an "exteriorly mounted"
      planetary gear transmission, including: a single sun gear which is
      drivingly engaged with a wheel which is to be driven; a single ring gear
      rotatably mounted on the frame; and a pinion carrier which is connected to
      a foot pedal through a chain and two sprockets. At least one, and
      typically three, pinion gears are provided; those pinions in excess of one
      will be included for dynamic balancing and the like --not for any
      different function. A plurality of drive ratios are achieved by
      controlling, through mechanical or hydraulic means, the amount of slippage
      with respect to the frame which the ring gear is permitted to have. If the
      ring gear has essentially full slippage (i.e., it turns as a unit together
      with the pinion carrier and pinions), the pinion gears do not rotate about
      their spindles, and the pinion carrier directly drives the sun gear
      through the pinion gears; the drive ratio is therefore 1:1 (when the front
      and rear sprockets are the same size). Thus, one full turn of a bicycle's
      front (or pedal) sprocket will produce one full turn of the driven wheel.
      In comparison to other drive ratios that are obtainable, a ratio of 1:1
      would typically be categorized as "low"; but, as will be explained
      hereinafter, the ratio of 1:1 is not the lowest ratio that is obtainable
      with this particular transmission.
PAR  If the ring gear is locked to the frame, e.g., through application of a
      friction member connected to a control lever, the pinion gears will travel
      around the static ring gear as well as rotate about their spindles; the
      drive ratio is given by the formula T.sub.R /T.sub.S + 1, where T.sub.R is
      the number of teeth in the ring gear, and T.sub.S is the number of teeth
      in the sun gear. Alternatively, the pitch diameters of the ring and sun
      gears may be used instead of the respective number of teeth; the result of
      the calculation will be the same. A typical value for this "high" drive
      ratio on an adult-size bicycle would be about 4:1. Thus, one full turn of
      the pedal sprocket would provide four full turns of the driven wheel. For
      comparison purposes, it will perhaps be worthwhile to note that
      conventional 10-speed bicycles have a range of drive ratios between
      approximately 1.3:1 to 3.7:1. Hence, the instant transmission can easily
      be built to encompass the range of drive ratios found in more complicated
      and more expensive transmissions; but, with this transmission, the change
      from a high to a low gear ratio (or vice versa) is accomplished smoothly
      with no finite increments between the highest and lowest ratios. In other
      words, there are truly an infinite number of ratios available to the
      operator between "high" and "low", all of which are achieved by permitting
      the single ring gear to have more or less controlled rotation (slippage).
PAR  A mechanical system for retarding the ring gear may comprise an arcuate
      band which surrounds a substantial portion of the periphery of the ring
      gear, so that the friction band may affect rotation of the ring gear in
      accordance with the amount of tension in a control cable leading to the
      band. Alternatively, an internal brake shoe may be utilized instead of an
      external brake band. With a hydraulic system, a positive displacement pump
      (such as a gear driven pump) is engaged with the outer surface of the ring
      gear, and a closed hydraulic loop contains a liquid which is circulated by
      the positive displacement pump. By regulating certain valves in the
      hydraulic loop, the positive displacement pump can be made to inhibit
      rotation of the ring gear. If a pressure regulating valve is included in
      one parallel leg of the hydraulic loop, an automatic change in drive ratio
      can be achieved without any additional manual control by the vehicle
      operator.
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PAR  In the drawings:
PAR  FIG. 1 is a schematic side elevational view of a pedaled vehicle.
PAR  FIG. 2 is a side elevational view, partially broken away, showing the
      planetary transmission housing, and FIG. 3 is a cross-sectional veiw
      thereof taken in the plane III--III.
PAR  FIG. 4 is a schematic edge view of an internally toothed ring gear, showing
      an external member for rubbing against a serrated surface of a gear.
PAR  FIG. 5 is a plan view of the transmission hub of FIG. 2.
PAR  FIGS. 6, 7, 8 and 9 are various views of a mechanical braking means for
      retarding the ring gear.
PAR  FIG. 10 is a schematic hydraulic system for use in restraining the ring
      gear of the planetary gear set.
PAR  FIGS. 11 and 12 are two views of a pump for mounting on the vehicle
      adjacent a rear wheel.
PAR  FIG. 13 is a performance curve for the transmission of the invention.
PAR  FIG. 14 is a schematic elevational view showing the ring gear and a pawl.
PAR  FIG. 15 is an alternate embodiment of the invention wherein the
      transmission is installed on a bicycle frame between the two pedal cranks.
DETD
PAR  With initial reference to FIG. 1, a bicycle 20 is shown with a pedal crank
      22, through which a rear sprocket 24 is adapted to be driven with a chain
      26. The single sprocket 24 is rigidly connected to a part of the
      transmission 28, and may be considered to be the "driving" member of the
      unit. A transmission 28 may be mounted on a bicycle frame 30 in a location
      adjacent the rear wheel as shown in FIG. 1, or a location indicated by the
      front sprocket 32. The most likely location for installation of the
      transmission 28 is at the rear, so such an embodiment will be described
      first.
PAR  Referring next to FIGS. 2 and 3, one embodiment of the transmission 28 is
      shown, without a "mechanical" brake band affixed thereto. The transmission
      28 includes an inside cover plate 34, which may be combined with the rear
      sprocket 24 as a single piece. Rotatably attached to the cover plate 34
      are preferably three pinion gears 36. Only a single pinion gear 36 is
      functionally required, but at least two such gears foster balancing of the
      torque loads, as well as improving the overall balance of the
      transmission. The single pinion gear 36 (which is essential), or the
      multiple pinion gears (which are optionally provided), are adapted to mesh
      at all times with a sun gear 38 and the interior of an internally toothed
      ring gear 40. The ring gear 40 is rotatably mounted on the frame 30 at a
      location such that it is exterior of, i.e., it lies alongside, the driven
      rear wheel 42. Of course, it will be recognized that the inside cover
      plate 34 is functionally equivalent to what is frequently called a
      "carrier" in a planetary transmission, and that name will also be used
      herein.
PAR  The pinion gear (or gears) 36 are rotatably mounted to the carrier plate 34
      by bolts 44 which have a suitable cylindrical bearing surface. Nuts 46
      threadably engage the bolts 44 and hold an outside cover plate 48 securely
      to the inside plate 34. The cover plates 34, 48 securely hold the gears
      together as an assembly, and also serve to exclude any dirt or other
      contaminants which could interfere with smooth gear operation. Too, as is
      clearly shown in FIG. 3, the ring gear 40 is mounted between the carrier
      34 and the cover plate 48--where it rides or "floats" with respect to
      other parts of the transmission. That is, the ring gear 40 is not rigidly
      supported (through bearings and the like) to the frame 30, as is the sun
      gear 38.
PAR  The peripheral surface of ring gear 40 is adapted to be selectively braked
      so that the gear's rotation with respect to the frame 30 may be
      controlled. The configuration for peripheral surface 50 may be cylindrical
      as shown in FIG. 3, or it may be arched as shown in FIG. 4, or it may even
      have some other configuration which is compatible with a brake band which
      is to be mounted therearound. The peripheral surface 50B shown in FIG. 4
      naturally has a greater surface area than the cylindrical surface 50 in
      FIG. 3; such an arched surface may be preferred when braking effectiveness
      is to be optimized.
PAR  Referring once again to FIG. 3 and also to FIG. 5, the sun gear 38 has an
      annular groove 52 on its interior side, which groove is adapted to receive
      a conventional "driver" for a coaster brake. Spaced recesses 54
      accommodate locking pins (not shown) such that the sun gear 38 will rotate
      with the driver as a unit, but the two may be readily separated for
      maintenance and the like. The sun gear 38 also may advantageously be
      counterbored (as at 53) to accommodate a bearing for the axle of the
      driven wheel (not shown). A typical sun gear 38 might have the following
      specifications: diametral pitch 12; pitch diameter 2.0 in.; pressure angle
      20.degree.; addendum 0.0667 inch; and dedendum 0.0833 inch.
PAR  Referring next to FIGS. 6 and 7 (which are right and left side elevation
      views), a structure is provided by which a brake band may be mounted with
      respect to the frame 30 to effect controlled rotation of the ring gear 40.
      The bracket structure includes a brace 56 affixed to a structural plate
      58, said plate having an aperture 60 through which the rear axle (not
      shown) would protrude. At the respective ends of the brace 56 are
      cylindrical clamps 62, 64 which are adapted to envelope and clamp down on
      a respective section of the tubular frame 30. As may perhaps best be seen
      in FIGS. 7 and 8, attached to the plate 58 is a structural element 66 in
      the form of a somewhat short piece of angle iron or the like. The element
      66 serves as a rigid foundation for the fulcrum rod 68 of the brake lever
      arm 70. At a first end of the lever arm 70, one end of a wire cable 72 is
      connected, which cable may be of the same type of construction as is
      common with cables used in connection with caliper brakes on bicycles. The
      other end of cable 72 is connected, of course, to a hand-operable control
      unit 82 (FIG. 1) which is mounted at a convenient location on the frame
      30. At the other end of the lever arm 70 is pivotally connected the
      floating end of a brake band 74. As can be seen in FIG. 7, pulling upward
      on the cable 72 will cause lever arm 70 to rotate clockwise, thereby
      pulling the two ends of brake band 74 together, such that the band will
      exert a dragging force on the peripheral surface 50 of ring gear 40. A
      spring 78 normally biases the front end of the lever arm 70 downward and
      the rear end upward, such that the brake band 74 is expanded toward a
      non-drag position. The required excursion of the floating end 76 toward
      the fixed end of the brake band 74 would normally be rather slight, i.e.,
      on the order of 0.010 inch. That is, there need be only about 0.010 inch
      movement of end 76 between a condition of free rotation of the ring gear
      40 and a condition of the ring gear being locked against rotation with
      respect to the frame 30.
PAR  FIG. 9 is a different view of a portion of the structural means which may
      be employed to accomplish selective retarding of the ring gear 40. The
      clamp 78 holds the angled piece 66 securely to a horizontal piece of the
      frame 30, and thus fixes one end of the brake band 74 rigidly to the
      frame. Although not shown in this particular figure, the hand-operated
      cable 72 passes through collar 80 where it then is connected to brake
      lever arm 70.
PAR  An alternate embodiment of a means for selectively retarding the ring gear
      comprises what will be categorized as a hydraulic means. Referring next to
      schematic FIG. 10, a closed hydraulic loop 100 includes a positive
      displacement pump 102 which is structurally coupled to the ring gear 40A,
      as by a pinion 104 which is mounted on a shaft at a location where it
      engages external teeth on the gear 40A. Imparting torque to the pinion
      carrier 34 by pedaling the bicycle will tend to rotate the pinions and the
      ring gear 40A as a unit. The external pinion 104 will thus be driven by
      the rotating ring gear 40A, such that the positive displacement pump will
      circulate a liquid through the closed loop 100. This condition might
      persist indefinitely except for the fact that an adjustable flow
      regulating valve 106 is provided within the hydraulic loop between the
      pump 102 and a resevoir 122. A hand-operable lever 110 is adapted to be
      affixed to the bicycle frame at a conveniently reached location, such that
      it may be readily moved during operation of the bicycle in order to
      position a piston 112 within valve 106. Depending upon the positioning of
      the piston 112, the flow of liquid through flow control valve 106 will be
      large or small, and the pressure in the loop 100 ahead of valve 106 will
      be low or high. If the piston 112 were to be moved to a position such that
      flow through valve 106 was completely inhibited, the pump 102 would be
      stalled and pinion 104 would stop, thereby inhibiting further rotation of
      the ring gear 40A. This would be the same result as that achieved with the
      mechanical embodiment of FIG. 7 when the brake band 70 is closed so
      tightly about peripheral surface 50 that it cannot rotate. Valve 106
      could, of course, be open slightly to permit modulated flow of liquid
      through the loop 100, and thus controlled rotation of ring gear 40A. When
      the gear 40A is locked to the frame, the ratio between the driving pedal
      crank and the driven rear wheel will be the "design" ratio, e.g., 1 to 4,
      although this is traditionally expressed as a 4 to 1 ratio. This would
      probably be considered to be a high performance ratio, which should be
      popular with young persons because of the rapid acceleration it would
      permit-- assuming a nearly unlimited source of physical energy. Older
      persons might well prefer valve 106 to be opened considerably, which would
      permit the ring gear to slip and make the pedalling task much easier. For
      any given setting of the valve 106 through crank 110, the torque to the
      driven wheel will increase as the work expended through pedalling
      increases.
PAR  When a person first begins to ride a bicycle having a planetary
      transmission of the invention thereon, he may not be able to sense through
      his pedalling effort whether or not the ring gear is stationary--assuming
      that he wants to set the controls so that it is stationary. Accordingly,
      an optional accessory is provided in the form of a resilient flapper 41
      that may be pendantly attached to the frame 30 and adapted to rub against
      an exposed side of the ring gear. (See FIG. 4.) Serrations or the like on
      the surface of the gear which is rubbed can cause vibrations in the
      flapper, the frequency of which will be a function of the speed of
      rotation of the ring gear. Naturally, if no noise is being generated by
      the flapper, the ring gear is static with respect to the frame. Turning
      the clamp 43 with respect to the frame 30 can selectively increase or
      decrease the magnitude of any noise generated by the flapper 41.
PAR  An alternate (or additional) flow control means is shown schematically in
      FIG. 10 in a parallel leg of the hydraulic loop in which pressure
      regulating valve 116 is provided. Such a valve 116 is adjustable like
      valve 106 through hand control lever 120 and cable 121; for a given
      setting, the valve provides a constant torque to the driven wheel--for the
      reason that its pressure relief function prevents an unwanted amount of
      pressure building up in the loop 100. That is, by backing off an
      appropriate amount on lever 120, there is established in loop 100 any
      desired fluid pressure to which the loop will build as torque is applied
      to the pinion carrier; this pressure may be referred to as a desired
      torque pressure, i.e., a pressure resulting from the applied torque. Since
      a constant torque is available with a pressure regulating valve 116, a
      hydraulic transmission utilizing such a valve should find favor with
      physicians (particularly those who specialize in heart problems) who would
      like their patients to exercise--but not too strenuously. If a bicycle
      rider were to attempt to pedal too hard, any increase in pressure
      immediately downstream of the pump 102 would be relieved by the valve 116;
      more fluid would be pumped through the loop 100, but the rider would feel
      no increased resistance to overcome--after he had reached the plateau
      established by lever 120. As another illustration, let it be assumed that
      a cyclist is traveling at, say, 10 mph on level ground, and valve 116 is
      set so that it just holds the ring gear stationary. If he encounters an
      upward slope, he will continue to pedal as before, but his bicycle will
      slow down. This is because the same amount of torque is available through
      his constant pedalling, but the torque requirement is increased at the
      rear wheel. Ring gear 40A will then begin to rotate (clockwise in FIG. 10)
      at a speed dictated by the torque requirement to propel the bicycle.
      Rotation of the ring gear 40A would normally rotate pinion gear 104,
      thereby driving the pump 102, which would naturally tend to increase the
      pressure in loop 100. Valve 116 prevents such an increase in pressure by
      opening slightly to permit flow of liquid in the loop 100. The circulation
      of liquid in loop 100 will be such that ring gear 40A can rotate by an
      amount necessary to provide the mechanical advantage required to drive the
      rear wheel. For a two-wheel bicycle, the rate of forward progress up the
      hill may become so slow as to make balancing awkward, and the cyclist can
      either compress spring 118 (thereby increasing the pressure in loop 100,
      causing him to work harder) or simply get off the bicycle and walk. With a
      three-or four-wheel cycle (where balancing on the vehicle is no problem),
      for a given setting of valve 116 the cycle will merely slow down until the
      rate of progress up the hill corresponds to the work performed by the
      cyclist. This may mean that the cycle slows to 8, 6, or even 1 mph, which
      is slower than normal walking speed. When the cyclist reaches level ground
      again, his vehicle will automatically speed up while he is pedalling at
      the same constant rate. If he encounters a downward slope, he can coast
      down the hill in the same manner of conventional bicycles. A typical
      embodiment of valve 116 would include a spring which would permit the
      build up of, say, 200 psi in loop 100 when the spring is fully compressed;
      100 psi when one-half compressed; and no pressure when the valve is fully
      open.
PAR  If a hydraulic embodiment is provided in which both a flow control valve
      106 and a pressure regulating valve 116 are included, it will be necessary
      to properly adjust one in order to obtain the full benefit of the other.
      Thus, if flow control valve 106 is to be employed to adjust the speed
      ratio from time to time, then valve 116 should be set to its highest
      pressure setting by fully pressing the spring 118 through rearward
      movement of handle 120. Likewise, if pressure regulating valve 116 is to
      be relied on for its characteristic advantages, then valve 106 should be
      fully closed. If both valves 106 and 116 are kept fully closed, then the
      ring gear will be locked and only one speed ratio is obtained.
PAR  Since the two valves 106, 116 are capable of independent operation, it
      would be entirely feasible to incorporate on a pedal-driven vehicle only
      one of the valves. If it was desired to make possible the later addition
      of the other valve, T-fittings could be put in the lines and appropriate
      plugs would be placed in the unused openings of the T-fittings to block
      them until they were needed.
PAR  An appropriate location for the reservoir 122 on a bicycle is immediately
      below the seat and protected within the frame. The reservoir 122 will
      typically be vented to the atmosphere, and it will likely hold something
      on the order of one-half pint of liquid such as automobile brake fluid,
      transmission fluid, light weight oil, etc. The tank may advantageously
      have external cooling fins to help dissipate any heat which may be
      generated due to pump operation.
PAR  As seen in FIGS. 11 and 12, an appropriate mounting location for the
      hydraulic pump 102 is on a bracket 124 which is rigidly held to the frame
      30 by tubular clamps 126, 128 as well as tab 130 which has an aperture 132
      that encompasses the rear wheel axle. A check valve 134 is advantageously
      provided in the discharge line from the pump 102, to prohibit the ring
      gear from turning in the reverse direction (which it may have a tendency
      to do during the application of a coaster brake).
PAR  In operation of the multi-speed transmission disclosed herein, a certain
      maximum or design ratio will have been built into the transmission by
      virtue of selection of the gear sizes. This can easily be established at,
      say, 4 to 1. In operation, this design ratio is achieved by locking the
      ring gear to the frame while the sprocket is being turned. Permitting the
      ring gear to rotate with respect to the frame will reduce the achieved
      drive ratio (number of revolutions of sun gear divided by number of
      revolutions of carrier), but it will increase the driving torque to the
      wheel per pound of applied pedal torque. This is illustrated in the
      performance curve of FIG. 13.
PAR  With regard to a "mechanical" embodiment of the transmission, wherein a
      brake means [a band, pad(s), shoe(s) or the like] is used to control ring
      gear rotation, and wherein a coaster brake is employed, it may be
      desirable to incorporate a rachet mechanism for the purpose of precluding
      reverse relative motions of the ring gear with respect to the pinion
      carrier. Referring to FIG. 14, a pawl 130 is mounted on the pinion carrier
      34 in such a way that it permits rotation of the ring gear
      counter-clockwise with respect to the carrier, but precludes clockwise
      rotation (with respect to the carrier). The effect of this is to lock the
      ring gear to the carrier upon back-pedalling; this more nearly insures
      that the cycle can be quickly started from a rest position-- even if the
      hand control is not optimally adjusted. The pawl 130 also insures that
      there will be positive activation of a coaster brake, regardless of the
      adjustment of any hand control.
PAR  In lieu of mounting the pawl 130 on the pinion carrier, it would be
      possible to mount a pawl on the frame 30 in much the same manner that the
      resilient flapper is shown in FIG. 4. In fact, a rigid, spring-loaded pawl
      would serve the same purpose as the aforementioned flapper, as far as
      providing an audible signal to the cyclist concerning the operation of his
      transmission. A frame-mounted pawl would preclude reverse rotation of the
      ring gear with respect to the frame, but it would not preclude
      rotation--in either direction--of the pinion carrier with respect to the
      ring gear. Thus, such an arrangement would not eliminate the high torque
      values which are available at drive ratios of less than 1:1. (For a review
      of those high values, see FIG. 13.) In practice, a stable vehicle with
      three or more wheels which incorporates the frame-mounted pawl can be
      driven up a steep hill at essentially a snail's pace, while the operator
      works at the same rate that he does while speeding along level ground.
PAR  In still another embodiment of the invention, a bicycle transmission could
      be adapted for installation on a conventional frame at the forward
      location where a pedal crank is traditionally mounted. In such an
      embodiment, the pedal crank (or its axle) is keyed to the pinion carrier
      so that they turn together. The sun gear floats over the crank axle and is
      affixed to the front sprocket. A chain or the like would then connect the
      front sprocket to the rear sprocket, as is common with a conventional
      one-speed bicycle. As before, a braking means as disclosed herein is
      provided to selectively control the rotation of the externally mounted
      ring gear with respect to the frame. It will be recognized that such an
      embodiment would permit relatively easy modification of a one-speed
      bicycle into a multi-speed bicycle.
PAR  While only the preferred embodiments of the invention have been disclosed
      in great detail herein, it will be apparent to those skilled in the art
      that modifications thereof can be made without departing from the spirit
      of the invention. Thus, the specific structure shown herein is intended to
      be exemplary and is not meant to be limiting, except as described in the
      claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pedal-driven vehicle including a frame and at least one driven wheel,
      and a variable-speed transmission including a planetary gear set,
      comprising:
PA1  a. a single sun gear which is drivingly connectable to the wheel which is
      to be driven;
PA1  b. an internally toothed ring gear rotatably mounted with respect to the
      frame at a location such that it is exterior of the driven wheel;
PA1  c. at least two pinion gears adapted to mesh at all times with the sun and
      ring gears;
PA1  d. a carrier upon which the pinion gears are rotatably mounted;
PA1  e. a cover plate which is coaxial with and spaced from the carrier by a
      distance slightly greater than the thickness of the pinion gears, and said
      cover plate being secured such that the pinion gears are retained between
      the carrier and the cover plate, and said ring gear being floatingly
      mounted with respect to the frame between the carrier and the cover plate;
PA1  f. means for transferring torque from at least one pedal to the carrier,
      whereby an operator acting on the pedal can impart torque to the carrier
      so as to cause it to rotate; and
PA1  g. manually operable control means for regulating the amount of rotation
      which the ring gear is permitted to have with respect to the frame, such
      that the speed of rotation of the sun gear and hence the rotational speed
      of the driven wheel can be affected by controlling the slippage of the
      ring gear as torque is applied to the carrier, and said slippage being
      adjustable through a plurality of step-less increments beginning with zero
      slippage.
NUM  2.
PAR  2. The pedal-driven vehicle as claimed in claim 1 wherein the control means
      for regulating the rotation of the ring gear comprises a mechanical system
      which includes a cable extending between a hand-operable control unit and
      a brake means which is adapted to frictionally engage the periphery of the
      ring gear.
NUM  3.
PAR  3. The pedal-driven vehicle as claimed in claim 1 wherein the control means
      comprises a hydraulic system including a positive displacement hydraulic
      pump in a closed loop, which pump is structurally coupled to the ring
      gear, and further including an adjustable flow restrictor in the closed
      hydraulic loop, whereby restricting the flow of hydraulic fluid in the
      loop can slow the pump which in turn will slow rotation of the ring gear.
NUM  4.
PAR  4. An apparatus for providing a plurality of drive ratios between a pedal
      crank and a driven wheel on a pedal-driven vehicle, said apparatus being
      adapted to be mounted externally of a wheel hub, comprising:
PA1  a. a sprocket adapted to be driven by a chain connected with a pedal crank,
      and said sprocket having mounted for rotation therewith at least one stub
      axle upon which a planetary pinion is mounted, such that the sprocket
      functions as the carrier in a transmission of the planetary type;
PA1  b. an internally toothed ring gear mounted for rotation with respect to the
      vehicle frame, said gear having a peripheral surface whose configuration
      is adapted to engage a retarding means mounted on the frame, which
      retarding means is adapted to selectively retard rotation of the ring gear
      in step-less increments, and said ring gear meshing at all times with the
      planetary pinion;
PA1  c. a sun gear adapted to be mounted concentrically with the driven wheel's
      axle and to mesh with the planetary pinion, said sun gear having means for
      driving engagement with the wheel to be driven; and
PA1  d. a hand-operated control means adapted to operate through the retarding
      means to selectively retard rotation of the ring gear, whereby torque
      transferred from the pedal to the sprocket is imparted to the wheel in a
      manner determined by the relative rotation between the ring gear and the
      vehicle frame.
NUM  5.
PAR  5. The apparatus as claimed in claim 4 wherein the retarding means
      comprises a friction band adapted to surround a substantial portion of the
      ring gear, and the peripheral surface of the ring gear having a
      configuration to match the interior surface of the brake band.
NUM  6.
PAR  6. The apparatus as claimed in claim 4 wherein the retarding means
      comprises a hydraulic pump, said pump having an external shaft upon which
      a gear is affixed, and the ring gear having external teeth adapted to be
      engaged by said gear which is affixed to the pumpshaft.
NUM  7.
PAR  7. The apparatus as claimed in claim 6 and further including at least two
      hand control means, one of which operates through a variable pressure
      regulating valve.
NUM  8.
PAR  8. A multi-speed bicycle transmission of the planetary gear type which is
      adapted to be mounted exteriorly of a wheel hub, comprising:
PA1  a. a single sun gear adapted to be mounted concentrically with the
      bicycle's rear axle, said sun gear having a bore for accommodating the
      axle and a bearing therefor, and said sun gear having means for driving
      engagement with the rear wheel;
PA1  b. a pinion carrier adapted to be driven by a pedal crank, and said carrier
      having at least one stub axle upon which is mounted a pinion gear that
      engages the sun gear at all times, and there being a cover plate rigidly
      fixed to the carrier for rotation therewith, with the pinion gear being
      retained between the carrier and the cover plate;
PA1  c. an internally toothed ring gear mounted for continuous engagement with
      all of the pinion gears, and said ring gear being physically supported by
      the combination of the pinion carrier, the pinion gear and the cover
      plate, whereby the periphery of the ring gear is unobstructed;
PA1  d. a bracket adapted to be rigidly affixed to the bicycle frame adjacent
      the ring gear;
PA1  e. means for controllably affecting the permitted rotation of the ring gear
      with respect to the bracket, such that the rotation of the sun gear when
      the pinion carrier is driven is a function of the permitted rotation of
      the ring gear, with said means including structure engaging the periphery
      of the ring gear; and
PA1  f. hand-operable means adapted to be affixed to the bicycle frame and
      having a functional connection with said means for affecting rotation of
      the ring gear.
NUM  9.
PAR  9. The transmission as claimed in claim 8 wherein the hand-operable means
      includes a lever arm movable from a first terminal position in which the
      ring gear is permitted nearly free rotation with respect to the bracket to
      a second terminal position in which the ring gear cannot rotate with
      respect to the bracket, and there are an infinite number of intermediate
      positions between the first and second terminal positions.
NUM  10.
PAR  10. The bicycle transmission as claimed in claim 8 wherein the means for
      affecting rotation of the ring gear comprises an elongated brake band
      mounted around the periphery of the ring gear, with the brake band having
      one anchored end and one floating end, and wherein the hand-operable means
      is connected to the floating end of the brake band through a cable.
NUM  11.
PAR  11. The bicycle transmission as claimed in claim 8 wherein the means for
      affecting rotation of the ring gear comprises a closed hydraulic loop
      including a positive displacement pump with an external shaft, which shaft
      is adapted to rotate in direct proportion to the ring gear, and wherein
      the hand-operable means is connected to a flow restrictor in said
      hydraulic loop, whereby controlling the amount of liquid circulated
      through the hydraulic loop will affect rotation of the external shaft,
      which will in turn affect rotation of the ring gear as well as the sun
      gear when torque is applied to the pinion carrier.
NUM  12.
PAR  12. In a pedal-operated vehicle including a frame, at least two supporting
      wheels, and a driven wheel hub, a variable ratio drive system comprising:
PA1  a. a planetary gear set mounted adjacent the driven wheel hub and
      externally thereof, with said set including a sun gear, a ring gear, and
      at least one planet gear rotatably mounted in a carrier, with the sun gear
      being engageable with the wheel hub for driving the same;
PA1  b. a foot-operated crank drivingly connected to the planetary carrier,
      whereby torque generated by the crank is transferable to the planetary
      carrier;
PA1  c. rotation controllling means located externally of the ring gear and
      fixed to the frame for affecting the rotation which the ring gear is
      permitted to have as the planetary carrier is turned, with said means
      providing a multiplicity of increments of drag on said ring gear;
PA1  d. a hand-operable control unit connected to the rotation controlling means
      fpr adjusting the effectiveness of said means, whereby the speed of
      rotation of the sun gear is a function of the rotation which the ring gear
      is permitted to have.
NUM  13.
PAR  13. The variable ratio drive system as claimed in claim 12 wherein the
      hand-operable control unit is movable to essentially an infinite number of
      intermediate positions between two extreme operating positions, whereby
      there are essentially an infinite number of drive ratios obtainable
      between the foot-operated crank and the driven wheel hub.
NUM  14.
PAR  14. The variable ratio drive system as claimed in claim 12 wherein the ring
      gear has a smooth external surface and the rotation controlling means
      constitutes a braking means adapted to selectively bear against said
      smooth external surface.
NUM  15.
PAR  15. The variable ratio drive system as claimed in claim 14 wherein the
      braking means constitutes a brake band encompassing nearly 360.degree.
      which bears against a peripheral surface on the ring gear.
NUM  16.
PAR  16. The variable ratio drive system as claimed in claim 12 wherein the ring
      gear has exterior peripheral teeth, and the rotation controlling means
      includes a hydraulic pump which is keyed to a gear engaged with the
      exterior teeth of said ring gear, whereby slowing the operation of the
      pump can slow the rotation of the ring gear.
NUM  17.
PAR  17. The variable ratio drive system as claimed in claim 16 wherein the
      hydraulic pump is a positive deplacement pump, and the hand-operable
      control unit is connected to a flow modulating valve in the discharge line
      from said pump.
NUM  18.
PAR  18. The variable ratio drive system as claimed in claim 12 wherein the
      available drive ratios through the planetary gear set cover the range from
      about 0.5:1 to about 4:1, and the hand-operable control unit is
      incrementally adjustable to select any of the available drive ratios.
NUM  19.
PAR  19. The variable ratio drive system as claimed in claim 12 and further
      including a ratchet mechanism for bearing against the ring gear to prevent
      reverse rotation thereof if the crank should be turned backwards.
NUM  20.
PAR  20. The variable ratio drive system as claimed in claim 12 and further
      including a flapper adapted to bear against the ring gear for generating
      noise upon rotation of the ring gear, whereby the vehicle operator may
      sense through an audible signal whether or not the ring gear is rotating
      with respect to the frame.
NUM  21.
PAR  21. The variable ratio drive system as claimed in claim 12 and further
      including a pawl mounted on the planet carrier and biased to permit
      forward rotation of the ring gear with respect to the carrier and to
      prevent reverse rotation thereof.
NUM  22.
PAR  22. The variable ratio drive system as claimed in claim 12 and further
      including a coaster brake within the wheel hub and means for actuating
      same to impede movement of the vehicle upon reverse movement of the
      foot-operated crank.
NUM  23.
PAR  23. The variable ratio drive system as claimed in claim 12 wherein the
      foot-operated crank is rigidly affixed to a front sprocket, which in turn
      is connected to a rear sprocket by a chain, and wherein the planetary
      carrier and the rear sprocket constitute an integral disk.
NUM  24.
PAR  24. In combination with a bicycle having a frame, a front and rear wheel,
      and a pedal-driven crank, a variable ratio transmission, comprising:
PA1  a. a planetary gear set contained within a housing adjacent the rear wheel,
      and the set including a single sun gear adapted to drivingly engage the
      rear wheel hub, a ring gear having internal teeth, and at least two pinion
      gears which engage the sun and ring gears at all times, with the pinion
      gears being rotatably mounted on stub axles fixed to a carrier;
PA1  b. front and rear sprockets connected by a chain, with the front sprocket
      being fixed to the pedal-driven crank and the rear sprocket being fixed to
      the pinion carrier;
PA1  c. a hub upon which the planetary gear housing is rotatably mounted about
      the rear wheel axle, with said hub being counterbored for receiving one of
      the two axle bearings;
PA1  d. a coaster brake contained within the rear wheel hub and adapted to be
      actuated upon reverse rotation of the sun gear;
PA1  e. means for selectively retarding the rotation of the ring gear as torque
      is applied to the pinion carrier, such that the rotational speed of the
      sun gear is affected in accordance with the amount of drag imparted to the
      ring gear; and
PA1  f. hand-operable control means mounted on the frame and being funtionally
      connected with said means for retarding rotation of the ring gear in such
      a way as to permit selection of any of a plurality of drive ratios between
      the pedal-driven crank and the driven wheel.
NUM  25.
PAR  25. The variable ratio transmission as claimed in claim 24 wherein the
      means for retarding rotation of the ring gear constitutes an essentially
      mechanical system, comprising:
PA1  a. a bracket mounted on the frame adjacent the rear wheel;
PA1  b. a brake band adapted to surround the peripheral surface of the ring
      gear, with one end of the band being anchored and the other end being
      pinned to a lever arm which is pivotally mounted on said bracket;
PA1  c. a spring for biasing the lever arm such that the brake band is expanded
      with respect to the ring gear, whereby the ring gear is permitted
      essentially unrestrained rotation; and
PA1  d. a cable connected at one end to the lever arm for pulling on the arm in
      opposition to the spring and thereby contracting the brake band around the
      ring gear for retarding the same, and the cable being connected at its
      other end to the hand-operable control means.
NUM  26.
PAR  26. The variable ratio transmission as claimed in claim 24 wherein the
      means for retarding rotation of the ring gear constitutes an essentially
      hydraulic system, comprising:
PA1  a. a positive displacement hydraulic pump mounted on the bicycle frame,
      with said pump being included in a closed hydraulic loop, whereby the pump
      may circulate a liquid through the loop;
PA1  b. a positive friction element engaged with the exterior peripheral surface
      of the ring gear, and said positive friction element being also engaged
      with a rotary element on said pump, whereby slowing rotation of said
      rotary element will in turn slow rotation of the positive friction
      element;
PA1  c. a valve in the hydraulic loop for controlling the circulation of liquid
      in the loop; and
PA1  d. a cable connected at one end to the valve for adjusting the opening of
      the same, and being connected at its other end to the hand-operable
      control means.
NUM  27.
PAR  27. The variable ratio transmission as claimed in claim 26 wherein the
      valve is an on/off flow control valve which can be modulated.
NUM  28.
PAR  28. The variable ratio transmission as claimed in claim 26 wherein the
      valve is a pressure regulating valve.
NUM  29.
PAR  29. The variable ratio transmission as claimed in claim 26 wherein at least
      a portion of the hydraulic loop between the pump outlet and the pump inlet
      includes two parallel legs, and there is included in one of the legs an
      on/off flow control valve and in the other leg there in included a
      pressure regulating valve.
NUM  30.
PAR  30. The variable ratio transmission as claimed in claim 26 and further
      including a check valve in the hydraulic loop for permitting only one-way
      operation of the pump, thereby permitting only forward rotation of the
      ring gear.
NUM  31.
PAR  31. The variable ratio transmission as claimed in claim 26 and further
      including a reservoir inserted into the hydraulic loop, and the reservoir
      having external cooling fins for fostering the transfer of heat from the
      hydraulic fluid to the ambient air.
NUM  32.
PAR  32. A multi-speed bicycle transmission of the planetary gear type which is
      adapted to be mounted adjacent the pedal cranks, comprising:
PA1  a. a single sun gear adapted to be mounted concentrically with the shaft
      that connects the bicycle's two pedal cranks, said sun gear extending
      beyond the pedal crank hub for a sufficient distance to be drivingly
      engaged by a pinion gear, and said sun gear being rigidly connected to a
      front sprocket which is adapted to drive a chain that extends over a rear
      sprocket connected to a rear wheel;
PA1  b. a pinion carrier mounted between the two pedal cranks and rigidly fixed
      to the same, and said carrier having at least one stub axle upon which is
      mounted a pinion gear that engages the sun gear at all times;
PA1  c. an internally toothed ring gear mounted for continuous engagement with
      all of the pinion gears;
PA1  d. a bracket adapted to be rigidly affixed to the bicycle frame adjacent
      the ring gear;
PA1  e. means for controllably affecting the permitted rotation of the ring gear
      with respect to the bracket, such that the rotation of the sun gear when
      the pinion carrier is driven is a function of the permitted rotation of
      the ring gear, with said means being adapted to provide a plurality of
      different rotational speeds of said ring gear by virtue of imposing a
      plurality of different drag loads on the periphery of the ring gear; and
PA1  f. hand-operable means adapted to be affixed to the bicycle frame and
      having a functional connection with said means for affecting rotation of
      the ring gear.
NUM  33.
PAR  33. The transmission as claimed in claim 32 wherein the hand-operable means
      includes a lever arm movable from a first terminal position in which the
      ring gear is permitted nearly unobstructed slippage with respect to the
      bracket, to a second terminal position in which the ring gear is locked to
      the bracket, and there are essentially an infinite number of intermediate
      positions between said first and second terminal positions.
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ABST
PAL  A shock-absorbing device for a bicycle and the like. This device comprises
      a front fork divided in two shafts that connect at the upper terminal
      thereof to the handle shaft via a fitting unit and at their lower terminal
      sustain the front wheel of said vehicle, said front fork being swingable
      back and forth centering around the foregoing upper juncture. Said front
      fork is intermediately sandwiched by a pair of springs in the state that
      the springs press the fork in opposite directions so as to absorb either
      horizontal or vertical shocks thereby providing safety to the rider to
      some extent at the time of collision and the like or comfort when riding
      on a bumpy road.
BSUM
PAR  The present invention relates to a shock-absorbing device for a bicycle and
      the like, and in particular a shock-absorbing device to absorb shock on
      the vehicle at the front under the bouncing effect of springs attached
      thereto.
PAR  Needless to say, the rider of a conventional bicycle or the like has had no
      way to escape from shocks either accidental or caused on bumpy roads.
PAR  A first object of this invention is to provide a shock-absorbing device for
      a bicycle and the like to secure the rider either as to safety in a
      collision and the like and assure comfort in riding on a rugged road.
PAR  A second object of this invention is to provide a shock-absorbing device
      available in a simple mechanism.
DRWD
PAR  The invention as well as other objects and advantages thereof will be more
      readily understood from the following detailed description when taken
      together with the accompanying drawings, in which:
PAR  FIG. 1 is the front view of a bicycle equipped with the device contemplated
      herein.
PAR  FIG. 2 is a side view of the device at the front thereof.
PAR  FIG. 3 is a perspective view of this device at the upper part thereof.
PAR  FIG. 4 is a magnified longitudinal side section of this invention device at
      its lower constitution.
DETD
PAR  In the embodiment shown in the foregoing figures, there is a head arbor 11
      connecting to the main axis 12 of a bicycle equipped with the device
      herein contemplated. The head arbor 11 sustains a handle shaft 13
      rotatably therethrough, said handle shaft 13 at its upper terminal being
      mounted with a bar handle 14 and forming a diametrically enlarged portion
      15 at its lower terminal portion extending out of the head arbor 11.
PAR  Intermediately on the handle shaft 13 just above the upper terminal of head
      arbor 11 is a fitting unit 17 for fitting a front fork 16 thereto.
PAR  Fitting unit 17 consists of a front plate 18 and a back plate 19, a pair of
      bolts 20 firmly connecting plates 18 and 19 to each other in the state
      that said plates 18 and 19 sandwich the handle shaft 13, a pair of
      supporting piece 21 being provided on each side of front plate 18 so as to
      project forward therefrom, and a spindle 22 being sustained at both ends
      thereof by the confronting supporting piece 21 in front of said front
      plate 18, in the above construction the fitting unit 17 can rotate
      together with handle shaft 13.
PAR  The afore-mentioned front fork 16 comprises a pair of pipe 23 disposed side
      by side in front of handle shaft 13, pipes 23 at each of their upper
      terminal portions being connected to spindle 22 at each of the end
      portions thereby enabling said front fork 16 to move back and forth
      centering around said spindle 22.
PAR  The front fork 16, extends further downward from the lower terminal of said
      head arbor 11, and sustains at the lower end thereof the wheel shaft 25 of
      the front wheel 24 so as to make it rotatable at the sustaining portion,
      needless to say.
PAR  Intermediately on said front fork 16 at a position above front wheel 24 is
      a spring holder 26 which is fixed at both ends to pipes 23 by means of
      welding, as shown in FIG. 4.
PAR  The spring holder 26 forms at its central portion a penetration hole 27
      through which a spring supporting shaft 28 penetrates. Said spring
      supporting shaft 28 at its rear terminal penetrates through a notch groove
      29 formed in front of the afore-mentioned diametrically magnified portion
      15, said shaft 28 further extending toward the handle shaft 13 thereby
      abutting at the rear terminal thereof against the diametrically enlarged
      portion 15 of the handle shaft 13.
PAR  Within the diametrically magnified portion 15 is installed a side shaft 31,
      said side shaft 31 at both terminals thereof being rotatably sustained by
      a side hole 30 formed on the side of diametrically enlarged portion 15,
      intermediate to the side shaft 31 and being linked to the spring
      supporting shaft 28 at the rear terminal thereof by means of screwing and
      the like.
PAR  The foregoing mechanism enables the spring supporting shaft 28 to swing up
      and down centering around the side shaft 31 within the scope of
      penetration hole 27, this mechanism also enabling to swing said fork 16
      back and forth at the time of a shock landing thereon.
PAR  Said spring supporting shaft 28, simultaneously with the fitting of a nut
      32 thereto at the front terminal, forms at the rear terminal portion
      thereof a spring holder base 33 immediately out of diametrically enlarged
      portion 15, said spring supporting shaft 28 further being adapted with
      springs 34 and 35 between spring holder 26 and the nut 32 and between the
      spring holder 26 and the spring holder base 33, respectively.
PAR  Springs 34 and 35, have nearly equal elasticity and press the spring holder
      26 in opposite directions from back and front at the central portion of
      said spring supporting shaft 28. In this construction fork 16 inclines
      backward so as to keep parallel with handle shaft 13.
PAR  Functioning of this invention device in the foregoing embodiment is
      illustrated below.
PAR  When the bicycle is unused, the front fork 16 under the pressing effect of
      springs 34 and 35 keeps lining side by side with handle shaft 13 as shown
      in FIG. 2.
PAR  As is apparent in the foregoing mechanism, the front fork 16 compresses the
      front spring 34 as a load is imparted on the vehicle. When running on a
      level road the front spring 34 plays the role of a cushion thereby adding
      to the comfort of the rider. When on a bumpy road, the front fork 16 is
      caused to swing back and forth centering around shaft 22 in accordance
      with the up-and-down movement of the front wheel 24 with the result that
      springs 34 and 35 absorb the vertical shocks therein.
PAR  When a head-on shock is imparted to the fork 16 caused by a collision and
      the like, the backward movement of said fork 16 as the result therefrom is
      absorbed in the back spring 35 thereby alleviate shocks caused on the
      rider at that time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shock absorbing arrangement for a bicycle comprising in combination:
PA1  a. a head arbor (11) for holding a vertical handle shaft (13) having a
      lower enlarged portion (15) and an upper fitting unit (17);
PA1  b. a front fork (16) including a pair of pipes (23) for a front wheel (24)
      and fastening pieces (21) for fastening said front fork (16) to said
      fitting unit (17); and,
PA1  c. a spring holder (26) held between said pipes (23) having an aperture
      (27) and a spring supporting shaft (28) passing through said aperture
      (27), said spring supporting shaft (28) having an inner base (33) and an
      outer retaining nut (32) with spring means (34, 35) held on said spring
      supporting shaft (28), said spring supporting shaft (28) terminating in
      said enlarged portion (15).
NUM  2.
PAR  2. An arrangement as claimed in claim 1, said spring means being first and
      second springs (34, 35).
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ABST
PAL  A safety device or warning signal for attachment to a two-wheeled vehicle,
      e.g. a bicycle, arranged to be attached to a section of the framework of
      the vehicle and to extend transversely from same in direction towards the
      off-side lane in a road, having a flexible and resilient joint and a
      warning or signal member at the free end portion of the transversely
      extending part.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a safety device and in particular, a safety
      device for attachment to two-wheeled vehicles, e.g. bicycles.
PAC  BACKGROUND OF THE INVENTION
PAR  It is a well known fact, that serious accidents often are caused by drivers
      of motor vehicles overtaking riders of bicycles without leaving sufficient
      space between the motor vehicle and the bicycle. Due to the pressure from
      the wind or other circumstances, the bicycle can easily be forced into
      contact with an overtaking vehicle, thus causing an accident with serious
      injury to the bicycle rider.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide a novel safety device for
      two-wheeled vehicles, preferably bicycles, which prevents the
      aforementioned type of accidents. This object is achieved by means of a
      safety device, which, when attached, in an efficient manner acts as a
      warning device for overtaking vehicles. Apart from the warning effect, the
      safety device according to the present invention also acts a distance or
      gauge member, indicating the minimum space suitable for overtaking.
PAR  According to the present invention, there is provided a longitudinally
      extending member, at one end arranged with a means of attachment for
      mounting on suitable structure of a bicycle or similar vehicle, and at the
      other free end having a pennant or a small flag of distinctive colour. The
      safety device is attached to the tubular structure of a bicycle in such a
      way, that it extends transversely from the longitudinal axis of the
      bicycle towards the off-side lane of a road. The safety device furthermore
      includes a flexible joint member adjacent to the means of attachment,
      which makes it possible for the support to fold over the safety device
      into a position, in which it extends backwards in a parallel relationship
      to the longitudinal axis of the bicycle, when not in use. A second member
      for attachment is also arranged along the center portion of the
      longitudinally extending member, to enable it to be stabilized on the
      framework of the bicycle, when not in use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A preferred embodiment of the invention will be further described below,
      with reference to the accompanying drawing.
PAR  The drawing shows, partly in cross-section, a safety device according to
      the invention with the longitudinally extending part reduced in length.
DETD
PAC  BRIEF DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The reference numeral 10 indicates a longitudinally extending tubular part,
      at one free end arranged with a triangular warning member 11, preferably
      of a significant colour, such as red. A central part of the tubular member
      10 is omitted; however, the tubular member 10 is a continously extending
      part, having a length at about 300 - 500 mm.
PAR  The other free end portion of the tubular member 10 is arranged with a
      helicoil spring member 12, partly inserted into the tubular member 10.
      Said spring member 12 acts as a means of attachment for a stud 13, having
      an external screw thread and extending from a body member 14 in the means
      of attachment. A mainly U-shaped groove is arranged in the body member 14,
      directed with the open part towards the tubular member 10 and having one
      side surface 15 arranged in a parallel relationship to said tubular member
      10, and the opposed side surface 16 in an inclined relationship to said
      first side surface 15, thus creating a gradually smaller cross-section in
      the groove in direction from the tubular member 10. The parallel outside
      surfaces of the body member 14, which preferably has a primarily
      rectangular cross-section, are arranged with a screw thread 17 for the
      engagement of a tubular nut member 18. The outside surface of said nut
      member 18 is preferably arranged with gripping means in order to make
      manual installation without tools possible. A flexible member 19 is also
      shown embracing the end portion of the tubular member adjacent to the
      means of attachment, intended to act as a second resilient means and as a
      means of protection for the flexible joint. This second flexible member 19
      can also be a helicoil spring, but also other previously known resilient
      and tubular means can of course be used. A hook-shaped member 20 is also
      shown in the figure, partly embracing the tubular member 10 and having a
      hookshaped portion extending transversely from the tubular member 10. Said
      hook-shaped member 20 is intended to serve as a second means of attachment
      for the safety device, thus enabling same to be folded over and fixed in a
      parallel relationship to the length axis of the bicycle, when not in use.
PAR  When assembling the safety device, the means of attachment for attachment
      to the tubular structure of a bicycle, is screwed into the helicoil spring
      12 with the threaded stud 13. The diameter of said stud 13 is slightly
      larger than the inside diameter of the helicoil spring 12, thus expanding
      said spring member 12 to an increased outside diameter. Furthermore, the
      outside diameter of said helicoil spring 12 is arranged to correspond to,
      or, to be slightly less than, the inside diameter of the tubular member
      10, when not expanded. This means that the helicoil spring member is
      forced to engage with the inside surface of the tubular member 10, when
      the stud 13 is screwed into the spring member 12.
PAR  The safety device is attached to the tubular structure of a bicycle, or any
      similar type of vehicle, in a most efficient way. A part of the tubular
      structure is inserted transversely between the the two opposed surfaces
      15, 16 in the body member 14 of the means of attachment, whereafter the
      nut member 18 is run down, thus trapping the tubular member of the
      structure between the two opposed surfaces 15, 16 mentioned above. Since
      one of the aforementioned surfaces 16 is arranged in an inclined
      relationship to the opposed surface 15, the means of attachment can be
      used for tubular structure parts having various diameters and the tube
      will be wedged between the surfaces.
PAR  As previously mentioned, the safety device is attached in such a way, that
      it extends in a transverse relationship to the longitudinal axis of the
      bicycle, extending towards the off-side lane. This means that a vehicle
      overtaking is forced to leave a space from the bicycle exceeding the
      length of the tubular member 10. If not, no accident will be caused, since
      the tubular member 10 can move in any direction from the means of
      attachment, i.e. it will only be folded over. Obviously, this could
      scratch a car or any other vehicle overtaking, but this is also a safety
      measure, since most car owners dislike having their cars scratched. This
      fact will further encourage any party overtaking to keep well away from a
      bicycle arranged with a safety device according to the present invention.
PAR  The safety device according to the present invention can preferably be
      manufactured from a synthetic plastic material, thus combining low weight
      and a good resistance against corrosion, however, also other suitable
      materials can be used.
PAR  The warning member 11 at the free end portion of the tubular part 10, is
      also preferably manufactured from a synthetic plasic material, if desired,
      the warning effect can be increased by the use of a reflective material,
      thus making it possible to notice the safety device at a larger distance
      and under poor light conditions.
PAR  The safety device according to the present invention is in no way
      restricted to the embodiment described and showed on the accompanying
      drawing, since many modifications are possible within the scope of the
      invention and the following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A signal-safety device for use on a bicycle-type vehicle for extending
      laterally therefrom and warning other vehicles to maintain a prescribed
      distance, said signal-safety device comprising; an elongated,
      substantially rigid element of a length defining a clear safe distance for
      passing vehicles; mounting means at one end of said element for mounting
      the rigid element in laterally-extending relationship from a frame member
      of the vehicle upon which the signal-safety device is to be used; a signal
      device at the other end of said rigid element for warning an oncoming
      vehicle of the presence of the vehicle upon which the signal-safety device
      is mounted and apprising the oncoming vehicle of the clear, safe distance
      at which to pass the signal-safety device; and a flexible, resilient joint
      means interposed between said rigid element and said mounting means so
      that the signal-safety device will yield when struck by an oncoming
      vehicle and will not damage the same nor the vehicle upon which it is
      mounted and will permit the signal-safety device to be folded along the
      frame of the vehicle upon which it is mounted to permit storage of the
      signal-safety device, said rigid element being tubular and said resilient
      joint means comprising a helical coil spring element telescoped into the
      tubular rigid element, said mounting means comprising a stud threaded into
      said coil spring element and a reverted, externally-threaded, U-shaped
      element for receiving a frame member of the vehicle transversely
      therethrough, and a nut element circumposed about said U-shaped element
      for clampingly engaging the transverse frame member in the U-shaped
      element.
NUM  2.
PAR  2. The structure as claimed in claim 1 in which said U-shaped element has
      opposed, divergent side portions for accommodating different diametered
      vehicle frame members and providing a wedging engagement with the frame
      member when engaged by the nut element.
NUM  3.
PAR  3. The structure as claimed in claim 1 including a resilient member
      disposed about the exterior of the substantially rigid element and said
      helical coil spring and stud threaded therein for reinforcing and
      protecting the resilient joint means.
NUM  4.
PAR  4. The structure as claimed in claim 1 in which said signal device
      comprises a flag-like element having a distinctive and readily visible
      color.
NUM  5.
PAR  5. The structure as claimed in claim 4 in which said flag-like element
      comprises a light-reflective material.
NUM  6.
PAR  6. The structure as claimed in claim 1 in which said rigid element includes
      a hook element projecting laterally from an intermediate portion thereof
      for removably engaging a rod-like portion of a vehicle frame member when
      the rigid rod element is folded into parallel relationship thereto about
      the resilient joint means.
NUM  7.
PAR  7. The structure as claimed in claim 1 in which said stud being externally
      threaded and having an outer diameter slightly greater than the internal
      diameter of the helical coil spring element for expanding the coil spring
      in the tubular, rigid element and providing a rigid connection between the
      stud member and the rigid tubular element.
NUM  8.
PAR  8. The structure as claimed in claim 7, in which a second resilient member
      is circumposed about the flexible, resilient joint means between the rigid
      element and said mounting means for reinforcing and protecting the
      resilient joint means.
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ABST
PAL  The embodiment of the invention disclosed herein is directed to a
      detachable adapter fifth wheel dolly for connection to a fifth wheel
      trailer style mobile camper for transporting the camper from place to
      place when the standard connection associated with a pickup truck is not
      available. The fifth wheel dolly includes a wheeled frame member to be
      positioned under the forward extended portion of a fifth wheel style
      mobile camper. An axle and wheel means associated therewith are secured
      transversely of the direction of movement of the wheel frame and function
      to provide transport motion of the mobile camper. The power required to
      transport a mobile camper may be obtained by either a standard trailer
      type socket and hitch connection associated with an automobile or truck
      and connected to a trailer hitch socket associated with the fifth wheel
      dolly. The fifth wheel dolly includes a fifth wheel coupling member
      secured to the top portion of the frame readily to couple with the fifth
      wheel coupling associated with the mobile trailer, whereby connection of
      the detachable adapter fifth wheel dolly to the standard fifth wheel
      trailer style mobile camper allows the mobile camper to be moved from
      place to place with ease and convenience.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to improvements in structures and
      apparatus used primarily in the field of recreational vehicles, and more
      particularly to a device which functions as a detachable adapter fifth
      wheel dolly to provide means for connecting a set of forward wheels to
      fifth wheel trailer style mobile campers during transport of the campers
      from one site to another site. More specifically, this invention is
      directed to improvements in structures which enable fifth wheel type
      mobile campers to be transported without the need of actual connection to
      a fifth wheel coupling associated with a pickup truck commonly used to
      transport such mobile trailers. However, it will be understood that while
      this invention is directed particularly to devices used in the field of
      recreational vehicles, the specific device disclosed herein can be used in
      other allied fields such as trailer truck structures to be moved about in
      a yard of storage or the like.
PAR  2. Description of the Prior Art
PAR  Heretofore, recreational vehicles used for camping by individuals and large
      groups, such as families, have been relatively limited to the types of
      vehicles which could be used for the camping structures.
PAR  One such type of prior art recreational vehicle was the introduction of a
      motor home which comprised a truck with the rear portion thereof fashioned
      as a small mobile trailer, including living quarters such as sleeping
      quarters, cooking quarters, and the necessary bathroom and bathing
      quarters. This type of truck structure is well known in the art and is a
      self contained unit in that the living quarters attached thereto cannot be
      disconnected at any time. Therefore when persons utilizing this type of
      structure are camping from place to place across the countryside they are
      required at all times to drive this large vehicle even when they are not
      moving from one campsite to another campsite. For example, many times
      campers will select a campsite to form a base of operation, so to speak,
      and then go sight seeing and view the countryside therefrom. However each
      time they intend to leave their campsite they must also secure all loose
      materials within this type of camping vehicle because of the inherent
      hazards associated with bumps and ditches in camp areas as is well known
      by those who utilize such facilities.
PAR  To provide a more maneuverable type of camping vehicle of this type many
      mobile campers are formed of relatively small paneled trucks or small
      buses with a limited amount of living quarters associated therewith. While
      this structure is more convenient to drive around the countryside while
      sight seeing, it does not provide the room necessary to accomodate large
      families or to provide the required comfort for individuals. Therefore
      this type of mobile camping structure is of limited use.
PAR  Of particular interest with regard to this invention are prior art campers
      of the type having a fifth wheel type connection formed at a forward
      extended portion thereof. This type of mobile camper is arranged to be
      connected to a fifth wheel coupling formed on or removably fastened to the
      flat bed portion of a pickup truck during transport of the camper. The
      mobile camper is then coupled to the fifth wheel and transported from one
      campsite to another campsite. However, when the users of this type of
      mobile camping equipment would like to leave the campsite for such things
      as sight seeing or shopping, they merely disconnect the pickup truck from
      the mobile camping unit and leave it where it stands, and drive the pickup
      truck around the countryside. This provides a substantial savings in cost
      of operating the truck as gasoline and oil is not consumed as a result of
      having to haul the heavy load of the mobile camper.
PAR  However, while the particular pickup truck associated with the mobile
      camper is out on the countryside at locations displaced from where the
      mobile camper is positioned, it often becomes necessary to move the mobile
      camper from one place in a camp site to another place on the same camp
      site. Also, other limited movement of the mobile camper may be required
      for various reasons. This cannot be accomplished until such time as the
      associated pickup truck has returned to be coupled to the mobile camper
      and transport it.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary feature of this invention to provide a
      detachable adapter fifth wheel dolly for connection to fifth wheel trailer
      style mobile campers to enable limited transport of such campers from one
      site to another site wihtout the need of connecting the associated pickup
      truck to the camper.
PAR  Another feature of this invention is to provide a detachable adapter fifth
      wheel dolly which is constructed of a fabricated channel and angle irons
      to form a frame member upon which is positioned a structure of angularly
      disposed members to receive a crossbar and, which, in turn, receives the
      fifth wheel coupling of a mobile camper to be transported.
PAR  Still another feature of this invention is the provision of a detachable
      adapter fifth wheel dolly which incorporates a standard hitch socket
      formed at the forwardmost end portion thereof as an integral part of the
      wheeled frame member of the dolly so that the hitch socket can be
      connected to any standard size trailer ball attached to either an
      automobile or a truck, or any other suitable vehicle other than the
      standard pickup truck connection required for such mobile campers.
PAR  Still another feature of this invention is the utilization of a support
      frame adapted to be secured to the front portion of the motor vehicle and
      which extends forwardly of the motor vehicle. The support frame includes a
      separate independent set of fifth wheel coupling means formed as a part
      thereof and adapted to be fastened to a corresponding fifth wheel coupling
      device of a motor camper for moving the camper from one place to another
      place. This support frame secured to the front of a motor vehicle is also
      adapted to receive the wheeled frame member for carrying the frame member
      from one place to another place.
PAR  Briefly, the fifth wheel dolly of this invention is a device for
      maneuvering the fifth wheel trailer style camper when a regular fifth
      wheel equipped pickup truck is not available for the job. The invention is
      a two wheeled trailer which is equipped with the brackets for a fifth
      wheel attachment arranged, and which unit can be hooked behind any type of
      vehicle, such as car or truck which has a conventional ball hitch
      associated therewith. With this device, the fifth wheel trailer can be
      maneuvered about the yard or campsite from one location to another
      location without any problem. There is also a non-wheeled support member
      that can be attached to the front bumper of a pickup truck. This
      attachment is for limited use in moving or reparking a fifth wheel trailer
      in trailer camps or lots.
PAR  The fifth wheel dolly of this invention is intended to include the bumper
      bracket which could be fabricated out of channel or flat structural steel
      in the design specified. The framework members could be welded and/or
      riveted together, with a pair of leaf springs fastened at the sides of the
      structure and connected to the axles. An adjustable forward foot is
      associated with the dolly to provide height adjustment of the device.
      Means may be provided for adjusting the relative height of the fifth wheel
      coupling relative to the wheeled frame member so that a multitude of
      different types of fifth wheel styled mobile campers can be coupled
      thereto.
PAR  Many other features and advantages of this invention will be more fully
      realized and understood from the following detailed description when taken
      in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective exploded view illustrating a fifth wheel style
      mobile camper to be transported from one site to another site and a
      detachable adapter fifth wheel dolly constructed in accordance with this
      invention connected to the rear of a truck for effecting movement of such
      camper;
PAR  FIG. 2 is a side elevational view of the detachable adapter fifth wheel
      dolly of this invention and illustrates some of the particular details of
      construction;
PAR  FIG. 3 is a top view of the detachable adapter fifth dolly of FIG. 2; and
PAR  FIG. 4 is a perspective view showing a support bracket which can be used as
      a fifth wheel coupling for effecting transport of the mobile camper and
      which can be used to receive and carry the wheeled frame member of the
      fifth wheel dolly from one site to another site.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now to FIG. 1 there is seen the details of construction and use
      of a detachable adapter fifth wheel dolly of this invention and which is
      designated generally by reference numeral 10. The fifth wheel dolly 10 is
      shown being displaced from, but in readiness to be connected to, a mobile
      camping structure 11 having a fifth wheel trailer style connection formed
      at the underside of a forward extended portion 12 thereof which in most
      cases is formed to house sleeping quarters for the camping structure.
PAR  While the particular configuration of the camping structure does not in any
      way constitute part of this invention sufficient details thereof are
      discussed for purposes of providing background for the fifth wheel dolly
      adapter of the present invention. The mobile camper 11 includes window
      means 13 associated with the forward portion 12 and includes other
      interior structures, not herein specifically discussed, but which can be
      formed in any one of a plurality of different arrangements as to beds,
      tables, chairs and the like. This particular type of mobile camper
      structure is at present well known in the art.
PAR  The fifth wheel connection to this type of camper generally includes an
      adapter bracket to be connected to the cross braces located at the
      interior portion of a pickup truck, or the like. The pickup truck is then
      utilized as a mode of transportation when the mobile camper is moved from
      one site to another site. However, during storage of such mobile camper,
      as for example, for sale or when such campers rent a site in a camp lot,
      these mobile campers are often required to be moved from one site to
      another site within the lot. This is a cumbersome maneuver in that it
      requires the pickup truck to be connected to the trailer. When the pickup
      truck is not available the detachable adapter fifth wheel dolly of the
      present invention is then used to simplify this task.
PAR  The detachable adapter fifth wheel dolly 10 is constructed of a height and
      configuration to be readily connected to the fifth wheel trailer style
      mobile camper 11 with a minimum of effort. The fifth wheel dolly 10
      includes a wheeled frame member 14 to be positioned under the forwardmost
      extending portion 12 of the mobile camper 11 for connection to the fifth
      wheel coupling associated therewith. The wheeled frame member includes a
      transversely oriented axle means 16 secured thereto by any one of a
      plurality of different techniques. Secured to the outermost ends of the
      axle means 16 are first and second wheel members 17 and 18 which are
      arranged to provide easy rolling when the mobile camper is to be moved.
      The first and second wheel members 17 and 18 are secured to the endmost
      portion of the axle 16 by any suitable well known means such as pins or
      nuts, and can be removed if necessary for changing the wheel.
PAR  Also associated with the detachable adapter fifth wheel dolly 10 is a hitch
      socket 20 located at the forwardmost end portion of a spine or
      longitudinal steel brace section 21. The hitch socket 20 is formed as an
      integral part of the wheeled frame and is adapted to be a size and
      configuration readily to fit a standard trailer ball hitch which may be
      associated with a motor vehicle, here being designated generally by
      reference numeral 22. Only the rear portion of the motor vehicle 22 is
      shown for purposes of illustration, it being understood that while a
      pickup truck is here illustrated, any other type of motor vehicle can be
      used without departing from the novel concepts of this invention.
PAR  The fifth wheel dolly 10 includes a fifth wheel coupling support member 23
      formed at the upper end of a pair of angled support frames 24 and 26.
      Upwardly directed U-shaped coupling devices 27 are located at each end of
      the brace member 23 and are fashioned to engage correspondingly shaped
      fifth wheel coupling devices associated with the underside of the forward
      extension 12 of the mobile camper 11.
PAR  By utilizing the detachable adapter fifth wheel dolly as constructed in
      accordance with the principles of this invention, and connecting this
      dolly to a standard fifth wheel trailer style mobile camper, allows the
      mobile camper to be moved from one place to another place in a particular
      yard or campsite without the need of actually connecting the pickup truck
      to the mobile camper. This is accomplished by the fact that the dolly has
      a standard ball type hitch socket associated therewith and can be fastened
      to any standard type ball hitch on a car or truck, or it can be fastened
      to any standard type ball hitch on a car or truck, or it can be moved by
      hand with several people pushing the mobile camper.
PAR  Referring now to FIG. 2 the fifth wheel dolly 10 further includes height
      adjusting means associated with the cross brace 23 and the fifth wheel
      coupling device 27. This type of height adjustment may include either a
      screw, ratchet or hydraulic type jack device 30 associated therewith and
      having a portion 31 extending upwardly to effect the necessary adjustment
      relative to the wheeled frame member 14.
PAR  To provide an adjustment for the wheeled frame member 14 a standard 33 is
      also provided and includes a manually manipulated hand crank 34 located at
      the upper end thereof. This manually manipulated hand crank can be
      replaced by other suitable adjusting means such as a small battery
      operated electric motor, or the like. Also, this type of hand crank can be
      replaced by a small electric or hydraulic actuated pumping device to
      provide necessary height adjustment.
PAR  As best seen in FIG. 3 the wheeled frame member 14 includes a pair of
      parallel brace members 40 and 41 extending substantially parallel to the
      longitudinal axis of the wheels 17 and 18, respectively. The spine member
      21 of the wheeled frame member is located substantially centrally of the
      end braces 40 and 41. A pair of angled members 43 and 44 are directed
      inwardly from the braces 40 and 41 and are secured, by welding or riveting
      or the like, to the spine 21. A rear brace member 45 completes the
      structure of the wheeled frame member. The upstanding angled sections 24
      and 26 are then secured to the wheeled frame member as shown in FIGs. 1, 2
      and 3.
PAR  As best seen in FIG. 3 the axle 16 is resiliently fastened to the wheeled
      frame member 14 by means of a pair of spaced apart leaf springs 47 which
      have the endmost portions thereof secured to the wheeled frame member 14
      by depending links or brackets 48 and 49. The central portion of the leaf
      spring is secured to the axle 16 in a conventional manner well known to
      the trailer and automotive industry.
PAR  Referring now to FIG. 4 a support frame 50, constructed in accordance with
      the principles of this invention, is adapted to be fastened to the forward
      end of a motor vehicle. here designated generally by reference numeral 51,
      to effect both transport of the mobile camper 11 and to function as a
      transport device for the adapter fifth wheel dolly of this invention. Here
      the support frame member 50 includes a pair of hook members 52 and 53, as
      well as other fastening means, not here illustrated in detail, to provide
      rigid fastening of the support frame 50 to the forward end of the vehicle
      51. The support frame 50 extends forwardly of the vehicle and includes a
      pair of extended arms or brackets 54 and 55 including fifth coupling
      notches 56 and 57 formed at the forwardmost ends thereof. These fifth
      wheel notches will function to couple with the fifth wheel device
      associated with the mobile camper 11 for transporting it from site to site
      if necessary. Angled depending bracket supports 58 and 59, as well as
      transverse bracket supports 60 and 61 form the necessary structure of the
      support frame 50. While the support frame 50 is here illustrated as being
      formed of plate and channel members, it will be understood that the
      structure, as well as the dolly structure 10 of this invention, can be
      formed of other types of structural materials and configurations, such as
      I-beams and pipes.
PAR  While a single specific embodiment of the present invention has been
      illustrated herein with great particularity it will be understood that
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the invention. For example, such
      variations as to shape, size and arrangement of particular components may
      be made without detracting from the aspects of the invention as set forth
      in the depending claims.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A detachable adapter fifth wheel dolly for connection to a conventional
      type coupling mounted on the forward lower portion of a conventional type
      of a fifth wheel trailer style mobile camper, the dolly intended for use
      in moving the camper from place to place about a campsite, the dolly
      comprising, in combination:
PA1  an open type generally rectangularly configured frame member consisting of
      a plurality of independent sections of channel iron having their ends
      interconnected together to define the frame with all of the sections lying
      in a single plane, the frame having a back rail, a pair of parallel side
      rails connected to opposite ends of the back rail and projecting forwardly
      therefrom, and a pair of converging forward rails disposed in a general
      V-shaped configuration with the base thereof connected to the forward
      edges of said side rails and with the apex ends thereof being connected
      together and lying along the longitudinal midline of said frame;
PA1  a pair of parallel transversely spaced apart longitudinally extending leaf
      springs, each spring secured to one of the frame side rails and extending
      longitudinally therealong with the ends of each leaf spring secured to the
      side rails by depending links associated with the side rails;
PA1  an axle assembly secured intermediate the ends of each of the leaf spring
      members and extending transversely of the frame parallel to the back rail
      thereof with the opposite ends of the axle extending outwardly from the
      adjacentmost side rails of the frame, the axle disposed transversely to
      the direction of travel of the frame;
PA1  a pair of wheels each rotatively affixed to an opposite end of said axle
      assembly for rotation on said axle assembly in planes parallel to said
      side rails when said frame member is transported from one location to
      another location;
PA1  a tongue channel frame member extending longitudinally along the mid line
      of said frame and forming an integral part thereof, the back end of the
      tongue member affixed centrally of said back end rail with a forward
      portion of said tongue member affixed to the apex of said converging
      forward rails with the front end of the tongue member projecting forwardly
      of said apex portion, said tongue member lying substantially co-planar
      with said frame and forming an integral part thereof;
PA1  a hitch socket formed as an integral part of said front end of said tongue
      member and projecting forwardly and outwardly therefrom and being of a
      size and configuration to readily fit a standard trailer ball hitch
      secured in a conventional manner to a motor vehicle for purposes of towing
      the frame;
PA1  an adjustable elongated standard secured to said tongue member intermediate
      said apex of said converging forward rails and said hitch socket, said
      standard extending normal to the axis of said tongue member and passing
      therethrough and affixed thereto with a portion of said standard
      projecting above said tongue member with the major portion of said
      standard extending below said tongue member in a generally vertical
      direction the bottom end of the standard having an associated flat foot
      portion affixed thereto and adapted to engage the ground surface for
      supporting the forward end of said frame when not hitched to a towing
      vehicle, said standard adjustable by an adjusting means including a hand
      crank for manual manipulation of said standard between a position where
      the foot portion engages the ground and the frame is supported in a
      substantially horizontal plane, and a retracted position wherein the foot
      portion is raised from the ground with the hitch socket affixed to a
      towing vehicle such that the standard does not interfere with the towing
      of the frame by the vehicle;
PA1  a pair of transversely spaced apart longitudinally extending inverted
      V-shaped angle members each lying in a vertical plane parallel to the side
      rails with each angle member disposed adjacent and inwardly of an
      associated one of said side rails and projecting upwardly therefrom with
      the ends of each of the angle members extending between the back rail and
      an end portion of the adjacent associated forward rail;
PA1  the apex portion of each of the angle members being in transverse alignment
      parallel to said axle assembly and disposed forwardly of said axle
      assembly;
PA1  a cross brace extending transversely of said frame with its opposite end
      portions resting on said apex portions of said angle members;
PA1  coupling means secured to said cross brace and adapted to detachably engage
      the coupling of the mobile camper for the towing of the same;
PA1  adjusting means for adjusting the height of said coupling means relative to
      said frame to enable said dolly to be adapted to fit a wide multitude of
      different types and styles of fifth wheel trailer style mobile campers and
      properly engage the dolly coupling means with the camper coupling;
PA1  whereby, connection of said dolly coupling means to said fifth wheel
      trailer style mobile camper coupling allows the mobile camper to be moved
      and transported from place to place by a vehicle having a conventional
      standard trailer ball hitch affixed thereto and thus eliminating the need
      of a pickup style truck having a fifth wheel connection mounted in the bed
      thereof.
PATN
WKU  039442578
SRC  5
APN  5399033
APT  1
ART  316
APD  19750109
TTL  Compensator coupling for logging truck and trailer
ISD  19760316
NCL  4
ECL  1
EXA  Pekar; John A.
EXP  Wood, Jr.; M. H.
NDR  1
NFG  6
INVT
NAM  Dockins; Lonnie L.
STR  1295 Magnolia Ave.
CTY  Willits
STA  CA
ZIP  95490
CLAS
OCL  280404
XCL  280446R
XCL  280478R
EDF  2
ICL  B60P  340
FSC  280
FSS  482;404;478 B;478 R;446 R
FSC  214
FSS  84
UREF
PNO  2520776
ISD  19500800
NAM  Page
OCL  280404
UREF
PNO  2910197
ISD  19591000
NAM  Beckner
OCL  214 84
UREF
PNO  2915209
ISD  19591200
NAM  Layne
OCL  214506
UREF
PNO  3083986
ISD  19630400
NAM  Moody et al.
XCL  280482
UREF
PNO  3591200
ISD  19710700
NAM  Van Raden
XCL  280404
UREF
PNO  3698739
ISD  19721000
NAM  Szymanski et al.
OCL  280478B
LREP
FRM  Townsend and Townsend
ABST
PAL  A compensator mechanism for coupling a logging truck and trailer together
      to allow for relative longitudinal movement between them during turning. A
      compensator tube is extensibly mounted within a sleeve affixed to the
      leading end of the trailer reach pole. The forward end of the tube is
      adapted to be coupled to the truck hitch. A spool shaped roller having a
      surface which conforms to the compensator tube is mounted on the reach
      pole in sliding contact with the upper portion of the tube. In operation,
      as the truck moves along a curved path the roller absorbs lateral thrust
      loads exerted on the compensator tube and reduces wear between the tube
      and sleeve.
BSUM
PAR  The present invention relates to motor vehicles of the truck and trailer
      type and is more particularly directed to an improved coupling means for
      connecting a logging truck and trailer to provide the relative
      longitudinal movement between them which is necessary in order to
      negotiate turns.
PAR  Logging truck and trailer combinations are typically provided with a
      compensator coupling mechanism for permitting longitudinal movement
      between truck and trailer during turning movements of the vehicle. This is
      necessary because when the vehicle is loaded, the logs maintain a constant
      straight line distance between the log supports on the truck and trailer.
      On the other hand, during a turn the distance between the support points
      as measured along the longitudinal center lines of the vehicles must
      increase.
PAR  One approach previously employed to provide the requisite degree of
      relative movement between truck and trailer involves a sliding compensator
      tube which connects the hitch or stinger of the truck to the forwardly
      extending reach pole of the trailer. The compensator tube is
      telescopically received within a sleeve attached to the front end of the
      reach pole. When the truck changes direction as during a turn or when
      rounding a curve the compensator tube is extended out of the sleeve to
      adjust for the increased distance between the truck and trailer as
      measured along the center lines of the two units.
PAR  The problem which has been encountered in apparatus of this type is that
      the sliding fit between the compensator pole and its sleeve must be
      relatively tight to absorb lateral thrust loads during turns, as well as
      vertical loads on rough road surfaces, without subjecting the coupling to
      undesirable impact forces. As a result, the tube and its housing are
      usually greased for lubrication, and the abrasive action of accumulated
      dust and dirt trapped in the grease between the sleeve and pole results in
      excessive wear on the components often leading to premature failure.
PAR  The present invention provides a structure which allows the clearance
      between compensator tube and sleeve to be increased without creating
      impact forces and adversely effecting vehicle control. This is
      accomplished through the use of a roller spool whose surface conforms to a
      portion of the cylindrical outer surface of the compensator tube. In this
      manner the roller absorbs lateral thrust caused when the truck makes turns
      and eliminates the problems alluded to above.
DRWD
PAR  These and other objects, features and advantages will be more readily
      apparent after reading the following detailed description with reference
      to the accompanying drawings wherein:
PAR  FIG. 1 is an overall side elevation view of a logging truck and trailer;
PAR  FIG. 2 is a plan view of the truck and trailer of FIG. 1 in turning mode
      illustrating extension of the compensator tube;
PAR  FIG. 3 is an enlarged plan view of the compensator mechanism of the present
      invention including the extensible tube and conforming roller;
PAR  FIG. 4 is a transverse cross-sectional view of the roller and compensator
      tube tube taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a side elevation view of the compensation mechanism shown in FIG.
      3; and
PAR  FIG. 6 is a side elevation view of the mechanism of FIG. 5 in its extended
      configuration.
DETD
PAR  Referring now to the drawings wherein like numerals in the different views
      designate the same element, FIGS. 1 and 2 depict a truck and trailer
      generally designated at 10. The truck portion of the vehicle is equipped
      with log holding bunk 12 and the trailer portion with longitudinally
      aligned log holding bunk 14. These bunks receive the logs loaded on the
      vehicle and prevent their movement both laterally and longitudinally.
      Extending from the rear of the truck is a hitch or stinger 16 to which the
      trailer is connected. The leading end of the trailer is provided with a
      reach pole 18 having a compensator tube 20 extensibly mounted in a sleeve
      22, fixed within the forward portion of the reach pole 18.
PAR  As best seen in FIG. 3-6, a roller 24 carried on spaced arms 26 is mounted
      on the front end of reach pole 18. Roller 24 has a machined spool shaped
      surface which mates with and conforms to the upper portion of the outer
      cylindrical surface of compensator tube 20. Roller 24 minimizes the wear
      on the inner surface of the sleeve in which tube 20 is received as it
      moves into the reach pole thus eliminating the heretofore necessary
      greasing of the contact surfaces of the pole and sleeve. The roller also
      absorbs lateral thrust when the truck makes turning movements, further
      reducing friction and impact wear on the coupling components.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a trailer for use with a towing vehicle: a reachpole having a forward
      end and a cylindrical sleeve at said forward end, the front extremity of
      the sleeve being open; and elongated, cylindrical member telescopically
      received within and movable longitudinally of the sleeve, the member
      having a front end exteriorly of the sleeve and provided with means on
      said front end for releasably attaching the same to a towing vehicle; a
      roller; and means rotatably mounting the roller on said forward end of the
      reach pole for rolling contact with the outer surface of said member, said
      roller having a spool-shaped, member-engaging surface which mates with and
      conforms to said outer surface of the member.
NUM  2.
PAR  2. In a trailer as set forth in claim 1, wherein said mounting means
      includes a pair of arms secured to and extending forwardly from said
      forward end of the reach pole, said roller being between and rotatably
      mounted on said arms.
NUM  3.
PAR  3. In a trailer of the type suitable for use with a towing vehicle and
      having a reach pole provided with a forward end, an open end cylindrical
      sleeve at said forward end, and an elongated, cylindrical member
      telescopically received within and movable longitudinally of the sleeve,
      the member having a front end exteriorly of the sleeve and provided means
      on said front end for releasably attaching the same to a towing vehicle,
      the improvement comprising: a roller; and means coupled to the roller for
      rotatably mounting the same in an operative positon on said forward end of
      the reach pole for rolling contact wih the outer surface of said member,
      said roller having a spool-shaped, member-engaging surface which mates
      with and conforms to said outer surface of the member when said roller is
      in said operative position.
NUM  4.
PAR  4. In a trailer as set forth in claim 3, wherein said mounting means
      includes a pair of arms adapted to be secured to and to extend fowardly
      from said forward end of the reach pole, said roller being positionable
      between and rotatably mountable on said arms.
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ABST
PAL  A reversible warehouse wagon is provided with a jointed bed, tandem-mounted
      center support wheels, steerable wheels supporting both the ends of the
      bed and hitch means at both ends of the bed to provide a warehouse wagon
      that is towable from either end having a short turning radius, high
      directional stability, improved tracking of a towing vehicle and improved
      support and control for going up and down ramps.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to warehouse wagons and pertains particularly
      to reversible wagons having improved stability.
PAR  Small warehouse and yard wagons are extensively used around factories and
      warehouses for transporting materials and products between various storage
      and manufacturing areas and loading docks, and around airports for the
      handling of baggage and other cargo. Such wagons must be highly mobile,
      and must be small and maneuverable enough to move down narrow aisles and
      passageways. Such wagons must also be able to be formed in trains in order
      to have practical cargo-hauling capabilities. It is also desirable that
      such a wagon have a short turning radius in order to be maneuverable in
      and about confined areas and be reversible so that it can be used in areas
      where no turning space is available.
PAR  In order to be towable from either end, a wagon must have steerable wheels
      on both ends. Steerable wheels on both ends of a vehicle, however,
      generally make a vehicle very unstable so that control of the vehicle
      becomes a problem. Another desirable characteristic of such wagons is that
      they have good tracking ability, i.e. the ability to follow closely within
      the wheels of the towing vehicle. This is in order that a train of such
      vehicles can be formed in a train which can be taken around relatively
      short corners.
PAR  Still another desirable characteristic of such wagons is that they be able
      to go up and down ramps and still maintain load support on the wheels as
      well as stability.
PAR  Efforts to enhance one of the above desirable characteristics tend to
      aggravate another problem. For example, a short turning radius normally
      negates good tracking ability. Good turning radius by means of steering
      wheels also tends to negate stability.
PAR  Although prior efforts to achieve the above-desired characteristics have
      produced wagons having one or more of the above-desired characteristics,
      the prior art has failed to develop a wagon having all of the
      above-desired characteristics to an optimum degree.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  It is a primary object of the present invention to overcome the above-noted
      problems of the prior art.
PAR  Another object of the present invention is to provide a warehouse wagon
      having a short turning radius, excellent tracking ability, and a high
      degree of stability.
PAR  A further object of the present invention is to provide a warehouse wagon
      having reversible characteristics, a short turning radius, good tracking
      ability, and a high degree of stability.
PAR  Still another object of the present invention is to provide a warehouse
      wagon having reversible characteristics and the ability to negotiate ramps
      with a high degree of stability.
PAR  In accordance with the primary aspect of the present invention, a warehouse
      wagon is provided with steerable wheels at both ends, stabilizing tandem
      wheels at the center, and a hinged bed to provide a wagon that is towable
      from either end having optimum operating characteristics.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages of the present invention will
      become apparent from the following description when read in conjunction
      with the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of a train of wagons constructed in accordance
      with the present invention;
PAR  FIG. 2 is a side elevational view of a portion of the train of FIG. 1;
PAR  FIG. 3 is a side elevational view of one of the wagons of FIG. 1;
PAR  FIG. 4 is an enlarged elevational view with portions broken away of the
      portion of FIG. 3 partially enclosed by arrows IV--IV;
PAR  FIG. 5 is a plan view from the underside of the portion illustrated in FIG.
      4;
PAR  FIG. 6 is a sectional view taken generally along lines VI--VI of FIG. 5;
PAR  FIG. 7 is an enlarged elevational view with portions broken away of the
      portion of FIG. 3 partially encircled by arrows VII--VII;
PAR  FIG. 8 is a partial sectional view taken generally along lines VIII--VIII
      of FIG. 7;
PAR  FIG. 9 is a detailed view in section of the connecting means between the
      beds of FIG. 7;
PAR  FIG. 10 is an enlarged elevational view partially in section of the
      portions partially encircled by numerals X--X of FIG. 3;
PAR  FIG. 11 is a plan view from below of the portion of FIG. 10;
PAR  FIG. 12 is a sectional view taken generally along lines XII--XII of FIG.
      11;
PAR  FIG. 13 is an exploded perspective view of an indexing hitch for the wagons
      of the present invention;
PAR  FIG. 14 is a plan view of the hitch of FIG. 13; and,
PAR  FIG. 15 is a sectional view of a latching pin of the hitch of FIG. 13.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the drawings, and particularly to FIGS. 1 and 2, there is
      illustrated a plurality of wagons in accordance with the present invention
      coupled together to form a train. Looking particularly at FIG. 1, four
      identical wagons, each identified generally by the numeral 10, are
      connected together and to a towing vehicle, such as a small tractor,
      indicated generally at 11, to form a train. Each wagon includes a primary
      or first section or assembly, including a bed or deck 12 connected by a
      resilient joint connecting means to a rear or second section having a bed
      13. The center of each wagon is supported on two pairs of tandem-mounted
      wheels, which are nonsteerable and also independently swivel-mounted at
      the center thereof and designated generally by the numeral 14. Each end of
      the wagon is supported by steerable wheels which are preferably casters
      and designated generally by the numeral 15. The wagon preferably includes
      a pair of casters at each end, although a single caster would be
      sufficient in some applications. Each wagon also includes a tongue and
      hitch at each end thereof to make the wagon essentially reversible. In
      other words, a wagon or string of wagons are equally steerable and can be
      towed equally well from either end thus each wagon is double front ended.
PAR  It will be seen from FIG. 1 that because of the configuration with center
      support wheels and turning wheels at both ends, each wagon will have a
      very short turning radius. This turning radius will be approximately the
      same as the length of the wagon. As graphically illustrated in FIG. 1, a
      wagon will essentially turn about an axis A which is located approximately
      at the center between the four wheels of the center sets of tandem wheels
      14. Upon turning about such an axis, a point on the front of the wagon
      will move from a point graphically illustrated at B to a point B' where
      the center of the wagon remains at the same lateral position, and a point
      C at the rear of the wagon will move from position C to position C'. Thus
      when the front end of the wagon swings inward the rear end of the wagon
      swings outward. A trailing wagon would then follow the trailing edge of
      the forward wagon and thus the front end would swing outward such that the
      center wheels of the following wagon would be pulled around such that the
      following wagon will essentially track in substantially the same track as
      the forward wagon. Thus, the geometric configuration of the illustrated
      wagons is such that each subsequent wagon will substantially track in the
      tracks of the towing wagon such that the wagons will not cut corners as
      much as conventional wagons of equal length. This arrangement provides a
      wagon that requires much less turning space in general than a conventional
      one of the same length or even lesser length not having this geometric
      configuration.
PAR  The joint between the primary and secondary sections of the wagon is
      articulated such that the two sections can pivot to a limited extent about
      a horizontal axis to permit each wagon to go up or down a ramp as best
      illustrated in FIG. 2 and at the same time keep all the wheels in
      engagement with the supporting surface of the ramp. As seen in FIG. 2, the
      two sections of the wagon can pivot upward or downward with respect to
      each other a substantial number of degrees to insure that when the wagon
      is at the top of a ramp the two sections may pivot downward with respect
      to each other and when the wagon is at the bottom of the ramp the two
      sections can pivot upward with respect to each other.
PAR  Turning now to FIG. 3, each wagon includes a primary assembly 12 having a
      load-supporting platform or deck 16 which may be any desired configuration
      designed to accommodate any required load to support it at its forward end
      with a pair of casters 15. These casters may be of any suitable type. For
      example, they may be of the type disclosed and claimed in my co-pending
      application Ser. No. 530,745, filed Dec. 9, 1974, entitled "Anti-Flutter
      Caster". These casters are of a self-steering and self-centering type
      having a fork 17 rotatable about a vertical axis secured to support a
      platform 16 and depending downward to straddle and rotatably support a
      rubber-tired wheel 18 about a suitable axle 19. The caster includes
      damping means in the form of a variable diameter resilient wheel 20
      engaging a flat 21 on the fork 17 tending to bias the fork 17 into a
      predetermined centered position. This construction would further enhance
      the directional stability of the wagon as well as prevent the casters from
      fluttering or spinning about its steering axis if a caster should lose
      contact with the road surface.
PAR  A suitable tongue 22 having a female hitch or coupling 23 on its outer end
      valve extends outward from the support platform 16 for engagement with a
      male hitch member of a vehicle or other wagon. The tongue 22 is
      resiliently connected to the support platform 16 by suitable connecting
      means 24. The connecting means includes a pair of resilient washers 25 and
      a pair of end washers 26. A flange 27 of the tongue 22 is sandwiched
      between the two resilient washers 25 and the end washers 26 and the whole
      assembly secured in a suitable manner to a front wall portion 28 of the
      platform 16 by suitable means such as a bolt 29. This provides
      sufficiently rigid connection of the tongue to the wagon to pull very
      heavy loads and maintain stability of the vehicle, yet permits sufficient
      flexibility to accommodate uneven support surfaces and traversing up and
      down ramps, for example.
PAR  The center end and wheel support assembly is best illustrated in FIGS. 7
      and 8 and includes a pair of downwardly extending brackets or struts 30,
      31 secured in a suitable manner, such as by welding, to the underside of
      support platform 16 and extending downward therefrom. These two brackets
      or struts define a fork assembly between which is mounted a rocker beam
      assembly comprising a pair of rocker arms or beams 32, 33 which are
      suitably secured, such as by welding, to a common shaft 34 defining a
      rocker shaft which is pivotally mounted to the fork assembly. The rocker
      shaft 35 includes drilled and capped bores 35, 36 in each end thereof in
      which is threadably engaged a pair of bolts 37, 38 for securing the rocker
      shaft 34 between the fork and fork assembly 30, 31. The screws or bolts 37
      also threadably engage bores 39, 40 formed in bracket 30, 31. The bolts
      37, 38 are preferably secured tightly within the bores 39, 40 in a manner
      to prevent rotation thereof. The rocker shaft 34 then rotates or rocks
      upon the extension of the bolts 37, 38. Thus, a threaded trunion support
      is defined for the rocker shaft and rocker beams.
PAR  This arrangement provides a tight trunion support of the rocker arm
      assembly and eliminates slack between the rocker beam assembly and the
      forks 30, 31 that would permit lateral movement or flutter of the rocker
      assembly with respect to the forks. This enhances the directional
      stability of the wagon, as will be described further. A pair of preferably
      identical wheels 41, 42 are mounted in line on the rocker beams, such as
      by a suitable sub-axle assembly including an inner axle 43 and a suitable
      axle 44 such as a bolt for securing the assembly to each end of the rocker
      beams 32, 33. This tandem wheel arrangement restrains the wagon to go in a
      straight line until deliberately turned.
PAR  The support platform or deck 16 terminates with an end wall 45 and means
      defining a support ledge 46 at the inner end thereof. The support ledge 46
      is disposed directly over the axis of the rocker shaft 34. A second
      support platform or deck assembly 47 is supported at its inner end 48 on
      the ledge 46 and is secured by suitable resilient means such as an
      assembly of resilient and rigid washers secured together by means of
      suitable means such as a bolt 49. A washer assembly preferably includes
      one resilient washer 50 disposed between the ends of platforms or decks 16
      and 47 and a second resilient washer 51 which is mounted on the opposite
      side of one of the end walls such as 45. A plurality of rigid washers 52
      is required at the outer end of resilient washer 51 but may also be placed
      at other suitable positions within the assembly shown. Additional washers
      53 may also be utilized when necessary.
PAR  The resilient and pivotal connection of the two decks 16, 47 together would
      normally require a pair of such couplings, although in some instances more
      may be required. These couplings, as seen, can be adjusted to a limited
      degree and provide a relatively sturdy semi-permanent coupling of the
      decks together to define the bed or cargo platform of the wagon and at the
      same time provide sufficient flexibility to permit flexing between the two
      decks or platforms sufficient to accommodate reasonable irregularity
      encountered around a warehouse or factory yard.
PAR  Referring now to FIGS. 10-12, the forward end of the second section 13,
      including decks 47, is provided with casters identical with those of the
      forward end of the section 12. This forward end of the section 13 is
      essentially identical to the forward end of the section 12, with the
      exception of the hitch or coupling. Thus, identical reference numerals
      will identify identical elements. This section includes a tongue 54 which
      is secured as the previous tongue to a forward wall 55 of deck 47 by
      resilient means as previously described. The tongue itself includes a
      flange member 56 having a forwardly extending beam portion 57 with a
      coupling member 58 designated as a male coupling member secured in a
      suitable manner thereto such as a means of flanges 59, 60 and a plurality
      of bolts 61.
PAR  Thus, one end of the wagon is equipped with a male coupling member and the
      opposite end is equipped with a female coupling member for coupling the
      wagons end to end. It should be noted that both ends of the wagon may be
      equipped with identical couplings which may be pinned together so that an
      end of one wagon can be connected to either end of another wagon. However,
      because of the need for rapid coupling an automatic male coupling, as best
      disclosed in FIG. 11 and further described in FIGS. 13-15, is provided at
      one end of the wagon. This coupling is a conventional design and
      automatically latches upon engagement with the pin of the female coupling.
      This eliminates the necessity for a vehicle operator to dismount and place
      a pin in the coupling to connect the wagons.
PAR  Turning now to FIGS. 11 and 12, more detailed construction of the decks or
      load platforms of the wagon are illustrated. The decks centrally, as best
      seen in FIG. 12, comprise a pair of plates having their sides rolled under
      to define L-shaped side walls 63 and 64 with the ends of the plates
      secured to end walls 64. Spaced slightly from the first plate laterally is
      a second plate substantially identical in construction and secured to the
      same end wall 64. A flange member 65 is spaced from the sides and welded
      to the plate extending longitudinally thereof. This provides support means
      for suitable support members 66 and 67 for the casters. This provides a
      light and strong construction.
PAR  Turning now to FIGS. 13-15, as illustrated, an indexing coupling assembly
      which is secured to the rear of a tractor to permit the tractor to couple
      to either end of any of the wagons. The hitch or coupling assembly
      comprises a base plate 68 which is substantially rectangular in
      configuration and including a pair of brackets 69 and 70 extending outward
      therefrom. Base plate 68 is secured in a suitable manner to the back of a
      tractor. The brackets 69 and 70 include aligned bores 71 and 72 through
      which a pin 73 is extended to pivotally mount an indexing body 74. The
      body member includes upper and lower walls 75 and 76 having the
      configuration of a quarter sector of a circle, which include bores 77
      which align with bores 71 and 72 to receive pin 73. The body 74 includes a
      pair of substantially rectangular side walls 74a and 74b disposed at
      90.degree. to each other and including secured thereto female coupling
      member 78 and a male coupling member 79. A retaining pin assembly includes
      a housing 80 suitably mounted in a mounting body 81 of the bracket
      assembly and includes a plunger 82 having an indexing pin portion 82a
      which extends downward to engage either one of a pair of pilot holes 75a
      and 75b in the upper wall 75 of the body 74 to retain the indexing body in
      a selected position. A spring 84 biases the plunger 82 downward to the
      engaged position as shown in FIG. 15. A suitable handle 83 is provided for
      an operator to grasp and disengage the indexing pin 82a.
PAR  The female coupling member 78 may be the automatically latching type as
      illustrated and include a releasing lever 85 to which is added an
      extension 86 in the form of a bolt with nuts 87 and 88 securing it to the
      lever 85. Suitable cushioning means 90 is mounted on base plate 68 to
      cushion the movement of the indexing body 82 between its respective
      positions and to reduce rattling of the members.
PAR  The female coupling member 78 comprises a generally bifurcated body portion
      comprising a pair of parallel extending side members 91 and 92 defining a
      slot 93 therebetween. One side member 91 includes a slot in which a
      generally C-shaped latching member 94 is pivotally mounted such as by
      suitable pin means 95. The C-shaped latch member 94 includes a
      semi-cylindrical face portion 94a which, together with the inner portion
      of slot 93, defines a substantially cylindrical opening for receiving a
      pin or the like of a second coupling member.
PAR  The male coupling member 79 includes a body having a pair of spaced
      bracket-like members 96 and 97 extending outward and defining a
      substantially clevis-like structure. A cylindrical pin 98 is secured in a
      suitable manner between the two members 96 and 97. In the preferred
      embodiment as illustrated, the pin member 98 is welded between the two
      members. The male coupling member 79 is of the type that is adapted to be
      received within the slot 93 of the female coupling member 78. It is to be
      understood, however, that this indexing coupling assembly principle may be
      applied to substantially any type of coupling or hitch arrangement.
PAR  It will also be appreciated that one of the indexing-type coupling
      assemblies may be secured to one end of each of the warehouse wagons, thus
      resulting in an arrangement whereby any wagon can be hitched to either end
      of any other wagon. Such an arrangement provides infinite possibilities
      and considerably enhances the adaptability and convenience of the present
      construction.
PAR  This arrangement permits either the male or the female coupling member to
      be indexed to the coupling position as best illustrated in FIG. 14. Thus,
      a tractor equipped with such an indexing coupling can connect to either
      end of a wagon having suitable couplings thereon.
PAR  While the present invention has been described with respect to specifically
      illustrated embodiments, it must be understood that numerous changes and
      modifications may be made therein without departing from the spirit and
      scope of the invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A double front ended warehouse wagon comprising:
PA1  a cargo-supporting bed, said bed including first and second sections
      semi-permanently joined end-to-end by articulated joint means for pivotal
      movement of said sections solely about a horizontal axis relative to one
      another;
PA1  at least a first set of non-steerable wheels mounted beneath said bed at
      said flexible joint means to support said bed at the center thereof,
      wherein said first set of wheels comprises at least a first pair of wheels
      mounted in tandem;
PA1  at least one self-steering wheel secured beneath said bed at each end to
      support the respective ends of the bed; and,
PA1  hitch means secured at each end of said wagon for cooperating with said
      self-steering wheels for defining a front end at each end of said wagon
      for hitching said wagon to another vehicle for towing in either direction.
NUM  2.
PAR  2. The warehouse wagon of claim 1 wherein said self-steering wheels are
      casters.
NUM  3.
PAR  3. The warehouse wagon of claim 1 wherein said steerable wheels comprise a
      pair of casters at each end of said wagon.
NUM  4.
PAR  4. The warehouse wagon of claim 1 wherein said first set of wheels
      comprises a first pair of wheels mounted in tandem at one side of said
      wagon and a second pair of wheels mounted in tandem at the other side of
      said wagon, said pairs of wheels being independently mounted.
NUM  5.
PAR  5. The warehouse wagon of claim 4 wherein said steerable wheels comprise a
      pair of casters at each end of said wagon.
NUM  6.
PAR  6. The warehouse wagon of claim 1 wherein:
PA1  said cargo-supporting bed comprises a first section defining a
      substantially rigid flat cargo-supporting platform, at least a first pair
      of struts secured beneath and extending downward at one end of said
      platform, a support ledge extending across said one end of said platform,
      a second section defining a substantially rigid flat cargo-supporting
      platform having one end resting on and supported by said ledge, and
      resilient means disposed between and securing said first and second
      sections together for limited relative resilient pivotal movement about a
      horizontal axis.
NUM  7.
PAR  7. The cargo wagon of claim 6 in combination with at least a second
      substantially identical cargo wagon hitched thereto and to a towing
      vehicle to define a train;
PA1  said hitch means comprising interlocking male and female coupling members;
PA1  each of said wagons having a male coupling member secured to one end
      thereof and a female coupling member secured to the other end thereof;
PA1  said towing vehicle having hitch means including a male coupling member and
      a female coupling member mounted on indexing means so that either of said
      coupling members can be indexed to a coupling position.
NUM  8.
PAR  8. The warehouse wagon of claim 7 wherein said first set of wheels are
      tandem-mounted and pivotally supported from said first pair of struts.
NUM  9.
PAR  9. The warehouse wagon of claim 8 wherein said first pair of struts extend
      downward at one side of said platform and a second pair of struts extend
      downward from the other side of said platform and a second set of
      tandem-mounted wheels are pivotally supported from said second pair of
      struts.
NUM  10.
PAR  10. The warehouse wagon of claim 9 wherein said steerable wheel comprises a
      pair of casters mounted to and supporting each end of said bed.
NUM  11.
PAR  11. The warehouse wagon of claim 10 wherein said hitch means includes a
      tongue resiliently secured to and extending longitudinally from each end
      of said wagon, one of said tongues including a male coupling secured to
      the outer end thereof, and the other of said tongues including a female
      coupling secured to the outer end thereof.
NUM  12.
PAR  12. The warehouse wagon of claim 9 wherein
PA1  said first and second sets of tandem wheels include a pair of beams for
      rotatably mounting each set of wheels;
PA1  said wheels are rotatably mounted between said beams; and
PA1  said beams include a rocker shaft secured to said beams and pivotally
      mounted between said pairs of struts.
NUM  13.
PAR  13. The warehouse wagon of claim 12 wherein
PA1  each of said rocker shafts includes a bore formed in each end thereof; and,
PA1  a pair of threaded shafts secured to said struts and threadably engaging
      said bores for pivotally supporting said rocker shafts.
NUM  14.
PAR  14. A double front-ended warehouse wagon comprising:
PA1  a substantially rectangular cargo-supporting bed comprising a first section
      defining a substantially rigid flat cargo-supporting platform, at least a
      first pair of struts secured beneath and extending downward at one end of
      said platform for mounting tandem wheels, a support ledge extending across
      said one end of said platform, a second section defining a substantially
      rigid flat cargo-supporting platform having one end resting on and
      supported by said ledge, and resilient means disposed between and
      semi-permanently securing said first and second sections together for
      limited relative resilient pivotal movement about a horizontal axis;
PA1  first and second pairs of non-steerable tandem-mounted wheels mounted
      beneath said bed at the center thereof to said pair of struts;
PA1  at least one self-steering wheel secured beneath said bed at each end for
      supporting the respective ends of the bed; and,
PA1  hitch means secured at each end of said bed for defining a double
      front-ended wagon and for hitching either front end of said wagon to
      another vehicle for towing in either direction.
NUM  15.
PAR  15. The cargo wagon of claim 9 wherein said steerable wheels comprise a
      pair of casters at each end of said wagon.
NUM  16.
PAR  16. The cargo wagon of claim 14 wherein said first pair of struts extend
      downward at one side of said platform for mounting said first pair of
      wheels and a second pair of struts extend downward from the other side of
      said platform for mounting said second set of tandem-mounted wheels.
NUM  17.
PAR  17. The cargo wagon of claim 16 wherein said hitch means includes a tongue
      resiliently secured to and extending longitudinally from each end of said
      wagon, one of said tongues including a male coupling secured to the outer
      end thereof, and the other of said tongues including a female coupling
      secured to the outer end thereof.
NUM  18.
PAR  18. A double ended warehouse wagon comprising:
PA1  a cargo-supporting bed, said cargo-supporting bed comprises a first section
      defining a substantially rigid flat cargo-supporting platform, at least a
      first pair of struts secured beneath and extending downward at one end of
      said platform, a support ledge extending across said one end of said
      platform, a second section defining a substantially rigid flat
      cargo-supporting platform having one end resting on and supported by said
      ledge, and flexible joint means including resilient means comprising a
      first pair of resilient washers laterally spaced from one another between
      the ends of said sections and a bolt extending through each washer and
      connected to each of said sections securing said first and second sections
      together for limited relative pivotal movement about a horizontal axis;
PA1  at least a first set of wheels mounted beneath said bed at said flexible
      joint means to support said bed at the center thereof;
PA1  at least one steerable wheel secured beneath said bed at each end to
      support the respective ends of the bed; and,
PA1  hitch means secured at each end of said wagon for hitching said wagon to
      another vehicle.
NUM  19.
PAR  19. A double ended warehouse wagon comprising:
PA1  a cargo-supporting bed comprising a first section defining a substantially
      rigid flat cargo-supporting platform, at least a first pair of struts
      secured beneath and extending downward at one end of said platform, a
      support ledge extending across said one end of said platform, a second
      section defining a substantially rigid flat cargo-supporting platform
      having one end resting on and supported by said ledge, resilient means
      including a pair of washers, one of said washers being secured to one end
      of each of a pair of bolts disposed between and securing said first and
      second sections together for limited relative pivotal movement about a
      horizontal axis;
PA1  at least a first set of wheels mounted beneath said bed at said flexible
      joint means to support said bed at the center thereof;
PA1  at least one steerable wheel secured beneath said bed at each end to
      support the respective ends of the bed; and,
PA1  hitch means secured at each end of said wagon for hitching said wagon to
      another vehicle.
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ABST
PAL  An improved trailer jacking device and method. The device comprises a
      trailer tongue frame, an adjustable pivotal strut mounted medially of said
      frame, and caster and wheel provided with a lock at the lower end of the
      strut. To connect a vehicle to a trailer equipped with such device, the
      strut stands in a position back past vertical, holding the tongue and
      female hitch member at a predetermined height, and the vehicle above the
      elevation of the hitch ball is backed toward the trailer tongue. As the
      vehicle pushes the trailer tongue backward, the strut will pivot forward,
      lowering the female member on the ball hitch and removing the weight of
      the trailer tongue from the strut. The strut is then moved upward to
      stowage position, or removed for stowage in the vehicle. To unhitch a
      trailer from a hitch ball, the strut is placed so that its wheel rests
      upon the ground in a forward position, the wheel is locked, and as the
      vehicle is driven forward the strut pivots backward to a position past
      vertical, raising the trailer tongue and female hitch member above and off
      of the ball hitch, thus disengaging the trailer from the vehicle.
BSUM
PAC  GENERAL DESCRIPTION
PAR  The preferred embodiment of the invention shown in the drawings and
      described hereinafter comprises a trailer tongue mounted upon a trailer,
      including an adjustable pivotal strut and caster mounted medially of said
      tongue frame, so that the female hitch member on the trailer overlies the
      male member attached to a vehicle; and a means for locking the strut in
      raised position for movement of the trailer while not attached to a
      vehicle.
PAR  It has been the custom and practice in the trailer jacking art to provide
      trailer tongue frames with a manually operated jack, or a cable and winch
      which elevates the tongue frame to a level so that the female member of a
      ball hitch may be raised over the male member, or the tongue frame lowered
      so that both hitch members engage.
PAR  However, the use of a manual jack requires the steps of activating said
      manual jack so that the trailer tongue frame is sufficiently elevated to
      receive the male member, and then driving the towing vehicle so that the
      female member overlies the male member. This is not only time-consuming,
      but produces much frustration, because if the members are not in precise
      alignment, the jacking frame cannot be lowered thereupon.
PAR  Moreover, in cases where a winch and cable are employed to raise the tongue
      frame over the ball hitch, often times the frame cannot be raised high
      enough to overlie the ball hitch, if the vehicle or material being towed
      is too heavy to allow the tongue frame to be manually cranked. Further,
      such a winch and cable arrangement may prove dangerous to the user,
      insofar as the brake on the winch may fail and the winch handle fly back
      and injure the user, who must be in proximity to operate such handle.
PAR  Further, there is always the danger, with both conventional trailer tongues
      and those provided with a winch, that the tongue or trailer may fall upon
      the user as he attempts to elevate the same over the ball hitch.
PAR  Hence, it is an object of the invention to provide an improved trailer
      jacking device which employs a pivotal strut which raises the tongue frame
      above the ball hitch by the simple expedient of driving the towing vehicle
      forward.
PAR  It is an additional object of this invention to provide an improved trailer
      jacking device which allows easy connection with a towing vehicle by
      providing a tongue frame with a pivotal strut which pivots forward as the
      towing vehicle is driven backwards in such a fashion that the female hitch
      member descends to rest securely on its male counterpart.
PAR  Yet another advantage of the present invention is to provide a trailer
      jacking device which raises and lowers a tongue frame without the
      necessity of the user jacking the frame manually or cranking a winch and
      cable arrangement.
PAR  It is a further object of this invention to provide an improved jacking
      system which obviates the presence of the user in proximity to the trailer
      when it is being raised, thus enhancing his safety.
PAR  The present invention is intended primarily for use with recreational
      vehicles such as boat and house trailers, and other recreational vehicles.
DRWD
PAC  IN THE DRAWINGS
PAR  The objects, features, and advantages of the present invention will be more
      apparent after referring to the following specifications and drawings, in
      which:
PAR  FIG. 1 is a side elevation of a towing vehicle, ball hitch, and trailer
      tongue frame with adjustable pivotal strut stowed out of the way after the
      female hitch member has come to rest on its male counterpart carried by
      the towing vehicle.
PAR  FIG. 2 is a side elevation showing the adjustable strut and caster dropped
      from its stowed position onto the ground before unhitching, and after
      installation of the shoe which locks the wheel so that it cannot rotate.
PAR  FIG. 3 is a side elevation which shows the towing vehicle moving foward,
      thus pivoting the strut and caster backwards, and raising the female hitch
      member, thus disengaging the trailer.
PAR  FIG. 4 is a side elevation showing trailer tongue frame, adjustable pivotal
      strut, caster, brakes, and the like in a close-up view.
PAR  FIG. 5 is a plan view of the trailer tongue frame looking down upon the
      pivotal strut and showing its medial position with respect thereto.
PAR  FIG. 6 is a plan view of the trailer tongue frame engaging the hitch guide
      as the vehicle is moved backwardly toward the trailer to engage the same.
PAR  FIG. 7 is a plan view illustrating engagement of the trailer tongue frame
      with the ball hitch.
PAR  FIG. 8 is a side elevation and partial section view showing the trailer
      tongue frame engaged with the ball hitch.
DETD
PAR  The invention herein described generally includes a trailer tongue frame 5,
      a female hitch member 10 provided at the apex of said frame, a strut 15
      mounted medially of said frame, a caster 20 provided at one end of said
      strut, and a wheel 25 mounted on said caster. A shoe 85 having a depending
      pointed position 95 is attachable to caster 20.
PAR  Referring particularly to FIG. 5, it will be seen that trailer tongue frame
      5 is cross-braced by members 30 and 35. Between said members, at right
      angles, is constructed housing 40 composed of facing parallel walls of
      heavy steel. Housing 40 is further provided with hole 45.
PAR  Referring to FIG. 4, it will be seen that a strut 15 is provided with
      apertures 51 through 60, drilled to substantially the same diameter as
      hole 45. Shaft 65 may be placed in hole 45, and through any one of the
      several apertures 51 through 60 provided in strut 15, thereby pivotally
      mounting said strut within housing 40.
PAR  Referring more particularly to FIG. 4, it will be seen that caster 20 is
      provided at one end of strut 15. Caster 20 is further provided with wheel
      25 joined to said caster by shaft 27. Wheel 25 is rotatable with respect
      to caster 20, and caster 20 is so designed that it may swivel about strut
      15. Wheel 25 is firmly locked in rigid position when shoe 85 is attached
      thereto by insertion of pin 100 at the end of chain 102 through
      corresponding apertures 105, 110 in the shoe and caster respectively. When
      shoe 85 is so installed, pin 100 passes between the spokes of the wheel to
      prevent rotation of the wheel.
PAR  Now that various elements of the structure have been generally set forth,
      its operation will be perceived. The height of trailer tongue frame 5
      after strut 15 has been pivoted to vertical position will depend which
      aperture 51 through 60 has been selected. It will be understood that frame
      5 must be initially raised by means of a manual jack or other implement to
      select the aperture 51 through 60 along the shaft of strut 15 requisite to
      raise jacking frame 5 a preselected distance above hitch member 80 when
      strut 15 has been fixed in vertical position past its pivot point.
PAR  Referring to FIG. 3, it will be seen that as a towing vehicle 4 backs
      toward jacking frame 5, male hitch member 80 will underlie female hitch
      member 10. It will be understood there are different ways by which bolt 90
      may be activated to secure the hitch. Once towing vehicle 4 gives a
      movement to jacking frame 5, strut 15 will pivot.
PAR  It will be observed that the path of travel of strut 15 with respect to
      frame 5 is impeded approximately 15 degrees past its vertical pivot point
      position by means of cross-brace 35. It will be further observed that
      after the appropriate height of frame 5 has been selected, pin 67 may be
      placed in hole 47 provided in housing 40 beneath hole 45. Thus, after
      strut 15 has been positioned between both walls of housing 40 so that
      frame 5 is raised to the desired height, strut 15 can be prevented from
      pivoting forward by means of insertion of pin 67 in hole 47 and through
      one of the remaining vacant apertures 51 through 60 provided in strut 15.
      The end of shaft 65 may be provided with handle 70 and chain 75 to aid in
      shaft 65's easy insertion and withdrawal from hole 45.
PAR  When towing vehicle 4 is backed up, the V-shaped hitch guide 12 attached to
      vehicle 4 and partially surrounding male hitch member 80 will contact
      female hitch member 10 and center it, as illustrated in FIG. 6 and 7. When
      the member 10 is centered, strut 15 will pivot forward, lowering female
      hitch member 10 upon male hitch member 80, as shown in FIG. 8. Since the
      hitch members will be in axial alignment, and since now female hitch
      member 10 overlies male hitch member 80, bolt 90 may be activated to
      secure the hitch. It will be noted that, before towing vehicle 4 is driven
      backwards, shoe 85 is attached to caster 20 so that wheel 25 cannot
      rotate. Also, the depending pointed portion 95 of shoe 85 digs into the
      ground when strut 15 is at an angle so that the locked wheel cannot slide
      along the ground. It will be observed that, once strut 15 has swung
      forward, it may be pivoted upward into stowage position as seen in FIG. 1.
PAR  To effect separation of hitch members, bolt 90 is deactivated, shoe 85 is
      attached and strut 15 lowered so that the pointed portion 95 of shoe 85
      rests upon the ground. Towing vehicle 4 is simply driven forward and, as
      it is so driven, strut 15 will pivot backward, raising female hitch member
      10 of frame 5 above male hitch member 80 of towing vehicle 4. As noted,
      the backward pivotal movement of strut 15 will be impeded by cross-brace
      35 at which time pin 67 may be inserted to rigidly hold strut 15. In this
      configuration shoe 85 can be detached for movement of the trailer
      independent of vehicle 4 using wheel 25 which is free to rotate.
PAR  It will be observed that when frame 5 is motivated to and fro by towing
      vehicle 4, the path of frame 5 will describe a segment of an arc with
      respect to vehicle 4, said arc having its center where strut 15 meets the
      ground.
PAR  While one embodiment of the invention has been shown and described, it will
      be obvious that other adaptations and modifications can be made within the
      true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved trailer jacking device comprising, in combination, a trailer
      tongue frame mounted at one end of a trailer, an elongated, rigid strut
      one end of which is pivotally mounted medially of said frame and having a
      wheel at its other end free to rest upon the ground, said wheel being
      lockable with respect to said strut, and means for rigidly holding said
      strut in substantially vertical position with respect to said frame, so
      that when said wheel is placed upon the ground and locked and said strut
      pivoted into substantially vertical position with respect thereto, said
      frame will rise a preselected distance above the ground.
NUM  2.
PAR  2. The invention of claim 1 wherein said frame includes a pair of
      cross-braces and a rigid housing mounted thereon, pivotally carrying said
      strut.
NUM  3.
PAR  3. The invention of claim 1, wherein said elongated strut is provided with
      a series of apertures for adjusting said strut with respect to said frame
      so that when said strut is in vertical position, said frame may be raised
      or lowered with respect to the ground.
NUM  4.
PAR  4. The invention of claim 1, wherein said support means includes a caster
      mounting the wheel to the strut.
NUM  5.
PAR  5. The invention of claim 1, including a shoe attachable to the other end
      of the strut, said shoe including a pointed portion at the lower end
      thereof adapted to contact the ground during pivoting of said strut to
      prevent sliding of the wheel over the ground.
NUM  6.
PAR  6. The invention of claim 1, wherein said means for rigidly holding said
      strut in substantially vertical position includes at least one brace
      mounted horizontally across the path of travel of said strut.
NUM  7.
PAR  7. In combination with a trailer, an improved trailer jacking device
      comprising a trailer tongue frame mounted at one end of said trailer and
      having a female hitch member provided at one end thereof, a rigid
      elongated adjustable strut having a wheel which may be locked in rigid
      position with respect to said strut at one end disposed on the ground and
      the other end of said strut mounted medially of said frame so that said
      strut may pivot along a path substantially parallel to the longitudinal
      axis of said trailer, and means for holding said strut in substantially
      vertical position with respect to said frame so that when said strut is
      pivoted into vertical position, said female hitch member will be raised a
      preselected distance above a complementary male hitch member annexed to a
      towing vehicle.
NUM  8.
PAR  8. The invention of claim 7, wherein said frame includes a pair of
      adjustable cross-braces, a rigid housing mounted on such braces having a
      pair of opposing sidewalls, and a shaft journaled through such walls, so
      that one end of said strut may be pivotally mounted on said shaft within
      such walls.
NUM  9.
PAR  9. The invention of claim 8, wherein one end of said strut is provided with
      a plurality of apertures which may alternately receive said shaft, so that
      when said strut is pivoted into vertical position and said support means
      rests upon the ground, the height of said frame may be adjusted with
      respect to such ground.
NUM  10.
PAR  10. The invention of claim 7, including a shoe attachable to said one end
      of the strut, said shoe including a depending pointed portion adapted to
      contact the ground during pivoting of said strut to prevent sliding of the
      wheel relative to the ground.
NUM  11.
PAR  11. The invention of claim 10, in which said wheel includes a caster
      mounted above said wheel.
NUM  12.
PAR  12. The invention of claim 7, in which said holding means is a cross-brace
      mounted horizontally across to said frame and across the path of travel of
      said strut.
NUM  13.
PAR  13. A method of adjusting the height of a trailer with respect to a towing
      vehicle, comprising the steps of providing a towing vehicle with a first
      hitch member and the trailer with a trailer tongue frame having a second
      hitch member and additionally having a strut, one end of which is
      pivotally mounted medially of said frame and the other end of which
      includes a wheel lockable with respect to the strut and which is disposed
      on the ground to generally allow movement of the trailer over the ground,
      locking the wheel to prevent such movement, and driving said towing
      vehicle against or pulling said frame to pivot said strut into a
      substantially vertical or collapsed position, thereby raising or lowering
      said second hitch member with respect to said first hitch member.
NUM  14.
PAR  14. A method as recited in claim 13 wherein said providing step includes
      the step of providing the towing vehicle with a hitch guide partially
      surrounding the first hitch member, and wherein said driving step includes
      the step of driving the hitch guide on the towing vehicle against the
      frame to pivot said strut into a substantially collapsed position to lower
      the second hitch member with respect to the first hitch member.
NUM  15.
PAR  15. A method for coupling and uncoupling a trailer having a first hitch
      member from a towing vehicle having a complementary second hitch member
      and including a strut pivotable with respect to the trailer in a plane
      parallel to the horizontal direction and provided with a lockable wheel at
      one end thereof, the method comprising the steps of locking the wheel,
      moving the vehicle in a first, generally horizontal direction, imparting
      the vehicle movement to the trailer to move the trailer in the same
      horizontal direction, and engaging the wheel at said one end of the strut
      with the ground while moving the trailer in the horizontal direction to
      thereby pivot the strut and raise or lower the first member.
NUM  16.
PAR  16. A method according to claim 15 wherein the step of moving the vehicle
      in a horizontal direction comprises the steps of initially moving the
      vehicle towards the trailer, thereafter engaging a portion of the vehicle
      with a portion of the trailer, moving the trailer laterally with respect
      to the direction of movement of the vehicle to center the hitch members,
      and only thereafter moving the vehicle and the trailer together in the
      horizontal direction.
NUM  17.
PAR  17. A method according to claim 16 wherein the towing vehicle has a hitch
      guide partially surrounding the second hitch member, and wherein said
      engaging a portion of the vehicle with a portion of the trailer comprises
      engaging the hitch guide with the first hitch member.
NUM  18.
PAR  18. A method for coupling and uncoupling a trailer to a towing vehicle, the
      towing vehicle having a first hitch member adjacent to aft end, the
      trailer having a complementary second hitch member at its forward end
      mounted to a trailer tongue frame disposed above ground, and a strut
      pivotal in a plane parallel to the longitudinal axis of the trailer, a
      lower end of the strut including a wheel engaging the ground to allow for
      movement of the trailer over the ground and maintaining the frame
      sufficiently spaced from the ground so that the second hitch member is
      above the first hitch member, the method comprising the steps of driving
      the vehicle towards the trailer in an aft direction, centering the
      coupling members with respect to each other, locking the wheel to prevent
      rotation thereof, thereafter moving the trailer with the vehicle in the
      aft direction to lower the frame and engage the hitch members, raising the
      wheel at the strut end above ground, and thereafter separating the coupled
      vehicle and trailer by lowering the wheel at the strut end and engaging it
      with the ground while the trailer remains coupled to the vehicle, and
      driving the vehicle in a forward direction away from the trailer to
      thereby pivot the strut, raise the frame with respect to the ground, and
      release the hitch members.
NUM  19.
PAR  19. A method according to claim 18, including the step of locking the strut
      against relative pivotal movements in the position in which the coupling
      members are disengaged.
NUM  20.
PAR  20. In combination with a trailer, an improved trailer jacking device
      comprising a trailer tongue frame mounted at one end of said trailer and
      having a female hitch member provided at one end thereof, a rigid housing
      mounted on said frame having a pair of opposing sidewalls, a rigid
      elongated adjustable strut having one end disposed on the ground and its
      other end mounted medially of said frame so that said strut may pivot
      along a path substantially parallel to the longitudinal axis of said
      trailer, a shaft journaled through the sidewalls so that one end of said
      strut may be pivotally mounted on said shaft within such walls, one end of
      said strut being provided with a plurality of apertures which may
      alternately receive said shaft so that the height of said frame may be
      adjusted with respect to such ground, and means for holding said strut in
      substantially vertical position with respect to said frame so that when
      said strut is pivoted into vertical position, said female hitch member
      will be raised a preselected distance above a complemntary male hitch
      member annexed to a towing vehicle.
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ABST
PAL  Repair fittings are provided sealing ruptures or leaks in existing piping
      systems. The fittings are economical to produce and can be simply
      installed to provide effective and reliable leak protection. The fittings
      are of the gasket type and include a pair of substantially identical
      housing halves which can be fixedly attached to enclose a piping coupling
      and sections of the accompanying piping. The gaskets are positioned in
      grooves formed in the surface of each housing half. In assembly, the
      gaskets compressively mate to provide a fluid tight seal between the two
      halves with multiple fluid tight seals being formed around the pipe
      sections encompassed by the fitting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to pipe repair fittings designed for pipes through
      which liquid passes under pressure. More particularly, the repair fittings
      of this invention are adapted for simple installation in existing piping
      systems to effectively surround and seal ruptures or leaks which have
      developed in the piping system at coupling or pipe joinder positions.
PAR  The repair or ruptures or leaks in existing piping systems has presented a
      long standing and continuing problem in the art. Numerous types of
      fittings have been proposed with the intent of providing a device to be
      installed around a rupture or leak to repair the leak without requiring
      disassembly of the existing system and subsequent reassembly of the system
      with replacement parts installed. It will be recognized that such
      disassembly and reassembly activities are time consuming and costly in
      terms of labor and parts. Also such repair activities are inconvenient
      since the system must be shut down while the repair is in process.
      However, the fittings previously proposed have not been completely
      satisfactory from the standpoint of providing effective and reliable
      closing and sealing of the rupture or leak at the pipe coupling or joinder
      positions with devices which can be produced at commercially acceptable
      cost.
PAR  Repair fittings which have been proposed and which can be economically
      produced are those which employ strips of gasket material to seal the
      pipes on opposite sides of the rupture or leak. Exemplary of such fittings
      are the pipe joint protectors disclosed in U.S. Pat. No. 320,771. These
      fittings, however, have presented problems in effectiveness of sealing
      leaks because of the criticality of proper alignment of the single gasket
      arrangements which have been proposed. If the unitary end gasket fails for
      some reason such as improper alignment of the gaskets or the use worn
      gaskets, there is no secondary seal to prevent leakage. In an attempt to
      overcome this problem other fittings have been proposed which utilize
      complete elastomeric sleeves bonded to metal shell bodies and the bodies
      are compressively connected so that the seal members are joined to form a
      fluid tight seal. Such arrangements are effective for sealing leaks but
      are unadvantageously costly to produce. An example of this latter form of
      repair fitting is disclosed in United States Letters Patent 3,517,701.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a principal object of the present invention to provide
      repair fittings of the type utilizing gasket leak protection so as to be
      economically practical and, yet, provide effective and reliable leak
      prevention in piping systems for liquids carried under pressure.
PAR  Another object is to provide gasket type repair fittings which may be
      fabricated of plastic or metal and which have secondary sealing means for
      insuring that a leak at the pipe coupling will be totally enclosed.
PAR  To effect these and other objects, features and advantages of the
      invention, a repair fitting is provided which includes two coupling
      housing halves attachable together about a pipe and its coupling to
      enclose a rupture or leak therein. The two coupling housing halves may be
      fabricated from any suitable material such as an appropriate metal but
      preferably a plastic material is employed. Continuous grooves are formed
      in the face of each of the halves in a manner such that a continuous
      gasket of suitable elastomeric material such as rubber can be fixedly held
      within the groove. Each housing half also includes a central cavity
      adapted to accommodate a pipe coupling such as an elbow, a straight
      coupling, a T coupling or any other desired coupling arrangement.
      Passageways are also formed in the housings to provide access to the
      central cavity for the pipes which are connected to the pipe coupling
      situated in the cavity. The number of passageways provided will depend on
      the specific type of coupling employed (i.e., two passageways for an elbow
      or straight coupling and three passageways for a T).
PAR  The continuous grooves are substantially identically aligned in each
      housing half to insure that the required mating of the gaskets positioned
      therein will be achieved when the two halves are joined or coupled about
      the pipe coupling and pipes. The grooves are positioned in each face in a
      manner such that the continuous groove totally surrounds the perimeter of
      the cavity formed in the face with multiple grooves being formed across
      the passageways. As a result of the provision of a plurality of grooves
      across each of the passageways, it has been found that when the
      elastomeric gaskets are inserted into the grooves and the two coupling
      housing halves are joined together compressively,, the functionality of
      the herein proposed repair fittings is substantially improved. That is, a
      more reliable and effective seal is provided to eliminate leaking and, if
      a leak is encountered for some reason such as misalignment or wear of one
      set of gaskets, the other gasket seals will maintain the fluid tight seal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a repair fitting of the present invention
      installed around a T pipe coupling to repair a leak in the coupling;
PAR  FIG. 2 is a top plan view of the repair fitting illustrated in FIG. 1;
PAR  FIG. 3 is a side elevational view of a fitting half, in condition for
      joinder with another substantially identical fitting half to form the
      repair fitting illustrated in FIGS. 1 and 2, the illustrated fitting half
      having a gasket installed in the grooves formed in the coupling housing
      around the central cavity and across the passageways; and
PAR  FIG. 4 is a cross sectional view taken along line 4-4 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings, a repair fitting is illustrated including two
      coupling housing halves 10 and 12. The fitting is installed around a
      standard T pipe coupling (not shown) which has three pipes 14, 16 and 18
      threadedly connected thereto. The fitting is normally formed to fit over a
      T or elbow pipe coupling since leaks tend to occur at the joint of the
      pipe coupling due to stress concentrations and the like. However, a repair
      fitting for use over a straight coupling can also be used to repair a leak
      in a straight piece of pipe intermediate its ends.
PAR  The two housing halves 10 and 12 are substantially identical in
      configuration and include rigid body members 20 and 22, respectively,
      fabricated from any suiable material such as a plastic or metallic
      material and may be formed by any suitable process such as molding,
      stamping, casting and the like. As best illustrated in FIG. 3, the body
      member 20 is formed with a central cavity or recess 24 with three separate
      semicircular access passageways 26, 28 and 30 extending therefrom to
      accept the pipes 14, 16 and 18, respectively. The cavity 24 is
      proportioned to accept the T pipe coupling in cradling relationship.
      Flange 32 extends outwardly from the cavity 24 and passageways 26, 28 and
      30 and defines the periphery of the body member 20. Bolt holes 34 are
      formed in the flange 32. For purposes of discussion, the components of
      body member 22 which are substantially identical to components of body 20
      illustrated in FIG. 3 will be referred to hereinafter by the same
      reference numerals as those applied to the components of the illustrated
      body member 20.
PAR  On the interior face of each body member 20 and 22, substantially identical
      continuous grooves 36 are formed in the flanges 32. As best illustrated in
      FIG. 3, the continuous grooves 36 traverse the body member face adjacent
      the perimeter of the cavity 24 and extend transversely across the surface
      within the cavity of the semicircular access passageways 26, 28 and 30.
      The grooves 36, as illustrated, are bifurcated adjacent each of the
      passageways 26, 28 and 30 in a manner such that the grooves 36 cross the
      passageway surfaces at two positions providing primary and secondary
      sealing capability. It will be recognized that additional transverse
      grooves may be formed in the surface of the passageways to provide
      additional sealing capability if desired.
PAR  Elastomeric gasket means 38 are press fitted into the grooves 36 of the
      body members 20 and 22 to fixedly attach the gaskets 3 within the grooves
      36. If desired, the gaskets may be bonded by any suitable means to the
      surface of the grooves to assure that the gasket will be retained in
      proper position. Preferably, the gaskets 38 will be unitary, continuous
      preformed bodies specially adapted to be press fitted into the grooves.
      However, it is possible to utilize a single continuous band of elastomeric
      material for this purpose or to utilize abutting strips of elastomeric
      material for the gaskets 38. The gaskets 38 must be formed of an elastomer
      having sufficient diameter so as to extend outside of the groove in order
      to provide a sealing contact surface between the gaskets when the coupling
      housing halves 10 and 12 are compression connected.
PAR  In assembly, the housing halves 10 and 12 are positioned on opposite sides
      of the pipes and pipe coupling with the pipe coupling cradled within the
      cavities 24 in the respective body members 20 and 22 and the pipes 14, 16
      and 18 cradled in the passageways 26, 28 and 30, respectively. Bolts 40
      are inserted into each of the bolt holes 34 and tightened with nuts 42 to
      compressively connect the two halves together. Alternatively, tapped bolt
      holes may be provided in one of the halves so that the bolts may be
      inserted through bolt holes in one half and threaded directly into the
      other half, thus eliminating the necessity for the nuts 42.
PAR  When assembled, the positioned gaskets 38 in grooves 36 of body members 20
      and 22 compressively mate to provide a fluid tight sealing compartment
      around the pipe coupling nested within cavity 24. Furthermore, the plural
      sections of each of the gaskets 36 which are compressively mated
      transversely across the surface of the pipes 14, 16 and 18 provide a
      multisealing arrangement so that if one of the transverse gasket seals
      should fail, the leak will still be enclosed and the repair fitting will
      still be effective because of the presence of the secondary gasket seal
      provided by the remaining compressively mated section of gaskets 36 which
      also are positioned transversely across and around the pipes.
PAR  Thus, a simple, easily installed and reliable repair fitting is provided
      which can easily be installed around a leak even while the system remains
      under pressure. There is no difficulty in locating the parts of the
      assembly during compression connection so a permanent and dependable
      repair is easily accomplished. Since the sealing material in each fitting
      half completely encloses the area of the leak, there is no danger of the
      leaking fluid penetrating behind the sealing material and a dependable
      rubber-to-rubber joint is afforded to seal the two coupling halves.
      Preferably the cavities within the coupling halves are proportioned so
      that the pipe coupling is received in the cavity with clearance so that
      the pipe coupling will not interfere with the proper connection of the two
      halves along the flange areas.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of the invention, it is to be understood that
      modifications may be made therein, and it is intended that the appended
      claims cover all such modifications which fall within the true spirit and
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fitting for repair of leaking pipe couplings comprising a pair of
      substantially identical coupling housing halves, the interior surface of
      each half including a centrally positioned cavity, a plurality of recessed
      paths extending from said cavity to the periphery of said housing and an
      uninterrupted, continuous groove formed in said surface surrounding the
      perimeter of said cavity and extending transversely across each of said
      paths at a plurality of positions longitudinal of said paths, said housing
      halves being adapted for aligned fixed attachment around a pipe coupling
      and a section of each of the pipes attached thereto with said coupling
      being positioned within a chamber formed by said cavities in said halves
      and said pipes being positioned within passageways formed by said paths in
      said halves, a continuous elastomeric gasket means positioned within a
      continuous passage formed by said grooves in said halves, said gasket
      means in said passage forming an uninterrupted, continuous fluid tight
      seal surrounding said chamber and crossing said passageways at a plurality
      of positions longitudinal thereof when said halves are fixedly attached
      whereby a leak at said coupling is surrounded and said leak is enclosed by
      said fluid tight seal.
NUM  2.
PAR  2. The fitting of claim 1 wherein said groove in each of said housing
      halves is bifurcated adjacent each of said recessed paths forming two
      grooved notches across each of said paths with said elastomeric gasket
      means positioned therein providing a double fluid tight seal around each
      of said pipes in said passageways when said halves are attached whereby
      said uninterrupted, continuous fluid seal includes primary and secondary
      seals in each passageway for enclosing said leak.
NUM  3.
PAR  3. The fitting of claim 1 wherein said housing halves are fabricated of
      plastic.
NUM  4.
PAR  4. The fitting of claim 1 wherein said elastomeric gaskets are fabricated
      of rubber.
NUM  5.
PAR  5. The fitting of claim 1 wherein said pipe coupling is selected from the
      group consisting of straight couplings, elbow couplings and T couplings.
NUM  6.
PAR  6. The fitting of claim 1 including a pipe coupling positioned within said
      chamber with pipes attached thereto and extending through said
      passageways.
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ABST
PAL  An apparatus and method of assembly for a bifurcated tubing connector which
      is assembled from a relatively small number of integrated parts. The
      connector includes a tapered, hollow body and cover with standardized
      fittings. Each fitting is formed of modular components and configurated to
      receive a coupling which accommodates attachment to a different tubing
      diameter so that the bifurcated connector of this invention may be used to
      join two tubes of different diameters into a common fluid stream.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  This invention relates to a bifurcated tubing connector apparatus and
      method of assembly.
PAR  2. The Prior Art
PAR  Extracorporeal blood handling systems are well known in the art and are
      used for numerous applications including, for example, hemodialysis, blood
      oxygenators, etc. In a number of applications, it is necessary to join two
      extracorporeal blood lines into a single blood line. Tubing connectors are
      commercially available and include, for example, a "Y" connector and a "T"
      connector with two legs of the "Y" or "T" serving as incoming streams with
      the third leg or stem serving as the outgoing or combined stream.
PAR  Each of these prior art connectors pose serious problems inherent in their
      design in that they tend to subject the blood to hemolytic trauma. For
      example, blood hemolysis results when blood and its components are exposed
      to excessive turbulence, sharp corners and obstruction. Additionally,
      prior art connectors have also been constructed such that dead areas exist
      in the flow channels which results in blood stagnation and desirable
      mixing is inhibited by laminar flow.
PAR  It is well known that the fluid conduit used to carry blood for bypass,
      transfusion and the like are supplied in a wide variety of diameters.
      Heretofore, it has been difficult if not impossible to join tubes having
      different diameters into a combined stream using a single connector.
      Resolution of this problem would require a wide variety of connectors from
      a corresponding number of dies.
PAR  It would therefore be an advancement in the art to provide a tubing
      connector apparatus and method which permits fabrication of a wide variety
      of connectors from a relatively small number of modular parts from
      corresponding dies, thereby providing greater flexibility and efficiency
      in manufacture. The tubing connector should be readily disposable to
      eliminate the dangers of cross infection and should also be designed so as
      to minimize hemolysis of blood. Such a tubing connector and method is
      disclosed herein.
PAC  BRIEF SUMMARY AND OBJECTS OF THE INVENTION
PAR  The present invention is a bifurcated tubing connector which is assembled
      from three basic modular parts, (1) a hollow, tapered body, (2) a
      contoured cover for the enlarged end of the hollow tapered body, and (3)
      tubing couplings configurated to mate with standardized fittings in both
      the cover and the body. Each of the standard fittings receives a
      corresponding adapter on each tubing coupling. Preferably, the two
      standardized fittings of the cover are in the same planar surface to
      support the tubing couplings of the cover in a parallel relationship and
      thereby introduce the blood flow into the body as parallel streams. One
      end of each tubing coupling is configurated as a standardized counterpart
      which mates with a corresponding standardized fitting in either the cover
      or the hollow body. The other end of the tubing coupling is configurated
      to telescopically receive a tubing of predetermined diameter in mating
      relationship.
PAR  Modular construction of the body, cover, and tubing couplings means that
      only one die is required for each of the body and cover and for each
      diameter tubing coupling. Thus a wide range of bifurcated tubing
      connectors may be fabricated from a relatively small number of components.
PAR  The adjoining interior surfaces of each of the hollow body, cover and
      tubing couplings are all configurated so as to present a smooth flow
      profile to the blood or other fluid passing therethrough. This feature
      coupled with the foregoing feature of introducing the blood into the
      hollow body through parallel flow streams reduces hemolysis of blood.
PAR  It is therefore an object of this invention to provide improvements in
      bifurcated tubing connectors.
PAR  Another object of this invention is to provide a tubing connector having a
      standard sized hollow body and cover therefor which are adapted to receive
      a variety of tubing couplings for connecting tubing of different
      diameters.
PAR  It is another object of this invention to provide a bifurcated tubing
      connector which may be assembled from a relatively small number of modular
      component parts to thereby provide a relatively large number of bifurcated
      tubing connectors adapted to couple tubings of different sizes.
PAR  It is even a still further object of this invention to provide a method for
      assembling bifurcated tubing connectors from modular parts.
PAR  It is an even still further object of this invention to provide a
      bifurcated tubing connector wherein the tubing couplings are initially
      interchangeable and are coordinated to mate with standardized openings in
      the body and cover of the bifurcated tubing connector.
PAR  These and other objects and features of the present invention will become
      more fully apparent from the following description and appended claims
      taken in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an exploded perspective view of one preferred embodiment of a
      bifurcated tubing connector of the present invention; and
PAR  FIG. 2 is a cross-section of the bifurcated tubing connector of FIG. 1 as
      assembled prior to bonding.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention is best understood by reference to the drawing wherein like
      parts are designated with like numerals throughout.
PAR  Referring to the drawing, a bifurcated tubing connector is shown generally
      at 10 and includes a tapered, hollow body 12, a cover 14 and three tubing
      couplings indicated herein as couplings 16, 18 and 20, respectively.
PAR  The tapered hollow body 12 is, preferably, injection molded from a medical
      grade plastic and is formed so as to present a smoothly contoured internal
      surface 22, the function of which will be discussed more fully
      hereinafter. The hollow body 12 has an oblong or elongated opening 24 and
      tapers to a standard fitting 26, the function of which will be discussed
      more fully hereinafter with respect to each of the couplings 16, 18 and
      20. Offset from and circumferentially extending around the opening 24 of
      body 12 is a shoulder 28 which cooperates in abutting relationship with
      the periphery of cover 14.
PAR  Cover 14 is configurated to completely enclose opening 24, the periphery of
      cover 14 abutting shoulder 28. Cover 14 includes an essentially planar
      body 30 having two spaced annular fittings 32 and 34 therein. If desired,
      each fitting may be provided with concentric ridges or energy directors 58
      and 60, respectively, to facilitate ultrasonic welding as will become
      subsequently more apparent.
PAR  Joinder of cover 14 with body 12 creates a universal union which may then
      receive selected modular couplings so as to form the tubing connector 10.
      The combination of cover 14 with body 12 is a universal union in that each
      of fittings 26, 32 and 34 have the same diameter so as to interchangeably
      receive any one of the modular couplings 16, 18 or 20 at any position. A
      wedge-shaped depression 36 between fittings 32 and 34 forms a
      corresponding protrusion 38 on the opposite side of recess 36 and serves
      to minimize fluid stagnation.
PAR  Each of couplings 16, 18 and 20 are fabricated substantially identical to
      the other with the exception that the external and internal diameter of
      each coupling is different to accommodate attachment to tubing having a
      corresponding internal diameter. Each of couplings 16, 18 and 20 is shown
      herein as having different diameter to accommodate tubings of
      corresponding diameters. Thus, the great flexibility accommodated by
      connector 10 is emphasized. Although three different sizes of couplings
      are shown (couplings 16, 18 and 20) any other suitably sized couplings
      (not shown) could also be bonded to the union to provide other variations
      for connector 10. Since each coupling is very similar in construction,
      only coupling 16 will be discussed in detail with the understanding that
      similar features will also be found on each of couplings 18 and 20.
PAR  Coupling 16 includes an adapter 40 having an external diameter configurated
      to be received in a press-fit relationship by any of the standardized
      fittings 26, 32 or 34. A ring 44 is spaced from adapter 40 and is
      diametrally enlarged so as to form a collar. The ring 44 normally abuts
      the periphery of fitting 26.
PAR  The abutment surface of ring 44 may have a raised ridge 46 concentric
      therewith. Ridge 46 serves as an energy director for sonic energy when the
      coupling 16 is welded to body 12 using an ultrasonic welder. If desired,
      ridge 46 may be eliminated from the design and coupling 16 may be bonded
      to body 12 by other suitable non-pathogenic bonding agent. Coupling 16
      includes a smoothly contoured inner lip 42 interiorly of adapter 40, the
      smooth contour serving to present a smooth flow profile to blood passing
      between coupling 16 and body 12 or cover 14. Thus, hemolysis is minimized
      when blood is passed through the connector 10.
PAR  A raised boss 48 is preferentially included on coupling 16 and is suitably
      imprinted with the size of tubing which coupling 16 is adapted to receive.
      This feature assists personnel both in assembling and using the bifurcated
      connector 10 of this invention.
PAR  The tubing coupling portion of coupling 16 includes a plurality of annular
      ridges 50, 52 and 54. These ridges act to securely engage the internal
      surface of a tubing (not shown) so as to prevent accidental removal and to
      seal against leakage. Preferably ridge 50 is configurated with a leading
      face having a slope of about 15 degrees whereas each of ridges 52 and 54
      have a slope of 30.degree.as measured from a line parallel to the axis of
      coupling 16. The reverse face of each of the ridges is preferentially
      perpendicular to the axis.
PAR  The illustrated embodiment may, within the purview of this invention be
      modified to include any combination of coupling dimensions. Also, if
      desired, the cover 14 could be altered to accommodate more than two
      fittings.
PAC  THE METHOD
PAR  The method of the present invention includes forming a hollow tapered body
      12 and a cover 14 for body 12. The cover 14 is adapted to be bonded to
      body 12 with a suitable glue or, preferably, it may be bonded by welding
      for example with an ultrasonic welder. Ultrasonic welding is enhanced by
      including an energy director 56 (FIG 2) which is a ridge extending as an
      annulus ring around the periphery of cover 14. The energy director 56
      concentrates the ultrasonic energy into an annular ring coincident with
      energy director 56 thereby suitably bonding together the two juxtaposed
      surfaces of cover 14 and body 12 in the vicinity of energy director 56.
PAR  In this illustrated embodiment, cover 14 also includes energy directors 58
      and 60 surrounding the periphery of fittings 32 and 34, respectively.
      Clearly, each of energy directors 58 and 60 could also readily be included
      on the opposing faces of couplings 18 and 20 similarly to energy director
      46 on coupling 16. The final positioning of any of energy directors 46,
      56, 58 or 60 is a matter of design choice and accordingly, representative
      placement of each is illustrated herein with the understanding that each
      may be just as readily included on the respective opposing face.
PAR  Each of the couplings 16, 18 and 20 may be suitably bonded into any one of
      the fittings 26, 32 and 34 with the diameter of the tubing coupling end
      being suitably pre-selected according to the particular requirements.
PAR  Referring particularly to FIG. 2, it will be seen that the body, cover and
      couplings of tubing connector 10 are assembled but not bonded together.
      Energy directors 56, 58, 60 and 46 of cover 14 and coupling 16 are each
      placed in abutting relationship to their respective facing surfaces prior
      to bonding. Accordingly, it is possible to assemble the various components
      into the configuration shown in FIG. 2 and thereafter selectively bond the
      components into a finished bifurcated tubing connector 10 using a
      conventional ultrasonic welder. Examples of the ultrasonic welders that
      have been found to be useful are the Model 460 Ultrasonic Welder sold by
      Branson of Danbury, Connecticut or the Model WS-600 Ultrasonic Welder by
      Deltasonic, Inc. of Hawthorne, California.
PAR  It should be particularly emphasized with reference to FIG. 2 that the
      connector 10 is shown prior to final assembly. Each of the component parts
      are placed in the appropriate juxtaposition prior to being welded with an
      ultrasonic welder (not shown). Accordingly, the opposing faces which will
      be ultimately bonded together according to the one presently preferred
      method of this invention are shown as being separated by the height of
      each respective energy director therebetween. Otherwise each respective
      part of connector 10 would be shown touching the other in a face-to-face
      contact.
PAR  Clearly, one practicing the present invention may selectively dispense with
      the ultrasonic welding method of bonding the various components of this
      invention and eliminate each of the energy directors 56, 46, 58 and 60.
      Bonding with other agents could then be substituted for the sonic welding
      step to bond the various components together.
PAR  The invention may be embodied in other specific forms without departing
      from its spirit or essential characteristics. The described embodiments
      are to be considered in all respects only as illustrative and not
      restrictive and the scope of the invention is, therefore, indicated by the
      appended claims rather than by the foregoing description. All changes
      which come within the meaning and range of equivalency of the claims are
      to be embraced within their scope.
CLMS
STM  What is claimed and desired to be secured by a U.S. Letters Patent is:
NUM  1.
PAR  1. A tubing connector for joining discrete fluid streams into a single
      fluid stream comprising:
PA1  a union assembly comprising;
PA2  a hollow body having a fitting at a first end, the opening accommodating
      reception of a tubing coupling, the body flaring outwardly to a second
      end; and
PA2  a cover configurated to mate with the second end of the body, the cover
      having at least two fittings, each fitting having a generally uniform size
      and configuration and accomodating reception of a coupling; and
PA1  couplings having an adapter at a first end dimensionally configurated to
      mate with each of the fittings in the union assembly, at least one
      coupling having a preselected external diameter at a second end which is
      different from the external diameter at the second end of the other
      couplings to accommodate telescopic connection with tubes having at least
      two different internal diameters.
NUM  2.
PAR  2. A tubing connector as defined in claim 1 wherein the hollow body
      comprises a smoothly contoured interior surface.
NUM  3.
PAR  3. A tubing connector as defined in claim 1 wherein the cover comprises a
      planar surface having two spaced fittings to thereby support two couplings
      in side-by-side parallel relationship.
NUM  4.
PAR  4. A tubing connector as defined in claim 1 wherein the cover comprises an
      inwardly directed protrusion projecting to the interior of the body
      between the fittings so as to minimize fluid stagnation.
NUM  5.
PAR  5. A tubing connector for joining two discrete fluid streams into a single
      stream comprising:
PA1  a plurality of modular couplings having a range of coupling dimensions so
      as to securely mate with tubes having a variety of dimensions, each of the
      modular couplings comprising an adapter of standardized dimension and
      configuration;
PA1  a contoured body comprising one enlarged end and another diametrally
      reduced end, the diametrally reduced end comprising a fitting; and
PA1  a cover for the one enlarged end of the body, the cover comprising at least
      two fittings and each of the fittings in the cover and body having a
      standardized dimension and configuration to receive any one of the
      plurality of modular couplings.
NUM  6.
PAR  6. A method of assembling a bifurcated tubing connector comprising the
      steps of:
PA1  obtaining a hollow, tapered body, the body tapering from an enlarged
      opening at a first end to a fitting at the second end;
PA1  enclosing the enlarged opening of the body with a cover, the cover having
      two fittings, each fitting having the same diameter as the fitting of the
      body;
PA1  placing a tubing coupling in each of the fittings, each tubing coupling
      being configurated to telescopically mate with a tubing having a
      preselected internal diameter; and
PA1  bonding together the body, cover and couplings into a bifurcated tubing
      connector.
NUM  7.
PAR  7. A method of producing a bifurcated tubing connector for joining tubes,
      at least two of which have different coupling dimensions comprising the
      steps of:
PA1  obtaining a connector body which narrows from an enlarged end to a smaller
      end, the enlarged end having a cover thereon;
PA1  providing a single fitting in the body and at least two fittings in the
      cover each of the fittings having a uniform dimension and configuration;
PA1  fabricating a plurality of modular couplings having a range of coupling
      dimensions, each coupling having an adapter of standardized dimension and
      configuration so as to accomodate mounting upon the fittings;
PA1  selecting from among the modular couplings a combination of sizes required
      to join tubing of predetermined diametral dimensions; and
PA1  mounting the couplings in the fittings at desired fitting locations.
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PAL  A meter riser for connecting normally buried plastic pipe to metallic
      couplings which are normally disposed above the ground for connection with
      utility meters, such as gas meters and the like, and comprising means for
      connecting the plastic pipe being encased in a metallic sheath, and having
      insulating means disposed around at least a portion of the metallic sheath
      and plastic pipe in the proximity of the connecting means securing the
      plastic pipe to the metallic coupling for protecting the plastic pipe
      against adverse environmental conditions.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is related to a companion application prepared and
      executed substantially simultaneously herewith and entitled "Liquid Cooled
      Meter Riser", Ser. No. 500,548, filed Aug. 26, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in meter risers and more
      particularly, but not by way of limitation, to an improved means for
      connecting plastic pipe to metallic connection members and protecting the
      plastic pipe against adverse environmental conditions.
PAR  2. Description of the Prior Art
PAR  In the gas distribution industry, and the like, wherein natural gas, or
      other fluids, are transmitted to a plurality of individual consumers by a
      main distribution system, which is normally buried, and which transports
      or directs the fluid to individual distribution lines having meters
      interposed therein which are normally disposed above the ground. In the
      past, the pipe lines of the main distribution system as well as the
      individual lines and all of the connecting members were metallic, but in
      recent years the use of plastic materials has become widespread and it is
      common practice to use plastic pipe for transmitting or transporting the
      gas or other fluids. A problem exists, however, in that many plastic
      materials melt or flow at relatively low temperatures, and any exposure of
      the plastic material to direct sunlight, or relatively high ambient
      temperatures may deform or otherwise damage the plastic pipe, which may
      cause undesirable leakage of the gas or fuel therefrom. As a consequence,
      safety codes in many places prohibit the use of plastic pipe above the
      surface of the ground for connection with the meter.
PAR  In order to overcome this problem, the gas distribution industry, and the
      like, has provided relatively short lengths of metal pipe, called meter
      risers, which attach to the buried plastic pipe, and bend upwardly and
      extend above the surface of the ground for connection with the meter. One
      disadvantage of this solution to the problem is that the metallic pipe is
      surrounded by the earth between the connection thereof with the plastic
      pipe and the surface of the ground, and galvanic action erodes the
      metallic pipe, causing leakage. As a result it is necessary to connect
      anodes to the metallic pipe, or otherwise protect the metallic pipe from
      the corrosion due to the galvanic action. In addition, it is necessary to
      periodically inspect the buried metallic pipe for ascertaining that the
      anodes are functioning properly, or that the pipe is being properly
      protected against erosion. It will be apparent that this increases the
      expense of using metallic pipe, and greatly adds to the inconvenience in
      the use thereof, rendering the use of metallic meter risers undesirable.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a novel meter riser which has been
      particularly designed and constructed for overcoming the above
      disadvantages. The novel meter riser comprises a substantially L-shaped
      metallic sheath surrounding a plastic pipe complementary to the plastic
      pipe of the main distribution system, or the like, whereby one end of the
      plastic pipe within the metallic sheath may be fused, welded, cemented, or
      otherwise connected with the plastic pipe of the main gas distribution
      line. The opposite end of the plastic pipe within the metallic sheath may
      be connected directly with the metallic coupling or connection member
      which is connected with the usual meter. Thus, the novel meter riser
      extends from the buried main distribution line to a point above the ground
      for connection with the meter coupling. An insulating assembly is disposed
      around the novel meter riser at the connection thereof with the meter
      coupling, and extends slightly below the surface of the ground in order to
      protect the plastic pipe within the metallic sheath, as well as the
      metallic sheath, from adverse environmental conditions in the earth and in
      the atmopshere surrounding the meter riser. In addition, heat sink means,
      either internal or external, is provided surrounding a portion of the
      metallic sheath for reducing temperature build up in the proximity of the
      plastic pipe. Thus, the novel meter riser of the present invention permits
      the use of plastic pipe for transporting gas, or the like, to the meter
      without the danger of exposing the plastic pipe to extremely high
      temperature conditions, or other adverse environmental conditions, thus
      eliminating the disadvantages of metallic pipe interposed between the
      meter and the plastic main distribution line without the inherent dangers
      of using plastic pipe for connection with the meter. The novel insulated
      meter riser is simple and efficient in operation and economical and
      durable in construction.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view, partly in elevation, depicting an insulated
      meter riser embodying the invention installed between a main distribution
      line and a meter coupling.
PAR  FIG. 2 is a broken sectional elevational view of an insulated meter riser
      embodying the invention.
PAR  FIG. 3 is a view taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is a broken sectional elevational view of a modified insulated meter
      riser embodying the invention.
PAR  FIG. 5 is a sectional view taken on line 5--5 of FIG. 4.
PAR  FIG. 6 is a view similar to FIG. 1 illustrating the modified insulated
      meter riser shown in FIGS. 4 and 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, and particularly FIGS. 1 through 3,
      reference character 10 generally indicates an insulated meter riser
      comprising a metallic sheath or riser body 12, preferably of a
      substantially angular configuration as shown in FIG. 1, having a plastic
      service tubing 14 centrally disposed therein and extending longitudinally
      therethrough. The plastic service tubing 14 is preferably of a size and
      material complementary with the plastic tubing of the main distribution
      system (not shown) with which the riser 10 is to be utilized whereby the
      tubing 14 may be fused, bonded, or otherwise united with the main
      distribution line for a purpose as will be hereinafter set forth. A
      metallic sleeve 16 is interposed between the sheath 12 and the service
      tubing 14 to provide an internal heat sink for the riser 10, and a
      suitable plastic liner sleeve 18 is disposed around the outer periphery of
      the tubing 14 in radially spaced ralation to the heat sink tube 16.
PAR  The upper end of the sheath 12, as viewed in FIG. 2, is threaded as shown
      at 20 for receiving a metallic line shield nut 22 thereon. The upper end
      of the heat sink tube 16 is flared outwardly as shown at 24 for engaging
      the upper end of the sheath 12, and an a annular flange 26 is provided on
      the inner periphery of the nut 22 having a downwardly facing tapered
      annular shoulder 28 for facilitating the retaining of the heat sink tube
      16 in position.
PAR  The inner periphery of the plastic liner 18 is recessed at one end thereof
      as shown at 30 for receiving one end of a suitable plastic insulator 32
      therein. The opposite end of the insulator 32 is provided with an
      outwardly flaring circumferential flange 34 which engages an upwardly
      facing tapered annular shoulder 36 provided on the flange 26, and an
      annular rubber seal ring 38 of a complementary configuration is disposed
      against the flange 34 in sealing engagement therewith. A suitable metallic
      stiffener member 40 is inserted within the uppermost end of the service
      tubing 14, and a suitable metallic adapter coupling 42 is frictionally
      secured to the outermost end of the plastic service tubing 14 as
      particularly shown in FIG. 2.
PAR  An insulator sleeve 44 is interposed between the coupling 42 and the shield
      nut 22, and is provided with an outwardly extending flange 46 at one end
      thereof which engages the outer end of the shield nut 22. An outwardly
      extending circumferential flange 48 is provided on the outer periphery of
      the coupling 42 in spaced relation from the lowermost end thereof as
      viewed in the drawings, for engagement with the flange 48 for securely
      retaining the flange 48 against the shield nut 22. A suitable plastic
      insulator cup 50 is disposed around the outer periphery of the adapter 42
      and surrounding the portion of the flange 48 not protected by the sleeve
      44, and a metallic compression nut 52 having a central bore 54 for
      receiving the adapter 42 therethrough is threadedly secured to the upper
      end of the shield nut 22 for retaining the adapter 42 securely connected
      with the sheath 12.
PAR  A metallic cylindrical outer shield 56 is concentrically arranged around
      the outer periphery of the compression nut 52 and radially spaced
      therefrom to an annular closure plate 58. The outer shield 56 extends
      longitudinally downwardly, as viewed in FIGS. 1 and 2 a distance
      preferably slightly less than the lowermost end of the heat sink tube 16,
      as will be seen in FIG. 2. The lower end of the protective shield 56 is
      closed by an annular closure plate 60 having a central aperture 61
      provided therein for receiving the sheath 12 therethrough. The annular
      space within the shield 56 contiguous with the inner periphery thereof is
      filled with a suitable foam insulation material 62 as clearly shown in
      FIG. 2.
PAR  In use, the plastic tube or pipe 14 is connected to the main distribution
      system (not shown) in any well known manner, such as by fusing, cementing,
      or the like, and the sheath 12, by virtue of its L-shaped configuration,
      extends upwardly whereby the shield 56 extends at least partially above
      the surface of the ground as shown in FIG. 1. The coupling 42 may be
      connected with the usual meter (not shown) in any well known manner, such
      as by threaded connection therewith. It will be readily apparent that the
      insulation material 62 protects the internal elements of the meter riser
      10 against any excessive ambient temperatures and against any adverse
      atmospheric conditions, as well as any adverse soil conditions surrounding
      the device 10. The internal heat sink 16 protects the meter coupling 42
      against catalytic action and it will be apparent that the plastic pipe 14
      is thus protected against damage from the atmosphere or the surrounding
      soil. In this manner, plastic pipe may be utilized for conveying or
      transporting the fluid from the main distribution system to the meter
      coupling 42.
PAR  Referring now to FIGS. 4, 5 and 6, a modified meter riser is generally
      indicated at 70 which comprises a metallic sheath or riser body 72 having
      a plastic pipe 74 concentrically disposed therein. The riser body 72 is
      preferably of a sub-L-shaped configuration, as shown in FIG. 6, and as is
      well known, and the plastic pipe 14 extends longitudinally through the
      sheath 72 and preferably therebeyond as shown in FIG. 4. A suitable
      metallic stiffener tube 76 is secured within the upper end of the plastic
      pipe 74, as viewed in FIG. 4, and the upper end of the pipe 74 is inserted
      within a suitable meter coupling or adapter 78 for securing the plastic
      pipe 74 thereto. The upper end of the sheath 72 is threaded as shown at 80
      for receiving one end of the metallic line shield nut 82 thereon.
PAR  An inwardly directed annular flange 84 is provided on the inner periphery
      of the nut 82. A suitable flanged insulator sleeve 86 is interposed
      between the flange 84 and plastic pipe 74, and is preferably supported by
      the flange 84 as shown in FIG. 4. An annular rubber or resilient seal ring
      88 is interposed between the nut 82 and the pipe 74 above the insulator
      sleeve 86, and is retained in position against the insulator sleeve 86 by
      the lower end of the coupling 78. A second insulator sleeve 90 is disposed
      around the outer periphery of the coupling 78 immediately above the ring
      88, and is provided with an outwardly extending circumferential flange 92
      which is supported by the upper end of the nut 82. An outwardly extending
      circumferential flange 94 is provided on the outer periphery of the
      coupling 78 spaced above the lower end thereof as seen in the drawings,
      and bears against the flange 92 for securely retaining the flange 92 in
      position against the upper end of the nut 82. A suitable insulator cup 96
      is provided with a central bore 98 in one end thereof for receiving the
      coupling 78 therethrough and is supported by the flange 94, with the
      sidewalls thereof extending downwardly for protection of the outer
      periphery of the flange 94 and the insulator 92. A metallic compression
      nut 100 is provided with a central bore 102 in one end thereof for
      receiving the insulator 96 therethrough and extends downwardly into
      threaded connection with the upper end of the nut 82 for retaining the
      coupling 78 secured to the sheath 72.
PAR  A metallic heat sink tube 104 is concentrically disposed around the sheath
      72 and preferably has one end thereof in abuttment with the lower end of
      compression nut 100. The heat sink tube 104 is preferably constructed from
      copper, or the like, but not limited thereto, and the lowermost end
      thereof is sealed or connected with the outer periphery of the sheath 72
      in any well known manner (not shown).
PAR  A metallic protective outer shield 106 is concentrically arranged around
      the outer periphery of the heat sink tube 104. One end of the shield 106
      is secured around the outer periphery of the compression nut 100 by an
      annular end closure member 108, and the opposite end thereof is secured
      around the outer periphery of the heat sink tube 104 by an annular closure
      member 110 which is spaced upwardly from the lowermost end of the tube
      104, as seen in the drawings. The annular space between the shield 106 and
      the heat sink 104 is filled with suitable foam insulation material 112,
      which completely fills the said annular space.
PAR  In the particular embodiment shown in FIGS. 4, 5 and 6, it will be apparent
      that the heat sink 104 may be considered as an external heat sink. In use,
      the apparatus 70 may be installed substantially as hereinbefore set forth,
      and functions in much the same manner.
PAR  From the foregoing it will be apparent that the present invention provides
      a novel insulated meter riser wherein a plastic pipe may be suitably
      connected between a main distribution system and the meter coupling in a
      manner which eliminates any danger to the plastic pipe from ambient
      temperature or other atmospheric or soil conditions. The plastic pipe is
      efficiently insulated for protection thereof to eliminate any inherent
      dangers which may arise from using a plastic pipe in this environment.
PAR  Whereas the present invention has been described in particular relation to
      the drawings attached hereto, it should be understood that other and
      further modifications, apart from those shown or suggested herein, may be
      made within the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An insulated meter riser comprising a substantially L-shaped metallic
      sheath member, plastic pipe means concentrically disposed within said
      sheath member and extending longitudinally therethrough for connection
      between a buried plastic pipe and a metallic meter coupling, first
      compression nut means secured to one end of the sheath means, second
      compression nut means secured to the first compression nut means and
      cooperating with the meter coupling for securing the sheath means to the
      meter coupling, heat sink means disposed around at least a portion of the
      plastic pipe means, protective shield means disposed around at least a
      portion of the heat sink means, and foam insulation material disposed
      within the annular space contiguous with the inner periphery of the
      protective shield means for insulation of the plastic pipe against ambient
      temperature conditions.
NUM  2.
PAR  2. An insulated meter riser as set forth in claim 1 wherein the heat sink
      means is concentrically arranged with respect to the plastic pipe means
      and interposed between the plastic pipe means and sheath means for
      providing an internal heat sink for the meter riser.
NUM  3.
PAR  3. An insulated meter riser as set forth in claim 1 wherein the heat sink
      means is concentrically arranged around the outer periphery of at least a
      portion of the sheath means for providing an external heat sink for the
      meter riser.
NUM  4.
PAR  4. An insulated meter riser as set forth in claim 3 wherein the foam
      insulating material is disposed between the heat sink means and protective
      shield means.
NUM  5.
PAR  5. An insulated meter riser comprising a metallic sheath member of a
      substantially L-shaped configuration, a plastic pipe concentrically
      disposed within the sheath member and extending longitudinally
      therethrough for connection with a metallic meter coupling, a first
      compression nut threadedly secured to one end of the sheath member, a
      second compression nut disposed around a portion of the meter coupling and
      in threaded engagement with the first compression nut for securing the
      sheath member to the meter coupling, insulating means interposed between
      both the compression nuts and the meter coupling, a metallic heat sink
      member concentrically disposed around the sheath member and extending from
      the second compression nut throughout at least a portion of the length of
      the sheath member, an outer protective shield member concentrically
      disposed around the heat sink member, and foam insulating material
      disposed in the annular chamber contiguous with the inner periphery of the
      protective shield member for insulating the plastic pipe against ambient
      temperatures.
NUM  6.
PAR  6. An insulated meter riser comprising a metallic sheath member of
      substantially L-shaped configuration, a plastic pipe concentrically
      disposed within the sheath member and extending longitudinally
      therethrough for connection with a meter coupling, a plastic liner
      disposed around the outer periphery of the plastic pipe, a heat sink
      member interposed between the plastic liner and the sheath member and
      extending longitudinally through at least a portion of the length of the
      sheath member, a first compression nut threadedly secured to one end of
      the sheath member, a second compression nut disposed around a portion of
      the meter coupling and in threaded engagement with the first compression
      nut for securing the sheath member to the meter coupling, insulating means
      interposed between both compression nuts and the meter coupling, an outer
      protective shield concentrically arranged around the compression nuts and
      at least a portion of the sheath member, and form insulating material
      disposed in the annular space contiguous with the inner periphery of the
      protective shield for insulating the plastic pipe against ambient
      temperatures.
PATN
WKU  039442632
SRC  5
APN  5584280
APT  1
ART  353
APD  19750314
TTL  Dynamic pipe coupling
ISD  19760316
NCL  8
ECL  1
EXP  Arola; Dave W.
NDR  2
NFG  3
INVT
NAM  Arnold; James F.
CTY  Houston
STA  TX
ASSG
NAM  HydroTech International, Inc.
CTY  Houston
STA  TX
COD  02
CLAS
OCL  285 96
XCL  285106
XCL  285261
XCL  285308
XCL  285321
XCL  285351
EDF  2
ICL  F16L 1700
FSC  285
FSS  18;96;106;261;DIG. 21;308;321;263;270;166;167;262;264;265;266;267;268;269
     ;271;351;315;316;317
FSC  166
FSS  .6
UREF
PNO  3433504
ISD  19690300
NAM  Hanes
XCL  285321
UREF
PNO  3450421
ISD  19690600
NAM  Harwell
XCL  285321
UREF
PNO  3695633
ISD  19721000
NAM  Hanes
OCL  285DIG.21
UREF
PNO  3712645
ISD  19730100
NAM  Herter
OCL  285167
FREF
PNO  115,767
ISD  19250900
CNT  CH
OCL  285264
FREF
PNO  872,903
ISD  19530400
CNT  DT
OCL  285270
ABST
PAL  A dynamic pipe coupling for connecting the ends of two pipes so as to
      prevent axial separation thereof but which permits axial flexing
      therebetween. The coupling includes two coupling members, each of which is
      connectible at one end thereof to the end of one of the pipes. One member
      has attached thereto a ball-shaped portion and the other coupling member
      has a housing arranged to receive the ball portion thereinto. Further, the
      housing has an annular channel-shaped groove thereabout facing radially
      outwardly. The coupling includes a setting ring assembly mountable about
      the coupling members, with the ring having a portion with an internal
      surface for matingly engaging the rearward side of the ball and having
      another portion for receiving thereinto and radially surrounding at least
      that portion of the external surface of the other coupling member having
      the aforesaid annular recess. The ring carries generally radially movable
      wedges arranged for engaging in the groove upon actuation to thereby urge
      and hold the coupling members axially together. Means in the form of a
      hydraulically actuated radially movable annular seal is provided for
      urging the wedges radially inwardly into engagement with the aforesaid
      annular recess to thereby lock the tool together. Seals operated by line
      pressure are also arranged for sealing between the ball and the housing.
      In addition, other seals are provided for sealing between the ball and the
      ring and between the ring and the housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  This invention relates to that class of pipe couplings sometimes referred
      to as ball and socket couplings or dynamic couplings. More particularly,
      this invention relates to a ball and socket type coupling which is
      arranged for connecting the ends of two pipes, which connection will
      permit axial flexing between the two pipes but which retains the pipes
      together and prevents axial separation thereof. The coupling of this
      invention can withstand repeated flexing and can withstand substantial
      line pressure without malfunction or failure.
PAR  B. Description of the Prior Art
PAR  There are many examples of prior art ball type couplings. However, most of
      these are the type which are manually set which, therefore, are not very
      useful in effecting a coupling in an underwater location, for example.
      Other ball and socket couplings are adapted for relatively low line
      pressure and are not successful in installations where high pressure
      petroleum products may be flowed therethrough, as for example, natural gas
      or the like. As a consequence, there has developed a need for a ball and
      socket type coupling which can withstand repeated flexing as, for example,
      the wave action in a subsea location, and which can transmit high pressure
      fluids without early failure and which coupling members can be joined
      remotely, if desired or required.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide an improved
      dynamic pipe coupling for connecting the ends of two pipes, which coupling
      can withstand high pressure fluids transmitted therethrough, which can
      withstand repeated flexing movement, as, for example, that which is caused
      by wave action, without premature failure, and which can be actuated
      remotely as, for example, by hydraulic fluid to thereby complete a remote
      connection, if desired.
PAR  Briefly stated, this invention is for a dynamic pipe coupling for
      connecting the ends of two pipes, which pipe ends may be axially
      misaligned. It includes a pair of coupling members, each of which is
      connectible at one end thereof to the end of one of the pipes. One of the
      coupling members has attached thereto an annular enlarged portion having
      spherical-shaped  axially forward and rearward sides. The other coupling
      member has attached thereto a housing having a portion with an internal
      surface for receiving the forward side of the enlarged portion in mating
      engagement therewith. The housing also has a portion forming a generally
      annular external shoulder spaced generally radially outward from the
      aforesaid internal surface. A setting ring assembly is provided which is
      mountable about the coupling members, with the ring having a portion with
      an internal surface for matingly engaging the rearward side of the
      enlarged portion and having another portion for receiving thereinto and
      radially surrounding at least that portion of the external surface of the
      other coupling member having the shoulder. The ring carries generally
      radially movable wedge means for engaging the shoulder upon actuation
      thereof, for urging and holding the coupling members axially together.
      Means are also provided for urging the wedge means generally radially
      inward into engagement with the shoulder, whereby the coupling members
      hold the pipes against axial separation while permitting axial flexing
      therebetween.
PAR  Preferably, the coupling includes annular seal means interposed between the
      forward side of the enlarged portion and the internal surface of the
      housing for effecting a fluid seal therebetween. In certain embodiments,
      means for applying pressure thereto to urge said seals to the sealing
      position are provided.
PAR  The shoulder is preferably in the form of an annular recess extending about
      the housing and the wedge means are in the form of at least one
      arcuate-shaped wedge which is arranged for engagement with the recess. The
      coupling may also include seal means between the setting ring and the
      rearward side of the enlarged portion and between the setting ring and the
      housing for effecting fluid seals therebetween.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a generally central longitudinal sectional view showing one
      embodiment of the invention wherein the coupling members are axially
      spaced apart immediately prior to being moved to the connecting position.
PAR  FIG. 2 is a fragmentary view on a somewhat reduced scale of the apparatus
      shown in FIG. 1, but showing the coupling members moved to the connected
      or engaged position.
PAR  FIG. 3 is a cross-sectional view generally taken along line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, coupling member 11 is shown attached as by
      welding or the like to pipe 12. It is to be understood that such a welded
      connection to pipe 12 would normally be performed in a convenient welding
      environment. However, in those instances when that is not possible, then
      coupling 11 may be connected to a sub which, in turn, is connected to a
      hydraulic coupling which in turn connects the coupling member 11 to pipe
      12 when a coupling operation is to be entirely performed underwater.
      Coupling member 11 is provided with a radially outwardly enlarged portion
      13 having a spherical-shaped configuration on both the axially rearward
      and forward sides thereof. This enlarged portion may sometimes, for
      convenience, be referred to as a ball or ball portion.
PAR  The other coupling member of this dynamic pipe coupling is designated by
      the numeral 15 and is shown attached to pipe 16 as by welding or the like.
      As with coupling member 11, in the event it is not convenient to weld
      coupling member 15 to pipe 16 in a convenient welding environment,
      coupling member 15 may alternatively be attached to a sub which, in turn,
      is arranged for connection to a pipe 16 by use of an overfitting hydraulic
      coupling or the like, as is well known to those skilled in the art.
      Further, it should be understood that while coupling members 11 and 15 are
      shown in axial alignment, these coupling members are particularly adapted
      for connecting pipes which are not in axial alignment but, in fact, may be
      misaligned a substantial extent.
PAR  Coupling member 15 also includes a portion designated as socket housing 17
      which has a radially enlarged axial forward bore forming spherical-shaped
      seat 18 which is arranged for mating engagement with the forward side of
      enlarged portion 13. Seat 18 is provided with seal means in the form of
      three axially spaced generally radially inward facing channel-shaped
      recesses in which are received annular elastomeric seals 20, 21 and 22.
      Seals 20-22 each form radially outwardly thereof an enclosed chamber with
      the base of the recess in which each is received or mounted and which
      chambers are in fluid communication through conduit means, including port
      24 having a threaded adapter 25 which, in turn, is attached to line 26.
PAR  Line 26, in turn, connects with the forward end of cylinder 28 mounted on
      the exterior surface of coupling member 15, as shown. The forward end of
      cylinder 28 is provided with a reduced piston chamber 29 in which is
      received piston rod 31 arranged for axial movement therein. The other end
      of rod 31 has attached thereto an enlarged piston 32 which is arranged for
      axial movement in the enlarged bore 34 of cylinder 28. The right end of
      cylinder 28 as shown in FIG. 1 connects to line 35 which, in turn, is
      tapped into the internal surface of coupling member 15 through port 36.
PAR  It will be noted that whatever fluid pressure is present within coupling
      member 15 will be transmitted through port 36, line 35 to cylinder 28, and
      act upon the right end of piston 32, as shown in FIG. 1. The left end of
      piston rod 31 is arranged to contact hydraulic fluid which is maintained
      in reduced chamber 29, line 26, and port 24. Hence, line pressure is
      thereby applied to generate hydraulic fluid pressure which, in turn, is
      applied to the radially outward side of seals 20, 21 and 22 to effect a
      seal between spherical seat 18 and the forward surface of enlarged portion
      13. Because of the larger diameter of piston 32 relative to rod 31 and the
      miltiplier effect thereof, greater hydraulic pressure is supplied to the
      radially outward side of seals 20, 21 and 22 than the pressure which is
      present within coupling member 15, thereby insuring positive sealing
      between coupling members 11 and 15.
PAR  Housing 17 has a portion in which is formed a generally radially outwardly
      facing channel-shaped annular recess 41 having a slightly axially tapered
      forward shoulder 42, the purpose of which will be described hereinafter.
      In addition, the forward end of housing 17 is provided with a generally
      axially facing annular recess in which is mounted another elastomeric seal
      45, which is arranged for effecting a fluid seal between housing 17 and
      setting ring 50, which will now be described.
PAR  Setting ring 50 is shown generally mounted radially about coupling member
      11 in the initial position, as shown in FIG. 1. It is formed with an
      internal spherical-shaped seat 51 which matingly engages the rearward side
      of enlarged portion 13 as shown. Seat 51 has a pair of axially spaced
      apart generally radially inwardly facing annular recesses in each of which
      is mounted an elastomeric seal 53 for effecting sealing between seat 51
      and enlarged portion 13.
PAR  The axial forward side of setting ring 50 is provided with an enlarged
      annular bore 55 which is adapted for receiving thereinto the forward end
      of socket housing 17 as shown in FIG. 2. Setting ring 50 carries wedge
      means for wedgingly engaging the aforesaid forward shoulder 42 of housing
      17 for locking the tool together and holding the same against axial
      separation. Setting ring 50 is also provided with a forward portion having
      an annular generally radially inwardly facing recess in which is mounted
      an annular elastomeric thrust seal 57 arranged for radially inward
      movement in response to the application of hydraulic fluid pressure
      through approximately valved port 58.
PAR  Seal 57 has attached thereto wedge means which will now be described. The
      wedge means in the preferred embodiment are in the form of a plurality of
      arcuate-shaped wedges 60 which are bonded or otherwise held by seal 57 in
      an initially radially retracted position, such that housing 17 is freely
      received in bore 55. Wedges 60 extend around substantially the full
      circumference of setting ring 50 and are arranged for engagement with
      forward shoulder 42 of housing 17, as shown in FIG. 2. Hence, wedges 60
      are each provided with a tapered surface 61 which generally mate with
      forward shoulder 42.
PAR  When the tool is assembled as shown in FIG. 2 and hydraulic pressure is
      applied through port 58, thrust seal 57 is urged radially inwardly thereby
      urging wedges 60 radially inwardly into camming engagement in recess 41 of
      housing 17. Tapered shoulder 42 and tapered surfaces 61 engage and thereby
      axially urge coupling members 11 and 15 together and hold the same
      together, thereby preventing axial separation thereof. So held, coupling
      members 11 and 15 are held against axial separation but are still allowed
      to articulate relative to each other or, stated otherwise, to have flexing
      movement therebetween. While wedges 60 have been described as being
      preferably in the form of a plurality of separate members, it is to be
      understood that other wedge means can be used as, for example, a split
      ring which has somewhat enlarged circumferential dimensions such that it
      will remain retracted, but which can nevertheless be deformed radially
      inward by fluid pressure applied to the rearward side of thrust seal 57.
      The forward side of ring 50 is also provided with another annular recess
      axially forward of the wedges 60 and in which recess is mounted another
      elastomeric seal 64 which is arranged for sealing engagement between ring
      50 and the external surface of housing 17 axially rearward of recess 41,
      as best shown in FIG. 2.
PAR  In operation, coupling members 11 and 15 are initially positioned in the
      manner shown in FIG. 1 and moved together in the direction of the arrow
      until the forward surface of enlarged portion 15 mates with spherical seat
      18 of housing 17. So positioned, hydraulic pressure is then applied
      through port 58 to cause wedges 60 to enter annular recess 41 and engage
      tapered surface 42, thereby urging and holding coupling members 11 and 15
      axially together. Thus assembled, it will be observed that seals 53
      provide a fluid seal between the rearwardsurface of enlarged portion 13
      and seat 51 of ring 50. In addition, seals 45 and 64 provide annular seals
      between ring 50 and housing 17 at axially spaced apart positions on
      opposite axial sides of wedges 60. Moreover, seals 20, 21 and 22 provide
      seals between seat 18 of housing 17 and the forward surface of enlarged
      portion 13, which sealing is enhanced upon passage of pressurized fluid
      through the coupling members, as described above. Because of the
      multiplier effect of the arrangement of piston 32 and rod 31, enhanced
      hydraulic pressure is applied to the radially outward sides of these seals
      20, 21 and 22, to effect a very efficient primary seal for coupling
      members 11 and 15.
PAR  Because of the novel arrangement of the tool, couplings 11 and 15 will
      withstand tremendous line pressure without failing, will withstand axial
      separation while at the same time permitting axial flexing movement
      therebetween or, stated otherwise, permitting articulated movement
      therebetween, over long service periods without failure. Moreover,
      inasmuch as the wedging means in the form of wedges 60 are hydraulically
      actuated, the tool may be used for effecting pipe coupling operations
      remotely should that be required.
PAR  Further modifications and alternative embodiments of the apparatus and
      method of this invention will be apparent to those skilled in the art in
      view of this description. Accordingly, this description is to be construed
      as illustrative only and is for the purpose of teaching those skilled in
      the art the manner of carrying out the invention. It is to be understood
      that the forms of the invention herewith shown and described are to be
      taken as the presently preferred embodiment. Various changes may be made
      in the shape, size and arrangement of parts. For example, equivalent
      elements or materials may be substituted for those illustrated and
      described herein, parts may be reversed, and certain features of the
      invention may be utilized independently of the use of other features, all
      as would be apparent to one skilled in the art after having the benefit of
      this description of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a dynamic pipe coupling for connecting the ends of two pipes, the
      combination comprising:
PA1  a pair of coupling members, each of which is connectible at one end thereof
      to the end of one of said pipes;
PA1  one of said coupling members having attached thereto an annular enlarged
      portion having spherical-shaped axially forward and rearward sides;
PA1  the other coupling member having attached thereto a housing having a
      portion with an internal surface receiving the forward side of said
      enlarged portion in mating engagement therewith, said housing having a
      portion forming generally annular external shoulder means spaced generally
      radially outward from said internal surface;
PA1  a setting ring assembly mounted about said coupling members, said ring
      having a portion with an internal surface matingly engaging the rearward
      side of said enlarged portion, and having another portion receiving
      thereinto and radially surrounding at least that portion of the external
      surface of said other coupling member having said shoulder means;
PA1  said ring carrying generally radially movable wedge means for engaging said
      shoulder means upon actuation thereof and urging and holding said coupling
      members axially together;
PA1  and means for urging said wedge means generally radially inward into
      engagement with said shoulder means, whereby said coupling members hold
      said pipes against axial separation while permitting axial flexing
      therebetween.
NUM  2.
PAR  2. The invention as claimed in claim 1 including:
PA1  annular seal means interposed between said forward side of said enlarged
      portion and said internal surface of said housing for effecting a fluid
      seal therebetween;
PA1  and means for applying line pressure from said pipes to urge said seal
      means to the sealing position.
NUM  3.
PAR  3. The invention as claimed in claim 1 wherein:
PA1  said shoulder means is in the form of an annular recess extending about
      said housing.
NUM  4.
PAR  4. The invention as claimed in claim 1 including:
PA1  seal means supported between said setting ring and said rearward side of
      said enlarged portion and between said setting ring and said housing, for
      effecting fluid seals therebetween.
NUM  5.
PAR  5. The invention as claimed in claim 1 including:
PA1  seal means supported between said setting ring and said housing on each
      axial side of said wedge means for sealing between said ring and said
      housing.
NUM  6.
PAR  6. The invention as claimed in claim 1 wherein:
PA1  said wedge means extend around substantially the full circumference of said
      housing.
NUM  7.
PAR  7. The invention as claimed in claim 6 wherein:
PA1  said setting ring has a generally radially inwardly facing annular recess
      thereabout for supporting said wedge means;
PA1  and said wedge means includes at least one arcuate-shaped wedge member
      arranged for radial movement in said annular recess in said setting ring.
NUM  8.
PAR  8. The invention as claimed in claim 7 wherein:
PA1  said wedge means extends substantially around the full circumference of
      said annular recess in said setting ring;
PA1  and said means for urging said wedge means includes an annular elastomeric
      seal mounted in said annular recess in said setting ring and positioned
      radially outward from said wedge means, and means for applying pressurized
      fluid to said recess to thereby urge said elastomeric seal radially
      inward, thereby moving said wedge means to the set position.
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ABST
PAL  A novel, low-cost pipe bracket which is provided with drill holes instead
      of pre-cast passageways as formed in a casting type bracket, said drill
      holes being disposed to register with the connection ports of any fluid
      pressure operable device to be mounted on the bracket. A pipe connector,
      either of the screw-threaded or butt weld type is placed in each drill
      hole and secured therein by a flange formed on the connector being drawn
      up against a shoulder formed in the drill hole when the valve device is
      secured to the pipe bracket. Thus, when the pipes have been connected to
      the pipe connectors, the valve device may be removed without disconnecting
      the pipes from the bracket.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known, one purpose of having a pipe bracket having connected to
      one side thereof the pipes via which pressurized fluid may flow to and
      from a fluid pressure operable valve device, for example, and having
      mounted on the opposite side thereof the valve device itself, is to permit
      removal of the valve device for replacement or maintenance without having
      to disconnect the pipes associated therewith. Pipe brackets of this type
      are commonly cast with the required passageways, by which the pipes are
      communicated to the various ports in the valve device, being formed
      therein by the use of cores in the mold from which the bracket is cast.
      Forming of passageways in a casting by use of cores is a costly process
      and not always necessarily successful.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention, therefore, is to provide a low-cost
      pipe bracket in which the passages for communicating the pipes connected
      to one face of the bracket with the respective ports of the valve device
      mounted on the opposite face of the bracket, are formed by means less
      costly than the process of casting the passages by the use of cores in the
      molds.
PAR  Briefly, the invention comprises a pipe bracket including a plate portion
      having holes drilled transversely therethrough and disposed so as to
      register with the ports formed on a fluid pressure operable valve device,
      for example, to be mounted on a valve face of the plate portion. A pipe
      fitting or connector, either of the screw-threaded or butt weld type, is
      inserted into each drill hole from the valve face side of the plate
      portion and protrudes therethrough beyond the opposite or pipe-connecting
      face of the plate portion, so that a flange formed on the pipe connector
      abuts against a complementary shoulder formed in the drill hole. The pipe
      connectors are thus locked into position when the valve device is secured
      against the valve face of the plate portion, whereupon the several pipes
      are connected to the protruding ends of the pipe connectors either by a
      screw-threaded sealing arrangement or by welding the abutting ends of the
      pipes and the pipe connectors to each other. Thus, after the pipes have
      been secured to the respective pipe connectors, the valve device may be
      removed from the pipe bracket for replacement or maintenance without
      disconnecting the pipes. Since the holes or passages in which the pipe
      connectors are inserted are drilled rather than cast therein, the
      brackets, depending upon the number to be manufactured and as the cost
      warrants, may be manufactured either by casting or fabricating from steel
      plate.
DRWD
PAR  In the drawing,
PAR  FIG. 1 is an elevational view, partly in section and partly in outline, of
      a pipe bracket embodying the invention and having a valve device mounted
      thereon;
PAR  FIG. 2 is a fragmentary elevational view, in section, of a modified form of
      the pipe bracket shown in FIG. 1;
PAR  FIG. 3 is a sectional view taken along line III--III of FIG. 1 as viewed
      from the direction indicated by the arrows;
PAR  FIG. 4 is an end view of one of the components of the pipe bracket as
      viewed from the bottom of FIG. 3; and
PAR  FIG. 5 is an end view, in outline, of the pipe bracket as viewed from the
      right-hand side of FIG. 1.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  A pipe bracket 1, as shown in FIG. 1, comprises a pipe-connecting base
      plate portion 2 which may have, either integrally (as shown in FIGS. 1 and
      5) or removably attached and at right-angle thereto, a mounting portion 3
      by which the pipe bracket may be secured to the underframe (not shown) of
      a railway car, for example.
PAR  Pipe-connecting portion 2 of pipe bracket 1 is provided on one side with a
      valve face 4, against which a valve device 5 is sealingly removably
      secured, and on the opposite side with a pipe-connecting face 6 to which
      the pipes necessary for flow of pressurized fluid to and from said valve
      device are connected in a manner to be hereinafter disclosed.
PAR  Valve device 5 may be any type fluid pressure operable valve device with
      which it may be desirable to use pipe bracket 1 which permits removal of
      the valve device for replacement or repair without disconnecting the pipes
      connected thereto. Valve device 5, as shown in this case, is a
      conventional empty-load type device, but it should be understood that the
      type of valve device or the details thereof are not essential to an
      understanding of the invention and, therefore is shown merely for purpose
      of illustrating the applicability of pipe bracket 1 with a valve device.
PAR  Valve device 5 is provided, in this case, with three fluid pressure ports
      7, 8, and 9 (only two of which, 7 and 8, may be seen in FIG. 1) opening to
      respective chambers formed in said valve device, only two of which, 10 and
      11, may be seen in FIG. 1. Pipe-connecting portion 2 of pipe bracket 1 is
      also provided with a plurality of stepped bores extending transversely
      therethrough and disposed so as to register with ports 7, 8, and 9, two of
      said bores 12 and 13 being shown in FIGS. 1 and 2.
PAR  Valve device 5 is provided with a sealing face 14 which abuts against valve
      face 4 of pipe bracket 1 when said valve device and pipe bracket are
      sealingly secured to each other by means of bolts 15, as best seen in FIG.
      3. Prior to securement of valve device 5 and pipe bracket 1 to each other,
      screw-threaded, grip-type pipe connectors or fittings 16 and 17, as seen
      in FIG. 1, are inserted into stepped bores 12 and 13, said pipe connectors
      having flanges 18 and 19 for abutting against shoulders 20 and 21 formed
      in said stepped bores for positioning said pipe connectors, respectively.
      Sealing elements, such as 22 and 23 as seen in FIGS. 1 and 2, are disposed
      behind flanges 18 and 19, respectively, and sealingly compressed when
      valve device 5 and pipe bracket 1 are secured to each other, thereby
      preventing leakage of fluid pressure therebetween.
PAR  A pipe connection made with the conventional screw-threaded grip type
      connector is illustrated in FIG. 1 with connector 16. The end of a pipe 24
      to be connected to pipe bracket 1 is inserted into a threaded stud portion
      25 of connector 16 protruding from face 6 of pipe bracket 1. A nut 26
      having an annular sealing gland 27 disposed therein in surrounding
      relation to pipe 24 is screwed onto stud portion 25 thereby compressing
      sealing gland 27 between the end of said stud portion and a radially
      inwardly disposed collar 28 formed on the outer end of nut 26, thus
      sealingly gripping pipe 24 for preventing leakage at the connection and
      displacement of said pipe from the connector.
PAR  In order to prevent rotation of the stud portions, such as stud portion 25
      of connector 16 in bore 12, for example, when nut 26 is tightened thereon,
      said stud portion, as well as the other stud portions, is provided with
      parallel flat surfaces 29 and 30 on diametrally opposite sides thereof. A
      locking plate 31, as shown in FIGS. 3 and 4, when in an installed position
      is secured against pipe-connecting face 6 and is provided with
      correspondingly located and a corresponding number of openings 32, 33, and
      34 as there are pipe connectors, such as 16 and 17, which extend through
      said openings. Openings 32, 33, and 34 are characterized by respective
      pairs of parallel sides 35, 36, and 37, so spaced apart as to snugly
      engage the respective flat surfaces, such as sides 35 against 29 and 30,
      of the pipe connectors.
PAR  Locking plate 31, once in position, is secured therein by nuts 38, 39, 40
      screwed onto the stud portions, such as stud portion 25, up against said
      plate, as may best be seen in FIGS. 1 and 4. With locking plate 31 secured
      in position, pipe 24 is inserted in stud portion 25 of pipe connector 16
      and nut 26 is tightened thereon until sealing gland 27, in well known
      manner, has effectively sealed the connection to port 7 and locked said
      pipe against displacement.
PAR  After connections to the other ports 8 and 9 have been made in a manner
      similar to the connection made to port 7, as above described, and with all
      sealing elements, such as 22 and 23, in position (the third one at port 8
      not being shown), valve device 5 is secured against sealing face 4 of pipe
      bracket 1 by bolts 15, said sealing elements being compressed against the
      adjacent face of said valve device as said bolts are drawn up, thereby
      effecting an air tight seal between the valve device and the pipe bracket.
PAR  It should be evident that should it be necessary to remove valve device 5
      from pipe bracket 1, either for replacement or maintenance, it is only
      necessary to remove bolts 15 while the several pipe connections remain
      undisturbed.
PAR  An alternative arrangement of pipe bracket 1 with valve device 5, as shown
      in FIG. 2, differs from that shown in FIGS. 1, 3, 4, and 5, in that a
      different type of pipe connector is employed, only two of which, 41 and
      42, are shown. Since the ends of the pipes, one of which 43 is shown, are
      abutted against the protruding ends 44 of the connectors and sealingly
      welded in such abutting relation, as shown at 45 in FIG. 2, there is no
      need for screw threads on said connectors nor means for preventing
      rotation thereof in their respective bores, such as in bores 12 and 13.
      After the welded connections have been made, valve device 5 and pipe
      bracket 1 are assembled in similar fashion to that described above in
      connection with FIG. 1.
CLMS
STM  Having now described the invention, what we claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. A pipe bracket for accommodating pipe connections to a fluid pressure
      operable device having a plurality of ports via which fluid pressure may
      flow to and from the device, said pipe bracket comprising:
PA1  a. a base plate portion on one side of which the fluid pressure operable
      device may be secured and having formed therein a similar number of
      transverse bores correspondingly located as the ports in the device so as
      to register therewith, respectively;
PA1  b. respective pipe connectors inserted a limited coaxial distance into said
      bores from said one side of said plate portion, each of said connectors
      having a stud portion protruding beyond the other side of said plate
      portion and to which a pipe may be connected;
PA1  c. a locking plate having a plurality of openings corresponding in number
      and position to said stud portions so as to fit thereon in a locking
      position in which said pipe connectors are locked against rotation in said
      transverse bores, respectively,
PA1  d. said openings each having internal flat surfaces which, in the locking
      position of said locking plate, engage complementary flat surfaces formed
      externally on each of said stud portions; and
PA1  e. means securable on said stud portions for retaining said locking plate
      in its said locking position.
NUM  2.
PAR  2. A pipe bracket, as set forth in claim 1, wherein said stud portions of
      said pipe connectors are externally threaded and said means securable
      thereon comprise respective screw-threaded nuts.
NUM  3.
PAR  3. A pipe bracket, as set forth in claim 1, wherein said locking plate is
      secured in its said locking position against said other side of said base
      plate portion.
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ABST
PAL  A method and apparatus for joining two tubular members in a strong,
      leak-proof fashion in which a band of ductile metal is passed around the
      adjacent ends of the members and circumferentially stressed beyond its
      elastic limit to conform intimately with the outer surfaces of the members
      throughout practically their entire circumstances. Several constructions
      for applying the circumferential forces are disclosed, and use is taught
      of a packing element to prevent paraxial or helical leakage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of connectors, and particularly to
      means for joining two tubular conduits in end-to-end relation to give a
      tight and rigid joint. The invention may be used where the members are of
      the same diameter and are simply butted together, where one member is
      slotted to telescopically receive the other, or where one member is a
      rigid tube and the other is a flexible hose into which the first is
      inserted, the latter two cases of course involving tubular members of
      different although approximately the same diameter, the difference being
      the wall thickness of the outer tubular member or hose.
PAR  Although the invention is generally applicable with tubing and hoses of
      widely varying compositions, we have chosen to illustrate it as used with
      the rigid and flexible metal tubing and hoses associated with the exhaust
      systems of commercial trucking equipment, having diameters ranging mostly
      between two inches and six inches. In this field one tubular member is
      conventionally inserted into another and secured there by tightening a
      U-bolt against a semi-circular shoe, in what is known as a quillotine
      clamp or saddle clamp. This arrangement has the drawback that it deforms
      the cross sections of the tubes from circular to elliptical, so that
      stresses are not uniform and so that gases and sound leaks directed
      paraxially, that is, parallel to the axes of the members, frequently
      result. A further defect of the arrangement is that the narrow U-bolt
      frequently dimples the outer tubular member into the inner one, in such a
      fashion that when the U-bolt is removed it is impossible to disassemble
      the complete system without cutting the metal. Again, the U-bolt
      arrangement is very severe in its action on flexible metal hose, while at
      the same time being relatively inefficient in preventing leaks along the
      helical grooves in such hoses.
PAR  Efforts have been made to overcome the defects of U-bolt type clamps by use
      of closed cylinders generally of internal diameter to match the outside
      diameter of the tube being clamped, and with means for contracting the
      cylinder to give circumferential force acting substantially all the way
      around its periphery. A packing strip of some sort is desirable to seal
      the paraxial gap associated with the closure means. Such clamps must be
      positioned at the time the piping system is being assembled, although they
      need not be tightened until later, and they cannot be replaced without
      disassembling the system. Other structures are known, such as that
      disclosed in the Fortune U.S. Pat. No. 3,411,748, wherein a split cylinder
      of appropriate diameter is provided with ears which are pulled together to
      produce the necessary circumferential clamping force.
PAR  None of the prior art devices known to applicants have been suitable for
      use in joining tubular members of different sizes, as is necessary when
      one tube is inserted within another. Because of this it has been necessary
      to specially construct stepped clamp diameters to fit the two tubes being
      joined, one around the outside of a larger tube at its end, and one around
      the outside of the smaller tube where it emerges from the other. Sizes and
      modifications tend to proliferate in such structures to the point where
      mass production is no longer economically feasible.
PAC  SUMMARY OF THE INVENTION
PAR  A clamp or connector according to our invention can be installed in a
      tubing system after it has been assembled, and accommodates itself not
      only to tubes of the same diameter but also to tubes of approximately the
      same diameter such as telescoped tubes, gripping and sealing both the
      larger and the smaller tube without any special machining or size
      selection. Our structures further are easily packaged for shipment and
      storage since before use they are essentially flat and stack or nest very
      compactly.
PAR  Various advantages and features of novelty which characterize our invention
      are pointed out with particularity in the claims annexed hereto and
      forming a part hereof. However, for a better understanding of the
      invention, its advantages, and objects attained by its use, reference
      should be had to the drawing which forms a further part hereof, and to the
      accompanying descriptive matter, in which there are listed and described
      certain preferred embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawing, FIG. 1 is a perspective view of a connector according to
      our invention prior to use;
PAR  FIGS. 2-4 show the steps in applying the connector to the joint between an
      inner, rigid metallic tube and an outer, flexible metallic hose;
PAR  FIGS. 5 and 6 are fragmentary sectional views taken on the lines 5--5 and
      6--6 of FIGS. 3 and 4 respectively;
PAR  FIG. 7 shows a pair of our connecting devices in use in an engine exhaust
      line;
PAR  FIG. 8 is a fragmentary sectional view along the line 8--8 of FIG. 7;
PAR  FIG. 9 is a fragmentary view of a first modification of the invention;
PAR  FIGS. 10 and 11 are sectional views along the line 10--10 of FIG. 9 at two
      stages of assembly;
PAR  FIG. 12 is a view like FIG. 9 showing a further modification of the
      invention;
PAR  FIG. 13 is a fragmentary sectional view along the line 13--13 of FIG. 12;
PAR  FIG. 14 is a fragmentary perspective view of another embodiment of the
      invention;
PAR  FIG. 15 is a sectional view generally along the line 15--15 of FIG. 14,
      showing the connection after being tightened; and
PAR  FIGS. 16-18 show a further modification of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The embodiment of the invention shown in perspective of FIG. 1 is a
      connection device 20 comprising a band 21 of ductile metal having parallel
      sides 22 and 23. The ends 24 of the band are cut off at right angles to
      the sides, and are secured as by rows 25 of spot welds or a seam weld to
      reinforcing bars 26, to form reinforced flat ribs 27 which are bent at
      dihedral angles with the main band along apices 30 which are also at right
      angles to the sides of the band. Spaced bores 31 pass through bars 36 and
      the ends 24 of the band beyond the rows of welds, for receiving clamping
      means shown to comprise a U-bolt 32, with cooperating washers 33 and nuts
      34: it will of course be understood that a pair of individual bolts may be
      substituted for U-bolt 32 at some cost in inconvenience, if this is
      desired. It is to be noted that the dihedral angles are so formed that
      U-bolt 32 and washers 33 contact bars 26 rather than contacting ends 24 of
      band 21. In the form shown in FIG. 1 the connecting devices are readily
      and compactly nested for packing and shipment.
PAR  FIG. 2 shows how a connecting device according to the invention is applied
      to a joint between a rigid tube 35 and a flexible metal hose 36 into which
      the tube is inserted. Band 21 is simply wrapped around the joint,
      one-third to one-half of the width of the band overlying the larger
      diameter. The ends are brought into apposition and alignment, U-bolt 32 is
      passed through bores 31 in both ribs, and washers 33 and nuts 34 are
      loosely applied. Next a strip 37 of compressible packing material is
      inserted in the gap between ribs 27, under U-bolt 32. Before discussing
      what happens as nuts 34 are tightened, some data with regard to one
      typical installation may be helpful.
PAR  The illustration embodiment used "Stripwound" stainless steel hose 36 of 4
      inches nominal inside diameter: the outside diameter was 4.19 inches.
      Rigid tube 35 of steel was 4 inches nominal outside diameter, with a wall
      thickness of 0.06 inches. band 21 was three and one-half inches wide and
      was of 0.018 inch thick stainless steel of "dead soft" temper. Bars 26
      were one-quarter by one inch in cross section, bores 31 were one-half inch
      in diameter on two inch centers, and U-bolt 32 was a seven-sixteenths inch
      stock with a fine thread: bolt, nuts, and washers were grade five hardened
      steel, and the bight of the U-bolt was straight rather than curved, to
      contact bar 24 all along the space between the bores. By preference the
      edges of bars 26 adjacent the dihedral angles had their edges rounded. The
      length of band 21 between the dihedral angles was approximately 0.80
      inches less than the actual circumference of hose 36.
PAR  Now when nuts 34 are tightened the band is drawn intimately against the
      outer circumference of tube 35 and hose 36. By reason of the original
      dihedral angles and the clamping forces involved, ribs 27 and first drawn
      into contact at their outer edges, as shown in FIG. 5. Further tightening
      of the nuts compresses packing 37 until a final condition such as that
      shown in FIGS. 4 and 6 is reached. In the course of this tightening the
      elastic limit of band 21 is intentionally exceeded, and the band
      permanently stretches, becoming narrower paraxially at its mid portion as
      it elongates, and increasing the intimacy of the contact between the band
      and the hose and tubing, to the point where the helical pattern of the
      hose becomes perceptible at the outer surface of the band. By reason of
      the different diameters, it follows that when nuts 34 are set down equally
      on the U-bolt, a portion of band 21 around hose 36 is stretched more
      severely than the portion around tube 35, and this in turn results in an
      arrangement in which the bars do not align with the tube axis, but extend
      slightly inwardly toward the smaller diameter, all as is shown in the
      drawing. Compression of packing 37 not only fills the paraxial gap between
      the ribs, as shown in FIG. 6, but also forces the packing material into
      the helical groove in the hose, so that gas and sound leaks, whether
      paraxial or helical, are efficiently sealed. The uniformity of application
      of the forces involved produces no non-circular distortion of the tubular
      members, and has no tendency to cause any dimpling or indentation to
      interfere with later disassembly of the system for service. The radial
      normal forces acting with the static coefficient of friction is the
      mechanism which holds the tubes and clamps tight or restrains the tubes
      from pulling apart against the forces from internal gas pressure or
      external exhaust system movement forces. Finally the connection device is
      capable of being applied after the system was assembled, and did not have
      to be put over hose 36 before tube 35 was inserted.
PAR  In FIG. 7 a pair of connectors 20 according to the invention are shown in
      use to connect an engine muffler 40 between a first tube 41 leading to the
      exhaust manifold of the engine and a second tube 42 leading to the
      atmosphere. Muffler stub tube 40a is slotted and overlies connection tube
      41, while connection tube 42 is slotted and overlies muffler stub tube
      40a, as shown in FIGS. 7 and 8, to permit it to be closed down tightly in
      a leak tight joint. These figures show how the circumferential force
      applied stresses the ductile band, drawing it tightly about both the
      larger and the smaller tube except along the gap filled by packing 37.
      FIG. 8 shows even more clearly than FIG. 4 how the ribs are drawn out of
      parallel with the tube axes into an oblique relation therewith.
PAR  The tube 41 is shown in FIG. 7 to comprise an elbow, and the figure makes
      it clear that band 21 in drawing up is capable of adapting itself as at 39
      to the curve in tube 41.
PAR  In FIG. 8 it is also evident that the apex of the dihedral angle contacts
      the body of the smaller tube, at 43, and the end of the larger tube, at
      44, but is out of contact at its top edge 45 and just below the end of the
      outer tube at 46. This can be remedied in part by the modification of the
      invention shown in FIG. 9. Here the edge of bar 47 is not rectilinear but
      is very shallowly V-shaped, the root of the V being at 48, at the bottom
      of the outer tube.
PAR  Reference to FIG. 5 shows that the first embodiment of the invention, the
      ribs are not at all parallel, particularly in the initial tightening
      stages. The bores are larger than the clamping means to allow this, but
      even then there is some possibility of catching of the U-bolt threads on
      the edges of the adjacent bar 26. To avoid this, the modification of FIGS.
      9, 10 and 11 has a pair of bosses 50 secured to bar 47, at the location of
      the bores, and the bores pass through both the bar and the bosses and are
      no larger than is required to comfortably pass the U-bolt legs. The bores
      in the other bar are oversized as before. This arrangement prevents
      cocking of the U-bolt in the bores, and facilitates smooth movement of the
      U-bolt in drawing the band around the tubular members.
PAR  Parenthetically it may be remarked that while for initial investigations
      the outer surfaces of the tubular members were lubricated before the
      connector was applied, experience has made it evident that with bands of
      appropriate ductility no lubrication whatever is necessary.
PAR  FIGS. 12 and 13 show a bar structure alternative to that shown in FIG. 9 in
      correcting for the effect pointed out in connection with FIG. 8. Bars 52
      are provided with slots 53, 54 between the bores, the slots extending
      quite deeply into the bars to permit the latter to deform under the action
      of the clamping means. As shown in FIG. 12, slot 53 has opened slightly,
      and slot 54 has closed slightly, under the clamping force, at the outer
      edge of the bar, allowing it to assume a slightly zigzag shape in which an
      appreciable portion of the dihedral angle contacts the larger tube, near
      55, and another appreciable portion of the dihedral angle contacts the
      smaller tube near 56, leaving only a relatively small intermediate area 57
      where there is bridging rather than direct contact.
PAR  FIG. 13 more distinctly shows a further possible modification. Here the
      ends 59 of the band 21 not only contact the faces of reinforcing bars 52,
      but in fact go completely around them, being welded thereto both outwardly
      and inwardly at 60, 61 and 62, 63.
PAR  A somewhat different embodiment is shown in FIGS. 14 and 15. Here the ends
      65 of band 21 are doubled back and welded to the band at 66 before being
      formed into dihedrals and being welded to bars 67 near their outer edges.
      Packing 37 is of course made a part of each of the various joints
      described.
PAR  FIGS. 16-18 show one further embodiment of the invention. The structure
      here differs from FIG. 1 in that the apices 70 of the dihedral angles are
      not at right angles to the sides of band 21, but converge slightly. This
      gives the connection when formed a configuration which departs slightly
      from the cylindrical even before the distorting circumferential forces are
      applied, so that the condition of FIG. 8 is more readily achieved with
      less differentially longitudinal stretching of the band.
PAR  From the foregoing it will be evident that we have devised new and improved
      means for sealingly connecting tubular elements, and that this means is
      characterized by a construction in which a surrounding band can be
      circumferentially stressed past its elastic limit to closely and securely
      conform to the configurations of tubular elements being joined even though
      they may be of different diameters by as much as 0.25 inches.
PAR  Numerous characteristics and advantages of our invention have been set
      forth in the foregoing description, together with details of the structure
      and function of the invention, and the novel features thereof are pointed
      out in the appended claims. The disclosure, however, is illustrative only,
      and changes may be made in detail especially in matters of shape, size and
      arrangement of parts, within thee principle of the invention, to the full
      extent indicated by the broad general meaning of the terms in which the
      appended claims are expressed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of joining two substantially incompressible tubular members
      axially which comprises bending a flat band of ductile metal around the
      adjacent ends of the members in direct superficial contact with said
      members and circumferentially stressing the band beyond its elastic limit
      to cause it to conform to the surfaces of the members throughout
      substantially their entire circumference the ductile metal band being such
      that it yields before the material of said member.
NUM  2.
PAR  2. The method of claim 1 in which the members are of slightly different
      diameters.
NUM  3.
PAR  3. The method of claim 2 in which one of the members is telescopically
      received within the other.
NUM  4.
PAR  4. The method of claim 1 in which one of the tubular members is a flexible
      metallic hose, and the circumferential forces are sufficient to
      perceptibly mold the band into the hose configuration.
NUM  5.
PAR  5. The method of claim 1 with the further step of retaining said band in a
      stressed condition past the elastic limit of a metal.
NUM  6.
PAR  6. In combination:
PA1  a pair of substantially incompressible tubular members of generally the
      same outside diameter to be joined in end to end relation;
PA1  a band ductile metal initially of strip form having end portions and bent
      to circular shape whereby the end portions confront one another, said band
      surrounding the joint between said members, the width of said band being
      generally the same as the diameters of said members, and a substantial
      portion of the width of said band engaging each of said members in direct
      contact therewith;
PA1  and means circumferentially stressing said band beyond its elastic limit,
      whereby to draw the band into intimate sealing engagement with the outer
      surfaces of said members, and maintaining said engagement when achieved,
      the ductile metal band being such that it yields before the material of
      said members.
NUM  7.
PAR  7. The structure of claim 6 in which the last named means includes a pair
      of reinforced flat ribs integral in part with said band and forming
      dihedral angles therewith, and clamping means mechanically drawing said
      ribs into mutual flat contact in a plane containing the axes of said
      members, whereby to produce the circumferential stress in said band, the
      length of said band between said ribs being less than the circumferences
      of said members, so that when the clamping means are tightened said band
      is stressed beyond its elastic limit and deforms into intimate superficial
      engagement with the member.
NUM  8.
PAR  8. Apparatus according to claim 7 in which each of said ribs includes a bar
      secured to an end of said band and provided with bores adapted to be
      brought into alignment for receiving said clamping member.
NUM  9.
PAR  9. Apparatus according to claim 8 in which said bar and said band are
      joined by spot welding along a line between the dihedral angle and said
      bores.
NUM  10.
PAR  10. Apparatus according to claim 7 in which the apices of said dihedral
      angles are oblique with respect to the center line of said band.
NUM  11.
PAR  11. Apparatus according to claim 8 in which at least one of said bars
      includes transverse slots between said bores to permit deformation of said
      bar to accommodate tubular members of somewhat different diameters.
NUM  12.
PAR  12. Apparatus according to claim 9 in which at least one end of said band
      is doubled on itself prior to the formation of the dihedral angle, and in
      which the weld spots traverse both thicknesses of said band and extend
      along a line outside said bores.
NUM  13.
PAR  13. Apparatus according to claim 12 in which the end of said band after
      doubling is welded to the body of the band.
NUM  14.
PAR  14. Apparatus according to claim 8 in which one of said bars includes a
      pair of lateral extensions through which said bores pass to prevent
      cocking of said bar with respect to said clamping means, said bores in
      said one bar being of the same diameter as said clamping means, and said
      bores in the other bar being larger than said clamping means.
NUM  15.
PAR  15. Apparatus according to claim 8 in which at least one end of said band
      is wrapped around the associated bar for traversal by said clamp means, of
      both layers of said wrap, both of said layers being spot welded to the bar
      along a line between the dihedral angle and said bores.
NUM  16.
PAR  16. Apparatus according to claim 7 in which one of said tubular members is
      of somewhat larger diameter than the other, and approximately one-third
      the width of said band overlies the larger of said members.
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ABST
PAL  A latch structure incorporating a housing and a bolt plate movable therein
      is attachable to an edge of a sliding door adjacent a corner thereof where
      the bolt plate may move into registry with openings formed in a flanged
      track in which the sliding door moves. A fastener secures the housing to
      the edge of the door and a thumb screw engages the bolt plate through a
      slot in the housing to enable the bolt plate to be moved relative to the
      housing and secured in fixed position relative thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to sliding doors having their upper and/or lower
      edges movably positioned in longitudinally extending, vertically spaced
      tracks and more particularly to latch structures for securing the sliding
      doors in predetermined positions in said tracks.
PAR  2. Description of the Prior Art
PAR  Prior structures of this type include rotary latches mounted on sliding
      doors as in U.S. Pat. No. 3,085,300; vertically movable bolts for
      engagement with an apertured plate as seen in U.S. Pat. No. 3,103,713 and
      combinations of vertically sliding bolts and bolt receiving fixtues
      mounted in tracks for sliding doors as in U.S. Pat. No. 3,698,833.
PAR  This
PAC  SUMMARY OF THE INVENTION
PAR  A latch for a sliding door, at least one edge of which is engaged in a
      track incorporating longitudinally extending flanges comprises a housing
      attachable to one edge of the door adjacent an upper corner thereof and
      slidably mounting a bolt plate that is extendible above the top edge of
      the door and into locking relation with openings formed in the track on
      either side of one of the flanges thereon. The housing forms retaining
      means for the bolt plate and a thumb screw movably engages the bolt plate
      and extends through a slot in the housing to enable the bolt plate to be
      controlled thereby.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective elevation of a portion of a sliding door
      showing the latch mounted thereon and a portion of a longitudinally
      flanged track normally engaging the top edge of the door;
PAR  FIG. 2 is a horizontal section on line 2--2 of FIG. 1; and
PAR  FIG. 3 is a horizontal section on line 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In its simplest form the latch for sliding doors disclosed herein comprises
      a section of a U-shaped channel including a transversely flat front
      portion 10 and right angular flanges 11 and 12 on its opposite edges. The
      front portion 10 is apertured by the formation of a slot 13, a circular
      inwardly flanged opening 14 and an elongated notch 15 extending inwardly
      from its uppermost end. A fastener, such as a flat-headed bolt 16, is
      positioned in the inwardly flanged opening 14 and engaged in a threaded
      opening in an edge portion 17 of a frame forming part of a sliding door.
      As illustrated herein the edge portion 17 of the sliding door frame is
      offset outwardly with respect to side edge portions 18 and 19 of said
      frame so that the channel shaped housing and more particularly its
      longitudinally extending edge flanges 11 and 12 will register over the
      opposite outer edges of the offset edge portion 17 of the door frame as
      best seen in FIGS. 2 and 3 of the drawings.
PAR  The depth of the flanges 11 and 12 is greater than the dimension of the
      offset of the edge portion 17 with respect to the remainder of the door
      frame and a space suitable for slidably receiving a bolt plate 20 is thus
      formed.
PAR  By referring now to FIG. 1 of the drawings in particular, it will be seen
      that the bolt plate 20 is bifurcated by cutting away the central portion
      thereof as at 21 to form separate upwardly extending bolts 22 and 23 and
      to form an area around and about the inturned circular flange defining the
      opening 14 in the front portion 10 of the device wherein the fastener 16
      is positioned.
PAR  By referring to FIG. 3 of the drawings in particular, it will be seen that
      the circular flange formed inwardly of the opening 14 in the front portion
      10 of the housing and as indicated by the numeral 24 forms a spacer
      preventing the front portion 10 of the housing from moving into the area
      in which the bolt plate 20 must slide.
PAR  By referring now to FIGS. 1 and 2 of the drawings, it will be seen that a
      thumb screw 24 is threadably engaged in an opening in the bolt plate 20
      below the cutaway area 21 thereof and is positioned so that it extends
      outwardly through the slot-like aperture 13.
PAR  It will thus be seen that the bolt plate 20 and more particularly the flat
      bolts 22 and 23 thereof may be moved vertically by such motion imparted
      the thumb screw 24 and that when the flat bolts 22 and 23 are in extended
      relation to the housing in which they slide, as seen in FIG. 1 of the
      drawings, they will be in a position to engage apertures 25 of registering
      shape formed in a base 26 of a flanged track incorporating longitudinally
      extending flanges 27 which receive and guide the upper edge of a sliding
      door as will be understood by those skilled in the art.
PAR  Still referring to exploded FIG. 1 of the drawings, it will be seen that
      the upper edge of the sliding door as defined by the frame herein
      illustrated is notched as at 28 for registry with one of the flanges 27 on
      the base 26 of the flanged track which guides the upper edge of the
      sliding door and it will thus be seen that the upper edge of the sliding
      door is located relative to the apertures 25 in the base 26 so that the
      flat bolts 22 and 23 may always be engaged therein.
PAR  Those skilled in the art will observe that the apertures 25 and 26 may be
      located to correspond with the position of the flat bolts 22 and 23 when
      the sliding door on which they are positioned is in closed position in a
      door opening or the like and that additional pairs of apertures may be
      formed in the base 26 of the flanged track in spaced relation to the
      apertures 25 and 26 so that the door on which the latch is positioned can
      be secured in partially open position.
PAR  It will thus be seen that a latch for a sliding door has been illustrated
      and described herein that is preferably attached to a sliding door having
      an offset edge portion although it may obviously be attached to the edge
      of a sliding door that is transversely flat by simply shortening the
      flanges 11 and 12 of the housing in which the bolt plate 20 is movably
      positioned or alternately thickening the bolt plate 20 as desired.
PAR  In either event, the bolt plate and its bifurcated upper end portion
      forming the flat bolts 22 and 23 are operable with respect to apertures in
      the base of the flanged track in which the upper edge of the sliding door
      is slidably mounted.
PAR  Although but one embodiment of the present invention has been illustrated
      and described, it will be apparent to those skilled in the art that
      various changes and modifications may be made therein without departing
      from the spirit of the invention.
CLMS
STM  Having thus described my invention what I claim is:
NUM  1.
PAR  1. The combination of a latch and a sliding door having a forwardly offset
      portion on one of its vertical edges and having its upper edge movably
      engaged in a flanged track; said latch comprising a housing having a flat
      front portion and perpendicular, longitudinally extending flanges at its
      opposite edges positioned over said fowardly offset portion on the
      vertical edge of the door so as to straddle the same, a central opening in
      said flat front portion of the housing, a circular inturned flange around
      said central opening and a fastener positioned through said opening and
      engaged in said forwardly offset portion of said vertical edge of the
      door, a bolt plate slidably positioned in the area between the flat front
      portion of the housing and the offset portion of the edge of the door, a
      cutaway section in said bolt plate extending inwardly from the upper end
      thereof to provide clearance for said circular flange and fastener and so
      as to form spaced flat bolt portions movable outwardly of the housing for
      registry in spaced openings in said flanged track, an elongated slot in
      the flat front portion of said housing and a device positioned
      therethrough and engaged in said bolt plate for adjustable, frictional
      engagement with the offset portion of the door.
NUM  2.
PAR  2. The combination of claim 1 wherein said device engaged in said bolt
      plate is a threaded member positioned in a threaded opening in said bolt
      plate.
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ABST
PAL  A casket lock structure for securing a casket top in a closed and sealed
      position. An elongated lock bar is slideably mounted inside the front of a
      casket. A connecting bar is pivotally mounted at one end to the lock bar
      and at the other end to an offset portion of a shaft extending through the
      wall of the casket such that rotation of the shaft causes a lateral
      translational movement of the lock bar. Striker pins fastened to the
      casket top are adapted to engage hook portions formed into the lock bar as
      the top is closed.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to lock mechanisms and, more particularly, to
      a lock structure for securing the top of a casket in a closed and sealed
      position.
PAR  A primary object of the present invention is a casket lock structure in
      which the operating parts combine to provide substantial leverage so that
      the force applied by the lock structure to close and seal the lid of a
      casket is substantially greater than the force applied to operate the lock
      structure.
PAR  Another object is a casket lock structure in which the leverage provided by
      the operating members is increased as the lock structure is closed, so
      that the greatest amount of force will be available to seal the casket top
      in its locked position.
PAR  Another object is a casket lock structure in which a snap-action closing
      effect is produced, in that once the lock structure is substantially
      closed, an additional internal force will be applied to complete the
      closing operation so as to return the structure to its locked position.
PAR  Another object is a casket lock structure having a unique striker fastened
      to the casket top for firmly engaging the remainder of the lock structure
      mounted along the casket wall.
PAR  Another object is a casket lock structure constructed to operate within a
      very limited height so that it may be substantially concealed within the
      flange of a casket wall.
PAR  Another object is a casket lock structure in which the operating member
      which passes through the casket wall carries a seal so as to prevent the
      entrance of moisture and the escape of air from the casket.
PAR  Another object is a casket lock structure in which every member is fixed in
      a stationary position when the structure is set in its locked position.
PAR  Other objects will appear in the ensuing specification, drawings and claims
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a casket in which the present invention has
      been installed,
PAR  FIG. 2 is a section along plane 2--2 of FIG. 1,
PAR  FIG. 3 is a side view, partly in section, of the striker which is to be
      fastened to the flange of the top of a casket,
PAR  FIG. 4 is a section along plane 4--4 of FIG. 3,
PAR  FIG. 5 is a partly fragmented front plan view, partly in section, of the
      lock structure in a closed and locked position,
PAR  FIG. 6 is a top view partly in section of the structure of FIG. 5, and
PAR  FIG. 7 is a section along plane 7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the present invention, a casket lock structure may be substantially
      enclosed within a flange 10 on the front wall 12 of a casket 14 as is
      shown in FIG. 1. Basically, the only externally visible portions of the
      lock are handle 16, strikers 18, which are fastened to flange 20 of casket
      top 22, and openings 24 in the top of casket flange 10 for receiving
      strikers 18.
PAR  In FIG. 2, a central bracket 26, which is fastened to the top of the casket
      flange 10 by a pair of rivets 28, has a flat horizontal portion 30 and a
      suspended vertical portion 32 which rotatably supports a shaft 34 within a
      circular hole 36. The shaft extends through a lock bar 38, connecting bar
      40 and a cam plate 42, all of which are described in detail hereinbelow.
      An enlarged section 44 of the shaft 34 and a further enlarged section 46
      are interposed between the cam plate 42 and the casket flange 10, with the
      outer annular face of section 46 being grooved to carry a seal 48 to seal
      against the inner surface of flange 10. A handle plate 50, which is
      fastened to the outer surface of flange 10, may have a recessed area 52 so
      as to receive another O-ring seal 54 about the shaft to provide an outer
      seal. The seals 48 and 54 are included to prevent the entrance of moisture
      and the escape of air from the casket.
PAR  A seal 56, shown in FIG. 2, is mounted along the top surface of casket
      flange 10 to seal against flange 20 of the casket top as the latter is
      closed.
PAR  Referring to FIGS. 5-7, lock bar 38 is slideably mounted within spaced side
      brackets 60. Each bracket 60 has a flat top portion 62, which is fastened
      to the underside of casket flange 10 by a pair of rivets 64, and a
      vertical suspended portion 66 which is folded generally in half to form a
      channel having a width slightly greater than that of lock bar 38. In
      addition, a flange 68 is formed along the free end of the bracket 60 to
      provide added strength therefore.
PAR  The lock bar 38 is an elongated rigid plate. An arcuate groove 70, which is
      cut into one end of lock bar 38, partially defines a hook portion 72, the
      function of which will be described below. A similarly shaped hook portion
      74 extends from the other end of the lock bar 38. A longitudinal slot 75
      is cut out of the lock bar to receive shaft 34 and to allow the lock bar
      to be longitudinally reciprocated over stationary shaft 34.
PAR  Connecting bar 40 is pivotally connected to lock bar 38 at a point
      longitudinally offset to the left of shaft 34 by a rivet 76. The other end
      of the connecting bar is rotatably mounted by means of a rivet 78 to cam
      plate 42 at a point radially offset from the axis of shaft 34. Connecting
      bar 40 is likewise an elongated plate of rigid material, but shorter in
      length than lock bar 38.
PAR  Cam plate 42 is rigidly carried by shaft 34 between connecting bar 40 and
      enlarged section 44. A cam plate hole 80, which has partially straight
      parallel sides, is adapted to receive a similarly shaped portion of shaft
      34, to prevent rotation of the shaft relative to the cam plate. Another
      hole 82, offset from the hole 80, is adapted to receive rivet 78 for
      pivotally fastening one end of the connecting bar 40 thereto.
PAR  Handle 16 which acts as a crank for rotating shaft 34 is mounted to the
      outer end thereof by a wrist pin 84. The handle has a generally
      rectangular flat outer surface 86 and integral inwardly extending upper
      and lower surfaces 88 and end surfaces 90. The inner edges of the upper
      and lower surfaces 88 are contoured to match the outer surface of handle
      plate 50, against which the handle rests when disposed in its locked
      position. The inner corner 92 of the free end of the handle 16 is tapered
      away from handle plate 50 so as to provide a gripping surface for pulling
      the free end of the handle away from the handle plate in order to operate
      the lock structure. The opposite end of handle 16 has a stop surface 93
      which limits the outward pivotal movement of handle 16. A bracket 94,
      which is disposed within the other end of handle 16, extends about an
      undercut portion or annular groove 96 in the shaft 34 thereby fixing the
      position of the shaft in relation to casket wall 10 and handle plate 50.
      An extension 98 of the bracket 94 is bent toward outer surface 86 of the
      handle and has two flanges 100 directed toward shaft 34 to partially
      enclose a spring 102 which pivotally urges the free end of handle 16 to a
      position parallel to but spaced from handle plate 50. A stop member 103 on
      bracket 94 limits the inward rotation of handle 16 so as to prevent
      contact.
PAR  Referring to FIG. 7, locking bracket 104 is slideably mounted along lock
      bar 38 on the same side as the connecting bar 40 by pin 106 and slot 108.
      End portion 110, which faces connecting bar 40, is bent at an angle away
      from lock bar 38. In addition, the bottom edge is tapered upward so as to
      form contact surface 112 for engagement with the end of connecting rod 40
      when the rod is nearly in its clocked position. Slot 114 is cut into the
      bracket to receive the end of connecting rod 40 and spring 116 urges the
      locking bracket toward said connecting bar. One end of spring 116 overlies
      and encircles tooth 118 formed in lock bar 38 and the other end of the
      spring overlies and encircles similar tooth 120 formed in locking bracket
      104. Because locking bracket 104 and lock bar 38 have mutually contacting
      surfaces, longitudinal slots 122 and 123 respectively must be formed in
      each to provide space for spring 116.
PAR  Referring to FIGS. 3-5, striker 18 is mounted on the casket top for
      engaging each hook portion 72 and 74 of lock bar 38. A cup-shaped housing
      126 has roller 128 mounted on striker pin 130 supported within and across
      cup 126. Two diametrically opposed vertical slots 132 are cut out of the
      walls of the cup, with the slots being aligned along a diameter normal to
      the axis of striker pin 130. Cover 134 extends across the top of housing
      126 and has an integral threaded extension 136 for engaging flange 20 of
      casket top 22. Threaded extension 136 is secured to flange 20 by a bowed
      nut 138, the function of which is explained below.
PAR  The use, operation and function of the invention are as follows:
PAR  In order to close and lock top 22 of casket 14, the free end of handle 16
      is pivoted outward about wrist pin 84, so that the handle can be used as a
      crank to rotate shaft 34 in a counterclockwise direction. Cam plate 42
      rotates with shaft 34 and causes one end of connecting bar 40 to travel
      along a semi-circular path as it rotates about rivet 78. The other end of
      the connecting rod is constrained by the pivotal connection to lock bar 38
      to a horizontal linear movement. Thus the rotation of shaft 34 will cause
      a lateral translational displacement of the other end of connecting bar 40
      and lock bar 38, both being displaced to the left as viewed in FIGS. 5 and
      6. When handle 16 has been rotated through generally 135.degree., the open
      end of groove 70 will be aligned with opening 24 in casket flange 10. As
      casket top 22 is closed onto flange 10, strikers 18 will be received into
      the openings 24. Clockwise rotation of the handle will then cause lock bar
      38 to be displaced to the right. Such lateral displacement of lock bar 38
      will cause hook portions 72 and 74 to enter vertical slots 132 of strikers
      18. As the bottom curved surface of the hook portions bear against rollers
      128 on striker pins 130, the striker and top flange 20 to which it is
      secured will be drawn following the curve of the hook portions. As handle
      16 is almost returned to the horizontal position, inclined surface 112 of
      locking plate 104 will bear against the end of connecting rod 40 and
      provide an additional internal downward thrust to effectively snap
      connecting bar 40 into its closed and locked position.
PAR  Cam plate 42, connecting bar 40 and lock bar 38 are so constructed and
      arranged relative to one another that the maximum force will be applied to
      close the lid and thus seal the casket. Looking at FIGS. 5 and 7, it can
      be seen that when rivet 78 which joins cam plate 42 and connecting bar 40
      is at 10:30 o'clock relative to the axis of the shaft, or 45.degree. to
      the left of the vertical, a great amount of handle rotation will produce a
      small lateral displacement of the lock bar 38. However, rollers 128 of
      striker pins 130 will engage the outermost surface of the hook portions
      when cam plate 42 is in this position. Because the slope of the bottom
      surface of hook portions 72 and 74 is greatest near the top of the lock
      bar and approaches the horizontal as the said bottom surface curves into
      the lock bar, even a small initial rightward displacement of the lock bar
      will cause a substantial downward displacement of the striker pins 130 and
      thus the casket top. When the cam rivet is at 12 o'clock, the greatest
      linear displacement of the lock bar will be produced by a given rotation
      of the shaft. However, when the cam rivet approaches the 3 o'clock
      position the greatest amount of shaft rotation will produce the smallest
      linear displacement of lock bar 38 and the minimum slope of hook portions
      72 and 74 will bear against strikers 18. Thus the angular position of the
      cam plate and related slope of the lock bar hook portions combine to
      provide substantial leverae in applying the force exerted on the handle to
      the downward closing force applied to the strikers of the casket top. The
      last angular displacement of the handle will thereby cause only a minimum
      downward displacement of the casket top. This latter minimum depression of
      the casket top can be effectively used to simply force the already closed
      top 22 into seal 56 disposed between the flanges of the casket walls and
      top.
PAR  In addition, an internal force will be applied to return connecting bar 40
      to its locked position. Right near the end of the movement of the
      connecting bar as it is returning to the horizontal position, it will bear
      against inclined surface 112 on locking bracket 104. This will cause the
      connecting bar to be rapidly moved back to its horizontal locked position
      because bracket 104, under force of spring 116, will provide a downward
      thrust on the connecting bar. This snap type action returns the handle to
      its horizontal position once it is almost brought to that position.
PAR  Strikers 18 are constructed to form a rigid connection with lock bar hooks
      72 and 74. As a striker is engaged by a hook, roller 128 bears against the
      bottom surface of the hook and the housing 126 bears against the lower
      surface of the groove associated with that hook, if any. Even for hook 74
      at the end of lock bar 38, vertical slots 132 are completely filled by
      hook portion 174 so that there is no vertical play in such a connection.
      The slope of the hooks prevent any longitudinal freedom of movement and
      the width of slots 132 prevents any lateral play although both of these
      latter movements are more significantly restrained by the construction of
      the hinges of the casket top.
PAR  Nut 138 of the striker has a bow to it, not only to provide some tension to
      firmly hold the striker to the flange of the casket top, but also to
      accurately align slots 132 with the hook portions of the lock bar. The
      striker may have to be rotated through a fraction of additional turn once
      it is secured to the flange in order to make such an alignment. The
      tension provided by the bow in nut 138 permits slack to allow exact
      alignment.
PAR  In furtherance of the aesthetic features of casket construction, all of the
      operating portions of the casket lock structure of the present invention
      are constructed to operate within a space having a maximum vertical height
      of approximately 11/8 inch. The structure can therefore be concealed
      within the flange on the front wall of a casket.
PAR  Whereas the preferred form of the present invention has been shown and
      described herein, it should be realized that there may be many
      modifications, alterations and substitutions thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A casket lock structure for securing a casket top in a closed and sealed
      position comprising:
PA1  an elongated lock bar and means for slidably mounting it along a casket
      wall, said bar having at least one hook portion;
PA1  a shaft to be rotatably supported through the casket wall at a point
      intermediate the length of the lock bar;
PA1  means for rotating said shaft;
PA1  a connecting bar having one end pivotally mounted to the lock bar at a
      point laterally offset from said shaft, offset means on said shaft being
      so associated with the other end of the said connecting bar that rotation
      of said shaft causes a lateral translational movement of the said one end
      of the connecting bar and, in turn, the lock bar to which it is mounted;
      and,
PA1  means associated with the casket top for engaging said hook portion of the
      lock bar as the top is closed;
PA1  said lock structure having a locked position corresponding to the closed
      and sealed position of the casket top; and
PA1  said lock bar, connecting bar and offset means being so connected and
      arranged relative to one another that the angular displacement of the
      handle required to produce a small uniform downward displacement of the
      casket top increases as the lock structure approaches its locked position,
      thereby increasing the leverage of shaft rotation to lock bar translation
      so as to maximize the closing force applied to the casket top as it
      approaches its closed and locked position.
NUM  2.
PAR  2. The casket lock structure of claim 1 further characterized in that said
      offset means on the shaft comprises a cam plate rigidly mounted on said
      shaft and generally normal to the axis thereof, with the said other end of
      the connecting bar being rotatably connected to said cam plate at a point
      radially offset from the shaft extending therethrough.
NUM  3.
PAR  3. The structure of claim 1 further characterized in that the means for
      engaging each hook portion of the lock bar includes a cup-shaped striker
      having a pin mounted thereacross and fastening means for attachment to the
      casket top.
NUM  4.
PAR  4. The structure of claim 1 further characterized in that the means for
      engaging each hook portion of the lock bar includes a cup shaped striker
      with a pin mounted thereacross, said striker having two diametrically
      opposed vertical slots, aligned along a diameter normal to the axis of
      said pin, for receiving said hook portion, and a cover at the top of the
      striker having a threaded extension for engaging the flange of the casket
      top.
NUM  5.
PAR  5. The structure of claim 3 further characterized by and including a bowed
      nut cooperating with the threaded extension of the striker to firmly hold
      the striker to the flange of the casket top, the bow of said nut
      permitting limited rotation of the striker after it has been secured to
      the flange so as to align the slots in the striker with the hook portion
      of the lock bar.
NUM  6.
PAR  6. The structure of claim 3 further characterized by and including a
      cylindrical roller mounted on said pin so as to roll along the surface of
      said hook portion as the same is engaged by the striker.
NUM  7.
PAR  7. The structure of claim 1 further characterized by a curved groove in
      said lock bar, partially defining a bottom surface of said hook portion
      such that the slope of the bottom surface is greatest near the top of the
      lock bar and approaches the horizontal as the said bottom surface curves
      into the lock bar, said curved groove being adapted to receive said means
      for engaging each hook portion and thereby to provide additional closing
      leverage.
NUM  8.
PAR  8. The structure of claim 1 further characterized by an enlarged section of
      said shaft between the cam plate and outer casket wall, the face of said
      enlarged section being adapted to hold an annular seal against the casket
      wall to prevent the entrance of moisture and the escape of air from the
      casket.
NUM  9.
PAR  9. The structure of claim 1 further characterized in that the means for
      rotating said shaft comprises a handle pivotally mounted on the end of
      said shaft by a wrist pin extending therethrough.
NUM  10.
PAR  10. A casket lock structure for securing a casket top in a closed and
      sealed position comprising:
PA1  an elongated lock bar and means for slidably mounting it along a casket
      wall, said bar having at least one hook portion;
PA1  a shaft to be rotatably supported through the casket wall at a point
      intermediate the length of the lock bar;
PA1  means for rotating said shaft;
PA1  a connecting bar having one end pivotally mounted to the lock bar at a
      point laterally offset from said shaft, offset means on said shaft being
      so associated with the other end of said connecting bar that rotation of
      said shaft causes a lateral translational movement of the said other end
      of the connecting bar and, in turn, the lock bar to which it is mounted;
PA1  means associated with the casket top for engaging said hook portion of the
      lock bar as the top is closed; and
PA1  a locking bracket slidably mounted along said lock bar, spring means urging
      said locking bracket toward the said other end of the connecting bar, said
      locking bracket having a slanted edge surface so that as the said other
      end of the connecting bar approaches the end of its rotational
      displacement, it will bear against the slanted edge portion of the locking
      bracket and be urged toward its final locked position.
NUM  11.
PAR  11. The structure of claim 10 further characterized by a pin and slot
      connection for holding the locking bracket to said lock bar.
NUM  12.
PAR  12. A casket lock structure for securing a casket top in a closed and
      sealed position comprising:
PA1  an elongated lock bar and means for slidably mounting it along a casket
      wall, said bar having at least one hook portion;
PA1  a shaft to be rotatably supported through the casket wall at a point
      intermediate the length of the lock bar;
PA1  a longitudinal slot in said lock bar, said slot permitting the
      translational displacement of the lock bar about said shaft which extends
      therethrough;
PA1  means for rotating said shaft;
PA1  a connecting bar having one end pivotally mounted to the lock bar at a
      point laterally offset from said shaft, offset means on said shaft being
      so associated with the other end of said connecting bar that rotation of
      said shaft causes a lateral translational movement of the said other end
      of the connecting bar and, in turn, the lock bar to which it is mounted;
PA1  means associated with the casket top for engaging said hook portion of the
      lock bar as the top is closed.
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ABST
PAL  A security stop lock for a door chain. The security stop lock is in the
      form of a joined pair of discs together with a thumb screw. The discs fit
      about the slot in the locking plate in a door chain mechanism and the
      thumb screw fastens the discs into a threaded hole in the member to which
      the slotted locking plate is fitted so as to prevent removal of the door
      chain tab from the slot of the locking plate.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Our invention is a security stop lock for a door chain. The security stop
      lock is in the form of a joined pair of discs together with a thumb screw.
      The discs fit about the slot in the locking plate in a door chain
      mechanism and the thumb screw fastens the discs into a threaded hole in
      the member to which the slotted locking plate is fitted so as to prevent
      removal of the door chain tab from the slot of the locking plate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates an elevation view of the invention in use;
PAR  FIG. 2 is a rear view of the stop lock unit;
PAR  FIG. 3 is a fragmentary sectional view of the stop lock installer in a
      locking plate; and
PAR  FIG. 4 is a side view of the stop lock and thumb screw.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      illustrates a conventional door chain mechanism 10 installed on a door 27
      and door jamb 28, with the chain tab 33 held securely in the slot 22 of
      the locking plate 19 by stop lock 11.
PAR  As shown in FIGS. 1-4, the stop lock unit comprises a pair of discs 12 and
      14 joined together by a reduced neck section 13, with a through central
      hole 16 in which a thumb screw 15 loosely rides. The door 27 or support
      member of the locking plate 19 is fitted with a blind threaded hole 38
      open to inside face of the door and located opposite the slot 22 of the
      locking plate in a position between both ends of slot 22 in the locking
      plate 19.
PAR  Neck section 13 of the stop lock unit is of a lesser diameter than the
      width of slot 22 but of lesser diameter than the circular end opening 21
      of slot 22, with the head disc 14 of a larger diameter than circular
      opening 21. Thumb screw 15 is fitted with a shaped head 26 of a size that
      may be readily gripped for tightening the stop lock 11 in place or for
      loosening screw 15 so as to remove the stop lock 11 from slot 22 when it
      is desired to remove the chain tab 33 from slot 22.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what we claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A stop lock unit for securing the chain tab of a chain lock mechanism in
      place in the slotted lock plate of a conventional door chain lock
      mechanism, so as to prevent opening of the door chain lock mechanism,
      comprising
PA1  A conventional door chain lock mechanism with a lock plate that may be
      fastened to a door, said lock plate formed with a slot, one end of which
      is enlarged, and a chain that may be fastened to a door jamb, with the
      free end of the chain fastened to a tab member that may be inserted into
      the enlarged end of the slot of the lock plate and slid along the length
      of the slot,
PA1  a stop lock unit adaptable for mounting in the said slot so as to prevent
      the tab member inserted in the slot from sliding past the installed stop
      lock unit,
PA1  said stop lock unit being in the form of a pair of shaped plates joined by
      a reduced neck section and fitted with a through hole, together with a
      screw which loosely fits in said hole and is adaptable for engaging a
      threaded hole in the supporting member to which the lock plate is fastened
      behind the slot of the lock plate, when the stop lock unit is initially
      inserted into the enlarged end of the slot of the lock plate and then slid
      in the slot past the enlarged end, in which the neck of the stop lock unit
      is of lesser width than the width of the slot in the lock plate so as to
      ride freely in the slot, with the tail plate of the stop lock unit being
      of greater width than the width of the slot of the lock plate but of a
      size to fit through the enlarged end portion of the slot of the lock
      plate.
NUM  2.
PAR  2. The combination as recited in claim 1 in which the head plate of the
      stop lock unit is shaped so that it will not pass through the enlarged end
      portion of the slot of the lock plate.
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ABST
PAL  A seal especially adapted for use on a fire extinguisher or other device,
      said seal providing visual evidence of operability and has means to
      prevent operation of the device until the seal is removed. The seal is
      formed of a single piece of molded plastic and is provided with an
      integral finger loop to facilitate removal. In a preferred embodiment of
      the invention, the means preventing operation of the extinguisher is a
      rigid bar which extends through suitable locking apertures in the
      operating handle and handle support, and the seal means is a socket on one
      end of the bar and a shackle extending from the other end.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Certain types of fire extinguishers, such as the CO.sub.2  type, are
      provided with an operating handle which is maintained in the closed
      position by a spring. Unintentional operation of the device is prevented
      by a pin extending through apertures in the handle and the handle support.
      The pin is wired in place by a seal of the so-called "lead and wire" type.
      The wire, which is easily broken, is imbedded in a lead pellet to give
      evidence of tampering or use. The assembly of the components of such a
      device is time-consuming and expensive. The use of a metal pin also has
      other disadvantages, in that the fire extinguisher is frequently required
      to be used by persons not familiar with the locking means, who try to
      depress the operating handle without removing the pin. Under the
      conditions of stress usually prevailing when a fire extinguisher is
      needed, the user, in applying excessive force to the handle, often bends
      the pin so that it is unsuitable for re-use, and in some cases the force
      applied has been so great that the pin has been jammed between the
      operating handle and the handle support, rendering the extinguisher
      inoperative, and so deforming the pin that it could not be removed by
      hand.
PAC  SUMMARY OF THE INVENTION
PAR  A seal for the above described purpose is provided which is formed of a
      single piece of molded plastic. The seal performs both the function of the
      locking pin and the lead and wire seal, and comprises an alongated rod for
      extending through the apertures in the operating handle and the handle
      support, said rod having a socket at one end and a locking shackle
      extending from the other end, said shackle being long enough to extend
      around the handle and pass into the socket in locking relation there. The
      shackle has a plurality of locking elements formed thereon so that the
      shackle can be pulled tightly around the handle for locking. An integral
      finger loop extends from the locking pin, so that the pulling on the
      finger loop both breaks the shackle and removes the pin.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top plan view of a seal embodying the features of the
      invention.
PAR  FIG. 2 is a view in side elevation of the seal of FIG. 2.
PAR  FIG. 3 is a view in side elevation of a fire extinguisher with the seal of
      FIGS. 1 and 2, assembled therewith.
PAR  FIG. 4 is a view of the assembly of FIG. 3 as seen from the right side.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawing there is illustrated a seal 10 which is
      particularly adapted for use with a fire extinguisher 12 of the CO.sub.2
      type, which has a valve operating handle 14 carried on a handle support
      16. The handle 14 is normally biased to the closed position, as shown, by
      a spring (not shown) and when in this position apertures 18 in the handle
      are aligned with apertures 20 in the handle support.
PAR  The seal 10 is formed of a single piece of molded plastic, and comprises a
      locking pin 22, a finger loop 24 disposed at one end of the locking ring,
      a socket 26 projecting upwardly from the junction of the finger loop with
      the locking pin, and a shackle 28 extending from the opposite end of the
      locking pin.
PAR  In the illustrated embodiment the socket 26 and the shackle 28 comprising a
      seal of the type shown in U.S. Pat. No. 3,467,427, issued Sept. 16, 1969,
      with the socket comprising a hollow body having an internal passage 30
      extending therethrough and internal fingers 32. The shackle 28 has a
      plurality of circumferential camming surfaces 34 leading to locking
      shoulders 36, which are sized and positioned so that the shackle may be
      pulled through the socket, whereby the fingers 32 are flexed outwardly by
      each camming surface 34 and snap back behind the shoulder 36, thereby
      preventing backward movement of the shackle through the socket.
PAR  The seal 10 is assembled with the fire extinguisher by inserting the
      shackle 28 and pin through the aligned openings 18 and 20. The end of the
      shackle may then be inserted into the top of the socket and drawn tightly
      around the handle, so that the shackle is locked in place. The seal can
      thereafter be removed only by fracturing the shackle.
PAR  The seal described herein has a number of advantages over the metal locking
      pin with lead and wire seal previously used. First, the cost of the seal
      and the assembly cost is less than that of a metal pin with a separate
      seal. Second, the pin is disposable after each use, thereby eliminating
      the problems created by the re-use of pins which are bent or otherwise
      damaged. Third, since the pin is made of plastic, when an excessive force
      is applied to the operating handle, as by a person in a state of panic,
      the pin will be sheared by the handle, allowing the extinguisher to be
      operated.
PAR  Although in the illustrated embodiment, the seal locking structure is
      similar to that described and claimed in the above mentioned U.S. Patent,
      it will be understood that this is by way of example only, since other
      forms of locking seals may be used if desired. For example, although the
      excess length of shackle allows the seal to be used on devices with
      handles of various size and shape, a seal with a single locking element on
      the end of a shackle of predetermined length may be used on a fire
      extinguisher of known size.
PAR  Although the specific embodiment illustrated herein is particularly
      designed for use as a combination locking pin and seal on a fire
      extinguisher, it will be understood that the principles of the invention
      may be applied to other devices in which a rigid pin combined with a
      locking seal is required.
PAR  Since certain other obvious changes may be made in the illustrated
      embodiment of the device without departing from the scope of the
      invention, it is intended that all matter contained herein be interpreted
      in an illustrative and not a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A seal for use with a device having an operating handle disposed on a
      handle support with apertures in the handle and support which are aligned
      when the handle is in the non-operating position, said seal comprising a
      rigid pin sized to closely fit and extend through the apertures and
      project from each side of the handle, a socket disposed at one end of the
      pin and a flexible shackle extending from the opposite end of the pin,
      said shackle having a central core having a diameter substantially less
      than that of the pin so as to be easily bendable and a series of locking
      enlargements formed thereon, said enlargements having a diameter not
      greater than that of the pin, and having a length such that it can pass
      around the handle and enter the socket, said socket having means for
      receiving said locking enlargements in non-separable engagement.
NUM  2.
PAR  2. A seal as set out in claim 1 which has a finger loop extending from the
      end of the pin having the socket.
NUM  3.
PAR  3. A seal according to claim 2 in which the pin is formed of material
      capable of being sheared by an excessive force applied to the operating
      handle.
NUM  4.
PAR  4. A seal for insertion into the locking apertures of the operating lever
      of a fire extinguisher for both locking and sealing the lever, said seal
      being formed of a single piece of plastic and comprising an elongated
      solid relatively inflexible pin having a diameter such that it
      substantially fills the locking apertures when assembled therein, a socket
      formed at one end of the pin and having an aperture extending therethrough
      with internal resilient fingers, and a flexible shackle extending from the
      other end of the pin, said shackle having a central core having a diameter
      substantially less than that of the pin and a series of locking shoulders
      formed thereon having a diameter not greater than that of the pin and
      having a length great enough to pass around the handle and through the
      socket, and a finger loop extending from the end of the pin carrying the
      socket, said shackle having a tensile strength such that it can be readily
      broken by a pull on the finger loop to remove the pin from the apertures,
      said pin being of a strength such that it can be sheared when a greated
      than normal force is applied to the operating lever.
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ABST
PAL  The bumper of a vehicle is secured to the vehicle chassis by shock
      absorbers having each a cylinder attached to the vehicle chassis and a
      hollow piston assembly attached to the bumper. Liquid in the cylinder
      communicates with liquid in the piston assembly through a throttling
      passage in the piston, and a compressed gas cushion acting on the liquid
      in the piston assembly biases the assembly outward of the cylinder cavity
      against an abutment. The initial gas pressure and dimensions of the shock
      absorber are so selected that the total energy absorbed by the shock
      absorber while the piston assembly is pushed from its normal to its
      innermost position by the greatest impact energy capable of being totally
      absorbed is consumed to at least 20% by reversible compression of the gas
      cushion.
BSUM
PAR  This invention relates to the protection of motor vehicles against damage
      by low-speed collisions, and particularly to a hydropneumatic shock
      absorber to be installed between the chassis and bumper of a vehicle, and
      to a vehicle equipped with such shock absorbers.
PAR  It is known to install piston-and-cylinder type, fluid-filled shock
      absorbers between a bumper and the chassis of an automotive vehicle for
      dissipating the energy of a low-speed collision without serious damage to
      the vehicle. A liquid is driven in the known arrangements by the force of
      the impact through a throttling passage in which the kinetic energy of the
      flowing, viscous liquid is converted to thermal energy. If a resilient
      element, such as a spring or a cushion of gas under pressure, is provided,
      it serves mainly to expel the piston from the cylinder after the impact,
      and thereby to restore the original condition of the shock absorber if the
      latter was not damaged in the collision.
PAR  The known devices are temperature-sensitive because of changes in the
      initial viscosity of the liquid with the ambient temperature. The further
      temperature change caused by the absorbed energy of impact is
      unpredictable, thereby affecting the reliability of the device. The
      coefficient of thermal expansion of the liquids commonly employed in shock
      absorbers is quite high, and the temperature rise caused in the liquid by
      the absorbed energy produces high internal pressure in the shock absorber.
      The shell of the shock absorber must be made correspondingly heavy.
PAR  The invention aims at avoiding the afore-described short-comings of the
      known fluid-filled shock absorbers.
PAR  It has been found that the amount of gas in a shock absorber and the gas
      pressure can be increased without disadvantage until as much as 50% of the
      impact energy is reversibly consumed in compressing the gas, only the
      remainder being irreversibly converted to thermal energy by throttling a
      stream of flowing liquid. The afore-described problems created by the rise
      in the temperature of the liquid during operation of the shock absorber
      are greatly mitigated in the modified shock absorbers of the invention.
DRWD
PAR  Other features, additional objects, and many of the attendant advantages of
      this invention will readily be appreciated as the same becomes better
      understood by reference to the following detailed description of preferred
      embodiments when considered in connection with the appended drawing in
      which:
PAR  FIG. 1 shows a motorcar equipped with a shock absorber of the invention in
      fragmentary, side-elevational section;
PAR  FIG. 2 shows a modification of the shock absorber of FIG. 1;
PAR  FIG. 3 is a simplified diagram illustrating the characteristics of a shock
      absorber of the invention; and
PAR  FIG. 4 illustrates the relationship of the shock absorber characteristic to
      vehicle speed on impact.
DETD
PAR  Referring intially to FIG. 1, there is shown only as little of an otherwise
      conventional passenger car as is needed for an understanding of this
      invention, the conventional portion of the car being represented by
      respective portions of the vehicle chassis 24 and of one of the four
      wheels 21. The front bumper 20 is attached to the chassis 24 by two or
      more identical shock absorbers distributed over the length of the bumper
      20, only one shock absorber being illustrated.
PAR  The cavity of its cylinder 1 is closed at one axial end by a radial end
      wall 22 directly fastened to the chassis 24. A piston rod 2 projects from
      the other axial end of the cylinder cavity, and its radial outer end wall
      25 is fixedly fastened to the bumper 20 by brackets 27.
PAR  The piston rod 2 provides the cylindrical axial wall of a hollow piston
      assembly closed in an axially outward direction by the afore-mentioned end
      wall 25, and in an axial direction inward of the cylinder 1 by a piston 3,
      slightly greater in diameter than the piston rod 2 and sealingly engaging
      the inner wall of the cylinder 1.
PAR  The hollow interior of the piston assembly is axially divided into two
      compartments by a floating piston or partition 4. A first body 5 of liquid
      fills the cavity of the cylinder 1 from the end wall 22 to the piston 3. A
      second body 6 of liquid occupies the compartment of the piston assembly
      between the piston 3 and the partition 4, and a third fluid body 7 of
      compressed air or nitrogen fills the other compartment in the hollow
      interior of the piston assembly from the partition 4 to the end wall 25.
PAR  Sealing rings 8, 9 respectively seal the piston 3 and the partition 4 to
      the inner axial faces of the cylinder 1 and of the piston rod 2. An axial,
      central passage 23 in the piston 3 has respective orifices in the cylinder
      cavity and in the hollow interior of the piston assembly so as to provide
      permanent communication of constant flow section between the liquid bodies
      5, 6. The central portion 10 of the passage 23 is restricted to a smaller
      diameter than that of the passage orifices for throttling liquid flow.
PAR  The gas of the body 7 may be introduced into the piston assembly through a
      check valve 11 in the end wall 25 of the piston rod 2, and an analogous
      check valve, not shown, permits liquid to be introduced into the cylinder
      1, thereby to increase the combined volume of the bodies 5, 6. The two
      check valves may also be employed to bleed gas or liquid from the shock
      absorber, if so desired.
PAR  The piston assembly is biased axially outward of the cylinder 1 by the
      pressure of the gas body 7, and such outward movement is prevented from
      going beyond the illustrated position by a collar 26 on the inner wall of
      the cylinder 1 abutting against the sealing ring 8 on the piston 3. Inward
      movement of the piston assembly cannot go beyond the non-illustrated
      position in which the piston 3 abuts against the end wall 22.
PAR  Upon collision of the vehicle with a fixed obstacle, the front bumper 20
      pushes the piston assembly inward of the cylinder 1. The energy of impact
      is partly converted to thermal energy by the liquid of the body 5 flowing
      through the throttling passage 23 and joining the body 6, and partly
      stored in the gas of the body 7 which is compressed by the partition 4 as
      the latter is shifted by the practically non-compressible liquid of the
      growing body 6. The stored energy is ultimately consumed for pushing the
      vehicle away from the obstacle as the piston 3 is expelled from the
      cylinder 1 to the illustrated position.
PAR  The modified shock absorber illustrated in FIG. 2 is identical with that
      described above with reference to FIG. 1 except for a piston 3' whose
      passage 23' is downwardly offset from the center of the piston, thereby
      making the floating partition 4 unnecessary.
PAR  In the modified shock absorber, the second body 6 of liquid and the third
      body 7 of gas are in direct contact in the hollow interior of the piston
      assembly along a horizontal interface located above the orifice of the
      passage 23' when the axis of the shock absorber is at least approximately
      horizontal, as is normally the case in an installed shock absorber.
PAR  The shock absorber shown in FIG. 2 operates in substantially the same
      manner as described above with reference to FIG. 1. The force with which
      the pistons 3, 3' resist inward movement into the cylinder 1 under an
      external force is due partly to the resiliency of the gas body 7, and
      further to the throttling effect of the passages 23, 23'.
PAR  The contributions of the two components of piston resistance during a
      collision between the vehicle and a fixed obstacle are shown
      diagrammatically in FIG. 3. The total force F of piston resistance is
      shown as a function of piston travel S inward of the cylinder cavity by a
      curve 12 in arbitrary linear units. A curve 13 illustrates the analogous
      relationship of the component due to compression of the gas body 7, and a
      practically straight line 14 represents the force component due to the
      liquid flow being throttled between the bodies 5 and 6. The lines 12 and
      14 have been simplified for values of S near zero, as will presently be
      explained.
PAR  The gas body 7 initially presses the piston 3 against the collar 26 with a
      force F.sub.o which normally maintains the maximum axial length of the
      shock absorber. As the piston assembly travels inward of the cylinder 1
      during a collision, the gas pressure, and thus the resistance of the gas
      component against further piston travel, increases at an accelerating rate
      with increasing values of S.
PAR  The component of piston resistance due to throttling of liquid flow in the
      shock absorber is a function of piston velocity. As the vehicle is
      gradually slowed by the shock absorber, the throttling effect is gradually
      diminished and becomes zero when the vehicle stops. The overall magnitude
      of the piston resistance F changes but little while the vehicle is being
      halted, as indicated by the curve 12, arrived at by adding values on the
      lines 13, 14 for equal values of S.
PAR  The total energy absorbed is represented by the area under the curve 12
      downwardly bounded in FIG. 3 by a straight chain-dotted line 28 parallel
      to the abscissa S on the level of the resilient force F.sub.o. The amount
      of kinetic energy converted to thermal energy is represented by the area
      between the line 28 and the abscissa S. The area between the lines 13 and
      28 represents the energy stored during impact in the gas body 7, and
      consumed later during expansion of the shock absorber. No significant
      error is introduced by disregarding the conversion of kinetic energy to
      heat in the gas.
PAR  The diagram of FIG. 3 is based on the assumption that the shock absorber is
      used under the most severe conditions for which it is designed. Under
      these conditions, the piston 3 travels from its outermost position
      P.sub.a, illustrated in FIG. 1, to its innermost position P.sub.i in which
      it touches the end wall 22, but does not transmit significant energy to
      the engaged wall. At this stage of piston travel, the vehicle and the
      piston are stopped, and the entire energy of the impact is either
      dissipated as heat or stored in the gas which alone provides the force
      F.sub.max with which the piston 3 is expelled from the cylinder 1 and the
      vehicle moved back from the obstacle after it stops.
PAR  For a vehicle of known weight, the energy of impact at any speed is
      precisely defined. It is presently preferred practice to provide bumpers
      with shock absorbers capable of absorbing the total energy released by the
      vehicle rolling under inertial forces on a horizontal surface against a
      fixed obstacle at 5 miles per hour. A set of shock absorbers, preferably
      two, is readily selected in such a manner that the piston assemblies of
      the shock absorbers will travel from the outermost position P.sub.a of
      FIG. 1 to the innermost position P.sub.i while the energy of impact is
      completely absorbed. The amounts of gas and liquid in each shock absorber
      of at least roughly adequate dimensions may be adjusted by trial and error
      to store a sufficient portion of this energy in the compressed gas, at
      least some of the advantages of this invention being available if at least
      20% of the energy is stored in the gas. The amount of stored energy is
      readily determined from the force F.sub.max with which the fully
      compressed shock absorber tends again to expand, and it may be controlled
      for given service conditions and dimensions of the shock absorber,
      particularly the length of axial piston movement between positions P.sub.a
      and P.sub.i, by suitably selecting the amount and ultimate pressure of the
      gas in the compressed body 7, and the volume change in the gas during the
      axial piston movement. Best results are obtained when compression of the
      gas absorbs 30% to 50% of the total collision energy.
PAR  FIG. 4 shows the behavior of a shock absorber selected for a rated
      collision velocity of 5 miles per hour when absorbing the energy of a
      collision with a fixed obstacle at lower vehicle speeds. FIG. 4 more
      precisely shows the shape of the curve 12 at very low values of S. The
      liquid throttling effect is fully available only after the piston 3
      reaches its maximum travelling speed inward of the cylinder 1. Until this
      condition is reached, the throttling force increases quickly from an
      initial value of F.sub.o. The intial contribution of the gas body 7 to the
      piston resistance being small, the curve 12 actually, and as shown in FIG.
      4, has an initial, steep, positive slope. For the sake of simplicity, this
      stage of energy absorption by the shock absorber was omitted from the
      showing of FIG. 3. Curve 12 in FIG. 4 otherwise illustrates a relationship
      identical with that represented by the corresponding line of FIG. 3, but
      FIG. 4 is drawn on a different scale.
PAR  FIG. 4 also shows the change of piston resistance as a function of piston
      travel if the vehicle bumper hits an obstacle at a speed of less than 5
      miles per hour, the curves 15 to 19 showing readings obtained at
      respective vehicle speeds of 4.0, 3.65, 3.1, 2.7, 2.25 miles per hour. In
      each case, the vehicle came to a halt, and the throttling effect therefore
      was reduced to zero in a terminal position before the piston assembly
      reached its innermost position P.sub.i. Piston resistance at this stage
      was furnished by the gas body 7 alone and was approximately equal to the
      resistance at maximum velocity of piston travel. All characteristic curves
      of shock absorber operation at rated or lower collision speed thus
      terminate at their intersections with the curve 13.
PAR  While single throttling passages 23, 23' are shown in FIGS. 1 and 2,
      several passages will normally be provided and distributed over the radial
      faces of the pistons 3, 3' in an obvious manner, partly conventional. The
      floating piston 4 in FIG. 1 may be replaced by a partition fixedly
      fastened to the inner wall of the piston rod 2, but pliable so as to move
      with the expanding and contracting liquid body 6. Bellows and flexible
      diaphragms are typical of such other movable partitions, known in
      themselves.
PAR  It should be understood, therefore, that the foregoing disclosure relates
      only to preferred embodiments of the invention, and that it is intended to
      cover all changes and modifications of the examples of the invention
      herein chosen for the purpose of the disclosure which do not depart from
      the spirit and scope of the invention set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydropneumatic shock absorber for use between the chassis and bumper
      of an automotive vehicle comprising, in combination:
PA1  a. a cylinder having an axis and a cavity closed at one axial end;
PA1  b. a hollow piston assembly movable axially relative to said cylinder
      inward and outward of said cavity, said assembly including
PAR  1.  a piston sealingly engaging said cylinder while said assembly moves,
      and
PA2  2. a piston rod fixedly fastened to said piston and axially projecting from
      the other axial end of said cavity;
PA1  c. stroke limiting means for preventing said assembly from moving axially
      beyond a first innermost position and beyond a second outermost position
      relative to said cavity;
PA1  d. a first body of liquid substantially completely filling the axial
      portion of said cavity between said piston and the closed axial end of
      said cavity;
PA1  e. a second body of liquid in the hollow interior of said assembly;
PA1  f. conduit means defining a permanently open throttling passage connecting
      said first and second bodies and having respective orifices in said cavity
      and in said interior,
PA2  1. said conduit means including an integral wall of annular cross section
      bounding said orifices and connecting the same,
PA2  2. the flow section of said passage being constant during axial movement of
      said assembly between said first and second positions; and
PA1  g. a body of gas sealed in said interior in pressure-transmitting
      relationship with said second body,
PA2  1. whereby the velocity of axial movement of said assembly inward of said
      cavity caused by applied external forces is descreased from an initial
      value by a resistance having a first component due to the throttling
      effect of said passage on the flow of said liquid and a second component
      due to the compression of said gas, and said movement is arrested in a
      terminal position of said assembly before said assembly reaches said first
      position when said initial value does not exceed a predetermined
      magnitude, said first component decreasing with the decreasing velocity of
      said assembly, and said second component increasing due to said assembly
      approaching said first position,
PA1  2. the amount and pressure of said gas being sufficient to make said
      resistance in said terminal position approximately equal to said
      resistance at said predetermined magnitude of said velocity, and
      sufficient to move said assembly from said terminal position into said
      second position in the absence of applied external forces.
NUM  2.
PAR  2. A shock absorber as set forth in claim 1, wherein said piston assembly
      is formed with said passage, said wall being an integral portion of said
      piston.
NUM  3.
PAR  3. A shock absorber as set forth in claim 1, further comprising a partition
      movable in said interior and sealing said second body from said gas.
NUM  4.
PAR  4. A shock absorber as set forth in claim 1, wherein said second body and
      said gas are in direct contact with each other and define an interface in
      said interior, said interface being above the orifice of said passage in
      said interior when said axis is at least approximately horizontal.
NUM  5.
PAR  5. A shock absorbing arrangement comprising:
PA1  a. a vehicle having a chassis and a wheel mounted on said chassis for
      permitting said vehicle to roll on a horizontal surface in a predetermined
      direction;
PA1  b. a bumper;
PA1  c. a shock absorber securing said bumper to said chassis in a position in
      which said bumper projects from said chassis in said direction, said shock
      absorber including:
PA2  1, a cylinder member having an approximately horizontal axis and a cavity
      closed at one axial end;
PA2  2. a hollow piston assembly movable axially relative to said cylinder
      inward and outward of said cavity, said assembly including
PA3  i. a piston sealingly engaging said cylinder member while said assembly
      moves, and
PA3  ii. a piston rod member fixedly fastened to said piston and axially
      projecting from the other axial end of said cavity, said members being
      fastened to said chassis and said bumper respectively;
PA2  3. stroke limiting means for preventing said assembly from moving axially
      beyond a first innermost position and beyond a second outermost position
      relative to said cavity;
PA2  4. a first body of liquid substantially completely filling the axial
      portion of said cavity between said piston and the closed axial end of
      said cavity;
PA2  5. a second body of liquid in the hollow interior of said assembly;
PA2  6. conduit means defining a permanently open throttling passage connecting
      said first and second bodies and having respective orifices in said cavity
      and in said interior,
PA3  i. said conduit means including an integral wall of annular cross section
      bounding said orifices and connecting the same,
PA3  ii. the flow section of said passage being constant during axial movement
      of said assembly between said first and second positions; and
PA2  7. a body of gas sealed in said interior in pressure-transmitting
      relationship with said second body,
PA3  i. whereby said assembly is moved axially inward of said cavity by abutting
      engagement of said bumper with a fixed obstacle when said vehicle collides
      with said obstacle while rolling on said surface under the inertia therof,
      the velocity of said inward movement is decreased from an initial value by
      a resistance having a first component due to the throttling effect of said
      passage on the flow of said liquid and a second component due to the
      compression of said gas, and said inward movement is arrested in a
      terminal position of said assembly before the assembly reaches said first
      position when said initial value does not exceed a predetermined
      magnitude, said first component decreasing with the decreasing velocity of
      said assembly, and said second component increasing due to said assembly
      approaching said first position,
PA3  ii. the amount and pressure of said gas being sufficient to make said
      resistance in said terminal position approximately equal to said
      resistance at said predetermined magnitude of said velocity, and
      sufficient to move said assembly from said terminal position into said
      second position in the absence of applied external forces.
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ABST
PAL  Vehicle bumper having high yield strength and extensive movement under
      impact loads with full shape restoration, comprising a thin transversely
      curved high strength resilient front plate, a high strength resilient rear
      backing plate located at a distance behind the front plate and anchored to
      the vehicle, and an intermediate body of an elastomeric material between
      the front plate and the rear plate to absorb impacts, increase the yield
      distance and to assist in restoring the front plate to original shape,
      together with a soft yieldable front jacket with a scuff-resistant outer
      surface which covers the bumper and, if desired, adjacent parts of the
      front of the vehicle.
BSUM
PAC  BACKGROUND
PAR  Many years ago vehicles were provided with bumpers which bend elastically
      and restore under low velocity impact loads, the bumpers usually
      comprising a single spring-like plate. These bumpers had limited utility.
PAR  Then came a long period when rigid bumpers were used, largely ornamental,
      and easily deformed under relatively light impact loads. Such bumpers
      afforded but little protection to the vehicle or its occupants and were
      expensive to replace. There were proposals to use pneumatic beams and
      various other forms of bumpers.
PAR  More recently there have been requirements that bumpers take low velocity
      impact loads, at least up to about five miles per hour, to protect the
      vehicle and its occupants while preserving the bumper system. The bumpers
      now commonly supplied to meet this requirement comprise a rigid bumper bar
      of hollow section backed by shock abosrbers, as of the reciprocable fluid
      piston-cylinder type. The bumper bar may have a maximum bending
      deformation before permanent yield of about 1/8 inch when a load of 20,000
      pounds is applied. The shock abosrbers may provide a movement of about 2
      inches at impact loads averaging about 20,000 pounds over this distance.
PAC  SYNOPSIS OF INVENTION
PAR  The present invention provides a composite bumper bar system which largely
      serves the prior function of both the rigid bar and the shock absorber
      system to provide a bending movement of 2 inches or more under collision
      impact loads without permanent deformation of the bumper bar or the soft
      protective jacket therefor; then, if the shock absorber system is retained
      in the bumper supports, as it may be, the additional movement of 2 inches
      or more is added to the yield movement and energy absorption provided by
      the improved bumper bar itself, totaling four inches or more altogether.
      It can readily be seen that an impact load of, say 20,000 pounds, acting
      through a distance of 2-plus inches will absorb many times more energy
      than the same load acting through a distance of 1/8 inch, as formerly.
PAR  This desirable improvement is provided by a composite bumper bar which
      comprises a thin transversely curved front plate of resilient spring-like
      high-strength material which can buckle locally under initial loading and
      restore to shape when the load is removed, a rear backing plate which is
      also bendable, and an intermediate yieldable shear web medium, as of an
      elastomeric material, such as urethane, rubbers, or the like, which,
      besides absorbing loads, will reduce the effective shear modulus of the
      beam and also aid in restoring the front plate to its original shape.
      Preferably, for lightness, the intermediate medium is made hollow or
      tubular instead of solid, and is provided with longitudinally spaced
      transverse wall elements which assist in maintaining the shape of the
      intermediate resilient elastomeric medium.
DRWD
PAC  DRAWINGS
PAR  The objects of the invention, as well as various features of novelty and
      advantages, will be apparent from the following description of an
      exemplary embodiment thereof, reference being made to the accompanying
      drawings, wherein:
PAR  FIG. 1 is a front perspective view of an automotive vehicle, car or
      automobile, provided with a bumper system according to the present
      invention, the bumper and front of the car being covered by an ornamental
      scuff-resistant elastic jacket;
PAR  FIG. 2 is an enlarged vertical longitudinal section taken on the line 2--2
      of FIG. 1;
PAR  FIG. 3 is a partial top plan view of an environmental arrangement for the
      bumper in which the bumper bar is separately covered by the soft
      ornamental jacket;
PAR  FIG. 4 is a partial front elevational view, with parts removed in places to
      show parts behind, of the assembly shown in FIG. 3;
PAR  FIG. 5 is a longitudinal vertical section taken on the line 5--5 of FIGS. 3
      and 4;
PAR  FIG. 6 is a longitudinal vertical section taken on the line 6--6 of FIGS. 3
      and 4.
DETD
PAC  SPECIFIC EMBODIMENT
PAR  FIG. 1 shows the front end portion of an automotive vehicle, car or
      automobile A having a bumper assembly or system B according to the present
      invention, together with a soft elastic decorative jacket C which covers
      the bumper and the front of the car above the bumper. The jacket C has a
      low-density elastomeric inner portion or layer 8 and an outer
      scuff-resistant portion or layer 9.
PAR  The bumper assembly B comprises a front plate 10 which is transversely
      curved in vertical section, being convex on the front side and concave on
      the rear side. The front plate is formed of thin resilient spring-like
      material such as a cold-rolled stretch-formed high-tensile steel. Thus
      formed, the front plate can buckle locally under initial collision impact
      loads and then will take further loading in longitudinally bent condition
      in tension. When the load is removed the front plate will spring back into
      longitudinally aligned transversely bent condition, that is, its original
      shape.
PAR  At a distance behind the front plate 10 there is rear backing plate 11 of
      like material as the front plate and also stretch-formed to shape. At the
      ends both plates are bent rearwardly in side portions B1 and are secured
      together at the rear ends 12 in any suitable way, as by rivets, welding or
      the like, not shown. The backing plate is also thin and may eventually
      bend longitudinally between support points but will serve its purpose if
      made flat, as shown, instead of being transversely curved, as is the front
      plate.
PAR  At support points of attachment to the car frame on each side, the rear
      plate 11 is strengthened by reinforcing plates 13, FIGS. 4 and 6, which
      may have elements 13a on the bottom for car jacking.
PAR  Between the plates 10 and 11 there is provided an intermediate shear web
      body or medium 14 of elastomeric material, such as urethane, a rubber, or
      the like, which yields under load, reduces the shear modulus of the beam,
      and restores to shape when the load is removed, assisting the front plate
      to return to its original shape. The intermediate medium 14 is preferably
      hollow or tubular for greater yield and lightness, with a main
      longitudinal outer wall 14a and with longitudinally spaced transversely
      extending wall elements 14b for strength and to prevent collapse. The
      intermediate medium 14 may be pre-formed as upper and lower half sections
      and has plates 10 and 11 secured to the front and rear faces in any
      suitable manner, as by vulcanizing, cementing or the like, depending on
      the type of elastomeric material used.
PAR  At support points threaded inserts 15 are provided and the rear plate 11
      and the reinforcing plates 13 are provided with holes to take fastening
      screws.
PAR  In the environment shown in FIGS. 1 and 2 the jacket C extends over and is
      secured to the bumper and also extends over and is secured to the full
      front of the car except for necessary openings for radiator, lamps or
      other appurtenances where desired, and the portion above the bumper flexes
      when collision impact loads deform the bumper.
PAR  In the embodiment shown in FIGS. 3-6 the bumper itself is the same as
      before but the ornamental jacket C1 covers the bumper bar separately from
      the other parts of the front of the car, which may or may not be covered.
      The ornamental jacket has an inner low-density elastomeric layer 8', an
      outer scuff-resistant layer 9', and a rear extension 9a which extends
      rearwardly to cover the space between the bumper and car body shell, the
      rearward extension being painted or otherwise finished to match or
      complement the body finish.
PAR  The inner surface of the inner layer of the jacket may be secured to the
      outer surface of the bumper, as by cementing, vulcanizing, or the like;
      and if it extends over adjacent car surfaces it will likewise be secured
      to them.
PAR  Means, not shown, are provided for securing accessory members, such as
      fittings to prevent ride-over or ride-under of colliding cars, such
      attaching means being secured to the front plate 10 of the bumper and
      extending through the outer jacket.
PAR  While one embodiment of the invention in two different environments has
      been shown for purposes of illustration, it is to be understood that there
      may be various embodiments and modifications within the general scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle bumper, comprising in combination, a thin resilient
      high-tensile longitudinal front plate, said front plate being transversely
      curved in vertical section, convex forwardly and concave rearwardly to
      buckle and bend longitudinally when a load exceeding a predetermined force
      is applied and to restore to its original shape when said load is removed,
      a thin resilient high-tensile rear place located at a distance behind the
      front plate, and an intermediate hollow body of elastomeric material
      disposed between and secured to the front and rear plates.
NUM  2.
PAR  2. A vehicle bumper as set forth in claim 1, wherein the intermediate
      hollow body is provided with longitudinally spaced rigidifying wall
      elements.
NUM  3.
PAR  3. A vehicle bumper as set forth in claim 2, which further includes a
      low-density elastomeric froam jacket covering the front and top of the
      bumper.
NUM  4.
PAR  4. A vehicle bumper as set forth in claim 3, wherein the front and rear
      plates are stretch-formed of high-tensile cold-rolled steel and have
      rearwardly turned convergent portions secured together at their rear ends.
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ABST
PAL  Disclosed herein is a cargo container spreader arranged as an articulated
      assembly of which a main frame or spreader portions supporting a cargo
      container may be shifted in substantially universal angular movements
      relative to a spreader supporting facility, such as a crane, through
      suspension of the main frame on a pair of spaced upright subframes with
      respect to which the main frame is horizontally movable in its transverse
      direction. Skewing of the main frame occurs when it is shifted relative to
      the subframes in opposite transverse directions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The aspect of spreader construction with which the present invention is
      essentially concerned is that of causing minor rotation of the cargo
      container about a vertical axis with respect to the crane which supports
      the spreader. Regarding spreaders which are operated in pendant relation
      with a crane, the principal arrangement found in the prior art is one in
      which the spreader comprises two horizontal frames arranged one over the
      other and connected to each other on a central horizontal pivot joint by
      expensive massive bearing structure. While this arrangement permits large
      angular ranges of skewing of the cargo container, e.g., up to 90.degree.
      relative movement between the two horizontal frames, the present invention
      recognizes that 15.degree. or 20.degree. of skewing movement is adequate
      for a vast number of operating environments. With the concept in mind that
      the small skewing range might be practical, the possibility of building a
      spreader in accordance with a fundamentally different design has been a
      paramount motivation of this invention.
PAR  The most important object of the invention is to achieve a lower cost
      design in cargo container spreaders of a type having moderate skewing
      capability than has been heretofore available to the shipping industry.
PAR  Another object is to provide skewable spreaders of compact design.
PAR  Still another object is to construct a skewable spreader including self
      leveling structure with the result that the combination of skewing and
      tilting capabilities enables the spreader to undergo substantially
      universal adjustment within the tilting and skewing ranges of the
      spreader.
PAC  SUMMARY OF THE INVENTION
PAR  In the simplest form of the invention, a cargo container spreader is
      provided which has a main frame equipped optionally with, or without,
      subsidiary telescoping cantilever frames, and latching mechanism to
      interlock with latch receptacles of a cargo container. The essential
      feature of the spreader is that it has two upright subframes spaced
      longitudinally of the spreader at opposite sides of its transverse axis
      forming hinge joints with the main frame along axes parallel to the
      transverse axis along which the subframe is traversable transversely
      relative to the main frame.
PAR  In preferred embodiments, each subframe includes a rocking beam pivoted at
      its middle to an upper middle portion of a stanchion of the subframe in
      hinged relation with the main frame. The pivotal axis of each beam is
      parallel to the length of the main frame. Each rocking beam contains a
      pair of sheaves, one at each end, in journal bearing relation with the
      rocking beam along axes parallel to the rocking beam axis.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective fragmentary view illustrating a spreader in
      accordance with the invention in typical cable suspension from a traveling
      overhead crane.
PAR  FIG. 2 is a shortened, schematic plan view of the main frame of a spreader
      in skewed relation with crane sheaves for the purpose of showing geometric
      relationships existing between a crane and a spreader having portions in
      skewed relation therewith.
PAR  FIG. 3 is a fragmentary side elevation of an expandable type spreader
      incorporating the skewing mechanism of FIG. 1, and horizontally adjustable
      cantilever frames supported in telescoping relation with the main frame.
PAR  FIGS. 4 and 5 are fragmentary end and side elevations, respectively, of an
      upright subframe assembly in hinged relation with the main frame of the
      spreader.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a typical crane and spreader installation wherein a
      spreader 5 is supported by a traveling overhead crane 6 in typical four
      point suspension wherein cables 8, 9, 10 and 11 are looped around sheaves
      14, 15, 16 and 17, respectively. As shown, the crane 6 is supported on
      tracks 18 along which the entire crane and spreader assembly may travel.
PAR  Considering now the advance in the art offered by this invention, the
      spreader 5 comprises subframes 21,22, shown in more detail in FIGS. 4 and
      5. In these figures, it may be noted that the subframe 22, i.e., the
      assembly comprising a lower stanchion 58 and an upper rocking beam 48
      hinged thereto, is swingably supported on a shaft 24 received in bearings
      25, 26, 27 fixed to the main frame 28. Endwise movement of the shaft
      relative to the bearings fixed to the main frame is prevented by collars
      29,31 secured to the shaft 24 at the outboard sides of bearings 25,26,
      respectively. The subframe 22 comprises as its lowermost projections
      bearings 33,34 which encircle the shaft 24. The bearings 33,34 are in
      slidably fitting relation with the shaft 24 to enable movement of the
      subframe lengthwise of the shaft and transversely of the spreader frame in
      response to operation of a fluid power cylinder or motor 35 received
      between the two sidewalls of the stanchion 58.
PAR  The motor 35 is constructed in a well known manner to provide rectilinear
      driving motion with fluid containing cylinder 36, an internal piston to
      which is attached a piston rod 37. As shown, the motor 35 terminates in a
      clevis end pinned pivotally to an eye-extension of the collar 31. At its
      piston rod end, it is pinned at 37a to a reinforcing bar 38 fixed to and
      between the sidewalls 41,42 of the subframe 22. The bar 38 extends
      horizontally beyond the walls to provide projecting end portions to which
      clevis ends of fluid power cylinders or motors 44,45 may be pivotally
      attached by the pins as shown. Motors 44,45 extend vertically upward to
      pivotally connect by way of pins 46,47, respectively, with the rocking
      beam 48.
PAR  The rocking beam 48 may be constructed in the form of a housing, as shown,
      with two parallel spaced vertical sidewalls 51,52 between which the
      sheaves are supported in opposite end portions of the beam on pivotal
      support, such as axles at axes 56,57, anchored in the walls 51,52. The
      rocking beam 48 is pivotally connected to the stanchion in journal bearing
      relationship by means such as a short shaft extending through a hub of the
      rocking beam and spanning the walls 51,52 at pivotal axis 61. The sheave
      axes 56,57 and the rocking axis 61 of the beam 48 are preferably parallel.
      Axis 61 is contained in a vertical plane A--A which generally bisects the
      spreader in a longitudinal direction and occurs preferably midway between
      the sheave axis 56,57.
PAR  FIG. 3 illustrates the subframes 21,22 in hinged relation with a main frame
      65 of a modified spreader 66. As shown, the subframes are hinged to the
      main frame at axes 67 and 68 extending in the crosswise or transverse
      direction of the main frame. The spreader 66 further comprises cantilever
      frames 71,72 which may move into or out of telescoping relation with the
      main frame through plate bearings 74, 75, 74a, 75a fixed to the main
      frame. The cantilever frames 71,72 have latch assemblies attached to
      respective outer corner portions in a known manner for interlocking with
      the top latch receiving receptacles of a cargo container. Obviously, the
      subframes 21,22 characterizing the present invention are compatible with
      expandable spreader construction.
PAR  In operation, skewing is effected by shifting the subframes 21,22 in
      opposite directions relative to the longitudinal axis B--B of the main
      frame, as shown in FIG. 2. This is accomplished by controlled admission of
      fluid, preferably a liquid, to respective cylinders 36 of both subframes.
      Best results in the skewing of the main frame relative to the subframes is
      obtained by controlling the movement of the subframes relative to the main
      frame to bring about rotation of the main frame about a vertical axis 80
      perpendicular to the transverse axis D--D and its longitudinal axis B--B.
      As shown in FIGS. 1 and 2, the spreader is suspended on four loops of
      symmetrically arranged cables. For example, each cable 8, 9, 10, 11
      extends downward from an anchor point 84, 85, 86 or 87, fixed on the crane
      around the spreader sheave 53 or 54 immediately below and upward to the
      respective crane sheave 91, 92, 93 or 94. In adjusting the spreader to a
      skewed position, gravity will require that the subframes 21, 22 remain
      directly under the cable supporting points on the crane as nearly as
      possible except for the minor twisting about a vetical axis of each
      subframe apparent in FIG. 2. During such adjustment, the main frame of the
      spreader shifts to a skewed position wherein its longitudinal axis takes
      an angle F with respect to the unskewed position of the main frame.
PAR  Tilting or listing function of the spreader is achieved through operation
      of the fluid motors 44,45. To achieve tilting the power motors 44,45 of
      both subframes 21,22 at one side of the vertical bisecting plane A--A are
      either shortened or lengthened while simultaneously the fluid cylinders 45
      at the other side of the plane A--A are correspondingly lengthened or
      shortened, respectively, by appropriate exchanges of fluid between
      opposite ends of the fluid containing cylinders of the various power
      cylinders. With attention to FIG. 4, for example, extension of the fluid
      motors on one side of plane A--A and shortening of the fluid motors on the
      other side of this plane will result in a corresponding tilting of the
      stanchion 58 and the main frame 28 connected therewith. Optionally, either
      motor 44 or 45 may be eliminated and the other retained to function in
      place of the two motors of each subframe, although the two tilting motors
      on each subframe are a preferred arrangement.
PAR  With the structure described above for effecting both skewed and tilted
      positions of the main frame with respect to the subframes, an operator's
      skill may be readily developed to the point of simultaneously combining
      both listing and skewing movements of the main frame of the spreader. In
      addition, a crane of the type shown in FIG. 1 has the facility for
      lengthening or shortening the cables to one of subframes 21,22 relative to
      the cables supporting the other subframe to raise or lower one end of the
      spreader. This type of motion may be combined with the above described
      spreader maneuvering movements to provide completely universal
      maneuverability of the spreader main frame and its load relative to the
      supporting crane or a place to deposit a cargo container.
PAR  While the spreaders described above are disclosed as including sheaves by
      which the spreaders are suspended on looped cables terminating in the
      crane, the invention is of sufficient breadth to include a four point
      suspension comprising four single cables terminating in the spreader
      rocking beams. If the subframes do not include rocking beams, the cables
      may terminate otherwise in the subframes with the take-up means for the
      cables in the crane thereby eliminating the need for sheaves in the
      spreader. The use of other types of cranes providing pendant support, such
      as a crane constructed on the fork-lift plan which provides cantilever
      support of a load with its cantilever means adapted to be fixed to the
      subframes 21 and 22, is within the practice of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a crane, a cargo container spreader comprising:
PA1  a main frame having longitudinal and transverse axis and means for
      connecting with a cargo container positioned underneath the frame;
PA1  a pair of normally upright subframes having means adapting them for
      separate supported pendant relation with said crane;
PA1  portions of each subframe and said main frame being pivotally connected to
      define separate hinge means, each hinge means attaching one of said
      subframes to said main frame along one of two axes parallel to, and spaced
      at opposite sides of, said transverse axis, said hinge means being
      constructed for relative movement of the main frame and each subframe
      lengthwise of the respective hinge axis; and
PA1  first power means operatively connected to each subframe and said main
      frame for reacting therebetween to effect said relative movement of the
      respective assembly and the main frame; and
PA1  separate vertically adjustable means for pendantly connecting each subframe
      with said crane, said adjustable means being independently adjustable to
      raise and lower each end of the spreader relative to its other end.
NUM  2.
PAR  2. The combination of claim 1 wherein:
PA1  each subframe comprises an upper rocking beam and a lower stanchion
      terminating downwardly in said hinge means and upwardly in journal bearing
      relation with the middle portion of said beam along an axis extending
      parallel to the longitudinal axis of said main frame; and
PA1  second power means operatively connected to said beam and said stanchion
      and reacting therebetween to effect relative angular advance and return
      movements of said beam and said stanchion; and
PA1  means on opposite end portions of each beam for separate connection with
      said crane.
NUM  3.
PAR  3. The combination of claim 2 adapted for four point suspension wherein:
PA1  each subframe comprises an upper rocking beam and a lower stanchion
      terminating downwardly in said hinge means and upwardly in journal bearing
      relation with a middle portion of said beam along an axis extending
      parallel to said main frame longitudinal axis, and second power means
      operatively connected to said beam and said stanchion and reacting
      therebetween to effect relative angular advance and return movements of
      said beam and said stanchion;
PA1  each beam comprising cable receiving means on opposite end portions for
      separate cable connection with said crane.
NUM  4.
PAR  4. The combination of claim 3 wherein:
PA1  said second power means comprises a pair of cylindrical fluid power motors
      of which upper termini are connected to opposite end portions of the beam
      and lower termini are connected to portions of the stanchion spaced
      directly underneath respective end portions of the beam.
NUM  5.
PAR  5. The combination of claim 3 wherein:
PA1  said cable receiving means comprise two sheaves received in each beam
      within the opposite end portions thereof.
NUM  6.
PAR  6. The combination of claim 3 wherein:
PA1  said beam comprises two spaced parallel walls, and each beam contains a
      pair of sheaves received therebetween at opposite sides of said journal
      bearing means as said cable receiving means, and the axes of said sheaves
      and said journal bearing means are generally parallel.
NUM  7.
PAR  7. The combination of claim 2 wherein:
PA1  said power means comprises a pair of cylindrical fluid power motors, each
      aligned in association with one of said subframes lengthwise of the
      associated hinge axis and having one terminus connected with the subframe
      and the other terminus connected with the main frame.
NUM  8.
PAR  8. The combination of claim 2 wherein:
PA1  each subframe comprising upright parallel walls spaced to receive said
      first power means, said journal bearing means, and a portion of said beam
      connecting with said journal bearing means.
NUM  9.
PAR  9. The combination of claim 2 wherein:
PA1  said means for connecting with a cargo container comprises a pair of
      cantilever frames supported by said main frame in telescoping relation
      therewith for movements into and out of the main frame.
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ABST
PAL  A retrieving tool has resilient fingers engageable with a pulling collar of
      the actuator ring of a wedge locked underwater wellhead packing to release
      the lock and the packing for retrieval from the wellhead. The retrieving
      tool has a body connected to a running pipe string and provided with
      washing ports. In one form the resilient fingers are releasable from the
      pulling collar in response to fluid pressure supplied through the running
      string.
BSUM
PAR  The present invention relates to well apparatus, and more particularly to
      apparatus for retrieving a seal which has been set and locked in packed
      off condition in the region between a hanger body and a surrounding
      wellhead housing disposed at the upper end of the well bore.
PAR  In the drilling of oil and gas wells at an underwater location, a casing
      string is run into a well bore, the casing string being supported by a
      hanger body resting on a companion seat in a surrounding wellhead. The
      casing string is cemented in place and a suitable packing or seal assembly
      actuated to packoff the annular region between the hanger body and
      wellhead.
PAR  As disclosed in my copending application Ser. No. 474,019, filed May 28,
      1974, now U.S. Pat. No. 3,913,670, the packing assembly is lowered from a
      drilling barge into position within the wellhead through use of a running
      string secured to a running and setting tool releasably connected to the
      packing assembly. The running string is weighted by the use of heavy drill
      collars below or above the running and setting tool to initially deform
      the packing in the annular space between the casing hanger and wellhead
      housing, and fluid under pressure can be applied to test the efficacy of
      the seal. Such applied fluid pressure also provides a force tending to
      effect further deformation of the packing, if necessary or possible. Fluid
      pressure is also operable on the setting and running tool to effect the
      locking of a wedge-lock device which prevents the packing from recovering
      and breaking the seal. Thereafter, the running and setting tool is
      released from the packing and wedge-lock device for recovery or retrieval
      to the drilling rig.
PAR  More particularly, the wedge-lock device for holding the packing packed off
      comprises a normally expanded resiliently contractable locking ring
      engageable with a tapered shoulder externally of the casing hanger body
      and a wedge ring normally held in a position allowing the lock ring to be
      in its expanded position, but releasable to be moved axially to
      circumferentially deform the lock ring inwardly into locking co-engagement
      with a locking recess or tapered shoulder of the casing hanger. The wedge
      ring and the lock ring have cooperative locking wedge surfaces whereby the
      locking action is maintained to hold the packing in a packed off
      condition.
PAR  In the event it becomes necessary to release the packing, the locking wedge
      ring is provided with a pulling collar having a downwardly facing fishing
      shoulder whereby the wedge ring can be pulled from its locking position by
      an appropriate pulling or retrieving tool.
PAR  The present invention provides a retrieving tool adapted to be connected to
      a running pipe string and lowered into engagement with the pulling collar
      of the locking wedge ring of the packing apparatus to pull the wedge ring
      free from locking engagement with the lock ring of the packing apparatus
      to enable the apparatus to be retrieved.
PAR  In addition, the retrieving tool has ports communicating with the running
      string and jet nozzles to enable washing or flushing of the locking
      mechanism when desired or necessary.
PAR  The retrieving tool has a plurality of circumferentially spaced flexible
      fingers having lugs at their lower ends automatically engageable with the
      pulling collar of the wedge-lock ring when the tool is lowered into the
      wellhead, so that an upward pull on the running string will pull the wedge
      ring upwardly to release the lock. The packing is carried by a supporting
      sleeve with which the wedge ring is associated, and the supporting sleeve
      has a shoulder engageable by the wedge ring so that continued upward
      movement of the running string will pull the packing free for retrieval
      with the retrieving tool when the running string is pulled to the rig at
      the top of the water.
PAR  In one form the flexible fingers of the pulling tool are integral with a
      supporting ring connected to the running tool body by a retainer ring. In
      the event that the wedge locking ring cannot be pulled free from its
      locking position the retainer ring may be sheared to enable retrieval of
      the retrieving tool. In another form the retrieving tool has fluid
      pressure operated actuator means selectively operable to actuate the
      pulling tool fingers from engagement with the pulling collar of the
      wedge-lock ring so that the retrieving tool may be retrieved along with
      the flexible fingers in the event that the wedge-lock ring and packing
      cannot be pulled free.
PAR  This invention possesses many other advantages, and has other purposes
      which may be made more clearly apparent from a consideration of the forms
      in which it may be embodied. These forms are shown in the drawings
      accompanying and forming part of the present specification. They will now
      be described in detail, for the purpose of illustrating the general
      principals of the invention; but is is to be understood that such detailed
      descriptions are not to be taken in a limiting sense.
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PAR  Referring to the drawings:
PAR  FIG. 1 is a view in vertical section, showing a wedge locked packing
      positioned between a casing hanger and a wellhead housing, with one form
      of a retrieving tool disposed in the wellhead housing prior to engagement
      with the locking wedge means;
PAR  FIG. 2 is an enlarged fragmentary view in vertical section, showing, in
      full lines, the pulling tool lowered for engagement with the locking wedge
      ring, and showing, in broken lines, the fingers being cammed inwardly to
      pass the pulling collar;
PAR  FIG. 3 is a view generally corresponding to FIG. 2, but showing the pulling
      tool elevated for engagement with the pulling neck of the locking wedge
      ring;
PAR  FIG. 4 is a view in vertical section, showing another form of pulling tool
      disposed in the wellhead housing and positioned for engagement with the
      pulling collar of the wedge-lock ring;
PAR  FIG. 5 is a fragmentary detail view in section, as taken on the line 5--5
      of FIG. 4;
PAR  FIG. 6 is an enlarged fragmentary detail view, showing the pulling fingers,
      the pulling collar and the finger releasing means in the condition of FIG.
      4;
PAR  FIG. 7 is a fragmentary detail view in longitudinal section, showing a
      fluid pressure responsive dart set in the valve sleeve of FIG. 4; and
PAR  FIG. 8 is a view corresponding to FIG. 6, but showing the pulling fingers
      actuated to the released condition.
DETD
PAR  In the drilling and completion of wells, such as oil and gas wells, from
      vessels on a body of water, the blowout preventer equipment and casing
      hanger equipment are located and supported in a base mounted on the floor
      of a body of water. The well casing is supported by a wellhead housing,
      and a marine riser pipe extends downwardly from the vessel to the blowout
      preventer which is connected to the wellhead housing, all as is well
      known.
PAR  As seen in the drawings, referring first to the embodiment of FIGS. 1
      through 3, the wellhead housing H has a casing hanger body C landed
      therein and supported upon an upwardly facing seat or shoulder 10. The
      casing hanger C has suitable passages 13 whereby circulating and cementing
      operations can be conducted in the usual manner by the displacement of
      cement downwardly through the casing, fluid in the well being displaced
      upwardly through the passages 13 and through an annular space 14 defined
      between the cylindrical inner wall 15 of the housing H and the opposing
      cylindrical wall 16 of the casing hanger C.
PAR  A seal is formed between the opposing cylindrical walls 15 and 16, after
      the cementing operation is completed, by setting a packing P in the
      annular space 14 in sealing engagement between the opposing cylindrical
      walls 15 and 16 and securely locking the packing in packed off condition
      by locking means L, the packing means P and the locking means L being
      lowered from the drilling vessel on a running and setting tool (not shown)
      which is connected to a running pipe string. Suitable running and setting
      tools for running and setting the packing P in the annulus 14 and
      actuating the locking means L to the illustrated packed off and locked
      condition are shown and described in my copending application for U.S.
      patent Ser. No. 474,019,  filed May 28, 1974.
PAR  The packing P is shown in a packed off condition and includes a lower
      abutment ring or collar 20 which is in abutting engagement with a
      split-lock ring 21 shown as expanded outwardly into a locking groove 22 in
      the housing H, whereby the casing hanger C is locked in the housing H, as
      is customary. In addition, the packing P includes an annular body 23 of
      resiliently deformable elastomeric sealing material connected by a
      dove-tailed connection 24 to the lower ring 20, and by a corresponding
      upper dove-tailed connection 25 with a packing support sleeve 26. The
      packing body 23 is deformable outwardly and inwardly into sealing
      engagement with the opposed cylindrical walls 15 and 16, respectively, of
      the housing H and the casing hanger C upon axial deformation of the
      packing body. Such a packing is more fully disclosed in U.S. Pat. No.
      3,797,864, granted Mar. 18, 1974, for "Combined Metal and Elastomer Seal."
PAR  The packing support sleeve 26, at a location above the packing 23, has an
      internal upwardly facing shoulder or seat 27 on which rests a split
      resilient lock ring 28 which is normally of such diameter as to pass
      downwardly over the upwardly extended annular section 29 of the casing
      hanger C. This casing hanger section 29 is undercut on its outer periphery
      at 30 to provide a groove, or, as shown in this specific embodiment, a
      downwardly and inwardly tapered annular surface adapted to receive the
      correspondingly downwardly and inwardly tapered side 31 of the lock ring
      28, when the latter is deformed inwardly from its normally expanded
      condition to its contracted or locking position. In order to effect
      locking contraction of the lock ring 28 a lock ring actuator 32 is
      provided. This lock ring actuator is in the form of an annular wedge
      having an outer cylindrical wall 33 slidably disposed within the packing
      support sleeve 26 and an inner downwardly and outwardly tapered wedge
      surface 34 opposed to and engageable with the outer downwardly and
      outwardly tapered surface of the lock ring 28, whereby upon downward
      movement of the actuator 32 within the support sleeve 26, the lock ring 28
      will be wedged or cammed circumferentially inwardly to the locking
      position with the locking surface 30 of the casing hanger C. The angles of
      the surfaces 34 and 35 of the actuator or wedge locking ring 32 and the
      lock ring 28, respectively, are selected to be locking wedge angles, so
      that once the wedge action has deformed and locked the lock ring 28 in
      place, the actuator 32 must be forcefully retracted before the lock ring
      can be released. Accordingly, the actuator 32 has an internally undercut
      neck 36 at its upper extremity and an internal fishing or retrieving
      shoulder or collar 37 adapted to be engaged by a pulling tool, such as the
      wedge-lock pulling tool hereinafter to be described.
PAR  During the lowering of the packing and the locking assembly through the
      riser pipe and into the wellhead housing H, and during the initial packing
      off of the packing P, the actuating wedge 32 is held in an upper
      inoperative position by releasable means such as one or more shear pins 38
      which interconnect the actuator 32 to the packing support sleeve 26. These
      shear pins are selected so that they will retain the actuator 32 in the
      initial position until the packing is fully set, and a downward force is
      applied to the actuating wedge 32 to shear the pins 38 enabling downward
      locking movement of the actuator wedge 32. Shear pins 39 initially connect
      the upper end 40 of the packing support sleeve 26 to the running and
      setting tool and are sheared when the setting and running tool is
      retrieved.
PAR  The retrieving tool R, in accordance with one form of the invenntion,
      comprises a body 41 having an upper hollow neck 42 threadedly connected at
      43 to the lower end of a pipe string 44 which constitutes an operating
      string extending to the rig and on which the retrieving tool R is adapted
      to be lowered through the riser pipe into the wellhead housing H and into
      engagement with the packing and locking apparatus previously described, to
      release and pull the same. The body 41 is of such a size as to center the
      body within the housing H and has longitudinally extended fluid by-pass
      passages 45 at circumferentially spaced locations about the body to enable
      it to freely pass downwardly through fluid in the housing. Formed in the
      body 41 is a downwardly opening annular groove 46 in which is received an
      upper solid ring section 47 of flexible collett or finger means 48. Such
      finger means 48 includes a plurality of circumferentially spaced
      downwardly extended fingers 49 integral with the supporting ring section
      47, and separated by longitudinally extended slots 50. At the lower end of
      each finger 49 is an outwardly projecting lug 51 having a lower downwardly
      and inwardly inclined cam surface 52 and an upper downwardly and inwardly
      inclined shoulder 53. To support the ring section 47 within the groove 46
      in the body 41 a retainer ring 54 is disposed in an annular groove 55 in
      the body 41 and engages beneath the ring section 47.
PAR  As seen in FIG. 2, as the retrieving tool R is lowered downwardly into the
      packing supporting sleeve 26, a bevelled cam surface 40a is extended
      internally so that the upper end 40 of the sleeve 26 will deflect the
      fingers 49 inwardly upon contact of the lower cam surfaces 52 of the lugs
      51 so that the fingers can pass downwardly into the sleeve 26. Thereafter,
      as seen in broken lines in FIG. 2, the lower cam surfaces 52 of the
      fingers 49 engage an upper and inner bevelled surface 37a at the top of
      the wedge locking ring 32, to again deflect the fingers 49 inwardly so
      that the lugs 51 are enabled to pass downwardly through the pulling collar
      or shoulder 37 of the wedge locking ring 32. When the lugs 51 pass below
      the shoulder 37, the fingers 49 can normally flex outwardly to dispose the
      lugs 51 beneath the shoulder 37, whereby upon upward movement of the
      retrieving tool R, as shown in FIG. 3, the upper lug surfaces 53 will
      interlock with the pulling shoulder 37 of the wedge-lock ring 32, whereby
      the latter will be pulled upwardly. When the wedge-lock ring 32 is pulled
      upwardly, the split lock ring 28 is freed so that it may expand outwardly,
      allowing the packing support sleeve 26 to then be pulled upwardly relative
      to the housing H and the casing hanger body C.
PAR  In the event that sediment or the like is so deposited about the wedge-lock
      ring 32 as to prevent its being pulled upwardly by the retrieving tool R,
      the body 41 is provided with means for enabling a washing fluid to be
      circulated downwardly through the pipe string 44 and upwardly through the
      body passages 45 to flush the sediment away. In this connection the body
      41 has a suitable number of circumferentially spaced passages 56 leading
      from a chamber 57 at the juncture of the body with the pipe string 44,
      these passages 56 opening downwardly and outwardly through
      circumferentially spaced jet nozzles 58 which are directed towards the
      annular space 14 between the housing H and the casing hanger C in which
      the packing and lock means are received.
PAR  In the event that even after washing or flushing sediment from the
      apparatus, as just described, the locking wedge ring 32, nevertheless,
      cannot be pulled, the retainer ring 54 can be sheared by applying
      sufficient upward pull on the pipe string 44. Under these circumstances
      subsequent recovery operations can be performed.
PAR  In accordance with another form of the invention as shown in FIGS. 4
      through 8, means 100 are provided whereby the latch fingers are
      retractable or disengageable from the pulling collar 37 of the lock-wedge
      ring 32. In this form, the retrieving tool has its body 101 threadedly
      connected at 102 to the lower end of the tubular pipe string 103. The
      flexible finger means 48 includes a support ring or body 104 threadedly
      connected at 105 to the body 101 and having the circumferentially spaced
      and downwardly extended flexible fingers or latch elements 106 separated
      by longitudinal slots 107. As in the previously described embodiment, each
      of the fingers 106 has at its lower end a lug 108 provided with a
      downwardly and inwardly inclined surface 109 engageable with the bevelled
      surfaces 40a and 37a on the sleeve 26 and the wedge-lock ring 32, to flex
      the fingers inwardly as the retrieving tool is lowered into the position
      of FIGS. 4 and 6. Each lug 108 on the fingers 106 also has the upwardly
      and outwardly inclined surface 110 engageable with the pulling collar or
      shoulder 37 on the wedge-lock ring 32 to apply an upward pull thereto, as
      in the case of the previously described embodiment.
PAR  The retracting means 100 for releasing the latch lugs 108 from the pulling
      collar or shoulder 37 includes an actuator sleeve 112 reciprocably
      disposed in a bore 113 in an outer body section 114 which is threaded onto
      the main body 101 at 115, the outer body section 114 having fluid passages
      116 extending longitudinally to enable the bypass of fluid about the body
      assembly.
PAR  At its upper end, the actuator sleeve 112 has a cylinder section 117
      including an upper cylindrical end 118 slidably and sealingly engaged by
      an upper seal ring 119 carried on the body 101. A piston 120 on the
      cylinder section 117 has a reduced diameter and sealingly engages a lower
      seal ring 121 carried by a reduced section 122 of the body 101. Between
      the seals 119 and 121 is formed a chamber 123 to which fluid under
      pressure can be supplied, as later described, to force the actuator sleeve
      112 downwardly to release the latch fingers 106. Downward movement of the
      actuator sleeve 112 releases the fingers 106 from the pulling shoulder 37
      of the wedge-lock ring 32 by engagement of a lower end surface 124 on the
      actuator sleeve 112 which is inclined downwardly and outwardly and is
      engageable with an upwardly and inwardly inclined surface 125 on a lug 126
      on each latch finger 106. The opposed surfaces 124 on the sleeve 112 and
      125 on the finger lugs 126, upon downward movement of the actuator sleeve
      from the position of FIG. 6 to the position of FIG. 8, will be seen to
      flex the latch fingers 106 inwardly. Since the lugs 126 are located well
      above the lower ends of the latch fingers 106, only slight movement of the
      sleeve 112 is required to effect the necessary inward movement of the
      latch lugs 108 on the fingers 106 to the released position of FIG. 8.
PAR  As previously indicated, pressure applied to the piston chamber 123 is
      employed to force the actuator sleeve downwardly when desired. The body
      101 has pressure fluid passages 130 leading to the piston chamber 123 from
      a bore 131 in the body 101. These passages 130 are normally closed by a
      valve sleeve 132 which is disposed in the bore 131 and normally held in an
      upper position (FIG. 4) by a coiled compression spring 133 which seats at
      its lower end in a seat 134 and engages in a seat 135 in the lower side of
      the sleeve 132. A split retainer ring 136 engaged in the body 101 limits
      upward movement of the valve 132 and retains it in the bore 131.
PAR  As in the case of the previously described embodiment, fluid can be
      circulated downwardly through the pipe string 103 and through passages 137
      in the body 101, through nozzles 138, to wash sediment from the locking
      means L. In the present form, the valve sleeve 132 has a number of radial
      ports 139 leading to an annulus 140 in the tool body 101, and the washing
      passages 137 communicate with the annulus 140. The valve sleeve 132 has
      through passages 141 leading to the bore 131 below the valve sleeve so
      that the valve sleeve is balanced and is not shifted downwardly by fluid
      pressure during the washing operation.
PAR  When and if it becomes necessary to establish communication between the
      bore 131, the pipe string 103 and the piston chamber 123, to release the
      fingers 106, as described above, the valve sleeve 132 is shifted
      downwardly to establish communication between the valve ports 139 and the
      body passages 130, as seen in FIG. 7. To accomplish this, a dart 142 is
      dropped into the pipe string 103 and seats in the bore 143 within the
      valve sleeve 132. The dart 142 has a body 144 which closely fits in the
      valve bore 143 and a retrieving neck 144a. As the dart enters the bore 143
      during the flow of fluid through the valve sleeve 132, the flow is so
      shutoff or diminished that the pressure shifts the valve sleeve 132
      downwardly and seats the dart in the bore 143, so that passages 145 in the
      dart communicate with the valve ports 139 which are then in communication
      with an annulus 146 which communicates with the ports 130 leading to the
      piston chamber 123 for actuating the latch release sleeve 112 downwardly.
      The entire retrieving tool can then be pulled from the housing H and other
      removal methods resorted to for removing the packing H.
CLMS
STM  I claim:
NUM  1.
PAR  1. A retrieving tool for pulling a packing and locking apparatus from the
      annular space between a wellhead and a casing hanger in the wellhead, said
      packing and locking apparatus having a pulling shoulder facing downwardly,
      said tool comprising: a body having means connectable to an operating pipe
      string for lowering said body and pulling upwardly on said body, latch
      means carried by said body including circumferentially spaced flexible
      fingers having latch lugs projecting laterally outwardly therefrom and
      adapted to be disposed within said apparatus and below said pulling
      shoulder for engagement with said pulling shoulder, and fluid passage
      means in said body leading from said pipe string and comprising a
      plurality of nozzles within said fingers for discharging fluid within said
      fingers and toward said lugs and to conduct washing fluid to the vicinity
      of said packing and locking apparatus.
NUM  2.
PAR  2. A retrieving tool as defined in claim 1, including means responsive to a
      predetermined pull on said body by said pipe string for releasing said
      latch fingers from said body.
NUM  3.
PAR  3. A retrieving tool as defined in claim 1, including actuator means
      shiftable downwardly of said body for flexing said latch fingers from
      latching relation with said pulling shoulder.
NUM  4.
PAR  4. A retrieving tool as defined in claim 1, wherein said latch lugs have an
      upwardly facing shoulder engageable with said pulling shoulder facing
      downwardly.
NUM  5.
PAR  5. A retrieving tool as defined in claim 1, wherein said latch lugs have an
      upwardly facing shoulder engageable with said pulling shoulder facing
      downwardly, and an inclined surface engageable with said apparatus for
      flexing said fingers to enable passage of said lugs past said pulling
      shoulder.
NUM  6.
PAR  6. A retrieving tool as defined in claim 1, wherein said latch means
      includes a circumferentially continuous ring integral with said fingers,
      said body having an annular groove receiving said ring, and retainer means
      securing said ring in said groove.
NUM  7.
PAR  7. A retrieving tool as defined in claim 1, wherein said latch means
      includes a circumferentially continuous ring integral with said fingers,
      said body having an annular groove receiving said ring, and retainer means
      securing said ring in said groove, one of said retainer means and said
      ring being shearable to release said latch means from said body upon
      excessive upward pull on said pipe string.
NUM  8.
PAR  8. A retrieving tool as defined in claim 1, including actuator means
      carried by said body and shiftable downwardly relative to said fingers for
      flexing said fingers from latching relation with said pulling shoulder,
      said actuator means including a sleeve on said body and fluid pressure
      operated means for shifting said sleeve downwardly relative to said
      fingers, said fingers and said sleeve having coengageable surfaces for
      flexing said fingers.
NUM  9.
PAR  9. A retrieving tool as defined in claim 1, including fluid pressure
      operated actuator means shiftable downwardly of said body for flexing said
      fingers from latching relation with said pulling shoulder.
NUM  10.
PAR  10. A retrieving tool is defined in claim 1, wherein said body has outer
      peripheral grooves enabling the by-pass of fluid.
NUM  11.
PAR  11. A retrieving tool for pulling a packing and locking apparatus from the
      annular space between a wellhead and a casing hanger in the wellhead, said
      packing and locking apparatus having a pulling shoulder facing downwardly,
      said tool comprising: a body having means connectable to an operating pipe
      string for lowering said body and pulling upwardly on said body, latch
      means carried by said body including circumferentially spaced flexible
      fingers having latch lugs projecting therefrom and engageable with said
      pulling shoulder, and fluid passage means in said body leading from said
      pipe string to the vicinity of said fingers for conducting washing fluid
      to the vicinity of said packing and locking apparatus, including fluid
      pressure operated actuator means for flexing said fingers from latching
      relation with said pulling shoulder, said fluid pressure operated actuator
      means including a sleeve shiftably mounted on said body, said body and
      said sleeve having means defining a piston chamber, a piston on said
      sleeve exposed to the pressure of fluid in said piston chamber, and
      passage means leading from said pipe string to said piston chamber.
NUM  12.
PAR  12. A retrieving tool as defined in claim 11, and valve means for diverting
      fluid from the first-mentioned passage means to the second-mentioned
      passage means.
NUM  13.
PAR  13. A retrieving tool for pulling a packing and locking apparatus from the
      annular space between a wellhead and a casing hanger in the wellhead, said
      packing and locking apparatus having a pulling shoulder facing downwardly,
      said tool comprising: a body having means connectable to an operating pipe
      string for lowering said body and pulling upwardly on said body, latch
      means carried by said body including circumferentially spaced flexible
      fingers having latch lugs projecting therefrom and engageable with said
      pulling shoulder, and fluid passage means in said body leading from said
      pipe string to the vicinity of said fingers for conducting washing fluid
      to the vicinity of said packing and locking apparatus, wherein said
      fingers have lugs projecting therefrom, an actuator sleeve having a
      surface adjacent to said lugs, said body and said sleeve having means
      including a piston on said sleeve forming a piston chamber, and passage
      means leading to said piston chamber from said pipe string to conduct
      pressure fluid to said piston chamber for shifting said sleeve relative to
      said fingers, whereby said surface on said sleeve cams said fingers from
      latching relation with said pulling shoulder.
NUM  14.
PAR  14. A retrieving tool as defined in claim 13, said body having a bore, a
      valve sleeve in said bore, means normally holding said valve sleeve in a
      position at which the first-mentioned passage means is connected with said
      pipe string and the second-mentioned passage means is closed, said valve
      sleeve being shiftable to a position at which said first-mentioned passage
      means is closed and said second-mentioned passage means is open.
NUM  15.
PAR  15. A retrieving tool for pulling a packing and locking apparatus from the
      annular space between a wellhead and a casing hanger in the wellhead, said
      packing and locking apparatus having a pulling shoulder facing downwardly,
      said tool comprising: a body having means connectable to an operating pipe
      string for lowering said body and pulling upwardly on said body, said body
      having an annular groove, latch means including a circumferentially
      continuous ring disposed in said groove, flexible fingers integral with
      and extending downwardly from said ring, a retainer carried by said body
      and holding said ring in said groove, and latch lugs on said fingers
      engageable with said pulling shoulder upon downward movement of said body
      into engagement with said packing and locking apparatus.
NUM  16.
PAR  16. A retrieving tool for pulling packing and locking apparatus from the
      annular space between a wellhead and a casing hanger in the wellhead, said
      packing and locking apparatus having a pulling shoulder facing downwardly,
      said tool comprising: a body having means connectable to an operating pipe
      string for lowering said body and pulling upwardly on said body, latch
      means carried by said body including a plurality of flexible latch fingers
      extending downwardly from said body and having lugs engageable with said
      pulling shoulder upon downward movement of said body into engagement with
      said packing and locking apparatus, said fingers having cam surfaces
      spaced above said lugs, an actuator sleeve shiftable in said body and
      having a surface engageable with said cam surfaces, upon downward movement
      of said sleeve with respect to said body and fingers, to flex said lugs
      from latching relation with said pulling shoulder, and fluid pressure
      operated means for shifting said actuator sleeve downwardly of said body
      and fingers.
NUM  17.
PAR  17. A retrieving tool for pulling a packing and locking apparatus from the
      annular space between a wellhead and a casing hanger in the wellhead, said
      packing and locking apparatus having a pulling shoulder facing downwardly,
      said tool comprising: a body having means connectable to an operating pipe
      string for lowering said body and pulling upwardly on said body, latch
      means carried by said body including a plurality of flexible latch fingers
      extending downwardly from said body and having lugs engageable with said
      pulling shoulder upon downward movement of said body into engagement with
      said packing and locking apparatus, said fingers having cam surfaces
      spaced above said lugs, an actuator sleeve shiftable in said body and
      having a surface engageable with said cam surfaces to flex said lugs from
      latching relation with said pulling shoulder, and fluid pressure operated
      means for shifting said actuator sleeve including a piston on said sleeve,
      said sleeve, said piston and said body having portions defining a piston
      chamber, and passage means leading through said body to said piston
      chamber from said pipe string.
NUM  18.
PAR  18. A retrieving tool as defined in claim 17, including valve means
      normally closing said passage means.
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ABST
PAL  A bale handling device, more particularly a bale pick-up device, includes a
      plurality of squared C-shaped hooks which are individually pivotally
      mounted between pairs of elongate support members and pivotally mounted to
      actuating members for pivoting into a raised position out of engagement
      with the bales and a lowered position into engagement with the bales.
      Forces are applied via the actuating members to raise and lower the hooks
      by a pair of operating members which connect the actuating members to the
      piston end and the free end of a hydraulic cylinder. The cylinder is not
      fixed, but is free to float, effecting force equalization and preventing
      damage to the mechanism if an obstruction is encountered.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to bale handling systems, and is more particularly
      concerned with a bale handling mechanism for a tractor mounted front end
      loader.
PAR  2. Description of the Prior Art
PAR  As is well known to those skilled in the art hay bales which are loosely
      positioned with respect to each other are difficult to pick up, transfer
      and stack. An attendant disadvantage is that loosely positioned bales
      cause loose stacks in which the material may become damaged due to the
      effects of snow, rain or the like.
PAR  Various structures have been used by the art to handle bales. One such
      device is shown in U.S. Pat. No. 3,420,564, Doyne A. Jensen. The Jensen
      apparatus includes a plurality of horizontally extending, rotatably
      mounted rods each of which carry a plurality of arcuately shaped tines
      which are rotated into and out of engagement with the bales by a lever
      mechanism under the control of a hydraulic cylinder. In the apparatus
      disclosed by Jensen, the hydraulic cylinder is pivotally connected to a
      lever arm which is in turn pivotally connected to a fixed part of the
      frame, while the piston of the cylinder is similarly connected to a second
      lever arm which is pivotally connected to a fixed part of the frame. As
      disclosed by Jensen, the positions at which the cylinder and its piston
      are connected to the respective pivotal members is important in that it
      determines the amount of movement required by the piston to rotate the
      arcuate tines a desired amount. With such an operating mechanism, however,
      when uneven forces are encountered in the bale across the width of the
      bale loading mechanism, engagement between some of the tines and the bales
      may be incomplete and therefore somewhat ineffective so that the bales
      cannot be properly handled and the mechanism may be damaged. These and
      other disadvantages are present with such structure and applicants
      structure is different than the structure of the above patent and other
      prior art.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a new and
      improved bale handling system for connection to the forward end of a
      tractor mounted loader.
PAR  A more specific object of the invention is to provide a bale handling
      mechanism which equalizes the engagement forces encountered in forcing
      bale handling hooks into bales.
PAR  Another object of the invention is to provide a bale handling mechanism in
      which the engagement forces are more directly applied to the bale engaging
      hooks than in mechanisms heretofore known.
PAR  According to the invention, a bale handling mechanism comprises frame
      members, preferably angle iron members, with tubular end supports,
      adjustable mounting brackets and a series of individually mounted bale
      engaging hooks. Each hook is mounted on a hardened steel bushing which
      makes hook replacement a simple and inexpensive operation. The hooks are
      actuated in groups of four by a simple force distributing actuating
      mechanism.
PAR  The actuating mechanism comprises four bars, or four pairs of bars, which
      extend lengthwise of the mechanism, transversely of the direction of
      movement of the tractor, over the hooks with each bar (or pair of bars)
      pivotally attached to four hooks. The actuating bars are pivotally mounted
      to two operating bars positioned perpendicularly to the actuating bars.
      The actuating bars operate against stops to control the position of the
      hooks in the lowered and raised positions.
PAR  A hydraulic cylinder which is actuated by the tractor or auxiliary
      hydraulic system is pivotally mounted between the two operating bars. This
      arrangement of pivotally mounted linkages allows each actuating bar to act
      independently, thereby equalizing forces and reducing damage to the
      mechanism from obstructions which may be encountered in the hay bales.
PAR  The bale handling system or pick-up device is positioned over a group of
      eight properly accumulated bales. The hydraulic cylinder is operated to
      extend its ram and, via the operating bars and actuating bars, rotate the
      hooks into the bales to compress and secure the bales for pick up and
      transport. The inner portion of the hook point is positioned
      perpendicularly to the force required to hold the bale.
PAR  The entire group of bales can be stacked in the field or transported to a
      wagon or other haulage vehicle. When the group of bales is properly
      positioned, the cylinder is operated to retract its piston and, via the
      operating and actuating bars, to pivotally withdraw the hooks from the
      bales to release the bales.
PAR  A bale handling system or pick-up device constructed in accordance with the
      principles of the present invention includes the following advantages:
PA1  1. Easy replacement of individually mounted hooks;
PA1  2. A force distributing operating mechanism;
PA1  3. A simple actuating mechanism with few moving parts;
PA1  4. A force equalization mechanism designed to reduce damage from hook
      obstructions;
PA1  5. A tubular and angle iron frame structure for strength;
PA1  6. The actuating mechanism may easily be shielded for safety;
PA1  7. A low silhouette, compact unit for ease in shipping;
PA1  8. The mechanism mounts on front end loaders;
PA1  9. The load is positioned close to the tractor;
PA1  10. The mechanism compresses bales for compact stacking;
PA1  11. The mechanism easily handles four or eight bales; and
PA1  12. The mechansim uses a small hydraulic cylinder.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention, its organization,
      construction and operation will be best understood from the following
      detailed description of a preferred embodiment of the invention taken in
      conjunction with the accompanying drawings, on which:
PAR  FIG. 1 is a perspective view of a bale handling system mounted on the front
      end of a tractor mounted loader;
PAR  FIG. 2 is a perspective view of the bale handling mechanism of FIG. 1 shown
      in much greater detail;
PAR  FIGS. 3 and 4 are longitudinal elevations of the mechanism of FIG. 2
      specifically showing the hooks in the raised and lowered positions,
      respectively;
PAR  FIG. 5 is an enlarged detailed view of a portion of the apparatus of FIG. 4
      showing the hook structure in greater detail and specifically showing an
      actuating bar stop; and
PAR  FIG. 6 is a sectional view taken substantially along the line VI--VI of
      FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a farm implement is generally illustrated at 10 as
      comprising a tractor 12 mounted on a pair of front wheels 14 and a pair of
      rear wheels 16 and carrying a loader 18.
PAR  The loader 18 may be of any suitable design, and as illustrated may include
      a pair of forwardly extending pivotally mounted arms 20 and 22 spaced and
      braced by means of a transverse member 24 and raised and lowered by a pair
      of hydraulic cylinders 26 and 28. For operating work implements mounted at
      the distal ends of the arms 20 and 22 at least one hydraulic cylinder 30
      is provided.
PAR  A work implement 32, here a bale pick-up device constructed in accordance
      with the principles of the present invention, is mounted at the distal
      ends of the arms 20 and 22 for grasping, compacting and lifting a
      plurality of hay bales 31. Ordinarily, a bale handling system such as
      described above will be operated behind a bale accumulator which gathers,
      accumulates and releases specified numbers of bales, usually four or
      eight, in a generally aligned side-by-side relationship.
PAR  Referring to FIG. 2, the pick-up device 32 is illustrated in greater detail
      as comprising a first pair of elongate, transversely extending members 34
      and 36 which may advantageously be angle irons, spaced from a similar pair
      of elongate, transversely extending members 38 and 40. Each pair of angle
      irons 34, 36 and 38, 40 are spaced apart and secured at the opposite ends
      thereof by means of a first tubular member 42 and a second tubular member
      44, and spaced and braced intermediate the tubular members at about each
      quarter of the length of the pick-up device 32 by a plurality of members
      46, 48 and 50.
PAR  In order to mount the pick-up device to the loader arms 20 and 22, pairs of
      spaced vertical members 52, 54 and 56, 58 are provided and adapted for
      connection to the arms 20 and 22 by pin-type connections which include
      apertures, such as indicated at 60 and 62. Advantageously, these
      connections may be pivotal connections so that the cylinder 30, or a pair
      of such cylinders, may be pivotally attached to the lower end of the
      vertically oriented members to effect a pivotal lifting and lowering
      movement of the pick-up device.
PAR  The pick-up device 32 includes a pair of members 64 and 66 extending
      rearwardly of the brace members 46 and 50 and a member 68 extending
      rearwardly of the brace 48 and connected to an elongate member 70, here
      illustrated in the form of a round or tubular member. The member 70 is
      attached to the vertically oriented members 52, 54 at 72 and to the
      vertically oriented members 56, 58 at 74 to support the rear side of the
      device.
PAR  The forward side of the device is supported by structure which includes a
      pair of members 76 and 78. An upwardly and rearwardly extending member 80
      is connected between the plate 76 and the upper ends of the vertically
      oriented members 52 and 54, while a similar upwardly and rearwardly
      extending member 82 is secured between the member 78 and the upper ends of
      the vertically oriented members 56 and 58.
PAR  The connections to secure the aforementioned elements together may be
      effected by welding or the like, or suitable fastening means such as bolts
      may be employed as desired.
PAR  The individual members of each pair of members 34, 36 and 38, 40 are spaced
      apart (FIG. 6) and receive therebetween a plurality of bale engagement
      hooks 84. In the specific example illustrated in FIG. 2, eight hooks are
      positioned between each pair of such members with four of each set of
      eight hooks directed toward the center of the device. Each hook 84 is
      pivotally mounted to the respective elongate members at 86 and further
      pivotally mounted to actuating members at 88, as will be described
      hereinbelow.
PAR  In order to pivot the hooks 84 into and out of engagement with the bales, a
      plurality of actuating members are provided. Single actuating members may
      be provided; however, in the embodiment illustrated in FIG. 2 pairs of
      actuating members 90, 92; 94, 96; 98, 100 and 102, 104 are provided for
      each set of four hooks 84.
PAR  A U-shaped operating member 106 is connected to the pair of actuating
      members 90 and 92 at 110 and to the pair of actuating members 94, 96 at
      112. By the same token a second U-shaped operating member 108 is connected
      to the pair of actuating members 98, 100 at 114 and to the pair of
      actuating members 102, 104 at 116.
PAR  A hydraulic cylinder 118 is provided to control the movement of the
      operating members 106 and 108. The cylinder 118 has its free end pivotally
      connected at 122 to the operating member 106 and has its piston 120
      pivotally connected at 124 to the operating member 108.
PAR  The foregoing structure for raising and lowering the hooks provides several
      advantages. First of all, the engagement and withdrawal forces are applied
      in a substantially straight line directly to each hook of each set of four
      hooks. Secondly, the non-fixed, freely floating cylinder provides for an
      equalization of forces between the hooks operated via the member 106 and
      the hooks operated via the member 108 so that upon encountering an
      obstruction, the hooks on the obstruction encountering side do not
      experience excessively high forces applied thereto, the forces being
      transferred to the other hooks.
PAR  The tubular members 42 and 44 include respective rearwardly extending
      portions 126 and 128 which secure the ends of a bale alignment bar 130. As
      may be seen in FIGS. 3 and 4, the bar 130 may advantageously be connected
      to the vertically oriented members 52, 54 and 56, 58, as by welding, to
      strengthen the structure and provide a means of aligning the rearward
      faces of the bales prior to engagement thereof with the hooks 84.
PAR  Referring to FIGS. 3 and 4, FIG. 3 illustrates the pick-up device 32 above
      and to the rear of a plurality of bales 31 immediately prior to engagement
      of the bales for transport and stacking, while FIG. 4 illustrates the
      pick-up device lowered and with the hooks lowered into engagement within
      the bales 31. In FIGS. 3 and 4 the cylinder has been omitted for clarity
      and to illustrate that a plurality of stops 140, 142 and 144, 146 may be
      provided to prevent excessive pivoting of the hooks 84. In FIG. 3, for
      example, the actuating members at the connections to the operating members
      strike the stops to prevent further upward rotation of the hooks. Since
      the arc of travel is symmetrical, in FIG. 4 the actuating members strike
      the stops when the points of the hooks are directed perpendicularly to the
      force required to hold the bales. The stops may be constructed in many
      forms and have only been shown here as extensions of the members 46 and 50
      for purpose of illustration. Referring to FIGS. 5 and 6, a stop 144 is
      illustrated as being carried on the elongate member 40, and extends, via
      the member 50, rearwardly across the device to the elongate member 36. A
      hook 84 is illustrated in FIGS. 5 and 6 as being pivotally mounted between
      the elongate members 38 and 40. As mentioned above, the hooks 84 may be
      mounted to advantage on a hardened steel bushing which makes hook
      replacement a simple and inexpensive operation. Such a bushing is
      illustrated at 156. A similar pivotal mount may be applied for the pivotal
      connection 88 to the actuating members.
PAR  Referring again to FIG. 1, the actuating members 90-104 and the greater
      portions of the upper edges of the elongate members 34-40 are covered with
      shields 158-164 to prevent injury to the mechanism and to operating
      personal.
PAR  In operation, the tractor is driven up to a series of aligned bales, the
      cylinders 26 and 28 are operated to lower the arms 20 and 22 to position
      the member 130 along the rear faces of the bale and the cylinder 30 may be
      operated to properly orient the lower faces of the members 34-40 along the
      upper surfaces of the bales. The cylinder 118 is then operated to move the
      operating levers 106 and 108 apart and, via the actuating members 90-104,
      rotate the hooks 84 into engagement with the bales until the actuating
      members contact the stops 144 and 146. The loader cylinders may then be
      operated to raise the bales off the ground for transport and stacking.
PAR  Upon placement of the bales in the proper position on a stack, the cylinder
      118 is operated to retract the piston 120 and move the operating members
      106 and 108 toward each other. This effects rotation of the hooks to their
      upward position and disengagment with the bales. Rotation of the hooks may
      continue until such time as the actuating members strike the stops 140,
      142, 144 and 146. The loader cylinders, particularly the cylinders 26 and
      28, may then be operated to remove the pick-up device 32 from the stack.
PAR  Referring again to FIGS. 5 and 6, each hook is designed in the general form
      of a squared C and comprises a first portion 148 for pivotal connection to
      the elongate members and to the actuating members, a second portion 150,
      and a third portion 152 which extends substantially horizontally when the
      hook is in its lower position and terminates in a point 154. Each hook
      further comprises an angular edge 166 opposite the point 154 to allow easy
      withdrawal from the bales.
PAR  Although we have described our invention by reference to a particular
      illustrative embodiment thereof, many changes and modifications of the
      invention may become apparent to those skilled in the art without
      departing from the spirit and scope of the invention. We therefore intend
      to include within the patent warranted hereon all such changes and
      modifications as may reasonably and properly be included within the scope
      of our contribution to the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A bale handling device for connection to a loader, comprising:
PA1  an elongate frame including means for attaching said frame to said loader;
PA1  a plurality of bale engaging hooks individually pivotally mounted on said
      elongate frame; and
PA1  pivoting means pivotally connected to each of said hooks and operable to
      pivot said hooks between lowered and raised positions to respectively
      engage and disengage said bales, said pivoting means comprising
PA2  first means pivotally connected to each of said hooks of a first group of
      said plurality of hooks,
PA2  second means pivotally connected to each of said hooks of a second group of
      said hooks, said hooks of said first and second groups of hooks directed
      to face each other and said first and second means extending in the same
      direction, and
PA2  a hydraulic cylinder including an extensible piston, said piston connected
      to said first means and the free end of said cylinder connected to said
      second means, said cylinder operable to move said first and second means
      forward and away from each other to pivot said hooks,
PA2  comprising
PA3  a pair of spaced apart members each pivotally connected to the hooks of a
      sub-group of the respective group of hooks, and
PA3  an operating member connected between said spaced apart members and to the
      respective one of the free end of said cylinder and said piston.
NUM  2.
PAR  2. A bale handling device for connection to a loader, comprising:
PA1  a frame including a first pair of spaced elongate members, a second pair of
      spaced elongate members spaced from, connected to and extending parallel
      to said first pair of elongate members, and means for connecting the frame
      to a loader;
PA1  first, second, third and fourth groups of hooks, each of said hooks
      including a point, said hooks of said first and second groups of hooks
      pivotally mounted between and to said first pair of elongate members for
      movement between lowered and raised positions with the point of each hook
      directed inboard of the device in the lowered position, and said hooks of
      said third and fourth groups of hooks pivotally mounted between and to
      said second pair of elongate members with the point of each hook likewise
      directed inboard of the device; and
PA1  hook pivoting means pivotally connected to each of said hooks and operable
      to pivot said hooks between the lowered and raised positions to
      respectively engage and disengage bales.
NUM  3.
PAR  3. A bale handling device according to claim 2, wherein each of said
      elongate frame members comprises;
PA1  an angle iron including first and second legs, the first legs of each pair
      spaced from and parallel to each other with the respective hooks disposed
      therebetween, and the second legs of each pair disposed substantially
      co-planar to engage the upper surfaces of the bales.
NUM  4.
PAR  4. A bale handling device according to claim 2, wherein said hook pivoting
      means comprises:
PA1  first, second, third and fourth actuating members each pivotally connected
      to the hooks of a respective group of hooks;
PA1  first and second operating members, said first operating member connected
      to said first and third actuating members, and said second operating
      member connected to said second and fourth actuating members; and
PA1  a hydraulic cylinder including a free end connected to said first operating
      member and an extensible piston connected to said second operating member.
NUM  5.
PAR  5. A bale handling device according to claim 4, comprising:
PA1  shield means covering each of said actuating members.
NUM  6.
PAR  6. A bale handling device according to claim 4, comprising:
PA1  stop means mounted on said frame to limit the movement of said actuating
      members.
NUM  7.
PAR  7. A bale handling device according to claim 2, wherein said hook pivoting
      means comprises:
PA1  first, second, third and fourth pairs of actuating members, each pair of
      actuating members pivotally connected and extending on each side of the
      hooks of a respective group of hooks;
PA1  first and second operating members, said first operating member connected
      to said first and third pairs of actuating members, and said second
      operating member connected to said second and fourth pair of actuating
      members; and
PA1  a hydraulic cylinder including a free end connected to said first operating
      member and an extensible piston connected to said second operating member.
NUM  8.
PAR  8. A bale handling device according to claim 7, comprising
PA1  shield means covering each of said pair of actuating members.
NUM  9.
PAR  9. A bale handling device according to claim 2, wherein each of said hooks
      is generally shaped as a squared C and comprises:
PA1  a first portion pivotally connected to the respective elongate members;
PA1  a second portion extending substantially perpendicularly from said first
      portion; and
PA1  a pointed third portion extending from said second portion substantially
      parallel to said first portion.
NUM  10.
PAR  10. A bale handling device according to claim 9, wherein each of said hooks
      comprises:
PA1  an edge at the junction of said second and third portions and generally
      opposite said point and directed at an angle to said second and third
      portions to ease disengagement from the bales.
NUM  11.
PAR  11. A bale handling device for connection to a loader, comprising:
PA1  a frame including means for connecting said frame to the loader, a first
      pair of spaced elongate members, and a second pair of spaced elongate
      members spaced from, connected to and extending parallel to said first
      pair of elongate members,
PA1  each of said elongate members including a flat lower surface and a wall
      perpendicular to said flat lower surface,
PA1  first, second, third and fourth groups of pointed hooks, said hooks of said
      first and second groups of hooks individually pivotally mounted between
      and to said walls of said first pair of elongate members for movement
      between lowered and raised positions with the point of each hook directed
      inboard of the device in the lowered position, and said hooks of said
      third and fourth groups of hooks individually pivotally mounted between
      and to said walls of said second pair of elongate members with the point
      of each hook likewise directed inboard of the device, the points of said
      hooks being raised upwardly to at least the level of said flat lower
      surfaces when moved to the raised position, and
PA1  hook pivoting means pivotally connected to each of said hooks and operable
      to pivot said hooks between the lowered and raised positions to
      respectively engage bales and strip bales from the device.
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ABST
PAL  A box side construction for truck or trailer boxes utilizing a unitary, all
      metal, formed side member which includes a single center reinforcing stake
      for fastening side panels in end to end relationship while achieving a
      strong, smooth and lightweight side panel for a box.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to truck or trailer box structures using
      substantially stakeless side panels.
PAR  2. Prior Art
PAR  In the prior art, various all metal boxes have been advanced using a formed
      side panel for the box. For example, U.S. Pat. No. 3,804,464 shows a truck
      box with a formed side panel. The box sides of this general type are long
      and therefore cumbersome to form.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a truck or trailer box construction, and
      more particularly to a uniquely made side wall configuration which is
      formed with a single center stake only, to provide for an all welded,
      steel side panel for a box that is easily formed and assembled.
PAR  The present invention permits the use of standard size sheets of material,
      which can be formed with suitable longitudinal beads for strengthening and
      also formed into an internal concave shape at the same time the beads are
      formed.
PAR  Two panels are abutted against opposite sides of a common center stake, and
      front and rear end stakes are also used at the opposite ends of the
      panels. The panels are welded to the stakes to avoid the necessity for
      butt welding the panels together or otherwise joining them in abutting
      relationship. In addition, a top rail member is placed on the two panels
      and three stakes, namely the front, center and rear stakes, and this top
      rail forms a secure support for holding tarpaulin bows or additional side
      extensions. The center stake provides adequate support in the vertical
      direction for heavy objects such as these items.
PAR  The longitudinal beads for strengthening the panels and the concave shape,
      which is desirable from a strength standpoint, can be formed in standard
      machines and the long box sides are made sectionalized without incurring
      the time and effort necessary to join the panels in abutting relationship.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a typical truck box having a side wall
      member constructed in accordance with the present invention;
PAR  FIG. 2 is a sectional view taken as on line 2--2 in FIG. 1;
PAR  FIG. 3 is a fragmentary sectional view taken as on line 3--3 in FIG. 2; and
PAR  FIG. 4 is a horizontal sectional view of one of the corner posts on the
      side members illustrating a preferred method of attaching the front or
      rear walls of the box to the side members.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A truck or trailer box illustrated generally at 10 is a normal, rectangular
      box and is mounted onto a frame 11 of a truck through a suitable mounting
      frame. The box length may be in the range of 18 to 20 or more feet and the
      box normally has a width of just under eight feet in order to be within
      the legal limits. The box is made up of a floor and support frame member
      of conventional design, and which is indicated generally at 12. The frame
      is a rectilinear frame with front and rear walls supported on the frame,
      and extending between the side walls in the normal manner. An end gate of
      suitable design is used at the rear of the box.
PAR  A side wall assembly illustrated generally at 13 includes a first metal
      panel 14, a second panel 15, a top rail 16 that extends the full length of
      the box, square metal tubular upright end stakes 17 and 18, and a square
      metal tubular center stake 19 positioned between the first and second
      panels 14 and 15.
PAR  When the truck box is eighteen to twenty or more feet long, the panels 14
      and 15 thus can be approximately one-half of this length and therefore
      well iwthin the range of sizes that can be handled conveniently and formed
      in conventional metal forming machines.
PAR  Typically, the side panels will be formed as shown in FIG. 2. Here, the
      first panel 14 (the second panel 15 would be substantially the same in
      configuration), is shown. It has an outward bow forming an inwardly facing
      concave surface (facing toward the center of the box) in the center
      portions thereof as indicated at 20.
PAR  Also, as can be seen, a fastening lip 21 is formed on the panel at the top
      edge thereof, and this lip can be welded or otherwise suitably attached to
      the top rail 16. A plurality of longitudinally extending beads 22,23 and
      24, respectively, are formed into the panel prior to installation. The
      bead 23 is at the midsection and forms the outer most extension of the
      box, or in other words, is at the deepest part of the concave surface. As
      can be seen, the upright center stake 19 is positioned at one end of each
      of the panels 14 and 15 in the center of the box wall and the stake 19 is
      of a width (in lateral direction of the box) greater than the depth of
      concavity of the wall so that the upper and lower edges and also the
      center bead 23 do not extend laterally beyond the stake. The entire end of
      the panel 14 thus is welded directly to the center stake 19 and no part of
      the panel 14 extends laterally beyond the stake.
PAR  The lower edge of the panel 14 has a flange 26 formed therein, and a lip 27
      that is formed on and depends from the flange 26. The lip 27 is positioned
      on the outside of the frame member 28 of the bed 12. Frame member 28 as
      shown has a vertical side wall, a top flange 28A, and an offset section
      28B for receiving the floor 30 of the box. This frame member is of
      conventional design commonly used in truck or trailer boxes, and the upper
      flange 28A supports the flange 26. The flanges 26 of the side panels 15
      and 14 are bolted to the flange 28A when in position.
PAR  It can thus be seen that the upper flanges 21 of the panels 14 and 15 are
      welded to the top rail 16, and one end edge of each of the panels 14 and
      15 is welded to opposite sides of the center stake 19. The opposite ends
      of panels 14 and 15 are welded to the respective stakes at the front and
      rear of each of the side wall assemblies.
PAR  The front box wall 31 is shown schematically in FIG. 2 as well, and the
      means for attaching the front or rear walls of the box to the corner
      stakes 17 and 18 is illustrated in FIG. 4.
PAR  In FIG. 4, a typical side wall panel 15 is shown, at the rear portions
      thereof, and the rear stake 17, which would form the right hand rear
      corner of the truck box shown in FIG. 1, is welded to the rear end edge of
      panel 15 as at 32. An angle clip 33 is used to support the stake 17, and
      also is then welded to the upper surface of the flange 26 of the side
      panel panel 15. The flange 26 as can be seen, has a series of holes spaced
      along the length thereof which align with holes in the flange 28A for
      bolting the flanges 26 and 28A together. As can be seen the clip 33 also
      has a hole therein and a bolt 34 fastens the clip to the flange 28A of the
      box frame member 28.
PAR  The rear box wall is indicated generally at 35. The end of the panel 35 is
      welded to an upright angle clip 36 that fits closely against two sides of
      the stake 17 (the inside wall and the rear wall of the stake) and is
      fastened thereto with suitable bolts or cap screws (not shown) to hold it
      in place. The angle member 36 can extend along the full length of the
      stake). In this manner, a tight joint is achieved because the panel 35 is
      welded as at 37 to the angle 36 to close any gap, and the welding shown at
      32 closes or seals the panel 15 to the end stake 17. The means for
      fastening the side wall to the front wall can be substantially the same as
      that shown in FIG. 4.
PAR  Referring specifically to FIG. 3, the junction between the center stake 19
      and the first and second side panels 14 and 15 is shown. The center stake,
      as well as the stakes 17 and 18 are welded to the top rail 16, and the
      stake 19 serves to support the top rail 16 adequately with respect to the
      truck box frame 28 so that heavy objects such as a tarpaulin bow or other
      members that have substantial weight are easily supported on the box
      through the top rail. In addition, the box is closed tightly and a good
      seal is provided by the clamping of the flanges 26 against the flange 28A,
      and the lip 27 also tends to seal the side panels and provides a drip cap
      to insure drainage of water from the side walls without seepage into the
      box interior. The reinforcing ribs or beads 22,23 and 24 provide
      additional strength so that the thickness of the panels 14 and 15 can be
      reduced. For example, a 16 gauge hot roll material with the beads
      provided, (which are formed on a substantially 3/16 inch inside radius)
      have been found to give adequate strength.
PAR  Other specific concave shapes can be used for the side panels, but as shown
      only two side panels are used and they are fixed to a single center stake
      to form the desired length of side wall.
PAR  The use of a single square tubular post 19 also is beneficial because it
      presents a relatively smooth member on the interior of the box, which
      makes complete removal of material from the box easy.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A welded wall assembly construction for a truck or trailer box
      comprising a pair of metal panels having opposite side surfaces and end
      edges, and a tubular support stake between the adjacent ends of said
      panels and joining said panels in end to end relationship, and said ends
      of said panels being contiguous to and welded to opposite sides of said
      support stake whereby surfaces of said support stake form a portion of the
      wall assembly on both sides of said wall assembly between the ends of said
      panels, said support stake having a pair of generally planar side surfaces
      forming a lateral width of the stake in direction of the thickness of said
      panels, and wherein said panels are formed to be concave to provide
      increased rigidity in longitudinal direction, the amount of concavity of
      said panels being not substantially greater than the lateral width of said
      support stake so that the entire end edge of each of said panels adjacent
      said stake is contiguous to the stake and when welded to the stake a tight
      seam is formed.
NUM  2.
PAR  2. The combination as specified in claim 1 and an additional pair of
      stakes, one at each of the opposite ends of each of said panels from said
      first mentioned stake, said additional pair of stakes being welded to said
      opposite end edges of said panels, and a top rail fastened to said panels
      and to said stakes and extending along one edge of said panels to form a
      complete box side wall.
NUM  3.
PAR  3. The combination as specified in claim 2 and a box bed including a
      peripheral frame, and means to attach said panels and said stakes to the
      box bed comprising a flange formed on lower longitudinal edge of said
      panels, said flange resting on said frame with the wall assembly in
      position thereon, said flange being adapted to be bolted to said bed.
NUM  4.
PAR  4. The combination as specified in claim 3 and a lip member formed integral
      with said flange, said lip member extending on the outside of said frame
      when said flange is positioned on said frame, said lip member forming a
      drip cap at the edge of said frame.
NUM  5.
PAR  5. The combination as specified in claim 1 wherein said panels are of a
      length in the range of at least ten feet, and a plurality of
      longitudinally extending reinforcing ribs formed in each of said panels.
NUM  6.
PAR  6. The combination as specified in claim 3 wherein said panels each have a
      bent over lip at the upper portions thereof, and wherein said lip is fixed
      to said top rail along the length of said panels.
NUM  7.
PAR  7. The combination as specified in claim 1 wherein the concave surfaces of
      said panels face in a direction toward the intended inside of a box on
      which the panels are to be used, and wherein the support stake has a
      generally planar inside surface facing in the same direction as said
      concave surfaces of said panels, the concave surfaces of said panels and
      the planar inside surface of said stake generally lying along a common
      line adjacent the bottom of said panels.
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ABST
PAL  The invention relates to an adjustable seat, notably for motor vehicles, of
      the type comprising a bottom displaceable longitudinally on a slideway, a
      back having its lower end pivoted to said bottom and its upper end pivoted
      about a transverse shaft rigidly connected to the side walls of the
      passenger compartment. Each end of said transverse shaft is connected to
      first and second members, respectively, rigid with said side wall, and
      further comprises a first connecting means for said first member and a
      second connecting means for said second member, control means for rotating
      said shaft and thus produce the relative movement between said first and
      second connecting means, said second connecting means being mounted for
      rotation and translation in relation to said second member.
BSUM
PAR  The present invention relates to seats, especially of the type used in
      motor vehicles, and has specific reference to an improved adjustable seat
      of the type comprising a bottom movable longitudinally on slideways and a
      back having its base pivotally mounted to the rear end of said bottom and
      its upper edge pivoted about a transverse axis in the form of a shaft
      connected to the side walls of the passenger compartment.
PAR  In seats of this general type, the angle of inclination of the back can be
      modified by moving the bottom longitudinally in case the bottom is pivoted
      about a transverse axis or the lower edge of the back is displaceable in
      relation to the common pivot axis of said bottom and back. However, this
      simplified adjustment is inadequate for obtaining a maximum driving
      comfort, especially if the seat is occupied by a relatively tall person.
PAR  To adapt the driver's seat to the stature of the person having to drive the
      vehicle, it is also known to use an adjustable set of driving pedals and
      also a manually adjustable steering column. However, it is desirable to
      avoid manual adjustments in a steering column of which the component
      elements are to absorb relatively high kinetic forces in case of shocks
      due to crashes or accidents, and it is the essential object of this
      invention to provide to this end an improved construction of a seat of the
      type broadly set forth hereinabove, wherein the shaft about which the top
      edge of the back can be pivoted is not only connected to the side walls of
      the passenger compartment but also adjustable parallel to itself.
PAR  In addition, this invention is directed to provide an adjustable seat
      provided with a synchronous device for controlling the movements of the
      ends of said transverse pivot shaft at the upper edge of the seat back,
      this device being free of any risk of wedging or jamming.
PAR  Furthermore, the present invention is also directed to an arrangement
      comprising two seats adjustable separately from each other with means for
      controlling synchronously the movements of the ends of the transverse
      pivot shaft provided at the top of the back.
PAR  According to this invention, the adjustable seat for motor vehicle
      constituting the subject-matter thereof is characterised in that each end
      of the transverse pivot shaft disposed along the top edge of the seat back
      is connected to a first and second members, respectively, rigid with the
      corresponding walls of the passenger compartment, and that it comprises a
      first means for connecting said shaft to said member, and a second means
      for connecting said shaft to said member, means for controlling the
      rotation of said shaft in order to produce a relative movement between
      said first and second connecting means, said second connecting means being
      mounted for rotation and translation in relation to said second member.
PAR  In a seat according to this invention, it is particularly advantageous to
      use to fittings connected to said first and second members rigid with the
      wall of the vehicle, respectively, said first fitting being rigid with an
      internally-toothed ring member comprising a plurality of teeth, said
      second fitting being rigid with an externally toothed disc rotatably
      mounted by means of an eccentric member carried by the transverse shaft
      within said internally toothed ring, the number of teeth of the toothed
      ring differring from the number of teeth of the toothed disc by at least
      one tooth.
DRWD
PAR  Other features and advantages of this invention will appear as the
      following description proceeds with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic perspective view of the passenger compartment of a
      motor vehicle with the frame structure of two separately adjustable seats;
PAR  FIG. 2 is a cross-section showing the slideways equipping one of the seats
      illustrated in FIG. 1;
PAR  FIG. 3 is a front elevational view of the frame structure of the seat back;
PAR  FIG. 4 is a side elevational view of the seat bottom, and
PAR  FIG. 5 is a detail view illustrating the back control system.
DETD
PAR  Referring to FIG. 1, there is shown diagrammatically therein the floor 1 of
      the vehicle with its conventional central tunnel 2 and the longitudinal
      flanges 3 welded along both sides of this floor to constitute the bases of
      the side walls of the passenger compartment. This Figure also shows at 4
      the plates lining and reinforcing the central door jambs of the vehicle
      body. Finally, according to a known technical contrivance, an upper cross
      member 5 is provided for bracing these two central door jambs and increase
      their strength, notably in case of lateral thrusts.
PAR  This upper cross member 5 comprises two sections 5a and 5b separated by the
      vertical arm 8 of the reinforcing frame structure 7 having substantially
      the shape of an inverted T. The horizontal member 9 of this reinforcing
      structure 7 is welded to the floor 1 by means of its wings 11 to
      constitute with said floor a box-sectioned beam bracing said lateral
      flanges 3. As shown in FIG. 2, the flanges 3 are apertured at 12 and
      provided therein with an inner ring 13. A tapped tube 14 disposed between
      these rings 13 carries a pair of straps 15 to which are welded a pair of
      fixed slideways 16 supporting the seats 17 and 18.
PAR  The fixed slideways 16 carry each a movable slideway 19, respectively,
      rigid with the frame structure 20 of the adjustable seat 17 or 18. To this
      end, the frame structure 20 carries a number of nuts 21 welded to
      sheet-metal plates 23 welded in turn to the frame structure 20. These
      slideways 19 can thus be secured by screwing to the frame structure 20.
      This structure 20 also carries the gusset 24 to which a nut 25 is welded,
      as shown in FIG. 4. The slideway locking system comprises essentially a
      control rod 26 carrying bolt means 27 adapted to engage lateral slots
      formed in each lower slideway 16. Linkage means are provided for
      operatively interconnecting the bolt means 27 of the pair of upper
      slideways 19.
PAR  Referring to FIG. 3, it will be seen that the back rest frame comprises
      essentially a pair of tubular uprights or side members 29 pivoted at their
      lower ends to the seat bottom by means of a pin having a screw-threaded
      portion engaging the aforesaid nut 25 and braced at their upper ends by a
      tube 30.
PAR  This shaft 32 carries first means 36 for connecting same to the screw 33
      and second connecting means 37 for connecting same to the screw 34. Means
      for controlling the rotational movements of said shaft 32 comprise a
      driven pinion 38 having a relatively small number of teeth, which is rigid
      with said shaft, for example by keying or otherwise, a transmission member
      39, a driving pinion 40, a control member 41 and a carrier shaft 42. This
      carrier shaft 42 is trunnionned in a pair of bearings rigid with the
      vertical arm 8 of the reinforcing frame structure 7.
PAR  The tube 30 carries a number of needle bearings 31 comprising resilient
      rings. Fitted in these bearings 31 is a transverse shaft 32 connected to a
      first member 33 and to a second member 34, respectively, these members 33,
      34 consisting of a pair of screws engaging nuts 35 welded to the
      reinforcing plate 4 lining the central door jamb 4 of the vehicle body.
PAR  In a seat of this type, the connecting means 36, 37 consist of seat hinge
      fittings of a type known per se and briefly described just as a reminder
      hereinafter. The fitting 37 is rigid with an internally toothed ring 43
      comprising a plurality of teeth. The other fitting 38 is rigid with an
      externally toothed disc 44. The first fitting 36 further comprises an
      elongated slot 46 engaged by said screw 33 (see FIGS. 3 and 5), and the
      other fitting 37 has formed therein a peripheral hole 47 engaged by the
      other screw 34.
PAR  Finally, the shaft 32 carries at its outer end an eccentric pin 45 engaging
      axial holes formed in said ring and toothed disc 43, 44, carried by said
      fittings 37 and 36, respectively.
PAR  If there is a difference of at least one tooth between the numbers of teeth
      of ring 43 and toothed disc 44, it is clear that actuating the member 41
      will rotate the shaft 32 and therefore the eccentric pin 45; at the same
      time, this movement of eccentric pin 45 is attended by the rotation of the
      toothed disc 44 and ring 43 in relation to each other, thus causing a
      relative displacement of fittings 36, 37 and also of shaft 32, since the
      points connecting said fittings 36, 37 to the wall structure of the
      passenger compartment are fixed. To this end, the fitting 36 is mounted
      for both rotation and translation on member 33, due to the presence of an
      elongated slot 46.
PAR  As clearly shown in FIG. 1, the adjustable seat according to this invention
      may conveniently be associated with another seat of same type. The side
      faces of the backs of each seat may advantageously be disposed close to
      one of the side walls of the passenger compartment and also to the
      intermediate or central reinforcing structure 8 in order to reinforce the
      compartment itself while protecting the passengers of the vehicle in case
      of lateral shocks.
PAR  Although a specific form of embodiment of this invention has been described
      hereinabove and illustrated in the accompanying drawings, it will readily
      occur to those skilled in the art that various modifications and changes
      may be brought thereto without departing from the scope of the invention
      as set forth in the appended claims.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. Adjustable seat, notably for motor vehicle, of the type comprising a
      bottom displaceable longitudinally on a slideway, a back rest having its
      lower edge hingedly connected to said bottom and its upper edge hingedly
      connected to a transverse shaft rigidly secured to the side walls of the
      passenger compartment, each end of said transverse shaft being connected
      to a first member and to a second member, said members being rigid with
      the lateral wall of the passenger compartment, said seat further
      comprising a first means for connecting said shaft to said first member
      and a second means for connecting said shaft to said second member,
      control means for rotating said shaft and thus produce a relative movement
      between said first and second connecting means, said second connecting
      means being mounted for rotation and translation in relation to said
      second member.
NUM  2.
PAR  2. Seat as set forth in claim 1, wherein said first and second connecting
      means comprise a pair of fittings connected to said first and second
      members, respectively, and that the control means aforesaid comprises a
      driven pinion having a relatively small number of teeth and rigidly
      connected to said transverse shaft and drivingly connected to a driving
      pinion.
NUM  3.
PAR  3. Seat as set forth in claim 1, wherein the transverse shaft connected to
      the side walls of the vehicle body carries an eccentric pin adapted to be
      rotated by means of said driven pinion, the relative movement between said
      first and second connecting means being obtained through the meshing
      engagement of a toothed ring and pinion carried by said second and first
      means, respectively, said ring and pinion having different teeth numbers.
NUM  4.
PAR  4. Seat as set forth in claim 1, associated with another seat, in side by
      side relationship, the side portions of the backs of each seat being
      disposed close to one side wall of the passenger compartment and with a
      reinforcing element of the frame structure of the vehicle which is
      disposed between said seats.
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ABST
PAL  A seat on a movable platform having a partial enclosure about one end
      thereof is arranged for movement in and out of a door opening in a
      vehicle, the outer end portion of the enclosure includes a window, the
      remainder of the enclosure forming front and back and top and bottom
      portions of the end closure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to vehicles and movable seat constructions therein.
PAR  2. Description of the Prior Art
PAR  Prior devices of this type include a transversely movable passenger seat as
      seen in U.S. Pat. No. 3,071,407 and a swing out vehicle seat as seen in
      U.S. Pat. No. 3,147,994. Seats on movable platforms are disclosed in U.S.
      Pat. No. 3,419,164.
PAR  This invention provides a movable seat and a partial enclosure thereabout
      particularly suited for use in mail delivery cars enabling the driver of
      the car to move sidewardly relative to the car as in the direction of a
      rural mailbox or the like.
PAC  SUMMARY OF THE INVENTION
PAR  A sidewardly movable vehicle seat with an enclosure partially thereabout is
      positioned in a vehicle for movement into and out of a door opening
      therein. The seat is on a movable platform, the outermost end of which has
      a modified door affixed thereto with inwardly extending top, bottom and
      side wall sections. The modified door may be hinged so as to be opened
      with respect to the partial enclosure and is provided with an inward
      radius in which the usual window is located, power actuated means in the
      vehicle moves the seat and its partial enclosure relative to the vehicle.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective elevation of the sidewardly movable vehicle seat
      with partial enclosure, broken lines indicating the vehicle in which the
      device is positioned;
PAR  FIG. 2 is a front elevation of the movable seat with partial enclosure with
      broken lines illustrating a vehicle in which the same is positioned.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention in the form disclosed herein consists of a platform 10 having
      a seat 11 thereon complete with a back portion 12. A partial enclosure
      consistng of a door 13, front wall 14, rear wall 15 and a top 16 is
      carried by the platform 10 at one end thereof so as to partially enclosure
      the seat 11 and its back portion 12 when the platform 10 is moved
      sidewardly and partially out of a vehicle body B as seen in broken lines
      in FIGS. 1 and 2 of the drawings. The platform 10 is provided with spaced
      parallel rails 17 slideably engaging a pair of spaced, parallel flanges 18
      secured to the vehicle body B. If desired anti-friction bearings may be
      incorporated in the rails 17 and/or the flanges 18 as will occur to those
      skilled in the art. Means for moving the platform 10 longitudinally of the
      flanges 18 is provided and comprises a piston and cylinder assembly 19,
      the piston rod 20 of which is engaged on a depending bracket 20A secured
      to the platform 10. The cylinder 19 is double acting and a source of fluid
      power such as a pump, reservoir and connecting piping controlled by a
      suitable valve is positioned in the vehicle so that the cylinder 19 may be
      energized by the operator of the vehicle to move the seat 11 and the
      platform 10 transversely thereof as desired.
PAR  In FIG. 1 of the drawings, the fluid power source is illustrated as
      comprising a reservoir 21, a pump 22 and a directional valve 23 having an
      operating lever 24. The valve 23 communicates with the cylinder 19 which
      is illustrated in FIG. 2 of the drawings.
PAR  The door portion 13 of the partial enclosure is inwardly bowed as at 13A
      and a window 25 is hinged in a window opening 26 in the door 13. A
      secondary hydraulic piston and cylinder assembly 27 is provided as seen in
      FIG. 2 of the drawings for moving the window 25 from open to closed
      position. The door portion 13 of the enclosure of the invention may be
      fixed to the remainder of the enclosure or it may be hinged thereto as
      illustrated and provided with a handle 28 so that it can be opened and
      closed relative to the remainder of the partial enclosure. The front wall
      14 of the partial enclosure has a glazed window 29 therein which will
      register with the windshield of the vehicle when the partial enclosure is
      within the vehicle. It will occur to those skilled in the art that if
      desired the seat 11 and its back portion 12 may be of smaller size than
      illustrated relative to the platform 10 on which it is positioned so as to
      provide additional capacity for packages, mailbags or the like which will
      move with the seat and the partial enclosure relative to the vehicle.
PAR  It will further occur to those skilled in the art that when the vehicle has
      a transmission and drive line hump extending through the passenger
      compartment, the movable platform 10 and the seat 11 may be modified to be
      positioned on one side of the hump and movable away therefrom when the
      partial enclosure of the device moves outwardly of the door opening of the
      vehicle.
PAR  It will thus be seen that a sidewardly movable vehicle seat with a partial
      enclosure has been disclosed which will enable a driver of the vehicle
      equipped with the same to move sidewardly partially out of the vehicle as
      in reaching a rural mailbox for example in the delivery of mail thereto.
CLMS
STM  Having thus described my invention what I claim is:
NUM  1.
PAR  1. A sidewardly movable seat for a vehicle having a body with a door
      opening in one side thereof comprising a platform and means in said
      vehicle movably mounting said platform for transverse motion with respect
      thereto, a seat on said platform including a back portion therefor, front,
      back and top walls on one portion of said platform arranged for telescopic
      movement with said platform into and out of said door opening of said
      body, a window in at least one of said walls and a door adapted for
      closing registry with said door opening and hinges mounting the same on
      one of said front and back walls to form a partial enclosure extending
      inwardly from said door and partially enclosing a portion of said platform
      and a portion of said seat thereon and means in said vehicle for moving
      said platform seat and partial enclosure into and out of said door
      opening.
NUM  2.
PAR  2. The sidewardly movable vehicle seat of claim 1 wherein said door is
      formed with an inwardly extending concave portion.
NUM  3.
PAR  3. The sidewardly movable vehicle seat set forth in claim 1 wherein a
      window opening is formed in said door and a window is movably positioned
      in said opening.
NUM  4.
PAR  4. The sidewardly movable vehicle seat of claim 1 wherein said means
      movably mounting said platform comprise elongated members on said
      platform; secondary elongated members in said body slidably engaging said
      first mentioned elongated members, a piston and cylinder assembly
      connecting said body and said platform and a source of fluid power for
      said piston and cylinder assembly and valve means controlling the same.
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ABST
PAL  Protuberances formed along mutually confronting end faces of an automobile
      door and a pillar of a body engage with each other or with the confronting
      end face when the door collides with the pillar during a vehicle
      collision. The profile of the protuberance has an apex of an acute angle.
      The effect of the protuberance may be enhanced by installation of
      reinforcing members inside the pillar and/or the door.
BSUM
PAR  The present invention relates to an assembly of an automobile door and a
      pillar of the body which prevents the door in a closed state from being
      detached from the body during a collision.
PAR  Automobile doors, especially in passenger cars, serve as structural members
      when assembled with the car body besides their primary function. When a
      passenger car encounters a head-on collision, a large impulsive force
      imposed on the vehicle front end is transmitted to every part of the car
      body, so that the entire body is in danger of being deformed or crushed.
      The doors are expected to resist the imposed force to protect the
      passenger compartment from crushing which would be fatal to the
      passengers, and can meet this expectation fairly well so far as they
      remain closed. As an unfortunate matter of fact, automobile doors of
      conventional configuration are easily detached from the body laterally
      outward provided door hinges are broken by collision forces, causing in
      many cases severe injuries to the passengers accompanying demolition of
      the body.
PAR  It is therefore an object of the present invention to provide an improved
      door and door pillar assembly for an automobile which prevents detachment
      of closed doors from the vehicle body laterally outward when a large
      impulsive force in a direction parallel to the longitudinal axis of the
      vehicle due to a collision is exerted on the assembly.
PAR  There is provided according to the invention the improvement comprising; at
      least one protuberance formed along at least one of mutually confronting
      end faces of a door and a pillar, the protuberance having a profile
      generally defining an apex and two sides, the two sides being formed at an
      acute angle, and the protuberance being arranged in such a manner that the
      protuberance is engaged with the confronting end face when the door is
      forced to collide with the pillar by a longitudinal impulsive force during
      collision of the automobile.
PAR  The protuberances are formed either by bending a portion of the mutually
      confronting end faces or by attaching ribs or plates onto the end faces.
      In addition to provision of the protuberance, the interior space of the
      pillar may be filled with a reinforcing member leaving a portion of the
      space confronting the protuberance of the door in order to ensure the
      catching of the door. Furthermore, unwanted deformation of the precisely
      formed door end face may be prevented by fixing suitable reinforcing
      plates within the interior space of the door at locations close to the end
      face.
DRWD
PAR  Features and advantages of the invention will become apparent from the
      following detailed description of preferred embodiments referring to the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a body of a passenger car and doors to be
      assembled with the body;
PAR  FIG. 2 is a schematic horizontal sectional view of a pillar of the body of
      FIG. 1 and an end face of the door confronting the pillar when the door is
      assembled with the body and closed, showing a prior art configuration of
      the pillar and the door end faces;
PAR  FIG. 3 is similar to FIG. 2, showing a protuberance formed according to the
      invention;
PAR  FIG. 4 is the same section as FIG. 3, showing a state after the door is
      forced to move by an impulsive force;
PAR  FIGS. 5, 6 and 7 are similar to FIGS. 3 and 4, showing other types of
      protuberances formed according to the invention;
PAR  FIG. 8 is similar to FIG. 7, showing a state similar to FIG. 4;
PAR  FIG. 9 is a perspective view of reinforcing members for the pillar shown in
      FIG. 7;
PAR  FIG. 10 is a partial perspective view of pillars provided with the
      reinforcing members of FIG. 9; and
PAR  FIGS. 11 and 12 are schematic partial perspective views of the door of FIG.
      1, showing reinforcing plates provided within the door.
DETD
PAR  In a typical automobile body 10 of a four-door passenger-car, a front
      pillar 20 and a center pillar 30 are provided on each side to serve as
      supporting members for a roof 11, and to mount a front door 40 and a rear
      door 50, respectively, by means of door hinges (not shown). The
      description presented hereinafter together with the succeeding figures is
      limited to the assembly of the left front pillar 20 and front door 40, but
      the invention can be applied to the assembly of the center pillar 30 and
      rear door 50 as well as the corresponding assemblies on the right side of
      the body 10.
PAR  Referring now to FIG. 2, which shows a prior art configuration, the rear
      end face 21 of the front pillar 20 and the front end face 41 of the front
      door 40 are of stepped shape to enable smooth opening and closing of the
      door 40. Corners 22 and 42 of these bent end faces 21, 41 respectively are
      formed at right angle or at obute angle to suit the door function. In case
      that door hinges or hinge pins for a pillar-door assembly of this
      configuration are broken by a large longitudinal impulsive force
      (indicated by an arrow F in FIG. 2) caused by, for example, a head-on
      collision of the vehicle, the door 40 is easily detached from the body 10
      and thrown out laterally (in the direction of an arrow M in FIG. 1).
PAR  The essential conception of the present invention lies in a novel
      configuration of the above mentioned mutually confronting end faces 21 and
      41. In an embodiment of the invention shown in FIG. 3, the pillar end face
      21 and the door end face 41 are formed with protuberances 23 and 43,
      respectively. Each protuberance 23, 43 is a vertical ridge protruding
      toward the confronting end face 43, 23, and generally defining an apex and
      two sides. The sides are formed at acute angles .alpha. and .beta. ,
      respectively. The protuberances 23, 43 are located so that a side of the
      door protuberance 43 may encounter a side of the pillar protuberence 23
      when the door 40 is moved toward the pillar 20 by a force in the direction
      of the arrow F. The protuberances 23, 43 are arranged so as not to
      interfere with normal opening and closing of the door 40. If an impulsive
      force in the direction F causes the door hinges to be destructed, the door
      40 moves initially toward the pillar 20, and the protuberances 43 and 23
      engage with each other as shown in FIG. 4. Thus, the door 40 is caught by
      the pillar 20 and prevented from moving laterally. The number and
      locations of the protuberances 23, 43 are not limited to the illustration
      of FIG. 3, but pluralities of protuberances may be formed on each of the
      pillar and door end faces 21, 41 as exemplified in FIG. 5, in which the
      end faces 21, 41 have two protuberances 23, 23A and 43, 43A, respectively.
      In the next embodiment shown in FIG. 6, the protuberances are made by
      forming separately and attaching rib-like members 24, 44 made of a rigid
      material such as steel and having a similar profile to the protuberances
      23, 43 to the end faces 21 and 41, respectively. This arrangement is
      convenient from the fabrication viewpoint because complex press-forming
      works can be eliminated. The protuberances of the invention, either
      press-formed or attached, are usually provided along the entire vertical
      length of the mutually confronting end faces of the pillar 20 and door 40,
      but the object may be accomplished by forming protuberances of shorter
      length at selected locations on the pillar and door end faces 21, 41
      taking into consideration the distribution of impulsive force in the body
      10 during a collision.
PAR  Provision of the protuberance on only the pillar end face 21 or door end
      face 41 is also effective in attaining the object of the invention if the
      shape, size and location of the protuberance are properly determined in
      accordance with the configuration of the other end face. In this aspect of
      the protuberance formation, prevention of lateral movement of the door 40
      is accomplished by deformation of one end face engaging with the
      protuberance.
PAR  When the door end face 41 alone has the protuberance 43, appropriate
      deformation of the pillar end face 21 can be accomplished by embedding a
      filling or reinforcing member having a suitable profile within the pillar
      20. In a further embodiment shown in FIG. 7,, a reinforcing member 25,
      whose profile is nearly similar to that of the pillar 20, is disposed
      within the interior space of the pillar 20 in such a manner that a portion
      of the space 26 is left unfilled at a region close to the passenger
      compartment and the door 40. On the confronting end face 41 of the door
      40, the protuberance 44 is formed at the location corresponding to the
      retained space 26. When the door 40 comes into collision with the pillar
      20 as shown in FIG. 8, the pillar end face 21 is dented to an extent
      predetermined by the shape of the reinforcing member 25, so that the
      protuberance 44 engages with the dented pillar end face 21, and the door
      40 can be effectively prevented from lateral movement. Thus, the pillar
      end face 21 of this embodiment may be regarded, during a collision, as
      having a protuberance similar to the afore-illustrated embodiments.
PAR  The reinforcing member 25 is made of a material of sufficient rigidity, and
      may be made in various forms as long as the profile is formed with a cut
      edge 27 to provide a space 26 corresponding to the location of the
      protuberance 44 on the door end face 41. FIG. 9 shows three forms of the
      reinforcing member 25, namely, a plate type 25A, a hollow prism type 25B
      and a solid prism type 25C. FIG. 10 illustrates the installation of these
      types of reinforcing members 25A, 25B and 25C in the pillar 20. The plate
      type 25A may vary in thickness, and a plurality of members 25A may be
      assembled within the pillar 20 either in contact with or spaced from each
      other at locations selected taking into consideration both the local
      strength of the pillar 20 and the arrangement of the protuberance 44 on
      the door end face 41. A spaced arrangement of the reinforcing members 25A
      minimizes the weight increase of the body 10. The hollow prism type 25B
      also features light weight. A member 25B of this type can be divided into
      some sections for provision the pillar 20, as seen from FIG. 10, to
      further decrease the weight by avoiding installation at unnecessary
      regions and to facilitate insertion into a bent pillar 20. The solid prism
      type 25C is the most reliable in accomplishing the aforementioned catching
      of the door 40, accompanied with negligible deformation of the pillar 20
      at unwanted locations.
PAR  It will be apprent that the door end face 41 employed in combination with
      the reinforcing member 25 may be provided with a protuberance of either
      the illustrated rib-attached type 44 or the press-formed type 43.
PAR  Considering the prevention of the door 40 detachment from the body 10 after
      the door 40 is forced to come into collision with the pillar 20, crushing
      of the door end face 41 is undesirable. However, the end face 41 of a
      conventional door 40 is not an extremely strong member because it is a
      part of a relatively thin panel. When the imposed impulsive force is
      considerably large, the door end face 41 may be crushed as shown in dotted
      line in FIG. 3. Such crushing means loss of the protuberance 43, and the
      door 40 can no longer be expected to be held by the pillar 20.
PAR  To prevent such crushing, still another embodiment of the invention shown
      in FIG. 11 includes a reinforcing plate 45 fixed within the door 40. The
      plate 45 is made of a high strength material such as steel and bent at
      several locations to provide a zig-zag profile in order to increase its
      rigidity. A plurality of reinforcing plates 45 are assembled, close to the
      end face 41, in the space between an outer door panel 46 and an inner
      panel 47 at locations selected so as not to interfere with the normal
      opening and closing of the window pane. The selected locations for
      attachment of the plates 45 preferably include those subjected to the
      largest impulsive force when the body 10 encounters a collision. Each
      plate 45 is fixed to the inner surfaces of the door panels 46, 47 at its
      both ends by means of, for example, welding in such an arrangement that
      edges 48 of the plate 45 formed by bending are parallel to the door panels
      46, 47, or to the longitudinal axis of the body 10. The reinforcing plate
      45 may be corrugated as shown in FIG. 12 instead of bent to form sharp
      edges 48 in FIG. 11. It will be understood that the reinforcing plates 45
      may be employed in conjunction with each of the described embodiments
      including those having the reinforcing member 25 for the pillar 20.
PAR  As seen from the above detailed description, the object of preventing
      outward detachment of an automobile door 40 from the body 10 during a
      vehicle collision can be accomplished by the novel configuration of the
      pillar end face 21 and the confronting door end face 41 involving
      employment of the reinforcing member 25 and reinforcing plates 45 for the
      pillar 20 and door end face 41, respectively. An arrangement according to
      the invention further features simplicity of fabrication, and hence ease
      of industrial application.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an assembly of an automobile door and a hollow pillar which hingedly
      holds the door, the improvement comprising at least one protuberance of a
      generally vertical ridge shape formed on an edge face of said door
      opposite an end face of said pillar, the cross-sectional profile of said
      protuberance defining an apex and two sides, said two sides making an
      acute angle at said apex, and at least one rigid reinforcing member
      attached to said pillar, said protuberance and said reinforcing member
      being shaped and arranged in such a correlated manner that said
      protuberance is apart from said reinforcing member in the closed door
      state and that said protuberance comes into engagement with said end face
      of said pillar in confirmance with the cross-sectional profile of said
      reinforcing member when said door in the closed state is forced to collide
      with said pillar by an impulsive force in the longitudinal direction of
      the door in a collision of the automobile, so that said door is prevented
      from being laterally detached from said pillar, wherein said reinforcing
      member is disposed in the interior space of said pillar, and the
      cross-sectional profile of said reinforcing member is generally similar to
      the cross-sectional profile of said pillar in the same horizontal plane
      over a major portion of the periphery thereof and locally differentiated
      such that a portion of said space at a region opposite said protuberance
      is left unfilled with said reinforcing member, said protuberance and said
      reinforcing member being shaped and arranged in such a correlated manner
      that said protuberance dents said end face of said pillar at a region
      defining the unfilled space in accordance with the differentiated profile
      of said reinforcing member and engages with the dented region when said
      door in the closed state is forced to collide with said pillar.
NUM  2.
PAR  2. The improvement of claim 1, wherein said protuberance is formed by
      bending a portion of said end face.
NUM  3.
PAR  3. The improvement of claim 1, wherein said protuberance is formed
      separately from said end face and subsequently attached thereto.
NUM  4.
PAR  4. The improvement of claim 1, wherein said reinforcing member is in the
      form of a plate.
NUM  5.
PAR  5. The improvement of claim 1, wherein said reinforcing member is in the
      form of a hollow prism.
NUM  6.
PAR  6. The improvement of claim 1, wherein said reinforcing member is in the
      form of a solid prism.
NUM  7.
PAR  7. The improvement of claim 1, further comprising at least one reinforcing
      plate fixed within said door at locations close to said end face thereof
      to prevent unwanted deformation of said end face.
NUM  8.
PAR  8. The improvement of claim 7, wherein said reinforcing plate has a zig-zag
      profile, bent edges thereof being arranged in the direction nearly
      vertical to said end face.
NUM  9.
PAR  9. The improvement of claim 7, wherein said reinforcing plate has a
      corrugated profile, corrugations thereof being arranged in the direction
      nearly vertical to said end face.
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ABST
PAL  The specification discloses a seat adapted to be attached to a tree for use
      by hunters. The seat comprises a seat member having its bottom rotatably
      coupled to the top end of a pole or rod whose bottom end is pivotally
      coupled to a plate for pivotal movement about a pivot point. The plate is
      attached to a clamp of two clamping members employed for clamping the seat
      to the limb of a tree. A plurality of holes are formed in the plate in a
      90.degree. arcuate pattern whose center is the pivot point where the
      bottom end of the rod is pivotally coupled to the plate. The rod has an
      aperture formed therethrough for alignment with each of the holes formed
      through the plate whereby the rod and hence the seat member may be
      attached with a bolt or the like to the plate at any point along the
      90.degree. arc formed by the holes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a portable hunter's seat and more particularly to
      a rotatably supported seat which may be attached to the limb of a tree and
      supported in a horizontal position whether the limb is horizontal or at an
      angle.
PAR  Different types of hunter's seats for attachment to a tree have been
      proposed, however, those known are not rotatably supported and must be
      attached to a vertical trunk or post in order to maintain the seat
      horizontal. Such seats have disadvantages for hunters, such as archery
      hunters, who must have free movement to effectively allow the hunter to
      hit the sought after game. Moreover, in many areas, where only brush type
      trees exist, such as mesquite trees, there generally are no vertical
      trunks, thereby rendering the prior art seats ineffective.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a portable hunter's
      seat having a rotatably supported seat member and which may be attached to
      a vertical post or tree trunk or to a horizontal or angularly disposed
      limb with the seat members supported in the horizontal position.
PAR  The seat comprises an elongated support member having top and bottom ends;
      a seat member having its bottom rotatably coupled to the top end of said
      support member; two clamp members having inner sides adapted to engage the
      limb of a tree or the like; and adjustable means for coupling said clamp
      members together with their inner sides in engagement with a post or with
      the limb of a tree or the like for clamping the clamp members to the post
      or to the tree. Plate means is fixedly connected to the outer side of one
      of the clamp members. A plurality of spaced holes are formed through the
      plate member in an arcuate pattern. Means is provided for pivotally
      coupling the bottom end of the elongated member to the plate member at the
      center point of the arcuate pattern to allow the support member to be
      pivoted to different angular positions in an arcuate path next to the
      spaced holes. The support means has an aperture formed therethrough at a
      distance from the center point equal to the distance between the plurality
      of spaced holes and the center point such that the aperture may be aligned
      with each of the plurality of holes formed through the plate means when
      the support means is moved next to a selected one of the plurality of
      holes. In addition, holding means is adapted to be inserted through the
      aperture and a selected one of the plurality of holes when in alignment
      with said aperture for adjustably securing said support means and hence
      said seat member in a given position relative to said plate means to
      support said seat member in a generally horizontal plane.
PAR  In another aspect, the clamp members each comprise U-shaped portions. The
      inner sides of the U-shaped portions of the clamp members are adapted to
      fit around a portion of a post or the limb of a tree for engagement
      therewith. The plate means has an edge connected to the outer side of the
      U-shaped portion of said one clamp member.
PAR  In another aspect, the plane of the plate means coincides with a plane
      bisecting the U of the U-shaped portion of said one clamp member. The
      holes formed through the plate means are formed along an arcuate pattern
      defining an angle of about 90.degree. relative to said center point.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates the hunter's seat attached to the limb of a tree; and
PAR  FIG. 2 is an exploded view of the seat of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIGS. 1 and 2, the seat of the present invention is identified
      at 21. It comprises a seat member 23 having brackets 25 connected to a
      base 27 for pivotally supporting a back 29. The back 29 has two arms 31
      which are pivotally coupled to brackets 25 by pins 33 whereby the back may
      be located in a supporting position, as illustrated in FIG. 1 or in a
      folded position, as illustrated in FIG. 2.
PAR  The bottom 35 of the seat assembly 23 is rotatably coupled to the top end
      of an elongated support or rod 37 by way of a disc 39 and a cylindrical
      member 41 connected to and extending downward from the disc. The disc 39
      is connected to the bottom 35 by way of bolts 43, while the cylinder 41 is
      fitted around the top end of the rod 37 such that the seat 23 may be
      rotated 360.degree..
PAR  The lower portion of the rod 37 has a slot 51 formed therethrough into
      which is fitted a plate 53. The lower end of the rod is pivotally coupled
      to the plate 53 by way of a bolt 55 which extends through an aperture 57
      formed through the rod and through an aperture 59 formed through the
      plate. The plate 53 is fixedly connected to a clamp member 61 of a pair of
      clamping members 61 and 63 which are adapted to be clamped around the limb
      of a tree, as illustrated in FIG. 1 or around a vertical post. Clamp 61
      comprises a U-shaped portion 61A having two tabs 61B extending outward
      from the lower edges thereof. Similarly, clamp 63 comprises a U-shaped
      portion 63A having two tabs 63B extending outward from the lower edges
      thereof. The insides of the U-shaped portions 61A and 63A are adapted to
      be fitted around a limb or post whereby the members 61 and 63 may be
      securely clamped to the limb or post by way of bolts 65 and 67 inserted
      through apertures 71 and 73 formed through the tabs 61B and 63B of the
      clamps. The U-shaped portions 61A and 63A also have projections 75 and 77
      extending inward for biting into the limb or post in order to insure a
      better grip and to prevent the clamp from rotating.
PAR  The plate 53 has two straight edges 81 and 83 which define an angle of
      about 90.degree.. It also has an arcuate edge 85 which joins the edges 81
      and 83. Formed through the plate 53 inward of the edge 85 are a plurality
      of spaced holes 87 which define an arc of about 90.degree. relative to
      aperture 59 and bolt 55. The edge 81 of the plate is welded to the top of
      the U-shaped portion 61A along its length between ends 91 and 93 such that
      the plate 53 and the U-shaped portion 61A form an inverted "Y" or
      wishbone, as seen in FIG. 2. The plane of the plate 53 coincides with the
      plane bisecting the "U" of the U-shaped portion 61A. A bracket 95, having
      a circular edge is welded to the end of U-shaped portion 61A and to the
      edge 81 of the plate 53 for support purposes.
PAR  Formed through the rod 37 is another aperture 97. The distance between
      apertures 97 and 57 is equal to the distance between the holes 87 and
      aperture 59 whereby the aperture 97 may be aligned with each of the holes
      87 along the 90.degree. arc formed by the holes 87 when the support 37 is
      pivoted from one edge 81 to the other edge 83 of the plate 53. A bolt 99
      is provided for its insertion through the aperture 97 and a selected one
      of the holes 87 of the plate 53 for fixedly attaching the support rod and
      hence the seat member 23 to the plate 53 at a desired angular position
      relative to the plate 53 to locate the seat member 23 in a horizontal
      plane. With this arrangement, the clamp defined by members 61 and 63, may
      be attached to an inclined branch or tree limb as illustrated in FIG. 1
      and the proper hole 87 selected to locate the rod 37 in a vertical
      position and hence the seat member 23 in a horizontal plane. If the tree
      branch is a horizontal branch, then the support 37 will be positioned next
      to the edge 81 to allow the bolt 99 to extend through the hole 87 next to
      the edge 81 to allow the bolt 99 to extend through the hole 87 next to the
      edge 81 to position the rod 37 in a vertical position to locate the seat
      member 23 in a horizontal plane. For branches which are inclined at
      greater angles than that shown in FIG. 1, the rod 37 will be moved toward
      the edge 83 and the proper hole 87 selected to position the rod 37
      vertically and hence the plane of the seat 23 horizontally. As can be
      understood, the clamp may be attached to the top of a vertical post with
      the rod 37 located vertically and hence the seat member 23 in a horizontal
      plane by positioning the rod 37 next to the edge 83 to allow the hole 37
      next to the edge 83 to be employed for securing the rod in place.
CLMS
STM  We claim:
NUM  1.
PAR  1. A seat adapted to be attached to a tree or the like, for use by hunters
      or the like comprising:
PA1  an elongated support member having top and bottom ends,
PA1  a seat member having its bottom rotatably coupled to the top end of said
      support member,
PA1  two clamp members having inner sides adapted to engage the limb of a tree
      or the like,
PA1  adjustable means for coupling said clamp members together with their inner
      sides in engagement with the limb of a tree or the like for clamping said
      clamp members to the tree,
PA1  plate means fixedly connected to the outer side of one of said clamp
      members,
PA1  a plurality of spaced holes formed through said plate member in an arcuate
      pattern,
PA1  means for pivotally coupling the bottom end of said elongated support
      member to said plate at the center point of said arcuate pattern to allow
      said support member to be pivoted to different angular positions in an
      arcuate path next to said spaced holes,
PA1  said support member having an aperture formed therethrough at a distance
      from said center point equal to the distance between said plurality of
      spaced holes and said center point such that said aperture may be aligned
      with each of said plurality of holes formed through said plate means when
      said support member is moved next to a selected one of said plurality of
      holes, and
PA1  holding means adapted to be inserted through said aperture and a selected
      one of said plurality of holes when in alignment with said aperture for
      adjustably securing said support member and hence said seat member at a
      given position relative to said plate means to support said seat member in
      a generally horizontal plane.
NUM  2.
PAR  2. The seat of claim 1 wherein:
PA1  said clamp members each comprise U-shaped portions,
PA1  the inner sides of the U-shaped portions of said clamp members being
      adapted to fit around a portion of the limb of a tree for engagement
      therewith,
PA1  said plate means having an edge connected to the outer side of the U-shaped
      portion of said one clamp member.
NUM  3.
PAR  3. The seat of claim 2 wherein the plane of said plate means coincides with
      a plane bisecting the "U" of the U-shaped portion of said one clamp
      member.
NUM  4.
PAR  4. The seat of claim 3 wherein said holes formed through said plate means
      along said arcuate pattern define an angle of about 90.degree. relative to
      said center point.
NUM  5.
PAR  5. The seat of claim 4 wherein the inner side of said U-shaped portions of
      said clamp members have inward projecting means for biting into the limb
      of a tree when the inner sides of said clamp members are fitted around the
      limb of a tree.
NUM  6.
PAR  6. The seat of claim 4 wherein:
PA1  said plate means is defined by two straight edges about 90.degree. with
      respect to each other and an arcuate edge joining said straight edges,
PA1  one of said straight edges being connected to the outer side of the
      U-shaped portion of said one clamp member.
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ABST
PAL  The specification discloses a one-piece, integrally molded plastic chair
      having a front apron which extends downwardly to the floor along the front
      and sides of the chair and is connected to the seat along its front edge
      and along its side edges for only a portion of the distance toward the
      rear of the chair whereby there is an open space between the side portions
      of the apron and the rear portions of the seat to give the chair fore and
      aft comfort flexibility and whereby the rear of the chair is open to allow
      fore and aft stackability. The apron is shaped to define foot room so that
      it does not get scuffed by a user.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to one-piece, integrally molded plastic
      stacking chairs. By being molded in one piece of plastic, such chairs are
      relatively inexpensive and are relatively easy to care for.
PAR  Such chairs have been designed to facilitate vertical stacking by nesting
      one chair on the top of another. They have also been designed to
      facilitate ganging. These features increase the useability of the chair.
PAR  One problem with such prior art chairs is that they tend to be
      uncomfortable and feel hard when sat upon. Another problem is that they
      tend to lack lateral stability, i.e., it is difficult to prevent them from
      wobbling from side to side. Finally, they are typically not very desirable
      in appearance.
PAR  One example is the chair disclosed in U.S. Pat. No. D218,559 issued on
      Sept. 1, 1970, to M. F. Harty et al and entitled CHAIR. While the chair is
      reasonably attractive in side view, the large gap in the front of the
      chair to allow foot room underneath the seat makes the chair rather
      unattractive in front elevation. Further, the open front renders the chair
      less stable in a lateral direction. An attempt is made to overcome this in
      U.S. Pat. No. D218,559 by means of inwardly protruding legs at the rear of
      the chair. Finally, there is little give in the plastic skirts which
      extend along the side edges of the seat, thereby rendering the chair
      rather unyielding when one sits in it.
PAR  There has been a need in the art for a one-piece, integrally molded plastic
      stacking chair which not only is stackable and gangable, but which also is
      comfortable, laterally stable, and has a reasonably attractive appearance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises an integrally molded, one-piece plastic
      stacking chair which achieves these long-desired goals by a unique
      construction which results in a chair which is stackable in a fore and aft
      direction rather than in a vertical direction as is conventional. The
      plastic stacking chair of the present invention has an integrally molded
      apron extending generally from the seat to the floor around the front of
      the chair and sweeping rearwardly toward the rear of the chair. The solid
      front apron provides firm, lateral stability and the rearwardly extending
      side portions of the apron support the chair at its rear. This apron is
      joined to the seat along its front edge and along the seat side edge only
      for a portion of the distance rearwardly toward the rear of the chair.
      This leaves an open space between the rear portions of the seat and the
      apron to give the chair fore and aft flexibility, thereby rendering the
      chair more yielding and comfortable when one sits in it. Also, it leaves
      the rear of the chair open, thereby facilitating the fore and aft stacking
      ability referred to above.
PAR  Preferably, the apron is shaped to allow some foot room underneath the
      front portion of the seat so that the apron does not get scuffed. One
      particularly desirable manner to achieve this is to create a scooped
      portion on either side of the relatively narrow, front middle section of
      the apron. The apron also preferably includes outwardly flared flanges
      along its rear edge to further increase the stability of the chair and
      provide ganging ability.
PAR  These and other features, objects, and advantages of the invention will be
      more fully appreciated and understood by reference to the written
      specification and appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a chair of the present invention;
PAR  FIG. 2 is a side elevational view of several of the chairs illustrating the
      manner in which they stack together;
PAR  FIG. 3 is a perspective view of the chair taken generally from the bottom
      thereof;
PAR  FIG. 4 is a perspective view of an alternative chair embodiment of the
      invention;
PAR  FIG. 5 is a side elevational view of several of the alternative embodiment
      chairs illustrating the manner in which they stack in a fore and aft
      direction; and
PAR  FIG. 6 is a perspective view of the alternative embodiment chair taken
      generally from the bottom thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the preferred embodiment, the chair 1 is integrally molded in one piece
      of plastic (FIGS. 1-3). It includes a seat 10, a back 20, and an apron, or
      skirt, 30 joined to the seat and extending generally continuously to the
      floor, around the front of the chair, and sweeping rearwardly toward the
      rear of the chair. The generally continuous front face 31 of apron 30
      provides the chair with lateral stability while the rearwardly sweeping
      sides 32 of the apron further add to lateral stability and extend
      rearwardly a sufficient distance to provide a support for the chair at its
      rear.
PAR  Apron 30 joins seat 10 at its front edge and extends along that edge around
      the front corners of seat 10 and rearwardly for only a portion of the
      distance from the front of seat 10 towards the rear. Even though the side
      portions 32 of apron 30 extend rearwardly to a point well behind the
      rearwardmost point of seat 10, the fact that side portions 32 are
      connected to seat 10 for only a portion of the distance along its side
      edges leaves a gap or opening between the rear portions of seat 10 and the
      rearwardly extending portions of sides 32 of apron 30. This gap or opening
      gives seat 10 and back 20 some flexibility in a fore and aft direction.
      The result is a chair which yields slightly when a person sits in it. The
      feeling is considerably more comfortable than would be the case if the
      side portions 32 of apron 30 were joined to the side edges of seat 10
      completely to the rear thereof.
PAR  The size of the gap or opening left between the edge of seat 10 and the
      rearward portions of side 32 of apron 30 will vary depending on a number
      of factors. These include the type of plastic used and its thickness. A
      number of different types of plastic are well known in the art for use in
      molding chairs, including high impact polystyrene high impact foamed
      polystyrene, polypropylene, high impact foamed polypropylene,
      polyethy-ene, ABS and glass reinforced polyesters.
PAR  Apron 30 does not wrap around to close in the rear of chair 1. Rather, the
      rear of chair 1 below seat 10 is open, thereby facilitating stacking of
      chair 1 with others like it by moving them together in a fore and aft
      movement. FIG. 2 in particular illustrates the fore/aft ganging nature of
      this chair.
PAR  The chair is given further lateral stability by a rear flange 33 which
      flares laterally outwardly along the rear edge of each side portion 32 of
      apron 30. Flange 33 extends generally at a right angle to the side
      portions 32 of apron 30. It extends outwardly a sufficient distance to
      increase the lateral stability of the chair and strengthen side portion 32
      of apron 30. Naturally, the extent to which flange 33 extends outwardly
      will depend on a number of factors including the type of plastic used and
      its thickness. Also, designers may want to vary the width of flange 33 for
      aesthetic purposes.
PAR  Rear flanges 33 also provide a means for ganging like chairs 1 together.
      The chairs can be aligned adjacent one another and clipped together by
      means of a channel-shaped clip seated on the floor and opening upwardly
      for embracing the bottoms of two closely adjacent rear flanges 33 on
      closely adjacent chairs 1. Other alternatives are available, such as
      lapping the rear flanges 32 of adjacent chairs and bolting through an
      aperture provided for ganging purposes. Various other types of clips and
      connectors can readily be used as will be apparent to those skilled in the
      art as a result of the provision of laterally extending rear flanges 33.
PAR  Each laterally outwardly projecting rear flange 33 extends upwardly and
      merges with a downwardly extending seat edge flange 11 extending along the
      side edge of seat 10. Seat edge flange 11 then curves upwardly and merges
      into a rearwardly extending back edge flange 21 along the edge of back 20.
      Seat and back edge flanges 11 and 21, respectively, increase the rigidity
      and strength of seat 10 and back 20.
PAR  To allow a person room to slip his feet in under seat 10 without unduly
      scuffing against and marring the  surface of apron 30, a scooped-out
      portion 34 is provided at each side of the relatively narrow front middle
      portion 31 of apron 30. Each scooped portion 34 extends rather sharply
      rearwardly from its juncture with the relatively narrow front portion 31
      and then sweeps rearwardly and turns outwardly to a relatively sharp
      juncture with the side portion 32 of apron 30. Not only does this provide
      foot room underneath the seat 10 but it also reinforces and rigidifies
      apron 30 both in the front and at the sides thereof.
PAR  The result is a chair which is economical in construction, being integrally
      molded in one piece of plastic, a chair which can be stacked by nesting
      the chairs together in a fore and aft direction in contrast to
      conventional vertical stacking, a chair which can be ganged together with
      like chairs, a chair which is relatively comfortable due to the fore and
      aft flexing facilitated by the gap between the rear of seat 10 and the
      rearwardly extending portions of apron 30, a chair which has lateral
      stability due to the continuous apron around the front of the chair and
      due in part to the outwardly flared flanges 33, and a chair which is and
      can be designed to be a relatively attractive chair.
PAR  FIGS. 4-6 show an alternative embodiment 100 of the present invention.
      Chair 100 is integrally molded of one-piece, in plastic, and includes a
      seat 110, a back 120, and a skirt or apron 130. As with apron 30 of chair
      1, apron 130 extends downwardly to the floor and generally continuously
      around the front of chair 100 and rearwardly to a terminal point disposed
      generally rearwardly of the rearwardmost portion of seat 110. Skirt 130 is
      joined to the edge portion of seat 110 along the front edge thereof and
      for a short portion of the distance along the side edges thereof towards
      the rear of the chair. As with chair 1, there is a gap between the
      rearward portions of seat 110 and the rearwardly extending portions of
      sides 132 of apron 130.
PAR  As with apron 30, apron 130 of chair 100 includes a relatively narrow,
      front middle portion 131. While there are no scoop portions such as scoop
      portions 34 of apron 30, apron 130 is designed so as to provide foot room
      under the front portions of seat 110. Specifically, the side portions 132
      extend sharply rearwardly from their junction with the relatively narrow
      front midportion 131. Side portions 132 then join rear flanges 133 which
      flare sharply outwardly therefrom.
PAR  As with chair 1, the rear flanges 133 of chair 100 merge into and join the
      downwardly extending edge flange 111 on seat 110 which in turn sweeps
      upwardly and merges with the rearwardly extending edge flange 121 on back
      120. The functions of these respective flanges are the same as the
      functions of their corresponding flanges in chair 1.
PAR  Chair 100, like chair 1, is stackable in a fore and aft direction due to
      the fact that the back of the chair beneath the seat thereof is open. The
      apron 130 does not wrap around and enclose the rear of the chair.
PAR  Accordingly, alternative embodiment chair 100 is also stackable, gangable,
      durable, economical, comfortable, and laterally stable. Of course, it will
      be understood that other embodiments of the present invention can be made
      without departing from the spirit or broader aspects of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A chair comprising: a one-piece, integrally molded, plastic seat, back,
      and supporting apron; said apron extending from said seat generally
      continuously to the floor and extending generally continuously across the
      front of the chair to define a front portion and towards the rear of the
      chair on each side of the chair to define side portions, to a point at
      floor-engaging level located sufficiently rearwardly to provide support at
      the rear of the chair for a person seated on the chair; said apron joining
      said seat along the front edge of said seat and along only a portion of
      the side edges of said seat for only a portion of the distance toward the
      rear of said chair whereby an opening is provided between the rear
      portions of said seat and the rearwardly extending side portions of said
      apron to give the chair comfort yielding flexibility in a fore and aft
      direction; said apron terminating along the sides of said chair so as to
      leave the rear of said chair open beneath said seat whereby said chair can
      be stacked with others of its kind in a generally fore and aft direction;
      said front portion of said apron comprising a relatively narrow front
      mid-portion located at the front, center of said chair extending from the
      bottom edge of the apron upwardly generally to said seat; said side
      portions of said apron including a rearwardly and outwardly flaring
      surface at each side of said mid-portion extending from the bottom edge of
      the apron upwardly a substantial distance toward said seat, said flaring
      surface sweeping sharply rearwardly from said narrow front mid-portion and
      then outwardly to leave exposed floor surface under said seat on either
      side of said front mid-portion while still providing lateral stability at
      the rear of the chair.
NUM  2.
PAR  2. The chair of claim 1 in which said rearwardly and outwardly sweeping
      surfaces of said apron define scooped portions in said apron generally at
      the juncture of said front portion and said rearwardly extending side
      portions of said apron, said scooped portions providing foot room beneath
      the front portions of said seat.
NUM  3.
PAR  3. The chair of claim 2 which includes a rear flange extending generally
      laterally outwardly from the rear edge of each said rearwardly extending
      side portion of said apron and extending from the bottom edge of said
      apron a substantial distance toward said seat to thereby increase the
      lateral stability of said chair and increase the strength and ridgidity of
      said apron.
NUM  4.
PAR  4. The chair of claim 1 in which said outwardly flaring portion of each
      said flaring surface of said apron flares sharply and generally laterally
      outwardly from said rearwardly sweeping portion of said flaring surface of
      said apron to define a rear flange along the rear edge of said apron and
      extending from the bottom edge of said apron a substantial distance toward
      said seat giving said chair increased lateral stability, and rigidifying
      and strengthening said apron.
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PAL  Modular parallelepiped members for composing disassemblable pieces of
      furniture as padded chairs, easy chairs, divans and the like comprising a
      first main modular member having a square open base and a height less than
      the base side length, a second main modular substantially identical to
      said first, said second modular member having an open rectangular base;
      and a third main member having a square open base the length of the sides
      thereof being equal to the height of the first main member, each main
      modular member comprising an inner carrying box-like rigid outwardly
      padded and lined structure, at least the lower portion of which has a
      horizontal rectangular cross section, and inwardly extending with vertical
      channels arranged having lower open ends spaced away from the floor plane,
      each channel being positioned so as to be distant from the closest
      vertical corner of the modular member of a value which is equal to 1/4 of
      the length of the side of the square base of the first modular member,
      said modular members being connectable in a disassemblable manner to each
      other by U-like clamps or stirrups which are introduced into pairs of two
      aligned channels of two adjacent modular members.
BSUM
PAR  The present invention relates to a plurality of prefabricated modular
      members, ready to be used and each comprising an inner box-like rigid
      body, padded on its outer surfaces and covered by a lining and optionally
      including spring means, said members having a substantially parallelepiped
      shape with a rectangular or square open base for the insertion of
      connection means in the form of removable U-clamps or stirrups adapted to
      connect said modular members to each other according to different
      configurations so as to obtain pieces of furniture of various patterns as
      well as of different intended purposes, as chairs, easy-chairs, divans,
      divans convertible into beds and the like which can be readily
      disassembled and then assembled again in different models of pieces of
      furniture. Said main modular members may be also connected to other
      auxiliary modular members constructed according to the same principle, but
      having particular purposes.
PAR  On the inside of each of the modular members vertical housings are provided
      having lower open ends, each adapted to receive one of the two vertical
      parallel arms of the U-clamps, said housings being positioned so as to
      enable the assembling of different pieces of furniture using said
      U-clamps, and also assembling of each modular member in different
      positions and dispositions. In this manner, a visible side or front
      surface of a modular member may be changed with another surface thereof,
      when said visible surface has been worn with use or has been damaged or
      for any other occasional reason, thus increasing the life during which the
      piece of furniture can be kept in a thoroughly efficient condition.
PAR  The modular members of this invention comprise main members of three types,
      i.e. a first modular member having a square open base and a height less
      than the length of the base sides, preferably equal to half of said
      length, said first member being thus open along one of its widest
      surfaces, while the opposite square surface is padded and provided with
      spring means on its outer side, since it is designed to constitute the
      seat of a chair or easy-chair, or, when it is connected with other similar
      first members, the seat of a divan or the resting surface of a divan
      converted into a bed.
PAR  The second main modular member has a configuration equal to that of the
      first modular member and the same dimensions with the exception that the
      open base is formed of one of its four rectangular surfaces, said second
      modular member being designed to be used to form the back of a chair or
      easy-chair, or divan, or the arm-rest sides of an easy-chair or divan, or
      the head of a divan converted into a bed.
PAR  The third modular member has a square open base, the sides of which have a
      length equal to the shortest dimension of the first and second modular
      members; also this member has outwardly padded and lined surfaces and
      serves to provide angled portions in the pieces of furniture.
PAR  Along the periphery of their open bases, each of the modular member extends
      downwardly in a rigid innerwardly recessed board acting as a protective
      socle so as to maintain the lined and padded surfaces of the pieces of
      furniture sufficiently spaced away from the floor and out with contact of
      the dirt on the floor or with the cleaning or polishing means, as well as
      to protect said outer lined surfaces against the knocks of the user's
      shoes or of brooms.
PAR  According to this invention disassemblable pieces of furniture can be
      composed by any unskilled person without requiring the use of screws,
      tools or fixtures. The pieces of furniture are constituted of very simple
      parallelepiped bodies and are composed by means of two or more modular
      members, the dimensions of which are equal or submultiple of a basic value
      so that they can be stored in a minimum space when stacked on each other
      in their disassembled disposition and in a condition of perfect
      maintainance, protective or packing means being thus no longer required,
      for their storage or transport.
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PAR  These and other objects, advantages and features of the invention will be
      better understood from the following description of an embodiment of this
      invention which is shown in the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a first main modular member adjacent to and joined
      to a similar member (only partially represented);
PAR  FIG. 2 is a sectional view taken substantially along line 2--2 of FIG. 1;
PAR  FIG. 3 is a plan view, partially in section taken substantially along line
      3--3 of FIG. 4, of a second main modular member constructed in accordance
      with the principles of the present invention;
PAR  FIG. 4 is a sectional view taken substantially along line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view taken substantially along line 5--5 of FIG. 3;
PAR  FIG. 6 is a plan view of a third main modular member constructed in
      accordance with the principles of the present invention;
PAR  FIG. 7 is a sectional view taken substantially along line 7--7 in FIG. 6;
PAR  FIG. 8 is a plan view, with parts broken away, of an auxiliary modular
      member constructed according to the principles of the present invention
      and adapted to constitute a small table, flower stand or a night table;
PAR  FIG. 9 is a side elevational view, partly in section and with parts broken
      away, of the auxiliary modular member shown in FIG. 8;
PAR  FIGS. 10a and 10b are schematic plan and elevational views, respectively,
      of a piece of furniture constructed by the assembly of first and second
      main modular members;
PAR  FIG. 11a is a plan view of a piece of furniture formed by assembling first,
      second and third main modular members;
PAR  FIG. 11b is a plan view of a piece of furniture formed by assembling first
      and second main modular members;
PAR  FIG. 12 is a plan view of a piece of furniture formed by assembling first,
      second and auxiliary modular members; and
PAR  FIG. 13 is a plan view of a piece of furniture formed by assembling first,
      second and auxiliary modular members.
DETD
PAR  Now referring to the drawings, the main modular members are generally
      marked 1, 2 and 3, while 4 indicates an auxiliary modular member.
PAR  It is to be noted that the carrying structure of each modular member is
      substantially the same, only the dimension being varied so that the
      operatively identical parts will be marked throughout the several Figures
      by the same numbers or by numbers with indices.
PAR  In the shown embodiment the dimensions of the member 1 are: (L .times. L)
      .times. L/2, those of the member 2 are: (L/2 .times. L) .times. L, and
      those of the member 3 are: (L/2 .times. L/2) .times. L.
PAR  Now referring to the member 1 shown in FIGS. 1 and 2 it comprises an inner
      carrying structure which is constituted of a shell or box-like body 5 made
      of a light-weight, rigid and heat moldable material, as, for instance,
      plastics, preferably reinforced plastics. Said box-like body 5 has a
      parallelepiped shape having a square open base and is provided with an
      outwardly extending peripheral flange 6, and underneath the flange 6 the
      vertical walls of said body 5 extend downwardly to form spacing socle 7.
PAR  At intermediate points of the vertical inner surfaces of said body 5,
      vertical inner channels 8 are provided having a substantially rectangular
      cross section and lower open ends 8a; of course, said channels 8 could
      also be of circular cross section or of other suitable form. In each
      modular member 1, 2 or 3 the channels 8 are positioned in such a manner so
      as to be spaced away from the nearest vertical corner of this body 5 of a
      length equal to L/4, where L is the length of the base side of the member
      1. As a result thereof each member 1 will have two channels 8 adjacent
      each vertical wall, the member 2 will have two channels 8 adjacent its
      longest vertical walls and one channel 8 along the vertical centre line of
      its shortest walls, and member 3 will have one inner channel on the
      vertical centre line of each vertical wall. The same configuration will be
      provided for the auxiliary modular member 4 or in other auxiliary members
      constructed according to the same principle, but modified at their upper
      parts according to their particular intended purposes.
PAR  In correspondence of each lower open end 8a of the channels 8, which is
      spaced away from the floor at a height equal to the socle height, the
      socle 7 is provided with recess 7a for the passage of the locking clamps
      which will be hereinbelow described.
PAR  In the modular member 1 the box-like inner body has a concave upper surface
      9 shaped so as to fit to the anatomic shape of the user's body and upon
      which is mounted a cushion or bolster 10 made of hardened rubber. About
      the assembly 5, 9 and 10 is applied a padding of sponge rubber or of foam
      plastic material 11 forming a sprung, soft layer which is then covered by
      a lining 12 made of fabric or of a sheet of synthetic material, natural or
      artificial leather or the like, which is fixed underneath the horizontal
      peripheral lower flange 6 over the recessed socle 7. If desired, springs
      or other suitable support means may also be included. The modular member 2
      is substantially identical to the member 1, but the rigid box-like inner
      body 5, 8 forms at its upper part inwardly bent wall portions 10a and
      about said body is applied the padding 11 covered by the lining 12. In the
      same manner the modular member 3 includes a rigid box-like inner body 5, 8
      which at its upper portion forms inwardly bent wall portions 10b, said
      body being covered by the padding 11 and the lining 12.
PAR  The auxiliary member 4, in the shown embodiment, has the same outline in
      plan as the member 3, but it could have also the configuration of member 2
      or 1 and any desired height; each member 4 will have therefore an inner
      carrying structure substantially similar to that of the corresponding main
      members 1, 2 or 3, but at its upper part it is shaped according to the
      particular intended purpose. For instance, the member 4, as shown in FIG.
      9, comprises an upper cavity, to house a container or basin 13, made of
      steel or other suitable material, when it is intended to receive
      flower-pots or to be used as a bearing plane for bottles of spirits drinks
      and the like, in case it is associated with a divan. Said member 4 could
      be also provided with a removable cover 14 to close said basin 13 so that,
      in this case, the member 4 can be used as night table after having
      converted the divan into a bed, (FIG. 13). Of course, in the upper part of
      each of the auxiliary modular members 4 there can be also provided drawers
      or open areas of any type so as to enable one to compose independent
      tables or small tables formed by members 4 connected to each other by the
      same connection system. Owing to this particular intended purpose, the
      member 4 is not provided with outer padding means or lining means, unless
      so desired; but it is laterally covered by panels 15 which can be fixed,
      for instance, by slidably fitting their edges shaped in complementary form
      one into another or by any other suitable locking system. The panels 15
      may be adhered or fixed in any other suitable manner to an upwardly
      extending limb 6a of the peripheral edge 6 as shown in FIG. 9.
PAR  The connecting system between the different modular main members and
      optionally with one or more of the auxiliary members 4 is very simple. For
      such a purpose strong U-shaped clamps 16 (FIGS. 1 and 2) are provided
      which are introduced through the recesses 7a of the socle 7 so that their
      parallel long arms are introduced through the open ends 8a into the
      channels 8. The height of the recesses 7a is such that the clamps 16 in
      assembled position do not contact the floor. Said clamps or stirrups 16
      can be inserted with force into said channels 8, owing to the resiliency
      of the padded side walls of the modular members 1 to 3 which contact one
      another, thus providing a stable connection of said members and forming a
      piece of furniture which can be raised or shifted without any risk that
      the component members can be separated from each other owing to the
      resiliently forced connection and to the considerable length of the
      parallel arms of the U-like clamps 16. After the assembling has been
      performed, it is then sufficient to apply a traction on the transverse arm
      of each clamp 16, to remove this latter from the channel 8 associated
      therewith: in such a manner each piece of furniture can be disassembled
      and its components can in turn be connected again to each other or to
      other different modular members so as to form a piece of furniture of a
      different pattern. Further each front or side surface of the members 1, 2,
      3 which is in sight can be turned in such a manner as to face another
      surface, when said surface has become soiled, or is torn or the like. In
      this manner the piece of furniture looks again as it would be a new piece
      of furniture and that is a very advantageous, in particular in the case of
      the front wall portions against which the users feet commonly knock.
PAR  FIGS. 10a to 13 diagrammatically show different pieces of furniture
      composed with the modular members of the invention. FIGS. 10a and 10b show
      a padded chair in a top view and in side view, respectively; FIGS. 11a and
      11b show a top view and a front view of a easy chair, respectively; FIG.
      12 is a top view of a divan including angle auxiliary members 4 which may
      have the role of flower-stands, while FIG. 13 is a top view of a bed
      associated with an auxiliary member 4 used as a night-table.
PAR  The compositions which can be obtained by the use of said modular members
      are varied as well as the patterns and models obtained thereby, since
      several modular members could also be connected to each other which have
      coverings of different colors and/or kinds.
CLMS
STM  I claim:
NUM  1.
PAR  1. A set of modular members for removably assembling pieces of furniture,
      said set comprising:
PA1  a first main modular member having a square open base and a height less
      than the base side length;
PA1  a second main modular member substantially identical to said first modular
      member but having two vertical parallel walls having the same dimensions
      as those of the first member and an open rectangular base;
PA1  a third main modular member having a square open base with the length of
      the sides thereof being equal to the height of said first main member,
PA1  each of said main modular members comprising an inner box-like
      substantially rigid supporting structure, of which at least the lower
      portion has a substantially horizontal rectangular cross section, a
      plurality of spaced substantially vertical channels projecting inwardly
      and located on the inner walls of said supporting structure, said channels
      having lower open ends spaced above the plane of the floor supporting the
      member, the outer surface of the supporting structure being covered by a
      padding material with an outer flexible cover; and
PA1  substantially U-shaped clamps adapted to be introduced from the bottom into
      two aligned channels of two adjacent modular members to removably connect
      the modular members.
NUM  2.
PAR  2. A set of modular members according to claim 1 wherein said channels are
      spaced from the corners of each member by a distance approximately equal
      to one-fourth of the length of a side of the square base of said first
      modular member.
NUM  3.
PAR  3. A set of modular members according to claim 1, which further comprises
      auxiliary modular members having upper portions so shaped as to be adapted
      to serve as accessory pieces to said first, second and third modular
      members.
NUM  4.
PAR  4. A set of modular members according to claim 1 wherein the support
      structure extends downwardly with a socle, the lower edge of which is
      provided with recesses arranged in alignment with the lower open ends of
      said vertical channels so as to be adapted to receive the lower central
      portion of the U-shaped connecting clamps, the parallel arms of which are
      received into said channels, each supporting structure having a horizontal
      peripheral outwardly extending flange above its socle to support the
      padded material at its lower portion and to receive underneath the edge of
      the cover for fixing it in place.
NUM  5.
PAR  5. A set of modular members according to claim 3 wherein the auxiliary
      members are provided with side panels.
NUM  6.
PAR  6. A set of modular members according to claim 3, wherein the auxiliary
      members are provided at their upper ends with removable covers and with
      drawers and spaces accessible from the outside.
NUM  7.
PAR  7. A set of modular members according to claim 1, wherein the first member
      has the dimensions: (L .times. L) .times. L/2, the second modular member
      has the dimensions: (L .times. L/2) .times. L, and the third modular
      member has the dimensions: (L/2 .times. L/2) .times. L.
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ABST
PAL  An article of furniture is formed by a plurality of structural members
      connected to one another. Each of the structural members comprises an
      angulated barrel-shaped frame body consisting of a pair of spaced, opposed
      frame plates which narrow in width from the central portion towards the
      opposite ends thereof, and another pair of opposed frame plates of
      constant width over the entire length thereof. Wall plates cover the frame
      body. A plurality of such structural members are connected with one
      another by the aid of connecting members disposed substantially in the
      central portion of the structural member to form furniture such as sofas,
      desks, beds, tables, etc.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to articles of furniture of structural members
      having the same shape and connected to one another, and suited for use
      with chairs, sofas, desks, tables, etc.
PAR  2. Description of the Prior Art
PAR  Heretofore, furniture of this kind is disclosed in Japanese Utility Model
      Publication No. 35051/72 in which a plurality of structural elements of
      cylindrical or polygonal shape are banded together by means of banding or
      fittings or such structural elements are detachably connected to one
      another by means of connecting fittings fixed on the exterior surface of
      the elements so as to provide furniture components usable with chairs,
      beds, etc.
PAR  However, the shape of conventional furniture as described above remains
      unchanged after a plurality of structural elements have been connected and
      assembled and possess the disadvantage that the shape of the furniture may
      not be changed when in its connected condition.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the limitation noted above with respect to
      prior art furniture and has as its object, to provide furniture components
      wherein the shape of the furniture may be changed in the state where a
      plurality of structural members are connected and assembled.
PAR  The present invention essentially provides an article of furniture
      comprising an angulated barrel-shaped frame body consisting of a pair of
      spaced opposed frame plates each being narrowed in width from the central
      portion toward the opposite ends thereof and another pair of spaced,
      opposed frame plates, joined thereto and forming an open rectangular
      frame, each being of constant width over the entire length thereof, said
      frame body being integrally connected to the peripheral edges of wall
      plates overlying the open ends interengaging with said wall plates and
      having cooperating connectors formed substantially in the central portion
      of said wall plate. A plurality of said structural members are connected
      to one another by said connectors.
PAR  In describing the invention in detail, reference will be made to the
      accompanying drawings, in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective, partially exploded view of one preferred
      embodiment of an article of furniture according to the present invention.
PAR  FIG. 2 is a sectional view taken along the lines II--II of the embodiment
      of FIG. 1.
PAR  FIG. 3 is a plan view of one configurational mode of the article of
      furniture of the present invention of FIG. 1.
PAR  FIG. 4 is a perspective, partially exploded view of another preferred
      embodiment of an article of furniture according to the present invention.
PAR  FIG. 5 is a sectional view taken along the lines V--V of FIG. 4.
PAR  FIG. 6 is a plan view showing one configurational mode for the article of
      furniture of the present invention of FIG. 4.
PAR  FIGS. 7, 8 and 9 are perspective, partially exploded views of further
      embodiments of the article of furniture according to the present
      invention.
PAR  FIG. 10 is a plan view showing one configurational mode for the article of
      furniture of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the multiple embodiments, like elements are given like numerical
      designations. Turning now to FIGS. 1, 2 and 3, there is shown one
      embodiment of a connected chair according to the present invention.
PAR  A structural member or body comprises a pair of frame plates 1 and 2 which
      are oppositely disposed, said frame plates 1 and 2 being narrowed in width
      gradually from the central portion toward their opposite ends.
PAR  Another pair of frame plates 3 and 4 are oppositely disposed, and connected
      at their ends to respective plates 1 and 2, said frame plates 3 and 4
      having plate surfaces of constant width over their entire length. The
      aforementioned frame plates 1, 2, 3 and 4 constitute, therefore, an
      angulated barrel-shaped frame body 5.
PAR  A pair of wall plates 6 and 6' are disposed in spaced relation and overlie
      the open ends of the angulated barrel-shaped frame body 5. Preferably, the
      wall plates 6 and 6' are integrally formed.
PAR  The structural bodies 9 are interconnected to form a given article of
      furniture such as the chair of FIG. 1. One form of interconnection takes
      the form of interlocking, male projections or connectors 7 formed at the
      center and on the exterior surface of the left hand wall plate 6, the male
      connector 7 being received within an integral elongated recess or female
      connector 8 within the right hand wall plate 6' of the adjacent structural
      body. The male projection or connector 7 comprises an internal cylindrical
      body 71 extending parallel to the vertical center line of left hand wall
      plate 6, the cylindrical body 71 slidably receiving a pair of pins or
      arbors 10 which are spring biased towards respective ends of the
      cylindrical bodies 71 by an interposed compression spring 73. Cover bodies
      72 prevent the pairs of arbors 10 from slipping out of the cylindrical
      body 71, and in turn the cover bodies 72 are each provided with a small
      diameter opening 74 through which project slender tips or shafts 101 at
      the extremities of the arbor. The female connector 8 which takes the form
      of a recess within right hand side walls 6' of each structural member or
      body 9, may readily be formed by stamping a concave depression within wall
      plate 6'. Thus, the recess or female connector 8 comprises a cylindrical
      or arcuate recess of a width and length slightly in excess to those of
      projection or male connector 7, the recess including opposed end walls 82
      which are provided with holes 81 to receive projecting tips or shafts 101
      of arbors 10 of the next adjacent structural member. Thus, the projection
      connector 7 is insertably received within the female recess of female
      connector 8 in which case the tips or shafts 101 ride on the end walls 82
      until they fall into respective holes 81. Holes 83 in the frame plates 1
      and 2 permit entry of a rod to disengage the connectors.
PAR  A plurality of the structural members or bodies 9 are positioned in
      alignment as shown in FIG. 1, the male connectors 7 are insertably
      received within the female connectors 8 and the projecting tips 101 of the
      arbors 10 are spring biased into the openings 81 of the end walls 82
      defining the concave recess or female connector and thus the structural
      members 9 are mechanically linked together but permitted some pivoting by
      rotation about the axis defined by arbors 10 and in particular the
      projecting tips 101 and holes 81 within the recess end walls 82.
PAR  In connecting a plurality of the structural members 9 to each other, the
      projecting tips 101 of the arbors in the male connectors 7 are pressed by
      hand such that the projecting tips 101 of the arbor are forced back into
      the cover bodies 72 and at the same time the projection connector 7 is
      inserted into the recess or female connector 8 of the next adjacent
      structural member 9. The arbors 10 self release to make the final
      connection as the tips 101 seek the aligned holes 81 at the top and bottom
      of the recess. The article of furniture formed by connecting a plurality
      of structural members 9 in the manner described above permits the
      assembled structural member to be used in the manner of a chair or sofa.
      The limited rotation of the structural members 9 on the arbors 10 in the
      male projection connector 7 permits the sofa to be shaped in sertpentine
      fashion or the sofa may take the form of a complete, interconnected ring
      of structural members 9.
PAR  In separating the structural members for the article of furniture, a
      slender rod (not shown) is inserted into the openings formed at 83 within
      frame plates 1 and 2 respectively to push the projected tips 101 of the
      arbor inwardly against the spring 73 and permit the male connector 7 to be
      removed from the female connector 8 in each instance.
PAR  A modified form of a furniture structure in accordance with the present
      invention is described with reference to FIGS. 4, 5 and 6.
PAR  In the drawing, there is shown a pair of opposed upper and lower frame
      plates 1 and 2 which have their surfaces narrowed in width from the center
      outwardly toward opposite ends. The upper and lower frame plates 1 and 2
      are connected to each other by another pair of laterally opposed frame
      plates 3 and 4 which are of constant width over the entire length of the
      same. The four frame plates therefore define a rectangular, preferably
      square frame body 5 generally identical to the frame body 5 of the first
      embodiment. In like fashion, the frame body 5 has integrally formed
      therewith wall plates 6 on respective sides. Connectors indicated
      generally at 7 and 8 projected in directions opposite to one another
      substantially along the vertical center line of wall plate 6. In this
      case, the connectors 7 and 8 take the form of multiple integral U-shaped
      plate projection portions 7a, 8a which are alternately spaced vertically
      on respective sides of the structural body 9 and which are spaced from
      each other such that connector portions 7a, 8a on respective sides of
      plate 6 is interleaved. The U-shaped portions form aligned arbor insertion
      openings 74 for connector portions 7a and openings 84 for connector
      portions 8a with the structural bodies 9 assembled in the manner of FIGS.
      4 and 5. Coupling is completed by passing a small diameter arbor or shaft
      through the interleaved U-shaped projection portions with the insertion
      openings 74 and 84 of respective U-shaped projections being aligned as
      seen in FIG. 5, the arbor 10 being of a length approximating the distance
      between the upper and lower frame plates 1 and 2. It is noted in this case
      that notches are provided as at 21 on both side edges of the upper and
      lower plates 1 and 2 at the center to permit the insertion and removal of
      the arbor 10. Preferably, stop bolts 102 are threaded to the upper and
      lower ends of arbor 10 so as to prevent the arbor 10 from slipping out
      after connection is made. Limited pivoting of the structural bodies 9 with
      respect to each other about the axes formed between connectors 7 and 8 is
      permitted in the manner of the prior embodiment to modify the
      configuration mode of the article of furniture during its use.
PAR  FIGS. 7 and 8 illustrate a third embodiment of the invention in somewhat
      modified form.
PAR  In this structural arrangement, each frame body 9 has a pair of wall plates
      6 and 6' integrally formed on opposite sides thereof. However, in this
      case, wall plate 6 being the left hand wall plate in each instance as
      shown in FIG. 7 is provided with a male projection connector in alignment
      with the vertical center line and taking the form of a fixed, small
      diameter shaft 75 which may be integrally formed therewith, separated
      therefrom, or welded thereto as the case may be. Correspondingly, a
      cylindrical groove 85 is formed within the wall plate 6' of the next
      adjacent structural body on the center line. The cylindrical groove
      receiving the shaft 75 which projects slightly away from the face of wall
      plate 6 such that a pivotable connection is made between all of the bodies
      9 in this embodiment of the invention. Again, stop bolts 102 having
      enlarged heads are threaded to the upper and lower ends of shaft 75 to
      prevent axial shifting of the shaft relative to the cylindrical slot 85
      but permitting some rotation with respect thereto. This avoids vertical
      displacement between the interconnected structural bodies 9.
PAR  In the FIG. 8 construction, like elements are given like numerical
      designations, and a simplified connection arrangement is made by providing
      a connection arrangement consisting of one or more holes 7" within one
      side wall plate as at 6 and holes of similar diameter and at similar
      positions on the center of the opposite plate 6' of the next adjacent
      structural body 9 in each instance. In this case, all of the structural
      bodies 9 are coupled together by means of strings 10 which are of a
      diameter corresponding to the diameter of holes 7" and 8" defining a
      suitable connection between the structural bodies 9 for the article of
      furniture. Depending upon the size of the article of furniture, the string
      would be larger or smaller and take the form of cord, roll or the like.
PAR  Referring next to FIGS. 9 and 10, these figures illustrate another modified
      form of the article of furniture in accordance with the present invention.
      The frame body 5 in each instance is provided with wall plate 6 which is
      recessed with respect to edges of the frame body 5 and further at least
      adjacent one of the upper or lower frame plates 1 and 2, there is provided
      narrow projecting plates 11 which project outwardly from the wall plate 6
      on one side of the center line only of that wall and projecting outwardly
      from the same frame from beneath the same frame but from the opposite wall
      plate 6' thereof and to the opposite side of the centerwall permit as seen
      in FIG. 10 these projecting plates to obscure the interior and in
      particular the connections made between the interleaved oppositely
      directed integral U-shaped projection portions of connectors 7 and 8 for
      respective side plate 6. This concludes the study of the article of
      furniture, when the bodies are pivoted such that the article of furniture
      takes a serpentine configuration, such as that shown in FIG. 10.
PAR  The frame body and wall plate in the multiple structural members 9 forming
      the various embodiments of the article of furniture of the present
      invention are preferably of integral construction in unitary form of metal
      or synthetic resin by metal stamping, plastic work, molding, etc.
      Alternatively, the structural members or bodies 9 may in each case be
      formed by suitably combining wooden plates, metal plate, synthetic resin,
      concrete slabs, etc. Each body 9 may comprise dual wall plates 6 and 6' or
      may include only one such wall plate.
PAR  The article of furniture which may be made up of linking or connecting the
      structural members 9 may take the form of sofas, desks, beds, tables, etc.
      Since each of the structural bodies comprise angulated barrel shaped frame
      bodies, consisting of pairs of opposed frame plates having surfaces which
      narrow the width of the central portion of the opposite ends thereof,
      while the other pairs of opposed frame plates which define the rectangular
      frame body each have surfaces which are of constant width over their
      entire length and since the frame bodies include wall plates covering the
      open ends thereof and wherein interconnecting, cooperating connecting
      portions are formed substantially at the center line of the wall plates, a
      plurality of the thus formed structural members may be connected to one
      another at said central connecting portions.
PAR  Furthermore, each of the central members forming the article of furniture
      in accordance with the present invention is designed to be rotated on its
      connection portions, the furniture may take the shape of a curve, closed
      ring or serpentine, as shown in FIGS. 3, 6 and 10, providing a variable
      mode of use in terms of configuration in accordance with the exact purpose
      of use and comprises an improvement in esthetic and ornamental effect to
      articles of furniture formed thereby.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An article of furniture comprising:
PA1  interconnected structural bodies, each structural body including a frame
      body comprising a pair of identical spaced, opposed frame plates which
      narrow in width from the center thereof towards opposite ends, and another
      pair of identical, spaced, opposed frame plates whose width is constant
      for the entire length thereof, said pairs of frame plates being joined
      together at their ends to form an open hexagonal frame,
PA1  at least one wall plate laterally spanning said frame body and fixed at its
      edges thereto, and
PA1  connector means fixed to said at least one wall plate at the center thereof
      and extending outwardly therefrom at right angles to said wall plates for
      connecting said structural bodies, one to the other for limited pivoting
      about an axis parallel to a line passing through the center of the
      connecting bodies such that said frame bodies are stacked in fish bone,
      pivotably linked fashion.
NUM  2.
PAR  2. The article of furniture as claimed in claim 1, wherein each frame body
      includes two wall plates which overlie the open ends of said frame body
      and said connector means comprise a male connector in the form of an
      integral elongated projection of one of said side wall plates at the
      center thereof and a corresponding female connector in the form of an
      integral recess within the other wall plate at the center thereof, and
      means for pivotably mounting said projections within recesses.
NUM  3.
PAR  3. The article of furniture as claimed in claim 2, wherein said integral
      elongated projections include a cylindrical member extending
      longitudinally the length of the same, a pair of arbors slidably mounted
      within said cylindrical member, a compression spring within said
      cylindrical member and interposed between said arbors to bias said arbors
      towards opposite ends of said cylindrical member, cover plates overyling
      the ends of said cylindrical member, said arbors terminating in reduced
      diameter projecting tips and said cover plates including holes aligned
      with and receiving said arbor tips to permit said tips to project
      therethrough, and wherein said recesses are formed by opposed end walls
      having openings therein respectively receiving the projecting tips of said
      spring biased arbors of the adjacent structural body.
NUM  4.
PAR  4. The article of furniture as claimed in claim 1, wherein said connector
      means comprises U-shaped connector portions extending outwardly of a given
      wall plate on each side of said structural body along the center line
      thereof in opposite directions and being alternately stacked from side to
      side such that connector portions on side of one body interleave connector
      portions on the opposing side of the next adjacent structural body and a
      connecting shaft extending axially through said interleaved U-shaped
      connector portions to form a hinge connection therebetween, permitting
      limited pivotable movement of one body with respect to the other about an
      axis parallel with the center line of said body.
NUM  5.
PAR  5. The article of furniture as claimed in claim 4, wherein the side edges
      of the frame plates which narrow in width are notched at their center line
      to permit passage of said connecting shaft and stop bolts are threaded to
      respective ends of said shaft after insertion to prevent said shaft from
      slipping out of said interleaved U-shaped projections.
NUM  6.
PAR  6. The article of furniture as claimed in claim 1, wherein side wall plates
      overlie the open ends of said frame body and are flush with the edges of
      said pairs of frame plates, and said connector means comprise a small
      diameter shaft mounted to the face of one of said wall plates in alignment
      with the center line of said structural body and said other wall plate
      comprises a cylindrical recess within the surface of the same in alignment
      with said shaft such that said structural bodies are intercoupled by
      sliding said shaft of one of said bodies into said cylindrical casing of
      the next adjacent body.
NUM  7.
PAR  7. The article of furniture as claimed in claim 1, wherein said at least
      one wall plate for each structural body is provided with a pair of spaced
      openings along the center line thereof, and said structural bodies are
      interconnected by means of string which commonly extends through
      respective holes of a plurality of said structural bodies to form a string
      array.
NUM  8.
PAR  8. The article of furniture as claimed in claim 4, wherein projection
      plates extend laterally beneath one of said frame plates which narrows in
      width from the center toward the opposite end, beyond the edge thereof
      such that upon pivoting of one interconnected structural body with respect
      to the other, the projection plate partially shields the gap between the
      structural bodies from view.
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ABST
PAL  A wall-mounted, side facing seat for a transit vehicle comprises a
      cantilever mounted support frame consisting of a pair of end members with
      marginal flanges, and a stretcher interconnecting the lower portions of
      the free ends of the frame end members. A seat insert formed of sheet
      material with integral end portions and conforming marginal flanges fits
      between the frame end members and is supported by the frame. Angle channel
      members receive and retain conforming flange portions of the frame and
      insert, while an insert back portion slopes downwardly and rearwardly from
      the upper edge of an insert back portion to the vehicle wall to provide
      clearance from, and access to, a vehicle window in back of the seat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In transit vehicles, such as some buses and rail cars, it is customary to
      provide at least a few side mounted seats, for example, in the wheel well
      areas of such vehicle, and it is desirable to have such seats cantilever
      mounted in order to facilitate cleaning under the seats. The seats of such
      vehicles are subject to damage by pranksters and vandals, and it is
      therefore desirable to have the seats resistant to such damage, and to
      have them easily replaceable when they are damaged.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a two-part seat structure wherein a support
      frame is cantilever mounted to a side wall of a transit vehicle, and a
      seat insert fits into, and is supported by, the frame. The seat insert
      preferably is molded or formed in one piece from suitable material. The
      back portion of the seat insert extends to a height well above the lower
      edge of a window opening in the vehicle wall which supports the frame, and
      slopes from its high point downwardly and outwardly toward the wall, and
      terminates at the wall just below such window opening.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objectives and advantages of the present invention will be apparent
      from the following description and the accompanying drawings, wherein:
PAR  FIG. 1 is an exploded, perspective view of a seat embodying the invention,
      principal elements of the supporting frame being separated, and the seat
      insert projected upwardly and to the right from its normal position within
      the frame.
PAR  FIG. 2 is a somewhat enlarged, vertical cross-sectional view of the seat
      shown in FIG. 1 as it appears when assembled and cantilever mounted on the
      side wall of a transit vehicle.
PAR  FIG. 3 is a fragmentary, sectional view taken along line 3--3 of FIG. 2.
PAR  FIGS. 4 and 5, respectively, are views generally similar to FIGS. 1 and 2,
      but showing a modified form of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings in detail, a side mounted cantilever seat A,
      shown in FIGS. 1-3 and embodying the present invention, comprises a
      cantilever mounted frame 10 and a one-piece seat insert 11 fitted into the
      supported by the frame. The latter comprises two similar, but reversed,
      generally rectangular, pan type end members 12 and 13 of suitable sheet
      material, for example, plastic, sheet metal or fiberglass, with angle
      channel portions 14 and 15 extending, respectively, along the upper edge
      and outer end of the frame end members. Lower end portions 17 and 18,
      respectively, of the upright front portions of the angle channel portions
      14 and 15 extend inwardly toward each other as shown in FIG. 1, and are
      formed to rectangular "S" cross-sectional shape as best shown in FIG. 2. A
      transversely extending stretcher 19 also formed to rectangular "S"
      cross-sectional shape is fitted onto the inturned portions 17 and 18, and
      is secured thereto by suitable means, such as welding, or rivets.
PAR  Lower rear portions of the frame end members 12 and 13 bear on the vehicle
      side wall 24, and a pair of flat, hook shaped mounting tabs 20 and 21, are
      secured, respectively, to upper rear portions of the frame end members 12
      and 13. These mounting tabs are shaped and located to enter slotted
      openings 23 provided in the side wall 24 of a transit vehicle in which the
      seat is mounted, and have hooked engagement with the wall 24 to provide
      cantilever support for the frame 10. A self-tapping screw 27, see FIG. 2,
      screwed into aligned holes in the wall 24 and each frame end member 12 and
      13 anchors the frame against removal.
PAR  The insert 11 is an integral, one piece member of suitable sheet material,
      for example, fiberglass, plastic, or sheet metal. Suitable procedures for
      molding or forming such inserts are well known, and the details thereof,
      therefore, need not be set forth herein. The seat insert 11 comprises a
      generally horizontal seat portion 25 a generally upright back portion 26,
      and end portions 28 and 29.
PAR  The latter are shaped to fit between the frame end members 12 and 13, and
      are provided with out-turned side flanges 31 and 32, respectively, which
      overlie and conform to the outer flanges 14a and 15a, respectively, of the
      frame end member angle channels 14 and 15. The forward portion of the
      insert seat portion 25 rests on the stretcher 19, and a down-turned front
      edge flange 33 of the seat portion 25 comprises a continuation of the
      insert side flanges 31 and 32, and fits over and masks the stretcher 19.
PAR  The insert back portion 26 is disposed at a selected seating angle with
      respect to the seat portion 25, and extends to a height above the lower
      edge of a vehicle side window 34 in front of which the seat A is mounted.
      The upper edge of the insert back portion 26 is spaced from the vehicle
      side wall 24, and from this upper edge an angularly downwardly and
      outwardly sloping portion 34 extends below the window approximately to the
      level of the insert side flanges 31 and 32, and thence outwardly to the
      wall 24.
PAR  A pair of angularly bent retainer channels 37 and 38 fit onto and receive,
      respectively, the angle channel flanges 14a and 15a and the seat insert
      side flanges 31 and 32 which, respectively, are in close, conforming
      relation therewith. These retainer channels conceal the laterally
      out-turned edges of the seat frame and insert, and secure the insert 11 to
      the support frame 10. The retainer channels 37 and 38 fit snugly onto
      their respective superposed flanges to grip them firmly, but if additional
      holding strength is required the retainer channels may be secured in
      position by suitable means, such as, for example, a suitable adhesive or
      rivets.
PAC  OPERATION OF THE FORM OF THE INVENTION ILLUSTRATED IN FIGS. 1-3
PAR  Assume that the support frame 10 is assembled as shown in FIGS. 2-5 and is
      mounted to the vehicle side wall 24 with the mounting tabs 20 and 21
      inserted in their respective slotted openings 23, and the frame lowered to
      have hooked, cantilever supported engagement with the vehicle wall 24. A
      screw 27 is screwed into aligned holes drilled in each frame end member
      and in the supporting wall 24 to anchor the frame in position. The seat
      insert 11 is then fitted into the frame 10 between the frame end members
      12 and 13 so that the insert side flanges 31 and 32 conform respectively
      to the angle channel outer flanges 14a and 15a.
PAR  The retaining channels 37 and 38 are then fitted, respectively, onto the
      insert side flanges 31 and 32 and their respective frame angle flanges 14a
      and 15a as best shown in FIG. 3. The seat A is thereupon ready for use,
      and remains firmly in position until it is desired either to remove it, or
      to remove and replace the insert 11, either of which operations may be
      performed by reversing selected portions of the procedure described
      previously herein for the mounting of the seat on a wall.
PAC  MODIFIED FORM SHOWN IN FIGS. 4 AND 5
PAR  The modified form of the invention shown in FIGS. 4 and 5 comprises a seat
      B, which is generally similar to the seat A shown in FIGS. 1-3. The frames
      of the two seats are identical, while the inserts of the two seats are in
      general quite similar to each other. The parts of seat B which correspond
      to those of seat A are, therefore, designated by similar reference
      numerals with the prime (') added.
PAR  A generally rectangular opening 40 is provided in the insert seat portion
      25', and a second, generally similar opening 41 is also provided in the
      insert back portion 26', so that the insert portions surrounding these
      openings comprise marginal frame portions 40a and 41a, respectively. A
      panel 42 of plywood or other suitable material, and with suitable
      upholstery 43 applied thereto, is provided of a size and shape to cover
      the opening 40 for support by the marginal frame portion 40a, to which it
      may be releasably attached by suitable fastening means, for example,
      screws. A second plywood panel 45, similarly upholstered as at 47, is also
      mounted to cover the opening 41 for support by the marginal frame portion
      41a to which it is similarly releasably attached.
PAR  The upholstery with which the panels 42 and 43 are provided may comprise
      suitable protective or cushioning material, such as foam backed carpet or
      resilient plastic foam, either of self-skinning type or covered with
      suitable sheet plastic, fabric, or other upholstery material in accordance
      with sound upholstering practice. The upholstered panels 42 and 45 are
      simpler, less expensive, and more easily replaced if damaged than would be
      conventional covering or upholstery applied to the seat insert A shown in
      FIGS. 1-3.
PAR  Other than the provision of the openings 40 and 41 covered by the panels 42
      and 45, and the formation of the seat and back portions of the insert B of
      FIGS. 4 and 5 with a straight line angle 48 therebetween instead of the
      curvature shown in FIGS. 1 and 3, the two forms of the invention are
      generally similar. The operation of the form shown in FIGS. 4 and 5 will,
      therefore, be apparent to one having read and understood the preceding
      description of the operation of the form of the invention shown in FIGS.
      1-3.
PAR  The invention provides a side mounted cantilever seat for a transit
      vehicle, which seat is simple and economical to make and install,
      comfortable, light weight, strong, of good appearance, resistant to
      damage, and easily replaced either in whole or in part.
CLMS
STM  Having thus described the invention, what is claimed as new and useful and
      desired to be secured by U.S. Letters Patent is:
NUM  1.
PAR  1. A side facing, cantilever seat for a transit vehicle comprising:
PA1  a seat frame comprising a pair of end members in opposed, spaced apart
      relation, at least a lower rear portion of each frame end member bearing
      on a side wall of such vehicle,
PA1  means releasably securing an upper rear portion of each frame end member to
      such vehicle side wall for cantilever support of the seat frame,
PA1  a stretcher extending between, and secured to, the lower front portions of
      the two frame end members,
PA1  an integral, one piece seat insert of sheet material fitted into the frame
      and supported thereby, said insert comprising,
PA1  a generally horizontal seat portion and a generally upright back portion
      defining therebetween a selected seating angle, said seat insert having an
      integral end portion on each end thereof, said insert end portions fitting
      between the frame end members with a forward edge portion of the insert
      seat portion resting on, and supported by, the stretcher.
NUM  2.
PAR  2. A seat for a transit vehicle as claimed in claim 1 wherein an endwise
      extending flange is provided on each insert end portion, each of said
      endwise extending flanges fitting in supported relation over, and masking,
      at least an upper edge portion of one of the frame end members.
NUM  3.
PAR  3. A seat for a transit vehicle as claimed in claim 2 wherein the endwise
      extending flanges on the insert end portions extend also along the front
      edges of the insert end portions, and a flange, continuous with the
      endwise extending insert flanges, extends downwardly along the forward
      edge of the seat insert, masking the stretcher.
NUM  4.
PAR  4. A seat for a transit vehicle as claimed in claim 3 wherein each frame
      end member is of shallow pan shape with an integral, outwardly open
      channel formed along the upper and forward edges thereof.
NUM  5.
PAR  5. A seat for a transit vehicle as claimed in claim 4 wherein each endwise
      extending insert flange is substantially co-extensive with, and closely
      superposed with respect to, a flange defining the outer side of the
      channel extending along the upper and forward edges of each frame end
      member, and a retaining channel of sheet material is fitted in close,
      conforming relation onto the relatively superposed flanges on each end of
      the assembled frame and insert to cover and conceal the otherwise exposed
      endwise directed edges of such superposed flanges, and to retain the seat
      insert in the frame.
NUM  6.
PAR  6. A seat for a transit vehicle as claimed in claim 1 wherein a laterally
      inwardly extending portion is provided on the lower front portion of each
      frame end member, and the stretcher is fitted onto and supported by such
      inwardly extending portions.
NUM  7.
PAR  7. A seat for a transit vehicle as claimed in claim 6 wherein the inwardly
      extending portions of the frame end members are of rectangular "S"
      cross-sectional shape, as is also the stretcher.
NUM  8.
PAR  8. A seat for a transit vehicle as claimed in claim 7 wherein the seat is
      mounted inwardly of a window in such vehicle side wall, the upper edge of
      the insert back portion extends above the lower edge of such window and is
      spaced from such side wall, and a portion of the seat insert slopes from
      the upper edge of the insert back portion outwardly and downwardly toward
      such vehicle wall.
NUM  9.
PAR  9. A seat for a transit vehicle as claimed in claim 8 wherein the
      downwardly and outwardly sloping portion of the insert terminates in a
      portion extending to such vehicle side wall below the lower edge of such
      window.
NUM  10.
PAR  10. A seat for a transit vehicle as claimed in claim 1 wherein the insert
      seat portion comprises a marginal frame portion, and an upholstered seat
      member is fitted onto, and is wholly supported marginally thereof by, said
      marginal frame portion.
NUM  11.
PAR  11. A seat for a transit vehicle as claimed in claim 10 wherein the insert
      back portion also is provided with a marginal frame portion, and an
      upholstered seat member is fitted onto, and is wholly supported marginally
      thereof by, the marginal frame portion of the insert back portion, and is
      releasably secured thereto.
NUM  12.
PAR  12. A seat for a transit vehicle as claimed in claim 1 wherein the insert
      seat portion and the insert back portion are each substantially flat, each
      has an opening therein extending throughout a major central portion
      thereof, and an upholstered seat member covers each of the openings in the
      insert seat portion and in the insert back portion, at least the
      upholstered seat member covering the opening in the insert back portion
      being releasably secured to the insert.
NUM  13.
PAR  13. A seat for a transit vehicle as claimed in claim 1 wherein fastening
      means releasably secures the seat frame to such vehicle side wall.
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ABST
PAL  There is disclosed a container having an aperture therein with a linear
      edge, which aperture is normally closed by the planar surface of the base
      member. The container is pivotally attached to the base member by
      connecting arms such that when the container is moved with respect to the
      base member, the container is constrained by the connecting rods and tilts
      and slides on the linear edge across the planar surface of the base member
      to open the aperture of the container and to dispense the contents
      therefrom.
BSUM
PAR  The present invention relates to dispensing containers and more
      particularly to unloading and dumping containers and structures for
      vehicles.
PAR  In the field of unloading and dumping containers and structures for
      vehicles, it has been the general practice to employ enclosures and
      containers which are hinged to main frame and which rotate about the hinge
      point to perform a dumping action by tilting the enclosure to slideably
      remove the contents thereof. Although such devices have served the
      purpose, they have not proved entirely satisfactory under all conditions
      in service for the reason that considerable difficulty has been
      experienced in removing the contents of the tilting container and
      difficulties encountered in causing the vehicle to which the container is
      attached to become unbalanced and to overturn when the structure is tilted
      into the dumping position.
PAR  Those concerned with the development of dumping structures and dump bodies
      for vehicles have long recognized the need for a mechanism or structure
      for removing the contents of a vehicle or truck body container which does
      not present a hazard to the vehicle and its operator. The present
      invention fulfills this need.
PAR  One of the most critical problems confronting designers of dumping
      structures for vehicles has been the tilting and the raising of the
      dumping containers to such angles and heights which unbalance the vehicle
      and cause it to overturn. This problem is overcome by the present
      invention.
PAR  Another critical problem confronting designers of dumping structures has
      been the complete removal of all the contents of the dumping container.
      This problem is overcome by the present invention.
PAR  Prior to the present invention, dumping structures were characterized by
      tilting mechanisms which tilt the dumping containers to an angle where the
      force of gravity causes the contents to slide therefrom and to be dumped.
      Many times the contents of the dumping container cling to the interior
      surface thereof and the force of gravity is insufficient to cause the
      contents to be removed from the container. It therefore becomes necessary
      for the vehicle to be operated in a manner to produce an impulse force on
      the dumping container to loosen the contents and expedite removal thereof.
      Under these circumstances, those vehicles with particularly long dumping
      structures or bodies must tilt one end of the dumping structure to extreme
      heights above the vehicle to dispense the contents. This creates a hazard
      to the vehicle as well as the operating personnel, if the vehicle and
      dumping structure is not perfectly level. Should the vehicle be on a
      tilted surface, the weight of the load raised up to extreme heights above
      the vehicle creates a torque tending to overturn the vehicle and dumping
      structure. In some instances the operating personnel must enter the
      dumping container and manually loosen the contents for complete dumping or
      dispensing.
PAR  The general purpose of this invention is to provide a dispensing or dumping
      container which embraces all the advantages of similarly employed dumping
      and unloading structures and devices and possesses none of the
      aforedescribed disadvantages. To attain this, the present invention
      contemplates a unique sliding and tilting container and structural
      arrangement whereby instability of the dumping structure and adhering of
      the load contents to the container are avoided.
PAR  An object of the present invention is a provision of a dumping or
      dispensing container wherein the contents are removed therefrom by the
      sliding and scraping action of one edge.
PAR  Another object is to provide a dumping and dispensing structure wherein the
      center of gravity is shifted to minimal distance by the dumping or
      dispensing action of the structure.
PAR  A further objective of the invention is the provision of a dispensing
      container which slides across the planar surface of a base member and
      tilts simultaneously to dispense the contents therefrom.
PAR  Still another object is to provide a dumping container for a vehicle which
      permits the contents of the container to be dispensed on either side of
      the vehicle and to be removed therefrom by the positive action of a
      scraping and sliding edge of the container.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered with the
      accompanying drawings in which like reference numerals designate like
      parts throughout the figures thereof.
PAR  FIG. 1 shows a pictorial view of a vehicle mounted, side dumping, single
      sliding edge tilting container embodiment of the invention;
PAR  FIGS. 2A and 2B illustrate side views of two positions of a single sliding
      edge rear dumping structure for a vehicle;
PAR  FIGS. 3A and 3B illustrate side elevations of two positions of a single
      sliding edge container similar to those shown in FIGS. 1, 2A and 2B
      further including a hydraulic actuator;
PAR  FIGS. 4A and 4B illustrate a cross-section view in section of the beveled
      sliding edge of the tilting container;
PAR  FIGS. 5A, 5B, and 5C illustrate side elevations of three positions of a
      dual sliding edge embodiment of the present invention;
PAR  FIG. 6 shows a pictorial view of a dual sliding edge container with a cable
      drive system mounted on a vehicle;
PAR  FIG. 7 illustrates a pictorial view of the cable drive mechanism of FIG. 6
      for moving the container;
PAR  FIG. 8 shows an exploded pictorial view in section of one of the cable
      engaging members mounted in one of the sliding edges of the container of
      FIG. 6 which is engaged by the drive mechanism of FIG. 7;
PAR  FIG. 9 is a front view of the cable engaging member of FIG. 8;
PAR  FIG. 10 shows a side view of the cable coupling disc attached to the
      driving cable of FIG. 7; and
PAR  FIG. 11 illustrates a cross-section view in section of the container taken
      through the center of the cable engaging member of FIG. 8 engaged by the
      cable coupling disc of FIG. 10.
DETD
PAR  Referring now to the drawings, wherein like reference characters designate
      like corresponding parts throughout the several views, there is shown in
      FIG. 1 (which illustrates preferred embodiment of a single sliding edge
      container) a base member 11 having a planar surface thereon, such as the
      flat bed of a dumping vehicle, upon which a rectangular container 13
      slides on a linear edge 14. One end of an arm 15 is rotatably connected to
      a pin 17 which is fixedly attached to the lower left corner of base member
      11. The other end of arm 15 is rotatably attached to a pin 19 which in
      turn is fixedly attached to the upper left corner of container 13. Linear
      edge 14 has two cut-outs or openings 21 therein which are respectively
      engaged by lugs 23 which in turn are attached each to one of two cables
      25. Cables 25 traverse the surface of base member 11 and around two
      pulleys 27 mounted in the edge of base member 11 to a drive mechanism or
      winch (not illustrated) mounted on the underside of base member 11. A side
      panel 29 is mounted on the underside of base member 11 along the edge
      thereof to keep debris from interfering with wheels of a vehicle upon
      which the dumping or dispensing structure may be mounted. A panel 30 is
      attached to each end of base member 11 (one end panel not being visible)
      to prevent the dispensing of the contents of container 13 from the ends of
      base member 11. Therefore, FIG. 1 illustrates a single sliding edge
      embodiment of a dumping or dispensing structure for dumping from one side
      of a vehicle such as a truck or railway car.
PAR  FIGS. 2A and 2B illustrate side views of a dispensing structure similar to
      that shown in FIG. 1 but assembled in a configuration to provide
      dispensing or dumping from the rear of a vehicle. FIG. 2A shows container
      13 in a normally closed position and FIG. 2B illustrates container 13
      tilted and moved into a partial dumping or dispensing position. Although
      not visible, the opposite side is a mirror image of the side illustrated.
PAR  In FIG. 2A, container 13 is in a normally closed position with the edges of
      the open bottom thereof fully contacting and closed by base member 11 (not
      visible behind panel 30). Arm 15 is connected to container 13 in the upper
      left corner by pin 19 and to the left corner of base member 11 by the
      other end thereof through pin 17. Panel 30 is attached to each side of
      base member 11 for containing the contents of container 13 as it slides
      and tilts so that the contents are dispensed from the rear of the vehicle
      and not from the sides.
PAR  In FIG. 2B, container 13 is shown tilted and in a sliding position with
      respect to base member 11 (not visible behind panel 30) to open the bottom
      thereof and dispense the contents. Arm 15 attached to container 13 by pin
      19 and attached to base member 11 by rotary pin 17 constrains the
      container as it is moved over the surface of base member 11 thereby
      causing the container to tilt. Panels 30, as in FIG. 2A, contain the
      contents of the container to prevent dispensing thereof from the sides of
      the vehicle.
PAR  FIGS. 3A and 3B show the end view or side elevation of the structure FIG. 1
      or the structure of FIGS. 2A and 2B further including a hydraulic drive
      mechanism for moving and sliding container 13 across base member 11.
      Although not visible, the opposite side or end is a mirror image of the
      side or end illustrated.
PAR  FIG. 3A shows container 13 in its normally closed position fully resting on
      base member 11. Panel 30 is removed and not illustrated so that the
      relationship between container 13 and base member 11 may be observed.
      Connecting arm 15 has one end rotatably attached through pin 19 to the
      upper left corner of the side or end panel of container 13 and the other
      end rotatably attached to the left corner of base member 11 by pin 17.
      Sliding edge 14 is shown in substantial alignment with the left edge of
      base member 11. A hydraulic cylinder 31 is rotatably attached to base
      member 11 through a rotary joint 32 slightly below and adjacent to pin 17.
      A piston arm 33 which moves within hydraulic cylinder 31 is connected
      through a rotary joint 35 to the lower right corner area of the side or
      end panel of container 13.
PAR  In FIG. 3B, piston arm 33 is shown extended from cylinder 31 to slide and
      tilt container 13 into a position where edge 14 of container 13 is
      adjacent the right edge of base member 11 directly opposite the left edge
      of base member 11 to which edge 14 was adjacent when the container was
      closed. Pin 19 attached to the upper left corner of the end panel of
      container 13 moves along the arc of a circle having a radius equal to the
      length of arm 15 and with a center at pin 17.
PAR  FIGS. 4A and 4B illustrate a cross-section view partly in section of the
      wall of container 13 and sliding edge 14 in contact with base member 11.
PAR  In FIG. 4A container 13 is shown in its normally closed position with
      sliding edge 14 adjacent to the left edge of base member 11. The edge of
      container 13 is beveled or cut on an angle forming a surface 37 and making
      sliding edge 14 substantially into a knife edge.
PAR  FIG. 4B illustrates a cross-section view partly in section of container 13
      tilted in its fully open or dispensing position with sliding edge 14
      adjacent the right edge of base member 11. The angle of surface 37 is
      selected to allow container 13 to tilt as required and always keep the
      knife edge of sliding edge 14 in contact with the surface of base member
      11.
PAR  FIGS. 5A, 5B and 5C illustrate a side view of a container with double
      sliding edges which can dispense its contents from either of opposide
      edges of base member 11. Although not visible, the opposite side of the
      container is a mirror image of that illustrated.
PAR  In FIG. 5A, container 13 is shown normally closed by base member 11. An
      adjustable or extending arm 39 is shown rotatably attached to upper left
      corner of the end panel of container 13 by a rotary joint 41. The other
      end of adjustable arm 39 is attached to left corner of base member 11
      through a rotary joint 43. Adjustable arm 39 has a notch or lip 45 therein
      engaged by a spring biased hook 47 which is rotatably attached to base
      member 11 adjacent to rotary joint 43. Similarly, an adjustable or
      extending arm 49 is attached to the upper right corner of the end panel of
      container 13 by a rotary joint 51. The other end of the adjustable arm 49
      is rotatably attached to the right corner of base member 11 by a rotary
      joint 53. A spring biased hook 57 is rotatably mounted adjacent rotary
      joint 53 and engages a notch or lip 55 on adjustable arm 49.
PAR  In FIG. 5B container 13 is shown with its left sliding edge 14 moving from
      left to right across base member 11 to dispense the contents of container
      13 to the right side of base member 11. Adjustable arm 39 rotates in a
      clockwise direction from the position shown in FIG. 5A, keeping notch 45
      engaged by hook 47, thereby maintaining adjustable arm 39 at constant
      length. However, hook 57 has a stop (not visible) which prevents it from
      rotating in a clockwise direction and therefore, it disengages notch 55 of
      adjustable arm 49 to allow arm 49 to extend and lengthen or elongate as
      required by the tilting action of container 13. Adjustable arm 49 has a
      central bore into which one end of a rod 59 is slideably inserted to
      provide adjustable length, the other end of rod 59 being rotatably
      attached to pin 53.
PAR  In FIG. 5C container 13 is illustrated with its right sliding edge 14
      moving from right to left across the surface of base member 11 to dump the
      contents thereof on the left side of base member 11. Adjustable arm 49
      rotates in counter-clockwise direction about rotary joint 53 and is
      constrained from expanding by hook 57 engaging notch 55 therein. However,
      adjustable arm 39 rotates counter-clockwise and is disengaged from hook 47
      which is prevented from rotating counter-clockwise by a constraint or stop
      (not visible). This allows adjustable arm 39 to extend by the withdrawal
      of a sliding rod 69 from a central bore therein similar to adjustable arm
      49.
PAR  FIG. 6 illustrates the double-edge tilting container of FIGS. 5A, B and C
      mounted on a truck body. Container 13 is shown moving from left to right
      thereby dispensing its contents to the right side of the truck. Adjustable
      arm 39 is connected to the upper left corner of the end panel of container
      13 by rotary joint 41 and to the rear left corner base member 11 by rotary
      joint 43. Adjustable arm 39 is engaged by hook 47 and maintains a constant
      length as container 13 is moved left to right across base member 11.
      Adjustable arm 49 is disengaged from hook 51 and is free to extend in
      length by the withdrawal of sliding arm 59. Adjustable arm 49 is connected
      by rotary joint 51 to the upper right corner of the end panel of container
      13 and is further connected through sliding arm 59 to rotary joint 53
      connected to the rear right corner of base member 11. Rear panel 63 is
      connected to the end of base member 11 at the rear of the truck and front
      panel 65 is connected to the end of base member 11 toward the front of the
      truck to prevent the contents of container 13 from being dispensed at
      either end of base member 11. A side panel 67 is connected to the right
      underside edge of base panel 11 and a side panel 69 is connected to the
      left underside edge of base member 11 to prevent the contents dispensed
      from container 13 from falling under the wheels of the truck. Although not
      visible, the end of container 13 most near the front of the truck is the
      mirror image of the end illustrated.
PAR  Each sliding edge 14 of container 13 has two cable coupling members 79
      rotatably mounted therein. The left edge 14 is shown moving from left to
      right across base member 11 and each coupling member 79 therein is engaged
      by a coupling disc or ring (not visible) attached to a cable 71 which is
      driven around a sprocket pulley 76 by a winch mechanism (not visible). A
      coupling disc 77a on each cable is located adjacent each coupling member
      79 out to the right thereof to engage such coupling member when left
      sliding edge 14 is moved from right to left across base member 11 back to
      its initial starting position. Coupling members 79 in right sliding edge
      14 of container 13 are tilted up and away from the cable coupling discs
      and are therefore not engaged by the coupling discs when the left sliding
      edge is being driven across base member 11.
PAR  FIG. 7 illustrates a pictorial view of a cable drive or winch mechanism
      which may be utilized to drive either the single sliding edge dispenser of
      FIG. 1 or the double sliding edge dispenser of FIGS. 5A, B, and C and FIG.
      6. A cable driving drum or winch 70 has a cable 71 wrapped therearound and
      is driven by a motor 73. Cable 71 further traverses sprocket pulleys 75
      and 76 mounted in opposite edges of base member 11 (not shown) and has
      coupling discs or rings 77 and 77a attached thereto to engage a coupling
      member in one sliding edge of container 13 (not illustrated). For the
      double sliding edge dispensing container, a second pair of coupling discs
      78 and 78a are further connected to cable 71 to engage a coupling member
      in the opposite sliding edge of container 13. Duplicate sets of cable
      drives are illustrated in FIG. 7 to provide two points of drive spaced
      along each sliding edge of container 13. These two points of drive provide
      a more uniform application of force to the container and buckling or
      bowing of the wall and edge of the container is prevented under the weight
      of the contents of the container while sliding across the surface of base
      member 11. Sprocket pulleys 75 and 76 have toothlike notches around their
      circumference to accommodate coupling discs 77, 77a, 78 and 78a,
      respectively, as the cable and coupling discs pass over and around the
      sprocket pulleys.
PAR  FIG. 8 illustrates a section of the wall of container 13 adjacent to
      sliding knife edge 14 having a cut-out or opening 89 therein into which
      coupling member 79 is located. Coupling member 79 has a conical depression
      81 into which the cable coupling disc is positioned and a slot 83 into
      which the cable between coupling discs slides when the coupling member is
      engaged and driven by the cable. Pivot rods 85 and 87 are attached to
      opposite sides of coupling member. Rod 85 engages a support bracket 91 on
      one side of opening 89 and rod 87 engages a support bracket 93 in the
      other side of opening 89. Brackets 91 and 93 have elongated recesses 95
      and 97, respectively, onto which pivot rods 85 and 87 are located,
      respectively. Clamps 99 and 101 have elongaged recesses 103 and 105,
      respectively, and are attached by bolts 107 to support brackets 91 and 93,
      respectively, to moveably hold pivot rods 85 and 87 of coupling member 79
      in the elongated slots formed when recesses 95, 103 and 97, 105 are
      juxtaposed, respectively. The elongated slots allow coupling member 79 to
      move relative to opening 89 as container 13 tilts.
PAR  FIG. 9 shows a front view of coupling member 79 with conical depression 81,
      slot 83 and pivot rods 85 and 87 on each side, respectively. The back side
      of coupling member is the mirror image of the front side.
PAR  FIG. 10 shows a section of cable 71 with coupling ring or disc 77 mounted
      thereon. Disc 77 is shaped to have mating conical sections which mate with
      the conical depressions in the coupling member.
PAR  FIG. 11 illustrates a cross-section view, partly in section, of the wall of
      the container 13, the cross-section being taken through the center of
      opening 89 of FIG. 8 including coupling member 79 and with cable 71 and
      coupling discs 77 and 77a attached thereto. As cable 71 traverses from
      left to right in FIG. 11, coupling disc 77 engages conical depression 81
      of coupling member 79 and moves container 13 from left to right across the
      surface of base member 11.
PAR  The single sliding edge embodiment of the dispensing container of the
      present invention can best be described by turning to FIG. 1. Container 13
      is driven from its normal position, where the bottom opening therein is in
      complete contact with the surface of base member 11, by two sets of drive
      cables 25 and coupling lugs 23 attached thereto which engage openings 21
      in sliding edge 14 of container 13. As the cables move from left to right
      across the surface of base member 11, lugs 23 engaged in openings 21 slide
      edge 14 across base member 11 from left to right. Arm 15 constrains the
      motion of container 13 causing it to tilt about edge 14 in a
      counter-clockwise direction and to lift the remaining bottom edge of
      container 13 from the surface of base member 11. As container 13 begins to
      tilt, the contents of container 13 begin to disperse from the right side
      of base member 11. As the container slides across base member 11, sliding
      edge 14 scrapes the contents from the surface of base member 11 thereby
      positively removing all of the contents of container 13 to be dispensed
      therefrom. Sliding edge 14 is driven across base member 11 from left to
      right until the entire surface is traversed and all the contents of
      container 13 dispensed. End panel 30 prevents the contents of container 13
      from being dispensed over the rear end of base member 11, and along the
      edge thereof. A similar panel is mounted at the other end of base member
      11 for the same purpose and function. Further, side panel 29 extends below
      base member 11 and along the edge thereof to prevent the dispensed
      materials from falling under the wheels of a vehicle upon which the
      dumping or dispensing mechanism may be mounted. A similar panel is mounted
      on the other side of base member 11 for the same reason.
PAR  The driving mechanism for the container illustrated in FIG. 1 may be that
      as illustrated in FIG. 7, eliminating coupling discs 78 and 78a. Lug 23
      shown in FIG. 1 may be coupling disc 77a of FIG. 7, coupling disc 77 of
      FIG. 7 being behind the wall of container 13 in FIG. 1 and not visible.
PAR  An alternate method of driving container 13 across the surface of base
      member 11 is the hydraulic system of FIGS. 3A and 3B. Hydraulic cylinder
      31 can be activated to drive piston arm 33 outwardly from cylinder 31
      forcing container 13 to slide across base member 11 from left to right and
      dispense the contents therefrom.
PAR  It should be noted that the cable drive illustrated in FIG. 7 and the
      hydraulic actuators shown in FIGS. 3A and B are merely illustrative of the
      various driving methods and devices which may be utilized to slide
      container 13 across the surface of base member 11 and other motivating and
      driving mechanisms and devices may be used as desired.
PAR  It should also be noted that base member 11 may be the flat bed of a truck
      body or a transporting vehicle such as a railway car and that rectangular
      container 13 may be the containing walls of a dumping structure associated
      with the flat bed. As illustrated in FIGS. 2A and 2B, the single sliding
      edge dispensing apparatus described in FIG. 1 may also be utilized to
      dispense from the rear of a vehicle as well as the side of a vehicle,
      thereby giving diverse applications for the slidng and tilting dispensing
      system disclosed herein.
PAR  It is further important to note that as the sliding edge of container 13
      slides across the surface of base member 11, it scrapes all of the
      contents of container 13 from the surface of container 11. This is
      distinctly different from the conventional dumping or dispensing
      containers apparatus where gravity is utilized to remove the contents. If
      container 13 were hinged about one edge and tilted with respect to the
      hinged edge, as in a conventional dumping mechanism, it would be necessary
      to have some other means for scraping the contents from the bottom of
      container 13. The sliding scraping edge of container 13 as illustrated in
      FIG. 1 provides a distinct and unique advantage over conventional dumping
      structures in that it positively removes all the contents of container 13
      from the surface of base member 11.
PAR  The beveled edge of container 13 illustrated in FIGS. 4A and 4B prevents
      the material contained within container 13 from being caught under the
      edge of the container as it slides across the surface of base member 11.
      Therefore, the sliding knife edge 14 always remains in positive contact
      with base member 11 and scrapes the contents of container 13 from the
      surface of base member 11.
PAR  The double or dual sliding edge dispensing system is best described by
      turning to FIGS. 5A, B and C. Here, the left edge 14 of container 13 can
      slide from left to right across the surface of base member 11 to dispense
      the contents of container 13 from the right side of base member 11.
      Contrary thereto, the right 14 edge of container 13 can slide across the
      surface of base member 11 to dispense the contents of container 13 from
      the left edge of base member 11. As the left edge 14 of container 13
      slides from left to right across base member 11, it is important to note
      that adjustable arm 39 must be kept constant in length. Therefore, hook 47
      is adapted to engage notch 45 and prevent arm 39 from extending. However,
      it is also important to note that adjustable arm 49 must be free to extend
      its length so that container 13 may rotate under the constraint of arm 39
      and keep sliding edge 14 in contact with the surface of base member 11.
      Therefore, it is clear that, whereas hook 47 must be adapted to engage
      notch 45 of arm 39, hook 57 must be adapted to disengage notch 55 of arm
      49. In order to effect this action, hook 47 is biased in a
      counter-clockwise direction against a restraint or pin (not illustrated)
      such that it will not move any further in the counter-clockwise direction
      than the position illustrated in FIG. 5A. Similarly, hook 57 is biased in
      a clockwise a direction against a constraint (not illustrated) so that it
      will not rotate any further in the clockwise direction than the position
      shown in FIG. 5A. Consequently, as arms 39 and 49 rotate in a clockwise
      direction about rotary joints 43 and 53, respectively, hook 57 continues
      to engage notch 55 and constrains arm 49 from extending while notch 45 is
      disengaged from hook 47 allowing arm 39 to extend as required by the
      rotation of container 13 about sliding edge 14. It should be recognized
      that other techniques and devices may be utilized to provide adjustable
      connecting arms similar in effect to arms 49 and 39 and that different
      techniques and devices may be utilized for constraint other than hooks 47
      and 57, respectively.
PAR  A preferred driving means for the container is illustrated in FIG. 7.
      Coupling discs 77 and 77a are attached to cable 71 and engage coupling
      member 79 rotatably mounted in the sliding edge of container 13 in opening
      89 illustrated in FIG. 8. A dual set of cables is provided in FIG. 7 so
      that two driving points are formed along the sliding edge of container 13
      whereby bowing of the side or edge of container 13 is prevented and a
      uniform and effective scraping action is obtained across the surface of
      base member 11.
PAR  The operation of the cable drive system of FIG. 7 is best illustrated by
      referring to FIG. 11. As coupling disc 77 moves from left to right it
      engages conical depression 81 in coupling member 79 and drives container
      13 from left to right, sliding the edge thereof across the surface of base
      member 11. However, referring to FIG. 7, if the cable is driven from right
      to left, the left edge of container 13 will be lifted from the surface of
      container 11 allowing cable 71 to slip out of slot 83 of coupling member
      79 and coupling disc 77a to pass under coupling member 79 mounted in
      opening 89 (shown in FIG. 8) of the left edge of container 13. However,
      coupling disc 78a (shown in FIG. 7) will engage a similar opening 89 in
      the right edge (not illustrated) of container 13 to drive the right edge
      across the surface of base member 11 from right to left. As the cable
      continues to move from right to left, coupling discs 77 and 77a traverse
      sprocket pulley 75 and continue around drive drum 70. As illustrated in
      FIG. 7, sprocket pulleys 75 and 76 have notches or teeth therein to
      receive the edges of coupling discs 77, 77a, 78, and 78a, respectively.
      Furthermore, it should be clear that the cable drive mechanism of FIG. 7
      may be utilized to drive the dispensing system displayed in FIGS. 5A, B
      and C to either dispense to the left or right of base member 11 depending
      upon which direction the cable is driven.
PAR  Although a cable driving system and a hydraulic driving system are
      illustrated and explained herein, other techniques of moving container 13
      across the surface of base member 11 may be utilized, such as chain
      drives, gear drives, and other techniques and devices well known in the
      art of mechanical driving and moving.
PAR  Although the dispensing container described herein has been discussed in
      connection with full sized trucks and other vehicles, it should be
      realized that it is also applicable to toy vehicles such as toy trucks and
      toy trains and other play vehicles.
PAR  It now should be apparent that the present invention provides a mechanical
      configuration which may be employed in conjunction with a dispensing or
      dumping container for dispersing the contents thereof by sliding and
      tilting the container with respect to a base member such that the center
      of gravity of the dispensing structure is not substantially changed and a
      positive scraping action is obtained by the sliding edge of the container
      across the base member.
PAR  Although particular structural elements have been discussed in connection
      with a specific embodiment of a dispensing mechanism and apparatus
      constructed in accordance with the teachings of the present invention,
      others may be utilized. Furthermore, it will be understood that although
      an exemplary embodiment of the present invention has been disclosed and
      discussed, other applications and mechanical arrangements are possible and
      that the embodiments disclosed may be subject to various changes,
      modifications and substitutions without necessarily departing from the
      spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Dispensing apparatus comprising:
PA1  a base member having a flat planar surface thereon;
PA1  a container having at least one opening therein, said opening being
      normally closed by said planar surface when said container is in a first
      position relative to said base member, a portion of said opening having a
      linear edge, said container being adapted to be moved across said planar
      surface from said first position to a second position, keeping said linear
      edge in sliding contact with said planar surface; and
PA1  connecting means having two ends, one end being rotatably attached to said
      container and the other end rotatably attached to said base member such
      that when said container is moved across said planar surface from said
      first position to said second position, said container tilts with respect
      to said planar surface and slides thereacross on said linear edge thereby
      opening said container to release the contents thereof and to scrape the
      contents before said linear edge.
NUM  2.
PAR  2. The dispensing apparatus described in claim 1 wherein said base member
      is a flat rectangular platform and wherein said container is a rectangular
      enclosure and said opening therein is an open side of said rectangular
      enclosure, one edge of said open side being said linear edge, said open
      side having dimensions similar to said rectangular base member.
NUM  3.
PAR  3. The dispensing apparatus described in claim 2 wherein said connecting
      means is a pair of arms, one arm being rotatably attached between a corner
      of said enclosure remote from said base member and a corner of said base
      member directly opposite said remote corner when said enclosure is in said
      first position, and the other arm being rotatably attached between the
      corresponding corner of the opposite side of said enclosure and the
      corresponding corner of the opposite edge of said base member, the edge of
      said open side located between said rods when said enclosure is in said
      first position being said linear edge.
NUM  4.
PAR  4. The dispensing apparatus described in claim 3 further including driving
      means for moving said enclosure across said base member, comprising:
PA1  at least one pair of pulley wheels rotatably mounted on opposite edges of
      said base member, said opposite edges being parallel to said linear edge
      of said enclosure;
PA1  winch means for pulling cable, said winch means being mounted on the side
      of said base member oppositely disposed from said planar surface;
PA1  cable connected to said winch means and running over said pair of pulley
      wheels and across said planar surface of said base member; and
PA1  lug means attached to said cable for engaging said linear edge of said
      enclosure to drive said linear edge across said planar surface when said
      winch drives said cable.
NUM  5.
PAR  5. Dispensing apparatus comprising:
PA1  a base member having a flat planar surface thereon;
PA1  container means for holding dispensable contents, said container means
      having at least one opening therein normally closed by said planar surface
      when said container is in a first position, said opening having first and
      second linear edges, said container means being adapted to be moved from
      said first position to a second position while maintaining said first
      linear edge in sliding contact with said planar surface and from said
      first position to a third position while maintaining said second linear
      edge in sliding contact with said planar surface; and
PA1  first and second connecting means, each having adjustable lengths and two
      ends, one end of each being rotatably attached to said container and the
      other end of each being rotatably attached to said base member, the length
      of said first connecting means being constrained and the length of said
      second connecting means being unconstrained when said container is moved
      from said first position to said second position, said first connecting
      means being located to tilt said container about said first linear edge
      thereby opening said container in a first direction, the length of said
      first connecting means being unconstrained and the length of said second
      connecting means being constrained when said container is moved from said
      first position to said third position, said second connecting means being
      located to tilt said container about said second linear edge, thereby
      opening said container in a second direction whereby said dispensable
      contents may be dispensed in one of two different directions.
NUM  6.
PAR  6. The dispensing apparatus described in claim 5 wherein said base member
      is a flat rectangular platform and wherein said container is a rectangular
      enclosure and said opening therein is an open side of said rectangular
      enclosure, opposite edges of said open side being said first and second
      linear edges, said open side having dimensions similar to said rectangular
      platform.
NUM  7.
PAR  7. The dispensing apparatus described in claim 6 wherein said first and
      second connecting means each include a pair of arms, one arm of each pair
      being rotatably attached between a corner of said enclosure remote from
      said base member and a corner of said base member directly opposite said
      remote corner when said enclosure is in said first position, and the other
      arm of said pair being rotatably attached between the corresponding corner
      of the opposite side of said enclosure and the corresponding corner of the
      opposite edge of said base member, the edges of said open side located
      between said pairs of arms when said enclosure is in said first position
      being said first and second linear edges.
NUM  8.
PAR  8. The dispensing apparatus described in claim 7 further including driving
      means for moving said enclosure across said base member, comprising:
PA1  at least one pair of pulley wheels rotatably mounted on opposing edges of
      said base member, said opposing edges being parallel to said first and
      second linear edges of said enclosure;
PA1  winch means for pulling cable mounted on the side of said base member
      oppositely disposed from said planar surface;
PA1  cable connected to said winch means and running over said pair of pulley
      wheels across said planar surface of said base member; and
PA1  coupling means attached to said cable means for engaging said first and
      second linear edges of said enclosure to drive said first linear edge
      across said planar surface when said winch pulls said cable in one
      direction and to drive said second linear edge across said planar surface
      when said winch pulls said cable in the reverse direction.
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ABST
PAL  The wheel safety lock comprises a hollow hub cylinder which is engagable on
      to a wheel hub, a diameter web and means disposed on the wheel lock for
      retaining the hub cylinder on a wheel hub. Means for locking the hub
      cylinder to a wheel hub include holes in the diameter web through which
      fasteners may be engaged into the wheel hub, threads on the interior
      terminal sidewalls of the cylinder hub, and a mechanically actuated
      diameter web assembly having movable lug arms which are engagable with
      recesses in a wheel hub.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to means for locking a wheel to a hub, and
      more particularly to auxiliary means for locking a wheel to a hub.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Means for locking a wheel to a hub or particularly a motor vehicle has
      included bolts, threaded wheel locks, and compression locks. Bolts are
      intended to be disposed through holes in the wheel into a wheel mount
      member which is in turn fastened to the hub. Threaded and compressible
      locking means includes various disks and nuts, referred to as
      `knock-offs,` which again engage wheel mounts which are in turn fastened
      to the axle or hub. These are generally not suitable for high load, heavey
      duty uses, such as for heavy transport vehicles. This has generally been
      the case because they depend on a wheel mount for their inevitable
      support. They also may be difficult to install, and may not properly
      engage thus failing even though skill and due care have been employed.
PAR  Accordingly, it is an object of the present invention to provide an
      auxiliary means for locking wheels to a hub, and more particularly to an
      auxiliary locking means for heavy duty wheel loads, such as for motor
      transport vehicles.
PAR  It is a further object that the auxiliary locking means of this invention
      be fastened by simple bolts.
PAR  It is a further object of this invention that the auxiliary locking means
      of this invention be fastened by threadable locking means between the
      auxiliary lock of this invention and a wheel hub.
PAR  It is a further object of this invention that the auxiliary locking means
      of this invention be fastened by mechanically actuated lug locking means.
PAR  It is a principal object that the auxiliary wheel safety lock of this
      invention be easily accessible and mechanically simple in its installation
      and operation on the wheel hub.
PAR  These and other objects shall become apparent from the description
      following, it being understood that modifications may be made without
      affecting the teachings of the invention here set out.
PAC  SUMMARY OF THE INVENTION
PAR  The wheel safety lock comprises a hollow hub cylinder which is engagable on
      to a wheel hub, a diameter web and means disposed on the wheel lock for
      retaining the hub cylinder on a wheel hub. Means for locking the hub
      cylinder to a wheel hub include holes in the diameter web through which
      fasteners may be engaged into the wheel hub, threads on the interior
      terminal sidewalls of the cylinder hub, and a mechanically actuated
      diameter web assembly having movable lug arms which are engagable with
      recesses in a wheel hub.
PAR  A more thorough and comprehensive understanding may be had from the
      detailed description of the preferred embodiment when read in connection
      with the drawings forming a part of this specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a perspective view of the wheel safety lock of this invention
      shown with a tire and wheel for illustrative purposes.
PAR  FIG. 2 is a cross-sectional view taken substantially along the lines 2--2
      of the FIG. 1 of the wheel safety lock showing the interior configuration
      of the wheel safety lock on a wheel and hub shown in broken lines for
      illustrative purposes.
PAR  FIG. 3 is a cross-sectional view taken substantially along the lines 2--2
      of the FIG. 1 of a further embodiment of the wheel safety lock.
PAR  FIG. 4 is a top plan of a further embodiment of the wheel safety lock.
PAR  FIG. 5 is a cross-sectional view of the apparatus of the FIG. 4 taken along
      the lines 5--5 of the FIG. 4, shown mounted on a wheel and hub in broken
      lines for illustrative purposes.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and more particularly to the FIGS. 1 and 2,
      the wheel safety lock of this invention is shown to advantage and
      generally identified by the numeral 10. The wheel lock 10 comprises a hub
      cylinder 11 and a diameter web 12. The hub cylinder 11 is a hollow
      cylindrical member having an inside diameter substantially equal to the
      outside diameter of a wheel hub 13. The height of the cylinder 11 is
      substantially equal to the normal distance by which the hub 13 projects
      from a wheel 14. The diameter web 12 is suitably fastened across the
      geometric diameter, at the outermost terminal end of the hub cylinder 11.
      The diameter web 12 is provided with a pair of holes 15 which are operable
      to receive bolts 16 which are engagable into the hub 13. In operation, the
      wheel lock 10 may be demountably installed by engaging the open terminal
      end of the hub cylinder 11 with the hub 13 and engaging the bolts 16
      through the holes 15 into the hub 13. It may be seen that the wheel 14 is
      restrained from withdrawing from the hub 13 by the compressive force of
      the interior terminal end of the hub cylinder 11 on the wheel 14.
PAR  Referring to the FIG. 3, a further embodiment of the wheel safety lock 10
      includes a hub cylinder 17, and a diameter web 18. The hub cylinder 17 is
      a hollow cylindrical member provided with threads 19 on its interior
      terminal sidewalls. The hub 13 is likewise provided with threads 20. In
      operation, the wheel safety lock 10 of the further embodiment may be
      demountably installed by threadably engaging the hub cylinder 17 onto the
      hub 13 until either the threads 19 and 20 are fully engaged, or the
      interior terminal end of the threaded hub cylinder 17 compressively
      contacts the wheel 14 with such force that the hub cylinder 17 and wheel
      14 are secured on the hub 13. The diameter web 18 is fastened in a manner
      or similar to that of the diameter web 12, across the geometrical diameter
      at the outermost terminal end of the hub cylinder 17, and includes a pair
      of fastener receiving holes 18'. In operation, the diameter web 18 may be
      used to engage the threaded hub cylinder 17 onto the threaded hub 13.
      Fasteners (not shown) may be engaged through the holes 18' in the manner
      of the bolts 16 through the holes 15 of the hub cylinder 11. It is to be
      understood that a satisfactory wheel lock 10 may be fabricated having only
      a threaded hub cylinder 17.
PAR  Referring now to the FIGS. 4 and 5, another embodiment of the wheel lock 10
      comprises a hub cylinder 21 and a diameter web assembly 22. The hub
      cylinder 21 is a hollow cylindrical member whose interior diameter is
      substantially equal to the outside diameter of the hub 13. The hub
      cylinder 12 may be provided at one of its terminal ends with a reenforcing
      web 23. The diameter web assembly 22 includes a pair of opposingly
      disposed locking arms 24, urging means such as a coil spring 25, and an
      arm actuator 26. Each of the locking arms 24 is a substantially L-shaped
      member having a spacing portion 24' disposed distally and parallelly above
      the terminal end having the web 23 of the hub cylinder 21, a height
      spacing leg portion 24" which is disposed perpendicularly at the outermost
      terminal ends of the portion 24' parallelly along the outermost terminal
      end of the hub cylinder 22, and a lug portion 24'" which is disposed
      centrally from the terminal ends opposite the portion 24' of the portion
      24". The lug portion 24'" projects through slotted holes 27 provided in
      the hub cylinder 21, and carries an upstanding lug block 28 at its
      interior terminal end. The hub 13 is provided distally from its outer
      terminal end with opposingly disposed recesses 29 which are operable to
      receive one of the lug block 28. It is to be understood that a recessed
      ring could be provided and be operably as efficient as opposingly disposed
      recesses 29. The locking arms 24 are urged centrally together by the
      urging spring 25. The urging spring 25 is mounted on upstandingly fastened
      capstan 30 on the uppermost terminal sides on the interior terminal ends
      of the portion 24'. Additionally, balancing centrally directed urging
      force may be provided by an identical urging spring 31 mounted on portions
      of the capstan 30 which may project from the lowermost terminal side of
      the portions 24'. The lever arms 24 may be selectively forced apart by the
      arm actuator 26. The lever actuator 26 is a member having a handle portion
      26' which is disposed parallel to the terminal end of the hub cylinder 21,
      an upstanding shaft portion 26" which is journally carried in a housing
      32, and a cam portion 26" which is journally carried in a housing 32, and
      a cam portion 33 disposed between the interior terminal ends of the
      portions 24' of the arms 24 at the lowermost terminal end of the shaft
      portion 26" opposite the handle 26'. The cam portion 33 may have any
      number of cam configurations including a rectangular configuration. The
      housing 32 may be carried by the arms 24, or be fastened to the
      reenforcing web 23.  The housing 32 may also be extended about the springs
      25 and 31 to protect the springs 25 and 31 and the cam 33 from dirt and
      impact. In operations, the wheel lock 10 may be installed by displacing
      the arms 24 apart, slidably engaging the hub cylinder 21 onto the hub 13
      and actuating the cam 33 by means of the handle 26' to engage the blocks
      28 on the arms 24 into the recesses 29 of the hub 13. The wheel lock 10
      may be removed conversely, by displacing the arms apart by rotating the
      handle 26' to cam the arms 24 apart and withdrawing the hub cylinder 21
      from the hub 13. It has been found to advantage to provide recess portions
      28' in the hub 21 into which to receive the lug block 28.
PAR  Having thus described in detail a preferred apparatus which embodies the
      concepts and principles of the invention and which accomplishes the
      various objects, purposes and aims thereof, it is to be appreciated and
      will be apparent to those skilled in the art that many physical changes
      could be made in the apparatus without altering the inventive concepts and
      principles embodied therein. Hence, it is intended that the scope of the
      invention be limited only to the extent indicated in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wheel safety lock, comprising: a hollow hub cylinder being engagable
      with a wheel hub; a diameter web fastened at one of the terminal ends of
PA1  said wheel hub; and
PA1  a camming actuator means, said camming actuator means for demountably
      retaining said hub cylinder on said wheel hub including opposingly
      disposed arms having at one of their terminal ends lug blocks engagable
      with recesses in said hub at one of their terminal ends, means disposed at
      the ends opposite said blocks for urging on said arms for urging said arms
      centrally together, and actuator means for selectively forcing said arms
      apart.
NUM  2.
PAR  2. The wheel safety lock of claim 1 wherein said camming actuator means
      includes a rectangular cam disposed between the interior terminal ends
      opposite said blocks of said arms and an actuator handle fastened to said
      cam.
NUM  3.
PAR  3. The wheel safety lock of claim 1 wherein said means for urging said arms
      centrally together, and said cam and said handle is journally carried by a
      housing.
NUM  4.
PAR  4. The wheel safety lock of claim 1 wherein said means for urging arms
      centrally together is a coil spring fastened between upstanding capstans
      in each of the respective arms at the terminal ends opposite said blocks.
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ABST
PAL  A brake system for a wheeled carrier having manually operable apparatus for
      actuating and locking parking brakes at the wheels, the system including
      automatically operable apparatus for ensuring release of the manually
      operable parking brakes when it is desired to move the vehicle.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to the systems shown in copending U.S.
      applications Ser. Nos. 302,415 filed October 31, 1972 by Thomas H. Engle;
      393,529 filed Aug. 21, 1973 by Thomas H. Engle now U.S. Pat. No.
      3,845,991; 414,461 filed Nov. 10, 1973 by Thomas H. Engle, Glen L. Bohusch
      and Thomas M. Bogenschutz now U.S. Pat. No. 3,895,850; and 484,187 filed
      June 28, 1974 by Thomas H. Engle. The disclosures of these applications
      are hereby incorporated by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  Pnuematic-to-hydraulic brake systems have come into extensive use in
      railcar and other types of braking systems in recent years. In many
      instances, it has been found desirable to provide an independent means for
      applying and locking the brakes when the car is not connected to a source
      of pressurized air such as would conventionally be used to actuate the
      brakes. Such independent parking brake means permit each car to be slowed,
      stopped and restrained in a chosen location by a single crewman. Copending
      application Ser. No. 484,197 is an example of a recently developed system
      for articulated railcars incorporating a new type of parking brake
      actuator. As discussed in Ser. No. 484,197, parking brake systems may
      include means for applying, locking and unlocking the parking brakes which
      are actuated by a handwheel or similar device located conveniently on the
      car. U.S. Pat. No. 3,586,138 discloses a hydraulically operated brake
      locking mechanism suitable for use in these applications.
PAR  The prior art systems such as that of U.S. Pat. No. 3,586,138 for actuating
      and locking railcar parking brakes may create problems in use since it is
      frequently the case that the parking brake has not been fully unlocked and
      released by a crewman before an attempt is made to move the car.
      Obviously, this can cause numerous delays to locate the stuck brakes,
      undue brake wear if some movement does occur and similar deleterious
      effects.
PAR  An object of the invention is to provide a system for ensuring parking
      brake release which will positively unlock the parking brake locking
      mechanism to permit car movement yet will not interfere with subsequent
      operations of the parking brake system.
PAR  Another object of the invention is to provide a system for ensuring parking
      brake release which will permit parking brake application even when the
      release ensuring system is actuated.
PAR  Another object of the invention is to provide a brake release ensuring
      system which is automatic and operates from available sources of
      pressurized fluid such as the conventional brake pipe pressure system of
      prior art railcars.
PAR  One skilled in the art will realize that some or all of the above objects
      are realized by the invention disclosed herein and may recognize other
      objects of the invention not specifically set forth; however, the scope of
      the invention is to be limited only by the claims presented hereafter.
PAC  SUMMARY OF THE INVENTION
PAR  To overcome these and other deficiencies in prior art braking systems, the
      invention comprises a brake system for a wheeled vehicle of the type
      including independently operable parking brake means for actuating,
      locking and unlocking the vehicle brakes and fluid pressure operable
      service and emergency brake means for actuating said vehicle brakes in
      response to a reduction in fluid pressure, including novel means
      responsive to an increase in said fluid pressure for automatically
      unlocking said parking brake means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic diagram of the hydraulic and pneumatic lines and
      components of an articulated railcar embodying the invention.
PAR  FIG. 2 shows a schematic representation of a parking brake system suitable
      for use with the invention.
PAR  FIG. 3 shows a sectional view of a parking brake locking and unlocking
      mechanism of the type operated in accordance with the invention.
PAR  FIG. 4 shows a section view of the pneumatic-to-hydraulic convertor with
      dual three way valves according to the invention.
PAR  FIG. 4A shows an enlarged view of one of the three way valves shown in FIG.
      4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a schematic diagram of a brake system incorporating the brake
      release ensuring features of the invention. An air pressure line 10 runs
      throughout the length of an articulated car such as shown in Ser. No.
      484,197 and includes flexible couplings 12 between car sections 14 and 16,
      and 16 and 18, as indicated. Of course, the invention may be used in
      conventional, non-articulated cars. Couplings 12 are so designed that
      should sections of the articulated car become separated during use, the
      coupling will break and permit pressure line 10 to depressurize on either
      side of the break. Air pressure line 10 may be connected to the
      corresponding pressure lines of an adjacent rail car of articulated or
      conventional design via electro-pneumatic connector 20, such as that
      disclosed in application Ser. No. 414,461. In the illustrated embodiment,
      a standard ABD valve assembly 22, including the conventional two
      compartment air reservoir 24 for service and emergency brake applications
      is attached to section 18 of the articulated car in fluid communication
      with air pressure line 10. Pneumatic lines 26 and 28 extend from ABD valve
      assembly 22 as indicated. Line 28 runs from section 18 back through
      sections 16 and 14 and is joined between sections 18 and 16, and 16 and 14
      by conventional flexible couplings 30 which, when broken, reseal line 28
      on either side of the break to prevent depressuriztion. Lines 26 and 28
      are connected, respectively, to pneumatic-to-hydraulic boosters 32 and 34,
      located in sections 18 and 14. A booster assembly suitable for use in this
      invention is disclosed in application Ser. No. 302,415. Boosters 32 and 34
      include hydraulic output lines 36 and 38 which are connected to service
      brake line 40, as indicated. Service brake line 40 runs throughout the
      length of sections 14, 16 and 18 and is flexibly connected between
      sections 14 and 16, and 16 and 18 via connector blocks 42 which
      incorporate flexible couplings identical in function to couplings 30.
      Connector blocks 42 provide hydraulic communication from brake lines 40 to
      brake actuators 44 via lines 40A, 40B and 40C.
PAR  A parking brake actuation line 46 runs along the length of sections 14, 16
      and 18 and is flexibly joined between sections 14 and 16, and 16 and 18 by
      connector blocks 42. Parking brake actuation line 46 is connected via
      blocks 42 to the brake locking portion of brake locking and unlocking
      mechanism 48 via lines 46A, 46B and 46C; as discussed with regard to FIG.
      3. Parking brake actuation lines 50 and 52 are connected from line 46 to
      the upstream end of the slack adjustment section of boosters 32 and 34 as
      shown in full detail Ser. No. 484,197. Parking brake deactuation line 54
      runs along the length of sections 14, 16 and 18 and is flexibly joined
      between sections 14 and 16, and 16 and 18 by connector blocks 42. Line 54
      is hydraulically connected to the brake unlocking portion of mechanism 48
      by lines 54A, 54B and 54C. A hydraulic fluid reservoir or sump line 56
      runs along the length of sections 14, 16 and 18 and is flexibly joined
      between sections 14 and 16, and 16 and 18 by connectors 58 and 60 which
      are identical to connectors 30. Lines 55 and 57 connect boosters 32 and 34
      to sump line 56, as indicated.
PAR  A conventional pressure reduction relay valve 62 is connected to air
      pressure line 10. This valve has the function of accelerating the pressure
      reduction along the pressure line 10, which signals the need for a brake
      application. It is of the type commonly required in rail cars having over
      75 feet of air pressure line in each car. A hydraulic parking brake
      actuator 64 is connected to lines 46 and 54 and to hydraulic fluid
      reservoir or sump 66 which, in turn, is connected to line 56, as
      indicated. Handwheel 68, located conveniently on the exterior of the car,
      is turned to operate actuator 64 as discussed with regard to FIG. 2.
PAR  Connected in series with lines 46 and 54 is brake release ensuring booster
      70, which includes dual three-way valve section 72, as discussed more
      fully with regard to FIG. 4. Sump branch lines 74 and 76' join booster 70
      and valve section 72 to main sump line 56 and pneumatic branch line 78
      joins booster 70 to air pressure line 10.
PAR  Turning now to FIG. 2, the structural details and operation of hydraulic
      hand brake actuator 64 may be understood. The hand brake actuator
      comprises a reversible hand pump 80 which is actuated by hand wheel 68
      located on the exterior of one of the car sections, as indicated in FIG.
      1. Branch lines 82 and 84 connect reversible hand pump 80 to a
      double-piloted check valve 86. Check valve 86 comprises a cylinder 88 in
      which a piston 90 is slidably received and sealed thereto by O-ring 92.
      Attached to the opposite faces of piston 90 are pilot rods 94 which extend
      axially from piston 90 a distance just short of check valves 96 and 98,
      when piston 90 is in the mid-position. Valves 96 and 98 are attached to
      the cylinder 88 just out-board of the point where branch lines 82 and 84
      communicate with the opposite ends of piston 90. Branch lines 100 and 102
      extend from check valves 96 and 98 as indicated. The structure comprising
      elements 80 through 102 may be a commercially procured product such as the
      hand pump manufactured by Hynautic, Inc., having part No. B-950044. It can
      be seen that branch lines 100 and 102 comprise combined inlet and outlet
      ports for pump 80 which may be selectively operated so as to pump fluid
      into branch line 100 and out of branch line 102 when pump 80 is operated
      in one direction and out of branch line 100 and into branch line 102 when
      pump 80 is operated in the opposite direction.
PAR  Branch lines 100 and 102 are connected to the opposite ends of valve
      cylinder 104 of selector valve 106. A valve spool 108 is slidably received
      in valve cylinder 104 and includes lands 110 and 112 at either end thereof
      for sliding contact with cylinder 104. Port 114 provides communication
      between the left end of cylinder 104 and line 46 when spool 108 is in its
      right hand position. Port 116 provides communication between the right end
      of cylinder 104 and line 54, when spool 108 is in its left hand position.
      Port 118 provides communication from port 114 to reservoir 66 when spool
      108 is in its left hand position and from port 116 to reservoir 66 when
      spool 108 is in its right hand position. Check valves 120 and 122 connect
      branch lines 100 and 102 to reservoir 66 as indicated.
PAR  In operation to actuate the parking brake, the crewmen will manipulate hand
      wheel 68 to cause pump 80 to discharge oil under pressure to line 82. As
      pressure develops in this line, piston 90 of unit 86 will shift to the
      right and rod 94 will open valve 98, permitting pump 80 to draw oil from
      reservoir 66 through check valve 122. Simultaneously, check valve 96 is
      lifted from its seat, permitting high pressure oil to flow into branch
      line 100. This causes check valve 120 to remain closed and moves spool 108
      to the right, permitting oil to flow through port 114 to line 46 and to
      deliver fluid to the brake locking portion of units 48. Port 116 is also
      connected to reservoir 66 via port 118 to permit return flow of fluid from
      the brake unlocking portion of units 48. A portion of the fluid pumped
      through line 46 by pump 80 is delivered to boosters 32 and 34 via lines 50
      and 52 and thence to brake actuators 44, exactly as in the case of a
      service brake application. Consequently, after the brake actuators 44 have
      set the brakes, the brake locking portion of units 48 will be effective to
      hold them in that condition.
PAR  In order to release the parking brake application, the crewman will
      manipulate hand wheel 68 in the opposite direction and again actuate pump
      80. Under this condition, the output of pump 80 is delivered through line
      84, valve 98, port 116 and line 54 to the brake unlocking portions of
      units 48 of brake actuators 44. As soon as enough pressure is developed to
      shift spool 108 to the left, line 46 is vented through port 114 and port
      118 to reservoir 66. When the pressure in line 54 reaches the required
      level due to continued actuation of pump 80, the unlocking portions of
      units 48 will release the brake actuators 44 and allow their cylinders to
      retract under the action of the external forces acting on them. As the
      brake actuators 44 retract, they displace oil back through boosters 32 and
      34 to reservoir 66 via lines 50 and 52, line 46 and spool 108.
PAR  If the parking brake is applied while a service brake application is in
      effect, lines 50 and 52 will be connected via boosters 32 and 34 with the
      brake actuators 44, but little if any oil will be delivered to the
      cylinders because the brakes are already applied. However, the pressure
      developed in control line 46 will cause the brake locking portions of
      units 46 to actuate the cylinder locks. In the event the parking brake
      application is then released, the brake unlocking portions of units 46 of
      brake actuators 44 will release the cylinder locks but brake cylinder
      pressure will not be released because boosters 32 and 34 will continue to
      apply braking pressure until released. Ser. No. 484,197 provides full
      details of the operation of boosters 32 and 34.
PAR  In a similar manner, if the service brake is applied while a parking brake
      application is in effect, the hydraulic pressure generated by boosters 32
      and 34 will be delivered to brake actuators 44, but little if any oil will
      actually be delivered to the cylinders. When the service brake application
      is released, in no event will the release effect the condition of the
      brake locking portion of units 46.
PAR  FIG. 3 shows an elevation view, primarily in section, of the brake locking
      and unlocking portions of units 48. Additional details are shown in U.S.
      Pat. No. 3,586,138, which also discloses other brake locking and unlocking
      portions suitable for use in the system shown in FIGS. 1 and 2. A
      plurality of uniformly spaced rollers 124 surround piston rod 126 which
      extends from actuators 44, not shown in this view, to the brake mechanism,
      also not shown. Rollers 124 are located in a tapered space 128 formed
      between rod 126 and an encircling conical cam surface 130. The number of
      rollers 124 may be chosen as required by loading stresses exerted on the
      rollers and by the rollers on rod 126; however, eight have proven
      adequate. The rollers 124 are held captive in slots 132 in actuator member
      134 so that their axes are transverse to the longitudinal axis of piston
      rod 126 and are biased toward the small diameter end of space 128 by an
      elastic O-ring 136 or similar resilient device, confined between the
      rollers 124 and the end of slots 132. The rollers are shaped to ensure
      line or surface contact between the rollers and mating parts, cam surface
      130 and piston rod 126.
PAR  Actuator member 134 includes a detent 138 in the form of a snap ring
      carried in a groove formed in the periphery of actuator member 134 and
      adapted to expand into one or the other of a pair of grooves 140 and 142
      located in the surrounding stationary structure. Groove 140 is located so
      that rollers 124 are positioned in the unlocked portion of tapered space
      128, where they fit loosely between piston rod 126 and cam surface 130.
      Groove 142 is located so that rollers 124 are positioned in the locked
      portion of tapered space 128, where they are wedged tightly between piston
      rod 126 and cam surface 130. At the end of actuating member 134 opposite
      the location of slots 132 is located an integral, double-acting piston 144
      which moves within cylinder 146. Brake unlocking lines 54A, B and C
      communicate with the right side of piston 144; and locking lines 46A, B
      and C, with the left side, as shown.
PAR  When a brake actuator having a unit 48 as shown in FIG. 3 is in use and a
      handbrake application is made, pump 80 will deliver fluid under pressure
      via lines 46A, B anc C, causing piston 144 to overpower detent 138 and
      shift actuator element 134 to the right, where detent 138 engages groove
      142 and locks element 134 in position. Rollers 124 are simultaneously
      moved toward the narrow end of tapered space 128 and wedged tightly
      between piston rod 126 and cam surface 130. In this position, rod 126 is
      permitted movement in the leftward, brake actuating direction, due to the
      movement of rollers 124 permitted by O-ring 136; however, movement in the
      rightward, brake deactuating direction is prevented.
PAR  The feature of brake locking mechanisms such as that of FIG. 3 whereby the
      locking mechanism is mechanically restrained by means such as detent 138
      and groove 142 does ensure that the parking brake, once set, will not be
      released by mere loss of pressure in line 46. However, it is been observed
      in practice that crewmen frequently do not turn hand wheel 68 far enough
      to ensure that adequate pressure is developed in line 54 to move piston
      144 back to the left, overpowering the engagement of detent 138 with
      groove 142 and re-engaging detent 138 with groove 140 in the unlocked
      position. Even a partial turn of handwheel 68 may generate enough pressure
      to cause spool 108 to shift to the left in FIG. 2 and depressurize the
      left side of piston 144; however, this pressure frequently is not enough
      to unlock actuating element 134, even though the crewman may "feel" enough
      change to conclude that unlocking has occurred. Thus, the brake actuators
      44 are not free to retract under the influence of external forces acting
      on them.
PAR  Since rail yard crewmen may mistake the change in resistance to movement of
      handwheel 68 caused by the movement of spool 108 as an indication that the
      brakes have been unlocked, the apparatus of the invention provides means
      for ensuring total release of the brakes as soon as the conventional
      pneumatic brake line has been pressurized. FIG. 4 shows the details of
      brake release ensuring booster 70 and valve section 72. Booster 70
      comprises a hydraulic pump including a cylinder 148 and a reciprocable
      piston 150 which cooperate to define a working space 152 provided with
      passages 154, 156 and 158 through which fluid is transferred to and from
      valve section 72. Piston 150 is moved on its discharge stroke to displace
      oil from space 152 by an air motor 160 which responds to the pressure
      existing in brake line 10 and is moved on its return stroke to the
      illustrated retracted position by a return spring 162. The maximum output
      pressure of the hydraulic pump equals and product of the pneumatic
      pressure supplied to motor 160 and the ratio of the effective area of the
      motor piston to the effective area of pump piston 150. In practice, the
      maximum pressure in space 152 is about 90 psi. Booster 70 is connected
      with the reservoir 66 of parking brake control unit 64 via conduit 74 and
      is provided with two parallel paths through which this conduit
      communicates with working space 152. The first path comprises passage 166,
      and a valve which is defined by pump piston 150 and by a port 168 formed
      in the wall of cylinder 148, which is open only when the piston is in, or
      very near, its retracted position, as shown. This path serves to maintain
      space 152, and the volumes connected with it, liquid-filled when the
      pressure in brake line 10 drops enough to permit spring 162 to return
      motor 160 to its retracted position. The second flow path comprises
      passage 166, the rod end space 170 of cylinder 148, and a passage 172
      extending through piston 150 and containing a check valve 174 oriented to
      block flow from the working space 152.
PAR  This second path is effective to control the suction which booster 70
      imposes on valve section 72 and to insure return of piston 150 to its
      retracted position. Check valve 174 includes a seat 176 formed on piston
      150, and a cooperating poppet head 178 which is fixed to a reciprocable
      stem 180 and is biased against the seat by a light coil compression spring
      182. Oil is delivered to the check valve through the inclined passage 172
      which interconnects the rod end cylinder space 170 with a chamber 184
      formed in piston 150 adjacent the upstream end of seat 176. The head 178
      has a valving surface comprising both a metal portion and a portion
      defined by an elastic O-ring. With this type of design, the pressure drop
      across the valve head must be kept relatively low in order to prevent
      lifting of the O-ring from its groove in the head; therefore, the angled
      passage 172 is so sized that it develops the major portion of the pressure
      differential required to open valve 174. This aspect of the design has a
      desirable side effect in that it affords to the designer a convenient way
      to control the degree of suction which the booster 70 applies to valve
      portion 72 by reducing or increasing the diameter of passage 172.
PAR  As shown in FIGS. 4 and 4A, dual three-way valve unit 72 comprises valve
      body 186 and end plate 188 which are bolted to the right end of cylinder
      148 via bolts 190. Ports 154, 156 and 158 extend axially through end plate
      188 to provide hydraulic communication between working space 152 and valve
      unit 72. Valve body 186 includes two stepped bores 192 and 194 which
      slidably receive the operating elements of three-way unlocking valve 196
      and three-way locking valve 198. The structure and function of valves 196
      and 198 are identical for each valve, though the porting arrangements
      differ as will be discussed.
PAR  Slidably located in the ends of bores 192 and 194 adjacent end plate 188
      are pilot pistons 200 and 202 which include sealing O-rings as indicated.
      Piston 200 communicates with port 154 on its left side and with vented end
      space 204 on its right. Similarly, piston 202 communicates with port 158
      on its left side and vented end space 206 on its right. Actuator rods 208
      and 210 extend from pistons 200 and 202 and are slidably, sealingly
      received in bores formed in partitions 212 and 214, which divide bores 192
      and 194 into pilot piston and valve spool sections.
PAR  The valve spool sections of bores 192 and 194 each include spaced lands 216
      and 218, which slidably receive valve spools 197 and 199. O-rings in each
      land 216 and 218 provide sealing. The left end of each spool 197 and 199
      includes a counter bore 220, into which one of actuator rods 208 and 210
      extend. Radial passages 222 through the side walls of counter bore 220
      provide flow paths for hydraulic fluid as will be discussed. Similar
      counter bores 224 and radial passages 226 are provided in the right end of
      spool 197 and 199. The right ends of bores 192 and 194 are threaded to
      sealingly receive hydraulic fittings 228 and 230, connected to lines 54
      and 46 from pump 80. Fittings 228 and 230 include counter bores 232 and
      234 which, in cooperation with counterbore 224 in valve spools 196 and
      198, retain biasing springs 236 and 238 which hold spools 196 and 198 in
      their illustrated left hand position.
PAR  In valve 196, the space between lands 216 and 218 is connected to unlock
      actuator line 54. The space to the left of land 216 is connected to
      passage 242, which communicates with port 156. In the illustrated
      position, flow is permitted in line 54, through radial passages 226 and
      out through the continuation of line 54.
PAR  In valve 198, the space between lands 216 and 218 is connected to lock
      actuator line 46. The space to the left of land 216 is connected to sump
      66 via line 76. In the illustrated position, flow is permitted in line 46,
      through radial passages 226 and out through the continuation of line 46.
      Thus, when booster 70 is in its illustrated position, the parking brake
      system continues to function just as described with regard to FIG. 2.
PAR  To understand the operation of booster 70 and valve unit 72, assume that
      brake line 10 is depressurized and the parking brake lock has been
      actuated. Assume further that, preparatory to intended movement of the
      car, a crewman has rotated handwheel 68 for enough to shift spool 108 to
      the left in FIG. 2 but not far enough to unlock the brakes. Just shifting
      the spool 108 will depressurize line 46 to sump 66. When the brake line 10
      is pressurized prior to movement of the train, air is admitted to
      pneumatic motor 160, causing piston 150 to move to the right. This
      increases the pressure in working space 152 and causes pilot pistons 200
      and 202 to move to the right, thus forcing spools 197 and 199 to the right
      against the action of springs 236 and 238. Pressure acting continuously in
      radial passages 222 and 226 forces the O-rings in lands 216 and 218 to
      remain in their grooves, thus minimizing friction and O-ring wear.
      Hydraulic fluid now flows from space 152, through passage 242, through
      radial passage 222 of spool 196 and out through the continuation of line
      54 to unlock the brakes. Simultaneously, return flow from the locking side
      of piston 144 in FIG. 3 is permitted via line 46, radial passages 222 in
      spool 198 and line 76.
PAR  Due to present railway regulations which require a crewman to move or
      confirm all parking brakes to an "OFF" position, the position of spool 108
      generally will be as assumed. Thus, the release ensuring system will leave
      the parking brake system in position for its next application. If,
      however, the crewman has failed to even partially release the parking
      brake of a particular car, the booster 70 will be ineffective to release
      either the brake or the brake locking mechanism. This is because until
      spool 108 is shifted to the left in FIG. 2, the full brake actuating and
      locking pressure developed by pump 80 will exist in line 46, assuming no
      leakage. Pneumatic motor 160 and piston 150 are sized so that the maximum
      pressure developed in working space 152 will be substantially less than
      the pressure developed by pump 80 to actuate and lock the brakes. Since
      pilot pistons 200 and 202 are of the same effective area as spools 196 and
      198, the pressure force acting on the right side of spool 198 will exceed
      that acting on pilot piston 202. Line 54 is connected to sump 66 in this
      situation, thus pilot piston 200 may move spool 196 to the right; however,
      no brake unlocking is achieved since the brake locking force acting on the
      right side of piston 144 in FIG. 3 exceeds that acting on the left side.
      Furthermore, check valve 120 in FIG. 2 prevents reversal of flow in line
      46.
PAR  The same features which prevent parking brake release until spool 108 has
      been shifted will permit the parking brake system to be actuated even
      where pneumatic motor 160 is pressurized. Handwheel 68 is turned
      sufficiently far to develop enough pressure to return spools 196 and 198
      to their left hand positions and permit parking brake application and
      locking. To obtain a release, the hand wheel must be rotated in the
      opposite direction at least far enough to cause spool 108 to shift to the
      left in FIG. 2.
CLMS
STM  Having described our invention in sufficient detail to enable one in the
      art make and use it, we claim:
NUM  1.
PAR  1. A brake apparatus for a vehicle, comprising:
PA1  a first normally pressurized fluid line for transmitting fluid pressure
      corresponding to a desired brake application force;
PA1  means responsive to reductions in the pressure in said first line for
      effecting service and emergency application of the brakes of said vehicle;
PA1  means for locking said brakes to retain them in the applied condition and
      for unlocking said brakes to allow them to return to the released
      condition;
PA1  independently operably parking brake actuating means for applying said
      brakes and actuating said locking means and for releasing said brakes and
      actuating said unlocking means; and
PA1  means responsive to increases in the pressure in said first line means for
      automatically actuating said unlocking means as said first fluid line is
      repressurized following service or emergency brake application.
NUM  2.
PAR  2. Brake apparatus according to claim 1, wherein said parking brake
      actuating means includes a second, fluid output line, said means for
      releasing said brakes and actuating said unlocking means being responsive
      to the pressure in said second, fluid output line, said means for
      automatically actuating said unlocking means comprising:
PA1  a pneumatic motor responsive to variations in the pressure in said first
      fluid line;
PA1  a hydraulic master cylinder and piston means operatively connected to said
      pneumatic motor for converting pneumatic pressure to hydraulic pressure;
      and
PA1  first valve means connected to the output of said master cylinder and in
      series with said second, fluid output line for selectively permitting flow
      of hydraulic fluid between said master cylinder and a first port in said
      first valve means, said first port being operatively connected to said
      means for releasing said brakes and actuating said unlocking means, in
      response to an increase in hydraulic pressure in said master cylinder; or
      for permitting flow of hydraulic fluid between said first port and a
      second port in said first valve means, said second port being operatively
      connected to said second, fluid output line, in response to a decrease in
      the hydraulic pressure in said master cylinder.
NUM  3.
PAR  3. Brake apparatus according to claim 2, wherein said parking brake means
      includes a third, fluid output line, said means for applying said brakes
      and actuating said locking means being responsive to pressure in said
      third, fluid output line, said means for automatically actuating said
      unlocking means further comprising:
PA1  second valve means connected to the output of said master cylinder and in
      series with said third, fluid line for selectively permitting flow of
      hydraulic fluid between a third vent port in said second valve means and a
      fourth port in said second valve means, said fourth port being operatively
      connected to said means for applying said brakes and actuating said
      locking means, in response to said increase in the hydraulic pressure in
      said master cylinder; or for permitting flow of hydraulic fluid between
      said fourth port and a fifth port in said second valve means, said fifth
      port being operatively connected to said third, fluid output line, in
      response to said decrease in the hydraulic pressure in said master
      cylinder.
NUM  4.
PAR  4. Brake apparatus according to claim 3, wherein said parking brake
      actuating means further comprises:
PA1  a reversible hand pump having a pair of combined inlet and outlet branch
      lines to accommodate flow in both directions; and
PA1  a selector valve means responsive to the differential pressure between said
      branch lines for selectively connecting said second, fluid output line to
      one of said branch lines and said third, fluid output line to vent in a
      first position of said selector valve; and for selectively connecting said
      second, fluid output line to vent and said third, fluid output line to the
      other of said branch lines in a second position of said selector valve.
NUM  5.
PAR  5. Brake apparatus according to claim 2, wherein said first valve means is
      a spring-biased, two position valve comprising a first pilot piston
      movable in response to the pressure in said master cylinder to selectively
      acruate said first valve means.
NUM  6.
PAR  6. Brake apparatus according to claim 5, wherein said second valve means in
      a spring-biased, two position valve comprising a second pilot piston
      movable in response to the pressure in said master cylinder to selectively
      actuate said second valve means.
NUM  7.
PAR  7. Brake apparatus according to claim 2, wherein said parking brake
      actuating means further comprises:
PA1  a reversible hand pump having a pair of combined inlet and outlet branch
      lines to accommodate flow in both directions; and
PA1  a selector valve means responsive to the differential pressure between said
      branch lines for selectively connecting said second, fluid output line to
      one of said branch lines in a first position of said selector valve or to
      vent in a second position of said selector valve.
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ABST
PAL  Electro-pneumatic brake apparatus for railway vehicles including a dynamic
      brake portion and a fluid pressure operable brake portion both of which
      are actuated by a common variable signal which produces a corresponding
      control pressure for effecting operation of said fluid pressure operable
      portion, such control pressure also being simultaneously converted to an
      electrical control pulse for effecting operation of the dynamic brake
      portion at the same time as, or at least not ahead of, the fluid pressure
      operable portion. The apparatus is further provided with a combined
      electro-pneumatic monitoring device for determining the sufficiency of the
      combined brake application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Rapid transit or commuter type railway vehicles may be provided with either
      a fluid pressure operable brake system only or a combined
      electro-pneumatic brake system. The electro-pneumatic system may include a
      blending feature, that is, if the dynamic braking force diminishes or is
      insufficient for maintaining the braking level called for by the
      operator's signal, the pneumatic brake automatically blends in to
      supplement the dynamic brake to the extent necessary for maintaining the
      braking level desired. In some instances cars with both types of brake
      systems may be used in the same train in which event certain problems
      become manifest. For example, when a brake application is initiated on a
      train made up of cars equipped with both the combined electro-pneumatic
      system and the pneumatic system only, the dynamic brake, as is well known,
      reacts to the application signal first and, therefore, applies ahead of
      the pneumatic brake. The lag of the pneumatic brake application relative
      to the dynamic brake application presents no problem so long as all the
      cars in the train are equipped with similar type brake systems, that is,
      the electro-pneumatic system. But if the train includes some cars with the
      pneumatic brake system only, those cars with the electro-pneumatic systems
      get some braking action from the dynamic brakes thereon before any braking
      effect occurs on those cars equipped with pneumatic brakes only. Thus,
      when the pneumatic brakes do apply, such application lags the dynamic
      application, which occurs on certain cars only, the result being a
      push-pull effect on the train to thereby cause some discomfort to the
      passengers. In other words, at the onset of initial braking, the brake
      forces acting on the several cars are not compatible relative to time of
      application and, therefore, result in an unbalanced state.
PAR  Delay circuits have been incorporated in the signal circuits of the dynamic
      brake portion to attempt to delay the effectiveness of the dynamic brake
      until the pneumatic portion is actuated. But since the lag interval varies
      according to the degree of braking level signalled, it becomes inpractical
      to provide a lag circuit that would cover all situations.
PAR  The presently known electro-pneumatic brake system above discussed may also
      include monitoring means connected in parallel relation to the dynamic
      brake portion and the pneumatic brake portion for indicating that either
      the dynamic brake or the pneumatic brake, or both, are in effect. But, in
      that the respective braking forces of the dynamic and pneumatic brakes are
      recorded separately, the monitoring device does not give an indication of
      the total braking force of dynamic and pneumatic brakes prevailing at any
      given time, because they are not compared or related in the monitoring
      device, and, therefore, the information indicated may be inaccurate or
      misleading.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention, therefore, is to provide an
      electro-pneumatic brake system of the blending type including means for
      causing the braking effect of the pneumatic portion and of the dynamic
      portion to occur simultaneously so that cars so equipped may be used with
      cars equipped with pneumatic brakes only in the same train without
      producing a push-pull effect among the several cars. It is also the object
      of the present invention to provide the type of brake system above
      proposed with monitoring means capable of indicating whether the sum of
      the dynamic and pneumatic brake forces has attained the degree of braking
      level called for by the operator's signal.
PAR  Briefly, the invention comprises electro-pneumatic brake apparatus for
      railway vehicles of the rapid transit type including a primary relay valve
      device for converting an operator-initiated brake signal of a preselected
      degree to a corresponding first pneumatic control pressure, a dynamic
      brake portion including a pneumatic-electric converter device for
      receiving and converting said first pneumatic control pressure to a
      corresponding electric or dynamic brake control signal transmitted to the
      dynamic brake, a magnetic torque detector connected to the dynamic brake
      for detecting and transmitting the magnetic brake force generated by the
      dynamic brake to an electro-pneumatic converter for converting dynamic
      brake force to a corresponding second pneumatic control pressure, said
      first and second control pressures being transmitted to a secondary relay
      valve device for effecting supply of actuating pneumatic pressure to the
      brake cylinder at a degree determined by the differential between said
      first and second pneumatic control pressures.
PAR  The improved monitoring portion of the electro-pneumatic brake apparatus
      comprising the invention above described, comprises a fluid pressure
      switch interposed in an electrical circuit having a monitoring device
      connected therein, said switch device being operable responsively to the
      actuating pressure supplied to the brake cylinder and to said second
      pneumatic control pressure (corresponding to the dynamic brake force),
      accumulatively, to a closed position in which the monitoring device is
      actuated to reflect the existence of a sufficient brake application.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic view of presently used electro-pneumatic brake
      apparatus;
PAR  FIG. 2 is a schematic view of an electro-pneumatic brake apparatus
      embodying the invention;
PAR  FIGS. 3, 4, and 5 are graphs representing several functions of the brake
      apparatus shown in FIGS. 1 and 2; and
PAR  FIGS. 6 and 7 are tables indicating certain results occurring during
      operation of the brake apparatus shown in FIG. 2 to selected positions.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  FIG. 1 of the drawings represents a conventional electro-pneumatic brake
      apparatus comprising an operator's controller 1 selectively operable to a
      plurality of positions for selecting the degree of brake application
      desired. Controller 1, which produces a digital type signal, may be a
      binary coded controller programmed to provide the desired number of
      control positions which will provide the range of braking action
      considered adequate for the vehicle on which it is used. Controller 1, in
      this case, is operable to seven positions, for example, for energizing any
      one or a combination of three electro-magnet supply valve devices 2, 3,
      and 4 through respective electrical circuits 5, 6, and 7. The table shown
      in FIG. 6, which will hereinafter be referred to as Table A, shows,
      according to the binary code, the several combinations of circuits 5, 6,
      and 7 (and consequently magnet valves 2, 3, and 4) energized in the
      several positions of controller 1.
PAR  Magnet valve devices 2, 3, and 4 are provided with electrical energizing
      coils 8, 9, and 10 connected by electrical conductors 11, 12, and 13 to
      circuits 5, 6, and 7, respectively. Magnet valve devices 2, 3, and 4 are
      also each connected by respective branch pipes 14, 15, and 16 to a pipe 17
      which, in turn, is connected, through a load detector device 18
      (designated symbolically in the drawings) to a source of fluid pressure
      comprising a multi-branch fluid pressure supply pipe 19 connected to a
      fluid pressure reservoir (not shown). Load detector 18 is a fluid pressure
      operable conventional type device connected by a pipe 20 to vehicle air
      springs (not shown) and operable in well known manner for permitting flow
      of fluid pressure from pipe 19 to pipe 17 at a degree corresponding to the
      vehicle load as reflected by the pressure in the air springs.
PAR  Magnet valve devices 2, 3, and 4 also comprise poppet type valve members
      21, 22, and 23, biased by springs 24, 25, and 26, when coils 8, 9, and 10,
      respectively, are deenergized, to respective exhaust positions, in which
      they are shown. When coils 8, 9, and 10 are selectively energized by
      operation of controller 1, the respective valve members 21, 22, and 23 are
      operated to respective supply positions in which pipe 17 is selectively
      communicated with pipes 27, 28, and 29, which, in turn, are connected to
      diaphragm chambers 30, 31, and 32 of a primary relay valve device 33. With
      valve members in their respective exhaust positions, communication between
      pipe 17 and pipes 27, 28, and 29 is cut off, and chambers 30, 31, and 32
      are vented to atmosphere via said pipes 27, 28, and 29 through exhaust
      ports 34, 35, and 36 in magnet valve devices 2, 3, and 4, respectively.
PAR  Primary relay valve device 33 comprises a plurality of stacked diaphragms
      37, 38, 39 connected for uniform movement with each other through a common
      piston rod 40 having a hollow valve seat portion 41, said relay valve
      device further having therein a supply chamber 42, connected to pipe 19,
      and a delivery chamber 43, connected to a pipe 44. For purposes of
      hereinafter explaining the operation of the apparatus herein disclosed,
      the respective effective areas of diaphragms 37, 38, and 39 may be assumed
      to be of the ratio of 7:6:4, for example.
PAR  Communication between pipes 19 and 44 is controlled by a valve element 45
      normally biased by a spring 46 to a closed or seated position on valve
      seat portion 41 in which said communication is cut off, and being operable
      by upward movement of piston 41, in a manner to be hereinafter disclosed,
      to an open or unseated position relative to said valve seat portion in
      which said communication is effected for providing supply of fluid
      pressure from pipe 19, via delivery chamber 43 and pipe 44, to a first
      control chamber 47 of a secondary relay valve device 48. Sufficient
      downward movement of valve seat portion 41, so as to move out of contact
      with valve element 45, opens delivery chamber 43, pipe 44, and first
      control chamber 47 of secondary relay valve 48 to atmosphere via a vent
      passage 49, formed coaxially in valve seat portion 41 of piston rod 40,
      and a vent port 50 in primary relay valve device 33. When all forces
      acting on the several diaphragms 37, 38, and 39 of primary relay valve
      device 33 are balanced, valve seat portion 41 and valve element 45, in
      well known manner, assume a lap position relative to each other, said
      relay valve device being operative to maintain the established pressure in
      delivery chamber 43 and, therefore, in first control chamber 47 of
      secondary relay valve 48.
PAR  Secondary relay valve device 48 is provided with a second control chamber
      51 isolated from first control chamber 47 by a separating wall 52. A
      diaphragm member 53 is operably disposed adjacent first control chamber
      47, while a diaphragm member 54 is disposed adjacent second control
      chamber 51 in opposing relation to diaphragm member 53. Diaphragm members
      53 and 54 are rigidly connected to each other by a piston rod 55 having a
      hollow valve seat portion 56.
PAR  Secondary relay valve device 48 is also provided with a supply chamber 57
      connected to supply pipe 19, a delivery chamber 58 connected to a brake
      cylinder pipe 59 leading to a brake cylinder indicated BRAKE CYL. in the
      drawing, a valve element 60 cooperating with valve seat portion 56 for
      controlling communication between said supply chamber and said delivery
      chamber, and a spring 61 for urging said valve element toward a closed or
      seated position on said valve seat portion in which said communication is
      cut off. Valve seat portion 56 of piston 55 also has a central exhaust
      passage 62 via which brake pipe 59 and, therefore, the brake cylinder may
      be vented to atmosphere by way of a vent port 63 when valve element 60 is
      operated to an open or unseated position relative to valve element 60 in a
      manner to be hereinafter set forth.
PAR  Valve seat portion 56 of piston rod 55, valve member 60, and spring 61 all
      cooperate in well known manner similar to that described above in
      connection with primary relay valve device 33 in providing a lapping
      action by supplying fluid pressure to and venting from brake cylinder pipe
      59, as the situation demands, in maintaining the pressure called for in
      said brake cylinder pipe.
PAR  Fluid pressure supply pipe 19 is also connected to a supply chamber 64 of
      an electro-pneumatic converter relay valve device 65, which is also
      provided with a delivery chamber 66, a hollow valve seat portion 67 having
      a central exhaust passage 68, a valve element 69, a vent port 70, and a
      spring 71 all arranged and functioning similarly to the respective supply
      and and delivery chambers, valve seat portions, valve elements, and
      springs of the primary and secondary relay valve devices 33 and 48 to
      deliver and maintain controlled fluid pressure via a pipe 72 to second
      control chamber 51 of the secondary relay valve device 48.
PAR  The presently known apparatus shown in FIG. 1 also comprises a
      digital-to-analog converter 73, which may be of any suitable conventional
      type, connected by electrical conductors 74, 75, and 76 to circuit 5, 6,
      and 7, respectively, for converting the preselected digital signal from
      the engineer's controller 1 to an analog signal. The analog signal is
      transmitted by an electrical conductor 77 to a load detector device 78,
      such as a strain gauge, for example, represented symbolically, which
      modifies the analog signal according to the existing vehicle load before
      transmitting such brake actuating signal via an electrical conductor 79 to
      the dynamic brake represented symbolically at 80 which responds to said
      signal for effecting, in conventional manner, a dynamic brake application
      according to the magnitude of the signal.
PAR  As is well known to those skilled in the art, the dynamic brake application
      diminishes in effectiveness as the brake-applying power from the wheel
      generator diminishes due to the corresponding retardation of wheel
      rotation rate. It becomes necessary, therefore, to compensate for such
      loss in dynamic brake in increasing the effectiveness of the pneumatic
      braking which is initiated substantially at the same time as the dynamic
      braking with both blending together to provide the braking action called
      for, all of which will be explained henceforth. Thus, a torque or magnetic
      force detector device 81 is connected by an electrical output conductor 82
      from dynamic brake 80 to register the magnetic torque force generated by
      said dynamic brake and convert such force to a corresponding electrical
      current which, in turn, is transmitted via an electrical conductor 83 to a
      solenoid 84 operably associated with the electro-pneumatic converter relay
      valve device 65.
PAR  Electro-pneumatic relay valve device 65 is provided with a diaphragm type
      piston 85 having a piston rod 86, including the valve seat portion 67,
      connected thereto, said diaphragm being subjectable to a downwardly
      directed force, as viewed in the drawing, exerted thereon by prevailing
      pressure in delivery chamber 66, and to an opposite upwardly directed
      force exerted thereon when solenoid 84 is energized.
PAR  In considering the operation of the presently known electro-pneumatic brake
      apparatus shown in FIG. 1, let it be assumed that the operator sets the
      controller 1 at position 3. According to the binary code program, which is
      set forth in graphic form or TABLE A in FIG. 6, circuits 5 and 6, and
      therefore magnet valves 2 and 3 are energized, thereby causing diaphragm
      chambers 30 and 31 of the primary relay valve device 33 to be charged with
      fluid pressure. The net effective diaphragm pressure area subjected to
      fluid pressure, therefore, may be expressed by the equation
      37-38+38-39=37-39, which designates the diaphragms subjected to fluid
      pressure and the direction of the forces resulting therefrom, or a
      diaphragm area ratio of 3, that is, 7-4=3, according to the ratio
      relationship of diaphragms 37, 38, and 39 above set forth. The
      step-by-step operation of the pneumatic portion of the brake apparatus is
      set forth in TABLE B shown in FIG. 7, wherein the respective control
      pressure obtained for each portion of controller 1, as shown in the last
      column of the table headed CONTROL PRESSURE, is by way of example only.
PAR  Primary relay valve 33, therefore, operates in conventional manner to
      effect supply of a first control pressure to first control chamber 47 of
      secondary relay valve 48 according to the selected position of controller
      1.
PAR  At the same time, however, the selected digital signal transmitted by the
      controller 1 to the magnet valve devices for actuating the pneumatic
      portion of the apparatus, is also transmitted by way of circuits 5 and 6
      to converter 73 where said digital signal is converted to an actuating
      analog signal that is modified by the load detector 78 and then
      transmitted to dynamic brake 80 which thereby provides a retardation
      torque according to the magnitude of the actuating signal. As was
      previously noted, the torque of dynamic brake 80 is converted by converter
      81 to an energizing current for energizing solenoid 84 to produce the
      upwardly acting force on diaphragm 85 and thereby, in conventional manner,
      cause a second control pressure, according to the magnitude of said force
      acting on said diaphragm, to be supplied to second control chamber 51 of
      secondary relay valve 48. Consequently, secondary relay valve 48 effects
      supply of fluid pressure to brake cylinder pipe 59 (and thus to the brake
      cylinder) according to the differential of the first and second control
      pressures supplied to said secondary relay valve.
PAR  As was previously noted, as the effectiveness of the dynamic brake
      diminishes, the second control pressure in second control chamber 51 is
      reduced accordingly, so that the first control pressure in first control
      chamber 47, in effect, becomes more dominant, and the pressure supplied to
      brake cylinder pipe 59 and the brake cylinder is accordingly increased by
      the lapping action of secondary relay valve 48 to compensate for the loss
      in effectiveness of the dynamic brake. This compensating action is
      represented graphically in FIG. 3 of the drawings.
PAR  Assuming now that the operator desires to step up the braking action and
      accordingly operates controller 1 to a higher position, such as position
      4. The brake apparatus, both the pneumatic and dynamic portions, react
      accordingly to increase the braking action. Since, as is known to those
      skilled in the art, the dynamic brake portion reacts ahead of the
      pneumatic portion, the change in braking forces, during the initial stage,
      in those cars equipped with the pneumatic brake system only will lag the
      change in those cars equipped with the combined electro-penumatic brake
      system to produce the undesirable push-pull effect above mentioned. This
      incompatible braking action occurring during the initial stage of braking
      increase is represented graphically in FIG. 4 of the drawing.
PAR  In order to eliminate the undesirable push-pull effect above discussed and
      in accordance with the invention, the selected signal from controller 1 is
      not transmitted directly to dynamic brake 80 through converter 73 and load
      detector 78. Instead, the first control pressure supplied to first control
      chamber 47 of secondary relay valve device 48, is also transmitted, as
      shown in FIG. 2, by way of a branch pipe 87 tapped off pipe 72, to a
      pneumatic-electro converter 88 of any suitable type which converts said
      first control pressure to an electrical current of corresponding magnitude
      which is transmitted via a conductor 89 to dynamic brake 80 for actuation
      thereof.
PAR  Subsequent to actuation of dynamic brake 80, the remaining operation of the
      apparatus is similar to that described above in connection with the
      conventional apparatus shown in FIG. 1, except that, with the improvement
      provided by the invention and as shown in FIG. 2, the effectiveness of
      dynamic brake 80, when actuated, is delayed an instant in that the
      actuating signal therefor is diverted via the pneumatic control devices
      and converted to a pneumatic signal which acts concurrently with the
      signal actuating the pneumatic brake. This action is represented
      graphically in FIG. 5 of the drawings, wherein the time interval of delay
      of the dynamic braking relative to pneumatic braking is represented by
      .DELTA. T. Although the representation of delay .DELTA. T is exaggerated
      on the graph in FIG. 5 for purposes of illustration, it should be
      understood that the pneumatic and dynamic brakes are applied practically
      simultaneously.
PAR  As previously mentioned, the electro-pneumatic brake systems herein
      discussed may be provided with a monitoring device for the purpose of
      apprising the operator that the brake apparatus is functioning, that is,
      that a brake application has been effected subsequently to initiation
      thereof by the operator.
PAR  A presently known type of monitoring arrangement is shown in FIG. 1 of the
      drawings, wherein a monitoring device 90 is connected to two independently
      energizeable electrical circuits 91 and 92. Electrical circuit 91 is
      connected to the output conductor 82 from dynamic brake 80 and has
      interposed therein an electric current relay device 93 for transmitting
      current generated by said dynamic brake at a certain level or higher,
      depending upon the setting of the relay device, to the monitoring device
      90, which thus indicates the existence of a dynamic brake application.
PAR  Electrical circuit 92 has a fluid pressure switch device 94 interposed
      therein, said switch device having a pressure chamber 95 connected by a
      pipe 96 to pipe 59 leading to the brake cylinder. A diaphragm 97 in switch
      device 94 is subject on one side to the force of fluid pressure in chamber
      95 acting in one direction and on the other side to the force of a spring
      98 of preselected compression rating acting in an opposite direction.
      Diaphragm 97 is connected by a rod 99 to a switch member 100 normally
      biased by spring 98 to an open position in which circuit 92 is open, said
      switch member being operable by the force of fluid pressure in chamber 95,
      when sufficient for overcoming the opposing force of said spring, to a
      closed position in which circuit 92 is closed, whereby monitoring device
      90 indicates the existence of a pneumatic brake application.
PAR  Since, as was above noted, the two circuits 91 and 92 function
      independently of each other to indicate existence of respective dynamic
      and pneumatic brake applications, it is not possible to determine, for
      example, whether the existing degree of pneumatic braking is sufficient
      for supplementing the dynamic braking which, for some reason, may be less
      than that called for since the monitoring arranged will indicate even the
      very minimum of dynamic braking corresponding to the setting of current
      relay 93.
PAR  Accordingly, instead of taking a direct reading from dynamic brake 80 for
      monitoring the existence of a dynamic brake application, monitoring device
      90, as shown in FIG. 2, is connected to circuit 92 only, which has
      interposed therein a fluid pressure operable double diaphragm switch
      device 101 having two accumulatively arranged diaphragms 102 and 103
      adjacent respective pressure chambers 104 and 105 and connected through a
      common rod 106 to a switch member 107. A spring 108 of preselected
      compression rating urges the diaphragm assemblage downwardly, as viewed in
      the drawing, so that switch member 107 occupies an open position in which
      circuit 92 is deenergized.
PAR  Chamber 104 is connected by pipe 96 to brake cylinder pipe 59, while
      chamber 105 is connected by a pipe 109 tapped off pipe 72 for subjecting
      said chamber 105 to the second control pressure directed to second control
      chamber 51 of secondary relay valve device 48. As will be recalled the
      second control pressure is the pressure converted from the dynamic braking
      torque and, therefore, represents the level of the prevailing dynamic
      brake application. Thus when the force of accumulative pressure in
      chambers 104 and 105 of pressure switch device 101 is sufficient for
      overcoming the opposing force of spring 108, the diaphragm assemblage is
      moved upwardly, as viewed in the drawing, to cause switch member 107 and,
      therefore, circuit 92 to be closed. As a result, monitoring device 90 will
      indicate the accumulative braking effect of both the pneumatic and dynamic
      braking.
CLMS
STM  Having now described the invention what I claim as new and desire to secure
      by Letters Patent, is:
NUM  1.
PAR  1. Electro-pneumatic brake apparatus for railway vehicles comprising:
PA1  a. a source of pneumatic pressure;
PA1  b. pneumatic brake means responsive to pneumatic pressure for providing a
      pneumatic brake force;
PA1  c. dynamic brake means responsive to an electrical impulse for providing a
      magnetic brake torque;
PA1  d. operator actuated means providing a brake-initiating signal of
      preselected magnitude;
PA1  e. primary relay valve device connected to said source of pneumatic
      pressure and to said operator actuated means and operable responsively to
      said brake-initiating signal to produce a first control pressure;
PA1  f. a pneumatic-electro converter device connected to said primary relay
      valve device and to said dynamic brake means for converting said first
      control pressure to an electrical impulse transmitted to said dynamic
      portion for producing said magnetic brake torque;
PA1  g. electro-pneumatic converter means connected to said dynamic brake means
      for receiving and converting said magnetic brake torque to a second
      control pressure; and
PA1  h. a secondary relay valve device connected to said source of pneumatic
      pressure, to said primary relay valve device, and to said
      electro-pneumatic converter means, and operable responsively to said first
      and second control pressures for effecting supply of operating pneumatic
      pressure from said source to said pneumatic brake means at a degree
      according the differential between said first and second control pressures
      for producing a corresponding brake force.
NUM  2.
PAR  2. Electro-pneumatic brake apparatus, as set forth in claim 1, further
      characterized by monitoring means connected to said secondary relay valve
      means and to said pneumatic brake means and operable responsively to said
      second control pressure and to said operating pneumatic pressure,
      accumulatively, for indicating the combined dynamic and pneumatic brake
      forces.
NUM  3.
PAR  3. Electro-pneumatic brake apparatus, as set forth in claim 2, wherein said
      monitoring means comprises:
PA1  a. a monitoring device for indicating, when electrically actuated, the
      degree of prevailing brake application; and
PA1  b. an electrical circuit including a pressure operable switch device for
      actuating said monitoring device when said circuit is closed said switch
      device having formed therein a pair of pressure chambers one of which is
      subjected to said second control pressure and the other being subjected to
      said operating pneumatic pressure supplied to said pneumatic brake means,
      said switch device also comprising:
PA2  i. a switch member interposed in said circuit,
PA2  ii. a pair of diaphragms disposed adjacent said pair of pressure chambers,
      respectively, and connected to each other and to said switch member by a
      common piston rod for uniform movement together,
PA2  iii. said diaphragms and said switch member being normally biased to one
      position in which said electrical circuit is open and being operable
      responsively to the pressures prevailing in said pressure chambers, in
      excess of a certain accumulative pressure, to a different position in
      which said circuit is closed.
NUM  4.
PAR  4. Electro-pneumatic brake apparatus, as set forth in claim 2, wherein said
      operator actuated means comprises a binary code controller.
NUM  5.
PAR  5. Electro-pneumatic brake apparatus, as set forth in claim 1, wherein said
      operator actuated means comprises:
PA1  a. a coded operator's controller selectively operable to a plurality of
      positions for producing an electrical signal at a degree according to the
      coded position selected; and
PA1  b. a plurality of electro-magnet supply valve devices each connected to
      said source of pneumatic pressure and in parallel relation to said primary
      relay valve device, said electro-magnet valve devices being operable, in
      combination, responsively to said brake-initiating signal for effecting
      supply of actuating pressure to said primary relay valve device at a
      degree determined by said coded signal for producing said first control
      pressure accordingly.
NUM  6.
PAR  6. Electro-pneumatic brake apparatus, as set forth in claim 5, wherein said
      primary relay valve device comprises:
PA1  a. a plurality of diaphragms subjectable to pneumatic pressure in
      respective pressure chambers formed adjacent thereto and connected to said
      plurality of electro-magnet supply valve devices, respectively, said
      diaphragms being connected to each other in axially spaced-apart relation
      by a common piston rod for uniform movement together and having respective
      effective pressure areas according to a predetermined ration, and
PA1  b. self-lapping valve means operable by said diaphragms for providing said
      first control pressure according to the net effective pressure area
      pressurized by the combination of electro-magnet supply valves energized.
NUM  7.
PAR  7. Electro-pneumatic brake apparatus, as set forth in claim 5, wherein said
      secondary relay valve device comprises:
PA1  a. a pair of diaphragms subjectable to said first and second control
      pressure, in opposing relation, prevailing in first and second control
      chambers formed adjacent thereto, respectively, said diaphragms being
      connected to each other in axially spaced-apart relation by a common
      piston rod for uniform movement together and being of similar effective
      pressure areas; and
PA1  b. self-lapping valve means operable by said diaphragms for effecting said
      supply of operating pneumatic pressure to said pneumatic brake means.
NUM  8.
PAR  8. Electro-pneumatic brake apparatus, as set forth in claim 5, wherein said
      electro-pneumatic converter means comprises:
PA1  a. a torque detector device connected to said dynamic brake means and
      operable responsively to said magnetic brake torque for producing a
      corresponding electrical current; and
PA1  b. an electro-pneumatic converter relay valve device connected to said
      source of pneumatic pressure and to said second control chamber of said
      secondary relay valve device, and electro-penumatic converter relay valve
      device comprising:
PA2  i. a piston,
PA2  ii. self-lapping valve means operable by said piston for effecting supply
      of said second control pressure from said source to said second control
      chamber, and
PA2  iii. a solenoid operable responsively to said electrical current for
      effecting operation of said piston and said self-lapping valve means to
      effect said supply of said second control pressure at a degree
      corresponding to the degree of the electrical current.
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ABST
PAL  A skid control system for use in connection with controlling the
      application of the brakes on a two-wheeled vehicle which includes a sensor
      device for sensing the velocity of wheel rotation, a triple integration
      circuit connected to the sensor for producing an analog signal which is
      proportional to the wheel velocity and a proportioning circuit connected
      to the triple integration circuit. The output of the proportioning circuit
      is fed to a hysteresis and low speed cut-off circuit, and a ramp generator
      circuit, the outputs of the two above noted circuits being fed to the
      input of a comparator circuit which compares the wheel velocity with a
      simulated vehicle velocity signal generated by the ramp generator circuit.
      The output of the comparator is utilized to control a brake application
      valve associated with the brake system. The brake control system also
      includes a plurality of fail-safe systems which continuously monitor
      various other circuits within the brake control system and produces an
      output signal when a fault condition is sensed.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE DISCLOSURE
PAR  This invention relates generally to a skid control system and more
      particularly to an improved skid control system which is particularly
      adapted to be utilized in conjunction with controlling the brakes of a
      two-wheeled vehicle.
PAR  The possible dangers involved in riding a motorcycle are varied and well
      known. One of the more critical areas of concern in the use of a
      motorcycle and an operation of the vehicle with which a great number of
      injuries are associated involves the use of the braking system wherein the
      front or rear wheel or both wheels lock up during the braking operation.
      The resultant lock-up of the front and/or rear wheel of the motorcycle
      causes a loss of control of the vehicle due to the fact that the rotation
      of the wheel is important in maintaining directional stability of the
      vehicle and also the skidding of the wheel additionally causes a loss of
      directional control. Accordingly, it is highly desirable to include a
      reliable skid control system with motorcycle vehicles to preclude injuries
      resulting from skidding wheels during the braking operation.
PAR  Skid control systems for motorcycle vehicles have been proposed in the past
      but have involved certain defects. For example, a vacuum-actuated system
      has been proposed which is not totally reliable in operation due to the
      fact that the engines associated with motorcycle vehicles do not produce
      enough vacuum to properly actuate the system. Further, with a two cycle
      engine, the vacuum utilized in actuating the skid control system is shared
      with the fuel system of the vehicle. As is known, vacuum systems require
      large units for vacuum storage and the large springs required for
      operation take up a great deal of room. Additionally, the prior art
      systems have been found to operate poorly when the vehicle is being
      stopped on wet surfaces. It is the alleviation of these problems which the
      system of the present invention has been evolved.
PAR  With the system of the present invention, the system is capable of
      operating at extremely low speeds due to the fact that the system is
      adapted to be utilized with a hydraulic modulator unit which will develop
      suitable pressures at idle speed. Such a modulator unit is disclosed in
      the copending application of Thomas M. Atkins, Ser. No. 391,463, filed
      Aug. 24, 1973. Further, the system incorporates a triple integration
      circuit at the input section thereof wherein the tachometer pulses from
      the wheel speed sensor are integrated three times to provide a highly
      reliable vehicle wheel speed signal at low speeds. The system also
      includes an extremely low speed cut-off circuit which renders the system
      inoperative at speeds below a certain amount where the wheel speed signal
      may be unreliable.
PAR  The system further includes several circuit monitoring systems which
      provide a means for shutting down the skid control system in the event of
      a failure of any part of the skid control system. For example, the system
      includes a short or open sensor detector, which circuit is utilized to
      sense the sensor input to determine if a short or open has occurred at the
      wheel speed sensor. If this condition exists, the power supply circuit is
      shut down to preclude further operation of the skid control system.
      Further, the fail-safe system checks to determine the length of time the
      skid control module is providing an output and also checks if no output is
      provided when the module should have an output. Under these conditions,
      the system is again shut down if the condition persists. Further, the
      system determines if an unwanted output is provided by the skid control
      module when no output is required. In this case, the system is again shut
      down by disabling the power supply.
PAR  Accordingly, it is one object of the present invention to provide an
      improved skid control system.
PAR  It is another object of the present invention to provide an improved skid
      control system for use in conjunction with two-wheeled vehicles such as
      motorcycles.
PAR  It is another object of the present invention to provide an improved highly
      reliable tachometer circuit for use in conjunction with motorcycle skid
      control systems to provide an input wheel speed signal to the skid control
      module.
PAR  It is still another object of the present invention to provide an improved
      fail-safe monitoring system for continuously checking the operation of the
      skid control circuit to provide fail-safe operation of the skid control
      system.
PAR  It is a further object of the present invention to provide an improved
      short or open detector for the wheel speed sensor circuit for use in
      conjunction with two-wheeled vehicle skid control systems.
PAR  It is still a further object of the present invention to provide a
      self-check circuit for a vehicle speed ramp generator circuit utilized in
      conjunction with two-wheeled vehicle skid control systems.
PAR  It is still another object of the present invention to provide an excessive
      output fail-safe circuit and a no output fail-safe circuit for use in
      conjunction with skid control systems associated with two-wheeled
      vehicles.
PAR  It is a further object of the present invention to provide an improved
      hysteresis and temperature compensation circuit for use in conjunction
      with two-wheeled skid control systems.
PAR  It is still a further object of the present invention to provide an
      improved fail-safe circuit for monitoring the module response output
      circuit to determine if an unwanted output is provided to the valve in a
      braking system.
PAR  It is still another object of the present invention to provide an improved
      fail-safe circuit for detecting faults in the driver, time delay and
      regulator systems incorporated in skid control systems for a two-wheeled
      vehicle.
DRWD
PAR  Further objects, features and advantages of this invention will become
      apparent from a consideration of the following description, the appended
      claims and the accompanying drawings in which:
PAR  FIG. 1 is a block diagram illustrating certain features of the present
      invention;
PAR  FIG. 2 is a schematic diagram illustrating a portion of the block diagram
      of FIG. 1 and particularly illustrating the triple integrator tachometer
      circuit;
PAR  FIG. 3 is another schematic diagram illustrating another portion of the
      block diagram of FIG. 1 and particularly illustrating the details of the
      amplifier and proportioning circuit, the temperature equivalent,
      hysteresis and low speed cut-off circuit, the ramp control circuit, the
      comparator circuit and the output driver circuit; and
PAR  FIG. 4 is a schematic diagram illustrating the remainder of the block
      diagram of FIG. 1 and particularly illustrating the fail-safe circuits and
      power supply.
DETD
PAR  Referring now to FIG. 1, there is shown a block diagram 10 illustrating the
      features of the present invention. Particularly, the input section is
      provided with a wheel velocity sensor circuit 12, the circuit 12 taking
      the form of a pulse generator associated with the wheel of the vehicle. As
      the motorcycle wheel revolves, a plurality of output pulses are provided
      on conductor 14, the frequency of the pulses varying as a direct function
      of the speed of rotation of the wheel.
PAR  The signal generated by the sensor is fed to a triple integration
      tachometer circuit 16, which circuit includes a frequency doubler and
      three stages of integration to provide a high response rate at low speed
      while still minimizing output ripple. As will be seen from a discussion of
      details of the integration circuit, a quad operational amplifier has been
      utilized to provide the frequency doubling and triple integration
      function.
PAR  The output of the triple integration tachometer circuit 16 is fed to an
      amplifier and proportioning circuit 18 by means of a conductor 20. The
      amplifier circuit includes a transistor to amplify the output signal from
      the integration circuit 16 and also the circuit 18 includes a voltage
      divider circuit which is utlizied to proportion the output signals being
      fed to the hysteresis and low speed cut-off circuit 22 by means of a
      conductor 24 and to the ramp control circuit 26 by means of a conductor
      28. As is seen from FIG. 1, the signal being fed to the hysteresis and low
      speed cut-off circuit 22 is 100 percent of the output signal from the
      amplifer and proportioning circuit 18 while the ramp control circuit
      receives 97 percent of the output signal from the amplifier and
      proportioning circuit 18. In this way the ramp control circuit generates a
      ramp which starts at a level slightly less than the synchronous speed of
      the vehicle wheel.
PAR  The output from the hysteresis and low speed cut-off circuit 22 and the
      ramp control circuit 26 are fed to the input circuit of a comparator
      circuit 30, the comparator circuit comparing the analog signal
      representing the wheel speed generated by the circuit 22 and the simulated
      vehicle speed as generated by the ramp control circuit 26. The comparator
      circuit 30, when a preselected relationship exists between the wheel speed
      and the vehicle speed, provides an output signal from the comparator to an
      output driver circuit 32 by means of a conductor 34. The output driver
      circuit is connected in controlling relation with the valve 36 associated
      with a hydraulic brake modulator suitable for vehicles of this type.
PAR  The circuit of FIG. 1 also contains fail-safe check circuits 40 which are
      utilized to sense the operation of the various modules within the system
      10, and particularly the operation of the output of the comparator and the
      operation of the sensor 12. As will be seen from a description of the
      circuitry to be described in conjunction with FIG. 4, the fail-safe check
      circuits include a circuit for checking when the output driver circuit 32
      has provided an output signal for an excessive length of time or has not
      provided an output when an output is required. Further, the fail-safe
      check circuit 40 contains a system for determining when an unwanted output
      has been generated by the system, the unwanted output typically being a
      module signal developed at the output but not at the comparator. Further,
      the fail-safe check circuit includes a sensor failure detector which will
      sense whether the wheel speed sensor is open or shorted and also provides
      a means for monitoring whether the driver, time delay or regulator is
      operating improperly. Upon determining that a fault has occurred, the
      fail-safe check circuit includes means for providing an output to the
      power supply to inhibit the operation of the power supply and thus shut
      down the operation of the skid control system.
PAR  Referring now to FIG. 2, there is illustrated the specific circuit details
      of the triple integration tachometer circuit. Specifically, a pair of
      input terminals 46, 48 are connected across the wheel speed sensor, the
      wheel speed sensor producing a plurality of pulses at the input terminals
      46, 48 in response to the turning of the motorcycle wheel. The frequency
      of these pulses is directly proportional to the speed of the wheel. The
      pulses are fed through an RC network 50 to an operation amplifier 52,
      which amplifier 52 provides output pulses having a frequency which is
      equal to the frequency of the pulses at input terminals 46, 48. However,
      the pulses have been squared to provide sharp rises and drops in the
      amplitude of the pulses.
PAR  The output of amplifier 52 is fed to a first integrator operational
      amplifier 65, which operational amplifier is also connected to provide a
      frequency doubling effect due to the circuit arrangement selected for the
      resistive-capacitive feedback network 58 and diode 57. The frequency
      doubling effect is produced by generating an output current at the output
      node 60 which is twice the output current which would be produced for a
      given frequency output from the operational amplifier 52 if the
      operational amplifier 56 were not of the frequency doubling type. It is to
      be understood that the term frequency doubling in this sense does not
      actually mean that the frequency of the output circuit at the output node
      60 as this output is an analog output rather than a series of pulses due
      to the integrating capabilities of the operational amplifier 56.
PAR  The output of operational amplifier 56 is fed to a second integrating
      operational amplifier 64 by means of a resistor 62, the operational
      amplifier 64 also including a resistive-capacitive feedback network 66
      which provides a straight integration function of the input from resistor
      62. The operational amplifier 64 provides a second integration of the
      signal from operational amplifier 52. The third integration of the wheel
      speed signal is provided by an operational amplifier 68, which includes a
      resistive-capacitive network 70, the signal from operational amplifier 64
      being fed to the third integrator operational amplifier 68 by means of a
      resistor 72.
PAR  Thus, the input signal from terminals 46, 48 is amplified and squared by
      means of the network 50 and operational amplifier 52. Subsequently, the
      signal from operational amplifier 52 is integrated three times by means of
      operational amplifiers 56, 64 and 68, the amplifier 56 also providing a
      doubling effect at its output.
PAR  The circuit of FIG. 2 also includes a sensing system 76 which is connected
      to the terminals 46, 48 by means of a pair of conductors 78, 80. The
      sensing system 76 is utilized to sense when the sensor input connected to
      terminals 46, 48 is either shorted or open circuited due to a failure in
      the sensor itself. The failure described above switches the circuit 76
      from the non-conductive to the conductive state to produce an output
      signal at an output conductor 82 through a diode 84. This output conductor
      is interconnected with FIG. 4 as will be described hereinafter.
PAR  The sensing circuit includes an operational amplifier 86 which is fed an
      input signal from conductor 78 through a resistor 88. On the other hand,
      the conductor 80 is connected to the same input terminal of operational
      amplifier 86 through a diode 90, a resistor 92, a parallel capacitor 94
      and a resistor 96. The positive input of the operational amplifier 86 is
      tied to a positive 5 volt potential through a resistor 98.
PAR  The operational amplifier input circuit is connected so that there is
      required to be a certain current flow on conductors 78 and 80 to maintain
      operational amplifier 86 in the non-conductive state. If current in either
      conductor 78 or 80 is discontinued, then the operational amplifier 86 will
      commence conduction to provide an output signal at conductor 82.
PAR  Accordingly, if the sensor is open circuited, either one of the conductors
      78 or 80 will be disconnected from the input circuit of operational
      amplifier 86. On the other hand, if the sensor is short circuited, there
      will be no current flow in either conductors 78 or 80. Thus, with the loss
      of either one or both currents flowing in conductors 78 and 80, the
      operational amplifier 86 will commence conduction to provide an output
      signal at output conductor 82.
PAR  Referring now to FIG. 3, there is illustrated the wheel amplifier driver
      and hysteresis circuit 22, the comparator and intermodule output circuit
      30, the output driver amplifier circuit 32 and the ramp generator and
      self-check control circuit 26. The circuits of FIG. 3, which are the
      details of the block diagram illustrated in FIG. 1 to the extent
      indicated, is provided with the corresponding reference numerals from the
      block diagram of FIG. 1 so that the circuit diagram of FIG. 3 may be
      correlated with FIG. 1.
PAR  Referring now to the specific details of FIG. 3, the signal on input
      conductor 82 is fed to an NPN transistor 100, and particularly to the base
      electrode thereof, the collector electrode being connected to a source of
      5 volt potential at conductor 102 by means of a conductor 104 and the
      emitter electrode thereof being connected to ground through a voltage
      divider resistor combination, including resistors 106, 108. As was
      described above, the signal from the triple integrator is fed to the
      hysteresis circuit 22 at a 100 percent value thereof and the wheel speed
      signal is fed to the ramp control circuit 26 at a reduced value of 97
      percent. Accordingly, the resistor 106 bears a relation to resistor 108
      such that 3 percent of the wheel speed signal is dropped across resistor
      106 and 97 percent of the wheel speed signal is dropped across resistor
      108.
PAR  The wheel speed signal at the emitter electrode of transistor 100 is fed to
      the base electrode of a PNP transistor 110, the signal being fed to
      transistor 110 being the entire wheel speed signal.
PAR  The transistor 110 includes an emitter electrode connected to the source of
      five volt potential at conductor 102 through a resistor 112 under certain
      circumstances and may be connected to the base electrode of the transistor
      110 through the emitter-collector electrodes of a transistor 114 through a
      resistor 116 under certain other circumstances. The transistor 114 is
      rendered responsive to the output of the comparator stage 30 by means of a
      conductor 120 as will be more fully explained hereinafter. The transistor
      114 creates the hysteresis effect to be described.
PAR  The emitter electrode of transistor 110 is connected to the input circuit
      of a comparator operational amplifier 124 through a didoe 126 and a
      resistor 128. The comparator 124 also includes a second input from a node
      130, the voltage at node 130 being fed thereto by means of a resistor 132.
      The voltage at node 130 may be the voltage being fed to the base electrode
      of transistor 110 at node 134 as fed thereto by means of resistor 116 or
      may be the emitter voltage of transistor 110 as exists at the lower end of
      resistor 112, as fed thereto by means of the emitter-collector circuit of
      transistor 114. The current flowing in resistor 132 influences the turn-on
      and turn-off point of the comparator 124 so that the hysteresis effect may
      be created to insure that the comparator 124 will not oscillate at a
      particular point.
PAR  Thus, the wheel speed signal is fed to the comparator by means of the
      combined currents flowing through resistors 128 and 132 and a ramp signal
      is fed to the comparator 124 by means of a resistor 138 which is connected
      to the ramp generator circuit 26. The details of the ramp generator
      circuit 26 will be described more fully hereinafter.
PAR  The output of comparator circuit 124 is normally at a high level and drops
      to a low level when it is desired to relieve the brakes. This signal is
      fed to the input circuit of a current driver transistor 140 by means of a
      resistor 142 and to a second current driver transistor 144 by means of a
      resistor 146. The output of transistor 140 is fed to the fail-safe circuit
      to be described in conjunction with FIG. 4 by means of a conductor 150 and
      the output of transistor 144 is fed to a pair of output driver amplifiers
      152, 154 by means of a pair of voltage divider resistors 156, 158. The
      output of the driver amplifier 154 is fed to a pair of valve output
      terminals 160, 162 to drive the brake control module. When the module is
      turned on, the output signal rises from a low level to a high level to
      relieve the brake pressure. Suitable safety diodes 164 have been provided
      to absorb any transients generated at the output circuit 32.
PAR  Referring now to the feedback loop, the collector of transistor 140 is
      connected to the base electrode of transistor 114 through the conductor
      120. The transistor 140 is normally non-conductive and becomes conductive
      when it is desired to relieve the brake and turn the module on. The
      transistor 114 is normally conductive and becomes non-conductive when the
      module is turned on and the brakes are relieved. Accordingly, with the
      transistor 114 normally conductive, the resistor 132 is connected to the
      lower end of resistor 112 through the emitter-collector electrodes of
      transistor 114. When the transistor 140 becomes conductive (the module is
      turned on) the transistor 114 is rendered non-conductive and the node 130
      is connected to the node 134 through the resistor 116. Thus, the
      hysteresis effect for the comparator 124 is created, the transistor 114
      turning on and off in response to the conductive condition of transistor
      140, which, in turn, is rendered responsive to the conductive condition of
      comparator circuit 124. In this way, the comparator will be provided with
      a signal through resistor 132 which drops from a first to a second level
      at the point where the comparator 124 turns on to relieve the brakes.
PAR  A diode 170 is connected between the source of positive potential at
      conductor 102 and ground determined by a pair of resistors 172, 174 which
      provide a voltage divider and thus insure that the current being fed to
      the input of comparator 124 does not drop below a certain level
      corresponding to a low wheel speed. Thus, the low speed cut-off feature
      for the circuit is provided whereby the circuit will not respond to wheel
      speed below a preselected amount, as for example 3 miles an hour.
PAR  Further, the circuit includes certain elements, for example diode 126 and
      resistor 176, which are provided to temperature-compensate for certain
      elements used in the ramp generator circuit 26 as is common in circuits of
      this type. This holds true also for transistor 110, which provides
      temperature compensation for certain elements required in the ramp
      generator circuit.
PAR  Referring now to the ramp generator circuit 26, the output of voltage
      divider resistors 106, 108 is fed to the base electrode of an input
      transistor 180, which transistor 180 includes an emitter electrode
      connected to a source of 5 volt potential at conductor 182 through a
      resistor 184 and a collector electrode connected to ground through a
      conductor 186. The transistor 180 conducts in accordance with the
      percentage of wheel speed signal being fed thereto by the voltage divider
      circuit including resistors 106, 108. The emitter electrode of transistor
      180 is connected to a ramp generator capacitor 188 through a diode 190,
      the voltage on the capacitor 188 being generated in accordance with the
      initial charge created on the ramp when the wheel speed is generally
      synchronous with the vehicle speed and a preselected discharge rate for
      the capacitor 188. The capacitor 188 is discharged in accordance with the
      conductive condition of a transistor 192, the transistor 192 including a
      collector-emitter circuit connected to the upper end of the capacitor 188
      through a conductor 194 and ground potential connected to the emitter
      electrode through a resistor 196. The conduction of transistor 192 is
      controlled by means of a voltage divider circuit which includes a
      plurality of resistors 198, 200, 202 and 204.
PAR  Thus, the voltage at a node 206 rises as the wheel speed rises to increase
      the charge on the capacitor 188 as the wheel speed increases. When the
      wheel speed drops off at a greater rate then the charge on capacitor 188
      can discharge through the collector emitter circuit of transistor 192, the
      capacitor 188 will be effectively disconnected from the node 206 due to
      the back biasing of diode 190. This will permit the discharge of capacitor
      188 at a rate determined by the conductive condition of the collector
      emitter circuit of transistor 192. This ramp signal generated across
      capacitor 188 due to the charge thereon is fed to the input circuit of the
      comparator 124 through a resistor 138. Thus, the comparator 124 compares
      the wheel speed signal with a hypothetical vehicle speed signal generated
      across the capacitor 188.
PAR  The transistor 180 is provided to protect the amplifier driver transistor
      100 due to the fact that the wheel signal cannot be shorted out by a
      transistor 220 if the wheel signal is derived directly from the resistors
      106, 108. The transistor 220 is connected to the output circuit,
      particularly collector-electrode, of transistor 140 to short out the wheel
      signal in response to the generation of a brake release signal. Transistor
      220 is provided to short out input wheel speed signal until comparator 124
      turns off. The transistor 220 also performs the function of precluding the
      floating of the ramp capacitor 188 during acceleration. During
      acceleration, the capacitor tries to charge due to the low V.sub.f of
      diode 190 in the unloaded condition.
PAR  A transistor 224 and a second transistor 226 have been provided to control
      the discharge of the capacitor 188 when the output module is turned on. It
      will be noted that the collector electrode of transistor 224 is connected
      to a node between resistors 198 and 200 and the emitter electrode of
      transistor 224 is connected to ground potential through the resistor 196.
      Thus, the conduction of transistor 192 is either controlled by the current
      flow through resistors 198, 200, 202, 204 or by a circuit including
      resistor 198, transistor 224 and resistor 196. The conduction of
      transistor 224 is controlled by transistor 226 which has its base
      electrode connected to the output of transistor 152 through a conductor
      228 and a resistor 230.
PAR  A normally conductive transistor 226 is connected in controlled relation
      with the charging circuit of a capacitor 227, the charging circuit
      including resistor 229 connected to the source of 5 volt potential at
      conductor 182. The charge on capacitor 227 will control the normally
      non-conductive transistor 224, the transistor 224 being connected in
      controlling relation with the base emitter bias circuit of transistor 192,
      including the resistors 198 to 204.
PAR  The transistor 224 is connected between the junction of resistors 198 and
      200 and, when conductive, will short that junction to the emitter of
      transistor 192. With this shorting action, the base of transistor 192 is
      reverse biased to shut off the conduction of transistor 192 and thus
      prevent any further bleeding of the ramp capacitor 188 after the capacitor
      227 has charged up sufficiently to turn transistor 224 on.
PAR  Thus, when the module turns on, transistor 226 turns off to start the
      charging of capacitor 227. When the charge on capacitor 227 reaches the
      voltage at which transistor 224 will turn on, the junction between
      resistors 198 and 200 will be shorted to the base of transistor 192. The
      effect is regenerative in that when the junction between resistors 198 and
      200 starts to be shorted to the emitter electrode of transistor 192, the
      voltage at the upper end of resistor 196 beings to drop. With this
      condition, the circuit acts as a latch as transistor 224 clamps on and
      transistor 192 clamps off to establish a flat in the bleed curve of
      capacitor 188.
PAR  It will be noted that the transistor 240 is effectively monitoring the base
      voltage at transistor 192 through the circuit including the connection to
      the base electrode and resistor 202, the resistor 202 being connected to
      the collector electrode of transistor 240. When the transistor 240 is
      turned on, the resistor 204 is shorted to ground and the voltage divider
      between the positive 5 volt potential at conductor 182 and ground is
      comprised mainly of resistors 198 and 202. In this way the conductive
      condition of transistor 192 is controlled when the module is off. For a
      further description of this circuit, reference is made to copending
      application of Robert B. Bertolasi, Ser. No. 218,362, filed Jan. 17, 1972,
      now abandoned, the description of which is incorporated herein by
      referecne.
PAR  In the event a fault is detected by the fault circuit of FIG. 4, a signal
      is fed to the ramp generator circuit by means of a conductor 234 and a
      resistor 236 to a transistor 238 connected in shunt across the capacitor
      188. Accordingly, if a fault is detected, a signal is fed to conductor 234
      which will cause normally non-conductive transistor 238 to become
      conductive and to dump the charge on capacitor 188. The operation of FIG.
      4 will be more fully described hereinafter.
PAR  A transistor 240 is provided in shunt with resistor 204 to shunt the
      resistor 204 to ground in response to the actuation of the module. The
      transistor 240 being connected to respond identically to transistor 226,
      the transistor 240 being connected to conductor 228 through a resistor 242
      and a conductor 244.
PAR  In the circuit described above, the temperature compensation for diode 190
      is provided by diode 126 and the temperature compensation for capacitor
      188 is provided by resistor 174, likewise temperature compensation for
      transistor 180 is provided by transistor 110. It will be noted that other
      circuit elements in circuit 22 are provided to compensate for elements in
      circuit 26. Within the ramp generator circuit 26, the diode connected to
      the base of transistor 192 temperature compensates for the transistor 192.
PAR  Referring now to FIG. 4, there is illustrated the circuit details of the
      power supply circuit 42 and the fail-safe check circuits 40. As stated
      above, the fail-safe circuits 40 senses the various operations of the
      circuits described in conjunction with FIGS. 2 and 3, and, if a failure
      occurs, causes a shut down of the power supply to avoid a malfunction in
      the operation of the skid control module.
PAR  Specifically, the raw unfiltered power is supplied to a pair of input
      terminals 250, 252 which power is filtered by means of a capacitor 254 and
      rectified by means of a diode 256. The power is controlled by means of a
      pair of transistors 260, 262, the transistor 262 forming a driver
      transistor for the main regulator transistor 260. Both transistors 260 and
      262 are normally conductive and the base bias for the transistor 262 is
      provided by means of resistors 264, 266, 268. The conduction of transistor
      262 controls the conduction of transistor 260. The output of transistor
      260 is fed to a voltage regulator circuit which includes a field effect
      transistor 270, a diode 272 and a zener diode 274 connected in series
      circuit therewith. The transistor 270 is connected in shunt with the
      output terminal for the twelve volt power supply at conductor 276 and the
      five volt supply at a conductor 278 is controlled by a pair of series
      regulator transistors 280, 282. The power supply is filtered by means of
      capacitors 286, 288 and a resistor 290.
PAR  As stated above, the fail-safe check circuit 40 senses the operation of the
      various portions of the system and provides an output signal which
      effectively shuts down the power supply. This is accomplished by means of
      an output signal generated on a conductor 292, which signal supplies a
      firing voltage for a crowbar connected, controlled rectifier 294 through a
      resistor 296 and a resistive-capacitive circuit 298. When a fault signal
      is generated on conductor 292, the controlled rectifier 294 is caused to
      conduct which effectively shunts the base supply for the transistor 262 to
      thereby shut the transistor 262 off. The nonconduction of transistor 262
      will cause transistor 260 to cease conduction and thereby eliminate the
      supply of voltage to conductors 276, 278. This effectively shuts down the
      entire skid control module.
PAR  Referring now to the various safety checks, it is seen that the system
      includes an operational amplifier 300 which is connected as a comparator,
      the amplifier including an input to the negative side thereof from a
      conductor 302 which is connected to the output terminal of the module.
      This output terminal signals when the module has produced an output pulse
      to control the valve. This output pulse is fed through a resistor 304 and
      a pair of resistors 306, 308 to the negative input of the amplifier 300.
      On the other hand, the positive input to the amplifier 300 includes an
      input from the conductor 150, which input is fed through a resistor diode
      and shunt capacitor combination 310 and a resistor 312 to the positive
      input terminal of the amplifier 300, the resistor-capacitor portion of the
      combination is used to time the duration of the module signal before the
      modulator comes on. If this time becomes excessive, the amplifier 300
      comes on to generate a failure signal. This signal on the conductor 150 is
      connected to the output terminal of the transistor 140 which indicates
      that an output pulse should be impressed on the module output terminal
      160. If a pulse is signalled by a signal on conductor 150 and a pulse is
      not present on the conductor 302, the operational amplifier 300 will
      provide an output signal to indicate a failure. The output signal is fed
      to the conductor 234 which, in turn, causes transistor 238 to conduct
      thereby short-circuiting the capacitor 188 and discharging the capacitor
      188 very rapidly.
PAR  The output of operational amplifier 300 is also fed through an "or" gate
      diode 316 to the positive input circuit of an operational amplifier 318.
      This output signal from amplifier 300 is fed through an RC timing network
      320 which includes a capacitor 322, a resistor 324 and a second resistor
      326. This network 320 is utilized to control the number of times that the
      operational amplifier 300 detects a failure. If the number of times is
      excessive, the capacitor 322 will be charged to a sufficient level to feed
      a signal through a resistor 330 and trigger the operational amplifier 318.
PAR  The positive input circuit of the operational amplifier 318 also includes
      an input signal from conductor 82 through the diode 84 discussed in
      conjunction with FIG. 2. It is to be noted that the diode 84 and diode 316
      form, with another diode to be discussed, an "or" gate such than an input
      signal from any one of the three circuits will trigger the operational
      amplifier 318. The signal on conductor 82 is indicative of the fact that a
      sensor failure has been detected. In this case, either the tachometer
      sensor has experienced a short circuit or an open circuit as discussed in
      conjunction with FIG. 2. If such a failure is experienced, a signal will
      be fed to conductor 82 which will trigger operational amplifier 381
      thereby causing crowbar silicon controlled rectifier 294 to conduct.
PAR  The third diode forming the "or" gate is diode 332 which is connected to
      the output of an operational amplifier 334. The operational amplifier 334
      includes an input from a modulator switch 336, which switch is closed when
      the modulator is activated. This modulator is activated when a valve
      output signal is generated on terminals 160, 162 as discussed in
      conjunction with FIG. 3. Thus, the switch 336 senses when the modulator
      has been actuated in response to an output signal from the skid control
      module. This signal is fed through diode 338.
PAR  The operational amplifier 334 also includes an input from conductor 150
      through a resistor 340 which indicates that the skid control module has
      signalled that an output has been generated within the module. This signal
      is derived from the operation of transistor 140. Thus, operational
      amplifier 334 senses that a signal has been generated from the skid
      control module to actuate the modulator. This signal is compared with the
      operation of the modulator, through switch 336, and signals a fault when
      the situation exists that a signal is generated from the skid control
      module and the modulator has failed to respond. As noted above, this
      output signal is fed through the diode 332 to the input circuit of the
      operational amplifier 318. This signal, in turn, triggers operational
      amplifier 318 to cause controlled rectifier 294 to conduct.
PAR  While it will be apparent that the preferred embodiments of the invention
      disclosed are well calculated to fulfill the objects above stated, it will
      be appreciated that the invention is susceptible to modification,
      variation and change without departing from the proper scope or fair
      meaning of the subjoined claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination in a skid control system for use in connection with
      controlling the braking action of at least one wheel of a vehicle, a wheel
      speed sensor for sensing the rotational speed of the wheel, a wheel speed
      signal generator connected to the wheel speed sensor for generating a
      signal representative of the rotational speed of the wheel, a vehicle
      speed signal generator for generating a signal representative of the
      vehicle speed, comparator circuit means connected to the wheel speed
      signal generator and the vehicle speed signal generator for generating an
      output signal when said wheel speed and said vehicle speed achieve a
      preselected relationship, output circuit means for generating an output
      signal to control the vehicle brakes, a power supply connected to said
      wheel speed signal generator, vehicle speed generator and comparator
      circuit means for supplying electrical energy to said circuits, and sensor
      failure circuit means for sensing the open or shorted condition of said
      wheel speed sensor including means associated with said power supply for
      shutting down said power supply in response to a fault of the sensed
      generation of an output signal from said comparator circuit means and the
      absence of a correlative output signal from said output circuit means for
      controlling the vehicle brakes, and in response to a fault of sensing said
      open or shorted condition of said wheel speed sensor, and automatically
      resetting said power supply in the absence of said faults.
NUM  2.
PAR  2. In combination in a skid control system for use in connection with
      controlling the braking action of at least one wheel of a vehicle, a wheel
      speed sensor for sensing the rotational speed of the wheel, a wheel speed
      signal generator connected to the wheel speed sensor for generating a
      signal representative of the rotational speed of the wheel, a vehicle
      speed signal generator for generating a signal representative of the
      vehicle speed, comparator circuit means connected to the wheel speed
      signal generator and the vehicle speed signal generator for generating an
      output signal when said wheel speed and said vehicle speed achieve a
      preselected relationship, output circuit means for generating an output
      signal to control the vehicle brakes, a power supply connected to said
      wheel speed signal generator, vehicle speed generator, and comparator
      circuit means for supplying electrical energy to said circuits, and sensor
      failure circuit means for sensing the open or shorted condition of said
      wheel speed sensor including means associated with said power supply for
      shutting down said power supply in response to a sensed sensor failure,
      said sensor failure circuit including detector means connected across said
      sensor such that the failure of said sensor in said open or short
      condition generates a signal to indicate said sensor failure, said sensor
      failure circuit means further including circuit means connected to said
      detector means wherein the sensor which has not failed generates a current
      in both of the conductors connected across the sensor, said circuit means
      requiring both currents to maintain a conductive condition indicative of
      the lack of a failure.
NUM  3.
PAR  3. The combination of claim 2 wherein said shorted condition ceases current
      condition in both said conductors.
NUM  4.
PAR  4. The combination of claim 3 wherein said sensor failure circuit means
      includes an integrated circuit connected to said power supply, said
      integrated circuit triggering to shut down said power supply in response
      to said sensed failure.
NUM  5.
PAR  5. The combination of claim 4 wherein said sensor failure circuit means
      includes means connected to said vehicle speed signal generator, said
      connecting means disabling said vehicle speed generator in response to
      said sensed failure.
NUM  6.
PAR  6. In combination in a skid control system for use in connection with
      controlling the braking action of at least one wheel of a vehicle, a wheel
      speed sensor for sensing the rotational speed of the wheel, a wheel speed
      signal generator connected to the wheel speed sensor for generating a
      signal representative of the rotational speed of the wheel, a vehicle
      speed signal generator for generating a signal representative of the
      vehicle speed, comparator circuit means connected to the wheel speed
      signal generator and the vehicle speed signal generator for generating an
      output signal when said wheel speed and said vehicle speed achieve a
      preselected relationship, a module including output circuit means for
      generating an output signal to control the vehicle brakes, a power supply
      connected to said wheel speed signal generator, vehicle speed generator
      and comparator circuit means for supplying electrical energy to said
      circuits, and failure detector circuit means for sensing the output of
      said comparator circuit and the output of said output circuit, including
      means connected to said comparator output for timing the duration of said
      output signal from said comparator, said detector circuit generating an
      output to shut down said power supply when said comparator circuit
      provides an output signal for an excessive period of time, said detector
      circuit means including a detector compactor circuit, said detector
      compactor circuit being connected to sense both said output signals, said
      detector compactor circuit generating an output signal to shut down said
      power supply when said compactor outputs exist and said output circuit
      output does not exist, said detector compactor circuit being an integrated
      circuit and said failure circuit means further including means connected
      to said power supply for shutting down said power supply in response to a
      preselected number of sensed failures by said detector compactor circuit,
      said detector circuit including a comparator circuit, said comparator
      circuit being connected to sense both said output signals, said detector
      comparator generating an output signal to shut down said power supply when
      said comparator outputs exist and said output circuit output does not
      exist, said detector comparator being an integrated circuit and said
      failure circuit further including means connected to said power supply for
      shutting down said power supply in response to a preselected number of
      sensed failures by said detector comparator.
NUM  7.
PAR  7. In combination in a skid control system for use in connection with
      controlling the braking action of at least one wheel of a vehicle, a wheel
      speed sensor for sensing the rotational speed of the wheel, a wheel speed
      signal generator connected to the wheel speed sensor for generating a
      signal representative of the rotational speed of the wheel, a vehicle
      speed signal generator for generating a signal representative of the
      vehicle speed, comparator circuit means connected to the wheel speed
      signal generator and the vehicle speed signal generator for generating an
      output signal when said wheel speed and said vehicle speed achieve a
      preselected relationship, output circuit means for generating an output
      signal to control the vehicle brakes, a power supply connected to wheel
      speed signal generator, vehicle speed generator and comparator circuit
      means for supplying electrical energy to said circuits, and sensor failure
      circuit means for sensing the open or shorted condition of said wheel
      speed sensor including means associated with said power supply for
      shutting down and resetting said power supply in response to a
      predetermined combination of electrical conditions of said comparator
      circuit means output, output circuit means output, power supply and said
      sensed sensor failure and resetting said power supply shut down, said
      sensor failure circuit including means connected across said sensor such
      that the failure of said sensor in said open or short condition generates
      a signal to indicate said sensor failure in the presence of a
      substantially zero wheel speed.
NUM  8.
PAR  8. The combination of claim 7 wherein said sensor failure circuit means
      further includes circuit means connected to said detector means wherein
      the sensor which has not failed generates a current in both of the
      conductors connected across the sensor, said circuit means requiring both
      currents to maintain a conductive condition indicative of the lack of a
      failure.
NUM  9.
PAR  9. The combination of claim 8 wherein said shorted condition ceased current
      condition in both said conductors.
NUM  10.
PAR  10. The combination of claim 9 wherein said sensor failure circuit means
      includes an integrated circuit connected to said power supply, said
      integrated circuit triggering to shut down said power supply in response
      to said sensed failure.
NUM  11.
PAR  11. The combination of claim 10 wherein said sensor failure circuit means
      includes means connected to said vehicle speed signal generator, said
      connecting means disabling said vehicle speed generator in response to
      said sensed failure.
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ABST
PAL  An anti-skid control system for vehicle brakes which is much simpler and of
      lower cost than prior art systems and yet provides substantially the same
      anti-skid brake control. The system includes a frequency-voltage converter
      to produce a voltage signal indicative of wheel speed which is utilized as
      an input to a deceleration rate detector and an acceleration
      differentiator connected in parallel. The acceleration differentiator
      provides control signals to the deceleration rate detector to set
      threshold values therefor. When both the deceleration rate detector and
      the acceleration differentiator produce output signals of proper type to
      an AND gate, the system deactivates the normal braking system for the
      vehicle to avoid a potential skid condition. The system includes an
      override for applying brakes when an acceleration exceeds a predetermined
      threshold value.
BSUM
PAR  This invention relates to a skid control system and, more specifically, to
      a skid control system which utilizes a programmed imaginary ramp signal
      which is a function of wheel acceleration and/or deceleration so that
      brakes can be properly applied or released at a point prior to reaching
      vehicle speed to prevent skid problems.
PAR  The problem of skidding of large vehicles such as trucks and the like due
      to overbraking by the driver whereby the wheels brake away from the
      vehicle speed is a recognized problem in the art and many anti-skid
      control systems have been devised to alleviate this problem. Such systems
      in the past have been expensive and complex to the point that the use of
      such systems has not found widespread use at this time due to the
      economics involved. It is therefore the desire of the art to provide
      anti-skid control systems which are of relatively less cost, have
      relatively diminished complexity as compared to the systems heretofore
      known and which are sufficiently compact to be easily located in a vehicle
      without taking up an excessive amount of space. As stated above, a skid
      control system is designed to compensate for overbraking by the driver so
      that if the wheels of the truck brake away from the vehicle speed and
      start to decelerate at an abnormal rate, whereby the vehicle cannot stop
      at that rate and approaches wheel lock-up, the skid control system will
      recognize this condition and provide an output signal to release brakes so
      that the wheels can spin back up to the vehicle speed. This system would
      also provide a signal to apply brakes at a time just before the wheels
      return to the vehicle speed and therefore must anticipate these
      conditions.
PAR  In accordance with the present invention there is provided an anti-skid
      control system which includes a control circuit capable of recognizing an
      excessive increase in the deceleration of the wheels relative to vehicle
      speed and thereby provide a brake inhibiting signal to release the brakes
      so the wheels spin back up to the vehicle speed, this being a function of
      an imaginary ramp signal which is programmed by the control system. The
      system is designed whereby, when the imaginary ramp signal rate coincides
      with the input signal rate, a brake inhibiting signal is provided to
      release the brakes. The imaginary ramp curve can be altered between
      predefined limits, the alteration being provided by the control circuit
      and being responsive to detected acceleration signals.
PAR  It is therefore an object of this invention to provide a skid control
      system which is relatively simple and of low cost as compared with prior
      art systems.
PAR  It is the further object of this invention to provide a skid control system
      wherein an imaginary ramp is programmed internally of the system and
      provides for release of brakes when the programmed ramp rate and the input
      signal rate, which is a function of wheel speed, coincide.
DRWD
PAR  The above objects and still further objects of the invention will
      immediately become apparent to those skilled in the art after
      consideration of the following preferred embodiment thereof, which is
      provided by way of example and not by way of limitation, wherein:
PAR  FIG. 1 is a block diagram of a skid control system in accordance with the
      present invention;
PAR  FIG. 2 is a graph showing the imaginary ramp produced by the circuitry in
      accordance with the present invention as well as the input signal to the
      circuit to show when brake turnoff conditions exist; and
PAR  FIG. 3 is a circuit diagram of the slip-deceleration rate detector and
      acceleration differentiator of FIG. 1.
DETD
PAR  Referring now to FIG. 1, there is shown a schematic diagram of the skid
      control system in accordance with the present invention. The system
      accepts an AC signal at the input of the frequency to voltage converter 1,
      the AC signal having a frequency which is proportional to the speed of the
      wheels of the vehicle, the signal coming from a transducer in the vehicle
      in well-known manner. The alternating current signal is converted to a DC
      voltage in the frequency to voltage converter 1, the DC voltage being
      proportional to the input frequency and therefore also providing a
      representation of wheel speed of the vehicle. This DC signal, A, is fed
      simultaneously through a pair of capacitors 3 and 5 to a slip/deceleration
      rate detector 7 and an acceleration differentiator 9. The detector 7 is
      responsive to deceleration signals which have a negative slope and
      provides an output if the negative slope exceeds a certain rate threshold,
      this output being V.sub.0 and being fed to an AND gate 11. This negative
      slope is provided when the DC voltage is decreasing in value. The
      acceleration differentiator 9 is responsive to positive going slope
      signals and has a pair of outputs, one being an analog current
      proportional to the rate of acceleration which is fed to the detector 7
      and the other being a signal V.sub.1 which is fed to the AND gate 11
      through an inverter 13 when a predetermined threshold acceleration has
      been exceeded. The pair of outputs for the acceleration differentiator 9
      do not necessarily occur simultaneously, since the signal V.sub.1
      comprising the other output only occurs when the wheel speed signal A has
      a positive going slope indicative of an acceleration exceeding a
      predetermined threshold acceleration.
PAR  The AND gate 11 is turned on, this being a no brake or brake inhibiting
      condition, when there is an output V.sub.0 and no output V.sub.1 or, in
      logical terms, when V.sub.0 is a 1 and V.sub.1 is a zero. The output of
      the gate 11 goes through an amplifier 15 to a circuit 17 for controlling
      the brakes.
PAR  The output from the AND gate 11 will go off when the output from the
      detector 7 goes off, this point being determined by an imaginary ramp
      which is generated in a manner to be described in detail hereinbelow.
      V.sub.0 is therefore turned off when the input signal A exceeds the
      predetermined internally programmed threshold.
PAR  The acceleration differentiator 9 programs an imaginary ramp as discussed
      above, this depending on how fast the input is changing or if the
      acceleration is on a positive going slope. If the acceleration is along a
      positive slope and is very rapid, the acceleration differentiator 9
      programs the imaginary ramp to come down very quickly in value and
      intersect the input signal value A which in turn will cause the output
      V.sub.0 to go off and provide a braking condition. This provides a shorter
      time to provide a no brake or brake inhibiting condition when the wheels
      are spinning up very quickly. If the spin rate is slow, then the imaginary
      ramp developed by the program has a less steep slope so that the
      intersection therewith with the input signal A comes later in the pulse
      time and thereby holds off braking by retaining a brake inhibiting
      condition for a longer period of time to allow the wheels to spin up to a
      more rapid rate. If there is no input A to the circuit or a constant
      input, since the wheels are turning at constant speeds, the circuit, in a
      preferred embodiment, has a threshold of about 45 feet per second.sup.2,
      and if the vehicle operator slams on the brakes, and the wheels exceed the
      45 feet per second.sup.2 deceleration rate, then the threshold stays the
      same during the deceleration portion of the cycle and after the threshold
      is exceeded, to produce a brake inhibiting condition the brakes are
      released after a time delay and the wheels then start to spin up to
      provide an acceleration signal. This positive slope will immediately
      switch the threshold of the imaginary ramp to about 5 feet per
      second.sup.2. This places the imaginary ramp in its slowest mode. If the
      wheels accelerate faster than 5 feet per second.sup.2, the system starts
      programming a higher current and starts raising the threshold toward 45
      feet per second.sup.2 or even higher. The imaginary ramp can be positioned
      somewhere in the range between 5 and 200 feet per second.sup.2, in the
      preferred embodiment, depending on how fast the wheels are accelerating.
PAR  The above is shown in FIG. 2, where the solid line represents the input
      signal A and the dotted line represents the imaginary ramp. When the input
      signal A is below the threshold of the imaginary ramp, a signal V.sub. 0
      will be provided and there will be a no brake or brake inhibiting
      condition, provided the acceleration override, which will be explained in
      detail hereinbelow, is not then in operation. If an analog current signal
      from the acceleration differentiator 9 suddenly changes the ramp from the
      normal position X to the low position Y, and there is a sudden change from
      rapid deceleration to slow acceleration or rapid acceleration, the signal
      V.sub.0 will be turned off when the imaginary ramp signal and the input
      signal cross at the point V. As another example, when the imaginary ramp
      is not suddenly altered and the input signal changes from rapid
      deceleration to slow acceleration, the signal V.sub.0 will be removed at W
      when the two curves intersect.
PAR  As will be explained in detail hereinbelow, the acceleration differentiator
      9 also includes an override circuit which is provided when the input
      signal A has a positive slope or acceleration which is beyond a
      predetermined acceleration threshold as determined by a comparator
      circuit. When this threshold is reached, a signal V.sub.1 is provided
      which provides braking, regardless of where the input signal A is with
      reference to the imaginary ramp.
PAR  Referring to FIG. 3, there is shown a circuit diagram of the skid conrol
      system of FIG. 1 including the capacitors 3 and 5, the detector 7 and
      differentiator 9. The slip/deceleration rate detector 7 is composed of
      transistor Q5, resistor R1 and capacitor 5 or C1. The transistor Q5 is
      normally biased on because the current I.sub.3 through resistor R2 and the
      current I.sub.2 through saturated transistor Q4 provide sufficient current
      to provide this condition. Accordingly, the output V.sub.0 for this
      condition is at approximately ground or in a logical 0 or a brake
      condition. It is therefore apparent that the bias current for transistor
      Q5 is I.sub.2 + I.sub.3 when there is no input or a constant input A. In
      the preferred embodiment, this is the equivalent of providing an imaginary
      ramp of 45 feet per second.sup.2.
PAR  When there is a negative slope input A, capacitor C1 charges up by means of
      current I.sub.2 and I.sub.3 and pulls this current away from the base of
      transistor Q.sub.5. When this current drained by the capacitor C1 is equal
      to the sum of I.sub.2 + I.sub.3, then transistor Q.sub.5 turns off and
      provides a high voltage at the output V.sub.0. This provides a no-brake
      condition, or a logical 1 output at V.sub.0. If the input A has a negative
      slope and is sufficient to pull more current than the sum of I.sub.2 +
      I.sub.3 from the base of transistor Q.sub.5, then the base of transistor
      Q.sub.5 goes negative. Therefore, when deceleration stops, the base of
      transistor Q.sub.5 charges up to V.sub.BE above ground. The charge rate is
      determined by the amount of current I.sub.2 + I.sub.3, the time for
      conduction of transistor Q.sub.5 being determined by the time required to
      charge capacitor C1 back to the original threshold rate to provide the
      imaginary ramp. This provides a delay after the stop of deceleration based
      upon the time for charging of the capacitor C1 through resistors R3 and
      R2.
PAR  To change the slope of the imaginary ramp, it is necessary to change the
      amount of current I.sub.2 + I.sub.3. This is provided by observing the
      positive slope of the input signal A through the acceleration
      differentiator 9 which comprises transistors Q1 and Q2. As the input A
      goes positive, current is supplied to the base of transistor Q2 through
      capacitor C.sub.2 or 3. The transistor Q2 conducts and the current in the
      collector circuit of transistor Q2 is fed back to the base of transistor
      Q1, thereby regulating the base of transistor Q.sub.2 to a constant
      voltage. As more current is fed back to transistor Q.sub. 1, transistor
      Q.sub.2 turns off and drops the voltage at the base of transistor Q.sub.1
      to turn on transistor Q.sub.1 and causes it to draw the same amount of
      current out of the base circuit of the transistor Q.sub.2 as was
      originally being fed thereto. This current is I.sub.A -I.sub.1 which
      passes through the collector circuit of transistor Q.sub.1. This saturates
      transistor Q.sub.2 and turns transistor Q.sub.3 off to allow transistor
      Q.sub.4 to turn on and provide current I.sub.2. When the input current
      I.sub.A is equal to I.sub.1, transistor Q.sub.2 comes out of saturation
      and begins to regulate the input current. This turns transistor Q.sub.3 on
      and turns transistor Q.sub.4 off, to remove current I.sub.2 from the base
      of transistor Q.sub.5. This switches the threshold of the imaginary ramp
      from 45 feet per second.sup.2 to 5 feet per second.sup.2. At the same
      time, as current I.sub.A exceeds current I.sub.1, current I.sub.A -I.sub.1
      is placed into the base of transistor Q.sub.5 and increases the current
      from I.sub.3 proportional to the rate of acceleration to the maximum rate
      of 200 feet per second.sup.2. So the imaginary ramp increases and
      deceleration threshold increases.
PAR  The circuit also includes an acceleration threshold comparator 19 which is
      tied across the resistor R.sub.4 in the collector circuit of the
      transistor Q.sub.1. When I.sub.A is positive going and exceeds a
      predetermined value as set in the comparator 19, the voltage across the
      resistor R.sub.4 will be such to trigger the comparator 19 and provide an
      output signal V.sub.1 which will provide the necessary braking as
      discussed in connection with the example of FIG. 1.
PAR  It is therefore apparent that, in accordance with the present invention,
      there is provided a low cost skid control system which provides an
      imaginary ramp circuit which is internally programmed and which will turn
      the brakes on and off as required to prevent skid. The circuit also
      includes an acceleration override to apply brakes where an acceleration
      threshold has been exceeded.
PAR  Though the invention has been described with respect to a specific
      preferred embodiment thereof, many variations and modifications will
      immediately become apparent to those skilled in the art. It is therefore
      the intention that the appended claims be interpreted as broadly as
      possible in view of the prior art to include all such variations and
      modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle skid control system for selectively controlling the engagement
      and disengagement of the brake system of the vehicle in accordance with
      selected braking conditions, comprising in combination:
PA1  means for generating a signal proportional to vehicle wheel speed,
PA1  a slip signal-deceleration rate detector means,
PA1  an acceleration differentiator means connected in parallel to said slip
      signal-deceleration rate detector means,
PA1  said wheel speed signal generating means being connected to the inputs of
      said slip signal-deceleration rate detector means and said acceleration
      differentiator means for simultaneously providing said wheel speed signal
      thereto,
PA1  said slip signal-deceleration rate detector means being responsive to a
      negative slope of said wheel speed signal exceeding a predetermined
      deceleration rate threshold for providing a first brake control signal as
      an output,
PA1  said acceleration differentiator means being responsive to a positive slope
      of said wheel speed signal to provide as one output an imaginary ramp
      signal proportional to the rate of acceleration of said wheel speed signal
      and being connected as an input to said slip signal-deceleration rate
      detector means,
PA1  brake controller means responsive to at least said first brake control
      signal for providing a brake inhibiting signal, and
PA1  said slip signal-deceleration rate detector means being responsive to said
      imaginary ramp signal from said acceleration differentiator means for
      discontinuing said first brake control signal when the acceleration
      spin-up causes said wheel speed signal to intersect with the imaginary
      ramp programmed by said imaginary ramp signal.
NUM  2.
PAR  2. A vehicle skid control system as set forth in claim 1, wherein the
      imaginary ramp programmed by said imaginary ramp signal provided as one
      output from said acceleration differentiator means has a plurality of
      modes in which the respective slopes thereof differ in value, and the
      particular mode of the imaginary ramp being employed at any one instance
      being determined by the acceleration rate of said wheel speed signal.
NUM  3.
PAR  3. A vehicle skid control system as set forth in claim 2, wherein said
      acceleration differentiator means has a second output connected to said
      brake controller means, said acceleration differentiator means being
      responsive to a positive slope of said wheel speed signal having a value
      in excess of a predetermined acceleration rate threshold to provide a
      second brake control signal at said second output, and
PA1  said brake controller means being responsive to said second brake control
      signal to enable normal vehicle braking to occur.
NUM  4.
PAR  4. A vehicle skid control system as set forth in claim 3, wherein said
      acceleration differentiator means includes a comparator having a
      predetermined acceleration rate threshold value set therein, said
      comparator providing said second output of said acceleration
      differentiator means which is connected to said brake controller means and
      being responsive to a positive slope of said wheel speed signal having a
      value in excess of said predetermined acceleration rate threshold value to
      provide said second brake control signal at said second output.
NUM  5.
PAR  5. A vehicle skid control system as set forth in claim 4, wherein said
      brake controller means comprises an AND gate, and
PA1  inverter means interposed between the second output of said acceleration
      differentiator means and said AND gate.
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ABST
PAL  An improved wheel lock prevention device for use in the brake system of
      motor vehicles. The device has a relay valve included in assembly with a
      motor vehicle operator controlled brake velve, a wheel brake cylinder and
      a source of pressurized air. The relay valve has a primary and secondary
      pressure side. The primary pressure side is connected to the brake valve
      and the secondary side is connected to the wheel brake cylinder. A short
      circuit connection between the primary and secondary pressure sides is
      provided with a control for effecting a balancing of the pressures on both
      the primary and secondary pressure sides after the pressure on both sides
      has been reduced from a peak value by a desired extent during application
      of the brake system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a wheel lock prevention device and in
      particular to wheel lock prevention device for motor vehicles comprising a
      relay valve having a primary side on which side the relay valve is
      actuated by pressurized air controlled via a brake valve which in turn is
      controlled by the motor vehicle operator. The relay valve also has a
      secondary side, from which side the pressure in a wheel brake cylinder is
      controlled by way of a double valve, the wheel brake cylinder being
      alternately connected via the double valve to a source of pressurized air
      or to an outside air connection.
PAR  A wheel lock prevention device of this type is known. The relay valves used
      in the known device are designed to allow the pressurized air controlled
      by the motor vehicle operator's brake valve to pass to the brake cylinder
      from a pressurized air supply proportionally over a large valve
      cross-section of the double valve.
PAR  A requirement of wheel lock prevention devices is rapid pressure reduction
      and short switching periods. However, with rapid pressure reduction, a
      synchronization difference is produced between the primary and secondary
      pressure. In the holding stage, the primary pressure controlled via the
      magnetic valves then determines the actual value of the holding pressure.
      Thus, the secondary pressure is always reduced by the amount of the
      synchronization difference and thus the braking force coefficient, that
      is, the ground adhesion of the wheel is not utilized efficiently.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to obviate the above
      disadvantages and to provide a wheel lock preventing device of the type
      described above wherein the mode of operation of a proportionally acting
      regulating relay valve is improved so as to eliminate the aforementioned
      difficulty.
PAR  This object is accomplished according to the prevent invention by providing
      a short circuit connection between the primary side and the secondary side
      of the relay valve which is controlled by a control device.
PAR  Other objects, features and advantages of the present invention will be
      made apparent in the following detailed description of various preferred
      embodiments thereof provided with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a relay valve and a short circuit connection according
      to a first embodiment of the present invention.
PAR  FIG. 2 partially illustrates the relay valve of FIG. 1 and a short circuit
      connection according to a second embodiment of the present invention.
PAR  FIG. 3 partially illustrates the relay valve of FIG. 1 and a short circuit
      connection according to a third embodiment of the present invention.
PAR  FIGS. 4 and 5 provide a comparison of diagrams showing the variation of the
      pressure in a conventional wheel lock prevention device (FIG. 4) and a
      wheel lock prevention device according to the present invention (FIG. 5),
      and
PAR  FIGS. 6-9 illustrate four further embodiments of the short circuit
      connection according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODMENTS
PAR  Referring initially to FIG. 1, there is shown a brake pedal actuated brake
      valve 1 connected via a line 2 to a 2/2 way magnetic inlet valve 3 and by
      a line 4 from the valve 3 to a relay valve 5. The relay valve 5 comprises
      a control membrane 6 which separates a primary circuit from a secondary
      circuit. On the primary side of the membrane 6 there is defined a control
      chamber 7 to which the line 4 and a line 8 are connected. The line 8
      passes via a magnetic outlet valve 9 to an outside air connection 10. On
      the secondary side of the membrane 6 there is defined a control chamber 13
      which is in continuous communication with a wheel brake cylinder 15 via a
      line 14.
PAR  The control membrane 6 has a valve stem 11 attached thereto. The valve stem
      11 passes through the chambers 7 and 13. The valve stem 11 penetrates the
      membrane 6 and forms a valve seat 12 at one end, while a second valve seat
      16 is formed as an annular shoulder in the relay valve 5. A spring-biased
      closing element 17 cooperates with the two valve seats 12 and 16. The
      closing element 17 is disposed in a valve chamber 18 to which a pressure
      air supply container 20 is connected via a supply line 19. The double
      valve 12, 16, 17, formed by the closing element 17 and the two valve seats
      12 and 16, the valve chamber 18, the line 19, the supply container 20, the
      chamber 13, the line 14 and the brake cylinder 15 together form the
      secondary circuit and are disposed on the secondary side of the relay
      valve 5.
PAR  Between the primary side and the secondary side of the relay valve 15,
      there is provided a short circuit connection 21 which is controlled by a
      control device. In the embodiment shown in FIG. 1 this control device
      consists of a throttle 22 and a check valve 23 opening on the primary
      side.
PAR  The operation of the wheel lock prevention device will now be described
      with reference to the diagrams shown in FIGS. 4 and 5.
PAR  FIG. 4 shows the variation of the pressure over a period of time in a
      conventional wheel lock prevention device comprising a relay valve. The
      primary pressure rises from 0 to a point 31, at which the two magnetic
      valves 3 and 9 are reversed, switched, and the braking pressure is
      reduced. The secondary pressure lags somewhat behind, but, owing to the
      inertia of the relay valve 5, it reaches a slightly higher value 31'
      before it is reduced. In the primary circuit the pressure is lowered to
      the point 32 at which time the pressure in the secondary circuit has been
      lowered to the point 32'. At the point 32' the brake pressure in the
      secondary circuit has been reduced to such an extent that an electronic
      control device (not shown) terminates the reduction stage by switching the
      magnetic outlet valve 9 into its shut off position. However, at this point
      in time, the primary pressure has already fallen to the point 32 and thus
      the secondary pressure, that is, the brake pressure in the brake cylinder
      15, is further reduced to the level of the point 32 through the
      proportional effect of the conventional wheel lock prevention devices. As
      a result, insufficient pressure modulation occurs which leads to further,
      undesired releasing of the brake.
PAR  According to the present invention, to eliminate this insufficient pressure
      modulation, equalization balancing of the primary circuit and the
      secondary circuit is now produced in the following manner during the
      holding state, that is, from point 32 onwards.
PAR  As the volume of the brake cylinder 15 is considerably greater than the
      volume in the control chamber 7 and as the brake pressure is initially
      higher than the pressure in the control chamber, pressurized air passes
      from the brake cylinder 15 via the check valve 23 and the throttle 33 into
      the control chamber 7. This continues until a pressure equalization is
      achieved in the following pressure holding stage, as represented by the
      line 33a in the diagram shown in FIG. 5.
PAR  However, this arrangement has the disadvantage that the air flowing via the
      throttle 22 from the brake cylinder 15 into the control chamber 7 changes
      the steepness of the control pressure up to the point 32.
PAR  In the embodiment illustrated in FIG. 2, this is avoided in that, in
      addition to the check valve 23, the control device employs a 3/2-way
      magnetic valve 34 in place of the 2/2-way magnetic outlet valve 9 in the
      short circuit connection. The remaining parts of the embodiment
      illustrated in FIG. 2 bear the identical references to those of the
      embodiment represented in FIG. 1. The 3/2-way magnetic valve 34 connects
      the brake cylinder 15 with the control chamber 7 in the pressure holding
      stage and blocks (cuts) off this connection when the brake pressure is
      reduced. Thus the throttle 22 can be eliminated. When the brake pressure
      increases the connection is interrupted by the check valve 23. The
      pressures are equalized more rapidly. The holding pressure reaches
      approximately the value 32' with the curve 33b.
PAR  Complete pressure equalization in the holding stage prevents the check
      valve 23 from responding.
PAR  For this reason, FIG. 3 illustrates a construction in which pressure
      equalization is produced with only a 2/2-way magnetic valve 35 in the
      short circuit connection. The throttle 22 and the check valve 23 have been
      removed. The 2/2-way magnetic valve 35 is controlled by the switching
      impulses for the magnetic outlet valve 9 and the magnetic inlet valve 3
      being coupled together. As a result, it is not necessary to provide an
      additional electrical control line for the magnetic valve 35. This 2/2-way
      magnetic valve 35 is open for a short time at the beginning of the holding
      stage, thus permitting pressure equalization. The valve 35 is closed
      during the brake pressure increase and in the reduction stage. With this
      type of construction, pressure equalization is complete and the holding
      pressure is higher than that of the arrangement shown in FIG. 2 by the
      closing pressure of the check valve 23. This is another step in the
      direction of meeting the requirement of reduced undermodulation of the
      pressure. The dashed line 33c in FIG. 5 shows the course of this pressure.
PAR  FIG. 6 illustrates another embodiment of the invention.
PAR  Proceeding from the arrangement shown in FIG. 2, this embodiment comprises
      in the short circuit connection 21, an overflow valve 36 and an additional
      storage volume in the storage element 37.
PAR  This arrangement operates in the following manner.
PAR  When the 3/2-way magnetic valve 34 is reversed, an equal pressure to the
      primary pressure is built-up in the storage element 37. In the reduction
      stage, the storage volume is blocked off from the control chamber 7 by
      closing the 3/2-way magnetic valve. As a result of the decreasing pressure
      in the control chamber 7, the brake cylinder pressure is also reduced via
      the double valve 12, 16, 17. Upon reaching a specific pressure difference,
      the overflow valve 36 opens and, while retaining this pressure difference,
      a proportional pressure reduction takes place in the storage element 37.
PAR  When the reduction stage has been terminated, the control chamber 7 is
      again brought into communication with the storage element 37 by opening
      the 3/2-way magnetic valve 34. The now higher storage pressure causes a
      rapid pressure equalization. As the pressure undermodulation increases
      when the pressure level rises, with high pressures, a larger quantity of
      air is required to equalize the pressures than with smaller brake
      pressures. This problem is solved by filling the storage element 37 as a
      function of the pressure. The diagram according to FIG. 5 indicates by the
      line 33c the complete pressure equalization of the brake cylinder
      pressures at the point 32'.
PAR  It is also possible to provide a storage element 37' having a constant
      volume and to change the pressure difference as shown in FIG. 7. In this
      figure the reference number 36' relates to an overflow valve controlled as
      a function of the pressure.
PAR  Lastly, it is also possible to couple the arrangement shown in FIG. 2 with
      the last arrangement as shown in FIGS. 8 and 9. FIG. 8 shows the check
      valve 23 connected in parallel with the simple overflow valve 36 which has
      a constant overflow pressure.
PAR  FIG. 9, on the other hand, shows the overflow valve 36' shown in FIG. 7,
      which is controlled as a function of the pressure. By means of these
      measures, the storage volume can be kept to a minimum.
PAR  Even though the embodiments according to FIGS. 6-9 show no spring loading
      of the closing element 17 it must be stated that embodiments such as these
      provide for such a spring loading. The loading can be similar to that
      shown in FIG. 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a wheel lock prevention device for use in the brake system of motor
      vehicles, the combination comprising: a relay valve; a motor vehicle
      operator controlled brake valve; a wheel brake cylinder; and a source of
      pressurized air, wherein the relay valve includes: means defining a
      primary pressure side and a secondary pressure side, with the primary
      pressure side having means for connecting the primary pressure side to the
      brake valve for actuation therefrom, and with the secondary pressure side
      having means for connecting the secondary pressure side to the wheel brake
      cylinder; means on the secondary pressure side defining a double valve;
      means connecting the double valve to the source of pressurized air; and
      further means for connecting the double valve to the atmosphere, the
      double valve serving to connect the secondary pressure side to either the
      source of pressurized air or the atmosphere, the improvement comprising:
PA1  a. a short circuit connection which extends between and connects the
      primary pressure side with the secondary pressure side; and
PA1  b. control means connected to said short circuit connection for controlling
      the short circuit connection in order to effect balancing of the pressures
      on both the primary and secondary pressure sides after the pressure on the
      primary and secondary sides has been reduced from a peak value by a
      desired extent during application of the brake system.
NUM  2.
PAR  2. The wheel lock prevention device as defined in claim 1, wherein the
      short circuit connection to the secondary pressure side of the relay valve
      is effected through the means for connecting the secondary pressure side
      to the wheel brake cylinder.
NUM  3.
PAR  3. The wheel lock prevention device as defined in claim 1, wherein the
      control means includes a throttle and a check valve opening on the
      secondary pressure side.
NUM  4.
PAR  4. The wheel lock prevention device as defined in claim 1, wherein the
      control means includes a 3/2-way magnetic valve and a check valve opening
      on the secondary pressure side.
NUM  5.
PAR  5. The wheel lock prevention device as defined in claim 1, wherein the
      control means includes a 2/2-way magnetic valve.
NUM  6.
PAR  6. The wheel lock prevention device as defined in claim 1, wherein the
      control means includes a 3/2-way magnetic valve, a storage element and an
      overflow valve.
NUM  7.
PAR  7. The wheel lock prevention device as defined in claim 6, wherein the
      volume of the storage element is variable as a function of the brake
      pressure.
NUM  8.
PAR  8. The wheel lock prevention device as defined in claim 1, wherein the
      control means includes a 3/2-way magnetic valve, a storage element having
      a constant volume and an overflow valve, adapted to be filled as a
      function of the brake pressure.
NUM  9.
PAR  9. The wheel lock prevention device as defined in claim 8, wherein the
      overflow valve has an opening pressure controllable as a function of the
      brake pressure.
NUM  10.
PAR  10. The wheel lock prevention device as defined in claim 1, wherein the
      control means includes a 3/2-way magnetic valve, a storage element having
      a constant volume and a check valve and an overflow valve connected in
      parallel.
NUM  11.
PAR  11. The wheel lock prevention device as defined in claim 10, wherein the
      overflow valve has an opening pressure controllable as a function of the
      brake pressure.
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ABST
PAL  A vehicle antiskid brake control system in which a low threshold
      acceleration signal is formed in addition to the normal acceleration
      signal to withhold the reapplication of brake pressure an extended
      duration following a wheel skid correction to allow sufficient time for an
      accelerating wheel to reach substantial synchronous speed before braking
      is resumed when running on a roadway affording such a poor adhesion
      characteristic as to preclude attainment of a normal rate of wheel
      acceleration. On a roadway affording a good adhesion characteristic the
      low threshold acceleration signal is automatically prevented from
      influencing the antiskid system and the reapplication of brake pressure is
      instead influenced according to the normal acceleration signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is concerned with a vehicle wheel antiskid brake
      control system of the type in which a reference velocity signal
      approximating the vehicle speed is generated for comparison with an
      individual wheel speed signal to obtain a velocity signal .DELTA.V when a
      predetermined difference exists therebetween. The velocity signal .DELTA.V
      is used in the antiskid system to control the reapplication of brake
      pressure at the individual wheel following a skid thereof. The reference
      velocity signal V.sub.REF, represented in the velocity curve of FIG. 1, is
      formed in accordance with a speed voltage arising from at least one wheel
      of the vehicle when the wheel is accelerating at a speed V.sub.R above the
      reference velocity signal and when decelerating at a rate below a
      preselected skid threshold. When the deceleration rate exceeds the skid
      threshold, a special memory circuit functions such that only a gradual
      decay of the reference voltage signal V.sub.REF occurs from a value
      corresponding to the wheel speed V.sub.R at the time the wheel
      deceleration exceeds the skid threshold. Normally, this would result in
      only a slight deviation between the reference velocity signal V.sub.REF
      approximating the vehicle velocity and the actual vehicle velocity signal
      V.sub.F before the velocity signal .DELTA.V disappears to establish the
      reapplication of brake pressure. The inertia of the reaccelerating wheel
      will thus allow the wheel speed to approach the vehicle speed before
      another cycle of wheel skid control is initiated so that the reference
      velocity signal V.sub.REF remains a fairly true approximation of the
      actual vehicle velocity V.sub.F throughout the wheel skid brake control
      cycle.
PAR  On roadways having a low coefficient of friction, however, such as
      experienced by a vehicle traveling on an ice covered road, the
      reacceleration of a wheel following a wheel skid is, of course, relatively
      slow so that by the time the velocity signal .DELTA.V disappears to
      establish the reapplication of brake pressure, the wheel speed is still
      relatively low. Accordingly, another cycle of wheel skid control will be
      initiated before the wheel speed V.sub.R is restored to a level sufficient
      to reestablish the reference velocity signal V.sub.REF as an accurate
      approximation of the vehicle velocity V.sub.F. It will be appreciated,
      therefore, that following several cycles of wheel skid control operation,
      a considerable deviation between the actual vehicle velocity V.sub.F and
      reference velocity signal V.sub.REF will have been accumulated such that
      the wheel speed V.sub.R will eventually become zero, while the vehicle is
      still moving. Since the reference velocity signal V.sub.REF is generated
      as a function of the wheel speed, it also will now be essentially zero so
      that the non-rotating state of the wheel will be undetected and the wheel
      will remain locked in a skid condition in spite of the antiskid brake
      control system.
PAC  Summary of the Invention
PAR  It is therefore the object of the present invention to prevent this gradual
      lock-up of a vehicle wheel by providing means for sensing a slow
      acceleration of a wheel following a wheel skid for the purpose of delaying
      the reapplication of brake pressure until the wheel speed and consequently
      the reference velocity signal more closely approximate the actual vehicle
      speed.
PAR  In one embodiment of the invention, the output of a first timer that is
      activated by a deceleration signal disables an auxiliary circuit via which
      a first acceleration signal is transmitted to a wheel evaluation control
      circuit in parallel with a second acceleration signal generated at a
      higher rate of wheel acceleration than the first acceleration signal. If
      the second acceleration signal arises before the time period of the timer
      expires following disappearance of the deceleration signal, a second timer
      will be activated to maintain the bypass circuit disabled after the time
      period of the first timer expires. The second acceleration signal is
      effective to influence the reapplication of brake pressure via the
      evaluation control circuit, in the usual manner.
PAR  In the event the second acceleration signal fails to appear before
      expiration of the first timer, as for example when the vehicle wheel is
      running on a road surface having a low coefficient of adhesion, then the
      timer output disappears and the auxiliary circuit becomes enabled to pass
      the first acceleration signal to the evaluation control circuit to
      influence the reapplication of brake pressure in the sense that the
      reapplication is delayed to allow the wheel speed to increase for a longer
      period so as to more closely approximate the vehicle speed and thus
      provide for the generation of a more accurate reference velocity signal
      during each cycle of antiskid brake control.
PAR  In another embodiment of the invention, the ability of a skidding wheel to
      reaccelerate following correction of the wheel skid is determined by the
      brake pressure present at the time a deceleration signal arises, rather
      than the time required to obtain an acceleration signal following
      correction of the wheel skid. The signal from a pressure switch subject to
      brake pressure is conducted by a flip-flop device when set to a
      predetermined state by a deceleration signal at the time of a wheel skid
      to either disable the auxiliary circuit when the pressure switch is closed
      indicative of normal road adhesion or to enable the auxiliary circuit to
      transmit the first acceleration signal to the evaluation circuit when the
      pressure switch is open indicative of a road having a low adhesion
      characteristic. In the latter instance, the first acceleration signal
      delays the reapplication of brake pressure to allow the wheel to
      accelerate to a speed more closely approximating the vehicle speed, as in
      the first embodiment.
DRWD
PAR  Other objects and advantages of the invention will become apparent as the
      following, more detailed description proceeds with reference to the
      accompanying drawings of which:
PAR  FIG. 1 shows a series of time referenced velocity, acceleration and
      pressure curves formed under two levels of road adhesion for the purpose
      of illustrating the disadvantage of an antiskid control system not having
      the benefit of the present invention;
PAR  FIG. 2 shows an antiskid brake control system arranged in accordance with
      one embodiment of the invention wherein an additional wheel acceleration
      signal is formed for the purpose of influencing the antiskid control
      system as a function of time; and
PAR  FIG. 3 shows an antiskid brake control system in accordance with an
      alternate embodiment in which the influence of an additional wheel
      acceleration signal upon the antiskid control is a function of brake
      pressure.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  Referring now to FIG. 2, the antiskid brake control system for a vehicle
      wheel includes an axle generator device G, which may be a well known type
      whose pulsed output signals have a frequency proportional to the angular
      velocity of the wheel being monitored, and are connected to the input of a
      frequency to voltage transducer 9. Transducer 9 may be a well known type
      that develops a d.c. output voltage that varies in amplitude according to
      the frequency of the input pulses, so as to provide a speed signal that is
      proportional to the rotational speed of the wheel.
PAR  The conductor 1 carries this speed signal to a conventional threshold
      detector (not shown), which develops a velocity signal .DELTA.V when the
      speed signal of a wheel becomes a predetermined percentage less than a
      wheel speed generated reference velocity signal V.sub.REF, as shown in
      FIG. 3. It is well known in the art that in selecting the higher speed of
      at least two wheels or through special memory circuitry when utilizing a
      single wheel speed, the wheel speed generated reference velocity signal
      V.sub.REF represents an approximation of the vehicle velocity. In parallel
      with the threshold detector is a differentiator circuit D to which the
      wheel speed signal emitted by transducer 9 is also connected via conductor
      1. By the well known process of differentiation, the wheel speed signal is
      converted to a rate signal, which may be positive or negative in sense
      according to whether the wheel acceleration is of increasing or decreasing
      character, respectively.
PAR  These rate signals emitted by differentiator D are connected to additional
      threshold detectors (also not shown) for developing a deceleration signal
      -b when a decreasing wheel acceleration exceeds a preselected value likely
      to produce a wheel skid and an acceleration signal +b when an increasing
      wheel acceleration exceeds a preselected value at which a skidding wheel
      may be considered to have substantially regained synchronous rotation when
      running on a road having a relatively high coefficient of friction.
PAR  Since the acceleration rate at which a wheel actually does regain
      synchronous rotation obviously varies with the frictional characteristic
      of the road surface at the time, the rate signal emitted by differentiator
      D is connected to still another threshold detector 2 for developing an
      additional low threshold acceleration signal +b.sub.1, when an
      accelerating wheel exceeds a rate considerably lower than the rate
      corresponding to acceleration signal +b. This latter acceleration signal
      +b.sub.1 will therefore arise when a wheel is accelerating on a road
      having a low coefficient of friction, as well as one having a high
      coefficient of friction.
PAR  The output of threshold detector 2, which may be a conventional Schmitt
      Trigger circuit, is connected to one input of an AND gate 3, while an OR
      gate 4 is subject at one input to the output of AND gate 3 and at the
      other input to the acceleration signal +b. The output of OR gate 4 is
      connected to a logic control circuit 5, which evaluates the dynamic wheel
      condition according to this acceleration signal (either +b or +b.sub.1),
      as well as deceleration signal -b and velocity signal .DELTA.V, also
      connected to logic circuit 5.
PAR  The deceleration signal -b and acceleration signal +b are also connected to
      a timer 6 and a timer 7, respectively, whose outputs are each connected to
      different inverted inputs of an AND gate 8. The output of AND gate 8 is
      connected to a second input of AND gate 3.
PAR  At logic circuit 5, the -b signal is connected directly to one input of an
      OR gate 19, an OR gate 20, an OR gate 21 and to an inverted input of an
      AND gate 22 and an AND gate 23.
PAR  The .DELTA.V signal is fed directly to another input of the OR gate 19 and
      the input of an AND gate 24, as well as to an inverted input of AND gate
      23.
PAR  The output signal of OR gate 4 (either +b or +b.sub.1) is connected
      directly to another input of the OR gate 20, as well as to another
      inverted input of the AND gate 23 and 24.
PAR  The signal emitted by OR gate 20 is transmitted to a timer 26, whose output
      signal is fed to an input of an AND gate 27, AND gate 23 and AND gate 3,
      as well as to another inverted input of AND gate 24 for a duration
      exceeding the duration of the timer input from OR gate 20.
PAR  The output signal emitted by AND gate 23 is transmitted simultaneously to
      the inverted second input of AND gate 27 and to a delay timing circuit 28,
      which produces a constant timing period during which the reapplication of
      braking pressure is developed. The output signal of timing circuit 28 is
      fed via another timing circuit 30 to a conventional pulse generator 29,
      whose pulse signals are transmitted to the second input of AND gate 22.
      Timing circuit 30 maintains pulse generator 29 operative a predetermined
      period following expiration of the timing period provided by timer 28.
PAR  The output signal of AND gate 24 is transmitted to the second input of OR
      gate 21 whose output signals control energization of the solenoid valve 18
      of an electro-pneumatic exhaust valve M.sub.A interposed in the delivery
      line of a brake cylinder device (not shown). In the energized state of
      solenoid 18, valve M.sub.A is actuated to a position connecting the brake
      cylinder device to atmosphere, and in the deenergized state, is actuated
      to a position interrupting this connection.
PAR  The output signal of the AND gates 22 and 27 are each connected to inputs
      of OR gate 19. The signal emitted by OR gate 19 is transmitted to the
      second input of AND gate 25 whose output signals control energization of
      solenoid 17 of an electro-pneumatic supply valve M.sub.E that controls the
      supply of fluid pressure to the brake cylinder (not shown). In the
      energized state, solenoid valve 17 causes actuation of supply valve
      M.sub.E to interrupt the supply of fluid pressure to the brake cylinder
      device and when deenergized, causes valve M.sub.E to supply fluid pressure
      to the brake cylinder.
PAR  Following initiation of a brake application on a road surface exhibiting a
      high coefficient of friction, for example, 0.8.mu., the -b signal appears
      when the wheel deceleration exceeds a certain threshold value selected. If
      the wheel velocity falls below a certain wheel velocity threshold, the
      .DELTA.V signal appears concurrently with the -b signal present. The -b
      signal acts via OR gate 19 to energize solenoid 17 of valve M.sub.E which
      accordingly interrupts the connection between the wheel brake cylinder and
      the source of fluid pressure, and via OR gate 21 to energize solenoid 18
      of valve M.sub.A, which accordingly establishes communication between the
      wheel brake cylinder and atmosphere. The pressure in the wheel brake
      cylinder is thus released until the wheel deceleration again falls below
      the selected deceleration threshold and the -b signal vanishes, in
      response to which solenoid 18 is deenergized and valve M.sub.A terminates
      any further reduction of brake cylinder pressure.
PAR  The inlet solenoid of valve M.sub.E, however, continues to be excited due
      to presence of the .DELTA.V signal acting via OR gate 19 to hold valve
      M.sub.E in its closed position. Now with both valves M.sub.EL and M.sub.AL
      closed, the brake cylinder pressure is held constant, while the wheel
      continues to turn in this holding phase. If the wheel acceleration
      subsequently exceeds a certain threshold value indicative of the wheel
      skid being corrected, the +b signal appears concurrent with the .DELTA.V
      signal, which keeps solenoid 17 of valve M.sub.E excited after the loss of
      the .DELTA.V signal, as the wheel velocity threshold is exceeded. The +b
      signal acts via the OR gate 20, timing circuit 26, AND gate 27, and OR
      gate 19 at this time to maintain solenoid 17 energized in the absence of
      the .DELTA.V signal.
PAR  If the wheel acceleration falls below the acceleration threshold, the +b
      signal vanishes. The timing circuit 26, however, maintains its output
      signal at the one input of AND gate 27 over a time period Z.sub.1
      sufficient for the following regulating process to take place. Since no +b
      signal arises at the correspondingly inverted input of AND gate 23, the
      AND gate 23 is enabled and transmits a signal to the inverted input of AND
      gate 27, which accordingly becomes disabled. The signal emitted by AND
      gate 23 also excites timing circuit 28. Until the short time delay Z.sub.2
      determined by this timing circuit 28 has lapsed, there is no signal
      presented to AND gate 22 via pulse generator 29. Accordingly all inputs at
      OR gate 19 are absent and solenoid 17 of valve M.sub.E is deenergized.
      Since solenoid 18 of valve M.sub.AL is also deenergized, valves M.sub.E
      and M.sub.A are positioned to establish reapplication of fluid brake
      pressure according to a predetermined brake pressure buildup curve.
PAR  After the time delay Z.sub.2 has passed, timing circuit 28 tramsmits an
      output signal to timing circuit 30, the output of which drives pulse
      generator 29 for a time period Z.sub.3. The output of pulse generator 29
      acts through AND gate 22 and OR gate 19 to energize solenoid 17 of valve
      M.sub.E and accordingly terminate the continuous reapplication of brake
      pressure and initiate instead a pulsed phase of reapplication brake
      pressure. In this pulsed phase, AND gate 22 is periodically disabled and
      enabled to respectively open and close supply valve M.sub.E so that the
      braking pressure builds up with a more shallow slope and the wheel
      velocity curve V.sub.R in FIG. 1 progresses along the theoretical
      reference velocity curve V.sub.REF representing the best possible
      utilization of braking force. A new regulating process begins upon the
      appearance of the next -b signal.
PAR  In the pressure versus time curve of FIG. 1, the reapplication pressure has
      been shown as reaching a level sufficient to generate the next
      deceleration signal -b before the pulse phase of reapplication pressure
      becomes effective for purposes of clarity.
PAR  Since it has been assumed that the vehicle is operating on a road having a
      high coefficient of friction, it will be understood that the acceleration
      signal +b will arise before time period Z.sub.4 expires following
      disappearance of deceleration signal -b, which initiated operation of the
      timer 6 at the time the deceleration signal first occurred. Accordingly,
      acceleration signal +b is effective to initiate operation of timer 7,
      whose output is effective to disable AND gate 8 upon expiration of time
      period Z.sub.4 of timer 6. The absence of an output from AND gate 8
      disables AND gate 3 to prevent low threshold acceleration signal +b.sub.1
      from influencing evaluation circuit 5, which is instead influenced by
      acceleration signal +b to establish the reapplication of brake pressure in
      accordance with the usual operation of such antiskid brake control systems
      according to the curves of FIG. 1 under the higher of the coefficients of
      friction represented by 0.8.mu..
PAR  Assume now that the condition of the roadway has deteriorated to such
      extent that a substantial reduction in the coefficient of friction to
      0.2.mu.has occurred, as represented in FIG. 1. Appearance of a
      deceleration signal -b when a wheel is detected as decelerating in excess
      of a predetermined skid threshold will activate timer 6, while
      concurrently influencing evaluation circuit 5 to effect a brake pressure
      reduction, as previously described. The output of timer 6 disables AND
      gate 8. In the absence of an output from the disabled AND gate 8, AND gate
      3 is likewise disabled. Now since the velocity signal .DELTA.V arises
      during the wheel deceleration, the brake pressure will be maintained in a
      holding phase upon disappearance of deceleration signal -b at the time the
      wheel deceleration falls below the skid threshold, as previously
      described, to allow the wheel to subsequently reaccelerate to synchronous
      speed. This so-called holding phase may be construed as a period during
      which a gradual stepping down or a gradual pressure rise occurs, as
      provided in other known antiskid systems during the wheel reacceleration,
      as well as a holding constant of the brake pressure as provided in the
      present system.
PAR  Due to the low road adhesion, the rate of acceleration at this time may be
      insufficient to generate acceleration signal +b, as shown by the fact that
      the acceleration curve in FIG. 1 lies below the +b threshold during the
      second and additional cycles of the graph. Acceleration signal +b.sub.1
      occurs at a lower rate threshold than signal +b, but is blocked at AND
      gate 3 during the timing period Z.sub.4 of timer 6 to allow time for
      acceleration signal +b to arise. Failure of signal +b to arise within time
      period Z.sub.4 is an indication of the low road adhesion and results in
      AND gate 8 becoming enabled to in turn enable AND gate 3. The low
      threshold acceleration signal +b.sub.1 is thus passed by AND gate 3 to OR
      gate 4 and ultimately to the evaluation circuit 5, where it maintains AND
      gate 23 in a disabled state. The absence of an output from AND gate 23 in
      turn enables AND gate 27, which acts via OR gate 19 to maintain
      energization of solenoid 17 of supply valve M.sub.E and accordingly
      maintain a continuation of the holding phase of brake pressure for an
      extended period. It is to be understood that without this provision for
      providing low threshold acceleration signal +b.sub.1 in the absence of a
      high threshold acceleration signal +b, brake pressure would be prematurely
      reapplied upon cessation of the .DELTA.V signal, and the reference
      velocity signal V.sub.REF would begin to deviate from the actual vehicle
      velocity represented by curve V.sub.F, in FIG. 1. By extending the
      duration of the holding phase, in accordance with which the brake pressure
      is held constant, the slowly accelerating wheel is permitted to
      substantially regain synchronous rotation and the reference velocity
      signal formed from the wheel velocity V.sub.R is a more accurate
      approximation of the actual vehicle velocity, thereby assuring the
      integrity of the antiskid control system for the duration of a stop.
PAR  In the alternate embodiment of the invention shown in FIG. 3, sensing of a
      road surface having a low coefficient of friction is accomplished by
      reason of the fact that a deceleration signal -b arises when only a
      relatively low value of brake pressure is present. In this embodiment of
      the invention, parts identified by the same reference numerals and letters
      used in FIG. 2 are identical.
PAR  The system includes an axle generator device G, a frequency to voltage
      transducer 9 and differentiator D, as described relative to the FIG. 2
      embodiment. The output of differentiator D is connected to a deceleration
      threshold detector 31, an acceleration threshold detector 32 and a low
      acceleration threshold detector 2. These threshold detectors may be
      conventional Schmitt Trigger circuits for providing deceleration signal
      -b, acceleration signal +b and acceleration signal +b.sub.1. The
      deceleration signal emitted by threshold detector 31 is connected to
      evaluation circuit 5 for control of solenoid 17 of supply valve M.sub.E
      and solenoid 18 of exhaust valve M.sub.A, as previously explained. The
      .DELTA.V signal corresponding to the wheel velocity is also connected to
      evaluation circuit 5 via conductor 1, as is the output of OR gate 4.
PAR  One input of OR gate 4 is connected to the output of acceleration threshold
      detector 32, while the output of deceleration threshold detector 31 is
      connected to a first input of a bistable memory device 33, such as a
      suitable type flip-flop. A second input of memory device 33 is connected
      to the output of a pressure switch 35 having a source of energy 34. The
      brake pressure prevailing in the wheel brake cylinder (not shown) controls
      operation of pressure switch 35 in accordance with its set switching
      point. The output of memory device 33 is connected to an inverted input of
      an AND gate 36, whose other inputs are connected to the output of low
      threshold acceleration detector 2 and the output of a timer 38 having a
      predetermined time period Z.sub.6 that prevails after the timer is
      inactivated.
PAR  Timer 38 is activated by the output of an OR gate 37 to which the
      respective current signals of the left and right front and left and right
      rear solenoids 18 of the wheel exhaust valves M.sub.A are connected.
PAR  In operation, it will be seen that a brake application on a roadway
      affording good adhesion characteristics will permit development of brake
      pressure to a level in excess of the predetermined switching point of
      pressure switch 35 before the wheel deceleration exceeds a skid threshold,
      as indicated by the appearance of deceleration signal -b. This results in
      pressure switch 35 being closed to provide a signal at the second input of
      memory device 33. When deceleration signal -b does appear, the memory
      device 33 is switched to a condition in which the pressure switch signal
      is connected to the output of the memory device and maintained until both
      the deceleration signal -b and pressure switch signal disappear.
PAR  The output signal of memory device 33 disables AND gate 36 to prevent
      passage of the low threshold acceleration signal at this time since the
      good road adhesion will permit normal wheel reacceleration.
PAR  If it is assumed now that braking is undertaken on a road having a low or
      poor adhesion characteristic, the wheel deceleration will exceed the
      deceleration threshold established by threshold detector 31 and
      accordingly provide deceleration signal -b before sufficient brake
      pressure has developed to effect closure of pressure switch 35. The
      absence of the pressure switch signal at the second input of memory device
      33 when switched to its set position by the -b signal removes the
      disabling signal at the inverted input of AND gate 36. Concurrently, timer
      38 is activated by the energizing signal to the solenoid valve 18 of
      whichever wheel is decelerating at a rate exceeding the skid threshold,
      thereby enabling AND gate 36, which accordingly passes the low threshold
      acceleration signal to the evaluation circuit 5 via OR gate 5 for a
      duration Z.sub.6 following termination of deceleration signal -b. As
      explained in the operation of the antiskid system of FIG. 2, the low
      threshold acceleration signal +b.sub.1 influences the evaluation circuit
      such as to maintain a holding phase of brake pressure until such time as
      the +b.sub.1 signal disappears or timing period Z.sub.4 elapses.
CLMS
STM  Having now described the invention what we claim as new and desire to
      secure by Letters Patent, is:
NUM  1.
PAR  1. An antiskid brake control system for a vehicle having brake means
      subject to operator controlled fluid brake pressure, wherein modulation of
      the operator controlled brake pressure at each individual wheel is
      accomplished according to the dynamic condition of the respective wheel,
      said system comprising:
PA1  a. means for generating a speed signal of a wheel according to its angular
      velocity;
PA1  b. means for differentiating said wheel speed signal to provide an output
      signal having an amplitude proportional to the rate of change of said
      wheel speed signal;
PA1  c. means subject to said output signal for providing a deceleration signal
      when the wheel deceleration exceeds a preselected deceleration threshold;
PA1  d. means subject to said output signal for providing a first acceleration
      signal when the wheel acceleration exceeds a preselected acceleration
      threshold;
PA1  e. means subject to said output signal for providing a second acceleration
      signal when the wheel acceleration exceeds a preselected acceleration
      threshold lying below the acceleration threshold of said first
      acceleration signal;
PA1  f. first valve means with each wheel for controlling the delivery of the
      operator controlled fluid brake pressure to said brake means thereof;
PA1  g. second valve means with each wheel for controlling the release of fluid
      brake pressure from said brake means thereof;
PA1  h. wheel behavior evaluation means subject to said deceleration signal for
      concurrently effecting operation of said first and second valve means in
      such sense as to respectively cut off the delivery of brake pressure to
      said valve means and release brake pressure from said valve means;
PA1  i. means for providing a velocity signal when said speed signal is a
      predetermined amount less than a reference signal approximating actual
      vehicle velocity, said reference signal corresponding to said speed signal
      until said deceleration signal arises, at which point said reference
      signal decreases in accordance with a predetermined time constant.
PA1  j. said wheel behavior means being operative upon disappearance of said
      deceleration signal to cause said second valve means to terminate the
      release of brake pressure and being further operative responsive to either
      said velocity signal or one of said first and second acceleration signals
      to cause said first valve means to remain operative in such sense as to
      continue interrupting delivery of operator controlled brake pressure to
      said brake means whereby the fluid brake pressure is maintained constant
      in a holding phase of brake control; and
PA1  k. control means for establishing connection of said second acceleration
      signal with said wheel behavior evaluation means when said first
      acceleration signal fails to arise within a predetermined time period
      following expiration of said deceleration signal in order to delay
      reapplication of operator controlled fluid brake pressure to said brake
      means by said first valve means following termination of said velocity
      signal; said control means comprising:
PA2  i. an OR gate subject to said first and second acceleration signals and
      having an output connected to said wheel behavior evaluation means;
PA2  ii. an AND gate via which said second acceleration signal is connected to
      said OR gate;
PA2  iii. means for providing said predetermined time period during which a time
      signal is established;
PA2  iv. second AND gate means subject to said time signal and said first
      acceleration signal and having an output connected to said first AND gate
      to enable said first AND gate in the absence of said first acceleration
      signal only when said predetermined time period has expired.
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ABST
PAL  A load responsive pressure modulating valve device for use in a brake
      system of a vehicle is so constructed that the starting pressure for the
      pressure modulating operation is controlled by a specific valve operated
      by a partial pressure of the input hydraulic brake pressure. The device is
      capable of distributing the hydraulic brake pressure corresponding to a
      transient weight transfer from rear wheels of the vehicle to front ones
      caused by the braking operation, to the front and rear brakes by varying
      the starting pressure in response to load and deceleration of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a type of pressure modulating valve device for
      use in a brake system of a wheel type vehicle, and more particularly to a
      load responsive pressure modulating valve device which is so constructed
      that a starting pressure for the pressure modulating operation thereof of
      which an input hydraulic brake pressure is changed to an output hydraulic
      brake pressure in a predetermined ratio, is controlled by means of a
      specific valve operated by a partial pressure of the input hydraulic brake
      pressure when the input hydraulic brake pressure reaches a pre-set value.
      The device is capable of distributing the hydraulic brake pressure
      corresponding to a transient weight transfer from rear wheels of the
      vehicle to front ones caused by the braking operation to front and rear
      braking means by varying the starting pressure in response to load and
      deceleration of the vehicle.
PAR  2. Description of the Prior Art
PAR  In a wheel type vehicle, such as an automobile having wheels disposed at
      the front and the rear portions separately from each other and having
      independent braking means operated by a braking device for the front and
      rear wheels, respectively, it is a common practice that the the braking
      device is so constructed as to distribute the hydraulic brake pressure
      generated from a master cylinder thereof to the front and the rear braking
      means, respectively. In such a vehicle, it has already been found that the
      load on the front wheels increases, while the load on the rear wheels
      decreases owing to an inertia force proportional to deceleration of the
      vehicle upon applying the braking operation in comparison with that in a
      normal driving state. As a result of this, the braking effect of the front
      wheels increases, while that of the rear wheels decreases. Therefore, in
      case of applying the hydraulic brake pressure generated from the master
      cylinder to the front and rear braking means, it is preferable to equalize
      a substantial brake effect on the front wheels with that on the rear
      wheels by increasing the hydraulic brake pressure of the front braking
      means as compared with that of the rear braking means. For the purpose of
      accomplishing the above described effect, the hydraulic brake pressure
      generated from the master cylinder is supplied to the rear braking means
      directly, while an increased pressure is supplied to the front braking
      means or the pressure is supplied to the front braking means directly and
      at the same time a proportionally reduced pressure is supplied to the rear
      braking means. Brake systems utilizing a proportional pressure reducing
      valve enabling an effective pressure differential between front and rear
      wheels have been adapted for use in passenger car vehicles having a
      relatively low centre of gravity and small load variations. In vehicles
      having a higher centre of gravity and large load variation, however, it is
      necessary to consider the weight transfer caused by the load variation, so
      that it is preferable to vary the starting value of the pressure
      modulating operation in response to a load which has been detected
      automatically.
PAR  Several attempts have been proposed for accomplishing the above described
      necessity, all of them are so constructed that a starting value of a
      proportional pressure reduction valve means is controlled by a balance
      condition between an operational load of a control spring biasing a
      movable valve and an input hydraulic brake pressure being applied to the
      movable valve.
PAR  Briefly speaking known systems can be classified into the following three
      types:
PAR  a. According to the first type, change of a distance between a rear wheel
      axle and a chassis owing to load variation is detected by a linkage
      inclusive of a spring member.
PAR  b. the second type is to convert the above change of distance caused by the
      variation of vehicle load into a pressure change of a hydraulic brake
      pressure mechanism. For example, a change in hydraulic pressure of a shock
      absorber for rear wheels is utilized for the detection of load variation
      on rear wheels, and
PAR  c. the third type has a pressure reducing valve with a valve means having a
      deceleration detecting means which is to be operated by a predetermined
      deceleration. In this type, a part of an input hydraulic brake pressure
      generated from the master cylinder is supplied to the rear braking means
      through the pressure reducing valve and, at the same time, another part of
      the input hydraulic brake pressure is supplied to the deceleration
      detecting means and further fed to a control chamber having a check valve
      and a spring housing in which a control spring is mounted. Then, the
      pressurized fluid is enclosed in the control chamber by dint of the check
      valve and the deceleration detecting means and the position of the spring
      housing in the control chamber is controlled by the enclosed hydraulic
      brake pressure. In accordance with the above described construction, a
      sealingly enclosed hydraulic brake pressure in the control chamber becomes
      higher along with an increase in vehicle load, and thus an increase in an
      operational load of the control spring owing to an increase of a
      displacement of the spring housing shifts the starting point for the
      pressure modulating operation of the pressure reducing valve toward high
      pressure zone.
PAR  In known pressure reducing valves as set forth above, despite the
      requirement of high precision for a set load of a control spring, there
      are many different spaces between a rear wheel axle and a chassis even in
      same type vehicle, so that dimensional errors upon assembling a linkage
      together with a proportioning pressure reducing valve tend to take place.
      Thus, an apparatus according to the first type is difficult in assembling
      and adjustment and the linkage is subjected the lowering of function owing
      to icing in winter.
PAR  An apparatus according to the second type is complex in its structure and
      is difficult to mount on the vehicle. Furthermore the apparatus is
      excessively sensitive to irregular road surface conditions.
PAR  In apparatus according to the third type, as the hysteresis at the outlet
      side generated in a normal brake releasing process becomes large in
      proportion to an increase in spring constant of the control spring, and
      the larger the load capacity of the wheels, the larger the difference
      between respective hydraulic brake pressures at the starting point for the
      pressure reducing operation at light and heavy loads becomes. Therefore,
      if such a pressure reducing valve having less hysteresis is used, a larger
      allowance of displacement for a spring housing is required so that the
      volume of circuits is unnecessarily.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly to a load responsive pressure modulating valve device of this
      invention, the above described drawbacks of the prior art are completely
      eliminated.
PAR  A primary object of this invention is to provide a load responsive pressure
      modulating valve device which controls a starting pressure of the
      hydraulic brake pressure modulating valve in proportion to the load on the
      vehicle by closing a check valve and sealing a hydraulic brake pressure in
      a control chamber in response to a predetermined deceleration which has
      been detected by means of a deceleration detecting means.
PAR  Another object of this invention is to provide a load responsive pressure
      modulating valve device minimizing a hysteresis, i.e., a gap between a
      hydraulic brake pressure increasing curve along a pressure increasing
      process upon the braking operation, and a decreasing curve along a
      pressure decreasing process upon discharging the hydraulic brake pressure.
PAR  A further object of this invention is to provide a load responsive pressure
      modulating valve device which suppresses the rise of pressure in the
      control chamber without preventing shifts of the plungers, and operates
      effectively along a pressure decreasing process upon discharging the
      hydraulic brake pressure.
PAR  A further object of this invention is to provide a load responsive pressure
      modulating valve device which has proportional pressure reduction
      characteristics which match a pressure reduction ratio through any loading
      condition.
PAR  Another object of this invention is to provide a load responsive pressure
      modulating valve device which prevents the pressure in the control chamber
      from becoming higher, in comparison with the input hydraulic brake
      pressure, when the braking fluid is sealed in the control chamber by means
      of a check valve.
PAR  A further object of this invention is to provide a load responsive pressure
      modulating valve device which is able to control the hydraulic brake
      pressure throughout the load variation range by utilizing a factor which
      has a small variation range, such as a variation of deceleration, owing to
      a change of load condition.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  The above and other objects, features and advantages of this invention will
      become apparent in detail from the following description taken in
      conjunction with the accompanying drawings in which;
PAR  FIG. 1 is a schematic diagram of a vehicle braking system utilizing a load
      responsive, pressure modulating valve device according to the present
      invention;
PAR  FIG. 2 is a cross sectional view showing the load responsive proportioning
      pressure reducing valve apparatus of the present invention;
PAR  FIG. 3 is an enlarged view showing the partial section of the seal valve
      adapted for the proportioning valve apparatus in FIG. 2;
PAR  FIG. 4 is a partial view of the seal valve as seen from Z.sub.1 - Z.sub.2
      direction in FIG. 3;
PAR  FIG. 5 is a partial sectional view of the seal valve as seen from Z.sub.3 -
      Z.sub.4 in FIG. 3;
PAR  FIG. 6 is a partial sectional view of the seal valve as seen from Z.sub.5 -
      Z.sub.6 in FIG. 3;
PAR  FIG. 7 is a sectional view of the deceleration sensing mechanism shown in
      FIG. 2;
PAR  FIG. 8 is a graph showing the relationship between the hydraulic brake
      pressures on the front and rear brakes;
PAR  FIG. 9 is an enlarged sectional view of a portion of the embodiment of the
      control apparatus according to the instant invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The diagram, shown in FIG. 1, shows a load responsive proportioning
      pressure reducing valve 14 of the present invention applied to a typical
      front and rear wheel separate type brake hydraulic circuit having a normal
      tandem master cylinder operable by the application of the brake pedal 1
      with a pedal effort 2. The secondary chamber 5 of the tandem master
      cylinder 3 is connected, through the front wheel conduit 6, to the front
      wheel brakes 9. The primary chamber 4 of the tandem master cylinder 3 is
      connected to the inlet port 21 of the load responsive proportioning valve
      14 by a first rear wheel conduit 7 and the output port 26 is connected to
      the rear wheel braking means 10 via second conduit 8.
PAR  The load responsive proportioning pressure reducing valve 14 shown in FIG.
      2 has a valve body 20 and end 40 to form a casing, and a first O-ring 72
      made from high polymer resilient material properly compressed between the
      contact face 41 of the first annular shoulder 54 and the end cover 40
      formed by the sensor housing 53 as will be hereinafter described is
      provided in the O-ring housing 52 provided in end face 51 of the valve
      body 20. Thus, the valve body 20 and the end covers 40 are sealingly
      joined by the bolts 47.
PAR  In the casing of valve 14 are contained a proportioning valve apparatus 80,
      to proportionally reduce the pressure introduced into inlet 21 through the
      first rear wheel conduit 7 to discharge it to the second rear wheel
      conduit 8, a deceleration sensing mechanism 50 for sensing the
      deceleration generated by the brake application, and a control apparatus
      150 for controlling the starting point of the operation of the
      proportioning valve apparatus 80 in response to the operation of the
      deceleration sensing mechanism 50 and at the same time for controlling the
      set value of the deceleration sensing mechanism 50. One chamber of the
      proportioning valve apparatus 80 is connected to the deceleration sensing
      mechanism 50 by passage 27, while the other chamber of the proportioning
      valve apparatus 80 is connected to the control a 150 by the fluid passage
      28 and fluid passage 103. The deceleration sensing mechanism 50 is
      connected to the control apparatus 150 by the fluid passage 67 and fluid
      passage 68 through the check valve 69.
PAR  The deceleration sensing mechanism 50 includes a deceleration sensor 59,
      which slides or rolls in either the forward or backward direction of the
      vehicle in response to the deceleration value of the vehicle produced by a
      brake application and the check valve mechanism 60 to 71 for closing the
      fluid passage when the displacing amount of the deceleration sensor 59
      exceeds a predetermined value. The deceleration sensor 59 is confined in
      the sensor housing portion 53 of valve body 20 provided with the sensing
      chamber 75 formed by the travelling clearance 56 so as to slide or roll
      only in the direction of the arrow 73 or 74. The control apparatus 150 and
      the deceleration sensing mechanism 50 are disposed on the common axis
      X.sub.1 - X.sub.2. On the axis X.sub.1 - X.sub.2 of the sensing chamber 75
      adjacent to the control apparatus 150, are provided a check valve chamber
      57 comprising part of the check valve mechanism and annular shoulder 58
      formed by the stepped bore 157 passing from the sensing chamber 75 to the
      control apparatus 150 to form catching portion of the check valve 69.
PAR  Fluid passages 55 are provided parallel to the axis X.sub.1 - X.sub.2 in
      the sensing chamber 75 in order to make smoothly movable the deceleration
      sensor 59 by the inertia force produced as a result of the deceleration
      and not to urge back the deceleration sensor 59 in the direction of the
      arrow 74 when pressure fluid flows abruptly in the sensing chamber 75
      through fluid passage 27 and to prevent occurring the local hydraulic
      pressure difference in the sensing chamber 75 by the movement of the
      deceleration sensor 59. The ratio of the effective area of a fluid passage
      communicating with the front part and the rear part chambers of the
      sensing chamber 75 separated by the deceleration sensor 59 in the
      direction of the axis X.sub.1 - X.sub.2 is held over 28%. The check valve
      plunger 60 operates upon receipt of the inertia force of the deceleration
      sensor 59 when the hydraulic brake pressure is increased in the normal
      speed, while it so operates to promote the inertial force action of the
      deceleration sensor 59 upon receipt of the hydraulic pressure when the
      hydraulic brake pressure is increased in quick speed, thereby making it
      possible to effectively operate the check valve 69 of high polymer
      resilient material in order to close the fluid passage between the
      deceleration sensing mechanism 50 and the control apparatus 150.
PAR  The check valve plunger 60 has a head face 61 with a flat shape contacting
      the deceleration sensor 59 for quickly operating upon abrupt pressure
      application and for catching the operation of the deceleration sensor 59,
      an annular shoulder 62 for backing up the check valve 69 for exerting an
      effective sealing function of the contact portion 70 when the check valve
      69 is pressed onto the annular shoulder 58, the valve retaining groove 63
      for properly engaging the check valve 69, and the plunger stem 64 slidably
      engaging an extreme small gap against the stepped bore 157 perpendicularly
      crossing with the annular shoulder 58 for effectively performing the above
      function upon quick pressure application for connecting to the annular
      shoulder 58 simultaneously with all the circumference of the contact
      portion 70 of the check valve 69, etc.
PAR  The plunger stem 64 has a spring holding bore 65 for holding the sensor
      control spring 199 as described hereinafter, the fluid passage 68 with an
      opening at the side of its end surface, the annular shoulder 66 for
      receiving one end of the sensor control spring 199, and the fluid passage
      67 crossing perpendicularly to the head of the plunger stem 64 to
      communicate with the fluid passage 68.
PAR  The check valve 69 for effectively closing the fluid passages 67 and 68
      between the sensing chember 75 and the control apparatus 150 by responding
      to the movement of the deceleration sensor 59 in the direction of the
      arrow 73, has a flange extended radially inner-wards tightly engaged with
      the valve retaining groove 63, the contact portion 70 being contactable
      with annular shoulder 58 to perform the sealing function, and a groove for
      receiving the valve retainer 71 formed in C-shape for engaging the flange
      more tightly with the valve holding groove 63.
PAR  In order to prevent the shock noise generated upon its arrival at the
      inside boss 42 of the end cover 40 when the deceleration sensor 59 is
      pushed back in the direction of the arrow 74 from the state of the closing
      position of the check valve 69, a damper 45 made of high polymer resilient
      material is incorporated in blind bore 43.
PAR  The control apparatus 150 is provided coaxially to the axis X.sub.1 -
      X.sub.2 of the deceleration sensing mechanism 50 and oppositely to the
      opening end face 51 of the valve body 20, and has a stepped bore 151,
      internal threads 152, stepped bore 153, stepped bore 154, stepped bore
      155, bore 156 and stepped bore 157 communicated with the sensing chamber
      75, each stepped bore being diminished in diameter from the preceding
      bore. The end 158 of the control apparatus 150 is closed by end plug 162
      having the extension 164 tightly engaged with stepped bore 151, external
      threads 165 screwed in the internal threads 152, the stepped extension 166
      movably engaged with stepped bore 153, and the hexagonal plug head 163
      provided for the purpose of easily screwing in the asembly. When annular
      shoulder 167 formed by the plug head 163 and the extension 164 are screwed
      in, the annular shoulder 168 formed by the stepped extension 164 and the
      external threads 165, the annular shoulder 159 formed by the stepped bore
      151 and the internal threads 152, and the O-ring 185 of high polymer
      resilient material interposed in the cavity formed by the stepped bore 151
      and the external threads 165 are so disposed as to be constrict by the
      annular shoulders 159 and 168 and thereby seal completely the opening of
      the second opening end 158.
PAR  At the central portion of the free end 169 of the end plug 162 there is
      provided fluid passage 172 having an opening at the free end 169 side, and
      fluid passage 173 communicating therewith and passing through the small
      stepped extension 166. The fluid passage 172 and the fluid passage 173
      cooperate with the gap established between the stepped bore 153 and the
      small stepped extension 166 for transmitting the hydraulic pressure
      without delay to the cup seal 186 as hereinafter described when the
      projection 180 is engaged with the annular shoulder 171 formed by the
      cavity 170 and the fluid passage 172.
PAR  When the pressure in the interior of the control apparatus 150 increases
      over a specific value, the differential piston 175 displaces in the
      direction of the arrow 74 in proportion to the value of the hydraulic
      pressure for the reason hereinafter described, and accordingly the end
      portion of the projection 180 is held to the position separated from the
      annular shoulder 171. The cup seal 186 move toward the end of the
      projection 180 due to the negative pressure produced temporarily when the
      internal pressure is abruptly released from such a state and at the same
      time the end surface of the projection 180 contacts the annular shoulder
      171. The annular land formed by the free end 169 is provided so as to
      limit the movement of the cup seal 186 and to return the cup seal 186 to
      the original position. Therefore, a sufficient length is given to the
      projection 180 so that the cup seal 186 may not be a part therefrom.
PAR  The differential piston 175 has a large diameter piston 176 slidably
      engaging the stepped bore 153 in flange shape, and a small diameter piston
      177 slidably engaging the stepped bore 154 in the same manner, a
      projection 180 projected in the direction of the arrow 73 from the large
      diameter piston 176, the projection 182 projected in a direction of the
      arrow 74 from the small diameter piston 177, and a fluid passage 184
      passing through the reduced diameter portion 178 which is smaller in
      diameter than the others.
PAR  In the cavity formed by annular shoulder 181, large diameter piston 176,
      projection 180, and the stepped bore 153, and in the cavity formed by the
      annular shoulder 183, small diameter piston 177, projection 182, and the
      stepped bore 154, are inserted the cup seal 186 and 187 formed of high
      polymer resilient material with lip flanges sealingly engaging the outer
      peripheral wall of the respective projection and the inner peripheral wall
      of the respective stepped bores.
PAR  At the differential piston 175 there is provided an annular space formed by
      the large diameter piston 176, the small diameter piston 177, the reduced
      diameter portion 178, the stepped bore 153 and the stepped bore 154 which
      forms an air chamber 170 completely sealed by the cup seals 186 and 187
      for the purpose as will be hereinafter described.
PAR  Spring retainer 188 has at one side the projection housing 189 formed by a
      diameter engageable with the projection 182 for the purpose of centering
      on the differential piston 175 and at the other side the large retaining
      bore 193 for retaining at the center the adjusting spring 198 in
      cooperation with the stepped bore 156, the small retaining bore 191 for
      retaining the sensor control spring 199 at the center of its in
      cooperation with the spring retaining bore 65, and the outer diameter
      forming a proper gap provided between the fluid passage 195 and the
      stepped bore 154 so as to allow the transmission of the hydraulic pressure
      to the cup seal 187.
PAR  The free end 196, formed at one side of the spring retainer 188, holds the
      cup seal 187 in an extremely small gap to prevent it from dropping from
      the second projection 182. The free end 197 formed at the other side of
      the spring retainer 188 limits movement of the differential piston 175 in
      the direction of the arrow 74 by engaging the annular shoulder 160 formed
      by the stepped bore 154 and the stopped bore 155 for the purpose as will
      be hereinafter described.
PAR  The one end of the adjusting spring 198 is retained by the annular shoulder
      194 formed by the large retaining bore 193 and the small retaining bore
      191, and the other end thereof is supported by the annular shoulder 161
      formed by the stepped bore 156 and stepped bore 157 so that its expansion
      force urges the differential piston 175 in the direction of arrow 73.
      Further, one end of the sensor control spring 199 is supported by the
      annular shoulder 192 formed by the small retaining bore 191 and the fluid
      passage 195, and the other end thereof is supported by the annular
      shoulder 66 formed by the spring retaining bore 65 and the fluid passage
      68 so that its repulsion force urges the deceleration senser 59 in the
      direction of the arrow 74 through the check valve plunger 60 and the
      differential piston 175 in the direction of the arrow 73.
PAR  The proportioning valve apparatus 80 disposed on the axis Y.sub.1 - Y.sub.2
      and has a housing having open end 86 situated to the opposite side of the
      opening end surface 51 of the valve body 20, stepped bore 81, the first
      internal screw 82, the stepped bore 83, the stepped bore 84 and stepped
      bore 85 wherein each of the diameters of the stepped bores are smaller
      than the preceding bore.
PAR  The opening of the open end 86 side of the proportioning valve apparatus 80
      is closed by the end plug 91 composed of the large stepped extension 93
      tightly engageable with the stepped bore 81, the external screw 94 screwed
      with the internal screw threads 82, the small stepped extension 95 tightly
      engageable with the stepped bore 83, and hexagonal plug head 92.
PAR  The O-ring 104 of the normal type formed by high polymer resilient material
      is inserted into the cavity formed by the annular shoulder 97, the annular
      shoulder 87, the steped bore 81, and the opening of the first opening end
      86.
PAR  The cup seal 106 of normal type formed by high polymer resilient material
      having an outer lip flange sealingly engaging the inner wall surface of
      the seal housing 100 and an inner lip sealingly engaging the outer wall
      surface of the lower stem 121 for shutting the hydraulic pressure between
      the stepped bore 84 and the blind bore 101, excepting special cases as
      will be hereinafter described is provided in the seal housing 100. O-ring
      groove 99 is provided at the small stepped extension 95, and is fitted
      with the O-ring 105 of normal type formed of high polymer resilient
      material. The external screw portion 94 has a plurality of radial fluid
      passages 103 at positions corresponding substantially to the fluid passage
      28, communicating with the fluid passage 125 and the blind bore 101
      passing through the axis of the external screw portion 82 and the fluid
      passage 125 of annular groove type. The main purpose of these fluid
      passages 103 and 125 are for always communicating the chamber formed by
      the blind bore 101 through the fluid passage 28 with the control apparatus
      150. Therefore, the sealing action between the sensing chamber 75 and the
      control apparatus 150 by the connection of the contact portion 70 with
      annular shoulder 58 and the sealing actions of the cup seal 106 and the
      O-ring 105 cooperate to hydraulically isolate the chamber defined by the
      blind bore 101 from the chamber formed by the stepped bore 84. At the same
      time the hydraulic pressure in the control apparatus 150 and the blind
      bore 101 are kept always on the same level.
PAR  Between the stepped bore 83, the stepped bore 84, and the free end 98 of
      plug 91, there, is inserted a limiter ring 108 composed of a thickness
      having a slight gap in axial direction thereto, an outer diameter movably
      engaged with the stepped bore 83, and an inner diameter larger than the
      lower stem 121. The limiter ring 108 functions to prevent the cup seal 106
      from slipping of the first seal housing 100 by the negative pressure
      appearing when the hydraulic pressure in the chamber formed by the stepped
      bore 84 is abruptly reduced, and at the same time prevents the plunger
      valve 109 from moving in the direction of the arrow 126 more than required
      for the purpose as will be hereinafter descrlbed. The plunger valve 109 is
      smoothly slidable in the stepped bore 84 and is locally formed with a
      circle at the top of regular polygonal shape in order to have proper fluid
      passage, and has two flanges apart each other with proper distance, that
      is, the upper sliding flange 118 and the lower sliding flange 119, the
      reduced diameter portion 120 having a diameter smaller than a segment of
      the regular polygonal shape interleaved between both flanges, lower stem
      121 having a diameter, for slidably engaging with the blind bore 101
      extended toward the axis at one side of the lower sliding flange 119,
      cylindrical valve head 110 provided to a proper valve head gap 111 between
      the stepped bore 85 and extended toward the axis at the other side of the
      upper sliding flange 118, neck portion 116 formed with a diameter smaller
      than any of the two interleaved between the upper sliding flange 118 and
      the valve head 110, seal retaining portion 117 expanded in radial
      direction for holding the seal valve 128, and lower projection 123 of
      small diameter further extended in an axial direction from one side of the
      lower stem 121. The diameter of the lower projection 123 is so determined
      as to be slidably engaged with respect to the inner diameter thereof for
      holding at the center the plunger actuating spring 107. The flange end 122
      formed by the lower sliding flange 119 and the lower stem 121 is so
      determined in dimension for the purpose of controlling the proper value of
      the moving amount as to enable it to be contacted in support onto the end
      surface of the limiter ring 108 when the plunger valve 109 moves in the
      direction of the arrow 126. The rounded portion 112 for performing the
      proportioning pressure reducing function in cooperation with the seal
      valve 128 as will be hereinafter described is provided at the portion of
      the valve head 110 adjacent to the neck portion 116. At the center portion
      of the valve head 110 are provided fluid passage 114 substantially
      coinciding with the fluid passage having an opening at the valve head end
      113 and a number of radial fluid passages 115 crossing therewith.
PAR  In the interior of the blind bore 101 there is disposed the annular
      shoulder 124 formed by the lower stem 121 and the lower projection 123,
      and the plunger actuating spring 107 which is held at the end of the blind
      bore bottom 102 forming the bottom of the blind bore 101. The expansion
      force of the plunger actuating spring 107 urges the plunger valve 109 so
      as to contact the valve head end 113 to the annular shoulder 90.
PAR  In the cavity formed by the annular shoulder 89, the seal retaining portion
      117, the neck portion 116 and the stepped bore 84 is disposed the seal
      valve 128 for performing the main function of the present proportioning
      valve apparatus 80 in cooperation with the plunger valve 109 when the
      valve head end 113 is engaged with annular shoulder 90.
PAR  The seal valve 128 cited in the present invention is the same as U.S. Pat.
      No. 3,423,936, but in order to clarify the function in relation to the
      present invention, its structure and function will now be described in
      detail.
PAR  The seal valve 128 formed of high polymer resilient material is made up of
      the portions having the following purposes as will be hereinafter
      described.
PAR  In FIGS. 2 to 6, in the state that the seal valve 128 is not restricted, it
      has the sealing flange 129 containing the lip portion 130 bent downwardly
      and extending toward the outer circumferential direction. When the seal
      valve 128 is involved in the cavity and the lip portion 130 is contacting
      the wall surface of the stepped bore 84, the dimension of the sealing
      flange 129 is determined so as to deform slightly inwardly. This deforming
      effect prevents the fluid from passing between the inlet port 21 and the
      outlet port 26 outside the lip portion 130 excepting the special
      conditions as will be hereinafter described. At the upper portion of the
      seal flange 129 is disposed a plurality of axially extending ribs 136
      generally in semicylindrical shape spaced equi-distantly about the
      periphery. The size of the outside of the axially extending ribs 136 are
      so provided as to contact the wall surface of the stepped bore 84 when the
      seal valve 128 is inserted into the cavity. On the lower surface of the
      seal valve 128 there are disposed a number of semispherical bosses 134
      projecting downwardly therefrom and equi-distantly spaced about the
      periphery. These semispherical bosses 134 become the post for pushing the
      seal valve 128 by the seal retaining portion 117. The boss clearance 135
      formed by contacting the seal retaining portion 117 with the
      semi-spherical boss 134 forms the fluid passage connected to the fluid
      passage formed by the inside portion of the flange 131 and the outside
      cylindrical post of the seal retaining portion 117 to become the fluid
      passage for communicating the brake fluid of the inlet port 21 with the
      outlet port 26. At the upper end of the seal valve 128 are disposed a
      number of cylindrical radial ribs 132 substantially equi-distantly spaced
      for contacting the annular shoulder 89. The relative position of the
      radial ribs, 132 and the axially extending ribs 136 are positioned in the
      same row and the same distance so as to form fluid passages by the radial
      grooves 133 and axial grooves 137. This provision functions to keep the
      hydraulic pressure of the outlet port 26 at the outside upper portion of
      the lip portion 130 always when the rounded portion 112 is pushed against
      the valve seat 139 so that the value of the hydraulic pressure of the
      outlet port 26 side is able to arrive at slightly higher level in
      comparison with the value of the hydraulic pressure of the inlet port 21
      side. Also this provision functions to make the value of the hydraulic
      pressure on the outlet bore 26 side and that on the inlet port 21 side
      approximately equivalent to each other by passing the fluid of the outlet
      port 26 side through the outside of the lip portion 130 to counterflow to
      the inlet port 21 side when the hydraulic pressure force thereby exceeds
      the force produced by the internal deformation of the sealing flange 129,
      the sealing flange 129 further receives slight deformation therein and the
      lip portion 130 apart from the wall surface of the third stepped bore 84.
      At the upper end of the inner peripheral surface 138 of the seal valve 128
      is provided a valve seat 139 formed on the curve surface at its corner.
      This curved surface of the valve seal 139 is so provided as to move in the
      direction of the arrow 126 due to the balance condition of hydraulic
      pressure acting upon the plunger valve 109 and to receive the plunger
      valve 109 therein when the rounded portion 133 contacts the valve seat
      139, and to perform the sealing function together with urging the slight
      change of shape of the contacting portion.
PAR  The dimension of the diameter of the inner peripheral surface 138 of the
      seal valve 128 is so determined as to satisfy the following items:
PAR  One item is to constitute the element of the fluid passage adapted for
      forming an annular fluid passage by setting the inner diameter of the
      inner peripheral surface 138 larger than the outer diameter of the neck
      portion 116 and for transmitting the brake fluid of the inlet port 21 side
      to the outlet port 26 side as the fluid passage linked to the boss gap
      135.
PAR  Another item is that when the rounded portion 112 contacts the valve seal
      139, the latter supports the former to become a support for the valve seat
      139 in order to continuously hold the positive sealing function.
PAR  It will be hereinafter described as to the relation between the operational
      principle of the apparatus of this invention and the operational principle
      of the proportioning valve apparatus 80, but when the hydraulic pressure
      of the inlet port 21 side arrives at the predetermined value, it is urged
      toward the arrow 126 by the hydraulic pressure acting onto the plunger
      valve 109 to be a balanced state where the rounded portion 112 connects
      the valve seat 139. When the pressure of the inlet opening 21 side
      increases a little further, the above balanced condition is broken so that
      the contact is released. The contact is reestablished when a certain rate
      of the slightly increased hydraulic pressure of the inlet port 21 side is
      transmitted to the outlet port 26 side after this release of the contact.
      The operational function of the proportioning valve apparatus 80 in the
      process of brake pressure application is thus conducted every time the
      hydraulic pressure of the inlet port 21 side slightly increases, so that
      the opening and closing operation between the valve seat 139 and the
      rounded portion 112 is repeated, and the pressure increase of the outlet
      port 26 side is reduced with the predetermined rate in comparison with the
      increase of the hydraulic pressure of the inlet port 21 side. Therefore,
      when the increase of the hydraulic pressure of the inlet port 21 side is
      stopped at the proportioning pressure reducing state where the opening and
      closing are repeated so that its hydraulic pressure is kept the same, the
      rounded portion 112 holds the connected state with the valve seat 139. The
      pressure of the inlet port 21 side is held in high level in comparison
      with the pressure of the outlet port 26 side at the proportioning pressure
      reducing state for the reason as was described above. The seal valve 128
      at the proportioning pressure reducing state is pushed onto the annular
      shoulder 89 by the hydraulic pressure force.
PAR  Further item of the value of the diameter of the inner peripheral surface
      138 is that special function is so determined to perform when the pedal
      effort 2 is slacked from the time point when it is operated in the above
      described proportioning pressure reducing state so that the hydraulic
      pressure of the inlet port 21 side is reduced. The acting force against
      the plunger valve 109 at the proportioning pressure reducing state is
      balanced at the state where the value of the pressure of the outlet port
      26 side is a low level compared to the value of the hydraulic pressure of
      the inlet opening 21 side, so that the rounded portion 112 is connected to
      the valve seat 139. Therefore, when the hydraulic pressure of the inlet
      port 21 side is lowered from the above described state, the pressure force
      toward the arrow 126 acting upon the plunger valve 109 is increased. In
      order to decrease the hydraulic pressure of the outlet port 26 side in
      proportion to the lowering of the pressure of the inlet port 21 side at
      the said connected condition, the valve head 110 is moved toward the
      direction of the arrow 126 by increasing the pressure toward the direction
      so as to increase the volume of the outlet port 26 side. The value of the
      diameter of the inner peripheral surface 138 and the resilient deformation
      characteristics thereof allow the inner peripheral surface 138 to expand
      by the valve head 110 and the valve head 110 slidably moves in the inner
      peripheral surface 138 while the sealing function is continued.
PAR  Though the value of the sliding movement increases in proportion to the
      lowered value of the hydraulic pressure of the inlet port 21 side, a
      certain limit is provided therefor for the reason as will be hereinafter
      described. In the process of brake releasing operation, the value of the
      pressure of the inlet port 21 arrives at low level slightly earlier than
      the value of the pressure at the outlet port 26 by the repulsion force due
      to the internal deformation of the sealing flange 129 already described
      above and by the sealing friction. When the inlet port 21 arrives at the
      slightly low pressure compared with the outlet opening 26, the pressure of
      the outlet port 26 is oppositely transferred to the inlet port 21 passing
      through the outside of the lip portion 130 already described.
PAR  The function of the deceleration sending mechanism 50 and the control
      apparatus 150 will be described in detail in the following process of the
      brake releasing operation, but, as described above, the pressure force
      acting upon the plunger valve 109 at the time when the pressure at the
      outlet port 26 passes through the outside of the lip portion 130 and is
      returned to the inlet port 21 side, and thereby both values of the
      pressure become approximately equivalent, is substantially kept in its
      balance, so that it is not urged in the direction of the arrow 126 nor of
      the arrow 127. Therefor, even after the pressure of the inlet port 21 side
      vanishes, the valve head 110 is kept in such a state that it has been held
      by the inner peripheral surface 138. When the plunger valve 109 is held in
      such state, not only the slight residual hydraulic pressure is kept at the
      outlet port 26, but even when the brake pressure is again applied, the
      valve head 110 does not part from the inner peripheral surface 138 until
      the pressure at the inlet port 21 arrives at a predetermined value, so
      that the pressure increase at the outlet port 26 is delayed. The actuating
      spring 107 is provided to eliminate this disadvantage. The repulsion force
      of the plunger actuating spring 107 releases the plunger valve 109 held by
      the inner peripheral surface 138 in the brake releasing operation byy
      overcoming the frictional force between both and provide such a sufficient
      value as to urge the valve head end 113 onto the annular shoulder 90.
PAR  The relationship between the position of the fluid passage 115 provided at
      the valve head 110 and the position of the flange end 122 against the
      limiter ring 108 is so provided as to restrain the movement of the plunger
      valve 109 at the position where the opening of the fluid passage 115 is
      not engaged with the inner peripheral surface 138 when the valve head 110
      slidably moves toward the inner peripheral surface 138 during brake
      releasing operation, thereby preventing the above opening portion from
      damaging the inner peripheral surface 138.
PAR  The limit of the moving amount of the plunger valve 109 is provided with
      two sets of portions in dimension so that the reduction of the pressure at
      the outlet port 26 obtained by the above moving of the valve head 110 when
      the pressure at the inlet port 21 is released from the upper limit of the
      pressure of the actual brake operation, is possible in the actual use. The
      primary object of the reduced diameter portion 120 provided at the plunger
      valve 109 is, as already described, to reduce the weight for smoothing the
      movement of the plunger valve 109 for operating in vibration when the
      pressure at the inlet port 21 side is increased, and the secondary object
      is to facilitate flow of the brake fluid from the fluid passage 23 to the
      stepped bore 84 and from the stepped bore 84 to the fluid passage 27 in
      the stroke range of the plunger valve 109.
PAR  On the valve body 20 there are provided openings for introducing the brake
      hydraulic pressure urged by the primary chamber 4 through the first rear
      wheel conduit 7 to the proportioning valve apparatus 80 and for reducing
      the hydraulic pressure directly or proportionally to transmit through the
      second rear wheel conduit 8 to the rear wheel brakes 10 to receive the
      normal means for connecting the conduits. The inlet opening 21 having the
      inlet port threads 30 and the pipe seat 31 out of these openings are
      introduced through the fluid passage 22 and the fluid passage 23 to the
      stepped bore 84 so that the outlet port 26 having the outlet port threads
      32 and the pipe seat 33 is communicated with the stepped bore 25 through
      the fluid passage 25 and the fluid passage 24, and the fluid passage 24 is
      so provided as to coincide with the fluid passage 114 when the valve head
      end 113 is contacting the annular shoulder 90.
PAR  From the foregoing description, as shown in FIG. 2, when the valve seat 139
      and the rounded portion 112 are not connected, the brake pressure from the
      first rear wheel conduit 7 is transmitted through the gap formed by the
      fluid passage 22, the fluid passage 23, the stepped bore 84, through
      stepped bore 84 to the opposite side of the upper sliding flange 118, the
      gap formed by the flange inner peripheral surface 131 and outside circular
      post of the retaining portion 117, the gap formed by the inner peripheral
      surface 138 and the neck portion 116, the gap formed by the rounded
      portion 112 and the valve seat 139, the valve head gap 111, the fluid
      passage 115, the fluid passage 114, the fluid passage 24 and the fluid
      passage to the rear wheel second conduit 8.
PAR  The brake pressure introduced from the first rear wheel conduit 7 is
      branched from the stepped bore 84 through the fluid passage 27 into the
      sensing chamber 75. For this reason, the pressure in the sensing chamber
      75 is equal to the value of the pressure urged by the primary chamber 4
      together with the pressure in the third stepped bore 84 so that it is not
      under the influence of the position of the plunger valve 109.
PAR  As shown in FIG. 2, when the contact portion 70 is not contacting with the
      second annular shoulder 58, the pressure in the sensing chamber 75 is
      transmitted through the fluid passage 67, the fluid passage 68, the
      stepped bore 155, the stepped bore 154, the fluid passage 28, the fluid
      passage 125, the fluid passage 103 to the blind bore 101, and at the same
      time is transmitted through the gap formed by the stepped bore 154 and the
      outer diameter of the spring retainer 188 into the sealing flange of the
      cup seal 187 and through the gap formed by the fluid passage 195, fluid
      passage 184, fluid passage 172, fluid passage 173, the stepped bore 153,
      and the small stepped extension 166 into the sealing flange of the cup
      seal 186.
PAR  As clear from the foregoing description, as series of fluid passages from
      the fluid passage 22 through the fluid passage 25 to the second rear wheel
      conduit 8 form part of the rear wheel brake circuit, but, on the contrary,
      a series of hydraulic circuit branched from the fluid passage 27 forms a
      branch circuit not directly concerned with the rear wheel brake hydraulic
      circuit.
PAR  Threaded bleeding port 34 having female threads for receiving the normal
      bleeder plug 35 in connection thereto is provided in the fluid passage 29
      coinciding with the fluid passage 125 provided at the first end plug 91,
      so as to establish the means for removing the internal air in the second
      blind fore 101 and the control apparatus 150.
PAR  When the fluid passage between the deceleration sensing mechanism 50 and
      the control apparatus 150 is closed by the check valve 69 with the inertia
      force of the deceleration senser 59, as illustrated in FIG. 7, the inertia
      force F.sub.1 i of the deceleration senser 59 of the weight Wg in the
      brake fluid induced by .alpha.i=.beta.i.sup.. g (wherein g: gravitational
      acceleration, .beta.i: deceleration co-efficient) and the repulsion force
      S.sub.1 i of the senser control spring 199 becomes balanced state when the
      brakes 9 and 10 are, in turn, pressurized by the brake application of the
      vehicle under a certain loading condition to be supplied as the brake
      hydraulic pressure arrives at the brake pressure PCi preset in advance of
      the deceleration speed of the vehicle corresponding thereto and at the
      deceleration .alpha.i. The following balance relation is consistent at the
      limit that the contact portion 70 approaches the annular shoulder 58 under
      the above conditions:
EQU  F.sub.1 i = WG .sup.. .beta.i
EQU  S.sub.1 i = WG .sup.. .beta.i                               1.
PAR  The movement of the check valve plunger 60 is further advanced; and
      assuming that the areas formed by the small sealing diameter d.sub.5,
      larger sealing diameter d.sub.5, and the respective sealing diameter
      formed by contacting the contact portion 70 with the annular shoulder 58
      are represented by A.sub.5.sup.. A.sub.6 (A.sub.5 -A.sub.6), the force
      acting upon the ckeck valve plunger 60 becomes the following:
EQU  S.sub.1 i + PCi.sup.. A.sub.5 &lt;WG.sup.. .beta.i + PCi.sup.. A.sub.6 2.
PAR  here, the left side of the formula (2) is the force toward arrow 74 acting
      onto the check valve plunger 60 from the side of the control apparatus
      150, and the right side of the formula (2) is the force toward arrow 73
      acting onto the check valve plunger 60 from the side of the sensing
      chamber 75. Therefore, the formula (2) shows that as long as the inertia
      force of the deceleration senser 59 and the pressure in the sensing
      chamber 75 are more than the aforementioned valve, the sealing function of
      the fluid passage of the check valve 69 continues to maintain the pressure
      PCi sealed in the control apparatus 150.
PAR  The function of the proportioning valve apparatus 80 will be herinafter
      described in detail, but the pressure modulating starting point of the
      proportioning pressure is determined by the force of the following formula
      acting onto the lower stem 121 by the operating force of the plunger
      actuating spring 107 (the repulsion force of the spring 107 when the
      rounded portion 112 moves the plunger valve 109 until it contacts the
      valve seat 139) and the sealed pressure PCi sealed in the control
      apparatus 150, and the pressure PCi is the main function, and the is the
      sub-function.
EQU  (PCi + S.sub.3 /A.sub.2)A.sub.2                            3.
PAL  wherein A.sub.2 is the sectional area of the lower stem 121.
PAR  The formula (3) shows that the proportioning pressure reducing operation
      starts from the time the pressure introduced into the inlet port 21, is
      higher, by S.sub.3 /A.sub.2, than the value PCi when the above fluid
      passage is closed by the check valve 69. The actuating force upon the
      check valve plunger 60 at the starting point of the proportioning pressure
      reducing is as follows:
EQU  S.sub.1 i + PCi.sup.. A.sub.5 &lt;&lt; WG.sup...beta. i + (PCi + S.sub.3
      /A.sub.2)A.sub.6                                          4
PAR  in other words, as long as the pressure introduced into the inlet port 21
      is over the pressure modulating starting point of the proportioning
      pressure reducing and over the pre-set deceleration speed .beta.i, it
      shows that the closing of the fluid passage by the check valve 69 is
      continued so that the pressure in the control apparatus 150 is maintained.
PAR  It is preferably that the closing of the fluid passage is continued until
      the hydraulic pressure in the sensing chamber 75 is re-set to that of the
      starting point of the proportioning pressure reduction, even during brake
      releasing operation. The check valve 69 holds the fluid passage closed
      even during deceleration of the vehicle in the region where the
      proportioning pressure reducing is in effect. The requirement for
      performing this is to add a further object for strongly consisting the
      conditions of the formula (4) in addition to the object as already
      described with the provision of the operating load of the plunger
      actuating spring 107 so as to cooperate with the effect of the sealing
      effective areas A.sub.5 and A.sub.6 caused by the shape of the contact
      portion 70.
PAR  A consideration for compensating the delay of the operation of the
      deceleration senser 59 at the time of quick pressurizing brake operation
      is conducted in the check valve plunger 60 of the present invention. A
      delay in rising of the generation of the decelerating speed of the vehicle
      takes place in comparison with the accelerating speed of the pressure
      supplied to the sensing chamber 75 and the brakes 9 and 10 at the brake
      pressurizing operation extremely fast conducted actually, the
      aforementioned PCi and .beta.i are not synchronized with the timing axis
      so that the deceleration senser 59 detects a predetermined decelerating
      speed, and at the time point when the check valve 69 is closed by the
      inertia force thereof, the pressure sealed in the control apparatus 150
      exceeds the set value PCi with the result that the proportional reducing
      pressure characteristics not adapted approximately with an ideal brake
      pressure curve is performed. In this invention, in order to compensate the
      problems of this region, a gap formed between the stepped bore 157 and the
      plunger stem 64, provision of the fluid passage effective sectional area
      of the fluid passage 67, and gap 76 at the connecting portion of the head
      face 61 and the deceleration senser 59 are conducted, and the plunger stem
      64 acts as a piston operation at the quick pressurizing time so that the
      fluid passage is closed by the check valve 69 before the inertia force of
      the deceleration senser 59 arrives at F.sub.1 i.
PAR  The load responsive proportional pressure reducing valve 14 is mounted such
      that the axis X.sub.1 - X.sub.2 for connecting the deceleration sensing
      mechanism 50 to the control apparatus 150 is parallel to the direction of
      vehicle travel and disposed horizontally. The arrow 73 concide with the
      advancing direction of the vehicle. The proportioning valve apparatus 80
      is disposed above the axis X.sub.1 - X.sub.2 to facilitate the easy
      removal of the air at the filling of the brake fluid.
PAR  The threaded blind bore 174 not passing through the second end plug 162 and
      the threaded blind bore (not shown) not passing similar to the above
      provided to the fixed boss 46 is referred with the mounting means used for
      mounting the apparatus to the vehicle.
PAR  In the orthogonal coordinate in FIG. 8 representing the rear wheel brake
      pressure at ordinate and the front wheel brake pressure at abscissa, the
      straight line OU represents the relation of the brake pressure of the
      front and rear wheels of the typical brake apparatus supplied with the
      brake pressure energized by the chambers 4 and 5 of the tandem master
      cylinder 3 directly to the brakes 9 and 10 corresponding thereto so that
      the pressure induced at the primary chamber 4 and the secondary chamber 5
      by the force 2 are regarded as substantially equivalent. Therfore, this
      line OU is considered to have angle of 45.degree. with respect to both
      axis of the coordinate, and accordingly the line OU will now be
      hereinafter called as 45.degree. line.
PAR  The approximate hyperbola OE and OF represent the ideal relationship
      between the rear wheel brake pressure and the front wheel brake pressure
      at no and full load of the loading conditions of any vehicle on the
      orthogonal coordinate, so that the former is called no load ideal brake
      pressure curve, and the latter is called full load ideal brake pressure
      curve. It is well known that the optinum brake effect at the respective
      loading conditions is preformed by supplying the brake pressure to the
      brakes 9 and 10 along the ideal brake pressure curve. It is also well
      known that these ideal brake pressure curve of any vehicle has a maximum
      deceleration obtained on the road surface having assumed frictional
      coefficient as a parameter to show the relationship between the brake
      characteristics at the respective wheels and the brake pressure to be
      given for all the wheels to reach the lock state at the same time
      responsive to the distributed weight of the vehicle.
PAR  In the brake apparatus of the actual vehicle, it is impossible to make the
      pressures supplied to the front and rear wheel brakes coincide with the
      ideal brake pressure curves responsive to the optimum deceleration, but
      the 45.degree. line is bent at proper position only for the ideal brake
      pressure curve corresponding to only one loading condition. The
      proportional pressure reducing valve having the function approximately
      adapted therefor is broadly used. The load responsive proportioning
      pressure reducing valve of the present invention has expanded the function
      of the above standard proportioning pressure reducing valve and has a
      feature to perform the above bending characteristics approximately adapted
      for the ideal brake pressure curve is response to the loading conditions
      of all the region determined for the vehicle.
PAR  The straight lines AA' and BB' shown in FIG. 8 are proportioning pressure
      reducing lines approximately adapted with the same pressure reducing ratio
      (oblique) with respect to the no load ideal brake pressure curve and full
      load ideal brake pressure curve.
PAR  The load responsive proportioning pressure reducing valve 14 controls the
      relation of the brake pressure supplied to the front and rear wheels along
      bent line OAA' at the no load state of the loading condition, by the bent
      line OBB' at the full load state, and by the bent line existing between
      both bent lines at the intermediate loading state.
PAR  The crossing point of the no load ideal brake pressure curve and full load
      ideal brake pressure curve with respect to the 45.degree. line are
      represented by Se and Sf, and the deceleration coefficients corresponding
      thereto are by .beta.e and .beta.f (wherein the relationship between the
      deceleration and the deceleration coefficient .alpha.e=.beta.e.sup.. g,
      .alpha.f=.beta.f.sup.. g:gravitational acceleration), the front wheel
      brake pressure by PCe.sup.. PCf. The front and rear wheel brake pressure
      in response to the crossing points A and B of the proportioning pressure
      reducing line and the 45.degree. line are PSme=PSre, PSmf = PSrf and any
      point on the proportioning pressure reducing lines .alpha.e and .alpha.f,
      and the front and rear wheel brake pressure corresponding to the
      respective points are by [PMe,PRe] and [PMf,PRf].
PAR  When the brake pressure introduced into the inlet port 21 is any pressure
      PMi until it arrives at PCe (wherein PMi&lt;PCe), the PMi is supplied from
      the outlet port 26 through the fluid passage as already described to the
      rear wheel brakes 10 at the same time through the fluid passage as already
      described, sensing chamber 75, control apparatus 150 and blind bore 101 to
      be.
PAR  The mounting load of the operation load of the plunger actuating spring 107
      as already described is represented by S.sub.3 -K.sub.3.sup.. dy by the
      moving amount dy of the plunger valve 109 toward the arrow 126 and the
      spring constant K.sub.3 of the spring 107 when the gap formed by the
      rounded portion 112 and the valve seat 139 is closed.
PAR  When the pressure in the stepped bore 84 acting toward the pressure
      receiving effective area A.sub.2 of the lower stem 121 sealed by the cup
      seal 106 is equal to the pressure in the blind bore 101, the plunger valve
      109 is urged toward the direction opposite to the arrow 127 by the
      mounting load S.sub.3 - K.sub.3.sup.. dy of the plunger actuating spring
      107 so that the fluid passage between the inlet port 21 and the outlet
      port 26 continues to be in opened state.
PAR  The pressure PMi supplied into the control apparatus 150 acts onto the
      pressure receiving effective area A.sub.4 of the larger diameter piston
      176 and the pressure receiving effective area A.sub.3 of the smaller
      diameter piston 177 (wherein A.sub.3 &lt;A.sub.4), so that the composite
      force PMi (A.sub.4 -A.sub.3) acts to urge the differential piston 175
      toward the direction opposite to arrow 74.
PAR  It is described in order to simply explain the operational function of the
      apparatus of the present invention so that the displacement may not take
      place at the differential piston 175 until the pressure P of the starting
      point of the operation of no load proportional reducing pressure is sealed
      in the control apparatus 150, however this provision may be freely
      changed. For example, it is easily understood that assuming that the
      loading condition is near empty, displacement is not taken place at the
      differential piston 175 with easiness.
PAR  One function of the adjusting spring 198 is to control the pressure for
      starting the movement of the differential piston 175 in the control
      apparatus 150, that is, the following relation is sufficient between the
      operating load S.sub.1 e of the sensor control spring 199 and the mounting
      load S.sub.2 (wherein the operating load is represented by S.sub.2 e,
      S.sub.2 =S.sub.2 e from the aforementioned conditions) as will be
      described hereinafter so that the operating force of the differential
      piston 175 becomes in the balanced state when the pressure in the control
      apparatus 150 arrives at PCe:
EQU  PCe (A.sub.4 -A.sub.3)=S.sub.1 e - S.sub.2 e               5
PAR  The first feature of the apparatus of this invention is the function for
      operating in sensing the decelerating speed provided in advance by the
      deceleration sensor 59 to move the check valve 69 to closed position as
      already described. If one of this set decelerating speed is the value
      .alpha.e(wherein .alpha.e=.beta.e.sup.. g) obtained by supplying the brake
      hydraulic pressure PCe to the respective brakes 9 and 10 at no load state
      of the loading condition so that the check valve 69 is moved by the amount
      dx by the inertia force F.sub.1 e produced upon sensing with the .alpha.e
      by the deceleration sensor 59 of the weight Wg in fluid and when it is
      arrived to the closed position, the operating load S.sub.1 e of the sensor
      control spring 199 having the spring constant .beta..sub.1 is balanced
      with the inertia force F.sub.1 e, the following formulae must be
      satisfied. however F.sub.1 e = S.sub.1 e
PAL  therefore
EQU  F.sub.1 e = WG.sup.. .beta.e
EQU  S.sub.1 e = WG.sup.. .beta.e                               6
PAL  and, the relationship between the mounting weight S.sub.1 of the sensor
      control spring 199 and the operating load S.sub.1 e
EQU  S.sub.1 = S.sub.1 e - k.sub.1.sup.. dx                     6'
EQU  S.sub.1 = WG.sup.. .beta.e - k.sub.1.sup.. dx              7
PAR  Wg and dx of the respective items of the right side formula of the formula
      (7) are the value to be determined at the step of structural design of the
      apparatus of the present invention, and .beta.e is the value easily
      determined from the no load ideal brake hydraulic pressure curve of the
      objective vehicle. k.sub.1 is the value determined by the provision of the
      full load proportioning pressure reducing line approximately adapted for
      the no load ideal brake pressure curve and the full load ideal brake
      pressure curve as will be hereinafter described. Therefore, when the set
      condition of the sensor control spring 199 satisfies the formula (7) under
      the brake conitions as described above, the check valve 69 becomes the
      state shown in FIG. 7, so that the fluid passage formed between the
      deceleration sensing mechanism 50 and the control apparatus 150 is closed
      so as to seal the pressure PCe in the control apparatus 150.
PAR  The second feature of the apparatus of the present invention is that the
      starting point of the operation of the proportioning pressure reducing is
      controlled by the sealing pressure PCe.
PAR  The actuating force to the plunger valve 109 at the time point when the
      check valve 69 is closed is:
PAR  in the direction opposite to arrow 127:
EQU  PCe.sup.. A.sub.2 +(S.sub.3 -k.sub.3.sup.. dy)
PAR  in the direction of arrow 126:
EQU  PCe.sup.. A.sub.2
PAL  and accordingly the fluid passage from the inlet port 21 to the outlet port
      26 by the composite force S.sub.3 - k.sub.3.sup.. dy is held in opened
      state, but when the pressure introduced into the inlet port 21 is further
      increased to reach PCe and to satisfy the following relation:
EQU  PSme - PCe = S.sub.3 /A.sub.2                              8
PAL  the actuating force to the plunger valve 109 is:
PAR  in the direction opposite to the arrow 127:
EQU  PCe.sup.. A.sub.2 +(S.sub.3 -k.sub.3.sup.. dy).fwdarw.(PCe+S.sub.3
      /A.sub.2)A.sub.2 - k.sub.3.sup.. dy
PAR  in the direction of arrow 126:
EQU  PSme.sup.. A.sub.2 .fwdarw.(PCe + S.sub.3 /A.sub.2)A.sub.2
PAL  it is displaced by the displacement dy in the direction of the arrow 126,
      and it is balanced at the position where the rounded portion 112 is
      contacted with the valve seat 139 to close the fluid passage from the
      inlet port 21 to the outlet port 26.
PAR  When the sealing effective area formed by contacting the rounded portion
      112 with the valve seat 139 is represented by A.sub.1 the actuating force
      to the plunger valve 109 at the point A in FIG. 8 is:
PAR  in the direction opposite the arrow 127:
EQU  (PCe + S.sub.3 /A.sub.2)A.sub.2 + PSme (A.sub.1 - A.sub.2)
PAR  in the direction of the arrow 126;
EQU  PSre.sup.. A.sub.1
PAR  since the plunger valve 109 is in balanced state,
EQU  PSre.sup.. A.sub.1 = PSme (A.sub.1 -A.sub.2)+PCe.sup.. A.sub.2 +S.sub.3 9
PAL                                                             9'
PAL  wherein
EQU  PSre = PSme.sup.. (A.sub.1 -A.sub.2)/A.sub.1 +(PCe.sup.. A.sub.2
      +S.sub.3)/A.sub.1
PAR  When the hydraulic pressure introduced into the inlet opening 21 is further
      increased by .DELTA.Pm, it becomes as follows from the condition of
      closing the fluid passage:
EQU  PSre.sup.. A.sub.1 &lt; (PSme + .DELTA.Pm)(A.sub.1 -As)+PCe.sup.. A.sub.2
      +S.sub.3
PAL  so that the balancing conditions are broken with the result that the
      rounded portion 112 is separated from the valve seat 139. As a result, it
      becomes again the balanced condition by transmitting part .DELTA.Pr of the
      increased pressure .DELTA.Pm of the inlet port 21 side to the outlet port
      26 side, and if the fluid passage is closed, the following conditions are
      consisted:
EQU  (PSre+.DELTA.Pr).sup.. A.sub.1 =(PSme+.DELTA.Pm)(A.sub.1 -A 2)+PCe.sup..
      A.sub.2 +S.sub.3                                          10
PAL  from the formulae (10) - (9),
      ##EQU1##
PAR  The formula (11) shows the fact that the fluid passage is again closed by
      the fact that the pressure introduced into the inlet port 21 exceeds the
      PSme and to increase the increment .DELTA.Pm, in turn, so that the
      pressure .DELTA.Pr reduced at a constant rate determined by A.sub.1 and
      A.sub.2 is discharged to the outlet port 26 side, and shows that the
      inclination of the no load proportioning pressure reducing line AA' with
      respect to the front wheel brake pressure axis, that is its reduction
      ratio is (A.sub.1 - A.sub.2)/A.sub.1.
PAR  Therefore, by substituting the front and rear wheel brake pressure PMe and
      PRe corresponding to any point Ae on the no load proportioning pressure
      reducing line AA' to the formula (9'), the no load proportioning pressure
      reducing line is expressed by the following general formula:
      ##EQU2##
PAR  The relation at the point A of the formula (12) of PMe=PRe at the starting
      point of the operation of the proportioning pressure reducing, that is the
      crossing point of the no load proportioning pressure reducing line from
      the characteristics of the 45 degrees line is shown by the formula as
      follows:
      ##EQU3##
PAR  The formula (13) is represented as the general formula of the formula (8).
      The formulae (12) and (13) shows that the same proportioning pressure
      reducing function as that of the proportioning pressure reducing valve
      normally known by the principle and mechanism of the apparatus of the
      present invention is performed, and its reduction ratio is determined by
      the constants A.sub.1 and A.sub.2, and the starting point of the operation
      of the no load proportional reducing pressure is the function of the
      pressure PCe acting onto the end surface of the lower stem. 121.
PAR  The third feature of the apparatus of the present invention is the function
      that the relation of the pressure between the inlet port 21 and the output
      port 26 is on the proportioning pressure reducing line so that the
      pressure of the inlet port 21 side is lowered, to overcome the step of
      operation of the brake pressure reducing.
PAR  When the relation of the pressure at the inlet port 21 and the outlet port
      26 satisfies the formula (12) as already described, the fluid passage
      between both ports are balanced in closed condition, and under such a
      condition, when the pressure at the inlet port 21 side is lower by the
      amount .DELTA.Pm, the following inequality formula is consisting:
EQU  PRe.sup.. A.sub.1 &gt;(PMe-.DELTA.Pm)(A.sub.1 -A.sub.2)+PCe.sup.. A.sub.2
      +S.sub.3                                                  14
PAR  this unbalanced force becomes the pushing force for further pushing the
      plunger valve 109 in the direction of arrow 126, and as already described
      the valve head 110 expands the inner peripheral surface 138 so that while
      the sealing function between both is held to move the balanced position in
      the direction of arrow 126. If this new moving amount to the balanced
      position is presented by .DELTA.y.sub.1, the lowering of the pressure
      caused by the expansion of the volume of the outlet port 26 side is
      induced thereby. When the pressure pf the outlet port 26 side is lowered
      by the amount .DELTA.Pr by the movement .DELTA.y.sub.1, if it reaches a
      new balanced state, the balancing condition of the actuating force for the
      plunger valve 109 becomes as follows:
EQU  (PRe-.DELTA.Pr)A.sub.1 =(PMe-.DELTA.Pm)(A.sub.1 -A.sub.2)+PCe.sup.. A.sub.2
      +(S.sub.3 +k.sub.3.sup.. .DELTA.y.sub.1)                  15
PAL  from the formulae (15) - (12),
      ##EQU4##
PAR  The formula (16) shows the relation of the change of the pressure of the
      outlet opening 26 side in response to the change of the pressure at the
      inlet opening 21 side when the affection by the change of the hydraulic
      pressure PCe acting onto the lower stem 121 is omitted at the step of the
      operation of the pressure reducing of the apparatus of the present
      invention.
PAR  The relation of the change of the pressure at both ports 21 and 26 is clear
      by comparing the formula (11), showing the state of the step of the
      operation of pressurization, with the formula (16), showing the state of
      the step of the operation of the reducing pressure, and the changed amount
      .DELTA.Pr of the outlet port 26 side becomes smaller by the amount of the
      second item of the right formula of the formula (16) at the step of the
      operation of reducing pressure than the changed amount .DELTA.Pm of the
      same value of the inelt port 21 side. This shows that the proportioning
      pressure reducing line, at the step of the operation of the pressure
      reducing, is biased at the high pressure side of the rear wheel brake
      pressure axis with respect to the proportioning pressure reducing line at
      the step of the operation of pressurization, so that the difference
      therebetween is proportional to the .DELTA.y.sub.1 (not shown). This
      phenomenon is called hysteresis of the proportioning pressure reducing
      characteristic line gnerally including the change of the Pce as will be
      described hereinafter. However, this hysteresis may be restrained to the
      region where it is not actually detrimental by providing k.sub.3 /A.sub.1
      sufficiently small from the formula (16). As the pressure is lowered
      continuously at the inlet port 21 side, the plunger valve 109 moves in the
      direction of arrow 126 so that the pressure at the outlet port 26 side is
      lowered proportionally in relation to the formula (16), but this function
      is prevented by contacting the flange end 122 with the limiter ring 108
      for the reason as described already and by the mechanism as shown so as to
      stop the movement of the plunger valve 109 in the direction of arrow 126.
      The allowable moved amount Y1 of the plunger valve 109 until the flange
      end 122 contacts the limiter ring 108 from the position where the rounded
      portion 112 is connected to the valve seat 139, is so provided as to lower
      in the state that the pressure of the outlet port 26 side satisfies the
      formula (16) until the lowering of the pressure reducing of the inlet port
      21 side reach near the starting point A of the operation of the
      proportioning pressure reducing when it is operated from the region of the
      brake pressurizing normally operated in pressure reducing operation, but
      even when the pressurizing operation exceeding the brake pressurizing
      region assumed is conducted, the phenomenon generated at the step of the
      operation of the reducing pressure is recognized by the following
      description as that it does not affect substantially the operation of the
      vehicle.
PAR  At the operation of pressure reducing under the above conditions, the
      contact of the flange end 122 with limiter ring 108 is conducted before
      the pressure of the inlet port 21 side is returned to near the point A,
      and thereafter the relation of the formula (16) is broken so that the
      phenomenon of lowering pressure reducing of the outlet port 26 side is
      stopped proportional to the lowering of the pressure reducing of the inlet
      port 21 side. In other words, the proportioning pressure reducing line
      after the contact of the flange end 122 with the limiter ring 108 at the
      operation of the pressure reducing becomes parallel with the front wheel
      brake pressure axis (not shown). As the pressure is continuously lowered
      at the inlet port 21 side, the above parallel line crosses the 45.degree.
      line to continue until the position where it slightly crosses therewith.
      When the proportioning pressure reducing line at the operation of the
      pressure reducing is thus crossed with the 45.degree. line slightly, the
      pressure at the outlet port 26 side becomes in higher level by the crossed
      amount than the pressure of the inlet port 21 side. Under such conditions,
      when the pressure force by the difference dP of both the pressure
      covercome the tension of the sealing flange 129 as described already, the
      pressure of the outlet port 26 side counterflows at the inlet port 21 side
      through the outside of the lip portion 130. The difference of the pressure
      between the inlet port 21 side and the outlet port 26 side is held with
      slight amount related to the tension of the sealing flange 129 as already
      described by this counterflow. Therefore, the relation of both the
      pressure during counterflowing through the outside of the lip portion 130
      approaches the 45.degree. line to become the parallel line (not shown)
      passing the upper portion.
PAR  Even after the plunger valve 109 is displaced by the amount Y.sub.1, the
      pressure PCe acting onto the end surface of the lower stem 121 may not
      change. When the pressure of the inlet port 21 side is lowered to the
      PSme, the force acting to the plunger valve 109 becomes as follows:
PAR  in the direction opposite to the arrow 127:
EQU  PSme(A.sub.1 -A.sub.2)+PCe.sup.. A.sub.2 +S.sub.3 + k.sub.3.sup.. Y.sub.1
PAR  in the direction of arrow 126:
EQU  (PSme + dP)A.sub.1
PAR  if the valve head 110 engaged with the inner peripheral side 138 is pushed
      out by the force acting on the plunger valve 109, its condition is as
      follows:
EQU  (PSme+dP)A.sub.1 .ltoreq.PSme(A.sub.1 -A.sub.2)+PCe.sup.. A.sub.2 +S.sub.3
      +k.sub.3.sup.. Y.sub.1
EQU  (psme-PCe)A.sub. 2 + dP.sup.. a.sub.1 .ltoreq.S.sub.3 +k.sub.3.sup..Y.sub.1
      17
PAR  if the condition of the formula (8) is substituted to the formula (17),
      ##EQU5##
PAR  When the relation of the difference of both the pressure at the step of the
      pressure reducing satisfies the formula (18), the valve head 110 is
      separated from the inner peripheral surface 138 so that the fluid passage
      between both is released with the result that the relationship of the
      pressue of both ports returns to the state represented by 45.degree. line.
      It is assumed that the pressure acting onto the lower stem 121 is constant
      in order to simplify the description of the formulae (16) and (18) showing
      various relation of the steps of operation of pressure reducing, but as to
      the case that the condition where PCe varies is added, it is readily
      recognized from the conntent of the variation of PCe as will be
      hereinafter described.
PAR  The displacement of the plunger valve 109 in the direction of the arrow 126
      at the step of the operation of brake pressure reducing the volume of the
      chamber formed by the control apparatus 150 and blind bore 101 sealed by
      the check valve 69 with the result that the pressure PCe in the chamber is
      abruptly increased so that the displacement of the plunger valve 109 in
      the direction of the arrow 126 is prevented in induction.
PAR  The fourth feature of the apparatus of the present invention is that the
      means for preventing the plunger valve 109 from removing the cause for
      preventing the movement in the direction of the arrow 126 thereof.
PAR  FIG. 9 shows partial structure of the apparatus shown in FIG. 2 in
      principle for the explanatory purpose of the feature, and it shows the
      case that the front and rear wheel brake pressure is in relation shown by
      the point Ae in FIG. 8 at the step of operation of brake pressurizing.
      Assuming that when the lower stem 121 is displaced in the direction of
      arrow 126 by .DELTA.y.sub.1 based on the aforementioned reason by reducing
      the pressure of the inlet port 21 side from the state shown in the
      drawing, the pressure in the chamber is increased by .DELTA.P and that the
      differential piston 175 displaces by .DELTA.y.sub.2 balanced with the
      increased repulsion force of the sensor control spring 199 having spring
      constant k.sub.1, for supporting it and the adjusting spring 198 having
      spring constant k.sub.2 by the increased pressure .DELTA.P. If it is
      assumed the lower stem 121, displaced by .DELTA.y.sub.1, by the operating
      mechanism as above, is supported not only by the sealed noncontractible
      brake fluid, but is supported also by the resiliency having spring
      constant K through the brake fluid, then the following relation exists:
      ##EQU6##
PAR  The following relation exists from the balanced condition of the force
      acting onto the differential piston 175:
      ##EQU7##
PAR  Since the stroke volume of the lower stem 121 and that of the differential
      piston 175 must become equivalent under the condition that the brake fluid
      is incompressible, the following formula exists:
      ##EQU8##
PAR  The stroke volume of the lower stem 121 is absorbed by the stroke volume of
      the differential piston 175, but if the one for adsorbing the stroke
      volume of the differential piston 175 is not provided, the formula (21)
      does not exsists. The air chamber 179 is provided for this purpose. It is
      clear that the formula (21) is consisting by providing the air chamber 179
      having larger volume sufficient in comparison with the stroke volume
      (A.sub.4 - A.sub.3).sup.. .DELTA.y.sub.2 of the differential piston 175 or
      the air passage for communicating with the atmosphere at proper position
      of the air chamber 179.
PAR  If the formulae (20) and (21) are substituted to the formula (19), the
      following formula exists:
      ##EQU9##
PAR  The formula (22) indicates that when the plunger valve 109 is displaced in
      the direction of the arrow 126 by the apparatus of the present invention
      so as to constrict the sealed pressure PCe, its pressure PCe is supported
      by the resiliency having extremely small spring constant K determined by
      the constants A.sub.2, A.sub.3, A.sub.4, k.sub.1 and k.sub.2 to perform
      effectively the function of the operation of the brake reducing pressure.
      The increased amount .DELTA.P of the pressure in the chamber produced by
      the displacement .DELTA.y.sub.1 of the lower stem 121 may be represented
      as the function of .DELTA.y.sub.1 of the lower stem 121 by the formulae
      (20) and (21) as follows:
      ##EQU10##
PAR  The proportioning pressure reducing characteristic added with the varying
      condition of PCe may be obtained as the following formula by substituting
      the formula (23) to the formula (15) showing that the pressure PCe in the
      chamber is not varied by the displacement of the plunger valve 109:
      ##EQU11##
PAR  In consideration with the comparison of the formula (11) showing the
      relation of the pressurizing operation, the formula (16) showing the
      relation at the pressure reducing operation and the formula (16' ) as to
      the relation of varying pressure at the inlet port 21 side and the outlet
      port 26 side at the region of the pressure over the starting point of the
      operation of the proportioning pressure reducing, it is already dexcribed
      that .DELTA.Pr of the formula (16) is smaller by the second item of the
      right side formula of the formula than the same value of the .DELTA.Pm, it
      show that .DELTA.Pr of the formula (16' ) is smaller by the third item of
      the right side formula thereof than the formula. The second and third
      items of the right side formula of the formula (16' ) showing the relation
      of the variation of the pressure at the operation of the reducing pressure
      corresponding to the formula (11) showing the relation of the variation of
      the pressure at the operation of pressurizing indicate the hysteresis
      produced at the operation of reducing pressure of the load responsive
      proportioning pressure reducing valve shown as reference example of the
      apparatus of the present invention.
PAR  The fifth feature of the apparatus of the present invention is a provision
      for performing the proportioning pressure reducing characteristic
      approximately adapting with the same reduction ratio as the ideal brake
      pressure curve corresponding to a given loading condition, when the
      loading condition is varied, by providing, so that when the loading
      condition is in no load state, proportioning pressure reducing
      characteristic approximately adapted for the proper reduction ratio for
      the ideal brake pressure curve may be performed as already described.
PAR  It is necessary that the brake pressure imparted to the brakes becomes high
      pressure together with the increase of the loading weight in order to
      produce a constant deceleration to the vehicle by the brake operation, and
      the deceleration responsive to the crossing point of the 45.degree. line
      and the ideal brake pressure curve becomes high level together with the
      increase of the loading weight as well known. Therefore, there is the
      relationship of between the decelerating speeds .alpha.e and .alpha.f
      corresponding to the crossing point of the 45 degrees line, no load ideal
      brake pressure curve and full load ideal brake hydraulic curve shown in
      FIG. 8 (wherein .alpha.e=.beta.e.sup.. g,.alpha. f=.beta.f.sup.. g). The
      property of the full load ideal brake pressure curve is considered in
      order to provide the proportioning pressure reducing ratio and the no load
      proportioning pressure reducing line with respect to the no load ideal
      brake pressure reducing line having the same proportioning pressure
      reducing is determined to approximately adapt in the range allowable
      actually for the ideal brake pressure of both.
PAR  Though the deceleration sensing point at both loading conditions is put at
      the deceleration corresponding to the crossing point of the ideal brake
      hydraulic pressure curve and 45.degree. line in order to simplify the
      description of this invention, it is actually not always limited only to
      this point. It is clear that any one or both of deceleration sensing
      points may be set to the proper portion.
PAR  When the deceleration .alpha.f(=.beta.f.sup.. g) corresponding to the
      crossing point of the ideal brake hydraulic pressure curve and 45.degree.
      line in order to simplify the description of this invention, it is
      actually not always limited only to this point, it is clear that any one
      or both of deceleration sensing points may be set to proper portion except
      the above.
PAR  When the deceleration .alpha.f(=.beta.f.sup.. g) corresponding to the
      crossing point Sf of the 45.degree. line and the full load ideal brake
      pressure curve is the set deceleration of the deceleration sensor 59 at
      the full loading and the brake pressure required for generating the
      deceleration is by PCf, the relationship between the value of the pressure
      and the pressure PSmf corresponding to the starting point of the operation
      of the proportioning pressure reducing at full loading consists of the
      following relation by the plunger actuating spring 107 and its peripheral
      functional conditions are already described:
EQU  PSse-PCe=PSmf-PCf=S.sub.3 /A.sub.2                         24
PAL  it was already described that when the deceleration of the vehicle arrives
      at the .alpha.e(=.beta.e.sup.. g) at no loading state, the check value 69
      is closed by the deceleration sensor 59, and the operation weight S.sub.1
      e of the sensor control spring 199 is obtained by satisfying the formula
      (6). Similarly, if the operating weight of the sensor control spring 199
      varies from S.sub.1 e to S.sub.1 f by means as will be described
      hereinafter, as the check valve 69 is closed by the deceleration sensor 59
      when the deceleration of the vehicle arrives at .alpha.f(=.beta.f.sup.. g)
      in the full loading state, the following formula is consisted:
EQU  S.sub.1 f=WG.sup.. .beta.f                                 25
PAR  It is already described that when the decelerating speed .alpha.e is
      provided by giving the brake pressure PCe to the respective brakes 9 and
      10 at the no loading state, whereby the check valve 69 is displaced by dx
      with the result that the fluid passage is closed, in order that the
      relationship between the mounting load S.sub.1 and operating load S.sub.1
      e of the sensor control spring 199 satisfies the formula (6' ), and the
      differential piston 175 may be balanced at the original position by the
      pressure PCe acting thereat, the operating load S.sub.2 e of the adjusting
      spring 198 acting in cooperation with the pressure PCe (this operating
      load S.sub.2 e is equivalent to the mounting load S.sub.2 under the above
      conditions) and the operating load S.sub.1 e of the sensor control spring
      199 must satisfy the formula (5). If the brake pressure PCf is given to
      the respective brakes 9 and 10 at full loading state in response to the
      above operating function to produce the deceleration .alpha.f, in order to
      operate the same as above by the check valve 69, the above pressure PCf
      acts onto the effective area difference A.sub.4 - A.sub.3 so that the
      differential piston 175 is displaced by .DELTA.X in the direction opposite
      to the arrow 74, and the pressure is arrived at the balanced state with
      new operating loads S.sub.2 f and S.sub.1 f of the adjusting spring 198
      and the sensor control spring 199 acting in cooperation with each other,
      the following formula exists:
EQU  PCf(A.sub.4 -A.sub.3)=S.sub.1 f+S.sub.2 f                  26
PAR  The relationship between the mounting load S and the operating load S.sub.1
      f of the sensor control spring 199 is as follows:
EQU  S.sub.1 =S.sub.1 f-k.sub.1 (dx+.DELTA.X)                   27
PAL  then,
EQU  S.sub.1 f-S.sub.1 e=k.sub.1.sup.. .DELTA.X                 28
PAL  from the formulae (25) - (26),
EQU  S.sub.1 f-S.sub.1 e=WG(.beta.f-.beta.e)                    29
PAR  When the loading condition is in no load state, the deceleration sensor 59
      senses by the deceleration .alpha.e and by the deceleration .alpha.f
      produced by the brake pressure PCf when the loading condition is in full
      state, the condition of the spring constant k.sub.1 of the sensor control
      spring 199 for closing the fluid passage to operate the check valve 69 may
      be set as follows from the formulae (29) and (29):
      ##EQU12##
PAR  .beta.f and .beta.e of various items of the right side formula of the
      formula (3) are the values easily determined from the provision of the
      ideal brake pressure curve of the objective vehicle and the proportioning
      pressure reducing characteristic line corresponding thereto, and W.sub.G
      and .DELTA.x and the values determined from the structure of design when
      the loading condition is in full loading state. According to the brake
      pressure PCe of the case that the loading condition is in no load state,
      in order that the differential piston 175 is balanced at the original
      position, and the check valve 69 is in the above operating state, and the
      differential piston 175 is displaced by .DELTA.x depending upon the brake
      hydraulic pressure PCf of the case that the loading condition is in full
      loading state to become in balanced state and the check valve 69 is in the
      operating state, the following conditions must be satisfied, that is, from
      the formulae (5) and (6),
EQU  S.sub.2 e =Pce e (A.sub.4 - A.sub.3) -Wg.sup. ..beta. e    31
PAL  from the formulae (25) and (26),
EQU  S.sub.2 f=Pcf (A.sub.4 -A.sub.2)-Wg.sup. ..beta. f         32
PAL  from the formulae (31) and (32),
EQU  S.sub.2 f-S.sub.2 e=(Pcf-Pce)(A.sub.4 -A.sub.3)- Wg(.beta.f-.beta.e) 33
PAR  Assuming that the spring constant of the adjusting spring 198 is
      represented by k.sub.2, from the above conditions,
EQU  S.sub.2 f-S.sub.2 e=k.sub.2.sup.. .DELTA.x                 34
PAL  Therefore, in order to satisfy the above conditions, the conditions of the
      spring constant k.sub.2 of the adjusting spring 198 is the provision of
      the following from both formulae (33) and (34):
      ##EQU13##
PAR  .beta.f, .beta.e, Pc and Pce of various items of the right formula of the
      formula (35) are the values easily determined from the provision of the
      proportioning pressure reducing characteristic line corresponding to the
      ideal brake pressure curve of the objective vehicle, and W.sub.G, A.sub.4,
      A.sub.3 and .DELTA.x are the value easily determined from the structure of
      the design of the present invention.
PAR  In order that the brake pressure arrives at Pce when the loading condition
      is in no load condition, the fluid passage between the deceleration
      sensing mechanism 50 and the control apparatus 150 is closed by the
      deceleration generated and the differential piston 175 is balanced at the
      original position, the condition of the sensor control spring 199 is
      obtained by the formulae (6) and (7), and the condition of the adjusting
      spring 198 is obtained from the from the formula (31).
PAR  In order that the differential piston 175 is displaced by .DELTA.x when the
      brake pressure arrives at Pcf at the brake operation when the loading
      condition is in full loading state to become balanced state, and that the
      fluid passage between the deceleration sensing mechanism 50 and the
      control apparatus 150 is closed by the deceleration generated thereat, the
      conditions of the sensor control spring 199 is obtained from the formulae
      (32) and (35).
PAR  From the foregoing description, it is understood that the deceleration
      sensing mechanism 50 of the present invention is operated by the set
      deceleration corresponding to the loading condition so that the inlet
      fluid passage to the control apparatus 50 is closed and a predetermined
      pressure is sealed in the control apparatus 150.
PAR  When the brake pressure arrive at Pcf by the brake operation of the full
      loading state, the actuating force of the plunger valve 109 by the above
      various conditions is: in the direction opposite to the arrow 127:
EQU  Pcf.sup.. A.sub.2 +S.sub.3 -k.sub.3.sup.. dy
PAR  in the direction of the arrow 126:
EQU  Pcf.sup.. A.sub.2
PAL  the fluid passage from the inlet port 21 to the outlet port 26 by the
      composite force S.sub.3 -k.sub.3.sup.. dy is held open, but when the
      pressure introduced into the inlet port 21 is increased further to arrive
      at PSmf and it satisfies the formula (24), the force acting onto the
      plunger valve 109 is:
PAR  in the direction opposite to the arrow 127:
EQU  (Pcf+S.sub.3 /A.sub.2)A.sub.2 -k.sub.3.sup.. dy
PAR  in the direction of the arrow 126:
EQU  PSmf.sup.. A.sub.2 .fwdarw.(Pcf+S.sub.3 /A.sub.2)A.sub.2
PAL  it is displaced by dy in the direction of the arrow 126 to hold a balance
      at the position where the rounded portion 112 is contacted with the valve
      seat 139, and the fluid passage from the inlet port 21 to the outlet port
      26 is closed.
PAR  Since the effective sealing area formed when the rounded portion 112 is
      contacted with the valve seat 139 is A.sub.1 as already described, the
      actuating force to the plunger valve 109 at the point B in FIG. 8 is:
PAR  in the direction opposite to the arrow 127:
EQU  (Pcf+S.sub.3 /A.sub.2)A.sub. 2 +PSmf (A.sub.1 -A.sub.2)
PAR  in the direction of the arrow 126: PSrf
PAL  As both are in balanced condition,
EQU  PSrf.sup.. A.sub.1 =PSmf(A.sub.1 -A.sub.2)+Pcf.sup.. A.sub.2 +S.sub.3 36
      ##EQU14##
      wherein
PAR  When the pressure introduced into the inlet port 21 is further increased,
      .DELTA.Pm from the closing condition of the above fluid passage,
EQU  PSrf.sup.. A.sub.1 &lt;(PSmf+.DELTA.pm)(A.sub.1 -A.sub.2)+Pcf.sup.. A.sub.2
      +S.sub.3
PAL  the balanced condition is broken so that the rounded portion 112 is
      separated from the valve seat 139, the increased pressure of the inlet
      port 21 starts to flow at the outlet port 26 side. When the flowing out to
      the outlet port 26 side arrive at and the fluid passage is again closed to
      be returned to the balanced state, the following formula is consisted.
EQU  (PSrf+.DELTA.Pr)A.sub.1 =(PSmf+.DELTA.Prm)(A.sub.1 -A.sub.2)+Pcf.sup..
      A.sub.2 +S.sub.3                                          37
PAL  from the formulae (37) and (36),
      ##EQU15##
      That is, the pressure introduced to the inlet port 21 side exceeds PSmf so
      that the increment .DELTA.Pm, in turn, increased slightly releases the
      fluid passage by the increment, it shows that every time when the pressure
      reduced by a constant rate determined by A.sub.1 and A.sub.2 is discharged
      to the outlet port 26, the fluid passage is closed, the gradient of the
      straight line BB' with respect to the pressure axis of the front wheel
      brake axis, that is its reduction ratio is (A.sub.1 -A.sub.2)/A.sub.1,
      this is the same value as the above gradient of the no load proportioning
      pressure reducing line AA' as clear from the formula (11). That is, the
      formulae (11) and (38) indicate that the proportioning pressure reducing
      line corresponding to the loading conditions have the same reduction
      ratio, and it proves to satisfy the main scope of the present invention.
      The straight line BB' may be represented by the following general formula
      by substituting the front and rear wheel brake pressure Pmf, Prf
      corresponding to any one point on the full load proportional reducing
      pressure line to the formula (37').
PAR  The formula (39) indicates that the proportioning pressure reducing
      function is performed by the same reduction ratio similar to the no
      loading state at full loading state by the present invention together with
      the formula (12), and a desired proportioning pressure reducing
      characteristic is obtained by determining the constant A.sub.1, A.sub.2,
      S.sub.3 and Pc.
PAR  Further, since the formula Prf=Pmf is consisted at the starting point B of
      the operation of the proportioning pressure reducing, that is, the
      crossing point of the full load proportioning pressure reducing line
      therewith, the relation at the point B of the formula (39) becomes as
      follows:
EQU  Pmf=Pcf+S.sub.3 /A.sub.2                                   40
PAR  the formulae (39) and (40) indicate that the full load proportioning
      pressure reducing function by the present invention starts at the point
      where the hydraulic pressure introduced to the inlet opening 21 is
      Pcf+S.sub.3 /A.sub.2 and its proportioning pressure reducing ratio is
      (A.sub.1 - A.sub.2)/A.sub.1, and also indicate that the starting point of
      the operation of full load proportioning pressure reducing is the function
      of the sealing pressure Pf in the control apparatus 150 acting onto the
      end surface of the lower stem 121.
PAR  From the above description, it is understood that the function
      approximately adapted in the actual region is performed with the
      proportioning pressure reducing characteristic having the same
      proportioning pressure reducing ratio (A.sub.1 - A.sub.2)/A.sub.1 as
      already described value with respect to the ideal brake pressure curve
      corresponding to the state at any loading state from no loading to full
      loading state of the loading condition.
PAR  The sixth feature of the apparatus of the present invention is the
      provision of the means for preventing the pressure sealed in the control
      apparatus 150 from becoming high level by closing the check valve 69 in
      comparison with the pressure of the inlet port 21 side.
PAR  It is preferred that when the pressure of the inlet port 21 side arrives at
      Pci in response to the loading condition as already described whereby the
      fluid passage is closed by the check valve 69 in sensing with the
      deceleration .alpha.i generated thereby, the pressure sealed in the
      control apparatus 150 and the pressure of the inlet port 21 side are
      equivalent. However, for example, with the resilient deformation of the
      check valve 69 formed by high polymer resilient material and the moving
      amount dx of the check valve plunger 60, the voluminal change in the
      control apparatus 150 is induced so that the pressure in the control
      apparatus 150 is increased. In order to prevent this problem of the
      region, when the sealing flange of the first cup seal 106 provided at the
      proportioning pressure reducing valve apparatus 80 is in high level of the
      pressure of the inlet port 21 side in comparison with the pressure in the
      second blind bore 101, the pressure of the inlet port 21 side is prevented
      from entering the second blind bore 101 passing therethrough, but when the
      pressure in the second blind bore 101 is in high level in comparison with
      the hydraulic pressure of the inlet port 21 side, one way sealing function
      is held so that the pressure in the second blind bore 101 passes
      therethrough to flow out at the inlet port 21 side.
PAR  It is well known that the starting point of the operation of the
      proportioning pressure reducing of the proportioning pressure reducing
      valve normally known is controlled by the operating force of the spring
      provided thereat.
PAR  Recently, there is sometimes seen the means for inserting the deceleration
      sensing load responsive proportioning valve the normal brake pressure
      circuit formed at the closed circuit to change the operating force to
      change the mounting length of the spring contained in the sealing
      container floating thereby by introducing part of the brake operating
      pressure by the means for sensing the deceleration provided in advance
      based on the principle to be the function of the loading weight of the
      vehicle by the deceleration obtained by the brake operating pressure.
      Normally, the difference of the pressure of the starting point of the
      operation of pressure reducing of the no load ideal brake pressure curve
      and the pressure of the starting point of the operation of the
      proportioning pressure reducing of the full load ideal brake pressure
      curve becomes increased, as the vehicle having larger allowable loading
      amount at the proportioning pressure reducing line approximately adapted
      normally for the former and latter curves. Therefore, the displacing
      amount of the floating sealing container for adapting for the pressure of
      starting point of the operation of the proportioning pressure reducing of
      both is increased, as the loading amount is increased. This means for
      reducing the displacing amount of the floating sealing container is
      obtained by enlarging the spring constant, but this method has limit since
      it introduces the increase of the hysteresis produced at the step of the
      brake releasing operation as already described.
PAR  The displacement of the floating sealing container in the circuit of brake
      pressure circuit formed in the closed circuit introduce the increase of
      the circuit volume, and accordingly introduces the deterioration of the
      pedal feeling due to the increase of the required fluid amount. As
      described as the second feature of the present invention already, since
      the starting point of operation of the proportioning pressure reducing of
      the proportioning valve is controlled not by the operating force of the
      spring, but by part of the brake pressure obtained by means for sensing
      the deceleration provided in advance, the cause of the circuit volume
      caused by the control of the part as above is removed.
PAR  The seventh feature of the present invention is the possibility of
      controlling all the region of the loading condition with the consumed
      fluid amount extremely small based on the reason as will be described
      hereinafter. The base for restraining the consumed fluid amount to small
      value of the present invention is using a mechanism for introducing the
      volumetric increase of the means for controlling small variation region as
      the relation of the set deceleration at no load condition and the set
      deceleration speed at full load condition without using the mechanism for
      introducing the volumetric increase of means for controlling the variation
      region largely as the relation of the pressure of starting point of
      operation of proportioning pressure reducing of no load condition and the
      pressure of starting point of operation of proportioning pressure reducing
      at full load condition.
PAR  It is clearly understood from the foregoing description that the structure
      and operational function of the load responsive proportioning pressure
      reducing valve shown as the reference example is sufficient in content for
      performing the object and features of the present invention. Various
      application, variation and alternation may be possible within the scope of
      the present invention to enhance the value of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A load responsive pressure modulating valve device for use in a brake
      system of a wheeled vehicle, having front and rear wheel braking means,
      said device provided with means for modulating a hydraulic brake pressure
      supplied to the front and rear wheel braking means so as to distribute the
      hydraulic brake pressure corresponding approximately to a weight transfer
      in the vehicle caused by the braking operation to said front and rear
      wheel braking means, whereby the hydraulic brake pressure supplied to said
      rear wheel braking means is reduced in comparison with that supplied to
      said front wheel braking means, comprising: means for modulating said
      hydraulic brake pressure so that a starting pressure for directing the
      pressure modulating operation thereto is controlled by a partial pressure
      of said hydraulic brake pressure; means for detecting the deceleration of
      the vehicle disposed in a branch circuit of the hydraulic brake pressure
      circuit including either of said front and rear wheel braking means, said
      detecting means being movable in response to a predetermined deceleration
      of the vehicle corresponding to the hydraulic brake pressure for a light
      load condition; means disposed in a branch circuit of the hydraulic brake
      pressure circuit including either of said front and rear wheel braking
      means for separating said partial pressure of said hydraulic brake
      pressure in response to the displacement of said deceleration detecting
      means in order to apply said partial pressure to the control of said
      starting pressure; and means disposed in a branch circuit of the hydraulic
      brake pressure circuit including either of said front and rear wheel
      braking means for sensing and controlling the hydraulic brake pressure
      which increases in proportion to said predetermined deceleration in
      response to an increase of a value of the hydraulic brake pressure
      required for generating said predetermined deceleration of the vehicle by
      utilizing characteristics that said pressure value for generating said
      predetermined deceleration speed increases in proportion to an increase of
      a load of the vehicle, whereby the hydraulic brake pressure matching the
      weight transfer caused by the braking operation under any load condition
      of the vehicle is distributed to said front and rear wheel braking means,
      respectively.
NUM  2.
PAR  2. The device as set forth in claim 1, further comprising a separating
      chamber for separating and receiving a part of the hydraulic brake
      pressure controlling said starting pressure for directing the pressure
      modulating operation of said hydraulic brake pressure modulating means,
      said hydraulic brake pressure sensing and controlling means be slidingly
      and resiliently disposed in said separating chamber where said hydraulic
      brake pressure sensing and controlling means and said separating means are
      engaged with each other through a resilient member, wherein when the
      hydraulic brake pressure introduced into said separating chamber
      increases, a part of power of said sensing and controlling means urged by
      thus increased hydraulic brake pressure in said separating chamber is
      transmitted to said separating means through said resilient means, whereby
      said predetermined deceleration to be detected by said deceleration
      detecting means is made to vary.
NUM  3.
PAR  3. The device as set forth in claim 2, further comprising disposing said
      separating means between a chamber housing of said deceleration speed
      detecting means and said separating chamber means, wherein a fluid passage
      having a throttle effect and communicating said both of said chambers with
      each other only when said separating means be in its opening portion,
      whereby said separating means is started while being combined with the
      starting effort of said deceleration detecting means to said separating
      means.
NUM  4.
PAR  4. The device as set forth in claim 3, further comprising a fluid-tight air
      chamber segregated from said hydraulic brake pressure sensing and
      controlling means wherein, when the pressure in said separating chamber is
      made to increase by that the volume of said separating chamber is reduced
      by the action of said hydraulic brake pressure modulating means under the
      condition that said separating chamber is separated from said hydraulic
      brake prresure circuit by said separating means, said air chamber is
      compressed by the responsibility of said hydraulic brake pressure sensing
      and controlling means owing to said increased pressure in said separating
      chamber, whereby the rise of pressure in said separating chamber is
      suppressed in a minimum value.
NUM  5.
PAR  5. The device as set forth in claim 4, further comprising a check valve
      disposed between said brake circuit and the separating chamber for
      exhausting fluid excessively pressurized within said separating chamber
      into said hydraulic brake pressure circuit only when the pressure in the
      separating chamber being too high in comparison with that in said brake
      circuit.
NUM  6.
PAR  6. The device as set forth in claim 5, wherein the deceleration detecting
      means is spherically formed.
NUM  7.
PAR  7. The device as set forth in claim 6, wherein the ratio of the effective
      area of said fluid passage communicating the front part and the rear part
      chambers of said chamber housing each deceleration detecting means with
      each other separated by said deceleration detecting means in the direction
      of the operation axis thereof with respect to the perpendicular cross
      section area of said operation axis is held over 28%.
NUM  8.
PAR  8. A load responsive pressure modulating valve for use in an hydraulic
      braking system of a wheeled vehicle having front and rear hydraulically
      actuated braking means comprising:
PA1  a. a housing having a bore connected to a master cylinder and the rear
      braking means so as to transmit hydraulic braking pressure from said
      master cylinder to said rear wheel brake system.
PA1  b. a plunger slidably mounted in said bore to modulate the hydraulic
      braking pressure supplied to the rear braking means by reducing the
      hydraulic braking pressure when a predetermined value of starting pressure
      is reached,
PA1  c. a chamber in said housing connected to one end of said bore, and
PA1  d. a differential piston having different areas on opposite sides thereof
      so that equal pressures will cause the piston to move slidably mounted in
      said chamber to generate a load responsive pressure which is supplied to
      one end of said plunger to vary the predetermined value of the starting
      pressure at which the modulating operation begins.
NUM  9.
PAR  9. A load responsive pressure modulating valve for use in an hydraulic
      braking system of a wheeled vehicle having front and rear hydraulically
      actuated braking means comprising:
PA1  a. a housing having a bore connected to a master cylinder and the rear
      braking means so as to transmit hydraulic braking pressure from said
      master cylinder to said rear wheel brake system.
PA1  b. a plunger slidably mounted in said bore to modulate the hydraulic
      braking pressure supplied to the rear braking means by reducing the
      hydraulic braking pressure when a predetermined value of starting pressure
      is reached,
PA1  c. a chamber in said housing connected to one end of said bore, and
PA1  d. a check valve located in said chamber which closes when a pressure value
      therein is less than the pressure value in the master cylinder, and opens
      when the former is greater than the later, wherein said check valve is a
      cup seal mounted around said plunger.
NUM  10.
PAR  10. A load responsive pressure modulating valve as claimed in claim 9,
      wherein said chamber generating the pressure has the differential piston
      for increasing the volume of the chamber in proportion to an increase of
      the pressure valve in the chamber.
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ABST
PAL  A hydraulic brake pressure control assembly for use in an automotive
      vehicle includes a proportioning valve for rear wheel brake means. The
      starting point of actuation of the proportioning valve is varied according
      to the condition of loading of the vehicle. A slidable member of an
      enlarged pressure receiving area is provided to act on the proportioning
      valve, a check valve is provided to admit the hydraulic pressure to the
      slidable member after its predetermined value, and an inertia-responsive
      ball is provided for controlling admission of the hydraulic pressure
      according to the vehicle deceleration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a hydraulic brake control assembly for automotive
      vehicles, and more particularly to a brake pressure control assembly
      responsive to vehicle deceleration.
PAR  2. Description of the Prior Art
PAR  Generally, it is well known that vehicle deceleration is proportional to
      the hydraulic brake pressure and that the hydraulic brake pressure, in
      order to obtain a certain deceleration, is varied according to the loading
      conditions of the vehicle, i.e., the brake pressure necessary to obtain a
      certain deceleration at the minimum vehicle load is smaller than the brake
      pressure necessary to obtain the deceleration at the maximum vehicle load.
      That is to say as the vehicle load increases the hydraulic pressure
      necessary for braking must also increase.
PAR  In addition, it is also well known that it is desirable to actuate a
      proportioning valve in accordance with the vehicle loading, i.e., it is
      desirable to actuate the proportioning valve at the greater hydraulic
      pressure when the vehicle load is large than when the vehicle load is
      small. That is to say, as the vehicle load increases the hydraulic
      pressure suitable for actuating the proportioning valve must also
      increase.
PAR  There have been proposed various means to utilize a hydraulic pressure
      value for obtaining the starting point of actuation of the proportioning
      valve i.e., the deflecting point corresponding to the hydraulic pressure
      value for obtaining a certain vehicle deceleration. However, it should be
      noted that merely sensing of the vehicle deceleration is insufficient
      because the variance in the deflecting point of the proportioning valve is
      of too small a range to actuate the proportioning valve. Therefore,
      conventional means have not been completely satisfactory for accomplishing
      the primary purpose since they have been too complicated in structure or
      not reliable in operation.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an improved
      hydraulic brake control assembly wherein the conventional difficulties are
      overcome.
PAR  Another object of this invention is to provide an improved hydraulic brake
      control assembly wherein the hydraulic pressure variance to obtain the
      proper deflecting point of a proportioning valve is of an enlarged range
      thereby obtaining desirable hydraulic pressure characteristics.
PAR  A further object of this invention is to provide an improved hydraulic
      brake control assembly wherein the design thereof is simplified by
      utilizing a check valve.
PAR  Yet another object of this invention is to provide an improved hydraulic
      brake control assembly wherein the operation of a proportioning valve
      becomes ineffective when the front wheel brake means are damaged or if
      leakage occurs.
PAR  A still further object of this invention is to provide an improved
      hydraulic brake control assembly which is simple in construction,
      inexpensive in manufacture, and reliable in operation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will be readily obtained as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a cross-sectional view partly schematic of the system of the
      invention;
PAR  FIGS. 2 and 3 are graphical representations of the hydraulic pressure of
      the valve means show in FIG. 1; and
PAR  FIG. 4 is a cross-sectional view of another embodiment of the hydraulic
      pressure sensing device shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and especially to FIG. 1 thereof, wherein
      there is shown a conventional tandem master cylinder to be operated by a
      brake pedal 11 such that pressurized fluid is applied to front wheel brake
      means 12 via a conduit 13 and to rear wheel brake means 14 via a conduit
      15 and a branch conduit 16. The hydraulic pressure in the branch conduit
      16 is admitted to a brake pressure control device 17 while the hydraulic
      pressure in the branch conduit 18 of the conduit 15 is admitted to a
      hydraulic pressure sensing device 19.
PAR  The pressure sensing device 19 includes a housing having both ends open, a
      first plug 21 sealingly attached to one of the open ends of the housing 20
      and provided with an inlet 22 and an axial passage 23, and a second plug
      24 sealingly attached to the other end of the housing 20 and provided with
      an outlet 25 and an axial passage 26. The housing 20 includes at its inner
      wall a sloped portion 27, a ball 28 acting as an inertia responsive valve,
      and a valve passage 29 thereby constituting a so-called G-valve assembly
      30. The ball 28 will roll to climb the sloped wall 27 thereby closing the
      valve passage 29 when vehicle deceleration of a predetermined value is
      applied regardless of the condition of loading of the vehicle. Within the
      housing 20 are provided a check valve body 31 provided with a valve member
      32 made of rubber material and a passage means 33, and a spring 34
      disposed between the second plug 24 and the check valve body 31 for
      normally urging the latter to the right as viewed in FIG. 1. The valve
      member 32 is seated on a seat shoulder 35 of the housing 20 when the
      hydraulic pressure applied through the central passage 29 is smaller than
      the urging force of the spring 34 thereby interrupting fluid communication
      between the valve passage 29 and the outlet 25. Any hydraulic pressure
      from the outlet 25 to the valve passage 29 is, however, free to pass
      through the passage means 33 and the valve member 32. When the hydraulic
      pressure from the inlet 22 is great enough to overcome the force of spring
      34, such pressure will be admitted to the outlet 25 through an annular gap
      36 formed between the valve body 31 and the housing 20. Thus, a check
      valve assembly 37 is constituted in the housing 20.
PAR  The brake pressure control device 17 includes a housing 40 having both ends
      open, a first plug 41 sealingly fitted to one open end of the housing 40,
      and a second plug 42 sealingly fitted to the other open end thereof. The
      housing 40 is provided with a first inlet 43 fluidically connected to the
      branch conduit 16. Within the first plug 41 is movably mounted a piston 44
      having an enlarged portion 45, a reduced portion 46, and a head 47. An
      opening 48 is provided on the piston 44 between the enlarged portion 45
      and the head portion 47 to communicate with an outlet 49 of the first plug
      41 which is in turn connected to the rear brake means 14 via conduit 50.
      An annular seal member 51 is fixed to the inside wall of the first plug 41
      to cooperate with the enlarged portion 45 of the piston 44. A sealing cup
      52 is provided for sealingly guiding and supporting the piston 44. A
      proportioning valve 53 is thus constituted.
PAR  Within the housing 40 are slidably fitted a first guide piston 54 and a
      second guide piston 55 which are normally urged to move in opposite
      directions by a spring 56 interposed therebetween. The movement of first
      guide piston 54 is limited by the second plug 42 having a second inlet 57
      and an axial passage 58. The outlet 25 of the pressure sensing device 19
      is fluidically connected to the second inlet 57 of the brake pressure
      control device 17 via conduit 38. The second guide piston 55 has a
      projection 59 of the same diameter as the proportioning valve piston 44
      and normally makes contact therewith thereby urging the piston 44 to move
      to the right (FIG. 1) with a preload of the spring 56.
PAR  In operation, when the brake pedal 11 is depressed hydraulic pressure is
      generated in the master cylinder 10 and is supplied to the conduits 13 and
      15. The pressure in the conduit 13 is transmitted to the front brake means
      12 while the pressure in the conduit 15 is transmitted to the pressure
      sensing device 19 and the brake pressure control device 17. The rear brake
      means 14 is supplied with hydraulic pressure through the proportioning
      valve 53 of the brake pressure control device 17. More specifically, the
      pressurized fluid admitted to the first inlet 43 of housing 40 is supplied
      to the annular gap between the sealing member 51 and the reduced portion
      46 of piston 44, the passage 48 thereof, the chamber between the head
      portion 47 of piston 44 and the inner wall shoulder of housing 40, the
      outlet 49, the conduit 50, and the rear brake means 14 before the
      hydraulic pressure generated in the master cylinder 10 reaches its
      predetermined value. Therefore, the characteristics of the hydraulic
      pressure may be represented by the line P.sub.0 -- P.sub.1 in FIG. 2.
PAR  When the hydraulic pressure reaches its predetermined value P.sub.1 the
      piston 44 is urged to move to the left against the spring 56 (FIG. 1) due
      to the increased hydraulic pressure in the chamber between the piston head
      47 and the housing 40 such that the enlarged portion 45 of piston 44 is
      sealingly engaged with the sealing member 51. Thus, the hydraulic pressure
      in the rear brake means 14 is reduced with respect to the hydraulic
      pressure in the master cylinder 10. The successively increasing pressure
      in the master cylinder 10 is applied to the annular portion of the
      enlarged piston portion 45 and the piston 44 is moved to the right thereby
      reestablishing fluid communication between the master cylinder 10 and the
      rear brake means 14, as is shown by the line P.sub.1 -- P.sub.2 in FIG. 2.
PAR  It will be apparent that the deflecting point, such for example as P.sub.1
      or P.sub.4 in FIG. 2, may be variably set by changing the exerting force
      of the spring 56. This invention provides a simple means for changing the
      exerting force of the spring 56, as is explained hereinbelow.
PAR  The hydraulic pressure admitted to the inlet 22 of the pressure sensing
      device 19 is transmitted to the G valve assembly 30 via passage 23 and
      then to the valve passage 29. When the hydraulic pressure applied to the
      check valve body 31 is less than the biasing force of the spring 34, no
      hydraulic pressure is admitted to the outlet 25. However, when the
      hydraulic pressure applied to the check valve body 31 is greater than the
      biasing force of the spring 34, the check valve body 31 is moved to the
      left against the spring 34. The valve member 32 is thus released from the
      shoulder 35, and the pressurized fluid is admitted to the annular gap 36,
      the axial passage 26, the outlet 25, the conduit 38, and to the second
      inlet 57 of the pressure control device 17. The characteristics of the
      hydraulic pressure admitted at the second inlet 57 of the pressure control
      device 17 are shown by solid line in FIG. 3. Unless the spring 34 of check
      valve assembly 37 is provided, the said characteristics would be as shown
      by dotted line in FIG. 3. When the hydraulic pressure applied to the first
      guide piston 54 is less than the urging force of spring 56, the first
      guide piston 54 is not moved such that the deflecting point P.sub.1 is set
      only by the spring 56.
PAR  It is to be noted that if the same hydraulic pressure is applied for
      braking, a relatively great deceleration is achieved when the vehicle is
      of little load while a relatively small deceleration is achieved when the
      vehicle is of a much larger load. In other words, when the vehicle is of
      little load, a relatively small pressure is sufficient to close the valve
      passage 29 by the ball 28 while when the vehicle is of a much larger load,
      a relatively greater pressure is required to close the valve passage 29.
      Therefore, when the valve passage 29 is closed by the inertia-responsive
      ball 28 under little load of the vehicle, a relatively small pressure is
      applied to the first guide piston 54 of brake control device 17, while
      when the valve passage 29 is closed under a much larger load of the
      vehicle, a relatively greater pressure is applied to the first guide
      piston 54.
PAR  It is to be further noted that when a vehicle is in a steady state
      condition, the hydraulic pressure for generating a certain deceleration in
      various loading conditions is fixed and the hydraulic pressure for the
      ideal deflecting points in various loading conditions is also fixed. The
      value of each hydraulic pressure is usually different such that it is
      necessary to adjust the hydraulic pressure for the certain deceleration to
      the hydraulic pressure for the ideal deflecting points. The present
      invention provides the first guide piston 54 of an area receiving the
      hydraulic pressure from the check valve assembly 37, said area being of a
      certain ratio to the area of the proportioning valve piston 44. That is to
      say, the pressure receiving area of the first guide piston 54 is set with
      an increased ratio to the area of the piston 44 around the sealing cup 52
      such that the hydraulic pressure for the certain deceleration in the
      various loading conditions is changed to the hydraulic pressure for the
      desirable deflecting points under the various loading conditions.
      Accordingly, the hydraulic pressure acting on the first guide piston 54
      and the spring 56 may set the deflecting point of hydraulic pressure
      suitable for each loading condition of the vehicle. Thus, the deflecting
      point P.sub.4 of hydraulic pressure at the maximum vehicle load is set
      above the deflecting point P.sub.1 at the minimum vehicle load, as is seen
      in FIG. 2.
PAR  Assuming that a certain deceleration is set as 0.3G, the hydraulic pressure
      for obtaining 0.3G at the minimum load and at the maximum load is also
      fixed, for instance, as 20 kg/cm.sup.2 and 40 kg/cm.sup.2, respectively.
      The hydraulic pressure of the desirable deflecting point at the minimum
      load and at the maximum load is set, for instance, as 10 kg/cm.sup.2, and
      50 kg/cm.sup.2, respectively.
PAR  Assuming that the urging force of the spring 34 is x and the ratio of the
      area of guide piston 54 to the area of valve piston 44 is y, the following
      formula may be set:
PA1  (20 kg/cm.sup.2 -x) y = 10 kg/cm.sup.2
PA1  (40 kg/cm.sup.2 -x) y = 50 kg/cm.sup.2
PAL  As will be apparent, x is 15 kg/cm.sup.2 and y is 2. This means that when
      the pressure receiving area of the first guide piston 54 is made two times
      greater than the area of the valve piston 44 around the sealing cup 52 and
      the biasing force of the spring 34 is set as 15 kg/cm.sup.2, the object of
      this invention can be realized. The ratio of the guide piston area to the
      valve piston area may be modified suitably for each vehicle. Although the
      strength of spring 34 may be suitably changed, it is preferable in the
      view of manufacture to change the area of the guide piston 54. It should
      be recognized that the spring 34 is provided for decreasing the hydraulic
      pressure at the guide piston 54 with respect to the hydraulic pressure at
      the master cylinder 10 and the enlarged area of the guide piston 54 with
      respect to the area of the valve piston 44 is provided for increasing the
      urging force of spring 56.
PAR  Referring to FIG. 2 for summary of the operation, when the hydraulic
      pressure at the second inlet 57 is low and the spring 56 is not
      compressed, the deflecting point P.sub.1 of proportioning valve 53 is set
      only by the exerting force of spring 56. At this time, if the vehicle is
      under a low load, the valve ball 28 closes the valve passage 29 at Point
      P.sub.2 and the characteristics of hydraulic pressure at the outlet 49 is
      shown by line P.sub.1 -- P.sub.2 -- P.sub.5. If the vehicle is under a
      high load, the increased hydraulic pressure is successively applied at the
      second inlet 57 and the spring 56 is compressed due to the slide movement
      of first guide piston 54. Therefore, the proportioning operation of the
      proportioning valve 53 is canceled, as shown by line P.sub.2 -- P.sub.3 --
      P.sub.4. The ball 28 then closes the passage 29 when a predetermined
      vehicle deceleration is applied and hydraulic pressure no longer increases
      at the inlet 57. The point P.sub.4 shows the deflecting point of hydraulic
      pressure wherein the master cylinder pressure is balanced with the
      compressed or increased urging force of the spring 56 to accomplish the
      proportioning effect.
PAR  It will be understood that if the first guide piston 54 is designed to move
      initially by the increased hydraulic pressure at the inlet 57 before
      starting of the proportioning operation and then the ball 28 closes the
      valve passage 29 at the point P.sub.4, the characteristics of brake
      pressure may be represented by line P.sub.0 -- P.sub.1 -- P.sub.3 --
      P.sub.4 -- P.sub.6. It is a matter of design of the first guide piston 54
      whether the piston 54 in initially moved or not.
PAR  When the foot pedal 11 is released, the hydraulic pressure in the front and
      rear brake means 12 and 14 is released. At this time the hydraulic
      pressure applied to the first guide piston 54 is returned to the master
      cylinder 10 through the conduit 58, the outlet 25, the axial passage 26,
      the passage means 33 of valve body 31, the valve member 32 being opened,
      and the valve passage 29. The ball valve 28 is thus returned to its
      original position.
PAR  It is apparent to those ordinarily skilled in the art from the foregoing
      that the housings 20 and 40 of pressure sensing device 19 and brake
      pressure control device 17 may be constructed integrally with each other
      or of one-piece of material.
PAR  Additionally, in the event that the front wheel brake means 12 should be
      broken or should leakage develop, the ball 28 is not moved to close the
      valve passage 29 since no deceleration is generated. Therefore, the highly
      increased hydraulic pressure is applied at the guide piston 54 such that
      the proportioning valve 53 is not actuated and any hydraulic pressure at
      the first inlet 43 of housing 40 is transmitted to the outlet 49 without
      proportioning or metaling effect.
PAR  Referring to FIG. 4, another embodiment of the pressure sensing device 19
      is shown wherein the same element as in the previous embodiment is
      indicated by the same reference numberal with affix (').
PAR  According to this embodiment, the hydraulic pressure admitted to an inlet
      22' is transmitted to a check valve assembly 37' including a valve body
      31' and a valve member 32' though an axial passage 23' of a plug 21'. If
      the pressure is below the exerting force of a coiled spring 34', no
      hydraulic pressure is supplied to a G valve assembly 30' since the valve
      member 32' is sealingly engaged with an inner shoulder 35' of plug 21'.
PAR  When the hydraulic pressure at the inlet 22' is above the predetermined
      value, the check valve assembly 37' is moved to the left against the
      spring 34' and the pressure at the inlet 22' minus the biasing force of
      the spring 34' is admitted at an outlet 25' through the G valve assembly
      30'. An axial projection 60 of the valve body 31' will limit the falling
      or rolling of valve ball 28' into the check valve assembly 37'.
PAR  The operation and features of the embodiment shown in FIG. 4 is the same as
      the foregoing embodiment, so the detailed explanation thereof may be
      omitted.
PAR  Obviously numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A hydraulic brake control assembly for automotive vehicles having front
      and rear wheel brake means, comprising:
PA1  a dual master cylinder;
PA1  a proportioning valve interposed between said master cylinder and one of
      said wheel brake means and including a reciprocable valve piston for
      effecting a proportioning operation, said valve piston having an area free
      from the hydraulic pressure of said master cylinder,
PA1  a first device having a first piston and a first spring normally urging
      said valve piston to move to a position wherein hydraulic pressure in said
      master cylinder is admitted to said one of said wheel brake means without
      said proportioning operation of said valve,
PA1  a second device fluidically interposed between said master cylinder and
      said first piston of said first device and including a vehicle
      deceleration sensing assembly and a check valve assembly, said vehicle
      deceleration sensing assembly controlling admission of the hydraulic
      pressure from said master cylinder to said first piston according to the
      condition of loading of the vehicle, said check valve assembly controlling
      said admission of the hydraulic pressure according to an increase of
      hydraulic power,
PA1  said first piston of said first device being supplied with hydraulic
      pressure to thereby urge said valve piston to move to said position in
      addition to said first spring, wherein the pressure receiving area of said
      first piston is of an increased ratio to said area of said valve piston
      whereby the hydraulic pressure admitted from said second device to said
      first piston acts on said valve piston with an increased ratio,
PA1  whereby said proportioning valve operates its proportioning operation in
      accordance with the condition of loading of the vehicle.
NUM  2.
PAR  2. A hydraulic brake control assembly of claim 1, wherein said first device
      comprises a second piston interposed between said first piston and said
      valve piston, said second piston including a projection normally in
      contact with said valve piston.
NUM  3.
PAR  3. A hydraulic brake control assembly of claim 2, wherein said first device
      and said proportioning valve are located within a single housing and said
      projection of said second piston is coaxially fitted with said valve
      piston.
NUM  4.
PAR  4. A hydraulic brake control assembly of claim 3, wherein said second
      device comprises a housing, said housing including an inlet connected to
      said master cylinder, an outlet connected to said first piston of said
      first device, and a central passage between said inlet and said outlet.
NUM  5.
PAR  5. A hyrdaulic brake control assembly of claim 4, wherein said vehicle
      deceleration sensing assembly includes an inertia-responsive ball
      cooperative with said central passage and said check valve assembly
      includes a slidable valve and a second spring urging said slidable valve
      to move in a direction wherein said inlet is fluidically communicable with
      said outlet only when the hydraulic pressure overcomes said second spring,
      said ball closing said central passage upon application of a predetermined
      vehicle deceleration.
NUM  6.
PAR  6. A hydraulic brake control assembly of claim 5, wherein said ball is
      located between said inlet and said central passage and said slidable
      valve is located between said central passage and said outlet.
NUM  7.
PAR  7. A hydraulic brake control assembly of claim 5, wherein said slidable
      valve is located between said inlet and said ball.
NUM  8.
PAR  8. A hydraulic brake control assembly of claim 1, wherein said one of said
      front and rear wheel brake means is said rear wheel brake means and said
      front wheel brake means is directly connected to said master cylinder.
NUM  9.
PAR  9. A hydraulic brake control assembly of claim 4, wherein said housing of
      said first device is made integrally with said housing of said second
      device.
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ABST
PAL  A combined load-sensing proportion and relay valve for an air brake system,
      comprising a valve disk having an exhaust hole in the axial center, and a
      control piston assembly for adjustably moving the valve disk to open the
      valve, characterized in that the control piston assembly consists of two
      pressure-sensitive pistons, the first of the pistons being formed with a
      downward projection having a valve seat at its lower end for face-to-face
      engagement with the valve seat, an indicated-pressure chamber communicated
      with an indicated-pressure inlet port is formed between the upper side of
      the first pressure-sensitive piston and the underside of the second
      piston, a control-pressure chamber communicated with a control-pressure
      inlet port is provided above the second pressure-sensitive piston, and
      engaging means is located between the first and second pistons.
BSUM
PAR  This invention relates to improvements of a relay valve for installation in
      an air brake system for a motor vehicle, and more specifically to a relay
      valve for an air brake system capable of adjusting the braking pressure
      according to the payload of the vehicle.
PAR  Heavy duty vehicles, such as buses, trucks, and trailer-trucks, are
      subjected to highly variable loads on their wheels, depending on whether
      the vehicles are laden or not, and also to a substantially variable load
      distribution ratio between the front and rear wheels on braking and
      deceleration. With these vehicles it is important to allocate the braking
      force optimumly to the wheels in order to avoid premature locking of a
      specific wheel or wheels when the brake is applied, and thereby ensure the
      safety of the vehicles at the time of braking.
PAR  The vehicles equipped with service brake systems of a type such that the
      operator controls the brake valve by a foot-pedal operation so that
      compressed air from an air reservoir is supplied as braking pressure to a
      brake actuator or actuators, usually meet the foregoing requirement by the
      use of regulating means generally known as a load-sensing proportion
      valve. The valve, installed between the brake valve and a relay valve,
      senses the payload of the vehicle in terms of the distance between the
      upper and lower end surfaces of a suspension spring or springs, regulates
      the indicated pressure from the brake valve on the basis of the value so
      sensed, and then transmits the regulated indicated pressure to the relay
      valve.
PAR  In the operation of conventional air brake systems, the hystereses of the
      load-sensing proportion valves and the relay valves are added to each
      other, and therefore the brake actuators fail to work in perfectly exact
      and accurate response to the indicated pressure for braking. In addition,
      when an ordinary vehicle runs over a rough road or its wheels encounter
      irregularities in the road, the top-to-bottom distance of its suspension
      varies vibratingly. To avoid this variation, oil dampers must be
      installed.
PAR  Moreover, because the indicated-pressure lines of the existing air brake
      systems include load-sensing proportion valves and relay valves as noted
      above, no small quantities of compressed air are retained in the lines.
      The retention of such large quantities of compressible fluid medium means
      slow responses of the brake actuators at the terminals of the brake
      circuits.
PAR  It is therefore an object of the present invention to provide a valve that
      combines the functions of a load-sensing proportion valve and a relay
      valve, the two components usually constituting the indicated-pressure
      system of an air brake circuit, so as to produce an indicated-pressure
      system compact in construction.
PAR  Another object of the invention is to provide a relay valve with a minimum
      of hysteresis and little variation in the braking force. The combination
      of the two existing valves confines the overall hysteresis of the system
      to that of the relay valve alone. The valve according to the invention is
      also capable of restricting the variation of the braking force in an easy
      and inexpensive way without using any oil damper.
PAR  A further object of the invention is to provide a relay valve quick in
      transmission of each braking instruction and ready in response for braking
      action. This is made possible by the structure of the valve which combines
      an ordinary load-sensing proportion valve and a relay valve and allows an
      accordingly reduced quantity of air to be retained in the
      indicated-pressure system.
PAR  These objects are realized by the relay valve of the invention with the
      following construction.
PAR  In one aspect, the combined load-sensing proportion and relay valve
      according to the invention comprises a valve disk having an exhaust hole
      in the axial center and so located as to keep the valve normally closed,
      and a control piston assembly arranged coaxially with the valve disk to
      move the disk adjustably to open the valve. The control piston assembly
      has two pressure-sensitive pistons. The first piston has a downward
      projection at the center of its underside, formed with a valve seat at its
      lower end for face-to-face engagement with the valve disk. Between the
      upper side of the first pressure-sensitive piston and the underside of the
      second piston is defined an indicated-pressure chamber or a space that is
      subjected to the action of an indicated pressure introduced therein
      through an inlet port. Above the second piston is formed a
      control-pressure chamber that is subjected to the action of a control
      pressure received through an inlet port. The two pressure-sensitive
      pistons are engaged in such a manner that, as the indicated pressure
      becomes higher than the control pressure and therefore the second piston
      ascends, the second piston pulls or pushes up the first one, too.
PAR  In another aspect, the combined load-sensing proportion and relay valve
      according to the invention comprises a valve disk having an exhaust hole
      in the axial center and so located as to keep the valve normally closed,
      and a control piston assembly arranged coaxially with the valve disk to
      move the disk adjustably to open the valve. The control valve assembly has
      two pressure-sensitive pistons. The first piston has a downward projection
      formed with a valve seat at its lower end for face-to-face engagement with
      the valve disk and also has an upward projection expanded at the upper
      end. The second piston has at the center of its upper side a small chamber
      for receiving the upward projection of the first piston. To prevent the
      expanded head of the upward projection from dropping off from the small
      chamber of the second piston, stopper means is provided in the vicinity of
      the entrance of the small chamber, so that the two pressure-sensitive
      pistons are operatively connected to each other. Between the upper side of
      the first pressure-sensitive piston and the underside of the second piston
      is provided an indicated-pressure chamber that is subjected to the action
      of an indicated pressure admitted thereto through an inlet port. Above the
      second piston is formed a control-pressure chamber to be subjected to a
      control pressure received through an inlet port. The two pistons are
      engaged in such a manner that, as the indicated pressure exceeds the
      control pressure and hence the second piston is raised, the second piston
      pulls up the first piston, too.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following description taken in conjunction with the accompanying drawings
      showing embodiments thereof, wherein:
PAR  FIG. 1 is a vertical sectional view of a relay valve embodying the
      invention;
PAR  FIG. 2 is a graph showing the characteristic relationship between the
      indicated pressure and output pressure of the relay valve;
PAR  FIG. 3 shows schematic diagrams of three exemplary air brake circuits each
      of which incorporates a relay valve according to the invention;
PAR  FIG. 4 is a fragmentary, vertical sectional view of another embodiment of
      the invention; and
PAR  FIG. 5 is a vertical sectional view of still another embodiment of the
      invention.
PAR  FIG. 6 is a vertical sectional view of yet another embodiment of the
      invention;
PAR  FIG. 7 is a transverse sectional view of an additional embodiment of the
      invention corresponding to the section along the line A--A' of FIG. 6 and
      as viewed in the direction of arrows; and
PAR  FIG. 8 is a transverse sectional view of a further embodiment corresponding
      to the section along the line B--B' of FIG. 6 and as viewed in the
      direction of arrows.
DETD
PAR  Referring now to the drawings, specifically to FIG. 1, there is shown the
      construction of a typical relay valve according to the invention. The
      valve body 1 accommodates a valve disk 3 having an exhaust hole 2 in the
      axial center, and a first pressure-sensitive piston 4. A valve bonnet 5,
      faucet-jointed to the valve body 1, supports a second pressure-sensitive
      piston 7 opposite to the first one 4. The piston 7 is limited in its
      movement by a stopper ring 6. The first pressure-sensitive piston 4 is
      formed with a hollow, downward projection 8 at the center of its
      underside, the lower end of the projection constituting a valve seat 9 for
      contact with the valve disk 3. A solid upward projection 10 is formed on
      the upper center of the piston 4. The projection 10 extends through the
      second piston 7, and a stopper 11 formed at its upper end is adapted to
      engage the piston 7.
PAR  Between the first and second pressure-sensitive pistons is defined an
      indicated-pressure chamber 12, in such a manner that an indicated pressure
      introduced through a port 13 into the chamber forces the first piston 4
      downward and the second piston 7 upward. On the other hand, a
      control-pressure chamber 14 formed between the upper side of the second
      piston 7 and the inner wall of the valve bonnet 5 receives a control
      pressure by way of a control-pressure port 15, so that the second piston
      can be forced downward. The control-pressure port 15 is communicated with
      the chamber 14 through an orifice 16, which prevents the direct conduction
      of any sharp change in the control pressure into the control-pressure
      chamber. The numeral 17 designates a spring 18 a valve seat, 19 a
      supply-pressure port, 20 a valve seat, 21 an output-pressure chamber, 22 a
      spring, 23 an output-pressure port, and 24 a spring.
PAR  The relay valve made up of the foregoing components operates in the manner
      now to be described.
PAR  If the control pressure Pc applied to the control-pressure chamber 14 is
      greater than the indicated pressure Pi in the indicated-pressure chamber
      12, the latter pressure will simply reduce the downward force on the
      second pressure-sensitive piston 7, while allowing the piston to be
      stationary in contact with the stopper ring 6. Therefore, the
      first-pressure-sensitive piston 4 will remain unaffected. As the indicated
      pressure Pi increases, the first piston 4 is forced downward against the
      spring 17 until the valve seat 9 at the lower end of the downward
      projection 8 comes into contact with the valve seat 18 of the valve disk
      3, closing the exhaust hole 2 and moving the valve disk 3 to open the
      valve. Compressed air Pt is then admitted from the supply-pressure port 19
      through the space between the valve seats 18 and 20 into the
      output-pressure chamber 21, giving birth to an output pressure Po therein.
      The output pressure exerts an upward force on the underside of the first
      pressure-sensitive piston 4 and thereby moves the piston to the point
      where the upward force is balanced with the downward force generated by
      the indicated pressure Pi. The relation between the indicated pressure Pi
      and the output pressure Po in this case is represented by the
      characteristic line section O-B in FIG. 2. The gradient of the line O-B
      can be changed as desired, for example, to O-B' or O-B" by varying the
      ratio of the surface area of the first pressure-sensitive piston 4 facing
      the indicated-pressure chamber to that of the piston facing the
      output-pressure chamber.
PAR  Conversely if the indicated pressure Pi surpasses the control pressure Pc,
      then the second pressure-sensitive piston 7 will move upward against the
      spring 22 until it strikes the stopper 11 at the top of the upward
      projection 10 of the first pressure-sensitive piston 4. In this way much
      of the downward force of the first piston 4 is counteracted by the upward
      force to which the second piston 7 is subjected. In other words, the
      increment of the indicated pressure Pi, in effect, acts on the
      differential between the surface areas of the first and second pistons
      facing the indicated-pressure chamber. Consequently, the increment of the
      output pressure Po is smaller than when the control pressure Pc is higher
      than the indicated pressure. This relation between the indicated pressure
      Pi and the output pressure Po is represented by the line B-C in FIG. 2. As
      in the previous case, the gradient of the line B-C can be freely changed,
      for example, to B'-C', B"-C", too, by varying the ratio of the difference
      between the surface areas of the first and second pistons facing the
      indicated-pressure chamber to the area of the first piston facing the
      output-pressure chamber.
PAR  The point B can be changed as desired with respect to the same control
      pressure by varying the ratio of the surface area of the second
      pressure-sensitive piston 7 facing the control-pressure chamber to that of
      the same piston facing the indicated-pressure chamber. It is also possible
      to move the point B to any other point on the line O-D by varying the
      control pressure Pc. In order to attain a damper effect that minimizes the
      influence of disturbance, for example, the orifice 16 is provided for the
      inlet port 15 for the control pressure as shown in FIG. 1. Provision of
      such a restrictor means at a suitable point of the control-pressure system
      is effective for the purpose.
PAR  FIG. 3 shows schematic diagrams (A) through (C) of air brake circuits each
      of which incorporates a combined load-sensing proportion and relay valve
      according to the present invention. In the diagram (A), a push-pull valve
      usually employed for air brakes is adopted for the pressure control of the
      control-pressure system. An indicated pressure Pi from an air reservoir 25
      is led via a brake valve 26 to the indicated-pressure port of a relay
      valve 27 according to the invention. Meanwhile, a control pressure Pc
      flows from the air reservoir 25 through a push-pull valve 29 into the
      control-pressure port of the relay valve 27. At the same time, a service
      brake pressure flows from the air reservoir 25 to the relay valve 27 for
      pressure regulation and thence into a brake actuator 28. The
      characteristics of this circuit are represented by the lines O-A, O-A',
      O-A" or the lines O-D, O-D', O-D" in FIG. 2.
PAR  The diagram (B) is of another generally employed circuit for controlling.
      The numeral 30 indicates a hand-operated brake valve. This circuit is
      featured by the ability of changing the point B in FIG. 2.
PAR  The diagram (C) shows still another brake circuit using, in its
      control-pressure system, a valve 31 designed to control through linkage a
      fluid-pressure control valve, such as the push-pull valve or hand-operated
      brake valve in the diagram (A) or (B), according to the payload on the
      vehicle. In this circuit, the front end of the linkage is usually engaged
      with the lower part of a suspension spring, and the valve 31 is installed
      at a suitable point of the car body, so that the control pressure can be
      automatically controlled according to the payload of the vehicle or
      depending on changes of the load.
PAR  FIG. 4 shows another embodiment of the invention, in a fragmentary vertical
      section, wherein the first and second pressure-sensitive pistons 4, 7 are
      engaged with each other by means of a slot and a connecting pin. The
      upward projection 10 of the first pressure-sensitive piston 4 has a slot
      32, while the downward projection 33 of the second piston 7 has a cavity
      34 large enough to accommodate the upward projection 10 and carries at its
      lower end a connecting pin 35, which is extended through the slot 32. When
      the indicated pressure is higher than the control pressure, the second
      piston 7 is pushed upward by the indicated pressure, thus pulling up the
      first piston 4, too, with the connecting pin 35.
PAR  FIG. 5 is a vertical section through yet another embodiment of the
      invention, in which the first and second pressure-sensitive pistons 4, 7
      are separately located above and below and on the opposite sides of the
      valve disk 3. The upper projection 36 of the second piston 7 extends
      through the center opening of the valve disk 3 into an opening 37 of the
      downward projection 8 of the first piston 4.
PAR  When the control pressure Pc is higher than the indicated pressure Pi, the
      latter enters indicated-pressure chambers 12 through inlet ports 13 and
      forces the first pressure-sensitive piston 4 downward against the spring
      17, while the second piston 7 is in its lower position under the control
      pressure Pc. Thus the lower end 9 of the downward projection 8 moves the
      valve disk 3, opening the valve, so that the service brake pressure Pt
      from the supply-pressure port 19 is conducted to brake actuators not shown
      via the output-pressure port 23. As the indicated pressure Pi dies down,
      the first piston 4 is urged upward by the spring 17 and, at the same time,
      the valve disk 3 is raised by the spring 24 to close the valve. The
      compressed air, which is otherwise led toward the output-pressure port, is
      released through flutes 38 formed at the upper end of the upward
      projection 36 of the second piston and through an exhaust hole 39 formed
      in the axial center of the first piston.
PAR  When the indicated pressure Pi is higher than the control pressure Pc, the
      upward forces that act on the indicated-pressure chambers 12 exceed the
      downward force that acts on the control-pressure chamber 14. Consequently,
      the second pressure-sensitive piston 7 ascends until the upper end of its
      upward projection 36 strikes a shoulder 40 formed around the opening 37 of
      the first piston 4, whereby the first piston is pushed up by the second
      piston.
PAR  While the first pressure-sensitive pistons 4 in the embodiments shown in
      FIGS. 1 and 4 are raised by the second pistons with the aid of stopper
      means, the second piston in this third embodiment forces up the first
      piston at its shoulder 40. Excepting this, the embodiment is the same in
      construction and operation as the two other embodiments, and therefore the
      explanation of other details is omitted. It should be clear to those
      skilled in the art that this and other modifications or variations are
      possible without departing from the spirit and scope of the appended
      claims.
PAR  FIG. 6 shows still another form of relay valve according to the invention.
      Its valve body 101 and cover 102 are airtightly fastened together by bolts
      and nuts. The valve body 101 accommodates in its lower part a valve disk
      104 having an exhaust hole 103 in the axial center, and in its upper part
      above the valve disk, or in a chamber 105 inside the valve body 101, a
      control piston assembly for adjustably moving the valve disk and opening
      the valve. The control piston assembly comprises a first
      pressure-sensitive piston 106, a second pressure-sensitive piston 107, and
      a bush 108 slidably supporting the second piston. The first piston 106 has
      a downward projection 110 which is so shaped at its lower end as to serve
      as a valve seat 109 for face-to-face contact with the valve disk 104. Also
      the piston has an upward projection 112 which is expanded at its upper end
      111 to serve as a stopper. The second piston 107 is formed with an upper
      center boss 113 having a small chamber 114 to accommodate the expanded
      head 111 of the first piston. A stopper washer 115 is provided to keep the
      head 111 from dropping off from the small chamber 114. The stopper washer
      115 is supported by a snap ring 116. The upward projection 112 of the
      first piston 106 is formed with a hole 117 to receive a lever by which the
      projection member is screwed into the piston body. The first and second
      pistons 106, 107 are engaged with each other by the expanded head 111,
      stopper washer 115, and snap ring 116.
PAR  Between the first and second pressure-sensitive pistons 106, 107 is formed
      an indicated-pressure chamber 119, into which an indicated pressure is
      introduced through an inlet port 120 to force the first piston 106
      downward and the second piston 107 upward. On the other hand, a control
      pressure is admitted through an inlet port 122 to a control-pressure
      chamber 121 defined between the upper surface of the second piston and the
      inner wall of the cover 102, thus forcing down the second piston. The
      inlet port 122 is communicated with the control-pressure chamber 121
      through an orifice 123, lest any sudden and vibratile pressure change
      which occur in the valve 31 shown in FIG. 3 (C), when a vehicle runs on a
      rough road, should be directly transmitted to the chamber. The numeral 124
      indicates a spring for biasing the valve disk 104 upward, 125 a valve seat
      provided on the valve disk, 126 a supply-pressure inlet port, 127 a valve
      seat formed in the valve body, 128 an output-pressure chamber, 129 a
      spring for biasing the first piston 106 upward, and 130 an output-pressure
      outlet port.
PAR  The operation of the relay valve, with the construction described above, is
      as follows.
PAR  Assuming that the control pressure Pc applied to the control-pressure
      chamber 121 is higher than the indicated pressure Pi in the
      indicated-pressure chamber 119, the latter pressure will merely decrease
      the downward force on the second pressure-sensitive piston 107, while the
      piston is kept stationary in contact with a stopper ring 131.
      Consequently, the first pressure-sensitive piston 106 will remain
      unaffected. With an increase of the indicated pressure Pi, however, the
      first piston 106 is forced downward against the spring 129 until the valve
      seat 109 at the lower end of the downward projection 110 comes into
      contact with the valve seat 125, closing the exhaust hole 103 and moving
      the valve disk 104 to open the valve. The supply pressure Pt flows from
      the inlet 126 through the space between the two valve seats 125 and 127
      into the output-pressure chamber 128, producing an output pressure Po
      therein. The output pressure imparts an upward force to the underside of
      the first piston 106 and causes the piston to stop at a point where the
      force is balanced with the downward force generated by the indicated
      pressure Pi. The relation between the indicated pressure Pi and the output
      pressure Po in this case is represented by the characteristic line section
      O-B in FIG. 2. The gradient of the line O-B can be changed as desired, for
      example, to O-B' or O-B" by varying the ratio of the surface area of the
      first piston 106 facing the indicated-pressure chamber to that of the
      piston facing the output-pressure chamber.
PAR  If the indicated pressure Pi is higher than the control pressure Pc, then
      the second pressure-sensitive piston 107 will move upward until it strikes
      the expanded head 111 of the upward projection 112 of the first
      pressure-sensitive piston 106. Thus, much of the downward force of the
      first piston 106 is counteracted by the upward force for the second piston
      107. The increment of the indicated pressure Pi, in effect, acts on the
      differential between the surface areas of the first and second pistons
      facing the indicated-pressure chamber. Consequently, the increment of the
      output pressure Po is smaller than when the control pressure Pc is higher
      than the indicated pressure. This relation between the indicated pressure
      Pi and the output pressure Po is represented by the line B-C in FIG. 2.
      The gradient of the line B-C can be freely changed, for example, to B'-C'
      or B"-C", by varying the ratio of the difference between the surface areas
      of the first and second pistons facing the indicated-pressure chamber to
      the area of the first piston facing the output-pressure chamber.
PAR  The point B can be shifted as desired for the same control pressure by
      varying the ratio of the surface area of the second pressure-sensitive
      piston facing the control-pressure chamber to that of the same piston
      facing the indicated-pressure chamber. It is also possible to move the
      point B to any other point on the line O-D by varying the control pressure
      Pc. In order to achieve a damper effect that minimizes the influence of
      disturbance, for example, the orifice 123 is provided for the inlet port
      122 for the control pressure as shown in FIG. 6. Such flow-passage
      restrictor means may be provided at a suitable point of the
      control-pressure system between the valve 31 and the relay valve 27 as
      shown in FIG. 3 (C).
PAR  As will be understood from the foregoing description, the relay valve shown
      in FIG. 6 is featured by the arrangement in which the first and second
      pressure-sensitive pistons 106, 107 are engaged with each other by means
      of the expanded head of the upward projection 112 which is screwed at the
      base into the first piston and also by means of the stopper washer 115
      provided in the small chamber 114 of the second piston. To facilitate the
      fitting of the expanded head and the stopper washer in position, the
      embodiment shown in FIG. 6 may be variously modified or altered without
      departing from the spirit of the invention.
PAR  FIG. 7 is a cross section through one of such modifications, comparable to
      the section taken along the line A-A' of FIG. 6 and viewed in the
      direction of the arrows. In the modified combination, an expanded head
      111' of the upward projection of the first pressure-sensitive piston and a
      small chamber 114' enclosing the upper end portion with a clearance C
      therebetween are both hexagon shaped. Turning the second
      pressure-sensitive piston 107, therefore, screws the upward projection 112
      into the body of the first piston 106. For this engagement between the two
      pistons, the lever hole 117 as formed in the embodiment of FIG. 6 is not
      required.
PAR  FIG. 8 is a section through another modification, comparable to the section
      taken along the line B-B' of FIG. 6 and viewed in the direction of the
      arrows. Here the upward projection 112 is formed in one piece with the
      first pressure-sensitive piston body. Therefore, the stopper washer 115"
      must be split into two; otherwise it cannot be fitted over the stem of the
      protrusion under the expanded head 111. It should be obvious to those
      skilled in the art that these and other modifications are, of course,
      possible within the scope of the appended claims.
PAR  In each of the embodiments illustrated in FIGS. 6, 7, and 8 and described
      above, it is possible to provide suitable clearances C and C',
      respectively, between the periphery of the head of the first piston's
      upward projection and the inner wall of the small chamber on the second
      piston and between the periphery of the stem of the upward projection and
      the inner wall of the stopper washer. An additional clearance C" may be
      provided between the inner periphery of the upper flange of the valve body
      and the outer periphery of the bush in the valve body. This means that no
      critical allowance is required for the dimensional accuracy and
      concentricity of the components constituting the control piston assembly.
PAR  As will be appreciated from the foregoing description, the relay valve
      according to the present invention can be made at low cost, with the valve
      mechanism, particularly the control piston unit, reduced in size and made
      compact in design. Moreover, the valve is safe and durable. With these
      advantages, the present invention is expected to contribute much to the
      improvement of the braking systems of large road vehicles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combined load sensing proportion and relay valve assembly for an air
      brake system comprising: means defining a flow path through said valve
      assembly between an inlet port and an outlet port, said flow path
      including an outlet pressure chamber; a main valve mechanism including a
      valve seat and a valve disc, said valve disc being biased into engagement
      with said valve seat to block said flow path; a first pressure-sensitive
      piston including means projecting from one side thereof for abutment with
      said valve disc to unseat said valve disc from said valve seat to effect
      opening of said flow path through said valve assembly; a second
      pressure-sensitive piston; engaging means extending between said first and
      second pistons to enable free relative movement therebetween within a
      limited range and causing said second piston to abut said first piston in
      opposition to movement of said first piston to unseat said valve disc when
      said pistons move relative to each other beyond said limited range;
      control-pressure chamber means having a control pressure therein acting
      against one side of said second piston to urge said second piston to move
      away from abutment through said engaging means with said first piston;
      stopper means for limiting the extent of movement of said second piston in
      response to said control pressure in said control pressure chamber means;
      indicated-pressure chamber means indicated pressure created therein upon
      actuation of said braking system, said indicated-pressure chamber means
      being configured to cause said indicated-pressure therein to act
      simultaneously against both said first and said second pistons, said
      indicated-pressure acting upon one side of said first piston to drive said
      first piston in a direction toward unseating of said valve disc and
      against one side of said second piston in opposition to said control
      pressure; and means for applying the pressure in said output pressure
      chamber against the side of said second piston opposite the side against
      which said indicated pressure is applied, with the pressure in said output
      pressure chamber being balanced against said indicated-pressure to open
      and close said valve assembly flow path in accordance with the control
      pressure developed in said control pressure chamber means.
NUM  2.
PAR  2. A valve assembly according to claim 1, wherein said engaging means
      comprise a projection extending from said first pressure-sensitive piston
      in sealed sliding engagement through said second pressure-sensitive piston
      and having an enlarged portion formed on the end thereof for engagement
      with said second piston when said first and said second pistons move
      relative to each other beyond said limited range.
NUM  3.
PAR  3. A valve assembly according to claim 1, wherein said control-pressure
      chamber means include a control-pressure inlet port communication with
      said control-pressure chamber means through an orifice.
NUM  4.
PAR  4. A valve assembly according to claim 1 wherein said engaging means
      comprise an upward projection provided on said first pressure-sensitive
      piston and formed with a slot, a downward projection extending from the
      underside of said second pressure-sensitive piston and formed with a
      cavity having a dimension sufficiently large to accommodate said upward
      projection, and a connecting pin inserted through said slot and supported
      at both ends by said downward projection.
NUM  5.
PAR  5. A valve assembly according to claim 1 wherein said valve disc has an
      upwardly directed exhaust hole in the axial center thereof with said valve
      seat encircling the upper end of said exhaust hole, said first piston
      being formed with a downward projection having a valve seat at its lower
      end for face-to-face engagement with the valve seat of said valve disc and
      also having a hole in the axial center thereof with a shoulder formed in
      the intermediate part of the opening and extended inwardly, said second
      piston being located under said valve disc, said upper projection
      extending through the valve disc into the hole engageably with the
      shoulder and formed with flutes on the upper part of said upward
      projection, said indicated-pressure chamber means including a first
      indicated-pressure chamber and a second indicated-pressure chamber, said
      first indicated-pressure chamber being defined between the upper side of
      said first piston and the inner wall of said valve body, said control
      pressure chamber means being formed above said second piston with said
      second indicated pressure chamber being defined between the underside of
      said second piston and the inner wall of said valve body.
NUM  6.
PAR  6. A valve assembly according to claim 1 wherein said valve disc has an
      upwardly directed exhaust hole in the axial center thereof with said valve
      seat encircling the upper end of said exhaust hole, said first piston
      being formed with a downward projection having a valve seat at its lower
      end for face-to-face engagement with the valve seat on said valve disc and
      also having an upward projection expanded at the upper end thereof to form
      a head, said second piston being formed with a small chamber on the upper
      center thereof for receiving said upward projection, with means being
      provided in the vicinity of the entrance of said small chamber to prevent
      said expanded head of the upward projection of said first piston from
      dropping off from the small chamber of said second piston, said indicated
      pressure chamber means being defined between the upper side of said first
      piston and the underside of said second piston, and said control pressure
      chamber means being provided above said second piston.
NUM  7.
PAR  7. A valve assembly according to claim 6 wherein said upward projection of
      said first piston is a separate member threadedly connected into an
      internal threaded hole of said piston and being polygonally shaped at said
      expanded head, said small chamber of said second piston being also
      polygonally shaped to receive said head.
NUM  8.
PAR  8. An assembly according to claim 6 wherein said upward projection of said
      first piston is formed integrally with said first piston, said means for
      preventing the expanded head of said upward projection of said first
      piston from dropping off said small chamber of said second piston being a
      split-type stopper washer provided in the vicinity of the entrance of said
      small chamber.
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ABST
PAL  A brake system having spring applied fluid pressure released brakes is
      provided with an auxiliary source of pressure for release of the brakes
      and a valve that is locked into an inoperative position effective to
      thereby render it tamper-proof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to brake control systems and pertains
      particularly to a tamper-proof secondary control system for a fail-safe
      brake system.
PAR  Many large vehicles, especially earthmoving vehicles, employ fail-safe
      brake systems wherein the brakes are spring applied and fluid pressure
      released. Upon failure of the fluid pressure, the brakes are automatically
      applied and the vehicle cannot be moved until an auxiliary source of
      pressure is made available to release the brakes.
PAR  Some vehicles are provided with an auxiliary system so that the operator is
      merely required to shift a valve to move or continue operation of the
      vehicle for a short period of time. This arrangement allows the vehicle to
      be moved if necessary for repairs or the like. One problem with this
      arrangement is that vandals may open the auxiliary valve and move the
      vehicles or drain the auxiliary supply.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The primary object of the present invention is to overcome the
      aforementioned problems of the prior art.
PAR  Another object of the invention is to provide a tamperproof auxiliary
      control system for a fail-safe vehicle brake system.
PAR  A further object of the present invention is to provide an auxiliary brake
      control system with a valve that requires tools for shifting.
PAR  In accordance with the present invention, an auxiliary source of control
      fluid for a fail-safe brake system is provided with a valve that is locked
      in the "off" position and requires tools to be turned to the "on" position
      to render the system operative.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages of the present invention will
      become apparent from the following description when read in conjunction
      with the drawings wherein:
PAR  FIG. 1 is a schematic layout of a brake control system embodying the
      present invention; and
PAR  FIG. 2 is an elevational view of a preferred embodiment of the control
      valve of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, particularly FIG. 1, there is illustrated a
      brake control system of the type having a plurality of fail-safe brake
      mechanisms 10 of the type that is spring applied and fluid pressure
      released. Such brake systems are well known and typically applied to large
      heavy-duty vehicles and are such that the brake system is operative to
      lock the wheels of a vehicle and prevent movement thereof until sufficient
      brake or control pressure is developed in the control system to release
      the brakes.
PAR  Such systems are typically known as "fail-safe" brake systems and normally
      operate automatically upon failure of control pressure within the system
      to apply the brakes to the vehicle to stop it. The system includes a
      primary source 12 of fluid pressure which is communicated by suitable
      conduit means 14 to a brake control valve 16 which is operated to direct
      the fluid by way of conduit 18 and branch conduits 20 and 22 for
      controllably releasing the brake mechanisms 10. The primary source of
      fluid 12 may be any suitable source such as the transmission control fluid
      or it may be implement control and actuating fluid.
PAR  An auxiliary control system is provided for supplying pressurized fluid for
      controlling the brake system should the primary system fail. The auxiliary
      system is provided so that the vehicle may be moved in the event of such
      primary system failure to secure maintenance or to move the vehicle to a
      place of safety.
PAR  The auxiliary system of the present invention comprises a suitable
      secondary or auxiliary source 24 of pressurized fluid which is supplied by
      way of suitable conduit means 26 to a suitable valve mechanism 28 which
      may be an air-operated valve or cylinder operating on or actuating a
      retarder cylinder mechanism 30. The auxiliary source 24 may be any
      suitable source such as the vehicle air system source having a storage
      tank to retain and supply air for operation of the auxiliary control
      system.
PAR  The cylinder 30 is operative to supply pressurized oil or hydraulic fluid
      by way of a conduit 32 to an auxiliary or diverter valve 34 which is
      operative to control communications by way of a conduit 36 with the brake
      control valve 16.
PAR  The auxiliary valve 34 comprises a housing 37 having a bore therein (not
      shown) and a valve spool 38 reciprocally mounted in the bore for
      controlling communication between conduits 32 and 36. The valve spool 38
      may be of any suitable construction to define a two-position valve,
      providing a communicating position and a non-communicating position. These
      two positions would normally correspond in the present case to the extreme
      end positions of the valve spool 38. Mounted on the outer end of each end
      of the spool 38 is a stop ring 40 to define the outermost extreme position
      of the valve spool.
PAR  The valve 34 is provided with suitable locking means in the form of a
      bracket 42 which is shaped to define a substantially U-shaped
      configuration having a pair of upstanding like portions 44 and 46 which
      are operative to engage both ends of the valve spool 38. The bracket 42 is
      mounted in each illustrated embodiment directly beneath the valve 34 and
      includes a pair of slots 48 and 50 in which is engaged a pair of cap
      screws 52 and 54. The base of the bracket need not be clamped beneath the
      base of the valve body, but may be clamped to one side or on top of the
      body base. The locking bracket may not need both legs but can function
      with a single blocking member when it is desired to lock the valve in a
      single position.
PAR  These cap screws 52,54 and slots 48,50 cooperate to define the extreme
      outer positions of the valve spool 38. The cap screws 52 and 54 are
      operative upon being tightened down by a suitable wrench to lock the valve
      34 in its selected communicating or non-communicating positions.
PAR  Thus, for example, when the bracket is moved to the extreme right position
      as shown in FIG. 2 to force the spool 38 to likewise be moved to its
      extreme right position, a non-communication position may be established.
      In this position, the cap screws 52 and 54 may be tightly secured to
      essentially lock the valve in the non-communicating position. Thus, it
      would require one to have wrenches available to loosen the screws 52 and
      54 in order to shift the valve 34 into the operating position so that one
      may operate to release the brakes and move the vehicle.
PAR  The operating or communicating position of the valve 34 may be defined as
      the extreme left position shown in phantom in FIG. 2. Thus, with the valve
      34 in its extreme right or blocking position, there is little danger of
      the auxiliary system being automatically, accidentally or maliciously
      brought into operation.
PAR  This locking system for a diverter valve may also be applied to other than
      brake systems. It may, for example, be applied to fuel systems to prevent
      an engine from starting. It may also be applied to hydraulic controls for
      implements and the like to prevent implements from being operated under
      certain conditions.
PAR  Other applications may be, for example, a system to alternately select one
      of two attachments with a single control valve circuit.
PAR  Thus, it is seen from the above description that we have provided a
      fail-safe brake system with auxiliary control means that is essentially
      tamper-proof. The system includes a lockable auxiliary valve that prevents
      the auxiliary system from being operated without the use of special tools
      or the like.
PAR  While the present invention has been illustrated and described with respect
      to a single embodiment, it is to be understood that numerous changes and
      modifications may be made therein without departing from the spirit and
      scope of the present invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle brake control system having spring applied brake means and
      fluid pressure responsive release means;
PA1  a brake control valve for controlling said brakes;
PA1  a primary source of fluid pressure for controlling said brakes;
PA1  an auxiliary source of fluid pressure for controlling said brakes upon
      failure of said primary source;
PA1  an auxiliary control valve comprising a valve body, a valve spool
      reciprocably mounted in said valve body and movable between a
      communicating position and a noncommunicating position, for controlling
      communication of said auxiliary source with said control valve, both ends
      of said valve extending from said valve body; and,
PA1  locking means including a bracket operative to engage both ends of said
      spool and adapted to be secured in a fixed position to block movement of
      said spool to said communicating position.
NUM  2.
PAR  2. The brake control system of claim 1 wherein said bracket is slidable
      between two extreme positions to define said communicating and
      non-communicating positions.
NUM  3.
PAR  3. The brake control system of claim 2 wherein said bracket is a U-shaped
      bracket engaging both ends of said spool.
NUM  4.
PAR  4. A fluid control system for operating a fluid responsive motor;
PA1  a main control valve for controlling said motor;
PA1  a primary source of fluid pressure for operating said motor;
PA1  an auxiliary source of fluid pressure for operating said motor upon failure
      of said primary source;
PA1  an auxiliary control valve comprising a valve body, a valve spool
      reciprocably mounted in said valve body and movable between a
      communicating position and a noncommuicating position for controlling
      communication of said auxiliary source with said control valve, said valve
      spool having both ends extending from said valve body; and,
PA1  locking means including a bracket, said bracket being operative to engage
      both ends of said spool and adapted to be secured in a fixed position to
      block movement of said spool to said communicating positon.
NUM  5.
PAR  5. The brake control system of claim 4 wherein said bracket is slidable
      between two extreme positions to define said communicating and
      non-communicating positions.
NUM  6.
PAR  6. The brake control system of claim 5 wherein said bracket is a U-shaped
      bracket engaging both ends of said spool.
NUM  7.
PAR  7. A safety control valve for operating a fluid system comprising:
PA1  a control valve having a communicating position and a noncommunicating
      position;
PA1  a control valve comprising a valve body, a valve spool reciprocably mounted
      in said valve body and movable between a communicating position and a
      noncommunicating position, for controlling communication of fluid from a
      source, said valve spool extending from both ends of said valve body; and,
PA1  locking means including a bracket, said bracket being operative to engage
      both ends of said spool and adapted to be secured in a fixed position to
      block movement of said spool from a selected one of said communicating and
      noncommunicating positions.
NUM  8.
PAR  8. The control valve of claim 7 wherein said bracket is slidable between
      two extreme positions to define said communicating and non-communicating
      positions.
NUM  9.
PAR  9. The control valve of claim 8 wherein said bracket is a U-shaped bracket
      engaging both ends of said spool.
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ABST
PAL  A track pad for the support and propulsion of track propelled vehicles
      (e.g. asphalt paving machines) comprising a support plate having a
      longitudinal axis which is greater than its transverse axis, a coating of
      heavy duty polymer (e.g. a thermoplastic urethane elastomer resin) which
      substantially encapsulates the support plate, and a means for securing the
      track pad to the track. The support plate is provided with suitable
      openings to accommodate the positioning therethrough of a securing means
      (e.g. flat head carriage bolts), said securing means for removably
      attaching the track pad to the track. The track pad of this invention is
      manufactured by pre-assembly of the securing means and the support plate
      whereafter the pad material is injection molded such as to substantially
      encapsulate the support plate.
BSUM
PAC  BACKGROUND
PAR  This invention relates to vehicle support equipment. More particularly this
      invention relates to improved support structure for the tracks of vehicles
      which are supported by tracks e.g. asphalt paving machines, cranes,
      bulldozers and the like.
PAR  One of the more vexing problems facing those who operate tracked vehicles,
      e.g. asphalt paving machines, is the rapid wear occurring to the track
      pads on such machines. In this regard a track pad is a structure which is
      secured removably to the drive track of a track supported vehicle and
      which provides the contact surface between the tracked vehicle and its
      supporting surface, e.g. a road, the earth, the rock bed of a quarry or
      the like. Typically such vehicles utilize a plurality of track pads, e.g.
      as many as two hundred and fifty such pads utilized on equipment such as
      asphalt paving machines.
PAR  A typical tracked vehicle, such as the asphalt paving machine with respect
      to which the invention is described, weighs several thousand pounds and is
      required to transmit both supporting and propelling forces between the
      equipment and the support surface. For example, in normal operation, a
      typical asphalt paving machine is positioned behind a truck which contains
      the asphalt. The paving machine not only transports itself during paving
      but also provides the power to push the truck thus insuring the paving
      machine of a continuous and uninterrupted engagement with the truck. Thus,
      in addition to supporting and propelling its own weight, the paving
      machine propels the truck and its load of asphalt, a weight of several
      tons. This type of operation produces extreme-load and frictional forces
      upon the track pads.
PAR  Known track pads presently in use comprise rubber pads secured to metal
      support elements. The rubber pad material is secured only to one side of
      the support element viz. the side on which the pad makes
      surface-to-surface- contact with the supporting medium e.g. the ground or
      road. Further, known support elements comprise planar plates and have no
      means of effectively gripping the pad material. As is recognized in the
      art, such pads have been incapable of withstanding the loads attendant to
      supporting and propelling of heavy tracked equipment and have failed,
      often within days of installation. The failure ordinarily takes the form
      of complete separation of the pad material from the structural support
      element because of the inability of the track pad to withstand the
      frictional (propelling) forces to which it is subjected. When this occurs
      there is loss of frictional engagement between the supporting surface and
      the track pad and the asphalt paving machine is no longer capable of being
      propelled without damage to the vehicle tracks or damage to the supporting
      surface.
PAR  This rapid wear, deterioration and ultimate failure of the pads is
      expensive not only by way of replacement costs but also because of costly
      down time for the equipment during replacement of the worn track pads. The
      present invention relates to track pad for use with vehicles of the type
      described above, which pad solves the above related problems. Summary
PAR  It is the object of the present invention therefore to provide a track pad
      for tracked vehicles that is more durable and longer lasting.
PAR  It is a further object of this invention to provide a track pad for tracked
      vehicles wherein the pad portion of the device is secured to the
      structural portion so as to effectively preclude a separation during
      normal operation.
PAR  A still further object of this invention is to provide a method of
      manufacturing a track pad for tracked vehicles so as to achieve a more
      durable and longer lasting pad.
PAR  These objects and others not enumerated are achieved by a track pad
      structured in accordance with the present invention, one embodiment of
      which may include a generally rectangular base plate having a plurality of
      openings therein, securing means mounted on the base plate, the securing
      means extending through at least one of the plurality of openings, the
      securing means for removably attaching the track pad to a track of a
      tracked vehicle, and pad means comprising a molded thermoplastic urethane
      elastomer resin member which substantially encapsulates the base plate,
      the pad means including at least one opening to permit the extension
      therethrough of at least a portion of the securing means.
PAR  Manufacture of such a track pad in accordance with the teachings of the
      invention may include the steps of inserting the securing member through
      the opening in the support plate so as to form a sub-assembly, positioning
      the sub-assembly in a die so that the securing member extends outwardly
      from the die cavity, securing sub-assembly within the die cavity,
      injecting preheated thermoplastic urethane elastomer resin into the die
      cavity such as to substantially encapsulate the base plate, but not the
      securing member, cooling the assembly for a sufficient period of time to
      permit the thermoplastic urethane elastomer resin to set, and removing the
      track pad.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the present invention may be had from the
      following detailed description, particularly when read in light of the
      accompanying drawings wherein:
PAR  FIG. 1 is a plan view of a track pad structured according to the teachings
      of the invention;
PAR  FIG. 2 is a cross-sectional, elevational view through the plane 2--2 of
      FIG. 1;
PAR  FIG. 3 is a cross-sectional, elevational view, similar to the view in FIG.
      2, but showing the track pad of the invention contained within a die in
      which the pad material has been molded around the structural base plate of
      the pad during manufacture;
PAR  FIG. 4 is a view of the track pad of the present invention showing the pad
      surface i.e. the surface opposite to that shown in FIG. 1 which contacts
      the vehicle support surface, e.g. the ground;
PAR  FIG. 5 is view similar to the view of FIG. 4 but showing a second
      embodiment of the track pad according to the invention;
PAR  FIG. 6 is a cross-sectional, elevational view through plane 6--6 of FIG. 5;
PAR  FIG. 7 is a plan view similar to the view of FIG. 1 but showing a third
      embodiment of the track pad according to the present invention;
PAR  FIG. 8 is a cross-sectional, elevational view through plane 8--8 of FIG. 7;
PAR  FIG. 9 is a cross-sectional, elevational view through plane 9--9 of FIG. 7
      and showing the track pad of the present invention in cooperation with a
      conventional track shoe.
DETD
PAC  DETAILED DESCRIPTION
PAR  Considering therefore FIG. 1 there is shown a track pad structured in
      accordance with the teaching of the present invention and designated
      generally by reference numeral 10. As is clear from FIG. 1, track pad 10
      is generally rectangular in shape and thus has a longitudinally extending
      axis which is substantially greater in length than its transverse axis.
PAR  Referring also to FIG. 2 it can be seen that track pad 10 includes a base
      plate 11 which is generally planar and rectangular in shape (FIG. 1). Base
      plate 11 defines the principal structural support for track pad 10. Formed
      along one transverse edge of base plate 11 is a raised lip 13 which
      defines an obtuse angle with generally planar surface 12 of base plate 11.
      Similarly a raised lip 15 is formed along the opposite transverse edge of
      base plate 11 which lip also defines an obtuse angle with surface 12.
      Formed along the longitudinally extending edges of base plate 11 are a
      pair of raised lips 17 and 19 which form an obtuse angle with planar
      surface 12 of base plate 11.
PAR  Formed to extend through base plate 11 are a plurality of openings. As best
      can be seen in FIG. 1, such openings include four square openings 21 and a
      round opening 23. Square openings 21 are adapted to receive therethrough,
      flat head carriage bolts 25. Each carriage bolt 25 has a square shaped
      portion 27 on the stem which is identical in cross-sectional configuration
      to each square opening 21 in base plate 11. Square shaped portions 27
      cooperate with openings 21 to preclude rotation of carriage bolts 25. In
      this regard it should be noted that it is not necessary that the opening
      be square, but rather only that such openings be nonround and such as to
      cooperate with the correspondingly nonround portions of the carriage bolts
      to preclude rotation of the carriage bolts within the plate. The flat head
      carriage bolts 25 are used to secure the track pad 10 to the track in a
      manner well known to those skilled in the art.
PAR  The circular hole 23 is formed in base plate 11 for the purpose of
      permitting the free passage therethrough of pad material during
      manufacture of track pad 10. In this regard, the selection and location of
      hole 23 may be determined empirically and it is only necessary that
      sufficient holes are provided, without endangering the structural
      integrity of the base plate 11, to accommodate the passage of material to
      all portions of the mold cavity as discussed in greater detail below with
      respect to the process for manufacturing track pad 10.
PAR  Substantially encapsulating the base plate 11 is a molded thermoplastic
      urethane elastomer resin member 29. As best can be seen in FIG. 1, the
      encapsulation of base plate 11 is complete except for the annular areas 31
      which circumscribe the stem of each flat head carriage bolt 25. Circular
      areas 32 and 33 are formed during the manufacture of track pad 10 as is
      more fully discussed below. A thermoplastic urethane elastomer resin
      member 29 exhibits increased abrasion resistance and tensile strength over
      material currently used in the arts and it should be noted that Mobay
      D-591A as manufactured by the Mobay Chemical Company or equivalents
      thereof is satisfactory for use as the molded thermoplastic urethane
      elastomer resin.
PAR  A method for manufacturing track pad 10 is best described with reference to
      FIG. 3 wherein there is shown a molding die having substantially complete
      track pad therein.
PAR  The molding die comprises a lower die half 35 and an upper die half 37.
      Lower die half 35 is provided with a plurality of circular openings 39
      formed therethrough which openings are spaced to accommodate the free
      passage therethrough of the stems flat head carriage bolts 25. Circular
      openings 39 are circumscribed by annular projections 41. Projections 41
      are of proper length to establish surface to surface contact with base
      plate 11 such as to assist in maintaining base plate 11 in a desired
      position during encapsulation.
PAR  The upper die half 37 of the molding die is provided with an opening 43 to
      permit the injection therethrough of heated pad material once the die
      halves 35 and 37 are secured together.
PAR  A plurality of conical projections 45 depend from the cavity surface of
      upper die half 37. Projections 45 are of proper length to establish
      surface to surface contact with the surface 12 of base plate 11 such as to
      cooperate with projections to maintain base plate 11 in proper position
      during the molding process.
PAR  Similarly a plurality of conical projections 47 are formed on the die
      cavity surface of lower die half 35. Projections 47 are of the proper
      length to establish surface to surface contact with base plate 11 such as
      to cooperate with projection 41 and 45 to maintain base plate 11 in proper
      position during the molding process.
PAR  In manufacturing track pad 10, flat head carriage bolts 25 and base plate
      11 are pre-assembled by inserting carriage bolts 25 through openings 21.
      The pre-assembly is then positioned in the lower die half 35 of the
      molding die. The lower die half 35 of the molding die is then secured to
      the upper die half 37 such that the inner surface of die halfs 35 and 37
      cooperate to define a space 29 which conforms in configuration to the
      desired shape of the pad member of track pad 10.
PAR  Once the preassembly is secured within die half 35 and 37, liquid
      thermoplastic urethane elastomer resin is injected into the die cavity
      through opening 43. Circular hole 23 in base plate 11 aids in permitting
      the thermoplastic urethane elastomer resin to circulate within the die
      thus insuring the substantially total encapsulation of base plate 11.
PAR  After a sufficient cooling period (which can be determined readily by those
      skilled in these arts) die half 35 and 37 are separated and track pad 10
      is removed. Conical projections 45 depending from the cavity surface of
      the upper die half leave conical impressions 33 in thermoplastic urethane
      elastomer resin member 29 on the bottom of track pad 10 as best can be
      seen in FIG. 4. Conical projections 47 formed on the cavity surface of
      lower die half 37 also leave conical impressions 32 in thermoplastic
      urethane elastomer resin member 29 on the top of track pad 10 as best can
      be seen in FIG. 1.
PAR  Referring to FIG. 5, a second embodiment of the present invention is shown
      and designated generally by reference numeral 110. As is clear from FIG.
      5, track pad 110 is generally rectangular in shape and thus has a
      longitudinally extending axis which is substantially greater in length
      than its transverse axis.
PAR  Referring to FIG. 6 it can be seen that track pad 110 includes a base plate
      111 which is generally planar and rectangular in shape (FIG. 5). Base
      plate 111 defines the principal structural support for track pad 110.
      Formed along one longitudinal edge of base plate 111 is a raised lip 117
      which defines an acute angle with generally planar surface 112 of base
      plate 111. Similarly a raised lip 119 is formed along the opposite
      longitudinal edge of base plate 111 which lip also defines an acute angle
      with surface 112.
PAR  Formed to extend through base plate 111 are a plurality of openings. As
      best can be seen in FIG. 5, such openings include four square openings 121
      and a round opening 123. Square openings 121 are adapted to receive
      therethrough flat head carriage bolts 125. Each carriage bolt 125 has a
      square shaped portion 127 on the stem which is substantially identical in
      cross-sectional configuration to each square opening 121 in base plate
      111. Square shaped portions 127 cooperate with openings 121 to preclude
      rotation of carriage bolts 125. In this regard it should be noted that it
      is not necessary that the openings be square, but rather only that such
      openings be non-round such as to cooperate with correspondingly non-round
      portions of the carriage bolts to preclude rotation of the carriage bolts
      within the plate. The flat head carriage bolts are used to secure track
      pad 110 to the track in a manner well known to those skilled in the arts.
PAR  The circular hole 123 is formed in base plate 111 for the purpose of
      permitting free passage therethrough of pad material during manufacture of
      track pad 110. In this regard, the selection and location of hole 123 may
      be determined empirically, more than a single hole being permissable if
      required, and it is only that sufficient holes are provided without
      endangering the structural integrity of base plate 111, to accommodate the
      passage of material to all portions of the mold cavity as discussed
      beforehand with respect to the process for manufacture of track pad 110.
PAR  Substantially encapsulating base plate 111 is a molded thermoplastic
      urethane elastomer resin member 129. As best can be seen in FIG. 5, the
      encapsulation of base plate 111 is complete except for annular areas 131
      which circumscribe the stem of each flat head carriage bolt 125. Circular
      areas 132 and 133, formed during the manufacture of track pad 110, are
      also not encapsulated as was discussed above with respect to holes 32 and
      33 what are formed during the manufacture of track pad 10.
PAR  In this regard, the method for manufacturing track pad 110 is identical to
      the manufacture of track pad 10 which has been discussed previously.
PAR  Referring to FIG. 7, a third embodiment of the present invention is shown
      and designated generally by reference numeral 210. As is clear from FIG.
      7, track pad 210 is generally rectangular in shape and thus has a
      longitudinally extending axis which is substantially greater in length
      than its transverse axis.
PAR  Referring also to FIG. 8, it can be seen that track pad 210 includes a base
      plate 211 which is generally planar and rectangular in shape (FIG. 7).
      Base plate 211 defines the principal structural support for track pad 210.
      Formed along one longitudinal edge of base plate 211 is a raised lip 217
      which defines an acute angle with generally planar surface 212 of base
      plate 211. Similarly a raised lip 219 is formed along the opposite
      longitudinal edge of base plate 211 which lip alsos defines an acute angle
      with surface 212.
PAR  Planar surface 212 of base plate 211 is interrupted by circular
      indentations 251. These circular indentations 251 are made during the
      manufacturing of base plate 211 and cause dimples 253 to protrude from
      planar surface 214 which is opposite planar surface 212. The purpose of
      dimples 253 will be more fully explained with respect to FIG. 9.
PAR  Formed to extend through base plate 211 are a plurality of openings. As
      best can be seen in FIG. 7, such openings include four square openings 221
      and a round opening 223. Square openings 221 are adapted to receive
      therethrough flat head carriage bolts 225. Each carriage bolt 225 has a
      square shaped portion 227 on the stem which is identical in
      cross-sectional configuration to each square shaped opening 221 in base
      plate 211. Square shaped portions 227 cooperate with openings 221 to
      preclude rotation of carriage bolts 225. In this regard it should be noted
      that it is not necessary that the openings be square, but rather only that
      such openings be non-round so as to cooperate with the carriage bolts to
      preclude rotation of the carriage bolts within the plate. The flat head
      carriage bolts are used to secure track pad 210 to the track in a manner
      well known to those skilled in the art.
PAR  The circular hole 223 is formed in base plate 211 for the purpose of
      permitting free passage therethrough of pad material during the
      manufacture of track pad 210. In this regard the selection and location of
      hole 223 may be determined empirically and it is only that sufficient
      holes are provided without endangering the structural integrity of base
      plate 211, to accomodate the passage of pad material to all portions of
      the die cavity as discussed previously with respect to the manufacture of
      track pad 10.
PAR  Substantially encapsulating base plate 211 is a molded thermoplastic
      urethane elastomer resin meter 229. As best can be seen from FIG. 7, the
      encapsulation of base plate 211 is complete except for annular areas 231
      which circumscribe the stem of each flat head carriage bolt 225. Circular
      areas 232 and 233 are formed during the manufacture of track pad 210 are
      also not encapsulated and were discussed previously with respect to the
      manufacture of track pad 10. Dimples 253 which protrude from planar
      surface 214 of base plate 211 are substantially encapsulated by the
      thermoplastic urethane elastomer resin member 229, the surface of member
      229 being substantially tangential to the outermost surface of dimples
      253.
PAR  Referring to FIG. 9 there is shown a cross-sectional, elevational view of
      track pad 210 through plane 9--9 of FIG. 7. Track pad 210 is shown in
      frictional relation to a conventional track shoe 260 of an asphalt paving
      machine. As can be seen, track shoe 260 includes circular openings 261
      which permit the passage therethrough of carriage bolts 225. Track shoe
      260 also includes support ribs 263 and 264 which contact track pad 210 at
      its transverse ends when it is secured in position. Track shoe 260 also
      includes support rib 265 which contacts track pad 210 approximately midway
      between the transverse edges and also support ribs 267 which contact track
      pad 210 between carriage bolts 225.
PAR  The raised lips along the longitudinal edges of base plate 211 in
      cooperation with the substantial encapsulation of base plate 211 with
      thermoplastic urethane elastomer resin member 229 effectively solves the
      vexing problem of separation of pad material from the base plate during
      the operation of the tracked vehicle. However, since the thickness of pad
      material on planar surface 214 is now substantially greater than on track
      pads previously known in the art, difficulty may occur in maintaining
      contact with the track shoe along the transverse and longitudinal edges of
      track pad 210. This problem may arise when the track pad is torque
      securely to the track shoe. Support ribs 267 may penetrate the
      thermoplastic urethane elastomer resin surface, causing the track pad 210
      to pivot about support rib 265 and thus lose contact with support rib 264.
      This embodiment of the invention effectively solves this problem by means
      of protruding dimples 253.
PAR  When track pad 210 is secured in position, the outer surfaces of dimples
      253, make surface-to-surface contact with support ribs 267 of track shoe
      260.
PAR  This surface-to-surface bearing contact, of base plate 211 and track shoe
      260 prevents track pad 210 from pivoting on support rib 265 during the
      process of torqueing down carriage bolts 225 and thus prevents track pad
      210 from loosing contact with support rib 264.
PAR  Although three embodiments of track pad according to the invention have
      been disclosed and described in detail, it will be recognized by those
      skilled in these arts that modified track pad structures may be designed
      which do not depart from the spirit and teachings of the present invention
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing a track pad for a tracked vehicles said track
      pad having a generally planar rectangular base plate with a plurality of
      openings, a securing means extending through at least one of said
      plurality of openings for removably attaching the track pad to a track of
      said tracked vehicles and a pad means of polymer substantially totally
      encapsulating said base plate but which includes at least one openings to
      permit the extension therethrough of a portion of said securing means,
      comprising:
PA1  positioning said securing means in said support plate to form a
      sub-assembly
PA1  positioning said sub-assembly within a die wherein said securing means
      extend from the die cavity and as such, avoids encapsulation by said
      polymer;
PA1  securing said sub-assembly within said die by means of a plurality of
      positioning projections which extend from said inner surface of said die
      into said die cavity making surface to surface contact with said base
      plate
PA1  injecting polymer into said die to fill said space between said inner
      surface of said die and said base plate;
PA1  maintaining said die in a closed position for sufficient time to permit
      setting of said polymer material
PA1  removing said track pad from said die after setting of said polymer.
NUM  2.
PAR  2. A track pad for tracked vehicles comprising:
PA1  a generally rectangular base plate, said base plate including first and
      second generally longitudinally extending edges and first and second
      generally transversely extending edges wherein each of said first and
      second longitudinally extending edges is provided with a raised lip formed
      thereon;
PA1  securing means mounted on said base plate, said securing means for
      removably attaching said track pad to a track of a tracked vehicle; and
PA1  pad means, said pad means comprising a molded polymer member which
      substantially totally encapsulates said base plate, said pad means
      including at least one opening to permit the extension therethrough of at
      least a portion of said securing means.
NUM  3.
PAR  3. A track pad according to claim 2 including a plurality of openings
      formed in said base plate, and wherein said securing means extends through
      at least one of said plurality of openings.
NUM  4.
PAR  4. A track pad according to claim 2 wherein said base plate includes a
      first generally planar surface and wherein each said raised lip is formed
      to cooperate with said first planar surface to define an acute angle.
NUM  5.
PAR  5. A track pad according to claim 2 wherein said base plate includes a
      first generally planar surface and wherein each said raised lip is formed
      to cooperate with said first planar surface to define an obtuse angle.
NUM  6.
PAR  6. A track pad according to claim 5 including a first and second
      transversely extending raised lip formed on said first and second
      transversely extending edge of said base plate respectively, each said
      transversely extending raised lip cooperating with said first planar
      surface to define an obtuse angle.
NUM  7.
PAR  7. A track pad for tracked vehicles comprising:
PA1  a generally rectangular base plate, said base plate having a first
      generally planar surface and a second generally planar surface;
PA1  securing means mounted on said base plate, said securing means for
      removably attaching said track pad to a track of a tracked vehicle;
PA1  pad means, said pad means comprising a molded polymer member which
      substantially totally encapsulates said base plate, said pad means
      including at least one opening to permit the extension therethrough of at
      least a portion of said securing means; and
PA1  reaction means comprising at least one raised surface extending outwardly
      from said second generally planar surface and disposed substantially
      adjacent said securing means such that said raised surface contacts the
      surface of a track shoe to define a reaction surface between said track
      shoe and said track pad.
NUM  8.
PAR  8. A track pad according to claim 7 wherein said base plate includes first
      and second generally longitudinally extending edges and first and second
      generally transversely extending edges and wherein each of said first and
      second longitudinally extending edges is provided with a raised lip formed
      thereon.
NUM  9.
PAR  9. A track pad according to claim 8 wherein said first generally planar
      surface cooperates with each said raised lip to define an acute angle.
NUM  10.
PAR  10. A track pad according to claim 8 wherein said first generally planar
      surface cooperates with each said raised lip to define an obtuse angle.
NUM  11.
PAR  11. A track pad according to claim 10 including first and second raised
      lips formed on said first and second transversely extending edges of said
      base plate respectively, each said raised lip cooperating with said first
      planar surface to define an obtuse angle.
NUM  12.
PAR  12. A track pad according to claim 7 wherein said at least one raised
      surface defining said reaction means extends outwardly of said second
      generally planar surface such as to cause the surface of said pad means to
      be coplanar to the outermost surface of said reaction means.
NUM  13.
PAR  13. A track pad according to claim 7 wherein each said raised surface is
      defined by a dimple formed in said base plate.
NUM  14.
PAR  14. A track pad according to claim 12 wherein each said raised surface is
      defined by a dimple formed in said base plate, the outer curvature of each
      said dimple being tangential to the surface of said pad means.
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ABST
PAL  A track-type vehicle comprises a pair of endless track assemblies including
      a plurality of articulated track shoes. A drive sprocket, engaged with the
      track assembly for driving the same, comprises a pair of laterally spaced
      annular support members and a toothed sprocket member detachably mounted
      on an outboard side of each of the support members. The sprocket members
      may be detached from the support members and attached to inboard sides
      thereof to increase the service life of drive lugs formed on the track
      shoes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Track-type vehicles, such as crawler tractors, are adapted for heavy duty
      work during various construction and earthworking operations. The working
      components thereof, such as the drive lugs secured on an endless track
      assembly for engagement with the teeth of a drive sprocket, are subjected
      to wear and require periodic repair or replacement. Such servicing
      normally requires a substantial "down-time" of the tractor and
      necessitates rather expensive repair or replacement procedures.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an economical drive sprocket and
      method for substantially increasing the service life of drive lugs
      employed on track shoes of a track-type vehicle. The drive sprocket
      comprises at least annular support member having a toothed sprocket member
      releasably attached to one side thereof. Upon wear of the portions of the
      drive lugs engaged by the teeth of the sprocket member, the sprocket
      member may be detached from the support member and reattached to an
      opposite side thereof to engage the teeth of the sprocket member with
      unworn portions of the lugs.
PAR  In the preferred embodiment of this invention, a pair of axially spaced
      support members, each having a sprocket member attached on an outside
      board thereof, are employed on the sprocket to adapt them for reattachment
      to inboard sides of the support members. Each track shoe preferably
      comprises a generally flat and rectangular main body portion having a
      single drive lug formed centrally on one end thereof and a pair of
      laterally spaced drive lugs formed on the other end thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of this invention will become apparent from the following
      description and accompanying drawings wherein:
PAR  FIG. 1 is a fragmentary sectional view of the adjustable drive sprocket of
      this invention engaged with a common drive lug formed on a pair of
      articulated track shoes of an endless track assembly for a track-type
      vehicle;
PAR  FIG. 2 is a partial side elevational view of the track assembly showing the
      engagement of the drive sprocket therewith, taken in the direction of
      arrows II--II in FIG. 1;
PAR  FIG. 3 is an enlarged top plan view of the track assembly, taken in the
      direction of arrows III--III in FIG. 1; and
PAR  FIG. 4 is an isometric view of a track shoe employed in the track assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 illustrates an adjustable drive sprocket 10 of this invention
      engaged with a partially illustrated track assembly 11 of a track-type
      vehicle. In conventional practice, a pair of such endless track assemblies
      are mounted on either side of the vehicle and are each driven by means of
      a drive sprocket. The drive sprocket, disposed for rotation about a
      central axis thereof, comprises a cylindrical hub 12 adapted for
      attachment to a drive shaft of the vehicle (not shown) at a spline
      connection 13.
PAR  A pair of annular support members or plates 14 are secured to the hub to
      extend radially outwardly therefrom. A sprocket member 15 is secured to an
      outboard side of each of the support members by a plurality of
      circumferentially disposed fastening means, such as bolts 16. The outer
      peripheries of the support members are scalloped to form openings 17
      circumferentially therearound to provide access to the heads of bolts 16.
PAR  A recess 18, formed on a sidewall of the sprocket member, is disposed in
      nesting relationship on contiguous outer wall portion 19 and outer end
      portion 20 of the support member. The sprocket member extends radially
      outwardly from the support member and terminates at a plurality of
      circumferentially disposed teeth 21. It should be understood that each of
      the sprocket members may constitute a unitary annular structure or may be
      constituted by a plurality of arcuate segments each individually attached
      to a respective support member.
PAR  Referring to FIGS. 3 and 4, the endless track assembly comprises a
      plurality of articulated ground-engaging track shoes 22 each comprises a
      generally flat and rectangular main body portion 23. A single combined
      drive and hinge lug 24 is formed centrally on a first end of the main body
      portion and has a bore 25 formed axially therethrough. A pair of combined
      drive and hinge lugs 26 and 27 are formed in laterally spaced relationship
      on a second end of the main body portion in parallel relationship relative
      to lug 24.
PAR  Bores 28 and 29 are formed through lugs 26 and 27, respectively, in aligned
      relationship with each other and with bores 25 when a pair of
      circumferentially adjacent shoes are attached together by a cylindrical
      pin 30 disposed therein. The outboard ends of the pin may be press-fitted
      or otherwise suitably secured within bores 28 and 29 whereas bore 25 of
      lug 24 may be suitably sized to permit pin 30 to pivot therein. It should
      be noted in FIG. 1 that lugs 26 and 27 are separated by a lateral distance
      slightly greater than the lateral width of lug 24 to adapt the outer pair
      of lugs for the reception of lug 24 and to permit relative pivotal
      movement therebetween.
PAR  Referring to FIGS. 2 and 4, each lug 24, 26 and 27 extends upwardly from
      main body portion 23 to terminate at arcuate upper surface portions to
      provide a compatible bearing surface which meshes with the generally
      like-shaped recess formed between each pair of sprocket teeth 21. Each lug
      further comprises a pair of sidewall portions which converge upwardly from
      main body portion 23 to merge in tangential relationship with a respective
      bearing surface. As further shown in FIGS. 3 and 4, the track shoe further
      comprises a pair of laterally spaced and parallel outer guide means or
      raised ridges 31 and 32 and an intermediate guide means or raised ridge 33
      disposed between and parallel to the outer guide means.
PAR  The guide means are formed on main body portion 23 to extend in
      perpendicular relationship between lug 24 and lugs 26 and 27 of each track
      shoe. When sprocket members 15 are attached to an outboard side of the
      support members, as shown in FIGS. 1 and 3, outer guide means 31 and 32
      will each be disposed closely adjacent to an outboard side of a respective
      sprocket member to inhibit lateral movements of the endless track assembly
      relative to the drive sprocket. As will be hereinafter more fully
      described, sprockets 15 are adapted to be reattached to the inboard sides
      of support members 14, as indicated by phantom lines in FIGS. 1 and 3,
      whereby intermediate guide means 33 is disposed between the sprocket
      members. Each track shoe further comprises a pair of flat outboard
      portions 34 and 35 each extending laterally outwardly from a respective
      one of guide means 31 and 32 to provide the track shoe with low ground
      pressure capabilities.
PAR  The adjustable drive sprocket and method teachings of this invention
      provide for a substantial increase in the service life of drive lugs 24,
      26 and 27. In particular, when the vehicle has been placed in operation
      over a substantial period of time to induce wear at lugs 26 and 27, the
      steps of such method are carried forth by initially detaching sprocket
      members 15 from support members 14 by releasing bolts 16. The sprocket
      members are thus removed from the outboard sides of the support members
      and disengaged from a first location on the drive lug, i.e., at lugs 26
      and 27. The next step is one of attaching the sprocket members to the
      inboard sides of the support members with bolts 16, as indicated by
      phantom lines in FIG. 1. The drive teeth of the sprocket members will thus
      be disposed in circumferential alignment with lug 24, on either side of
      guide means 33, to provide an unworn bearing surface for the sprocket
      teeth. By alternately adjusting the lateral relationship of the coacting
      members new sprocket and shoe, drive surfaces are simultaneously brought
      into engagement.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a track-type vehicle of the type comprising a drive sprocket disposed
      for rotation about a central axis thereof and engaged with a drive lug
      secured on a track shoe of an endless track assembly, the improvement
      wherein said drive sprocket comprises an annular support member defining a
      mounting surface on each of the outboard and inboard sides thereof, a
      toothed sprocket member and means releasably attaching said sprocket
      member on only one of the outboard and inboard sides of said support
      member and for selectively attaching said sprocket member on the other one
      of said outboard and inboard sides of said support member, said sprocket
      member being disposed on said support member to extend radially outwardly
      from said one side and being spaced axially from the other side of the
      outboard and inboard sides of said support member.
NUM  2.
PAR  2. The vehicle of claim 1 wherein said means comprises a plurality of bolts
      circumferentially disposed about said support member and threadably
      attaching said sprocket member thereto.
NUM  3.
PAR  3. The vehicle of claim 1 further comprising means forming a recess on a
      sidewall of said sprocket member disposed in nesting relationship on
      contiguous outer wall and outer end portions of said support member.
NUM  4.
PAR  4. The vehicle of claim 1 wherein said sprocket member constitutes a
      unitary annular structure.
NUM  5.
PAR  5. The vehicle of claim 1 wherein said sprocket member constitutes a
      plurality of arcuate segments each individually attached to said support
      member.
NUM  6.
PAR  6. The vehicle of claim 1 wherein said drive sprocket further comprises a
      hub and wherein said support member comprises an annular plate secured to
      said hub and extending radially outwardly therefrom.
NUM  7.
PAR  7. The vehicle of claim 1 wherein said drive sprocket comprises a pair of
      axially spaced support members each having a said sprocket member attached
      on a respective one of the outboard and inboard sides thereof.
NUM  8.
PAR  8. The vehicle of claim 7 wherein each of said sprocket members is attached
      on an outboard side of a respective support member.
NUM  9.
PAR  9. The vehicle of claim 7 wherein each of said sprocket members is attached
      on an inboard side of a respective support member.
NUM  10.
PAR  10. The vehicle of claim 8 wherein each of said track shoes comprises a
      pair of laterally spaced guide means secured thereon and positioned
      closely adjacent to an outboard side of a respective one of said sprocket
      members.
NUM  11.
PAR  11. The vehicle of claim 9 wherein each of said track shoes comprises a
      single guide means secured centrally thereon and positioned closely
      adjacent to an inboard side of each of said sprocket members.
NUM  12.
PAR  12. The vehicle of claim 1 wherein each of said track shoes is generally
      rectangular and comprises a single hinge lug formed centrally on a first
      end thereof and a pair of laterally spaced hinge lugs formed on a second,
      opposite end thereof, the single hinge lug of one track shoe disposed in
      lateral alignment between the pair of hinge lugs formed on a
      circumferentially adjacent shoe and pivotally connected thereto.
NUM  13.
PAR  13. The vehicle of claim 12 wherein teeth of each of said sprocket members
      are aligned circumferentially with a respective one of said pair of lugs
      of a respective track shoe for driving engagement therewith.
NUM  14.
PAR  14. The vehicle of claim 12 wherein teeth of each of said sprocket members
      are aligned circumferentially with said single lug of a respective track
      shoe for driving engagement therewith.
NUM  15.
PAR  15. A ground engaging track shoe adapted for use in an endless track
      assembly of a track-type vehicle comprising
PA1  a generally flat and rectangular main body portion,
PA1  a single combined drive and hinge lug formed centrally on a first end of
      said main body portion and having a bore formed axially therethrough, and
PA1  a pair of combined drive and hinge lugs formed in laterally spaced
      relationship on a second end of said main body portion in parallel
      relationship relative to said single lug and having aligned bores formed
      therethrough, said pair of lugs separated by a distance slightly greater
      than the lateral width of said single lug to adapt said pair of lugs for
      reception of the single lug of another track shoe in aligned relationship
      therebetween, each of said lugs extending upwardly from said main body
      portion to terminate at an arcuate portion at its apex.
NUM  16.
PAR  16. The track shoe of claim 15 wherein each of said lugs further comprises
      a pair of sidewall portions converging upwardly from said main body
      portion to merge in tangential relationship with said arcuate portion.
NUM  17.
PAR  17. The track shoe of claim 15 further comprising a pair of laterally
      spaced and parallel guide means and an intermediate guide means disposed
      between and parallel to said pair of guide means, each of said guide means
      formed on said main body portion to extend in perpendicular relationship
      between said single lug and said pair of lugs.
NUM  18.
PAR  18. The track shoe of claim 17 wherein said main body portion further
      comprises a pair of flat portions each extending laterally outwardly from
      a respective one of said pair of guide means.
NUM  19.
PAR  19. A method for increasing the service life of a drive lug secured on a
      track shoe employed in an endless track of a track-type vehicle wherein a
      tooth carrying sprocket member, detachably mounted on a first side of a
      support member, engages said drive lug at a first location thereon to
      drive said track assembly, said method comprising the steps of
PA1  detaching said sprocket member from the first side of said support member
      to disengage a tooth thereof from the first location on said drive lug,
      and
PA1  attaching said sprocket member to a second, opposite side of said support
      member to engage a tooth thereof at a second location on said drive lug
      which is displaced laterally from the first location thereof.
NUM  20.
PAR  20. The method of claim 19 wherein a pair of said sprocket members are each
      detachably mounted on an outboard side of a respective one of a laterally
      spaced pair of said support members and further comprising the steps of
PA1  detaching said sprocket members from the outboard sides of support members,
      and
PA1  reattaching each of said sprocket member to an inboard side of a respective
      one of said support members.
NUM  21.
PAR  21. In a track-type vehicle of the type comprising a drive sprocket
      disposed for rotation about a central axis thereof and engaged with a
      drive lug secured on a track shoe of an endless track assembly, the
      improvement wherein said drive sprocket comprises an annular support
      member, a toothed sprocket member and means releasably attaching said
      sprocket member on only one of the outboard and inboard sides of said
      support member and for selectively attaching said sprocket member on the
      other one of said outboard and inboard sides of said support member and
      wherein each of said track shoes is generally rectangular and comprises a
      single hinge lug formed centrally on a first end thereof and a pair of
      laterally spaced hinge lugs formed on a second, opposite end thereof, the
      single hinge lug of one track shoe disposed in lateral alignment between
      the pair of hinge lugs formed on a circumferentially adjacent shoe and
      pivotally connected thereto.
NUM  22.
PAR  22. A ground engaging track shoe adapted for use in an endless track
      assembly of a track-type vehicle comprising
PA1  a generally flat and rectangular main body portion,
PA1  a single combined drive and hinge lug formed centrally on a first end of
      said main body portion having a bore formed axially therethrough,
PA1  a pair of combined drive and hinge lugs formed in laterally spaced
      relationship on a second end of said main body portion in parallel
      relationship relative to said single lug and having aligned bores formed
      therethrough, said pair of lugs separated by a distance slightly greater
      than the lateral width of said single lug to adapt said pair of lugs for
      reception of the single lug of another track shoe in aligned relationship
      therebetween and
PA1  a pair of laterally spaced and parallel guide means and an intermediate
      guide means disposed between and parallel to said pair of guide means,
      each of said guide means formed on said main body portion to extend in
      perpendicular relationship between said single lug and said pair of lugs.
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ABST
PAL  This invention relates to a replaceable plastic wear member which is
      disposed within the center bowl of a railway vehicle truck bolster and
      interposed between the bottom of the center bowl and a vehicle body
      bolster center plate that extends from the bottom of the body into the
      center bowl in abutting relation with the upper side of the wear member,
      the purpose of which member is to prevent wear of the bottom of the center
      bowl by the relative movement between the car body and the truck bolster.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In order to prevent wear of both the bottom and also the annular side walls
      of the center bowl of truck bolsters it has heretofore been the practice
      to place in the center bowl both a flat annular metallic disc-like wear
      member that is interposed between the bottom of the center bowl and the
      lower end of the vehicle body bolster center plate and a metallic wear
      ring that is interposed between the annular vertical inside wall surface
      of the center bowl and the vertical peripheral surface of the vehicle body
      bolster cetner plate and welded to this wall surface of the center bowl.
PAR  In actual practice it has been found that the rate of wear of the flat
      disc-like member exceeds that of the wear ring. However, replacement of
      the worn flat disc-like member has heretofore required the removal,
      thereafter the replacement and then the subsequent rewelding of the wear
      ring. This procedure is both time consuming and expensive.
PAR  Moreover, it has heretofore been the practice to place a disc of solidified
      lubricant between the upper side of the above-mentioned flat annular
      metallic disc-like wear member and the lower end of the vehicle body
      bolster. The relative movement that occurs between the car body and the
      truck bolster causes wear of this disc of solidified lubricant so that it
      has to be periodically replaced. Such replacement requires raising the car
      body vertically relative to the truck bolster. It is apparent that this
      also is both time consuming and expensive.
PAR  Finally, the continuous relative movement or rocking between the car body
      and the truck while a vehicle is traveling along a railway track results
      in the outer portion of the bottom of the vehicle body bolster constantly
      hammering or pounding against the outer peripheral portion of the flat
      annular metallic wear member. This constant hammering or pounding
      successively transmits high compressive forces to the outer peripheral
      portion of the metallic wear member which portion is deformed, gouged, or
      even shattered thereby, thus often necessitating replacement of this wear
      member after a short service life.
PAR  Accordingly, it is the general object of this invention to provide an
      inexpensive flat, annular, plastic wear member for interposition between
      the bottom of a truck bolster center bowl and the bottom of a vehicle body
      bolster center plate.
PAR  It is another object of the present invention to provide a flat, annular,
      plastic wear member having on its upper side an annular bevel extending
      inward a chosen distance from the outer periphery thereof, the purpose of
      this beveled portion being to eliminate the constant hammering of the
      vehicle body bolster against the outer portion of the wear member and
      thereby preventing damage thereto.
PAR  It is a third object of this invention to provide for disposition in a
      truck bolster center bowl of a flat, annular wear member constructed of a
      material having such characteristics as not to require the use of a disc
      of solidified lubricant between the upper side of the wear member and the
      lower end of the vehicle body bolster in order to prevent the bottom of
      the vehicle body bolster from digging into, gouging or otherwise marring
      and damaging this upper side of the wear member.
PAR  It is a final object of the present invention to provide for disposition in
      a truck bolster center bowl of a flat, annular wear member having such
      diameter and thickness and being constructed of a material possessing
      sufficient flexibility as to enable removal from the center bowl by the
      insertion of the end of a hook-like tool between the wear member and the
      bottom of the center bowl adjacent the periphery of a central bore in the
      wear member and thereafter, by means of the application of an upward
      thrust to the upper end of this tool, pulling the wear member through the
      truck bolster center plate vertical ring wear liner while this liner
      remains welded to the wall of the truck bolster center bowl.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a substantially flat, annular, plastic
      wear element for interposition between the bottom of the center bowl of a
      truck bolster and the bottom of a vehicle body center plate extending into
      the center bowl is provided on the side thereof adjacent the vehicle body
      bolster with an annular bevel extending inward a chosen distance from the
      outer periphery thereof and is of such diameter, thickness and flexibility
      as to enable the insertion and withdrawal of this wear element via the
      truck bolster center plate vertical ring wear liner which is welded to the
      wall surface of the truck bolster center bowl without removal of this ring
      wear liner from the center bowl.
DRWD
PAR  In the accompanying drawing:
PAR  The single FIGURE is an elevational view, in cross section, showing a wear
      element embodying the invention interposed between a body bolster center
      plate and the bottom of the center bowl of a vehicle truck bolster.
DETD
PAR  Referring to the drawing, a body bolster 1 of a railway vehicle body is
      supported on a vehicle truck bolster 2 by means of a substantially flat,
      annular replaceable plastic truck bolster center plate horizontal wear
      liner or member 3 that is disposed in a bottomed bore 4 which constitutes
      the center bowl of the truck bolster 2.
PAR  The replaceable center plate wear member 3 may be formed, as by cutting,
      from a flat sheet of low friction, semi-flexible, high-load-carrying
      ability plastic material such as, for example, the molecularly oriented
      polyolefin material sold by the Dixon Corporation, Metacom Avenue,
      Bristol, Rhode Island, under the name of Pennlon. The outside diameter of
      the center plate wear member 3 is selected to be the same as the inside
      diameter of a metallic truck bolster center plate vertical split ring wear
      liner or member 5. This member 5 is disposed in the bottomed bore 4 so
      that the upper end thereof is flush with the upper end of this bottomed
      bore and welded to the wall surface of this bottomed bore 4 as indicated
      by the reference numeral 6.
PAR  Subsequent to cutting the center plate wear member 3 from the flat sheet of
      plastic material, a central bore 7 is provided therein as by, for example,
      a drilling operation. The diameter of this central bore 7 is so selected
      as to enable the wear member 3, when placed in the bottomed bore 4, to be
      disposed in surrounding relation to a central king pin boss 8 that is
      formed integral with the truck bolster 2 and provided with a bore 9 for
      receiving therein a king pin (not shown).
PAR  It is well known that, when a railway vehicle is traveling at a high speed,
      rocking of the vehicle body relative to the vehicle truck, and therefore
      relative to the truck bolster, occurs.
PAR  Accordingly, the center plate wear member 3 is further provided, as by a
      machining operation, with an annular bevel 10 that extends inward a chosen
      distance, as for example, 11/2  inches from the outer periphery of the
      wear member 3.
PAR  The provision of the bevel 10 enables limited rocking and sidewise shifting
      of the car body bolster 1 relative to the truck bolster 2, especially if
      the weld 6 should fail and the vertical split ring wear member 5 work
      upward and out of the bottomed bore 6, as often occurs as the result of
      vibration, without the car body bolster 1 crushing or otherwise damaging
      the annular outer edge or periphery of the plastic center plate wear
      member 3.
PAR  Since the center plate wear member 3 is formed from a plastic material such
      as the aforementioned molecularly oriented polyolefin material sold under
      the name of Pennlon, the above-mentioned sidewise shifting of the car body
      bolster 1 relative to this wear member 3, subsequent to the loss of the
      split-ring wear member 5, is less likely to dig in, gouge, or otherwise
      mar and damage the flat upper surface of this wear member 3 than would be
      the case if this wear member 3 were formed from a sheet of manganese or
      carbon steel, as heretofore has been common practice in order to comply
      with the specifications of the Association of American Railroads for truck
      bolster center plate horizontal wear liners or members.
PAR  Therefore, when the center plate wear member 3 is constructed of a plastic
      material, such as, for example, the aforementioned molecularly oriented
      polyolefin material sold under the name of Pennlon, the use of a
      solidified lubricant disc disposed between the center plate wear member 3
      and the body bolster 1 is not necessary. Accordingly, this elimination of
      the necessity to use a solidified lubricant disc reduces the cost of
      maintenance of a railway vehicle provided with center plate wear members
      constructed of a suitable plastic material.
CLMS
STM  Having now described the invention, what I claim as new and desire to
      secure by Letters Patent, is:
NUM  1.
PAR  1. In a vehicle, the combination comprising:
PA1  a. a truck bolster having therein a center bowl provided with an annular
      wall and a flat bottom from the center of which extends a boss,
PA1  b. a center plate vertical ring wear liner so disposed in said center bowl
      and fixedly secured to the annular wall thereof that the outer end of said
      center bowl and one end of said ring wear member lie in a common plane,
PA1  c. a vehicle body having a bolster of such a diameter as to extend through
      said ring wear member for disposition in said center bowl, and wherein the
      improvement comprises:
PA1  d. an annular wear member formed of a low friction, semi-flexible,
      high-load-carrying ability, plastic material, and having an outside
      diameter the same as the inside diameter of said ring wear liner to enable
      the insertion thereof through said ring wear liner into surrounding
      relation with said boss of said center bowl for interposition between said
      flat bottom of said center bowl and said body bolster to support thereon
      said body bolster.
NUM  2.
PAR  2. In a vehicle, the combination comprising:
PA1  a. a truck bolster having therein a center bowl provided with an annular
      wall and a flat bottom from the center of which extends a boss,
PA1  b. a vehicle body having a bolster for disposition in said center bowl,
      and, wherein the improvement comprises:
PA1  c. an annular wear member formed of a low friction, semi-flexible,
      high-load-carrying ability, plastic material and being provided with an
      annular bevel extending inward a chosen distance from the outer periphery
      of said wear member, said wear member being disposed in said center bowl
      in surrounding relation to said boss and interposed between said body
      bolster and said truck bolster for supporting thereon said body bolster.
NUM  3.
PAR  3. In a vehicle, the combination recited in claim 1, further characterized
      in that said annular wear member is provided with an annular bevel
      extending inward a chosen distance from the outer periphery thereof to
      enable limited rocking movement of said vehicle body bolster relative to
      said truck bolster without said vehicle body bolster inflicting damage to
      the periphery of said annular wear member.
NUM  4.
PAR  4. In a vehicle, the combination recited in claim 1, further characterized
      in that said annular wear member is formed from a molecularly oriented
      polyolefin material.
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ABST
PAL  A machine, such as the compressor, having a housing formed in two sections.
      One section encloses a working unit while the second section encloses a
      driving unit for operating the working unit. A connector unit in the
      second section is operably connected by removable bearing means to the
      working unit and to the driving unit. The connector unit has pivoted
      bearings thereon that are slidable on mating removable bearings on the
      housing. A window is provided in the second section, through which window
      all of the bearing means in the second section may be removed without
      disturbing the working unit in its section. The pivoted bearings are of
      the so called Mitchell type but are of an improved construction. The
      bearing surfaces thereof have one or more transverse grooves therein that
      are symetrically arranged with respect to a plane passing through the
      pivot bore and perpendicular to the bearing's face. This construction
      tends to prevent digging in of the bearing when moving along the mating
      bearing.
BSUM
PAR  It is common practice in the machine art to provide a crosshead with a
      bearing surface between a connecting rod of a power unit and an axially
      reciprocable energy absorbing unit in an energy absorbing device, such as
      illustrated in my U.S. Pat. No. 3,861,222. It is also common practice to
      provide openings in the housing for such machines to provide access to
      bearings for inspection and lubrication purposes. In U.S. Pat. No.
      2,328,918, a crosshead for an engine is shown that has rollers pivoted at
      its edges for rolling back and forth in channel shaped guides.
PAR  This invention lies in an improved slidable bearing and in a machine of the
      above mentioned type wherein all of the components or units in the
      machine's housing and all of the bearings for such components or units,
      are so constructed and arranged in the machine's housing as to enable them
      to be removed through an opening or openings in side walls of the
      machine's housing without having to dismantel or disconnect the energy
      absorbing unit or device.
PAR  One of the bearings is of the Mitchell type but with an improved
      construction. By providing at least one transverse groove in its slidable
      surface in line with the pivot and/or pairs of grooves equally spaced from
      the pivot, the resultant of the moments of the forces acting normal to the
      surface of the bearing, when the bearing is moving over a mating bearing
      surface in the housing, tends to lift the leading edge of the moving
      bearing so as to prevent it from tending to dig into the mating surface.
      In the instant preferred arrangement, a pair of slidable bearings are
      located at opposite sides of the lower portion of a coupling means, with
      the upper portion thereof operably connected to the energy absorbing
      device and being permitted to float transversely of the axis of movement
      and thus avoid any binding action. It also eliminates the need for a
      separate crosshead to receive the normal force components of the
      connecting rod.
PAR  The use of pivoted bearings that slide on mating bearing surfaces has been
      found to be superior to the roller bearing arrangement of the second
      mentioned patent when used on a reciprocating member. The inertia of the
      roller prevents quick reversal and therefore causes the rollers to slide
      and wear flat surfaces thereon, destroying their effectiveness. The
      present invention overcomes this long standing problem.
DRWD
PAR  FIG. 1 of the drawing is a schematic and cross-sectional view of a machine
      embodying the invention;
PAR  FIG. 2 is a slightly enlarged fragmentary sectional view taken along line
      2--2 of FIG. 1;
PAR  FIG. 3 is a slightly enlarged fragmentary sectional view of a modification
      of the slidable bearing;
PAR  FIG. 4 is a view similar to that of FIG. 3 of another modification of the
      bearing;
PAR  FIG. 5 is a fragmentary view of a modified bearing arrangement;
PAR  FIG. 6 is an enlarged side elevational view of a slightly different version
      of the slidable bearing of FIG. 1; and
PAR  FIG. 7 is a graph of the forces acting on the lands of the bearing of FIGS.
      1 and 6 when the bearing is in motion.
DETD
PAR  In FIG. 1 of the drawing, the reference numeral 11 generally designates the
      housing of a machine having a base 12, a bottom section 13 and a top or
      working section 14. The section 13 has two side openings 15 and 16 which
      are covered by plates 18 with shims 17. The upper end of section 13 has an
      outwardly extending flange 13a extending around the outer surface thereof.
PAR  The upper section has an end wall 14b with a bearing 19 therein. Wall 14b
      also has an air inlet check valve 20 and an air outlet check valve 21
      therein. A compressor piston 22 is located in section 14 and has a rod 23
      that extends into section 13. A rod extension 23a is located in bearing
      14c to help guide piston 22.
PAR  A plate 24 is secured between the lower flange 13a and the upper flange 14a
      by means of bolts and carries a bearing 25 centrally thereof through which
      piston rod 23 extends. Two spaced gears 26 on pivot pins 27 are suitably
      fixed in the housing. Extending between and meshing with the gears is a
      double rack member 28 which is threaded or otherwise connected to the end
      of rod 23. To provide access to the pins 27 for assembly or disassembly
      purposes, there are oppositely disposed and preferrably covered openings
      29 in section 13.
PAR  Located in the lower portion of section 13, is a balanced crank 30 mounted
      on a bearing support plate 31 covering an opening 31a. Mounted on
      crankshaft 30a, externally of the housing, is a pulley (not shown) that is
      connected by a belt 32 to a power unit 33 on base 12. The unit 33 may be
      an electric motor or any other suitable power generating device. A crank
      pin 34 connects the crank to the lower end of a connecting rod 35 while a
      pivot pin 36 connects the upper end of the connecting rod to coupling
      member or unit 37.
PAR  The coupling unit has two spaced plates 38 with two inwardly facing racks
      39 secured therebetween and with the teeth thereon engaging the teeth on
      the adjacent gears 26, as more fully described in the above mentioned U.S.
      Pat. No. 3,861,222. Slots 38a in the plates straddle pins 27 to permit
      reciprocating movement of the plates in the housing. Located at the lower
      side edges of unit 37 are two slidable bearing members or shoes 40 on
      pivot pins 41 extending between plates 38, substantially in transverse
      alignment with pivot 36. A bearing face 40a on each shoe engages through a
      film of lubricant (not shown) a bearing plate 42 suitably mounted on each
      of cover plates 18 with shim plates 17 therebetween. The surface of each
      of the shoes preferably has at least one transverse groove 40b. If only
      one transverse groove is used it should be centered on a plane extending
      through the axis of pin 41 in the shoe and perpendicular to the bearing
      surface of the shoe. If more than one transverse groove is used, they
      should all be symetrically arranged with respect to said plane.
PAR  The modification of FIG. 3 differs from that of FIGS. 1 and 2 in that the
      lower section and/or a liner 113 therein is round and the face of shoe 140
      is curved to fit the inner surface of 113. Also the shoes have side walls
      140c that straddle the plates 38. It is also preferable to have a
      transverse groove 140b in the surface of these shoes.
PAR  The modification of FIG. 4 is similar to that of FIG. 3 except that it has
      only one inwardly extending wall 240c pivoted on pin 41 between the plates
      38 and similar grooves 240b.
PAR  In FIG. 5, the piston 22 and rod 23 are connected to central rack member 28
      which is directly connected to pin 36 by means of extension or member 328
      and the shoes 40 are mounted on the sides of member 328. In this case, 339
      is merely a counterweight.
PAR  The modification in FIG. 6 disclosed generally the same shoe as that
      illustrated in FIG. 1 and is preferable thereto in that the ends of the
      shoe are beveled or inclined at 340d and the inner edge of each transverse
      groove, except the wider central groove 340b, is also beveled as shown at
      340e. The beveled surface causes the following land surface to plane up
      onto the oil between it and bearing plate 42. Also, a hole 340g is shown
      in an alternate dotted line position as being approximately at the center
      of the mass of the shoe as well as centrally of the ends of the shoe. In
      this position the moments of force due to the weight distribution of the
      shoe and the acceleration and deceleration of the shoe will be balanced
      out even though the hydrodynamic forces acting on the shoe bearing
      surfaces are normally enough to overbalance the shoe's weight.
PAR  The graph of FIG. 7 shows the location and the approximate distribution and
      relative sizes of the forces that build up against the lands between the
      grooves when the shoe is moving to the left, as illustrated in FIG. 6. It
      is to be noted that the greatest or peak forces on the various lands of
      the bearing surfaces exist on the left or "forward" lands because of the
      action of the leading edges during movement to the left, while the right
      or trailing lands have lower forces because of the scraping action of the
      sharp "forward" edges on the trailing lands. In other words, the forces on
      each of the lands are unsymetrical (as approximated by the acute-angled
      triangles shown) and the moments of forces thus acting around each of the
      shoe's pivots is expressed by the formula
      ##EQU1##
      where n is the number of centers of force on each side of the shoe's
      pivot, F.sub.a and F.sub.b are the resultant forces on the leading and the
      trailing lands and i is a subscript which takes values from "1" (one) to n
      depending on the number of outer grooves. When the direction of the shoe's
      movement is reversed, the leading edges will be reversed and the force
      locations will reverse, as will the moments of force. As illustrated, the
      center of the force areas will be approximately one third the peak heights
      and will lie on a line through the center of each land surface and the
      peak force in the force area. According to the above formula then and as
      shown in FIG. 6 with shoe 340 moving to the left the moments of force will
      tend to rotate the shoe clockwise to help prevent the leading edge of the
      shoe from digging into the mating bearing surface. By further increasing
      the number of transverse grooves, a still further unbalance of the moments
      of force will result, giving an increased lifting effect to the leading
      edge.
PAR  From the above description it is apparent that when the power unit 33 is
      operating, the crank will cause the coupling unit to move up and down,
      with the shoes sliding along the mating bearing plates 42. Since the gears
      26 engage the inner and outer racks, the piston will always move in the
      opposite direction to the coupling unit 37 and impart a reciprocating and,
      therefore, a pumping operation to the piston 22.
PAR  Should it ever be necessary to replace any of the components, units or
      bearings in the machine housing 13, it is only necessary to remove one or
      more of the cover plates 18, covers (not shown) over openings 29, and/or
      bearing support plate 31. Any bearing may thus be made available for
      removal and all detachable elements in the lower section may be removed
      through the openings without having to dismantel or otherwise work on the
      upper or working portion of the machine. Especially in machines of the
      type described but with a more normal crosshead arrangement it is also
      contemplated within the spirit of the invention, that the opening 31a may
      be large enough as shown in dotted lines in FIG. 1 and/or the coupling
      unit 37 be made small enough that all of the detachable elements in the
      lower section may be removed through that opening rather than through
      opening 15 or 16 which may not be necessary in such versions.
PAR  It is further understood that the bearing construction and arrangement
      applies equally as well to a machine wherein the piston 22 and the chamber
      it is located in are parts of a combustion engine and the crankshaft 30a
      is a power shaft for driving a generator or some other energy absorbing
      device.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a machine having a reciprocable member therein, a bearing for said
      member comprising a slidable member with pivot means disposed
      substantially centrally of its ends and having a bearing surface elongated
      in the direction it moves for engaging a mating fixed surface in the
      machine, said elongated surface having at least one transverse groove
      therein concentric with respect to a plane through the center of the pivot
      means and perpendicular to the bearing surface to cause the moments of
      force acting thereon about its pivot when in motion to cause the leading
      end thereof to tend to lift off of the mating surface.
NUM  2.
PAR  2. A bearing as defined in claim 1 wherein the center of mass of the
      bearing is substantially on the axis of the pivot means.
NUM  3.
PAR  3. A bearing as defined in claim 1 wherein there are more than one
      transverse groove and the ends of the bearing and the inner edge of each
      complete groove between the pivot means and each end of the bearing are
      beveled.
NUM  4.
PAR  4. In a machine having a reciprocable member therein, an energy-absorbing
      device operably connected to one end of said member and power means
      operably connected to the other end thereof, slidable bearing means for
      said member comprising a pair of bearing members with one at each side of
      said reciprocable member pivotally connected thereto near the connection
      between said reciprocable member and one of said energy absorbing device
      and said power means, said bearing members being adapted to engage a pair
      of diametrically opposed and mating surfaces in the machine so as to guide
      the lower end of said reciprocable member during its reciprocating
      movement.
NUM  5.
PAR  5. Bearing means as defined in claim 4 wherein each of said pivoted members
      have an elongated bearing surface with at least one transverse groove
      centrally therein for sliding on its mating surface.
NUM  6.
PAR  6. Bearing means as defined in claim 5 with said bearing surface having
      additional groups of grooves symetrically located with respect to the
      center line of said pivot means.
NUM  7.
PAR  7. Bearing means as defined in claim 4 wherein said reciprocable member
      embodies a motion reversing mechanism.
NUM  8.
PAR  8. A machine comprising a housing, an energy absorbing device having a
      driven member thereof reciprocably mounted therein, a first bearing means
      detachably mounted in said housing for guiding said member, power driven
      means detachably mounted in a second bearing means in said housing in
      spaced relationship with respect to said member, coupling means between
      said member and said power driven means, third bearing means on said
      coupling means, and mating fourth bearing means in said housing for
      engagement by said third bearing means for guidance by said mating means
      and at least one opening in a side wall of said housing that is large
      enough to permit the removal of all of said bearing means and other
      detachble elements in said housing.
NUM  9.
PAR  9. A machine as defined in claim 8 wherein there is at least one cover for
      said opening in said housing and at least one at said fourth bearing means
      positioned thereon.
NUM  10.
PAR  10. A machine as defined in claim 8 wherein one of said power driven means
      and driven members of said energy absorbing device includes a crankshaft
      that has a pin thereon that is connected to said coupling means by a
      connecting rod.
NUM  11.
PAR  11. A machine as defined in claim 8 wherein said coupling means has a
      motion reversing mechanism for causing substantially half of the axially
      moving masses therein to move simultaneously in the opposite direction
      from the other half of the moving masses.
NUM  12.
PAR  12. A machine as defined in claim 8 wherein said housing includes a
      plurality of parts secured together and has coupling means for connecting
      it to other devices.
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ABST
PAL  The guide bushing of a blast hole drill is resiliently mounted to dampen
      lateral vibrations of the drill string. The mounting arrangement comprises
      four pads symmetrically placed about the bushing and restrained against
      all but radial movement. Each pad includes a radially inner bearing
      section that bears against the exterior of the bushing, an outer backing
      section that is radially movable with respect to the bearing section, and
      a resilient cushion between the two sections. A four-lobed cam ring
      surrounds and faces the backing sections and is rotated to simultaneously
      load all the cushions to a selected degree. In the preferred embodiment,
      the mounting components are in an enclosed housing that defines guide
      channels for the pad and that can easily be fitted into the deck of a
      machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The drill string of a conventional blast hole drill extends downwardly
      through an opening in the deck of a machine, and there is a tubular
      cylindrical bushing mounted on the deck through which the drill string
      passes with a relatively close fit, the bushing serving to guide the drill
      string and also provide a bearing and wear surface. Suck deck bushings
      have heretofore generally been rigidly mounted with respect to the deck,
      as the result of which lateral vibrations emanating from the drill string
      are transmitted directly to the machine.
PAR  Very substantial lateral vibrations can occur in a drill string, for
      example when the bit encounters hard rocks or other irregularities. As the
      drill string becomes longer, there can be very significant column bending
      of the string, and this can result in additional or magnified vibrations.
      Also, resonant conditions can occur at certain lengths and/or rotational
      speeds, again resulting in added or magnified lateral vibration. Where the
      bushing is rigid with respect to the deck, lateral vibrations are
      transmitted directly to the machine and serious structural damage can
      result; there are many instances where vibrations have resulted in broken
      welds and other structural damage to the machine. Further, undampened
      vibrations cause excessive wear of the drill string sections and bits, or
      result in wear or damage to the rotary driving head.
PAR  Considerable effort has been devoted to analyzing and overcoming the
      problem of lateral vibration, but no known solution is fully effective.
      There are, for example, guide bushings provided with rubber rings or
      collars bonded to their exterior surfaces. These may successfully damp
      vibrations, but only for a very short time since they simply do not have
      the requisite mechanical strength. A particular problem in this regard is
      that the drill string also exerts rotational and vertical forces on the
      bushing, and these, with the lateral movements, result in a grinding
      action which can destroy the rubber backing in a matter of minutes. Making
      the rubber harder may increase its life, but it also reduces its
      effectiveness in damping vibration. Further, the resilience of bushings of
      the noted type cannot be adjusted to meet varying conditions.
PAC  SUMMARY OF THE INVENTION
PAR  This invention solves the problem of lateral vibration by providing an
      improved resilient mounting arrangement for the guide bushing. The
      mounting arrangement makes use of compressible rubber or other cushions,
      but includes various features to provide a high degree of mechanical
      strength and resulting long life. For one thing, there are metal bearing
      members interposed between the cushions and the bushing, and metal backing
      members radially behind the cushions. The bearing and backing members are
      held against all but radial movement with respect to the bushing and with
      respect to one another, to provide improved operation and to effectively
      eliminate any grinding action on the cushions.
PAR  The invention also contemplates adjustment means to apply a selected
      resilient preload; a high preload may be desirable in some cases, whereas
      little or no preload may be desired in other situations. In the preferred
      embodiment, there are a number of resilient pad assemblies spaced around
      the bushing, and a single cam ring is used to simultaneously adjust the
      preload on all of them.
PAR  In the preferred embodiment, the mounting elements are in an enclosed
      housing that defines guide channels for the pads and that can easily be
      designed to fit into the deck of an existing machine.
PAR  The invention provides, in general, a highly effective resilient mounting
      arrangement that has enough mechanical strength even for very large
      machines, but that is still relatively simple and inexpensive to
      manufacture, assemble, install and maintain. While designed particularly
      for blast hole drills, the invention would be useful for other drilling
      machines.
PAR  Other features, objects and advantages will appear from the description to
      follow.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat schematic side view in elevation showing a blast hole
      drill incorporating a guide bushing mounting according to the invention,
PAR  FIG. 2 is a fragmentary top plan view, partially broken away, of a portion
      of the deck of the machine of FIG. 1 showing the guide bushing and its
      mounting housing with the drill string extending therethrough,
PAR  FIG. 3 is a fragmentary view in cross section through the plane 3--3 shown
      in FIG. 2, but with the drill string omitted for the sake of clarity and
      simplicity,
PAR  FIG. 4 is a bottom plan view, partially broken away, of the housing for the
      mounting arrangement, with the deck, appurtenant elements and drill string
      omitted for the sake of clarity and simplicity,
PAR  FIG. 5 is a fragmentary view in cross section through the plane 5--5 shown
      in FIG. 4,
PAR  FIG. 6 is a bottom plan view similar to FIG. 4, but with a dust shield
      removed,
PAR  FIG. 7 is a bottom plan view similar to FIG. 6, but showing a cover plate
      removed and turned upside down to illustrate its construction,
PAR  FIG. 8 is a bottom plan view similar to FIG. 7, but in which pads and a cam
      ring have been removed,
PAR  FIG. 9 is a bottom plan view similar to FIG. 8, but with the cam ring in
      place,
PAR  FIG. 10 is a fragmentary view in cross section through the plane 10--10
      shown in FIG. 9,
PAR  FIG. 11 is a fragmentary view in cross section through the plane 11--11
      shown in FIG. 8,
PAR  FIG. 12 is a view in cross section, with parts broken away, through the
      plane 12--12 shown in FIG. 14, the drill string being shown in place in
      this view.
PAR  FIG. 13 is a fragmentary view in cross section through the plane 13--13
      shown in FIG. 2,
PAR  FIG. 14 is a view in cross section through the plane 14--14 shown in FIG.
      12, a portion of an actuating cylinder also being shown, and
PAR  FIG. 15 is a fragmentary view in cross section through the plane 15--15
      shown in FIG. 14.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The blast hole drill shown in FIG. 1 is generally conventional and includes
      a machinery platform designated by the reference numeral 1, and that is
      supported on crawlers 2. An operator's cab 3 is located at the left side
      of the machinery platform 1 as seen in FIG. 1, and a machinery housing 4
      is at the right side. A mast 5 is also supported at the left end of the
      platform 1 and is held in vertical position by link means 6, the mast
      being pivotal in usual fashion in a clockwise direction as seen in FIG. 1.
      A rotary driving head 7 is mounted on the mast 5 and serves to rotate the
      drill string. The head 7 travels up and down the mast in usual fashion to
      raise and lower the drill string. A drill string 8, made up of sections of
      drill pipe threadedly connected together, extends downwardly from the head
      7 through the deck of the platfrom 1 and into the ground. Since the
      construction and operation of such machines are well known to those
      skilled in the art, and since the machine as such does not form a part of
      the invention herein, the machine has not been shown and will not be
      described in greater detail. As indicated above, the guide bushing
      mounting of this invention is useful with other types of blast hole
      drills, and other drilling machines.
PAR  Referring now to FIG. 2, the reference numeral 10 indicates a portion of
      the deck of the drilling machine that, in conventional fashion, comprises
      a solid horizontal metal cover plate with suitable vertical stiffeners or
      supports, one of which is seen at 11; the deck section 10 is at the foot
      of the mast 5 and in the particular machine illustrated it is actually
      attached to and pivotable with the mast. In the preferred embodiment, the
      deck 10 is provided with a square cutout portion 12 that receives a guide
      bushing housing indicated generally by the reference numeral 13. Forming
      the guide bushing housing 13 as a separate element received in an opening
      in the deck is particularly advantageous in that it allows for easy
      incorporation of the mounting arrangement of the invention into a variety
      of machines. It is not, however, imperative; the deck may be constructed
      in any suitable fashion, and the elements of the guide bushing mounting
      arrangement may be built into the deck or otherwise mounted thereon.
PAR  The guide bushing housing 13 includes a square, heavy metal top plate 14
      that is larger than the cutout 12 and rests on the deck 10 about
      substantially the entire periphery of the opening 12; there is a small
      cutout portion at the bottom as seen in FIG. 2, but this is provided only
      to give clearance for other elements (not shown) of the particular machine
      for which this embodiment of the invention was designed. Welded to the top
      of the plate 14 are four upstanding lugs 16, and these are used in
      conventional fashion with hydraulic jack clamps (not shown) which extend
      between the lugs 16 from opposite sides to clamp the drill string 8 for
      the purpose of making and breaking threaded connections between the
      sections. Four chock bars 17 are welded or otherwise secured to the top
      surface of the deck 10 adjacent the four sides of the plate 14. Clamping
      plates 18 are bolted to the upper and lower chock bars 17 as seen in FIG.
      2 and extend over the top of the plate 14 to hold the housing 13 down
      against the deck 10. Similar plates could be provided for the side chock
      bars 17, but in the preferred embodiment the clamping jacks (not shown)
      for the drill string 8 extend across these and bear against the top of the
      plate 14 to assist in holding the housing 13 against the deck 10. A
      bracket 19 is bolted to the vertical deck stiffener 11 and mounts the
      casing end of a double acting hydraulic actuating cylinder 20. A
      bifurcated fitting 21 is fixed to the outer end of the rod of the cylinder
      20 and is connected by means of a pin 22 to an outwardly extending arm 23
      of a cam ring which will be described. The cylinder 20 is shown in the
      drawings in a fully extended position, which means that the arm 23 has
      been moved to the left as seen in FIG. 2 toward what is an actuated
      position. Retraction of the rod will cause the arm 23 to move to the right
      toward a retracted position. The operating circuit for the cylinder is not
      shown, but any of many known arrangements can be used to allow selective
      powered extension and retraction of the rod.
PAR  A tubular cylindrical metal sleeve 24 has its upper edge welded in a
      central opening in the plate 14 and extends downwardly as seen in FIG. 11
      to define a cylindrical opening 25 that is essentially a deck opening. The
      sleeve 24 is essentially continuous and extends to the bottom of the
      housing 13 except that on its bottom edge it is provided with four
      generally square cutouts 26 which are disposed symmetrically about its
      circumference and through which pad assemblies to be described extend. A
      generally conventional tubular, rigid, cylindrical guide bushing 27 is
      received in the sleeve 24 with substantial lateral clearance, and has at
      its upper end a radially extending flange 28 that overhangs and rest on
      the upper edge of the sleeve 24, the top of the sleeve 24 being slightly
      recessed with respect to the plate 14 so that the top of the bushing 27 is
      essentially flush. In the preferred embodiment of the invention, the
      bushing 27 is not intended to rotate substantially. To prevent rotation,
      the flange 28 is provided with diametrically opposite cutouts 29, and
      received in these are upstanding lugs 30 which are welded to the top plate
      14, the lugs being substantially smaller than the cutouts to allow limited
      rotational movement. A second pair of stop lugs 31 are welded to the top
      surface of the flange 28 to be engageable with respective lugs 30; it will
      be understood that the bushing 27 will tend to rotate only in one
      direction while the drill string 8 is drilling down, so that it is only
      necessary that there be two lugs 31 on corresponding sides of respective
      lugs 30. Opposite handles 32 are provided on the upper surface of the
      bushing 27 so that it can be manually inserted and removed.
PAR  The drill string 8 extends through the bushing 27 with a relatively close
      fit, and the bushing 27 provides a guide and bearing surface as the drill
      string 8 rotates and moves axially therethrough. Having a bushing similar
      to the bushing 27 that is disposed in a sleeve is in itself conventional.
      In most cases, however, the bushing is rigidly mounted with respect to the
      deck, as the result of which lateral vibrations emanating from the drill
      string 8 are transferred directly to the machine.
PAR  As can be seen most clearly in FIGS. 7 and 12, the housing 13 also includes
      a side wall 35 that has its upper edge welded to the underside of the
      plate 14 and that defines a substantially square enclosure with rounded
      corners. The side wall 35, although it may be made of several pieces of
      metal, is substantially continuous except for a cutout 36 on one side
      through which the arm 23 extends. Triangular support plates 37 are welded
      to the corners of the side wall 35 slightly above its bottom edge so that
      their bottom surfaces are on the same plane as the bottom edge of those
      portions of the sleeve 24 which are not cut out, and these full portions
      of the sleeve 24 and the plates 37 together serve as a support for a metal
      bottom plate 38 that rests within the perimeter of the wall 35 and is
      provided with a central circular opening 39 that is aligned and mates with
      the opening 25. The plate 38 is bolted to the support plates 37 and sleeve
      24 as seen in FIG. 6, to form an essentially complete enclosure except for
      the central opening 25 that receives the bushing 27. A rectangular closure
      plate 40 is fixed centrally of one edge of the plate 38, and this is
      received in the side wall cutout 36 as seen in FIG. 12 to define an
      elongated, horizontally disposed slot through which the arm 23 extends.
PAR  As can be seen in FIGS. 4-6 four metal bars 41 are welded or otherwise
      affixed to the underside of the plate 38 and overhang the bottom edge of
      the side wall 35. These serve as a support for a dust protector 42 in the
      form of a thick, square sheet of reinforced rubber or other suitable
      material, the edges of which are secured to the bars 41 by means of bolts
      43 that are threadedly received in tapped holes in the bars. A metal
      reinforcement strip 44 is provided about the entire perimeter of the sheet
      42. The sheet 42 has a central opening 45 that is substantially smaller
      than the opening 25, and slits 46 radiate outwardly from the opening 45 to
      approximately the perimeter of the opening 25. FIG. 4 shows the sheet 42
      as it appears when there is no drill string extending through the housing
      13, and it will be understood that the drill string 8 will deflect the
      leaves formed by the slits 46 as it passes through the sheet 42, as
      illustrated in FIG. 12.
PAR  As can be seen in FIGS. 12 and 13, facing, parallel angle members 47 are
      fixed to the exterior of the side wall 35 above and below the slot in
      which the arm 23 moves, and these define a track in which there is
      slidably received a dust protecting member 48 in the form of a rectangular
      sheet of metal or any other suitable material. The arm 23 extends
      outwardly through an opening 49 in the member 48, and as the arm moves
      from left to right the member 48 slides with it in the track formed by the
      angle members 47, the opening 49 being large enough to accommodate
      resulting relative movement between the arm 23 and sheet 48. The length of
      the member 48 is such that the slot through the side wall 35 is covered
      regardless of the position of the arm 23, thus preventing the entry of
      dirt or dust into the interior of the housing 13.
PAR  As can be seen in FIGS. 7, 14 and 15, there are welded or otherwise affixed
      to the top surface of the plate 38 four pairs of parallel upstanding lower
      metal guide plates 51 which define parts of the side walls of channels
      that extend radially inwardly from the corners of the plate 38 and in
      which pads to be described can move radially. The upper surfaces of the
      plates 51 also serve as support and bearing surfaces for a cam ring to be
      described. Cam bearing plates 52 are welded to the interior surface of the
      wall 35 at all four corners above the plates 37, and these are provided
      with cylindrically concave inner faces 53. As can be seen in FIGS. 7 and
      10, four pairs of upper metal guide plates 54 are welded to the bottom
      surface of the plate 14 and the side wall 35 and extend inwardly from the
      corners of the enclosure defined by the side wall 35. The facing vertical
      inner surfaces of the plates 54 are essentially in alignment with the
      corresponding facing inner vertical surfaces of the plates 51, the plates
      51 and 54 together thus defining side walls for the pad channels. The
      plates 54 are essentially L-shaped with horizontal legs 55 that are fixed
      to and support the bearing plates 52 and vertical legs 56 that mate with
      and are fixed to respective side walls of the cutouts 26. Each plate is
      provided, in the leg 55, with a cutout 57 that provides clearance for
      retracting elements to be described.
PAR  As can be seen most clearly from FIG. 7, there are disposed within the
      housing 13 four pad assemblies, indicated generally by the reference
      numeral 60, which are radially movable toward and away from respective
      corners of the side wall 35, the pads 60 being symmetrically placed about
      the bushing 27 to define two sets of diametrically opposite pads or pad
      assemblies. Movement of the pads 60 is effect by rotation of a cam ring 61
      which is seen most clearly in FIG. 9. The radially outer edge of the cam
      ring 61 is circular, and it slidingly bears against the faces 53 of the
      bearing plates 52. As seen in FIG. 9, the cam ring 61 has been rotated to
      the full extent of its travel in a counterclockwise direction, and this
      can be termed an actuated position. The ring 61 can be rotated from this
      position in a clockwise fashion toward what can be termed a retracted
      position. The radially inner edge of the cam ring 61 is shaped to define
      four identical, symmetrically distributed lobes or camming surfaces 62,
      there being one surface 62 for each pad 60. On the upper horizontal
      surface of the cam ring there are four upstanding retraction ridges 63,
      each ridge 63 being parallel to and etending along a substantial portion
      of the length of its associated camming surface 62 and being slightly
      outwardly radially spaced therefrom. As can be seen in FIG. 15, when the
      cam ring 61 is in place it rests on and slides along the upper surfaces of
      the lower guide plates 51, and the ridges 63 are in the area of the
      cutouts 57.
PAR  The construction of the pads 60 is seen most clearly in FIGS. 14 and 15.
      All of the pad 60 are identical, and each comprises, in essence, two
      U-shaped metal sections, one nested in the other, with their closed ends
      facing radially inwardly and their open ends facing outwardly. In the
      drawings, the two nested sections are shown as being fabricated from
      separate pieces of metal, but they could obviously be formed from a single
      piece. The two sections of each pad 60 comprise a radially innermost
      bearing section 64 and a radially outermost backing section 65 nested
      therein. The bearing sections 64 each have upper and lower walls 66 that
      have essentially flat surfaces and an inner wall 67 the radially outermost
      surface of which is flat but the radially innermost surface of which is
      cylindrically concave to mate with the exterior surface of the bushing 27
      that it bears on as seen in FIG. 14. The backing sections 65 each have
      flat upper and lower walls 68 that are between, face and are relatively
      closely spaced from the interior surfaces of the walls 66, and a front
      wall 69 the radially innermost surface of which is flat but the radially
      outermost surface of which is curved to mate with an associated camming
      surface 62.
PAR  It is important to note that the top plate 14, bottom plate 38, lower guide
      plates 51 and upper guide plates 54 together define four essentially
      completely enclosed channels which allow essentially only radial movement
      of the pads 60, the plates 14 and 38 being relatively closely spaced from
      and engageable with the walls 66 to limit vertical movement and the plates
      51 and 54 being relatively closely spaced from and engageable with the
      edges of the sections 64 and 65, which edges are essentially in line, to
      limit lateral movement, or in other words rotational movement about the
      centerline of the drill string 8. These facing surfaces are all metal and
      can thus withstand the vertical and rotational forces transmitted through
      the bushing 27. There is of course some necessary clearance between the
      noted parts, but this is of no operational consequence.
PAR  The sections 64 and 65 are loosely secured together by means of bolts 70
      which have their heads in recesses on the radially innermost surfaces of
      the walls 67 and extend loosely through openings formed therein and are
      threaded into tapped openings in the walls 69. Thus, the two sections 64
      and 65 are held together but can have limited radial movement with respect
      to one another. The recesses in the radially innermost surfaces of the
      walls 67 are deep enough so that the heads of the bolts 70 do not protrude
      radially inwardly beyond the forward walls 67 even when the two sections
      have been moved together to the greatest selected degree. Interposed
      between the facing surfaces of the walls 67 and 69 are cushion members 71,
      which in the preferred embodiment are circular toroidal members that have
      central, washer-shaped reinforcing plates 72 to which rubber half-rings
      are suitably bonded on both sides, the bolts 70 extending through the open
      center portions of the cushions 71. As the sections 64 and 65 are moved
      toward one another, the cushions 71 are compressed, the amount of such
      movement determining the degree of compression and, therefore, the
      remaining resilience and allowed travel. While the cushions 71 are subject
      to compression by relative radial movement of the sections 64 and 65, the
      aforesaid channels and the fact that the sections 65 are nested in the
      sections 64 with the walls 68 facing the walls 66 together allow the two
      sections to move essentially only radially with respect to one another,
      apart from the slight movement allowed by necessary clearances.
      Accordingly, the cushions 71 are not subject to any substantial vertical
      or rotational forces, and the wear and damage that might result therefrom.
      It is also important to note that it is the metal walls 67 that bear
      against the bushing 27, this serving to protect and lengthen the useful
      life of the cushions.
PAR  As previously indicated, the drawings shown the mounting arrangement in a
      fully actuated position, wherein the cushions 71 are compressed to the
      greatest degree possible within the designed operating range. That is,
      referring to FIG. 14, the cam ring 61 has been rotated as far as possible
      in a clockwise direction. The front walls 67 of the bearing sections 64
      are against the exterior surface of the bushing 27 and the cam surfaces 62
      have moved the backing sections 65 radially inwardly as far as possible
      within the selected range, thus compressing the cushions 71 to the
      greatest degree within the selected operating range. In this position, the
      bushing 27 is held quite tightly, or in other words has a maximum
      resilient preload, but there is substantial resilience remaining in the
      cushions 71 in this position so that vibrations transmitted to the bushing
      27 from the drill string 8 can be damped and taken up; vibrations will
      cause lateral movement of the bushing 27 in the opening 25, which will in
      turn cause it to push against one or more surfaces 67 and compress the
      associated cushion 71, such compression serving to compensate for and
      dampen the vibratory movement. If desired, the cam ring can be rotated in
      a counterclockwise direction as seen in FIG. 14 by retracting the rod of
      the actuating cylinder 20, and this will relieve the compression of the
      cushions 71 proportional to the amount of rotation; this allows the
      resilient loading on the bushing 27 to be ajdusted to meet particular
      operating conditions. When it is desired to fully retract the pads 60, for
      example when the bushing 27 is to be removed as the result of pulling up
      the drill string 8 to move the machine, the ring 61 is rotated in a
      counterclockwise direction as seen in FIG. 14 for the full length of its
      travel, and to insure retraction of the pads 60 there are L-shaped pins 74
      fixed to the radially outermost surfaces of the walls 69 and these catch
      behind the ridges 63 and ride along them to move the pads 60 backwardly,
      the bolts 70 serving to retract the sections 64. It should be noted that
      the arcs of the camming surfaces 62 are not and cannot be concentric about
      the center of the housing, as the result of which the radially outermost
      surfaces of the walls 69 cannot mate with the surfaces 62 throughout the
      whole travel of the ring 61; that is, as the ring 61 is rotated in a
      counterclockwise direction as seen in FIG. 14 the right hand or thicker
      edge of each wall 69 will begin to be separated from the cam surface 62.
      It is necessary to compromise in the design of these surfaces, and it is
      preferable to have them mate exactly in the fully compressed position
      shown in FIG. 14.
PAR  Experience to date has indicated that a substantial preload is desirable in
      many situations; one advantage of a high preload is that it helps to
      insure that the bushing is kept centered. While it is impossible to
      predetermine suitable preloads for all cases, it has been found that
      lateral forces exerted by the drill string in the machine for which this
      embodiment was designed are in the neighborhood of 25,000 lb., and
      preloads of 10,000 to 20,000 lbs. with a bushing travel range of about one
      inch seem most effective. It may, however, be desirable in some cases to
      have less preload, or even preloads so light that the bushing 27 can
      rotate with the drill string 8 --this would of course require removal of
      the lugs -- and 31. One advantage of allowing the bushing 27 to rotate
      would be that wear would be between the exterior surface of the bushing
      and the surfaces 67 and would not affect the clearance between the bushing
      and drill string, which should be kept small.
PAR  The preferred embodiment of the invention shown and described herein
      accomplishes and provides the various noted objects and advantages. It
      will be apparent, however, that modifications might be made without
      departure from the spirit of the invention. As previously indicated, for
      example, it is not necessary that the mounting elements be disposed in a
      separate housing. Adjustment means other than the cam ring 61 might be
      used to effect movement and resilient preloading of the pads 60. Means
      other than the toroidal members 71, such as compression springs, could be
      used as resilient cushions, and with some possible constructions the cam
      or other actuating means might bear directly on the resilient cushions
      without the interposition of outer backing sections like the sections 65;
      it is of course necessary that there be some fixed backup means radially
      outward of the cushions to effect the desired compression upon lateral
      movement of the bushing. It is not imperative to have four pads 60; this
      provides equal and opposite actions and appears to be best with high
      preloads, but three, five or more pads could be used. The pads should,
      however, be symmetrically placed about the bushing to share loads equally.
      The bushing need not be a single piece and could be segmented; such a
      construction would still constitute a "rigid" bushing in the context of
      the invention. If desired, the bushing could be disposed in a secondary
      box or collar surrounding it - the pads would then actually bear on the
      surrounding member but would effectively be bearing against the bushing -
      but this would result in extra weight that would move against the pads and
      care would have to be taken to avoid force amplifying effects. In view of
      the foregoing and other possible modifications, the invention is not
      intended to be limited by the showing or description herein, or in any
      other manner, except insofar as may specifically be required.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mounting arrangement for the rigid tubular cylindrical guide bushing
      of a blast hole drill or the like, the bushing being disposed and
      laterally movable in a deck opening,
PA1  said mounting arrangement comprising:
PA1  a plurality of pads symmetrically spaced about the bushing, each pad
      including a radially inner rigid bearing member that bears against the
      side exterior surface of the bushing; a plurality of resilient,
      compressible cushion members, one cushion member being disposed adjacent
      and radially outwardly of each of said bearing members; and backup means
      adjacent and radially outward of the cushion members, lateral movement of
      the bushing against the bearing members causing the same to be moved
      radially outwardly to compress the respective cushion members, thus
      dampening such lateral movement.
NUM  2.
PAR  2. A mounting arrangement according to claim 1, including adjustment means
      disposed radially outwardly of the cushion members and operable to
      compressively preload the same to a selected degree.
NUM  3.
PAR  3. A mounting arrangement according to claim 2, wherein: each pad includes
      a rigid, radially movable backing section adjacent and radially outward of
      the associated cushion; and the adjustment means comprises a rotatable cam
      ring that surrounds the several backing sections and that has a plurality
      of identical radially inwardly facing cam surfaces, one cam surface being
      engageable with each backing section, rotation of the cam ring in an
      actuating direction causing all of the backing sections to be moved
      radially inwardly to preload all of the cushions to the same degree.
NUM  4.
PAR  4. A mounting arrangement according to claim 2 wherein: each pad comprises
      a radially inner bearing section and a radially outer backing section,
      each of said sections being U-shaped with upper and lower walls and
      radially inwardly facing closed ends; and the backing section of each pad
      is nested in the inner section and is relatively radially slidable with
      respect thereto; and the cushion members are disposed between the closed
      ends of the sections; and the adjustment means acts on the backing
      sections.
NUM  5.
PAR  5. A mounting arrangement according to claim 4, wherein: the upper and
      lower walls of the backing sections face and are relatively closely spaced
      from respective upper and lower walls of the bearing sections; and there
      are a plurality of channels with top and bottom walls facing and
      relatively closely spaced from the upper and lower walls of the bearing
      sections and side walls facing and relatively closely spaced from the
      edges of the pad sections, the pad sections thus being substantially held
      against all but radial movement relative to the bushing and to one
      another.
NUM  6.
PAR  6. A mounting arrangement according to claim 5, wherein: the adjustment
      means comprises a rotatable cam ring that surrounds the backing sections
      and lies between their upper and lower walls, the cam ring having a
      plurality of identical radially inwardly facing cam surfaces, one for each
      pad, each cam surface being adjacent to the radially outermost surface of
      the closed end of the backing section of the associated pad, rotation of
      the cam member causing all of the backing sections to be moved radially
      inwardly so that all the cushions are preloaded to the same degree.
NUM  7.
PAR  7. A mounting arrangement according to claim 6, wherein there are four pads
      symmetrically placed about the bushing.
NUM  8.
PAR  8. A mounting arrangement according to claim 6, wherein: the bearing and
      backing sections of each pad are connected to allow only limited relative
      radial movement therebetween; and the cam ring includes a horizontal
      surface provided with upstanding ridges extending along and parallel to
      the cam surfaces; and the backing sections are provided with pins that
      hook radially rearwardly over the ridges to cause the backing sections to
      be retracted as the cam ring rotates toward a retracted position.
NUM  9.
PAR  9. A mounting arrangement according to claim 6, wherein: the pads and cam
      ring are enclosed in a housing provided with a sleeve that defines the
      deck opening that receives the bushing and that is provided with cutouts
      through which the bearing sections of the pad extend; and the housing has
      top and bottom walls, a perimetral side wall, and a plurality of spaced
      parallel pairs of radially inwardly extending guide plates, the housing
      top and bottom walls and the guide plates together defining the channels
      for the pads; and there is an actuating arm extending radially from the
      cam ring; and the side wall defines a slot through which the arm extends,
      said slot being elongated to provide a range of travel for the arm.
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ABST
PAL  A sliding bearing has a pocket recessed into the bearing surface and an
      edge of the pocket over which oil is supplied to the bearing surface is in
      the form of a wavy sinuous or sharper sawtooth-like line, with the
      discharge points being indentations extending in the direction of motion
      of the component supported for sliding on the bearing surface.
BSUM
PAR  This invention concerns improvements in a sliding bearing, namely a sliding
      guide with an oil supply reservoir.
PAR  Sliding bearings have a high lubricant consumption and a high starting
      torque because of the relatively dry starting friction. For this reason,
      the formation of lubricating pockets in relatively sliding surfaces is of
      considerable importance, in order to assure a rapid distribution of the
      oil.
PAR  To accomplish this, in a known form the discharge edges of these lubricants
      pockets are made well rounded, so that the discharge of the oil from the
      lubricating pocket may reach the adjacent bearing surface easily and
      rapidly. In order to obtain such discharge for the oil pocket, which has
      an approximately tangential fit with the bearing surface this rounding
      must largely be produced manually. Because of this manual work, production
      costs are considerably increased and usually the determined exact shape
      cannot be produced or reproduced, so that different conditions in
      functional capability result for each bearing. Another disadvantage is the
      considerably lesser throughput capacity of the hand work. The use of
      machines is possible, but very expensive mechanisms are necessary for this
      purpose, because, during production, either the bearing or the spindle
      which is used for the boring must be moved.
PAR  In the case of another known form of lubricating pocket, the discharge edge
      is not straight, but continuous with parabolic or hyperbolic curvature.
      For the most part, this form of lubricating pocket is formed in the axial
      direction and it is made primarily because of the straining of dirt from
      the lubricant in the bearing shell.
PAR  The production of the known inlet edge which is provided with a radius, in
      the case of segmented bearings as well as axial bearings which also
      consist of individual segments, can be carried out only with great
      difficulty. For this reason, sometimes the inlet edge is formed with a
      chamfer at the transition from the lubricating pocket to the bearing
      surface or to the bearing segment, instead of a radius; this is much
      easier to produce, but it does not represent a satisfactory solution.
PAR  It is common in all of the foregoing known embodiments that the transition
      from the lubricating pocket to the continguous bearing surface is
      separated by a straight or only slightly curved line. This straight or
      slightly curved line of the inlet edge prevents a rapid distribution of
      the oil on the sliding surface.
PAR  It is therefore an object of this invention to provide a novel inlet edge
      for sliding bearings or sliding guides, in which the transition of the oil
      supply reservoir is so improved that a considerably better lubrication of
      the sliding surface is obtained, and use can be made of machines to form
      the edge without a considerable cost increase.
PAR  This is attained in accord with this invention by forming the transition of
      the oil supply reservoir to the bearing surface with effective
      indentations in the form of a wavy line, which may be sinuous or a sharper
      sawtooth line over at least a part of its length, and a considerably
      increased oil throughput can be obtained by means of this transition.
PAR  The centerline of these sinuous tooth curves or the sawteeth can also be
      carried out parabolically or hyperbolically. A relatively large number of
      these teeth results in a uniform oil distribution, and a reduction of the
      bearing surface area in the bearing, without interruptions, is only
      necessary to slight degree. In general, lubricating pockets are formed in
      an area in which there is no or only a light load on the bearing.
PAR  Experiments have also shown that, for example, in the case of a round hole
      with a machined chamfer, through which the lubricant is fed, the lubricant
      is not drawn from the lubricating hole into the bearing surface in
      approximately the direction of movement of the journal, but towards the
      side, at an angular range of 70.degree. to 90.degree. to the direction of
      the movement of the journal. This angle depends considerably on the
      lubricating film thickness and on the relative sliding velocity between
      journal and bearing shell. Similar observations could be made in
      experiments with oval lubricating holes. From this knowledge, additional
      experiments were carried out, in which the otherwise slightly curved
      boundary line, which is essentially perpendicular to the movement of the
      journal, was resolved into lines which deviate as little as possible from
      the direction of motion of the journal.
PAR  In order to attain this in a particularly favorable embodiment of the
      invention, the indentations preferably extend essentially in the direction
      of motion of the supported or guided component.
PAR  Within the scope of the invention, it is additionally of advantage if at
      least the inlet edge of the segments of segmented sliding bearings is
      formed with a transition to the bearing surface which runs at least in
      part in accordance with a wavy sinuous or sawtooth line.
PAR  In the case of segmented sliding bearings, multiple surface sliding
      bearings, or axial sliding bearings, the inlet edge of the segments,
      respectively the transition of an oilway or lubricating pocket to the
      bearing surface, can be provided with at least one indentation within the
      scope of this invention; it runs preferably in the direction of motion of
      the journal.
PAR  Some embodiments of the invention are further described by means of the
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a plan view showing a bearing member having a lubricating pocket
      formation with wavy boundary according to a preferred embodiment;
PAR  FIG. 2 is a view showing the boundary arrangement at the separating surface
      of a lubricating pocket in accord with FIG. 1;
PAR  FIG. 3 is a plan view showing a lubricating pocket formation with sawtooth
      configuration;
PAR  FIG. 4 is a view showing the boundary arrangement at the separating surface
      of a lubricating pocket in accord with FIG. 3;
PAR  FIG. 5 illustrates a sawtooth lubricating pocket embodiment in a thrust
      washer.
DETD
PAR  FIG. 1 shows a bearing member B having an almost rectangularly configured
      recessed lubricating pocket 1 with a wavelike configured boundary or edge
      6 of the transition 2 from the lubricating pocket 1 to the contiguous
      bearing surface 3. A supported component (not shown) is slidably guided
      upon and by surface 3 in the directions of the double ended arrow. The
      wavelike boundary can also be seen in FIG. 2 which is a view at the
      separating surface 4. As illustrated in FIG. 1, the boundaries can be
      connected with each other, or (not illustrated) they can be separately
      formed with distances between them.
PAR  As a further embodiment, FIG. 3 shows a sawtooth configuration of the
      lubricating pocket 5. In contrast with the discharge edge which is
      provided with radii in FIG. 1, the discharge edge of the lubricating
      pocket in FIG. 3 has indentation of a relatively pointed shape. As
      illustrated in FIG. 3, grooved depressions 7 can run through the
      lubricating pocket 5, or only sawtooth recesses (not illustrated) can be
      formed in the transition to the bearing surface 8. A single, very pointed
      groove could basically provide a good oil supply in the case of a
      relatively small bearing, but this may be unsuitable in most cases,
      because the long point would reach too far into the bearing surface of the
      bearing.
PAR  FIG. 4 also illustrates the sawtooth configuration of the grooved
      depressions 7, in a view on the separating surface 9.
PAR  FIG. 5 shows a thrust washer 10 with a very small area flat bearing surface
      11. The lubricating pocket 12 is appropriately provided with a sawtooth 13
      on both sides. In the case of the thrust washer 10, as shown in FIG. 5,
      the direction of rotation is oriented in opposite directions, so that a
      two-sided formation of the sawtooth is provided. However, it is also
      possible to form the lubricating pocket 12 with only one sawtooth 13,
      where rotation is oriented in one specific direction. The oil pocket or
      groove must not necessarily, but can be provided with a wedge surface. The
      pointed discharge (sawtooth) can be within the wedge surface, but it can
      also reach into the bearing surface which is parallel to the journal.
      Instead of the single pointed end, several can be used.
PAR  The production of such a wavy boundary line, in accordance with this
      invention, between a lubricating pocket and the contiguous bearing surface
      can be easily carried out by a profile cutter or the assembly of several
      profile cutters and is particularly suitable for the production of bearing
      shells in large numbers. In this manner, hand finishing is completely
      unnecessary, whereby the production of these components by a machine
      process is not only considerably more economical, but also brings with it
      enormous advantages for the functional capability of sliding bearings
      because of the exact maintenance of the particular shape which has proven
      to be correct under constantly uniform conditions.
PAR  An essential advantage also prevails when the bearings are bored only after
      their installation, because a machine refinishing of the oil pockets is
      then no longer possible.
PAR  The described wavy forms of the boundary line between a lubricating pocket
      and the contiguous bearing surface of a sliding bearing brings advantages
      in practically all cases where an oil reservoir abuts a bearing surface,
      i.e. not only in the case of lubricating pockets, but also in the case of
      grooves and other transitions in which oil is to be fed to the bearing
      sites of a sliding bearing, each as a sliding guide, thus, for example, on
      the lead-in edges of the bearing surfaces of segmented bearings. In the
      case of segmented bearings it is of advantage when at least the lead-in
      edge of the segments is formed with a transition to the bearing surface
      which at least partially corresponds to a wavy line.
PAR  The advantageous effect of the wavy line boundaries of the lubricating
      pockets is believed to have the following explanation:
PAR  In the case of a straight or slightly curved axial boundary of the
      lubricating pocket, there is the danger of turbulence, especially in a
      sharp transition to the bearing surface, or also in the case of high
      sliding velocities. Because of the turbulence, the oil supply of the
      bearing is inhibited. The resolution of the straight or slightly curved
      boundary line into waves or sawteeth according to the invention prevents
      the development of these turbulences, and thus improves the oil supply of
      the bearing surface of the bearing considerably. In the claims the
      designation of the boundary edge between the pocket and the adjacent
      bearing surface as "wavy" includes both the rounded sinuous type wave of
      FIG. 1 and the sharper sawtooth type wave of FIG. 3.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A sliding bearing comprising a slide bearing surface over which a
      component is adapted to slide and wherein a lubricating oil reservoir and
      distribution pocket is recessed into the slide bearing surface,
      characterized by a transition area between said pocket and said bearing
      surface with at least one extension of said pocket protruding into said
      bearing surface within said transition area to form a boundary edge of
      said pocket with respect to said bearing surface extending in a wavy line
      along said surface.
NUM  2.
PAR  2. A sliding bearing in accord with claim 1, characterized in that said
      wavy line defines indentations extending into the surface substantially in
      the direction of motion of a supported or guided component on the bearing
      surface.
NUM  3.
PAR  3. A sliding bearing in accord with claim 2, with a lubricating pocket in
      the bearing surface characterized in that the lubricating pocket is
      provided with a transition to the bearing surface, which is in the form of
      a wavy line, at least on its side edge which is disposed in the direction
      of motion of the supported or guided components.
NUM  4.
PAR  4. A sliding bearing in accord with claim 1, in the form of segmented
      sliding bearing, characterized in that at least the lead-in edges of the
      segments are each formed with a transition to the bearing surface which at
      least partly corresponds to a wavy line.
NUM  5.
PAR  5. A sliding bearing in accord with claim 1 in the form of a segmented
      sliding bearing, multiple surface sliding bearing, or axial sliding
      bearing, characterized in that at least one wavy line indentation extends
      in the direction of motion of the guided component, and is provided on the
      lead-in edges of the segments.
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ABST
PAL  The invention aims at sliding runners comprising two sectional irons 1 and
      2 mounted so as to be able to slide longitudinally one along the other
      through the agency of ball-bearings 3.
PAL  The lower sectional iron, in the form of a U, comprises two vertical flanks
      5 extended outwards by bent-down parts 6 in the shape of angle-irons, and
      the upper sectional iron 2, in the form of an inverted U, comprises a top
      10 and two vertical flanks 11 extended inwards by horizontal ledges 12
      extending under the respective bent-down parts, each ball-bearing 3 being
      compressed between a bent-down part and the opposite walls. Rigid bracings
      19 are inserted between the flanks 5.
PAL  Applications: longitudinally adjustable supports for front seats of motor
      vehicles.
BSUM
PAR  The invention is concerned with sliding runners designed to permit and to
      guide the relative slippage of two structures mounted one above the other,
      and relates more particularly but not exclusively to the class of runners
      for vehicle seats that can be moved backwards and forwards (since in their
      case the application of the invention presents the most interest).
PAR  The runners of the type in question, with which the invention is concerned,
      consist essentially of a lower sectional iron integral with a first
      structure such as the floor of a vehicle, and an upper sectional iron
      carrying a second structure such as a seat, these two lower and upper
      sectional irons having respectively a roughly U-shaped cross-section and a
      roughly inverted-U-shaped cross-section and being fitted one inside the
      other so as to slide one along the other by the agency of balls.
PAR  The main aim of the invention is to produce these runners so that they
      respond better than hitherto to various practical requirements, especially
      as regards resistance to a mutual vertical dislocation of their
      constituent sectional irons when there is an impulse for one of these
      irons to rock relatively to the other.
PAR  This resistance must in particular be very high in the case of seats in
      motor vehicles: it has to be avoided that the application of a large
      horizontal thrust to the back of such a seat results in a dislocation of
      the seat runners, for example because of a sudden change in the speed of
      the vehicle.
PAR  Sliding runners of the above kind, conforming to the invention, are
      characterized in that the two flanks of the lower sectional iron are each
      extended externally by a bent-down part, shaped like an angle-iron,
      presenting successively a first flap extending downwards from the top of
      the said flank (to which it is joined by a curved or arched zone), and a
      second, horizontal flap extending outwards from the bottom of the first
      flap, and characterized in that the two flanks of the upper sectional iron
      envelop the bent-down parts of the lower sectional iron and are each
      extended inwards by a horizontal ledge reaching just beneath the
      horizontal flap of the respective bent-down part, each ball race being
      constituted by the two adjacent surfaces of one bent-down part facing
      respectively upwards and outwards and by the opposing surfaces of the
      upper sectional iron.
PAR  In the preferred modes of embodiment, use is made of one/or other of the
      following arrangements:
PA1  The opposing faces of the upper sectional iron, which define each of the
      ball races, comprise a horizontal zone set back lower than the middle part
      of the top of that sectional iron, which is likewise flat and horizontal,
PA1  bracing elements are disposed in the lower sectional iron so as to prevent
      the mutual approach of the flanks thereof,
PA1  in a runner according to the preceding paragraph with which the flanks of
      the lower sectional iron are vertical, the bracing elements consist of a
      rigid corrugated strip with a width equalling the distance apart of the
      flanks,
PA1  each lower edge of the upper sectional iron is extended horizontally
      towards the inside of this sectional iron so as to reach beneath the whole
      of the corresponding bent-down part (of the lower sectional iron) until at
      its end it rises again into the gap comprised between this bent-down part
      and the corresponding opposing flank of the lower sectional iron.
PAR  Apart from these main arrangements, the invention includes certain other
      arrangements which are preferably employed at the same time and which will
      be discussed later in more detail.
DRWD
PAR  In what follows, two preferred modes of embodiment of the invention will be
      described, of course non-restrictively, with reference to the attached
      drawing.
PAR  FIG. 1 of this drawing is an end view of a sliding runner set up in
      accordance with the invention.
PAR  FIG. 2 is a perspective view of this runner.
PAR  FIG. 3 is a perspective view, partly cut away, of a variant of the lower
      sectional iron included in such a runner.
DETD
PAR  In each case the runner comprises a lower sectional iron 1 and an upper
      sectional iron 2 which both have the same lengthwise vertical plane of
      symmetry and are suitable for fitting longitudinally one inside the other
      so as to travel one along the other through the agency of the balls 3.
PAR  The lower sectional iron has a roughly U-shaped cross-section and comprises
      a flat bottom 4 and two vertical flanks 5.
PAR  Each of these flanks 5 is extended externally by a bent-down part 6 in the
      form of an angle-iron, the junction between each flank and the bent-down
      part extending it forms a curve or rib 7 with a semicircular profile.
PAR  Each bent-down part, shaped like an angle-iron, comprises a first flap 8
      extending vertically downwards from the rib 7 and a second flap 9
      extending horizontally outwards from the bottom edge of the first flap.
PAR  The length of the vertical flaps 8 is less than that of the wings 5 so that
      the horizontal flaps 9 are located at a higher level than the bottom 4.
PAR  The upper sectional iron 2 in cross-section presents roughly the shape of
      an inverted U and comprises a flat bottom or "top" 10 and two vertical
      flanks 11 enveloping the lower sectional iron including its bentdown
      parts.
PAR  Each of the two flanks of this upper sectional iron is extended inwards by
      a horizontal ledge 12 which extends just beneath the corresponding
      horizontal flap 9.
PAR  In the preferred mode of embodiment that is illustrated, the middle part of
      the top of the upper sectional iron, which is flat and horizontal, is
      joined to each of its vertical flanks 11 by a hollow zone in the shape of
      a dihedron comprising a vertical side 13 and a horizontal area 14.
PAR  The ensemble of the four opposite faces comprising the flaps 8 and 9 of a
      given bent-down part and by the opposite walls of the upper sectional iron
      (walls constituted respectively by an area 14 and by the adjacent flank 11
      which together form a dihedron) presents a cross-section in the general
      shape of a square with a length of side equal to that of the diameter of
      the balls 3.
PAR  These four faces define a passage collectively suitable for accepting and
      guiding the said balls.
PAR  Each of these balls rests pointwise on a horizontal flap 9, supports
      pointwise an area 14 as well as the loads transmitted to that area (the
      weights of the upper sectional iron and the seat which it carries), and
      all the time receives a horizontal thrust from the two vertical walls 8
      and 11.
PAR  This permanent horizontal pressure is obtained by designing the lower
      sectional iron in such a way that it has a slight tendency to open
      elastically and/or the upper sectional iron in such a way that it has a
      slight tendency to close elastically.
PAR  The said permanent horizontal pressure on the balls offers the advantage of
      ensuring continuous contact between these balls and the two sectional
      irons, which eliminates play -- a cause of noise and untoward movements of
      the balls -- and this without a need for inserting additional elements
      such as longitudinal bracings or strips of foil in the ball-races.
PAR  The travel of the balls in their passages is restricted by their coming up
      against the embossments 16 and 17.
PAR  These embossments are advantageously stamped out towards the interior of
      the passages, i.e. respectively into the rounded edges of the two dihedra
      constituting these passages and belonging respectively to the two
      sectional irons.
PAR  Advantageously two balls are provided in each of the two passages 15, and
      the travel of each of these balls along the bent-down part 6 is restricted
      by two embossments 16 and that along the opposite dihedron by two
      embossments 17.
PAR  Each of these two limits to the sliding of the upper sectional iron along
      the lower sectional iron is determined by the simultaneous abutment of
      each of these four balls against an embossment 16 and an embossment 17.
PAR  Each of the two sectional irons is advantageously composed of a single
      plate of standard steel which may be relatively thin; its thickness can be
      of the order of millimeter.
PAR  The runner thus embodied offers an excellent resistance to vertical
      dislocation.
PAR  If desired, and although this is not indispensable, this resistance to
      dislocation can be further increased by adopting one and/or the other of
      the following measures.
PAR  According to the first of these measures, the lower horizontal ledges 12 of
      the upper sectional iron are extended horizontally towards the inside of
      this sectional iron, and the end 18 of each ledge can even rise up to
      enter the gap, under the respective rib 7, contained between the flank 7
      and the bent-down part 6 opposite to it, as illustrated by broken lines in
      FIG. 1.
PAR  This first measure makes it very difficult for the two sectional irons to
      be mutually dislocated, since such a dislocation would require that the
      upper sectional iron opens out sufficiently for the above extreme edges
      18, initially relatively close together, to move apart to a distance
      greater than the separation of the free edges of the two horizontal flaps
      9 of the bent-down parts.
PAR  According to the second measure, the coming together of the two flanks 5 of
      the lower sectional iron is made very difficult, indeed impossible, by
      inserting rigid bracing elements between the two flanks.
PAR  Such elements can be pieces 19 punched into the bottom 4, a solution which
      is mainly of value for the ends of the sectional iron, seeing that it is
      generally preferred not to weaken the intermediate regions by drilling.
PAR  The bracing elements can also be constituted by a rigid strip 20 (FIG. 3),
      corrugated according to a continuous or broken line, with a constant width
      equal to the distance apart of the two flanks: this strip may be joined by
      welding or in any other desired manner to the bottom 4 and/or the flanks
      needing to be braced.
PAR  The sliding runner described above moreover lends itself admirably to the
      fitting of a locking system allowing the upper sectional iron to be fixed
      in one or other of a plurality of distinct longitudinal positions relative
      to the lower sectional iron, system of the type comprising a movable bolt
      longitudinally integral with the upper sectional iron and suitable for
      engagement in the teeth of a rack that is integral with the lower
      sectional iron: indeed a particularly strong rack can be very simply made
      by cutting notches 21 in one of the ribs 7 of the lower sectional iron, as
      can be seen in FIGS. 2 and 3.
PAR  As a matter of course, and as already results from what has been said, the
      invention is no way restricted to the modes of application and embodiment
      that have been more especially considered; on the contrary it embraces all
      the variants thereof, notably those where certain of the wall elements
      described above as vertical would in reality be not vertical but inclined
      to the vertical.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sliding runner comprising a first channel section member comprising a
      pair of flanks defining a channel therebetween, a second channel section
      member which comprises a base and a pair of flanks defining a channel
      therebetween and in which the first channel section member is fitted with
      the channel of one member open towards the base of the other, each flank
      of the first channel section member having a portion which extends
      backwardly in the direction away from the mouth of the channel towards the
      base of the first channel section member and then outwardly from the
      flank, the distal end of each flank of the second channel section member
      extending beyond the said outwardly extending portion of the adjacent
      flank of the first channel section member and inwardly along the rear face
      of said outwardly extending portion and forming with the opposed faces of
      the backwardly and outwardly extending portion of said adjacent flank an
      enclosure for a ball race, and a plurality of balls in each said enclosure
      facilitating sliding of said two members longitudinally relative to one
      another.
NUM  2.
PAR  2. A sliding runner according to claim 1 wherein the flanks of the first
      channel section member are parallel.
NUM  3.
PAR  3. A sliding runner according to claim 2 wherein the said backwardly
      extending portion of each flank of said first channel section member is
      parallel to the flank.
NUM  4.
PAR  4. A sliding runner according to claim 1 wherein the second channel section
      member is step-sided, each flank having an outwardly extending
      intermediate portion which forms a wall of said enclosure.
NUM  5.
PAR  5. A sliding runner according to claim 1 wherein the second channel section
      member has a flat base web from which its flanks extend perpendicularly.
NUM  6.
PAR  6. A sliding runner according to claim 1 wherein the inwardly extending
      portion of each flank of the second channel section member extends behind
      the whole of the outwardly extending portion of the adjacent flank of the
      first channel section member and then rearwardly into a gap between the
      latter portion and said adjacent flank.
NUM  7.
PAR  7. A sliding runner according to claim 1 wherein bracing elements located
      in the first channel section member prevent the mutual approach of its
      flanks.
NUM  8.
PAR  8. A sliding runner according to claims 2 and 7 wherein the bracing
      elements are constituted by a rigid corrugated strip the width of which is
      equal to the distance apart of the two flanks of the first channel section
      member.
NUM  9.
PAR  9. A sliding runner according to claim 1 wherein the first channel section
      member is anchored to a first surface and the second channel section
      member carries a structure above said surface for sliding with said second
      channel section member relative to said surface.
NUM  10.
PAR  10. A sliding runner according to claim 1 wherein the balls are permanently
      compressed in their ball-races by at least one of (a) the tendency of the
      first channel section member to open out elastically and (b) the tendency
      of the second channel section member to close up elastically.
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PAL  The thrust support incorporates a rolling-contact thrust bearing with the
      inner and outer races rigidly attached to the shaft and housing of the
      fluid motor, respectively. Interposed between said races are balls.
      Positioned near the end faces of the thrust bearing are multi-row
      mechanical seals in the form of inner and outer friction discs which make
      up friction packs and are rigidly attached to the inner and outer races of
      the thrust bearing, respectively, and are rigidly attachable to the shaft
      and housing of the motor, respectively.
BSUM
PAR  The present invention relates to thrust supports for fluid motors used in
      drilling deep oil and gas wells by means of both rock bits and diamond
      bits. The thrust support disclosed can be used most effectively in
      conjunction with fluid motors and jet bits operating under the conditions
      of high differential pressure of the mud (of the order between 80 and 100
      atm.).
PAR  Known in the art is a thrust support for a turbodrill used in drilling
      wells, said support being disposed in the drill housing. The known thrust
      support incorporates a multirow rolling-contact thrust bearing with
      rotatable inner and static outer races. Positioned near the thrust bearing
      at its top end face is a mechanical seal with a static disc rigidly
      attached to the housing of the turbodrill along with a pack of outer races
      of the bearing and a rotatable disc fitted on the shaft of the turbodrill
      with provision for axial displacement relative to the shaft, said
      rotatable disc abutting against the static disc due to the action of the
      hydraulic load.
PAR  When use is made of mud having many abrasive particles and of bits
      operating under a low differential pressure, said pressure controlling the
      magnitude of the hydraulic force which causes the rotable disc of the seal
      to abut against the static disc, the annular clearance existing between
      the rotatable disc and the cylindrical surface over which the disc travels
      in the axial direction is blocked with solid particles of the mud. This
      interferes with the axial travel of the rotatable disc and prevents the
      disc from being pressed against its static counterpart under the hydraulic
      load with the result that abrasive particles easily enter inside the
      thrust bearing, causing its rapid wear and failure of the thrust support
      of the turbodrill.
PAR  If the known thrust support is used in a well-sinking motor employing jet
      bits which operate under a high differential pressure, the force pressing
      the rotary disc of the mechanical seal against the static disc is so great
      that there is no mechanical seal capable of withstanding it. The recourse
      to a plurality of mechanical seals fitted in succession also fails in this
      case to give adequate protection against the ingress of abrasive particles
      into the bearing, for only the foremost seal is exposed to the total
      differential pressure whereas each of the rest of the seals are going to
      perform each its function only on the failure of the foremost seal.
PAR  It is an object of the present invention to provide a thrust support for a
      fluid motor used in drilling wells which will have an extended service
      life and will extend the period during which the fluid motor can be run
      continuously.
PAR  Another object of the present invention is to provide a thrust support for
      a fluid motor used in drilling wells which will enable the use of the
      motor in conjunction with jet drills.
PAR  These and other objects are attained by a thrust support for a fluid motor
      used in drilling wells which is disposed in the housing of the motor and
      incorporates a rolling-contact thrust bearing containing rolling-contact
      bodies interposed between races attached to the shaft and races attached
      to the housing, some of them being rotatable, and which further
      incorporates a mechanical seal positioned near the thrust bearing at least
      at the top end face and containing at least one friction pack made up of
      two discs, one of them being rigidly attached to the static races of said
      bearing and the other being rotatably attached thereto.
PAR  According to the invention, the rotatable disc of the mechanical seal is
      rigidly connected to the rotatable races of the thrust bearing.
PAR  By virtue of the present invention there is provided a support which gives
      extra long service life and extends by a considerable amount the period
      during which the fluid motor can be run continuously in drilling wells;
      the support provided also assures successful running of said fluid motor
      in conjunction with jet bits.
DRWD
PAR  The present invention will be best understood from the following
      description of a preferred embodiment of the invention when this
      description is being read in conjunction with the accompanying drawings in
      which:
PAR  FIG. 1 is a sectional elevation of a turbodrill incorporating the thrust
      support in accordance with the invention;
PAR  FIG. 2 is a sectional elevation of the thrust support according to the
      invention.
DETD
PAR  FIGS. 1 and 2 show the way the thrust support is used in accordance with
      the present invention in a turbodrill.
PAR  Disposed at the top of the turbodrill is a turbine 1 consisting of several
      stages. Each of the stages consists of a stator 3 secured in housing 2 of
      the turbine so that its blades form passages directing the flow of mud and
      of a rotor 5 secured to a shaft 4 of the turbodrill so that its blades are
      pointed in a direction opposite to that of the blades of the stator 3 and
      consequently change the direction of mud flow with the result that the
      rotor 5 is set relatively to the stator 3, creating thereby the
      single-stage torque.
PAR  Positioned near the turbine at both end faces are radial supports 6 each of
      which is a plain radial bearing with a metal backed rubber insert.
      Passages (not shown) provided in the bearing housings serve to admit mud
      into, and discharge mud from, the turbine.
PAR  The torque produced by all the rotors is transmitted to the shaft by
      pressing the rotors against an end face 7 of the shaft, this being
      accomplished by screwing a nut 8 onto the shaft. The torque reaction of
      all the stators is transmitted to the turbine housing by pressing the
      stators against an end face 9 of the shaft, this being accomplished by
      screwing an adapter 10 onto the housing 2.
PAR  Attached by means of a threading 11 to the housing 2 of the turbine at the
      lower end thereof is a spindle 12 having a housing 13 wherein disposed on
      a shaft 14 is a thrust support 15 having radial supports 16 positioned
      near it at both end faces thereof.
PAR  Each radial support 16 consists of an outer sleeve 17 having an insert 18
      made of an antifriction material (for example, rubber) attached to its
      inside and of an inner sleeve 19 rotatably mounted in the insert 18 when
      the turbodrill is in operation.
PAR  The thrust support 15 incorporates a multi-row thrust ball bearing 20
      having a multi-row mechanical seal 21 positioned at each of the end faces
      thereof.
PAR  The multi-row thrust ball bearing 20 contains balls 22 which are interposed
      between inner races 23 and outer races 24 separated by inner spacer rings
      25 and outer spacer rings 26, respectively.
PAR  Each multi-row mechanical seal 21 is made up of several friction packs 27
      each comprising an inner disc 28 fitted on the shaft 14 and an outer disc
      29 also fitted on the shaft but so as to be contiguous with the inside
      surface of the spindle housing 13. The inner and outer discs of the
      friction packs are separated one from the other by inner spacer rings 30
      and outer spacer rings 31, respectively. The rubbing surfaces of the inner
      discs 28 and those of the outer discs 29 are reinforced with antifriction
      inserts 28a and 29a which can be made of a hard alloy and are intended to
      prolong the service life of the discs comprising the mechanical seal.
PAR  The outer races 24 of the ball bearing along with the outer spacer rings 26
      interposed therebetween and also the outer discs 29 of the mechanical seal
      along with the spacer rings 31 interposed therebetween are linked up one
      with another and with the housing by being pressed against an end face 32
      of the housing 13 with the aid of a nipple 33 screwed down into the
      housing 13.
PAR  The inner races 23 of the ball bearing along with the inner spacer rings 25
      interposed therebetween and also the inner discs 28 of the mechanical seal
      along with the inner spacer rings 30 interposed therebetween and linked up
      one with another and with the shaft 14 by being pressed against an end
      face 34 of the shaft 14 with the aid of a threaded sleeve 35 screwed on
      the shaft 14.
PAR  When the turbodrill is set into operation, the mud delivered by the mud
      pumps enters the turbine 1 which applies to the shaft 4 a torque
      transmitted to the shaft 14 with the bit (not shown) threadedly attached
      to its end through a tapered splined sleeve 36 engaging the threaded
      sleeve 35.
PAR  The outflow of mud from the turbine is admitted into the housing 13 where
      it is separated into two streams. The bulk of the flow enters a central
      passage 38 of the shaft 14 through a port 37 in the threaded sleeve 35
      wherefrom it passes through the bit and reaches the bottom hole to wash
      the same and remove the cuttings. The rest of the flow is fed under a
      pressure equal to the bit differential pressure to the upper mechanical
      seal 21 of the thrust support 15 of the turbodrill through a passage 39
      and grooves 40 in the insert 18 of the radial support 16.
PAR  When the turbodrill is set rotating while being suspended in the well, its
      thrust support is supporting the total dead load of the rotating
      turbodrill components and the hydraulic load acting on the shaft with the
      rotors fitted thereto. In the course of drilling, added to these forces
      acting downwards is a force caused by the axial reaction of the bottom
      hole acting upwards through the bit. So it is obvious that the thrust
      support of the turbodrill is subject in the course of drilling either to a
      downward load if the total dead load of the rotary turbodrill components
      and the hydraulic load on the shaft and rotors exceeds the force of the
      bottom hole reaction or to an upward load if said aggregate load is lower
      than the force of bottom hole reaction.
PAR  In spite of the fact that the thrust support disclosed is exposed to a load
      equal to the difference between the bottom force of the hole reaction and
      the total load resulting from the dead load of the rotary turbodrill
      components and the hydraulic load on the shaft and rotors, the thrust load
      coming on the turbodrill support can be as high as 20 t.
PAR  When the thrust support of the turbodrill operates under such high thrust
      loads combined with drilling speeds of a high order, up to 700 rpm, the
      ingress of mud containing abrasive particles into the rolling-contact
      bearing 15 becomes particularly hazardous, inviting rapid wear of the
      thrust support and failure of the turbodrill. The wear on the mechanical
      seal and thrust bearings is intensified when the turbodrill operates in
      conjunction with jet bits because the seal of the thrust support is
      exposed to the high differential pressure required for effective
      performance of said bits.
PAR  Since in the thrust support of the turbodrill disclosed the rotary discs 28
      of the mechanical seal 21 are rigidly attached to the inner races 23 of
      the multi-row thrust bearing 20, the discs of the mechanical seal are
      always tightly pressed together irrespective of the direction in which the
      thrust load may act, i.e., up or down. This feature eliminates the
      possibility of an ingress of abrasive particles contained in mud into the
      bearing, safeguarding it from wear and extending its service life.
PAR  In the thrust support disclosed, the high hydraulic load characteristic of
      the jet drilling comes not only from the discs of the mechanical seal
      rubbing against each other, as this is the case in the known thrust
      support for a turbodrill, but also, to a certain extent, from the thrust
      bearing. This prevents the discs from wear and extends the service life of
      the mechanical seal. Furthermore, in the thrust support of the turbodrill
      disclosed, some of the thrust load is taken up by the discs of the
      mechanical seal which are rigidly attached to the races of the thrust
      bearing so that the bearing is relieved of some of the external thrust
      load with the result that its service life is extended.
PAR  The multi-row thrust support of the turbodrill is made so that all the
      inner and outer discs of the multi-row mechanical seal, all the balls and
      all of the inner and outer races of the multi-row thrust bearing are in
      contact with each other, this being achieved by manufacturing all the
      constituent components of the multi-row mechanical seal and of the
      multi-row rolling-contact thrust bearing accurately to within close
      tolerances of their axial dimensions. Thanks to that, all the inner discs
      of the mechanical seal are pressed against the outer discs and all the
      inner races of the thrust bearing are pressed against the outer races
      through the intermediary of the balls when the thrust load is directed
      downwards as indicated in FIGS. 1 and 2. The mud reaching the mechanical
      seal is incapable of entering the rolling-contact bearing, for its path is
      blocked by a number of friction packs which are in contact. If the
      direction of the thrust load is reversed, the reverse surfaces of the
      discs of the mechanical seals and those of the races of the thrust bearing
      take over this job, giving the thrust bearing a reliable protection
      against the ingress of abrasive particles and providing for the
      distribution of the thrust load between the discs of the mechanical seal
      and the races of the thrust bearing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thrust support for a fluid motor used in drilling wells, which is
      fitted onto the shaft of said motor inside its housing, having a
      rolling-contact thrust bearing, comprising: inner and outer races rigidly
      attached to said housing and said shaft of the motor, respectively;
      rolling-contact bodies disposed between said inner and outer races; at
      least one mechanical seal positioned near said thrust bearing at least at
      the op end face thereof, and having at least one friction pack consisting
      of an outer friction disc and an inner friction disc rigidly attached to
      said outer and inner races of the thrust bearing, respectively, and
      rigidly attached to said housing and said shaft of the motor,
      respectively; said arrangement working so that when said fluid motor is
      set in operation said shaft or housing starts spinning and imparts rotary
      motion to said inner or outer races of the thrust bearing and the inner or
      outer friction discs, whereas mud fed under a pressure equal to the bit
      differential pressure reaches said mechanical seal, but since said
      rotating races of the thrust bearing are rigidly attached to said rotating
      discs of the mechanical seal, these components take up the hydraulic and
      drilling loads jointly with the result that the service life of said
      thrust support is extended and so is the period of continuous drilling of
      the well by means of said fluid motor which can successfully operate in
      conjunction with jet bits.
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PAL  The bearing segments of the bearing are made with asymmetrical bearing
      surfaces of concave and convex shape. In addition, one or more flow ducts
      communicate the concave bearing surface with the convex bearing surface in
      each bearing segment so that during operation a part of the lubricating
      film between the shaft and bearing segment flows to a gap between the
      housing and bearing segment to float the bearing segment.
BSUM
PAR  This invention relates to a gas-lubricated self-pressurizing radial bearing
      and particularly to a bearing segment for such a bearing.
PAR  As is known, gas-lubricated self-pressurizing radial bearings have been
      used for supporting shafts, particularly shafts of high speed machines.
      Generally, these bearings use a plurality of self-adjusting bearing
      segments in order to support the shafts in the bearing during rotation. In
      such bearings, wedge-shaped gaps, also referred to as pressure cones which
      produce the dynamic buoyancy pressure for supporting the shaft, are formed
      between the bearing segments and the shaft when the shaft rotates. The
      angle of slope of the pressure wedges adjuts itself automatically if the
      pivoting point of the bearing segments is suitably selected. The angle of
      slope of the pressure wedges depends on the position of the pivoting point
      in the circumferential orientation as well as in the radial orientation,
      on the mean gap height and, also on the friction to which the bearing
      segments are subjected in the bearing shells in which they are disposed.
      Friction is the decisive feature and should be as low as possible.
PAR  In order to ensure low-friction adjustment of the bearing segments in the
      optimum position, it has been known to produce a static gas cushion
      between the bearing shell and the adjoining bearing surface of the bearing
      segments so that there is no physical contact between the two. Generally,
      in order to produce the static gas cushion, ducts have been drilled
      through the housings in which the bearing shells are recessed to extend
      into the bottom of the bearing shells so that lubricating gas can be
      supplied through the duct. The static head of such a gas cushion must,
      however, be constantly adapted to the rotational speed of the shaft, that
      is to the dynamic pressure in the pressure wedge. The static head must
      therefore be constantly regulated from the outside in dependence on the
      rotational speed. This regulation is complicated and represents a
      disadvantage of the known bearing.
PAR  Accordingly, it is an object of the invention to provide a bearing of the
      kind defined hereinbefore in which the static pressure in the gap between
      the bearing segments and the housing corresponds to the pressure
      conditions in the pressure wedge between the bearing segment and the shaft
      in all operating phases but without calling for a complicated regulating
      device.
PAR  It is another object of the invention to provide a bearing segment for a
      gas-lubricated radial bearing which is of simple construction to achieve
      flotation when in use.
PAR  Briefly, the invention provides a gas-lubricated self-pressurizing radial
      bearing for rotatably mounting a shaft in a housing with at least one
      recess. The bearing comprises a plurality of self-adjusting bearing
      segments each of which is disposed in a recess for pivoting about an axis.
      Each segment has a concave rotation ruled bearing surface facing the shaft
      and a convex rotation rules bearing surface facing the recess. These
      bearing surfaces are asymmetrical relative to a plane passing through the
      pivot axis and radially of the shaft. In addition, each segment has at
      least one flow duct communicating the bearing surfaces with each other.
      The flow duct may have one branch point within the bearing segment from
      which two branch flow ducts extend to the convex bearing surface.
PAR  In one embodiment, the flow duct extends in a fan-like pattern towards the
      convex bearing surface. In another embodiment, the flow duct terminates in
      a recess in the convex bearing surface.
PAR  In still another embodiment the bearing segment includes a porous member
      forming at least a part of the convex bearing surface.
PAR  In still another embodiment, a bearing segment has at least one secondary
      duct extending from the flow duct to at least one side of the bearing
      segment to accommodate the side with the concave bearing surface. In
      addition, this side of the bearing segment may also be at least partly
      porous.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1a illustrates a cross-sectional view of a radial bearing according to
      the invention;
PAR  FIG. 1b illustrates a view taken on line Ib--Ib of FIG. 1a;
PAR  FIG. 2a illustrates a bearing segment the shape of which is modified by
      comparison to that of FIG. 1;
PAR  FIG. 2b illustrates a view taken on line IIb--IIb of FIG. 2a;
PAR  FIG. 3 illustrates a cross-sectional view of a bearing segment having
      branch flow ducts extending to the convex bearing surface;
PAR  FIG. 4 illustrates a perspective view of a modified bearing segment having
      ducts extending to the side and to the convex bearing surface;
PAR  FIG. 5 illustrates a perspective view of a further modified bearing segment
      having ducts which terminate in recesses in the convex bearing surface.
PAR  FIG. 6a illustrates a cross-sectional view of a modified bearing segment
      having a porous convex bearing surface;
PAR  FIG. 6b illustrates a view taken on line VIb--VIb of FIG. 6a; and
PAR  FIG. 7 illustrates a cross-sectional view of a further modified bearing
      segment having porous sides and a porous convex bearing surface.
DETD
PAR  Referring to FIG. 1a, the radial bearing includes a plurality of bearing
      segments 3, for example at least three (only one of which is shown for
      clarity) which are each mounted in a bearing shell 1 or recess of a fixed
      housing 2. The bearing segments 3 are spaced about the housing 2 to
      rotatably mount a shaft 5. To this end, each bearing segment 3 has a
      bearing surface 4 facing the shaft 5 as well as a bearing surface 7 facing
      a mating bearing surface 6 in the shell 1. Both bearing surfaces 4 and 7
      of each bearing segment 3 have a cylindrical shape, the bearing surface 4
      being of concave-cylindrical shape and the bearing surface 7 being of
      convex-cylindrical shape. The run-out side 8 of each bearing segment 3 has
      a recess 9 which extends parallel to the longitudinal axis of the bearing
      segment, i.e. transversely to the plane of the drawing. Owing to the
      pressure of the recess 9, the bearing surface 4 is asymmetrical with
      respect to the axis 10 on which the pivoting point of the bearing segment
      is located. The axis 10 is disposed in a plane disposed radially of the
      shaft 5. To this end the pivot point may be disposed within or outside the
      bearing segment 3.
PAR  Each bearing segment 3 is provided with at least one duct 11 which extends
      into the bearing surface 4 and into the bearing surface 7 to communicate
      the bearing surfaces 4, 7 with each other. Rotation of the shaft 5 in the
      direction indicated by the arrow causes the pressure of a lubricating gas
      between the shaft 5 and housing 2 to increase between the surface 15 of
      the shaft 5 and the bearing surface 4. As a result, a dynamic buoyancy
      acts on the bearing segment 3 causing the bearing segment 3 to pivot in
      the anticlockwise direction as viewed and producing a wedge-shaped gap 16
      between the two. Part of the lubricating gas flows from the pressure wedge
      in the gap 16 and follows the pressure gradient through the duct 11 to a
      gap 18 between the bearing segment 3 and the bearing surface 6 in the
      bearing shell 1. The pressure in the gap 18 therefore rises so that the
      bearing segment 3 is lifted off the floor of the bearing shell 1 and is
      positioned therein without physical contact in a floating fashion. It
      follows that owing to the communication between the two gaps 16 and 18 via
      the duct 11, the load bearing capacity of the static gas cushion in the
      gap 18 constantly and automatically adjusts itself to the load bearing
      capacity of the pressure wedge in the gap 16 between the shaft 5 and the
      bearing segment 3. The optimum buoyancy inclination of the pressure wedge
      16 is obtained by virtue of the lack of symmetry of the bearing surface 4
      with respect to the axis 10.
PAR  Referring to FIGS. 1a and 1b, the flow duct 11 may terminate in a recess or
      an opening 12 in the bearing surface 7 the diameter of which is larger
      than that of the duct 11. This increases the stability of the bearing
      segment 3. The opening 12 may also be of different shape, for example
      round or rectangular. The opening 12 may also have the shape of a groove
      which extends in the longitudinal orientation of the bearing segment 3.
      The groove may also be frame shaped.
PAR  Referring to FIGS. 2a and 2b, the bearing segment can alternatively be
      provided with a flow duct 25 which merges within the bearing segment at a
      branch point 26 into two branch flow ducts 27, 28. Both branch ducts 27,
      28 extend into a bearing surface 29 of the bearing segment which is
      disposed in a bearing shell (not shown). All three ducts are disposed in a
      plane which is normal to the axis of rotation of the shaft (not shown).
      The bearing segment is also provided with a second duct 30 (FIG. 2b) which
      also merges into two branch ducts. The provision of a plurality of
      connecting ducts and branch ducts improves the pressure distribution over
      the bearing surface 29 and thus improves the stability of the bearing
      segment.
PAR  As shown, the opening of the duct 25 in the bearing surface 31 need not
      necessarily be disposed coaxially of the axis of the bearing segment (as
      shown in FIG. 1) but may be displaced in the circumferential direction. In
      this way, it is possible to select the magnitude of the pressure which is
      tapped off from the duct 25 in the pressure wedge since this pressure
      initially increases twoards the direction of rotation of the shaft and
      then again decreases.
PAR  Referring to FIG. 3, a bearing segment may have two separate ducts 35, 36
      which are disposed in a plane normal to the axis of rotation of the shaft.
      In this case, a second pair of ducts may also be provided in a second,
      parallel plane. The bearing segment may then have ducts disposed in a
      fan-like pattern instead of the previously mentioned parallel arrangement.
      The beginning of each duct may be disposed in a suitable zone of the
      pressure wedge.
PAR  Referring to FIG. 4, a bearing segment may have a duct 40 which is
      positioned approximately in the middle of the bearing segment and extends
      from the concave bearing surface to branch ducts 41, 42, 43 and 44 which
      branch off and extend to the convex bearing surface 45. The openings of
      the branch ducts 41, 42, 43, 44 in the bearing surface 45 may be disposed
      in pairs on a line which is parallel to the longitudinal axis of the
      bearing segment.
PAR  In order to ensure practically friction-free support of the bearing segment
      with regard to the side walls of the bearing shell (not shown) the gap
      between the side walls of the bearing segment and the side walls of the
      bearing shell may be provided with a lubricating gas. To this end the
      bearing segment is provided with a secondary duct 70 in the longitudinal
      direction which extends from the common duct 40 at a point 42 into a side
      wall 71. The gas stratum which is produced between the side wall 71 and
      the adjoining wall of the bearing shell substantially reduces the
      friction. The oppositely disposed side wall 73 may, of course, also be
      provided with a gas stratum by the provision of a second duct (not shown)
      which merges into the side wall 73.
PAR  Referring to FIG. 5, a bearing segment may also have two flow ducts 50, 51
      each of which extends into a groove 52, 53 respectively of a
      convex-cylindrical bearing surface 54. The two grooves 52, 53 may also
      communicate with each other through one or more grooves (not shown) in the
      bearing surface 54.
PAR  Referring to FIG. 6, a bearing segment may have a porous member 60 mounted
      in a recess 61 to form at least a part of the convex bearing surface. The
      recess also communicates with a duct 62 which extends into the concave
      bearing surface 63 of the bearing segment. The gas supplied through the
      duct 62 from the pressure wedge which adjoins the bearing surface 63 is
      diffusely distributed by the porous member 60 over the bearing surface 64,
      thus improving the stability of the bearing segment.
PAR  Referring to FIG. 7, one or both sides of the bearing segment may be
      provided with a porous side wall instead of with a duct but for the same
      purpose. In such a case the lower solid part 75 of the bearing segment as
      viewed is provided with a porous cap 76 which forms a convex bearing
      surface 77 and two side walls 78 and 79. The gas which flows through a
      bore 80 from the pressure wedge flows through the cavity 81 of the bearing
      segment and then through the bearing surface 77 and the two side walls 78
      and 79. A gas cushion 82 is thus formed between the side wall 84 of the
      bearing shell and the side wall 78 of the bearing segment. A gas cushion
      86 is formed in similar manner on the other side of the bearing segment.
PAR  Although the invention is described for a bearing segment with cylindrical
      bearing surfaces it is of course possible for both surfaces to take the
      form of other rotation ruled surfaces, for example conical surfaces.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination,
PA1  a housing having at least a recess therein;
PA1  a shaft rotatably mounted in said housing; and
PA1  a gas-lubricated self-pressurizing radial-bearing comprising a plurality of
      self-adjusting bearing segments, each said bearing segment being disposed
      in a respective recess for pivoting therein about an axis, each said
      bearing segment having a concave rotation ruled bearing surface facing
      said shaft and a convex rotation ruled bearing surface facing said recess,
      said bearing surfaces being asymmetrical relative to a plane passing
      through said axis and radially of said shaft, and at least one flow duct
      in said bearing segment communicating said bearing surfaces with each
      other.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein said flow duct includes
      at least two branch flow ducts extending to said convex bearing surface
      and a common duct extending from said concave bearing surface to said
      branch flow ducts.
NUM  3.
PAR  3. The combination as set forth in claim 1 wherein said flow duct extends
      in a fan-like pattern towards said convex bearing surface.
NUM  4.
PAR  4. The conbination as set forth in claim 1 which further includes a recess
      in said convex bearing surface in communication with a terminal end of
      said duct.
NUM  5.
PAR  5. The combination as set forth in claim 1 wherein said bearing segment
      includes a porous member forming at least a part of said convex bearing
      surface.
NUM  6.
PAR  6. The combination as set forth in claim 1 which further includes at least
      one secondary duct extending from said flow duct to at least one side of
      said bearing segment to communicate said one side with said concave
      bearing surface.
NUM  7.
PAR  7. The combination as set forth in claim 6 wherein said side is at least
      partly porous.
NUM  8.
PAR  8. A gas-lubricated bearing comprising
PA1  a housing having a plurality of circumferentially spaced recesses in an
      internal wall thereof; and
PA1  a plurality of bearing segments for supporting a shaft in said housing,
      each said bearing segment being disposed in a respective recess for
      pivoting therein about an axis and having a concave rotation bearing
      surface on one side and a convex rotation bearing surface facing said
      recess in mating relation, said bearing surfaces being asymmetrical
      relative to a mid-plane passing through said axis, and at least one flow
      duct in each said bearing segment communicating said bearing surfaces with
      each other.
NUM  9.
PAR  9. A bearing as set forth in claim 8 which further includes at least one
      secondary duct communicating said concave bearing surface with at least
      one side of said bearing segment.
NUM  10.
PAR  10. A bearing segment for a gas-lubricated radial bearing comprising a
      concave bearing surface on one side, a convex bearing surface on an
      opposite side, and a flow duct communicating said bearing surfaces with
      each other, said bearing surfaces being asymmetric to a mid-plane passing
      transversely through said bearing surfaces.
NUM  11.
PAR  11. A bearing segment as set forth in claim 10 wherein each bearing surface
      is cylindrical.
NUM  12.
PAR  12. A bearing segment as set forth in claim 10 which further has a
      longitudinal axis and comprises a recess parallel to said longitudinal
      axis between said bearing surfaces and along one edge of said bearing
      segment.
PATN
WKU  039443051
SRC  5
APN  3495078
APT  1
ART  316
APD  19730409
TTL  Roller bearing provided with flanges
ISD  19760316
NCL  11
ECL  1
EXA  Bertsch; Richard A.
EXP  Song; Robert R.
NDR  3
NFG  3
INVT
NAM  Asberg; Sture Lennart
CTY  Goteborg
CNT  SW
ASSG
NAM  SKF Nova AB
CTY  Goteborg
CNT  SW
COD  03
PRIR
CNT  NL
APD  19720418
APN  7205167
CLAS
OCL  3081871
EDF  2
ICL  F16C 3378
FSC  308
FSS  187.1;187.2;191
UREF
PNO  2333867
ISD  19431100
NAM  Kucho, Jr.
OCL  308190
UREF
PNO  2494009
ISD  19500100
NAM  Shays
OCL  308190
UREF
PNO  3519316
ISD  19700700
NAM  Gothberg
OCL  308187.1
UREF
PNO  3583511
ISD  19710600
NAM  Asberg
OCL  308190
UREF
PNO  3642335
ISD  19720200
NAM  Takahashi et al.
OCL  308187.1
UREF
PNO  3717394
ISD  19730200
NAM  Pitner
OCL  308187.1
UREF
PNO  3819243
ISD  19740600
NAM  Asberg et al.
OCL  308191
LREP
FR2  Rosen; Daniel M.
ABST
PAL  A roller bearing provided with flanges and having an inner ring, an outer
      ring and roller elements therebetween, sealed to prevent penetration of
      foreign matter, and constructed so that at least one of the rings is
      integral with two flanges extending on either side of the ring.
BSUM
PAR  The invention relates to bearings and particularly a roller bearing
      provided with flanges, and having between an inner ring an outer ring, and
      roller elements arranged in addition, sealing means preventing the
      penetration of dust, soil and the like is provided between the roller
      elements.
PAR  It is the principal object of this invention to provide a roller bearing
      unit which structurally improves stability and rigidity to its
      environment.
PAR  It is a further object of this invention to provide a roller bearing unit
      which is capable of absorbing and neutralizing various loads in an
      efficient manner.
PAR  According to the invention at least one of the bearing rings is provided
      integrally with two flanges, extending on either side of said ring. These
      measures result in a rigid and at least axially small bearing unit which
      is additional connectable at both sides.
PAR  In accordance with an advantageous embodiment of the invention the inner
      bearing ring is provided with two flanges, radially opposed and arranged
      to form one piece with the inner bearing ring. Another feature of the
      invention relates to the sealing means for the bearing, and to that
      feature an end part of a sealing element is supported against the inner
      ring and a curved portion thereof, which forms the transition between the
      inner ring and the flange, while the other end part is fixed to a collar
      of a flange-shaped outer ring. In this favorable manner, sealing is
      realized between the surroundings and the roller elements in the bearing.
      In a preferred embodiment of the invention the sealing element is provided
      with an end part which, according to the longitudinal sectional view of
      the bearing, develops to two ends separated from each other.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in detail with reference to the
      accompanying drawings which show advantages and other characteristics of
      various embodiments of the invention, and wherein
PAR  FIG. 1 is a longitudinal sectional view of a bearing according to the
      invention;
PAR  FIG. 2 is a longitudinal sectional view of an alternative embodiment of the
      invention,
PAR  AND FIG. 3 is a longitudinal sectional view of a further alternative
      embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a longitudinal sectional view of a bearing according to the
      invention, which forms a part of a wheel usable with automotive equipment,
      for instance a motorcar. The bearing 1 comprises an outer ring 2 having a
      flange 3. The flange 3 is provided with bolt-apertures 4 for fixing this
      part to the body of the vehicle (not represented in the drawing). The
      bearing 1 furthermore comprises an inner ring 5, which is provided with
      two flanges 6 and 7, the flange 7 supporting part 8 of a wheel and a brake
      disc 9. The wheel and the brake disc are connected with the inner ring 5
      by means of bolt connections 10. In an advantageous embodiment the other
      flange 6 is connected to a part 11 of a drive mechanism of the vehicle
      (not shown). The part 11 is also connected with the inner ring 5 by a bolt
      connection 12.
PAR  An advantageous feature of this improvement is that the inner ring and the
      flanges display a substantially uniform thickness, which permits simple
      manufacturing of the bearing and increased stability of the entire
      construction. In the case where only a wheel has to be considered instead
      of a drive mechanism 11, a cap 11A can be fixed on the flange 6, thereby
      increasing the stability. Between the rings 2 and 5 of the bearing 1
      roller elements 13 are arranged. In this embodiment the elements 13
      together with the rings 2 and 5 form a double angle-contact bearing.
PAR  In the described preferred embodiment according to the invention, sealing
      of the elements 13 comprises sealing means 14 and 15 of a special form,
      whereby at least one of them is characterized in that the sealing means
      displays an end part 16 contacting both the inner ring 5 and a curved part
      5A thereof, which forms the transition or junction part between the inner
      ring 5 and the flange 7. The other end part 17 or the sealing means is
      connected to a collar of the flange 3 of the outer ring 2.
PAR  An advantage of such sealing arrangement is that the end part 16 of the
      sealing element 15 ends in two parts 16A and 16B separated from one
      another, thereby ensuring a complete sealing. It is also advantageous to
      compose the sealing element 15 of an elastic material, e.g. rubber.
      However, it is preferable to construct the element 15 in a manner such
      that the middle part and/or end part 17 arranged over the roller elements
      13 is composed of an other, more rigid material than the ends 16A and 16B
      of part 16. In this way a good cooling effect and durability is obtained.
      The sealing element 14 is prepared from two types of material as well,
      improving or optimizing durability and functioning. For this purpose
      various materials, in layers of indentical and/or different thickness can
      be bonded with one another. On the other hand, it is also possible to use
      a homogeneous, elastic and wear resistant material for the sealing element
      as well.
PAR  FIG. 2 represents also a longitudinal sectional view of another embodiment
      of a roller bearing according to the invention, wherein the flange 18 has
      a particular function. It should be pointed out that identical parts are
      numbered by the same references as shown in FIG. 1. According to FIG. 2
      the inner ring 5 comprises a flange 18, displaying an axially arranged
      flange part 19, capable of carrying the end part 20 of a shaft (not
      shown). In this advantageous embodiment the shaft part 20 is provided with
      recesses 21, from which extend the longitudinal ribs or ridges 22 of the
      said flange part 19. On said part 19, moreover, a cap 23 is fitted
      ensuring a dust-free sealing. In this advantageous embodiment the wheel
      part 8 has a slightly modified form as compared to the wheel part 8 shown
      in Fig. 1. An advantage of this arrangement is that the sealing element 15
      has a part 16 comprising two lip-shaped ends 16c and 16d of different
      sizes. In this way a sealing element is obtained which is suitable to
      various conditions. The roller bearing unit according to FIG. 2 also has
      the advantage that the bearing ring 5 forming the linking element between
      the drive shaft 20 and the wheel 8 now forms a rigid, stable and practical
      embodiment, due to the special form of the flanges 18 and 19 thereof.
PAR  FIG. 3 shows a longitudinal sectional view of another embodiment of a
      bearing according to the invention, wherein the sealing means and the
      inner ring 5 display a very suitable form, although there are some
      differences in the structure of the wheel parts 8 and the bolt connections
      10, in view of the description of the invention these elements and the
      brake disc 9 are of lesser importance in the embodiment. The sealing
      element 15, which together with the sealing element 14 forms the sealing
      of the bearing 1, is made of an elastic material, preferably rubber, and
      features a thickened end part 24 ensuring a reliable fastening of the
      element 15 on the flange 3 of the outer ring 2.
PAR  A further advantageous structural detail is that in the proximity of the
      transition of part 24 to the middle part 16 of the sealing element 15 a
      third lip 25 is provided, leaning or supporting against the flange 7. Such
      an arrangement ensures an optimum sealing under practically any operative
      condition. Also, according to this view the end part 26 has two contact
      points with the curved transition 5a of the inner ring 5 towards the
      flange 7, which enhances this effect. Furthermore, on the inner ring 5 a
      shaft part 27 is mounted, for example by shrinking, provided with a ball
      joint 28. The coupling between the shaft part 27 and the bearing 1 is
      hermetically closed by means of a cap 29, made of a suitable material and
      clamped in the inner ring 5.
PAR  In this way the invention introduces a roller bearing unit which, upon
      being applied as a structural element for example to the wheel
      construction of an automotive equipment, on the one hand contributes to
      improving the stability and rigidity of the whole construction and on the
      other hand is capable of absorbing and neutralizing variable loads in an
      efficient manner.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a roller bearing including inner and outer rings with an annular
      space defined between said rings, the space and the rings having
      corresponding first and second ends, a plurality of roller elements in
      said space, and sealing means extending from one of said rings to the
      other for closing the roller elements within said two ends of said annular
      space, the improvement in combination therewith comprising first, second,
      and third flanges, wherein said first flange comprises a junction part
      adjacent the first end of said inner ring and an outer part extending
      generally radially outward from said junction part, said second flange
      extends generally radially inward from said second end of the inner ring,
      said third flange extends generally radially outward from said outer ring,
      with said roller elements being situated generally axially intermediate
      said first and second flanges, said first end of the outer ring formed as
      a collar having an outer periphery, and said sealing means of said first
      end comprising an elastic material having a relatively thickened part
      secured on said collar and a relatively thinner part extending to and
      engaging said inner ring in sliding contact.
NUM  2.
PAR  2. A roller bearing according to claim 1 wherein said flanges are integral
      with the rings to which they are attached.
NUM  3.
PAR  3. A roller bearing according to claim 1 wherein said sealing means is an
      elastic material.
NUM  4.
PAR  4. A roller bearing according to claim 1 wherein said radially-inwardly
      extending flange comprises reinforcing means.
NUM  5.
PAR  5. A roller bearing according to claim 1 wherein said two lips have
      different dimensions.
NUM  6.
PAR  6. A roller bearing according to claim 1 wherein said sealing means
      comprises an annular element having a first end secured to one of said
      rings and a second opposite end in sliding contact with the other ring.
NUM  7.
PAR  7. A roller bearing according to claim 6 wherein said second end of the
      sealing means comprises first and second spaced apart lips forming two
      lines of contact with said other ring.
NUM  8.
PAR  8. A roller bearing according to claim 7 wherein said lips are more
      resilient than the remainder of the sealing means.
NUM  9.
PAR  9. A roller bearing according to claim 7 wherein said junction part of the
      first flange comprises a curved, generally L-shaped surface, and said lips
      of the sealing means contact said curved surface.
NUM  10.
PAR  10. A roller bearing according to claim 7 wherein said sealing means
      comprises a third lip extending therefrom intermediate said ends of the
      sealing means and forming a third line of sliding contact with said other
      ring.
NUM  11.
PAR  11. In a roller bearing including inner and outer rings with an annular
      space defined between said rings, the space and rings having corresponding
      first and second ends, a plurality of roller elements in said space, and
      sealing means at each of said ends secured to one of said rings and
      extending to the other ring for sliding contact therewith for closing the
      roller elements within said two ends of said annular space, the
      improvement in combination therewith comprising first and second flanges
      wherein said first flange comprises a junction part adjacent said first
      end of the inner ring and an outer part extending generally radially
      outward from said junction part, and said second flange extends generally
      radially outward from said second end of the outer ring, said first end of
      the outer ring formed as a collar having an outer periphery, and said
      sealing means at said first end comprising an elastic material having a
      relatively thickened part secured on said collar and a relatively thinner
      part extending to and engaging said inner ring in sliding contact.
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ABST
PAL  A bearing seal for a rock bit, including a non-elastic annular core member
      and inner and outer flexible sealing rings each securely bonded to the
      core member throughout substantially its entire circumference, the core
      member providing dimensional stability for the sealing rings and hence
      extending the useful life of the bearing seal despite the elevated
      temperature and pressure levels to which it is subjected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Bearing seals for various different applications must be designed to meet
      various operating requirements such as pressure differential to be applied
      across the seal, intrusion by mechanical and/or chemical contaminants,
      operating temperature levels, and the like. The bearing seals used in rock
      bits, and particularly rock bits for drilling deep oils wells, must
      operate under relatively unique conditions.
PAR  The conventional design of rock bit bearing seals avoids, insofar as
      feasible, the application of any pressure differential across the seal.
      This is achieved by utilizing in the internal lubrication system of the
      rock bit a pressure sensing and pressure equalizing system whose purpose
      is to equalize the internal pressure of the lubricant with the ambient
      pressure of drilling mud or other drilling fluid that occupies the well
      bore. As a result of these conventional pressure equalizing systems the
      pressure differential across the bearing seal is limited, hopefully, to
      perhaps one pound per square inch.
PAR  Nevertheless, rock bit bearing seals operate under extremely demanding
      conditions. Some type of flexible sealing medium is necessarily utilized
      in the structure of the seal. As the depth of the well bore increases, the
      ambient pressure of the drilling fluid also increases in substantially
      linear fashion and typically reaches a pressure level of many thousands of
      pounds per square inch. At the same time the necessary rotation of the
      rock bit, and pulverization of the rock material which it encounters,
      engender large amounts of heat which is not easily dissipated. The rock
      bit bearing seal, therefore, operates under levels of both pressure and
      temperature which are extremely high compared to any other types of
      rotating seal applications.
PAR  There is in addition, a severe problem of contamination of rock bit bearing
      seals. The continuous circulation of the drilling fluid carries away many
      small or minute particles of pulverized rock which are entrained within
      the drilling fluid, and the exterior side of the bearing seal is
      continuously subjected to these particles. Many particles enter the seal
      with resultant damage which drastically limits the useful life of the seal
      and hence of the entire rock bit.
PAC  PRIOR ART
PAR  Prior art patents include for example, the Galle U.S. Pat. No. 3,397,928
      and the Robinson U.S. Pat. No. 3,656,764. As these references illustrate,
      it has been the practice to provide an "O" ring seal between the rotary
      cutter and the journal leg which extends from the main bit body for
      supporting the cutter. One purpose of the seal is to confine a lubricant
      within the internal bearing system of the rock bit so that it will not be
      unnecessarily lost or consumed, and the other purpose of the seal is to
      prevent drilling mud and cuttings from the rock formation from entering
      the journal or bearing area.
PAR  Metal cored O-rings have been offered on the commercial market as early as
      1958, as indicated by catalog number 204 of the National Seal Division of
      Federal-Mogul-Bower Bearings, Inc. of Redwood City, Calif. However, metal
      cored O-rings apparently have not been utilized in rock bit bearing seals.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a composite seal structure is provided
      which includes a non-elastic annular core member, preferably made of
      metal, and flexible inner and outer sealing rings each of which is
      securely bonded to the core member throughout substantially its entire
      circumference. The core member is rigid and dimensionally stable and
      exhibits a negligible amoount of compression or distortion resulting from
      the elevated pressure level encountered in the well bore. The surface of
      each sealing ring that is in contact with the core member, being firmly
      bounded to the core member, is thereby secured against movement or
      slippage either radially, axially, or circumferentially. The outer
      surfaces of the sealing rings, remote from the core member, remain free to
      move, expand or contract, or yield, in response to pressure, temperature,
      contaminants, or other factors.
PAR  In its preferred form the invention specifically provides for dissipation
      of heat generated in the bearing seal. On the exterior side of the seal an
      annular gap is maintained between the two sealing rings, in which the
      flexible sealing medium is either entirely absent or else exists in a very
      thin layer covering the core member, and hence the drilling fluid coming
      into contact with this gap conveys heat energy away from the core member
      of the seal.
PAR  In the preferred form of the invention the core member is made of metal and
      has a cross-sectional area which is substantially equal to the
      cross-sectional are of either the inner sealing ring or the outer sealing
      ring. It is also preferably to closely match the thermal coefficient of
      expansion of the metal core member to the adjacent metal parts of the
      journal leg and the rotary cutter.
PAR  In the preferred form of the invention the seal is preferably radially
      arranged, with the inner and outer sealing rings lying in the same plane
      with the core member. It is also preferred to have the radial thickness of
      the composite seal be about 11/2, or more, times its axial length.
PAR  While as stated above it is preferred for heat dissipation purposes to
      maintain on the exterior surface of the seal an annular gap in which the
      metal core is not covered by either of the sealing rings, it is at the
      same time preferred that the sealing rings be of such configuration as to
      protect the metal core from any metal-to-metal contact with an adjacent
      metal surface of the seal gland, whether on the journal leg or on the
      rotary cutter.
PAR  A conventional "O" ring, made entirely for an elastomer, when subjected to
      tension and heat, shrinks beyond its normal tension. This is known as the
      Gow-Joule effect. Not only does it produce improper fit of the "O" ring
      seal so that it does not properly perform its sealing function, but
      excessive wear is caused on the "O" ring.
PAR  By providing the metallic core as part of the seal structure of the present
      invention, and bonding the sealing rings to the core, the tendency for the
      rings to constrict is overcome since the metallic core is not subject to
      the Gow-Joule effect. Therefore, the elastomeric portions of the seal will
      bear against the surfaces they are adapted to seal with the proper degrees
      of pressure to perform their sealing functions.
PAR  Since the seal retains its desired inner and outer diameters without being
      subject to the Gow-Joule effect, it is possible to maintain far more
      constant and exact sealing pressure than with a conventional "O" ring.
PAR  The object and purpose of the invention, therefore, is to provide a bearing
      seal, particularly for use in rock drills, which will successfully
      withstand the temperature, pressure, and contaminant conditions there
      encountered, hence extending the useful life of the rock drill.
DRWD
PAC  DRAWING SUMMARY
PAR  FIG. 1 is a fragmentary sectional view of a rock bit embodying the present
      invention;
PAR  FIG. 3 is an enlarged fragmentary detailed view of the bearing seal of FIG.
      1;
PAR  FIG. 3 is a perspective view of the metallic core of the bearing seal;
PAR  FIG. 4 is a cross-sectional view of the core taken on line 4--4 of FIG. 3;
PAR  FIG. 5 is a greatly enlarge transverse cross-sectional view of the seal
      structure of FIGS. 1 and 2;
PAR  FIG. 6 is a greatly enlarged view like FIG. 2, also showing in dotted lines
      the relaxed positions of the sealing rings prior to assembly of the seal;
PAR  FIG. 7 is a view like FIG. 2, but showing the seal structure in an axially
      disposed arrangement;
PAR  FIG. 8 shows a modified form of the radial seal of FIGS. 2 and 5;
PAR  FIG. 9 shows another modified or alternate form of the seal structure;
PAR  FIG. 10 shows yet another alternate form of the seal structure;
PAR  FIG. 11 shows a still different modification of the seal structure;
PAR  FIG. 12 shows a form of the seal structure with partially hollow core;
PAR  FIG. 13 shows a further modification of the seal structure;
PAR  FIG. 14 shows still a different form of the seal structure;
PAR  FIG. 15 shows yet another form of the seal structure;
PAR  FIG. 16 shows a still different form of the seal structure;
PAR  FIG. 17 shows the seal structure of FIG. 2 modified by the addition of
      back-up rings; and
PAR  FIG. 18 shows yet another and unsymmetrical form of the seal structure.
DETD
PAC  PREFERRED EMBODIMENT
PAR  Reference is now made to FIGS. 1 through 6, inclusive, illustrating the
      presently preferred form of the invention.
PAR  As best seen in FIG. 1, a rock bit 10 includes a bit body 11 having a
      journal leg 12 extending therefrom. The shirttail portion of the bit body
      is designated by reference numeral 13. A rotary cutter 20, as shown in
      FIG. 1, is a conventional rotary cone cutter equipped with circumferential
      rows of teeth or inserts 21, 22, 23, and a forward cutter or insert 24.
      There is an annular clearance space 30 between the rotary cutter 20 and
      journal leg 12, and bearings 31 and ball bearings 32 are used to support
      the cutter 20 for rotation upon the journal leg 12. While the internal
      lubrication system is not specifically shown, it will be understood that a
      pressure equalizing mechanism is utilized, for the purpose of equalizing
      the pressure of lubricant occupying the clearance space 30 with that of
      drilling fluid occupying the surrounding well bore.
PAR  Referring now to FIG. 2, it will be seen that journal leg 12 has an outer
      cylindrical surface 15 which provides the radially inward surface of a
      seal gland, and a radial surface 16 which provides the axial outer surface
      of the seal gland. The corner adjoining the surfaces 15, 16 is smoothly
      rounded at 15a. Cutter 20 has a cylindrical surface 25 providing the
      radially outward surface of the seal gland, and a radial surface 26 which
      provides the axially inward surface of the seal gland. The bearing seal,
      which in accordance with the invention is a composite member or structure,
      is identified by numeral 40. The composite seal structure 40 includes an
      annular metallic core 41, an inner sealing ring 42, and an outer sealing
      ring 43.
PAR  The metallic core 41 has a rectangular and nearly square cross-sectional
      configuration. The inner sealing ring 42 has a configuration corresponding
      to the greater part of a circle, as best seen in FIG. 5. The inner ring 42
      consists of approximately a half-circle which extends radially inward from
      the core 41, but the axial thickness of the ring 42 is greater than that
      of the core 41, and the ring 42 also has arcuate flange portions 42a, 42b,
      which extend over the respective axial ends of the core member 41. Outer
      ring 43 has the same cross-sectional configuration as inner ring 42, but
      is disposed on the radially outward side of the core member 41. The outer
      ring 43, of course, has a larger circumference than inner ring 42.
PAR  As shown in FIGS. 3 and 4, the metal core member 41 is provided with four
      equally spaced pin holes 41a, 41b, 41c, 41d on one of its axial sides. In
      the manufacturing process the surface of metal core member 41 is prepared
      in a suitable manner for bonding of the sealing rings thereto. The metal
      surface is first etched by sandblasting, or by chemical action, or by
      electro-chemical action, as preferred. Then a layer or coating of a
      bonding agent 44 as shown in FIG. 5 is applied to all surfaces of the core
      member, and this coating action may conveniently be achieved by dipping
      the core member into a path of an appropriate solution. The core member 41
      is then inserted into a suitable mold structure and pins are inserted into
      the pin holes 41a . . . 41b for holding the core member in position. The
      mold is then filled with a suitable molten material which, when it
      solidifies, will provide a flexible sealing medium having elastomeric
      characteristics. The molten material may, for example, be a suitable type
      of rubber which when it hardens will have a durometer hardness of 60 to
      80, Shore A.
PAR  Operation of the bearing seal may best be understood with reference to
      FIGS. 2 and 6 of the drawings. In FIG. 6 the dotted lines 42', 43'
      illustrate the relaxed positions of the sealing rings prior to their
      insertion into the seal gland. A significant amount of radial compression
      or squeeze of both rings is required in order to complete the assembly. A
      space 35 on the interior or lubrication side of the seal is then filled
      with a lubricant; and when the rock bit is operating in a well bore the
      space 36 on the exterior or well bore side of the seal will become filled
      with drilling fluid. There is a gap between the inner and outer sealing
      rings on the exterior side of the seal, and this gap between the ring
      flanges 42a, 43a as best seen in FIG. 5 results in an annular surface
      portion 45 of the metallic core 41 being in direct communication with the
      drilling fluid. Due to rotation of the cutter there is a continuous
      interchange or flow of the drilling fluid, thus establishing a
      heat-conductive relationship between the metallic core 41 and the drilling
      fluid located in the well bore. This heat dissipating relationship serves
      to maintain a relatively low operating temperature for the composite seal
      structure 40.
PAR  In the preferred embodiment of the invention as shown in FIGS. 1 through 6,
      inclusive, the method of manufacture of the composite seal structure 40
      produces an actual molecular bond between the inner and outer seal rings
      and the metallic core 41. The molecular bond is very secure, and extends
      throughout the entire circumference of the metallic core 41, and therefore
      precludes movement of the bonded surfaces of the sealing rings in either
      radical, axial, or circumferential directions.
PAR  In the preferred form of the invention as shown in FIGS. 1 through 6,
      inclusive, the cross-sectional area of metallic core 41 is nearly equal to
      the cross-sectional area of each of the sealing rings 42, 43. This degree
      of size and strength of the metallic core member is desirable in order to
      maintain the maximum dimensional stability of the sealing rings.
      Furthermore, it provides an improved control over the squeeze or
      interference fit, of the sealing rings.
PAR  The improved control over the squeeze, or interference fit, comes in a
      variety of different ways. One reason is that the radially inward sealing
      surface of the inner sealing ring 42 is totally independent of the
      radially outer sealing surface that is provided by the outer sealing ring
      43, being fully and totally supported by the metallic core 41. The reverse
      relationship also applies. Thus, each sealing surface operates entirely
      independently of the other.
PAR  Another reason is that the radial dimension of each sealing ring is reduced
      from what it would otherwise have to be, and the reduction in radial
      thickness of the sealing ring is represented by the metallic core 41 which
      is substituted for a flexible medium. As the drilling in the well proceeds
      to greater depths, and the ambient pressure level rises by thousands of
      pounds per square inch, each sealing ring will yield and be compressed to
      some extent but the metallic core 41 will not. Since the operational
      effect of changes in the ambient pressure is reduced, it is easier to
      design the sealing ring for optimum squeeze or interference.
PAR  Another factor of great importance is that conventional O-rings when
      subjected to heavy mechanical stress will not only distort in the way that
      is desired, but will at the same time distort in many different ways that
      are undesired. These undesired distortions are described as waving,
      spiraling, galling, and the like. According to the present invention these
      undesired distortions of each of the rings 42, 43 are greatly diminished
      because of the rigid support and dimensional stability that is provided by
      the metallic core 41. With particular reference to FIG. 5, it will be
      appreciated that the depending flange portions such as 42a, 42b of the
      inner sealing ring 42, being securely bonded to the axial sides of the
      metallic core 41, have a significant tendency to restrict or prevent any
      twisting or spiraling movement of the ring 42. The same is true of the
      flanges 43a, 43b of the ring 43.
PAR  In the preferred form of the invention as shown in FIGS. 1 through 6,
      inclusive, the composite seal structure 40 is radially disposed with the
      inner and outer rings 42, 43 lying in the same plane as the metallic core
      41. The radial diameter of the composite seal is at least 11/2 times its
      axial thickness.
PAC  ALTERNATE FORMS
PAR  FIG. 7 shows a composite seal structure 50 having metallic core 51, inner
      ring 52, and outer ring 53 which are the same configurations as their
      counterparts of FIG. 2. However, composite structure 50 is arranged
      axially rather than radially; that is, the two sealing rings lie in a
      common cylinder rather than in a common plane.
PAR  FIG. 8 shows a modified composite seal 60 which is similar to the seal 40.
      The metallic core 61 is generally rectangular but has grooves formed in
      both its upper and its lower surfaces, and the grooves are widened at the
      bottom so that the sealing rings when formed about the core are secured by
      a wedging action in addition to the modular bonding of the surfaces.
PAR  FIG. 9 shows a composite seal structure 70 in which the metallic core 71 is
      of cylindrical configuration, and the inner and outer sealing rings 72, 73
      are integrally formed as a cylindrical structure which encapsulates the
      metallic core.
PAR  FIG. 10 shows a sealing structure 80 similar to the sealing structure 40,
      metallic core 81 being identical to metallic core 41 and the exposed gap
      85 being identical to gap 45. However, the radially inward and outer
      surfaces of the sealing rings 82, 83 are cut off flat in the axial
      direction rather than being rounded.
PAR  FIG. 11 shows a seal structure 90 which is similar to the seal structure
      40. The modification here is essentially the reverse of that shown in FIG.
      8. That is, the upper and lower surfaces of the metallic core 91 have
      projecting ridges about which the sealing rings 92, 93 are formed.
PAR  FIG. 12 shows a seal structure 100 which is similar to the seal structure
      40, but metallic core 101 has a groove 101a in its exterior axial side to
      enhance the heat-dissipating relationship with drilling fluid through the
      exterior seal space 36.
PAR  FIG. 13 shows a composite seal 110 having a metallic core 111 which is
      square, with a star-shaped sealing member formed around it as a single
      integral member to provide both the inner ring 112 and the outer ring 113.
      Each of the sealing rings therefore has two separate legs or branches.
PAR  FIG. 14 shows a composite seal structure 120 in which a triangular metallic
      core 121 is surrounded by a triangular resilient member which provides
      both inner sealing portion 122 and outer sealing 123.
PAR  FIG. 15 shows a seal structure 130 similar to the seal structure 40 of FIG.
      5, but with the axial sides of the metallic core member 131 being notched
      as at 135 between the seal rings 132, 133.
PAR  FIG. 16 shows a composite seal structure 140 having a metallic core 141,
      inner sealing ring 142, and outer sealing ring 143, with annular gap 145
      providing heat-dissipating contact with the metallic core 141. Outer ring
      143 has a configuration similar to the sealing ring 43 previously
      described. The inner sealing ring 142, however, is bifurcated in the axial
      direction, having an axially inner leg 142a and an axially outer leg 142b.
PAR  FIG. 17 shows a modification of the invention in which the sealing
      structure 40 is used in conjunction with a pair of back-up rings 46, 47.
      The back-up rings are preferably made of teflon. Back-up ring 47 on the
      exterior side of the seal reduces the heat dissipating capability, and it
      may therefore be desired to omit back-up ring 47 and use only the back-up
      ring 46.
PAR  FIG. 18 shows a composite seal structure 150 in which the configurations of
      the sealing rings are again unsymmetrical, but according to a different
      pattern than shown in FIG. 14 or FIG. 16. Both the inner ring 152 and the
      outer ring 153 are in the form of the larger part of a circle, having
      flanges which extend about the axial sides of the metallic core 151.
      However, the inner sealing ring 152 has a relatively large radial diameter
      a while the outer ring 153 has a relatively small radial diameter b.
PAR  It is in general economical to make both the inner sealing ring and the
      outer sealing ring of the same material, however, as indicated in FIG. 15
      it may be preferred to make a clear separation between these two parts in
      the mold, and to mold each ring in a separate operation using a somewhat
      different material from that which is used in the other ring.
PAR  The invention has been disclosed in considerable detail in order to comply
      with the patent laws by providing a full public disclosure of at least one
      of its forms. However, such detailed description is not intended in any
      way to limit the scope of patent monopoly to be granted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An earth boring tool comprising:
PA1  a. a bit body having at least one journal leg thereon;
PA1  b. a rotary cutter rotatably mounted upon said journal leg;
PA1  said journal leg having surface portions providing the radially inward
      surface and the axially outward surface of a seal gland, said cutter
      having surfaces providing the radially outward surface and the axially
      inward surface of the seal gland; and
PA1  c. an annular seal disposed within said seal gland, said annular seal
      including
PA2  1. an annular solid circumferentially continuous metallic core,
PA2  2. an inner sealing ring portion of flexible material having elastomeric
      characteristics and being bonded to the radially inward side of said
      metallic core throughout substantially the entire circumference thereof,
      said inner ring portion engaging said radially inward surface of the seal
      gland, and
PA2  3. an outer sealing ring portion of flexible material having elastomeric
      characteristics and being bonded to the radially outward surface of said
      metallic core throughout substantially the entire circumference thereof
      and engaging said radially outward surface of the seal gland;
PA1  said inner and outer sealing ring portions being of substantially the same
      corss-sectional area and having substantially the same exposed surface in
      moving sealing engagement with respectively adjacent surface portions of
      the seal gland,
PA1  said metallic core serving to maintain the dimensional stability of both
      said inner and said outer sealing ring portions despite high levels of
      temperature and pressure applied to both the interior and exterior sides
      of said seal.
NUM  2.
PAR  2. An earth boring tool as in claim 1 wherein the radial diameter of said
      seal is at least one and one half times the axial length thereof.
NUM  3.
PAR  3. An earth boring tool as in claim 1 wherein the cross-sectional area of
      said metallic core is substantially equal to the cross-sectional area of
      each of said sealing ring portions.
NUM  4.
PAR  4. An earth boring tool as in claim 3 wherein the axial length of each of
      said sealing ring portions is greater than the axial length of said
      metallic core, thereby preventing metal-to-metal contact with said core.
NUM  5.
PAR  5. An earth boring tool as in claim 1 wherein the axial length of each of
      said sealing ring portions is greater than the axial length of said
      metallic core, thereby preventing metal-to-metal contact with said core.
NUM  6.
PAR  6. An earth boring tool as in claim 1 wherein said sealing ring portions
      are integrally formed as a single member.
NUM  7.
PAR  7. An earth boring tool as claimed in claim 1 wherein said metallic core is
      of rectangular cross-sectional configuration and each of said sealing ring
      portions has a cross-sectional configuration comprising the greater part
      of a circle.
NUM  8.
PAR  8. An earth boring tool as in claim 1 wherein portions of the exterior of
      said metallic core are substantially exposed whereby drilling fluid
      surrounding said boring tool is adapted to contact said core to convey
      heat away from said annular seal.
NUM  9.
PAR  9. An earth boring tool as claimed in claim 8 wherein said metallic core is
      of rectangular cross-sectional configuration and each of said sealing ring
      portions has a cross-sectional configuration comprising the greater part
      of a circle.
NUM  10.
PAR  10. In a rock bit having a bit body with at least one journal leg, a seal
      between the journal leg and the rotary cutter, said seal comprising:
PA1  an annular metallic core;
PA1  inner and outer sealing ring portions of flexible material having
      elastomeric characteristics;
PA1  said sealing ring portions being disposed in opposite sides of said core,
      said inner ring portion having an annular engagement surface for a
      corresponding portion of the journal leg and said outer ring portion
      having an annular engagement surface for a corresponding portion of the
      cutter; and
PA1  each of said sealing ring portions being bonded to said core throughout
      substantially the entire circumference thereof, whereby said core
      maintains the dimensional stability of said sealing ring portions despite
      high levels of temperature and pressure to which said seal is subjected,
      said engagement surface for the journal leg having an initial diameter
      greater than the diameter of the corresponding portion of the journal leg
      and said engagement surface for the cutter having a diameter greater than
      the diameter of the corresponding portion of the cutter whereby to
      compress said sealing ring portions between the journal leg and the cutter
      and in a direction transverse to the circumferential center line of said
      core.
NUM  11.
PAR  11. The rock bit of claim 10 wherein said core, said inner sealing ring
      portion, and said outer sealing ring portion lie in a common plane.
NUM  12.
PAR  12. The rock bit of claim 11 wherein the radial diameter of said seal is
      greater than its axial length.
NUM  13.
PAR  13. The rock bit of claim 11 wherein the radial diameter of said seal is at
      least one and one-half times the axial length thereof.
NUM  14.
PAR  14. The rock bit of claim 10 wherein the cross-sectional area of said
      metallic core is substantially equal to the cross-sectional area of each
      of said sealing portions.
NUM  15.
PAR  15. The rock bit of claim 10 wherein said two sealing ring portions are
      integrally formed as a single member.
NUM  16.
PAR  16. The rock bit of claim 10 wherein each of said sealing ring portions
      extends outward in three directions from the surfaces of the associated
      sides of said metallic core, thereby protecting said core from
      metal-to-metal contact.
NUM  17.
PAR  17. The rock bit of claim 16 wherein on the exterior side of said seal
      there is a gap between said sealing ring portions through which said
      metallic core is exposed to drilling fluid in the well bore, thereby
      cooling said seal portions.
NUM  18.
PAR  18. The rock bit of claim 10 wherein said inner sealing ring portion is
      made of a different material than said outer sealing ring portions.
NUM  19.
PAR  19. The rock bit of claim 18 wherein said inner sealing ring portion has a
      different hardness value than said outer sealing ring portion
NUM  20.
PAR  20. The rock bit of claim 10 wherein said inner and outer sealing ring
      portions are of differing cross-sectional configurations.
NUM  21.
PAR  21. The rock bit of claim 10 wherein on the exterior side of said seal
      there is a gap between said sealing ring portions through which said
      metallic core is exposed to drilling fluid in the well bore, thereby
      cooling said seal.
NUM  22.
PAR  22. The rock bit of claim 21 wherein said metallic core has a U-shaped
      cross-sectional configuration, with the groove thereof lying on the
      exterior side of said seal in communication with said gap.
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ABST
PAL  A weldable two piece assembly and a method of fabricating a plastic bearing
      cage wherein one piece comprises a rail and integral axially-extending
      ribs for guiding and separating the rolling elements, and the other piece
      comprises the other rail, and wherein the free ends of the ribs telescope
      into corresponding recesses for the other rail and are ultrasonically
      welded thereto to form an integral one piece cage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is broadly applicable to antifriction bearing
      assemblies and particularly to plastic bearing cages for retaining a
      plurality of antifriction bearing elements, such as rollers, in
      appropriate circumferentially spaced relationship and in quiet rolling
      contact between annular concentric inner and outer bearing races. It has
      been customary, in accordance with prior art practices, to employ metallic
      bearing cages which are usually quite expensive and difficult to fabricate
      and have in some instances resulted in premature bearing failure due to an
      abnormally high degree of wear and attendant temperature increases as a
      result of frictional contact between the antifriction elements and the
      associated bearing cages. Some of these problems have been overcome by
      molding bearing cages out of reinforced synthetic resins having lubricity
      properties, providing certain cost advantages as well as a reduction in
      noise and abrasion during bearing use. Typical of such plastic bearing
      retainers is that disclosed in U.S. Pat. No. 3,387,901, which is assigned
      to the assignee of the present invention.
PAR  The lower strength of plastic materials in comparison to metal has
      occasioned an increased need for plastic bearing cage constructions which
      provide for the necessary mechanical strength properties to provide for a
      long and satisfactory bearing service life, while at the same time
      enabling a simple and economical assembly of its component parts into a
      high-strength integral retainer. The weldable plastic bearing cage and its
      method of manufacture in accordance with the novel features of the present
      invention overcomes many of the problems and disadvantages associated with
      prior art practices and constitutes a still further improvement over the
      construction and method of fabrication as described in the aforementioned
      United States patent.
PAC  SUMMARY OF THE INVENTION
PAR  The benefits and advantages of the present invention are achieved in
      accordance with the structural aspects of the present invention by a
      weldable assembly comprising two separate components that are adaptable to
      be ultrasonically welded into a high-strength integral plastic bearing
      cage. The assembly comprises a pair of annular side rails and a plurality
      of circumferentially spaced axially extending ribs affixed at one of their
      ends to one of the side rails. The exposed ends of the ribs are formed
      with coacting means, such as projections or studs, which are adapted to
      cooperate with a conforming aperture provided in the opposed surface of
      the adjacent side rail in which the end portion of the projection is
      disposed in interferring telescopic relationship. In accordance with the
      preferred practice, the aperture is formed in the side rail and is
      provided with a first section which is of a cross sectional configuration
      generally conforming to the cross sectional configuration of the end
      portion of the projection, and a second inwardly spaced section which is
      of a cross sectional configuration different than that of the projection
      and forms a shoulder at its intersection with the first section against
      which the end of the projection is disposed in abutting relationship prior
      to the final assembly step of welding. The end of each rib is formed with
      a face coplanar with the face of the opposed side rail surface and serves
      as a stop for gauging the axial spacing between the side rails and the
      axial width of the bearing pockets defined therebetween.
PAR  In accordance with the method aspects of the present invention, the molded
      components are assembled with the projections disposed in interferring
      telescopic relationship within the corresponding apertures and the
      resultant assembly is ultrasonically vibrated while a force is applied
      tending to cause the side rails to move toward each other in a manner so
      as to effect a heat softening of the plastic material in the region of
      interference between the projections and apertures, enabling deformation
      thereof and inward movement of the projections until the end face of each
      rib is disposed in abutting relationship against the opposed face of the
      adjacent side rail. The ultrasonically welded assembly is thereafter
      allowed to cool under pressure, forming a high-strength weld connection
      between the ribs and side rails and a unitary bearing cage.
PAR  Further economies are provided in accordance with the method and article
      aspects of the present invention by controlling the configuration of the
      cage components such that they can be readily molded to accurate final
      dimensions employing high-speed plastic molding techniques, and wherein
      the resultant ultrasonic welding of the components produces a cage
      assembly requiring no further finishing operations.
PAR  Additional benefits and advantages will become apparent upon a reading of
      the description of the preferred embodiments taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary end elevational view of a plastic bearing cage
      constructed in accordance with one embodiment of the present invention and
      incorporating a plurality of straight rollers in the roller pockets
      thereof;
PAR  FIG. 2 is a fragmentary transverse sectional view through the assembly
      shown in FIG. 1 as viewed substantially along the line 2--2 thereof;
PAR  FIG. 3 is a magnified fragmentary sectional view through a rib of the
      plastic bearing cage shown in FIG. 2 as viewed substantially along line
      3--3 thereof;
PAR  FIG. 4 is an exploded end elevational view of two of the cage components
      preparatory to assembly thereof;
PAR  FIG. 5 is an enlarged view of an aperture in a side rail of one of the
      components shown in FIG. 4 and as viewed in the area indicated by the
      arrows at 5--5 thereof;
PAR  FIG. 6 is a transverse sectional view through the side rail shown in FIG. 5
      and taken substantially along the line 6--6 thereof;
PAR  FIG. 7 is an enlarged fragmentary side elevational view of a rib and a
      projection thereon in accordance with the components as shown in FIG. 4;
PAR  FIG. 8 is an end elevational view of the rib shown in FIG. 7 viewed in the
      direction of the arrow indicated at 8;
PAR  FIG. 9 is a cross sectional view taken through one connection after
      ultrasonic welding thereof; and
PAR  FIG. 10 is a fragmentary exploded view of an alternative satisfactory
      embodiment of components that are weldable into an integral bearing cage.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in detail to the drawings and as best seen in FIGS. 1-3, a
      welded bearing cage assembly 20 comprises a pair of annular spaced side
      rails 22, 24, and a plurality of axially extending ribs 26 disposed at
      circumferentially spaced intervals which are integrally molded and united
      at one of their ends to one of the side rails. The other end of the ribs
      26 are securely bonded by means of welded joints, indicated at 28 in FIGS.
      2 and 9, produced by an ultrasonic welding technique subsequently to be
      described in greater detail.
PAR  The inner surfaces of the side rails 22, 24 and the opposed surfaces of
      adjacent ribs 26 define pockets within each of which an antifriction
      element, such as a straight cylindrical roller 32, is retained in
      appropriate circumferentially spaced relationship. The axially extending
      faces 32 of the ribs are of a generally concave multisided configuration
      so as to provide a dual line contact with a clearance fit therebetween
      with the periphery of the roller when the roller and cage assembly is
      incorporated between inner and outer raceways (not shown), thereby
      minimizing friction and mutual wear. While it is contemplated that the
      rollers can be assembled in the pockets before welding the plastic
      components into an integral cage, it is usually preferred, as in the case
      of the bearing cage shown in the drawings, to first weld the plastic
      components into an integral cage, whereafter the bearing elements such as
      the rollers can be snapped into the pockets as the result of the
      resiliency of the ribs to yieldably deflect to receive the bearing
      element.
PAR  The material of which the side rails and ribs are comprised may consist of
      any thermoplastic or semi-thermoplastic material which is heat softenable
      and can be welded ultrasonically. Particularly satisfactory results are
      obtained employing fiber reinforced nylon plastic which possesses inherent
      lubricity characteristics, although alternative materials, such as acetal
      resins and acrylic resins, can also be satisfactorily employed for this
      purpose. The plastic material is further characterized as one which is
      moldable to form the separate bearing cage components which are of
      accurate final dimensions and possess the required heat resistance and
      surface finish.
PAR  As best shown in FIGS. 4 - 8, cooperating means are provided on the side
      rails 22 and on the ends of the cross bars or ribs 26 to align the
      components during assembly and subsequently form a high-strength welded
      joint. In the specific embodiment illustrated, the side rail 22 is formed
      with a plurality of apertures 34 disposed at spaced circumferential
      increments around the inner surface thereof, which are adapted to receive
      a lug or projection 36 of a generally oval cross sectional configuration
      integrally affixed to and projecting axially of the exposed end faces 38
      of the ribs 26. As best seen in FIGS. 5 and 6, the aperture 34 comprises a
      first section 40 of a cross sectional size and configuration which
      generally conforms to that of the projection 36 but is slightly larger so
      as to be always adapted to slidably receive the end portion of the
      projection throughout the range of reasonable manufacturing tolerances in
      a manner as shown in phantom in FIG. 6. At times this will result in an
      interference fit and this is acceptable. The primary consideration
      underlying the requirement for a close fit is to minimize the amount of
      plastic flow during the welding operation to only that which is necessary
      to acquire a good bond. The first section 40, as shown in FIG. 6, is
      formed with an outer taper to facilitate alignment of the end of the
      projection during assembly operations. A second or inner section 42 of the
      aperture is of a smaller cross sectional configuration, forming at its
      intersection with the first section an annular shoulder 44 against which
      the peripheral end portion of the projection 36 is adapted to be disposed
      in abutting relationship prior to the ultrasonic welding of the assembly.
PAR  It is also advantageous in some applications, particularly when the outer
      diameter to inner diameter section of side rail 22 is small, to form first
      section 40 with a radius rather than the taper. With either the radius or
      taper there is provided the added advantage that each acts as a flash trap
      for excess plastic, if any.
PAR  There exists a close fit between the side walls of projection 36 and
      annular wall 43 of the aperture. Upon the application of an axial force to
      the preliminarily assembled components and the simultaneous supersonic
      vibration thereof there is caused a heat softening of the plastic in the
      region immediately adjacent to the annular shoulder and the peripheral
      edge surface of the projection, resulting in deformation and flow thereof.
      This deformation and flow of material is accompanied by a further inward
      telescopic and wedging interference type movement of the projection
      relative to the aperture. The melting or heat softening of the material
      accompanied by the relative movement between the components results in a
      smearing action of the two melt surfaces, forming upon subsequent cooling
      thereof a uniform high-strength welded connection with an interfused zone
      of plastic indicated by the dotted lines of the joint 28 in FIG. 9. In
      accordance with the preferred practice, the base of the aperture 34 is
      formed with a vent port, indicated at 46, for venting any entrapped air
      and gaseous products formed during the ultrasonic welding operation.
PAR  In accordance with an alternative embodiment as illustrated in FIG. 10, a
      side rail 48 is formed with a plurality of circumferentially spaced lands
      or raised sections 50 which are provided with radial side configurations
      corresponding generally to the concave configuration of the axially
      extending side surfaces 52 of the ribs 54. The opposite side rail 56 with
      the ribs 54 integrally affixed thereto is generally identical to the side
      rail 24 previously described and includes a projection 56 extending
      axially of the end face of each of the ribs and is adapted to telescope
      within a stepped aperture 58 in the side rail 48. The raised side rail
      construction, as shown in FIG. 10, is employed when the thickness of the
      rail itself is reduced to an extent wherein adequate weld joint area
      obtained would otherwise be inadequate to provide the requisite strength.
      The provision of lands 50 increases the effective length of the aperture
      and thus the area of the resultant welded joint. The recessed sections
      between the lands 50, indicated at 60 in FIG. 10, are of a depth and are
      shaped to receive the roller end-break portion of an anti-friction roller
      62 adapted to be retained within each roller pocket.
PAR  While it will be apparent that the invention herein disclosed is well
      calculated to achieve the benefits and advantages as hereinabove set
      forth, it will be appreciated that the invention is susceptible to
      modification, variation and change without departing from the spirit
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A weldable plastic bearing cage assembly which comprises a pair of
      annular side rails and a plurality of circumferentially spaced axially
      extending ribs affixed at one of their ends to one of said side rails,
      coacting means on the end portion of each said rib and on the opposed face
      of the adjacent side rail including an aperture and a cooperating
      projection disposed with the end portion thereof in interferring
      telescopic relationship within said aperture, said aperture formed with a
      first section of a cross sectional configuration generally conforming to
      the cross sectional configuration of the end portion of said projection
      and a second section inwardly spaced from said first section of a
      different cross sectional configuration and forming a shoulder at the
      intersection therebetween against which shoulder the end of said
      projection is disposed in abutting relationship, the end portion of each
      said rib formed with a rib end face disposed in spaced substantially
      parallel relationship relative to the opposed face surface of the adjacent
      said side rail, the length of said projection being greater than the depth
      of said first section and less than the combined depth of said first and
      said second section.
NUM  2.
PAR  2. The weldable plastic bearing cage assembly as defined in claim 1, in
      which the apertures are formed in the adjacent said side rail and said
      projections are integrally formed with and extend axially outwardly from
      said rib end faces.
NUM  3.
PAR  3. The weldable plastic bearing cage assembly as defined in claim 2,
      wherein said first section of said aperture is formed with an outward
      taper to facilitate alignment thereof with said projection.
NUM  4.
PAR  4. The weldable plastic bearing cage assembly as defined in claim 3,
      wherein said side rail includes circumferentially spaced sections adjacent
      each aperture therein which are of an axial thickness greater than that of
      the intervening portions of said side rail.
NUM  5.
PAR  5. The weldable plastic bearing cage assembly as defined in claim 4,
      wherein said intervening portions are of a configuration so as to receive
      the ends of antifriction rollers adapted to be assembled in the bearing
      cage.
NUM  6.
PAR  6. The weldable plastic bearing cage assembly as defined in claim 2,
      wherein said second section is in axial alignment with said first section
      of said aperture forming a continuous annular shoulder of substantially
      equal width.
NUM  7.
PAR  7. The weldable plastic bearing cage assembly as defined in claim 2,
      wherein said projection is of a length less than the thickness of said
      side rail.
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ABST
PAL  A frame for supporting articles comprises a plurality of bars which have
      angularly bent longitudinal portions and make angles with each other, some
      of the longitudinal portions extending in contiguous relation and being
      locked together by locking means engaging the channels in the bars.
BSUM
PAR  This invention relates to a frame for supporting articles, such as table
      tops, seats, cabinets, television apparatuses etc. The frame is of the
      type comprising a plurality of bars which have angularly bent longitudinal
      portions and make angles with each other, some of said portions extending
      in contiguous relation and being interconnected.
PAR  Various problems are met with in the manufacture of frames of the
      aforementioned type, particularly with regard to the interconnection of
      those portions of the frame bars which extend in contiguous relation. It
      is customary to bring about the interconnection by welding or by winding
      strips of material around the contiguous bar portions, but such an
      interconnection must be carried out by the manufacturer of the frame so
      that the frame has to be dispatched in its finished bulky condition. Such
      an interconnection is difficult, expensive and involves high
      transportation costs for the frame. It is also known to interconnect the
      contiguous bar portions by screwed connections. It is true that these
      screwed connections can be designed in such a way that the frame can be
      dispatched in a dismounted state, which will reduce the transportation
      costs, but the screwed connections are expensive in manufacture,
      particularly when they shall be designed in such a way to make it possible
      for the customer himself to assemble the frame, and moreover, the screwed
      connections are often less pleasing in aesthetical respect.
PAR  The present invention has been developed to eliminate the above mentioned
      disadvantages which are inherent in the prior art frames of the
      aforementioned type. To this end, each bar has a channel which extends
      throughout the length thereof and is formed with a constricted channel
      side opening which opens into a side surface of the bar, and each pair of
      the contiguously extending bar portions turn their channel side openings
      towards each other and are interconnected by the intermediary of locking
      means detachably introduced into the channels of the said two portions and
      engaging therein under locking action, said locking means extending
      through the channel side openings from channel to channel.
PAR  The frame according to the invention is easily and inexpensively
      manufactured, can be dispatched in dismounted state at low transportation
      costs since it can readily be assembled by the customer, and permits an
      interconnection of the frame bars which is invisible from outside.
DRWD
PAR  Embodiments of the invention will be more fully described hereinbelow and
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a side elevation of the upper portion of a frame with a table top
      arranged thereon;
PAR  FIG. 2 is a horizontal section of two of the legs of the frame illustrated
      in FIG. 1;
PAR  FIG. 3 is a diagrammatic perspective view of the frame in FIGS. 1 and 2
      with the table top removed;
PAR  FIGS. 4-6 are views of a modification of the frame shown in FIGS. 1-3, FIG.
      4 being a central vertical section of the frame, FIG. 5 a top plan view of
      the frame with the table top removed, and FIG. 6 a diagrammatic
      perspective view of a corner portion of the frame;
PAR  FIG. 7 is a side elevation of an embodiment of the frame designed as a
      pedestal for supporting a table top;
PAR  FIG. 8 is a horizontal section of the frame pedestal;
PAR  FIG. 9 is a side elevation of a corner portion of a table frame;
PAR  FIG. 10 is a horizontal section of one of the legs of the frame shown in
      FIG. 9;
PAR  FIGS. 11 and 12 in the same way as FIGS. 9 and 10, respectively, show
      another embodiment of a table frame;
PAR  FIGS. 13 and 14 in the same way as FIGS. 9 and 10, respectively, show a
      further modification of a table frame;
PAR  FIG. 15 is a diagrammatic perspective view of a table having a frame of the
      type shown in FIGS. 13 and 14;
PAR  FIGS. 16-19 are diagrammatic views of various embodiments of frames;
PAR  FIG. 20 is a side elevation of a table comprising a pedestal frame;
PAR  FIG. 21 on a larger scale and partly in section shows a portion of the
      table in FIG. 20;
PAR  FIG. 22 is a section on the line XXII--XXII in FIG. 21.
PAR  FIG. 23 is a section, corresponding to FIG. 9, of a modification of the
      table shown in FIG. 9;
PAR  FIG. 24 is a side elevation, on a small scale, of a table according to FIG.
      23;
PAR  FIG. 25 is a section corresponding to FIG. 23, but showing a further
      modification of the table according to FIG. 9.
DETD
PAR  The table frame illustrated in FIGS. 1-3 comprises four identical bars 1
      having the cross sectional shape of a rectangle from which one corner has
      been cut away at a 45.degree. angle for the formation of an oblique
      surface 2. The bars have internal material-saving channels 3. Throughout
      the length of each bar there also extends a channel 4 which has a
      constricted channel side opening which opens into the oblique surface 2.
PAR  Each bar 1 is bent into the shape of a U having a web portion 5 and two
      limb end portions 6. The U-shaped bars are assembled in such a way that
      their web portions 5 extend horizontally and their limb end portions 6
      extend vertically downward from the web portions and engage one another in
      pairs by means of their oblique surfaces 2 so that the mouths of the
      channels 4 are in facing relation. The U-shaped bars are interconnected in
      this assembled state by the intermediary of locking means 7. Each of these
      locking means is in the form of a rod having approximately hourglass cross
      section, and each half of the hourglass is of a shape conforming to the
      channel 4 in the frame bars 1. The interconnection of the U-shaped bars is
      established by detachably inserting a locking means 7 into the two facing
      channels 4 in each frame leg which is formed by two contiguously extending
      limb end portions 6 of the U-shaped bar. The locking means 7 is readily
      inserted in the channels 4 from the lower leg end so that the locking
      means lockingly engages the two channels 4 and extends through the channel
      side openings from channel to channel.
PAR  On the resulting frame, which is diagrammatically shown in FIG. 3, there
      can be mounted a table top 8 (FIG. 1), fixed to the horizontal web
      portions 5 of the bar 1 by appropriate fastening means 9 of optional kind.
      On a frame according to FIG. 3 there can be mounted, instead of a table
      top 8, for instance a seat to provide a stool, or a seat with back rest
      member to provide a chair.
PAR  FIGS. 4-6 illustrate a modification of the frame in FIGS. 1-3. The frame is
      composed of frame bars 1 of the same kind as in FIGS. 1-3. Four frame bars
      are bent into the shape of a U having a web portion 5 and limb end
      portions 6 in the same way as in the embodiment illustrated in FIGS. 1-3,
      and the limb end portions 6 of the U-shaped bars are also interconnected
      in pairs with the aid of locking means in the manner described in the
      foregoing. As distinct from the embodiment illustrated in FIGS. 1-3 the
      embodiment according to FIGS. 4-6 includes a further frame bar 1 bent to
      the shape of a ring 10 which extends along the horizontal web portions 5
      of the U-shaped bars and is interconnected with them by the intermediary
      of locking means 7. The locking means 7 may be made of elastic material to
      permit being inserted in the facing channels 4 formed in the web portions
      5 and the ring 10. If the locking means 7 are made of dimensionally stable
      material recesses can be formed in the side walls of the channels 4 in the
      web portions 5 and the ring 10 at suitable points for the formation of
      insertion openings for the locking means 7.
PAR  For instance, a table top 8 can be attached in a suitable manner on top of
      the ring 10.
PAR  In FIGS. 7 and 8, use is made of frame bars 11 which in cross section are
      in the form of a rectangle in which two corner portions have been cut away
      at a 45.degree. angle so that oblique surfaces 12 are formed. The frame
      bars contain material-saving channels 13. Moreover, the bars 11 in
      conjunction with each oblique surface 12 have one channel 4 extending
      throughout the length of the respective bar and formed with a constricted
      channel side opening which opens into the oblique surface 12. The bars 11
      are bent into the shape of a U having a web portion 5 and limb end
      portions 6. The web portions 5 are contiguously assembled in square
      arrangement and interconnected in pairs by the intermediary of locking
      means 7 inserted into the channels 4, in the manner already described, so
      that the web portions 5 will constitute a pedestal which can be placed on
      a base by means of the limb end portions 6 protruding from the lower end
      of the pedestal. A table top 8 is mounted with the aid of suitable
      fastening means (not shown) on the other limb end portions 6 which
      protrude in different directions from the upper end of the pedestal.
PAR  The table frame illustrated in FIGS. 9 and 10 agrees with that of FIGS.
      1-3, except for the frame bars 14 which have a slightly different cross
      sectional shape. Same as in FIGS. 1-3, each frame bar 14 in cross section
      has approximately the shape of a rectangle from which a corner portion has
      been cut away at a 45.degree. angle so that an oblique surface 2 is
      formed, but at the end of the rectangle facing away from the oblique
      surface 2 there is provided a laterally extending flange 15, in the
      embodiment according to FIGS. 9 and 10. The frame bars 14 present
      material-saving channels 3 and a channel 4 which extends throughout the
      length of the bars, opens by means of a constricted channel side opening
      into the oblique surface 2 and serves to accommodate locking means 7. Same
      as in FIGS. 1-3, the bars 14 are bent into the shape of a U having a
      horizontal web portion 5 and limb end portions 6 directed vertically
      downwardly from said web portion.
PAR  By reason of the described cross sectional form and the U-shape 5, 6 of the
      frame bars 14, each U-shaped bar will have a side surface 16 oriented at
      right angles to the plane of the U-shaped bar and facing outwardly from
      said bar. On the one side said side surface 16 adjoins the oblique surface
      2 and on the other side it ajoins a bar side surface 17 which from said
      oblique surface 2 projects approximately at right angles away from the
      U-shaped bar and constitutes one side wall of the flange 15.
PAR  As will best be seen from FIG. 9, the flanges 15 of the bars 14 will be
      directed upwardly within the horizontal web portions 5 of the U-shaped
      bars so that for instance a table top 8 can be arranged on the surface 16
      of the web portions and be retained between the upwardly directed portions
      of the flanges 15.
PAR  Besides -- as will best be seen from FIG. 10 -- the side surfaces 17 of the
      flanges 15 and the surfaces 16 of two interconnected limbs of two U-shaped
      bars in the frame will together form a recess or an open channel 31
      extending along the limbs. Said recess or channel 31 can be utilized as a
      framing or bracket for an appliance such as a lighting apparatus, a
      telephone support or the like.
PAR  FIGS. 11 and 12 show a frame which corresponds to that of FIGS. 9 and 10,
      with the exception that the frame bars 18 have been given another cross
      sectional shape. Thus, the frame bars 18 in FIGS. 11 and 12 have the cross
      sectional shape of a T the stem of which is bent at an angle of 45.degree.
      at the free end to form an oblique surface 2, and in conjunction with said
      surface there is provided a channel 4 for locking means 7. Same as in
      FIGS. 9 and 10, the bars 18 are bent into the shape of a U having a
      horizontal web portion 5 and vertical limb end portions 6. By reason of
      the cross sectional shape described of the bars 18 and their U-shape each
      frame bar will have a side surface 16 which is at right angles to the
      plane of the U-shaped bar and faces outwardly from said bar. On the one
      side said side surface 16 adjoins the oblique surface 2 and on the other
      side it adjoins a bar side surface 17 which from said oblique surface
      projects approximately at right angles away from the U-shaped bar in order
      laterally to define a table top 8 placed on the web portions of the
      U-shaped bars.
PAR  FIGS. 13-15 show a table frame which substantially agrees with the frame of
      FIGS. 9 and 10. Apart from lacking material-saving channels 13, the
      U-shaped bars 19 differ from the bars 14 of FIGS. 9 and 10 only in that
      they present a groove 21 which is formed in a lateral surface 20 facing
      inwardly of the U-shaped bar and is open towards the interior of said
      U-shaped bar. Same as in FIGS. 9 and 10 a table top 8 is arranged on the
      horizontal web portions of the U-shaped bars 19, and in FIGS. 13 and 15
      panels 22 are besides inserted in the grooves 21 of the U-shaped bars
      between the limbs thereof.
PAR  As shown by way of example in FIGS. 18 and 19, the table top 8 illustrated
      in the embodiments according to FIGS. 1-6 and 9-12 can be replaced by a
      television apparatus or a cabinet. It is diagrammatically shown in FIG. 16
      how the U-shaped bars can be modified in order to carry for instance the
      table top of a desk and the associated pedestals of drawers thereof. FIG.
      17 shows how frame bars, designed and interconnected substantially as in
      FIGS. 7 and 8, can be shaped into a coat hanger.
PAR  FIGS. 20-22 show a frame which has been designed as a pedestal provided
      with feet and adapted to carry a table top in a vertically adjustable
      manner. In FIGS. 20-22, each frame bar 23 is bent into L-shape and the
      bars are interconnected at their one L-arms with the aid of locking means
      7 to form a pedestal, while the other L-arms of the bars protrude in
      different directions from the lower end of the pedestal to form the feet
      of said pedestal.
PAR  The bars 23 are of the cross sectional shape illustrated in FIG. 22. In the
      state in which they are interconnected by the intermediary of the locking
      means the bars will thus enclose, within the pedestal section of the
      frame, a substantially cylindrical central channel 24. A tube 25 is
      slidable and rotatable in the channel of the pedestal. A holder plate 27
      is secured by means of a screw 26 to the upper end of the tube 25, and a
      table top 8 is secured to said holder plate 27. Furthermore, the cross
      sectional shape of the bars 23 is such that within the pedestal portion
      said bars form four longitudinal grooves 28 in the pedestal channel 24. A
      pin 29 secured to the bars 23 projects into each of the grooves 28. The
      four pins 29 are located at different levels. A pin 30 is secured to the
      tube 25 and one end of said pin enters one of the grooves 28 and rests on
      top of the pin 29 located in said groove. By raising the table top 8 with
      the tube 25 so far that the pin 30 will be above the pedestal, then
      turning the table top with the tube 25 and subsequently lowering the table
      top and the tube, the pin 30 will be introduced into some of the other
      grooves 28. At the lowering of the table top the pin 30 will come to rest
      on the pin 29 located in the respective groove 28. By this arrangement the
      table top 8 can thus be set at four different levels.
PAR  The construction of the table illustrated for instance in FIGS. 9 and 10
      can readily be modified so as to accommodate one or more sliding table-top
      leaves, as shown in FIGS. 23 and 24. The table illustrated in FIG. 24 has
      a table top composed of two leaves 32. Each leaf 32 is slidably mounted on
      the frame which is formed by bars 14. To this end, two parallel bars 33
      (only one is visible in FIG. 23) having an oblique surface 2 with a
      channel 4 of the kind earlier described, are fastened to the underside of
      each table-top leaf 32 near two opposed edges thereof. The channels 4 of
      the bars 33 are situated opposite the channels 4 in the web portions 5 of
      two opposed parallel U-shaped bars. Retaining means 34 similar to the
      locking means 7 earlier described is fastened in the channel 4 of each bar
      33 and slidable in the channel 4 formed in the web 5 of the adjoining
      frame bar 14. The web portions 5 of the two U-shaped bars supporting the
      table-top leaves 32 are at a higher level than the web portions 5 of the
      other two U-shaped bars, as will appear from FIG. 23, so that the
      last-mentioned web portions do not impede the sliding movement of the
      table-top leaves 32.
PAR  According to FIG. 25, the construction of the table illustrated in FIGS. 23
      and 24 can be modified in such a way that a table-top 35 is fastened to
      the web portions 5 situated at a higher level, while a pull-out leaf 36 is
      slidably mounted on said web portions beneath the table top 35. Two bars
      37 are screwed to two opposed edges of the pull-out leaf 36 and have an
      oblique surface 2 with a channel 4 in which is fastened a retaining means
      34 which slidably engages the channel 4 formed in the adjoining web
      portion 5.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A frame for supporting articles, comprising a plurality of bars forming
      a framework of open construction, means on said bars defining a channel
      which extends throughout the length of said bars and has a constricted
      channel side opening which opens into a side surface of said bars, said
      bars having angularly bent longitudinal portions and making angles with
      each other, some of said portions extending in touching contiguous
      relation, each pair of the contiguously extending bar portions turning
      their channel side openings towards one another, and locking means
      detachably introduced into the channels of each pair of the contiguously
      extending bar portions and engaging therein under locking action, said
      locking means extending through the channel side openings from channel to
      channel, whereby the frame may be readily assembled and disassembled and
      when assembled presents an appearance in which the locking means are not
      visible with these side openings in side-by-side alignment.
NUM  2.
PAR  2. A frame according to claim 1, wherein at least some of said bars are
      bent into the shape of a U having a web portion and two limb end portions,
      said limb end portions being interconnected in pairs by the intermediary
      of said locking means for the formation of frame legs.
NUM  3.
PAR  3. A frame according to claim 2, wherein one of said bars is bent into the
      shape of a ring which extends along said web portions of said U-shaped
      bars and is interconnected with said U-shaped bars by the intermediary of
      said locking means.
NUM  4.
PAR  4. A frame according to claim 2, wherein the channel formed in the web of
      the U-shaped bar engages slidable retaining means for sliding leaves.
NUM  5.
PAR  5. A frame according to claim 2, wherein the webs of two interconnected
      U-shaped bars are arranged at different levels.
NUM  6.
PAR  6. A frame according to claim 2, wherein the two interconnected limbs of
      two U-shaped bars in the frame together constitute a framing or bracket
      for an appliance, such as a lighting apparatus, telephone support or the
      like.
NUM  7.
PAR  7. A frame according to claim 1, wherein at least some of said bars are
      bent into the shape of a U having a web portion and two limb end portions,
      said limb end portions being interconnected in pairs by the intermediary
      of said locking means for the formation of frame legs, each U-shaped bar
      having a side surface which is at right angles to the plane of the
      U-shaped bar and faces outwardly therefrom, said side surface adjoining on
      one side a bar side surface projecting therefrom approximately at right
      angles away from said U-shaped bar and adjoining on the other side the bar
      side surface in which opens the channel side opening.
NUM  8.
PAR  8. A frame according to claim 1, wherein at least some of said bars are
      bent into the shape of a U having a web portion and two limb end portions,
      said limb end portions being interconnected in pairs by the intermediary
      of said locking means for the formation of frame legs, means on said
      U-shaped bars defining a groove which opens into a bar side surface facing
      inwardly of the U-shaped bar.
NUM  9.
PAR  9. A frame according to claim 1, wherein said bars are individually bent
      into the shape of a U having a web portion and two limb end portions, the
      web portions of said U-shaped bars being interconnected by the
      intermediary of said locking means for the formation of a pedestal which
      can be placed on a base, supported by the limb end portions projecting
      from one end of the pedestal.
NUM  10.
PAR  10. A frame according to claim 1, wherein said bars are individually bent
      into L-shape and said bars are interconnected at their one L-arm by the
      intermediary of said locking means for the formation of a pedestal from
      one end of which extend the other L-arms of said bars in different
      directions.
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ABST
PAL  A manually movable wheeled storage rack or the like is disclosed which may
      be moved along a pair of rails when an operator rotates a handwheel
      attached to one side wall of the storage rack or the like. The storage
      rack or the like is further provided with a locking device so as to hold
      the storage rack or the like in a desired position and a safety device so
      that when a buffer plate of the safety device hits an operator or worker
      in the passage between the adjacent storage racks or the like as one of
      them starts to move by an accident, the safety device immediately locks
      the wheel, whereupon the operator or worker may be prevented from being
      sandwiched between the storage racks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to generally wheeled storage racks,
      bookshelves or the like, and more particularly storage racks, bookshelves
      or the like which may be moved along rails when an operator rotates a
      handwheel.
PAR  There has been devised and demonstrated a storage rack system in which, in
      order to make full use of a limited storage space, a large number of
      wheeled storage racks or the like are arrayed on the rails laid on the
      floor and one of them is moved with respect to the adjacent one to provide
      a passage to allow a worker or librarian access to a desired storage rack
      or bookshelf. Each storage rack or bookshelf is provided with a handle so
      that one may grip it to push a storage rack or the like to a desired
      position. However the manual movement of a large-sized storage rack or the
      like becomes difficult because of its heavy weight so that the sizes of a
      storage rack or the like are limited. As a result, it is impossible to
      make the fullest possible use of the available storage space. To overcome
      this problem, there has been suggested the use of an electric motor for
      rolling heavy storage racks or the like, but the installation cost is very
      expensive because some parts of the driving mechanism must be disposed in
      the floor. The installation cost would also become prohibitive when each
      storage rack or the like is equipped with an individual motor.
PAR  Another important problem encountered in the storage rack system of the
      type described is that an operator or librarian is sandwiched between the
      adjacent storage racks or the like when someone moves a storage rack or
      the like without noticing that his colleague is in the passage between the
      storage racks or the like. Moreover when the rails are inclined, there is
      a danger that a storage rack or the like starts to roll by itself and
      collides against the adjacent storage rack so that the articles stored
      thereupon may be seriously damaged.
PAR  In view of the above, one of the objects of the present invention is to
      provide a wheeled storage rack or the like which may be easily moved along
      the rails laid on the storage floor when an operator rotates a handwheel
      attached to one side wall of the storage rack and drivingly coupled to the
      wheel through a power transmission mechanism.
PAR  Another object of the present invention is to provide a wheeled storage
      rack or the like of the type described further comprising a locking device
      for holding stationary the storage rack in a desired position and
      preventing it from free rolling even when the rails are inclined.
PAR  A further object of the present invention is to provide a wheeled storage
      rack or the like of the type described further comprising a safety device
      or safety locking device so that when one who is in the passage between
      the storage racks hits or touches a swingable buffer plate extending
      transversely across the whole opening of the storage rack, the storage
      rack may be immediately locked in position, thereby always securing a safe
      working space between the adjacent storage racks.
PAR  A further object of the present invention is to provide a wheeled storage
      rack or the like of the type described which may store therein a large
      number of objects and may permit the fullest possible use of a given
      storage space.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view of wheeled storage racks or bookshelves in accordance
      with the present invention arrayed on the rails laid on the floor;
PAR  FIG. 2 is a perspective view thereof;
PAR  FIG. 3 is a perspective view of a driving mechanism of the storage rack or
      the like in accordance with the present invention;
PAR  FIG. 4 is a top view of a locking device in accordance with the present
      invention;
PAR  FIG. 5 is a sectional view thereof taken along the line V--V of FIG. 4;
PAR  FIG. 6 is a top view of another embodiment of a locking device in
      accordance with the present invention;
PAR  FIG. 7 is a sectional view thereof taken along the line VII--VII of FIG. 6;
PAR  FIG. 8 is a side view of a storage rack or the like incorporating a safety
      device in accordance with the present invention;
PAR  FIG. 9 is a side view, on enlarged scale, of the safety device;
PAR  FIG. 10 is a perspective view thereof;
PAR  FIG. 11 is a safety locking device in accordance with the present
      invention;
PAR  FIG. 12 is a top view thereof;
PAR  FIG. 13 is a sectional view thereof taken along the line XIII--XIII of FIG.
      12;
PAR  FIG. 14 is a front elevational view in partial section of another
      embodiment of a safety locking device in accordance with the present
      invention;
PAR  FIG. 15 is a side view thereof; and
PAR  FIG. 16 is a side view, partly broken, of a still another embodiment of a
      safety locking device in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  First Embodiment, FIGS. 1, 2 and 3
PAR  Referring to FIGS. 1 through 3, the first embodiment of the present
      invention will be described hereinafter. As shown in FIGS. 1 and 2, a
      plurality of wheeled storage racks or bookshelves (five in the instant
      embodiment) 1A through 1E ride on rails 12 laid on the floor, and the
      storage racks or bookshelves 1D and 1E are shown as being spaced apart
      from each other to provide access to them. An operating handwheel 14 is
      carried at a suitable height from the floor at the outer end of a shaft
      extending through one side wall of each storage rack or bookshelf, and a
      driving sprocket 16 is attached to the inner end of the shaft as best
      shown in FIG. 3. A driven sprocket 18 the diameter of which is greater
      than that of the driving sprocket 16, is attached to the axle of the
      driving wheel 10 outwardly and coaxially thereof, the wheels 10 being
      attached to the bottom plate of each storage rack or bookshelf. The
      driving and driven sprockets 16 and 18 are drivingly connected with each
      other with an endless power transmission chain 20. This endless chain 20
      may be replaced with an endless belt, a rope or the like. It is preferable
      from the standpoint of outer appearance to have the chain drive mechanism
      (consisting of the driving and driven sprockets 16 and 18 and the endless
      power transmission chain 20) disposed in the space defined by the double
      side wall of the storage rack or bookshelf. This arrangement also permits
      the easier attachment of the shelves to the side wall.
PAR  When one manually rotates the handwheel 14, the amplified power is
      transmitted to the driving wheel 10 through the chain drive mechanism so
      that even a heavy storage rack or bookshelf may be easily moved along the
      rails 12. Instead of the train or chain drive mechanism consisting of one
      pair of sprockets 16 and 18, two pairs of sprockets may be used if so
      desired. In this case, two intermediate sprockets are coaxially disposed
      between the sprockets 16 and 18. The reduction ratio may be increased so
      that the storage rack or bookshelf may be transported with less power.
PAC  Second Embodiment, FIGS. 4 and 5
PAR  Next referring to FIGS. 4 and 5 the second embodiment of the present
      invention will be described. The second embodiment is substantially
      similar in construction to the first embodiment except that a locking
      device is provided in order to hold the storage rack or bookshelf
      stationary in desired position. That is, when the rails 12 are inclined
      downward to the right in FIG. 1, the storage racks or bookshelves 1B
      through 1D would naturally roll down to the right so that an operator
      would be sandwiched between the storage racks or bookshelves 1D and 1E. In
      order to prevent such accident, the locking device to be described
      hereinafter is attached to each of the storage racks or bookshelves 1B
      through 1D, the leftmost storage rack or bookshelf 1A being held
      stationary or immovable.
PAR  The locking device comprises, in general, a toothed wheel 24a carried by
      the shaft of the handwheel 14 and formed integral and coaxial with the
      driving sprocket 16a, and a detent member 26, H-shaped when viewed from
      the above as best shown in FIG. 4, consisting of an engaging rod 26a and a
      shaft rod 26b firmly connected to and in parallel to each other by a
      connecting rod. The shaft rod 26b is so journalled as to be slidable in
      the axial direction between the inner and outer walls of the double side
      wall and has its outer portion extended beyond the outer wall and attached
      to an operating knob as best shown in FIG. 4.
PAR  In operation, one grips the knob and pulls the detent member 26 outwardly,
      that is toward him so that the engaging rod 26a engages with the teeth of
      the toothed wheel 24a, thereby locking the driving mechanism, that is the
      handwheel 14 and hence the driving wheel 10. Thus the storage rack of
      bookshelf may be securely held in stationary position. To release the
      locking device, one pushes the knob inwardly so that the engaging rod 26a
      may come out of engagement with the toothed wheel 24a. Thereafter, one
      rotates the handwheel 14 to move the storage rack or bookshelf to a
      desired position.
PAC  Third Embodiment, FIGS. 6 and 7
PAR  The third embodiment to be described hereinafter with reference to FIGS. 6
      and 7 is substantially similar in construction to the second embodiment
      (FIGS. 4 and 5) except the arrangement of the H-shaped detent member,
      which is also substantially similar in construction to the detent member
      26 of the second embodiment. That is, the shaft rod 28b of the detent
      member 28 is rotatably journalled between the inner wall 30 and the outer
      wall of the double side wall through an auxiliary panel or wall 32, and
      the engaging rod 28a extends through coaxial arcuate slots formed in the
      outer wall 30 and the auxiliary panel 32. An operating knob 36 is attached
      to the outer end of the shaft rod 28b extending out of the side wall, and
      a tension spring 34 has its one end fixed to a point of the inner wall 30
      immediately below the inner end of the shaft rod 28b and its the other end
      to the inner end of the engaging rod 28a.
PAR  When one grips the operating knob 36 and rotates it in the counterclockwise
      direction to release the engaging rod 28a from the toothed wheel 24b, the
      locking device is released so that he may rotate the handwheel 14 to move
      the storage rack or bookshelf to any desired position. To lock the
      handwheel 14 and hence the driving wheel 10, one rotates the operating
      grip 36 in the clockwise direction to engage the engaging rod 28a with the
      toothed wheel 26b as shown in FIG. 7. Thus, the handwheel 14 and hence the
      wheel 10 are locked so that the storage rack or bookshelf may be securely
      held stationary in position. As the operating knob 36 is rotated in the
      clockwise or counterclockwise direction, the tension spring 34 is extended
      and then passes beyond its change point so that the engaging rod 28a may
      be securely held in the locking position shown in FIG. 7 or in the
      released position. Even when the engaging rod 28a is pressed against the
      crest of the tooth of the toothed wheel 26b, the toothed wheel 26b rotates
      as the storage rack or bookshelf is moved so that the engaging rod 28a may
      be readily forced to fall into the space between the teeth of the toothed
      wheel 26b under the force of the tension spring 24.
PAC  Fourth Embodiment, FIGS. 8, 9 and 10
PAR  The fourth embodiment to be described with reference to FIGS. 8, 9 and 10,
      is characterized by the provision of a safety device for preventing an
      operator or worker from being sandwiched between the adjacent storage
      racks or bookshelves by accidental rolling thereof. The safety device
      comprises, in general, a swingable supporting member 42 whose base is
      hinged or attached to one column member 40 of the storage rack or
      bookshelf and whose free end is provided with an impact receiving member
      44, and a brace member 48, with one end pivoted to the supporting member
      42 at a suitable point and the other end extended through a slot formed in
      the column member 40 (See FIG. 10) and attached to an engaging member 50.
PAR  When one enters into the passage between the adjacent storage racks or
      bookshelves, he pulls down the supporting member 42 into the horizontal
      operative position as shown in FIG. 9. Therefore even when one of the
      adjacent storage racks or bookshelves is accidentally moved by another
      operator, the supporting member 42 engages with it and prevents its
      further movement so that the safe space for an operator may be secured
      between the adjacent storage racks or bookshelves. After one has picked up
      the desired parts or put the parts upon the shelf or shelves, he comes out
      of the passage between the adjacent storage racks or bookshelves and folds
      back the safety device into the retracted position, that is the position
      where the supporting member 42 is held upright along the column member 40.
      In the retracted position, the brace member 48 serves as a weight that
      keeps the supporting member 42 in the retracted position and prevents it
      from swinging back to the horizontal operative position by an accident. In
      order to ensure that the safety device may be securely held in the
      retracted position, any suitable locking device may be provided.
PAR  The storage racks or bookshelves in accordance with the present invention
      may be provided with both of the locking device and the safety device of
      the types described above or either of them.
PAR  It is to be understood that even though the safety device has been
      described as being attached to the manually operated bookshelf or storage
      rack, it may be attached to any power-driven or manually-driven storage
      racks or bookshelves.
PAC  Fifth Embodiment, FIGS. 11, 12, and 13
PAR  The fifth embodiment to be described hereinafter with reference to FIGS.
      11, 12, and 13 is substantially similar to the third embodiment (See FIGS.
      4 and 5) except that it further comprises safety device operatively
      coupled to the locking device which is shown in FIGS. 11, 12, and 13 as
      comprising the toothed wheel 24c, the detent member 60 consisting of the
      engaging rod 60b, the shaft rod 60a with the operating knob 66 and the
      connecting rod 60c, and the tension spring 62.
PAR  A lateral shaft 70 is rotatably journalled between a pair of opposed
      channel-shaped column members 68 at the corners of the storage rack or
      bookshelf, and has its one end portion close to the handwheel 14 bent in
      the form of an L-shaped crank. That is, after extending through one side
      wall of the channel-shaped column member 68, it is bent at a right angle
      within the channel-shaped column member 68, and bent again at a right
      angle to form a crank section 72 extending outwardly through the opening
      of the channel-shaped member 68 and in parallel with the section of the
      lateral shaft 70 extending horizontally and transversely across the
      opening of the storage rack or bookshelf. The crank section 72 is made
      into engagement with the bifurcated end 84 of a connecting lever 82 which
      has its other end pivoted to one end of an actuating lever 80.
PAR  A buffer plate 86 has its one side firmly joined to the lateral shaft 70 in
      the lengthwise direction, and a tension spring 74 is loaded between the
      crank section 72 and the channel-shaped column member 68 so that the
      buffer plate 86 may be normally held in the extended position indicated by
      the broken lines in FIG. 11. The angle of rotation of the buffer plate 86
      is limited because the angle of rotation of the downwardly extended
      section of the lateral shaft 70 is limited by the side walls of the
      channel-shaped column member 68.
PAR  The actuating lever 80 is also pivoted to a pivot member 88 at a point
      close to the end which is pivoted to the connecting lever 82. A rod member
      92 is suspended through a flexible member 90 such as chain or string from
      the other end of the actuating lever 80, extends slidably through a
      stationary guide member 94, and has its lower end attached to an engaging
      member 96 at right angles thereto. One end portion of the engaging member
      96 extends through a vertical slot 100 formed in the wall of the guide
      member 98 for engagement with the teeth of the toothed wheel 24c.
PAR  In the normal or nonoperative position, the crank section 72 of the lateral
      shaft 70 pushes the connecting lever 82 under the force of the spring 74
      so that the actuating lever 80 is rotated in the counterclockwise
      direction about the pivot member 88. Thus the rod member 92 and hence the
      engaging member 96 is lifted out of engagement with the toothed wheel 24c.
      The buffer plate 86 is placed between the side walls of the storage rack
      or bookshelf and at such height from the floor that it may be actuated by
      an operator or worker when his body touches or bumps against the buffer
      plate 86.
PAR  When the buffer plate 86 is in the normal or inoperative position indicated
      by the broken lines in FIG. 11, the handwheel 14, that is the driving
      mechanism, is not locked as described hereinbefore so that the storage
      rack or bookshelf may be freely moved along the rails 12. When one of the
      adjacent spaced apart storage racks or bookshelves is moved by an accident
      when an operator or worker is in the passage or space between them, the
      buffer plate 86 hits the body of an operator or worker so that it swings
      to the position indicated by the solid line in FIG. 11. As a result the
      connecting lever 82 and the actuating lever 80 are displaced to the
      positions indicated by the solid lines in FIG. 11 so that the engaging
      member 96 is lowered to make engagement with the toothed wheel 24. Thus
      the handwheel 14 and hence the driving wheel 10 are locked so that the
      storage rack or the bookshelf is immediately stopped and held stationary.
      When the operator or worker leaves from the buffer plate 86, it is
      returned to its normal or inoperative position under the force of the
      spring 74.
PAR  The reason why the rod member 92 is suspended from the actuating lever 80
      through the flexible member 90 is to permit the flexible member 90 to
      slack when the engaging member 96 engages with the crest of the tooth of
      the toothed wheel 24c so that its downward movement is prevented. When the
      toothed wheel 24c rotates through a very small angle, the engaging member
      96 immediately drops into the space between the teeth of the toothed wheel
      24c. thereby locking the driving mechanism.
PAC  Sixth Embodiment, FIGS. 14 and 15
PAR  In the sixth embodiment, the buffer plate 86 and the lateral shaft 70 are
      arranged in a manner substantially similar to that described hereinbefore
      with reference to the fifth embodiment, FIGS. 11-13. An L-shaped crank
      member 106 has its one end firmly attached to one end of the lateral shaft
      70 close to the handwheel 14, and has its other end loosely fitted into an
      elongated slot formed at one end portion of a bell crank 110 pivoted at
      108. A rod member 112 is suspended through the flexible member 90 from the
      other end of the bell crank 110. The spring 74 is loaded between the inner
      wall of the channel-shaped column member 68 and the other end of the
      L-shaped crank member 106 so that the buffer plate 86 may be normally held
      in the extended position shown in FIG. 15. As a result the rod member 112
      is held in the lifted position.
PAR  The lower portion of the rod member 112 extends through the top plate of a
      carriage box or casing 114, and a pin extended from the lower portion of
      the rod member 112 is loosely fitted into an elongated slot formed in one
      arm of a second bell crank 118. An engaging member 116 is guided for the
      horizontal sliding movement by a pair of guide members struck out of the
      carriage box 114 as best shown in FIG. 14. The engaging memberr 116 has a
      pin extended laterally and made into engagement with an elongated slot
      formed in the other arm of the bell crank 118. One end of the engaging
      member 116 is adapted to engage with one of a plurality of engaging holes
      122 formed equiangularly in the outer surface of the wheel 120 along the
      same circle coaxail therewith.
PAR  In normal or inoperative position, the engaging member 116 is retracted to
      the left and is out of engagement with the engaging hole 112 as shown in
      FIG. 14 so that the wheel 120 may be free to rotate. However, when the
      storage rack or bookshelf is accidently moved so that the buffer plate 86
      hits or bumps against an operator or worker, the buffer plate 86 is
      rotated in the counter clockwise direction. The member 106 rotates also in
      the counterclockwise direction so that the bell crank 110 is caused to
      rotate in the clockwise direction. The rod member 112 is lowered so that
      the bell crank 118 is caused to rotate in the counterclockwise direction.
      The engaging member 116 is caused to advance to the right into engagement
      with one of the engaging holes 122 of the wheel 120. As a result the wheel
      122 is locked so that the storage rack or bookshelf is immediately stopped
      and held stationary.
PAC  Seventh Embodiment, FIG. 16
PAR  A rail supporting member 134 supporting a rail 130 is provided with a
      plurality of engaging holes 156 arrayed in the lengthwise direction. An
      upright channel-shaped column member 140 is attached to one of the corners
      of the carriage box 138 carrying the wheels 132. A lateral shaft 142 is
      formed integral with buffer plate 158 and is rotatably journalled by a
      pair of channel-shaped column members 140 attached to the carriage box 138
      at the opposite corners thereof, respectively. One end of the lateral
      shaft 142 is securely attached to the upper end of a crank member which is
      disposed within the channel-shaped column member 140 and normally assumes
      a vertical position. The lower end of the crank member 166 is securely
      attached to one end of a connecting member 144 which normally assumes a
      horizontal position. The other end portion of the connecting member 144 is
      extended out of the channel-shaped column member 144, and a rivet 146 with
      a head is fixed to the other end of the connecting member 144 at a right
      angle thereto and is loosely fitted into a guide slot 152 formed in one
      arm of a bell crank 150 pivoted to a supporting member 148 extended from
      the channel-shaped column member 140. The lower end of an engaging member
      154 which is suspended through a flexible member 168 from the other arm of
      the bell crank 150 is normally held very closely spaced apart relation
      with one of the holes 156 of the rail supporting member 134. A tension
      spring 160 is loaded between the rivet 146 and the channel-shaped column
      member 140 so that the buffer plate 158 is held in the extended position
      indicated by the solid lines in FIG. 16. The angle of rotation of the bell
      crank 150 is limited by the engagement of a collar 162 fitted over the
      engaging member 154 with a guide plate 164 for the engaging member 154.
      The buffer plate 158 is extended across the opening of the storage rack or
      bookshelf at such a height that it may be actuated by an operator or
      worker when it hits his body.
PAR  The mode of operation of the seventh embodiment will be readily understood
      from the description of the fifth and sixth embodiments so that no further
      description shall be made in this specification.
PAR  It is to be understood that the form of the invention herein shown and
      described is to be taken as preferred examples of the same and that
      various changes in the shape, size and arrangement of parts may be
      resorted to without departing from the spirit of the invention or the
      scope of the subjoined claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wheeled storage rack adapted for manual movement and locking,
      comprising:
PA1  a. a pair of rails;
PA1  b. a storage rack rollable on said rails and having a plurality of pairs of
      wheels with each pair having a connecting axle;
PA1  c. a handwheel with a shaft rotatably attached to one side wall of said
      storage rack;
PA1  d. a driving sprocket of predetermined diameter coaxially carried by the
      shaft of said handwheel;
PA1  e. a driven sprocket carried by one of said axles and having a diameter
      larger than said driving sprocket;
PA1  f. an endless power transmission chain connected between the driving and
      driven sprockets; and
PA1  g. locking means on said storage rack having engagement means and external
      actuating means positioned for human contact, said engagement means
      positively locking said storage rack in a fixed position relative to said
      rails when said actuating means is actuated.
NUM  2.
PAR  2. A wheeled storage rack of claim 1 in which a manually positioned safety
      device is mounted on a front of said rack, said safety device comprising a
      swingable supporting member hindedly connected to the front of said rack
      and a brace member having one end pivotably connected between the ends of
      said supporting member, and the other end extending through a slot in the
      front of the rack, said other end having an engaging member which abuts
      the slot when said swingable supporting member is deployed.
NUM  3.
PAR  3. A wheeled storage rack of claim 1 in which said locking means comprises
      a toothed wheel formed integrally and coaxially with said driving shaft
      and carried by the shaft thereof, said actuating means being an operator
      knob on the side of the rack which actuates said engaging means to engage
      said toothed wheel.
NUM  4.
PAR  4. A wheeled storage rack of claim 3 in which said engaging means comprises
      an H-shaped detent member having an engaging member and a shaft member
      interconnected integrally by a connecting member in parallel with each
      other and in spaced apart relation, said shaft member being axially
      slidably supported in an aperture of the side of the storage rack and an
      inner wall, the end of the shaft member protruding through the aperture
      having said operator knob thereon, whereby said engaging member engages
      said toothed wheel when said operator knob is pulled out by an operator.
NUM  5.
PAR  5. A wheeled storage rack of claim 3 in which said engaging means comprises
      an H-shaped rotatable detent member comprising an engaging member and a
      shaft member interconnected integrally by a connecting member in parallel
      with each other and in spaced apart relation, said shaft member being
      rotatably supported through an aperture in the side of said rack and by an
      inner wall, said operator knob being connected to the end of said shaft
      member protruding through said aperture, said engaging member being biased
      with a spring to maintain a rotated position of said engaging member.
NUM  6.
PAR  6. A wheeled storage rack of claim 1 in which said locking means comprises
      a toothed wheel formed integrally and coaxially with said driving shaft
      and carried by the shaft thereof, said actuating means being a buffer
      plate on a front of the storage rack for sensing the presence of persons
      in front of the rack and said engagement means comprises an engagement
      member slidably disposed adjacent said toothed wheel.
NUM  7.
PAR  7. A wheeled storage rack of claim 1 in which one of said wheel pairs has a
      wheel with engaging holes circularly arranged around a side of the wheel,
      said actuating means being a buffer plate on a front of the storage rack
      for sensing the presence of persons in front of the rack, and said
      engagement means comprises a horizontally slidable engaging member
      adjacent the side of the wheel.
NUM  8.
PAR  8. A wheeled storage rack of claim 1 in which one of said pair of rails has
      a row of engaging holes disposed adjacent and parallel thereto, said
      actuating means being a buffer plate on a front of the storage rack for
      sensing the presence of persons in front of the rack, and said engagement
      means comprises a vertically slidable engagement member protruding through
      a bottom of said storage rack.
NUM  9.
PAR  9. A wheeled storage rack adapted for manual movement and locking,
      comprising:
PA1  a. a pair of rails;
PA1  b. a storage rack rollable on said rails and having a plurality of pairs of
      wheels with each pair having a connecting axle;
PA1  c. a handwheel with a shaft rotatably attached to one side wall of said
      storage rack;
PA1  d. a driving sprocket of predetermined diameter carried by the shaft of
      said handwheel coaxially thereof;
PA1  e. a driven sprocket carried by one of said axles and having a diameter
      larger than said driving sprocket;
PA1  f. an endless power transmission chain connected between the driving and
      driven sprockets;
PA1  g. a toothed locking wheel formed integrally and coaxially with said
      driving shaft and attached thereto;
PA1  h. an H-shaped detent member formed of parallel engaging and shaft members
      interconnected by a connecting member, said shaft member being axially
      supported at either end by apertures in an inner wall bracket and the side
      wall of the storage rack, the shaft member end through the sidewall
      aperture being connected to an operator knob said engaging member being
      movable by said knob to engage said toothed wheel.
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ABST
PAL  A cabinet for high shock and vibration environments such as shipboard use.
      A pair of side panels are bolted to the deck or other rigid structure.
      Front, top and back panels are then secured to the side panels through
      mating surfaces capable of transferring shear forces. The mating surfaces
      include cooperating tooth forms. The tooth forms have sloping sides that
      produce a wedging interfitting relationship between the plates and side
      panels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  According to the prior art, enclosures, particularly for shipboard
      installation, are provided in the form of a cabinet having two vertically
      elongated side panels joined to removable top, bottom, front and rear
      plates. The cabinets must be strong and rigid when assembled and yet
      easily disassembled and broken down to a small component size for
      installation, transportation and storage. When installed, the cabinets are
      secured to the deck or other rigid structure such that the bottom plate
      and lower portions of the side panels are not substantially disturbed by
      induced vibration or other externally induced accelerations. However the
      central and upper portions of the side panels would be induced to
      oscillate in a generally horizontally mode in response to vibrational
      excitation unless sufficiently rigid interconnecting plates are firmly
      secured between the side panels to prevent such movement.
PAR  According to conventional practice, the plates have sufficient rigidity and
      strength to absorb the forces generated between the opposing side panels.
      In the usual case, the plates are secured to the side panels with screw
      type fasteners, such as a bolt received through a bore in the plates and
      into a threaded bore in the side panels. A combination of friction between
      the mating surfaces on the plates and panels, together with a close
      interfitting relationship in the bore between the fastener and plate, is
      relied upon for the transfer of shear forces between the side panels and
      plates.
PAR  An interconnection system as described above may be satisfactory for
      relatively low vibrational amplitudes and frequencies. However, it has
      been found that according to conventional practice it is not possible to
      satisfactorily sustain a proper stress transfer relationship between the
      plates and panels undergoing standarized tests above approximately 35
      Hertz and acceleration of 3G. Above this frequency and force loading, flat
      surface metal to metal friction is insufficient and the plate and panel
      begin to move relatively to one another. Under particularly unfavorable
      circumstances, these oscillations may increase to the point of damage or
      destruction to the cabinet itself and are even more likely to damage or
      destroy the electronics assemblies with the cabinet. The performance of
      such a cabinet further deteriorates if it has been previously subjected to
      high shock loadings.
PAR  It has been proposed that an improved shear transfer relationship could be
      developed by precisely milled notches and corresponding projections on the
      plates and panels, and by the use of precision fitted fasteners. However,
      such techniques have not proved to be practical because the tolerances
      required cannot be maintained in the field. Further, precision fit
      fasteners are expensive to produce and difficult to install and remove.
PAR  It is therefore desirable to have a cabinet assembly that transfers the
      shear force induced by high shock loadings and by vibration at frequencies
      in excess of 35 Hertz. Such an assembly is particularly desirable if the
      mating surfaces of the component parts to not require close tolerances and
      where the parts may be easily assembled and disassembled.
PAC  SUMMARY OF THE INVENTION
PAR  In an exemplary embodiment of the invention, the aforementioned
      deficiencies of prior art devices are overcome by a device that transfers
      shear forces induced by vibrational or other sources at frequencies in
      excess of 35 Hertz to 50 Hertz and higher by the utilization of a novel
      mating surface together with a related fastener relationship. The
      embodiment is described in association with an electronics cabinet.
      However, it is to be understood that the invention is also applicable to
      other cabinets and enclosures.
PAR  In the exemplary embodiment, a pair of vertically-elongated,
      generally-rectangular side panels are provided. The side panels are
      normally assembled to a base plate (bottom plate) and secured to the deck
      of the ship or other rigid structure by appropriate fasteners. A mating
      surface is provided along at least a portion of the forward facing edges
      of the side panels whereby cooperating mating surfaces on one or more
      front plates may be engaged with the mating surfaces on the side panels to
      transfer the shear forces generated by vibrations or other induced
      acceleration between the opposed side panels.
PAR  In a typical application, a plurality of front plates are provided
      extending over the entire height of the cabinet. Accordingly, the mating
      surfaces on the side panel edges are extended along the entire forward
      facing edges of both side panels. Further, for purposes of assembly and
      access to certain types of electronic equipment, the mating surfaces are
      carried along the upper edges of the side panels and along the rear facing
      edges.
PAR  The mating surfaces include a plurality of parallel, alternating,
      elongated, protrusions and channels in the mating surfaces of the side
      panels. There are corresponding elongated protrusions and channels on the
      front, top and rear plates. The protrusions and channels on the plates are
      laterally staggered from those on the side panels so that the protrusions
      on the plates are received in channels on the side panels and the
      protrusions on the side panels are received in channels on the plates. The
      engagement of the protrusions and channels produces an interfitting
      relationship, and an engagement, between opposing protrusions and
      channels, so that a physical interfitting relationship is created for the
      transfer of shear forces.
PAR  The use of a tooth form, such as an Acme tooth form, with sloping sides has
      particular advantages as used in the cabinet assembly of the invention.
      Such a tooth form may be economically produced on the mating surfaces by
      conventional milling techniques. The cooperation of the sloping surfaces
      of opposed protrusions and channels produces a wedging interaction between
      the plate and side panels and compensates for minor manufacturing
      tolerances.
PAR  The mating surfaces on the plates are held in the interfitting relationship
      with the mating surfaces on the side panels by one or more fasteners
      connecting between each plate and each side panel. The purpose of the
      fasteners is to promote and maintain the interfitting relationship. The
      fastener is not relied upon for the direct transfer of shear forces.
      Accordingly, the bore through the plates and the threaded bore in the side
      panels need not meet close tolerances.
PAR  It has been discovered that the capability of the plates and panels for
      transferring shear forces may be enhanced by angulating the mating
      surfaces. The angulation of the mating surfaces relative to the plane of
      the plates produces an increased projected area over which the shear
      forces may be absorbed in the panels and plates.
PAR  It is therefore an object of the invention to provide a new and improved
      electronics cabinet assembly.
PAR  It is another object of the invention to provide a new and improved
      electronics cabinet assembly that withstands high frequency vibrational
      loading.
PAR  It is another object of the invention to provide a new and improved
      electronics cabinet assembly that does not require close manufacturing
      tolerances.
PAR  It is another object of the invention to provide a new and improved
      electronics cabinet assembly that is not dependent upon precise
      installation procedures.
PAR  It is another object of the invention to provide a new and improved
      electronics cabinet assembly that does not require the incorporation of
      precision fasteners.
PAR  It is another object of the invention to provide a new and improved
      electronics cabinet assembly that reduces manufacturing cost.
PAR  It is another object of the invention to provide a new and improved
      electronics cabinet assembly that reduces the time required to obtain
      access to the interior of the cabinet.
PAR  It is another object of the invention to provide a new and improved
      electronics cabinet assembly that has a high overall strength and
      resistance to exteriorly generated loadings.
PAR  It is another object of the invention to provide a new and improved
      electronics cabinet assembly that may be broken down to a small component
      size for transportation, installation and storage.
PAR  Other objects and many attendant advantages of the invention will become
      more apparent upon a reading of the following detailed description,
      together with the drawings, in which like reference numerals refer to like
      parts throughout, and in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view, partially cut away, of a typical cabinet
      incorporating the novel structure of the invention.
PAR  FIG. 2 is a side elevation view of the cabinet, with a portion cut away.
PAR  FIG. 3 is an enlarged sectional view taken on line 3--3 of FIG. 1.
PAR  FIG. 4 is an enlarged sectional view taken on line 4--4 of FIG. 1.
PAR  FIG. 5 is an enlarged sectional view taken on line 5--5 of FIG. 2.
PAR  FIG. 6 is a perspective view, partially cut away, of a corner of the
      cabinet side wall showing the tooth configuration.
PAR  FIG. 7 is a sectional view similar to a portion of FIG. 3, showing an
      alternative multiple tooth arrangement.
PAR  FIG. 8 is a front view, partially cut away, of an alternative cabinet
      structure.
PAR  FIG. 9 is an enlarged sectional view taken on line 9--9 of FIG. 8.
PAR  FIG. 10 is an enlarged sectional view taken on line 10--10 of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings, there is illustrated an electronics cabinet
      assembly 10 according to the invention. The cabinet is comprised of a pair
      of right and left side panels 12 and 14. Side panels 12 and 14 are joined,
      by a plurality of interconnecting brace brackets 30, directly to
      supporting structure, such as the deck of a ship, by bolts (not shown)
      passing through the brackets 30 and base plate 26.
PAR  The front of the cabinet assembly is completed by a plurality of front
      plates 16, 18, 20, 22 and 24. A plurality of similar plates 46 enclose the
      rear of the cabinet and a top plate 28 encloses the upper portion of the
      cabinet. The plates incorporate lightening recesses, such as recess 40 in
      plate 20.
PAR  Referring now particularly to FIGS. 3, 5 and 6, the detailed configuration
      for the end plates 12 and 14 is illustrated. The end plates 12 and 14
      comprise extrusions incorporating a plurality of vertically extending
      openings 32. The openings 32 lighten the structure and provide for
      functions, such as the transport of cooling air between the upper and
      lower portions of the cabinet. A end cap 34 is welded or otherwise secured
      to the upper terminal edge of side panel 12. A corresponding end cap 36 is
      secured to the upper edge of side panel 14. The end caps 34 and 36
      incorporate cooperating mating surfaces 64 and 66 to be described more
      fully hereinafter.
PAR  The forward and rearward mating surfaces on the side panels 12 and 14
      contain mating structure corresponding to that illustrated in association
      with the front mating surfaces 58 and 60 in FIG. 3. The mating surface 58
      is typical and incorporates a plurality of channels 44 which cooperate
      with corresponding tooth forms 42 on the front plate 20. The sides of the
      tooth form and the corresponding channels converge at an included angle of
      24.degree. so as to provide for a wedging interfitting relationship. The
      24.degree. angulation maximizes the wedging action that can be obtained
      without seizing. The depth of these channels 44 is sufficient so that the
      tooth form 42 does not bottom out in the channel and insures a firm
      engagement contact between the tooth form 42 and both sides of the
      channels 44. The mating surface 58 is oriented at an angle to the general
      plane of the front plate 20 so that lateral shear forces transfered from
      the side panel 12 to the front plate 20 are transfered by the booth forms
      42 to portions spaced throughout the depth of plate 20.
PAR  It will be noted, particularly by reference to FIG. 6, that the channels 44
      continue to the upper terminal portion of the side panels, such as the
      side panel 14 thereillustrated, and that the channels 44 further continue
      into the end cap 36. A pair of horizontal parallel channels 45 mate with
      the channels 44 in the end cap and extend across the length of the end
      caps 34 and 36 to produce a corresponding interfitting relationship with
      tooth forms on the top plate 28. The relationship between the top plate 28
      and the end caps 34 and 36 is best illustrated in FIG. 5. FIG. 5
      illustrates the forms 47 in engagement with horizontal channels 45 in the
      end cap 34.
PAR  It will be understood that the rear plates 46 engage with mating surfaces
      on the side panels 12 and 14 in a manner that is comparable to that
      illustrated for the front plates in FIG. 3.
PAR  Referring now to FIG. 4, the use of a fastener in association with the
      mating surfaces is illustrated. A bolt 70 is received in an unthreaded
      bore 74 through the front plate 22 and passes into a threaded bore 72 in
      the side panel 12. The head of the bolt 70 is received in a recess 76 in
      panel 22. Thus, bolt 70 is utilized to draw the panel 22 into a wedging
      interfitting frictional relationship between the tooth forms 42 and
      channels 44, and for the purpose of maintaining the plate 22 in such
      interfitting relationship under the application of stresses including
      vibrational loading. It will be noted that the tooth forms 42 are guided
      into the corresponding channels 44, by the converging sides thereof,
      despite any minor misalignment such as may be produced by manufacturing
      tolerances. The bolt 70 is effective to draw the plate 22 into firm
      wedging interfitting relationship despite such minor misalignment.
PAR  The use of a different mating surface configuration is illustrated in FIG.
      7. Mating surfaces 62 are shown to comprise two tooth forms 52, on a front
      panel 53, engaging channels 55 on the side panel 12. Adjacent to the tooth
      forms 52, there is a channel 54 for the receipt of a tooth form 56 on side
      panel 12. Finally there is a tooth form 57 on the plate 52 which
      cooperates with a channel 59 on side panel 12. Thus the invention is not
      limited to an application with a particular tooth form-channel pattern but
      rather any combination of channels and tooth forms that produces at least
      two interfitting relationships will be effective to substantially increase
      the shear strength and ability to transfer vibrational loading.
PAR  A further modified form of the invention is illustrated in FIGS. 8 through
      10. The instant modification has particular application where ease of
      disassembly and assembly is paramount. The right hand mating surfaces 58
      are identical to those illustrated in FIG. 3. However, the left hand
      mating surfaces 80 are comprised of a series of tooth forms and channels
      82 and 84 which are oriented at right angles to the corresponding tooth
      forms and channels in the right hand mating surfaces 58. The shape and
      interfitting relationship of the tooth forms with the channels is
      identical to that in the right hand mating surfaces 58, however the
      transverse orientation of the tooth forms and channels 82 and 84 permits
      maximum ease in assembly and completely eliminates any critical tolerances
      in the assembly of parts. In the configuration according to FIGS. 8
      through 10, the user may first align the mating surfaces 58 without
      reference to the mating surfaces 80 since the mating surfaces 80 will
      accommodate a wide tolerance in final positioning. Despite the fact that
      the tooth forms and channels 82 and 84 are generally parallel to the
      primary excursions that would be induced by vibratory loading, they are
      effective to transfer shear forces. It will be recognized that, since the
      lower terminal portion of the side panels is rigidly secured to the deck
      or other supporting structure, any movement of the side panels spaced from
      the base portion will include some translation and some rotation. The
      wedging interfitting relationship effected by the mating surfaces 58
      substantially eliminates any rotation capability for the opposite terminal
      edge of the front plates and provides a high mechanical advantage in
      clamping force. Therefore, the mating surfaces 80 prevents any sqewing or
      rotation of the panel 14 and thereby transfers shear forces between the
      front plates and side panels.
CLMS
STM  Having described my invention, I now claim:
NUM  1.
PAR  1. A cabinet assembly comprising:
PA1  a pair of side panels,
PA1  said side panels being generally planar and adapted for vertically upright
      and parallel mounting,
PA1  said side panels being adapted to be secured together in spaced apart
      relationship by being secured through the upper and lower ends thereof,
PA1  said side panels having a mating surface along at least a portion of the
      forward facing edges thereof,
PA1  at least one generally planar front plate,
PA1  said front plate being adapted for extending between spaced side panels and
      having spaced mating surfaces adapted to cooperatively engage said mating
      surfaces on said side panels,
PA1  said mating surface collectively having a plurality of parallel elongated
      protrusions and alternate parallel channels,
PA1  said protrusions having sloping sides converging toward the outer portions
      of said protrusions,
PA1  fastener means adapted for being received on said front plate and said side
      panels for drawing opposing protrusions and channels into a wedging
      interfitting engagement so that vibrationally induced shear forces are
      transferred between said front plates and said side panels through the
      engaged protrusions and channels.
NUM  2.
PAR  2. The cabinet assembly according to claim 1 wherein;
PA1  said side panels have mating surfaces along substantially the entire
      forward facing edges thereof,
PA1  and a plurality of planar front plates being adapted to be secured between
      mating surfaces of said side panels at vertically spaced portions of said
      side panels.
NUM  3.
PAR  3. The cabinet assembly according to claim 2 wherein;
PA1  said mating surfaces on said side panels extend along the upper horizontal
      edges of said side panels.
NUM  4.
PAR  4. The cabinet assembly according to claim 3 wherein;
PA1  said mating surfaces extend along substantially the entire rearward facing
      edges of said side panel.
NUM  5.
PAR  5. The cabinet assembly according to claim 1 wherein;
PA1  said plurality of parallel elongated protrusions on a first of said mating
      surfaces are at right angles to said plurality of parallel elongated
      protrusions on the second of side panels.
NUM  6.
PAR  6. The cabinet assembly according to claim 1 wherein;
PA1  said sides of said protrusions converge at an included angle of
      approximately 24.degree..
NUM  7.
PAR  7. The cabinet assembly according to claim 1 wherein;
PA1  said fastener means comprise a plurality of fastener elements in each of
      said front plates;
PA1  said fastener elements being received through said front plates and into
      said side panels through the cooperating mating surfaces thereof.
NUM  8.
PAR  8. The cabinet assembly according to claim 1 wherein;
PA1  said mating surfaces on said front plate extend at an angle to the general
      plane of said front plate to produce the minimum thickness of said front
      plate at the outermost portions thereof.
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ABST
PAL  A fixture for interfacing electrical leads with the terminal edges of a
      printed circuit card, having a frame for supporting the card, a fixed
      connector for receiving one of the card's terminal edges and a movable
      connector slidably mounted on the frame and responsive to the operation of
      an actuating member for mating with the card's second terminal edge while
      simultaneously forcing mating of the fixed connector and first terminal
      edge. As mating occurs, resilient fingers mounted in conjunction with the
      second connector and previously cammed away from the card engage apertures
      in the card. These fingers serve to extract the card from the fixed
      connector when the movable connector is actuated away from the fixed
      connector toward a stop. At the stop, the fingers are cammed out of the
      apertures, and the progression of the card is halted while the movable
      connector continues its motion and thereby decouples from the then
      stationary second terminal edge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to apparatus for interfacing with a
      printed circuit card having a pair of opposite terminal edges bearing
      electrical conductors and more specifically to a fixture for coupling
      these terminal edges with sets of external electrical leads. The invention
      provides mechanical apparatus for supporting the card, simultaneously
      effecting connection to both its terminal edges and thereafter extracting
      the card from connection, all without manual handling of the card.
PAR  In the prior art, when it has been desired to attach a printed circuit card
      between two sets of electrical leads, for example for testing purposes,
      manual pushing and pulling of card leads have been employed. Even though
      simple extraction tools have been available for removing cards from the
      stationary connector blocks to which the leads are customarily attached,
      manual operations have still been required to insert cards and attach
      fixed and movable connector blocks.
PAR  Such manual manipulations produce several undesirable results. Most
      obviously, the somewhat jerky and uncontrollable hand movements entailed
      can damage cables, terminals and connectors and necessitate the use of
      excess cable when commonly used cable harness connectors are hand
      attached. Accommodating this excess cable and providing handroom
      contribute to excessive bulk, cumbersomeness and waste of space in areas
      where interfacing operations are carried out. Furthermore, cable harness
      connectors lying about in work areas are prone to damage. especially in
      tight quarters. Thus, efficient space allocation is thwarted and the
      electrical integrity of the elements involved impaired by manual interface
      techniques as heretofore known.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the invention contemplates the elimination of these prior art
      problems by providing compact mechanical means for securely supporting a
      printed circuit card and applying a smooth, controlled and evenly
      distributed force in effecting electrical connection to, and disconnection
      from, the card.
PAR  It is, therefore, an object of the invention to prevent damage to the
      components involved in printed circuit card interfacing operations.
PAR  It is another object of the invention to provide compact printed circuit
      card interfacing apparatus suitable for use in restricted areas and
      capable of easy assembly and disassembly for manufacturing and
      maintenance.
PAR  It is still another object of the invention to eliminate the necessity to
      manually interface printed circuit cards with electrical leads.
PAR  These and other objects and advantages are accomplished by disposing a
      printed circuit card in a frame so that one terminal edge lies opposite a
      fixed connector block while the second terminal edge lies opposite a
      second connector block slidably mounted on the frame. Upon actuation, the
      slidable connector moves toward the circuit card, ultimately forcing
      mating of both pairs of connectors and terminal edges. As mating occurs,
      resilient fingers mounted in conjunction with the movable connector and
      previously cammed out of the way engage the card. When it is desired to
      release the card, the movable connector is actuated away from the card,
      and the flexible fingers serve to extract the card away from the fixed
      connector. As the card progresses away from the fixed connector, the
      fingers are cammed out of engagement with the card as the card abuts a
      stop where it disengages from the still progressing movable connector.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and advantages of the invention, together with other
      advantages attainable by its use, will be apparent from the following
      detailed description of the invention read in conjunction with the
      drawings.
PAR  FIG. 1 is a view of an assembled bank of the interface apparatus of the
      preferred embodiment of the invention.
PAR  FIG. 2 is an exploded perspective view of a single unit of the preferred
      embodiment of the invention.
PAR  FIG. 3 is a view of the slat member 12 of FIG. 2 seen from a different
      perspective.
PAR  FIGS. 4A, 4B, 4C are cut away views showing the successive steps in the
      operation of the preferred embodiment of the invention. FIG. 4A shows the
      interface apparatus with a circuit card in place prior to activation. FIG.
      4B shows an intermediate stage in the actuation of the apparatus in which
      the circuit card terminal edges have begun to engage the connectors of the
      apparatus.
PAR  FIG. 4C shows the apparatus at completion of connection to the circuit card
      terminal edges.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown generally in FIG. 1, the printed circuit card interface apparatus
      of the preferred embodiment of the invention includes a fixed connector
      block 11 and a movable connector block 13, which is slidably mounted on
      two slat-like frame members 15, 16 by means of two carrier members 17, 19.
      In addition to bearing the carrier members, 17, 19, the frame members 15,
      16 are adapted to receive and support a printed circuit card 21 between
      the fixed and movable connector blocks 11, 13. After such a card 21 is
      inserted in the frame members 15, 16 and between the two connector blocks
      11, 13, actuation of the movable block 13 and its associated carrier
      members 17, 19 will accomplish mating and unmating of the connector blocks
      11, 13 with the terminal edges 23, 25 of the printed circuit card 21 as
      will be hereinafter detailed with reference to the structure of FIGS. 2
      and 3.
PAR  Each of the slat-like frame members 15, 16 has identically shaped guide
      rails 27, 29, respectively, (FIGS. 2 and 3) for conducting and directing
      the translation of the slidable carrier members 17, 19 and identically
      shaped guideways 31, 33, which provide parallel linear edges 35, 37 for
      directing, positioning and supporting the printed circuit card 21. The
      guide rails 27, 29 and guideways 31, 33 are preferably formed as integral,
      bar-like projections on the frame members. Each guide rail has a stop 39,
      41 for limiting the upward travel of the card 21 and a tongue extension
      43, 45 for cooperating with resilient fingers 47, 49 of the carrier
      members 17, 19 as hereafter described.
PAR  Up to this point, only the frame member structure necessary for cooperating
      with one printed circuit card 21 and one pair of carrier members 17, 19
      has been described. However, each of the frame members 15, 16 may be
      constructed as illustrated in FIGS. 2 and 3 to have additional guideways
      and guide rails so that each frame member may cooperate with more than one
      carrier member in a bank of interface apparatus as shown in FIG. 1. The
      manner of so constructing each frame member will be described with
      particular reference to the frame member 16 shown in FIGS. 2 and 3.
PAR  The frame member 16 may have its associated guide rails 29, 30 and
      guideways 33, 34 formed identically to one another and positioned
      symmetrically about a plane cutting the slat in half along the dotted line
      36 (FIG. 3) so that each guide-rail and guideway lies diametrically
      opposite its counterpart on the frame member 16. Constructing the other
      frame member 15 similarly renders the two frame members of the preferred
      embodiment of the invention identical and interchangeable.
PAR  It should be noted that the guide rails 27, 29, 30 and guideways 31, 33, 34
      may be of shapes other than bar-like as long as such shapes provide
      surfaces which facilitate support of the printed circuit card 21 and
      promote linear translation between the connector blocks 11, 13 in a
      direction substantially parallel to the plane of the supported circuit
      card 21. Such other shapes could be symmetrically disposed as previously
      discussed in order to create interchangeable frame members.
PAR  As indicated, the carrier members 17, 19, which are structural mirror
      images of one another, interface between the frame guide rails 27, 29 and
      the movable connector block 13. The carrier members 17, 19 facilitate
      controlled translation of the connector block 13 toward and away from the
      fixed connector block 11. Furthermore, they grasp the printed circuit card
      21 by means of the resilient fingers 47, 49 to assist in disconnecting the
      printed circuit card 21 from the connector blocks 11, 13.
PAR  To accomplish their interfacing and translationcontrolling functions, the
      carrier members 17, 19 are provided with openings 51, 53 for retaining the
      tongues 52 of the connector block 13; shoes 55, 57 for riding on the guide
      rails 27, 29 and slots 59, 61 for accommodating the driving pins 63
      mounted on the inside of the legs 67 of a U-shaped actuating handle 71.
      The handle 71, which is secured for pivotal motion to the frame members
      15, 16, constitutes the point of application of the external force which
      actuates the interface apparatus. This force is manually applied in the
      preferred embodiment but could be supplied by mechanical or other means
      not forming a part of the invention.
PAR  In order to facilitate disconnection of the printed circuit card 21, the
      carrier members 17, 19 are equipped with integrally formed resilient
      fingers 47, 49 each of which respectively bears a nipple 73, 75 for
      engaging apertures 79 in the printed circuit card 21 upon union of the
      terminal edges 23, 25 and connector blocks 11, 13. The flexure of these
      fingers is enhanced by slits 80, 82 extending into the bodies of the
      respective carrier members 17, 19.
PAR  The carrier members 17, 19 may be optionally provided with slots 72, 74 for
      accepting a terminal interface member 77. Though not essential to the
      invention, such a member 77 is often desirable for providing
      interconnection between a terminal block 13 such as shown and cable
      harness leads.
PAR  Finally, to facilitate mounting of the apparatus and securing of the
      U-shaped lever handle 71, identical and interchangeable, L-shaped,
      lightweight metal brackets 81, 83 are utilized. Each of these brackets 81,
      83 has slots 85 for receiving and retaining one of the frame members 15,
      16 respectively, and a groove 89 across the width of one of its legs for
      receiving and retaining one of the lever handle mounting pins 93, one of
      which is mounted on the outside of each of the legs 67 of the U-shaped
      lever handle 71.
PAR  The edges of the frame members 15, 16 are recessed slightly as at 105, 107,
      respectively, where they join the mounting brackets 81, 83 so that the
      back surfaces of the frame members 15, 16 and mounting brackets 81, 83 lie
      in a common plane when the members 15, 16 and mounting brackets 81, 83 are
      engaged and securely attached to an appropriate supporting surface. When
      the brackets 81, 83 and frame members 15, 16 are so engaged, the open
      faces of the grooves 89 are thereby sealed to securely retain the pins 93
      and constrain them to pivotal motion.
PAR  Two particular advantages are inherent in the structure of the preferred
      embodiment of the invention as thus described.
PAR  First, the interlocking nature of the apparatus is such that no connection
      operations are required other than securely fastening the brackets 81, 83
      and frame members 15, 16 to an appropriate surface and anchoring the fixed
      connector in position. When assembled, the movable connector block 13 fits
      in the openings 51, 53 in the two carrier members 17, 19 and urges the
      carrier members 17, 19 to ride on the guide rails 27, 29, (FIGS. 2 and 3).
      Conversely, the frame members 15, 16 act to prevent the movable connector
      block 13 from disengaging from the openings 51, 53 in the carrier members
      17, 19. The carrier members 17, 19 are directly driven and further
      constrained by the pins 63 of the U-shaped lever handle pins 63, 93
      position and guide handle 71. This interrelationship of elements
      effectively constrains their motion within the frame structure and
      determines the path of travel of both the carrier members 17, 19 and the
      actuating handle 71.
PAR  Secondly, the interchangeability of the frame members 15, 16, described
      above, together with the interlocking nature of the entire apparatus
      facilitates easy installment of banks of interface apparatus of the
      preferred embodiment employing a plurality of identical frame members 15,
      16 as shown in FIG. 1. In such banks each printed circuit card 21 is
      sandwiched between a corresponding pair of slidable and fixed connectors
      constructed and mounted as already detailed and operated as hereafter
      described with particular reference to FIGS. 4A, 4B, and 4C.
PAR  To initiate operation of the interface apparatus of the preferred
      embodiment of the invention, a printed circuit card 21 is inserted onto
      the linear edges 35, 37 of the guideways 31, 33, such that the lower
      terminal edge 23 rests partially within the fixed connector block 11. The
      electrical contacts 103 of the fixed connector block 11 are narrowly but
      resiliently spaced so as to yield to movement of the terminal edge 23 into
      the interior of the block 11 only upon considerable pressure. In this
      position (FIG. 4A), the card's upper terminal edge 25 rests just below the
      movable connector block 13.
PAR  The actuating handle 71 is now rotated forward, producing driving forces at
      the driving pins 63. The horizontal component of force exerted at the pins
      63 is expended by translation of the pins 63 along the horizontal carrier
      member slots 59, 61 while the vertical force component impels the carrier
      members 17, 19 along the guide rails 27, 29 toward the printed circuit
      card 21. At the outset of this motion (FIG. 4A), the tips 95, 97 of the
      resilient fingers 47, 49 follow the lower edges 99, 101 of the guide rails
      27, 29, thereby retaining the nipples 73, 75 below the surface 106 of the
      circuit card 21.
PAR  As the carrier members translate toward the card (FIG. 4B), the movable
      connector block 13 approaches and begins to engage the card's upper
      terminal edge 25. As this engagement begins to occur, the circuit card
      reacts to the downward force on it and is impelled toward the fixed
      connector block 11, instituting engagement of the lower terminal edge 23
      with the fixed connector block 11. During this initial connection stage,
      the finger tips 95, 97 reach the end of the tongue extensions 43, 45; and
      the nipples 73, 75 begin to ride against the underside of the circuit card
      21 and approach the card apertures 79.
PAR  As illustrated in FIG. 4C, the lower limit of the path of travel of the
      movable connector block 13 is such that, as the lever handle 71 reaches
      the end of its trajectory, both connector blocks 11, 13 are completely
      engaged with the terminal edges 23, 25 of the printed circuit card 21.
      This limit is determined primarily by the dimensioning of the U-shaped
      handle 71 and the location of the driver pins 63 thereon. Furthermore, the
      length of the resilient fingers 47, 49 is so determined that at this
      position of complete engagement, the nipples 73, 75 pop into the card's
      apertures 79. At this point the mating operation is complete.
PAR  When it is desired to extract the card 21 from the connector blocks 11, 13
      the lever handle 71 is actuated in the reverse direction. The resilient
      fingers 73, 75 grasp the board, preventing immediate disconnection of the
      upper terminal edge 25 from the movable connector block 13 and causing the
      lower terminal edge 23 to be pulled completely from the fixed connector
      block 11. After disconnection of the lower terminal edge 23 and as the
      card 21 continues away from the fixed block 11, the upper corners 50 of
      the card 21 abut the two stops 39, 41 (FIGS. 2 and 3).
PAR  At this point, the finger tips 47, 49 encounter the tongues 43, 45 of the
      guide rails 27, 29 and are cammed away from the circuit card 21, thereby
      disengaging the nipples 73, 75 from the apertures 79. The circuit card is
      now prevented from further upward travel by the stops 39, 41 while the
      carrier members 17, 19 and movable connector block 13 are free to continue
      translation. Further reverse movement of the actuating lever handle 71
      therefore pulls the movable connector block 13 away from the temporarily
      stationary upper terminal edge 25, completely freeing the board from the
      interface apparatus.
PAR  At this juncture, a particularly advantageous and convenient embodiment of
      the present invention for accomplishing interface operations with a
      printed circuit card has been described. Obviously, many otther variations
      and modifications of the present invention are possible in light of the
      teachings above, and it is therefore to be understood that, within the
      scope of the appended claims, the invention may be practiced otherwise
      than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fixture for interfacing first and second sets of electrical leads with
      first and second opposite terminal edges, respectively, of a card bearing
      electrical circuitry, said fixture comprising:
PA1  first electrical connector means connected to said first set of leads for
      mating with said first terminal edge of said card;
PA1  second electrical connector means connected to said second set of leads for
      mating with said second terminal edge of said card;
PA1  frame means for receiving and slidably supporting said card between said
      first and second electrical connector means;
PA1  means supporting said second electrical connector means for movement along
      said frame means;
PA1  means on said frame means to guidingly support said supporting means for
      said second electrical connector means for movement along said frame
      means; and
PA1  actuatable means secured to said frame means and to said means supporting
      said second electrical connector means and movable in one direction for
      displacing said second electrical connector means in a first increment of
      movement to abut said card and move same along said frame means toward
      said first electrical connector means to cause a mating of said first
      electrical connector means and said first terminal edge, said actuatable
      means displacing said second electrical connector means in a second
      increment of movement to effect the mating of said second electrical
      connector means and said second terminal edge.
NUM  2.
PAR  2. The interface fixture of claim 1 wherein said actuatable means is
      pivotally secured to said frame means and movable in a second direction
      for displacing said second electrical connector means away from said first
      electrical connector means.
NUM  3.
PAR  3. The interface fixture of claim 2 wherein said second electrical
      connector means includes engaging means cooperating with said card upon
      the mating of said second electrical connector means and said second
      terminal edge for withdrawing said first terminal edge from said first
      electrical connector means during the displacement of said second
      electrical connector means away from said first electrical connector means
      when said actuatable means is moved in said second direction.
NUM  4.
PAR  4. The interface fixture of claim 3 wherein said frame means includes means
      for disengaging said engaging means from said card after the withdrawal of
      said first terminal edge from said first electrical connector means during
      the movement of said second electrical connector means away from said
      first electrical connector means.
NUM  5.
PAR  5. The interface fixture of claim 4 wherein said frame means further
      includes means for effecting a disconnection of said second electrical
      connector means from said second terminal edge subsequent to said
      disengaging of said engaging means from said card.
NUM  6.
PAR  6. The interface fixture of claim 5 wherein said means for disconnecting
      said second electrical connector means from said second terminal edge
      comprises:
PA1  stop means mounted on said frame to abut and constrain the travel of said
      card along said frame means and away from said first electrical connector
      means.
NUM  7.
PAR  7. The interface fixture of claim 5 wherein said frame means comprises:
PA1  first and second parallel members; and said means for supporting said card
      comprises guideway means on each of said parallel members; and wherein
      said means on said frame guidingly supporting said supporting means
      comprises guide rail means on each of said parallel members disposed in a
      line with said first and second guideway means, respectively, and adjacent
      said second terminal edge of said card.
NUM  8.
PAR  8. The interface fixture of claim 7 wherein said means for automatically
      engaging said card comprises:
PA1  first and second apertures in said card; and
PA1  resilient finger means attached to each of said carrier members for
      engaging said first and second apertures.
NUM  9.
PAR  9. The interface fixture of claim 7 wherein said first parallel member has
      disposed about it a pair of identical, integrally formed and diametrically
      opposed guiderail means and a pair of identical, integrally formed and
      diametrically opposed guideway means; and wherein said second parallel
      member is identical to said first parallel member and has a pair of said
      guide rail means and a pair of said guideway means formed and disposed
      thereon in a manner identical to said first parallel member, thereby
      forming two identical and interchangable frame members.
NUM  10.
PAR  10. The interface fixture of claim 7 wherein said means supporting said
      second electrical connector comprises:
PA1  first and second carrier members slidably mounted on said guide rail means
      of said first and second parallel members, respectively; each of said
      carrier members having an opening for retaining said second electrical
      connector means at a position adjacent said second terminal edge.
NUM  11.
PAR  11. The interface fixture of claim 10 wherein said means for automatically
      disengaging said engaging means comprises:
PA1  a tongue extension from each of said guide rail means contoured for camming
      said finger means out of the travel path of said card and out of said
      apertures after said card is withdrawn from said first electrical
      connector means.
NUM  12.
PAR  12. The interface fixture of claim 11 wherein said tongue extension also
      cams said finger means out of the travel path of said card prior to
      engagement of said finger means and said apertures.
NUM  13.
PAR  13. The interface fixture of claim 12 wherein said actuating means
      comprises:
PA1  a slot in each of said first and second carrier members perpendicular to
      the path of travel of said carrier members;
PA1  a bearing surface in each of said parallel members; and
PA1  a U-shaped lever handle having a first pin on the outside of each leg, each
      for pivotably engaging one of said bearing surfaces and a second pin on
      the inside of each leg, each pin engaging one of said slots.
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ABST
PAL  A locking device for maintaining electrical connection in spade-type
      connectors. The locking device has two interconnecting parts, each of
      which positively receives a terminal of the spade-type connector. The
      locking device includes means which prevent the lateral and translational
      movement of the spade connector terminals therewithin, so that they are
      held in ready alignment for connection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, connectors have been suggested for readily making the
      electrical connections between terminal ends of wires. Initially,
      connectors were suggested such as spade-type connectors. Their advantage
      was that they were easy to assemble and thereby allowed wiring of various
      components of an apparatus at a location remote from the manufacturing
      site.
PAR  Later, it was concluded that if the various terminal ends of electrical
      wires of an apparatus were affixed in a mold and had a connection block
      molded therearound, positive locked connection could be effected and would
      be superior to spade-type connectors.
PAR  Applicant has now devised a locking device which can be readily adapted to
      apparatus already having spadetype connectors which may, for example, be
      in service and therefore not readily subject to having the wire terminal
      ends molded into a locking device. In the alternative, Applicant's locking
      device may be used with new components, supplied by a vendor, with wiring
      whose terminal ends have spade-type connectors. In either event, the
      locking device of this invention may be later added to wire terminal ends
      having spade-type connection elements thereon to effect positive locked
      connection therebetween.
PAR  The spade-type connectors to which this invention relates are well known in
      the art and are shown as elements 10 and 12 in FIG. 1.
PAR  The present invention is a new and novel locking device which obviates the
      need to mold wire terminal ends thereinto, yet maintains the connectors in
      readily-aligned position and secures them in positive locked relationship
      when assembled.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention includes a two-part locking device for maintaining
      electrical connection in spade-type connectors wherein each part
      positively receives one terminal of a spade-type connection readily
      aligned in connecting relationship. The parts are, in turn, interlockingly
      assembled to effect positive connection therebetween. More specifically,
      the invention includes a locking device for maintaining electrical
      connection in spade-type connectors comprising a case and an insert
      telescoping at least partially thereinto, both being interconnectable by a
      single, centrally-located attaching means. The case includes opposed
      sidewalls and a top and bottom wall, thereby defining a rectangular box.
      The box contains a plurality of upstanding wedges in opposed relationship
      to form a constriction; the distance between the wedges, when measured
      diagonally, is greater than the width of the spade member of the spade
      connection and the distance between which, when measured transversely, is
      less than the width of the spade member to thereby engage the rear edges
      of the spade member, inserted into the case through a first end opening,
      to prevent the spade member's withdrawal from the case. The case further
      includes a flexible tongue integral with the bottom wall at the first end,
      the tongue having located at its free end a projection forming a part of
      the attaching means. The insert includes opposed sidewalls and top and
      bottom walls, thereby defining a rectangular box of slightly smaller
      dimensions than the box of the case, thus permitting the insert to be
      partially telescoped into the case. The insert further includes inwardly
      projecting detents integral with the top wall thereof to engage a
      spade-receiving member of a spade connection inserted into the insert
      through a first end opening to likewise prevent its withdrawal from the
      insert. The insert further comprises a wall extending parallel to and
      equidistant from the opposed sidewalls to divide the insert into two
      compartments, each having one of the detents projecting from the top wall
      downwardly thereinto. The top wall further includes an upwardly convoluted
      portion adjacent the first end to accommodate the connection of a wire to
      the spade-receiving member, the insert being insertable into the case to
      cause the wedges and detents, respectively, to hold the spade portions and
      the spade-receiving portions in electrical connection when the projection
      is hooked behind the first end of the insert. The locking device of this
      invention preferably includes projections attached to the underside of the
      detent of the insert, to engage the spade-receiving member and thereby
      prevent it from being either withdrawn or extended through the respective
      compartment of the insert.
PAR  Further, it is desirable that the wedges located in the case of the locking
      device cooperate to define a tapered entrance which guides a spade member
      inserted into the case into position to be secured therein.
PAR  The invention of this disclosure has been found useful for securing the
      members of a spade-type connection in positive electrical connection,
      thereby preventing uncoupling of connections in the circuitry of major
      appliances during shipment and installation thereof.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an exploded view, having portions cut away, showing the locking
      device of this invention; and
PAR  FIG. 2 is a cross-sectional view showing the spade-receiving member of a
      spade connection inserted into its respective body portion in the locking
      device of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a spade 10 and a spade-receiving member 12 which can be joined
      to form a spade-type connector. In the present invention, there is
      presented a locking device for maintaining electrical connection in
      spade-type connectors which includes a case 14 and an insert 16 which is
      sized to telescope at least partially within case 14.
PAR  Attaching means 18 includes tongue 20 and projection 22 to interconnect
      case 14 and insert 16, thereby holding insert 16 into its telescoped
      position in case 14.
PAR  Case means 14 includes a top wall 24, a bottom wall 26, and opposed
      sidewalls 28, which form in combination a rectangular-shaped box 30.
PAR  Rectangular box 30 contains upstanding wedges 32 which lie in opposed
      relationship to each other, there being four such wedges in total, forming
      two constrictions 33 (only one of which is shown in the drawing), each of
      which is adapted to receive a spade 10. The constrictions are sized so
      that they are greater in width, when measured diagonally, than the width
      of a spade 10; yet, when measured transversely, they measure less than the
      width of the spade 10. Thus, a spade 10 may be inserted at an angle
      through the constriction 33 and then rotated slightly so that the ears 34
      thereof engage notches 36 in the wedges to retain the spade in a fastening
      position.
PAR  In case 14, shown in FIG. 1, two such spades are held simultaneously in
      side-by-side relationship to engage two spade-receiving members when the
      locking device is assembled, as will be more fully described hereinafter.
PAR  Referring again to FIG. 1, insert 16 includes top wall 38, bottom wall 39,
      and opposed sidewalls 42, thereby defining a rectangular box 44 of
      slightly smaller outer dimensions than the inside dimensions of box 30 so
      that box 44 may be telescopically received therewithin. The insert 16
      further includes inwardly projecting detents 46, integral with the top
      wall 38, which engage the edges of retainers 48 on spade-receiving member
      12. The detents function to hold spade-receiving member 12 in position
      within insert 16 in spade-receiving relationship to the spades in case
      means 14.
PAR  FIG. 2 shows detent 46 more clearly, wherein it can be seen that head 50
      includes a hook 52 which is engageable with crimps 54 to prevent the
      spade-receiving member from being either withdrawn from or extended
      further, once inserted through first end opening 56 into insert 16. Thus,
      spade-receiving member 12 cannot be either forced forwardly completely
      through insert 16, nor can it be withdrawn once inserted therein but,
      rather, it is positively retained.
PAR  Insert 16 further includes a wall 58 extending parallel to and equidistant
      from opposed sidewalls 42 to divide box 44 into two compartments 60, each
      one of which includes a detent 46 projecting from top wall 38 downwardly
      thereinto. In addition, top wall 38 includes an upwardly convoluted
      portion 62 adjacent first end opening 56 to accommodate large wires which
      may be connected to spade-receiving member 12.
PAR  In the use of the locking device of this invention, both the case and the
      insert are placed on their respective members of the spade connector and
      then, themselves, connected together to simultaneously establish
      electrical contact between the respective connector members. More
      specifically, spade-receiving member 12 is inserted into insert 16 through
      first opening 56 until it is firmly held in position by detent 46 so that
      it can neither be withdrawn nor advanced further. Similarly, spade 10 is
      inserted through the constriction 33 formed by upstanding wedges 32 while
      on a diagonal. Then, spade 10 is rotated to a transverse position where
      its ears 34 engage notches 36 to position it for insertion into member 12.
      After both spade connector elements are in position in aligned
      relationship, or in the embodiment shown in FIG. 1, where two of each are
      in their proper positions, insert 16 is advanced and telescoped into case
      means 14. It will be noted that projection 22 includes a declivitous
      surface which is engaged by insert 16 to force projection 22 temporarily
      out of the way due to the flexibility of tongue 22. As insert 16 is being
      telescopically associated with case 14, the connection between spade 10
      and receiving member 12 is simultaneously being established so that, when
      this connection is perfected, projection 22 is free to recover to its
      normal, unflexed position and engage insert 16 adjacent first opening 56.
      The electrical contact between the spade-type connectors has now been made
      and the connector elements are held firmly together by the locking device.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A locking device for maintaining electrical connection in spade-type
      connectors comprising:
PA1  a case and an insert, telescoping at least partially thereinto, both being
      interconnectable by a single, centrally-located attaching means, said case
      comprising opposed sidewalls and a top and bottom wall, thereby defining a
      rectangular box, said box containing upstanding wedges in opposed
      relationship to form a constriction; the distance between the wedges, when
      measured diagonally is greater than the width of the spade member of a
      spade connection, and the distance, when measured transversely, is less
      than the width of said spade member to thereby engage the rear edges of a
      spade member inserted into said case through a first end opening to
      prevent the spade member's withdrawal from said case;
PA1  said case further having a flexible tongue integral with said bottom wall
      at a first end, said tongue having located at its free end a projection
      forming a part of said attaching means; and
PA1  said insert comprising opposed sidewalls and top and bottom walls, thereby
      defining a rectangular box of slightly smaller dimensions than said box of
      said case, thereby permitting said insert to be partially telescoped into
      said case, said insert further comprising inwardly projecting detents
      integral with the top wall thereof to engage a spade-receiving member of a
      spade connection inserted into said insert through a first end opening to
      likewise prevent its withdrawal from said insert, said insert further
      comprising a wall extending parallel to and equidistant from said opposed
      sidewalls to divide said insert into two compartments, each having one of
      said detents projecting from said top wall downwardly thereinto, said top
      wall further including an upwardly convoluted portion adjacent a first end
      to accommodate the connection of a wire to said spade-receiving member;
PA1  said insert being insertable into said case to cause said wedges and
      detents, respectively, to hold said spade portions and said
      spade-receiving portions in electrical connection when said projection is
      hooked behind said first end of said insert.
NUM  2.
PAR  2. The locking device of claim 1 wherein said detents further include
      projections attached to the underside thereof to engage said
      spade-receiving member and thereby prevent said spade-receiving member
      from being either withdrawn from or extended through the respective
      compartment of said insert.
NUM  3.
PAR  3. The locking device of claim 2 wherein said wedges of said case cooperate
      to define a tapered entrance to guide a spade member inserted through said
      first end of said case into position.
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ABST
PAL  A bifurcated electrical contact having a pair of resiliently deflectable
      arms having end portions adapted to contact each other. The restorative
      force of the deflected arms is increased by projections (17) spaced from
      the end portions (16), which contact each other before the surfaces (19)
      of the end portions contact each other thereby increasing the restorative
      force on the arms.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is also related to design application 227,339 entitled
      "Contact Design" filed Feb. 17, 1972 now U.S. Pat. No. D232,557 issued
      Aug. 27, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical connectors and is more particularly
      related to a new type of electrical contact.
PAR  Presently, printed circuit boards are connected to other electrical
      circuits by mating plated electrical contacts on the end portion of a
      printed circuit card with card edge connector contacts. Some of the
      disadvantages associated with present card edge connectors are poor
      electrical contact occurs after prolonged use and during shock and
      vibration testing the contacts on the printed circuit boards come out of
      the card edge connector causing the circuit board to lose electrical
      continuity. Further, contacts in the connector tend to build up an oxide
      on the contact surface over the life of a connector. Attempts to keep the
      connector contact surface free of oxide by action of the circuit board
      contact surface against the surface of the connector contact has resulted
      in excessive wear of both contacts, which results in poor electrical
      conductivity between the contacts. In instances where the contacts are of
      the male pin-type contact and the female socket type contact, the inner
      diameter of the female socket and the outer diameter of the male pin-type
      contact wear down until the contacts no longer mate together in
      pressurized contact.
PAR  To eliminate the aforementioned disadvantages associated with present
      printed circuit board type contacts and connectors, a new type of
      connector was developed that provided bifurcated electrical contacts that,
      in addition to electrically connecting to conduits in a circuit board,
      mechanically linked the contacts to the circuit board by mating with the
      conduits in the circuit board. An example of such an electrical connector
      and contact is illustrated in U.S. Pat. No. 3,725,853 entitled "Electrical
      Contact" issued Apr. 3, 1973 to James E. McKeown.
PAR  One disadvantage associated with this new connector with bifurcated
      contacts is that the restorative force on the resiliently deflectable
      arms, after the arms have been deflected to mate with the conduits in the
      circuit board, is not always sufficient to allow the arms of the contact
      to overcome the forces of friction between the conduit and contacts, and
      allow the arms to return to their original position. Therefore, one
      problem associated with this type of connector is to provide a means for
      restoring the deflected arms of a contact to their original position after
      they have been deflected.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an electrical contact with resiliently deflectable
      arms, the restorative force of which has been increased by its novel
      configuration.
PAR  The invention is a Y-shaped or bifurcated electrical contact characterized
      by internal projections (17) which contact each other before the surfaces
      (19) of the elongated end portions (16) of the resiliently deflectable
      arms contact each other so as to increase the restorative force acting on
      the deflected arms.
PAR  In one embodiment of the invention, the electrical contact comprises: a
      shaft (11) having a central axis; a forked end comprised of two arms
      integrally connected to the shaft and resiliently deflectable towards the
      central axis, the arms including elongated end portions (16) that extend
      transverse to the central axis and which are axially aligned with and
      projecting towards each other, the elongated end portions terminating in
      angled surface portions (19) that oppose each other in generally
      face-to-face relationship so that when said arms are deflected towards
      each other, the angled surface portions (19) contact each other and move
      the elongated portion (16) out of axial alignment; and a projection (17)
      integrally connected to each of the arms at a point spaced a predetermined
      distance from one end of the shaft (11), the projections (17) projecting
      in a direction transverse to the central axis of the shaft (11) and
      extending in a direction towards an opposite arm, the projections (17)
      arranged so as to face each other and come into contact when the arms are
      deflected towards each other but before the angled surface portions (19)
      contact each other whereby the restorative force acting on the deflected
      arms is greater than similar contacts without such projections.
PAR  Accordingly, it is an object of this invention to provide a Y-shaped
      contact having resiliently deflectable arms with projections thereon that
      contact each other when the arms are deflected to increase the restorative
      force of the deflected arms.
PAR  The above and other objects and features of this invention will become
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings and claims which form a part of the
      specification. Further, the use of numerals is for the purpose of
      clarification only and is not intended to limit the invention to the
      specific structure referenced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of an electrical contact incorporating the
      principles and objects of this invention.
PAR  FIG. 2 is a diagrammatic view showing the novel contact with its arms
      deflected.
PAR  FIG. 3 is a partial diagrammatic end view of the contact.
PAR  FIG. 4 is a plan view of the electrical contact.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the novel electrical contact with its resiliently
      deflectable arms in their normal position. The electrical contact is a
      single unitary structure formed from sheet metal and includes a shaft 11
      having a central axis and two resiliently deflectable arms integrally
      connected thereto. Each of the arms includes four portions 13, 14, 15 and
      16, and a projection 17, all integrally connected together. The first
      elongated portion 13 is arranged generally parallel to the central axis of
      the shaft 11. The second elongated portion 14 has one end attached to the
      first elongated portion 13 and extends in a direction away from the first
      member 13 at an angle to the central axis of the shaft 11. At the junction
      between the first portion 13 and the second portion 14, there is a
      projection 17 which extends in a direction transverse to the central axis
      of the shaft 11 and towards the other arm. The third elongated portion 15
      has one end attached to the other end of the second elongated portion 14
      and extends in a direction away from the shaft 11 and parallel to the
      central axis of the shaft. Attached to the other end of the third
      elongated portion 15 is a fourth elongated portion 16 which extends in a
      direction transverse to the central axis of the shaft and in the direction
      of the other arm. The fourth elongated portion 16 includes a generally
      tapered or angled end surface 19 that faces a similarly arranged angled
      end surface 19 on the other arm.
PAR  The arms may be arranged symmetrically about the shaft 11 or, as shown in
      the preferred embodiment, one of the arms may have its first elongated
      portion 13 not only parallel to the central axis of the shaft 11 but also
      coaxial therewith. The other arm then includes an elongated member 12
      having one end integrally connected to the shaft 11 and extending in a
      direction transverse to the central axis of the shaft and the other end
      integrally connected to one end of the first elongated portion 13.
PAR  The contact 10 is shown mounted in a plastic base 30 which includes a
      plurality of slots 32 which receive respective electrical contacts 10.
PAR  The arms of the contact 10 are generally symmetrically arranged so that the
      angled end surfaces 19 of the fourth elongated end portions 16 are spaced
      from each other a distance A while the projections 17 on each arm are
      spaced from each other a distance B which is less than the distance A so
      that when the arms are deflected towards each other the projections 17
      contact each other before the angled end surfaces 19. This arrangement
      increases the restorative force on the arms when the arms are deflected so
      that the angled end surfaces 19 contact each other.
PAR  FIG. 2 illustrates the contact arms after they have been deflected so that
      the end surfaces 19 contact each other. This figure illustrates how the
      projections 17 are also in contact with each other when the arms are
      deflected to bring the angled end surfaces 19 into contact with each
      other.
PAR  FIG. 3 is an end view of the contacts 10 which illustrates how a plurality
      of contacts 10 are disposed in the slots 32 of the plastic member 30.
      Looking down into the contact 10 it is readily apparent that the angled
      end surfaces 19 are spaced apart a further distance from each other than
      are the internal projections 17, thus giving this particular contact the
      novel feature that increases the restorative force on the contact arms 16
      once they have been deflected towards each other.
PAR  FIG. 4 is a plan view of an electrical contact illustrating the important
      features of this invention as well as the parameters that the inventors
      feel are important in obtaining optimum performance from such a contact.
PAR  The contact 10 includes a shaft 11 and arms having portions 12, 13, 14, 15,
      and 16 which have a width w approximately 0.025 inches.
PAR  It is the inventors' belief that the following parameters and relationships
      are the key elements that optimize the functions of this contact:
PA1  A: the distance between the end portions of the contacts. (between 0.030
      and 0.200 inches, preferably 0.070 inches).
PA1  B: the distance between the projections on a contact. (between 0.010 and
      0.080 inches, preferably 0.055 inches).
PA1  A/b: greater than 1, preferably less than 3B.
PA1  L1: the axial length of a contact arm. (about 0.750 inches).
PA1  L2: the axial length from the center of a projection 17 to the end of a
      contact arm. (about 0.370 inches).
PA1  L1/l2: is greater than 1 but less than 3. Preferably, about 2.
PA1  X: the angle that the elongated arm portion 14 makes with the central axis
      of the shaft 11. (between 10.degree. to 30.degree., preferably
      20.degree.).
PA1  w: Width of shaft and arms. (about 0.025 inches).
PA1  t: Thickness of contact. (about 0.0180 inches).
PAR  The above preferred parameters and ratios provide an electrical contact
      that has arms which are easily initially deflected but require additional
      force for further deflection when the internal projections 17 contact each
      other and change the effective length of an arm subjected to a deflecting
      force. When a force is applied to the arms to deflect them towards each
      other before the internal projections 17 contact each other, the
      moment-arm is L1; after the internal projections 17 contact each other the
      moment-arm then becomes L2 changing the force necessary to deflect the
      contacts further. The restorative force on the arms changes respectively.
PAC  OPERATION
PAR  Referring now to FIGS. 1 and 2, the electrical contact 10 will operate an
      electrical connector as follows: When a circuit board (not shown) having a
      conduit therethrough is located so that the axis of the conduit is axially
      aligned with the elongated end portion 16 of the contact 10, the contact
      is mated with the circuit board conduit by deflecting the elongated end
      portion 16 in the direction of the central axis and into the circuit board
      conduit. This is accomplished as follows: Plastic member 30 is moved in a
      direction along the central axis and away from shaft 11 until it contacts
      elongated portion 14 which is at an angle to the central axis of the shaft
      11. As the member 30 moves along elongated portion 14, it deflects
      elongated portion 14 and causes the projections 17 and the faces 19 on the
      end portion 16 of the contact to move towards each other. Since the
      spacing between the projections 17 is less than that of the faces 19, the
      projections 17 contact each other first. Once the projections contact each
      other, it requires additional force to bring the faces 19 of the elongated
      end portion 16 into contact. This additional deflecting force also
      increases the restorative force of the contact arms. When the contact 10
      is closed, the projections 17 and elongated member 16 provide a simply
      supported beam element between member 16 and projections 17. The geometry
      of the contact is such that the stiffness is enhanced between the
      projections 17 and elongated members 16 providing a very stiff member to
      support the contact force applied to the contact when the contact is
      closed.
PAR  While a preferred embodiment of the invention has been disclosed, it will
      be apparent to those skilled in the art that changes may be made to the
      invention as set forth in the appended claims and, in some instances,
      certain features of the invention may be used to advantage without
      corresponding use of other features. For example, a contact 10 may have a
      projection 17 on only one arm which is spaced from an opposite arm and
      adapted to contact that opposite arm so as to change the moment-arm
      associated with the contact. In such an instance, the ratio A/B should
      still be greater than 1 wherein B is the distance from the end of the
      single projection to the opposite arm. Accordingly, it is intended that
      the illustrative and descriptive materials herein be used to illustrate
      the principles of the invention and not to limit the scope thereof.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. An electrical contact formed from sheet metal into a single unitary
      structure, said contact comprising:
PA1  a shaft having a central axis, a forward end, a rear end;
PA1  a first elongated member integrally connected to said shaft and extending
      transverse to the central axis of said shaft; and
PA1  a pair of resiliently deflectable arms arranged in spaced relationship
      about said central axis, said arms including:
PA2  a first elongated portion having one end integrally connected to said first
      elongated member, said first elongated portion extending in a direction
      away from said shaft and first member and parallel to the central axis of
      said shaft;
PA2  a second elongated portion having one end integrally connected to the other
      end of said first elongated portion, said second elongated portion
      extending in a direction away from said first member and at an angle to
      the central axis of said shaft;
PA2  a third elongated portion having one end integrally connected to the other
      end of said second elongated portion, said third elongated portion
      extending in a direction away from said shaft and first member and
      parallel to the central axis of said shaft; and
PA2  a fourth elongated portion having one end integrally connected to the other
      end of said third elongated portion, said fourth elongated portion
      extending in a direction transverse to the central axis of said shaft, the
      fourth elongated portion of each arm arranged so that the other ends of
      each fourth elongated portion face each other; and
PA1  a first projection located at the junction between the first and second
      elongated portions of one of said arms and extending towards said other
      arm.
NUM  2.
PAR  2. The electrical contact as recited in claim 1 including:
PA1  a second projection on said other arm, said second projection located at
      the junction between the first and second elongated portions of said other
      arm and facing said first projection.
NUM  3.
PAR  3. An electrical contact as recited in claim 2 wherein said projections are
      spaced apart from each other a distance B and said other ends of said
      fourth elongated portions are spaced apart from each other a distance A
      and wherein the distance A is greater than distance B.
NUM  4.
PAR  4. The electrical contact as recited in claim 3 wherein a cross-section
      taken transverse to the longitudinal axis of said elongated portions is
      generally square-shaped.
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PAL  This invention relates to a new and improved terminal for electrically
      connecting an aluminum wire to a wiring device which is stable and will
      prevent overheating during use.
PAL  The subject terminal comprises a terminal plate of conductive material
      having a serrated surface coated with indium which is held in engagement
      with a bare end of an aluminum wire under pressure. The serrated surface
      contains a multitude or closely spaced serrations having sharp edges and
      is plated with a thin layer of indium. The bare end of an aluminum wire is
      urged into engagement with the serrated surface of the terminal plate
      under pressure from a terminal screw or the like. The serrations
      mechanically anchor the wire against movement relative to the terminal
      plate and create breaks or asperities in an oxide film on the surface of
      the aluminum wire to establish contact sites between the wire and the
      terminal plate through which electric current can flow with low
      resistance. The indium coating on the terminal plate spreads over and
      protects the asperities in the wire against further oxidation to maintain
      the electrical characteristics of the connection and permit the flow
      electric current between the wire and the terminal plate without
      overheating during use.
PARN
PAR  This application is a continuation of our copending application Ser. No.
      262,648, filed June 14, 1972, now abandoned, the contents of the official
      file of which are hereby incorporated hereinto by reference.
BSUM
PAR  The present invention relates to a new and improved terminal for
      electrically connecting an aluminum wire to a wiring device or the like.
      It relates, more particularly, to a terminal which will prevent the wire
      or the device from overheating during use over an extended period of time.
PAR  In general, the subject invention may be incorporated in various forms of
      terminals for use on different types of wiring devices. The particular
      form of terminal illustrated herein is a screw terminal formed as part of
      a contact of conductive material which is supported in a housing of a dual
      receptacle or outlet. The terminal comprises a terminal plate exposed at
      one side of the housing with a terminal screw threaded therein to receive
      and hold a bare end of the wire in engagement with an opposing surface of
      the terminal plate under pressure.
PAR  In accordance with the present invention, the surface of the terminal plate
      which engages with the wire contains a large number of closely spaced
      serrations having sharp upper edges. Generally, the serrations extend
      across or transversely of segments of the end of the wire which is looped
      around the terminal screw. As the terminal screw is tightened, the wire is
      brought into engagement with the serrations under pressure from the screw
      and the edges of the serrations create numerous breaks or asperities in a
      film of aluminum oxide (Al.sub.2 O.sub.3) on the surface of the wire. The
      film of aluminum oxide forms instantaneously on the aluminum wire when it
      is exposed to air and acts as an insulator. However, the breaks or
      asperities in the oxide film form contact sites on the surface of the wire
      through which electric current can flow at low resistance from the wire to
      the terminal plate.
PAR  To protect the contact sides, a thin layer of indium is applied to the
      serrated surface of the terminal plate and maintains the required
      electrical conditions. The indium coating on the terminal plate has the
      ability to wet and spread over the surface of the aluminum wire and thus,
      protects the breaks or asperities in the oxide film on the surface of the
      wire against further oxidation which maintains the desired electrical
      conditions.
PAR  The serrations in the surface of the terminal plate also serve to anchor
      the wire against movement of the wire relative to the terminal plate
      during installation. Such loosening might affect the electrical connection
      after the terminal screw has been tightened.
PAC  OBJECTS OF THE INVENTION
PAR  With the foregoing in mind, an object of the invention is to provide a
      terminal for electrically connecting an aluminum wire to a wiring device
      which will have stable electric characteristics and prevent overheating of
      the wire or the device during use.
PAR  Another object of the invention is to provide a terminal for electrically
      connecting an aluminum wire to a wiring device which has low resistance
      and which is not subject to change due to the flow of electric current
      through the connection.
PAC  BACKGROUND
PAR  Aluminum wire is an excellent and relatively inexpensive conductor of
      electricity and the use of aluminum wire is becoming of increasing
      significance for economic reasons. However, special precautions must be
      taken in making terminal connections to aluminum wire or overheating is
      apt to result due to the flow of electric current and a poor connection.
      Such overheating is frequently sufficient to cause fire and for this
      reason, the use of aluminum wire for household or industrial wiring has
      been banned in many communities despite the economy. Although extensive
      efforts have been made to overcome the problem of overheating, such
      efforts have so far not met with success.
PAR  A number of factors enter into the problem and must be taken into account
      in making an electrical connection to aluminum wire. One factor is that a
      film of aluminum oxide (Al.sub.2 O.sub.3) forms practically
      instantaneously on the surface of aluminum wire when it is exposed to air.
      This film of aluminum oxide is not only extremely hard, but it also has
      good insulating properties and makes it difficult to establish a good
      electrical connection of low resistance to aluminum wire.
PAR  Another factor is that the composition of aluminum used in the manufacture
      of wire varies and such differences will have a bearing on the nature of
      an electrical connection of a particular wire and the ability to make an
      electrical connection thereto. In this respect it should be noted that
      aluminum wire is classified by the advisory authorities as "good" or
      "bad", with ranges of each type, for the purpose of making electrical
      connections thereto.
PAR  Other factors are that cold flow takes place with aluminum wire and
      differences in thermal expansion between the wire and terminal may exist
      which will cause the electrical characteristics of the connections to
      change during use. Such factors may cause an increase in the resistance of
      the connection and overheating.
PAR  In addition, physical manipulation of the wire during installation or
      vibration of a wiring device may cause the wire to become loose. Either
      can result in an increase in the resistance of the connection and
      overheating.
PAR  As noted, any of the above factors may result in detrimental changes in the
      connection which will cause overheating and load to fire. Generally, when
      overheating occurs during use, the overheating becomes progressive in
      nature and thus, terminal connections to aluminum wire present a special
      hazard.
PAC  THE SUBJECT TERMINAL
PAR  A wiring terminal constructed in accordance with the present invention is
      designed to overcome these problems and prevent overheating. It provides a
      stable terminal connection to aluminum wire of various grades having low
      electrical resistance and electrical characteristics that do not change
      under heavy load currents during use.
PAR  In this connection, the subject terminal complies with rigid performance
      requirements for connections to aluminum wire that are presently being
      prescribed by various advisory authorities such as Underwriters
      Laboratories. To meet such requirements and obtain approval, a terminal
      for connecting a wiring device to a source of current through an aluminum
      wire is subject to a test of 500 cycles at high current flow. This is an
      accelerated test and devices to be used in 15 amp. branch circuits are
      tested at a current flow of 40 amps. Devices to be used in 20 amp. branch
      circuits are tested at a current flow of 53 amps. In the tests, each cycle
      consists of 31/2 hours with full current flowing and 1/2 hour with no
      current flowing. The terminal screw is tightened under a light torque of 6
      inch lbs. to apply pressure urging the wire into engagement with the
      terminal plate. At the end of the twenty-fifth cycle of the test, the wire
      is disturbed to determine whether such movement will affect the electrical
      connection and this is repeated at the one hundred and twenty-fifth cycle.
PAR  In the vibration test, the device is vibrated in each of three directions
      or axes with the frequency of the vibrations being swept from 10 to 55
      cycles per minute for one hour in each direction.
PAR  During the test, temperature measurements are taken at each terminal of the
      device and failure is indicated if the temperature of the terminal rises
      to 150.degree. F. above the ambient temperature or there is a difference
      of more than 10.degree. C. (19.degree. F.) of any temperature reading from
      the average temperature rise above ambient of all the temperature readings
      taken on the terminal during the test. During the test, the temperature
      readings are taken at each twenty-five cycles and at each terminal of the
      wiring device.
PAR  Generally speaking, receptacles equipped with the subject terminals have
      met these tests. In this connection, it is noted that conventional
      terminals when connected to "good" aluminum wire generally fail between
      120 to 250 cycles of the test with no wire disturbance and when connected
      to "bad" aluminum wire generally fail before 25 cycles of the test with no
      wire disturbance. This demonstrates the difference in the nature of the
      electrical connections to an aluminum wire established by a conventional
      terminal and by the subject terminal.
DRWD
PAC  THE DRAWINGS
PAR  As an aid to understanding the invention the accompanying drawings
      schematically illustrate the manner in which a terminal embodying the
      invention establishes an electrical connection to aluminum wire. It will
      also be understood that different forms of terminals may embody the
      invention and the terminals may be used on various types of wiring
      devices. In the accompanying drawing:
PAR  FIG. 1 is a side elevation view of a repectacle having a terminal which
      embodies the invention with an aluminum wire connected thereto;
PAR  FIG. 2 is a perspective view illustrating a contact including the terminal
      forming part of the receptacle shown in FIG. 1;
PAR  FIG. 3 is a fragmentary plan view of the terminal shown in FIG. 1 in
      transverse section through the terminal screw and which is drawn to an
      enlarged scale;
PAR  FIG. 4 is a fragmentary side view in vertical section taken along line 4--4
      of FIG. 3 and is also drawn to an enlarged scale;
PAR  FIG. 5 is a fragmentary view in vertical section taken along line 5--5 of
      FIG. 3 and is drawn to a greatly enlarged scale to diagrammatically
      illustrate the engagement of a segment of the aluminum wire with the
      terminal plate under pressure from the terminal screw;
PAR  FIG. 6 is a fragmentary view in vertical section illustrating a modified
      form of terminal plate which embodies the invention and is also drawn to a
      greatly enlarged scale; and
PAR  FIG. 7 is a fragmentary plan view of a modified form of terminal plate
      embodying the invention.
DETD
PAR  Referring to the drawing in detail, there is a double wall receptacle 10
      for a connection in a household or industrial wiring circuit and which is
      installed in a customary flush box (not shown). It will be understood that
      terminals embodying the present invention may be employed, if desired, in
      other types of wiring devices.
PAR  The receptacle 10 is of a conventional construction and has a hollow
      housing formed by a cover 11 and a base 12 with the usual mounting strap
      13 extending therethrough. The face of the cover 11 contains the usual
      openings which receive the prongs of a plug (not shown) to engage with
      spaced contact elements 14 supported within the housing. The contact
      elements 14 have spring contact fingers 15 at their ends positioned to
      engage with the prongs of the plug. A central portion of the contact
      element 14 extends along one side of the base 12 and is exposed to form a
      terminal plate 16. The terminal plate 16 is of the screw type and has a
      pair of spaced terminal screws 17 threaded therein. A similar contact
      element 14 is located on the opposite side of the housing.
PAR  In practice, the bare end of an electrical conductor or wire 18 is looped
      around the terminal screw 17 as shown in FIG. 1 and the head of the
      terminal screw 17 is tightened to hold the bare end of the wire 18 in
      engagement with the terminal plate 16 under pressure. The wire ordinarily
      used may range in size from No. 8 to No. 18 (AWG), but this is not
      intended as a limitation. The terminal construction described is
      conventional and forms no part of the present invention. However, with
      copper wire, reliance may be placed on engagement of the wire with the
      terminal plate. However, this is not sufficient in the case of aluminum
      wire because a thin film of aluminum oxide 18a forms on the surface of the
      aluminum wire and acts as an insulator.
PAR  In order to overcome this problem and establish a path of low electrical
      resistance in a terminal for aluminum wire, the surface of the terminal
      plate 16 which opposes and engages with the aluminum wire 18 is provided
      with closely spaced minute serrations 19. The serrations 19 have sharp
      upper corners of edges which create random breaks or asperities in the
      oxide film 18a when the wire is brought into engagement with the
      serrations under pressure from the terminal screw 17. As diagrammatically
      illustrated in FIG. 5, the asperities establish a plurality of contact
      sites 18b  where the aluminum wire is in good electrical contact with the
      terminal plate 16 at which electric current can flow between the wire 18
      and the terminal plate 16 with low resistance.
PAR  To obtain the desired effect, it is desirable that the surface of the
      terminal plate 16 have fifty or more of the serrations 19 per inch and 70
      to 100 of the serrations 19 per inch have been found to be highly
      effective. As illustrated, the serrations 19 run lengthwise of the
      terminal plate 16 so that a number of the serrations will extend
      transversely with respect to segments of a loop in the wire 18 formed
      around the terminal screw 17. However, as will be described, the
      serrations may be arranged in different patterns.
PAR  As illustrated in FIG. 5, the serrations 19 are truncated with vertical and
      inclined sides which form sharp edges or corners at their upper edges at
      the surface of the terminal plate 16 to engage with the wire. The sharp
      corners of the serrations 19 cause breaks or asperities in the oxide film
      on the aluminum wire under the pressure exerted on the wire by the
      terminal screw 17 and the greatest number of such breaks possible is
      desirable. However, the serrations 19 in the surface of the terminal plate
      16 may be shallow and a depth of 0.005 to 0.001 inches will suffice. The
      serrations may be formed on the surface of the terminal plate 16 by
      striking the plate with a die having closely spaced sharp edges on its
      face.
PAR  In addition, the serrated surface of the terminal plate 16 is coated with a
      thin layer of indium (Id) which is designated generally by the reference
      numeral 20. For convenience, the layer 20 of indium may be applied to the
      entire contact element 14 by plating or dipping. A very thin layer 20 of
      indium is all that is required. For example, the layer of indium may have
      a thickness of from 0.00015 to 0.00025 inches and an average thickness of
      about 0.00020 inches is satisfactory.
PAR  The properties of indium (Id) are as follows: Indium is a conductive metal
      which is listed as an element in Group III A of the periodic tables. It
      has an atomic weight of 114.8 with a valence of 3 and is available in
      commercial quantities with a purity of 99.6%. Other features of indium are
      that it has a soft metal having a silvery white appearance with a melting
      point of 156.6.degree. C. and a vaporization point of 2075.degree. C. It
      has extremely good wetting properties which cause it to spread over a
      contacting surface of the wire. An important feature is that it will not
      work harden due to stresses caused by differences in the thermal expansion
      and contraction of the wire and the terminal or by cold flow of the
      aluminum wire. In addition, indium is difficult to oxidize and its oxide
      when formed acts as a semiconductor.
PAR  Indium alloys or mixture such as indium-lead, indium-tin, indium-cadmium,
      and indium-zinc will exhibit similar properties and may also be employed.
      In addition, gallium (Ga) has properties similar to indium and may also be
      used for the coating 20.
PAR  In this connection, it is noted that electrical contacts have been plated
      in the past with various metals to improve conductivity and prevent
      oxidation. However, such plating without the serrations has been of little
      effect in establishing satisfactory electrical connections to aluminum
      wire.
PAR  In theory, the indium coating 20 on the terminal plate 16 spreads over the
      asperities created in the oxide film on the wire by the serrations 19 on
      the terminal plate 16 and prevents the oxide film from reforming on the
      surface of the asperities. As noted above, the layer 20 of indium does not
      work harden and thus, retains its ability to protect the asperities in the
      oxide film on the wire during use. As a result, good electrical contact is
      maintained between the terminal plate 16 and the wire 18 which permits
      electric current to flow with low resistance between the wire 18 and the
      terminal plate 16.
PAR  In addition to the foregoing, the serrations 19 also serve to anchor the
      wire 18 against movement relative to the terminal plate 16 and thus,
      resist disturbance of the connection by movement of the wire or plate
      during installation of the wiring device in a flush box or due to the
      insertion of the contact prongs into the receptacle.
PAR  As shown in FIG. 6, the serrations 19a on the terminal plate 16 may have a
      truncated V-shaped configuration.
PAR  In addition, the serrations 19b on the terminal plate 16 may be arranged to
      extend vertically relative to the upper and lower sides of the threaded
      opening for the terminal screw as well as transversely relative thereto.
PAR  It will be understood that various modifications and changes may be made by
      those skilled in the art in the embodiments of the invention illustrated
      and described herein without departing from the scope or spirit of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a terminal for establishing a stable electrical connection between an
      electrical wiring device and a looped bare end of an aluminum wire ranging
      in size from No. 8 to No. 18 (AWG) and having an aluminum oxide film on
      said bare end in a branch wiring circuit which is capable of carrying
      substantial load currents without overheating, the combination comprising:
PA1  a. a terminal plate of electrically conductive material having an exposed
      wire-engaging surface and a screw threadably engaging with said plate in
      the midst of said surface for receiving said looped bare wire end;
PA1  b. said wire-engaging surface having on one side of said screw an area for
      receiving the terminating portion of said looped bare wire end and on the
      opposite side of said screw an area for receiving another portions of said
      looped bare wire end in a direction substantially parallel to said
      terminating portion;
PA1  c. at least said areas of said wire-engaging surface containing 50 to 100
      serrations per inch positioned at a substantial angle to said direction
      for engagement with said looped bare end of said aluminum wire under
      pressure exerted on the wire;
PA1  d. said serrations having truncated upper ends terminating in sharp side
      edges and having depths of 0.001 to 0.005 of an inch;
PA1  e. said sharp side edges being effective when engaging with the wire under
      pressure exerted thereon for creating a multitude of breaks in the oxide
      film on the bare end of the wire and establishing contact sites permitting
      current flow at low resistance between the terminal plate and the wire to
      prevent the aforesaid overheating; and
PA1  f. a protective layer of metal deposited on said wire-engaging surface;
PA1  g. the metal of said layer comprising a flowable, soft metal and being
      selected from a group of metals comprising indium, indium alloys, gallium
      and gallium alloys;
PA1  h. said protective layer having a thickness of 0.00015 to 0.00025 of an
      inch,
PA1  i. said screw having a headed end for engaging with and urging the said
      bare end of said wire into engagement with said serrations on the
      wire-engaging surface of said plate with the engagement being secure even
      if the torque acting on the screw is no more than six-inch pounds.
NUM  2.
PAR  2. A terminal as in claim 1 including in the said combination, the said
      aluminum wire with said looped bare end being at least partially under
      said screw head and secured thereby to said terminal plate with a screw
      torque of six-inch pounds.
NUM  3.
PAR  3. A terminal as in claim 1 including an electrical wiring device for
      installation in said branch circuit, said device having the said terminal
      plate mounted therein.
NUM  4.
PAR  4. In a terminal for establishing a stable electrical connection between a
      bare end of an aluminum wire and an electrical wiring device, the
      combination as defined in claim 1 wherein:
PA1  a. the serrations extend transversely of said direction.
NUM  5.
PAR  5. A terminal as in claim 4 including a further set of serrations on said
      wire-engaging surface and extending in a direction generally parallel to
      said direction on at least the side of said screw which receives the loop
      part of said bare wire between its said terminating and another portions.
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ABST
PAL  A control device having a housing provided with a terminal that has a
      threaded screw member with its shank threadedly carried thereby for lead
      attachment thereto between an enlarged head of the screw member and the
      terminal. A resilient retainer clip is disposed between the head of the
      screw member and the terminal, the clip initially being under compression
      between the head of the screw member and the terminal to tend to hold the
      screw member in its threaded relation with the terminal. A lead is
      subsequently disposed between the clip and the terminal, the clip
      thereafter being disposed in a deformed condition against the lead to hold
      the lead to the terminal. The clip has a plurality of slots in the
      deformable portion thereof to render the same more deformable.
BSUM
PAR  This invention relates to a control device having improved means for
      attaching one or more external leads thereto as well as to an improved
      resilient terminal clip for such a control device or the like.
PAR  It is well known that various control devices have been provided wherein
      each has a terminal provided with a threaded screw member for attaching an
      external lead between the enlarged head of the screw member and the
      terminal upon tightening of the screw member toward the terminal.
PAR  However, it has been found accordingly to the invention of the copending
      patent application, Ser. No. 499,328, filed Aug. 21, 1974, that when the
      lead is relatively rigid, the same has a tendency to cause untightening of
      the screw member when the lead is subjected to impacts and the like
      whereby the subsequent untightening of the screw member permits the lead
      to become detached therefrom.
PAR  Also, it has been found, according to such copending patent application,
      that when such control device is being shipped and the like, the screw
      member itself tends to become untightened from the terminal due to
      vibrations and shocks and thereby sometimes becomes detached from the
      terminal and thus lost.
PAR  Accordingly, it is a feature of the invention of such copending patent
      application to provide improved lead attaching means which will eliminate
      one or both of the above-described disadvantages.
PAR  In particular, one feature of that invention is to provide a retaining clip
      which will be deformed against the lead in such a manner that the lead
      cannot cause untightening of the screw member.
PAR  Another feature of that invention is to provide a retaining clip for lead
      attachment purposes which will tend to hold the screw member in its
      assembled relation with the terminal even though the control device is
      subjected to impacts and shocks.
PAR  For example, one embodiment of that invention provides a control device
      having a housing provided with a terminal means having a threaded screw
      member with its shank threadedly carried thereby for lead attachment
      thereto between an enlarged head of the screw member and the terminal
      means. A resilient retainer clip is disposed between the head of the screw
      member and the terminal means, the clip initially being under compression
      between the head of the screw member and the terminal means to tend to
      hold the screw member in its threaded relation with the terminal means
      even though the control device is subjected to impacts and vibrations. A
      lead can subsequently be disposed between the clip and the terminal means,
      the clip thereafter being disposed in a deformed condition against the
      lead to hold the lead to the terminal means and prevent turning of the
      lead relative to the screw member so that the same cannot cause
      untightening thereof.
PAR  However, it has been found according to the teachings of this invention
      that the deformability of such terminal clip can be improved by providing
      a plurality of slot means through the deformable portion thereof and the
      edge means of such slot means actually digs into the lead to assure an
      impoved electrical connection therewith.
PAR  In particular, one embodiment of this invention provides a terminal clip
      that is substantially in a U-shape with an opening passing through the
      cross-member thereof to telescopially receive the shank of the screw
      member so that the legs can be disposed between the terminal means and the
      enlarged head of the screw member. The cross-member of the clip has a
      plurality of slot means therein to render the same more deformable so that
      when the lead is disposed between the terminal means the cross-member the
      cross-member can be deformed against the lead and the edge means of the
      slot means will dig into the lead.
PAR  Accordingly, it is an object of this invention to provide an improved
      control device having one or more of the novel features set forth above or
      hereinafter shown or described.
PAR  Another object of this invention is to provide an improved resilient
      terminal clip for such a control device or the like.
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PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of the description which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PA1  Fig. 1 is a top view of the improved control device of this invention.
PAR  FIG. 2 is a fragmentary cross-sectional view taken on line 2--2 of FIG. 1
      and illustrates the terminal means before a lead has been attached
      thereto.
PAR  FIG. 3 is a view similar to FIG. 2 and illustrates the terminal means of
      FIG. 2 after a lead has been attached thereto.
PAR  FIG. 4 is a fragmentary cross-sectional view taken on line 4--4 of FIG. 3
      and illustrates how the edge means of the slot of the terminal clip dig
      into the lead.
PAR  FIG. 5 is a fragmentary, exploded perspective view illustrating the
      improved terminal means of this invention.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted to provided lead attachment
      means for a thermostat, it is to be understood that the various features
      of this invention can be utilized singly or in any combination thereof to
      provide lead attachment means for other types of control devices as
      desired.
PAR  Therefore, this invention is not to be limited to only the embodiment
      illustrated in the drawings, between the drawings are merely utilized to
      illustrate one of the wide variety of uses of this invention.
PAR  Referring now to FIG. 1, the improved control device of this invention is
      generally indicated by the reference numeral 10 and comprises a housing
      means 11 containing a thermostat structure (not shown) that is adapted to
      interconnect power source leads L1 and L2 to an electrically operated
      heater means 12 when the thermostat construction senses that the output
      temperature effect of the heater means 12 is below a selected temperature
      that has been selected by a selector knob 13 of the control device 10 and
      for disconnecting power source leads L1 and L2 from the heater means 12
      when the output temperature effect sensed by the thermostat construction
      is above the selected temperature.
PAR  In the particular embodiment of the control device 10, the control device
      10 has five terminal means each generally indicated by the reference
      numeral 14 in the drawings and each being substantially identical in
      construction and each having the features of this invention. Accordingly,
      only one such terminal means 14 is illustrated in FIGS. 2-4 and will be
      hereinafter described in detail as it is to be understood that all of the
      other terminal means 14 of the control device 10 are constructed and
      operated in a like manner.
PAR  As illustrated in FIG. 2, the housing means 11 is provided with a recess 15
      in the top surface 16 thereof which leads to an outer side surface 37 of
      the housing 11 for a purpose hereinafter described, the recess 15 defining
      two spaced apart parallel side walls 17 and 17' for a purpose hereinafter
      described.
PAR  The housing 11 carries a conductive terminal means 18 that has a flat top
      surface means 19 exposed at the recess 15 and an internal part 20 leading
      to the interior of the housing means 11 for electrical connecting purposes
      to the structure of the previously described thermostat construction.
PAR  The upper surface 19 of the terminal means 18 is interrupted by a threaded
      bore 21 which threadedly receives an externally threaded shaft or shank
      portion 22 of a screw member 23 that has an enlarged head 24 provided with
      suitable notchings 25 to receive a screw driver or the like to tighten or
      untighten the screw member 23 relative to the terminal means 18 for a
      purpose hereinafter described.
PAR  A resilient retainer clip of this invention is generally indicated by the
      reference numeral 26 and is substantially U-shaped in cross section to
      thereby define a bowed or arcuate cross-member 27 and a pair of depending
      legs 28 and 29, the cross-member 27 of the clip 26 having an opening 30 of
      a generally circular configuration passing centrally therethrough to
      permit the same to telescopically receive in a loose manner the shank
      portion 22 of the screw member 23 in the manner illustrated in FIG. 2
      whereby the lower ends 31 and 32 of the legs 28 and 29 of the clip 26 are
      adapted to rest against the top surface 19 of the terminal means 18 or, if
      the legs 28 and 29 of the clip are initially spaced apart a distance to be
      contained against the sides 17 and 17' of the recess 15 as illustrated,
      the legs 28 and 29 will have the ends 31 and 32 thereof contact the
      surface 17" of the housing 11 outboard of the surface 19 of the terminal
      means 18.
PAR  In any event, before any external leads are interconnected to the
      respective terminal means 14 of this invention, the screw member 23 is
      tightened toward the terminal 18 to thereby compact the head 24 against
      the cross-member 27 of the clip 26 and thereby place the legs 28 and 29
      under compression between the enlarged head 24 of the screw member 23 and
      the surface 19 of the terminal means 18 or the surface 17" of the housing
      recess 15 so that the natural force of the thus-compressed clip 26 is to
      push outwardly on the enlarged head 24 of the screw member 23 in its
      threaded relation with the threads of the threaded bore 21 of the terminal
      18.
PAR  In this manner, by thus preloading each spring clip 26 of the terminal
      means 14 of the control device 10, the compressed clips 26 tend to firmly
      hold the screw members 23 in place so that during subsequent shipping,
      etc., of the control device 10, vibrations and shocks will not cause the
      screw members 23 to tend to rotate in their untightening directions to
      therby become lost as the compression force of the clips 27 are
      continuously pushing outwardly on the enlarged heads 24 of the screw
      members 23 and thereby bind the same in their threaded relation with the
      internal threads of the terminal means 18 to prevent the same from
      rotating and thereby becoming untightened.
PAR  When it is desired to attach an external lead to a particular terminal
      means 14 of the control device 10, such as the terminal means 14
      illustrated in FIGS. 2-5, the external lead, such as lead 33 illustrated
      in FIG. 5 that has an end 34 thereof cleaned of its conventional
      insulation 35, has the bared end 34 inserted between the shank 22 of the
      terminal screw 23 and one of the legs 28 or 29 of the clip 26 in the
      manner illustrated in FIG. 3 where the lead end 34 is disposed between the
      shank 22 of the screw 23 and the leg 28 of the clip 26.
PAR  Thereafter, the screw member 23 is tightened downwardly toward the terminal
      means 18 whereby the enlarged head 24 of the screw member 23 deforms the
      cross-member 27 of the clip 26 downwardly and causes the legs 28 and 29
      thereof to be compressed and bowed outwardly until the same are
      respectively fully engaged against the side walls 17 and 17' of the
      housing 11 as illustrated in FIG. 3 while the corss-member 27 is deformed
      down around and against the lead end 34 to positively hold the lead end 34
      in firm electrical contact with the top surface 19 of the terminal means
      18.
PAR  In this manner, the lead 33 cannot be rotated relative to the housing 11 as
      the lead end 34 is trapped along the leg 28 of the clip and the deformed
      part of the cross member 27 so that loosening of the screw member 23
      cannot take place through impacts and shocks on the lead 33.
PAR  Further, because the clip 26 is still held under compression by the
      tightened screw member 23, the compressed clip 26 maintains an upward
      force on the enlarged head 24 of the screw member 23 to hold and bind the
      same in its threaded relation with the threads of the terminal means 18 in
      the same manner that the compressed clip 26 initially held the screw
      member 23 to the housing 11 before the lead 33 was attached thereto.
PAR  As previously stated, the cross member 27 of the clip is rendered more
      deformable by having a pair of slots 38 formed therethrough on opposite
      sides of the opening 30 while interconnecting therewith at the smaller
      bases of their generally trapizoidal configurations, the larger bases of
      the slots extending near the legs 28 and 29 of the clip 26. In this
      manner, not only is the cross member 27 more deformable, but also the
      edges 39 of the slots 28 actually cut or dig into the lead end 34 of the
      lead 33 as illustrated in FIG. 4 to assure good electrical contact
      therebetween when the cross member 27 is deformed against the lead end 34.
PAR  Therefore, it can be seen that all of the leads 33 can be readily attached
      to the control device 10 of this invention in the above manner by merely
      respectively inserting the bared ends 34 of the leads 33 into the spaces
      between the shanks 22 of the screw members 23 and either leg 28 or 29 of
      the clips 26 and through subsequent tightening of the screw members 23,
      the cross members 27 of the clips 26 can be deformed downwardly against
      the lead ends 34 to hold the leads 33 in good electrical contact with the
      terminal means 18 while preventing the leads 33 from rotating relative to
      the screw members 23 to unloosen the same as in the prior art
      arrangements.
PAR  Of course, when it is desired to remove the leads 33 from the terminals 14,
      the screw members 23 are untightened whereby the leads 33 can have the
      ends 34 thereof removed from underneath the cross members 27 of the clips
      26 and new lead members can be attached thereto in the manner previously
      described.
PAR  Further, while only one lead is illustrated as being attached to each
      terminal means 14, it is to be understood that one or more leads can be
      attached by the clip 26 to the respective terminal means 18 as described.
PAR  Accordingly, it can be seen that this invention not only provides a control
      device having improved lead attaching means, but also this invention
      provides an improved resilient terminal clip for such a control device or
      the like.
PAR  While the form of this invention now preferred has been described and
      illustrated as required by the Patent Statute, it is to be understood that
      other forms can be utilized and still come within the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a control device having a housing provided with a terminal means
      having a threaded screw member with its shank threadedly carried thereby
      for lead attachment thereto between an enlarged head of the screw member
      and said terminal means, the improvement comprising a resilient retainer
      clip disposed between said head of said screw member and said terminal
      means, said clip having a portion provided with an opening therethrough
      and through which said shank of said screw member is telescopically
      disposed, a lead disposed between said portion of said clip and said
      terminal means, said portion of said clip being disposed in deformed
      condition against said lead by said head of said screw member to hold said
      lead to said terminal means, said clip having slot means passing through
      said portion thereof adjacent said opening to render said portion more
      deformable, said clip being in a substantially U-shape to define an
      initially bowed cross-member and a pair of legs thereof, said cross-member
      comprising said portion having said opening therethrough that
      telescopically receives said shank of said screw member, said legs of said
      U-shaped clip being disposed between said head of said screw member and
      said terminal means and being disposed on opposite sides of said shank of
      said screw member, said lead being disposed between one of said legs of
      said U-shaped clip and said shank of said screw member, said opening being
      substantially in the center of said cross-member and circular in
      configuration and said slot means comprising at least one slot that passes
      through said cross-member and being substantially trapezoidal in
      configuration with the smaller base thereof interconnecting with said
      opening and the larger base thereof being located at said one leg whereby
      said slot extends from said opening to said one leg and passes through
      said cross-member.
NUM  2.
PAR  2. In a control device as set forth in claim 1, said slot means comprising
      a pair of said slots each being interconnected to said opening and being
      on opposite sides thereof.
NUM  3.
PAR  3. In a control device as set forth in claim 1, said slot having edge means
      that digs into said lead when said portion of said clip is deformed
      against said lead.
NUM  4.
PAR  4. In a control device as set forth in claim 3, said lead having a
      longitudinal axis and said edge means that digs into said lead being
      angular disposed relative to said axis.
NUM  5.
PAR  5. In a control device as set forth in claim 1, said screw member being in
      a tightened condition toward said terminal means to cause said head
      thereof to compress said clip between said head and said terminal means to
      provide an initial holding of said screw member to said terminal means
      before said lead is disposed between said portion of said clip and said
      terminal means.
NUM  6.
PAR  6. In a control device as set forth in claim 1, said screw member being in
      a tightened condition toward said terminal means to cause said legs of
      said clip to be under compression between said cross-member of said clip
      and said terminal means.
NUM  7.
PAR  7. In a control device as set forth in claim 6, said screw member being in
      a tightened condition toward said terminal means to cause said head
      thereof to compress said cross-member of said clip toward said terminal
      means and thus against said lead to provide said deformed condition of
      said clip to hold said lead to said terminal means.
NUM  8.
PAR  8. In a control device as set forth in claim 7, said housing having a
      recess adjacent said terminal means that defines a pair of spaced apart
      side walls adjacent said legs of said clip.
NUM  9.
PAR  9. In a control device as set forth in claim 8, said tightened screw member
      having caused said legs of said clip to be bowed outwardly against said
      side walls of said housing.
NUM  10.
PAR  10. A resilient terminal clip for a control device having a housing
      provided with a terminal means having a threaded screw member with its
      shank threadedly carried thereby for lead attachment thereto between an
      enlarged head of the screw member and said terminal means, said clip being
      adapted to be disposed between said head of said screw member and said
      terminal means, said clip having a portion provided with an opening
      therethrough and through which said shank of said screw member is adapted
      to be telescopically disposed so that a lead is adapted to be disposed
      between said portion of said clip and said terminal means, said portion of
      said clip being adapted to be disposed in deformed condition against said
      lead by said head of said screw member to hold said lead to said terminal
      means, said clip having slot means passing through said portion thereof
      adjacent said opening to render said portion more deformable, said clip
      being in a substantially U-shape to define an initially bowed cross-member
      and a pair of legs thereof, said cross-member comprising said portion
      having said opening therethrough that is adapted to telescopically receive
      said shank of said screw member, said legs of said U-shaped clip being
      adapted to be disposed between said head of said screw member and said
      terminal means and disposed on opposite sides of said shank of said screw
      member whereby said lead is adapted to be disposed between one of said
      legs of said U-shaped clip and said shank of said screw member, said
      opening being substantially in the center of said cross-member and
      circular in configuration and said slot means comprising at least one slot
      that passes through said cross-member and being substantially trapezoidal
      in configuration with the smaller base thereof interconnecting with said
      opening and the larger base thereof being located at said one leg whereby
      said slot extends from said opening to said one leg and passes through
      said cross-member.
NUM  11.
PAR  11. A resilient terminal clip as set forth in claim 10 wherein said slot
      means comprises a pair of said slots each being interconnected to said
      opening and being on opposite sides thereof.
NUM  12.
PAR  12. A resilient terminal clip as set forth in claim 10 wherein said slot
      means has edge means that are adapted to dig into said lead when said
      portion of said clip is deformed against said lead.
NUM  13.
PAR  13. A resilient terminal clip as set forth in claim 12 wherein said edge
      means that is adapted to dig into said lead will be angular disposed
      relative to the longitudinal axis of said lead.
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ABST
PAL  In an electrical connector assembly comprising a male connector and a
      mating female connector, both of which terminate at least one electrical
      cable, keying means in association with the male and female connectors
      enabling their mating and preventing their mating with similar connectors
      where such mating would be undesirable.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to electrical connectors used to terminate electrical
      cable lengths and by which the cables can be coupled, and more
      particularly to such connectors provided with keying means enabling them
      to be mated and preventing them from being mated with other similar
      connectors.
PAR  2. Description of the Prior Art
PAR  In many industrial applications, in manufacturing plants, building sites
      and the like, it is necessary to provide a plurality of connector
      assemblies for electrical cables. Generally, each connector assembly
      comprises a male connector and a female connector. One of the cable or
      cables of one of the connectors of each assembly is normally connected to
      a source of electrical power. The cable or cables of the other connector
      of that assembly is connected to a machine, device, vehicle or the like to
      be powered. The various machines, vehicles or the like to be energized
      will usually have different power requirements. It is therefore imperative
      that each male connector be properly mated with its intended female
      connector to prevent damage to the machine or vehicle being energized and
      injury to its operator.
PAR  In instances where the male and female connectors of the various connector
      assemblies are substantially identical, the prior art has met this problem
      by color coding the male and female connectors. While partially effective
      to solve the problem, color coding does not physically prevent the
      inadvertent mating of the wrong male and female connectors. Another prior
      art solution has been to provide different types of connectors for each
      connector assembly to physically prevent inadvertent incorrect coupling.
      While effective, this requires the manufacturer or contractor to maintain
      a large inventory of different types of connectors which is both difficult
      and expensive.
PAR  In accordance with the present invention, all of the male and female
      connectors of the various connector assemblies may be substanially
      identical. However, the male and female connectors of each connector
      assembly are provided with keying means which enable their mating, but
      which prevents the mating of the male or female connector of that assembly
      with a male or female connector of any of the other connector assemblies.
      As will be described hereinafter, the orientation of the keying means may
      be determined at the time the connectors are manufactured, or the keying
      means may be made in such a way that the user of the connectors may orient
      them to suit his particular needs, requiring the stocking of only one type
      of male connector and one type of female connector. As a further visual
      indication, it is within the scope of the present invention to color code
      the connectors in addition to the provision of the keying means.
PAR  The keying means of the present invention is applicable to various types of
      connector means. For purposes of an exemplary showing, it will be taught
      with respect to its application to connectors of the general class taught
      in U.S. Pat. Nos. 3,662,296 and 3,784,964.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides keying means for an electrical connector
      assembly of the type comprising a male connector with at least one male
      contact and a mating female connector with at least one female contact,
      both of which terminate at least one electric cable. The keying means, in
      association with the male and female connectors, enables their mating if
      they are properly to be mated and effectively prevents the coupling of the
      male and female connectors of the assembly with the female and male
      connectors, respectively, of other connector assemblies where such
      coupling would be undesirable or harmful.
PAR  The keying means comprises a first element mounted on one of the male and
      female connectors and providing a forwardly extending keying pin with its
      axis parallel to the axis of the contact of that connector. A second
      element is mounted on the other of the male and female connectors and
      provides a keyhole or socket configured to accept the keying pin, the axis
      of the socket being parallel to the contact of that connector supporting
      the socket. The element carrying the keying pin and the element containing
      the keyhole or socket are capable of being mounted on their respective
      connectors in various rotative positions about their own longitudinal
      axes. The keying pin will enter the keyhole or socket, permitting coupling
      of the male and female connectors only if the element bearing the keying
      pin and the element having the keyhole or socket are in properly
      corresponding rotative positions.
PAR  In addition to their purposes as safety means to prevent the improper
      coupling of connectors, the keying means may also serve as a set of
      electrical contacts as a part of a grounding circuit or other circuit.
      Furthermore, that element having the keyhold or socket may have in
      association with it a series connected circuit-interrupting safety switch
      activated by the keying pin, when fully seated therein. The construction
      of the parts is preferably such that the safety switch will be deenergized
      prior to the complete separation of the male and female contacts of the
      connectors and the safety switch will be energized after entrance of the
      male contact within the female contact when the connectors are coupled.
      This will prevent arcing across the male-female contacts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating a male connector provided with
      the keying pin of the present invention.
PAR  FIG. 2 is a perspective view of a female connector provided with an element
      bearing the keyhole or socket portion of the keying means of the present
      invention.
PAR  FIG. 3 is a front elevational view of the male connector of FIG. 1.
PAR  FIG. 4 is a cross-sectional view taken along section line 4--4 of FIG. 3.
PAR  FIG. 5 is a front elevational view of the female connector of FIG. 2.
PAR  FIG. 6 is a cross-sectional view taken along the section line 6--6 of FIG.
      5.
PAR  FIG. 7 is a side elevational view of the keying pin and its mounting
      element.
PAR  FIG. 8 is a side elevational view of a keyhole or socket bearing element
      provided with a pin-actuated safety switch.
PAR  FIG. 9 is an end elevational view of the keyhole or socket bearing element
      of FIG. 8, as seen from the right in that figure.
PAR  FIG. 10 is a perspective, exploded view of the structure of FIG. 8.
PAR  FIG. 11 is a cross-sectional view illustrating the connector assembly of
      the present invention with the male and female connectors of FIGS. 1 and 2
      in coupled condition.
PAR  FIG. 12 is a semi-diagrammatic illustration of the various positions of the
      keying pin and the keyhole or socket.
PAR  FIG. 13 is a side elevational view of another embodiment of a keyhole or
      socket bearing element.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The keying means of the present invention is applicable to various types of
      connectors for electric cables such as those for example, taught in the
      above mentioned U.S. Pat. Nos. 3,662,296 and 3,784,964. The number of male
      and female contacts carried by the connectors does not constitute a
      limitation on the present invention.
PAR  Exemplary male and female connectors are illustrated in FIGS. 1 and 2.
      Referring first to FIGS. 1, 3 and 4, wherein like parts are given like
      index numerals, the male connector is generally indicated at 1. The
      connector comprises an insulative housing 2, preformed of flexible
      insulating material such as neoprene or the like. The housing 2 has a main
      body portion 2a, a forward extension 2b and a pair of rear bosses 2c and
      2d (see FIG. 1).
PAR  A pair of longitudinal perforations 3 and 4 extend through the housing.
      These perforations are substantially identical and perforation 3 is
      clearly shown in FIG. 4. Within perforations 3 and 4 (spaced slightly
      inwardly from the forward end of body portion 2b) there are a pair of male
      contacts 5 and 6. These contacts are connected, respectively, to cables 7
      and 8 (see FIG. 1). The contacts 5 and 6 and their connection to their
      respective cables 7 and 8 are substantially identical. FIG. 4 clearly
      illustrates contact 5 and its cable 7.
PAR  The contact 5 has a forward portion 5a adapted to be received within the
      corresponding female contact in the female connector, as will be explained
      hereinafter. The contact 5 has an enlarged portion 5b having an axial
      perforation 9 extending from the rearward end thereof. The perforation 9
      is so sized as to receive the end of cable 7, stripped of its insulation,
      and held within the perforation 9 by a pair of set screws 10 and 11.
PAR  The perforation 3 housing the contact 5 has permanently molded therein a
      collar 12. A series of coaxial bores are provided in the housing 2 as at
      13, in the collar 12 as at 14 and in the enlarged portion 5b of connector
      5 as at 15. The hole 15 is threaded and is adapted to be threadedly
      engaged by a screw 17 extending through housing perforation 13, collar
      perforations 14 and into the contact perforation 15. In this way, the
      contact 5 is firmly affixed within the housing 2. As will be evident from
      FIG. 3, the contact 6 is similarly provided with a collar 18 and is held
      within the housing 2 by a screw 19. While not shown, both of the male
      contacts 5 and 6 may be provided with a longitudinal slot and a protective
      cap of non-conductive material at their forward ends, as is taught in U.S.
      Pat. No. 3,662,296.
PAR  Turning for the moment to FIGS. 2, 5 and 6, the female connector is
      generally indicated at 20 and comprises an insulative housing 21 which may
      be made of the same material as the insulative housing 2 of the main
      connector. The housing 21 has a main body portion 21a, a forward hollow
      extension 21b and a pair of rear bosses 21c and 21d (see FIG. 2).
PAR  The main body portion 21a of the insulative housing 21 has a pair of
      perforations extending therethrough, each perforation also extending
      through one of the bosses 21c and 21d. These perforations are
      substantially identical and one of them is shown at 22 in FIG. 6. The
      female connector is provided with a pair of female contacts 23 and 24.
      Each of these female contacts is mounted in one of the above mentioned
      perforations through the body portion 21a of the housing 21 with their
      forward ends located in the hollow forward extension 21b, slightly inset
      from the front thereof. The female contacts 23 and 24 are substantially
      identical and a description of contact 23 with respect to FIG. 6 should
      suffice for both of them. Turning to FIG. 6, the female contact 23 has a
      forward portion 23a provided with an axial bore 25 adapted to receive the
      forward end 5a of male contact 5. This portion 23a of the female contact
      23 may be provided with a plurality of longitudinal slots, one of which is
      shown at 26. This permits slight expansion of this portion of the female
      contact enabling the fit between it and male contact portion 5a to be
      tight to assure a firm surface-to-surface contact between the two.
PAR  Female contact 23 has a main body portion 23b having an axial bore 27
      extending from the rearward end thereof. The bore 27 is similar to the
      bore 19 in the male contact 5 and is adapted to receive the stripped end
      of a cable 28. The cable end is firmly held within the bore 27 by a pair
      of set screws 29 and 30.
PAR  In a manner similar to that described with respect to male contact 5, the
      perforation 22 in the housing of female connector 1 may have molded
      therein a collar 31 through which the body portion 23b of the female
      contact 23 extends. The housing 21, collar 31 and female contact body
      portion 23b have coaxial holes 32, 33 and 34, respectively therein. The
      hole 34 in the portion 23a of female contact 23 is threaded and is adapted
      to be threadedly engaged by a screw 35 similar to screw 17 of FIG. 4.
PAR  The female contact 24 will be connected to a cable 36 in the same manner
      described with respect to the connection of female contact 23 and cable
      28. Similarly, as is indicated in FIG. 5, the female contact 24 is firmly
      held within the housing 21 by means of a collar 37 identical to the collar
      31. A screw 38 passes through the housing, collar and into the female
      contact 24 in the same manner described with respect to screw 35.
PAR  Having described the basic structure of the male connector 1 and female
      connector 2, attention can now be turned to the keying means of the
      present invention. Basically, the keying means comprises an element
      bearing a keying pin affixed to one of the connectors and an element
      bearing a keyhole or socket to receive the keying pin mounted on the other
      connector. The keying pin bearing element may be mounted on either one of
      the male and female connectors with the socket-bearing element mounted on
      the other. For purposes of an exemplary showing, the keying pin bearing
      element is shown in the figures mounted upon the male connector.
PAR  Reference is first made to FIGS. 1, 3, 4 and 7 wherein the keying pin
      bearing element is shown. Again, like parts have been given like index
      numerals.
PAR  The housing 2 of the main connector has on its upper surface, running
      centrally and longitudinally thereof, an upward extension 2e. The upward
      extension may constitute an integral part of the housing and is made of
      the same insulative material. The forward end of the upward extension has
      a longitudinal perforation 39 of hexagonal cross section, adapted to
      receive the element bearing the keying pin.
PAR  Referring to FIG. 7, the element bearing the keying pin comprises a
      hexagonal nut 40 of such size as to be just nicely received within the
      perforation 39 in the upward extension 2e. At its forward end, and
      displaced radially from its axial center, the nut 40 has a perforation 41.
      The axial displacement of the perforation 41 is most clearly shown in FIG.
      3.
PAR  The keying pin 42 comprises an elongated member having, for the majority of
      its length, a flat 43 formed thereon. At one end, the pin 42 has an
      enlarged diameter portion 42a. This portion is adapted to be received in
      and affixed in the perforation 41 of hexagonal nut 40. The attachment of
      keying pin 43 to hexagonal nut 40 may be accomplished by a force fit. To
      this end, the large diameter portion 42a of the keying pin may be knurled
      or the like. Alternatively, the keying pin may be affixed to the hexagonal
      nut by welding, brazing, adhesive means or the like.
PAR  As is shown in FIGS. 3 and 4, the upper extension 2e has a collar 44 molded
      therein. The upper extension has a perforation 45 which is coaxial with a
      perforation 46 through collar 44 and a threaded perforation 47 extending
      into the hexagonal nut 40. In this manner, the hexagonal nut is firmly
      held in the perforation 39 in the upward extension 2e by a screw 48
      extending through the perforation 45 in the upper extension, the
      perforation 46 in the collar 44 and threadedly engaged in the perforation
      47 in the hexagonal nut. Since the hexagonal nut 40 is firmly affixed
      within the upper extension 2e, the keying pin 43 will be held firmly in
      place, extending forwardly of the upper extension 2e with its axis
      parallel to the axes of male contacts 5 and 6.
PAR  For purposes of an exemplary showing, the keying element bearing the
      keyhole or socket to receive keying pin 43 is shown mounted upon the
      female connector in FIGS. 2, 5 and 6. The element itself is illustrated in
      FIGS. 8, 9 and 10. Turning first to FIGS. 5 and 6, it will be noted that
      the insulative housing 21 of female connector 20 has an upward extension
      21e running centrally and longitudinally of the top thereof. As in the
      case of upward extension 2e of the male connector, the upward extension
      21e may be an integral part of the insulative housing 21, made of the same
      insulative material. The upward extension 21e has a boss 21f at the
      rearward end thereof. A longitudinal perforation 49 extends the length of
      the main portion of upward extension 21e and is of hexagonal cross
      section. The perforation 49 opens into a perforation 50 of circular cross
      section in boss 21f.
PAR  The element bearing the keyhole or socket is most clearly shown in FIGS. 8
      through 10, wherein like parts are given like index numerals. This element
      is indicated at 51 and is elongated, having a hexagonal cross sectional
      configuration. The hexagonal cross sectional configuration may be
      substantially identical to that of nut 40 in FIG. 7. At its forward end,
      the element 51 is provided with a longitudinal perforation 52 which, as
      may be noted from FIGS. 9 and 10, is radially offset from the axial center
      of element 51. A stud 53 extends through a hole in the element 51 with its
      forwardmost end protruding into the axial perforation 52. The hole 52 is
      adapted to receive the keying pin 42 and the stud 53 will be accommodated
      by flat 43 on keying pin 42.
PAR  Returning to FIGS. 5 and 6, it will be noted that a collar 54 is
      permanently molded into the perforation 49 of upward extension 21e in the
      same manner described with respect to collar 44 in FIG. 4. Coaxial holes
      pass through the upper extension 21e as at 55, the collar 54 as at 56 and
      into the element 51 as at 57. The hole 57 in element 51 is threaded and is
      adapted to be threadedly engaged by a screw 58 passing through
      perforations 55 and 56 and into perforation 57. In this manner, the
      elongated element 51 having the keyhole or socket 52 is firmly mounted in
      the perforation 49 of upward extension 21e with the axis of socket 52
      being parallel to the axis of female contacts 23 and 24.
PAR  Returning to FIGS. 8 through 10, it will be noted that the elongated
      element 51 has, at its rearward end, an axial hole 59. The initial portion
      of the hole is threaded as at 59a and is adapted to receive in threaded
      engagement the forward end of a switch 60. The switch 60 is of
      conventional design well known in the art and may be readily selected by
      one skilled in the art to have those specifications required for its
      intended purpose. For purposes of an exemplary showing, the switch 60 may
      be considered to be a series connected current interrupting safety switch
      which will permit the passage of current through the male and female
      contacts only when the safety switch is in its "closed" position.
      Threadedly engaged upon the forward end of switch 60, between the body of
      the switch and the rearward end of elongated element 51 there is a nut 61
      by which the position of the switch may be axially adjusted with respect
      to the elongated element 51. Leads from the switch may be connected to
      switch contacts 60a and 60b. Such leads are shown at 62 and 63 in the form
      of a cable 64 extending rearwardly of the boss 21f in FIG. 2.
PAR  The switch 60 has a push button actuator 65. Between hole 59 and keyhole or
      socket 52 there extends a perforation 66 in which a plunger 67 is slidably
      located. The rearward end 67a of the plunger is engaged by one end of a
      compression spring 68. The other end of spring 68 engages push button 65
      of switch 60. It will be understood from FIGS. 8 and 10 that axial
      shifting of plunger 67 will result in the shifting of push button 65
      between closed and "open" positions.
PAR  In FIG. 11 the male connector of FIGS. 1, 3 and 4 is shown in its coupled
      position with the female connector of FIGS. 2, 5 and 6. In FIG. 11, like
      parts have been given the same index numerals as in the previously
      described figures. It will be noted that when the connectors 1 and 20 are
      fully mated, the forward extension portion 2b of the male connector
      insulative housing 2 is fully received within the hollow forward extension
      21b of the female connector. The male contacts 5 and 6 are received within
      female contacts 23 and 24, respectively. The clearance between the forward
      end 5a of male contact 5 and the perforation 3 within which the forward
      end is located is such as to just nicely receive the forward end 23a of
      female contact 23. The same is, of course, true of male and female
      contacts 6 and 24.
PAR  When the connectors 1 and 20 are fully mated, the forward face of upward
      extension 2e of the male connector and the forward face of upper extension
      21e of the female connector are in abutment. As a consequence, all of the
      electrical contacts, as well as the keying means, are fully enclosed by
      the connector housings 2 and 21.
PAR  FIGS. 6 and 8 illustrate the element 51 containing the keyhole or socket 52
      with switch 60, push button 65, spring 68 and plunger 76 in that position
      they would normally assume when the male and female connectors are
      disengaged. The push button 65 of switch 60 is in its forwardmost or open
      position, switch 60 being a normally open-type switch. Similarly, by
      virtue of spring 68, plunger 67 is in its forwardmost position.
PAR  In FIG. 11, wherein the male connector 1 and female connector 2 are fully
      coupled, it will be noted that the keying pin 42 has shifted plunger 67 to
      its rearwardmost position. Through the agency of spring 68, push button 65
      of switch 60 has been depressed to its closed position, thus completing
      the circuit and permitting current to flow through the cables and male and
      female connectors.
PAR  It will be evident from FIG. 11 that spring 68 is not fully collapsed when
      switch 60 is in its closed mode. This allows for over-travel and assures
      that the connectors 1 and 20 can be fully coupled.
PAR  In a comparison of FIGS. 6 and 11, it will be evident that upon the mating
      of connectors 1 and 20 the keying pin 42 will shift the push button 65 of
      switch 60 to its closed position after male contacts 5 and 6 have been at
      least partially engaged in female contacts 23 and 24, respectively.
      Similarly, during disengagement of the male and female connectors 1 and
      20, the keying pin 42 will permit the push button 65 of switch 60 to reach
      its open position prior to complete disengagement of male contacts 5 and 6
      from female contacts 23 and 24, respectively. This is an additional safety
      feature and prevents arching across the male and female contacts.
PAR  FIGS. 12 A through F diagrammatically illustrate the various rotative
      positions about its own axis that the element 51 can assume in the
      perforation 49 of the upstanding extension 21f on the female connector.
      FIGS. 12 A through F also diagrammatically illustrate the corresponding
      rotative position about its own axis that the nut 40 must assume in the
      perforation 39 of upward extension 2e on the male connector, if the male
      and female connectors are to be coupled. It will be understood that if the
      element 51 and nut 40 are not in the corresponding positions illustrated,
      the male and female connectors cannot be mated. Normally, the male and
      female connectors will be provided by the manufacturer as a mating set. It
      would be within the scope of the present invention, however, to provide
      the element 51 with a threaded perforation 57 in each of its peripheral
      faces and to provide the nut 40 with a threaded perforation 47 in each of
      its faces so that the user of the male and female connector assembly could
      arrange elements 51 and 40 to suit his particular purposes, it being
      necessary to stock only one type of male connector 1 and one type of
      female connector 2. In FIGS. 1 through 11, the nut 40 and element 51 are
      illustrated in the corresponding positions demonstrated in FIG. 12E.
PAR  While, in the figures thus far described, the element 51 has been shown to
      contain a safety-enabling switch, it will be understood that the switch 60
      may be used to perform any other desired function. On the other hand, the
      keying means of the present invention may be used as an additional set of
      contacts. In such an instance, the plunger 67, spring 68 and switch 60
      would be eliminated and the rearward end of element 51 would be connected
      to conductor means in any appropriate manner, as for example, in the
      manner described with respect to male contacts 5 and 6 and female contacts
      23 and 24. Similarly, nut 40 would have an appropriate conductor affixed
      to its rearward end, again, in any appropriate manner.
PAR  In some instances, however, it may be desired that the keying means serve
      simply to insure that only desired male and female connectors be coupled.
      In this instance, the element 51 of FIG. 8 may be replaced by the element
      51a of FIG. 13. The element 51a is substantially identical to the element
      51 except for the elimination of perforation 66, plunger 67, spring 68,
      switch 60 and perforation 59. The element 51 has a keyhole or socket 52a
      identical to socket 52, a stud 53a identical to stud 53 and a threaded
      perforation 57a identical to threaded perforation 57 of element 51 and
      serving the same purpose.
PAR  Modifications may be made in the invention without departing from the
      spirit of it. For example, as mentioned above, as an additional safety
      feature the male and female connectors may be color coded, as is well
      known in the art.
PAR  In the particular embodiments illustrated, the element 51 and the nut 40
      are shown as having a hexagonal peripheral configuration. This permits six
      optional corresponding positions to be assumed by the elements 51 and 40,
      as illustrated in FIG. 12. It will be understood by one skilled in the art
      that nut 40 and element 51 may be provided with other cross sectional
      configurations and provided with a fewer or a greater number of
      corresponding positions.
PAR  The various screw means 17, 19, 35, 38, 48 and 58 may be produced with
      insulative head means of the type described in U.S. Pat. No. 3,784,964.
PAR  Finally, the switch 60 may be used to serve any desired purpose and may be
      of any type required to accomplish that purpose.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electrical connector assembly comprising a male connector with at
      least one male contact and a female connector with at least one female
      contact, said male and female connectors each terminating at least one
      electric cable and being adapted to be mated with said at least one male
      contact in engagement with said at least one female contact, the
      improvement comprising keying means in association with said male and
      female connectors enabling the mating of said male and female connectors
      with each other and preventing the mating of said male and female
      connectors with other similar female and male connectors and an electrical
      switch in association with said keying means, said keying means comprising
      a keying pin and mounting means therefor and an elongated member having a
      socket adapted to receive said keying pin, said mounting means for said
      keying pin comprising an elongated body, the longitudinal axis of said
      keying pin being parallel to and radially offset with respect to the
      longitudinal axis of said body, the longitudinal axis of said socket being
      parallel to and radially offset with respect to the longitudinal axis of
      said elongated member, said keying pin and said mounting means therefor
      being affixed to one of said male and female connectors with the axis of
      said keying pin being parallel to the axis of said at least one contact of
      said one of said male and female connectors, said elongated socket-bearing
      member being affixed to the other said male and female connectors with the
      axis of said socket being parallel to the axis of said at least one
      contact of said other of said male and female connectors, said mounting
      means for said keying pin being of hexagonal transverse cross section,
      said elongated socket-bearing member being of hexagonal transverse cross
      section, said keying pin mounting means being affixable to its respective
      connector in any one of six rotative positions about its longitudinal
      axis, said socket-bearing member also being affixable to its respective
      connector in any one of six corresponding rotative positions about its
      longitudinal axis, said radial offsets of said socket and said keying pin
      corresponding and said keying pin and mounting means therefor and said
      elongated socket-bearing element being so oriented on their respective
      connectors that said keying pin is receivable within said socket enabling
      mating of said male and female connectors and their respective male and
      female contacts, said switch mounted within said elongated socket-bearing
      member and means in association with said switch whereby said keying pin
      will activate said switch upon complete mating of said connectors and will
      deactivate siad switch when said connectors are disengaged.
NUM  2.
PAR  2. The structure claimed in claim 1 including a stud extending transversely
      of and partially into said socket, said keying pin having a longitudinal
      flat to accommodate said stud.
NUM  3.
PAR  3. The structure claimed in claim 1 wherein each of said connectors
      comprises an insulative housing surrounding said contacts thereof, said
      housing of each of said connectors having an extension thereon with a
      hexagonal hole adapted to receive its respective one of said
      socket-bearing member and said keying pin mounting means and means to
      maintain each of said socket-bearing member and said keying pin mounting
      means within its respective hexagonal hole.
NUM  4.
PAR  4. The structure claimed in claim 1 wherein said socket in said
      socket-bearing member extends inwardly from one end of said member, the
      other end of said member having a hole therein extending toward said
      socket, a passage connecting said hole and said socket, a push button
      switch located within said hole with said push button facing said passage,
      a plunger mounted in and longitudinally slidable in said passage, a
      compression spring operatively connecting one end of said plunger to said
      push button, the other end of said plunger extending into said socket,
      said plunger being shiftable between a first position wherein said push
      button is depressed closing said switch and a second position therein said
      push button is extended opening said switch, said plunger being shifted to
      said first position by said keying pin upon complete mating of said
      connectors and said plunger being shifted to said second position by said
      spring when said connectors are disengaged.
NUM  5.
PAR  5. The structure claimed in claim 4 wherein said keying pin and said
      plunger are so sized as to shift said plunger to said first position after
      said male contact enters said female contact upon the mating of said
      connectors and to shift said plunger to said second position prior to
      complete removal of said male contact from said female contact upon
      disengagement of said connectors.
NUM  6.
PAR  6. The structure claimed in claim 5 wherein said push button switch is a
      series connected current interrupting safety switch such that when said
      plunger is shifted to said first position by said keying pin upon complete
      mating of said connector assembly and said safety switch is closed current
      will flow through said connector assembly and when said plunger is shifted
      to said second position by said spring while said connectors are
      disengaged and said safety switch is open any flow of current through said
      connector assembly will be interrupted.
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ABST
PAL  An adapter for converting a non-repairable electrical cable connection into
      one which is repairable. The cable connection is the type in which a wire
      bundle is enclosed within a braided shield which is permanently terminated
      to a backshell, the backshell being threadedly secured by a coupling nut
      to a connector to which the wire bundle is terminated. The adapter
      comprises a pair of semi-circular adapter sections which combine to form a
      cylindrical adapter which fits around an unshielded portion of the wire
      bundle between the backshell and connector. The adapter has external
      threading at one end for connection to the backshell. A second coupling
      nut slidably mounted around the adapter connects the opposite end of the
      adapter to the connector. The second coupling nut is removable from around
      the adapter to permit the adapter sections to be separated and removed
      from around the unshielded portion of the wire bundle. This permits repair
      of the bundle and its terminations to the connector without distrubing the
      shielding or shielding termination.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an adapter for converting a nonrepairable shielded
      electrical cable connector to a repairable one.
PAR  2. Description of the Prior Art
PAR  In wire cable harnesses, particularly air frame harnesses, metal braid
      shielding is used to prevent signals on the inside of the cable from being
      interfered with by signals on the outside of the cable bundle. It is
      becoming more difficult to accomplish effective shielding required by the
      delicacy of current day instrumentation. In addition to the normal types
      of interference, it is sometimes required that critical lines be shielded
      from electro-magnetic pulses. These pulses have been known to reach in
      excess of several thousand volts. To shield from these effects, an
      extremely low resistive path is required between the aircraft ground and
      the shield of the cable run.
PAR  The shielding prevents outside electrical signals or impulses of any kind
      from penetrating the cable by induction and providing undesirable
      cross-signals or interference. If the shielding is distrubed in any way,
      such as by forcing it back along the cable in order to effect repairs, the
      electrical shielding is adversely affected and is for all practical
      purposes destroyed.
PAR  The primary requirement for a repairable connector accordingly is that all
      repairs must be effected and retermination of the wires established
      without in any way disturbing the braided shield.
PAR  At the present time, there are two types of shielded electrical cable
      connectors in use. One is the non-repairable type such as that using
      crimped ring or Magnaform (trademark) termination of the braided shield.
      Such connectors cannot be repaired because there is no way to effect such
      a repair without disturbing the braided shield, which disturbance results
      in impairment of the electrical shielding.
PAR  Another requirement of a repairable connector is that the connector should
      be repairable in the field. In the case of Magnaform shield terminations
      of the type now in use, this cannot be done because Magnaform equipment is
      not available or adaptable for use in the field.
PAR  For these reasons, crimped ring, Magnaform and permanent type
      non-repairable connectors cannot be used in applications where
      repairability is either a requirement or a possibility. The only other
      available alternatives at the present time are the much more expensive,
      complex and heavier repairable assemblies such as those disclosed in U.S.
      Pat. Nos. 3,830,937 and 3,739,076. The added expense of such units is
      undesirable in all applications and the added weight is undesirable in
      aircraft applications. The effectiveness of the shield termination and
      shielding effect also may be less than that of a nonrepairable
      construction.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of the invention to provide an adapter whereby a
      non-repairable connector of the crimp braid or Magnaform type can be
      converted to a repairable one, capable of even being repaired in the
      field. An important feature of the invention is that it permits repair
      without in any way altering either the braided shield or its permanent
      termination.
PAR  The connector of the present invention accordingly provides the advantages
      and benefits of both types of connectors now in use. It permits use of the
      more desirable and more efficient Magnaform or crimp braid shield
      termination while at the same time providing for disassembly and repair of
      the connector leads or cable connections without affecting the shield
      termination or shielding effectiveness in any way.
PAR  The invention provides the same type of easy disassembly and repairability
      as the repairable assemblies such as those of U.S. Pat. Nos. 3,830,937 and
      3,739,076, but eliminates their undesirable qualities of complexity,
      increased weight and reduced effectiveness.
PAR  Another object of the invention is to provide an adapter which is capable
      of use for direct connection, right angle connection, 45.degree.
      connection or any other angle which may be required or desired.
PAR  It is among the objects of the invention to provide an adapter whereby
      termination of a shielded cable to a connector is simpler and easier to
      repair, lighter in weight, less expensive and more adaptable than
      terminating devices and methods of the type now in use.
PAR  A further object of the invention is to provide an adapter having all of
      the advantages and benefits set forth above and described hereinafter in
      this specification.
PAR  The invention also comprises such other objects, advantages and
      capabilities as will later more fully appear and which are inherently
      possessed by the invention.
PAR  While there are shown in the accompanying drawings preferred embodiments of
      the invention, it should be understood that the same are susceptible of
      modification and change without departing from the spirit of the invention
     .
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view showing the adapter of the present
      invention in use with a shielded cable and connector, with portions broken
      away and shown in section;
PAR  FIG. 2 is a transverse sectional view of the same, taken on line 2--2 of
      FIG. 1;
PAR  FIG. 3 is an exploded longitudinal view of the second locking nut, second
      retainer ring and the adapter, with the upper portion shown in elevation
      and the lower portion shown in section;
PAR  FIG. 4 is a side elevational view of another embodiment of the adapter for
      use in a 45.degree. cable connection;
PAR  FIG. 5 is a side elevational view of still another embodiment of the
      adapter for use in a 90.degree. cable connection.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment which has been selected to illustrate the invention
      is adapted for use with a conventional electrical cable of the type in
      which a wire bundle 10 is enclosed within a braided shield 11.
PAR  The shield 11 is terminated to the exterior of an electrically conductive
      tubular backshell 12 by crimping the end of the shield 11 between the
      interior of a ring 13 and the exterior of one end of the backshell 12. In
      the embodiment shown, the ring 13 is diametrically reduced by a
      conventional method and apparatus identified by the trademark Magnaform. A
      suitable alternative is a crimped ring, in which the ring is diametrically
      reduced by mechanical means also well-known in the art.
PAR  The opposite end of the backshell 12 carries an annular enlargement forming
      a shoulder 14, which is spaced slightly inwardly from the end of the
      backshell 12 remote from the ring 13. A coupling nut 15 is disposed in
      overlying relationship to the shoulder 14. The coupling nut has internal
      screw threading within what may be termed its outer end and an internally
      mounted split retainer ring 17 within its opposite or inner end. The
      retainer ring 17 is dimensioned to abut against, but not pass over, the
      shoulder 14, so that the retainer ring 17 prevents removal of the coupling
      nut 15 from the backshell 12. The end of the backshell 12 remote from the
      ring 13 is provided with a plurality of serrations 18 which extend around
      its entire periphery.
PAR  An elongated electrically conductive tubular adapter 20 is formed of two
      complementary semi-circular sections 21 and 22. One end of the adapter 20
      carries diametrically enlarged external screw threading 23 which is
      complementary to and adapted to engage the screw threading 16 of the
      coupling nut 15. The other end of the adapter 20 is diametrically enlarged
      to form a shoulder 24 corresponding to the shoulder 14 on the backshell
      12. Both ends of the adapter 20 carry serrations 25 and 26 respectively
      which correspond to and are complementary with the serrations 18 on the
      backshell 12.
PAR  The elongated edges of the adapter sections 21 and 22 are provided with
      outer projections 27 which overlap and are complementary with inner
      projections 28 to form lap or scarf points along both of the adapter
      sections. This is important because it provides continuous and equal
      shielding around the entire circumference of the adapter, the thickness
      along the joints being thereby made equal to the thickness of the other
      wall sections of the adapter. There is accordingly no undesirable gap or
      variation in the thickness or effectiveness of the shielding along the
      joints where the adapter sections meet.
PAR  A second coupling nut 29 corresponding to the coupling nut 15 is provided
      with internal screw threading 30 and an internally mounted but removable
      second split retainer ring 31. When the second retainer ring 31 is in
      place within the second coupling nut 21, the ring 31 prevents removal of
      the coupling nut 29 from the adapter 20, since the internal diameter of
      the ring 31 is less than the outer diameter of the shoulder 24 and
      external screw threading 23 at the opposite ends of the adapter 20. When
      the coupling nut 29 is in position surrounding the adapter 20, it
      accordingly prevents substantial separation or removal of the adapter
      sections 21 and 22.
PAR  The wire bundle 10 extends through the adapter 20 and is terminated in a
      conventional manner to a connector 35. The connector 35 is provided with
      external screw threading 36 which is formed complementarily with and is
      adapted to engage the internal screw threading 30 of the second coupling
      nut 29. The portion of the connector 35 which carries the threading 36 is
      also provided with serrations 37 on the end thereof which are
      complementary to the serrations 25 and 26 of the adapter 20.
PAR  In use, the serrations 18 of the backshell 12 fit into and engage the
      serrations 26 on the externally screw threaded end of the adapter 20. The
      internal screw threading 16 of the coupling nut 15 engages the external
      screw threading 23 of the adapter 20. The retainer ring 13 engages the
      shoulder 14 of the backshell 12. Rotation of the coupling nut 15 as far as
      possible results in drawing the serrations 18 and 26 into tight engagement
      with each other, so that one end of the adapter 20 is both mechanically
      and electrically connected to the backshell 12.
PAR  The second coupling nut 29 has its internal screw threading 30 engaging the
      external screw threading 36 on the connector 35, while its second retainer
      ring 31 engages the second shoulder 24. Rotation of the second coupling
      nut 29 as far as possible results in drawing the serrations 25 and 37 into
      tight engagement with each other, so that the other end of the adapter 20
      is both mechanically and electrically connected to the connector 35. The
      projections 27 and 28 overlap to provide complete mechanical and
      electrical engagement between the sections 21 and 22 of the adapter 20.
PAR  When it is necessary to repair or change the connections of any of the
      wires of the bundle 10 to the connector 35, both coupling nuts 15 and 29
      are first disconnected from the adapter 20 and connector 35 respectively.
      The second retainer ring 31 is then removed from the second coupling nut
      29, preferably with the assistance of a suitable manually operated tool.
PAR  The second coupling nut 29 can then be slidably moved over either end of
      the adapter 20 and the adapter sections 21 and 22 removed from around the
      bundle 10. The necessary repairs or changes can then be made without in
      any way disrupting the shield 11 or its termination to the ring 13.
PAR  When the repairs or changes have been completed, the adapter sections 21
      and 22 are moved back into place around the bundle 10 between the
      connector 35 and backshell 12. The second coupling nut 29 is then moved
      back into position surrounding the adapter 20 and the second retainer ring
      31 is replaced within the second coupling nut 29. The coupling nuts 15 and
      29 are then tightened and the reassembly is completed without disturbing
      either the braiding of the shield 11 or the Magnaform or crimped
      terminating ring 13.
PAR  FIG. 4 of the drawings shows an alternative adapter 20a which is directed
      at a 45.degree. angle for connections which require such an angle. FIG. 5
      shows another alternative adapter 20b which is directed at a 90.degree.
      angle. The adapters may also be formed in other desired angles or
      configurations as well.
PAR  It will be noted that the invention achieves its objective of making a
      permanently terminated shield construction easily repairable, even in the
      field, without affecting the shielding or shield termination. The
      invention accordingly eliminates the necessity of disassembling and then
      reassembling the shield termination, as has formerly been required in
      previous repairable assemblies.
PAR  If the adapters 20, 20a and 20b are to be used interchangeably, it is
      necessary that the longitudinal dimension of the adapters be identical. In
      other applications, this dimension makes no difference and it may be made
      as short or as long as may be required or desired for the particular
      application and environment in which it is used.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adapter converting a non-repairable electrical cable connection into
      one which is repairable, said cable connection being of the type in which
      a wire bundle is enclosed within a braided shield which is permanently
      terminated to a backshell, the backshell being secured to a connector to
      which the wire bundle is terminated by a coupling nut which is slidably
      mounted on the backshell, the coupling nut having internal screw threading
      engaging external screw threading on the connector, the backshell having
      an outwardly directed annular shoulder, means carried by said coupling nut
      engaging said shoulder upon longitudinal movement of said coupling nut
      away from said backshell, said adapter comprising a pair of electrically
      conductive semicircular sections, said sections forming a cylindrical
      adapter fitting around and enclosing an unshielded portion of said wire
      bundle between said backshell and said connector, said adapter having
      diametrically enlarged external threading at one end thereof engaging said
      coupling nut connecting one end of said adapter to said backshell, a
      second coupling nut slidably mounted around said adapter, said second
      coupling nut having internal threading engaging the external threading on
      said connector connecting the other end of said adapter to said connector,
      the end of said adapter adjacent to said connector having an outwardly
      directed annular shoulder of identical dimension with said first named
      shoulder, a split ring mounted within said second coupling nut engaging
      said last named shoulder, said split ring being removable from said second
      coupling nut to permit said second coupling nut to be moved longitudinally
      past said diametrically enlarged external threading on said adapter and
      past said first named shoulder on said connector so that said sections can
      be separated and removed from around the unshielded portion of said wire
      bundle to permit repair of said bundle and its adjacent terminations to
      said connector without disturbing said shielding or the termination of
      said shielding to said backshell.
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ABST
PAL  A battery post and cable clamp intended for use with a conventional post of
      a conventional storage battery of the type used in vehicles, boats and the
      like, the clamp consisting of two separate parts which engage in a hinge
      manner at one end to be pivotable relative to each other and have a bolt
      adjustably securing the opposite ends together, each of the members having
      a semi-circular recess disposed therein with the recesses brought into
      registration when the members are hingedly affixed together so as to
      define a circular recess of a size adapted to be adjustably fit onto the
      conventional cylindrical battery post with the bolt adjustably fastening
      the clamp thereto, and with one of the members including a hollow
      cylindrical socket adapted to receive one end of a conductor cable therein
      and having a threaded bolt which is threadedly received through a side
      wall of the socket to retain the conductor cable affixed thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to battery accessories and more
      particularly to a novel and improved battery post and cable clamp for
      affixing a conducting cable to the battery post in a manner permitting
      ease of removal of the clamp from the post.
PAR  2. Description of the Prior Art
PAR  It has been known in the prior art to provide different types of clamps for
      securing to battery posts, the clamps having one end of a battery
      conductor cable secured thereto. The majority of such clamps are made of
      one piece of lead like material which encircles the post and which is then
      bolted in place. However, due to the effects of corrosion and the lack of
      resiliency of the lead like material, such battery terminal clamps are
      normally quite difficult to remove from the battery posts when it comes
      time to change or service the battery. This becomes a major problem on
      those batteries which must be frequently removed from the device on which
      they are mounted, such as in the case of boats where batteries are
      frequently removed during periods of storage of the boat and then
      reinstalled during periods of use of the boat.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention recognizes the deficiencies and disadvantages of
      presently available battery clamps when having to be frequently removed
      and reinstalled onto the battery posts of a battery, and provides a novel
      solution thereto in the form of a two piece battery clamp which is easily
      installed onto and removed from a battery terminal post with no damage to
      the post or to the clamp and requiring no special tools or expertise to
      accomplish the removal and reinstallation.
PAR  It is a feature of the present invention to provide a battery post and
      cable clamp.
PAR  A further feature of the present invention provides a battery post and
      cable clamp which is relatively simple in its construction and which
      therefore may be readily manufactured at a relatively low cost and by
      simple manufacturing methods such that it can be retailed at a
      sufficiently low price to encourage widespread use thereof.
PAR  Still a further feature of the present invention provides a battery clamp
      which is possessed of only two parts and which therefore is unlikely to
      get out of order.
PAR  Yet still a further feature of the present invention provides a battery
      post and cable clamp which is of a rugged and durable construction and
      which therefore may be guaranteed by the manufacturer to withstand many
      years of intended usage.
PAR  Still yet a further feature of the present invention provides a battery
      post and cable clamp which is easy to use and reliable and efficient in
      operation.
PAR  Other features and advantages of this invention will be apparent during the
      course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings forming a part of this specification, and in
      which like reference characters are employed to designate like parts
      throughout the same:
PAR  FIG. 1 is a perspective view of the battery post and cable clamp of the
      present invention as affixed to a conventional battery post;
PAR  FIG. 2 is a top perspective view of the battery post and cable clamp of the
      invention;
PAR  FIG. 3 is a top plan view of the battery post and cable clamp of the
      invention illustrated in the closed position and with phantom line
      indication of the clamp in the open position; and
PAR  FIG. 4 is a left side elevational view of the battery clamp of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail there is illustrated a preferred
      form of a battery post and cable clamp constructed in accordance with the
      principles of the present invention and which is designated generally in
      its entirety by the reference numeral 10 and which is comprised of two
      component parts, namely a top member 11 and a bottom member 12. The clamp
      10 may be manufactured of any suitable electrical conducting material,
      either ferrous or non-ferrous metallic material, with the preferred
      embodiment being manufactured of a corrosion resistant cast metal
      material.
PAR  The bottom member 12 includes a flat top portion 21 having a base 22 and a
      top edge 23 and an intermediate top edge 24 which is spaced closer to base
      22 than top edge 23, there being disposed imtermediate adjacentmost ends
      of the edges 23 and 24 a semi-circular recess 25 of a diameter adapted to
      pass about the conventional battery post 15 of a storage type battery 16
      of the type used in vehicles, boats and the like.
PAR  Intermediate top edge 24 is associated with lip 26 which projects outwardly
      of the recess 25 and has extending therethrough in a normal direction a
      bore 27 which extends from the bottom surface 28 through to the
      intermediate top edge 24.
PAR  Formed integrally with base 22 and extending parallel to edges 24 and 23 is
      a cylindrical socket forming member having a closed back end 31,
      cylindrical side walls 32, and an open front end 33 which provides access
      therethrough to cylindrical socket 34 defined interiorly thereof, the open
      front end 33 projects in the opposite direction from lip 26.
PAR  A threaded aperture 37 extends radially into socket 34 intermediate front
      and back ends 33 and 31 and receives therein the threaded shank of a bolt
      38 having the terminal end thereof inserted into the socket 34.
PAR  Disposed adjacent the outermost portion of top edge 23 projecting outwardly
      in an opposite direction from lip 26 is a flange 41 having an arcuate
      bottom surface 42.
PAR  The top member 11 is manufactured of the same material as the bottom member
      21 and is generally of a question mark configuration having a lip forming
      bottom end portion 51 having a flat top surface 52 and a flat bottom
      surface with a bore 54 extending therethrough between such surfaces, and
      an arcuate top end portion having arcuate exterior surface 55 which curves
      about to define an arcuate interior surface 56 of a curvature
      complementary to surface 42 of bottom member 12, and a flat bottom edge 57
      complementary to flat top edge 23. Disposed intermediate flat bottom edge
      57 and bottom surface 53 of lip 51 is a semi-circular recess 58 of the
      same curvature as recess 25.
PAR  In operation, a battery conductor cable 61 is inserted into socket 34 and
      secured therein by bolt 38 to be in electrical communication with the
      bottom member 12. The curved hook forming portion 56 and 57 of top member
      11 is then engaged on the arcuate flange 41 about the arcuate portion 42
      thereof in a manner providing a hinge like action thereabout, such as
      illustrated in FIG. 3 by phantom line configuration 64. The device is then
      placed about conventional battery post 15 which is received in the
      confronting disposed recesses 25 and 58, after which the threaded shank 71
      of bolt 72 is passed through the aligned bores 27 and 54 with the bolt
      head engaging bottom surface 28 and with the terminal end of the shank 71
      and projecting beyond top surface 52 and having a wing nut 73 threadedly
      received thereon for adjustably securing the clamp device 10 to the
      battery post 15.
PAR  It is to be understood that the operation of top member 11 relative to
      bottom member 12 about flange 51 is of a hinge-like interlocking manner
      such that the clamp can be readily removed, even when badly corroded or
      broken, from the battery post without having to pry or pull the battery
      clamp therefrom as is required in the removal of conventional clamps from
      the post, this thus eliminating any chance of breakage or damaging the
      battery post.
PAR  It is to be understood that the form of this invention herewith shown and
      described is to be taken as a preferred example of the same, and that this
      invention is not to be limited to the exact arrangement of parts shown in
      the accompanying drawings or described in this specification as various
      changes in the details of construction as to shape, size, and arrangement
      of parts may be resorted to without departing from the spirit of the
      invention, the scope of the novel concepts thereof, or the scope of the
      sub-joined claims.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A battery post and cable clamp intended for securing a conductor cable
      to a conventional cylindrically configured battery post, the clamp device
      comprising, in combination:
PA1  a bottom clamp member of electrical conducting material;
PA1  a top clamp member of electrical conducting material;
PA1  means detachably affixing said top clamp member to said bottom clamp member
      in a hinge-like manner;
PA1  bolt means for adjustably affixing said top clamp member to said bottom
      clamp member;
PA1  a socket member formed integrally with said bottom clamp member and adapted
      to receive one end of said conductor cable therein to electrically connect
      the same to said bottom clamp member;
PA1  said bottom clamp member comprising, in combination:
PA2  a flat bottom edge;
PA2  a first arcuate side edge;
PA2  a second arcuate side edge disposed spaced from said first side edge;
PA2  a flat top edge dispoed adjacentmost said first side edge and extending
      parallel to said bottom edge;
PA2  an intermediate top edge extending parallel to said bottom side edge and
      spaced closer thereto than said top edge, said intermediate top edge being
      of a flat configuration extending outwardly of said second arcuate side
      edge;
PA2  a lip formed integrally with said intermediate top edge and having a bottom
      edge extending parallel to said intermediate top edge;
PA2  a bore extending through said lip;
PA2  an arcuate semi-circular exterior surface interconnecting the outermost end
      of said top edge to the outermost end of said first arcuate side edge;
PA2  a semi-circular recess interconnecting the innermost end of said top edge
      to the innermost end of said intermediate top edge, the semi-circular
      recess being of a size and configuration adapted to fit about the
      cylindrical side walls of a conventional battery post;
PA2  a cylindrical socket forming member having an open front end and a closed
      back end and cylindrical side walls formed integrally with said bottom
      edge of said bottom clamp member with said socket having its axis
      extending parallel thereto and opening out of said open end, said open end
      being adjacentmost said first arcuate side edge of said bottom clamp
      member;
PA2  a threaded aperture extending radially through a portion of said
      cylindrical side walls and opening into said socket; and
PA2  a bolt having a threaded shank threadedly received in said threaded
      aperture with the terminal end of the bolt adapted to pass into said
      socket for securing one end of said conductor cable in said socket.
NUM  2.
PAR  2. The device as set forth in claim 1 wherein said top half of said clamp
      comprises, in combination:
PA1  a lip forming bottom end having a flat bottom surface and a flat top
      surface;
PA1  a bore extending through said lip bottom end between said top and bottom
      surfaces in position to be axially oriented with said bore of said bottom
      clamp member lip when said top clamp member is affixed to said bottom
      clamp member;
PA1  a top end including an arcuate exterior surface which curves about and
      terminates in a hook forming slot portion;
PA1  said hook forming slot portion including a flat bottom edge of a size and
      configuration adapted to engage said flat top edge of said bottom clamp
      member, and a recess extending between the outermost end of said flat
      bottom edge and the juncture point with said arcuate exterior surface and
      being of a curvature complementary to said arcuate semi-circular exterior
      surface interconnecting the outermost end of said top edge to the
      outermost end of said first arcuate side edge of said bottom clamp member;
PA1  a semi-circular recess of a curvature equal to the curvature of said bottom
      clamp member recess and interconnecting the innermost end of said lip
      bottom surface with the innermost end of said hook bottom surface; and
PA1  whereby said hook portion of said top clamp member is adapted to detachably
      engage said semi-circular exterior surface of said bottom clamp member to
      hingedly connect said top clamp member to said bottom clamp member.
NUM  3.
PAR  3. The device as set forth in claim 2 wherein said bolt means connecting
      said top clamp member to said bottom clamp member comprises, in
      combination:
PA1  a bolt having a threaded shank with an enlarged head portion formed at one
      end thereof, said shank adapted to pass axially through the aligned bores
      in said lips of said top and bottom clamp members with the head of the
      bolt engaging the exterior surface of one of said lip portions with the
      terminal end of said bolt projecting beyond the exterior surface of the
      opposite of said lip portions; and
PA1  a wing nut detachably threadedly received on said terminal end of said bolt
      for adjustably securing said top clamp member to said bottom clamp member
      in a manner varying the effective size of said confronting recesses in
      said top and bottom clamp members for readily attaching and detaching said
      clamp device to and from said conventional battery post.
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ABST
PAL  An electric terminal fitting intended to be interposed between a terminal
      plate and a terminal screw of an electrical outlet and hold an end of a
      conductor wire in place for electrical connection, the fitting including a
      two prong member fitting opposite sides of a terminal screw, and having
      wire retainer elements for placing the end of a conductor wire in position
      for electrical contact with the outlet. The fitting may be arranged to
      include a cover having an insulation surface which may be folded over the
      terminal screw to prevent shorting or grounding of the terminal screw.
      Also, the fitting may be formed of plastic material and maintain an
      electrical connection directly between the wire and the terminal plate or
      the terminal screw.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional electrical outlets to which the prong fittings of extension
      cords are connected, are mounted in metal outlet boxes, and are provided
      with a pair of terminal plates which receive screws. In order to connect
      the terminal plates to the supply line for the outlet box, a short length
      of insulation is removed from each wire of the supply line, the exposed
      wire is bent into hook form and inserted between the head of the screw and
      the terminal plate, whereupon the screw is tightened. In tightening the
      screw, the turning force exerted by the screw, particularly if the hook
      end is wrapped in the wrong direction, or if the wire is a multiple
      stranded wire, can cause the wire hook to spread. Sometimes such spreading
      is sufficient to cause a ground or short or to make a poor connection.
      Also sometimes the screw head may project too far and be exposed for
      engagement with the walls of the outlet box or other object.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention minimizes the problems associated with electrical
      outlets and is directed to an electric terminal fitting which is
      interposed between the screw fitting and the terminal plate bar and is
      summarized in the following objects:
PAR  First, to provide an electric terminal fitting which simplifies the
      operation of joining an electrical supply wire to an electrical outlet,
      and insures an improved connection.
PAR  Second, to provide an electric terminal fitting which forms a novel guide
      and retainer means for the supply line wire adapted to receive a short
      exposed straight length of wire.
PAR  Third, to provide an electric terminal fitting as indicated in the
      preceeding objects, which may include an insulating tab adapted to be
      folded over the screw head.
PAR  Fourth, to provide an electric terminal fitting as indicated in the other
      objects wherein the guide and retaining means may be effectively embodied
      in several constructions all providing a dependable connection between the
      supply line wire and attachment screw.
PAR  Fifth, to provide an electric terminal fitting as indicated in the other
      objects wherein the fitting is formed of plastic material interposed
      between the terminal plate of the outlet and supply line wire but so
      arranged as to provide adequate and dependable contact between the supply
      line wire and the screw head.
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a side view of a typical electrical outlet showing one embodiment
      of the electric terminal fitting in place.
PAR  FIG. 2 is an enlarged fragmentary sectional view thereof taken through 2--2
      of FIG. 1.
PAR  FIG. 3 is another enlarged fragmentary sectional view thereof taken through
      3--3 of FIG. 2.
PAR  FIG. 4 is a front view of the electric terminal fitting.
PAR  FIG. 5 is a back view thereof.
PAR  FIG. 6 is a side view thereof.
PAR  FIG. 7 is a front view showing another embodiment of the electric terminal
      fitting.
PAR  FIG. 8 is a sectional view thereof taken through 8--8 of FIG. 7.
PAR  FIG. 9 is a front view of another embodiment of the electric terminal
      fitting.
PAR  FIG. 10 is a sectional view thereof taken through 10--10 of FIG. 9.
PAR  FIG. 11 is an enlarged end view showing a further embodiment of the
      electric terminal fitting.
PAR  FIG. 12 is a longitudinal sectional view thereof taken through 12--12 of
      FIG. 11.
PAR  FIG. 13 is a bottom view thereof.
PAR  FIG. 14 is a top view of a still further embodiment of the invention
      showing a pair of wires fitted therein.
PAR  FIG. 15 is a side view thereof showing the terminal plate and attachment
      screw fragmentarily.
PAR  FIG. 16 is an enlarged fragmentary sectional view taken within circle 16 of
      FIG. 15.
PAR  FIG. 17 is a bottom view of the electric terminal fitting taken in the
      opposite directions from FIG. 14.
PAR  FIG. 18 is a side view thereof before attachment and corresponding to FIG.
      15.
PAR  FIG. 19 is a sectional view taken through 19--19 of FIG. 18.
PAR  FIG. 20 is a sectional view similar to FIG. 19 but illustrating a modified
      form of the electrical terminal fitting illustrated in FIGS. 14-19.
DETD
PAR  One of the many conventional outlets devices suitable for use with the
      electrical terminal fitting includes an electric outlet assembly 1
      comprising a body of insulation material 2 in which is fitted a pair or
      more of terminal bars or plates 3 which receive attachment screws 4.
PAR  The screws are adapted to secure and make electric contact between the
      exposed ends of electric wires 5 provided except for the exposed ends with
      a covering of insulating material 6.
PAR  In the practice of the present invention an embodiment of the electric
      terminal fitting is interposed between the attachment screw 4 and the
      terminal plate 3. Referring to the embodiment shown in FIGS. 1 through 6,
      the electric terminal fitting 7 is formed of thin soft sheet metal and
      includes a base plate 8 forming a pair of flat prongs 9 separated by a
      slot 10. Bordering the remote margins of the prongs 9 are side flanges 11.
      Continuing from the end of the plate 8 opposite from the entrance end of
      the slot 10, is a tab extension 12. The adjacent ends of the plate 8 and
      extension 12 form a foldable connecting portion 13.
PAR  Operation of the electric terminal fitting is as follows:
PAR  The plate 8 of the electric terminal fitting is inserted between the plate
      3 and a screw 4. First, however, the insulation is removed from the end of
      the wire a distance approximately equal to the length of the plate 8. In
      this regard, it should be noted that the exposed end of the wire is
      substantially less than the length of exposed wire normally used. Also the
      wire is not bent, but remains straight. The straight end of the wire is
      inserted between a corresponding side flange 11 and the shank of the
      attachment screw 4 as shown in FIGS. 1, 2 and 3. Initially, the tab
      extension 12 extends from the plate at a slight angle and is adjacent to
      the wire so that both members may be held together manually while the
      screw is tightened. Also the tab serves to manipulate the plate into
      position. In the process of tightening the screw, the flange 11 maintains
      the wire in place and may be crushed so as to make a good electrical
      contact between the screw and the wire as well as between the plate 8 and
      the wire so that the good electrical connection is made ultimately between
      the wire and the terminal plate 3.
PAR  The tab extension 2 may be made of sufficient length so that it may be
      folded over the head of the screw in which case, the tab is coated with a
      plastic material having insulation properties as indicated by 14.
PAR  Reference is now directed to FIGS. 7 and 8. In the embodiment here shown,
      the electric terminal fitting 15 includes elements in common with the
      first described embodiment and similarly identifies the essential
      difference being that a folded stop lug 16 is provided at the inner end of
      the slot 10 and a smaller tab 17 is provided. The tab 17 is not intended
      to be folded over the head of the screw and is free of insulation. The tab
      17 serves principally as a means of manipulating the fitting into place
      and to aid in holding the fitting in conjunction with the wire in the
      course of securing the wire in place.
PAR  Reference is now directed to FIGS. 9 and 10 which illustrate a further
      embodiment of the electric terminal fitting designated 18. The portions of
      the fitting 18 corresponding to the first described embodiment bear
      similar reference numerals. In place of the side flanges 11, the plate 8
      of the fitting 18 is provided with a pair of folded side clips 19 at each
      side. The clips 19 serve to secure the wires to the fitting 18 both for
      ease of original installation of the fitting and wires as well as
      subsequent removal and replacement.
PAR  Reference is now directed to FIGS. 11, 12 and 13. This embodiment
      designated 20 of the electric terminal fitting also includes elements
      common to the first described embodiment and are correspondingly
      identified. This embodiment differs in that one of the side flanges 11 is
      provided with an extension 21 which is folded across the plate 8 in the
      region of the connecting portion 13. The extension 21 is provided with
      notches 22 through which the ends of several wires 6 may be inserted. More
      specifically, there may be a pair of notches aligning with the guide
      passages formed by the flanges 11 and shank of the attachment screw 4 or
      if it is desired to provide a connection for additional wires, four
      notches, as shown, may be provided. Also the size of the notches may vary
      to accommodate specific wire sizes. Still further, the extension 21 may be
      provided with a reinforcing flange 23. Also if desired, each side flange
      11 may be provided with a shortened extension 21 which when folded are
      disposed in abutting relation.
PAR  Reference is now directed to FIGS. 14 through 19. The embodiment here
      illustrated may be formed entirely of plastic material having insulation
      properties. More specifically, this embodiment, designated 24, includes a
      base plate 8 forming flat prongs 9 divided by a slot 10. In place of the
      side flanges 11, an end wall 25 is provided having a pair of perforations
      26. Joined to the end wall 25 is a top plate element comprised of a top
      frame 27 and central flap 28 received therein. The frame 27 exposes the
      screw driver slot in the screw 4 upon opening of the central flap 28 which
      is releasably held in place by a retaining boss 29. In order to tighten
      the screw, the flap is opened, then after the wire is secured the flap is
      closed insulating the head of the screw. Although the plate 8 provides
      insulation between the wire and the terminal bar or plate 3, ample
      electric contact is made between the wire and the head of the screw as
      well as the adjacent portion of the screw shank which in turn is
      electrically connected to the terminal plate. If desired, the fitting 24
      may be constructed without the forked plate 8 whereby the wires are
      clamped directly between the screw 4 and terminal plate 3 and in such
      embodiment it is also desirable to provide side flanges 30 to inhibit
      lateral movement of the wires, all as shown in FIG. 20.
PAR  Having fully described my invention it is to be understood that I am not to
      be limited to the details herein set forth, but that my invention is of
      the full scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric terminal fitting adapted to be interposed between a terminal
      plate and attaching screw to receive the stripped end of a conductor wire,
      said fitting comprising:
PA1  a. a slotted plate element for receiving the shank of an attaching screw;
PA1  b. at least one folded marginal element forming with the screw shank and
      plate element a guide passage dimensioned to receive an exposed conductor
      wire; the proportions of the guide passage being such as to clamp the wire
      upon tightening the screw;
PA1  c. and a tab element extending from the plate element and foldable over the
      head of the screw, the tab element having an insulating surface to guard
      against electrical contact with the head of the screw.
NUM  2.
PAR  2. A fitting as defined in claim 1, wherein:
PA1  a. a pair of marginal folded elements extend along opposite sides of the
      plate element.
NUM  3.
PAR  3. A fitting as defined in claim 1, wherein:
PA1  a. a pair of spaced marginal folded elements are provided on each marginal
      side of the plate element.
NUM  4.
PAR  4. A fitting as defined in claim 1, wherein:
PA1  a. a perforated transverse element is provided at one end of the plate,
      defining at least one opening axially aligned with the guide passage
      tangent to the screw for receiving the exposed conductor wire.
NUM  5.
PAR  5. An electric terminal fitting adapted to be interposed between a terminal
      plate and an attaching screw to receive the stripped end of a conductor
      wire, said fitting comprising:
PA1  a. a metal plate element having a slot extending therein from one end to
      receive the shank of the screw;
PA1  b. an integral tab element extending from the opposite end to aid in
      manipulating the plate element into the space between the terminal plate
      and the head of the screw;
PA1  c. opposed folded marginal elements forming with the screw shank a pair of
      guide passages adapted to receive the exposed straight ends of conductor
      wires in tangential relation to the screw shank to retain the wire ends in
      place during tightening of the screw and securing the wire ends;
PA1  d. the plate element and tab element being foldably connected and the tab
      element being of sufficient length as to be folded over the head of the
      screw;
PA1  e. and a covering of insulation on the tab to guard the head of the screw
      against electrical contact.
NUM  6.
PAR  6. An electric terminal fitting adapted to be interposed between a terminal
      plate and an attaching screw to receive the stripped end of a conductor
      wire, said fitting comprising:
PA1  a. a plate element having a slot intersecting one end to receive the shank
      of the screw;
PA1  b. a folded element at a margin of the plate element including means for
      placing the end portion of the conductor wire for retention and electrical
      connection between the terminal plate and the wire upon tightening the
      screw;
PA1  c. a tab continuing from the plate element to aid in manipulating the plate
      element into position, the tab being flexible and dimensioned to fold over
      the head of screw and includes a surface of insulating material to guard
      the head from electrical contact.
NUM  7.
PAR  7. A fitting as defined in claim 6, wherein:
PA1  a. the folded element is provided with at least one perforation defining an
      axis tangent to the shank of the screw for receiving the wire.
NUM  8.
PAR  8. An electrical fitting adapted for use with an attaching screw of a
      terminal plate for connecting the stripped end of a conductor wire,
      comprising a plate element having a portion for receiving the wire in
      generally parallel relation to the plane of the plate element, the plate
      element having a frame and releasable flap element for overlying the
      attaching screw with access through said frame for manipulating the screw,
      and at least the exterior of said frame and flap being electrically
      insulated.
NUM  9.
PAR  9. The fitting of claim 8 wherein flanges extend from the marginal edges of
      the frame for inhibiting lateral movement of the wire.
NUM  10.
PAR  10. The fitting of claim 8 wherein said portion for receiving the wire
      comprises a flange having an opening therethrough for the wire.
NUM  11.
PAR  11. An electric terminal fitting formed of insulation material and adapted
      to be interposed between a terminal plate and an attaching screw to
      receive the stripped end of a conductor wire, said fitting comprising:
PA1  a. a plate element having a slot intersecting one end to receive the shank
      of the screw;
PA1  b. a folded element at a margin of the plate element including means for
      placing the end portion of the conductor wire for retention and electrical
      connection between the terminal plate and the wire upon tightening the
      screw;
PA1  c. and a screw cover means continuing from the folded element over the head
      of the screw and including a latachable and flexible central flap to
      provide access to the screw head and to cover the screw head.
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ABST
PAL  A cold-light mirror, especially suitable in the form of an ellipsoidal or
      hyberbolic mirror for an optical system for forming a light beam,
      comprises a metal substrate covered with a pigmented vitreous layer for
      absorption of infra-red radiation which is transmitted by an overlying
      dielectric interference layer.
BSUM
PAR  This invention relates to an improved cold-light mirror suitable, inter
      alia, for beam-projection applications and for use in fibre optics
      systems.
PAR  In the production of optical systems for medical, theatrical, educational,
      and other purposes, involving the projection of high intensity light
      beams, a problem of some severity often arises in eliminating the harmful
      effect of infra-red radiation. For some years now use has been made of
      mirrors, known as cold-light mirrors, whose reflectance is restricted to
      limited wavelength bands. These produce the required intensity of light in
      the reflected beam, but with reduced infra-red content, as compared with
      reflected beams produced by ordinary metal mirrors.
PAR  The cold-light mirror at present in use has been described extensively in
      the technical literature. It usually consists of a transparent form or
      substrate, and one of its surfaces, namely the reflecting surface, bears a
      dielectric interference coating consisting of a series of thin films. The
      films are of alternate high and low refractive index, compared to that of
      the substrate, and of optical thickness equal to one quarter of the
      wavelength of the radiation for which high reflectance is desired.
      Reflectance is not particularly critical as to wavelength in such mirrors,
      and minor variations in the film thickness can easily result in high
      reflectance for the whole waveband of visible radiation. A series of about
      20 films will have a reflectance of over 90 percent. Reflectance rapidly
      falls off as the wavelength of the radiation increases or diminishes
      beyond the visible waveband. The films and the substrate are effectively
      transparent to infra-red radiation and hence this radiation is transmitted
      through them. The required reflected beam is therefore depleted in
      infra-red radiation.
PAR  Prior cold-light mirrors have required substrates which are transparent to
      infra-red radiation. The available substrates have led to several
      disadvantages. Besides being transparent, the substrate has to be
      sufficiently rigid to maintain its shape and must also maintain its
      transparency under conditions of usage. Glass or other vitreous material
      is therefore normally required, and synthetic plastics materials are
      unsuitable. While vitreous materials are not in themselves expensive,
      shaping processes often are involved and costly, unless either vast
      production runs are warranted, or the shaped substrate can be of optically
      low grade. Present vitreous substrates are easily damaged in certain
      service applications where shock and vibration are unavoidable.
      Furthermore, the expansion of vitreous substrate materials with
      temperature can be a problem in designing a suitable mounting for the
      substrate in a light fitting. The substrate also absorbs and retains a
      considerable amount of heat when used with high powered sources, and
      problems of cooling the mounting or light fitting may arise.
PAR  The above problems could to a large extent be overcome if the substrate
      could be metallic. However, a metal substrate would not be able to
      transmit infra-red radiation, and furthermore would reflect the infra-red
      if its reflecting surface were specular.
PAR  We have found that a satisfactory cold-light mirror can be made using a
      metal substrate, if an appropriate absorber of infra-red radiation is
      employed. Accordingly, our present invention provides a cold-light mirror
      comprising a metal substrate, a pigmented vitreous coating on said
      substrate, the pigmented vitreous coating being capable of absorbing
      infra-red radiation and having a smooth glazed surface, and a dielectric
      interference coating on the said surface of the vitreous coating. The
      metal substrate can be of any desired shape, depending upon the optical
      properties required of the mirror. The substrate can be machined from
      solid metal or can be pressed, cupped, bent or spun to shape. The
      dielectric interference coating consists of a plurality of discrete layers
      of materials of differing refractive index, as is known in the art.
PAR  The pigmented vitreous coating is preferably a mixture of glass frit and a
      heat-resistant pigment of dark colouring. A suitable mixture is that
      commonly used for enamelling parts of fires, stoves and the like which are
      exposed to flames. The pigment in such a mixture produces a black vitreous
      enamel coating. In manufacturing a mirror embodying the invention, care
      has to be taken to ensure that the glaze of the pigmented vitreous coating
      is specular in order that the optical properties of the complete structure
      be unimpaired. This need arises from the fact that the layers of the
      interference coating are too thin to be able to remove surface
      irregularities which may exist on the surface upon which they are laid.
DRWD
PAR  The invention will be described in more detail hereinafter by way of
      example with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic drawing of a projection system for 8 or 16 mm. film,
      employing a metal mirror;
PAR  FIG. 2 is a schematic drawing of a similar projection system having a
      cold-light mirror which in the top half of the drawing is of conventional
      construction and in the lower half is constructed in accordance with the
      invention;
PAR  FIG. 3 is a partial, cross-sectional view through the cold-light mirror
      embodying the invention shown in the lower half of FIG. 2;
PAR  FIG. 4 is an elevational view of a beam projector embodying the invention,
      and
PAR  FIG. 5 is a view similar to FIG. 4 of a modified beam projector embodying
      the invention.
DETD
PAR  A known film projection system as shown in FIG. 1 has a metal mirror 1
      having a polished or specular reflecting surface. The mirror 1 is of
      substantially ellipsoidal form, and is centred upon the optical axis x--y
      of the projector. At the first focus of the ellipsoid is a light source 2,
      and at or adjacent the second focus is a film gate 3. The mirror 1
      concentrates reflected light upon a film (not shown) in the aperture of
      the gate 3. A projection lens 4 having a focal point located adjacent the
      gate produces an image of the film on a distant screen (not shown).
      Typical ray paths from the source are shown; both visible and infra-red
      radiation is emitted by the source 2 towards the mirror to be reflected
      towards the gate 3 and the projection lens 4. The film or transparency is
      thus subjected to a concentration of both light and heat.
PAR  The system shown in FIG. 2 is similar to that shown in FIG. 1 except that
      now the mirror 10 is a cold-light mirror. The mirror 10, in the
      conventional construction shown in the top half of the drawing, has a
      substrate 11 of ellipsoidal form bearing a dielectric interference coating
      12.
PAR  Prior art cold-light mirrors have a vitreous, e.g. glass, substrate which
      is transparent to infra-red radiation. The coating 12 is also transparent
      to infra-red radiation, but is reflective towards radiation in the visible
      waveband. Thus rays a, containing radiation of visible and infra-red
      wavelengths, incident upon the mirror 10 suffer a division of energy upon
      reflection. The infra-red radiation is transmitted through both the
      coating 12 and the substrate 11 following the rays b and is not reflected
      forwardly towards the gate 3 and lens. Visible radiation, however, is
      reflected forwardly by the coating 12. The forwardly-reflected rays c
      therefore have a diminished infra-red content. The gate 3, lens 4 and film
      are subjected to much decreased heating in this modified system compared
      with the basic system shown in FIG. 1, as can be tested by temperature
      measurements.
PAR  The system shown in FIG. 2 can employ an improved mirror 10 which embodies
      the invention and avoids the disadvantages, noted earlier, arising from
      the vitreous substrate just described. Thus, as shown in the lower half of
      FIG. 2, the mirror 10 has a metal substrate 13 provided with the coating
      12 and with an intervening coating 14 which absorbs infra-red radiation.
      The structure of the present mirror is made more apparent by FIG. 3. The
      intervening coating 14 consists of a pigmented vitreous layer 15 lying
      against the metal substrate 13 and a non-pigmented layer 16 overlying the
      layer 15. The layer 15 is composed of a pigmented enamel similar to that
      used for enamelling parts of stoves upon which flames may play and
      comprising a mixture of glass frit and a black pigment. The coating 12
      consists of a series of dielectric layers of alternating high and low
      refractive index. The thickness of each of the layers is approximately one
      quarter of the wavelength of the radiation which is to be reflected
      strongly. As many as twenty distinct layers may be needed. Since each
      layer must be of the order of 1500 Angstrom units thick, it will be
      appreciated that the scale of FIG. 3 is greatly exaggerated.
PAR  As with the cold-light mirror having a vitreous substrate, there is a
      division of energy upon reflection of rays incident upon the present
      mirror having a metal substrate. Rays d emitted by the source 2 contain
      both visible and infra-red radiation. When these rays strike the
      dielectric interference coating 12, visible light wavelengths are
      reflected forwardly by appropriate layers of the coating. Infra-red
      radiation is not reflected forwardly by the coating 12, but instead is
      transmitted therethrough to the pigmented layer 15. The layer 15 absorbs
      the infra-red radiation and provided it is sufficiently dense, prevents
      significant forward reflection thereof by the metal substrate 13. The
      reflected rays f have greatly diminished infra-red content.
PAR  Absorption of infra-red radiation by the pigmented layer 15 causes heating
      of the layer 15 and the substrate 13. This does not prove to be a
      difficult problem, however. It is quite a straightforward matter for the
      heat to be dissipated from the rear surface of the substrate, e.g. by
      natural air convection currents. If desired, the dissipation of heat can
      be aided by providing the rear of the substrate with a finned heat sink,
      or by forced draught cooling.
PAR  The substrate 13 can be made from a deformable metal sheet such as mild
      steel, aluminium or brass, by means of a pressing, cupping or spinning
      technique. Alternatively, the substrate can be turned from solid stock,
      e.g. from brass. The surface of the substrate to which the coatings 14 and
      12 are to be applied, should be smooth, and may be polished. However, the
      degree of polish does not have to be specular as is required for the
      mirror 1 of FIG. 1.
PAR  The vitreous enamel layer 15 can be produced from a glass frit consisting
      of 60% PbO, 10% B.sub.2 O.sub.3, 10% SiO.sub.2, mixed with 20% CoCr.sub.2
      O.sub.3, Fe.sub.2 O.sub.3 as a pigment. The frit and pigment mixture is
      doubly calcined and ground and suspended in water for spraying on to the
      substrate. Alternatively, the substrate is dipped into the suspension.
      After spraying or dipping, the coating is dried and then heated in a
      furnace or by direct flaming to glaze the frit and thereby produce a
      durable black adherent coating on the metal. To obtain a high quality
      specular finish for the coating 14, the second layer 16 of non-pigmented
      vitreous material is applied after firing of the layer 15. In this case an
      aqueous suspension of a pigment-free glass frit consisting of 70% PbO, 15%
      B.sub.2 O.sub.3, 12% SiO.sub.2, 3% K.sub.2 O, Na.sub.2 O can be used.
PAR  The temperature coefficient of expansion of the enamel coating 14 should be
      sufficiently close to that of the metal of the substrate, to ensure that
      no distortion of the mirror occurs through heating when in operation, nor
      rupture of the coating 14. Some improvement of the smoothness of the
      optical surface of the substrate is obtained after the coating 14 has been
      glazed. It is preferable to have the opposite, rear surface of the
      substrate 13 left unpolished or to coat it with a pigmented vitreous
      enamel layer 17 which may be carried out at the same time as coating the
      front optical surface. The provision of a vitreous enamel backing layer 17
      aids rearward radiation of heat from the substrate 13.
PAR  Since the vitreous enamel coating 14 has a glazed surface, the usual
      materials used for the coating 12 can be deposited directly thereon in the
      same way as upon a glass substrate. The adhesion of the coating 12 to the
      vitreous layer 16 is similar to that obtained when such a coating is
      applied to glass. Commonly used materials for the layers of the coating 12
      are zinc sulphide and magnesium fluoride, or titanium dioxide and silicon
      dioxide, although other combinations can be used as is known.
PAR  Mirrors produced according to this invention are much more robust than
      those with glass substrates, and may have important advantages in terms of
      production cost. The metal substrate does not shatter under impact, and
      made of suitable materials will resist deformation from mechanical shock.
      Temporary and permanent mounting fixtures can be made more easily than for
      glass substrates and precision of alignment can be more simply achieved.
      One of the important advantages of mirrors embodying the invention is that
      their construction makes limited production runs and special purpose cold
      light mirrors a commercial proposition. The present improved cold light
      mirror has substantially no effect upon the colour of the visible portion
      of the incident radiation which it reflects.
PAR  The invention is not limited to the embodiment described above, but can be
      applied to systems for searchlights, fibre optical components, medical
      lighting apparatus, floodlighting and studio or theatre lighting, wherever
      heat problems can be solved by the use of cold light mirrors. One such
      application of the present mirror is in a beam projector as described in
      British Patent No. 1,208,960. This beam projector, a studio lighting
      fitting, is shown in the accompanying FIG. 4.
PAR  The fitting has a housing 18 within which there is a mirror 10 embodying
      this invention. The mirror 10 is of generally hyperbolic form, and its
      surface may be gently stippled or facetted, if "flood" lighting is
      required. The mirror 10 is carried by a combined mirror and source
      mounting 20 which is movable towards and away from a Fresnel-type lens 21.
      The mounting 20 has a threaded bore therethrough which co-operates with a
      lead screw 22. The lead screw 22 is rotatable and journalled between
      projections provided on the inner surface of the housing 18. A knob 23,
      accessible from the exterior of the housing 15 is provided to enable the
      lead screw 22 to be rotated for adjustment of the position of the mounting
      20 relative to the lens 21. The housing 18 includes pairs of ribs which
      project inwardly of the housing, and provide a means for securing the lens
      21 and an optional heat reflecting filter 24 to the housing. Apertures 26
      are provided in the housing 18 for ventilation so that air can circulate
      between the interior and exterior of the housing for cooling purposes. A
      spigot 27 is fitted to the housing 18 so that the lamp assembly can be
      mounted on a stand or bracket (not shown). Maximum efficiency is obtained
      when compact sources are employed. Tungsten halogen lamps, with their
      characteristically small envelopes, and compact source discharge lamps are
      especially suitable for use in this beam projector. The source 28
      illustrated in FIG. 4 is a tungsten-halogen filament lamp. The filament is
      located at the first focus of the mirror 10, so that a virtual image (not
      shown) of the filament is formed at the second focus of the mirror, that
      is behind the mirror. The virtual image is also at the focus of the
      Fresnel lens 21, which thus produces a substantially parallel beam of
      light. The source 28 is fixed relative to the mirror 10, and modification
      of the beam spread is obtained by adjusting the knob 23 to vary the
      position of mirror 10 and source 28 with respect to the lends 21.
PAR  Efficient cooling of the mirror 10 and source 28 can be promoted by
      providing the mounting 20 with cooling fins, not shown. Furthermore, a
      finned heat sink could be attached to the rear surface of the mirror 10.
PAR  A similar studio lighting fitting is shown in FIG. 5. where once again a
      cold light mirror 10 is employed having a metal substrate and an infra-red
      absorbing layer as described earlier. The mirror 10 is hyperboloidal and
      forms part of the housing 30 and is therefore fixed in relation to the
      housing 30. Source 32 is for example a tungsten halogen lamp, although a
      metal halide discharge lamp could be substituted, and is located at the
      first focus of the hyperboloidal mirror 10. A virtual image of the source
      is formed behind the mirror at the second focus thereof and this image is
      also substantially at the focus of the Fresnel lens 34, which produces a
      substantially parallel beam of light. The source 32 is fixed relative to
      the mirror, and modification of the beam spread is obtained by moving the
      lens 34 axially towards or away from the source 32. This movement is here
      obtained by mounting the lens 34 in a spiral-threaded mount 35 which
      cooperates with a spiral guide in the housing. The fitting shown in FIG. 5
      successfully overcomes problems frequently encountered in studio lighting
      by minimizing the heat energy directed forwardly with the light beam. Also
      the production of heat within the housing 30 is removed by convection of
      air outwards through louvres or apertures in the housing 30. Not only does
      the mirror 10 remove a great amount of the heat energy in the light beam
      incident thereon, but also radiate freely and directly into the
      surrounding air since the mirror 10 is part of the external housing. The
      lighting fitting shown in FIG. 5 is thus particularly efficient.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cold-light mirror comprising a metal substrate having a front surface
      and a rear surface, a first pigmented vitreous coating on the front
      surface of said substrate and a second pigmented vitreous coating on the
      rear surface thereof, each of said pigmented vitreous coatings comprising
      a black vitreous enamel capable of absorbing infra-red radiation and
      having a smooth glazed surface, and a dielectric interference coating on
      the surface of said first pigmented vitreous coating for reflecting
      visible light and for transmitting infra-red radiation.
NUM  2.
PAR  2. A cold-light mirror as claimed in claim 1 in which said first pigmented
      vitreous coating includes a layer of pigment-free vitreous material
      forming the said smooth glazed surface.
NUM  3.
PAR  3. An optical system for forming a light beam comprising a conic section
      mirror and a light source positioned on the axis of the mirror, the mirror
      being a cold light mirror having a metal substrate with a front surface
      and a rear surface, a first pigmented vitreous coating on the front
      surface of said substrate and a second pigmented vitreous coating on the
      rear surface thereof, each of said pigmented vitreous coatings comprising
      a black vitreous enamel capable of absorbing infra-red radiation and
      having a smooth, glazed surface, and a dielectric interference coating on
      the surface of said first vitreous coating, the dielectric interference
      coating being formed to reflect visible light from the light source but to
      transmit infra-red radiation.
NUM  4.
PAR  4. An optical system as claimed in claim 3 comprising a housing enclosing
      the light source, the metal substrate of the mirror forming part of the
      said housing.
NUM  5.
PAR  5. An optical system as claimed in claim 3 in which the pigmented vitreous
      coating includes a layer of pigment-free vitreous material forming the
      said smooth glazed surface.
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ABST
PAL  An arrangement for effecting holographic recording of information occurring
      in the form of electrical signals, wherein a coherent object wave which
      has been pulse modulated by an electrical signal is to be recorded, and a
      coherent reference wave is used to produce a unidimensional hologram upon
      a moving photosensitive storage medium, and a divergent reference wave and
      a convergent object wave, or a convergent reference wave and a divergent
      object wave, or two convergent reference and object waves or two divergent
      object and reference waves are used. The present invention defines the
      equation for the position of the reference and object points so as to
      provide accuracy in reproducing the holograms.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  Allowed patent application entitled "Reduced Positional Sensitivity for
      Holograms of Electrical Signals", Ser. No. 360,900, filed May 16, 1973 now
      U.S. pat. No. 3,809,453 which issued May 7, 1974, and in which the
      inventors are Ruell and Storck, and which has been assigned to the
      assignee of the present invention, is hereby incorporated by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to a method for holographic recording of
      information in the form of electrical signals and then retrieving the
      information, wherein a coherent object wave, which is pulse modulated, is
      recorded with a coherent reference wave.
PAR  2. Description of the Prior Art
PAR  The method of storing information in the form of electrical signals on a
      light sensitive medium or tape has been known. For instance, it has been
      proposed to sequentially record electrical signals in the form of one
      dimensional holograms in which a laser beam is utilized to provide a
      reference wave and an object wave with the object wave being pulse
      modulated with the signal to be recorded and the object and refence wave
      being superimposed on a moving recording medium to record a one
      dimensional hologram. For retrieval of the information, the storage medium
      is moved past a reference light source to reconstruct the points of the
      object wave which directed onto a detector to produce alternating current
      which after appropriate low-pass filtering corresponds to the original
      signal.
PAR  So as to achieve the highly theoretical maximum possible linear storage
      density of about 10.sup.3 bit/mm, the resolution of the reconstituted
      image points must be as high as possible. This means that the focal spot
      diameter of the reconstituted image points must be as small as possible.
      However, this means that the reconstituted image point must have a
      correspondingly small depth of field and in the limiting instance, this
      may mean a dimension in the order of magnitude of the wave length of the
      laser light being used. The storage tape must, therefore, when being
      reproduced, be guided perpendicularly to the direction of transfer with
      accuracy in the order of microns so as to provide that the image points
      are separately received. Particularly where high transfer speeds of the
      tape are used, this requirement for the accuracy of the guidance of the
      tape presents a problem.
PAC  SUMMARY OF THE INVENTION
PAR  As disclosed in allowed application Ser. No. 360,900, referenced above, it
      has been proposed to use either a convergent object wave and a divergent
      reference wave, or a divergent object wave and a convergent reference
      wave; and in either case, these source points of the object and reference
      waves being disposed in a mirror-symmetrical relationship relative to the
      hologram plane. This arrangement ensures directional and distance
      invariance in the reconstituted image point.
PAR  In cases in which the source point symmetry cannot be precisely maintained,
      either for geometric reasons or because several object points have to be
      stored in parallel, it is essential that the directional invariance be
      maintained; for even a small lateral displacement of the reconstituted
      image point is sufficient to produce a collision with the neighboring
      image points if the storage density is high.
PAR  It is an object of the present invention to provide an arrangement of the
      reference wave source and the object wave source points which ensures at
      least directional invariance in the reconstituted image points. Source
      point designates that point from which the object and reference waves
      emanate or to which they converge.
PAR  As shown in allowed patent application 360,900, the reference and object
      points are located with respect to the center of the hologram such that
      the two points are located on opposite sides of the storage medium in
      mirror symmetry and offset from an axis passing through the hologram
      center. The present invention provides further solution to the problem
      wherein if the reference wave source point is fixed, the object wave
      source point would be arranged upon a curve defined by the following
      equations. Conversely, of course, if the object wave source point is
      fixed, the reference wave source point would be defined by the following
      equations.
      ##EQU1##
      In one particular example according to the invention, the source point of
      the divergent wave is placed at the point of intersection between the
      straight line P.sub.1 = R.sub.1 and the curve
      ##EQU2##
      which is nearer the hologram, and the source point of the convergent wave
      is positioned so that it is at the intersection which is further from the
      hologram.
DRWD
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawing, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view for recording unidimensional holograms, and
PAR  FIG. 2 is a plot for the geometric location of the object wave source
      points for a given reference wave source point.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates the hologram H which is to be recorded which lies in the
      x--y plane. Point R is the source point of the reference wave and P is the
      source point of the object wave. M is the intersection of the Z axis with
      the x--y plane. Invariance of translatory motions in the direction of the
      z axis can be achieved by satisfying the following equations:
      ##EQU3##
      where .epsilon. = + 1 signifies that a divergent wave and a convergent
      wave are being used, and .epsilon. = - 1 designates that both the waves
      are either divergent or both are convergent. P.sub.1, P.sub.2, P.sub.3 and
      R.sub.1, R.sub.2, and R.sub.3 are, respectively, the Cartesian coordinates
      of the image point P and the reference point R.
PAR  Where P.sub.1 corresponds to P.sub.X, P.sub.2 corresponds to P.sub.Y,
      P.sub.3 corresponds to P.sub.Z, R.sub.1 corresponds to R.sub.X, R.sub.2
      corresponds to R.sub.Y and R.sub.3 corresponds to R.sub.Z. If equations
      (1) and (2) are satisfied directional invariance will be obtained. If
      equation (3) is satisfied, invariance in the interval of the image point
      P, for a given reference point R, will be obtained.
PAR  In instances in which the source point symmetry cannot be precisely
      maintained, either for geometric reasons or because several object points
      are to be stored in parallel, directional invariance of the image point
      will be obtained if equations (1) and (2) are satisfied.
PAR  In the two-dimensional case where R.sub.2 = P.sub.2 = O, the equations (1)
      and (2) can be simplifed to
      ##EQU4##
      to convert this equation to polar coordinates, the following substitution
      can be made:
      ##EQU5##
     039443210071x n
PAR  For a given R, this is a simple curve for which the following three simple
      cases can arise:
      ##EQU6##
PAR  For A = 0, the curve is a straight line which coincides with the Z axis.
      The cases where A&gt;0 and A &lt;0 are symmetrical to one another; and
      therefore, it is sufficient to investigate the case of A&gt;0.
PAR  FIG. 2 illustrates the curve determined by equation (4) for the case where
      A&gt;0. If, in addition to a directional invariance, distance invariance on
      the part of the image point is required, then the intersections of this
      curve must be determined by using equation (3). In other words, the two
      dimensional case
      ##EQU7##
PAR  That is by combining equation (1a) the intersections with the straight line
      P.sub.1 = R.sub.1 which will generally produce two intersections, points B
      and C illustrated in FIG. 2 with one of these points being symmetrical
      with the source point. Convergent object waves having large apertural
      angle, can only be produced with a limited aperture ratio. On the other
      hand, source point symmetry requires that both the object source point and
      the reference source point have the same distance or interval so that even
      the divergent reference wave can only be exploited for a limited aperture
      ratio. The resolution in the image space, and therefore the storage
      density, is proportional, however, to the sum of the aperture ratios of
      the object wave and the reference wave. Since there are two intersection
      points B and C in an example in accordance with the invention, the
      reference wave point source is arranged symmetrically at the intersection
      point B nearer to the hologram and the object wave source point is
      arranged symmetrically at the intersection point C which is disposed
      further away from the hologram.
PAR  We have found that compared with the case in which the refence wave source
      point is disposed symmetrically at the intersection point located further
      from the hologram, that the storage density can be increased by a factor
      of about 2 by placing the reference wave source point at the intersection
      point B nearer to the hologram.
PAR  It is seen that this invention provides a method for increasing the storage
      capacity in a storage medium for holograms by arranging the reference and
      object wave point sources in accordance with the equations defined herein
      thus allowing increased storage capacity. Although it has been described
      with respect to preferred embodiments, it is not to be so limited as
      changes and modifications may be made which are within the full intended
      scope as defined by the appended claims.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A method for holographic recording of information received in the form
      of electrical signals wherein a coherent object wave pulse-modulated by
      the electrical signal interferes with a coherent reference wave to produce
      a unidimensional hologram upon a moving photosensitive storage medium
      wherein said coherent object wave and said coherent reference wave each
      have spherical wave fronts at the hologram storage medium, said object
      wave front having an origin at a point P and said reference wave front
      having an origin at a point R wherein the reference wave source point R
      and object wave source point P are related by and lie on the following
      curve, defined by the following equations:
      ##EQU8##
      wherein P.sub.1, P.sub.2, P.sub.3 and R.sub.1, R.sub.2, R.sub.3,
      respectively, are the Cartesian coordinates of the image point P and the
      reference point R and .epsilon. is plus one if a divergent wave and
      convergent wave are being used and is minus one if both waves are
      divergent or both are convergent where the photosensitive storage medium
      being located on the "1-2 plane" and centered about the "3 axis".  pg,11
NUM  2.
PAR  2. A method according to claim 1, wherein said curve is generally a figure
      eight and a line defined by P.sub.1 = R.sub.1 is a straight line which
      intersects said curve at two points with the point closest to the hologram
      defining the source point of the reference wave and the point furthest
      from the hologram defining the source point of the object wave.
NUM  3.
PAR  3. The method of claim 2, wherein both of said points are on the same side
      of the hologram.
NUM  4.
PAR  4. The method of claim 3, wherein both of said points are the same distance
      measured on normals to said hologram storage medium.
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PAL  A holographic arrangement is provided with light filtering means for
      transmitting only those light rays to the hologram which are incident to
      the hologram at the prescribed angles required for substantial diffraction
      while at the same time operating to preclude the transmission of other
      light rays to the hologram which would otherwise be incident to the
      hologram at angles outside the prescribed range of angles required for
      substantial diffraction by the hologram. In this manner background light
      which would otherwise be transmitted through a hologram so as to degrade
      the quality of a stereoscopic image reconstructed from the hologram is
      precluded from ever reaching the viewing area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a light-filtering arrangement for
      holographic displays and, more particularly, to a light-filtering
      arrangement for a holographic display for substantially reducing
      extraneous background light which would otherwise be transmitted by the
      hologram without substantial diffraction or absorption so as to reduce the
      contrast of the reconstructed stereoscopic image.
PAR  2. Description of the Prior Art
PAR  Holography, which relates to the wavefront reconstruction process by which
      unusually realistic three-dimensional images are reconstructed from
      holograms, was first discovered in 1947 by Dennis Gabor of the Imperial
      College of Science and Technology in London. In general, the making of a
      hologram requires the use of coherent light, that is, light whose waves
      are all in phase. The lack of an adequate source of coherent light
      hampered early efforts at holography. The invention of the laser in 1960
      provided a source of coherent light which opened the way to new advances
      in wavefront reconstruction photography.
PAR  One widely used method for making a hologram requires that monochromatic,
      coherent light from a common source be divided into two components by such
      well known means as a beam splitter. One component of the coherent source
      light is then utilized to illuminate a subject whose photographic image is
      to be recorded. The light waves thereafter reflected from the subject
      contain all possible optical information regarding the subject and
      subsequently impinge upon a light sensitive or photographic plate which is
      exposed by the light waves reflected by the subject. The second component
      of coherent light is directed to impinge on the same photographic plate
      and has a wavefront of known and reproducable form. Since the second light
      component has a known and reproducable wavefront, it operates as a
      reference beam against which the first light wave, modulated in phase and
      form by the shape and optical properties of the subject, can be compared.
      The wavefront of the reference beam thus interferes with a reflected
      wavefront from the subject at the light sensitive plate to create a
      diffraction pattern uniquely related to the subject. A hologram is the
      term commonly associated with a diffraction pattern recorded in this
      manner. Holography differs from ordinary photography in that an enormous
      amount of phase modulation information is discarded through ordinary
      photography whereas holography utilizes optical interference with a
      reference beam as a means for converting phase modulation into a
      recordable quantity.
PAR  Viewing may be accomplished by illuminating the holographic image with a
      beam of monochromatic coherent light similar to that of the reference
      light. Light incident to the hologram at angles within a prescribed range
      is diffracted by the hologram. This diffraction light forms a wavefront
      identical in form and direction to the one originally emanating from the
      subject, and an observer viewing this diffracted wavefront sees a
      three-dimensional stereoscopic virtual image of the original subject.
      Viewing is generally done by looking through the plate on which the
      holographic image is recorded and the virtual stereoscopic image appears
      in relation to the hologram in a position corresponding directly with the
      original subject position. Thus, holography is a means of reducing
      three-dimensional imagry to a two-dimensional format and subsequently
      reconstructing the three-dimensional imagry.
PAR  More recently, techniques for producing so called information limited or
      low spatial frequency holograms of solid objects have been used. Such
      techniques are particularly advantageous in that a low spatial frequency
      hologram with its attendent low dispersion permits the use of ordinary
      broad band light for reconstruction. Thus the laser as a source of
      monochromatic coherent light for displaying holographic images is no
      longer required.
PAR  When illuminating a hologram for display purposes, only that portion of the
      source light incident at a predetermined illumination angle upon the
      hologram, such as 45.degree. above horizontal, is actually diffracted by
      the hologram as a result of Bragg selection effects. Light incident at
      other angles, such as nearly normal to the hologram plate, is transmitted
      therethrough without substantial diffraction or absorption, thereby
      degrading the reconstructed holographic images which must be viewed
      against a background of extraneous light reflected from objects behind the
      hologram. This extraneous background light which is substantially
      transmitted through the hologram to the eye of the viewer reduces the
      contrast, visibility, and apparent sharpness of the reconstructed
      stereoscopic image, thus necessitating that holograms be generally viewed
      against darkened wall and/or dimly lit rooms.
PAR  Therefore, it is a primary object of this invention to provide a
      holographic arrangement from which a stereoscopic image of improved
      contrast, visibility and apparent sharpness may be reconstructed.
PAR  It is another object of this invention to provide a holographic arrangement
      which may be satisfactorily displayed against a background of extraneous
      light emanating from behind the hologram.
PAR  It is a further object of this invention to provide a holographic
      arrangement which may be utilized to suitably display a stereoscopic image
      against a background medium other than a blackened wall.
PAR  It is an even further object of this invention to provide a holographic
      arrangement which may be utilized to satisfactorily display a stereoscopic
      image in a well lighted room.
PAR  It is an additional object of this invention to provide a holographic
      arrangement which accomodates the diffraction of light incident on the
      hologram at a prescribed illumination angle while at the same time
      precluding the transmission of light incident at angles other than the
      prescribed angle.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to holographic apparatus responsive to the
      light rays emanating from a light source for displaying stereoscopic
      images by the technique of wavefront reconstruction. The apparatus
      comprises a conventional hologram together with a light filtering means
      disposed intermediate the hologram and light source for transmitting only
      those light rays which are incident at predetermined angles. In this
      manner, the light filtering means transmits, without substantial
      attentuation, only those light rays which impinge upon the hologram at the
      required angles of diffraction. At the same time, the light filtering
      means substantially precludes the transmission therethrough of other light
      rays incident thereon at angles other than the predetermined angles of
      incidence in this manner substantially blocking out such extraneous
      background light as may be attributable to the other light rays.
PAR  Holograms of the circumferential type suitable for reconstructing a
      stereoscopic image which may be viewed from around the entire hologram may
      also be utilized in conjunction with the light filtering means of this
      invention. Such light filtering means would have to be disposed
      substantially concentric with respect to the circumferential hologram.
      Circumferentially disposed light filtering means of this type permit
      viewing of the stereoscopic image reconstructed by the hologram from light
      rays diffracted by the hologram while at the same time substantially
      prohibiting extraneous background light which may impinge upon the outside
      of the hologram from being transmitted through the hologram to the viewing
      area.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features that are considered characteristic of the invention are
      set forth with particularity in the appended claims. The invention itself,
      however, both as to its organization and its method of operation together
      with other objects and advantages thereof will be best understood from the
      following description of the illustrated embodiment, or when read in
      connection with the accompanying drawings or in like members having
      employed in the different figures to note the same parts and wherein:
PAR  FIG. 1 is a diagrammatic view showing a conventional arrangement for
      recording a hologram;
PAR  FIG. 2 is a diagrammatic view showing a conventional arrangement for
      illuminating a holographic display;
PAR  FIG. 3 is a diagrammatic view showing a conventional arrangement for
      recording an information-limited hologram;
PAR  FIG. 4 is a diagrammatic side view of the holographic arrangement of this
      invention as illuminated to reconstruct a stereoscopic image;
PAR  FIG. 4a is a perspective view of the holographic arrangement of FIG. 4;
PAR  FIG. 5 is a diagrammatic perspective view of a conventional circumferential
      hologram illuminated to reconstruct a stereoscopic image therewithin;
PAR  FIG. 6 is a diagrammatic perspective view of the circumferential hologram
      of this invention as illuminated to reconstruct the stereoscopic image
      therewithin; and
PAR  FIG. 7 is a cross-sectional perspective view of an alternate arrangement
      for circumferential holographic arrangement of this invention as
      illuminated to reconstruct a stereoscopic image therewith.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown an arrangement through which a
      conventional hologram can be made. Monochromatic coherent light 12 from a
      laser 10 is first divided into two components 12a and 12b by a beam
      splitter 14. Component 12a may be directed through a lense 16 in order to
      increase the cross-section of light beam 12a. Light beam 12a thereafter
      illuminates a subject as shown at 20 from whence the illuminating beam 12a
      is reflected and scattered. A wavefront as shown at 22 is representative
      of a portion of the light reflected and scattered from the subject 20 and
      functionally relates to the subject 20. Light reflected from the subject
      20 thereafter impinges on a light-sensitive material 23 such as a
      photographic plate. Wavefront 22 contains all the optional information
      about subject 20 which is thereafter required to see a three-dimensional
      stereoscopic view of subject 20.
PAR  Component 12b of monochromatic coherent light 12 may also be passed through
      a telescope comprising lenses 26 and 28 which operate to increase the
      cross-sectional area of the light beam while also collimating the light
      beam 12b. Collimated beam 12b is used as a reference beam and thus should
      be readily reproducible. Reference light beam 12b impinges on a light
      sensitive surface 23 such that the interference between reference beam 12b
      and wavefront 22 forms a complex diffraction pattern called a hologram as
      shown at 24. This diffraction pattern is uniquely related to the subject
      20 and would be too complex to be viewed by normal direct observation in a
      way conventional photographs are viewed. Thus a special illuminating
      technique is ordinarily required to view a stereoscopic image of the
      subject.
PAR  FIG. 2 shows one conventional method suited for illuminating the previously
      made holographic image and forming a virtual stereoscopic image. Laser 10
      which emits monochromatic coherent light may again be used to direct light
      12 through a telescopic arrangement containing lenses 30 and 32 which
      operate to increase the cross-sectional area of the light beam 12 while
      also collimating the light beam 12 in the manner of the collimated
      reference beam 12b. Hologram 24 is made by the method illustrated in FIG.
      1 and when the collimated illumination beam 12 is incident thereon, the
      holographic image pattern of hologram 24 diffracts a portion of light into
      two "first order" wavefronts 38 and 39. The first diffracted order of
      waves 38 project back toward the laser 10 and appear to a viewing eye as
      stationed at 40 to emanate from an apparent object located in the position
      where the original subject was located. These waves are said to produce a
      virtual image as shown at 42. The other first order diffracted waves 39
      have conjugate or reversed curvature and produce a real image 44 which is
      orthoscopic and which can be photographed directly without the need for a
      lense by simply placing a photographic plate at the position of the image
      44.
PAR  Most recently, techniques have been developed for producing information
      limited or bandwidth reduced holograms suitable for reconstruction in
      ordinary white light. Referring now to FIG. 3, there is shown one
      arrangement for producing such information limited holograms suitable for
      illumination by an ordinary broad band white light source. Laser 10 is
      again utilized to provide a monchromatic coherent beam of light 12 which
      is subsequently divided by beam splitter 14 into two components 50 and 52.
      Light beam 52 may have its cross sectional area increased by telescopic
      lenses 54 and 56 prior to illuminating subject 20. Subject 20 thereafter
      scatters and reflects light in a complex wave front 60 whose form is
      functionally related to the subject 20. A large diameter lens 62 is placed
      to receive wavefronts 60 forming a real image 64 of subject 20 on a
      photosensitive surface 66. Information limitation is accomplished by
      placing a mask 68 having a horizontal aperture 70 adjacent to lens 62.
      Preferably, aperture 70 is horizontal having a width equal to or greater
      than normal interocular spacing and its height and area are determined by
      the information reduction ratio as desired. Real image 64 is information
      limited, however, it retains sufficient information to provide a pleasing
      stereoscopic viewing experience when illuminated with ordinary white
      light. Information spatial density is reduced in the transformation of
      light 60 between aperture 70 and photosensitive surface 66. The
      monochromatic coherent reference beam 50 is directed onto photosensitive
      surface 66 where it interferes with image 64 to form a holographic
      diffraction pattern. Reference beam 50 is preferably directed toward
      photosensitive surface 66 from a point spaced vertically apart from the
      aperture 70. As previously discussed, reference beam 50 emanates from the
      laser 10 and is focused at point R by a lens 72 in this manner providing a
      predetermined wavefront. The use of the large diameter lens 62 in the
      above described image transfer and information limiting process results in
      the image 64 of subject 20 being completely reversed. This reversal must
      thereafter be corrected during the wavefront reconstruction process.
      Additional information regarding the production and reconstruction of low
      spatial frequency holograms may be had by referring to U.S. Pat. No.
      3,633,989 issued Jan. 11, 1972, to Stephen A. Benton and assigned in
      common herewith.
PAR  Referring now to FIG. 4, there is shown the arrangement of this invention
      for reconstructing a stereoscopic image from an information limited or
      bandwidth reduced hologram of the low spatial frequency type wherein the
      contrast, visibility, and apparent sharpness of the stereoscopic image is
      improved by reducing the background light reaching an observer's eye. A
      point source of illumination 76 may be utilized to provide rays of broad
      band white light which impinge upon the convex lens 82 of a collimator 80
      so as to emit a collimated light beam as shown generally at 83. The
      parallel rays of the collimated light beam 83 are first directed through a
      louvered optical filter 84 adjacent a hologram of the information limited
      type as shown at 92. The louvered optical filter 84 includes a plurality
      of spaced apart, substantially parallel, louver members 86 which are
      obliquely angled to receive and transmit the collimated light beam 83
      therethrough while at the same time substantially precluding the
      transmission of other light rays incident thereon at angles other than the
      angle of incidence of the light beam. Thus the light beam 83 is
      transmitted through the optical filter 84 so as to be subsequently
      diffracted by the hologram 92 to provide a stereoscopic image of the
      subject as shown at 94. As is readily apparent, the angle of incidence of
      the light beam 83 with respect to the hologram 92 is such that the beam 83
      will be substantially diffracted by the hologram.
PAR  The stereoscopic image 94 may be viewed from the position as shown at 90
      wherein that portion of the stereoscopic image 94 which projects forwardly
      of the hologram 92 toward the viewer is a real image while that portion of
      the image which extends backwardly from the hologram 92 and away from the
      viewer is a virtual image. For information limited holograms of the above
      described type, it will be appreciated that a real image of the horizontal
      aperture 70 will be reconstructed as shown at 120 so that the stereoscopic
      image 94 is viewed by using the aperture image at 120 as a window.
PAR  Referring now to the optical filter 84, it can be seen that the plurality
      of louvers 86 are obliquely angled to correspond with the angle of
      incidence of the collimated light beam 83 so as to transmit the collimated
      light beam therethrough without substantial attenuation. By contrast,
      background light which may be considered as emanating from an imaginary
      point source as shown at 78 will not be transmitted through the optical
      filter 84 without impinging upon a louver 86 surface. The designation of
      an actual source of extraneous background light is only for purposes of
      illustration and does not imply that such a source would actually have to
      exist. It should be readily appreciated that extraneous background light
      may not necessarily be the result of a separate source as shown at 78, but
      may also result from spurious reflections of the light beam 83 from the
      hologram and objects therebehind. Thus, in this manner is all background
      light, whether resulting from separate sources or spurious reflections
      which would otherwise pass through the hologram, virtually entirely
      absorbed to improve the contrast, visibility and apparent sharpness of the
      stereoscopic image 94.
PAR  In a preferred arrangement, the plurality of spaced apart louver members 86
      are embedded in a transparent medium 87, such as plastic, whereupon the
      spaced apart louvers must be obliquely angled to coincide with the angle
      of refraction of the collimated light beam 83 through the transparent
      medium such that the refracted beam 83 is thereafter incident to the
      hologram 92 at the required angle for diffraction. One material suitable
      for use as a louvered optical filter of the type herein described is sold
      commercially under the trade name "3M Brand Display Film" wherein a
      plurality of small black louvers are embedded in a transparent plastic
      medium at angles of approximately 28.degree. which will transmit light
      rays in air incident thereon at an angle of 45.degree. without substantial
      attenuation. However, light rays arriving near normal incidence as may be
      the result of extraneous background light would be almost entirely
      absorbed. Such a louvered optical filter material has an additional
      advantage in that it may be readily laminated to the back of the hologram
      92 to provide a unitary plate which will transmit an illumination beam
      incident thereon at a prescribed angle for subsequent diffraction by the
      hologram, while at the same time blocking out background light incident
      thereon at angles other than the prescribed angle of incidence which
      background light would otherwise pass directly through the hologram
      without being substantially diffracted. Whereas the preferred arrangement
      for illuminating hologram 92 has been described as including a light
      collimator 80 to provide the collimated beam 83, it should be readily
      understood that such a collimator is not absolutely necessary in that the
      hologram may be illuminated from a point source from whence the
      illuminating light rays radiate outward therefrom. However, as is readily
      apparent, the incident angles of light rays from a point source would vary
      over the surface of the optical filter 84 thus requiring a corresponding
      variation in the angles of the individual louvers 86. The variation in the
      angles of the individual louvers 86 must not vary outside the range
      required for each light ray emanating therefrom to be incident upon the
      hologram at an angle within the prescribed range of incident angles
      required for substantial diffraction by the hologram. It should also be
      readily appreciated that the optical filter 84 of this invention would be
      suitable for use with more conventional holograms of the type requiring
      monochromatic coherent light for illumination.
PAR  As previously discussed, the background light described as emanating from
      the imaginary point source as shown at 78 may also in fact result from a
      portion of the illuminating beam 83 being initially reflected from the
      hologram surface and thereafter rebounded from objects behind the
      hologram. Thus, in order to reduce potential background light due to such
      spurious reflections, it is preferred to deposit a high efficiency,
      anti-reflection coating to the front surface of the hologram upon which
      the illuminating beam is incident. Such an anti-reflection coating may
      comprise a very thin coating of a metallic fluoride applied to the
      hologram surface.
PAR  Referring now to FIG. 5, there is shown a conventional hologram 96 of the
      circumferential type suitable for reconstructing a stereoscopic image 102
      which may be viewed from around the entire hologram 96. These
      circumferential type holograms are commonly known as cylindrical
      holograms. Circumferential holograms of this type may also be
      information-limited in the above-described manner, and thus suitable for
      viewing with a broad band frequency white light source as shown at 98
      preferably stationed along the hologram center axis A in spaced apart
      relation from one open end of the hologram 96. The reconstructed
      stereoscopic image 102 appears as a virtual image in the center of the
      circumferential hologram 96 and provides a full 360.degree. view of the
      image around the entire hologram. However, extraneous background light
      which as previously discussed may be considered for purposes of
      illustration to emanate from an imaginary source as shown at 100, will be
      transmitted through the hologram 96 to the eye 97 of a viewer, in this
      manner detracting from the contrast, visibility, and apparent sharpness of
      the stereoscopic image within the hologram 96.
PAR  Referring now to FIG. 6, there is shown the circumferential hologram 96 of
      FIG. 5 wherein a light-polarizing material 104 has been stationed
      concentric to the circumferential hologram. The light-polarizing material
      104 is arranged to polarize light in parallel planes obliquely angled with
      respect to the hologram center axis A which planes of polarization are
      diagrammatically represented by the spaced apart lines 106. Thus,
      extraneous background light incident upon the outside surface of the
      light-polarizing material 104 is first polarized in a plane oblique to the
      hologram center axis A, after which this polarized light is transmitted
      through the circumferentially disposed light-polarizing material 104 to
      impinge upon the opposing inside surfaces thereof. However, the plane of
      light-polarization at the opposing inside surface of the light-polarizing
      material is non-coincident to the plane of the polarized light impinging
      thereon, and thus operates to substantially absorb the polarized
      background light in a manner operating to substantially preclude such
      polarized background light from being transmitted out of the
      circumferentially arranged light-polarizing material 104. Light rays
      emanating from the source 98 impinge directly upon the inside surface of
      the circumferentially arranged light-polarizing material 104, and thus are
      polarized only once upon being transmitted out of the light-polarizing
      material to the viewing area. Therefore, as is now readily apparent
      extraneous background light incident upon the outside surface of the
      light-polarizing material will be twice polarized in non-coincident planes
      thus being substantially absorbed before reaching the eye 97 of a viewer,
      while light from source 98 incident upon the inside surface of the
      circumferentially disposed light polarizing material 104 will only be once
      polarized before reaching the eye 97 of an observer. The light-polarizing
      material may be circumferentially disposed either around the interior
      surface of the hologram 96 or around the exterior surface of the hologram
      96 with the planes of light polarization being arranged preferably at an
      angle of 45.degree. with respect to the hologram center axis A in order to
      achieve maximum absorption of the background light.
PAR  Referring now to FIG. 7, there is shown an alternate arrangement for an
      optical filter of the louvered type which may be used in conjunction with
      the circumferential hologram 96 to substantially preclude the transmission
      of background light through the hologram 96. The hologram 96 may again be
      of the information-limited type suitable for use with the broad band
      frequency, white light source 98 disposed along the hologram center axis
      A. The optical filter 112 extends circumferentially around the inside of
      the hologram 96 and preferably comprises a plurality of axially spaced
      apart, circumferential louver members 114, each of which is obliquely
      angled with respect to the hologram center axis A to accomodate the
      transmission of source light rays incident thereon. As should be readily
      appreciated, the oblique angles of the individual louver members 114
      become more acute as the distance from the light source 98 to respective
      louvers 114 increases. Thus, the spaced-apart louvers 114 of the optical
      filter 112 operate to transmit only those extraneous background light rays
      which are incident upon the outside surface thereof at angles
      substantially corresponding to the oblique angles of the individual
      louvers 114. Extraneous background light rays transmitted through the
      optical filter 112 in this manner are subsequently intercepted upon their
      impingement on the opposing interior surface of the optical filter. In
      other words, rays of extraneous background light, as may be emitted by the
      imaginary source 100, will not be transmitted laterally through the
      optical filter to the eye 97 of the observer on the opposing side.
      However, light rays radiating outward from the source 98 impinge directly
      upon the inside surface of the optical filter 112 at angles corresponding
      to the oblique angles of the individual louvers 114, and thus are
      transmitted through the louvers 114 to the eye 97 of a viewer. Although
      the light source 98 may be stationed anywhere along the hologram center
      axis A intermediate the opposed ends thereof, it is again preferable that
      the light source 98 be stationed slightly apart from one open end of the
      hologram so that all the radiating source light rays will be obliquely
      incident to the hologram 96 at angles within the prescribed range of
      incident angles required for substantial diffraction. Should the light
      source 98 be stationed intermediate the open ends of the hologram 96, it
      would then be preferable for the optical filter 112 to block those light
      rays emanating from the light source 98 at angles nearly normal to the
      hologram center axis A since these light rays would likely not be
      diffracted by the hologram 96 and thus would pass directly through the
      hologram 96 to the eye 97 of an observer.
PAR  The individual louver members 114 may once again be embedded in a
      transparent plastic medium 116 wherein the individual louver members 114
      are obliquely angled to correspond with the angles of refraction of the
      source light rays through the transparent medium 116 such that the
      refracted rays thereafter impinge on the hologram 96 at the angles
      required for substantial diffraction. The individual louver members 114
      may also be provided with a black outer surface in order to substantially
      absorb all of the incident extraneous background light rays without
      significant reflection. In addition, the optical filter 112 may also be
      laminated to the inside surface of circumferential hologram 96, in this
      manner providing a unitary structure suitable for displaying stereoscopic
      images with a minimum of extraneous background light reaching the eye of
      an observer.
PAR  Thus, the optical filter arrangement of this invention, when used in
      conjunction with a conventional hologram, operates to improve the
      contrast, visibility, and apparent sharpness of the stereoscopic image
      reconstructed from the hologram. Therefore, it is no longer necessary to
      view a reconstructed stereoscopic image against a blackened wall and/or a
      dimly lit room as was heretofore required to achieve an acceptable image
      quality. The extraneous background light from source and/or objects
      located behind the hologram which in the past have been transmitted thru
      the hologram without sufficient diffraction or absorption is now
      intercepted by the optical filtering arrangement herein described and
      claimed. The optical filter and hologram arrangement of this invention may
      be practiced or embodied in still other ways without parting from the
      spirit or essential character thereof. Therefore, embodiments described
      herein are illustrative and not restrictive, the scope of invention being
      indicated by the appended claims and all variations which come within the
      means of the claims are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus responsive to the light rays emanating from a light source for
      displaying images by the technique of wavefront reconstruction comprising:
PA1  a hologram; and
PA1  light filtering means directly adjacent said hologram and intermediate said
      hologram and light source for transmitting without substantial attenuation
      only light rays therethrough which are incident thereon at predetermined
      angles in order that the transmitted light rays be incident to said
      hologram only at angles within the range of angles required for
      substantial diffraction while at the same time substantially precluding
      the transmission therethrough of other light rays incident thereon at
      angles other than said predetermined angles of incidence, in this manner
      substantially blocking out such extraneous background light as may be
      attributable to the other light rays, wherein said light filtering means
      includes a plurality of spaced apart louvers angled to receive and
      transmit the light rays incident thereon at said predetermined angles
      while at the same time substantially precluding the transmission of other
      light rays incident thereon at angles other than said predetermined
      angles.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said plurality of spaced apart louvers
      are embedded in a transparent medium and angled to coincide with the
      angles of refraction through said transparent medium of those light rays
      incident thereon at said predetermined angles thereby substantially
      transmitting only the light rays therethrough which impinge upon said
      hologram at the angles required for diffraction while at the same time
      substantially precluding the transmission of other light rays refracted by
      said transparent medium at angles other than the angles of said louvers.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said transparent medium is plastic and
      said light filtering means is laminated directly to said hologram.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said louvers are black to absorb the
      light rays which impinge directly on the louver surfaces without
      substantial reflections.
NUM  5.
PAR  5. The apparatus of claim 1 including an anti-reflection coating on said
      hologram in order to reduce extraneous background light resulting from
      reflections of said source light upon said hologram.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said light source emits a broad band
      white light beam and said hologram is a low spatial frequency hologram
      suitable for wavefront reconstruction by a source of white light.
NUM  7.
PAR  7. Apparatus responsive to the light rays emanating from a light source for
      displaying images by the technique of wavefront reconstruction comprising:
PA1  a cylindircal hologram suitable for reconstructing a stereoscopic image
      which may be viewed from around the entire hologram; and
PA1  light filtering means substantially concentric with respect to said
      hologram for permitting viewing of the stereoscopic image reconstructed by
      the hologram from light rays diffracted by the hologram while at the same
      time substantially prohibiting other light rays which may impinge upon the
      outside of said cylindrical hologram from being transmitted through said
      cylindrical hologram to a viewing area outside of said cylindrical
      hologram.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said light filtering means includes a
      light polarizing material for polarizing light in a plane oblique to the
      hologram center axis such that light incident upon the outside surface of
      said filtering means is first polarized in a plane oblique to the hologram
      center axis afterwhich the polarized light is transmitted through said
      filtering means to impinge upon the opposing inside surface of said light
      polarizing material which plane of polarization is non-coincident to the
      plane of the polarized light thereby absorbing the polarized light in a
      manner operating to substantially prohibit light incident upon the outside
      of said light filtering means from being transmitted entirely through said
      light filtering means while at the same time permitting non-polarized
      light directly incident upon the interior of said light filtering means to
      be polarized and transmitted out of said light filtering means.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said light filtering means includes a
      plurality of spaced apart louvers obliquely angled to receive and transmit
      only those light rays which are incident at substantially corresponding
      angles upon the outside surface thereof and to substantially prohibit such
      transmitted light rays from being transmitted entirely through the light
      filtering means by intercepting said transmitted light rays upon their
      impingement on the opposing inside surface of said light filtering means
      while at the same time permitting those light rays which are not initially
      intercepted or transmitted through the outside surface of the light filter
      means, but which instead impinge directly upon the inside surface thereof
      in substantial correspondence with the oblique angles of said louvers, to
      be transmitted therethrough and subsequently diffracted by the hologram.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said plurality of louvers are embedded
      in a transparent medium and the spaced apart louvers are angled in
      correspondence with the angles of refraction of those light rays in the
      transparent medium which subsequently impinge upon the hologram at the
      angles required for substantial diffraction.
NUM  11.
PAR  11. The apparatus of claim 9 wherein said transparent medium is plastic and
      said light filtering means is laminated directly to said hologram.
NUM  12.
PAR  12. The apparatus of claim 8 wherein said light source emits a broad band
      white light beam and said hologram is a low spatial frequency hologram
      suitable for wavefront reconstruction by a source of white light.
NUM  13.
PAR  13. The apparatus of claim 8 wherein the light source is a point source
      stationed along the center axis of said hologram and said louvers include
      a plurality of axially spaced apart circumferential members substantially
      concentric with respect to said hologram center axis and suitably angled
      to allow the transmission of substantially all light rays emanating from
      the point source whose angles of incidence on the hologram is within the
      range of incident angles required for diffraction.
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ABST
PAL  A flying spot scanning system for scanning a laser beam to a photoreceptor
      is provided wherein the size of the spot may be varied for gray scale
      rendition. This is accomplished by providing a scanner with a reflecting
      surface which varies in width (scanning direction).
BSUM
PAC  DESCRIPTION OF INVENTION
PAR  In well-known digital printing systems, it is customary to print half-tone
      pictures by dividing the picture into a plurality of grid boxes and
      printing in a certain one of the boxes to provide a gray scale effect.
      When employing this technique in a system utilizing laser spot scanning
      imaging onto a photosensitive recording material, the grid boxes are
      usually the size of a spot and the laser is modulated to discharge a
      charge on certain areas of the recording medium to produce a designed
      half-tone latent image corresponding to a half-tone picture. The image is
      then developed and transferred to a copy medium. In utilizing a black and
      white picture by way of example, a grid box (assuming each box is the size
      of a beam spot) is either substantially black or substantially white. This
      results in a compromise in quality when there should be a white space
      between the black spots adjacent thereto which is less than a spot size.
      It is much better to provide a more continuous gray scale by being able to
      change the spot size and thereby the white space between the black spots
      adjacent thereto.
PAR  Accordingly, it is an object of this invention to provide a digital printer
      with a substantially continuous gray scale imaging capability.
PAR  A method for accomplishing the above object is by providing a digital
      printer with a means for varying the size of a laser beam spot being
      scanned across a recording medium.
DRWD
PAR  Other objects of this invention will become apparent from the following
      description with reference to the drawings wherein:
PAR  FIG. 1 is an isometric view of a flying spot scanning system;
PAR  FIG. 2 is a view of a modification of a polygon facet incorporating the
      principles of this invention;
PAR  FIG. 3 is a view of another modification of a polygon facet incorporating
      the principles of this invention; and
PAR  FIG. 4 is a view of a planar reflecting surface incorporating the
      principles of this invention and being mounted on a galvanometer.
DETD
PAR  Referring to FIG. 1, an embodiment of the scanning system in accordance
      with the invention is shown. A light source 10 provides an original light
      beam 12 for utilization by the scanning system. The light source 10 is
      preferably a laser which generates a collimated beam of monochromatic
      light which may easily be modulated by a well-known electro-optical
      modulator 14 in conformance with the information contained in a video
      signal. The modulated beam 16 is received by an acousto-optic vertical
      deflector 18 which is located between the modulator and a mirror 20 and
      deflects a beam in accordance with information contained in an electrical
      signal. Two beams 22 and 24 are shown as emerging from the deflector 18
      for illustration purposes only with it being understood that only one beam
      emerges from the deflector at a given time. The beam 22 is deflected
      upwards by the deflector 18 to the mirror 20 while the beam 24 is
      deflected downwards by the deflector 18 to the mirror 20. The path of the
      beam 22 (depicted in FIG. 1 as 22A, 22B and 22C) will be described with it
      being understood that the same description applies to beam 24 except where
      noted otherwise.
PAR  A cylinder lens 24 and a spherical imaging lens 26 are positioned in the
      optical path between the mirror 20 and a polygon 28. The cylinder lens 23
      has its power plane in the tangential plane which is substantially
      perpendicular to the axis of rotation of the polygon 28. The lens 23
      focuses the collimated beam at its focal point where the beam 22 diverges
      or expands in the power plane to form expanded beam 22A. The beam 22A
      remains collimated in the sagittal plane. The spherical imaging lens 26
      causes the beam 22A to converge in the form of beam 22B in the tangential
      and sagittal planes onto at least two facets 30 of the polygon 28. The
      beam distribution (indicated by reference numerals 32 and 33 for beams 22
      and 24, respectively) on the polygon will be on the order of about forty
      millimeters wide (the width of two facets) in the direction of scan and 1
      millimeter high in the direction parallel to the axis of rotation of
      polygon 28. A cylinder lens 34 is located between the polygon 28 and a
      photoreceptor 36 and is in the path of the beam 22C reflected from the
      polygon 28. The cylinder lens 34 has its power plane in the sagittal
      plane. The cylinder lens 23 and the lens 26 act in conjunction to focus
      the beam 22 in the tangential plane within a depth of focus which lies on
      the photoreceptor surface 36. The lens 26 and the cylinder lens 34 act in
      conjunction to focus the beam 22 in the sagittal plane within a depth of
      focus which lies on the photoreceptor surface 36.
PAR  The polygon 28 has a plurality of facets 30, the upper section 38 of which
      has a reflecting surface across its entire width "W," and the lower half
      of which has a portion 40 thereon which is essentially non-reflective and
      so shaped that the reflective surface 42 adjacent thereto is of a varying
      width "w." The nonreflective portion 40 may be a flat black paint. The
      spot size on the photoreceptor 36 in the direction of scan varies with the
      effective width of the beam on the facet 30; the wider the beam, the
      smaller the spot and vice versa. The effective width of the beam
      distribution 32 on reflective portion 38 of facet 30 is the width "W" of
      the facet while the effective width of the beam distribution 33 on
      reflective portion 42 of facet 30 is a smaller width "w." Consequently, a
      smaller spot will be scanned to the photoreceptor 36 when the beam is
      directed to portion 38 than when it is directed to portion 42. Therefore,
      the beam size can be changed by a video signal input to the vertical
      deflector to deflect the beam from one reflecting zone to another on facet
      30. The vertical height of a normal facet is about 10 millimeters. With a
      beam height of 1 millimeter, the beam may take 10 distinct positions on
      the facet 30 and even more positions are possible when considering beam
      overlapping positions. The vertical beam deflector 18 can be designed to
      move the beam to any of these positions in accordance with a video signal
      imparted thereto to vary the spot size. Obviously, the number of spot
      sizes available will be dependent upon a predetermined design of the shape
      of the reflecting surface. For instance, it may be desirable to build a
      system capable of creating only two spot sizes by employing a rotating
      polygon 28a such as that shown in FIG. 2. The facet 50 on polygon 28a has
      two reflecting portions 52 and 54 with portion 52 being across the entire
      width of the facet and portion 54 being narrower due to the non-reflecting
      portions 56. FIG. 3 discloses a polygon 28b which has facets 60 thereon
      each having three reflecting portions 62, 64 and 66. The reflecting
      portion 62 extends across the entire width of the facet while the width of
      portion 64 is wider than portion 66 due to the design of non-reflecting
      portions 68. Obviously, other shapes of reflecting surfaces are possible
      to give the desired number of spot sizes.
PAR  This varying spot size feature is very suitable for improving gray scale
      rendition by providing a capability to continuously change the spot size.
      Assuming a black and white picture, the space between the black dots can
      be varied by varying the spot size resulting in a continuous gray scale
      quality. This is in contrast to a system utilizing a constant spot size
      where the space between the spots is constant resulting in gray scale
      rendition of lesser quality.
PAR  The photoreceptor 36 is charged prior to exposure in a well-known manner
      and exposure to the beam 22 discharges the photoreceptor in the exposed
      areas to form a latent image. The latent image is developed by normal
      xerographic methods with toner particles, and the developed image is
      transferred to a copy medium.
PAR  Referring to FIG. 4, the same principle of this invention may be employed
      using an oscillating planar mirror 70 rather than the rotating polygon as
      the scanning member. The mirror 70 has a reflecting portion 72 which is
      the width of the mirror and a reflecting portion 74 varying in width in
      accordance with the non-reflecting portion 76. A beam reflected to one or
      the other portions 72 or 74 will result in a different spot size. The
      mirror 70 is mounted on a shaft 78 which is oscillated by a well-known
      galvanometer 80.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for recording information from an electrical signal onto a
      recording medium comprising: means for providing a beam of high intensity
      light, means for modulating the light beam in accordance with the
      information content of an electrical signal, a scanning mechanism having
      at least one reflecting surface rotatable about an axis in the path of
      said modulated beam for reflecting said beam, said reflecting surface
      having at least two portions arranged in an axial order, each of said
      portions being different in width from the other of said portions in a
      direction generally perpendicular to said axis, means for producing at
      said reflecting surface a beam width in said direction greater than the
      width of the portion with the minimum width, and means interposed between
      said modulating means and said scanning mechanism for selectively
      deflecting said modulated beam to any of said portions to control the
      amount of light reflected by said reflecting surface.
NUM  2.
PAR  2. The structure as recited in claim 1 wherein there are more than two
      reflective portions arranged in an axial order on said reflective surface,
      the width of each reflective portion in a direction perpendicular to the
      axis being different from any of the others.
NUM  3.
PAR  3. The structure as recited in claim 1 wherein the reflective surface of at
      least one of said portions varies in width to become progressively smaller
      from its widest portion.
NUM  4.
PAR  4. The structure as recited in claim 1 wherein said reflecting surface is
      located on a rotating polygon.
NUM  5.
PAR  5. The structure as recited in claim 1 wherein said reflecting surface is
      located on an oscillating planar member.
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ABST
PAL  A zoom lens system comprising an afocal front lens assembly and an image
      forming rear lens assembly is provided with stabilized optical means
      arranged in the optical path between said front and rear lens assemblies.
      When zooming, the stabilized optical means is controlled in accordance
      with the variation of angular magnification of the front lens assembly and
      with the deviation of the housing incorporating the zoom lens system from
      an original line of sight. The image is thus stabilized at the focal plane
      thereof against such deviation by varying the deflecting angle of the
      exiting light axis from the stabilized optical means with respect to the
      entering light axis. In one embodiment of the present invention, the rear
      lens assembly includes one or more members movable for zooming in such a
      manner that the zooming operation of the front lens assembly is
      consecutively followed by the zooming operation of the rear lens assembly,
      or vice versa. The stabilized optical means is preferably constructed in
      the form of a variable optical wedge, or a combination of a swingable
      mirror and a fixed mirror.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to zoom lens systems with stabilized optical means,
      and more particularly to an image stabilizing mechanism for a camera,
      telescope, or other optical instrument employing a zoom lens objective.
PAR  When pictures are taken by a hand held movie camera, or when a cine camera
      of the hand held type, or a telescope is used, while walking, or riding in
      a car, the camera or telescope is subjected to both severe car vibrations
      and the normal jiggle introduced by the user. This results in an
      undesirable image at the focal plane of the camera, or an unpleasant view
      field in the telescope.
PAR  There have previously been developed various image stabilization systems.
      The present applicant also has proposed such a system in U.S. Pat.
      application Ser. No. 442,605. A system employing an optical wedge as the
      stabilized optical means is described in U.S. Pat. No. 3,378,326, and
      those employing reflecting means are described in U.S. Pat. No. 3,475,074
      and DAS No. 1,181,540. These prior art systems may be outlined as follows.
      A Galilean type telescopic section (teleconverter) having an angular
      magnification, or an inverting telescopic section (wide-converter),
      stabilized optical means and a relay lens are arranged in this order from
      the front in an optical path thereof. As the complete system is assumed to
      be tilted to an angle, .alpha., with respect to an original line of sight
      axis, the incoming light enters the converter at the angle, .alpha., with
      respect to the optical axis thereof and emerges therefrom at an angle, m
      .alpha., with respect thereto. If the emerging light rays are deflected in
      passing through the stabilized optical means by the angle, m .alpha., but
      in the opposite direction to that of angular deviation of the complete
      system, the rays enter the relay lens in parallel to its axis.
      Accordingly, the complete system focuses the rays at the same point on the
      focal plane as that for which the rays were focused when the complete
      system was aligned with the line of sight axis.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a method of, and apparatus
      for, image stabilization of a zoom lens system.
PAR  Another object of the present invention is to increase the overall
      magnification of an image-stabilized zoom lens system.
PAR  A problem with a zoom lens disposed in preceding relationship to the
      stabilized optical means is related to variation of angular magnification
      of the zoom lens as its focal length is varied when zooming. Such
      variation of angular magnification causes a variation in angle of
      emergence of the rays from the zoom lens. As a result, in stabilizing the
      image of the zoom lens against accidental angular deviation, it is
      necessary to control the stabilizing optical means in accordance with the
      angular magnification of the zoom lens as well as with the accidental
      angular deviation thereof.
PAR  Further, when an image stabilized zoom lens is designed to have an
      increased zoom ratio, it is necessary to simultaneously increase the
      angular field of view by an additional degree, or otherwise satisfactory
      image stabilization in the intended angular field of view would not be
      secured when the zoom lens is subjected to accidental displacement.
      However, a wide angle zoom lens which has a front member of relatively
      large diamter and which has an unduly elongated total length is very
      difficult to manage.
PAR  To overcome this drawback, the present invention contemplates the use of
      two zoom lens assemblies linked with each other for consecutive zooming
      movement in combination with stabilized optical means disposed in the
      optical path therebetween.
DRWD
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following detailed description of preferred
      embodiments thereof, as illustrated in the accompanying drawings in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic partly sectional partly elevational view of one
      embodiment of an image stabilization system with a zoom lens objective in
      accordance with the present invention.
PAR  FIG. 2 is a schematic view illustrating image stabilization in the system
      of FIG. 1 as tilted at an angle to an original line of sight axis.
PAR  FIG. 3 is a schematic representation of another embodiment of the
      invention.
PAR  FIG. 4 is a schematic representation of still another embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, a zoom lens objective is illustrated as
      comprising an afocal front lens assembly that is generally indicated at 10
      and a rear image forming lens assembly that is generally indicated at 23
      through which an optical image is directed to a give portion of a focal
      plane 24. In FIG. 1, the front lens assembly comprises a focusing lens
      member 11, a variator lens member 12, a compensator lens member 13 and an
      erector lens member 21 optically aligned on a common axis. The erector 21
      may be omitted provided that rays of light emerging from the compensator
      13 are parallel. A zoom control mechanism for variator 12 and compensator
      13 comprises a barrel 14 having two circumferential camming grooves 14a
      and 14b formed therein and shown as unfolded for the purpose of
      convenience, and a gear assembly 26 and 27 through which the cam barrel 14
      is driven by a motor M. As barrel 14 is rotated in either direction, the
      variator 12 and compensator 13 are moved in differential relation to each
      other and as a function of the angular rotation of barrel 14, thereby the
      focal length of the front lens assembly 10 is varied in a manner as in the
      known zoom lenses. Positioned behind the front lens assembly 10 is
      stabilized optical means constructed, in this instance, as comprising a
      very light-weight movable mirror 20a and a roof-type mirror 20b secured in
      fixed relation to the housing with the zoom lens objective therein.
PAR  An image stabilizing mechanism for the zoom lens objective includes the
      aforesaid optical means 20, a first detector 15 operatively associated
      with the zoom control mechanism for detecting the angular magnification of
      the front lens assembly 10 as a function of the angular rotation of the
      barrel 14, and a second detector 17 co-operative with inertial means such
      as a gyroscope for detecting an the angular deviation of the complete
      objective from the original line of sight axis. The first detector is
      constructed as comprising a cam follower cooperating with differential
      transformer means 15a and a camming surface 15b on which the cam follower
      rides and which is formed in one end of the barrel 14, the configuration
      of the camming surface 15b being such that the angular magnification of
      the lens assembly 10 is detected by the detector 15 when zooming. The
      second detector 17 is composed of a first detecting means 17a for
      detecting components of the angular deviation of the complete objective in
      a horizontal plane, or x-components thereof, and a second detecting means
      17b for detecting components of the angular deviation in a vertical plane,
      or y-components thereof, the first and second means cooperating with each
      other to detect vector combinations thereof. The image-stabilizing
      mechanism further includes a control circuit 18 responsive to the
      electrical signals from the first and second detectors 17a and 17b to
      produce a signal by which the angular position of the movable mirror 20a
      mounted in a gimbal mechanism is adjusted in accordance with the angular
      magnification of the front lens assembly and the angular deviation of the
      complete objective through a pair of adjusting means 19a and 19b such as
      rotors of electric meters, or compact motors responsive to the mirror
      control signal from the circuit 18. The gimbal mechanism comprises a
      U-shaped member 25a having an axel 25b rotatable with reference to the
      member 25a, the axis of which is transversal to and intersects the optical
      axis of the front lens assembly 10, and having a pivot 25c coaxially
      affixed to the bottom of the member 25a. The movable mirror 20a is fixedly
      mounted on the axel 25b which is rotated by the first adjusting means 19a
      affixed to the member 25a, being oriented as making an angle of 45.degree.
      with the optical axis. The pivot 25c is rotatable by the second adjusting
      means 19b fixedly mounted on a portion of the housing.
PAR  The principle of stabilizing the image of the zoom lens objective described
      above will be described by reference to FIG. 2, wherein the same reference
      characters as in FIG. 1 indicate the same parts. Now assuming that the
      complete objective is tilted in a vertical plane to an angle, .alpha.,
      with respect to an original line of sight axis, and that the front lens
      assembly is adjusted to provide an angular magnification M, incoming rays
      of light along the original line of sight axis enter the front lens
      assembly 10 at the angle, .alpha., and emerge therefrom at an angle of
      M.alpha. with the optical axis. The emerging rays are then reflected from
      the mirror 20 a of which the angular position is displaced by an amount
      from the initial angular position to the fixed mirror 20b, and therefrom
      directed onto the rear lens assembly 23 in parallel to the optical axis of
      the lens assembly 23 offset from and parallel to the optical axis of the
      front lens assembly. In this case, the amount of angular deviation of the
      mirror 20a is equal to 1/2 M.alpha., because an incident ray of light upon
      the plane mirror is deflected by an angle twice the angle through which
      the mirror 20a is displaced.
PAR  In the case of the angular deviation by an angle, .beta., in a horizontal
      plane, the mirror 20a is displaced by an angle M .beta., so that rays of
      light emerging from the front lens assembly 10 at an angle of M.beta.
      enter the mirror 20a at a right angle, thereby the rays of light emerging
      the stabilized optical means are directed onto the rear lens assembly in
      parallel to the optical axis thereof.
PAR  The operation of the embodiment shown in FIG. 1 is as follows. When the
      zooming motor M is operated to rotate the cam barrel 14, the variator 12
      and compensator 13 are moved in differential relation to each other to
      vary the focal length of the front lens assembly 10. When the focal length
      has been adjusted to a desired value, the motor M is stopped from
      rotation, thereupon the first detector 15 provides an electrical signal
      proportional to the resultant angular magnification which is applied to
      the control circuit 18. So long as the objective remains aligned with a
      desired line of sight, the second detector 17 produces no output signal so
      that the first and second adjusting means 19a and 19b do not operate with
      the control circuit 18, although the signal from the first detector 15 is
      applied to the circuit 18. In this situation, the rays emerging from the
      erector 21 are reflected by the mirror 20a oriented to make 45.degree.
      angle with the optical axis to the fixed mirror 20b, and therefrom
      directed to a rear lens assembly 23 by which an image is formed on the
      given portion of the focal plane 24. When the image-forming beam is
      reflected from the fixed mirror 20b, the image is inverted thereby in the
      horizontal direction.
PAR  In order to secure a predetermined angular field of view in a camera or
      telescope despite small accidental displacement thereof, it is necessary
      to impart into the afocal front lens assembly an angular field of view
      larger than the predetermined one by angle of from 2.degree. to 3.degree..
      However, such an additional degree of compensation in the front lens
      assembly having a zoom ratio of as large as ten makes the complete
      objective heavy and bulky. It is of importance to keep the weight and bulk
      of the complete objective within easily manageable proportions.
      Consequently, in another embodiment of the present invention, the complete
      zoom lens objective is constructed in the form of a so-called "double zoom
      lens" in which the rear lens assembly is designed to include one or more
      lens members movable for zooming. The double zoom lens itself is known
      before the date of the present patent application as in Japanese Utility
      Model Publication No. 40-2871.
PAR  The operation of the apparatus of FIG. 3 will be described hereinbelow in
      connection with a zoom lens objective comprising a front lens assembly 10
      having a zoom ratio of five and a rear lens assembly having a zoom ratio
      of two, in toatl, the zoom ratio of ten. At first, the front lens assembly
      is operated for zooming from one to five zoom ratios. When the complete
      objective is deviated from the original line of sight axis during this
      zooming operation, the second detector 17 produces electrical signals
      proportional to the vertical and horizontal components .alpha. and .beta.
      of the angular deviation. While the first detector 15 produces electrical
      signals proportional to varying angular magnifications of the front lens
      assembly 10, responsive to these electric signals, the control circuit 18
      controls the angular position of and 19b are actuated for operation to
      rotate the mirror 20a through an angle of M'.alpha. in the vertical plane,
      and through an angle of M'.beta. in the horizontal plane. As the result,
      the rays emerging from the thus stabilized mirror assembly 20 are directed
      through the rear lens assembly to the focal plane where the image is
      brought into focus in the given portion regardless of the angular
      deviation of the complete objective from the line of sight.
PAR  When the complete objective is deviated from an original direction of
      alignment with the line of sight axis at an angle, .alpha., in the
      vertical plane and simultaneously at an angle, .beta., in the horizontal
      plane, the first and second detecting means 17a and 17b of the second
      detector produce respective electrical signals corresponding to the
      angular deviations which are applied to control circuit 18, thereupon the
      first and second adjusting means 19a and plano-concave lenses 20a and 20b
      disposed with their curved faces in mating rotatable relationship to each
      other, one of which, in this instance, the negative lens 20b is fixed to
      the housing in coaxial alignment with the front lens assembly 10, and
      another lens, i.e., the positive lens 20a  which is held in the gimbal
      mechanism 25 so as to be pivotable about the center of curvature of the
      mating lenses 20a and 20b.
PAR  With a prism having a wedge angle .theta., generated in the mating
      rotatable lenses 20a and 20b, the angle of deflection of light, .delta.,
      is given by:
EQU  .delta. = (n-1).theta.
PAL  where n is the index of refraction of the prism provided that the generated
      prism may be considered to be a thin prism. For the image stabilization
      with light rays emerging from the front lens assembly having an angular
      magnification M, therefore, it is necessary to adjust the amount of
      pivoting movement of the positive lens 20a so as to generate a prism
      having an wedge angle satisfying the equation .theta. = M .alpha. / (n-1).
      As the optical wedge, use may be made of Dyna-lens (trademark) instead of
      the aforesaid compound lens.
PAR  Referring now to FIG. 3, there is shown an image stabilization system for a
      zoom lens objective employing a variable optical wedge as the stabilized
      optical means. The rear lens assembly 23 comprises a variator lens member
      31, a compensator lens member 32 and a relay lens 33 arranged on a common
      axis in this order from the front. The variable optical wedge is arranged
      between the front and rear lens assemblies 10 and 23 to compensate for
      accidental displacement of the complete objective from the original line
      of sight axis, and is constructed in the form of a compound lens
      comprising plane-convex and the lens 20a through the first and second
      adjusting means 19a and 19b, thereby the lens 20a is swung through an
      angle of M'.alpha./ (n-1) in the vertical direction by the first adjusting
      means 19a, and through an angle of M'.beta./(n-1) in the horizontal
      direction by the second adjusting means 19b. Therefore, the optical means
      functions as a prism, and the rays of light are deflected in passing
      through the prism to enter the rear lens assembly in parallel to its axis.
      Thus, the successive images are brought into focus at the same relative
      positions of the focal plane regardless of deviation of the complete
      objective from the line of sight. The consecutive zooming operations of
      the front and rear lens assemblies is preferably governed by a single zoom
      control mechanism, but the front and rear lens assemblies may be provided
      with respective zoom control mechanisms operable independently of each
      other.
PAR  In FIG. 4, there is shown still another embodiment of the invention in
      which a double zoom lens is used in combination with the stabilized mirror
      assembly of FIG. 1. The rear lens assembly 23 comprises a variator lens
      member 31, a compensator lens member 32 and a relay lens 33. The zoom
      control mechanism for the front lens assembly 10 is operatively associated
      with that for the rear lens assembly 23 by a suitable linkage 22 to
      thereby effect consecutive zooming movements of members 12, 13, 31 and 32.
      In the embodiments illustrated in FIGS. 1, 3 and 4, various possible
      combinations of negative and possitive lens members movable for zooming
      are suggested. It is to be understood that when a differnt combination of
      the power signs of the zooming members is employed, it is necessary to
      alter the differential relationships in which the zooming members are
      moved. Further, the front lens assembly may be designed to include a front
      zooming member acting as the compensator and a rear zooming member acting
      as the variator, or to include front and rear zooming members, each of
      which acts as either of the variator and compensator dependent upon the
      parts of the zooming range.
PAR  The features which may be considered as characteristics of the present
      invention are:
PAR  1. Because of the arrangement of the lens assembly of variable focal length
      in preceding relationship to the stabilizing optical means, the
      accommodation for a variation in the otherwise fixed parameter of angular
      magnification is made in the image stabilizing mechanism for controlling
      the optical means.
PAR  The above-described embodiments of the present invention are illustrated as
      employing a combination of a cam assembly with a differential transformer
      (an electric micrometer) for detecting the varying angular magnifications.
      Instead of the differential transformer, it is possible to use a rheostat
      or an angular detection encoder. If all of the detecting and adjusting
      operations are performed by use of mechanical devices, the sum of the
      frictional forces will amount to much. Therefore, such mechanical devices
      are preferably replaced by electrical devices of the non-contact type, or
      of the fluid type.
PAR  2. In order to facilitate the increase of the variable focal length range
      while preserving a sufficient space in which the image is to be
      stabilized, the zoom lens objective is constructed in the form of a double
      zoom lens to locate the stabilized optical means between the front and
      rear zooming lens assemblies thereof.
PAR  In the above described embodiments, as the lens assembly of variable forcal
      length, mention is made of a lens assembly of the zoom type. However, it
      is possible to use the so-called "vari-focal type" lens assembly having a
      single movable lens as described in British Patent No. 1,067,428.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A zoom lens system with stabilized optical means comprising:
PA1  an image forming rear lens assembly;
PA1  an afocal front lens assembly which includes the members movable for
      zooming behind a front member which remains stationary during zooming,
      said front member being movable to effect focusing to suit different
      object positions, and the light rays emerging from said front lens
      assembly being almost parallel;
PA1  an image stabilizing mechanism which includes a stabilizing optical means
      arranged in the optical path between said front and rear lens assemblies;
PA1  a first detector responsive to the movement of said zooming members for
      detecting the angular magnification of said front lens assembly;
PA1  a second detector cooperating with inertial means for detecting the
      deviation angle of the complete system from a line of sight; and
PA1  adjusting means connected to said first and second detectors for adjusting
      the angular position of said stabilizing optical means in accordance with
      the detected angular magnification and with the detected angular
      deviation, whereby the light bundle emerging from said stabilized optical
      means is directed upon said rear lens assembly parallel to the optical
      axis thereof irrespective of the angular deviation of the complete
      objective from the line of sight.
NUM  2.
PAR  2. A zoom lens system according to claim 1, in which said afocal front lens
      assembly includes a plurality of differentially movable lens members for
      zooming behind the focusing front member, and said rear lens assembly
      includes at least two movable lens members in front of a relay lens.
NUM  3.
PAR  3. A zoom lens system according to claim 2, in which said stabilized
      optical means comprises a swingable reflecting means and fixed reflecting
      means, and the angular position of said swingable reflecting means is
      adjusted by said adjusting means.
NUM  4.
PAR  4. A zoom lens system according to claim 2, in which said stabilized
      optical means comprises plano-convex and plano-concave lenses disposed
      with curved surfaces in mating rotatable relation to each other, one of
      which is swingable about the center of curvature of the mating lenses, and
      the angular position of said swingable lens is adjusted by said adjusting
      means.
NUM  5.
PAR  5. A zoom lens system according to claim 2, in which said rear lens
      assembly includes a plurality of differentially movable lens members for
      zooming in front of a relay lens, wherein, after the movement of the
      movable lens of the front lens assembly has been completed, the movement
      of the movable lens members of the rear lens assembly begins, and said
      inertial means is a gyroscope arranged in the housing of the zoom lens
      system for detecting vertical and horizontal components of said angular
      deviation, whereby the angular position of said stabilizing optical means
      is adjusted in accordance with the angular magnification of said front
      lens assembly and with the vertical and horizontal components of said
      angular deviation.
NUM  6.
PAR  6. A zoom lens system according to claim 2, in which a movable lens member
      on the object side in the movable lens members of said rear lens assembly
      has a negative reflective power and a movable lens member on the image
      side has a positive reflective power.
NUM  7.
PAR  7. A zoom lens system according to claim 2, in which a movable lens member
      of said rear lens assembly has a negative reflective power.
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PAL  Optics are stabilized by suspending an optical element in a semi-liquid,
      either freely or by supports allowing for substantial freedom of movement.
      The semi-liquid provides support for the optical element, damping of
      oscillation and minimal distortions resulting from inhomogeneous
      adsorption of heat by the fluid media.
PARN
PAR  This is a continuation of application Ser. No. 237,397, filed Mar. 23,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Many optical systems are subjected to a variety of forces, which tend to
      move the optical system during observation with resultant degradation of
      the image. In those instruments providing for large magnification, the
      image motion degradation is further exaggerated. Where telescopes,
      monoculars or binoculars are held by hand, substantial oscillation occurs
      from normal shaking.
PAR  Various ways have been tried to stabilize an optical element as a component
      of an optical device, despite low amplitude oscillatory movement of the
      housing for the optical element, yet have the optical element move
      substantially with the housing when the housing is moved in a generally
      uniform and deliberate fashion to a new position, as in panning. One
      method has magnets attached to the optical element and to the housing
      surrounding the optical element to act as a centering or restoring means.
      However, there is difficulty in establishing an appropriate magnetic field
      and achieving the desired magnet configuration in practice. This
      difficulty is compounded by the lack of easy visualization of actual
      magnetic interactions. Another method has employed springs. However,
      springs have suffered from requiring adjustment, which is inconvenient in
      a closed system.
PAR  Recently, optical systems such as mirrors and telescopes have been mounted
      in fluid media for stabilization with additional mechanical support for
      the optical member.
PAR  2. Description of the Prior Art
PAR  Copending application Ser. No. 75,965, filed Sept. 28, 1970, now U.S. Pat.
      No. 3,711,178, issued Jan. 16, 1973, discloses a fluid stabilized mirror.
PAC  SUMMARY OF THE INVENTION
PAR  Optical elements are stabilized against vibrational movement and resulting
      distortions by supporting an optical element or system in a transparent
      semi-liquid or gel. The optical element is neutrally supported by the
      buoyant forces of the semi-liquid or gel and may be additionally supported
      by other cooperative means, e.g., mechanical means. The optical element is
      constructed with buoyant members, so as to have the center of floatation
      and center of gravity of the optical element coincident with the support
      axis for the element. The semi-liquid or gel is achieved by adding a small
      amount of a thickening agent ot an optically transparent fluid to provide
      a fluid having the desired shear properties.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective schematic view of a stabilized telescope in which
      the stabilizer is located optically adjacent to the objective and a
      portion of the housing of the stabilizer is cut away;
PAR  FIG. 2 is an enlarged sectional view of a stabilized mirror in accordance
      with this invention having additional resilient supporting means;
PAR  FIG. 3 is a side elevation section of a stabilized telescope according to
      this invention.
DETD
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENTS
PAR  Optical elements equipped with appropriate floats so as to have the desired
      buoyancy are immersed in a semi-liquid or colloid for stabilization
      against vibrational or oscillational movement. Various optical systems may
      be stabilized in this manner, including mirrors, simple and complex
      lenses, prisms, and combinations thereof. The optical system is immersed
      in the semi-liquid maintained in a housing. The shape of the floats and
      the shape of the housing interact to provide for stabilization of the
      optical system.
PAR  Various thickening agents may be used with a variety of fluids. The
      thickening agent will vary with the fluid, depending on whether the fluid
      is hydrophobic, or hydrophilic. The amount required of the thickening
      agent will vary with the thickening agent, the fluid being thickened and
      the desired consistency of the semi-liquid.
PAR  Numerous advantages are achieved by employing the semi-liquids as the
      medium for the optical system. The semi-liquid provides a support, through
      a buoyant action as in the case of liquids, but a resistance to drift
      similar to solid support, yet having desirable resiliency. The resiliency
      can provide a centering function to the supported element of the optical
      system. In addition, it is found that convective effects resulting from
      thermal variations between the fluid and the environment which would
      result in image aberrations are either eliminated or minimized.
      Furthermore, while the optical device will move from one position to
      another, the optical system will only go a minor proportion of the
      oscillatory of vibrational movement which is imparted to the housing,
      where the amplitude is relatively small.
PAR  The semi-liquids respond to different types of movements in different ways.
      For rapid movements of relatively small amplitude, there are lossy shear
      forces of the semi-liquid which tend to dampen. Where the system undergoes
      a change of position, the supportive or gel-like shear forces of the
      semi-liquid will contribute to help move the optical system to the new
      position; both of these shear forces in the semi-liquid are able to
      transmit the movement from the housing to the optical system.
PAR  The semi-liquid system is a colloidal solution, normally forming a sol
      which provides for properties of both a liquid and a solid. The shear
      forces are such, that the semi-liquid will transmit a steady force over a
      relatively long distance. In addition, the semi-liquid can be deformed, so
      as to act as a spring. The semi-liquids are provided by adding a small
      amount, usually of the order of from about 0.01 to 5 weight percent, more
      usually of the order of from 0.05 to 2 weight percent, of a high molecular
      weight material, which is homogeneously distributed throughout the liquid,
      but forms a structure in the liquid. These high molecular weight
      materials, therefore, impart solid properties to the colloid.
PAR  A large number of thickening agents are known, particularly for hydroxylic
      systems, e.g., water. These include naturally occurring materials,
      modified naturally occurring materials, and synthetic materials.
PAR  Among the naturally occurring materials are gum arabic, albumin, pectin,
      glutin, arabinogalactin, and agar.
PAR  The modified naturally occurring materials are primarily modified
      polysaccharides, e.g., celluloses. These include such materials as
      carboxymethyl cellulose, hydroxyethyl cellulose, the salts of such
      materials, etc.
PAR  The synthetic thickeners are primarily addition polymers having a plurality
      of carboxylic acid groups, either as the acid or its salts, or
      condensation polymers based on ethylene oxides. Illustrative polymers
      include carboxyvinyl polymers such as Carbopol, copolymers of methyl vinyl
      ether and maleic anhydride, such as the Polyox series.
PAR  While for the most part, the thickeners are employed for hydroxylic or
      polar media, relatively non-polar organic solvents may also be used where
      a thickener is available providing the desired physical and optical
      properties, e.g., transparency. Various rubbers, e.g., polybutadiene, or
      polyisoprene may be used as thickeners for non-polar media, e.g.,
      hydrocarbons.
PAR  Various media may be used, both inorganic and organic, and both polar and
      non-polar. For the most part, the media employed will be polar, and
      usually hydroxylic, and may be used by themselves or in combination.
      Illustrative fluids include water, alcohols, ethers, ketones, e.g.,
      acetone, dimethylformamide. dimethylsulfoxide, fluorocarbons, etc.
      Normally, the density at 20.degree. C will be in the range of about 0.9 -
      2, more usually in the range of about 1.0 - 1.5 g/ml. Included in the
      liquid may be a variety of salts, which may be used to change the
      properties of the colloid according to known ways.
PAR  In order to illustrate exemplary types of system which may employ the
      semi-liquids, consideration will now be given to the drawings. The first
      exemplary system is in FIG. 1, which illustrates a telescope with a mirror
      having no support other than the buoyant and shear forces of the
      semi-liquid.
PAR  The figure is shoun as a complex optical system, whereby the mirror is
      stabilized by the combined inertial action of the mirror assembly and
      semi-liquid medium. The illustration is concerned with approximately a
      20-power optical train. Typically, an objective A is mounted to focus
      light onto stabilized mirror B within chamber C. The stabilized light is
      retrodirected from mirror B onto inverting mirrors D, where the light is
      subsequently imaged at plane E and viewed through eyepiece F. For
      convenience, negative lens H may be placed in the optic path to extend the
      focal length.
PAR  The telescope comprising lenses A, F, and H is well understood in the art.
      Without the mirrors B and D, the telescope would invert the images
      received in both their horizontal and vertical parity. Mirror B functions
      to fold the light path from lens A backwardly and upon itself. Mirror
      assembly D serves to displace this light, so that it may be conveniently
      viewed off the optic path between objective A and stabilized mirror B.
PAR  The discussion concerning this optical system in application Ser. No.
      75,965, filed Sept. 28, 1970 is incorporated herein by reference.
PAR  The stabilized mirror B has a cylindrical housing 12 with a transparent
      front window 14. The mirror 16 is fitted into a cylindrical float 18. The
      float structure 18 is of smaller dimension than the housing 12, as to
      diameter and axial direction, and is of a size where in normal movement of
      the housing, the float will not contact the walls of the housing. The
      mirror 16 and float structure 18 are immersed in semi-liquid 20, and
      positioned so as to be centrally located, with the axis of the mirror
      superimposed on the axis of the housing at operated temperatures, e.g.,
      ambient temperatures.
PAR  The material of the float 18 is chosen so as to be inert to the semi-liquid
      20. The size and dimensions of the float 18 are such as to provide a
      center of gravity and a center of floatability for the mirror float
      structure on the axis of the housing.
PAR  Various materials may be employed for the float structure, such as foamed
      plastics, plastics, gas-containing tubes, etc. The choice of the float
      will affect the effect of temperature.
PAR  Depending on the fluid employed, changes in density of the fluid by virtue
      of changes in temperature, will affect the displacement of the mirror
      structure, or for that matter, any optical structure, which does not have
      other support than the semi-liquid. Therefore, where the density
      relationship between the optical system and the semi-liquid changes
      significantly with changes in temperature, substantial displacement may be
      encountered. The displacement will be nearly independent of the size of
      the optical contained in the housing. That is, whether the optical system
      has its largest dimension in the vertical direction of 1 cm or 100 cm, the
      amount of displacement will be relatively independent of the size of the
      optical system for a given stabilization performance. Therefore, a system
      unsupported by other than the semi-liquid is preferred with relatively
      large optical systems, so that the amount of displacement is small
      compared with the size of the optical system.
PAR  This can be demonstrated by a relatively simple and rough calculation. The
      imbalance of a stabilizer which must be supported is comparable to the
      inertial mass acted on by the restoring force, modified by floatation
      effects. It is therefore possible to relate stabilizer frequency to the
      sag the stabilizer will experience as the buoyancy relations change. In
      particular, the following formula provides a reasonable approximation:
EQU  .OMEGA. .perspectiveto. (gb/h).sup.1/2,
PAL  where g equals gravitational acceleration; b equals buoyance error factor
      (fraction of mass not supported by hydraulic pressures); and h equals sag
      distance of the stabilizer; and .OMEGA. represents the natural resonant
      angular frequency of the moving system.
PAR  Taking a typical value for b in water as 2 .times. 10.sup.-.sup.4 per
      degree, and assuming a desired value for the frequency .OMEGA. of 0.2
      cycles/second, the value of h for a change in temperature of about
      20.degree. C will be approximately 3 cm. With a large system, 3 cm could
      be tolerated.
PAR  To avoid the sag problem, various means may be used to maintain the optical
      system centrally located. One means not shown is mounting the optical
      system, e.g., mirror, on a bearing mounted on a rod. This allows the
      mirror to move about the bearing, but prevents the mirror from changing
      its center, in relation to the axis of the housing.
PAR  A second method for centering the optical system is to use an elastic or
      tension thread 22, as depicted in FIG. 2. Mirror B at the central portion
      of its disk is pierced, normally by fastened tube 24. Tube 24 in its turn
      is fastened to elastic thread 22, midway between window 26 and wall 28
      Supportive cylinders 30 and 32 enclose the elastic thread 22 to further
      position the mirror B and arrest mirror sag when thermal fluid density
      changes occur.
PAR  A typical elastic thread which can be used is sold under the trademark
      ELASTEX, registered trademark of David Traum, Inc. of New York.
PAR  In FIG. 3, a telescope is depicted, in which sag is inhibited, and magnetic
      centering is used in conjunction with the centering from the semi-liquid.
      A cylindrical housing 34, has telescope T immersed in semi-liquid 36. The
      housing 34 has front and rear windows 38 and 40 respectively. The
      telescope T is mounted at point 42 on a gimbal G. The gimbal G prevents
      sag of the telescope T, so that the center point of the axis of the
      telescope is on the horizontal axis of the housing. Circular magnets 44
      and 46 are mounted forwardly and rearwardly respectively of the telescope
      T. The housing 34 is provided with circular magnets 48 and 50, which
      surround the front window 38 and rear window 40 respectively. The front
      pair of magnets and rear pair of magnets are polarized for mutual
      attraction, to insure that the telescope maintains a bias towards the
      windows 38 and 40 and is aligned with a light path passing through the
      windows. In the event that a very highly resilient semi-liquid is
      employed, it can be advantageous to reverse the action of the magnets to
      oppose the centering action of the semi-liquid, and thereby reduce the
      natural frequency of the optical telescope for improved low frequency
      stabilization performance.
PAR  Upon oscillatory or vibrational movement of the instrument housing, the
      effect of the movement will be transmitted from the housing through the
      action of the semi-liquid and the magnets to influence the movement of the
      telescope T. Furthermore, once the vibration action on the housing has
      stopped, there will be a very rapid damping of the motion of the
      telescope, as a result of lossy shear forces in the semi-liquid. The
      semi-liquid also offers the advantage in providing lubrication of the
      bearings in the gimbal, as well as any other mechanical connection between
      an optical system and the housing, involving a bearing or other mechanical
      connection requiring lubrication.
PAR  Various methods may also be employed for repositioning the element, if
      violent motion has moved the element off axis. For example, retractable
      arms can be employed which engage a member bonded to the element so as to
      be able to reposition the element. An arm having retractable fingers could
      be used which could grip the element to return the element to the original
      position. Other methods known in the art could also be employed.
PAR  Depending on the fluid employed and the conditions under which the optical
      system is used, provision can be made for gas or vapor formation. The
      housing or chamber can be provided with bellows, balloon, bubble trap,
      etc., to accommodate accumulated gases or vapors.
PAR  The semi-liquid can be advantageously employed with optical systems where
      fluids are employed, which are subject to temperature variation. Fluids
      are frequently employed in optical systems, in which one or more windows
      are adjustable. Illustrative of such a system is the dynalens employing
      two windows disposed along a common axis and joined by a bellows. One of
      the windows is adjustable about a vertical axis and the other about a
      horizontal axis. Other optical systems employ a single window which is
      adjustable about both axes. By use of the semi-liquid pluming can be
      minimized or completely inhibited.
PAR  In order to demonstrate the subject invention, a stabilized mirror was
      fabricated. A cylinder having flat front and rear windows was employed as
      the housing. The front window was removed, and the housing filled with an
      aqueous semi-liquid medium. The semi-liquid medium was obtained by
      dissolving Carbopol 941, a polyvinyl carboxylic acid, available from B. F.
      Goodrich Co., in a one to one water:ethanol solution, to provide a one
      weight percent solution. a small amount of diisopropanolamine was added to
      neutralize the solution. An aliquot of the resulting solution was then
      diluted in water to provide a 0.1 weight percent solution which had the
      desired physical properties. A mirror was centrally seated in a low
      density filled plastic cylinder. The cylinder had about one-half the
      dimensions of the housing, and was about one-half as long in the axial
      direction. The mirror was positioned in the center of the housing, so that
      the axis of the mirror was coaxial with the axis of the housing. The front
      window was placed in position and the housing sealed.
PAR  By holding the mirror, there was no evident displacement of the mirror by
      the normal vibrational motion resulting from the shaking of the hand. The
      mirror would follow the movement of the housing as one panned the housing.
      Only relatively violent agitation would move the mirror from its position.
PAR  The effect of external heat on the semi-liquid was also investigated.
      Ordinary water was used as a control sample. In the first test, a
      localized heat source was used at a power level of about 1/3 watt. The
      sample under consideration had a concentration of 0.05 weight percent
      Carbopol 941. With the water, there was an evident pluming effect, was
      evidenced by the refractive index differences, which were visualized by
      projecting a collimated beam through the cells for a distance of about 10
      feet. With the Carbopol solution, however, it was noted that the heat was
      maintained in a shell of thermal gradient. In effect, refractive index
      effects were maintained in a small area, without significantly affecting
      the main body of the fluid.
PAR  It is evident from the foregoing discussion, that many advantages are
      obtained by employing optical systems immersed in a semi-liquid. The
      semi-liquid provides a supportive function, either by itself, or with
      various mechanical or magnetic supports. In many instances, this
      semi-liquid may be used by itself, without ancillary supporting equipment.
      Where the housing for the optical system is subjected to vibrational or
      oscillatory motion, the optical system is subjected to proportional
      motion, and when the forces causing this motion are diminished or stopped,
      the semi-liquid provides damping of the motion of the optical system.
      While at the same time providing resilient forces for restoring the
      optical system to its original position, the semi-liquid is capable of
      transmitting forces from the housing to the optical system, when the
      housing is moved from one position to another.
PAR  In many embodiments, the semi-liquid is capable of being used in
      conjunction with mechanical means, such as gimbals, bearings, elastic or
      resilient threads, etc. or magnetic means, in the aiding in the
      positioning of the optical system. The semi-liquid is compatible with
      small and large systems, ancillary devices usually being desirable with
      small systems.
PAR  Because various semi-liquids may be employed, versatility is achieved in
      designing optical systems. The ability to varying the refractive index of
      the semi-liquid can be used in varying the effect of refraction on light
      paths, so as to modify the light paths in known manners. Thus, the
      semi-liquid can greatly expand the variety of environments in which an
      optical system may be employed and the uses to which an optical system may
      be put.
PAR  Although the foregoing invention has been described in some detail by way
      of illustration and example for purposes of clarity of understanding, it
      will be obvious that certain changes and modifications may be practiced
      within the scope of the invention, as limited only by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stabilized optical apparatus comprising: a housing substantially
      filled with a transparent semi-liquid and having at least one transparent
      window; and an optical structure immersed in said semi-liquid, wherein
      said semi-liquid is a colloidal solution thickened by a high molecular
      weight thickener.
NUM  2.
PAR  2. A stabilized optical apparatus according to claim 1 wherein said optical
      structure comprises at least one optical element in light receiving
      relationship to said window and means for imparting neutral buoyancy to
      said optical structure.
NUM  3.
PAR  3. A stabilized optical apparatus according to claim 2 wherein said housing
      has an axis normal to said optical element and including resilient means
      along said axis connecting said housing to said optical structure.
NUM  4.
PAR  4. A stabilized optical apparatus according to claim 2 wherein said housing
      has an axis normal to said optical element and including bearing
      connecting means between said housing and said optical element coaxial
      with the axis of said housing and attached to said optical element at the
      center of said optical element.
NUM  5.
PAR  5. An apparatus according to claim 2 wherein said semi-liquid is water
      containing from 0.01 to 5 weight percent of a thickener.
NUM  6.
PAR  6. An apparatus according to claim 2 wherein said optical element is a
      mirror.
NUM  7.
PAR  7. An apparatus according to claim 2 wherein said optical element is a
      telescope.
NUM  8.
PAR  8. An optical apparatus according to claim 2 wherein said semi-liquid is
      water thickened with an at least partially neutralized polyvinyl
      carboxylic acid.
NUM  9.
PAR  9. An optical apparatus according to claim 2 wherein the optical element is
      coaxial with the axis of said housing.
NUM  10.
PAR  10. An optical apparatus according to claim 2 wherein said housing has an
      axis normal to said optical element and said window, said housing has
      first magnetic means, and said optical structure has second magnetic means
      polarized for mutual attraction and spatially oriented to bias said
      optical element in coaxial relation with the axis of said housing normal
      to said window.
NUM  11.
PAR  11. An apparatus according to claim 1 wherein said semi-liquid is water
      containing from 0.01 to 5 weight percent of a thickener.
NUM  12.
PAR  12. An optical apparatus according to claim 1 wherein said semi-liquid is
      water thickened with an at least partially neutralized polyvinyl
      carboxylic acid.
NUM  13.
PAR  13. A stabilized optical apparatus comprising: a cylindrical casing
      substantially filled with an aqueous transparent semi-liquid and having at
      least one transparent window, said casing having an axis normal to said
      window; an optical structure comprising at least one optical element in
      light receiving relationship to said window, having a center point on said
      axis and means for imparting neutral buoyancy to said optical element,
      wherein said semi-liquid is a colloidal solution having a high molecular
      weight thickener.
NUM  14.
PAR  14. An optical apparatus according to claim 13 wherein said aqueous
      semi-liquid has from 0.05 to 2 weight percent of a thickener.
NUM  15.
PAR  15. An optical structure according to claim 14 wherein said structure is at
      least partially neutralized polyvinyl carboxylic acid.
NUM  16.
PAR  16. An optical structure according to claim 14 wherein said thickener is
      modified cellulose.
NUM  17.
PAR  17. An optical apparatus according to claim 13 wherein said optical element
      is a mirror.
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ABST
PAL  A waveguide for submillimeter and infrared wavelength range electromagnetic
      radiation comprises a metal grating with a grating constant criterion:
      ##EQU1##
      BEING GREATER THAN (2/.lambda.).sup.2, WHERE .lambda. IS WAVELENGTH OF AN
      ELECTROMAGNETIC WAVE PROPAGATING FREELY IN THE SURROUNDING MEDIUM AND
      G.sub.X, G.sub.Y ARE GRATING CONSTANTS IN ORTHOGONAL DIRECTIONS. The
      constants g.sub.x, g.sub.y may be equal to each other or different.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to waveguides for electromagnetic waves in
      the submillimeter and infrared range.
PAR  Practical waveguides are unavailable in the range of short submillimeter
      waves and infrared waves.
PAR  It is an important object of the invention to provide a waveguide for
      submillimeter and infrared wavelength ranges.
PAR  It is a further object of the invention to provide means for conducting
      energy from a source to a nearby consumer.
PAR  It is a further object of the invention to provide tailoring of propagation
      velocity consistent with one or more of the preceding objects.
PAR  It is a further object of the invention to provide phase velocity
      adjustment consistent with one or more of the preceding objects.
PAR  It is a further object of the invention to provide for measurement of
      surface impedance of solids consistent with one or more of the preceding
      objects.
PAC  SUMMARY OF THE INVENTION
PAR  Waveguides are characterized according to the invention by an at least
      singly-periodic grating made of electrically conducting material with at
      least a grating constant
      ##EQU2##
      WHERE .lambda. IS THE WAVELENGTH OF AN ELECTROMAGNETIC WAVE OF THE
      RADIATED FREQUENCY PROPAGATING FREELY IN THE SURROUNDING MEDIUM AND
      G.sub.X, G.sub.Y ARE NOT NECESSARILY DIFFERENT GRATING CONSTANTS OF THE
      GRATING.
PAR  The waveguide may be combined with a prism(s) for coupling in and/or out.
      Each prism has one face opposing the waveguide grating and being parallel
      thereto, i.e. perpendicular to the shortest line therebetween, and a
      second face opposing a source or receiver of radiation in non-parallel
      relation. The grating is preferably rotatable about an axis perpendicular
      to the prism face opposed thereto.
DRWD
PAR  These and other objects, features and advantages of the invention will be
      apparent from the following detailed description with reference therein to
      the accompanying drawings the figures of which:
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a portion of a waveguide according to the
      invention.
PAR  FIGS. 1A and 1B are similar perspective views of portions of a waveguide
      according to further embodiments of the invention.
PAR  FIGS. 2 and 3 are two graphical representations of the same dispersion data
      (normalized) for electromagnetic radiation of 337 .times. 10.sup.-.sup.6 m
      wavelength propagated via the FIG. 1 waveguide; and
PAR  FIG. 4 is a side view of a second embodiment of the invention employing one
      or more specially arranged prism couplers in combination with the
      waveguide.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a metallic crossed grating made of a sheet metal of thickness
      t which is perforated in a regular two-dimensional pattern. The grating
      constants of this pattern are g.sub.x and g.sub.y in the x- and
      y-direction. In the simplest case, the two grating constants are equal,
      g.sub.x = g.sub.y = g, and the grating has quadratic symmetry. Gratings
      with grating constants g = 50, 100, 141 and 169 .mu.m were investigated.
      The thickness t was approximately 7 .mu.m in all instances. The ratio a/g
      of bar width a to grating constant was approximately 0.25.
PAR  In this "grating," the radiation of wavelength .lambda. = 337 .mu.m from an
      HCN laser was coupled in, conducted, coupled out again and then detected
      by a detector. The propagation occurs in the form of a TM polarized wave
      bound closely to the line. The propagation can occur in any direction of
      the xy-plane, i.e., the waveguide is two-dimensional. The phase velocity
      of the propagation exhibits characteristic dependences on frequency and
      direction. Ohmic losses in the metal of the grating cause the wave
      propagation to be damped. The damping losses were determined to be of the
      order of magnitude of 2 dB/cm.
PAC  APPLICATIONS
PAR  The waveguides according to the invention are intended preferably for the
      following applications:
PAC  a. Submillimeter microwave engineering
PAR  A direct application exists here in the conduction of electromagnetic
      energy from a source to a nearby consumer, e.g. from an antenna to the
      mixer stage of a superheterodyne receiver. By suitable choice of the
      grating dimensions g.sub.x, g.sub.y, a, t relative to the wavelength of
      the waves to be conducted, it is possible to adapt the phase velocity of
      the waves on the waveguide to given requirements within broad limits.
      Thus, waveguides can perhaps be made for particularly large or
      particularly small phase velocities, which here is synonymous with waves
      bound particularly loosely or particularly tightly to the waveguide.
      Waveguides of such a type come into consideration in various combinations
      for amplitude filters, phase filters and time-delay filters.
PAC  b. Nonlinear optics and travelling wave modulators
PAR  In these applications, several waves of different frequency interact with
      each other. For the application of the invention, at least one of these
      waves must lie in the submillimeter or infrared range. The others can lie
      in the visible or near infrared, for example. For a good efficiency of the
      interaction it is necessary to make the phase velocities of these three
      waves equal to each other within narrow tolerances. Here a waveguide
      according to the invention offers advantages as an artificial propagation
      medium in comparison with natural propagation media (e.g., crystals),
      since in a waveguide according to the invention the propagation velocity
      can be adjusted by the choice of its dimensions. The interacting wave on
      the waveguide need not be the fundamental wave, but rather can also be one
      of the infinitely many higher partial waves that can arise on the
      waveguide due to its periodicity. These waves have lower phase velocities
      than the fundamental wave. Both the forward and backward types exist,
      i.e., their phase and group velocities can have equal or opposite
      directions. Furthermore, there also exist partial waves in which these
      velocities are not collinear. This gives rise to diverse possibilities for
      solving the problem of phase matching. Especially important is the
      possibility of effecting fine corrections in the phase velocity by
      rotating the grating as a whole in its plane. As a consequence of the
      directional dispersion, the phase velocity then changes continuously. A
      variation of .+-.5% could be achieved in the embodiments.
PAC  c. Measurement technique
PAR  With a waveguide according to the invention it is possible to measure the
      surface impedance of solids, e.g., of semiconductors and metals, at
      submillimeter and infrared frequencies. To make the measurement the
      surface to be investigated is applied parallel to the line at a small
      distance. The real and imaginary parts of the unknown surface impedance
      can be determined from the resulting changes of phase velocity and
      damping. In particular, this method permits a rapid noncontacting
      measurement of very small impedances such as are exhibited, for example,
      by many epitaxially applied semiconductor films.
PAC  THEORY
PAR  The field of an electromagnetic wave on a doubly periodic grating according
      to FIG. 1 in vacuum can be described as the superposition of a doubly
      infinite number of partial waves:
      ##EQU3##
      where V is any one of the field components. The integers .mu. and .nu.
      distinguish the partial waves, a.sub..mu..sub..nu. are their amplitudes,
      F.sub..mu..sub..nu.(z) are their field distributions in the z-direction, r
      = {x,y} is the position vector in the plane of the line, and .omega. is
      the angular frequency. The propagation vector .beta..sub..mu..sub..nu. of
      the (.mu.,.nu.)th partial wave is given by
EQU  .beta..sub..mu..sub..nu. = .beta..sub.00 + .mu.q.sub.x + .nu.q.sub.y (2)
PAL  where q.sub.x = {2.pi./g.sub.x, 0} and q.sub.y = {0, 2.pi./g.sub.y } are
      the basis vectors of the reciprocal lattice, and .beta..sub.00 =
      {.beta..sub.00,x, .beta..sub.00,y } is the smallest in magnitude of the
      series (2) of all possible propagation vectors.
PAR  The phase velocity of the (.mu.,.nu.)th partial wave is
      ##EQU4##
      where c is the velocity of light. According to Eq. (3), the fundamental
      wave .beta..sub.00 travels fastest. The transverse field distribution of
      the partial waves is
EQU  F .sub..mu..sub..nu. (z) = .+-. exp [ - .vertline.z.vertline.(.beta..sup.2
      .sub..mu..sub..nu. - k.sup.2) .sup.1/2 ]                  (4)
PAL  where k = .omega./c is the propagation constant of vacuum. It follows from
      Eqs. (2) and (4) that all partial waves are bound to the line if
EQU  .vertline..beta..sub.00 .vertline. &gt; k.
PAL  In order that this condition be fulfillable,
EQU  (g.sub.x .sup.-.sup.2 + g.sub.y .sup.-.sup.2)&gt;(2/.lambda.).sup.2 (5)
PAL  must hold in any case. Thus, this condition is necessary in order to
      conduct waves of vacuum wavelength .lambda. in a nonradiating manner on
      the grating. In the case of a grating which is only singly periodic
      (g.sub.y .fwdarw. .infin.), the condition (5) then reads g &lt; .lambda./2.
PAR  It is evident from Eq. (4) that the field of the higher partial waves
      decays rapidly with increasing distance from the grating. Such waves are
      said to be "tightly" bound to the grating. The fundamental wave
      .beta..sub.00 is most loosely bound, i.e. its field extends furthest from
      the grating into space.
PAR  A wave guidance of the type described here is still possible even when the
      condition (5) is violated. But then at least one of the partial waves is
      no longer bound to the grating and the line extracts energy by radiation.
      This generally means a greatly increased damping.
PAC  DISPERSION
PAR  The dispersion .omega.(.beta.) of the two-dimensional line in air is
      illustrated in FIGS. 2 and 3.
PAR  The components .beta..sub.x and .beta..sub.y of the propagation vector
      .beta..sub.00 of the fundamental wave are illustrated in FIG. 2 for
      various fixed ratios .lambda./g, plotted in a representational mode well
      known in solid state physics. Only the first Brillouin zone is pictured in
      FIG. 2. The dispersion in the higher zones, in which the higher partial
      waves lie, can be obtained by parallel displacement of the curves from the
      first zone. The curves were drawn through the measured points in the first
      octant and continued symmetrically in the other octants. All measurement
      points were measured with .lambda. = 337 .mu.m, but with doubly periodic
      gratings of differing grating constants: (a) 51 .mu.m; (b) 102 .mu.m; (c)
      141 .mu.m; (d) 169 .mu.m. For the representation in FIG. 2, the
      propagation constants .beta..sub.00 were also normalized with the lattice
      constant g in each instance, corresponding to the data in square brackets.
      .LAMBDA. = 2.pi./.vertline.(.beta.).vertline. is the wavelength on the
      grating.
PAR  FIG. 3 shows the variation .omega.(.beta.) in the principal-axis directions
      &lt;1,0&gt; and &lt;1,1&gt; in three sections through the first Brillouin zone. The
      same measurements as in FIG. 2 are illustrated. The plotting was again
      done in normalized form: abscissa = 2g/.LAMBDA. where .LAMBDA. =
      wavelength on the grating; ordinate = 2g/.lambda. with .lambda. = vacuum
      wavelength. For comparison, the dispersion of the vacuum is plotted in
      FIG. 3 by the dashed line. It is characteristic of the waveguide that its
      dispersion curve in FIG. 3 lies below that of the vacuum, i.e. in the
      range of so-called "nonradiating" surface waves.
PAC  EXAMPLES
PAR  Waves of the described type were excited on a doubly periodic copper
      grating with grating constant g = 141 .mu.m and thickness t = 7 .mu.m and
      their propagation was measured. The frequency of the waves was 891 GHz,
      corresponding to the wavelength .lambda. = 337 .mu.m of an HCN laser. The
      excitation was effected by means of a prism coupler as in FIG. 4. The
      prism was made of polyethylene (refractive index 1.516, prism angle
      .epsilon.=35.degree.). From the theory of the coupler it is known that
      with a coupling gap S of uniform optimal thickness a maximum fraction of
      80% of the incident wave energy can be coupled into the waveguide.
      However, a still higher degree of coupling is possible if the coupling gap
      S gradually increases along the x-direction to form a tapered gap. When
      the coupling angle .theta..sub.p, the gap S and the x-position of the
      incident TEM.sub.00 laser beam were chosen optimally in the experiment,
      the signal at detector 1 fell to less than 10% of its original value.
      Therefore, more than 90% of the energy of the incident laser waves were
      coupled onto the waveguide. A maximum signal appeared simultaneously at
      detector 2 under these optimal coupling conditions. It measures the energy
      that has been transmitted along the waveguide over the length L. The
      intensity of the light falling on detector 2 was measured as a function of
      the line length L. This yielded a waveguide damping of approximately 2
      dB/cm at room temperature. These losses are substantially smaller at low
      temperatures, since the conductivity of copper increases with decreasing
      temperature.
PAR  The propagation constant .vertline..beta..sub.00 .vertline. could be
      determined from the measurement of the coupling-in angle .gamma..sub.0 and
      from the known data of the prism. The components .beta..sub.x and
      .beta..sub.y follow from the orientation .alpha. of the grating axes
      relative to the propagation direction as .beta..sub.x =
      .vertline..beta..sub.00 .vertline.cos .alpha. and .beta..sub.y =
      .vertline..beta..sub.00 .vertline.sin .alpha.. The curves of FIGS. 2 and 3
      could thus be determined by varying the angle .alpha.. From the viewpoint
      of measuring technique, it would have been more satisfactory to measure
      all these curves on one grating. Instead of this, the experimentally
      simpler method of repeating the measurements at the same frequency but
      with gratings of different grating constants g was chosen.
PAC  ADDITIONAL EMBODIMENTS
PAR  The described waveguide can be modified in many ways to obtain special
      properties. Thus, the very thin, mechanically delicate crossed grating can
      be applied to a mechanically sturdier substrate, such as very thin sheets
      of high-strength plastics (e.g. Hostaphan, Mylar) or to bulk low-loss
      dielectrics such as polyethylene, quartz or silicon. However, in these
      instances the condition of Eq. (5) must be sharpened by inserting
      .lambda./n.sub.s there instead of .lambda., where n.sub.s is the
      refractive index of the substrate. It is even possible to use a metal
      substrate of good conductivity, since in that case the waveguide becomes a
      highly miniaturized version of a so-called "corrugated surface waveguide."
PAR  The waveguide can also have a one-dimensional construction. For that
      purpose, a narrow strip a few g wide can be cut out of a crossed grating
      parallel to one of the principal symmetry directions of the grating. Also,
      the metal sheet forming the grating can be perforated only
      one-dimensionally from the beginning, perhaps in the form of a series of
      periodically arranged holes.
PAR  Other possible modifications of the grating profile consist of applying
      many small similar metallic or dielectric members in a regular singly- or
      doubly-periodic pattern on the surface of a metal sheet. In this case, if
      the metal sheet has no perforations, the guided wave travels only on that
      side of the sheet on which the members were applied. If such members are
      placed on both sides, then waves can also be guided on both sides, and
      indeed independently of each other. These further embodiments are
      illustrated in phase 1A and 1B where substrate members B, which may be
      integral or which may be unperforated or perforated, have doubly periodic
      arrangements of stripes A and A prime thereon with both sets of stripes
      being on one side of the substrate in FIG. 1A and the two sets of stripes
      being on opposite sides of the substrate in FIG. 1B. However, if there are
      regularly arranged perforations, then the field of a guided wave always
      extends on both sides of the sheet. FIG. 1A illustrates the
      above-mentioned case of doubly periodically arrayed perforations C in a
      dielectric substrate B having stripes A, A' of conductor on one or both
      face in grid array. Another modification possibility relates to the shape
      of the dispersion curve as is illustrated in FIG. 3. For some applications
      it is desirable to obtain a still stronger dispersion or even "critical
      points" in the interior of the Brillouin zone, at which the group velocity
      vanishes. Such dispersions can be achieved by increasing the grating
      thickness t and also be varying the size and shape of the holes.
PAR  It is evident that those skilled in the art, once given the benefit of the
      foregoing disclosure, may now make numerous other uses and modifications
      of, and departures from the specific embodiments described herein without
      departing from the inventive concepts. Consequently, the invention is to
      be construed as embraciing each and every novel feature and novel
      combination of features present in, or possessed by, the apparatus and
      techniques herein disclosed and limited solely by the scope and spirit of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Waveguide for radiated electromagnetic waves in the submillimeter and
      infrared range, comprising means defining a waveguide surface for
      propagating a TM wave having an at least singly periodic two-dimensional
      sheet form grating made of electrically conducting material with at least
      a grating constant
      ##EQU5##
      where .lambda. is the wavelength of an electromagnetic wave of the
      radiated frequency propagating freely in the surrounding medium to be
      transmitted along the surface of the waveguide and g.sub.x and g.sub.y are
      finite grating constants of the grating defining finite periodicity in
      each of nonparallel x and y directions respectively,
PA1  and means for directing a wave onto said waveguide surface such that a TM
      wave having said wavelength .lambda. is propagated along the surface of
      the waveguide.
NUM  2.
PAR  2. Waveguide according to claim 1 wherein the grating is flat.
NUM  3.
PAR  3. Waveguide according to claim 1 wherein the grating is an orthogonal
      grating.
NUM  4.
PAR  4. Waveguide according to claim 1 wherein the grating constants g.sub.x,
      g.sub.y associated with the two dimensions of the grating are different.
NUM  5.
PAR  5. Waveguide according to claim 1 wherein the grating has a self-supporting
      construction.
NUM  6.
PAR  6. Waveguide according to claim 1 wherein the grating is defined by a
      coating supported on a substrate.
NUM  7.
PAR  7. Waveguide assembly, comprising in combination, the device according to
      claim 1 and further comprising a prism that faces toward the grating with
      a first face and that faces toward the wave transmitter or the wave
      receiver with a second face inclined at an angle to said first face, and
      wherein the grating is rotatable about an axis perpendicular to said first
      face to couple waves into and/or out of the device.
NUM  8.
PAR  8. Assembly according to claim 7 and further comprising means defining a
      wave transmitter or receiver configured with respect to said prism as set
      forth in claim 10 and wherein the prism face that faces toward the
      waveguide includes with the grating an acute angle whose vertex lies on
      the side of the wave transmitter or wave receiver.
NUM  9.
PAR  9. Waveguide according to claim 1 comprising multiple pieces defining the
      grating.
NUM  10.
PAR  10. Waveguide according to claim 9 wherein the multiple pieces are on a
      common substrate.
NUM  11.
PAR  11. Waveguide according to claim 10 wherein two sets of such multiple
      pieces forming a grating are applied on opposite sides of an essentially
      two dimensional substrate.
NUM  12.
PAR  12. Waveguide according to claim 11 wherein the substrate is perforated.
NUM  13.
PAR  13. Device for sending, carrying and receiving laser light having free
      space wavelengths (.lambda.) of 0.001 -1 millimeter and comprising,
PA1  means defining an at least singly periodic grating made of electrically
      conducting material for transmitting along the grating surface a TM wave,
PA1  the grating having periodicity constants g.sub.x, g.sub.y in nonparallel x
      and y directions in relation to the wavelength in accordance with the
      formula
      ##EQU6##
      where .lambda. is the wavelength of a wave of the laser radiated frequency
      propagating freely in the surrounding medium to be transmitted along the
      surface of the waveguide and g.sub.x and g.sub.y are grating constants of
      the grating defining finite periodicity in each of nonparallel x and y
      directions respectively,
PA1  means for directing laser energy into the grating such that a TM wave of
      said laser energy having said wavelength .lambda. is propagating along the
      surface of the waveguide and comprising a first prism which has a first
      face opposing the grating and a second face, at an acute angle to the
      first face, opposing a source of laser light,
PA1  the vertex of the acute angle formed between said faces being disposed
      toward the source of laser light,
PA1  means defining a second prism with a first face opposing the grating and a
      second face at an acute angle to the first face,
PA1  means defining a laser wave receiver,
PA1  said second face of said second prism opposing said laser receiver.
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ABST
PAL  Connecting means for adjacent ends of core fibers. The core fibers are
      glass fibers drawn to have thin ends at one end, the thin end portion of
      which is coated with glass. The fibers uniformly increase in diameter in a
      generally conic conformation to thickened connecting points, where the
      fibers are connected in abutting engagement with each other. The thickened
      portions of the core fibers may be encased in a mass of synthetic resin,
      which may be machined along the peripheries of the thickened ends, to
      accommodate a centering ring to be pressed thereinto and hold the fibers
      in connected relation with respect to each other.
PARN
PAR  This is a continuation-in-part application of my application Ser. No.
      261,943, Filed June 12, 1972 and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Core glass fibers for the transmission of light, and connecting means,
      connecting the fibers in end-to-end relation.
PAC  BACKGROUND, SUMMARY AND OBJECTS OF INVENTION
PAR  Laser light received by a detector and modulated has heretofore been
      transmitted through glass fiber cables operated in a unimodal way. Such
      core fibers are especially well suited for the transmittal of
      communication due to the minimal transition time distortion. The glass
      fiber cables have been surrounded by coating glass and the core fiberglass
      diameter has been of the magnitude of the light wave length, and the
      coating diameter has been approximately forty times as large, giving a
      diameter of the entire system of approximately 80 to 100.mu.m. Such a
      transmission system has been very satisfactory, but it has been difficult
      to connect two glass fibers in end-to-end relation or to connect the glass
      fibers between a laser as a transmitter and a detector as a receiver.
PAR  The present invention, therefore, is to create a simple and efficient
      connection between two core glass fibers, connecting the core fibers in
      end-to-end relation and attaining a low disturbance of the light expansion
      at the connecting point.
PAR  In order to solve this problem, I provide a light conductive glass fiber
      consisting of a core fiber and a coating glass arranged around the same
      and a second similar core fiber in which the ends of the first and second
      core fibers to be connected are thickened at their connection point, to
      attain an index of refraction profile which steadily declines from the
      middle to the peripheries of the fibers.
PAR  Preferably the core fibers are drawn to have thin ends increasing in
      diameters toward their connected ends to attain thickened core fiber ends
      of a diameter of from 0.5 to 5mm. This will reduce the index of refraction
      at the thickened ends of the core fibers in accordance with a parabolic
      function, from the middle towards the peripheries of the fibers.
PAR  In order to facilitate the connection between the two fiber ends, the
      thickened portions of the core fibers are imbedded in the mass, as for
      example, a synthetic resin, which may be machined to provide a fitting
      area for receiving a centering ring, holding the core fibers in end-to-end
      relation with respect thereto.
PAR  An object and advantage of the present invention, therefore, is to provide
      a simple and improved construction and arrangement of core fibers and
      connecting means therefor connecting the fibers to have a low disturbance
      of light expansion at the connecting point.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view taken through a core glass fiber connection
      schematically illustrating one form in which the core glass fiber
      connection may be attained;
PAR  FIG. 2 is a diagrammatic sectional view taken through a glass component
      showing a core fiber coated with coating glass being inserted in the
      boring of the component and illustrating a modified form in which my
      invention may be embodied; and
PAR  FIG. 3 is a diagrammatic sectional view showing components like those of
      FIG. 2 connected in end-to-end relation.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS OF INVENTION
PAR  In the embodiment of the invention illustrated in FIG. 1, I have shown two
      core fibers 1 and 3 connected in end-to-end relation with respect to each
      other in accordance with the principles of the present invention. As
      shown, the core fibers 1 and 3 have thin outer ends surrounded by coating
      glass 2 and 4, respectively, and are thickened toward their connected ends
      in a generally conic profile to approximately 1mm to provide sufficient
      bulk to the core fibers to simplify the handling and centering thereof and
      provide a refractive index which declines parabolically from the middle
      towards the peripheries of the fibers.
PAR  It should here be understood that the coating glass 2 and 4 terminates
      prior to thickening of the fibers. The thickened end portions 5 and 6 of
      the fibers are coated with a resin, which may be a casting resin and
      designated by reference numerals 7 and 8, respectively.
PAR  The casting resin 7 and 8 coating the thickened portions of the core fibers
      may be machined to provide annular centering ribs 9 and 10 with
      depressions on opposite sides thereof to enable a centering ring 11 to be
      pushed into engagement with said centering ribs when the core glass fibers
      are centered relative to each other and with the ends 5 and 6 of the core
      glass fibers in abutting engagement with each other.
PAR  The thinning of the core fibers 1 and 3 can be achieved by a drawing
      process in a suitable manner known to those silled in the art and to
      provide a refractive index profile in the thickened end areas 5 and 6
      changed by an ionic exchange diffusion to receive the desired parabolic
      decline of the refractive index.
PAR  It should further be understood that when imbedding the fibers with the
      casting resin, they may be centered by means of an incident beam, and that
      this centering and machining of the casting resin and the connection of
      the centering ring thereto, attains a centering exactness between the core
      fibers at the connecting points thereof, which could not be possible by a
      direct connection of the unthickened fibers.
PAR  In the embodiment of the invention illustrated in FIG. 2, I have
      diagrammatically shown a core fiber 1 surrounded with coating glass 2 in
      position to be inserted in a recess 12 of a glass component 13, which
      recess may be a boring in said component. The glass fiber may be connected
      with a second glass fiber or with a terminal end device, without the glass
      component 13. The terminal end device may be an optical transmitting
      device or an optical amplifier. The core fiber 1 together with the coating
      glass 2 may then be inserted in a boring 12 of the component 13 and fixed
      thereto by means of a glue ring 14.
PAR  The component 13 has the same index of refraction in the area between A--A
      and B--B as the index of the refraction of the coating glass and the
      refractive index from the middle towards the periphery in the end surface
      of the core fiber steadily declines.
PAR  In FIG. 3 of the drawings, I have shown a connection of two glass fibers 1
      like the glass fibers of FIG. 2. The glass fibers 1 are surrounded with
      coating glass 2 in position to be inserted in recesses 12 of glass
      components 13 arranged in abutting relation with respect to each other.
      The glass components 13 are surrounded with a resin 15 that may be
      machined to provide centering ribs 16 and 17 when the glass components 13
      and core glass fibers are centered relative to each other. A centering
      ring 19 then is pushed into engagement with the centering ribs when the
      components 13 are centered relative to each other, to retain the
      components 13 and core glass fibers 1 in centered axial alignment with
      each other. Like the form of the invention illustrated in FIG. 2, the core
      glass fibers and coating glass are fixed in position in the recesses 12 by
      means of glue rings 14.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A connecting means for glass fibers comprising,
PA1  a first core glass fiber,
PA1  a second core glass fiber,
PA1  coating glass surrounding each core glass fiber and forming a sheath
      therefor,
PA1  a conical glass component part for each glass fiber having a recess in the
      small diameter end of said conical glass component part for receiving the
      core glass fiber and coating glass to extend generally along the axis of
      said conical glass component part,
PA1  each conical glass component part having a refractive index profile in
      which the periphery of the recess radially to the outer surface of the
      conical glass component part has the same refractive index as the coating
      glass forming a sheath for the core glass fiber, and the region of the
      conical glass component part extending from the inner end of the recess to
      the large diameter end of the conical glass component part has the same
      refractive index extending in an axial direction as the core glass fiber,
      and slopes constantly down in all directions toward the conical sheathing
      surface of the conical glass component part,
PA1  a mass of machinable material surrounding each conical glass component
      part, and
PA1  a centering ring surrounding the mass and retaining the conical glass
      components parts in end-to-end relation with respect to each other.
NUM  2.
PAR  2. The connecting means of claim 1, in which adhesive rings extend about
      the bore openings and retain the core fibers of the recesses.
NUM  3.
PAR  3. The connecting means of claim 2, in which the enlarged front end
      surfaces of the conical glass component parts have a maximum diameter of
      0.5 to 5mm.
NUM  4.
PAR  4. The connection of claim 1, wherein the mass of machinable material has a
      fitting area machined on its surface and the centering ring pressed into
      engagement with the machined area is provided to connect the two core
      fibers in end-to-end relation with respect to each other.
NUM  5.
PAR  5. The connection of claim 1, wherein the mass is the synthetic resin.
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PAL  The adjacent ends of two waveguide elements are coupled in mutual alignment
      by being slid into a suitably dimensioned through bore of a coupling block
      from the two flared ends of the bore respectively, preferably in the
      presence of a small quantity of a liquid having a refractory index similar
      to that of the waveguide elements and preferably also having adhesive
      qualities to retain the waveguide elements in their mutually abutting
      coupled position in the block. The coupling block is preferably formed by
      casting, using a low-shrinkage resin such as epoxy resin in a mould whose
      end walls have aligned bores for a stainless steel wire which extends
      through the mould cavity to form the through bore of the block, this wire
      being withdrawn after setting of the resin. Preferably tapered core
      portions through which the bores extend coaxially, are provided in the
      mould and withdrawable endwise to permit removal of the cast block from
      the mould cavity.
BSUM
PAR  This invention relates to linear optical waveguide elements such for
      example as optical fibres or strands of such fibres and has for an object
      to facilitate accurate in-line coupling of two such elements to be
      established with comparative ease, even in somewhat confined positions,
      and which ensures a good degree of optical continuity. One aspect of the
      invention consists in a method of establishing the in-line coupling of two
      optical waveguide elements of the same cross-section, which comprises the
      steps of (a) producing a block of epoxy-resin material having a through
      bore whose cross-section corresponds to that of the said wave-guide
      elements but is slightly larger in its dimensions so that the elements are
      a sliding fit in the through bore, the through bore being flared at each
      end to provide a lead-in portion, by a process which includes: providing a
      mould having a mould cavity through which a tensioned wire whose surface
      does not adhere to the epoxy-resin material, extends from end to end of
      the cavity; filling this cavity with epoxy-resin moulding material and
      allowing the material to set; and withdrawing the wire longitudinally and
      removing the moulded resin body from the mould, and (b) inserting the two
      wave-guide elements into the through bore from the two ends thereof
      respectively to abut end-to-end at or near the centre of the through bore.
      This insertion is preferably effected in the presence of a liquid that is
      transmissive for the optical waves to be guided and has substantially the
      same index of refraction as the waveguide elements. In order to secure the
      two ends of the waveguide elements in the block in the coupled position,
      the liquid employed may be arranged to be of an adhesive nature so that on
      settinng and/or curing of the liquid retention will be automatically
      achieved. The wire employed to form the through bore, which may be
      stainless-steel wire, and which is kept under longitudinal tension, may be
      greased or otherwise prepared as necessary to prevent adhesion to the
      material of the block. The flared end portions of the through bore may be
      prepared either by the use of suitable core piece in the mould or moulding
      jig or by machining of the moulded block. Another aspect of the invention
      consists in the combination comprising a pair of waveguide elements which
      are coupled in mutually aligned abutting relation by accommodation of
      their mutually abutting ends in a through bore of a block that consists of
      epoxy-resin material and has been produced by a process which includes (a)
      providing a mould having a mould cavity through which a tensioned wire
      whose surface does not adhere to the epoxy-resin material, extends from
      end to end of the cavity; filling this cavity with epoxy-resin moulding
      material and allowing the material to set; and withdrawing the wire
      longitudinally and removing the moulded resin body from the mould, and (b)
      inserting the two waveguide elements into the through bore from the two
      ends thereof respectively to abut end-to-end at or near the centre of the
      through bore, the cross section of said through bore corresponding to that
      of said waveguide elements but being slightly larger in its dimensions so
      that the elements are a sliding fit in the through bore, and the through
      bore being flared at each end to provide a lead-in portion. A jig for the
      casting or moulding of the coupling block may comprise a trough-like mould
      having two parallel end walls each equipped with a tapered core member
      projecting from the end wall into the mould cavity said core members being
      coaxially aligned with each other, and aligned through bores being
      provided in each thus equipped end wall coaxial with said core members to
      permit a metal wire to be passed through the aligned holes so as to extend
      lengthwise through the mould cavity, the core members being adapted to be
      withdrawn axially from the moulded block alone or in conjunction with all
      or part of the said end walls.
DRWD
PAR  In order that the invention may be more readily understood, reference will
      now be made to the accompanying drawing, in which:
PAR  FIG. 1 is an elevation in section along the axis of the waveguide members,
      showing the adjacent end portions of two optical waveguide elements
      secured in in-line coupling relation in a coupling block, and
PAR  FIG. 2 is an elevation of a preferred form of jig for the casting or
      moulding of the waveguide-coupling block in section along the axis of the
      metal wire for the formation of a through bore.
DETD
PAR  Referring now first to FIG. 1, the end portions of two optical fibres, or
      of two strands of optical fibres, or of two other waveguide elements 1, 2
      of identical cross-section are coupled end to end in mutual alignment by
      means of a coupling member constituted by a block 3 of epoxy-resin
      plastics material. In the case of unclad fibres this material must not
      transmit the radiation to be conducted by the waveguide elements and/or
      have a sufficiently smaller index of refraction than these elements to
      avoid interfering with the total-reflection effect required for the
      waveguide action. This block is provided with a rectilinear through bore 4
      in a manner which will be described further below. For the greater part of
      its length, this bore is cylindrical and has a cross-section slightly
      larger than that of the waveguide elements 1 and 2 so as to enable these
      elements to be moved in the bore 4 by longitudinal sliding movement while
      maintaining the elements in substantial alignment with each other, and at
      each end of the moulded body 3 the bore 4 has an outwardly flared lead-in
      portion 4a and 4b respectively. In order to couple the adjacent ends of
      the two waveguide elements 1 and 2, the two adjacent ends of these
      elements are dipped into a liquid having an index of refraction similar to
      that of the waveguide elements and are then inserted endwise into the bore
      4 from the two ends respectively of the block 3, an operation which is
      facilitated by the flared lead-in portions 4a and 4b, in such a manner
      that eventually the ends of the two waveguide elements abut each other at
      or near the centre of the length of the block; the presence of the liquid
      will ensure a good degree of continuity of light conduction between the
      two adjacent ends of the light-guide elements. If the coupling connection
      is to be permanent, the liquid employed is preferably of such nature that
      it will, or can be made to, set and form an adhesive retaining the
      elements 1 and 2 in the block 3 in this position of mutual abutment in the
      bore 4, thus making it unnecessary to provide mechanical means for
      retaining the adjacent ends of the two elements in their coupled position.
      On the other hand, some form of mechanical retaining means, for example a
      wedge movable in a cross bore intersecting the through bore 4 over a
      portion of the diameter of the latter, can be arranged at suitable points
      between each end of the block 3 and the centre of its length.
PAR  In order to ensure that the bore 4 possesses good qualities as regards
      guidance and ease of insertion of the waveguide members 1 and 2, it is
      obtained by casting or moulding the block 3 round a straight wire,
      preferably a stainless-steel wire, under longitudinal tension. This method
      of producing an accurate, smooth-walled bore is made practicable by the
      fact that the block 3 is made of epoxy resin, which is a material which
      suffers very little shrinkage during setting.
PAR  FIG. 2 illustrates a casting or moulding jig which has been found
      advantageous for such manufacture of the block 3. This jig comprises a
      bottom-wall member 5 which, together with two side-wall members 6, forms
      an open trough of a cross-section corresponding to that of the block 3 to
      be cast, and the ends of this trough are closed by end-wall members 7 and
      8 respectively. Each end wall member is equipped with a set-in core piece
      7a and 8a, and a tapered portion 7b and 8b respectively of each core piece
      projects from the end wall into the interior of the mould. These two core
      pieces are arranged in coaxial alignment, and each has a coaxial bore 7c
      and 8c respectively, so that a stainless-steel wire 9 can be inserted to
      extend in a straight line through the aligned bores 7c and 8c along the
      mould cavity. Longitudinal tension may be applied to the wire if necessary
      or desired to retain it in a straight, rectilinear condition. In the
      illustrated embodiment the core pieces 7a, 8a extend through the end walls
      7 and 8, and each is provided at its outer end with a flange or head
      portion 7d or 8d, by which the core piece can be withdrawn axially so that
      its tapered portion 7b, 8b, clears the mould cavity. When thereafter the
      wire 9 has been withdrawn longitudinally, the cast body can be lifted from
      the mould cavity in the direction of the arrow 10. Alternatively the core
      pieces 7a and 8a may be permanently fixed in the end walls 7 and 8
      respectively while the latter are secured in a detachable manner to the
      bottom and side walls 5 and 6 of the moulding jig. In that case the
      tapered core portions 7b and 8b can be withdrawn from the cast body by
      suitable movement of the end-wall members 7 and 8. It will also be
      appreciated that whilst in describing the illustrated embodiment reference
      has, for the sake of simplicity, been made to only one through bore 4 in
      each block 3, the invention is not limited in that respect; on the
      contrary, any desired number of parallel bores, each having flared ends,
      may be arranged in a coupling block to permit the use of a single block
      for the respective coupling of a corresponding number of pairs of
      waveguide elements.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of establishing the in-line coupling of two optical waveguide
      elements of the same cross-section, which comprises the steps of (a)
      producing a block of epoxy-resin material having a through bore whose
      cross-section corresponds to that of the said waveguide elements but is
      slightly larger in its dimensions so that the elements are a sliding fit
      in the through bore, the through bore being flared at each end to provide
      a lead-in portion, by a process which includes: providing a mould having a
      mould cavity through which a tensioned wire whose surface does not adhere
      to the epoxy-resin material, extends from end to end of the cavity;
      filling this cavity with epoxy-resin moulding material and allowing the
      material to set; and withdrawing the wire longitudinally and removing the
      moulded resin body from the mould, and (b) inserting the two waveguide
      elements into the trough bore from the two ends thereof respectively to
      abut end-to-end at or near the centre of the through bore.
NUM  2.
PAR  2. A method as claimed in claim 1, which includes the step of securing the
      waveguide elements in the block in their mutually coupled relation.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the insertion of the elements
      into the through bore is effected in the presence of a liquid that is
      transmissive for the optical waves to be guided and has substantially the
      same index of refraction as the waveguide elements.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein the insertion of the elements
      into the through bore is effected in the presence of a liquid that is
      transmissive for the optical waves to be guided and has substantially the
      same index of refraction as the waveguide elements, and which is of an
      adhesive nature so that upon consolidation of the liquid retention of the
      waveguide elements in the through bore will be automatically achieved.
NUM  5.
PAR  5. A method as claimed in claim 1, wherein the flared end portions of the
      through bore are prepared by the use of withdrawable core pieces in the
      mould.
NUM  6.
PAR  6. The combination comprising a pair of waveguide elements which are
      coupled in mutually aligned abutting relation by accommodation of their
      mutually abutting ends in a through bore of a block that consists of
      epoxy-resin material and has been produced by a process which includes (a)
      providing a mould having a mould cavity through which a tensioned wire
      whose surface does not adhere to the epoxy-resin material, extends from
      end to end of the cavity; filling this cavity with epoxy-resin moulding
      material and allowing the material to set; and withdrawing the wire
      longitudinally and removing the moulded resin body from the mould, and (b)
      inserting the two waveguide elements into the through bore from the two
      ends thereof respectively to abut end-to-end at or near the centre of the
      through bore, the cross-section of said through bore corresponding to that
      of said waveguide elements but being slightly larger in its dimensions so
      that the elements are a sliding fit in the through bore, and the through
      bore being flared at each end to provide a lead-in portion.
NUM  7.
PAR  7. A combination as claimed in claim 3, wherein a plurality of pairs of
      waveguide elements are respectively coupled to each other by accommodation
      of the mutually abutting ends of each pair in one of a plurality of bores
      provided in mutually parallel relation in said block of epoxy-resin
      material.
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PAL  There is disclosed a Faraday rotator device suitable for radiation phase
      shifters, isolators and shutters, that operate in the visible and infrared
      regions of the electromagnetic spectrum. The device includes (1) means for
      supplying polarized, electromagnetic radiation, (2) a lithia-silica-terbia
      glass article capable of effecting Faraday rotation when subjected to a
      magnetic field, and (3) means for inducing a magnetic field within the
      glass article, the glass generally comprising about 61-80 mole percent
      SiO.sub.2, 15-27.5 mole percent Li.sub.2 O, 3-9 mole percent Tb.sub.2
      O.sub.3, and optionally, up to about 3 mole percent of R.sub.2 O.sub.3,
      such as Al.sub.2 O.sub.3 or B.sub.2 O.sub.3 --and optionally, minor
      amounts of Na.sub.2 O, K.sub.2 O or CaO, providing the sum of Li.sub.2 O +
      Na.sub.2 O + K.sub.2 O + CaO is not substantially greater than about 32.5
      mole percent.
PARN
PAR  This is a division of application Ser. No. 318,805 filed Dec. 27, 1972.
BSUM
PAC  THE INVENTION
PAR  This invention relates to optical devices adapted to exhibit large Faraday
      rotation such as isolators and shutters, operating in the visible and
      infrared regions of the electromagnetic spectrum. This invention more
      particularly relates to Faraday rotator devices that include means for
      supplying polarized electromagnetic radiation, a lithia-silica-terbia
      glass article capable of effecting Faraday rotation, and magnetic means
      for inducing a magnetic field in the glass article for rotating the
      polarized electromagnetic radiation within the glass article.
PAR  It is an object of the present invention to provide a Faraday rotator
      device including means for supplying polarized electromagnetic radiation,
      a glass article capable of effecting Faraday rotation, magnetic means for
      inducing a magnetic field in the glass article for rotating the polarized
      electromagnetic radiation within the glass, the glass article having an
      unusual balance of desirable properties including a high Verdet constant,
      good light transmission, good melting properties, high damage threshold,
      good forming properties including a relatively wide working temperature at
      approximately log 4 viscosity, being relatively seed-free and being easily
      homogenized, the glass generally having a composition approximately as
      follows:
TBL  INGREDIENT        MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61-80                                                   
     Li.sub.2 O         15-27.5                                                
     Na.sub.2 O         0-10                                                   
     K.sub.2 O         0-5                                                     
     CaO               0-5                                                     
     Al.sub.2 O.sub.3  0-3                                                     
     B.sub.2 O.sub.3   0-3                                                     
     La.sub.2 O.sub.3  0-3                                                     
     Tb.sub.2 O.sub.3  3-9                                                     
     ______________________________________                                    
PAL  wherein the sum of Li.sub.2 O + Na.sub.2 O + K.sub.2 O + CaO is no greater
      than about 32.5 mole percent.
PAR  It is an object of the present invention to provide a Faraday rotator
      device that includes a glass article that is capable of effecting Faraday
      rotation when subjected to a magnetic field, the glass composition
      comprising, in approximate mole percentages:
TBL  INGREDIENT        MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61                                                      
     Li.sub.2 O        27.5                                                    
     Al.sub.2 O.sub.3  2.5                                                     
     Tb.sub.2 O.sub.3  9                                                       
     ______________________________________                                    
PAR  It is an object of the present invention to provide a Faraday rotator
      device including a glass article that is capable of effecting Faraday
      rotation when subjected to a magnetic field, the glass composition
      containing the approximate mole percentages:
TBL  INGREDIENT        MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         63.5                                                    
     Li.sub.2 O        27.5                                                    
     Tb.sub.2 O.sub.3  9                                                       
     ______________________________________                                    
PAR  It is an object of the present invention to provide a method for effecting
      Faraday rotation of polarized electromagnetic radiation in a glass
      article, the method including:
PA1  1. providing polarized electromagnetic radiation; and
PA1  2. inducing a magnetic field within a glass article for effecting Faraday
      rotation of the polarized electromagnetic radiation within the glass
      article, the glass article having a glass composition approximately as
      follows:
TBL  INGREDIENT        MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61-80                                                   
     Li.sub.2 O         15-27.5                                                
     Na.sub.2 O         0-10                                                   
     K.sub.2 O         0-5                                                     
     CaO               0-5                                                     
     Al.sub.2 O.sub.3  0-3                                                     
     B.sub.2 O.sub.3   0-3                                                     
     La.sub.2 O.sub.3  0-3                                                     
     Tb.sub.2 O.sub.3  3-9                                                     
     ______________________________________                                    
PAL  wherein the sum of Li.sub.2 O + Na.sub.2 O + K.sub.2 O + CaO is not
      substantially greater than about 32.5 mole percent.
PAR  It is an object of the present invention to provide a method for effecting
      Faraday rotation of polarized electromagnetic radiation in a glass
      article, the method including:
PA1  1. providing polarized electromagnetic radiation; and
PA1  2. inducing a magnetic field within the glass article for effecting Faraday
      rotation of the polarized electromagnetic radiation within the glass
      article, the glass article having a glass composition approximately as
      follows:
TBL  INGREDIENT        MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61                                                      
     Li.sub.2 O        27.5                                                    
     Al.sub.2 O.sub.3  2.5                                                     
     Tb.sub.2 O.sub.3  9                                                       
     ______________________________________                                    
PAR  It is an object of the present invention to provide a method for effecting
      Faraday rotation of polarized electromagnetic radiation in a glass
      article, the method including:
PA1  1. providing polarized electromagnetic radiation; and
PA1  2. inducing a magnetic field within a glass article for effecting Faraday
      rotation of the polarized electromagnetic radiation within the glass
      article, the glass article having a glass composition approximately as
      follows:
TBL  INGREDIENT        MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         63.5                                                    
     Li.sub.2 O        27.5                                                    
     Tb.sub.2 O.sub.3  9                                                       
     ______________________________________                                    
PAR  It is an object of the present invention to provide a new use for a glass
      article in which the glass has the composition approximately as follows:
TBL  INGREDIENT        MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61-80                                                   
     Li.sub.2 O         15-27.5                                                
     Na.sub.2 O         0-10                                                   
     K.sub.2 O         0-5                                                     
     CaO               0-5                                                     
     Al.sub.2 O.sub.3  0-3                                                     
     B.sub.2 O.sub.3   0-3                                                     
     La.sub.2 O.sub.3  0-3                                                     
     Tb.sub.2 O.sub.3  3-9                                                     
     ______________________________________                                    
PAL  wherein the sum of Li.sub.2 O + Na.sub.2 O + K.sub.2 O + CaO is no greater
      than about 32.5 mole percent, the new use including the steps of:
PA1  1. placing the glass article in a magnetic field; and
PA1  2. directing polarized electromagnetic radiation into the glass article for
      effecting Faraday rotation of the radiation.
PAR  It is an object of the present invention to provide a new use for a glass
      article in which the glass has the composition approximately as follows:
TBL  INGREDIENT        MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61                                                      
     Li.sub.2 O        27.5                                                    
     Al.sub.2 O.sub.3  2.5                                                     
     Tb.sub.2 O.sub.3  9                                                       
     ______________________________________                                    
PAL  the new use including the steps of:
PA1  1. placing the glass article in a magnetic field; and
PA1  2. directing polarized electromagnetic radiation into the glass article for
      effecting Faraday rotation of the radiation.
PAR  It is an object of the present invention to provide a new use for a glass
      article in which the glass has the composition approximately as follows:
TBL  INGREDIENT        MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         63.5                                                    
     Li.sub.2 O        27.5                                                    
     Tb.sub.2 O.sub.3  9                                                       
     ______________________________________                                    
PAL  the new use including the steps of:
PA1  1. placing the glass article in a magnetic field; and
PA1  2. directing polarized electromagnetic radiation into the glass article for
      effecting Faraday rotation of the radiation.
PAR  It is an object of the present invention to provide a Faraday rotation
      device that includes a source of light for providing a monochromatic light
      beam, light polarizing means for polarizing the monochromatic light beam
      to provide a monochromatic polarized light beam, a glass article capable
      of effecting Faraday rotation of the monochromatic polarized light beam
      when subjected to a magnetic field, and magnetic means for inducing a
      magnetic field for rotating the polarized monochromatic light beam within
      the glass article, said glass article having a high Verdet constant, good
      light transmission, good melt properties, high damage threshold, good
      forming properties including a relatively wide working temperature at
      approximately log 4 viscosity, being relatively seed-free and being easily
      homogenized, the glass having a composition approximately as follows:
TBL  INGREDIENTS       MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61-80                                                   
     Li.sub.2 O         15-27.5                                                
     Na.sub.2 O         0-10                                                   
     K.sub.2 O         0-5                                                     
     CaO               0-5                                                     
     Al.sub.2 O.sub.3  0-3                                                     
     B.sub.2 O.sub.3   0-3                                                     
     La.sub.2 O.sub.3  0-3                                                     
     Tb.sub.2 O.sub.3  3-9                                                     
     ______________________________________                                    
PAR  It is an object of the present invention to provide a glass article for a
      Faraday rotation device, the glass being of the lithia-silica-terbia
      system, generally comprising about 61-80 mole percent SiO.sub.2, 15-27.5
      mole percent Li.sub.2 O, 3-9 mole percent Tb.sub.2 O.sub.3, and
      optionally, up to about 3 mole percent of R.sub.2 O.sub.3, such as
      Al.sub.2 O.sub.3 or B.sub.2 O.sub.3, and optionally, minor amounts of
      Na.sub.2 O, K.sub.2 O or CaO, providing the sum of Li.sub.2 O + Na.sub.2 O
      + K.sub.2 O + CaO is not substantially greater than about 32.5 mole
      percent, the glass having an unusual balance of desirable properties,
      including a high Verdet constant, high damage threshold, and a relatively
      wide working temperature range at approximately log 4 viscosity.
DRWD
PAR  These and other objects will become apparent from the specification that
      follows, the appended claims and the drawings in which:
PAR  FIG. 1 is a diagramatic sketch of a Faraday rotator device of the present
      invention including means for supplying polarized electromagnetic
      radiation such as a polarized laser light beam and a glass article made of
      a glass composition that is generally in the lithia-silica-terbia system
      that is capable of effecting Faraday rotation when subjected to a magnetic
      means; and
PAR  FIG. 2 is a perspective view of a Faraday rotator device showing the glass
      article capable of Faraday rotation on an enlarged scale compared to FIG.
      1, the Figure also showing a source of monochromatic light, a polarizer
      for the monochromatic light and magnetic means for inducing a magnetic
      field in the glass for rotation of the polarized monochromatic light
      passing through the article.
PAR  The present invention provides an outstanding Faraday rotator device that
      includes a glass article made from a composition that is generally in the
      lithia-silica-terbia system, the glass article having an unusual balance
      of properties including being capable of effecting Faraday rotation when
      subjected to a magnetic field and exhibiting a high Verdet constant,
      having a high damage threshold and having good forming properties
      including a relatively wide working temperature range at approximately log
      4 viscosity, the glass having a composition approximately as follows:
TBL  INGREDIENTS       MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61-80                                                   
     Li.sub.2 O         15-27.5                                                
     Na.sub.2 O         0-10                                                   
     K.sub.2 O         0-5                                                     
     CaO               0-5                                                     
     Al.sub.2 O.sub.3  0-3                                                     
     B.sub.2 O.sub.3   0-3                                                     
     La.sub.2 O.sub.3  0-3                                                     
     Tb.sub.2 O.sub.3  3-9                                                     
     ______________________________________                                    
PAR  The present invention also provides a method for effecting Faraday rotation
      of a polarized electromagnetic radiation in a glass article, the method
      including the steps of:
PA1  1. providing polarized electromagnetic radiation,
PA1  2. inducing a magnetic field within a glass article, the glass article
      having a glass composition the same as set forth in the previous
      paragraph, and
PA1  3. rotating the polarized electromagnetic radiation as it travels through
      the glass article.
PAR  The present invention also provides an outstanding and new use for a glass
      article in which the glass has a composition approximately as follows:
TBL  INGREDIENTS       MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61-80                                                   
     Li.sub.2 O         15-27.5                                                
     Na.sub.2 O         0-10                                                   
     K.sub.2 O         0-5                                                     
     CaO               0-5                                                     
     Al.sub.2 O.sub.3  0-3                                                     
     B.sub.2 O.sub.3   0-3                                                     
     La.sub.2 O.sub.3  0-3                                                     
     Tb.sub.2 O.sub.3  3-9                                                     
     ______________________________________                                    
PAL  the new use comprising:
PA1  1. placing the glass article in a magnetic field; and
PA1  2. directing polarized electromagnetic radiation against the glass article
      for effecting Faraday rotation of the radiation as it travels through the
      glass article.
PAR  The present invention also provides a glass article suitable for a Faraday
      rotator device, the glass having an unusual combination of desirable
      properties including a high Verdet constant, good transmission of light
      and high damage threshold, the glass generally being of a
      lithia-silica-terbia system containing about 61-80 mole percent of silica,
      about 15-27.5 mole percent of lithia, and about as low as 3 or 5 up to as
      high as about 9 mole percent of terbia.
PAR  As seen in the drawings, and particularly in FIG. 1, there is shown a
      Faraday isolator assembly which isolates a laser source from damaging
      reflections coming back from the target which could destroy the laser. In
      the particular Faraday rotator device shown in FIG. 1, a monochromatic
      light source 10 is provided such as a laser beam. A monochromatic light
      beam 12 is provided from the source 10 and directed to a polarizer 14
      where the beam is polarized in the direction indicated by the arrow 15.
      The beam passes through the polarizer to provide a polarized monochromatic
      light beam 16, which is directed to a head assembly 18 that houses a
      generally cylindrical glass rod 20, that is capable of effecting Faraday
      rotation when subjected to a magnetic field. A magnetic field is provided
      within the glass rod 20 by means of coils 26 of a solenoid, which is
      generally wrapped or disposed around the article 20 to induce a magnetic
      field within the article. A series of capacitors (not shown) are housed in
      a control unit 22. As is well known in the art, the capacitors are charged
      by suitable means, and when the capacitors reach a predetermined value,
      they are discharged to deliver current to the solenoid through electrical
      lines 24 and 25 which connect the control unit 22 and the coils 26 of a
      solenoid. Hence, the discharge of the capacitors activates the solenoid,
      inducing the magnetic field within the article 20. The beam 16, as it
      travels through the glass article 20, is rotated by the induced magnetic
      field, the direction of rotation being 45.degree., as indicated by the
      arrow 30. A rotated polarized beam 31 emerges from the glass article 20
      and is directed through the polarizer 32, which acts as an analyzer. The
      beam passing through the analyzer is still polarized and oriented
      45.degree. in the direction indicated by the arrow 33, which is the same
      direction as the arrow 30. The resultant analyzed beam 34 in the device
      shown in FIG. 1, is directed to a target or object 36. Any reflection from
      the object 36 that is a polarized beam oriented in the direction of arrow
      33 travels from the target or object through the polarizer 32. As the
      reflected beam travels from the polarizer 32 into the glass article 20,
      the beam is rotated another 45.degree. so that the beam that emerges from
      the glass article 20 is now 90.degree. out of phase with the polarizer 14.
      The reflected beam cannot pass through the polarizer 14 and, in this
      manner, a harmful, reflective beam is prevented from returning to the
      laser beam source.
PAR  As shown in FIG. 2 which is on an enlarged scale with respect to the glass
      article as compared to the glass article of FIG. 1, a monochromatic light
      beam 40 as indicated by the arrows 40 is directed into a polarizer 42
      whose plane of rotation is indicated by the arrow 43. The light beam
      passing through the polarizer 42, in the embodiment shown in FIG. 2, is
      linearly polarized, vibrating in the direction indicated by arrow 44. The
      polarized beam 46 is directed into a generally cylindrical rod 50 which,
      in accordance with the present invention, is made of a glass composition
      having an outstanding balance of properties and being capable of effecting
      Faraday rotation of the polarized monochromatic light beam 46. The
      outstanding glass compositions are generally in the lithia-silica-terbia
      system with optional minor amounts of R.sub.2 O.sub.3 such as Al.sub.2
      O.sub.3 or B.sub.2 O.sub.3 and optional minor amounts of Na.sub.2 O,
      K.sub.2 O or CaO.
PAR  A magnetic field is impressed upon the glass article 50 by means of coils
      56 of a solenoid, the entering light beam 46 being rotated within the
      glass and emerging from the exit end of the glass article 50 as a rotated,
      polarized, monochromatic light beam 58. The orientation of the rotated
      beam 58 is represented in FIG. 2 by the arrow 59 and the amount of angular
      rotation is represented by the angle .theta..
PAR  The outstanding glass article, devices and methods of the present invention
      are useful in many optical Faraday rotation devices. The disclosures of
      U.S. Pat. Nos. 3,411,840, 3,420,601 and 3,484,152 are incorporated by
      reference, such patents disclosing optical Faraday rotation devices
      including structures thereof and materials useful therein.
PAR  The glass composition used for the outstanding glass articles of the
      present invention can be melted easily and advantageously as, for
      instance, described in Chapman and LeSueur U.S. Pat. No. 3,656,924 which
      is hereby incorporated by reference.
PAR  Particularly outstanding glass articles are made from preferred
      compositions in which the compositions are approximately as follows:
TBL  INGREDIENTS       MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61-71                                                   
     Li.sub.2 O         20-27.5                                                
     Na.sub.2 O        0-5                                                     
     K.sub.2 O         0-3                                                     
     CaO               0-3                                                     
     Al.sub.2 O.sub.3  0-3                                                     
     B.sub.2 O.sub.3   0-3                                                     
     Tb.sub.2 O.sub.3  7-9                                                     
     ______________________________________                                    
PAL  wherein the sum of Li.sub.2 O + Na.sub.2 O + K.sub.2 O + CaO is no greater
      than about 32.5 mole percent.
PAR  Generally, the outstanding glass articles capable of effecting Faraday
      rotation are of the lithia-silica-terbia system in the following broad and
      preferred ranges as set forth below:
TBL            MOLE PERCENT                                                    
     INGREDIENTS BROAD         PREFERRED                                       
     ______________________________________                                    
     SiO.sub.2   63.5-80       63.5-71                                         
     Li.sub.2 O  15-27.5       20-27.5                                         
     Tb.sub.2 O.sub.3                                                          
                 5-9           7-9                                             
     ______________________________________                                    
PAR  For most uses such as in a Faraday isolator device, the optimum composition
      in the ternary lithia-silica-terbia system is about 63.5-64 mole percent
      SiO.sub.2, 27-27.5 mole percent Li.sub.2 O and about 9 mole percent
      Tb.sub.2 O.sub.3. The lithia silicate system containing an effective
      Faraday rotational producing amount of Tb.sub.2 O.sub.3 is greatly
      preferred over the system employing mixed alkali metal oxides such as even
      small amounts of Na.sub.2 O or K.sub.2 O or even an alkaline earth oxide
      such as CaO. Lithia is needed because of thermodynamic considerations, it
      being the most stable under the conditions of melting in a platinum lined
      crucible or melter. Lithia does not enter into a reducing reaction as
      easily as Na.sub.2 O or K.sub.2 O. Thus the lithia is least likely to be
      reduced and hence end up attacking the platinum or other noble metal line.
      Thus, although minor optional amounts of Na.sub.2 O and K.sub.2 O or CaO
      can be tolerated for some applications, the decomposition of the oxides
      K.sub.2 O and Na.sub.2 O are such that they are more easily reduced than
      Li.sub.2 O. While Na.sub.2 O is somewhat better than K.sub.2 O, very
      little and preferably no other alkali metal oxide usually is a desirable
      substitute for the Li.sub.2 O in the basic lithia-silica-terbia system.
PAR  As previously indicated, optional minor amounts of R.sub.2 O.sub.3 such as
      Al.sub.2 O.sub.3, B.sub.2 O.sub.3 and La.sub.2 O.sub.3 can be used
      generally to replace small amounts of SiO.sub.2 for certain advantages of
      chemical durability, etc. and it is preferred that such amounts be kept to
      a minimum. As indicated, generally a maximum of about 3 mole percent of
      Al.sub.2 O.sub.3 and B.sub.2 O.sub.3 and La.sub.2 O.sub.3 can be tolerated
      without seriously detracting from the outstanding balance of properties
      previously set forth for the glass compositions used to make the
      outstanding glass articles of the present invention.
PAR  The outstanding glass articles, as previously indicated, include elongated
      bars, rods and discs, such glass articles being easily made generally
      because of the good melting properties and relatively wide working
      temperature range in the neighborhood of about log 4 viscosity.
      Furthermore, as indicated previously, there is an outstanding balance of
      properties including, quite importantly, a high damage threshold when used
      in the Faraday rotator device such as shown in FIG. 1. The glass
      compositions used to make the outstanding articles of the present
      invention are relatively low melting (having melting points generally in
      the range of about 2450.degree.-2600.degree.F.) and have a much better
      (wider) working temperature range than, for instance, alkali free
      alumino-silicates doped with terbium oxide in which there is substantial
      amount of aluminum oxide such as in the range of 10-20 weight percent.
      Generally, the glass compositions used in the working examples have a log
      viscosity in the range of about 1200.degree.-1220.degree.C. and the log 4
      viscosity is in the neighborhood of about 1020.degree.-1030.degree.C.
PAR  The following examples are intended to illustrate the invention rather than
      to limit it in any way.
PAC  EXAMPLE 1
PAR  Seven glass articles for Faraday rotation were prepared from appropriate
      batch ingredients as is well known to those skilled in the art. The batch
      materials which are preferably oxide batch materials were all relatively
      finely divided. The finely divided particles were thoroughly mixed and
      placed into a 100% platinum crucible or container for firing generally in
      a temperature range of about 2450.degree. to 2600.degree.F. for 24 hours
      with stirring during the melting. A nitrogen atmosphere was employed and a
      constant flowing nitrogen atmosphere was used to prevent as much as
      possible contamination from possible platinum inclusions. Gas
      chromatographic readings were taken to measure the partial pressure of
      oxygen so as to control the same and prevent any oxides from being reduced
      to a metal element which might react with the platinum.
PAR  The seven compositions employed were as set forth in the table below, all
      ingredients listed in mole percent:
TBL  INGREDIENTS                                                               
                1      2      3    4    5    6    7                            
     ______________________________________                                    
     SiO.sub.2  65.5   61.0   68.5 66   71   66   68.5                         
     B.sub.2 O.sub.3                                                           
                 2.0   --     --   --   --   --   --                           
     Li.sub.2 O 23.5   27.5   20.0 20   15   15   20.0                         
     Tb.sub.2 O.sub.3                                                          
                 9.0    9.0    9.0  9    9    9   9                            
     Al.sub.2 O.sub.3                                                          
                --      2.5    2.5 --   --   --   --                           
     CaO        --     --     --    5   --   --   --                           
     La.sub.2 O.sub.3                                                          
                --     --     --   --   --   --    2.5                         
     K.sub.2 O  --     --     --   --    5   --   --                           
     Na.sub.2 O --     --     --   --   --   10   --                           
     ______________________________________                                    
PAR  The resultant molten glass was easily formed into billets or other glass
      articles including cylindrical rods, elongated bars and discs because, for
      one thing, the glass composition had a relatively wide working temperature
      range near or about log 4 viscosity.
PAR  The resultant glass articles were annealed generally at a temperature of
      about 540.degree.C. The annealing process generally included a two week
      total time period including a slow heat-up and a slow cooling down. A
      temperature of 540.degree.C. was held for about two days and thereafter
      the resultant articles were cooled at a rate of approximately 2.degree.C.
      per hour for about ten days. The resultant articles were tested and used
      in Faraday rotator devices such as described in the drawings and they were
      found to be excellent for Faraday rotation of the polarized
      electromagnetic radiation passed therethrough.
PAR  In a similar manner, other glass articles were prepared and tested, the
      glass compositions including those of the lithia-silica-terbia system
      previously described as being prepared as well as the optimum ternary
      lithia-silica-terbia glass composition (63.5 mole percent SiO.sub.2, 27.5
      mole percent Li.sub.2 O, and 9 mole percent Tb.sub.2 O.sub.3) and
      substantially equivalent results were obtained for most commercial
      considerations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A Faraday rotator device comprising
PA1  1. means for supplying polarized electromagnetic radiation,
PA1  2. a glass article capable of effecting Faraday rotation when subjected to
      a magnetic field, and
PA1  3. magnetic means for inducing a magnetic field in the glass article for
      rotating the polarized electromagnetic radiation within the glass, said
      glass article having a high Verdet constant, having good light
      transmission, having good melt properties, having a high damage threshold,
      having good forming properties including a relatively wide working
      temperature at approximately log 4 viscosity, being relatively seed-free
      and being easily homogenized, said glass having a composition
      approximately as follows:
TBL  INGREDIENTS       MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61-80                                                   
     Li.sub.2 O         15-27.5                                                
     Na.sub.2 O         0-10                                                   
     K.sub.2 O         0-5                                                     
     CaO               0-5                                                     
     Al.sub.2 O.sub.3  0-3                                                     
     B.sub.2 O.sub.3   0-3                                                     
     La.sub.2 O.sub.3  0-3                                                     
     Tb.sub.2 O.sub.3  3-9                                                     
     ______________________________________                                    
PAL  wherein the sum of Li.sub.2 O + Na.sub.2 O + K.sub.2 O + CaO is no greater
      than about 32.5 mole percent.
NUM  2.
PAR  2. A device as defined in claim 1 in which the composition of the glass is
      approximately as follows:
TBL  INGREDIENTS       MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61-71                                                   
     Li.sub.2 O         20-27.5                                                
     Na.sub.2 O        0-5                                                     
     K.sub.2 O         0-3                                                     
     CaO               0-3                                                     
     Al.sub.2 O.sub.3  0-3                                                     
     B.sub.2 O.sub.3   0-3                                                     
     Tb.sub.2 O.sub.3   7-9.                                                   
     ______________________________________                                    
NUM  3.
PAR  3. A device as defined in claim 1 in which the glass composition is
      approximately as follows:
TBL  INGREDIENTS       MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61                                                      
     Li.sub.2 O        27.5                                                    
     Al.sub.2 O.sub.3  2.5                                                     
     Tb.sub.2 O.sub.3  9.                                                      
     ______________________________________                                    
NUM  4.
PAR  4. A method for effecting Faraday rotation of polarized electromagnetic
      radiation in a glass article, the method including the steps of
PA1  1. providing polarized electromagnetic radiation,
PA1  2. inducing a magnetic field within a glass article for effecting Faraday
      rotation of the polarized electromagnetic radiation within the glass
      article, in which the glass article has a glass composition approximately
      as follows:
TBL  INGREDIENTS       MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61-80                                                   
     Li.sub.2 O         15-27.5                                                
     Na.sub.2 O         0-10                                                   
     K.sub.2 O         0-5                                                     
     CaO               0-5                                                     
     Al.sub.2 O.sub.3  0-3                                                     
     B.sub.2 O.sub.3   0-3                                                     
     La.sub.2 O.sub.3  0-3                                                     
     Tb.sub.2 O.sub.3  3-9                                                     
     ______________________________________                                    
PAL  wherein the sum of Li.sub.2 O + Na.sub.2 O + K.sub.2 O + CaO is no greater
      than about 32.5 mole percent, and
PA1  3. rotating the polarized electromagnetic radiation as it travels through
      the glass article.
NUM  5.
PAR  5. A method as defined in claim 4 in which the glass composition is
      approximately as follows:
TBL  INGREDIENTS       MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61-71                                                   
     Li.sub.2 O         20-27.5                                                
     Na.sub.2 O        0-5                                                     
     K.sub.2 O         0-3                                                     
     CaO               0-3                                                     
     Al.sub.2 O.sub.3  0-3                                                     
     B.sub.2 O.sub.3   0-3                                                     
     Tb.sub.2 O.sub.3  7-9.                                                    
     ______________________________________                                    
NUM  6.
PAR  6. A method as defined in claim 4 in which the glass article has a
      composition approximately as follows:
TBL  INGREDIENTS       MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61                                                      
     Li.sub.2 O        27.5                                                    
     Al.sub.2 O.sub.3  2.5                                                     
     Tb.sub.2 O.sub.3  9.                                                      
     ______________________________________                                    
NUM  7.
PAR  7. The new use for a glass article in which the glass has a composition
      approximately as follows:
TBL  INGREDIENTS       MOLE PERCENT                                            
     ______________________________________                                    
     SiO.sub.2         61-80                                                   
     Li.sub.2 O         15-27.5                                                
     Na.sub.2 O         0-10                                                   
     K.sub.2 O         0-5                                                     
     CaO               0-5                                                     
     Al.sub.2 O.sub.3  0-3                                                     
     B.sub.2 O.sub.3   0-3                                                     
     La.sub.2 O.sub.3  0-3                                                     
     Tb.sub.2 O.sub.3  3-9                                                     
     ______________________________________                                    
PAL  wherein the sum of Li.sub.2 O + Na.sub.2 O + K.sub.2 O + CaO is no greater
      than about 32.5 mole percent, the new use comprising the steps of
PA1  1. placing the glass article in a magnetic field, and
PA1  2. directing polarized electromagnetic radiation into the glass article for
      effecting Faraday rotation of the radiation.
NUM  8.
PAR  8. The new use as defined in claim 7 in which the electromagnetic radiation
      is plane polarized.
NUM  9.
PAR  9. The new use as defined in claim 7 in which the electromagnetic radiation
      is circularly polarized.
NUM  10.
PAR  10. The new use as defined in claim 7 in which the electromagnetic
      radiation is eliptically polarized.
NUM  11.
PAR  11. A Faraday rotator device comprising a source of light for providing a
      monochromatic light beam, light polarizing means for polarizing the
      monochromatic light beam to provide a monochromatic polarized light beam,
      a glass article capable of effecting Faraday rotation of the monochromatic
      polarized light beam when subjected to a magnetic field, and magnetic
      means for inducing a magnetic field for rotating the polarized
      monochromatic light beam within the glass article, said glass article
      having a high Verdet constant, good light transmission, good melt
      properties, high damage threshold, good forming properties including a
      relatively wide working temperature at approximately log 4 viscosity,
      being relatively seed-free and being easily homogenized, the glass having
      a composition approximately as follows
TBL  INGREDIENTS      MOLE PERCENT                                             
     ______________________________________                                    
     SiO.sub.2        61-80                                                    
     Li.sub.2 O        15- 27.5                                                
     Na.sub.2 O        0-10                                                    
     K.sub.2 O        0-5                                                      
     CaO              0-5                                                      
     Al.sub.2 O.sub.3 0-3                                                      
     B.sub.2 O.sub.3  0-3                                                      
     La.sub.2 O.sub.3 0-3                                                      
     Tb.sub.2 O.sub.3  3-9.                                                    
     ______________________________________                                    
PAL  wherein the sum of Li.sub.2 O + Na.sub.2 O + K.sub.2 O + CaO is no greater
      than about 32.5 mole percent.
NUM  12.
PAR  12. A device as defined in claim 11 in which there is provided analyzing
      means for analyzing the rotated polarized monochromatic light beam that
      travels through the glass article.
NUM  13.
PAR  13. A device as defined in claim 12 in which the glass composition has the
      following approximate formulation:
TBL  INGREDIENTS      MOLE PERCENT                                             
     ______________________________________                                    
     SiO.sub.2        63.5                                                     
     Li.sub.2 O       27.5                                                     
     Tb.sub.2 O.sub.3 9.                                                       
     ______________________________________                                    
NUM  14.
PAR  14. A device as defined in claim 1 in which the glass has the approximate
      composition as follows:
TBL  INGREDIENTS      MOLE PERCENT                                             
     ______________________________________                                    
     SiO.sub.2        61                                                       
     Li.sub.2 O       27.5                                                     
     Al.sub.2 O.sub.3 2.5                                                      
     Tb.sub.2 O.sub.3 9.                                                       
     ______________________________________                                    
NUM  15.
PAR  15. A device as defined in claim 1 in which the glass has a composition
      approximately as follows:
TBL  INGREDIENTS      MOLE PERCENT                                             
     ______________________________________                                    
     SiO.sub.2        61-80                                                    
     Li.sub.2 O        15-27.5                                                 
     Tb.sub.2 O.sub.3  3-9.                                                    
     ______________________________________                                    
NUM  16.
PAR  16. A device as defined in claim 1 in which the glass has a composition
      approximately as follows:
TBL  INGREDIENTS      MOLE PERCENT                                             
     ______________________________________                                    
     SiO.sub.2        61- 71                                                   
     Li.sub.2 O        20- 27.5                                                
     Tb.sub.2 O.sub.3  7- 9.                                                   
     ______________________________________                                    
NUM  17.
PAR  17. A device as defined in claim 1 in which the glass has a composition
      approximately as follows:
TBL  INGREDIENTS      MOLE PERCENT                                             
     ______________________________________                                    
     SiO.sub.2        63.5                                                     
     Li.sub.2 O       27.5                                                     
     Tb.sub.2 O.sub.3 9.                                                       
     ______________________________________                                    
NUM  18.
PAR  18. A method as defined in claim 4 in which the glass has a composition
      approximately as follows:
TBL  INGREDIENTS      MOLE PERCENT                                             
     ______________________________________                                    
     SiO.sub.2        61-80                                                    
     Li.sub.2 O        15-27.5                                                 
     Tb.sub.2 O.sub.3  3-9.                                                    
     ______________________________________                                    
NUM  19.
PAR  19. A method as defined in claim 4 in which the glass has a composition
      approximately as follows:
TBL  INGREDIENTS      MOLE PERCENT                                             
     ______________________________________                                    
     SiO.sub.2        61-71                                                    
     Li.sub.2 O        20-27.5                                                 
     Tb.sub.2 O.sub.3  7-9.                                                    
     ______________________________________                                    
NUM  20.
PAR  20. A method as defined in claim 4 in which the glass has a composition
      approximately as follows:
TBL  INGREDIENTS      MOLE PERCENT                                             
     ______________________________________                                    
     SiO.sub.2        63.5                                                     
     Li.sub.2 O       27.5                                                     
     Tb.sub.2 O.sub.3 9.                                                       
     ______________________________________                                    
NUM  21.
PAR  21. The new use as defined in claim 7 in which the glass has the
      approximate composition as follows:
TBL  INGREDIENTS      MOLE PERCENT                                             
     ______________________________________                                    
     SiO.sub.2        61                                                       
     Li.sub.2 O       27.5                                                     
     Al.sub.2 O.sub.3 2.5                                                      
     Tb.sub.2 O.sub.3 9.                                                       
     ______________________________________                                    
NUM  22.
PAR  22. The new use as defined in claim 7 in which the glass has the
      approximate composition as follows:
TBL  INGREDIENTS      MOLE PERCENT                                             
     ______________________________________                                    
     SiO.sub.2        63.5                                                     
     Li.sub.2 O       27.5                                                     
     Tb.sub.2 O.sub.3 9.                                                       
     ______________________________________                                    
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ABST
PAL  An electro-optic device comprises a plurality of first electrodes provided
      on a top substrate and a second electrode provided on a bottom substrate,
      the first electrodes confronting the second electrode through
      electro-optical matter which will show electro-optical phenomena by the
      application of electric field, the first and second electrodes being
      connected through electrical elements such as resistors or capacitors to a
      variable voltage source. In this electro-optic device, the electric field
      applied between the first and second electrodes are partially changed by
      various means, for instance, by making the areas of the first electrodes
      different, or by varying the values of the electrical elements such as
      resistors or capacitors, as a result of which the electro-optical matter
      shows various electro-optical phenomena.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electro-optic device used for various display
      devices which display an image having a monochrome and/or colored tone
      partially light and shade or to an electro-optic device useful for optical
      valves, shades or screens.
PAR  Various electro-optical devices which present or show a peculiar
      electro-optical phenomenon in a relatively low electric field are well
      known in the art. Such electro-optical devices can be divided into two
      groups; one group including so-called crystalline liquids, that is, some
      of the organic substances presenting mesophase indicating that they are
      states of matter intermediate between the liquid and crystalline states or
      mixtures of these organic substances and the other group including
      so-called colloidal liquids which are obtained by dispersing a non-organic
      crystal such as tungsten oxide and vanadium oxide or an anisotropic
      crystal such as herapathite in a solvent, a typical one of which is the
      colloidal liquid on the market named VARAD (made by MARKS POLARIZED CO.)
PAR  When an electric field is applied to such an electro-optical matter, for
      instance a crystalline liquid; in one case, it changed its state, that is,
      it changes from a state of presenting an optical isotropy to a state of
      presenting an optical anisotropy, and in another case, it changes from the
      state of presenting an optical isotropy to a state of a molecular
      turbulent flow thereby to uniformly scatter incident light. In addition, a
      certain type of crystalline liquid matter selectively reflects only the
      light of a particular wave length upon application of an electric field
      thereto.
PAR  Such peculiar optical properties of crystalline liquid matter are utilized
      in a conventional crystalline liquid display device known in the art. Such
      a conventional crystalline liquid display device is provided with a
      plurality of electrodes for optical image-creating, confronted each other,
      on both side of a crystalline liquid film wherein electric field has been
      properly selectively applied to these electrodes, thus selectively
      displaying a part of or the whole of the image, but it has never been
      tried to present a light and shade portion in the image or to display a
      plurality of colored images. Accordingly, what is displayed by the
      conventional crystalline liquid display device is limited to characters or
      simple figures.
PAR  The present invention is to solve such difficulties accompanying the
      conventional crystalline liquid display device. In this invention, its
      electrode is divided into a plurality of parts, external input voltages
      necessary for the occurrence of an electro-optical phenomenon in these
      parts thus divided being made different from one another thereby to
      display an image having various brightnesses and/or color tones different
      from one another in the parts.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of this invention to provide an
      electro-optic device serviceable as an indoor or outdoor decorative
      display showing a very impressive image in which a display having various
      brightnesses and/or a plurality of color tones different stepwise from
      each other is carried out, and not only simple characters and figures but
      also intricate pictures and patterns having various brightnesses and/or
      color tones can be displayed.
PAR  Another object of the invention is to provide an electro-optic device in
      which a display having a plurality of color tones different stepwise from
      one another is carried out so as to provide a map for indicating various
      levels such as a golf course map, a map for informing of areas where
      photochemical smog occurs and a weather chart for indicating areas of
      "fine weather" and "rainy weather" by distinguishing them by brightness
      and/or colors.
PAR  A further object of the invention is to provide an electro-optic device
      which can be readily fabricated at a low cost and can take place of an
      advertisement tower or neon sign board, in which a member for effecting an
      electro-optical action displays an image which varies with a delay time,
      or at time intervals, without the aid of an electrical or mechanical
      switching operation.
PAR  A still further object of the invention is to provide an electro-optic
      device which is suitable for a direction-indicating lamp of a vehicle, a
      passage guide board and an optically scanned light shutter such as an
      optical shade and a light blind.
PAR  A particular object of the invention is to provide an electro-optic device
      which is utilized as an indicator for indicating a value of voltage or
      current, such as for instance an extremely thin ammeter or voltmeter and
      indicators in various instrument for measuring temperature, speed, weight,
      quantity of light, pressure and the like in combination with appropriate
      transducers.
PAR  A more particular object of the invention is to provide an electro-optice
      device which is useful as a volume indicator, or a level indicator, of an
      acoustical device and more particularly as an indicator for indicating
      right and left sounds in a stereophonic device or a tuning indicator in a
      communication device.
PAR  According to an aspect of this invention, the foregoing objects and other
      objects have been achieved by the presentation of an electro-optic device
      in which a plurality of electrodes different in area from one another are
      arranged in order and connected respectively through resistors or
      capacitors having the same value to a variable voltage source so that the
      threshold values of voltages to be applied to the electrodes for the
      occurrence of electro-optical phenomena in an electro-optical matter are
      different from one another or in which a plurality of electrodes having
      the same area are connected respectively through resistors or capacitors
      different in value from one another in order that voltages between the
      electrodes are different from one another.
PAR  According to a further aspect of the invention, the foregoing objects and
      other objects have been achieved by the provision of an electro-optic
      device formed in such a manner that it has a plurality of sections where
      the areas of opposed electrodes are different from one another and a
      plurality of electrodes provided respectively in the sections are
      connected directly or through resistors or capacitors having the same
      value to a variable voltage source so that the threshold values of voltage
      for presenting electro-optical phenomena of electro-optical matter in the
      sections, respectively.
PAR  The manner in which the foregoing objects and other objects of this
      invention have been achieved will become more apparent from the following
      detailed description and the appended claims when read in conjunction with
      the accompanying drawings, in which like parts are designated by like
      reference numerals or symbols.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a plan view illustrating one example of this invention;
PAR  FIG. 2 is a cross-sectional view taken along line I--I in FIG. 1;
PAR  FIG. 3 is an equivalent circuit diagram of the example shown in FIGS. 1 and
      2;
PAR  FIG. 4 is an equivalent circuit diagram of another example of the
      invention;
PAR  FIG. 5 is a plan view illustrating another embodiment of the invnetion;
PAR  FIG. 6 is a sectional diagram taken along line IV--IV in FIG. 12;
PAR  FIG. 7 is a graphical representation indicating the relationships between
      the voltages applied across first and second electrodes and the light
      intensity ratios;
PAR  FIG. 8 is a graphical representation indicating the relationships between
      the light scattering wave lengths and the electric field strength;
PAR  FIG. 9 is a bottom view illustrating another embodiment of the invention;
PAR  FIG. 10 is a cross-sectional diagram taken along line V--V in FIG. 16;
PAR  FIG. 11 is a bottom view illustrating another embodiment of the invention;
PAR  FIG. 12 is a cross-sectional diagram taken along line VI--VI in FIG. 17;
PAR  FIGS. 13 through 18 are cross-sectional diagrams respectively illustrating
      various embodiments of the invention;
PAR  FIGS. 19 through 21 are block diagrams respectively illustrating different
      embodiments of the invention; and
PAR  FIG. 22 is a circuit diagram illustrating the other embodiment of the
      invnetion.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference now to FIGS. 1 and 2, there is shown one example of the
      electro-optic cell according to this invention, which comprises a top
      substrate 1 made of transparent glass or resin under which first
      electrodes a.sub.1, a.sub.2 . . . respectively having areas S.sub.11,
      S.sub.12 . . . different from one another are arranged and a bottom
      substrate 2 made of transparent glass or resin on which a second electrode
      is provided. The top substrate 1 is stacked on the bottom substrate 2 so
      that the first electrodes a.sub.1, a.sub.2 . . . confront the second
      electrode b.sub.1, while an electro-optic material 3 is filled between
      them.
PAR  The first electrodes a.sub.1, a.sub.2 . . . and the second electrode
      b.sub.1 are formed by subjecting metals such as tin oxide and indium oxide
      or metallic compounds of these metals to various methods such as
      sputtering, vacuum evaporation and formation. The thickness of these
      electrodes is ordinarily on the order of from several hundreds to 2,000 A.
      In this connection, in the case of forming an electro-optic cell of
      reflection type, the second electrode b.sub.1 is formed as a light
      reflecting film by vacuum-evaporating or printing a metal such as
      aluminum, chromium, gold and silver on the bottom substrate 2. If
      required, the second electrode b.sub.1 may be formed by laminating a
      plurality of these metals so as to increase the strength of the light
      reflecting film.
PAR  In this connection, organic crystalline liquids or artificial crystalline
      liquids, that is, crystalline liquids whose properties are changed
      electrically and optically (that is, are electro-optically variable) and
      which are artificially produced by dispersing non-organic fine particles
      or organic fine particles into solvents can be employed as the
      electro-optical matter.
PAR  Nematic crystalline liquid matters such as listed below or mixture
      crystalline liquids containing two nematic crystalline liquid matters or
      more are available as the organic crystalline liquids:
PAR  Anisal-p-cyanoaniline, p-methylbenzal-p-buthylaniline,
      p-ethoxybenzal-p-cyanoaniline, p-cyanobenzal-p'-buthylaniline,
      p-cyanobenzalanisidine, p-cyanobenzalphenetidine,
      4'-cyanophenyl-4-n-buthylbenzoate, 4'-cyanophenyl-4-n-hepthylbenzoate,
      ethyl-(p-anisalamino)-cinnamate, ethyl-p-(p-ethoxybenzalamino)-cinnamate,
      ethyl-(p-cyanobenzal)-cinnamate n-buthyl-(anisal-p-amino)-cinnamate,
      n-buthyl-p-ethoxybenzalamino)-cinnamate,
      isoamyl-(anisal-p-amino)-cinnamate,
      N-(48'-ethoxybenzal)-4-aminobenzonitrile,
      4-(4'-n-hexylbenzalamino)-benzonitrile,
      4-(4'-n-propylbenzalamino)-benzonitrile, p-azoxyanisole,
      4-methoxy-4'-ethoxyazoxybenzene, anisal-p-aminophenylacetate,
      p-methoxybenzal-p'-n-buthylaniline,
      p-methoxyformyloxybenzal-p'-n-buthylaniline,
      N-)p-methoxybenzal)-p-(2-propoxycarbonyl-1-propenyl)-aniline,
      p-ethoxybenzal-p'-n-buthylaniline,
      p-methoxy-p'-n-penthylcarbonyl-oxyazobenzene,
      p-ethoxy-p'-buthoxycarbonylazobenzene,
      buthyl-p-(p-ethoxyphenoxycarbonyl)-phenylcarbonate,
      N-(4-methoxybenzal)-4'-0-n-buthylaminophenole,
      p-(p-ethoxyphenylazo)-phenylhexanoate,
      bis-(4-n-octhyloxylenzal)-2-chlorophenylenediamine,
      4,4'-bis-(hexyloxy)-azoxybenzene, 4,4'-bis-(hepthyloxy)-azoxybenzene,
      4-caproiloxybenzoicacid-4'-ethoxyphenylester, and
      4-caproiloxybenzoicacid-4'-buthoxyphenylester.
PAR  As will be described later, in some cases a mixture prepared by mixing a
      small amount of cholesteric crystalline liquid material in a nematic
      crystalline liquid matter are employed as the electro-optical material,
      and sometimes a nematic crystalline liquid matter added with an dipole
      type additive is employed therefor. In addition, a mixture of
      alkoxyphenl-acetilchloride, 4-alkylphenylacetyl-chloride and
      4-acetoxyphenyl-acetylchloride is employed and furthermore a nematic
      crystalline liquid matter mixed with a smectic crystalline liquid material
      is employed as the electro-optic matter.
PAR  Employed as the colloidal crystalline liquid are: colloidal suspension
      liquids prepared by dispersing in solvents such as water the organic or
      non-organic fine particles of, for instance, tungsten oxide, vanadium
      oxide, a needle-shaped non-homogenous crystal such as rock crystals,
      bismuth carbonate, lead crystal, herapathite, or polyvinylidenefluoride.
      These colloidal suspension liquids added with dipole type additives are
      used as the colloidal liquids.
PAR  Furthermore, an organic crystalline liquid of field effect type made from
      two or more of the materials listed below can be employed as the
      electro-optical material: cholesterol bromide, cholesterol chloride,
      cholesterol iodide, cholesterol nitrate, cholesterol nexanoate,
      cholesterol oleate, cholesterol linoleate, cholesterol linolenate,
      cholesterol nonanoate, cholesterol decanoate, cholesterol laurate, oleyl
      cholesterol carbonate, 2-(ethyl-hexyl) cholesterol carbonate, heptyl
      cholesterol carbonate, octyl cholesterol carbonate, nonyl cholesterol
      carbonate, decyl cholesterol carbonate, 2-(methoxyethyl) cholesterol
      carbonate, methyl cholesterol carbonate, buthyl cholesterol carbonate, and
      p-nonylphenyl cholesterol carbonate.
PAR  In some cases, suspension of organic pigment can be used as the
      electro-optical material.
PAR  In addition, generally, the film of electro-optical material 3 is on the
      order of from several to 20 .mu.m in thickness, forming a white or colored
      image in a considerably low electric field.
PAR  As is apparent from FIG. 2, the first electrodes a.sub.1, a.sub.2 . . . are
      connected respectively through resistors R.sub.1, R.sub.2 . . . each
      having the same resistance, to one terminal of an external variable
      voltage source Ed while the second electrode b.sub.1 is connected to the
      other terminal of the external variable voltage source Ed. Thus the
      electric fields created between the respective first electrodes a.sub.1,
      a.sub.2 . . . and the second electrode b.sub.1 for the purpose of creating
      the electro-optic phenomenon of the electro-optic material 3 filled
      therebetween are different from one another. This external variable
      voltage source Ed may be any alternating current or direct current
      variable voltage source. A light source (not shown) is positioned above
      the top substrate 1.
PAR  The operation of this electro-optic cell will be described with reference
      to FIG. 3 which illustrates the equivalent circuit of the cell. In FIG. 3,
      reference symbols ra.sub.1, ra.sub.2 . . . are resistances existing
      between the respective first electrodes a.sub.1, a.sub.2 . . . and the
      second electrode b.sub.1. It is assumed that the ratio of the areas of the
      first electrodes a.sub.1, a.sub.2 . . . is 1:4:9: . . . . The internal
      resistances between the respective first electrodes and the second
      electrode decrease with the increments of the areas of the first
      electrodes. Accordingly, ra.sub.1 &gt; ra.sub.2 &gt; ra.sub.3 . . . . At the
      same time, the internal capacitances existing between the respective first
      electrodes and the second electrode become ca.sub.1 &lt; ca.sub.2 &lt; ca.sub.3
      . . . . Accordingly, the voltage division ratios of the resistances and
      capacitances ra.sub.1, ca.sub.1 ; ra.sub.2, ca.sub.2 ; ra.sub.3, ca.sub.3
      . . . with respect to the resistors R.sub.1, R.sub.2 . . . are
      successively increased. It accordingly follows that the electro-optic cell
      shows electro-optic phenomena with different tones at the successive
      electrodes a.sub.1, a.sub.2 . . . .
PAR  FIG. 14 illustrates the relationships between voltages (indicated on the
      ordinates) applied between the first and the second electrodes and light
      intensity ratios (indicated on the abscissas), in which reference symbols
      M and N indicate the characteristic curves of two kinds of nematic
      crystaline liquid materials. Accordingly, upon connection of the first
      electrodes and the second electrode to the voltage source, an
      electro-optic effect is produced in such a manner that the light intensity
      is gradually lowered in the order of the electrodes a.sub.1, a.sub.2 . . .
      , as a result of which an image having an optical tone of light and shade
      is formed.
PAR  FIG. 15 shows the relationships between electric field strengths and light
      scattering wave lengths in the case where a cholesteric crystaline liquid
      matter of field-effect type consisting of a mixture of the following
      substances is employed as the electro-optical material 3:
TBL  cholesterin bromide    45% by weight                                      
     nonyl phenyl cholesterin                                                  
                            25% by weight                                      
     cholesterin oleate     30% by weight                                      
PAL  In this case, an image having color tones different from one another is
      formed in the order of the first electrodes a.sub.1, a.sub.2 . . . .
PAR  In the above described example, the resistors R.sub.1, R.sub.2 . . . are
      employed. However, in the case where the voltage source is a.c., reactance
      elements such as capacitors may be employed instead of the resistors
      R.sub.1, R.sub.2 . . . . FIG. 4 shows an equivalent circuit arranged on
      the basis of this idea, in which capacitors C.sub.1, C.sub.2 . . . which
      are equal in capacitance to one another are employed instead of the
      resistors R.sub.1, R.sub.2 . . . , respectively. FIGS. 3 and 4 are
      completely the same in function and operation.
PAR  In the embodiments of the electro-optical cells described with reference
      with FIGS. 1 to 4, the areas of the first electrodes a.sub.1, a.sub.2 . .
      . are different stepwise from one another so as to change the internal
      resistances ra.sub.1, ra.sub.2 . . . or capacitances ca.sub.1, ca.sub.2 .
      . . between the first electrodes and the second electrode b.sub.1.
PAR  However, field strengths between the first electrodes a.sub.1, a.sub.2 . .
      . and the second electrode b.sub.1 may be varied by the following method.
      That is, the areas of the first electrodes a.sub.1, a.sub.2 . . . are made
      the same, but the resistors R.sub.1, R.sub.2, R.sub.3 or capacitors
      C.sub.1, C.sub.2, C.sub.3 connected in the circuit between the first and
      second electrodes are made different stepwise in value.
PAR  Shown in FIGS. 5 and 6 is another example of an electro-optical cell
      according to this invention, which comprises: first electrodes a.sub.31,
      a.sub.32 . . . concentrically arranged under a top substrate 1; and a
      second electrode b.sub.31 provided on a bottom substrate 2, the second
      electrode being arranged to confront through an electro-optical material 3
      the first electrodes.
PAR  In this example, the first electrodes a.sub.31, a.sub.32 . . . are
      different stepwise in area. Accordingly, as was described with reference
      to FIGS. 3 and 4, for instance, if a voltage of a variable voltage source
      (not shown) is applied between the first electrodes a.sub.31, a.sub.32 . .
      . and the second electrode b.sub.31 through resistors or capacitors (not
      shown), an electro-optical phenomenon occurs with increase of the voltage
      of the variable voltage source beginning with the central part of the
      electro-optical cell.
PAR  One example of the reflection type electro-optic cell according to this
      invention is shown with the bottom view in FIGS. 9 and 10, which comprises
      first electrodes a.sub.41, a.sub.42 . . . which are different stepwise in
      area from one another, the first electrodes being provided under a top
      substrate 1, a second electrode b.sub.41 of reflection type provided on a
      bottom substrate 2, and resistors R.sub.41, R.sub.42 formed of thick film
      resistance material by means of, for instance, vacuum evaporation or
      printing, the number of the resistors being the same as that of the first
      electrodes. One terminal of each of the resistors R.sub.41, R.sub.42 . . .
      is connected to one terminal of a variable voltage source Ed.sub.40 while
      other terminals of the respective resistors are respective connected to
      the ends of the first electrodes a.sub.41, a.sub.42  . . . and the second
      electrode b.sub.41 is connected to the other terminal of the variable
      voltage source Ed.sub.40. An equivalent circuit connected to this
      reflection type electro-optical cell is the same as that shown in FIG. 3.
      In addition, the reflection type electro-optical cell is provided with a
      spacer 4 provided between the top substrate 1 and the bottom substrate 2.
PAR  A modification of the reflection type electro-optical cell shown in FIGS. 9
      and 10 is shown in FIGS. 11 and 12 in which the resistors are replaced by
      capacitors. More specifically, in this modification, first electrode
      plates H.sub.41, H.sub.42 . . . which are the same in number as that of
      the first electrodes a.sub.41, a.sub.42 . . . are provided on the opposite
      side of the bottom substrate 2. These electrode plates are connected to
      the ends of the first electrodes a.sub.41, a.sub.42 . . . respectively. An
      insulating layer 5 of high dielectric value, such as a film of silicon
      dioxide, organic silicon compound, chromium oxide, germanium oxide,
      magnesium oxide, magnesium fluoride or the like, is provided over the
      bottom substrate. Over the insulating layer 5 there is provided a second
      electrode plate 6 the end part of which is connected to one terminal of a
      variable voltage source Ed.sub.40. The other terminal of the variable
      voltage source Ed.sub.40 is connected to the end part of the second
      electrode b.sub.41. An equivalent circuit connected to this reflection
      type electro-optical cell is the same as that shown in FIG. 4.
PAR  In these cells, in order to show an electro-optic phenomenon, the areas of
      the first electrodes are made different from one another so as to causes
      different external input voltages to be applied between the first and
      second electrodes. Instead of this method, the external input voltages
      applied to the respective first electrodes may be made different with a
      change of the distance between the first and second electrodes for the
      purpose of showing the electro-optic phenomenon.
PAR  In the electro-optical cell shown in FIGS. 1 through 12, an electric field
      is applied between the first electrode and the second electrode so that
      the molecules of an electro-optical material such as a nematic crystalline
      liquid material are subjected to turbulance so as to create light
      scattering and thereby form a white image (or monochrome image), or, as in
      the case where an electro-optical material such as a cholesteric
      crystalline liquid material is employed, only the light having a
      particular wave length is selectively reflected. In other words a colored
      image is made so that the strengths of electric fields between the first
      and second electrodes are different from one another thereby changing the
      shape of an image on the electro-optical cell.
PAR  In this connection, the shape or configuration of the image can be changed
      by the following method. That is, under the fieldless condition between
      both electrodes when applicable, the longitudinal directions of the
      molecules in the electro-optical material are uniformaly arranged on an
      electrode surface and the field strength between the first and second
      electrodes is changed partially so that the molecular arrangement of the
      electro-optical material is changed. In this way, the shape of the image
      can be changed by the utilization of only the change in the molecular
      arrangement. In this case a pair of polarizing plates should be provided
      on both side of the electro-optical cell.
PAR  Shown in FIGS. 13 to 18 are electro-optical cells formed according to the
      above-described concept.
PAR  One of the electro-optical cells described above is shown in FIG. 13, which
      comprises a pair of linear polarizing plates 11 and 12 provided on the
      both sides of an electro-optical cell 10 shown in FIGS. 1 through 12. This
      electro-optical cell 10 further comprises: substrates 11a, 12a; linear
      polarizing films 11b and 12b; and protective films 11c and 12c for the
      linear polarizing films.
PAR  The functional operation of this electro-optical cell 10 will be described.
PAR  It is assumed that the electro-optical cell 10 as shown in FIGS. 1 to 12 is
      arranged between the linear polarizing plates 11 and 12. The
      electro-optical cell 10 in which the longitudinal direction of a molecule
      in an electro-optical matter is greatly different from the direction of a
      dipole thereof, and each molecule is uniformly arranged as a homeotropic
      phase in a direction perpendicular to an electrode surface under the
      fieldless conditions, shows an optical isotropy. When such an
      electro-optical cell 10 is arranged between the linear polarizing plates
      11 and 12 formed cross nicol to each other, light from a light source 13
      passes through the linear polarizing plate 11 and then the electro-optical
      cell 10 as it is, but it is blocked by the linear polarizing plate 12;
      that is, it will not reach an observer 14, and therefore anyone who stands
      near the observer will see it black. The term "cross-nicol" as used in
      this specification means that the polarization directions of the two
      polarizers are crossed with respect to each other. Now, if an electric
      field is applied between the first and second electrodes confronted in the
      electro-optical cell 10 and the field strength exceeds the threshold value
      of the electro-optical cell 10, the molecules of the electro-optical
      matter 3 gradually change the direction of dipoles to the direction of the
      electric field, as a result of which the arrangement of the molecules is
      twisted. In the region where the electric field strength is low, only the
      light having a wave length of, for instance, blue, green . . . red . . .
      blue, green . . . is selectively passed through. If the electric field
      strength is made somewhat higher, the condition of turbulent flow takes
      place with the molecules. As a result, the light of all wave lengths from
      the light source 13 passes through all of the linear polarizing plate 11,
      the electro-optical cell 10 and the linear polarizing plate 12
      simultaneously and reaches the observer 14. Accordingly, if we see it
      standing at a position approximately in front of the observer, we can
      clearly see an image corresponding to the shape of the electrodes in the
      black background.
PAR  Furthermore, if an electro-optical cell 10 is formed in which an
      electro-optical material has the longitudinal direction of a molecule
      greatly different from the direction of a dipole, and under the fieldless
      conditions the molecules are uniformly arranged as a homogenious phase
      horizontally with respect to an electrode surface, and the cell thus
      formed is arranged between two linear polarizing plates 11 and 12 formed
      cross nicol to each other; or if an electro-optical cell 10 is formed in
      which under the fieldless conditions all the molecules are horizontally
      arranged with respect to the electrode surface and the molecules thus
      arranged as a homogenious phase are made to have twist alignment in a
      helical state, being different by 90.degree. from each other in the
      opposite electrode surface, and the cell thus formed is arranged between
      two linear polarizing plates 11 and 12 whose polarization directions are
      in parallel with each other; the application of an electric field between
      the opposed electrodes causes the molecules of the electro-optical cell to
      have a state of turbulent flow and to thereby present a optical
      anisotropy. As a result, the observer can see a white image corresponding
      to the electrodes.
PAR  Furthermore, in the case where an electro-optical cell 10 having a helical
      structure is formed in such a manner that in its electro-optical material
      3 the longitudinal direction of a molecule is approximately the same as
      the direction of a dipole, under the fieldless conditions all the
      molecules being arranged horizontally with respect to an electrode
      surface, the arrangement of the molecules being homogeniously
      three-dimensionally slightly twisted so as to be different by 90.degree.
      with respect to opposed electrode surfaces and the electro-optical cell 10
      thus formed is arranged between two linear polarizing plates 11 and 12
      whose polarization directions are in parallel with each other; it is not
      possible to cause the turbulent flow of molecules by the application of an
      electric field between the opposed electrodes; however, the action of the
      electric field changes the molecular arrangement of the electro-optical
      material 3 and therefore the observer can observe a white image as an
      image corresponding to the shape of the electrodes in the black
      background. If the polarization directions of the linear polarizing plates
      11 and 12 are formed cross nicol to each other in the fieldless condition
      between the electrodes, the light of all wave lengths from the light
      source 13 reaches the observer side passing through the cell and both
      polarizers and when an electric field is applied between the electrodes,
      the molecular arrangement is changed, as a result of which the observer
      can observe a black image, as an image corresponding to the shape of the
      electrodes, in the white background.
PAR  Next, it is assumed that the electro-optical cell is arranged between the
      linear polarizing plates 11 and 12.
PAR  More specifically, an electro-optical cell 10 is formed in which in its
      electro-optical material 3 the longitudinal direction of a molecule is
      greatly different from the direction of a dipole component force and under
      the fieldless conditions the molecules are uniformly aligned as so
      homogeneous phase horizontally with respect to an electrode surface, and
      the electro-optical cell 10 thus formed is positioned between the linear
      polarizing plates 11 and 12 whose polarization directions are
      perpendicular to each other. Under these conditions, if an electric field
      is applied between the electrodes, it causes the turbulent flow of
      molecules in the electro-optical matter 3, which shows an optical
      anisotropy. As a result, the observer can see a white image, as an image
      corresponding to the shape of the electrodes, in the black background.
PAR  Similarly as in the above case, an electro-optical cell 10 may be formed in
      which in its electro-optical matter 3 the longitudinal direction of a
      molecule is greatly different from the direction of a dipole component
      force and under the fieldless conditions the molecules are aligned as so
      homogeneous phase horizontally to be twisted with respect to an electrode
      surface, and the electro-optical cell 10 thus formed is positioned between
      two linear polarizing plates 11 and 12 whose polarization directions are
      in parallel with each other. Under these conditions, if an electric field
      is applied between the opposed electrodes, the observer can see a white
      image as an image corresponding to the shape of the electrodes.
PAR  In addition, in the case where an electro-optical cell 10 is formed in
      which in its electro-optical material 3 the longitudinal direction of a
      molecule is approximately the same as the direction of a dipole component
      force and under the fieldless conditions the molecules are aligned as so
      homogeneous phase horizontally with respect to an electrode surface, the
      molecular alignment directions differing by 90.degree. in the vicinity of
      the inner wall of substrates, and the electro-optical cell 10 thus formed
      is positioned between two linear polarizing plates 11 and 12 whose
      polarization directions are in parallel with each other; it is not
      possible to have the molecular turbulent flow in the electro-optical
      material 3 by the application of an electric field between the opposed
      electrodes; however, the action of the electric field changes the
      molecular alignment in the electro-optical material 3 as a result of which
      the observer can see a white image, as and image corresponding to the
      shape of the electrodes, in the black background.
PAR  In this connection, if the linear polarizing plates 11 and 12 are arranged
      so that their polarization directions form 90.degree. thereby to form a
      cross nicol to each other, the molecular alignment in the electro-optical
      material 3 is changed by the application of an electric field between the
      opposed electrodes, as a result of which the observer can see a black
      image corresponding to the shape of the electrodes in the white
      background.
PAR  In the case where the molecules of an electro-optical material are
      regularly aligned under the fieldless conditions while the partial
      application of the different electric fields between the first and second
      electrodes cause the molecular turbulent current in the electro-optical
      material, as is shown in FIG. 14 a color filter 15 is provided between the
      electro-optical cell 10 and the linear polarizing plate 12 so that an
      image formed by the electrodes is colorful.
PAR  The functional operation of the electro-optical cell shown in FIG. 14 will
      be briefly described. When under the fieldless conditions the molecules of
      the electro-optical material 3 are regularly aligned and the
      electro-optical material 3 therefore shows an optical isotropy, the light
      from the light source 13 passes through the linear polarizing plate 11,
      the electro-optical cell 10 and the color filter 15, but cannot pass
      through the linear polarizing plate 12. Accordingly, what is seen by the
      observer 14 is black. Now, when an electric field is applied between the
      electrodes opposed to each other so as to cause the molecular turbulent
      flow in the electro-optical material 3, the electro-optical material 3
      shows an optical anisotropy. As a result, the light from the light source
      13 can pass through the linear polarizing plate 11, the electro-optical
      cell 10, the color filter 15 and the linear polarizing plate 12, thereby
      indicating a colorful image formed by the electrodes.
PAR  In the above described embodiment of this invention, the color filter 15 is
      provided between the electro-optical cell 10 and the linear polarizing
      plate 12. However, the color filter 15 may be provided between the
      electro-optical cell 10 and the linear polarizing plate 11. In addition,
      the color filter 15 can be provided on the left side of the linear
      polarizing plate 11. If necessary, a colored light source may be employed
      instead of the provision of the color filter 15. Furthermore, if it is
      dark on the observer side, the color filter 15 may be provided on the side
      facing to the observer. The polarizing plates are not limited to the
      linear polarizing plates only, that is, other type polarizing plates can
      be employed as the polarizing plates.
PAR  Another example of the invention is shown in FIG. 15, in which an
      electro-optical cell 10, a linear polarizing plate 12 and a colored linear
      polarizing plate 16 which serves as both a color filter and a linear
      polarizing plate and is provided instead of the color filter are combined
      so as to display a colorful image. In this colored linear polarizing plate
      16, a colored linear polarizing film 16b is formed over one surface of its
      substrate 16a. Furthermore, a protective film 16c is formed over the
      colored linear polarizing film 16b.
PAR  Shown in FIG. 16 is another embodiment of the invention which comprises a
      compound colored linear polarizing plate 17, an electro-optical cell 10
      and a linear polarizing plate 12. The compound colored linear polarizing
      plate 17 is provided with colored linear polarizing films 17b and 17c
      formed on both sides of its substrate 17a. The compound colored linear
      polarizing films 17b  and 17c are protected by protective films 17d and
      17e, respectively. In this example shown in FIG. 16, the optical axes of
      the compound colored linear polarizing films 17b and 17c are intersected
      perpendicularly to each other, and when no electric field is applied to
      the cell the observer can see a particular color on the whole surface.
      Then, when an electric field is applied to the electro-optical cell 10, a
      single color image but different from that appearing in the case when no
      electric field is applied appears when the electric field is high.
PAR  Shown in FIG. 17 is one modification of the electro-optical cell shown in
      FIG. 14, in which a light reflecting layer 18 is provided on one side of
      the polarizing plate 11. This is a reflection type electro-optical cell.
PAR  Shown in FIG. 18 is one modification of the electro-optical cell shown in
      FIG. 16, in which a light reflecting layer 18 is provided on one side of
      the colored polarizing plate 16. This is a reflection type electro-optical
      cell, too.
PAR  Illustrated in FIG. 19 is a block diagram illustrating a device in which
      the electro-optical cell as described above is employed as an instrument
      for indicating analog data of a tachometer, a thermometer, a pressure
      gauge, or a photometer. The device shown in FIG. 19 comprises: a detector
      20 for detecting temperature, weight, intensity of radiation, and the
      like; a transducer 21 for converting an output from the detector 20 into
      an electrical signal; and an amplifier 22 for applying an output from the
      transducer 21 to the first and second electrode of the electro-optical
      cell 23 as described previously. The signal data indicating instrument can
      be formed considerably thin since it is constituted only by the
      electro-optical cell 23 which is relatively thin and the electrical
      circuit provided for the cell.
PAR  Shown in FIG. 20 is a device for comparing and displaying two analog data,
      such as right and left signals produced from a stereophonic device by
      employing the electro-optical cell 24 according to the present invention.
      The first electrodes thereof are divided into, for instance, two groups.
      The device comprises: detectors 25 and 26 for detecting two analog data;
      and amplifiers 27 and 28 provided for the detectors 25 and 26
      respectively, the amplifiers applying their outputs between the first and
      second electrode of each group in the electro-optical cell described
      above.
PAR  With reference to FIG. 21, there is shown a device which employs the
      above-described electro-optical cell 30 for the purpose of detecting the
      fact that the output voltage of a voltage source 29 reaches a
      predetermined level, the output voltage being applied to the
      electro-optical cell 30 through a variable resistor 32 provided with a
      suitable control device 31.
PAR  FIG. 22 illustrates a device which employs the abovedescribed cell for the
      indication of transmission time of a telephone service. The device shown
      in FIG. 22 comprises: a telephone set 33; a pick-up coil 34 for detecting
      the electrical level of the transmission circuit; and an amplifier 35
      provided for the output of the pick-up coil 34, the amplifier 35 applying
      its output to the gate of a thyristor 36. The thyristor 36 is connected to
      a timer circuit consisting of a resistor 39 and capacitor 40 through a
      contact S.sub.4 of a switch 38. The switch is set on when the receiver, or
      handset 37, of the telephone set 33 is unhooked. The device is further
      provided with a power source 41. A normally closed contact S.sub.5 of the
      switch 38 is connected to a dicharge resistor 42 of the capacitor 40. Both
      terminals of the capacitor 40 are connected to a voltage indicator 43
      comprising an electro-optical material.
PAR  The operation of this device is as follows: Upon unhooking the handset 37
      of the telephone set 33, the contact S.sub.4 is closed. Under these
      conditions, the dial is turned and a person called unhooks the handset of
      his telephone set, thus completing the transmission circuit. As a result,
      the electrical level of the transmission circuit is changed, and the
      change of the electrical level is detected by the pick-up coil 34. The
      detecting output of the pick-up coil 34 is amplified by the amplifier 35
      whereby the thyristor 36 is turned conductive. Accordingly, charging the
      capacitor 40 is started and the potential across the terminals of the
      capacitor 40 gradually increases. As a result, the electrodes of the
      voltage indicator 43 show electro-optical phenomena beginning with the
      electrode whose external input voltage necessary for showing an
      electro-optical phenomenon is the lowest, thereby indicating the lapse of
      a transmission time. In this connection, the electrical level of the
      transmission circuit may be detected by connecting the pick-up coil
      directly to the telephone set 33.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electro-optic device comprising a first transparent substrate, a
      second substrate juxtaposed to the first substrate, a body of
      electro-optically variable liquid disposed between said substrates, a
      plurality of first electrodes disposed on the surface of the first
      substrate facing the second substrate, each individual one of said
      plurality of first electrodes having an area different from the area of
      the others, a second electrode provided on the surface of the second
      substrate facing the first substrate, said liquid interposing internal
      impedance between said first electrodes and said second electrode, and a
      plurality of impedance elements of equal impedance value, external to said
      substrates and liquid; each of said first electrodes being connected
      through a respective one of said impedance elements to a terminal of a
      voltage source, and said second electrode being connected to another
      terminal of the voltage source, so that there are a plurality of parallel
      circuits each comprising a respective one of said impedance elements in
      series with the respective internal impedance between a respective one of
      said first electrodes and said second electrode, whereby in each of said
      parallel circuits a first part of the voltage supplied from the voltage
      source exists across the respective internal impedance and a second part
      of the voltage from the voltage source exists across the respective
      impedance element, the ratios of the first part to the second part of the
      voltage being different at the different respective parallel circuits.
NUM  2.
PAR  2. An electro-optic device as claimed in claim 1 in which said impedance
      elements are resistors.
NUM  3.
PAR  3. An electric-optic device as claimed in claim 1 in which said impedance
      elements are reactance elements.
NUM  4.
PAR  4. An electric-optic device as claimed in claim 3 in which said reactance
      elements are capacitors.
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ABST
PAL  A liquid crystal display device having a series of transparent panels, the
      inner surface of each panel successively supporting a transparent
      electrode film and an alignment film which sympathetically aligns crystals
      of liquid crystal material into the direction of film growth. The
      alignment films have their directions of alignment alternately pointing in
      the horizontal or vertical direction. Liquid crystal material is placed
      between adjacent alignment films to form a series of liquid crystal
      display cells. A character may be formed by certain transparent electrodes
      in the device. To read out a selected character from the device, the
      liquid crystal display device is placed between a light polarizer and a
      light analyzer. With an even number of cells in the device, the polarizer
      and analyzer are crossed to produce a dark background. The crystals of the
      unenergized cells, having crossed alignment films in them, will rotate
      polarized light which is passing through them by 90.degree.. When a
      voltage is applied across one of the cells, the crystals in that cell will
      not rotate polarized light passing through the area of a character in that
      cell. However polarized light will continue to be rotated by the remainder
      of that cell. The polarized light passing through the area of the
      character of the energized cell is 90.degree. out of phase with the other
      light passing through the device. Therefore only the light in phase with
      the analyzer will pass through the analyzer. Any character in the device
      may be displayed by energizing its corresponding cell.
PARN
PAC  BACKGROUND OF THE INVENTION
BSUM
PAR  This is a continuation of application Ser. No. 306,352, filed Nov. 13,
      1972, and now abandoned.
PAR  Joseph J. Wysocki in U.S. Pat. No. 3,622,224, issued Nov. 23, 1971,
      discloses a liquid crystal device having a plurality of liquid crystal
      display cells therein. Transparent electrodes are placed upon adjacent
      surfaces of transparent panels, with a numeral formed by one of the
      adjacent transparent electrodes of each cell, and liquid crystal material
      placed between the adjacent transparent electrodes of each cell.
      Unpolarized light is passed through the device to read out a numeral. When
      a voltage is placed onto adjacent transparent electrodes of a cell of the
      device, the unpolarized light will be scattered by the crystals of the
      liquid crystal material between the numeral and the other transparent
      electrode of the selected cell. One can thus see the numeral which has
      been formed by the transparent electrode of the selected cell.
PAR  The present applicant shows a liquid crystal display device whose crystals
      rotate polarized light a selected number of times. The device has several
      liquid crystal display cells therein, each cell having adjacent
      transparent panels with transparent electrodes thereon, one of the
      adjacent transparent electrodes forming a numeral or other character. The
      transparent electrodes have oriented alignment films on them, as described
      in U.S. patent application Ser. No. 242,675, filed on Apr. 10, 1972 and
      which issued on Sept. 10, 1974, as U.S. Pat. No. 3,834,792 to the present
      applicant and assignee to the present assignee. The alignment films
      influence the rotation of the crystals of the separate liquid crystal
      display cells by a given angle such as 90.degree. and the rotated liquid
      crystals rotate polarized light passing through them.
PAR  To read out a chosen character from applicant's device, a polarizer and
      analyzer are placed at either end of the device. These polarizers are
      crossed when there are an even number of cells in the device. Applicant's
      device then rotates polarized light passing through it by an even number
      of times by the rotated crystals of the separate cells when applicant's
      device is not energized. Polarized light passing through the transparent
      electrode character of a cell on which a voltage is placed is not rotated
      by the crystals of the energized cell since the crystals of this cell do
      not rotate the light, but rotate light passing through the remainder of
      the energized cell. Polarized light in the area of the transparent
      character of the energized cell comes out of the analyzer. Applicant's
      device allows multiple rotating of polarized light as it passes through
      the device, to either pass or not pass out as a light pattern of a
      character of a selected cell, depending on whether or not that selected
      cell is energized.
PAR  Wysocki does not show a liquid crystal device having alignment means on
      transparent electrodes with the alignment means having periodically
      alternating directions to rotate crystals of liquid crystal material
      through the device. Wysocki does not use selective rotation to display any
      of several characters from a liquid crystal display device.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a liquid crystal display device comprising
      a plurality of transparent support panels positioned in parallel planes
      along a common axis; a transparent electrode film deposited on adjacent
      surfaces of the support panels to form selected patterns; alignment means
      disposed on the transparent electrode films in alternating alignment
      directions, and liquid crystal material having elongated crystals which
      have longitudinal axes adjacent the alignment means, the elongated
      crystals of the liquid crystal material adjacent each alignment means
      having their longitudinal axes oriented in the alignment direction of that
      alignment means.
PAR  The object of the present invention is to provide a liquid crystal device
      for housing several numerals therein.
PAR  Another object of the present invention is to provide a liquid crystal
      display device from which any of several numerals housed therein may be
      read out.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a liquid crystal display device having
      several numerals housed therein.
PAR  FIG. 2 is a plan view of a numeral 1 formed by a transparent electrode of
      the device of FIG. 1 having an alignment film thereon.
PAR  FIG. 3 is a plan view of a numeral 7 formed by a transparent electrode of
      the device of FIG. 1 having an alignment film thereon.
PAR  FIG. 4 is a plan view of a transparent electrode having an alignment film
      thereon.
PAR  FIG. 5 is a sectional view of a liquid crystal display device having two
      liquid crystal display cells therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is an isometric view which illustrates a fabricated liquid crystal
      display device 30 having liquid crystal cells 40, 42, 44, 46, 48 and 49 in
      it. Transparent panels such as glass panels having surfaces 10, 10A, 10B,
      10C, 10D, 10E, 10F, 10G, 10H, 10I, 10J and 10K are stacked in the liquid
      crystal display device 30, and have transparent electrode films 11, 11A,
      11B, 11C, 11D, 11E, 11F, 11H, 11I, 11J and 11K respectively on these
      surfaces. The transparent electrodes may be made of thin tin oxide films,
      thin indium oxide films or thin cadmium oxide films. Nematic liquid
      crystal material is placed between adjacent electrode films. The liquid
      crystal material has elongated crystals in it. A numeral is formed by
      electrode films 11, 11C, 11D, 11G, 11H and 11K. The surfaces of the
      electrode films 11, 11C, 11D, 11G, 11H and 11K may be rubbed in a vertical
      direction in order to align the elongated crystals of the liquid crystal
      material adjacent to these electrode films in a vertical direction. As an
      alternative to the rubbing of the electrode films, alignment films as
      disclosed in U.S. patent application Ser. No. 242,675, filed Apr. 10, 1972
      by the present applicant and assigned to the present assignee, may be
      placed on the electrode films. Vertically polarized light when passed
      through the elongated crystals of liquid crystal material adjacent to the
      vertically rubbed electrode films will remain polarized in a vertical
      direction. The electrode films 11A, 11B, 11E, 11F, 11I and 11J may be
      rubbed in a horizontal direction. However in this embodiment, instead of
      these electrode films being rubbed, a thin alignment film whose surface
      has alignment growth is in a horizontal direction, is placed upon each of
      these electrode films. The mechanism by which these alignment films align
      liquid crystals adjacent to them is disclosed in the cited patent
      application incorporated herein by reference. As vertically polarized
      light is transmitted through elongated crystals of the liquid crystal
      material between adjacent vertical and horizontal alignment films, it is
      rotated into a horizontal plane. The elongated crystals of the liquid
      crystal material are rotated between the adjacent vertical and horizontal
      alignment films.
PAR  In FIG. 1, alignment films 16 through 16K are shown deposited respectively
      upon the electrode films 11 through 11K. The alignment films 16, 16C, 16D,
      16G, 16H and 16K respectively have vertical alignment growth 19, 19C, 19D,
      19G, 19H and 19K to form vertical alignment directions for crystals of
      liquid material. The alignment crystal films 16A, 16B, 16E, 16F, 16I and
      16J respectively have horizontal alignment growth 19A, 19B, 19E, 19F, 19I
      and 19J to form horizontal alignment directions for elongated crystals of
      liquid crystal material. The alignment growth 19 of the alignment film 16
      is pointing in a direction at right angle to the direction of the
      alignment growth 19A of the alignment film 16A, due to arrangement of the
      surfaces 10 and 10A during the fabrication of the liquid crystal display
      cell 30. Similarly, the alignment films on surfaces 10E and 10F are in a
      direction at 90.degree. with respect to the direction of alignment films
      on surfaces 10D and 10G. Further, the alignment films on surfaces 10I and
      10J are in a direction at 90.degree. with respect to the direction of the
      alignment on surfaces 10H and 10K.
PAR  As shown in FIG. 1 nematic liquid crystal material 22, such as nematic
      bilevel material, which may be a mixture by weight of 32%
      methoxybenzilidene-n-butylaniline, 58% ethoxybenzilidene-n-butylaniline
      and 10% p-n-butoxybenzilidene-p'-aminobenzonitrile, is used between the
      silicon monoxide alignment films 16 and 16A prior to final sealing of the
      liquid crystal display device 30. A sealer is then placed around the
      periphery of the glass surfaces 10 and 10A to seal liquid crystal material
      22 within a formed liquid crystal display cell 40. Similarly, liquid
      crystal materials 22A, 22B, 22C, 22D and 22E is placed between the
      alignment films on the other panels of the liquid crystal display device
      30 to form liquid crystal display cells 42, 44, 46, 48 and 49. One-half
      mil thick spacers separate each two adjacent alignment films. Elongated
      crystals of the liquid crystal material 22 in the liquid crystal display
      cell 40 have their longitudinal axes aligned sympathetically to the
      direction of the silicon monoxide film alignment growth 19 interfacing
      alignment film 16, and elongated crystals of the liquid crystal material
      22 in the corresponding liquid crystal display cell 40 have their
      longitudinal axes aligned in a direction parallel to the direction of the
      platinum film alignment growth 19A interfacing the alignment film 16A. The
      liquid crystal material 22 will thus rotate or twist vertically polarized
      light passing through the cell 40 by 90.degree. since the elongated
      crystals of the liquid crystal material 22 of the liquid crystal display
      cell 40 are rotated by 90.degree. across cell 40. Similarly, liquid
      crystal materials 22A, 22B, 22C, 22D and 22E of cells 42, 44, 46, 48 and
      49 will rotate polarized light passed through each of them, by 90.degree.,
      since the elongated crystals of the liquid crystal material of cells 42,
      44, 46, 48 and 49 of liquid crystal display device 30 are rotated by
      90.degree..
PAR  FIGS. 2 and 3 show the transparent electrode films 11C and 11G on surfaces
      10C and 10G. FIG. 4 shows the alignment film 16I on surface 10I.
PAR  In FIG. 1, the liquid crystal display device 30 is used in a liquid crystal
      display apparatus 31 which includes a light source 32, such as an
      incandescent lamp, a collimating lens 34 which collimates light 33 from
      the light source 32, and an optical filter 35 which filters out the ultra
      violet and infrared light from light 33, a polarizer 36 which is used to
      polarize the light 33, polarizer 38 which is used to analyze the plane in
      which light 33 is polarized after it has passed through liquid crystal
      display device 30, and voltage sources 62, 64, 66, 68, 70 and 72. A screen
      41 is used to display a bright image from device 30 of any of the six
      numerals formed by applying a voltage from a source connected between
      adjacent surfaces which have an etched transparent electrode and an
      unetched transparent electrode respectively. The voltage sources may
      provide a voltage from about 5 to 20 volts D.C. or about 20 to 100 hertz
      A.C. The background of the pattern of the numeral 1 is etched away from
      the electrode film 11C, previously deposited as by evaporation on the
      surface 10C of the liquid crystal display device 30 by standard
      photoetching technique, to leave the pattern of the numeral 1. A thin
      silicon monoxide alignment film 16C covers the surface 10C, including the
      numeral 1. Another similar alignment film 16B covers unetched electrode
      film 11B on the surface 10B. The numeral 1 in the transparent electrode
      film 11C is very thin requiring only enough material for electrical
      conduction with good optical transmission properties. The film growths 19B
      and 19C of the two alignment films 16B and 16C are at right angles.
      Elongated crystals of the liquid crystal material 22A are aligned
      sympathetically with the alignment films 16B and 16C.
PAR  A bright image of the numeral 1 may be read out on the dark screen 41 of
      the display device 30 after placing the display device 30 between the
      polarizers 36 and 38, with the direction of the film growth 19C of the
      alignment film 16C parallel to the plane of polarization of the polarizer
      36, with switch 51 closed and with the other switches 50, 52, 54, 56 and
      58 open. With switch 51 closed to create an electric field between the
      numeral 1 and electrode film 11B of the cell 42 of the liquid crystal
      display device 30, all the elongated crystals of the portion of the liquid
      crystal material 22A in the display device 30 between the numeral 1 and
      the electrode film 11B are oriented parallel to the electric field.
      Polarized light is therefore not rotated by liquid crystal material 22A
      adjacent the numeral 1 with switch 51 closed. The polarized light passing
      through the display device 30 in the area of transparent numeral 1 is thus
      rotated five times by 90.degree. by the other cells 40, 44, 46, 48 and 49
      and will come out of polarizer 38. The polarized light passing through
      display device 30, but not in the area of numeral 1, is rotated six times
      by 90.degree. by all of the cells of device 30 and is blocked by polarizer
      38. Thus an image 43 of a 1 appears on a screen 41. When switch 51 is
      opened, the bright numeral 1 disappears from the screen 41 since the
      polarized light through the complete area of device 30 is now rotated six
      times by 90.degree.. Numerals 0, 1, 2, 7, 8 or 9 may thus be read out of
      the liquid crystal display device 30 by respectively closing switches 50,
      51, 52, 54, 56 or 58 to respectively energize cells 40, 42, 44, 46, 48 or
      49.
PAR  FIG. 5 shows a portion of the liquid crystal display device 30 with the
      edges of certain transparent panels being sealed, and with liquid crystal
      material between these transparent panels. Sealant such as epoxy may be
      placed around the edges of adjacent stacked transparent panels used in
      device 30.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid crystal display device, comprising:
PA1  a. a plurality of transparent support panels positioned in spaced parallel
      planes along a common axis to form a plurality of discrete cells;
PA1  b. a transparent electrode film coated on adjacent facing surfaces of the
      support panels, each electrode film conforming to a particular different
      character; and
PA1  c. a plurality of alignment means deposited on respective electrode films
      in a direction which makes an acute angle with respect to the surfaces of
      the support panels;
PA1  d. the alignment means arranged in alternately displaced directions of
      alignment about the common axis whereby when liquid crystal material,
      having an elongated crystalline structure, is added to the discrete cells,
      the longitudinal axis of the crystalline material adjacent each alignment
      means is oriented in the direction of the adjacent alignment means and the
      longitudinal axis of the liquid crystalline material adjacent one
      alignment means is oriented in a direction perpendicular to the
      longitudinal axes of the liquid crystalline material adjacent the next
      facing alignment means.
NUM  2.
PAR  2. The device of claim 1 wherein the alignment means is a vacuum deposited
      alignment film.
NUM  3.
PAR  3. The device of claim 1 wherein the liquid crystal material is nematic
      liquid crystal material.
NUM  4.
PAR  4. The device of claim 1 wherein the transparent supportive panels are
      glass panels.
NUM  5.
PAR  5. The device of claim 1 wherein the transparent electrode films are
      selected from the group consisting of tin oxide, indium oxide and cadmium
      oxide electrode films.
NUM  6.
PAR  6. A liquid crystal display apparatus, comprising:
PA1  a. a liquid crystal display device having a plurality of transparent
      support panels positioned in spaced parallel planes along a common axis to
      form discrete cells; a transparent electrode film coated on adjacent
      facing surfaces of the support panels, each electrode film having the
      configuration of a particular different character; a plurality of
      alignment means disposed on respective transparent electrode films and
      support panels in a direction which makes an acute angle with respect to
      the surfaces of the support panels, each successive alignment means
      arranged in alternately displaced directions; and liquid crystal material
      having elongated crystals disposed within each cell, the liquid crystal
      material adjacent each alignment means having their longitudinal axes
      oriented in the direction of alignment of the adjacent alignment means;
PA1  b. a first polarizer adjacent one end of the device; and
PA1  c. a second polarizer adjacent the other end of the device;
PA1  d. the alignment means arranged in alternately displaced directions of
      alignment about the common axis to cause the longitudinal axis of the
      liquid crystalline material adjacent one alignment means to be oriented in
      a direction perpendicular to the longitudinal axes of the liquid
      crystalline material adjacent the next facing alignment means.
NUM  7.
PAR  7. A liquid crystal display apparatus, comprising:
PA1  a. a liquid crystal display device having a plurality of transparent
      support panels positioned in spaced parallel planes along a common axis to
      form discrete cells; a transparent electrode film coated on adjacent
      facing surfaces of the support panels, each electrode film having the
      configuration of a particular different character; alignment means
      disposed on respective transparent electrode films and support panels in a
      direction which makes an acute angle with respect to the surfaces of the
      support panels in alternately displaced directions of alignment; liquid
      crystal material having an elongated crystalline structure disposed within
      each cell, wherein the longitudinal axes of the crystalline material
      adjacent each alignment means have their longitudinal axes oriented in the
      direction of that alignment means;
PA1  b. a first polarizer adjacent one end of the device;
PA1  c. a second polarizer adjacent the other end of the device;
PA1  d. a voltage source; and
PA1  e. a switch means for selectively connecting the voltage source to selected
      adjacent facing transparent electrode films;
PA1  f. the alignment means arranged in alternately displaced directions of
      alignment about the common axis to cause the longitudinal axis of the
      liquid crystalline material adjacent one alignment means to be oriented in
      a direction perpendicular to the longitudinal axes of the liquid
      crystalline material adjacent the next facing alignment means.
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PAL  Increased sensitization of liquid crystalline devices utilizing current
      flow to provide a change in optical characteristics is provided by
      sandwiching a photoconductive layer between an insulating layer and a
      liquid crystalline layer wherein all three layers are placed between two
      electrodes. The sandwich device is utilized in an imaging method wherein
      an electrical potential is applied across said device, a bias or
      sensitizing light is utilized to bring the device up to the threshold for
      gain photocurrent and then removed, and wherein a subsequent light is
      utilized to gate or initiate gain photocurrent. Alternatively, the biasing
      light may be in imagewise configuration which forms a latent image in
      which case the subsequent light can be a uniform exposure which gates the
      gain photocurrent, thereby developing the latent image.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electro-optical elements containing a
      photoconductive layer and a liquid crystalline layer, and more
      particularly to improving the sensitivity of such electro-optical elements
      by including an insulating layer in contact with the free side of said
      photoconductive layer.
PAR  As described in U.S. Pat. No. 3,592,527, it has been found that useful
      visual display devices can be produced which contain as a visual image
      forming element thereof a multilayer structure composed of a layer or film
      of a liquid crystalline material overlying a layer of a photoconductive
      composition.
PAR  The photoconductive properties of conventional photoconductive materials
      and layers containing photoconductive materials have been described in
      detail in the literature, for example, Schaffert, Electrophotography,
      published by Focal Press Limited, 1965. One property of photoconductors is
      the creation of primary current under the influence of an applied field
      when the photoconductive material is struck by photons of light.
      Heretofore, it has been generally felt necessary that ohmic contact, i.e.,
      a reservoir of charge at a metal-photoconductor interface, must be present
      in order to obtain a quantum efficiency greater than 1 wherein
      photoconductive current greater than the primary current (commonly called
      gain photocurrent) is obtained. Further, it has been generally felt that
      with a blocking contact to the photoconductor, e.g., a non-ohmic contact
      with a Schottky barrier at the metal-photoconductor interface,
      photoconductive gains greater than unity could not be achieved. See, for
      example, "Photoconductive Gain Greater than Unity in Cadmium Selenide
      Films with Schottky Barriers at the Contacts,"  R. R. Mehta and B. S.
      Sharma, J. Appl. Phys., 44, 1, January, 1973
PAR  According to this article, the authors were able to achieve a
      photoconductive gain greater than unity with gold electrodes in contact
      with the photoconductor wherein the gold contacts were determined to be
      non-ohmic with a Schottky energy barrier between the electrode and the
      photoconductor and wherein the radiation utilized was bandgap radiation of
      the photoconductor. No insulating layer was deliberately inserted between
      the gold electrode and photoconductor.
PAR  Conduction through a physical, electrically insulating barrier is reported
      in "Thermally Assisted Tunneling in Dielectric Films," G. G. Roberts and
      J. I. Polanco, Phys. Stat. Sol. (a), 1, 409 (1970). In the latter article,
      the authors reported findings in the characteristic relationship between
      current flow in, and voltage applied to, an insulating organic layer
      sandwiched between two electrodes. No photoconductive layer is utilized
      and no mention of gain photocurrent.
PAR  Conduction through a semi-conductor layer adjacent a few-atoms-thin layers
      of insulating materials is theoretically presented in "The Physical Review
      B," F. Schmidlin, 1, 4, pages 1583-1587 (1970).
PAR  U.S. Pat. No. 3,732,429 discloses the use of an inorganic insulating layer
      in contact with a photoconductor in order to obtain a higher dark
      impedance in conjunction with a liquid crystalline layer. All three layers
      are sandwiched between electrodes.
PAR  In new and growing areas of technology, new methods, apparatus,
      compositions and articles of manufacture are often discovered for the
      application of the new technology in a new mode. The present invention
      relates to a new and advantageous method for providing increased current
      flow from a photoconductor into and through a liquid crystalline layer
      thereby allowing the utilization of less light in optically imaging
      electro-optic devices containing a photoconductive layer in contact with
      the liquid crystalline layer wherein the liquid crystalline layer
      undergoes electro-optical changes due to current or charge flow. That is,
      the optical sensitivity of such systems is increased.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the invention to provide increased optical
      sensitivity to electro-optic devices containing a photoconductive layer in
      contact with a liquid crystalline layer.
PAR  It is another object of this invention to provide a novel method of imaging
      said electro-optic devices.
PAR  It is yet a further object of this invention to provide a novel method of
      developing said electro-optic devices.
PAR  The following objects and others accomplished in accordance with the
      present invention by providing an insulating layer in contact with the
      free side of the photoconductive layer, the photoconductive layer having
      its other side in contact with a liquid crystalline layer, all three
      layers being placed between a pair of electrodes. The thickness ratio of
      the photoconductive layer to the insulating layer is at least about 10 to
      1. Surprisingly, it has been found that charge from the primary current
      within the photoconductor accumulates at the photoconductorinsulator
      interfaces. This charge accumulation creates an electrical field which is
      sufficient to cause tunneling of charges from the electrode in contact
      with the insulating layer into the insulating layer and through the
      electro-optical device. This tunneling charge presents a gain in
      photocurrent injected into the liquid crystalline device and this
      phenomena is utilized in accordance with the present invention to provide
      a novel method of imaging these devices and a novel method of developing
      these devices.
PAR  In accordance with the method of the present invention, a biasing light of
      an intensity insufficient to substantially immediately create the gain
      photocurrent is utilized to create a primary photocurrent which in time
      causes the accumulation of charges to build up to the threshold point
      where gain photocurrent is about to be promoted. This biasing light is
      then turned off and, in effect, has sensitized the electro-optic device
      because a small quantity of light subsequently striking the photoconducter
      will create enough additional charge accumulation to gate or initiate gain
      photocurrent. The gain photocurrent produced by the subsequent light flows
      through the liquid crystalline layer thereby changing at least one of its
      electro-optical properties. In accordance with the method of the present
      invention, the imagewise optical input can be provided either in the form
      of the biasing light or in the form of the subsequent gating light. In the
      former case, the imagewise configured biasing light creates an electrical
      field across the insulating layer due to an accumulation of charges at the
      interface of the insulating layer and photoconductive layer in imagewise
      configuration corresponding to the configuration of the biasing light.
      This accumulation of charges is, in effect, a latent image because when a
      subsequent uniform gating light strikes the photoconductor, the threshold
      value of charge accumulation sufficient to initiate gain photocurrent will
      occur only in those areas previously accumulating charge due to the
      imagewise configured biasing light.
PAR  On the other hand, the biasing light may be uniformly directed upon the
      electro-optical device and the interface between the insulating layer and
      photoconductive layer can therefore be uniformly brought to the level of
      accumulated charge whereat gain photocurrent is about to be initiated upon
      subsequent illumination by the gating light. In this case, however, the
      subsequent gating light is in imagewise configuration and initiates gain
      photocurrent in regions of the insulating layer-photoconductive layer
      interface corresponding to the configuration of the subsequent gating
      light.
PAR  In the latter case, the electro-optical device is first sensitized
      uniformly and then imagewise developed due to the creation of gain
      photocurrent. In the former case, the electro-optical device is first
      latently imaged and then subsequently developed by uniform exposure to a
      gating light which "develops out" only the imagewise sensitized areas of
      the electro-optical device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      disclosure of the preferred embodiments of the invention taken in
      conjunction with the accompanying drawings thereof, wherein:
PAR  FIG. 1 is a graphical illustration of a representative plot of the behavior
      of photocurrent versus time in relation to excitation light which occurs
      in the photoconductive layer in contact with an insulating layer which is
      utilized in the practice of this invention.
PAR  FIG. 2 is a schematic illustration of an electro-optical device of the type
      comprising a photoconductive layer in contact with a liquid crystalline
      layer which is improved in accordance with the practice of this invention
      by the addition of an insulating layer which increases the sensitivity of
      the electro-optic device.
PAR  FIG. 3 is a block diagram of the general steps utilized in the method of
      the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Gain Photocurrent Effect
PAR  FIG. 1 generally illustrates the typically observed photocurrent behavior
      in time in conjunction with an excitation light. This behavior is
      surprisingly observed when an insulating layer is placed in contact with
      the photoconductive layer (the thickness ratio of photoconductive to
      insulating layer being at least about 10 to 1) and the combined layers are
      sandwiched between two electrodes, and, this effect is typically observed
      when a liquid crystalline layer is inserted between the photoconductive
      layer and the electrode with which the photoconductive layer was
      previously in contact. At time equal t.sub.o, the excitation light is
      turned on and one observes a steady state primary photocurrent. At time
      equal t.sub.1, the photocurrent enters into the gain mode and increases
      until it reaches a maximum gain current. At time equal t.sub.2, the
      excitation light is turned off; the current decreases, eventually
      returning back to the original current level. Through experimentation, it
      has been determined that the total charge conducted through the
      photoconductor before the onset of the gain photocurrent or secondary
      current is substantially constant and is not significantly affected by
      variations in thicknesses of the layers, the value of the applied
      voltages, the value of the light intensities, and the identity of the
      photoconductive materials. On the other hand, the total primary current
      charge accumulated prior to the onset of gain photocurrent has been
      observed to be variable with, or affected by, the work function of the
      insulating layer material, and temperature. It should be mentioned that
      for temperatures in the range of about 0.degree. to about 20.degree.C the
      amount of total primary current accumulated prior to the onset of gain
      photocurrent becomes larger. Also, at temperatures from about 40.degree.C
      to about 60.degree.C the amount of total primary current charge
      accumulated prior to the onset of gain photocurrent becomes smaller than
      the value at room temperature.
PAR  The amount of charge accumulation at t.sub.1 due to primary current is
      referred to herein as the "charge threshold for gain photocurrent."
PAR  It has been observed through experimentation that the gain photocurrent is
      significantly affected by the work function of the electrode in contact
      with the insulating layer, the identity of the insulating material but not
      the thickness of the insulating layer; the applied electrical field, the
      identity of the photoconductive material; the intensity of excitation
      light; and, temperature. The variation of gain photocurrent with these
      parameters are illustrated in the examples set forth below.
PAR  In operation, the gain photocurrent can be provided by applying a voltage
      across the electro-optic device and while the voltage is applied,
      impinging said device with light having a wavelength within the
      fundamental absorption band of the photoconductive material in the
      photoconductive layer and which excites a primary photocurrent in the
      photoconductive layer. So long as a primary current is created in the
      photoconductive layer by impingement of the excitation light, the
      intensity of the excitation light and the magnitude of the applied voltage
      can be any preselected value desired. Eventually, with time, the total
      primary current charge accumulated will become sufficiently great to
      initiate gain photocurrent. That is, the "charge threshold for gain
      photocurrent" is reached. These matters are described in more detail in an
      Application for Patent entitled "Injection Current Device and Method" by
      Simpei Tutihasi, U.S. Ser. No. 489,285, filed July 17, 1974.
PAR  In accordance with the present invention, an electro-optic device
      comprising a photoconductive layer in contact with a liquid crystalline
      layer is imaged with increased sensitivity by including an insulating
      layer in contact with the photoconductive layer and an electrode; the
      photoconductive layer being at least about 10 times as thick as the
      insulating layer; and, sequentially impinging the electro-optic device
      with two lights. The first light is referred to herein as the "biasing
      light" which impinges the electro-optic device until the total primary
      photocurrent charge accumulated is at, but just below, the charge
      threshold for gain photocurrent. At this point, the biasing light is
      turned off. Subsequently, the electro-optic device is struck with a second
      light which is herein referred to as a "gating" light. The function of
      this gating light is to initiate gain photocurrent by bringing the total
      primary current charge accumulated to at least the value of the charge
      threshold for gain photocurrent.
PAR  The nature of the sensitivity which is imparted to the electro-optic device
      by the inclusion of such an insulating layer is that of quantum gain.
      Light is physically viewed as possessing the characteristics of wave
      motion and energy particles. The characteristic of an energy particle is
      generally attributed to the photon quantum light. Generally speaking, when
      a photon quantum of light strikes a photoconductive material; one pair of
      charge carriers constituting a negative charge and a positive charge is
      created. Typically, one of the charge carriers of the pair charge carriers
      moves in the photoconductor when the photoconductive material is subjected
      to an electrical field. It has been found that when light strikes a
      photoconductor, one photon quantum of light is required to generate one
      pair of charge carriers. Thus, the maximum quantum efficiency, expressed
      as the number of charge carrier pairs created per photon quantum of light
      has a maximum value of 1. Typically the quantum efficiency is less than 1.
PAR  The inclusion of an insulating layer having the requisite relative
      thickness to the photoconductive layer, and utilized in accordance with
      the practice of this invention allows the buildup of charges from the
      primary photocurrent until the accumulation is sufficiently great to strip
      charges from the electrode in contact with the insulating layer and gives
      them such a velocity that the charges travel through the electro-optic
      device and the associated electrical circuitry. This phenomena is referred
      to as tunneling and is believed to involve the phenomena of thermally
      assisted tunneling. The tunneling charges make many loops through the
      electro-optic device and associated circuitry and therefore provide an
      effective quantum efficiency many times that of unity. In this sense,
      then, the sensitivity of the electro-optic device is increased since there
      is more charge flow through the electro-optic device per photon quantum of
      light. This tunneling of charges through the device is what provides the
      gain photocurrent.
PAC  The Electro-Optic Device
PAR  Referring now to FIG. 2, the electro-optic device utilized in the present
      invention is generally represented as 10. The device comprises electrodes
      1 and 4, insulating layer 2, liquid crystalline layer 7, and
      photoconductive layer 3.
PAR  Electrodes 1 and 4 may comprise any suitable material which allows the
      provisioning from voltage source 5 of an electrical field across
      insulating layer 2, photoconductive layer 3, and liquid crystalline layer
      7. Typical suitable materials include metals such as platinum, aluminum,
      gold, copper, indium, gallium; and conductive metal oxides such as, for
      example, tin oxide, indium oxide; and insulating substrates coated with
      conductive layers such as NESA glass comprising a thin coating of tin
      oxide over glass and commercially available from Pittsburgh Plate and
      Glass Company. Any suitable electrode material can be utilized. However,
      in particularly preferred embodiments of the invention when
      characteristics of the photoconductive layer, electrodes and insulating
      layer are preferably matched in order to provide even a greater gain in
      photocurrent, the work function of the electrode material is selectively
      chosen to match the characteristics of the photoconductive layer and the
      insulating layer. This is not required in order to practice the invention,
      nor is it of major consequence with respect to the electrode in contact
      with the liquid crystalline layer. However, when greater or optimum gain
      photocurrent is desired, it is useful to ensure that the electrode in
      contact with insulating layer does have an appropriate work function value
      in the particular insulating layer and photoconductive layer utilized.
      "Work function" or derivations thereof is used herein to the conventional
      sense well known to those skilled in the art; and "high work function" is
      used herein to designate materials which have a work function at or above
      4.5 eV while "low work function" is used herein to refer to materials
      which have a work function below about 4.5 eV. The electrode through which
      the biasing and the gating light pass in impinging upon the device should
      be at least partially transparent to such light. Semi-transparent
      electrodes, that is, those sufficiently thin to allow about 50% of the
      light striking the electrode to pass through the electrode are
      satisfactory.
PAR  Insulating layer 2 can comprise any suitable electrically insulating
      material. Such layers may include insulating inorganic materials such as,
      for example, metallic oxides which are nonconductive and may include
      insulating organic materials. Any suitable insulating organic material may
      be used. Typical insulating organic materials include:
      poly(2-propene-anthracene), poly(2-vinyl-anthracene),
      poly[1-(2-anthryl)ethylmethacrylate], phenoxy resin -- a high molecular
      weight thermoplastic copolymer of bisphenol A and epichlorohydrin having
      the basic molecular structure -- [OC.sub.6 H.sub.4 C(CH.sub.3).sub.2
      C.sub.6 H.sub.4 OCH.sub.2 CH(OH)CH.sub.2 ].sub.n where n is equal to about
      100 (the foregoing material being representative of insulating materials
      having a low ionization potential of below about 8 eV) polystyrene,
      polyvinylcarbazole, polyethylene, polycarbonate resins such as, for
      example, LEXAN -- a thermoplastic carbonate linked polymer produced by
      reacting bisphenol A with phosgene, available from General Electric
      Company, the various parylenes such as poly-para-xylylene and
      poly-monochloro-paraxylylene, a 65/35 weight percent copolymer of styrene
      and n-butylmethacrylate, a 70/30 weight percent copolymer of styrene and
      hexylmethacrylate (the foregoing being representative of insulating
      materials having "high" electron affinity of above about 1.5 eV).
PAR  It will be understood, of course, that any suitable insulating layer may be
      used regardless of the value of its ionization potential. However, for
      particularly preferred embodiments mentioned above and which will be
      described below, the ionization characteristics of the material utilized
      in the insulating layer 2 is appropriately matched with the
      characteristics of the photoconductive layer and the work function of the
      electrodes. Other typical suitable insulating materials for insulating
      layer 2 include: classes of materials such as polystyrenes, alkyd
      substituted polystyrenes, polyolefins, styrene acrylic copolymers,
      styrene-olefin copolymers, silicone resins, phenolic resins, and organic
      amorphous glasses. Typical suitable materials include Staybelite Ester 10,
      a partially hydrogenated rosin ester, Foral Ester, a hydrogenated rosin
      triester, and Neolyn 23, an alkyd resin, all from Hercules Powder Co., SR
      82, SR 84, silicone resins, both obtained from General Electric
      Corporation; Velsicol X-37, a polystyrene-olefin copolymer from Velsicol
      Chemical Corp.; hydrogenated Piccopale 100, a highly branched polyolefin,
      HP-100, hydrogenated Piccopale 100, Piccotex 100, a copolyer of methyl
      styrene and vinyl toluene, Piccoelastic A-72, 100 and 125, all
      polystyrenes, Piccodiene 2215, a polystyrene-olefin copolymer, all from
      Pennsylvania Industrial Chemical Co., Araldite 6060 and 6071, epoxy resins
      of Ciba; Amoco 18, a poly alpha-methylstyrene from Amoco Chemical Corp.;
      ET-693, and Amberol ST, phenol-formaldehyde resins, ethyl cellulose, and
      Dow C4, a methylphenylsilicone, all from Dow Chemical; R5061A, a
      phenylmethyl silicone resin, from Dow Coring; Epon 1001, a bisphenol
      epichlorohydrin epoxy resin, from Shell Chemical Corp.; and PS-2, PS-3,
      both polystyrenes, and ET-693, a phenol-formaldehyde resin, from Dow
      Chemical; and Nirez 1085 a polyterpene resin, available from Tenneco
      Corporation under that tradename.
PAR  Photoconductive layer 3 may comprise any suitable photoconductive material.
      Typical suitable photoconductive materials include photoconductive
      inorganic materials and photoconductive organic materials. Typical
      suitable inorganic photoconductive materials include sensitized zinc
      oxide, for example, sensitized by the addition of Rodamine Dye, available
      from Dupont, selenium, selenium alloy with arsenic such as, for example,
      arsenic triselendide, tellurium, antimony or bismuth; cadmium sulfide,
      cadmium sulfoselenide, and the many other typical suitable inorganic
      photoconductive materials listed in U.S. Pat. No. 3,121,006 to Middleton
      et al and listed in U.S. Pat. No. 3,288,603, both of which patents are
      hereby incorporated by reference. Typical suitable organic photoconductive
      materials include, for example, the combination of
      2,5-bis(p-aminophenyl)-1, 3,4-oxadiazole available under the trademark TO
      1920 from Kalle and Company, Weisbaden-Biebrich, Germany and Vinylite
      VYNS, a copolymer of vinyl chloride and vinyl acetate, available from
      Carbide and Carbon Chemicals Company; and the combination of
      2,4,7-trinitro-9-fluorenone to polyvinylcarbazole, available under the
      trademark Luvican 170 from Winter, Wolf and Company, New York, New York.
      The thickness of the photoconductive layer 3 is not critical to the
      practice of the invention and any thickness which provides gain
      photocurrent may be utilized.
PAR  As previously stated, any combination of materials for electrodes 1 and 4,
      insulating layer 2 and photoconductive layer 3 may be utilized to obtain
      gain photocurrent in accordance with the present invention. However,
      enhanced results are obtained in particularly preferred embodiments when
      the characteristics of the electrodes, insulating layer and
      photoconductive layer are matched. The matching of these characteristics
      are as follows. When the photoconductive material preferentially conducts
      positive charge or holes to a greater extent than it conducts negative
      charge or electrons, then the electrode material is preferentially
      selected to have a high work function greater than about 4.5 eV and the
      insulating layer preferentially has a low ionization potential of below
      about 8 eV. On the other hand, when the photoconductive layer
      preferentially conducts electrons to a greater extent than it conducts
      holes, then the electrode preferentially has a low work function of below
      about 4.5 eV and the insulating layer preferentially has a high electron
      affinity greater than about 1.5 eV.
PAR  Exemplary photoconductive materials which preferentially conduct positive
      charges over negative charges include, for example, the photoconductive
      alloys such as, for example, arsenic triselenide and organic materials
      such as, for example, sensitized polyvinyl carbazole with selenium or
      selenium alloys or dyes. Exemplary examples of photoconductive materials
      which preferentially conduct negative charges over positive charges
      include sensitized zinc oxide in a binder and photoconductive sulfur
      containing compounds such as, for example, cadmium sulfide and cadmium
      sulfo-selenide. Ambipolar photoconductive materials, that is, those which
      conduct positive and negative charges with equal facility and exhibit no
      preferential conduction include, for example, selenium and selenium alloys
      doped with small amounts of arsenic, and polyvinyl carbazole containing a
      large amount of 2,4,7-trinitro-9-fluorenone. As indicated above, ambipolar
      materials may be satisfactorily employed in the practice of the present
      invention.
PAR  Liquid crystalline layer 7 may comprise a layer of any suitable liquid
      crystalline material or composition which has at least one optical
      property or characteristic which changes when such liquid crystalline
      material or composition is subjected to voltage. Such liquid crystalline
      materials include any liquid crystalline imaging layer or system which can
      be imaged by application of a voltage which subjects the layer to either
      an electrical field, current or charge carrier flow, or the capture of
      charges such as, for example, that of U.S. Pat. No. 3,645,729, hereby
      incorporated by reference.
PAR  The changes in liquid crystalline materials brought about by current flow
      include dynamic scattering typically associated with nematic liquid
      crystalline materials; turbulent scattering typically associated with
      cholesteric liquid crystalline materials and mixtures of nematic and
      cholesteric liquid crystalline materials; the texture change in a
      cholesteric liquid crystalline material from the Grandjean texture to the
      focal-conic texture upon cessation of current flow; and, the formation of
      Williams Domains in nematics and domains similar to Williams Domains in
      mixtures of nematics and cholesterics. Such domains are well known to
      those skilled in the art and are known to possess a periodicity suitable
      for the diffraction of light.
PAR  Typical suitable liquid crystalline field-effects include, for example, the
      optically negative to optically positive phase transformation disclosed in
      U.S. Pat. No. 3,652,148 hereby incorporated by reference; the twisted
      nematic to nematic transformation disclosed in U.S. Pat. No. 3,731,986,
      hereby incorporated by reference; the Grandjean to focal-conic texture
      transformation disclosed in U.S. Pat. No. 3,642,348, hereby incorporated
      by reference; and the nematic field-effects such as, for example, the
      uniaxial to biaxial transformation disclosed in U.S. Pat. No. 3,687,515,
      hereby incorporated by reference. Generally speaking, liquid crystalline
      field-effects are obtained in accordance with the practice of the present
      invention provided (1) the photoconductor has a dark resistance
      sufficiently greater than that of the liquid crystalline material such
      that the electrical field which resides across the liquid crystalline
      material in the dark is below that resuired for imaging, and (2) in the
      presence of light, the resistance of the photoconductor is decreased to a
      value sufficiently low such that an electrical field is produced across
      the liquid crystalline material sufficient to produce the field-effect.
PAR  Further, the liquid crystalline materials and compositions, including the
      mixtures of smectic and cholesteric liquid crystalline materials which
      undergo the texture change in U.S. Pat. No. 3,671,231 can be utilized and
      can, as described therein, include a change in the translucency of the
      liquid crystalline imaging material, a change of color of the transformed
      areas, or by a change in the optical characteristics, such as
      birefringence, optical acitivity, and circular dichroism, of the liquid
      crystalline composition.
PAR  Compositions involving a texture change are suited for viewing, typically
      with reflected light; however, where the device of FIG. 2 is provided in
      substantially transparent form, the compositions having texture changes
      can be viewed in transmission.
PAR  In summary, the liquid crystalline layer 7 of the electro-optic device of
      FIG. 2, herein, can comprise any of the liquid crystalline materials and
      compositions enumerated in the above-referenced patents. Accordingly,
      dynamic scattering, turbulent scattering, Grandjean to focal-conic texture
      changes including either optically active nonmesomorphic materials or
      smectics or nematics, or mixtures thereof, can be imaged by the method of
      the present invention.
PAR  The method of the present invention images liquid crystalline layer 7 by
      creating a gain photocurrent in imagewise configuration which alters the
      amount of current and the electrical field across the liquid crystalline
      layer. Since the gain photocurrent is created herein by impinging the
      imaging device of FIG. 2 sequentially with a biasing light and then a
      gating light, it will be appreciated that either the biasing light or the
      gating light can be in imagewise configuration.
PAR  Since, as described herein, the phenomenon of primary photocurrent charge
      accumulation occurs with the pulsed light as well as continuously
      impinging light, the biasing light may be either pulsed or continuous.
      Similarly, since the gating light causes the accumulation of additional
      charges which together with the charges accumulated due to the biasing
      light at least equals or exceeds the charge threshold for gain
      photocurrent, the gating light may be either pulsed or continuous.
PAR  Excitation light 6 of FIG. 2 may be directed to impinge the device by
      passing same through either of electrodes 1 and 4. Of course, the
      electrode through which the excitation light 6 passes should be at least
      partially transparent to said light. Excitation light 6 is representative
      of both the biasing light and the gating light, should be within the
      fundamental absorption band of the photoconductive material of
      photoconductive layer 3 and should excite a primary photocurrent within
      photoconductive layer 3. Since the baasing light and the gating light have
      these characteristics in common, both may be provided by a single light
      source. However, they are not functionally equivalent in the method of the
      present invention because the function of the biasing light is to bring
      the device up to about the charge threshold for gain photocurrent whereas
      the gating light causes the device to achieve the charge threshold for
      gain photocurrent and thereby initiate gain photocurrent.
PAR  As previously described above, the biasing light may uniformly impinge the
      device of FIG. 2 to thereby "sensitize" the device and allow rapid onset
      of gain photocurrent by subsequent impingement of gating light. For
      example, the device of FIG. 2 can be thus sensitized and imaged by a
      cathode ray tube (CRT). The response to the CRT of any other intense,
      short duration light source would be rapid because light given off by the
      phosphorous screen of the CRT or given off by other light sources would be
      sufficient to rapidly bring the sensitized device up to gain photocurrent.
PAR  Alternatively, as previously described above, the biasing light may be in
      imagewise configuration and thereby bring only imagewise configured
      portions of the device up to about the charge threshold for gain
      photocurrent. The gating light is then uniformly impinged upon the device
      and the portions of the device which were subjected to the imagewise
      configured biasing light are brought at least to the charge threshold for
      the onset of gain photocurrent.
PAR  Further, it is to be noted that the voltage source 5 in FIG. 2 is
      schematically illustrated as a D.C. voltage source. The advantageous gain
      photocurrent according to the practice of the present invention is
      provided only by the utilization of a direct current voltage source. An
      alternating current voltage source does not provide the gain photocurrent
      of the present invention because the oscillation of charges does not
      result in the buildup of the critical electrical field at t.sub.1 (FIG. 1)
      required for the tunneling of electric charge through the insulating layer
      and the entire device. The voltage source 5 polarity is connected to the
      electrodes 1 and 4 in a manner that causes the more mobile charge carrier
      of the pairs of charge carriers created by excitation light impinging the
      photoconductive layer to move away from the insulating layer. That is, in
      FIG. 2, the polarity is connected such that the mobile charge carrier
      moves away from the electrode 1 and towards electrode 4. Thus, when the
      photoconductor utilized preferentially conducts positive charge then the
      negative polarity of voltage source 5 is connected to electrode 4;
      conversely, when the photoconductor employed preferentially conducts
      negative charges, then the positive polarity of the voltage source 5 is
      connected to electrode 4. It is to be noted that when the cholesteric
      Grandjean to focalconic change is imagewise provided, care should be taken
      that the applied voltage is turned off subsequent to texture
      transformation in order to prevent a spreading of the image. That is,
      imagewise texture transformed regions of imaging layer 7 grow larger in
      time subsequent to their creation. Accordingly, it is preferred that the
      voltage be turned off at an appropriate time after the texture
      transformation. This growth is believed to be attributable to texture
      transformations of the non-image areas immediately adjacent the image
      areas.
PAR  The following examples define specific aspects of the present invention and
      include illustrations of various preferred embodiments thereof. Parts and
      percentages are by weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  A gain photocurrent device is prepared as follows:
PAR  Glass substrates overcoated with a thin, transparent indium oxide
      conductive layer are utilized as electrodes 1 and 4. These electrodes are
      prepared by cleaning with a solution of Alcanox in an ultrasonic bath for
      about 30 minutes. This cleaning is followed by an about 5 minute rinsing
      in running hot water and then in an about 5 minute rinsing in running
      de-ionized water. The electrodes are subsequently air-dried for 1 hour in
      an oven at about 60.degree. C.
PAR  A phenoxy insulating layer is next applied over the indium oxide layer of
      one of the electrodes by dip coating. The thickness of the phenoxy layer
      is controlled by varying the concentration of a phenoxy resin solution
      comprising 2-methoxyethyl acetate and methyl ethyl ketone. A 1 to 1 volume
      ratio of the two solvents is utilized and the phenoxy resin is added in an
      amount which constitutes about 0.3 weight percent of the resulting
      solution. The electrode to be coated is dipped in the solution and
      withdrawn at a rate of about 5.6 centimeter per minute. The resulting
      thickness of the phenoxy insulating layer is determined by multiple beam
      interferrometry, transmission electron microscopy, and U.V. absorption
      measurements to be about 100A.
PAR  An arsenic trisel enide photconductive layer is then deposited over the
      phenoxy insulating layer by vacuum evaporation. The phenoxy coated
      electrode is first baked out in a vacuum of about 1 .times. 10.sup.-.sup.5
      Torr by radiation heating at about 85.degree. to about 90.degree. C for
      about 1 hour. The arsenic triselenide is evaporated from a "Knudsen cell"
      type tantalum boat. The thickness of the photoconductor layer is
      controlled by the amount of photoconductive material placed in the boat. A
      revolving wheel to which the phenoxy coated electrode is attached is
      utilized during evaporation to ensure uniform thickness of the resulting
      photoconductor layer. During evaporation of the arsenic triselenide, the
      temperature of the phenoxy coated electrode is maintained at about
      45.degree. to about 50.degree. C in order that the resulting
      photoconductive layer of arsenic triselenide has good appearance and
      mechanical properties. The amount of arsenic triselenide placed in the
      boat is such that the resulting photoconductive layer has a thickness of
      about 8.mu.m, determined by multiple beam interferrometric measurements.
PAR  Subsequently, a gold electrode is evaporated onto the free surface of the
      arsenic triselenide. The gold electrode in contact with the
      photoconductive layer is then connected to the negative terminal of a
      variable D.C. voltage source and the positive terminal thereof is
      connected to the electrode in contact with the phenoxy insulating layer.
PAC  EXAMPLE II
PAR  The procedure of Example I was followed to form gain photocurrent devices
      each of which comprised an insulating layer material different from that
      of other sample devices. In each of the sample devices, the electrodes are
      gold with the gold electrode adjacent the insulating layer being
      semi-transparent and about 50% transmissive to light whereas the gold
      electrode in contact with the photoconductive layer has a thickness of
      about 2,000A. In all samples, the incident light is at a wavelength of
      about 454 nm and at a flux of about 4.58 .times. 10.sup.11
      photons/cm.sup.2 -sec; the photoconductive layer is arsenic triselenide
      and is about 10 microns thick; the insulating layer thicknesses are
      between about 200 and about 300A.
TBL                TABLE I                                                     
     ______________________________________                                    
     Insulating Layer                                                          
                  .sqroot.E 10.sup.-.sup.2 (.sup.V /cm).sup.1/2                
                                  Gain                                         
      Material    where E = field across                                       
                                  Photocurrent                                 
                  the insulating layer                                         
                                  (A/cm.sup.2)                                 
     ______________________________________                                    
     Phenoxy      5.4             10.sup.-.sup.8                               
     Phenoxy      9.2             7.5.times.10.sup.-.sup.8                     
     Phenoxy      13.9            4.times.10.sup.-.sup.7                       
     poly(2-propene-2-                                                         
     anthracene)  6.2             3.1.times.10.sup.-.sup.8                     
     poly(2-propene-2-                                                         
     anthracene)  7.8             2.9.times.10.sup.-.sup.7                     
     poly(2-propene-2-                                                         
     anthracene)  8.8             1.3.times.10.sup.-.sup.6                     
     poly(2-vinyl-                                                             
     anthracene)  5.3             3.5.times.10.sup.-.sup.8                     
     poly(2-vinyl-                                                             
     anthracene)  7.9             3.5.times.10.sup.-.sup.7                     
     poly(2-vinyl-                                                             
     anthracene)  8.7             8.times.10.sup.-.sup.7                       
     ______________________________________                                    
PAR  The above data is representative of that obtained from a while host of
      experiments on the three above-identified materials for the insulating
      layer. It is seen from the above representative data that the gain
      photocurrent does vary with the identity of the insulating material
      utilized in the insulating layer of the gain photocurrent device.
PAC  EXAMPLE III
PAR  The procedure of Example I is followed to produce a gain photocurrent
      device having the gold electrodes of Example II and a phenoxy insulating
      layer of a thickness of between 200 to about 300A. The gain photocurrent
      is measured as a function of the temperature at which the phenoxy material
      is maintained. The following data are representative of the data obtained.
TBL                TABLE II                                                    
     ______________________________________                                    
     .sqroot.E .times. 10.sup.-.sup.2 (.sup.V /cm).sup.1/2                     
                  Temperature Gain Photocurrent                                
                  (.degree.K) (A/cm.sup.2)                                     
     ______________________________________                                    
      2           277.7        8.5.times.10.sup.-.sup.10                       
     "            294.1       3.4.times.10.sup.-.sup.9                         
     "            313.2       1.8.times.10.sup.-.sup.8                         
     10           277.7       3.7.times.10.sup.-.sup.8                         
     "            294.1       9.3.times.10.sup.-.sup.8                         
     "            313.2       2.8.times.10.sup.-.sup.7                         
     "            330.2       1.4.times.10.sup.-.sup.6                         
     14           277.7       2.5.times.10.sup.-.sup.7                         
     "            294.1       4.7.times.10.sup.-.sup.7                         
     "            313.2       1.1.times.10.sup.-.sup.6                         
     "            330.2       4.3.times.10.sup.-.sup.6                         
     ______________________________________                                    
PAR  The above representative data show that the gain photocurrent is dependent
      upon temperature.
PAC  EXAMPLE IV
PAR  The procedure of Example I and the electrodes and photoconductive layer of
      Example III are utilized in fabricating gain photocurrent device samples.
      In each sample, however, the insulating material is varied. An applied
      electrical field of about 1.5 .times. 10.sup.5 V/cm is applied to each
      sample and the excitation light is at a wavelength of 454 nm at a flux of
      about 1.05 .times. 10.sup.13 photons/cm.sup.2 -sec.
TBL                TABLE III                                                   
     ______________________________________                                    
     Insulating Layer                                                          
                 Insulating Layer                                              
                               Gain Photocurrent                               
      Material   Thickness     (A/cm.sup.2)                                    
                 (A)                                                           
     ______________________________________                                    
     polyvinyl                                                                 
     carbazole   250           10.sup.-.sup.5                                  
     A 70/30 weight                                                            
     percent co-                                                               
     polymer of                                                                
     styrene and n-                                                            
     butylmeth-                                                                
     acrylate    913           5.6.times.10.sup.-.sup.6                        
     A 65/35 weight                                                            
     percent co-                                                               
     polymer of                                                                
     styrene and n-                                                            
     butylmeth-                                                                
     acrylate    653           9.times.10.sup.-.sup.6                          
     LEXAN       803           6.8.times.10.sup.-.sup.6                        
     polystyrene 845           4.5.times.10.sup.-.sup.6                        
     ______________________________________                                    
PAR  The above data demonstrate that the gain photocurrent does vary with the
      identity of the insulating material. A comprehensive review of all of the
      data obtained, however, demonstrates that the amount of gain photocurrent
      is not substantially affected by the thickness of the insulating layer for
      any given identity of insulating material utilized in the insulating
      layer.
PAC  EXAMPLE V
PAR  Experiments were conducted to determine whether the excitation light
      intensity has an effect on the gain photocurrent obtained. The procedure
      of Example I was followed to provide a gain photocurrent device having the
      gold electrodes of Example III and comprising a phenoxy insulating layer
      at a thickness of about 6500A, and a selenium photoconductive layer at a
      thickness of about 25 microns. The excitation light was at a wavelength of
      about 454 nm. The photon flux of the excitation light was varied and the
      primary and gain photocurrents observed were as follows: at a flux of 4
      .times. 10.sup.11 photons/cm.sup.2 -sec the primary current is measured to
      be about 4 .times. 10.sup.-.sup.8 amps/cm.sup.2 while the gain
      photocurrent is measured to be about 2.5 .times. 10.sup.-.sup.7
      amps/cm.sup.2 ; at a flux of about 1.5 .times. 10.sup.12 photons/cm.sup.2
      -sec the primary current was measured to be about 10.sup.-.sup.7
      amps/cm.sup.2 and the gain photocurrent was measured to be about 5 .times.
      10.sup.-.sup.7  amps/cm.sup.2 ; at a flux of about 4 .times. 10.sup.12
      photons/cm.sup.2 -sec the primary current was measured to be about 3
      .times. 10.sup.-.sup.7 amps/cm.sup.2 and the gain photocurrent was
      measured to be about 1.5 .times. 10.sup.-.sup.6 amps/cm.sup.2 ; and, at a
      flux of about 1.2 .times. 10.sup.13 photons/cm.sup.2 -sec the primary
      current was determined to be about 8 .times. 10.sup.-.sup.7 amps/cm.sup.2
      and the gain photocurrent was determined to be about 3.5 .times.
      10.sup.-.sup.6 amps/cm.sup.2.
PAR  This data shows a linear relationship between gain photocurrent and
      excitation light flux for a selenium photoconductive layer.
PAC  EXAMPLE VI
PAR  The procedure of Example I is utilized to provide a gain photocurrent
      device having the gold electrodes of Example III and comprising a phenoxy
      insulating layer at a thickness of about 100A and an arsenic triselenide
      photoconductive layer at a thickness of about 8 microns. The applied
      electrical field is at about 1.5 .times. 10.sup.5 V/cm and the excitation
      light is at a wavelength of about 498 nm. The primary current and gain
      photocurrent were measured as a function of varying excitation light flux.
      The following data are representative of the data obtained: at a flux of
      about 10.sup.12 photons/cm.sup.2 -sec, the primary current was measured to
      be about 1.3 .times. 10.sup.-.sup.7 amps/cm.sup.2 and the gain
      photocurrent was measured to be about 1.8 .times. 10.sup.-.sup.6
      amps/cm.sup.2 ; at a flux of about 8 .times. 10.sup.12 photons/cm.sup.2
      -sec, the primary current was measured to be about 9 .times.
      10.sup.-.sup.7 amps/cm.sup.2 and the gain photocurrent was observed to be
      about 6.5 .times. 10.sup.-.sup.6 amps/cm.sup.2 ; and, at a flux of about
      1.6 .times. 10.sup.13 photons/cm.sup.2 -sec the primary current was
      measured to be about 1.5 .times. 10.sup.-.notident.amps/cm.sup.2 and the
      gain photocurrent was measured to be about 1.8 .times. 10.sup.-.sup.6
      amps/cm.sup.2.
PAR  A comprehensive review of the complete set of data indicates that for
      arsenic triselenide the primary current varies linearly with the flux or
      intensity of the excitation light but that the gain photocurrent is
      proportional to the square root of the light intensity. It is further
      indicated as one skilled in the art might expect, that the gain
      photocurrent varies with the identity of the photoconductive material. For
      example, it is noted that the arsenic triselenide photoconductive layer
      provides about four times as much gain photocurrent as the selenium
      photoconductive layer although its electrical field in only about one-half
      the strength of that utilized in the device containing the selenium
      photoconductive layer. This is not attributable to the difference in
      thicknesses between the phenoxy insulating layers utilized in the two gain
      photocurrent devices as will be seen in Example VII, below.
PAC  EXAMPLE VII
PAR  The procedure of Example I is utilized to provide gain photocurrent devices
      having the gold electrodes of Example III, phenoxy insulating layers of
      various thicknesses, and a photoconductive layer thickness of about 6
      microns. Two sets of samples are made wherein the first set comprises
      arsenic triselenide and the second set comprises selenium, as the
      photoconductive layers. Each set of devices contains phenoxy insulating
      layers varying from about 10 to about 7000A in thickness. The first set of
      devices containing the arsenic triselenide photoconductive layer have an
      electrical field applied at a strength of about 1.5 .times. 10.sup.5 V/cm
      whereas the second set of devices comprising the selenium photoconductive
      layers have an electrical field applied at a strength of about 4 .times.
      10.sup.5 V/cm. The excitation light utilized in operating both sets of
      devices is at a wavelength of about 454 nm and at a flux of about 1.05
      .times. 10.sup.13 photons/cm.sup.2 -sec. Gain photocurrent is observed in
      the arsenic triselenide devices for phenoxy layers ranging from about 10
      to about 3000A in thickness and the measured gain photocurrent is observed
      to be within the range from about 4 .times. 10.sup.-.sup.6 amps/cm.sup.2
      to about 2 .times. 10.sup.-.sup.5 amps/cm.sup.2 and therefore varies
      little over a wide range of insulator thicknesses. It is especially
      noteworthy that gain photocurrent is observed in the arsenic triselenide
      devices with an insulation layer as thick as about 3000A.
PAR  The set of devices containing the selenium photoconductive layers exhibit
      photocurrent gain with insulating layers having thicknesses from about 10
      to about 7000A.
PAR  Tha gain photocurrent is measured for these thicknesses to be within the
      raange of from about 2.8 .times. 10.sup.-.sup.6 amps/cm.sup.2  to about 7
      .times. 10.sup.-.sup.6 amps/cm.sup.2. Again, the gain photocurrent varies
      little over a wide range of insulator thicknesses. Again, it is especially
      noteworthy that gain photocurrent was observed in devices comprising the
      selenium photoconductive layer and having insulating layer thicknesses as
      great at about 7000A.
PAC  EXAMPLE VIII
PAR  The procedure of Example I is followed to provide gain photocurrent devices
      for studying the effect of an applied electrical field on the resulting
      gain photocurrent. The devices comprise an indium oxide coated glass
      substrate as a semi-transparent anode overcoated with an about 400A thick
      phenoxy insulating layer which, in turn, is coated with an about 6.2
      micron thick arsenic triselenide photoconductive layer. The cathode in
      contact with the photoconductive layer is an aluminum electrode. During
      operation of the devices, excitation light at a wavelength of about 454 nm
      and at a flux of about 1.05 .times. 10.sup.13 photons/cm.sup.2 -sec is
      utilized. The voltage, and therefore the applied field, is set at variable
      settings and at each setting the resulting measured primary current and
      gain photocurrent are measured. The primary current tends to saturate at
      approximately 1.1 .times. 10.sup.-.sup.6 amps/cm.sup.2, corresponding to a
      quantum efficiency of about 0.73. The gain photocurrent shows no sign of
      saturation and increases proportionally to the square of the applied
      electrical field. Data representative of the complete set of data upon
      which the foregoing observations were made include the following: at an
      applied field of about 4 .times. 10.sup.4 volts/cm, the measured primary
      current is 7 .times. 10.sup.-.sup.7 amps/cm.sup.2 and the gain
      photocurrent is measured to be about 1.3 .times. 10.sup.-.sup.6
      amps/cm.sup.2 ; at an applied electrical field strength of about 10.sup.5
      V/cm, the primary current is measured at about 10.sup.-.sup.6
      amps/cm.sup.2 and the gain photocurrent is measured to be about 7.5
      .times. 10.sup.-.sup.6 amps/cm.sup.2 ; and at an applied field strength of
      about 2 .times. 10.sup.5 V/cm. the primary current is measured to be about
      10.sup.-.sup.6 amps/cm.sup.2 and the gain photocurrent is measured to be
      about 3 .times. 10.sup.-.sup.5 amps/cm.sup.2.
PAC  EXAMPLE IX
PAR  The electro-optic device of FIG. 2 is prepared according to the procedure
      of Example I to provide an imaging device comprising the indium oxide
      coated electrode of Example VIII overcoated with a phenoxy insulating
      layer at a thickness of about 100A, the phenoxy insulating layer being
      overcoated with an about 8.5 micron thick arsenic triselenide
      photoconductive layer, and the photoconductive layer being overcoated with
      an about 13 micron thick cholesteric liquid crystalline layer in the
      Grandjean texture and another indium oxide coated electrode in contact
      with the free side of the cholesteric liquid crystalline layer. A voltage
      of about 100 volts is applied to the device with the electrode 4
      electrically connected to the negative terminal of the voltage source and
      the indium oxide coated electrode 1 connected to the positive terminal of
      the voltage source. The voltage source is a D.C. voltage. The cholesteric
      liquid crystalline composition utilized in the liquid crystalline layer
      comprises 80 weight percent p-methoxy-benzylidene-p-n-butylaniline (MBBA)
      and 20 weight percent cholesteryl oleyl carbonate (COC). The device active
      area is about 4 cm.sup.2.
PAR  An excitation light having a wavelength of about 9.2 .times. 10.sup.13
      photons/cm.sup.2 -sec incident on the phenoxy side of the device through
      the indium oxide coated electrode is utilized. After application of the
      voltage, exposures of about 14 msec pulse duration are given at intervals
      of about 20 seconds, and the current is measured at each exposure. The
      first exposure pulse produces a peak current of about 13.5 .times.
      10.sup.-.sup.6 amps which returns to a dark current level of below about
      0.1 .times. 10.sup.-.sup.6 amps within about 100 msec. The second, third,
      and fourth pulse produce no significant change. However, at the fifth
      excitation pulse, the dark current after the light excitation begins to
      show some increase in magnitude and duration prior to returning to a level
      below about 0.1 .times. 10.sup.-.sup.6 amps. The sixth excitation pulse
      produces a significant increase in magnitude and duration of the dark
      current. This phenomena indicated that each excitation pulse generates
      trapped electrons at the phenoxy/arsenic triselenide interface which are
      stable under the applied electric field. Apparently, as more pulsed
      exposures are give, trapped electrons acuumulate at the phenoxy/arsenic
      triselenide interface; hence the electrical field across the phenoxy
      insulating layer keeps increasing. Eventually the electrical field
      enhancement becomes high enough for the injection of positive charges or
      holes to become significant. The total negative charge accumulated at the
      phenoxy/arsenic triselenide interface after the fifth light pulse as
      calculated from the total charge flow per light pulse in these experiments
      is found to be about 0.65 .times. 10.sup.-.sup.6 coulomb/cm.sup.2. This
      value agrees very well with the average critical charge, or total charge
      of primary current prior to the onset of gain photocurrent or secondary
      current, noted in Table IV below.
PAR  These observations and correlations made in this Example IX indicate that
      the excitation light need not necessarily be continuously impinging on the
      photoconductive layer prior to onset of secondary current or gain
      photocurrent, but that pulsed light can be utilized to initiate the onset
      of gain photocurrent. Mechanistically, the observations and correlations
      indicate that trapping of charges does indeed occur at the interface
      between the insulating layer and photoconductive layer.
PAC  EXAMPLE X
PAR  The imaging device with the imaging layer of Example IX is subjected to a
      steady relatively low intensity illumination at a wavelength of about 545
      nm and at a flux below 10.sup.12 photons/cm.sup.2 -sec., during the
      application of about 220 D.C. volts. The intensity of the excitation light
      is insufficient to produce a gain photocurrent within a few seconds and
      the primary photocurrent is insufficient to cause texture transformation
      of the cholesteric liquid crystalline layer from the Grandjean texture to
      the focal-conic texture. The voltage and excitation light are turned off.
      While the voltage is re-applied, the device is exposed to a strobe light
      pulse at an incident intensity at about 8 .times. 10.sup.12
      photons/cm.sup.2 pulse at about 545 nm. The intensity of the strobe light
      pulse is insufficient to produce a gain photocurrent and the primary
      current produced is insufficient to cause texture transformation of the
      cholesteric liquid crystalline layer. The voltage is turned off.
PAR  The voltage is re-applied and the device is then illuminated with the
      steady low intensity illumination and the strobe light is pulsed once, the
      combined illumination providing total incident photons of at least about 9
      .times. 10.sup.12 photons/cm.sup.2. The two exposures together
      substantially immediately (i.e., within a fraction of a second) generate a
      gain photocurrent, and the resultant current is sufficiently high to cause
      a texture transformation in the cholesteric liquid crystalline layer from
      the Grandjean texture to the focal-conic texture.
PAC  EXAMPLE XI
PAR  The device and simultaneous exposure of Example X is followed; however, the
      strobe light is passed through an imagewise configured mask which permits
      only imagewise configured strobe light to impinge the device. The
      cholesteric liquid crystalline layer is transformed in texture from the
      Grandjean to the focal-conic texture in imagewise configuration
      corresponding to the imagewise configured strobe light impinging the
      device.
PAC  EXAMPLE XII
PAR  Example X is followed except that the low intensity illumination is in
      imagewise configuration and the strobe light uniformly impinges the
      device.
PAC  EXAMPLE XIII
PAR  The electro-optic device of Example IX is provided. A voltage of about 200
      volts D.C. is utilized. The aluminum electrode is electrically connected
      to the negative terminal of the voltage source and the indium oxide coated
      electrode is electrically connected to the positive terminal of the
      voltage source.
PAR  The cholesteric liquid crystalline composition utilized in the liquid
      crystalline layer comprises about 80 weight percent MBBA and about 20
      weight percent COC.
PAR  A biasing light having a wavelength at about 545 nm at a flux of about
      10.sup.13 photons/cm.sup.2 -sec impinges the device uniformly through the
      indium oxide coated electrode for about 600 msec.
PAR  An about 200 msec pulse of gating light having a wavelength of about 545 nm
      and a flux of about 10.sup.13 photons/cm.sup.2 -sec is directed to impinge
      the device through the indium oxide coated electrode in an imagewise
      configuration. The liquid crystalline layer images in imagewise
      configuration corresponding to the configuration of the imagewise
      configured gating light. The voltage is turned off.
PAC  EXAMPLE XIV
PAR  Example XIII is repeated except that the biasing light does not uniformly
      impinge the device but rather is in imagewise configuration and the gating
      light is not in imagewise configuration but rather uniformly impinges upon
      the device. The same sequence of steps leads to the same observations made
      in Example XIII.
PAC  EXAMPLE XV
PAR  Example XIII is repeated except that the biasing light is omitted. The
      liquid crystalline layer does not image.
PAC  EXAMPLE XVI
PAR  Example XIII is repeated except that the gating light is omitted. The
      liquid crystalline layer does not image.
PAR  In further elaboration of the independent nature of the charge threshold
      for gain photocurrent with respect to light intensity the following data
      in Table IV, below, is presented. These results were obtained on a device
      having an about 8.mu.m thick arsenic triselenide photoconductive layer and
      an about 100A phenoxy insulating layer. The wavelength of excitation light
      utilized was at about 498 nm. The only parameter varied is that of
      incident light flux.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Incident Light                                                            
                 Primary             Pre-Gain Total                            
     Flux        Current   t.sub.1 -t.sub.o                                    
                                     Charge                                    
     (photons/cm.sup.2 -sec)                                                   
                 (.mu.A/cm.sup.2)                                              
                           (sec)     (.mu.C/cm.sup.2)                          
     ______________________________________                                    
     9.26.times.10.sup.11                                                      
                 0.12      4.90      0.59                                      
     1.77.times.10.sup.12                                                      
                 0.21      2.84      0.60                                      
     2.80.times.10.sup.12                                                      
                 0.32      1.82      0.58                                      
     5.33.times.10.sup.12                                                      
                 0.52      1.10      0.57                                      
     8.45.times.10.sup.12                                                      
                 0.91      0.67      0.61                                      
     1.61.times.10.sup.13                                                      
                 1.46      0.42      0.61                                      
     ______________________________________                                    
PAR  The tabulated data in Table V demonstrates that the gain photocurrent
      varies significantly with the work function of the electrodes. These data
      were taken on a device comprising an about 8.mu.m thick layer of arsenic
      triselenide as the photoconductive layer and an about 100A thick phenoxy
      layer as the insulating layer. The applied potential was at a strength of
      about 10.sup.5 V/cm. the excitation light incident on the device was at a
      wavelength of about 454 nm and at a flux of about 2 .times. 10.sup.12
      photons/cm.sup.2 -sec.
TBL                TABLE V                                                     
     ______________________________________                                    
     Electrode Material                                                        
                  Gain Photocurrent                                            
                                 Work Function                                 
                  (.mu.A/cm.sup.2)                                             
                                 (eV)                                          
     ______________________________________                                    
     Aluminum     2.7.times.10.sup.-.sup.7                                     
                                 4.0                                           
     Silver       5.2.times.10.sup.-.sup.7                                     
                                 4.3                                           
     Copper       6.0.times.10.sup.-.sup.7                                     
                                 4.6                                           
     Tin Oxide    1.5.times.10.sup.-.sup.6                                     
                                 4.8                                           
     Gold         1.6.times.10.sup.-.sup.6                                     
                                 5.0                                           
     ______________________________________                                    
PAR  The data of Table V, above, demonstrates that the gain photocurrent varies
      significantly with the work function of the electrode material. Table V
      also further illustrates the general statement previously made that the
      characteristics of the photoconductor layer, insulating layer and
      electrodes should be matched in order to obtain even larger gain
      photocurrents. It will be noted that the photoconductive material utilized
      in the device from which the Table V data was obtained was arsenic
      triselenide, an alloyed photoconductor, which we indicated typically
      preferentially conducts positive charge or holes. Accordingly, we
      previously indicated that where the photoconductive material exhibited
      this characteristic, the electrode material should be selected to have a
      high work function. From Table V it can be seen that the higher the work
      function of the electrode material, the higher the gain photocurrent.
PAR  It will be appreciated that other variations and modifications will occur
      to those skilled in the art upon a reading of the present disclosure.
      These are intended to be within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of changing at least one characteristic of a layer of liquid
      crystalline composition, said characteristic being responsive to applied
      voltage, comprising:
PA1  a. providing a sandwiched structure comprising, in turn, a first electrode,
      an insulating layer, a photoconductive layer, said layer of liquid
      crystalline composition, and a second electrode; the thickness ratio of
      said photoconductive layer to said insulating layer being at least about
      10 to 1;
PA1  b. applying a D.C. voltage across said insulating, photoconductive and
      liquid crystalline layers;
PA1  c. impinging said photoconductive layer with biasing light having a
      wavelength within the fundamental absorption band of said photoconductive
      layer wherein a primary photocurrent is excited with said photoconductive
      layer;
PA1  d. removing said biasing light at about the charge threshold for gain
      photocurrent within said photoconductive layer; and
PA1  e. after a non-zero time interval impinging said photoconductive layer with
      a gating light having a wavelength within the fundamental absorption band
      of said photoconductive layer and which excites a primary photocurrent
      within said photoconductive layer sufficient to provide a total primary
      photocurrent charge accumulation above the charge threshold for gain photo
      current within said photoconductive layer.
NUM  2.
PAR  2. The method of claim 1 wherein said photoconductive layer comprises a
      photoconductive material which preferentially conducts negative charge.
NUM  3.
PAR  3. The method of claim 2 wherein said insulating layer comprises an
      insulating material having an electron affinity greater than about 1.5 eV.
NUM  4.
PAR  4. The method of claim 3 wherein at least one of said electrodes comprises
      a material having a work function of less than about 4.5 eV.
NUM  5.
PAR  5. The method of claim 4 wherein said at least one electrode is adjacent
      the insulating layer.
NUM  6.
PAR  6. The method of claim 5 wherein said at least one electrode comprises
      material selected from the group consisting of silver, indium, tin and
      aluminum.
NUM  7.
PAR  7. The method of claim 1 wherein said photoconductive layer comprises
      photoconductive material which preferentially conducts positive charge.
NUM  8.
PAR  8. The method of claim 7 wherein said insulating layer comprises an
      insulating material having an ionization potential less than about 8 eV.
NUM  9.
PAR  9. The method of claim 8 wherein at least one of said electrodes comprises
      a material having a work function greater than about 4.5 eV.
NUM  10.
PAR  10. The method of claim 9 wherein said at least one electrode is adjacent
      said insulating layer.
NUM  11.
PAR  11. The method of claim 10 wherein said at least one electrode comprises a
      material selected from the group consisting of platinum, copper, gold, tin
      oxide, and indium oxide.
NUM  12.
PAR  12. The method of claim 1 wherein said layer of liquid crystalline
      composition comprises a material selected from the group consisting of
      nematic liquid crystalline materials, cholesteric liquid crystalline
      materials and mixtures of cholesteric liquid crystalline materials with
      nematic or smectic liquid. crystalline materials.
NUM  13.
PAR  13. The method of claim 1 wherein said layer of liquid crystalline
      composition comprises about 80% by weight
      p-methoxy-benzylidene-p-n-butylaniline and about 20% by weight cholesteryl
      oleyl carbonate.
NUM  14.
PAR  14. The method of claim 13 wherein said total primary photocurrent charge
      accumulation above the charge threshold for gain photocurrent is continued
      for a period of time sufficient to cause said imaging layer to undergo
      transformation from the Grandjean texture to the focal conic texture.
NUM  15.
PAR  15. The method of claim 14 wherein one of said biasing light and gating
      light is in imagewise configuration and the other of said biasing light
      and gating light uniformly impinges said photoconductive layer, wherein
      the Grandjean to focalconic texture transformation occurs in imagewise
      configuration.
NUM  16.
PAR  16. The method of claim 15 further including the step of removing the D.C.
      voltage subsequent to the imagewise texture transformation.
NUM  17.
PAR  17. The method of claim 1 wherein said gating light is provided by a
      cathode ray tube.
NUM  18.
PAR  18. A method of imaging, comprising:
PA1  a. providing, in turn, in sandwich configuration, a first electrode, an
      insulating layer, a photoconductive layer, a layer of liquid crystalline
      composition having the optical characteristics of the cholesteric
      mesophase in the Grandjean texture, and a second electrode; the thickness
      ratio of said photoconductive to insulating layer being at least about 10
      to 1;
PA1  b. applying a D.C. voltage across said insulating; photoconductive and
      liquid crystalline layers;
PA1  c. impinging said photoconductive layer with a biasing light having a
      wavelength within the fundamental absorption band of said photoconductive
      layer wherein a primary photocurrent is excited within said
      photoconductive layer;
PA1  d. removing said biasing light at about the charge threshold for gain
      photocurrent within said photoconductive layer; and
PA1  e. impinging said photoconductive layer with gating light having a
      wavelength within the fundamental absorption band of said photoconductive
      layer and which excites a primary photocurrent within said photoconductive
      layer sufficient to provide a total primary photocurrent charge
      accumulation above the charge threshold for gain photocurrent within said
      photoconductive layer; one of said biasing light and said gating light
      being in imagewise configuration and the other of said biasing light and
      gating light impinging said photoconductive layer uniformly.
NUM  19.
PAR  19. The method of claim 18 wherein said gating light is in imagewise
      configuration.
NUM  20.
PAR  20. The method of claim 19 wherein said imagewise configured gating light
      is provided by a cathode ray tube.
NUM  21.
PAR  21. The method of claim 18 wherein said photoconductive layer comprises
      photoconductive material which preferentially conducts positive charge.
NUM  22.
PAR  22. The method of claim 21 wherein said insulating layer comprises an
      insulating material having an ionization potential less than about 8 eV.
NUM  23.
PAR  23. The method of claim 22 wherein at least one of said electrodes
      comprises a material having a work function greater than about 4 eV.
NUM  24.
PAR  24. The method of claim 23 wherein said at least one electrode is adjacent
      said insulating layer.
NUM  25.
PAR  25. The method of claim 24 wherein said at least one electrode comprises a
      material selected from the group consisting of platinum, copper, gold, tin
      oxide and indium oxide.
NUM  26.
PAR  26. The method of claim 18 wherein said liquid crystalline composition
      comprises about 80% by weight p-methoxy-benzylidene-p-n-butylaniline and
      about 20% by weight cholesteryl oleyl carbonate.
NUM  27.
PAR  27. The method of claim 26 wherein said insulating layer comprises an
      insulating material selected from the group consisting of phenoxy resin,
      poly (2-propene-anthracene), poly (2-vinyl-anthracene) and poly
      [1-(2-anthryl)ethylmethacrylate].
NUM  28.
PAR  28. The method according to claim 1 wherein said insulating layer is an
      organic insulating layer.
NUM  29.
PAR  29. A method of changing at least one characteristic of a layer of liquid
      crystalline composition, said characteristic being responsive to applied
      voltage, comprising:
PA1  a. providing a sandwich structure comprising, in turn, a first electrode,
      an insulating layer, a photoconductive layer, said layer of liquid
      crystalline composition, and a second electrode; the thickness ratio of
      said photoconductive layer to said insulating layer being at least about
      10 to 1;
PA1  b. applying a D.C. voltage across said insulating photoconductive and
      liquid crystalline layers;
PA1  c. impinging said photoconductive layer with biasing light having a
      wavelength within the fundamental absorption band of said photoconductive
      layer wherein a primary photocurrent is excited within said
      photoconductive layer;
PA1  d. removing said biasing light at about the charge threshold for gain
      photocurrent within said photoconductive layer; and
PA1  e. impinging said photoconductive layer with a gating light having a
      wavelength within the fundamental absorption band of said photoconductive
      layer and which excites a primary photocurrent within said photoconductive
      layer sufficient to provide a total primary photocurrent charge
      accumulation above the charge threshold for gain photocurrent within said
      photoconductive layer; said biasing light being in imagewise configuration
      and said gating light impinging said photoconductive layer in at least one
      area previously struck by said biasing light.
NUM  30.
PAR  30. A method of changing at least one characteristic of a layer of liquid
      crystalline composition, said characteristic being responsive to applied
      voltage, comprising:
PA1  a. providing a sandwiched structure comprising, in turn, a first electrode,
      an insulating layer, a photoconductive layer, said layer of liquid
      crystalline composition, and a second electrode; the thickness ratio of
      said photoconductive layer to said insulating layer being at least about
      10 to 1;
PA1  b. applying a D.C. voltage across said insulating, photoconductive and
      liquid crystalline layers;
PA1  c. impinging said photoconductive layer with biasing light having a
      wavelength within the fundamental absorption band of said photoconductive
      layer wherein a primary photocurrent is excited within said
      photoconductive layer;
PA1  d. removing said biasing light at about the charge threshold for gain
      photocurrent within said photoconductive layer; and
PA1  e. impinging said photoconductive layer with a gating light having a
      wavelength within the fundamental absorption band of said photoconductive
      layer and which excites a primary photocurrent within said photoconductive
      layer sufficient to provide a total primary photocurrent charge
      accumulation above the charge threshold for gain photocurrent within said
      photoconductive layer; said biasing light impinging said photoconductive
      layer uniformly and said gating light being in imagewise configuration.
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PAL  An electrochromic display device having transparent electrodes on a
      substrate and coated with electrochromic material for selectively
      displaying optical patterns, a counter-electrode on a parallel substrate
      also coated with electrochromic material, a thin porous separator membrane
      for closely spacing the substrates, the separator pores saturated with
      liquid electrolyte contacting the electrochromic layers and pigment
      providing a contrasting background for the first mentioned electrochromic
      layer and hiding the second electrochromic layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electrooptical displays of the type
      using electrochromic material which undergoes reversible color changes
      upon the application of an electric field. More particularly, the
      invention relates to an improved sandwich construction for an
      electrochromic display.
PAR  It is known that some materials exhibit the property of existing in more
      than one oxide state wherein the material in one state exhibits different
      optical properties from the material in another state. Examples of such
      materials are set forth in U.S. Pat. No. 2,319,765--Talmey issued May 18,
      1943 and U.S. Pat. No. 3,521,941--Deb et al issued July 28, 1970. It is
      also known that a reversible electric field applied to electrochromic
      materials may be used to selectively produce visible images and to erase
      such images as described in U.S. Pat. No. 1,068,744--Hutchison issued July
      29, 1913 and in the aforementioned Deb patent.
PAR  Various systems have been used in an electrooptic display such as liquid
      systems with a coloring material as the electrolyte per U.S. Pat. No.
      3,283,656--Jones et al issued Nov. 8, 1966 solid state systems with no
      electrolyte per U.S. Pat. No. 3,560,078--McIntyre et al issued Feb. 2,
      1971, or systems employing a gelled electrolyte per U.S. Pat. No.
      3,704,057 to Beegle issued Nov. 28, 1972.
PAR  In some cases, as with the present invention, it is preferred to employ a
      liquid electrolyte for ion transfer between spaced electrochromic layers.
      This gives rise to problems of sealing the display against leakage and
      providing for changes in thermal expansion of the electrolyte which can
      require a flexible seal. However, if very close spacing is employed, which
      would also reduce temperature effects and allow lower operating voltage,
      there is a problem of hiding the counter-electrode so as to get good
      contrast between the electrochromic material on the image segments and the
      background around the segments.
PAR  It has been suggested in U.S. Pat. No. 3,807,832--Castellion issued Apr.
      30, 1974 that an electrochromic mirror, having no discrete display
      characters, can employ a metallic reflecting surface having pores to allow
      a liquid electrolyte to permeate the reflective layer. However in an image
      display device, it is preferably desired to have a contrasting, but not
      necessarily reflective, background for the optical characters of
      electrochromic material, dependent on the optical characteristics of the
      electrochromic material.
PAR  Accordingly, one object of the present invention is to provide an improved
      electrochromic display of the type using liquid electrolyte which provides
      improved resistance to the effects of temperature change.
PAR  Another object of the invention is to provide an improved electrochromic
      image display with improved means for providing contrasting background for
      the images.
PAR  Still another object of the invention is an improved electrochromic display
      which allows closer spacing between spaced substrates using a liquid
      electrolyte between electrochromic layers.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, the invention is practiced by providing a first substrate
      with transparent electrodes and first electrochromic layers thereon, a
      second substrate with counter-electrode and a second electrochromic layer
      thereon, porous separator means closely spacing said substrates, said
      separator means being filled with liquid electrolyte, and pigment means
      associated with separator means providing contrast for the electrochromic
      layers on the first substrate and hiding the electrochromic layer on the
      second substrate.
DRWD
PAC  DRAWINGS
PAR  Further objects and advantages of the invention will be better understood
      by reference to the following description, taken in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is an exploded perspective view of an electrochromic display
      according to the present invention, and
PAR  FIG. 2 is an enlarged horizontal cross section taken through an assembled
      display according to FIG. 1.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, of the drawing, the electrochromic display is a
      sandwich construction of a first transparent substrate 1 and a second
      spaced substrate 2, which need not be transparent. Substrate 1 has a
      conductive pattern of transparent electrodes on the underside thereof such
      as segments 3, 4 of a pattern which can be selectively actuated to form
      digits or other optical patterns via conductive leads 5, 6 leading to
      terminals 7, 8. Substrate 1 may be of transparent glass or plastic with a
      selected pattern of transparent electrodes 3, 4 thereon of such material
      as tin oxide. The pattern may be etched on the substrate by using a
      commercially available material known as NESA glass and removing the
      conductive coating except for electrodes 3, 4.
PAR  The second substrate 2 has a conductive counter-electrode 9 thereon.
      Substrate 2 may be of glass, ceramic or plastic, coated with a suitable
      conductive layer to form counter-electrode 9 connected to terminal 10.
PAR  Coated on the transparent electrode segments 3, 4 and also on the
      counter-electrode 9 are layers of electrochromic material indicated as 11,
      12, 13. The electrochromic layers 11, 12 on segments 3, 4 respectively are
      applied by suitable masking techniques to cover a smaller area than the
      electrodes so as to give good edge definition.
PAR  Many electrochromic materials are well known in the art, which change color
      according to the oxide state, which are well documented in the patents
      described in the foregoing discussion of prior art. The preferred
      electrochromic material used in the present invention is tungsten oxide.
      Preferably the tungsten oxide is deposited by vacuum evaporation, although
      other processes such as sputtering, electrochemical deposition, spray or
      silk screening may be used.
PAR  In accordance with the present invention, a porous separator means 15 is
      utilized between substrates. Although separating means 15 is shown in the
      drawing of FIG. 1 as a separate precut element, it may optionally be
      applied as a layer, either to substrate 1 or to substrate 2 as desired, by
      dip coating, spraying, knife blading or other methods. Optionally, the
      separator means 15 may be a separate precut film or membrane which is
      dropped into place.
PAR  The porous separator means should be very thin and uniform, on the order of
      25 microns in thickness and ideally should be filled with a
      contrast-enhancing pigment. The preferred material for separator means 15
      is porous polypropylene, although porous Teflon, porous polyethylene,
      nitrocellulose and cellulose nitrate have also been used with success. The
      separator means 15 should have pores of a size not exceeding 25 microns,
      preferably in the range of 0.1 to 5 microns. Its porosity should be such
      that, on the order of 50 percent or less of its total volume is comprised
      of solid material although this is not a critical number.
PAR  A commercially available material suitable for separator means 15 is
      "Celgard" microporous polypropylene manufactured by Celanese Corp. Another
      suitable material is Chemplast porous Teflon, manufactured by Chemplast,
      Inc.
PAR  In accordance with the present invention, pigment means are associated with
      the very thin separator means in the following preferred manner. Premixed
      in with the porous separator material is a pigment selected to provide the
      best contrast for the electrochromic layers 11, 12 and for hiding layer
      13. One such suitable pigment is titanium dioxide which is white in color,
      provides good contrast with the upper layers 11, 12 of tungsten oxide
      electrochromic material and also hides the counter-electrode with
      electrochromic layer 13 beneath the pigmented separator means.
PAR  An alternate approach for associating the pigment means with the separator
      means is to deposit a layer of contrast-enhancing pigment flakes or powder
      on either of the electrochromic layers 11, 12 or 13. The layer can be
      desposited by spraying, painting, dipcoating and so forth. The separator
      means, which may now be transparent, is pressed or positioned on top of
      the pigment layer holding the powder or flakes stationary in the presence
      of an electrolyte. For this purpose titanium dioxide powder may be used.
      However an important consideration is that the particle size of the
      pigment must be larger than the hole size of the porous separator means,
      otherwise the particles may migrate through the separator pores and impair
      effectiveness of the display. As an example, 5 micron particles of
      titanium dioxide would be associated with separator means having holes on
      the order of 1 micron.
PAR  Other suitable pigments include mica flakes coated with a layer of high
      refractive index thereby imparting to the porous separator optical
      interference colors. These are produced by the Mearl Corp. and are known
      as mearlin Luster pigments.
PAR  Reference to FIG. 2 of the drawing shows the assembled display. The two
      substrates 1, 2 are attached to one another by an adhesive 16, such as
      epoxy, the display filled with electrolyte and then sealed with adhesive
      around the remaining sides. The preferred electrolyte is dilute sulfuric
      acid or silicotungstic acid solution saturated with tungstic acid.
PAR  Suitable well-known means for actuating the display elements include means
      for applying an electric field from a battery 17 to a selected segment 4
      via terminal 8 and the counter-electrode via a terminal 10. Means for
      reversing the polarity of the applied voltage to erase the image is
      indicated symbolically by a two-pole double-throw switch 18.
PAR  The porous separator means 15 has several significant functions in
      accordance with the present invention. First, it serves as a spacer to
      provide very close uniform spacing between substrates 1, 2 and hence the
      electrochromic layers. Secondly, it serves as a carrier for the liquid
      electrolyte, obviating the need of gelling substances. Thirdly, the
      separator structure serves to carry or to hold in place the pigment means
      so as to provide a contrast-enhancing background for the electrochromic
      layers 11, 12 on the upper image segments, while also hiding the
      electrochromic layer 13 on the counter-electrode.
PAR  Since the electrochromic layers are closely and uniformly spaced,
      significantly lower operating voltages may be used. The thermal expansion
      of the very thin film of liquid electrolyte is minimized, eliminating the
      previously required flexible seal.
PAR  While there has been described what is considered to be the preferred
      embodiment of the invention, other modifications will occur to those
      skilled in the art and it is desired to cover in the appended claims all
      such modifications as fall within the true spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electrochromic display of the type having a first substrate with
      selectively actuatable transparent electrodes and first electrochromic
      layers thereon, and also having a second substrate with counter-electrode
      and second electrochromic layer thereon, the improvement comprising:
PA1  porous separator means applied as a layer and uniformly and closely spacing
      said first and second substrate members, the pores of said separator means
      being filled with liquid electrolyte, and
PA1  pigment means held by said separator means and selected to provide contrast
      with said first electrochromic layers and disposed to hide said second
      electrochromic layer.
NUM  2.
PAR  2. The combination according to claim 1, wherein said separator means is a
      layer with thickness on the order of 25 microns applied to the first
      substrate.
NUM  3.
PAR  3. The combination according to claim 1, wherein said porous separator
      means is a layer with thickness on the order of 25 microns applied to said
      second substrate.
NUM  4.
PAR  4. The combination according to claim 1, wherein said porous separator
      means comprises porous polypropylene.
NUM  5.
PAR  5. The combination according to claim 1, wherein said electrolyte comprises
      a mixture of titanium dioxide, and dilute sulfuric acid.
NUM  6.
PAR  6. The combination according to claim 1, wherein said pigment means is
      premixed in said separator means.
NUM  7.
PAR  7. The combination according to claim 1, wherein said pigment means is a
      layer of powder on one of said electrochromic layers and held in place by
      said separator means, the separator means having pores smaller than the
      particle size of said powder.
NUM  8.
PAR  8. The combination according to claim 1, wherein said pores are of a size
      in the range between 0.1 and 25 microns.
NUM  9.
PAR  9. The combination according to claim 1, wherein said pores are of a size
      in the range of 0.1 to 5 microns.
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PAL  "Acousto-Optic Light Deflectors Using Optical Activity in Paratellurite,"
      by Warner et al., J. Appl. Phys., V. 43 No. 11, Nov. 1972.
PAL  "New Noncollinear Acousto-Optic Tunable Filter Using Birefringence in
      Paratellurite," by Yano, et al., Appl. Phys. Ltrs. Vol. 24 No. 6, Mar.
      1974.
LREP
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ABST
PAL  An acousto-optic filter utilizing the far-off-axis anisotropic Bragg
      diffraction comprising an optically anisotropic acousto-optic medium
      embodied by paratellurite. The light entrance surface is slanted to the
      crystalline axis to make a light beam incident perpendicularly to the
      surface. The light exit surface is slanted to the direction of the
      entrance surface to minimize the dispersion of diffracted angle due to
      light wave length.
BSUM
PAR  This invention relates to an acousto-optic filter for selecting light of an
      arbitrary wavelength from an incident light beam by changing the frequency
      of an ultrasonic wave appropriately, and more particularly to an
      acousto-optic filter in which incidence of light is normal to an incident
      surface.
PAR  An object of this invention is to provide an acousto-optic filter capable
      of reducing the variation in the angle of diffraction due to the
      wavelength change.
DRWD
PAR  The above and other objects, features and advantages of this invention will
      become apparent from the following description when taken in conjunction
      with the accompanying drawings in which;
PAR  FIG. 1 is a diagram for illustrating the anisotropic Bragg diffraction;
PAR  FIG. 2 is a schematic cross-section of an acousto-optic filter utilizing
      the far-off-axis anisotropic Bragg diffraction;
PAR  FIG. 3 is a diagram of wave vectors for illustrating the operational
      conditions of the filter of FIG. 2;
PAR  FIGS. 4 and 5 are schematic cross-sections of acousto-optic filters; and
PAR  FIGS. 6a and 6b are a schematic perspective view and a schematic
      cross-section of a dispersionless embodiment of the acousto-optic filter
      according to this invention respectively.
DETD
PAR  Conventional acousto-optic filter may be classified into two broad classes.
      Namely, one is called the collinear type and the other the noncollinear
      type. In a collinear type acousto-optic filter, a light beam and an
      ultrasonic wave are propagated along the same linear line in an optically
      anisotropic medium to cause interaction therebetween. The non-collinear
      type includes the isotropic Bragg diffraction type and the far-off-axis
      anisotropic Bragg diffraction type. The latter has a far higher practical
      value. In an acousto-optic filter of the far-off-axis anisotropic Bragg
      diffraction type, a light beam and an ultrasonic wave are propagated at an
      angle different from the right angle therebetween to cause interaction. An
      example of a far-off-axis anisotropic Bragg diffraction type filter will
      be described with reference to FIG. 2 hereunder.
PAR  When an ultrasonic wave and a light beam are interacted in a crystal having
      two phase velocities of light in the propagating direction, diffracted
      light appears generally above a certain frequency of the ultrasonic wave
      when the Bragg's condition is satisfied. Here, the phase of the diffracted
      light varies by 180.degree. from that of the incident light and the
      polarization changes. This is the so-called anisotropic Bragg diffraction.
      When the angle of incidence is further increased, another diffracted light
      appears at a certain angle.
PAR  The diffraction phenomenon at larger incident angles is called the
      far-off-axis anisotropic Bragg diffraction, and those at smaller incident
      angles are called the near-by-axis anisotropic Bragg diffraction. The
      relation between the angles of incidence and diffraction is as shown in
      FIG. 1. The far-off-axis anisotropic Bragg diffraction is generated above
      a certain frequency and the incident angle increases abruptly as indicated
      by curves 3 and 4. The near-by-axis anisotropic Bragg diffraction
      indicated by curves 1 and 2 is the phenomenon often utilized in
      conventional light deflectors and modulators.
PAR  In FIG. 2, a filter medium 1 comprises an acousto-optical medium 2 and a
      piezoelectric transducer 3. An electric signal is converted in the
      piezoelectric oscillator 3 to become an ultrasonic wave 9 propagating in a
      crystal. An incident light 10 is linearly polarized in a polarizer 13, is
      directed to the medium at an incident angle of .theta..sub.o, propagates
      in the crystal in a direction forming an angle .theta. with respect to the
      optic axis, mutually interacts with the ultrasonic wave 9 propagating
      normal to the optic axis to generate a diffracted light 11. The diffracted
      light 11 emerges from the crystal as a linearly polarized beam having a
      plane of polarization rotated 90.degree. from that of the incident light.
PAR  For generating the far-off-axis anisotropic diffraction, it is necessary to
      satisfy the relation of the wave vectors shown in FIG. 3. This can be
      expressed in the following formulae (1), (2) and (3).
      ##EQU1##
      Here, n.sub.1 and n.sub.2 are refractive indices for the extraordinary and
      ordinary rays when the normal of the light wave front is slanted by
      .theta..sub.1 and .theta..sub.2 from the optic axis, and can be expressed
      by the following equations.
      ##EQU2##
      In equations (1) and (2), .lambda..sub.o is the wavelength of light in
      vacuum, f.sub.a the frequency of an ultrasonic wave, v the acoustic
      velocity of the medium, n.sub.o and n.sub.e refractive indices for the
      ordinary and extraordinary rays in the medium, and 2.delta. the gyration
      constant defined when the medium is optically active. Symbol K represents
      a wave vector.
PAR  The angles of incidence and diffraction for a far-off-axis anisotropic
      Bragg diffraction can be obtained as the larger solutions of .theta.'s
      satisfying the following equations (3) from equations (1) and (2) or from
      FIG. 3.
      ##EQU3##
PAR  An approximated solution of .theta..sub.1 can be expressed as
      ##EQU4##
PAR  In an acousto-optic filter, the angle of incidence .theta..sub.1 is fixed
      and the frequency of the ultrasonic acoustic wave f.sub.a is changed to
      tune .lambda..sub.o.
PAR  Generally in acousto-optic filters according to this method, the entrance
      and exit surfaces are slanted by .theta..sub.1 to make normal entrance and
      exit of light as shown in FIG. 4. Here, the angle of diffraction
      .theta..sub.2 can be expressed from equations (3) as
      ##EQU5##
      When the wavelength is varied, n.sub.1 and n.sub.2 vary so that the angle
      of diffraction .theta..sub.2 varies depending on the wavelength as seen
      from FIG. 3. For example, when paratellurite is used as the medium, a
      transverse displacement wave is generated having an oscillation in the
      &lt;110&gt; direction and propagation along the &lt;110&gt; direction, and a light
      beam is directed with an angle .theta..sub.i of 20.degree. slanted from
      the &lt;001&gt; axis and with a polarization corresponding to the extraordinary
      ray as is shown in FIG. 5, the angle .theta..sub.2 is equal to
      18.degree.49' at a light wavelength of .lambda. = 6328A and outside the
      crystal the exit direction is shifted about 2.degree.31' from the incident
      direction. For light of .lambda. = 4880A, .theta..sub.2 = 18.degree.44'
      and the shift is about 2.degree.57' outside the crystal.
PAR  Since the diffraction angle changes depending on the wavelength of light in
      this way, when an acousto-optic filter is used for color separation or as
      a spectrometer, there is a drawback that a light detector should be moved
      depending on the wavelength.
PAR  According to a basic embodiment of this invention, the exit surface is not
      formed parallel to but slanted by a small angle from the direction
      incident surface, thereby eliminating the above drawback.
PAR  The embodiment utilizing paratellurite as the acousto-optic medium is shown
      in FIGS. 6a and 6b. In the figures, an acousto-optic filter comprises an
      acousto-optic medium 2 and a transducer 3. The normal direction of the
      exit surface is slightly slanted to the optic axis (&lt;001&gt; axis) by
      .DELTA..theta..sub.2 as compared with the incident surface. The relation
      between angles of incidence and diffraction can be expressed by the
      following equations by Snell's law and equation (3).
      ##EQU6##
PAR  These equations (5) are solved over the whole wavelength region required
      and the most preferable value of sin .theta..sub.3 is determined to decide
      .DELTA..theta..sub.2.
PAR  Assuming the angle of incidence to be set at .theta..sub.1 = 20.degree.,
      when the offset angle .DELTA..theta..sub.2 is set at .DELTA..theta..sub.2
      = 3.degree.19', for light of .lambda. = 6328A, the angle of incidence to
      the exit surface in the crystal is 2.degree.8' and the exit angle outside
      the crystal is 4.degree.48', and for light of .lambda. = 4880A the values
      are 2.degree.3' and 4.degree.47'.
PAR  In this case, the shift between the exit angles for light of 6328A and
      4880A which was 18 minutes in the conventional arrangement is reduced to
      about 1 minute according to this invention. Here, the shift in the exit
      angle is within the same order for other wavelengths.
PAR  As is described above, the variation in the exit angle can be reduced and
      lights of various wavelengths can be obtained in substantially the same
      direction according to this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acousto-optic filter comprising:
PA1  a medium in which light has two different phase velocities in a propagating
      direction, said medium having entrance and exit surfaces for light rays,
PA1  transducer means for propagating an ultrasonic wave in said medium, and
PA1  means for directing a light beam to the entrance surface of said medium so
      as to cause far-off-axis anisotropic Bragg diffraction with said
      ultrasonic wave, said diffraction occurring at a relatively large incident
      angle with respect to the plane of the wave front of said ultrasonic wave
      in said medium, the propagation direction of the diffracted light being
      displaced from the plane of the wave front of said ultrasonic wave in the
      same direction as that of undiffracted light to produce optical filtering,
PA1  the entrance surface of said medium being slanted by a predetermined angle
      from the plane normal to the wave front of the ultrasonic wave.
NUM  2.
PAR  2. An acousto-optic filter according to claim 1, wherein said medium is a
      paratellurite single crystal.
NUM  3.
PAR  3. An acousto-optic filter according to claim 1, wherein the normal
      direction of the exit surface of said medium is slanted from the normal of
      the acoustic wave front by a different angle from that of the entrance
      surface so as to minimize the variation in the exit angle of a transmitted
      light beam due to variations in the wavelength.
NUM  4.
PAR  4. An acousto-optic filter according to claim 3, wherein said medium is a
      paratellurite single crystal.
NUM  5.
PAR  5. An acousto-optic filter according to claim 4, wherein said acoustic wave
      is propagated along the &lt;110&gt; direction of the paratellurite single
      crystal.
NUM  6.
PAR  6. An acousto-optic filter according to claim 5, wherein the normals of the
      entrance surface and the acoustic wave front make an angle of 20.degree.
      and the normals of the exit surface and the acoustic wave front make an
      angle of 16.degree.41'.
PATN
WKU  039443353
SRC  5
APN  5008867
APT  1
ART  257
APD  19740827
TTL  Acousto-optic filter
ISD  19760316
NCL  5
ECL  1
EXP  McGraw; Vincent P.
NDR  3
NFG  6
INVT
NAM  Saito; Koetsu
CTY  Kawasaki
CNT  JA
INVT
NAM  Yano; Tsutomu
CTY  Kawasaki
CNT  JA
INVT
NAM  Watanabe; Akinori
CTY  Kawasaki
CNT  JA
ASSG
NAM  Matsushita Electric Industrial Company, Ltd.
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19731214
APN  48-140616
CLAS
OCL  350161
XCL  350149
EDF  2
ICL  G02F  134
FSC  350
FSS  161;149
UREF
PNO  3419322
ISD  19681200
NAM  Adler
OCL  350161
OREF
PAL  "Acoustic Wave Propagation in TeO.sub.2 Single Crystal," by Ohmachi et al.,
      JOASA, Vol. 51, No. 1, pp. 164-168, 1972.
PAL  "Acousto-Optic Light Deflectors Using Optical Activity in Paratellorite" by
      Warner et al., J. Appl. Physics, Vol. 43, No. 11, Nov. 1972, pp.
      4489-4495.
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  An acousto-optic filter utilizing the far-off-axis anisotropic Bragg
      diffraction comprising an optically anisotropic acousto-optic medium
      embodied by a paratellurite crystal. An ultrasonic wave generated by a
      transducer is propagated in a direction different from that of the wave
      front normal to make the light-sound interaction length in the medium
      elongate by slanting the bonding surface of the transducer to the crystal
      medium.
BSUM
PAR  This invention relates to an acousto-optic filter for selecting light
      utilizing an optically anisotropic crystal and more particularly to the
      structure of a novel acousto-optic filter utilizing the far-off-axis
      anisotropic Bragg diffraction effectively.
PAR  An object of this invention is to provide an acousto-optic filter of the
      far-off-axis anisotropic Bragg diffraction type arranged in such a manner
      that the interaction length of light and an ultrasonic wave is effective
      over the whole length of the crystal.
PAR  One feature of this invention lies in that the normal direction of the
      ultrasonic wave front propagating in the crystal is arranged to be
      different from the propagation direction of the ultrasonic wave so as to
      increase the effective interaction length.
PAR  This invention can be applied to optically anisotropic crystals capable of
      utilizing the far-off-axis anisotropic Bragg diffraction, for example;
      quartz, calcium molybdate and paratellurite. It is particularly effective
      when applied to paratellurite.
DRWD
PAR  The above and other objects, features and advantages of this invention will
      be better understood from the following detailed description when taken in
      conjunction with the accompanying drawings in which,
PAR  FIG. 1 is a diagram for illustrating the faroff-axis anisotropic Bragg
      diffraction;
PAR  FIGS. 2 and 3 are schematic diagrams of acoustooptic filters utilizing the
      far-off-axis anisotropic Bragg diffraction;
PAR  FIG. 4 is a schematic cross-section of an enhanced interaction embodiment
      of an acousto-optic filter according to this invention;
PAR  FIG. 5 is a diagram showing the relation of the angle made between the wave
      front normal and the crystal direction and the propagation direction of an
      ultrasonic wave; and
PAR  FIG. 6 is a cross-section of another enhanced interaction embodiment of an
      acousto-optic filter according to this invention.
DETD
PAR  For easy understanding, the background of this invention will be described
      prior to the description of the preferred embodiments of this invention.
PAR  When an light and an ultrasonic waves are caused to interact in an
      optically anisotropic material, for an ultrasonic wave of a particular
      frequency, light of a particular wavelength may be interacted and
      diffracted. Devices for selecting light of a particular wavelength from an
      incident light beam by utilizing this phenomenon are called acoustooptic
      filters.
PAR  Acousto-optic filters may be classified into two broad classes, one called
      the collinear type and the other called the non-collinear type. The
      collinear type represents acousto-optic filters in which light an
      ultrasonic waves are propagated along the same line to cause interaction
      therebetween in an optically anisotropic medium, and the non-collinear
      type represents those in which the light and ultrasonic waves do not
      propagate along the same line. The non-collinear type includes the
      far-off-axis anisotropic Bragg diffraction type and the isotropic Bragg
      diffraction type. In filters of both of these types, the angle made
      between the propagation directions of the light and ultrasonic waves is
      shifted from a right angle. This invention is concerned particularly with
      acousto-optical filters utilizing far-off-axis anisotropic Bragg
      diffraction. The far-off-axis anisotropic Bragg diffraction will be
      described using as an example the paratellurite crystal in which this
      effect is especially remarkable.
PAR  When light and ultrasonic waves interact in a crystal in which two phase
      velocities of light exist in a propagation direction, diffraction of light
      occurs. The phase of the diffracted light may be varied by 180.degree.
      from that of the incident light and the polarization state may change.
      This is the so-called anisotropic Bragg diffraction. This diffraction
      occurs where the incident light makes a small angle with the ultrasonic
      wave front and also where it makes a large angle. The diffraction
      phenomenon at a large incident angle of light is called the far-off-axis
      anisotropic Bragg diffraction, while the diffraction at a smaller incident
      angle is called the near-by-axis anisotropic Bragg diffraction. The
      relation of the incident angle and the ultrasonic wave frequency in a
      TeO.sub.2 crystal is shown in FIG. 1, in which the far-off-axis
      anisotropic Bragg diffraction arises above a certain frequency and the
      diffracted angle increases abruptly as shown by curves 3 and 4. The
      near-by-axis anisotropic Bragg diffraction indicated by curves 1 and 2 has
      been frequently utilized in light deflectors and modulators.
PAR  An acousto-optic filter utilizing the far-off-axis anisotropic Bragg
      diffraction will be described with reference to FIG. 2, in which an
      acousto-optic filter 1 comprises an acousto-optic crystal 2 (referred to
      simply as a crystal, hereinbelow) and a piezoelectric transducer 3
      (referred to simply as a transducer, hereinbelow). An electric signal 4 is
      converted into an ultrasonic wave in the transducer 3 and becomes a
      transverse ultrasonic wave 5 propagating along the crystal 2 in the
      direction shown by the arrow. A light beam 6 becomes linearly polarized
      light 8 after passing through a polarizer 7 and is incident on the crystal
      2 with an angle .theta..sub.i made with the &lt;001&gt; axis of the crystal 2.
      Such a light beam causes interaction with the transverse ultrasonic wave 5
      to generate a diffracted light beam 10 as well as a non-diffracted light
      beam 9. The diffracted beam 10 emerges from the crystal 2 as linearly
      polarized light having a polarization plane rotated by 90.degree. from
      that of the incident light 8. Here, the following relation holds among the
      incident angle .theta..sub.i, the ultrasonic wave frequency f.sub.a and
      optical wavelength .lambda.  causing the diffraction phenomenon,
      ##EQU1##
      where .alpha.n is the birefringence and v.sub.a the acoustic velocity of
      the transverse ultrasonic wave. Referring to this relation, if
      .theta..sub.i is fixed and f.sub.a is varied, the wavelength .lambda. of
      the diffracted light 10 varies accordingly. Thus, light of a particular
      wavelength can be selected from the incident light beam 6 and hence an
      acousto-optic filter is formed.
PAR  When a far-off-axis anisotropic Bragg diffraction type acousto-optic filter
      is formed of paratellurite TeO.sub.2 having a large acousto-optic figure
      of merit, the input power can be reduced to the order of one five
      hundredth compared with the conventional acousto-optic filters for
      obtaining the same diffracted light intensity. Thus, the crystal and the
      driving circuit can be made smaller and further heat generation in the
      device is small. Further the spectral bandwidth of the transmitted light
      can be arbitrarily varied from several Angstroms to the order of 1000 A by
      changing the incident angle. In a rectangular transducer utilizing the
      light diffraction phenomena in paratellurite, 100 % diffraction of the
      incident light can be achieved at an ultrasonic input power of about 170
      mW/cm at an optical wavelength of 6338A. Generally, denoting the height
      and the length of a transducer by h and L, the ultrasonic input required
      for 100 % diffraction is expressed by 170 . h/L mW.
PAR  In an acousto-optic filter utilizing the anisotropic Bragg diffraction,
      however, an incident surface 11 is slanted from the (001) surface of a
      crystal 2 as shown in FIG. 3 for achieving the normal incidence of light.
      On the other hand, the maximum length L.sub.max of a transducer 3 adhered
      to a (110) surface 12 of the crystal is limited to be L.sub.max .ltoreq. W
      cos.sup.2 .theta..sub.i - R tan .theta..sub.i for eliminating the
      reflection of the ultrasonic wave at the optical incident surface 11 (if
      reflection exists, light of different wavelength is unfavorably
      diffracted) where W is the length of the crystal in the &lt;001&gt; direction
      and R is the beam diameter of the incident light. Thus, as is shown in
      FIG. 3, the effective interaction length of light and an ultrasonic wave
      becomes shorter than the real crystal length W. This implies that the
      ultrasonic input required for 100 % diffraction increases. Further, since
      the spectral bandwidth of the transmitted light is reciprocally
      proportional to the length of the transducer, a large crystal is required
      to obtain light of narrow bandwidth and stable operation and hence the
      unnecessary portion becomes large.
PAR  Therefore, this invention has been made to improve the above-mentioned
      acousto-optic filter.
PAR  The principles of the invention will now be described in connection with an
      embodiment of FIG. 4. In this embodiment, the description will be based on
      the use of paratellurite as the crystal. This is because paratellurite is
      known to exhibit a phenomenon which shows the remarkable effect of this
      invention (Journal of Acoustical Society of America, Vol. 51, No. 1, pages
      164 to 168). It is known, as is shown in FIG. 4, that in a paratellurite
      crystal when the wave front normal of an ultrasonic wave 21 is slightly
      inclined from the &lt;110&gt; direction 22 of the crystal and becomes
      nonorthogonal to the &lt;001&gt; direction 23 as is shown in FIG. 4, the
      propagation direction 24 of the ultrasonic wave (i.e., the energy flow
      direction of the ultrasonic wave) becomes largely slanted from &lt;110&gt;
      direction. Utilizing this phenomenon as is shown in FIG. 4 in an
      acousto-optical filter of the far-off-axis anisotropic Bragg diffraction
      type, an ultrasonic wave can be propagated effectively over the whole
      crystal without allowing reflection at the optical incident surface 11 of
      the crystal 2 even when the length of the transducer 3 is elongated, and
      thus the effective interaction length of the incident light 8 and the
      ultrasonic wave 5 can be increased.
PAR  Here, the incident surface 11 is a surface inclined from the &lt;110&gt;
      direction to the &lt;001&gt; direction by an angle of .theta..sub.i. The surface
      12 on which the transducer 12 is affixed is a surface slanted from the
      (110) surface to the &lt;110&gt; direction by an angle .theta..sub.b. The wave
      front normal 21 of the ultrasonic wave generated from the transducer 3 is
      slanted from the &lt;110&gt; direction 22 by an angle of .theta..sub.b. Thus,
      due to the anisotropy of the crystal the real propagation direction
      (energy flow direction) 24 in which an ultrasonic wave can really
      propagate becomes slanted by an angle of .theta..sub.a from the &lt;110&gt;
      direction. This relation between .theta..sub.b and .theta..sub.a is shown
      in FIG. 5. The values of .theta..sub.i and .theta..sub.a can be made equal
      by appropriately selecting .theta..sub.b ; i.e., the ultrasonic wave can
      be propagated along the incident surface.
PAR  For example, when the incident angle .theta..sub.i is set at 30.degree.,
      the ultrasonic wave 5 can propagate with a slant equal to .theta..sub.i (=
       30.degree.) if .theta..sub.b is taken at 2.5.degree.. Thus, light and
      ultrasonic waves can interact over the whole crystal region.
PAR  According to this embodiment, when the angle .theta..sub.i is set at
      30.degree., the diameter of the light beam 5 mm and the length of the
      crystal 20 mm, the ultrasonic input can be reduced to about 72 % compared
      to the similar conventional case. Further, the spectral bandwidth becomes
      0.72 times as narrow as the conventional case.
PAR  This invention cannot be applied to general collinear type acousto-optic
      filters. It can be applied to isotropic Bragg diffraction type
      acousto-optic filters (for example one reported by Chang of Isomet Co.
      Ltd. in Conference on Laser Engineering and Applications of IEEE/OSA in
      1973), but since the angle is not large the effect is small.
PAR  In the above embodiment, the shape of the crystal is varied and the surface
      for affixing the transducer to the crystal is slanted by .theta..sub.b
      from the &lt;001&gt; direction to offset the orthogonal relation of the
      ultrasonic wave front normal and the &lt;001&gt; direction of the crystal.
PAR  In another embodiment shown in FIG. 6, the shape of the crystal can be kept
      as usual and an intermediate medium is used between the crystal 2 and a
      transducer 3 to make an angle between the transducer adhering surface 12
      and the &lt;001&gt; direction to thereby change the propagating direction of the
      ultrasonic wave. Namely, a wedge-shaped intermediate medium 15 having an
      acoustic impedance equal to or close to that of the crystal 2 (for
      example, those formed of chalcogenide glass or another tellurium dioxide
      single crystal) is inserted between the crystal and the transducer 3 to
      set the ultrasonic wave front normal at an angle which is not
      perpendicular to the &lt;001&gt; direction of the crystal. Thus, the ultrasonic
      wave can propagate in a slanted direction and interaction can occur
      effectively over the whole crystal. The angle of the wedge .alpha. can be
      determined from
PAC  sin .alpha. = v.sub.m .sup.. sin .theta..sub.b /vTe
PAL  where v.sub.m and v.sub.Te are acoustic velocities in the intermediate
      wedge medium and in paratellurite respectively.
PAR  Further, according to this embodiment it is more convenient to use no
      particular intermediate medium and to provide an adhesive for adhering the
      transducer in a wedge shape.
PAR  As described above, according to this invention, the interaction length of
      the light and ultrasonic waves can be elongated, the ultrasonic input and
      hence the electrical input can be much reduced further and further the
      spectral bandwidth of the transmitted light can also be reduced. This
      invention is particularly effective for acousto-optic filters of the
      far-off-axis anisotropic Bragg diffraction type.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acousto-optic filter comprising:
PA1  an acousto-optic medium in which light has two different phase velocities
      in a propagating direction,
PA1  transducer means for propagating an ultrasonic wave in said medium, and
PA1  means for directing a light beam to said medium so as to cause far-off-axis
      anisotropic Bragg diffraction with said ultrasonic wave, said diffraction
      occurring at a relatively large indicent angle with respect to the plane
      of the wave front of said ultrasonic wave in said medium, the propagation
      direction of the diffracted light being displaced from the plane of the
      wave front of said ultrasonic wave in the same direction as that of
      undiffracted light to produce optical filtering,
PA1  wherein the wave front normal and the energy flow direction of the
      ultrasonic wave propagating in the medium are different from each other.
NUM  2.
PAR  2. An acousto-optic filter according to claim 1, wherein said acousto-optic
      medium is a paratellurite single crystal.
NUM  3.
PAR  3. An acousto-optic filter according to claim 2, wherein said transducer
      means is adhered to a surface slanted from the (110) plane of the crystal
      medium.
NUM  4.
PAR  4. An acousto-optic filter according to claim 2, wherein a wedge-shaped
      intermediate medium is inserted between the (110) surface of the crystal
      medium and the transducer means so as to form a slanted structure
      therewith.
NUM  5.
PAR  5. An acousto-optic filter according to claim 4, wherein said intermediate
      medium has substantially the same acoustic impedance as that of said
      crystal.
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PAL  A uni-directional viewing system with an obliquely disposed mirror defining
      a beam splitter for partial reflection and partial transmission of a light
      beam that is generated by a source and having an absorber disposed at one
      side of the mirror for absorbing the beam that is transmitted through the
      mirror. The reflected beam is directed towards a viewing port, which is
      disposed at the other side of the mirror. An eye port, which is disposed
      on the absorber side of the mirror, is provided for observing a subject at
      the viewing port. The observed subject views only the image of the source
      and the observer views the observed subject.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to optical systems and, more particularly, is
      directed towards uni-directional viewing systems.
PAR  2. Description of the Prior Art
PAR  In a wide variety of security and crime prevention applications, it is
      desirable to provide for the observation of persons in such a manner that
      the individual being observed cannot detect the presence of the observer.
      Primarily, such applications are: (1) provisions for observation in
      business establishments and other institutions for the detection and
      prevention of thefts, holdups, burglaries, and other crimes, and (2)
      provisions for the observation of residential doorway areas for the
      indentification of persons wishing to gain entrance and for the prevention
      of crime. Other applications include guard houses, prisons, armored cars,
      and equipment for human and animal behavioral experiments.
PAR  In business establishments and other institutions, a number of techniques
      and devices are used for the observation and prevention of thefts and
      other crimes by shoplifters, customers, employees, delivery personnel, and
      others. Among the important methods utilized to reduce crime are (1)
      employment of uniformed and plainclothesmen, (2) use of both visible and
      unobtrusive oneway viewing devices such as transparent mirrors and
      closed-circuit television systems, (3) use of small detachable and
      electronically detectable devices attached to unsold merchandise, and (4)
      building and urban design.
PAR  A widely employed viewing device for the detection of crime in business
      establishments and other institutions involves the use of semi-reflective,
      semi-transparent plate glass sheets also known as transparent mirrors,
      beam splitter mirrors, two-way mirrors, or one-way mirrors. Such devices
      partially transmit and partially reflect light. If the area on one side of
      the glass is in an illuminated environment and the area on the other side
      of the glass is in a substantially darker environment, the area on the
      light side is visable through the glass and the area on the dark side is
      not visable through the glass, the illuminated side being operative as a
      mirror. Thus, an important disadvantage of such a device is that it
      requires the observer's area to be kept much darker than the area to be
      observed. This generally requires the use of a large amount of space for
      darkened rooms and makes casual observation by a person engaged primarily
      in other tasks not practical.
PAR  In the residential security field, small observation scopes, or peepholes,
      are mounted in apartment or house doors to provide for the identification
      of those wishing to gain entrance. The major disadvantages of such devices
      include: (1) a limited viewing angle, (2) optical distortion of the scene
      to be viewed if a wide angle lens is used to increase the viewing angle,
      (3) the ability of the individual being viewed to detect that he is being
      observed and (4) a limited viewing surface so that the person being
      observed usually must make his presence known in some other way and casual
      observation for the prevention of crime in hallways and doorway areas is
      made impracticable.
PAR  Each of these one-way viewing devices, with the exception of small
      observation scopes, provides the advantage that the person being viewed is
      unaware that he is under surveillance at any given time. Thus, the
      occasional use or even the mere presence of such devices may be sufficient
      to prevent crimes. At times, dummy television cameras are utilized with
      this purpose in mind.
PAR  In some applications, such as retail stores handling expensive merchandise,
      it is important to provide for unobtrusive viewing in the sense that the
      individuals do not know that they are under surveillance. In such cases,
      transparent mirrors have been disguised as conventional mirrors,
      decorative fixtures, or other objects. Sometimes, scanning television
      cameras are mounted within such decorative fixtures.
PAR  Closed circuit television systems for both institutional and residential
      use provide unobtrusive and casual observation with a large viewing area.
      Furthermore, systems employing large numbers of cameras and monitor
      screens covering different viewing angles and areas can be constructed.
      However, such systems are relatively expensive and unduly complex. Optical
      resolution is imperfect and provision for color viewing and depth
      perception is costly. Generally, cameras are too large to be mounted
      within doors or other small spaces.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a unidirectional
      viewing system, particularly adapted to be installed in walls and doors,
      which does not suffer from the heretofore mentioned disadvantages. The
      present invention is characterized by a viewing system with an obliquely
      disposed plane mirror defining a beam splitter for partial reflection and
      partial transmission of energy in a light beam and having an absorber for
      absorbing the transmitted light beam. A light source for generating the
      light beam is disposed on one side of the mirror and the absorber is
      disposed on the other side of the mirror. The reflected beam is directed
      towards a viewing window, which is disposed on the source side of the
      mirror. An eye piece, which is disposed on the absorber side of the
      mirror, is provided for observing a subject at the viewing window. The
      observed subject views only the image of the source and the observer views
      the observed subject.
PAR  It is a further object of the present invention to provide a
      uni-directional viewing system in which the observed subject views only a
      diffused beam and the observer views the observed subject.
PAR  Other and further objects of the present invention will in part be obvious
      and will in part appear hereinafter.
PAR  The invention accordingly comprises the device possessing the construction,
      combination of elements, and arrangements of parts that are exemplified in
      the following detailed disclosure, the scope of which will be indicated in
      the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the present
      invention, reference should be had to the following detailed description
      taken in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic diagram illustrating certain principles of a
      uni-directional viewing system embodying the present invention;
PAR  FIG. 2 is a sectional view of a security viewer embodying the invention;
PAR  FIG. 3 is a sectional view of an alternate embodiment of the invention; and
PAR  FIG. 4 is a sectional view of a further alternate embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, particularly FIG. 1, there is shown a
      uni-directional viewing system 10 embodying the present invention. Viewing
      system 10 comprises an obliquely disposed semi-reflective,
      semi-transparent member 12, for example a plane mirror, which defines a
      beam splitter or transparent mirror for partial reflection and partial
      transmission of energy in a light beam 14 that is generated by a source
      16. Light beam 14 is directed towards a condenser 20 which is interposed
      between mirror 12 and source 16. Condenser 20 is disposed in a plane that
      is substantially perpendicular to the axis of light beam 14. Mirror 12 is
      disposed in a plane that is oblique to the plane of condenser 20 and
      generally extends upwardly at an angle in the range of 30.degree. to
      50.degree., preferably 45.degree.. The field of light at an upper face 22
      of condenser 20 is directed towards a lower face 18 of mirror 12, wherein
      it is partially reflected and partially transmitted. The partially
      reflected light, shown at 24, is directed towards an observed subject at
      26. The partially transmitted light, shown at 28, is directed towards an
      absorber 30, wherein it is absorbed. That is, the field of light is
      reflected towards the observed subject at 26 and is transmitted towards
      absorber 30. An observer at 32 views the observed subject at 26 through
      mirror 12 and the observed subjects views only the field of light.
      Absorber 30 is operative to absorb the transmitted light so that
      substantially no light is reflected by mirror 12 towards the observer as
      he views the observed subject.
PAR  Referring now to FIG. 2, there is shown a uni-directional viewing system 33
      that is organized about a housing 34 having an access panel or door 36
      hinged at 38. Housing 34 is adapted to be mounted in a wall or door, a
      wall being shown at 40. In the illustrated embodiment, door 36 is louvered
      and is provided with a handle 42. A catch 44, which is mounted to housing
      34 and door 36, is provided for holding door 35 in a closed position. With
      door 36 in an opened position, access is gained to a light source 46, for
      example, a pair of reflector or parabolic light bulbs 48 that are mounted
      in sockets 50.
PAR  The beam generated by light source 46 first passes through a sheet 52 of
      translucent material which diffuses the light. Sheet 52 is mounted to
      housing 34 and is disposed in a plane that is substantially perpendicular
      to the light path. Next, the light passes through a masking filter 54,
      which is fabricated, for example, by applying randomly distributed shading
      to sheet 52 by means of decalcomania. In certain applications, masking
      filter 54 is used to convey intelligence indicia in the form of words,
      numerals, symbols or graphics to the observed subject by applying the
      mirror image of the desired indicia to masking filter 54. Light source 46,
      sheet 52 and masking filter 54 define source means for generating a field
      of light. In order to obtain maximum camouflage of the observer and his
      surrounding area, it is preferred that, for critical band masking, the
      average spatial frequency of the randomly distributed shading lies within
      two octaves of the average spatial frequency of the scene defined by the
      observer and his surrounding area when view by the observed subject. In
      obtaining the camouflage effect, this construction may provide some
      advantage from lateral inhibitation in vision.
PAR  The field of light at the upper face of masking filter 54 is directed
      towards an obliquely positioned mirror 56. Mirror 56 is mounted to housing
      34 and is disposed in a plane that is at an angle of approximately
      forty-five degrees with respect to the plane of sheet 52. Mirror 56
      defines a beam splitter or transparent mirror that partially reflects and
      partially transmits the field of light. In one embodiment, mirror 56
      comprises a sheet of plate glass or acrylic plastic having a thin layer of
      chromium. In an alternate embodiment, mirror 56 comprises a polyester film
      having a thin layer of aluminum vacuum deposited thereon. The transmitted
      field of light is directed towards and is absorbed by a light absorber 58,
      which includes a stratum of a non-reflective material, for example black
      felt. The reflected field of light is directed towards a protective
      transparent sheet 60, for example glass, and a Fresnel lens 62. Protective
      glass sheet 60, which is mounted in a plane that is substantially
      perpendicular to the plane of sheet 52 is composed of plate glass or
      shatterproof glass. Fresnel lens 62 may correspond to a plano-concave lens
      comprising a thin sheet of polyvinyl chloride having an aspheric optical
      surface for eliminating spherical aberration.
PAR  An eyepiece 64 is mounted to housing 34 at a side opposite transparent
      sheet 60. Eyepiece 64, for example a glass window, is positioned in
      optical registration and spaced parallel relationship with transparent
      sheet 60. In certain applications, a sheet 66 of polarizing material is
      mounted adjacent eyepiece 64, the polarizing material being employed in
      conjunction with a source of light in the observers area, shown at 63,
      that is polarized at right angles to the polarizing material. This
      construction substantially reduces the amount of light required to be
      reflected towards the observed subject in order to achieve concealment of
      the observer and his surrounding area.
PAR  In operation, the reflected field of light is directed towards an observed
      subject at 65 and the transmitted field of light is directed towards light
      absorber 58. An observer at 67 views the observed subject at 65 through
      mirror 56 and the observed subject at 65 views only the field of light.
      Absorber 58 is operative to absorb the transmitted light so that
      substantially no light is reflected by mirror 56 towards the observer as
      he views the observed subject.
PAR  Referring now to FIG. 3 there is shown an alternate embodiment of the
      invention in the form of a uni-directional viewing system 68 that is
      organized about a housing 70, which is adapted to be installed in a wall
      71 or a door. Housing 70 is provided with an access panel or louvered door
      72 having a handle 74 mounted thereto, door 72 being mounted to housing 70
      by means of a hinge 76. A catch 78, which is mounted to door 72 and
      housing 70, is provided for releasably holding door 72 in a closed
      position. With door 72 in an opened position, acess is gained to a light
      source 80, for example a pair of reflector or parabolic light bulbs 82
      that are mounted in sockets 83.
PAR  The beam generated by light source 80 first passes through and is diffused
      by a sheet 84 of translucent material. Sheet 84 is mounted to housing 70
      above source 80 and is disposed in a plane that is substantially
      perpendicular to the light path. Next, the light passes through a masking
      filter 86 that is similar to masking filter 54. Light source 80,
      translucent sheet 84 and masking filter 86 define source means for
      generating a field of light. The field of light passing through masking
      filter 86 is directed towards obliquely disposed mirror 88 that is mounted
      to housing 70. Mirror 88 is disposed in a plane that is at an angle of
      approximately 45.degree. with respect to the plane of sheet 84 and defines
      a beam splitter or transparent mirror that partially reflects and
      partially transmits the field of light. Mirror 88 is similar to mirror 56.
      The reflected field of light is directed towards and absorbed by a light
      absorber 90 comprising a stratum of non-reflective material such as black
      felt. Light absorber 90 is mounted to housing 70 in perpendicular
      relaltionship with sheet 84 and in registration with an eyepiece 92. In
      the illustrated embodiment, mirror 88 extends upwardly from a lower edge
      of eyepiece 92 to the upper edge of light absorber 90. The transmitted
      light is directed towards a mirror 94 that is mounted to housing 70 in
      spaced parallel relationship with mirror 88. Mirror 94 reflects the
      transmitted field of light towards a window 96 that is mounted to housing
      70, window 96 being coplanar with light absorber 90. In order to prevent
      the observed subject from viewing the observer through window 96 and
      eyepiece 92, either directly or by means of reflection from mirror 94,
      baffles 97, 98 and 99 are mounted to housing 70. Each baffle is
      coextensive with that portion of housing 70 that extends from the upper
      edge of eyepiece 92 to the lower edge of window 96 and lies in a plane
      that is in spaced parallel relationship with the plane of eyepiece 92. In
      the embodiment of FIG. 3, the observer looks through eyepiece 92 and views
      the observed subject via mirrors 88, 94 and window 96. The observed
      subject looks through window 96 and views only the field of light via
      mirror 94 and 88.
PAR  Referring now to FIG. 4, there is shown a further alternate embodiment of
      the invention in the form of a multiple compartment, uni-directional
      viewing system 100 that is organized about housing 102, which is adapted
      to be installed in a door 104 or a wall. Housing 102 is provided with a
      pair of interconnected frames 106 and 108, which divide housing 102 into a
      pair of compartments 110 and 112. Frame 106 is provided with an access
      panel or door 114 having a handle 116 mounted thereto, door 114 being
      mounted to frame 106 by means of a hinge 118. A catch 120, which is
      mounted to frame 106 and door 114, is provided for releasably holding door
      114 in a closed position. Access to a light source 122, for example a
      fluorescent lamp 124 that is mounted to a socket 126, is gained by opening
      door 114.
PAR  The light generated by light source 122 first passes through a sheet 128 of
      translucent material and then through a masking filter 130. Translucent
      sheet 128 is mounted above source 122 and is in perpendicular relationship
      with the longitudinal axis of housing 102. Translucent sheet 128 and
      masking filter 130 are similar to translucent sheet 52 and masking filter
      54, respectively. The field of light at the upper surface of masking
      filter 130 is directed towards an obliquely disposed mirror 132 that is
      mounted to frame 106. Mirror 132 is disposed in a plane that is at an
      angle of approximately 45.degree. with respect to the plane of translucent
      sheet 128 and defines a beam splitter or transparent mirror that partially
      reflects and partially transmits the field of light. Mirror 132 is similar
      to mirror 56. The reflected field of light is directed towards a window
      134, for example a transparent sheet such as a sheet of plate glass or a
      sheet of shatterproof glass, which is mounted to one side of frame 106 in
      spaced parallel relationship with the longitudinal axis of housing 102. As
      viewed in FIG. 4, mirror 132 extends from the left hand edge of
      translucent sheet 128 upwardly to the upper margin of window 134. An
      eyepiece 136 is positioned in optical registration and spaced parallel
      relationship with window 134, mirror 132 being interposed therebetween.
      The transmitted field of light is directed towards a light absorber 138,
      for example a non-reflector such as a stratum of black felt, and is
      absorbed.
PAR  Components similar to those mounted within frame 106 are mounted within
      frame 108. An observer at the eyepiece side of housing 102 views an
      observed subject at the window side of housing 102 through the transparent
      mirrors and the observed subject views only the field of light reflected
      by the transparent mirrors. The light absorber absorbs the transmitted
      light so that substantially no light is reflected by the transparent
      mirrors towards the observer as he views the observed subject. It is to be
      understood that, in alternate embodiments, uni-directional viewing system
      100 comprises more than two compartments, for example, three, four or six
      compartments.
PAR  Since certain changes may be made in the foregoing disclosure without
      departing from the scope of the invention herein involved, it is intended
      that all matter contained in the above description and shown in the
      accompanying drawings be construed in an illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical system for viewing a subject by a viewer, the viewer being
      optically concealed from the subject, said system comprising:
PA1  a. an eye port through which the viewer looks;
PA1  b. a viewing port for observing the subject;
PA1  c. source means for generating light, said source means including masking
      means having randomly distributed shading;
PA1  d. light absorbing means;
PA1  e. means for partially reflecting and partially transmitting said light
      generated by said source means, said partially reflecting and partially
      transmitting means interposed between said source means and said light
      absorbing means;
PA1  f. said partially reflecting and partially transmitting means disposed in a
      plane that is oblique with respect to a path along which said light is
      directed from said source means, said plane of said partially reflecting
      and partially transmitting means being such that light is directed towards
      said viewing port, the viewer looking into said eye port views the
      subject, the subject looking into said viewing port observes said light,
      said light absorbing means operative to prevent said light from being
      reflected towards the viewer, said masking means operative to camouflage
      the viewer and his surrounding area.
NUM  2.
PAR  2. The optical system as claimed in claim 1 wherein said source means
      includes:
PA1  a. a light source for generating a beam of light, said beam of light
      directed towards said partially reflecting and partially transmitting
      means;
PA1  condenser means interposed between said light source and said partially
      reflecting and partially transmitting means, said condenser means
      operative to direct a field of light towards said partially reflecting and
      partially transmitting means.
NUM  3.
PAR  3. The optical system as claimed in claim 1 wherein said source means
      includes:
PA1  a. a light source for generating a beam of light, said beam of light
      directed towards said partially reflecting and partially transmitting
      means;
PA1  b. a translucent sheet interposed between said light source and said
      partially reflecting and partially transmitting means, said translucent
      sheet operative to diffuse said beam of light directed towards said
      partially reflecting and partially transmitting means.
NUM  4.
PAR  4. The optical system as claimed in claim 1 wherein said partially
      reflecting and partially transmitting means is mirror means defining a
      beam splitter.
NUM  5.
PAR  5. The optical system as claimed in claim 1 wherein said light absorbing
      means non-reflector is a stratum of black felt.
NUM  6.
PAR  6. The optical system as claimed in claim 1 including:
PA1  a. a stratum of polarized material mounted adjacent said observing port;
      and
PA1  b. a polarized light source in an area in which the viewer is located, said
      polarized light source generating light that is polarized at right angles
      with respect to the polarization of said stratum of polarized material.
NUM  7.
PAR  7. An optical system for viewing a subject by a viewer, the viewer being
      optically concealed from the subject, said system comprising:
PA1  a. source means for generating light;
PA1  b. light absorbing means; and
PA1  means for partially reflecting and partially transmitting said light
      generated by said source means, said partially reflecting and partially
      transmitting means interposed between said source means and said light
      absorbing means, said partially reflecting and partially transmitting
      means being transparent mirror means;
PA1  d. said source means including a light source for generating a beam of
      light, said beam of light directed towards said partially reflecting and
      partially transmitting means, a translucent sheet interposed between said
      light source and said partially reflecting and partially transmitting
      means, said translucent sheet operative to diffuse said beam of light
      directed towards said partially reflecting and partially transmitting
      means, and masking means interposed between said translucent sheet and
      said partially reflecting and partially transmitting means, said masking
      means having randomly distributed shading;
PA1  e. said transmitted light directed towards said light absorbing means, said
      reflected light directed towards the subject, the viewer observing the
      subject through said partially reflecting and partially transmittng means,
      the subject viewing only said light reflected by said partially reflecting
      and partially transmitting means, said light absorbing means operative to
      prevent said transmitted light from being reflected towards the viewer.
NUM  8.
PAR  8. An optical system for viewing a subject by a viewer, the viewer being
      optically concealed from the subject, said system comprising:
PA1  a. a housing;
PA1  b. source means mounted to said housing at one end thereof, said light
      source generating a beam of light that is directed along a path towards an
      opposite end of said housing;
PA1  c. a viewing port for the subject mounted to said housing proximate said
      opposite end thereof;
PA1  d. an observing port for the viewer mounted to said housing proximate said
      one end thereof, said observing port and said viewing port disposed in
      planes that are in space parallel relationship wtih a longitudinal axis of
      said housing; and observing port and said viewing port mounted on opposite
      sides of said housing;
PA1  e. light absorbing means mounted to said housing on said side opposite said
      observing port at said one end, said light absorbing means disposed in a
      plane that is in spaced parallel relationship with the plane of said
      viewing port;
PA1  f. means for partially reflecting and partially transmitting said light
      generated by said source, said partially reflecting and partially
      transmitting means mounted to said housing proximate to said one end and
      disposed in a plane that is oblique to said light path, said partially
      reflected light directed towards said light absorbing means, said
      partially transmitted light directed along said light path; and
PA1  g. means for reflecting said partially transmitted light towards said
      viewing port, said reflecting means mounted to said housing proximate to
      said opposite end and disposed in a plane that is oblique to said light
      path;
PA1  h. the viewer looking through said observing port views the subject at said
      viewing port through said partially reflecting and partially transmitting
      means and said reflecting means, the subject looking through said viewing
      port observes only said light transmimtted by said partially reflecting
      and partially transmitting means, said light absorbing means operative to
      prevent said partially reflected light from being transmitted towards said
      observing port, said partially reflecting and partially transmitting means
      being transparent mirror means;
PA1  i. said source means including a light source for generating a beam of
      light, said beam of light directed towards said transparent mirror means,
      a translucent sheet interposed between said light source and said
      transparent mirror means, said translucent sheet operative to diffuse said
      beam of light, a field of light directed towards said transparent mirror
      means, and masking means interposed between said translucent sheet and
      said transparent mirror means, said masking means having randomly
      distributed shading.
NUM  9.
PAR  9. An optical system for viewing a subject by a viewer, the viewer being
      optically concealed from the subject, said system comprising:
PA1  a. an eye port through which the viewer looks;
PA1  b. a viewing port for observing the subject;
PA1  c. source means for generating light, said source means including masking
      means through which said light is directed, said masking means having
      randomly distributed shading, the average spatial frequency of said
      randomly distributed shading lies within two octaves of the average
      spatial frequency of a scene defined by the viewer and his surrounding
      area when viewed through said viewing port;
PA1  d. light absorbing means;
PA1  e. means for partially reflecting and partially transmitting said light
      generated by said source means, said partially reflecting and partially
      transmitting means interposed between said source means and said light
      absorbing means;
PA1  f. said partially reflecting and partially transmitting means disposed in a
      plane that is oblique with respect to a path along which said light is
      directed from said source means, said plane of said partially reflecting
      and partially transmitting means being such that light is directed towards
      said viewing port, the viewer looking into said eye port views the
      subject, the subject looking into said viewing port observes said light,
      said light absorbing means operative to prevent said light from being
      reflected towards the viewer.
NUM  10.
PAR  10. An optical system for viewing a subject by a viewer, the viewer
      optically concealed from the subject, said system comprising;
PA1  a. a housing mountable in a door, said housing including a viewing port for
      the subject and an observing port for the viewer, said viewing port and
      said observing ports located at opposite sides of said housing;
PA1  b. source means mounted to said housing at one end thereof, said source
      means generating light, said source means including masking means having
      randomly distributed shading;
PA1  c. light absorbing means mounted to said housing at an opposite end
      thereof; and
PA1  d. means for partially reflecting and partially transmitting said light
      generated by said source means, said partially reflecting and partially
      transmitting means mounted to said housing between said source means and
      said light absorbing means;
PA1  e. said transmitted light directed towards said light absorbing means, said
      reflected light directed towards said viewing port, the viewer looking
      through said observing port views the subject at said viewing port through
      said partially reflecting and partially transmitting means, the subject
      looking through said viewing port observes only said light reflected by
      said partially reflecting and partially transmitting means, said light
      absorbing means operative to prevent said transmitted light from being
      reflected towards said observing port.
NUM  11.
PAR  11. The optical system as claimed in claim 10 wherein the average spatial
      frequency of said randomly distributed shading lies within two octaves of
      the average spatial frequency of a scene defined by the viewer and his
      surrounding area when viewed through said observing port.
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ABST
PAL  An objective lens comprising three elements, a front positive biconvex
      element, a middle negative biconcave element and a rear positive biconvex
      element. The first two elements are made of inexpensive plastic materials.
      Aberration correction at a high relative aperture is improved by the use
      of aspheres on selected surfaces of the first and second elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to photographic objective lenses and in particular
      to such lenses that comprise three air spaced elements.
PAR  2. Description of the Prior Art
PAR  Triplet lenses for use in photographic apparatus are well known and have
      been used for many years. Moreover, high relative aperture lenses have
      also been in use for many years in the photographic industry. However,
      with the advent of available light photography, the use of high relative
      aperture lenses has spread to photographic apparatus designed to be mass
      produced for the amateur market. The price of such lenses then becomes of
      great concern and the relatively complex, well corrected, high relative
      aperture lenses known in the art are too costly.
PAR  The introduction of plastic elements in triplet lensens has been generally
      adopted in order to decrease the cost of such lenses. However, the
      introduction of plastic elements has usually resulted in accentuation of
      certain design problems. For instance, variation in the back focus length
      due to thermally induced contraction and expansion of the optics may be
      increased.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a three element
      objective which comprises a front positive biconvex element, a middle
      biconcave negative element and a rear positive biconvex element. Aspheres
      are incorporated on selected surfaces of the first and second elements to
      provide improved aberration correction at a high relative aperture. In the
      preferred embodiments, the first two elements may be made of polymethyl
      methacrylate, polycyclohexyl methacrylate, polystyrene, or acrylonitrile.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the description of the preferred embodiments of the invention presented
      below, reference is made to the accompanying drawing which is a schematic
      axial cross-section of a three element objective according to the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For all purposes of describing or claiming of the invention, the term lens
      will be used to describe the complete lens and not the elements thereof.
      In the drawing, the elements are numbered from left to right with Arabic
      numerals. In each of the examples, the elements, indices of refraction N,
      Abbe numbers V, radii of curvature R, thicknesses T, and air spaces S are
      numbered to correspond with the drawing. The indices of refraction are for
      the 0.5893 micron sodium D lines of the spectrum. The Abbe numbers are
      calculated utilizing the D line index and, as the main dispersion, the
      index difference between the 0.4861 micron hydrogen F line and the 0.6563
      micron hydrogen C line. Radii of curvature having centers of curvature to
      the right of the surface are considered positive; those with centers of
      curvature to the left of the surface are considered negative.
PAR  In all embodiments of the invention as illustrated in the drawing, the lens
      comprises three air spaced elements. Element 1 is a front positive
      biconvex element. Element 2 is a middle negative biconcave element.
      Element 3 is a rear positive biconvex element. D is a diaphragm.
PAR  The use of aspheric surfaces in a lens design provides additional
      parameters for correction of aberrations. Incorporation of an aspheric
      surface is particularly useful in a lens of large relative aperture,
      because the aspheric surfaces may be utilized to improve optical
      performance by controlling higher order spherical aberrations throughout
      the image field. Moreover, the choice of aspheric surfaces may preclude
      the necessity of increasing the strength of spherical surfaces to permit a
      reduction in the number of elements, thereby making the lens more
      manufacturable. In the design of the present invention, the improved
      aberration correction and the high relative aperture are achieved by the
      use of aspheres on one or more of the first four surfaces of the lens.
PAR  An aspheric surface may be described by the following equation:
      ##EQU1##
PAR  This equation describes a surface in terms of its surface sag x at a
      semi-aperture distance y from the axis of the lens. The constant C is the
      vertex curvature, that is, the surface curvature at the vertex of the
      lens, and is equal to the reciprocal of the vertex radius of curvature R.
      The constant K is the conic constant and is defined by the equation K =
      -e.sup.2 where e is the eccentricity of the surface. Certain values of K
      describe conic sections or surfaces of revolution about the optical axis
      of the lens. Terms higher than the quadratic in the equation for x may
      also be included, if desired.
PAR  Lenses may be made according to this invention by following the
      specifications in the preferred embodiments presented below:
TBL  EXAMPLE I                                                                 
                              Radius   Thickness or                            
     Element                                                                   
            N.sub.D   V       mm       Separation mm                           
     ______________________________________                                    
                                       S.sub.1 =1.800                          
                              R.sub.1 =Asphere                                 
     1      1.49168   57.4             T.sub.1 =3.500                          
                              R.sub.2 =Asphere                                 
                                       S.sub.2 =0.814                          
                              R.sub.3 =Asphere                                 
     2      1.59028   30.9             T.sub.2 =0.900                          
                              R.sub.4 =Asphere                                 
                                       S.sub.3 =0.975                          
                              R.sub.5 = 9.0058                                 
     3      1.73400   51.0             T.sub.3 =2.800                          
                              R.sub.6 =-9.0058                                 
     ______________________________________                                    
PAR  Example I represents a significant improvement in the relative aperture and
      field coverage for a triplet. The relative aperture is f/1.57 with a focal
      length of 11.75mm and a semi-field angle of 16.94.degree.. It may be seen
      that aspheres are utilized on the first four surfaces of the lens with the
      surfaces being respectively an ellipsoid, a hyperboloid, and two
      paraboloids on the middle negative element. However, the specific choice
      of the asphere for a particular surface is not absolutely essential, with
      the placing of paraboloids on the first element or other conic sections on
      the second element also resulting in comparable optical quality. Element 1
      is formed of polymethyl methacrylate while Element 2 is formed of
      polystyrene. The respective power and spacing of these two elements is
      chosen to minimize variations in back focal length for the lens caused by
      ambient thermal fluctuations, while aberration correction is improved by
      the selection of the conic surfaces on these two elements plus the
      distribution of the power of each element between its two surfaces. The
      rear element is formed of a relatively high index glass to provide
      assistance in achieving a flat field. Element 3 has also been made a
      symmetric biconvex element in order to simplify assembly of the lens,
      since it is impossible to assemble this element in an improper
      orientation. The aspheric surfaces in this design are simple conics
      without any higher order corrections and the coefficients for each of the
      surfaces are as tabulated below:
TBL                Table I                                                     
     ______________________________________                                    
     Surf. 1     Surf. 2     Surf. 3     Surf. 4                               
     ______________________________________                                    
     C 0.15632779                                                              
                -0.07215136                                                    
                           -0.08858961  0.23514772                             
     K -0.84927155                                                             
               -17.36321211                                                    
                           -1.0        -1.0                                    
     ______________________________________                                    
TBL  EXAMPLE II                                                                
                              Radius   Thickness or                            
     Element                                                                   
            N.sub.D   V       mm       Separation mm                           
     ______________________________________                                    
                                       S.sub.1 =1.800                          
                              R.sub.1 =Asphere                                 
     1      1.49168   57.4             T.sub.1 =3.700                          
                              R.sub.2 =Asphere                                 
                                       S.sub.2 =0.825                          
                              R.sub.3 =Asphere                                 
     2      1.59028   30.9             T.sub.2 =0.800                          
                              R.sub.4 =Asphere                                 
                                       S.sub.3 =1.123                          
                              R.sub.5 = 9.4018                                 
     3      1.73400   51.0             T.sub.3 =2.697                          
                              R.sub.6 =-9.4018                                 
     ______________________________________                                    
PAR  It was found during design of the various embodiments of the invention
      presented herein, that Example I appeared to represent the limit to which
      the relative aperture could be increased while maintaining the desired
      angular field coverage. Example II represents a lens with a reduced
      semi-field angle of 16.61.degree. resulting in an increase in the focal
      length to 12.00mm and, more importantly, a relative aperture of 1.40 . As
      with Example I, the first and second elements have been made of polymethyl
      methacrylate and polystyrene with aspheres on each of the surfaces of the
      two elements. The respective aspheres are an ellipsoid, hyperboloid and
      two paraboloids, though the choice of these particular aspheres could be
      modified without sacrificing optical quality. Element 3 is again formed of
      a high index glass to provide a relatively flat field and is a symmetric
      element. Once again no higher order corrections have been made in the
      aspheric surfaces and the coefficients are as tabulated below for the four
      aspheres:
TBL                Table II                                                    
     ______________________________________                                    
     Surf. 1     Surf. 2     Surf. 3    Surf. 4                                
     ______________________________________                                    
     C .15671005                                                               
                -.07073345  -.08252031                                         
                                       .23303578                               
     K -.81198436                                                              
               -20.27948769                                                    
                           -1.0       -1.0                                     
     ______________________________________                                    
TBL  EXAMPLE III                                                               
                              Radius   Thickness or                            
     Element                                                                   
            N.sub.D   V       mm       Separation mm                           
     ______________________________________                                    
                                       S.sub.1 =1.800                          
                              R.sub.1 =Asphere                                 
     1      1.49168   57.4             T.sub.1 =4.553                          
                              R.sub.2 =Asphere                                 
                                       S.sub.2 =1.204                          
                              R.sub.3 =Asphere                                 
     2      1.59028   30.9             T.sub.2 = .900                          
                              R.sub.4 =Asphere                                 
                                       S.sub.3 =1.190                          
                              R.sub.5 = 10.134                                 
     3      1.73400   51.0             T.sub.3 =2.960                          
                              R.sub.6 =-10.134                                 
     ______________________________________                                    
PAR  Example III is similar to Example II with a further reduction in semi-field
      angle to 14.34.degree. and improved aberration correction at a relative
      aperture of f/1.40, with a focal length of 14.00mm. The coefficients for
      the aspheres of Example III are tabulated below:
TBL                Table III                                                   
     ______________________________________                                    
     Surf. 1     Surf. 2     Surf. 3    Surf. 4                                
     ______________________________________                                    
     C .13140514                                                               
                -.06324239  -.08182546                                         
                                       .21013933                               
     K -.80160409                                                              
               -18.01533340                                                    
                           -1.0       -1.0                                     
     ______________________________________                                    
TBL  EXAMPLE IV                                                                
                              Radius   Thickness or                            
     Element                                                                   
            N.sub.D   V       mm       Separation mm                           
     ______________________________________                                    
                                       S.sub.1 =1.800                          
                              R.sub.1 =Asphere                                 
     1      1.49168   57.4             T.sub.1 =3.517                          
                              R.sub.2 =Asphere                                 
                                       S.sub.2 = .825                          
                              R.sub.3 =-13.094                                 
     2      1.59028   30.9             T.sub.2 = .900                          
                              R.sub.4 =Asphere                                 
                                       S.sub.3 =1.135                          
                              R.sub.5 = 9.5029                                 
     3      1.73400   51.0             T.sub.3 =2.716                          
                              R.sub.6 = -9.5029                                
     ______________________________________                                    
PAR  Attempts to further increase the relative aperture based upon the designs
      of Examples II and III resulted in the finding that the aspheric power on
      the surface 3 was not essential to obtain the desired optical quality. It
      was found that this aspheric power could be successfully transferred to
      strengthen the hyperboloid on surface 2 and that surface 3 could be made a
      simple spherical surface with no consequent loss of optical quality,
      thereby utilizing three aspheres rather than four. Example IV represents
      this design with a focal length of 12.01mm at a relative aperture of
      f/1.40 and a semi-field angle of 16.16.degree.. In other respects, Example
      IV is similar to Examples I-III with polymethyl methacrylate and
      polystyrene utilized for Elements 1 and 2 and a high index glass utilized
      for Element III, which is symmetrical in design. The coefficients for the
      aspheres in Example IV are tabulated below:
TBL  Surf. 1          Surf. 2       Surf. 4                                    
     ______________________________________                                    
     C .15628953     -.06431991    .22992535                                   
     K -.75823196   -25.72410942  -1.0                                         
     ______________________________________                                    
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A three element objective lens comprising a front positive biconvex
      element having two aspheric surfaces, a middle negative biconcave element
      having two aspheric surfaces and a rear positive biconvex element wherein
      said aspheric surfaces are from front to rear, an ellipsoid, a
      hyperboloid, and two paraboloids.
NUM  2.
PAR  2. A three element lens comprising a front positive biconvex element, a
      middle negative biconcave element and a rear positive biconvex element,
      said front element having two aspheric surfaces and said middle element
      having at least one aspheric surface wherein the lens focal length F,
      radii of curvature R, thicknesses T, air spaces S, vertex curvatures C and
      conic constants K, as numbered by subscript from front to rear, are as
      defined by the following relationships:
TBL          11    .ltoreq. F .ltoreq.                                         
                              14                                               
             9     .ltoreq. R.sub.5 .ltoreq.                                   
                              11                                               
             9     .ltoreq.-R.sub.6 .ltoreq.                                   
                              11                                               
             3     .ltoreq. T.sub.1 .ltoreq.                                   
                              5                                                
             0.8   .ltoreq. T.sub.2 .ltoreq.                                   
                              0.9                                              
             2     .ltoreq. T.sub.3 .ltoreq.                                   
                              3                                                
             0.8   .ltoreq. S.sub.2 .ltoreq.                                   
                              1.5                                              
             0.9   .ltoreq. S.sub.3 .ltoreq.                                   
                              1.5                                              
             0.13  .ltoreq. C.sub.1 .ltoreq.                                   
                              0.16                                             
             0.06  .ltoreq.-C.sub.2 .ltoreq.                                   
                              0.08                                             
             0.08  .ltoreq.-C.sub.3 .ltoreq.                                   
                              0.09                                             
             0.21  .ltoreq. C.sub.4 .ltoreq.                                   
                              0.24                                             
             .75   .ltoreq.-K.sub.1 .ltoreq.                                   
                              .85                                              
             17    .ltoreq.-K.sub.2 .ltoreq.                                   
                              26.                                              
NUM  3.
PAR  3. A lens as in claim 2, wherein said lens has a focal length of 11.75mm
      when constructed according to the following parameters:
TBL                           Radius   Thickness or                            
     Element                                                                   
            N.sub.D   V       mm       Separation mm                           
     ______________________________________                                    
                                       S.sub.1 =1.800                          
                              R.sub.1 =Asphere                                 
     1      1.49168   57.4             T.sub.1 =3.500                          
                              R.sub.2 =Asphere                                 
                                       S.sub.2 =0.814                          
                              R.sub.3 =Asphere                                 
     2      1.59028   30.9             T.sub.2 =0.900                          
                              R.sub.4 =Asphere                                 
                                       S.sub.3 =0.975                          
                              R.sub.5 =9.0058                                  
     3      1.73400   51.0             T.sub.3 =2.800                          
                               R.sub.6 =-9.0058                                
     ______________________________________                                    
PAL  wherein, from front to rear, the elements are numbered from 1 to 3, the
      corresponding indices of refraction, N, and Abbe numbers, V, are listed
      for each element, the radii of curvature of the surfaces are numbered from
      R.sub.1 to R.sub.6, the thicknesses T.sub.1 to T.sub.3, the spacings
      between the elements are numbered from S.sub.1 to S.sub.3, and wherein
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 represent the vertex radius of
      curvature of an aspheric surface defined by the following formula and
      parameters:
                   Cy.sup.2                                                    
              x =                                                              
                   1+.sqroot.1-(1+K)C.sup.2 y.sup.2                            
       Surf. 1   Surf. 2     Surf. 3    Surf. 4                                
     ______________________________________                                    
     C 0.15632779                                                              
                -0.07215136                                                    
                           -0.08858961                                         
                                       0.23514772                              
     K -0.84927155                                                             
               -17.36321211                                                    
                           -1.0       -1.0                                     
     ______________________________________                                    
PAL  wherein x is the sag of an aspheric surface from a plane reference surface
      at a radial distance y from the axis of the lens, C is equal to the
      reciprocal of the vertex radius of curvature and K K is the conic
      constant.
NUM  4.
PAR  4. A lens as in claim 2, wherein said lens has a focal length of 12.00mm
      when constructed according to the following parameters:
TBL                           Radius   Thickness or                            
     Element                                                                   
            N.sub.D   V       mm       Separation mm                           
     ______________________________________                                    
                                       S.sub.1 =1.800                          
                              R.sub.1 =Asphere                                 
     1      1.49168   57.4             T.sub.1 =3.700                          
                              R.sub.2 =Asphere                                 
                                       S.sub.2 =0.825                          
                              R.sub.3 =Asphere                                 
     2      1.59028   30.9             T.sub.2 =0.800                          
                              R.sub.4 =Asphere                                 
                                       S.sub.3 =1.123                          
                              R.sub.5 =9.4018                                  
     3      1.73400   51.0             T.sub.3 =2.697                          
                               R.sub.6 =-9.4018                                
     ______________________________________                                    
PAL  wherein, from front to rear, the elements are numbered from 1 to 3, the
      corresponding indices of refraction, N, and Abbe numbers, V, are listed
      for each element, the radii of curvature of the surfaces are numbered from
      R.sub.1 to R.sub.6, the thicknesses of the elements are numbered from
      T.sub.1 to T.sub.3, the spacings between the elements are numbered from
      S.sub.1 to S.sub.3, and wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4
      represent the vertex radius of curvature of an aspheric surface defined by
      the following formula and parameters:
                   Cy.sup.2                                                    
              x =                                                              
                   1+.sqroot.1-(1+K)C.sup.2 y.sup.2                            
       Surf. 1   Surf. 2     Surf. 3    Surf. 4                                
     ______________________________________                                    
     C .15671005                                                               
                -.07073345  -.08252031                                         
                                       .23303578                               
     K -.81198436                                                              
               -20.27948769                                                    
                           -1.0       -1.0                                     
     ______________________________________                                    
PAL  wherein x is the sag of an aspheric surface from a plane reference surface
      at a radial distance y from the axis of the lens, C is equal to the
      reciprocal of the vertex radius of curvature and K is the conic constant.
NUM  5.
PAR  5. A lens as in claim 2, wherein said lens has a focal length of 14.00 mm
      when constructed according to the following parameters:
TBL                           Radius   Thickness or                            
     Element                                                                   
            N.sub.D   V       mm       Separation mm                           
     ______________________________________                                    
                                       S.sub.1 =1.800                          
                              R.sub.1 =Asphere                                 
     1      1.49168   57.4             T.sub.1 =4.553                          
                              R.sub.2 =Asphere                                 
                                       S.sub.2 =1.204                          
                              R.sub.3 =Asphere                                 
     2      1.59028   30.9             T.sub.2 = .900                          
                              R.sub.4 =Asphere                                 
                                       S.sub.3 =1.190                          
                              R.sub.5 =10.134                                  
     3      1.73400   51.0             T.sub.3 =2.960                          
                               R.sub.6 =-10.134                                
     ______________________________________                                    
PAL  wherein, from front to rear, the elements are numbered from 1 to 3, the
      corresponding indices of refraction, N, and Abbe numbers, V, are listed
      for each element, the radii of curvature of the surfaces are numbered from
      R.sub.1 to R.sub.6, the thicknesses of the elements are numbered from
      T.sub.1 to T.sub.3, the spacings between the elements are numbered from
      S.sub.1 to S.sub.3, and wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4
      represent the vertex radius of curvature of an aspheric surface defined by
      the following formula and parameters:
                   Cy.sup.2                                                    
              x =                                                              
                   1+.sqroot.1-(1+K)C.sup.2 y.sup.2                            
       Surf. 1   Surf. 2     Surf. 3    Surf. 4                                
     ______________________________________                                    
     C .13140514                                                               
                -.06324239  -08182546  .21013933                               
     K -.80160409                                                              
               -18.01533340                                                    
                           -1.0       -1.0                                     
     ______________________________________                                    
PAL  wherein x is the sag of an aspheric surface from a plane reference surface
      at a radial distance y from the axis of the lens, C is equal to the
      reciprocal of the vertex radius of curvature and K is the conic constant.
NUM  6.
PAR  6. A lens as in claim 2, wherein said lens has a focal length of 12.01 mm
      when constructed according to the following parameters:
TBL                           Radius   Thickness or                            
     Element                                                                   
            N.sub.D   V       mm       Separation mm                           
     ______________________________________                                    
                                       S.sub.1 =1.800                          
                              R.sub.1 =Asphere                                 
     1      1,49168   57.4             T.sub.1 =3.517                          
                              R.sub.2 =Asphere                                 
                                       S.sub.2 = .825                          
                              R.sub.3 =-13.094                                 
     2      1.59028   30.9             T.sub.2 = .900                          
                              R.sub.4 =Asphere                                 
                                       S.sub.3 =1.135                          
                              R.sub.5 = 9.5029                                 
     3      1.73400   51.0             T.sub.3 =2.716                          
                              R.sub.6 = -9.5029                                
     ______________________________________                                    
PAL  wherein, from front to rear, the elements are numbered from 1 to 3, the
      corresponding indices of refraction, N, and Abbe numbers, V, are listed
      for each element, the radii of curvature of the surfaces are numbered from
      R.sub.1 to R.sub.6, the thicknesses of the elements are numbered from
      T.sub.1 to T.sub.3, the spacings between the elements are numbered from
      S.sub.1 to S.sub.3, and wherein R.sub.1, R.sub.2 and R.sub.4 represent the
      vertex radius curvature of an aspheric surface defined by the following
      formula and parameters:
                   Cy.sup.2                                                    
              x =                                                              
                   1+.sqroot.1- (1+K)C.sup.2 y.sup.2                           
       Surf. 1        Surf. 2       Surf. 4                                    
     ______________________________________                                    
     C .15628953     -.06431991    .22992535                                   
     K -.75823196   -25.72410942  -1.0                                         
     ______________________________________                                    
PAL  wherein x is the sag of an aspheric surface from a plane reference surface
      at a radial distance y from the axis of the lens, C is equal to the
      reciprocal of the vertex radius of curvature and K is the conic constant.
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PAL  This invention relates to a short focal length, large aperture optical
      system having a relatively long back focus primarily designed to
      efficiently transmit monochromatic light rays to an image plane with an
      extraordinarily high degree of correction over a prescribed field.
BSUM
PAR  This invention relates to a short focal length, large aperture optical
      system having a relatively long back focus primarily intended for use in
      efficiently transmitting monochromatic light rays in optical instruments.
PAR  Optical systems have been designed to efficiently transmit light rays to an
      image plane with an extraordinarily high degree of correction over a
      prescribed field. The optical system is of short focal length with a
      relatively long back focus and high aperture to efficiently transmit light
      rays of a predetermined wavelength from a source of small size. The system
      is designed to image the light rays without degradation on an image plane
      at a smaller size than that of the source, in this instance, a low powered
      helium neon laser the beam of which is focused. This optical system is
      intended primarily for use in a mass-produced instrument, such as video
      disc player. The optical system is to be simple in design and assembly,
      relatively light weight and relatively low in cost, yet essentially
      diffraction limited over the prescribed field. The elements of this
      optical system are selected to be especially easily manufactured, further,
      the design is to have optimum performance characteristics and to provide
      an image of substantially better correction than might be anticipated
      notwithstanding anticipated tolerance variations during manufacture and
      assembly.
PAR  An object of the invention is to provide short focal length, relatively
      long back focus, high aperture optical system for efficient transmission
      of light rays of a predetermined wavelength from a light source of limited
      diameter and to image the rays without degradation on an image plane.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      detailed description which follows when taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic sectional view of a preferred optical system
      according to the present invention; and
PAR  FIGS. 2a to 2h are graphical representations of the various aberrations of
      the lens system shown in FIG. 1 and having the design data given in Table
      1.
DETD
PAR  Referring to the drawings; an optical system is shown for critically
      imaging light rays from a source having a limited diameter and essentially
      a single wavelength. In this preferred embodiment, the monochromatic light
      source is a focussed laser having an 0.8mm diameter beam and a wavelength
      of 6328 Angstroms. The arrangement of elements, configured as hereinafter
      described, provides for critically imaging the focussed beam to a point
      source of extremely small diameter, while providing a lightweight, highly
      corrected optical system which can be economically manufactured.
PAR  The all-glass optical system of FIG. 1 includes a first element L.sub.1,
      starting at the ray entrance side of the system and positioned nearest the
      light source (not shown). The element is of positive power, and together
      with a negative element L.sub.2, forms a positive component group which
      receives the rays of the light source.
PAR  The second element L.sub.2 is axially separated and slightly air spaced
      from the first element L.sub.1. The second element slightly diverges the
      light rays to ensure impingement onto an element L.sub.3 of substantially
      all of the light rays exiting therefrom notwithstanding some slight
      decentering or misalignment between the optical axes of the elements which
      may occur during manufacture and/or assembly.
PAR  The third element L.sub.3 is relatively widely air spaced from element
      L.sub.2. Element L.sub.3 is of slightly positive power and functions with
      a positive element L.sub.4 as a positive power component group for
      relaying the light rays to the image plane, to form a reduced image of the
      object.
PAR  The optical design is shown with a protective cover L.sub.5 of optical
      material to reduce potential damage to a surface carrying optically coded
      information at the image plane. By selected modifications of the radii of
      elements, L.sub.1 to L.sub.4, the design can be calculated for use without
      the protective cover or with a thinner or thicker cover as desired.
PAR  The optical system is a 8.17mm (0.3215 inch) focal length objective having
      an effective aperture of f/1.10, and a numerical aperture of 0.45. The
      system has a half angle of field of 2.58.degree. and is essentially
      diffraction limited over this prescribed field. As seen in FIGS, 2a-2h
      which diagrammatically represent aberrations of the FIG. 1 optical system,
      a combined high degree of correction is obtained while maintaining an
      extremely short focal length and a larger effective aperture.
PAR  The optical values of the optical system of FIG. 1 are as folows:
TBL                TABLE 1                                                     
     ______________________________________                                    
     EFL = 8.17mm                                                              
     1/2 Angle of Field = 2.58.degree.                                         
     LENS  RADII (IN.) THICKNESS (IN.)                                         
                                     SPACING (IN.)                             
     ______________________________________                                    
     L.sub.1                                                                   
           R.sub.1 =  .8800                                                    
                       D.sub.1 = .0750                                         
           R.sub.2 = 15.4000                                                   
                                     S.sub.1 = .0350                           
     L.sub.2                                                                   
           R.sub.3 =  -.3370                                                   
                       D.sub.2 = .2230                                         
           R.sub.4 =  .4120                                                    
                                     S.sub.2 = .3100                           
     L.sub.3                                                                   
           R.sub.5 =  .4310                                                    
                       D.sub.3 = .0960                                         
           R.sub.6 = -6.6720                                                   
                                     S.sub.3 = .0040                           
     L.sub.4                                                                   
           R.sub.7 =  .1750                                                    
                       D.sub.4 = .0940                                         
           R.sub.8 =  -.2450                                                   
                                     S.sub.4 = .1000                           
                                       (.1545 BFL)                             
     L.sub.5                                                                   
           R.sub.9 = Inf.                                                      
                       D.sub.5 = .0492                                         
           R.sub.10 = Inf.                                                     
                                     0 .ltoreq. S.sub.5 .ltoreq. .0053         
      For ELEMENTS L.sub.1, L.sub.3 V = 25.4 N.sub.D = 1.805                   
     For ELEMENTS L.sub.2, L.sub.4 V = 66.1 N.sub.D = 1.494                    
       ELEMENT L.sub.5 -- OPTICAL MATERIAL                                     
     ______________________________________                                    
PAR  In the above table, the first column lists the lens elements numerically
      starting at the ray entrance side of the system. The elements have the
      dispersive index V and the refractive index N.sub.D as listed at the
      bottom of the table. The second column lists the radii for the respective
      surfaces of the elements the + values of the radii indicating surfaces
      which are convex and the - values of the radii indicating surfaces which
      are concave. The third column lists the thickness of the respective
      elements. The fourth column lists the axial spacings between the
      respective elements and the nominal image plane. The cover plate (element
      L.sub.5) is located in the space considered the back focus (BFL) from the
      surface of the last "active" element. "EFL" is the effective focal length
      of the lens system. "1/2 Angle of Field" is the angle between the
      continuation of the lens axis and a line from the nodal point of the lens
      to the most oblique point recorded on the film.
PAR  FIGS. 2a to 2h graphically represent various aberrations of this form of
      the optical system, as shown in FIG. 1 and having the design data recited
      in Table 1. FIG. 2a represents monochromatic correction of the rays on
      axis. FIG. 2b represents off axis aberrations of a ray passing from the
      zone of the film format and through the lens transversely and
      tangentially. FIG. 2c represents the aberrations of the rays passing from
      the corner of the film format through the lens tangentially and
      transversely. FIG. 2d represents the radial or longitudinal aberrations
      from the zone of the film format of rays entering the lens at 3 o'clock,
      while FIG. 2e represents similar aberrations from full field or corner
      rays. FIG. 2f represents distortion as a percentage of a "perfect" image.
      FIG. 2g represents the sperhical aberrations by a full line and the
      offense-against-sine-condition by the dotted line. FIG. 2h represents the
      curvature of field with tangential curvature being shown in full line and
      sagittal curvature being shown in dashed line.
PAR  Alternatively, a lens design of configuration similar to the design in FIG.
      1 has non-glass elements in combination with glass elements as set forth
      in Table 2. Since the degree of correction of this design is essentially
      identical with the degree of correction of FIG. 1, shown in the graphs of
      FIGS. 2a to 2h, the graphs are not repeated for the Table 2 design.
      Similarly, the optical system is an 8.17mm (0.3215 inch) focal length
      objective having an effective aperture of f/1.15 and a numerical aperture
      of 0.45.
TBL                TABLE 2                                                     
     ______________________________________                                    
     EFL = 8.17mm                                                              
     1/2 Angle of Field = 2.58.degree.                                         
     LENS  RADII (IN.) THICKNESS (IN.)                                         
                                     SPACING (IN.)                             
     ______________________________________                                    
     L.sub.1                                                                   
           R.sub.1 =  .8800                                                    
                       D.sub.1 = .0810                                         
           R.sub.2 = 15.4000                                                   
                                     S.sub.1 = .350                            
     L.sub.2                                                                   
           R.sub.3 =  -.3370                                                   
                       D.sub.2 = .2250                                         
           R.sub.4 =  .4120                                                    
                                     S.sub.2 = .3110                           
     L.sub.3                                                                   
           R.sub.5 =  .4310                                                    
                       D.sub.3 = .0880                                         
           R.sub.6 = -6.6720                                                   
                                     S.sub.3 = .0040                           
     L.sub.4                                                                   
           R.sub.7 =  .1715                                                    
                       D.sub.4 = .0970                                         
           R.sub.8 =  -.2450                                                   
                                     S.sub.4 = .1000                           
                                       (.1535 BFL)                             
     L.sub.5                                                                   
           R.sub.9 = Inf.                                                      
                       D.sub.5 = .0492                                         
           R.sub.10 = Inf.                                                     
                                     0 .ltoreq. S.sub.5 .ltoreq.  .1044        
     For ELEMENTS L.sub.1, L.sub.3 V = 25.4 N.sub.D = 1.805                    
     For ELEMENTS L.sub.2, L.sub.4 V = 57.4 N.sub.D = 1.490                    
       ELEMENT L.sub.5 -- OPTICAL MATERIAL                                     
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical system of relatively short focal length and large aperture
      having a relatively long back focus and substantially the following
      specification:
TBL  EFL = 8.17mm(.3215 inch)                                                  
     1/2 Angle of Field = 2.58.degree.                                         
     LENS  RADII (IN.) THICKNESS (IN.)                                         
                                     SPACING (IN.)                             
     ______________________________________                                    
     L.sub.1                                                                   
           R.sub.1 =  .8800                                                    
                       D.sub.1 = .0750                                         
           R.sub.2 = 15.4000                                                   
                                     S.sub.1 = .0350                           
     L.sub.2                                                                   
           R.sub.3 =  -.3370                                                   
                       D.sub.2 = .2230                                         
           R.sub.4 =  .4120                                                    
                                     S.sub.2 = .3100                           
     L.sub.3                                                                   
           R.sub.5 =  .4310                                                    
                       D.sub.3 = .0960                                         
           R.sub.6 = -6.6720                                                   
                                     S.sub.3 = .0040                           
     L.sub.4                                                                   
           R.sub.7 =  .1750                                                    
                       D.sub.4 = .0940                                         
           R.sub.8 =  -.2450                                                   
                                     S.sub.4 = .1000                           
                                       (.1545 BFL)                             
     L.sub.5                                                                   
           R.sub.9 = Inf.                                                      
                       D.sub.5 = .0492                                         
           R.sub.10 = Inf.                                                     
                                     0 .ltoreq. S.sub.5 .ltoreq. .0053         
     For ELEMENTS L.sub.1, L.sub.3 V = 25.4 N.sub.D = 1.805                    
     For ELEMENTS L.sub.2, L.sub.4 V = 66.1 N.sub.D = 1.494                    
       ELEMENT L.sub.5 -- OPTICAL MATERIAL                                     
     ______________________________________                                    
PAL  wherein the first column lists the lens elements numerically starting at
      the ray entrance side of the system which elements each have the
      dispersive index V and the refractive index N.sub.D ; the second column
      lists the respective base radii R.sub.1 to R.sub.10 ; the third column
      lists the thickness D.sub.1 to D.sub.5 of the respective elements; and the
      fourth column lists the axial spacings S.sub.1 to S.sub.5 between the
      respective elements, and the image plane.
NUM  2.
PAR  2. An optical system of relatively short focal length and large aperture
      having a relatively long back focus and substantially the following
      specification:
TBL  EFL = 8.17mm                                                              
     1/2 Angle of Field = 2.58.degree.                                         
     LENS  RADII (IN.) THICKNESS (IN.)                                         
                                     SPACING (IN.)                             
     ______________________________________                                    
     L.sub.1                                                                   
           R.sub.1 =  .8800                                                    
                       D.sub.1 = .0810                                         
           R.sub.2 = 15.4000                                                   
                                     S.sub.1 = .350                            
     L.sub.2                                                                   
           R.sub.3 =  -.3370                                                   
                       D.sub.2 = .2250                                         
           R.sub.4 =  .4120                                                    
                                     S.sub.2 = .3110                           
     L.sub.3                                                                   
           R.sub.5 =  .4310                                                    
                       D.sub.3 = .0880                                         
           R.sub.6 = -6.6720                                                   
                                     S.sub.3 = .0040                           
     L.sub.4                                                                   
           R.sub.7 =  .1715                                                    
                       D.sub.4 = .0970                                         
           R.sub.8 =  -.2450                                                   
                                     S.sub.4 = .1000                           
                                       (.1535 BFL)                             
     L.sub.5                                                                   
           R.sub.9 = Inf.                                                      
                       D.sub.5 = .0492                                         
           R.sub.10 = Inf.                                                     
                                     0 .ltoreq. S.sub.5 .ltoreq. .1044         
     For ELEMENTS L.sub.1, L.sub.3 V = 25.4 N.sub.D = 1.805                    
     For ELEMENTS L.sub.2, L.sub.4 V = 57.4 N.sub.D = 1.490                    
       ELEMENT L.sub.5 -- OPTICAL MATERIAL                                     
     ______________________________________                                    
PAL  wherein the first column lists the lens elements numerically starting at
      the ray entrance side of the system which elements each have the
      dispersive index V and the refractive index N.sub.D ; the second column
      lists the respective base radii R.sub.1 to R.sub.10 ; the third column
      lists the thickness D.sub.1 to D.sub.5 of the respective elements; and the
      fourth column lists the axial spacings S.sub.1 to S.sub.5 between the
      respective elements, and the image plane.
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ABST
PAL  A photographic objective lens system for adaption with a diaphragm located
      in front of the entire system. The lens system comprises positive front
      and rear lenses and a negative intermediate lens in optical alignment with
      each other. The front lens is in the form of a positive meniscus doublet
      composed of a double convex lens and double concave lens cemented together
      at their adjoining surfaces. The intermediate lens is a double concave
      singlet. The rear lens consists of a positive meniscus front singlet of
      rearward convexity and a positive meniscus rear singlet of forward
      convexity. This objective is so designed as to have a relative aperture of
      at most two in F-number and a field angle as wide as 44.degree. while
      nevertheless preserving an excellent state of correction of various
      aberrations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to photographic objective lens systems having a
      relative aperture of at least f/2.0 and field angle as wide as 44.degree.,
      and more particularly to a photographic objective lens system adapted for
      use with a diaphragm located outwardly of the entire lens system while
      nevertheless an excellent state of correction of the image aberrations is
      preserved even in such situation.
PAR  The commonly known photographic objective lens systems are designed so that
      the diaphragm is located within an air space of the lens system, and,
      therefore, the entrance and exit pupils lie inside of the lens system. In
      some special photography, however, it is required for the objective lens
      to have a pupil lying outwardly thereof. For example, with specially
      designed cameras, it is desired because of the arrangement and
      construction of the mechanism thereof to position the shutter, diaphragm
      and the like in front of the objective lens. In this case, there is
      required the front diaphragm type of objective lens.
PAC  SUMMARY OF THE INVENTION
PAR  The lens design parameters of such an objective lens system are seriously
      limited in the possibility of establishing certain relationships because
      of the high tendency of producing various aberrations, so that a high
      degree of correction of the image aberrations are considerably difficult
      to accomplish. Particularly with an objective lens having an abnormally
      large relative aperture compared to an ordinary objective, such a
      difficulty is remarkably intensified. The present invention is adapted to
      overcome the above-mentioned problem. Accordingly, the object of the
      invention is to provide a photographic objective lens system having a
      large relative aperture along with an excellent state of correction of the
      image aberrations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of an objective lens system according to a
      preferred embodiment of the present invention.
PAR  FIGS. 2A, 2B and 2C are curves illustrating various aberrations of the lens
      of FIG. 1.
PAR  FIG. 3 is a diagrammatic view of an objective lens system according to
      another preferred embodiment of the present invention.
PAR  FIGS. 4A, 4B and 4C are curves illustrating various aberrations of the lens
      of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 3, the objective lens system according to the
      present invention is illustrated as comprising four optically aligned lens
      components with five lens elements. Character A indicates a diaphragm
      position. The first component I is in the form of a positive meniscus
      doublet composed of a double convex lens element and a double concave lens
      element which has a first refracting surface R1 of a convex curvature
      forwardly directed toward the object side. The second component II is a
      double concave singlet which has a front surface R4 of stronger concave
      curvature, or having a smaller radius of concave curvature than that of
      the rear surface thereof and is rearwardly spaced in an axial distance D3
      from Component I. The third component III is a positive meniscus singlet
      which has a rear surface R7 of convex curvature rearwardly directd toward
      the image plane, and is spaced in an axial distance D5 from Component II.
      The fourth component IV is a positive convex singlet which has a front
      surface R8 of stronger convex curvature or having a smaller radius of
      convex curvature forwardly directed toward the object side. The adjacent
      surfaces R7 and R8 of Components III and IV are characterized in that the
      surface R8 of Component IV is flatter than the surface R7 of Component
      III. Further, the axial distance from the first surface R1 of Component I
      to the first surface R4 of Component II or the sum of the axial
      thicknesses D1 and D2 of the front and rear lens elements of Component I
      and the axial separation D3 between Components I and II is longer than the
      axial distance from the second surface of Component II to the second
      surface of Component III, or the sum of the axial separation D5 between
      Components II and III and the axial thickness D6 of Component III. The
      arrangement and construction of the components of the lens system
      according to the present invention may be considered to be of modified
      triplet type from the standpoint of the basic lens design, for which the
      rear lens component of the triplet type objective is formed by two convex
      lenses. By the provision of the two convex lenses in the rear lens
      component it is made possible to decrease the refractive powers of each
      surface with decrease in residual spherical aberrations. However, these
      two convex lenses, namely, Components III and IV, are spaced apart from
      the diaphragm at so long distance that extra-axial pencils of rays pass
      practically through the marginal portions thereof to cause the production
      of extra-axial image aberrations. In order to minimize such image
      aberrations, the relationship between the adjacent surfaces of Components
      III and IV is set forth as R7 &lt; R8. Component II of a concave lens plays a
      roll of cancelling various residual aberrations of the positive lens of
      Component I. As far as the extraaxial aberration correction is concerned,
      it is preferred to place component II near Component III. From this point
      of view, the relationship D1 + D2 + D3 &gt; D5 + D6 is herein set forth. To
      impart a refractive power of a predetermined magnitude to Component II,
      the front surface R4 rather than the rear surface R5 is provided with a
      smaller radius of curvature, thereby contributing a large proportion of
      the refractive power to Component II, or otherwise residual aberrations
      are deteriorated as the incident angles of extra-axial pencils of rays
      impinging upon the rear surface R5 increases. Under the condition that D1
      + D2 + D3 &lt; D5 + D6, the axial separation between Components I and II is
      relatively long. In order to effect a high degree of correction of
      chromatic aberrations under such situation, Component I is constructed in
      the form of a doublet of lens elements cemented together at their
      adjoining surfaces. The present invention in its broader aspects has been
      described with respect to the optical constructional principle. In the
      practice of the present invention, however, good image quality can be
      obtained by the use of certain relationships set out in more detail below
      which define the limits for an optimum lens design.
EQU  (1) 0.55f &lt; .SIGMA.D &gt; 0.9f
EQU  (2) 1.70 &lt; N.sub.convex
      ##EQU1##
EQU  (4) 0.12f &lt; (D1 + D2 + D3) - (D5 + D6) &lt; 0.3f
EQU  (5) 0.6f &lt; R5 &lt; 1.2f
      ##EQU2##
      wherein f is the overall focal length of the entire lens system; .SIGMA.D
      is the total physical length of the entire lens system; R5, R7 and R8 are
      the radii of curvature of the fifth, seventh and eighth refracting
      surfaces counting from the front respectively; D1, D2, D3, D5 and D6 are
      the first, second, third, fifth and sixth axial distances between
      successive refracting surfaces respectively; N.sub.convex is the mean
      value of the refractive indices of materials of which all the convex lens
      element are made; and V1 and V2 are the Abbe numbers of the convex and
      concave lens elements respectively constituting said first component.
PAR  As the pupil of an objective of front diaphragm type lies outwardly of the
      lens system, the diameter of the rear lens is unavoidably increased and a
      high degree of correction of extra-axial aberrations is more difficult to
      accomplish. These problems may be neglected when designing objectives of
      the type having, though large relative aperture, a small field angle, and
      objectives of the type having, though relatively wide field angle, a small
      relative aperture. On the other hand, as an objective has a large relative
      aperture of at least f/2.0 and field angle as great as 44.degree. as in
      the present invention, the solution of aberrational problems is made
      complicated.
PAR  Relationship (1): The diameter of the rear lens may be decreased with
      decrease in the total length of the complete objective. As the total
      length is shortened, however, the refractive powers of each lens element
      are necessarily strengthened to thereby make it difficult to correct
      particularly spherical aberrations, so that an objective having a large
      relative aperture is hardly obtainable. Relationship (1) is set out for
      the purposes of facilitating the minimization of the diameter of the rear
      lens of a large aperture objective adapted for use with a diaphragm
      located in front of the objective while permitting the objective to have a
      field angle of as great as 44.degree.. When the upper limit of
      relationship (1) is violated, the required diameter of the rear lens is
      increased so that a difficulty is created in assembling the resultant
      objective with a given camera body. When the lower limit is violated, the
      solution of aberrational problems can not be facilitated even by the use
      of relationships to be subsequently described.
PAR  Relationship (2): Spherical aberrations and the Petzval sum tend to
      over-correction when the total length of the complete objective is
      restricted in the range defined by relationship (1). For this reason, a
      relatively high refractive indices of glasses have to be selected for
      employment in the convex lens elements. For facilitating a high standard
      correction of spherical aberrations and the Petzval sum with an objective
      having a large aperture of more than f/2.0, it is necessary that the mean
      value of the refractive indices of all the convex lens elements satisfies
      at least relationship (2). The upper limit of relationship (2) is not
      given, but it may be the presently available maximum refractive index of
      glass.
PAR  Relationship (3): The reason why the surfaces R7 and R8 of strong convex
      curvature of Components III and IV are particularly selected for subject
      to relationship (3) is to define the surfaces R7 and R8 of such
      configurations that extra-axial aberrations and particularly coma
      aberration are minimized. When the lower limit is violated, coma
      aberration is intensified. When the upper limit is violated, the spherical
      aberrations are intensified.
PAR  Relationship (4): When the lower limit is violated, a high degree of
      correction of extra-axial aberrations are more difficult to accomplish and
      the diameter of the rear lens is increased. When the upper limit is
      violated, spherical aberrations are deteriorated.
PAR  Relationship (5): A preferable balance of astigmatism is effected with the
      rear surface R5 of controlled curvature of the concave lens of Component
      II. When the upper limit is violated, under-correction of astigmatism
      results. When the lower limit is violated, over-correction of astigmatism
      results.
PAR  Relationship (6): determines the range of acceptable differences between
      the dispersive indices of the convex and concave lens elements of
      Component I, When the lower limited is violated, the concave lens of
      Component II has to compensate for chromatic aberrations to so large
      extent that when longitudinal chromatic aberrations are over-corrected,
      lateral chromatic aberrations are caused to result in over-correction.
      When the upper limit is violated, the situation is reversed. Thus, in any
      case, good states of correction of longitudinal chromatic aberrations as
      well as lateral chromatic aberrations can not be effected simultaneously.
PAR  Two examples of a specific objective of the present invention may be
      constructed in accordance with the numerical data given in Tables 1 and 2
      below wherein;
PA1  R: the radii of curvature of each lens surface with the respective
      refracting surfaces being numbered from the front to the rear of the
      objective and being identified respectively by a subscript numeral for
      each R
PA1  D: the axial spacings between successive refracting surfaces with each D
      being identified by its numerical subscript successively from front to
      rear
PA1  N: the refractive indices of each lens element for the spectral D line of
      sodium with each N being identified by its numerical subscript
      successively from front to rear
PA1  V: the dispersive indices of each lens element with each V being identified
      by its numerical subscript successively from front to rear.
TBL                Table 1 (FIG. 1)                                            
     ______________________________________                                    
     Example 1:                                                                
     ______________________________________                                    
        f = 26.0  F - number = 2.0                                             
                                 2 .omega. = 44.7.degree.                      
     R.sub.1 = 15.445                                                          
        D.sub.1 = 3.0                                                          
                  N.sub.1 = 1.77250                                            
                                 V.sub.1 = 49.6                                
     R.sub.2 = -44.635                                                         
        D.sub.2 = 1.85                                                         
                  N.sub.2 = 1.64769                                            
                                 V.sub.2 = 33.8                                
     R.sub.3 = 45.846                                                          
        D.sub.3 = 4.23                                                         
     R.sub.4 = -15.233                                                         
        D.sub.4 = 1.63                                                         
                  N.sub.3 = 1.68893                                            
                                 V.sub.3 = 31.1                                
     R.sub.5 = 21.407                                                          
        D.sub.5 = 1.2                                                          
     R.sub.6 = -33.113                                                         
        D.sub.6 = 2.73                                                         
                  N.sub.4 = 1.77250                                            
                                 V.sub.4 = 49.6                                
     R.sub.7 = -12.198                                                         
        D.sub.7 = 0.15                                                         
     R.sub.8 = 20.022                                                          
        D.sub.8 = N.sub.5 = 1.77250                                            
                                 V.sub.5 = 49.6                                
     R.sub.9 = 66.210                                                          
        .SIGMA. D = 16.89                                                      
     ______________________________________                                    
TBL                table 2                                                     
     ______________________________________                                    
     Aberration Coefficient                                                    
     ______________________________________                                    
     No.  I        II       III     P       V                                  
     ______________________________________                                    
     1    1.1725   0.7642   0.4981  0.7336 0.8029                              
     2    0.4133   -0.1479  0.0529  0.0249 -0.0278                             
     3    0.1509   -0.2833  0.5316  -0.2229                                    
                                           -0.5794                             
     4    -3.2651  0.6392   -0.1222 -0.6961                                    
                                           0.1608                              
     5    -0.3557  -0.6543  -1.2038 -0.4954                                    
                                           -3.1261                             
     6    0.0029   -0.0169  0.0987  -0.3422                                    
                                           1.4213                              
     7    2.1506   0.1903   0.0168  0.9288 0.0837                              
     8    -0.0147  -0.0533  -0.1932 0.5659 1.3506                              
     9    0.2249   -0.2592  0.2987  -0.1711                                    
                                           -0.1471                             
     .SIGMA.                                                                   
          0.4797   0.1788   -0.0252 0.3255 -0.0612                             
     ______________________________________                                    
TBL                table 3 (FIG. 3)                                            
     ______________________________________                                    
     Example 2 :                                                               
     ______________________________________                                    
        f = 26.0  F-number = 1.8 2 .omega. = 44.7.degree.                      
     R.sub.1 = 16.333                                                          
        D.sub.1 = 5.0                                                          
                  N.sub.1 = 1.78590                                            
                                 V.sub.1 = 44.2                                
     R.sub.2 = -43.284                                                         
        D.sub.2 = 1.0                                                          
                  N.sub.2 = 1.75520                                            
                                 V.sub.2 = 27.5                                
     R.sub.3 = 123.054                                                         
        D.sub.3 = 3.88                                                         
     R.sub.4 - -18.019                                                         
        D.sub.4 = 1.97                                                         
                  N.sub.3 = 1.75520                                            
                                 V.sub.3 = 27.5                                
     R.sub.5 = 20.840                                                          
        D.sub.5 = 1.4                                                          
     R.sub.6 = -26.607                                                         
        D.sub.6 = 3.1                                                          
                  N.sub.4 = 1.77250                                            
                                 V.sub.4 = 49.6                                
     R.sub.7 = -12.558                                                         
        D.sub.7 = 0.1                                                          
     R.sub.8 = 21.232                                                          
        D.sub.8  = 3.0                                                         
                  N.sub.5 = 1.78590                                            
                                 V.sub.5 = 44.2                                
     R.sub.9 = 119.791                                                         
        .SIGMA. D = 19.45                                                      
     ______________________________________                                    
TBL                table 4                                                     
     ______________________________________                                    
     Aberration Coefficients                                                   
     ______________________________________                                    
     No.  I        II       III     P       V                                  
     ______________________________________                                    
     1    0.9940   0.6818   0.4676  0.7005  0.8012                             
     2    0.0782   -0.0272  0.0095  0.0059  -0.0053                            
     3    0.5532   -0.5732  0.5938  -0.0909 -0.5210                            
     4    -2.9460  0.6899   -0.1616 -0.6208 0.1832                             
     5    -0.2299  -0.4792  -0.9990 -0.5368 -3.2019                            
     6    -0.0022  0.0060   -0.0165 -0.4259 1.2114                             
     7    1.6650   0.1720   0.0178  0.9023  0.0950                             
     8    -0.0109  -0.0443  -0.1802 0.5389  1.4583                             
     9    0.3084   -0.2547  0.2103  -0.0955 -0.0948                            
     .SIGMA.                                                                   
          0.4099   0.1711   -0.0584 0.3777  -0.0740                            
     ______________________________________                                    
PAR  FIGS. 2A, 2B and 2C are graphic representations of corrections attained for
      various aberrations in the above-mentioned Examples 1 and 2 respectively.
      It will be appreciated that by the use of four lens components with five
      lens elements, high quality objectives of the front diaphragm type are
      economically produced which have a relative aperture of at least f/2.0
      while nevertheless preserving a good state of correction of aberrations.
PAR  The numerical values of relationships (1) - (6) in Examples 1 and 2 are
      given in Table 5 below.
TBL                Table 5                                                     
     ______________________________________                                    
            Example 1     Example 2                                            
     ______________________________________                                    
     (1)      0.65f           0.748f                                           
     (2)      1.7725          1.7814                                           
     (3)      1.641           1.691                                            
     (4)      0.198f          0.207f                                           
     (5)      0.823f          0.802f                                           
     (6)      0.0094          0.0137                                           
     ______________________________________                                    
PAR  Relationships (1) - (6) may be modified as follows without causing
      appreciable deteriolation of aberrations from the states shown in FIGS. 2
      and 4.
EQU  (1') 0.55f &lt; .SIGMA.D &lt; 0.8f
EQU  (2') 1.7 &lt; N.sub.convex
      ##EQU3##
EQU  (4') 0.15f &lt; (D1+D2+D3) - (D5+D6) &lt; 0.25f
EQU  (5') 0.7f &lt; R5 &lt; 0.95f
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A large aperture photographic objective lens system adapted for use with
      a diaphragm located forwardly thereof, said objective comprising in order
      from the object side: a first positive meniscus doublet lens component
      which is convex toward the object side and is composed of a double convex
      lens and a double concave lens cemented together at their adjoining
      surfaces;
PA1  a second double concave single lens component a strong concave curvature
      directed forwardly toward the object side and being rearwardly spaced from
      said first component;
PA1  a third positive meniscus singlet lens component which is convex toward the
      image side and lying substantially in edge contact with said second
      component; and
PA1  a fourth convex singlet lens component having a refracting surface of
      strong convex curvature directed toward the object side and being spaced
      from said third component; said refracting surface of strong convex
      curvature of the fourth component being flatter than the adjacent surface
      of said third component; and the axial length from the first surface of
      said first component to the first surface of said second component being
      longer than the axial length from the second surface of said second
      component to the second surface of said third component.
NUM  2.
PAR  2. A large aperture photographic objective as described in claim 1, wherein
      said fourth component has a second surface of concave curvature rearwardly
      directed toward the image side.
NUM  3.
PAR  3. A large aperture photographic objective lens system for use with a
      diaphragm located forwardly thereof, said objective comprising in order
      from the object side:
PA1  a first positive meniscus doublet lens component which is convex toward the
      object side and is composed of a double convex lens and a double concave
      lens cemented together at their adjoining surfaces;
PA1  a second double concave single lens component having a strong concave
      curvature directed forwardly toward the object side and being rearwardly
      spaced from said first component;
PA1  a third positive meniscus singlet lens component which is convex toward the
      image side and lying substantially in edge contact with said second
      component; and
PA1  a fourth convex singlet lens component having a refracting surface of
      strong convex curvature directed toward the object side and being spaced
      from said third component,
PA1  said fourth component also having a second surface of concave curvature
      rearwardly directed toward the image side;
PA1  said refracting surface of strong convex curvature of the fourth component
      being flatter than the adjacent surface of said third component; and the
      axial length from the first surface of said first component to the first
      surface of said second component being longer than the axial length from
      the second surface of said second component to the second surface of said
      third component, wherein the characteristics of the various lenses of the
      four lens components and their spatial relationships to each otehr being
      substantially of the proportions indicated by the numerical data in the
      following table
TBL  The focal length of the entire system f = 26.0                            
     F-number = 2.0                                                            
     The field angle 2.omega. = 44.7.degree.                                   
     R.sub.1 = 15.445                                                          
        D.sub.1 = 3.0                                                          
                  N.sub.1 = 1.77250                                            
                                 V.sub.1 = 49.6                                
     R.sub.2 = -44.635                                                         
        D.sub.2 = 1.85                                                         
                  N.sub.2 = 1.64769                                            
                                 V.sub.2 = 33.8                                
     R.sub.3 = 45.846                                                          
        D.sub.3 = 4.23                                                         
     R.sub.4 = -15.233                                                         
        D.sub.4 = 1.63                                                         
                  N.sub.3 = 1.68893                                            
                                 V.sub.3 = 31.1                                
     R.sub.5 = 21.407                                                          
        D.sub.5 = 1.2                                                          
     R.sub.6 = -33.113                                                         
        D.sub.6 = 2.73                                                         
                  N.sub.4 = 1.77250                                            
                                 V.sub.4 = 49.6                                
     R.sub.7 = -12.198                                                         
        D.sub.7 = 0.15                                                         
     R.sub.8 = 20.022                                                          
        D.sub.8 = N.sub.5 = 1.77250                                            
                                 V.sub.5 = 49.6                                
     R.sub.9 = 66.210                                                          
        .SIGMA. D = 16.89                                                      
PAL  wherein R denotes the radii of curvature of each lens surface with the
      respective refracting surfaces being numbered from front to rear and being
      identified respectively by a subscript numeral for each R; D denotes the
      axial spacings between successive refracting surfaces with each D being
      identified by its numerical subscript successively from front to rear; N
      denotes the refractive indices of each lens for the spectral D line of
      sodium with each N being identified by its numerical subscript
      successively from front to rear; and V denotes the dispersive indices of
      each lens with each V being identified by its numerical subscript
      successively from front to rear.
NUM  4.
PAR  4. A large aperture photographic objective lens system for use with a
      diaphragm located forwardly thereof, said objective comprising in order
      from the object side:
PA1  a first positive meniscus doublet lens component which is convex toward the
      object side and is composed of a double convex lens and a double concave
      lens cemented together at their adjoining surfaces;
PA1  a second double concave single lens component having a strong concave
      curvature directed forwardly toward the object side and being rearwardly
      spaced from said first component;
PA1  a third positive meniscus singlet lens component which is convex toward the
      image side and lying substantially in edge contact with said second
      component; and
PA1  a fourth convex singlet lens component having a refracting surface of
      strong convex curvature directed toward the object side and being spaced
      from said third component, said fourth component also having a second
      surface of concave curvature rearwardly directed toward the image side;
      said refracting surface of strong convex curvature of the fourth component
      being flatter than the adjacent surface of said third component; and the
      axial length from the first surface of said first component to the first
      surface of said second component being longer than the axial length from
      the second surface of said second component to the second surface of said
      third component, wherein the characteristics of the various lenses of the
      four lens components and their spatial relationships to each other being
      substantially of the proportions indicated by the numerical data in the
      following table
TBL  The focal length of the entire system f = 26.0                            
     F-number = 1.8                                                            
                 The field angle 2.omega. = 44.7.degree.                       
     R.sub.1 = 16.333                                                          
        D.sub.1 = 5.0                                                          
                  N.sub.1 = 1.78590                                            
                                 V.sub.1 = 44.2                                
     R.sub.2 = -43.284                                                         
        D.sub.2 = 1.0                                                          
                  N.sub.2 = 1.75520                                            
                                 V.sub.2 = 27.5                                
     R.sub.3 = 123.054                                                         
        D.sub.3 = 3.88                                                         
     R.sub.4 = -18.019                                                         
        D.sub.4 = 1.97                                                         
                  N.sub.3 = 1.75520                                            
                                 V.sub.3 = 27.5                                
     R.sub.5 = 20.840                                                          
        D.sub.5 = 1.4                                                          
     R.sub.6 = -26.607                                                         
        D.sub.6 = 3.1                                                          
                  N.sub.4 = 1.77250                                            
                                 V.sub.4 = 49.6                                
     R.sub.7 = -12.558                                                         
        D.sub.7 = 0.1                                                          
     R.sub.8 = 21.232                                                          
        D.sub.8  = 3.0                                                         
                  N.sub.5 = 1.78590                                            
                                 V.sub.5 = 44.2                                
     R.sub.9 = 119.791                                                         
        .SIGMA. D = 19.45                                                      
PAL  wherein R denotes the radii of curvature of each lens surface with the
      respective refracting surfaces being numbered from front to rear and being
      identified respectively by a subscript numeral for each R; D denotes the
      axial spacings between successive refracting surfaces with each D being
      identified by its numerical subscript successively from front to rear; N
      denotes the refractive indices of each lens for the spectral D line of
      sodium with each N being identified by its numerical subscript
      successively from front to rear; and V denotes the dispersive indices of
      each lens with each V being identified by its numerical subscript
      successively from front to rear.
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ABST
PAL  The present invention relates to a lens barrel so constructed that the lens
      barrel presents a lens frame movable along the optical axis by the
      operation member by means of the engagement of a pin in a cam groove,
      whereby in order to prevent from the damage of the cam groove a
      cylindrical member with a protection member projecting beyond the front of
      the movable lens frame is provided in such a manner that the force given
      from outside is received by the fixed barrel through the protection
      member.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a lens barrel. A lens barrel which is so
      designed that the rotation of the operation ring is transferred to the
      movable lens frame by means of the engagement of a pin with a cam groove
      so as to move the lens along the direction of the optical axis is widely
      utilized in the mechanism for varying the focal distance of a zoom lens or
      for focussing of an ordinary lens, whereby the movable lens frame at the
      front or the accessaries such as filters or the like mounted on the frame
      are projecting out of such a lens barrel so that there exists a
      possibility that the operation might become impossible because the cam
      groove or the pin is damaged when they are struck against other hard
      things during transportation or photographing.
PAR  Even if on the other side the operation is possible there exists a
      possibility that the optical efficiency might be remarkably reduced when
      much play takes place between the cam groove and the shaft.
PAR  The purpose of the present invention is to eliminate such shortcomings as
      mentioned above, by prolonging the mantle of the lens barrel beyond the
      most advanced position of the movable lens so as to form a protection part
      in such a manner that the cam groove, the pins or the like can be
      protected whereby the accessaries such as filters or the like can easily
      be mounted.
DRWD
PAR  Below the present invention will be explained according to the drawings of
      the embodiments of the present invention.
PAR  FIG. 1 shows a side view of a conventional lens barrel, whereby a part is
      cut open.
PAR  FIG. 2 shows a side view of an embodiment of the present invention, whereby
      a part is cut open.
PAR  FIG. 3 shows a side view of another embodiment of the present invention,
      whereby a part is cut open.
DETD
PAR  In FIG. 1, 1 is the zoom ring while 2 is the cam cylinder being combined
      with the ring as one body and presenting the cam grooves 2a and 2b. 3 is a
      fixed guide cylinder presenting at the back the mount part 3c and the
      bayonet ring 3d for mounting the cylinder on a cam and on the
      circumference the linear grooves 3a and 3b. 4 and 5 are respectively pins
      being provided on the movable cylinders 6 and 7 and in engagement in the
      above mentioned linear grooves 3a, 3b, and the above mentioned cam grooves
      2a, 2b of the cam cylinder.
PAR  The movable cylinder 6 holds a lens frame 10 on its internal surface by
      means of a helicoidal screw 6a, while the pin 11 provided on the lens
      frame is engaged in the linear groove 9a provided on the internal surface
      of the distance ring 9. The distance ring 9 is engaged with the cylinder 8
      fixed on the guide cylinder 3 by means of a screw 8a.
PAR  With the rotation of the zoom ring 1, the cam cylinder 2 rotates as one
      body whereby by means of the engagement of the pins 4 and 5 in the cam
      grooves 2a and 2b the movable cylinder 6 and 7 are moved forwards and
      backwards in such a manner that the distance between the front lens group
      and the rear lens group (not shown in the drawing) held in the lens frame
      10 and the movable cylinder 7 is varied so that the focal distance of the
      optics can be adjusted. Hereby the frame 10 for the front lens group is
      advanced and retired linearly with the movable cylinder 6 while the pin 11
      is moved inside the linear group 9a so that the helicoidal screw 6a makes
      no effect. Then with the rotation of the distance ring 9 the frame 10 for
      the front lens group is rotated by means of the pin 11 and advanced and
      retired by the effect of the helicoidal screw 6a.
PAR  When the lens frame 10 is advanced up to the nearest position, the screw
      part 10a for mounting accessaries at the front projects out of the front
      of the distance ring.
PAR  FIG. 2 shows an embodiment in which the front of the distance ring is
      prolonged further ahead in such a manner that the part movable forwards
      and backwards by means of the engagement of the pin in the groove and
      advanced up to the furthest position might be protected by the mantle
      member.
PAR  In FIG. 2, 12 is a filter frame being mounted at the front of the frame 10
      for the front lens group by means of a screw 10a whereby the front of the
      distance ring 9 forms a protection member 9c for protecting the lens
      frame, projecting beyond the front of the filter frame 12 when the lens
      grame 10 is advanced utmost. The distance ring 9 is rotatably engaged with
      the fixed ring 8 by means of screw 8a like to the lens barrel shown in
      FIG. 1 so that the force given to the front from outside is received by
      the whole surface of a number of threads of the screw 8a and therefore
      such a deformation as disturbs operation does not take place in such a
      manner that the lens frame can be protected from any force or shocks given
      from outside. Further, on the circumference of the front of the distance
      ring 9 two or three notches 9b are provided in such a manner that the
      filter frame or the like can be screwed in the front of the lens frame
      whereby the protection part is not touched by hand.
PAR  The distance ring 9 in the drawing is of one body construction, whereby it
      goes without saying that the ring can be assembled with two or three parts
      for the sake of the easy working of the linear groove.
PAR  FIG. 3 shows an embodiment of the lens barrel in which the focus adjustment
      can be made by means of the cam groove and the pin, whereby 21 is a fixed
      barrel presenting at the back a mount part 21b and a bayonet 21c and on
      the internal surface a screw 21a for holding the cam cylinder 22.
PAR  On the internal surface of the above mentioned cam cylinder a lens frame 24
      for holding an optics not shown in the drawing is adapted, while the pin
      23 provided on its circumference is engaged in the cam groove 22a of the
      cam cylinder. The cam cylinder is connected with the distance ring 27 into
      one body, and at the back of the lens frame 24 a groove 24a for straight
      movement is provided in which groove a key 26 fixed on the fixed barrel 21
      engages.
PAR  With the rotation of the distance ring 27 the cam cylinder 22 rotates as
      one body in such a manner that the lens frame 24 is advanced and retired
      linearly by means of the pin 23 so as to adjust the focussing.
PAR  When the focus is adjusted at the nearest position the lens frame 24 is
      most advanced, whereby because the front 27c of the distance ring 27 forms
      a protection part which covers the front of the filter frame mounted on
      the mount part 25 at the front of the lens frame 24 there exists no danger
      for damaging the pin on the lens frame or the cam cylinder likely to the
      embodiment shown in FIG. 2 even when a force is given from outside. Likely
      to the embodiment shown in FIG. 2 a notch 27b for facilitating the
      mounting of the filter is provided at the front of the distance ring 27 so
      that the operation for mounting the filter can be carried out easily.
PAR  In the shown embodiment the pin is provided on the movable lens frame while
      the cam groove is provided on a ring making one body with the operation
      ring, whereby it goes without saying that a cam groove can be provided on
      the movable lens frame while the pin can be provided on the operation
      ring. Further the cam groove can be provided on the fixed barrel while the
      pin can be provided on the movable lens frame.
PAR  The present invention relates to a lens barrel so constructed that the lens
      frame in the lens barrel is moved by means of the cam groove and the pin,
      which is characterized in that the mantle part of the lens barrel projects
      beyond the movable lens frame or the accessaries mounted on the movable
      lens frame so as to form a protecting part and that next to the protecting
      part a notch for facilitating the mounting operation of the accessaries in
      such a manner that a lens barrel on which accessaries can easily be
      mounted can be obtained according to the present invention whereby the
      pin, the cam groove and the like of the lens moving mechanism is protected
      from the force from outside.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lens barrel for the lens system of a camera, said lens system
      including an optical axis and a front end, said lens barrel comprising a
      fixed barrel for mounting upon said camera, a lens frame having a lens
      mounted thereon disposed at said front end of said lens system and being
      movable within said fixed barrel in the direction of said optical axis, an
      operation means capable of revolving about said fixed barrel to effect
      displacement of said lens frame, a cam groove and a pin engaged within
      said cam groove, said pin and cam groove operatively interposed between
      said operation means and said movable lens frame to effect movement of
      said lens frame when said operation means is revolved about said fixed
      barrel, a cylindrical member, and an engaging portion, said cylindrical
      member being rotatably engaged upon the circumference of said fixed barrel
      by said engaging portion, said cylindrical member being configured to form
      a mantle member of said lens barrel, said lens barrel being configured
      with said cylindrical member always protruding beyond said movable lens
      frame at said front end of said lens system so as to protect said lens
      frame in such a manner that a force exerted on said cylindrical member
      from exteriorly thereof is received by said fixed barrel through said
      engaging portion.
NUM  2.
PAR  2. A lens barrel according to claim 1 wherein said lens frame includes a
      member for mounting accessories at said front end and wherein said
      cylindrical member includes a protection member at the front end thereof
      projecting beyond the front of accessories mounted upon said lens frame.
NUM  3.
PAR  3. A lens barrel according to claim 1 wherein a portion of said cylindrical
      member protruding beyond said movable lens frame includes a notch formed
      therein.
NUM  4.
PAR  4. A lens barrel according to claim 1 wherein said cylindrical member is a
      focus adjusting ring.
NUM  5.
PAR  5. A lens barrel for the lens system of a camera, said lens system
      including an optical axis, said lens barrel comprising a fixed barrel for
      mounting upon said camera, a first and a second movable lens frame each
      having a lens mounted therein, both said first and second lens frames
      being mounted for displacement within said fixed barrel in the direction
      of said optical axis, a rotatable operation means for displacing said
      first movable lens frame to effect zooming operation, a cam groove and a
      pin engaged within said cam groove, said cam groove and said pin being
      arranged to operatively interconnect said operation means and said first
      lens frame, a distance being rotatably mounted upon the periphery of said
      fixed barrel to displace said first movable lens frame in order to effect
      focussing operation, said distance ring being adapted to form an outer
      casing member of said lens barrel and including a nose portion configured
      to protrude at all times during operation of said lens barrel beyond said
      first movable lens so as to protect said movable lens frame.
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ABST
PAL  A wide-angle indirect ophthalmoscope contains a contact lens that fits over
      a cornea and is surrounded by two rings of optical fibers for illumination
      of the eye fundus. The two rings of fibers are oriented to maximize
      illumination of the fundus while reducing troublesome reflections. The
      inside ring is formed of fibers with a numerical aperture and inclination
      selected to illuminate 100.degree. of the retina. The outside ring of
      fibers illuminates the periphery of the retina up to 150.degree.. The
      location and inclination of the rings are calculated to prevent blockage
      of the entrance pupil of the observation system while avoiding direct
      illumination of the entrance pupil.
PAL  A lens series for use in an ophthalmoscope in combination with the contact
      lens is also disclosed.
PAL  Further, a fundus camera contains the contact lens, the two rings of
      optical fibers, and a lens series for use in conjunction with a camera
      having a 50 mm focal length.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my earlier co-pending
      application Ser. No. 292,150, filed Sept. 25, 1972, entitled Wide-Angle
      Ophthalmoscope.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to instruments which are used to examine and
      to photograph the interior of an eye, and which are known as
      ophthalmoscopes and fundus cameras respectively. The present instruments
      are an improvement in those ophthalmoscopes and fundus cameras disclosed
      in my co-pending patent application Ser. No. 292,150, filed Sept. 25,
      1972, entitled Wide-Angle Ophthalmoscope, the teachings of which are
      incorporated herein by reference.
PAR  In my earlier co-pending application, an ophthalmoscope and a fundus camera
      are disclosed which include optical fibers built into a contact lens in a
      circular pattern to form a single ring of optical fibers around the
      contact lens. The importance of maintaining a single circular pattern of
      fibers in a predetermined fixed orientation in relationship to the contact
      lens is emphasized. For a single ring of fibers having a numerical
      aperture of 0.66 or greater, it was found advantageous to orient the ring
      so that the fibers made an angle of 25.degree.-35.degree. with the axis of
      the lens. With an ophthalmoscope or fundus camera containing that single
      ring of high numerical aperture optical fibers, it is possible to
      illuminate 100.degree. of the fundus. However, the field of illumination
      can not be increased further when conventional optical fibers are
      utilized, without deleterious effects. It is of course desirable to
      increase the field of illumination, and accordingly increase the field of
      view that is possible without scanning.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a fundus camera or ophthalmoscope
      results which illuminates 150.degree. of an eye fundus with conventional
      optical fibers of comparitively low numerical aperture and enables a field
      of view of 150.degree., all without scanning. Both instruments include a
      contact lens capaple of being placed on a patient's cornea and surrounded
      by two distinct rings of optical fibers. The orientation and the numerical
      aperture of the optical fibers forming the rings are calculated so that a
      maximum area of the eye fundus is illuminated without having light from
      the optical fibers strike the front surface of the entrance pupil of the
      eye to be examined.
PAR  Accordingly, it is an object of the present invention to provide an
      ophthalmoscope and a fundus camera, each of which is capable of viewing or
      photographing an eye fundus with a field of view of approximately
      150.degree. using conventional optical fibers as the illumination source.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view partially in section of a fundus camera in
      accordance with the present invention;
PAR  FIG. 2 is a perspective view of an illuminating cone in accordance with the
      present invention for use in conjunction with a fundus camera;
PAR  FIG. 3 is an exploded perspective view of several components of an
      ophthalmoscope in accordance with the present invention;
PAR  FIG. 4 is a cross-sectional view of an ophthalmoscope in accordance with
      the present invention;
PAR  FIG. 5 is a diagram illustrating how light emerging from an optical fiber
      travels through an eye;
PAR  FIG. 6 is a diagram illustrating the illumination of a retina with two
      rings of fibers in accordance with the present invention; and,
PAR  FIG. 7 is a cross-sectional view of a lens series for use in a fundus
      camera in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is directed to fundus cameras and ophthalmoscopes.
      Ophthalmoscopes are used for visual examination of an eye fundus; whereas,
      fundus cameras are used to photograph an eye fundus.
PAR  The wide-angle ophthalmoscopes and fundus cameras of the present invention
      include fiber optic light guides having their exit ends arranged in two
      rings for illuminating the retina. The two illuminating rings function in
      conjunction with a contact lens to provide a wide-angle view of the field
      which is uniformly illuminated by the fiber optic light guides. An
      important aspect of the present invention is the location of the two
      illuminating rings of fibers, the inclination of the fibers at the contact
      point with the cornea and the numerical aperture of the fibers.
PAR  Several components of the ophthalmoscope and of the fundus camera of the
      present invention are similar. A common feature found in both the fundus
      camera (FIG. 1) and the ophthalmoscope (FIG. 4) is the contact lens 10'
      and 10 of fundus camera 12 and ophthalmoscope 14. Other common components
      which are characteristic to each instrument are the two rings of optical
      fibers 16' and 18' of fundus camera 12 and rings 16 and 18 of
      ophthalmoscope 14.
PAR  Preferably contact lens 10', 10 (which is also designated in FIG. 7 as lens
      I) is formed of a glass which is sold by the Eastman Kodak Company, 901
      Elm Grove Road, Rochester, N.Y. under their designation EK-911. This glass
      has a refractive index (n.sub.d) of 2.1. Another glass which is suitable
      for forming contact lens 10', 10 is sold by Jenaer Glaswerk Schott & Gen.,
      Mainz, West Germany, (hereinafter called Schott) under their designation
      LaSF 6 - 961349. This glass has a refractive index (n.sub.d) of 1.96052.
      Other constructional parameters for lens 10', 10 are given in Table I
      below. As used throughout this specification and claims, R indicates the
      radius of curvature, T indicates the thickness of the lens, and S
      indicates the distance between opposed lens surfaces.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                      Abbe                                     
                        Refractive    number                                   
     Lens                                                                      
        Radius, R                                                              
                Thickness, T                                                   
                        Index, n.sub.d                                         
                              Space, S                                         
                                      (dispersion)                             
     __________________________________________________________________________
     I  R.sub.1 =  8.2 mm                                                      
                T.sub.1 = 9.2 mm                                               
                        2.1   S.sub.1 = 4.0 mm                                 
                                      25.6                                     
        R.sub.2 = 10.2 mm                                                      
     __________________________________________________________________________
PAL  Contact lens 10, 10' (I) is a concavo-convex singlet lens which is a
      positive focusing lens when placed on a cornea.
PAR  The diameter d.sub.1 of the portion of contact lens 10, 10' that contacts
      the cornea (as is shown in FIG. 1) is 8 mm. The operable range of this
      diameter d.sub.1 of the forward surface of contact lens 10', 10 is 7-8 mm.
      At this point it is emphasized that any dimensions given in the
      specification are optimized to be compatible with an average eye. However,
      as will be apparent to those skilled in this art, the parameters of the
      ophthalmoscope and of the fundus camera may be varied so that the
      instruments can be utilized on a patient whose eyes deviate in size from
      an average eye. A case where such deviation is noteworthy is the case of
      small children. However, from the present specification, one skilled in
      the art is provided with all the information necessary to make whatever
      corrections are necessary to provide an ophthalmoscope or fundus camera in
      accordance with the general concepts of the present invention and which
      can be effectively utilized to examine and to photograph the retinas of
      children or any other patients having eyes which deviate from an average
      eye.
PAR  As is set forth above, the instruments of the present invention employ
      optical fibers for illuminating the retina. Optical fibers 38 (FIG. 4)
      operate on the principle of total internal reflection. This principle is
      so well known that it requires only a brief description. A transparent
      elongated smooth surfaced body of higher refractive index than its
      surroundings can transmit light applied to one end so that it emerges with
      little loss at the other end, due to total internal reflection from its
      surfaces of light rays divergent from the longitudinal axis of the body.
      To produce total internal reflection within each fiber, each fiber is
      formed of a central glass core surrounded by a thin sheath or cladding of
      glass having a lower refractive index than the core. Although glass fibers
      are preferred, the light guiding fibers may be formed of transparent
      plastics. However, the construction of light guiding fibers from either
      glass or plastic is well within the skill of those in this art. Since the
      optical fibers used in the present instruments do not tranmit an image,
      but only are used for illuminating the retina, the fibers are not arranged
      to be coherent.
PAR  One important embodiment of the present invention utilizes clad fibers with
      a numerical aperture (N.A.) of 0.55.
PAR  A major difference between the ophthalmoscope and the fundus camera of the
      present invention and the ophthalmoscope and the fundus camera disclosed
      in U.S. patent application Ser. No. 292,150 is that instruments
      constructed in accordance with the present invention include two rings of
      optical fibers, an outside ring 16', 16 and an inside ring 18', 18;
      whereas, in my prior application only one ring is disclosed. In the
      illustrated embodiments of FIGS. 1 and 4, inside ring 18', 18 abuts
      against and encircles contact lens 10', 10. Thus, the inside diameter of
      ring 18', 18 is 8 mm. The ring is approximately 0.5 mm thick. Thus, the
      outside diameter of ring 18', 18 is 9 mm. Outside ring 16', 16 is
      separated from inside ring 18', 18 a distance of about 0.5 mm. Thus, the
      inside diameter of outside ring 16', 16 is 10 mm. The ring formed by the
      outer optical fibers is approximately 1 mm thick; therefore, the outside
      diameter of outside ring 16', 16 is 12 mm.
PAR  At this point, it should be noted that the rings 16' and 18' shown in FIG.
      2 shows fibers that are greatly exaggerated in size. The individual fibers
      which form the rings of fibers may be only 0.002 inches in diameter.
PAR  In accordance with the present invention, when fibers 38 have a numerical
      aperture of 0.55, the tips 20 of the optical fibers which form ring 18,18'
      make an angle with the axis of the lens which is between the range of
      18.degree. to 24.degree.. Preferably, as FIG. 6 shows the tips of fibers
      20 make an angle of 20.degree. with the axis of lens 10, 10'.
PAR  The tips 22 of the fibers which form ring 16, 16' make an angle with the
      axis of the lens, 10, 10' which is between the range of
      35.degree.-42.degree.. Preferably tips 22 make an angle of 39.degree. with
      the axis of lens 10,10' when fibers with a numerical aperature of 0.55 are
      utilized. The significance of the foregoing orientation of rings 16', 16
      and 18', 18 as well as a convenient method for maintaining the position of
      these rings inside the ophthalmoscope and fundus camera are disclosed
      below.
PAR  At this point it should be noted that the major difference between the
      ophthalmoscope 14 and the fundus camera 12 is that with an opthalmoscope,
      lenses 24, 26, and 28 (II-VI) in FIGS. 4 and 7 are built directly into the
      instrument; whereas, in the case of a fundus camera, a corresponding lens
      series, representing schematically as lens 30 in FIG. 1, is positioned
      between the illuminating cone 32 and a camera 34.
PAR  A convenient method for maintaining the required positioning of the rings
      of optical fibers is set forth below with reference to FIGS. 3 and 4. The
      R.sub.2 surface of lens 10 is cemented to the forward end of a lens mount
      36. Optical fibers 38 are fanned over mount 36 and the side of lens 10 to
      forming a circular, conical array of fibers which is cemented to the lens
      with an opaque epoxy. As also shown, the outer upper surface of lens 10 is
      designed with a geometric configuration such that the terminal ends of
      fibers 38 make an angle between the range of 18.degree.-24.degree. with
      the axis of lens 10. Of course, the lens mount 36 is preferably shaped so
      that the angle is 20.degree. for fibers with a numerical aperture of 0.55.
      Thereafter, a separator 42 is placed down on the lens and circular array
      of fibers which forms ring 18. Separator 42 is fabricated so that it has a
      conically tapered outer surface 44 which makes an angle of
      35.degree.-42.degree. (preferably 39.degree.) with the axis of lens 10,
      with the inner surface 45 being inclined at an angle to correspond to the
      angle of the tips of fibers forming ring 20. After separator 42 is
      positioned in place, fibers 38 are fanned over the tapered outer surface
      of separator 42 to form a circular array and cemented thereto. Thereafter,
      a cone member 46 is added to secure the foregoing assembly. Cone member 46
      may be cemented to lens mount 36; or, these component may be secured
      together by a friction fit. It has also been found advantageous to cover
      the fanned arrays of fibers with an opaque epoxy cement to secure them to
      the contact lens and lens support, or to the separator, as the case may
      be. The epoxy may also be used to cement cone 46 to lens mount 36. The
      forward end 50 of the foregoing arrangement is ground to expose the two
      rings of optical fibers and to yield a contact lens 10 which has a
      configuration which enables it to be placed on a cornea. The
      ophthalmoscope also includes a lens holder member 52 which is used to hold
      lens 28 and which is screwed into lens mount 36. Lens mount 36, separator
      42, cone member 46, and lens holder member 52 are preferably formed of a
      corrosion resistant metal. In use a viewer observes the eye fundus by
      looking into rearward end 54. The image of the fundus may be enlarged by
      placing an appropriate field lens (not shown) between the rearward end 54
      and the observer.
PAR  It should be apparent that the illuminating cone 32 of fundus camera 12
      (FIG. 1) can be fabricated in a similar fashion by cementing lens 10' to a
      lens mount 36', laying fibers over the lens 10', adding a separator 42',
      laying fibers over the separator 42', and then adding a cone member 46'.
PAR  The fibers 38, 38' leave the instruments through an opening formed in cone
      member 46, 46' whereupon they form a cable 56, 56' which is plugged into a
      conventional fiber optic illuminator. Thus, light from the illuminator 58
      (FIG. 1) is conducted through cable 56, 56' and into the instruments for
      illumination of the patient's retina. For best results, it has been
      discovered that the optical fibers in cable 56, 56' should be the same
      fibers as those used in the instrument, i.e., fibers 38, 38'.
PAR  The instruments of the present invention are constructed not ony to be
      compatible with the organs in the eye, but also to utilize such organs to
      maximum advantage. For example, the field of view of a normal individual
      extends temporily to at least 90.degree. of arc. This means that the rays
      emitted toward the observer's pupil by all the points in a field of about
      180.degree. of arc pass through an undilated pupil and reach points in the
      observer's retina. Rays reaching the retina from the nasal portion of the
      field fall on an area of the retina that is not photosensitive.
      Conversely, if the retina is illuminated, its points emit rays which, when
      passing through an undilated pupil, contain the aerial image of the whole
      retina and form a solid angle of about 180.degree. of arc. Thus, a
      small-pupil ophthalmoscope with an optimally corrected condensing lens
      permits observation of the peripheral retina through an undilated pupil.
      However, to view 150.degree. of the retina in a single image, 150.degree.
      of the retina must be illuminated without producing bothersome
      reflections, and the solid angle containing the aerial image of the fundus
      must be condensed to permit its simultaneous projection into the
      observer's retina.
PAR  In order to illuminate 150.degree. of the retina without reflections and to
      condense the image of the fundus, it is advantageous to provide two rings
      of illuminating fibers in accordance with the present invention. The
      reason why it is advantageous to include the two rings of illuminating
      fibers will be apparent from a consideration of the optics of a cornea
      which is discussed in conjunction with FIGS. 5 and 6.
PAR  FIG. 5 is a diagram illustrating the reflection by the crystalline lens 60
      of an eye 62 of light transmitted through a ring of fibers 64. Two points
      on ring 64 are labelled A and B. The corresponding limits of the
      illuminating beam are indicated by thin solid lines 66. The images points
      A and B formed by the front surface of the crystalline lens 60 (which is
      considered as a mirror) are labelled C and D. The dash lines 68 starting
      from images C and D show the beams carrying the reflections. The
      reflections from points A and B formed by the back surface of the
      crystalline lens 36 are labelled E and F. Corresponding beams carrying the
      reflections are indicated by dotted lines 70 starting from E and F. As is
      apparent from FIG. 5, to prevent the reflections from entering the
      observer's eye, the only place where the entrance pupil of the observation
      system can be located is in the cross-hatched area 72. Thus, the ring of
      fibers 64 must be placed on the patient's cornea so as not to obstruct the
      observation system. Ideally, ring 64 should have an inside diameter which
      is located 4 mm from the axis 74 of crystalline lens 60. Thus, it is seen
      why it is advantageous to provide a ring of illuminating fibers with an
      inside diameter of 8 mm.
PAR  A second consideration for optimizing the field of view and the field of
      illumination is the inclination of the ring of fibers 64. With high
      numerical aperture fibers (0.66) and with the tips of fiber 64 inclined at
      an angle of 30.degree. to the axis 74, the field of illumination is about
      100.degree.. Of course, as the angle is decreased, the field of
      illumination will also decrease. Unfortunately, as the angle is increased,
      or as the numerical aperture of the fibers is increased, light emerging
      from ring 64 will strike the front surface 76 of crystalline lens 60,
      which is undesirable.
PAR  Front surface 76 is the entrance pupil for the observation system. Direct
      illumination of the entrance pupil will result in a reflection of the halo
      of light which is emitted from the ring 64 and will cause blurring of the
      central part of the image of the fundus. As is shown in FIG. 6, with the
      inside of the first ring of fibers located 4 mm from the axis of the lens
      and being composed of fibers with a numerical aperture of 0.55 and being
      inclined at an angle of 20.degree. with the axis, 100.degree. of field is
      illuminated without having light emerging from the fibers pass through the
      1 mm radius entrance pupil. By placing a second ring of 0.55 N.A. fibers
      to form an outside ring whose inside diameter is 10 mm from the axis of
      the lens and which is inclined at an angle of 39.degree. with the axis,
      the field of illumination is increased to 150.degree. without having light
      emerging from the second ring strike the entrance pupil of the observation
      system.
PAR  At this point it should be noted that the angle of inclination of the
      fibers is determined by considering the numerical aperture of the fibers.
      For example, when the numerical aperture is 0.55, the optimum angle for
      the tips of fibers forming the inside ring is 20.degree.. However, if
      fibers having a numerical aperture of 0.66 are selected, then the angle of
      the tip of fibers forming the inside ring need only be 12.degree. to
      illuminate 100.degree. of the field. Thus, one significance of the present
      invention is the recognition that the instrument contains a contact lens
      enclosed by an inside ring of fibers with an 8 mm diameter and with a
      numerical aperture and tip inclination selected to illuminate 100.degree.
      of the field and leave the entrance pupil free from direct illumination,
      and a second ring of fibers which are positioned and angled to illuminate
      the periphery to about 150.degree., again without directly illuminating
      the entrance pupil.
PAR  As is stated above, the ophthalmoscope and the fundus camera includes a
      lens series to condense and focus the image of the fundus after it passes
      through the contact lens. In the case of the ophthalmoscope, the lens
      series is built right into the instrument as is shown in FIG. 4 and
      together with the contact lens 10 provides two power magnification. The
      lens series includes a lens 24 which is a doublet comprising a double
      convex lens element II which lies in surface contact with a double concave
      element III. A second singlet double convex lens 26 is located a distance
      S.sub.2 from doublet 24. A doublet 28 is located a distance S.sub.3 from
      singlet 26. Doublet 28 comprises a convex-concavo lens V in surface
      contact with a forward convex-concavo lens VI. The lens parameters appear
      in Table II below. In Table II and throughout this specification and
      claims a minus sign indicates radius of center or curvature lying on the
      object side of the corresponding vertex.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                 Refractive                                    
                                       Abbe number                             
     Lens                                                                      
         Radius, R Thickness, T                                                
                           Space, S                                            
                                 Index (dispersion)                            
     __________________________________________________________________________
     II  R.sub.3 = -3.0737 in                                                  
                   T.sub.2 = 12mm                                              
                                  1.85026                                      
                                       32.23                                   
         R.sub.4 =  1.3780 in                                                  
     III R.sub.5 = T.sub.3 =  3mm                                              
                           S.sub.2 = 5mm                                       
                                 1.5168                                        
                                       64.17                                   
     IV  R.sub.6 = -3.8189 in                                                  
                   T.sub.4 = 10mm                                              
                           S.sub.3 = 4mm                                       
                                 1.4645                                        
                                       65.77                                   
         R.sub.7 =  1.5645 in                                                  
     V   R.sub.8 = T.sub.5 =  4mm                                              
                                 1.5168                                        
                                       64.17                                   
         R.sub.9 =  3.6830 in                                                  
     VI  R.sub.10 = 49.6846 in                                                 
                   T.sub.6 =  8mm                                              
                                 1.7215                                        
                                       29.25                                   
     __________________________________________________________________________
PAR  The fundus camera of FIG. 1 includes a corresponding lens series for use in
      conjunction with contact lens 10' and a 50mm focal length camera such as a
      Nikon F. This lens series together with contact lens 10' provides 1.8
      magnification of the image to be photographed. The series is shown in FIG.
      7 and includes a doublet comprising a biconvex lens II in surface contact
      with a biconcave lens III separated a distance S.sub.1 from contact lens
      10'. A plano-convex lens IV is separated from lens III a distance S.sub.2
      and a doublet formed by a biconcave lens V in surface contact with a
      biconvex lens VII is separated from lens IV by a distance S.sub.3. The
      lens parameters appear in Table III below.
TBL                                    TABLE III                               
     __________________________________________________________________________
                                Refractive                                     
                                      Abbe number                              
     Lens                                                                      
         Radius, R                                                             
                  Thickness, T                                                 
                          Space, S                                             
                                Index (dispersion)                             
     __________________________________________________________________________
     II  R.sub.3 =  1440. in                                                   
                  T.sub.2 = 20mm                                               
                          S.sub.1 = 23mm                                       
                                 1.85026                                       
                                      32.23                                    
         R.sub.4 =  44.4 in                                                    
     III R.sub.5 = -59.7 in                                                    
                  T.sub.3 =  6mm                                               
                          S.sub.2 = 30mm                                       
                                1.5168                                         
                                      64.17                                    
     IV  R.sub.6 = .infin.                                                     
                  T.sub.4 = 15mm                                               
                          S.sub.3 = 20mm                                       
                                1.4645                                         
                                      65.77                                    
         R.sub.7 =  66.3 in                                                    
     V   R.sub.8 =  165  in                                                    
                  T.sub.5 =  6mm                                               
                                1.5168                                         
                                      64.17                                    
         R.sub.9 = -169  in                                                    
     VI  R.sub.10 =   94.8 in                                                  
                  T.sub.6 = 20mm                                               
                                1.7215                                         
                                      29.25                                    
     __________________________________________________________________________
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ophthalmoscope comprising a contact lens through which the interior
      of the eye can be viewed, said contact lens being surrounded by arrays of
      optical fibers to form an inside ring of optical fibers and an outside
      ring of optical fibers spaced apart from said inside ring, said contact
      lens having a configuration which enables it to be placed on a cornea,
      said fibers being oriented in a predetermined position to form said rings
      of predetermined radii, the tips of said fibers forming the rings that
      face a patient's cornea when the ophthalmoscope is in use making a first
      predetermined angle in said inside ring and a second predetermined angle
      in said outside ring, the numerical aperture of said fibers, the first
      predetermined angle of said fibers and the radius of said inside ring
      being selected so that said inside ring illuminates the central part of
      the field and leaves the entrance pupil of the observation system free
      from direct illumination, said second ring of fibers having a radius and
      being positioned and angled to illuminate the periphery of the field
      without directly illuminating the entrance pupil.
NUM  2.
PAR  2. The ophthalmoscope as set forth in claim 1 wherein the inside ring has
      an inside diameter between the range of 7 - 8mm.
NUM  3.
PAR  3. The ophthalmoscope as set forth in claim 1 wherein the inside ring has
      an inside diameter between the range of 8 mm.
NUM  4.
PAR  4. The ophthalmoscope as set forth in claim 3 wherein the numerical
      aperture of said fibers is 0.55 and the first predetermined angle is
      18.degree.-24.degree..
NUM  5.
PAR  5. The ophthalmoscope as set forth in claim 3 wherein the numerical
      aperture of said fibers is 0.55 and the first predetermined angle is
      20.degree..
NUM  6.
PAR  6. The ophthalmoscope as set forth in claim 4 wherein second predetermined
      angle is 35.degree.-42.degree..
NUM  7.
PAR  7. The ophthalmoscope as set forth in claim 5 wherein said second
      predetermined angle is 39.degree..
NUM  8.
PAR  8. The ophthalmoscope as set forth in claim 7 wherein the outside diameter
      of said inside ring is 9mm, said outside ring is spaced apart a distance
      of 0.5mm from said inside ring and is 1mm thick.
NUM  9.
PAR  9. The ophthalmoscope as set forth in claim 1 wherein the contact lens has
      a geometric shape to produce the first predetermined angle and includes a
      separator over the fibers forming said inside ring with fibers forming
      said outside ring being positioned over said separator, said separator
      having an outer surface tapered to produce said second predetermined
      angle.
NUM  10.
PAR  10. Th ophthalmoscope as set forth in claim 1 wherein the inside ring of
      optical fibers abuts the surface of said contact lens that contacts a
      patient's cornea when in use.
NUM  11.
PAR  11. A fundus camera comprising a cone member connected through a lens
      series to a camera, said cone member including a contact lens through
      which the interior of the eye can be photographed, said contact lens being
      surrounded by arrays of optical fibers to form an inside ring of optical
      fibers abutting the surface of said contact lens that contacts a patient's
      cornea when in use and an outside ring of optical fibers spaced apart from
      said inside ring, said contact lens having a configuration which enables
      it to be placed on a cornea, said fibers being oriented within said lens
      in a predetermined position to form said rings of predetermined radii, the
      tips of said fibers forming the rings that face a patient's cornea when
      the fundus camera is in use making a first predetermined angle in said
      inside ring and a second predetermined angle in said outside ring, the
      numerical aperture of said fibers, the first predetermined angle of said
      fibers and the radius of said inside ring being selected so that said
      inside ring illuminates the central part of the field and leaves the
      entrance pupil of the observation system free from direct illumination,
      said second ring of fibers having a radius and being positioned and angled
      to illuminate the periphery of the field without directly illuminating the
      entrance pupil.
NUM  12.
PAR  12. The fundus camera as set forth in claim 11 wherein the inside ring has
      an inside diameter between the range of 7 - 8mm.
NUM  13.
PAR  13. The fundus camera as set forth in claim 11 wherein the inside ring has
      an inside diameter between the range of 8mm.
NUM  14.
PAR  14. The fundus camera as set forth in claim 13 wherein the numerical
      aperture of said fibers is 0.55 and the first predetermined angle is
      18.degree.-24.degree..
NUM  15.
PAR  15. The fundus camera as set forth in claim 13 wherein the numerical
      aperture of said fibers is 0.55 and the first predetermined angle is
      20.degree..
NUM  16.
PAR  16. The fundus camera as set forth in claim 14 wherein second predetermined
      angle is 35.degree.-42.degree..
NUM  17.
PAR  17. The fundus camera as set forth in claim 15 wherein said second
      predetermined angle is 39.degree..
NUM  18.
PAR  18. The fundus camera as set forth in claim 17 wherein the outside diameter
      of said inside ring is 9mm, said outside ring is spaced apart a distance
      of 0.5mm from said inside ring and is 1mm thick.
NUM  19.
PAR  19. The fundus camera as set forth in claim 11 wherein the contact lens has
      a geometric shape to produce the first predetermined angle and includes a
      separator over the fibers forming said inside ring with fibers forming
      said outside ring being positioned over said separator, said separator
      having an outer surface tapered to produce said second predetermined
      angle.
NUM  20.
PAR  20. An ophthalmoscope comprising a contact lens I, a doublet comprised of
      lenses II and III spaced apart a distance S.sub.1 from said lens I, lens
      II being a double convex lens in surface contact with a double concave
      lens III, a singlet double convex lens IV located a distance S.sub.2 from
      lens III, a doublet comprised of two convex-concavo lens V and VI in
      surface contact and spaced apart a distance S.sub.3 from lens IV, said
      lens having the following parameters:
TBL                                           Abbe                             
                                       Refrac-                                 
                                              number                           
                      Thickness,       tive   (dis-                            
     Lens Radius, R     T       Space, S                                       
                                       Index  persion                          
     ______________________________________                                    
       I  R.sub.1 = 8.2 mm                                                     
                      T.sub.1 =9.2mm                                           
                                4.0 mm 2.1    25.6                             
          R.sub.2 = 10.2 mm                                                    
      II  R.sub.3 =-3.0737 in                                                  
                      T.sub.2 =12 mm   1.85026                                 
                                              32.23                            
          R.sub.4 = 1.3780 in                                                  
     III  R.sub.5 = 1.3780 in                                                  
                      T.sub.3 = 3 mm                                           
                                S.sub.2 =5 mm                                  
                                       1.5168 64.17                            
     IV   R.sub.6 =-3.8189 in                                                  
                      T.sub.4 =10 mm                                           
                                S.sub.3 =4 mm                                  
                                       1.4645 65.77                            
          R.sub.7 = 1.5645 in                                                  
      V   R.sub.8 = 4.3282 in                                                  
                      T.sub.5 = 4 mm   1.5168 64.17                            
          R.sub.9 = 3.6830 in                                                  
     VI   R.sub.10 =49.6846 in                                                 
                      T.sub.6 = 8 mm   1.7215 29.25.                           
     ______________________________________                                    
NUM  21.
PAR  21. A lens series for use in conjunction with a 50mm focal length camera
      comprising a contact lens I, a doublet comprised of lenses II and III
      spaced apart a distacne S.sub.1 from said lens I, lens II being a double
      convex lens in surface contact with a double concave lens III, a singlet
      plano-convex lens IV located a distance S.sub.2 from lens III, a doublet
      comprised of a convex-concavo lens V in surface contact with a double
      concave lens IV spaced apart a distance S.sub.3 from lens IV, said lens
      having the following parameters:
TBL                                          Abbe                              
                                      Refrac-                                  
                                             number                            
                     Thickness,       tive   (dis-                             
     Lens Radius, R    T       Space, S                                        
                                      Index  persion)                          
     ______________________________________                                    
       I  R.sub.1 = 8.2 mm                                                     
                     T.sub.1 =9.2 mm  2.1    25.6                              
          R.sub.2 = 10.2 mm                                                    
      II  R.sub.3 =1440. in                                                    
                     T.sub.2 =20mm                                             
                               S.sub.1 =23mm                                   
                                      1.85026                                  
                                             32.23                             
          R.sub.4 = 44.4 in                                                    
     III  R.sub.5 =-59.7 in                                                    
                     T.sub.3 = 6mm                                             
                               S.sub.2 =30mm                                   
                                      1.5168 64.17                             
     IV   R.sub.6 = .infin.                                                    
                     T.sub.4 =15mm                                             
                               S.sub.3 =20mm                                   
                                      1.4645 65.77                             
          R.sub.7 = 66.3 in                                                    
      V   R.sub.8 = 165 in                                                     
                     T.sub.5 = 6mm    1.5168 64.17                             
          R.sub.9 = 169 in                                                     
     VI   R.sub.10 = 94.8 in                                                   
                     T.sub.6 =20mm    1.7215 29.25.                            
     ______________________________________                                    
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ABST
PAL  Photographic apparatus for a slit lamp includes a photographic camera
      adapted to be mounted on one ocular of a binocular microscope of the slit
      lamp and a light sensing device positioned adjacent an objective of the
      microscope for providing a signal corresponding to light at the objective
      to an automatic exposure control mechanism in the camera, the other ocular
      of the microscope being free to permit viewing of an object being
      photographed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to photographing objects through an optical
      image-enlarging instrument and, more particularly, to photographing the
      human eye through the microscope of a slit lamp.
PAR  2. Discussion of the Prior Art
PAR  Slit Lamps are conventionally utilized by opthalmologists to examine the
      human eye by projecting a slit of light into the eye of a subject through
      an optical system. The optical system includes various optical components
      for controlling the configuration and size of the light beam as well as
      circuitry to control the intensity of the lamp. The opthalmologist
      examines the eye of the subject illuminated by the light beam through a
      microscope mounted adjacent the optical system, and it is frequently
      desirable for the opthalmologist to record the image of the eye viewed
      through the microscope for various reasons, such as to provide a record of
      the progress of a disease, deterioration of a part of the eye or treatment
      of the eye. In the past, the opthalmologist has recorded the images of the
      eye by sketching the image by hand, this method having many obvious
      disadvantages including being inaccurate and time consuming.
PAR  In order to facilitate the recording of images of an eye being examined,
      slit lamps have been modified to permit photographs of the eye to be
      obtained. Such modified slit lamps, as exemplified by U.S. Pat. Nos.
      3,519,338; 3,591,262; 3,652,153; and 3,762,803 have had one or more of the
      disadvantages of the photographic apparatus being integrally combined with
      the slit lamp and, therefore, increasing cost and complexity of the
      modified slit lamp while reducing flexibility and universal use with
      various types of slit lamps, of requiring an additional light source to
      provide a flash of light through the optical components to the eye, of
      dividing the light along the observation axis to provide both viewing and
      photographing beams, of not photographing the same image viewed by the
      opthalmologist through the microscope and of requiring additional optical
      components to enlarge the image of the eye and direct the image to a
      photographic film.
PAR  It has been proposed, as exemplified by U.S. Pat. No. 3,292,490, to take
      photographs of an image viewed through a binocular microscope by using a
      camera mounted on one ocular of the microscope having an automatic shutter
      operated in response to light at the other ocular; however, since both
      oculars are occupied, the operator cannot view the object to be
      photographed simultaneously with the actual photographing process. Thus,
      the object to be photographed must be properly positioned or otherwise
      placed in a desirable condition for photographing by viewing through one
      of the oculars of the microscope; and, thereafter, the operator must mount
      the light sensing attachment on the ocular prior to operating the shutter
      of the camera. This operation is both cumbersome and time consuming and,
      furthermore, prevents the operator from detecting movement or other change
      of the object during the interim between positioning of the object and
      taking of the photograph.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is generally summarized in apparatus for
      photographing an object through a microscope having an ocular and an
      objective including a photographic camera having an automatic exposure
      control mechanism, an adapter for mounting the photographic camera on the
      ocular of the microscope, a light sensing device for providing a signal
      representative of light sensed thereby, means for coupling the signal from
      the light sensing device to the automatic exposure control mechanism to
      control operation thereof, and means for mounting the light sensing device
      adjacent the objective of the microscope whereby the automatic exposure
      control mechanism is operated in response to light at the objective of the
      microscope.
PAR  Accordingly, it is a primary object of the present invention to overcome
      the above described disadvantages of the prior art by providing apparatus
      for photographing an object through an ocular of a microscope.
PAR  More particularly, it is an object of the present invention to enable an
      opthalmologist to photograph an eye being examined with a slit lamp in a
      simple, expeditious manner without requiring expensive modifications of
      the slit lamp.
PAR  Another object of the present invention is to provide photographic
      apparatus for use with existing slit lamps to permit photographic records
      of an eye to be taken through one ocular of a binocular microscope while
      the eye can be viewed through the other ocular of the microscope.
PAR  A further object of the present invention is to permit photographing of an
      eye examined with a slit lamp without requiring an auxiliary flash light
      source.
PAR  The present invention has an additional object in that a conventional 35
      mm. automatic exposure camera can be utilized to photograph objects
      examined with a slit lamp without requiring manual adjustment by mounting
      a light sensing photoelectric cell adjacent an objective of a microscope
      of the slit lamp.
PAR  Yet another object of the present invention is to utilize the optical
      system of a binocular microscope to provide an image to be photographed
      with a camera without requiring that light through the microscope be
      sensed to provide automatic control of the camera.
PAR  The present invention has a further object in the use of the fixation light
      conventionally provided with slit lamps to provide background illumination
      for photographs.
PAR  An additional object of the present invention is to reduce the light
      transmitted to a photoelectric cell positioned adjacent an objective of a
      microscope by mounting a neutraldensity filter in front of the
      photoelectric cell.
PAR  Some of the advantages of the present invention over the prior art are that
      the photographic apparatus can be easily installed on a slit lamp without
      requiring technical expertise, no camera adjustments are required prior to
      the taking of a photograph, all features of the human eye can be clearly
      and accurately photographed including the external portions, the lens and
      the anterior and posterior segments, and the photographic apparatus is
      relatively inexpensive while being usable with various types of slit
      lamps.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description of the preferred embodiment taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective of a slit lamp utilizing photographic apparatus
      according to the present invention.
PAR  FIG. 2 is an exploded side elevation of the slit lamp microscope and the
      photographic apparatus of the present invention.
PAR  FIG. 3 is a side elevation of the photographic apparatus of the present
      invention mounted on the slit lamp microscope.
PAR  FIG. 4 is a front elevation taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a cross section of the assembled adapter ring and ocular of the
      photographic apparatus of the present invention.
PAR  FIG. 6 is a broken section of the light sensor of the photographic
      apparatus of the present invention.
PAR  FIG. 7 is a front elevation of a modification of the photographic apparatus
      of the present invention.
PAR  FIG. 8 is a section taken along line 8--8 of FIG. 7.
PAR  FIG. 9 is an exploded view of an adapter for the fixation light of the slit
      lamp in accordance with the present invention.
PAR  FIG. 10 is a diagrammatic illustration of a slit light beam and background
      illumination directed to an eye being examined.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A slit lamp utilizing photographic apparatus according to the present
      invention is illustrated in FIG. 1 and includes a head rest frame 10
      mounted on a table 12 or other suitable support with a chin support 14
      extending between parallel uprights of the frame 10 and vertically
      adjustable to permit alignment of a patient's eye level with an eye guide
      marker 16 on the head rest frame. A fixation light 18 is pivotally mounted
      on an arm 20 which extends from a rotatable support 22 carried on the top
      of the head rest frame such that the fixation light can be removed in an
      arc about the head of a patient. A carriage 24 is mounted to be movable
      along the table 12 relative to the head rest frame 10 by means of a
      spherical element, not shown, mounted in the carriage and riding on the
      surface of the table, the carriage 24 being slidable along a rod 26
      carrying pinions 28 at its ends riding on parallel racks 30 formed in
      housings 32 mounted on the table. A control lever 34 extends from the
      carriage 24 to be moved by an operator to provide horizontal movement and
      fine focus of the slit lamp.
PAR  Mounted on the carriage 24 is a pivot assembly 36 including a hub 38 having
      an arm 40 extending transversely therefrom and cooperating with a vertical
      adjustment knob 42 for raising and lowering the pivot assembly. The pivot
      assembly 36 includes a microscope arm 44 carrying a binocular microscope
      46 and an illumination arm 48 carrying an illumination column 50, the arms
      44 and 48 being pivotally mounted on a common vertical pivot pin, not
      shown, supported by hub 38 such that the microscope 46 and the
      illumination column 50 are pivotal about the same axis.
PAR  The illumination column 50 includes a lamp, not shown, mounted in a housing
      52 and arranged to direct a vertical beam of light through a condenser
      assembly, now shown, to a mirror 54 disposed at the bottom of the
      illumination column 50 on a post 56 in substantially horizontal alignment
      with the observation axis of the microscope 46 and oriented at
      substantially 45.degree. to direct the light beam toward the eye of a
      patient, as shown at 58. The illumination column 50 is supported on the
      illumination arm 48 by a pair of spaced columns 60 and 62 extending on
      opposite sides of mirror 54 between a combination control device 64 and a
      pair of ears 66 extending from a collar 68, and the post 56 is similarly
      supported on the combination control device 64. Column 62 has a central
      bore therein for slidably receiving a control rod 70 having an end
      abutting a flange 72 extending from a slidable sleeve 74, and a control
      rod, not shown, has an end abutting flange 72 and an end extending within
      housing 52 to control a slit diaphragm assembly, not shown.
PAR  The light beam provided by the lamp passes through the slit formed by the
      slit diaphragm assembly and through an optical system in the illumination
      column 50 to be deflected by mirror 54 toward the eye of a patient. The
      optical system includes a filter assembly operable by a lever 76 to
      selectively position one of a plurality of filters in the path of the
      light beam, such filters including a normal light filter, a heat
      absorption filter, a 50% density filter, a blue-green cobalt filter and
      any other desired filters. The optical system also includes an aperture
      assembly operated by a lever 78 to position an aperture of selected size
      in the path of the light beam, such apertures desirably having sizes of
      0.2 mm, 1 mm, 3 mm, 4 mm, 6 mm, 8 mm and 10 mm. The optical system can be
      rotated to vertically or horizontally orient the slit image.
PAR  With the exception of the combination control device 64, the above
      described structure of the slit lamp is conventional; and, thus, a
      detailed description thereof has been omitted. However, reference is made
      to the MENTOR Slit Lamp produced by Mentor Division of Codman & Shurtleff,
      Inc. and accompanying literature for more detailed structural and
      operational information relative to the above described structure and
      further reference is made to patent application Ser. No. 373,335 filed
      June 25, 1973 for more detailed discussion of the structure and operation
      of the combination control device 64 and the illumination column 50.
PAR  The microscope 46 is of the steroscopic binocular type; however, while such
      microscopes are preferred for use with slit lamps due to the stereoscopic
      effect provided by the separate converging light paths therethrough, the
      photographic apparatus of the present invention can be utilized with
      monobjective binocular microscopes or any other desired type of
      microscope, it being preferred that the microscope be of the binocular
      type to permit viewing of the object through one ocular while a photograph
      is taken through the other ocular, as will be described in more detail
      hereinafter. Microscope 46, as best shown in FIGS. 2, 3 and 4, has a body
      80 mounted on an arcuate end of microscope arm 44 and supporting at one
      end a pair of housings 82 and 84 slidably mounting oculars 86 and 88,
      respectively, the housings 82 and 84 each having a rotatable ring 85 for
      axially focusing the microscope. At the other end of body 80 are a pair of
      horizontally aligned objectives 90 and 92 and a pair of vertically aligned
      objectives 94 and 96, the objectives being mounted on a plate 98 which is
      rotatable 90.degree. under the control of a lever 100 such that the
      objectives 94 and 96 can be substituted for the objectives 90 and 92,
      respectively. A shield 101 extends from body 80 to house the objectives
      and has a cylindrical portion 102 terminating at a frusto-conical portion
      103 having an open end.
PAR  The structure and operation of the binocular microscope 46 is conventional;
      and, thus, the specific details of the optics of the microscope will not
      be further set forth, it being noted, for example, that the objectives 90
      and 92 can be 1X and the objectives 94 and 96 can be 1.6X while the
      oculars 86 and 88 can include interchangeable 10X and 16X eye pieces such
      that total magnifications of 10X, 16X and 25.6X can be obtained with
      various combinations of the oculars and objectives.
PAR  In accordance with the present invention, photographic apparatus is mounted
      on the microscope 46 to permit photographs of an eye under examination to
      be taken through one of the oculars of the microscope, the photographic
      apparatus including a 35 mm photographic camera 104 having a lens assembly
      106 mounted in an internally threaded barrel 108 to be axially movable by
      a focus ring 110. An electronic exposure control mechanism 112 is disposed
      adjacent the lens 106 to automatically control shutter speed and lens
      aperture in accordance with light conditions, and the shutter is operated
      by a shutter release button 114 on the top of the camera via a remote
      operator 116. As thus far described, the camera 104 is conventional, and
      any automatic photographic camera can be used with the present invention,
      for example, Model 35 EC2 of Olympus Optical Co., Ltd., Tokyo, Japan, it
      being noted that either or both shutter speed and aperture can be
      controlled to provide semi- or fully automatic operation.
PAR  The photographic camera 104 is modified in accordance with the present
      invention to remove the light sensor normally mounted on the front face of
      the camera at 118 and to connect the electronic exposure control mechanism
      112 with a socket terminal 120 by a pair of wires indicated
      diagrammatically at 122. The windows at 118, the normal position of the
      light sensor, and at a view finder 124 can be covered or blocked in that
      the light sensor has been removed and the viewfinder 124 is not required
      for operation.
PAR  The light sensor is generally indicated at 125 and, as best shown in FIG.
      6, includes a cadmium sulphide (CdS) photoelectric cell 126 mounted in a
      housing 128, and a neutral-density filter 130 is mounted in front of the
      photoelectric cell 126, the filter 130 being, for example, a Wratten 0.3
      density filter to provide 50% light transmission therethrough.  The light
      sensor housing 128 has a socket terminal 132 connected with the
      photoelectric cell 126, and a coaxial cable 134 has plug terminals 136 and
      138 on opposite ends thereof to be received in socket terminals 120 and
      132, respectively, thereby electrically connecting the photoelectric cell
      126 with the electronic exposure control mechanism 112. The light sensor
      housing 128 is secured in any suitable manner, such as by cement 140, to
      the outer surface of an annular collar 142 having a set screw 144
      extending therethrough, and the collar 142 has a size to extend around the
      cylindrical portion 102 of the objective shield 101 with the set screw 144
      holding the collar in place. The photoelectric cell 126 is oriented at an
      angle to the observation axis of the microscope such that the central axis
      of the photoelectric cell intersects the observation axis of the
      microscope at the eye of the patient.
PAR  The photographic camera 104 is mounted on the microscope 46 by an adapter
      ring 146, as best shown in FIGS. 2, 3 and 5, having a small central bore
      148 therethrough and a counterbore 150, the diameter of bore 148
      corresponding to the diameter of an annular shoulder 152 of ocular 86 and
      the diameter of bore 150 corresponding to the outer diameter of an end 154
      of ocular housing 82. A set screw 156 extends into bore 150 to hold the
      adapter ring 146 on the end 154 of the ocular housing and prevent rotation
      of the adapter ring, and an externally threaded wall 158 extends from the
      end of adapter ring 146 to threadedly engage the internally threaded
      portion of barrel 108 of the photographic camera 104. The adapter ring 146
      has an annular recess 160 adjacent wall 158 for receiving a rim 162 of the
      ocular 86.
PAR  It is preferred to supply an additional ocular for mounting in the adaptor
      ring 146 such that the adapter ring and the ocular can remain mounted on
      the photographic camera to facilitate attachment of the camera to the
      microscope; however, if desired, one of the oculars of the microscope can
      be removed therefrom for mounting on the adapter ring 146 each time a
      photograph is to be taken. When it is desired to change the magnification
      of the microscope by changing oculars, the previously used ocular can be
      disassembled from the adapter ring and the new ocular substituted
      therefor.
PAR  In use, the collar 142 is installed on the objective shield 102 by
      tightening the set screw 144 with the light sensor 125 at any desired
      rotational position around the shield, and the collar is preferably left
      in place during normal use of the slit lamp to examine the eyes of
      patients. When it is desired to photograph an eye of a patient, one of the
      oculars of the microscope 46 is removed, and the ocular attached to the
      camera by adapter ring 146 is inserted into the end 154 of the ocular
      housing with the set screw 156 being tightened to engage the end 154 of
      the ocular housing. The cable 134 is now plugged into terminals 120 and
      132; and, in order to photograph the eye, the opthalmologist merely views
      the eye through the other ocular and actuates the shutter release button
      114 via the remote operator 116 to expose the film in the camera.
PAR  The Cds photoelectric cell 126, as is well known, is responsive to light to
      decrease its resistance; and, thus, the resistance of the photoelectric
      cell 126 represents a signal supplied to the electronic exposure control
      mechanism 112 to automatically set the shutter speed and lens aperture for
      each photograph. The rim 162 of the ocular is seated against the camera
      lens assembly 106 when the adapter ring 146 is screwed onto the barrel 108
      of the camera; and, accordingly, the focus of the camera 104 cannot be
      altered once the adapter ring and ocular are mounted thereon. Thus, the
      opthalmologist is not required to make any adjustments of the camera and
      is free to concentrate on the patient. In order to assure that the camera
      is level when a photograph is taken, a bubble level 164 can be inserted in
      the accessory shoe normally provided on the camera for mounting a flash
      unit.
PAR  Since the opthalmologist is able to view the eye of the patient through the
      unoccupied ocular of the microscope, a series of photographs can be taken
      in quick succession by merely respositioning the slit beam and the
      microscope as desired while continuously viewing the eye.
PAR  A modification of the support for the light sensor 125 is shown in FIGS. 7
      and 8, wherein the light sensor is mounted on a leg of a bracket 166
      secured, such as by rivets, to the conical portion 103 of the shield 101.
      The socket terminal 132 is supported on the cylindrical portion 102 of the
      shield 101 and is connected with the photoelectric cell 125 via wires 168
      and 170. The light sensor 125 is disposed equidistant from the
      horizontally aligned objectives and is vertically offset from the
      observation axis plane of the converging light paths of the microscope;
      and, in this position, the light sensor does not interfere with the
      objectives since only the horizontally aligned pair of objectives are
      operative.
PAR  With the light sensor 125 positioned adjacent the objectives of the
      microscope either supported on collar 142 or directly on shield 101, all
      desired structures of the human eye can be photographed including the
      external portions such as skin, eyelashes, the puncti and the conjunctiva;
      the anterior segment such as the cornea, the iris, the pupil, the front
      portion of the lens and the anterior chamber; the entire lens; and the
      posterior segment such as the structure behind the lens, the vitreous
      body, the optic nerve, supporting structures, the fundi and the retina.
      The equidistant positioning of the light sensor 125 within the objective
      shield 101, as shown in FIGS. 7 and 8, is particularly effective for
      obtaining photographs of the fundi.
PAR  While the photographic apparatus of the present invention provides clear
      and accurate photographs utilizing only the slit light beam, background
      illumination for the eye to provide a reference for the slit light beam
      can be provided in accordance with the present invention without requiring
      an additional light source by utilizing the fixation light 18. To this
      end, a fixation light adapter 172, as shown in FIG. 9, is provided in
      accordance with the present invention, the fixation light adapter being
      designed to be attached to a lamp housing 174 of the fixation light 18.
      The fixation light adapter 172 is formed of an open ended tube 176 having
      a pair of condensers 178 and 180 disposed therein in axially spaced
      relation. A cylindrical member 182 is disposed between the condensers to
      act as a spacer and has an aperture 184 in the end adjacent condenser 178
      such that collimated light 187 is directed from an open end 186 of the
      tube 176. The opposite end of tube 176 has an axially extending slot 188
      therein adapted to accomodate a dimple 190 on the fixation lamp housing
      174. The tube 176 receives the lamp housing 174 with a sliding friction
      fit such that the fixation light adapter 172 can be longitudinally
      positioned to vary the spacing between condenser 178 and a fixation lamp
      192 supported in housing 174 and thereby permit light intensity
      adjustment.
PAR  The cross sectional dimension of the background light beam 187 is
      substantially the same as the maximum dimension of the slit light beam 58;
      and, as shown in FIG. 10, the light beam 187 provides background reference
      illumination for the slit light beam 58 to render the photographs clearer.
PAR  When an Olympus Model 35 EC2 camera is used with the present invention, the
      wires leading to the photoelectric cell are rerouted to the flash terminal
      on the side of the camera, the flash system wires are disconnected and the
      photoelectric cell is removed to be positioned adjacent the objectives of
      the microscope. The camera preferably uses high speed film, such a Kodak
      high speed Ektachrome film (tungsten 3200K); and, when this film is used,
      the neutral-density filter 130 in the light sensor 125 is preferably a
      Wratten 0.3 density, neutral-density filter having a 50% light
      transmission characteristic. Of course, the light transmission
      characteristic of the neutral-density filter 130 is dependent on the speed
      of the film utilized. In order to increase the speed of the Kodak high
      speed Ektachrome film, it is preferred to use Kodak Special Processing
      which increases the film speed 21/2  times to ASA320.
PAR  The positioning of the light sensor adjacent the objective is particularly
      advantageous due to the wide variety of photographs of the eye that can be
      taken when light is sensed along the observation axis, as mentioned above,
      the camera using the optical system of one of the oculars of the
      microscope with no light from the optical system required for the light
      sensor, and the obtention of proper light exposure in accordance with the
      image at the objective. Furthermore, with the light sensor equidistant
      between the objectives and the angle oriented such that the central axis
      intersects the point of convergence of the light paths of the microscope,
      accurate fundi photographs are obtained since the angle of light reflected
      from the retina is small and extremely critical in fundi photographing.
      While it is preferred to position the photoelectric cell adjacent the
      objectives of the microscope, fiber optics could be utilized to collect
      light adjacent the objectives of the microscope and transmit the light as
      a signal to a photoelectric cell on the camera to provide automatic
      exposure operation.
PAR  The adapter 146 provides the function of supporting and centering the
      ocular, mounting the camera on the microscope and immobilizing the
      focusing mechanism of the camera, and the postioning of the camera
      abutting the ocular permits the camera lens to collect light through the
      ocular while light reduction is provided independent of the optics of the
      camera. With the camera mounted on the microscope in this manner, the
      camera is focused as the microscope is focused to further simplify the
      photographing operation.
PAR  Inasmuch as the present invention is subject to many variations,
      modifications and changes in detail, it is intended that all subject
      matter described above or shown in the accompanying drawings be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with an opthalmic slit lamp device having a binocular
      microscope, an apparatus for photographing an object through said
      microscope, comprising:
PA1  photographic camera means having an automatic exposure control mechanism
      and a focusing lens;
PA1  adapter means for mounting said photographic camera means on the ocular of
      the microscope, wherein said camera means is supported before said ocular
      via its focusing lens;
PA1  light sensing means for providing a signal representative of light sensed
      thereby;
PA1  means for coupling said signal from said light sensing means to said
      automatic exposure control mechanism to control operation thereof; and
PAL  mounting means for positioning said light sensing means adjacent the
      objective of the microscope whereby said automatic exposure control
      mechanism is operated in response to light at the objective of the
      microscope while the image to be photographed is transmitted through the
      microscope to said photographic camera means.
NUM  2.
PAR  2. Apparatus as recited in claim 1 wherein said light sensing means
      includes a photoelectric cell and a neutral-density filter disposed
      adjacent said photoelectric cell to reduce light transmitted to said
      photoelectric cell.
NUM  3.
PAR  3. Apparatus as recited in claim 2 wherein said mounting means for
      positioning said light sensing means includes a collar adapted to be
      removably attached to said microscope, said photoelectric cell being
      mounted on said collar at an angle to the central axis thereof whereby the
      central axis of said photoelectric cell is adapted to intersect the
      observation axis of the microscope at the object to be photographed.
NUM  4.
PAR  4. Apparatus as recited in claim 2 wherein said photographic camera means
      has a terminal electrically connected with said automatic exposure control
      mechanism, said light sensing means has a terminal electrically connected
      with said photoelectric cell and said coupling means includes a cable
      having terminal at opposite ends thereof removably connected with said
      photographic camera means terminal and said light sensing means terminal.
NUM  5.
PAR  5. Apparatus as recited in claim 1 wherein said photographic camera means
      has a lens assembly axially movable in a threaded barrel for focusing, and
      said adapter means includes a threaded adapter ring having a central bore
      therethrough for receiving the ocular, said adapter ring being adapted to
      threadedly engage said barrel to seat the end of the ocular against said
      lens assembly to prevent axial focusing movement thereof.
NUM  6.
PAR  6. Apparatus for photographing an enlarged image of an object comprising
PA1  a binocular microscope including first and second oculars and objective
      means associated with said first and second oculars to produce an enlarged
      image thereat;
PA1  a photographic camera having an automatic exposure control mechanism, a
      lens assembly and a barrel surrounding said lens assembly;
PA1  an adapter ring having a central bore receiving said first ocular, said
      adapter ring being secured to said barrel to align said first ocular with
      said lens assembly and mount said photographic camera on said microscope;
      and
PA1  light sensing means disposed adjacent said objective means of said
      microscope for sensing light at said objective means and providing a
      signal representative of the sensed light to said automatic exposure
      control mechanism whereby said automatic exposure control mechanism is
      operated in response to light at said objective means and the image to be
      photographed is transmitted to said photographic camera through said first
      ocular while the image to be photographed can be viewed through said
      second ocular.
NUM  7.
PAR  7. Apparatus as recited in claim 6 wherein said light sensing means
      includes a photoelectric cell and a neutral-density filter positioned to
      reduce light transmitted to said photoelectric cell.
NUM  8.
PAR  8. Apparatus as recited in claim 6 wherein said objective means includes
      first and second objectives cooperating with said first and second oculars
      to define converging light paths and said light sensing means includes a
      photoelectric cell disposed equidistant from said first and second
      objectives.
NUM  9.
PAR  9. Apparatus as recited in claim 8 wherein said converging light paths
      define an observation axis plane and said photoelectric cell is offset
      from said observation axis plane and angularly oriented such that the
      central axis of said photoelectric cell intersects said converging light
      paths at the point of convergence thereof.
NUM  10.
PAR  10. Apparatus as recited in claim 9 wherein said microscope includes a
      shield surrounding said first and second objectives and further comprising
      bracket means mounted on said shield for supporting said photoelectric
      cell within said shield.
NUM  11.
PAR  11. Apparatus as recited in claim 9 wherein said microscope includes a
      shield surrounding said first and second objectives and further comprising
      a collar removably mounted on said shield for supporting said
      photoelectric cell.
NUM  12.
PAR  12. Apparatus as recited in claim 6 wherein said microscope includes a
      shield surrounding said objective means and further comprising means
      removably and rotatably mounted on said shield to support said light
      sensing means.
NUM  13.
PAR  13. Apparatus as recited in claim 12 wherein said objective means defines
      an observation axis and said light sensing means includes a photoelectric
      cell angularly oriented such that the central axis of the photoelectric
      cell intersects the observation axis at the object to be photographed.
NUM  14.
PAR  14. Apparatus as recited in claim 6 wherein said photographic camera has a
      terminal electrically connected with said automatic exposure control
      mechanism and said light sensing means includes a photoelectric cell
      electrically connected with a terminal and a cable having terminals at
      opposite ends thereof removably connected with said photographic camera
      terminal and said photoelectric cell terminal.
NUM  15.
PAR  15. A slit lamp comprising:
PA1  pivotally mounted slit illumination means for projecting a slit light beam
      toward an eye of a patient;
PA1  a pivotally mounted binocular microscope having a first ocular and a first
      objective defining a first light path and a second ocular and a second
      objective defining a second light path converging with said first light
      path at the eye of the patient;
PA1  a photographic camera mounted on said first ocular via said camera lens and
      having an automatic exposure control mechanism; and
PA1  light sensing means including a photoelectric cell positioned adjacent said
      first and second objectives and means for electrically coupling said
      photoelectric cell with said automatic exposure control mechanism whereby
      said automatic exposure control mechanism is operated in response to light
      at said first and second objectives and the image of the eye to be
      photographed is transmitted to said photographic camera along said first
      light path while the image of the eye can be viewed along said second
      light path to permit movement of said slit illumination means and said
      binocular microscope for successive photographs during continuous viewing
      of the eye.
NUM  16.
PAR  16. A slit lamp as recited in claim 15 and further comprising a pivotally
      mounted fixation light and an adapter associated with said fixation light
      including condenser means for forming a collimated light beam adapted to
      be directed toward the eye of the patient to provide background
      illumination.
NUM  17.
PAR  17. A slit lamp as recited in claim 16 wherein said fixation light has a
      housing supporting a fixation lamp and said adapter is mounted on said
      housing to be axially slidable therealong to adjust the intensity of said
      collimated light beam.
NUM  18.
PAR  18. A slit lamp as recited in claim 17 wherein said adapter includes a tube
      having an open end receiving said fixation light housing, a pair of
      axially spaced condensers disposed in said tube and a spacer separating
      said condensers and forming an aperture adjacent one of said condensers.
NUM  19.
PAR  19. A slit lamp as recited in claim 15 wherein said binocular microscope
      includes a shield surrounding said first and second objectives and further
      comprising means mounting said photoelectric cell on said shield angularly
      oriented such that the central axis of said photoelectric cell intersects
      said first and second light paths at the eye of the patient.
NUM  20.
PAR  20. A slit lamp as recited in claim 15 wherein said light sensing means
      includes a neutral density filter for reducing light transmission to said
      photoelectric cell.
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ABST
PAL  A light inclining accessory for a slit lamp includes a multi-faceted mirror
      having a top segment for receiving an illumination beam from the slit lamp
      and directing the illumination beam horizontally toward a focal point
      coinciding with the eye of a patient and a plurality of additional mirror
      segments having varying angles relative to each other, and a light
      directing device pivotally mounted on the slit lamp to be positioned to
      intercept the illumination beam and selectively adjustable to direct the
      illumination beam toward the additional mirror segments such that the
      illumination beam can be directed toward the focal point at various angles
      of inclination.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to slit lamps and, more particularly, to a
      light inclining accessory therefor for producing illumination beams at
      various inclinations below the horizontal.
PAR  2. Discussion of the Prior Art
PAR  Slit lamps are conventionally utilized by ophthalmologists to examine the
      human eye. Such slit lamps provide an illumination beam having a slit
      image of varying widths and include a microscope for examining the area of
      the eye illuminated by the beam. The illumination beam is normally
      directed toward the eye along a horizontal optical axis by reflection of a
      vertical illumination beam with a 45.degree. reflecting mirror.
PAR  In many cases, such as to examine the anterior chamber behind the cornea
      and the vitreous, it is desired to illuminate the eye with a beam
      inclining relative to the horizontal. In the past, the inclination of the
      illumination beam of slit lamps has been accomplished by tilting or
      pivoting the entire illumination column or by the use of complex optics,
      such as prisms, integrally formed with the slit lamp. These methods of
      inclining the illumination beam suffer the disadvantages of being unwieldy
      and expensive.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to overcome the
      disadvantages of the prior art by providing a system for inclining the
      illumination beam of a slit lamp in a simple and inexpensive manner.
PAR  The present invention is generally characterized in a light inclining
      accessory for a slit lamp having an illumination column providing an
      illumination beam from an end thereof and a mirror support spaced from the
      end of the illumination column, the accessory comprising a mirror adapted
      to be mounted on the mirror support and having a plurality of mirror
      segments arranged at varying angles relative to each other, and a light
      directing device adapted to be positioned between the end of the
      illumination column and the mirror to intercept the illumination beam and
      selectively direct the illumination beam toward the mirror segments
      whereby the illumination beam can be directed toward the eye of a patient
      at various angles of inclination.
PAR  Another object of the present invention is to provide an accessory for
      inclining the illumination beam of conventional slit lamps, which
      accessory can be simply and easily assembled on the slit lamps and can be
      swung out of the way without requiring disassembly when not in use.
PAR  A further object of the present invention is to utilize a multi-faceted
      mirror having mirror segments arranged at varying angles relative to each
      other to provide inclined illumination beams of substantially the same
      length.
PAR  The present invention has an additional object in that a slit lamp is
      provided with a light directing device pivotally mounted on a column and
      movable to intercept the illumination beam of the slit lamp to reflect the
      illumination beam toward a mirror to provide an inclined illumination beam
      toward a focal point, the light directing device including a mirror
      movable to direct the illumination beam at selected angles of inclination.
PAR  Yet another object of the present invention is to provide various inclined
      illumination beams for a slit lamp while maintaining the focal point of
      the beams at substantially the same position coincidental with the focal
      point of the slit lamp microscope.
PAR  Some of the advances of the present invention over the prior art are that
      the light inclining accessory of the present invention is inexpensive to
      produce and simple to assemble with conventional slit lamps, the mirror
      does not interfere with the optical axis of the slit lamp microscope and
      the angle of inclination desired can be easily selected by an operator.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description of the preferred embodiment taken in
      conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a broken perspective of a slit lamp utilizing a light inclining
      accessory according to the present invention.
PAR  FIG. 2 is a perspective of the multi-faceted mirror of the light inclining
      accessory of the present invention.
PAR  FIG. 3 is a perspective of the light directing device of the light
      inclining accessory of the present invention.
PAR  FIG. 4 is a schematic side elevation of the slit lamp with the light
      inclining accessory in position to direct light toward the eye of a
      patient at various incremental inclinations.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A slit lamp utilizing a light inclining accessory according to the present
      invention is illustrated in FIG. 1 and includes a head rest frame 10
      mounted on a table or other suitable support (not shown) with a chin
      support 12 extending between parallel uprights of the frame 10 and
      vertically adjustable to permit alignment of a patient's eye level. A
      fixation light 14 depends from the top of the head rest frame and is
      adapted to be positioned such that examination of a patient's eye is
      facilitated when the patient is looking at the fixation light.
PAR  The slit lamp conventionally includes a carriage, not shown, movable
      relative to the head rest frame 10 by means of a spherical element mounted
      in the carriage and riding on a surface, and a control lever, not shown,
      is conventionally provided to permit an operator to move the carriage
      horizontally to provide fine focus for the slit lamp. Mounted on the
      carriage is a pivot assembly, now shown, which is vertically adjustable
      and includes a microscope arm 16 carrying a binocular microscope 18 and an
      illumination arm 20 carrying a vertical illumination column 22, the arms
      16 and 20 being pivotally mounted such that the microscope 18 and the
      illumination column 22 are independently pivotal about the same axis.
PAR  The illumination column 22 includes a lamp, not shown, mounted in a housing
      24 and arranged to direct a vertical beam of light through a condenser
      assembly, not shown, to a mirror 26 mounted in a support 28 carried on a
      post 30 such that the mirror is in substantially horizontal alignment with
      the observation axis of the microscope 18 and has a portion oriented at
      substantially 45.degree. C to the vertical to direct the illumination beam
      toward the eye of a patient. The illumination column 22 is supported on
      the illumination arm 20 by a pair of spaced columns 32 and 34 extending on
      opposite sides of mirror 26 between a combination control device 36 and a
      pair of ears 38 extending from a collar 40, and the post 30 is similarly
      supported on the combination control device 36. Column 32 has a central
      bore therein for slidably receiving a control rod 42 having an end
      abutting a flange 44 extending from a slidable member 46, and a control
      rod 48 has a lower end abutting flange 44 and an end extending within
      housing 24 to control a slit diaphragm assembly, not shown.
PAR  The illumination beam provided by the lamp passes through the slit formed
      by the slit diaphragm assembly and through an optical system and an
      objective in a bottom end 49 of the illumination column 22 to be deflected
      by the 45.degree. portion of the mirror 26 toward a focal point coinciding
      with the eye of the patient. The optical system includes a filter assembly
      operable by a lever 50 to selectively position one of a plurality of
      filters in the path of the illumination beam, such filters including a
      normal light filter, a heat absorption filter, a 50% density filter, a
      blue-green cobalt filter and any other desired filters. The optical system
      also includes an aperture assembly operated by a lever 52 to position an
      aperture of selected size in the path of the illumination beam, such
      apertures desirably having sizes of 0.2mm, 1mm, 3mm, 4mm, 6mm, 8mm and
      10mm. The optical system can be rotated to vertically or horizontally
      orient the slit image of the illumination beam.
PAR  With the exception of the mirror 26 and the combination control 36, the
      above described structure of the slit lamp is conventional; and, thus, a
      detailed description thereof has been omitted. However, reference is made
      to the MENTOR Slit Lamp marketed by Mentor Division of Codman & Shurtleff,
      Inc. and accompanying literature for more detailed structural and
      operational information relative to the above described structure and
      further reference is made to patent application Ser. No. 373,335 filed
      June 25, 1973 for more detailed discussion of the structure and operation
      of the combination control device 36 and the illumination column 22.
PAR  Conventionally, mirror 26 has lower and upper portions with the upper
      portion being of reduced width to permit viewing through the binocular
      microscope 18 and the lower and upper portions being coplanar at a
      45.degree. angle to the vertical illumination column to direct a slit
      image along a substantially horizontal optical axis to the eye of a
      patient, as shown in the aforementioned patent application Ser. No.
      373,335.
PAR  In accordance with the present invention, a light inclining accessory is
      provided as an attachment for the slit lamp and includes two basic
      components, a multi-faceted mirror 26 and a light directing device 54. The
      multi-faceted mirror 26, as best shown in FIG. 2, is formed of a top
      mirror segment 56 mounted flat on a base 58 and mirror segments 60, 62, 64
      and 66 mounted on the base at progressively greater angles to the plane of
      the base. The mirror 26 is mounted in the mirror support 28 by sliding the
      base 58 into a channel in the top of the support such that the top segment
      56 is disposed at an angle of 45.degree. to the illumination column and in
      axial alignment with the illumination beam to change the direction thereof
      from substantially vertical to substantially horizontal.
PAR  The light directing device 54 is best shown in FIG. 3 and includes a body
      68 having a base 70 with a window 72 therein and an upturned lip 74
      extending therefrom, preferably at an angle of 45.degree.. A mirror 76 is
      mounted on lip 74 in order to bend the illumination beam 90.degree. to
      pass through a double-concave, divergent lens 78 mounted on the base 70
      and be reflected by a movable mirror 80 supported on an axle 82 rotatably
      mounted on a side wall of body 68. A knob 84 is secured to the hub of axle
      82 and has a pointer 86 for indexing rotation of the mirror 80 with
      indicia 88 carried on the body 68. Rotation of mirror 80 is limited by
      abutment of a flange 90 extending from the axle with stops 92 and 94 on
      the inside of the side wall of body 68. A clamping member 96 extends
      transversely from the top edge of the front wall of body 68 and has a lug
      portion 98 on one side thereof with a bore 100 therethrough and a central
      portion 102 having a semi-circular recess 104 therein. The bore 100 has a
      diameter to slidably receive the column 32 and permit pivotal movement of
      the light directing device 54 thereabout. The recess 104 has a diameter
      substantially the same as that of a barrel 106 with the clamping member
      abutting the annular top shoulder of collar 40 to precisely axially
      position the light directing device. The body 68 can be of single or
      multi-part construction of any suitable material, such as plastic or
      metal; however, the clamping member 96 is preferably made of a flexible
      resilient material, such as plastic, to permit the light directing device
      to snap into place with the barrel firmly gripped by the clamping member.
PAR  In order to assemble the light inclining accessory with the slit lamp, the
      conventional mirror is removed from the channel in support 28 and mirror
      26 is substituted therefor, and the flange 44 is raised to permit the
      clamping member 96 to be positioned such that the column 32 is received in
      bore 100. The assembly of the light inclining accessory with the slit lamp
      is now complete and the light directing device 54 can be pivoted about the
      column 32 from a rest position not interfering with the illumination beam
      supplied through the bottom end 49 of the illumination column to an
      operative position intercepting the illumination beam.
PAR  During normal operation of the slit lamp, the light directing device 54 is
      pivoted to its rest position such that the illumination beam from the
      illumination column 22 is reflected by top mirror segment 56 along a
      horizontal path indicated at 108 in FIG. 4 to the focal point 109 which
      coincides with the eye of the patient and the focal point of the binocular
      microscope 18. The reduced width of the top mirror segment 56 does not
      interfere with the optical viewing axis of the microscope 18 such that
      with the light directing device 54 in the rest position, operation of the
      slit lamp is conventional.
PAR  When it is desired to illuminate the eye of a patient with an inclined
      beam, the light directing device 54 is pivoted to its operative position,
      as shown in FIGS. 1, 3 and 4, such that the mirror 76 is positioned
      directly under the objective at the bottom end 49 of the illumination
      column. The mirror 76 is oriented at an angle of 45.degree. to the
      vertical such that the illumination beam is reflected along a horizontal
      path through the divergent lens 78 to the movable mirror 80 where the
      illumination beam is reflected to be selectively directed toward one of
      the mirror segments 60, 62, 64 or 66. From the mirror segments 60, 62, 64
      and 66, the illumination beam is reflected to the focal point 109 along
      paths 110, 112, 114, and 116 which are inclined relative to horizontal
      path 108 by 5.degree., 10.degree., 15.degree. and 20.degree.,
      respectively. Rotation of knob 84 permits the selection of the desired
      inclination of the illumination beam and, if desired, detent means can be
      provided to assure precise positioning of the movable mirror 80.
PAR  The mirror segments 60, 62, 64 and 66 are vertically displaced and the
      angular relationship therebetween is such that the angle with the vertical
      increases with descending vertical alignment of the mirror segments and
      with this arrangement of the mirror segments, the paths of the
      illumination beam from the movable mirror 80 to the focal point for each
      of the angles of inclination are of substantially the same distance. Since
      the length of travel of the illumination beam is increased for the
      inclined beams relative to the horizontal beam 108, the divergent lens 78
      acts to compensate for the average increased distance by stretching the
      focal length thereby assuring that the illumination beam is focused at the
      focal point 109.
PAR  From the above, it will be appreciated that the light inclining accessory
      of the present invention is extremely advantageous due to its simplified
      structure and ease of assembly with existing slit lamps, and the light
      inclining accessory can be used with any suitable slit lamp, the above
      slit lamp description being provided for exemplary purposes only.
      Furthermore, if desired, the light inclining structure could be
      incorporated integrally with a slit lamp. Additionally, the light
      directing device 54 can be constructed to swing up, down or to the
      opposite side in its rest position, as desired, and can be supported on
      any suitable structure of the slit lamp. Similarly, while the relationship
      between the mirror segments 60, 62, 64 and 66 with the rotating mirror 80
      is preferred due to the standardized focal length for the inclined
      illumination beams, the mirror could be movable linearly or in any other
      manner with suitable modification of the alignment of the facets of the
      mirror 26 to provide desired inclinations of the illumination beam. To
      this end, the angular orientation of the mirror segments or facets is
      dependent on the position and movement of the moveable mirror 80, in order
      to provide the desired inclinations of the illumination beam below the
      horizontal. That is, the angular orientation of each of the mirror
      segments is dependent on the horizontal and vertical spacing of the
      rotating mirror 80 from each of the mirror segments and the distance of
      each of the mirror segments from the focal point 109. The facets or
      segments of the mirror 26 can be formed integrally from a single piece of
      reflective material, such as by grinding glass or any other suitable
      manner.
PAR  Inasmuch as the present invention is subject to many variations,
      modifications and changes in detail, it is intended that all matter
      described above or shown in the accompanying drawings be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A light inclining accessory of an ophthalmologic slit lamp having an
      illumination column providing an essentially vertical illumination beam
      from an end thereof, a support spaced from that end of the illumination
      column, and a binocular microscope for viewing a patient's eye, said
      accessory comprising:
PA1  first means adapted to be mounted on said support for reflecting said
      illumination beam essentially into the horizontal, said means
      accomplishing said reflection without converging or diverging the rays of
      said beam;
PA1  means for intercepting and redirecting said illumination beam, said
      intercepting and redirecting means being selectively positionable between
      said illumination column and said illumination beam first reflecting
      means, said intercepting and redirecting means being adjustable to
      selectively redirect said beam at one of various angles; and
PA1  a plurality of means for reflecting said redirected beam into the eye of a
      patient at various angles of inclination, each of said redirected beam
      reflecting means being mounted on said support at varying angles relative
      to each other and to said illumination beam first reflecting means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said intercepting and redirecting means
      includes:
PA1  second means for reflecting said illumination beam essentially into the
      horizontal, said means accomplishing said reflection without converging or
      diverging the rays of said beam, said means being positionable between
      said illumination column and said illumination beam first reflecting
      means; and
PA1  means for selectively directing said reflected beam from said illumination
      beam second reflecting means towards said plurality of redirected beam
      reflecting means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said illumination beam first reflecting
      means, said illumination beam second reflecting means, said selectively
      directing means, and said plurality of redirected beam reflecting means
      are flat mirrors.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said selectively directing mirror
      directs said reflected beam selectively to only one of said plurality of
      redirected beam reflecting mirrors.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said selectively directing mirror is
      pivotal about a fixed point, said pivoting governing the selective
      direction to only one of said plurality of redirected beam reflecting
      mirrors.
NUM  6.
PAR  6. The apparatus of claim 5 also including means for diverging in a
      horizontal direction the reflected beam from said illumination beam second
      reflecting mirror, said means being positioned between said illumination
      beam second reflecting mirror and said reflected beam selectively
      directing pivotal mirror.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said diverging means includes a double
      concave lens.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said illumination beam second
      reflecting mirror, said double concave lens and said selectively directing
      pivotal mirror are mounted upon a plate.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said plate is mounted to said
      illumination column with a clamping member, said clamping member having a
      semicircular recess therein and being of flexible resilient material so as
      to permit snapping into place on and rotation about said illumination
      column.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said plate includes a mount capable of
      supporting and pivoting said selectively directing pivotal mirror; and an
      opening through said plate in proximity to said pivotal mirror mount.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said illumination beam second
      reflecting mirror is narrower than said illumination beam first reflecting
      mirror.
NUM  12.
PAR  12. A slit lamp comprising:
PA1  a substantially vertical illumination column having a bottom end for
      providing an illumination beam;
PA1  mirror means spaced below said bottom end of said illumination column
      including a top mirror segment directly aligned with said illumination
      beam and arranged at an angle of 45.degree. to the vertical to bend said
      illumination beam 90.degree. without converging or diverging the rays of
      said beam for directing along a horizontal path to a focal point, said
      mirror means further including at least one additional mirror segment
      disposed below said top mirror segment; and
PA1  light directing means for intercepting said illumination beam and directing
      said illumination beam without converging or diverging the rays of said
      beam toward said additional mirror segment, said light directing means
      being pivotally mounted on said illumination column to be moved from a
      rest position not interfering with passage of said illumination beam to
      said top mirror segment to an operative position between said bottom end
      of said illumination column and said top mirror segment to direct said
      illumination beam toward said additional mirror segment whereby said
      illumination beam can be directed toward the focal point at an inclined
      angle to the horizontal.
NUM  13.
PAR  13. A slit lamp as recited in claim 12 wherein said mirror means includes a
      plurality of additional mirror segments disposed below said top mirror
      segment and arranged at varying angles relative to each other and said
      light directing means includes a mirror movable to selectively direct
      light toward said additional mirror segments.
NUM  14.
PAR  14. A slit lamp as recited in claim 13 wherein said light directing means
      includes a mirror disposed at 45.degree. to the vertical for intercepting
      said illumination beam and directing said illumination beam toward said
      movable mirror.
NUM  15.
PAR  15. A slit lamp as recited in claim 14 wherein said movable mirror is
      rotatable and said light directing means includes divergent lens means
      between said intercepting mirror and said movable mirror.
NUM  16.
PAR  16. A slit lamp as recited in claim 13 wherein said additional mirror
      segments are arranged such that the paths of said illumination beam from
      said movable mirror to said focal point are of substantially the same
      distance.
NUM  17.
PAR  17. A slit lamp as recited in claim 12 wherein said illumination column
      includes a barrel, a collar surrounding said barrel and a column disposed
      in spaced parallel relation to said barrel, and said light directing
      device includes a clamping member slidably receiving said column to be
      pivotal thereabout and carrying means for clamping said barrel and
      abutting said collar to position said light directing device relative to
      the bottom end of said illumination column.
NUM  18.
PAR  18. A method of providing a beam of light at an angle of incidence from the
      horizontal in a slit lamp ophthalmologic device having a vertical slit
      lamp column, a horizontal viewing binocular microscope and a mirror for
      reflecting the illumination beam from said column essentially in a
      horizontal plane into a patient's eye, comprising the steps of:
PA1  intercepting said beam before it hits said reflecting mirror;
PA1  reflecting said beam in a horizontal plane above its previous normal plane
      of reflection from said reflecting mirror;
PA1  redirecting said reflected beam at various angles; and
PA1  reflecting said redirected beam into said patient's eye at an angle of
      incidence with the horizontal.
NUM  19.
PAR  19. The method of claim 18 wherein said intercepting said beam reflecting
      said beam, redirecting said reflected beam and reflecting said redirected
      beam are accomplished without converging or diverging the rays of said
      beams.
NUM  20.
PAR  20. The method of claim 19 wherein the step of redirecting said reflected
      beam occurs selectively at one of said various angles.
NUM  21.
PAR  21. The method of claim 20 wherein the step of reflecting said redirected
      beam into said patient's eye occurs at different angles of incidence to
      the horizontal, said angle of incidence being a function of said selected
      redirected angle.
NUM  22.
PAR  22. The method of claim 21 also including after the step of reflecting said
      beam in a horizontal plane, the step of diffusing said reflected beam.
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ABST
PAL  A spectacle structure having a plurality of flexible portions formed in
      head engaging components thereof is disclosed wherein the flexible
      portions permit unidirectional bending of the head engaging components of
      the spectacle structure to thereby conform to and exert inwardly directed
      pressures on the head of the person to support the spectacle structure
      thereon, said spectacle structure engaging the head portions for support
      with an absence of support by the nose or ears. The spectacle structure
      includes lens means depending from a front frame member and a pair of
      elongated temple members hingedly connected to respective opposite end
      portions of the front frame member. The head engaging components of the
      spectacle structure are of a combined length such that one of the temple
      members is in crossing and overlying relation with the other of the temple
      members when in an open and relaxed position.
BSUM
PAR  The present invention relates to spectacle structures and more particularly
      to spectacle structures engaging the brow and side and rearward portions
      of the head of a person wearing the spectacle structure.
PAR  Heretofore, spectacle structures have rested and been supported on the nose
      and the temple members of the spectacle structures have rested on the ears
      and engaged the side of the head behind the ears. Such spectacle
      structures have the major portion of the weight thereof concentrated
      forward of the face of the person wearing same and, therefore, tend to
      bear on and slide down the nose. Springs have been added to the hinges
      between the lens support members and the temples or the temples arranged
      with resiliency to urge the temples into engagement with the head of a
      person wearing same and particularly the rear ends of the temples into
      engagement with the sides of the head behind the ears thereby rendering
      the respective spectacle structure uncomfortable to wear due to the
      pressure on sensitive parts of the head, particularly the nose, tops of
      the ears, and behind the ears. Also, some people have such face and nose
      shapes that are difficult and in some instances substantially impossible
      to fit with conventional eye frames that will remain in position thereon.
      Some structures, such as industrial glasses, have been supported on the
      head to avoid fatiguing support on the nose and engagement with sensitive
      parts of the head. Such structures are large or have tight headbands or
      members extending over the top of the head are unsightly and none are
      suitable or desirable for regular wear as spectacles.
PAR  The principal objects of the present invention are: to provide a spectacle
      structure that overcomes the aforementioned difficulties and that can be
      worn without discomfort; to provide a spectacle structure having portions
      engaging the head in a manner to conform to the shape thereof and shaped
      to avoid sensitive parts of the head; to provide such a spectacle
      structure wherein the frame has a front member with temple members
      extending therefrom and with the front frame member and the temple members
      being resilient to thereby provide inwardly directed forces thereby
      holding the spectacle structure on the person's head; to provide such a
      spectacle structure wherein the opposing forces are of a small magnitude
      and distributed around the head whereby the spectacle structure is
      comfortable to wear; to provide such a structure with the front member and
      temple members with different thicknesses in portions for unidirectional
      flexibility in portions for suitable engaging force to hold the spectacles
      in place; to provide such a spectacle structure having weighted portions
      of the temple members to counteract the weight of the front frame member
      and the temple members thereby maintaining the spectacle structure in
      proper position on the person's head; to provide such a spectacle
      structure operative to maintain same in proper position on the head
      without engaging the ears, nose, and other sensitive parts of the head
      thereby eliminating any weight engaging same or pressure on sensitive
      parts of the head, such as caused by portions of conventional spectacle
      structures; to provide such a spectacle structure adapted to conform to a
      large range of head sizes; and to provide such a spectacle structure which
      is economical to manufacture, durable in construction, easily placed on
      the head of a person wearing same, sufficiently tight fitting to permit
      freedom of movement of the head without dislodging the spectacle
      structure, and particularly well adapted for the proposed use.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth, by way of illustration and example,
      certain embodiments of this invention.
DRWD
PAR  The drawings constitute a part of the specification and include exemplary
      embodiments illustrating various objects and features of the spectacle
      structure of the present invention.
PAR  FIG. 1 is a perspective view of the spectacle structure embodying features
      of the present invention.
PAR  FIG. 2 is a plan view of the spectacle structure shown in a relaxed
      position with the temple members in crossing relation one with the other.
PAR  FIG. 3 is a plan view of the spectacle structure shown in an in use
      position.
PAR  FIG. 4 is a front elevational view of a front frame member.
PAR  FIG. 5 is a front elevational view of the front frame member shown in a
      straightened position.
PAR  FIG. 6 is a side elevational view of one temple member.
PAR  FIG. 7 is a side elevational view of the one temple member shown in a
      straightened position.
PAR  FIG. 8 is an enlarged transverse sectional view taken on line 8--8, FIG. 2
      showing one end portion of a front frame member.
PAR  FIG. 9 is an enlarged transverse sectional view taken on line 9--9, FIG. 3
      and showing one flexible portion of the front frame member.
PAR  FIG. 10 is an enlarged transverse sectional view taken on line 10--10, FIG.
      2 and showing one transition portion of the front frame member.
PAR  FIG. 11 is an enlarged transverse sectional view taken on line 11--11, FIG.
      2 and showing a center portion of the front frame member.
PAR  FIG. 12 is an enlarged transverse sectional view taken on line 12--12, FIG.
      7 and showing a free end portion of one temple member.
PAR  FIG. 13 is an enlarged transverse sectional view taken on line 13--13, FIG.
      3 and showing one flexible portion of the one temple member.
PAR  FIG. 14 is an enlarged transverse sectional view taken on line 14--14, FIG.
      3 and showing a center portion of the one temple member.
PAR  FIG. 15 is an enlarged transverse sectional view taken on line 15--15, FIG.
      3 and showing an other flexible portion of the one temple member.
PAR  FIG. 16 is an enlarged exploded side elevational view of hinge portions of
      a front frame member and a temple member.
PAR  FIG. 17 is an enlarged exploded top plan view of the hinge portions of the
      front frame member and temple member.
PAR  As required, detailed embodiments of the present invention are disclosed
      herein, however, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
DETD
PAR  Referring more in detail to the drawings:
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 designates generally a spectacle structure having a plurality of
      flexible portions formed in head engaging components thereof wherein the
      flexible portions permit unidirectional bending of the head engaging
      components of the spectacle structure to thereby conform to and exert
      inwardly directed pressure on the head of the person wearing same to
      support the spectacle structure thereon. The spectacle structure 1
      includes lens means 2 depending from a front frame member 3 and a pair of
      elongated temple members 4 and 5 which may be integral. In the illustrated
      structure, the temple members 4 and 5 are hingedly connected to respective
      opposite end portions of the front frame member 3. The head engaging
      components of the spectacle structure are of a combined length such that
      one of the temple members, for example temple member 4, is in crossing and
      overlying relation with the other temple member 5 when same are in an open
      or unfolded and relaxed position, as shown in FIG. 2.
PAR  The front frame member 3 is arcuate in plan view when in a relaxed
      position. The front frame member 3 has a center portion 6 and opposite end
      portions 7 and 8 with said frame member 3 of such a length that said end
      portions are substantially at the sides of a wearer's forehead. In the
      illustrated structure, the end portions 7 and 8 are enlarged to form
      respective portions of hinges, as later described.
PAR  The front frame member 3 has portions thereof engaging a forehead adjacent
      to and above the eyebrows of a person wearing the spectacle structure 1.
      The front frame member has portions of reduced thickness positioned
      adjacent the end portions 7 and 8 to define flexible portions 9 and 10 to
      permit unidirectional bending of the front frame member 3 toward or away
      from the wearer's head to thereby conform to respective portions of a
      person's forehead. The shape of the flexible portions 9 and 10 is best
      seen in FIG. 9.
PAR  Transition portions 11 and 12 extend between the thin sections 9 and 10 and
      the center portion 6 and provide a transition between the thin sections or
      portions 9 and 10 and the center portion 6. The shape of the transition
      portions 11 and 12 is best seen in FIG. 10.
PAR  The center portion 6 of the front frame member 3 has a depending portion
      defining a lens support member having spaced arcuate arms 13 and 14 with
      free ends thereof spaced apart to define a generally round receptacle
      adapted to receive and frictionally engage a generally round center member
      15 of a lens frame 16 which supports the lens means 2. The lens frame may
      be fixed to the front frame member 3, however, in the illustrated
      structure, it is removable as the structure may accomodate different lens
      frame with different lenses, both as the shape and type. The shape of the
      center portion 6 and the lens support member of the illustrated structure
      is best seen in FIG. 11.
PAR  The opposite end portions 7 and 8 of the front frame member 3 are above the
      center portion 6 thereby positioning the lens means 2 in front of and
      aligned with the eyes of a person wearing the spectacle structure 1.
      Positioning the end portions 7 and 8 above the center portion 6 also
      positions the temple members 4 and 5 above the ears of a person wearing
      the spectacle structure 1. The relative position of the respective
      portions of the front member 3 are best seen in FIGS. 4 and 5.
PAR  The temple members 4 and 5 are each elongate and arcuate in plan view when
      in a relaxed position. The temple members 4 and 5 and the front frame
      member 3 each have a cross sectional shape for substantially the lengths
      thereof that are bar like with the vertical dimension when on a wearer
      substantially greater than the transverse or horizontal dimension. This
      relationship provides stiff members in the vertical plane and bendable
      members in the horizontal plane. The temple members 4 and 5 illustrated
      have one end portion 17 and 18 thereof enlarged to form respective
      portions of the hinges, as later described. The temple members 4 and 5
      have first reduced thickness portions 19 and 20 and positioned adjacent to
      the one end portion 17 and 18 respectively to define first flexible
      portions to permit unidirectional bending of the temple members 4 and 5
      toward and away from the wearer's head. The shape of the first reduced
      thickness portions 19 and 20 is best seen in FIG. 15.
PAR  The temple members 4 and 5 have center portions 21 and 22 of increased
      thickness to provide increased resistance to unidirectional bending. The
      shape of each of the center portions 21 and 22 is best seen in FIG. 14.
PAR  The temple members 4 and 5 have second reduced thickness 23 and 24
      positioned adjacent to other end portions 25 and 26 of the temple members
      4 and 5 respectively. The second reduced thickness portions 23 and 24
      provide flexible portions to permit unidirectional bending adjacent to the
      other end portions 25 and 26. The shape of the second reduced thickness
      portions 23 and 24 is best seen in FIG. 13. Each of the reduced thickness
      portions are normal to the direction of bending and the bending is toward
      or away from the person's head.
PAR  From a comparison of FIG. 9, FIG. 15, and FIG. 13 it is obvious that the
      flexible portions 9 and 10 of the front frame member 3 are thicker than
      respective reduced thickness portions of the temple members 4 and 5. It is
      also obvious from an examination of FIG. 13 that the second flexible
      portions 23 and 24 are the thinnest and, therefore, permit the greatest
      unidirectional bending to thereby permit the spectacle structure 1 to
      conform to the shape of the rear portions of the head of a person wearing
      same.
PAR  The other end portions 25 and 26 of the temple members 4 and 5 are enlarged
      as best seen in FIG. 12. The enlarged other end portions 25 and 26 have
      weights 27 and 28 respectively therein for facilitating engagement of the
      front frame member 3 and the temple members 4 and 5 with a person's head
      thereby maintaining the front frame member 3 in engagement with the
      forehead and the temple members 4 and 5 in engagement with the sides and
      back portions of the person's head. The weights 27 and 28 substantially
      resist any tendency of the front frame member 3 from moving downwardly on
      the forehead of the person.
PAR  The enlarged other end portions 25 and 26 and the weights 27 and 28 therein
      have recesses 29 and 30 respectively in which prominences 29' and 30'
      extend to hold the weights in position. The overall shape of the end
      portions 25 and 26 and the weights 27 and 28 therein is best seen in FIGS.
      12, 2, and 7. It is noted from FIG. 2 that the temple members 4 and 5 are
      in crossing and overlying relation with in an open or unfolded and relaxed
      position.
PAR  While the reduced thickness portions may each be varied in length and
      thickness they preferably are arranged to have different flexibility. In
      the illustrated structure, the reduced thickness or flexible portions 9
      and 10 of the front frame member 3 preferably have a length approximately
      equal to the spacing from the center of the lens support of the adjacent
      end of the respective reduced thickness portion. The reduced thickness
      portions 19 and 20 of the temple members 4 and are of similar length to
      that of the reduced thickness portions 23 and 24 of the temple members are
      approximately twice as long as the reduced thickness portions 19 and 20.
      Also, the thickness in the flexible portions 9 and 10 is greater than the
      thickness of the portions 19 and 20 and the portions 23 and 24 are the
      thinnest, being about one-half to two-thirds the thickness of the portions
      19 and 20. With this arrangement the bending force for said reduced
      thickness portions is progressively less as the spacing of said portions
      from the lens support is greater. Outward spreading force on temple
      members 4 and 5 to fit a larger head will cause some outward bending of
      the flexible portions 9 and 10 providing a greater spacing of the hinge
      portions. The spreading provides a greater outward bending of the reduced
      thickness portions 19 and 20 for greater spacing between the center
      portions 21 and 22 of the temple members. The spreading will provide the
      greatest outward bending of the reduced thickness portions 23 and 24 so
      the end portions 25 and 26 will be positioned for proper engagement of the
      wearer's head by the front frame member, center portions 21 and 22 and end
      portions 25 and 26 of the temple members. It is preferred that the
      spectacle structure have the reduced thickness of greater flexibility
      portions arranged and shaped whereby the spreading force on the end
      portions 25 and 26 to move same apart to engage a normal head is in the
      nature of three to five ounces.
PAR  FIGS. 16 and 17 illustrate the components of the opposite end portions 7
      and 8 of the front frame member 3 and the components of the one end
      portion 17 and 18 of the temple members 4 and 5 which cooperate to form
      the hinged connection therebetween. In the illustrated structure, each of
      the opposite end portions 7 and 8 has a pair of vertically spaced upper
      and lower ears 32 and 33 respectively extending therefrom. The ears 32 and
      33 have facing surfaces which have means therein to define aligned
      recesses to receive pin portions, as later described. A retainer member 34
      extends between intermediate portions of the ears 32 and 33 and is
      preferably integral with the ears 32 and 33. The retainer member 34 is
      positioned intermediate the ends of the ears 32 and 33 to permit movement
      therebetween of a hinge member 35 extending from a respective temple
      member. The retainer member 34 has one edge thereof co-planar with one
      edge of the ears 32 and 33.
PAR  The one end portion 17 and 18 of the temple members 4 and 5 each have a
      hinge member 35 extending therefrom. The hinge members 35 are adapted to
      be received between the upper and lower ears 32 and 33 of the respective
      opposite end portions 7 and 8 of the front frame member 3. The pin
      portions 36 and 37 extend transversely from the respective hinge member 35
      and are each received in the recesses of apertures 36' and 37' in a
      respective one of the facing surfaces of the ears 32 and 33 of the
      respective end portions 7 and 8 of the front frame member 3. The hinge
      members 35 each have surfaces defining a notch 38 in one edge thereof. The
      notch defining surfaces are in sliding engagement with the respective
      retainer member 34 of the opposite end portions 7 and 8 of the front frame
      member 3, thus when in closed position there is no stress on the pins 36
      and 37.
PAR  Wearing the spectacle structure 1 is accomplished by moving the front frame
      member 3 and the temple members 4 and 5 downwardly over the head of the
      person until the lens frame 16 and the lens means 2 therein are in the
      desired position. The flexible portions 9 and 10 of the front frame member
      3 and the first flexible portions 19 and 20 and the second flexible
      portions 23 and 24 of the temple members 4 and 5 permit the spectacle
      structure 1 to conform to the shape of the person's head and exert
      inwardly directed forces or pressure on the forehead, sides, and rear
      portions of the head of the person to thereby maintain same in the desired
      position during normal movements of the head. The temple members 4 and 5
      are adapted to engage the sides of the head of the person wearing the
      spectacle structure 1 with the engagement being spaced from forward
      portions of the occipital bone of the wearer which is just behind the ear
      and is a particularly sensitive part of a person's head.
PAR  The spectacle structure has such flexibility that the end portions 25 and
      26 may be spread to a width greater than the width of a wearer's head. The
      spectacle structure may then be moved rearwardly until the front frame
      member 3 engages the forehead adjacent the brows. The temple members are
      then positioned and released to engage the head. The flexibility of the
      structure is such that it appears to have substantially the same pressure
      against the head by the front frame member 3 and the temple members 4 and
      5 to thereby hold the spectacles in place without any high or
      uncomfortable pressure points. Due to the flexibility provided by the
      reduced thicknesses, one size structure will fit most adults and a second
      smaller size will fit most children.
PAR  The front frame member 3 and the temple members 4 and 5 are preferably
      formed of a suitable plastic whereby they may be produced by injection
      molding. However, the structure may be made of metal using the variable
      flexibility described. A plastic or synthetic resin for the structure
      should be durable, strong, and have desired flexibility in their sections,
      for example, polyethylene, polypropylene, nylon, and the like.
PAR  It is to be understood that while I have illustrated and described one form
      of my invention, it is not to be limited to the specific form or
      arrangement of parts herein described and shown.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A spectacle structure comprising:
PA1  a. a front frame member having portions engaging a forehead of a person
      wearing the spectacle structure at a level adjacent to the eyebrows, said
      front frame member having opposite end portions and a length positioning
      same at respective sides of a person's forehead, said front frame member
      having a center portion and portions of reduced thickness adjacent each of
      said end portions thereof to define respective flexible portions to permit
      unidirectional bending toward and away from the person's head;
PA1  b. lens means connected to and supported by said front frame member; and
PA1  c. a pair of elongated temple members each having one end portion thereof
      connected to a respective one of the opposite end portions of said front
      frame member, said temple members being adapted to extend rearwardly from
      said front frame member and terminate in rear free end portions, said
      temple members each having a center portion and first and second portions
      of reduced thickness adjacent the center portion thereof to define
      respective flexible portions to permit unidirectional bending toward and
      away from the person's head, whereby said front frame member and said
      temple members conform to and exert inwardly directed pressure on a
      person's head to support the spectacle structure thereon.
NUM  2.
PAR  2. A spectacle structure as set forth in claim 1 wherein:
PA1  a. said first portions of reduced thickness of said temple members each are
      positioned between the respective center portion thereof and a respective
      opposite end portion of said front frame member;
PA1  b. said reduced thickness portions of said front frame member and said
      first portions of reduced thickness of said temple members each have a
      respective shape such that the resistance to the unidirectional bending of
      said temple member first portions is less than the resistance to the
      unidirectional bending of said reduced thickness portions of said front
      frame member;
PA1  c. said second portions of reduced thickness of said temple members each
      are positioned between the respective center portion and the free end
      thereof; and
PA1  d. said first portions of reduced thickness and said second portions of
      reduced thickness of each of said temple members each have a respective
      shape such that the resistance to the unidirectional bending of said
      temple member second portions is less than the resistance to the
      unidirectional bending of said temple member first portions.
NUM  3.
PAR  3. A spectacle structure as set forth in claim 1 wherein said front frame
      member and said temple members are of a combined length such that one of
      said temple members is in crossing and overlying relation with the other
      of said temple members when in an open and relaxed position.
NUM  4.
PAR  4. A spectacle structure as set forth in claim 1 wherein:
PA1  a. the one end portion of each of said temple members is hingedly connected
      to a respective one of the opposite end portions of said front frame
      member;
PA1  b. each of the opposite end portions of said front frame member has a pair
      of spaced ears extending therefrom and a retainer member extending between
      intermediate portions of said ears;
PA1  c. facing surfaces of said ears each have aligned recesses therein;
PA1  d. the one end portion of each of said temple members has a hinge member
      extending therefrom and received between the ears extending from a
      respective one of the opposite end portions of said front frame member;
PA1  e. the one end portion of each of said temple members has pin portions
      extending transversely therefrom and each received in the recess in a
      respective one of the facing surfaces of said ears of a respective one of
      the opposite end portions of said front frame member;
PA1  f. the one end portion of each of said temple members has surfaces defining
      a notch in one edge thereof; and
PA1  g. said surfaces defining the notch are in sliding engagement with the
      hinge member of a respective one of the opposite end portions of said
      front frame member.
NUM  5.
PAR  5. A spectacle structure as set forth in claim 1 wherein:
PA1  a. the other end portion of each of said temple members is an enlarged
      portion; and
PA1  b. said enlarged portions of each of said temple members each have a weight
      therein for facilitating engagement of said front frame member and said
      temple members with the person's head thereby maintaining said front frame
      member in engagement with the forehead and said temple members in
      engagement with the sides and back portions of the person's head.
NUM  6.
PAR  6. A spectacle structure as set forth in claim 5 wherein said front frame
      member and said temple members are of a combined length such that one of
      said temple members is in crossing and overlying relation with the other
      of said temple members when in an open and relaxed position.
NUM  7.
PAR  7. A spectacle structure as set forth in claim 6 wherein:
PA1  a. the one end portion of each of said temple members is hingedly connected
      to a respective one of the opposite end portions of said front frame
      member;
PA1  b. the hinged connection of the one end portion of each of said temple
      members to a respective one of the opposite end portions of said front
      frame member comprises:
PA2  1. a pair of laterally spaced ears extending from each of the opposite end
      portions of said front frame member, said ears having facing surfaces;
PA2  2. means in the facing surfaces of said ears defining aligned recesses
      therein;
PA2  3. a retainer member extending between intermediate portions of each of
      said pair of ears;
PA2  4. a hinge member extending from the one end portion of each of said temple
      members, said hinge members each being received between the ears extending
      from a respective one of the opposite end portions of said frame front
      member;
PA2  5. pin portions extending transversely from the hinge member of each of
      said temple members and each received in the recess in a respective one of
      the facing surfaces of said ears of a respective one of the opposite end
      portions of said front frame member; and
PA2  6. surfaces in each of said hinge members defining a notch in one edge
      thereof, said notch defining surfaces being in sliding engagement with the
      retainer member of a respective one of said opposite end portions of said
      front frame member.
NUM  8.
PAR  8. A spectacle structure comprising:
PA1  a. a front frame member engaging a forehead of a person wearing the
      spectacle structure at a level adjacent to the eyebrows and having a
      center portion and opposite end portions and a length positioning said end
      portions at respective sides of a person's head, said front frame member
      having portions of reduced thickness adjacent each of said end portions
      thereof to define respective flexible portions to permit unidirectional
      bending toward and away from the person's head, said opposite end portions
      of said front frame member being positioned above said center portion
      thereof;
PA1  b. a lens support member depending from the center portion of said frame
      member;
PA1  c. a lens frame mounted on said lens support member and having lens means
      therein and positioned forward of and aligned with the person's eyes;
PA1  d. a pair of elongated temple members each having one end portion thereof
      hingedly connected to a respective one of the opposite end portions of
      said front frame member and extending rearwardly therefrom and terminate
      in rear free end portions, said temple members each having a first portion
      of reduced thickness adjacent the one end portion thereof to define
      respective first flexible portions to permit unidirectional bending toward
      and away from the person's head and a second portion of reduced thickness
      adjacent the rear free end portion thereof to define respective second
      flexible portions thereof to permit unidirectional bending toward and away
      from the person's head whereby said front frame member and said temple
      members conform to and exert inwardly directed pressure on a person's head
      to support the spectacle structure thereon; and
PA1  e. a weight in the rear free end portion of each of said temple members for
      maintaining engagement of said front frame member with a forehead adjacent
      to the eyebrows of a person wearing the spectacle structure and engagement
      of said temple members with respective portions of the sides and back of
      the person's head.
NUM  9.
PAR  9. A spectacle structure as set forth in claim 8 wherein said front frame
      member and said temple members are of a combined length such that one of
      said temple members is in crossing and overlying relation with the other
      of said members when in an open and relaxed position.
NUM  10.
PAR  10. A spectacle structure as set forth in claim 9 wherein the hinged
      connection of the one end portion of each of said temple members to a
      respective one of the opposite end portions of said front frame member
      comprises:
PA1  a. upper and lower vertically spaced ears extending from each of the
      opposite end portions of said front frame member, said ears having facing
      surfaces;
PA1  b. means in the facing surfaces of said ears defining aligned recesses
      therein;
PA1  c. a retainer member extending between intermediate portions of each of
      said pair of ears;
PA1  d. a generally planar hinge member extending from the one end portion of
      each of said temple members, said hinge members each being received
      between the ears extending from a respective one of the opposite end
      portions of said frame front member;
PA1  e. pin portions extending transversely from the hinge member of each of
      said temple members and each received in the recess in a respective one of
      the facing surfaces of said ears of a respective one of the opposite end
      portions of said front frame member; and
PA1  f. surfaces in each of said hinge members defining a notch ine one edge
      thereof, said notch defining surfaces being in sliding engagement with the
      retainer member of a respective one of said opposite end portions of said
      front frame member.
NUM  11.
PAR  11. A spectacle structure as set forth in claim 9 wherein:
PA1  a. said front frame member and each of said temple members are each of
      greater vertical dimension than horizontal dimension for stiffness in a
      vertical direction and limited flexibility in a horizontal direction for
      movement toward and away from a person's head;
PA1  b. said first portions of reduced thickness of said temple members and said
      reduced thickness portions of said front frame member each have a
      respective shape such that the resistance to the unidirectional bending of
      said temple member first portions is less than the resistance to the
      unidirectional bending of said reduced thickness portions of said front
      frame member; and
PA1  c. said first portions of reduced thickness and said second portions of
      reduced thickness of each of said temple members each have a respective
      shape such that the resistance to the unidirectional bending of said
      temple member second portions is less than the resistance to the
      unidirectional bending of said temple member first portions.
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ABST
PAL  A novel type of swimming goggles includes an improved means for receiving
      corrective lenses. The corrective lens forms the outermost face of the
      goggles and is easily insertable. The novel swimming goggles of this
      invention are inexpensive to manufacture. The lateral vision of the
      swimmer is improved due to the transparent sidewall construction of the
      goggles. A resilient gasket between the goggle socket and the face of the
      swimmer allows for a watertight seal therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention concerns an improved type of goggles. In particular, the
      invention is directed towards an improved swimming goggle with novel means
      for receiving corrective lenses.
PAR  2. Background of the Invention
PAR  Examples of underwater diving goggles incorporating corrective lenses can
      be found in certain parts of the prior art. See, for example, Neufeld U.S.
      Pat. No. 2,928,097; Pepke U.S. Pat. No. 3,320,018 and Hagen U.S. Pat. No.
      3,672,750. The foregoing patents disclose optically corrected underwater
      goggles and further inclue features which allow the diver greater lateral
      or sideways vision. The improved lateral vision of the prior art is
      achieved by rounding the face plate of the diving mask to completely
      encircle the diver's field of vision. Such an approach can be very
      expensive because it required precise, optically correct plastic molding.
      While the diving masks disclosed by Neufeld, Pepke and Hagen are
      satisfactory, they are nevertheless expensive to construct and difficult
      to manufacture.
PAR  Typical prior art diving goggles in which the eye sockets are separated are
      disclosed in the patents to O'Flannagan U.S. Pat. No. 1,742,412 and Welsh
      U.S. Pat. No. 2,317,658. Welsh is of particular interest because it
      discloses the use of two clear windows per eye socket. The purpose of the
      dual window feature is to reduce fogging due to temperature differentials.
PAR  Of course, protective safety goggles have been used for industrial and
      commercial purposes for a number of years. Typical of such eye protecting
      goggles are: Kimball U.S. Pat. No. 2,195,175, Nelson U.S. Pat. No.
      3,147,489 and O'Shea U.S. Pat. No. 3,533,686. In particular, Nelson
      discloses in FIGS. 6 and 7 thereof a composite safety goggle including a
      plurality of clear or tinted windows and lenses. While safety goggles have
      been known for a long time, they are nevertheless expensive and unsuitable
      for swimming goggles due to the fact that they are rarely airtight. As a
      matter of fact, many goggles include side vents for the purpose of
      allowing ventilation. See, for instance, Kimball, FIG. 1, element 26.
PAR  A pair of ski goggles having a tilted face plate is disclosed in the patent
      to Young U.S. Pat. No. 3,036,310. Tilting the face plate of ski goggles
      and the like helps to decrease their aerodynamic resistance and may be
      desirable for other reasons. However, the use of a tilted face plate to
      facilitate backstroking by a swimmer appears to be a technique unknown in
      the prior art.
PAR  The following prior art patents are typical of the general state of
      development of the underwater goggles art: Grano U.S. Pat. No. 2,088,262;
      Monahan, Jr. et al. U.S. Pat. No. 2,993,209; Simpson U.S. Pat. No.
      3,040,616; Chan U.S. Pat. No. 3,051,957 and Andresen, Jr. U.S. Pat. No.
      3,055,256. Judging from the state of the goggles art as exemplified by the
      foregoing patents, there does not appear to be disclosed anywhere the use
      of corrective lenses in a pair of swimming goggles, as opposed to the use
      of corrective lenses in underwater diving masks. For a variety of reasons,
      it is generally undesirable for a swimmer to use a full face mask when
      simply swimming on the surface of the water. On the other hand, simple
      swimming goggles are unuseable by divers because there is no means for
      compensating for changes in pressure. Therefore, the swimming goggles of
      the present invention were invented as a result of the fact that
      inexpensive swimming goggles incorporating corrective lenses were not
      available on the general market. In particular, inexpensive swimming
      goggles incorporating a tilted face plate and side vision facilities were
      not available either. It was in the context of the foregoing necessities
      that the present invention was made, a summary of which follows.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention consists of a pair of swimming goggles
      having the means for readily receiving corrective lens. The corrective
      lens is mounted so that the water impinges upon it before it might impinge
      upon any subsequent window in the goggles. Standard ophthalmically ground
      and commercially available lenses may be easily snapped into place in the
      goggles. The goggles are typically made of a clear plastic of the sort
      available commercially. The front lens may be tilted at an angle to the
      line of sight of the swimmer so that the swimmer can see correctly
      backwards while doing the backstroke. By forming the goggles structure
      from clear plastic it is possible for the swimmer to see objects on either
      side of him. It is a principle advantage of the present invention that
      such goggles could be made inexpensively and that they could be fitted
      with corrective lenses with an absolute minimum of effort. The foregoing
      goggles may be used with or without a clear plastic window between the
      corrective lens and the eye of the swimmer. The advantages of this
      invention will be more readily understood with reference to the following
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a typical pair of prior art swimming goggles.
PAR  FIG. 2a is a partial cross-sectional view of the swimming goggles of the
      invention.
PAR  FIG. 2b is a partial cross-sectional view of the present invention wherein
      the lens member is convex.
PAR  FIG. 3 is a partial cross-sectional view of the present invention wherein
      the lens member is received on a ledge.
PAR  FIG. 4 is a partial cross-sectional view of the present invention in which
      there is no clear plastic window between the swimmer's eye and the
      corrective lens.
PAR  FIG. 5a is a partial cross-sectional view of the present invention wherein
      the corrective lens is tilted with respect to the normal plane of vision
      of the swimmer; and
PAR  FIG. 5b is a partial cross-sectional view of the goggles illustrated in
      FIG. 5a, but wherein the clear transparent window has been eliminated.
PAC  DESCRIPTION OF THE INVENTION
PAR  During the course of this disclosure, it will be appreciated that like
      numbers refer to like elements in the different drawings.
PAR  A typical pair of prior art swimming goggles is illustrated in FIG. 1. The
      prior art goggles 10 of FIG. 1 include a elastic headband 12, a resilient
      nose bridge strap 14 and a pair of eye sockets 16. The base of the eye
      socket 16 is typically surrounded at the periphery thereof with a
      resilient gasket material 18. The gasket material serves to form a
      watertight seal between the socket element 16 and the face of the swimmer.
      The front of each goggle socket includes a clear plastic window 20.
      Typically, the socket 16 and the window 20 are formed from clear plastic,
      however the window element 20 may be made of a tinted material if it is
      desired to reduce harmful sun glare. The plastic used in the frame of the
      sockets 16 is generally a hard plastic which may be readily molded to the
      generally contour of the swimmer's face. Swimming goggles are relatively
      inexpensive to manufacture. Unfortunately, if the swimmer requires
      corrective lenses, he must often resort to diving masks, because swimming
      goggles adaptable to receive corrective lenses do not appear to be readily
      available to the swimmer of modest means. Though diving masks including
      corrective lenses are suitable for certain applications, they are
      nevertheless expensive and frequently difficult to have fitted with the
      correct lenses.
PAR  In response to the lack of generally available, inexpensive swimming
      goggles, the device illustrated as FIG. 2-6 was invented.
PAR  The present invention according to a preferred embodiment is shown in
      cross-sectional perspective in FIG. 2a. The socket 16 is shown to include,
      according to this view, a peripheral flange section 22 which surrounds the
      base of the socket. Flange section 22 is perpendicular to sidewall section
      24 of the socket 16. A window 20 is mounted on the sidewall 24 in a manner
      previously discussed with reference to FIG. 1. The resilient gasket 18 is
      typically suggestive of an oval in shape and is approximately 21/2 inches
      long in its longest dimension. The material is typically soft neoprene or
      neoprene airfoam or rubber with a thickness of approximately 1/4 inch. The
      elastic headband 12 typically comprises a rubber strap having a length of
      16 inches, a width of 1/4 inch and a thickness of 1/16 inch. The headband
      12 is anchored to the flange 22 of socket 16 through a receiving hole 26.
      The tightness of elastic 12 may be adjusted with buckle 28 in a
      conventional manner. The nose bridge strap 14, which is not seen in the
      views of FIGS. 2-6, is typically a piece of rubber or plastic 11/2 inches
      long by 1/4 inch wide. Frequently notches in the plastic are used to
      adjust for varying widths across the bridge of the nose of the swimmer.
PAR  According to the present invention, the goggles shown in FIG. 2a include a
      circular extension or rim 30 which receives corrective lens 32 in a
      snap-in fashion. The extension 30 is connected in a waterproof fashion,
      either to the periphery of the window 20 or to the edge of the sidewall
      section 24. The sidewall and the flange may be made from glass or from a
      plastic such as an acrylic. The extension 30 may also be plastic but
      should be pliable so as to receive the corrective lens 32. Therefore the
      material of the extension 30 may be either a soft plastic or a plastic
      which deforms slightly under the influence of heat or pressure. Likewise,
      of course, window 20 may be either glass or plastic too.
PAR  According to the present invention the distance between the eye of the
      swimmer and the corrective lens is on the order of approximately 1 inch
      and the width of the goggles socket 16 is approximately 11/2 inches. The
      closest distance from the window 20 to the flange section 22 is
      approximately 3/8 inch and from there the extension 30 protrudes from 3/16
       to 5/16 of an inch outward. A lens receiving groove 34 is set back
      approximately 1 millimeter from the leading edge of extension 30. Groove
      34 circumscribes the interior periphery of extension 30 and forms a
      watertight seal with the perimiter of corrective lens 32. Extension 30 can
      be from 2 to 9 millimeters thick and the groove therein is typically 1 to
      2 millimeters in width across the interior surface of the extension 30 and
      from 1/4 to 1/2 millimeters in depth measured from the interior surface of
      the extension 30 to the tip of the interior apex of the groove 34. The 1
      millimeter inset of the groove with respect to the leading edge of
      extension 30 is measured to the beginning of the base of the groove and
      not to its apex.
PAR  Because extension 30 is made from a pliable material it is relatively easy
      to snap a conventional type of lens into the groove 34. As discussed
      above, the pliability of the extension 30 may be induced by heat in a
      manner familiar to those of ordinary skill in the corrective lens art. If,
      for some reason, the corrective lens does not form a watertight fit within
      the groove 34, the peripheral groove can be sealed with any one of a
      variety of well known clear transparent cements. A clear epoxy cement
      would be satisfactory under many circumstances. It will be appreciated
      that, because the lens is mounted near the outside of the mark, access to
      the lens receiving means is relatively simple. Therefore, it is not
      difficult for the owner of such a device to take the goggles to a trained
      optometrist and have him order a pair of conventional corrective lenses
      for these goggles. Since a swimmer spends as much time above the surface
      as he does looking beneath the surface of the water, it is not necessary
      that the corrective lenses compensate for the distortion in magnification
      frequently associated with diving goggles. In other words, the owner of
      such a pair of goggles merely has to go to his optometrist and have him
      order a pair of suitable prescription lenses. Since lenses come in a wide
      variety of shapes, it is not difficult to have lenses ground which would
      readily be receivable within the lense groove 34 of the goggles of the
      instant invention.
PAR  The water goggles of the present invention are constructed so as to be able
      to receive a wide variety of lenses. According to FIG. 2b, lens 36 is
      shown as being a convex lens. According to FIG. 2a, previously discussed,
      the lens 32 is shown as being relatively planer in shape. It is also
      possible, therefore, to employ lenses that are concave or a combination of
      both, such as in the case of bi-focals.
PAR  In FIG. 3 the lens receiving means is shown to be a ledge 38. Peripheral
      ledge 38 extends entirely around the circumference of the extension 30.
      The advantage of a ledge such as element 38 is that it is easier to place
      the lens 32 in position. However, it is also necessary to cement the lens
      32 in place, otherwise it will fall out. Likewise, the use of a ledge such
      as 38 instead of a groove such as 34, may create water leakage problems.
      Therefore, the use of a groove is preferred over the use of a simple
      edge-like lens receiving means.
PAR  Under some circumstances, it may be desirable to eliminate window 20. A
      goggle with the window 20 eliminated is shown in FIG. 4. The location
      where the window 20 would be normally found is indicated in phantom line
      as 20'. By eliminating window 20 it is possible to cut down on the cost of
      producing such goggles. However, window 20 serves several useful function.
      One function is to preserve an air gap between the lens 32 and the window
      20 whereby water leaks would not reach the eye. Also, it is known in the
      prior art to form a dead space between the windows of the goggles in order
      to reduce the tendancy to cause fogging. Further, the use of an additional
      window adds a little bit of extra strength to the socket element 16.
PAR  Another embodiment of the present invention is shown in FIG. 5a. The
      goggles illustrated therein include a tilted corrective lens 40. The lens
      40 is tilted so that a swimmer doing the backstroke may have a better view
      of his progress. In order to achieve the tilting of lens 40 it is
      necessary to extend the upper part of extension 30 beyond the lower part
      thereof. Under such circumstances, it may also be desirable to tilt or
      cant the groove 34 so that lens 40 is readily received therein. The angle
      of tilt of lens 40 may typically be between five to sixty degrees with
      respect to the plane of the window 20. The plane of the window 20 is
      perpendicular to the normal line of sight of the swimmer and also
      generally perpendicular to the plane of the sidewall 24. The tilting of
      lens 40 also adds to the aerodynamic streamlined shape of the goggles and
      further has the advantage that water drops may tend to drip directly from
      the upper part of the extension 30 without rolling across the face of the
      lens 40.
PAR  A modified version of the embodiment of FIG. 5a is shown in FIG. 5b,
      wherein the window 20 has been eliminated in a manner similar to that of
      the goggles illustrated in FIG. 4.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and detail may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved pair of swimming goggles for use by a swimmer including:
PA1  a pair of plastic eye sockets, each socket including a flange base section
      roughly shaped to fit the contour of a swimmer's eye, a sidewall section
      connected to said flange base section and extending outward therefrom
      roughly parallel to the direction to the line of sight of said swimmer,
      and a transparent sidewall extension extending from said sidewall section;
PA1  a nose strap for connecting said sockets over the bridge of the nose of
      said swimmer;
PA1  a head strap for connecting said sockets one to the other around the back
      of the head of said swimmer, said head strap, sockets and nose strap
      thereby forming a continuous loop when connected together;
PA1  a lens receiving means located in said transparent sidewall extension, said
      lens receiving means comprising a snap-in groove adapted to receive a
      corrective lens therein; and
PA1  a transparent window connected to said sidewall section and located
      intermediate the base flange section and said lens receiving means.
NUM  2.
PAR  2. The invention of claim 1 wherein the plane of said corrective lens is
      tilted at an angle of between 5.degree. and 60.degree. relative to a line
      perpendicular to the normal line of sight of a swimmer wearing said
      goggles.
NUM  3.
PAR  3. The invention of claim 1 wherein said sidewall section and said sidewall
      extension are a continuous piece of plastic material.
NUM  4.
PAR  4. The invention of claim 1 wherein said sidewall extension and said
      sidewall and discreet plastic elements connected together by a cement-type
      material.
NUM  5.
PAR  5. An improved pair of swimming goggles for use by a swimmer including:
PA1  a pair of plastic eye sockets, each socket including a flange base section
      roughly shaped to fit the contour of a swimmer's eye, a sidewall section
      connected to said flange base section and extending outwardly therefrom
      roughly parallel to the direction of the line of sight of said swimmer,
      and a transparent sidewall extension extending from said sidewall section;
PA1  a nose strap for connecting said sockets over the bridge of the nose of
      said swimmer;
PA1  a head strap for connecting said sockets one to the other around the back
      of the head of said swimmer, said head strap, sockets and nose strap
      thereby forming a continuous loop when connected together;
PA1  a lens receiving means located in said transparent sidewall extension and
      comprising a flat ledge recessed into said sidewall extension and adapted
      to receive said corrective lens, said corrective lens being securable into
      said sidewall extension by a cement-type material; and,
PA1  a transparent window connected to said sidewall section and located
      intermediate the base flange section and said lens receiving means.
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ABST
PAL  Spectacles having a face-formed readily separable two-section eyeglass
      frame front wherein a first forward section of the frame front supports a
      pair of fixed non-circular light-polarizing lenses and a rearward second
      section supports a rotatable light-polarizing lens in alignment with each
      forwardly disposed lens. A manually operable rear lens rotating mechanism
      is provided for selectively rotating the two rearward lenses in unison to
      simultaneously equally rotationally alter the orientation of axes of
      polarization of these lenses relative to axes of polarization of the fixed
      forwardly disposed lenses for correspondingly varying the intensity of
      light permitted to pass through each system of front and rear lenses of
      the spectacles.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to spectacles and more particularly to variable
      density light-polarizing sunglasses.
PAC  BACKGROUND OF THE INVENTION
PAR  Hitherto, variable density spectacles which incorporate systems of
      rotatable light-polarizing lenses have been attended with serious problems
      of either undue mechanical complexity or oversimplification of structure
      to the extent of inefficaciousness.
PAR  Exemplary of prior art complexity in variable density spectacle structures
      are those of U.S. Pat. Nos. 1,879,793 and 2,380,481 wherein worm and
      segment gearing of the former and/or worm and ring gearing of the latter
      render such structures not only difficult and expensive to manufacture and
      unduly cumbersome, heavy and uncomfortable upon the face but unadaptable
      to face-forming for improved fitting and/or styling necessary for general
      public acceptance of such items as dress spectacles (sunglasses) rather
      than as necessary industrial or military eye protective devices.
PAR  Cases of oversimplicity rendering prior art variable density spectacles
      inefficacious are exemplified by U.S. Pat. Nos. 2,005,426 and 2,773,422
      wherein there is a lack of means for coordinating the rotation of right
      and left eye spectacle lenses when adjusting the spectacles for
      continuously variable density effects. Detenting of the single lens
      rotations to preselected positions of use as disclosed in U.S. Pat. No.
      2,773,422, for example, limits such use to preselected widely different
      degrees of density (light-transmission). On the other hand, freely
      independently rotatable single lenses according to U.S. Pat. No. 2,005,426
      render the achievement of identical right and left eye lens densities
      extremely difficult and awkward. A smooth and continuous uniform
      transition in both right and left eyes from low to high density or vice
      versa is virtually impossible.
PAR  In connection with the aforementioned matter of publically acceptable
      aesthetics in variable density spectacle design, which is of extreme
      importance in the manufacture of dresswear items (e.g. sunglasses), U.S.
      Pat. Nos. 2,251,330 and 2,298,058 illustrate types of structure which are
      inadaptable to other than ordinary circular lenses. The flat circular lens
      has long been outmoted and is, with but few exceptions, publically
      unacceptable in dress spectacles. Additionally, frame front coquilling,
      i.e. bending or shaping according to the general transverse shape of a
      wearer's face for achieving wearing comfort and optimum fitting appearance
      is unattainable with structures of the aforesaid exemplary type. Such
      bending would interfere with useful operation of their lens rotating
      mechanisms.
PAR  The prior art inability or unadaptability to coquilling for face-fitting
      comfort and improved appearance is more clearly evident in frame front
      structures of the types shown in U.S. Pat. Nos. 2,813,459 and 3,371,979.
      While the adaptation of non-circular front lenses in these structures
      relieves, to some extent, the unattractiveness of old art circular lens
      shapes, the overall aesthetics of meniscus lenses and frame coquilling for
      fitting comfort necessary to achieve general public acceptance of variable
      density spectacles, especially as dresswear, is lacking.
PAR  Accordingly, it is a principal object of the present invention to provide
      such improvements in variable density spectacle construction as to
      overcome the aforementioned and corollary drawbacks of the prior art
      devices and wherewith aesthetically acceptable and mechanically dependable
      variable density dress spectacles may be simply, efficiently and
      economically produced.
PAC  SUMMARY OF THE INVENTION
PAR  Objectives of the present invention are accomplished by the provision of
      uniquely designed light-weight face-forward variable density spectacles of
      current dresswear styling and which are readily adaptable to modifications
      for compliance with styling trends of the art.
PAR  More specifically, the invention provides a cast, molded, pressed or
      otherwise formed lightweight spectacle frame front in the form of a
      readily separable two-part structure. A forward section of the structure
      supports a pair of aesthetically non-circularly shaped right and left eye
      meniscus light-polarizing lenses having their respective axes of
      polarization aligned parallel to each other and fixed. A second rearward
      section of the frame front supports a pair of right and left eye
      circularly shaped meniscus light-polarizing lenses arranged to become
      aligned with corresponding right and left eye lenses of the forward
      section of the frame front when the two sections are assembled for use.
PAR  Disassembly and reassembly of the front and rearward sections may be
      quickly and easily accomplished for ready and easy cleaning of any one or
      more of the lenses of the spectacle system.
PAR  A unique one-piece wire-like lens rotating mechanism, being readily
      laterally flexible in all directions, interconnects the rotatable lenses
      of the spectacle wherewith these lenses may be easily manually rotated in
      unison relative to the fixed lenses of the system for continuously equally
      varying the density of each right and left eye dual lens system (i.e.
      varying the intensity of light permitted to pass therethrough). This
      flexible lens rotating mechanism permits the coquilling of the frame
      front, i.e. bending or shaping to a face form configuration for accurate
      and comfortable fitting, without interference of its smooth operation.
PAR  The foregoing and various additional objects and advantages of the
      invention will become apparent from the following description when taken
      in conjunction with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a preferred embodiment of the
      invention;
PAR  FIG. 2 is a rear elevational view of the variable density spectacles shown
      in FIG. 1;
PAR  FIG. 3 is a top plan view of the spectacles shown in FIGS. 1 and 2;
PAR  FIG. 4 is a view taken generally along line 4--4 of FIG. 3 looking
      generally in the direction of the arrows and wherewith a forward portion
      of the spectacles frame is removed;
PAR  FIG. 5 is an enlarged cross-sectional view taken generally along line 5--5
      of FIG. 3;
PAR  FIG. 6 is a view similar to FIG. 5 but with parts thereof shown in a
      separated relationship for ease and clarity in depicting details of the
      spectacles frame construction; and
PAR  FIG. 7 is a side elevational view of the presently illustrated embodiment
      of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Spectacles 10 of the present invention comprise an eyeglass frame front 12
      supporting a forwardly disposed pair of fixedly mounted right and left eye
      light-polarizing lenses 14 and 16 respectively (FIG. 1) and a pair of
      juxtapositioned rearwardly disposed right and left eye light-polarizing
      lenses 18 and 20 (FIG. 2).
PAR  In this embodiment of the invention, frame front 12 includes a saddle-type
      bridge portion 22 adapted to seat upon the nose of a wearer to support the
      frame front in a position of use before the wearer's eyes. Spectacle
      temples 24a and 24b, hinged to right and left endpieces 26 and 27
      respectively of frame front 12, are provided to conventionally secure the
      spectacles 10 in a position of use.
PAR  It should be understood that the saddle-type bridge 22 which is shown
      herein for purposes of illustration may be modified to incorporate guard
      arms and nose pads similar to those shown in FIG. 1 of the aforementioned
      U.S. Pat. No. 2,773,422 and/or those of the type shown in FIG. 4 of U.S.
      Pat. No. 1,879,793, if desired. Furthermore, and alternatively, wide
      temples similar to those shown in the embodiment of the invention of U.S.
      Pat. No. 3,371,979 may be substituted for temples 24a and 24b of the
      present invention.
PAR  Referring more particularly to constructional details of frame front 12
      wherein lies the crux of the present invention, it can be seen more
      particularly in FIGS. 3-7 that this front 12 is face-formed by a bend in
      its bridge section which displaces endpieces 26 and 27 rearwardly of
      bridge 22. Thus, spectacles 10 are rendered readily attractively and
      comfortably fitted to the intended wearer.
PAR  The face-formed eyeglass front 12 comprises an assembly of juxtapositioned
      forward and rear sections 28 and 30 respectively which are secured
      together with a fastener 32. Fastener 32 may comprise a threaded screw 34
      and nut 36 or, alternatively, be a snap fastener or any mechanical
      equivalent of either of these exemplary devices. In all cases, however,
      fastener 32 is intended to be readily disconnectable so that the forward
      and rear sections 28 and 30 of frame front 12 may be simply and easily
      separated from one another for purposes of on-the-spot cleaning and/or
      replacement of damaged lenses.
PAR  Lens rims 38 of the forward section 28 are internally grooved to intimately
      fixedly receive and support non-circular light-polarizing lenses 14 and 16
      with their respective axes of polarization parallel to each other, e.g. in
      the directions illustrated by double-headed arrows 40 (FIG. 1).
PAR  All reference made herein to "axes of polarization" are intended to be
      interpreted as meaning the transmission axes of the particular lenses
      being referred to, i.e. the axes or directions parallel to which
      vibrations of light will pass through or be transmitted by the lens while
      light vibrating perpendicularly thereto will not. It should be understood
      that lenses being partially polarizing yet absorptive to certain
      preselected wavelength bands or colors and/or being completely
      transmissive to certain wavelength bands or colors while polarizing to
      others are also contemplated for use with and/or as being adaptable to the
      present spectacles. The present invention contemplates the use of any and
      all types of light-polarizing lenses and combinations thereof which may be
      used in juxtapositioned pairs, i.e. wherein one lens of each pair may be
      rotated relative to the other for varying the amount or intensity of light
      permitted to pass through the pair according to principles well-known and
      understood in the art. Those interested in greater details of the
      operation of light-polarizing lenses may refer to the afore-mentioned U.S.
      Pat. Nos. 1,879,793; 2,380,481; 2,005,426; 2,773,422; 2,251,330; and
      2,298,058.
PAR  It can be seen more particularly in FIGS. 3 and 7 that frame front 12 is
      face-formed by a bend in its bridge section which displaces the opposite
      lens supporting parts thereof rearwardly for face-fitting accuracy and
      comfort. This further enhances the general appearance of spectacle 10
      wherewith in combination with its lightness in weight and lens styling, it
      is rendered readily acceptable and desirable as dresswear spectacles
      (sunglasses).
PAR  All lenses 14, 16, 18 and 20 are meniscus rather than flat as has been
      necessitated by prior art spectacle construction. This incorporation of
      menisus lenses overcomes problems of unattractive and annoying reflections
      of light from a wearer's spectacles into the eyes of others as is common
      in all eyewear incorporating flat or nearly flat eyeglass lenses. The
      present meniscus lenses, accordingly, enhance the aesthetics of the
      present spectacle structure and further make possible the incorporation of
      prescription-type lenses as forward lenses 14 and 16. Thus, with a
      wearer's visual defficiencies compensated for by lens curvature
      corrections incorporated in the light-polarizing forward lenses 14 and 16,
      spectacles 10 may be used as variable density corrective eyewear.
PAR  Front and rear sections 28 and 30 may be molded, cast, milled or otherwise
      formed to the illustrated configurations and may be constructed of any one
      or more of the various well-known resins or plastics commonly used in the
      manufacture of conventional spectacles. The use of metal, preferably of a
      lightweight type such as aluminum, is also contemplated.
PAR  Rear section 30 of spectacle 10 which supports lenses 18 and 20 has its
      lens rims 42 (FIGS. 2, 4, 5 and 6) internally grooved to receive and
      support lenses 18 and 20. Grooves 44 in these lens rims are shaped to
      permit free rotation of lenses 18 and 20 therewithin.
PAR  Protrusions 46 (FIGS. 4 and 7) are adapted to interfit with correspondingly
      shaped recesses 48 in front section 28 and function as keys to establish
      and maintain an aligned relationship of lenses 14-18 and 16-20 when
      sections 28 and 30 are assembled as in FIGS. 1-2 and 6. Protrusions and
      receiving recesses of other shapes and at other positions (e.g. on the
      endpieces) of frame sections 28 and 30 may, alternatively, be used to key
      sections 28 and 30 together.
PAR  Extending generally transversely across the bridge portion of frame section
      30 is recess 50 which communicates with each of lens grooves 44 for
      receiving lens rotation mechanism 51 which is best illustrated in FIG. 4.
PAR  This lens rotating mechanism comprises a wire 52 having its opposite ends
      extended through openings 54 in lenses 18 and 20. Intermediately of the
      extension of wire 52 between openings 54 in lenses 18 and 20, it is
      provided with a forwardly directed operating handle 56 produced, in the
      particular illustrated embodiment of the invention, by forward and reverse
      bending of the wire. Handle 56 may, alternatively, comprise a separate
      piece of wire soldered to wire 52 and extended right-angularly therefrom.
PAR  Operating handle 56 is adapted to receive knob 58 (FIGS. 1, 3 and 7) which,
      in the completely assembled relationship of parts of spectacles 10,
      facilitates manual operation of the rear lens rotating mechanism.
      Operating knob 58 may be manually press-fitted and selectively removable
      from operating handle 56 if desired for ease of disassembly of frame front
      12. The extensions of wire 52 at opposite sides of handle 56 are
      universally laterally flexible and thus permit free and smooth movement
      thereof across the face-forming bend in the bridge portion of frame front
      12 so as to provide for ease of operation of handle 56 and continuous
      accuracy of duplication of angular rotation of lenses 18 and 20.
PAR  Referring more particularly to FIGS. 1, 2 and 4, it will be seen that
      openings 54 and lenses 18 and 20 are so positioned as to dispose the axes
      of polarization 60 of these lenses horizontally and parallel to axes 40 of
      lenses 14 and 16 when handle 56 and knob 58 of the lens rotating mechanism
      is at one extreme of a path of its travel across frame front 12. This path
      of travel is along slot 62 in the assembly of forward and rear sections 28
      and 30 of frame front 12 (FIG. 1). In the illustrated position of handle
      56 and knob 58, maximum transmission of light is permitted through
      corresponding pairs or systems 14-18 and 16-20 of the spectacles 10
      lenses.
PAR  The extent of travel permitted of handle 56 and knob 58 (e.g. in the
      direction of arrow 64 (FIGS. 4 and 3) is such as to effect a maximum of
      approximately 30.degree. of rotation of the axes of polarization of lenses
      18 and 20, i.e. to the position illustrated by dot-dash outline 60' in
      FIGS. 2 and 4. At this latter position of orientation of lenses 18 and 20,
      a desired maximum density of each of lens systems 14-18 and 16-20 is
      accomplished equally. It should be understood that this 30.degree. extent
      of rotation of lenses 18 and 20 may be increased or decreased if desired.
      Also, it should be understood that openings 54 in lenses 18 and 20 may be
      so prelocated as to automatically position axes 60 of these lenses in a
      slight angular relationship to polarizing axes 40 of lenses 14 and 16 when
      handle 56 and knob 58 are at the afore-mentioned extreme or starting
      position shown in FIGS. 1, 3, 4 and 7. This would offer an adjustment to
      an even greater density in cases where maximum transmittance (least
      density) is not paramount. Alternatively, such an arrangement may be
      employed to lessen the extent of travel of handle 56 and knob 58 necessary
      for accomplishing a variable density effect in cases where the absolute
      minimum density afforded by an exact parallel relationship of polarizing
      axes 60 and 40 is not required or desired.
PAR  From the foregoing description, it can be seen that by releasing fastener
      32, the forward section 28 of spectacles 10 may be readily and simply
      removed for cleaning or replacement of any one or more of lenses 14, 16,
      18 and 20. Such a removal of section 28 leaves all remaining components of
      spectacles 10 intact and spectacles 10 easily reassembled.
CLMS
STM  I claim:
NUM  1.
PAR  1. In polarizing spectacles having a frame front comprising a pair of right
      and left eye variable density dual lens systems, a nose engaging bridge
      portion and rearwardly directed temples for supporting the spectacles
      before the eyes of a wearer, the improvement comprising:
PA1  said frame front including readily separable juxtapositioned forward and
      rear lens supporting sections each having a pair of lens rims
      interconnected by a bridge portion for supporting right and left eye
      light-polarizing lenses, said sections being correspondingly face-formed
      by a bend in said bridge portions;
PA1  means for releasably fastening said lens supporting sections together;
PA1  a first of said sections of said frame front fixedly supporting a first
      right and a first left eye light-polarizing lens, said first right and
      left eye lenses having their respective axes of polarization aligned in a
      common direction;
PA1  the second of said sections of said frame front supporting a second right
      and a second left eye lens each juxtapositioned with a corresponding one
      of said first right and first left eye lenses when said sections are
      fastened together, said second lenses being rotatable within said rims of
      said second section; and
PA1  manually operable universally flexible lens actuating means extending
      across said spectacles around said bend in said bridge portions and
      interconnecting said second right and left eye lenses, said actuating
      means having a handle intermediately of its connection to said second
      lenses for manually selectively effecting lateral movement thereof to
      simultaneously equally rotate said second lenses relative to said first
      lenses and thereby simultaneously identically vary the density to light of
      said right and left eye dual lens systems, said flexibility of said lens
      actuating means lending it readily conformable in shape to said face-form
      bend of said frame front throughout all ranges of said manual movement
      whereby said second right and left eye lens rotation may be effected
      smoothly, with ease with accurate duplication of the extent of rotation of
      each of said second lenses to afford accurate duplication of optical
      density of said right and left eye dual lens systems at all times.
NUM  2.
PAR  2. The improvement in polarizing spectacles according to claim 1 wherein
      each lens of each of said dual lens systems is meniscus.
NUM  3.
PAR  3. The improvement in polarizing spectacles according to claim 1 wherein
      portions of said lens actuating means extending from each side of said
      handle are formed of wire.
NUM  4.
PAR  4. The improvement in polarizing spectacles according to claim 1 wherein
      said lens actuating means is formed of a continuous length of wire, said
      handle thereof being a right-angularly and reversely bent section of said
      wire intermediately of its opposite ends.
NUM  5.
PAR  5. The improvement in polarizing spectacles according to claim 3 wherein
      ends of said extensions of said lens actuating means are pivotally
      fastened to said second lenses.
NUM  6.
PAR  6. The improvement in polarizing spectacles according to claim 5 wherein
      said second lenses are each provided with an opening adjacent its
      periphery and said ends of said actuating means are directed through said
      openings to effect said pivotal fastening.
NUM  7.
PAR  7. The improvement in polarizing spectacles according to claim 4 wherein
      opposite ends of said wire are pivotally fastened to said second lenses.
NUM  8.
PAR  8. The improvement in polarizing spectacles according to claim 7 wherein
      said second lenses are each provided with an opening adjacent its
      periphery and said opposite ends of said wire are directed through said
      openings to effect said pivotal fastening.
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ABST
PAL  Disclosed is a segmented contact lens for the human eye constructed from
      fluorine-containing polymers, said lens having an index of refraction
      approximating that of tears and being characterized by a hard center
      segment surrounded by a soft tough periphery, the hard center having a
      Knoop hardness of at least 2 and the soft, tough periphery having a
      Clash-Berg torsion modulus of 95-1,000 lb/sq. in.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 152,075 filed June 11, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to transparent composite hard-soft contact lenses
      for correcting vision deficiencies of the human eye.
PAR  2. Description of the Prior Art
PAR  Contact lenses are of two general types, scleral and corneal. Lenses of the
      scleral type cover a substantial area of the eye during use and seal off
      circulation of tears and the atmosphere. This causes partial asphyxiation
      which affects the metabolism and vision of the eye. The more recently
      developed corneal lenses, because of their relatively smaller size and
      lighter weight, causes less irritation to the cornea and have achieved
      greater acceptance. However, the "break in" period necessary to accustom
      the cornea of the wearer to a corneal lens usually extends over a
      considerable period of time. Some persons have found contact lenses to be
      intolerable because of the eye irritation resulting during and after any
      extended period of continuous wear.
PAR  Contact lenses of both the corneal and scleral types have been commonly
      constructed of poly(methyl methacrylate) (PMMA). A lens made of such
      material is hard and stiff and when introduced for the first time into the
      eye of a person, the sensation is that of a foreign body. A fraction of
      the people who try PMMA lenses become adapted after a break-in period and
      can successfully wear the lenses. However, a larger fraction of the
      individuals who attempt to wear PMMA lenses never become wearers since
      they cannot adapt to such hard and stiff lenses because of discomfort,
      irritation, excessive tearing, and the like. Even those individuals who do
      adapt successfully to PMMA lenses, however, suffer an awareness of the
      lens in the eye.
PAR  Contact lenses have also been made from fluorinated copolymers, as for
      example, those disclosed in U.S. Pat. No. 3,542,461 issued to Girard et
      al. These lens are also hard and stiff and suffer from the same
      disadvantages as the PMMA lenses.
PAR  Contact lenses have also been made from other materials such as hydrogels
      and silicones. These are exemplified by U.S. Pat. Wo. 3,220,960 to
      Wichterle et al and U.S. Pat. No. 3,228,741 to Becker, respectively.
      Lenses made of these materials are referred to as soft lenses and are an
      improvement over hard and stiff lenses in being very comfortable, a
      property which is immediately apparent to the wearer. However, the
      hydrogel and silicone lenses have serious drawbacks which include poor or
      variable visual acuity resulting from difficulties in their manufacture
      and, in the case of the hydrogel lens, variable water absorption, tendency
      to absorb foreign substances, including tobacco smoke, bacteria,
      fluorescein, wetting solutions, mascara, and the necessity for daily
      sterilization. Hydrogel lens, after a period of prolonged use, may acquire
      proteinaceous deposits which can lead to physical discomfort and lessened
      visual acuity. In addition, the hydrogel and silicone lenses are weak and
      subject to damage by tearing and breaking. A discussion of the
      disadvantages of such lenses is found in "Precision-Cosmet Digest," Vol.
      5, No. 9, Apr. 1965.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a wettable, transparent, segmented contact
      lens for the eye consisting of fluorine-containing polymers and having a
      concavo-convex structure with the concave surface conforming substantially
      to the shape of the eye surface, a central segment defining an optical
      zone composed of a hard and stiff fluoropolymer of a Knoop hardness of at
      least 2.0 and a peripheral segment composed of a soft, tough fluoropolymer
      having a Clash-Berg torsion modulus in the range of about 95 to about
      1,000 lb/sq. in. Both segments have a refractive index in the range 1.30
      to 1.40, with a preferred refractive index of 1.336, which approximates
      that of tears.
PAR  Preferred fluoropolymers for the peripheral segment are those having a
      Shore Durometer (A) hardness of 90 or less, a tensile strength (break) of
      at least about 100 lb/sq. in., an elongation (break) of at least about
      160% and a tear strength of at least about 5 lb/linear inch.
PAR  An important factor contributing to the comfort of the segmented lenses is
      the good permeability to oxygen of the fluorine-containing polymers,
      compared to the very low permeability of PMMA. This permeability is a
      factor in reducing or preventing corneal edema.
PAR  The softness of the peripheral segment insures excellent comfort to the
      wearer. In fact, comfort is equal to or greater than that observed with
      hydrogel and silicone lenses. At the same time the peripheral segment is
      tough and strong enough to resist damage by tearing, breakage, abrasion or
      irreversible elastic deformation. Furthermore, the inert nature of the
      fluorine-containing polymer insures that the lenses will not absorb
      bacteria, lens-wetting and sterilizing solutions, fluorescein, tobacco
      smoke, mascara and other deleterious materials.
PAR  The stiff and hard central segment makes it possible to realize and even
      improve upon the optical quality attainable with hard PMMA lenses. Thus,
      the desired anterior (refracting) and posterior (fitting) curves are
      readily obtained for the optic zone by use of molding techniques presently
      employed in the manufacture of PMMA lenses. Furthermore, these curves will
      remain unchanged on the eye by virtue of the rigid nature of the hard
      fluoropolymer thus assuring retention of good optics even with patients
      whose corneas are substantially out of round. Lenses constructed of hard
      fluoropolymers impart greater clarity of vision than comparable PMMA
      lenses, by virtue of reducing flare.
PAR  While the hard and stiff central segment generally performs the refracting
      function of the lens, no loss in visual acuity occurs when the peripheral
      segment enters the optical field of the eye since the refractive index of
      both segments is essentially the same. This also permits construction of a
      large peripheral segment which generally results in greater comfort to the
      wearer.
PAR  Because of the low refractive index of the lenses of this invention, they
      may be modified to obtain benefits not possible with lenses of higher
      refractive indices. For example, the posterior lens surface can be
      spherical or aspherical over part or all of the surface; or it may have
      one or more peripheral curves to improve fit and comfort; or it may be
      textured, patterned or channeled to improve the flow of oxygen and tears
      to the eye, all without adversely affecting visual acuity.
PAC  DETAILS OF THE INVENTION
PAR  Soft, tough fluorine-containing polymers suitable for use as the peripheral
      segment include those listed below. Table I gives their various properties
      and also shows some prior art materials (items 10-15) for comparison.
TBL  ______________________________________                                    
                                    U.S. Patent                                
     Polymer           Abbreviation Reference                                  
     ______________________________________                                    
     Tetrafluoroethylene/perfluoro                                             
     (methyl vinyl ether)                                                      
                       (TFE/P.sub.f MVE)                                       
                                    3,132,123                                  
     Tetrafluoroethylene/perfluoro                                             
     (methyl vinyl ether) plasticized                                          
     with polyperfluoropropylene oxide                                         
                                    3,484,503                                  
     oil                                                                       
     Tetrafluoroethylene/perfluoro                                             
     (methyl vinyl ether)/vinylidene                                           
     fluoride          TFE/P.sub.f MVE/VF.sub.2                                
                                    3,235,537                                  
     Tetrafluoroethylene/perfluoro                                             
     [2(2-fluorosulfonylethoxy)propyl                                          
     vinyl ether]      TFE/PSEPVE   3,282,875                                  
     Vinylidene fluoride/hexafluoro-                                           
     propylene/tetrafluoroethylene                                             
                       VF.sub.2 /HFP/TFE                                       
                                    2,968,649                                  
     Vinylidene fluoride/hexafluoro-                                           
     propylene         VF.sub.2 /HFP                                           
                                    3,051,677                                  
     ______________________________________                                    
TBL                                    TABLE I                                 
     __________________________________________________________________________
                           Hardness   Clash-                                   
                                           Tensile.sup.(3)                     
                                                         Tear.sup.(4)          
                   Polymer Shore      Berg.sup.(2)                             
                                           Strength                            
                                                   Elongation                  
                                                         Strength              
                   Composition                                                 
                           Durometer.sup.(1)                                   
                                      Torsion,                                 
                                           (break) (break).sup.(3)             
                                                         lbs./linear           
     No.                                                                       
        Polymer    (mol ratio)                                                 
                           (A) (D)    psi  psi     %     in.   n.sub.D.sup.    
                                                               25(5)           
     __________________________________________________________________________
     1  TFE/P.sub.f MVE                                                        
                   64:36   67  --     127  500-885 160-200                     
                                                         15.1-17.6             
                                                               1.3276          
     2  TFE/P.sub.f MVE                                                        
                   64:36   56, 57                                              
                               --     132  --      --    --    1.3270          
     3  TFE/P.sub.f MVE                                                        
                   70:30   64, 65                                              
                               --     285  1800-1850                           
                                                   210-220                     
                                                         25.7  1.3300          
                   (wt.ratio)                                                  
     4  TFE/PSEPVE 6.5:1   90  --     728  1900    280   76.3  1.3389          
     5  TFE/PSEPVE 8.3:1   80, 81                                              
                               --     873  2800-2900                           
                                                   300   78.4  1.3400          
     6  TFE/P.sub.f MVE/VF.sub.2                                               
                   12:17:71                                                    
                           47-49                                               
                               --     &lt;95  450     560   43    1.3700          
     7  VF.sub.2 /HFP                                                          
                   78:22   35, 36                                              
                               --     &lt;109 160-165 &gt;1000 19.6-21.3             
                                                               1.3713          
     8  VF.sub.2 /HFP/TFE                                                      
                   61:17.3:21.7                                                
                           43  --     102  170-200 900-&gt;1000                   
                                                         24.5-26.0             
                                                               1.3617          
     9  TFE/P.sub.f MVE-                                                       
                   No. 2 contain-                                              
                           65  --     --   --      --    --    1.3240          
        poly(perfluoropro-                                                     
                   ing 10 wt. %                                                
        pylene oxide) oil                                                      
                   oil                                                         
     10 Silicone Rubber    56(80)                                              
                               --     &lt;144 410-850  80    0.69 1.430.sup.(7)   
        ("Sylgard" 184)                                                        
        Becker U.S.                                                            
        3,228,741                                                              
     11 Hydrogel           30-35                                               
                               --     &lt;101 38-71    20   Too low               
                                                               1.4275          
        Wichterle, Ex. 8                                                       
        Br. 1,035,877                                                          
     12 Polyperfluoroalkyl-                                                    
                           92-96                                               
                               48     10,289                                   
                                           600     10    --    1.370           
        ethyl methacrylate                                                     
        Girard, Ex. 2                                                          
        U.S. 3,542,461                                                         
     13 Polyperfluoroalkyl-                                                    
                           93-96                                               
                               50     --   --      --    --    1.368           
        ethyl methacrylate                                                     
        Girard, Ex. 3                                                          
        U.S. 3,542,461                                                         
     14 Fluorinated Copolymer  60-65.sup.(6)                                   
                                      24,037                                   
                                           2700-3100.sup.(6)                   
                                                   250-330.sup.(6)             
                                                         110-143               
                                                               1.338.sup.(6)   
        of ethylene with                                       (Hazy)          
        propylene (Teflon                                                      
        FEP-110                                                                
        DeCarle, Br. 1,045,665                                                 
     15 Polychlorotrifluoro-   R75-R95.sup.(6)                                 
                                      38,981                                   
                                           4500-6000.sup.(6)                   
                                                    80-250.sup.(6)             
                                                         90-96 1.425.sup.(6)   
        ethylene (Kel-F)                                                       
        Stroop, U.S.                                                           
        3,475,521                                                              
     __________________________________________________________________________
      NOTES:                                                                   
      .sup.(1) Conventional hardness measurements employing Type A and D Shore 
      Durometer in accordance with ASTM D2240-68. Some of the reported values  
      represent an average of more than one measurement.                       
      .sup.(2) Conventional measurement of the stiffness of a plastic by means 
      of a torsion test, in accordance with ASTM-D1043-72 using a Tinius Olsen 
      Torsion Stiffness Tester modified to the extent that the manually operate
      brake was replaced by an electromagnetic clutch with a time delay switch 
      mounted on the deflection head. The values were obtained at 74.degree.C. 
      .sup.(3) ASTM-D412-68. Standard Method of Tension Testing of Vulcanized  
      Rubber.                                                                  
      .sup.(4) Conventional measurements of tear resistance, as set forth in   
      ASTM-D470-71 (p. 251).                                                   
      .sup.(5) Refractive Index, measured by standard techniques on an Abbe    
      Refractometer.                                                           
      .sup.(6) Data from 1973-1974 Modern Plastics Encyclopedia.               
      .sup.(7) Data from Dow Corning Bulletin 67-005, "Information About       
      Electrical/Electronic Materials", April 1970.                            
PAR  Hard and stiff fluorine-containing polymers suitable for use as the hard
      central segment are known and include those listed below. Table II gives
      their various properties.
TBL  ______________________________________                                    
     Polymer                 Abbreviation                                      
     ______________________________________                                    
     1.  Polyperfluoro-2-methylene-                                            
                                 PMD                                           
         4-methyl-1,3-dioxolane                                                
     2.  Poly(perfluoroalkylethyl                                              
                                 PAEMA                                         
         methacrylates) of the monomeric                                       
         formula                                                               
         CH.sub.3                                                              
         .vertline.                                                            
         CH.sub.2 =C                                                           
         .vertline.                                                            
         OCOCH.sub.2 CH.sub.2 (CF.sub.2 CF.sub.2).sub.n CF.sub.2 CF.sub.3      
         where n=1, 2, 3, 4 and 5, and                                         
         preferably is predominantly 2 and 3.                                  
     3.  Perfluoro-2-methylene-4-methyl-                                       
                                 PMD/TFE                                       
         1,3-dioxolane/tetrafluoro-                                            
         ethylene                                                              
     4.  Perfluoro-2-methylene-4-methyl-                                       
                                 PMD/VF.sub.2                                  
         1,3-dioxolane/vinylidene                                              
         fluoride                                                              
     5.  Hexafluoroacetone/tetra-                                              
                                 HFA/TFE/E                                     
         fluoroethylene/ethylene                                               
     6.  Tetrafluoroethylene/per-                                              
                                 TFE/PSEPVE,                                   
         fluoro[2(2-fluorosulfonyl-                                            
                                 SO.sub.3 H form                               
         ethoxy)propyl vinyl ether]                                            
         wherein all the --SO.sub.2 F groups                                   
         have been converted to                                                
         --SO.sub.3 H groups                                                   
     7.  Tetrafluoroethylene/per-                                              
                                 TFE/PSEPVE,                                   
         fluoro[2(2-fluorosulfonyl-                                            
                                 SO.sub.3 K form                               
         ethoxy propyl vinyl ether]                                            
         wherein all the --SO.sub.2 F groups -                                 
                                 have been converted to                        
         --SO.sub.3 K groups                                                   
     8.  Tetrafluoroethylene/per-                                              
                                 TFE/PSEPVE,                                   
         fluoro[2(2-fluorosulfonyl-                                            
                                 SO.sub.3 NH.sub.4 form                        
         ethoxy propyl vinyl ether]                                            
         wherein all the --SO.sub.2 F groups                                   
         have been converted to                                                
         --SO.sub.3 NH.sub.4 groups                                            
     9.  Tetrafluoroethylene/per-                                              
                                 TFE/PMD/P.sub.f PVE                           
         fluoro-2-methylene-4-methyl-                                          
         1,3-dioxolane/perfluoro-                                              
         (propyl vinyl ether)                                                  
     10. Copolymers of perfluoro-                                              
         alkylethyl methacrylates                                              
         of the formula                                                        
         CH.sub.3                                                              
         .vertline.                                                            
         CH.sub.2 =C                                                           
         .vertline.                                                            
         OCOCH.sub.2 CH.sub.2 (CF.sub.2 CF.sub.2).sub.n CF.sub.2 CF.sub.3 (A)  
         with one or more vinyl compounds,                                     
         such as methyl methacrylate, wherein                                  
         (A) is a mixture in which n=1, 2, 3                                   
         4 and 5 and wherein the content of                                    
         vinyl compound is no more than 20%                                    
         by weight.                                                            
     ______________________________________                                    
TBL                                    TABLE II                                
     __________________________________________________________________________
                                        Knoop.sup.(2)                          
     No.                                                                       
        Polymer        Composition n.sub.D.sup.25(1)                           
                                        Hardness                               
     __________________________________________________________________________
     1  PMD            Hompolymer  1.333                                       
                                        21.5                                   
     2  PAEMA          n = 1, 2, 3, 4 and 5                                    
                                   1.370                                       
                                        2.03                                   
     3  PMD/TFE        75:25 mol ratio                                         
                                   1.335                                       
                                        19                                     
     4  PMD/VF.sub.2   75:25 mol ratio                                         
                                   1.333                                       
                                        --                                     
     5  HFA/TFE/E                  1.392                                       
                                        8.6                                    
     6  TFE/PSEPVE, SO.sub.3 H Form.sup.(3)                                    
                                   1.360                                       
                                        3.25                                   
     7  TFE/PSEPVE, SO.sub.3 K Form.sup.(3)                                    
                                   1.360                                       
                                        7.92                                   
     8  TFE/PSEPVE, SO.sub.3 NH.sub.4 Form.sup.(3)                             
                                   1.360                                       
                                        6.17                                   
     9  TFE/PMD/P.sub.f PVE                                                    
                       85:8.8:6.2 by wt.                                       
                                   1.345                                       
                                        4.8                                    
     __________________________________________________________________________
      Notes:                                                                   
      .sup.(1) Refractive index, measured by standard techniques on an Abbe    
      Refractometer.                                                           
      .sup.(2) The values were determined according to ASTM D1474-68 on a Tukon
      Micro-Hardness Tester, Model MO, employing a 25 gram load.               
      .sup.(3) PSEPVE, SO.sub.3 H form, PSEPVE, SO.sub.3 K form, PSEPVE,       
      SO.sub.3 NH.sub.4 form: indicates all the --SO.sub.2 F groups of PSEPVE  
      were converted to SO.sub.3 H, --SO.sub.3 K, or --SO.sub.3 NH.sub.4 groups
      respectively.                                                            
PAL  Lens Permeability
PAR  Permeability of the novel lenses to O.sub.2 and CO.sub.2 has been found to
      be a valuable property. Good permeability is desirable in that oxygen can
      permeate through the lens to nourish the eye and metabolic waste (carbon
      dioxide) can permeate through the lens and away from the eye. Lens
      permeability is an important asset even though patterns can be employed to
      aid tear flow, etc. Oxygen and carbon dioxide permeabilities of about 500
      Centibarrers or more, at 1 PSIG, are desirable. Permeabilities somewhat
      below about 500 Centibarrers may, however, also prove beneficial. It
      should be understood that the further the permeability ranges below about
      500 Centibarrers, the more impermeable the lenses and the less the
      beneficial effect.
PAR  The contact lenses of the invention are significantly more permeable to
      oxygen and carbon dioxide than various art polymers as represented by
      poly(methyl methacrylate), PMMA. The following comparisons show the
      increased oxygen permeabilities of some of the polymers used in the novel
      contact lenses as compared to the prior art material PMMA.
TBL  ______________________________________                                    
     O.sub.2 Permeability Centibarrers                                         
                   Pressure                                                    
     Polymer         1 Psig   15 Psig   100 Psig                               
     ______________________________________                                    
     PMMA            --       --        13*                                    
     TFE/P.sub.f MVE 1,190    1,202     --                                     
     TFE/P.sub.f MVE 2,740    1,150     --                                     
     plasticized with 10%                                                      
     poly(perfluoropropylene)                                                  
     oxide)oils                                                                
     ______________________________________                                    
      *Permeability is nil at lower pressures.                                 
PAL  Bifocal Lenses
PAR  The segmented lenses of this invention can be constructed in a variety of
      ways so as to provide for the refractive and physical requirements of
      different individuals. Among the several types of lenses are the single
      vision lenses having symmetrical spherical anterior and posterior curves.
      This type of lens meets the needs of the majority of contact lens
      patients. Other types of lenses falling within the scope of this invention
      include: toric lenses having nonspherical anterior and/or posterior
      curves; and bifocal lenses which are designed to provide near and far
      vision for individuals whose eyes have lost accomodative power.
PAR  Among the several types of bifocal lenses which may be constructed are (a)
      the peripheral near-segment bifocal lenses in which distant vision is
      provided by the curves on the central segment and near vision by the
      curves on the peripheral segment; (b) upper and lower segment bifocal
      lenses in which distant vision is provided by the curves on the upper
      segment and near vision by the curves on the lower segment. Other types of
      lenses considered to be within the scope of this invention are prism
      ballast lenses, truncated lenses and lenticular lenses.
DRWD
PAR  FIG. 1 shows a plan view of a lens of the invention in which the central
      segment is indicated by the numeral 1 and the peripheral segment by the
      numeral 2.
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1.
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PAL  Construction of Lenses
PAR  Two general methods in use for manufacture of contact lenses constructed of
      poly (methyl methacrylate) or other hard material are as follows: (1)
      cutting of lenses from blanks on a radiusing lathe, followed by polishing
      and edging with a grinding or cutting device, and (2) compression molding
      of the plastic with precision molds of glass or steel, followed by edging
      by cutting or grinding.
PAR  The lenses of this invention, because of their segmented composite
      structure with a soft, tough, peripheral zone, are preferably fashioned by
      compression molding from specially constructed lens blanks, using
      precision molds constructed of suitable materials such as glass, stainless
      steel, carbon steel, carbides such as WC and TiC, brass, Ni- and Cr-plated
      steel or brass, and the like. By employing suitably constructed male and
      female mold forces, lenses can be molded which have anterior and posterior
      surfaces with the desired curvatures and degree of smoothness (polish) and
      which also have adequately tapered and rounded edges, so that the molding
      operation produces a finished lens, ready for wear. Or if desired, the
      mold forces can be constructed so as to produce a so-called semi-finished
      lens, one with proper anterior and posterior curves but which has not been
      edged. The lens is subsequently edged to provide a comfortable fit.
PAR  The lens blanks which have been found advantageous for the practice of this
      invention comprise a circular segmented sheet or film consisting of a
      central circular piece of hard fluoropolymer having approximately the
      diameter and thickness of the optic zone of the finished lens, said
      central circular piece being firmly bonded to an annular ring of soft
      fluoropolymer having a thickness approximating that of the central zone
      and an outer diameter slightly larger than that of the finished lens.
PAR  These blanks are generally constructed by inserting a central disk of hard
      fluoropolymer having the desired diameter and thickness into a hole of
      identical diameter in a sheet of soft, tough fluoropolymer of
      approximately the same thickness, subjecting the composite to pressure at
      an elevated temperature to bond the two segments together, without,
      however, causing appreciable flow of the polymers, and finally punching
      out the blank of desired diameter so that the central hard segment is
      centered in the peripheral annulus of soft polymer. Other means for
      providing lens blanks can also be used. For instance, hard and soft
      polymers can be co-extruded into a rod having a hard circular core and a
      soft, tough outer shell, and the rod then sliced into blanks.
PAR  Wettability is an essential requirement for corneal lenses to provide
      comfort and good visual acuity. Wettability is achieved by one of several
      methods known to the art depending on the composition of the hard and soft
      segments.
PAR  One generally applicable method involves subjecting the lenses to the
      action of a glow discharge at a low pressure of, say, 1 mm of mercury for
      a limited time of, say, 15 seconds. The lens is then wettable when placed
      in water. In a variation of this method, a vinyl monomer containing a
      hydrophilic group such as, for instance, acrylic acid, is applied to the
      lens, in either liquid or vapor form, after its exposure to the discharge
      but before exposure to air. This results in formation of a wettable
      hydrophilic film on the lens.
PAR  Another method for imparting wettability consists in etching the surface of
      the lens with sodium or other alkali metal as a solution in anhydrous
      NH.sub.3 or as a complex with napthalene in solution or in suspension in
      tetrahydrofuran or other inert ethers, followed by exposure to water to
      destroy excess alkali metal. In some instances the treatment leaves a
      brown discoloration on the surface which is removed, frequently with
      enhancement of wetting, by exposure of the lens to warm commercial
      household bleach solution for several minutes.
PAR  A TFE/PSEPVE copolymer can be rendered wettable by converting hydrophobic
      surface sulfonyl fluoride (--SO.sub.2 F) groups to more hydrophilic
      groups. For example, wettability is imparted by brief immersion of lenses
      of this polymer in ethanolamine, diethanolamine, or aqueous 10% potassium
      hydroxide solution, by virtue of the formation of the groups --SO.sub.2
      NHCH.sub.2 CH.sub.2 OH, --SO.sub.2 N(CH.sub.2 CH.sub.2 OH).sub.2 or
      --SO.sub.3 K, respectively, on the surface. The immersion is carried out
      at room temperature for about 5 minutes.
PAR  By carrying out the immersion at a higher temperature and for a longer time
      the SO.sub.2 F groups throughout the entire polymer, including those on
      the surface, can be converted. For example a 10 mil film of copolymer
      immersed in 10% aqueous KOH at 90.degree.C. for about 2 days will have all
      its SO.sub.2 F groups converted to SO.sub.3 K groups, as illustrated for
      instance by copolymer No. 6 in Table II. Refluxing with 50 wt. percent of
      aqueous alkali metal hydroxide and a solvent for about 4 hours will
      accomplish the same result; see for example U.S. Pat. No. 3,282,875.
PAR  Composite films were molded by placing pieces of various hard and soft
      fluoropolymers side-by-side and subjecting them to suitable temperature
      and pressure to form a composite film consisting of hard and soft sections
      joined at the juncture between the sections.
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  The following Examples illustrate but do not limit the invention.
PAC  EXAMPLE 1
PAL  Part A -- Preparation of Hard/Soft Lens Blank
PAR  A disk of PMD/VF.sub.2 (75/25 mol %) copolymer, 6.67 mm in diameter,
      comprising the hard segment, was punched from a piece of 0.25-mm film. The
      disk was fitted into a hole of 6.67 mm diameter in a piece of TFE/P.sub.f
      MVE (64/36 mol %) copolymer film with a thickness of 0.25 mm, comprising
      the soft segment. The composite was placed between two sheets of 0.05-mm
      Kapton polyimide film, and pressed at a temperature of 280.degree.C and a
      force of 150 g for 2 minutes. This bonded the hard and soft segments
      together essentially without distorting the hard segment out of round. The
      protective polyimide film was stripped off, and a composite lens blank
      11.7 mm in diameter was punched out in such a way that the hard
      PMD/VF.sub.2 segment was precisely centered in the concentric annulus
      formed by the soft TFE/P.sub.f MVE segment.
PAL  Part B -- Molding of Lenses
PAR  The lens blank was precisely centered in a female die at room temperature
      and the mold body and male die, both previously heated to 280.degree.C,
      were lowered onto it. The conventional mold assembly was preheated at
      280.degree.C for 5 minutes, and the pressure then slowly increased to 100
      lbs. The assembly was then cooled immediately to room temperature while
      the pressure was maintained. The mold was opened and the lens recovered.
      The lens was well-formed with the hard and soft segments firmly bonded to
      each other and the edge of the lens was feathered. It weighed 65.4 mg and
      had an overall diameter of 11.7 mm and a central thickness of 0.4 mm;
      diameter of optic zone, 6.0 mm; refractive power of the optic zone, +2.00
      diopters.
PAR  The lens was made wettable with water by subjecting it to a corona
      discharge at a pressure of about 1 mm Hg. The wetted lens gave excellent
      vision when worn by a test subject in conjunction with an auxiliary
      ophthalmic lens, to adjust the refractive power of the contact lens to the
      refractive requirements of said subject.
PAC  EXAMPLE 2
PAL  Part A -- Preparation of Hard/Soft Lens Blank
PAR  A disk of PMD/TFE (75/25 mol %) copolymer, 9.00 mm in diameter, 0.51 mm
      thick and weighing 64 mg, comprising the hard segment, was fitted in a
      9.00-mm hole in a piece of TFE/P.sub.f MVE (64/36 mol %) copolymer film
      0.56-0.66 mm thick. The composite structure was placed between two pieces
      of 0.05-mm polyimide film and heated at 280.degree.C for 3 minutes under a
      force of 370 g to bond the two segments. After stripping off the polyimide
      film, a segmented lens blank 14 mm in diameter was punched from the
      composite film so that the hard circular PMD/TFE segment was precisely
      centered in the concentric soft annulus of TFE/P.sub.f MVE copolymer.
PAL  Part B -- Molding of Lens
PAR  The lens blank was placed in a conventional lens mold assembly as in
      Example 1. The assembly was then heated at 280.degree.C for 5 minutes, the
      pressure slowly increased to 100 lbs, and the assembly then cooled
      immediately to room temperature while maintaining the pressure. The mold
      was opened and the lens recovered. The hard and soft segments of the lens
      were firmly bonded and the lens was well-formed out to the peripheral bead
      of the lens, with flash extending beyond the bead. The optic quality of
      the central zone was excellent. The total weight of the molded lens was
      190 mg. The lens was then edged. The finished lens, after edging, weighed
      153 mg and had an overall diameter of 13.3 mm and a central thickness of
      0.06 mm.
PAC  EXAMPLE 3
PAL  Part A -- Preparation of Lens Blank
PAR  A 9-mm hole was punched in the center of a disk of TFE/P.sub.f MVE (64/36
      mol %) copolymer 0.69 mm thick and 13 mm in diameter. In the hole was
      placed a disk of PMD/TFE (75/25 mol %) copolymer, 9 mm in diameter and
      0.76 mm (30 mils) thick. The resulting hard/soft composite structure was
      placed between two polyimide films and pressed for 3 minutes at
      280.degree.C. and a force of 370 g to bond the two segments. The polyimide
      film was then stripped from the resulting lens blank.
PAL  Part B -- Molding of Lens
PAR  The lens blank was placed in a mold as in Example 1 and molding was carried
      out by heating the mold assembly at 280.degree.C for 5 minutes without
      pressure, then pressuring it to 100 lbs. and immediately cooling to room
      temperature while maintaining pressure. The mold was opened and the lens
      recovered. The lens was well-formed to the edge, with flash extending
      beyond the edge. There was good bonding between the hard and soft
      segments. The total weight was 187.7 mg. The lens was trimmed and edged as
      described under Example 2. The edged lens weighed 171.2 mg and had an
      overall diameter of 13.4 mm and a central thickness of 1.16 mm. The
      optical quality of the lens was excellent and objects viewed through the
      lens appeared as sharp images.
PAC  EXAMPLE 4
PAL  Part A -- Preparation of Lens Blank
PAR  A 7.5-mm disk of PMD/TFE (75/25 mol %) copolymer film, 0.51 mm thick and
      weighing 50 mg, was fitted into a 7.5-mm hole in a piece of 0.41-mm film
      comprised of a TFE/P.sub.f MVE (64/36 mol %) copolymer plasticized with
      10% by weight of a poly(hexafluoropropylene oxide) oil. The composite
      structure was placed between two polyimide films and pressed for 2 minutes
      at 260.degree.C and a force of 130 g to bond the two segments. An
      excellent bond was formed between the two segments. The polyimide film was
      stripped off and a lens blank 13 mm in diameter was punched from the
      composite so that the circular hard PMD/TFE central segment was exactly
      centered in the annulus of soft polymer. The blank weighed 125 mg.
PAL  Part B -- Molding of Lens
PAR  The lens blank was placed in a conventional lens mold assembly as in
      Example 1. The mold assembly was maintained at 260.degree.C without
      pressure for 5 minutes, after which it was pressured to 100 lbs. The
      temperature and pressure were then maintained for 30 seconds after which
      the assembly was cooled to room temperature under pressure. The resulting
      lens was well-formed out to the peripheral bead with flash extending
      beyond the bead. The hard and soft segments were strongly bonded. The lens
      had a central thickness of 0.47 mm and an overall weight of 121.8 mg. The
      optical characteristics of the lens were excellent.
PAC  EXAMPLE 5
PAL  Part A -- Preparation of Lens Blank
PAR  A 7.5-mm disk of PMD/VF.sub.2 (75/25 mol %) copolymer film, 0.43 mm thick,
      was placed in a 7.5-mm hole in a piece of 0.56-mm film comprised of a
      TFE/P.sub.f MVE (64/36 mol %) copolymer plasticized with 10% by weight of
      a poly(hexafluoropropylene oxide) oil. The composite structure was placed
      between two polyimide films and pressed for 2 minutes at 260.degree.C for
      a force of 130 g. The hard and soft segments of the resulting composite
      were well-bonded. The polyimide film was stripped off, and a lens blank 13
      mm in diameter was punched out so that the hard PMD/VF.sub.2 central
      segment was centered in the annulus of soft polymer. The blank weighed 145
      mg.
PAL  Part B -- Molding of Lens
PAR  The lens blank was placed in a conventional lens mold assembly as in
      Example 1. The mold assembly was maintained at 260.degree.C without
      presure for 5 minutes, after which the pressure was increased to 100 lbs,
      and these conditions maintained for 30 seconds. The assembly was then
      rapidly cooled to room temperature under pressure. The mold was opened and
      the lens recovered. The lens was well-formed with flash extending beyond
      the peripheral head. The hard and soft segments were strongly bonded to
      each other. The lens had a central thickness of 0.51 mm and weighed 145.3
      mg. The optical characteristics of the lens were excellent.
PAC  EXAMPLE 6
PAL  Part A -- Preparation of Lens Blank
PAR  A 7.5-mm disk of PMD/VF.sub.2 (75/25 mol %) copolymer film, 0.43 mm in
      diamater, was placed into a 7.5-mm hole in a piece of TFE/P.sub.f
      MVE/VF.sub.2 terpolymer film 0.48 mm in thickness. The composite was
      placed between two pieces of polyimide film and pressed for 2 minutes at
      240.degree.C and a force of 100 lbs. The hard and soft segments were
      well-bonded. The polyimide film was stripped off and a lens blank 14 mm in
      diameter was punched out so that the hard central segment was centered in
      the annulus of soft polymer. The blank weighted 95 mg.
PAL  Part B -- Molding Of Lens
PAR  The lens blank was placed in a conventional lens mold assembly as in
      Example 1. The mold assembly was maintained at 240.degree.C without
      pressure for 3 minutes, after which the pressure was increased to 100 lbs.
      The assembly was then rapidly cooled to room temperature while the
      pressure was maintained. The mold was opened and the lens recovered. The
      lens was well molded with the hard and soft segments completely bonded
      together. The lens had a central thickness of 0.31 mm and weighed 94.5 mg.
      The optics were excellent.
PAC  EXAMPLE 7
PAL  Part A -- Preparation of Lens Blank
PAR  A 7.5-mm disk of PMD/VF.sub.2 (75/25 mol %) copolymer film, 0.43 mm thick,
      was fitted into a 7.5-mm hole in a piece of VF.sub.2 /HFP/TFE terpolymer
      film 0.61 mm thick. The composite was placed between two pieces of
      polyimide film and pressed for 2 minutes at 240.degree.C with a force of
      25-50 lbs. Without removing the protective polyimide film, a lens blank 14
      mm in diameter was punched out so that the hard PMD/VF.sub.2 central
      segment was centered in the annulus of soft polymer. The polyimide film
      was then removed from the blank which weighted 120 mg.
PAL  Part B -- Molding of Lens
PAR  The lens blank was placed in a conventional lens mold assembly as in
      Example 1. The mold assembly was maintained at 240.degree.C without
      pressure for 3 minutes after which the pressure was increased to 100 lbs,
      and the assembly immediately cooled to room temperature with maintenance
      of pressure. The mold was opened and the lens recovered. The lens was
      well-molded to the peripheral bead, with flash extending beyond the bead.
      The hard and soft segments were wellbonded. The lens had a central
      thickness of 0.44 mm and weighed 104.7 mg. The optical quality was
      excellent.
PAC  EXAMPLE 8
PAL  Part A -- Preparation of Lens Blank
PAR  A 7.5-mm disk of PMD/TFE (75/25 mol %) copolymer 0.51 mm thick and weighing
      50 mg was fitted into a 7.5-mm hole in a piece of TFE/PSEPVE copolymer
      film 0.48 mm thick. After being sandwiched between two pieces of polyimide
      film, the composite was pressed for 2 minutes at 260.degree.C with a force
      of 1220 g. A blank 12.5 mm in diameter and weighing 110 mg was then
      punched out from the composite so that the hard segment was centered
      within the annulus of soft polymer.
PAL  Part B -- Molding of Lens
PAR  The lens blank was placed in a conventional lens mold assembly as in
      Example 1. The mold assembly was maintained at 280.degree.C without
      pressure for 5 minutes, after which the pressure was increased to 100 lbs.
      The temperature and pressure were maintained for 1 minute, after which the
      assembly was rapidly cooled to room temperature with maintenance of
      pressure. The mold was opened and the lens recovered. The lens was
      well-formed with the hard and soft segments bonded together. The lens had
      a central thickness of 0.41 mm and weighed 106.3 mg. The optical quality
      was very good.
PAC  EXAMPLE 9
PAL  Part A -- Preparation of Lens Blank
PAR  A 7.5-mm disk of PMD/VF.sub.2 (75/25 mol %) copolymer film 0.43 mm thick
      was set in a 7.5-mm hole in a piece of TFE/PSEPVE copolymer film 0.42 mm
      thick. The composite structure was sandwiched between two pieces of
      polyimide film and pressed for 2 minutes at 260.degree.C with a force of
      1220 g. After stripping off the polyimide film, the lens blank, 13 mm in
      diameter and weighing 100 mg, was punched out so that the hard segment was
      centered in the annular soft segment.
PAL  Part B -- Molding of Lens
PAR  The lens blank was placed in a conventional lens mold assembly as in
      Example 1. The mold assembly was maintained at 260.degree.C for 5 minutes
      without pressure, after which the pressure was increased to 100 lbs. The
      pressure and temperature were maintained for 30 seconds, after which the
      assembly was rapidly cooled to room temperature with maintenance of
      pressure. The mold was opened and the lens recovered. The two segments of
      the lens were firmly bonded together. The lens had a central thickness of
      0.36 mm and weighed 100.0 mg.
PAC  EXAMPLE 10
PAR  A segmented hard/soft composite film was prepared as follows: A piece of
      PMD/TFE (75/25 mol %) copolymer, comprising the hard segment, and a piece
      of VF.sub.2 /HFP copolymer comprising the soft segment, were placed
      side-by-side between two sheets of 0.5-mm polyimide film, and subjected to
      a temperature of 240.degree.C and a pressure of 100 lbs for 1 minute. The
      resulting segmented structure consisted of a soft, transparent film 0.18
      mm thick firmly bonded to a transparent, hard film 0.13 mm thick by common
      edge.
PAC  EXAMPLE 11
PAR  A piece of PMD/VF.sub.2 (75/25 mol %) copolymer, comprising the hard
      segment, and a piece of VF.sub.2 /HFP copolymer comprising the soft
      segment, were placed side-by-side between two pieces of 0.05 mm polyimide
      film and subjected to a temperature of 240.degree.C and a pressure of 100
      lbs for 1 minute. The resulting segmented film consisted of a soft,
      transparent section, 0.18 mm thick, joined by a common edge to a
      transparent, hard section 0.13 mm thick. The respective hard and soft
      sections of film were firmly attached to each other.
PAC  EXAMPLE 12
PAR  A piece of PMD/TFE (75/25 mol %) copolymer, comprising the hard segment,
      and piece of VF.sub.2 /HFP/TFE terpolymer comprising the soft segment,
      were sandwiched side-by-side between two pieces of 0.05 mm polyimide film
      and subjected to a temperature of 240.degree.C and a pressure of 100 lbs
      for 1 minute. The resulting segmented film consisted of a soft,
      transparent section 0.18 mm thick joined by a common edge with the hard,
      transparent section 0.20 mm thick. The bond between the two sections was
      almost invisible and very strong.
PAC  EXAMPLE 13
PAR  A piece of TFE/P.sub.f MVE/VF.sub.2 terpolymer, comprising the soft
      segment, and a piece of PMD/TFE (75/25 mol %) copolymer, comprising the
      hard segment, were placed between two pieces of 0.05 mm polyimide film and
      subjected to a temperature of 0.05 mm polyimide film and subjected to a
      temperature of 240.degree.C and a pressure of 100 lbs for 1 minute. The
      resulting segmented film consisted of a transparent, soft portion 0.18 mm
      thick bonded by a common edge to a transparent, hard section 0.20 mm
      thick.
PAC  EXAMPLE 14
PAR  A piece of TFE/P.sub.f MVE (64/36 mol %) copolymer comprising the soft
      segment, and a piece of a copolymer of 20 wt % methyl methacrylate and 80
      wt % of a homogous mixture of perfluoroalkylethyl methacrylates where the
      perfluoroalkyl groups contain predominantly six and eight carbon atoms
      comprising the hard central segment, were sandwiched side by side between
      two pieces of 0.05 mm polyimide film and subjected to a temperature of
      220.degree.C and a pressure of 500 lbs for 1 minute. The resulting
      segmented film consisted of a soft, transparent section firmly bonded by a
      common edge with a hard, transparent section.
CLMS
STM  We claim:
NUM  1.
PAR  1. A wettable, transparent segmented contact lens for the eye consisting of
      fluorine-containing polymers and having a concavo-convex structure with
      the concave surface conforming substantially to the shape of the eye
      surface,
PA1  a central segment defining an optical zone composed of a hard, stiff
      fluoropolymer of a Knoop hardness of at least 2.0 and
PA1  a peripheral segment composed of a soft, tough fluoropolymer having a
      Clash-Berg torsion modulus in the range of about 95 to about 1000
      lb/sq.in., a Shore Durometer (A) hardness of 90 or less, a tensile
      strength (break) of at least about 100 psi, an elongation (break) of at
      least about 160% and a tear strength of at least about 5 lb/linear inch;
      each segment having a refractive index in the range 1.30 to 1.40;
PAL  the central segment being made from a fluoropolymer of the group consisting
      of polyperfluoro-2-methylene-4-methyl-1,3-dioxolane;
      poly(perfluoroalkylethyl methacrylate) of the monomeric formula
      ##EQU1##
      wherein n = 1, 2, 3, 4 and 5; copolymer of
      perfluoro-2-methylene-4-methyl-1,3-dioxolane and tetrafluoroethylene;
      copolymer of perfluoro-2-methylene-4-methyl-1,3-dioxolane and vinylidene
      fluoride; copolymer of hexafluoroacetone, tetrafluoroethylene and
      ethylene; copolymer of tetrafluoroethylene,
      perfluoro-2-methylene-4-methyl-1,3-dioxolane and perfluoro(propyl vinyl
      ether); copolymer of tetrafluoroethylene and
      perfluoro[2(2-fluorosulfonylethoxy)propyl vinyl ether] in which all the
      --SO.sub.2 F groups have been converted to --SO.sub.3 H groups; the same
      copolymer in which all the --SO.sub.2 F groups have been converted to
      --SO.sub.3 K groups; and the same copolymer in which all the --SO.sub.2 F
      groups have been converted to --SO.sub.3 NH.sub.4 groups; and a copolymer
      of perfluoroalkylethyl methacrylates of the monomeric formula (A)
      ##EQU2##
      with one or more vinyl compounds wherein (A) is a mixture in which n = 1,
      2, 3, 4, and 5 and wherein the content of vinyl compound is no more than
      20% by weight; and
PAL  the peripheral segment being made from a fluoropolymer of the group
      consisting of a copolymer of tetrafluoroethylene and perfluoro(methyl
      vinyl ether); the same copolymer plasticized with polyperfluoropropylene
      oxide oil; a copolymer of tetrafluoroethylene, perfluoro(methyl vinyl
      ether) and vinylidene fluoride; a copolymer of tetrafluoroethylene and
      perfluoro[2(2-fluorosulfonylethoxy)propyl vinyl ether]; a copolymer of
      vinylidene fluoride, hexafluoropropylene and tetrafluoroethylene; and a
      copolymer of vinylidene fluoride and hexafluoropropylene.
NUM  2.
PAR  2. A lens of claim 1 in which the central section is
      polyperfluoro-2-methylene-4-methyl-1,3-dioxolane.
NUM  3.
PAR  3. A lens of claim 1 in which the central segment is a
      poly(perfluoroalkylethyl methacrylate) of the monomeric formula
      ##EQU3##
      wherein n = 1, 2, 3, 4 and 5.
NUM  4.
PAR  4. A lens of claim 1 in which the central segment is a copolymer of
      perfluoro-2-methylene-4-methyl-1,3-dioxolane and tetrafluoroethylene.
NUM  5.
PAR  5. A lens of claim 1 in which the central segment is a copolymer of
      perfluoro-2-methylene-4-methyl-1,3-dioxolane and vinylidene fluoride.
NUM  6.
PAR  6. A lens of claim 1 in which the central segment is a terpolymer of
      hexafluoroacetone, tetrafluoroethylene and ethylene.
NUM  7.
PAR  7. A lens of claim 1 in which the central segment is a copolymer of
      tetrafluoroethylene and perfluoro[2(2-fluorosulfonylethoxy)propyl vinyl
      ether], SO.sub.3 H form.
NUM  8.
PAR  8. A lens of claim 1 in which the central segment is a copolymer of
      tetrafluoroethylene and perfluoro[2,(2-fluorosulfonylethoxy)propyl vinyl
      ether], SO.sub.3 K form.
NUM  9.
PAR  9. A lens of claim 1 in which the central segment and optical zone is a
      copolymer of tetrafluoroethylene and
      perfluoro[2(2-fluorosulfonylethoxy)propyl vinyl ether], SO.sub.3 NH.sub.4
      form.
NUM  10.
PAR  10. A lens of claim 1 in which the central segment is a terpolymer of
      tetrafluoroethylene, perfluoro-2-methylene-4-methyl-1,3-dioxolane and
      perfluoropropyl vinyl ether.
NUM  11.
PAR  11. A lens of claim 1 in which the central segment is a copolymer of
      perfluoroalkylethyl methacrylates of the formula (A)
      ##EQU4##
      with one or more vinyl compounds wherein (A) is a mixture in which n = 1,
      2, 3, 4 and 5 and wherein the content of vinyl compound is no more than
      20% by weight.
NUM  12.
PAR  12. A lens of claim 1 in which the peripheral segment is a copolymer of
      tetrafluoroethylene and perfluoro(methyl vinyl ether).
NUM  13.
PAR  13. A lens of claim 12 in which the mol ratio of tetrafluoroethylene to
      perfluoro(methyl vinyl ether) is 64:36.
NUM  14.
PAR  14. A lens of claim 1 in which the peripheral segment is a terpolymer of
      tetrafluoroethylene, perfluoro(methyl vinyl ether) and vinylidene
      fluoride.
NUM  15.
PAR  15. A lens of claim 14 in which the mol ratio of tetrafluoroethylene to
      perfluoro(methyl vinyl ether) to vinylidene fluoride is 12:17:71.
NUM  16.
PAR  16. A lens of claim 1 in which the peripheral segment is a copolymer of
      tetrafluoroethylene and perfluoro[2(2-fluorosulfonylethoxy)propyl vinyl
      ether].
NUM  17.
PAR  17. A lens of claim 16 in which the mol ratio of tetrafluoroethylene to
      perfluoro[2(2-fluorosulfonylethoxy)propyl vinyl ether) ranges from 6.5:1
      to 8.3:1.
NUM  18.
PAR  18. A lens of claim 1 in which the peripheral segment is a terpolymer of
      tetrafluoroethylene, hexafluoropropylene and vinylidene fluoride.
NUM  19.
PAR  19. A lens of claim 18 in which the mol ratio of tetrafluoroethylene to
      hexafluoropropylene to vinylidene fluoride is 21.7:17.3:61.
NUM  20.
PAR  20. A lens of claim 1 in which the peripheral segment is a copolymer of
      vinylidene fluoride and hexafluoropropylene.
NUM  21.
PAR  21. A lens of claim 20 in which the mol ratio of vinylidene fluoride to
      hexafluoropropylene is 78:22.
NUM  22.
PAR  22. A lens of claim 1 in which the peripheral segment is a copolymer of
      tetrafluoroethylene and perfluoro(methyl vinyl ether) plasticized with
      poly(hexafluoropropylene oxide) oil.
NUM  23.
PAR  23. A lens of claim 1 in which the central segment is a copolymer of
      vinylidene fluoride/perfluoro-2-methylene-4-methyl-1,3-dioxolane and the
      peripheral segment is a copolymer of tetrafluoroethylene/perfluoro(methyl
      vinyl ether).
NUM  24.
PAR  24. A lens of claim 1 in which the central segment is a copolymer of
      tetrafluoroethylene/perfluoro-2-methylene-4-methyl-1,3-dioxolane and the
      peripheral segment is a copolymer of tetrafluoroethylene/perfluoro(methyl
      vinyl ether).
NUM  25.
PAR  25. A lens of claim 1 in which the central segment is a copolymer of
      vinylidene fluoride/perfluoro-2-methylene-4-methyl-1,3-dioxolane and the
      peripheral vinyl ether)/vinylidene fluoride.
NUM  26.
PAR  26. A lens of claim 1 in which the central segment is a copolymer of
      vinylidene fluoride/perfluoro-2-methylene-4-methyl-1,3-dioxolane and the
      peripheral segment is a terpolymer of vinylidene
      fluoride/hexafluoropropylene/tetrafluoroethylene.
NUM  27.
PAR  27. A lens of claim 1 in which the central segment is a copolymer of
      tetrafluoroethylene/perfluoro-2-methylene-4-methyl-1,3-dioxolane and the
      peripheral segment is a copolymer of
      tetrafluoroethylene/perfluoro[2-(2-fluorosulfonylethoxy)propylvinyl
      ether].
NUM  28.
PAR  28. A lens of claim 1 in which the central segment is a copolymer of
      vinylidene fluoride/perfluoro-2-methylene-4-methyl-1,3-dioxolane and the
      peripheral segment is a copolymer of
      tetrafluoroethylene/perfluoro[2(2-fluorosulfonylethoxy)propylvinyl ether].
NUM  29.
PAR  29. A lens of claim 1 in which the central segment in a copolymer of
      tetrafluoroethylene/perfluoro-2-methylene-4-methyl-1,3-dioxolane and the
      peripheral segment is a copolymer of vinylidene
      fluoride/hexafluoropropylene.
NUM  30.
PAR  30. A lens of claim 1 in which the central segment is a copolymer of
      vinylidenefluoride/perfluoro-2-methylene-4-methyl-1,3-dioxolane and the
      peripheral segment is a copolymer of vinylidene
      fluoride/hexafluoropropylene.
NUM  31.
PAR  31. A lens of claim 1 in which the central segment is a copolymer of
      tetrafluoroethylene/perfluoro-2-methylene-4-methyl-1,3-dioxolane and the
      peripheral segment is a terpolymer of vinylidene
      fluoride/hexafluoropropylene/tetrafluoroethylene.
NUM  32.
PAR  32. A lens of claim 1 in which the central segment is a copolymer of
      tetrafluoroethylene/perfluoro-2-methylene-4-methyl-1,3-dioxolane and the
      peripheral segment is a terpolymer of tetrafluoroethylene/perfluoro
      (methyl vinyl ether)vinylidene fluoride.
NUM  33.
PAR  33. A lens of claim 1 in which the central segment is a copolymer of
      tetrafluoroethylene/perfluoro[2-(2-fluorosulfonylethoxy)propylvinyl ether]
      in which all the sulfonyl fluoro groups have been converted to --SO.sub.3
      H groups, and the peripheral segment is a copolymer of
      tetrafluoroethylene/perfluoro[2-(2-fluorosulfonylethoxy)propylvinyl
      ether].
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ABST
PAL  If a cine film is to be projected to the accompaniment of a sound track on
      a separate tape it is necessary to cheek that the film and the sound track
      are correctly coordinated. This is ensured by reading a code mark from the
      sound track and using it to slow or stop the motion of the film. The point
      at which the film motion is slowed or stopped is used to evaluate the
      relative position of the film with respect to the sound track and thus
      check that correct coordination is present. This evaluation may take place
      visually or automatically. In the latter case the prolonged presence of a
      correlation marking on the film in a sensing position can be used to
      signal the existence of correlation whereas the absence of such marking
      may energize a warning lamp or deactivate the film drive.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a method of and means for detecting the
      correct coordination of two strip-shaped data carriers more particularly
      cine film and recording tape, which are to be run simultaneously.
PAC  BACKGROUND OF THE INVENTION
PAR  Very unreliable means have hitherto been used for detecting the correct
      coordination of two separate data carriers, more particularly cinema films
      and the associated recording tape. In the simplest case, identifying
      markings were inscribed on the reel or cassette supporting each data
      carrier. Often the inscription on the sound carrier or the image carrier
      could not be read in the darkened room in which the performance was given
      so that mutually unrelated tapes and film were played back. Moreover, the
      inscription on the reel or on the cassette became very unclear and not
      readily readable in the course of time or became completely detached from
      the data carrier.
PAR  An improvement was obtained in recent times with a synchronizing method
      between film and sound, known as the "PIP" method, according to which the
      coordination between the two strips is indicated thereon by means of
      marks. To this end the marks on the sound carrier control the operating
      frequency of a transport claw for the drive of the image carrier whose
      driving speed may vary from zero or very low values in order to project a
      stationary image or to show a scene with "slow motion" effect, to normal
      projection speed. If a recording tape that was not correlated with the
      film was erroneously played back, the absence of correlation was noted
      sooner or later only by reference to the contrast between the sound and
      the film. In some circumstances it was possible that the wrong
      coordination went completely undetected, particularly in films with a
      minimum scene content and musical sound background. However, this could
      have a very detrimental effect especially if the sound background intended
      for the film was to have been particularly informative.
PAC  OBJECT OF THE INVENTION
PAR  The object of my invention is to provide a method of and means for reliably
      ascertaining, in an early phase of playback, the proper correlation of two
      data carriers such as a motion-picture film and a sound-recording tape
      which are to be run at the same time.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of my invention, a first data carrier (referred to
      hereinafter as the tape) is provided with a code mark detectable in an
      early phase of its run while a second data carrier (referred to
      hereinafter as the film) is provided with correlation and non-correlation
      markings which are detectable, also in an early phase of its run, with one
      mode of operation (e.g. at an abnormally low speed or on standstill) but
      nondetectable with another mode of operaton (e.g. at normal projection
      speed). The two data carriers are started substantially concurrently, with
      the film running at its normal speed so as to prevent detection of either
      of its aforementioned markings. Upon detection of the code mark on the
      tape, the film is switched to its alternate mode for detecting the
      markings thereon, the run of the data carriers being continued only if a
      correlation marking on the film is detected immediately after switching to
      this alternate mode. The non-correlation markings may be symbols occupying
      different positions on a series of successive image frames between which
      there is intercalated a frame with a correlation marking, preferably a
      title identifying the following scenes.
PAR  According to another aspect of my invention, detection of a code mark on
      the tape by reading means in a sound reproducer actuates a controller
      which switches the film drive to its alternate mode of operation, as by
      halting the intermittent advance of the film of an extended period; this
      facilitates ascertainment of the presence of a correlation marking at a
      predetermined location along the film path, either at the film gate
      through which an image frame is being projected (in case a message on that
      frame such as a title is used as the correlation marking) or at some other
      point where such marking can be detected by a photoelectric sensor. In the
      latter instance, the sensor may have an output circuit provided with
      timing means for generating a signal upon prolonged presence of the
      correlation marking at the sensing location, this signal being fed
      together with an output pulse from the reading circuit of the sound
      reproducer to a coincidence circuit designed to indicate lack of
      correlation between the tape and the film in the absence of such signal
      and in the presence of a reading pulse. The coincidence circuit may
      actuate a circuit breaker to deactivate the film drive (apart from the
      temporary halting of the film by the reading pulse from the sound
      reproducer) or may simply energize a warning lamp whenever correlation is
      absent.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 illustrates diagrammatically a film projector whose film is to be
      checked for correlation with a tape providing the sound accompaniment to
      the projected film;
PAR  FIGS. 2A, 2B and 2C show markings on a section of the film strip and on a
      section of the sound tape to enable ascertainment of their correlation
      upon insertion thereof into the projector and the sound reproducer,
      respectively;
PAR  FIGS. 3A and 3B show sections of a film strip and a sound tape provided
      with respective control marks;
PAR  FIG. 4 diagrammatically illustrates a film-transporting traction claw and
      associated circuitry for detecting the presence or absence of a
      correlation marking on a film temporarily stopped by cessation of the claw
      movement in response to a code mark on an accompanying sound tape;
PAR  FIG. 5 is a section through the claw and associated cams of FIG. 4 taken on
      the line V--V thereof, also schematically illustrating a circuit for
      temporarily arrecting the film when a code mark is read from the sound
      tape; and
PAR  FIG. 6 shows diagrammatically a modification of the system of FIG. 4
      determing correct correlation of the film strip and the sound tape.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 I have diagrammatically shown a projector 1 for a motion-picture
      film which is supported in a cassette 3 and for which an acoustic
      background is produced by means of a sound tape 4 whose contents are
      reproduced by a tape recorder 2. A reading device 5 on the tape recorder 2
      transmits a control signal via a connecting lead 6 to the film projector 1
      as soon as a code mark on the recording tape 4 passes by the reading
      device 5.
PAR  A code mark 7 of this kind is shown by way of example in FIG. 2B. In order
      to detect the correct coordination of the two data carriers it is
      necessary that both carriers are started from an initial position of a
      sequence of suitably correlated positions corresponding to successive
      image frames on a film 8. To facilitate setting in this initial position,
      the film 8 shown in FIG. 2A is provided with a start mark 9 and the
      recording tape 10 shown in FIG. 2B is provided with a start mark 11.
PAR  The film 8 is then transported at a normal projection speed at which
      non-correlation and correlation markings thereon, i.e., frames 12 and 13,
      cannot be evaluated. In the simplest case such as that shown in FIG. 2A
      the non-correlation markings 12 comprise portions of light-transmitting
      leaders or scene images while the correlation markings 13 are each formed
      by a single film image which shows the film title when transluminated and
      projected. The simplest evaluation in this embodiment is performed by the
      operator of the apparatus. This is done by stopping the film drive as soon
      as a control signal is delivered via the lead 6 to the projector 1 when
      the code mark 7 reaches the reading device 5 of the tape recorder 2. If
      the film image which is then disposed in the image window displays the
      film title 13 it means that the two strips are correctly correlated with
      each other. If instead the leader or an image of the first or succeeding
      scenes is projected (that is to say an indicating mark 12) the operator
      will immediately know that the mark 7 has produced stoppage at the wrong
      time, and that the two strips are not coordinated or have been wrongly
      inserted. In all these eventualities there will be no synchronization when
      the two strips are played back.
PAR  FIG. 2C shows the manner in which the indicating marks may be applied to
      the film in order to enable the coordination to be unequivocally
      evaluated. The non-correlation frames 12' are provided with the symbol
      "NO" to indicate, upon projection, the non-coordination of the two data
      carriers when the mark 7 triggers the stoppage of the carrier 8. As may be
      seen from this Figure each of the symbols "NO" occupies a different
      position on the image 12' in the projection window. When the film is
      projected at a speed which is higher than an initially defined detection
      limit it is not possible to indicate the coordination because the inertia
      of the eye is not able to follow the "NO" marks which change their
      position suddenly. Evaluation relating to the coordination of the strips
      is possible only when the mark 7 produces a changeover in the transport
      speed of the film because the speed is then so reduced as to permit
      reading of the marks 12', 13'. The mark 13', which refers to correct
      coordination, may again in the simplest case represent the film title and
      it is particularly advantageous if the film speed at this point is zero so
      that the mark 12' or 13' which will be disposed in the image window,
      depending on the coordination of the two strips, will be projected when it
      is stationary.
PAR  In the embodiment of FIGS. 3A and 3B it is necessary for both data carriers
      8' and 10' to be started from a coordinated position. To this end the
      transport speeds of the two data media need not be identical; it is merely
      essential that an indicating and/or control mark on the image carrier 8'
      and a correlated control mark on the sound carrier 10' simultaneously pass
      the corresponding evaluation stations. In the example illustrated in FIGS.
      3A and 3B the sound carrier 10' is provided with control marks 14 which
      are associated with each image frame 12" and thus characterize the
      intermitten advance of the film 8' at the normal image frequency. If no
      control mark 13 is provided on the tape 10' it means that the film is to
      be projected when stationary. When the film 8' is correctly coordinated
      with the recording tape 10' a control mark 15 on the film can be used to
      provide a response from an evaluation device associated with the film,
      simultaneously with the absence of the first control mark 14. The time
      during which the affected image is to be projected, when stationary,
      corresponds to the time up to the moment when the sound tape, which
      continues to be transported, again aligns a mark 14 with the reading
      station of FIG. 1. This section of the tape is designated with the numeral
      16 in FIG. 3B. Re-engagement of the film drive as controlled by the mark
      14 is maintained until the next section 16 on the recording tape initiates
      a stationary projection, for example the film image registering with the
      control mark 17. This kind of encoding does not merely enable the
      coordination of the two data carriers to be recognized very soon after the
      beginning of the performance but also achieves synchronization over the
      entire length of the two strips. Synchronization is usually obtained by
      the control marks 14 acting upon a magnet for the claw control as for
      example in the known "PIP" system. It will be appreciated that the images
      themselves can be utilized in lieu of the control marks 15 and 17 in order
      to detect the coordination, as by projecting the film title when
      stationary. The code marks on the film could then be formed as described
      for example with reference to FIG. 2C. However, it is also feasible for
      the intervals 16 to be made substantially shorter and to be followed by
      one or possibly more control marks 14 in sequence. Such a sequence of
      control marks and intervals would result in a "slow motion" effect when
      the film 8' is projected and can of course also be utilized for evaluation
      with respect to the coordination or synchronization of the two strips.
PAR  FIGS. 4 and 5 show a claw spindle 21 of a projector, driven in
      counter-clockwise direction direction by a motor (not shown). The spindle
      21 is provided with a boss 22 which supports a three-part shutter blade 23
      and a cam disc 24. The disc 24 is provided with a radial cam 25 and an
      axial cam 26. The disc 24 confronts a claw frame 27 which is vertically
      slidably and pivotably supported on two balls 28 and 29. The claw frame 27
      has two claw teeth 30, 31 which cooperate with perforations of the film 8
      and transport it in accordance with the motion of the claw frame. The claw
      frame 27 is provided with a cam follower 32 which is pressed
      simultaneously against both cams 25, 26 of the disc 24 by springs 33 and
      34. The cam follower 32 causes the claw frame 27 to be vertically
      reciprocated in accordance with the characteristics of the radial cam 25
      while the axial cam 26 causes the claw frame to oscillate about bearings
      28, 29 the claw teeth 30, 31 being either engaged with the perforations of
      the film 8 or disengaged therefrom. A cup magnet 35 which is energized by
      a pulse generator 36 shown in FIG. 5 is disposed opposite the claw frame
      27 which is constructed of ferromagnetic material. A variable resistor 37
      connected to the pulse generator 36 is part of a circuit of adjustable
      time constant. The resistor 37, which is normally so adjusted as to
      produce no pulse in the output of generator 36, can be controlled by the
      reading device 5 through an amplifier 38. The recording tape 10 is moved
      past the reading device 5 by a drive roller 39 and a pinch roller 40.
PAR  A heat filter 42 is provided which may be moved into the optical projection
      path, with the aid of control means schematically indicated at 62,
      together with the energization of the cup magnet 35 during prolonged
      projections of a film frame.
PAR  If the film 8 and the recording tape 10 are started at the coordinated
      marks 9, 11 as shown in FIGS. 2A and 2B, film 8 will be transported in
      known manner through the claw mechanism as long as the electromagnet 35 is
      not energized. Immediately before the actual stepping motion of the claw,
      the axial cam 26 will cause the claw teeth 30 and 31 to engage in
      respective perforations of the film. During the succeeding phase the claw
      frame is downwardly displaced by the radial cam 25, the claw teeth 30 and
      31 transporting the film 8 through the film gate in the same sense. On
      completion of the transport stroke the axial cam 26 pivots the claw frame
      so that the claw teeth 30 and 31 are disengaged from the perforations of
      the film 8. The claw frame is subsequently returned by the radial cam 25
      into the original starting position in readiness to commence a second
      cycle of movement.
PAR  When the code mark 7 on the recording tape 10 reaches the reading station
      5, a signal is transmitted via the amplifier 38 to the resistor 37 to
      cause an adjustment thereof which is such that the generator 36 delivers a
      pulse to the cup magnet 35 to hold it energized and thus prevent the claw
      frame from engaging the film perforations. The film image which has just
      been aligned with an image window 41 of the film gate will then be
      projected while stationary. The title of the film 8 will be projected if
      the two data carriers 8, 10 are correctly coordinated with each other;
      otherwise the leader or a scene image 12 or a non-correlation marking 12'
      will be projected in accordance with FIG. 2C.
PAR  In FIG. 4 I have also shown a coincidence circuit for the automatic
      evaluation of coordination. For this purpose, the film strip 8 carries
      correlation markings 13' which are scanned by a reading device 43, 44 to
      supplement or replace visual strip coordination via the film image itself.
PAR  The reading device of the projection is a photoelectric sensor including a
      light source 43 to illuminate an edge track on the film 8 provided with
      the mark 13'. A photocell 44 is disposed on the opposite side of the film
      and works into an amplifier 45. The output of the amplifier 45 is
      connected to a slow-releasing relay 46 and, through an integrating RC
      element 57, to a threshold switch 58 which receives the output of the RC
      element 57 and controls a relay 59. A changeover contact 47 is operated by
      the relay 59 while the relay 46 controls an on-off contact 60 in a lamp
      circuit 61. Either a red lamp 48 or a green lamp 49 can be connected to a
      voltage supply in the lamp circuit 61. In its inoperative state the
      contact 47 connects the red lamp 48 to one terminal of the voltage supply
      so that it lights up, provided the connection to the voltage source is
      completed by the contact 60 in series with the other supply terminal.
PAR  Coordination of the two strips is evaluated by amplification in component
      45 of the brief voltage pulse which is produced in the photocell 44 when
      the light-transmissive mark 13' passes between the light source 43 and the
      photocell 44. The resultant signal initially causes the red lamp 48 to be
      lit via the relay 46 which closes its contact 60. The output signal from
      the amplifier 45 is also supplied to the integrating RC element 57 during
      the period the contact 60 is closed. The delayed output signal from the RC
      element 57 passes to the threshold switch 58. Since the voltage pulse
      produced by the mark 13' is relatively short, owing to the film passing
      quickly between the light source 43 and the photocell 44, the charge in
      the capacitor of the RC element 57 is insufficient to operate the
      threshold switch 58 and the relay 59 will not be energized. The red lamp
      48 remains switched on only until the delay winding in the relay 46 causes
      the relay contact 60 to open.
PAR  If the drive of the film 8 is stopped by the appearance of the code mark 7
      on the recording tape and if the correlation marking 13' of the film 8
      simultaneously is located between the light source 43 and the photocell 44
      it means that the two strips are correctly coordinated with each other.
      The amplified output pulse produced by the photocell 44 now causes the red
      lamp 48 to be switched on again but this time it also causes the relay 59
      to be energized. Since the duration of the pulse produces a sufficiently
      large charge in the capacitor of the RC element 57 as the film with the
      mark 13' is stopped between the light source 43 and the photocell 44, the
      threshold switch 58 triggers the relay 59 which thereupon reverses its
      armature 47 so that the green lamp 49 is lit instead of the red lamp 48.
      This indicates the correct coordination of the two strips. The green lamp
      is again switched off by the delay winding of the slow-releasing relay 60
      after the film is moved on. After the voltage across the RC element 57 has
      decayed, the relay contact 47 is again connected to the red lamp 48 by
      virtue of the fact that the relay 59 is monostable and spring-biased to
      this armature position. A mode-selector switch may also be used in place
      of the lamps 49 and 48.
PAR  In FIG. 6 I have shown a modified coincidence circuit coacting with the
      film-transport mechanism described with reference to FIGS. 4 and 5.
      Whenever a control mark 54 or 56 on the recording tape 10' passes the
      associated reading device 5, a lamp 52 disposed adjacent the film path is
      lit. Behind the film 8' and the situated opposite lamp 52 is a photocell
      50 whose output is connected via a threshold switch 51 to an "EX-NOR"
      (i.e., inverting Exclusive-OR) gate 67.
PAR  The second input of the gate 67 comprises a conductor 68 which is branched
      off the output of amplifier 38 feeding the lamp 52. The output of the
      "EX-NOR" gate 67 is connected to a switch 69 for interrupting the
      projector circuit.
PAR  If a correlation marking 53 on the film passes the associated reading
      device 50, 52 simultaneously with movement of a code mark 54 on the
      recording tape 10 past the reader 5, equivalent signals will be supplied
      to the gate 67 via the conductor 68 as well as via the photocell 50,
      illuminated by the lighting of the lamp 52, and the switch 69 will remain
      closed. This indicates the correct coordination of the strips. If the
      strips are not coordinated, the lamp 52 is lit only while no mark 53 on
      the film is aligned therewith. Owing to the low light transmissivity of
      the film-edge track in the absence of a mark 53, the voltage produced in
      the photocell 50 under these conditions is insufficient to energize
      effectively the circuit branch including the threshold switch 51 and to
      supply a signal to one of the inputs of the gate 67. However, since the
      other input of that gate is supplied with a control signal via the
      conductor 68 the switch 69 controlled by the gate 67 is opened and
      de-energizes the drive circuit for the projector motor. Coding the
      coordination of the two strips can be rendered very versatile by placing
      further code marks 55 on the film or applying code marks 56 to the
      recording tape.
PAR  Finally it should be mentioned that the detecting system for determining
      correlation between the two data carriers in the projector and in the tape
      recorder may also be associated with means for indicating faulty operation
      of coordinated strips if the strips are not started by the same mark, i.e.
      if they do not run in synchronism. Such a system has been disclosed in my
      copending application Ser. No. 411,063 filed Oct. 30, 1973.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of checking the correlation of two independently driven data
      carriers to be run at the same time, comprising the steps of:
PA1  providing a first data carrier with a code mark detectable in an early
      phase of its run;
PA1  providing a second data carrier with correlation and non-correlation
      markings detectable in an early phase of its run with one mode of
      operation but nondetectable with another mode of operation;
PA1  starting the run of both data carriers substantially concurrently, with
      said second data carrier in its other mode of operation preventing
      detection of either of said markings thereon;
PA1  upon detecting said code mark on said first data carrier, switching said
      second data carrier to said one mode of operation for detecting the
      markings thereon; and
PA1  continuing the run of said data carriers only upon detection of a
      correlation marking on said second data carrier immediately after
      switching to said one mode of operation.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said second data carrier is a
      motion-picture film, said one mode of operation being translumination of
      an image frame of said film held stationary for an extended period.
NUM  3.
PAR  3. A method as defined in claim 2, comprising the further step of
      interposing a heat filter in the path of the transluminating light rays in
      said one mode of operation.
NUM  4.
PAR  4. A method as defined in claim 2 wherein said non-correlation markings are
      provided in the form of symbols in different positions on a series of
      successive image frames to prevent reading of said symbols upon the
      running of said film at a normal projection speed representing said other
      mode of operation, a correlation marking being provided on an image frame
      intercalated in said series of frames.
NUM  5.
PAR  5. A method as defined in claim 4 wherein said correlation marking is
      provided in the form of a title.
NUM  6.
PAR  6. A system for checking the correlation of two independently driven data
      carriers to be run at the same time, comprising;
PA1  first reading means for a first data carrier bearing a code mark;
PA1  first drive means for moving said first data carrier past said first
      reading means;
PA1  second reading means for a second data carrier bearing a correlation
      marking;
PA1  second drive means for moving said second data carrier past said second
      reading means, said second drive means being switchable between a normal
      mode and an alternate mode of operation, said correlation marking being
      detectable by said second reading means only in said alternate mode of
      operation;
PA1  control means connected to said first reading means for switching said
      second drive means from said normal mode to said alternate mode of
      operation upon detection of said code mark on said first data carrier
      during simultaneous operation of said first and second drive means; and
PA1  evaluation means controlled by said second reading means for indicating a
      correlation between said first and second data carriers in response to
      detection of said correlation marking upon switchover to said alternate
      mode of operation.
NUM  7.
PAR  7. A system as defined in claim 6 wherein said correlation marking
      registers with said second reading means only momentarily in said normal
      mode and for an extended period in said alternate mode of operation, said
      evaluation means comprising a signaling circuit connected to said second
      reading means and timing means in said signaling circuit for giving a
      correlation indication only upon prolonged registration of said
      correlation marking with said second reading means.
NUM  8.
PAR  8. A system as defined in claim 7 wherein said first data carrier is a
      sound tape and said second data carrier is a motion-picture film, further
      comprising heat-filter means coupled with said control means for
      interposition between said film and an image-projecting light source
      during said extended period upon detection of said mark.
NUM  9.
PAR  9. A system for checking the correlation of a sound-recording tape and a
      motion-picture film to be run at the same time, comprising:
PA1  sound-reproducing means provided with first drive means for advancing a
      tape bearing a code mark;
PA1  projection means provided with second drive means for advancing a film
      bearing a correlation marking;
PA1  reading means in said sound-reproducing means for detecting said code mark;
PA1  a light source in said projection means connected to said reading means for
      energization upon detection of said code mark;
PA1  photoelectric sensing means juxtaposed with said light source in said
      projection means along the path of said film for detecting said
      correlation marking in the energized condition of said light source; and
PA1  coincidence means connected to said sensing means and to said reading means
      for indicating lack of correlation between said tape and said film in the
      absence of an output signal from said sensing means upon detection of said
      code mark.
NUM  10.
PAR  10. A system as defined in claim 9, further comprising a circuit breaker
      controlled by said coincidence means for deactivating said second drive
      means to indicate said lack of correlation.
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ABST
PAL  A shutter assembly is coupled to a rotor of a rolling loop mechanism for
      use in a cimematographic film projector. The shutter assembly includes a
      plurality of curved plates, each of which is positioned about a gap in the
      rotor such that the plate is connected by its ends to the sides of the gap
      and extends inwardly of the rotor to provide clearance for a rolling loop
      of film. A stator is provided to combine with the rotor for guiding the
      film past an aperture and as a shutter plate passes the aperture
      projection light is cut off from the aperture.
BSUM
PAR  This invention relates to a shutter for cinematographic film projectors of
      the type having a rolling loop film transport mechanism, as described in
      co-pending U.S. application Ser. No. 789,633 filed Jan., 1969 now U.S.
      Pat. No. 3,494,524.
PAR  Essentially the rolling loop mechanism includes a rotor having gaps and a
      curved stator which partly surrounds the rotor, the film being guided
      between the rotor and the stator. The stator has an aperture through which
      light is projected. Loops of film are formed in the moving gaps and these
      loops move one frame length each time a loop passes a stationary locating
      pin on the stator. The loop is developed continuously in a rotor gap by a
      driven input sprocket as the gap travels from a film inlet to the stator
      aperture, and the loop decays continuously as it travels from the aperture
      to a driven output sprocket. The stationary pin is located adjacent the
      aperture for locating the film at the aperture. Although the rolling loop
      mechanism can be linked mechanically to a conventional shutter mechanism
      for interrupting the light passing through the film at the aperture, I
      have devised a unique shutter for use with rolling loop mechanisms that is
      considerably simpler and more economical than conventional shutters.
PAR  In a preferred form, the invention comprises a shutter assembly coupled to
      a rotor of a rolling loop mechanism for use in a cinematographic film
      projector. The shutter assembly includes a plurality of curved plates each
      of which is positioned about a gap in the rotor such that the plate is
      connected by its ends to the sides of the gap and extends inwardly of the
      rotor to provide clearance for a rolling loop of film. A stator is
      provided to combine with the rotor for guiding the film past an aperture
      and as a shutter plate passes the aperture projection light is cut off
      from the aperture.
DRWD
PAR  Further objects and advantages of the invention will appear from the
      following description, taken with the accompanying drawings in which:
PAR  FIGS. 1 to 6 are diagrammatic plan views of a rolling loop mechanism drawn
      in sequence to illustrate the principle of operation of the mechanism;
PAR  FIG. 7 is a perspective view of a portion of a rotor for a projector
      according to the invention; and
PAR  FIG. 8 is a diagrammatic sectional view through the projector.
DETD
PAR  Reference is first made to FIGS. 1 to 6 to describe the principle of
      operation of a rolling loop film transport mechanism similar to that
      described in the aforementioned co-pending application. A film 30 is fed
      into the mechanism at a predetermined rate by a driven inlet sprocket 31
      and is drawn from the mechanism by a driven outlet sprocket 32 at the same
      predetermined rate. An annular rotor 34 is driven at constant speed inside
      a stator 35 which includes an inlet portion 36 and an outlet portion 37.
      The portions 36 and 37 are fixed to the mechanism about an aperture 38
      with sufficient radial clearance from the rotor 34 for the film 30 to move
      freely. During projection, the film 30 is located by a fixed pin 40 which
      is attached to the inlet stator 36 adjacent the aperture 38. The rotor has
      three equally spaced peripheral gaps 42, 44, 46 in which film loops are
      formed and moved around the stator 35 by the rotor 34. In the position
      shown in FIG. 1, a loop 48 in the film 30 is located in the opening 42
      opposite the aperture 38. The film is located on the pin 40 so that the
      portion of the film between the pin 40 and the inlet sprocket 31 is
      stationary. As the rotor 34 turns, and the sprockets 31 and 32 continue to
      transport the film 30, the mechanism moves into the position shown in FIG.
      2 in which the loop 48 has decayed somewhat and a new loop 50 is being
      formed in the gap 46. The film is stationary between the openings 42 and
      46 and projection takes place at this time. As the inlet sprocket 31
      continues to feed film into the mechanism, the loop 50 grows to take up
      the excess film. Also, as the outlet sprocket 32 continues to draw film
      out of the mechanism, loop 48 decays as the sprocket 32 transports the
      film. The rotor 34 continues to move and next reaches the position shown
      in FIG. 3 where the loop 50 is continuing to grow and the loop 48 is
      decaying. As the loop 50 begins to pass over the pin 40, (FIG. 4) the film
      is lifted off the pin 40 so that the film between the loop 50 and the
      outlet sprocket 32 is free to move. The trailing side of the loop 50 then
      moves over the pin 40 as shown in FIGS. 5 and 6 whereupon the film is
      again located on the pin 40 and the portion of the film between loop 50
      and inlet sprocket 30 is stopped. The gap 46 is then opposite the aperture
      38. The excess film in each full loop corresponds to a frame length so
      that in moving the film off the pin 40 and then re-engaging the pin 40,
      the film is transported through one frame length. The position shown in
      FIG. 6 is therefore similar to that shown in FIG. 1 but with the film
      transported through one frame length and the rotor moved through one third
      of a revolution to bring the gap 46 opposite the aperture 38.
PAR  The rolling loop mechanism described above can be utilized in a projector,
      for example, without the use of a separate shutter of a conventional kind
      by bridging the gaps with primary shutters 52 and adding secondary
      shutters 54 midway between the primary shutters 52 so that each frame is
      projected twice as is conventional in motion picture projectors. Light is
      projected from a source 56 towards the aperture 38 for projecting the film
      30 as will be explained.
PAR  Reference is next made to FIG. 7 to more fully describe the rotor 34 in use
      with shutters 52, 54 which adapt the rotor for use in a projector. FIG. 7
      shows a portion of the rotor 34 having a primary shutter 52 bridging a gap
      58 and a secondary shutter 54 placed midway between the shutter 52 and the
      preceding primary shutter (not shown). The rotor 34 consists of first and
      second annular elements 60, 62 which support replaceable guide shoes 64,
      66 respectively for guiding the film 30. The elements 60, 62 are rigidly
      connected by pillars 68 (one of which is shown) and each pillar is located
      within a secondary shutter 54. The pillars 68 are connected by screws 70
      to the element 60, and by similar screws (not shown) to the element 62.
      For optical reasons the opposing faces of the shoes 64, 66 diverge
      inwardly over the portion of their length between shutters. At their ends
      the shoes 64 have curved portions 72 and 74 which define the respective
      trailing and leading sides of the gap 58. Similar curved portions 76, 78
      of the shoes 66 further define the gap 58. The shoes 64, 66 also have
      outwardly facing grooves 79, 80 to provide clearance for locating pins 40
      (FIG. 1) as the rotor passes the pins. Element 62 is connected by
      cylindrical members 81 (one of which is shown) to a support plate 82 which
      is rotatably driven about the axis of the rotor 34 as will be described
      with reference to FIG. 8. The shutters 52, 54 are both curved although
      shutter 54 may be generally flat because it does not receive a loop.
      However for optical reasons the shutters 52, 54 should have the same
      circumferential extent so that each shutter interrupts projection light
      for a predetermined time period. The shutters 52, 54 are curved and
      generally U-shaped and fitted between the elements 60, 62 and the shoes
      64, 66. The shutters can be spot welded in place or attached by
      conventional fasteners to the rotor.
PAR  Reference is next made to FIG. 8 which is a diagrammatic view of a section
      through the projector of FIG. 7 with the rotor in position for projection.
      The support plate 82 is mounted on a flange 84 which in turn is coupled to
      a drive shaft 86 and the shaft 86 is journalled in a bearing housing 88. A
      stationary base plate 90 supports both the housing 88 and a bracket 92 on
      which is mounted an optical lens system 94 for focusing light which passes
      through the film 30 onto a screen (not shown). The light originates in a
      lamphouse 96 from which it passes to a mirror 98 and on through a compound
      lens 100 to the film 30. Alternative light systems are possible. For
      instance light can be focussed from a source 102 diametrically through the
      rotor 34. A further alternative arrangement is to project light in the
      reverse direction to that shown. In this case light would be projected
      radially from outside the rotor 34 through the film and into a lens system
      back to the mirror 98 and then to a lens system which would focus the
      light on a screen. However all these variations in the light path use a
      shutter which bridges the gap thereby cutting off light as the shutter
      passes the light path.
PAR  More or less shutters than those described can be used, if desired. For
      example, if each frame is to be projected three times then two secondary
      shutters would be employed between each pair of primary shutters. Also for
      smaller projectors the shutters can be integral parts of the rotor so that
      the pillars 68 would not be needed.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A motion picture projector for intermittently transporting a film
      through a predetermined frame length in relation to a projection aperture
      and for projecting said film at said aperture, said projector comprising:
      a stator, a rotor co-operating with said stator to define a passage for
      said film, said rotor having gaps for receiving film loops; an inlet in
      said stator through which said film is fed into said passage; an outlet in
      said stator through which said film is withdrawn from said passage, said
      aperture being intermediate said inlet and said outlet; film moving means
      for feeding said film into said inlet at a controlled speed relative to
      the speed of said rotor and for withdrawal of said film from said outlet
      at said controlled speed; film locating means for co-operating with said
      film moving means for gradually increasing and then gradually decreasing
      said film loop in said gap and for intermittently holding said film in
      fixed position in registration with said aperture; light source means for
      directing light through said aperture to project said film; and at least
      one primary shutter coupled to said rotor, said primary shutter comprising
      a curved plate bridging a gap, whereby said primary shutter cuts off the
      light passing through the film as said gap passes said aperture.
NUM  2.
PAR  2. A projector as claimed in claim 1 wherein there is a plurality of said
      primary shutters and wherein said projector further comprises secondary
      shutters coupled to said rotor adjacent the periphery of said rotor, each
      one of said secondary shutters being midway between adjacent primary
      shutters and having a peripheral extent substantially equal to that of one
      of said primary shutters.
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ABST
PAL  A microfiche having one surface embossed or molded to define a multiplicity
      of small lenses (lensettes) integral with the microfiche. Each micro-image
      is stored directly below a corresponding lensette, thereby assuring
      optical distance registry between each micro-image and its projection.
      Lateral optical registry is also realized. In an embodiment, interlensette
      surface of the microfiche is made opaque to preclude optical cross-talk.
PARN
PAR  This is a division of application Ser. No. 309,968, filed Nov. 28, 1972,
      now U.S. Pat. No. 3,864,034 filed Feb. 4, 1975.
BSUM
PAR  This invention relates to a distributed optical information storage and
      retrieval system. It more particularly relates to a novel method for
      positioning the intelligence on a microfiche with respect to lenses for
      projecting the intelligence on a viewing screen.
PAR  In certain prior constructions of micro-optic readers, (such as described
      in copending application Ser. No. 135,996, filed Apr. 2, 1971 by Adnan
      Waly for "Micro Image Recording And Read Out System," and assigned to the
      same assignee as this application, now U.S. Pat. No. 3,704,068 of Nov. 28,
      1972) a microfiche defined by an emulsion film carried on one surface of a
      clear plastic sheet is positioned next to a plastic plate having discrete
      optically active surfaces, i.e., lenses. An apertured mask may be
      employed, the mask inhibiting overlapping of adjacent information. The
      proturberances function as lenses (termed lensettes because of their small
      size) and are intended to be aligned with optical bits of information on
      the microfiche emulsion, thereby projecting and magnifying the bits. In
      such constructions it is of paramount importance that the distance between
      the emulsion and the lensettes remain constant during all readout
      movements of the microfiche and over all portions of its area. This is so
      because of the relatively small focal lenghts of the lensettes and the
      degree of magnification involved. Thus, relatively small variations in the
      distance between the emulsion and lensettes cause large changes in the
      final, projected image of the intelligence. If, for example, the viewing
      screen and microfiche are 8 inches .times. 10 inches, then the distance
      between the emulsion and lensettes must not vary even as much as a mil
      over the 80 sq. inches area if satisfactory images of the intelligence are
      realized.
PAR  According to the practice of the instant invention, this criticality is
      eliminated by embossing or molding the microfiche to thereby define
      lensettes on and integral with the fiche itself. Thus, the emulsion which
      carries the information, and the clear plastic sheet (e.g., methyl
      methacrylate) which carries the emulsion, and the lensettes, all define a
      unitary structure. By this construction, movement of the microfiche
      relative to projecting light sources (in order to read out the
      information) cannot result in variations of the distance between the
      emulsion and the projecting lensettes. This distance now becomes a
      function only of the microfiche thickness, a quantity which may be
      accurately controlled during manufacture of the microfiche.
PAR  In an embodiment, the apertured mask is replaced by opaque coatings on the
      microfiche, between the lensettes.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a partial cross-sectional view of a prior art distributed optics
      microfiche reader.
PAR  FIG. 2 is a view of a similar reader, but showing the novel microfiche
      construction of this invention.
PAR  FIG. 3 is an enlarged view of a portion of FIG. 2.
PAR  FIGS. 4a and 4b are similar to FIG. 3, and illustrate an optimum shape of
      individual micro-optical cells.
PAR  FIG. 5 is a view similar to FIG. 2, and illustrates an embodiment wherein
      interlensette surface is opaque.
PAR  FIG. 6 is a partial view, similar to FIG. 5, and illustrates another
      embodiment.
PAR  FIG. 7 is a view, similar to FIG. 6, and illustrates an embodiment wherein
      the micro-images reside on Petzval surfaces.
PAR  FIG. 8 is a view, similar to FIG. 2, illustrating an embodiment wherein the
      micro-images carried by the fiche are illuminated for readout from the top
      or front.
PAR  FIG. 9 is a perspective view of an illuminating device, and its manner of
      fabrication, used in the embodiment of FIG. 8.
PAR  FIG. 10 is a partial view of FIG. 9, at a later stage in formation.
PAR  FIG. 11 is a perspective view of the front illuminating arrangement of FIG.
      8.
PAR  FIG. 12 is a view along line 12--12 of FIG. 11.
PAR  FIG. 13 is a view along line 13--13 of FIG. 11.
PAR  FIG. 14 is a partial perspective view along line 14--14 of FIG. 8 and
      illustrates the ends of the light rods abutting channel ends in the
      viewing screen.
PAR  FIG. 15 is a view taken along section 15--15 of FIG. 8.
PAR  FIG. 16 is a front view, partially schematic, of a reader having a front
      illuminated fiche.
PAR  FIGS. 17 and 17a are schematic views of a mode employing a grid of light
      emitting diodes.
DETD
PAR  Referring now to FIG. 1 of the drawings, a prior art construction of a
      microreader such as shown in the noted Waly patent is schematically
      illustrated. The numeral 10 denotes a viewing screen formed of, for
      example, a translucent material. Septa 12 are positioned as indicated and
      extend downwardly from the screen 10 to plate 14, the septa dividing the
      entire surface of the screen 10 into small areas or cells. The purpose of
      the septa is to inhibit crosstalk, i.e., image overlapping. The numeral 14
      denotes a lens plate having integral nodules or proturberances 15, each of
      which defines a projecting lens for projecting onto the under surface of
      screen 10. The lens plate 14 may be formed of, for example, clear plastic
      having an index of refraction of approximately 1.5. The numeral 16 denotes
      a mask having spaced openings or apertures 17 which are in alignment with
      the optical axes of the various lensettes 15. The numeral 18 denotes an
      emulsion, greatly exaggerated in thickness for purposes of illustration,
      carried by a plate 20 of, for example, a clear plastic such as methyl
      methacrylate. The element 20 with its emulsion 18 is termed a microfiche.
      The numeral 22 denotes a spacing or positioning plate which carries a
      plurality of fiber optic light conducting pipes or tubes 24. The upper
      termini are aligned with the optic axes of the several lensettes 15. The
      light pipes 24 are fed in a conventional manner to a suitable source of
      illumination.
PAR  For purposes of illustration, micro images of the letters (bits) of the
      word OBJECT, in distributed or spaced form, are carried by the emulsion
      18. A second information set which might contain the words CAT IS is also
      carried by the emulsion 18.
PAR  In operation, the microfiche 20 is inserted between the lens plate 14 and
      the positioning plate 20 and the source of illumination (not illustrated)
      is energized. Light passes from the light pipes 24 through the transparent
      body of the microfiche, through the emulsion 18 which carries the
      intelligence. The several letters of the information OBJECT are thus
      projected through the apertures 17 of the mask 16 and pass through
      lensettes 15. The projection thus appears in inverted form (because only a
      single lens has been used) on the viewing screen. In order to view the
      next segment, as for example the next page, of information recorded on the
      microfiche 20, the microfiche is moved to the left by an indexing
      mechanism, thereby aligning the letters (bits) of CAT IS with the openings
      17. The letters of this second message will then appear on the viewing
      screen 10, as in the first case.
PAR  Because of the relatively small focal lengths of the lensettes 15, it is
      important that the distance between the emulsion 18 and the lensettes 15
      vary by less than 1 mil over the entire surface of the fiche and during
      all movements of the microfiche relative to the lens plate 14 and plate 20
      during the scanning or readout procedure. If the screen 10 is relatively
      large, say 8 inches .times. 10 inches, then this would require that all of
      the distances between the lensettes 15 and the emulsion 18 over the entire
      80 sq. inches vary by less than 1 mil. This is difficult to realize in
      practice and any variations in this critical distance adversely affects
      the quality of the image on viewing screen 10.
PAR  Referring now to FIG. 2 of the drawings, the improvement of this invention
      is illustrated. Here, the same numerals represent the same elements as in
      FIG. 1. It will be observed, however, that lens plate 14 which carries the
      lensettes 15 is omitted. Instead, the microfiche 20 itself is provided, on
      one surface, with a multiplicity of integral lensettes each denoted by the
      numeral 21. The emulsion 18 is placed directly against the termini of
      light pipes 24, and mask 16 placed on top of microfiche 20. Again, for
      purposes of illustration the drawings show schematically a part of a
      message containing the word OBJECT carried by the emulsion 18. Again,
      illumination of light pipes 24 causes light to pass through the emulsion
      18, illuminating the individual letters or bits of the message, the light
      rays then continuing through the microfiche striking the lens elements 21,
      and again being projected on viewing screen 10.
PAR  The lens elements 21 are formed by embossing or molding the top surface of
      microfiche 20, the microfiche exhibiting over its entire top surface a
      multiplicity of lens elements 21, much as in the manner of a street paved
      with cobblestones.
PAR  A comparison of FIGS. 1 and 2 readily illustrates the advantages of the
      invention. For example, referring to FIG. 1, if the microfiche 20 moves
      even slightly toward or away from the lens elements 15, the quality of the
      final image as viewed on screen 10 will suffer. Yet, such movement is
      entirely possible because of, among other things, the necessary clearance
      between the top of plate 22 and the bottom of plate 14. In distinction to
      this behavior, a consideration of FIG. 2 will show that no matter how the
      microfiche 20 is moved, the distance between the emulsion 18 and the lens
      elements 21 will remain constant. This distance corresponds to the
      thickness of the microfiche and is very easily controlled to a high degree
      of accuracy at its place of manufacture. It will be observed that each
      letter in the intelligence carried by emulsion 18 centers on the optic
      axis of each corresponding lens element 21. This follows from the fact
      that the arrangement of FIG. 2 is used as a taking camera. The
      intelligence to be microfilmed is placed on the screen 10 and
      photographed, so to speak, by the emulsion 18. During this process, each
      of the septa 12 and each aperture 17 in mask 16 insures that only one
      letter of the intelligence on a screen 10 appears directly below each lens
      21 on emulsion 18. Thus, there is always optical alignment between the
      reduced letters or intelligence carried by the emulsion and their
      corresponding lens element 21. Further, if there is a slight inaccuracy in
      the embossing or molding process during manufacture, the error is undone
      in the viewing or readout because each lensette acts as a camera in the
      taking process. Thus, lateral positioning of each optical bit (letter)
      with respect to the optic axis of each lensette are no longer a critical
      factor.
PAR  FIG. 3 illustrates certain relations between the microfiche thickness, the
      lensette radii, and the magnification of the construction illustrated at
      FIG. 2 of the drawings, the microfiche object carried by the emulsion 18
      being an arrow A and its projection on the viewing screen by A'.
PAR  The following relations obtain in FIG. 3:
      ##EQU1##
      and the magnification is:
      ##EQU2##
      where: u is the object distance
PA1  n is the index of refraction in the object space
PA1  v is the image distance
PA1  n' is the index of refraction in the image space
PA1  R is the radius of curvature of the refraction surface
PA1  m is the magnification
PAR  The following example will illustrate these relations, where m = 25 and n =
      1.5 (e.g. plexiglass). For standard 7 mil film, u = 7 mils, m = 25, and n
      = 1.5. Then v = 117 mils and R = 2.25 mils. (Such small lensettes 21 are
      perfectly feasible optically and very high quality resolution for them has
      already been demonstrated by K. Peter; see Physikalishe Blatter, Vol. 17,
      page 21, 1961.)
PAR  Assume the image of an individual letter on screen 10 to be a character 100
      mils in height and 100 mils wide. Therefore, the "object" in the emulsion
      18 will be contained in an area 4 mils by 4 mils. Hence, the spacing s
      between the axes of adjacent lensettes is 4 mils.
PAR  The mask 16 with its aperture stops 17 plays an important role in the
      construction illustrated at FIG. 2. The mask 16 is stationary with respect
      to screen 10, septa 12, and plate 22 which supports light pipes 24. The
      size of the aperture 17 of the mask depends upon the optimum f number and
      is determined as follows:
PAR  The focal length f of a lens is given by the relation
      ##EQU3##
      Hence, for n' = 1.5 and n = 1 and R = 2.25 mils
EQU  f = 3 .times. R = 6.75 mils
PAR  The optimum f number, denoted by f', should be 4, according to W. E. Rudge
      et al in their monograph regarding Fly's-Eye Lens Technique, etc.,
      described in I.B.M. Journal, page 146 et seq. for April, 1963. An f number
      f' greater than 4 means loss of paraxial resolution due to refraction, and
      f numbers around 3 or less yield loss of resolution due to geometric
      abberations.
      ##EQU4##
PAR  Consider the case where the distance u is 7 mils, corresponding to
      microfiche thickness of 7 mils. Here, R = 2.25 mils and the focal length
      equals 6.75 mils. For optimum f of 4, the diameter of the mask openings 17
      should be:
      ##EQU5##
PAR  These relations are illustrated at FIGS. 4a and 4b of the drawings. It is
      seen that the aperture openings 17 cover the central portion of the area
      of each lensette 21 and that the information bits schematically indicated
      (A) contained in the emulsion 18 are larger than the openings 17. The
      distance between apertures 17 is one-tenth inch and there would thus be,
      for this example, 25 lensettes 21 between the apertures. The areas
      indicated by the dashed lines contain the stored bits and are
      close-packed, as indicated, for maximum storage density.
PAR  In view of the extermely small distances between the micro images on
      emulsion 18, the small radius of curvature of lensettes 21, the small mask
      openings 17, and the necessity of accurate alignment of the optic axes of
      lensettes 21 with the openings 17, even the smallest departure from
      intended sizes and distances is quite significant. With, for example, an 8
      inches .times. 10 inches lensfiche, there are five million apertures 17 in
      mask 16 and a corresponding five million lensettes 21, all of which must
      be properly aligned. (For an 8 inches .times. 10 inches lensfiche
      containing 80 .times. 10.sup.6 square mils, each 4 .times. 4 mil emulsion
      cell for the microimages contains 16 square mils, there are 80 .times.
      10.sup.6 /16 = 5 .times. 10.sup.6 lensettes). The vertical distance from
      the mask openings 17 to the micro images on emulsion 18 is also important,
      otherwise overlapping (cross-talk) between the cells in emulsion 18 may
      occur. Thus the actual fabrication of the previously described embodiment
      which must satisfy the enumerated conditions is difficult to realize.
PAR  The embodiment of FIGS. 5, 6 and 7 substantially lessens the effects of
      (inherent) fabrication tolerances, in a manner now to be set forth.
PAR  Referring to FIG. 5, the numerals 18, 20 and 21 designate the same elements
      as previously described. The lensettes 21 are now spaced from each other
      along the plane of the lensfiche and are depressed, lying each in a
      depression or cavity 50. The remaining areas of the top of the lensfiche,
      i.e., the interlensette area, are provided with an opaque coating denoted
      by the numeral 51. The numeral 52 denotes a transparent plastic block
      which may be of methyl methacrylate, the top surface of which may be
      coated with a light-diffusing film 54 adapted to serve as a viewing
      screen. The bottom surface 56 of block 52 is coated with an opaque
      substance, except for apertures 58, and may additionally be coated with an
      anti-friction material such as Teflon. Light pipes 24 carried by plate 22
      illuminate the micro images carried by emulsion 18 for projection on
      viewing screen 54.
PAR  In operation, the lensfiche is moved (indexed) by sliding, and successive
      groups of lensettes 21 are exposed to those termini of light pipes 24
      which are aligned with openings 58. The micro images carried by the
      emulsion are optically projected upwardly through lensettes 21, block 52
      and appear in magnified form on screen 54. If desired, septa such as 60
      may be molded into block 52 to inhibit overlapping of images on the
      viewing screen. Two letters of a recorded information set in emulsion 18
      commencing with OBJECT are schematically illustrated. The micro image of
      the letter "O" is shown (necessarily out of scale due to drawing size
      limitations) on emulsion 18 and appears on screen 54 greatly magnified.
      Similarly, the micro image of the next letter "B" appears on screen 54.
      The 4 .times. 4 mil cells in emulsion 18 which contain these two micro
      images are denoted, respectively, by the areas underneath vincula 70 and
      72.
PAR  In order to project the next information set on screen 54, the lensfiche is
      moved to the left. For this second information set, commencing for example
      with CAT IS, the first two letters "C" and "A" are illustrated as
      occupying adjacent 4 .times. 4 mil areas in emulsion 18 underneath vincula
      74 and 76, respectively. Magnified images of the letters "C" and "A" will
      now appear on screen 54 in the same places illustrated for letters "O" and
      "B". The micro images of letters "O" and "B" now are positioned beneath
      opaque surface 56, laterally of opening 58, and are hence not projected on
      the screen.
PAR  Each lensette 21 is vertically aligned with a 4 .times. 4 mil area on
      emulsion 18, such areas being either square, or hexagonal (with 4 mil
      spaced centers), or any similar configuration which yields a close-packed
      cell arrangement for maximum utilization of the area of emulsion 18. Each
      aperture 58 corresponds in outline to the shape of the micro image cells
      in emulsion 18. Thus, if the apertures 58 are hexagonal, the micro image
      cells will be hexagonal.
PAR  The mask 16 and apertures 17 of the embodiment of FIG. 2 are replaced by
      opaque coatings 51 on the lensfiche and openings 58 on opaque coating 56.
      The problem of accurate optical alignment of mask openings with lensettes
      is thereby overcome. The openings 58 are of a diameter equal to the
      inter-lensette spacing, e.g., 4 mils in the example given, and small
      variations in this diameter are not critical.
PAR  FIG. 6 is a partial view of another embodiment, identical with the
      embodiment of FIG. 5, except that the lower surface of block 52 is
      provided with lens-defining curved surfaces 62. Such lenses 62 are
      positioned within each aperture 58 and define, with lensettes 21, a
      projection lens system which yields greater magnification than possible
      with lensettes 21 alone.
PAR  FIG. 7 illustrates an embodiment of the lensfiche itself. Here the lower
      surface of the lensfiche is provided with integral nodules 70 on which the
      emulsion 18 is placed. The surface of each nodule is of a special shape
      known as a Petzval surface. A Petzcal surface is one on which an image
      placed will yield maximum clarity and sharpness when projected. Each
      surface 70 is aligned with a corresponding lensette 21, and defines a
      microimage cell as in the previous embodiments. Such Petzval surfaces may
      also be employed with the embodiment shown at FIG. 2.
PAR  While discrete information units or bits, such as the letters in OBJECT and
      CAT IS have been selected to illustrate the invention thus far described,
      it will be understood that continuous forms of information may be also
      accommodated. Thus, photographs may also be first reduced and thence
      projected. Each scene on the viewing screen may be regarded as a macro
      scene, whether the same size as the original (a page of a book), smaller
      than the original (a mountain landscape) or larger than the original
      (enlargement of a microphotograph). Each macro scene corresponds to a
      unique set, termed an information set, of micro images in the lensfiche
      emulsion. In turn, each unique information set corresponds to a unique set
      of lensettes 21. Thus, referring to FIGS. 2 and 5, one information set
      includes the micro images of the letters in the word OBJECT, while another
      distinct and unique information set includes the letters in the phrase CAT
      IS. As shown, a lensette is aligned and associated with a single micro
      image. The same correspondence holds in the case of continuous
      information. The various information sets are interlaced in the sense of
      interlocked fingers and are also distinct as are the pieces of a jigsaw
      puzzle. The totality of information sets recorded on the lensfiche forms a
      mosaic whose individual elements are the dispersed areas of the various
      information sets.
PAR  The same advantages and mode of operation of the invention follow for a
      projection lens array which requires lensettes 21 to be concave with
      respect to the top surface of the lensfiche 20 instead of convex as has
      been illustrated. Further, in lieu of proturberances (convex lensettes) or
      depressions (concave lensettes) optical anisotropys in the fiche may be
      employed for the purpose of changing the direction of light rays.
      Accordingly, the phase "optically active surface" appearing in the claims
      is intended to embrace these distinct yet equivalent constructions.
PAR  The lensfiche is moved relative to the mask apertures, to successively
      expose distinct information sets, by an indexing mechanism, not
      illustrated, and which forms no part of this invention. The information
      sets and mask openings may be rectangularly arranged such as shown at FIG.
      2 of the noted Waly application, and thus require both row and column
      indexing motions. The information sets and mask openings may also be
      arranged in a skew manner, such as shown at FIGS. 4 and 5 of the noted
      Waly patent, and thus require only column indexing.
PAR  From a consideration of FIGS. 2 and 5 of the drawings, it may be readily
      visualized that the same results are obtained with the microfiche
      stationery with respect to the screen and the mask relatively movable.
      Thus, referring particularly to FIG. 2, by placing a light pipe 24
      underneath each microimage and fixing the microfiche relative to the
      screen 10 and supporting plate 22, indexing movement of the mask 16 will
      expose each set of microimages carried by emulsion 18 to an aperture 17,
      with attendant projection on the screen 10. With the FIG. 5 construction,
      each lensette 21 may be provided with a corresponding light pipe 24. The
      opaque coating 56 on the bottom of screen block 52 is replaced with an
      opaque mask having apertures 58 of the same size as shown, the mask
      undergoing sliding (indexing) motion with respect to the stationary
      microfiche and screen and positioned between them. Again, each set of
      microimages carried by the microfiche is sequentially exposed through mask
      openings 52 for projection onto the viewing screen. The opaque coatings 51
      (FIG. 5), as before, inhibit cross-talk (overlapping of projected images).
      However, the septa 12 of FIG. 2 and 60 of FIG. 5 are omitted in the
      movable mask embodiment.
PAR  It will be noted that upon changes in dimensions of the lensfiche 20 due to
      either temperature or humidity fluctuations, the optical registry between
      the emulsion-carried intelligence and the lensettes 21 will not be
      disturbed. They will both suffer or undergo the same displacement.
PAR  An embodiment will now be described wherein the lensfiche is illuminated
      from the top or front, in distinction to bottom or rear lighting as in the
      previously described constructions. By reference to FIG. 5, for example, a
      rear lighting mode requires both lensfiche surfaces to be transparent.
      Further, the location of the light pipes adds thickness to the entire
      reader ensemble since they require space on the side of the lensfiche
      opposite the viewing screen.
PAR  FIG. 8 illustrates such a front lighting embodiment.
PAR  Referring now to FIG. 8, the numeral 82 represents one of a plurality of
      light-pipe elements which lie in troughs in the bottom surface of
      transparent plastic plate 52. The light-pipe 82 is preferably externally
      coated so as to produce total internal reflection. Similarly, the surface
      and end of the trough in which the light-pipe 82 is positioned may be
      mirrored. As indicated by the arrows coming from the left in FIG. 8, light
      passing down light-pipe 82 is reflected at the end of the tube and into
      one of the lensettes 21. This light continues through fiche 20 until
      striking the lower portion where the emulsion 18 is located. A portion of
      the light is then reflected upwardly. Of all this light reflected
      upwardly, a portion will define a light cone through the adjacent lensette
      21. Thus, the micro-image immediately below the lensette through which the
      light cone passes, as indicated, is projected onto the screen 54 of the
      plate 52.
PAR  In order to read or scan the next information set, i.e., the next stage for
      example, the fiche 20 is indexed to the left so that the lensette 21
      associated with the illustrated light cone is now the lensette through
      which the light from light pipe 82 passes to illuminate the next adjacent
      micro-image on emulsion 18. As will presently be further explained, each
      aperture 58 of transparent plate 52 has associated therewith an adjacent
      end of a light-pipe 82. The optic axis, as indicated, will remain the same
      while the fiche 20 is indexed to successively read out the information.
PAR  FIG. 9 illustrates one step in fabricating the front or top illumination
      embodiment shown at FIG. 8. Initially, a clear plastic such as methyl
      methacrylate may be coated with a substance having a different index of
      refraction so as to produce total internal reflection. Next, a set of dies
      in the configuration illustrated at FIG. 9 is applied to the top and the
      bottom of a plane methyl methacrylate sheet. The dies being pressed
      together, the result as indicated at FIG. 9 follows. That is to say, the
      plastic sheet which was once plane on both surfaces is now transformed
      into a plastic sheet having a series of regular and longitudinal
      indentations for the purpose of defining the equivalent of individual
      light-pipes. As the next step, the forward end, as viewed at FIG. 9, of
      the light-pipes 82 is cut as indicated to produce a saw-toothed
      configuration as partially indicated at FIG. 10. The ends of these forward
      light-pipes 82 are suitably beveled and coated with a reflecting surface,
      if desired, so that when placed in troughs in the bottom of plate 52 light
      will be reflected downwardly, as indicated at FIG. 8. Again, referring to
      FIG. 9, the outer rearmost end of the light-pipe ensemble is wrapped or
      curled about the indicated axis, it being recalled that the light-pipe
      ensemble is flexible. This results in the roll 80 shown at FIG. 11, with
      the individual series of saw-toothed sets of light-pipes 82 placed in the
      indicated bottom of plate 52.
PAR  FIGS. 12 and 13 indicate the trough formation in the bottom of plate 52,
      and show that as the distance to the ends of the saw-teeth is increased,
      the number of individual light-pipes 14 which abut reflecting surfaces
      decreases. FIG. 14 illustrates how the various ends of the individual
      light-pipes 82 abut the ends of the troughs in plate 52.
PAR  Reference now to FIG. 15 will further illustrate the front or top lighting
      embodiment. The ends of the individual light pipes 82 are denoted by the
      numerals 86, 88, 90 and 92. The adjacent lensettes 21, through which the
      reflected light passes upwardly for projection on screen 54, are
      designated by numerals 94, 96. As indicated, the lensettes 21,
      corresponding to apertures 58, through which the projections are made are
      spaced 100 mils apart, their being 25 4 .times. 4 micro-image storage
      areas on the emulsion 18 between the apertures 58 through which the
      projection proceeds.
PAR  FIG. 16 further illustrates a construction wherein top or front lighting is
      employed. FIG. 16 may be viewed as a further stage in the construction
      partially illustrated at FIG. 11. In FIG. 11, only half of the plate 52 is
      illustrated as provided with the illuminating light-pipes 82. In FIG. 16,
      both sides of the plate 82 are provided with a roll 80. As indicated at
      FIG. 16, the top ends of the two rolls 80 are illuminated as indicated,
      the top ends defining a plurality of parallel light-pipe ends arising
      through the process indicated by wrapping at FIG. 9.
PAR  Reference to FIGS. 17 and 17a illustrates still another embodiment, wherein
      motion of the microfiche is not necessary for readout. In lieu of light
      pipes illuminating the rear of the microfiche, a grid of light emitting
      diodes (LED) may be employed, with one LED beneath each lensette. The mask
      56 and apertures 58 may then be omitted from the embodiment of FIG. 5, and
      a consideration of FIG. 5 shows that by placing such a grid beneath a
      (stationary) microfiche 20, in lieu of light pipes, each LED in the grid
      will illuminate a corresponding and unique microimage in emulsion 18 and
      associated lensette 21. By energizing different sets of LEDS in the grid,
      as indicated by the several switch positions, different sets of
      microimages may be illuminated for projection through the lensettes and
      onto the viewing screen. By this substitution of LEDs for the light pipes,
      no movement between the microfiche and screen or between the (omitted)
      mask and microfiche is required for readout. FIG. 17a illustrates,
      schematically, a single LED of the grid.
PAR  In each of the described embodiments the actual scale has not been shown in
      all cases because of drawing size limitations. The same holds true for the
      number of lensettes between several of the mask apertures. In some cases
      angles have been greatly exaggerated for the purpose of clarity.
CLMS
STM  I claim:
NUM  1.
PAR  1. A microfiche reader for projecting and viewing micro optic information,
      including,
PA1  a. a viewing screen,
PA1  b. an apertured mask spaced from said screen and parallel thereto,
PA1  c. means for supporting a microfiche having optically active elements, said
      microfiche being parallel to said viewing screen and spaced therefrom,
PA1  d. means to illuminate said microfiche and project micro images thereon
      through said mask apertures and thence onto said viewing screen,
PA1  e. means for preventing overlapping of projected micro images on said
      screen, said means defined by opaque septa positioned between said screen
      and said apertured mask.
NUM  2.
PAR  2. The microfiche reader of claim 1 wherein said septa divide the space
      between said screen and said apertured mask into a plurality of cells,
      there being one such cell for each of said apertures in the mask, said
      septa being normal to said screen.
NUM  3.
PAR  3. The micirofiche reader of claim 1, including:
PA1  a. a microfiche positioned adjacent said apertured mask,
PA1  b. said microfiche defined by a transparent sheet carrying a plurality of
      optically active elements, each of which is adapted to function as a
      projecting lens, the bottom surface of said microfiche carrying thereon
      micro images, each micro image optically aligned with one of said
      optically active elements,
PA1  c. each aperture of said mask being aligned with an optically active
      element of said microfiche,
PA1  d. the number of optically active elements being greater than the number of
      apertures in said mask.
NUM  4.
PAR  4. The microfiche reader of claim 1 wherein said (d) means is defined by a
      plurality of side-by-side, touching light pipes adapted to project light
      through a fiche having optically active surfaces, at said surfaces, thence
      through said mask apertures onto the screen.
NUM  5.
PAR  5. The microfiche reader of claim 4 wherein said (d) means is defined by a
      plurality of light pipes carried by the lower portion of said viewing
      screen and having means at the ends thereof for projecting light
      downwardly and away from said viewing screen, whereby light may be
      projected downwardly through one surface of an optically active element of
      a microfiche to illuminate a micro image carried thereby on an opposite
      surface.
NUM  6.
PAR  6. The microfiche reader of claim 4 wherein each of the illuminating light
      output ends of said light pipes project light onto a relfecting surface,
      to thereby illuminate a single micro image of a microfiche, the reflecting
      surfaces being spaced from each other, said light pipes being supported by
      a plate.
NUM  7.
PAR  7. A microfiche reader including,
PA1  a. a viewing screen,
PA1  b. a support for a microfiche, said support being generally parallel to
      said viewing screen,
PA1  c. means to illuminate a microfiche placed on said support, said means
      defined by a matrix of light sources coupled to enable predetermined
      sub-sets thereof to be energized,
PA1  d. said light sources defined by light emitting diodes, said diodes having
      switching circuits to enable predetermined sub-sets only of said diodes to
      be energized, thereby permitting selected information sets carried by a
      microfiche to be projected to a viewing screen,
PA1  e. means for preventing overlapping of projected micro images on said
      screen, said means defined by opaque septa positioned between said screen
      and said microfiche support.
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ABST
PAL  An apparatus for producing a multiplicity of projection light images in
      which the ideal planes of said images are adapted to be parallel to the
      screen by permitting a projection lens, a photographic transparency and a
      light source filament constituting part of one of a plurality of
      projection systems to be oriented with respect to a reference axis
      perpendicularly intersecting the screen in such a manner that the optical
      axis of the projection lens is parallel thereto, and the transparency and
      filament are perpendicular thereto. In this manner uniform distribution of
      illuminance of projection light on the screen is effected throughout the
      entire screen area.
BSUM
PAR  This invention relates to an apparatus for producing a photographic image
      with the desired gamut of colors by superimposing a plurality of
      image-bearing of colored projection light on a screen.
PAR  The arrangement of a plurality of projectors is known which constitute a
      projection system for producing a color photographic image of an object by
      superimposing images projected on a screen by the projectors through
      colored filters in the three primaries from positives made from negatives
      which have been taken from the same object in different wavelength regions
      for the purposes of detecting pollution and researching ground resources.
      With such an arrangement, it is highly desirable that the ideal image
      plane for each projector is parallel to the screen.
DRWD
PAR  Accordingly it is an object of the present invention to provide an
      apparatus for producing a photographic image with the desired gamut of
      colors by superimposing a plurality of image-bearing beams of colored
      projection light on a screen in which each of the ideal image planes is
      adapted to be parallel to the screen. Other objects, features and
      advantages of the invention will be apparent to those skilled in the art
      by reference to the following description taken in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is, in part, a front section view and, in part, a schematic view of
      an embodiment of the apparatus according to the present invention.
PAR  FIG. 2 is a side view of part of the elements appearing in FIG. 1.
PAR  FIG. 3 is a diagram illustrating a side-by-side, spatial location of the
      three projection lenses and photographic transparencies as viewed from a
      point on the screen of the apparatus in FIG. 1.
PAR  FIG. 4 is a diagram illustrating in detail the arrangement of the elements
      constituting one of the projection assemblies shown in FIG. 1.
PAR  FIG. 5 is a diagram illustrating the arrangement shown in FIG. 4 with a
      modification.
PAR  FIG. 6 is a perspective view of the apparatus according to the invention.
DETD
PAR  As illustrated in the drawings, an apparatus constructed in accordance with
      the present invention, for producing a photographic image with the gamut
      of colors, or with a selected range of colors by superimposing three
      channel images, comprises three transparency holders 1 for receiving three
      transparencies 1.sub.1, 1.sub.2 and 1.sub.3 taken from one and the same
      object in three different three wavelength regions, three projection
      lenses 2 for projecting the channel images, three colored filters 3
      selected for their ability to pass only one of the regions of the visible
      spectrum and adapted for the channel images, a screen 4, two plane mirrors
      5 and 6 disposed perpendicular to each other and arranged in the paths of
      the projection light from the projection lenses so as to direct the
      projection light to the screen as shown in FIG. 1, and three transparency
      illuminating systems each including a filment 7 of a light source lamp, a
      curve surface reflectors 8 of which the center of curvature coincides with
      the filament 7, a condenser lens 9, a heat-shield filter 10 and a field
      lens 11. As shown in FIG. 3, the three projection assemblies composed of a
      projection lens 2, a colored filter, a transparency and an illuminating
      system are disposed side-by-side around a reference axis 12 perpendicular
      to the screen and passing through the center of the screen area, and are
      spaced in such a manner that each of the assemblies is at a short
      equi-distance from the reference axis 12, and the two adjacent ones are at
      an angle of 120.degree. from each other. As shown in FIG. 4, the
      arrangement and orientation of the elements in each assembly are such that
      (1) the optical axis of the projection lens 2 is parallel to the reference
      axis 12; (2) the transparency located between the filter 3 behind the
      projection lens and the illuminating system is perpendicular to the
      reference axis 12; (3) the center of the complete projection lens 2 and
      the center of the transparency holder area define a line 13 passing
      through the point at which the reference axis 12 intersects the screen 4;
      (4) the optical axis of the illuminating system coincides with the
      above-defined line 13; and (5) the direction of the filament 7 is
      perpendicular to the reference axis 12. For convenience of viewing the
      superimposed images on the screen, it is preferred to incline the plane
      mirror assembly 5 and 6 toward the rear at an angle, .theta., with respect
      to the horizontal plane, so that the screen may be mounted on the top of
      the desk of the apparatus case as rearwardly inclined at an angle of
      2.theta. as shown in FIG. 6.
PAR  With the apparatus of the construction described above, the images of the
      transparencies illuminated by the illuminating systems are projected
      through the filters 3 by the projection lenses 2 onto the screen 4 after
      has been reflected from the plane mirrors 5 and 6, so that image-bearing
      beams of colored projection light are superimposed on the screen to
      produce a color photographic image, whether the produced image on the
      screen is in the gamut of colors, or in a selected range of colors being
      dependent upon the combination of the selected colored filters. When the
      superimposed images are offset from one another due to the translational
      and angular deviations, magnified image size differences and imperfect
      focussing, according to the invention, firstly the correction of the
      longitudinal and laternal axis offsets and angular offsets of the
      superimposed images, i.e., the so-called sequential registration of the
      images is performed; secondly the projection lens and transparency in the
      same assembly are moved in a predetermined fixedly spaced relationship to
      each other together with the illuminating system along the line 13 to make
      the size of the magnified image become equal to that of the other images;
      and finally the focussing is made by moving the projection lens along its
      optical axis.
PAR  In order to effect the uniform distribution of illuminance of each
      projection light on the screen throughout the entire screen area,
      according to the invention, while the center line of the projection
      assembly, i.e., the above-defined line 13, is inclined at some degrees
      from the reference axis 12 perpendicular to the screen, the projection
      lens 2, the transparency and the filament are permitted to be oriented
      with respect to the reference axis in such a manner that the optical axis
      of the projection lens is parallel thereto, and the transparency and
      filament are perpendicular thereto, with the result that an image 14 of
      the filament produced at the exit pupil of the projection lens 2 by the
      lenses 9 and 10 is parallel to the optical axis of the projection lens,
      thereby the image 14, transparency 1 and screen 4 are positioned in
      parallel to one another on the same axis line 13 to provide an extremely
      improved uniform illumination distribution on the screen over the prior
      art. Moreover, the coincidence of the optical axis of the illuminating
      system with the line 13 facilitates the aberration correction of the
      illuminating system, thereby giving an added advantage of producing
      projection light with the more uniform intensity over the entire
      transparency frame.
PAR  It has been the prior art as, for example, in the image size adjustment to
      move the projection lens and the transparency as a unit along the optical
      axis of the projection lens. The prior art method for image size
      adjustment in this manner causes the center portion of the superimposed
      images to be out of registration, so that additional sequential
      registration in the longitudinal and lateral directions must be performed.
      Such a disadvantage is not encountered in the present invention, because
      the assembly of the projection system is moved along the line 13 not along
      the optical axis of the projection lens to effect image size adjustment,
      and the focussing is made by imparting axial movement to only the
      projection lens.
PAR  Referring now to FIG. 5, the upper or lower portion of the filament 7 in
      the illuminating system shown in FIG. 4 may be cut off at the point at
      which it intersets the line 13. In this case, that portion of the light
      energy emitted by the heated filament which emanates rearwardly to the
      curved surface mirror 8 is focussed at the position of the cut off
      filament 7', so that the light energy of the heated filament is
      efficiently used for projection, or otherwise, the rearwardly emitted
      portion of the light energy is prohibited by the filament itself from
      forwardly emanating.
PAR  In FIG. 6, a perspective view of the apparatus of the present invention
      appears. Numeral reference 16 indicates a space in which the three
      projection assemblies with the downwardly disposed attitude may be mounted
      on the right hand upper corner on the desk of the apparatus housing. On
      the left side of the projection assemblies, the screen 4 may be mounted as
      rearwardly inclined from the horizontal plane to permit comfortable
      continuous viewing of the screen by an observer while carrying out the
      necessary operations such as sequential registration, size adjustment and
      focussing of each of the superimposed images. Further the screen may be
      mounted as rearwardly displaced at a distance, l, from the position of the
      projection assemblies 16 to provide on the right hand lower corner an idle
      space 17 in which a panel having control units such as control switches of
      the illuminating systems may be mounted. 15 is a member with a horizontal
      surface and a slanted surface.
PAR  Although only a preferred embodiment of the present invention is shown and
      described in detail, other embodiments are possible and changes may be
      made in the arrangement, construction and form of the elements of the
      apparatus without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for projecting a plurality of pictures on a single screen
      by a plurality of projection lenses, comprising:
PA1  a horizontal surface and a slanted surface with respect to said horizontal
      surface and a screen being disposed in said slanted surface;
PA1  a first standard axis perpendicularly passing through the center of said
      screen;
PA1  a second standard axis perpendicularly passing through said horizontal
      surface;
PA1  a plurality of projection lenses each having an optical axis parallel with
      said second standard axis, and being so positioned as to surround the
      second standard axis portion above the said horizontal surface;
PA1  a plurality of mirror members being provided below said planar members for
      aligning the first standard axis with the second standard axis so that a
      light ray incident to said mirror members along said first standard axis
      would be so deflected as to emerge coincident with the second standard
      axis;
PA1  a plurality of pictures, each of which is perpendicular to an optical axis
      of one of said projection lenses, thus being parallel with the screen; and
PA1  a plurality of illumination optical systems to illuminate each of said
      pictures, each said illumination system having lens means to form an image
      of a filament at a pupil position of a corresponding projection lens, the
      optical axis of each said lens means being slanted with respect to the
      optical axis of a corresponding projection lens and passing through the
      center of the projection lens and the center of the screen.
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ABST
PAL  This invention relates to heat absorbing glass compositions exhibiting
      strain points in excess of 560.degree.C. and transmissions to visible
      radiations suitable for optical applications. Such glasses consist
      essentially of Fe.sub.2 O.sub.3, Na.sub.2 O, Al.sub.2 O.sub.3, SiO.sub.2,
      and P.sub.2 O.sub.5, wherein NH.sub.4 H.sub.2 PO.sub.4 constitutes an
      essential ingredient of the batch.
BSUM
PAR  The heat screen in a slide projector, or other type of light image
      projection apparatus, is a glass element or lens designed to transmit
      light to the film and to protect the film from the intense heat generated
      by the projection lamp or other light source. Indeed, these lenses can
      reach temperatures of 430.degree.C. and higher during operation of the
      projection unit. Such elements have commonly been made from thermally
      tempered, heat absorbing glasses which demonstrate relatively good
      transmission to radiation having wave lengths within the visible portion
      of the spectrum.
PAR  Corning Code 4602, manufactured by Corning Glass Works, which has been used
      extensively for that service, has a strain point of 519.degree.C. and a
      composition, in weight percent as calculated from the batch, of
      approximately 55.8% P.sub.2 O.sub.5, 15.2% Al.sub.2 O.sub.3, 17.9%
      SiO.sub.2, 0.2% Li.sub.2 O, 1.2% Na.sub.2 O, 4.1% ZnO, 1.2% FeO, and 4.4%
      SnCl.sub.2. Unfortunately, the high operating temperature of the
      projection unit gradually changes the stress profile within the glass such
      that, at localized central areas of the lens, the high internal tensile
      stress resulting from the tempering treatment moves near the surface.
      Thereafter, a slight surface defect in close vicinity to the area of
      internal tension or a slight abrasive action on the lens, e.g., resulting
      from cleaning it, can lead to fragmentation or explosion of the lens. To
      counter this breakage problem, it was determined that a glass
      demonstrating the heat absorbing efficiency and the light transmitting
      character of the Code 4602 glass, but having a strain point at least about
      50.degree.C. higher, would be required. Such a glass could operate at
      temperatures at least about 50.degree.C. higher that Code 4602 without
      danger of thermal tempering stresses being relieved.
PAR  Therefore, the principal objective of the instant invention is to provide
      heat absorbing glass compositions exhibiting good transmittance of visible
      radiations and a strain point in excess of about 560.degree.C.
PAR  Heat absorbing glasses in the Al.sub.2 O.sub.3 -SiO.sub.2 -P.sub.2 O.sub.5
      ternary system containing a small amount of ferrous iron (FeO) are known
      to the art as is evidenced by U.S. Pat. Nos. 1,961,603 and 2,194,784. The
      former patent observes that carbonaceous materials may be unsatisfactory
      as reducing agents for iron since yellow-to-dark brown colorations can
      result. Therefore, the patent suggests utilizing low oxidation state
      phosphorous compounds for that purpose, such as calcium hypophosphite and
      iron phosphide. The latter patent discloses melting such glasses under
      oxidizing conditions with either antimony oxide or lead oxide present to
      maintain the iron in the ferrous state.
PAR  U.S. Pat. No. 2,269,494 describes the use of silica-free, aluminophosphate
      glasses containing iron in the ferrous condition as heat screens in film
      projection systems. There is no discussion as to means for maintaining the
      iron in the ferrous state.
PAR  U.S. Pat. No. 2,294,844 discloses the use of aluminum phosphate as the
      primary batch ingredient for aluminophosphate glasses instead of providing
      the phosphate in the form of P.sub.2 O.sub.5 or phosphoric acid as the
      glassmaker was accustomed to do. Other metals could also be added as a
      phosphate, e.g., sodium phosphate.
PAR  U.S. Pat. No. 2,359,789 discloses heat absorbing glasses having high strain
      and softening points making them suitable for heat screens. Such glasses
      lie in the Al.sub.2 O.sub.3 --SiO.sub.2 --P.sub.2 O.sub.5 field and
      contain iron in the ferrous state. Although the oxidation state of iron is
      acknowledged to be critical, no specific teaching for securing it is
      described. Aluminum metaphosphate is declared to be the optimum batch
      source of P.sub.2 O.sub.5. The problems of fuming and frothing of the melt
      when phosphoric acid or ammonium phosphates are utilized as batch
      materials are discussed. In addition, ammonium phosphates are to be
      eschewed since they produce an excessive reducing condition in the melt.
PAR  U.S. Pat. No. 3,746,556 discloses alkali metal aluminophosphate glasses
      which are resistant to chemical attack, particularly attack by fluorides.
      The presence of SiO.sub.2 and B.sub.2 O.sub.3 is to be avoided. The use of
      various phosphate compounds, including ammonium acid phosphate, as batch
      materials is discussed. However, no mention is made regarding heat
      absorbing glasses or any special or unusual function which the ammonium
      acid phosphate provides when compared with the other conventional raw
      material recited therein, including aluminum metaphosphate, phosphoric
      acid, and divalent metal phosphates.
PAR  Heat absorbing glasses having strain points in excess of 600.degree.C. are
      reported in U.S. Pat. No. 3,326,703. These glasses have an
      aluminoborosilicate base and contain iron oxide to provide the desired
      heat absorbing capability. Carbon is utilized as the reducing agent.
      Corning Code 4601 is a commerciallymarketed glass coming within the
      purview of that patent. However, whereas those glasses can be suitable for
      heat shielding windows, their transmittance in the visible portion of the
      spectrum is inadequate for optical applications such as a lens to act as a
      slide projector heat screen.
PAR  I have found that certain glass compositions consisting essentially, in
      weight percent on the oxide basis, of about 0.5-3% FeO, 0.5-3% R.sub.2 O,
      wherein R.sub.2 O consists of Li.sub.2 O, Na.sub.2 O, and/or K.sub.2 O,
      12-16% Al.sub.2 O.sub.3, 10-30% SiO.sub.2, and 50-65% P.sub.2 O.sub.5 will
      illustrate exceptional efficiency in heat absorbing character, while
      exhibiting very good transmittance in the visible portion of the radiation
      spectrum, and will possess strain points greater than 560.degree.C. Since
      the iron content must be in the reduced state to act effectively as a
      heatabsorbing agent, the presence of a reducing agent in the batch is
      demanded. Of the myriad reducing agents studied, monobasic ammonium
      phosphate (NH.sub.4 H.sub.2 PO.sub.4) proved greatly superior. In general,
      adding about one to three weight percent of the required P.sub.2 O.sub.5
      content as the ammonium phosphate will maintain the iron in the reduced
      state without lowering the strain point of the glass. Up to about 9% of
      the P.sub.2 O.sub.5 content can be added as NH.sub.4 H.sub.2 PO.sub.4
      without adversely affecting the glass properties. However, the use of such
      large amounts does not appear to impart any improved properties to the
      glass. Therefore, since the presence of that material can hazard attack of
      platinum metal which is conventionally employed in melting units for
      optical and ophthalmic glasses, additions thereof will normally be
      confined to those amounts necessary to keep the iron in the reduced state.
PAR  The addition of up to 10% B.sub.2 O.sub.3 can be useful in improving the
      melting and forming behavior of the glass. Also, the inclusion of up to 5%
      ZnO appears, in certain compositions, to improve the melting and forming
      character of the glass while still maintaining the strain point at the
      desired high level. In view of these factors, the preferred glasses of the
      invention will contain small amounts of these two ingredients, normally in
      substitution for part of the SiO.sub.2 content. Sb.sub.2 O.sub.3 may be
      included in its conventional application as a fining agent.
PAR  Table I records a group of glass compositions operable in the instant
      invention expressed in terms of weight percent on the oxide basis. The
      batch materials, other than the required presence of monobasic ammonium
      phosphate (an amount equivalent to yield about 3% P.sub.2 O.sub.5 in the
      cited examples), may comprise any materials, either the oxide or other
      compound, which, upon being melted together, will be converted into the
      desired oxide in the proper proportion. In the following examples, the
      batch ingredients were compounded, blended together in a ball mill to
      assist in obtaining a homogeneous melt, and placed into silica crucibles.
      The crucibles were set in an electrically-fired furnace and the batches
      melted for four hours at 1550.degree.C. The melts were poured into steel
      molds to produce squares about 6 in. .times. 6 in. .times. 1/2 in. and
      these squares transferred to annealers operating at
      600.degree.-700.degree.C.
PAR  Since the batches contained ammonium phosphate, a relatively strong
      reducing agent, contact with platinum should be avoided. However, after
      the batch reactions are completed, and assuming no large excess of
      NH.sub.4 H.sub.2 PO.sub.4 has been included, the melts can be brought into
      contact with platinum. This feature permits the use of platinum refiner
      and delivery systems in commercial melting units such that glass of good
      optical quality can be achieved.
PAR  The physical properties recited were determined in accordance with
      conventional measuring techniques. The appended drawing reports a
      spectrophotometric comparison of the transmittance demonstrated by the
      glasses of the present invention with Corning Code 4601 and Code 4602
      described above in the visible portion of the radiation spectrum. A
      polished section of 5 mm. thickness was employed for each sample. The
      softening point (Soft.), annealing point (Ann.), and strain point (Str.)
      are reported in .degree.C. The coefficient of thermal expansion (Exp.) was
      measured over the range of 25.degree.-300.degree.C. and is recorded in
      terms of .times. 10.sup..sup.-7 /.degree.C. The density (Den.) is recorded
      as g/cm.sup.3.
TBL                TABLE I                                                     
     ______________________________________                                    
     1            2        3        4      5                                   
     ______________________________________                                    
     P.sub.2 O.sub.5                                                           
             57.15    56.5     58.3   57.6   56.7                              
     Al.sub.2 O.sub.3                                                          
             13.68    13.6     14.0   13.8   13.6                              
     SiO.sub.2                                                                 
             25.56    23.5     15.9   26.8   26.4                              
     Na.sub.2 O                                                                
             1.47     1.5      1.5    --     --                                
     FeO     1.13     1.1      1.7    1.1    1.1                               
     B.sub.2 O.sub.3                                                           
             --       --       4.5    --     --                                
     ZnO     --       3.8      3.9    --     --                                
     Li.sub.2 O                                                                
             --       --       --     0.7    --                                
     K.sub.2 O                                                                 
             --       --       --     --     2.2                               
     Soft.   --       786.degree.                                              
                               810.degree.                                     
                                      818.degree.                              
                                             825.degree.                       
     Ann.    645.degree.                                                       
                      613.degree.                                              
                               610.degree.                                     
                                      639.degree.                              
                                             651.degree.                       
     Str.    605.degree.                                                       
                      580.degree.                                              
                               570.degree.                                     
                                      601.degree.                              
                                             614.degree.                       
     Exp.    --        54.9     55     53.5   56.0                             
     Den.    --        2.521    2.5    2.482  2.506                            
     ______________________________________                                    
PAR  It is apparent from the appended drawing that the transmittance of Code
      4601 glass in the visible portion of the spectrum is substantially
      inferior to that of Code 4602 glass and the glasses of the instant
      invention. As has been explained above, the effectiveness of iron as a
      heat absorbing agent, while concomitantly assuring good visible
      transmittance, is dependent upon maintaining it in the reduced state.
      Hence, Corning Code 4602, supra, contains about 5% SnCl.sub.2 as a
      reducing agent. The spectrophotometric curve in the appended drawing
      points up the utility of SnCl.sub.2 for that purpose. Unfortunately,
      SnCl.sub.2 lowers the strain point of the glass and, therefore, cannot be
      considered in the present invention. Additions of various forms of carbon,
      e.g., starch, sugar, etc., resulted in the development of brownish colored
      areas which rendered the glass unsuitable for optical applications.
      Sb.sub.2 O.sub.3, which can act as a reducing agent in certain glasses,
      was found to be essentially ineffective in the composition system of the
      present invention. NH.sub.4 H.sub.2 PO.sub.4 appeared to be unique in
      securing complete reduction of the iron while having a minimal effect upon
      the strain point of the glass. The preferred addition thereof is an amount
      required to provide about 3% P.sub.2 O.sub.5. Additions much in excess of
      that which would provide about 9% P.sub.2 O.sub.5 ought to be avoided
      where platinum will come into contact with the melt.
PAR  In general, the glass compositions will consist solely of the septenary
      FeO--R.sub.2 O--Al.sub.2 O.sub.3 --SiO.sub.2 --P.sub.2 O.sub.5 --B.sub.2
      O.sub.3 --ZnO to achieve the most desirable properties. However, it will
      be appreciated that minor amounts of various compatible metal oxides can
      be tolerated without seriously degrading the characteristics of the glass.
      Such oxides can include, for example, the alkaline earth metal oxides,
      La.sub.2 O.sub.3, ZrO.sub.2, and PbO. Nevertheless, the total of all such
      additions will preferably not exceed about 5% by weight.
CLMS
STM  I claim:
NUM  1.
PAR  1. A batch for a heat absorbing glass exhibiting very good transmittance in
      the visible portion of the radiation spectrum and having a strain point
      higher than 560.degree.C. consisting essentially, by weight on the oxide
      basis, of about 0.5-3% FeO, 0.5-3% R.sub.2 O, wherein R.sub.2 O consists
      of Li.sub.2 O, Na.sub.2 O, and/or K.sub.2 O, 12-16% Al.sub.2 O.sub.3,
      10-30% SiO.sub.2, and 50-65% P.sub.2 O.sub.5, wherein NH.sub.4 H.sub.2
      PO.sub.4 is utilized as a batch ingredient in an amount sufficient to
      provide about 1-9% P.sub.2 O.sub.5.
NUM  2.
PAR  2. A batch according to claim 1 wherein said glass also contains up to 10%
      B.sub.2 O.sub.3 and up to 5% ZnO.
NUM  3.
PAR  3. A batch according to claim 1 wherein said NH.sub.4 H.sub.2 PO.sub.4 is
      utilized in an amount sufficient to provide about 3% P.sub.2 O.sub.5.
NUM  4.
PAR  4. In a light image projection apparatus, wherein said image is produced by
      passing light through a film, comprising a light source and a glass
      element designed to transmit light to said film and to protect said film
      from the heat generated by said light source, the improvement which
      comprises utilizing as said glass element a heat absorbing glass
      exhibiting very good transmittance in the visible portion of the spectrum,
      having a strain point higher than 560.degree.C. and being made from a
      batch consisting essentially, by weight on the oxide basis, of about
      0.5-3% FeO, 0.5-3% R.sub.2 O, wherein R.sub.2 O consists of Li.sub.2 O,
      Na.sub.2 O, and/or K.sub.2 O, 12-16% Al.sub.2 O.sub.3, 10-30% SiO.sub.2,
      and 50-65% P.sub.2 O.sub.5, wherein NH.sub.4 H.sub.2 PO.sub.4 is utilized
      as a batch ingredient in an amount sufficient to provide about 1-9%
      P.sub.2 O.sub.5.
NUM  5.
PAR  5. An image projection apparatus according to claim 4 wherein said glass
      also contains up to 10% B.sub.2 O.sub.3 and up to 5% ZnO.
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PAL  Photoelectrophoretic imaging system having an additional electrode for
      subjecting a film of photoelectrophoretic imaging suspension to an
      electric field at a potential above the corona threshold of the film prior
      to image exposure. The effect of the electric field and resulting current
      causes electrophoretic deposition of the imaging particles in the imaging
      suspension in a uniform layer to thereby eliminate or reduce background
      degradation in the final image formed.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 206,467, filed Dec. 9, 1971, now
      U. S. Pat. No. 3,737,310, which application is a continuation of
      application Ser. No. 863,608, filed Oct. 3, 1069, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an imaging system and more specifically to an
      electrophoretic imaging system.
PAR  In photoelectrophoretic imaging colored photosensitive particles are
      suspended in an insulating carrier liquid. This suspension is then placed
      between at least two electrodes subjected to a potential difference and
      exposed to a light image. Ordinarily, in carrying out the process the
      imaging suspension is placed on a transparent electrically conductive
      support in the form of a thin film and exposure is made through the
      transparent support while a second generally cylindrically shaped biased
      electrode is rolled across this suspension. The particles are believed to
      bear an initial charge once suspended in the liquid carrier which causes
      them to be attracted to the transparent base electrode and upon exposure,
      to change polarity by exchanging charge with the base electrode so that
      the exposed particles migrate to the second or imaging electrode thereby
      forming images on each of the electrodes, by particle subtraction, each
      image being complementary one to the other. The process may be used to
      produce both polychromatic and monochromatic images. In the latter
      instance a single color photoresponsive particle may be used in the
      suspension or a number of differently color photoresponsive particles may
      be used all of which will respond to the light to which the suspension is
      exposed. An extensive and detailed description of the photoelectrophoretic
      imaging techniques as generally referred to may be found in U.S. Pat. Nos.
      3,383,993, 3,384,488, 3,384,565 and 3,384,566, and are hereby incorporated
      by reference.
PAR  In the case of the polychromatic imaging process the imaging suspension
      will contain a plurality of at least two differently colored finely
      divided particles in the carrier liquid each of said particles comprising
      an electrically photosensitive pigment whose principal light absorption
      band substantially coincides with its principal photosensitive response.
      Thus, the pigment represents both the primary electrically photosensitive
      ingredient and the primary colorant for the specific particle in
      suspension. The particles utilized in the polychromatic system preferably
      have intense pure colors and are highly photosensitive. When the
      suspension is exposed to a multicolored image, particles will migrate to
      one electrode in proportion to the intensity of the light which they
      absorb. Thus, upon exposure, particles selectively remain on one of the
      electrodes in image configuration with complementary particles migrating
      to the other of the electrodes in this system. For example, when a mixture
      comprising cyan, magenta and yellow particles is exposed to an image
      whereby yellow light impinged the imaging suspension, the cyan and magenta
      particles will migrate leaving behind an image made up of the yellow
      pigment particles. Similarly, when exposed to a multicolored image
      different colored particles absorb light of their complementary color in
      the appropriate image areas and migrate thereby leaving a full colored
      image behind corresponding to the original.
PAR  Although the above described imaging systems and processes have been found
      to be highly satisfactory one of the more troublesome problems encountered
      has to do with the elimination of background resulting from the migration
      and desposition of unwanted pigment particles. In the case of the
      monochrome imaging process the background deposition plays a more
      noticeable role in its effects upon the resulting image. In the polychrome
      process although not as noticeable the deposition of unwanted pigment
      particles also effects the overall quality of the color image in a
      detrimental manner.
PAR  It is, therefore, an object of this invention to provide an electrophoretic
      imaging system which will overcome the above noted disadvantages.
PAR  It is a further object of this invention to provide a photoelectrophoretic
      imaging process capable of producing high quality images.
PAR  It is another object of this invention to provide a novel
      photoelectrophoretic imaging process.
PAR  Yet still a further object of this invention is to provide a novel
      photoelectrophoretic imaging apparatus.
PAR  It is still a further object of this invention to provide a high contrast
      imaging system.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing object and others are accomplished in accordance with the
      present invention, generally speaking by providing an imaging suspension
      comprising colored photoelectrophoretic imaging particles in an insulating
      carrier liquid. The imaging suspension is interpositioned between at least
      two electrodes one of which is substantially transparent, subjected to a
      potential difference and selectively exposed to a reproducible image by a
      source of activating electromagnetic radiation. The imaging suspension is
      generally coated on the surface of a first transparent electrode in the
      form of a thin film and the exposure made through the transparent
      electrode generally during the period of contact with a second or imaging
      electrode. Prior to image exposure the film of imaging suspension is
      subjected to an electric field by way of still another electrode at a
      potential above the corona threshold of the film thereby establishing the
      necessary corona discharge current which splits or otherwise separates the
      imaging suspension substantially into two layers wherein the
      photoelectrophoretic pigment particles are effectively rendered unipolar
      and are substantially concentrated on the surface of the first electrode
      upon which the suspension is initially coated. Thus, the effect of the
      field and resulting current is to cause an electrophoretic deposition of
      the imaging particles in the form of a uniform film on the respective
      electrode thereby creating in essence a two layered film consisting of
      unipolar particles and vehicle, respectively. The photomigratory particles
      present in the suspension next respond to the exposure radiation in the
      imaging zone to form a visible image pattern at one or both of the
      electrodes, the images being complementary in nature. The imaging
      suspension employs intensely colored pigment particles which serve both as
      the colorant and as the photosensitive material. Additional photosensitive
      elements or materials are not required thus providing a very expedient
      imaging process. The particles respond to light in the regions of the
      spectrum of the principal absorption band with, for example, cyan,
      magenta, and yellow particles responding to red, green and blue light
      respectively. Thus, if a specific pigment is impinged by white light then
      it can be expected to respond to produce an image.
PAR  It has been determined that by subjecting the imaging suspension of the
      present invention to a D.C. corona discharge current of sufficient
      magnitude prior to the imagewise exposure of the suspension that the
      background heretonow experienced in the final image may be effectively
      eliminated. The effect of the electric field and resulting corona current
      is to make the photoconductive particles essentially unipolar prior to
      imaging and to deposit them uniformly on the respective electrode prior to
      exposure so that at high speeds high quality, background free images may
      be produced. When used in the course of the present invention the
      expression "corona threshold potential or voltage"  refers to that voltage
      at which air ionization occurs in the air gap between the particular
      liquid film and the respective electrode surface.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention is further illustrated in the accompanying drawing in which
      there is seen a continuous photoelectrophoretic duplicator comprising a
      transparent injecting electrode 1, an imaging electrode 10 and a
      film-splitting electrode 20. The transparent electrode 1, in the instant
      illustration, is represented as consisting of a layer of optically
      transparent glass 2 overcoated with a thin optically transparent
      electrically conductive layer of tin oxide 3. Tin oxide coated glass of
      this nature is commercially available from Pittsburgh Plate Glass Co.
      under the trade name "NESA" glass. A uniform layer of the imaging
      suspension 5 of the present invention is coated on the surface of the
      transparent electrode by an applicator roller 6 of any suitable design or
      material, such as a urethane coated cylinder, which may rotate in the
      opposing direction, as herein represented, or the same direction to the
      transparent cylinder. The function of the ink applicator is to apply a
      thin film of the imaging suspension from ink sump 7 by way of roller 8 to
      the transparent cylinder. In close proximity to the transparent roller
      electrode 1 is a second rotary electrode 10 having a conductive central
      core 11 which is covered with a layer 12 of material capable of blocking
      D.C. current such as polyurethane, which will be referred to as a blocking
      layer. Although a blocking layer such as this need not be used in the
      system, the use of such a layer is preferred because of the markedly
      improved results which it is capable of producing. A detailed description
      of the improved results and the types of materials which may be employed
      as the blocking layer may be found in U.S. Pat. No. 3,383,993.
PAR  The imaging suspension will consist of a dispersion of specifically
      colored, finely divided photosensitive particles in an insulating carrier
      liquid or vehicle. Any suitable differently colored photosensitive pigment
      particle may be used such as disclosed in U.S. Pat. Nos. 3,384,566 and
      3,384,565. When the system is to be used in its preferred mode in
      conjunction with monochromatic photoelectrophoretic imaging then the
      imaging suspension will contain a plurality of pigment particles in a
      carrier liquid the pigment portion of which provides both the
      photosensitivity and colorant property for the particle. In the case of a
      polychrome system the suspension will contain a plurality of at least two
      differently colored particles having similar properties to those used in
      the monochrome process. Inasmuch as background reduction is the primary
      effect realized in the present system the desired mode of operation is as
      represented by the illustration with imaging occurring at the surface of
      the electrode which contacts only the clear vehicle, that being the
      surface of the imaging electrode. Thus, in a polychrome system the input
      is in the form of a masked color negative such as Kodacolor. In an
      alternate embodiment, the suspension may be coated on the imaging
      electrode as depicted in U.S. Pat. No. 3,427,242, with the appropriate
      biased electrodes added, whereby the color image is produced directly by
      migration of the image particles to the surface of the transparent roller
      electrode. Although not preferred, the latter alternate embodiment
      demonstrates the versatility of the system. If desirable a polychrome
      image may be prepared according to monochrome imaging in registration
      utilizing the proper color separation negatives as disclosed in U.S. Pat.
      application Ser. No. 812,796, filed Apr. 2, 1969 having a common assignee.
      The imaging suspension may also contain a sensitizer and/or binder for the
      pigment particles. The percentage of pigment in the carrier is not
      considered critical; however, for reference purposes it is noted that from
      about 2 to 10 percent pigment by weight has been found to produce
      acceptable results.
PAR  A receiver sheet 13 is driven between cylinders 1 and 10 as represented,
      with an ink image being selectively deposited on the receiver sheet in the
      imaging zone. A reverse image pattern is formed on the NESA glass cylinder
      which is removed at the ink application station. Thus, the applicator
      performs both the ink application and residual image removal steps.
PAR  Located in close proximity to the area of contact between the transparent
      and imaging electrodes is a third electrode designated 20 consisting of a
      conductive central core 21 covered with a layer of a dielectric material
      22. Any suitable dielectric material may be used at this stage of the
      invention. Typical dielectric materials include elastomeric materials such
      as polyurethane elastomer (Disogrin Industries) silicone rubber RTV
      (General Electric Co.); Neoprene, a type of elastomer based on polymers of
      2-chlorobutadiene-1,3; fluorelastomers such as Dow Corning's
      fluorosilicone elastomers and Viton available from duPont; natural and
      vulcanized rubbers; polyvinylfluoride plastics such as Tedlar (duPont) and
      KYNAR (Pennsalt Corp.); polyester plastics such as polyurethane (Witco
      Co.); acrylonitrile polymers such as Hylar (B. F. Goodrich); mixtures and
      copolymers thereof. As the film of imaging suspension 5 coated on the
      surface of the transparent electrode 1 passes beneath the film-splitting
      electrode 20, a D.C. potential is applied to the latter electrode by
      potential source 25. The effect of the resulting field and established
      corona current across the air gap and the imaging suspension is to charge
      substantially all the photosensitive particles present in the imaging
      suspension to the polarity of the charging roller and, in addition, to
      concentrate the particles at the surface of the transparent electrode by
      electrophoretic migration. Thus, a layer of highly concentrated, unipolar
      pigment is deposited on the imaging electrode with a layer of relatively
      clear liquid vehicle above it. When this layered suspension enters the
      imaging zone at the area of contact of the transparent electrode 1 with
      the imaging electrode 10 the layer contacting the potential image support,
      whether it be the electrode surface itself or a sheet-like web positioned
      between the electrode surfaces as herein represented, will be
      substantially free of pigment particles thereby minimizing the possibility
      of contaminating the image support surface. A means 26 for metering the
      ink flow passing between the film-splitting electrode and the transparent
      electrode is included in the system to control total ink film thickness
      and to eliminate ink flooding which otherwise tends to suppress corona
      thereby nullifying the effect of the corona current upon the imaging
      suspension.
PAR  The potential applied to the film-splitting electrode is generally
      maintained at a value above the corona threshold potential for the air gap
      between the liquid film 5 and roller 20. The primary concern is that
      sufficient D.C. corona current be generated to cause the particles in the
      suspension to become unipolar and to establish the two-layered film.
      Voltages effectively applied in the course of the present invention at
      film thicknesses of about 1-2 microns are generally greater than 2,500
      volts. At ink film thicknesses greater than 2 microns the corona threshold
      is generally found to be somewhat greater than 3,500 volts. For maximum
      assurance of the desired effect being obtained, preferred voltages are in
      a range of from about 5,000 to 8,000 volts. The polarity of the potential
      applied to the film-splitting roller is generally maintained at the same
      sense as that applied to the imaging electrode.
PAR  The layered suspension enters the imaging zone between the transparent and
      imaging electrodes where an image is projected into the nip of the rollers
      by way of the first surface mirror designated 39. A field is established
      across the imaging zone as the result of power source 35. Through the
      entire operation the NESA glass roller electrode is connected to ground.
      The receiver sheet 13 represented in the form of a paper web is fed from
      supply roll 36 passes between the glass injecting electrode and the
      imaging electrode and is rewound on take-up roller 37. Fixing of the image
      developed on the surface of the copy web 13 may be accelerated by the
      presence of heating unit 38 which assists in vaporizing the carrier
      component remaining in combination with the colored pigment particles.
PAR  Although the film-splitting roller may be positioned generally at any point
      between where the imaging suspension is coated on the transparent
      electrode and the imaging zone it is preferred that the film-splitting
      roller be located as close as possible to the area of contact between the
      imaging roller and the transparent injecting electrode so as to decrease
      the time for dark discharge of the unipolar particles to occur prior to
      imaging.
PAR  Any suitable insulating carrier liquid may be used in the course of the
      present invention. Typical vehicles include decane, dodecane, tetradecane,
      molten paraffin wax, molten beeswax and other molten thermoplastic
      materials, Sohio Odorless Solvent, a kerosene fraction available from
      Standard Oil Compnay of Ohio, Isopar G a branched chain saturated
      aliphatic hydrocarbon mixture available from Humble Oil Company of New
      Jersey, olive oil, mineral oil, linseed oil, sunflower seed oil,
      cottonseed oil, marine oils such as sperm oil and cod liver oil, silicone
      oil such as dimethyl polysiloxane (Dow Corning Co.), castor oil, corn oil,
      peanut oil, fluorinated hydrocarbons such as Freon (duPont) and compatible
      mixtures thereof.
PAR  A wide range of voltages may be applied between the electrodes in the
      system at which imaging occurs. In the case of the field established
      across the imaging suspension in the imaging zone it is preferred in order
      to obtain good image resolution and density that the field across the
      imaging suspension be at least 5 volts/micron and preferably about 20
      volts/micron or more such as to create an electric field of at least about
      300 volts. The applied potential necessary to obtain the field of strength
      will, of course, vary depending upon the interelectrode gap and upon the
      thickness and type of blocking material used on the respective imaging
      electrode surface. The preferred voltages normally exceed the corona
      threshold at about 3,500 v in order to maintain the desired layering
      effect created by roller electrode 20 and to obviate premature dark
      discharge and background migration of the particles. Voltages as high as
      8,000 volts have been applied to produce images of high quality. The upper
      limit of the field strength appears to be limited only by the breakdown
      potential of the suspension and blocking material.
PAR  When the imaging suspension passes between the transparent electrode and
      the film-splitting roller the particles are unipolarized and driven so as
      to uniformly deposit within the carrier on the surface of the transparent
      electrode thus presenting a two-layered film with the vehicle being the
      most superficial or outermost layer. The imaging suspension is then
      carried into the imaging zone between the transparent electrode and the
      imaging roller. Imaging as carried out in conjunction with the process of
      the present invention will generally be in a negative to positive or
      positive to negative imaging mode. Thus, for purposes of the present
      discussion in order to produce a positive image on the receiver sheet a
      negative image is projected through the imaging suspension at the imaging
      zone. As discussed above, a potential is applied across the imaging
      suspension and as a result of the exposure, the exposed pigment particles
      initially suspended in the carrier liquid and, as a result of the effect
      of the film-splitting roller now uniformly plated on the surface of the
      transparent electrode, migrate upon exposure to the actinic radiation
      through the carrier to the surface of the imaging roller or, in the
      instance of the above described illustration, to the surface of the
      intervening receiver paper sheet. The pigment image formed, whether it be
      on a removable blocking electrode layer attached to the conductive core of
      the imaging roller or, as in the instant illustration, to a receiver copy
      sheet, may be fixed in place, for example by placing a lamination over its
      top surface such as by spraying with a thermoplastic composition, or by
      removal of residual solvent aided by the application of heat, or, if
      desired, the image may be transferred to a secondary substrate to which it
      is in turn fixed. The system herein described produces a high contrast
      monochromatic image or polychromatic image with little or no background
      either in a positive to negative or negative to positive imaging mode.
PAR  If the image is formed directly on the electrode surface (e.g. if the
      intervening receiver sheet is eliminated), it will be found desirable to
      transfer the image from the electrode and fix it on a secondary substrate
      so that the electrode may be reused. Such a transfer step may be carried
      out by adhesive pickoff techniques or preferably by electrostatic field
      transfer while the image is still wet. If the imaging roller is covered
      with a transfer paper sleeve or, as illustrated, a web is passed between
      the contacting surfaces of the transparent and imaging rollers, or if the
      blocking material utilized consists of a removable sleeve, such as Tedlar,
      this sleeve will pick up the complete image on the initial pass and need
      only be removed to produce the final usable copy. All that is required is
      to replace the sleeve with a similar material. In the present
      configuration set out in the illustration, images are produced directly on
      a paper receiving sheet or other substrate with the image formed on the
      NESA or transparent cylinder removed by the action of the ink applicator.
      However, if desired, the image formed on the NESA cylinder need not be
      discarded but may be utilized by offsetting the image from the NESA
      cylinder onto the surface of a conventional receiving sheet, such as
      described above. Any suitable material may be used as the receiving
      substrate for the image produced such as paper as represented in the
      illustration or other desirable substrates. For example, if one desires to
      prepare a transparency the use of Mylar (polyethylene terephthalate) or
      cellulose acetate sheet might be desirable.
PAR  It is to be understood that it is not intended that the structural
      arrangement of the apparatus represented by the illustration be restricted
      to the design as set out herein and all similar configurations which will
      satisfy the requirements of the present invention are contemplated. For
      example, although the imaging electrode or roller is represented as a
      cylinder it may also take the form of a flat plate electrode as may the
      injecting or NESA electrode. Furthermore, depending upon the specific
      configuration of the electrodes in the system and other aspects of the
      system either electrode which participates in the direct imaging step
      could be optically transparent and exposure made through it.
PAR  When used in the course of the present invention the term injecting
      electrode should be understood to mean that it is an electrode which will
      preferably be capable of exchanging charge with the photosensitive
      particles of the imaging suspension when the suspension is exposed to
      light so as to allow for a net change in the charge polarity on the
      particle. By the term blocking electrode or layer is meant one which is
      substantially incapable of injecting charge carriers into the
      photosensitive particles when the particles come into contact with the
      surface of the respective electrode. The use of a blocking layer serves to
      eliminate particle oscillation in the system.
PAR  An additional beneficial effect realized by the introduction of the
      film-splitting roller into the system of the present invention when
      certain pigment suspensions are used such as a phthalocyanine pigment
      suspension is an electroviscous effect whereby the potential applied to
      the film-splitting roller effectively increases the viscosity of the ink
      suspension. This to some extent increases the force of the ink against the
      surface of the film-splitting roller thereby allowing more ink to traverse
      the nip or area of contact between the roller and the transparent
      electrode. Thus, when electroviscous inks are used, the introduction of a
      biased film-splitting roller may also serve, in conjunction with the other
      metering devices used, to control the total ink film thickness presented
      to the imaging zone.
PAR  It is preferred that the injecting electrode be composed of an optically
      transparent material, such as glass, overcoated with a conductive material
      such as tin oxide, copper, copper iodide, gold or the like; however, other
      suitable materials including many semiconductive materials such as a
      cellophane film, which are ordinarily not thought of as being conductors
      but which are still capable of accepting injected charge carriers of the
      proper polarity from the imaging particles under the influence of an
      applied electric field may be used within the course of the present
      invention. The use of more conductive materials allows for cleaner charge
      separation and prevents possible charge buildup on the electrode. The
      blocking layer of the imaging electrode, on the other hand, is selected so
      as to prevent or greatly retard the injection of electrons into the
      photosensitive pigment particles when the particles reach the surface of
      this electrode. The core of this imaging electrode generally will consist
      of a material which is fairly high in electrical conductivity. Typical
      conductive materials including conductive rubber, and metal foils of
      steel, aluminum, copper and brass have been found suitable. Preferably,
      the core of the electrode will have a high electrical conductivity in
      order to establish the required field differential in the system; however,
      if a material having a low conductivity is used a separate electrical
      connection may be made to the back of the blocking layer of the blocking
      or imaging electrode. For example, the blocking layer or sleeve may be a
      semiconductive polyurethane material having a conductivity of from about
      10.sup.-.sup.8 to 10.sup.-.sup.9 ohm-cm. If a hard rubber non-conductive
      core is used then a metal foil may be used as a backing for the blocking
      sleeve. Although a blocking layer need not necessarily be used in the
      system, the use of such a layer is preferred because of the markedly
      improved results which it is capable of producing. It is preferred that
      the blocking layer, when used, be either an insulator or a semiconductor
      which will not allow for the passage of sufficient charge carriers, under
      the influence of the applied field, to discharge the particles finely
      bound to its surface thereby preventing particle oscillation in the
      system. The result is enhanced image density and resolution. Even if the
      blocking layer does allow for the passage of some charge carriers to the
      photosensitive particles it still will be considered to fail within the
      class of preferred materials if it does not allow for the passage of
      sufficient charge so as to recharge the particles to the opposite
      polarity. Exemplary of the preferred blocking materials used are baryta
      paper, Tedlar (a polyvinylfluoride), Mylar (polyethylene terephthalate)
      and polyurethane. Any other suitable material having a resistivity of
      about 10.sup.7 ohms-cm. or greater may be employed. Typical materials in
      this resistivity range include cellulose acetate coated papers,
      cellophane, polystyrene and polytetrafluoroethylene. Other materials that
      may be used in conjunction with the injecting and blocking electrodes and
      other photosensitive particles which may be used as the photomigratory
      pigments and the various conditions under which the process operates may
      be found in the above cited issued patents, U.S. Pat. Nos. 3,384,565 and
      3,384,566 as well as U.S. Pat. Nos. 3,384,488 and 3,383,993.
PAR  It is to be understood that any suitable photosensitive pigment particle as
      identified in the above cited patents may be employed within the course of
      the present invention with the selection depending largely upon the
      photosensitivity and the spectral sensitivity required. Typical
      photoresponsive materials include substituted and unsubstituted organic
      pigments such as phthalocyanines, for example Monarch Blue G, beta form of
      copper phthalocyanine available from Hercules, Inc., quinacridones as for
      example Monstral Red B available from duPont, Algel Yellow
      (1,2,5,6-di(C,C'-diphenyl)-diazoanthraquinone) (C.I. 67300), Irqazine Red,
      tri-sodium salt of 2-carboxyl phenyl azo(2-naphthiol-3,6-disulfonic acid
      (C.I. 16105), 3-benzylidene aminocarbazole, 3-aminocarbazole, Watchung Red
      L (1-4'-methyl-5'-chloroazobenzene-2'-sulfonic acid)-2-hydroxy-3-naphthoic
      acid) (C.I. 15865), a yellow pigment identified as Yellow 96 comprising
      N-2"-pyricyl-8,13-dioxodinaphtho-(2,1-b; 2',3'-d)-furan-6-carboxamide, and
      inorganic pigments such as cadmium sulfide, cadmium selenide, selenium,
      antimony sulfide, arsenic sulfide, zinc oxide and mixtures thereof. The
      imaging suspension may contain one or more different photosensitive
      particles each having various ranges of spectral response.
PAC  PREFERRED EMBODIMENTS
PAR  To further define the specifics of the present invention the following
      examples are intended to illustrate and not limit the particulars of the
      present system. Parts and percentages are by weight unless otherwise
      indicated.
PAR  In the following examples the NESA electrode consists of a 6 inch diameter
      Pyrex glass cylinder concentric to about 0.001 inch with a conductive tin
      oxide coating. The imaging or blocking electrode consists of a 4 inch
      diameter conductive steel core with a 1/4 inch thick layer of polyurethane
      forming the blocking layer. The film-splitting (background control)
      electrode consists of a 1/2 inch diameter aluminum core covered with a 1/4
      inch layer of polyurethane.
PAC  EXAMPLE I
PAR  A cyan ink suspension consisting of 4.0 grams x-phthalo-cyanine, 2.0 grams
      tricresyl phosphate (TCP), 0.05 grams beta carotene and about 160 cc's
      sperm oil is supplied to a tin oxide coated glass cylinder from a urethane
      sponge. The film of imaging suspension is metered to a thickness of about
      3 microns. As the film passes the nip between the film-splitting roller
      and the NESA electrode a potential of about +7,000 volts is applied across
      the imaging suspension. As the imaging suspension proceeds to the nip
      between the NESA and imaging electrode a negative image is projected into
      the imaging zone. A field of about +8,000 volts is developed across the
      imaging suspension during exposure. A 500 watt quartz iodine light source
      illuminates the film negative. The light passes through an optical system
      and is projected into the nip by way of a first surface mirror. Cyan
      pigment particles are selectively deposited onto a paper receiver sheet in
      the imaging zone. The x-phthalocyanine is prepared according to the
      process set out in U.S. Pat. No. 3,357,989, issued Dec. 12, 1967 and
      having a common assignee. High quality low background images are obtained
      with a character density of 1.2, and a background density of 0.01, at an
      operating speed of about 7 inches/second. The above procedure is repeated
      with the film-splitting roller disconnected. Background is now observed to
      be 0.3, image density still about 1.2.
PAC  EXAMPLE II
PAR  The process of Example I is repeated with the exception that a magenta ink
      suspension consisting of 8.0 grams Monastral Violet, 2.0 grams of TCP,
      0.05 grams of beta carotene and 106 cc's sperm oil. The film is coated to
      a thickness of about 4 microns. The potential applied to the
      film-splitting roller is about +8,000 volts. Operating speed is about 5
      inches/second. Again a low background magenta image is formed on the
      surface of the paper receiver sheet which passes between the nip of the
      NESA and imaging electrodes. Image density is about 1.0, background
      density measures 0.02. The Monastral Violet is commercially available from
      E.I. duPont de Nemours & Co.
PAR  The above procedure is repeated with the film-splitting roller
      disconnected. Background is now observed to be 0.4, image density still
      about 1.0.
PAC  EXAMPLE III
PAR  The process of Example I is repeated with the exception that a yellow ink
      suspension comprising 20 grams Shepherd Golden Yellow No. 55, 2 grams TCP,
      0.05 grams beta carotene and 106 cc's Sohio Odorless Solvent is
      substituted for the cyan imaging suspension. The film-splitting roller has
      a potential of about -6000 v and the imaging roller a potential of about
      -7000 v. The yellow pigment is commercially available from the Shepherd
      Chemical Company. Operating speed is about 5 inches/second. A high
      quality, low background yellow image is obtained having a background
      density of 0.01.
PAR  The above procedure is repeated with the film-splitting roller
      disconnected. Background is now observed to be 0.25, image density still
      about 1.2.
PAC  EXAMPLE IV
PAR  The process of Example I is repeated with the exception that a tri-mix
      imaging suspension is utilized in place of the cyan suspension. The
      tri-mix suspension consists of equal amounts of Watchung Red B, a barium
      salt of 1-(4'-methyl-5'-chloro-2'-sulfonic acid)
      azobenzene-2-hydroxy-3-naphthoic acid, C.I. No. 15865, Monolite Fast Blue
      GS, a mixture of alpha and beta metal free phthalocyanine, available from
      Arnold Hoffman Co., C.I. No. 74100 and a proprietary yellow pigment
      N-2"-pyridyl-8,13-dioxodinaphtho- (2,1-b; 2', 3'd) furan-6-carboxamide,
      more fully defined in U.S. Patent application Serial No. 421,281 now U.S.
      Pat. No. Re. 27,117 having a common assignee, in mineral oil with the
      total pigment constituting about 8% by weight of the imaging suspension.
      The input information is a Kodacolor negative. A positive polychrome image
      is formed on the receiver sheat displaying a low background density of
      0.05 at an operating speed of 2 inches/second.
PAR  Although the present examples are specific in terms of conditions and
      materials used, any of the above materials may be substituted when
      suitable with similar results being obtained. In addition to the steps
      used to carry out the process of the present invention other steps or
      modifications may be used if desirable. For example more than one
      film-splitting electrode may be utilized. In addition, a polychrome image
      may be formed by first preparing color separation negatives of a color
      print and then, utilizing the resulting color separation negatives,
      produce monochrome images of the corresponding colors in registration at
      three separate imaging stations. Alternatively, each image may be
      reproduced and transferred in registration or each image may be produced
      on a single transparent sheet and the resulting imaged sheets placed one
      on top of the other in registration to produce a transparent overlay for
      projection purposes. In addition, other materials may be incorporated in
      the imaging suspension, various different voltages may be applied, film
      thicknesses utilized and the speeds may be varied in a manner which will
      enhance, synergize or otherwise desirably effect properties of the present
      system. For example, various sensitizers may be included in the imaging
      suspension which will enhance the final results.
PAR  Those skilled in the art will have other modifications occur to them based
      on the teachings of the present invention. These modifications are
      intended to be encompassed within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photoelectrophoretic imaging apparatus comprising in combination:
PA1  a. an optically transparent first electrode having a surface capable of
      supporting a layer of imaging suspension thereon;
PA1  b. means for introducing a layer of imaging suspension to the surface of
      said first electrode;
PA1  c. a second electrode mounted in close proximity to said first electrode so
      as to make contact with a surface of a layer of imaging suspension carried
      on said first electrode surface thereby defining a nip having an air gap
      on each side thereof;
PA1  d. means to apply a first potential difference across a layer of imaging
      suspension carried on said first electrode surface between said first
      electrode and said second electrode;
PA1  e. a third electrode mounted in close proximity to said first electrode so
      as to make contact with a surface of a layer of imaging suspension carried
      on said first electrode surface thereby defining a nip having an air gap
      on each side thereof;
PA1  f. means to expose with actinic electromagnetic radiation of an image to be
      reproduced, that portion of a layer of imaging suspension at an area of
      closest proximity of said third electrode and said first electrode;
PA1  g. means to apply a second potential difference across a layer of imaging
      suspension carried on said first electrode surface, between said third
      electrode and said first electrode during said exposure; and
PA1  h. means to cause relative movement between said first electrode and said
      second and third electrodes.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said means to apply a second
      potential difference comprises means to apply a potential difference in
      the range of from 3,500 volts to 8,000 volts D.C.
NUM  3.
PAR  3. Apparatus according to claim 2 further comprising means for advancing a
      receiving member between said first electrode and said third electrode at
      the areas of closest proximity of said third electrode and said first
      electrode.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said first electrode is
      cylindrically shaped having a longitudinal axis and wherein said means to
      expose is positioned to project an image along said longitudinal axis of
      said first electrode into said nip formed between a layer of imaging
      suspension carried by said first electrode and said third electrode.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said means to apply a first
      potential difference comprises means to apply a potential difference above
      the corona threshold for said air gap on each side of the nip formed
      between a layer of imaging suspension carried on said first electrode
      surface and said second electrode.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said means to apply a first
      potential difference comprises means to apply a potential difference in
      the range of from 3,500 to 8,000 volts D.C. and of the same polarity as
      said second potential difference.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein each of said electrodes is a
      rotatably mounted roller.
NUM  8.
PAR  8. Apparatus according to claim 7 further comprising means for rotating
      each of said electrodes in synchronization.
NUM  9.
PAR  9. Apparatus according to claim 1 further comprising means for controlling
      said first potential difference so as to maintain concentration of pigment
      in a layer of imaging suspension carried on said first electrode surface
      relatively constant and at the desired level.
NUM  10.
PAR  10. Apparatus according to claim 1 wherein said second electrode is a
      pre-imaging roller electrode.
NUM  11.
PAR  11. A photoelectrophoretic imaging apparatus comprising in combination:
PA1  a. an optically transparent, flat plate, first electrode having a surface
      capable of supporting a layer of imaging suspension thereon;
PA1  b. means for introducing a layer of imaging suspension to the surface of
      said first electrode;
PA1  c. a second electrode mounted in close proximity to said first electrode
      such that said second electrode can make progressively advancing contact
      with a surface of a layer of imaging suspension carried on the surface of
      said first electrode;
PA1  d. means to apply a first potential difference across a layer of imaging
      suspension carried on said first electrode surface, between said first
      electrode and said second electrode;
PA1  e. a third electrode mounted in close proximity to said first electrode
      such that said third electrode can make progressively advancing contact
      with a surface of a layer of imaging suspension carried on said first
      electrode;
PA1  f. means to expose with actinic electromagnetic radiation of an image to be
      reproduced, that portion of a layer of imaging suspension carried on said
      first electrode at an area of contact of said third electrode and said
      first electrode;
PA1  g. means to apply a second potential difference across a layer of imaging
      suspension carried on said first electrode between said third electrode
      and said first electrode during said exposure; and
PA1  h. means to cause relative movement between said first electrode and said
      second and third electrodes.
NUM  12.
PAR  12. Apparatus according to claim 11 wherein said second electrode and said
      third electrode are rotatably mounted rollers.
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PAL  Apparatus for measuring the surface potential of moving electrostatically
      charged elements uses at least one electrically conducting detector
      mounted on the outer periphery of a grounded roller. An insulated ring
      secured around each end of the roller in an edge contacting relationship
      with the charged element under measurement provides a friction drive for
      the roller and maintains the detector in a spaced and non-contacting
      position from the charged element. As the roller is rotated, the detector
      is alternately exposed to the charged element and to a grounded shell
      arranged in a spaced and non-contacting manner from both the charged
      element and the roller and builds an A.C. voltage on a sampling capacitor.
      The output of the sampling capacitor is connected to a circuit which
      determines the envelope of the A.C. voltage and provides a differential
      D.C. voltage representative of the surface potential of the charged
      element. This D.C. voltage can be used as a control signal in an
      electrophotographic copying machine to control the charging, exposing,
      developing and/or cleaning operations of the machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus for measuring the surface potential
      of electrostatically charged elements.
PAR  2. Description of the Prior Art
PAR  It is known in the art that the surface potential of an electrostatically
      charged element can be measured by placing a conducting probe at a fixed
      distance from the element and connecting the probe, with a capacitor to
      ground. Under these circumstances the relationship between the voltage at
      the surface under measurement (V.sub.s), the voltage at the probe
      (V.sub.p) and the voltage at the capacitor (V.sub.c), is
      ##EQU1##
      WHERE C probe &lt; &lt; C photoconductor.
PAR  By measuring the voltage on the capacitor (V.sub.c) with a conventional
      electrometer, the voltage on the charged surface (V.sub.s) can be
      determined. One practical limitation of the above-described measuring
      apparatus is that the resistance (R) of the electrometer will discharge
      the capacitor (C) so that the time constant (T=RC) must be long enough to
      provide desired accuracy with reasonable reading times. For example, if
      the desired accuracy is 1 percent and a time of 1 second is sufficient to
      read the meter, the time constant (T) must be 100 seconds. This normally
      dictates extremely large values for the resistor (R). Of course, the time
      constant (T) can also be increased by increasing the capacitor (C), but
      this is at the expense of V.sub.p.
PAR  One known technique to reduce the time constant required for accurate
      reading of the electrometer is to periodically chop the signal on the
      probe. By alternately exposing the probe to the electric field of the
      surface under measurement and grounding the probe, an AC voltage is built
      up on the capacitor which can be peak detected to provide a DC voltage
      representative of the voltage on the charged surface. The shorter time
      constant required allows the use of capacitance and impedance values that
      can be obtained through the use of conventional components. A voltage
      measuring apparatus using the above-described signal chopping technique is
      disclosed in U.S. Pat. No. 3,729,675 to Vosteen issued Apr. 24, 1973. To
      provide the periodic grounding of the probe, the Vosteen apparatus
      includes a grounded band attached to the surface to be measured. One
      disadvantage of this arrangement is that the placement of a grounded band
      on the surface of a charged element in situ in a machine is frequently a
      difficult operation. To overcome this difficulty, the element can be
      removed from the machine for measurement on a separate apparatus or,
      alternatively, the grounded band can be included in the manufacture of the
      element itself. The first alternative is time consuming and, more
      importantly, eliminates environmental changes in the machine which affect
      charging of the element. The second alternative increases the cost and
      complexity of the element. Furthermore, a charged element with an integral
      grounded band cannot be used in certain applications. For example, in
      electrophotographic copying machines, a grounded band attached to the
      photoconductive imaging surface would (1) adversely affect the
      triboelectric relationship of the developer mixture; (2) attract the
      receiver sheet used in transfer electrophotography so that the sheet will
      not separate from the photoconductive surface; and (3) short circuit an
      electrically biased development electrode as the grounded band moved past
      such electrode. For these and other reasons, the development of a voltage
      measurement apparatus capable of in situ operation in a machine continues
      to be a problem in the art.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the invention to provide a voltage
      measurement apparatus which can be installed in a machine and used in
      situ.
PAR  Another object of the invention is to provide a voltage measurement
      apparatus for in situ machine use which is compact, inexpensive to
      manufacture and yet thoroughly efficient and reliable in operation.
PAR  These and other objects of the invention are accomplished by providing a
      rotatable probe having at least one electrically conducting detector
      arranged in a spaced and non-contacting manner from the charged surface.
      As the probe is rotated, the detector is alternately exposed to the
      charged surface under measurement and to a grounding member arranged in a
      spaced and non-contacting manner from both the charged surface and the
      probe and builds an AC voltage on a sampling capacitor. The AC voltage on
      the sampling capacitor is then peak detected to provide a DC voltage
      representative of the voltage on the charged surface.
PAR  In accordance with a preferred embodiment of the invention, the voltage
      measurement apparatus comprises a grounded roller with six electrometer
      probes positioned at equally spaced intervals about the outer periphery of
      the roller. Three probes are located at each end of the roller to allow
      side-to-side readings of a moving, electrostatically charged film. An
      insulated ring is secured around each end of the roller in a contacting
      relationship with the charged film so as to provide a friction drive for
      the roller. The two rings also maintain a fixed distance between the
      probes and the charged film. Grounding of the probes is accomplished by
      surrounding the roller with a grounded shell having a slit therein
      dimensioned to expose only two probes at a time to the charged film. The
      probes are connected to a circuit including a sampling capacitor, an
      amplifier and a peak-to-peak detector whose output signal is
      representative of the voltage on the film.
PAR  The apparatus of the invention provides accurate voltage measurements by
      minimizing the problems of distance sensitivity and amplifier drift
      associated with many electrometers. The high accuracy and in situ
      capability of the voltage measurement apparatus permits precise charging
      control of dielectric elements, a feature of critical importance in high
      volume electrophotographic copy machines.
PAR  The invention and its objects and advantages can be best understood from
      the ensuing description of the preferred embodiment, reference being made
      to the accompanying drawings wherein like reference numerals denote like
      parts.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating an electrophotographic copying
      apparatus in which the present invention is particularly useful.
PAR  FIG. 2 is a perspective view of a voltage measurement apparatus constructed
      in accordance with a preferred embodiment of the invention;
PAR  FIG. 3 is a schematic diagram of a circuit used in connection with the
      apparatus of FIG. 2; and
PAR  FIGS. 4A, 4B and 4C are graphs showing the voltage applied to the surface
      under measurement and the voltage outputs of two components of the circuit
      of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the detailed description of the preferred embodiment which follows, the
      invention is described in connection with an electrophotographic film used
      in an electrophotographic copying machine. It is to be understood,
      however, that the apparatus of the present invention could be used with
      equal facility and advantage to measure the surface potential of other
      electrostatically charged elements and, therefore, that the following
      description of apparatus related to but not forming part of the invention
      is provided for illustrative purposes only.
PAR  Referring now to FIG. 1, a typical electrophotographic copying machine
      wherein the invention has particular utility is shown to comprise an
      endless electrophotographic recording element 102 which is driven about
      rollers 103 and 104 along a predetermined endless path by a motor 105, the
      latter being coupled with one of the rollers by means (not shown). The
      endless recording element 102 generally comprises a photoconductive
      coating 106 which is provided with an electrically grounded conductive
      backing 108. Disposed along the path are the various electrophotographic
      stations which serve to form a toner image of the document being copied
      upon the outer photoconductive surface 106 of the recording element 102.
      The recording element first passes a station 110 having apparatus for
      producing a uniform electrostatic charge upon the photoconductive coating
      106. A suitable apparatus is a corona apparatus comprising a plurality of
      wires 112 spaced from the photoconductive coating 106 and connected to a
      voltage source 113. When a sufficiently high voltage is applied to the
      wires 112, a corona discharge issues therefrom and deposits charge
      particles (shown for the purposes of illustration as negative charges)
      upon the photoconductive coating 106. Upon being uniformly charged, the
      charge bearing recording element 102 is advanced past an exposure station
      114 where it is imagewise exposed to actinic radiation in accordance with
      the light and dark areas of the original document. The imagewise exposure
      serves to selectively dissipate the uniform charge on the photoconductive
      coating 106 to form an electrostatic latent image corresponding to the
      indicia on the original document. Such imagewise exposure can be
      accomplished by projecting a light image from a projector 115 having a
      photographic transparency 116 in the aperture thereof, a projector bulb or
      other source of illumination 117 connected to a voltage source 118 and a
      lens system 119. Development of the electrostatic latent image is
      accomplished as that portion of the recording element 102 bearing such
      image passes a development station 120 where it is subjected to an
      electrophotographic developer. For this purpose there is provided a
      magnetic brush unit including a rotatable aluminum sleeve 122 surrounding
      position adjustable magnets 124 and a motor 126 for rotation of the
      sleeve. The brush is mounted in a housing 128 electrically insulated from
      ground and is provided with a bias wire 130 through which an electrical
      bias voltage from a voltage source 132 can be delivered to the brush. As
      the brush rotates, it carries with it in bristle formation on the outer
      periphery of the sleeve 122 a quantity of a developer mixture 134
      comprising electroscopic toner particles and magnetic carrier particles.
      During the development process the toner particles are separated from the
      triboelectrically attracted carrier particles by the stronger forces
      associated with the electrostatic image and are deposited on the
      photoconductive coating 106 to form a toner image 136. To replenish the
      developer mixture 134 there is also provided a reservoir 138 for holding
      toner particles. The toner particles are fed from the reservoir 138 into
      the brush housing 128 by vibrating the reservoir 138 with a mechanically
      connected vibrator 140 operated by a voltage source 142. To reuse that
      portion of the recording element 102 bearing the toner image 136 the toner
      image is transferred to a paper receiving sheet 144 on which the toner
      particles can be permanently fused. Such transfer is commonly effected by
      a paper feeding device 145 which feeds sheets of paper from a paper supply
      146 to a transfer station 148 simultaneously with the passage therepast of
      the toner image bearing recording element 102. Transfer station 148
      commonly comprises means for electrostatically charging the paper receiver
      sheet 144 to a potential of opposite polarity to the charge on the toner
      particles so as to attract the toner particles from the surface of the
      recording element 102 to the receiver sheet 144.
PAR  After the toner image 136 is transferred to the paper receiving sheet 144,
      the sheet 144 is peeled away from the recording element 102 as the latter
      passes over small roller 104. The receiver sheet 144 is then fed to a
      fusing station 150 which heat fuses the toner particles to the sheet.
      After image transfer, the recording element 102 is advanced past an erase
      lamp 160 operated by a voltage source 161 which directs a flooding light
      onto the photoconductive coating 106 of the recording element 102. The
      flooding light reduces the charge in the untoned areas of the
      photoconductive coating 106 and thereby decreases the attraction between
      the photoconductive coating 106 and the residual toner particles which
      remain on the recording element 102 after transfer. Finally, the recording
      element 102 is advanced past a cleaning station 152 which readies the
      element 102 for recycling by removing any residual toner particles which
      remain on the photoconductive coating 106.
PAR  As the photoconductive member moves repeatedly through the above-described
      cycle, its charging capability changes. Principal causes of this change
      are photoconductor fatigue and varying ambient temperature and humidity
      conditions. To produce copies of uniform high quality, it is, therefore,
      necessary to have precise control of the chargeing of the photoconductor
      member.
PAR  Referring now to FIG. 4, there is shown an apparatus 10 for measuring the
      amplitude of an electrostatic charge borne on a photoconductive film or
      web 102 driven (by means not shown) around a roller 18 in the direction
      indicated by arrow A. The apparatus 10 includes a roller 14 maintained at
      earth or ground potential. Installed about the outer periphery of the
      roller 14 are six electrically conducting probes 16. Advantageously, the
      six probes form three probe pairs, 16a and 16b; 16c and 16d; and 16e and
      16f, respectively, positioned at equally spaced intervals around the
      circumference of the roller 14. The use of probe pairs allows side-to-side
      voltage readings of the charged photoconductive film 102 so that voltage
      gradients across the width of the film can be detected. It is to be
      understood, however, that the probe pairs could be replaced with a single
      probe if the side-to-side voltage reading capability is not desired.
      Furthermore, the number of probes or probe pairs can also be varied
      depending upon the size of the roller and the degree of charging control
      desired.
PAR  As shown in FIG. 2, the two opposed probes of each probe pair extend
      parallel to the longitudinal axis of the roller 14 from opposite ends of
      the roller to a point just short of the roller center. Leads 22 connect
      the three probes extending from each end of the roller 14 with a strip 20
      of electrically conducting material formed in the shape of a circle and
      positioned in each end surface of the roller 14 concentrically about the
      longitudinal axis of the roller. Only the strip 20 at the right-hand end
      of the roller 14 is shown in FIG. 2. As the roller rotates, each
      conducting strip 20 contacts a silver contact 24 which transmits the
      voltages sensed by the three probes 16a, 16c and 16e or 16b, 16d and 16f,
      through a conductor 26, isolated by an insulator 27, to a circuit
      illustrated in FIG. 2 and described in detail in a later portion of the
      specification.
PAR  The drive for the roller 14 is provided by two insulated rings 28 secured
      around the circumference of the roller 14 so as frictionally contact the
      opposite edges of the photoconductive film 12. Thus as the photoconductive
      film 12 moves in the direction of arrow A around the roller 18, drive is
      transmitted to the rings 28 which in turn drive the roller 14 in the
      direction of arrow B. The rings 28 also maintain a fixed distance between
      the probes 16 and the photoconductive film 102 which is supported on its
      backside by the transport roller 18.
PAR  Surrounding the roller 14 is an electrically grounded shell 30 slit along
      its length so as to expose only one probe pair at a time to the charged
      photoconductive film 102.
PAR  The circuit shown in FIG. 2 includes a sampling capacitor 32 coupled in
      parallel with a load resistor 33. The output of the capacitor 32 is fed to
      the positive input terminal of a FET operational amplifier 34. The output
      of the amplifier 34 is fed back to the negative input terminal of the
      amplifier through a feedback loop 40 comprising diodes 38 and 39 and
      resistor 42 and, through a series output resistor 50 to a peak to peak
      detector 36 comprising diodes 47 and 48, capacitors 52 and 53 and
      resistors 44 and 45. It is to be noted that one circuit is provided for
      the three probes 16a, 16c and 16e at one end of the roller and a second
      circuit is provided for the probes 16b, 16d and 16f at the opposite end of
      the roller. Since the two circuits are identical, the operation of the
      apparatus 10 will be described hereinbelow with regard to the circuit
      connected to probes 16a, 16c and 16e, it being understood that the circuit
      connected to the probe 16b, 16d and 16f operates in the same manner.
PAR  When the roller 14 rotates, the probes 16a, 16c and 16e are exposed to the
      charged photoconductive film 102, which in FIG. 4A is illustratively shown
      as being charged to a negative voltage of 500 volts in increments of 100
      volts. When the probes 16a, 16b and 16e are exposed to the charged
      photoconductive film 102, they charge the sampling capacitor 32 to a
      potential given by the equation
      ##EQU2##
      Where V.sub.p = probe voltage
PA1  V.sub.c = capacitor voltage
PA1  V.sub.s = the voltage on the surface of the photoconductive film
PA1  C = capacitance
PAR  However, when one of the probes is exposed to the film 102, the remaining
      two probes are exposed to the grounded shell 30. The effect of the two
      probes exposed to the grounded shell 30 is to parallel the sampling
      capacitor 32. The probes have a finite capacitance, however, it is
      typically much smaller than the capacitance of the sampling capacitor 32,
      so that its effect can be readily compensated for in the calibration of
      the apparatus 10.
PAR  As the probes 16a, 16c and 16e are alternately exposed to the charged
      photoconductive film 102 and the grounded shell 30, a D.C. voltage in
      addition to the A.C. voltage is built up on the capacitor 32. If the
      magnitude of the surface potential (V.sub.s) of the element being measured
      is reduced, a finite amount of time must be allotted for this D.C. voltage
      on the capacitor 32 to decrease to the point where the incoming A.C.
      voltage is again bipolar. To provide accurate circuit performance, it is
      necessary, therefore, to select values for the sampling capacitor 32 and
      the load resistor 33 that allow the incoming signal to quickly reach
      equilibrium.
PAR  The output of the amplifier 34 is fed to the peak to peak detector 36
      through a series resistor 50. The resistor 50 limits the current to the
      peak to peak detector and provides a closer match between the charging and
      discharging constant of the peak to peak detector capacitors 52 and 53.
      The peak to peak detector 36 determines the envelope of the A.C. signal
      produced by the amplifier 34, the positive portion of the A.C. signal
      flowing through diode 48 and capacitor 52 and the negative portion of the
      A.C. signal flowing through diode 47 and capacitor 53. The diodes 38 and
      39 in the amplifier feedback loop 40 compensate for the forward drop of
      the diodes 47 and 48 in the peak to peak detector 36. Ideally, the current
      in the feedback loop 40 should equal the current in both branches of the
      peak to peak detector 36 so that the diodes 38 and 39 and the diodes 47
      and 48 operate at the same point. Advantageously, the diodes 38 and 39 in
      the feedback loop 40 are matched with the diodes 47 and 48 in the peak to
      peak detector 36 so that the apparatus 10 is insensitive to temperature
      variations. The differential D.C. voltage appearing across the outputs 54
      and 55 of the peak to peak detector 36 is representative of the voltage on
      the charged photoconductive film 12. A graph of this differential D.C.
      voltage output is shown in FIG. 4C. By comparing the graphs of FIGS. 4A
      and 4C, it can be seen that the output of the peak to peak detector 36
      closely tracks the voltage applied to the photoconductive film 102. A
      readout measurment of this D.C. differential voltage, if desired, can be
      obtained by connecting an electrometer means 35, for example, a
      conventional multimeter across the outputs 54 and 55.
PAR  The differential D.C. differential voltage appearing across the outputs 54
      and 55 of the peak to peak detector 36 may be utilized as a control signal
      in the above-described electrophotographic copying machine to control the
      magnitude of the uniform electrostatic charge deposited on the
      photoconductive coating 106 at the charging station 110, the brightness of
      the light image projected onto the charged photoconductive coating 106 at
      the exposure station 114, the magnitude and plurality of the bias voltage
      applied by the magnetic brush development unit during development of the
      latent electrostatic image formed on the recording element 102, the
      proportion of toner particles introduced into the developer mixture 134
      and/or the brightness of the flooding illumination directed onto the
      photoconductive coating 106 by the erase lamp 160. For example, the
      voltage can be used to vary the output of voltage source 131 thereby
      varying the voltage applied to a grid 154 closely spaced between the wires
      112 of the corona discharge apparatus and the recording element 102. When
      this voltage is varied, the magnitude of the change actually deposited on
      the photoconductive. coating 106 of the recording element 102 is similarly
      varied, thus providing a limited variation of voltage in the latent
      electrostatic image subsequently produced during exposure. Alternatively,
      the voltage can be applied to the voltage source 118 to vary the voltage
      applied to the filament of the projection bulb 117 thereby varying its
      brightness. Varying the brightness of the projected image varies the rate
      of discharge of the photoconductive coating 106 during exposure.
      Alternatively, the voltage can be utilized to vary the output of the
      voltage source 132 which varies the polarity and magnitude of the voltage
      applied to the bias wire 130. By varying the voltage applied to the
      development brush, the electrical field between the developer mixture 134
      and the photoconductive coating 106 of the recording element 102 is varied
      thereby changing the attraction of the toner particles for the latent
      image. Alternatively, the voltage can be utilized to control the voltage
      source 142 which operates the vibrator 140 to feed toner particles into
      the brush housing 128. By varying the voltage applied to the vibrator 140
      the proportion of toner particles to carrier particles can be increased
      thereby increasing the density of the developed areas of the print or
      decreased thereby decreasing the density of such developed areas.
      Alternatively, the voltage can be utilized to vary the output of the
      voltage source 161 thereby varying the brightness of the flooding
      illumination produced by the erase lamp 160. Varying the brightness of the
      erase lamp 160 controls the discharge rate of the photoconductie coating
      106 at the level required for thorough cleaning without causing excessive
      photoconductor fatigue.
PAR  From the foregoing, the beneficial effects of the present invention are
      readily apparent, a novel voltage measurement apparatus has been disclosed
      which can be permanently installed in an electrophotographic copying
      machine. Another advantage is that by chopping the probe's output signal
      to reduce the input impedance required for the amplifier, the circuit
      remains stable with humidity variations. A further advantage is that
      rotation of the apparatus is accomplished by friction contact with the
      edges of the moving, charged surface under measurement so that no separate
      driving devices are required. Still another advantage is that all signal
      processing is done in an A.C. mode so that the amplifier is insensitive to
      drift or offset with time and temperature.
PAR  The invention has been described in detail with reference to a preferred
      embodiment thereof, but it will be understood that variations and
      modifications can be effected within the spirit and scope of the
      invention. For example, if a chart recorder were substituted for the
      multimeter, the time constant could be shortened to allow a more detailed
      voltage profile along the film length. With the use of a high input
      impedance meter (i.e. greater than 100 megohms) the apparatus could be
      designed without auxiliary electronics.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrometer adapted for in situ operation in a copying machine of
      the type including a recording element which is driven along a
      predetermined path past a plurality of processing stations including
      stations which (1) form a latent electrostatic image on the recording
      element and (2) apply developer particles to the latent image to form a
      visible image, said electrometer comprising:
PA1  a. probe means having at least one electrically conducting detector
      arranged in a spaced and noncontacting manner from the recording element;
PA1  b. a capacitor coupled to said detector;
PA1  c. a grounded shell surrounding said probe means, said shell having an
      aperture therein to expose said detector to the image bearing surface of
      the recording element;
PA1  d. means positioned in frictional contact with the recording element for
      rotating one of said grounded shell and said probe member in response to
      movement of the recording element whereby said detector charges said
      capacitor upon exposure to the recording element to a voltage level which
      is a function of the surface voltage of the recording element and
      discharges said capacitor upon exposure to said grounded shell to produce
      an a.c. voltage on said capacitor;
PA1  e. circuit means coupled to said capacitor for determining the envelope of
      said a.c. voltage and for producing a differential d.c. control voltage
      signal representative of the surface voltage on the recording element; and
PA1  f. means for applying said control signal to at least one processing
      station of the copying machine.
NUM  2.
PAR  2. An electrometer for non-contact determination of the amplitude of the
      voltage of a moving, electrostatically charged surface, said electrometer
      comprising:
PA1  a. an elongated, grounded roller having a probe means mounted on its outer
      periphery, said probe means having at least one electrically conducting
      detector arranged in a spaced and non-contacting manner from the charged
      surface;
PA1  b. means for rotating said roller;
PA1  c. a capacitor coupled to said probe means;
PA1  d. a grounded shell surrounding said roller and arranged in a spaced and
      non-contacting manner from both the charged surface and said probe means,
      said shell having an aperture for exposing said probe means to the moving
      charged surface, said probe means alternately charging said capacitor upon
      exposure to the charged surface to a voltage level which is a function of
      the voltage on the charged surface and discharging said capacitor upon
      exposure to said grounding member to produce an a.c. voltage on said
      capacitor; and
PA1  e. circuit means coupled to said capacitor for determining the envelope of
      said a.c. voltage and for producing a differential d.c. voltage
      representative of the voltage on the charged surface.
NUM  3.
PAR  3. The electrometer according to claim 2 wherein said rotating means
      comprises at least one electrically insulating ring secured around the
      outer periphery of said roller in frictional contact with the charged
      surface, said ring providing a fixed distance between the charged surface
      and said probe means.
NUM  4.
PAR  4. Apparatus for determining the amplitude of the voltage of a moving,
      electrostatically charged surface, comprising:
PA1  a. a grounded roller;
PA1  b. a plurality of probe pairs positioned at equally spaced intervals around
      the outer periphery of said roller, each of said probe pairs comprising
      two opposed electrically conducting detecting members extending in a
      direction parallel to the longitudinal axis of said roller from the
      opposite ends of said roller to the approximate center of said roller;
PAR  c. means operatively associated with said roller for maintaining said probe
      pairs at a fixed distance from the charged surface and for rotating said
      roller in response to movement of the charged surface;
PA1  d. a grounded shell surrounding said roller, said shell having a slit along
      its length dimensioned so as to expose only one probe pair at a time to
      the moving charged surface; and
PA1  e. first and second circuit means, said first circuit means being connected
      to one member of each probe pair and said second circuit means being
      connected to the opposed member of each probe pair, each of said circuit
      means comprising a sampling capacitor and a peak-to-peak detector, said
      detecting members alternately charging said capacitor upon exposure to the
      charged surface to a voltage level which is a function of the voltage on
      the charged surface and discharging said capacitor upon exposure to the
      grounded shell to build an a.c. voltage on said capacitor, said
      peak-to-peak detector being responsive to the a.c. signal on said
      capacitor for producing a differential d.c. voltage representative of the
      voltage on the charged surface.
NUM  5.
PAR  5. The apparatus according to claim 4 wherein each of said circuit means
      further comprises an operational amplifier coupled between said sampling
      capacitor and said peak to peak detector.
NUM  6.
PAR  6. The apparatus according to claim 4 wherein each of said circuit means
      further comprises an electrometer means connected to the output of said
      peak-to-peak detector to provide a measurement representative of the
      voltage on the charged surface.
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PAL  In an electrostatic copier particularly of the microfilm reader-printer
      type an electrically insulating member such as a polyester transport belt
      is provided onto which an uncharged recording sheet is fed so that no
      other holding means is required to position the recording sheet at the
      exposure station, the invention utilizing, at the site of discharging the
      recording sheet onto the transport belt, a conductive electrode which is
      interposed between recording sheet and insulating belt to allow a single
      corona generating device to both apply a surface charge to said recording
      sheet and assemble it onto the transport belt.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrostatic copiers and in particular it
      relates to an improved method of electrostatically charging, transporting
      and positioning for the purpose of exposure an electrophotographic
      recording member in such a copier. Electrostatic copiers are well known,
      and in general operate in such manner that an electrophotographic
      recording member is first electrostatically charged on its sensitive
      surface, following which it is imagewise exposed to form an electrostatic
      latent image thereon which latent image is subsequently developed by the
      attraction thereto of electroscopic marking particles. The
      electrophotographic recording member may typically comprise a paper sheet
      having coated on one side thereof, that is to say on its sensitive side, a
      layer consisting of a photoconductor such as Zinc Oxide embedded in an
      insulating binder material.
PAR  Whilst in many electrostatic copiers the original material being copied and
      the recording sheet move in a synchronous relation during exposure, there
      are other electrostatic copiers in which the recording sheet remains
      stationary during exposure. This is the case for instance in microfilm
      reader-printers where the image contained on a microfilm or microfiche is
      projected in enlarged form onto an electrostatically charged recording
      member.
PAR  A microfilm reader-printer of this kind is described for instance in U.S.
      Pat. No. 3,511,564. This microfilm reader-printer contains a transport
      belt made of an electrically insulating polyester film material. The lower
      run of such belt is disposed in a substantially horizontal plane to form
      an exposure station, and accordingly the optical track is so arranged that
      for exposure purposes an image can be projected onto a focal plane
      coincident with the belt at said exposure station. The electrophotographic
      recording sheet is first electrostatically charged by passing it through a
      set of corona generating devices and subsequently the recording sheet is
      directed through guide means onto the insulating transport belt.
      Additional charging means are provided to establish an electrostatic field
      through which the already charged recording sheet and the lower run of the
      insulating transport belt are passed thereby to electrostatically assemble
      the recording sheet onto the belt so that no other holding means is
      required to position the recording sheet at the exposure station. The
      exposure then is carried out by projecting an image onto the recording
      sheet which is electrostatically held onto the lower run of the insulating
      transport belt which lower run is coincident with the focal plane of the
      projected image.
PAR  It will be seen that there is a disadvantage in the above described method
      in that there is need for one set of corona generating devices for the
      purpose of applying an electrostatic surface charge to the sensitive side
      of the recording sheet as well as for an additional corona generating
      device for the purpose of electrostatically assembling the already charged
      recording sheet onto the insulating transport belt. In this configuration
      it is necessary to use separate corona generating means to apply a uniform
      surface charge to the recording sheet as it is found that the highly
      resistive or insulating nature of the transport belt prevents adequate
      and/or uniform surface charge build-up to occur on the recording sheet
      when only one corona generating device is used for both surface charging
      and assembly.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to overcome the aforesaid
      disadvantage by providing a method whereby one only corona generating
      means is employed to carry out both functions of applying a surface charge
      to the recording sheet and assembling the recording sheet onto the
      insulating transport belt.
PAR  A further object of this invention is to provide a method of controlling
      the degree of adhesion due to electrostatic attraction between the
      recording sheet and the insulating transport belt.
PAR  In carrying this into effect, in accordance with this invention at the site
      of discharging or directing the recording sheet onto the insulating
      transport belt an electrode is interposed between the recording sheet and
      the appropriate run of the insulating transport belt. Such electrode
      serves the purpose of acting as the counter electrode in relation to the
      corona generating means in its function of applying a uniform surface
      charge to the sensitive side of the recording sheet and thus such
      electrode can be either at ground potential or at some appropriate
      potential of opposite polarity to that of the corona generating device,
      depending on the output characteristics of the high tension power supply
      used. The electrode can be advantageously positioned transversely in
      relation to the direction of movement of the insulating transport belt and
      it can be in juxtaposition or in virtual contact with the relevant run of
      such belt. The length of such electrode in the direction transverse to the
      movement of the belt can be at least equal to the width of that portion of
      the recording sheet which is required to be imaged however there may be
      instances where it is desirable to increase or decrease such length of the
      electrode.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The drawings illustrate various means by which the principles of the
      present invention may be utilised for the purpose previously described,
      and although other mechanical configurations may be suggested by those
      versed in the act, it should be understood that we wish to embody within
      the scope of the invention all such modified mechanical configurations as
      reasonably and properly come within the scope of this contribution to the
      art.
DRWD
PAR  Referring to the drawings,
PAR  FIG. 1 represents a charging and transport means in which the interposed
      electrode is in the form of a flat conducting plate, and the corona
      generating means is a shielded double wire corona unit.
PAR  FIG. 2 represents a charging and transport means differing from FIG. 1 in
      employing a triple wire corona generating means, and
PAR  FIG. 3 represents a charging and transport means in which the interposed
      electrode is in the form of a roller used in conjunction with a single
      wire corona generating unit.
DETD
PAR  It will be realised that the corona generating means of FIG. 1 and FIG. 2
      could be used in conjunction with the roller electrode of FIG. 3, and the
      single wire corona unit of FIG. 3 could if desired be used in conjunction
      with the flat plate electrode of FIGS. 1 and 2.
PAR  Referring to FIG. 1 in detail, a charging and transport means with certain
      ancilliary equipment is shown in which rollers 1 and 2 define the path of
      insulating transport belt 3, which is caused to move in the direction
      shown. A flat conductive electrode 4 is placed above insulating transport
      belt 3 in the general location shown. A corona generating means 5,
      containing corona wires 6 and 7 is positioned in a spaced apart relation
      to electrode 4, on the side of electrode 4 opposite to the position of
      insulating transport belt 3. Corona generating means 5 is so positioned in
      relation to electrode 4 that the field of influence of corona wire 6 when
      excited is substantially directed towards insulating transport belt 3,
      whereas the field of influence of corona wire 7 when excited is
      substantially directed towards electrode 4.
PAR  A recording sheet 9 from stack of recording sheets 10 is directed by driven
      rollers 11 and 12 towards deflector plate 13 which directs recording sheet
      9 towards the gap between electrode 4 and corona generating means 5,
      driven rollers 11 and 12 continuing their function of moving the recording
      member 9 forwards until its leading edge contacts insulating transport
      belt 3. Excitation of corona wires 6 and 7, by switching on of high
      voltage power supply 8, causes simultaneous charging of recording sheet 9
      and adhering of recording sheet 9 to insulating transport belt 3 by
      electrostatic attraction. In FIG. 1 the electrode 4 is shown to be
      grounded, but may if desired be at some appropriate potential of opposite
      polarity to that of the corona generating devices; thus in those instances
      in which zinc oxide is used as the photoconductor on the sensitive surface
      of the recording member, the corona voltage will be of negative polarity
      as shown, and the electrode 4 may be at ground potential or at an
      appropriate potential of positive polarity.
PAR  Referring now to FIG. 2, which only illustrates those features necessary to
      define the variation between this embodiment and that of FIG. 1, roller 20
      is one of a pair which defines the travel path of insulating transport
      belt 21, which moves in the direction shown. Electrode 22 is positioned
      adjacent to belt 21 substantially in the position shown. Corona generating
      means 23, containing corona wires 24, 25 and 26, is positioned in a spaced
      apart relation with regards electrode 22, and on the opposite side of
      electrode 22 to that of insulating transport belt 21. Corona wires 24, 25
      and 26 are connected to the negative terminal of high voltage power supply
      27, and electrode 22 is connected to a positive tapping of high voltage
      power supply 27. Corona wire 26 is positioned so that its zone of
      influence when activated is substantially towards electrode 22, whereas
      corona wire 24 is positioned so that its zone of influence when activated
      is substantially towards insulating transport belt 21. Corona wire 25 is
      positioned so that its zone of influence when activated is partly directed
      towards electrode 22 and partly directed towards insulating transport belt
      21. Alteration of the position of electrode 22 along the direction of
      movement of transport belt 21 alters the proportion of charging field
      directed towards electrode 22 and insulating transport belt 21, whereby
      the degree of electrostatic adherence of recording member 28 to insulating
      transport belt 21 may be adjusted as desired.
PAR  In FIG. 3, which illustrates only those features necessary to define the
      variation between this embodiment and those of FIG. 1 and FIG. 2, roller
      30 is one of a pair which defines the travel path of insulating transport
      belt 31, which moves in the direction shown. Electrode 32 in this instance
      is in the form of a roller which can rotate in the direction shown to
      direct recording sheet 36 towards insulating transport belt 31. Corona
      generating means 33, containing corona wire 34, is adjustably mounted to
      enable the zone of influence of corona wire 34, when activated, to be
      directed partly towards electrode 34 and partly towards insulating
      transport belt 31, in adjustable proportions to control the electrostatic
      attraction between recording sheet 36 and insulating transport belt 31.
      Corona wire 34 is connected to the negative terminal of high voltage power
      supply 35, the positive terminal of which is connected to electrode 32 and
      grounded.
PAC  EXAMPLES
PAR  The following examples will serve further to illustrate the principles of
      this present invention.
PAC  EXAMPLE 1
PAR  Using the configuration illustrated in FIG. 1, in which the corona wires
      were positioned 9mm apart from the recording sheet, and a negative
      potential of 4.5kv was applied to the corona wires with the electrode
      grounded, a commercially available photoconductive recording member
      consisting of a paper sheet having coated on its sensitive surface a layer
      comprising photoconductive zinc oxide and an insulating resin binder, and
      containing on its unsensitive or obverse side a solvent barrier layer was
      directed towards the insulating transport belt, so that its obverse side
      contacted the electrode prior to contacting the insulating transport belt.
      Thus the sensitive surface of the photoconductive recording member faced
      the corona wires. Under these conditions, the sensitive surface of the
      recording member was charged to a negative potential of 220 volts and held
      to the insulating transport belt by the electrostatic attraction of a
      surface charge of 1500 volts thereon. The insulating transport belt was
      endless, and comprised a continuous polyester belt, 0.006 inch thick. The
      electrostatic attraction was sufficient to hold the paper at the focal
      plane of a projected image for sufficient time to allow the formation of
      an electrostatic latent image by projection, and the developed image was
      found to be of excellent contrast and definition.
PAC  EXAMPLE 2
PAR  Example 1 was repeated, using the configuration illustrated in FIG. 2.
      Electrode 22 was positioned so that its leading edge was adjacent to the
      center wire of the three corona wires. The photoconductive recording
      member was charged to a negative potential of 220 volts and held to the
      transport belt by the electrostatic attraction of a surface charge of 1500
      volts thereon.
PAC  EXAMPLE 3
PAR  Example 2 was repeated, with the exception that the electrode was moved 1/8
      inch in a direction opposite to that of the movement of the transport
      belt, to allow the establishment of a surface potential of 1700 volts on
      the surface of the transport belt. The negative potential on the
      photoconductive recording member charged under these conditions was still
      found to be 220 volts.
PAC  EXAMPLE 4
PAR  Example 1 was repeated using the configuration illustrated in FIG. 3. The
      rotating electrode was 1/4 inch diameter, and a single wire corona
      charging device was used. Other conditions were as in Example 1, and in
      this instance the photoconductive recording member was also charged to a
      negative potential of 220 volts, but held to the insulating transport belt
      by the electrostatic attraction of a surface charge of 1400 volts thereon.
PAR  Thus it will be seen that the present invention allows the charging the
      positioning of photoconductive recording sheets in a simple and effective
      manner, and further allows simple means for the adjustment of the degree
      of electrostatic attraction between the recording sheet and the transport
      or positioning member to allow for subsequent removal of the recording
      sheet from the transport belt for image development, where such adjustment
      of the degree of electrostatic attraction can be controlled by varying the
      position of the corona generating device in relation to the counter
      electrode to thereby vary the proportion in which the total zone of
      emission influence from the corona generating device is divided between
      that part of the recording sheet which overlies the electrode and that
      part of the recording sheet which overlies the insulating transport belt.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a copying apparatus wherein an electrostatically chargeable endless
      belt made of electrically insulative material is trained over a pair of
      spaced rollers to provide a run forming a flat focal plane defining an
      exposure zone and wherein means are provided to feed an uncharged
      photoconductive recording member, having a sensitive side and a
      non-sensitive side, onto said belt for transport to said exposure zone,
      means for charging said photoconductive recording member simultaneously
      with adhering said non-sensitive side of said photoconductive recording
      member onto said insulative belt, by an electrostatic surface charge
      applied to the belt, said charging means being a single electrical couple
      which itself consists essentially of (1) a corona generating means,
      juxtaposed closely adjacent said insulative endless belt in position to
      charge the belt and (2) an electrode positioned between said insulative
      endless belt and the feed path of said photoconductive recording member,
      said electrode being positioned in virtual contact with said insulative
      endless belt on the same side of the belt as said corona generating means
      and extending transverse to the direction of movement of said endless
      belt, said electrode further being positioned in the feed path of the
      recording member to contact said non-sensitive side of said
      photoconductive recording member before said non-sensitive side of said
      photoconductive recording member is fed on to said insulative endless
      belt, said corona generating means and the electrode being the sole means
      for both charging the belt and the recording member simultaneously.
NUM  2.
PAR  2. In the copying apparatus as defined in claim 1, the provision of said
      electrode in a substantially planar form, mounted transverse to the
      direction of travel of said insulative endless belt.
NUM  3.
PAR  3. In the copying apparatus as defined in claim 1, the provision of said
      electrode as a freely rotating roller mounted transverse to the direction
      of movement of said insulative endless belt.
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PAL  An apparatus adapted to charge an image bearing member to a substantially
      uniform potential. The apparatus controls the area of the surface charged
      on the image bearing member so that it corresponds substantially in size
      to that of a sheet of support material arranged to have a copy of an
      original document reproduced thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an electrophotographic printing
      machine, and more particularly concerns an apparatus which is regulated to
      produce a charged surface area on a photoconductive member corresponding
      in size substantially to that of a sheet of support material arranged to
      have a copy of an original document reproduced thereon.
PAR  A typical electrophotographic printing machine includes a photosensitive
      surface which is electrostatically charged substantially uniformly
      thereover. A light image of the original document being reproduced
      irradiates the charged photosensitive surface. This light image discharges
      the electrostatic charge in the irradiated areas of the photosensitive
      surface. As a consequence thereof, the remaining charge on the
      photosensitive surface forms an electrostatic charge pattern in image
      configuration, i.e. an electrostatic latent image. The electrostatic
      latent image is then developed by contacting it with finely divided
      electrostatically attractable material, i.e. toner particles. The toner
      particles adhere electrostatically to the photosensitive surface in a
      pattern corresponding to that of the latent image recorded thereon.
      Thereafter, the developed image is transferred to the sheet of support
      material, e.g. paper or any other suitable material, such as a
      thermoplastic sheet. The powder image transferred to the sheet of support
      material is subsequently permanently affixed thereto forming a permanent
      print of the original document thereon. This process is more thoroughly
      described in U.S. Pat. No. 2,297,691 issued to Carlson in 1942.
PAR  Multi-color electrophotographic printing is similar to the heretofore
      discussed process. However, each image in the multi-color
      electrophotographic printing process represents a partial single color
      image which corresponds to one color of the original document. Thus, a
      multi-color process requires the utilization of a plurality of single
      color images each adapted to be reproduced with its correspondingly
      complementarily colored toner particles. Accordingly, a color reproduction
      requires a plurality of differently colored toner powder images which are
      superimposed onto the sheet of support material in registration with one
      another, thereby forming a color copy. The formation of the color copy
      from a colored original document requires substantially more toner
      particles than is employed in the creation of black and white copies. This
      substantially increases the risk of contaminating various machine
      components with toner particles.
PAR  A uniform charge potential is applied to the photoconductive surface by a
      corona generating device. Various types of corona generating devices may
      be used in electrophotographic printing. For example, U.S. Pat. No.
      2,836,725 issued to Vyverberg in 1958 and U.S. Pat. No. 2,778,946 issued
      to Mayo in 1957 disclose suitable corona generating devices for use in
      electrophotographic printing. However, regardless of the type of corona
      generating apparatus employed, all of the heretofore utilized devices are
      energized continuously and charge the entire surface of the
      photoconductive member. This results in the non-image areas being
      developed with toner particles. These toner particles must be subsequently
      cleaned from the photosensitive surface and introduce the additional risk
      of contamination.
PAR  In order to alleviate this problem some machines employ inter-image erase
      lamps. An inter-image erase lamp discharges the photoconductive surface in
      the non-image regions This prevents the subsequent development of the
      non-image regions and reduces the waste and contamination resulting from
      the deposition of toner particles in these areas. The employment of an
      inter-image erase lamp introduces an added complexity to the
      electrophotographic printing machine. Inter-image erase lamps generally
      comprise an electro-luminescent panel which must be periodically excited
      by the machine logic to discharge only the selected region of the
      photoconductive surface, i.e. the non-image region.
PAR  Other prior art devices have been employed wherein a photoconductive copy
      sheet is employed to actuate a high intensity lamp and a corona generating
      unit. In this type of an apparatus the leading edge of the copy sheet
      actuates the high intensity lamp and corona generating unit. Thereafter,
      the trailing edge of the copy sheet de-energizes the foregoing assemblies.
      One example of this type of apparatus is disclosed in U.S. Pat. No.
      3,700,327 issued to Murgas in 1972. Other patents which disclose various
      techniques for controlling the corona generating apparatus are U.S. Pat.
      No. 2,890,343 issued to Bolton in 1959, U.S. Pat. No. 3,335,273 issued to
      Walkup in 1967 U.S. Pat. No. 3,791,732 issued to Mihalik et al in 1974,
      and U.S. Pat. No. 3,444,354 issued to Mindell in 1969. However, none of
      the foregoing prior art patents appear to discuss the problem associated
      with continuously charging the photoconductive member.
PAR  Accordingly, it is a primary object of the present invention to improve the
      corona generating apparatus so that the size of the area charged on the
      photoconductive surface conforms substantially to that of the support
      sheet having the copy of the original document being reproduced thereon.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, and in accordance with the present invention, there is
      provided an apparatus for forming a charged area on an image bearing
      member.
PAR  Pursuant to the features of the present invention, the charged area on the
      image bearing member corresponds substantially in size to that of a sheet
      of support material arranged to have a copy of an original document
      reproduced thereon. This is achieved, in the present instance, by
      detecting means, charging means and controlling means. Detecting means
      sense the size of the surface area of the sheet of support material.
      Charging means charge the image bearing member to a substantially uniform
      potential. Controlling means, responsive to the detecting means, regulate
      the charging means. In this manner, the charged surface area of the image
      bearing member corresponds substantially in size to the surface area of
      the sheet of support material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic perspective view depicting an electrophotographic
      printing machine employing the features of the present invention therein;
PAR  FIG. 2 is a perspective view of a corona generating apparatus used in the
      FIG. 1 printing machine;
PAR  FIG. 3 is a schematic elevational view showing the sheet size regulating
      the corona generating apparatus; and
PAR  FIG. 4 illustrates an electrical circuit associated with the sheets and
      corona generating apparatus of FIG. 3.
DETD
PAR  While the present invention will be described in connection with a
      preferred embodiment thereof, it will be understood that it is not
      intended to limit the invention to that embodiment. On the contrary, it is
      intended to cover all alternatives, modifications and equivalents as may
      be included within the spirit and scope of the invention as defined by the
      appended claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a general understanding of the disclosed electrophotographic printing
      machine in which the present invention may be incorporated, continued
      reference is had to the drawings, wherein like reference numerals have
      been used throughout to designate like elements. FIG. 1 schematically
      illustrates the various components of an electrophotographic printing
      machine arranged to produce color copies. The foregoing
      electrophotographic printing machine is only one type of an
      electrophotographic printing machine which may incorporate the features of
      the present invention therein and is merely described herein as an
      illustrative embodiment thereof. Although the apparatus of the present
      invention is particularly well adapted for use in an electrophotographic
      printing machine, it should become evident from the following discussion
      that it is equally well suited for use in a wide variety of machines and
      is not necessarily limited to the particular embodiment shown herein.
PAR  Referring now to FIG. 1, there is shown a printing machine employing an
      image bearing member which comprises a photoconductive member having a
      drum 10 mounted rotatably on a shaft (not shown) of the printing machine.
      Photoconductive surface 12 is entrained about and secured to drum 10. As
      drum 10 rotates in the direction of arrow 14, photoconductive surface 12
      passes sequentially through a series of processing stations. A timing disc
      (not shown) is positioned in the region of one end of the shaft supporting
      drum 10. The timing disc is opaque with a plurality of slits spaced about
      the periphery thereof. A light source and photosensor are mounted
      stationarily on the machine frame with the disc interposed therebetween.
      As the disc rotates, light rays are transmitted through the slits. These
      light rays activate the photosensor to produce electrical pulses. The
      electrical pulses from the photosensor are processed by suitable circuitry
      and the output therefrom is employed to activate the various processing
      stations disposed about the periphery of drum 10. These processing
      stations are activated sequentially so as to produce the proper events at
      the appropriate time. In particular, these electrical pulses activate the
      control circuitry of charging station A. A detailed discussion of the
      control circuitry and charging apparatus of the present invention will be
      discussed with reference to FIGS. 2 through 4, inclusive.
PAR  As drum 10 rotates, it initially moves photoconductive surface 12 through
      charging station A. The charging apparatus of the present invention,
      indicated generally as 16, is positioned at charging station A. Charging
      apparatus 16 extends in a generally transverse direction across
      photoconductive surface 12. This enables charging apparatus 16 to charge
      photoconductive surface 12 to a relatively high substantially uniform
      potential. Charging apparatus 16 and the operation thereof will be
      described hereinafter, in greater detail, with reference to FIGS. 2
      through 4, inclusive.
PAR  Continuing now with the description of the various processing stations
      through which photoconductive surface 12 passes. After charging, drum 10
      rotates the photoconductive surface 12 to exposure station B. At exposure
      station B, a color filtered light image of the original document is
      projected onto charged photoconductive surface 12. Preferably, exposure
      station B includes a moving lens system, generally designated by the
      reference 18 and a color filter mechanism shown generally at 20. A
      suitable moving lens system is described in U.S. Pat. No. 3,062,108 issued
      to Mayo in 1962. Similarly, a suitable filter mechanism is described in
      U.S. Pat. No. 3,775,006 issued to Hartman in 1973. Finally, a suitable
      lens is described in U.S. Pat. No. 3,592,531, issued to McCrobie in 1971.
      As shown in FIG. 1, an original document 22, such as a sheet, book or the
      like is positioned face down on transparent viewing platen 24. Lamp
      assembly 26, lens system 18 and filter mechanism 20 move in a timed
      relation relative to drum 10 scanning successive incremental areas of
      original document 22 disposed upon platen 24. This enables the flowing
      light image of original document 22 to be projected onto charged
      photoconductive surface 12. During exposure, filter mechanism 20
      interposes selected color filters into the optical light path. The color
      filter operates on the light rays to produce a single color light image
      which records an electrostatic latent image on photoconductive surface 12
      corresponding to a preselected spectral region of the electromagnetic wave
      spectrum, hereinafter referred to as a single color electrostatic latent
      image.
PAR  Thereafter, drum 10 rotates photoconductive surface 12, with the single
      color electrostatic latent image recorded thereon, to development station
      C. Development station C includes three individual developer units,
      generally designated by the reference numerals 28, 30 and 32,
      respectively. Preferably, the developer units are all of a magnetic brush
      type. A typical magnetic brush system employs a magnetized developer mix
      of carrier granules and toner particles. The developer mix is continually
      brought through a directional flux field to form a brush thereof. As drum
      10 rotates, photoconductive surface 12 passes through the brush of
      developer mix and the electrostatic latent image recorded thereon contacts
      the developer mix. Each of the respective developer units 28, 30 and 32,
      contain discretely colored toner particles corresponding to the complement
      of the spectral region of the wave length of light transmitted through
      filter 20. For example, a green filtered electrostatic latent image is
      rendered visible by depositing green absorbing magenta toner particles
      thereon. Blue and red latent images are developed with yellow and cyan
      toner particles, respectively. A suitable development station utilizing a
      plurality of such developer units is described in co-pending application
      Ser. No. 255,259, filed in 1972.
PAR  After the electrostatic image recorded on photoconductive surface 12 is
      developed, drum 10 rotates to transfer station D. At transfer station D,
      the toner powder image adhering electrostatically to photoconductive
      surface 12 is transferred to a sheet of support material 34. Support
      material 34 may be, amongst others, plain paper or a sheet of
      thermoplastic material. Sheet 34 is secured releasably to a transfer roll,
      shown generally at 36. As indicated in FIG. 1, transfer roll 36 rotates in
      the direction of arrow 38 to move support material 34 therewith in a
      recirculating path. Transfer roll 36 is electrically biased to a
      sufficient magnitude and the proper polarity to attract toner particles
      from the electrostatic latent image recorded on photoconductive surface 12
      to support material 34. A suitable electrically biased transfer roll is
      described in U.S. Pat. No. 3,612,677 issued to Langdon, et al in 1971.
      Transfer roll 36 rotates in synchronism with drum 10 (in this case at
      substantially the same angular velocity therewith). Inasmuch as support 34
      is secured releasably thereon for movement in a recirculating path
      therewith, successive toner powder images may be transferred from
      photoconductive surface 12 to support material 34, in superimposed
      registration with one another.
PAR  Prior to proceeding with a description of the remaining processing stations
      through which photoconductive surface 12 rotates, a brief description will
      be provided of the sheet feeding apparatus. It should be noted that length
      of paper or stack 40 disposed upon tray 42 is variable. Different lengths
      of stack 40 will activate differing switches located on tray 42 (FIG. 3)
      so as to energize the corona generating device apparatus of the present
      invention for the appropriate time increment. Support material 34 is
      advanced from stack 40. Stack 40, as hereinbefore mentioned, is disposed
      upon tray 42. Feed roll 44 in operative communication with retard roll 46
      advances and separates the uppermost sheet from stack 40. The advancing
      sheet moves into chute 48 which directs the sheet between the nip of
      register rolls 50. Register rolls 50 align the advancing sheet.
      Thereafter, gripper fingers 52, mounted on transfer roll 36 secure
      releasably thereto support material 34 for movement therewith in a
      recirculating path.
PAR  After a plurality of toner powder images have been transferred to support
      material 34, gripper fingers 52 space support material 34 from transfer
      roll 36. Stripper bar 54 is then interposed between transfer roll 36 and
      support material 34 to separate support material 34 therefrom. Support
      material 34 is, thereafter, advanced on endless belt conveyor 56 to fixing
      station E.
PAR  At fixing station E, a suitable fuser indicated generally at 58, applies
      efficient heat to the toner powder images transferred to support material
      34 so as to permanently affix them thereto. A suitable fuser is described
      in U.S. Pat. No. 3,498,592 issued to Moser, et al in 1970. After the
      fixing process, support material 34 is advanced by endless belt conveyors
      60 and 62 to catch tray 64 for subsequent removal therefrom by the machine
      operator.
PAR  Invariably, some residual toner particles remain on photoconductive surface
      12 after the transfer of the powder image to support material 34. These
      residual toner particles are removed from photoconductive surface 12 as it
      passes through cleaning station F. At cleaning station F, a corona
      generating device (not shown) neutralizes the charge on the residual toner
      particles and photoconductive surface 12. Brush 66, in contact with
      photoconductive surface, removes the residual toner particles. A suitable
      brush cleaning device is described in U.S. Pat. No. 3,590,412 issued to
      Gerbasi in 1971.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to illustrate the general operation of a
      multi-color electrophotographic printing machine embodying the teachings
      of the present invention therein.
PAR  Referring now to the specific subject matter of the present invention, FIG.
      2 depicts corona generating apparatus 16 in detail. Preferably, corona
      generating apparatus 16 includes an elongated conductive shield 68
      defining an open ended chamber opposed from photoconductive surface 12.
      Shield 68 is a U-shaped conductive housing which is preferably made from
      an aluminum extrusion. A plurality of substantially parallel spaced, fine
      conducting grid wires 70 (in this case 10) extend in a longitudinal
      direction from one end of shield 68 to the other end thereof and across
      about 3/4 of the open end of the chamber therein. An insulating plate 72
      is affixed permanently to either end of shield 68 by suitable means (not
      shown), e.g., fasteners or an adhesive. Grid wires 70 are preferably
      formed from a single wire attached to fasteners 74 and entrained about
      uprights 76 on insulating plate 72. Interposed between grid wire 70 and
      back wall 78 of shield 68 is a pair of coronode wires 80 and 82,
      respectively. Coronode wires 80 and 82 are suitably secured to insulating
      plate 76, preferably by fasteners (not shown). Both grid wires 70 and
      coronode wires 80 and 82, respectively, are preferably made from a
      conductive material, for example, platinum. Insulating plate 72 is,
      preferably, made from a dielectric material such as a glass alkyd, lucite,
      plexy-glass, and the like. As depicted in FIG. 2, coronode wire 80 is
      positioned in the portion of the chamber of shield 68 that is not covered
      by grid wires 70, i.e., grid wires 70 do not extend over this portion of
      the open end of shield 68. As previously mentioned, grid wires 70 extend
      only across about 3/4 of the open end of shield 68. This permits rapid and
      roughly controlled charging of photoconductive surface 12 in the lead
      section or the portion of shield 68 not covered by grid wires 70. Slow and
      well controlled charging is obtained over the trailing section or the
      portion of shield 68 covered by grid wire 70. A suitable high voltage
      source (FIG. 4) excites coronode wires 80 and 82 to a voltage preferably
      ranging from about 6000 volts to about 8000 volts, the coronode wire
      current ranging from about 200 to 500 micro-amperes. A medium voltage
      source (FIG. 4) excites grid wires 72, preferably to about 925 volts.
PAR  In order to reduce the sensitivity of corona generating apparatus 16 to
      dirt, cleaning device 84 is provided therein. Deposits of toner particles
      and dust collected on coronode wires 80 and 82, respectively, and grid
      wires 70 are removed by cleaning device 84. Cleaning device 84 includes a
      scraping member depicted generally by the reference numeral 86 and a
      wiping member depicted generally by reference numeral 88. A moving
      mechanism, indicated generally by the reference numeral 90, is associated
      with cleaning device 84. Moving mechanism 90 comprises an elongated rod 92
      attached to cleaning device 84. Rod 92 extends through insulating plate 72
      affixed to the end portions of shield 68. Preferably, rod 92 extends
      longitudinally through the center of shield 68. Handle 94 is attached to
      rod 92 and is external to one end portion of shield 68, in the region of
      insulating plate 72, permitting an operator to grasp handle 94 to
      reciprocate rod 92 and, in turn, move cleaning device 84. Block 96 is,
      preferably, integral with insulating plate 72 and affixed to one end
      portion of shield 68 with channel 98 therein adapted to receive elongated
      rod 92. Channel 98 is arranged to guide rod 92 in the longitudinal
      movement thereof. In this manner, cleaning device 84 is reciprocated, in
      the direction of arrow 100, along grid wires 70 and coronode wires 80 and
      82, respectively, so as to remove contaminating particles adhering
      thereto.
PAR  Turning now to FIG. 3, there is shown a general schematic illustration of
      the regulating apparatus for corona generating device 16. As shown
      therein, tray 42 includes a plurality of switches. In particular, there
      are shown three switches associated therewith 1LS, 2LS and 3LS,
      respectively. Switches 1LS, 2LS and 3LS are activated by differing lengths
      of stack 40. By way of example, an 81/2  inch long stack of paper will
      activate switch 1LS, while an 11 inch stack of paper will energize
      switches 1LS and 2LS, and a 14 inch stack of paper will energize switches
      1LS, 2LS and 3LS. Switches 1LS, 2LS and 3LS in association with controller
      102 and timing and sequence controller 103 are adapted to regulate the
      output from charge output controller 105 which, in turn, excites high
      voltage supply 104. Controller 102 activates controller 105 for a
      prescribed length of time. Controller 102 produces preferably about 24
      volts therefrom for exciting charge output controller 105, which, in turn
      energizes high voltage power supply 104 at about 85 volts. Thus, coronode
      wires 80 and 82 will be energized by high voltage supply 104 for a length
      of time corresponding to the length of sheets of stack 40. Hence, if stack
      40 is 81/2  inches and switch 1LS is depressed, high voltage supply 104
      will be excited for a sufficient length of time such that coronode wires
      80 and 82 are excited so that the area of charge deposited on
      photoconductive surface 12 corresponds to the area of the 81/2  inch
      sheets. Similarly, if switches 1LS and 2LS are depressed high voltage
      supply 104 will be excited a sufficient duration of time so that coronode
      wires 80 and 82 deposit a charge area on photoconductive surface 12
      corresponding to an 11 inch sheet of paper. Finally, if switches 1LS, 2LS
      and 3LS are depressed, high voltage supply 104 is excited a sufficient
      duration of time to excite coronode wires 80 and 82 a sufficient time to
      produce a charge area on photoconductive surface 12 corresponding to a 14
      inch sheet of paper. It should be noted that inasmuch as drum 10 rotates
      and coronode wires 80 and 82 extend widthwise across the surface of drum
      10, only the linear length of charge must be controlled. Thus, the width
      of photoconductive surface 12 corresponds to the width of the sheets in
      the stack. This automatically insures that the surface area charged on
      photoconductive surface 12 corresponds to the surface area of the sheets
      of stack 40. Medium voltage supply 106 excites grid wires 70 preferably at
      about 925 volts as hereinbefore indicated. Medium voltage supply 106 is,
      itself, excited by grid controller 109 at 85 volts. Input power regulator
      111 is excited by a 97-127 volt source at terminals 108 and 110. Regulator
      111, in turn, excites output controller with a regulated voltage of about
      112 volts. Similarly, input power regulator 107 is excited by a 97-127
      volt source at terminals 113 and 115. Regulator 107 excites output
      controller 105 with a regulated voltage of about 112 volts. While two
      input power regulators are shown for clarity in FIGS. 3 and 4, it will be
      obvious to one skilled in the art that only one input power regulator is
      required. A common input power regulator may be used to excite grid output
      controller 109 and charge output controller 105.
PAR  By way of example, if drum 10 rotates at approximately 20 revolutions per
      minute which corresponds to a linear velocity of approximately 10 inches
      per second for a drum having a diameter of about 9.6 inches. Thus,
      photoconductive surface 12 must be charged for 0.85 seconds to produce a
      charged area corresponding to an 81/2  inch sheet of paper. Similarly, it
      must be charged for 1.1 seconds to produce a charged surface area
      corresponding to an 11 inch sheet of paper and 1.4 seconds to produce a
      charged surface area corresponding to a 14 inch sheet of paper.
PAR  Referring now to FIG. 4, the detailed arrangement of controller 102 will be
      described. Controller 102 includes a control power supply 112 adapted to
      be excited by timing and sequence controller 103. Timing and sequence
      controller 103 includes the timing disc mounted on the shaft of drum 10.
      As hereinbefore indicated, as drum 10 rotates, the slits in the periphery
      of the timing disc transmit light rays from a light source to a
      photosensor. The photosensor is activated by the light rays to generate
      electrical pulses. The electrical pulses from the photosensor are
      processed by the logic circuitry of controller 103. The output from
      controller 103 excites control voltage supply 112 and time delay relays
      1TD, 2TD, and 3TD. Control power supply 112 is connected to charge output
      controller 105. The output from control power supply 112 is connected to a
      series of parallel electrical lines. These lines are designated by the
      reference 120, 122, and 124, respectively. Line 120 has switch 1LS
      connected in series with time delay switch 1TD. Line 122 has switch 2LS
      connected in series with time delay switch 2TD. Line 124 has switch 3LS
      connected in series with time delay switch 3TD. Time delay switches 1TD,
      2TD and 3TD are normally closed. These time delay switches are adapted to
      remain closed for differing durations of time when excited by timing and
      sequence controller 103. By way of example, time delay switch 1TD is
      adapted to remain closed for about 0.85 seconds. Similarly, time delay
      switch 2TD is adapted to remain closed for about 1.1 seconds and time
      delay switch 3TD is adapted to remain closed for about 1.4 seconds. Thus,
      in operation, stack 40 disposed upon tray 42 closes switches 1LS, or
      switches 1LS and 2LS or switches 1LS, 2LS and 3LS. If switch 1LS is closed
      by stack 40, the sheets of stack 40 are short, i.e., about 81/2  inches
      long. Thus, control power supply 112 will energize charge output
      controller 105 for about 0.85 seconds since time delay switch 1TD will
      open at that time. This will insure that the linear length of charge
      deposited on photoconductive surface 12 corresponds to 81/2  inches. If,
      however, switches 1LS and 2LS are closed, control power supply 112 will
      energize charge output controller 105 for about 1.1 seconds inasmuch as
      time delay switch 2TD will remain closed for that duration of time. This
      insures that 11 inches of linear length are charged on photoconductive
      surface 12 and the charged area corresponds to the surface area of an 11
      inch sheet of paper. Finally, if switches 1LS, 2LS and 3LS are all closed
      by a 14 inch sheet of paper, time delay switch 3TD will govern and control
      power supply 112 will energize charge output controller 105 for about 1.4
      seconds insuring that a 14 inch linear length will be charged on
      photoconductive surface 12.
PAR  After the requisite linear length of charge is deposited on photoconductive
      12, corona generating apparatus 16 is de-energized. De-energization of
      controller 105 is achieved when the time delay switches open. Opening the
      time delay relays disconnects control voltage supply 112 from controller
      105. Controller 105 includes an operational amplifier which provides a
      zero output to high voltage supply 104 when voltage supply 112 is
      electrically disconnected therefrom. When the operational amplifier of
      controller 105 is de-energized and the output therefrom is zero, high
      voltage supply 104 is de-energized and coronode wires 80 and 82 do not
      emit a spray of ions therefrom. Thus, this controls the duration of length
      of time that high voltage power supply 104 is excited. In this manner, the
      charged photoconductive surface area corresponds substantially to the size
      of the sheet of support material disposed on tray 42.
PAR  While controller 102 has been described as comprising a plurality of time
      delay relays, it will be obvious to one skilled in the art that suitable
      logic circuitry may be employed in lieu thereof.
PAR  In recapitulation, it is apparent that the apparatus of the present
      invention produces a variable size charge area on the photoconductive
      surface. The size of the charged surface area corresponds to the size of
      the sheet of support material having a copy of the original document
      reproduced thereon. This is achieved by timing circuitry and a plurality
      of switches operatively associated with the sheet feeding apparatus. The
      switches associated with the sheet feeding apparatus indicate the length
      of sheet disposed therein. The timing circuitry control the time duration
      of charging in accordance with the length of sheet. Thus, a small sheet
      will have a smaller duration time of charging, while a medium sheet will
      have an intermediate length of charging.
PAR  It is, therefore, evident that there has been provided in accordance with
      the present invention, a corona generating apparatus that fully satisfies
      the objects, aims and advantages set forth above. While this apparatus has
      been described in conjunction with specific embodiments thereof, it is
      evident that many alternatives, modifications and variations will be
      apparent to those skilled in the art. Accordingly, it is intended to
      embrace all alternatives, modifications, and variations within the spirit
      and broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for forming a charged area on an image bearing member
      corresponding substantially in size to the surface area of a sheet of
      support material arranged to have a copy of an original document
      reproduced thereon, including:
PA1  means for detecting the size of the surface area of the sheet of support
      material;
PA1  means for charging the image bearing member to a substantially uniform
      level; and
PA1  means, responsive to said detecting means, for controlling said charging
      means so that the charged surface area of the image bearing member
      corresponds substantially in size to the surface area of the sheet of
      support material.
NUM  2.
PAR  2. An apparatus as recited in claim 1, wherein said detecting means
      includes:
PA1  a base plate adapted to support a stack of support material thereon; and
PA1  a plurality of switches operatively associated with said base plate, each
      of said plurality of switches being positioned in different locations on
      said base plate and being arranged to be energized by differing size of
      sheets of support material so as to indicate the surface area thereof.
NUM  3.
PAR  3. An apparatus as recited in claim 2, wherein said controlling means
      includes:
PA1  a voltage source in electrical communication with said charging means;
PA1  a control voltage source electrically connected to said plurality of
      switches and said voltage source; and
PA1  timing means, operatively associated with said control voltage source, for
      activating said control voltage source differing durations of time
      regulating the length of time said control voltage source energizes said
      voltage source to excite said charging means.
NUM  4.
PAR  4. An apparatus as recited in claim 3, wherein said charging means
      includes:
PA1  an elongated shield extending lengthwise a distance substantially the same
      as the width of the image bearing member, said shield defining an open
      ended chamber extending along the length thereof; and
PA1  at least one coronode wire extended substantially in a longitudinal
      direction along the length of said shield in the open ended chamber
      thereon.
NUM  5.
PAR  5. An apparatus as recited in claim 4, further including means for moving
      the image bearing member relative to said charging means in a path of
      movement substantially normal to the longitudinal axis of said coronode
      wire.
NUM  6.
PAR  6. An apparatus as recited in claim 4, wherein said charging means further
      includes:
PA1  a second coronode wire extending substantially parallel to said first
      mentioned coronode wire along the length of said shield in the open end of
      the chamber therein; and
PA1  a plurality of spaced, substantially parallel longitudinally extending grid
      wires mounted in said shield partially enclosing the open end thereof with
      said first coronode wire being disposed therebeneath and said second
      coronode wire being disposed in the unenclosed portion of the chamber of
      said shield.
NUM  7.
PAR  7. An apparatus as recited in claim 6, wherein said charging means further
      includes means for cleaning said coronode wires and the interior surface
      of said grid wires opposed from said coronode wires.
NUM  8.
PAR  8. An electrophotographic printing machine of the type employing a
      photoconductive member to reproduce a copy of an original document on a
      sheet of support material, wherein the improvement includes:
PA1  means for detecting the size of the surface area of the sheet of support
      material;
PA1  means for charging the photoconductive member to a substantially uniform
      level; and
PA1  means, responsive to said detecting means, for controlling said charging
      means so that the charged surface of the photoconductive member
      corresponds substantially in size to the surface area of the sheet of
      support material.
NUM  9.
PAR  9. A printing machine as recited in claim 8, wherein said detecting means
      includes:
PA1  a base plate adpated to support a stack of sheets of support material
      thereon; and
PA1  a plurality of switches operatively associated with said base plate, each
      of said plurality of switches being positioned in different locations on
      said base plate and being arranged to be energized by differing size
      sheets of support material so as to indicate the surface area thereof.
NUM  10.
PAR  10. A printing machine as recited in claim 9, wherein said controlling
      means includes;
PA1  a voltage source in electrical communication with said charging means;
PA1  a control voltage source electrically connected to said plurality of
      switches and said voltage source; and
PA1  timing means, operatively associated with said control voltage source, for
      activating said control voltage source differing durations of time
      regulating the length of time said control voltage source energizes said
      voltage source to excite said charging means.
NUM  11.
PAR  11. A printing machine as recited in claim 10, wherein said charging means
      includes:
PA1  an elongated shield extending lengthwise a distance substantially the same
      as the width of the photoconductive member, said shield defining an open
      ended chamber extending along the length thereof; and
PA1  at least one coronode wire extending substantially in a longitudinal
      direction along the length of said shield.
NUM  12.
PAR  12. A printing machine as recited in claim 11, further including means for
      moving the photoconductive member relative to said charging means in a
      path of movement substantially normal to the longitudinal axis of said
      coronode wire.
NUM  13.
PAR  13. A printing machine as recited in claim 11, wherein said charging means
      further includes:
PA1  a second coronode wire extending substantially parallel to said first
      mentioned coronode wire along the length of said shield in the open end of
      the chamber therein; and
PA1  a plurality of spaced substantially parallel longitudinally extending grid
      wires mounted in said shield partially enclosing the open end thereof with
      said first coronode wire being disposed therebeneath and said second
      coronode wire being disposed in the unenclosed portion of the chamber of
      said shield.
NUM  14.
PAR  14. A printing machine as recited in claim 13, wherein said charging means
      further includes means for cleaning said coronode wires and the interior
      surface of said grid wires opposed from said coronode wires.
NUM  15.
PAR  15. A method of copying an original document on a sheet of support
      material, including the steps of:
PA1  charging a photoconductive member to a substantially uniform potential;
PA1  controlling said step of charging so that the surface area charged on the
      photoconductive member corresponds substantially in size to the surface
      area of the sheet of support material; and
PA1  exposing the charged surface area of the photoconductive member to a light
      image of the original document recording an electrostatic latent image of
      the original document thereon.
NUM  16.
PAR  16. A method as recited in claim 15, further including the step of moving
      the photoconductive member relative to a substantially stationary charging
      device extending across the width thereof.
NUM  17.
PAR  17. A method as recited in claim 16, wherein said step of controlling
      includes the steps of:
PA1  detecting the surface area of the sheet of support material; and
PA1  regulating the duration of time that the charging device charges the
      photoconductive member as the photoconductive member passes therebeneath
      so that the charged surface area therein corresponds substantially in size
      to that of the sheet of support material.
NUM  18.
PAR  18. A method as recited in claim 17, further including the steps of:
PA1  developing the electrostatic latent image with toner particles to form a
      toner powder image on the photoconductive member;
PA1  transferring the toner powder image from the photoconductive member to a
      sheet of support material; and
PA1  affixing substantially permanently the toner powder image to the sheet of
      support material.
NUM  19.
PAR  19. A method as recited in claim 18, further including the step of
      repeating said steps of charging, controlling, exposing, developing and
      transferring to form a multi-color toner powder image on the sheet of
      support material prior to said step of affixing.
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ABST
PAL  Apparatus for producing microfilm which, in its preferred form, comprises
      xerographic reproduction apparatus responsive to printed document
      reflectable radiation produces on an endless image projection member a
      removable image opaque to a given radiant energy. Radiant energy is
      momentarily projected through the member and a high reduction lens system
      upon a grainless photosensitive microform material. The photosensitive
      microform material most advantageously comprises an etch-resistant
      transparent substrate having a film of an etchable metal or metallike
      image-forming material, in turn, having a film of a photosensitive
      material which becomes chemically transformed by exposure to said radiant
      energy to form or leave on the exposed or unexposed areas thereof a
      material removable or permeable by an etchant which removes the
      image-forming layer therebeneath, and on the other of same a material
      which is not removed or permeable by the etchant. The etching process,
      which need take only less than one second, may be followed by an instant
      wash and hot air blast, to provide a dry microfilm having unusually high
      acuity, contrast and resolution, and excellent archival properties.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to image reproduction apparatus and has its most
      important application in the making of original microfilm from light
      reflecting hard copy (such as printed documents and the like), or from the
      light patterns produced on the faces of a cathode ray tube used in
      computer readout systems and the like.
PAR  Microform, such as microfilm, heretofore has been produced, in the main, by
      one of three processes, namely the diazo process, the silver halide
      process and the vesicular process. All of these microfilm making processes
      share one, or more, disadvantages, chief among which are relatively long
      exposure and/or development times, the complexity and/or inconvenience in
      the materials and equipment required to develop the film and in the poor
      quality of the enlarged microfilm image produced thereby. The vesicular
      process has the added disadvantage of very poor latent image stability
      which requires immediate development after exposure. A recently developed
      microfilm making process referred to as the dry silver process, is one
      which requires short exposure time and is developed rapidly by application
      of heat. However, this process like the other referred to microfilm making
      processes, has resolution and contrast limitations which usually produce
      relatively poor quality readable copy when the microfilmed images are
      enlarged to full size.
PAR  The silver halide process uses silver halide films responsive primarily to
      visible light which reflects readily on light surfaces and is absorbed to
      a substantial degree by opaque inks. The diazo and vesicular films used in
      the diazo and vesicular processes are primarily responsive to ultraviolet
      radiation which does not reflect efficiently, if at all, from the
      materials used to make printed documents. Moreover, in comparison to
      silver halide films, which have a very high degree of sensitivity to
      visible light, diazo and vesicular films have a low degree of
      photosensitivity, even to ultraviolet radiation.
PAR  The most widely used process for producing original microfilm of a printed
      document uses a camera to take a picture of the visible light reflected
      from the document upon silver halide film through a microfilm reducing
      lens which produces about a 24 to 1 or greater image reduction on the
      silver halide film. Since only a small percentage of the initially
      projected visible light is actually directed after reflection to the lens,
      only a highly photosensitive material like silver halide was thought to be
      practical for making original microfilm from printed documents. However,
      the images obtained on silver halide microfilm have low contrast and poor
      edge definition and resolution due to the granular character of the silver
      halide emulsions and the film must be processed with special chemicals to
      impart archival properties to the finished product. Moreover, development
      of silver halide film requires the typical complex and time consuming
      developing process well-known in the art. This complexity of the
      developing process and the equipment used and the skilled personnel who
      operate the same are such that development is usually done by special film
      processing companies. Thus, the silver halide film development process
      requires of the order of at least tens of seconds to carry out development
      of the exposed film material and employs short-lived developing chemicals,
      which are unpredictable, and which due to surface phenomena, are absorbed
      and absorb on the surface of the film substrate to an extent such that
      drying of the developed sheet material is difficult. The nature of the
      process, therefore, requires a skilled operator to carry it out.
PAR  Microfilm copies are generally made by making contact copies of the
      original microfilm upon less expensive diazo or vesicular film. The low
      contrast and poor edge definition of the original silver halide film is
      transferred to the diazo or vesicular microfilm copies which are generally
      of comparably less or inferior quality as compared to the original
      microfilm. Upon enlargement of the microfilm image in a microfilm reader
      or the like, the poor contrast and edge acuity of the original microfilm
      produce marginally acceptable enlarged microfilm images. As previously
      indicated, while the dry silver process film would greatly reduce the
      complexity of the developing procedure, the contrast and resolution
      deficiencies referred to would also be present, and where microfilm copies
      are to be made therefrom would involve a higher film cost than diazo and
      vesicular films.
PAR  To expand further on the deficiencies of the heretofore commonly used diazo
      and vesicular microfilm copying processes, the following additional facts
      should be kept in mind. The diazo microfilm copying process, which is
      perhaps the most widely used process, is based on the formation of a dye
      as a result of the reaction of a diazo compound with its decomposition
      product or with a coupling component. While basically a low cost process,
      the diazo process has a number of important disadvantages, including the
      necessity, generally, for utilizing aqueous or gaseous ammonia as the
      developer for the exposed sheet material. Apart from its obnoxious
      properties, the use of aqueous or gaseous ammonia in the process requires
      special equipment to insure uniform distribution of ammonia vapor in the
      developing chamber, and to prevent the accumulation of any condensed
      ammonia vapors therein. Precautions, also, must be taken to prevent escape
      of ammonia vapors in the work area. Even then, ammonia vapors are
      invariably sensed in the work area. Over and above the foregoing
      considerations, the process requires expensive machinery with long path
      lengths to carry out development of the exposed sheet material, and, in
      addition, requires development times of the order of at least tens of
      seconds. Apart from these shortcomings, images produced by the diazo
      process have low contrast, a severe limitation especially in microfilm
      where, due to the requirement for considerable enlargement in readout, the
      highest possible contrast is needed. Furthermore, images produced by the
      diazo process tend to fade when exposed to light, and, therefore, are not
      permanent.
PAR  The vesicular developing process, also, is a complex process. Thus, for
      example, the vesicular film is first given an overall pre-exposure
      sensitization. This is followed by an image-wise exposure and heating
      which, because of the poor latent image stability of vesicular film
      materials must be developed in a matter of seconds after exposure.
      Finally, a post-exposure fix is required. Development of the exposed sheet
      material requires temperatures in the range of 120.degree. C to
      140.degree. C to bring about expansion of nitrogen gas released by a diazo
      component during exposure of the sheet material. Due to the relatively
      high development temperatures employed, vesicular films require the use of
      more costly, heat stable substrates. Heat also acts to erase the image
      and, therefore, suitable procautions must be taken to protect the
      developed film from heat during storage and use, a factor which detracts
      from the archival qualities of the film. Images obtained by the process
      have inferior edge acuity, limited resolution and relatively low contrast,
      and a contrast which is dependent upon the aperture system used.
PAR  It is well known that the poor quality of the image produced on microfilm
      reading equipment has made it an uncomfortable and laborious process to
      obtain information in this manner. Also, the aforementioned difficulties
      in the processing of the various exposed microfilm materials heretofore
      commercially utilized have been at least partly responsible for the
      absence of office microfilm making equipment which develops as well as
      exposes the microfilm in a manner which permits the operation thereof by
      unskilled personnel, so that enlarged projected copies of microfilmed
      records becomes immediately available shortly after exposure of the
      microfilm thereto. While diazo and vesicular films have some cost and
      processing advantages over silver halide films, they have not been used to
      make original microfilms, as previously indicated because of the fact that
      they cannot effectively respond to reflected visible or invisible light
      from printed documents. Additionally, they have such poor photosensitivity
      even to ultraviolet light that they have not been seriously considered for
      making microforms where high recording rates become desirable.
PAR  Accordingly, a main object of the invention is to provide a unique
      microform producing apparatus and a method of making original microform of
      printed documents or cathode ray tube traces directly on relatively poorly
      photosensitive materials providing images of high resolution and excellent
      edge definition.
PAR  Another object of the invention is to provide a microform producing
      apparatus as described which is for office or laboratory use by unskilled
      office personnel to make completely processed microform reductions,
      especially microfilm reductions, of printed documents or cathode ray tube
      trace images without the necessity for outside processing of the film. A
      related object of the invention is to provide an apparatus and method as
      just described where exposure and processing rates are so rapid that the
      interval between successive exposures can be substantially under ten
      seconds and the processing of each exposed frame thereof takes at most a
      few seconds.
PAR  Another object of the invention is to provide an apparatus and method of
      making original microfilm of printed documents or cathode ray tube traces
      which apparatus and method utilize relatively inexpensive films (i.e. film
      containing no precious metals like silver and the like), which film
      utilizes materials which normally require long exposure times to convert
      the same to film transparencies which fabricated in the usual way, but are
      utilized in a unique manner where they produce microform images with
      exposure times of at most a few seconds.
PAR  Another object of the invention is to provide an apparatus and method as
      above described where the contrast, resolution and acuity of the microfilm
      produced thereby is so much improved over the microfilm heretofore made
      that microform recorded images can be easily read on microfilm readers.
PAR  A further object of the invention is to provide an apparatus and method as
      above described which makes maximum use of already developed reproduction
      equipment.
PAR  A still further object of the invention is to provide apparatus as
      described which can be manufactured to sell or lease at a reasonable cost,
      is reliable in operation and can be serviced and maintained at a
      reasonable cost.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one of the aspects of the invention, original microform,
      particularly microfilm, of printed documents is obtained by camera-forming
      apparatus which includes or uses a grainless microfilm structure
      substantially insensitive to the radiant energy which significantly
      differentially reflects off of the light and dark areas of printed
      documents. The camera-forming apparatus most advantageously utilizes
      xerographic reproduction means to produce from light reflected from
      printed documents or light from cathode ray tube traces or the like an
      image thereof on an image projection member having a pattern of areas
      respectively relatively transparent and opaque to radiant energy to which
      the microform structure is responsive. The image projection member is
      preferably a transparent endless web or belt upon which is formed a
      removable opaque deposit of triboelectric or toner material which can be
      reused after each exposure. A source of radiant energy to which the
      microfilm structure is sensitive is positioned on one side of the image
      projection member. Holding means is provided for supporting the microform
      structure in spaced relation to the other side of the image projection
      member, and a reduction lens is positioned between the image projection
      member and the microform structure holding means for focussing on the
      microform structure a substantially reduced image of the image projected
      through the image projection member.
PAR  To satisfy the objective of providing original printed document microfilm
      making apparatus for office use by unskilled personnel and where the
      intervals between successive exposures can be made in substantially under
      ten seconds places very stringent demands on the various components of the
      system. An important factor present in the most advantageous form of the
      present invention which decreases the required exposure time to a
      practical value for office or laboratory use thereof and enables the
      instant and convenient development of the microfilm by unskilled personnel
      involved or automatically by the equipment involved is the use of a new
      microform material in which the photosensitive materials therein are used
      in a different manner from that which these materials were heretofore
      commercially utilized for this purpose. Thus, in accordance with this most
      advantageous form of the invention, the photosensitive material in the
      microform structure is utilized only as a latent image receiving means to
      provide a pattern on one of the exposed or unexposed areas thereof which
      is removable or permeable by an etchant, the other of same being resistant
      to such etchant. The opacity of this microform structure is obtained by
      providing beneath the photosensitive material an etchable image-forming
      layer of opaque material which produces a very high contrast with those
      portions of the processed film which are devoid of the etchable
      image-forming material. The photosensistive material and the image-forming
      layer may be both applied as films upon a transparent flexible substrate
      which is not affected by the etchants involved.
PAR  When the etchant material is applied to the exposed microform film
      structure described, the etchant dissolves away or permeates the exposed
      or unexposed portions of the photosensitive material, to gain access to
      the image-forming layer therebeneath. The opacity of the microform
      structure just described is thus not dependent upon the conversion of the
      exposed portions of the film to a highly transparent or opaque state, as
      is the case with the previously used photosensitive microfilm materials.
      Rather, the opacity of the microform structure described is determined
      solely by the opacity of the image-forming layer thereof, and the amount
      of radiant energy needed to form the image is merely that necessary to
      convert the photosensitive material to one which is either soluble,
      permeable or resistant to the etchant utilized to a substantially
      different degree from that of the unexposed portions thereof. This amount
      of light is 1/10 or less than the amount of radiant energy necessary to
      form an image of acceptable contrast using the inexpensive microfilm
      duplicating materials referred to. Etchant responsive microform structures
      of the type described are disclosed in copending application Ser. No.
      205,806, filed Dec. 8, 1971.
PAR  It has been heretofore proposed to combine xerographic reproduction
      apparatus with a radiant energy projection system making a full size print
      of the xerographic image on a printing paper directly contacting a
      transparent drum or belt surface on which the xerographic image was
      initially deposited. In one form of this equipment (see U.S. Pat. No.
      3,504,969) the xerography drum or belt surrounded all of the xerographic
      equipment which deposited the toner particles on the inside of the drum or
      belt. Radiant energy was projected through the drum or belt surface to
      expose the printing paper. However, it was not believed such a system was
      ever considered to make microfilm where the intervals between successive
      exposure times are to be short relative to the time needed to properly
      expose the microfilm materials. Thus, to produce an image using presently
      available radiation sources projecting radiant energy through a full size
      xerographically formed image-forming deposit on a transparent drum or belt
      surface against which a conventional photosensitive microfilm structure is
      pressed probably requires exposure times of one or more minutes, which
      would be impractical in original microfilm making equipment where short
      exposure times are a practical necessity. Also, the aforesaid prior
      reproduction systems disclosed in the U.S. Pat. No. 3,504,969 requires
      that the radiation energy pass through a xerography drum or belt which
      uses selenium or other materials which would absorb significant amounts of
      the radiant energy, further increasing the exposure times needed to
      produce a good image. The system also is of questionable practicality
      because of drum wearing and servicing problems inherent therein.
PAR  The etchant responsive microform structures most advantageously used in the
      present invention are characterized by having a higher contrast than is
      now obtainable with conventional microform materials. It is further
      characterized by having outstanding edge acuity and resolution which, in
      certain instances, enables an increase in sharpness and resolution to be
      attained exceeding even that of the original. In addition, microform
      produced from these etchant responsive microfilm structures, without
      post-development processing of any kind, has archival properties which are
      superior to those of microform produced from conventional materials.
      Further, in this latter connection, microform produced from these
      microform structures is not adversely affected by either extreme changes
      in temperature or humidity, and is resistant to fungal and bacterial
      attack. They are further characterized in that they can be developed in a
      fraction of the time required for other microform materials. This
      characteristic thereof, coupled with its ability to be processed instantly
      (in a matter of seconds or less) after exposure, in an unobnoxious,
      non-volatile aqueous system makes these microform structures especially
      adaptable for high-speed, continuous, mass production of microform in the
      combined xerographic image reduction system of the invention, which can be
      conveniently and economically used by unskilled office personnel. The
      finished product, apart from the outstanding characteristics noted above,
      has multiple generation capabilities unmatched by films produced by prior
      processes. More specifically in this connection, up to ten generations
      have been produced with films of this invention without any noticeable
      image degradation. This is in sharp contrast to films produced by the
      silver halide process where upwards of a 20 percent loss in resolution and
      contrast per generation is experienced or, in the case of films produced
      by the diazo and vesicular processes, where upwards of a 10 percent loss
      in resolution and contrast per generation is observed.
PAR  The development of the microform after exposure can be accomplished in a
      number of ways. As perhaps is most convenient in the case of making
      microfilm reductions of the order of magnitude of 20 to 1 or less, the
      film need not be processed until an entire roll of such film has been
      exposed. Then the user thereof by automatic means or manually threads the
      roll of film through a processing unit which is operated rapidly to
      develop the roll of film. In the case of the etchant responsive film
      described, the processing unit may spray an etchant on the film which,
      almost instantly, etches away the image-forming layer thereof and then
      washes and dries the film, the processing of each exposed frame taking
      only a few seconds. The development of the exposed image on the etchant
      responsive film can also be achieved in the few second interval between
      successive exposures thereof by any automatic means which brings in quick
      succession adjacent the just exposed portion of the film an etchant source
      which sprays the etchant thereon while the adjacent area of the film is
      isolated by a suitable masking means, a wash material source which sprays
      water or other washing liquid thereon, and a source of hot air to dry the
      treated portion of the film. In this form of the invention, after each
      exposure, that portion of the microfilm just exposed is thus available for
      examination by projection or otherwise.
PAR  The equipment of the invention can be designed to make microfiche cards
      directly, in which case the film could be fed through the microfilm
      producing machine on microfiche cards and exposed and developed in the
      manner previously described. In such case, the machine would include
      suitable card indexing means so successive exposures are properly placed
      on the card.
PAR  The aforementioned etchant-responsive microform structures most preferably
      used in the present invention offer the advantage that either the exposed
      or unexposed portions of the photosensitive material therein can be the
      etchable portion thereof. Thus, where the microform structures are in
      rolls or are microfiche cards where a given exposure affects only a single
      frame thereof, if the microform structure is of the type where only the
      exposed portions are etchable, the processing of an entire microform roll
      or microfiche card would not effect the photosensitive layer in the unused
      portions of the film, which means that the microform structure has
      information add-on capabilities in the areas thereof which are not
      unexposed. Thus, a particular roll of microfilm or a particular microfiche
      card can be assigned a particular classification to which information may
      be repeatedly added at various times following prior processing thereof.
      In such case, the apparatus of the present invention includes a microfilm
      or microfiche card to be manually indexed to a particular position to be
      exposed by the apparatus. This receives a visible light projection station
      at which a source of visible light is projected through or against the
      frame of the roll of microfilm or microfiche card in position next to be
      exposed to the radiation energy involved, which would here be invisible
      light, such as ultraviolet light. (The various exemplary microform
      structures described in said copending application Ser. No. 205,806 are
      all sensitive to ultraviolet light and substantially insensitive to
      visible nonblue light, making such a projection station feasible if a
      filter is used to filter out any blue light from the source of visible
      light used to project the frame involved into a viewing window provided
      for the operator.)
PAR  While the most important and advantageous aspect of the invention is the
      utilization of a combined xerographic reproduction and xerographic image
      projection system wherein the projected xerographic image is reduced by
      the order of at least about 20 to 1 and projected on an etchant responsive
      microfilm as described, in accordance with the broader aspect of the
      invention, such a system may be utilized with projected xerographic images
      reduced by the order of magnitude of as little as 4 or 5 to 1, for
      example, to make microforms for lithography drum projection applications
      or the like. Also, the broader aspects of the invention encompass a
      combined xerographic reproduction and xerographic image projection system
      wherein the projected xerographic images are projected on a microform
      structure other than the etchant type microfilm described. While the
      latter system is yet a substantial improvement over the prior art
      microform making systems, it suffers from some of the serious problems of
      the prior art as above described. However, there are applications which
      can tolerate some of these problems, provided at least one or more of the
      advantages of the invention described are present.
PAR  The above and other objects, advantages and features of the invention will
      become apparent upon making reference to the specification to follow, the
      claims and the drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a preferred embodiment of an original microfilm
      producing system incorporating the features of the present invention;
PAR  FIG. 2 is a greatly enlarged transverse sectional view of the most
      advantageous form of microfilm structure utilized in the microfilm
      producing system shown in FIG. 1;
PAR  FIG. 3 is a view illustrating the conversion of the microfilm structure
      shown in FIG. 2 by the exposure of selected portions thereof to the
      radiant energy illustrated;
PAR  FIG. 4 illustrates that the microfilm structure shown in FIG. 3 after the
      microfilm structure has been processed by the processing unit shown in
      FIG. 1;
PAR  FIG. 5 is a graph showing the comparison of the effect of exposures of
      conventional microfilm materials with the microfilm structure shown in
      FIGS. 2-4, the dashed line curve representing the response of the latter
      microfilm structure and the solid line curve representing the response of
      the prior art microfilm made with the same light sensitive materials;
PAR  FIG. 6 is a sectional view through an exemplary film processing unit which
      may be used in the embodiment of the invention shown in FIG. 1;
PAR  FIG. 7 is a fragmentary view of a modified form of an original microform
      producing system like that shown in FIG. 1, except that the film
      processing apparatus has been modified to one where film processing takes
      place on a frame by frame basis immediately after each exposure of a
      portion of the microform; and
PAR  FIG. 8 is a plan view of the film processing apparatus shown in FIG. 7.
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PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Refer now to FIG. 1 which shows therein an original microfilm producing
      system incorporation the features of the present invention. This system
      has an information input station 2 at which a printed document is placed
      upon, or light from the trace of a cathode ray tube, enters the system.
      When the original microfilm producing system is to be used to make copies
      of printed documents, this input station includes a window-forming plate 4
      or the like which forms a support surface upon which a printed document
      may be placed. Reflected light from the document placed upon the
      window-forming plate 4, or other information-carrying light passing
      through the plate 4, is utilized to produce xerographically preferably a
      full size or larger image of the printed document which, in the manner to
      be described, is converted to an image of reduced size directed upon a
      grainless photosensitive microform structure 6 which is relatively
      insensitive to printed document reflected light. As illustrated, the
      microform structure 6 is in the form of a roll of microfilm extending
      between a supply reel 8 and a take-up reel 10. While the xerographic
      apparatus utilized to form a xerographic image from the light passing
      through the window-forming plate 4 may take a variety of forms, it is most
      advantageous xerographic equipment arranged in the manner shown in FIG. 1
      to be described.
PAR  As previously indicated, while the conventional method of making original
      microfilm is to take a direct picture of the document or the like through
      a reducing lens upon a light sensitive silver containing film, the present
      invention uniquely produces original microfilm on a grainless
      photosensitive film utilizing xerographic means for providing a
      xerographpic image which in turn is converted to a radiation projected
      image substantially reduced in size upon the microform structure. Where
      the information fed into the apparatus of the invention is contained on a
      printed document placed upon the window-forming plate 4, as is well known,
      it is necessary to flood the printed side of the document placed face down
      upon the plate 4 with a very large amount of light which reflects from the
      light areas of the document, since the useful light reflected from the
      printed document is a very small percentage of the light impinging
      thereon. To this end, a source of high intensity visible light is provided
      below the plate 4, which light source may take the form either of a moving
      light source or, as illustrated, lamp banks 12a and 12b which direct light
      through the plate 4 upon the printed document. As is conventional in
      xerographic equipment, the reflected light is shown as being received upon
      a pivotable scanning mirror 13 which oscillates back and forth to scan
      narrow segments of the field of light reflected from the printed document
      (or directed from the face of a cathode ray tube or the like directing
      light through the window-forming plate 4). The lamp banks 12a-12b are
      normally de-energized, and are rendered energized for a short instant
      following the depression of a "START" pushbutton 14 mounted on a control
      panel 16. The mirror 13 is oscillated by any suitable motion imparting
      means 17 controlled by a sequence and function control means 18, whose
      operation is initiated by depression of the "START" pushbutton 14. The
      control panel 16 has "ON" pushbutton 19 for energizing the sequence and
      function control means 18 and other portions of the system which are
      energized in a conventional xerography machine. and an "OFF" pushbutton 21
      which de-energizes sequence and function control means 18 and other
      portions of the machine in a conventional manner found in xerography
      equipment. The sequence and function control means 18 may take a variety
      of forms, and may consist of the type of operation sequence control means
      commonly found in commercially available xerography equipment and the
      like. The motion imparting means 17 imparts a pivotal movement in one
      direction to the mirror 13 while the lamp banks 12a-12b are energized and
      returns the mirror to its initial position after the lamp banks 12a-12b
      have been de-energized.
PAR  The original microfilm producing system illustrated is designed to be used
      by unskilled personnel in an office, laboratory or the like, where it is
      desired to copy printed records (or the changing pattern of traces on the
      face of a cathode ray tube) at relatively rapid rates, so that successive
      microfilm frames are made in a matter of seconds between successive
      exposures. Such feeding rates are now common with commercially available
      xerographic equipment. High speed xerographic equipment utilizes
      stationary lamp banks like 12a-12b to reduce the time between successive
      exposures from that generally required where a moving light source is
      provided. However, a moving light source could be utilized where
      additional speed afforded by the stationary lamp banks is not needed,
      because of time limitations caused by slower operating portions of the
      machine, such as the time needed to make exposures of the microfilm 6.
      However, an important aspect of the most advantageous form of the
      invention is the design of the original microfilm producing system so that
      minimum exposure times are required to provide clear images upon the
      microfilm 6.
PAR  As illustrated, the resulting image reflected from the mirror 13 passes
      through a suitable lens 16 and a reflecting mirror 18 which directs the
      image, which is illustrated as full size, upon a momentarily moving
      xerography drum 20 so that the image scanned by the mirror 13 is
      transferred upon the xerography drum 20. The xerography drum 20 is rotated
      by suitable motion imparting means 22, in turn controlled by the sequence
      and function control means 18.
PAR  The xerography drum 20 is most advantageously a conventional amorphous
      selenium covered drum which, at a point in advance of the point where the
      drum receives the reflected image from the mirror 18, is charged by
      suitable charging means 22. As is well known, the areas of the drum which
      are struck by the visible light are discharged to form a xerographic image
      upon the drum. During each exposure cycle, the drum 20 moves the area of
      the drum which has been exposed to a toner unit 24, at which triboelectric
      particles are transferred to the drum surface where they adhere to the
      still charged regions thereof. The toner-carrying portions of the drum are
      then moved to an image transfer station 26 where the triboelectric
      particles involved are transferred upon a transparent belt 29 (sometimes
      referred to as an image receiving member) by the action of a belt charging
      unit 28 (which is conventionally found in xerographic equipment to effect
      the transfer of triboelectric particles from the drum upon the xerography
      paper to which the triboelectric particles are commonly transferred in
      such equipment). It should be understood that a practical variant of the
      xerographic equipment illustrated is to provide means to transfer the
      charge on the drum 20 to the endless belt 29, where a toner unit would
      operate on the belt 29 rather than upon the drum 20.
PAR  Following the transfer of the triboelectric particles to the transparent
      belt 29 during each exposure cycle initiated by depression of the "START"
      pushbutton 14, a portion of the drum 20 is moved past a drum cleaning unit
      30 which cleans the surface of the drum in a conventional way. The belt 29
      may be made of such materials as polyethylene terphale or cellulose
      acetate. During each exposure cycle, a portion of the drum is moved past a
      suitable drum discharging lamp 32 or the like, which discharges the drum
      in advance of the point where the drum charging means 22 recharges the
      drum. At some point after the transfer of the triboelectric particles to
      the belt 29, the movement of the drum terminates until the beginning of a
      new exposure cycle, initiated by the subsequent depression of the "START"
      pushbutton.
PAR  The transparent belt 29 is an endless belt most advantageously moved in a
      horizontally elongated path where the endless belt passes around a pair of
      end rollers or sprockets 35-37. Intermediate rollers 39, 44, 45 and 47 are
      provided to support and guide the belt. The belt 29 is shown as including
      an upper horizontally oriented section 29a and a bottom horizontally
      oriented section 29b. During each exposure cycle, the belt is moved in a
      direction where the upper section 29a of the belt moves to the right
      viewed in FIG. 1 where the triboelectric particle containing section
      thereof is moved to a projection station 40. The belt 29 is moved only a
      distance necessary to bring the triboelectric carrying portion of the belt
      to the projection station 40. The end roller or sprocket 35 is shown
      controlled by motion imparting means 41, in turn controlled by the
      sequence and function control means 18 which controls the movement of the
      belt 29. The precise positioning of the image carrying portion of the belt
      29 can be controlled in any suitable way. The belt may carry position
      indicating means which are sensed by photocells or the like to stop the
      belt at the proper position, or the belt may include perforations or other
      indexing means with which projections on the sprocket or roller 35 make
      engagement so that, by precisely controlling the angular rotation of the
      sprocket or roller 35, close control over the advancement of the belt 29
      can be achieved.
PAR  The bottom section 29b of the belt may then be moved through a belt
      cleaning unit 46 in which the triboelectric particles adhered to the
      bottom face of the belt 29 are removed by brushes 48 and 50 controlled by
      motion imparting means 52 and 54, in turn controlled by the sequence and
      function control means 18. The brushes 48 and 50 are preferably operating
      only during the movement of the belt 29. The bottom wall of the belt
      cleaning unit 26 is inclined downwardly towards the center thereof to form
      a hopper, so that the triboelectric particles removed from the bottom face
      of the bottom section 29b of the belt 29 will fall into a central outlet
      orifice 59, where vacuum producing means 61 will force the triboelectric
      particles through a return conduit 61 to the toner unit 24, so that the
      toner particles are recirculated and reused.
PAR  At the projection station 40 there is provided a source 42 of radiant
      energy to which the microform structure 6 is sensitive, preferably radiant
      energy rich in ultraviolet light. The radiant energy source 42 is most
      advantageously positioned within the confines of the belt 29, so as to
      direct the radiant energy through the still transparent portions of the
      belt 29. The triboelectric particles will absorb this radiant energy,
      thereby creating a positive image of those areas of the original printed
      document having a white or light color. The source 42 of radiant energy is
      illustrated as being a bank of ultraviolet light producing lamps 42a,
      which like the visible light generating lamps 12a-12b, are under control
      of the sequence and function control means 18, so these lamps are
      momentarily energized at the appropriate time in the exposure cycle as
      previously described.
PAR  The period of time necessary to provide an effective exposure image on the
      microfilm 6 is dependent upon a number of factors. In the first place,
      this exposure time depends upon the intensity of the radiant energy
      generated by the lamp banks 42a. While a single lamp could be utilized
      which is progressively moved beneath the belt 29 at the projection station
      40, to reduce exposure time the stationary bank of lamps 42a is preferably
      used which simultaneously exposes all image carrying portions of the belt
      29 at the projection station 40 to the desired radiation intensity. To
      maximize the permissible intensity of the lamp bank 42a, the upper and
      bottom surfaces of the belt 29 at the invisible light projection station
      40 are most advantageously cooled by air blowers 66 and 67 which may be
      continuously energized while power is on, or intermittently energized
      through control of the sequence and function control means 18.
PAR  The radiant energy projected through the belt 29 passes through a reducing
      lens 43 which focuses the radiant energy projected xerographic image upon
      the microfilm structure 6. The lens 43 preferably provides for image
      reductions of at least the order of magnitude of 20 to 1.
PAR  While the transparent belt 29 could be eliminated by making the xerography
      drum 20 transparent to the radiant energy, and moving the radiant energy
      projection station 40 to a point along such a transparent drum, this
      arrangement would be extremely impractical and expensive. For example, the
      drum as a practical matter would have to be much larger (and therefore
      more expensive) to accommodate the various instrumentalities cooperating
      with the belt 29 previously, such as the blowers 66, 68, the belt cleaning
      unit 26, the projection station 40, etc., in addition to the various
      xerographic components associated with the drum 20 as above described.
      Also, the most efficient commercially available xerographic drums using
      selenium could not be effectively used because selenium is substantially
      opaque to radiant energy like ultraviolet light. The use of an endless
      belt separate from the photosensitive xerography drum also permits the
      ready relatively inexpensive replacement of a worn belt.
PAR  As illustrated, the microfilm 6 is in roll form on the supply and take-up
      reels 8 and 10. The supply reel is mounted on a shaft 66 and, as the
      microfilm unwinds from the supply reel 8, it passes around a guide roller
      68 through a film holding unit 71 which establishes a fixed plane for the
      portion of the microfilm to be exposed. The unwound portion of the
      microfilm winds upon the aforementioned take-up reel 10 mounted on a shaft
      69. Film sensing means 70, which may be a photocell operative device, or,
      as illustrated, a microswitch positioned in advance of the film holder 71,
      senses the passage of the film into the film holder 71. The film sensing
      means 70 is connected in an electrical circuit extending to the control
      pane 16 upon which is mounted a red lamp 72 which becomes energized when
      the film leaves the film sensing means 70.
PAR  As part of each film exposure cycle following the depression of the "START"
      pushbutton 14 and following the momentary energization of the invisible
      light projecting lamps 42a, motion imparting means 74 coupled to the
      take-up reel shaft 68 is momentarily operated to effect the advancement of
      the roll of film one frame length, to bring an unexposed portion of the
      microfilm 6 into position opposite the lens 43. Accordingly, the motion
      imparting means 74 is connected to the sequence and function control means
      18 for control thereby.
PAR  After a complete roll of the film has been exposed, the user threads the
      film on the take-up reel 10 through a film processing unit 75 and back
      upon the supply reel 8. Depression of a pushbutton 77 on the control panel
      16 effects the continuous energization of motion imparting means 79
      coupled to the supply reel shaft 8, so the reel is rotated in a direction
      to pull the roll of film through the film processing unit 75. The
      microfilm 6 is so insensitive to visible light that the film may be
      handled in ordinary room light without being affected thereby, so the user
      may readily expose the film to daylight in the process of inserting the
      same into the film processing unit 75. Completion of the development of
      the microfilm 6 is sensed by the provision of an end of develop sensing
      means 81, which may be a photocell sensing means, or, as illustrated, a
      microswitch 81 which bears against the portion of the film leaving the
      film processing unit 75. The pressure of the film on the microswitch 81
      affects the energization of a red colored lamp 83 or the like mounted on
      the control panel 16, to inform the user that the developing process is
      taking place. As soon as the end of the film passes by the sensing means
      81, the lamp 83 will become extinguished.
PAR  As previously indicated, the microfilm 6, instead of being in roll form
      could be mounted on a microfiche card or the like, in which event
      successive exposures of frames on the microfilm mounted on the microfiche
      card must be properly indexed by automatic indexing means to effect the
      exposure thereof at the proper location. If the roll of microfilm can be
      completely processed in a few seconds as in the case with the microfilm
      structure to be described, the processing unit 75 may be positioned
      between the point the microfilm receives the radiant energy involved and
      the take-up reel 10, as will be described in connection with the
      embodiment of the invention shown in FIGS. 7 and 8. (While the processing
      unit 75 is shown as being an integral part of the apparatus illustrated,
      it could less desirably be completely separate therefrom.)
PAR  In accordance with the broadest aspect of the invention, the microfilm 6
      used can take a variety of forms such as the well known vesicular or diazo
      films. However, to obtain a substantial reduction in exposure time of the
      microfilm, to obtain greatly improved image quality, and to enable the
      film processing unit 75 to be most practical and fast acting, the
      aforementioned etchant responsive film is most advantageously used as the
      film upon which the invisible light image is directed.
PAR  For a complete explanation of the nature of the most advantageous film 6
      useful with the equipment shown in FIG. 1, reference should be made to
      FIGS. 2-4. This most advantageous microfilm 6 comprises a transparent
      substrate 82 having deposited thereon a film or layer 84 of an image
      forming material. On layer 84 is disposed a film or layer 86 of a
      photosensitive material preferably sensitive primarily to ultraviolet
      light. FIG. 3 illustrates the radiant energy rays 83 passing through the
      uncoated portions of the transparent belt 29 to exposed areas 86a, 86b and
      86c of the photosensitive layer. In the areas 86a, 86b and 86c, the
      photosensitive layer 86 which was originally soluble in a given solvent,
      under the effect of the radiant energy becomes insoluble in said solvent.
      In this illustration, the photosensitive layer 86 is a negative working
      material. In the areas 86a', 86b' and 86c' which have not been exposed to
      the radiant energy 83, the photosensitive layer 86 remains soluble. When
      the microfilm 6 is treated with a solvent in which the photosensitive
      layer and the image-forming layer are both soluble, the photosensitive
      layer 86 in areas 86a', 86b' and 86c' dissolve as does the image forming
      material in the areas 84a', 84b' and 84c' underlying areas 86a', 86b' and
      86c'. The photosensitive layer 86 in areas 86a, 86b and 86c which have
      become, as a result of the irradation, insoluble, is not dissolved. Also,
      the image forming layer in areas 84a, 84b, and 84c underlying areas 86a,
      86b and 86c is not dissolved. Accordingly, an image is formed by the
      opaque image forming layer 84 in the areas 84a', 84b' and 84c' where the
      photosensitive layer and the image forming layer have been removed down to
      the transparent substrate 82.
PAR  The image forming materials for the layer 84 useful in the fabrication of
      the microfilm structure can be selected from a wide group. Generally
      speaking, the image forming material utilized can be any metal, or a
      metal-like material, or any inorganic, organic or metallo-organic or
      elemento-organic material, having image forming characteristics, which is
      capable, among other things, of being formed into a thin film or layer,
      which has a relatively high optical density at minimal thickness, and
      which is capable of being easily or readily dissolved in an unobnoxious
      aqueous solvent capable of dissolving, or permeating, those portions of
      the film or layer of the energy sensitive material which have the greater
      solubility, or permeability, after the structure has been subjected to
      energy. The image forming material, further should be compatible with the
      photosensitive material and be capable of adhering to the substrate of the
      microfilm structure. In addition, the image forming material should not
      form reaction products which would inhibit its dissolution during
      development after exposure. Further, in accordance with the preferred
      embodiment of the microfilm structure, the image forming material should
      be hydrophobic so as not to enable a water layer to form thereon which may
      affect the integrity of the film or layer of the image forming material.
      While the foregoing desiderate are satisfied to a greater or lesser extent
      by various image forming materials, including metals such as molybdenum,
      polonium cobalt, zinc, aluminum, copper, nickel, iron, tin, vanadium,
      germanium, silver and silver emulsions, they are satisied to the greatest
      extent by metal-like materials such as tellurium and tellurium containing
      compositions. Generally, in those instances where a tellurium containing
      composition is used, the tellurium should constitute at least 50 percent
      of the composition, though, sometimes materials which contain less than 50
      percent tellurium can be employed. Suitable tellurium materials can be
      found among the tellurium containing member materials described, for
      instance, in U.S. Pat. No. 3,271,591 issued on Sept. 6, 1966 to S. R.
      Ovshinsky and U.S. Pat. No. 3,530,441 issued on Sept. 22, 1970 to S. R.
      Ovshinsky. These tellurium materials include the glassy compositions which
      contain, besides a major proportion of tellurium, one or more elements
      provided these other elements do not form a salt, or the like, with the
      tellurium.
PAR  One of the significant advantages of the preferred microfilm structure is
      that only very thin films or layers of image forming material and
      photosensitive material are required which film need only be a small
      fraction of the radiant energy to produce the desired chemical effect than
      similar materials used in conventional microform films. This is due, in
      the main, to the fact that the useful image formed on the structure after
      exposure and development is the metal-like film or layer of the image
      forming material. FIG. 5 illustrates this advantage where the dashed curve
      shows that only about 1/10 of the exposure is needed to produce the
      desired affect (contrast) than the same much thicker microfilm
      photosensitive films used on conventional microform films exemplified by
      the solid lines. Therefore, since the image forming material need not be
      energy sensitive, the most important consideration, apart from the
      aforestated solubility characteristics, in the selection of the image
      forming material is that it has sufficiently high opacity to provide the
      high contrast which characterizes the finished products of this invention.
      Generally speaking, depending upon the opacity of the image forming
      material, the desired high contrast can be attained with film or layer
      thicknesses of the image forming material in the range of about 50 to
      about 5000 Angstroms, usually from about 1000 to about 2000 Angstroms. In
      those instances where tellurium or a tellurium containg composition,
      comprises the image forming material film or layer, the generally optimum
      objectives of the preferred microfilm structure are attained with film or
      layer thicknesses ranging from about 200 to about 4000 Angstroms,
      especially desirably from about 1000 to about 1500 Angstroms, with a
      thickness of about 1200 Angstroms being preferred. The economic importance
      of the extremely thin film or layer thickness employed in the preferred
      microfilm structure becomes manifest when considered in relation to silver
      halide films, for example. Film thicknesses used on such films generally
      range from 5 to 10 microns. The necessity for using silver halide layers
      of this thickness, coupled with the depletion of silver metal reserves and
      the concomitant rise in the price of the metal, point up the cost
      advantages attainable with this preferred microfilm structure.
PAR  The image forming material film or layer is further characterized in that
      it has an optical density in the aforementioned thicknesses of from about
      0.5 to about 5, usually from about 2 to about 3. The image forming
      material may be deposited on a substrate by any of various standard
      practices. Thus, for example, in those instances where the image forming
      material comprises a metal, or a metal-like material such as tellurium or
      a tellurium containing composition, vapor deposition, vacuum deposition or
      sputtering techniques can be employed.
PAR  As stated hereinabove, since the useful image formed on the preferred
      microfilm structure after exposure and development is not that of the film
      or layer of the energy sensitive material, but of the film or layer of the
      image forming material, it is not necessary that the photosensitive
      material employed in the manufacture of the preferred microfilm structure
      have any opacity or image forming properties. From this it is clear that
      the photosensitive materials having utility in the practice of the present
      invention can be selected from a wide group, including many energy
      sensitive materials which heretofore could not be used for imaging
      purposes because they lack sufficient differential between exposed and
      unexposed areas to form a visually detectable image of satisfactory
      contrast. The primary consideration in the selection of the photosensitive
      material is its ability to undergo a change in solubility or permeability
      upon the application of the radiant energy involved. The photosensitive
      material may be soluble in the form in which is is applied, becoming
      substantially insoluble, or less soluble, or impermeable, after the
      application of the radiant energy with respect to a given solvent which is
      capable of dissolving the original material. It may also be a material,
      which is substantially insoluble in a given solvent, such as water, when
      it is applied to the form of a film or layer and becomes, upon the
      application of radiant energy soluble, or permeable, for example, in
      aqueous solutions. Further in this same connection, it is possible that a
      photosensitive material is soluble in an organic solvent, but insoluble in
      water. It may, therefore, be applied in the form of a solution in the
      organic solvent, which is thereafter evaporated to form a dry film or
      layer. After application of the radiant energy, the portions of the
      photosensitive material which have been subjected to the radiant energy
      may become soluble, or permeable, with respect to water, or an aqueous
      solution, by a physical change of the material or by a chemical reaction
      taking place under the effects of the radiant energy. In this case, the
      portions of the material which have been subjected to the radiant energy
      are dissolved, or permeated, when, for example, an aqueous solvent
      solution is applied, while the portions of the material, having remained
      in the original state, are not dissolved in, or permeated by, the aqueous
      solvent even though the material is soluble in an organic solvent.
PAR  The photosensitive material may be inorganic, organic or organometallic.
      Generally speaking, it is advantageous to use an organic salt because of
      the greater choice in materials, the possibility of adapting the
      solubility or permeability characteristics thereof to the solvent
      requirements for a selected image forming material, and the possibility of
      adapting the radiant energy sensitivity thereof to a given situation. The
      photosensitive material may be negative working or positive working.
PAR  In utilizing a negative working invisible light sensitive material in the
      preparation of the preferred microfilm structure, the generally optimum
      objectives of the preferred microfilm structure are attained with certain
      diazo compounds, especially the high molecular weight condensation
      products of these nitrogen compounds. Examples thereof are the water
      soluble high molecular weight condensation products obtained by
      condensation of diazotized diphenylamine type compounds with formaldehyde
      or other similar condensation agents. These compounds are water soluble,
      or water permeable, and give off, under the effect of electromagnetic
      radiation, nitrogen to form a bakelite-like, substantially water
      insoluble, or water impermeable resinous product. These compounds comprise
      high molecular weight diazonium salts in which the single molecules of the
      diazo compound are connected by methylene bridges or similar organic
      bridges. Typical examples of such compounds are
      1-diazo-2,5-dimethoxybenzene, 1-diazo-2,5-diethoxybenzene,
      p-dimethylaminobenzene diazonium chloride, p-ethylaminobenzene diazonium
      chloride, p-diethoxyaminobenzene diazonium chloride,
      p-diazo-o-chloro-N-diethylaniline zinc chloride, 4-diazo-(4'-toluyl)
      mercapto-2,5-diethoxybenzene zinc chloride.
PAR  Other negative working energy sensitive materials which can be used include
      the materials comprising polymerizable monomers, especially unsaturated
      monomers, in combination with energy activatable, and especially actinic
      radiation activatable catalyst systems. Also useful as negative working
      invisible light sensitive materials are various azido compounds and
      paraquinone diazides.
PAR  Various negative working invisible light sensitive materials useful in the
      preferred microfilm structure are available commercially. Thus, for
      example, the high molecular weight, water soluble condensation product of
      a diazo compound sold under the designation "Diazo Resin No. 4" (Fairmount
      Chemical Company) is especially suitable. In addition, the photopolymers
      sold under the trademark "Redi-Cote" (Lithoplate Inc.), "Riston"
      (disclosed in U.S. Pat. No. 3,469,982), "Lydel" and "Dycril" (E.I. DuPont
      de Nemours), "Letterflex" (Grace), "Photozoid" (Upjohn), and other can be
      used.
PAR  The positive working energy sensitive materials which may be used in the
      preparation of the preferred microfilm structure like the negative working
      materials, can be selected from a wide group. Exemplary of such a material
      is a formaldehyde polymer of an o-quinone-diazide sulfonate containing a
      phenol coupler. Materials of this type are disclosed, for instance, in
      U.S. Pat. Nos. 3,210,239 and 3,639,185. Yet another example of a positive
      working material is the water insoluble polymers which become soluble upon
      the application of energy are o-quinone diazides. These polymers undergo
      photorearrangement to form base-soluble indene carbodylic acid. An
      o-quinone diazide product particularly suitable is sold commercially under
      the designation "AZ-1350" (Shipley). As previously indicated, positive
      working materials have the advantage in the practice of the present
      invention that only the exposed portions thereof are soluble in the
      processing thereof so unexposed portions thereof can be subsequently used
      to add recorded information.
PAR  Another important consideration is, as stated, that the photosensitive
      material and the image forming material are selected such that they are
      mutually compatible. Diazonium salts and other photosensitive nitrogen
      compounds of the diazo or azido type oftentimes react with a metal, or
      metallike layer, when they are deposited thereon, to become ineffective
      and destroyed after a short time. Tellurium, the tellurium compositions,
      and the other image forming materials used in the image forming layer
      usually do not have this effect and the preferred microfilm structures,
      therefore, have a long shelf life, maintaining their effectiveness and
      operativeness over long periods of time. With other image forming
      materials one will select from the large number of possible photosensitive
      materials those which are not, or only slightly, affected by the image
      forming material and which do not, or only slightly, react with each
      other.
PAR  As with the image forming materials, only an extremely thin film or layer
      of the energy sensitive material is needed. Basically, the film or layer
      need be only thick enough to form a coherent or continuous surface of the
      photosensitive material. No excessive material is needed because the
      material does not serve as a photoresist requiring a harsh etching agent,
      for instance, fuming acids for development. Furthermore, the
      photosensitive material is not needed for image formation. With most
      photosensitive materials useful in the preparation of the structure of the
      invention, the thickness of the layer containing the material may be from
      about 0.1 micron to about 5 microns, especially exceptional desirably
      about 0.2 to about 0.6 micron.
PAR  As is readily apparent from the foregoing, structures containing the
      effective materials in such thin layers contain very little material and
      are therefore low in cost. Another advantage is that these thin layers can
      be dissolved or developed in extremely short times as will be set out
      hereinafter.
PAR  The energy sensitive materials of the invention can be applied in the form
      of a solution by any of various known practices, including roller coating,
      spraying, spinning, dipping and the like. These methods, especially roller
      coating, also with those energy sensitive materials, which can be applied
      in the form of an aqueous solution such as the above mentioned
      formaldehyde condensation products of diazonium salts.
PAR  The substrates which can be used in the fabrication of the structure of the
      present invention advantageously are flexible films which are transparent.
      Exemplary of such films are transparentized paper, cellulose acetates,
      glassine paper, polyethylene, polypropylene, polyethylene glycol
      terephthalate (Mylar), polycarbonates, polyvinyl chloride, polyamides such
      as nylon, polystyrene, polymethyl -chloroacrylate, polyacrylonitrile and
      the like. For the production of visually detectable microfilm images, the
      desired image forming characteristic of an image forming material is
      opacity in the case of transmissive viewing, or reflectivity in the case
      of reflection viewing. For highest contrast one will select, in the case
      of transmissive viewing or projection, a transparent or translucent
      substrate such as one of the aforementioned plastic films. In the case of
      reflection viewing one will select a reflective substrate such as light
      colored paper, cardboard, plastic and the like. By the proper choice of
      substrate characteristics and image forming characteristics of the image
      forming material, one can produce images of highest contrast and
      distinction. The thickness of the flexible films employed as the substrate
      is variable. Generally speaking, in the case of plastic films the
      thickness can range from about 1 mil to 10 mils, or more. In these
      instances where an image is to be formed on both sides of the substrate in
      accordance with the double-imaging aspects of the invention, film
      thickness in the range of from about 5 mils to about 7, or 8 mils, are
      preferred.
PAR  The energy which may be used for imaging and for altering the solubility,
      or permeability, properties of the energy sensitive material may be
      selected in accordance with the requirement of the energy sensitive
      material used in each individual case. Preferred are those materials,
      which image upon the application of low or medium amounts of
      electromagnetic radiation, such as UV light or infrared radiation. Some of
      the preferred energy sensitive materials, such as the above mentioned high
      molecular weight diazonium type condensation products, can be changed by
      very short pulses of high intensity light sources, giving off UV radiation
      such as mercury vapor lamps, photographic flashs lamps and electronic
      flash lamps such as Xenon flashs lamps. With these types of high energy
      sources, flashes of less than 1/4 second, and in the case of electronic
      flash lamps, pulses of the order of 1 or 2 milliseconds, are sufficient to
      bring about the change in the solubility characteristics of the energy
      sensitive material. The imaging by the short pulses is of particular
      benefit in the large scale production of microform.
PAR  As stated, a single solvent system advantageously is utilized in the
      development of the exposed structure of the present invention. Apart from
      its capabilities for dissolving, or permeating, the soluble, or permeable
      energy sensitive material, and for dissolving the image forming material
      after exposure, the solvent, generally speaking, will be selected on the
      basis of the development latitude afforded by it, and whether the exposed
      or unexposed areas of the structure are to be acted upon by the solvent.
      In those instances where the unexposed areas of the structure are to be
      acted upon by the solvent, the solvent desirably comprises a dilute
      aqueous solution of an alkali metal oxidizing agent exemplified by sodium
      hypochlorite, lithium hyprochlorite, potassium hypochlorite and the like.
      Such solutions not only have a high capacity for dissolving, or
      permeating, unexposed portions of the energy sensitive material following
      exposure, but, also, have a high capacity for dissolving the image forming
      material especially when the latter comprises tellurium or a tellurium
      containing material. In this latter connection, it is surprising and
      unexpected that an aqueous sodium hypochlorite solvent dissolves tellurium
      when deposited in the form of a thin film or layer as contemplated herein.
      An aqueous sodium hypochlorite solution generally does not dissolve
      tellurium in the form of granules or small particles. On the other hand,
      the said solvent readily dissolves tellurium if it is deposited in the
      form of a thin film or layer. The tellurium is soluble in the aqueous
      sodium hypochlorite solution regardless of whether it is deposited by
      vapor vacuum, or by sputtering techniques.
PAR  A further advantage of the aforementioned aqueous solvents resides in the
      fact that their solvent capacity extends over a wide range of
      concentrations. Thus, for example, the full strength aqueous sodium
      hypochlorite solution obtained as a reagent from Baker Chemicals Company
      and having a concentration of 6.9 percent, by weight, is an excellent
      solvent for the deposited layer of tellurium. The same reagent diluted to,
      for instance, 10 percent or even 1 percent of its strength is still a good
      solvent for the deposited thin tellurium layers. Such solvents have the
      added advantage of being unobnoxious, non-volatile and of affording large
      development latitude in that development, for example, of the exposed
      structure, in the case where the energy sensitive material is a diazo
      compound of the type sold under the designation Diazo Resin No. 4, can
      take place therein at rates varying from 1 foot per minute to 100 feet per
      minute without adverse affect on the finished microform. Further, in this
      same connection, a single quart of the solution is capable of processing
      as much as one thousand square feet of exposed imaging material. The rise
      of such a solution has the further important advantage of not requiring a
      skilled operator, or expensive and complicated processing equipment. The
      development latitude of aqueous solvents such as sodium hypochlorite and
      lithium hypochlorite can be enhanced by adding a suitable buffering agent
      to the solvent. Typical of such buffering agents are sodium and potassium
      bicarbonate.
PAR  Other oxidizing agent types of solvents include aqueous hydrogen peroxide,
      and aqueous solutions of potassium chlorate, and of ferric chloride.
      Hydrogen peroxide, like the hypochlorites, dissolves the unexposed areas
      of the imaging material. Potassium chlorate, by proper control of pH, can
      be employed to dissolve either exposed or non-exposed areas. More
      specifically, in this connection, at a pH of the order of 7 to 9, the
      exposed areas can be removed. At a higher pH in the range of about 11 to
      about 13, the unexposed areas can be removed. Ferric chloride acts on
      exposed areas only. Other solvent systems which can be used, but which,
      for one reason or other are not preferred, are aqueous iodine-potassium
      iodide solutions; iodine-potassium iodide in acetone; and iodine vapors in
      the presence of water vapor.
PAR  The following examples are illustrative of specific embodiments of the
      etchant responsive microfilm described.
PAC  EXAMPLE 1
PAR  A solution containing 8 weight percent Diazo Resin No. 4 is roller coated
      onto a substrate having a vacuum deposited film of tellurium, 1200
      Angstroms thick, on one side thereof. The resin layer is 0.2 micron thick.
      The structure is exposed for 1 second using Microscan A-9 exposure units.
      The exposed structure is sprayed with 25 volume % NaOCl and 0.5 weight %
      sodium bicarbonate in water. Those areas of the Diazo Resin No. 4 layer
      which are not exposed, and the areas of the tellurium film underlying the
      unexposed areas of the resin layer, are simultaneously etched in about 1
      second. The exposed areas are unaffected. After rinsing and drying a high
      quality reverse polarity duplicate is obtained.
PAC  EXAMPLE 2
PAR  The structure of Example 1 is exposed as described in the example. The
      structure is then sprayed with a solution comprising 5 weight %
      NaClO.sub.3 and 2 weight % citric acid in water. The unexposed areas of
      the resin, including the underlying tellurium areas, are simultaneously
      dissolved in less than 3 seconds. The imaged structure is rinsed and dried
      to provide a high quality reverse polarity duplicate.
PAR  While the processing unit may take a variety of forms, as shown in FIG. 7
      it includes a rectangular, open top housing 110 divided by transverse
      walls 112 and 114 into an etchant reservoir 116, a rinse reservoir 118 and
      a drying chamber 120. A microfilm passage assembly is carried on a frame
      121 which rests on the top of the housing 110. Extending across the
      etchant reservoir 116 is an etching chamber-forming unit 123 supported on
      ribs 132 projecting inwardly from the frame 121. Extending across rinse
      reservoir 118 is a rinsing chamber-forming unit 125 supported on ribs 124
      projecting inwardly from the frame 121. The etching chamber-forming unit
      123 comprises a rectangular box-like structure having a top panel 128 with
      spaced rows of perforations 130. The perforations are staggered diagonally
      to ensure coverage of the entire surface of a print by developer solution
      sprayed through the perforations. Spaced above the top panel 128 is a
      guide plate 136 which forms a guide channel 134 for the microfilm 6. On
      the underside of guide plate 136 are diagonally disposed ribs 137 to
      minimize contact area with the top surface of the microfilm.
PAR  In the etchant reservoir 116 is a pump 139 immersed in the etchant solution
      141 the pump having a vertical outlet 138. The bottom of the etching
      chamber-forming unit 123 has an opening 140 which seats over pump outlet
      138 against a seal 142 so that the pump feeds directly into the etching
      chamber-forming unit.
PAR  The rinsing chamber-forming unit 125 is a box-like structure having upper
      and lower chamber-forming portions separated by spaced upper and lower
      guide walls 144-146 which form a guide channel 150 for the microfilm 6.
      The guide walls 144-146 have rows of diagonally staggered perforations
      151-152. The upper and lower chamber-forming portions of the rinsing
      chamber-forming unit are interconnected by passageways (not shown) at the
      sides thereof.
PAR  In the rinse reservoir 118 is a pump 154 immersed in the rinse solution,
      the pump having a vertical outlet 156. The bottom wall of the lower
      chamber-forming portion of the rinsing chamberforming unit 125 has an
      opening 157 which seats over outlet 156 on a seal 158. Pump 154 floods the
      upper and lower chamber-forming portions of the rinsing chamber-forming
      unit 125 with rinse solution under pressure which solution is sprayed into
      the guide channels 150 through the perforations 151 and 152.
PAR  The etching chamber-forming unit 123 and the rinsing chamber-forming unit
      125 are supported so that their guide channels 134 and 150 are
      horizontally aligned with an entry slot 160 in housing end wall 164 and an
      exit slot 166 in the housing end wall 168. In the drying chamber 120 are
      upper and lower air ducts 170 and 172. Each air duct conducts air flow in
      the general direction of microfilm motion in advance of the exit slot 166.
      The exit slot has considerable vertical depth to provide unresstricted air
      flow, the microfilm being effectively floated between the ducts and
      rapidly dried on both sides. Drying air is supplied to the ducts from any
      suitable blower.
PAR  The roll of microfilm 6 is driven through the processing unit by various
      pairs of rollers each including a driven lower roller and a freely
      rotatable upper roller with their tangential contact in horizontal
      alignment with guide channels 134 and 150. Two pairs of rollers 174-176
      and 178-180 are mounted on opposite ends of etching chamber 116, two pairs
      of rollers 182-184 and 186-188 are mounted on opposite sides of rinsing
      chamber 125 and one pair of rollers 190-192 are mounted just inside end
      wall 168 at exit slot 166. The pairs of rollers 174-179 and 182-184 at the
      entry ends of the etching and rinsing chambers may be of the open
      interrupted type while the pairs of rollers 178-180 and 182-188 at the
      exit ends of the etching and rinsing chambers are resilient squeegee type
      to remove excess liquid from the microfilm. The pair of rollers 190-192
      adjacent exit slot 166 is the open interrupted type for unrestricted air
      exhaust.
PAR  In passing through the etching chamber-forming unit 123, the light
      sensitive layer of microfilm 6 is on the bottom thereof and is sprayed on
      the bottom exposed face thereof with the etching solution. In the rinsing
      chamber-forming unit 125, the microfilm is rinsed from both sides and then
      dried from both sides in the drying chamber 120. Most of the sprayed
      liquid is removed after each wetting stage by the squeegee rollers 178-180
      and 186-188, thus reducing contamination and speeding drying. The passage
      of a microfilm frame through the processing unit requires only a few
      seconds.
PAR  The processing unit just described is the subject of pending U.S.
      application Ser. No. 250,874 filed May 8, 1972 on Print Processing Unit.
PAR  As previously indicated, the processing of each exposed frame of the
      microfilm may take place in the interim between successive exposures
      thereof rather than as a completely separate operation after the entire
      roll of film has been exposed as in the case of the embodiment of the
      invention shown in FIG. 1. Accordingly, reference should be made to FIGS.
      8 and 9 which illustrate this alternate form of the invention, which has
      its greatest practicality in microform reductions of much less magnitude
      than about 20 (where with the very small size of the film focused image
      and the small spacing usually desired between successive exposed portions
      of the film make it more difficult to apply the form of processing
      apparatus now to be described and shown in FIGS. 8 and 9). However, it is
      contemplated that the form of the processing apparatus now to be described
      can also be applied to microform reductions of the order of magnitude of
      20 to 1 and greater.
PAR  As illustrated in FIGS. 8 and 9, a processing unit 75' is provided which is
      mounted for horizontal transverse reciprocating movement as well as up and
      down movement upon various support means to be described at a point next
      to the point where film 6' receives its exposure to invisible light. In
      FIG. 8, the reducing lens 43' is shown which focuses the image involved
      upon the film 6', between points where the film is supported by spaced
      pairs of rollers 200-200' and 202-202'.
PAR  The film processing unit 75' is shown supported horizontally for transverse
      sliding movement on a platform 204 in turn mounted for up and down
      movement of a support member 207 beneath the microform film 6' in a
      direction transverse to the length thereof. The platform 204 is
      reciprocated by any suitable motion imparting means 206, in turn,
      controlled by the sequence and function control means 18' which, during a
      processing operation, moves in sequence etchant spray means 75a', a rinse
      spray means 75b' and drying means 75c' beneath the just previously exposed
      frame of the film 6'. The etchant spray means 75' sprays the desired
      etchant upwardly through an opening 208 defined by upwardly projecting
      rubber-like seal-forming walls 210 of a size corresponding to the outlines
      of each exposed film frame and which are movable into liquid sealing
      relationship with the downwardly facing photosensitive layer of the film
      6'. The rinse spray means 75b' applies an upwardly directed spray of the
      rinsing solution through an opening 212 defined by upwardly extending
      seal-forming walls 214 of a size corresponding to the outlines of each
      exposed film frame and which are movable into liquid sealing relationship
      with the downwardly facing invisible light sensing layer of the film 6'.
      The drying means 75c' directs an upward blast of warm air through an
      opening 216 defined by sealforming walls 218 of a size corresponding to
      the outlines of each exposed film frame and which are movable into liquid
      sealing relationship with the downwardly facing photosensitive layer of
      the film 6'.
PAR  The film 6' passes beneath a support plate 220 so that when the platform
      204 carrying the film processing unit 75' is raised, the seal-forming
      walls 210, 214 or 218 in position beneath the exposed film frame are moved
      into liquid sealing relationship with the exposed film frame involved
      backed by the support plate 220, so that the etchant solution, the rinse
      solution or the warm air involved is confined to the bottom surface of the
      exposed film frame. The up and down movement of the platform 204 may be
      controlled in any suitable way, such as by means of an elevation control
      means 225 which may be a solenoid or the like which imparts upward and
      downward movement to the platform carrying support member 205. The
      elevation control means 225 may be controlled in any suitable way in the
      proper sequence by the sequence and function control means 18'.
PAR  After exposure of a frame of the film 6', motion imparting means 74
      controlling the rotation of the take-up reel 10' on which the film 6' is
      wound operates to advance the film 6' one frame position, while the film
      processing unit 75' is at an elevation slightly below the plane of the
      film 6'. When the film advance operation is terminated, the elevation
      control means 225 raises the processing unit 75' to bring the seal forming
      walls 210 of the etchant spray means 75a' against the bottom of the film
      6', where the pumping means forming a part thereof become operative to
      spray the etchant upwardly against the bottom surface of the film 6'. Much
      of the sprayed etchant will drain back into the etchant spray means 75a'.
      This operation takes from less than a second to at most a few seconds. The
      film processing unit 75' is then lowered slightly and advanced one station
      position by momentary operation of motion imparting means 206 to bring the
      rinse spray means 75b' into position below the exposed film frame,
      whereupon the elevation control means operates again to bring the rinse
      spray means sealing-forming walls 214 into sealing relation with the
      bottom of the film 6'. The pumping means associated with the rinse spray
      means 75b' is then energized to momentarily spray the rinse solution
      against the bottom surface of the film 6', much of the rinse solution
      draining back into the rinse spray means 75b'. After the film processing
      unit 75' is then lowered a small distance, motion imparting means 206
      again is momentarily energized to move the drying means 75c' immediately
      below the exposed frame, whereupon the elevation control means raises the
      film processing unit 75' slightly to bring the seal forming walls 218 of
      the drying means against the bottom of the film 6'. The blowing and
      heating means of the drying means 75c' is then rendered operative to blow
      warm air against the bottom of the film 6', to remove any rinse solution
      which may still remain on the surface of the film 6'.
PAR  Since the processing of the film is not separately directly controlled by
      the user of the equipment, the control panel 16' associated with the form
      of the invention now being described need contain thereon only a manually
      operable "START" pushbutton 14' which initiates the combined exposure and
      developing cycle, a no film indicating light 72' which becomes energized
      to emit a red warning light when the roll of film leaves contact with the
      no film sensing means 70 positioned in front of the supply reel 8', and
      power ON and OFF pushbuttons 19' and 21' which serve the same function as
      the ON and OFF pushbuttons 19 and 21 previously described.
PAR  The nomenclature of the elements to be used in the claims to follow may, in
      some cases, differ from that used to describe corresponding elements of
      the microform producing systems previously described. However, the claim
      terminology is intended to cover embodiments shown in the drawings and
      equivalents thereof. For example, some of the claims refer to energy which
      does or does not efficiently differentially reflect off of the light and
      dark areas of printed documents and the like, which may or may not be the
      same as visible and invisible light in a given instance. Energy which does
      efficiently reflect off of the light and dark areas of a printed document
      is intended to cover, for example, the visible light generated on the face
      of a cathode ray tube which although not actually reflected from a printed
      document, is visible light nevertheless which can be so reflected. Also,
      some of the claims refer to an "image projection member" which has energy
      transparent and opaque areas. This member is intended to cover the
      transparent endless belt 29 or a transparent drum on which the image to be
      projected is xerographically or otherwise produced. Moreover, while the
      invention in its most advantageous form utilizes xerographic equipment to
      produce a projectable image on the image projection member, some of the
      claims more broadly refer to projection image producing means to cover
      both xerographic and other image reproduction means for producing a
      desirable image on the aforementioned image projection member.
PAR  It should be understood that numerous other modifications may be made in
      the preferred forms of the invention described and shown in the drawings
      without deviating from the broader aspects of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with xerographic apparatus including means for providing
      printed document differentially reflected light containing the information
      to be microfilmed and xerographic image producing means including an
      initially charged photoconductive surface in the path of said printed
      document differentially reflected light on which surface a pattern of
      uncharged areas is produced in response to the pattern of said energy
      impinging thereon, the improvement comprising apparatus for producing
      original microfilm on a microform film structure insensitive relative to
      silver halide films to energy which differentially reflects off of the
      light and dark areas of a printed document and relatively sensitive to
      ultraviolet light, said apparatus comprising: an image receiving member
      transparent to ultraviolet light; image developing means responsive to the
      pattern of charged areas on said photoconductive surface for providing on
      said image receiving member a coating of particles opaque to said
      ultraviolet light in a pattern corresponding to said charged areas on said
      photoconductive surface; a source of said ultraviolet light on one side of
      said coated image receiving member for projecting ultraviolet light
      through the transparent portion of said image receiving member; means for
      supporting said microfilm structure sensitive to said ultraviolet light in
      spaced relation to the other side of said image receiving member; image
      reduction lens means in the path of the ultraviolet light projected
      through said image receiving member for focusing on said microfilm
      structure an image reduced by a factor of at least about 20; first means
      for imparting motion intermittently to said image receiving member; second
      means for providing intermittent advancement of said microfilm structure
      on said supporting means in accordance with the spacing between successive
      exposure frames; a control station including a manually operable start
      means; sequence and function control means responsive to operation of said
      manually operable start means for initiating the momentary operation of
      said image producing means, first means which imparts motion to said image
      receiving member to move the image containing portion of said image
      receiving member to said image projection station, said source of
      ultraviolet light to project the image on said image projection member
      through said image reduction lens means and upon said microfilm structure,
      and said second means to impart advancement of said microfilm structure
      one frame position to bring an unexposed frame of said film into an
      exposure position.
NUM  2.
PAR  2. The combination of claim 1 wherein said image receiving member is an
      endless member transparent to said ultraviolet light, said particles on
      said endless image receiving member being removable therefrom, and there
      is provided particle recovery means for removing said particles after the
      image produced thereby is projected on the microform film structure.
NUM  3.
PAR  3. The combination of claim 1 further combined with a microform structure
      on said supporting means in spaced relation to said other side of said
      image receiving member, said microform structure includes a photosensitive
      layer responsive to said ultraviolet light and in the path of said
      ultraviolet light projected through said image receiving member, an opaque
      microform image-forming layer behind said energy sensitive layer which
      image-forming layer is etchable by a given etchant material which
      substantially permeates only one of the exposed and unexposed areas of
      said energy sensitive layer; and there is provided processing apparatus
      for applying said etchant to said microfilm structure to etch away the
      portions of said image-forming opaque layer behind the portions of said
      photosensitive layer permeated thereby.
NUM  4.
PAR  4. The combination of claim 1 wherein the system further includes
      processing means for processing the exposed microform film structure to
      produce a completed microform ready for viewing on a microform film
      reader, and said motion and sequence control means including means for
      operating said processing means to process the exposed film structure.
NUM  5.
PAR  5. An original microform system for producing original microform on a
      microform film structure relatively insensitive to energy which
      differentially reflects off of the light and dark areas of a printed
      document, said system comprising: an information input station for
      providing printed document differentially reflected energy containing the
      information to be microformed; projection image producing means including
      an image receiving member, said projection image producing means being
      responsive to said printed document differentially reflected energy
      directed from said information input station for forming on said image
      receiving member a pattern of areas respectively transparent and opaque to
      radiant energy to which said microform film structure is responsive; first
      means for imparting motion intermittently to said image receiving member;
      a source of said radiant energy positioned on one side of said image
      receiving member at an image projection station; a microform film
      structure in the form of a roll of film and unwindable from a supply reel
      and after exposure windable onto a take-up reel, said film being in spaced
      relation to the other side of said image receiving member and mounted for
      intermittent advancement in accordance with the spacing between successive
      exposure frames; second means for imparting an intermittent movement to
      said microform film structure; reducing lens means positioned between the
      other side of said image receiving member and an unwound portion of the
      film for focusing on the microform film structure a substantially reduced
      image of the image projected through said image receiving member; a
      control station including a manually operable start means for initiating a
      one film frame advancement of the film each exposure cycle; sequence and
      function control means responsive to operation of said manually operable
      start means for initiating operation of said manually operable start means
      for initiating operation of said projection image producing means
      including the momentary operation of said first means which imparts motion
      to said endless image projection member to move the image containing
      portion of said image receiving member to said image projection station
      for momentarily energizing said source of radiant energy to project the
      image on said image receiving member through said reducing lens means and
      upon said unwound portion of said film, and for momentarily operating said
      second means to impart advancement of said film one frame position to
      bring an unexposed frame of said film into an exposure position;
      processing means for processing the exposed microform film structure to
      produce a completed microform ready for viewing on a microform film
      reader, said motion and sequence control means including means for
      operating said processing means to process the exposed film structure;
      film sensing means for sensing completion of exposure of the roll of
      microform film; indicating means at the control station for indicating the
      end of the exposure of the complete roll of said microform; and means
      controlled by said function and sequence control means for feeding a
      completely exposed roll of film through said processing means to process
      the same.
NUM  6.
PAR  6. The original microform producing system of claim 5 wherein there is
      provided processing means for processing exposed frames on said microform
      film structure to provide a microform film structure ready for viewing on
      a microform film reader or the like, said sequence and function control
      means being responsive to the operation of said manually operable start
      means for effecting during each exposure cycle the operation of said
      processing means to process the exposed frame of said microform film
      structure immediately after each exposure thereof.
NUM  7.
PAR  7. The original microform producing system of claim 6 wherein said
      processing means directs a processing material upon the just exposed frame
      of the microform film structure and includes masking means for confining
      said processing material to the exposed frame of the microform film
      structure.
NUM  8.
PAR  8. An original microform system for producing original microform on a
      microform film structure relatively insensitive to energy which
      differentially reflects off of the light and dark areas of a printed
      document, said system comprising: an information input station for
      providing printed document differentially reflected energy containing the
      information to be microformed; projection image producing means including
      an image receiving member, said projection image producing means being
      responsive to said printed document differentially reflected energy
      directed from said information input station for forming on said image
      projection member a pattern of areas respectively transparent and opaque
      to radiant energy to which said microform film structure is responsive,
      said image receiving member being an endless member; first means for
      imparting motion intermittently to said endless image receiving member; a
      source of said radiant energy positioned on one side of said image
      receiving member at an image projection station; a microform film
      structure supported for intermittent advancement in accordance with the
      spacing between successive exposure frames, said microform film structure
      being supported in spaced relation to the other side of said image
      receiving member; second means for imparting an intermittent movement to
      said microform film structure; reducing lens means positioned between the
      other side of said image receiving member and said microform film
      structure for focusing on the microform film structure a substantially
      reduced image of the image projected through said image receiving member;
      a control station including a manually operable start means for initiating
      a one film frame advancement of the microform film structure each exposure
      cycle; sequence and function control means responsive to operation of said
      manually operable start means for initiating operation of said projection
      image producing means including the momentary operation of said first
      means which imparts motion to said endless image receiving member to move
      the image containing portion of said image projection member to said image
      projection station for momentarily energizing said source of radiant
      energy to project the image on said image projection member through said
      reducing lens means and upon said microform film structure, and for
      momentarily operating said second means to impart advancement of said
      microform film structure one frame position to bring an unexposed frame of
      said microform film structure into an exposure position; processing means
      for processing exposed frames on said microform film structure to provide
      a microform film structure ready for viewing on a microform film reader or
      the like, said sequence and function control means being responsive to the
      operation of said manually operable start means for effecting during each
      exposure cycle the operation of said processing means to process the
      exposed frame of said microform film structure immediately after each
      exposure thereof, said processing means having processing material
      discharge opening-forming means framed by seal-forming means for forming a
      seal about an exposed film frame and being mounted for movement from a
      position in spaced relation to the said microform film structure to an
      operative position, said sealforming means being forced into sealing
      relation with the just exposed frame of the microform film structure;
      means for imparting motion to said processing means between said
      positions, said motion imparting means being controlled by said sequence
      and function control means which effects the movement thereof from said
      spaced position to said operative position and the discharge of said
      processing material against the exposed face of the exposed film frame.
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ABST
PAL  A color image reproduction system wherein there are recorded at different
      angular orientations on a deformation imaging member at least two images
      corresponding respectively to the color content of at least two different
      colors of an original multicolor image. Readout illumination provided by
      an extended light source is converted to a plurality of point sources and
      deflected to the imaged member by a member comprising a transparent
      substrate carrying a plurality of mirrored areas. The information-
      modulated illumination is then reflected to provide a reproduction of the
      original image at an output image plane.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a color image reproduction system and
      more particularly to a system wherein images recorded by a deformation
      imaging member are read out with illumination from an extended light
      source.
PAR  There is known in the art a class of imaging members wherein a
      photoconductive layer and an elastically deformable elastomer layer are
      sandwiched between a pair of electrodes, one of which may be a thin
      flexible metallic layer overlying the elastomer layer. In operation
      imagewise activating electromagnetic radiation is directed upon the member
      and an electrical field is established across the photoconductive and
      elastomer layers thus causing these layers to deform in imagewise
      configuration. These members may be used as image intensifiers since the
      deformation image may then be read out with a high intensity light source
      and a schlieren optical system or for buffer storage of images since the
      images may be stored for some period of time. A family of imaging devices
      of this type is described in U.S. Pat. No. 3,716,359.
PAR  There has now been developed a color imaging system wherein there is
      utilized an imaging member of the type described in the Pat. 3,716,359
      which further includes color spatial light modulation means and a fiber
      optic element. This color imaging system is described in copending
      Application, Ser. No. 507,910, filed on even date herewith in the name of
      Richard F. Bergen and assigned to a common assignee. The entire contents
      of this copending Application are hereby incorporated by reference herein.
      There is disclosed a readout scheme for full color readout wherein a point
      or small source readout light source is used. These small sources
      generally include an arc lamp or small filament bulbs. The former requires
      a relatively expensive power supply and large lamphouse and the latter
      typically has low output intensity.
PAR  Since an extended light source such as a slide projector lamp produces
      considerable intensity using standard voltage it would be an attractive
      candidate for a readout light source. However, the large area filament of
      such a light source would require a much higher carrier frequency for the
      imaging member to provide separation of the zero order from the diffracted
      orders on the Fourier plane of the readout lens. This in turn would
      typically require larger and more expensive color gratings. It would be
      desirable to have a readout optics system which includes an extended light
      source which does not have the above-noted disadvantages.
PAR  A color image reproduction system which includes such a readout optics
      arrangement is described in copending Application, Ser. No. 507,911, filed
      on even date herewith in the name of Richard F. Bergen and assigned to a
      common assignee. The present Application also relates to a color image
      reproduction system having the above-noted desirable features.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide the above-described
      desirable features.
PAR  It is another object of the invention to provide a color image reproduction
      system.
PAR  It is a further object to provide an image reproduction system capable of
      providing a full color reproduction of a full color original image.
PAR  It is still another object to provide a color image reproduction system
      wherein an imaged member is read out with illumination provided by an
      extended light source and converted to a plurality of point light sources.
PAR  Still further it is an object to provide a color image reproduction system
      which includes a deformation imaging member.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  These and other objects and advantages are accomplished in accordance with
      the present invention by providing a color image reproduction system
      wherein there are recorded at different angular orientations on an imaging
      member at least two images respectively corresponding to the color content
      of at least two different colors of a multicolor original image. Readout
      illumination provided by an extended light source is converted to a
      plurality of point light sources and deflected to the imaged member by a
      member comprising a transparent substrate carrying a plurality of mirrored
      areas. The information-modulated illumination is then reflected through
      appropriate light filters to provide a reproduction of the original image
      at an output image plane.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      description of various preferred embodiments thereof, taken in conjunction
      with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic illustration of an embodiment of the color imaging
      system of the invention;
PAR  FIG. 2 is an exploded isometric view of an embodiment of an imaging member
      which may be used in the color imaging system;
PAR  FIG. 3 is an exploded isometric view of another embodiment of an imaging
      member which may be used in the color imaging system;
PAR  FIG. 4 is a partially schematic front view of an embodiment of a member for
      converting light from an extended light source into a plurality of point
      sources;
PAR  FIG. 5 is a partially schematic front view of a light deflecting and
      transmitting member which may be used in the color imaging system; and
PAR  FIG. 6 is a partially schematic illustration of another embodiment of the
      color imaging system of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 there is illustrated an embodiment of a color image reproduction
      system which includes deformation imaging member 10 which may be any
      deformable member capable of recording screened color image input. A
      preferred embodiment of imaging member 10 is shown in FIG. 2 wherein the
      individual elements are greatly magnified for purposes of illustration.
      Referring now to FIG. 2 there is seen an imaging member wherein a
      substantially transparent conductive layer 12 comprises one electrode of
      the member and a thin flexible conductive metallic layer 14 comprises
      another electrode. It should be noted that the imaging member may further
      include an optical transparent substrate for conductive coating 12.
      Sandwiched between the electrodes are photoconductive insulating layer 16
      and deformable elastomer layer 18. The electrodes are connected to
      potential source 20 which may be A.C., or D.C. or combinations thereof. It
      should be noted that the photoconductive material may be incorporated in
      elastomer layer 18 thus obviating the need for layer 16. The imaging
      member further includes color spatial light modulation means 22 comprising
      in this illustrative instance a three color grating 23 residing on a
      transparent substrate 24, e.g., glass, optional index matching liquid
      layer 26 and fiber optic element 28. Optionally and preferably there may
      also be provided a transparent layer of an insulating liquid for example,
      oil (not shown) in contact with the free surface of flexible conductive
      layer 14. The insulating liquid layer serves an important function when it
      has an index of refraction different than that of air since its presence
      over flexible conductive layer 14 means light propagating from the right
      of the member for reading out the image formed therein will be modulated
      more than it would if only air were present. The insulating liquid layer
      also serves as protection for flexible conductive layer 14 by isolating it
      from contamination by dust or the like, maintaining a more constant,
      ambient environment. Typically, a protective layer such as a cover glass
      is arranged over the insulating liquid layer to keep it in place and free
      of contamination. Many materials of the types useful in layers 12, 14, 16
      and 18 are known in the art (see, for example, U.S. Pat. No. 3,716,359)
      and therefore any extensive discussion of materials is not required.
PAR  Fiber optic element 28 comprises a plurality of light conducting optical
      fibers secured together in side-by-side relation so that corresponding
      opposite ends of the fibers cooperate to define first and second faces and
      may be electrically insulating or conductive. The member is typically
      about 1/4 inch thick and typically contains fibers in the range of from
      about 3 microns to about 20 microns in average diameter. The fibers may be
      of a variety of shapes including rod-like, thread-like, conical, etc. The
      fibers may be clad with a variety of materials including a dark colored
      material which will absorb light escaping from the fibers into the
      cladding and materials which are non light absorbing. In one embodiment
      some of the fibers may have a single cladding of light absorbing material
      and the remainder of the fibers have a single cladding of nonabsorbing
      material as is disclosed in U.S. Pat. No. 3,797,910. There are available
      fiber optic members which will transmit ultraviolet radiation; typically
      these members transmit visible and near infrared radiation. It is noted
      that a slightly reduced image contrast may be obtained because of the
      cladding.
PAR  The color spatial light modulation means 22 comprises a three color grating
      23 residing on transparent substrate 24. The color grating is made up of
      three differently colored sets of stripes 23a, 23b, and 23c at different
      angular orientations superimposed on each other. Each differently colored
      set of stripes has a periodicity which may be the same as, or different
      than, the other sets of stripes. It should be noted that the color
      gratings may have only two sets of stripes. For purposes of illustration
      it will be considered that the vertical stripes 23a are magenta, the
      horizontal stripes 23b are cyan, and the yellow stripes 23c are at an
      angle of 45.degree. to the magenta and cyan stripes. For the elastomer
      layers typically used in imaging member 10 gratings having a periodicity
      of 40 lp/mm or 100 lp/mm are used.
PAR  Arranged between color spatial light modulation menns 22 and fiber optic
      element 28 is optional index matching liquid layer 26. Layer 26 does away
      with any air gap which would cause resolution losses and which would
      typically be present unless special precautions were taken such as, for
      example, using pressure to force the fiber optic element into intimate
      contact with light modulation means 22. Accordingly, the use of layer 26
      is preferred. Layer 26 is chosen so as to have an index of refraction
      which is relatively close or equal to that of substrate 34 (typically
      glass) and the glass of the fiber optic bundles (typically about
      1.5-1.75). Layer 26 generally has a thickness which is less than the
      periodicity of the gratings (for example, a 40 lp/mm grating has a period
      of 25 microns) and preferably is as thin as possible, for example, about 1
      to 2 microns. Generally any suitable liquid which has an appropriate index
      of refraction may be used in layer 26. Typical suitable liquids include
      for example, alcohols, oils such as 200 Dielectric Fluid available from
      Dow-Corning, water, soaps such as glycerine and index matching liquids
      available from Cargille Lab., Inc., Cedar Grove, N.J.
PAR  Alternatively the color gratings may be formed directly on a surface of the
      fiber optic element. In FIG. 3 there is shown in exploded isometric view
      an embodiment of an imaging member wherein a different set of stripes, for
      example, magenta stripes 23a, cyan stripes 23b, and yellow stripes 23c,
      respectively resides on a separate fiber optic element 28. By using three
      separate fiber optic elements in the manner described it is possible to
      independently control the angular relationship of each color when the
      fiber optic elements are placed in contact with each other. Preferably an
      index matching layer is formed at the contact interfaces between each
      fiber optic element.
PAR  Color gratings such as those shown in FIG. 3 mat be formed in various ways
      including by a technique utilizing a photoresist material. A layer of
      photoresist material is formed on a surface of a fiber optic element and a
      master line grating, for example, one having a periodicity of 40 lp/mm or
      100 lp/mm is placed in contact with the photoresist material and the
      member is exposed. The unexposed portions of the photoresist layer are
      removed resulting in a line grating being formed on the surface of the
      fiber optic element. The strips of photoresist material are then dyed any
      desired color. In another embodiment a grating of one color may be formed
      on one surface of the fiber optic element and a second grating of a
      different color mat be formed on the other surface thereof using the same
      techniques. Color gratings can also be made using "Polytran" commercially
      available from Eastman Kodak in cyan, magenta, yellow and black. This
      material can transfer an exposed image into a heated substrate when a
      slight pressure is applied to the sandwich. The "Polytran" base is then
      stripped from the base leaving a high resolution grating image on the
      substrate.
PAR  Where the color gratings are affixed to the surface of the fiber optic
      element opposite from that carrying electrode 12, the imaging member may
      be utilized in a contact imaging mode wherein a transparency is placed in
      contact with the surface carrying the color gratings and subsequently
      illuminated to excite the photoconductive layer. In another contact
      printing embodiment the complex color grating may be disposed at the
      photoconductive layer-conductive layer interface and a transparency placed
      in contact with the surface of the fiber optic element opposite that
      carrying the conductive layer.
PAR  In operation of the imaging member an electrical field is established
      across photoconductive layer 16 and elastomer layer 18 by applying a
      potential from source 20 to the electrodes. With the electrical field on
      an imagewise pattern of activating electromagnetic radiation (represented
      by the arrows) is focused at the plane between the color grating and the
      bottom surface of fiber optic element 28. The electrical field induces a
      flow of charge in the regions of the photoconductive layer 16 which are
      exposed thus varying the field across elastomer layer 18. The mechanical
      force of the electrical field causes the elastomer layer 18 to deform in a
      pattern corresponding to the spatially modulated image information. The
      thin conductive layer 14 is sufficiently flexible to follow the
      deformation of elastomer layer 18. As aforesaid, any deformation imaging
      member which is capable of recording screened color image information may
      be used in the inventive imaging system. Thus imaging member 10 may
      comprise, for example, any of the imaging members disclosed in U.S. Pat.
      No. 3,716,359. The images recorded in the imaging member are in the form
      of surface deformation phase gratings arranged at different angular
      orientations and are superimposed over each other.
PAR  The image formed in imaging member 10 is read out with illumination
      provided by extended light source 30. The illumination passes through
      condenser lenses 32 and 34 and subsequently passes through an aperture
      plate 36 which converts it to a series of point sources. One embodiment of
      an element for converting the illumination from extended light source 30
      to a plurality of point sources is shown in FIG. 4. Referring to FIG. 4
      there is seen a member comprising opaque substrate 37 having therein a
      plurality of apertures 38 which may be elliptical, as illustrated,
      rectangular, etc. For purposes of illustration, the aperture plate 36 is
      shown as having nine elliptical apertures; however, it should be noted
      that there may be any number of apertures in the substrate and the optimum
      number is dependent, inter alia, upon the size of the extended light
      source. It is preferred that apertures 38 be elliptical or rectangular
      because of the angular orientation of member 36 to its optical axis.
PAR  The light from the plurality of point sources is collected by lens 40 and
      directed upon light deflecting and transmitting member 42 which includes a
      plurality of mirrored areas 46 and appropriate light filter strips. One
      embodiment of a light deflecting and transmitting member suitable for use
      in the image reproduction system of the invention is illustrated in FIG.
      5. Referring now to FIG. 5 there is seen a member comprising a transparent
      substrate 44 carrying a plurality of mirror areas 46 and light filter
      strips 48. In this illustrative embodiment the vertically positioned
      filter strips 48a are red, the horizontally positioned filter strips 48b
      are green, and blue filter strips 48c are positioned at an angle of about
      45.degree. to the red and blue filter strips. Member 42 may be constructed
      by attaching the filter strips to the substrate and subsequently
      depositing light reflecting material in the appropriate areas such as by
      vacuum deposition through a mask. Alternatively, the light reflecting
      material may be deposited on the substrate first and the filter strips
      then attached thereto. Of course, the light filter material should not
      cover the light reflecting mirrored areas. In another embodiment the light
      reflecting and transmitting member may have the mirrored areas on one
      surface of the substrate and the light filter strips on the other surface
      of the substrate. In this embodiment the substrate should be about 1/8
      inch thick or less in order to avoid image deterioration.
PAR  Member 42 is positioned so that the plurality of point light sources
      generated by member 36 are imaged on the mirrored light reflecting areas
      46 of member 42. Accordingly, the number of mirrored light reflecting
      areas 46 is equal to the number of apertures in member 36. Readout
      illumination striking the mirrored areas of member 42 is reflected to a
      readout lens 50 and directed to the imaged surface of imaging member 10.
      Light striking the non-deformed (typically the background) areas of the
      imaged surface is reflected back to the mirrored areas 46. This zero order
      is lost. However, light striking the deformed (typically the image) areas
      of the imaging member surface is diffracted into various diffracted
      orders, transmitted through member 42 and projected at the image plane 52
      of lens 50. For imaging members which include color spatial light
      modulation means having periodicities of 40 lp/mm and a 3 inch focal
      length readout lens the apertures on member 36 and the mirrored areas in
      member 42 would typically be about 1/8 inch width on 5/16 inch centers in
      one direction and the size of the apertures in the other direction would
      be dependent on the angular relationship of member 36 in its optical axis.
PAR  The diffracted light along any diffracted axis is made up of all the colors
      of light present in the readout illumination. Accordingly, to provide a
      color reproduction of the original image at image plane appropriate light
      filter strips are provided at the appropriate angular orientation with
      respect to the angular orientation of the various color gratings (see FIG.
      2) which were used to form the image in imaging member 10. For example,
      where the color grating was arranged in a vertical direction the image
      formed in the member because of the vertical color grating will provide a
      horizontal diffraction readout pattern. A color filter which is
      complementary to the vertical color grating used is arranged across the
      horizontal axis of the diffraction pattern provided by the image recorded
      because of the vertical color grating and will remove all the wavelengths
      from the readout illumination except those corresponding to the color of
      the filter thus giving the appropriate color content of the original scene
      at image plane 52. For example, in the embodiment described in FIG. 2 the
      vertically oriented color grating comprises magenta stripes 23a. An image
      corresponding to the green content of the original image is recorded by
      the imaging member because the magenta stripes absorb green and allow the
      remainder of the light to pass. Therefore, the green filter strips 48b
      arranged in the horizontal direction will allow the green color content of
      the original image to be formed at image plane 52. Similarly, an image
      corresponding to the red color content of the original image is recorded
      on the imaging member because of the horizontally arranged cyan grating
      33b and red filter strips 48a arranged vertically give the red color
      content of the original image at image plane 52. Finally, an image
      corresponding to the blue content of the original image is recorded on the
      imaging member because of the yellow grating 23c and blue filter strips
      48c arranged in the appropriate direction give the blue color content of
      the original image at image plane 52. Thus, there is formed at image plane
      52 a full color reproduction of color transparency 16.
PAR  It will be noted that in the series of filter strips which are included in
      light deflecting and transmitting element 42 there is a space between each
      filter strip of each series. The space between the filter strips is a
      function of the focal length of the readout lens, the periodically of the
      color gratings employed to record the various color contents of the
      original image in the imaging member, the size of the apertures in the
      element which converts illumination from an extended light source to a
      plurality of point sources, the angular relationship of the latter element
      to its optical axis and the relationship between the two optical axes
      involved in the color image reproduction system. The number of filter
      strips in each series is related to the angular orientation of that series
      as can be seen in FIG. 5.
PAR  In the embodiment illustrated the projected full color image will be a
      color reproduction of the original image, that is to say, red areas of the
      original will appear red in the projected image, etc. However, it should
      be noted that the color reproduction system may be practiced in other
      embodiments such as, for example, where a quasi color negative
      reproduction is obtained from a color positive original image or where a
      quasi color positive reproduction is obtained from a color negative
      original image. By "quasi color negative" or "quasi color positive" is
      meant that the reproduced image will display complementary colors for all
      corresponding color areas of the original with the exception of those
      areas of the original which are black, white, or gray in which case the
      reproduced image will display the same color as the corresponding area of
      the original. For example, a white area on the original image will appear
      white in the reproduced image, etc. Therefore, if cyan, magenta and yellow
      filters are used with the same color gratings a color positive-quasi color
      negative or color negative-quasi color positive imaging system will be
      provided.
PAR  It should also be noted that the color gratings need not be an integral
      part of the imaging member. For example, a color grating may be placed in
      contact with the emulsion layer of an original transparency and
      subsequently an image of this combination focused upon the imaging member.
      The images will be recorded by the imaging member as described above.
PAR  FIG. 6 illustrates another embodiment of a color imaging system according
      to the invention. The system illustrated in FIG. 6 is similar to that
      shown in FIG. 1 with the exception that element 54 in the system of FIG. 6
      is used in place of aperture plate 36 and light deflecting and
      transmitting member 42 of the system of FIG. 1. Element 54 comprises a
      transparent substrate 56, a plurality of apertures 58, (such as are shown
      in FIG. 4) for converting light from extended light source 30 to a
      plurality of point light sources, a highly reflective mirrored surface 60
      and light filter strips 62 appropriately arranged. Illumination from
      extended light source 30 passes through condenser lenses 32 and 34 and
      subsequently passes through the apertures 58 of element 54 which convert
      it to a series of point sources. The light then enters readout lens 50 and
      is directed upon the imaged surface of imaging member 10. The zero order
      diffracted light again passes through the apertures 58 and is lost. Light
      striking the deformed areas of the imaged member is diffracted into
      various orders, passes through light filter segments 62, strikes mirrored
      surface 60, again passes through the light filter segments and proceeds to
      form an image at image plane 52. It should be noted that since the
      diffracted image-modulated illumination passes through the light filter
      segments two times, typically the light filter segments need only be about
      one-half as saturated as those used in the imaging system of FIG. 1. Of
      course, it is possible to obtain with the imaging system illustrated in
      FIG. 6 the image input-image output combinations described above with
      respect to the imaging system of FIG. 1 by selecting appropriate
      combinations of color gratings and color filters.
PAR  Other imaging members which may be used in the advantageous system of the
      present invention include those wherein the active element comprises a
      layer of a ferroelectric ceramic material. Such imaging members can
      generally be similar to that illustrated in FIG. 2 with the exception that
      the elastomer layer is replaced by a layer of a suitable ferroelectric
      material such as a piezoelectric material. For a more detailed description
      of piezoelectric materials useful in such an imaging member see the
      article entitled "Reflective-Mode Ferroelectric-Photoconductor Image
      Storage and Display Devices," Applied Physics Letters, Vol. 23, No. 2, 15
      July, 1973. Other types of imaging members which may be used are frost and
      relief imaging members. A typical frost or relief imaging member comprises
      a layer of a surface deformable material such as a thermoplastic resin
      overlying a photoconductive layer residing on a transparent conductive
      substrate. Generally, it is noted that any imaging member which is capable
      of recording screened color image input and being read out in reflection
      may be used.
PAR  Although the invention has been described with respect to various preferred
      embodiments thereof, it is not intended to be limited thereto but rather
      those skilled in the art will recognize that variations and modifications
      may be made therein which are within the spirit of the invention and the
      scope of the claims. For example, the reproduction of the multicolor
      original image may be projected upon an apparatus capable of forming a
      hard copy reproduction thereof such as, for example, a color xerographic
      copier or the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color optical reproduction system comprising arranged along an optical
      path
PA1  an extended light source;
PA1  means for generating a plurality of point light sources;
PA1  means to project images of said point light sources at an image plane;
PA1  means located at the image plane of said point light sources for folding
      said optical path to direct light from said point sources to a deformation
      imaging member;
PA1  a deformation imaging member bearing multicolor information, said
      information comprising at least two images superimposed over each other,
      said images being in the form of surface deformation phase gratings
      arranged at different angular orientations and corresponding respectively
      to the color content of different colors of an original multicolor image;
      and
PA1  light filter means for selectively transmitting to an output image plane
      the color content of the multicolor original image corresponding to the
      images recorded by the imaging member, wherein said light filter means and
      means for folding the optical path are parts of the same integral member.
NUM  2.
PAR  2. The system as defined in claim 1 wherein said imaging member comprises a
      substantially transparent first electrode carrying a layer of
      photoconductive insulating material which carries a layer of elastomer
      material which carries a flexible conductive metallic second electrode and
      means for applying an electrical field across said member coupled to said
      electrodes.
NUM  3.
PAR  3. The system as defined in claim 2 wherein said imaging member further
      includes a layer of a transparent insulating liquid over said second
      electrode.
NUM  4.
PAR  4. The system as defined in claim 3 wherein said imaging member further
      includes a fiber optic element comprising a plurality of light conducting
      fibers secured together in side-by-side relationship so that corresponding
      opposite ends define first and second faces, one of said faces being
      adjacent the surface of said first electrode opposite that carrying the
      photoconductive layer.
NUM  5.
PAR  5. The system as defined in claim 4 wherein said imaging member further
      includes, on the face of said fiber optic element opposite that adjacent
      said first electrode, color spatial light modulation means comprising at
      least two differently colored sets of stripes arranged at different
      angular orientations, each different set of stripes comprising alternating
      strips of colored areas and light transmitting areas.
NUM  6.
PAR  6. The system as defined in claim 5 wherein said color spatial light
      modulation means comprises three differently colored sets of stripes.
NUM  7.
PAR  7. A color image reproduction system comprising arranged along an optical
      path
PA1  an extended light source;
PA1  means for generating a plurality of point light sources;
PA1  means to project images of said point light sources on a deformation
      imaging member;
PA1  a deformation imaging member bearing multicolor information, comprising at
      least two images superimposed over each other, said images being in the
      form of surface deformation phase gratings arranged at different angular
      orientations and corresponding respectively to the color content of
      different colors of an original multicolor image;
PA1  light filter means for selectively transmitting the color content of the
      multicolor original image corresponding to the images recorded by the
      imaging member; and
PA1  means for folding said optical path to direct light transmitted by said
      light filter means to an output image plane, wherein said means for
      generating a plurality of point light sources and said light filter means
      and said means for folding the optical path are parts of the same integral
      member.
NUM  8.
PAR  8. The system as defined in claim 7 wherein said imaging member comprises a
      substantially transparent first electrode carrying a layer of
      photoconductive insulating material which carries a layer of elastomer
      material which carries a flexible conductive metallic second electrode and
      means for applying an electrical field across said member coupled to said
      electrodes.
NUM  9.
PAR  9. The system as defined in claim 8 wherein said imaging member further
      includes a layer of a transparent insulating liquid over said second
      electrode.
NUM  10.
PAR  10. The system as defined in claim 9 wherein said imaging member further
      includes a fiber optic element comprising a plurality of light conducting
      fibers secured together in side-by-side relationship so that corresponding
      opposite ends define first and second faces, one of said faces being
      adjacent the surface of said first electrode opposite that carrying the
      photoconductive layer.
NUM  11.
PAR  11. The systen as defined in claim 10 wherein said imaging member further
      includes, on the face of said fiber optic element opposite that adjacent
      said first electrode, color spatial light modulation means comprising at
      least two differently colored sets of stripes arranged at different
      angular orientations, each different set of stripes comprising alternating
      strips of colored areas and light transmitting areas.
NUM  12.
PAR  12. The system as defined in claim 11 wherein said color spatial light
      modulation means comprises three differently colored sets of stripes.
PATN
WKU  039443590
SRC  5
APN  4966643
APT  1
ART  211
APD  19740812
TTL  Programmable controller for controlling reproduction machines
ISD  19760316
NCL  3
ECL  1
EXP  Moses; Richard L.
NDR  21
NFG  29
INVT
NAM  Fisk; Bernard C.
CTY  Dallas
STA  TX
INVT
NAM  VerSchage; Gerald C.
CTY  Henrietta
STA  NY
INVT
NAM  Donohue; James M.
CTY  Los Alamitos
STA  CA
ASSG
NAM  Xerox Corporation
CTY  Stamford
STA  CT
COD  02
CLAS
OCL  355 14
XCL  355 16
XCL  355 24
EDF  2
ICL  G03G 1500
FSC  355
FSS  14;23;24;103;108-111;133
FSC  235
FSS  92 CT;92 LG
FSC  328
FSS  72
UREF
PNO  3450995
ISD  19690600
NAM  Hirsch
XCL  355 14
UREF
PNO  3588472
ISD  19710600
NAM  Glaster et al.
XCL  355 14
UREF
PNO  3682544
ISD  19720800
NAM  Glaser
OCL  355 14
UREF
PNO  3690760
ISD  19720900
NAM  Banks et al.
XCL  355 14
UREF
PNO  3694073
ISD  19720900
NAM  Bhagat
OCL  355 24
UREF
PNO  3698805
ISD  19721000
NAM  Hickey et al.
OCL  355 14
UREF
PNO  3796486
ISD  19740300
NAM  Donohue et al.
XCL  355 14
UREF
PNO  3797931
ISD  19740300
NAM  Miciukiewicz et al.
XCL  355 14
UREF
PNO  3813157
ISD  19740500
NAM  Fantozzi
OCL  355 14
ABST
PAL  A programmable controller is used to control the operation of a xerographic
      reproducing machine adapted to run in a simplex or duplex mode whereby
      copies are made on either or both sides of web material fed in a single
      pass and then cut into individual copy sheets.
BSUM
PAR  This invention relates to reproducing machines in general and, in
      particular, to a computer controlled reproducing machine and an improved
      apparatus for and method of controlling and operating reproducing
      machines.
PAR  As the public has become accustomed to the convenience and economy of
      xerographic machines designed to make copies on ordinary plain paper, they
      are increasingly demanding more economical, high speed, reliable and
      inexpensive reproducing machines of flexible and versatile nature with
      diverse optional and add-on features. In response, many breakthroughs and
      significant enhancements have been made to machine to the point wherein
      the span of about a dozen years or so, the machine speeds have increased
      dramatically.
PAR  ONE OF THE AREAS WHERE MAJOR EFFORTS HAVE BEEN DIRECTED FOR IMPROVEMENT HAS
      BEEN CONTROL ASPECT OF THE MACHINE AND SIGNIFICANT ADVANCES HAVE BEEN MADE
      IN THIS AREA IN RECENT YEARS IN THE FORM OF HARDWIRED CONTROL LOGIC THAT
      GIVES THE MACHINE ADDED VERSATILITY AND RELIABILITY. While the hardwired
      logic has provided significant advances to the overall enhancement of the
      machine, it has been shown to have its inherent limitations. Thus, for
      example, the functions provided by the hardwired logic are generally wired
      into the logic circuitry and frozen. Consequently, when a new function has
      to be added or existing functions have to be modified, the logic must be
      redesigned and rewired. But the time, efforts and cost involved in
      modifying existing logic, or designing a new hardwired logic control for
      machines of new configuration, or of old configuration with new add-on or
      optical features, have been found rather significant and burdensome.
PAR  Additionally, the increased complexity of the modern high speed
      copier/duplicator has resulted in a tremendous increase in control
      circuitry, which today is normally carried on circuit boards and through
      individual wiring. This increase in control circuitry has at this same
      time created a tremendous space problem, namely where to put the circuitry
      and still retain a reasonable machine size. In addition, subsequent
      changes, alterations, additions, and the like often bring with them
      increased amounts of circuit boards and wires which may tax to the limit
      the available space.
PAR  While developments in the art of circuit controller fabrication offer
      promise in alleviating the problems alluded to above, such developments
      have not heretofore appeared useful for the electrostatic
      copier/reproduction machines as we know them today. Recent advances in
      circuit fabrication techniques, i.e. L. S. I. chips, are of some help in
      reducing wiring bulk but do not themselves alleviate the necessity of
      rewiring in th event of design changes. As for controllers one may
      consider the control of an asynchronous printer operated through a data
      processing system. However, typically, electrostatic type copiers and
      reproduction machines are synchronous by nature and not asynchronous, or
      readily converted to asynchronous operation. This in part is due to the
      fact that most copiers employ a continuous photosensitive member or
      support therefor, and are hence alien to the use of individual
      photosensitive plates which appear to be required for asynchronous type
      operation.
PAR  It is therefore an object of the present invention to overcome the
      aforementioned difficulties found in the presently available
      copier/duplicator machines.
PAR  It is another object of the present invention to provide a new and improved
      reproduction machine.
PAR  It is an object of the present invention to provide an improved
      programmable controller for a reproduction machine.
PAR  It is yet another object of the present invention to provide a programmable
      controller for a high speed copier/duplicator machine which provides timed
      control signals to the process control devices of the machine for
      actuating the operating components of the machine.
PAR  It is a further object of the present invention to provide an improved
      method for controlling and operating an electrostatic reproduction
      machine.
PAR  The foregoing and other objects of the present invention are attained in
      accordance with the present invention using a programmable (computer)
      having a program storage means to store a set of program instructions for
      enabling the computer to generate control signals to actuate process
      control devices of the machine in a timed manner in making copies as
      directed by the operator.
PAR  It is a feature of the present invention to provide a set of programs to be
      stored in the computer and designed to enable the computer to respond to
      the operator's instructions, such as a selection of the copy length, copy
      numbers, etc. and calculate the requisite timing information to control
      the machine operating components to produce the copies desired.
PAR  It is another feature of the present invention to provide a method of
      controlling a reproduction machine to produce copies from originals,
      comprising the steps of programming a computer so that it enables the
      computer to respond to the machine status in terms of machine
      operativeness and to the operating instructions provided by the operator
      that pertain to the reproduction run such as document numbers, number of
      copies for the respective documents, and length of the copy images, and
      generate control signals to operate the machine to make copies according
      to the operator's instructions.
PAR  It is yet another feature of the present invention to provide a program
      designed to provide noise immunity.
PAR  It is yet another feature of the presention invention to provide a machine
      wherein the control signals for the machine are derived, under the control
      of software, in successive cycles, each cycle starting with a pitch or
      start signal, followed by a series of timed signals referenced back to the
      pitch signal, and then applied to the machine control devices to implement
      the machine process steps.
PAR  It is a further feature of the present invention to provide a roll fed,
      single pass electrostatographic reproducing machine.
PAR  It is still another feature of the present invention to provide, as
      document originals, a film cassette or roll having a plurality of
      documents in sets, each set having one or more pre-collated pages
      positioned in series in successive frames and the sets and the pages being
      coded for identification.
PAR  It is yet a further feature of the invention to provide an
      electrostatographic machine that has photoreceptive means in duplicate and
      so disposed that either one or both can be operated to make image
      impressions on either one or the other or both sides of the web material
      fed therepast.
DRWD
PAR  The foregoing and other objects and features and advantages of the present
      invention will become clearer from the following detailed description of
      an illustrative embodiment of the present invention in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1A shows a schematic front view of an exemplary reproduction machine
      with a programmable controller of the present invention;
PAR  FIG. 1B shows a schematic front view of an exemplary operator control
      console of the controller;
PAR  FIG. 2 is an isometric view showing details of the paper path for the
      reproduction machine of FIG. 1;
PAR  FIG. 3 is an enlarged schematic view of the document input module for the
      machine shown in FIG. 1;
PAR  FIG. 4 is a view showing the document originals in the form of a plurality
      of film frames in series, each frame being code marked for identification;
PAR  FIG. 5 is an enlarged schematic view of the optical paths for the machine
      shown in FIG. 1;
PAR  FIG. 6 is an enlarged isometric view showing details of the developing
      apparatus for the machine shown in FIG. 1;
PAR  FIG. 7 is an enlarged view partially in section showing details of the
      guillotine assembly for the machine shown in FIG. 1;
PAR  FIG. 8 is a schematic block diagram showing the programmable controller of
      the present invention;
PAR  FIG. 9 is a schematic diagram of the input/output interface circuitry
      between the computer, reproduction machine, and the operator console;
PAR  FIG. 10 is a schematic outline showing the paper path divided into
      imaginary pitch zones;
PAR  FIG. 11 is a schematic outline showing the input film module divided into
      imaginary pitch zones;
PAR  FIG. 12 is a schematic outline showing the electrostatic path divided into
      imaginary pitch zones;
PAR  FIGS. 13 and 14 are diagrams showing the timing relationship of the timed
      process events and the pitch zones for the paths illustrated in FIGS. 9,
      10 and 11 during processing;
PAR  FIG. 15 is a schematic chart of the program routines of the software for
      use for the computer to operate the machine shown in FIG. 1;
PAR  FIG. 16 is a flow chart illustrating a general sequence of the operation of
      the system shown in FIG. 1; and
PAR  FIGS. 17-28 show in detail the various major component parts and the
      general sequence of operation shown in FIG. 16.
DETD
PAC  THE MACHINE
PAR  Referring to the drawings in general, and in particular, to FIGS. 1 and, 2
      and 8, the drawings show an exemplary embodiment of the present invention
      in the form of a reproduction system having copier/reproduction machine,
      designated generally by the numeral 5 and a programmable controller 200
      for operating the machine 5. Hereinafter, the invention will be described
      in terms of a specific copier/duplicator machine run by a specific
      programmable computer, but it is to be understood clearly from the outset
      that the specific configuration of the machine and computer is for
      illustrative purposes only and is not intended to limit the spirit and
      scope of the present invention. The exemplary machine 5 is preferably a
      xerographic processor and may be a simplex/duplexing machine, that is, one
      that produces image impressions on either or on both sides of copy
      material. The reproduction machine 5 includes duplicate processing units
      7, 7' as will be described more fully herein.
PAR  To simplify the ensuing description of the reproduction machine 5, the
      xerographic processing unit 7 is described in detail, with identical areas
      of processing unit 7' being identified on the drawings by the same numeral
      followed by a prime mark.
PAR  In the exemplary reproduction machine 5, the original document or documents
      being reproduced are in the form of a transparent film strip having a
      plurality of documents, books, each document having any given number of
      pages or frames 11 arranged in series in a film strip 12 as seen in FIG.
      4. As will be described in detail later, the frames 11 are grouped or
      positioned in series and are suitably coded to identify the starting and
      ending frames of each document and each individual frame or page. The film
      strip may come in a convenient cassette form. Film strip 12 is indexed in
      a timed manner across a copy platen 14, (seen in FIG. 3) under the control
      of the controller 200. The platen 14 is transparent and is sufficiently
      large to accommodate two frames at once. Once indexed, the frames may be
      flash exposed to project optical light images. Dual illumination systems
      are disposed above platen 14 to illuminate the frames 11 and produce light
      image rays corresponding to the informational areas on each frame 11
      therebelow. The image rays are projected by means of independent optical
      systems 18, 18' onto the photosensitive surface of the xerographic plates
      associated therewith.
PAR  In the exemplary reproduction machine 5, seen best in FIG. 1a, the
      aforesaid xerographic plates comprise endless flexible photoconductive
      belts 20, 20' supported in belt modules 21, 21' respectively. A suitable
      charging device, i. e. corona generating devices 22, 22', serve to
      uniformly charge the respective photoconductive belts 20, 20' preparatory
      to imaging at the respective exposure stations 23, 23'.
PAR  Each of the latent electrostatic images formed on the photoconductive belts
      20, 20' passes through respective development stations 24, 24' whereat the
      image is developed with an oppositely charged developing material to form
      a xerographic powder image corresponding to the latent image on the belts
      20, 20'. Thereafter, the developed image moves to the respective transfer
      station 25, 25' where the image is electrostatically transferred to one
      side or the other of a suitable support material, in this case web 28.
      Following transfer, residual developer on the belts 20, 20' is removed at
      the respective cleaning stations 29, 29' in preparation for the next
      copying cycle.
PAR  Web 28 is supplied from a roll 30, a web feeding system 31 being provided
      to advance the web in response to demand as will appear. Following
      transfer of a developed image to web 28, web 28 passes through fuser 33
      whereat the toner image thereon is permanently fused. Following fusing,
      the web 28 is cut into discrete sheets at cutting station 34, the cut
      sheets then being transported by discharge conveyor 35 to an output or
      collecting station 36.
PAC  BELT MODULES
PAR  The belt modules 21, 21' include a generally triangular subframe 38
      rotatably supporting rollers 39, 40, 41. The axes of rollers 39, 40, 41
      are substantially parallel with one another and are disposed at the apexes
      of the triangular subframe 38. The belt modules are supported in
      cantilever fashion from the main machine frame 8 by means of projecting
      support shafts 42, 43, shaft 42 being coaxial with the upper roller 39
      which is journaled for rotation thereabout. Suitable locking means (not
      shown) are provided to retain the belt modules on their respective
      supporting shafts 42, 43 and in predetermined operative position relative
      to the remaining system components. The aforedescribed lock means is
      releasable to permit an entire belt module to be withdrawn for servicing
      and repair.
PAR  In order to provide the necessary operating tension on the photoconductive
      belts 20, 20' as well as to assure their proper tracking during operation
      thereof, supporting roller 40 is rotatably journaled in a swingable yoke
      having a stem supported for both rotational movement about an axis
      perpendicular to the axis of roll 40 and for limited axial movement
      therealong. Suitable spring means mounted along the stem bias the yoke and
      the roller supported therewithin outwardly against the belts 20, 20'
      associated therewith to tension the photoconductive belt. The
      aforedescribed support arrangement for photoconductive belts is disclosed
      more fully in U.S. Pat. No. 3,702,131, issued Nov. 7, 1972 and
      incorporated by reference herein.
PAR  It is important that the photoconductive belts 20, 20' be substantially
      flat opposite their respective exposure stations 23, 23' and for this
      purpose a vacuum platen 45 is disposed on the belt module subframe 38
      opposite each exposure station 23, 23'. The outer side 46 of platen 45
      facing the photoconductive belts is substantially flat. A series of
      orifices in the surface 46 lead to the interior of platen 45 which in turn
      communicates with a suitable source of vacuum (not shown). The exposure of
      the surface of the belts 20, 20' opposite platen 45 to vacuum serves to
      draw the respective belt tight against the side 46 of platen 45 to thereby
      assure a flat, photoconductive belt surface at the exposure station. To
      reduce friction and prevent scratching of the underside of belts 20, 20' a
      porous cloth or paper sheet is stretched across the platen surface 46. A
      more complete description of the aforedescribed belt hold down arrangement
      may be found in U.S. Pat. No. 3,730,623, issued May 1, 1973 incorporated
      by reference herein.
PAR  Belt supporting rollers 40 and 40' are rotatably driven via suitable
      transmission means (not shown) from main drive motor 47, the
      photoconductive belts 20, 20' moving in the direction shown by the solid
      line arrow in FIG. 1a. To assure proper tracking of belts 20, 20' during
      operation thereof, the bearing support for roller 41 includes a tracking
      disc 48 (seen in FIG. 2) at one end thereof disposed in angular
      relationship to the axis of roller 41 so that a portion of the
      circumference of disc 48 rides against the edge of belts 20, 20'
      associated therewith. A double acting belt tracking switch 49 is
      cooperatively disposed with the periphery of disc 48 diametrically
      opposite the point where disc 48 contacts the edge of the photoconductive
      belt, the arrangement being such that excessive lateral movement of the
      belts 20, 20' in either direction along supporting roll 41 tilts disc 48
      to in turn actuate tracking switch 49. As will appear, actuation of switch
      49 works through the programmable controller to interrupt operation of the
      reproduction machine 5 under certain conditions of operation.
PAC  EXPOSURE SYSTEM
PAR  As best seen in FIGS. 2 and 3, the illumination and optical systems 17 and
      18', respectively, cooperate to provide a light image of the frame or
      frames 11 on platen 14 at the exposure station 23, 23' associated
      therewith. The illumination systems 17, 17' are encased in a common
      housing 50 disposed over platen 14. Platen 14 is of a size sufficient to
      accommodate two frames 11, 11' at once and illumination housing 50 is
      sub-divided into two separate illumination chambers 51, 51' by interior
      wall 52. Each illumination chamber 51, 51' covers one half of the platen
      14. A suitable flash lamp 53, 53' and condenser lens assembly 54, 54' are
      supported in each of the chambers 51, 51' above platen 14 to expose the
      portion of the film strip 12 thereunder respectively when lamp triggering
      means 55, 55' of a suitable design are energized in a timed sequence under
      the control of the controller 200.
PAC  THE OPTICAL SYSTEM
PAR  As best seen in FIGS. 2, 3, and 5, the optical systems 18, 18', transmit
      the light images generated upon actuation of the flash lamps 53, 53' to
      the exposure station 23, 23' associated therewith. The optical systems 18,
      18', each include a lens 56. Since platen 14 is above and to one side of
      exposure stations 23, 23', a series of mirrors 57, 58, 59 which cooperate
      with the lenses 56 to provide an optical path 60 for the light images of
      the film frames on platen 14 to the respective exposure station 23, 23'.
PAC  THE DEVELOPER STATION
PAR  The latent electrostatic image created on the photoconductive belts 20, 20'
      at the exposure station 23 or 23' is rendered visible through the
      application of developing material thereto at developing stations 24, 24',
      the developing material comprising a mixture of relatively large carrier
      particles and relatively small toner particles in triboelectric
      relationship to one another. Referring particularly to FIGS. 1A and 6 of
      the drawings, developing stations 24, 24' each include a developer housing
      62 supported to machine frame 8 and in operation juxtaposition with the
      belt modules 21, 21' proximate belt supporting roller 40. Developer
      housing 62 includes a lower sump portion 63 within which a supply of
      developing material is disposed. The portion of developer housing 62
      adjoining the photoconductive belts 20, 20' is arcuate in conformance with
      the arcuate shape of the photoconductive belts 20, 20' as the belts travel
      around the belt supporting roller 40. Supported within the housing 62 in
      close, spaced relationship to the adjoining belts 20, 20' is a curved
      developer bed 65 across and through which the developing material passes
      during operation thereof. Developer bed 65 consists of a lower base 66 and
      spaced upper electrodes 67, electrodes 67 being supported through sides 68
      in predetermined spaced relationship from base 66 to form therebetween
      chamber 69 through which the developing material passes. A suitable seal
      70 is provided along each side of bed 65 to prevent leakage of developer
      from the developer housing 62.
PAR  The developer bed 65 is supported in a generally upright position in the
      developer housing 62, housing 62 including an inlet baffle 71 cooperable
      with the external surface of housing 62 to form an inlet to bed 65 in the
      chamber 69 thereof. The lower portion of housing 62 adjoining bed 65 forms
      an outlet passage for the developing material to route the developing
      material back to the sump 63 of housing 62. The developer bed 65 is
      supported within developer housing 62 on flexible members 73, one side of
      the developer bed 65 being drivingly connected with a suitable vibrating
      mechanism such as acoustic coil 75.
PAR  To provide a flow of developer across electrodes 67 and through the chamber
      69 of the developer bed 65, a developing material conveyor 77 is provided.
      The supporting roller 78 for conveyor 77 is driven by motor 79. Conveyor
      77 serves to raise developing material from the sump 63 and discharge
      developer onto the inlet baffle 71 leading to the developer bed 65. A more
      complete description of the developer may be found in U.S. Pat. No.
      3,613,637, incorporated herein expressly by reference.
PAC  TRANSFER STATION
PAR  The images developed on the photoconductive belts 20, 20' are
      electrostatically transferred onto the side of web 28 opposite thereto at
      transfer stations 25, 25'. To facilitate transfer and subsequent
      separation of the web 28 from the surface of belts 20, 20' without arcing,
      suitable transfer corona generating devices 81, 81' are provided opposite
      belt supporting rollers 41.
PAC  CLEANING STATION
PAR  Following transfer, residual developing material remaining on the belt 20,
      20' is removed at the cleaning station 29, 29' associated therewith.
      Cleaning stations 29, 29' include a housing 82 within which are mounted a
      pair of brush type cleaning rolls 83, 84, the periphery of which is in
      contact with the surface of belts 20, 20' associated therewith. Pick-off
      rollers 85, 86 engage each of the brush rollers 83, 84, respectively,
      rolls 85, 86 serving to remove developer picked up by the rolls 83, 84. A
      flicker bar 87 engages the rolls 85, 86 to remove developing material
      picked up by rolls 85, 86 from the cleaning rolls 83, 84, the removed
      developer being urged from the housing 82 by suitable vacuum means (not
      shown). The several rollers of cleaning stations 29, 29' are driven by
      motors 88, 88', respectively.
PAC  WEB FEEDING MECHANISM
PAR  Referring particularly to FIGS. 2 and 5 of the drawings, the copy substrate
      material 28 is supplied from a relatively large roll 30 supported upon a
      shaft 90 and disposed in a paper supply housing 91 appended to main
      housing 9 of the reproduction machine 5. Drag brake 92 on shaft 90
      restrains rotation of the supply roll 30. Web 38 is unwound over a first
      de-curling roll 93 rotatably supported within the housing 91 proximate
      supply roll 30. The axis of the de-curling roll 93 (FIG. 1A) is
      substantially parallel with the axis of supply roll support shaft 90.
PAR  From the de-curling roll 93, web 28 passes over guide roll 94 where the web
      28 is turned through an angle of approximately 90.degree.. For this
      purpose, guide roll 94 is rotatably supported within housing 91 at an
      angle of 45.degree.. From guide roll 94, web 28 passes through a second
      de-curling device 96 and around guide rollers 97, 98 to splicer 100. There
      may be provided a suitable detecting means 99 for detecting the end of the
      roll 30. The detecting means is so positioned that it detects the end
      before the end reaches the splicer 100. The detected signal may then be
      used by the programmable controller to stop the machine to permit the
      operator to mount a new roll and splice it to the old roll being used up.
      Splicer 100, which may comprise any suitable paper splicing device, serves
      to enable the leading edge of a fresh supply roll to be attached to the
      trailing edge of the previous web. Following splicer 100, the web 28
      passes over a second guide roll 102 which turns the web through
      90.degree.. Web 28 then enters housing 9 of the reproduction machine 5.
PAR  As web 28 enters the machine housing 9, the web 28 passes over feed roll
      104, roll 104 being driven by web feed motor 105. A dancer roll 106, which
      is arranged to float vertically in slotted openings 108 in the machine
      frame 8, cooperates with feed roll 104 and downstream guide roll 109 to
      give a proper tension to the web 28. Switches 111, 112 cooperate with
      dancer roll 106 enable the supply and continuity of web 28 to be monitored
      as will appear hereinafter.
PAR  From dancer roll 106, the web 28 is routed via guide rolls 114, 115 to the
      dual transfer stations 25, 25'. Guide roll 115 serves to tension the web,
      roll 115 being supported upon a displaceable frame 116. Spring 118 biases
      the frame 116 in the direction of web feed to maintain a tension upon the
      web 28. Following guide roll 115, web 28 is drawn past transfer stations
      25, 25' and through fuser 33 by feed roll pair 119, 120, roll 120 thereof
      being suitably driven by motor 122 to advance web 28 against the tension
      imposed by the guide roll 115. Following feed roll pair 119, 120, web 28
      is advanced to cutting station 34.
PAR  To enable the belt modules 21, 21' to be operated independently and belts
      20, 20' thereof to move without contact with web 28, rolls 123, 124 are
      provided adjacent each of the transfer stations 25, 25'. Each roll 123,
      124 is supported upon a displaceable frame 125 designed to enable the
      rolls together with the portion of the web therebetween to be moved into
      and out of transfer contact with the photoconductive belts 20, 20'.
      Suitable drive means, such as solenoids 126, 127 actuable by the
      controller 200 are provided to selectively move the rolls 123, 124
PAC  THE FUSER
PAR  Following transfer of the developed image to web 28, the web passes through
      fuser 33 wherein the toner image is permanently fixed. Fuser 33 comprises
      a heated fusing roll pair 129, 130 forming a nip between which web 28
      passes. External heating lamps 131, 131' serve as the source of heat for
      fusing rolls 129, 130. Fusing rolls 129, 130 turn in the direction shown
      by the solid line arrows in the drawings, drive motor 132 being provided
      for this purpose. To permit pressure between fusing rolls 129, 130 to be
      relaxed, as, for example, when web 28 is stationary, roll 129 is supported
      for limited translating movement toward and away from the roll 130. A
      suitable drive means such as solenoid 133 actuable under the command of
      the controller 200 is provided to selectively displace roll 129 into and
      out of contact with roll 130. Alternatively other suitable fusing means
      such as flash fusing means may be used to effect the fusing operation.
PAC  FILM
PAR  Referring to FIGS. 3 and 4, the document originals 11 in the form of film
      to be copied are, as illustrated, in frames 11 arranged in series in a
      film strip 12 and mounted on a supply reel 134. A film take-up reel 135 is
      disposed on the opposite side of platen 14. A suitable film advancing
      means 137 and 137' is provided to draw the film from reel 134 and advance
      the same across platen 14 and onto take-up reel 135.
PAR  The film advancing means may be arranged to advance the film strip 12 in
      continuous fashion in taking up the film leader or in rewinding the film,
      or indexing the film 12 during copying operation, as directed by the
      controller 200. To identify the individual frames, code marks 138 are
      provided along one side of film strip 12 and marks 138S, 138E are provided
      to identify starting and end frames to indicate the start and end of each
      document series. Control marks 138 are also relied upon to locate the
      individual film frames in proper position on platen 14. Suitable
      photoelectic detectors 139S, 139A, 139B, 139E are provided adjacent platen
      14 to read the marks 138S, 138, 138E on the film strip 12.
PAR  In operation, the operator loads a selected supply reel or cassette 134 in
      place, and manually threads the film leader onto film drive path, across
      platen 14 and onto take-up reel 135. A suitable slew control means in the
      form of a button 507 on the operator console 500 may then be used to
      operate motor 137' to take up the film leader.
PAR  The film strip 12 may have been previously prepared off line by a suitable
      camera (not shown) which is used to render a photographic rendition, in
      the form of image transparencies of the individual pages of the original
      document originals. A suitable device, such as selectively operated light
      sources (not shown) may be employed to provide the code marks 138S, 138,
      138E when the film strip is prepared.
PAR  A film strip 12 may be first prepared by photographing a number of books or
      documents, each having any given number of pages, up to its frame
      capacity. For example, suppose one of the books or documents has one
      hundred pages. The first frame pair will comprise images of pages 1 and 2
      and will carry code marks 138S and 138. The second negative pair are
      images of pages 3 and 4, and carry a mark 138 for each of the pair. This
      continues until the last negative pair, images of pages 99 and 100, which
      bear marks 138 and 138E. It will be understood that depending on the
      length of film strip 12 available and the number of pages in each
      document, a number of complete documents, the position of which on film
      strip 12 is identified by code marks 138S, 138, 138E may be provided on a
      single film reel 134 in a convenient cassette form. Suitable legends are
      normally provided with the completed film reel to identify the various
      documents and their position on the film.
PAC  WEB CUTTING STATION
PAR  Referring to FIG. 7, cutting station 34 includes a guillotine knife 160
      supported by carriage 161 for reciprocating movement into and out of
      cutting relationship with lower knife member 164. Carriage 161 is
      supported for slideable up and down movement in frame journals 162. A
      rotatable eccentric driver 165 is journaled within carriage 161 and serves
      on rotation of eccentric shaft 166 to reciprocate carriage 161 and
      guillotine knife 160 up and down. A suitable driver for guillotine knife
      160 is provided, exemplified by drive motor 167 coupled to eccentric shaft
      166 via a solenoid operated clutch 168.
PAR  Armature 169 of clutch control solenoid 170 cooperates with clutch stop 171
      of clutch 168 to engage and disengage clutch 168, it being understood that
      contact of armature 169 with stop 171 retains clutch 168 disengaged and
      motor 167 and eccentric shaft 166 uncoupled. Upon actuation of solenoid
      170, armature 171 is withdrawn permitting clutch 168 to engage and drive
      eccentric shaft 166 to operate guillotine 160. Subsequent de-energization
      of solenoid 170, normally immediately thereafter, returns armature 169
      into blocking position for engagement with stop 171 following one
      revolution of eccentric shaft 166. Actuation and deactuation of solenoid
      170 is placed under the control of the controller 200 so that the
      operation of the guillotine is properly synchronized with the rest of the
      machine operation.
PAR  To prevent movement of web 28 during cutting, feed roll pair 174 brake to a
      stop during the cutting process, the continued feed of web 28 being
      accommodated by the adjoining structure in the form of a buckle 28'. A
      suitable brake/clutch control device 172 is provided for roll pair 174.
PAR  Hereinabove, major machine elements of a reproduction system embodying the
      present invention has been briefly described. As apparent from the
      foregoing description certain of specific operative steps indicated, such
      as exposure, image transfer and cutting operations must be precisely timed
      whereas certain other steps, such as the operation of the charging station
      for the developer, have to be operated in proper sequence although precise
      timing is not essential. These operational steps are implemented by
      actuating device control means that actuate process step implementing
      means provided therefor.
PAR  These timed control functions for reproduction systems which have been
      provided heretofore principally by hardwired logic are now implemented in
      accordance with the present invention by a programmable controller wherein
      the sequencing and timing of the operative steps are now programmed in
      software instructions and can be stored to run the machine and can be
      readily modified to the change sequence and timing to alter the process
      steps for making prints or copies of different sizes and programmed by the
      operator. Hereinbelow, an illustrative embodiment of the programmable
      controller used to operate aforedescribed copier/duplicator machine will
      be described in detail.
PAC  PROGRAMMABLE CONTROLLER
PAR  Referring to the system block, diagram shown in FIG. 8, the programmable
      controller 200 for reproduction machine 5 includes a suitable programmable
      computer 201, together with interface circuitry 203 for operatively
      coupling the computer to the various control device elements of the
      reproducing machine and the operator's control console 500.
PAR  For timing the operation of the reproduction machine, there is provided a
      timing signal clock pulse generator 207. Preferably the clock pulse
      generator may be of such an arrangement that its output repetition rate is
      related to the speed of the machine main drive motor 47 that drives the
      belt rollers 41 and 41'. In this manner the clock pulse train output 208
      produced by generator 207 is time related to the operational speed of
      reproduction machine 5 and, in particular, to the speed of the travel of
      the belts 20 and 20' and the web 28. As apparent from this, given a fixed
      rate of travel of the web or belt, the pulse count can be used to measure
      the travel distance.
PAR  As shall be explained in detail, the computer is programmed so that during
      the initialization period when the machine is programmed to make a
      particular copy run, means are provided for the operator to indicate a
      length of the image impression, plus an appropriate amount of space. For
      convenience and ease of reference, the length plus space will be called
      pitch; also note that the impression length controls the pitch or image
      length and thus the time intervals between successive machine process
      events. Given the pitch length information, the computer is programmed to
      calculate a list of the time intervals between the successive process
      events which are stored in a table or storage location 205 of a suitable
      memory 206 of the computer. For each pitch cycle, a pitch signal for an
      imaging cycle is generated by the computer. The pitch signal may be keyed
      to suitable machine process events, such as image exposure step, that can
      be used as a reliable time reference point. The pitch interval, that is
      the time interval between successive pitch contains the controls signals
      for the machine process events for each imaging cycle.
PAR  In operation, each of the successive time interval count numbers in the
      table 205 is stored in a counter 209 in succession for the successive
      machine process events. In response to a start command by the computer the
      machine starts to operate and starts an imaging cycle. The start of the
      imaging cycle is marked by a pitch pulse. Thereafter, the next count
      stored in the counter is decremented to zero by the clock pulse counts. As
      it decrements to zero the computer generates a control signal and
      addresses it out to its intended device control elements or means to
      implement a machine event. This process continues until the end of the
      pitch pitch. The process is repeated again for the succeeding pitch
      interval until a copy run as programmed by the operator is completed.
PAR  While the counter 209 and the table 205 for the process events may be
      provided internally within the computer, it need not be so limited. For
      example, the counter may be provided external to the computer and
      essentially operated in the same manner as described above.
PAR  In accordance with an aspect of the present invention, a suitable program,
      such as the one more fully described below, is stored in the memory 206 to
      run the computer as described above in generating the various signals
      required to operate the machine. In this connection the stored program
      includes instruction routines to enable the computer to calculate the
      count numbers, i.e. the timing list for a particular reproduction or copy
      run for a given pitch and other information pertinent to the reproduction
      run.
PAR  As is well known generally, a computer operates at an extremely high speed
      compared to a mechanical machine. Likewise, in the present system, the
      reproduction machine operates relatively slowly compared to the computer
      201. In fact, the speed disparity is such that the computer can do all
      necessary chores to generate the timed pulse signals to implement the
      machine events, such as exposure, develop, transfer, cut, etc. and yet
      have substantial amount of time left over to perform other chores.
      Accordingly, in accordance with another aspect of the present invention,
      the computer is utilized to perform a number of other functions utilizing
      its free time intervals, such as housekeeping chores, monitoring and
      updating of timing list, etc.
PAC  PROCESS PATHS AND WORK STATIONS
PAR  Referring to FIG. 8, the timed control signals generated by the computer
      are applied via the interface circuitry 203 to various control devices of
      the work stations in the various process paths that implement the process
      steps or machine events in making copies. The nature of the paths can be
      better appreciated on a functional basis. Thus, there is a paper path
      formed by the paper web 28, xerographic photoconductor paths formed by the
      belts 20 and 20' and imaging path formed for the film 12. Control devices
      are provided at the work stations along these paths to implement the
      specific machine function or process events.
PAR  Now referring to the paper path shown in FIG. 1, and depicted in a separate
      figure, FIG. 10, there is provided means 99 for sensing the trailing end
      of the web supply, suitable detectors 111 and 112 for sensing the tension
      or other conditions of the web 28. The path also includes one or more
      sheet jam detectors 113 for monitoring the condition of the individual
      copy sheets downstream of web cutting station 34. Other operating stations
      in the paper path include web control solenoids 126, 127 which move the
      web 28 into and out of transfer relationship with the photoconductive
      belts 20, 20', respectively, at transfer stations 25 and 25', a fuser
      loading solenoid 133, a guillotine drive solenoid 170, and a deflecting
      gate drive solenoid 402, for effecting the transferring, fusing, cutting
      and deflecting operations.
PAR  Along the xerographic paths, essentially formed by the belts 20 and 20' as
      depicted in FIG. 12, there are provided exposure stations 29, 23,
      developer station 24, 24', transfer stations 25 and 25', cleaning stations
      29, 29' and charging stations 22, 22' for their intended functions.
PAR  The optical path or image forming path, as depicted in FIG. 11, includes
      means 55 and 55', for triggering the lamps 53 and 53', which require
      precise timing so that they produce electrostatic latent images on the
      belts 20, 20' at the proper time. The path also includes the means for
      advancing and positioning the film strip 12 where the advancing and
      positioning of the film must be time synchronized to the machine operation
      frames to be copied.
PAR  The control devices shown positioned along the paths are described as
      illustrative of various means that may be utilized to implement machine
      process events and that are to be controlled by the controller.
      Accordingly, they should not be construed as complete or limiting.
PAR  The individual control devices or means that implement or monitor the
      machine events or functions, may be made of any suitable conventional
      means, such as solid state devices, photo optical sensing means or
      switches, exposure circuits, solenoids, etc., arranged to monitor various
      states or respond to the actuating and deactuating signals from the
      computer via the I/O interface 203.
PAR  As generally seen in FIG. 1B, the operator console 500 may include any
      suitable input and output means such as a set of push buttons 501 for
      enabling the operator to key in digit numbers such as the document and
      copy numbers for a particular reproduction run. The computer is so
      programmed that the document numbers and corresponding copy numbers keyed
      in via the digit keys in any random order are placed in proper order and
      sequence in the computer memory 206 for later use. Suitable means
      including a push button 502 are provided for the operator to indicate to
      the computer that a document number is being keyed in. Similarly, a push
      button 503 with appropriate means may be provided to signify to the
      computer that the digit keyed is copy numbers.
PAR  There is a limit as to how many documents may be copied per reproduction
      run. The upper limit depends on a number of factors such as the capacity
      of the film, the computer memory capacity and the number of pages. Taking
      all of these into account, in the present embodiment the computer was
      programmed to copy up to any suitable number such as 10 documents per
      reproduction run.
PAR  In accordance with another aspect of the present invention the computer was
      programmed to make a copy run for making only parts of documents. Thus,
      suppose a document has 100 pages and the operator wishes to copy pages 50
      to 70. The operator would code in page 50 as the start and page 70 as the
      end pages for that copy run.
PAR  For correcting erroneous entry, the console may include suitable means with
      appropriate entry means 509, the pressing of which in conjunction with the
      document number or copy number will erase the corresponding stored digit
      numbers. For displaying the machine status information such as the copy
      run information visual indicating means 510 with appropriate actuating
      buttons 511, 512 are provided.
PAR  The console 500 also includes a visual display means 514 indicating a
      malfunction and the nature, condition, and the location of the
      malfunctioning part.
PAR  Console 500 also includes a power-on switch 520 print start button 521, and
      film slew control 507. Console 500 also includes suitable means 523, 524
      for selecting, simplex or duplex, operation of the machine. The pitch
      length of the copy run may be entered after pressing a push button 528
      provided for the purpose and then making digit entry of the length using
      the digit keys 501. The console also includes a push button control key
      531 for jogging or advancing the copy paper web increments.
PAR  In addition, the console may include any number of keys 533, 534 . . . for
      any special function that can be actuated to input signals to the computer
      to perform the special functions.
PAC  INTERFACE CIRCUITRY
PAR  FIG. 9 shows an illustrative embodiment of an interface circuitry 203, in a
      functional block diagram, that connects the computer 201 to the various
      operating control devices of reproduction machine 5 and the operator
      control console 500. Interface circuitry 203 is designed to serve the
      function of enabling the operator to input copy run information to the
      computer to run the machine 5 in a particular mode and provide visual
      output signals indicative of both machine and program status and
      malfunction conditions at the operator control console 500.
PAR  It also serves the function of enabling the computer to monitor various
      work stations in the process paths and channel the timed control signals
      to the various control devices in the processing paths. In short, the
      interface circuitry is so designed that it enables the computer to address
      or monitor in successive cycles the various stations or control devices
      positioned in the control console 500 and process paths of the machine.
PAR  More specifically, referring to FIG. 9, an address decoder 241 is
      operatively disposed between the computer 201 and individual latch
      circuits 243a, 243b . . . 243n and monitoring or scan circuits 251a, 251b
      . . . 251n. The latch circuits are connected operatively to the various
      control devices, such as the exposure lamp triggering means 55 and 55',
      solenoid actuating means 126, 127, 170, 402, film advancing means 137 and
      137', various switches at the console, etc. When set or toggled as the
      case may be, the latches enable the control device elements to implement
      the machine process events or give visual indications to the console. The
      monitoring or scanning circuits are connected to the sensing means, such
      as the means 111 and 112 for monitoring the web 28, film code sensing
      means 139S, 139A, 139B, 139E, jam sensing means 113, etc. for sensing the
      status of the various stations being monitored by the computer and the
      various push button input means at the operator console.
PAR  With a given decoding capacity, for example, an nine bit decoding capacity,
      the decoder 241 can correspond to nine bit address words from the computer
      201 and decode and address up to 2.sup.9 or 512 lines. The latch circuits
      243a, 243b . . . 243n may be reset or set selectively by a signal via set
      signal paths 246 and checked selectively as addressed via the address
      decoder 241 and its output paths 242a, 242b, . . . 242n. Selective
      setting, resetting and toggling takes place as the decoder 241 decodes the
      address words and applies the strobed out output to the selected or
      addressed latches when the STROBE OUT clock pulse is applied thereto via a
      path 247. The selected latch then assumes the condition indicated by
      computer output lines 9 and 10. It will set if 10 is high and 9 is low,
      reset if 9 is high and 10 is low, or toggle if both are high.
PAR  Similarly in scanning the status of the various monitoring means, the
      computer addresses them via the decoder 241 and scanning circuits 251a,
      251b . . . 251n in succession. The scanned status signals are applied to a
      latch circuit means 257 via OR gate 255 and are sent to the computer 201
      when strobed in by strobe signals applied to the latch 257 in succession
      via a STROBE IN signal path 258. In this manner, the computer strobes the
      copy run information from the control console in various keys as the
      information is keyed in.
PAR  The copy run information that the operator programs into the computer in
      this manner typically includes the condition of the image length, the
      documents numbers and copy numbers, and the simplex or duplex mode and the
      like information that the computer requires in running the machine in
      making the copies.
PAC  TIMING OF CONTROL SIGNALS
PAR  Certain of the reproduction progress steps, such as exposure step for
      forming latent images on the belts 20, 20' and actuating the guillotine
      cutter, etc. requires precise timing. There are other machine process
      events or steps, such as the actuation of the transfer solenoids 126 or
      127 or both, depending upon whether or not the machine is to be operated
      in a simplex or duplex mode. The operation of the cleaning and charging
      corotrons are generally of such a nature that they must be actuated at the
      initialization period and kept on for the rest of the copy run or actuated
      and deactuated during each of the imaging cycles wherein proper timing
      sequence is required.
PAR  There are other types of events which occur at random and which are not
      time related to the machine operation cycle, such as a paper jam, fuser
      over-temperature, paper splice a belt runout condition, and the like.
      These events normally represent machine malfunctions or interrupt
      conditions which must be monitored and acted upon when they occur.
PAR  The way the control signals are derived according to the present invention
      will be now described in detail in terms of "pitch" zones and process
      events taking place in successive pitch zones in succession during the
      successive pitch time intervals in the various process paths, namely, the
      copy paper or web 28 path, the photoconductive belts paths 20 and 20' and
      the film path.
PAR  Each of these paths may be considered as being divided into pitch zones
      where pitch zones refer to spatial equivalence to a pitch zone in the
      xerographic path, i.e., an image impression length plus a suitable space
      on the photoreceptor belts 20, 20' traveling, at a constant speed. Here it
      may be noted that the process speed of items in different process paths
      need not and in fact are not generally at the same speed. Thus, for
      example, the speed of the speed of the film is much faster than the belts
      and moreover does not travel at a uniform speed. In case of the paper
      path, the web travels at a uniform speed until the guillotine cuts the web
      into successive sheets containing images. But the cut sheets can be moved
      out faster than the rate at which the web travels. These process paths
      with different processing speeds are time and space related to the travel
      speed and distance of the belts. This relationship can be visualized by
      considering that these paths are divided into pitch zones, wherein the
      start and the end of each zone in each path correspond in time to the
      start and end of the pitch zones in the belt.
PAR  Various process speeds at different paths and zones are different. Hence,
      the spatial distance traversed by the items being processed are different.
      But, the pitch zones are deemed set up so that the events taking place in
      the various zones of the different paths controlled to time relate back to
      a reference process path, namely, the xerographic process or the
      photoconductor process path in the process system.
PAR  According to an aspect of the present invention, the computer 201 is
      programmed to run and generate timed control signals to the various paths
      in successive pitch cycles as the belt travels pitch distances in
      succession. The timing of the control signals and application of the
      signals to the control devices at the various work stations in the various
      process paths will now be described in detail with reference to the
      process paths illustrated in FIGS. 10-14.
PAR  FIG. 10 shows the paper web 28 traversing through the paper path, the web
      tension sensing means 111 and 112, roll end sensing means 99, engaging
      means 126 and 127 for engaging and disengaging the web 28 from the image
      transfer stations 25 and 25', fusing station 33 and deflecting means 400
      for deflecting unwanted sheets into reject bin 401. FIG. 11 shows the film
      path with film reel advancing and positioning means 134, 137 and 135, 137'
      and image exposure stations A and B. FIG. 12 shows the photoconductive
      paths which includes image exposure stations 23 and 23', image development
      stations 24, 24', transfer stations 25 and 25' and cleaning stations 29
      and 29', and charging stations 22, 22'.
PAR  Suppose the machine is set to operate at a given speed so that belts 20,
      20' are driven at 20 inches per second, that the belts are 40 inches long,
      and the pitch length is 10 inches, that is, one impression plus one
      spacing between impressions. This means that the belts travel past the
      image exposure station 23 and 23' at the speed of 10 inches per image or
      pitch. Given the foregoing conditions, it can be visualized that the belts
      can have four pitch zones, I, II, III and IV with each pitch zone
      corresponding to a distance the belt travels past the exposure station
      between successive exposure. For convenience, the time interval it takes
      for the belt during two successive exposures may be called "pitch time
      interval" and an "imaging cycle" interchangeably. Similarly, the other two
      paths, namely, the paper path and film paths can be imagined as being
      divisible into pitch zones so that they are time related back to the pitch
      zones in the photoconductor belt.
PAR  The spatial and timing relationship evident from the foregoing can be
      appreciated further from FIGS. 13 and 14 which graphically illustrate the
      timing and spatial relationship between the paper and the belt paths and
      various process steps that take place in the pitch zones in their paths.
      This can be better described in operational context as follows: In
      operation, the film frame pairs 11A and 11B in film strip 12 are
      simultaneously positioned on platen 14. (FIG. 4). In a simple operation,
      one (11A) or the other (11B) frame is exposed and the light image A' or B'
      formed is projected onto the belt 20 or 20' to form a latent electrostatic
      image. In a duplex operation, exposure of the frame 11B (B') is delayed by
      suitable time interval dt (FIG. 13) after exposure of frame 11A, to allow
      the web 28 to travel from transfer station 25 to station 25' to effect
      back-to-back alignment of the impressions produced on web 28.
PAR  As illustrated in FIGS. 13 and 14, the belts 20 and 20' are exposed to the
      light images A' and B' at times t.sub.1 and t.sub.3 during a first pitch
      interval in the first pitch zone I, to form the latent images. The images
      are then developed at pitch zone II during the following or second pitch
      time interval. The developed images are then transferred at pitch zone III
      at time t.sub.2 and t.sub.4. The transferred images A' and B' are
      thereafter fused at pitch zone IV during the succeeding or fourth pitch
      interval. The web 28 containing the impressions is then cut by a
      guillotine 160 at pitch zone V during the next or fifth pitch interval.
      The deflector gate 400 in pitch zone VI is actuated at time t.sub.6 in the
      sixth pitch interval when a cut sheet has to be scrapped. Otherwise the
      acceptable sheet is collected at the collection tray at t.sub.6. Pitch
      zones are set up so that the start, t.sub.o and t.sub.end of each of the
      pitch zone intervals coincide with one another in timing sense. Once the
      paths are loaded, the aforementioned process events in the various zones
      occur in the time sequence shown in FIG. 14 on different images processed
      in the various zones.
PAR  It can be appreciated from the foregoing that where copying processes for
      multiple copies are well under way, a number of images are in process
      concurrently, but at different stages in different zones. Thus, for
      example, at any given instant in time, an image may be undergoing fusing
      operation in pitch zone IV, while a second image is undergoing transfer
      operation from belt 20 to web 28 in pitch zone III, a third image is
      undergoing development on photoreceptive belt 20 in pitch zone II and a
      fourth image undergoing exposure in pitch zone I.
PAR  The aforementioned imaginary pitch zones are set up so that they correspond
      in time, i.e., start and end at the same time, so that the process events
      for different images occurring at the various pitch zones occur during the
      same pitch time interval. These process events are repeated in succession
      for each of the pitch time intervals in the various pitch zones in
      cyclical manner until the copy run is complated.
PAR  In accordance with an aspect of the present invention, a software program
      is used to operate the computer 201 so that it generates the timed signals
      for the timed process events E1, E2, E3, etc. . . . E.sub.n taking place
      at the various zones in the manner described above and apply them to the
      corresponding control or monitor devices via the interface circuitry 203.
      The computer is programmed to perform the foregoing operation for each of
      the imaging or pitch cycles in succession for the entire copy run.
PAR  The foregoing general description of the way the control signals are
      derived using a programmable controller or computer will now be described
      in detail in terms of a specific example. Assume the clock pulse generator
      207 is designed to generate 1000 pulses per pitch interval and that the
      process paths are fully loaded. Referring to FIG. 14, during each pitch
      interval the computer generates the timed control signals for the machine
      process events in succession at successive time intervals starting from
      the pitch pulse starting time, t.sub.o, generated by the computer after
      the operator commands the machine to print.
PAR  The exposure for the frame 11A then occurs at a given time, for example,
      230 clock pulses after t.sub.0, at zone I, and transfer of an earlier
      developed image at zone III at 450th pulse at t.sub.2. In the first
      photoconductor belt path 20', expose another frame 11B at 490th pulse at
      t.sub.3 in zone I, and transfer still another earlier developed image at
      650th pulse at t.sub.4 in the second belt path 20' in zone III,. The web
      containing a developed and fused image of still another frame is cut at
      the 770th pulse at t.sub.5 in zone V, and a decision to eject or not eject
      at the 800th pulse at t.sub.6 zone VI.
PAR  As alluded to before, the pitch start time t.sub.0, may be internally
      generated or even keyed to a specific machine process step that can serve
      as the reference or bench mark at the start of each copying or imaging
      cycle. For example, although not so shown, in FIGS. 13 and 14, the
      exposure step can serve as the start for the imaging cycles for the belt
      path 20. In FIGS. 13 and 14, this can be readily done by shifting the zone
      marks to the right so that the exposure step coincides with the start time
      of the first pitch cycle.
PAR  The computer 201 is programmed to calculate the time intervals between the
      successive machine process events in the form of corresponding, clock
      pulse counts 230, 220, 40, 160, 120, 30 . . . during the initialization as
      illustrated above and stores them in the memory table 205. In operation,
      the computer places the count numbers in the counter 209 in the memory in
      succession and the number on the counter is decremented by the clock
      pulses from the clock signal generator 207. As the count is decremented to
      zero the computer generates a control signal and applies it a control
      device. The counter is then reset with a succeeding count and the rest of
      steps of decrementing, etc., follows. In this manner, the clock pulse
      count of 230 is first stored and decremented to zero to generate the
      transfer signal and so forth until all of the timed control signal pulses
      for the pitch duration are generated in succession for the entire copy run
      and addressed and applied to corresponding control devices or control
      elements to effect the corresponding process events.
PAR  During the initial period while the zones in the paper and belt paths are
      being filled with the images being processed and during the cycle out
      period while zones are being emptied as the images being processed are
      cycled out, the computer is programmed to generate appropriate control
      signals and apply them via the interface circuit 203 that includes
      appropriate modification to the control signals over those for the fully
      loaded situation so that only those of the process events for the zones
      being filled with images in precession are acted on and events for the
      empty zones are not implemented. The computer is also programmed to
      respond to the paper jam or other machine interrupt conditions and handle
      them appropriately.
PAR  Use of the software to run the computer for deriving the timed control
      signals renders the control for the machine highly flexible. Thus, for
      example, controller can be programmed to make images of different length
      (in the direction of the travel), i.e., make the machine operate at
      different pitch lengths for different reproduction or copy runs. The
      pitch, i.e., copy length, can be changed from one reproduction run to
      another by using appropriate instructions in the software routine stored
      in the computer and without entailing any change in the hardwired logic
      and the machine.
PAR  This is accomplished in accordance with the present invention by having the
      computer calculate, for each copy run of different pitch length being set
      up the operator, a set of timing lists in the form of the clock pulse
      counts for the successive time intervals between the successive process
      events. The computer is programmed to do this operation during the
      initialization phase of the particular reproduction run. Consequently,
      changes required in the timing of the timed control signals for a new
      reproduction run which is different from the earlier run due to the change
      in the pitch or copy image length are implemented automatically under the
      control of a stored program and all the operator is required to do is to
      indicate or key in the pitch length for the reproduction run about to
      made.
PAR  This is in contrast to the conventional control systems utilizing a
      hardwired and fixed logic; although to a limited degree a hardwired logic
      can be adapted to accommodate variable machine timing, its complexity
      expands so quickly as the number of machine process control steps and
      timing variations increase, that either the machine performance must be
      sacrificed or entail high cost for the hardwired logic.
PAR  Generally, in accordance with the present invention, the controller can be
      programmed to vary the timing sequence and cycles of the control signals,
      composition and order of the control signals, etc., to meet the changing
      need of reproduction runs or machine characteristics. This can be done by
      software with a master program having various optional features stored in
      the controller that entails little or no change in the hardware, logic and
      mechanism.
PAR  Thus, for example, the present controller can be programmed to run the
      reproduction machine in a single pass duplex mode whereby copies can be
      reproduced with impressions on both sides of copy sheets in a single pass
      of the copy sheets through the process path. Also, with appropriate
      optional features, the software control can also render the machine
      readily expandable to add new functions to the machine with little or no
      changes in the circuitry of the controller, and thereby upgrade the
      machine capability. For example, an optional instruction routine may be
      provided for enabling the controller to generate control signals that will
      enable the xerographic process implementing stations to skip a splice or
      other types of defective portions of the web 28 being advanced to avoid
      forming impressions thereon.
PAR  To determine the feasibility of operating the reproduction machine
      described above using a computer, a software program was developed for a
      PDP8/S computer available from Digital Equipment Corporation; it was
      programmed to provide many functions, including the function of
      calculating and providing the timing list of the control signals for
      successive machine process events in terms of the clock pulse counts for a
      given pitch or copy length indicated by the operator. An illustrative
      software program used for a PDP8/S computer is included below. The program
      will be briefly described in terms of the software program routine
      architecture shown in FIG. 15 in conjunction with the accompanying
      operational flow charts shown in FIGS. 16-28.
PAC  SYSTEMS SOFTWARE ARCHITECTURE
PAR  FIG. 15 shows, in general, a software architecture that parallels the
      operational process steps shown in the flow charts in FIGS. 16-28 in
      operating the copier/duplicator machine 5. Broadly, the routine includes
      steps for initializing and placing the computer into STANDBY mode and
      calculating the timing list for timed machine events, then placing the
      computer into EXECUTIVE mode so that the computer generates the control
      signals for the timed machine process events E1, E2, E3 . . . En, the
      housekeeping control signals for monitoring the operating status of the
      various machine components and machine malfunctions, and real time machine
      functions events, T1, T2, T3 . . . Tn.
PAR  Specifically now referring to the STANDBY mode operation, after power is
      applied to the computer and interface logic (See FIG. 16), an instruction
      routine is used to RESET the latch circuits 243a, 243b, . . . 243n and
      FLAG any fault condition. Appropriate FLAG routines are used to program
      the computer so that the computer checks with various monitoring and
      control elements to check readiness for operation. After the foregoing
      routine, the power is applied to the machine 5 itself. (See FIGS. 17 and
      18).
PAR  Next the software routine enters a SWITCH SCAN loop for entering copy run
      instruction data from the operator console as programmed by the operator
      and status of monitoring devices in the machine. This routine entails the
      steps of scanning the various input means or keys in the operator console
      to receive copy run information and other operator instructions, and the
      status signals of the machine and calculate the timing list for the timed
      control signals.
PAR  For SWITCH SCAN routines the computer is programmed to scan various input
      terminals at the operator control console. Referring to FIG. 1B showing
      the control console, the input information applied to the computer by the
      operator such as the pitch length, copy run i.e., document number, copy
      numbers), mode of operation (i.e., simplex or duplex) are applied to
      suitable register circuits means (not shown) including the AND gates 251a,
      251b, . . . 251n. The inputs so provided are strobed into the computer in
      succession as the computer addresses them one at a time at a very high
      speed.
PAR  The computer operational speed is extremely fast compared to the speed with
      which the operator keys in the input information. Consequently, if need
      be, the computer can be programmed to scan an input instruction from the
      operator console several times and determine statistically on the basis of
      composite result of the scanned input the genuineness of the input and
      store the instruction. This feature renders the control immune to
      electrical noise signals which would otherwise interfere with the
      operation of the controller and thus of the machine.
PAR  The importance of this noise immunity feature is especially significant in
      view of the fact that xerographic reproducing machine to be operated by
      the programmable computer is inherently a very noisy machine in the
      electrical sense because of the high AC and DC corona generating power
      supplies which range in the order of thousands of volts. The noise
      immunity feature is attributable to a number of factors. Thus, for
      example, the scanning operation implemented by the software control as
      described above enables the computer and interface logic to use DC power
      supply in the range of below 20 to 30 volts D. C. There are other factors
      that render the machine less noise immune: For example, the input signals
      from the control console are not directly applied to the computer but
      selectively examined by the computer using the interface circuits. In this
      manner, the computer need only examine those signals which are necessary
      for the operation of the system at a particular given time. All other
      signals can be ignored so that noise on these other signal lines does not
      affect the operation of the system. Secondly, the noise signals, e.g.
      conducted and radiated noise, that might pass through the buffered
      isolation are prevented from affecting the internal operation of the
      computer because of the sampling approach used in the input scanning
      operation. In this regard, it is noted that the scanning and sampling time
      interval is typically in the order of only microseconds or submicroseconds
      whereas non-scanning timing interval is in order of miliseconds. So the
      probability of noise signals occurring in the microseconds or
      submicrosecond scan time slot as opposed to the milisecond nonscan
      duration is very small. Consequently, the probability that the scanning
      operation will take up the spark noise is extremely low.
PAR  Furthermore, if in spite of this noise should occur at the scanning
      interval that noise is even further reduced, according to the present
      invention, by scanning, that is, by sampling the input means several times
      before accepting the input as the genuine input. Thus, suppose the input
      is applied in the form of logic 1. But suppose the noise condition
      prevents the entry of logical 1 signal when the input is first scanned. If
      the scanning cycle is limited in one cycle, this would be picked up and
      the computer will take the erroneous logical 0 signal as the input.
PAR  This rather remote possibility is removed even further by scanning the
      input means a given number of times, for example, 5 times, and the
      computer is programmed to determine the consistency, e.g., four out of
      five matching sampled signals match, and then treat the matching signal
      correct input.
PAR  Another advantage of the present scanning and sampling technique is that it
      is immune to switch debounce problem generally associated with
      electro-mechanical switches used in the control console and elsewhere.
      Electro-mechanical switches open and close very rapidly for a short period
      of time after activation. This characteristic is known as switch bounce
      and often complex interface latching circuits are needed to "debounce" the
      switch to prevent the control system from thinking there were several
      switch activations instead of one. By choosing the proper sampling
      interval with this scanning technique the debounce problem is eliminated
      without the need for complex circuits or switches.
PAR  Another feature of this scan technique is that it solves the problem of
      multiple operation, switch activation or "rollover". If an operator
      activates more than one switch at the same time, the controls do not know
      which information to accept first. This scanning technique prevents any
      information from being accepted by the computer until the operator is
      activating only one switch at any one time. Again this is accomplished
      without complex circuits or interlocking switches.
PAR  In short, according to an aspect of the present invention, the software is
      programmed to include redundancy in sampling or scanning of the inputs
      during the SWITCH SCAN routine so that the machine operation and
      particularly, the scanning operation is rendered immune to noise, switch
      debounce, and rollover problem without the need for complex switches or
      interface circular.
PAR  Now with reference to FIGS. 1B and 15, some of the SWITCH SCAN routine, in
      the standby mode, in entering the command or copy run information will be
      described. Referring to FIG. 15 the DIGIT INPUT routine entails the steps
      of the computer reading digit inputs, such as the copy run information,
      i.e., the document numbers, the copy numbers, pitch length, into the
      computer. These digits are entered either to the left (510L) or right
      (510R) side of the visual means via ENTER LEFT or RIGHT routine using the
      selection keys 511 and 512 and digit entry keys 501. Whether to enter
      right or left depends on the specific need of the situation and the way
      the operator programs the information. For example, the operator may enter
      the book number on the left and the copy number on the right.
PAR  Process Mode Word PMWRD CONTROL (FIG. 15) refers to the software routine
      that enables the computer to operate selected ones of the operative
      machine components while the rest of the machine is idle. This feature is
      especially useful in the diagnostic operation. Thus, using this routine,
      the computer can operate and test selected ones of the process members
      such as guillotine knife 160, web drive motor 105, charging means 22
      transfer 81 means, developer 24, etc. as signified by the operator via
      special instruction keys 533 and 534 so provided.
PAR  CONTROL DEVICE routine comprises a software program routine that enables
      the computer to scan the operative status of the device elements or
      machine input elements such as interlock, etc. to be sure that they are in
      an inactivated or reset or energized condition or whatever status is
      required for operation. For an illustrative routine for this operation,
      see FIG. 20.
PAR  SIMPLEX AND DUPLEX SCAN routines includes software instruction routine
      enabling the computer to scan the mode of operation (i.e., simplex and
      duplex) instructed by the operator via the keys 523 and 524. The JOG
      routine entails software instruction routine that enables the operator to
      jog or advance the paper reel 30 by keying the button 531 for a certain
      purpose such as getting rid of its splice joint.
PAR  In a similar manner, other SWITCH SCAN routines may be programmed into the
      computer to implement other SWITCH SCAN function as directed by the
      operator.
PAR  In short then, the SWITCH SCAN routines described above enable the computer
      to enter the instructions provided by the operator on the copy run
      information, copy length, copy run mode, i.e., simplex or duplex and the
      like and scan the operative status of the machine. (For more specifics see
      FIGS. 19 and 20 also).
PAR  According to another aspect of the present invention, the software is
      designed so that, if by mistake two or more input keys are pressed
      simultaneously, it enables the computer to recognize this and not to take
      in the keyed information until the operator keys in a sequence.
PAR  According to yet another aspect of the invention, the software routines
      prevent the computer from running the machine until the copy run and other
      necessary information required for making a copy run is keyed in by the
      operator. When all of the necessary information is keyed properly and
      entered by the computer then the computer implements the START PRINT SCAN
      routine and proceeds further.
PAR  The START PRINT routine is possible only after copy run or diagnostics or
      other operational instructions have been scanned and entered into the
      computer properly and the operator presses START PRINT button 521. This
      routine directs the computer to execute the next routine, namely,
      calculation of the TIME LISTS of those of machine process events that
      require precise timing (FIG. 21). In this routine, the software directs
      the computer to calculate the time intervals between the successive
      machine events that must occur at precise time positions within each pitch
      in terms of the clock pulse counts, such as the counts of 230, 450, 650,
      (FIG. 14) and so on for the exposure, transfer, web cutting jam detection
      etc. discussed earlier in connection with FIGS. 13 and 14. The timing
      lists derived from this routine is then stored in the event table 205 of
      the computer memory (FIG. 8) for subsequent use in the EXECUTIVE mode.
PAR  Upon completion of the calculating subroutine, the software is programmed
      to direct the computer to enter with the EXECUTIVE mode to start up the
      machine (FIG. 22) and generate control signals to implement reproduction
      process steps and monitor the machine operation in successive cycles until
      the copy run is completed (FIGS. 23-26).
PAR  The EXECUTIVE mode comprises three main types of operational routines. One
      routine entails the steps of implementing the machine process events,
      designated PITCH EVENTS, E1, E2, E3 . . . En. This operation requires the
      computer to generate control signals for the machine process events that
      require precise timing within each pitch time interval such as flash, web
      cutting, jam detection etc. These events occur once every pitch interval
      when the process zones are fully loaded and are phased in or phased out as
      the zones are being loaded or unloaded during the start and end of the
      copy run.
PAR  A second routine provides control signals for certain machine process
      events which do not require precise timing within pitch time intervals but
      which require proper timing in a real time, although they do not
      necessarily occur repetitively for every pitch. This subroutine is
      designated TIME EVENTS, T1, T2, T3 . . . Tn. These events T1, T2 . . . Tn,
      and include the steps actuating the MAIN DRIVE motor, controlling the
      engagement of web 12 relative to photoreceptor belts 20, 20', heating of
      fuser 33, and the like in a proper sequence and in a real time during
      operation of the machine. The PITCH and TIME event control signals are
      generated by the computer and addressed to the corresponding control
      device elements via the address decoder 241 and the latch circuits 254a,
      245b . . . 254n of FIG. 9.
PAR  A third routine is for checking or monitoring the machine operation status
      and the like that might be considered a housekeeping routine. This
      includes the routine to check operator actuated interrupt conditions such
      as stop command. It includes monitoring operation of sensing components of
      the machine 5 for checking their malfunction status, such as paper supply
      run out, excessive fuser temperature, and other non-timed events of random
      nature. The third routine entails the steps for enabling the computer to
      send out the scanning signals to the various scanning stations that
      monitor or sense the status of the various device control elements in the
      machine or the switches in the control console. Upon completion of a copy
      run, the machine enters a cycle out routine.
PAR  In the cycle out routine, the software instructs the computer to go to
      SWITCH SCAN routine to await for the next copy run instruction the
      operator may provide. If desired, suitable means, such as teletype or CRT
      readout may be provided to display the data on the copy run completed via
      any suitable DATA DUMP routine.
PAR  At this point, if the operator encodes the next copy run informations
      within a suitable waiting time period, then the computer executes the
      SWITCH SCAN mode for the next copy run. If not, the computer cycles out
      the machine and the computer.
PAR  In operating the computer in the EXECUTIVE MODE the software is programmed
      to follow through EXEC operations. The EXEC operations comprise a series
      of interrupt operations adapted to operate the computer as follows. The
      computer is programmed to operate in cycles in succession usually in micro
      or submicro second cycle time. As the computer cycles through, a Pitch
      Event clock count is stored in counter 209 and checked. If the stored
      number is not 0, the counter decrements by one and moves to perform the
      TIME events, the housekeeping operations, or other events.
PAR  The computer operates in cyclical fashion in this manner and decrements the
      counter by one after each machine clock pulse. When the computer finds
      that the counter being decremented is zero the counter generates and
      applies the PITCH event control signal. The next event is taken from the
      event table and the pitch in which the event occurs is checked to see if
      an image is present. If no image is present, the event is changed to a
      non-operation event. The computer then loads this next PITCH event count
      into the counter and moves on to perform other functions. The foregoing
      steps are repeated to generate the PITCH event control signals in
      succession as timed by the timing list prepared during the STANDBY mode.
PAR  Several significant features may be noted here involving the EXEC
      operations. Suppose two PITCH events occur at precisely the same time in
      the actual operation of the machine. Since the software is programmed to
      generate PITCH EVENT signals one at a time in sequence, it is undesirable
      to generate more than one PITCH signals simultaneously. But the conflict
      presented by this situation is avoided by shifting one of the two events
      by one or two or more machine clock pulse counts and having the computer
      generate the PITCH event control signals accordingly. The shifting does
      not adversely affect the operation of the machine nor the quality of the
      copy because a shift of a few clock pulses as manifested in the operation
      or copy is hardly noticeable. This can be readily perceived by noting that
      one clock pulse shift means 0.01 inch movement of the belt in the above
      example and consequently the image.
PAR  Another aspect of the software control pertains to the jam detect function
      operation. The software is so programmed that the computer generates PITCH
      EVENT control signals to look for the absence or presence or both of the
      cut sheet in the paper path at given times during each pitch time
      interval. Thus, more specifically, the computer is programmed to generate
      a timed control signal and apply it to the sensing means 113 of any
      suitable type. If paper should be there, no jam occurs. Absence of the
      paper at this point is sensed as jam condition and this is signified to
      the computer via a monitor circuit and the latch 257. The jam detect
      operation may be performed at an appropriate time interval later within
      the same pitch time interval again to assure that the cut sheet has moved.
      Hence a second jam detect signal is generated by the computer as another
      PITCH event signal and applied to the monitoring means and sensed. This
      time the presence of the paper is detected as the jam condition.
PAR  The double check performed in detecting the jam condition is especially
      useful in the high speed machine where, because of the high throughput
      capacity, failure to detect the jam timely and promptly can result in a
      large number of sheets being crumpled and accumulated in the paper path
      which clog the machine and waste paper.
PAR  A typical program for use with aforementioned PDP8/S computer for
      demonstrating the feasibility of operating reproduction machine 5 in an
      integrated manner to produce copies appears hereinbelow together with an
      exemplary copy run readout of the program. For information respecting the
      definition of the various terms used, one may refer to Digital Equipment
      Corporation's Small Computer Handbook, published in 1967, for the PDP8/S
      computer.
      ##SPC1##
      ##SPC2##
      ##SPC3##
      ##SPC4##
      ##SPC5##
      ##SPC6##
      ##SPC7##
PAC  EXAMPLE OF A RUN ON THE COMPUTER
PAR  The following is the printout on the Teletype of a typical run of the
      program on the PDP-8/S.
PAR  The first thing the computer does is to force a length request. In this
      case the operator enters 17 inches. Next the computer requests the number
      of copies required in batch number 1. The operator in this instance enters
      2. The computer then goes on to request the number of copies needed in
      batch number 2. The operator requests one copy. The computer then requests
      the number of copies in batch number 3. At this point the operator
      requests a return to the length input mode which the computer does. It
      types out "Length" and the previously entered length of 17 inches and then
      waits to allow the operator to change the length if he wants to. In this
      example the operator changes the length to 13.5 inches. The computer
      immediately returns to inputing the number of copies in batch number 3
      where it was before the change length request came. At this point the
      operator requests to return to the number of copies in batch number 2
      mode, so that he can change that number. The computer does this, showing
      that the operator had requested one copy previously. The operator changes
      this value to 2 and the computer again returns to the point that it was
      before the change request, namely inputing the number of copies in batch
      number 3. At this point the operator makes a run request and the computer
      does the necessary calculations as indicated by the flow charts and starts
      cycling up the machine.
PAR  The computer is now in the run mode and the timed operations are typed out
      in sequence. The jam true and false operation involves testing the
      condition of various paper detectors to determine if paper is present or
      absent at the proper times. The "End Pitch" output separates the block of
      operations which go on in each pitch length of belt travel. In the
      exposure sequence, the frame pairs are exposed and the film advances
      forward to the next pair of frames. This repeats until the micro input
      sees an end frame (in this simulation the end frame indication is entered
      from the keyboard) at which point the film advance is inhibited because
      these pair of frames are the last pages of this set and the first pages of
      the next set and must be exposed twice in succession. In our example the
      operator arbitrarily produces an end frame via the keyboard after the
      second pair of frames is in position. Thus our set in batch number 1 has
      four pages in it, and it will be noted that after the second pair of
      exposures the film does not advance forward again. The first set in this
      batch has been made at this point, so that the display is changed from two
      to one as shown immediately following the two flashes. It should be noted
      that the paper path and the transfer corotrons have not been turned on
      until this point. This is because the paper path is turned on as late as
      possible to minimize waste of paper.
PAR  The first set of this batch is now completely exposed and the second and
      last set is started. Two more pairs of images are exposed to complete the
      batch, and the film is slewed forward to the next batch.
PAR  When the next set is in position on the micro input, it's exposure begins.
      Again the operator of the simulation has arbitrarily made this set contain
      four pages. It is exposed like the first batch, and the machine starts to
      process out the copies.
PAR  In the middle of this processing, the operator has simulated a jam
      condition via the keyboard which shuts down the machine immediately. The
      operator then restarts the machine and the controller repositions the film
      to recover those images which were lost in the jam. The controller
      restarts the machine, reprocesses the lost images, and cycles out
      normally.
      ##SPC8##
PAC  SYSTEMS OPERATIONS
PAR  The sequence of systems operations will now be described with reference to
      the accompanying flow charts shown in FIG. 16-24. The sequence assumes a
      roll fusing approach, but other suitable fusing means and operations can
      be used. If flash fusing is used all steps involving fuser warm up and
      fuser roll engagement disengagement operation would be eliminated as
      indicated.
PAR  In operating the system, the first aforementioned software program
      including various features are stored into the computer in a conventional
      manner. To make individual copy runs, a particular film cassette having
      desired document originals are loaded in place. These being done then the
      following sequence of operations follow in making the copy run.
PAC  GENERAL SEQUENCE (FIG. 16)
PAR  The flow chart shows the general overall sequencing of the machine. The
      charts following this one, break down the individual boxes in this chart
      into more detailed descriptions of the specific sequences. The general
      sequencing of the machine is always entered through the "Power On" which
      is initiated by pressing the ON button 520. From there the "Initialization
      and Warmup" sequence follows. After the machine is properly warmed up and
      it has been determined that the machine is ready for operation, the "Data
      Acquisition" mode is entered. In this mode the operator enters through the
      control console 500 all the information needed for a copy run, namely, the
      pitch length, mode indication (simplex or duplex), document numbers and
      number of copies for each of the documents called for copies. After the
      entry of the required information about the run and loading of the film
      cassette, the operator pushes the print button and the machine enters the
      "Checkout/Start" mode using the aforedescribed SWITCH SCAN routine to
      check if the copy run information entry is complete and correct. From
      there the "Calculation" mode is entered to calculate the timing list of
      the machine process events. After this sequence is finished the "Start Up
      Sequence" is entered. Previous to this point the machine had been in the
      STANDBY routine but at this point the machine begins to cycle up. After
      the Checkout/Start sequence has been completed, the SYSTEM enters
      EXECUTIVE routine and performs a "Run Mode". At this point the machine
      processes copies.
PAR  During the Run Mode if an emergency or malfunction situation is detected in
      the machine, an exit to the "Emergency Condition" is made and appropriate
      action is taken. Afterwards depending upon the required action, the
      Emergency Condition exits to a Run Mode, "Cycle Out" mode or to "Hold"
      mode. During the Run Mode if no emergency situation is detected, the
      machine processes out the required number of copies and the Run Mode exits
      to the Cycle Out mode.
PAR  The Cycle Out mode starts the shut down routine of the machine, but since
      some copies are still in process in the machine, the Cycle Out mode
      returns to the Run Mode which in turn returns to the Cycle Out mode. When
      all the required copies are processed, the Cycle Out mode shuts the
      machine down and exits to the "Hold" condition. If the run was normal with
      no emergencies, the Hold condition exits to Data Acquisition to receive
      information for the next run. If the run had not been completed properly
      the information about the uncomplete run is held by the controller while
      it is in Hold and when the problem is cleared up, the machine exits to the
      Start Up Sequence to complete the run.
PAR  This is the general sequence for the machine. Now the flow charts showing
      the in depth details of each mode follow.
PAC  POWER ON (FIG. 17)
PAR  This is the entry point for the whole system. It is entered by pushing the
      ON button 520 and the only decision point is a check to make sure the OFF
      button 540 is not pushed. OFF always overrides ON. We now exit to
      Initialization and Warmup.
PAC  INITIALIZATION AND WARMUP (FIG. 18)
PAR  The first thing done upon entering this mode is to turn on the computer
      logic power supply. The controller goes into a routine which clears its
      registers and clears the output structure as described before. The ON
      button is checked by the controller and the interlocks are checked. If all
      conditions are satisfied, the main power is latched on by the controller.
      At this point, all the standby devices such as fuser 33 developer 62,
      charger 22, etc. are turned on. RESET and POWER ON software routine
      described above are used to implement these steps.
PAR  If the machine had a roll fuser it would have been warmed up at this point.
      Since the flash fuser needs no warm up this step would be eliminated with
      flash fusing. A logic check is performed next and if this is successful
      and if there is no fuser warmup, the program exits to Data Acquisition
      shown in FIG. 19.
PAC  DATA ACQUISITION (FIG. 19)
PAR  Upon entering this mode the first thing the controller requests is the
      input of a pitch length. This may be entered in digits via the digit keys
      501. The program then converts the digits to a binary form using the
      proper scale factors and check to make sure that this figure falls within
      the machine allowable length of say between 4 and 30 inches. After the
      length data is satisfactorily entered, the other information on the copy
      run, i.e. document numbers and copy numbers and mode (i.e., simplex or
      duplex) are entered. Since a billing system has not been specified,
      billing information is not included in this discussion, but it can be
      easily incorporated in the program once the billing format is decided
      upon. The program is so written that it is possible to change the document
      number and page numbers or the length data at any time before the systems
      enters into the run mode and start processing the copies. The program is
      written so that the document numbers and corresponding copy numbers can be
      entered in at random to the document buffer register 210. But the computer
      reads them into the computer memory in the order of sequence in which the
      numbers appear on film 12. If a request to change previously entered
      document or length data is made, the program will return to the requested
      location to make the change and then return back to the original location
      when the request for the change was made. Information for at least one
      document must be entered before the program can leave this mode and
      information for up to 10 documents can be entered before the document
      buffer register is considered to be full. The exit from this mode is
      provided by a run request or when the document table 205 is full. The
      capacity of document table 205 depends on the memory capacity and the
      configuration of the reproduction memory system. They can be readily
      increased by appropriate changes in the memory capacity and the software.
PAR  The Data Acquisition mode is implemented by the SWITCH SCAN software
      routine described before.
PAC  CHECK/OUT/START (FIG. 20)
PAR  A check out routine may be used to check out the machine 5 to make sure it
      is ready to run and the film 12 is loaded (FIG. 20) into the film input
      head (FIGS. 3, 11). Successful completion of these operations allows the
      program to exit from this mode. Malfunction conditions of various relevant
      elements are checked out and if a malfunction is detected, appropriate
      steps are taken. SWITCH SCAN software routine described above are written
      to include necessary instructional routine to implement this step.
PAC  CALCULATION (FIG. 21)
PAR  In this mode a list of the machine timing of process events is calculated
      based on the pitch length information and the mode of operation (i.e.
      simplex or duplex) in the manner described above in terms of the clock
      pulse count numbers between the successive machine process events in the
      pitch zones of the process paths as described above. Film advance and
      positioning is figured in so that film movement occurs between the
      successive machine exposure steps. As an added feature of the control,
      selected ones of the exposure and other steps can be skipped to avoid
      defective portions. For example, the pitch location immediately preceding
      the earliest flash is calculated so that splices in the paper web 28 can
      be avoided properly.
PAR  Since the controller is limited as to the number of simultaneous events
      which it can handle and since only a few events have very critical time
      relationships, the non-critical events are adjusted i.e., time shifted, so
      as to eliminate simultaneous events. The calculated timing lists is then
      stored in the memory 206 for use. The program exits from this mode and
      enters into the Executive mode.
PAC  START-UP SEQUENCE (FIG. 22)
PAR  The Start-up sequence shows a general sequence for the machine cycle up.
      The delays can be adjusted by the program to almost any value, although it
      would be easiest if they were all the same length. This sequence is
      implemented by the real time process event T1, T2, T3 . . . Tn software
      routine during the EXECUTIVE mode as described above.
PAC  RUN MODE PART 1 (FIG. 23)
PAR  This shows the list development program that the controller 200 implements
      as the controller determines what events should occur in any pitch pulse
      time interval according to the progress of machine operation. During this
      operation, conventional interrupt routine is utilized to load the counter
      209 with a time interval indicating the time difference between succeeding
      events in the form of clock pulse counts for the intended machine process.
PAC  RUN MODE PART II (FIG. 24)
PAR  This chart shows the flow of action when the controller has determined that
      the next event in the list developed in the Run Mode Part I (FIG. 23)
      should occur. In most cases this involves straightforward execution of the
      event. In the case of certain real time events, T, such as End of Pitch,
      Web Cutting Signal, and Flash ect, the operations must be done in real
      time to determine whether the event should be executed or not. For
      instance, before the advance film signal can be sent out, it must be
      determined if an end frame is present and if one is, whether the film
      should be advanced to the next document or more copies should be processed
      of the same document by reversing the direction of advancement of the film
      12. The End of Pitch event does not cause the end of outputs by itself.
      Certain internal "housekeeping" chores are performed by the controller
      before this takes place. The flash signal has to check an internal flag
      before it is allowed to occur. The cut signal event is used to check to
      see if all copies have been processed out up to the cut area. If the
      machine is clear up to this point, the program exits to "Cycle Out", Chart
      28.
PAC  EMERGENCY CONDITIONS (FIGS. 25 AND 26)
PAR  This mode is entered whenever an emergency condition is discovered.
      Basically there are three types of emergencies as defined by the actions
      taken when an undesired condition is detected. The first type is a cycle
      out type of emergency where the program acts as if the stop copy button
      540 had been pushed and cycles out the machine, processing out the copies
      already exposed in the machine. A more severe type of emergency is the
      "Quick Stop" type in which the machine is shut down to standby immediately
      and all data is held for start-up. The most extreme type of emergency is
      the emergency OFF condition in which all power to the machine is shut off
      immediately.
PAC  CYCLE OUT (FIG. 27)
PAR  This is the mode that the Run Mode Part II (FIG. 24) exits to when the
      machine copy sheet paper path is clear of copies up to cutting station 24.
      The paper path is shut down to save paper and then the rest of the process
      is cycled out. When the machine is completely empty of copies, the program
      exits to Hold.
PAC  HOLD (FIG. 28)
PAR  This is the mode entered from both the cycle out (FIG. 27) and emergency
      modes (FIGS. 25 and 26). If this is a normal end of run entrance, the old
      data is cleared out of the controller, a check is performed upon the
      logic, and the program exits to receive new data for the next run. If the
      termination of run was not normal, then all information is held until the
      problem is corrected at which point the machine can be restarted so as to
      complete the run. A feature of the program is that in the case of a quick
      stop type of emergency in which some copies are lost in process in the
      machine, the film 12 is automatically repositioned by the program upon
      restarting so that the lost copies may be reprocessed out.
PAR  In the foregoing, an electrostatographic reproducing machine with a
      programmable controller embodying various aspects of the present invention
      has been described above. Utilization of a programmable controller renders
      the machine highly flexible and versatile. In particular, it renders the
      machine to be capable of functioning as a variable pitch machine whereby
      the spaces or distances allotted for successive images formed and
      developed can be changed from reproduction run to reproduction run using
      stored programs and without changing any intervals circuitry.
PAR  While the principles of the present invention have been described in terms
      of web fed, single pass simplex duplex copier/duplicator machine, clearly
      the application thereof is not so limited. A person of skill in the art
      may modify or change the application from the teachings of the principles
      of the present invention without departing from the spirit and scope
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system responsive to externally applied control signals for making
      reproduction of originals the combination of:
PA1  a. a series of electrostatic processing stations adapted when actuated in
      proper timed sequence to form an operable reproduction apparatus capable
      of making reproductions electrostatically; and
PA1  b. a computer for controlling actuating of said processing stations in
      proper timed sequence to provide said operable reproduction apparatus,
      said computer including:
PA2  a programmable memory adapted to retain a master operating program for said
      apparatus,
PA2  said computer being adapted to calculate in accordance with said externally
      applied control signals said master program timed control signals; and
PA2  control means responsive to said timed control signals for actuating said
      processing stations and render the apparatus operative to make
      reproductions,
PA2  said master program including instructions for changing timing positions of
      said timed control signals.
NUM  2.
PAR  2. The apparatus according to claim 1, in which said master program
      includes instructions for shifting the timing positions of selected timed
      control signals otherwise occurable concurrently so that they occur in
      sequence.
NUM  3.
PAR  3. In a system for producing reproductions of an original, the combination
      of:
PA1  a. a processor having a photosensitive member movable in an endless path
      and electrostatic processing means co-operable with said photosensitive
      member to electrostatically produce reproductions, said electrostatic
      processing means including
PA2  1. means to produce an electrostatic image on said photosensitive member,
PA2  2. means to develop said latent electrostatic image, and
PA2  3. means to fix the developed image to provide a permanent reproduction;
      and
PA1  b. a computer for operating said processing means to produce reproductions,
      said computer including
PA2  1. programmable means to receive individual reproduction run instructions,
PA2  2. a master program including instruction routines for deriving control
      signals and
PA2  3. means responsive to the control signals for actuating said processor
      photosensitive member and said processing means to produce reproductions
      electrostatically;
PA2  4. said computer programmable means including means to verify the
      comparability of reproduction run instructions inputted to said master
      program means.
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ABST
PAL  A programmable controller is used to control the operation of a xerographic
      reproducing machine adapted to run in a simplex or duplex mode whereby
      copies are made on either or both sides of web material fed in a single
      pass and then cut into individual copy sheets. A control program,
      comprised of a set of program instructions, enables the controller to
      generate control signals for actuation of the process devices of the
      reproducing machine in a timed manner for production of copies as directed
      by the operator. In response to instructions by the operator concerning
      copy length, copy numbers, etc., the control program permits the
      calculation of requisite timing information for control of the machine
      operating components. The control program permits the operation of the
      reproducing machine to concerning copy length, copy numbers, etc., the
      control program permits the calculation of requisite timing information
      for control of the machine operating components. The control program
      permits the operation of the reproducing machine to be responsive to the
      machine status in control of the machine operating components.
BSUM
PAR  This invention relates to reproducing machines in general and, in
      particular, to a computer controlled reproducing machine and an improved
      apparatus for and method of controlling and operating reproducing
      machines.
PAR  As the public has become accustomed to the convenience and economy of
      xerographic machines designed to make copies on ordinary plain paper, they
      are increasingly demanding more economial high speed, reliable and
      inexpensive reproducing machines of flexible and versatile nature with
      diverse optional and add-on features. In response, many breakthroughs and
      significant enhancements have been made to machine to the point where in
      the span of about a dozen years or so, the machine speeds have increased
      dramatically.
PAR  One of the areas where major efforts have been directed for improvement has
      been control aspect of the machine and significant advances have been made
      in this area in recent years in the form of hardwired control logic that
      gives the machine added versatility and reliability. While the hardwired
      logic has provided significant advances to the overall enhancement of the
      machine, it has been shown to have its inherent limitations. Thus, for
      example, the functions provided by the hardwired logic are generally wired
      into the logic circuitry and frozen. Consequently, when a new function has
      to be added or existing functions have to be modified, the logic must be
      redesigned and rewired. But the time, efforts and cost involved in
      modifying existing logic, or designing a new hardwired logic control for
      machines of new configuration, or of old configuration with new add-on or
      optical features, have been found rather significant and burdensome.
PAR  Additionally, the increased complexity of the modern high speed
      copier/duplicator has resulted in a tremendous increase in control
      circuitry, which today is normally carried on circuit boards and through
      individual wiring. This increase in control circuitry has at this same
      time created a tremendous space problem, namely where to put the circuitry
      and still retain a reasonable machine size. In addition, subsequent
      changes, alterations, additions, and the like often bring with them
      increased amounts of circuit boards and wires which may tax to the limit
      the available space.
PAR  While developments in the art of circuit controller fabrication offer
      promise in alleviating the problems alluded to above, such developments
      have not heretofore appeared useful for the electrostatic
      copier/reproduction machines as we know them today. Recent advances in
      circuit fabrication techniques, i.e., L.S.I. chips, are of some help in
      reducing wiring bulk but do not themselves alleviate the necessity of
      rewiring in the event of design changes. As for controllers one may
      consider the control of an asynchronous printer operated through a data
      processing system. However, typically, electrostatic type copiers and
      reproduction machines are synchronous by nature and not asynchronous, or
      readily converted to asynchronous operation. This in part is due to the
      fact that most copiers employ a continuous photosensitive member or
      support therefor, and are hence alien to the use of individual
      photosensitive plates which appear to be required for asynchronous type
      operation.
PAR  It is therefore an object of the present invention to overcome the
      aforementioned difficulties found in the presently available
      copier/duplicator machines.
PAR  It is another object of the present invention to provide a new and improved
      reproduction machine.
PAR  It is an object of the present invention to provide an improved
      programmable controller for a reproduction machine.
PAR  It is yet another object of the present invention to provide a programmable
      controller for a high speed copier/duplicator machine which provides timed
      control signals to the process control devices of the machine for
      actuating the operating components of the machine.
PAR  It is a further object of the present invention to provide an improved
      method for controlling and operating an electrostatic reproduction
      machine.
PAR  The foregoing and other objects of the present invention are attained in
      accordance with the present invention using a programmable controller
      (computer) having a program storage means to store a set of program
      instructions for enabling the computer to generate control signals to
      actuate process control devices of the machine in a timed manner in making
      copies as directed by the operator.
PAR  It is a feature of the present invention to provide a set of programs to be
      stored in the computer and designed to enable the computer to respond to
      the operator's instructions, such as a selection of the copy length, copy
      numbers, etc. and calculate the requisite timing information to control
      the machine operating components to produce the copies desired.
PAR  It is another feature of the present invention to provide a method of
      controlling a reproduction machine to produce copies from originals,
      comprising the steps of programming a computer so that it enables the
      computer to respond to the machine status in terms of machine
      operativeness and to the operating instructions provided by the operator
      that pertain to the reproduction run such as document numbers, number of
      copies for the respective documents, and length of the copy images, and
      generate control signals to operate the machine to make copies according
      to the operator's instructions.
PAR  It is yet another feature of the present invention to provide a program
      designed to provide noise immunity.
PAR  It is yet another feature of the present invention to provide a machine
      wherein the control signals for the machine are derived, under the control
      of software, in successive cycles, each cycle starting with a pitch or
      start signal, followed by a series of timed signals referenced back to the
      pitch signal, and then applied to the control devices to implement the
      machine process steps.
PAR  It is a further feature of the present invention to provide a roll fed,
      single pass electrostatographic reproducing machine.
PAR  It is still another feature of the present invention to provide, as
      document originals, a film cassette or roll having a plurality of
      documents in sets, each set having one or more pre-collated pages
      positioned in series in successive frames and the sets and the pages being
      coded for identification.
PAR  It is yet a further feature of the invention to provide an
      electrostatographic machine that has photoreceptive means in duplicate and
      so disposed that either one or both can be operated to make image
      impressions on either one or the other or both sides of the web material
      fed therepast.
DRWD
PAR  The foregoing and other objects and features and advantages of the present
      invention will become clearer from the following detailed description of
      an illustrative embodiment of the present invention in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1A shows a schematic front view of an exemplary reproduction machine
      with a programmable controller of the present invention; FIG. 1B shows a
      schematic front view of an exemplary operator control console of the
      controller;
PAR  FIG. 2 is an isometric view showing details of the paper path for the
      reproduction machine of FIG. 1;
PAR  FIG. 3 is an enlarged schematic view of the document input module for the
      machine shown in FIG. 1;
PAR  FIG. 4 is a view showing the document originals in the form of a plurality
      of film frames in series, each frame being code marked for identification;
PAR  FIG. 5 is general enlarged schematic view of the optical paths for the
      machine shown in FIG. 1;
PAR  FIG. 6 is an enlarged isometric view showing details of the developing
      apparatus for the machine shown in FIG. 1;
PAR  FIG. 7 is an enlarged view partially in section showing details of the
      guillotine assembly for the machine shown in FIG. 1;
PAR  FIG. 8 is a schematic block diagram showing the programmable controller of
      the present invention;
PAR  FIG. 9 is a schematic diagram of the input/output interface circuitry
      between the computer, reproduction machine, and the operator console;
PAR  FIG. 10 is a schematic outline showing the paper path divided into
      imaginary pitch zones;
PAR  FIG. 11 is a schematic outline showing the input film module divided into
      imaginary pitch zones;
PAR  FIG. 12 is a schematic outline showing the electrostatic path divided into
      imaginary pitch zones;
PAR  FIGS. 13 and 14 are diagrams showing the timing relationship of the timed
      process events and the pitch zones for the paths illustrated in FIGS. 9,
      10 and 11 during processing;
PAR  FIG. 15 is a schematic chart of the program routines of the software for
      use for the computer to operate the machine shown in FIG. 1;
PAR  FIG. 16 is a flow chart illustrating a general sequence of the operation of
      the system shown in FIG. 1; and
PAR  FIGS. 17-28 show in detail the various major component parts and the
      general sequence of operation shown in FIG. 16.
DETD
PAC  THE MACHINE
PAR  Referring to the drawings in general, and in particular, to FIGS. 1a, 2 and
      8, the drawings show an exemplary embodiment of the present invention in
      the form of a reproduction system having copier/reproduction machine,
      designated generally by the numeral 5 and a programmable controller 200
      for operating the machine 5. Hereinafter, the invention will be described
      in terms of a specific copier/duplicator machine run by a specific
      programmable computer, but it is to be understood clearly from the outset
      that the specific configuration of the machine and computer is for
      illustrative purposes only and is not intended to limit the spirit and
      scope of the present invention. The exemplary machine 5 is preferably a
      xerographic processor and may be a simplex/duplexing machine, that is, one
      that produces image impressions on either or on both sides of copy
      material. The reproduction machine 5 includes duplicate processing units
      7, 7' as will be described more fully herein.
PAR  To simplify the ensuing description of the reproduction machine 5, the
      xerographic processing unit 7 is described in detail, with identical areas
      of processing unit 7' being identified on the drawings by the same numeral
      followed by a prime mark.
PAR  In the exemplary reproduction machine 5, the original document or documents
      being reproduced are in the form of a transparent film strip having a
      plurality of documents, books, each document having any given number of
      pages or frames 11 arranged in series in a film strip 12 as seen in FIG.
      4. As will be described in detail later, the frames 11 are grouped or
      positioned in series and are suitably coded to identify the starting and
      ending frames of each document and each individual frame or page. The film
      strip may come in a convenient cassette form. Film strip 12 is indexed in
      a timed manner across a copy platen 14, (seen in FIG. 3) under the control
      of the controller 200. The platen 14 is transparent and is sufficiently
      large to accommodate two frames at once. Once indexed, the frames may be
      flash exposed to project optical light images. Dual illumination systems
      are disposed above platen 14 to illuminate the frames 11 and produce light
      image rays corresponding to the informational areas on each frame 11
      therebelow. The image rays are projected by means of independent optical
      systems 18, 18' onto the photosensitive surface of the xerographic plates
      associated therewith.
PAR  In the exemplary reproduction machine 5, seen best in FIG. 1a, the
      aforesaid xerographic plates comprise endless flexible photoconductive
      belts 20, 20' supported in belt modules 21, 21' respectively. A suitable
      charging device, i.e., corona generating devices 22, 22', serve to
      uniformly charge the respective photoconductive belts 20, 20' preparatory
      to imaging at the respective exposure stations 23, 23'.
PAR  Each of the latent electrostatic images formed on the photoconductive belts
      20, 20' passes through respective development stations 24, 24' whereat the
      image is developed with an oppositely charged developing material to form
      a xerographic powder image correspsonding to the latent image on the belts
      20, 20'. Thereafter, the developed image moves to the respective transfer
      station 25, 25' where the image is electrostatically transferred to one
      side or the other of a suitable support material, in this case web 28.
      Following transfer, residual developer on the belts 20, 20' is removed at
      the respective cleaning stations 29, 29' in preparation for the next
      copying cycle.
PAR  Web 28 is supplied from a roll 30, a web feeding system 31 being provided
      to advance the web in response to demand as will appear. Following
      transfer of a developed image to web 28, web 28 passes through fuser 33
      whereat the toner image thereon is permanently fused. Following fusing,
      the web 28 is cut into discrete sheets at cutting station 34, the cut
      sheets then being transported by discharge conveyor 35 to an output or
      collecting station 36.
PAC  BELT MODULES
PAR  The belt modules 21, 21' include a generally triangular subframe 38
      rotatably supporting rollers 39, 40, 41. The axes of rollers 39, 40, 41
      are substantially parallel with one another and are disposed at the apexes
      of the triangular subframe 38. The belt modules are supported in
      cantilever fashion from the main machine frame 8 by means of projecting
      support shafts 42, 43, shaft 42 being coaxial with the upper roller 39
      which is journaled for rotation thereabout. Suitable locking means (not
      shown) are provided to retain the belt modules on their respective
      supporting shafts 42, 43 and in predetermined operative position relative
      to the remaining system components. The aforedescribed lock means is
      releasable to permit an entire belt module to be withdrawn for servicing
      and repair.
PAR  In order to provide the necessary operating tension on the photoconductive
      belts 20, 20' as well as to assure their proper tracking during operation
      thereof, supporting roller 40 is rotatably journaled in a swingable yoke
      having a stem supported for both rotational movement about an axis
      perpendicular to the axis of roll 40 and for limited axial movement
      therealong. Suitable spring means mounted along the stem bias the yoke and
      the roller supported therewithin outwardly against the belts 20, 20'
      associated therewith to tension the photoconductive belt. The
      aforedescribed support arrangement for photoconductive belts is disclosed
      more fully in U.S. Pat. No. 3,702,131, issued Nov. 7, 1972 and
      incorporated by reference herein.
PAR  It is important that the photoconductive belts 20, 20' be substantially
      flat opposite their respective exposure stations 23, 23' and for this
      purpose a vacuum platen 45 is disposed on the belt module subframe 38
      opposite each exposure station 23, 23'. The outer side 46 of platen 45
      facing the photoconductive belts is substantially flat. A series of
      orifices in the surface 46 lead to the interior of platen 45 which in turn
      communicates with a suitable source of vacuum (not shown). The exposure of
      the surface of the belts 20, 20' opposite platen 45 to vacuum serves to
      draw the respective belt tight against the side 46 of platen 45 to thereby
      assure a flat, photoconductive belt surface at the exposure station. To
      reduce friction and prevent scratching of the underside of belts 20, 20' a
      porous cloth or paper sheet is stretched across the platen surface 46. A
      more complete description of the aforedescribed belt hold down arrangement
      may be found in U.S. Pat. No. 3,730,623, issued May 1, 1973 incorporated
      by reference herein.
PAR  Belt supporting rollers 40 and 40' are rotatably driven via suitable
      transmission means (not shown) from main drive motor 47, the
      photoconductive belts 20, 20' moving in the direction shown by the solid
      line arrow in FIG. 1a. To assure proper tracking of belts 20, 20' during
      operation thereof, the bearing support for roller 41 includes a tracking
      disc 48 (seen in FIG. 2) at one end thereof disposed in angular
      relationship to the axis of roller 41 so that a portion of the
      circumference of disc 48 rides against the edge of belts 20, 20'
      associated therewith. A double acting belt tracking switch 49 is
      cooperatively disposed with the periphery of disc 48 diametrically
      opposite the point where disc 48 contacts the edge of the photoconductive
      belt, the arrangement being such that excessive lateral movement of the
      belts 20, 20' in either direction along supporting roll 41 tilts disc 48
      to in turn actuate tracking switch 49. As will appear, actuation of switch
      49 works through the programmable controller to interrupt operation of the
      reproduction machine 5 under certain conditions of operation.
PAC  EXPOSURE SYSTEM
PAR  As best seen in FIGS. 2 and 3, the illumination and optical systems 17 and
      18', respectively, cooperate to provide a light image of the frame or
      frames 11 on platen 14 at the exposure station 23, 23' associated
      therewith. The illumination systems 17, 17' are encased in a common
      housing 50 disposed over platen 14. Platen 14 is of a size sufficient to
      accommodate two frames 11, 11' at once and illumination housing 50 is
      sub-divided into two separate illumination chambers 51, 51' by interior
      wall 52. Each illumination chamber 51, 51' covers one half of the platen
      14. A suitable flash lamp 53, 53' and condenser lens assembly 54, 54' are
      supported in each of the chambers 51, 51' above platen 14 to expose the
      portion of the film strip 12 thereunder respectively when lamp triggering
      means 55, 55' of a suitable design are energized in a timed sequence under
      the control of the controller 200.
PAC  THE OPTICAL SYSTEM
PAR  As best seen in FIGS. 2, 3, and 5, the optical systems 18, 18' transmit the
      light images generated upon actuation of the flash lamps 53, 53' to the
      exposure station 23, 23' associated therewith. The optical systems 18, 18'
      each include a lens 56. Since platen 14 is above and to one side of
      exposure stations 23, 23', a series of mirrors 57, 58, 59 which cooperate
      with the lenses 56 to provide an optical path 60 for the light images of
      the film frames on platen 14 to the respective exposure station 23, 23'.
PAC  THE DEVELOPER STATION
PAR  The latent electrostatic image created on the photoconductive belts 20, 20'
      at the exposure station 23 or 23' is rendered visible through the
      application of developing material thereto at developing stations 24, 24',
      the developing material comprising a mixture of relatively large carrier
      particles and relatively small toner particles in triboelectric
      relationship to one another. Referring particularly to FIGS. 1a and 6 of
      the drawings, developing stations 24, 24' each include a developer housing
      62 supported on machine frame 8 and in operative juxtaposition with the
      belt modules 21, 21' proximate belt supporting roller 40. Developer
      housing 62 includes a lower sump portion 63 within which a supply of
      developing material is disposed. The portion of developer housing i62
      adjoining the photoconductive belts 20, 20' is arcuate in conformance with
      the arcuate shape of the photoconductive belts 20, 20' as the belts travel
      around the belt supporting roller 40. Supported within the housing 62 in
      close, spaced relationship to the adjoining belts 20, 20' is a curved
      developer bed 65 across and through which the developing material passes
      during operation thereof. Developer bed 65 consists of a lower base 66 and
      spaced upper electrodes 67, electrodes 67 being supported through sides 68
      in predetermined spaced relationship from base 66 to form therebetween
      chamber 69 through which the developing material passes. A suitable seal
      70 is provided along each side of bed 65 to prevent leakage of developer
      from the developer housing 62.
PAR  The developer bed 65 is supported in a generally upright position in the
      developer housing 62, housing 62 including an inlet baffle 71 cooperable
      with the external surface of housing 62 to form an inlet to bed 65 in the
      chamber 69 thereof. The lower portion of housing 62 adjoining bed 65 forms
      an outlet passage for the developing material to route the developing
      material back to the sump 63 of housing 62. The developer bed 65 is
      supported within developer housing 62 on flexible members 73, one side of
      the developer bed 65 being drivingly connected with a suitable vibrating
      mechanism such as acoustic coil 75.
PAR  To provide a flow of developer across electrodes 67 and through the chamber
      69 of the developer bed 65, a developing material conveyor 77 is
      porovided. The supporting roller 78 for conveyor 77 is driven by motor 79.
      Conveyor 77 serves to raise developing material from the sump 63 and
      discharge developer onto the inlet baffle 71 leading to the developer bed
      65. A more complete description of the developer may be found in U.S. Pat.
      No. 3,613,637, incorporated herein expressly by reference.
PAC  TRANSFER STATION
PAR  The images developed on the photoconductive belts 20, 20' are
      electrostatically transferred onto the side of web 28 opposite thereto at
      transfer stations 25, 25'. To facilitate transfer and subsequent
      separation of the web 28 from the surface of belts 20, 20' without arcing,
      suitable transfer corona generating devices 81, 81' are provided opposite
      belt supporting rollers 41.
PAC  CLEANING STATION
PAR  Following transfer, residual developing material remaining on the belt 20,
      20' is removed at the cleaning station 29, 29' associated therewith.
      Cleaning stations 29, 29' include a housing 82 within which are mounted a
      pair of brush type cleaning rolls 83, 84, the periphery of which is in
      contact with the surface of belts 20, 20' associated therewith. Pick-off
      rollers 85, 86 engage each of the brush rollers 83, 84, respectively,
      rolls 85, 86 serving to remove developer picked up by the rolls 83, 84. A
      flicker bar 87 engages the rolls 85, 86 to remove developing material
      picked up by rolls 85, 86 from the cleaning rolls 83, 84 the removed
      developer being urged from the housing 82 by suitable vacuum means (not
      shown). The several rollers of cleaning stations 29, 29' are driven by
      motors 88, 88', respectively.
PAC  WEB FEEDING MECHANISM
PAR  Referring particularly to FIGS. 2 and 5 of the drawings, the copy substrate
      material 28 is supplied from a relatively large roll 30 supported upon a
      shaft 90 and disposed in a paper supply housing 91 appended to main
      housing 9 of the reproduction machine 5. Drag brake 92 on shaft 90
      restrains rotation of the supply roll 30. Web 28 is unwound over a first
      de-curling roll 93 rotatably supported within the housing 91 proximate
      supply roll 30. The axis of the de-curling roll 93 (FIG. 1a is
      substantially parallel with the axis of supply roll support shaft 90.
PAR  From the de-curling roll 93, web 28 passes over guide roll 94 where the web
      28 is turned through an angle of approximately 90.degree.. For this
      purpose, guide roll 94 is rotatably supported within housing 91 at an
      angle of 45.degree.. From guide roll 94, web 28 passes through a second
      de-curling device 96 and around guide rollers 97, 98 to splicer 100. There
      may be provided a suitable detecting means 99 for detecting the end of the
      roll 30. The detecting means is so positioned that it detects the end
      before the end reaches the splicer 100. The detected signal may then be
      used programmable controller to stop the machine to permit the operator to
      mount a new roll and splice it to the old roll being used up. Splicer 100,
      which may comprise any suitable paper splicing device, serves to enable
      the leading edge of a fresh supply roll to be attached to the trailing
      edge of the previous web. Following splicer 100, the web 28 passes over a
      second guide roll 102 which turns the web through 90.degree.. Web 28 then
      enters housing 9 of the reproduction machine 5.
PAR  As web 28 enters the machine housing 9, the web 28 passes over feed roll
      104, roll 104 being driven by web feed motor 105. A dancer roll 106, which
      is arranged to float vertically in slotted openings 108 in the machine
      frame 8, cooperates with feed roll 104 and downstream guide roll 109 to
      give a proper tension to the web 28. Switches 111, 112 cooperate with
      dancer roll 106 enable the supply and continuity of web 28 to be monitored
      as will appear hereinafter.
PAR  From dancer roll 106, the web 28 is routed via guide rolls 114, 115 to the
      dual transfer stations 25, 25'. Guide roll 115 serves to tension the web,
      roll 115 being supported upon a displaceable frame 116. Spring 118 biases
      the frane 116 in the direction of web feed to maintain a tension upon the
      web 28. Following guide roll 115, web 28 is drawn past transfer stations
      25, 25' and through fuser 33 by feed roll pair 119, 120, roll 120 thereof
      being suitably driven by motor 122 to advance web 28 against the tension
      imposed by the guide roll 115. Following feed roll pair 119, 120, web 28
      is advanced to cutting station 34.
PAR  To enable the belt modules 21, 21' to be operated independently and belts
      20, 20' thereof to move without contact with web 28, rolls 123, 124 are
      provided adjacent each of the transfer stations 25, 25'. Each roll 123,
      124 is supported upon a displaceable frame 125 designed to enable the
      rolls together with the portion of the web therebetween to be moved into
      and out of transfer contact with the photoconductive belts 20, 20'.
      Suitable drive means, such as solenoids 126, 127 actuable by the
      controller 200 are provided to selectively move the rolls 123, 124
PAC  THE FUSER
PAR  Following transfer of the developed image to web 28, the web passes through
      fuser 33 wherein the toner image is permanently fixed. Fuser 33 comprises
      a heated fusing roll pair 129, 130 forming a nip between which web 28
      passes. External heating lamps 131 131' serve as the source of heat for
      fusing rolls 129, 130. Fusing rolls 129, 130 turn in the direction shown
      by the solid line arrows in the drawings, drive motor 132 being provided
      for this purpose. To permit pressure between fusing rolls 129, 130 to be
      relaxed, as, for example, when web 28 is stationary, roll 129 is supported
      for limited translating movement toward and away from the roll 130. A
      suitable drive means such as solenoid 133 actuable under the command of
      the controller 200 is provided to selectively displace roll 129 into and
      out of contact with roll 130. Alternatively other suitable fusing means
      such as flash fusing means may be used to effect the fusing operation.
PAC  FILM
PAR  Referring to FIGS. 3 and 4, the document originals 11 in the form of film
      to be copied are, as illustrated, in frames 11 arranged in series in a
      film strip 12 and mounted on a supply reel 134. A film take-up reel 135 is
      disposed on the opposite side of platen 14. A suitable film advancing
      means 137 and 137' is provided to draw the film from reel 134 and advance
      the same across platen 14 and onto take-up reel 135.
PAR  The film advancing means may be arranged to advance the film strip 12 in
      continuous fashion in taking up the film leader or in rewinding the film,
      or indexing the film 12 during copying operation, as directed by the
      controller 200. To identify the individual frames, code marks 138 are
      provided along one side of film strip 12 and marks 138S, 138E are provided
      to identify starting and end frames to indicate the start and end of each
      document series. Control marks 138 are also relied upon to locate the
      individual film frames in proper position on platen 14. Suitable
      photoelectric detectors 139S, 139A, 139B, 139E are provided adjacent
      platen 14 to read the marks 138S, 138, 138E on the film strip 12.
PAR  In operation, the operator loads a selected supply reel or cassette 134 in
      place, and manually threads the film leader onto film drive path, across
      platen 14 and onto take-up reel 135. A suitable slew control means in the
      form of a button 507 on the operator console 500 may then be used to
      operate motor 137' to take up the film leader.
PAR  The film strip 12 may have been previously prepared off line by a suitable
      camera (not shown) which is used to render a photographic rendition, in
      the form of image transparencies of the individual pages of the original
      document originals. A suitable device, such as selectively operated light
      sources (not shown) may be employed to provide the code marks 138S, 138,
      138E when the film strip is prepared.
PAR  A film strip 12 may be first prepared by photographing a number of books or
      documents, each having any given number of pages, up to its frame
      capacity. For example, suppose one of the books or documents has one
      hundred pages. The first frame pair will comprise images of pages 1 and 2
      and will carry code marks 138S and 138. The second negative pair are
      images of pages 3 and 4, and carry a mark 138 for each of the pair. This
      continues until the last negative pair, images of pages 99 and 100, which
      bear marks 138 and 138E. It will be understood that depending on the
      length of film strip 12 available and the number of pages in each
      document, a number of complete documents, the position of which on film
      strip 12 is identified by code marks 138S, 138, 138E may be provided on a
      single film reel 134 in a convenient cassette form. Suitable legends are
      normally provided with the completed film reel to identify the various
      documents and their position on the film.
PAC  WEB CUTTING STATION
PAR  Referring to FIG. 7, cutting station 34 includes a guillotine knife 160
      supported by carriage 161 for reciprocating movement into and out of
      cutting relationship with lower knife member 164. Carriage 161 is
      supported for slideable up and down movement in frame journals 162. A
      rotatable eccentric driver 165 is journaled within carriage 161 and serves
      on rotation of eccentric shaft 166 to reciprocate carriage 161 and
      guillotine knife 160 up and down. A suitable driver for guillotine knife
      160 is provided, exemplified by drive motor 167 coupled to eccentric shaft
      166 via a solenoid operated clutch 168.
PAR  Armature 169 of clutch control solenoid 170 cooperates with clutch stop 171
      of clutch 168 to engage and disengage clutch 168, it being understood that
      contact of armature 169 with stop 171 retains clutch 168 disengaged and
      motor 167 and eccentric shaft 166 uncoupled. Upon actuation of solenoid
      170, armature 171 is withdrawn permitting clutch 168 to engage and drive
      eccentric shaft 166 to operate guillotine 160. Subsequent de-energization
      of solenoid 170, normally immediately thereafter, returns armature 169
      into blocking position for engagement with stop 171 following one
      revolution of eccentric shaft 166. Actuation and deactuation of solenoid
      170 is placed under the control of the controller 200 so that the
      operation of the guillotine is properly synchronized with the rest of the
      machine operation.
PAR  To prevent movement of web 28 during cutting, feed roll pair 174 brake to a
      stop during the cutting process, the continued feed of web 28 being
      accommodated by the adjoining structure in the form of a buckle 28'. A
      suitable brake/clutch control device 172 is provided for roll pair 174.
PAR  Hereinabove, major machine elements of a reproduction system embodying the
      present invention has been briefly described. As apparent from the
      foregoing description certain of specific operative steps indicated, such
      as exposure, image transfer and cutting operations must be precisely timed
      whereas certain other steps, such as the operation of the charging station
      for the developer, have to be operated in proper sequence although precise
      timing is not essential. These operational steps are implemented by
      actuating device control means that actuate process step implementing
      means provided therefor.
PAR  These timed control functions for reproduction systems which have been
      provided heretofore principally by hardwired logic are now implemented in
      accordance with the present invention by a programmable controller wherein
      the sequencing and timing of the operative steps are now programmed in
      software instructions and can be stored to run the machine and can be
      readily modified to the change sequence and timing to alter the process
      steps for making prints or copies of different sizes and programmed by the
      operator. Hereinbelow, an illustrative embodiment of the programmable
      controller used to operate aforedescribed copier/duplicator machine will
      be described in detail.
PAC  PROGRAMMABLE CONTROLLER
PAR  Referring to the system block, diagram shown in FIG. 8, the programmable
      controller 200 for reproduction machine 5 includes a suitable programmable
      computer 201, together with interface circuitry 203 for operatively
      coupling the computer to the various control device elements of the
      reproducing machine and the operator's control console 500.
PAR  For timing the operation of the reproduction machine, there is provided a
      timing signal clock pulse generator 207. Preferably the clock pulse
      generator may be of such an arrangement that its output repetition rate is
      related to the speed of the machine main drive motor 47 that drives the
      belt rollers 41 and 41'. In this manner the clock pulse train output 208
      produced by generator 207 is time related to the operational speed of
      reproduction machine 5 and, in particular, to the speed of the travel of
      the belts 20 and 20' and the web 28. As apparent from this, given a fixed
      rate of travel of the web or belt, the pulse count can be used to measure
      the travel distance.
PAR  As shall be explained in detail, the computer is programmed so that during
      the initialization period when the machine is programmed to make a
      particular copy run, means are provided for the operator to indicate a
      length of the image impression, plus an appropriate amount of space. For
      convenience and ease of reference, the length plus space will be called
      pitch; also note that the impression length controls the pitch or image
      length and thus the time intervals between successive machine process
      events. Given the pitch length information, the computer is programmed to
      calculate a list of the time intervals between the successive process
      events plus space in a table or storage location 205 of a suitable memory
      206 of the computer. For each pitch cycle, a pitch signal for an imaging
      cycle is generated by the computer. The pitch signal may be keyed to
      suitable machine process events, such as image exposure step, that can be
      used as a reliable time reference point. The pitch interval, that is the
      time interval between successive pitch contains the controls signals for
      the machine process events for each imaging cycle.
PAR  In operation, each of the successive time inteval count numbers in the
      table 205 is stored in a counter 209 in succession for the successive
      machine process events. In response to a start command by the computer the
      machine starts to operate and starts an imaging cycle. The start of the
      imaging cycle is marked by a pitch pulse. Thereafter, the next count
      stored in the counter is decremented to zero by the clock pulse counts. As
      it decrements to zero the computer generates a control signal and
      addresses it out to its intended device control elements or means to
      implement a machine event. This process continues until the end of the
      pitch. The process is repeated again for the succeeding pitch interval
      until a copy run as programmed by the operator is completed.
PAR  While the counter 209 and the table 205 for the process events may be
      provided internally within the computer, it need not be so limited. For
      example, the counter may be provided external to the computer and
      essentially operated in the same manner as described above.
PAR  In accordance with an aspect of the present invention, a suitable program,
      such as the one more fully described below, is stored in the memory 206 to
      run the computer as described above in generating the various signals
      required to operate the machine. In this connection the stored program
      includes instruction routines to enable the computer to calculate the
      count numbers, i.e., the timing list for a particular reproduction or copy
      run for a given pitch and other information pertinent to the reproduction
      run.
PAR  As is well known generally, a computer operates at an extremely high speed
      compared to a mechanical machine. Likewise, in the present system, the
      reproduction machine operates relatively slowly compared to the computer
      201. In fact, the speed disparity is such that the computer can do all
      necessary chores to generate the timed pulse signals to implement the
      machine events, such as exposure, develop, transfer, cut, etc. and yet
      have substantial amount of time left over to perform other chores.
      Accordingly, in accordance with another aspect of the present invention,
      the computer is utilized to perform a number of other functions utilizing
      its free time intervals, such as housekeeping chores, monitoring and
      updating of timing list, etc.
PAC  PROCESS PATHS AND WORK STATIONS
PAR  Referring to FIG. 8, the timed control signals generated by the computer
      are applied via the interface circuitry 203 to various control devices of
      the work stations in the various process paths that implement the process
      steps or machine events in making copies. The nature of the paths can be
      better appreciated on a functional basis. Thus, there is a paper path
      formed by the paper web 28, xerographic photoconductor paths formed by the
      belts 20 and 20' and imaging path formed for the film 12. Control devices
      are provided at the work stations along these paths to implement the
      specific machine function or process events.
PAR  Now referring to the paper path shown in FIG. 1, and depicted in a separate
      figure, FIG. 10, there is provided means 99 for sensing the trailing end
      of the web supply, suitable detectors 111 and 112 for sensing the tension
      or other conditions of the web 28. The path also includes one or more
      sheet jam detectors 113 for monitoring the condition of the individual
      copy sheets downstream of web cutting station 34. Other operating stations
      in the paper path include web control solenoids 126, 127 which move the
      web 28 into and out of transfer relationship with the photoconductive
      belts 20, 20', respectively, at transfer stations 25 and 25', a fuser
      loading solenoid 133, a guillotine drive solenoid 170, and a deflecting
      gate drive solenoid 402, for effecting the transferring, fusing, cutting
      and deflecting operations.
PAR  Along the xerographic paths, essentially formed by the belts 20 and 20' as
      depicted in FIG. 12, there are provided exposure stations 23, 23,
      developer station 24, 24', transfer stations 25 and 25', cleaning stations
      29, 29' and charging stations 22, 22' for their intended functions.
PAR  The optical path or image forming path, as depicted in FIG. 11, includes
      means 55 and 55', for triggering the lamps 53 and 53' which require
      precise timing so that they produce electrostatic latent images on the
      belts 20, 20' at the proper time. The path also includes the means for
      advancing and positioning the film strip 12 where the advancing and
      positioning of the film must be time synchronized to the machine operation
      frames to be copied.
PAR  The control devices shown positioned along the paths are described as
      illustrative of various means that may be utilized to implement machine
      process events and that are to be controlled by the controller.
      Accordingly, they should not be construed as complete or limiting.
PAR  The individual control devices or means that implement or monitor the
      machine events or functions, may be made of any suitable conventional
      means, such as solid state devices, photo optical sensing means or
      switches, exposure circuits, solenoids, etc., arranged to monitor various
      states or respond to the actuating and deactuating signals from the
      computer via the I/O interface 203.
PAR  As generally seen in FIG. 13, the operator console 500 may include any
      suitable input and output means such as a set of push buttons 501 for
      enabling the operator to key in digit numbers such as the document and
      copy numbers for a particular reproduction run. The computer is so
      programmed that the document numbers and corresponding copy numbers keyed
      in via the digit keys in any random order are placed in proper order and
      sequence in the computer memory 206 for later use. Suitable means
      including a push button 502 are provided for the operator to indicate to
      the computer that a document number is being keyed in. Similarly, a push
      button 503 with appropriate means may be provided to signify to the
      computer that the digit keyed is copy numbers.
PAR  There is a limit as to how many documents may be copied per reproduction
      run. The upper limit depends on a number of factors such as the capacity
      of the film, the computer memory capacity and the number of pages. Taking
      all of these into account, in the present embodiment the computer was
      programmed to copy up to any suitable number such as 10 documents per
      reproduction run.
PAR  In accordance with another aspect of the present invention the computer was
      programmed to make a copy run for making only parts of documents. Thus,
      suppose a document has 100 pages and the operator wishes to copy pages 50
      to 70, the operator would code in page 50 as the start and page 70 as the
      end pages for that copy run.
PAR  For correcting erroneous entry, the console may include suitable means with
      appropriate entry means 509, the pressing of which in conjunction with the
      document number or copy number will erase the corresponding stored digit
      numbers. For displaying the machine status information such as the copy
      run information visual indicating means 510 with appropriate actuating
      buttons 511, 512 are provided.
PAR  The console 500 also includes a visual display means 514 indicating a
      malfunction and the nature, condition, and the location of malfunctioning
      part.
PAR  Console 500 also includes a power-on switch 520 print start button 521, and
      film slew control 507. Console 500 also includes suitable means 523, 524
      for selecting simplex or duplex, operation of the machine. The pitch
      length of the copy run may be entered after pressing a push button 528
      provided for the purpose and then making digit entry of the length using
      the digit keys 501. The console also includes a push button control key
      531 for jogging or advancing the copy paper web increments.
PAR  In addition, the console may include any number of keys 533, 534 . . . for
      any special function that can be actuated to input signals to the computer
      to perform the special functions.
PAC  INTERFACE CIRCUITRY
PAR  FIG. 9 shows an illustrative embodiment of an interface circuitry 203, in a
      functional block diagram, that connects the computer 201 to the various
      operating control devices of reproduction machine 5 and the operator
      control console 500. Interface circuitry 203 is designed to serve the
      function of enabling the operator to input copy run information to the
      computer to run the machine 5 in a particular mode and provide visual
      output signals indicative of both machine and program status and
      malfunction conditions at the operator control console 500.
PAR  It also serves the function of enabling the computer to monitor various
      work stations in the process paths and channel the timed control signals
      to the various control devices in the processing paths. In short, the
      interface circuitry is so designed that it enables the computer to address
      or monitor in successive cycles the various stations or control devices
      positioned in the control console 500 and process paths of the machine.
PAR  More specifically, referring to FIG. 9, an address decoder 241 is
      operatively disposed between the computer 201 and individual latch
      circuits 243a, 243b . . . 243n and monitoring or scan circuits 251a, 251b,
      . . . 251n. The latch circuits are connected operatively to the various
      control devices, such as the exposure lamp triggering means 55 and 55,
      solenoid actuating means 126, 127, 170, 402, film advancing means 137 and
      137, various switches at the console, etc. When set or toggled as the case
      may be, the latches enable the control device elements to implement the
      machine process events or give visual indications to the console. The
      monitoring or scanning circuits are connected to the sensing means, such
      as the means 111 and 112 for monitoring the web 28, film code sensing
      means 139S, 139A, 139B, 139E, jam sensing means 113, etc. for sensing the
      status of the various stations being monitored by the computer and the
      various push button input means at the operator console.
PAR  With a given decoding capacity, for example, an 9 bit decoding capacity,
      the decoder 241 can correspond to 9 bit address words from the computer
      201 and decode and address up to 2.sup.9 or 512 lines. The latch circuits
      243a, 243b . . . 243n may be reset or set selectively by a signal via set
      signal paths 246 and checked selectively as addressed via the address
      decoder 241 and its output paths 242a, 242b, . . .242n. Selective setting,
      resetting and toggling takes place as the decoder 241 decodes the address
      words and applies the strobed out output to the selected or addressed
      latches when the STROBE OUT clock pulse is applied thereto via a path 247.
      The selected latch then assumes the condition indicated by computer output
      lines 9 and 10. It will set if 10 is high and 9 is low, reset if 9 is high
      and 10 is low, or toggle if both are high.
PAR  Similarly in scanning the status of the various monitoring means, the
      computer addresses them via the decoder 241 and scanning circuits 251a,
      251b . . . 251n in succession. The scanned status signals are applied to a
      latch circuit means 257 via or OR gate 255 and are sent to the computer
      201 when strobed in by strobe signals applied to the latch 257 in
      succession via a STROBE IN signal path 258. In this manner, the computer
      strobes the copy run information from the control console in various keys
      as the information is keyed in.
PAR  The copy run information that the operator programs into the computer in
      this manner typically includes the condition of the image length, the
      documents numbers and copy numbers, and the simplex or duplex mode and the
      like information that the computer requires in running the machine in
      making the copies.
PAC  TIMING OF CONTROL SIGNALS
PAR  Certain of the reproduction process steps, such as exposure step for
      forming latent images on the belts 20, 20' and actuating the guillotine
      cutter, etc. requires precise timing. There are other machine process
      events or steps, such as the actuation of the transfer solenoids 126 or
      127 or both, depending upon whether or not the machine is to be operated
      in a simplex or duplex mode. The operation of the cleaning and charging
      corotrons are generally of such a nature that they must be actuated at the
      initialization period and kept on for the rest of the copy run or actuated
      and deactuated during each of the imaging cycles wherein proper timing
      sequence is required.
PAR  There are other types of events which occur at random and which are not
      time related to the machine operation cycle, such as a paper jam, fuser
      over-temperature, paper splice a belt runout condition, and the like.
      These events normally represent machine malfunctions or interrupt
      conditions which must be monitored and acted upon when they occur.
PAR  The way the control signals are derived according to the present invention
      will be now described in detail in terms of "pitch" zones and process
      events taking place in successive pitch zones in succession during the
      successive pitch time intervals in the various process paths, namely, the
      copy paper or web 28 path, the photoconductive belts paths 20 and 20' and
      the film path.
PAR  Each of these paths may be considered as being divided into "pitch" zones
      where pitch zones refer to spatial equivalence to a "pitch" zone in the
      xerographic path, i.e., an image impression length plus a suitable space
      on the photoreceptor belt 20, 20' traveling, at a constant speed. Here it
      may be noted that the process speed of items in different process paths
      need not and in fact are not generally at the same speed. Thus, for
      example, the speed of the speed of the film is much faster than the belts
      and moreover does not travel at a uniform speed. In case of the paper
      path, the web travels at a uniform speed until the guillotine cuts the web
      into successive sheets containing images. But the cut sheets can be moved
      out faster than the rate at which the web travels. These process paths
      with different processing speeds are time and space related to the travel
      speed and distance of the belts. This relationship can be visualized by
      considering that these paths are divided into pitch zones, wherein the
      start and the end of each zone in each path correspond in time to the
      start and end of the pitch zones in the belt.
PAR  Various process speeds at different paths and zones are different. Hence,
      the spatial distance traversed by the items being processed are different.
      But, the pitch zones are deemed set up so that the events taking place in
      the various zones of the different paths controlled to time relate back to
      a reference process path, namely, the xerographic process or the
      photoconductor process path in the process system.
PAR  According to an aspect of the present invention, the computer 201 is
      programmed to run and generate timed control signals to the various paths
      in successive pitch cycles as the belt travels pitch distances in
      succession. The timing of the control signals and application of the
      signals to the control devices at the various work stations in the various
      process paths will now be described in detail with reference to the
      process paths illustrated in FIGS. 10-14.
PAR  FIG. 10 shows the paper web 28 traversing through the paper path, the
      tension sensing means 111 and 112, web roll end sensing means 99, engaging
      means 126 and 127 for engaging and disengaging the web 28 from the image
      transfer stations 25 and 25', fusing station 33 and deflecting means 400
      for deflecting unwanted sheets into reject bin 401. FIG. 11 shows the film
      path with film reel advancing and positioning means 134, 137 and 135, 137'
      and image exposure stations A and B. FIG. 12 shows the photoconductive
      paths which includes image exposure stations 23 and 23', image development
      stations 24, 24', transfer stations 25 and 25' and cleaning stations 29
      and 29', and charging stations 22, 22'.
PAR  Suppose the machine is set to operate at a given speed so that belts 20,
      20' are driven at 20 inches per second that the belts are 40 inches long,
      and the pitch length is 10 inches, that is, one impression plus one
      spacing between impressions. This means that the belts travel past the
      image exposure station 23 and 23' at the speed of 10 inches per image or
      pitch. Given the foregoing conditions, it can be visualized that the belts
      can have four pitch zones, I, II, III and IV with each pitch zone
      corresponding to a distance the belt travels past the exposure station
      between successive exposure. For convenience, the time interval it takes
      for the belt during two successive exposures may be called "pitch time
      interval" and an "imaging cycle" interchangeably. Similarly, the other two
      paths, namely, the paper path and film paths can be imagined as being
      divisible into pitch zones so that they are time related back to the pitch
      zones in the photoconductor belt.
PAR  The spatial and timing relationship evident from the foregoing can be
      appreciated further from FIGS. 13 and 14 which graphically illustrate the
      timing and spatial relationship between the paper and the belt paths and
      various process steps that take place in the pitch zones in their paths.
      This can be better described in operational context as follows: In
      operation, the film frame pairs 11A and 11B in film strip 12 are
      simultaneously positioned on platen 14. (FIG. 4). In a simple operation,
      one (11A) or the other (11B) frame is exposed and the light image A' or B'
      formed is projected onto the belt 20 or 20 to form a latent electrostatic
      image. In a duplex operation, exposure of the frame 11B (B') is delayed by
      suitable time interval dt (FIG. 13) after exposure of frame 11A, to allow
      the web 28 to travel from transfer station 25 to station 25' to effect
      back-to-back alignment of the impressions produced on web 28.
PAR  As illustrated in FIGS. 13 and 14, the belts 20 and 20' are exposed to the
      light images A' and B' at times t.sub.1 and t.sub.3 during a first pitch
      interval in the first pitch zone I, to form the latent images. The images
      are then developed at pitch zone II during the following or second pitch
      time interval. The developed images are then transferred at pitch zone III
      at time t.sub.2 and t.sub.4. The transferred images A' and B' are
      thereafter fused at pitch zone IV during the succeeding or fourth pitch
      interval. The web 28 containing the impressions is then cut by a
      guillotine 160 at pitch zone V during the next or fifth pitch interval.
      The deflector gate 400 in pitch zone VI is actuated at time t.sub.6 in the
      sixth pitch interval when a cut sheet has to be scrapped. Otherwise the
      acceptable sheet is collected at the collection tray at t.sub.6. Pitch
      zones are set up so that the start, t.sub.o and t.sub.end of each of the
      pitch zone intervals coincide with one another in timing sense. Once the
      paths are loaded, the aforementioned process events in the various zones
      occur in the time sequence shown in FIG. 14 on different images processed
      in the various zones.
PAR  It can be appreciated from the foregoing that where copying processes for
      multiple copies are well under way, a number of images are in process
      concurrently, but at different stages in different zones. Thus, for
      example, at any given instant in time, an image may be undergoing fusing
      operation in pitch zone IV, while a second image is undergoing transfer
      operation from belt 20 to web 28 in pitch zone III, a third image is
      undergoing development on photoreceptive belt 20 in pitch zone II and a
      fourth image undergoing exposure in pitch zone I.
PAR  The aforementioned imaginary pitch zones are set up so that they correspond
      in time, i.e., start and end at the same time, so that the process events
      for different images occurring at the various pitch zones occur during the
      same pitch time interval. These process events are repeated in succession
      for each of the pitch time intervals in the various pitch zones in
      cyclical manner until the copy run is completed.
PAR  In accordance with an aspect of the present invention, a software program
      is used to operate the computer 201 so that it generates the timed signals
      for the timed process events E1, E2, E3, etc. . . . E.sub.n taking place
      at the various zones in the manner described above and apply them to the
      corresponding control or monitor devices via the interface circuitry 203.
      The computer is programmed to perform the foregoing operation for each of
      the imaging or pitch cycles in succession for the entire copy run.
PAR  The foregoing general description of the way the control signals are
      derived using a programmable controller or computer will now be described
      in detail in terms of a specific example. Assume the clock pulse generator
      207 is designed to generate 1,000 pulses per pitch interval and that the
      process paths are fully loaded. Referring to FIG. 14, during each pitch
      interval the computer generates the timed control signals for the machine
      process events in succession at successive time intervals starting from
      the pitch pulse starting time, t.sub.o, generated by the computer after
      the operator commands the machine to print.
PAR  The exposure for the frame 11A then occurs at a given time, for example,
      230 clock pulses after t.sub.0, at zone I, and transfer of an earlier
      developed image at zone III at 450th pulse at t.sub.2. In the first
      photoconductor belt path 20', expose another frame 11B at 490th pulse at
      t.sub.3 in zone I, and transfer still another earlier developed image at
      650th pulse at t.sub.4 in the second belt path 20' in zone III. The web
      containing a developed and fused image of still another frame is cut at
      the 770th pulse at t.sub.5 in zone V, and a decision to eject or not eject
      at the 800th pulse at t.sub.6 in zone VI.
PAR  As alluded to before, the pitch start time t.sub.0, may be internally
      generated operations. a specific machine process step that can interrupt
      as the reference or bench mark at the start of each copying or imaging
      cycle. For example, although not so shown in FIGS. 13 and 14, the exposure
      step can serve as the start for the imaging cycles for the belt path 20.
      In FIGS 13 and 14, this can be readily done by shifting the zone marks to
      the right so that the exposure step coincides with the start time of the
      first pitch cycle.
PAR  The computer 201 is programmed to calculate the time intervals between the
      successive machine process events in the form of corresponding, clock
      pulse counts 230, 220, 40, 160, 120, 30 . . . during the initialization as
      illustrated above and stores them in the memory table 205. In operation,
      the computer places the count numbers in the counter 209 in the memory in
      succession and the number on the counter is decremented by the clock
      pulses from the clock signal generator 207. As the count is decremented to
      zero the computer generates a control signal and applies it a control
      device. The counter is then reset with a succeeding count and the rest of
      steps of decrementing, etc., follows. In this manner, the clock pulse
      count of 230 is first stored and decremented to zero to generate the
      transfer signal and so forth until all of the timed control signal pulses
      for the pitch duration are generated in succession for the entire copy run
      and addressed and applied to corresponding control devices or control
      elements to effect the corresponding process events.
PAR  During the initial period while the zones in the paper ahd belt paths are
      being filled with the images being processed and during the cycle out
      period while zones are being emptied as the images being processed are
      cycled out, the computer is programmed to generate appropriate control
      signals and apply them via the interface circuit 203 that includes
      appropriate modification to the control signals over those for the fully
      loaded situation so that only those of the process events for the zones
      being filled with images in precession are acted on and events for the
      empty zones are not implemented. The computer is also programmed to
      respond to the paper jam or other machine interrupt conditions and handle
      them appropriately.
PAR  Use of the software to run the computer for deriving the timed control
      signals renders the control for the machine highly flexible. Thus, for
      example, controller can be programmed to make images of different length
      (in the direction of the travel), i.e., make the machine operate at
      different pitch lengths for different reproduction or copy runs. The
      pitch, i.e., copy length, can be changed from run reproduction run to
      another by using appropriate instructions in the software routine stored
      in the computer and without entailing any change in the hardwired logic
      and the machine.
PAR  This is accomplished in accordance with the present invention by having the
      computer calculate, for each copy run of different pitch length being set
      up the operator, a set of timing lists in the form of the clock pulse
      counts for the successive time intervals between the successive process
      events. The computer is programmed to do this operation during the
      initialization phase of the particular reproduction run. Consequently,
      changes required in the timing of the timed control signals for a new
      reproduction run which is different from the earlier run due to the change
      in the pitch or copy image length are implemented automatically under the
      control of a stored program and all the operation is required to do is to
      indicate or key in the pitch length for the reproduction run about to be
      made.
PAR  This is in contrast to the conventional control systems utilizing a
      hardwired and fixed logic; although to a limited degree a hardwired logic
      can be adapted to accommodate variable machine timing, its complexity
      expands so quickly as the number of machine process control steps and
      timing variations increase, that either the machine performance must be
      sacrificed or entail high cost for the hardwired logic.
PAR  Generally, in accordance with the present invention, the controller can be
      programmed to vary the timing sequence and cycles of the control signals,
      composition and order of the control signals, etc., to meet the changing
      need of reproduction runs or machine characteristics. This can be done by
      software with a master program having various optional features stored in
      the controller that entails little or no change in the hardware, logic and
      mechanism.
PAR  Thus, for example, the present controller can be programmed to run the
      reproduction machine in a single pass duplex mode whereby copies can be
      reproduced with impressions on both sides of copy sheets in a single pass
      of the copy sheets through the process path. Also, with appropriate
      optional features, the software control can also render the machine
      readily expandable to add new functions to the machine with little or no
      changes in the circuitry of the controller, and thereby upgrade the
      machine capability. For example, an optional instruction routine may be
      provided for enabling the controller to generate control signals that will
      enable the xerographic process implementing stations to skip a splice or
      other types of defective portions of the web 28 being advanced to avoid
      forming impressions thereon.
PAR  To determine the feasibility of operating the reproduction machine
      described above using a computer, a software program was developed for a
      PDS8/S computer available from Digital Equipment Corporation; it was
      programmed to provide many functions, including the function of
      calculating and providing the timing list of the control signals for
      successive machine process events in terms of the clock pulse counts for a
      given pitch or copy length indicated by the operator. An illustrative
      software program used for a PDP8/S computer is included below. The program
      will be briefly described in terms of the software program routine
      architecture shown in FIG. 15 in conjunction with the accompanying
      operational flow charts shown in FIGS. 16-28.
PAC  SYSTEMS SOFTWARE ARCHITECTURE
PAR  FIG. 15 shows, in general , a software architecture that parallels the
      operational process steps shown in the flow charts in FIGS. 16-28 in
      operating the copier/duplicator machine 5. Broadly, the routine includes
      steps for initializing the placing the computer into STANDBY mode and
      calculating the timing list for timed machine events, then placing the
      computer into EXECUTIVE mode so that the computer generates the control
      signals for the timed machine process events E1, E2, E3 . . . En the and
      housekeeping control signals for monitoring the operating status of the
      various machine components and machine malfunctions, and real time machine
      functions events, T1, T2, T3 ---Tn.
PAR  Specifically now referring to the STANDBY mode operation, after power is
      applied to the computer and interface logic (See FIG. 16), an instruction
      routine is used to RESET the latch circuits 243a, 243b, . . . 243n and
      FLAG any fault condition. Appropriate FLAG routines are used to program
      the computer so that the computer checks with various monitoring control
      elements to check readiness for operation. After the foregoing routine,
      the power is applied to the machine 5 itself. (See FIGS. 17 and 18).
PAR  Next software routine enters a SWITCH SCAN loop for entering copy run
      instruction data from the operator console as programmed by the operator
      and status of monitoring devices in the machine. This routine entails the
      steps of scanning the various input means or keys in the operator console
      to receive copy run information and other operator instructions, and the
      status signals of the machine and calculate the timing list for the timed
      control signals.
PAR  For SWITCH SCAN routines the computer is programmed to scan various input
      terminals at the operator control console. Referring to FIG. 1B showing
      the control console, the input information applied to the computer by the
      operator such as the pitch length, copy run (i.e., document number, copy
      numbers), mode of operation (i.e., simplex or duplex) are applied to
      suitable register circuits means (not shown) including the AND gates 251a,
      251b, . . . 251n. The inputs so provided are strobed into the computer in
      succession as the computer addresses them one at a time at a very high
      speed.
PAR  The computer operational speed is extremely fast compared to the speed with
      which the operator keys in the input information. Consequently, if need
      be, the computer can be programmed to scan an input instruction from the
      operator console several times and determine statistically on the basis of
      composite result of the scanned input the genuineness of the input and
      store the instruction. This feature renders the control immune to
      electrical noise signals which would otherwise interfere with the
      operation of the controller and thus of the machiine.
PAR  The importance of this noise immunity feature is especially significant in
      view of the fact that xerographic reproducing machine to be operated by
      the programmable computer is inherently a very noise machine in the
      electrical sense because of the high AC and DC corona generating power
      supplies which range in the order of thousands of volts. The noise
      immunity feature is attributable to a number of factors. Thus, for
      example, the scanning operation implemented by the software control as
      described above enables the computer and interface logic to use DC power
      supply in the range of below 20 to 30 volts D.C. There are other factors
      that render the machine less noise immune: For example, the input signals
      from the control console are not directly applied to the computer but
      selectively examined by the computer using the interface circuits. In this
      manner, the computer need only examine those signals which are necessary
      for the operation of the system at a particular given time. All other
      signals can be ignored so that noise on these other signal lines does not
      affect the operation of the system. Secondly, the noise signals, e.g.
      conducted and radiated noise, that might pass through the buffered
      isolation are prevented from affecting the internal operation of the
      computer because of the sampling approach used in the input scanning
      operation. In this regard, it is noted that the scanning and sampling time
      interval is typically in the order of only microseconds or submicroseconds
      whereas non-scanning timing interval is in the order of miliseconds. So
      the probability of noise signals occurring in the microseconds or
      submicrosecond scan time slot as opposed to the milisecond non-scan
      duration is very small. Consequently, the probability that the scanning
      operation will take up the spark noise is extremely low.
PAR  Futhermore, if in spite of this noise should occur at the scanning interval
      that noise, is even further reduced, according to the present invention,
      by scanning, that is, by sampling the input means several times before
      accepting the input as the genuine input. Thus, suppose the input is
      applied to the form of logic 1. But suppose the noise condition prevents
      the entry of logical 1 signal when the input is first scanned. If the
      scanning cycle is limited in one cycle, this would be picked up and the
      computer will take the erroneous logical 0 signal as the input.
PAR  This rather remote possibility in removed even further by scanning the
      input means a given number of times, for example, five times, and the
      computer is programmed to determine the consistency, e.g., four out of
      five matching sampled signals match, and then treat the machining signal
      correct input.
PAR  Another advantage of the present scanning and sampling technique is that is
      is immune to switch debounce problem generally associated with
      electro-mechanical switches used in the control console and elsewhere.
      Electro-mechanical switches open and close very rapidly for a short period
      of time after activation. This characteristic is known as switch bounce
      and often complex interface latching circuits are needed to "debounce" the
      switch to prevent the control system from thinking there were several
      switch activations instead of one. By choosing the proper sampling
      interval with this scanning technique the debounce problem is eliminated
      without the need for complex circuits or switches.
PAR  Another feature of this scan technique is that it solves the problem of
      multiple operation, switch activation or "rollover." If an operator
      activates more than one switch at the same time, the controls do not know
      which information to accept first. This scanning technique prevents any
      information from being accepted by the computer until the operator is
      activating only one switch at any one time. Again this is accomplished
      without complex circuits or interlocking switches.
PAR  In short, according to an aspect of the present invention, the software is
      programmed to include redundancy in sampling or scanning of the inputs
      during the SWITCH SCAN routine so that the machine operation and
      particularly, the scanning operation is rendered immune to noise, switch
      debounce, and rollover problem without the need for complex switches or
      interface circuits.
PAR  Now with reference to FIGS. 1B and 15, some of the SWITCH SCAN routine, is
      the standby mode, in entering the command or copy run information will be
      described. Referring to FIG. 15 the DIGIT INPUT routine entails the steps
      of the computer reading digit inputs, such as the copy run information,
      i.e., the document, numbers the copy numbers, pitch length, etc. into the
      computer. These digits are entered either to the left (51OL) or right
      (51OR) side of the visual means via ENTER LEFT or RIGHT routine using the
      selection keys 511 and 512 and digit entry keys 501. Whether to enter
      right or left depends on the specific need of the situation and the way
      the operator programs the information. For example, the operator may enter
      the book number on the left and the copy number of the right.
PAR  Process Mode Word PMWRD CONTROL (FIG. 15) refers to the software routine
      that enables the computer to operate selected ones of the operative
      machine components while the rest of the machine is idle. This feature is
      especially useful in the diagnostic operation. Thus, using this routine,
      the computer can operate and test selected ones of the process members
      such as guillotine Knife 160, web drive means, charging means 22 transfer
      means 81, developer 24, etc. as signified by the operator via special
      instruction keys 533 and 534 so provided.
PAR  CONTROL DEVICE routine comprises a software program routine that enables
      the computer to scan the operative status of the device elements or
      machine input elements such as interlock, etc. to be sure that they are in
      an inactivated or reset or energized condition or whatever status is
      required for operation. For an illustrative routine for this operation,
      see FIG. 20.
PAR  SIMPLEX AND DUPLEX SCAN routines includes software instruction routine
      enabling the computer to scan the mode of operation (i.e., simplex and
      duplex) instructed by the operator via the keys 523 and 524. The JOG
      routine entails software instruction routine that enables the operator to
      jog or advance the paper reel 30 by keying the button 531 for a certain
      purpose such as getting rid of its splice joint.
PAR  In a similar manner, other SWITCH SCAN routines may be programmed into the
      computer to implement other SWITCH SCAN function as directed by the
      operator.
PAR  In short then, the SWITCH SCAN routines described above enable the computer
      to enter the instructions provided by the operator on the copy run
      information, copy length, copy run mode, i.e., simplex or duplex and the
      like and scan the operative status of the machine. (For more specifics see
      FIGS. 19 and 20 also).
PAR  According to another aspect of the present invention, the software is
      designed so that, if by mistake two or more input keys are pressed
      simultaneously, it enables the computer to recognize this and not to take
      in the keyed information until the operator keys in a sequence.
PAR  According to yet another aspect of the invention, the software routines
      prevent the computer from running the machine until the copy run and other
      necessary information required for making a copy run is keyed in by the
      operator. When all of the necessary information is keyed properly and
      entered by the computer then the computer implements the START PRINT SCAN
      routine and proceeds further.
PAR  The START PRINT routine is possible only after copy run or diagnostics or
      other operational instructions have been scanned and entered into the
      computer properly and the operator presses START PRINT button 521. This
      routine directs the computer to execute the next routine, namely,
      calculation of the TIME LISTS of those of machine process events that
      require precise timing (FIG. 21). In this routine, the software directs
      the computer to calculate the time intervals between the successive
      machine events that must occur at precise time positions within each pitch
      in terms of the clock pulse counts, such as the counts of 230, 450, 650,
      (FIG. 14), and so on for the exposure, transfer, web cutting jam detection
      etc. discussed earlier in connection with FIGS. 13 and 14. The timing
      lists derived from this routine is then stored in the event table 205 of
      the computer memory (FIG. 8) for subsequent use in the EXECUTIVE mode.
PAR  Upon completion of the calculating subroutine, the software is programmed
      to direct the computer to enter with the EXECUTIVE mode to start up the
      machine (FIG. 22) and generate control signals to implement reproduction
      process steps and monitor the machine operation in successive cycles until
      the copy run is completed (FIGS. 23-25).
PAR  The EXECUTIVE mode comprises three main types of operation routines. One
      routine entails the steps of implementing the machine process events,
      designated PITCH EVENTS, E1, E2, E3 --- En. This operation requires the
      computer to generate control signals for the machine process events that
      require precise timing within each pitch time interval such as flash, web
      cutting, jam detection, etc. These events occur once every pitch interval
      when the process zones are fully loaded and are phased in or phased out as
      the zones are being loaded or unloaded during the start and end of the
      copy run.
PAR  A second routine provides control signals for certain machine process
      events which do not require precise timing within pitch time intervals but
      which require proper timing in a real time, although they do not
      necessarily occur repetitively for every pitch. This subroutine is
      designated TIME EVENTS, T1, T2, T3 . . . Tn. These events T1, T2 . . . Tn,
      and include the steps actuating the MAIN DRIVE motor, controlling the
      engagement of web 12 relative to photoreceptor belts 20, 20', heating of
      fuser 33, and the like in a proper sequence and in a real time during
      operation of the machine. The PITCH and TIME event control signals are
      generated by the computer and addressed to the corresponding control
      device elements via the address decoder 241 and the latch circuits 254a,
      245b . . . 254n of FIG. 9.
PAR  A third routine is for checking or monitoring the machine operation status
      and the like that might be considered a housekeeping routine. This
      includes the routine to check operator actuated interrupt conditions such
      as stop command. In includes monitoring operation of sensing components of
      the machine 5 for checking their malfunction status, such as paper supply
      run out, excessive fuser temperature, and other non-timed events of random
      nature. The third routine entails the steps for enabling the computer to
      send out the scanning signals to the various scanning stations that
      monitor or sense the status of the various device control elements in the
      machine or the switches in the control console. Upon completion of a copy
      run, the machine enters a cycle out routine.
PAR  In the cycle out routine, the software instructs the computer to go to
      SWITCH SCAN routine to await for the next copy run instruction the
      operator may provide. If desired, suitable means, such as teletype or CRT
      readout may be provided to display the data on the copy run completed via
      any suitable DATA DUMP routine.
PAR  At this point, if the operator encodes the next copy run informations
      within a suitable waiting time period, then the computer executes the
      SWITCH SCAN mode for the next copy run. If not, the computer cycles out
      the machine and the computer.
PAR  In operating the computer in the EXECUTIVE MODE the software is programmed
      to follow through EXEC operatins. The EXEC operations comprise a series of
      interrupr operations adapted to operate the computer as follows. The
      computer is programmed to operate in cycles in succession usually in micro
      or submicro second cycle time. As the computer cycles through a Pitch
      Event clock count is stored in counter 209 and checked. If the stored
      number is not 0, the counter decrements by one and moves to perform the
      TIME events, the housekeeping operations, or other events.
PAR  The computer operates in cyclical fashion in this manner and decrements the
      counter by one after each machine clock pulse. When the computer finds
      that the counter being decremented is zero the counter generates and
      applies the PITCH event control signal. The next event is taken from the
      event table and the pitch in which the event occurs is checked to see if
      an image is present. If no image is present, the event is changed to a
      non-operation event. The computer then loads this next PITCH event count
      into the counter and moves on to perform other functions. The foregoing
      steps are repeated to generate the PITCH event control signals in
      succession as timed by the timing list prepared during the STANDBY mode.
PAR  Several significant features may be noted here involving the EXEC
      operations. Suppose two PITCH events occur at precisely the same time in
      the actual operation of the machine. Since the software is programmed to
      generate PITCH EVENT signals one at a time in sequence, it is undesirable
      to generate more than one PITCH signals simultaneously. But the conflict
      presented by this situation is avoided by shifting one of the two events
      by one or two or more machine clock pulse counts and having the computer
      generate the PITCH event control signals accordingly. The shifting does
      not adversely affect the operation of the machine nor the quality of the
      copy because a shift of a few clock pulses as manifested in the operation
      or copy is hardly noticeable. This can be readily perceived by noting that
      one clock pulse shift means 0.01 inch movement of the belt in the above
      example and consequently the image.
PAR  Another aspect of the software control pertains to the jam detect function
      operation. The software is so programmed that the computer generates PITCH
      EVENt control signals to look for the absence or presence or both of the
      cut sheet in the paper path at given times during each pitch time
      interval. Thus, more specifically, the computer is programmed to generate
      a timed control signal and apply it to the sensing means 113 of any
      suitable type. If paper should be there, no jam occurs. Absence of the
      paper at this point is sensed as jam condition and this is signified to
      the computer via a monitor circuit and the latch 257.  The jam detect
      operation may be performed at an appropriate time interval later within
      the same pitch time interval again to assure that the cut sheet has moved.
      Hence a second jam detect signal is generated by the computer as another
      PITCH event signal and applied to the monitoring means and sensed. This
      time the presence of the paper is detected as the jam condition.
PAR  The double check performed in detecting the jam condition is especially
      useful in the high speed machine where, because of the high throughput
      capacity, failure to detect the jam timely and promptly can result in a
      large number of sheets being crumbled and accumulated in the paper path
      which clog the machine and waste paper.
PAR  A typical program for use with aforementioned PDP8/S computer for
      demonstrating the feasibility of operating reproduction machine 5 in an
      integrated manner to produce copies appears hereinbelow from pages 58 to
      107 together with an exemplary copy run readout of the program from pages
      111 to 117. For information respecting the definition of the various terms
      used, one may refer to Digital Equipment Corporation's Small Computer
      Handbook, published in 1967, for the PDP8/S computer.
      ##SPC1##
      ##SPC2##
      ##SPC3##
      ##SPC4##
PAC  EXAMPLE OF A RUN ON THE COMPUTER
PAR  The following is the printout on the Teletype of a typical run of the
      program on the PDP-8/S.
PAR  The first thing the computer does is to force a length request. In this
      case the operator enters 17 inches. Next the computer requests the number
      of copies required in batch number 1. The operator in this instance enters
      2. The computer then goes on to request the number of copies needed in
      batch number 2. The operator requests 1 copy. The computer then requests
      the number of copies in batch number 3. At this point the operator
      requests a return to the length input mode which the computer does. It
      types out "Length" and the previously entered length of 17 inches and then
      waits to allow the operator to change the length if he wants to. In this
      example the operator changes the length to 13.5 inches. The computer
      immediately returns to inputing the number of copies in batch number 3
      where it was before the change length request came. At this point the
      operator requests to return to the number of copies in batch number 2
      mode, so that he can change that number. The computer does this, showing
      that the operator had requested one copy previously. The operator changes
      this value to 2 and the computer again returns to the point that it was
      before the change request, namely inputing the number of copies in batch
      number 3. At this point the operator makes a run request and the computer
      does the necessary calculations as indicated by the flow charts and starts
      cycling up the machine.
PAR  The computer is now in the run mode and the timed operations are typed out
      in sequence. The jam true and false operation involves testing the
      condition of various paper detectors to determine if paper is present or
      absent at the proper times. The "End Pitch" output separates the block of
      operations which go on in each pitch length of belt travel. In the
      exposure sequence, the frame pairs are exposed and the film advances
      forward to the next pair of frames. This repeats until the micro input
      sees an end frame (in this simulation the end frame indication is entered
      from the keyboard) at which point the film advance is inhibited because
      these pair of frames are the last pages of this set and the first pages of
      the next set and must be exposed twice in succession. In our example the
      operator arbitrarily produces an end frame via the keyboard after the
      second pair of frames is in position. Thus our set in batch number one has
      4 pages in it, and it will be noted that after the second pair of
      exposures the film does not advance forward again. The first set in this
      batch has been made at this point, so that the display is changed from two
      to one as shown immediately following the two flashes. It should be noted
      that the paper path and the transfer corotrons have not been turned on
      until this point. This is because the paper path is turned on as late as
      possible to minimize waste of paper.
PAR  The first set of this batch is now completely exposed and the second and
      last set is started. Two more pairs of images are exposed to complete the
      batch, and the film is slewed forward to the next batch.
PAR  When the next set is in position on the micro input, it's exposure begins.
      Again the operator of the simulation has arbitrarily made this set contain
      four pages. It is exposed like the first batch, and the machine starts to
      process out the copies.
PAR  In the middle of this processing, the operator has simulated a jam
      condition via the keyboard which shuts down the machine immediately. The
      operator then restarts the machine and the controller repositions the film
      to recover those images which were lost in the jam. The controller
      restarts the machine, reprocesses the lost images, and cycles out
      normally.
      ##SPC5##
PAC  SYSTEMS OPERATIONS
PAR  The sequence of systems operations will now be described with reference to
      the accompanying flow charts shown in FIG. 16-24. The sequence assumes a
      roll fusing approach, but other suitable fusing means and operations can
      be used. If flash fusing is used all steps involving fuser warm up and
      fuser roll engagement disengagement operation would be eliminated as
      indicated.
PAR  In operating the system, the first aforementioned software program
      including various features are stored into the computer in a conventional
      manner. To make individual copy runs, a particular film cassette having
      desired document originals are loaded in place. These being done then the
      following sequence of operations follow in making the copy run.
PAC  GENERAL SEQUENCE (FIG. 16)
PAR  The flow chart shows the general overall sequencing of the machine. The
      charts following this one, break down the individual boxes in this chart
      into more detailed descriptions of the specific sequences. The general
      sequencing of the machine is always entered through the "Power On" which
      is initiated by pressing the ON button 520. From there the "Initialization
      and Warmup" sequence follows. After the machine is properly warmed up and
      it has been determined that the machine is ready for operation, the "Data
      Acquisition" mode is entered. In this mode the operator enters through the
      control console 500 all the information needed for a copy run, namely, the
      pitch length, mode indication (simplex or duplex), document numbers and
      number of copies for each of the documents called for copies. After the
      entry of the required information about the run and loading of the film
      cassette, the operator pushes the print button and the machine enters the
      "Checkout/Start" mode using the aforedescribed SWITCH SCAN routine to
      check if the copy run information entry is complete and correct. From
      there the "Calculation" mode is entered to calculate the timing list of
      the machine process events. After this sequence is finished the "Start Up
      Sequence" is entered. Previous to this point the machine had been in the
      STANDBY routine but at this point the machine begins to cycle up. After
      the "Checkout/Start" sequence has been completed, the SYSTEM enters
      EXECUTIVE routine and performs a "Run Mode." At this point the machine
      processes copies.
PAR  During the "Run Mode" if an emergency or malfunction situation is detected
      in the machine, an exit to the "Emergency Condition" is made and
      appropriate action is taken. Afterwards depending upon the required
      action, the "Emergency Condition" exists to a "Run Mode," "Cycle Out" mode
      or to "Hold" mode. During the "Run Mode" if no emergency situation is
      detected, the machine processes out the required number of copies and the
      "Run Mode" exits to the "Cycle Out" mode.
PAR  The "Cycle Out" mode starts the shut down routine of the machine, but since
      some copies are still in process in the machine, the "Cycle Out" mode
      returns to the "Run Mode" which in turn returns to the "Cycle Out" mode.
      When all the required copies are processed, the "Cycle Out" mode shuts the
      machine down and exits to the "Hold" condition. If the run was normal with
      no emergencies, the "Hold" condition exits to "Data Acquisition" to
      receive information for the next run. If the run had not been completed
      properly the information about the uncompleted run is held by the
      controller while it is in "Hold" and when the problem is cleared up, the
      machine exits to the "Start Up Sequence" to complete the run.
PAR  This is the genereal sequence for the machine. Now the flow charts showing
      the in depth details of each mode follow.
PAC  POWER ON (FIG. 17)
PAR  This is the entry point for the whole system. It is entered by pushing the
      ON button 520 and the only decision point is a check to make sure the OFF
      button 540 is not pushed. OFF always overrides ON. We now exit to
      "Initialization and Warmup."
PAC  INITIALIZATION AND WARMUP (FIG. 18)
PAR  The first thing done upon entering this mode is to turn on the computer
      logic power supply. The controller goes into a routine which clears its
      registers and clears the output structure as described before. The ON
      button is checked by the controller and the interlocks are checked. If all
      conditions are satisfied, the main power is latched on by the controller.
      At this point, all the standby devices such as fuser 33, and developer 62,
      charger 22, etc. are turned on. RESET and POWER ON software routine
      described above are used to implement these steps.
PAR  If the machine had a roll fuser it would have been warmed up at this point.
      Since the flash fuser needs no warm up this step would be eliminated with
      flash fusing. A logic check is performed next and if this is successful
      and if there is no fuser warmup, the program exits to "Data Acquisition"
      shown in FIG. 19.
PAC  DATA ACQUISITION (FIG. 19)
PAR  Upon entering this mode the first thing the controller requests is the
      input of a pitch length. This may be entered in digits via the digit keys
      501. The program then converts the digits to a binary form using the
      proper scale factors and check to make sure that this figure falls within
      the machine allowable length of say between 4 and 30 inches. After the
      length data is satisfactorily entered, the other information on the copy
      run, i.e., document numbers and copy numbers and mode (i.e., simplex or
      duplex) are entered. Since a billing system has not been specified,
      billing information is not included in this discussion, but it can be
      easily incorporated in the program once the billing format is decided
      upon. The program is so written that it is possible to change the document
      number and page numbers or the length data at any time before the systems
      enters into the "run mode" and start processing the copies. The program is
      written so that the document numbers and corresponding copy numbers can be
      entered in at random to the document buffer register 210. But the computer
      reads them into the computer memory in the order of sequence in which the
      numbers appear on film 12. If a request to change previously entered
      document or length data is made, the program will return to the requested
      location to make the change and then return back to the original location
      when the request for the change was made. Information for at least one
      document must be entered before the program can leave this mode and
      information for up to 10 documents can be entered before the document
      buffer register is considered to be full. The exit from this mode is
      provided by a run request or when the document table 205 is full. The
      capacity of document table 205 depends on the memory capacity and the
      configuration of the reproduction memory system. They can be readily
      increased by appropriate changes in the memory capacity and the software.
PAR  The "Data Acquisition" mode is implemented by the SWITCH SCAN software
      routine described before.
PAC  CHECK/OUT/START (FIG. 20)
PAR  A check out routine may be used to check out the machines to make sure it
      is ready to run and the film 12 is loaded (FIG. 20) into the film input
      head (FIG. 3, 11). Successful completion of these operations allows the
      program to exit from this mode. Malfunction conditions of various relevant
      elements are checked out and if a malfunction is detected, appropriate
      steps are taken. SWITCH SCAN software routine described above are written
      to include necessary instructional routine to implement this step.
PAC  CALCULATION (FIG. 21)
PAR  In this mode a list of the machine timing of process events is calculated
      based on the pitch length information and the mode of operation (i.e.,
      simplex or duplex) in the manner described above in terms of the clock
      pulse count numbers between the successive machine process events in the
      pitch zones of the process paths as described above. Film advance and
      positioning is figured in so that film movement occurs between the
      successive machine exposure steps. As an added feature of the control,
      selected ones of the exposure and other steps can be skipped to avoid
      defective portions. For example, the pitch location immediately preceding
      the earliest flash is calculated so that splices in the paper web 28 can
      be avoided properly.
PAR  Since the controller is limited as to the number of simultaneous events
      which it can handle and since only a few events have very critical time
      relationships, the non-critical events are adjusted i.e., time shifted, so
      as to eliminate simultaneous events. The calculated timing lists is then
      stored in the memory 206 for use. The program exits from this mode and
      enters into the Executive mode.
PAC  START-UP SEQUENCE (FIG. 22
PAR  The Start-up sequence shows a general sequence for the machine cycle up.
      The delays can be adjusted by the program to almost any value, although it
      would be easiest if they were all the same length. This sequence is
      implemented by the real time process event T1, T2, T3. . . Tn software
      routine during the EXECUTIVE mode as described above.
PAC  RUN MODE PART 1 (FIG. 23)
PAR  This shows the list development program that the controller 200 implements
      as the controller determines what events should occur in any pitch pulse
      time interval according to the progress of machine operation. During this
      operation, conventional interrupt routine is utilized to load the counter
      209 with a time interval indicating the time difference between succeeding
      events in the form of clock pulse counts for the intended machine process.
PAC  RUN MODE PART II (FIG. 24)
PAR  This chart shows the flow of action when the controller has determined that
      the next event in the list developed in the Run Mode Part I (FIG. 23)
      should occur. In most cases this involves straightforward execution of the
      event. In the case of certain real time events, T, such as End of Pitch,
      Wet Cutting Signal, Flash etc., the operations must be done in real time
      to determine whether the event should be executed or not. For instance,
      before the advance film signal can be sent out, it must be determined if
      an end frame is present and if one is, whether the film should be advanced
      to the next document or more copies should be processed of the same
      document by reversing the direction of advancement of the film 12. The End
      of Pitch event does not cause the end of outputs by itself. Certain
      internal "housekeeping" chores are performed by the controller before this
      takes place. The flash signal has to check an internal flag before it is
      allowed to occur. The cut signal event is used to check to see if all
      copies have been processed out up to the cut area. If the machine is clear
      up to this point, the program exits to "Cycle Out," Chart 28.
PAC  EMERGENCY CONDITIONS (FIGS. 25 and 26)
PAR  This mode is entered whenever an emergency condition is discovered.
      Basically there are three types of emergencies as defined by the actions
      taken when an undesired condition is detected. The first type is a cycle
      out type of emergency where the program acts as if the stop copy button
      540 had been pushed and cycles out the machine, processing out the copies
      already exposed in the machine. A more severe type of emergency is the
      "Quick Stop" type in which the machine is shut down to standby immediately
      and all data is held for start-up. The most extreme type of emergency is
      the emergency OFF condition in which all power to the machine is shut off
      immediately.
PAC  CYCLE OUT (FIG. 27)
PAR  This is the mode that the Run Mode Part II (FIG. 24) exits to when the
      machine copy sheet paper path is clear of copies up to cutting station 34.
      The paper path is shut down to save paper and then the rest of the process
      is cycled out. When the machine is completely empty of copies, the program
      exits to "Hold".
PAC  HOLD (FIG. 28)
PAR  This is the mode entered from both the cycle out (FIG. 27) and emergency
      modes (FIGS. 25 and 26). IF this is a normal end of run entrance, the old
      data is cleared out of the controller, a check is performed upon the
      logic, and the program exits to receive new data for the next run. If the
      termination of run was not normal, then all information is held until the
      problem is corrected at which point the machine can be restarted so as to
      complete the run. A feature of the program is that in the case of a quick
      stop type of emergency in which some copies are lost in process in the
      machine, the film 12 is automatically repositioned by the program upon
      restarting so that the lost copies may be reprocessed out.
PAR  In the foregoing, an electrostatographic reproducing machine with a
      programmable controller embodying various aspects of the present invention
      has been described above. Utilization of a programmable controller renders
      the machine highly flexible and versatile. In particular, it renders the
      machine to be capable of functioning as a variable pitch machine whereby
      the spaces or distances allotted for successive images formed and
      developed can be changed from reproduction run to reproduction run using
      stored programs and without changing any intervals circuitry.
PAR  While the principles of the present invention have been described in terms
      of web fed, single pass simplex duplex copier/duplicator machine, clearly
      the application thereof is not so limited. A person of skill in the art
      may modify or change the application from the teachings of the principles
      of the present invention without departing from the spirit and scope
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reproduction system for producing copies of an original, comprising:
PA1  a reproduction machine including a plurality of control devices for
      implementing the copying process events,
PA1  means for inputting a reproduction run instruction of predetermined
      characteristics for the reproduction run,
PA1  a programmable controller having means responsive to the run instruction
      and means for storing an control program for operating the machine, said
      controller being operable by said control program to derive timed control
      signals related to the reproduction run of said predetermined
      characteristics and applying said control signals to said plurality of
      control devices for implementing the copying process steps whereby the
      machine is enabled to make copies according to the reproduction
      instruction,
PA1  said reproduction system including a web copy material supply, means for
      feeding the web as copy material, and means for sensing an undesirable
      portion of the web,
PA1  said control program having an instruction routine for enabling said
      controller to generate timed control signals to actuate said implementing
      devices selectively to avoid processing on the undesirable portion of the
      web material.
NUM  2.
PAR  2. A reproduction system for producing copies of an original, comprising:
PA1  a reproduction machine including a plurality of control devices for
      implementing the copying process events,
PA1  means for inputting a reproduction run instruction of predetermined
      characteristics for the reproduction run,
PA1  a programmable controller having means responsive to the run instruction
      and means for storing an control program for operating the machine, said
      controller being operable by siad control program to derive timed control
      signals related to the reproduction run of said predetermined
      characteristics and applying said control signals to said plurality of
      control devices for implementing the copying process steps whereby the
      machine is enabled to make copies according to the reproduction
      instruction,
PA1  said reproduction system including a web roll copy material supply means
      for feeding web as copy material, for cutting the same into copy sheets,
      and for splicing additional web material to the supply,
PA1  said control program having an instruction routine for enabling said
      controller to generate timed control signals to actuate said cutting means
      to cut said web into sheets, to splice web material, and to adjust the
      timing of the timed control signals to avoid processing on the spliced
      portions of the web material.
NUM  3.
PAR  3. In a reproduction machine for producing impressions of an original to be
      reproduced, the reproduction machine having a photosensitive member and a
      plurality of discrete operating components cooperable with one another and
      the photosensitive member to electrostatically produce impressions on
      support material, the improvement comprising:
PA1  a programmable controller for use in programming the machine to produce one
      or more reproduction runs, said controller including program storage means
      adapted to retain a control program, said controller being adapted on
      programming to produce, in accordance with said control program, an
      individual set of instructions for actuating said components in integrated
      association with one another for each reproduction run programmed to
      produce the impression programmed,
PA1  means for supporting a strip-like material having document originals in the
      form of frames arranged in series thereon,
PA1  means for forming latent images on said photosensitive member in accordance
      with said frames, and
PA1  means for advancing and positioning said strip-like material,
PA1  said control program including an instruction routine for enabling the
      controller to generate timed control signals for actuating said strip
      advancing means to move and position said frames in synchronization with
      the machine operation.
NUM  4.
PAR  4. The machine according to claim 3, said strip advancing means said
      controller being adapted to advance, under the control of the control
      program, documents or portions of document forward selectively and then in
      the reverse direction, and repeating back and forth for a desired number
      of copies as instructed by the copy run instruction.
NUM  5.
PAR  5. The machine according to claim 4, wherein said strip is arranged to
      include document originals in the form of series of pairs of frames of the
      two opposite sides of document originals.
NUM  6.
PAR  6. In a system for producing reproductions of an original, the combination
      of:
PA1  a. a processor having a photosensitive member movable in an endless path
      and electrostatic processing means co-operable with said photosensitive
      member to electrostatically produce reproductions, said electrostatic
      processing means including
PA2  1. means to produce an electrostatic image on said photosensitive member,
PA2  2. means to develop said latent electrostatic image, and
PA2  3. means to fix the developed image to provide a permanent reproduction;
      and
PA1  b. a computer for operating said processing means to produce reproductions,
      said computer including
PA2  1. programmable means to receive individual reproduction run instructions,
PA2  2. a control program including instruction routines for deriving control
      signals and
PA2  3. means responsive to the control signals for actuating said processor
      photosensitive member and said processing means to produce reproductions
      electrostatically
PA1  c. said processor includes document feeding means for bringing original
      documents into copying position, said controller including means for
      controlling actuation of said document feeding means,
PA1  said control program including an instruction routine for enabling said
      controller to generate control signals for actuating said document feeding
      means to position a selected original document in copying position.
NUM  7.
PAR  7. The system according to claim 6, in which said document feeding means
      includes signal generating means adapted to provide control signals to
      said computer identfying the document in copying position.
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PAL  Copying method comprises applying uniformly an auxiliarly heating treatment
     o the whole surface of a thermally developable photosensitive material
      containing organic salt at a temperature within a developing temperature
      range appropriate to the photosensitive material before image exposure,
      and heating for developing after exposure.
PARN
PAR  This is a continuation, of application Ser. No. 294,933, filed Oct. 4, 1972
      "COPYING METHOD", and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a copying device for reproducing an image on a
      thermally developable photosensitive material.
PAR  2. Description of the Prior Art
PAR  There have been known various methods for regenerating or copying an image
      by light. Among these methods, a representative method is a silver halide
      method. According to this method, a silver halide photosensitive film or
      photosensitive paper is imagewise exposed to form a latent image, and the
      resulting latent image is developed with a developing chemical solution
      and fixed.
PAR  Another representative method is an electrophotographic method.
PAR  However, these copying processes need exposure, developing and fixing
      treatments and therefore the treating process is disadvantageously
      complicated. In addition, the film should be washed with water after
      treatment since various chemicals are used in the silver halide method.
PAR  A novel photosensitive material has been recently developed which does not
      need any developing treatment by chemicals and fixing treatment. Such
      photosensitive material is known as Dry Silver Film (trade name, supplied
      by Minnesota Mining & Manufacturing Co.) and the image recording is
      effected by a completely dry system, i.e., imagewise exposure, and thermal
      developing. Thus the film treating process can be simplified. However, in
      this photosensitive material, various types of material having different
      photographic characteristics, are not available and therefore, the
      applicable range is limited. In the field of microfilm, the original is
      mainly a written document and therefore, it is desirable that the .gamma.
      value of a photosensitive material is large. Since the above mentioned
      photosensitive material has only a limited field of application, upon
      applying the photosensitive material to a microfilm field it is necessary
      to vary the photographic characteristics of the photosensitive material be
      changing the developing temperature and time, but it is not possible to
      make wide changes, and in addition, the treatment is complicated.
PAR  There is also a method for improving photographic characteristics by using
      auxiliary exposure effect, but it is not possible to change, widely, the
      photographic characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the present invention, there is provided a
      copying device for reproducing an image on a thermally developable
      photosensitive material which comprises a thermally developable
      photosensitive material retained in a photographing position by a light
      transparent holding member, a member for uniformly heating one side of the
      light transparent holding member so as to apply heat to a photosensitive
      surface of the thermally developable photosensitive material, and an
      optical means for projecting an original image to the light transparent
      holding member, the optical member being disposed at a side opposite to
      the heating side of the light transparent holding member with respect to
      the light transparent holding member.
PAR  According to another aspect of the present invention, there is provided a
      film reader printer which comprises an optical source means for
      irradiating a microfilm bearing an image, a projecting lens, a transparent
      support for holding a thermally developable copying sheet at an exposure
      position, a light transparent conductive member uniformly overlying one
      side of the transparent support on which a copying sheet is placed,
      electrodes connected to the light transparent conductive member capable of
      applying voltage to the light transparent conductive member, a screen for
      observing an image of the film projected by the projecting lens, a
      reflecting mirror provided movably on a light path of the projecting lens,
      and the reflecting mirror projecting a light image passing through the
      projecting lens to the screen.
PAR  An object of this invention is to provide a simple and compact copying
      device free from the above mentioned disadvantages of conventional copying
      devices.
PAR  Another object of this invention is to provide a copying device having a
      mechanism capable of improving photographic characteristics of thermally
      developable photosensitive materials.
PAR  A further object of this invention is to provide a copying device by which
      imagewise exposure and developing treatment can be continuously effected
      keeping a photosensitive material at a definite position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph showing a relation between a developed silver salt film
      and a exposure amount;
PAR  FIG. 2 shows schematically a reader printer; and
PAR  FIG. 3 shows diagrammatically an enlarged cross sectional view of a table
      in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As thermally developable photosensitive material used in this invention,
      there may be used the following materials.
PAR  1. A sheet material having a coating layer comprising an image forming
      composition containing an oxidizing agent and a reducing agent and a
      relatively small amount of radiation susceptible heavy metal salt, which
      can separate a free metal upon irradiated being in contact with the image
      forming composition.
PAR  2. A sheet material having a coating layer comprising an organic silver
      salt having silver ions associating in a form of group in a molecule, a
      catalytic amount of a photoreducing silver halide, which is distributed in
      the whole body of the organic silver salt and is catalytically contacted
      with almost all of the silver ions of said organic silver salt, and a mild
      reducing agent.
PAR  Representative oxidizing agents as mentioned above may be organic silver
      salts such as, for example orthosulfobenzimide silver salt, silver
      5-chlorosalicylamide oxime, silver 5-nitrosalicylamide oxime, and salt of
      long chain fatty acids such as silver behenate.
PAR  As representative reducing agent, there may be mentioned organic compounds
      such as, for example substituted pyrazolidone, substituted and
      unsubstituted hydroxylamine, aminophenol and dihydric phenol.
PAR  As representative radiation susceptible heavy metals, there may be
      mentioned inorganic or organic salts of silver, copper, chromium, and
      cobalt. When these heavy metal salts are activated by a radiation wave,
      they are reduced to free metal, that is, elementary metal.
PAR  The thermally developable silver salt photosensitive material of the
      present invention may be prepared by coating a sheet support such as, for
      example wood pulp paper, cellulose acetate, and polyethylene terephthalate
      with the image forming composition and the radiation susceptible salt by
      using an adhesive such as, for example a copolymer of butadiene and
      styrene, polyethylene glycol, polyamide and the like.
PAR  Other thermally developable silver salt photosensitive materials in item
      (2) above, may be produced by coating an organic silver salt such as, for
      example silver behenate, silver stearate and the like, a silver halide and
      a mild reducing agent such as, for example hydroquinone, methyl hydroxy
      naphthalene, catechol and the like, on a polyethylene terephthalate
      support.
PAR  The thermally developable photosensitive material is exposed to a light
      image for a short period of time, and then the whole surface of the
      exposed portion is uniformly heated at an appropriate temperature for an
      appropriate period of time to produce an eternal visible recording.
PAR  According to the present invention, the thermally developable
      photosensitive material is heated at a temperature within a developing
      temperature range appropriate to the photosensitive material before image
      exposure (auxiliary heating).
PAR  The auxiliary heating temperature varies depending upon the developing
      temperature range appropriate to the photosensitive material, and in
      general, a temperature of 90.degree.C - 160.degree.C is used.
PAR  When the auxiliary heating temperature is higher than the upper limit of
      the developing temperature range, base density of the photosensitive
      material increases to form fog and damages the photosensitive material.
PAR  The lowest temperature of auxiliary heating depends upon the lowest
      temperature at which the photosensitive material can be developed, and
      when the lowest auxiliary heating temperature is lower than the lowest
      temperature at which the photosensitive member can be developed, the
      effect is poor and the improvement can not be attained.
PAR  Auxiliary heating treatment may be conducted for a period of time less than
      twice the developing time appropriate to the photosensitive material.
PAR  Thus, photographic characteristics of the photosensitive material can be
      improved and the .gamma. value can be changed by applying an auxiliary
      heating treatment under the above-mentioned temperature and time
      conditions.
PAR  Referring to FIG. 2, reference numerals 5, 6 and 7 denote an illuminating
      light source of a light having a wavelength ranging from 450 to 550
      millimicrons, a condenser lens and a reflecting mirror, respectively. A
      microfilm is placed between reflecting mirror 7 and a projecting lens 9,
      and a reflecting mirror 10 is provided rotatably on a light path of the
      projecting lens 9. A transparent screen 11 is provided in front of a
      reader, and a table 12 for copying film is placed over the reflecting
      mirror 10. A thermally developable silver salt film 13 is placed on the
      table 12 in such a way that the photosensitive agent surface closely
      contacts the exposing surface of the table 12. When the reflecting mirror
      10 is placed at a position indicated by a solid line, FIG. 2 the image of
      the microfilm 8 is projected to the screen 11 by way of the projecting
      lens 9 and the reflecting mirror 10, but not to the table 12. For the
      purpose of copying an image of the microfilm 8, the reflecting mirror 10
      is shifted to a position as indicated by a broken line 10' and the image
      of the microfilm 8 is projected to the copying film 13 placed on the table
      12.
PAR  Referring to FIG. 3, the table 12 comprises a transparent member 14, such
      as glass plate, and a coating layer of transparent conductive material
      such as tin oxide film 16 of uniform thickness overlies the transparent
      member, and electrodes 15, 15' connected with a power source are provided
      at both ends thereof. A thermistor 17, for measuring temperature, is
      mounted on one end of the transparent member 14 so as to control the
      auxiliary heating temperature. When voltage is applied to both electrodes
      15, 15', Joule's heat is generated in a coating layer of transparent
      conductive material such as tin oxide film 16 to raise the temperature of
      the transparent member 14. After observing a recorded image of the
      microfilm 8 on the screen 11, and if a hard copy is necessary, pushing a
      copying button (not shown) results in applying voltage between the
      electrodes 15 and 15' to the heat table 12, and consequently heat the
      thermally developable silver salt film 13, closely contacting a table 12,
      and therefore, the auxiliary heat is applied to the film 13. After the
      auxiliary heating is finished, the reflecting mirror 10 is transferred
      from the position indicated by the solid line to the position indicated by
      the broken line 10', and the silver salt film 13 is subjected to imagewise
      exposure. After exposure, the reflecting mirror 10 returns to the original
      position and the silver salt film 13 is then heated by table 12 and a
      complete hard copy is obtained. When the copying film 13 is heated
      simultaneously with the exposure, there is obtained the same effect, as
      above. Since glass has low thermal conductivity, it is easy to maintain it
      at a constant temperature and developing can be effected immediately after
      heating. Further, a heating plate, other than the transparent member 12,
      may be used. In case the photosensitive characteristics of the copying
      film 13 are changed as by heating before and during exposure and the
      copying film is further heated for developing, and if the transparent
      member 12 is kept at a constant temperature for a long period of time in
      the above mentioned device, it is possible to continuously effect heating
      before exposure, heating during exposure and developing heating.
PAR  The following examples are given for illustrating the present invention,
      but are by no means, for restricting the present invention.
PAC  EXAMPLE 1
PAR  Dry silver Type 796 (trade name, supplied by Minesota Mining and
      Manufacturing Co.) was used as the heat developable silver salt
      photosensitive material. This photosensitive film was heated, before
      exposure, at 130.degree.C for 10, 20 and 30 seconds. Then, this
      photosensitive film was exposed to a fluorescent lamp (15W) at a distance
      of 50 mm. After exposure, each photosensitive film was developed by
      heating the photosensitive film at 130.degree.C for 10 seconds. The result
      is shown in the graph of FIG. 1, in which the abscissa represents the
      logarithm of an exposure amount E and the ordinate represents the density
      of the thermally developable silver salt film after, exposure heat
      treatment. Curve 1 represents a characteristic curve of a photosensitive
      film, which was exposed and developed without auxiliary heating. Curves 2,
      3 and 4 are characteristic curves of photosensitive films, which were
      exposed and developed after auxiliary heating for 10, 20 and 30 seconds,
      respectively. As a result, .gamma. values of the photosensitive films were
      2.0, 3.0, 2.5 and 1.4, respectively. This result shows that the .gamma.
      value increases from 2.0 to 3.0.
PAC  EXAMPLE 2
PAR  Dry Silver Type 790 (trade name, supplied by Minesota Mining and
      Manufacturing Co.) was used as the photosensitive material. This
      photosensitive paper was treated that of a way similar to in Example 1.
      The .gamma. value of the photosensitive paper, subjected to an auxiliary
      heating before exposure, increased by a maximum of 50 percent, as compared
      with that which was not subjected to auxiliary heating before exposure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A film reader printer which comprises an optical source means for
      irradiating a microfilm bearing an image, a projecting lens, a transparent
      support for holding a thermally developable copying sheet at an exposure
      position, a light transparent conductive member uniformly overlying one
      side of the transparent support on which a copying sheet is placed, the
      transparent support being a glass plate and the light transparent
      conductive member being made of tin oxide, electrodes connected to the
      light transparent conductive member capable of applying voltage to the
      light transparent conductive member, said conductive member generating
      heat by the flow of electric current to thereby heat the copying sheet, a
      screen for observing an image of the film projected by the projecting
      lens, a reflecting mirror movable on a light path of the projecting lens,
      and the reflecting mirror projecting a light image passing through the
      projecting lens to the screen.
NUM  2.
PAR  2. A film reader printer which comprises an optical source means for
      irradiating a microfilm bearing an image, a projecting lens, a support for
      holding a thermally developable copying sheet at an exposure position, an
      electroconductive member made of tin oxide and overlying one side of the
      support on which a copying sheet is placed, means for applying voltage to
      the electroconductive member, said electroconductive member generating
      heat by the flow of electric current to thereby heat the copying sheet, a
      screen for observing an image of the film projected by the projecting
      lens, and means for selectively projecting a light image passing through
      the projecting lens to one of, the screen and the copying sheet.
NUM  3.
PAR  3. A copying device for reproducing an image on a thermally developable
      photosensitive material which comprises a supporting member for holding
      the photosensitive material at an exposure position, an electric
      conductive material uniformly coated on a surface, opposite to that
      contacting the photosensitive material, of the supporting member, a means
      for applying voltage to the electroconductive material so as to heat the
      electroconductive material, said means being connected with the
      electroconductive material, said electroconductive material generating
      heat by the flow of electric current, and an optical means for projecting
      a light image of an original to be copied to the photosensitive material
      uniformly contacting the surface of the supporting member coated with the
      electroconductive material.
NUM  4.
PAR  4. A copying device according to claim 3 in which the electroconductive
      material is made of tin oxide.
NUM  5.
PAR  5. A copying device according to claim 3 in which the means for applying
      voltage works to apply voltage to the electroconductive material before
      and during the imagewise exposure.
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ABST
PAL  A method and apparatus is described for determining the time intensity
      integral of the exposure of a negative in additive primary colors onto
      photographic paper. A plurality of discrete areas of a negative are
      scanned and the light transmitted through these areas is directed onto
      photosensitive devices each appropriately filtered to be responsive to a
      different one of the primary additive colors. The electric signals derived
      from the photoelectric device are applied to fulcrum circuits, one for
      each of the additive colors; the fulcrum circuits each form an analog
      voltage linearly corresponding in their respective colors to the fraction
      of the total area of the negative which has a transmissivity greater than
      the mean transmissivity of the whole. The analog voltages thus derived,
      one for each of the primary colors, are applied to control circuits that
      produce electrical signals to terminate the exposure in the corresponding
      primary color in accordance with the amplitude of the analog voltage.
      Alternatively, the analog voltage is utilized to derive an indication to
      instruct the operator of a typical printing machine to make appropriate
      adjustments to produce desirable color intensity characteristics in the
      print.
BSUM
PAR  This invention relates to method and apparatus for determining the amount
      of red, green and blue light that should be used in exposing a negative
      onto photographic paper in making a color print.
PAR  It is well established in a photographic art to print according to the
      method designated "integration to gray". In the method of integration to
      gray, a set of photodetectors covered by red, green and blue filters
      sample the light transmitted by the negative either prior to or during the
      exposure step. The control circuits of the printing machine are so
      disposed that the time-intensity integral will be a constant for each of
      the three colors. The machines contain adjustment provision which enables
      a quality control technician to vary the values of the time-intensity
      integrals to levels he considers optimum and which will then apply to all
      negatives printed by the machine. There is further adjustment provision
      enabling the operator to vary the exposure for individual negatives; a set
      of density correction buttons adjust the integrals for all three colors on
      a common scale and provide for veriation in the overall density of the
      print without color change; a set of color correction buttons vary the
      integrals for the three colors individually and provide for variation in
      the color of the print without density change.
PAR  It is common that machines which print by integration to gray contain
      further provision for adjustment of the timeintensity integral by means of
      circuits called "slope circuits". It is known that the three gamma curves
      of a color film emulsion are not identical and therefore there will be a
      variation in the average color of the negative versus exposure level in
      the camera. Slope circuits are intended to introduce a variation with time
      in the time-intensity integral to compensate this color shift versus
      exposure level.
PAR  The purpose of integration to gray is to correct for a phenomenon called
      "illumination failure." Let a scene be illuminated by light of a specified
      color and let it be photographed on color film and the film processed. It
      is now possible, for a given paper emulsion and specified paper
      processing, to determine empirically what exposure, in terms of color,
      intensity and time, should be used to produce an optimum print. If further
      negatives should be made of this scene under identical conditions of
      light, film, processing, etc., the exposure previously found may be used
      in printing all negatives and identical prints will result.
PAR  But if the light on the scene should vary toward red, as daylight does in
      the late afternoon, the processed negative will vary and have an overall
      color which is cyan relative to the previous negative. If the printing
      light source remains constant, the cyan negative will reduce the amount of
      red light striking the paper, and for constant printing times in the three
      colors, the result will be a print with a reddish overall caste. This is
      correct in terms of what the camera saw, but it is not what is desired.
PAR  Furhter, the cyan cast of the negative may be caused by elements other than
      the scene illumination. There are day-to-day variations in film processing
      which cause variations in the color of the negatives produced. It is not
      possible to eliminate variation in film manufacturing which results in
      differences in spectral responses and sensitivities of different batches
      of film. Whatever the cause, the result for printing purposes is that
      there has been a shift in the average color of the negative which is
      causing an undersired shift in the color of the final print.
PAR  The method of integration to gray copes with illumination failure by
      sensing the color shift in the negative and adjusting the appropriate
      exposure time to compensate for it. Under constant time printing, a cyan
      shift in the negative, reducing the transmission of red light through the
      negative, would cause a decrease in the time-intensity integral for the
      red exposure. As the transmitted red intensity drops, the integrating
      circuits of the printer increase the time to hold the time-intensity
      integral constant. Thus, no matter what color shift may occur in the
      negative, there is no color shift in the exposure at the paper. In the
      absence of slope circuit adjustment and a variation known as
      undercorrection, constant exposure in both intensity and color is the
      objective of the method.
PAR  The flaw in integration to gray is that constant printing exposure will not
      produce uniformly good print quality. The basic method assumes that all
      variation in the integrated color of the negative is due to illumination
      failure; that is, it assumes that the color shift it detects in a negative
      has been caused by a variation in the color of the illuminant on the scene
      from the desired color or due to film or processing variations, any of
      which must be corrected for. In fact, however, the variation in the
      negative might equally be caused by a variation in the scene itself.
PAR  If the illumination on the scene remains constant and there is no variation
      in film or processing, a cyan shift in the integrated color of the
      negative can still be accomplished by the simple expedient of adding a red
      object to the scene. The effect of this is called "color subject failure,"
      implying that the subject before the camera fails to meet the prescribed
      conditions of color distribution which the technique of integration to
      gray requires.
PAR  To cope with subject color failure, it is the practice to introduce into
      the machine a feature called undercorrection. The light transmitted by the
      negative and sampled by the phototubes has a specific color which may be
      plotted on a chromaticity diagram. The time intensity integrals in all
      three colors, when the machine operates at its target of integration,
      represents another color which may also be plotted on the diagram. The
      difference between these two colors represents the vectorial sum of the
      illumination failure and the subject color failure of the negative. In its
      simplest form, integration to gray attributes this entire difference to
      illumination failure and corrects for it totally by integrating the
      exposure to the target of integration. The technique of undercorrection
      recognizes that in the average of a large population of negatives, a fixed
      portion, such as thirty per cent, of these color differences will be
      attributable to subject color failure. It is obvious that one does not
      wish the integrating circuits to introduce a correction for subject
      failure as they do for illumination failure. Illumination failure is an
      unintended and undesired shift in the color of the negative from an ideal
      color. Subject failure, however, is caused by a variation of the subject
      from the average and is therefore an intended and desired color shift in
      the negative. It is desired that in the case of subject failure, the mean
      density and color of the print should deviate from the average in the same
      way that the subject did, and therefore the exposure onto the paper should
      deviate from the average. But integration to gray is designed to eliminate
      all such deviation.
PAR  Undercorrection is a statistical compromise between full integration, which
      assumes that all deviation in the negative from a standard is due to
      illumination failure, and fixed time or white light printing, which
      assumes that all deviation in the negative is due to subject failure. In
      one mode, it is accomplished by an electrical cross-coupling of the three
      integrator circuits; in another it is accomplished by using filters in the
      exposure termination system which are less perfect than is possible. For
      example, the magenta filter, which nominally terminates the green
      exposure, may have a relatively high transmission in the green region of
      the spectrum, and relatively low transmission in the red and blue regions,
      relative to what is possible. In either case, the effect is that while the
      machine is nominally set to integrate to a fixed color, it will be fact
      integrate to a color which is intermediate between the color of the
      negative and the target of integration. The fraction of the distance
      through which the machine moves the exposure from the color of the
      negative to the color defined by the target of integration is called the
      correction level. This is adjustable by adjusting the cross-coupling
      circuits in machines that have them and by adjusting the slope circuit
      levels in machines that do not.
PAR  The final result, integration to gray with slope correction and
      undercorrection, has shown itself to be a most powerful tool of
      photographic printing. But it is susceptible to errors which are
      frequently large. In the case where the mix of subject failure and
      illumination failure deviate significantly from the machine's ratio, or
      where they are large, or where they have opposite algebraic signs, the
      print made by the machine is unacceptable. There is a corresponding effect
      called "subject density failure" in which not the color, but the
      brightness distribution, of the scene is adjusted to produce variance in
      the mean transmission of light through the negative. As simple an entity
      as a difference between light or dark clothing on persons in the scene can
      result in distinguishable differences in the overall density of a print
      made on an integrating machine.
PAR  To cape with subject density failure, it is practice to provide at the
      machine a human operator who is trained in estimating the brightness
      distribution of the negative and who selects for individual negatives a
      density correction button during the printing process.
PAR  In recent years efforts have been made to improve the performance of
      integrating printers by providing them with variable undercorrection. A
      massive deviation in the integrated color of the negative from the color
      representing the population center of many negatives must necessarily
      represent an unusually large amount of subject failure, since the physics
      of the process place bounds upon the probable range of illumination
      failure. Therefore, the correction level should decrease as color variance
      in the negative increases. Machines built around this principle have been
      worked successfully without operators, but still exhibit a significant
      error rate.
PAR  In the end, it is mathematically impossible to eliminate the errors from
      integration to gray. The technique collects but a single piece of
      information in each of the three primary colors; the mean transmission of
      the negative. The variables with which it must cope are two for each
      color; the illumination failure and the subject failure. Thus, in any
      mathematical description of the process, one must eventually come to three
      equations in six unknowns, for which no unique solution is possible. It is
      for this reason that reliance has been placed on statistical, rather than
      analytic methods.
PAR  It is therefore an object of the present invention to provide a method and
      apparatus for controlling the exposure of a color negative onto
      photographic paper.
PAR  It is also an object of the present invention to provide a method and
      apparatus for controlling the exposure of a color negative onto
      photographic paper such that the time-intensity integral of the exposure
      light in any additive primary color is proportional to a predetermined
      parameter of the negative.
PAR  It is a further object of the present invention to provide a method and
      apparatus for sampling the transmissivity of a color negative and for
      generating analog signals corresponding linearly in each primary color to
      a predetermined parameter of the negative.
PAR  It is still another object of the present invention to provide a method and
      apparatus for sampling the transmissivity of a color negative and for
      generating analog signals corresponding linearly in each primary color to
      a predetermined parameter of the negative and for controlling the exposure
      of said color negative onto photographic paper in response to said analog
      signals.
DRWD
PAR  The present invention may be understood with more specificity and clarity
      with reference to the following figures, in which:
PAR  FIG. 1 is a schematic illustration of mechanical scanning apparatus useful
      in practicing the method of the present invention and forming a part of
      the apparatus of the present invention.
PAR  FIG. 2 is a front elevational view of the raster plate of FIG. 1.
PAR  FIG. 3 is a front elevational view of a plate of FIG. 1.
PAR  FIG. 4 is a schematic circuit diagram illustrating a circuit for developing
      an analog voltage useful in practicing the present invention.
PAR  FIG. 5 is a schematic circuit diagram illustrating a typical control
      circuit useful in practicing the present invention.
PAR  FIG. 6 is a schematic diagram of an enlarger useful in explaining the
      present invention.
PAR  FIG. 7 is a schematic diagram of a modified enlarger useful in describing
      the present invention.
PAR  FIG. 8 is a circuit diagram of a typical circuit for use in developing
      color intensity correction.
PAR  FIG. 9 is a diagram of a mask for use in combination with a cathode ray
      tube and useful in describing the operation of the circuit of FIG. 8.
DETD
PAR  The present invention accomplishes the above objects by measuring the
      subject failure in the negative as a separate entity. With the subject
      failure known, the number of unknowns in the integration equations reduce
      from six to three, and a unique solution is possible. The key to this lies
      in measuring the parameter called the "image fulcrum," which may be
      defined as the percentage of the total area of the negative which has a
      transmissivity greater than the mean transmissivity of the whole area of
      the negative. It can be shown that the fulcrum of the negative in any of
      the primary colors is directly proportional to the amount of the subject
      failure that occurs in the negative for that color.
PAR  When mathematically described, the method of the present invention may seem
      complicated. First, phototubes are used to find the integrated color of
      the negative. Then the vectorial difference between this color and the
      color representing the machine's target of integration is found, as
      plotted on a chromaticity diagram. The three fulcrum voltages are
      generated and plotted to find the vectorial difference between the fulcrum
      color and the target of integration. Since the first vector represents the
      sum of the illumination failure and the subject failure in the negative
      and the second represents the subject failure alone, their difference may
      be taken to find the illumination failure, which represents the total
      correction required in printing the negative.
PAR  In actual practice, the method is much simpler. Integrating printers
      normally operate by using the photocurrent to charge or discharge a
      capacitor until a given voltage change has been accomplished. to utilize
      the fulcrum voltage in printing, all that is necessary is that the voltage
      change brought about by the photocurrent should be proportional to the
      fulcrum voltage.
PAR  The apparatus of the present invention includes three basic sections: the
      scanner, the fulcrum circuit, and the control circuit, or alternatively, a
      display system to make information available for later use. The scanner
      may be any sort of image dissector which has a linear output or an output
      which may be made linear by the addition of gamma corrector circuits.
      Electro-optic systems, such as flying spot scanners or vidicon tubes may
      be used, but these have been tested in this application and it is found
      that their size, cost and electronic complexity make them devices of last
      resort. Mechanical devices are to be preferred. Their relatively low
      resolution is not a disadvantage here; mathematical analysis indicates
      that as few as fifty sampling points could be successful and that more
      than two hundred and twenty sampling points would offer no useful
      improvement in accuracy.
PAR  A preferred embodiment, comprising a raster to circle fiber-optics
      arrangement, is shown in FIG. 1. A light souce 10, which might be the
      light source of the printer itself, illuminates the negative 11,
      positioned at the gate 14 of a diffuser 15. For reasons of accuracy, this
      light source should have its filament operated by a direct current or else
      be a rather high current source with large thermal inertia which will
      prevent oscillation of the light intensity at the line frequency.
      Immediately below the negative is the raster plate, marked 12. The surface
      of plate 12 is shown in FIG. 2, and has embedded within it an array of
      optical fibers 18 with their ends 19 exposed at the surface so that light
      transmitted through the negative may enter the fibers. A method of making
      the plate is simply to drill holes, either in an X-Y array or in hexagonal
      close packing, and to insert the optical fibers into the holes, fixing
      them with an index matching cement and subsequently polishing the surface.
      An alternative method of forming the plate 12 is to prepare a jig in the
      form of a three sided open box with width corresponding to one dimension
      of the negative to be scanned. The ends of the fibers are dipped in cement
      and laid in the open box. The fourth side is then forced into position
      under pressure, extruding the excess cement and packing the fibers
      closely. When the cement has hardened, the surface is ground and polished.
PAR  The fibers 18 from the raster plate 12 run directly to the plate 20 shown
      in FIG. 1, which may be referred to as the circle plate. The surface of
      plate 20 is shown in FIG. 3. The ends of the fibers 18 are arrayed in a
      circle in plate 20. As in the case of the raster plate 12, a method of
      fabrication of the plate 20 is to drill an array of holes, insert the
      fibers and fix them in place with an index matching cement. An alternative
      is to mill a circular groove in the plate, with the width matching the
      diameter of the fibers when compressed, and to then coat the ends of the
      fibers with cement and force them into the groove in a tightly packed
      array. The face 22 of the plate may then be milled to uncover the fiber
      ends. Grinding and polishing will finish the plate.
PAR  FIG. 3 shows an array of fiber ends 23 formed by arranging the ends in
      concentric circles 25 and 26. In the simplest form of the device there may
      be only one circle in the array; however, if phototube printing is to
      follow the scanning step, it is necessary that the area of the negative
      that is scanned for metrication purposes be identical to the area seen by
      the phototubes. There are many sizes of negatives in common use and if one
      is to print them all, one must have raster plates to match. It is possible
      to connect several raster plates to a single circle plate, which will
      obviate having to duplicate the entire system if several sizes of
      negatives are to be printed. Plates not in use may be covered by an opaque
      material so that no light from them can reach the photodetectors, thereby
      effectively eliminating the unused plates from the system.
PAR  The circle plate 20 is faced by a spinning disc 30, driven by a suitable
      electric motor 32. The speed at which the disc 30 spins will determine the
      time required for examination of the negative. A motor speed of several
      thousand revolutions per minute is desirable if a high print production
      rate is to be achieved. A hole 34 is provided in the disc directly
      opposite the circular array 25 of fibers; as the disc spins the hole
      sequentially uncovers the fibers. When multiple raster plates are
      connected to a single circular plate, or when there are additional
      circular arrays such as array 26, there will obviously have to be a hole
      for each circle. Care should be taken that the holes are so distributed
      that the disc is in mechanical balance while spinning. The smallest
      diameter hole that will give adequate signal from the phototubes should be
      used. The distance between fibers and spinning disc should be minimized to
      improve signal level and resolution. Thick discs with conical holes are to
      be preferred to thin discs, as experience has shown that thin discs flex
      while coming up to speed, touch the plate and go into oscillations that
      damage materials.
PAR  The circle plate 20 forms one end of an oblong box 36 which is light tight
      and which contains at its far end 37, opposite the spinning disc 30, an
      array of three multiplier phototubes 40, 41 and 42, which might
      conveniently be type 931A, and which are covered by a set of three color
      separation filters (not shown), such as Wratten filters Nos. 92, 93 and 94
      or an equivalent set of red, green and blue filters.
PAR  The phototubes 40-42 sense the light transmitted through the aperture 34 in
      the spinning disc 30 and generate output signals used by the analyzer
      circuits. Because of the inverse square law, the signals will oscillate
      sinusoidally as the disc 30 spins with blank film in the gate 14. This can
      be minimized by making the box 36 long relative to the diameter of the
      array circle and by using reflective walls in the inside of the box. A
      diffusing screen (not shown) may be placed midway between the spinning
      disc and the phototubes to reduce it further.
PAR  Three fulcrum generating circuits are provided to receive the output
      signals from the three phototubes 40-42 and produce from them analog
      voltages to be used by control circuits. A representative fulcrum
      generating circuit is shown in FIG. 4. The circuit operates by dividing
      the output signal from one of the phototubes 40-42 into two channels of
      approximately equal amplitude, then integrating one on a capacitor to
      obtain a voltage proportional to the mean transmission of the negative.
      This voltage is presented to one gate of a voltage comparator circuit and
      the time varying signal from the other channel is presented to the other
      gate. The voltage comparator is of the type that saturates when the
      voltage on one gate is higher than the voltage on the other gate and which
      is at cut-off when the reverse it true. Therefore, the output is at binary
      digital "one" when the scanner is examining a point on the negative which
      has a transmission higher than the mean; it is at binary digital "zero"
      when the scanner is examining a point on the negative which has a
      transmission lower than the mean.
PAR  The output of the voltage comparator is therefore a train of square wave
      pulses of constant amplitude with a duty cycle which is proportional to
      the fraction of the total area of the negative which has a transmission
      higher than the mean. The wave train is integrated on another capacitor to
      obtain an analog voltage proportional to the duty cycle, and this is the
      fulcrum voltage.
PAR  The function of the circuit of FIG. 4 can be seen to match the difinition
      of the image fulcrum for the negative, which is that the fulcrum of a
      negative is the percentile fraction of the entire area of the negative
      which has a transmittance greater than the integrater or mean
      transmittance of that same entire area. The normal range of the fulcrum
      has been found experimentally to be from 0.35 to 0.65, although instances
      of negatives falling outside this range can and do occur. The extreme
      example found was that of an outdoor flash photo taken at night, which
      showed values of 0.91, 0.92 and 0.92 and which was printable.
PAR  To consider the circuit of FIG. 4 in more detail, the potentiometer 50
      serves as the anode resistor in the phototube circuit 51 and is adjusted
      to provide a voltage swing of approximately 5 volts at the emitter Q1.
      Because the signal from the phototube 51 is negative and negative going,
      and the following circuit is NPN, the signal is a.c. coupled through
      capacitor 53 and its DC level is set by diode 54 and an adjustment of
      potentiometer 55 such that the signal at the emitter of Q1 remains above
      ground when there is blank film in the scanner. The signal is divided in
      the resistor network 58 feeding the comparator 59, for which an MC1710C is
      used.
PAR  The emitter of Q1 makes provision for dividing the signal other than
      exactly equally. When the aperture in the rotating disc crosses the
      boundary between fibers, light output is interrupted, which chops the
      signal. Because of this mechanically impressed modulation of the phototube
      signal, the integrated value will be significantly less than the peak
      value generated by a piece of blank film in the scanner. Potentiometer 60
      is adjusted to raise the voltage on the integrating capacitor 62 to match
      the peak signal level for blank film. This is accomplished by setting 60
      so that the output of the comparator 59 remains continously low, then
      changing the setting of 60 slowly to find the exact point at which output
      pulses appear at the output 64 of the comparator 59.
PAR  Because of the negative going character of the phototube signal, the
      instantaneous voltage at the comparator will be lower than the mean
      voltage on the capacitor 62 when the light intensity on the tube is higher
      than the mean. Therefore, the comparator 59 is wired such that the output
      is high when the instantaneous voltage is lower than the mean. This gives
      the desired result that the comparator output at 64 is high when a higher
      than average transmittance portion of the negative is being scanned.
PAR  The remainder of the circuit of FIG. 4 integrates the comparator output to
      generate the fulcrum voltage. When the output of 64 of the comparator 59
      is high, it switches Q2 and Q4 into conduction, and since Q3 and Q5 are
      collector coupled to these, they are switched off. When the output at 64
      goes low, all four transistors change state. The precision resistor 66 is
      connected to a carefully regulated reference voltage. When the output of
      the comparator 59 is high and Q3 is switched off, current flows through
      resistor 66 and 67 and charges the capacitor 69. At this time, the
      connection from 69 to ground is interrupted by Q5 being switched off.
PAR  When the comparator output at 64 goes low and the four transistors change
      stage, the current from the source through 66 and 67 is interrupted.
      Because of the presence of diode 67, the capacitor cannot discharge
      through Q3; it discharges through resistor 68 and Q5. The alternate
      charging and discharging of capacitor 69 will continue until an
      equilibrium state is reached, where the charge and discharge currents are
      equal. If the percentage of time that charging current flows is p and the
      reference voltage is v and the voltage on capacitor 69 in the equilibrium
      state is v, then by setting the standard expressions for capacitor charge
      and discharge equal to one another;
      ##EQU1##
      where RA is the resistance 66 and RB is the resistance 68,
      ##EQU2##
      from which but if RA = RB,
EQU  v = pV                                                     (3)
PAL  from which the final voltage on capacitor 69 is linearly proportional to
      the fraction of time for which the output of the comparator is high. By
      the nature of the device, p is also the fraction of time that the scanner
      examines fractions of the negative having a transmission higher than the
      mean, and therefore p is also identical to the fulcrum.
PAR  The circuit of FIG. 4 is free-running; it need not be switched on and off.
      However, one must make allowance for time lag between the placing of the
      negative in the gate and the final settling to equilibrium of the voltage
      on capacitor 69. There are two separate integration times involved, and
      they are sequential. First, the phototube signal must be integrated on
      capacitor 62 to provide the mean level. Until this voltage settles, the
      duty cycle of the output pulses from the comparator will contain a false
      value for the fulcrum. After capacitor 62 reaches its final state and
      correct data begins to flow from output 64 of the comparator 59,
      integration on capacitor 69 begins. Obviously there will be some
      overlapping of these times, since the voltage on 69 will tend to track
      that on 62. It is possible to arrange the scanner to minimize integration
      time. If the fibers in the circle tend to preserve the arrangement of
      those in the raster plate, integration time will be long. It would be
      possible to scan along straight lines in the negative, but this would tend
      to cause long runs in the phototube signal of nearly constant amplitude.
      This will cause the Fourier spectrum of the signal to be high in low
      frequency components with a correspondingly high integration time
      required.
PAR  A deliberate scrambling of the fiber arrangement between raster plate and
      circle plate will prevent this. Fibers which are adjacent in the circle
      plate should be separated as much as can be arranged in the raster plate.
      This will cause a maximum of transitions between high and low light levels
      at the disc aperture. The Fourier spectrum of the electrical signal will
      be enriched in high frequency components at the expense of the low
      frequency components and the integration time will be shortened.
PAR  With the fulcrum measured and made available as an analog voltage, it may
      then be used to control the actual printing operation. There are a number
      of ways of accomplishing such control, possibly the simplest is that shown
      in FIG. 5 which shows a discharge type timing capacitor circuit generally
      familiar to industry. It is common practice to charge a capacitor to a
      predetermined voltage, then to discharge it by a phototube which senses
      the light transmission of the negative and to use the time required for
      discharge as the printing time. However, in the circuit of FIG. 5, the
      voltage to which the timing capacitor is charged prior to exposure is the
      fulcrum voltage.
PAR  For convenience, the capacitor 69 of FIG. 4 has been shown to the left in
      FIG. 5. During the scanning period, and until the total required
      integration time has elapsed and the voltage on 69 has come to
      equilibrium, the timing capacitor 70 is directly connected in parallel
      with the capacitor 69. This in effect makes 70 a part of 69 and the
      voltage across 70 when scanning is completed will be the fulcrum voltage.
      This connection between the capacitors is through the switch 72, the
      normally open contacts of which are held closed during the scanning
      period.
PAR  Scanning may most conveniently occur while the negative is in the exposure
      gate of the printer. In this case, the raster plate may be mounted on a
      slide and moved in to cover the negative. Switch 72 may then conveniently
      be a pair of pushbutton type switches which are actuated by the raster
      plate reaching its register position over the gate. Once the necessary
      integration time has occurred, the rater plate may be withdrawn to permit
      exposure; the plate's first motion will release switch 72 and disconnect
      the timing capacitor from the fulcrum integrating capacitor. Since
      capacitor 70 is then connected at one end to nothing except the gate of a
      MOSFET (metal on silicon field effect transistor) Q6, it will hold its
      charge for a very long time.
PAR  It is customary to provide automatic printing machines with capping
      shutters. The electrical signal which opens the shutter to begin the
      exposure also closes the switch 73, so that simultaneously with the
      commencement of exposure, current from the phototube begins to discharge
      capacitor 70. If the terminal 75 in FIG. 5 is connected to a slope
      circuit, the switch that initiates slope action should close
      simultaneously with switch 73. Since slope circuits are old in the art and
      their function is well understood, they will not be discussed here. If no
      slope circuit is provided, terminal 75 should be connected to ground, in
      which case a part of switch 72 may be deleted. The use of a slope circuit
      is to be preferred.
PAR  The two MOSFETs Q6 and Q7 are connected as a differential amplifier. When
      their drain voltages are equal, a Schmitt trigger 78 (which may be a
      standard circuit such as MC1710C) switches its output. The potentiometer
      80 is the firing point adjustment. The gates of the MOSFETs Q6 and Q7 are
      shorted together and the potentiometer 80 is adjusted to a point where the
      output of the Schmitt trigger 78 is low, then is adjusted slowly to
      exactly the point where the output gate of the Schmitt trigger 78 goes
      high.
PAR  When the phototube connected to the circuit of FIG. 5 has completely
      discharged the timing capacitor 70, the trigger 78 switches and causes Q8
      to conduct, which turns off Q9. This causes Q10, a power transistor, to
      conduct and provides current to operate a solenoid which pulls a filter
      paddle into the light beam to terminate the exposure in the color
      corresponding to the particular timing capacitor. Provision should be made
      for causing the capping shutter to close simultaneously with the third
      filter paddle, for initiating paper advance, etc., but such features are
      old and well known to those skilled in the art and need not be described
      here.
PAR  When using the apparatus of the present invention, there must be some
      provision for calibrating the equipment to a specific paper emulsion,
      light source, etc.. This is most easily accomplished by making provision
      for adjusting the reference voltages which supply current to the fulcrum
      capacitor on an individual basis for each color. A further provision for
      adjusting all three on a common scale by a single control shaft will
      simplify density adjustments.
PAR  The operation of the circuit of FIG. 5 may be explained mathematically by
      the discharge equation of the timing capacitor 70. When a capacitor is
      charged to some initial voltage V.sub.o and is then discharged by a
      constant current device, of which a photodiode under constant illumination
      is an example, the equation for the voltage remaining on the capacitor is
EQU  V = V.sub.o - kit                                          (4)
PAL  where k is a calibration constant i is the photocurrent and t is time.
PAR  Since the photocurrent is the light source intensity times the mean
      transmissivity of the negative and since the initial voltage is the
      fulcrum of the negative, equation 4 may be rewritten
EQU  V = p - kitT                                               (5)
PAR  but the point at which the trigger operates is V = 0, and therefore, at the
      firing point,
EQU  p - kItT = 0                                               (6)
PAL  from which
EQU  kIt = T                                                    (7)
PAL  or, in words, the time-intensity integral is directly proportional to the
      ratio of the fulcrum to the mean transmissivity, which is the condition
      required for correct density and color, when it occurs equally for all
      three colors.
PAR  An alternate technique for implementing the method of the present invention
      is shown in FIGS. 6 and 7. FIG. 6 shows the optical arrangement for an
      off-line pre-reader. One could use the same arrangement as in FIG. 1 for a
      pre-reader, with the negative placed directly over the raster plate, but
      this requires a raster plate for each cropping size, of which there can be
      many. In FIG. 6, the negative 80 is projected by a lens 81 onto the raster
      plate 82. Since the only aspect ratios in common use for prints are 0.71
      and 0.80, if there is provision for adjusting the conjugate distances, the
      use of a lens will make two raster plates suffice for all cropping sizes.
      In fact, if one is willing to perform additional cropping at the paper
      mask during printing, when a lens is used, a single raster plate will
      serve for all size negatives.
PAR  The precaution should be taken of using a long focal lenth lens to minimize
      the effect of the cosine fourth law on the fulcrum measurements. Further,
      careful attention should be given to providing uniform illumination at the
      negative plane. The step of measuring the fulcrum in each of the three
      colors is exactly the same as in the previous case. But instead of being
      transferred to another circuit, the fulcrum voltage may be read out by
      connecting a voltmeter (not shown) to the fulcrum integrating capacitor 69
      (FIG. 4). The calibrating of the meter is accomplished by shorting the
      inputs to the voltage comparator in the fulcrum circuit of FIG. 4 to
      ground, one at a time. The meter reading with a comparator input which has
      the capacitor on it at ground is the value p = 1, and grounding the other
      input gives the reading for p = 0. The fulcrum is linear between these two
      points. The value p = 0 should yield zero volts, and the value for p = 1
      may be set at any value of voltage by adjusting the reference voltage of
      FIG. 4.
PAR  FIG. 7 shows an attachment for an enlarger which will enable it to use the
      data produced by the pre-reader. The light source 90 with adjustable
      dichroic filters 91, 92 and 93, lens 95 with adjustable diaphragm and
      paper plane are existing parts of a standard enlarger. To this arrangement
      is added a light tight box 98 which fits over the lens 95 and which has an
      aperture 99 opposite the lens to permit the light from the negative 100 to
      reach the paper 101. A sliding curved metal plate 102 with a white
      diffusing surface on the side toward the lens is so arranged that the
      operator can withdraw it to uncover the aperture and expose the paper or
      slide it under the lens to cover the aperture and deflect the light
      transmitted by the lens toward a set of three phototubes 104, 105 and 106
      covered by color separation filters of red, green and blue (not shown). A
      set of three current meters 110, 111 and 112 monitor the photocurrent from
      the tubes. The meters are marked off on a scale from zero to one.
PAR  The operator adjusts the f-stop diaphragm of the lens and the dichroic
      filters until the meter readings are identical to the values for the
      fulcra found by the pre-reader. He then uncovers the aperture and mades an
      exposure for a fixed time.
PAR  The calibration of the device is accomplished by using a test negative,
      which is printed by trial and error until a satisfactory print is
      obtained. The negative is read on the pre-reader. Then, using the time,
      aperture at lens and filter settings that produced the good print, the
      adjustable diaphragms 114, 115 and 116 over the three phototubes are set
      so that the meters indicate the previously recorded fulcra.
PAR  It is a convenience to provide a current divider network and to provide a
      rotary switch so that the meters may be switched from one leg of the
      current divider to another. One switch position may refer to a one second
      exposure, another to a five second exposure, another to a ten second
      exposure, etc.. This prevents having to choose between excluding dense
      negatives from the system on the one hand or using a very long exposure
      time for all negatives on the other. It offers the further advantage that
      if separate calibrations are made for the separate times using a set of
      negatives of increasing density, there will automatically be correction
      for the "cross-over effect" in the varying exposures. Since no slope
      circuits are provided here, such correction will offer significant
      improvement in overall quality.
PAR  The logic behind the technique of FIG. 7 may be seen by referring again to
      equation 7, which states that the product of the light source intensity
      and the printing time in any color is linearly proportional to the ratio
      of the fulcrum to the mean transmissivity of the negative in that color.
      Equation 7 may be rewritten
EQU  kITt = p                                                   (8)
PAL  and one may further note that the current from the phototube is
      proportional to the product of source intensity times the mean
      transmissivity of the negative, so that, where i is the photocurrent.
EQU  kit = p                                                    (9)
PAL  is a condition that exists when the enlarger is set up to make a properly
      exposed print. Since t is fixed, one need only adjust i according to the
      value of p by adjusting the f-stop and filtration setting to put the
      enlarger into adjustment for making a proper exposure of the paper.
PAR  Another technique that can be used for implementing the method of the
      present invention involves using a prereader to find the density and color
      correction buttons to be used in printing a negative on an existing
      integrating printer. As mentioned previously, such machines are usually
      equipped with sets of latching buttons which may be pressed by the
      operator to change the target of integration for individual negatives. It
      may be shown that the three fulcra define a color which may be plotted on
      a chromaticity diagram and which represents the optimum determinable
      target of integration for the printing exposure. Therefore, if the fulcra
      are properly interpreted, they may be used to select the buttons on the
      machine which in turn select the target of integration for the exposure.
PAR  Referring now to FIGS. 8 and 9, the three fulcrum voltages p.sub.r, p.sub.g
      and p.sub.b are sampled from their integrating capacitors by three gain
      controlled amplifiers, 120, 121 and 122, respectively. The outputs of the
      three amplifiers are added together in a resistance network 125 and their
      sum is presented to one input 126 of a differential amplifier 127, which
      has its other input 128 connected to a reference voltage. The output of
      the differential amplifier provides an error signal to the gain controls
      of the three gain controlled amplifiers 120-122, adjusting these gains
      until the sum of the three fulcra is set to some fixed level relative to
      the reference voltage.
PAR  This has the effect of normalizing the fulcra on a scale set by the
      reference voltage. It may be shown that the color of the desired target of
      integration is
      ##EQU3##
      where X and Y are the coordinates on a standard CIE chromaticity diagram.
      In the case where the sum of the three fulcra is normalized to unity,
      then, on the scale involved,
EQU  X = p.sub.r, Y = p.sub.g                                   (11)
PAL  which enables the outputs of the red and green gain controlled amplifiers
      to determine by themselves the color of the desired target of integration.
      These two voltages are therefore passed through a high voltage amplifier
      and, after biasing for centering purposes, are used as the deflection
      voltage of an electrostatically deflected cathode ray tube.
PAR  A common type low voltage oscilloscope tube with a round face plate, such
      as a 5DEP1, is suitable for use as the cathode ray tube. The face plate of
      this tube is covered by an overlay 130, such as in FIG. 9. This represents
      a section of a chromaticity diagram centered on the nominal target of
      integration of the printer, that is, on the "gray"  of "integration to
      gray." The centering controls of the deflection amplifier are so set that
      at p.sub.r = p.sub.g = p.sub.b, at which condition X = 0.33, Y = 0.33, the
      beam of the CRT is undeflected and the spot on the screen is centered in
      the overlay. Negatives with amounts of subject failure known from test
      printing may then be used to set the gain controls of the deflection
      amplifiers empirically. The markings on the overlay represent the color
      correction buttons on the printer. The operator notes the button indicated
      by the position of the spot on the screen and this is the button used in
      printing the negative.
PAR  The proper density correction button is found by adding the three fulcrum
      voltages from the fulcrum integrating capacitors and sensing the sum with
      the meter circuit 132. The meter is calibrated by using negatives of known
      printing characteristics and marking the dial face with density button
      identifications. In operation, the meter readings, in terms of printer
      buttons, is noted along with the color correction button for use in
      subsequent printing.
PAR  The method and apparatus of the present invention are, of course, not a
      perfect solution to color printing problems. There exist inevitable errors
      when using any electrical device while the theory underlying the method
      incorporates assumptions which in themselves are imperfect. The first
      assumption is that the negative is sampled at an infinite number of
      points. The limitation number of points that may be sampled in a given
      system gives rise to an error, the magnitude of which is at the discretion
      of the designer; however, even in simple systems, this error can readily
      be reduced below one percent, which would correspond to 0.004 density
      filter.
PAR  Another assumption is that the density scale of the negative is very long;
      error increases as the density scale shortens. For a black and white
      negative, the error would reach a 0.05 density filter as the density scale
      drops below 1.0 density unit. For purposes of color correction, however,
      it is the difference between the density scales in the three layers that
      is significant, and there must be a difference on one full unit to cause a
      color error of a 0.05 filter. The black and white negative just referred
      to is too flat to print on an automatic machine using long roll paper.
      Where the color negative is concerned, the physics of the photographic
      process makes it highly improbable that the color error from this source
      would ever rise above that of a 0.005 density filter.
PAR  The method and apparatus of the present invention effectively permits the
      elimination of the effects of subject failure as it commonly occurs in
      printing by integration to gray. Since it may be desirable under certain
      circumstances that at least some of the effect of subject failure be
      permitted to occur in the print, the apparatus may be modified to permit a
      limited amount of such subject failure occurrence in the print. Such
      residual subject failure may be permitted in the print by introducing
      undercorrection into the system by interconnecting the three fulcrum
      integrating capacitors through a set of resistors so that a matrixing
      effect occurs.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of forming a color print from a color negative by controlling
      the time intensity integral of the exposure comprising the steps of:
PA1  a. scanning said negative by directing light therethrough at a plurality of
      discrete areas;
PA1  b. detecting the light transmitted through said discrete areas of said
      negative in each of the colors red, green and blue;
PA1  c. determining for each of said colors the fraction of the total area of
      the negative to be printed which has a transmissivity on a linear scale
      greater than the mean transmissivity of the same area; and
PA1  d. setting the time intensity integral of the exposure in each of said
      colors proportional to the fraction of area having a transmissivity
      greater than the mean transmissivity for that color.
NUM  2.
PAR  2. The method of forming a color print from a color negative by controlling
      the time intensity integral of the exposure comprising the steps of:
PA1  a. scanning said negative by transmitting light sequentially through
      predetermined sampling areas of said negative;
PA1  b. detecting the light transmitted through said negative in each of the
      colors, red, green and blue;
PA1  c. generating an electric signal for each of the primary additive colors,
      linearly proportional to the fraction of the total area of the negative
      having a transmissivity greater than the mean transmissivity of the area;
      and
PA1  d. setting the time intensity integral of the exposure in each of said
      colors proportional to the electric signal generated for that color.
NUM  3.
PAR  3. The method of forming a color print from a color negative by controlling
      the time intensity integral of the exposure comprising the steps of:
PA1  a. scanning said negative by transmitting light sequentially through
      predetermined sampling areas of said negative;
PA1  b. detecting the light transmitted through said negative in each of the
      colors, red, green and blue;
PA1  c. generating an electric analog voltage for each of the primary additive
      colors, linearly rotational to the fraction of the total area of the
      negative having a transmissivity greater than the mean transmissivity of
      the area; and
PA1  d. setting the time intensity integral of the exposure in each of said
      colors proportional to the electric analog voltage generated for that
      color.
NUM  4.
PAR  4. The method of forming a color print from a color negative by controlling
      the time intensity integral of the exposure comprising the steps of:
PA1  a. scanning said negative by transmitting light sequentially through
      predetermined sampling area of said negative;
PA1  d. detecting the light transmitted through said predetermined sampling
      areas of said negative in each of the primary additive colors, red, green
      and blue;
PA1  c. generating a group of three analog voltages each corresponding linearly
      to a different one of said primary additive colors, each voltage
      proportional to the percentage of the total area of the negative having a
      transmissivity greater than the mean transmissivity of the whole area of
      the negative in that color; and
PA1  d. controlling the exposure of said color negative onto said color print by
      setting the time intensity integral of the exposure in each of said colors
      proportional to the electric analog voltage generated for that color.
NUM  5.
PAR  5. Apparatus for determining the time intensity integral of the exposure of
      a negative onto photographic paper comprising: a light source; means
      directing light from said light source through said negative through a
      plurality of predetermined discrete areas in said negative; a plurality of
      photodetecting means, each responsive to a different primary additive
      color, and each positioned to receive the light transmitted through said
      negative for generating electric signals linearly proportional to the
      intensity of light incident thereupon; a plurality of electric circuit
      means, each connected to a different one of said photodetecting means, and
      each responsive to the electric signals generated by a photodetecting
      means connected thereto for generating an analog voltage proportional to
      the fraction of the total number of said discrete areas having light
      transmission higher than the mean light transmission of all of said areas;
      and timing means connected to said electric circuit means responsive to
      the amplitude of each of said analog voltages for terminating the
      exposures of said negative in the color corresponding to each of said
      analog voltages in accordance with said amplitude.
NUM  6.
PAR  6. Apparatus for determining the time intensity integral of the exposure of
      a negative onto photographic paper comprising: a light source; means
      directing light from said light source through said negative through a
      plurality of predetermined discrete areas in said negative; a plurality of
      photodetecting means, each responsive to a different primary additive
      color, and each positioned to receive the light transmitted through said
      negative for generating electric signals linearly proportional to the
      intensity of light incident thereupon; a plurality of electric circuit
      means, each connected to a different one of said photodetecting means, and
      each responsive to the electric signals generated by a photodetecting
      means connected thereto for generating an analog voltage proportional to
      the fraction of the total number of said discrete areas having light
      transmission higher than the mean light transmission of all of said areas;
      and means connected to said electric circuit responsive to the amplitude
      of each of said amplitude voltages for presenting an indication of the
      amplitude of each of said analog voltages.
NUM  7.
PAR  7. The combination set forth in claim 5 wherein said plurality of electric
      circuit means comprises a plurality of circuits each connected to a
      different one of said photodetecting means, each circuit responsive to
      electric signals received from the photodetecting means connected thereto
      for integrating said signals to obtain a voltage proportional to the mean
      light transmission of the corresponding negative, a voltage comparator
      connected to receive said proportional voltage and said electric signals
      and to generate an output signal when said electric signals have a greater
      voltage than said proportional voltage, means connected to said comparator
      for integrating said signals to thereby provide an analog voltage
      proportional to the fraction of the total of said areas of the negative
      which have a light transmission greater than the mean light transmission
      of all of said areas.
NUM  8.
PAR  8. The combination set forth in claim 6 wherein said plurality of electric
      circuit means comprises a plurality of circuits each connected to a
      different one of said photodetecting means, each circuit responsive to
      electric signals received from the photodetecting means connected thereto
      for integrating said signals to obtain a voltage proportional to the mean
      light transmission of the corresponding negative, a voltage comparator
      connected to receive said proportional voltage and said electric signals
      and to generate an output signal when said electric signals have a greater
      voltage than said proportional voltage, means connected to said comparator
      for integrating said signals to thereby provide an analog voltage
      proportional to the fraction of the total of said areas of the negative
      which have a light transmission greater than the mean light transmission
      of all of said areas.
NUM  9.
PAR  9. The combination set forth in claim 5 wherein said means responsive to
      each of said analog voltages includes a capacitor to be charged to said
      analog voltage, a phototube responsive to one of said primary additive
      colors, means connecting said capacitor to said phototube for discharging
      said capacitor through said phototube as light from said light source
      impinges thereon, and means responsive to the complete discharge of said
      capacitor for terminating the exposure of said negative to said one of
      said primary colors.
NUM  10.
PAR  10. Combination set forth in claim 7 wherein said means responsive to each
      of said analog voltages include a capacitor to be charged to said analog
      voltage, a phototube responsive to one of said primary additive colors,
      means connecting said capacitor to said phototube for discharging said
      capacitor through said phototube as light from said light source impinges
      thereon, and means responsive to the complete discharge of said capacitor
      for terminating the exposure of said negative to said one of said primary
      colors.
NUM  11.
PAR  11. The combination set forth in claim 6 wherein said means responsive to
      the amplitude of each of said analog voltages comprises: three gain
      controlled amplifiers each connected to receive the analog voltage
      corresponding to a different one of said primary additive colors; means
      connected to said amplifiers for summing the outputs thereof; a reference
      voltage source; a differential amplifier connected to receive said summed
      outputs and connected to receive said reference voltage to provide an
      error voltage to be fed back to said gain controlled amplifiers; output
      amplifying means connected to the output of the gain controlled amplifiers
      corresponding to the primary additive colors of red and green; a cathode
      ray tube; means connecting said output amplifying means to the horizontal
      and vertical controls of said cathode ray tube; and a mask secured to the
      face of said cathode ray tube divided into zones corresponding to color
      corrections required for the negative being examined, whereby the cathode
      ray tube beam will illuminate a zone indicating the proper color
      correction to be used in printing the negative.
NUM  12.
PAR  12. The combination set forth in claim 8 wherein said means responsive to
      the amplitude of each of said analog voltages comprises: three gain
      controlled amplifiers each connected to receive the analog voltage
      corresponding to a different one of said primary additive colors; means
      connected to said amplifiers for summing the outputs thereof; a reference
      voltage source; a differential amplifier connected to receive said summed
      outputs and connected to receive said reference voltage to provide an
      error voltage to be fed back to said gain controlled amplifiers; output
      amplifying means connected to the output of the gain controlled amplifiers
      corresponding to the primary additive colors of red and green; a cathode
      ray tube; means connecting said output amplifying means to the horizontal
      and vertical controls of said cathode ray tube; and a mask secured to the
      face of said cathode ray tube divided into zones corresponding to color
      corrections required for the negative being examined, whereby the cathode
      ray tube beam will illuminate a zone indicating the proper color
      correction to be used in printing the negative.
NUM  13.
PAR  13. Combination set forth in claim 5 including a raster plate having a
      plurality of openings therein positioned adjacent said negative, said
      openings receiving light from said light source passing through said
      negative and defining said predetermined discrete areas; a plurality of
      light transmitting optical fibers each having one end thereof secured in
      one of said openings in said raster plate; and a second plate having a
      plurality of openings therein, the opposite end of each of said optical
      fibers imbedded in said openings of said second plate; a rotating disc
      mounted adjacent said second plate and having an opening extending
      therethrough to sequentially expose the openings in said second plate and
      the ends of the optic fibers secured thereto; a light tight enclosure
      enclosing said second plate and rotating disc; said plurality of
      photodetecting means mounted in said enclosure to receive light from said
      light source directed through said negative, optic fibers. and opening in
      said rotating disc.
NUM  14.
PAR  14. Combinations set forth in claim 6 including a raster plate having a
      plurality of openings therein positioned adjacent said negative, said
      openings receiving light from said light source passing through said
      negative and defining said predetermined discrete areas; a plurality of
      light transmitting optical fibers each having one end thereof secured in
      one of said openings in said raster plate; and a second plate having a
      plurality of openings therein, the opposite end of each of said optical
      fibers imbedded in said openings of said second plate; a rotating disc
      mounted adjacent said second plate and having an opening extending
      therethrough to sequentially expose the openings in said second plate and
      the ends of the optic fibers secured thereto; a light tight enclosure
      enclosing said second plate and rotating disc; said plurality of
      photodetecting means mounted in said enclosure to receive light from said
      light source directed through said negative, optic fibers, and opening in
      said rotating disc.
NUM  15.
PAR  15. Combination set forth in claim 7 including a raster plate having a
      plurality of openings therein positioned adjacent said negative, said
      openings receiving light from said light source passing through said
      negative and defining said predetermined discrete areas; a plurality of
      light transmitting optical fibers each having one end thereof secured in
      one of said openings in said raster plate; and a second plate having a
      plurality of openings therein, the opposite end of each of said optical
      fibers imbedded in said openings of said second plate; a rotating disc
      mounted adjacent said second plate and having an opening extending
      therethrough to sequentially expose the openings in said second plate and
      the ends of the optic fibers secured thereto; a light tight enclosure
      enclosing said second plate and rotating disc; said plurality of
      photodetecting means mounted in said enclosure to receive light from said
      light source directed through said negative, optic fibers, and opening in
      said rotating disc.
NUM  16.
PAR  16. Combination set forth in claim 8 including a raster plate having a
      plurality of openings therein positioned adjacent said negative, said
      openings receiving light from said light source passing through said
      negative and defining said predetermined discrete areas; a plurality of
      light transmitting optical fibers each having one end thereof secured in
      one of said openings in said raster plate; and a second plate having a
      plurality of openings therein, the opposite end of each of said optical
      fibers imbedded in said openings of said second plate; a rotating disc
      mounted adjacent said second plate and having an opening extending
      therethrough to sequentially expose the openings in said second plate and
      the ends of the optic fibers secured thereto; a light tight enclosure
      enclosing said second plate and rotating disc; said plurality of
      photodetecting means mounted in said enclosure to receive light from said
      light source directed through said negative, optic fibers, and opening in
      said rotating disc.
NUM  17.
PAR  17. Combination set forth in claim 13 wherein one end of each of said optic
      fibers is imbedded in said raster plate and wherein the opposite ends of
      each of said optic fibers is imbedded in said second plate in a randomly
      distributed fashion.
NUM  18.
PAR  18. Combination set forth in claim 14 wherein one end of each of said optic
      fibers is imbedded in said raster plate and wherein the opposite ends of
      each of said optic fibers is imbedded in said second plate in a randomly
      distributed fashion.
NUM  19.
PAR  19. Combination set forth in claim 15 wherein one end of each of said optic
      fibers is imbedded in said raster plate and wherein the opposite ends of
      each of said optic fibers is imbedded in said second plate in a randomly
      distributed fashion.
NUM  20.
PAR  20. Combination set forth in claim 16 including a raster plate having a
      plurality of openings therein positioned adjacent said negative, said
      openings receiving light from said light source passing through said
      negative and defining said predetermined discrete areas; a plurality of
      light transmitting optical fibers each having one end thereof secured in
      one of said openings in said raster plate; and a second plate having a
      plurality of openings therein, the opposite end of each of said optical
      fibers imbedded in said openings of said second plate; a rotating disc
      mounted adjacent said second plate and having an opening extending
      therethrough to sequentially expose the openings in said second plate and
      the ends of the optic fibers secured thereto; a light tight enclosure
      enclosing said second plate and rotating disc; said plurality of
      photodetecting means mounted in said enclosure to receive light from said
      light source directed through said negative, optic fibers, and opening in
      said rotating disc.
NUM  21.
PAR  21. The method of forming a color print from a color negative by
      controlling the time intensity integral of the exposure comprising the
      steps of:
PA1  a. scanning said negative by transmitting light through it and detecting
      said light separately for a plurality of individual illuminated areas of
      said negative;
PA1  b. generating an electric signal for each of the primary additive colors,
      linearly proportional to the fraction of the total area of the negative
      having a transmissivity greater than the mean transmissivity of the area;
      and
PA1  c. setting the time intensity integral of the exposure in each of said
      colors proportional to the electric signal generated for that color.
NUM  22.
PAR  22. In combination, a light source; means directing light from said light
      source through a negative through a plurality of predetermined discrete
      areas in said negative; a plurality of photodetecting means, each
      responsive to a different additive primary color, and each positioned to
      receive the light transmitted through said negative for generating
      electric signals linearly proportional to the intensity of light incident
      thereupon; a plurality of electric circuit means, each connected to a
      different one of said photodetecting means, and each responsive to the
      electric signals generated by a photodetecting means connected thereto for
      generating an analog voltage proportional to the fraction of the total
      number of said discrete areas having light transmission higher than the
      mean light transmission of all of said areas.
NUM  23.
PAR  23. Apparatus for generating an analog voltage in response to light
      transmitted through a negative comprising:
PA1  a. a light source;
PA1  b. means for scanning said negative at a plurality of discrete areas;
PA1  c. a plurality of photodetecting means each responsive to a different
      additive primary color and each positioned to receive the light
      transmitted through said discrete areas for generating electric signals
      linearly proportional to the intensity of the light in an additive primary
      color incident thereupon;
PA1  d. a plurality of circuit means each connected to a different one of said
      photodetectors for receiving one of said electric signals, each of said
      circuit means including:
PAR  1. dividing means for receiving and dividing said electric signal into
      first and second signals;
PA2  2. integrating means connected to said dividing means for receiving and
      integrating said first signal;
PA2  3. a voltage comparator connected to said dividing means and to said
      integrating means for receiving said second signal and the integrated
      first signal and for generating a train square wave pulses of
      predetermined amplitude having a duty cycle proportional to the time that
      said second signal is higher than said integrated first signal; and
PA2  4. second integrating means connected to said comparator for receiving and
      integrating said train of square wave pulses to form an analog voltage
      linearly proportional to the fraction of the total area of said negative
      having light transmissivity higher than the mean transmissivity of said
      total area.
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PAL  The present invention is an optical aid especially applicative as a focuser
      for use with photographic enlargers. The structure of the device makes it
      possible to focus at any point on the projected image at the easel
      surface. The focuser can be hand held by the operator with one reference
      point placed on the easel surface in an area where the image is to be
      focused. The focuser has a mirror which reflects the light of the
      enlarging apparatus onto an integral viewing surface with the distance
      from the reference point to the center of the mirror along a reference
      axis being precisely the same as the distance from the center of the
      mirror to the center of the viewing surface along a viewing surface axis.
      The angle of the viewing axis relative to the mirror surface must be the
      same as the angle of the reference axis to the mirror surface. By
      maneuvering the focuser while keeping the reference point in contact with
      the desired focusing point on the easel surface, the distance that a light
      ray would travel from the enlarging lens to the focusing point is equal to
      the distance from the enlarging lens ot the midpoint of the mirror surface
      plus the distance from the midpoint of the mirror surface to the veiwing
      surface. The maneuvering or tilting of the focuser changes the normal
      height of the midpoint of the mirror with reference to the easel surface
      and changes the angle that the planar mirror makes with a horizontal axis.
      However, by maintaining the reference point generally in the center of the
      shadow cast by the mirror it is possible to maintain the equality in the
      above distance equation.
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PAC  BACKGROUND OF THE INVENTION
PAR  There are currently two basic types of focusing devices for use with a
      photographic enlarger known in the prior art, to gain a complete
      understanding of any focusing device, a basic familiarity with the
      photographic enlarging process is a prerequisite. The basic elements of
      the photographic enlarger which functionally cooperate with the focusing
      device are the light source, the lens and the easel. These three elements
      are arranged in a stacked vertical arrangement and a photographic negative
      is placed between the light source and the lens. The image of the
      photographic negative is projected onto the surface of the easel. Since
      the printing paper is of negligible thickness and is placed on the surface
      of the easel, the image projected onto the easel surface will be
      substantially and for all practical purposes the same image as is
      ultimately transferred onto the print paper. Therefore, throughout the
      disclosure the easel surface is referred to as a fixed measuring point for
      convenience of description but it is to be understood that the surface of
      the print paper is technically the precise distance measuring point.
      Therefore, to achieve ultimate accuracy, it is possible to place a sheet
      of material on the easel surface which is the same thickness as the
      printing paper which will eventually be used and then make all
      measurements from the surface of that sheet of material. The lens is
      adjustable to vary the distance between it and the photographic negative
      to thereby properly focus the projected image of the negative on the
      surface of the easel. To aid the photographer in determining the proper
      adjustment of the lens with respect to the photographic negative, the
      focusing devices of the prior art were developed. The principal of
      operation of the focusing device was to reflect the projected light from
      the enlarger's light source with a mirror mounted in the focuser onto a
      viewing surface portion of the focuser. To obtain the same image in the
      plane of the viewing surface of the focuser as would appear at the surface
      of the easel, the distance from the midpoint of the mirror to the plane
      must be exactly equal to the distance from the midpoint of the mirror to
      the easel. Therefore, the distance that a light ray would travel from the
      lens of the enlarging device to the surface of the easel is the same as
      the distance a light ray will travel from the lens of the enlarging device
      to the midpoint of the mirror plus the distance from the midpoint of the
      mirror to the surface of the viewing plane. Some prior art focusers, such
      as McRae U.S. Pat. No. 2,082,170, profess the ability to properly operate
      at any point on the easel surface but based on well-established laws of
      optics, their structure precludes such operation. For very minor
      displacements from the center point, the angular placement of the mirror
      surface as compared to the viewing surface will correct for any slight
      distance deviation and a correct image will be maintained. However, when
      the prior art focuser is moved substantially off center then the above
      distance equation becomes unbalanced and the angular positioning of the
      mirror and viewing surfaces is inadequate to correct the discrepancy. In
      this latter case, the prior art focuser will produce at best a false image
      causing improper adjustment to the position of the enlarging lens and more
      likely will produce no image at all.
PAR  The first type of the prior art focusers uses a finely ground glass surface
      as the plane upon which the reflected image of the photographic negative
      is focused. To improve the accuracy of this focusing device, a simple
      magnifying lens is commonly positioned above the ground glass surface. The
      second type of focuser known in the prior art works essentially in the
      same manner as the ground glass focuser just described. The primary
      difference being that the ground glass screen is replaced by a
      high-powered optical eye piece which focuses on an aerial image of the
      projected negative. At the plane where the reflected image is focused, a
      clear glass reticle is positioned. A pattern is commonly etched on the
      reticle so that the eye piece can be focused to suit the individual
      photographer. By the use of the high-powered eye piece, a greatly enlarged
      view of the image on the easel is produced. Other than the increased power
      of magnification of the reflected image, both the ground surface-type
      device and the clear glss reticle-type device operate in the same manner.
PAR  Both prior art type focusers have fixed bases which are designed to sit on
      the easel surface in the center of the projected image. These focusing
      devices have a fixed reflecting mirror which is positioned at a small
      acute angle from the horizontal. Therefore these focusing devices, for
      proper operation, must be placed only in the center of the projected image
      on the enlarging easel and the focus of the image at the corners or any
      position other than the center of the projected image is not possible.
      When the focusing devices of the prior art are placed in any position
      other than the center of the projected image on the easel, a false image
      is seen at the viewing surface since the measurement of the distance that
      the light ray will travel from the enlarging lens to the surface of the
      easel is not equal to the distance that a light ray will travel from the
      enlarging lens to the midpoint of the mirror surface plus the distance
      from the midpoint of the mirror surface to the projected image viewing
      point. Therefore, it is not possible to measure the proper focusing for
      the projected image at any point other than the center of the projected
      image itself since only at this point are the above distances equal.
      Another disadvantage of the prior art occurs when the easel itself is
      tilted to compensate for vertical distortion such as may be present when
      tall buildings are positioned inward towards the center of the picture.
      The prior art focusers based upon the above explanation of their operation
      can not operate properly under these circumstances.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an optical aid, and especially useful as a focuser
      in conjunction with photographic enlargers. The focuser comprises a
      housing or frame which forms a first end or reference point which will
      contact the easel surface (print paper surface actually as previously
      explained) at the point desired to be focused, a mirror mounted at an
      angle from the horizontal and adapted to reflect incident light rays from
      the enlarger, and a ground glass viewing surface adapted for viewing the
      image reflected by the mirror and mounted at an angle double the mirror
      mounting angle.
PAR  The distance from the midpoint of the mirror to the reference point forms
      an axis of reference and is equal to the distance from the midpoint of the
      mirror to the viewing surface forming an axis of viewing. The mirror
      bisects the angle formed between the axis of reference and the axis of
      viewing. By maneuvering or tilting the focuser while keeping the reference
      point at the point on the easel surface which is to be focused and
      maintaining the reference point as the center point of a shadow cast by
      the mirror the distance that a light ray travels from the enlarging lens
      to the focusing point is equal to the distance from the enlarging lens to
      the midpoint of the mirror plus the distance from the midpoint of the
      mirror to the viewing surface. The focuser can therefore be used to focus
      at any point on the easel surface and the proper reflected image will be
      viewed at the viewing surface thereby allowing the operator to adjust the
      distance of the enlarging lens from the negative or to make any other
      optical adjustment in the enlarger to obtain the desired clarity of focus.
PAR  It is an object of the present invention to provide a focuser which is
      operative when placed at any point on the easel surface.
PAR  It is a further object of the present invention to provide a hand-held
      focuser which is operatable when the easel surface itself is tilted.
PAR  It is an additional object of the present invention to provide a focuser
      which can focus at any point on the easel surface by tilting or swiveling
      the focuser while maintaining point contact with the easel surface thereby
      changing the height of the midpoint of the mirror surface from the easel
      and the angle the mirror makes with the horizontal.
PAR  A still further object of the present invention is to provide a focuser
      which has a viewing surface that is adjustable in height and a joint or
      pivot point which maintains the angle of the reflecting means bisecting
      the angle between the reference axis and the viewing axis regardless of
      the adjusted position of the viewing surface.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Further and additional objects will appear from the following detailed
      description of a specific embodiment read in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a ray diagram illustrating the operation of the prior art focuser
      at two different positions on the easel surface;
PAR  FIG. 2 is a ray diagram illustrating the operation of the present invention
      at two different positions on the easel surface;
PAR  FIG. 3 is a perspective view of the preferred embodiment;
PAR  FIG. 4 is a perspective view illustrating the magnifier addition to the
      preferred embodiment;
PAR  FIG. 5 illustrates the angular positions and distances in the structure of
      the present invention;
PAR  FIGS. 6a, 6b and 6c illustrate the operation of the present invention at
      different points on the easel surface;
PAR  FIGS. 7a and 7b illustrate two positions in an alternative embodiment of an
      adjustable focuser;
PAR  FIG. 7c illustrates a well-known joint for use with the adjustable focuser.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a ray diagram illustrating the basic disadvantage of the prior
      art system. Basic elements of the photographic enlarger itself are
      illustrated at light source 1, the enlarging lens 3 and the easel 4. A
      photographic negative 2 is inserted between the light source 1 and the
      enlarging lens 3. It is obvious that the term photographic negative used
      for convenience herein defines any film through which light will pass to
      generate an image. It should be noted that to properly focus the
      photographic image onto the easel surface 4 the enlarging lens 3 is
      movable in a vertical direction either towards the photographic negative
      or away from the negative. The basic prior art focusing device consists of
      the mirrored surface 5 and the ground glass surface 6. Both the mirror and
      the ground glass surface are held in a fixed position and at a fixed angle
      to one another by a base structure (not illustrated). In position number
      1, the focusing device is placed at the center of the projected image from
      the negative on the easel surface. When in this position, the distance
      that a light ray travels from the enlarging lens 3 to the surface of the
      easel 4 is the distance D1 plus D2. D1 is the distance from the enlarging
      lens 3 to the midpoint of the mirror surface 5. D2 is the distance from
      the midpoint of the mirror surface 5 to the surface of the easel 4. In
      position number 1, the distance that the light ray travels from the
      enlarging lens 3 to the reflected plane of the ground glass surface 6 in
      D1 plus D3. D1 is still the distance from the enlarging lens 3 to the
      midpoint of the mirror surface 5. D3 is the distance from the midpoint of
      the mirror surface 5 to the ground glass plane 6. Since in the prior art
      devices the distance from the ground glass surface 6 to the midpoint of
      the mirror surface 5 is fixed and equal to the fixed distance from the
      midpoint of the mirror 5 to the surface of the easel 4, the image viewed
      by the photographer on the ground glass surface 6 will be the same image
      as that which would appear on the surface on the easel at the point P1.
      Therefore, the photographer can vary the distance between the photographic
      negative 2 and the enlarging lens 3 properly focus the projected image on
      the easel surface 4 while the photographer is viewing the reflected image
      on the ground glass surface 6.
PAR  Now, if the prior art focuser is moved to a position away from the center
      point of the easel such as position No. 2 in FIG. 1, an inaccurate
      measurement will result. The distance that a light ray will travel from
      the enlarging lens 3 to the surface of the easel 4 is D1' plus D2'. D1' is
      the distance from the enlarging lens 3 to the midpoint of the mirror 5.
      D2' is the distance from the midpoint of the mirror 5 to the easel surface
      4 at point P2. The distance that a light ray will travel to the reflected
      ground glass surface 6 is D1' plus D3' (D3' is the same distance as D3 in
      position number 1). D1' is the distance from the enlarging lens 3 to the
      midpoint of the mirror 5. D3' is the distance from the midpoint of the
      mirror 5 to the surface of the ground glass 6. However, since the distance
      D3' which is the distance from the midpoint of the mirror 5 to the surface
      of the ground glass 6 is fixed and unequal to the distance D2'  the image
      which the photographer will view on the ground glass surface 6 is not the
      image of the point P2 on the surface of the easel 4 where the light ray
      will strike but the image at a point P3 on the easel surface 4. The point
      P3 is on the easel surface 4 at a distance D2 (the same distance as D2 in
      position number 1) away from the midpoint of the mirror surface 5 which is
      equal to the distance D3'. This false image point P3 will then be directly
      below the midpoint of the mirror 5 since this is the only point on the
      surface of the easel 4 which is precisely equal to the distance D3'
      measured from the midpoint of the mirror 5. Therefore, the distance which
      the light ray will travel to the surface of the easel 4 and the distance
      that the light ray will travel to the surface of the ground glass 6 are
      unequal. Since these distances are unequal, it is not possible to properly
      focus the enlarging lens 3 since the photographer will be viewing at best
      the false image of point P3 on the ground glass surface 6 which is
      different than the true image at the point P2 or the photographer will be
      viewing no image at the ground glass surface 6 since no light will be
      reflected at the proper angle to strike the surface.
PAR  FIG. 2 is a ray diagram representing the operation of the present system.
      Here again, the basic elements of the photographic enlarger are present
      being the light 1, the enlarging lens 3 and the easel 4. The photographic
      negative 2 is again inserted between the light source 1 and the enlarging
      lens 3. The operation of the present invention at position number 1
      reflecting the image at point P1 which is the center point of the easel 4
      is identical to the operation of the prior art systems. However, when the
      present focuser is moved to a point P2 away from the center point of the
      easel, a true and accurate measurement is still obtained enabling the
      operator to adjust the enlarging lens 3 to properly focus at any point P2
      on the easel surface 4.
PAR  At position number 2, the distance that the light ray has to travel from
      the enlarging lens 3 to the surface of the easel 4 is D1' plus D2'. D1' is
      the distance from the enlarging lens 3 to the midpoint of the mirror 5.
      D2' is the distance from the midpoint of the mirror 5 to the surface of
      the easel 4 at point P2. The distance that the light ray must travel to
      the ground glass surface 6 is the distance D1' plus D3'. D1' is still the
      distance from the enlarging lens 3 to the midpoint of the mirror 5. D3' is
      the distance from the midpoint of the mirror 5 to the surface of the
      ground glass lens 6. The total distance which the light ray must travel
      from the enlarging lens 3 to the surface of the easel 4 (D1' plus D2') is
      equal to the distance from the enlarging lens 3 to the ground glass
      surface 6 (D1' plus D3'). The reason why the proper image is reflected on
      the surface of the ground glass 6 is that the distance from the ground
      glass 6 to the midpoint of the mirror 5 and the distance from the midpoint
      of the mirror 5 to the point where the light ray will strike the easel 4
      is kept equal. Since these two distances are equal, the present invention
      will work in the same manner as if it were at the point P1, the midpoint,
      of the easel 4. It should be noted that the midpoint of the mirror surface
      5 in position No. 2 is lower than the midpoint of the mirror surface 5 in
      position No. 1 both referenced from the surface of the easel 4. Also, the
      angle that the mirror surface 5 makes with respect to the horizontal easel
      surface 4 is changed. It is this lowering of the midpoint of the mirror
      surface and the changing of the angle of the mirror surface which enables
      the photographer to keep the total distance traveled by the light ray from
      the enlarging lens 3 to the surface of the easel 4 equal to the total
      distance traveled by the light ray from the enlarging lens 3 to the
      surface of the ground glass 6.
PAR  The structure of the focusing device of the present invention is
      illustrated in FIG. No. 3. The general structure in indicated at 7 and it
      is substantially V-shaped and of such a size that the photographer can
      conveniently hand hold the focuser. The structure of the focuser is not
      limited to being V-shaped and can assume any free form design provided
      only the distance and angular relationships between the reference point,
      midpoint of the mirror and viewing surface are maintained. For the purpose
      of description, the focuser will be considered to have a lower and an
      upper portion. It should be noted that the entire structure may consist of
      a single unitary housing or the housing may be separatable into two or
      more segments with the individual segments or portions being jointed
      together. In the preferred embodiment, the sides of the housing are opaque
      however it is understood that all the sides may be either clear or
      completely removed leaving only a wire type frame outline. The lower
      portion of the focuser consists of a pyramid 8 either hollow or solid. Any
      other similarly shaped member such as a cone could be used as the lower
      portion of the focuser 7. At the base of the pyramid 8 a reflective means
      such as a mirror 9 with at least one reflective surface is mounted at an
      acute angle with the horizontal and its reflecting surface facing away
      from the vertex of the pyramid 8 which forms the reference point 10. The
      only structural requirement of the lower portion of the focuser is that it
      contains an area at which to mount the reflective means, a reference point
      spaced a distance from the reflective means and adapted to contact any
      point of the projected image on the easel surface and the distance from
      the reference point to midpoint of the mirror, forming a reference axis,
      be fixed.
PAR  The upper portion of the focuser is indicated at 11 and is hollow and
      substantially rectangular in shape. Any shape which is structurally
      compatible with the lower portion can be used. One end of the
      substantially rectangular upper portion 11 is connected to the base of the
      pyramid 8. The sides of the upper portion 11 in the preferred embodiment
      form an angle measured from the vertical which is twice the acute angle at
      which the mirror 9 is mounted. This angular connection is best shown in
      FIG. 5. At the opposite end of the hollow rectangular upper portion 11,
      the ground glass 12 is placed. This ground glass viewing plane 12 is
      mounted at an acute angle to the horizontal. The acute angle of the ground
      glass is twice as large as the angle at which mirror 9 is mounted. The
      upper portion 11 functions as a conduit or channel through which the light
      rays reflected by mirror 9 will travel to the viewing surface 12.
      Therefore, in the preferred embodiment, the upper portion 11 is made from
      an opaque material which is better adapted to transmit light rays for
      viewing. It should be realized that the upper portion 11 could be
      constructed of a wire type form which is then shrouded. In yet another
      embodiment, the upper portion 11 could be merely a wire form or made from
      a non-opaque material. The only structural requirements of the upper
      portion 11 is that it be adapted to be connected to the remainder of the
      structure, that it have an area to mount the viewing surface 12 at an
      angle measured from the horizontal double the angle that the mirror 9 is
      mounted as measured from the horizontal, and the shortest distance from
      the midpoint of the mirror to the viewing surface, forming a viewing axis,
      be equal to the distance from the midpoint of the mirror to the reference
      point 10. The top side 14 of the substantially rectangular upper portion
      11 in the preferred embodiment has a cut out section 13. The cut out
      section 13 extends along the entire width of the top side 14, that is,
      along the entire edge of one side of the base of pyramid 8. The cut out
      section 13 also extends from the mirror 9 along approximately one-half of
      the length of the upper portion 11. It is through this cut out portion 13
      that light will enter the focusing device to be reflected by the mirror 9
      towards the ground glass surface 12. It should be noted that the distance
      from the midpoint of the mirror 9 mounted at the base of the pyramid 8 to
      the tip or reference point 10 along the reference axis is exactly the same
      as the shortest distance from the midpoint of the mirror 9 to the surface
      of the ground glass 12 along the viewing axis.
PAR  An alternative embodiment is illustrated in FIG. 4. In this alternative
      embodiment, a section has been added to the upper portion of the focuser
      11. The addition is in the form of a magnifier section 15. The magnifier
      section 15 is also substantially rectangular but slightly larger in
      cross-section as that of the upper portion 11 thereby enabling the
      magnifier section 15 to fit over in a telescoping relationship with the
      upper portion 11. At the opposite end of the magnifier portion 15, there
      is placed a magnifying lens 16. This arrangement does not change any of
      the optical properties of the focusing device except the magnification
      factor. Of course, if still greater magnification is desired, the ground
      glass 12 could be replaced by a high powered eye piece which focuses on an
      aerial image of the projected negative. At the plane where the reflected
      image is focused, a clear glass reticle is positioned. A pattern is
      commonly etched on the reticle so that the eye piece can be focused to
      suit the individual photographer.
PAR  FIG. NO. 5 illustrates the preferred angular positioning of the mirror 9
      and the viewing surface 12 and the necessary distance equality between the
      distance from the midpoint of the mirror 9 along the reference axis R to
      the reference point 10 and the distance from the midpoint of the mirror 9
      along the viewing axis V to the viewing surface 12. The mirror 9 is
      mounted at an angle A equal to 16.degree. from the horizontal plane X1
      (plane X1 is parallel to plane X2). Therefore, the ground glass viewing
      plane 12 is mounted at an angle B equal to 32.degree. from the horizontal
      plane X2 (twice the angle at which the mirror 9 is mounted). Therefore,
      the ground glass viewing plane 12 is maintained perpendicular to the
      viewing axis V. This particular structural relationship is necessitated by
      the optical laws of reflection. The basic law of optics involved is that
      the angle of incidence of a light ray from a smooth planar surface is
      equal to the angle of reflection. Assume that both the angle of incidence
      and reflection are measured from the normal line perpendicular to a planar
      surface and that the planar surface is rotated clockwise by 16.degree..
      The new normal line has been shifted clockwise by 16.degree. thereby
      increasing the angle of incidence by 16.degree.. Since the angle between
      the incident and reflected rays must always be twice the angle of
      incidence the angle that the reflected ray makes with the incident ray is
      increased by twice 16.degree. or in other words the angle of reflection is
      increased by 32.degree.. The distance from the midpoint of the mirror
      surface 9 to the tip or reference point 10 is D1 measured along the
      reference axis R; the shortest distance from the midpoint of the mirror
      surface 9 to the ground glass surface 12 is D2 measured along the viewing
      axis V; the distance D1 and D2 are equal. The mirror 9 must bisect the
      angle formed by the reference axis R and the viewing axis V. The walls of
      the upper portion 11 make an angle C measured from the vertical. The angle
      C is equal to twice the angle A. Hence, angle C is equal to 32.degree.
      measured from the vertical or the complement of angle C is equal to
      58.degree.. It should be understood the angles used in FIG. 5 are merely
      illustrative and that any angle could be chosen for angle A with the other
      angles being determined by the above described angular relationships.
      Naturally if a free form design is employed then the angle C does not have
      to be maintained.
PAR  FIGS. 6a, b and c illustrate several positions of operation of the focuser
      including the magnifier addition 15. These figures are merely examplars of
      the use of the focuser and are not drawn with precise angular
      measurements. FIG. 6a shows the focuser positioned to adjust the focus for
      the rear of the projected image. The position in which the focuser 7
      should be held is determined by placing the tip or reference point 10 on
      any point of the projected image on easel 4 and then moving the entire
      focuser 7 to different positions while maintaining tip 10 at the same
      point until the mirror 9 cast a symmetrical shadow with the point of the
      easel 4 in contact with tip 10 forming the center point. Once the shadow
      cast by mirror 9 is sysmmetrical about the point on the surface of easel 4
      contacting tip 10 that position of the focuser 7 should be maintained.
      Only when the focuser 7 is held in this position will the reflected image
      of the negative 2 be visible at the viewing screen surface 12. If the
      angle between the reference axis R and the easel surface 4 is altered so
      that the reference point 10 is no longer at the center of the shadow cast
      by the planar mirror 9 the viewing screen will remain blank. When the
      focuser 7 is in this position, the total distance that a light ray travels
      from the enlarging lens 3 to the point on the surface of easel 4
      contacting tip 10 is equal to the distance a light ray travels from the
      enlarging lens 3 to the midpoint of the mirror 9 plus the distance from
      the midpoint of the mirror 9 to the ground glass surface 12.
PAR  FIG. 6b shows the proper position of the focuser 7 to adjust the focus for
      the projected image at a point at the center of the easel 4. FIG. 6c shows
      the position of the focuser 7 to properly adjust the focus with a point at
      the front of the projected image as the reference. Once the focuser 7 is
      in any one of the positions illustrated in FIGS. 6a, b or c, the image
      viewed by the photographer or operator on the ground glass surface 12 will
      be the same as the image that would appear at the point of the easel 4
      contacting tip 10. Therefore, if the image viewed at ground glass surface
      12 is not clear and definite, the operator can adjust the enlarging lens 3
      to vary the distance between it and the photographic negative 2 until the
      image is of the resolution desired.
PAR  FIGS. 7a, 7b and 7c show an alternative structure for the focuser
      incorporating adjustability as a feature. In FIG. 7a, the focuser is shown
      with the mirror 5 at an angle D equal to 45.degree. from the horizontal.
      Therefore, since the angle of the ground glass must be twice the angle of
      the mirror, the angle E of the ground glass equals 90.degree.. A joint or
      pivot 17 connects at least the mirror 5 and the arm 18 forming at least a
      segment of the upper portion of the focuser housing. The distance from the
      midpoint of the mirror 5 to the point of reference or tip 10 of the
      focuser structure is D1 and forms a reference axis R. The distance
      shortest from the midpoint of the mirror 5 to the viewing surface is D2
      and forms a viewing axis V which in FIG. 7a would be along the arm 18. The
      distance D1 is equal to the distance D2. The joint 17 allows the arm 18 to
      be moved to a new position as shown in FIG. 7b. As the arm 18 is moved to
      the position as shown in FIG. 7b, the joint 17 correspondingly moves the
      mirror 5 to a new angular position. The relationship which is maintained
      is that the mirror 5 must bisect the angle formed by the reference axis R
      and the viewing axis V. The angle that the ground glass 6 makes with the
      horizontal is also maintained at twice the angle of the mirror 5 measured
      from the horizontal and, of course, the ground glass 12 is perpendicular
      to the viewing axis V. In FIG. 7b, the mirror 5 makes an angle D with the
      horizontal of 30.degree.. The viewing surface 6 makes an angle E with the
      horizontal which is twice angle D or 60.degree.. The distance D1 along the
      axis of reference R is equal to the distance D2 along the axis of viewing.
PAR  Thus, by using the joint 17, the focuser is made adjustable and the proper
      angular relationships are maintained. Naturally, the focuser could be
      adjusted to any position and FIGS. 7a and 7b are merely examples.
PAR  The joint or pivot 17 can be any well-known device such as the pivot of a
      standard drafting divider or compass. An illustration of such a well-known
      mechanism is shown in FIG. 7c. One leg 19 of the compass would represent
      the reference axis R and the other leg 20 would represent the viewing axis
      V.
PAR  It is to be understood that the present disclosure can be modified or
      varied by applying current knowledge without departing from the spirit and
      scope of the novel concepts of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optical aid for viewing an image projected on a projection surface
      comprising:
PA1  support means;
PA1  reflective means mounted on said support  means and defining a generally
      planar reflective surface,
PA1  reference means defining a reference point spaced from said reflective
      surface a predetermined distance and lying generally along a reference
      axis passing through a central portion of said reflective surface and
      forming a predetermined angle relative thereto,
PA1  and a viewing surface secured to said support means generally normal to a
      viewing axis extending between said viewing surface and a central portion
      of said reflective surface, and the angle of said viewing axis to said
      reflective surface being substantially equal to said predetermined angle,
PA1  said reference point being adapted for engagement with said projection
      surface and said support means being freely movable to establish any
      desired angle between said reference axis and said projection surface.
NUM  2.
PAR  2. A focusing device for use with a projection surface comprising:
PA1  a first portion with a first end forming a base and a second end forming an
      apex,
PA1  a reflective means mounted in the first end of said first portion for
      reflecting light rays,
PA1  a second portion with first and second open ends,
PA1  the second open end of said second portion connected to the first end of
      said first portion,
PA1  means mounted at the first open end of said second member for viewing said
      reflected light rays,
PA1  said apex being adapted for engagement with said projection surface, and
PA1  said focusing device being tiltable to any desired angular position while
      maintaining said apex in engagement with said projection surface.
NUM  3.
PAR  3. A focusing device as set forth in claim 2 wherein
PA1  said reflective means mounted in the first end of said first portion forms
      an acute angle A with the horizontal, and
PA1  said viewing means mounted at the first open end of said second portion
      forms an acute angle 2A with the horizontal.
NUM  4.
PAR  4. A focusing device as set forth in claim 3 wherein
PA1  the shortest distance from the midpoint of said reflective means to said
      apex forms a reference axis,
PA1  the shortest distance from the midpoint of said reflective means to the
      midpoint of said viewing means forms a viewing axis,
PA1  said distances being equal,
PA1  and said reflecting means bisecting the angle formed between said reference
      axis and said viewing axis.
NUM  5.
PAR  5. A focusing device as set forth in claim 4 further comprising:
PA1  a hollow sleeve member having first and second open ends and a slightly
      larger cross-sectional area than said second portion for frictionally
      fitting the second open end over said screen means, and
PA1  a magnifying means mounted in the first open end of said sleeve member.
NUM  6.
PAR  6. A focusing device as set forth in claim 4 further comprising:
PA1  a pivot means connecting at least said reflecting means and said second
      portion for allowing said second portion to be adjustable in position and
      for maintaining said reflecting means bisecting the angle formed between
      said reference axis and said viewing axis.
NUM  7.
PAR  7. A method of using a focusing device to focus a photographic enlarger
      comprising an enlarging lens, an easel, a light source and a photographic
      negative positioned between said light source and said enlarging lens
      comprising the steps of:
PA1  a. placing one end of said focusing device at any point of the surface of
      said easel,
PA1  b. while maintaining the point of contact established in step (a) moving
      the angular position with respect to said easel of said focusing device
      until said focusing device forms a symmetrical shadow with the point of
      contact between said focusing device and said easel as a center point,
PA1  c. viewing said photographic negative as an image generated by said
      focusing device,
PA1  d. adjusting the distance between said photographic negative and said
      enlarging lens until the image viewed in step (c) is of any desired
      clarity.
NUM  8.
PAR  8. A focusing device for use with a photographic enlarger comprising
PA1  a first portion with a first end forming a base and sides tapering to a
      second end forming an apex,
PA1  a reflecting means having at least one reflective surface mounted at said
      first end of said first portion forming a small acute angle with the
      horizontal,
PA1  said reflective surface of said reflecting means facing away from said
      second end of said first portion,
PA1  a hollow and substantially rectangular second portion having first and
      second open ends,
PA1  said second open end of said rectangular second portion connected at said
      first end of said first portion forming an angle with the vertical twice
      as large as that formed by said reflecting means with the horizontal,
PA1  a viewing surface mounted at said first open end of said rectangular second
      portion forming an acute angle with the horizontal twice as large as that
      formed by said reflecting means, and
PA1  a cut-out portion in the uppermost side of said rectangular second portion
      to permit light to reach said reflecting means.
NUM  9.
PAR  9. A focusing device of claim 8 wherein,
PA1  the distance from the midpoint of said reflecting means to said apex forms
      a reference axis,
PA1  the distance from the midpoint of said reflecting means to the midpoint of
      said viewing surface forms a viewing axis,
PA1  said distances are equal,
PA1  and said reflecting means bisects the angle between said axis.
NUM  10.
PAR  10. A focusing device of claim 8 further comprising:
PA1  a hollow substantially rectangular sleeve member having first and second
      open ends and a slightly larger cross-sectional area than said rectangular
      member for frictional fitting the second open end over said viewing
      surface mounted in the first open end of said rectangular member,
PA1  a magnifying means mounted in the first open end of said sleeve member.
NUM  11.
PAR  11. A focusing device as set forth in claim 9 further comprising
PA1  a pivot means connecting at least said reflecting means and said second
      portion for allowing said second portion to be adjustable in position and
      for maintaining said reflecting means bisecting the angle formed between
      said reference axis and said viewing axis.
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ABST
PAL  A borderless printing easel comprised of a paper support base having a
      retaining border formed thereon, and a set of flat sectioned mask plates
      removably positionable on the base portion, the individual sections of
      said mask plate being hinged at their center by a pliable strip of
      adhesive material whereby the mask sections can be successively folded
      back onto the top of opposing mask sections to reproduce adjacent or
      nearly adjacent borderless prints on a single sheet of print paper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to photographic developing devices, and more
      particularly to a borderless printing easel for minimizing paper loss
      during the production of one or more borderless prints from a single sheet
      of paper.
PAR  2. Description of the Prior Art
PAR  Existing printing easels suffer from the disadvantage that they are
      cumbersome to operate and are usually expensive to fabricate. More
      importantly, existing easels waste a substantial amount of paper because
      of their structure by producing prints on a single sheet of paper which
      are spaced apart from one another thereby reducing the number of prints
      which ideally could be fitted on a sheet of paper by spacing those prints
      closer together.
PAR  One such printing easel is described in Retzyl, U.S. Pat. No. 3,728,021.
      The Retzyl patent discloses a printing easel having various sized openings
      formed in a frame which is supported over a slidable paper holder; covers
      are adapted to separately open and close over the openings and a blocking
      means is provided for positioning the paper relative to the covered
      openings. The Retzyl device produces prints which are spaced apart
      resulting in the waste of a portion of the printing paper. The present
      invention reduces this paper waste and also eliminates the need for a
      blocking mechanism for positioning the printing paper underneath exposure
      openings. As an example of the savings achieved by the present invention,
      the present invention will produce eight 21/2 .times. 31/2 prints on a
      single sheet of 8 .times. 10 inch paper whereas the Retzyl device will
      produce only six 21/2 .times. 31/2 prints on the same 8 .times. 10 inch
      piece of paper.
PAR  Another printing easel is described in Krassopoulas, U.S. Pat. No.
      3,230,823. Krassopoulos includes a rectangular frame having openings
      formed therein, and hinged doors adapted to separately open and close over
      the openings. This is similar to the Retzyl apparatus except that there is
      no means for adjusting the paper beneath the frame. Like Retzyl, the
      exposures produced are spaced apart on the print paper due to the
      necessity of maintaining a spaced relation with respect to the exposure
      openings. The result is wasted paper, a disadvantage which the present
      invention is designed to overcome.
PAR  The printing easel of the present invention is novel and unique in that it
      uses almost the entire sheet of an 8 .times. 10 inch sheet of printing
      paper, and does not require mechanisms for adjusting various apertures
      relative to the printing paper. Using this invention, a maximum number of
      prints of a given preselection of sizes can be rapidly and efficiently
      produced on a single sheet of print paper. The apparatus has the further
      advanatage of being adaptable to inexpensive mass production techniques,
      such as stamping of the mask plates, thereby reducing the equipment cost
      to the photographer.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a borderless printing easel for minimizing paper
      loss during the production of one or a multiple of borderless prints. It
      is comprised of a paper support base having border alignment members
      projecting therefrom which are suitably arranged to hold a standard sized
      sheet of printing paper. A set of flat sectioned mask plates are provided
      and these plates are removably positionable within the alignment members
      projecting from the base such that the borders of the mask plates align
      with the borders of the printing paper. The individual sections of the
      mask plates are hinged generally in the central portion of the plates such
      that they can be folded back flat against the top of the adjacent opposing
      mask sections. One or more mask plates can be selectively used to
      sequentially produce a number of prints of preselected sizes to utilize
      the largest percentage of the entire sheet of printing paper for the
      prints desired.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an important object of the present invention to provide a
      borderless printing easel which minimizes printing paper loss during the
      production of one or a multiple of borderless prints from a single sheet
      of paper.
PAR  It is another object of the present invention to provide a borderless
      printing easel which has a set of mask plates having foldable mask
      sections wherein the mask plates can easily be arranged to cover the
      entire sheet of print paper such that contiguous or nearly contiguous
      prints can be produced by successively uncovering or exposing portions of
      the print paper disposed beneath the mask sections.
PAR  It is a further object of the present invention to provide a borderless
      printing easel wherein hinged mask sections can be folded back onto
      opposed mask sections to provide a clean straight unobstructed border at
      the hinged edge.
PAR  It is still another object of the present invention to provide a borderless
      printing easel which does not require the adjustment of the print paper
      relative to apertures supported over same.
PAR  And it is still a further object of the present invention to provide a
      borderless printing easel which can be inexpensively manufactured using
      known mass production techniques.
PAR  Other features and objects of the invention will become apparent from the
      following detailed description of the preferred embodiment when taken in
      conjunction with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a perspective view of the present invention disposed below a
      photo enlarger showing two mask plates disposed within the retaining
      border wherein each plate has two opposed foldable mask sections.
PAR  FIG. 2 is a perspective view of the present invention disposed beneath a
      photo enlarger showing a mask plate having 8 foldable sections.
PAR  FIG. 3 is a perspective view of the paper support base with projecting
      border alignment pins.
PAR  FIG. 4 is a perspective view of the transparent cover movably disposable
      within the projecting alignment pins of FIG. 3.
PAR  FIG. 5 is a perspective view of an alternative embodiment of the invention
      wherein the border alignment members are formed of molded projections.
PAR  FIG. 6 is a perspective view of an 8 .times. 10 inch mask plate having two
      5 .times. 8 inch foldable mask sections for producing standard 5 .times. 7
      inch prints.
PAR  FIG. 7 is a perspective view of two 5 .times. 8 inch mask plates each
      having two 4 .times. 5 inch adjacent foldable mask sections for producing
      standard 4 .times. 5 inch prints.
PAR  FIG. 8 is a perspective view of two 5 .times. 8 mask plates each having two
      opposing 31/2 .times. 5 inch foldable mask sections for producing standard
      31/2 .times. 5 inch prints.
PAR  FIG. 9 is a perspective view of an 8 .times. 10 inch mask plate having
      eight 21/2 .times. 31/2 inch foldable mask sections for producing standard
      21/2 .times. 31/2 prints.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention, in its perferred embodiment, is a novel borderless
      printing easel designed to minimize paper loss and to produce the largest
      number of standard sized prints on a single sheet of printing paper. For
      this purpose, a plurality of different sized masks are provided which,
      according to the present invention, can be individually or in combination
      closely arranged over a sheet of print paper whereby sections of the masks
      can be successively folded back to expose contiguous or nearly contiguous
      portions of the print paper. The invention which is used with a standard
      photo enlarger is compact and has few parts and has a simplicity of
      construction and operation which will become more clearly evident from the
      description set forth hereinafter.
PAR  Referring now to the drawings, paper support base 11 is provided having
      border alignment members, such as metal pins 13, projecting therefrom
      suitably arranged to position and hold a standard sized sheet of printing
      paper within its perimeter on the base. In one embodiment, metal pins 13
      are evenly spaced to form an 8 .times. 10 inch rectangular retaining
      border and, as can be seen in FIGS. 1-3, the base dimensions as viewed
      from the top are only somewhat larger. It should be pointed out that means
      other than projecting pins 13 can be used as a retaining border such as,
      for example, molded projections 14 shown in FIG. 5, so long as the
      retaining border is formed to encompass an average sized sheet of print
      paper. Preferrably an 8 .times. 10 inch border is provided. Additionally,
      finger troughs (not shown) for lifting the print paper can also be molded
      into the base at convenient locations therearound.
PAR  To hold the print paper flat against the base portion 11, and to prevent
      damage to the print paper by the print masks (more fully described below),
      a flat transparent cover, such as glass cover 15 shown in FIG. 4, is
      preferrably provided and is removably positionable over the printing paper
      held within the retaining border and has an outer perimeter conforming to
      the perimeter of the retaining border so as to be captured therein. The
      flat transparent cover is preferrably manufactured of glass to prevent
      scratching, but may also be manufactured of other transparent materials
      such as plastic. Such a cover is not necessary to the operation of the
      invention, but is described here as an accessory to the preferred
      embodiment.
PAR  Sectioned mask plates 16, such as are shown in FIGS. 6-9, are removably
      positionable on base 11 within the retaining border pins 13, or in the
      case of the embodiment in FIG. 5, within molded projections 14. Each mask
      plate is adapted to be held within the retaining border to either cover
      the whole print such as is the case with the mask plates shown in FIGS. 6
      and 9, or an integral portion of the print such as is the case with the
      masks shown in FIGS. 7 and 8.
PAR  The mask plates 16 are hinged generally in the central portion 17 thereof
      whereby one of the hinged section, such as 19, can be folded back flat
      against the top of an opposing mask section, such as 21. In this manner
      the uncovered portion 23 of the print paper can be exposed for making a
      print of a subject, such as 25, and one or more mask sections of mask
      plate 16 can be selectively folded back to sequentially produce a number
      of prints of that preselected size. The resulting prints are arranged in a
      closely contiguous fashion thereby using the largest possible percentage
      of printing paper for the prints desired.
PAR  Each of the mask plates provided have foldable sections of a different
      size, preferrably chosen to correspond to standard sized prints, such that
      a variety of different sized prints can be produced. The mask plates can
      be interchanged for producing different sized prints on a single sheet of
      print paper.
PAR  The hinges, such as 27, on each of the plurality of mask plates are
      preferrably formed of a plyable strip of adhesive material adapted to
      adhere to the adjacent surfaces of the abutting mask sections such that,
      when the mask plate is placed flat over the transparent cover covering the
      print paper, one of these sections can be folded back in a flush
      relationship onto the top of an opposing section thereby producing a
      straight, unobstructed border, such as 28, at the hinged edge. A strip of
      impregnated adhesive cloth is suitable for this purpose. When one section
      is folded back onto the other, both sections lie perfectly flat in a flush
      relationship and no light is permitted to strike the print paper except on
      that exposed portion uncovered by the folded back mask section.
PAR  To achieve the most economical results in terms of total paper usage, and
      to provide for the printing of standard sized photographs, a set of mask
      plates are provided such as are shown in FIGS. 6-9. The first plate of the
      set, shown in FIG. 6, is an 8 .times. 10 inch plate having two 5 .times. 8
      inch foldable mask sections for producing standard 5 .times. 7 inch
      prints. Adhesive strip 33 is adapted to adhere to adjacent portions of
      mask sections 29, 31 thereby creating a straight unobstructed hinged edge
      35. It is noted that by using this mask to produce a standard 5 .times. 7
      inch print, a 1 inch surplus strip 36 will appear along one margin of the
      exposed area. Of course, the entire area may be exposed to produce a 5
      .times. 8 inch print, however, such a print size does not conform to a
      standard size. It is possible to eliminate the hinge on the print mask
      shown in FIG. 6, and to provide for separate 5 .times. 8 inch mask plates
      which can be individually positioned onto base 11 without significantly
      reducing the ease by which the present invention can be operated.
PAR  Referring to FIG. 7, two 5 .times. 8 inch mask plates are also provided
      each having two 4 .times. 5 inch adjacent foldable mask sections 37, 37',
      39, 39' joined in the center by adhesive strip 41, 41'. The two mask
      plates of FIG. 7 can be closely arranged within retaining border pins 13,
      or molded projections 14, whereby one of the sections, or more than one of
      these sections in succession, can be folded back for producing standard 4
      .times. 5 inch prints. For example, four 4 .times. 5 inch prints can be
      produced by successively folding back each of the mask sections 37, 37',
      39, 39', and each of these prints will be perfectly contiguous on the
      print paper such that there would be no waste of paper at all.
PAR  Referring to FIG. 8, two additional 5 .times. 8 inch mask plates are
      provided each having a 1 inch centrally located surplus strip 45, 45' to
      which are hinged two opposing 31/2 .times. 5 inch foldable masks 49, 49',
      51, 51'. Hinges 53 and 55 are formed by strips of adhesive material 57 and
      58. Like the mask shown in FIG. 7, the masks shown in FIG. 8 are adapted
      to be juxtiposed within the perimeter of the retaining border pins 13, or
      molded projections 14, whereby the entire piece of printing paper is
      covered. By individually folding back any one of the mask sections 49,
      49', 51, 51', a 31/2 .times. 5 inch print can be produced. Therefore, if,
      for example, four 31/2 .times. 5 inch prints are to be produced on the 8
      .times. 10 inch sheet of printing paper, each individual mask section 49,
      49', 51, 51', of the mask plate shown in FIG. 8 would be successively
      folded back while an image is projected onto the uncovered areas. In such
      an arrangement, an unprinted strip of 1 inch would appear along the center
      of these prints.
PAR  It should be noted that both the mask plates shown in FIG. 8, and likewise
      both of the mask plates shown in FIG. 7, need not be used together, but
      rather one of the masks shown in FIG. 7 may be used in conjunction with
      one of the masks shown in FIG. 8 if, for example, it is desired to produce
      two 4 .times. 5 inch prints and two 31/2 .times. 5 inch prints. The only
      unused paper resulting from this arrangement would be a 1 inch surplus
      strip between the 31/2 .times. 5 inch prints.
PAR  FIG. 9 shows a mask plate for producing standard 21/2 .times. 31/2 inch
      prints. This mask plate measures 8 .times. 10 inch and closely fits within
      the retaining border so as to cover the entire sheet of print paper. Mask
      sections 61 are formed on this plate and foldably hinged to a one inch
      centrally located surplus strip 63, hinges 65 and 67 being formed by two
      strips of flexible adhesive material 69 and 71 adapted to adhere to the
      adjacent abutting surfaces of the mask sections and the centrally located
      surplus strip. By folding the mask section back onto an opposing mask
      section an unobstructed hinged edge is formed whereby only the portion of
      the print paper exposed by folding back the mask section is printed.
PAR  To operate the printing easel of the present invention, a sheet of 8
      .times. 10 inch print paper is placed within the retaining border pins 13
      on the base 11, or alternatively within molded projections 14. Transparent
      cover 15 is then placed over the sheet of print paper whereby the
      transparent cover holds the print paper flat against the base within the
      retaining border. The print sizes are then selected and the printing mask
      plates chosen accordingly. Depending on the print sizes one or more than
      one mask plate may be utilized. If, for example, four 21/2 .times. 31/2
      inch prints and two 31/2 .times. 5 inch prints are desired, the printing
      mask shown in FIG. 9 can be used to produce the four 21/2 .times. 31/2
      inch prints and then the mask shown in FIG. 8 can be used to produce the
      two 31/2 .times. 5 inch prints. Using the easel of the present invention
      this number of prints will fit on a single sheet of 8 .times. 10 inch
      print paper.
PAR  Photo enlarger 75 which holds the negative to be enlarged must be focused
      and for this purpose a photo block (not shown) equal in height to the base
      11 can be provided. Once the enlarger is initially focused on the back of
      this block, no further focusing is required.
PAR  To individually expose each picture, photo enlarger 75 is suitably
      positioned over one of the mask sections by projecting the image of the
      negative on the back surface of that section. After setting the exposure
      time the mask section is folded back flush onto the opposing mask section
      thereby uncovering the portion of the print paper to be exposed and
      providing a clean sharp edge at the hinged edge. The uncovered portion of
      the print paper is then exposed for an appropriate length of time and the
      hinged mask section folded back to a covering position. This process is
      now repeated for an adjacent mask section thereby producing a print
      immediately or closely adjacent, depending on the size of the print, to
      the print previousely produced. Using the various print masks described
      above, the following combination of photographs can be produced on a
      single 8 .times. 10 inch sheet of printing paper:
TBL  21/2"        31/2"    4"       5"      8"                                 
     .times.      .times.  .times.  .times.                                    
                                           .times.                             
     31/2"        5"       5"       7"     10"                                 
     ______________________________________                                    
     1.      8                                                                 
     2.               4                                                        
     3.                        4                                               
     4.                               2                                        
     5.                                      1                                 
     6.      4        2                                                        
     7.      4                 2                                               
     8.      6        1                                                        
     9.      6                 1                                               
     10.              2        2                                               
     11.              2               1                                        
     12.              1        1      1                                        
     13.                       2      1                                        
     14.     4                        1                                        
     ______________________________________                                    
PAR  The present invention is a novel printing easel which is easy to operate in
      a dark room and which it has been found can save the photographer from 24
      to 30% on paper. The invention also provides printing masks which have
      inexpensive and durable hinges which provide a straight unobstructed
      hinged edge for producing borderless prints when a mask section is folded
      back. Further, the printing easel of the present invention has a minimum
      number of parts, is compact, and is easily and inexpensively manufactured.
PAR  Although the above specification with the accompanying drawings have
      described the invention in considerable detail, it is not intended that
      the invention be limited to such detail except as is necessitated by the
      appendent claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A borderless printing easel for minimizing printing paper loss during
      the production of one or a multiple of borderless prints comprising
PA1  a paper support base having border alignment members projecting therefrom
      which are suitably arranged to position and hold a standard sized sheet of
      printing paper on said base, and
PA1  a set of interchangeable flat sectioned mask plates removably positionable
      on said base in juxtaposed relationship within said alignment members such
      that the borders of said set of mask plates align with the borders of said
      printing paper, said mask plates having hinged portions generally in the
      center of said plates for forming individual sections of each of said
      plates, said each individual sections being foldable back flat against the
      top of opposing mask sections about said hinged portion whereby one or
      more mask plates can be selectively used to sequentially produce a number
      of prints of preselected sizes to use the largest percentage of the entire
      sheet of printing paper for the prints desired.
NUM  2.
PAR  2. The borderless printing easel of claim 1 wherein said hinged portions on
      said set of mask plates are formed of a plyable strip of adhesive material
      adapted to adhere to adjacent surfaces of abutting masking sections
      whereby one section of each hinged mask plate can be folded back in a
      flush relationship onto the top of opposing sections to produce a straight
      unobstructed border at the hinged edge.
NUM  3.
PAR  3. The borderless printing easel of claim 2 wherein said border alignment
      members are evenly spaced to form an 8 .times. 10 rectangular retaining
      border.
NUM  4.
PAR  4. The borderless printing easel of claim 3 wherein said set of mask plates
      includes
PA1  one 8 .times. 10 inch plate having two 5 .times. 8 inch foldable mask
      sections for producing standard 5 .times. 7 inch prints,
PA1  two 5 .times. 8 inch plates each having two 4 .times. 5 inch adjacent
      foldable mask sections for producing standard 4 .times. 5 inch prints,
PA1  two 5 .times. 8 inch plates each having a 1 inch centrally located surplus
      strip to which are hinged two opposing 31/2 .times. 5 inch foldable mask
      sections for producing standard 31/2 .times. 5 inch prints, and
PA1  one 8 .times. 10 inch plate having a 1 centrally located surplus strip to
      which are hinged eight 21/2 .times. 31/2 inch foldable mask sections for
      producing standard 21/2 .times. 31/2 prints.
NUM  5.
PAR  5. The borderless printing easel of claim 1 wherein a flat transparent
      cover is removeably disposed over said printing paper and aligned
      therewith within said alignment members under said masks to hold said
      paper flat against said base.
NUM  6.
PAR  6. A borderless printing easel for minimizing paper waste during the
      production of one or a multiple of borderless prints comprising
PA1  a flat base block having a plurality of border alignment members projecting
      therefrom which are suitably arranged to form an 8 .times. 10 inch
      rectangular retaining border,
PA1  a flat transparent cover removably positionable over an 8 .times. 10 inch
      sheet of printing paper held within said alignment members,
PA1  a set of interchangeable flat sectioned mask plates removably positionable
      over said transparent cover within said retaining border, said mask plates
      having hinged portions generally in the center of said plates for forming
      individual maks sections of each plate, said hinge portions being formed
      by a pliable strip of adhesive material adapted to adhere to adjacent
      surfaces of abutting masking sections whereby one section of said hinged
      masks can be folded back flat up against the top of adjacent sections to
      produce a straight unobstructed border at the hinged edge, said set of
      mask plates comprising
PA1  one 8 .times. 10 inch plate having two 5 .times. 8 inch foldable mask
      sections for producing standard 5 .times. 7 inch prints,
PA1  two 5 .times. 8 inch plates each having two 4 .times. 5 inch adjacent
      foldable mask sections for producing standard 4 .times. 5 inch prints,
PA1  two 5 .times. 8 inch plates each having a 1 inch centrally located surplus
      strip to which are hinged two 31/2 .times. 5 inch foldable mask sections
      for producing standard 31/2 .times. 5 inch prints, and
PA1  one 8 .times. 10 inch plate having a 1 inch centrally located surplus strip
      to which are hinged eight 21/2 .times. 31/2 inch foldable mask sections
      for producing standard 21/2 .times. 31/2 inch prints.
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ABST
PAL  An apparatus for feeding individual sheets over a support surface such as a
      transparent viewing platen. The apparatus includes means for feeding the
      sheets wherein the feeding means is movable between an operable position
      over the surface and an inoperable position off of the surface. Latching
      means are provided for locking the feeding means in the operable position.
      Actuating means are provided for moving the feeding means between the
      operable and the inoperable positions, and for locking and unlocking the
      latching means. Means are provided operatively associated with the
      latching means and the actuating means for unlocking the latching means
      prior to movement of the document feeder off the surface. The unlocking
      means preferably comprises a lost motion device. A reproducing machine
      including the above-noted feeding apparatus is also provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a document feeding apparatus including a latch
      mechanism for locking the feeder over a transparent platen. The apparatus
      is particularly adapted for use in a reproducing machine.
PAR  Numerous document feeders for use with reproducing machines are known as
      exemplified by U.S. Pat. Nos. 3,499,710, granted Mar. 10, 1970, to Sahley;
      3,556,512, granted Jan. 19, 1971, to Thackler; 3,674,363, granted July 4,
      1973, to Baller, et al; and 3,790,158, granted Feb. 5, 1974, to Summers et
      al. These patents are representative to the broad prior art in this area
      directed to document feeders for placing a document on transparent viewing
      platen for viewing by the optics of a reproducing machine for making
      copies of the document. The first named patent shows the use of friction
      rolls for transporting the document over the platen and the remaining
      patents show the use of a belt type transport device.
PAR  An alternative type document feeder for use with a reproducing machine is
      that set out in U.S. application, Ser. No. 367,996, filed June 7, 1973, to
      Hoppner. In accordance with the subject application, a scanning optical
      system is fixed adjacent one margin of a transparent viewing platen and a
      document feeder is positioned overlying the optics to advance documents
      past the fixed optical system at a speed synchronized to the speed of an
      image receiving member.
PAR  Document feeders for xerographic reproducing machines have been used
      commercially in machines produced by Xerox and IBM. In the IBM Copier II,
      the document feeder mechanism is held in the feeding position by a hook
      type latch. When a lift handle is raised, it releases the latch allowing
      the document feeder mechanism to raise under spring tension.
      Alternatively, a solenoid is provided for automatic release of the latch
      after certain operations. In U.S. Pat. No. 3,642,271, granted Feb. 15,
      11972, to Jones et al, a platen cover latch mechanism is described wherein
      a hook type latch is provided which may be released by manually depressing
      a button or through the use of a solenoid.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention a document feeding apparatus is provided
      for feeding individual sheets over a transparent platen. The document
      feeding apparatus is movable on and off the platen preferably in a
      direction substantially parallel to the plane of the platen. Latching
      means are provided for locking the document feeder in its operative
      position over the platen. Means are provided for actuating said document
      feeder to move it on and off the platen. The actuating means is also
      operable to latch and unlatch the document feeder. Means operatively
      associated with the actuating means and the latching means are provided so
      that the latching means can be disengaged from its locked position prior
      to movement of the document feeder off of the platen.
PAR  The document feeder of this invention is particularly useful for a
      reproducing machine, particularly a xerographic type machine.
PAR  Accordingly, it is an object of this invention to provide an improved
      document feeding apparatus.
PAR  It is a further object of this invention to provide an apparatus as above
      including a latching means of a unique design.
PAR  These and other objects will become more apparent from the following
      description of the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a reproducing machine including a
      sheet feeding apparatus and latch mechanism in accordance with one
      embodiment of the present invention.
PAR  FIG. 2 is a top view of the sheet feeding apparatus and latch mechanism of
      FIG. 1.
PAR  FIG. 3 is a partial side view of the sheet feeding apparatus and latch
      mechanism of FIG. 1.
PAR  FIG. 4 is a series of top views illustrating the operation of the latch
      mechanism of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with this invention an apparatus is provided for feeding
      individual sheets over a transparent platen. The apparatus includes means
      for feeding the sheets over the platen wherein the feeding means at least
      partially overlies the platen during feeding.
PAR  The apparatus of this invention has been applied to a reproducing machine
      of the type set out in the above-noted U.S. application, Ser. No. 367,996.
      For purposes of example therefor, specific references will now be made to
      the reproducing machine of the aforenoted application and to the document
      feeding apparatus in accordance with this invention incorporated in it.
      While the document feeder which will be described with reference to that
      machine is of the type for providing a moving original type exposure
      system, the invention is not necessarily limited thereto. The document
      feeding apparatus and latch mechanism of this invention may be applied to
      a document feeder for a stationary original exposure system as well.
PAR  Referring now to FIG. 1, there is illustrated a schematic side view of a
      compact automatic xerographic copying machine 10 incorporating the sheet
      feeding apparatus 11 of the present invention. The term compact copier, as
      herein used, refers to a machine of relatively small size, as for example,
      a desk type copier. Basically, the xerographic processor includes a
      rotatably mounted photoconductive drum P which is supported upon a
      horizontally extended shaft 12. The drum is driven in the direction
      indicated whereby its photoconductive surface is caused to pass
      sequentially through a series of xerographic processing stations.
PAR  Because the xerographic process is widely known and used in the art, the
      various processing steps involved will be briefly explained below in
      reference to FIG. 1. Initially, the photoconductive drum surface is
      uniformly charged by means of a corona generator 13 positioned within a
      charging station A located at approximately the 12 o'clock drum position.
      The charged drum surface is then advanced into an imaging station B
      wherein a flowing light image of an original document to be reproduced is
      projected onto the charged drum surface thus recording on the drum a
      latent electrostatic image containing the original input scene
      information. Next, subsequent to the exposure step in the direction of
      drum rotation is a developing station C wherein the latent electrostatic
      image is rendered visible by applying an electroscopic marking powder
      (toner) to the photoreceptor surface in a manner well known and used in
      the art. The now visible image is then forwarded into a transfer station D
      wherein a sheet of final support material is brought into overlying moving
      contact with the toner image and the image transferred from the plate to
      the support sheet by means of a second corona generator 14.
PAR  In operation, a supply of cut sheets are supported within the machine by
      means of a removable paper cassette 15. A pair of feed rollers 16 are
      arranged to operatively engage the uppermost sheet in the cassette so as
      to first separate the top sheet from the remainder of the stack and then
      advance the sheet into the transfer station in synchronous moving
      relationship to the developed image on the photoconductive plate surface.
      The motion of the feed rollers is coordinated with that of the rotating
      drum surface, as well as the other machine components through the main
      drive system whereby the support sheet is introduced into the transfer
      station in proper registration with the developed toner image supported on
      the xerographic plate. For further information concerning this type of
      sheet feeding mechanism, reference is had to copending U.S. patent
      application Ser. No. 205,911, filed in the name of Punnett et al.
PAR  After transfer, but prior to the reintroduction of the imaged portion of
      the drum into the charging station, the plate surface is passed through a
      cleaning station E wherein the residual toner remaining on the plate
      surface is removed. The removed toner particles are collected within a
      container where they are stored subject to periodic removal from the
      machine.
PAR  Upon completion of the image transfer operation, the toner bearing support
      sheet is stripped from the drum surface and placed upon a moving vacuum
      transport 17 which serves to advance the support sheet into a thermal
      fusing station F wherein the toner image is permanently fixed to the
      sheet. The copy sheet with the fused image thereon is forwarded from the
      fuser into a collecting tray 19 where the sheet is held until such time as
      the operator has occasion to remove it from the machine.
PAR  Normally, when the copier is operated in a conventional mode, the original
      document to be reproduced is placed image side down upon a horizontal
      transparent viewing platen 20 and the stationary original then scanned by
      means of the moving optical system 21. The scanning system 21
      fundamentally consists of a stationary lens system 22 positioned below the
      right hand margin of the platen as viewed in FIG. 1, and a pair of
      cooperating movable scanning mirrors 23 and 24. The lens is basically a
      half-lens objective having a reflecting surface at the stop position to
      simulate a full lens system. The two mirrors are slidably supported
      between a pair of parallel horizontally alighed guide rails (not shown).
      For a further description and greater details concerning this type of
      optical scanning system reference is had to copending U.S. application
      Ser. No. 259,181, filed in the name of Shogren.
PAR  In practice, mirror 23, herein referred to as the full rate scan mirror, is
      caused to move from a home position, directly below the left hand margin
      of the platen to an end of scan position below the opposite margin of the
      platen. The rate of travel of the scan mirror is equal to the peripheral
      speed of the rotating xerographic drum surface P. The second mirror 24 is
      simultaneously caused to move in the same direction as the scanning mirror
      at half the scanning rate. As the two mirrors sweep across the platen
      surface, an image of each incremental area thereon viewed by the scanning
      mirror is reflected towards the second mirror which, in turn, redirects
      the image back to the half lens system. The reflecting surface, positioned
      at the lens stop position, reverses the entering light rays and redirects
      the light rays back towards a stationary mirror 26 positioned directly
      above the drum surface at the exposure station B. In this manner a flowing
      light image containing the original input scene information is focused
      upon the charged photoconductive plate.
PAR  A wind up spring (not shown) is provided to restore the moving mirrors to a
      start of scan condition.
PAR  The copying apparatus 10 shown in FIG. 1 is provided with a document feeder
      11 in accordance with this invention. The document feeder 11 is movable
      between a first stored position adjacent to the viewing platen 20 and a
      second operative position over the platen surface. Commensurate with the
      positioning of the feeder assembly over the platen, the moving optical
      system 21 is locked in a position to view documents as they are advanced
      by the document feeder over the platen and record a flowing light image of
      the input information upon the moving photoconductive plate surface P.
PAR  Referring now more specifically to FIGS. 1 and 2, there is shown the
      document feeding mechanism 11 associated with the instant invention.
      During normal operations, that is, when the moving optics are utilized to
      provide a flowing light image of the stationary original, the document
      feeding assembly is maintained in a stored position (as depicted by the
      phantom lines shown in FIG. 1) to expose the entire platen surface area
      and thus provide a maximum working area to the operator.
PAR  To initiate the moving document mode of operation, the machine operator
      simply advances the document feeding assembly 11 from the stored position
      to a document feeding position with the feeding assembly extending over
      the left hand margin of the platen surface. Fundamentally, the document
      feeding mechanism is made up of two main sections which include a
      stationary support bridge, generally referenced 41, and a movable feed
      roller support section, generally referenced 42. The bridge 41 is made up
      of two vertically extending end support members which are securely
      anchored in the machine frame and upon which is secured a horizontal span
      44. The feed roller support section 42 is slidably suspended from the
      horizontally extended span 44 by means of a pair of parallel aligned rod
      like guide rails 47, 48 which are slidably supported in bearings (not
      shown) affixed to the underside of the bridge span. The document feed roll
      assembly is thus suspended from the span so that it can be freely moved
      back and forth from the home or stored position adjacent to the platen 20
      and an extended position over the left hand margin of the platen surface.
PAR  In practice, at the start of the moving document handling conversion cycle,
      the machine operator grasps a lever arm 49 mounted on top of the bridge
      span and rotates the arm in a clockwise direction as shown in FIG. 2. The
      lever arm is operatively connected to segmented pinion 51 which meshes
      with a rack 52 secured to the feed roller assembly 42. Movement of the arm
      in a clockwise direction causes the movable feed roller assembly to be
      advanced toward the fully extended or operative position. Rotation of the
      arm in the opposite direction produces the opposite result.
PAR  Manually moving the feed roller support assembly 42 to the extended
      position also physically closes the contacts of the large document mode
      switch (not shown) causing a signal to be sent to the main machine drive
      motor (not shown) actuating the motor. At the same time, a signal is also
      sent to the machine logic control system placing the machine in a single
      copy mode of operation. This latter step is required in order to move the
      optical system from its normal rest position, which is the start of scan
      position at the left hand end of the platen surface, to the end of scan
      position beneath the now fully extended feed roll assembly. However,
      during this initial conversion phase, no original is actually being
      processes and there is, therefore, no need to feed copy sheets through the
      copier. In point of fact, feeding a copy sheet during the conversion phase
      would have a deleterious effect on the various machine components as well
      as confusing the machine programming and registering system. To prevent
      this occurrence, means 60, as shown in FIG. 1, are provided for inhibiting
      the action of the paper feeder during the period when the machine is being
      converted to the moving document mode of operation. Means 61 are provided
      for locking the optics at the end of scan position during the moving
      original mode of operation. Means 61 comprises a lock-out mechanism which
      serves to both uncouple the drive shaft from the main drive system and
      hold the optics rigidly in a fixed position for viewing moving documents
      subsequently advanced through the document feeding assembly 11.
PAR  Further details of the inhibitor means 60 and lockout means 61 may be
      obtained by reference to the above-noted U.S. application Ser. No.
      367,996.
PAR  The movable document feed roller support section 42 of the document feeder
      assembly is provided with two sets of co-axially aligned rollers
      comprising a first set of drive rollers 70 mounted upon shaft 71 and a
      second set of hold down rollers 72 mounted upon hold down shaft 73. The
      two roller support shafts are connected by means of a timing belt 74
      whereby each set of rollers is adapted to turn in coordination with the
      other set of rollers. Shaft 71 is arranged to extend beyond the end wall
      75 of the movable document feeder roll support section 42 and has a gear
      76 pinned thereto. In operation gear 76 is adapted to move into and out of
      meshing contact with the stationary driven gear 77 as the document feed
      roll section is moved between a stored and fully extended position. When
      placed in a fully extended position, as shown in FIG. 2, gear 76 meshes
      with gear 77 thus causing both the document feed rollers 70 and the hold
      down rollers 72 to be rotated. Directly below the stationary bridge and
      adjacent to the platen margin are a set of pinch rollers 78 (FIG. 1) which
      are rotatably supported in the machine frame. The pinch rollers are
      arranged in the machine frame so as to coact with the feed rollers 70 when
      the document feeder 11 is in the operative position so as to advance a
      document introduced therebetween. In operation, the document is moved past
      the viewing domain of the now fixed optical assembly 21 and then into the
      pinch between the hold down rollers 72 and the platen 20 surface. The hold
      down rollers 72 serve to hold the document in sliding contact with the
      platen surface as the original is being moved past the optics.
PAR  The rolls 70 and 72 in the feeder 11 shown are continuously driven during
      machine operation even when no sheet is being fed.
PAR  Referring now to FIGS. 2 and 3, it is apparent that the shaft 73 which
      carries the rolls 72 is pivotably supported against the platen 20 by means
      of arms 80. The shaft 71 is journaled for rotation in the arms 80 by means
      of bearings 81. The arms are pivotably supported about the shaft 71. The
      rolls 72 are biased against the platen by means of leaf springs 82 which
      act upon the shaft 73. The springs 82 are mounted to the support section
      42 in a cantilever fashion. The springs 82 are operative to bias the rolls
      against the platen with a given force normal to the platen.
PAR  The amount of the normal force which is to be applied is determined by the
      amount of force required to properly feed documents across the platen.
PAR  Referring now to FIGS. 2 through 4, one embodiment of a document feeder 11
      and latch mechanism 90 in accordance with the present invention will be
      described. The latch mechanism 90 of this invention is particularly
      adapted for use with document feeders which move on and off the platen 20
      in a sliding fashion. Document feeders such as the one shown in the
      Figures move in a direction which is generally parallel to the plane of
      the platen between a stored position off of the platen and an operative
      position partially or fully overlying the platen as desired.
PAR  The actuating means 91 for moving the document feeder 11 on and off the
      platen comprises the lever 49 which is connected to a lost motion lever 92
      by means of a rotatable shaft 93 journaled for rotation in the bridge 44.
      The lever 92 is secured to the shaft at one end and has an upwardly
      extending pin 94 at its other end. The pinion gear segment 51 is rotatably
      supported about the shaft 93 below the bridge element 44. The pin 94
      extends into a hole or slot 95 suitably positioned in the gear segment 51
      to provide a lost motion means. The pinion gear 51 engages the rack 52
      which is secured to the moving carriage 42.
PAR  In FIG. 2, the apparatus is shown in its operative position over the
      platen, pushing the lever 49 to the right will cause the pinion 51 to
      rotate and drive the rack 52 so as to withdraw the document feeder from
      the platen 20. The document feeder 11 shown in FIG. 2 is described in most
      respects in greater detail in U.S. application, Ser. No. 367,996. An over
      center cam 100 pivotably secured to the bridge 44 is employed which is
      spring biased by means of spring 101 to maintain the feeder in its
      operative position over the platen and also to maintain the meshing
      engagement of gears 76 and 77 which provide the drive for the rolls 70 and
      72. This approach to locking the feeder in place has been found to be
      adequate for most useful sizes and document thicknesses being fed. It has
      been found, however, that for extra thick documents as, for example,
      documents as much as one-sixteenth of an inch thick, that the force
      exerted by the rolls 70 and 72 is sufficiently large and that a component
      thereof is directed in a direction opposite to the document feeding
      direction so as to partially withdraw the document feeder and disengage
      the mesh between the gears 76 and 77. Therefore, the drive mechanism for
      the feeder comprising the meshing gear 76 and 77 which are held in
      engagement by means of spring biasing the document feeder carriage 42 is
      not sufficiently reliable for use when feeding thick documents. It has
      been determined that a latch mechanism 110 for locking the document feeder
      carriage 42 in its operative position is desirable for improving feeder
      reliability. The latch mechanism 110 which is shown in FIGS. 2-4, is an
      example of a latch mechanism in accordance with the present invention. In
      the embodiment shown two hook-type latches 111 are provided which are
      pivoted about pins 112. While two latches are shown if desired, only a
      single latch need be employed. The use of two latches 111 provides better
      locking action across the feeder. The pins 112 about which the latches
      pivot are supported by the stationary bridge 44. A catch 113 is provided
      for each of the latches 111. The catches 113 are secured to the moving
      carriage 42. The operative portion of the catches which are engaged by the
      latches extend over the stationary bridge 44 when the document feeder is
      in its operative position over the platen. When the document feeder is in
      its stored position, obviously the catches are displaced from the latches
      by the amount of the displacement of the carriage 42.
PAR  The actuation of the latches is tied to the actuating means 91 for moving
      the feeder on and off the platen. Links 120 are pivotally connected to
      each of the latches 111 at one of their ends and are connected at their
      other end to the over center cam 100 by means of a pin 121 which rides in
      slots 122. The length of each link 120 is adjustable. Each link includes a
      first portion 123 which is connected to the hook-type latch 111 and a
      second portion 124 which is connected to the over center cam 100. A slot
      and screw adjustment 125 is used to secure the two portions 123 and 124
      together. Therefore, the hook-type latches 111 can be adjusted so that
      they are securely latched when the feeder 11 is in its operable position.
PAR  The slots 122 are required in the ends of the links 110 which are connected
      to the over center cam 100 due to the arc through which the pin 121
      travels as the cam is rotated between the position shown in FIG. 2 and the
      stored position. The rotation of the over center cam 100 is shown in part
      in FIG. 4 of this application. The slots 122 are required since as the
      feeder 11 is moving to its operable position the latches 111 engage and
      ride along the sides of the catches 113 before they can snap into locking
      engagement. The slots 122, therefore, provide a lost motion device for
      taking up the movement of the pin 121 during this portion of the latching
      cycle. In order to provide positive latching, springs 126 are provided to
      bias the links 110 so that the latches 111 will firmly engage the catches
      113 in the locked position.
PAR  There is a difficulty in providing a latching mechanism for a feeder 11 as
      shown in FIGS. 2 through 4, which moves by sliding parallel to the platen
      and wherein the latching mechanism 110 is operated by the actuating means
      91 for withdrawing the carriage 42. Movement of the lever 49 to withdraw
      the carriage 42 from its operative position over the platen while
      simultaneously withdrawing the latches 111 from locking engagement with
      the catches 113 would likely cause the latches to bind up against the
      catches. Therefore, a means is provided for withdrawing the latches from
      locking engagement with the catches prior to movement of the carriage in a
      direction away from the platen. This means comprises the lost motion means
      92, 94, and 95. The actuating lever 49 is secured by means of shaft 93 to
      the lost motion lever 92 having pin 94 at one end thereof. The hole 95 is
      provided in the pinion gear and the pin 94 is positioned to extend into
      the hole. The diameter of the hole 95 is determined by the amount of
      rotating motion required for the lost motion lever 92 to allow withdrawal
      of the latches from locking engagement prior to motion being imparted to
      the pinion gear to withdraw the carriage 42. While a circular hole has
      been shown in the pinion gear, a slot could be employed if desired. The
      slot could have any desired shape which would be effective to carry out
      the operation described.
PAR  In operation, initial movement of the actuating lever causes the lost
      motion lever 92 to rotate through an arc so that the pin 94 which in the
      operative position of the carriage 42 engages one side of the hole 95
      moves within the hole until it engages the opposite side of the hole. This
      is best illustrated in FIG. 4A and 4B. Up to this point, no movement of
      the carriage 42 has taken place, however, as shown in FIG. 4B, the latches
      111 have been withdrawn from locking engagement with the catches 113. The
      withdrawal of the latches 111 took place due to the rotation of the over
      center cam 100 through the motion imparted to it by the pin in lever 49.
      The rotation of the cam 100 causes the pin 121 to engage the links 124 to
      move them to the right so as to pivot the latches 111 out of engagement
      with the catches 113. Following the operation of the lost motion means 92,
      94, and 95, continued rotation of the actuating lever 49 causes rotation
      of the pinion gear 51 and movement of the carriage 42 off of the platen.
PAR  The particular latch mechanism described is exemplary of only one
      embodiment of the present invention. Other latch mechanisms could be
      employed.
PAR  In summary then, in accordance with this invention, a document feeder is
      provided which is movable on and off a transparent viewing platen for
      feeding individual documents over the platen. Actuating means are provided
      for moving the document feeder from an operative position overlying the
      platen to a stored position off the platen. Latching means are provided
      for locking the document feeder in its operative position overlying the
      platen. The actuating means is operative to first withdraw the latching
      means from locking engagement and to then move the document feeder off of
      the platen. Preferably lost motion means are provided between the latching
      means and the actuating means to enable the aforenoted unlocking of the
      latching means prior to movement of the document feeder. The document
      feeder preferably moves on and off the platen in a sliding fashion in a
      direction generally parallel to the plane of the platen.
PAR  The patents and applications referred to in the specification of this
      application are meant to be incorporated by reference into the
      specification.
PAR  It is apparent, therefore, that there has been provided in accordance with
      this invention a document feeding apparatus and latching mechanism which
      fully satisfies the objects, means, and advantages set forth hereinbefore.
      While the invention has been described in conjunction with specific
      embodiments thereof, it is evident that many alternatives, modifications
      and variations will be apparent to those skilled in the art in the light
      of the foregoing description. Accordingly, it is intended to embrace all
      such alternatives, modifications, and variations as fall within the spirit
      and broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for feeding individual sheets over a support surface
      comprising:
PA1  means for feeding sheets over a support surface, said feeding means being
      movable between an operable position over such surface and an inoperable
      position off of a support surface;
PA1  latching means for locking said feeding means in said operable position
      over such surface;
PA1  actuating means for moving said feeding means between said operable
      position over such surface and said inoperable position off such surface
      and for locking and unlocking said latching means; and
PA1  means operatively associated with said latching means and said actuating
      means for unlocking said latching means prior to movement of said feeding
      means off such surface.
NUM  2.
PAR  2. An apparatus as in claim 1 wherein said unlocking means is connected to
      said latching means and said actuating means.
NUM  3.
PAR  3. An apparatus as in claim 2 wherein said unlocking means includes a lost
      motion means permitting said actuating means to first unlock said latching
      means and then move said feeding means off such surface.
NUM  4.
PAR  4. An apparatus as in claim 3 further including such support surface
      wherein said surface comprises a transparent viewing platen.
NUM  5.
PAR  5. An apparatus as in claim 4, further including means for sliding said
      feeding means on and off said platen in a direction substantially parallel
      to a plane of said platen.
NUM  6.
PAR  6. An apparatus as in claim 5 wherein said feeding means includes a
      carriage member slidable on and off said platen and a stationary frame
      member for supporting said carriage member, and wherein said latching
      means includes at least one hook-type latch pivotally supported on said
      frame member and at least one catch mounted to said carriage member.
NUM  7.
PAR  7. An apparatus as in claim 6 wherein said actuating means includes an
      actuating lever secured to a shaft mounted for rotation in said frame, a
      lost motion lever secured to said shaft and having a pin extending from
      one end thereof, a pinion gear pivotally supported about said shaft and
      having a hole within it for securing said pin, and a toothed rack secured
      to said carriage member and in meshing engagement with said gear, said
      pin, hole and lost motion lever comprising said lost motion means, said
      actuating lever being connected to said hook-type latch.
NUM  8.
PAR  8. An apparatus as in claim 6 wherein the position of said latch relative
      to said catch is adjustable.
NUM  9.
PAR  9. An apparatus as in claim 4 wherein said feeding apparatus comprises a
      portion of a reproducing machine for providing one or more copies of an
      original document wherein said platen supports original documents, and
      wherein said machine further includes a moving photosensitive surface,
      means for projecting an image of said document on said photosensitive
      surface and means for developing said image.
NUM  10.
PAR  10. An apparatus as in claim 9 wherein said feeding means moves said
      document in synchronism with said photosensitive surface and said image is
      projected from said moving document.
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ABST
PAL  Sliding platen cover apparatus which supports a stack of documents to be
      copied on the platen of a copier machine, and then is moved over the
      document to be copied and actuated to produce a frictional contact with
      the document against the platen. After copying and while in frictional
      contact, the cover apparatus is slidingly moved in a reverse direction to
      remove the document from the platen enabling the next document to be
      placed on the platen. The platen cover apparatus uses an articulated
      platen pad which is urged into contact with the document on the platen by
      a handle operated by a machine operator. The apparatus maintains
      frictional contact with the document until it is deposited into a
      receiving tray adjacent to the platen.
BSUM
PAR  This invention relates to an improved sliding platen cover apparatus which
      enables the positioning of precollated documents to be copied from a stack
      on a platen and then removed from the platen area of a copier machine and
      stacked neatly.
PAR  The handling of precollated documents which are to be copied on a copying
      machine or the like requires that each document be positioned on the
      platen and then removed in a collated fashion. This can be done by
      manually positioning each document on the platen in its prescribed
      sequence and removing the document for stacking in proper order so that
      they can be recopied another time. Obviously this is a painstaking
      operation since it is strictly manual and requires operator alertness at
      all times. An alternative to this type of operation would be a fully
      automatic operation in which an automatic feeding device is used to feed
      documents from a stack and then remove them from the platen area. Needless
      to say, the expense and complexity of such a device, which must be coupled
      by logic to the copier is a serious concern in the operation of a simple
      and inexpensive copying machine. For this reason, it is desirable to have
      a simple and inexpensive document handling device which enables
      positioning of each document from a collated stack of documents onto the
      platen and then removed in simple manner under operator control to
      maximize use of the copying machine and to produce copies as economically
      as possible.
PAR  It is, therefore, the general object of the present invention to provide a
      controlled manual removal of documents from the platen of a copier machine
      or the like.
PAR  It is a further object of the present invention to provide a tray area
      specifically designed for accepting copied documents after they are
      removed from the platen of a copier machine.
PAR  It is still a further object of the present invention to enable manual
      removal of uncopied documents from a cover situated adjacent to the platen
      of a copier machine.
PAR  It is a further object of the present invention to enhance the copied of
      multiple original documents in copy sets whereby improved thruput time is
      accomplished.
PAR  It is a further object of the present invention to enable the copying of
      original documents and/or books by a sliding platen cover apparatus with
      improved machine thruput time.
PAR  It is a further object of the present invention to provide an improved
      design for a platen cover apparatus which may be operated at machine
      operator convenience, and which is not coupled to the machine logic or
      dependent upon the machine for its power requirements.
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PAR  These objects, as well as other objects, will become more apparent after a
      reading of the detailed description which follows and which should be read
      in conjunction with the drawings in which:
PAR  FIG. 1 is a perspective view of the platen cover apparatus of the present
      invention in the off platen position of a copier machine;
PAR  FIG. 2(a) through 2(d) illustrate the sequential operation of the platen
      cover apparatus,
PAR  FIG. 3 is a side view of the platen cover apparatus of the invention;
PAR  FIG. 4 is a front elevational view of the platen cover apparatus with parts
      borken away to show details thereof;
PAR  FIG. 5 is a view similar to FIG. 4 except that the platen cover apparatus
      has traveled relative to the frame as shown by the arrow; and
PAR  FIG. 6 is another perspective view of the platen cover apparatus of the
      invention illustrating its operation when copying a book on the copier
      machine.
DETD
PAR  Referring now to FIG. 1, there is shown the platen cover apparatus of the
      invention generally designated 10 positioned on an electrostatic copier
      machine 12 or the like which has a platen 14 on which documents are to be
      copied. Documents are placed on the platen and a START PRINT button 16,
      when pressed, initiates the printing cycle of the copier processing
      stations which are well known to those skilled in the art. The platen
      cover apparatus of the invention includes a cover 20 secured to a frame 22
      which is mounted on a slide 21 secured through a hinge 70 to machine 12 to
      slide over the platen and then into contact with a document on the platen.
      After sliding in a reverse direction, the document is translated through
      frictional force of a lowered platen pad 32 and deposited into a receiving
      tray as will be explained more fully hereinafter.
PAR  An appreciation of the general movements of the platen cover apparatus can
      be had by observing FIGS. 2(a) through 2(d). In FIG. 2(a), the platen
      cover apparatus 10 is to the left, looking at the FIG. allowing access to
      the platen 14 on the copier machine. D1 designates the first document to
      be copied, which is placed in overlying relationship on the platen 14.
      Documents D2 and D3 are positioned on top of the platen cover apparatus
      awaiting to be copied. In FIG. 2(b), the platen cover apparatus is moved
      in the direction of the arrow into overlying relationship with the
      document D1 and lowered into contact therewith. At this time, the copying
      cycle is commenced by pressing START PRINT button 16. In FIG. 2(c), after
      copying, the platen cover apparatus is moved in a reverse direction
      frictionally engaging document D1 and moving it in the same direction
      until it is deposited into a receiving tray. At this time, document D2 is
      positioned manually onto the top of the platen 14. The apparatus is now
      ready to commence another copying cycle.
PAR  Referring now to FIGS. 1, 3, 4 and 5, the platen cover apparatus 10
      includes the cover 20 comprising contiguous walls 23 defining a tray 24.
      Walls 23 extend below tray 24 and define a cavity to receive a movable
      platen pad frame 33 and pad 32 which is made of frictional material such
      as rubber or the like. Pad frame 33 is connected to the apparatus frame 22
      through tie rods 35 which are collectively joined to cross member 36 and
      assembled to a handle 37 through which manual force is applied to actuate
      the pad 32 to the alternate of its two positions up or down. Tie rods 35
      are part of a parallelogram type linkage which includes T-shaped arms 41
      which are connected to tie rods 35 by means of pivot pins 42. T-Shaped
      arms 41 are connected to apparatus frame 22 by pins 45 and support pad
      frame 33 through pins 48. T-shaped arms 41 also are biased against the
      action of torsion springs 49 which provide a biasing action against which
      the pad member is raised and lowered by handle 37. It will be noted that
      also supported on pins 45 are wheels 51 which are positioned to ride on a
      track 53 to facilitate the sliding action of the platen cover apparatus
      along the surface of copier machine 12.
PAR  It will now be appreciated that when the platen cover apparatus 10 has been
      manually translated to its limit of travel, additional force on the handle
      37 will throw the pad frame 33 and pad 32 into the opposite position. In
      other words, when the platen cover apparatus is slid into overlying
      relationship with the platen and an additional force is applied on the
      handle 37, this will cause tie rods 35 to lower pad 32 into frictional
      contact with the document. Alternatively, when the platen cover apparatus
      is moved in a direction away from the platen, an additional force on the
      handle 37 will cause the tie rods 35 and pad 32 to be raised out of
      contact with the platen.
PAR  In operation, a stack of documents is placed into tray 24 (FIG. 1) of the
      platen cover apparatus. The first document is then placed manually from
      the platen cover apparatus onto the platen 14. The platen cover apparatus
      is moved over the platen with pad 32 in raised position until in
      registration with the platen when the pad is lowered onto the document
      after a full translation of the platen cover apparatus thereby pressing
      the document firmly against the platen surface for copying thereof. The
      copy cycle is initiated by depressing the START PRINT button 16. After
      copying the document, the platen cover apparatus is moved in a reverse
      direction away from the platen while the pad maintains pressure against
      the document pulling the document with it off from the platen. The
      document is moved towards a receiving tray 62 (FIG. 6) mounted on the
      copier machine. At the limit of motion through which the platen cover
      apparatus is moved, handle 37 actuates the pad 32 above the platen. The
      apparatus is now ready to commence another cycle over a second document
      which is then placed on the platen.
PAR  Referring now to FIG. 6, there is shown the platen cover apparatus in a
      raised position to enable the copying of books or the like by positioning
      the book on the platen and supported by the receiving tray 62. It will be
      appreciated that the slide 21 is pivoted on a hinge 70 to enable lifting
      of the apparatus into a raised position. A projecting lip portion 73 on
      the cover 20 facilitates gripping the frame to lift the apparatus into its
      raised position.
PAR  By the above-described invention, there is shown a prime cover apparatus
      which enables the controlled manual positioning and removal of documents
      from the platen of a copier machine or the like. By the invention, a
      machine operator may conveniently provide for continued thruput time for
      copying of multiple documents at the operators convenience and without
      having to be concerned with the cycling time of machine components.
      Furthermore, since the platen cover apparatus is completely manual in its
      design and operation there is no requirement to couple the apparatus into
      the machine logic. Furthermore, due to its unique design, it is possible
      to copy multiple documents or books at the option of the machine operator
      in a very simple and inexpensive manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Platen cover apparatus comprising:
PA1  a frame mounted on a copier machine adjacent to a platen area, said frame
      being slidable relative to the machine;
PA1  cover means mounted on the frame having contiguous walls defining a tray
      for supporting a stack of documents to be copied and an open bottom
      therebelow;
PA1  a pad member received in the bottom of said cover means;
PA1  a parallelogram linkage connecting said pad member to said frame, said
      linkage being movable from a first position when the cover means is in a
      non-copying position to a second position in which said linkage is urged
      against the action of torsion spring means when the cover means is in a
      copying position,
PA1  said linkage including shaft members supporting rollers adapted for sliding
      along a track on the machine adjacent to the platen area, and
PA1  handle means connected to said linkage whereupon after sliding of the cover
      means over the platen area and actuation of said handle means said linkage
      is moved from its first position into its second position to position said
      pad member into frictional contact with a document for copying thereof,
      and after copying, upon sliding of the cover means in an opposite
      direction with said handle means engaged the document is transported into
      a receiving tray on the machine.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said track is pivotably mounted
      on said copier machine for pivoting on an axis parallel to the plane of
      the platen area.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said pad member includes a
      friction surface at the lowermost part thereof.
PATN
WKU  039443671
SRC  5
APN  4583140
APT  1
ART  211
APD  19740405
TTL  Copyboard cover for a photographic copying machine
ISD  19760316
NCL  11
ECL  1
EXA  Hutchison; Kenneth C.
EXP  Hix; L. T.
NDR  2
NFG  3
INVT
NAM  Hakanson; Nils L.
CTY  West Springfield
STA  MA
INVT
NAM  Touchette; Albert F.
CTY  Shutesbury
STA  MA
ASSG
NAM  Scott Paper Company
CTY  Philadelphia
STA  PA
COD  02
CLAS
OCL  355 76
XCL  355131
EDF  2
ICL  G03B 2762
FSC  355
FSS  76;75;48-51;72;128-131;118;113;116
UREF
PNO  1414582
ISD  19220500
NAM  Roth
OCL  355128
UREF
PNO  1417403
ISD  19220500
NAM  Moninger
OCL  355116
UREF
PNO  3183805
ISD  19650500
NAM  Ritzerfeld et al.
OCL  355 11
UREF
PNO  3288047
ISD  19661100
NAM  Limberger
XCL  355 11
ABST
PAL  Disclosed is a copyboard cover for covering and holding in position
      documents placed upon a copyboard of a photographic copying machine. The
      copyboard cover in its preferred embodiment includes a frame, means for
      reciprocating the frame to and from a load position uncovering the
      copyboard for placement of a document on the copyboard and a copy position
      covering the document and the copyboard, a light-blocking cover material
      for covering the copyboard when the frame is in the copy position to block
      out undesirable light, a pressure plate mounted within the frame for
      holding the document flat against the copyboard, and means for
      reciprocating the pressure plate towards the copyboard in response to the
      frame moving into the copy position and from the copyboard in response to
      the frame beginning movement back to the load position. In the preferred
      form of the copyboard cover, the light-blocking cover material is provided
      by a flexible, wide belt which is moved over the document on the copyboard
      without relative movement between the document and the portion of the belt
      in contact with the document.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to photographic copying machines of the
      type where documents are placed upon a copyboard to be copied and
      specifically to a copyboard cover for covering the document and the
      copyboard.
PAR  2. Description of the Prior Art
PAR  In the type of photographic copying apparatus wherein a document is placed
      upon a copyboard and a light image is reflected from the document to a
      photosensitive film upon which a copy of the document is made, it is
      desirable to cover the document and copyboard with a copyboard cover
      during imaging, for several reasons. One reason is to prevent the operator
      from exposure to the very bright copying light. Another reason is to
      assure that the document is held flat against the copyboard to prevent
      distortion of the copied information. A third reason is to provide an
      attractive border region around documents not as large as the copyboard,
      through use of a white cover material on the copyboard cover.
PAR  Perhaps the simplest and most common form of copyboard cover is a flat
      sheet of white material, which is usually made of some flexible material
      such as rubber and has one end secured to the copying machine at one end
      of the copyboard. This simple type of cover is lifted and folded back by
      hand to permit placement of a document (and removal later) on the
      copyboard, and then placed back over the document on the copyboard for
      imaging. There are a number of disadvantages with this type of copyboard
      cover. For example, placement or removal of the cover requires the use of
      at least one hand of the operator, thus preventing him from performing
      other functions such as collecting copies coming from the machine or
      selecting additional documents to be placed on the copyboard next. Also,
      the operator might disturb the document's positioning on the copyboard
      when he places the cover over the document, because of the ability of the
      cover to move laterally with respect to the copyboard. Additionally, this
      type of cover does not always hold the document flat against the
      copyboard, particularly if the document is one which is not naturally
      flat. A further disadvantage is that lifting and handling of the copyboard
      cover by the operator eventually results in the cover becoming dirty, thus
      not only presenting an undesirable background for imaging, but often
      dirtying the documents being copied.
PAR  It is an object of the present invention to provide a copyboard cover which
      does not have the above-described disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  The copyboard cover of the invention includes a copyboard cover frame and
      means for reciprocating the frame to and from a rearward load position
      uncovering the copyboard for placement of a document on the copyboard and
      a forward copy position covering the document on the copyboard. The
      copyboard cover further includes a light-blocking cover material which
      blocks out undesirable light and can be moved over the document and
      copyboard without disturbing the placement of the document on the
      copyboard. A preferred embodiment of the invention includes a pressure
      plate for applying pressure against the document on the copyboard to hold
      the document flat against the copyboard. The pressure plate is mounted
      within the frame along with means for reciprocating the pressure plate
      towards the copyboard plane in response to the frame moving into the copy
      position and away from the copyboard plane in response to the frame
      beginning movement back to the load position. The pressure plate is
      mounted to the frame through linkage means which are arranged to maintain
      the pressure plate parallel to the copyboard while the pressure plate
      reciprocates.
PAR  In a preferred form of the invention the light-blocking cover material is
      provided by a flexible, wide belt which is connected to the frame through
      belt-restraining means for positioning a portion of the belt on a flat
      plane parallel to and against the copyboard when the frame is in the copy
      position. The beltrestraining means includes a roll rotatably mounted to
      the frame in a forward position. The belt is partially wrapped about the
      roll, and one end of the belt may be secured to the copying machine
      enclosure in a fixed position with respect to the copyboard to prevent
      relative movement between the document and the portion of the cover
      material in contact with the document. In another embodiment, the
      light-blocking cover material is provided by an endless, flexible, wide
      belt and the belt-restraining means is connected to the frame for holding
      the belt in an elongated loop having a flat lower portion parallel to the
      copyboard. The belt-restraining means permits rotation of the belt with
      respect to the frame, so that the cover material may be moved over the
      document on the copyboard without relative movement between the document
      and flat lower portion of the cover material which contacts the document.
PAR  In the preferred embodiment of the invention, the belt-restraining means
      are provided by a rear roll rotatably mounted in a rearward position on
      the frame and capable of rearward movement with respect to the frame, a
      forward fixed roll rotatably mounted in an upper forward fixed position on
      the frame, a forward float roll rotatably mounted in a lower forward
      position on the frame and capable of movement away from the plane of the
      copyboard to permit movement of the forward float roll over a thick
      document placed upon the copyboard. In this embodiment, the light-blocking
      material is looped over the three rolls and the pressure plate is mounted
      between the upper and lower portions of the looped cover material.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of a preferred embodiment of the invention
      schematically illustrated in place on a copying machine and with portions
      broken away to illustrate the drive mechanism of the copyboard cover.
PAR  FIG. 2 is a side elevation view of a preferred embodiment of the invention
      schematically illustrated with the copyboard cover in the load position
      and with portions broken away to illustrate the invention; and
PAR  FIG. 3 is a side elevation view of a preferred embodiment of the invention
      schematically illustrated with the copyboard cover in the copy position
      and with portions broken away to illustrate the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiment of the copyboard cover of the inventionn is
      illustrated in FIG. 1, where copyboard cover 6 is positioned atop a
      photographic copying machine enclosure. The copying machine includes
      copyboard 5, which is made of transparent material such as glass and
      mounted on the top panel of the copying machine enclosure, and imaging
      assembly 4 disposed within the copying machine enclosure. Imaging assembly
      4 includes lamp 7 and reflector 8 positioned beneath the copyboard 5,
      reflecting mirrors 9, 10 and 11 for directing the reflected light image of
      a document placed on the copyboard 5 through lens 12 and onto photographic
      film 13.
PAR  The copyboard cover 6 is mounted for reciprocating movement on the copying
      machine enclosure to and from a rearward load position (illustrated in
      FIGS. 1 and 2) exposing copyboard 5 and a forward copy position
      (illustrated in FIG. 3) covering the document on top of the copyboard. The
      copyboard cover 6 can be moved to and from the copy position and load
      position by any form of conventional means, including a hand operated
      arrangement, but preferrably by the driving arrangement illustrated in
      FIG. 1. The driving arrangement includes reversible electric motor 14
      driving rack 18 and pinion 17 through torque delivered to pinion shaft 16
      by belt 15. Rack 18 is attached to the frame of copyboard cover 6, and
      motor 14 and pinion 17 are attached to the copying machine enclosure.
      Conventional limit switches are used to limit travel to the copyboard
      cover and reverse the travel direction.
PAR  FIGS. 2 and 3 are schematic views of the copyboard cover 6 (with the frame
      enclosure and drive mechanism removed) in the load position (FIG. 2) and
      the copy position (FIG. 3). The copyboard cover 6 includes endless,
      flexible belt 20 wrapped about rear roll 21, forward fixed roll 22, and
      forward float roll 23. Forward fixed roll 22 is rotatably mounted to the
      frame at a fixed position. Forward float roll 23 is rotatably mounted to
      member 24, which in turn is pivotably mounted to the shaft of fixed roll
      22. Therefore, float roll 23 is free to swing upwardly when belt 20 is
      moved over a document 19 of substantial thickness. Compression spring 26
      is mounted in a fixed position to the copyboard frame and biases float
      roll 23 downwardly toward the plane of the copyboard. Rear roll 21 is
      rotatably mounted in horizontal slot 37 (FIG. 1) and is rearwardly biased
      by compression spring 25 mounted in a fixed position to the copyboard
      cover frame. Thus, when float roll 23 swings upwardly and permits slack in
      the belt 20, rear roll 21 is urged backwardly to take up the slack.
PAR  Pressure plate 27 is mounted within the frame of the copyboard cover
      through a linkage arrangement which moves the pressure plate 27 downwardly
      when it is above document 19 (FIG. 3) to assure that the document 19 is
      pressed flat against the copyboard 5. The pressure plate linkage includes
      L-shaped members 30 and 32, which are pivotably mounted to the copyboard
      frame through shafts 33 and 34, respectively. The pressure plate 27 is
      rotatably connected to one end of each L-shaped members 30 and 32 by way
      of lugs 28 and 29. The opposite ends of the L-shaped members 30 and 32 are
      rotatably connected to horizontal member 31, which is biased in a forward
      direction by tension spring 36 fixed at one end to the frame. A cam
      follower 38 is rotatably mounted to the middle portion of L-shaped member
      30 and operably engages cam track 35, which is attached to the copying
      machine enclosure. Cam track 35 is a flat horizontal surface except at the
      forwardmost end where it is inclined downwardly. When the copyboard cover
      6 is advanced forward over the document 19, cam follower 38 is moved down
      the incline of cam track 35 by the urging of spring 36, pivoting L-shaped
      member 30 clockwise, translating horizontal member 31 to the right, and
      pivoting L-shaped member 32 clockwise to the same degree as L-shaped
      member 30 is pivoted. This motion of the linkage members results in
      pressure plate 27 being moved against the lower portion of belt 20 while
      being maintained parallel to the copyboard 5.
PAR  While only one set of linkage members 30, 31 and 32 is illustrated, it is
      preferrable to have another set of linkage members, one set on each side
      of the pressure plate 27. Also, although only one member 24 connecting
      forward float roll 23 to forward fixed roll 22 is illustrated, two members
      24 should be employed, one on each of rolls 22 and 23 and preferrably
      interconnected to move together to prevent one end of forward float roll
      23 from lifting farther away from the copyboard plane than the other end,
      which would result in unequal movement of the two sides of cover belt 20.
      While simple compression springs biasing float roll 23 towards the plane
      of the copyboard could be employed without use of the members 24, use of
      the members 24 are preferable to equalize movement of the cover material
      20 on both sides.
PAR  The light-blocking cover material 20 can be provided by any form of
      flexible material, but is preferrably made from a white, washable
      material, which will present a clean white background for documents which
      do not cover the entire copyboard 5. The light-blocking cover material 20
      is preferrably an endless, wide belt, a little wider than the copyboard 5,
      but belt 20 does not have to be endless. For example, in the preferred
      form of the invention, the belt 20 is fixedly secured by bolts 39 to the
      copying machine enclosure 40 at a point just to the left of forward float
      roll 23 in FIG. 2. Because the copyboard cover 6 preferably reciprocates
      only a short distance, usually less than its length, the lower portion of
      the belt 20 just to the left of the forward float roll 23 when the frame
      is in the load position is not subjected to any relative movement with
      respect to the copying machine enclosure. Therefore, securing the belt 20
      to the copying machine enclosure 40, by way of bolts 39 for example, not
      only does not interfere with the operation of the copyboard cover 6, but
      can be beneficial in maintaining the belt 20 in the proper lateral
      position on the rolls 21, 22 and 23. Also, the belt 20 does not
      necessarily have to be endless if one end is secured to the copying
      machine enclosure, such as just described. For example, the belt 20 could
      be discontinuous with each end fixed close together to the copying machine
      enclosure. Having the two ends of a discontinuous belt 20 fixed close
      together on the copying machine enclosure is the equivalent of an endless
      belt for purposes of this invention, and throughout the specification and
      claims the term endless belt shall also include this equivalent.
PAR  The primary function of the light-blocking cover material is to cover the
      document 19 on the copyboard 5 to prevent undesirable light from passing
      through the copyboard 5. Therefore, the light-blocking cover material does
      not have to be any longer than the length of the copyboard 5, although a
      length sufficient to form an endless belt 20, is beneficial for a
      particularly satisfactory copyboard cover. The invention could utilize a
      shorter belt secured at one end to the copying machine enclosure rearward
      of the copyboard, partially wrapping about a forward roll, and secured by
      a yielding arrangement, such as springs, to the frame. With this
      arrangement, the copyboard cover would require only one roll, which would
      be forwardly mounted on the frame.
PAR  Having described the preferred embodiments of the invention, its mode of
      operation will now be described. An operator places a document 19 to be
      copied upon copyboard 5 and presses a button to start the copying
      operation. Upon actuation of the electrical circuit, which can be provided
      by any form of electrical circuitry which will perform the following
      functions, the reversible electric motor 14 (FIG. 1) begins a clockwise
      rotation, driving pinion 17 through belt 15. Pinion 17 advances rack 18
      and the copyboard cover frame forward. As the copyboard cover frame moves
      forward, the light-blocking cover material, in the form of an endless belt
      20, is caused to rotate about rolls 21, 22 and 23, because belt 20 is
      either fixed to the copying machine enclosure or is held against relative
      movement with the copying machine enclosure through frictional forces.
      Therefore, belt 20 is "rolled" over the document 19 with no relative
      movement between the document and the part of belt 20 which contacts
      document 19 to avoid movement of the document 19 on the copyboard 5.
PAR  While the copyboard cover frame is moving toward the copy position (FIG.
      3), the pressure plate 27 is maintained parallel to the copyboard plane
      and above the lower portion of the belt 20 until the copyboard cover frame
      moves into the copy position. As the copyboard cover frame moves into the
      copy position, the track cam 35, having a downwardly inclined portion at
      the forward end, permits the pressure plate 27 to be pressed against the
      lower portion of the belt 20, by way of spring-biased linkage members 30,
      31 and 32. When the copyboard cover frame reaches the copy position, limit
      switches stop rotation of the electric motor 14 and forward movement of
      the copyboard cover frame and allow the copyboard cover to remain in the
      copy position while imaging takes place. After imaging, the electric motor
      14 is reversed, driving the copyboard cover frame in a rearward direction.
      As the copyboard cover frame begins its movement in a rearward direction,
      the pressure plate 27 is lifted from belt 20 by operation of cam track 35
      acting upon cam follower 38 and through linkage members 30, 31 and 32.
      Because this arrangement results in some slight rearward movement of the
      copyboard cover frame before the pressure plate 27 has lifted clear of the
      lower portion of the belt 20, it is preferable that the cover material 20
      be made of a slippery material, such as Mylar, so that the pressure plate
      27 can slide against the cover material while the cover material does not
      move with respect to the document 19.
PAR  Having described the preferred embodiments of the invention, it should be
      recognized that a number of variations can be employed within the scope of
      the invention. For example, the enclosure of the copyboard cover frame
      could serve as the light-blocking cover material if designed to form a
      light seal about the copyboard 5 With such an arrangement, the pressure
      plate 27 would perform the function of holding the document 19 flat
      against the copyboard 5. Other arrangements are also obvious to those
      skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for copying documents placed upon a copyboard, a
      copyboard cover comprising:
PA1  a copyboard cover frame;
PA1  means for reciprocating the frame to and from a rearward load position and
      a forward copy position;
PA1  light-blocking cover material associated with the frame for covering the
      copyboard when the frame is in the copy position;
PA1  a pressure plate mounted within the frame for applying pressure against the
      document on the copyboard to hold the document flat against the copyboard;
      and
PA1  means for reciprocating the pressure plate towards the copyboard in
      response to the frame moving into the copy position and from the copyboard
      in response to the frame beginning movement back to the load position.
NUM  2.
PAR  2. The copyboard cover according to claim 1, wherein the means for
      reciprocating the pressure plate comprises:
PA1  linkage members arranged to maintain the pressure plate parallel to the
      copyboard while the pressure plate reciprocates;
PA1  biasing means for urging the pressure plate towards the copyboard;
PA1  a cam follower operably connected to the linkage means for reciprocation of
      the pressure plate;
PA1  a cam operably engaging the cam follower and sloped toward the copyboard at
      the forward end to permit the pressure plate to move towards the copyboard
      as the frame moves into the copy position and to force the pressure plate
      away from the copyboard when the frame begins to move from the copy
      position.
NUM  3.
PAR  3. The copyboard cover according to claim 2, wherein the lightblocking
      cover material is provided by a flexible planar material and is positioned
      between the copyboard and the pressure plate when the frame is in the copy
      position.
NUM  4.
PAR  4. In an apparatus for copying documents placed upon a copyboard, a
      copyboard cover comprising:
PA1  a copyboard cover frame;
PA1  means for reciprocating the frame to and from a rearward load position and
      a forward copy position;
PA1  a light-blocking cover material for covering the copyboard when the frame
      is in the copy position, the light-blocking cover material being provided
      by a flexible, wide belt; and
PA1  belt-restraining means connected to the frame for positioning at least a
      portion of the belt in a flat plane parallel to and against the copyboard
      when the frame is in the copy position, the belt restraining means
      comprising a roll rotatably mounted to the frame in a forward position and
      about which the belt is partially wrapped for movement about the roll, and
      securing means for holding a portion of the belt in a fixed position with
      respect to the copyboard, whereby the cover material may be moved over the
      document on the copyboard without relative movement between the document
      and the portion of the cover material contacting the document, the roll
      being movable with respect to the frame away from the copyboard plane when
      the copyboard cover moves over a thick document placed on the copyboard,
      and the belt-restraining means further includes biasing means for urging
      the roll towards the copyboard plane.
NUM  5.
PAR  5. The copyboard cover according to claim 4, further including first and
      second pivotable members mounted at the ends of the roll for permitting
      the roll to pivot away from the copyboard plane, the pivotable members
      being interconnected to cause both ends of the roll to move together away
      from the copyboard plane.
NUM  6.
PAR  6. In an apparatus for copying documents placed upon a copyboard, a
      copyboard cover comprising:
PA1  a copyboard cover frame;
PA1  means for reciprocating the frame to and from a rearward load position and
      a forward copy position;
PA1  a light-blocking cover material for covering the copyboard when the frame
      is in the copy position, the light-blocking cover material being provided
      by an endless flexible wide belt; and
PA1  belt-restraining means connected to the frame for holding the belt in an
      elongated loop having a flat lower portion parallel to the copyboard, the
      belt restraining means permitting rotation of the belt with respect to the
      frame, whereby the cover material may be moved over the document on the
      copyboard without relative movement between the document and the flat
      lower portion of the cover material which contacts the document;
PA1  the belt-restraining means comprising a forwardly positioned roll and a
      rearwardly positioned roll, both rotatably mounted to the frame and about
      which the belt loops, the forwardly positioned roll being movable with
      respect to the frame away from the copyboard plane when the copyboard
      cover moves over a thick document placed on the copyboard, and the
      belt-restraining means further includes biasing means for urging the
      forwardly positioned roll towards the copyboard plane.
NUM  7.
PAR  7. The copyboard cover according to claim 6, wherein the belt-restraining
      means comprises three rolls about which the belt is looped, the first and
      second rolls being rotatably mounted in a rearward position on the frame
      and a forward position on the frame, respectively, by means which permits
      movement of at least one of the first and second rolls in a direction
      outwardly from the frame, and the third roll being rotatably mounted in a
      forward lower position on the frame by means which permits movement of the
      third roll away from the copyboard plane, the belt-restraining means
      further including biasing means urging the third roll towards the
      copyboard plane and biasing means urging the movably mounted first or
      second roll in a direction outwardly from the frame.
NUM  8.
PAR  8. The copyboard cover according to claim 6, further including a pressure
      plate for exerting pressure through the flat lower portion of the belt
      against the document, on the copyboard to hold the document flat against
      the copyboard, and including means for reciprocating the pressure plate
      towards the copyboard in response to the frame moving into the copy
      position and away from the copyboard in response to the frame beginning
      movement from the copy position towards the load postion.
NUM  9.
PAR  9. In an apparatus for copying documents placed upon a copyboard, a
      copyboard cover comprising:
PA1  a copyboard cover frame;
PA1  means for reciprocating the frame to and from a rearward load position
      uncovering the copyboard for placement of a document on the copyboard and
      a forward copy position covering the document and the copyboard;
PA1  a rear roll rotatably mounted in a rearward position on the frame and
      capable of rearward movement with respect to the frame;
PA1  a forward fixed roll rotatably mounted in an upper forward fixed position
      on the frame;
PA1  a forward float roll rotatably mounted in a lower forward position on the
      frame and capable of movement away from the plane of the copyboard;
PA1  a light-blocking cover material in the form of an endless flexible wide
      belt looping over the rear roll, the forward fixed roll, and the forward
      float roll;
PA1  first biasing means for urging the forward float roll towards the
      copyboard;
PA1  second biasing means for urging the rear roll in a rearward direction;
PA1  a pressure plate mounted within the frame in a position between the upper
      and lower portions of the looped cover material, the pressure plate being
      maintained parallel to the plane of the copyboard and reciprocatable from
      a first position spaced from the lower portion of the cover material to a
      second position against the lower portion of the cover material to exert
      pressure through the cover material against the document on the copyboard;
      and
PA1  reciprocating means operably connected to the pressure plate for moving the
      pressure plate towards the copyboard in response to movement of the frame
      into the copy position and away from the copyboard in response to the
      frame beginning movement from the copy position towards the load position.
NUM  10.
PAR  10. The copyboard cover according to claim 9, wherein the lower portion of
      the looped cover material is held in a fixed position with respect to the
      copyboard when the frame is moved to and from the copyboard.
NUM  11.
PAR  11. In an apparatus for copying documents placed upon a copyboard, a
      copyboard cover comprising:
PA1  a copyboard cover frame;
PA1  means for reciprocating the frame to and from a rearward load position and
      a forward copy position;
PA1  a light-blocking cover material for covering the copyboard when the frame
      is in the copy position, the light-blocking cover material being provided
      by an endless flexible wide belt; and
PA1  belt-restraining means connected to the frame for holding the belt in an
      elongated loop having a flat lower portion parallel to the copyboard, the
      belt-restraining means permitting rotation of the belt with respect to the
      frame, whereby the cover material may be moved over the document on the
      copyboard without relative movement between the document and the flat
      lower portion of the cover material which contacts the document, the
      belt-restraining means comprising three rolls about which the belt is
      looped, the first and second rolls being rotatably mounted in a rearward
      position on the frame and a forward position on the frame, respectively,
      by means which permits movement of at least one of the first and second
      rolls in a direction outwardly from the frame, and the third roll being
      rotatably mounted in a forward lower position on the frame by means which
      permits movement of the third roll away from the copyboard plane, the
      belt-restraining means further including biasing means urging the third
      roll towards the copyboard plane and biasing means urging the movably
      mounted first or second roll in a direction outwardly from the frame.
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ABST
PAL  A light device for analyzing precious stone body color, comprising a
      diffused light source in conjunction with indirectly reflected light.
      Also, method of analyzing precious stones for body color.
BSUM
PAR  The present invention relates to an apparatus for analyzing the body color
      of precious stones and gems and particularly to a light apparatus for such
      use.
PAR  In the appraisal of precious stones, particularly diamonds, one of the
      important primary factors is the body color of the stone. In order to
      determine accurately the diamond color, two primarily important factors
      must be considered, namely, first, the provision of diamonds of
      predetermined color grades for use as standards with which there can be
      compared the unknown body color of the examined diamond, and, second, the
      provision of a constant, uniform light field in which the examined diamond
      and the standard diamond can be inspected and their respective colors
      compared.
PAR  Diamonds generally have been analyzed for color by inspecting them with
      illumination from a source above the diamond such that the light is
      reflected directly on the diamond. Such direct reflection on the diamond
      has a number of disadvantages, among which is a substantially increased
      surface reflection from the diamond facets, thereby significantly limiting
      the color separations. Furthermore, this type of illumination makes it
      particularly difficult to determine the body color of mounted diamonds by
      reason of shadows being cast on the stone by the mounting when the diamond
      is inspected in the "table down" position, which is the characteristic
      position used for determining body color of diamonds.
PAR  The present invention overcomes the disadvantage of these prior art
      techniques and apparatus by providing a device that supplies a light field
      of very high uniformity and constancy of intensity and composition and,
      further, provides the additional benefits of accentuating color
      differences in diamonds, thereby facilitating the separation of diamond
      colors into distinct grades on a scale ranging from colorless to yellow.
PAR  A still further advantage provided by the present invention minimizes the
      amount of light reflected from the facet surfaces of the examined diamond,
      thereby maximizing color distinction, and permits facile and accurate
      determination of the body colors for mounted, as well as unmounted,
      diamonds.
PAR  The present invention, described generally, comprises a light device that
      utilizes both diffused light and indirectly reflected light to examine the
      diamonds. In a preferred embodiment, the light device utilizes light that
      is transmitted through a light-diffusing plate in conjunction with light
      reflected indirectly from a curved surface to examine the diamonds.
PAR  In a further embodiment, the light device of the present invention
      comprises a light filter and a light diffusing element in the path between
      the light source and the curved surface from which the light is reflected.
      In still another embodiment, the light device comprises an ultraviolet
      light source that can be employed when the abovementioned light source is
      turned off, to detect the ultraviolet fluorescence of the diamond.
DRWD
PAR  The present invention is described more particularly in the below preferred
      embodiments, taken with FIG. 1, which is a sectional isometric view of a
      light device according to the present invention.
DETD
PAR  The light device 10 comprises a partial envelope member 12 that partially
      defines an interior space 14, a primary light source 16 disposed at the
      space 14 and within the envelope 12, a light-diffusing member 18 disposed
      in co-operating relation with the light source 16, and a curved
      light-reflecting surface 20 that is preferably opaque and white and that
      is situated so as to receive and reflect light originating at the light
      source 16. The envelope member 12 preferably is light opaque so as to
      minimize reflectors of ambient light by the diamond that is being
      examined. The surface 20 can be a part of the envelope wall (as shown) or
      a separate structure.
PAR  In the light device 10, the light-diffusing member 18 is spaced from the
      light-reflecting surface 20 and a portion of the light radiation from the
      light source passes through the diffusing member 18, which preferably is
      translucent and onto the examined diamond 22 which can be disposed on the
      diffusing member 18 (as shown in FIG. 1, where the diamond is placed in
      the "table down" position which generally is preferred) or otherwise.
      Another portion of the light passes from the source 16 through the space
      between the reflecting surface 20 and the diffusing member 18, to the
      reflecting surface 20, from which surface the light is reflected upward
      above the diamond 22. A second diamond (not shown) having known qualities
      and used as a standard for comparison with the diamond 22 of unknown
      qualities, is also disposed at the space 14.
PAR  In the operation of the light device 10 the light passing through the
      diffusing member 18 impinges the diamond to illuminate it without surface
      reflections and the light portion impinging the reflecting surface 20,
      preferably being white opaque, provides a background against which the
      respective body colors of the internally illuminated diamonds are
      compared. The diamond preferably is viewed directly through the girdle 24
      at the center section thereof, permitting surface reflection-free
      examination of the diamond to be made.
PAR  It is generally preferred that the light source 16 be a fluorescent or
      incandescent light, it being further preferred that the light source 16 be
      connected to a variable power source 25 so as to permit the use of various
      light intensities.
PAR  In another embodiment, the light device 10 further comprises an ultraviolet
      light source 26 that is used with no light emanating from the light source
      16, to detect the ultraviolet fluorescence of the diamond being examined,
      thus enabling the determination of another quality factor of the unknown
      diamond.
PAR  In still another embodiment, the diffusing member 18 (e.g., a translucent
      plate of glass, plastic, or other suitable material) extends to the
      proximity of the light reflecting surface 20 and a light filter 28 is
      interposed between the diffusing member 18 and the light source 16 in
      generally the manner shown in FIG. 1, where the extended portion 30 of the
      diffusing member 18 and the light filter 28 are shown as phantom members.
PAR  The present invention has been described in terms of the examined stones'
      being a diamond; however, the invention can be utilized with a high degree
      of success in examining stones other than diamonds, which stones,
      including diamonds, can be mounted or unmounted.
PAR  The present invention thus simplifies the color determination of precious
      stones, provides increased accuracy and repeatability of results, and
      increases the ability of the observer to accurately separate nuances of
      the stone's color, particularly in the critical "colorless" and "near
      colorless" ranges.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for examining a precious stone, comprising:
PA1  a. an envelope structure defining an interior space viewable from without
      said envelope;
PA1  b. a light source disposed at said interior space;
PA1  c. a white transparent light diffusing means disposed within said interior
      space;
PA1  d. means for locating said precious stone within said interior space
      adjacent to said light diffusing means such that said stone is in light
      receiving relationship with said light diffusing means, and said light
      diffusing means being disposed between said precious stone and said light
      source, said stone being viewable from a point outside said interior
      space; and
PA1  e. means for reflecting light from said light source, and reflecting means
      being disposed such that said stone is located between said reflecting
      means and said viewing point, and being arranged so that at least a
      portion of the light being reflected by said reflecting means passes from
      said light source to said viewing point without passing through said light
      diffusing means.
NUM  2.
PAR  2. An apparatus as defined in claim 1, wherein said light diffusing means
      comprises a translucent element.
NUM  3.
PAR  3. An apparatus as defined in claim 2, wherein said light diffusing means
      is a glass plate.
NUM  4.
PAR  4. An apparatus as defined in claim 1, wherein said light reflecting means
      comprises a wall portion of said envelope.
NUM  5.
PAR  5. An apparatus as defined in claim 1, wherein said light reflecting means
      comprises a discrete structural element.
NUM  6.
PAR  6. An apparatus as defined in claim 1, wherein said envelope comprises a
      light opaque structure.
NUM  7.
PAR  7. An apparatus as defined in claim 1, further comprising an ultraviolet
      light source for illuminating said stone.
NUM  8.
PAR  8. An apparatus as defined in claim 1, further comprising a light filter
      disposed between said light reflecting means.
NUM  9.
PAR  9. An apparatus as defined in claim 1, wherein said light diffusing means
      comprises a translucent plate extending only to a point spaced apart from
      said light reflecting means.
NUM  10.
PAR  10. An apparatus as defined in claim 1, wherein said light source is
      connected to a variable power source, so that the light intensity thereof
      can be varied.
NUM  11.
PAR  11. An apparatus as defined in claim 1, wherein said light diffusing means
      serves as a support for said precious stone.
NUM  12.
PAR  12. An apparatus as defined in claim 1 wherein said light source is an
      incandescent lamp.
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ABST
PAL  In an optical comparison inspection system a single beam from a scanning
      light source is split to produce a pair of synchronously scanning focused
      light beams. One of the beams is directed onto a reference, light
      affecting patterned workpiece and the other beam is directed onto a
      similar patterned workpiece to be inspected. Both workpieces are mounted
      in optically equivalent positions on a traverse table which has a
      direction of travel orthogonal to parallel planes containing the scanning
      light beams. Pattern differences are represented by differences in
      photodetected representations of the two light beams, which are intensity
      modulated by the patterned workpieces. By electronically gating
      preselected combinations of the two modulated signals with circuitry
      employing multiple threshold detection elements, a resultant signal is
      produced which enables allowable edge aberrations to be discriminated from
      unacceptable defects in the patterns. Suitable display of the resultant
      signal permits an operator to rapidly ascertain both the number and
      location of only unacceptable defects.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to optical systems and, in particular, to optical
      systems used for making selective comparative inspections.
PAR  2. Description of the Prior Art
PAR  To achieve acceptable circuit yields and high reliability in integrated
      circuits and thin film circuits presently requires the performance of a
      visual inspection to verify the integrity of both mask and metallization
      patterns. Recent design trends toward higher levels of integration in both
      integrated and film circuits have increased the need for pattern
      verification. However, the resulting pattern complexity of integrated and
      film circuits has made visual inspection of both masks and metallization
      patterns more difficult and more expensive. Typically, an inspector must
      scan a pattern, detect potentially harmful defects in the mask or
      metallization patterns and decide which of the detected defects may indeed
      be critical to circuit performance. Pressures to decrease inspection cost
      may force inspectors to adopt higher scanning rates, possibly at the
      expense of reliable defect detection.
PAR  Some typical defects which can interfere with the light transmission
      characteristics of the mask or the electrical properties of the
      metallization pattern and which can affect final circuit yields are
      pinholes, protrusions, scratches, and unetched film.
PAR  One possible solution to the inspection reliability versus cost problem is
      automation. However, complete automation of inspection is considered
      extremely difficult to achieve both technically and economically. The
      development of more limited automatic techniques, which reliably detect
      and display all mask defects which might adversely affect the performance
      of a circuit fabricated by the use of such a mask, is considered much more
      realistic. Such a semiautomatic scheme would relieve the inspector of the
      mechanical aspects of inspection and free him to concentrate on the
      decision function, as to the effects on circuit performance if a detected
      defect is not corrected provided that an efficient interface is
      established between the inspector and the inspection machine.
PAR  Some semiautomatic optical comparison systems have been described in the
      literature and are in commercial use. These systems typically utilize at
      least two synchronously scanning focused light sources to illuminate the
      patterned masks or workpieces which are placed in optically equivalent
      positions. A point-by-point comparison of the readings provided by the
      scanning sources indicates any relative differences between the two
      patterns. Unfortunately, pattern dimensions vary within some acceptable
      range from workpiece to workpiece. For some fine line patterns, these
      dimensional variations result in acceptable pattern aberrations which are
      of the same approximate size as potentially critical defects. These
      defects can adversely affect the circuits formed by the use of the
      inspected masks.
PAR  Accordingly, it is one object of the present invention to separate
      acceptable pattern aberrations from true mask imperfections, the latter
      being potentially capable of causing failures in circuits fabricated by
      the use of uninspected masks.
PAR  Another object is to achieve a more uniform quality in the circuits
      fabricated by the use of inspected masks by more accurately and more
      consistently controlling the decision threshold between acceptable and
      unacceptable mask patterns.
PAR  A further object of the present invention is to reduce the cost of making
      comparative inspections by decreasing operator interaction with the
      optical scanning equipment.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects of the invention are realized in an
      illustrative embodiment wherein first and second synchronously scanning
      light beams are intensity modulated by the patterns on a test and a
      reference workpiece. Application of these intensity modulated signals to
      electronic circuitry which gates preselected combinations of the two
      modulated signals in accordance with a number of predetermined threshold
      levels produces a resultant signal which is indicative of any light
      affecting characteristics in the test workpiece which differ significantly
      from those in the reference workpiece. By controlling the manner in which
      the two modulated signals are combined, acceptable pattern aberrations can
      be advantageously separated from other types of unacceptable pattern
      variations which produce similar light affecting characteristics. Suitable
      display of the resulting signal on, for instance, an electrooptical
      display device permits an operator to rapidly ascertain both the number
      and the location of only the potentially unacceptable pattern defects.
PAR  Accordingly, it is one feature of the present invention that a
      point-by-point comparison is made to detect relative interpattern
      differences between a patterned workpiece and a reference workpiece, but
      those differences associated with minor edge aberrations are ignored while
      defects in the interior of a pattern are detected.
PAR  Another feature is that more consistent enforcement of preselected
      inspection criteria can be advantageously achieved because of
      electronically controlled decision thresholds.
PAR  A further feature of the present invention is that the processing
      electronics are inexpensive and can be advantageously retrofitted to many
      dual beam, comparative scanning optical inspection systems.
PAR  Yet another feature is that both the number and the location of the
      detected defects are readily ascertainable by a visual inspection of an
      electrooptical display device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The aforementioned features and objects of the invention as well as other
      features and objects will be better understood upon a consideration of the
      following detailed description and the appended claims in connection with
      the attached drawings of an illustrative embodiment in which:
PAR  FIG. 1 is a schematic representation of a dual beam optical comparison
      system;
PAR  FIG. 2 illustrates unacceptable defects as compared with edge aberrations
      in a light transmissive workpiece;
PAR  FIG. 3 is a plot of the relative photo responses of two scanning light
      beams as a function of light spot and pattern edge location;
PAR  FIG. 4 is a plot of the relative photo responses (such as those of FIG. 3)
      of two light beams independent of their positional locations, illustrating
      valid feature space, including acceptable edge aberrations, and a defect
      space resulting from unacceptable pattern variations on the test
      workpiece;
PAR  FIGS. 5 and 6 are defect space plots similar to that of FIG. 4 illustrating
      different degrees of resolution in results for single and multiple
      threshold system configurations; and
PAR  FIG. 7 is an electrical schematic representation of the processing
      electronics for realizing the multiple threshold resolution shown in FIG.
      6.
DETD
PAC  DETAILED DESCRIPTION
PAR  Operation of the optical comparison system, shown in schematic form in FIG.
      1, is most easily understood by separating the description into three
      parts. Part one will describe the optical portion of the system including
      visual display aspects. The second part will describe criteria to be used
      for separating unacceptable pattern variations from acceptable edge
      aberrations. Since the criteria depend to some extent on a number of light
      beam characteristics such as beam cross-sectional area or spot size and
      the distribution of light intensity in the beam, this discussion follows
      the description of the optical system. Part three of the description will
      describe a translation of the separation criteria into an electronic
      implementation thereof. Utilization of this approach should result in a
      simplification of the overall system description.
PAC  1. Optical System
PAR  A dual beam optical comparison system is shown in FIG. 1. For such a system
      to provide a meaningful point-by-point comparison of two objects to be
      compared it is essential that the two beams have virtually identical
      characteristics, that the objects be scanned synchronously by the two
      beams, and that the two objects be in optically equivalent positions. The
      first and second of these requirements are readily satisfied by the use of
      a common light source 109 to generate the two scanning beams. In one
      embodiment of the invention light source 109 is a helium-neon laser having
      an operating wavelength of 6328 Angstroms. Utilization of a laser as light
      source 109 provides a parallel output light beam 110, defined by beam
      edges 111 and 112, the intensity of which is approximately gaussian as a
      function of distance along a beam radius. Beam edges 111 and 112 are
      conveniently defined as being at the 1/e.sup.2 intensity points, where e
      is the base of a natural logarithm. The approximately gaussian form of
      light beam 110 ensures that a scanning beam spot also has an approximately
      gaussian intensity distribution. Care must be taken to minimize aperturing
      of beam 110, so that diffraction effects which cause departures from the
      gaussian distribution are minimized. Final spot size is controlled by
      applying light beam 110 to a beam expander 113 which expands beam 110 to a
      diameter of about one inch at the 1/e.sup.2 intensity points, while at the
      same time collimating individual light rays within the beam to make them
      parallel to one another. In an alternate embodiment where a laser is not
      used, an incoherent light source plus suitable collimating optics are
      substituted for light source 109.
PAR  Beam 110, following expansion, is deflected by stationary mirror 114 to a
      torsionally oscillating mirror 115. The oscillations of mirror 115 impart
      a scanning motion to beam 110 without altering its intensity or
      collimation characteristics. These oscillations are about a line parallel
      to a plane containing either one of the two objects to be compared,
      reference workpiece 126 or test workpiece 127. Utilization of stationary
      mirror 114 to deflect beam 110 onto a reflecting face of oscillating
      mirror 115 permits light source 109 and beam expander 113 to be physically
      located in a more convenient position in the optical signal path than
      would otherwise be the case if stationary mirror 114 were excluded.
      Morever, the use of stationary mirror 114 ensures that beam 110 will be
      incident at the axis of oscillation of mirror 115 thereby maximizing the
      length of a scan.
PAR  After impingement on oscillating mirror 115, beam 110 is directed to lens
      117. Oscillating mirror 115 is located in a back focal plane passing
      through a focal point of lens 117. In order to achieve a telecentric scan,
      wherein a central light ray in beam 110 is maintained perpendicular to the
      planes containing workpieces 126 and 127 throughout a scan, lens 117 must
      have its entrance pupil outside the body of the lens.
PAR  Synchronous scanning of workpieces 126 and 127 is ensured by deriving beams
      119 and 122, as defined by pairs of beam edges 120-121 and 123-124,
      respectively, from the same beam 110. Beam division is effected by
      applying beam 110 to beam splitter 118 which produces two orthogonal
      output beams 119 and 122. Beam 122 is redirected by mirror 125 and brought
      into parallel alignment with beam 119. The optical path lengths traveled
      by beams 119 and 122, following beam division, must be equal.
PAR  The third essential requirement, that the two objects be held in optically
      equivalent positions, is satisfied when workpieces 126 and 127 are
      mechanically aligned with one another as they are affixed to traverse
      table 130 by pairs of mounting clips 145-146 and 147-148, respectively.
      The alignment tolerance range plus the range on allowable pattern edge
      variations define a tolerance zone within which edge aberrations are
      acceptable. Beam spot size at the points of incidence on workpieces 126
      and 127 and the minimum sized defects to be detected are used to establish
      the limits on this tolerance zone.
PAR  Beams 119 and 122 are intensity-modulated by the patterns on workpieces 126
      and 127 and these intensity variations are detected by reference
      photodiode 131 and test photodiode 132, respectively, which lie beneath
      workpieces 126 and 127. Photodiodes 131 and 132 are affixed to support
      brackets 143 and 144, respectively, with brackets 143 and 144 being
      fixedly mounted independently of traverse table 130. Photodiodes 131 and
      132 are directly in the path of beams 119 and 122, respectively. Leads 133
      and 134 couple electrical equivalents of the intensity-modulated light
      signals to processing electronics 135 about which more will be said in
      part three of this description.
PAR  Where workpieces 126 and 127 have reflective characteristics, the optical
      equipment following lens 117 in the paths traveled by beams 119 and 122 is
      slightly modified and photodiodes 131 and 132 are shifted to a location
      above workpieces 126 and 127.
PAR  Complete point-by-point illumination of workpieces 126 and 127 is provided
      by the back and forth motion of traverse table 130 in a plane which is
      orthogonal to first and second parallel planes containing light beams 119
      and 122 as the beams are scanned back and forth by the oscillations of
      mirror 115. Electrical signals produced by photodiodes 131 and 132 during
      the scanning are coupled by leads 133 and 134 to processing electronics
      135, to be described, and from there on a lead 142 to an intensity
      modulation input 139 of a storage oscilloscope 136. Horizontal and
      vertical deflection of the oscilloscope 136 are controlled by electrical
      signals from galvanometer oscillator 116 applied on a lead 140 to a
      horizontal deflection input 137 and by signals derived, by transducers not
      shown, from the motion of table 130 and supplied on a lead 141 to a
      vertical deflection input 138. The horizontal and vertical deflection
      signals provide positional information in a two dimensional display,
      whereas the signal applied to the intensity modulation input 139 is a
      binary signal which provides an indication of whether or not an
      unacceptable pattern defect is present and detected. The long persistence
      time feature of the storage oscilloscope 136 permits the results of a
      complete inspection to be displayed simultaneously thereby allowing an
      operator to mark the location of the defects on test workpiece 127 for
      subsequent repair purposes. The binary signal can also be advantageously
      used to activate a counter, thereby providing a count of the number of
      defects.
PAC  2. Edge Aberration Avoidance Criteria
PAR  The distinction between edge aberrations and unacceptable pattern defects
      is more easily understood by considering a typical light transmissive
      pattern that might be carried by workpieces 126 and 127. A light
      transmissive pattern on test workpiece 127 and, in idealized form, a light
      transmissive pattern on reference workpiece 126 are illustrated in FIGS.
      2a and 2b, respectively. Those areas which are shaded represent opaque
      regions of workpieces 126 and 127. These regions greatly attenuate light
      beams 119 and 122. Unshaded areas represent transparent regions which
      allow beams 119 and 122 to pass through workpieces 126 and 127 with little
      or no attenuation. The broken lines shown in FIG. 2a represent the desired
      pattern outline.
PAR  Test workpiece 127 has several unacceptable pattern defects, thereon as
      well as irregularities around the pattern edges. These irregularities
      around the pattern edges are usually referred to as edge aberrations.
      Superimposing reference workpiece 126 on top of test workpiece 127, as
      shown in FIG. 2c, illustrates those areas, shown shaded, between the two
      patterns where modulation differences would exist between the output
      signals from photodiodes 131 and 132. Moderate edge aberrational effects
      typically are not of such a serious nature as would result in catastrophic
      failures in circuits fabricated by the use of such a workpiece. However,
      the pattern defects 210 through 212, shown shaded in FIG. 2f, very
      frequently do cause such failures. For example, a break 210 as shown in
      FIG. 2a, separates the two major regions of the pattern on workpiece 127.
      This break could result in an open circuit condition. While the circuit
      effects resulting from defects drastically differ from those of edge
      aberrations, the difference in modulation level between the signals
      delivered by photodiodes 131 and 132, caused by the two different
      phenomena are not readily discernible.
PAR  To separate edge aberrational effects, a tolerance zone 220 which places
      specified limits on the amount of variations in edge aberrations which
      will be acceptable is selected in accordance with beam spot size and
      minimum sized defects to be detected. This tolerance zone 220 is shown in
      FIG. 2d. Details regarding the physical implementation of this zone will
      be discussed in part three. In FIG. 2e, superposition of FIG. 2d on top of
      FIG. 2c illustrates those edge aberrations which fall within the tolerance
      zone, shown by broken lines, and hence are separable. Subtraction of the
      edge aberrational effects from the total comparative pattern differences
      yields those areas in test workpiece 127 which constitute unacceptable
      pattern defects 210 through 212. These defects are shown shaded in FIG.
      2f.
PAR  It should be noted that the focused spot size of beams 119 and 122 at the
      planes containing workpieces 126 and 127 must be at least the same order
      of magnitude as the defects to be detected and typically, the spot size is
      as small as the smallest defect to be detected. It should also be noted
      that reference workpiece 126, as illustrated in FIG. 2b, does not include
      edge aberrations similar to those of test workpiece 127, as shown in FIG.
      2a. In actuality, reference workpiece 126 also has edge aberrations but
      these have been purposely removed from FIG. 2b so that the edge aberration
      avoidance criteria are more easily understood.
PAR  With an understanding that both workpieces 126 and 127 generally have edge
      aberrations and that the aberrations are not in corresponding locations,
      it will be appreciated that as beams 119 and 122 scan over the edges of
      workpieces 126 and 127, when located at a nominal reference position, the
      intensity modulation imparted to beams 119 and 122 will differ due to
      these pattern differences. To further define the effects of these pattern
      differences, normalized relative responses of the photodetected modulated
      signals, denoted as P.sub.131 and P.sub.132, are plotted as a function of
      spot and edge location about a nominal point in FIG. 3.
PAR  Spot and edge location x/.sigma. is plotted along the abscissa with the
      nominal reference position or edge location represented as the point
      labeled O. The parameter .sigma. in FIG. 3 represents the spot size of
      beams 119 and 122 at the plane containing workpieces 126 and 127. x is a
      variable representing the location of the spot about the nominal reference
      position.
PAR  .DELTA. corresponds to the tolerance zone noted previously and represents
      the maximum tolerable deviation between a pattern edge on reference
      workpiece 126 and a corresponding pattern edge on test workpiece 127 at an
      equivalent position. Accordingly, .DELTA./.sigma. represents the maximum
      allowable normalized deviation between edge locations of equivalent points
      on the patterns of workpieces 126 and 127.
PAR  Relative response is the ordinate parameter of FIG. 3 and is developed by
      normalizing the output signals from photodiodes 131 and 132 by division by
      reference power P.sub.o. P.sub.o is the maximum signal power detected by
      photodiodes 131 and 132 when beams 119 and 122 are incident on a nonopaque
      portion of workpieces 126 and 127.
PAR  For the case where the edges of workpieces 126 and 127 are in
      correspondingly equivalent positions at the nominal edge location O, the
      P.sub.131 curve will fall on top of the P.sub.132 curve and both curves
      will have a normalized relative response which passes through the one-half
      relative response point. As either or both of the edge locations of
      workpieces 126 and 127 deviate in a nonidentical way about the nominal
      edge location O, the P.sub.131 curve and the P.sub.132 curve no longer
      fall atop one another. Ascribing one-half the maximum allowable edge
      deviation from the nominal location to reference workpiece 126 and
      one-half to test workpiece 127 in oppositely directed senses results in
      the plot shown in FIG. 3. It will be appreciated that although the
      P.sub.132 curve is shown to the right of the P.sub.131 curve and could, in
      effect, be considered as leading the P.sub.131 curve, that is, beam 122
      approaches an edge on test workpiece 127 before beam 119 reaches a
      corresponding edge point on reference workpiece 126, the inverse situation
      is equally probable. That is, beam 119 is just as likely to reach an edge
      point on reference workpiece 126 before beam 122 reaches a corresponding
      edge point on test workpiece 127. The significance to be attached to this
      effect will become evident in the discussion of FIG. 4.
PAR  To complete the discussion of FIG. 3 it should be noted that the vertical
      separation, .delta.P, between the P.sub.131 curve and the P.sub.132 curve,
      represents the relative power difference between the two signals delivered
      by photodiodes 131 and 132 and that this power difference results from
      differences in the intensity modulation imparted to beams 119 and 122 as
      they are transmitted through workpieces 126 and 127. These modulation
      differences are produced by either acceptable edge aberrations, including
      mechanical misalignments, or by unacceptable pattern defects in the
      pattern being inspected.
PAR  In FIG. 4, the positional parameters of FIG. 3 are eliminated by plotting
      the relative responses P.sub.131 and P.sub.132 as a function of one
      another. For example, for any given normalized spot and edge location
      x/.sigma. there is a relative response power level for P.sub.131 and a
      relative response power level for P.sub.132. These two power levels, when
      plotted against one another, form one of the bounding curves of a
      football-shaped space 410 in FIG. 4. It should be recalled that the
      probability of either beam 119 or beam 122 first striking an edge is
      equally likely so that P.sub.131 and P.sub.132 are readily interchangeable
      in FIG. 3. Consequently, the other bounding curve of the football-shaped
      space 410 is produced as a result of such an interchange.
PAR  With the edge deviation .DELTA. at the maximum allowable limit, all of the
      area contained within the football-shaped space 410 represents valid
      feature space including acceptable edge aberrations. All of the area
      external to the football-shaped space 410 represents a defect space 411
      and includes all unacceptable pattern variations. Hence, the bounding
      curves represent a threshold level whereby acceptable pattern defects,
      including edge aberrations and mechanical misalignments are separable from
      unacceptable pattern defects.
PAC  3. Multiple Threshold Gating
PAR  Implementation of threshold gating which would accurately synthesize the
      nonlinear bounding curves of the football-shaped space 410 would optimize
      the edge aberration avoidance criteria. Such an implementation would
      involve the use of nonlinear, active circuit elements. For present
      applications, however, the synthesis of such a complex nonlinear shape is
      not necessary. As a first approximation to the nonlinear bounding curves a
      single threshold is employed. This threshold is represented as a straight
      line which is just tangent to the nonlinear curves, as shown in FIG. 5, at
      the point of maximum deviation from a straight line passing through the
      origin and the (1,1) relative response point. A system utilizing such a
      threshold provides capability for separating out those defects shown in
      shaded areas 510 of FIG. 5. However, a considerable portion of defect
      space 511 lying between the bounding curves and the tangential straight
      line approximation would be inaccessible. Unacceptable defects lying in
      this inaccessible area 511 would go undetected.
PAR  A reduction in this inaccessible defect space and hence, a corresponding
      improvement in sensitivity is effected by increasing the number of
      straight line segments bounding the nonlinear threshold curves. As shown
      in FIG. 6, for example, a three segment piecewise linear fit to one of the
      bounding threshold curves significantly reduces the inaccessible defect
      space 511. In fact, the points of tangency of line segments 610 through
      615 are selected such that the inaccessible defect space 511 is minimized.
      It should be noted that the increased defect sensitivity is achieved
      without an increased sensitivity to edge aberrations and mechanical
      misalignments since tighter tolerances are not required on the mechanical
      alignment equipment.
PAR  Straight line segments 610 through 615 bounding the football-shaped space
      410 are each definable by a slope parameter and an intercept parameter in
      the usual manner used to describe a straight line on a two-dimensional
      space. Translation of the line segments 610 through 615 into a form which
      may be implemented by logic circuitry results in defect region or space
      510 being defined by the following conditions:
EQU  .alpha..sub.2 P.sub.131 .gtoreq.P.sub.132 +K.sub.4         (1)
EQU  p.sub.132 .ltoreq.p.sub.131 -k.sub.3                       (2)
EQU  .beta..sub.1 p.sub.132 .ltoreq.p.sub.131 -k.sub.2          (3)
EQU  .alpha..sub.1 p.sub.131 .ltoreq.p.sub.132 +k.sub.5         (4)
EQU  p.sub.131 .ltoreq.p.sub.132 -k.sub.6                       (5)
EQU  .beta..sub.2 p.sub.132 .gtoreq.p.sub.131 +k.sub.1          (6)
PAL  where .alpha..sub.1, .alpha..sub.2, .beta..sub.1 and .beta..sub.2 represent
      slope coefficients and K.sub.1 through K.sub.6 represent intercept
      coefficients.
PAR  It should be noted that line 610 is advantageously so chosen to be parallel
      to line 613. Also line 611 is made parallel to line 614 with both lines
      being parallel to line P.sub.131 = P.sub.132 passing through the origin
      and the (1,1) relative response point. Accordingly, lines 611 and 614 have
      a unity slope coefficient. Finally, line 612 and line 615 are parallel to
      one another. These parallel relationships simplify fabrication of
      processing electronics 135 since
EQU  .beta..sub.1 = .beta..sub.2,                               (7)
PAL  and
EQU  .alpha..sub.1 = .alpha..sub.2.                             (8)
PAL  An inverse proportionality relationship between the .alpha.'s and the
      .beta.'s results from the symmetrical orientation of lines 610 and 615 and
      lines 612 and 613 about the P.sub.131 = P.sub.132 line. In one embodiment
      ##EQU1##
      and
EQU  K.sub.1 = 0.03
EQU  k.sub.2 = 0.73
EQU  k.sub.3 = 0.4
EQU  k.sub.4 = 0.333
EQU  k.sub.5 = 2
EQU  k.sub.6 = 0.4 .                                            (10)
PAR  fig. 7 illustrates circuit implementation of conditions (1) through (6).
      Four of the six threshold conditions as set out in equations (1), (3), (4)
      and (6) require weighting of the first and second modulated signals
      P.sub.131 and P.sub.132, coupled out of photodiodes 131 and 132,
      respectively, by the slope coefficients (.alpha.'s and .beta.'s). The
      values of modulated signals P.sub.131 and P.sub.132 are referenced to
      ground potential. Signal weighting is effected electrically by applying
      P.sub.131 to one side of parallel connected potentiometers P.sub.1 and
      P.sub.2 and by applying P.sub.132 to one side of parallel connected
      potentiometers P.sub.3 and P.sub.4. The other side of potentiometers
      P.sub.1 through P.sub.4 is held fixed at a reference ground potential.
      Since a linear weighting is effected by potentiometers P.sub.1 through
      P.sub.4, only the ratio (.alpha.'s and .beta.'s) of wiper settings to full
      scale settings is important and specific resistance values need not be
      defined.
PAR  Intercept coefficient signals K.sub.1 through K.sub.6 are provided by a
      bipolar biasing arrangement of potentiometers P.sub.5 through P.sub.10.
      Each of the potentiometers P.sub.5 through P.sub.10 has one side connected
      to a source of positive potential +V and the other side connected to a
      source of negative potential -V. This bipolar biasing arrangement permits
      control of both the magnitude and the sign of the intercept coefficients.
      It should be noted that the signal values at the wipers of potentiometers
      P.sub.5 through P.sub.10 represent the intercept values directly. Both the
      positive and the negative sources of potential should have a low internal
      impedance to avoid any circuit loading effects.
PAR  P.sub.131 and P.sub.132, their product with the slope coefficients at the
      potentiometer wipers, and the intercepts at the potentiometer wipers are
      combined at inputs to comparators C.sub.1 through C.sub.6 to form binary
      signals representing the six previously described conditions on inputs to
      a coincidence gate G. The sums are effected at circuit nodes N.sub.1
      through N.sub.6 on upper inputs and the products and P.sub.131 and
      P.sub.132 are delivered to lower inputs of comparators C.sub.1 through
      C.sub.6.
PAR  In order for the summation of slope coefficient weighted signals and
      intercept coefficient signals to be effected accurately, any signal
      imbalances caused by resistive mismatches in the two signal paths to be
      summed must be avoided. For example, to obtain an accurate summation of
      two voltages the two path resistance values should be equal. Similarly,
      comparisons between signals are only meaningful if the signals are not
      affected by resistive mismatches. To avoid resistive mismatches, the
      summation of the slope voltage coefficient signals and the intercept
      coefficient signals is controlled by in-line, serially connected,
      resistors R.sub.1, R.sub.2, R.sub.3, R.sub.7, R.sub.8, R.sub.10 and
      R.sub.13 through R.sub.18. Corresponding control, to permit accurate
      comparisons being made by comparators C.sub.1 through C.sub.6, is provided
      by resistors R.sub.4, R.sub.5, R.sub.6, R.sub.9. R.sub.11, R.sub.12,
      R.sub.19, and R.sub.20. So long as these resistors have a value which is
      an order of magnitude or more greater than the resistance values of
      potentiometers P.sub.1 throuogh P.sub.10, the effects of the
      potentiometers on the summations or comparisons is negated. Since
      conditions (2) and (5) have slope coefficients of unity, R.sub.19 and
      R.sub.20 on the lower inputs of C.sub.5 and C.sub.6 serve a similar
      function as P.sub.1 through P.sub.4 on the lower inputs of C.sub.1 through
      C.sub.4. Proper signal summations for the purpose of accurately
      synthesizing equations 1 through 6 are ensured provided the following
      resistor relationships are maintained.
EQU  R.sub.1 = R.sub.13
EQU  r.sub.2 = r.sub.15
EQU  r.sub.3 = r.sub.17
EQU  r.sub.4 = r.sub.20
EQU  r.sub.7 = r.sub.14
EQU  r.sub.8 = r.sub.16
EQU  r.sub.9 = r.sub.19
EQU  r.sub.10 = r.sub.18.                                       (11)
PAL  resistors R.sub.1 through R.sub.20 need not have any particular values so
      long as the order of magnitude difference between resistor values and
      potentiometer values is maintained and the aforementioned resistor
      relationships are satisfied. In one embodiment R.sub.1 through R.sub.20
      were equal in value with that value being about an order of magnitude
      larger than a common value of potentiometer resistance which was
      advantageously 500 ohms.
PAR  A binary indication of the presence of absence of an unacceptable pattern
      defect is provided by actuation of comparators C.sub.1 through C.sub.6 and
      NAND gate G. Comparators C.sub.1 through C.sub.6 have an inverting and a
      noninverting input and are functionally parallel in the circuit such that
      in the absence of an unacceptable defect the noninverting input of each
      comparator controls and a logical 1 is delivered at each comparator
      output. Detection of an unacceptable defect in test workpiece 127 causes a
      threshold to be exceeded and comparator control shifts to an inverting
      input on at least one of the comparators C.sub.1 through C.sub.6 and a
      logical 0 is delivered on its output. One or more logical 0's provided by
      comparators C.sub.1 through C.sub.6 as inputs to NAND gate G causes the
      output to go high or to a logical 1 state and the occurrence of this
      condition indicates the presence of an unacceptable defect.
PAR  The gate G output on lead 142 is a train of pulse or no-pulse times which
      are synchronous with the scan of beams 119 and 122 and with the horizontal
      and vertical deflection of oscilloscope 136. Each pulse on lead 142
      produces a spot on oscilloscope 136 at a position corresponding to the
      position of the defect on test workpiece 127. The long persistence time
      feature of the storage oscilloscope 136 permits the results of a complete
      inspection to be displayed simultaneously thereby allowing an operator to
      mark the location of the defects on the test workpiece 127 for detailed
      visual inspection and repair purposes.
PAR  While the foregoing embodiment has been described in terms of a six
      threshold approximation, it will be appreciated that the number of
      approximating thresholds may be readily increased and that, in the limit,
      the nonlinear threshold curves bounding the football-shaped space 410 may
      be synthesized directly.
PAR  In all cases it is understood that the above described embodiment is
      illustrative of but a small number of the many possible specific
      embodiments which can represent applications of the principles of the
      invention. Thus, numerous and varied other embodiments can readily be
      devised in accordance with these principles by those skilled in the art
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for comparing a light affecting, patterned workpiece with a
      similar reference workpiece to detect unacceptable defects in the
      patterned workpiece to the exclusion of acceptable edge aberrations, the
      apparatus comprising
PA1  means for generating first and second synchronously scanning light signals,
PA1  means for maintaining said workpieces in optically equivalent positions,
      said position maintaining means being movable in a plane orthogonal to
      said scanning light signals,
PA1  means for detecting said light signals affected by said workpieces, said
      signals being intensity modulated by the patterns on said workpieces, and
PA1  means for gating preselected combinations of said first and second
      modulated signals in accordance with a number of predetermined threshold
      levels to produce a binary signal indicative of said unacceptable defects
      in said patterned workpiece with respect to said reference workpiece to
      the exclusion of said acceptable edge aberrations.
NUM  2.
PAR  2. The apparatus in accordance with claim 1 wherein the first and second
      light signals comprise
PA1  collimated light beams, each beam having an intensity profile, as a
      function of diametric beam cross section in parallel planes containing
      said workpieces, which approximates a gaussian distribution.
NUM  3.
PAR  3. The apparatus in accordance with claim 1 wherein the light signal
      generating means includes
PA1  a light source providing a coherent output light beam,
PA1  means for deflecting said beam in a plane orthogonal to a parallel plane
      containing at least one of said workpieces,
PA1  means for focusing said beam, said focused beam having a diameter at said
      workpieces which is the same order of magnitude as the smallest defect to
      be detected, and
PA1  means for dividing said focused beam into first and second components, said
      first component illuminating said patterned workpiece and said second
      component illuminating said reference workpiece.
NUM  4.
PAR  4. The apparatus in accordance with claim 3 wherein the light source
      comprises
PA1  a helium-neon laser having an operating wavelength of 6328 Angstroms.
NUM  5.
PAR  5. The apparatus in accordance with claim 3 wherein the beam deflection
      means includes
PA1  a mirror, means for oscillating said mirror about an axis parallel to one
      of said planes containing one of said workpieces and located in a back
      focal plane and passing through a focal point of said focusing means, and
PA1  means for directing said light beam from said source to a point of
      incidence at said axis of oscillation of said mirror.
NUM  6.
PAR  6. The apparatus in accordance with claim 3 wherein the focusing means
      comprises
PA1  a lens for maintaining an axis of symmetry of said light beam orthogonal to
      said workpieces throughout a scan.
NUM  7.
PAR  7. The apparatus in accordance with claim 3 wherein the beam division means
      includes
PA1  a beam splitter which produces a first and a second output beam, said
      second beam being orthogonal to said first beam, and
PA1  a mirror for redirecting said second beam in a direction parallel with said
      first beam, said beams being adjusted to be incident normally on said
      workpieces.
NUM  8.
PAR  8. The apparatus in accordance with claim 3 further including
PA1  means for indicating the number and location of said detected defects on
      said patterned workpiece.
NUM  9.
PAR  9. The apparatus in accordance with claim 8 wherein the defect indicating
      means comprises
PA1  a storage oscilloscope having
PA2  a horizontal deflection input for controlling an x-axis defect location in
      a positional display,
PA2  a vertical deflection input for controlling a y-axis defect location in
      said positional display, and
PA2  an intensity modulation input for affecting a binary control signal
      indicating said detected defects in said display.
NUM  10.
PAR  10. The apparatus in accordance with claim 9 wherein the position
      maintaining means comprises
PA1  a traverse table providing an output signal proportional to position along
      its axis of travel, and
PA1  means for coupling said positional signal to said horizontal deflection
      input of said storage oscilloscope to provide said y-axis defect location.
NUM  11.
PAR  11. The apparatus in accordance with claim 9 wherein the beam deflection
      means includes
PA1  a mirror means for oscillating said mirror about an axis parallel to one of
      said planes containing one of said workpieces and located in a back focal
      plane and passing through a focal point of said focusing means, and
PA1  means for directing said light beam from said source to a point of
      incidence at said axis of oscillation of said mirror.
NUM  12.
PAR  12. The apparatus in accordance with claim 11 wherein the mirror
      oscillating means includes
PA1  a galvanometer oscillator mechanically coupled to said mirror, said
      oscillator providing an output signal proportional to scan position, and
PA1  means for coupling said scan positional signal to said vertical deflection
      input of said storage oscilloscope to provide said x-axis defect location.
NUM  13.
PAR  13. The apparatus in accordance with claim 1 wherein the light signal
      detecting means includes
PA1  first and second photodiodes fixedly mounted independently of said position
      maintaining means, and
PA1  means for coupling output signals from said photodiodes to said gating
      means.
NUM  14.
PAR  14. The apparatus in accordance with claim 1 wherein the gating means
      includes
PA1  means for differently weighting each of said modulated signals in
      accordance with a first criteria for producing first and second sets of
      slope coefficient weighted signals proportional to said first and second
      modulated signals, respectively,
PA1  means for supplying a plurality of intercept coefficient signals in
      accordance with a second criteria, and
PAR  means for fixing said first and second criteria by combining selected ones
      of said slope coefficient weighted signals with selected ones of said
      intercept coefficient signals to define approximately a region of
      acceptable modulation differences on a plot of normalized power responses
      of said first and second modulated signals against one another for
      different levels of deviation from equal modulation.
NUM  15.
PAR  15. The apparatus in accordance with claim 14 wherein the gating means
      further includes
PA1  means for combining said first modulated signal with first selected ones of
      said intercept coefficient signals to produce a first set of sum signals,
PA1  means for combining said second modulated signal with second selected ones
      of said intercept coefficient signals to produce a second set of sum
      signals,
PA1  separate means for comparing specified sum signals of said first sum signal
      set with specified ones of said slope coefficient weighted signals of said
      second set and specified sum signals of said second sum signal set with
      specified ones of said slope coefficient weighted signals of said first
      set, to produce for each signal pair compared a binary indicator of the
      relative magnitude of signals of such signal pair, and
PA1  means for detecting coincident attainment of a predetermined combination of
      binary signal states of said indicators.
NUM  16.
PAR  16. The apparatus in accordance with claim 14 wherein the weighting means
      for producing the first and second sets of slope coefficient signals
      includes
PA1  potentiometers for providing output signals controllable over a range
      between said modulated signals and a reference ground potential.
NUM  17.
PAR  17. The apparatus in accordance with claim 14 wherein the means for
      supplying the plurality of intercept coefficient signals includes
PA1  potentiometers for providing output signals controllable over a range
      between a predetermined positive potential and a predetermined negative
      potential.
NUM  18.
PAR  18. The apparatus in accordance with claim 14 wherein
PA1  all of said slope coefficient signals of said first set are equal in value,
PA1  all of said slope coefficient signals of said second set are equal in
      value, and
PA1  said first and second sets of slope coefficient signals are reciprocally
      related to one another.
NUM  19.
PAR  19. The apparatus in accordance with claim 18 wherein
PA1  said first set of slope coefficient signals and said reciprocal value of
      said second set of slope coefficient signals are equal to 0.3.
NUM  20.
PAR  20. The apparatus in accordance with claim 14 wherein
PA1  said plurality of intercept coefficient signals, designated as K.sub.1
      through K.sub.6, inclusively, have values of 0.03, 0.73, 0.4, 0.333, 2 and
      0.4, respectively.
NUM  21.
PAR  21. Apparatus for comparing a light affecting, patterned workpiece with a
      similar reference workpiece to detect unacceptable defects in the
      patterned workpiece to the exclusion of acceptable edge aberrations, the
      apparatus comprising:
PA1  means for generating first and second synchronously scanning light signals;
PA1  means for maintaining said workpieces in optically equivalent positions,
      said position maintaining means being movable in a plane orthogonal to
      said scanning light signals;
PA1  means for detecting said light signals affected by said workpieces, said
      signals being intensity modulated by the patterns on said workpieces; and
PA1  gating means, including means for producing a first set of amplitude
      weighted replicas of said first and second modulated signals and means for
      generating a second set of predetermined, defect defining threshold
      levels, said gating means producing an output indication when at least one
      of said amplitude weighted replicas of said first and second modulated
      signals in said first set exceeds a corresponding defect defining
      threshold level in said second set thereby enabling the separation of
      unacceptable pattern defects to the exclusion of acceptable edge
      aberrations.
NUM  22.
PAR  22. The apparatus in accordance with claim 21 wherein the correspondence
      between said amplitude weighted replicas of said first set and said defect
      defining thresholds of said second set is fixed by means for synthesizing
      a piecewise linear approximation enclosing a region of acceptable
      modulation differences on a plot of normalized power responses of said
      first and second modulated signals against one another for different
      levels of deviation from equal modulation.
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ABST
PAL  A voltage proportional to the APEX indication quantity for exposure time is
      coupled to one terminal of a meter through a buffer stage transistor.
      Circuit means produce a reference potential which is applied to the other
      terminal of the meter. The buffer stage transistor is biased by circuitry
      including a feedback stage transistor with the biasing being such that
      substantially constant collector current operation is ensured.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In general, this invention relates to exposure time indication apparatus of
      the type built into a camera. In particular, it relates to an improved
      buffer circuit arrangement for such apparatus.
PAR  Circuit diagrams for two different prior art arrangements are shown in
      FIGS. 1 and 2. As will be explained in more detail below, each of these
      prior art arrangements suffers from a disadvantage. Briefly, as to the
      prior art arrangement of FIG. 1, it is difficult to achieve good
      linearity. And, improvement in linearity can be achieved only at the
      penalty of a substantial increase in power consumption. As to the prior
      art arrangement of FIG. 2, this suffers from the disadvantage of undue
      complexity and attendant relative high manufacturing cost.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to eliminating the above-mentioned problems of
      the prior art arrangements. An advantage of an embodiment of this
      invention inheres in its relative simplicity, and even though simple in
      construction, good linearity is achieved without the need for excessive
      power consumption.
PAR  The apparatus of this invention includes circuit means for producing a
      reference potential. A two-terminal meter has one of its terminals
      connected to receive the reference potential. An exposure time measurement
      section is provided. This section includes an output stage transistor
      having base and emitter electrodes between which there is developed a
      voltage proportional to the APEX (Additive System of Photographic
      Exposure) indication quantity for exposure time. A buffer stage junction
      transistor has its base-emitter junction connected in series between the
      base electrode of the output stage transistor and the other terminal of
      the meter.
PAR  Significantly, biasing means are provided for causing the buffer stage
      transistor to operate with a substantially constant current. The biasing
      means includes a feedback stage junction transistor having its collector
      and base electrodes respectively connected to the emitter and collector
      electrodes of the buffer stage transistor. The buffer stage and feedback
      stage transistors are of opposite type; that is, one is an n-p-n type and
      the other is a p-n-p type. Preferably, the feedback stage transistor is
      the same type as the output stage transistor.
PAR  In the preferred embodiment, the biasing means further includes two
      constant current sources connected in series with the collector and
      emitter respectively of the buffer stage transistor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are block and schematic diagrams of prior art arrangements;
      and
PAR  FIG. 3 is a block and schematic diagram of the preferred embodiment of this
      invention.
DETD
PAC  DETAILED DESCRIPTION OF PRIOR ART ARRANGEMENTS
PAR  In FIG. 1, a portion of a conventional operation section is shown in block
      form and indicated at 1. The operation section provides for measurement of
      exposure time and includes an output stage transistor 2. In operation,
      there is developed between the base and emitter electrodes of the
      transistor 2 a voltage proportional to the APEX (Additive System of
      Photographic Exposure) indication quantity for exposure time. (Hereinafter
      this voltage is sometimes referred to as V.sub.be1.) The magnitude of this
      voltage is related to various exposure factors such as object brightness
      or light quantity, film speed (ASA), and lens aperture setting (fNo.). In
      the APEX system, the exposure time T is represented as the indication
      quantity T.sub.v.
PAR  As is conventional in such an operation section, the output stage
      transistor 2 provides its collector current to charge a timing capacitor
      3. As is well known, the resulting voltage that develops across the timing
      capacitor can be compared against a threshold level in connection with an
      operation of an electrically controlled shutter.
PAR  The remaining circuitry shown in FIG. 1 represents one typical prior art
      arrangement for coupling the voltage V.sub.be1 to a two-terminal meter 4.
      One terminal of the meter is connected to the junction of a constant
      current source 5 and the emitter electrode of a transistor 6. The other
      terminal of the meter is connected to the junction of a constant current
      source 7 and the emitter electrode of a transistor 8. A reference
      potential is applied to the base electrode of the transistor 8. This
      reference potential is produced at the junction of a constant current
      source 9 and a transistor 10 which operates as a diode because its
      collector and base electrodes are directly connected together.
PAR  To analyze the performance of the prior art circuit of FIG. 1, let the
      base-emitter voltages of transistors 2, 6, 8, and 10 be represented by
      V.sub.be1, V.sub.be2, V.sub.be3, and V.sub.be4 respectively.
PAR  The voltage applied across the terminals of the meter 4 is thus expressed
      by the following formula:
EQU  Vm = V.sub.be1 + V.sub.be2 - V.sub.be3 - V.sub.be4 . . .   (1)
PAL  Assuming that the current flowing through the meter 4 is zero, then the
      base-emitter voltages V.sub.be2, V.sub.be3 and V.sub.be4 are constant.
      Therefore,
EQU  Vm = V.sub.be1 + K . . .                                   (2)
PAL  (k: constant)
PAL  The formula shows that the voltage Vm across the terminals of the meter 4
      is proportional to V.sub.be1, that is, to the APEX indication quantity
      T.sub.v. On the other hand, when there is a current flowing through the
      meter (i.sub.m .noteq.  0), the voltages V.sub.be2 and V.sub.be3 do not
      remain constant. If the changes in these voltages are represented by
      .DELTA.V.sub.be2 and .DELTA.V.sub.be3 respectively, then the following
      relation will be obtained.
EQU  Vm = V.sub.be1 + K + .DELTA.V.sub.be2 + .DELTA.V.sub.be3 . . . . (3)
PAL  It is apparent from Formula (3) that, when a current i.sub.m is flowing
      through the meter 4, the voltage applied across the terminals of the meter
      4 is not proportional to the APEX indication quantity T.sub.v. To minimize
      .DELTA.V.sub.be2 and .DELTA.V.sub.be3 caused by i.sub.m, it is necessary
      to set the currents from the constant current sources 5 and 7 to
      sufficiently large values comparing with the current flowing through the
      meter 4. Thus, the arrangement of FIG. 1, although it has a relatively
      simple construction, involves a significantly large power consumption.
PAR  In FIG. 2 there is shown a modification of the device shown in FIG. 1,
      which provides an improved linearity and a reduced power consumption. In
      the similar manner as in the above-mentioned example, this arrangement
      includes an operation section 1, a transistor 2 and a timing capacitor 3.
      A constant current source 13 and a diode-connected transistor 14 are
      connected in series with each other to define a reference potential in a
      manner similar to the arrangement of FIG. 1. Operational amplifiers 11 and
      12 are each connected to serve as a voltage follower circuit. The output
      terminals of the operational amplifiers 11 and 12 are each connected to an
      opposite terminal of the meter 4. The non-inverting input terminal of the
      operational amplifier 11 is connected to the base of the transistor 2, and
      the non-inverting input terminal of the operational amplifier 12 is
      connected to the junction of the constant current source 13 and the
      transistor 14.
PAR  In the foregoing arrangement, if the base-emitter voltages of the
      transistors 2 and 14 are represented by V.sub.be1 and V.sub.be5
      respectively, then the voltage Vm across the terminals of the meter 4 will
      be expressed as follows:
EQU  Vm = V.sub.be1 - V.sub.be5 . . .                           (4)
PAL  In this formula since V.sub.be5 is constant, then Vm will have a level
      proportional to V.sub.be1, or the APEX indication quantity T.sub.v,
      irrespective of the quantity of current flowing through the meter 4,
      thereby providing an ideal linear characteristic. The arrangement of FIG.
      2, however, is not very convenient, because it includes an increased
      number of circuit components adapted for forming the operational
      amplifiers and therefore the circuit becomes complicated.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 3, there are provided an operation section 1, an output
      stage transistor 2, a timing capacitor 3 and a meter 4. A buffer stage
      junction transistor 15 has its base-emitter junction connected in series
      between the base of the output stage transistor and one terminal of the
      meter 4. The buffer stage transistor 15 is biased to operate with a
      substantially constant collector current. To this end, in the preferred
      embodiment, two constant current sources 16 and 17 are connected in series
      with the emitter and collector respectively of the buffer transistor 15. A
      feedback stage junction transistor 18 is connected to the buffer stage
      transistor 15. These two transistors are of opposite type. In the depicted
      embodiment, transistor 15 is a p-n-p type whereas transistor 18 is an
      n-p-n type. As shown, the collector and base electrodes of the transistor
      18 are connected to the emitter and collector electrodes respectively of
      the transistor 15.
PAR  Circuit means are provided to develop a reference potential. To this end, a
      transistor 21 has its collector connected to a constant current source 20,
      its emitter to a diode-connected transistor 22, and its base to the
      emitter of a transistor 19. In turn, the collector of transistor 19 is
      connected to one end of said constant current source 20, and its base is
      connected to the other end of said constant current source 20. The meter 4
      is connected at one end to the emitter of the transistor 15 and at the
      other end to the connecting point between the base of the transistor 21
      and the emitter of the transistor 19.
PAR  Now the operation of such an arrangement will be described. If the constant
      current from the constant current sources 16 and 17 are represented by
      i.sub.1 and i.sub.2, the collector current of the transistor 15 by
      i.sub.3, and the current flowing through the meter 4 by i.sub.m, then the
      constant current i.sub.2 becomes equal to the collector current i.sub.3
      and the transistor 18 becomes stabilized, because the transistor 18 feeds
      back, as the fluctuation in the collector current thereof, the difference
      current between i.sub.3 and i.sub.2 to the emitter of the transistor 15.
      In other words, the collector current of the transistor 18 becomes i.sub.1
      +  i.sub.m - i.sub.2 and the base-emitter voltage V.sub.be6 of the
      transistor 15 reaches a level corresponding to i.sub.2 without being
      influenced by the current i.sub.m flowing through the meter 4.
PAR  Concerning the reference voltage circuit consisted of transistors 19, 21
      and 22 and the constant current source 20, if the constant current from
      the constant current source 20 is represented by i.sub.4 and the collector
      current of the transistor 21 by i.sub.5, then the transistor 21 reaches a
      stabilized point where the constant current i.sub.4 and the collector
      current i.sub.5 thereof become equal in quantity, because the difference
      current between i.sub.4 and i.sub.5 is fed back to the base of the
      transistor 21 as a fluctuation in the base voltage of the transistor 19.
      That is to say, the base-emitter voltages V.sub.be7 and V.sub.be8 of the
      transistors 21 and 22 are determined only by the constant current i.sub.4
      and is not influenced by the current i.sub.m flowing through the meter 4.
      Therefore, the voltage Vm applied across the terminals of the meter 4 will
      be expressed as follows:
EQU  Vm = V.sub.be1 + V.sub.be6 - V.sub.be7 - V.sub.be8 . . .   (5)
PAL  In this formula since each of V.sub.be6, V.sub.be7 and V.sub.be8 is at a
      constant level irrespective of i.sub.m, then Vm will be expressed as
      follows:
EQU  Vm = V.sub.be1 + K' . . .                                  (6)
PAL  (k' : constant)
PAL  This formula shows that the voltage Vm applied across the terminals of the
      meter 4 is proportional to V.sub.be1 ' or the APEX indication quantity
      T.sub.v for the exposure time T. Thus the shutter speed can be indicated
      by the meter 4.
PAR  It will now be appreciated that the present invention eliminates
      successfully the mentioned disadvantages involved in the prior art devices
      as shown in FIGS. 1 and 2 and provides an improved arrangement which has a
      substantially reduced power consumption and improved linearity and
      presents a very good operation characteristic with a simple construction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Exposure time indication apparatus comprising:
PA1  circuit means for producing a reference potential;
PA1  a two-terminal meter having one terminal connected to receive the reference
      potential;
PA1  an exposure time measurement section including an output stage transistor
      having base and emitter electrodes between which there is developed a
      voltage porportional to the APEX indication quantity for exposure time;
PA1  a buffer stage junction transistor having its base-emitter junction
      connected in series between the base electrode of the output stage
      transistor and the other terminal of the meter;
PA1  biasing means for causing the buffer stage transistor to operate with a
      substantially constant collector current, the biasing means including a
      feedback stage junction transistor having its collector and base electrode
      respectively connected to the emitter and collector electrodes of the
      buffer stage transistor; and
PA1  wherein one of the buffer stage and feedback stage transistors is of the
      p-n-p type and the other is of the n-p-n type.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the output stage and feedback stage
      transistors are of the same type.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the biasing means further includes two
      constant current sources connected in series with the collector and
      emitter electrodes respectively of the buffer stage transistor.
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ABST
PAL  A retractable ball-point pen includes a housing comprising a barrel and
      cap, the latter being rotatable with respect to the former to control
      extension and retraction of a writing tube located within the housing. A
      ferrule which is pressfit into an opening at the non-writing end of the
      barrel serves as a mount for a guide bushing having an offset bore therein
      through which a writing tube extends. The cap rotates about the
      cylindrical surface presented by the bushing and a retaining ring which
      engages the inner wall of the cap prevents axial movement of the cap. A
      cam member which includes a helical cam surface is fixedly mounted in the
      cap and a spring biases writing tube against the cam surface so that
      rotation of the cap in first direction causes extension of the tube while
      rotation in the opposite direction causes retraction of the tube.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a mechanism for extending and retracting
      the writing end or point of the writing tube of a ball-point pen or like
      writing implement.
PAC  BACKGROUND OF THE INVENTION
PAR  Many conventional ball-point pens include an ink containing "writing tube"
      or refill which is normally retracted within the casing of the pen and
      which can be extended to expose the pen point when the pen is to be used.
      A number of different types of mechanisms are used for this purpose.
      Perhaps the most common of these includes a push-button located at the
      non-writing end of the pen which is depressed to cause an extending
      movement of the refill tube and a catch, which is released when the
      push-button is depressed, and cooperates with a spring to enable the
      refill tube to be retracted.
PAR  A retractable ball-point pen mechanism of particular interest here is that
      disclosed in U.S. Pat. No. 3,315,643 (Eratico). The mechanism in question
      includes a hollow tubular casing which is open at one end to permit the
      point of the refill tube to be extended therethrough and a impeller,
      including a helical cam surface, which is rotatably mounted within the
      casing and which engages the other end of the refill and, when rotated,
      causes axial movement of the refill tube. The casing includes a barrel
      portion and cap portion, the impeller being located within the cap
      portion. The refill tube is mounted within the casing with the aid of a
      bushing which is fixed within the cap portion, the refill extending
      through an axial aperture in the bushing which is offset with respect to
      the longitudinal axis of the bushing. The impeller is affixed to a small
      knob located at the non-writing end of the casing so that rotation of the
      knob causes rotation of the impeller and thereby produces axial movement
      of the refill tube. A spring biases the non-writing end of the refill tube
      against the cam surface of the impeller so that rotation of the control
      knob in a first direction causes the writing end of the refill tube to be
      extended beyond the end of the casing so that the pen can be used to write
      and rotation of the knob in the opposite direction causes the refill to be
      retracted within the casing.
PAR  Although the writing implement disclosed in the Eratico patent possesses
      significant advantages flowing from the simplicity of the retraction
      mechanism, the writing implement suffers at least one important
      disadvantage. Specifically, the provision of a small control knob at the
      end of the implement for controlling extension and retraction of the
      refill tube makes the implement unwieldy and relatively awkward to handle,
      particularly as compared with similar implements in which rotation of the
      cap portion provides the required extension and retraction movements.
PAR  A further patent of interest is Italian Pat. No. 518,042 which operates in
      a similar manner to the Eratico patent discussed above and does provide
      for extension and retraction of individual ones of three different writing
      tubes responsive to rotation of a cap. However, in the Italian Patent, the
      drive cam is located within a hollow housing about which the cap rotates
      and is attached to a screw element which rotates when the cap is rotated.
      The hollow housing screws into a support or guide bushing which is mounted
      in the non-writing end of the barrel of the pen. Thus elements of this
      arrangement are relatively difficult, and hence expensive, to manufacture
      and the arrangement is somewhat cumbersome particularly regarding
      replacement of the writing tubes.
PAR  Other patents which disclose extension and retraction mechanisms of
      interest include U.S. Pat. Nos. 2,865,331 (Marcotte); 3,679,318 (Liguori);
      and 3,792,931 (Ganz) although this listing is not intended to nor
      represented to be exhaustive.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, the invention concerns a writing implement which
      includes an extension and retraction mechanism that combines the relative
      simplicity of a writing implement such as that of the Eratico Patent
      discussed above with the ease of use provided by more complex and hence
      more expensive implements. More specifically, a writing implement is
      provided which includes simple parts that are relatively few in number and
      can be manufactured inexpensively, which is considerably more durable and
      rugged than push-button type pens and which provides extension and
      retraction of the writing tube or refill through simple rotation of the
      entire cap portion of the implement. This latter feature, which is
      characteristic of more expensive pens, is clearly advantageous when
      compared with a mechanism such as taught in the Eratico patent wherein it
      is necessary to rotate a relatively small knob located at the end of the
      pen to provide extension and retraction. Further, the operating components
      of the retraction mechanism of the invention, as well as the overall
      mechanism itself, are considerably simpler and hence less expensive to
      manufacture than those of Italian Pat. No. 518,042 discussed above and the
      writing implement of the invention is generally easier to use.
PAR  According to a preferred embodiment thereof, the invention includes a
      housing formed by a barrel portion which includes openings at both ends
      and a cap portion which is open at one end, the latter being rotatable
      with respect to the former. A ferrule, which pressfit inside the end of
      the barrel adjacent the cap, serves a mount for a guide bushing which
      extends beyond the end of the barrel and provides a surface about which
      the cap rotates. A retaining ring is mounted for rotation within a
      peripheral groove in the bushing and engages the inner surface of the cap
      so that the ring rotates with the cap. The retaining ring prevents axial
      movement of the cap while permitting free rotation of the cap about the
      surface of the bushing. A cam member is mounted within the cap which
      includes a helical cam surface for controlling extension and retraction of
      a writing tube. The latter extends through an axial bore in the guide
      bushing which is offset laterally from the longitudinal axis of the
      bushing. A spring biases the writing tube into engagement with the cam
      surface and when the cap is rotated in a first direction so that the
      helical cam surface advances axially, the end of the writing tube is
      extended through the opening of the end of the barrel against the biasing
      force of the spring. When the cap is rotated in the opposite direction the
      cam surface recedes axially and the end of the writing tube is retracted
      within the barrel.
PAR  Other features and advantages of the invention will be set forth in, or
      apparent from, the detailed description of a preferred embodiment found
      hereinbelow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partially in section, of a writing
      implement constructed in accordance with a preferred embodiment of the
      invention;
PAR  FIG. 2 is a perspective view of the principal operating elements of the
      writing implement of FIG. 1;
PAR  FIG. 3 is a sectional view, to an enlarged scale, taken generally along
      line 3--3 of FIG. 1;
PAR  FIG. 4 is a section view, to an enlarged scale, taken generally along line
      4--4 of FIG. 1 illustrating a first rotational position of the cam; and
PAR  FIGS. 5 and 6 are enlarged sectional views taken along line 4--4 of FIG. 1
      showing further rotational positions of the cam.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a writing implement is shown which is generally
      denoted 10 and which, in the exemplary embodiment under consideration,
      constitutes a ball-point pen. Implement 10 comprises an elongate casing 12
      made up of a hollow tubular barrel 14 and a hollow tubular cap 16, both
      having the same outside diameter. The lower or writing end of barrel 14 is
      tapered as indicated at 14a and terminates in an opening 14b.
PAR  The upper end of barrel 14 is open to permit receipt of a generally
      cylindrical ferrule 18 therein. The ferrule 18 is pressfit within the
      upper opening in barrel 14 and may include longitudinal splines 18a
      thereon for ensuring a tight fit between a hollow cylindrical bore 18b of
      the ferrule 18 and the inner wall of barrel 14 and to prevent relative
      rotation. However, the frictional forces between the base 18b and the
      inner wall of barrel 14 are such that ferrule 18 can be removed by simply
      pulling the ferrule 18 out of barrel 14.
PAR  Ferrule 18 serves to fixedly mount a guide bushing 20 thereon, bushing 20
      being mounted on the upper end 18c of ferrule 18 and extending beyond the
      end of barrel 14 as shown. Bushing 20 includes a cylindrical outer surface
      14a about which the cap 16 rotates. Bushing 20 includes longitudinal bore
      20a which is offset from the longitudinal axis thereof. An annular groove
      20b is located at the free end of bushing 20 and receives a retaining ring
      22 therein. Bushing 20 includes a diametric stop portion 20c which extends
      outwardly from the free end thereof. As can best be seen in FIG. 3,
      although stop portion 20c is of reduced cross-section as compared with the
      remainder of the bushing 20 the outside diameter of stop portion 20 is
      greater than that of groove 20b so that stop portion 20c retains ring 22
      in position on bushing 20. The outside diameter of ring 22 is such that
      ring 22 is snugly received within cap 16, while the inside diameter of
      ring 22 is such that ring 22 is free to rotate about the surface defining
      groove 20b. Thus, retaining ring 22 permits rotation of cap 16 about
      bushing 20 while preventing axial movement of cap 16 and thereby
      preventing cap 16 from falling off.
PAR  A cam member 24 which is fixedly mounted within cap 16 includes a drum-type
      cam surface 24a of generally helical configuration as can perhaps best be
      seen in FIG. 2 and in FIGS. 3 to 5. The cam member 24 also includes a stop
      portion 24b including a stop surface or plane 24c which is parallel to the
      longitudinal axis of casing 11 and limits rotation of cam member 24.
PAR  A conventional writing tube or refill 26 is mounted within casing 12 and
      extends along the length thereof through the opening in ferrule 18 and the
      offset bore 20a in guide bushing 20. Writing tube 26 includes a writing
      point 26a which is adapted to extend through the opening 14b in barrel 14.
      A spring 28, which engages and bears against a pair of conventional
      protuberances or ears 26b formed on tube 26, biases tube 26 against the
      face of cam surface 24a.
PAR  The operation of the writing implement of the invention should be apparent
      from the foregoing. Since the radial position of the non-writing end of
      writing tube 26 is fixed, rotation of cap 16 will cause different portions
      of the cam surface 24a to be brought into contact with this end of tube
      26. Thus, to cause axial movement of the writing tube 26 so as to extend
      the writing point 26a, cap 16 is rotated in a direction so as to bring the
      raised or upper portion of cam surface 24a into engagement with the end of
      the writing tube 26. In this position, the side of writing tube 26 will
      engage cam stop surface 26c, as shown in FIG. 4, so that the latter
      determines the limit position for rotation of cap 16. In this position,
      writing point 26a is extended through opening 14b beyond the end portion
      14a of barrel 14. To retract the writing point 26a, cap 16 is simply
      rotated in the opposite direction so that tube 26 engages a lower portion
      of cam surface 24a  and the biasing force of spring 28 will cause movement
      of tube 26 back to the retracted position thereof.
PAR  To replace writing tube 26 with a refill, one simply removes ferrule 18
      from the end of barrel 14, inserts a refill through bore 20a and replaces
      ferrule 18.
PAR  While the invention has been described in detail with particular reference
      to the preferred embodiments thereof, it will be understood by those
      skilled in the art that variations and modifications can be effected in
      the exemplary embodiments within the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A writing implement comprising
PA1  a. an elongate barrel having first and second openings at the opposite ends
      thereof,
PA1  b. an elongate cap which includes an opening at one end thereof and which
      is rotatable with respect to said barrel,
PA1  c. a ferrule which is removably received within said second opening of said
      barrel and which is in non-rotational frictional engagement with the inner
      sidewall surfaces of said barrel,
PA1  d. a guide bushing which is non-rotatably affixed to said ferrule and which
      is received in said opening in said cap and about which said cap rotates,
      said guide bushing including an axially extending bore therein which is
      offset with respect to the longitudinal axis of said bushing,
PA1  e. a retaining ring which is mounted for rotation on said guide bushing and
      which engages the inner surface of said cap so that said ring rotates with
      said cap,
PA1  f. an elongate replaceable writing tube which extends through said bore in
      said bushing and which is adapted to move axially within said barrel, said
      writing tube including writing means at one end thereof,
PA1  g. a cam member located within and affixed to said cap and including a
      helical cam surface which engages the other end of said writing tube,
PA1  h. spring means for biasing said writing tube into engagement with said cam
      surface, so that, upon rotation of said cap in first direction, said cam
      surface causes the writing means of said writing tube to extend through
      said first opening in said barrel outwardly thereof and, upon rotation
      said cap in the opposite direction, said cam surface permits said writing
      means of said writing tube to be retracted within said barrel responsive
      to the urging of said spring means, said guide bushing being generally
      cylindrical in construction and extending beyond the end of the barrel to
      provide a surface about which said cap rotates, said bushing including a
      peripheral groove in which said retaining ring is received.
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PAL  A device for fastening the cap upon the rear portion of the body of a
      fountain pen or another writing article, comprising an annular member
      disposed inside said body and provided with axial extensions, each of
      which is provided with a part arranged to protrude, through a
      corresponding perforation of said body, with respect to the outer surface
      of the body itself in order to cooperate with the inner surface of said
      cap, is described. Each of said extensions is deformable by flexion such
      as to generate, in consequence of said flexion, pressures between said
      parts and the inner surface of the cap when said cap is put on said body.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  Applicant claims priority from corresponding Italian Patent application
      Ser. No. 69304-A/73 filed on July 31, 1973
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a device for fastening the cap upon the
      rear portion of the body of a fountain pen or another writing article
      instrument.
PAR  The device according to the invention, comprising an annular member
      disposed inside said body and provided with axial extensions, each of
      which is provided with a part arranged to protrude, through a
      corresponding perforation of said body, with respect to the outer surface
      of the body itself in order to cooperate with the inner surface of said
      cap, is characterized in that each of said extensions is deformable by
      flexing so as to generate, as a result of such flexing forces between said
      parts and the inner surface of the cap when said cap is put on said body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention may be had from the
      following description, given by way of example only, of some particular
      embodiments of the invention with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 is a perspective view of the device according to the invention;
PAR  FIG. 2 is a vertical section through the end portion of the body of a
      writing instrument, for example a fountain pen, provided with the device
      according to the invention;
PAR  FIG. 3 is a vertical section through the same end portion of the body shown
      in FIG. 2, having disposed thereon the fountain pen cap, of which only a
      portion is shown in said FIG. 3;
PAR  FIG. 4 is a sectional view of the body of a fountain pen during the stage
      of mounting of the device according to the invention;
PAR  FIG. 5 is a view of a different embodiment of the invention;
PAR  FIG. 6 is a view of the end portion of the body of a writing article
      provided with the device shown in FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The device according to the invention is illustrated in its application to
      a writing instrument, for instance a fountain pen, whose body 1 has a
      substantially cylindrical shape. The device comprises a resilient member 2
      consisting of two claws 3 formed integrally with an annular part 4. Formed
      at the ends of each claw 3 are protruding parts 5 which are defined
      substantially by cylindrical surfaces and are arranged to extend through
      perforations 6 of corresponding shape, formed in the cylindrical wall of
      the body 1 of the pen. Therefore, the resilient member 2, as it can be
      seen from the Figures, has the shape of a sleeve made elastic by two
      notches 7 and whose outer cylindrical surface engages the inner
      cylindrical surface of the body 1 when said sleeve-shaped resilient member
      2 is mounted inside said body 1.
PAR  Conveniently, but not necessarily, longitudinal scores or knurls are formed
      on the outer surface of each protruding part 5.
PAR  The dimensions of the notches 7 and those of the claws 3 are chosen such as
      to be large enough to allow a considerable radial deformation of each claw
      towards the other. In accordance with the invention, each claw 3
      constitutes a cantilever which projects from the annular part 4 and is
      able to flex inwardly when the respective protruding part 5 is pushed
      towards the other. To this end, the annular part 4 must have sufficiently
      large dimensions to allow the flexional deformations of the claws 3
      without being damaged. In other words, according to the improvement
      provided by the invention, an elastic displacement of each protruding part
      5 is obtained by virtue of the elastic characteristics of the respective
      claw 3 and without the aid of any other resilient member.
PAR  The introduction of the resilient member 2 inside the body 1, assumed to be
      closed at its lower end, is effected through the other open end of the
      body itself, by deforming elastically and radially towards the inner space
      the claws 3, as shown in FIG. 4.
PAR  Because of the large size of the notches 7 and because of the considerable
      deformability by flexion of each claw 3 it is possible to impart to the
      resilient member 2 a configuration having small dimensions in the radial
      direction, such as to enable the member 2 to be inserted into the inner
      cavity of the body 1 and to slide therein until the protruding parts 5 are
      brought to coincide with the perforations 6 in order to release said parts
      5 into the latter.
PAR  The operation of the device described in the foregoing is as follows:
PAR  as the cap 10 of the pen is engaged, as shown in FIG. 3, in the lower
      portion of the body 1, since the inner diameter of said cap is slightly
      smaller than the diameter of the cylindrical surface defined by the
      protruding parts 5, the latter are pushed radially towards the inner space
      of the body 1, thereby flexionally deforming the claws 3. Therefore, in
      the position shown in FIG. 3, each claw 3 will deform substantially as a
      cantilever with a restrained end (end connected to the annular part 4). In
      this way, each protruding part 5 exerts pressure on the inner cylindrical
      surface of the cap 10, thereby giving rise to friction forces which
      prevent the spontaneous withdrawal of the cap 10 from the body 1.
PAR  It has to be pointed out that such friction forces are generated as soon as
      the first portion of the cap 10 is engaged with the protruding parts 5 and
      consequently even if only a short portion of the cap engages the body 1.
PAR  Furthermore, the pressure exerted by the protruding parts 5 onto the innner
      surface of the cap 10, which is rather moderate, can be regulated at will
      by a suitable choice of the stiffnesses of the claws 3. Moreover, during
      the relative movement of the cap 10 with respect to the body 1, the cap is
      guided with respect to the body 1 in a precise way by means of the
      protruding parts 5, thereby leaving a clearance of predetermined size, and
      consequently the edge of the cap does not scratch or otherwise damage the
      outer surface of the body 1.
PAR  In order to improve the protection of the outer surface of the body 1 of
      the writing article use may be made of the embodiment shown in FIG. 5. In
      this embodiment, the resilient member 2 has two protruding parts 11, which
      are diametrically opposed and formed on the annular part 4, as can be
      clearly seen from said FIG. 5; the protruding parts 11 may have a shape
      similar to that of the parts 5 and conveniently, but not necessarily, be
      shifted substantially by 90.degree. with respect to said parts 5.
      Furthermore, in this embodiment the annular part 4 is not in fact
      cylindrical but slightly ovalized and the protruding parts 11 are disposed
      in the zones of said annular part which have the larger diameter.
PAR  The device of the embodiment shown in FIG. 5 is inserted into a body as
      that of FIG. 6 in which, besides the series of perforations 6 for the
      protruding parts 5, there are formed other perforations 12 to receive the
      protruding parts 11. The introduction of the elastic member 2 into the
      body 1 of the writing article is effected as in the above described case;
      during the introduction, because of the ovalization of the annular part 4
      of the resilient member 2 said part may deform radially to allow the
      protruding parts 11 to be inserted into the body 1; when said parts reach
      the respective perforations 12, they snap into the latter, while
      simultaneously the protruding parts 5 are released into the perforations 6
      to assume the configuration shown in FIG. 6.
PAR  When the cap 10 is inserted onto the rear portion of the body 1 shown in
      FIG. 6, the protruding parts 11, with almost no radial deformability, and
      the protruding parts 5 are able to guide accurately axial movement of the
      cap 10 with respect to the body 1, thereby preventing the inner surface of
      the cap from sliding on the outer surface of the body and damaging it.
PAR  The devices of the two described embodiments can utilized on writing
      articles having a cylindrical body, because they are in a postion to
      operate even if a clearance of very small size is provided between the
      outer surface of said body and the inner surface of the cap 10.
PAR  It is obious that there may be more than two claws 3 and that the shape of
      the claws may be different from that described, provided they are able to
      bend when a radial force of a pre-established value is applied onto the
      corresponding protruding parts 5.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In combination with a writing instrument, for example a fountain pen,
      comprising a body portion with a closed end at the rear thereof and a cap,
      a device for securing the cap upon the rear of the body portion, said
      device comprising an open ended annular member disposed coaxially inside
      said body portion and provided with extensions directed toward said closed
      end parallel to the axis of the annular member but spaced from the axis,
      each such extension having a part extending through a corresponding
      opening in the wall of said body portion and extending beyond the outer
      surface of said body portion to engage the interior of the cap when the
      cap is fitted on the rear of said body portion, said extensions being
      resiliently deformable so that when the protruding parts engage the
      interior of said cap the extensions are deformed by virtue of the
      protruding parts' being forced inwardly and the protruding parts exert a
      reaction force on the interior of the cap.
NUM  2.
PAR  2. A combination as claimed in claim 1, wherein the extensions are
      resiliently deformable to such an extent that by forcing the protruding
      parts inwardly, the protruding parts can be brought into a configuration
      in which they are contained within a cylindrical surface having a diameter
      equal to the external diameter of said annular member.
NUM  3.
PAR  3. A combination as claimed in claim 2, wherein said extensions are
      separated from each other by slots extending parallel to the axis of the
      annular member, and the length of each slot is such as to enable the
      protruding parts to be brought into said configuration without causing two
      adjacent extensions to come into contact with each other.
NUM  4.
PAR  4. In combination with a writing instrument, for example a fountain pen,
      comprising a body portion and a cap, a device for securing the cap upon
      the rear of the body portion, said device comprising an annular member
      disposed coaxially inside said body portion and formed with a plurality of
      radial projections extending through corresponding openings in the wall of
      said body portion and protruding beyond the exterior of the body portion
      to engage the interior of the cap, when the cap is fitted on the rear of
      said body portion, to guide movement of the cap with respect to the body
      portion, and the annular member also being provided with extensions
      directed parallel to the axis of the annular member but spaced from said
      axis, each such extension having a part arranged to extend through a
      corresponding opening in the wall of said portion and protrude beyond the
      outer surface of said body portion to engage the interior of the cap when
      the cap is fitted on the rear of said body portion, said extensions being
      resiliently deformable so that when the protruding parts engage the
      interior of said cap the extensions are deformed by virtue of the
      protruding parts' being forced inwardly and the protruding parts' exert a
      reaction force on the interior of the cap.
NUM  5.
PAR  5. A combination as claimed in claim 4, wherein said annular member is
      slightly ovalized and said radial projections are formed at the regions of
      maximum diameter of said annular member so that the radial projections may
      be introduced into said body portion by radial deformation of the annular
      member.
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ABST
PAL  A perforator of the kind having a die and a slidable punch for piercing
      holes in sheets of paper or similar documents intended to be placed in a
      file or binder with openable rings. The perforator is constructed so that
      it can be temporarily fitted to each ring of the file or binder for the
      purpose of piercing a hole accurately aligned with the ring.
BSUM
PAR  The present invention relates to a perforator of the kind which is used for
      piercing holes in sheets of paper or other documents which it is desired
      to file away.
PAR  Binders or files are known which have openable rings which permit the
      collection of sheets of paper therein provided that the latter have been
      appropriately perforated. These files or binders are made in many diverse
      forms which differ one from another, especially as regards the number of
      rings and the spacing, diameter and thickness of the latter.
PAR  Naturally, there is found in industry, although not always easily,
      pre-perforated sheets which correspond to the various types of files or
      binders, but the user has great difficulty when he needs to file a sheet
      or document which has not been pre-perforated. He must therefore have at
      his disposal a multiple hole perforator corresponding to the file or
      binder which he uses -- which is not generally the case -- or else he must
      form one by one, with the aid of a single hole perforator, the necessary
      perforations.
PAR  With a single hole perforator, the user generally proceeds in the following
      manner: he places the sheet to be perforated at the edge of the file or
      binder with openable rings and he marks on the said sheet, with pencil,
      the position of each of the rings. He then introduces the sheet marked in
      this way into the perforator and tries to centre in a suitable way the
      first mark with respect to the die of the perforator, pierces the hole and
      proceeds in the same manner for the other hole or holes. This method of
      operation is inconvenient and it rarely gives good results.
PAR  The present invention has for its object essentially to improve a
      perforator in such a way that it is possible, easily and without previous
      marking, to pierce a sheet of paper or other document with holes which
      correspond appropriately to the rings of a file or binder.
PAR  According to the invention, the perforator is conceived and made in such a
      way as to be capable of being fitted temporarily to each of the rings of
      the file or binder.
PAR  One embodiment of the perforator according to the invention comprises two
      wings to the rear of the space into which the sheet of paper to be pierced
      is introduced. These two wings are spaced apart to provide a gap whose
      median plane passes through the axis of the punch of the perforator and
      into which a ring of the file or binder can be engaged.
PAR  Preferably, these wings are sufficiently thin to enable them to be inserted
      between the rings of the file or binder when the latter are very close to
      one another. Furthermore, they are preferably flexible so that the
      perforator can be fitted to rings of different thickness, while having
      sufficient rigidity to ensure the maintenance of the apparatus firmly in
      position.
DRWD
PAR  The use of the apparatus is very simple, as will be better understood from
      the following description of an embodiment of the invention, given by way
      of example, with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a side elevation of one embodiment of a perforator in accordance
      with the invention with its wings open,
PAR  FIG. 2 is a section taken along the line II-II of FIG. 1, but with the
      wings of the perforator in closed position,
PAR  FIG. 3 is a schematic perspective view illustrating the method of
      employment of the perforator of FIGS. 1 and 2, and
PAR  FIG. 4 is a plan of the perforator of FIGS. 1 and 2 with the wings in
      closed position.
DETD
PAR  In the embodiment shown in the drawing, the perforator includes a monobloc
      frame 1 on which is mounted the perforating mechanism. The frame 1 has at
      its lower part a sole-plate 2 forming the die, this sole-plate being
      pierced by a hole 3 of the shape it is desired to punch into sheets of
      paper. The lower face of the sole-plate has a shallow central clearance 4
      (see FIG. 2). This lower face of the sole-plate may be designed in order
      to receive a box (not shown) for collecting the discs of paper produced
      during perforation of paper sheets.
PAR  Above the sole-plate there is provided, in alignment with the axis of the
      hole 3, a guide sleeve 5 for a punch 6, the latter having a cross-section
      corresponding to that of the hole 3. At its upper part, the punch has a
      push-button 7 fixed thereon, the lower face of the latter having an
      annular recess 8 for the reception of one end of a helical spring 9 which
      bears at its other end on the frame 1 around the sleeve 5 (see FIG. 1).
      The spring 9 tends to separate the punch from the die.
PAR  The frame 1 also has a lateral cross-head 10 provided, perpendicular to the
      axis of the punch, with nipples 11 having rounded ends which serve for the
      fixing of a box 12, for example of synthetic plastics material.
PAR  This box is constituted by two casings which are symmetrical with respect
      to one another and which each have a hole 13 into which the corresponding
      nipple 11 of the cross-head 10 is resiliently engaged. The nipples 11 may
      be riveted in order to achieve a rigid assembly.
PAR  Each of these casings has a substantially semi-cylindrical body in which
      the mechanism of the perforator is housed. At its upper part, this body
      has a flange 15 against which a corresponding collar 16 of the push-button
      7 abuts under the action of the spring 9. At its lower part, it has a
      flange 17 and a step 18 between which a lug 19 of the frame 1 is received
      so that the mechanism is conveniently fixed in the body (see FIG. 1).
PAR  The two casings are hinged one to the other along a generatrix of their
      semi-cylindrical bodies by means of a hinge 20 formed by a thin strip of
      the plastics material from which the casings are made.
PAR  At its end opposite to the hinge, each casing of the cylindrical body is
      extended by a relatively thin wing 21, the general plane of which is
      parallel to the axis of the hinge and to that of the punch.
PAR  Each of these wings is suitably reinforced around the hole 13 which serves
      for its fixing longitudinally to the frame 1, as well as at its edges.
PAR  As can be seen especially from FIG. 3, when the casings are closed, there
      is provided between them a gap 22 to the rear of the space 23 into which
      the sheet of paper to be pierced is introduced. The median plane of the
      gap 22 passes through the axis of the punch 3. From FIG. 4 it is apparent
      how an openable ring of a file or binder can be firmly received between
      the two wings. Adjacent to the perforating mechanism, the internal faces
      of the wings converge in such a way that when applied between them, rings
      of different thicknesses can be positioned without difficulty in the
      median plane of the gap defined by the wings. Remote from the punching
      mechanism, the flexibility of the wings allows rings of different
      thicknesses to be gripped. The wings have a section of least resistance at
      33. This section is positioned so that the opening of the wings does not
      modify the holding of a ring adjacent to the mechanism.
PAR  The apparatus which has just been described may be used in the following
      manner:
PAR  The file or binder 25 into which it is desired to file a sheet of paper or
      document 26 is opened. The perforator, with its casings closed one against
      the other, is placed astride a first ring 27, so that the latter is
      engaged in the gap 22. The sheet 26 is then inserted into the space 23 of
      the perforator so that the lower edge 28 of this sheet occupies the
      desired position with respect to the lower edge 29 of the file or binder.
      Whilst maintaining the sheet in place by hand, pressure is applied to the
      push-button 7 so as to pierce a first hole 30. Then, while continuing to
      maintain the sheet 26 in place, the perforator is disengaged from the ring
      27 and slid along the inner edge 31 of the sheet. The perforator is then
      mounted on the second ring 32 and the piercing of the second hole is
      performed.
PAR  When the perforation has been completed, the sheet 26 fits without
      difficulty into the file or binder.
PAR  It will be understood that the perforator in accordance with the invention
      may be used for piercing any suitable holes.
PAR  Of course, modifications may be made to the embodiment which has just been
      described, in particular by the substitution of equivalent technical means
      without departing from the scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A perforator comprising two horizontally spaced and vertically extending
      symmetrical casings generally vertically joined together at one end
      thereof and defining therebetween at said one end a body which houses a
      punch and die for piercing holes in sheets of paper or similar documents,
      said punch and die having a vertical axis and said punch being disposed in
      said body for vertical movement along said axis toward and away from said
      die, said casings each including a wing extending rearwardly from said
      body opposite said one end, said two casings being joined together
      adjacent to and rearwardly of said body and adjacent said wings, said
      wings defining therebetween a vertically disposed narrow gap whose median
      plane passes through the axis of the punch and die of the perforator and
      in which a ring of a file or binder may be engaged, said wings being
      flexible to resiliently engage flatwise the ring of a file or binder which
      may be positioned within said gap without requiring the opening of the
      ring so that the hole formed by the perforator will be in line with the
      plane of the engaged ring.
NUM  2.
PAR  2. A perforator according to claim 1, in which said punch and die include a
      frame housed within said body, said frame including a pin which provides
      said joining together of said casings rearwardly of said body.
NUM  3.
PAR  3. A perforator according to claim 2, in which each casing, at said one end
      thereof, is substantially semi-cylindrical, so that said two casings
      together provide a substantially cylindrical body for housing said punch
      and die.
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ABST
PAL  A loose leaf binder comprising a backbone having two hinged halves and a
      flexible displaceable end portion, a flexible displaceable arm linkage
      mounted on said backbone so that the backbone end portion and linkage
      cooperate in engaging and disengaging relationship to form multiple
      positions of the binder including fully opened and fully closed. The
      binder is capable of being opened by applying opposing forces to the
      backbone halves and displacing forces to the arm linkage or by applying
      forces to the backbone halves alone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Loose leaf binders capable of holding a large number of loose leaf pages
      and positionable on a table or other reading surface so that the pages are
      disposed at a convenient reading angle have been used for many years.
      Binders of this type must be readily opened and closed to insert and
      remove loose leaf pages. United States Pat. No. 1,732,584 discloses such a
      binder.
PAR  Multiple position binders previously manufactured have required a plurality
      of parts to permit the two piece backbone to be pivotably opened and held
      in the selected positions. Prior binders have been made of metal parts
      which were rigid and unyielding, requiring mounting arrangements and
      spring means to permit parts to be urged toward one another while at the
      same time being capable of temporary displacement one from the other. The
      number, shape and function of the binder mechanism parts have required
      expensive fabrication and assembly costs. The present invention
      substantially reduces the number of parts required by providing parts
      which perform multiple functions singly and in cooperation with other
      parts.
PAR  The demand for a more simply constructed binder which can be more easily
      opened and which is less subject to damage has existed for some time.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the present invention is a loose leaf binder having a backbone
      with flexible displaceable end elements which include a plurality of
      lug-receiving recesses and a flexible displaceable lug carrying arm
      linkage attached to the backbone. The linkage and end elements are shaped
      and positioned to cooperate with one another to permit the lugs and
      lug-receiving recesses to hold the binder in a plurality of positions and
      to be moved to selected positions with a minimum of force and
      manipulation.
PAR  It is a feature of this invention that the arm linkage consists of two
      flexible bendable arms each pivotably mounted at one end on the backbone
      and pivotably connected together at the other end, the arms being shaped,
      sized and mounted to be readily displaced a distance to permit the lugs to
      be engaged and disengaged from the recesses of the backbone ends.
PAR  It is also a feature that the backbone has a L-shaped elements that are
      integrally formed as a unitary section with a reduced longitudinal groove
      providing a flexible hinge between them. Preferably, the backbone end
      elements are also integrally formed as one unit with the rest of the
      backbone.
PAR  It is a further feature that the end portions of the backbone are flexible
      and deformable to assist in the cooperation of the lugs and recesses. The
      flexibility of the backbone and arm linkages gives the binder a resilience
      such that if the binder is dropped it will snap open or close rather than
      bend or break a binder mechanism part.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a three-position loose leaf binder
      assembly; FIG. 2 shows the binder in an open position with the backbone
      partially separated for reading; and FIG. 3 shows the binder further
      opened for sheet removal and insertion.
PAR  FIG. 4 is a partial perspective view of the end portion of the binder
      backbone and prong plate. FIGS. 5 and 6 are perspective views of a pair of
      linkage arms.
PAR  FIG. 7 is a partial cut-away perspective view of the backbone including
      details of an arm bracket; FIGS. 8, 9 and 10 are phantom end views of the
      binder in the closed, semi-open and fully open positions.
PAR  FIG. 11 is an partial elevational view of the open binder and FIG. 12 is a
      sectional view along line 12--12 of FIG. 9 showing a cammed lug and its
      operational relation with a recess hole.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1-3, loose leaf binder 1 includes hinged backbone 2 and
      covers 3 connected to the backbone through hinges 4. Arched prongs 6 hold
      loose leaf pages 7. Backbone positioning arm linkage arrangements 8 permit
      the backbone 2 to be placed and held in three distinctive positions;
      closed (FIG. 1), reading position (FIG. 2) and fully opened for page
      insertion and removal (FIG. 3). The linkage arrangement 8, its mounting in
      the backbone and the backbone end design are in this embodiment the same
      at each end of the binder.
PAR  Turning to FIGS. 4-7, the backbone positioning arrangement 8 is constructed
      of particularly shaped parts made from materials and mounted to permit
      flexing and displacement under the pressures applied by the person
      handling the loose leaf book to readily permit the opening and closing of
      the book to the various positions. Preferably, the backbone and arm
      linkages are made of molded plastic. Backbone 2 includes two L-shaped
      halves 9 and 11 which are connected together by hinge 12 and includes
      flexible displaceable backbone ends 13. The backbone is preferably formed
      as a unit using a material which in the thicknesses and lengths used has a
      flexibility to permit functioning as herein described.
PAR  Adjacent to the backbone ends 13, are brackets 14 which pivotably carry
      linkage arms 16 and 17 which arms in turn include lugs 18 and 19,
      respectively, positioned to ride in backbone end recesses 21 when the
      binder is fully opened for page insertion and removal. Lugs 18 and 19 are
      positioned in reading-position recess holes 22 when the binder is in the
      reading position and in closed-position recess holes 23 when the binder is
      closed.
PAR  Directing further attention to FIGS. 4-7, arms 16 and 17 are pivotably
      connected to brackets 14 through bolts 24 and lock washers 26. The other
      ends of arms 16 and 17 are pivotably connected together through stud 27
      which snap fits into opening 28. Button 29 serves to facilitate applying
      pressure against the assembled arm linkage to assist lugs 18 and 19 into
      and out of recesses 21, 22 and 23 through the flexing of the linkage 8
      including its arms 16 and 17 and the flexing of backbone ends 13.
PAR  L-shaped backbone elements 9 and 11 include locating bosses 31 which assist
      in positioning prong plate 32 during the riveting operation to secure the
      plate to L-shaped elements 9 and 11. Rivet 30, prong plate 32 and backbone
      half 9 are shown in an exploded position in FIG. 4. Prong plate 32 may
      alternatively be shaped to extend into notch 33 in bracket 14 and in
      recess 34 in end 13.
PAR  Referring now to FIG. 8, when the binder is in the closed position button
      29 protrudes through arcuate openings 36 in ends 13. In this position lugs
      18 and 19 are seated in closed-position recess holes 23. To open the
      binder to the reading positioning (FIG. 9), buttons 29 at each end of the
      binder may be pushed toward one other end as the L-shaped backbone halves
      9 and 11 are urged apart. During this manipulation arms 16 and 17 will be
      displaced so that lugs 18 and 19 will move out of closed-position recess
      holes 23. The flexibility of the arm linkage arrangement 8 and backbone
      ends 13 also permits the binder to be opened by urging the L-shaped halves
      apart with sufficient force that the lugs will snap out of the recess
      holes 23. This opening procedure may be accomplished without the operator
      pushing either of the buttons 29. The binder may be opened until the lugs
      snap into reading-position holes 22 as shown in FIG. 9.
PAR  When pages are to be inserted or removed, the binder is further opened by
      urging L-shaped halves apart with or without applying pressure to buttons
      29 to reach the fully opened position (FIG. 10) in which the lugs ride in
      end recesses 21 which are substantially larger than lug-recess holes 18
      and 19 permitting the backbone halves 9 and 11 to be moved relative one to
      the other as the lugs move back and forth in recesses 21. Closing the
      binder requires less force than opening the binder since the lugs have cam
      surfaces 37 (FIG. 12) which are positioned and angled to permit the lugs
      to readily ride out of the recesses 21 and 22 during closing.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a loose leaf binder having a backbone including two hinged together
      L-Shaped halves having integral end portions, covers hinged to the
      backbone, a linkage arrangement mounted on the backbone and cooperating
      therewith to permit the backbone to be placed in and held in a
      multiplicity of positions the improvement comprising:
PA1  a. at least one linkage arrangement having two flexible arms each pivotably
      mounted at one end to an L-shaped backbone half adjacent to a flexible
      displaceable end portion thereof with the other ends of the arms being
      pivotably connected together;
PA1  b. lug means positioned on each of said flexible arms;
PA1  c. said adjacent end portions each having at least three lug-receiving
      recesses disposed radially away from the hinged portion of the respective
      L-shaped backbone halves, said recesses comprising:
PA2  1. a first recess immediately adjacent said hinged portion which is of an
      area substantially larger than the area of said lug means and is of a
      depth less than the length of said lug means and having the side farthest
      from said hinge portion sloping to essentially zero depth;
PA2  2. a second recess adjacent said first recess which is of an area only
      slightly larger than the area of said lug means and is of a depth
      approximately equal to or greater than the length of said lug means; and
PA2  3. at least one additional recess similar in area and depth to said second
      recess;
PA1  d. said lug means cooperating with the first recess, the second recess, and
      the additional recess, whereby the closing of said backbone halves causes
      said lug means to move from said first recess into said second recess so
      that the binder is held open in one position and further closing of said
      backbone halves to cause said lug means to move to said additional recess
      to that the binder is held in a closed position,
PA1  e. said lug means having an angled cam surface to assist in the separation
      of the lug means from the lug receiving recess during closing of the
      binder,
PA1  f. said linkage arrangement and said end portions being readily displaced
      toward and away from one another by displacement, deformation and flexing
      of the binder due to forces applied to the linkage arrangement and
      backbone halves either intentionally or accidentally, and
PA1  g. said backbone including the L-shaped halves and end portions being
      formed integrally of plastic material.
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PAL  A fifth wheel plate assembly for a trailer hitch for securing trailers to
      railway flat cars includes a top plate having an opening in which a
      movable clamp or lock jaw is supported for grasping and locking the
      kingpin of a trailer to the fifth wheel. The lock jaw is provided with
      slidable extensions including transversely extending brackets between
      which a threaded follower is positioned, the same in turn being actuated
      by means of a lock screw mounted for rotation on the fifth wheel assembly.
      The follower in response to rotation of the screw actuates the jaw and
      slide assembly for moving the same between kingpin engaging and
      disengaging positions. A plurality of concavo-convex washers are supported
      between the follower and one of the brackets thus permitting a limited
      longitudinal movement in one direction of slide assembly and jaw to
      cushion certain impact stresses exerted on the kingpin contained between
      the clamping members and thereby preventing damage to the drive screw and
      associated structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to fifth wheel assemblies and particularly to the
      type of fifth wheel plate which is utilized in connection with a trailer
      hitch for connecting trailers on railway flat cars.
PAR  2. Description of the Prior Art
PAR  The prior art over which the present invention is an improvement is
      disclosed is U.S. Pat. No. 3,751,079 patented Aug. 7, 1973.
PAC  SUMMARY OF THE INVENTION
PAR  It is a prime object of the present invention to provide an improved fifth
      wheel plate for securing the kingpins of trailers which are carried on
      trailer hitches during trailer-on-flat car operations. A more specific
      object is the provision of an improved fifth wheel assembly wherein the
      drive screw and associated parts are protected against damage which may
      occur during high impact stresses resulting from conventional railroad
      operations. In the present invention the fifth wheel includes structure
      more specifically described in the aforementioned patent and further
      includes a resilient cushioning arrangement which is provided to protect
      the drive screw normally utilized in moving a clamping block into
      engagement with the kingpin of a trailer which is carried on a railway
      flat car. In the present arrangement a slide assembly includes slide
      members which are supported on the underneath structure of a fifth wheel.
      The slide assembly has connected thereto a movable clamping block with a
      surface adapted to engage the kingpin of a trailer for supporting the
      trailer in a clamped assembly on the flat car. The clamping block is moved
      between engaging and non-engaging positions by means of a drive screw
      threaded to a follower, the said follower in turn being held between a
      pair of laterally extending brackets connected within the slide assembly.
      The drive screw is mounted for rotation and is secured against
      longitudinal movement. During rotation of the screw the follower provides
      for movement of the slide assembly. In the closed position of the clamp
      blocks any unusual or high stress forces on the kingpin and clamping block
      provide for limited movement of the slide assembly relative to the
      substantially rigid drive screw since a plurality of spring-like
      concavo-convex washers are held between the follower and one of the
      brackets of the slide assembly.
PAR  These and further objects will become more readily apparent from a reading
      of the following descriptions.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a trailer hitch of a type adapted to
      be positioned on a railway flat car for securing trailers thereto;
PAR  FIG. 2 is a plan view of a top plate of a fifth wheel for trailer hitches
      with portions broken away to better illustrate the invention;
PAR  FIG. 3 is an enlarged view showing a drive mechanism for actuating a
      clamping jaw to clamp the kingpin of a trailer;
PAR  FIG. 4 is a cross-sectional view taken substantially along the line 4--4 of
      FIG. 2;
PAR  FIG. 5 is a cross-sectional view taken substantially along the line 5--5 of
      FIG. 4; and
PAR  FIG. 6 is a cross sectional view taken substantially along the line 6--6 of
      FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As best shown in FIG. 1 a trailer hitch 10 includes a fifth wheel 11 having
      a top plate 12. The top plate 12 is supported on an upright pedestal 13
      pivotally connected by means of a pivot pin 14 to brackets 15 (only one
      being shown) projecting downwardly below the top plate 12. The present
      trailer hitch is of a type which is pivotally supported at the end of a
      cushioning device 16 carried on the floor of a conventional flat car. The
      pedestal and trailer hitch assembly may be collapsed and pivoted about the
      pivot pin 16' of the cushioning unit 16 in a manner which is conventional
      and is disclosed in the Ferris et al U.S. Pat. No. 3,493,207. The trailer
      hitch 10 also includes diagonal supports 17 suitably pivotally connected
      to a pivot bracket 18 adapted to be secured to a railway flat car.
PAR  Referring now particularly to the top plate 12 an enlarged slot 19 is
      provided which terminates at one end thereof and at its other includes
      diverging gathering surfaces 19'. An enlarged lateral support member 20 is
      rigidly connected to the underneath surface of the top plate 12 and
      projects downwardly with respect thereto. The top plate 12 also includes
      side flanges 21 as best shown in FIG. 4 and an end support member 22
      projecting downwardly at one end of the plate 12 as shown in FIG. 2 and a
      pair of laterally spaced slide supports 23 formed in cutouts of the
      support member 20 as best shown in FIG. 4. Laterally spaced slide members
      25 provide a slide assembly which is guided on the slide supports 23. The
      slide members 25 at one end are rigidly secured to a jaw or clamping block
      26 having an arcuate kingpin engageable surface or socket 27 as best shown
      in FIG. 2. The kingpin engageable surface 27 is adapted to complement a
      kingpin receiving surface 28 formed in the top plate 12 at the ends of the
      diverging surfaces 19'. A vertical face or wall 29 on the block 20 also
      provides for supporting and locking a trailer connected kingpin (not
      shown) within the kinpin engageable surface or socket 27. A pair of
      parallel bars or brackets 30 and 31 connect the other ends of the slide
      members 25. As best shown in FIG. 4, the slide members 25 are retained on
      the slide supports 23 by means of parallel stationary guide walls 24. As
      indicated in FIG. 3 each of the bars 30 and 31 are respectively provided
      with bores 32 and 33 in longitudinal alignment with each other. As best
      shown in FIG. 4, one slide member 25 includes a laterally extending bore
      34 and the other slide member 25 includes a laterally extending bore 35
      with said bores also being in alignment. The guide walls 24 are
      respectively provided with bores 36 and 37 in turn adapted to be aligned
      with the bores 34, 35, and elongated bore 38 extending through the support
      block or member 20.
PAR  A drive screw 39 as shown in FIGS. 2 and 3 includes a reduced journal
      portion 40 received in a aperture 41 provided in the block 20. The drive
      screw 39 includes a threaded portion 42 connected to a bearing portion 43
      projecting through a bore 43' provided in the end support member 22. The
      portion 43 has connected thereto an operating head 44 provided with a
      wrench engageable socket 45. The socket member or head 44 is rigidly
      connected to rotate the drive screw 39 by means of a bolt and nut assembly
      46. A thrust collar 47 is positioned on the bearing portion 43 between the
      socket member 44 and the support member 22. On the other side of the end
      support member 22 there is also provided a thrust ring 48 supported on the
      bearing portion 43 and rigidly connected thereto by means of a bolt and
      nut assembly 49. Thus the drive screw 39 is supported against longitudinal
      movement by means of the thrust collar 47 and ring 48. A sleeve 50 is
      journaled on the bearing portion 43 and supports thereon a plurality of
      concavo-convex spring washers 51 which are supported in an arrangement to
      provide an effective spring or cushioning assembly disposed between a
      vertical surface 52 of a follower block 75 and the inner face of the
      bracket member 31. The follower block 75 includes a threaded bore 76
      engaged by the drive screw 39. The arrangement of the concavo-convex
      springs is also known in the trade as a Belleville spring arrangement the
      same being disposed in the arrangement shown to provide an effective
      spring action resulting from thrust forces to which a kingpin is subjected
      during over the road operation. As best shown in FIG. 4 a locking pin or
      bolt 54 is provided at one end with a reduced diameter portion 55 and at
      its other end a larger diameter portion 56. The locking pin 54 is adapted
      to be reciprocated within a tube 57 which includes an extension 58
      projecting outwardly from the side flange 21. The tube 57 is rigidly
      secured underneath the top plate 12 and includes a short vertical lower
      slot 59 as best shown in FIGS. 4 and 5. A handle 61 is connected to the
      larger diameter portion 56 of the locking pin 54, the said handle 61
      including a stem 62 which is adapted to be placed within the slot 59. As
      best shown in FIG. 5, a portion of the large diameter portion 56 adjacent
      to the stem 62 is provided with an undercut flat recess 63. The tube 57 as
      best shown in FIG. 6 is also provided with an elongated diagonal guide
      slot 65 which is in registry with a diagonal slot 66 formed in support
      structure 64 positioned underneath and projecting downwardly from the top
      plate 12. During sliding movement of the bolt 54 the stem 62 is guidedly
      moved in the slot 66. Spaced bracket portions 67 and 68 as best shown in
      FIG. 4 and 5 are suitably secured to the top plate 12 and project
      downwardly with respect thereto the same pivotally supporting a flag and
      indicator 69 having an arm 70 as shown in FIG. 5, which is pivotally
      connected by means of a pivot pin 71 to the brackets 67 and 68. The axis
      at the pivot pin 71 is substantially parallel to the axis of the bolt 54.
      The end of the arm 70 is provided with a cam surface 72 which as best
      shown in FIG. 5 is adapted to engage the flat portion 63 of the shaft 56.
      A shield 73 also projects downwardly from the top plate 12 as indicated
      which as shown in FIG. 6 in the unlocked position hides the flag 69 from
      view of the operator.
PAC  THE OPERATION
PAR  Referring now to FIG. 2 the clamping block 26 has been moved to a closed
      position by means of the drive screw 39. In this position a kinpin (not
      shown) is securely held between the surfaces 27 and 28 thereby securing a
      trailer to the trailer hitch 10 in conventional fashion. Also, the locking
      bolt 54 has been moved from the dotted line position of FIG. 4 to the
      locking position wherein the diameter portions 55 and 56 are in engagement
      with their respective bores 34 and 35 of the slide members 25, thus
      securely locking the slide and clamp assembly in the closed position shown
      in FIG. 2. Thus, to move the slide assembly and jaw 26 to the position
      shown in FIG. 2, the drive screw 39 is rotated which in turn causes the
      follower 75 to exert a thrust against the washers 51 and against the
      bracket member 31 moving to the right the entire slide assembly and
      tightly securing the locking jaw in closed position. It should be noted,
      however, that the bores 34 and 35 are slightly larger than the diameter
      portions 55 and 56 so that a small or limited amount of movement of the
      slide memmber 25 (and associated structure) relative to the locking pin 54
      is possible. By virtue of the resiliency at the washer arrangement 51
      relative to the follower block 75 and the bracket 31, thrust of the
      trailer kingpin against the jaw 26 permits a limited amount of cushioned
      movement taking place with washers 51 absorbing the thrust impact thereby
      relieving the drive screw 39 and associated parts from absorbing the
      impact, or being subjected to this impact which might thereby seriously
      damage the drive screw, the associated thrust collars and ring, and the
      socket head provided at the end of the drive screw 39. Thus a limited
      amount of thrust (to the left in FIG. 2) on the jaw 26 is absorbed by the
      washer or resilient cushioned arrangement disclosed.
PAR  In this manner disclosed then, excessive thrust forces to the left which
      frequently occur during over the road operation on railway cars, are
      relieved by means of the washer assembly which protects the drive screw
      and associated parts. Yet the effectiveness of the locking bolt, despite
      its somewhat less than tight fit with respect to the openins 34 and 35,
      nevertheless prevents any possibility that the jaw will open
      inadvertently. The action of the locking bolt and its relationship to the
      flag arrangement 69 is more specifically described in the related
      application above stated. Briefly, in the locked position shown in FIG. 4,
      the handle 61 is disposed vertically in the short slot 59 of the tube 57.
      By moving in this position the flag 69 is pivoted down and is visible to
      the operator indicating that the bolt has been locked relative to the
      slide assembly. The flag has its end portion in engagement with the flat
      recess portion 63 of the bolt. To slide the bolt outwardly from locking
      engagement with the openings 34 and 35 the flag is manually raised to FIG.
      6 position, and the handle 61 is moved to the diagonal position shown in
      FIG. 6 whereupon the bolt can now be withdrawn with the stem 62 sliding
      outwardly in the diagonal slots 66 - 72 to the outermost position shown in
      broken lines in FIG. 4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fifth wheel for connection to the kingpin of a highway trailer
      including,
PA1  a top plate having a substantially rectangular opening including parallel
      side walls,
PA1  slide supports supported below said plate adjacent said side walls of said
      opening,
PA1  a first clamping means having a kingpin receiving surface,
PA1  elongated slide members connected to said first clamping means and slidable
      on said slide supports,
PA1  second clamping means on said plate including an arcuate wall portion and
      outwardly diverging walls extending from said arcuate wall portion to said
      parallel side walls, said arcuate wall portion and said kingpin receiving
      surface being adapted to confine a kingpin on said top plate,
PA1  a first support member supported on said top plate and extending between
      said slide members,
PA1  a drive screw extending parallel to said slide members,
PA1  means on said support member supporting one end of said drive screw,
PA1  a second support member on said top plate horizontally spaced from said
      first support member,
PA1  means connecting the other end of said drive screw for rotative movement to
      and relative to said second support member,
PA1  said connecting means including thrust elements on said other end confining
      said screw against longitudinal movement relative to said second support
      member, the improvement comprising:
PA1  a follower member having a threaded bore rotatably engaged by said drive
      screw,
PA1  said follower member during rotation of said screw including means
      engageable with said slide members for reciprocating said first clamping
      means relative to said second clamping means,
PA1  said engageable means including resilient means providing for limited
      cushioning movement of said slide members and first clamping means
      relative to said drive screw.
NUM  2.
PAR  2. The invention in accordance with claim 1,
PA1  said resilient means including a plurality of concavo-convex washers
      supported on said drive screw and positioned between said slide members.
NUM  3.
PAR  3. The invention in accordance with claim 2, said cushioning movement being
      in a direction tending to move apart said kingpin engageable surface and
      said kingpin receiving surface.
NUM  4.
PAR  4. The invention in accordance with claim 1,
PA1  said slide members being interconnected by transversely extending
      substantially parallel bracket members having aligned openings,
PA1  said drive screw extending through said openings,
PA1  said follower member being positioned adjacent to and engageable with one
      of said bracket members to exert a thrust thereon,
PA1  a sleeve supported on said drive screw between said follower member and
      said other bracket member,
PA1  said sleeve supporting said resilient means between said follower and said
      other bracket member.
NUM  5.
PAR  5. The invention in accordance with claim 4,
PA1  said drive screw including a cylindrical bearing portion on which said
      sleeve is supported.
NUM  6.
PAR  6. The invention in accordance with claim 5,
PA1  said resilient means including a plurality of stacked springlike washers.
NUM  7.
PAR  7. The invention in accordance with claim 6,
PA1  including locking means engageable selectively with said slide members for
      locking said first clamping means in closed position.
NUM  8.
PAR  8. The invention in accordance with claim 7,
PA1  said locking means and slide members in a locked position providing for
      limited relative movement of said first clamping means and said slide
      members.
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ABST
PAL  A constant torque ball joint employs upper and lower bearing pieces made of
      a self-lubricating material to journal the ball portion of a ball stud
      with their segmental semi-spherical internal surfaces and also employs
      upper and lower elastic material blocks having a longitudinal elastic
      modulus Eo of 1.5 to 10 kg/mm.sup.2 to substantially enclose tightly
      respectively the outer surfaces of the upper and lower bearing pieces. The
      upper and lower bearing pieces and the upper and lower elastic blocks with
      the ball portion of the ball stud are mounted whereby a small space is
      left between the upper and lower bearing pieces which are inserted in the
      socket cavity of a metallic socket joint rod. A metallic cover disc is
      applied over these inserted members and the end rim of the socket cavity
      is swaged to crimp the cover disc to substantially completely enclose the
      bearing pieces and the elastic blocks within the socket cavity and the
      cover disc. The elastic blocks are kept in a state of elastic compression
      at an elastic compression rate of 20 percent or less.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One of the most important requirements of a ball joint, especially those
      used in automotive steering links and automotive suspension systems, is to
      maintain for a long service life a certain optimum rotating torque value
      and a certain optimum swivelling torque value.
PAR  However, in practice, due to the inevitably developing wear in the bearing
      members as the operating hours or the total mileage increases, the value
      of the bearing contact load decreases, and consequently the rotating and
      swivelling torque values are reduced, and the steering wheel play as well
      as the oscillation increases. In order to overcome the defect of the
      reduction of bearing contact load value as mentioned above in conventional
      design ball joint design, a coil spring is disposed in the space formed by
      the socket cavity of a metallic socket joint rod and a metallic cover
      disc, or a plastic bearing block is forced into the space formed by the
      socket cavity of a metallic socket joint rod and a metallic cover disc so
      that the elasticity of the bearing block per se is utilized.
PAR  However, the ball joint arrangement that makes use of a coil spring is
      defective in that there is only a limited space to accomodate the coil
      spring. Further, when the apparent compressive longitudinal elastic
      modulus Ec is small (e.g. Ec = 0.8 kg/mm.sup.2), the torque value can not
      be set sufficiently high to meet the requirement of optimum rotating and
      swivelling torque values. Similarly, the ball joint arrangement that makes
      use of the elasticity of a plastic bearing block per se is also defective
      in that its compressive longitudinal elastic modulus Ep is too large
      (e.g., Ep = 50 kg/mm.sup.2 for high density polyethylene). Not only is
      there a large reduction of bearing contact load value even with a small
      change of its dimensions due to the abrasion that accompanies a large
      reduction of rotating and swivelling torque values, but also, in the
      production process of a ball joint with a small deviation of the
      dimensions in the relevant members, there results in a large deviation of
      the initially set rotating and swivelling torque values. Therefore under
      such circumstances, ball joints can hardly be quantity-produced with a
      uniform torque value.
PAC  SUMMARY OF THE INVENTION
PAR  In a ball joint based on the present invention, the ball portion of a ball
      stud is journalled between upper and lower bearing pieces, each of which
      has a segmental semispherical internal surface made of a solid
      self-lubricating material such as a plastic material like polyacetal or a
      metal like iron or copper-based sintered alloys. Then, the bearing pieces
      are totally or partly externally covered by an elastic block or blocks
      having a compressive longitudinal elastic modulus Eo = 1.5 to 10
      kg/mm.sup.2. Finally, the upper and lower bearing pieces and the upper and
      lower elastic blocks are substantially enclosed in a socket cavity of a
      metallic socket joint rod and a metallic cover plate. Thus, the elastic
      blocks are elastically compressed within a compression rate of 20 percent
      resulting in optimum rotating and swivelling torque values that are
      required of the instant ball joint. When a compression rate of the elastic
      blocks and their respective compressive longitudinal elastic modules are
      selected at values as mentioned above, the internal energy of the
      compressive elastic blocks is made to discharge towards the center of the
      ball of the ball stud whereby all reduction in bearing surface contact
      load value due to an abrasion in the contact surface between the ball
      surface of the ball stud and the segmental semi-spherical surfaces of the
      bearing pieces is compensated. Consequently, under such circumstances, all
      reduction of rotating and swivelling torques of the instant ball joint
      type is prevented.
PAR  Furthermore, with proper selections of the elastic compression rate,
      compressive longitudinal elastic modulus, and size-shape of elastic
      blocks, the rotating and swivelling torques can be set at the desired
      values for the instant ball joint.
PAR  Although the principle of the present invention is generally applicable to
      various joints and to various bearings, the embodiment described herein is
      specifically applicable to an automotive steering ball joint.
PAR  For a better understanding of the present invention, several representative
      industrial materials are reviewed as to their longitudinal elastic modulus
      (including their apparent longitudinal elastic modulus
TBL  ______________________________________                                    
     Steel                 21,000 kg/mm.sup.2                                  
     Phenol resin          1,000 kg/mm.sup.2                                   
     Polyacetal resin      300 kg/mm.sup.2                                     
     High density polyethylene                                                 
                           50 kg/mm.sup.2                                      
     Coil spring           1 kg/mm.sup.2                                       
     Rubber                0.5 kg/mm.sup.2                                     
     ______________________________________                                    
PAR  The compressive longitudinal elastic modulus that is required in the
      present invention is:
PAR  Eo = 1.5 to 10 kg/mm.sup.2.
PAR  As for an elastic material having a compressive longitudinal elastic
      modulus Eo in this range, there are commercially available the M type
      polyurethane elastomer of Elastomer Technical Institute, or the combined H
      type Belleville spring of Iwata Denko Co., Ltd. For the application of the
      present invention, an elastic compression rate of 20 percent or less is
      suitable.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a rectilinear chart showing the results of comparative forced
      swivelling tests between a ball joint that utilizes the elasticity of a
      plastic bearing block per se, and a ball joint based on the present
      invention,
PAR  FIG. 2 is a sectional view of an embodiment of the present invention taken
      along the axial plane, and
PAR  FIGS. 3 through 5 are sectional views corresponding to FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  As illustrated in FIG. 1, a comparison of forced swivel torque test results
      between a conventional ball joint utilizing the elasticity of a plastic
      bearing block, per se, and a ball joint based on the present invention.
      From FIG. 1, it is apparent that in contrast to the solid lines
      representing the torque performances of a ball joint based on the present
      invention, the torque values as represented by the broken lines of a
      conventional ball joint making use of the elasticity of the plastic
      bearing block per se drop markedly in the initial period of the swivelling
      tests, and the difference between rotating torque values and swivelling
      torque values are large throughout the entire range of 5 .times. 10.sup.5
      swivelling cycles.
PAR  A detailed description of the preferred embodiment of the present invention
      follows. FIG. 2 is a sectional view of a ball joint as applied to an
      automotive steering link, taken along a plane passing through the ball
      center. A metallic socket joint rod is generally indicated by a number 10.
      The rod 10 is provided with a bearing shell which includes first and
      second openings. In the socket cavity of the bearing shell of the socket
      joint rod 10, there is disposed the ball portion of a metallic ball stud
      11. The ball portion is journalled in an upper bearing piece 12 and a
      lower bearing piece 13. Tightly interposed between the bearing shell and
      the upper and lower bearing pieces elastic blocks means. These elastic
      block means consist of an upper elastic block 14 made of polyurethane
      having a compressive longitudinal elastic modulus E of 3.1 kg/mm.sup.2,
      and a lower elastic block 15 made of polyurethane having a compressive
      longitudinal elastic modulus E of 4.1 kg/mm.sup.2. The shank portion of
      the ball stub 11 extends through the first opening of the bearing shell as
      well as through an opening of the upper bearing piece 12. Each of the
      pieces 12, 13 is made of polyacetal plastic and the internal surfaces
      thereof have segmental semi-sherical shapes. The upper and lower elastic
      blocks 14, 15 are mounted, respectively, to be compressed against the
      upper and lower bearing pieces 12, 13. An abrasion displacement allowance
      space 16 is formed between the upper bearing piece 12 and the lower
      bearing pieces. A metallic cover disc 17 closes the second opening of the
      bearing shell and tightly compresses the adjacent lower elastic block 15.
      The space 16 is provided for the purpose of allowing the upper and lower
      bearing pieces 12, 13 to shift towards the ball center of the ball stud 11
      to compensate for possible surface abrasion that takes place in the
      contact surfaces between the upper and lower bearing pieces 12, 13 and the
      ball stud 11. The space is lubricated either by grease or solid lubricant,
      whereby the compensation is made at the expense of the discharge of the
      elastic compressive internal energy that is stored in the upper and lower
      elastic blocks 14, 15.
PAR  Generally, when a bearing contact surface load is applied to a ball joint
      used in an automotive steering system by the application of a backup
      elastic compressive block, a value in the neighborhood of 50 kg is
      appropriate. In such a ball joint, when grease is used as lubricant, a
      friction coefficient is assumed to be in the neighborhood of 0.1.
      Therefore, in order to maintain the rotating torque and the swivelling
      torque at a respective constant value, it is suffice that the bearing
      contact load be maintained at a constant level. However, in practice,
      because the bearing contact surfaces are subject to unavoidable abrasion
      effect the bearing contact surface load that is applied by the compressive
      elastic blocks is subject to an unavoidable decrease of value due to this
      change of position caused by abrasion. In order to minimize such a
      decrease of value in the bearing contact surface load, it is sufficient
      that the compressive longitudinal elastic modulus of the compressive
      elastic blocks be minimized.
PAR  On the other hand, the amount of space which is permitted in an elastic
      block arrangement in the socket cavity of a metallic socket joint rod that
      is to be used in an ordinary automotive steering system is limited.
      Therefore, if the compressive longitudinal elastic modulus of the elastic
      block is too small, it becomes impossible to achieve the required bearing
      contact surface load value Pv (e.g. Pv = 50 kg).
PAR  From the above conditions it follows that for a ball joint to be useful
      automotive steering system, the preferred range of values of the
      longitudinal elastic modulus Eo of the backup compressive elastic blocks
      is 1.5 to 10 kg/mm.sup.2.
PAR  The assembly method of a ball joint based on the present invention now
      follows to assist in an understanding of the invention: As shown in FIG.
      3, in the socket cavity of a metallic socket joint rod 10, first, an upper
      elastic block 14 made of polyurethane having a longitudinal elastic
      coefficient of 3.1 kg/mm.sup.2 designed to result in an optimum rotating
      and swivelling torque upon assembly is inserted. Secondly, an upper
      bearing piece 12 made of polyacetal plastic in the shape having a
      semi-spherical cavity surface is inserted. Thirdly, a metallic ball stud
      11 is inserted, with the application of an axial force P. Fourthly, as
      shown in FIG. 4, a lower bearing piece 13 made of polyacetal plastic in
      the form having a semi-spherical cavity is inserted in the socket cavity
      of the metallic socket joint rod. Fifthly, a lower elastic block 15 made
      of polyurethane plastic having a compressive longitudinal elastic modulus
      E of 4.1 kg/mm.sup.2 designed to result in an optimum rotating and
      swivelling torque values upon assembly is pushed in. Sixthly, a metallic
      cover disc 17 is forced over all these members at a load of Po in the
      direction of the ball stud axis. In order to result in optimum rotating
      and swivelling torque values upon assembly, there is provided near the rim
      of the socket opening of the metallic joint socket rod 10 a shoulder 18 at
      which the metallic cover disc compresses the upper and lower elastic
      blocks 14, 15 to their predetermined compressive elastic deformation.
      Therefore when the cover disc 17 is forced to the position of the shoulder
      18, optimum rotating and swivelling torque values are secured.
PAR  Finally, as shown in FIG. 5, after forcing the cover disc 17 to the
      position of the shoulder 18, a tool 20 is applied on the socket rim
      portion 19 of the metallic socket joint rod 10 in the P.sub.1 direction at
      a force P.sub.1 to swage the rim end portion of the socket opening into
      the shoulder form 21 shown in FIG. 2.
PAR  Furthermore, it is to be understood that although in the above embodiment,
      the upper and lower bearing pieces are shown as externally covering the
      respective elastic blocks, this is by no means indispensable; that is, as
      long as the same compressive force is exerted, an elastic block may be
      divided into several pieces or a single piece elastic block may cover a
      limited portion of the external surfaces of these bearing pieces.
PAR  A typical prior art ball joint arrangement may provide the ball portion of
      a ball stud to be supported between an upper and a lower bearing pieces
      having semi-spherical cavity surfaces and the upper bearing piece to be
      made of a hard high-molecular polymer such as nylon, and the lower bearing
      piece to be made of a soft flexible material such as polyurethane or
      lubricant-impregnated rubber. These two bearing pieces are then inserted
      in the socket cavity of a joint socket rod and enclosed therein with a
      cover disc with the lower bearing piece kept in an elastically compressed
      condition. This prior art arrangement is to be contrasted with a ball
      joint based on the present invention wherein the ball portion of a ball
      stud is positioned firstly between an upper and a lower bearing pieces
      made of a solid material having self-lubricating property in a form having
      a semi-spherical cavity surface, then secondly, the upper and lower
      bearing pieces are covered by an upper and lower elastically compressed
      elastic blocks, and thirdly, all these members are substantially
      completely enclosed in the socket cavity of a metallic socket joint rod by
      means of a metallic cover disc.
PAR  The reasons for providing two bearing pieces and two backup elastic blocks
      is as follows:
PAR  The principal factors that determine the optimum rotating and swivelling
      torque values in a ball joint based on the present invention are the
      friction coefficient between the bearing frictional contact surfaces, the
      ball stud configuration, and the bearing frictional contact surface load
      value. Of these factors, while friction coefficient and configuration are
      expected to remain almost unchanged, the load value is subjected to a
      reduction due to an unavoidable abrasion shift developing in the bearing
      friction contact surface and a plastic deformation shift of the members in
      the ball socket joint cavity.
PAR  It follows therefore, in order to maintain rotating and swivelling torques
      at their respective optimum values, a material must be utilized that
      possesses simultaneously the best bearing characteristic of the smallest
      friction, and the best elastic characteristic of the smallest compressive
      longitudinal elastic modulus and the largest compressive elastic limit. To
      satisfy these three characteristics in one material is next to impossible.
PAR  Therefore in the present invention, the selection of the proper materials
      is made easy through an arrangement which has departed from conventional
      arrangements in such a way that the bearing member is divided into a
      bearing piece proper made of friction resistant and highly lubricant
      material, and an elastic block that is suited to develop an optimum
      rotating and an optimum swivelling torque. Thus, each member is required
      to only satisfy its own functional requirement.
PAR  In the arrangement described above, the optimum rotating and swivelling
      torque values are maintained by the elastic deformation stress in the
      upper and lower elastic blocks that enclose the bearing pieces. In the
      present invention, the compressive longitudinal elastic modulus of these
      elastic blocks enclosing the upper and the lower bearing pieces is
      selected at a value Eo of 1.5 to 10 kg/mm.sup.2 which is substantially
      lower than conventionally adopted values. Accordingly, there is only a
      minimum of reduction in the deformation stress due to an elastic
      restoration of the backup elastic blocks at an abrasion shift of the
      bearing pieces. Furthermore, even when Furthermore, even when the bearing
      pieces should develop abrasion to some extent, because there is a space
      provided between the upper and lower bearing pieces, substantially all the
      abrasion shift can be taken up as a reduction of the space, without any
      substantial reduction in the contact load in the bearing surface.
      Furthermore because the materials used have a substantially higher
      longitudinal elastic modulus than coil springs, a sufficiently high torque
      value can be obtained in a socket having a small space.
PAR  Furthermore, because the elastic blocks in the present invention are
      designed to be compressed up to a limit of elastic compression rate of 20
      percent other members in the ball socket joint cavity are not plastic
      deformed, but still there is a sufficient elastic restoration potential
      exceeding any potential practical abrasion shift.
PAR  When a ball joint based on the teachings of the present invention is
      composed of members made of materials having the abovementioned
      characteristics, when all possible reduction of load is made between the
      upper and lower bearing contact surfaces due to the abrasion shift
      produced in the contact surfaces between the upper and lower bearing
      pieces and when the ball surface of a ball stud is recovered by the
      release of the elastic compression internal energy stored in the elastic
      blocks, it is then possible that the ball joint will maintain optimum
      rotating and swivelling torques throughout a long period of operation.
PAR  The invention has been described in detail with particular reference to the
      preferred embodiment thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A constant torque ball joint, especially applicable as an automotive
      steering ball joint, comprising a socket joint rod means having a bearing
      shell at one end, said shell including a socket cavity and first and
      second openings;
PA1  a ball stud member having a ball head portion positioned in a spaced
      relation in said socket cavity and having a shank portion connected to
      said ball head portion and extending through said first opening;
PA1  upper and lower segmental semi-spherical bearing cup pieces being made of a
      self-lubricating material and mounted to provide a spacing between said
      bearing pieces;
PA1  said ball head portion being journalled in said bearing cup pieces; block
      means each having a segmental spherical surface and being made of an
      elastic material having a longitudinal elastic modulus Eo of 1.5 to 10
      kg/mm.sup.2 and being tightly interposed between said bearing shell and
      said bearing cup pieces, said elastic block means consisting of an upper
      elastic block and a lower elastic block and being mounted, respectively,
      in a compressed relationship with its segmental spherical surface against
      the upper and lower bearing cup pieces and with each block space from each
      other, said elastic blocks being compressed upon assembly at an elastic
      compression rate of 20 percent or less;
PA1  said bearing shell having shoulder means adjacent said second opening; and
PA1  a cover disc closing said second opening and being tightly secured against
      said shoulder means of said bearing shell.
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ABST
PAL  An interlocking construction arrangement for coupling together two members
      at a predetermined angular relationship. A male joining means is coupled
      to the first member and has an outwardly upstanding male portion extending
      from the first member at the predetermined angular relationship. A female
      joining means is coupled to the second member and the female joining means
      has walls defining a male portion receiving cavity. When it is desired to
      join the two members together the male portion is inserted into the cavity
      of the female joining means where it may be frictionally retained to
      provide a removable coupling between the members or bonded or otherwise
      secured together to provide a permanent coupling of the two members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the joining art and more particularly to an
      interlocking construction arrangement for joining together two members at
      a predetermined angular relationship.
PAR  2. Description of the Prior Art
PAR  In many applications it is desired to provide an interlocking construction
      arrangement for joining together two members at a predetermined angular
      relationship. For example, in the fabrication of furniture the tops,
      sides, fronts and backs of such structures must be joined together in a
      particular angular relationship to provide a useful, final structure.
      Similarly, drawers as utilized in cabinets or the like have fronts, backs
      and sides and also must be joined together, usually at right angles. The
      bottoms of drawers in such cabinets, in accordance with conventional
      practice, are often fitted into slots in the fronts, backs, and sides.
PAR  In order to affect economy in the manufacture, shipping, and storage of
      cabinets and/or drawers for cabinets, it is very often desired to be able
      to fabricate the separate components comprising the structure and ship
      them in what is termed a "knocked down" configuration. That is, in such a
      K.D. configuration, each of the separate members which are ultimately
      assembled into the final structure are not joined together at the factory
      but may be shipped unjoined. As such, they may be shipped and stored in a
      volume that may be several orders of magnitude less than the volume that
      would be occupied by the assembled structure.
PAR  However, in many such prior K.D. constructions, the drawers that were
      utilized therein were still fully assembled when shipped and utilized the
      conventional dovetail interconnecting arrangement between the members
      forming the drawer structure. As such, considerable volume was wasted by
      the requirement of shipping and storing fully assembled drawers, if not
      the whole cabinets. To provide a construction arrangement of the
      interlocking type that may be utilized in such cabinets and/or the drawers
      therefor, the arrangement for providing the interlocking construction must
      be readily adaptable for quick and easy installation by the ultimate
      purchaser to provide a satisfactory assembled structure. Further, such
      interlocking construction arrangement must also provide the rigidity,
      strength and appearance, after assembly, of similar structures that have
      been fabricated and assembled by the manufacturer prior to shipping.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved interlocking construction arrangement.
PAR  It is another object of the present invention to provide an improved
      interlocking construction arrangement for joining together various
      structural elements in a predetermined angular relationship.
PAR  It is yet another object of the present invention to provide a
      comparatively inexpensive interlocking construction arrangement for
      joining together members at a predetermined angular relationship wherein
      the assembly of the members may be rapidly and easily made by
      comparatively inexperienced people.
PAR  It is yet a further object of the present invention to provide an improved
      interlocking construction arrangement that provides much greater economy
      in the manufacture, shipping, and storage of structural arrangements such
      as cabinets, drawers, desks, and other furniture arrangements by allowing
      shipment and storage of the individual members in a "knocked down"
      configuration.
PAR  The above and other objects of the present invention are achieved,
      according to a preferred embodiment thereof by providing a male joining
      means that is coupled to a first member at a preselected location. The
      first member may, for example, comprise the sides of a drawer. The male
      joining means has a base portion and the base portion has a first surface
      that is coupled to the first member. The coupling may, for example, be by
      adhesive bonding or the like to provide a permanent coupling relationship
      therebetween. A male portion of the male joining means extends outwardly
      and upwardly from a second surface of the base portion. The male joining
      means has a preselected length along the base portion and extends
      thereabove a preselected height and has a predetermined thickness. The
      male portion extends from the base portion at the preselected angular
      relationship which, for example, may be right angles.
PAR  A female joining means is coupled to the second member that is to be joined
      to the first member and the second member may, for example, comprise the
      front and back of the drawer. The female joining means has a base portion
      having a first surface coupled to the second member. The coupling of the
      first surface of the female joining means to the second member may also
      be, for example, by adhesive bonding to provide a permanent coupling
      therebetween.
PAR  The female joining means also has an outer portion spaced from the base
      portion and the outer portion has an interior wall that is oppositely
      disposed from a second surface of the base portion to define a male
      portion receiving cavity therebetween having an open end and a closed end.
PAR  In the assembly of the components forming, for example, the above mentioned
      drawer, the male portion of the male joining means on the sides are
      inserted into the open end of the cavity in the female joining means of
      the front and back of the drawer and are frictionally retained therein.
      Such installation may be quickly and easily made by even inexperienced
      people. The frictional retention allows a detachable coupling of the first
      member to the second member. If, however, it is desired to provide a
      permanent coupling, adhesive bonding may be provided between, for example,
      the male portion inserted into the cavity of the female joining means, or,
      if desired, between the outer portion of the female joining means and the
      base portion of the male joining means, or both. The cavity of the female
      joining means may extend the same length as the length of the male portion
      of the male joining means or the lengths may be different, depending upon
      the particular installation desired. Similarly, both male and female
      joining members may extend full or part of the total depth of the drawer.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other embodiments of the present invention may be more fully
      understood from the following detailed description taken together with the
      accompanying drawing wherein similar reference characters refer to similar
      elements throughout and in which:
PAR  FIG. 1 is a perspective view of a male joining means useful in the practice
      of the present invention;
PAR  FIG. 2 is a sectional view along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective view of a female joining means useful in the
      practice of the present invention;
PAR  FIG. 4 is a sectional view along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view of a portion of FIG. 4;
PAR  FIG. 6 shows the assembly of the male joining means of FIG. 1 with the
      female joining means of FIG. 3;
PAR  FIG. 7 is an enlarged sectional view of a portion of FIG. 6;
PAR  FIGS. 8A and 8B illustrate another embodiment useful in the practice of the
      present invention;
PAR  FIG. 9 illustrates another embodiment of the present invention;
PAR  FIG. 10 illustrates another embodiment of the present invention; and
PAR  FIGS. 11 and 12 illustrate another embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 there is shown a male joining means generally
      designated 10. The male joining means 10 is provided with a base portion
      12 and the base portion 12 has a first surface 14 and a second surface 16.
      The male joining means 10 also has a male portion 18 extending outwardly
      and upwardly from the base portion 12 at a predetermined angular
      relationship. As shown in FIGS. 1 and 2, the predetermined angular
      relationship is, in this embodiment, a right angle. As discussed below in
      greater detail in connection with FIGS. 11 and 12, the predetermined
      angular relationship may be any other desired angle in the practice of the
      present invention.
PAR  The male portion 18 of the male joining means 10 has a first preselected
      length l.sub.1 along the base portion 12 thereof, a first preselected
      height h extending from the second surface 16 of the base portion 12 and a
      first preselected width w. The male portion 18 is also provided, in this
      imbodiment of the invention, with a plurality of striations generally
      designated 20. As shown in the embodiment illustrated in FIGS. 1 and 2 the
      striations comprise a plurality of substantially parallel arrayed right
      triangular prisms extending substantially the entire length l.sub.1 of the
      male portion 18 and in an array substantially the full height h of the
      portion 18. The striations 20, in this embodiment of the present
      invention, comprise retention means for retaining the male member 18 in
      the female joining means, as described below in greater detail in
      connection with FIG. 6.
PAR  Each of these striations 20 have an inner surface 22, as shown on FIG. 2
      that extends substantially perpendicularly to the median plane 23 of the
      male portion 18 and an outer surface 24.
PAR  The male joining means 10 is provided with a first attachment means
      generally designated 26 for attaching the male joining means 10 to a first
      member 28. In the embodiment of the invention illustrated in FIGS. 1 and 2
      the first member 28 may comprise, for example, the sides of a drawer. The
      first attachment means 26 may comprise an adhesive bonding layer 30
      intermediate the first surface 18 of the base portion 12 of the male
      joining means 10 and the first member 28. Additionally, if desired, an
      inwardly extending mounting section 32 may extend from the first surface
      14 of the base portion 12 into a groove 34 in the first member 28. The
      adhesive layer 30 may also extend, as shown in greater detail, for
      example, in FIG. 5, between the mounting section 32 and the first member
      28.
PAR  In preferred embodiments of the present invention, as shown in FIG. 2, the
      male portion 18 is joined to the base portion 12 by a rounded fillet 36
      and 38 to provide additional strength at the interconnection therebetween.
PAR  It is preferred that the male joining means 10 be fabricated from any high
      strength engineering plastic in order to provide a low cost and
      inexpensive structure. As such, it may therefore be extruded in the
      desired shape as shown. Such materials as high density polyethylene,
      polyvinylchloride, or any other type of high strength thermoplastic may be
      utilized to provide the semi-rigid resilient characteristics suitable for
      the application.
PAR  The male joining means 10 may extend the entire depth of the first member
      28 in the direction indicated by the length l.sub.1 or may be only
      extended over a portion thereof, as desired for particular applications
      when considerations of the size and desired strength of connection are
      determined.
PAR  Referring now to FIGS. 3 and 4 there is illustrated a female joining means
      generally designated 40 useful in the practice of the present invention
      and adaptable for utilization with the male joining means 10 shown in
      FIGS. 1 and 2. As shown in FIGS. 3 and 4 the female joining means 40 is
      provided with a base portion 42 having a first surface 44 and a second
      surface 46. The female joining means 40 also has an outer portion 48
      spaced from the base portion 42 and having an inner surface 50 oppositely
      disposed to the first surface 46 of the base portion 42. The outer portion
      48 is connected to the base portion 42 by the portion 52 to define a
      cavity 54 having an open end 56 and a closed end 58. The cavity 54 is
      adapted to receive the male portion 18 of the male joining means 10 shown
      in FIGS. 1 and 2. A second attachment means 60, which may be similar to
      the first attachment means 26 described above, may comprise a layer of
      adhesive bonding 62 between the first surface 44 of the base portion 42
      and a second member 64 as illustrated most clearly in FIG. 4. Further, if
      desired, the female joining means 40 may also be provided with a mounting
      section 66, similar to the mounting section 32 shown in FIGS. 1 and 2
      extending into a groove 68 in the second member 64. Thus the second
      attachment means 60 as utilized to permanently couple the female joining
      means 40 to the second member 64 is, in this embodiment of the present
      invention, substantially identical to the first attachment means 26
      described above.
PAR  FIG. 5 is an enlarged view of the portion 5 of FIG. 4 and illustrates the
      second attachment means 60 in greater detail.
PAR  The second surface 46 of the base portion 42 and the oppositely disposed
      inner surface 50 of the outer portion 48 of the female joining means 40
      are provided with striations 70. As shown in FIGS. 3, 4, and 5, the
      striations comprise a plurality of parallel arrayed right triangular
      prisms extending substantially the full length l.sub.2 of the cavity 54
      and substantially the full depth d thereof from the open end 56 to the
      closed end 58. The striations 70, as shown most clearly in FIG. 5 are
      comprised of the above mentioned plurality of right triangular prisms each
      having an upper surface 72 substantially perpendicular to the median plane
      73 of the cavity 54 and a lower surface 74.
PAR  In preferred embodiments of the present invention the width w.sub.1 of the
      open end 56 of the cavity 54 is smaller than the width w.sub.2 of the
      cavity 54 adjacent the closed end 58 thereof and the female joining means
      40 may be fabricated from the same material as the male joining means 10
      described above to provide a semi-rigid structure having a predetermined
      resiliency suitable for the application. The outer portion 48 of the
      female joining means 40 may be flexed outwardly from the base portion 42,
      flexing along the median plane 73 at the top portion 52 to allow insertion
      of the male portion 18 of the male joining means 10 shown in FIG. 2.
PAR  FIG. 6 illustrates an interconnection between the female joining means 40
      coupled to the second member 64 and the male joining means 10 coupled to
      the first member 28. When it is desired to provide the assembly as shown
      in FIG. 6 the male portion 18 is inserted into the cavity 54 of the female
      joining means 40 and the predetermined resiliency of the materials allow
      the striations on the male member 18 to pass through the cavity 54 and the
      striations 70 on the surfaces thereof until full insertion is achieved.
      The striations, as noted above, provide a retention means for retaining
      the male portion 18 in the cavity 54. This retention is a frictional
      retention unless it is desired to make a more permanent installation. For
      example, in many applications it may be desirable to provide, for example,
      in a drawer construction, the capability of allowing detachment of the
      members comprising the drawers when it is desired, for example, to move,
      store or otherwise disassemble the drawer. The predetermined resiliency of
      the components allow such disassembly. Further, by providing the female
      joining means 40 on the second member 64 comprising the front of the
      drawer and the male joining means 10 on the first member 28 comprising the
      side of the drawer, the forces exerted thereon in opening and closing the
      drawer in the direction indicated by the arrow 80 are distributed
      throughout the lengths l.sub.1 and l.sub.2 of the male joining means 10
      and female joining means 40, respectively, and, it has been found, that
      such an installation provides a tight non-deforming installation. The
      surface section 82 of the second member 64 abuts against the surface
      section 84 of the first member 28 and is retained in this abutment
      relationship by the interconnection of the male joining means 10 with the
      female joining means 40. It will be appreciated that FIG. 6 illustrates
      one corner of a typical drawer construction wherein the present invention
      is utilized. The other corners would be similarly arranged to allow
      complete assembly of a drawer construction in accordance with the
      principles of the present invention.
PAR  FIG. 7 illustrates an enlarged view of section 7 of FIG. 6. As shown in
      FIG. 7, it can be seen that the striations 20 when the male portion 18 is
      fully inserted into the cavity 54 of the female joining member 40 are
      frictionally retained by the striations 70 on the surfaces defining the
      cavity 54. The inner surfaces 22 of each of the striations 20 on the male
      portion 18 of the male joining member 10 abut against the outer surfaces
      72 of the striation 70 on the surfaces defining the cavity 54 to provide a
      frictional retention therebetween after installation. However, because of
      the predetermined resiliency in the preferred embodiments of the present
      invention by exerting a force in the direction indicated by the arrow 83
      on FIG. 6 sufficient to cause the outer portion 48 of the female joining
      member 40 to move outwardly the male member 10 may be withdrawn. In those
      embodiments wherein a permanent attachment is desired, a layer of adhesive
      bonding such as that indicated at 84 in FIG. 7 may be applied, for
      example, to the striations 20 on the male portion 18 before insertion.
PAR  It will be appreciated, of course, that the thickness of the adhesive
      bonding layers illustrated in FIGS. 2, 4, 5, 6, and 7 has been exaggerated
      for clarity. Further, in those embodiments wherein a permanent
      installation between the first member 28 and second member 64 is desired,
      an adhesive bonding layer 86, as shown in FIG. 6, may be applied between
      the outer portion 48 of the female joining means 40 and the base portion
      12 of the male joining means 10 at the intersection thereof.
PAR  FIGS. 8A and 8B illustrate another embodiment 90 useful in the practice of
      the present invention. As shown in FIGS. 8A and 8B a male joining means 92
      is adapted for installation in a female joining means 94. However, in the
      embodiment 90, the male portion 94 of the male joining means 92 is
      provided with an enlarged headed portion 96 at the outer end thereof
      having a width w.sub.3 that is greater than the width w.sub.4 of the stem
      section 98 of the male portion 92. The corresponding female joining means
      94 has an enlarged section 100 of the cavity 102 for accepting the
      enlarged headed portion 96 of the male portion 92. The preselected
      resiliency of the female joining means 94 allows the resilient deflection
      of the outer portion 104 of the female joining means 94 during
      installation of the male portion 92 therein until the headed portion 96 is
      seated in the enlarged section 100 of the cavity 102. Adhesive bonding
      may, if desired, be utilized between the male portion 92 and the female
      joining means 94 for a permanent installation.
PAR  FIGS. 9 and 10 illustrate other embodiments of the attachment means that
      may be utilized for attaching the female joining means and the male
      joining means to the respective members to be coupled together. As shown
      in FIG. 9, the extending mounting section 106 is in the form of a
      triangular prism for insertion in a groove in the member and in FIG. 10
      the mounting section 108 is in the form of a cylindrical section. These
      may be utilized in place of the mounting sections 66 and 32 shown for the
      female joining means 40 and male joining means 10 respectively, as
      described above.
PAR  FIGS. 11 and 12 illustrate another embodiment generally designated 110 of
      the present invention for joining two members, 112 and 114 together in a
      predetermined angular relationship other than a right angle relationship.
      The male joining means 114 is generally similar to the male joining means
      10 described above except the male portion 116 extends from the base 118
      thereof at a predetermined angle a which is other than a right angle.
PAR  The female joining means 120 shown on FIG. 12 is substantially identical to
      the female joining means 40 described above and the surface section 122 of
      the second member 124 to which the female joining means 120 is coupled
      abuts against the surface section 126 of the first member 128 to which the
      male joining means 112 is coupled to provide an installation of the second
      member 124 at the angle a with respect to the first member 126.
PAR  This concludes the description of the preferred embodiments of the present
      invention. Those skilled in the art may find many variations and
      adaptations thereof and the appended claims are intended to cover all such
      variations and adaptations falling within the true scope and spirit of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An interlocking furniture arrangement for coupling together a plurality
      of intersecting members in an article of furniture in preselected angular
      relationships and comprising in combination:
PA1  at least one first member having an inside surface and an outside surface;
PA1  at least one second member coupled in an intersecting relationship to said
      at least one first member, and having an inside surface and an outside
      surface, and said inside surface of said at least one first member
      abutting said inside surface of said at least one second member at a first
      predetermined angular relationship;
PA1  a male joining means coupled to said inside surface of said at least one
      first member at a preselected location thereon in regions adjacent said
      abutment to said inside surface of said at least one second member, and
      comprising:
PA2  a base portion having a first surface and a second surface;
PA2  first attachment means for attaching said first surface of said base
      portion to said inside surface of said at least one first member; and
PA2  a male portion outwardly upstanding a first preselected height from said
      second surface of said base portion at said preselected angular
      relationship, and having a first preselected length along said base
      portion, and a first preselected thickness;
PA1  a female joining means coupled to said inside surface of said at least one
      second member at a preselected location thereon in regions adjacent said
      abutment to said inside surface of said at least one first member, and in
      coupling relationship to said male joining means and comprising:
PA2  a base portion having a first surface and a second surface;
PA1  second attachment means for attaching said first surface of said base
      portion of said female joining means to said inside surface of second
      member;
PA2  an outer portion spaced from said base portion and having walls defining an
      interior surface oppositely disposed to said second surface of said base
      portion, and said interior surface of said outer portion and said second
      surface of said base portion defining a male portion receiving cavity
      having an open end and a closed end and extending substantially parallel
      to said first surface of said at least one second member, and said male
      portion of said male joining member inserted in said cavity from said open
      end thereof, to provide said coupling relationship therebetween, and said
      cavity having a second preselected length along said base portion, a first
      preselected depth and a first preselected width; and
PA1  retention means cooperatively interacting between said male joining means
      and said female joining means for retaining said male portion of said male
      joining means in said cavity of said female joining means in said coupling
      relationship.
NUM  2.
PAR  2. The arrangement defined in claim 1 wherein:
PA1  said first attachment means and said second attachment means for attaching
      said male joining means to said inside surface of said at least one first
      member and said female joining means to said inside surface of said at
      least one second member, respectively, comprise a layer of adhesive
      bonding material intermediate said first surface of said base portions and
      said inside surfaces of said at least one first and second members,
      respectively.
NUM  3.
PAR  3. The arrangement defined in claim 2 wherein:
PA1  said first and second attachment means further comprises:
PA2  said inside surfaces of said at least one first and said second members
      have walls defining grooves therein at said preselected locations thereon;
PA2  said base portions of said male joining means and said female joining means
      have extending mounting sections protruding from said first surfaces
      thereof for positioning in said grooves.
NUM  4.
PAR  4. The arrangement defined in claim 1 wherein:
PA1  said male joining means and said female joining means are semi-rigid having
      a predetermined resiliency;
PA1  said retention means further comprises:
PA2  striations on said male portion of said male joining means extending along
      the length thereof;
PA2  striations on said second surface of said base portion and said interior of
      said outer portion of said female joining member extending along the
      length thereof for frictional interengagement with said striations on said
      male portion of said male joining member for the retention of said male
      portion inserted into said cavity.
NUM  5.
PAR  5. The arrangement defined in claim 4 wherein:
PA1  said retention means further comprises:
PA1  a strip of adhesive bonding material between said outer portion of said
      female joining means and said outer surface of said base portion of said
      male joining means.
NUM  6.
PAR  6. The arrangement defined in claim 4 wherein:
PA1  said retention means further comprises
PA1  adhesive bonding material intermediate said striations on said male portion
      of said male joining means and said striations on said walls defining said
      cavity of said female joining means.
NUM  7.
PAR  7. The arrangement defined in claim 4 wherein:
PA1  said striations on said male portion of said male joining means define
      right triangular prisms having an inner surface substantially
      perpendicular to the median plane of said male portions; and
PA1  said striations on said walls defining said cavity of said female joining
      means are right triangular prisms having an outer surface substantially
      perpendicular to the median plane of said cavity,
PA1  whereby said male portion is inserted into said cavity from said open end
      thereof and said cavity resiliently deforms to accept said male portion
      during insertion, and said inner surfaces of said striations on said male
      portion engage outer surfaces of said striations on said walls defining
      said cavity of said female joining means to resiliently resist removal of
      said male portion.
NUM  8.
PAR  8. The arrangement defined in claim 1 wherein:
PA1  said male joining means and said female joining means are semi-rigid having
      a predetermined resiliency;
PA1  said retention means further comprises:
PA2  a headed section on said male portion of said male joining means at said
      first preselected height, and said headed section having a second
      preselected width greater than said first preselected width; and
PA2  said cavity in said female joining means having a head receiving section
      spaced said first preselected height from said open end thereof for
      receiving said headed section of said male joining means,
PA1  whereby said outer portion of said female joining means resiliently
      deflects during insertion of said male portion in said cavity to allow
      insertion of said headed section on said male portion in said head
      receiving section of said cavity.
NUM  9.
PAR  9. The arrangement defined in claim 1 wherein:
PA1  said female joining means is semi-rigid having a predetermined resiliency;
PA1  said open end of said cavity in said female joining means has a width less
      than the width of said cavity in regions adjacent the closed end thereof,
PA1  whereby said female joining means is resiliently deformable to allow
      insertion of said male portion of said male joining means in said cavity
      and said surfaces defining said cavity frictionally engage said male
      portion after insertion.
NUM  10.
PAR  10. The arrangement defined in claim 9 wherein said retention means further
      comprises:
PA1  an adhesive bonding layer intermediate said male portion and said surfaces
      defining said cavity for bonding said female joining means to said male
      joining means.
NUM  11.
PAR  11. The arrangement defined in claim 1 wherein said first preselected
      length of said male portion of said male joining means is different from
      said second preselected length of said cavity of said female joining
      means.
NUM  12.
PAR  12. The arrangement defined in claim 1 wherein first preselected length of
      said male portion of said male joining means is substantially the same as
      said second preselected length of said cavity of said female joining
      means.
NUM  13.
PAR  13. The arrangement defined in claim 3 wherein:
PA1  said male joining means and said female joining means are semi-rigid having
      a predetermined resiliency;
PA1  said retention means further comprises:
PA2  striations on said male portion of said male joining means comprising a
      plurality of substantially parallel type triangular prisms extending
      substantially along the length thereof, and each of said right triangular
      prisms having an inner surface substantially perpendicular to the median
      plane of said male portion;
PA2  striations on said oppositely disposed surfaces defining said cavity of
      said female joining member for frictional engagement with said striations
      on said male portion of said male joining member, and said striations on
      said oppositely disposed surfaces defining said cavity comprising a
      plurality of right triangular prisms extending substantially said second
      preselected length, and each of said right triangular prisms having an
      outer surface substantially perpendicular to the median plane of said
      cavity,
PA1  whereby said inner surfaces of said striations of said male portion
      frictionally engage said outer surfaces of said striations on said
      surfaces defining said cavity and said female joining means.
NUM  14.
PAR  14. The arrangement defined in claim 13 wherein:
PA1  said striations on said male portion of said male joining means are in a
      substantially parallel array and extending on said male portion
      substantially throughout said first preselected height; and
PA1  said striations on said oppositely disposed surfaces defining said cavity
      of said female joining means are in a substantially parallel array and
      extending throughout said first preselected depth of said cavity from said
      open end to said closed end thereof;
PA1  said first preselected height of said male portion is substantially equal
      to said first preselected depth of said cavity.
NUM  15.
PAR  15. The arrangement defined in claim 14 wherein:
PA1  said retention means further comprises:
PA2  an adhesive bonding layer intermediate said striations on said male portion
      of said male joining means and said striations on said oppositely disposed
      surfaces defining said cavity of said female joining means.
NUM  16.
PAR  16. The arrangement defined in claim 15 wherein:
PA1  said predetermined angular relationship comprises substantially a right
      angle.
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ABST
PAL  A casing, formed to provide fluid inlet and outlet openings and a
      stationary internal gear intermediate the openings, the casing journaling
      a rotary shaft coaxial with the internal gear. Primary and secondary
      rotors are fixed on the shaft in axially spaced relationship, the primary
      rotor having fluid passages communicating with one of the openings. A
      fluid transfer element is fixed on the shaft between the secondary rotor
      and an end of the casing, and defines a fluid passage communicating with
      the other casing opening. The primary rotor includes a rotary internal
      gear disposed near the stationary internal gear. The secondary rotor has a
      plurality of external tooth elements, and a cooperating ring is
      eccentrically mounted thereon, the ring having internal tooth elements one
      more in number than those of the secondary rotor. The tooth elements
      cooperate to define inner and outer walls of successively expanding and
      contracting fluid chambers. An annular member is concentrically journaled
      on the ring and has a pair of gears thereon which mesh with the teeth of
      the internal gears. A pair of valve elements are disposed between opposite
      ends of the ring and the primary rotor and transfer element, cooperating
      with these to deliver fluid from one of the casing openings to the
      expanding chambers and from the contracting chambers to the other casing
      opening.
BSUM
PAR  This invention relates generally to rotary fluid pressure devices such as
      pumps and motors, and more particularly to such devices using a gear
      mechanism known as a gerotor wherein a pair of cooperating internally and
      externally toothed members cooperate to define walls of successively
      expanding and contracting fluid chambers. In the present arrangement, an
      externally toothed member rotates on its own axis while a cooperating
      internally toothed ring member moves in an orbit relative to the other
      member with its axis moving in an orbit about the axis of the other
      member. In the present invention, a casing is provided having spaced apart
      fluid inlet and outlet openings and defining a stationary internal gear. A
      shaft is journaled in the casing coaxial with the internal gear and has
      fixedly mounted thereon primary and secondary rotors and a fluid transfer
      element, in axially spaced relationship. The primary rotor has an annular
      flange which defines a rotary internal gear axially spaced from the
      stationary internal gear, and futher has circumferentially spaced fluid
      passages communicating with one of the openings in the casing. The
      secondary rotor is disposed intermediate the primary rotor and the fluid
      transfer element which has circumferentially spaced openings communicating
      with the other casing opening. The secondary rotor has a given number of
      external tooth elements which intermesh and have a sealing engagement with
      internal tooth elements of a ring eccentrically encompassing the secondary
      rotor and moving in an orbit with respect to the secondary rotor. The
      secondary rotor and ring cooperate to define inner and outer walls of
      successively expanding and contracting fluid chambers. An annular member
      is journaled on the ring and defines a pair of axially spaced external
      gears each meshing with a different one of the internal gears and moving
      in an orbit within the internal gears. Flow of fluid to the expanding
      chambers from the inlet opening and from the contracting chambers to the
      outlet opening is controlled by valve means cooperating with the primary
      rotor and transfer element. In the form of the invention herein disclosed,
      a pair of secondary rotors, with respective rings and annular
      gear-equipped members, are disposed at axially opposite sides or ends of
      the primary rotor, the internal tooth elements of one of the rings being
      angularly displaced from those of the other ring. This arrangement places
      the axes of the rings and their respective annular members at
      diametrically opposite sides of the common axis of the secondary rotors,
      to achieve balanced construction. Further, this arrangement provides for a
      single fluid inlet and a pair of fluid outlets, one for each of the
      secondary rotors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of a rotary fluid motor produced in
      accordance with the invention;
PAR  FIG. 2 is an enlarged axial section taken substantially on the line 2--2 of
      FIG. 1;
PAR  FIGS. 3, 4, 5, 6, and 7 are transverse sections taken on the lines 3--3,
      4--4, 5--5, 6--6, and 7--7, respectively; and
PAR  FIG. 8 is a fragmentary view partially in section and partly in
      perspective, of one of the sealing rings of FIGS. 2 and 7.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the embodiment of the invention illustrated, an elongated casing 1 is
      shown as comprising a hollow intermediate portion 2 and opposite end caps
      3. The intermediate portion 2 involves an outer housing member or shell 4,
      and an inner cylindrical section 5 held against rotation within the outer
      section 4 by means of a pair of diametrically opposed keys or like
      fasteners 6. Generally centrally between their ends, the casing sections 4
      and 5 cooperate to define an inlet opening 7, the outer section 4 being
      further formed to provide a ventilation opening 8. The inner cylindrical
      section 5 is further formed to provide a pair of axially spaced internal
      stationary gears 9. A pair of annular sealing plates 10 are disposed
      within the opposite end portions of the inner casing section 5 between the
      internal stationary gears 9 and the adjacent end caps 3, the entire casing
      assembly being held together by machine screws 11 screw-threaded into
      opposite ends of the outer casing section 4. The end caps 3 are formed to
      provide fluid outlet openings 12. Other openings 13 are provided in the
      end caps 3, these communicating with the ventilating opening 8 through
      various spaces in the end caps 3 and between the outer shell 4 and inner
      cylindrical section 5.
PAR  An elongated drive shaft 14 is journaled in bearing assemblies 15 mounted
      in the end caps 3 as are suitable end thrust bearings 16. One end of the
      shaft 14 is shown as terminating within one of the end caps 3, this end
      being concealed under a cover plate 17, see particularly FIG. 2. The
      opposite end portion of the shaft 14 projects outwardly through the
      opposite end cap 3 through a conventional dust seal 18, and is provided
      with a keyway 19. As shown, the shaft 14 extends axially of the casing 1,
      and is coaxial with the stationary internal gears formed by the gear teeth
      9.
PAR  The shaft 14 is formed to provide a splined portion 20 axially inwardly of
      the bearings 15 for mounting of various elements for rotation with the
      shaft 14. A primary rotor, indicated generally at 21, comprises a
      cylindrical member 22, a pair of annular plates 23 and a tubular spacer 24
      disposed between the annular plates 23. The annular plates 23 have axially
      opposite flat surfaces and, together with the tubular spacer are provided
      with axial splined openings closely fitting the splined portion 20 of the
      shaft 14. The outer marginal edges of the annular plates 23 are formed to
      provide gear teeth that have close meshing engagement with internal gear
      teeth 25 on the cylindrical member 22. As shown in FIGS. 2 - 4, the plates
      23 are disposed in axially spaced relation to each other and are provided
      with a plurality of circumferentially spaced fluid passageways 26
      therethrough. For the purpose of the present example, the passageways 26
      are three in number in each annular plate 23. Intermediate the plates 23,
      the cylindrical member 22 is provided with circumferentially extending
      slots 27, these being disposed inwardly of the inner end of the inlet
      opening 7. In the assembled form of the primary rotor 21, the portions of
      the cylindrical member 22 axially outwardly of the plates 23 form annular
      flanges, the gears or gear teeth 25 thereof being hereinafter referred to
      as rotary internal gears 25. Each of the rotary internal gears 25 is
      disposed axially inwardly of a respective one of the stationary internal
      gears 9.
PAR  A pair of secondary rotors 28 are splined to the shaft 14 in axially
      outwardly spaced relationship each to a different one of the primary rotor
      plates 23, other tubular spacers 24 being interposed between the plates 23
      and secondary rotors 28. In the form of the invention illustrated, the
      secondary rotors 28 are cross-sectionally in the form of equilateral
      triangles to define rounded external tooth elements 29. As shown
      particularly in FIGS. 3 - 6, the secondary rotors 28 are coaxial with the
      shaft 14. Each of the secondary rotors 28 has eccentrically mounted
      thereon one of pair of ring members 30 having internal tooth elements 31
      that are one more in number than the tooth elements 29 of the secondary
      rotors 28. The ring members 30 are adapted to partake of orbital movement,
      with their axes moving in orbits around the common axis of the secondary
      rotors 28 and shaft 14. As shown FIGS. 2 - 4, one of the ring members 30
      is disposed in angularly displaced relationship with respect to the other
      ring member 30, so that the axes of the ring members 30 are disposed at
      diametrically opposite sides of the common axis of the secondary rotors
      28. In FIG. 2, the axis of one of the ring members is indicated at A, the
      axis of the other thereof being indicated at B. The common axis of the
      shaft 14 and secondary rotors 38 is indicated at C. The ring members 30
      have outer cylindrical surfaces on which are journaled annular members 32,
      each of which is formed to provide axially spaced externally toothed gears
      33 and 34 that have meshing engagement with respective ones of the
      internal gears 9 and 25. The annular members 32 are carried in common
      orbits with their respective ring members 30, the gears 33 and 34 being of
      substantially less diameter than their respective internal gears 9 and 25.
      The angularly displaced relationship between the ring members 30 causes
      the gears 33 and 34 of one of the annular members 32 to engage their
      respective internal gears 9 and 25 at a point diametrically opposite the
      point of engagement of corresponding teeth of the other annular member 32
      with the other internal gears 9 and 25.
PAR  A pair of annular plate-like fluid transfer elements 35 are splined on the
      shaft 14 for common rotary movement therewith each axially inwardly of a
      different one of the sealing plates 10. Each of the plates 10 is formed to
      provide an annular groove 36 for reception of a sealing ring 37 preferably
      made of rubber or other elastomeric material and preferably backed by a
      commercially available O-ring 38. As shown in FIG. 8, the sealing ring 37
      is preferably Y-shaped to provide an annular body portion 39 and diverging
      flanges 40, the body portion 39 being received in the groove 36, the
      flanges 40 being flattened between each fluid transfer element 35 and its
      adjacent sealing plate 10. Each fluid transfer element 35 is formed to
      provide a plurality of circumferentially spaced fluid passages 41. These
      are shown as being three in number. Each fluid transfer element is axially
      spaced from its adjacent secondary rotor 28 by a tubular spacer 24 splined
      to the shaft 14.
PAR  The shaft 14 is held against axial movement in the casing 1 by a pair of
      snap rings or collars 42 mounted in circumferential grooves 43 in the
      shaft 14 adjacent the axially inner ends of the bearings 15. The snap
      rings 42 further hold the rotors 21 and 28, as well as the fluid transfer
      plates 35 in their proper positions on the shaft 14, through the medium of
      a pair of loading collars 44 and a plurality of spring washers 45. The
      number of washers may be varied to compensate for variations in machining
      tolerances of the several parts.
PAR  Each of the secondary rotors 28 and its respective ring member 30 is
      provided with axially inner and outer annular valve discs 46 and 47,
      respectively, these being journaled on respective ones of the tubular
      spacers 24, axially opposite faces of the valve discs 46 slidably engaging
      adjacent sides of the annular rotor plates 23 and the inner ends of
      adjacent secondary rotors 28 and their respective ring members 30 and
      annular members 32. The axially opposite faces of the valve discs 47 are
      disposed in face to face sliding engagement with the adjacent fluid
      transfer elements 35 and the axially outer end surfaces of the secondary
      rotors 28, associated ring members 30 and annular members 32. The valve
      discs 46 and 47 cooperate with their respective rotors 28 and ring members
      30 to define fluid chambers 48 that successively expand and contract
      during rotary movement of the shaft 14 and rotary and orbital movement of
      the ring members 30. Each of the valve discs 46 and 47 have a plurality of
      respective fluid passages 49 and 50 therethrough which move into and out
      of register with different ones of chambers 48 as well as into and out of
      register with different ones of the fluid passageways 26 and 41 in the
      primary rotor 21 and fluid transfer elements 35. In the present
      embodiment, the fluid passages 49 in each of their respective valve discs
      46 and 47 are four in number.
PAR  Means for imparting rotary movement to the valve discs 46 and 47 responsive
      to orbital movement of the ring members 30 comprises a plurality of pins
      or shafts 51 that project axially outwardly from the ring members 30 and
      into circumferentially spaced openings 52 extending axially through the
      valve discs 46 and 47. The shafts or pins 51 partake of orbital movement
      in common with their respective ring members 30 within their respective
      valve disc openings 52, the relative diameters of the pins 51 and their
      respective openings 52 and the location of the openings 52 being such that
      the pins 51 have sliding engagement with the circular walls of the
      openings 52. Thus, the valve discs 46 and 47 partake of only rotary
      movement on the axis of the shaft 47, such movement being imparted to them
      by rotary movement of their respective ring members 30 during orbital
      movement thereof.
PAR  In the above described structure, the fluid passageways 41 in the fluid
      transfer element 35 communicate with the outlet openings 12 through
      annular passageways defined by the sealing plates 10 and their respective
      loading collars 44, as shown in FIG. 2. It will be appreciated that the
      device may be operated as a fluid motor or as a fluid pump, with equal
      facility. When operated as a motor, fluid, such as air under pressure, is
      introduced to the interior of the casing 1 through the inlet opening 7
      from whence it flows radially inwardly through the slots 27 of the primary
      rotor 21 and axially outwardly through the passageways 26 and registering
      ones of the passageways 49 into given ones of the chambers 48, causing
      these chambers to expand by imparting orbital movement to the ring members
      30. At the same time, air within the contracting ones of the chambers 48
      is allowed to discharge through registering ones of the passageways 41 and
      50 and outwardly through the outlet openings 12. During orbital movement
      of the ring members 30 and their respective annular members 32, engagement
      of the external gears 33 and 34 with their respective internal gears 9 and
      25 causes rotation to be imparted to the primary rotor 21 and shaft 14. As
      the shaft 14 rotates, so also do the secondary rotors 28. The relative
      number and location of the passageways 26 and 49, as well as the gearing
      arrangement between the annular member 52 and rotor 21 causes one of the
      passageways 26 to be in register with a fluid passage 49 when the passage
      49 is in register with an expanding one of the fluid chambers 48. At the
      same time, one of the fluid passages 41 is in register with a fluid
      passage 50 and in register with one of the contracting chambers 48 to
      permit discharge of air from the contracting chamber 48 to an adjacent
      group of the outlet openings 12.
PAR  It will be appreciated that the above-described rotary fluid displacement
      apparatus is capable of various modifications within the scope of the
      invention. For instance, one of the secondary rotors might be eliminated,
      together with its ring member 30 and annular member 32. Then, by closing
      the outlet openings 12 at that end of the casing 1 from which the
      above-mentioned elements are removed, the apparatus will operate with the
      use of the remaining secondary rotor 28 and its respective ring member 30
      and annular member 32. Further, by removing the dust cap 17, a shaft
      similar to the shaft 14 but having its ends projecting axially outwardly
      from opposite ends of the casing 1, may be used. Still further, the inlet
      opening 7 may be closed and the outlet openings 12 at one end of the
      casing 1 used as an inlet, so that fluid is delivered to one of the
      secondary rotors 28, the primary rotor 21, and the other of the secondary
      rotors 28 in succession. The above, and still further modifications may be
      made without departure from the spirit and scope of the invention, as
      defined in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary fluid displacement apparatus comprising:
PA1  a. casing means defining fluid inlet and outlet openings and a stationary
      internal gear between said openings;
PA1  b. a shaft journaled in said casing means coaxial with said internal gear;
PA1  c. a primary rotor fixed on said shaft and including a rotary internal gear
      and defining fluid passages communicating with one of said openings;
PA1  d. a secondary rotor having external tooth elements and fixed on said shaft
      for rotation therewith in axially spaced relationship to said primary
      rotor;
PA1  e. a cooperating ring member emcompassing said secondary rotor eccentric
      therewith for rotary and orbital movements relative thereto wherein the
      axis thereof describes an orbit about the axis of said secondary rotor and
      said shaft, said ring member having internal tooth elements one more in
      number than the tooth elements of said secondary rotor, the tooth elements
      of said ring member and secondary rotor having substantially sealing
      engagement with each other and cooperating to define inner and outer walls
      of successively expanding and contracting fluid chambers during said
      rotary and orbital movement of the ring member;
PA1  f. an annular member journaled on said ring member concentric therewith and
      for common orbital movements therewith, said annular member defining a
      pair of axially spaced gears each having intermeshing engagement with a
      different one of said internal gears and describing an orbit within said
      internal gears in common with said ring member;
PA1  g. a fluid transfer element in said casing means defining fluid passages
      communicating with the other one of said openings in the casing means;
PA1  h. and valve means cooperating with said primary rotor and fluid transfer
      element for delivering fluid from said inlet opening to the expanding ones
      of said chambers and from the contracting chambers to said outlet
      openings.
NUM  2.
PAR  2. The rotary fluid displacement apparatus defined in claim 1 in which said
      valve means comprises a pair of valve elements encompassing said shaft,
      characterized by means operatively connecting said valve elements to said
      ring member for imparting rotary movement to said valve elements
      responsive to rotary movement of said ring member during said orbital
      movement thereof.
NUM  3.
PAR  3. The rotary fluid displacement apparatus defined in claim 2 in which said
      primary rotor comprises an annular plate-like portion and an annular
      flange at the outer marginal edge of said plate-like portion, said flange
      comprising said rotary internal gear, said first mentioned fluid passages
      extending through said plate-like portion in a direction axially of the
      primary rotor.
NUM  4.
PAR  4. The rotary fluid displacement apparatus defined in claim 1 in which said
      fluid transfer element is fixed on said shaft for rotation therewith.
NUM  5.
PAR  5. The rotary fluid displacement apparatus defined in claim 4 in which said
      valve means comprises a pair of valve discs at axially opposite ends of
      said ring member and in sliding engagement with said ring member and
      secondary rotor, each of said discs having sliding engagement with a
      different one of said primary rotor and said fluid transfer element, said
      discs having openings therethrough communicating with said fluid chambers
      and movable into and out of registration with the fluid passages in
      respective ones of said primary rotor and fluid transfer element.
NUM  6.
PAR  6. The rotary fluid displacement apparatus defined in claim 5 in which said
      valve discs are journaled on said shaft, characterized by means
      operatively connecting said valve discs to said ring member for imparting
      rotary movement to said valve discs responsive to rotary movement of said
      ring member during said orbital movement thereof.
NUM  7.
PAR  7. The rotary fluid displacement apparatus defined in claim 6 in which said
      means operatively connecting the valve discs to the ring member comprises
      a plurality of circumferentially spaced drive members projecting axially
      from opposite ends of the ring member, said valve discs having
      circumferentially spaced openings extending in an axial direction
      therethrough for reception of said drive members.
NUM  8.
PAR  8. The rotary fluid displacement apparatus defined in claim 7 in which said
      drive members comprise rigid drive pins each having a diameter relative to
      the diameter of its respective valve disc opening so that the axis of each
      of said openings moves in an orbit about the axis of its respective drive
      pin and equal in diameter to the orbit traveled by the axis of said ring
      gear.
NUM  9.
PAR  9. A rotary fluid displacement apparatus comprising:
PA1  a. elongated casing means defining intermediate fluid opening means
      intermediate its ends and end opening means at the opposite ends of the
      casing means, said casing means defining a pair of longitudinally spaced
      coaxial stationary internal gears between said intermediate opening means
      and said end opening means;
PA1  b. a rotary shaft;
PA1  c. bearing means journaling said shaft in said casing means coaxial with
      said internal gears;
PA1  d. a primary rotor fixed on said shaft and including a pair of axially
      spaced rotary internal gears disposed intermediate said stationary gears,
      said primary rotor defining fluid passages in communication with said
      intermediate opening;
PA1  e. a pair of secondary rotors each having axially inner and outer ends and
      external tooth elements, each of said secondary rotors being fixed on said
      shaft axially outwardly of an axially opposite side of said primary rotor;
PA1  f. a pair of cooperating ring members each encompassing a different one of
      said secondary rotors eccentric therewith for rotary and orbital movements
      relative thereto wherein the axes of the ring members describe orbits
      about the axes of their respective secondary rotors, each of said ring
      members having internal tooth elements one more in number than the tooth
      elements of its respective secondary rotor, the tooth elements of said
      ring members and their respective secondary rotors having substantially
      sealing engagement with each other and cooperating to define the inner and
      outer walls of successively expanding and contracting fluid chambers
      during said orbital and rotary movement of the ring members;
PA1  g. a pair of annular members each journaled on a different one of said ring
      members concentric therewith and for common orbital movements therewith,
      each of said annular members defining a pair of axially spaced gears
      having intermeshing engagement each with a different one of said
      stationary and rotary internal gears, said annular members describing
      orbits within their respective internal gears in common with their
      respective ring members;
PA1  h. a pair of fluid transfer elements in said casing means each disposed
      intermediate a different one of said secondary rotors and an adjacent one
      of the ends of said casing means, said transfer elements each having fluid
      passages therethrough communicating with the fluid opening in the adjacent
      end of the casing means;
PA1  i. and valve means cooperating with said primary rotor and said fluid
      transfer elements for delivering fluid from one of said opening means to
      the expanding ones of said chambers and from the contracting chambers to
      the other opening means.
NUM  10.
PAR  10. The rotary fluid displacement apparatus defined in claim 9 in which the
      internal tooth elements of one of said ring members are angularly
      displaced with respect to the internal tooth elements of the other ring
      member, whereby the axes of said ring members are disposed at
      diametrically opposite sides of the axis of said shaft.
NUM  11.
PAR  11. The rotary fluid displacement apparatus defined in claim 9 in which
      said primary rotor defines axially opposite flat annular surfaces and
      includes annular flanges projecting axially outwardly from said annular
      surfaces and defining said rotary internal gears, said valve means
      comprising inner annular valve plates between said surfaces and said
      secondary rotors and in face to face sliding engagement with said surfaces
      and the inner ends of said secondary rotors and their respective ring
      members, and outer annular valve discs between and in face to face sliding
      engagement with the outer ends of said secondary rotors and said transfer
      elements, said valve discs having fluid passages extending axially
      therethrough, and means for imparting rotation to said valve discs.
NUM  12.
PAR  12. The rotary fluid displacement apparatus defined in claim 11 in which
      said intermediate opening means is a fluid inlet opening, said primary
      rotor being disposed inwardly of said inlet opening, the fluid passages in
      said primary rotor including portions opening radially toward said inlet
      opening and other portions moving into and out of register with the valve
      passages in said inner valve discs during relative rotation between said
      primary rotor and inner valve discs, the fluid passages in said transfer
      elements moving into and out of registration with the fluid passages in
      said outer valve discs during relative rotation therebetween.
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PAL  Apparatus for cutting work provided with centering means and supported
      adjacent a housing drivably mounted for rotation on a frame, the housing
      being arranged to support a floating, cutting assembly having a cutting
      head and centering means for initial alignment with the centering means on
      the work and subsequent cutting of the metal by the cutting head to remove
      an annular portion of material from the work.
BSUM
PAR  This invention relates to cutting apparatus and more specifically to
      apparatus for cutting an annular groove in a metal article.
PAR  In the machining of metal and the like, it has long been known to utilize a
      tool comprising a circular cutter and a coaxially positioned yieldable
      center. In such a tool, the center is arranged to engage a suitably
      punched hole or recess in the work and then be moved rearwardly for
      subsequent engagement of the driven circular cutter with the work to
      accurately cut the work along a concentric, circumferentially extending
      path. While such a tool produces satisfactory results when the center is
      aligned with the centering means on the work such an alignment is a time
      consuming operation requiring a high degree of skill with the use of
      present day machines. The difficulty of such an alignment is due to the
      conventional arrangement for the cutting tool on the machine which permits
      the cutting tool to be mounted for rotation in only one axial position. As
      a result, the work must be positioned on the machine in a precise position
      with its centering means in exact alignment with the center on the cutting
      tool, an extremely difficult operation with some degree of misalignment
      however, slight, usually present regardless of the time and skill
      utilized. One type of operation which requires such precise alignment and
      to which the invention is particularly adaptable is for the removal of an
      annular metal seal disposed in the end face of an artillery shell between
      the shell body and a screw threaded end cap for closing an access opening
      in the shell end wall. Recesses are provided in the end cap for engagement
      with a cutting tool center associated with a circular cutter so that when
      exact alignment is obtained, the annular ring only is removed by the
      cutter. This precise machining operation has been carried out with some
      degree of success with present day cutting apparatus but only with
      apparatus which is extremely complicated and expensive in construction.
PAR  Accordingly, a primary object of this invention is to provide a new and
      novel cutting apparatus.
PAR  Another object of this invention is to provide a new and novel cutting
      apparatus in which alignment between a cutting tool and the work to be cut
      is automatically obtained.
PAR  A further object of this invention is to provide a new and novel cutting
      apparatus for removal of an annular metal seal from artillery shells in a
      highly accurate and precise manner.
PAR  A still further object of this invention is to provide a new and novel
      cutting apparatus for removing a circular portion of material from work
      which is extremely simple and inexpensive in construction and which is
      self-aligning so as to permit cutting operations on work to be carried out
      at a high production rate but in a highly accurate manner and with use of
      operators of relatively low skill.
PAR  This invention further contemplates the provision of a self-aligning
      cutting tool having a yieldable center and a circular cutter which are
      arranged in a floating manner for automatic alignment with work to be cut.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings.
PAR  The objects stated above and other related objects are accomplished by the
      provision of a frame having driving means and means for supporting work
      having centering means in a cutting position. A cutting assembly having a
      housing is mounted on the frame for rotation of the housing by the driving
      means and the cutting assembly includes a cutting head having a cutting
      tool positioned thereon supported on the housing for universal radial
      movement and for rotation with the housing. A non-rotatable elongated rod
      member extends axially through the housing and the cutting head in coaxial
      relationship with the head and is provided with centering means adjacent
      the cutting tool. The rod member is arranged to rotatably support the
      cutting head throughout the universal radial movement of the head so that
      as the cutting assembly is moved into an operative position, the centering
      means on the rod member engages the centering means on the work for
      subsequent cutting engagement by the cutting tool with the work in the
      proper position.
DRWD
PAR  The novel features which are believed to be characteristic of the invention
      are set forth with particularity in the appended claims. The invention
      itself, however, both as to its organization and method of operation may
      be best understood by reference to the following description taken in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a side elevation view of cutting apparatus constructed in
      accordance with the invention;
PAR  FIG. 2 is a plan view of the apparatus of FIG. 1;
PAR  FIG. 3 is an enlarged sectional view taken substantially along line 3--3 of
      FIG. 1 in the direction of the arrows;
PAR  FIG. 4 is an enlarged view, partially in section, of a portion of the
      apparatus of FIG. 1 showing the parts in an intermediate operating
      position;
PAR  FIG. 5 is an enlarged sectional view taken substantially along line 5--5 of
      FIG. 4 in the direction of the arrows;
PAR  FIG. 6 is an enlarged sectional view taken substantially along line 6--6 of
      FIG. 4 in the direction of the arrows;
PAR  FIG. 7 is a view similar to FIG. 4 showing the parts in an initial
      operative position; and
PAR  FIG. 8 is a sectional view similar to FIG. 7 showing the parts in a final
      operative position during the cutting operation.
DETD
PAR  Referring now to the drawings there is shown apparatus constructed in
      accordance with the invention and designated generally by the letter M.
      The apparatus M includes a frame F provided with drive means such as a
      motor 11 connected by means of a belt 12 to a gear reducer 13 having an
      output shaft 14. Means are provided for supporting work to be cut
      preferably work of the type provided with centering means and, in the
      illustrated embodiment, the work comprises an artillery shell W supported
      on a cradle 16 and clamped in the position shown by means of clamping
      device 17 provided with a manual operating lever 18.
PAR  It should be understood that although the cutting apparatus of the
      invention is used to cut any suitable type of work, it is particularly
      suitable for cutting out an annular member such as a ring seal 19 of
      metallic material disposed within a groove 21 in the end wall 22 of the
      shell W as shown best in FIGS. 3, 4. The ring 19, which is usually formed
      of copper or the like, forms a seal between the shell body and a
      screw-threaded end cap or closure 24 disposed within an access opening 26
      in the shell end wall 22. As is well known, the sealing ring 19
      deteriorates during storage and therefore must be periodically replaced,
      the most typical method of replacement involving the cutting out of the
      seal for replacement with a new ring. Furthermore, the end cap 24 is
      provided with centering means, which in the illustrated embodiment,
      comprise a pair of recesses 27 which would normally be employed to
      accommodate portions of a spanner wrench or the like for removing and
      replacing the end cap 24.
PAR  As particularly illustrative of the invention, the apparatus M includes a
      cutting assembly designated generally by the letter C which includes a
      housing 28 having an interior 29 and means are provided for mounting the
      housing 28 on the frame F for rotation by the driving means or motor 11.
      More specifically, the apparatus M includes a headstock 30 in which a
      shaft 31 is suitably mounted for rotation and for axial movement forwardly
      and rearwardly in the direction of the double arrow T. The shaft 31 is
      provided with a chuck 32 on its forward end and the shaft 31 is preferably
      moved by means of a manual operating lever 33 through gears 34. The rear
      end of the shaft 31 is arranged to be drivably connected to the drive
      means or motor 11 by suitable means such as a belt and pulley arrangement
      36.
PAR  The housing 28 includes a body portion 37 having an opening 37a in its
      front wall the rear of the body portion 37 being open to accommodate a
      connector member 38 having an enlarged, externally threaded portion 38a
      and a central bore 39. An extension member 41 having a central bore 42 is
      threadedly connected to the connector member 38 and is arranged to be
      clamped in the conventional manner in the chuck 32 for rotation by the
      driving means or motor 11 in the direction of the arrow R. Preferably, the
      members 38,41 are secured to the body portion 37 in the position shown in
      FIG. 1 by means of set screws 42,43 respectively.
PAR  The cutting assembly C also includes a cutting head 46 having a central
      bore 47 and means are provided for supporting the cutting head 46 on the
      housing 28 for universal radial movement and for rotation with the
      housing. More specifically, a coupling designated generally by the letter
      U is disposed within the interior 29 of the housing 28. In the
      construction of the coupling U, the end wall 48 of the connector member 38
      adjacent the enlarged end portion 38a is provided with a transversely
      extending raised portion 51 which is arranged to be slidably accommodated
      within a groove 52 on one side of an intermediate member 53. The
      intermediate member 53 is provided with a central bore 54 as shown best in
      FIG. 8.
PAR  The other side of the intermediate member 53 is provided with a raised
      portion 56 extending perpendicularly to the axis of the groove 52 and
      raised portion 56 is arranged to be slidably accommodated within a groove
      57 in the end wall of a flanged sleeve member 58 suitably secured to a
      necked-down portion 46a of the cutting head 46. As shown in FIG. 8, it
      will be seen that the flanged sleeve member 58 is removably secured by
      means such as set screws 59 to the necked-down portion 46a on the cutting
      head 46 and extends through the housing opening 37a in spaced relationship
      therewith.
PAR  As will be noted in FIGS. 5, 6, the width of the raised portions 51,56 is
      slightly less than the width of the grooves 52, 57 to accommodate bearing
      means such as ball bearings 61,62 respectively so as to provide bearing
      surfaces for the relative sliding movement between the connector member
      38, intermediate member 53 and sleeve member 58. Preferably, pins 66,67
      and pins 68,69 are provided in selected positions on the raised portion 51
      and groove 52 and raised portion 56 and groove 57 for retaining the ball
      bearings 61,62 in position.
PAR  Cutting tool means are supported on the cutting head 46 which, in the
      illustrated embodiment, preferably comprise a pair of diametrically
      opposed, circular cutters 71,72 secured by means such as set screws 73 to
      the outer periphery of the cutter head 46 and extending forwardly
      therefrom. The cutters 71,72 are selected so as to cut the material
      forming the ring seal 19 in the cutting position as described hereinafter
      and as a result in the precise alignment of the cutting tool with the
      novel arrangement of the invention only the material of the ring seal is
      removed.
PAR  The cutting assembly C includes an elongated rod member 76 which extends
      through the central bores 42,39 of the members 41,38, the housing interior
      29, the central bore 54 of the intermediate member 53 and the central bore
      47 of the cutting head 46 in coaxial relationship with the cutting head 46
      as shown best in FIG. 8. The rod member 76 is arranged to support the
      cutting head 46 rotatably in coaxial relationship throughout the universal
      radial movement permitted by the coupling U and accordingly a bearing
      sleeve 77 is provided between the rod member 76 and cutting head 46. As
      shown in FIG. 8, the rod member 76 is disposed in spaced relationship with
      the central bores 39,42 of the connector and extension members 38,41 and
      central bore 54 of the intermediate member 53 respectively so as to
      accommodate the rod member 76 during the universal radial movement of the
      cutting head 46 together with the forward end 76a of the rod as permitted
      by the coupling U.
PAR  Centering means are provided on the forward end of the rod member 76
      adjacent the cutting tool means 71,72 for centering engagement with the
      centering means or recesses 27 on the work W. In the preferred embodiment,
      the centering means include a center member 78 preferably yieldingly urged
      forwardly by means of spring 79 in the direction of the arrow P in front
      of the cutting tools 71,72 in the normal position. The forward end wall
      78a of the center member 78 is provided with a pair of pins 81 suitably
      spaced so as to be accommodated within the recesses 27 of the work W.
PAR  Means are provided on the frame F for retaining the rod member 76 against
      rotation. More specifically, as shown best in FIG. 1, the rear end portion
      of the rod 76 is provided with a portion 80 of polygonal cross-sectional
      shape which is slidably but non-rotatably accommodated within a sleeve 82
      having a central opening 82a of polygonal shape corresponding to the rod
      portion 80. The sleeve 82 is suitably mounted on the frame F by means such
      as a stand 83. The sleeve 82 thus permits axial movement in the direction
      of the arrow T but retains the rod member 76 against rotation.
PAR  In the operation of the invention, the work W such as an artillery shell is
      positioned in the clamp 17 and held in a preselected position by
      manipulating the clamping lever 18. In the position of FIG. 1, the end
      wall 22 of the work W faces the cutting assembly C and the cutting
      assembly is moved in the direction of the work W by manipulation of the
      operating lever 33. As the clamping assembly C moves towards the work W
      the pins 81 on the center member 78 move into the recesses 27 and nest
      precisely therein regardless of any slight misalignment between the
      cutting assembly C and work W as a result of the floating action of the
      cutting head 46 and the center member 78 permitted by the coupling U as
      the parts of the coupling slide relative to each other.
PAR  As the cutting assembly C continues its movement in the forward direction,
      the cutting head 46 with the cutters 71,72 move forwardly relative to the
      center member 78 as permitted by the spring 79 until cutting engagement
      between the cutters 71,72 and the ring seal 19 is obtained, the drive
      means or motor 11 being actuated to rotate the housing 28 and the cutting
      head 46 supported in the chuck 32. As a result of the precise coaxial
      relationship between the center member 78 and cutters 71,72, the cutting
      head 46 rotates on the rod member 76 and the rod member is held against
      rotation by the sleeve 82 so that the cutters remove precisely the
      material of the ring seal 19 only without cutting engagement between
      either the body of the shell or work W and the cap 24. After removal of
      the ring seal 19, the cutting assembly C is moved in the opposite
      direction permitting the center member 78 to move outwardly into the
      position of FIG. 7 under the action of spring 79, stop means such as a
      shoulder 86 on the necked-down portion 76a on the shaft 76 being provided
      for engagement with a washer 87 to limit the outward movement of the
      cutting assembly C.
PAR  While there has been described what at present is considered to be the
      preferred embodiment of the invention, it will be understood by those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for cutting work having centering means comprising, in
      combination, a frame, driving means on said frame, means for supporting
      said work in a selected position on said frame, a cutting assembly
      including a housing having an interior, means for mounting said housing on
      said frame for rotation by said driving means, a cutting head having a
      central bore, means for supporting said cutting head on said housing for
      universal radial movement and for rotation with said housing and cutting
      tool means supported on said cutting head, an elongated rod member
      extending through said housing and said cutting head central bore in
      coaxial relationship with said cutting head, said rod member being
      arranged to rotatably support said cutting head in said coaxial
      relationship throughout said universal radial movement, centering means on
      the end of said rod member adjacent said cutting tool means for centering
      engagement with said centering means on said work, means on said frame for
      retaining said rod member against rotation and means on said frame for
      moving said cutting assembly into operative position with said centering
      means on said rod member and said work in said centering engagement and
      with said cutting tool means in cutting engagement with said work.
NUM  2.
PAR  2. A cutting apparatus in accordance with claim 1 wherein said centering
      means on said rod member is disposed in a position forwardly of said
      cutting tool means and including yieldable means for supporting said rod
      member centering means for axial movement rearwardly of said cutting means
      in the operative position of said cutting assembly.
NUM  3.
PAR  3. A cutting apparatus in accordance with claim 2 wherein said yieldable
      means comprise a spring on said rod member for urging said centering means
      forwardly and including stop means for limiting the forward movement of
      said centering means to said forwardly disposed position.
NUM  4.
PAR  4. A cutting apparatus in accordance with claim 1 wherein said means for
      supporting said cutting head comprise an intermediate member having end
      walls, one of said end walls having a transversely extending groove and
      the other of said end walls having a transversely extending raised portion
      disposed in perpendicular relationship with said groove on said one end
      wall, said housing and said cutting head being provided with a
      transversely extending raised portion and a transversely extending groove
      for slidably accommodating the adjacent raised portion and groove of the
      adjacent end wall of said intermediate member to permit said universal
      radial movement of said cutting head.
NUM  5.
PAR  5. A cutting apparatus in accordance with claim 4 wherein said means for
      supporting said cutting head includes bearing means between said grooves
      and said raised portions.
NUM  6.
PAR  6. A cutting apparatus in accordance with claim 5 wherein said work is
      provided with an end wall having an annular groove, an annular member
      disposed in said annular groove and wherein said centering means on said
      work comprises a pair of diametrically opposed recesses within the inner
      portion of said end wall defined by said annular groove and wherein said
      centering means on said rod member comprises a pair of diametrically
      opposed pins arranged to be accommodated with said recesses in the
      operative position of said cutting assembly for maintaining alignment of
      said cutting tool means with said annular member during said cutting
      operation.
NUM  7.
PAR  7. A cutting apparatus in accordance with claim 6 wherein said cutting tool
      means comprise a pair of diametrically opposed circular cutters mounted on
      said cutting head in concentric relationship with said centering means on
      said rod member.
NUM  8.
PAR  8. A cutting apparatus in accordance with claim 7 wherein said means for
      retaining said rod member against rotation include a portion of polygonal
      cross-sectional shape adjacent the rear end of said rod member and a
      sleeve having an opening of polygonal shape for accommodating said rod
      member rear end portion in sliding, non-rotatable relationship.
PATN
WKU  039443809
SRC  5
APN  4269837
APT  1
ART  343
APD  19731220
TTL  Dirt extracting nozzle
ISD  19760316
NCL  9
ECL  1
EXP  Husar; C. J.
NDR  2
NFG  5
INVT
NAM  Kampe; Johannes F. E.
CTY  Torrance
STA  CA
ASSG
NAM  The Garrett Corporation
CTY  Los Angeles
STA  CA
COD  02
CLAS
OCL  415  1
XCL  415121A
XCL  415168
XCL   55405
EDF  2
ICL  F04D 2970
FSC  415
FSS  121 A;121 G;168;DIG. 1;1
FSC   55
FSS  405
UREF
PNO  845044
ISD  19070200
NAM  Baldwin
OCL  415121G
UREF
PNO  911802
ISD  19090200
NAM  Baldwin
OCL  415121G
UREF
PNO  1958145
ISD  19340500
NAM  Jones
OCL  415DIG.1
UREF
PNO  2005646
ISD  19350600
NAM  Brunzel
OCL  415168
UREF
PNO  2111878
ISD  19380300
NAM  Tongeren
OCL  415168
UREF
PNO  2288734
ISD  19420700
NAM  Noack
OCL  415168
UREF
PNO  3274757
ISD  19660900
NAM  Wapler
OCL  415168
UREF
PNO  3380711
ISD  19680400
NAM  Blattner et al.
OCL  415121G
UREF
PNO  3720045
ISD  19730300
NAM  Murphy
OCL  415121A
UREF
PNO  3785128
ISD  19740100
NAM  Redemann
OCL  415121G
FREF
PNO  993,476
ISD  19650500
CNT  UK
OCL  415168
LREP
FR2  Miller; Albert J.
FR2  Talcott; Joel D.
FR2  Slutter; Regis E.
ABST
PAL  Disclosed is a method of and a nozzle for extracting dirt particles
      introduced into a radial inflow turbine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In radial inward flow turbine nozzles, erosion of the inner surface of the
      nozzle by dirt particles thrown outward by the turbine wheel blades can
      greatly reduce the life of the nozzle. It is believed that any particles
      introduced into the nozzle ring continue to spin inside the ring at a high
      velocity for many revolutions until the particles are broken down to
      fractions fine enough to be drawn along with the turbine air and
      discharged through the eye of the impeller. Since a particle thus rotates
      many times inside the nozzle ring it produces continuous wear on the inner
      surface of the nozzle until it is reduced in size and discharged.
PAR  Attempts to alleviate this problem have included filtering the fluid before
      it enters the turbine nozzle. To do this, however, 5 to 10 percent of the
      air has to be discharged as filter purge air at an average of at least one
      PSI pressure drop of the full air stream. In addition, the filter,
      possible bypass, and the required controls attendant thereto add weight to
      the system. Thus this solution is not satisfactory for many applications.
PAR  Alternately, a composite nozzle including an inner nozzle ring of an
      erosion resistant material such as described in U.S. Pat. No. 3,737,247,
      can be utilized. While this has proven to be satisfactory in many
      applications, it still does not alleviate the basic problem.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention incorporates a sloping surface on the inside diameter
      of the turbine nozzle to direct the contaminants to an extractor groove in
      the nozzle at the greater inner diameter of the nozzle. Tangential purge
      holes are provided from this extractor groove to the exterior of the
      nozzle. Any dirt or particles introduced into the turbine nozzle will thus
      be directed by the slope of the inner nozzle diameter into the extractor
      groove from which they can be extracted or discharged.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the turbine nozzle of the present invention;
PAR  FIG. 2 is a front view, partially cut away, of the turbine nozzle of FIG.
      1;
PAR  FIG. 3 is a sectional view of the turbine nozzle of FIGS. 1 and 2;
PAR  FIG. 4 is a sectional view of an alternate embodiment of the turbine nozzle
      of the present invention; and
PAR  FIG. 5 is a sectional view of the turbine nozzle of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1, 2, and 3 generally illustrate the turbine nozzle 10 of the present
      invention. This turbine nozzle 10 generally comprises a turbine nozzle
      ring 12, having a plurality of spaced nozzle passages 14 through which
      fluid is directed through the turbine nozzle ring 12. The nozzle ring 12
      would include at least one row of these passages 14. For purposes of
      illustration, two rows of individually staggered passages 14 are shown.
      These passages 14 may be provided with an enlarged tapered inlet section
      16 to facilitate flow entry. This nozzle ring 12 would normally be
      constructed of an easily fabricated material such as steel and the nozzle
      passages 14 machined to a precise dimensional tolerance sufficient to
      control the flow of fluid therethrough. Rotatively disposed within the
      turbine nozzle 10 is a turbine wheel 20 having a plurality of turbine
      blades 22 disposed on hub 24. The turbine blades 22 are disposed to
      receive fluid from the passages 14 in the turbine nozzle ring 12. An
      annular torus 26 is disposed around the turbine nozzle ring 12 to deliver
      fluid to the passageways 14.
PAR  As shown clearly in FIG. 3, the inner surface 28 of the nozzle ring 12 is
      sloped from a first inner diameter away from the turbine discharge to a
      greater inner diameter towards the turbine discharge. At this greater
      diameter, an annular extractor groove or slot 30 is provided. The inner
      surface 28 of the turbine nozzle ring 12 is thus in the form of a conical
      or truncated conical surface. As shown in FIG. 2, at least one generally
      tangential discharge port 32 connects the groove 30 to the exterior of the
      turbine nozzle.
PAR  In operation, any dust or dirt particles introduced into the turbine nozzle
      reaching the space between the inner surface 28 of the turbine nozzle ring
      12 and the turbine blades 22 will be forced by its centrifugal mass forces
      to migrate to the extractor groove 30 around the interior of the nozzle
      ring 12. From the extractor groove 30 these particles will then pass out
      of the turbine nozzle through port 32.
PAR  While FIGS. 1, 2, and 3 illustrate a turbine nozzle having an inner surface
      with the greater diameter at the turbine discharge, FIGS. 4 and 5
      illustrate an alternate embodiment in which the diameter of the inner
      surface of the turbine nozzle ring increases as the distance from the
      turbine discharge increases. There are applications in which either of
      these two embodiments would have advantages over the other, but the basic
      construction and operation would be identical except for the direction of
      slope. As shown in FIG. 5, the nozzle passages 14' may be sloped or tilted
      in the direction of the extractor groove 30 to initially direct any dirt
      particles towards the groove. This slight nozzle passage slope does add to
      the dirt extracting efficiency.
PAR  It is generally known that particles less than ten microns in size cause
      little or no erosion on the interior nozzle ring surface and thus the
      present invention is primarily directed towards collecting particles
      larger than ten microns. It has been demonstrated that this can be
      accomplished by the present invention without any pressure drop or the
      addition of any significant weight. In addition, significantly less than
      one percent of the turbine fluid flow is utilized as purge air to carry
      the dirt particles out from the extractor groove. Very little erosion is
      caused since continuous spinning of the particles inside the nozzle ring
      is eliminated. The particles will roll or migrate towards the larger
      diameter in a very short period of time and accumulate in the annular
      groove from which they are discharged through the tangential port or
      ports. Since the particles strike the inner surface at a very small angle,
      minimum breakdown of the particles occurs. The rotating fluid mass and
      pressure gradients across the port 32 provide the force required to first
      collect the dirt particles and then to discharge the dirt particles.
PAR  Since the dirt particles are not continuously carried in the interior of
      the nozzle until they are reduced in size and discharged but are removed
      before this occurs, the fluid discharged from the turbine will be cleaner
      and thus not contaminate systems which might utilize the turbine fluid
      discharge. For example, in an aircraft environmental control system, bleed
      air from an aircraft engine compressor, which is frequently contaminated
      with dirt or dust particles, is used to drive the turbine. By utilizing
      the dirt extractor of the present invention the dirt is discharged before
      it reaches the components arranged downstream in the system. The water
      separator and anti-icing systems which are downstream of the turbine
      exhaust, therefore have increased reliability and longer intervals between
      maintenance. Further, since this turbine exhaust may finally be utilized
      as conditioning air in the aircraft, the airplane itself, namely the
      windows and interiors, will remain cleaner.
PAR  While specific embodiments of the invention have been illustrated and
      described, it is to be understood that these embodiments are provided by
      way of example only and the invention is not to be construed as being
      limited thereto but only by the proper scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of extracting solid particles from an expansible gas stream
      while flowing through a radial inflow turbine comprising the steps of:
PA1  centrifugally migrating the solid particles downstream from the nozzles
      toward one axial end of the inner surface of the turbine nozzle ring;
PA1  collecting the centrifugally migrated solid particles at this axial end of
      the turbine nozzle ring; and
PA1  tangentially discharging a portion of the gas with the collected solid
      particles from this axial end of the turbine nozzle ring to the exterior
      of the radial inflow turbine nozzle.
NUM  2.
PAR  2. The method according to claim 1 wherein said migrating step occurs
      substantially throughout the axial extent of the inlet of the channels
      between the blades of said radial turbine.
NUM  3.
PAR  3. The method according to claim 2 wherein said collecting step occurs in a
      zone axially offset from said inlet of the channels.
NUM  4.
PAR  4. A method of extracting solid particles while flowing through an
      expansible gas stream from a radial inflow turbine comprising the steps
      of:
PA1  conically sloping the inner surface of the turbine nozzle ring to
      centrifugally force the solid particles towards the base of the conically
      sloping inner surface;
PA1  providing a solid particles collecting groove at the base of the conical
      slope of the inner surface of the turbine nozzle ring; and
PA1  tangentially discharging from the turbine nozzle ring the solid particles
      collected in the particle collecting groove.
NUM  5.
PAR  5. The method according to claim 4 including the additional step of
      directing said gas stream through nozzles in said nozzle ring to induce
      circumferential migration of solid particles along said inner surface and
      said discharging step being accomplished by conducting a portion of said
      gas with said solid particles in said circumferential direction through a
      passage in said nozzle ring.
NUM  6.
PAR  6. A radial inflow turbine comprising:
PA1  a radial inflow turbine wheel; and
PA1  a turbine housing rotatably supporting said turbine wheel therein and
      including a turbine nozzle ring radially disposed around said turbine
      wheel to direct a flow of fluid thereto,
PA1  said turbine nozzle ring having an inclined inner surface to direct any
      solid particles in the fluid flow towards one axial end of the turbine
      nozzle ring, a groove extending around the inner surface of the turbine
      nozzle ring at the axial end to which the solid particles are directed by
      the inclined surface, and at least one tangential passageway in said
      turbine nozzle ring extending from the circumferential groove to the
      exterior of said turbine housing.
NUM  7.
PAR  7. The radial inflow turbine of claim 6 wherein the turbine nozzles in said
      turbine nozzle ring are tilted for initially directing solid particles
      towards the circumferential groove axial end of the inclined inner surface
      of said turbine nozzle.
NUM  8.
PAR  8. In a radial inflow turbine for connection to a source of pressurized
      fluid with solid particles entrained therein, the radial inflow turbine
      having a housing. a radial inflow turbine wheel and turbine nozzle means
      for accelerating and directing fluid from the source of the turbine wheel,
      means for separating solid particles from said pressurized fluid so that
      wear of the turbine nozzle means is reduced, the means for separating
      comprising:
PA1  said turbine nozzle means including a nozzle ring having a conical inner
      surface coaxial with said turbine;
PA1  said inner surface being substantially coextensive with the channels
      between the blades, the radial inflow turbine wheel defining with said
      wheel a space within which solid particles entrained in the fluid are free
      to migrate radially outwardly and axially toward one axial end of the
      nozzle ring; and
PA1  the nozzle ring also including a circumferentially extending groove at said
      one axial end of said inner surface, said groove being axially offset from
      the channels between the blades of said turbine wheel and being positioned
      to receive solid particles which have centrifugally migrated radially and
      axially along the inclined inner surface, said nozzle ring also including
      a tangential discharge port that is operable to exhaust separated solid
      particles from the radial inflow turbine.
NUM  9.
PAR  9. The radial inflow turbine of claim 8 wherein the nozzles in said nozzle
      ring are inclined to direct solid particles entrained by the fluid toward
      the circumferentially extending groove.
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ABST
PAL  Valve means for use in a reciprocating compressor having cylinder means
      with a piston operable therein. The valve means include an inlet body and
      a discharge valve assembly, with the inlet body having a base
      incorporating an inner wall member and an outer wall member extending
      therefrom in spaced, concentric relationship. The wall members have a
      plurality of spaced recesses therein and a top is secured to the wall
      members remote from the base so as to define a passageway having a
      plurality of openings in both the inner wall member and the outer wall
      member. The volume of internal flow passages is relatively large and thus
      there is reduced pressure drop of gas passing through the inlet body. The
      base and the top are bonded to one another by brazing to form the inlet
      body. The construction is simple, is readily fabricated by mass production
      techniques, and is relatively inexpensive.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention pertains to valve means for controlling the passage
      of gases within a reciprocating compressor and more particularly, to
      improved valve means that can be readily fabricated in a relatively
      inexpensive fashion, that are reliable in use, and that if need be, can
      quickly be replaced as a unit within the reciprocating compressor.
PAR  It is known in the prior art to fabricate valve means by casting components
      and then drilling and otherwise machining same. The separate pieces are
      then joined together and inserted into the compressor over the end of the
      cylinder. An example of such prior art construction is found in Neeson
      U.S. Pat. No. 2,137,965.
PAR  A subsequent technique for fabricating the valve means for a reciprocating
      compressor is disclosed in Gerties U.S. Pat. No. 2,935,248 wherein the
      valve assembly includes a valve plate with a plurality of annularly
      disposed holes. A circular discharge valve is connected to the plate and
      adapted to seat over the holes. Encircling the plurality of holes are
      first and second concentric circles of openings having passage means
      within the plate which place the first and second circles of openings in
      communication. A suction valve covers the first circle of openings and the
      valve further includes a sealing surface between the first and second
      circle of openings is placed in registry with an annular recess in the
      shoulder and the first circle of openings is in communication with the
      cylinder.
PAR  The present invention is concerned with valve means more nearly analogous
      to that of the Gerties patent, however, incorporating improved
      manufacturing techniques and construction, thereby resulting in an
      improved valve means that is relatively inexpensively fabricated.
DRWD
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  There is shown in the attached drawing a presently preferred embodiment of
      the present invention, wherein like numerals in the various views refere
      to like elements, and wherein:
PAR  FIG. 1 is an elevation view of a reciprocating compressor embodying valve
      means of the present invention;
PAR  FIG. 2 is a top plan view of the valve means of the present invention;
PAR  FIG. 3 is a cross sectional view of the valve means taken generally along
      the line 3--3 of FIG. 2;
PAR  FIG. 4 is a detail view of the main body of the present invention;
PAR  FIG. 5 is a side elevation view of the base which comprises a portion of
      the main body; and
PAR  FIG. 6 is a side elevation view of the top which comprises a portion of the
      main body.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENT INVENTION
PAR  Referring to FIG. 1 there is illustrated a reciprocating compressor 10
      embodying the present invention. The reciprocating compressor 10 comprises
      an outer shell including an upper casing 12 and a lower casing 14 bonded
      together to form a hermetic enclosed unit. The reciprocating compressor 10
      is in a refrigeration system of the usual condenser, expansion means,
      evaporator type and is connected to the system so as to receive suction
      gases through the suction inlet 16 and discharge the discharge gas to the
      system via the discharge outlet 18.
PAR  Resiliently disposed within the reciprocating compressor 10 is a compressor
      block 20 which has defined therein cylinder means 22. A reciprocating
      piston 24 is adapted to move in the cylinder means so as to draw suction
      gases into the cylinder means during the suction stroke and to discharge
      high pressure discharge gases from the cylinder means on the discharge
      stroke. The end of the cylinder means is closed by valve means 26
      embodying the present invention, such valve means being retained in place
      by the valve head 28 which is retained in position by a retaining ring 27.
PAR  In operation of the compressor, suction gas enters the compressor 10
      through the suction inlet 16 and pass through the space between the outer
      casing and the compressor block 20 into the valve means 26 through the
      inlet 25 in the compressor block 20. The gas flows through the valve means
      26 and is drawn into the cylinder means during the suction stroke. On the
      discharge stroke, the gas is compressed and then passed from the valve
      means 26 through the discharge port 30 into the discharge collection
      chamber 32 within the compressor block and is then forwarded from the
      discharge chamber 32 through the conduit 34 and is discharged from the
      discharge outlet 18 to the refrigeration system.
PAR  With reference to the remaining FIGS. 2-6, there is better illustrated the
      valve means comprising the present invention. The valve means 26 comprises
      a discharge valve guide member 42 and separate plate member 40 secured to
      the main valve body 38. The valve button 44 and discharge valve guide 42
      are joined to one another by means of pin 46. The plate member 40 and
      discharge valve guide member 42 are secured to one another and to the main
      valve body 38 by means of the pins 48. Retained in the recess 50 of
      discharge valve guide 42 is a discharge valve 52 for controlling the flow
      of discharge gas. The discharge valve 52, which may be made from Swedish
      steel, is a planar member that is retained in the recess 50 by means of
      the discharge valve guide 42. Springs 41 bias the discharge valve 52
      closed.
PAR  As best seen in FIGS. 5 and 6, the main valve body 38 is comprised of an
      upper member 56 and a lower member 58. The lower member comprises a base
      60 having a pair of upstanding wall members 62, 64 extending therefrom.
      The inner wall member 62 and the outer wall member 64 are generally
      concentric one with respect to the other about the axis of the main valve
      body 38. Each set of wall members 64 and 62 forms a U-shaped passageway
      for suction gas. Many sets of the U-shaped passageways form a corridor.
      The upper member 56 is secured to the ends of the wall members 62 and 64
      so as to define an annular passageway between the upper member 56, the
      base 60 and the wall members 62, 64.
PAR  It will be understood that suction gas will pass through the inlet 25 in
      the compressor block and the openings in the outer wall 64 into passageway
      63 and through passageway 66 in inner wall member 62 to an assembly formed
      passageway 76 of the main valve body into the cylinder through the suction
      valve. During the suction stroke, the suction gas is drawn into the
      cylinder means through the suction inlet 25, the passageway in the main
      valve body 38 and suction openings 59, and into the cylinder means 22
      through the suction valve 29. During the discharge stroke, the suction
      valve 29 is closed, blocking communication to the passageway in the main
      valve body 38 and high pressure gas passes through the opening 53, the
      discharge valve 52 which is off its seat, and through the discharge port
      30 to the discharge chamber from which the gas passes to the conduit 34
      for discharge into the refrigeration system. Some of the discharge gas
      passes through the openings 54 in the main body enroute to the discharge
      port 30.
PAR  The member 56 incorporates a truncated conical portion 70 which is adapted
      to cooperate with the top of the piston 24 so as to maximize the
      compression of the gas within the cylinder. An annular ring 74 projects
      from the member 56 and is adapted to cooperate with the upstanding wall
      member 62 to help orient the two portions 56, 58 of the main valve body
      for assembly. Assembly is completed by brazing the portions one to the
      other.
PAR  The flow passage 63 through the main valve body has a relatively large
      volume and includes relatively large openings in wall members 64 and 62.
      The annular flow passage 63 within the main valve body 38 provides for
      freer breathing or greater ease of gas flow and hence less pressure drop
      through the main valve body than hitherto has been obtainable.
PAR  Fabrication of the main valve body 38 is easy and a main valve body made in
      accordance with the present invention presently costs about one half as
      much as a typical screw machined construction.
PAR  There has been described a novel valve means for a reciprocating compressor
      which are relatively inexpensive to fabricate. The main valve body
      provides relatively large volume flow passage to minimize pressure drop
      through the valve means in use.
PAR  While a preferred form of the present invention has been described for
      purposes of illustration, it will be appreciated that this invention may
      be otherwise embodied within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a reciprocating compressor having cylinder means and a piston
      operable therein and valve means for controlling the passage of suction
      gas to the cylinder means and the discharge of discharge gas from the
      cylinder means, characterized by the valve means comprising a main valve
      body, said main valve body comprising a base having an inner annular wall
      member and an outer annular wall member extending therefrom, the outer
      wall member being spaced radially outwardly from the inner wall member and
      the wall members being in spaced concentric relationship, said wall
      members having a plurality of spaced recesses therein and a top secured to
      the ends of the wall members remote from the base so as to define a
      passageway having a plurality of openings in both the inner wall member
      and the outer wall member, said top being planar and including a truncated
      conical portion extending therefrom, the base and the top being bonded to
      one another to form the main valve body, said passageway having a
      relatively large volume and the openings in the inner wall member and the
      outer wall member being relatively large to provide reduced pressure drop
      of the gas flow through the main valve body, said suction gas entering
      said passageway through the openings in the outer wall member.
NUM  2.
PAR  2. A device as in claim 1 wherein the base and top are brazed together.
NUM  3.
PAR  3. A device as in claim 1 including complementary orienting means on the
      base and top for properly orienting the base and top for assembly.
NUM  4.
PAR  4. A device as in claim 1 wherein the valve means includes a discharge
      valve assembly secured to the main valve body.
NUM  5.
PAR  5. A device as in claim 4 wherein the discharge valve assembly includes a
      keeper plate secured to the main valve body, a cage secured to the keeper
      plate, discharge opening means in the discharge valve assembly, and a
      discharge valve disposed between the cage and keeper plate for controlling
      the passage of discharge gas through said discharge opening means.
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PAL  An improved process for oxidizing vat or sulfur dyes is provided wherein
      the reduced form of the dye is oxidized by contact with an aqueous
      oxidizing solution comprising an alkali metal or ammonium vanadate and an
      oxidant comprising an alkali metal or ammonium bromate or iodate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the art of dyeing textiles with vat or
      sulfur dyes. More particularly, the invention relates to an improvement in
      fixing such vat or sulfur dyes which are present in reduced form on a
      fabric or textile in order to develop and improve the color
      characteristics of the dye on the fabric and to improve the color fastness
      of the dyed fabric. More particularly, the invention comprises contacting
      the dye in its reduced form with an aqueous solution of selected bromate
      or iodate and an aklali metal or ammonium vanadate.
PAC  PRIOR ART
PAR  It is conventional practice to apply a vat or sulfur dye to a fabric and
      thereafter to contact the dye in its reduced or leuco form with a suitable
      oxidizing agent to fix the same on the fabric. A number of oxidizing
      agents have been used or suggested in the dyeing art to oxidize and
      thereby fix vat or sulfur dyes. Of the oxidants hereinafter discussed,
      only chrome and acid has been widely used on a commerical scale.
PAR  The traditional oxidizing agent for vat and sulfur dyes is a mixture of
      sodium dichromate and acetic acid, generally referred to as chrome and
      acid. The principal disadvantage of using chrome and acid is that it
      produces heavy metal pollution in effluent streams. Due to increasing
      governmental control over such effluents, users are forced to clean up
      such effluent streams or to discontinue the use of chrome and acid
      entirely. As a result, sodium dichromate is fast losing its preferred
      position in the dyeing industry.
PAR  While chrome and acid treatment generally imparts excellent color
      characteristics and color fastness to textiles on which it is employed, it
      does have certain disadvantages other than the pollution problem referred
      to above. Textiles treated with chrome and acid are generally not easily
      rewettable and this necessitates the use of wetting agents in subsequent
      finishing operations. Also residual chrome is difficult to remove from
      textiles so a soaping treatment is required before processing is
      completed.
PAR  To find suitable agents to replace chrome and acid the dyeing industry has
      turned to halogen containing oxidants. For example, Vincent et al, U.S.
      Pat. No. 2,382,188, discloses and claims the use of sodium chlorite as an
      oxidant for vat or sulfur dyes. Sodium chlorite, however, has not gained
      commercial acceptance primarily because it has been shown that sodium
      chlorite does not oxidize or fix some vat and many sulfur dyes to a
      commercially acceptable degree.
PAR  Sodium bromite has also been suggested as an oxidant for vat and sulfur
      dyes. Sodium bromite has met with much wider acceptance than sodium
      chlorite due to the fact that it is substantially more effective for
      fixing vat and sulfur dyes than is sodium chlorite. Sodium bromite,
      however, reacts with cellulose causing undesired consumption of oxidant.
      Also, sodium bromite can only be used under alkaline conditions which
      tends to cause bleeding of the dyes.
PAR  Alkali metal bromates and iodates have also been suggested as suitable
      oxidants to eventually replace chrome and acid. However, neither iodates
      nor bromates are effective for oxidizing all vat and sulfur dyes and this
      is a serious disadvantage in a commercial dyeing operation.
PAR  I have now discovered that the efficiency of bromates and iodates
      substantially improved by utilizing by using an alkali metal or ammonium
      vanadate in combination with bromates or iodates in an aqueous oxidizing
      solution.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this discovery an improvement is provided in processes
      for oxidizing vat or sulfur dyes present in reduced form on cotton or
      regenerated cellulose textile fibers. The improvement comprises contacting
      said dye with an aqueous solution of an oxidizing agent comprising an
      alkali metal or ammonium vanadate and an oxidant selected from the group
      consisting of an alkali metal or ammonium bromate and alkali metal or
      ammonium iodate.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with steps generally followed when dyeing with a vat or
      sulfur dye, a desired shade of dye is applied to a suitable fabric. The
      dye may be pretreated with a reducing agent prior to application to the
      fabric or after application but prior to the oxidation step. This
      reduction step may be accomplished by any known means, for example, by
      passing the dyed textile through an aqueous solution of an appropriate
      reducing agent such as sodium hydrosulfite or sodium sulfide. The purpose
      of the reduction step is to convert the dye to its reduced or leuco form
      and thereby to completely solubilize the dye in order to maximize
      penetration into the textile.
PAR  Following reduction, the textile is generally subjected to one or more
      water washings to remove excess dye and unreacted reducing agent. The
      fabric is then subjected to an oxidation step followed by several further
      washings, drying, and other desirable finishing steps.
PAR  The present invention is directed to an improvement in the oxidation step
      of the process described generally above. The purpose of the oxidation
      step is at least twofold. First, oxidation develops the color of the dye
      since the color of the reduced dye is frequently substantially different
      than the color of the oxidized dye. Second, complete oxidation is required
      in order to maximize wash-fastness of the dyed fabric. The effectiveness
      of the oxidant in the oxidation step is critical in the dyeing process
      since the final color of the fabric will depend for the most part on the
      degree of oxidation. By employing a suitable oxidant, costly color
      adjustments are avoided.
PAR  In the present process, as in the prior art, an aqueous solution of an
      oxidizing agent is employed as the oxidizing bath and the dyed fabric,
      with the dye in reduced form thereon, is passed through or otherwise
      contacted by the aqueous solution of oxidizing agent.
PAR  In accordance with the present invention the aqueous solution of oxidizing
      agent comprises an alkali metal or ammonium vanadate and an oxidant
      selected from the group consisting of alkali metal or ammonium bromate and
      alkali metal or ammonium iodate. Advantageously, alkali metal, preferably
      sodium or potassium, bromates or iodates are utilized as oxidants in the
      present process, but ammonium salts thereof may also be employed if
      desired. These oxidants are used in aqueous solution in concentrations of
      from 0.1 to 10% by weight. It is preferred to employ low concentrations
      within this range in the interest of economy and a concentration of .01 to
      5% by weight is therefore most preferable.
PAR  In accordance with the present process an alkali metal or ammonium
      vanadate, preferably sodium, potassium, or ammonium vanadate, is also
      employed in the aqueous oxidizing solution. The vanadate salt is
      preferably employed in smaller amounts than the oxidant and a
      concentration in the range of .005 to 5% by weight, preferably 0.01 to 2%
      may be employed. The amount of vanadate may also be based on the amount of
      oxidant employed if desired and, as so measured, a suitable weight ratio
      of oxidant to vanadate is from 1:1 to 100:1, preferably 1:1 to 25:1. While
      larger or smaller ratios may be employed it is generally uneconomical to
      employ ratios outside these limits.
PAR  The mechanism of action of the vanadate salt on oxidizing characteristics
      of the oxidizing solution as it relates to vat or sulfur dyes is presently
      not known. Whatever the mechanism, the presence of vanadate in the
      oxidizing solution potentiates the oxidative effect of the solution on vat
      or sulfur dyes as shown in the accompanying examples.
PAR  Strangely, however, this potentiating effect does not substantially
      increase the oxidative effect of chlorates in a pH range suitable for most
      dyeing processes. Thus the chlorates remain unsuitable for use at least
      with the dyes which have been tested. It has also been noted that vanadate
      does not potentiate the effect of the prior art bromites and chlorites in
      oxidizing vat or sulfur dyes.
PAR  In the practice of the present invention, as in the prior art, it is
      desirable that the oxidizing solution be slightly acid. The desired degree
      of acidity is preferably provided by utilizing a suitable amount of acetic
      acid in the oxidizing bath as is well known in the art. The acetic acid
      itself, however, has no apparent oxidizing effect as shown in the
      accompanying examples. Obviously other weak acids and various mineral
      acids could be employed as well. It is, however, desirable to avoid excess
      acidity, since it can damage fabrics. For example, it is not desirable to
      utilize a pH of less than about 3 nor more than about 6 and a pH of 3-4 is
      preferred.
PAR  The aqueous solution of sodium bromate may be employed at any desired
      temperature presently employed by dyers. Suitably temperatures ranging
      from 60.degree.F. to 205.degree.F. and preferably 75.degree.F. to
      200.degree.F. may be employed. With fabrics which are less susceptible to
      coloration, for example, nylon, acrylics and cellulose acetate, it is
      preferred to utilize the oxidation solution at a temperature in the upper
      portion of the preferred range, for example from 140.degree. to
      200.degree.F.
PAR  The present process may be employed in the fixing of vat or sulfur dyes
      which are well known to those skilled in the art. For purposes of
      illustration, however, suitable vat dyes include but are not limited to
      Vat Orange 15 (C.I. 69025), Vat Green 1 (C.I. 59825), Vat Red 1 (C.I.
      73360), Vat Violet 13 (C.I. 68700), Vat Blue 20 (C.I. 59800), Vat Yellow
      13 (C.I. 65425). Similarly suitable sulfur dyes include but are not
      limited to Sulfur Yellow 2 (C.I. 53120), Sulfur Red 10 (C.I. 53228),
      Sulfur Blue 7 (C.I. 53440), Sulfur Green 2 (C.I. 53571), Sulfur Brown 10
      (C.I. 53055), and Sulfur Black 2 (C.I. 53195). Color codes given in
      parentheses indicate standards for colors set forth in "COLOUR INDEX",
      Second edition, supplement 1963, published by The Society of Dyers and
      Colourists, Yorkshire, England.
PAR  The present invention may be employed in connection with dyeing all
      textiles which are susceptible of coloration by vat or sulfur dyes. For
      example, cotton and regenerated cellulose are the principal textile
      materials on which vat or sulfur dyes are generally used. However, any
      fabric having cotton or regenerated cellulose in combination with fibers
      which are not easily dyed with vat or sulfur dyes may be employed if the
      cotton or regenerated cellulose portion of the fabric constitutes more
      than a minor portion, for example, more than 20% of the fibers present in
      the fabric. Cotton/polyester fabrics, for example, usually have about 25
      to 50% cotton and may suitably be dyed with vat or sulfur dyes. Certain
      acrylic fibers, alone or in combination with cotton or regenerated
      cellulose may also be dyed with vat or sulfur dyes, for example,
      Chemstrand's Acrilon and Dow's Zephran. Finally, nylon or combinations
      thereof with other susceptible fibers may be dyed with these dyes. It is,
      therefore, preferred to utilize textiles of cotton or regenerated
      cellulose or combinations of fibers wherein cotton or regenerated
      cellulose is more than a minor constituent of the textile.
PAR  The present invention is applicable to dyeing the above-identified fibers
      or fiber combinations regardless of form. For example, yarns, woven or
      non-woven fabrics may be all employed in accordance with the present
      invention.
PAR  The present invention may be employed equally well with various methods for
      dyeing. It is recommended for use in package dyeing, continuous dyeing and
      in jig batch dyeing procedures. It may be necessary in package dyeing,
      however, to adjust the concentration of oxidant upwardly from the
      preferred minimums but no other adjustments are generally required.
PAR  When practiced in accordance with the principles set forth above, the
      present process provides the dyer with an oxidant for vat and sulfur dyes
      that has unexpectedly improved oxidizing characteristics, is inexpensive
      and is effective with vat or sulfur dyes which were difficult to oxidize
      to an acceptable degree with iodates or bromates alone.
PAR  Having thus fully described the present invention, the following examples
      will illustrate the practice and advantages thereof. In these examples,
      SODYESUL Liquid Brown 7RCF was employed as a dye on which to demonstrate
      the effect of vanadate in the oxidizing bath. It is one of the dyes which
      causes difficulty with bromites, chlorites, bromates, and iodates, and
      undergoes a definite color change during oxidation which makes it easy to
      determine the degree of oxidation by visual examination and/or reflectance
      readings.
PAC  EXAMPLE I
PAR  A dye formulation containing 90g/l SODYESUL Liquid Brown 7RCF Southern
      Dyestuff Co., Division Martin Marietta Corporation, (Sulfur Red 10, C.I.
      53228) and 30g/l SODYEFIDE B sodium sulfide solution (also Southern
      Dyestuff Co.) was prepared and applied to a sample of finely woven 100%
      cotton twill fabric using a laboratory padder. The fabric was steamed for
      one minute then rinsed in warm water to remove excess dye and wrung out to
      remove excess water. The fabric was then dipped 10 times in an aqueous
      oxidizing solution containing 7.5g/l sodium dichromate, and 7.5g/l acetic
      acid, rinsed and ironed dry. Oxidation appeared essentially complete after
      2 dips by visual observation. Reflectance of the resulting dyed fabric was
      measured (after 10 dips) and adjusted to a reading of 50 on a scale of
      1-100 as a standard for the following examples.
PAC  EXAMPLE II
PAR  A second sample fabric which had been dyed as in Example I was dipped 10
      times in an oxidation both comprising 7.5g/l acetic acid. After ten
      dippings it was visually observed that there was almost no color change.
      This was confirmed by measuring the reflectance of the dyed fabric on the
      reflectometer which has been standardized for chrome/acetic acid in
      Example I. A reading of 100+ was obtained indicating little, if any,
      oxidation had taken place.
PAC  EXAMPLE III
PAR  Example II repeated with an aqueous oxidating agent comprising 0.1g/l
      sodium vanadate and 7.5g/l acetic acid. Lack of color change after 10 dips
      in the oxidation bath indicated little or no oxidation. Reflectance of the
      dyed fabric was 95, confirming the lack of oxidation.
PAC  EXAMPLE IV
PAR  Example II was repeated utilizing an aqueous oxidizing solution comprising
      0.1g/l ammonium vanadate and 7.5g/l acetic acid. Oxidation was again
      visually determined to be incomplete after 10 dippings and this was by a
      reflectance measurement of 87.
PAC  EXAMPLE V
PAR  Example II was repeated utilizing an aqueous oxidizing solution comprising
      0.45g/l sodium bromate and 7.5g/l acetic acid. After 10 dips visual
      observation showed little, if any, color change indicating incomplete
      oxidation. A reflectance reading of 100+ was obtained confirming the
      visual observation.
PAC  EXAMPLE VI
PAR  Example II was repeated utilizing an aqueous oxidizing solution comprising
      0.45g/l sodium bromate, 0.1g/l sodium vanadate and 7.5g/l acetic acid.
      After 3-4 dips oxidation consistently appeared complete. A reflectance
      reading of 52 was obtained after 10 dips confirming the visual
      observation.
PAC  EXAMPLE VII
PAR  Example VI was repeated with ammonium vanadate substituted for sodium
      vanadate. Oxidation was again complete after 3-4 dips and this was
      confirmed after 10 dips by a reflectance reading of 52.
PAC  EXAMPLE VIII
PAR  Example V was repeated using an aqueous oxidizing agent comprising 0.45g/l
      sodium chlorate and 7.5g/l acetic acid. After 10 dips oxidation was
      incomplete. A reflectance reading of 100+ was obtained confirming visual
      observations.
PAC  EXAMPLE IX
PAR  Example VIII was repeated utilizing an aqueous oxidizing solution
      comprising 0.45g/l sodium chlorate, 0.1g/l sodium vanadate and 7.5g/l
      acetic acid. After 7 dips little, if any, oxidation appeared to have taken
      place. A reflectance reading of 87 was obtained after 10 dips confirming
      this visual observation.
PAC  EXAMPLE X
PAR  Example V was repeated utilizing an oxidizing solution comprising 0.45g/l
      sodium iodate and 7.5g/l acetic acid. After 10 dips oxidation was only
      partially complete. A reflectance reading of 80 was obtained confirming
      the visual observation.
PAC  EXAMPLE XI
PAR  Example X was repeated using an aqueous oxidizing solution comprising
      0.45g/l sodium iodate, 0.1g/l sodium vanadate and 7.5g/l acetic acid.
      After 5-6 dips oxidation appeared substantially complete. A reflectance
      reading of 60 was obtained after 10 dips confirming visual observations.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for oxidizing vat or sulfur dyes present in reduced form on
      cotton or regenerated cellulose textile fibers by contacting said dye with
      an aqueous solution of an oxidizing agent comprising an alkali metal
      bromate or iodate, the improvement wherein said aqueous solution consists
      essentially of said oxidizing agent and .005 to 5% by weight alkali metal
      or ammonium vanadate, has a pH in the range of 3-6 and contacts said dye
      at a temperature of 75.degree.-200.degree.F.
NUM  2.
PAR  2. The process of claim 1 wherein the weight ratio of said oxidant to said
      vanadate is 1:1 to 100:1.
NUM  3.
PAR  3. The process of claim 2 wherein said dye is a sulfur dye.
NUM  4.
PAR  4. The process of claim 3 wherein said vanadate is sodium, potassium, or
      ammonium vanadate.
NUM  5.
PAR  5. The process of claim 4 wherein said oxidant is sodium or potassium
      bromate.
NUM  6.
PAR  6. The process of claim 4 wherein said oxidant is sodium or potassium
      iodate.
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ABST
PAL  In the dyeing process of fibrous materials wherein the materials are
      contacted with a heated aqueous dye medium, the dye removed and the dyed
      material rinsed, the improvement wherein the aqueous dye containing medium
      and preferably the dye containing rinses are sent to a treating zone
      maintained at a pH of at least 7 and treated with an alkali earth metal
      hypochlorite such as calcium hypochlorite and aluminum sulfite whereby the
      treated mixture settles into an upper clear aqueous phase and a bottom
      colored phase, residual chlorine is removed from the clear aqueous phase
      and the resulting clear aqueous phase passed in heat exchange relationship
      to the aqueous dye containing material directed to the treating zone and
      returning the clear, chlorine-free water to the dyeing operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to an improvement in the process of
      dyeing synthetic and natural fibrous materials.
PAR  2. Description of the Prior Art
PAR  In the dyeing of synthetic and natural fibrous materials, one of the
      fundamental processes involves contacting the fibrous material in a tank
      or vat with a dye liquor heated to an elevated temperature usually up to
      the boiling point of the dye liquor. When the dyeing is complete the spent
      dye liquor is removed from the tanks or vats and sewered. The tanks or
      vats are usually again filled with a fresh supply of clear warm water to
      start a rinse which is also sewered. Multiple rinses with warm water are
      quite common, continuing for as long as desired, and capped off by a final
      rinse with cold water. As the rinses continue, the rinse waters contain
      progressively smaller amounts of dye material.
PAR  In addition to the dye substance contained in the dye liquors employed, the
      dye liquors frequently contain a variety of chemicals depending on the
      particular dyeing operation employed, the dye utilized and the fibrous
      material being dyed. The following represent an example of chemicals which
      are commonly utilized in dyeing processes: acetic acid, formic acid,
      sodium sulfite, anionic detergent, cationic detergent, ammonium sulfate,
      monosodium phosphate, disodium phosphate, trisodium phosphate, sodium
      hexametaphosphate, soda ash, sodium chloride, etc. The pollution and
      environmental problems caused by the sewering of these dyes and the
      chemicals contained in their liquors is self-evident and needs no further
      elaboration.
PAR  Other disadvantages in conventional dyeing processes involve the economic
      losses incurred by the water from the spent dye medium and subsequent
      rinses which cannot be used and must be disposed.
PAC  OBJECTS
PAR  It is an object of the present invention, therefore, to reduce
      significantly the pollution and environmental problems caused by the
      sewering of spent dye medium and the subsequent rinses of said dyeing
      operation by making the water in these media reusable in the dyeing
      operation.
PAR  It is another object of the invention to make the water utilized in the dye
      medium and the subsequent rinse operations reusable in the dye process
      thereby reducing the economic losses incurred by the sewering of this
      water.
PAR  Yet another object of the present invention is to provide a process that
      permits great savings in the energy requirements involved in the heating
      of the dye liquor or medium in the dyeing operation.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of the invention are obtained by the improvement
      which comprises passing at least the aqueous dye-containing medium to at
      least one treating zone, maintaining the aqueous dye-containing medium at
      a pH of at least 7.0 and thoroughly mixing therewith 1 to 10 parts per
      million of alkali earth metal hypochlorite. To this mixture there is then
      added 1 to 10 parts per million of aluminum sulfate and the composition is
      then allowed to settle into an upper clear aqueous phase and a bottom
      phase of colored materials. The bottom phase is removed and the upper
      phase is treated for the removal of residual chlorine. The chlorine-free
      aqueous phase is then passed in heat exchange relationship with the
      aqueous dye-containing medium being directed to the heating zone from the
      dyeing zone, and then returning the clear, chlorine-free water to the
      dyeing zone.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The dyeing operation of the present invention includes any of the dyeing
      processes wherein a synthetic or natural fiber or fibrous material is dyed
      in a zone such as a vat or tank or other appropriate dyeing section
      utilizing an aqueous dye liquor or medium. The dyeing operation may be a
      batch system or a continuous system wherein the fibrous material is
      impregnated with the dye and passed through a series of developing,
      washing, and drying zones to a final take up roll.
PAR  The aqueous dye liquors may be any of the conventional aqueous medias
      containing water-dispersible or water soluble dyes. These dyes include,
      for example, acid dyes, basic dyes, mordant dyes, direct dyes, disperse
      dyes, vat dyes, ingrain dyes and the like. The acid dyes are sodium salts
      of sulfonic acids that are dyed from a bath acidified with sulfuric or
      acedic acid. Illustrative of acid dyes are azo dyes such as Orange II
      (.beta.-naphthol Orange); acid dyes derived from anthraquinone which are
      sulfonated amino or hydroxy derivatives such as Acid Alizarin Blue B,
      Alizarin Cyanime Green, and anthraquinone Blue Black B; nitro and nitroso
      compounds such as Naphthol Yellow S, and Naphthol Green B; diazo dyes such
      as Congo Red and Benzopurpurin 4B. The basic dyes are the hydrochlorides
      of zinc chloride compounds of dyes having basic groups. They are dyed from
      a neutral bath, usually on a fiber that has been treated with tannic acid.
      Illustrative of basic dyes are monoazo dyes such as Chrysoidine Y; diazo
      dyes such as Bismarck Brown R; Malachite Green; Chrystal Violet and the
      like. Illustrative of the mordant dyes are the anthraquinone dyes such as
      Alizarin. Examples of suitable vat dyes are those recognized in the art as
      anthraquinone vat dyes such as Indanthrene Blue R and Anthraquinone Vat
      Blues 9CD and BCS. The disperse dyes are those originally developed for
      use on the synthetic fiber, cellulose acetate, but its use has been
      extended to many of the newer synthetic fibers developed after cellulose
      acetate. The disperse dyes are slightly water soluble and are utilized in
      the dyeing process in the form of a water suspension or dispersion of the
      dye. Illustrative of the ingrain dyes are the water insoluble azo dyes
      such as the ice colors or azoic dyes.
PAR  As aforementioned the process of the present invention can be utilized in
      the dyeing of natural fibers such as wool, cotton, silk and the like as
      well as synthetic fibers such as nylon, polyester, acrylic fibers, rayon,
      etc. The dyeing may be of the fibers per se or textile materials or
      fabrics manufactured therefrom.
PAR  The particular dye liquor employed in a given dyeing operation will vary
      depending upon the nature of the fibrous material being dyed. In all
      instances, however, the dye liquor including the chemicals employed
      therein will usually be heated to an elevated temperature which is below
      the degradation temperature of the fiber being dyed and usually up to the
      boiling point of the dye liquor.
PAR  The rinse operations are usually effected utilizing warm water, that is,
      water at a temperature below that at which the dyeing operation was
      effected. Ordinarily the rinse water is heated to a temperature of about
      150.degree. to 200.degree. F. A single rinse operation may be possible
      depending on the particular dyeing operation and material being dyed but
      generally comprises a plurality of rinses which are continued until there
      is no visible trace of dye in the rinse water removed. The final rinse is
      usually with cool water.
PAR  The treating zone in which the clarification of the dye water and rinse
      waters is effected may be any convenient zone such as a container, tank or
      vat provided with means for returning clarified water in heat exchange
      relationship to spent dye liquor or colored rinse water being directed to
      the treating zones. The actual treatment can be carried out by simply
      mixing thoroughly alkali earth metal hypochlorite, preferably calcium
      hypochlorite, with the dye water and/or rinse water. The preferred amounts
      of alkali earth metal hypochlorite generally fall within the range of
      about 4 to 12 parts per million. The mixing of the alkaline earth metal
      hypochlorite and dye containing water is continued until a slight
      difference in color is noted. There is then added the aluminum sulfate
      (alum) preferably in an amount of about 1 to 10 parts per million after
      which the mixture is allowed to settle into an upper clear and a lower or
      bottom phase containing all the coloring and foreign materials. In most
      instances the upper clear phase will constitute approximately 85 to 90% of
      the dye-containing water. The settling time will vary depending upon the
      particular material being dyed and the dyes employed but will generally
      fall within the range of about 1/2 hour to 1 hour.
PAR  The clarified water at this stage is not suitable for use in the dyeing
      step of the present invention inasmuch as it contains chlorine or
      chlorine-producing materials which adversely effect the dyeing actually
      causing fading of the dyed materials. This chlorine or chlorine-producing
      materials must therefore be removed from the clarified water preliminary
      to reintroduction into the dyeing zone or zones. Removal of the chlorine
      may be accomplished is several ways. One way is by subjecting the
      clarified water to thorough aeration, preferably while subjecting it to
      the presence of ultra-violet light and following such treatment by
      filtration. Alternatively, the clarified water can be heated to a
      temperature of at least 180.degree. F for at least about 20 minutes. Yet a
      third and a preferred method comprises adding alkali metal thiosulphate in
      an amount of about 1 to 10 parts, preferably 5 to 8 parts per million.
      These treatments have been found not only to effectively remove the
      non-desirable chlorine from the clarified water but also to destroy other
      chemical materials such as unreacted HTH and other chemicals that may be
      present in the clarified water.
PAR  It is important that the treating step of the process be conducted while
      maintaining the pH of the dye containing water at a pH of at least 7.0,
      preferably a pH of 7.0 to 8.6. Thus, in those cases where acidic
      conditions exist in the dyeing medium it will be necessary to add alkaline
      materials to adjust the pH to at least 7.0. Any of a number of suitable
      alkali or alkaline materials can be utilized for this purpose, most
      preferred being hypochlorite of lime (HTH). The concentrations of the
      alkaline material added will vary generally from about 5 to 20 parts per
      million depending upon the particular existing acidic conditions.
PAR  Preliminary to reintroduction of the thus clarified water into the dye
      zones of the invention, the clarified water is passed in heat exchange
      relationship to the dye liquor and/or dye containing rinse water. The heat
      exchange of these materials will provide cooling of the hot water being
      passed from the heating zones to raise the temperature of the clarified
      water being reintroduced approximately 50.degree.. In this way a great
      savings in the energy requirements expended to heat the waters employed in
      the dyeing zone is obtained.
DETD
PAR  The invention will now be described with reference to the accompanying
      drawing which is a schematic representation of the dyeing process of the
      invention. Referring to the drawing, dye vats 2 are each filled with 3,000
      gallons of cold water. Into the water is place 16,000 grams of the dye and
      the fibrous material to be dyed such as a polyester. The aqueous medium is
      then brought to a boil (approximately 212.degree. F), and maintained there
      at for about an hour. The spent dye water is withdrawn from each vat via
      line 4 thereof and enters a mainline 6 that connects with a main drain 8.
      The main drain 8 enters a heat exchanger means 10 and connects therein
      with a coil 12. The dye water exits heat exchanger 10 via an outlet line
      14 which enters a sump box 16 and is pumped therefrom by pump 18 through
      line 20 into the treating tanks 24 through inlet pipes 26. The sump box 16
      is provided with a float switch which cuts on the pump when the box is
      full and off when the box is empty. The treating tanks 24 are each
      equipped with stirring means and inlets 28 through which there is first
      added calcium hypochlorite in a proportion of about 4 parts per million.
      The mixing is continued until a slight difference in color is observed at
      which time there is then added aluminum sulphate (alum) in a proportion
      that is equivalent to 11/4 teaspoon per 5 gallans of dye water. The
      mixture is stirred for 2 minutes and allowed to settle. In approximately
      5minutes the beginning of clearing at the top of the tank will be observed
      and in about 1 hour all the coloring and foreign matter has settled to a
      bottom phase. The top clear phase constitutes approximately 85 to 90% of
      the dye water. The water thus clarified is removed from treating tanks 24
      by means of line 30 and transferred through line 32 into heat exchanger 10
      which serves also as a storage means for the clarified water to be
      returned to the vats 2. When additional clarified water is needed in vats
      2, it is removed from heat exchanger-storage means 10 and passed by line
      34 into a heater 36. Preliminary to passage into heater 36 sodium
      thiosulphate from storage means 38 is introduced into chemical feeder 40
      which distributes into line 34 for admixture with the clarified water at a
      concentration of about 5 parts per million of clarified water which
      readies the clarified water for heating in heater 36 and return to the
      vats 2 by means of line 40 and inlet lines 40. The colored sludge material
      from the bottom phase in the treating tanks is drained from the tanks by
      means of lines 44 and taken by a main sludge line 46 to a sludge tank.
PAR  To further demonstrate the advantages provided by the present invention the
      following comparative example was carried out:
PAR  Two cotton fabrics were dyed with an aqueous acid all purpose dye such as
      "All Purpose Rit Concentrated Tint and Dye" manufactured by CDC
      International Inc. of Indianapolis, Indiana. Each dyeing operation was
      identical except that the water employed in the dyeing in the one instance
      was clarified water obtained by the process of the present invention from
      a previous dyeing operation and the water of the comparative run was
      ordinary tap water. Both dyeing operations were conducted utilizing 11/8
      oz. or 31.9 g of dye in 3 gallons of water having added thereto 1 pound of
      white cotton cloth. In each instance the aqueous dye medium was heated to
      boiling and maintained at boiling for 30 minutes. The dyed fabric was then
      rinsed twice with hot water (180.degree. F) then once with cold water
      until no dye was visible in the cold water rinse.
PAR  A comparison of the two fabrics thus dyed shows the dyeing effected with
      the clarified water employed in the process of the present invention to be
      brighter than that utilizing straight tap water.
PAR  It is to be understood that the invention is not limited to the exact
      details of operation or exact materials or procedures shown and described
      as obvious modification and equivalence will be apparent to one skilled in
      the art, and the invention is, therefore, to be limited only by the full
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a dyeing process for fibrous materials which comprises contacting in
      at least one dyeing zone the fibrous material to be dyed with a heated
      aqueous medium containing a water-soluble or water-dispersible dye for
      said material, removing said aqueous dye-containing medium from said
      contacting zone after said dyeing, subjecting said dyed material to at
      least one water rinse operation, the improvement which comprises passing
      at least said aqueous dye-containing medium to at least one treating zone,
      maintaining said aqueous dye-containing medium in said treating zone at a
      pH of at least 7.0 and thoroughly mixing therewith 1 to 10 parts per
      million of alkali earth metal hypochlorite, adding to the resulting
      mixture 1 to 10 parts per million of aluminum sulfate, allowing the
      resulting mixture to settle and form an upper clear aqueous phase and a
      bottom phase of colored materials, removing said bottom phase, passing
      said clear aqueous phase to a heat exchanger means in heat exchange
      relationship with spent aqueous dye-containing medium from said contacting
      zone after said dyeing to raise the temperature of the clear aqueous
      phase, removing said heat exchanged clarified aqueous phase from said heat
      exchanger means to a residual chlorine removal zone wherein residual
      chlorine is removed by a method selected from the group consisting of
      aeration with stirring in the presence of ultra violet light followed by
      filtration, heating to a temperature of at least 180.degree. F for at
      least 20 minutes and adding 1 to 10 parts per million of alkali metal
      thiosulfate, and then reheating and returning the clear, chlorine-free
      water to said dyeing zone.
NUM  2.
PAR  2. The process of claim 1 wherein the alkaline earth metal hypochlorite is
      calcium hypochlorite.
NUM  3.
PAR  3. The process of claim 1 wherein the aqueous rinses are also passed to the
      treating zone.
NUM  4.
PAR  4. The process of claim 1 wherein about 3 to 6 parts per million alkaline
      earth metal hypochlorite are mixed.
NUM  5.
PAR  5. The process of claim 1 wherein 6 to 12 parts per million aluminum
      sulfate are added.
NUM  6.
PAR  6. The process of claim 1 wherein the pH of the dyeing containing medium in
      said heating zone is about 7.0 to 8.6.
NUM  7.
PAR  7. The process of claim 1 wherein the dye is an acid dye.
NUM  8.
PAR  8. The process of claim 1 wherein the dye is a disperse dye.
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ABST
PAL  Flame-retardant acrylic filaments containing a flame retardant which is the
      reaction product of a dibasic acid amide, an oxyacid of phosphorus and a
      polyhydroxy alcohol, the flame retardant being bound to the acrylic
      filaments by a cross-linking agent. The filaments are made flame-retardant
      by applying the flame retardant and cross-linking agent to the filaments
      and subsequently heating the filaments to chemically bind the flame
      retardant to the acrylic filaments.
BSUM
PAR  This invention relates to flame-retardant acrylic filaments and to a
      process for making them. The term acrylic filaments means filaments of
      polyacrylonitrile and filaments of copolymers comprising at least 85 per
      cent by weight of acrylonitrile units.
PAR  The invention provides acrylic filaments incorporating as flame-retardant a
      reaction product of a dibasic acid amide, an oxyacid of phosphorus and a
      polyhydric alcohol.
PAR  It is known that acrylic filaments are particularly resistant to
      penetration by chemicals and there has been a problem in finding
      flame-retardants having sufficient permanence in acrylic filaments. We
      have found that the flame-retardants used in accordance with this
      invention can be strongly bonded to the acrylic filaments if they are
      incorporated in the acrylic filaments together with a crosslinking agent.
      The cross-linking agent is a polyfunctional compound capable of reacting
      with the flame-retardant and of becoming bound to the acrylic filaments
      more firmly than the flame-retardant alone can be.
PAR  The flame-retardant is preferably prepared by reacting together the dibasic
      acid amide, the oxyacid of phosphorus and dthe polyhydric alcohol in a
      molar ratio of 0.5 - 8 : 1 : 0.6 - 2.5. The molar ratio of dibasic acid
      amide : oxyacid of phosphorus is preferably 0.5 - 2 : 1, although ratios
      of 2 - 8 : 1 also give a satisfactory flame-retardant. The preferred amide
      is urea, although guanidine, succinamide and alkyl-substituted ureas can
      be used. The term oxyacid of phosphorus is used herein to include
      oxy-compounds of phosphorus containing acidic hydrogen such as
      monoammonium phosphate, diammonium phosphate, and monomagnesium phosphate
      as well as acids such as orthophosphoric, pyrophosphoric and
      metaphosphoric acids. The preferred polyhydric alcohol is glycerol, but
      for example sorbitol, ethylene glycol or mannitol can be used instead. The
      reaction is carried out at 100.degree. to 160.degree.C. The time required
      for completion of the reaction is generally up to 4 hours.
PAR  One type of polyfunctional compound useful as a cross-linking agent is a
      substituted amine containing two or more amine groups N-substituted by
      hydroxyalkyl or alkoxyalkyl groups. Preferred compounds include partially
      or fully methylated melamine-formaldehyde precondensates, for example both
      partially and fully methylated hexakis-hydroxymethyl melamine are
      effective, as is a liquid melamineformaldehyde precondensate in which 4 to
      5 of the six amine hydrogen atoms are replaced by hydroxymethyl groups and
      half the hydroxymethyl groups are methylated.
PAR  An alternative group of cross-linking agents which have been found
      effective comprise tetrakis-hydroxymethyl phosphonium salts and
      tris-hydroxymethyl phosphine oxide. The preferred salt is
      tetrakis-hydroxymethyl phosphonium chloride, but the bromide, phosphate,
      sulphate or acetate can be used.
PAR  The substituted phosphonium salts have themselves been suggested for
      reducing the combustibility of fibres, but a problem has been that the
      fabrics formed from fibres so treated have a harsh handle. This is not
      encountered with the flame-retardants used in accordance with the present
      invention, which make the handle of the fibre slightly softer even when
      used with cross-linking agents which themselves harden the handle.
PAR  The acrylic filaments are heated, preferably at 90.degree.C to
      150.degree.C, together with the flame-retardant and cross-linking agent to
      ensure that the flame-retardant is permanently bound to the filaments. The
      flame-retardant and cross-linking agent are preferably applied to the
      filaments together while the filaments are wet. This procedure enables the
      filaments to take up the flame-retardant readily and aids the intimate
      corporation of the flame-retardant in the filament. The flame-retardants
      used in accordance with the invention are particularly suitable for
      incorporation in acyrlic filaments made by a wet spinning process, in
      which case the wet spun filaments are preferably treated with the
      flame-retardant and the cross-linking agent before they have been dried.
      In conventional wet spinning processes, the acrylic filaments pass through
      one or more washing baths before they are dried. The flame-retardant and
      cross-linking agent are preferably included in the last bath used to treat
      the wet filaments before they are dried, to avoid loss of the
      flame-retardant before it has been permanently bound to the filaments by
      heating.
PAR  In conventional processing the last bath frequently contains a "soft
      finish" which is a mixture of surface-active agents used to soften the
      fibre for subsequent processing. We have found that the flame-retardants
      used in accordance with the invention and the cross-linking agents
      described above are compatible with conventionally used soft finishes,
      even those which are emulsion based.
PAR  The amount of flame-retardant used varies according to the end-use of the
      filaments produced and the standard of flame-resistance required. For
      carpets, 2 to 10 per cent by weight is usually required, depending on the
      closeness of the carpet construction. Other fabrics may require up to 25
      per cent by weight; low denier fabrics and those of open construction
      requiring the higher amounts. The concentration of flame-retardant in the
      treatment bath is generally 10 to 100 g. per liter to achieve these
      amounts of flame-retardancy in the filaments. We have found that the ratio
      of cross-linking agent to flame-retardant in the treatment bath should
      usually be from 1 : 4 to 3 : 1 by weight for the cross-linking agents
      discussed above. The ratio of cross-linking agent to flame-retardant can
      be varied according to the properties desired in the fibre. Relatively low
      ratios, for example 1 : 4 to 1 : 2 may be preferred if a high resistance
      to flame is required for only a small amount of total additive applied to
      the fibre and resistance to cleaning is not a problem. Conversely if
      flame-retardance has to be maintained through several cleaning cycles a
      high ratio, for example 1 : 1 to 3 : 1, may be preferred. In general we
      have found that flame-retardants of the invention prepared using a low
      ratio of dibasic acid amide to oxyacid of phosphorus, for example 0.5 - 2
      : 1, show a better resistance to cleaning when used with the cross-linking
      agents discussed above.
PAR  During normal processing we have found that there is no problem of the
      flame-retardant and cross-linking agent prematurely reacting with each
      other. However, it is preferred that they should be kept separate before
      being added to the treatment bath. If the treatment is carried out in the
      soft finish bath, either the flame-retardant or the cross-linking agent
      can be premixed with the soft finish and continuously fed to the bath.
PAR  Although the flame-retardants of the invention have satisfactory properties
      when used alone, and are preferably so used for most purposes, they can be
      used in conjunction with other flame-retardants. These can be of the type
      which are mixed with the acrylic polymer before it is spun, for example a
      liquid brominated diphenyl ether as disclosed in U.S. Pat. application
      Ser. No. 388,160 filed Aug. 13, 1973.
PAR  The invention is illustrated by the following Examples, in which
      percentages are by weight.
DETD
PAC  EXAMPLE 1
PAR  264 grams urea (4.4 moles), 92 grams glycerol (1.0 mole) and 118 grams
      orthophosphoric acid (1.2 moles) were mixed together and warmed. When the
      reaction mixture was fully homogeneous the temperature was raised to
      160.degree.C and the mixture was maintained at this temperature for 13
      minutes. Ammonia and carbon dioxide were rapidly evolved and some urea
      sublimed. The flame-retardant produced was a white hydroscopic mass
      containing 8.3 per cent phosphorus.
PAR  A copolymer of 93 per cent acrylonitrile units, 6 per cent methyl acrylate
      units and 1 per cent itaconic acid units was dissolved in a 51 per cent
      aqueous solution of sodium thiocyanate to give a copolymer concentration
      of 12.8 per cent. The resulting spinning dope was spun into an aqueous
      regenerating bath containing 11 per cent sodium thiocyanate at a
      temperature of 10.degree.C to form Courtelle acrylic filaments. These were
      stretched in steam and washed and were then taken up on a cheese while
      still wet. Several identical hanks of wet acrylic filaments were prepared
      by allowing the fibre guide to traverse in both directions 100 times to
      build up each hank. The diameter of the cheese was 2.5 inches (63 mm) and
      the length of traverse was 5.5 inches (140 mm).
PAR  Three treatment baths were prepared containing varying amounts of the
      flame-retardant prepared above and a cross-linking agent. The
      cross-linking agent was a liquid melamine formaldehyde resin sold as "BC
      336" in which 4 - 5 of the amine hydrogens of melamine are replaced by
      hydroxymethyl groups and half the hdyroxymethyl groups are methylated. The
      treatment bath also contained a commercial soft finish to more closely
      simulate the conditions of manufacture of acrylic filaments. The hank of
      wet acrylic filaments was dunked in the treatment bath 10 times, mangled
      to remove excess water and was then dried at 120.degree.C for 20 minutes.
      These drying conditions, which are typical of those used in the
      manufacture of acrylic filaments, served to fix the cross-linking agent
      and flame-retardant on the filaments. The filaments produced were of count
      15 d.Tex.
PAR  In commercial practice, of course, the treatment bath would be situated in
      line between the washing and drying steps; the treatment conditions used
      in these Examples attempt to simulate as closely as possible such
      commercial conditions.
PAR  The rate of burning of the acrylic filaments containing the flame-retardant
      was then measured. The filaments were wound back onto the cheese from the
      hank to give a web and two portions 2.5 inches .times. 6 inches (63 mm
      .times. 152 mm) were carefully cut from the web. Each portion was clamped
      between a pair of metal plates and dried in a vacuum oven to constant
      weight. Each pair of plates, exposing an area of fibre 6 inches .times.
      0.5 inches (152 mm .times. 13 mm) was then placed vertically in a
      draught-proof box such that the lower edge of the web was at a level 1
      inch (2.5 cm) above the nozzle of a micro-burner which had a 1 inch flame.
      The web was ignited by moving the burner under the plates, and the time
      for the flame to travel between two marks 100 mm apart was recorded. If
      the flame was extinguished before reaching the upper mark, the distance
      burnt from the lower mark and the time taken to burn this distance were
      measured.
PAR  As a comparison, the rate of burning of unmodified "Courtelle" acrylic
      filaments was measured in this test as 8.70 mm/sec. The rate of burning of
      acrylic filaments containing 7.5 per cent of the bromine-containing
      flame-retardant of U.K. Application 38179/72 was measured as 7.64 mm/sec.
      As shown by Example 2 of the said U.K. Application, carpets of varying
      constructions made from the latter filaments all satisfied the American
      Pill flame-retardance test defined in DOC FF 1 - 70. Both the unmodified
      and the bromine-containing acrylic filaments burnt the full 100 mm in each
      individual rate of burning test.
PAR  The results for the three treatments according to the invention are
      tabulated below. In each case, the weight ratio of flame-retardant to
      cross-linking agent in the bath was 3 : 1.
TBL  ______________________________________                                    
     Concentration of                                                          
                Distance burnt                                                 
                            Rate of    Percentage                              
     flame-retardant                                                           
                (if less than                                                  
                            burning    Phosphorus                              
     in bath    100 mm)     (mm/sec.)  in Filaments                            
     ______________________________________                                    
     3.75 per cent                                                             
                95 mm       4.69       0.70                                    
     6   per cent                                                              
                43 mm       4.62       0.87                                    
     7.5  per cent                                                             
                70 mm       4.14       1.12                                    
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  The same flame-retardant, cross-linking agent and acrylic filaments were
      used as in Example 1, but the treatment bath contained 1.75 per cent of
      the flame-retardant and 5.25 per cent of the cross-linking agent. The rate
      of burning, calculated as described in Example 1, was 7.18 mm/sec., the
      distance burnt being 95 mm.
PAR  The resistance of the flame-retardant filaments to washing was measured. 1
      gram of hand-carded fibre prepared from the filaments was soaked in 18 ml
      of a commercial carpet shampoo solution (2 ml of Bex Bissell concentrate
      to 16 ml water) with occasional agitation. The fibre was rinsed and dried.
      The phosphorus content of the fibre was 0.217 per cent before washing and
      0.210 per cent after washing, i.e. there was a loss of phosphorus of only
      3.2 per cent. The filaments of Example 1 may lose up to two-thirds of
      their phosphorus under these conditions.
PAC  EXAMPLE 3
PAR  185 grams urea (3.08 moles), 92 grams glycerol (1.0 mole) and 118 grams
      orthophosphoric acid (1.2 moles) were reacted together under the
      conditions described in Example 1. The flame-retardant produced was a
      clear glassy hygroscopic solid containing 13.6 per cent phosphorus.
PAR  A hank of wet acrylic filaments prepared as described in Example 1 was
      dunked in a treatment bath containing 3.75 per cent of this
      flame-retardant and 1.25 per cent of BC.336 cross-linking agent and dried
      as described in Example 1. The treated filaments contained 1.07 per cent
      phosphorus. The rate of burning, measured as described in Example 1, was
      4.01 mm/sec for a distance burnt of 84 mm.
PAC  EXAMPLE 4
PAR  60 grams urea (1.0 mole), 132 grams diammonium hydrogen orthophosphate (1.0
      mole) and 92 grams glycerol (1.0 mole) were mixed together and heated at
      155.degree. - 160.degree.c until effervescence had ceased and the reaction
      mixture had cleared. The crude product, a colourless liquid, was allowed
      to cool in a dessicator where it solidified and became cloudy. The
      flame-retardant produced contained 12.9 per cent phosphorus, of which 2.7
      per cent appeared to be in the form of unreacted diammonium hydrogen
      phosphate.
PAR  A hank of wet acrylic filaments prepared as described in Example 1 was
      dunked in a treatment bath containing 5.25 per cent of this
      flame-retardant and 1.75 per cent of BC 336 cross-linking agent and dried
      as described in Example 1. The treated filaments contained 1.19 per cent
      phosphorus. Their rate of burning, measured as described in Example 1, was
      5.01 mm/sec.
PAR  A fibre sample prepared from the treated filaments was washed as described
      in Example 2. The loss of phosphorus was 5.0 per cent after one such wash
      and 10.7 per cent after two washes.
PAC  EXAMPLE 5
PAR  A treatment bath was prepared containing 1.75 per cent of the
      flame-retardant of Example 4 and 5.25 per cent of BC 336 cross-linking
      agent. A hank of wet acrylic filaments was dunked and dried as described
      in Example 1. The treated filaments contained 0.33 per cent phosphorus.
      Their rate of burning, measured as described in Example 1, was 7.30
      mm/sec.
PAR  In the washing test as described in Example 2, the loss of phosphorus of
      the treated filaments after two washes was 7.1 per cent.
PAC  EXAMPLE 6
PAR  30 grams urea (0.5 mole), 98 grams orthophosphoric acid (1.0 mole) and 92
      grams glycerol (1.0 mole) were mixed together and warmed at 90.degree.C.
      When the reaction mixture was completely homogenous, the temperature was
      raised to 158.degree. - 160.degree.C and the mixture was maintained at
      this temperature until foaming due to evolution of ammonia and carbon
      dioxide ceased and the mixture became clear. The crude product was a dark
      brown viscous oil containing 13.2 per cent phosphorus, of which 6.1 per
      cent appeared to be unreacted orthophosphoric acid.
PAR  A hank of wet acrylic filaments prepared as described in Example 1 was
      dunked in a treatment bath containing 1.75 per cent of the flame-retardant
      thus produced and 5.25 per cent of BC 336 cross-linking agent and dried as
      described in Example 1. The treated filaments contained 0.45 per cent
      phosphorus. Their rate of burning, measured as described in Example 1, was
      6.20 mm/sec., the distance burnt being 80 mm.
PAR  In the washing test as described in Example 2, the loss of phosphorus of
      the treated filaments was measured as slightly negative, even after two
      washes, indicating a negligible loss of flame-retardant on washing.
PAC  EXAMPLE 7
PAR  30 grams urea (0.5 mole), 132 grams diammonium hydrogen orthophosphate (1.0
      mole) and 92 grams glycerol (1.0 mole) were reacted together under the
      conditions described in Example 4. The flame-retardant produced was a
      colourless liquid which solidified and became cloudy on cooling and
      contained 12.4 per cent phosphorus, of which 6.4 per cent appeared to be
      in the form of unreacted diammonium hydrogen phosphate.
PAR  A hank of wet acrylic filaments prepared as described in Example 1 was
      dunked in a treatment bath containing 1.75 per cent of this
      flame-retardant and 5.25 per cent of BC 336 cross-linking agent and was
      dried as described in Example 1. The treated filaments contained 0.33 per
      cent phosphorus. Their rate of burning, measured as described in Example
      1, was 7.30 mm/sec.
PAR  A fibre sample prepared from the treated filaments was washed as described
      in Example 2. The loss of phosphorus was 10 per cent after washing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Acrylic filaments containing a flame retardant which is the reaction
      product of a dibasic acid amide, an oxyacid of phosphorus and a
      polyhydroxyl alcohol, the flame retardant being bound to the acrylic
      filaments by a cross-linking agent selected from the group consisting of
      tetrakis-hydroxymethyl phosphonium salts, tris-hydroxymethyl phosphine
      oxide and substituted amines containing two or more amine groups
      substituted by groups selected from hydroxyalkyl and alkoxyalkyl groups.
NUM  2.
PAR  2. Acrylic filaments as claimed in claim 1 wherein the dibasic acid amide
      is urea.
NUM  3.
PAR  3. Acrylic filaments as claimed in claim 1 wherein the polyhydric alcohol
      is glycerol.
NUM  4.
PAR  4. Acrylic filaments as claimed in claim 1 wherein the oxyacid of
      phosphorus is diammonium hydrogen orthophosphate.
NUM  5.
PAR  5. Acrylic filaments as claimed in claim 1 wherein the molar ratio of
      dibasic acid amide : oxyacid of phosphorus : polyhydric alcohol is in the
      range of 0.5 - 8 : 1 : 0.6 - 2.5.
NUM  6.
PAR  6. Acrylic filaments as claimed in claim 5 wherein the molar ratio of
      dibasic acid amide to oxyacid of phosphorus is 0.5 - 2 : 1.
NUM  7.
PAR  7. Acrylic filaments as claimed in claim 1 wherein the cross-linking agent
      is a melamine formaldehyde precondensate.
NUM  8.
PAR  8. Acrylic filaments as claimed in claim 1 containing 2 to 25 per cent by
      weight of the said flame retardant.
NUM  9.
PAR  9. Acrylic filaments as claimed in claim 1 wherein the proportion of the
      said flame retardant to the cross-linking agent is 4 : 1 to 1 : 3.
NUM  10.
PAR  10. A method of making the acrylic filaments claimed in claim 1 comprising
      applying to the acrylic filaments while they are in a wet state the said
      flame retardant and the said cross-linking agent and subsequently heating
      the filaments at a temperature of 90.degree.C to 150.degree.C to
      chemically bind the flame retardant to the acrylic filaments.
NUM  11.
PAR  11. A method as claimed in claim 9 comprising the initial step of preparing
      acrylic filaments by a wet spinning process, the flame retardant and the
      cross-linking agent being applied to the filaments before they have been
      dried.
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ABST
PAL  A process for rendering wool non-felting is provided, wherein the wool is
      treated with aqueous preparations containing a monopersulphine acid salt,
      an epoxide reaction product, a fatty amine ethylene oxide adduct and a
      softening agent. Very good non-felting effects without adverse influence
      on the handle are obtained.
BSUM
PAR  It is known to provide wool with a non-felting and shrink-resistant finish
      by means of chemical oxidation, e.g. with chlorine, permanganate, or
      persulphuric acid, or by the application of polymers. British Pat. No.
      716,806 describes the application of monopersulphuric acid with subsequent
      after treatment by reduction.
PAR  In Textilveredlung 5, 846-854 (1970) C.A. Anderson et al describe a process
      for wool top consisting of a preliminary treatment with the potassium salt
      of dichloroisocyanuric acid and potassium persulphate followed -- after
      reductive treatment with sodium bisulphite -- by a polymer application.
      The polymers employed are polyamide/epichlorohydrin reaction products.
PAR  It is also known to use aqueous solutions or dispersions of compounds
      containing fatty or resinous epoxide groups, as well as agents that have a
      chlorinating or oxidising action, for rendering wool non-felting. Fatty
      epoxides are, for example, expoxidation products of unsaturated fatty
      acids, while suitable examples of resinous epoxides are glycidic esters of
      succinic or sebacic acid, glycidic ethers of glycerol, or polymerisation
      products of methacrylic-glycidic esters or allylglycidic ethers.
PAR  Under mild washing conditions the non-felting effects obtainable with these
      finishing methods are to some extent adequate and do not lead to any
      adverse effects on the other fibre properties. However, the known
      application processes do not suffice to obtain a material with a
      non-felting and shrink-resistant finish and resistant to machine washing,
      i.e. a material that under machine remains conditions remain very largely
      non-felting and shrink-resistant. The discovery has now been made that
      wool provided with a non-felting and shrink-resistant finish in conformity
      with standards can be obtained by the simultaneous application of acid
      salts of monopersulphuric acid and special polymer reaction products.
PAR  The present invention therefore provides a process for rendering wool
      non-felting, wherein the wool is treated at 20.degree. to 100.degree.C
      with aqueous preparations that contain 1) acid alkali, ammonium, or amine
      salts of monosulphuric acid, 2) reaction products of epoxides, fatty
      amines, and dicarboxylic acids, the equivalent ratios of epoxide groups to
      hydrogen bonded to amino nitrogen to carboxylic acid groups being
      1:(0.1-1):(1-0.55), 3) adducts of fatty amines with 12 to 22 carbon atoms
      and 6 to 30 moles of ethylene oxide which are esterified with at least
      dibasic oxygen acids, and, optionally, 4) an agent that imparts a soft
      handle, and is subsequently subjected to a reductive aftertreatment.
PAR  As component (1) there are used preferably the acid potassium (KHSO.sub.5),
      sodium (NaHSO.sub.5), and ammonium (NH.sub.4 HSO.sub.5) salts of
      monopersulphuric acid. It is also possible to use amine salts, for
      example, alkylamine or alkanolamine salts.
PAR  Suitable reaction products of component (2) are water-soluble, or
      water-dispersible, reaction products of epoxides, fatty amines, and
      dicarboxylic acids, which are obtained by reacting together, in the
      presence of an organic solvent, at least (a) one epoxide which per
      molecule contains at least two epoxide groups, (b) one fatty amine with 12
      to 24 carbon atoms and (c.sub.1) one aliphatic, saturated dicarboxylic
      acid with at least 7 carbon atoms, and, optionally, (c.sub.2) one
      anhydride of an aromatic dicarboxylic acid with at least 8 carbon atoms or
      of an aliphatic monocarboxylic acid with at least 2 carbon atoms or of a
      dicarboxylic acid with at least 4 carbon atoms, and, optionally, one or
      more of the following components: (d) an aminoplast precondensate
      containing alkyl-ether groups, (e) an aliphatic diol with 2 to 22 carbon
      atoms and (f) a polyfunctional, preferably difunctional, organic compound
      which possesses, as functional groups or atoms, mobile halogen, vinyl or
      ester groups or at most one acid, nitrile, hydroxyl, or epoxide group
      together with at least one other functional group or one atom of the
      indicated type, and are thereafter optionally treated, optionally at
      elevated temperature, with (g) ammonia or a water-soluble organic base.
PAR  By the optional addition of further ammonia or further water-soluble
      organic bases the reaction mixture is adjusted to a pH of 5 to 12, or 7.5
      to 12, preferably 8 to 10. The pH is determined by diluting a sample of
      the reaction mixture with water in the ratio of e.g. 1:1.
PAR  The epoxides from which the component a is obtained are preferably derived
      from polyhydric phenols or polyphenols, such as resorcinol, or
      phenol-formaldehyde condensation products of the type of the resols or
      novolaks. Bisphenols, such as bis-(4-hydroxyphenyl)-methane and, above
      all, 2,2-bis-(4'-hydroxyphenyl)-propane, are especially preferred as
      starting compounds for the manufacture of the epoxides.
PAR  Compounds to be mentioned especially here are epoxides of
      2,2-bis-(4'-hydroxyphenyl)-propane which have an epoxide content of 1.8 to
      5.8 epoxy group equivalents/kg, but preferably at least 5 epoxy group
      equivalents/kg, and which correspond to the formula
      ##SPC1##
      wherein z denotes a mean number from 0 to 0.65. Such epoxides are obtained
      by reaction of epichlorohydrin with 2,2-bis-(4'-hydroxyphenyl)-propane.
PAR  Mono-fatty amines with 12 to 24 carbon atoms have above all proved to be
      very suitable components b. As a rule these are amines of the formula
EQU  (2) H.sub.3 C -- (CH.sub.2).sub.x -- NH.sub.2
PAL  wherein x represents a whole number from 11 to 23, preferably 17 to 21. The
      amines are therefore, for example, laurylamine, palmitylamine,
      stearylamine, arachidylamine or behenylamine. Mixtures of such amines,
      like those obtainable in the form of commercial products, can also be
      used.
PAR  Alkylenedicarboxylic acids with 7 to 14 carbon atoms have above all proved
      advantageous components c. As a rule, these are dicarboxylic acids of the
      formula
EQU  (3) HOOC -- (CH.sub.2).sub.y -- COOH
PAL  wherein y denotes a whole number from 5 to 12, preferably 6 to 10.
PAR  Accordingly, possible components c are, for example, dicarboxylic acids,
      such as pimelic, suberic, azelaic or sebacic acid, nonanedicarboxylic
      acid, decanedicarboxylic acid, undecanedicarboxylic acid or
      dodecanedicarboxylic acid.
PAR  The components c can be used single or together with the component c.sub.2.
      As the component c.sub.2 there is preferably used an anhydride of a
      monocyclic or bicyclic aromatic dicarboxylic acid with 8 to 12 carbon
      atoms or of an aliphatic dicarboxylic acid with 4 to 10 carbon atoms or of
      a monocarboxylic acid with at least 2 carbon atoms, e.g. acetic acid.
      Anhydrides of a monocyclic aromatic dicarboxylic acid with 8 to 10 carbon
      atoms have proved particularly advantageous. Optionally methyl-substituted
      phthalic anhydride is of particular interest.
PAR  Possible components c.sub.2 are, accordingly, anhydrides, for example
      maleic anhydride or phthalic or acetic anhydride.
PAR  If the component d is used conjointly for the manufacture of the reaction
      products, its proportion relative to the total of the components a, b, c
      and d, is 10 to 60, especially 20 to 25, per cent by weight.
PAR  The aminoplast condensates used as component d are completely etherified,
      or in particular partially etherified, methylol compounds of
      nitrogen-containing aminoplastforming agents, such as urea, urea
      derivatives, for example ethyleneurea, propyleneurea or glyoxalmonourein.
PAR  Preferably, however, etherified methylolaminotriazines are used, for
      example, alkyl ethers of highly methylolated melamine, whose alkyl
      radicals contain 1 to 4 carbon atoms. Possible alkyl radicals include
      methyl, ethyl, n-propyl, isopropyl, n-butyl and n-hexyl radicals. In
      addition to such alkyl radicals, yet further radicals, for example
      polyglycol radicals, can also be present in the molecule. Furthermore,
      n-butyl ethers of a highly methylolated melamine containing 2 to 3 n-butyl
      groups in the molecule are preferred. By highly methylolated melamines are
      meant in this context those with an average of at least 5, appropriately
      about 5.5, methylol groups.
PAR  Where the component e. is conjointly used for the manufacture of the
      reaction products, these diols are preferably aliphatic diols with 2 to 6
      carbon atoms, and whose carbon chains are optionally interrupted by oxygen
      atoms. Alkylenediols with 2 to 6 carbon atoms or diethylene glycol or
      triethylene glycol are here of particular interest. Amongst the
      alkylenediols with 2 to 6 carbon atoms which are used which particular
      advantage there may be cited ethylene glycol, 1,4-butanediol, or, above
      all, 1,6-hexanediol.
PAR  The optional polyfunctional, preferably difunctional, component f
      preferably contains, as functional groups or atoms, alkyl-bonded halogen
      atoms, vinyl or carboxylic acid ester groups, or at most one epoxide,
      carboxylic acid or hydroxyl group together with another functional group
      or another atom of the indicated type. In particular, these compounds are
      difunctional organic compounds which contain, as functional groups or
      atoms, alkyl-bonded chlorine or bromine atoms, vinyl or carboxylic acid
      alkyl ester groups or at most one epoxide or carboxylic acid group
      together with another functional group or another atom of the indicated
      type.
PAR  Particularly suitable difunctional organic compounds are aliphatic. These
      are, for example, epihalogenohydrines, such as epibromohydrin or above all
      epichlorohydrin.
PAR  Other possible difunctional compounds are, for example,
      glycerol-dichlorohydrin, acrylic acid, methylolacrylamide and
      acrylonitrile.
PAR  The component g is appropriately an aliphatic tertiary monoamine, ammonia
      or an amine containing at least two amino groups and exclusively basic
      nitrogen atoms, wherein the amino groups possess at least one
      nitrogen-bonded hydrogen atom.
PAR  Preferred tertiary amines are trialkylamines with 3 to 12 carbon atoms, for
      example triethylamine, tri-n-propylamine or tri-n-butylamine.
PAR  The diamines to be used as component g can be aliphatic or cycloaliphatic
      and preferably possess at least one primary amino group and a second amino
      group, wherein at least one hydrogen atom is bonded to nitrogen.
      Furthermore, just ammonia can also be used as component g. However,
      di-primary aliphatic or cycloaliphatic amines are preferentially used as
      the component g.
PAR  Suitable aliphatic amines are here above all polyamines, such as
      diethylenetriamine, triethylenetetramine or tetraethylenepentamine, that
      is to say amines of the formula
EQU  (4) H.sub.2 N--(CH.sub.2 --CH.sub.2 --NH).sub.n --CH.sub.2 --CH.sub.2
      --NH.sub.2
PAL  wherein n is 1, 2 or 3.
PAR  In the case of amine mixtures, a non-integral average value can also be
      assumed, for example between 1 and 2.
PAR  Suitable cycloaliphatic amines are above all diprimary, cycloaliphatic
      diamines, which apart from the two amine nitrogen atoms only contain
      carbon and hydrogen, and which possess a saturated 5-membered to
      6-membered carbocyclic ring, a H.sub.2 N-- group bonded to a ring carbon
      atom and a H.sub.2 N--CH.sub.2 -- group bonded to another ring carbon
      atom.
PAR  As examples of such amines,
      3,5,5-trimethyl-1-amino-3-aminomethyl-cyclohexane or
      1-amino-2-amino-methylcyclopentane may be mentioned.
PAR  The manufacture of the reaction products can be carried out according to
      methods which are in themselves known, wherein the components can be
      reacted with one another in varying sequence. Appropriately, components a
      and b, or a, b and c.sub.1 are first reacted with one another. The
      reaction of the component c.sub.1 with the already reacted components a
      and b can also take place simultaneously with component e. The reaction
      with the components d and/or f is as a rule only carried out at the end,
      that is to say before the reaction with the component g.
PAR  On the one hand, it is therefore possible initially to react the components
      a, b, and c.sub.1, and optionally c.sub.2, simultaneously with one
      another, and subsequently optionally to react the product with the
      components d, e and f. In this modification of the process the components
      a, b and c are appropriately reacted with one another at temperatures of
      80.degree. to 120.degree.C, preferably 100.degree.C, and the proportions
      are advantageously so chosen that for an epoxide group equivalent of 1,
      the equivalent ratio of hydrogen bonded to amine nitrogen to carboxylic
      acid groups is 0.1 : 1 to 1 : 0.55.
PAR  On the other hand, it is also possible first to react only the components a
      and b with one another, and subsequently to react the products with the
      component c.sub.1 and, optionally, in a third stage with the components d,
      e or (f). The manufacture of the reaction products from (a) and (b) is,
      according to this 2nd modification, also appropriately carried out at
      temperatures of 80.degree. to 120.degree.C, preferably at about
      100.degree.C. The reaction in the second stage with the component c.sub.1
      appropriately takes place at 80.degree. to 110.degree.C, preferably at
      about 100.degree.C, and the proportions are advantageously so chosen that
      for an epoxide group equivalent of 1, the equivalent ratio of hydrogen
      bonded to amine nitrogen to carboxylic acid groups is 0.1 : 1 to 1 : 0.55.
PAR  The ratio of epoxide a to fatty amine b and acid c.sub.1 or anhydride
      c.sub.2 is so chosen, according to the invention, that a less than
      equivalent amount of epoxide is used, so that there is fewer than one
      epoxide group per sum of the amino and acid groups. The reaction products
      thus contain carboxyl end groups, but no epoxide groups.
PAR  The reaction product containing carboxylic acid groups as a rule has an
      acid number of 20 to 80, preferably 35 to 60.
PAR  The reaction with the component d is as a rule carried out at temperatures
      of 60.degree. to 105.degree.C, preferably at abour 100.degree.C. In most
      cases, this reaction takes place in the presence of a small amount of an
      organic solvent, for example, n-butanol.
PAR  The reaction with the component e takes place, as already mentioned,
      simultaneously with that of component c.sub.1.
PAR  The reaction with the component f takes place before the treatment with
      component g at temperatures of about 60.degree. to 120.degree.C.
PAR  The treatment with the component g can take place at room temperature or
      elevated temperature, so that either merely a neutralisation accompanied
      by salt formation occurs, or, provided tertiary amines are not used, a
      true reaction takes place. In both cases, however, polyaddition products
      which are soluble or dispersible in water are produced by ensuring that,
      not later than on completion of the reaction, if necessary by adding a
      base, a sample of the reaction mixture diluted with water shall have a pH
      value of 5 to 12 or 7.5 to 12, preferably of 8 to 10. For this purpose
      there are used e.g. inorganic or organic bases, advantageously readily
      volatile bases such as ammonia.
PAR  Furthermore it is advantageous to use temperatures of at most 80.degree.C,
      for example 60.degree. to 70.degree.C, in a reaction with g. When using
      ammonia or a tertiary amine as the component g, the reaction is
      appropriately carried out at room temperature. The solutions or
      dispersions thus obtained, treated with a base if appropriate, and
      preferably adjusted by means of an organic solvent or by means of water to
      a content of 10 to 40% of reaction product, are distinguished by high
      stability.
PAR  Suitable organic solvents in the presence of which the reaction products
      are manufactured are, above all, water-soluble organic solvents, and, in
      particular, advantageously those which are miscible with water to an
      unlimited extent. Dioxan isopropanol, ethanol and methanol, ethylene
      glycol n-butyl ether (=n-butylglycol), diethylene glycol monobutyl ether,
      and dimethyl formamide may be cited as examples.
PAR  Moreover it is also possible to carry out the reaction in the presence of
      water-insoluble organic solvents, for example in hydrocarbons, such as
      petroleum distillate, benzene toluene and xylene, or in halogenated
      hydrocarbons, such as methylene chloride, methylene bromide, chloroform,
      carbon tetrachloride, ethylene chloride, ethylene bromide,
      s-tetrachloroethane and above all trichloroethylene.
PAR  The esterified fatty amine-ethylene oxide adducts used as component 3 are
      derived from fatty amines which contain aliphatic hydrocarbon radicals
      with 12 to 22 carbon atoms, preferably 16 to 18 carbon atoms. The
      aliphatic hydrocarbon radicals can be saturated or unsaturated, branched
      or, preferably, unbranched.
PAR  Possible basic materials are unitary higher-molecular alkylamines or
      mixtures such as are obtained on converting natural fatty acid mixtures,
      for example tallow fatty acid, into the corresponding amines. As amines,
      there may severally be mentioned dodecylamine, hexadecylamine,
      stearylamine, octadecylamine, arachidylamine [H.sub.3 C--(CH.sub.2).sub.19
      --NH.sub.2 ], behenylamine [H.sub.3 C--(CH.sub.2).sub.21 --NH.sub.2 ] and
      octadecenylamine.
PAR  The reaction of these amines with ethylene oxide yields, in a known manner,
      polyglycol compounds of the formula
      ##EQU1##
      wherein R denotes an aliphatic, preferably unbranched, hydrocarbon radical
      with 12 to 22 carbon atoms and the sum (m + n) denotes a whole number
      having a value of 6 to 30, preferably 7 to 16.
PAR  The esterification is appropriately carried out with functional derivatives
      of at least dibasic oxygencontaining acids under such conditions that at
      least one acid ester group is introduced, preferably in the form of an
      alkali salt, ammonium salt or amine salt. As polybasic organic acids for
      the formation of the acid esters it is possible to use organic
      polycarboxylic acids or carboxylic acid-sulphonic acids, for example
      maleic acid or succino-sulphonic acid, or polybasic inorganic
      oxygencontaining acids, such as phosphoric acid or preferably sulphuric
      acid, or functional derivatives of these acids, such as anhydrides,
      halides or amides. The acid sulphuric acid esters are advantageously
      directly manufactured in the form of their ammonium salts by heating the
      starting substances with amidosulphonic acid in the presence of urea.
      Thereafter, dilute aqueous solutions of the esters are appropriately
      produced.
PAR  Suitable reducing agents besides the alkali and alkaline earth sulphides
      and hydrogensulphides are also hydroxylamines, e.g. hydroxyamine sulphate
      or thiosulphates and, above all, the salts of sulphurous acid, for example
      the sulphites and hydrogen sulphites of lithium, sodium, potassium,
      magnesium, calcium, strontium, barium, aluminium, zinc, or manganese, or
      the ammonium salts. Preferred are the sodium and potassium sluphites and
      hydrogen sulphites.
PAR  The combination of the components (1) to (3) and, optionally, (4), can be
      used for finishing textiles, in particular for the non-felting of wool or
      fibre blends that contain wool, e.g. blends of wool with synthetic
      polyamide, polyester, polyacrylonitrile, or cellulose fibre materials,
      whereby the wool is impregnated with an aqueous liquor to which have been
      added the components and, if desired, small amounts of further additives
      such as wetting and dispersing agents and salts, and then dried. The
      process is advantageously so carried out that the wool is wetted out, then
      to the same bath are added first the acid salts of monopersulphuric acid
      and then components (2) and (3), and the wool is then treated at
      temperatures of 20.degree. to 100.degree.C and a pH of 2 to 5, preferably
      3 to 5. Suitable liquor ratios are between 1:10 and 1:70.
PAR  The reductive aftertreatment can be carried out subsequently in the same
      bath, then the finished material is centrifuged and dried, e.g. at
      40.degree. to 120.degree.C. The amount of component (1), based on the
      weight of the wool, is about 1 to 5%.
PAR  The amount of component (2) (not taking into account solvent and water),
      based on the weight of the wool, is advantageously 0.5% to 5%, preferably
      1.2% to 4%. The amount of amine-ethyleneoxy adduct is 0.01% to 2%, based
      on the weight of the wool. As already mentioned, the process is carried
      out at temperatures of 20.degree. to 100.degree.C, preferably 35.degree.
      to 100.degree.C, and in most cases the time required for an extensive to
      an almost complete fixing of the polyaddition product is between 5 and 60
      minutes.
PAR  In addition to the preparation of the polyaddition product and the
      esterified amine-ethyleneoxy adduct the liquor used for the non-felting
      also contains the necessary amount of acid or base for regulating the pH,
      e.g. sulphuric acid, hydrochloric acid, oxalic acid or, in particular,
      acetic acid or ammonia and sodium bicarbonate. But is also possible to use
      still other salts, for example sodium sulphite or sodium thiosulphate. The
      liquors can also contain in addition other customary additives, for
      example agents that impart a soft handle, or bleaching agents, e.g.
      hydrogen peroxide.
PAR  Examples of suitable agents for imparting a soft handle as component (4)
      are oil, fat, and wax emulsions, fatty acid condensation products or also
      polyethylene, polyethylene glycol, siloxane, and silicone oil emulsions.
      If necessary or desired it is also possible to use mixtures of the cited
      agents for imparting a soft handle.
PAR  Examples of suitable fatty acid condensation products are: fatty acid
      methylolamides, optionally reacted with thioglycolic acid or aminoplast
      preceondensates, fatty acid polyalkylenepolyamine reaction products,
      optionally reacted with ethylene oxide or other epoxides or epoxide
      reaction products. The fatty acids contain 12 to 24, preferably 16 to 22,
      carbon atoms, for example palmitic, stearic, arachidic, or behenic acid.
PAR  The agents for imparting a soft handle are added preferably in emulsified
      form to the liquors containing the non-felting agents, but they can also
      be added to the exhausted, or very largely exhausted, liquors and applied
      in the form of an aftertreatment. The emulsions of the agents for
      imparting a soft handle contain abour 10 to 30% by weight of active
      substance. The application amount for a 20% emulsion is about 0.5 to 4% by
      weight, based on the weight of the wool.
PAR  Particularly suitable are, for example, mixtures of agents for imparting a
      soft handle that contain e.g. 50 to 80 parts by weight of a polyethylene
      (contains partially oxidised carboxyl groups) and 20 to 50 parts by weight
      of a condensation product of dimerised unsaturated fatty acids and
      polyalkylene polyamines, for example diethylene triamine and triethylene
      tetramine, or 50 to 80 parts by weight of paraffin (melting point range
      50.degree. to 70.degree.C) and 10 to 20 parts by weight of the cited
      condensation product. The dimeric unsaturated fatty acids can be derived
      from e.g. unsaturated fatty acids with 16 to 22 carbon atoms; preferably
      linoleic, linolenic, eleostearic, or clupanodenic acid.
PAR  If desired it is also possible to admix in addition small amounts of
      silicone oil. In addition to the improved soft handle of the substrates
      the agents for imparting a soft handle also achieve an additional
      improvement in the non-felting effect.
PAR  The material to be finished in accordance with the process of the present
      invention can be used in any state of processing, e.g. in the form of top,
      yarn, cheese, woven or knotted fabrics. Also it can be dyed or undyed, in
      which case the dyed material suffers no change in shade, but rather are
      the dyestuffs additionally fixed.
PAR  Very good non-felting effects on woollen materials are obtained by means of
      the process according to the invention without this leading to any adverse
      influence on the handle. The non-felting effect attained is substantially
      better than the effects of the individual components (persulphuric acid
      compound and polymer) and also better than the sum of the effects of the
      individual components. The process according to the invention provides
      material that can be machine washed, which constitutes a significant
      advance in the art in the field of providing wool with a non-felting
      finish.
PAR  When using the preparations in combination with an aminoplast on textiles,
      particularly on cotton, a wash-resistant soil realease effect is obtained.
      It is also possible to impart a non-iron finish to the textiles with the
      preparations.
PAR  Furthermore, finishes with the present reaction products also improve the
      mechanical properties of the treated material, e.g. ultimate tensile
      strength, elongation at break, abrasion resistance, tendency to pilling.
      The following Examples illustrate the invention, the parts and percentages
      being by weight. The testing of the non-felting effect is in accordance
      with IWS Specification 72 and is performed as follows: the finished
      material is treated in an aqueous liquor (liquor ratio 1:15) at
      40.degree.C and a pH of 7 (phosphate buffered) for 180 minutes. Maximum
      permissible shrinkage: 10%. The test corresponds to about 100 machine
      washes in a normal programm up to 60.degree.C.
DETD
PAC  EXAMPLE 1
PAR  98 G of an epoxide formed from 2,2-bis-(4'-hydroxyphenyl)-propane and
      epichlorohydrin (0.5 epoxide group equivalent) together with 54.2 g of a
      mixture of 1-aminoeicosane and 1-amino-docosane (0.35 amino group
      equivalent) and 47 g of azelaic acid (0.5 acid group equivalent) are
      stirred for 2 hours at 100.degree.C internal temperature in a nitrogen
      atmosphere. An 80% strength solution of 54.2 g of hexamethylolmelamine
      dibutyl and tributyl ether (that is to say a mixture of di- and
      tri-n-butyl ethers of a highly methylolated melamine) in n-butanol is then
      added and the mixture is again stirred for 1 hour at 100.degree.C.
      Dilution with 240 g of ethylene glycol monobutyl ether yields a 50%
      strength product of medium viscosity, having an acid number of 46.4.
PAR  121 G of the 50% strength product described (0.05 acid group equivalent)
      together with 12.2 g of triethylenetetramine (0.5 amino group equivalent)
      are warmed for 1 hour at 60.degree.C internal temperature. After dilution
      with 225 g of ethylene glycol monobutyl ether a clear solution is
      obtained. The preparation can be diluted with water and has a pH value of
      9.7.
PAC  EXAMPLE 2
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 54.2 g (0.35 amino group equivalent) of a mixture of
      1-amino-eicosane and 1-amino-docosane and 60.6 g (0.6 acid group
      equivalent) of sebacic acid are stirred for 2 hours at 100.degree.C
      internal temperature in a nitrogen atmosphere. An 80% strength solution of
      54.2 g of hexamethylolmelamine di- and tri-n-butyl ether in n-butanol is
      then added and the mixture is again stirred for 1 hour at 100.degree.C.
      Dilution with 253 g of ethylene glycol monobutyl ether yields a 50%
      strength product of medium viscosity, having an acid number of 58.4.
PAR  192 G of the 50% strength product described (0.1 acid group equivalent)
      together with 24.4 g of triethylenetetramine (1.0 amino group equivalent)
      are stirred for 1 hour at 60.degree.C internal temperature.
PAR  After dilution with 371.6 g of ethylene glycol monobutyl ether and adding 9
      g of 24% strength ammonia, a clear solution which is miscible with water
      to an unlimited extent obtained. The pH value is 9.8.
PAC  EXAMPLE 3
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 54.2 g (0.35 amino group equivalent) of a mixture of
      1-aminoeicosane and 1-aminodocosane and 50.5 g (0.5 acid group equivalent)
      of sebacic acid are stirred for 5 hours at 100.degree.C internal
      temperature in a nitrogen atmosphere. An 80% strength solution of 54.2 g
      of hexamethylolmelamine di- and tri-butyl ether in butanol is then added
      and the mixture is again stirred for 1 hour at 100.degree.C. Dilution with
      243 g of ethylene glycol monobutyl ether yields a 50% strength product of
      medium viscosity, having an acid number of 45.
PAR  124.2 G of the 50% strength product described (0.05 acid group equivalent)
      together with 12.2 g of triethylenetetramine (0.5 amino group equivalent)
      are stirred for 1 hour at 60.degree.C internal temperature. After dilution
      with 226 g of ethylene glycol monobutyl ether a clear solution which is
      infinitely miscible with water is obtained. The pH value is 9.5.
PAC  EXAMPLE 4
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 54.2 g (0.35 amino group equivalent) of a mixture of
      1-aminoeicosane and 1-aminodocosane and 45.4 g (0.45 acid group
      equivalent) of sebacic acid are stirred for 2 hours at 100.degree.C
      internal temperature in a nitrogen atmosphere. An 80% strength solution of
      54.2 g of hexamethylolmelamine di- and tri-butyl ether in butanol is then
      added and the mixture is again stirred for 1 hour at 100.degree.C.
      Dilution with 238 g of ethylene glycol monobutyl ether yields a 50%
      strength product of medium viscosity having an acid number of 41.3.
PAR  135.5 G of the 50% strength product described (0.05 acid group equivalent)
      together with 12.2 g of triethylenetetramine (0.5 amino group equivalent)
      are stirred for 1 hour at 60.degree.C internal temperature. After dilution
      with 242 g of ethylene glycol monobutyl ether and adding 6.4 g of 24%
      strength ammonia, a clear solution which is miscible with water to an
      unlimited extent is obtained. The pH value is 9.9.
PAC  EXAMPLE 5
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 54.2 g (0.175 amino group equivalent) of a mixture of
      1-aminoeicosane and 1-aminodocosane and 50.5 g (0.5 acid group equivalent)
      of sebacic acid are stirred for 2 hours at 100.degree.C internal
      temperature in a nitrogen atmosphere. After dilution with 202.7 g of
      ethylene glycol monobutyl ether a 50% strength product of medium viscosity
      having an acid number of 57.8 is obtained.
PAR  145.5 g of the 50% strength product described (0.075 acid group equivalent)
      together with 18.3 g of triathylenetetramine (0.75 amino group equivalent)
      are stirred for 1 hour at 60.degree.C internal temperature. After dilution
      with 281 g of ethylene glycol monobutyl ether a clear solution which is
      miscible with water to an to an unlimited extent is obtained. The pH value
      is 10.1.
PAC  EXAMPLE 6
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 31 g of a mixture of 1-amino-eicosane and 1-amino-docosane
      (0.2 amino group equivalent) and 50 g of n-butylglycol are stirred for 3
      hours at 100.degree.C. 40.1 g of pimelic acid (0.5 acid group equivalent)
      are then added and the mixture is again stirred for 3 hours at
      100.degree.C internal temperature. It is then diluted with 119 g of
      n-butyl glycol and further stirred until cold. A clear product of medium
      viscosity having an acid number of 70 is obtained.
PAR  150 g of the 50% strength product described are treated with 25 g of
      triethylamine and 12 g of n-butylglycol. A clear solution of 40% solids
      content is obtained. A sample of this solution is diluted with deionised
      water (1:20); the pH value of this sample is 10.5.
PAR  An analogous procedure is followed with the products which are manufactured
      according to Example 7 to 24,26 and 27 and 29 to 35 below.
PAC  EXAMPLE 7
PAR  98 G (0.5 epoxide group equivalent) of the epoxide according to Example 1
      together with 31 g (0.2 amino group equivalent) of a mixture of
      1-amino-eicosane and 1-aminodocosane and 50 g of butyl glycol are stirred
      for 3 hours at 100.degree.C internal temperature. 58.6 G of
      dodecanedicarboxylic acid (0.5 acid group equivalent) are then added and
      the mixture is again stirred for 3 hours at 100.degree.C internal
      temperature. After dilution with 137 g of n-butylglycol a clear product of
      medium viscosity having an acid number of 65.5 is obtained.
PAC  EXAMPLE 8
PAR  98 G (0.5 epoxide group equivalent) of the epoxide according to Example 1
      together with 31 g (0.2 amino group equivalent) of a mixture of
      1-amino-eicosane and 1-aminodocosane and 50 g of butyl glycol are stirred
      for 3 hours at 100.degree.C internal temperature. 14.75 G of
      1,6-hexanediol (0.25 hydroxyl group equivalent) and 50.5 g of sebacic acid
      (0.5 acid group equivalent) are then added and the mixture is again
      stirred for 3 hours at 100.degree.C internal temperature. It is then
      diluted with 144 g of n-butylglycol and further stirred until cold. A
      clear product of medium viscosity having an acid number of 63 is obtained.
PAC  EXAMPLE 9
PAR  98 G (0.5 epoxide group equivalent) of the epoxide according to Example 1
      together with 54.2 g (0.175 amino group equivalent) of a mixture of
      1-amino-eicosane and 1-aminodocosane and 50 g of n-butylglycol are stirred
      for 5 hours at 100.degree.C internal temperature. 60.6 G of sebacic acid
      (0.6 acid group equivalent) are then added and the mixture is stirred for
      a further 5 hours at 100.degree.C internal temperature. After addition of
      16.2 g of epichlorohydrin (0.175 mol) the whole is again stirred for 5
      hours at 100.degree.C internal temperature. It is then diluted with 179 g
      of n-butylglycol and further stirred until cold. A clear product of medium
      viscosity having an acid number of 64 is obtained.
PAC  EXAMPLE 10
PAR  98 G (0.5 epoxide group equivalent) of the epoxide according to Example 1
      together with 31 g (0.2 amino group equivalent) of a mixture of
      1-amino-eicosane and 1-aminodocosane and 50 g of butylglycol are stirred
      for 5 hours at 100.degree.C internal temperature. 50.5 G of sebacic acid
      (0.5 acid group equivalent) and 7.4 g of phthalic anhydride (0.1 acid
      group equivalent) are then added and the mixture is again stirred for 5
      hours at 100.degree.C internal temperature. 9.25 G of epichlorohydrin (0.1
      mol) are now added and the whole is stirred for a further 5 hours at
      100.degree.C. It is then diluted with 146 g og n-butylglycol and further
      stirred until cold. A clear mobile product of acid number 67 is obtained.
PAC  EXAMPLE 11
PAR  98 G (0.5 epoxide group equivalent) of an epoxide according to Example 1
      together with 31 g (0.2 amino group equivalent) of a mixture of
      1-amino-eicosane and 1-aminodocosane and 50 g of butylglycol are storred
      for 3 hours at 100.degree.C internal temperature. 17.7 G of 1,6-hexanediol
      (0.3 hydroxyl group equivalent) and 50.5 g of sebacic acid (0.5 acid group
      equivalent) are then added and the mixture is again stirred for 3 hours at
      100.degree.C internal temperature. After adding 4.6 G of epichlorohydrin
      (0.05 mol) the whole is then stirred for a further 3 hours at 100.degree.C
      internal temperature and is subsequently diluted with 151.9 G of
      n-butylglycol and further stirred until cold. A clear mobile product of
      acid number 43.6 is obtained.
PAC  EXAMPLE 12
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 31 g of a mixture of 1-amino-eicosane and 1-amino-docosane
      (0.2 amino group equivalent) and 50 g of n-butylglycol are stirred for 3
      hours at 100.degree.C internal temperature. 50.5 G of sebacic acid (0.5
      acid group equivalent) and 9.8 G of maleic anhydride (0.2 acid group
      equivalent) are then added and the mixture is again stirred for 3 hours at
      100.degree.C internal temperature. Thereafter 9.25 g of epichlorohydrin
      (0.1 mol) are also addded and the whole is again stirred for 3 hours at
      100.degree.C internal temperature. After adding 148.5 G of n-butylglycol
      it is stirred until cold. A clear product of medium viscosity and of acid
      number 60.3 is obtained.
PAC  EXAMPLE 13
PAR  98 g (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 31 G of a mixture of 1-amino-eicosane and 1-amino-docosane
      (0.2 amino group equivalent) and 50 G of n-butylglycol are stirred for 3
      hours at 100.degree.C internal temperature. 14.75 G of 1,6-hexanediol
      (0.25 hydroxyl group equivalent) and 50.5 g of sebacic acid (0.5 acid
      group equivalent) are then added and the mixture is again stirred for 3
      hours at 100.degree.C internal temperature. After cooling to 60.degree.C
      internal temperature, 6.5 G of glycerol dichlorohydrin (0.05 mol) are
      added and the batch is stirred for 3 hours at 60.degree.C internal
      temperature. 150.7 G of n-butylglycol are then added and the mixture is
      further stirred until cold. A clear product of medium viscosity and of
      acid number 61.5 is obtained.
PAC  EXAMPLE 14
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 31 g of a mixture of 1-amino-eicosane and 1-amino-docosane
      (0.2 amino group equivalent) and 50 g of n-butylglycol are stirred for 3
      hours at 100.degree.C internal temperature. 44.5 G of polypropylene glycol
      (0.1 mol) and 50.5 G of sebacic acid (0.5 acid group equivalent) are then
      added and the mixture is again stirred for 3 hours at 100.degree.C
      internal temperature. After adding 9.25 G of epichlorohydrin (0.1 mol) the
      batch is stirred for a further 3 hours at 100.degree.C internal
      temperature and 183.25 g of n-butylglycol are then added. A clear product
      of medium viscosity and of acid number 31 is obtained.
PAC  EXAMPLE 15
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 18.6 g of laurylamine (0.2 amino group equivalent) and 45 g
      of n-butylglycol are stirred for 3 hours at 100.degree.C internal
      temperature. 50.5 g of sebacic acid (0.5 acid group equivalent) are then
      added and the mixture is again stirred for 3 hours at 100.degree.C
      internal temperature. Thereafter 5.3 g of acrylonitrile (0.1 mol) are
      added and the batch is stirred for a further 3 hours at 100.degree.C
      internal temperature. After adding 127 g of n-butylglycol it is further
      stirred until cold and a clear product of medium viscosity and of acid
      number 65.8 is obtained.
PAC  EXAMPLE 16
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 27 g of stearylamine (0.1 amino group equivalent) and 50 g
      of n-butylglycol are stirred for 3 hours at 100.degree.C internal
      temperature. 50.5 G of sebacic acid (0.5 acid group equivalent) are then
      added and the mixture is again stirred for 3 hours at 100.degree.C
      internal temperature. Thereafter, 10.2 g of acetic anhydride (0.1 mol) are
      added and the whole is stirred for a further 3 hours at 100.degree.C
      internal temperature. After adding 135 g of n-butylglycol it is further
      stirred until cold and a clear product of medium viscosity and of acid
      number 91.7 is obtained.
PAC  EXAMPLE 17
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 54.2 g of a mixture of 1-amino-eicosane and 1-amino-docosane
      (0.35 amino group equivalent) and 47 g of azelaic acid (0.5 acid group
      equivalent) are warmed for 2 hours to 100.degree.C internal temperature.
      An 80% strength solution of 54.2 g of hexamethylolmelamine dibutyl and
      tributyl ether in n-butanol is then added and the mixture is again stirred
      for 1 hour at 100.degree.C internal temperature. Dilution with 240 g of
      n-butylglycol yields a clear product of medium viscosity and of acid
      number 46.4.
PAC  EXAMPLE 18
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 31 g of a mixture of 1-amino-eicosane and 1-amino-docosane
      (0.1 amino group equivalent) and 50 g of n-butylglycol are stirred for 2
      hours at 100.degree.C internal temperature. 50.5 G of sebacic acid (0.5
      acid group equivalent) are then added and the mixture is again stirred for
      2 hours at 100.degree.C internal temperature. After adding 12.4 g of
      ethylene glycol (0.4 hydroxyl group equivalent) the batch is stirred for a
      further 2 hours at 100.degree.C internal temperature. An 80% strength
      solution of 54.2 g of hexamethylolmelamine dibutyl and tributyl ether in
      n-butanol is then added and the mixture is stirred for 2 hours at
      100.degree.C internal temperature. After dilution with 182 g of
      n-butylglycol, a clear product of medium viscosity and of acid number 42.9
      is obtained.
PAC  EXAMPLE 19
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 46.5 g of a mixture of 1-amino-eicosane and 1-amino-docosane
      (0.3 amino group equivalent) and 50 g of n-butylglycol are warmed for 3
      hours at 100.degree.C internal temperature. 60.6 G of sebacic acid (0.6
      acid group equivalent) are then added and the mixture is stirred for 3
      hours at 100.degree.C internal temperature. After adding 13.9 g of
      epichlorohydrin (0.15 mol) the batch is again stirred for 3 hours at
      100.degree.C internal temperature. After dilution with 225 g of
      n-butylglycol, the reaction product is cooled to 70.degree.C internal
      temperature and an 80% strength solution of 93.5 g of hexamethylolmelamine
      dibutyl and tributyl ether is added and the mixture is again stirred for
      30 minutes at 70.degree.C internal temperature.
PAR  It is thereafter cooled to room temperature.
PAC  EXAMPLE 20
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 31 g of a mixture of 1-amino-eicosane and 1-amino-docosane
      (0.2 amino group equivalent) and 50 g of n-butylglycol are stirred for 3
      hours at 100.degree.C internal temperature. Thereafter 17.7 g of
      1,6-hexanediol (0.3 hydroxyl group equivalent) and 50.5 g of sebacic acid
      (0.5 acid group equivalent) are added and the mixture is again stirred for
      3 hours at 100.degree.C internal temperature. After adding 4.6 g
      epichlorohydrin (0.05 mol) the whole is stirred for a further 3 hours at
      100.degree.C internal temeprature. After dilution with 207.9 g of
      n-butylglycol the product is cooled to 70.degree.C internal temperature
      and an 80% strength solution of 93.5 g of hexamethylolmelamine dibutyl and
      tributyl ether in n-butanol is added, and the mixture is again stirred for
      30 minutes at 70.degree.C internal temperature. Thereafter it is cooled to
      room temperature.
PAC  EXAMPLE 21
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 31 g (0.2 amino group equivalent) of a mixture of
      1-amino-eicosane and 1-amino-docosane and 50 g of n-butylglycol are
      stirred for 3 hours at 100.degree.C internal temperature. Thereafter 9.3 g
      of 1,2-propylene glycol (0.25 hydroxyl group equivalent), 40.4 g of
      sebacic acid (0.4 acid group equivalent) and 7.4 g of phthalic anhydride
      (0.1 acid group equivalent) are added and the mixture is again stirred for
      3 hours at 100.degree.C internal temperature. It is subsequently diluted
      with 136 g of n-butylglycol and further stirred until cold. A clear
      product of medium viscosity and of acid number 57 is obtained.
PAC  EXAMPLE 22
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 31 g (0.2 amino group equivalent) of a mixture of
      1-aminoeicosane and 1-amino-docosane and 50 g of n-butylglycol are stirred
      for 3 hours at 100.degree.C internal temperature. 11.25 g of
      1,4-butanediol (0.25 hydroxyl group equivalent), 50.5 g of sebacic acid
      (0.5 acid group equivalent) and 7.4 g of phthalic anhydride (0.1 acid
      group equivalent) are then added and the mixture is stirred for a further
      3 hours at 100.degree.C internal temperature. After adding 9.25 g of
      epichlorohydrin (0.1 mol) the whole is again stirred for 3 hours at
      100.degree.C internal temperature. After dilution with 157 g of
      n-butylglycol it is further stirred until cold. A clear product of medium
      viscosity and of acid number 43.6 is obtained.
PAC  EXAMPLE 23
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 31 g (0.2 amino group equivalent) of a mixture of
      1-amino-eicosane and 1-amino-docosane and 50 g of n-butylglycol are
      stirred for 3 hours at 100.degree.C internal temperature. Thereafter 22.5
      g (0.3 hydroxyl group equivalent) of triethylene glycol and 50.5 g (0.5
      acid group equivalent) of sebacic acid are added and the mixture is again
      stirred for 3 hours at 100.degree.C internal temperature. After adding 4.6
      g of epichlorohydrin (0.05 mol) the whole is again stirred for 3 hours at
      100.degree.C internal temperature. After dilution with 156.6 g of
      n-butylglycol it is further stirred until cold. A clear product of medium
      viscosity and of acid number 48 is obtained.
PAC  EXAMPLE 24
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 31 g (0.2 amino group equivalent) of a mixture of
      1-amino-eicosane and 1-amino-docosane and 50 g of n-butylglycol are
      stirred for 3 hours at 100.degree.C internal temperature. 15.9 G of
      diethylene glycol (0.3 hydroxyl group equivalent) and 50.5 g of sebacic
      acid (0.5 acid group equivalent) are then added and the mixture is again
      stirred for 3 hours at 100.degree.C internal temperature. After adding 4.6
      g of epichlorohydrin (0.05 mol) the whole is stirred for a further 3 hours
      at 100.degree.C internal temperature. After adding 150 g of n-butylglycol
      it is further stirred until cold. A clear product of medium viscosity and
      of acid number 47.8 is obtained.
PAC  EXAMPLE 25
PAR  98 G (0.5 epoxide group equivalent) of the epoxide described in Example 1
      together with 31 g (0.1 amino group equivalent) of a mixture of
      1-amino-eicosane and 1-amino-docosane and 50 g of n-butylglycol are
      stirred for 3 hours at 100.degree.C internal temperature. 15.6 G of
      neopentyl glycol (0.3 hydroxyl group equivalent) and 50.5 g of sebacic
      acid (0.5 acid group equivalent) are then added and the mixture is again
      stirred for 3 hours at 100.degree.C internal temperature. After adding 4.6
      g of epichlorohydrin (0.05 mol) the batch is again stirred for 3 hours at
      100.degree.C internal temperature.
PAR  After dilution with 149.7 g of n-butylglycol it is further stirred until
      cold. A clear product of medium viscosity and of acid number 47.5 is
      obtained.
PA1  a. 177 G of the 50% strength product described (0.075 acid equivalent)
      together with 31 g of diethylenetriamine (1.5 amino group equivalent) and
      12.5 g of butylglycol are stirred for 1 hour at 60.degree.C internal
      temperature.
PAR  After adding 20 g of 24% strength ammonia and 194 g of butylglycol a clear
      mobile solution of pH value 10.3 is obtained.
PA1  b. 177 G of the 50% strength product described (0.075 acid equivalent)
      together with 40.6 G of tetraethylenepentamine (1.5 amino group
      equivalent) and 3 g of butylglycol are stirred for 1 hour at 60.degree.C
      internal temperature.
PAR  After adding 50 g of 24% strength ammonia and 163 g of butylglycol a mobile
      solution of pH 10.4 is obtained.
PA1  c. 236 G of the 50% strength product described (0.1 acid equivalent)
      together with 85 g of isophoronediamine
      (1-amino-3-aminomethyl-3,5,5-trimethyl-cyclohexane) (1-amino group
      equivalent), 20 g of 24% strength ammonia and 248 g of butylglycol are
      stirred at room temperature. A mobile solution of pH value 10.8 is
      obtained.
PA1  d. 200 G of the 50% strength product described are mixed with 21 g of 24%
      strength ammonia and after thorough stirring are diluted with 279 g of
      butylglycol. A mobile solution of pH value 8.5 is obtained.
PA1  e. 177 G of the 50% strength product described are mixed with 44 g of
      triethanolamine. A product of medium viscosity and of pH value 8.5 is
      obtained.
PA1  f. 234 G of the 50% strength product described are mixed with 71 g of
      tri-n-propylamine, 20 g of 24% strength ammonia and 159 g of butylglycol.
      A mobile solution of pH value 10.0 is obtained.
PAC  EXAMPLE 26
PAR  78 G of an epoxide of the following formula
      ##SPC2##
PAL  (0.5 epoxide equivalent) together with 31 g (0.1 amino group equivalent) of
      a mixture of 1-amino-eicosane and 1-aminodocosane and 50 g of butylglycol
      are stirred for 3 hours at 100.degree.C internal temperature. 17.7 G of
      1,6-hexanediol (0.3 hydroxyl group equivalent) and 50.5 g of sebycic acid
      (0.5 acid group equivalent) are then added and the mixture is again
      stirred for 3 hours at 100.degree.C internal temperature. Thereafter 4.6 g
      of epichlorohydrin are added and the batch is again stirred for 3 hours at
      100.degree.C internal temperature. It is then diluted with 132 g of
      butylglycol and further stirred until cold. A clear solution of mesdium
      viscosity and of acid number 42.6 is obtained.
PAC  EXAMPLE 27
PAR  392 G of an epoxide according to Example 1 (2 epoxide equivalents) together
      with 310 g (2 amino group equivalent) of a mixture of 1-amino-eicosane and
      1-amino-docosane and 200 g of dioxan are stirred for 3 hours at
      100.degree.C internal temperature. 70.8 G of 1,6-hexanediol (1.2 hydroxyl
      group equivalents) and 202 g of sebacic acid (2 acid group equivalents)
      are then added and the mixture is again stirred for 3 hours at
      100.degree.C internal temperature. 37 G of epichlorohydrin (0.4 mol) are
      then added and the batch is stirred for a further 3 hours at 100.degree.C
      internal temperature.
PAR  Thereafter it is diluted with 812 g of dioxane and further stirred until
      cold. A solution of medium viscosity and of acid number 81.5 is obtained.
PAC  EXAMPLE 28
PAR  a. 98 G of an epoxide according to Example 1 (0.5 epoxide equivalent)
      together with 31 g (0.1 amino group equivalent) of a mixture of 1-amino
      eicosane and 1-aminodocosane and 50 g of butylglycol are stirred for 3
      hours at 100.degree.C internal temperature. 15.6 G of neopentyl glycol
      (0.3 hydroxyl group equivalent) and 50.5 g of sebacic acid (0.5 acid group
      equivalent) are then added and the mixture is again stirred for 3 hours at
      100.degree.C internal temperature. 9.25 g of epichlorohydrin (0.1 mol) are
      then added and the whole is stirred for a further 3 hours at 100.degree.C
      internal temperature. Thereafter it is diluted with 154 g of
      trichloroethylene and further stirred until cold. A clear solution of
      medium viscosity and of acid number 36 is obtained.
PAR  100 G of the 50% strength product described and 10 g of a 50% strength
      solution of an addition product of 70 mols of ethylene oxide with a fatty
      amine mixture (C.sub.16 -C.sub.22) are mixed with rapid stirring and
      slowly diluted with 140 g of deionised water. A mobile fine-particled
      emulsion of 20% strength active substance content is obtained. The pH is
      5.
PA1  b. 98 G of the epoxide according to Example 1 (0.5 epoxide group
      equivalent) and 31 g of a mixture of 1-amino-eicosane and 1-aminodocosane
      (0.2 amino group equivalent = hydrogen atoms bonded to amino nitrogen) and
      50 g of dimethyl formamide are stirred together for 15 minutes at
      100.degree.C internal temperature. Then 15.6 g of neopentyl glycol (0.3
      hydroxyl group equivalent) are added and stirring is continued for 3 hours
      at 100.degree.C internal temperature. The 13.9 g of epichlorohydrin (0.15
      mol) are added and stirring is again continued for 3 hours at 100.degree.C
      internal temperature. Dilution with 159 g of perchloromethylene yields a
      50% product of medium viscosity with an acid number of 28.4.
PAR  100 G of the 50% product are then treated with a 50% aqueous solution of
      hydroabiethylamine and 80 mols of ethylene oxide and thoroughly mixed. A
      solution of 2 g of diammonium phosphate in 52.5 g of water (deonised) is
      then added slowly and the batch is emulsified for about 5 minutes. A
      finely dispersed, highly fluid emulsion with a resin content of 30% is
      obtained. The pH is 6.8.
PAC  EXAMPLE 29
PAR  98 G of an epoxide according to Example 1 (0.5 epoxide equivalent) together
      with 31 g (0.2 amino group equivalent) of a mixture of 1-amino-eicosane
      and 1-amino-docosane and 50 g of butylglycol are stirred for 3 hours at
      100.degree.C internal temperature. 17.7 G of 1,6-hexanediol (0.3 hydroxyl
      group equivalent) and 50.5 g of sebacic acid (0.5 acid group equivalent)
      are then added and the mixture is again stirred for 3 hours at
      100.degree.C internal temperature. 5.8 G of hydroxyethyl acrylate (0.05
      mol) are then added and the whole is stirred for a further 3 hours at
      100.degree.C internal temeprature.
PAR  After dilution with 147.6 g of butylglycol it is furhter stirred until
      cold. A clear solution of medium viscosity and of acid number 66 is
      obtained.
PAC  EXAMPLE 30
PAR  98 G of an epoxide according to Example 1 (0.5 epoxide equivalent) together
      with 31 g of a mixture of 1-amino-eicosane and 1-amino-docosane (0.2 amino
      group equivalent) and 55.5 g of butylglycol are stirred for 3 hours at
      100.degree.C internal temperature. 17.7 G of 1,6-hexanediol (0.3 hydroxyl
      group equivalent) and 50.5 g of sebacic acid (0.5 acid group equivalent)
      are then added and the mixture is again stirred for 3 hours at
      100.degree.C internal temperature.
PAR  3.6 G of acrylic acid (0.05 mol) are then added and the batch is stirred
      for a further 3 hours at 100.degree.C internal temperature. After dilution
      with 145.4 g of butylglycol it is further stirred until cold. A clear
      solution of medium viscosity and of acid number 71.5 is obtained.
PAC  EXAMPLE 31
PAR  98 G of an epoxide according to Example 1 (0.5 epoxide equivalent) together
      with 31 g of a mixture of 1-amino-eicosane and 1-amino-docosane (0.2 amino
      group equivalent) and 55.5 g of butylglycol are stirred for 3 hours at
      100.degree.C internal temperature. 17.7 G of 1,6-hexanediol (0.3 hydroxyl
      group equivalent) and 50.5 g of sebacic acid (0.5 acid group equivalent)
      are then added and the mixture is again stirred for 3 hours at
      100.degree.C internal temperature. 3.2 G of glycidyl methacrylate (0.025
      mol) are then added and the whole is again stirred for 3 hours at
      100.degree.C internal temperature. After dilution with 145.4 g of
      butylglycol it is further stirred until cold. A clear solution of medium
      viscosity and of acid number 56.9 is obtained.
PAC  EXAMPLE 32
PAR  98 G of an epoxide according to Example 1 (0.5 epoxide equivalent) together
      with 31 g of a mixture of 1-amino-eicosane and 1-amino-docosane (0.1 amino
      group equivalent) and 55.5 g of butylglycol are stirred for 3 hours at
      100.degree.C internal temperature. 17.7 G of 1,6-hexanediol and 50.5 g of
      sebacic acid are then added and the mixture is again stirred for 3 hours
      at 100.degree.C internal temperature. Thereafter 5.1 g of
      methylolarylamide (0.05 mol) are added and the whole is stirred for a
      further 3 hours at 100.degree.C internal temperature. After addition of
      146.9 g of butylglycol it is further stirred until cold.
PAR  A clear mobile solution of acid number 59 is obtained.
PAC  EXAMPLE 33
PAR  98 G of an epoxide according to Example 1 (0.5 epoxide equivalent) together
      with 54.2 g of a mixture of 1-aminoeicosane and 1-amino-docosane (0.35
      amino group equivalent) and 60.6 g of sebacic acid (0.6 acid group
      equivalent) are stirred for 2 hours at 100.degree.C internal temperature.
PAR  66.3 G of hexamethylolmelamine hexamethyl ether are then added and the
      mixture is again stirred for 1 hour at 100.degree.C internal temperature.
      Thereafter it is diluted with 279 g of butylglycol and further stirred
      until cold. A product of medium viscosity and of acid number 61 is
      obtained.
PAC  EXAMPLE 34
PAR  98 G of an epoxide according to Example 1 (0.5 epoxide equivalent) together
      with 54.2 g of a mixture of 1-aminoeicosane and 1-amino-docosane (0.35
      amino group equivalent) and 60.6 g of sebacic acid (0.6 acid group
      equivalent) are stirred for 2 hours at 100.degree.C internal temperature.
      57.5 G of hexamethylolmelamine pentamethyl ether are then added and the
      mixture is again stirred for 1 hour at 100.degree.C internal temperature.
      It is then diluted with 264 g of butylglycol and further stirred until
      cold. A product of medium viscosity and of acid number 64.5 is obtained.
PAC  EXAMPLE 35
PAR  98 G of an epoxide according to Instruction 1 (0.5 epoxide equivalent)
      together with 54.2 g of a mixture of 1-amino-eicosane and 1-amino-docosane
      (0.35 amino group equivalent), 60.6 g of sebacic acid (0.6 acid group
      equivalent) and 50 g of butylglycol are stirred for 2 hours at
      100.degree.C internal temperature. 62.3 G of the methyl ether of
      dihydroxydimethylolethyleneurea are then added and the mixture is again
      stirred for 1 hour at 100.degree.C internal temperature. Thereafter it is
      filuted with 225 g of butylglycol and further stirred until cold. A
      product of medium viscosity and of acid number 69.6 is obtained.
TBL  __________________________________________________________________________
     Composition of the alkylamine                                             
                       Alkylene                                                
                            Alkylene oxide                                     
                                    Urea,                                      
                                        Amido-                                 
                                              Water,                           
                       odide,                                                  
                            adduct, parts                                      
                                        sulphonic                              
                                              parts                            
                       mol  parts       acid,                                  
                            (1 mol)     parts                                  
     __________________________________________________________________________
       30% of                                                                  
             hexadecylamine                                                    
     1 25% of                                                                  
             octadecylamine                                                    
                       7    580     107 214   650                              
       45% of                                                                  
             octadecenylamine                                                  
     2       "         7    580     200 320   450                              
     3       "         7    580     214 214   540                              
     4       "         10.5 773     107 214   840                              
     5       "         16   1010    200 320   880                              
     6       "         16   1010    214 214   970                              
       10% of                                                                  
             stearylamine                                                      
     7 55% of                                                                  
             arachidylamine                                                    
                       30   1620    200 320   1450                             
       25% of                                                                  
             behenylamine                                                      
     __________________________________________________________________________
PAC  USE EXAMPLES
PAC  I.
PAR  100 Kg of yarn consisting of 90% wool and 10% polyamide
      (.epsilon.-caprolactam) are first dyed in a circulation dyeing apparatus
      in the conventional manner, preferably with reactive dyestuffs on account
      of the fastness properties. After the yarn has been dyed it is rinsed and
      a fresh treatment bath is prepared. The water temperature is 20.degree.C.
      To this bath are then added:
PA1  3000 g of KHSO.sub.5
PA1  1000 g of a 50% aqueous solution of the reaction product 6 according to
      Example 36
PA1  2000 g of 80% acetic acid, and
PA1  12000 g of the aqueous preparation according to
PAC  EXAMPLE 2
PAR  An emulsion is formed in the treatment liquor, which is then pumped through
      the material in alternating direction. The liquor is allowed to circulate
      for 40 minutes, during which time the emulsion is absorbed completely on
      the fibres and the treatment bath becomes clear as water. Then there are
      added to the liquor:
PA1  3000 g of sodium bisulphite and
PA1  3000 g of a solution of 74.2 g of polyethylene (contains partially oxidised
      carboxyl groups), 22.8 g of paraffin (melting point: 60.degree. to
      62.degree.C), 17.1 g of a condensation product of dimerised unsaturated
      fatty acids and diethylene triamine, and 152 g of butyl glycol.
PAL  Treatment is carried out for 30 minutes at the same temperature. The
      material is then rinsed and dried at 80.degree.C.
PAR  A piece of knotted fabric is manufactured from this yarn and tested
      according to IWS Specification 72. The following values are obtained:
     Material      Relaxation   Shrimkage                                      
     ______________________________________                                    
     untreated     7  %         52 %                                           
     treated       0,1 %        2,4 %                                          
     ______________________________________                                    
PAR  Instead of the above cited blend of wool/polyamide it is also possible both
      to use other mixing ratios and to blend other fibres with the wool, e.g.
      polyester, polyacrylonitrile, or cellulosic fibres, or it is also possible
      to finish pure wool.
PAC  II.
PAR  100 Kg of wool yarn, which have already been dyed as top, are wetted at
      30.degree.C in a vertical Muff dyeing apparatus. After about 10 minutes
      there are added to the treatment bath
PA1  5000 g of KHSO.sub.5
PA1  500 g of a 50% aqueous solution of the reaction product 6
PA1  2000 g of 80% acetic acid
PA1  14000 g of the aqueous preparation according to Example 5.
PAR  A milky emulsion forms in the bath and is completely absorbed on the wool
      over the course of 30 minutes. The treatment bath is then heated to
      60.degree.C and 4000 g of sodium bisulphite and 2000 g of a
      polyethylene/paraffin solution as described in Example I are added.
PAR  The treatment bath is drawn off after a treatment time of 20 minutes, the
      yarn is centrifuged and dried at 60.degree.-80.degree.C. A knitted fabric
      prepared from this yarn corresponds to IWS Specification 72 (4%shrinkage).
PAC  III.
PAR  a. 100 Kg of wool yarn is first dyed in the conventional manner, e.g. with
      a reactive dyestuff. The yarn is then rinsed and a fresh treatment bath of
      2000 litres of water and a temperature of 30.degree.C is prepared. To this
      bath are then added 4000 g of the acid potassium salt of monopersulphuric
      acid and the liquor is allowed to circulate for a few minutes. Then are
      added 500 g of a 50% aqueous solution of the reaction product 6 and 5000 g
      of 80% acetic acid. After a brief dwell there are then added 8000 g of the
      aqueous preparation according to Example 28 (a).
PAR  An emulsion forms in the treatment bath and is completely absorbed on the
      wool over the course of 40  minutes. The bath is then heated to
      60.degree.C in 10 minutes and 2000 g of sodium bisulphite and 2000 g of an
      aqueous emulsion of polyethylene (contains partially oxidised carboxyl
      groups) are added. After a further 15 minutes at 60.degree.C the treatment
      bath is drawn off, the wool centrifuged and dried at 80.degree.C.
PAR  The finished wool is processed to a knitted fabric and tested for the
      non-felting effect. According to IWS Specification 72 there is a shrinkage
      of 3-5%. Similarly good results are also obtained with the reaction
      products 1 to 5 and 7, as well as with the reaction products of Examples 1
      to 27 and 29 to 35 (component 2).
PA1  b. Instead of the described aftertreatment with the polyethylene emulsion
      it is also possible to add 2000 g of a 20% aqueous emulsion of the
      following composition to the treatment bath or to apply it in an
      aftertreatment. The yarn display a very good non-felting effect.
      Manufacture of the emulsion:
PAR  315.76 G of deonised water, 12.3 g of glacial acetic acid, 6.1 g of a
      condensation product of 1 mol of actadecyl alcohol and 35 moles of
      ethylene oxide and 0.1 g of antifoaming agent are heated to 95.degree.C
      internal temperature in a heatable agitator flask. Then, while stirring
      thoroughly, a solution of 74.2 g of polyethylene (contains partially
      oxidised carboxyl groups), 22.8 g of paraffin (melting point:
      60.degree.-62.degree.C), 17.1 g of a condensation product of dimerised
      unsaturated fatty acids and diethylene triamine, and 152 g of butyl glycol
      is added. The temperature of the solution is about 110.degree.C. The
      resulting emulsion is subsequently slowly cooled. To this emulsion can
      subsequently be added a silicone oil emulsion, in which case about 5% to
      15%, based on the solids content of the emulsion, is used.
PAC  IV.
PAR  A treatment bath is prepared in a yarn dyeing apparatus with 3000 litres of
      water of 30.degree.C and the following additives are given to it:
PA1  4000 g of KHSO.sub.5
PA1  1000 g of a 50% aqueous solution of the reaction product 6 according to
      Example 36
PA1  2000 g of 80% acetic acid
PA1  7000 g of the aqueous preparation according to Example 28.
PAR  100 Kg of dyed wool yarn are put into this bath and the treatment liquor is
      allowed to circulate in alternating direction. The emulsion present in the
      bath absorbs completely and uniformly on the wool yarn in 30 to 40
      minutes. The bath is then heated to 60.degree.C and 2000 g of sodium
      bisulphite and 2000 g of the emulsion according to III (b) are added
      thereto. After a further 15 minutes at 60.degree.C the yarn is centrifuged
      and thoroughly dried at 80.degree.C. Before being centrifiged the yarn can
      also be rinsed with cold water.
PAR  A knitted fabric is made from the dry yarn and it is tested in a Cubex
      according to IWS Speicifcation 72. The shrinkage of the yarn is about 3%.
      Untreated yarn has a shrinkage of about 60%.
PAC  V.
PAR  100 Kg of pure wool double knit are first wetted out in 1000 litres of
      water of 40.degree.C in a beam dyeing apparatus. There are then added
PA1  2000 g of KHSO.sub.5
PA1  3000 g of 80% acetic acid
PA1  600 g of a 50% aqueous solution of the reaction product 6
PA1  6000 g of the aqueous preparation according to Example 16.
PAR  The emulsion present in the bath is absorbed completely on the wool over
      the course of 30 minutes. There are then added 3000 g of sodium bisulphite
      and 2000 g of a polyethylene/paraffin solution as described in Example 1.
PAR  The liquor is heated slowly to 60.degree.C and treated for 15 minutes at
      this temperature. The knitted fabric is subsequently rinsed and dried on a
      stenter (2 minutes at 120.degree.C). The finished double knit corresponds
      to IWS Specification 72 (3% shrinkage).
PAC  VI.
PAR  100 Kg of knitting wool Nm 28/2/24 in the form of cheeses are first dyed in
      the conventional manner and then provided with a non-felting finish in a
      fresh treatment bath of 40.degree.C as described hereinbelow. To the
      treatment bath are added:
PA1  4000 g of KHSO.sub.5
PA1  1000 g of a 50% aqueous solution of the reaction product 6 according to
      Example 36
PA1  4000 g of 80% acetic acid
PA1  6000 g of the aqueous preparation according to Example 18.
PAR  Treatment is carried out for 40 minutes and then 3000 g of sodium
      bisulphite and 3000 g of polyethylene paraffin solution as described in
      Example I are added to the treatment bath. Treatment is carried for 10
      minutes, the bath is drawn off, and the wool is dried for 2 hours at
      60.degree.C. The treated yarn corresponds to IWS Specification 72. Similar
      results are obtained also by using the aqueous preparation according to
      Example 20.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for rendering wool non-felting, wherein the wool is treated at
      20.degree. to 100.degree.C with an aqueous preparation which contains
PA1  1. an alkali metal, ammonium or amine acid salt of monopersulphuric acid,
PA1  2. a reaction product of epoxides containing at least two epoxide groups
      per molecule, fatty amines and dicarboxylic acids, the equivalent ratios
      of epoxide groups to hydrogen bonded to amino nitrogen to carboxylic acid
      groups being 1:(0.1-1):(1-0.55),
PA1  3. an adduct of primary monoamines with 12 to 22 carbon atoms and 6 to 30
      moles of ethylene oxide, which is esterified with an at least dibasic
      oxygen containing acid, and, optionally
PA1  4. an agent that imparts a soft handle, and is subsequently subjected to a
      reductive aftertreatment.
NUM  2.
PAR  2. A process according to claim 1 wherein as component (1) there is used a
      sodium, potassium or ammonium acid salt of monopersulphuric acid.
NUM  3.
PAR  3. A process according to claim 1, wherein the aqueous preparation
      contains, as component (2), reaction products of epoxides, fatty amines
      and dicarboxylic acids which are obtained by reaction, in the presence of
      an organic solvent, of at least (a) an epoxide which contains at least two
      epoxide groups per molecule, (b) a fatty amine with 12 to 24 carbon atoms,
      and (c.sub.1) an aliphatic, saturated dicarboxylic acid with at least 7
      carbon atoms and optionally (c.sub.2) an anhydride of an aromatic
      dicarboxylic acid with at least 8 carbon atoms or of an aliphatic
      monocarboxylic acid with at least 2 carbon atoms or of a dicarboxylic acid
      with at least 4 carbon atoms, and optionally one or more of the following
      components: (d) an aminoplast precondensate containing alkylether groups,
      (e) an aliphatic diol with 2 to 22 carbon atoms and (f) a polyfunctional,
      preferably difunctional, organic compound which contains, as functional
      groups or atoms, mobile halogen, vinyl or ester groups or at most one
      acid, nitrile, hydroxyl or epoxide group together with at least one other
      functional group or an atom of the indicated type, and which are
      thereafter optionally treated, optionally at elevated temperature, with
      (g) ammonia or a water-soluble organic base.
NUM  4.
PAR  4. A process according to claim 3, wherein the aqueous preparations contain
      as component (2) reaction products of epoxides, fatty amines, and
      dicarboxylic acids, which are obtained by reaction together in the
      presence of an organic solvent, at least (a) an epoxide derived from a
      bisphenol, (b) a fatty amine wth 12 to 24 carbon atoms, (c) an aliphatic,
      saturated dicarboxylic acid with 7 to 14 carbon atoms and optionally one
      or more of the following components:
PA1  d. an aminoplast precondensate containing alkyl ether groups
PA1  e. an aliphatic diol with 2 to 6 carbon atoms, and
PA1  d. an epihalohydrin.
NUM  5.
PAR  5. A process according to claim 3, wherein the component (a) is an epoxide
      which is derived from a bisphenol.
NUM  6.
PAR  6. A process according to claim 5, wherein the component (a) is a
      polyglycidyl ether of 2,2-bis-(4'-hydroxyphenyl)-propane.
NUM  7.
PAR  7. A process according to claim 6, wherein the component (a) has an epoxide
      content of at least 5 epoxide group equivalent per kilogram.
NUM  8.
PAR  8. A process according to claim 6, wherein the component (a) is a reaction
      product of epichlorohydrin with 2,2-bis-(4'-hydroxyphenyl)-propane.
NUM  9.
PAR  9. A process according to claim 3, wherein the component (c.sub.1) is a
      dicarboxylic acid of the formula ps
EQU  HOOC -- (CH.sub.2).sub.y -- COOH
PAL  wherein y is a whole number from 5 to 12.
NUM  10.
PAR  10. A process according to claim 3, wherein the component (c.sub.2) is an
      anhydride of a mono- or bicyclic aromatic dicarboxylic acid with 8 to 12
      carbon atoms or of a monocarboxylic acid with at least 2 carbon atoms.
NUM  11.
PAR  11. A process according to claim 3, wherein the component (d) is an alkyl
      ether of a methylolaminotriazine.
NUM  12.
PAR  12. A process according to claim 11, wherein the component (d) is an alkyl
      ether of a highly methylolated melamine whose alkyl radicals contain from
      1 to 4 carbon atoms.
NUM  13.
PAR  13. A process according to claim 12, wherein the component (d) consists of
      n-butyl ethers of a highyl methylolated melamine which contain 2 to 2
      n-butyl radicals in the molecule.
NUM  14.
PAR  14. A process according to claim 3, wherein the component (e) is an
      aliphatic diol with 2 to 6 carbon atoms and whose the carbon chains are
      optionally interrupted by oxygen atoms.
NUM  15.
PAR  15. A process according to claim 3, wherein the component (f) is a
      difunctional organic compound which contains, as functional groups or
      atoms, halogen atoms bonded to an alkyl radical, vinyl or carboxylic acid
      ester groups or at most one epoxide, carboxylic acid or hydroxyl group
      together with another functional group and another atom of the indicated
      type.
NUM  16.
PAR  16. A process according to claim 3, wherein the component (f) is an
      epihalogenohydrin.
NUM  17.
PAR  17. A process according to claim 3, wherein the component (g) is an
      aliphatic tertiary monoamine, ammonia or an amine containing at least two
      amino groups and exclusively basic nitrogen atoms, with the amino groups
      each possessing at least one hydrogen atom bonded to nitrogen.
NUM  18.
PAR  18. A process according to claim 3, wherein the component (g) is an
      aliphatic polyamide of the formula
EQU  H.sub.2 N -- (CH.sub.2 --CH.sub.2 --NH).sub.n -- CH.sub.2 -- CH.sub.2 --
      NH.sub.2
PAL  wherein n is 1, 2 or 3.
NUM  19.
PAR  19. A process according to claim 3, wherein the reaction of the component
      (a) with the component (b) is carried out at 20.degree. to 120.degree.C.
NUM  20.
PAR  20. A process according to claim 1, wherein the component (3) consists of
      adducts of fatty amines with 12 to 22 carbon atoms and 6 to 30 mols of
      ethylene oxide, esterified with sulphuric acid.
NUM  21.
PAR  21. A process according to claim 20, wherein the adducts contain 7 to 16
      mols of ethylene oxide.
NUM  22.
PAR  22. A process according to claim 20, wherein the component (3) consists of
      alkali metal salts of ammonium salts of the esterified adducts.
NUM  23.
PAR  23. A process according to claim 1, wherein as component (4) an agent for
      imparting a soft handle is applied to the wool simultaneously with the
      aqueous preparations of the agent for imparting nonfelting properties, or
      is applied in the form of an after-treatment.
NUM  24.
PAR  24. Process according to claim 23, wherein oil, fat and wax emulsions,
      fatty acid condensation products or polyethylene, siloxane and silicone
      emulsions or their mixtures are used as agents for imparting a soft
      handle.
NUM  25.
PAR  25. A process according to claim 1, wherein as reducing agents there are
      used sulphides, hydrogen sulphides, hydroxylamines, thiosulphates,
      sulphites and hydrogen sulphites of alkali metal and alkaline earth
      metals, as well as of ammonium.
NUM  26.
PAR  26. The wool material, or fibre material containing wool, which is finished
      according to the process claimed in claim 1.
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ABST
PAL  A process is disclosed for dyeing a bundle of dry-spun acrylonitrile
      polymer filaments before the solvent remaining after the spinning step has
      been extracted. The filaments having a water content of not over 30%, are
      subjected to a dye bath, and drawn while immersed in the bath at least
      1.5.times. and are then washed to rinse them and to extract spinning
      solvent.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a process for dyeing dry-spun filaments of
      acrylonitrile polymer during their manufacture. More particularly, the
      invention is directed to a process for dyeing such filaments to deep
      shades by regulating the treatment applied to the filaments after they
      have been spum and before they are packed for shipment.
PAC  BACKGROUND OF THE INVENTION
PAR  Acrylonitrile polymer is manufactured by the producer in the form of
      filaments and converted to staple fibers by the producer or by his
      customer in the trade. Fibers and filaments of acrylonitrile polymer,
      i.e., acrylic fibers, are relatively difficult to dye. Although the
      producer usually adapts the acrylic fiber for improved dyeability by
      incorporation of copolymeric dye sites and other techniques, the dyeing
      step is usually carried out in the trade by using carefully controlled
      conditions and lengthy dyeing times.
PAR  The economic and technical advantage of dyeing as-spun acrylic filaments in
      the process of their manufacture is apparent, and methods to accomplish
      this have been developed for the wet-spinning process of producing acrylic
      filaments. These methods are described in, e.g., Cresswell U.S. Pat. No.
      2,558,735, Moore U.S. Pat. No. 3,113,827, Wirth et al. U.S. Pat. No.
      3,111,357, Briar et al. U.S. Pat. No. 3,296,341, and Japanese Pat. No.
      44-24495 (1969). However, because of the inherent differences between wet-
      and dry-spinning procedures, the techniques that have been developed for
      dyeing wet-spun acrylic filaments are not easily adaptable for use with
      dry-spun acrylic filaments. For example, wet-spinning dyeing procedures
      generally require the formation of a gel of the filament which, of course,
      is not feasible in a dry-spinning operation. Consequently, methods have
      been sought to dye dry-spun acrylic filaments on the run during the
      production of the filaments. This has been termed the "producer dyeing" of
      filaments.
PAR  In the manufacture of producer colored acrylic filaments, it is desired in
      actual commercial practice to introduce the dye into the fiber at some
      stage after the spinning step. Otherwise, to make a desired change in the
      product color would necessitate interrupting the spinning process and
      flushing of the color from the system during the transition from one color
      to another. The acrylic filaments are therefore usually collected at the
      spinning step, and prior to the next step the spun filaments are usually
      stored for several hours or more.
PAR  In accordance with the present invention, it has been found that it is
      essential to maintain the dry-spun acrylic filaments at a relatively low
      level of water content after they have been spun but prior to the
      application of dye to the spun filaments. More specifically, it has been
      found that the water content of the spun filaments should not exceed 30%.
      It has also been found that it is critical to draw the filaments while
      they are still in contact with the liquid dye mixture. If the filaments
      become soaked with water before they are dyed, or if they are not drawn
      while still in contact with the liquid dye mixture, only a relatively low
      level of dye is absorbed into the fiber.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, this invention is a process for dyeing filaments of dry-spun acrylic
      polymer which comprises, in sequence, the steps of
PA1  1. dry-spinning of acrylonitrile polymer,
PA1  2. collecting the spun filaments,
PA1  3. contacting the filaments with liquid dye by subjecting them to a liquid
      dye bath,
PA1  4. drawing the filaments at least 1.5.times. while they are still immersed
      in the liquid dye bath, and
PA1  5. immersing the filaments in a hot aqueous bath to rinse the filaments and
      extract spinning solvent from them;
PAL  said spun filaments having, just prior to step (3), a water content of not
      over 30% by weight.
PAR  Preferably, the filaments are drawn again after they have been drawn while
      immersed in the dye bath. It is also desirable that the rinsing of the
      dyed, drawn filaments be delayed for at least 2 seconds after the drawing
      step; preferably, 10 seconds or more. By this slight delay in the rinsing
      step, the degree of fixation of the dye in the filaments is increased.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic drawing of the various apparatus used in the process
      of this invention.
PAR  FIG. 2 is a schematic drawing of an alternative apparatus which may be used
      in the steps of application of the dye to the filaments and subsequent
      drawing of the filaments in contact with the liquid dye mixture.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The filaments of acrylonitrile polymer employed in this invention are
      dry-spun filaments, manufactured in the conventional manner by spinning a
      heated solution of acrylonitrile polymer in a solvent for the polymer,
      such as dimethylformamide, dimethylacetamide, or dimethylsulfoxide. The
      solution is heated and extruded from spinnerets into a hot inert gas,
      where most of the spinning solvent is vaporized and removed. The filaments
      so spun normally contain from about 10 to 50% of the spinning solvent,
      based on the weight of the filaments. Upon leaving the spinning cell, the
      filaments are collected into bundles which may also be called ropes or
      tows. After the filaments are spun, they are moistened, e.g., by passing
      them in contact with a rotating roll which is partially immersed in a bath
      of water or aqueous finish. In the prior art it is known to apply an
      amount of water to the spun filaments which may even exceed the dry weight
      of the filaments; however, in accordance with the present invention, the
      amount of water applied to the spun filaments should not exceed 30% by
      weight. Typically, the spun filaments are collected by piddling them into
      an appropriate can or other container, or by winding them on a bobbin. The
      interval of time between collection of the spun filaments and the next
      step in their processing may vary from several hours to several days or
      even longer.
PAR  In accordance with the process of the present invention, the collected spun
      filaments are then immersed in a liquid dye bath. Preferably, the initial
      contact of dye on the filaments should be made nearly zero stretch. This
      zero stretch is only momentary, for the filaments are then drawn in the
      dye bath. It is critical that the filaments be stretched more than
      1.5.times. while still in the dye bath, and preferably, the filaments are
      drawn at least 2.times..
PAR  Finally, following the drawing step, the filaments are preferably permitted
      to remain wet with dye for a short time in order to set the dye. A time of
      about 2 seconds is sufficient for at least light shades. To ensure medium
      shades, 10 seconds can be used, while for deep shades, a lapse of 100
      seconds or more may be used. After the dye is set, any excess dye may be
      rinsed off; and the dye filaments may also be drawn once more to enhance
      their physical properties. This second draw step is an optional one which
      depends on the properties desired and on the amount of draw in the first
      draw step. The second draw step may be carried out in such a way as to
      serve also as the extraction step, employing water at
      90.degree.-100.degree. C. The rinse can be either a bath or a spray in
      which the filaments are contacted with the rinse medium to remove excess
      dye solution.
PAR  To aid in understanding the invention, reference is made to FIG. 1 in which
      filaments 1 of acrylonitrile polymer are spun and collected together by a
      guide 2 to form filament bundle 3. The filament bundle is then
      continuously passed under forwarding roll 4 and then over wetted roll 5,
      which is rotating in a bath of water 6 in container 7. From wetted roll 5
      the filaments are wound up on bobbin 8. The spun filaments are then
      stored, in such a manner that the moisture content of the filaments
      remains substantially constant, until is is desired to subject them to
      further processing. In the second stage of the process, the filaments are
      withdrawn from bobbin 8 and passed into and through dye bath 9 in tank 10
      by passing them over driven feed roll 11, under idler roll 12, and over
      driven roll 13. From roll 13 the filament bundle is passed through dye
      bath 14 in tank 15 by passing under idler roll 16 immersed in the dye bath
      and then to driven roll 17, finally being wound up on bobbin 18. The
      filament bundle is drawn at least 1.5.times., preferably 2.times., as it
      passes through the second dye bath 14, however, the bundle is preferably
      not drawn in the first dye bath 9. In the final stage of treatment, the
      filaments are withdrawn from bobbin 18 and passed through aqueous bath 19
      in tank 20, by passing the filaments over driven roll 21, under idler roll
      22, over driven roll 23, and finally winding up the filament bundle on
      bobbin 24. In aqueous bath 19, which is preferably maintained at a
      temperature of 90.degree.-100.degree. C., spinning solvent remaining in
      the filament is removed, together with any traces of dye remaining on the
      filaments which are not absorbed in the filaments. The filaments are
      preferably also given an additional draw as they pass through bath 19.
PAR  It will be appreciated that variations may be made in the above process
      without departing from the scope of the invention. For instance, the
      filament bundles may be piddled into collection cans rather than being
      wound upon bobbins. The initial drawing step may be carried out in the
      first dye bath 9 by imposing the draw between driven roll 13 and idler
      roll 12, with the filaments entering the tank under substantially zero
      stretch and the draw taking place after the filaments contact the idler
      roll. In this variation the second bath may be omitted. Also the number of
      tanks in the apparatus can be increased, and the final stage of rinsing
      with optional additional drawing may be combined with the stage of dyeing
      and drawing the filament bundle.
PAR  An alternative apparatus which may be employed in the second stage of the
      process depicted in FIG. 1 is illustrated in FIG. 2. In this apparatus, a
      bundle 30 of dry-spun filaments of acrylonitrile polymer is withdrawn from
      a bobbin or other source (not shown) to a set of driven rolls 31 and 32,
      around which several wraps of the bundle are taken. Two passes of the
      bundle through bath 33 in tank 34 are then taken by passing the bundle
      under guide 35 at the far end of the tank, under guide 36 at the near end
      of the tank, over lower driven roll 32 and thence back under guides 36 and
      35, the bundle finally being withdrawn from the tank by another pair of
      driven rolls 37 and 38. Rolls 37 and 38 are operated at a speed
      sufficiently higher than rolls 31 and 32 to impose the desired draw ratio
      upon the filament bundle. Upon leaving rolls 37 and 38 the filament bundle
      is wound upon a bobbin, not shown, after which it is ready for rinsing in
      a hot aqueous bath and optional drawing as shown in the last stage of FIG.
      1.
PAR  The bundle of filaments may be a rope of acrylonitrile polymer filaments
      containing on the order of a few hundred filaments or more, or a tow
      formed by combining several such ropes and containing up to 500,000 to
      1,000,000 filaments or even more.
PAR  The acrylonitrile polymers used to make the filaments employed in this
      invention are defined as long chain synthetic polymers composed of
      acrylonitrile units of the formula
      ##EQU1##
      in the polymer chain. As is well understood, the term includes the
      homopolymer of acrylonitrile (i.e., polyacrylonitrile) and copolymers of
      acrylonitrile and one or more suitable monoethylenically unsaturated
      monomers copolymerizable with acrylonitrile. Among the typical addition
      monomers exemplary of those which are copolymerizable with
      polyacrylonitrile are methyl acrylate, methyl methylacrylate, vinyl
      acetate styrene, methacrylamide, methacrylonitrile, vinyl chloride, vinyl
      bromide, vinylidene chloride, methyl vinyl ketone and the like as well as
      any of the available vinyl pyridines. The preferred comonomers include
      methyl acrylate, vinyl acetate, vinyl chloride, styrene and the vinyl
      pyridines. Sulfonate comonomers can also be employed, e.g., the sulfonated
      styrenes, vinyl sulfonate, allyl sulfonate, methallyl sulfonate and their
      alkali-metal or alkaline-earth-metal salts, and the like; it being
      necessary only that the compound chosen from this class be copolymerizable
      with acrylonitrile to the desired extent. The preferred sulfonate
      comonomers are the sulfonated styrenes.
PAR  The dyes useful in dyeing the filaments of acrylonitrile polymer must be
      soluble in a suitable solvent therefor, or at least dispersible in the
      solvent. Dyes having a particle size of not more than 100A are readily
      imbibed in an acrylonitrile polymer filament. The term "liquid dye bath"
      is limited to baths of those classes of mixtures. A suitable solvent for
      many dyes is a mixture of glycollic acid and water. The dyes may be
      selected from any of a wide number of dyestuff classes, preferably the dye
      chosen for the use is substantive to the acrylonitrile polymer substrate
      of the particular filaments which are being spun and drawn. Thus, basic
      dyes are particularly suited for use with acrylic fibers containing
      anionic sites; and acid dyes are suited for use with acrylic fibers
      containing basic sites. Many disperse dyestuffs are useful for acrylic
      fibers containing either acid or basic dye sites, as well as for filaments
      composed of acrylonitrile polymers containing neutral comonomers. The term
      dyes is intended to comprehend not only colored dyestuffs, but also
      optical brighteners and other materials which modify the visual appearance
      of luster of the filaments. Concentration of dye in the dye bath may range
      from about 0.1 to about 12% by weight, depending on the amount of dye on
      fiber desired.
PAR  The invention will be further illustrated by the following examples;
      however, the invention is not intended to be limited thereby. All percents
      are by weight unless otherwise specified. In the example, the
      determination of water is made with the use of the well-known Karl Fisher
      reagent. In this determination, a sample of the filaments is taken and
      weighed, after which it is placed in an empty flask and titrated with Karl
      Fisher reagent, the end point being revealed by the appearance of color
      resulting from excess of the reagent. The calculation is made in the usual
      way, the results being expressed as percentage of water based on the
      weight of the sample.
PAC  EXAMPLE I
PAR  Acrylonitrile polymer filaments are prepared by dry spinning a
      dimethylformamide solution of a terpolymer containing about 93.9%
      acrylonitrile, 6% methyl acrylate, and 0.1% sodium styrenesulfonate. The
      filaments, which contain about 18% dimethylformamide, are collected in the
      form of a bundle having an as-spun denier of about 1800, comprised of
      individual filaments having an as-spun denier of about 13. At the exit of
      the spinning cell, the filaments contact a rotating roll bearing a thin
      film of water, after which the spun filaments are wound up on a bobbin.
      The as-spun filaments contain less than 5% water by analysis. Immediately
      after spinning, the bobbin of spun filaments is placed in a polyethylene
      bag and the bag is closed.
PAR  After standing 16 hours in the closed polyethylene bag at the stated
      moisture level of less than 5% water, the filaments are passed from the
      bobbin over a rotating roll immersed in water and collected upon another
      bobbin. During the run a series of samples is prepared in which a
      different rate of rotation of the roll is used for each sample to vary the
      moisture level of the filaments passed over the roll, the filaments
      moistened at each speed of roll rotation being collected separately on
      different bobbins. The moisture level of the collected filaments is
      determined, and the filament samples are stored in separate closed
      polyethylene bags for 24 hours, each sample remaining in equilibrium with
      water at the applied level during the storage period. One additional
      sample is stored in a polyethylene bag filled with water to provide a
      soaked filament sample.
PAR  In a series of runs, each sample of the stored filaments is passed through
      a tank of a 2% aqueous solution of the dye having the Color Index
      identification of Basic Blue 3, using the apparatus shown in FIG. 2. The
      temperature of the bath is 65.degree. C. After passing through the bath
      once as shown in the figure, the filament bundle is passed over the lower
      of the two driven rolls from which it entered the bath and is then passed
      back through the dye bath again in the reverse direction. A draw ratio of
      2.5.times. is imposed in the bundle as it passes through the dye bath the
      second time by means of a third set of driven rolls around which the
      bundle of filaments is passed after leaving the dye bath. Upon leaving the
      third set of driven rolls, the bundle of filaments is taken up on a
      bobbin. Finally, the dyed filaments are passed from the bobbin through a
      tank of boiling water wherein they are drawn an additional 2.times., after
      which the filaments are wound up once more. In addition to the stretching
      imposed in the final step, residual dimethylformamide and a small amount
      of unadsorbed dye is extracted from the filament in the boiling water.
PAR  The results obtained are shown in Table 1. As shown in the table, good
      results are obtained for dye on fiber from filaments containing up to
      about 30% water on the filament, and these filaments in each case are dyed
      to a deep shade of blue. However, filaments which are soaked with water
      prior to the dyeing step exhibit a much lower level of dye on fiber, and
      the filaments are observed visually to be dyed to a lighter shade of blue
      than the filaments maintained substantially dry prior to application of
      the dye.
TBL                Table 1                                                     
     ______________________________________                                    
     Water Level on Fiber                                                      
                       Dye on Fiber                                            
     ______________________________________                                    
              Soaked           1.72%                                           
              28%              2.53                                            
              17               2.42                                            
              14               2.92                                            
              9                2.66                                            
     Under    5                3.27                                            
     ______________________________________                                    
PAC  EXAMPLE II
PAR  As-spun filaments of a terpolymer containing about 94.5% acrylonitrile,
      5.8% methyl acrylate, and 0.2% sodium styrenesulfonate, containing between
      18 and 23% dimethylformamide in the fiber and less than 5% water on the
      fiber, are collected in the form of a bundle having an as-spun denier of
      about 8000, comprised of individual filaments having an as-spun denier of
      about 11.
PAR  In a series of runs, filaments are passed from a bobbin into a tank of a 2%
      aqueous solution of the dye having the Color Index identification of Basic
      Red 18, as described in FIG. 1. The filaments are drawn in the bath, with
      the draw taking place after the filaments pass under the idler roll. After
      the filaments are dyed and drawn, they are washed and drawn simultaneously
      in boiling water to total of 4.5.times. after an interval of 600 seconds.
      Different draw ratios are applied in the various runs. In a series of runs
      which are summarized in Table 2, the draw ratios employed in the
      stretching step are varied, as well as the temperature of the dye bath. As
      shown in the table, a draw ratio in excess of 1.5.times. is required to
      obtain a good fixation of the dye in the fiber.
TBL                Table 2                                                     
     ______________________________________                                    
     Dye Bath Temperature                                                      
                    Draw Ratio   Dye on Fiber                                  
     ______________________________________                                    
     60.degree.C.    1.5X          1.05%                                       
                     1.8           2.38                                        
                     2.0           2.88                                        
     70.degree.C.    1.5           0.85                                        
                     1.8           1.30                                        
                     2.0           1.45                                        
                     2.5           2.55                                        
                     3.0           2.70                                        
     ______________________________________                                    
PAC  EXAMPLE III
PAR  As-spun filaments of a terpolymer containing about 94% acrylonitrile, 5.8%
      methyl acrylate, and 0.2% sodium styrenesulfonate, containing 18-34%
      dimethylformamide in the fiber and less than 5% water on the fiber, having
      a denier of about 8000 and are collected in the form of a rope containing
      about 700 individual filaments having an as-spun denier of about 11.4. The
      rope is fed at a speed of about 18 ypm into a tank containing a 2% aqueous
      solution of the dye having the Color Index identification of Basic Red 18.
      The filaments are drawn 2.2.times. in the tank, which is maintained at a
      temperature of 60.degree. C., with the draw taking place after the
      filaments pass under the idler roll, as described in Example II. The
      filaments are then redrawn by passing them through a bath of boiling water
      while applying to them a draw ratio of 2.5.times., the residual spinning
      solvent being extracted into the bath. The filaments are dyed to a deep
      shade of red and analyze for  3.05% dye on fiber. It is observed that
      essentially none of the dye comes off in the rinse-draw step.
PAC  EXAMPLE IV
PAR  As-spun filaments of a terpolymer containing about 94% acrylonitrile, 5.8%
      methyl acrylate, and 0.2% sodium styrenesulfonate, similar to the
      filaments of Example III and containing less than 5% water on the fiber,
      are collected in the form of a bundle. The filaments are then passed from
      a bobbin into a tank of 2% aqueous solution of the dye having the Color
      Index identification of Basic Red 18. The filaments are drawn 2.2.times.
      in the bath, with the draw taking place after the filaments pass under the
      idler roll, as described in Example II. After the filaments are dyed and
      drawn, they are rinsed by hand after being held for an interval after the
      dyeing/draw step. Table 3 shows the results of varying the interval before
      the rinse step in terms of the degree of fixation of dye on dye on fiber,
      based on the amount of dye removed from the bath.
TBL                Table 3                                                     
     ______________________________________                                    
     Lag Between Dye                                                           
     Application and Rinse                                                     
                         % Dye Fixed                                           
     ______________________________________                                    
            10 seconds    65%                                                  
            20           91                                                    
            40           100                                                   
     ______________________________________                                    
PAR  The experiment is repeated, using a dye bath consisting of a 1% aqueous
      solution of the dye having the Color Index identification of Basic Blue 3
      in place of the dye bath described above. Using this dye bath, it is
      observed that a level of 89% dye fixation is obtained after an interval of
      only 3 seconds before the rinse step; while a 24-second interval yields a
      level of 93% dye fixation and a 64-second interval before the rinse step
      yields a level of 100% fixation.
PAC  EXAMPLE V
PAR  As-spun filaments of a terpolymer containing about 94% acrylonitrile, 5.8%
      methyl acrylate, and 0.2% sodium styrenesulfonate, containing 21%
      dimethylformamide in the fiber and less than 5% water on the fiber are
      collected in the form of a filament bundle.
PAR  In a series of runs, filaments are passed from a bobbin into a tank of
      aqueous dye solution maintained at 62.degree. C., the filament bundle
      being drawn 2.2.times. in the tank, with the draw taking place after the
      filaments pass under the idler roll, as described in Example II. In a
      series of runs, solutions of different dyes at various concentrations are
      employed, as shown in Table 4. After an interval of seconds the filament
      bundles are further drawn 2.0.times. in boiling water. Color photographs
      are made of the cross sections of the dyed filaments, and examination of
      these photographs reveal that each color penetrated into the center of the
      filament even though the residence time in the dye bath while being
      stretched is only 0.01 seconds. By comparison, in conventional dyeing, the
      dye does not usually penetrate so thoroughly in less than 30 minutes.
TBL                Table 4                                                     
     ______________________________________                                    
     Dye Identification                                                        
                  Dye Concentration                                            
                                 Dye                                           
      (Color Index)                                                            
                  In Bath        On Fiber                                      
     ______________________________________                                    
     Basic Blue 3  1.0%          1.25                                          
                  3.0            2.8                                           
                  4.9            4.65                                          
     Basic Yellow 13                                                           
                  2.0            2.05                                          
                  4.0            4.1                                           
     Basic Red 18 2.0            2.2                                           
                  4.0            3.8                                           
     ______________________________________                                    
PAC  EXAMPLE VI
PAR  Bicomponent filaments are spun in the conventional manner, using on one
      side a terpolymer of 94% acrylonitrile, 5.8% methyl acrylate, and 0.2%
      sodium styrenesulfonate and on the other side of copolymer of 95%
      acrylonitrile and 5% sodium styrenesulfonate. The spun bicomponent
      filaments are collected in a bundle of 300 filaments having a denier of
      about 1000 and containing 22% DMF and less than 5% water on the fiber. The
      bundle of bicomponent filaments is fed at a speed of 10 ypm into a tank
      containing a 2.7% aqueous solution of the dye having the Color Index
      identification of Basic Red 18. The filaments are drawn 2.2.times. in the
      tank, which is maintained at a temperature of 60.degree. C. The contact
      time in the tank is 1 second, with the draw in the filament bundle taking
      place after the filament bundle passes under the idler roll, as described
      in Example II. After the filaments are dyed and drawn, they are wound on a
      tube. After the filaments have been held on the tube 5-10 minutes, they
      are redrawn by passing them through a bath of boiling water while applying
      to them a draw ratio of 2.0.times.. The filaments are dyed to a deep shade
      of red and analyze for 5.3% dye on fiber. It is observed that essentially
      none of the dye comes off in the rinse-draw step. In a similar experiment
      using an 8% aqueous solution of the dye, the filaments are found to absorb
      9.9% dye on fiber. Similar results are obtained with aqueous solutions of
      the basic dyes having the Color Index identification of Basic Yellow 13
      and Basic Blue 3.
PAC  EXAMPLE VII
PAR  As-spun filaments of a terpolymer containing about 94% acrylonitrile, 5.8%
      methyl acrylate, and 0.2% sodium styrenesulfonate are prepared in two
      spinning runs in which the conditions, all within conventional range,
      yield filaments having different amounts of residual dimethylformamide in
      the fiber. In one sample the residual dimethylformamide content is 12%,
      and in the second sample the residual dimethylformamide content is 23%. In
      each case the filaments are collected in the form of bundles having a
      denier of about 8000 and containing about 700 individual filaments. The
      spun filaments contain less than 5% water on fiber in each instance.
PAR  In separate runs, the filaments are passed from a bobbin into a tank of a
      2% aqueous solution of the dye having the Color Index identification of
      Basic Red 18, the dye bath being maintained at 60.degree. C. The filaments
      are drawn 2.2.times. in the tank, with the draw taking place after the
      filaments pass under the idler roll, as described in Example II. The
      percentage dye on fiber is found to be 2.8% for the first sample and 2.9%
      for the second sample. Thus, despite the differing levels of
      dimethylformamide in the filaments, the absorption of dye on fiber is
      practically the same.
PAR  The foregoing detailed description has been given for clearness of
      understanding only and no unnecessary limitations are to be understood
      therefrom. The invention is not limited to the exact details shown and
      described for obvious modifications will occur to those skilled in the art
     .
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A process for dyeing filaments of dry-spun acrylic polymer which
      comprises, in sequence, the steps of
PA1  1. dry-spinning a solution of acrylonitrile polymer to form undrawn
      filaments containing from about 10 to 50 percent by weight of spinning
      solvent,
PA1  2. moistening the spun filaments to have a water content of not over 30
      percent by weight,
PAR  3. contacting the moist, solvent-containing, undrawn filaments with liquid
      dye by immersing them in a liquid dye bath,
PA1  4. drawing the filaments at least 1.5.times. while they are still immersed
      in the dye bath, and
PA1  5. immersing the filaments in a hot aqueous bath to rinse the filaments and
      extract spinning solvent from them.
NUM  2.
PAR  2. The process of claim 1 wherein the filaments are drawn again in step
      (5).
NUM  3.
PAR  3. The process of claim 1 wherein the filaments are delayed for at least 2
      seconds between steps (4) and (5).
NUM  4.
PAR  4. The process of claim 1 wherein the polymer is composed of about 93.9%
      acrylonitrile, 6% methyl acrylate and 0.1% sodium styrenesulfonate.
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ABST
PAL  Sterilizing apparatus and method in which a heavier-than-air sterilizing
      gas is introduced at a substantially constant flow rate into the bottom of
      the sterilizing chamber. Air in the chamber is displaced upwardly by the
      gas and out of the chamber through a restricted exhaust which is open
      throughout the gas introduction period. The pressure at the top of the
      chamber is monitored and the restricted exhaust is closed when the
      pressure has increased to a preselected level, the pressure level being
      directly related to the gas concentration. The gas inlet remains open for
      a time to provide a chamber pressure which will help to displace air
      trapped in the material being sterilized.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of my earlier application Ser. No. 329,722 filed
      Feb. 5, 1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a gas sterilization apparatus and method
      wherein a heavier-than-air sterilizing gas or gas mixture introduced into
      the sterilizing chamber displaces air from the chamber.
PAR  The use of a heavier-than-air sterilizing gas or gas mixture, most commonly
      ethylene oxide or a mixture of ethylene oxide and some diluent such as a
      fluorocarbon gas, is well known in the art. In certain applications, a
      displacement method is used to replace the air in the sterilizing chamber
      with sterilizing gas. In this respect, the heavier gas is introduced into
      the chamber and simply allowed to displace the air upwardly and out of the
      chamber through some top located opening. Theoretically, when the gas is
      introduced into the chamber, the gas and air stratify with the
      heavier-than-air gas settling to the bottom of the chamber and displacing
      the air. Thereafter, as the depth of the gas increases, the air is forced
      up and out of the top located opening. The sterilizing period then begins
      when the articles to be sterilized are submerged in the gas.
PAR  In order to insure that the articles being sterilized are submerged in the
      gas, the usual procedure in the prior art is to simply calculate the
      quantity of gas required to fill the sterilizing chamber. This given
      quantity of gas is then introduced into the sterilizing chamber either on
      a weight or a time flow basis. Such prior art methods would be completely
      acceptable if the gas and air stratified into a lower layer of gas and an
      upper layer of air wherein the interface between the two layers was
      exactly defined or if the load space to air space is the same for each
      cycle. If such were the case, a calculated amount of sterilizing gas would
      replace a similar calculated amount of air so that the sterilizing chamber
      could be completely filled with the sterilizing gas and the air completely
      displaced.
PAR  As a practical matter, however, an intermediate layer forms between the
      sterilizing gas in the bottom of the sterilizer and the air in the top of
      the sterilizer. This intermediate layer is a mixture of air and the
      sterilizing gas. There are several factors which could lead to the
      formation of such an intermediate layer. For example, any turbulence
      created as the sterilizing gas enters the chamber will result in mixing of
      the gas and air. Also, any temperature differential between the articles
      being sterilized and the chamber may set up convection currents within the
      sterilizer which mixes the gas and the air. A third factor is termed
      "diffusion mixing" wherein the air and gas molecules tend to diffuse
      across the boundary between the upper layer of air and lower layer of gas.
      In any event, it is recognized that a relatively large and often variable
      intermediate layer, of a air-gas mixture forms between the layer of air
      and the lower layer of gas. Consequently, the prior art recognizes that a
      given volume of gas, no matter how carefully it is introduced into the
      sterilizing chamber, will not displace an equal amount of air.
PAR  To compensate for this, the prior art may employ some sort of gas monitor,
      analyzer or "presence of" detector to examine the exhaust of the chamber
      and indicate when there is sterilizing gas present in the air being
      displaced from the sterilizer. Depending upon the articles being
      sterilized, the introduction of gas can be stopped when sterilizing gas is
      just detected in the exhaust or when a particular concentration of
      sterilizing gas in the exhaust is reached. It should be readily
      appreciated that any such monitor, analyzer or presence of detector adds
      greatly to the cost of the sterilizing equipment.
PAR  A less expensive method to insure that articles being sterilized are
      completely submerged in the gas is to introduce an excess of gas into the
      sterilizing chamber. This method, however, is inherently inaccurate as the
      conditions which lead to the formation of the intermediate layer may vary
      from cycle to cycle and what may be an excess of sterilizing gas under one
      set of conditions may not be an excess under a slightly different set of
      conditions.
PAR  In the present invention, the sterilizing gas is introduced into the
      sterilizing chamber at a substantially constant flow rate. A low impedance
      restrictor is located in the exhaust to impede the passage of air and gas
      displaced from the chamber. Since the density of the sterilizing gas is
      greater than air, the gas exhibits different drag characteristics when
      flowing through the restrictor than does air, and it can be demonstrated
      that the flow rate of gas and displaced air leaving the sterilizing
      chamber through the restrictor is inversely proportional to the square of
      their densities. Because of these different drag characteristics, it has
      been experimentally verified that one equilibrium pressure level is
      established in the chamber during the time that only air is being
      displaced through the restricted exhaust and another higher pressure when
      only gas is passing through the restricted exhaust. When the intermediate
      layer, which is a mixture of gas and air, is displaced through the
      restrictor, the pressure in the chamber increases in direct proportion to
      an increase in gas concentration in the intermediate layer. Thus, at a
      constant input rate the pressure within the chamber can be directly
      correlated to the concentration of sterilizing gas within the chamber.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The method and apparatus of the present invention may be characterized in
      one aspect thereof by providing means for introducing a heavier-than-air
      sterilizing gas into a sterilizing chamber at a substantially constant
      flow rate wherein the gas and air tend to stratify in the chamber forming
      a lower layer of gas, an upper layer of air and an intermediate layer of a
      gas-air mixture, the layer of air and the upper end of the intermediate
      layer being displaced out of an open exhaust as the depth of the gas layer
      increases; maintaining a restriction in the open exhaust during the
      introduction of gas; and monitoring the pressure of the sterilizing
      chamber and closing both the gas inlet and restricted exhaust when the
      pressure has reached a pre-selected level.
PAC  OBJECTS OF THE INVENTION
PAR  One object of the present invention is to provide a low cost, easily
      operated, fill detector for gas sterilizing systems.
PAR  Another object of the present invention is to provide a gas sterilization
      method and apparatus for detecting when air in the sterilizing chamber has
      been replaced by the desired concentration of sterilizing gas.
PAR  A further object of the present invention is to provide a gas sterilizing
      apparatus and method wherein the introduction of sterilizing gas is
      automatically terminated upon the attainment of a desired gas
      concentration level within the sterilizing apparatus.
PAR  A still further object of the present invention is to provide a gas
      sterilizing method and apparatus wherein the desired concentration of
      sterilizing gas is established and maintained substantially constant
      throughout the sterilizing cycle.
PAR  A yet further object of the present invention is to provide a gas
      sterilization apparatus and method wherein the air in the chamber is
      replaced by the sterilizing gas in such a manner that the concentration of
      gas in the chamber is directly proportional to the pressure in the
      chamber, the introduction of gas being terminated when a predetermined
      pressure level is reached.
PAR  These and other objects and advantages and characterizing features of the
      present invention would become more apparent upon consideration of the
      following detailed description thereof when taken in connection with
      accompanying drawings depicting the same.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of the sterilizing apparatus of the
      present invention;
PAR  FIG. 2 is a graph showing the pressure-time relationship for a typical
      sterilizing chamber during the fill or air displacement portion of the
      sterilizing cycle;
PAR  FIG. 3 is a graph showing the correlation between pressure and actual
      ethylene oxide concentration during a typical sterilizing cycle; and
PAR  FIG. 4 is a graph showing a family of curves illustrating fill time for
      different input flow rates.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, FIG. 1 is a schematic representation of the
      apparatus as may be employed in the present invention. The apparatus
      includes a sterilizing chamber 12 into which are placed the articles (not
      shown) to be sterilized. A sterilizing gas such as ethylene oxide or a
      mixture of ethylene oxide and some inert gas is delivered to the chamber
      from a source not shown through a gas inlet line 14. The gas inlet line
      terminates in a manifold 16 within the sterilizing chamber. This manifold
      together with a baffle member 18 which may be of a type commonly employed
      in the art, reduces turbulence as the gas is introduced into the
      sterilizing chamber. The gas inlet line is opened and closed by a solenoid
      valve 20 and flow of the gas into the chamber is controlled by a regulator
      22. The regulator, also of a type well-known in the art, reduces surging
      at the input line in order to obtain a constant input flow of sterilizing
      gas which also reduces input turbulence.
PAR  As shown in FIG. 1, the gas entering the sterilizer and the air in the
      sterilizer tend to stratify according to their densities. The heavier gas
      is in a lower layer C, the lighter air in an upper layer A with an
      intermediate layer B being made up of an air-gas mixture. It should be
      appreciated that there is no well defined boundary between the three
      layers as schematically illustrated in FIG. 1. Actually, the intermediate
      layer has a concentration of gas which decreases and an air concentration
      which increases from the bottom of the layer to the top.
PAR  The top of the sterilizing chamber is provided with an outlet or exhaust 24
      which is opened and closed by a solenoid valve 26. As gas is being
      introduced through line 14, exhaust solenoid valve 26 remains open to
      permit the displacement of the upper air layer A from the chamber. A
      resistor 28 is provided in the exhaust for purposes set out hereinbelow.
PAR  Also communicating with the top of sterilizing chamber 12 is a pressure
      sensitive device 30 which may include a pressure gauge and recording
      chart. This device is connected to a control means 32, which is in turn
      connected to gas inlet solenoid valve 20 and exhaust solenoid 26.
PAR  As set forth hereinabove, there is a restrictor 28 in exhaust line 24. The
      function of this restrictor is to impart a drag force to the air and
      sterilizing gas flowing through the exhaust. While various restrictor
      designs may impart a suitable drag force to the air and gas, the
      restrictor found suitable for a 24 cubic foot sterilizer with gas input
      rates of between 1-2 CFM was a cylinder 25 mm in diameter and 250 mm long.
      The restrictor was packed with glass spheres 2.5 mm in diameter.
PAR  Imparting sufficient drag to the air and gas passing through the restrictor
      is important to the present invention because it is known from gas
      dynamics that under conditions of constrained constant flow the pressure
      of two gases will be directly proportional to their densities.
      Accordingly, if sterilizing gas is introduced into the chamber at a
      controlled constant flow, the drag on the air passing through the
      restrictor will be different than the drag on the gas passing through the
      restrictor. Consequently, the pressure in the chamber as indicated by
      gauge 30 will be at one value when just air is flowing through the
      restrictor and a higher value when just gas is flowing through the
      restrictor. This is illustrated by the graph shown in FIG. 2.
PAR  Starting the introduction of gases in the chamber at time 0 and with the
      chamber at atmospheric pressure, the graph shows that the pressure in the
      chamber quickly rises to a first equilibrium level at A. During this time,
      a steady state condition is established wherein gas entering the chamber
      displaces air in the upper layer A at the same rate. The drag on the air
      produced by restrictor 28 quickly reaches and stablizes at a constant
      value slightly higher than atmospheric. As intermediate layer B of the gas
      and air mixture begins passing through the restrictor, the drag produced
      by the restrictor on the gas component of the intermediate layer starts to
      become evident and the pressure in the chamber begins to rise gradually as
      shown in section B of the curve.
PAR  As set out above, the gas concentration decreases and the air concentration
      increases from the bottom of the intermediate layer B to the top. For this
      reason, the pressure in the chamber gradually rises as intermediate layer
      B passes through the restrictor and a greater and greater concentration of
      gas flows through the restrictor. When all of the air in layer A and
      substantially all of the intermediate layer B has been displaced out of
      the chamber and only gas flows through the restrictor, a second steady
      state condition is established as shown at C in FIG. 2.
PAR  Actual tests have shown the direct correlation between the pressure within
      the sterilizing chamber and the concentration of sterilizing gas. This is
      illustrated in FIG. 3 which shows portion B of the graph FIG. 2 on the
      larger scale. To demonstrate this correlation, a Perkin Elmer gas
      chromatograph was set up to monitor the exhaust from the chamber at
      various time intervals. The pressure in the chamber was continuously
      monitored by a Shaevitz transducer and the pressure recorded with a
      Bristol recorder. The solid line represents the pressure as traced by the
      Bristol recorder and the points on the line represents plots of the gas
      concentration as measured periodically by the gas chromatograph. As
      clearly illustrated, the plot of the gas concentration fall on the trace
      of the pressure and establishes a correlation between the pressure in the
      sterilizing chamber and the sterilizing gas concentration. Repeat runs on
      different days with different loads and using the same input flow rates of
      sterilizing gas showed deviation of less than 2% of the gas concentration
      shown in FIG. 3.
PAR  Knowing the correlation between chamber pressure and concentration of
      sterilizing gas, the apparatus shown in FIG. 1 may be programmed to
      terminate the introduction of gas when the desired concentration is
      reached. In this respect, the desired gas concentration or pressure which
      corresponds to the desired gas concentration is set on control 32. When
      the sterilizing cycle begins control 32 simply opens both gas inlet
      solenoid 20 and exhaust solenoid 26. The sterilizing gas is introduced
      into the sterilizing chamber at a constant flow rate as established by
      regulator 22. When the pressure within the chamber, as determined by
      sensor 30 has reached the preset level, controller 32 will operate to
      close both the gas inlet and the exhaust valves for a time sufficient to
      sterilize the articles within the chamber at the concentration of gas
      which has been selected.
PAR  For any given input flow rate the time that it takes to reach the desired
      concentration will depend upon the size of the load. As an example of this
      and also to demonstrate the automatic control and the ability of the
      present invention to adapt to various load sizes, two runs on the same
      sterilizer were made. The sterilizer used for both runs had a capacity of
      24 cubic feet. The gas during each run was introduced at the rate of one
      cubic foot per minute. In the first run, the load occupied only 0.85 cubic
      feet of the sterilizer or approximately 4.8% of theoretical load capacity.
      For this first run, the automatic shut-off of the exhaust occurred 14
      minutes after the start of the cycle. The second run was made with a load
      which occupied approximately 16 cubic feet of the sterilizer or about
      38.4% of capacity. For this run the automatic shut-off occurred in 9
      minutes. The runs were repeated on another day with the concentration of
      gas for each run being within 3% of the previous runs.
PAR  Since the correlation between chamber pressure and concentration of
      sterilizing gas for any given input rate of the sterilizing gas is
      reproducable, a family of curves such as shown for example in FIG. 4 can
      be provided with each apparatus. The two curves shown in FIG. 4 are both
      for a 24 cubic foot sterilizer. With the information contained in these
      curves, the operator would be able to select the flow rate most economical
      to his particular sterilizing operation. For example, if in the particular
      sterilizing procedure being employed, time is a more critical factor than
      the amount of ethylene oxide lost, the operator would select the high fill
      rate. In this respect, FIG. 4 shows, that a fill rate of 1.47 cubic feet
      per minute will displace substantially 100% of the air from the
      sterilizing chamber at a loss of 5.5 cubic feet of ethylene oxide. The
      lost ethylene oxide is that portion of the gas mixed with the air in the
      intermediate layer which must be the displaced in order to have
      substantially 100% gas in the chamber.
PAR  On the other hand, if time is not a factor and the operator wishes to
      economize on the amount of ethylene lost during the sterilizing cycle, a
      lower fill rate would be selected. In this respect, the second curve shows
      that a fill rate of 1.02 cubic feet per minute displaces substantially all
      of the air from the sterilizer in approximately 28 minutes with a loss of
      only 3.8 cubic feet of ethylene oxide.
PAR  Thus, far, the invention has been described only in connection with
      terminating the introduction of sterilizing gas when a predetermined
      pressure level is reached in the sterilizing chamber, the pressure level
      being correlated to a concentration of ethylene oxide at a given input
      flow rate. However, the present invention may also be adapted to maintain
      the gas concentration relatively constant during the gas diffusion phase
      of the sterilizing cycle. For example, if the articles to be sterilized
      are sealed in packages made of a material which is permeable to the
      sterilizing gas, sterilization of the article is accomplished by replacing
      the air in the package with the gas. This replacement is accomplished by
      diffusion of the gas and air across the package material. Even though a
      desired gas concentration has been reached, the gas within the sterilizing
      chamber is diluted slightly as the air in the packages diffuses out of the
      package and into the chamber. The present invention can be readily adapted
      to compensate for this dilution by admitting additional sterilizing gas
      into the chamber to restore the initial gas concentration.
PAR  To do this, the apparatus, as shown in FIG. 1, includes an intake manifold
      34 adjacent the top of the sterilizing chamber. This manifold is connected
      to the intake of a pump 36. The outlet of the pump is connected through a
      line 38 to the gas inlet manifold. Located in line 38 is a restrictor 40
      which functions in a manner similar to restrictor 28. Pressure sensing
      means 42 located across the restrictor is connected through control means
      32 to the gas inlet solenoid 20.
PAR  In operation, and beginning after gas inlet solenoid 20 and the exhaust
      solenoid 26 are closed, pump 36 will begin circulating the sterilizing gas
      in the chamber. The gas is drawn into intake manifold 34, pumped through
      restrictor 40 in line 38 and back into the sterilizing chamber through
      manifold 16. The pressure drop, measured by sensor 42 across the
      restrictor, is indicative of the gas concentration in the sterilizing
      chamber. As the gas is diluted by air diffusing out of the packages being
      sterilized, the pressure across restrictor 40 will decrease. When the
      pressure has dropped to a predetermined level as sensed by pressure sensor
      42, control 32 will cause gas inlet solenoid 20 to open. The gas now
      indroduced into the sterilizing chamber will bring the gas concentration
      back to desired level. When this level is reached and indicated by an
      increase in the pressure drop across restrictor 40, control 32 will close
      the gas inlet solenoid. In this manner the inlet solenoid can be cycled on
      and off throughout the gas diffusion stage of the sterilizing cycle in
      order to maintain the concentration of gas within the sterilizer at a
      fairly constant value.
PAR  Thus it should be appreciated that the present invention accomplishes its
      intended objects in providing a simple and effective means for indicating
      when the desired concentration of sterilizing gas is present in the
      sterilizing chamber and which maintains the gas at the desired
      concentration throughout the sterilizing cycle.
CLMS
STM  Having thus described the invention in detail, what is claimed as new is:
NUM  1.
PAR  1. In a gas sterilizing method, the steps for replacing air in a
      sterilizing chamber with a heavier-than-air sterilizing gas comprising:
PA1  a. introducing said gas into said chamber adjacent the bottom thereof at a
      substantially constant flow rate;
PA1  b. maintaining an open exhaust adjacent the top of said chamber, the air
      within said chamber being displaced upwardly by said heavier-than-air gas
      and said air and gas passing through said open exhaust in such a manner
      that a detectable drag force is created on the air and gas passing through
      said open exhaust so that pressure in the chamber when just air is passing
      through said exhaust remains at a first substantially constant level which
      is lower than a second substantially constant level when just sterilizing
      gas is passing through said exhaust.
PA1  c. monitoring the pressure in said chamber with a pressure sensor during
      said gas introduction step and while said exhaust is open, said pressure
      being correlated to the concentration of gas in said chamber, and
PA1  d. closing said exhaust during said gas introduction step in response to an
      indication by said pressure sensor that the pressure and therefore the gas
      concentration in said chamber has reached a predetermined level.
NUM  2.
PAR  2. In a gas sterilizing method wherein the articles to be sterilized are
      maintained in a closed chamber containing a heavier-than-air sterilizing
      gas for a timed period sufficient to effect sterilization, the improvement
      comprising:
PA1  a. circulating said gas in said closed chamber during said timed period by
      pumping said gas through a restrictor means at a constant flow rate;
PA1  b. monitoring the pressure drop across said restrictor means; and
PA1  c. introducing additional amounts of gas into said chamber when said
      pressure drop across said restrictor means falls below a predetermined
      level.
NUM  3.
PAR  3. The method as set forth in claim 2 wherein circulating said gas is
      accomplished by pumping said gas from said chamber through a restrictor
      means exterior of said chamber and then back into said chamber.
NUM  4.
PAR  4. In a method for sterilizing articles in a sterilizing chamber including
      replacing the air in the chamber with a heavier-than-air sterilizing gas,
      the improvement comprising the steps of:
PA1  a. introducing said sterilizing gas into the bottom of said chamber at a
      substantially constant flow rate, said sterilizing gas and the air in said
      chamber tending to stratify into a lower layer of sterilizing gas, an
      upper layer of air and an intermediate layer of a sterilizing gas-air
      mixture;
PA1  b. maintaining an open exhaust outlet at the top of said chamber during the
      introduction of said sterilizing gas, wherein said upper layer of air and
      said intermediate layer are displaced upwardly in said chamber by said
      lower layer of sterilizing gas and out through said open exhaust outlet;
PA1  c. creating a detectable drag force on the air and sterilizing gas passing
      through said open exhaust outlet so that pressure in the chamber when just
      air is passing through said exhaust outlet remains at a first
      substantially constant level which is lower than a second substantially
      constant level when just sterilizing gas is passing through said exhaust
      outlet, the pressure intermediate said levels being in direct proportion
      to the concentration of said sterilizing gas in said intermediate layer;
PA1  d. monitoring the pressure in said chamber with a pressure sensor adjacent
      said exhaust outlet during said sterilizing gas introduction step;
PA1  e. closing said exhaust outlet in response to an indication by said
      pressure sensor that the pressure in the chamber has reached a
      predetermined level higher than said first substantially constant level;
      and
PA1  f. stopping the introduction of gas and thereafter maintaining the articles
      in said chamber for a time period sufficient to effect the sterilization
      of the articles.
NUM  5.
PAR  5. A method as set forth in claim 4 wherein step (e) occurs when the
      pressure in said chamber is at a level intermediate said first and second
      substantially constant levels.
NUM  6.
PAR  6. The method as set forth in claim 4 including the steps of:
PA1  g. circulating the gas in said sterilizing chamber during at least a
      portion of the time period of step (f) by pumping the gas through a
      restrictor means at a constant flow rate;
PA1  h. monitoring the pressure drop across the restrictor means; and
PA1  i. introducing additional amounts of the sterilizing gas into said
      sterilizing chamber when said pressure drop across the restrictor means
      falls below a predetermined level.
NUM  7.
PAR  7. The method as set forth in claim 6 wherein circulating said gas is
      accomplished by pumping said gas from said chamber through a restrictor
      means exterior of said chamber and then back into said chamber.
NUM  8.
PAR  8. In a gas sterilizing apparatus including a sterilizing chamber, gas
      inlet means adjacent the bottom of said chamber for introducing a
      heavier-than-air sterilizing gas at a constant flow rate into said chamber
      and an exhaust means adjacent the top of said chamber for venting said
      chamber, the improvement comprising:
PA1  a. restrictor means in said exhaust means impeding the passage of air and
      gas therethrough for imparting a drag to the air and gas displaced and
      vented from said chamber during the introduction of said gas, the drag
      imparted to venting gas being greater than the drag imparted to venting
      air by reason of the density of said gas being greater than that of air;
PA1  b. pressure sensor means operative during the period of gas introduction
      for monitoring the pressure in said chamber created by the action of said
      restrictor means impeding the venting of air and gas, the pressure in said
      chamber under conditions of constant flow of gas into/and displacement
      from said chamber being correlated to the concentration of gas in said
      chamber; and
PA1  c. control means maintaining said exhaust means open during introduction of
      gas into said chamber and closing said exhaust means in response to an
      indication by said pressure sensor that the pressure and therefore, the
      concentration of gas in said chamber has reached a predetermined level.
NUM  9.
PAR  9. Apparatus as set forth in claim 8 including:
PA1  d. means operable after both said inlet means and exhaust means are closed
      to circulate the gas in said sterilizing chamber at a constant flow
      through a second flow restrictor means;
PA1  e. means monitoring the pressure drop across said second flow restrictor
      means; and
PA1  f. means acting responsive to a reduction in said pressure drop for opening
      said gas inlet means.
NUM  10.
PAR  10. In a gas sterilizing apparatus including a sterilizing chamber, gas
      inlet means for introducing a heavier-than-air sterilizing gas into said
      chamber and an exhaust means for venting said chamber, the improvement
      comprising:
PA1  a. flow restrictor means in communication with said chamber;
PA1  b. means operable after both said inlet means and exhaust means are closed
      to circulate the gas in said chamber at a constant flow rate through said
      flow restrictor means;
PA1  c. means monitoring the pressure drop across said flow restrictor means;
      and
PA1  d. means acting responsive to a reduction in said pressure drop for opening
      said gas inlet means.
NUM  11.
PAR  11. Gas sterilizing apparatus comprising:
PA1  a. a sterilizing chamber having an outlet adjacent the top thereof;
PA1  b. means for introducing a heavier-than-air sterilizing gas into the bottom
      of said chamber at a substantially constant flow rate, the gas and air in
      said chamber tending to form an upper layer of air, a lower layer of gas
      and an intermediate layer of an air-gas mixture, the gas concentration
      decreasing from the bottom to the top of said intermediate layer;
PA1  c. restriction means in said outlet impeding the passage of air and gas
      therethrough for imparting a drag to the air and gas displaced and vented
      from said chamber during the introduction of said gas, the drag imparted
      to venting gas being greater than the drag imparted to venting air by
      reason of the density of said gas being greater than that of air;
PA1  d. means maintaining said outlet open during the introduction of said
      heavier-than-air gas to permit an upward displacement out of said chamber
      of said upper air layer and at least part of said intermediate layer;
PA1  e. pressure sensor means operable during gas introduction for monitoring
      the pressure in said chamber created by said restriction means, the
      pressure in said chamber under conditions of constant flow of said gas
      during introduction into and displacement out of said chamber being
      directly proportional to the concentration of gas in the effluent passing
      through said outlet; and
PA1  f. means closing said outlet in response to said pressure sensor means when
      the pressure in said chamber during the introduction of gas and
      displacement of air reaches a predetermined level corresponding to a
      desired gas concentration.
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ABST
PAL  The abrasion and wear resistance of edge portions of garments made of
      cellulose-containing fabrics which have durable press properties imparted
      thereto by exposing the garments to vapors containing formaldehyde and
      sulfur dioxide and curing them are improved by selectively applying a
      barrier to the edge portions prior to exposure of the garments to the
      reactive vapors. This barrier may be physical in nature, such as a plastic
      resin film applied to the edges to be protected, or it may be a catalyst
      poison or inactivator which prevents the crosslinking reaction from taking
      place in the protected portions of the fabric.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that cellulose-containing fabrics, such as those made of
      cotton, linen, or regenerated cellulose or blends thereof, suffer from a
      disadvantage in that they wrinkle on washing and drying or during wear.
      Over the past several decades many procedures were developed in efforts to
      remedy this defect. These efforts resulted in processes using hundreds of
      different types of chemicals to treat the cellulose fabrics in order to
      create what has become known as "wash-and-wear" and, more recently, as
      "durable press" materials. At the present time, most of these processes
      involve a crosslinking reaction between adjacent cellulose molecules. This
      is, in general, accomplished by the use of reagents which cause the
      reaction between free hydroxyl groups in the repeating anhydroglucose
      groups in the cellulose unit through covalent linkages. Among these
      reagents are polyfunctional compounds which react with the hydroxyl groups
      to form bridges between adjacent cellulose molecules. Illustrative of such
      cross-linking agents are formaldehyde or formaldehyde liberating agents,
      and N-methylol compounds such as dimethylol urea, tetramethylol acetylene
      diurea, 1,3-dimethylol-4,5-dihydroxy ethylene urea, dimethylol ethylene
      urea, methylol triazones, melamine formaldehyde, and the like.
PAR  The crosslinks produced by these materials permit a certain amount of
      slipping between the cellulose molecules under stress but tend to return
      them substantially to their initial relationships when the outside
      stresses are removed. Thus, by introducing these crosslinkages into a
      cellulose fabric, a durable press is obtained. However, although some of
      these processes produce satisfactory commercial articles, the crosslinking
      process results in an attendant loss of tensile strength and abrasion
      resistance. Thus, durable press garments produced from such treated
      fabrics have a tendency to wear and fray particularly at the edges, such
      as the cuffs, collar lines and collar tips which are most exposed to
      friction in the course of being worn or in the course of mechanical
      laundering and drying.
PAR  Of the crosslinking agents mentioned above, formaldehyde is particularly
      attractive for a variety of reasons, especially where the durable press
      treatment is to be applied to completed garments. For this reason, many
      efforts have been directed to develop durable press processes in which
      vaporized formaldehyde can be used as the crosslinking agent. Among those
      recently developed for commercial use is one disclosed in U.S. Pat. No.
      3,706,526 (Swidler et al). According to this process, cellulosic materials
      are exposed to hot vapors of formaldehyde and sulfur dioxide in the
      presence of moisture and cured to improve their dimensional stability,
      wrinkle resistance, crease retention, and smooth drying characteristics.
      This process is particularly advantageous for treating fabricated
      garments, such as knit or woven shirts, blouses, or trousers, to impart
      durable press properties thereto. Another important result of the Swidler
      et al process is that it significantly reduces shrinkage; more so, in
      fact, than the durable press "resin finishes". However, like other kinds
      of durable press garments, the garments so treated suffer from the
      tendency of the edges of cuffs or collar tips or other edge portions to
      fray much sooner than the rest of the fabric.
PAR  Many attempts have been made to remedy this type of defect. Thus, for
      example, U.S. Pat. No. 3,264,054 (Reinhardt et al) discloses a procedure
      whereby a softener for the material is applied to the fabric. According to
      this process, an aqueous emulsion of finely divided polyethylene resin is
      applied uniformly to a cotton material prior to treatment with gaseous
      formaldehyde and hydrogen chloride. This was found to result in a higher
      tearing strength and a higher wet and dry crease recovery angle than a
      cotton fabric similarly treated with formaldehyde without prior
      application of the polyethylene softener. However, this process suffers
      from the defect that it results in a product having poor resistance to
      laundering, while not overcoming the fabric-weakening effect of the
      hydrogen chloride.
PAR  Since the majority of the known durable press treatments require the
      presence of a catalyst and a relatively high treating temperature to cause
      the desired crosslinking reaction to proceed to the required extent,
      another attempted approach has been to control the degree of contact of
      the catalyst with the fabric. The durable press finish in the conventional
      processes for producing wrinkle resistant fabrics penetrates the entire
      fabric, causing crosslinking of the cellulose molecules substantially
      throughout the fibrous structure when the treated fabric is cured. Since
      the reduced abrasion resistance as compared with uncured cotton fabrics is
      due largely to crosslinked cellulose in the fibers located at the fabric
      surface, one process for remedying this defect, according to U.S. Pat. No.
      3,402,988 (Reeves et al), has been to apply a catalyst deactivator to the
      surface of a fabric which had been impregnated with a crosslinking agent,
      but prior to the curing of the latter. Although this process is in general
      successful in improving the abrasion resistance of the durable press
      fabrics, it is difficult to apply without seriously impairing the desired
      durable press effect and is applicable only to those processes where the
      crosslinking agent can be applied to the fabric mixed with the required
      catalyst and then dried prior to the finishing step. Thus, it must be
      possible to interpose a step of applying a catalyst deactivator to the
      fabric surface between the drying step and the high temperature curing
      step. For this reason, it is effectively applicable only to those systems
      using, for example, a solid catalyst such as zinc chloride or other
      non-volatile salt and a nonvolatile crosslinking agent such as dimethylol
      urea, dimethylol ethylene urea, and the like, which can be applied in
      aqueous solutions or emulsions.
PAR  Another proposed method for improving the abrasion resistance of durable
      press fabrics is that disclosed in U.S. Pat. No. 3,457,024 (Chipalkatti et
      al) in which the cellulose-containing textile material is first reacted
      with an ester of 1,3-dihalopropanol-2 or 1,2-dihalopropanol-3 prior to
      treatment with the crosslinking agent. The reaction of the ester with the
      cellulosic textile material is carried out in the presence of an 18-20
      percent aqueous sodium hydroxide solution in the slack condition, and the
      thus reacted cellulosic textile is then washed free of alkali and further
      reacted with a finishing agent, with or without prior drying. During the
      washingoff of the alkali, or during any of the subsequent operations, the
      cellulosic textile material must be stretched nearly to its original
      dimensions. Although this procedure will improve the abrasion resistance
      of the fabric, it requires a number of additional steps and additional
      equipment which cause complications and increase the cost of the finished
      product.
PAR  Still another proposed process for improving the abrasion resistance of
      crosslinked cellulose products is disclosed in U.S. Pat. No. 3,528,762
      (Lauchenauer). According to this process, the crosslinking agent and the
      catalyst are applied first to the fabric. The latter is then subjected to
      an atmosphere containing a catalyst poison. This produces a fabric in
      which the cellulose fibers at the surface are crosslinked to a lesser
      degree than the fibers in the interior of the fabric. Here again, the
      crosslinking agent and catalyst must be such that they can be applied to
      the fabric without curing so that the fabric containing them may be cured
      while being subjected to the atmosphere in which a catalyst poison is
      present.
PAR  Still another proposed method for improving the abrasion resistance of
      fabrics particularly on the creases of trouser cuffs, has been to apply a
      permanent wear-resistant edge coating which has greater abrasion
      resistance than the fabric of which the cuffs are made. Such a process is
      disclosed in U.S. Pat. No. 3,166,765 (Getchell).
PAC  SUMMARY OF THE INVENTION
PAR  As already mentioned above, one of the recent processes for producing
      wrinkle resistant, durable press fabrics is the vapor-phase treatment of
      cellulosic textiles with formaldehyde and sulfur dioxide in the presence
      of moisture, as disclosed by Swidler et al in U.S. Pat. No. 3,706,526. A
      batch operation which is based on the Swidler et al process and is
      illustrative of a commercial embodiment thereof is disclosed by Payet et
      al in U.S. Pat. No. 3,660,013, with particular reference to the treatment
      of garments.
PAR  It is a primary object of the present invention to provide a practical
      method for improving the edge wear resistance of garments fabricated from
      cellulosic textiles to which durable press properties are imparted
      according to the process of the just mentioned Swidler et al patent.
      Another object of this invention is to improve the edge wear of
      crosslinked cellulosic fabrics by a process which is easily applicable to
      fabricated garments and does not involve any difficulty controllable
      chemical treatment of the fabric either before or after the cure which
      imparts the desired durable press properties.
PAR  These and other objects will become more fully apparent to those skilled in
      this art from the description of the invention below.
PAR  In accordance with the present invention it has surprisingly been found
      that the edge wear resistance of garments made from woven or knitted
      cellulose-containing fabrics treated substantially as disclosed in the
      above-mentioned Swidler et al patent can be increased by applying to the
      surface of the wear susceptible edges a barrier of a material which is
      capable of preventing contact of at least one of the several catalyst
      forming components of the vapor with the garment. The latter is then
      exposed to the formaldehyde-sulfur dioxide vapors as disclosed in the
      Swidler et al patent, after which the barrier material is removed. In one
      alternative, the formaldehyde crosslinking agent is applied to the fabric
      initially and the completed garment after application of the barrier to
      the wear susceptible portions thereof may then be exposed to a vapor-phase
      catalyst and cured in the absence of any additional application of
      crosslinking agent. In another alternative, the surface fibers of the
      wear-susceptible edges of a dry garment are treated with a water repellent
      agent prior to exposure to the formaldehydesulfur dioxide vapor mixture.
      Since moisture (introduced into the fabric by prior wetting or as steam in
      the formaldehyde-sulfur dioxide vapor mixture) is required to enable the
      sulfur dioxide and formaldehyde to form the required strong sulfonic acid
      catalyst, the presence of the water repellent agent on the surface fibers
      of the edge portions prevents formation of the acid conditions which are
      requisite to catalyze crosslinking of the cellulose molecules in the
      surface fibers.
PAR  The expedient of using a water repellent agent to prevent activation of the
      crosslinking catalyst can also be applied to the older processes in which
      a metal salt catalyst is used. Reference here is to those latent catalysts
      such as zinc nitrate, magnesium chloride, and the many others with which
      those skilled in the art are familiar. Thus, it is a known procedure to
      pretreat either a fabric or a prepared garment with a latent acid
      catalyst, subsequently to apply a crosslinking agent, and then cure. In
      this procedure, it is merely necessary, after the latent acid catalyst has
      been installed in a finished garment and dried, to apply the water
      repellent agent to the edge portions, such as the edges of collars and
      cuffs, prior to exposure to moist formaldehyde vapors.
PAR  Regardless of the just discussed alternatives, the resulting product is one
      in which the cellulose fibers in the edge portions of the fabric are in a
      substantially uncrosslinked state. The locally applied material may be a
      physical barrier only or it may act chemically as a catalyst inactivator
      or as an inhibitor in the selected portions to which it has been applied.
      In a preferred form of the invention, the barrier is an impervious
      coherent resin film which is applied to the edges and adjacent areas of a
      garment. The film may be applied in the form of small, closely fitting
      plastic envelopes or opposed pairs of plastic strips or folded sheets
      which may be fastened to the fabric edges by small clothespins or clips.
      The garment is then treated according to the process disclosed in the
      Swidler et al patent and the film then removed. Any thin, flexible film
      can be used for this purpose as long as it will fit tightly to the surface
      of the fabric so as to protect it against access of at least the sulfur
      dioxide vapor and will not react substantially with the treating
      atmosphere so as to discolor or otherwise impair the appearance or
      strength of the fabric. A vinylidene chloride polymer, commercially
      available as "Saran Wrap", is preferred. However, thin sheets or films
      composed of polyethylene, polypropylene, vinylchloride-vinyl acetate,
      copolymers, various silicone compositions, natural or synthetic mica
      paper, thin sheets of tin or lead, and the like are also satisfactory. As
      catalyst inhibitors, any alkaline material which is not volatile at the
      treating temperatures and will react with the acidic sulfur dioxide can be
      used. A 10 percent trisodium phosphate aqueous solution has been found
      satisfactory for this purpose. Where a water repellent agent is used to
      prevent excess moisture to the surface cellulose fibers, any of the known,
      commercially available materials can be employed. Among these are the
      silicones, long chain quarternary pyridinium compounds (such as those used
      in the "Zelan" water repellent finish), wax emulsions containing aluminum
      or zirconium salts, and the like water repellent compositions which can be
      applied in the form of aqueous solutions or emulsions and with which those
      skilled in the fabric finishing art are well familiar. If desired, the
      water repellent agent can advantageously be left in place after the
      garment has been subjected to the crosslinking treatment.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAC  EXAMPLE I
PAR  A piece of "Saran" film was wrapped around the collar tips of a cotton knit
      shirt and fastened there by means of a small clothespin. The shirt was
      then treated with formaldehyde and sulfur dioxide according to the process
      disclosed in U.S. Pat. No. 3,660,013 and durable press properties were
      thus imparted to it. The film was removed from the collar tips and the
      shirt subjected to 15 wash-tumble dry laundering cycles at 140.degree.F.
      Where in the case of a control shirt wear at the collar tips became
      noticeable after nine cycles, the shirt treated in accordance with the
      present invention showed no wear after 15 cycles.
PAC  EXAMPLE II
PAR  A 10 percent aqueous solution of trisodium phosphate was brushed on the
      collar tips of a cotton shirt like that used in Example I. After drying,
      durable press properties were imparted to the shirt in the same manner as
      that described in Example I. After this treatment, the shirt was subjected
      to 30 cycles of washing at 140.degree.F. First signs of wear appeared on
      the underside of the collar points after 21 such wash-dry cycles but the
      tips themselves became so visibly worn open only at the end of 30 cycles.
PAR  The results of the above-described treatments are more fully described in
      Table 1, below. As used here, the term points refers to the two triangular
      sections of a collar and the term tips refers to the bottom end of the
      points.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Laundry Abrasion of Collar Tips                                           
     on Cotton Knit Shirts                                                     
     after Formaldehyde-SO.sub.2 Treatment                                     
     Collar Tip Treatment Prior to Vapor Phase                                 
     Laundering                                                                
     Cycles                                                                    
           None    Saran Wrap                                                  
                            10% Trisodium Phosphate                            
     __________________________________________________________________________
     9     wear at right                                                       
                   --       --                                                 
           collar tip                                                          
           starting                                                            
     10    wear at left                                                        
                   --       --                                                 
           collar tip                                                          
           starting                                                            
     11    --      --       --                                                 
     12    --      tips intact but                                             
                            --                                                 
                   curled under                                                
     13    --      --       --                                                 
     15    both tips                                                           
                   no wear but tips                                            
                            some curl at both tips                             
           worn open,                                                          
                   very curled                                                 
           no curl                                                             
     21    --      --       first sign of wear on                              
                            underside of collar                                
                            points, tips intact but                            
                            curled under                                       
     30    --      --       collar tips opening, the                           
                            right more than left                               
     __________________________________________________________________________
PAR  As can be seen from the table, the collars which have been wrapped in a
      plastic film did not show any wear even after 15 washing cycles. Those
      tips which were treated with the 10 percent trisodium phosphate solution
      only began to show wear after 21 cycles. In addition, there was some
      curling at the tips. However, because the tips in general have little
      resistance to deformation, a slight curling is not a serious objection and
      is offset by the improved abrasion resistance and general good appearance
      of the collar.
PAR  Although a 10 percent aqueous solution of trisodium phosphate (pH 12.5) was
      used in Example II, it will be obvious that any other similar aqueous
      alkali can be used in its place and that the optimum concentration or
      alkalinity can be readily determined in each case by simple preliminary
      screening tests.
CLMS
STM  Having described the invention, what is claimed is as follows:
NUM  1.
PAR  1. In a process for improving the abrasion resistance of wear susceptible
      edge portions of a garment made of cellulose fiber-containing fabric
      wherein durable press properties are imparted to the fabric by exposure to
      formaldehyde vapor in the presence of moisture and a latent acid catalyst
      and heating the fabric to crosslink the cellulose fibers of said fabric,
      the improvement comprising:
PA1  applying a protective barrier selectively to the surface of said wear
      susceptible edge portions of the garment while leaving the main portion of
      the garment unprotected, said barrier being composed of a material capable
      of preventing substantial contact of at least one of the catalyst forming
      components with the said edge portions of the fabric before exposing the
      garment having the barrier applied thereto to an atmosphere containing
      formaldehyde and heat curing the fabric to provide a durable press garment
      having edge portions in which the cellulose fibers are not substantially
      reacted with formaldehyde while the cellulose fibers are substantially
      crosslinked with formaldehyde in the main portion of the garment.
NUM  2.
PAR  2. In a process for improving the abrasion resistance of wear susceptible
      edge portions of a garment made of cellulose fiber-containing fabric
      wherein durable press properties are imparted to the fabric by exposure to
      formaldehyde vapor and sulfur dioxide in the presence of moisture and
      heating the fabric to crosslink the cellulose fibers of said fabric, the
      improvement comprising:
PA1  applying a protective barrier selectively to the surface of said wear
      susceptible edge portions of the garment while leaving the main portion of
      the garment unprotected, said barrier being composed of a material capable
      of preventing substantial contact of at least one of the catalyst forming
      components with the said edge portions of the fabric before exposing the
      garment having the barrier applied thereto an atmosphere containing
      formaldehyde and sulfur dioxide vapors and heat curing the fabric to
      provide a durable press garment having edge portions in which the
      cellulose fibers are not substantially reacted with formaldehyde while the
      cellulose fibers are substantially crosslinked with formaldehyde in the
      main portion of the garment.
NUM  3.
PAR  3. The process as in claim 2 wherein the protective barrier is removed
      after heat-curing the fabric.
NUM  4.
PAR  4. The process as in claim 3 wherein the protective barrier is a strip of
      an impervious resin sheet.
NUM  5.
PAR  5. The process as in claim 3 wherein the protective barrier is a film of
      polyvinylidene chloride.
NUM  6.
PAR  6. The process as in claim 3 wherein the protective barrier comprises a
      catalyst inactivator.
NUM  7.
PAR  7. The process as in claim 3 wherein the barrier comprises trisodium
      phosphate applied locally to the said edge portions as a catalyst
      inactivator.
NUM  8.
PAR  8. The process as in claim 2 wherein the protective barrier is a water
      repellent agent.
NUM  9.
PAR  9. The process as in claim 1 wherein the latent acid catalyst is applied to
      the garment prior to exposure to formaldehyde vapors and wherein the
      protective barrier is a water repellent agent.
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ABST
PAL  Method for quantitatively determining the presence of chloromethyl methyl
      ether and/or bis-chloromethyl ether in a fluid.
PAL  The above compounds are reacted with a reactant from the group consisting
      of an alkali metal salt of a lower alcohol, an alkali metal salt of phenol
      or an alkyl phenol, an alkali metal salt of a chlorophenol or bromophenol,
      an alkali metal salt of an alkoxy phenol, an alkali metal salt of a
      chlorinated pyridinol, and an alkali metal salt of thiophenol or a
      chlorinated thiophenol, dissolved in a lower alcohol, to form derivatives
      which provide suitable stability, specificity and sensitivity when applied
      to a gas chromatograph utilizing a suitable detector.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 303,123,
      filed Nov. 2, 1973, entitled "Analytical Apparatus and Methods", now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for quantitatively determining the
      amount of chloromethyl methyl ether and bis-chloromethyl ether in a fluid.
PAR  Experience indicates that the direct analysis of chloromethyl methyl ether
      and bis-chloromethyl ether is not adequate in sensitivity, stability or
      specificity for monitoring small amounts of these compounds in fluids by
      convenient means such as by using a gas chromatographic column coupled to
      a suitable detector, for example.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, a principal object of this invention is to provide an improved
      method of quantitatively determining the amount of chloromethyl methyl
      ether and/or bis-chloromethyl ether (sometimes hereinafter abbreviated as
      CMME and bis-CME, respectively) in a fluid.
PAR  Another object of this invention is to provide an improved method for
      monitoring the presence of chloromethyl ether and/or bis-chloromethyl
      ether in air down to the level of parts per billion, or less.
PAC  STATEMENT OF INVENTION
PAR  In accordance with this invention, chloromethyl methyl ether and/or
      bis-chloromethyl ether, occurring in either liquid or gaseous medium, are
      reacted with a material from the group consisting of an alkali metal salt
      of a lower alcohol, an alkali metal salt of phenol or an alkyl phenol, an
      alkali metal salt of a chlorophenol or bromophenol, an alkali metal salt
      of an alkoxy phenol, an alkali metal salt of a chlorinated pyridinol, and
      an alkali metal salt of thiophenol or a chlorinated thiophenol, dissolved
      in a lower alcohol to form a stable derivative (with enhanced sensitivity)
      for analytical use. The derivative(s) is then passed through a gas
      chromatograph having a suitable detector. The detector output signal is
      then coupled, usually through an amplifier, to a recorder or other readout
      device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention, as well as additional objects and advantages thereof, will
      best be understood when the following detailed description is read in
      connection with the accompanying drawing in which,
PAR  FIG. 1 shows, in diagrammatical form, apparatus for use in analyzing gas
      samples in accordance with this invention, and
PAR  FIG. 2 shows, in diagrammatical form, apparatus for analyzing liquid
      samples in accordance with this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to FIG. 1 of the drawing, there is shown apparatus for analyzing
      gas samples, indicated by the numeral 10, including a scrubber 12 having
      an inlet 14 and an outlet 16 near and at the bottom thereof, respectively.
      The scrubber 12 has a stirrer 18 therein which is actuated by an
      externally located motor 20. Six lines 22, 24, 26, 28, 30, 32 extend
      through the closed top 34 of the scrubber, as does the shaft 36.
PAR  A heat tape 38 surrounds part of the lower part of the scrubber 12.
PAR  The line 26 is coupled to a measuring pipet 40 and a constant level tank 42
      through a three way valve 44. The lines 28 and 30 are similarly coupled to
      pipets 46 and 48, respectively, and to tanks 50 and 52, respectively,
      through the three way valves 54 and 56, respectively.
PAR  The line 24 is coupled through a valve 58 to a vacuum pump 60. The line 24
      may also be opened to the atmosphere through the valve 62.
PAR  The line 32 is coupled to the dip pipe 64 and to a six port chromatograph
      valve 66.
PAR  A line 68 is coupled to the scrubber inlet 14 and, through valve 70, flow
      control valve 72, and rotometer 74, to an air source (via a stream
      switching valve, for example). The line 68 is also coupled to the line 22
      through valve 76. The line 22 is also coupled through needle valve 78 and
      valve 80 to a source 82 of pressurized air.
PAR  The outlet 16 of the scrubber 12 opens through the valve 85 to drain 110.
PAR  Carrier gas from a reservoir (not shown) is coupled through valve 108 and
      line 115 to the sample injection valve 84 and thence through the
      chromatographic column 92. The line 112 connects the line 32 through the
      chromatograph valve 66 to the sample injection valve 84.
PAR  The output of the chromatographic column 92 is coupled through the line 114
      to an electron capture or other suitable detector 94 whose output is
      coupled to an electrometer 96 or other suitable amplifier and thence to a
      recorder 98 or other readout device.
PAR  A suitable solvent such as hexane, for example, from a reservoir (not
      shown) is applied to a wash reservoir 106 through three way valve 102. The
      upper end of the reservoir 106 is coupled to a three way valve 104 which
      is also coupled to an air source (like the source 82).
PAR  The other side of the valve 102 is coupled through valve 100 and valve 90
      to the multiport chromatographic valve 66. Valve 100 may also be coupled
      to a drain 110.
PAR  The sample injection valve 84 is coupled through the line 117 and flow
      switch 86 to the chromatographic valve 66.
PAR  A line 116 is coupled through valve 88 between an air source (not shown)
      and the multiport chromatographic valve 66.
PAC  OPERATION OF FIG. 1 APPARATUS
PAR  At the start of the analytical cycle the scrubber 12 is empty. Valve 54 is
      actuated to drain a reagent (which will react with CMME or bis-CME to form
      a derivative) from pipet 46 into the scrubber and is then closed. Pipet 46
      has been filled from the constant level tank 50. At this time valve 58 is
      opened to allow vacuum to be pulled on the scrubber 12. Sample air is then
      pulled through rotameter 74 and flow controller 72 through the reagent in
      the bottom of the scrubber to the top of the scrubber and out the tubing
      line 24. After a preset length of time (usually about 8 minutes), valve 62
      is opened to partially or fully relieve the vacuum which will reduce air
      flow through scrubber 12. Heat is applied to the reagent in the scrubber
      by external heat tape 38 wrapped around the bottom of scrubber 12.
PAR  Sample volume is dependent upon concentration of CMME and bis-CME in the
      air sample. For 10 ppb or less a sample size of 10 to 40 liters can be
      used. For higher concentrations a correspondingly smaller sample should be
      taken.
PAR  Stirrer motor 20 is activated simultaneously with heating to provide
      agitation. After the liquid in the scrubber 12 is brought to slightly
      above room temperature (on time basis by experience), valve 44 is actuated
      to drain water into the scrubber 12 from measuring pipet 40 which is
      filled from constant level tank 42.
PAR  After water has been admitted, valve 56 is actuated to drain into the
      scrubber a solvent such as hexane from measuring pipet 48 which has been
      filled from constant level tank 52. At this time, valve 58 is closed to
      remove all vacuum from the scrubber. Stirrer motor 20 continues to run to
      mix the scrubber solution adequately. Valve 80, which is connected to a
      pure filtered pressurized air source from an air tank, for example, is
      opened. Valve 78 is a needle valve that restricts air flow to low flow
      rates. After solutions are mixed adequately in the scrubber 12, stirrer
      motor 20 is stopped and the hexane and water (or other lower alcohol)
      methanol mixture allowed to separate, with the hexane then floating on
      top.
PAR  After sufficient time (about 2 minutes) has elapsed for the solution to
      separate, valve 62 is closed as are valves 44, 54, and 56 (if the latter
      three valves have not already been actuated to refill pipets 40, 46, 48.
      The stream switching valve (or equivalently, valves 70 and 72) is closed
      and valve 76 is opened to maintain equilibrium between the pressure in
      line 68 and that in the scrubber 12. The increasing air pressure within
      the scrubber 12 then forces substantially all the hexane up dip pipe 64
      which is adapted to terminate in the hexane layer just above the
      liquid-liquid interface. Since the pressure is equalized in line 68 and
      the scrubber 12, the level of the liquid-liquid interface is maintained
      constant just below the end of the dip pipe 64, while the major portion of
      the hexane is driven up the dip pipe.
PAR  From the dip pipe 64, the hexane is pushed by pressure through the transfer
      line 32 through a six port chromatograph valve 66 and through sample
      injection valve 84 to flow switch 86.
PAR  As soon as liquid reaches flow switch 86, chromatograph valve 66 and valves
      88 and 90 are actuated. Valve 88 is connected to a pressurized, filtered
      source of air. Valve 90 is normally open to drain to allow air to escape
      while hexane is transferred. Actuation of valves 66, 90 and 88 places a
      liquid filled line on both sides of sample valve 84 under pressure to
      prevent air bubbles forming in the liquid. After air pressure is applied
      to the liquid, valve 84 is actuated to inject a liquid sample into
      chromatograph column 92 where a typical gas chromatograph separation is
      completed (Beckman Model 320 DF or Bendix Model 6000 may be used, for
      example). Components from the column 92 are eluted into a suitable
      detector 94 such as an electron capture detector, for example, which when
      a halogenated compound is present will cause a decrease of electrical
      current through the detector. The small decrease in current is sensed by
      an electrometer 96, amplified and displayed on recorder 98.
PAR  A short time after a sample is injected, valve 90 is opened and hexane that
      was trapped in the transfer tubing before and after the sample injection
      valve, is forced by air pressure into drain 110 through valve 100. After a
      short period of time, valve 88 is shut off and valve 66 is actuated to its
      original position. Valve 90 is left open ready for the next transfer of
      liquid.
PAR  At this time, valve 85 is opened to the drain 110 to remove residual liquid
      from the scrubber 12. At this same time, valves 100 and 102 are actuated.
      After a small time delay, valve 104 is also actuated. Valve 104 is
      connected to a source of clean pressurized air and to the top of wash
      reservoir 106. Wash reservoir 106 has been filled previously through valve
      102 with hexane from reservoir 52. Pressurized air then forces the hexane
      from wash reservoir 106 through valves 102, 100, 90, valve 66, flow switch
      86, valve 84, again through valve 66, through transfer line 32 to the
      scrubber 12 and out valve 85 to drain 110. This wash effectively removes
      any residual sample left in any valves or in the scrubber 12.
PAR  After hexane has been completely drained through the system, valve 104
      closes followed by closure of valves 100, 102 and 85. Wash reservoir 106
      fills again from the reservoir 52 through valve 102 to be ready for
      another wash cycle.
PAR  Pressure regulator 108 is part of the gas chromatograph unit and is used to
      control the flow of carrier gas.
PAR  The system is then ready for preparation of another sample.
PAR  The various valves are remotely actuated valves. They and the motor 20 are
      actuated by means of a sequential timing device 200 of any of a number of
      types well-known to those skilled in the instrumentation art.
PAR  One reagent used in reservoir 50 is prepared by dissolving 2.4 g of sodium
      methoxide and 0.5 g of chlorinated phenol per 100 ml of methanol solvent.
      Since some of the sodium methoxide reacts with the phenol to form the
      phenate, the resulting reagent contains both sodium chlorophenate and
      sodium methoxide dissolved in methanol. Formed as derivatives of CMME and
      bis-CME, respectively, when such a reagent is employed are
      chlorophenoxymethyl methyl ether and the mixed derivative
      chlorophenoxymethyl methoxymethyl ether, which are both readily detectable
      with, for example, an electron capture detector.
PAR  The analysis of this invention is based upon the reaction of chloromethyl
      methyl ether (CMME) and/or bis-chloromethyl ether (bis-CME) to form a
      derivative which is suitable for analyses by gas chromatographic means. To
      assure quantitative formation of the respective derivative, an amount of
      derivatizing agent in excess of the amount theoretically required for
      stoichiometric reaction is employed, with at least a ten-fold excess being
      preferred. Reactions for the formation of these derivatives are shown in
      the chart below:
TBL  Reactant      Type of Sample                                              
                            Derivative From Reacting With      Detector        
                            Chloromethyl      bis-Chloromethyl                 
                            Methyl Ether      Ether                            
     __________________________________________________________________________
      RONa         Liq. or Gas                                                 
                            ROCH.sub.2 OCH.sub.3                               
                                              ROCH.sub.2 OCH.sub.2 OR          
                                                               FID             
                            R = C.sub.1 - C.sub.5                              
                   Liq. or Gas                                 FID             
                   Liq. or Gas                                 FID             
     R = C.sub.1 - C.sub.4 could be substituted at                             
     more than one ring position                                               
                   Gas                                         EC              
     x = Cl or Br (1 - 5                                                       
     atoms on ring)                                                            
                   Liq. or Gas                                                 
     Cl: 1 - 3 atoms substituted on ring                                       
                   Gas                                         EC              
     x = 1 - 4 Cl atoms substituted                                            
     on ring                                                                   
                   Liq. or Gas                                 FP or FID       
                   Liq. or Gas                                 FP or EC        
     x = 1 thru 4 Cl atoms                                                     
     __________________________________________________________________________
      In the above chart                                                       
      FID means hydrogen flame ionization detector;                            
      EC means electron capture detector; and                                  
      FP means flame photometric detector.                                     
PAR  On the chart, if "liq." or "gas" is underlined, that indicates the
      preferred form of the sample used in the analysis.
PAR  In the reactions designated in the above chart, in each case the reagent is
      dissolved in a lower alcohol, preferably the corresponding alcohol.
PAR  The derivatizing reagent may also be prepared by dissolving an alkali metal
      in the desired alcohol. For example, sodium metal dissolved in methanol or
      an other lower alcohol. Potassium, lithium or cesium metal may also be
      used.
PAR  Chromatographic conditions used for the trace analysis work require glass
      columns packed with 0.1% OV-17 + 0.1% QF-1 on 120/140 GLC-110. Preferably
      the liquid phase materials, OV-17 and QF-1, are distributed rather thinly
      over the glass beads, GLC-110 or other solid phase such as Chromosorb
      silicate to provide what is known in the trade as a lightly loaded column.
      On-column injection technique whereby the sample is vaporized at column
      temperatures should be used to prevent degradation of the derivatives of
      CMME and bis-CME. The column temperature is 140.degree. C., and the flow
      rate approximately 40 ml/min. of carrier gas. These conditions should be
      used as a general rule when chromatographing derivative compounds of the
      size of trichlorophenate and larger. For the lower molecular weight
      derivatives, standard metal columns and packings have proven sufficient.
PAR  The derivatives impart high sensitivity, stability and specificity to the
      CMME and bis-CME when using a suitable detector (the electron capture
      detector is a common gas chromatograph detector which is very specific for
      chlorine containing compounds, for example). However, the electron capture
      detector is not very responsive to CMME and bis-CME when chromatographed
      directly.
PAR  The hydrogen flame ionization detector is commonly used where the CMME or
      bis-CME level is from the parts per million to percent range. The electron
      capture detector is particularly useful where the concentration is from
      less than one part per billion to the low parts per million range. The
      flame photometric detector, which is logarithmically linear for the
      detection of sulfur compounds, is useful where the concentration is from
      the parts per billion to the parts per million range.
PAR  Thus, the type of reagent used and the detector chosen depend on the nature
      of the sample (present in liquid or gas form) and the suspected
      concentration of CMME or bis-CME in the sample.
PAR  The apparatus shown in FIG. 1 is adapted for use especially for analysis of
      air samples.
PAR  For use with liquid samples, the somewhat simplified apparatus of FIG. 2
      may be used.
PAR  Referring to FIG. 2, there is shown apparatus, indicated generally by the
      numeral 111, including a reaction vessel 113 having an outlet 116 at the
      bottom thereof. The reaction vessel 113 has a stirrer 18a which is
      actuated by the externally located motor 120. Lines 126, 130 and 132
      extend through the closed top 134 of the reaction vessel 113, as does the
      shaft 136.
PAR  A source of pressurized air 82a is coupled through the needle valve 80a,
      shutoff valve 78a and line 22a to the interior of the reaction vessel 113.
PAR  A heat tape 138 surrounds part of the lower part of the reaction vessel
      113.
PAR  The line 126 is coupled to a measuring pipet 140 and the constant level
      tank 142 through a three way valve 144. The line 130 is similarly coupled
      to a measuring pipet 152 and constant level tank 150 through the three way
      valve 154.
PAR  The line 132 is coupled to a dip pipe 164 in the reaction vessel 113 and to
      a six port chromatograph valve 166.
PAR  The outlet 116 of the reaction vessel 113 opens through the valve 184 to
      drain 110a.
PAR  Carrier gas from a reservoir (not shown) is coupled through valve 108a and
      line 115a to the sample injection valve 84a and thence through the
      chromatographic column 92a. The line 112a connects the line 132 through
      the chromatographic valve 166 to the sample injection valve 84a.
PAR  The output of the chromatographic column 92a is coupled through the line
      114a to a suitable detector 94a whose output is coupled to an electrometer
      96a or other suitable amplifier and thence to a recorder 98a or other
      readout device.
PAR  A suitable solvent, such as hexane, for example, from a reservoir (not
      shown) is applied to a wash reservoir 106a through the three way valve
      102a. The upper end of the reservoir 106a is coupled to a three way valve
      104a which is also coupled to an air source (not shown).
PAR  The other side of the valve 102a is coupled through valve 100a and valve
      90a to the multi-port chromatographic valve 166. Valve 100a may also be
      coupled to a drain 110.
PAR  The sample injection valve 84a is coupled through the line 116a and flow
      switch 86a to the chromatographic valve 166.
PAR  A line 118a is coupled, through valve 88a, between an air source (not
      shown) and the multi-port chromatographic valve 166.
PAR  At the start of the analytical cycle the reaction vessel 113 is empty.
      Valve 144 is actuated to drain reagent from the pipet 140 into the vessel
      113 and is then closed. Pipet 140 has been filled from the constant level
      tank 142. The valve 154 is then opened to drain sample liquid from the
      pipet 152 through the line 130 into the reaction vessel 113. The valve 154
      is then closed. The contents of the vessel 113 are then heated (via tape
      138) and stirred by the stirrer 18a. After being stirred for a suitable
      time to form the derivative, the liquid is driven upwardly through the dip
      pipe 164 and line 132 to the multi-port chromatographic valve 166 by
      opening the shutoff valve 78a to pressurize the interior of the vessel
      113.
PAR  From this point, the operation of the embodiment shown in FIG. 2 is the
      same as for the apparatus of FIG. 1.
PAR  As alternatives to the use of hexane as a solvent, one may use benzene,
      decane, octane, iso-octane, pentane, alkyl benzenes, or mixtures thereof,
      for example. Similar solvents with suitable viscosity may also be used.
PAR  As an example of the analysis of a liquid sample, the analysis is performed
      by adding the liquid sample in a ratio of 0.1 gm to 10 ml of derivatizing
      solution (sodium ethoxide, about 3.5 grams-dissolved in 100 ml. of
      ethanol). The sample is stirred and heated. The solution is then injected
      into the chromatograph. The components are then separated on the column
      and eluted into a suitable detector (FID, for example) for quantitation.
PAR  The method of this invention is also useful in process applications where
      it is desirable to determine the amount of bis-chloromethyl ether and/or
      chloromethyl methyl ether, along with other formaldehyde generating
      components, present in a chloromethyl methyl ether liquid stream in order
      to accurately balance chloromethylating reactions in the production of
      electroconductive and ion exchange resins.
PAR  For example, a liquid mixture of methylal, methanol, chloromethyl methyl
      ether and ethylene dichloride are separated and determined using a 15 ft.
      .times. 1/8 inch stainless steel column packed with 25% LAC-2R446 + 2%
      H.sub.3 PO.sub.4 on 100/120  Chromosorb WHP. The column temperature is
      70.degree. C., and the flow rate approximately 30 ml./min of carrier gas.
      Bis-chloromethyl ether is determined by increasing the column temperature
      to 120.degree. C.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method to determine the presence of chloromethyl methyl ether or
      bis-chloromethyl ether in a fluid, comprising reacting chloromethyl methyl
      ether or bis-chloromethyl ether from said fluid with an amount in excess
      of the stoichiometric amount of an alkali metal salt of an organic hydroxy
      compound of the formula
PA1  1. R--OH wherein R is lower alkyl, phenyl, chlorophenyl, bromophenyl,
      alkoxy phenyl, or alkyl phenyl or
PA1  2. thiophenyl or chlorinated thiophenyl or
PA1  3. chlorinated pyridinyl, said compound being dissolved in lower alcohol,
      running the reaction product through a suitable gas chromatographic
      column, then passing the eluted components therefrom through a detector
      and displaying the output of said detector on a suitable readout device.
NUM  2.
PAR  2. The method of claim 1, wherein said reagent is an alkali metal salt of a
      lower alcohol.
NUM  3.
PAR  3. The method of claim 1, wherein said reagent is an alkali metal salt of
      phenol or an alkyl phenol.
NUM  4.
PAR  4. The method of claim 1, wherein said reagent is an alkali metal salt of a
      chlorophenol.
NUM  5.
PAR  5. The method of claim 1, wherein said reagent is an alkali metal salt of a
      bromophenol.
NUM  6.
PAR  6. The method of claim 1, wherein said reagent is an alkali metal salt of
      an alkoxy phenol.
NUM  7.
PAR  7. The method of claim 1, wherein said reagent is an alkali metal salt of
      thiophenol or of a chlorinated thiophenol.
NUM  8.
PAR  8. The method of claim 1, wherein said reagent is an alkali metal salt of a
      chlorinated pyridinol.
NUM  9.
PAR  9. The method of claim 1, wherein said fluid is air.
NUM  10.
PAR  10. The method of claim 1, wherein said fluid comprises a liquid mixture of
      ethylene dichloride, methanol, methylal and chloromethyl methyl ether.
NUM  11.
PAR  11. The method of claim 1, wherein said compound is present in at least 10
      times the stoichiometric amount needed for the reaction with chloromethyl
      methyl ether or bis-chloromethyl ether.
NUM  12.
PAR  12. The method of claim 1, wherein said compound is sodium phenate.
NUM  13.
PAR  13. The method of claim 1, wherein said compound is sodium methoxide.
NUM  14.
PAR  14. The method of claim 1, wherein said compound is sodium ethoxide.
NUM  15.
PAR  15. The method of claim 1, wherein said compound is the sodium salt of
      2,4,6-trichlorophenol.
NUM  16.
PAR  16. The method of claim 1, wherein said compound is a sodium salt of a
      chlorinated phenol.
NUM  17.
PAR  17. A method to determine the presence of chloromethyl methyl ether or
      bis-chloromethyl ether in a gas comprising passing a predetermined amount
      of gas through a confined stoichiometric excess of an alkali metal salt of
      an organic hydroxy compound selected from the group consisting of a lower
      alcohol, phenol, a chlorophenol, a bromophenol, an alkyl phenol, an alkoxy
      phenol, a chlorinated pyridinol, thiophenol or a chlorinated thiophenol
      which hydroxy compound is dissolved in lower alcohol, adding water and
      hydrocarbon solvent to said compound, agitating the mixture of compound,
      water and solvent, partitioning said hydrocarbon solvent from the
      remainder of said mixture, withdrawing part of said hydrocarbon solvent
      and applying said withdrawn part to suitable gas chromatographic
      apparatus, applying eluted components from said chromatographic apparatus
      to a suitable detector providing an output signal, and applying said
      output signal to a suitable readout device.
NUM  18.
PAR  18. The method of claim 17, wherein said detector is an electron capture
      detector.
NUM  19.
PAR  19. The method of claim 17, wherein said hydrocarbon solvent is hexane.
NUM  20.
PAR  20. The method of claim 17, wherein said gas chromatographic apparatus
      includes a lightly loaded glass chromatographic column.
NUM  21.
PAR  21. The method of claim 17, wherein said compound is heated before said
      water and solvent are added.
NUM  22.
PAR  22. A method of determining the presence of chloromethyl methyl ether or
      bis-chloromethyl ether in a liquid, comprising mixing a predetermined
      amount of said liquid with a stoichiometric excess amount of an alkali
      metal salt of a lower alcohol, said salt being dissolved in a lower
      alcohol, to form a derivative compound, running said derivative through a
      suitable gas chromatographic apparatus, passing material eluting from said
      apparatus through a suitable detector providing an output signal, and
      recording said output signal on a suitable readout device.
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ABST
PAL  A coating applied to a workpiece is removed therefrom and measured to
      determine the surface area of the workpiece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There is a real need for determining the surface area of workpieces,
      particularly for surface treatments, such as electroplating, anodizing,
      electrolytic plastic deposition or electrolytic immersion lacquering, so
      that current density, inter alia, can be set correctly.
      Previously-proposed methods to determine surface areas have found only
      limited acceptance in practice because they either lack required accuracy
      or are too complicated.
PAR  While the surface areas of standard pieces are listed in tables and are
      thus easily accessible, such surface area tables do not exist for
      workpieces of a more complex configuration. Nomograms exist for a number
      of simply shaped pieces but they likewise do not exist for more complex
      parts.
PAR  German Offenlegungsschrift No. 2,115,071 describes one method for
      determining surface area and also notes that quantity determinations can
      be effected analytically, for example by precipitation, titration and
      photometric or coulometric measurements, but fails to provide a more
      detailed description of steps to be taken in such processes; no such
      methods have thus far found acceptance in practice and obtained results
      have been rather imprecise.
PAC  SUMMARY OF THE INVENTION
PAR  In order to determine the surface area of a workpiece, the workpiece is
      initially covered with a removable chemical coating. The coating is then
      removed from the workpiece, and the surface area of the workpiece is
      calculated from the amount or quantity of the removed coating.
PAR  Lack in accuracy of prior attempts has been due, at least in part, to
      nonuniformity in applying a coating to and/or removing a coating from a
      workpiece. According to the present invention workpieces which do not
      contain homogeneous or smooth surfaces are chemically or electrolytically
      pretreated to obtain such surfaces before a coating is applied thereto.
      The coating is removed and/or, preferably, applied over a fixed period of
      time by immersing the workpiece in a solution in which material movement
      (mass transfer, e.g., of coating solids) is effectively diffusion
      controlled.
PAR  When a coating layer is formed on a workpiece surface by depositing
      material on the surface from a solution in which the workpiece is
      immersed, the layer is very uniform in thickness if movement of the
      material in solution is determined by diffusion, and convection plays an
      immaterial and/or subordinate role. Previously unavoidable greater
      build-up in coating thickness at different points on a workpiece (where
      flow conditions were more favorable than at other points) is avoided by
      the mode of operation of the subject invention.
PAR  An object of the present invention is to provide a method for determining
      the surface area of a workpiece having any shape. Another object is to
      provide a method which is capable of yielding such surface-area
      determinations with great accuracy. A further object is to provide a
      practical method which is not inordinately complex. Still further objects
      are readily apparent from the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing of a rack with a plurality of workpieces
      thereon.
PAR  FIG. 2 is a schematic top view of immersion baths.
PAR  FIG. 3 is a block circuit diagram for a measuring circuit to determine the
      surface area of workpieces disposed on the rack.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  If a workpiece has one or more surfaces which are not smooth and/or uniform
      in texture, the workpiece is preferably initially pretreated in a chemical
      or an electrolytic polishing bath to smooth the surfaces so that they
      correspond to the geometric dimensions of the workpiece.
PAR  There are two possibilities for getting smooth surfaces:
PAR  1. chemical or electropolishing, by which a thin surface layer of the
      workpiece is dissolved under such conditions that the surface is made
      smooth;
PAR  2. electrolytic deposition of a metal from a levelling plating solution so
      that the roughness of the surface is eliminated.
PAR  A detailed description of chemical polishing is given in the ELECTROPLATING
      ENGINEERING HANDBOOK by A. K. Graham, 2nd Edition, 1962, Reinhold
      Publishing Corp., New York, pages 183-189. All other essential conditions,
      such as time, temperature, concentrations, ect., are therein presented.
PAR  A still more detailed description of electropolishing is given in the same
      book on pages 107 to 126.
PAR  Chemical or electropolishing requires solutions, the composition of which
      depends on the sort of material to be polished. Therefore, smoothing by
      deposition of a levelling metal deposit is sometimes more advantageous.
      Depositing a metal always gives a surface of the same properties. This is
      particularly important when the workpiece consists of two or more
      different metals or when it consists of plastic and glass, etc. All these
      materials can easily be plated after being made conductive chemically.
PAR  Plating to get a smooth surface is performed in the way described by A. K.
      Graham in the previously cited book.
PAR  For example, a workpiece consisting of mild steel, the surface of which is
      to be determined, has a surface area of about 1 dm.sup.2 and a molded
      form. This workpiece is then degreased in an alkaline cleaner, rinsed,
      pickled in hydrochloric acid, rinsed and electroplated in a weak acid zinc
      solution containing 150 g/l of zinc chloride and 200 g/l of ammonium
      chloride. The weak acid zinc solution has a pH of 4.5, has a temperature
      of 25.degree.C, contains 5 g/l of a condensation product of formaldehyde
      and naphthalenesulfonic acids and 2 g/l of a wetting agent. Electroplating
      is effected for 15 minutes with a current density of about 4 A/dm.sup.2,
      i.e. a plating current of 4 A. The distance between the anodes (consisting
      of pure zinc) and the workpiece is at least 10 cm, and the applied voltage
      is about 5.5 volts. The plating solution is air-agitated. Thus the
      workpiece is uniformly plated with a levelled, mirror-bright zinc deposit.
PAR  The size of the workpieces is only limited by the dimensions of the plating
      tank. Every workpiece which can be plated can also be levelled by, for
      example, zinc plating. Only tubes which cannot be plated on their inner
      sides without auxiliary anodes need special precautions, for otherwise
      only the outside of such tubes would be plated and levelled. If there are
      e.g., hub-caps to be plated, the configuration of these articles made from
      stamped steel is rather complex because there are conical and curved areas
      with intricate stampings. For surface area determination these hub-caps
      are easily levelled by e.g., bright zinc plating, chemically coated,
      stripped, and the mass of the coating in the stripping solution is
      determined e.g., photometrically. These articles mostly have a surface
      area of between about 10 and 18 dm.sup.2. If only the outside areas are to
      be measured, the inner surface areas are covered with a varnish before
      levelling and coating are performed.
PAR  Other articles of pressing importance at the present time are small and
      complex structures for electronic components which are to be plated with
      precious metals. The sizes of these articles are very different, there are
      small surfaces of a few squaremillimeters and large printed circuit boards
      the conductors of which have an area of more than one dm.sup.2.
PAR  Watch cases, faces and hands mostly have complicated configurations and are
      to be gold plated. Therefore their surface areas are to be determined. If
      the hands of the watches are very small, e.g., 100 hands are connected
      with a thin wire of well known area and after the surface area
      determination has been performed the surface area of the wire is
      subtracted from the measured surface area which is then divided by 100.
      Thus also very small areas can be determined very exactly.
PAR  These examples could be continued.
PAR  A workpiece with uniformly smooth surfaces is immersed in a coating bath
      for a fixed period of time to form a coating on the workpiece surface. The
      coating configuration is controlled virtually entirely by diffusion. The
      thickness of the coating is thus essentially uniform over the entire
      surface of the workpiece.
PAR  In applying the present invention, use can be made of any suitable known
      coating bath capable of forming a coating of suitable thickness on the
      workpiece in a reasonable treatment time and under known conditions which
      assure that mass transfer within the coating bath occurs virtually
      entirely by diffusion.
PAR  As explained before, there are two possibilities for preparing a smooth
      surface of the workpiece:
PAR  1. chemical polishing or electropolishing. When the articles consist of
      electronegative metals, coating can be performed chemically or by
      displacement of a more noble metal, e.g., copper. When the article
      consists of steel and has a smooth surface, it can be dipped into a
      solution of, e.g., 10 g/l of sulfuric acid and 0.1 g/l of copper sulfate.
      In this solution a thin film of copper is formed on the workpiece at room
      temperature within a few seconds and any stirring of the solution should
      be avoided. Thus mass transfer in this solution is virtually entirely
      controlled by diffusion, for there are such small differences in density
      (specific gravity) of the solution that there is no natural convection
      possible. (See also above-cited A. K. Graham, pages 454 and 455).
PAR  Another mode of depositing a uniform coating consists of chemical reduction
      of ions on the workpiece which is described by G. Gutzeit in A. K.
      Graham's book on pages 464 to 479. These solutions, the compositions of
      which are given on pages 466 and 469, are used in a more diluted form
      because, in this way, the deposition speed is reduced, differences in
      specific gravity of the solutions formed at the surface of the workpiece
      are minimized and natural convection is suppressed. Also the processing
      steps and equipment described by G. Gutzeit are applicable for forming a
      uniform coating according to this invention.
PAR  2. When smoothing the surface is performed by electrolytic deposition of a
      levelling metal coating, displacement and chemical reduction can also be
      applied for coating the workpiece with a uniform layer.
PAR  Furthermore there is the possibility of applying a chemical deposit to the
      surface by conversion. This technique is described by C. W. Ostrander in
      A. K. Graham's ELECTROPLATING ENGINEERING HANDBOOK on pages 416 to 426.
      Conversion coating is a very advantageous way of forming a deposit because
      the deposition rate also decreases with increasing time of immersion. Thus
      reproducibility of the coating thickness is very good. Because conversion
      coatings are formed by chemical reaction of the metal surface with
      components of the solution mass transfer is virtually entirely controlled
      by diffusion, when there is no stirring or agitating of the solution. When
      a chromate treatment is applied on zinc, dip number 2, Type II, in Table I
      on page 420 of A. K. Graham's book can be used to form a uniform coating
      of a mixture of zinc chromate and chrome chromate on the zinc surface, the
      color of which is olive. The treatment steps and all other conditions are
      given by C. W. Ostrander in the abovecited book.
PAR  The conditions for achieving a coating operation are in accordance, e.g.,
      with operation procedures described in A. K. Graham's book. This is
      important because the inventive method is primarily concerned with
      practical embodiments which can be applied in shops or laboratories having
      readily available equipment.
PAR  Mass transfer is effected by convection and by diffusion. Convective
      transfer must be suppressed; with it the thickness of any deposit is
      markedly enlarged at all edges and high spots of the workpiece surface,
      whereas recesses of the surface area are only coated with a thin layer.
      Though artifical convection effected by stirring and agitating the
      solution can be avoided, natural convection can be effected by differences
      in specific gravity of the solution adjacent the workpiece surface. This
      influence can be minimized by using dilute solutions (low reaction rate),
      by reducing reaction speed, by adding neutral salts, such as sodium
      sulfate or sodium chloride to the solution (higher viscosity and smaller
      differences in specific gravity of the solution adherent to the surface of
      the workpiece) and by adding colloidal substances, such as glue, agar agar
      or similar compounds to the solution.
PAR  Diffusion is effected only by differences in concentration, and when a
      coating is deposited nonelectrolytically mass transfer by diffusion is
      completely independent from the dimensions and configuration of the
      workpiece surface. When convection is suppressed, diffusion mass transfer
      and deposition rate have a decreasing velocity. This is an advantage
      because the more slowly the coating is deposited, the smaller are
      deviations from the desired uniform average thickness.
PAR  The coating is, e.g., a layer, the increase in thickness of which decreases
      markedly with time as soon as the layer on the workpiece is closed, i.e.,
      the entire workpiece surface is covered.
PAR  When the coating is deposited by displacement, e.g., copper on steel, (A.
      K. Graham, page 455) the deposition rate is markedly decreased as soon as
      the surface is covered with the deposit, and further exchange of charges
      and deposition is possible only in the range of pores of the deposit.
      Therefore, the deposition rate nearly comes to a stop as the deposit
      becomes more and more dense.
PAR  When chemical reduction is applied, the deposition speed is only reduced
      due to the diffusion rate which decreases as the thickness of the liquid
      diffusion film increases, but the coating thickness still increases.
PAR  When conversion coating is performed, the increase in thickness of the
      layer is also decreased markedly as soon as a uniform coating is deposited
      because the layer is formed by reaction of the metal surface, e.g., zinc,
      with components of the solution, e.g., chromate ions.
PAR  In each of these examples coating thickness is preferably between 0.01 and
      1.0.mu.m.
PAR  The period of time selected for applying the coating to the workpiece
      surface is not critical as long as it is sufficient to produce a
      sufficiently dense coating. A sufficiently dense coating is produced by
      displacement (e.g., copper on steel in acid solution) within a few
      seconds, preferably 20 seconds. Conversion coatings are produced within a
      period of between about a few seconds and a few minutes (A. K. Graham,
      page 420, Table 1). Coatings formed by chemical reduction take more time
      because uniform thickness without noticeable convection of the solution
      requires low reaction rates. Therefore, a time of about 10 to 100 minutes
      is necessary. The coatings are dense enough in every case when the
      thickness is at least 0.01 .mu.m and the coatings have a uniform color.
PAR  The coating is applied, for example, by chromating, phosphating,
      burnishing, oxaling, immersion silver plating, immersion gold plating,
      immersion tin plating and immersion copper plating. A further alternative
      is to deposit the coating by chemical reduction so that the concentration
      gradient at the workpiece surface is too low to produce natural
      convection. The coating material concentration immediately adjacent the
      workpiece surface is maintained essentially uniform throughout coating
      deposition. The coating concentration replenishment adjacent the workpiece
      surface takes place practically only through diffusion. Chemical copper
      plating, chemical silver plating, chemical gold plating and chemical tin
      plating are examples of such processes.
PAR  For chromating, for example, a zinc-plated workpiece is immersed for, e.g.
      100 seconds at room temperature in an acid solution, the pH of which is
      about 3.0 and which contains 5 to 20 g/l of chromic acid, about 5 g/l of
      chromium ions, a few drops of nitric acid and 20 g/l of acetic acid. In
      this way a uniform conversion coating, which is about 0.5 .mu.m thick, is
      formed. During the time of immersion stirring of the solution is avoided.
PAR  For reductive deposition of a copper coating all operations are performed
      in the same way as described by G. Gutzeit in A. K. Graham's book on page
      466. Using a more dilute solution, of course, brings about more uniform
      deposits because there is less natural convection due to lower reaction
      rates.
PAR  Chemical silver plating, e.g., on workpieces which consist of copper or are
      levelled by acid mirror-bright copper plating is performed with a solution
      from which silver is deposited by displacement. A solution which is well
      suited for this purpose is described by N. Hall on page 511 of the 1970
      issue of the METAL FINISHING GUIDEBOOK DIRECTORY, edited by Metals and
      Plastics Publications, Inc., 99 Kinderkamach Road, Westwood, N.J., 07675.
      This solution works very well at room temperature and contains only 1
      oz/gal of silver cyanide and 2 oz/gal of sodium cyanide. A trace of
      caustic soda is advisable for avoiding formation of hydrocyanic acid.
      Other formulations of solutions can be found in the literature or are
      proprietary solutions available on the market. Forming a silver deposit of
      about 0.1 .mu.m thickness by displacement takes about 20 seconds time and
      comes to a stop after about 1 minute when a thickness of about 0.13 .mu.m
      is obtained.
PAR  The deposited coating is removed with a solution having a composition which
      depends on the coating itself. A chromate layer is removed, for example,
      with a sodium base, e.g. an aqueous solution of 10 g/l of caustic soda;
      copper on chrome-nickel steel is removed, e.g., with ammonium persulfate;
      silver layers are removed, e.g., with nitric acid. If it is necessary or
      desirable to remove the coating in the preferred diffusion controlled
      manner, this may be realized, for example, by using the removing agent in
      the form of a foam or by increasing the viscosity of the removing agent.
      Known foaming or viscosity increasing agents are used for this purpose. A
      suitable foaming agent is, e.g., a wetting agent, such as sodium lauryl
      sulfate. A typical viscosity increasing agent is, e.g., glue, agar agar or
      polyvinyl alcohol.
PAR  A foam coating removing composition consists of, e.g., stripping solution,
      such as ammonimum persulfate, and is prepared by adding about 5 to 10
      percent of the above-mentioned wetting agent and by injecting compressed
      air into this solution. This concentration of the wetting agent brings
      about formation of micelles and thus the convection inhibiting effect is a
      marked one.
PAR  Increasing the viscosity of a coating removing solution (stripping
      solution) is easily performed by dissolving, e.g., 2 percent by weight of
      polyvinyl alcohol in the solution. The polyvinyl alcohol powder is mixed
      with a small portion of the liquid to obtain a pulp; after about 1 hour
      this pulp is added to the rest of the solution; and after stirring for a
      few minutes, a clear liquid with a markedly higher viscosity results.
PAR  The quantity of the removed layer is then determined by a concentration
      measurement, for example, photometrically or direct-potentiometrically.
      The quantity of the removed layer is alternatively obtained by a mass
      determination, for example by titration, by precipitation or by a
      colorimetric measuring technique.
PAR  When the workpiece has been levelled, e.g., by bright zinc plating, and the
      coating applied to the workpiece consists of a chromate conversion layer,
      stripping of this layer is easily performed within 30 seconds by dipping
      the workpiece into a dilute solution of caustic soda. Thus a yellow
      chromate solution is formed, the amount of which is determined
      photometrically, potentiometrically or direct-potentiometrically, by a
      simple titration, by precipitation or by a colorimetric measuring
      technique. These measuring techniques are known and are, e.g., partly
      described by A. J. Vogel in his TEXTBOOK OF QUANTITATIVE INORGANIC
      ANALYSIS, 3d Edition, 1966, edited by Longmans, Green and Co., Ltd.,
      London.
PAR  For the photometrical determination a defined volume of stripping solution
      is used for stripping the chromate coating from the workpiece. The optical
      density of this solution is measured with a spectral photometer and a
      light source of 366 nm. The result is proportional to the surface area. By
      using a workpiece the surface area of which is well known the graduation
      of the photometer is adjusted in such a way that the surface areas of an
      unknown workpiece can be read out directly from the instrument.
PAR  Potentiometric determination of the amount of chromate is performed by
      adding 10 ml of phosphoric acid to 100 ml of the stripping solution and
      titration is performed using a 1/50 normal solution of ferrous sulfate.
      For indication a platinum electrode is used, and a saturated calomel
      electrode is used as a reference electrode. At the equivalent point a
      potential drop from about 650 mv to about 420 mv is noted with a high
      impedance tube voltmeter. The consumption of the standard solution is
      proportional to the surface area of the workpiece.
PAR  Direct-potentiometric determination is performed using a silver-sensitive
      indication electrode instead of platinum and a silver nitrate standard
      solution instead of ferrous sulfate. During the titration silver chromate
      is precipitated until all chromate ions have formed insoluble silver
      chromate and then, by adding a small excess of silver ions, a voltage drop
      of about 150 mv is observed.
PAR  When titration of the stripping solution is to be performed with a visual
      indicator, 100 ml of the solution are acidified by addition of sulfuric
      acid, and a 1/50 normal solution of ferrous sulfate is used for titration.
      For indication of the equivalent point a small amount (a few drops of a 1
      percent solution) of diphenylamine is added to the solution, which then
      has a blue color. At the equivalent point the color suddenly disappears.
      The comsumption of the standard solution is proportional to the surface
      area of the workpiece.
PAR  Precipitation is based on the fact that chromate forms salts of very low
      solubility with lead, barium, silver and mercury. The precipitation is
      performed after the stripping solution is weakly acidified with acetic
      acid by adding a solution of one of these metal ions to the sample. The
      quantity of the precipitate is proportional to the surface area of the
      workpiece.
PAR  A colorimetric measuring technique is performed with an electrical
      colorimeter using a filter of green color. A volume of, e.g., 10 ml of the
      stripping solution is diluted by a weak solution of sulfuric acid. A
      volume of 1 ml of an alcoholic solution of diphenylcarbazide, which forms
      a violet complex with chromate ions is then added to the acidic solution.
      After the solution is filled up to 100 ml, the density of the colored
      solution is measured. The density is proportional to the surface area of
      the workpiece.
PAR  There are many possibilities for applying these techniques to coatings
      other than chromate conversion coatings. Coatings of, e.g., copper are
      stripped with, e.g., a solution containing ammonia, tartaric acid and
      hydrogen peroxide. After stripping the copper, e.g., from a nickel
      surface, the excess of peroxide is eliminated by addition of a small
      amount of sodium sulfite. A spectral photometric determination of the
      copper content is then possible after addition of disodium dihydrogen
      ethylene diamino tetraacetic acid (EDTA) at a wavelength of 720 nm. For
      the potentiometric titration with this EDTA solution indication of the end
      point is performed with a solid state copper sensitive electrode and a
      saturated calomel electrode as a reference. Titration with visual
      indication is performed by titration with an EDTA standard solution using
      murexide as an indicator. The yellow solution suddenly becomes violet at
      the equivalence point. Copper is precipitated from the stripping solution
      electrolytically or, e.g., with oxinate, with hydrogen sulfide, with
      thionalid or with cupron.
PAR  Copper is alternatively determinated colorimetrically by using the blue
      color of the stripping solution which the copper has formed a tetrammine
      complex.
PAR  An advantageous modus operandi comprises coating from a solution in which
      the coating composition is formed so that movement of material takes place
      practically under diffusion control.
PAR  One preferable technique comprises smoothing the surface of the workpiece
      by levelling bright zinc plating and coating the workpiece by immersion
      into a chromate solution with a conversion layer. This technique is very
      simple and the deposition is virtually entirely diffusion controlled when,
      during chromating (100 seconds), the solution is not agitated. But other
      techniques mentioned above are also applicable.
PAR  Since a very uniform layer is formed in this manner, no special care is
      required when the layer is removed. Another technique for determining
      surface area comprises applying the layer to the workpiece surface with
      less care and then removing the layer under diffusion control. The effect
      required for measuring accuracy is fully utilized in this way. The
      quantity of coating layer so removed is a direct measure of the surface
      area of the workpiece. Both the application and the removal of the coating
      under diffusion control are recommended when great accuracy is required.
PAR  Exemplary embodiments of the present invention follow. These examples are
      presented solely for the purpose of illustration and in no way limit the
      nature or scope of the invention.
PAC  EXAMPLE 1
PAR  An odd-shaped workpiece (having approximate overall dimensions of 6 cm
      .times. 8 cm .times. 3 cm) forged of chrome-nickel steel is smoothed by
      anodic polishing to plane down the surface profile.
PAR  The polishing operation is performed in nearly the same way as described by
      C. L. Faust in A. K. Graham's book on pages 107 to 126, using a solution
      of 56 percent phosphoric acid, 12 percent chromic acid and 32 percent
      water, an anodic current density of about 20 A/dm.sup.2, and a temperature
      of 60.degree.C. The degreased specimen shows a bright surface after an
      exposition in the bath of about 5 minutes. The workpiece is then rinsed
      and dipped into dilute hydrochloric acid to remove an oxide film.
      Thereafter the workpiece is sequentially immersed in a palladium salt
      solution (e.g., consisting of 0.2 g/l of palladium chloride and 10 g/l of
      hydrochloric acid) for 1 minute. Then, without rinsing, it is dipped into
      a reduction agent solution (e.g., consisting of 20 g/l of stannous
      chloride and 50 g/l of hydrochloric acid) for 2 minutes in order to
      provide the surface uniformly with metal nuclei. The workpiece is then
      immersed for 60 minutes in a very weak, reductively acting copper-plating
      solution (e.g.,  8 g/l of copper as sulfate, 100 g/l of rochelle salt, 20
      ml/l of ammonia, 40 g/l of caustic soda, 40 ml/l of formaldehyde and 0.5
      g/l of glue) with a deposition speed of only about 1 micron/hour (.mu./h).
      (The copper-plating solution, which is reductively acting, is operated
      just as described by G. Gutzeit in A. K. Graham's book on page 466, Table
      2, Solution II, and the deposition rate is only about 1 .mu.m per hour.
      For stabilization of the solution addition of 0.5 g/l glue is quite
      useful.) The copper is then removed from the copper-plated workpiece in
      100 ml of an aqueous solution containing 120 ml/l of ammonia, 20 g/l of
      tartaric acid and 5 ml/l of hydrogen peroxide. After about 1 minute,
      depending on the thickness of the copper deposit, the copper coating is
      completely removed from the workpiece surface; 2 g of sodium sulfite are
      then added to the aqueous copper-removing solution to remove any excess
      peroxide from the stripping solution. Thereafter the solution is
      photometered at 720 nm. The measured extinction, optical density or
      absorbance, is a direct measure of the workpiece surface area.
PAR  Determination of the optical density of a stripping solution is performed,
      e.g., with a one-beam spectrophotometer with high quality filters for 720
      nm and a photoelectric cell sensitive to red light. The photometer has a
      digital read-out and a voltage divider for adjustment of the amplifier. It
      is thus possible to obtain a signal of 100.0 digits for a specimen of 100
      cm.sup.2 surface area. After this calibration the forged workpiece gives a
      result of, e.g., 183.2 cm.sup.2.
PAR  Because the photometer amplifier is calibrated by using a specimen of
      well-known surface area, which was prefinished, coated and stripped in the
      same way as the workpiece to be measured, there is no need for any
      calculations.
PAC  EXAMPLE 2
PAR  An odd-shaped cold-forged belt steel workpiece is provided with a zinc
      coating of approximately 15 .mu. (1 .mu. or micron equals 10.sup.-.sup.6
      meter) thickness in a weakly acid (pH 4.5) zinc-plating bath (temperature
      - 25.degree.C; current density - about 4 A/dm.sup.2 ; agitation by air
      injection) having the following composition:
TBL  zinc chloride             150 g/l                                         
     ammonium chloride         200 g/l                                         
     brightener and leveller                                                   
      (condensation product of formaldehyde                                    
      and naphthalenesulfonic acids)                                           
                                5 g/l                                          
     wetting agent              2 g/l                                          
PAL  Thereafter olive chromation is effected on the workpiece by immersing it
      for 100 seconds in a bath (room temperature; no stirring; pH - about 3.0)
      composed of:
TBL  chromic acid              15 g/l                                          
     chromium ions              5 g/l                                          
     nitric acid                1 ml/l                                         
     acetic acid                2 g/l                                          
PAL  The chromate layer coated on the workpiece is removed therefrom by
      immersing the thus treated workpiece for about 30 seconds in 100 ml or 1
      percent (w/v) aqueous sodium hydroxide. The thus obtained solution (with
      the removed chromate layer) is then photometered at 366 nm. The measured
      optical density is a direct measure of the workpiece surface area.
PAR  Photometric measuring is performed with a one-beam spectral photometer with
      a tungsten lamp as a light source, a high quality spectral filter for 366
      nm, a photoelectric cell sensitive to blue light, a digital read-out for
      optical density and a cuvette of 1cm length (or thickness). Calibration is
      effected by using a specimen of 100 cm.sup.2 and by adjusting the read-out
      to 100.0 digits with a voltage divider for setting the amplification
      factor. Then the yellow stripping solution of the belt steel workpiece is
      measured. The result is 75.2 cm.sup.2. There is no calculation necessary
      because of the adjustment on the base of a specimen of well-known surface
      area.
PAR  A further aspect of the present invention permits the determination of the
      total surface area for workpieces (accommodated on a common rack) of
      different sizes, shapes and numbers. This is accomplished by initially
      coating the workpieces (fastened to the rack) together with a pilot sample
      having a known surface area. The coatings on the workpieces and on the
      pilot sample are then removed in separate removal baths of the same
      composition and of known volumes. Thereafter the concentration (in the
      removal bath) of the layer removed from the pilot sample is used as a
      reference value for calibrating (in surface area units) the measuring
      instrument serving to determine the quantity of the layers removed from
      the workpieces. The concentration (in the removal solution) of the coating
      layer removed from the workpieces is then measured, yielding a direct
      indication (from the calibrated measuring instrument) of the total
      workpiece surface area.
PAR  The advantages of the present invention are that the total surface area of
      workpieces of any desired size, shape and number (attached to a common
      rack) is determined in a rapid and simple manner with the greatest
      accuracy. A change in operating conditions, i.e., for example, a change in
      immersion time, pH, temperature or the concentration of the coating
      solution, is automatically detected so that duplication of measuring
      results is assured.
PAR  With reference to the drawings, a rack, jig or carrier 1 has a number of
      workpieces 2 (which have any desired shape) fastened to it. A pilot sample
      3 with a known surface area is also attached to rack 1.
PAR  In order to determine the surface area of workpieces 2 attached to rack 1,
      the workpieces 2 and the pilot sample 3 are initially provided with a
      practically contour-free surface by electrolytic treatment.
PAR  Such a treatment is, e.g., levelling bright zinc-plating from a noncyanide,
      air-agitated solution, operated at room temperature, and containing 150
      g/l of zinc chloride, 200 g/l of ammonium chloride, 2 g/l of a wetting
      agent and 5 g/l of a condensation product of formaldehyde and naphthalene
      sulfonic acids as a brightener and leveller. The pH of this electrolyte
      should be about 4.5 and the average current density is 4 A/dm.sup.2. The
      anodes consist of pure zinc and the distance between the cathode and anode
      should be at least 10 cm.
PAR  The electrolytic treatment step is omitted when the surfaces of the
      workpieces already exhibit a uniform microrelief or the true surface is of
      interest. Thereafter the workpieces and the pilot sample are rinsed. Then
      the rack with the workpieces and the pilot sample is immersed into vessel
      4 containing a coating solution so that a uniformly thick coating layer is
      formed on the workpieces and on the pilot sample.
PAR  The coating solution is any solution suitable for this purpose. When the
      workpieces and pilot sample are composed of zinc or are zinc-plated, a
      suitable coating solution (pH - about 3.0; room temperature; no stirring
      or air injection) is composed of, e.g., 15 g/l of chromic acid, 5 g/l of
      chromium ions (trivalent), 1 ml/l of nitric acid and 20 g/l of acetic
      acid.
PAR  After a further rinsing in, e.g., fresh water in the usual way in a water
      tank (cf. further information provided by H. L. Pinkerton in A. K.
      Graham's book on pages 705 to 715), rack 1 is immersed in two separate
      vessels, 5 and 6, so that workpieces 2 enter vessel 5 and pilot sample 3
      enters vessel 6. Both vessels contain the same removal (stripping)
      solution, e.g., one composed of 1 percent (w/v) of aqueous caustic soda
      (sodium hydroxide) and the volumes of the two vessels are known.
      Workpieces and pilot sample remain in the removal solution for some time,
      i.e. until the coating is removed from the workpieces, are then removed
      from vessels 5 and 6 and are put into further vessels 7, which need only
      accommodate the workpieces, for subsequent desired surface treatment. For
      simplicity only three treatment stages are shown in FIG. 2; rinsing steps,
      for example, were not considered.
PAR  The present invention requires only slightly more steps than conventional
      coating processes. Thus, for example the following 26 process steps are
      required for gold-plating workpieces of a non-noble basic material, such
      as steel:
PAR  Placing the workpieces onto a rack, degreasing, rinsing, pickling, rinsing,
      electrocleaning (degreasing), rinsing, acid dip, rinsing, copper strike,
      rinsing, acid dip, rinsing, bright copper-plating, rinsing, acid dip,
      rinsing, bright nickel-plating, rinsing, acid dip, rinsing, gold-plating,
      reclaim rinsing, rinsing, drying, removal of the workpieces from the rack.
PAR  For the determination of the surface area of the workpieces the following
      six additional process steps are required: equalizing, rinsing, coating,
      rinsing, removal or coating, rinsing. These can be incorporated in the
      process sequence without difficulty and without noticeable additional
      expenditures.
PAR  Equalizing is necessary to obtain a uniform roughness or profile of the
      surface, because there is a remarkable difference between the true
      surfaces of an unfinished, uneven, coarsegrained workpiece and a smooth,
      bright, levelled one the dimensions of which are the same. Whereas a dull
      silver deposit can have a true surface 50 times greater than the
      geometrical surface (product of length and width), many technical surfaces
      (abrasive finished, abrasive blasted metals, pickled metals) have true
      surfaces 2 to 5 times larger than the geometrical ones.
PAR  Therefore, polishing or levelling is necessary to obtain a surface which
      has a uniform, smooth, reproducible microrelief which is free of contours
      under the scanning microscope. Only these conditions make possible exact
      reproducibility of surface area determination.
PAR  After removing the coatings from workpieces 2 and from pilot sample 3, the
      concentration of the coating material in the removal solution contained in
      vessels 5 and 6 is measured, e.g., as follows:
PAR  The transmission (transparency) of both solutions is measured
      photometrically with the aid of photocells (not shown) as light receivers.
      The measured signals are then amplified by amplifiers 8 and 9 and are
      subsequently converted by lin/log converters 10 and 11 to the
      corresponding optical densities, which are linearly proportional to the
      respective concentrations. The photometrically measured transmission has a
      logarithmic relationship to the optical density, which relationship is
      provided between the input and output of the lin/log converters 10 and 11.
      The relationship between transmission D and optical density E is
      mathematically represented as follows:
      ##EQU1##
PAR  D = J/J.sub.O
PAL  is also equal to 10.sup.-.sup.E, where E is the extinction or optical
      density. Therefore
PAR  E = -log D = log 1/D (= log .sup.I O/I), and when D is measured in percent,
PAR  E = log 100 - log D%, or
PAR  E = 2 - log D%
PAL  (this equation is the basic formula for photometric measurements.) The
      measured transmission D has to be converted into optical density E, and E
      is a linear function of the concentration c:
PAR  E = k .sup.. c
PAL  where k is a factor containing the length of the cuvette and the extinction
      coefficient for the wavelength of the employed monochromatic light. Since
      c is proportional to the surface area, measuring of E gives a direct
      reading of the surface area.
PAR  The optical density of the solution from workpieces 2 is marked E.sub.x,
      that of the solution from the pilot sample 3 is marked E.sub.L. The
      optical density values E.sub.x and E.sub.L are fed to a quotient former 12
      which forms the quotient of E.sub.x and E.sub.L. Since the surface area
      A.sub.x of the x workpieces follows the equation
      ##EQU2##
      and the surface area A.sub.L of the pilot sample as well as the volumes
      V.sub.x of vessel 5 and V.sub.L of vessel 6 are known, and the surface
      area A.sub.x of the workpieces is proportional to the quotient of E.sub.x
      and E.sub.L, a direct indication in surface area units results at the
      measuring instrument 13 if the factor
      ##EQU3##
      had previously been set at potentiometer 14. In addition to an analog
      indication at the measuring instrument 13, a digital display in indicator
      device 16 is possible if an analog/digital converter 15 in connected.
      Instrument 13 could be any suitable type of voltmeter.
PAR  Devices 8 - 12 and 14 are supplied with operating power from source 18 via
      stabilized power supplies 17. All of the signal processing components of
      the arrangement of FIG. 3 can be constituted by well-known commercially
      available devices.
PAR  An alternative for the photometric concentration measurement is a
      direct-potentiometric measurement. In such case a measuring signal is
      obtained which has a logarithmic relationship to the ion activity. Thus
      the photometric and potentiometric modes of operation are directly
      comparable and the block circuit diagram shown in FIG. 3 applies almost
      without modification for both techniques.
PAR  The process according to the present invention is easily incorporated into
      automatic coating processes. The pilot sample 3 in such processes
      simultaneously serves as an identification for racks in which the surface
      area of the workpieces is not known. Only those racks will automatically
      pass through the additional treatment baths while all racks in which the
      surface area of the workpieces is known can pass these baths by.
PAR  Racks in which the surface area of the workpieces has been determined
      according to the present method can have the measured result associated to
      them for the further process steps in the form of an identification, for
      example a code, which is particularly easy with automatic process control
      employing memories, so that further process steps can then be performed
      under optimum conditions.
PAR  The preceding description of the present invention is susceptible to
      various modifications, changes and adaptations, as is readily apparent to
      those skilled in the subject art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for determining the surface area of a workpiece in which the
      entire surface of the workpiece is smooth which comprises: forming a
      removable coating of a metal or a metal compound on the entire workpiece
      surface by immersing the workpiece in a coating composition to obtain a
      coated workpiece, removing the coating from the workpiece surface by
      covering the coated workpiece with a coating-removal composition, at least
      one of the compositions selected from the group consisting of the coating
      composition and the coating-removal composition being a composition in
      which mass transfer is practically diffusion controlled, and comparing the
      quantity of coating removed by the coating removal composition to a
      standardized quantity of coating removed from a sample of known surface
      area, said standardized quantity having been obtained by coating the
      sample and removing the coating from the sample under the same conditions
      that were used to coat the workpiece and remove the coating from the
      workpiece.
NUM  2.
PAR  2. A process according to claim 1 which comprises immersing the workpiece
      for a fixed period of time in a coating-composition solution in which mass
      transfer is virtually entirely diffusion controlled.
NUM  3.
PAR  3. A process according to claim 1 which comprises covering the coated
      workpiece for a fixed period of time with a coating-removal composition in
      which mass transfer is essentially diffusion controlled.
NUM  4.
PAR  4. A process according to claim 2 which comprises covering the coated
      workpiece for a fixed period of time with a coating-removal composition in
      which mass transfer is effectively diffusion controlled.
NUM  5.
PAR  5. A process according to claim 1 which comprises pretreating the workpiece
      to make its surface homogeneous and smooth before the coating is applied
      thereto.
NUM  6.
PAR  6. A process according to claim 1 which comprises chemically pretreating
      the workpiece to make its surface homogeneous and smooth before the
      coating is applied thereto.
NUM  7.
PAR  7. A process according to claim 1 which comprises electrolytically
      pretreating the workpiece to make its surface homogeneous and smooth
      before the coating is applied thereto.
NUM  8.
PAR  8. A process according to claim 2 wherein applying the coating comprises
      chromating.
NUM  9.
PAR  9. A process according to claim 2 wherein applying the coating comprises
      reductive deposition.
NUM  10.
PAR  10. A process according to claim 9 wherein the reductive deposition is
      chemical copper plating, nickel plating, silver plating, gold plating or
      tin plating.
NUM  11.
PAR  11. A process according to claim 3 wherein the coating-removal composition
      is solvent in foam form.
NUM  12.
PAR  12. A process according to claim 5 which comprises determining the quantity
      of coating removed by the coating-removal composition by measuring
      coating-composition concentration in said coating-removal composition
      after removing the coating from the workpiece surface.
NUM  13.
PAR  13. A process according to claim 12 which comprises measuring
      coating-composition concentration photometrically.
NUM  14.
PAR  14. A process according to claim 12 which comprises measuring
      coating-composition concentration potentiometrically.
NUM  15.
PAR  15. A process according to claim 5 which comprises determining the quantity
      of coating composition removed from the workpiece surface by mass
      determination.
NUM  16.
PAR  16. A process according to claim 15 wherein the mass determination is
      titratin.
NUM  17.
PAR  17. A process according to claim 16 wherein the mass determination is
      precipitation.
NUM  18.
PAR  18. A process according to claim 16 wherein the mass determination is
      colorimetry.
NUM  19.
PAR  19. A process according to claim 1 which comprises:
PA1  a. fastening at least one workpiece and a pilot sample on a rack the pilot
      sample having a known surface area;
PA1  b. applying a coating of the coating composition to cover the surfaces of
      each workpiece and of the pilot sample;
PA1  c. removing the coating from each workpiece surface by immersing each
      workpiece in coating-removal composition in a first bath of known volume;
PA1  d. removing the coating from the pilot sample surface by immersing the
      pilot sample in a second bath of known volume and of the same
      coating-removal composition;
PA1  e. measuring the concentration of coating composition in the
      coating-removal composition of the second bath;
PA1  f. calibrating a coating-composition concentration-measuring instrument in
      surface area units based on the known surface area of the pilot sample,
      the known volumes of the first and second baths and the measured
      concentration of coating composition in the coating-removal composition of
      the second bath; and
PA1  g. measuring the concentration of coating composition in the
      coating-removal composition of the first bath with the coating composition
      concentration-measuring instrument.
NUM  20.
PAR  20. A process according to claim 1 which comprises:
PA1  a. fastening at least one workpiece and a pilot sample on a rack, the pilot
      sample having a known surface area;
PA1  b. applying a coating of the coating composition to cover the surfaces of
      each workpiece and of the pilot sample;
PA1  c. removing the coating from each workpiece surface by immersing each
      workpiece in coating-removal composition in a first bath of known volume;
PA1  d. removing the coating from the pilot sample surface by immersing the
      pilot sample in a second bath of known volume and of the same
      coating-removal composition;
PA1  e. measuring respective optical density values for the first bath and for
      the second bath after removing the coating from each workpiece and from
      the pilot sample;
PA1  f. calibrating a measuring instrument in surface area units based on the
      known surface area of the pilot sample, the known volumes of the first and
      second baths and a quotient of the respective extinction values; and
PA1  g. determining the quotient and obtaining the corresponding workpiece
      surface area from the measuring instrument.
NUM  21.
PAR  21. A process according to claim 2 wherein applying the coating comprises
      phosphating.
NUM  22.
PAR  22. A process according to claim 2 wherein applying the coating comprises
      burnishing.
NUM  23.
PAR  23. A process according to claim 2 wherein applying the coating comprises
      oxaling.
NUM  24.
PAR  24. A process according to claim 2 wherein applying the coating comprises
      immersion silver plating.
NUM  25.
PAR  25. A process according to claim 2 wherein applying the coating comprises
      immersion gold plating.
NUM  26.
PAR  26. A process according to claim 2 wherein applying the coating comprises
      immersion tin plating.
NUM  27.
PAR  27. A process according to claim 2 wherein applying the coating comprises
      immersion copper plating.
NUM  28.
PAR  28. The process as defined in claim 1 wherein the metal compound is a salt.
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PAL  An in vitro process for detecting the presence of endotoxin in a biological
      fluid such as a parenteral fluid, whole blood, and the like, wherein
      amebocyte lysate from the hemolymph of the horseshoe crab, Limulus
      polyphemus, is intimately contacted with and incubated in the presence of
      a synthetic plastic polymer capable of adsorbing endotoxin which has
      previously been contacted with the biological fluid. The presence or
      absence of a gelation reaction in the amebocyte lysate is then observed.
      The presence of a gelation reaction determines the presence of endotoxin
      in the biological fluid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved in vitro process for assaying for the
      presence of endotoxin in a biological fluid including the blood of animals
      and parenteral fluids such as serum, plasma, whole blood, albumins,
      dextrose solutions, and the like.
PAR  Generally speaking, endotoxin is a complex lipopolysaccharide material
      derived from gram-negative bacilli that is known to produce a wide variety
      of striking pathophysiological reactions in animals. For many years it was
      believed that the material was contained within gram-negative bacilli
      cells and was released only upon disintegration of the cell walls. Hence,
      the material was termed endotoxin. Recent studies, however, have shown
      that endotoxin is localized at the cell surface of gram-negative bacilli
      and may be present with viable and killed cells as well as in a free from
      within a liquid medium.
PAR  Endotoxin has been identified as a direct and contributory cause of death
      of many hospitalized patients. More particularly, endotoxin is known to
      cause febrile reactions in animals with symptoms of extremely high fever,
      vasodilation, diarrhea, and the like and, in extreme cases, fatal shock.
      It is also known that endotoxin causes leucocytosis, deleterious changes
      in carbohydrate and protein metabolism and widespread intravascular
      clotting by fibrin formation.
PAR  Studies have shown that endotoxemia in animals may be caused by or is
      associated with gram-negative bacilli primary and secondary infections
      and/or the employment of intravenous apparatus or solutions contaminated
      with gram-negative bacilli or endotoxin. The occurrence of endotoxemia rom
      the use of endotoxin-contaminated intravenous or parenteral solutions has
      recently been recognized as a particular problem in modern hospitals. For
      these reasons, a considerable amount of research has been, and is
      presently being conducted, to develop a simple, rapid, positive process
      for detecting the presence of endotoxin in parenteral fluids and in the
      blood of animals.
PAR  There are several procedures known for detecting the presence of endotoxin
      in many types of biological fluids. More particularly, there are several
      known bioassay procedures for detecting endotoxin which take advantage of
      one or more of the biologic effects or the antigenic composition of
      endotoxin through the use of experimental animals. For example, one of the
      most widely accepted bioassays for endotoxin is the rabbit pyrogenicity
      test which is currently used to satisfy Federal Drug Administration
      requirements for parenteral solutions and biologic products designed for
      intravenous injection in man. The rabbit pyrogenicity test is carried out
      by injecting a biological fluid being tested into three or more
      preconditioned rabbits and continuously monitoring the rectal temperatures
      of the injected rabbits for at least 3 hours following the injection.
      Biological fluids contaminated with endotoxin cause febrile reactions in
      the test rabbits with increased rectal temperatures being observed. In
      addition, several bioassay procedures for detecting endotoxin have been
      described which utilize the lethal effects of endotoxin in test animals.
PAR  However, known bioassay procedures suffer from several disadvantages. Known
      bioassay procedures not only require extensive amounts of time but are
      also relatively difficult to perform. Moreover, such procedures have not
      been found to be particularly sensitive for detecting the presence of
      endotoxin and suffer in reliability in view of all the variabilities
      encountered through the required use of intact test animal systems.
PAR  Several in vitro assay procedures for detecting endotoxin in biological
      fluids are also known. For example, D. K. Heilman and R. C. Bast, Jr., in
      "J. Bacteriol." 93: 15-20 (1967), disclose an in vitro assay process for
      detecting endotoxin through the inhibition of macrophage migration by
      endotoxin. A process for determining the presence of endotoxin in
      parenteral fluids by the use of membrane filtration has been described by
      S. Marcus in "Bull. Parenteral Drug Ass." 18:18-24 (1964). However,
      studies have shown that such in vitro methods are no more sensitive in
      detecting the presence of endotoxin than many of the aforementioned
      bioassay procedures and exhibit no significant improvement in reliability.
PAR  Several in virto procedures have recently been described for the detection
      of endotoxin in certain biological fluids by the use of amebocyte lysate
      from the hemolymph of the horseshoe crab, Limulus polyphemus. Studies have
      shown that the amebocyte lysate of Limulus crabs is extremely sensitive to
      endotoxin and coagulates in its presence in a gelation reaction. It has
      been amply demonstrated that the degree of gelation or coagulation of the
      amebocyte lysate is quantitative to the amount of endotoxin present.
      Further, it has been found that the amebocyte lysate is so sensitive to
      endotoxin as to detect as little as 0.1 ng of endotoxin present in 1 ml of
      fluid.
PAR  Generally, in vitro procedures for detecting the presence of endotoxin in
      biological fluids employing the amebocyte lysate of Limulus crabs include
      admixing a sample of the biological fluid with the lysate, incubating the
      admixture for a predetermined period of time at a predetermined
      temperature, and observing and grading the degree of gelation of the
      lysate. Examples of particular procedures employing the Limulus lysate
      test for detecting endotoxin in a variety of parenteral fluids are
      described in the following publications: R. R. Rojas-Corona et al. "The
      Limulus Coagulation Test for Endotoxin: A Comparison with Other Assay
      Methods," Proc. Soc. Exp. Biol. Med. 132:599-601 (1969); J. F. Cooper et
      al. "Quantitative Comparison of In Vitro and In-Vivo Methods for the
      Detection of Endotoxin," J. Lab. Clin. Med. 78:138-147 (1971); and J. F.
      Cooper et al. "The Limulus Test for Endotoxin (Pyrogen) in
      Radiopharmaceutical and Biologicals," Bull. Parenteral Drug Ass.
      26:153-162 (1972).
PAR  Processes have also been described employing the amebocyte lysate of
      Limulus crabs for detecting endotoxin in human blood. However, such known
      procedures require extensive treatment of the blood or blood components,
      such as plasma, prior to testing with the Limulus lysate to remove certain
      inhibitors that prevent the detection of endotoxin. For example, J. Levin
      et al. in "Detection of Endotoxin in Human Blood and Demonstration of an
      Inhibitor," J. Lab. Clin. Med. 75:903-911 (1970), describe a process for
      detecting endotoxin in human blood by the use of Limulus amebocyte lysate
      which includes initial treatment of blood plasma containing endotoxin with
      a 1:4 ratio of chloroform to plasma for a period of 1 hour to remove
      certain endotoxin inhibitors in the plasma prior to incubation with the
      Limulus lysate.
PAR  R. B. Reinhold et al, in "A Technique for Quantitative Measurement of
      Endotoxin in Human Plasma," Proc. Soc. Exp. Biol. Med. 137:334-340 (1970),
      describe the use of a pH shift method of plasma treatment to retard
      endotoxin binding by plasma proteins in an in vitro process for detecting
      endotoxin employing Limulus amebocyte lysate.
PAR  We have now discovered an improved in vitro process for detecting the
      presence of endotoxin in the blood of an animal by the use of amebocyte
      lysate of Limulus crabs which does not require extensive treatment of the
      blood or any of its components to remove certain plasma inhibitors that
      was heretofore required in known processes. The process of our invention
      can be carried out rapidly and simply with no adverse affect on the
      apparent sensitivity and specificity of Limulus amebocyte lysate to
      endotoxin. The process of the invention may also be employed for the
      detection of endotoxin in any type of biological fluid, including
      parenteral fluids.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an improved in vitro process for detecting the
      presence of endotoxin in a biological fluid which comprises intimately
      contacting amebocyte lysate from the hemolymph of the horseshoe crab,
      Limulus polyphemus, with a non-ionogenic hydrophobic non-polar aliphatic
      synthetic plastic polymer capable of adsorbing endotoxin which has
      previously been intimately contacted with a biological fluid, incubating
      the amebocyte lysate in the presence of the synthetic plastic polymer and
      observing the presence or absence of a gelation reaction in the amebocyte
      lysate. The observation of a gelation reaction in the amebocyte lysate
      confirms the presence of endotoxin in the biological fluid to which the
      synthetic polymer capable of adsorbing endotoxin has previously been
      intimately contacted with. The inventive process provides a rapid, simple
      procedure for detecting the presence of endotoxin in biological fluids and
      is particularly useful for assaying for the presence of endotoxin in whole
      blood without previous treatment of the blood.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process of the present invention is carried out by initially intimately
      contacting a biological fluid with a non-ionogenic non-polar hydrophobic
      aliphatic synthetic plastic polymer capable of adsorbing endotoxin in
      accordance with the process described in U.S. patent application Ser. No.
      536,833, by Nick S. Harris, co-inventor herein, entitled "Process for
      Removing Endotoxin from Biological Fluids" and filed on even date with
      this application. More particularly, as described in said co-pending
      application Ser. No. 536,833, types of synthetic plastic polymer that have
      been found capable of adsorbing endotoxin include substantially
      crystalline, non-polar aliphatic hydrocarbon thermoplastic polymers,
      fluorocarbon polymers, silicone elastomers, and mixtures thereof.
      Experiments have shown that when a biological fluid contaminated with
      endotoxin is contacted with these types of polymers, the endotoxin is
      readily removed from the liquid media, adsorbed by and bound to the
      synthetic plastic polymer surface and is not readily removed from the
      polymer surface by simple washing. These types of polymers that have been
      discovered to have an affinity for and are capable of adsorbing endotoxin
      are generally aliphatic saturated polymers which are non-ionogenic,
      substantially non-polar and hydrophobic. Moreover, many of these polymers
      are classified as crystalline, isotactic polymers.
PAR  The substantially crystalline non-polar aliphatic hydrocarbon thermoplastic
      polymers preferably employed for intimate contacting with a biological
      fluid include the poly-.alpha.-olefins, such as polyethylene,
      polypropylene, and the higher homologue polymers. Any commercially
      available type or grade of poly-.alpha.-olefin may be employed in
      substantially any molecular weight commercial formulation. The polymers
      may include inert compatible fillers and/or colorants with no adverse
      affect on their capability of adsorbing endotoxin. Moreover, copolymers
      may be employed. Examples of particular commercially available
      poly-.alpha.-olefins that have been found useful include high density
      polyethylene, low density polyethylene, and isotactic polypropylene, to
      name a few.
PAR  Fluorocarbon polymers have also been found to have an affinity for
      endotoxin and may be employed. As known, fluorocarbon polymers are highly
      crystalline, hydrophobic, non-ionogenic and substantially non-polar
      thermoplastics. Any commercially available fluorocarbon polymer material
      may be employed for intimate contacting with a biological fluid, including
      those substituted with other halogen groups, such as chlorine, and those
      formulated with inert filler or colorant ingredients. Types of
      fluorocarbon polymers that have been found to be particularly useful
      include tetra-fluoroethylene polymers, fluoronated ethylene-propylene
      polymers and modified copolymers of tetrafluoroethylene and ethylene.
      These polymers are readily available commercially in a variety of grades.
      For example, fluoronated ethylene-propylene polymers are sold by E. I. du
      Pont de Nemours & Co., Inc. under the trademark "TEFLON FEP". Modified
      copolymers of tetrafluoroethylene and ethylene are also sold by E. I. du
      Pont de Nemours & Co., Inc. under the trademark "TEFZEL".
PAR  In addition, any type of silicon elastomer may be employed for contacting
      with a biological fluid suspected of being contaminated with endotoxin.
      Silicone elastomers are classified as thermosetting cross-linked synthetic
      polymers and are normally quite resilient. Thus, their physical
      characteristics are somewhat different from the crystalline non-polar
      aliphatic hydrocarbon polymers and fluorocarbon polymers, mentioned
      hereinabove. Yet, experiments have shown that silicone elastomers have an
      affinity for endotoxin and are capable of adsorbing it from a liquid
      medium. Types of silicone elastomers that are particularly useful in the
      process of the invention include the high molecular weight linear
      poly(alkylsiloxane) that are cured by crosslinking linear or slightly
      branched siloxane chains having reactive silanol end groups. These
      silicone elastomers are generally referred to in the art as
      room-temperature vulcanizing silicone elastomers and are readily available
      commercially. Examples of suitable silicone elastomers include the RTV 732
      and 108 silicone elastomers sold by Dow Corning Co., which contain
      dimethyldichlorosilane and crosslinking agents that cure by cross-linking
      when exposed to atmospheric moisture. Another suitable silicone elastomer
      is medical grade silastic sold by Dow Corning Co. which is cross-linked
      and cured at room-temperature by the addition of stannous octoate. These
      silicone elastomers are employed after they have been cured or
      cross-linked to form solidified materials.
PAR  The synthetic plastic polymers capable of adsorbing endotoxin may be
      contacted with the biological fluid suspected of being contaminated with
      endotoxin in any conventional manner so as to provide intimate contact
      therewith. Preferably, the synthetic polymer is employed in particulated
      form, such as beads, granules or chips so as to provide increased polymer
      surface area and the contacting is carried out by passing the biological
      fluid through a column containing the particulated synthetic polymer. In
      addition, if desirable, the biological fluid may be incubated in the
      presence of the synthetic polymer material at a temperature within the
      range of from about room-temperature to about 40.degree. C. for a time
      period of from about 10 minutes to about 2 hours. However, incubation and
      contact time have not been found to be critical in regard to the
      capability of the synthetic plastic polymer to adsorb endotoxin.
PAR  In accordance with the present invention, the synthetic plastic polymer
      initially contacted with a biological fluid suspected of being
      contaminated with endotoxin is removed from contact with the biological
      fluid and intimately contacted with amebocyte lysate of the horseshoe
      crab, Limulus polyphemus. Surprisingly, endotoxin adsorbed by the
      synthetic plastic polymer from the biological fluid is capable of causing
      a gelation reaction in the amebocyte lysate.
PAR  Limulus amebocyte lysate employed in the process of the invention may be
      obtained by lysing amebocyte cells of the hemolymph of Limulus polyphemus
      crabs in accordance with any process known in the art. Several amebocyte
      lysing methods have been described in the literature. For example,
      amebocyte lysate may be obtained by lysing washed amebocyte cells by
      freezing and thawing in dry ice and acetone as described by J. Levin and
      F. B. Bang in "Clottable Protein in Limulus: Its Localization and Kinetics
      of its Coagulation by Endotoxin," Thromb. Diath. Haemorrh. 19:186-197
      (1968). Methods of mechanical disruption of amebocytes in preparing
      Limulus amebocyte lysate have been described by P. A. Ward and J. H. Hill
      in "Detection of Lipopolysaccharide (LPS): An Improved Method for
      Isolation of The Limulus Extract" Proc. Soc. Exp. Biol. Med. 141:898-900
      (1972) ). Methods utilizing pyrogenfree distilled water to lyse amebocyte
      cells in the preparation of potent amebocyte lysate have also been
      described. See Rojas-Corona et al., "The Limulus Coagulation Test for
      Endotoxin: A Comparison with Other Assay Methods," Proc. Soc. Exp. Biol.
      Med. 132:599-601 (1969); and J. Jorgensen et al., "Measurement of Bound
      and Free Endotoxin by the Limulus Assay", Proc. Soc. Exp. Biol. Med.
      146:1024-1031 (1974).
PAR  In accordance with the process of the invention the Limulus amebocyte
      lysate is then incubated in the presence of the synthetic plastic polymer
      previously contacted with the biological fluid suspected of being
      contaminated with endotoxin. Incubation is preferably carried out at a
      temperature within the range of about 30.degree. C. to about 40.degree. C.
      for a time period of from about 60 to about 90 minutes. We particularly
      prefer to carry out incubation at about 36.degree. C. to about 37.degree.
      C., 37.degree. C. being optimum, for about 60 to about 70 minutes.
PAR  Preferably, the synthetic plastic polymer previously contacted with the
      biological fluid is washed with a pyrogen-free liquid such as pyrogen-free
      saline prior to contacting it with the Limulus amebocyte lysate. Washing
      with saline is particularly preferred when whole blood is being assayed
      for endotoxin so as to remove any cellular material possibly adhering to
      the synthetic polymer.
PAR  During or after incubation the presence or absence of a gelation reaction
      in the Limulus amebocyte lysate is observed. The presence of a gelation
      reaction confirms the presence of endotoxin in the biological fluid.
PAR  As mentioned hereinbefore, the process of the invention may be employed for
      detecting the presence of endotoxin in substantially any type of
      biological fluid including parenteral fluids. Examples of parenteral
      fluids that may be assayed for the presence of endotoxin include saline
      solutions, dextrose solutions, hyperelimentation fluids, serums, plasma,
      albumins, and antiserums, to name a few. Moreover, the inventive process
      is particularly useful for detecting the presence of endotoxin in whole
      body and/or components of whole blood. The presence of endotoxin in whole
      blood and/or its components may be assayed rapidly and simply by the
      inventive process without any previous treatment of the blood heretofore
      required by previously known endotoxin assays employing Limulus amebocyte
      lysate.
PAR  The following examples particularly illustrate the nature of the inventive
      process and are not intended to be limitative thereof. The Limulus
      amebocyte lysate employed in the following examples was prepared by lysing
      amebocytes of the hemolymph of Limulus crabs obtained from the Marine
      Biological Laboratory, Woods Hole, Mass., with pyrogen-free distilled
      water in accordance with the process described by J. Jorgensen et al,
      supra. The amebocyte cells were lysed by the addition of pyrogen-free
      distilled water at a 1:3 ratio of packed cells to water. The suspension
      was then thoroughly mixed and allowed to stand at 4.degree. C. for 18-24
      hours. The cellular debris was then removed by centrifugation and the
      lysate decanted. The lysate was stored in sterile pyrogen-free polystyrene
      vials at -20.degree. C. or for shorter periods of time at 4.degree. C.
      until needed.
DETD
PAC  EXAMPLE I
PAR  An endotoxin standard solution was prepared by adding 10 mg endotoxin to 10
      ml pyrogen-free saline (0.9% sodium chloride) to yield a solution of 1
      mg/ml endotoxin concentration. The endotoxin used was a lipopolysaccharide
      Westphal phenol extract of Escherichia coli 011:B4, sold by Difco
      Laboratories, Detroit, Mich. This endotoxin standard solution was then
      diluted several times with pyrogen-free saline to provide several samples
      having different endotoxin concentrations. 0.1 cc of several of these
      samples at differing endotoxin concentrations were respectively added to
      0.1 cc of Limulus amebocyte lysate for standardization of the lysate. Each
      of the samples with the lysate were incubated for 70 minutes at 37.degree.
      C. The resultant reactions were observed and graded for degree and quality
      of gelation as follows:
PAR  +4 Firm clot and cloudy.
PAR  +3 Soft clot which slides down inverted tube, cloudy.
PAR  +2 High viscosity slime and cloudy.
PAR  +1 Medium viscosity and maybe cloudy.
PAR  0 Substantially clear, like water.
PAR  3.0 cc of blood was taken from a normal healthy individual. A dose of 100
      units of sigma pyrogen-free heparin per cc of blood was then added to the
      blood sample. 1.0 cc aliquots of the heparinized blood were then placed in
      three pyrogen-free polystyrene tubes (Falcon Plastics, Oxnard,
      California). To one tube was added 0.1 cc saline (0.9% sodium chloride).
      0.1 cc of 50 ng/ml endotoxin standard solution prepared previously was
      added to a second tube, while 0.1 cc of a 10 ng/ml endotoxin standard
      solution was added to the third tube. One polypropylene bead (Shell
      Polypropylene 5820, Shell Chemical Company, Houston, Texas) was
      respectively added to each tube. Each bead had an approximate diameter of
      about 2 mm. The contents of the three tubes were then incubated for 30
      minutes at 37.degree. C. The polypropylene beads were then removed from
      each tube, washed in saline and each respectively added to 0.1 cc of
      Limulus lysate. The Limulus lysate samples were incubated in the presence
      of the polypropylene beads for 70 minutes at 37.degree. C., during which
      the presence or absence of a gelation reaction in the lysate was observed.
      The results, along with the gelation reactions of the endotoxin standard
      solutions, are set forth in the following Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Tube                 Endotoxin    Limulus.sup.(2)                         
     No   Content         Concen. ng/ml                                        
                                       Lysate                                  
                                       Reaction                                
     ______________________________________                                    
     1    Blood and Saline                                                     
                          0            0                                       
     2    Blood and Endotoxin                                                  
                          50.sup.(1)   +2                                      
     3    Blood and Endotoxin                                                  
                          10.sup.(1)   +1                                      
     4    Endotoxin Control                                                    
                          100          +4                                      
     5    Endotoxin Control                                                    
                          10           +4                                      
     6    Endotoxin Control                                                    
                          2.5          +3                                      
     7    Endotoxin Control                                                    
                          1            +2                                      
     ______________________________________                                    
      .sup.(1) Concentration of 0.1 cc endotoxin solution added to 1.0 blood.  
      .sup.(2) Lysate incubated in presence of polypropylene bead previously   
      incubated with tube contents, except for endotoxin control solutions.    
PAR  The results of Table 1 illustrate the effectiveness of the inventive
      process for detecting the presence of endotoxin in blood. Table 1 shows
      that polypropylene beads previously contacted with blood containing
      endotoxin (tubes 2 and 3) gave positive Limulus lysate gelation reactions
      while the polypropylene bead contacted with the blood and saline (tube 1)
      gave no reaction.
PAC  EXAMPLE II
PAR  100 ng of endotoxin (lipopolysaccharide Westphal phenol extract, E. coli
      011:B4, Difco, supra) was seeded in 1.0 ml normal human serum albumin, USP
      25 % salt poor, (sold under the tradename METALBUMEN by Metabolic, Inc.,
      Houston, Texas) in a pyrogen-free polystyrene tube. A 1.0 ml sample of the
      albumin was also added to a second pyrogen-free polystyrene tube. Two
      polypropylene beads (Shell Polypropylene 5820, supra), having diameters of
      about 2 mm, were respectively placed in each of the tubes. The samples
      were incubated at 37.degree. C. for 10 minutes. The two beads were then
      removed, washed with pyrogen-free saline, and assayed for the presence of
      endotoxin by adding each bead to 0.1 ml Limulus lysate, incubating at
      37.degree. C. for 70 minutes and grading the resultant reaction for degree
      and quality of gelation in accordance with the Limulus Lysate Assay
      procedure described in Example I. Several endotoxin solutions at various
      concentrations were prepared by dilution of the endotoxin in saline, as
      described in Example I. 0.1 ml of the prepared endotoxin solutions, along
      with a 0.1 ml sample of the albumin were also assayed by the Limulus
      Lysate Assay as controls. The results of the assays are set forth in the
      following Table 2.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Material       Endotoxin    Limulus Lysate                                
     Assayed        Concentration,                                             
                                 Assay Reaction                                
                    ng/ml                                                      
     ______________________________________                                    
     Endotoxin Control                                                         
                    100          +4                                            
     Endotoxin Control                                                         
                    10           +4                                            
     Endotoxin Control                                                         
                    1            +2                                            
     Albumin Control                                                           
                    --           +1                                            
     Polypropylene bead.sup.(1)                                                
                    100          +4                                            
     Polypropylene bead.sup.(2)                                                
                    --           0                                             
     ______________________________________                                    
      .sup.(1) Bead placed in 1 ml albumin seeded with 100 ng endotoxin,       
      incubation at 37.degree.C. for 10 minutes. Bead washed with saline prior 
      to assay.                                                                
      .sup.(2) Bead placed in 1 ml albumin control, incubation at 37.degree.C. 
      for 10 minutes. Bead washed with saline prior to assay.                  
PAR  The results of Table 2 illustrate the effectiveness of the inventive
      process for detecting the presence of endotoxin in a parenteral fluid such
      as albumin. As shown in Table 2, endotoxin present in the albumin was
      adsorbed by polypropylene and incubation of the Limulus amebocyte lysate
      in the presence of the polypropylene bead gave a strong +4 gelation
      reaction in the lysate even after the polypropylene had been washed with
      pyrogen-free saline.
PAC  EXAMPLE III
PAR  A hemoperfusion polymer-column apparatus was designed to perform an
      arterial-venous shunt or by-pass to determine the effectiveness of the
      inventive process for detecting the presence of endotoxin in the blood of
      an animal. The hemoperfusion polymer-column unit was prepared by packing a
      sephadex gel reservoir, 5 mm diameter, 30 cm long, with 800 g. of
      polypropylene beads having diameters of about 2 mm, average, (Shell
      Polypropylene 5820, supra). The ends of the sephadex gel reservoir were
      covered with cotton gauze to prevent clogging. Intravenous tubes were
      attached to each end of the reservoir and capped with catheters. The
      apparatus was then attached to a dog weighing about 12 kg by injecting one
      catheter into an artery and the other catheter into a vein. The dog had
      previously been heparinized by injection with sigma pyrogen-free heparin
      at a dose level of about 6 units per cc of blood. The blood from the
      animal was removed through the arterial-intravenous line, perfused through
      and over the polypropylene bead column and reinfused through the venous
      intravenous line. The column containing the polypropylene beads was gently
      shaken by the use of a reciprocal shaker to prevent agglomeration of blood
      cells. After about 1 hour of continuous by-pass of the blood through the
      polymer-column no hemolysis was observed. The dog was then injected with 5
      mg/kg weight endotoxin (lipopolysaccharide Westphal phenol extract of E.
      coli, 055:B5, Difco Laboratories, supra; reconstituted with pyrogen-free
      saline, 0.9% sodium chloride). Perfusion of the blood through the
      polymer-column was continued for 11/2 hours after which the hemoperfusion
      apparatus was removed. The polypropylene beads in the reservoir were then
      washed by perfusing pyrogen-free saline through the polymer-column. One of
      the beads was removed from the column and added to 0.1 cc saline. 0.1 cc
      of the Limulus lysate standardized in Example I was then added thereto and
      incubated at 37.degree. C. for 70 minutes. During incubation, a clot
      appeared, confirming the presence of endotoxin in the blood of the animal.
PAR  Obviously, many modifications and variations of the invention as
      hereinbefore set forth may be made without departing from the spirit and
      scope thereof, and, therefore, only such limitations should be imposed as
      are indicated in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An in vitro process for determining the presence or absence of endotoxin
      in a biological fluid, said process comprising:
PA1  a. contacting said biological fluid with a non-ionogenic, hydrophobic,
      non-polar, aliphatic, synthetic plastic polymer whereby endotoxin present
      in the fluid is adsorbed by the synthetic plastic polymer;
PA1  b. removing said synthetic plastic polymer from contact with the biological
      fluid;
PA1  c. contacting the plastic polymer of (b) with amebocyte lysate from the
      hemolymph of the horseshoe crab, Limulus polyphemus;
PA1  d. incubating the amebocyte lysate in contact with the synthetic plastic
      polymer of (c); and
PA1  e. observing the presence or absence of gelation reaction in the amebocyte
      lysate.
NUM  2.
PAR  2. The process of claim 1 wherein said amebocyte lysate in contact with the
      synthetic plastic polymer of (c) is incubated at a temperature within the
      range of from about 30.degree. C. to about 40.degree. for a time period
      within the range of from about 60 to about 90 minutes.
NUM  3.
PAR  3. The process of claim 1 wherein said biological fluid is blood.
NUM  4.
PAR  4. The process of claim 3 wherein the synthetic plastic polymer previously
      contacted with the blood is washed with a pyrogen-free liquid prior to
      contact with said amebocyte lysate.
NUM  5.
PAR  5. The process of claim 1 wherein said non-ionogenic hydrophobic non-polar
      aliphatic synthetic plastic polymer capable of adsorbing endotoxin is a
      polymer selected from the group consisting of a substantially crystalline
      non-polar aliphatic hydrocarbon thermoplastic polymer, a substantially
      crystalline non-polar aliphatic thermoplastic fluorocarbon polymer, a
      cross-linked aliphatic silicone elastomeric polymer and mixtures thereof,
      said synthetic plastic polymer being previously intimately contacted with
      said biological fluid whereby endotoxin present in said biological fluid
      is adsorbed onto the surface of said polymer.
NUM  6.
PAR  6. The process of claim 5 wherein said synthetic plastic polymer is a
      poly-.alpha.-olefin polymer.
NUM  7.
PAR  7. The process of claim 5 wherein said synthetic plastic polymer is a
      thermoplastic fluorocarbon polymer.
NUM  8.
PAR  8. The process of claim 5 wherein said synthetic plastic polymer is a
      cross-linked poly(alkyl-siloxane).
PATN
WKU  039443922
SRC  5
APN  4369629
APT  1
ART  171
APD  19740128
TTL  Carbon black reactor
ISD  19760316
NCL  2
ECL  1
EXA  Phillips; Roger F.
EXP  Wolk; Morris O.
NDR  1
NFG  4
INVT
NAM  Hunt; Harold R.
CTY  Bartlesville
STA  OK
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
CLAS
OCL   232595
XCL  423445
XCL  423450
EDF  2
ICL  C09C  150
ICL  C09C  148
FSC   23
FSS  259.5
FSC  423
FSS  450;455;456;457;458
UREF
PNO  2368827
ISD  19450200
NAM  Hanson et al.
OCL   23259.5
UREF
PNO  2420999
ISD  19470400
NAM  Ayers
OCL   23259.5
UREF
PNO  3410660
ISD  19681100
NAM  Henderson et al.
OCL  423455
FREF
PNO  539,463
ISD  19560200
CNT  IT
OCL  423456
LREP
FRM  Neuman, Williams, Anderson & Olson
ABST
PAL  Axial hydrocarbon oil feed surrounded by axial air is charged to a
      hemispherically-shaped inlet-end carbon black reactor. Hot combustion
      gases are added via an outer annulus surrounding the downstream end of the
      reactor. Product smoke is recovered via a central annular zone and passed
      to conventional recovery, after water quench, e.g. to filtration, wet
      pelleting and drying of the wet pellets.
BSUM
PAR  This invention relates to the production of carbon black. In one aspect,
      this invention relates to an improved carbon black furnace. In another
      aspect, this invention relates to a method of operating said furnace for
      the production of carbon black.
PAR  The production of carbon black in furnaces is well known with the carbon
      black being widely used in automotive tires as a reinforcing agent for the
      rubber used therein.
PAR  A principal object of this invention is to provide an improved carbon black
      furnace or reactor and methods of operating the same.
PAR  In accordance with this invention, there is provided a carbon black furnace
      comprising an elongated tubular housing having a closed upstream and a
      closed downstream end, an elongated reaction tube within said housing
      having an open downstream end and a closed curved upstream end defining a
      combustion chamber, said elongated reaction tube having annularly arranged
      tubes for admission of a combustible gas and air, and substantially
      centrally disposed passageways extending from said combustion chamber to
      the closed downstream end of the housing, a feed inlet extending through
      the upstream end of the housing and communicating with said combustion
      zone, annular air inlet means surrounding said feed inlet extending
      through the upstream end of the housing and communicating with said
      combustion zones, and coolant circulating means within the upstream and
      downstream ends of said housing.
DRWD
PAR  The invention will now be further described in conjunction with the
      drawings wherein:
PAR  FIG. 1 is an illustration, partly in cross-section, of a carbon black
      reactor constructed in accordance with the invention.
PAR  FIG. 2 is a partial enlarged view showing in greater detail the combustion
      zone of the carbon black reactor and the feed inlet thereto.
PAR  FIG. 3 is a view taken on the line 3--3 of FIG. 2.
PAR  FIG. 4 is a schematic flow diagram for the production of carbon black.
DETD
PAR  Referring to the drawings, which represent one embodiment of a carbon black
      reactor in accordance with the invention, the numeral 10 denotes an
      elongated housing having a closed upstream end 11 and a closed downstream
      end 12. Extending horizontally within said housing is an elongated reactor
      tube 13 having at the upstream end thereof a concave surface 14. The
      surface is concave in the upstream direction. A preferred surface can be a
      hemispherically-shaped end closure 14. This end closure cross-section can
      be elliptical or parabolic in shape if desired.
PAR  Combustion zone 15 is formed by the curved closure member 14 and the
      refractory material 16 which occupies a substantial portion of reaction
      tube 13 and housing 10. Annularly disposed within reaction tube 13 are a
      plurality of air inlet tubes 18 and combustible gas inlet tubes 19. The
      tubes 18 and 19 are each connected to a supply source of air and
      combustible gas by inlets; two such air supply inlets 20 and two
      combustible gas inlets 22 being shown in FIG. 1.
PAR  Centrally disposed within reaction tube 13 are reaction tubes or exhaust
      passages 24 which extend substantially from combustion zone 15 to the
      downstream end of the tube 13. These passages can be in any configuration,
      including an annular or a single axially located conduit. A feed inlet 25
      extends through the upstream end of the housing 10 and communicates with
      combustion zone 15. An annular air passage 27 around feed inlet 25 also
      extends through the housing and to combustion zone 15. By this arrangement
      a carbon black hydrocarbon feed and air are axially introduced into the
      combustion zone 15 where they are contacted with hot combustion gas
      resulting from combustion between air and fuel introduced through tubes 18
      and 19. The combustion gases impinge on the hemispherically-shaped end
      closure 14 and are directed inwardly toward the hydrocarbon feed within
      combustion zone 15.
PAR  The feed inlet 25 can be surrounded by a water jacket (not shown) through
      which water can be circulated to prevent coking of the hydrocarbon feed
      prior to its introduction into combustion zone 15. Similarly, heat
      exchange means (not shown) can be used to cool the off gases as at 40.
PAR  From the foregoing description it will be appreciated that the air and gas
      introduced through inlets 20 and 22 receive heat from the outgoing gases
      passing through exhaust passages 24.
PAR  In a typical operation a suitable hydrocarbon feed such as benzene is
      introduced into combustion zone 15 at a rate of 1200 cubic centimeters per
      hour through feed inlet 25 having an outer dimension of one-half inch. Air
      at a rate of 24 standard cubic feed per hour is introduced through annulus
      27, which is the radial distance between the two walls of 0.0275 inch. The
      radius of combustion zone 15 is approximately 2 inches. A fuel gas such as
      methane is introduced through 1/4 inch O.D. tubes 18 at a rate of 36
      standard cubic feet per hour while combustion air is introduced through
      similarly sized tubes 19 at a rate of 432 standard cubic feet per hour.
      The combustion gases are fed at a temperature of about 2800.degree. to
      3600.degree. F. The dimensions of housing 10 are 6 inches in diameter by
      36 inches in length, and the length of reactor tube 13 is 39 inches. Range
      of reaction zone pressure is 1/2 to 3 psig generally.
PAR  Carbon black smoke exits through three 3/8 inch diameter passages 24 at a
      rate of 475 standard cubic feet per hour and is then passed through
      conduit 35 for recovery of the carbon black particles by any suitable
      means at 40.
PAR  In a typical plant size operation, the smoke removal passages 24 will have
      a cross-sectional area of about 38 square inches and a length of about 10
      feet to the quench locus. The make oil 25 feed rate will be about 1200
      pounds per hour, axial air 27 will be about 11,000 SCF/hour, the fuel gas
      will be about 17,000 SCF/hour, and combustion air will be about 200,000
      SCF/hour. (SCF is standard cubic feet.) The radius of the combustion zone
      15 will be about 15.5 inches.
PAR  A typical carbon black made in the first-described reactor had the
      following properties:
TBL  N.sub.2 SA.sup.(1) M.sup.2 /gm                                            
                              182                                              
     CTAB.sup.(2) M.sup.2 /gm 144                                              
     DBP (24M4).sup.3, cc/100 gm                                               
                              100                                              
      .sup.(1) Nitrogen Surface Area: ASTM D 3037-71T (Method A)               
      .sup.(2) Rubber Chemistry and Technology, Vol. 44, No. 5, December 1971, 
      pages 1287-1296                                                          
      .sup.(3) U.S. 3,548,454 and measured by Method B, ASTM D 2414-70, after  
      sample is crushed.                                                       
PAR  Those modifications and equivalents which fall within the spirit of the
      invention are to be considered a part thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A carbon black reactor comprising an elongated tubular housing having a
      closed upstream and a closed downstream end, an elongated reaction tube
      within said housing having an open downstream end and a closed concave
      upstream end defining a combustion chamber in the upstream end of the
      reactor, said elongated reaction tube having annularly arranged tubes
      extending to said combustion chamber whereby a combustible gas and air are
      admitted to and impinge upon the concave upstream end of said combustion
      chamber, and substantially centrally disposed passageway means extending
      from said combustion chamber to the closed downstream end of the housing
      for withdrawing carbon black smoke, a feed inlet extending through the
      upstream end of the housing and communicating with said combustion zone,
      and annular air inlet means surrounding said feed inlet extending through
      the upstream end of the housing and communicating with said combustion
      zones.
NUM  2.
PAR  2. A carbon black reactor in accordance with claim 1 wherein the
      substantially centrally disposed means for withdrawing carbon black smoke
      comprise a plurality of axially extending passageways.
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ABST
PAL  A seed holder for holding a seed crystal of gallium arsenide (GaAs) is
      fitted into one end of a cylindrical quartz boat in which a melt of
      gallium (Ga) and arsenic (As) is synthesized and then grown as a single
      crystal seeded by the seed crystal using the Bridgeman process or the
      gradient freeze process. The seed holder closely encompasses three sides
      of a crystal (e.g., of rectangular cross section) while exposing only the
      end upon which the crystal growth is to take place. The exposed end of the
      crystal seed is disposed above the bottom of the boat to prevent contact
      between the gallium melt and the seed until synthesis is nearly complete.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to the growth of single crystal
      structures from a seed crystal and more specifically to an improved seed
      holder for use with a conventional cylindrical quartz boat during the
      growth process.
PAR  2. Prior Art
PAR  Gallium arsenide (GaAs) is a III-V compound semiconducting material whose
      properties make it of interest for certain applications such as light
      emitting diodes, laser diodes, Gunn diodes, high temperature rectifiers
      and the like. In most applications gallium arsenide must be a single
      crystal with certain electrical and structural properties.
PAR  Several methods may be used to grow bulk single crystal gallium arsenide.
      In the well known Czochralski method and variations thereof, a single
      crystal seed is caused, by mechanical or magnetic means, to contact the
      surface of a melt of the material to be crystallized, and slowly
      withdrawing the seed, usually with rotation, at a rate which permits the
      melt to freeze progressively onto the seed as a growing ingot of single
      crystal material.
PAR  Other methods for growing single crystal materials wherein seeds have been
      used for initiating crystal growth include horizontally disposed
      operations such as the Bridgeman and the gradient freeze techniques.
PAR  The temperature gradient freeze method generally consists of placing
      polycrystalline material in a crucible, melting the polycrystalline
      material in the crucible and placing the crucible in a tubular furnace
      which is capable of producing a temperature gradient along its length so
      that it is hotter at one end than the other. As the temperature of the
      furnace is reduced and the gradient is shifted, a portion of material
      within the crucible will freeze causing a solid-liquid interface. Thus,
      when the gradient has shifted to a point below the freezing point of the
      material, a single crystal structure is formed within the crucible. Such a
      method is disclosed in U.S. Pat. No. 3,242,015 to Harris.
PAR  The Bridgeman technique is exemplified in U.S. Pat. No. 3,520,810 to
      Plaskett el al wherein a seed crystal is disposed in one end of a quartz
      boat having a supply of polycrystalline material such as gallium in the
      other end of the boat. The boat is placed in an ampoule along with a
      supply of arsenic adjacent the end of the boat having the seed therein.
      The ampoule is evacuated, sealed and partially inserted into a furnace to
      first melt the polycrystalline material. The gallium is permitted to melt
      and in doing so, reacts with the arsenic to form a gallium arsenide melt
      which will contact the exposed end face of the seed crystal. The ampoule
      is only partially inserted into the furnace so that upon programmed
      heating of the ampoule, the arsenic vaporizes and reacts with molten
      gallium to form gallium arsenide and provide the necessary arsenic vapor
      over the melt to stabilize and equilibrate the melt. However, such a
      method was generally unsuccessful since the molten gallium and
      unequilibrated gallium arsenide were attacking the seed crystal,
      dissolving arsenic atoms therefrom, melting the gallium atoms and
      nucleating polycrystalline growth.
PAR  In order to overcome the foregoing difficulties, it has now been proposed
      to locate the seed end of a crucible or boat at an elevated position
      within the furnace to prevent the molten gallium and unequilibrated
      gallium from initially contacting the seed crystal by providing a gradual
      incline for the bottom surface of the boat. In operation, when the more
      volatile component of a compound to be formed is vaporized and begins to
      react with the molten less volatile components, the increasing volume of
      unsaturated melt moves up the inclined bottom of the crucible toward the
      seed. By the time the melt has reached the seed crystal, the compound has
      been formed and equilibrated so that upon subsequent cooling of the melt,
      the seeded crystal growth will yield an ingot of single crystal compounds.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved seed holder for use with a
      conventional crucible or boat which is capable of holding a relatively
      small, precision cut crystallographically oriented seed at an elevated
      position above the bottom surface of the boat to prevent contact of the
      melt with the exposed end of the seed crystal until such time as the melt
      has been equilibrated.
PAR  The present invention provides an improved seed holder which can be reused
      many times, which is of simple construction, easy to fabricate and
      economical in use.
PAR  The present invention provides an improved seed holder which will provide a
      greatly increased yield of single crystals having a greatly improved
      material structure.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention as illustrated in the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view showing the relationship of the seed holder
      within a cylindrical boat.
PAR  FIG. 2 is a top plan view of the arrangement shown in FIG. 1
PAR  FIG. 3 is a view taken along the line 3--3 in FIG. 1.
PAR  FIG. 4 is a perspective view of a seed crystal showing the orientation of
      the faces as defined by the Miller indices.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The seed holder 10 as shown in FIGS. 1-3 is machined from a solid piece of
      quartz and consists of a half cylinder with a square cross-section slot 12
      machined into the flat upper surface of the holder. The length of the slot
      is approximately 2/3 the length of the holder and the slot 12 ends in a
      conical ramp 14 which tapers downwardly and outwardly tp the cylindrical
      bottom surface of the holder. The seed holder has a diameter comparable to
      the inside diameter of a conventional cylindrical boat or crucible 16. The
      cylindrical boat 16 may be partially cut away at 18 to provide ready
      access to the crystal holder for loading the same into the boat.
PAR  By using the seed holder 10 according to the present invention, it is
      possible to use a much smaller seed which will only represent a small
      fraction of the ingot to be produced. The seed, such as the seed 20 shown
      in FIG. 4, is precision cut by a diamond saw blade into a rectangular
      configuration to fit the precision machine slot 12 in the upper surface of
      the holder 10. The crystallographic direction of the seed crystal is
      essentially parallel to the longitudinal direction of the seed and
      therefore, parallel to the longitudinal axis of the crucible or boat 16
      into which it will be inserted thus presenting the desired
      crystallographic plane perpendicular to the longitudinal axis of the
      crucible. When the crystal 20 is inserted into the slot 12 of the holder
      10, the surface 22 upon which the crystal growth will take place will be
      disposed at the intersection of the end of the slot 12 and the conical
      ramp 14.
PAC  EXAMPLE 1
PAR  A quartz boat, 15 inches long made from 35 mm ID .times. 38mm OD tubing is
      uniformly abraided on its inside surface. About 400 grams of high purity
      gallium is charged to the boat. The quartz seed holder and seed are placed
      in the boat as shown in FIG. 1. Seed orientation is as shown in FIG. 2
      with the face 22 disposed at the top of the conical ramp 14. The boat
      contents are placed in a 40 mm ID .times. 43 mm OD quartz tubing,
      hereafter called the reactor, which is attached to a high vacuum system.
      The reactor and contents are heated under vacuum to 750.degree.C. and held
      for 12 hours. The reactor is sealed under vacuum. High purity arsenic is
      then charged to another quartz tube, 40 mm ID .times. 43 mm OD, hereafter
      called the cell. The cell is attached to the reactor at a point where
      there is a breakseal separating the two chambers. The cell is attached to
      a high vacuum system and heated to 350.degree. C. for two hours and sealed
      under vacuum. The breakseal between the two chambers is broken by means of
      an iron rod encapsulated in quartz which had previously been placed in the
      cell. The reactor and cell are placed in a seven heat zone furnace as
      described in U.S. Pat. No. 3,242,015 to Harris.
PAR  The temperature of the furnace is raised such that the cell is heated to
      about 630.degree.C. at about the same time or after the reactor has
      reached about 630.degree.C. The cell remains at this temperature while the
      reactor is heated such that the temperature gradient of about
      40.degree.-50.degree. is established along the length of the boat, the
      lowest temperature of the gradient, about 1235.degree. C., being at the
      seed end. The temperature of the gallium is above the freezing point of
      gallium arsenide. Arsenic vapor pressure at 630.degree. C. is slightly
      greater than one atmosphere so that arsenic and gallium synthesize under
      these conditions to form gallium arsenide. Sufficient excess arsenic is
      added to maintain 1 atmosphere internal pressure. When synthesis is
      complete after three to four hours, the temperature along the boat is
      raised to a level ascertained by experience to give the proper "melt-back"
      onto the seed. The temperature gradient along the boat is lowered slowly
      at about 0.4.degree.C/hour until all of the gallium arsenide is
      crystallized. The boat is then cooled at about
      100.degree.-150.degree.C/hour to about 400.degree.C when power to the
      furnace is shut off.
PAR  Table I shows the yield data obtained from 8 runs made using the improved
      seed crystal holder. The 72% single crystal yield compares very well with
      the 45-50% yield typical of the prior art techniques. Furthermore, the
      percentage of the single crystal in Table I having dislocation density
      less than 10.sup.5 /cm.sup.2 is substantially greater than the prior art
      crystals.
TBL                Table I                                                     
     ______________________________________                                    
     Run   Charge (Gms.)                                                       
                        Single Crystal (GMs.)                                  
                                         Yield %                               
     ______________________________________                                    
     1     843          638              75.7                                  
     2     842          730              86.7                                  
     3     843          625              74.1                                  
     4     842          285              33.8                                  
     5     842          716              85.0                                  
     6     842          696              82.7                                  
     7     842          573              68.1                                  
     8     842          590              70.0                                  
     Totals                                                                    
           6738         4853             72.0                                  
     ______________________________________                                    
PAR  The invention described above represents a significant advance over the
      present technology for the seeded growth of single crystal gallium
      arsenide. The scope of the invention is not limited to gallium arsenide
      grown in a cylindrical boat but should be applicable to many materials
      grown in containers of various shapes. The technique results in not only
      in better single crystal yield but also gallium arsenide with better
      structure, that is lower dislocation density, lower incidence of lineage,
      low angle grain boundaries and poly. Runs are easier to prepare and
      results are less dependent on human judgment relative to melt level and
      seed orientation.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those in the art that various changes in form and details may be made
      therein without departing from the spirit and scope of the invention. For
      example, the groove of the seed crystal holder may be triangular or
      cylindrical.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reusable seed crystal holder adapted for use with a horizontally
      disposed crucible of generally cylindrical configuration formed from
      quartz tubing having a circular cross-section, said seed holder comprising
      a solid substantially half cylinder of quartz and adapted to fit snugly
      and removably within said crucible adjacent one end thereof whereby the
      entire curved bottom surface of said seed holder is in close-fitted
      contact with a portion of the interior surface of said crucible, said seed
      holder having a generally planar top surface, said top surface having a
      groove of substantially precisely uniform cross-sectional dimensions along
      its length for holding a seed crystal having the same cross section as
      said groove, said groove being disposed longitudinally in said seed holder
      and extending from a first end of said seed holder to the opposite second
      end of said seed holder, said first end being formed by a planar surface
      lying in a plane perpendicular to the axis of cylindricity of said seed
      holder, said second end being formed by a generally planar surface lying
      in a plane which is angled with respect to said axis of cylindricity such
      that said second end surface is sloped to form a ramp intersecting said
      top surface and said groove and extending downwardly and outwardly from
      the intersection with said top surface to the intersection with said
      bottom surface, the depth of said groove being substantially less than the
      radius of curvature of the bottom surface of said seed holder, said ramp
      being adapted to form one end wall of said crucible, whereby the surface
      level of an increasing volume of melt in said crucible is constrained to
      move up said ramp until it contacts a seed crystal in said groove and
      whereby said seed holder is adapted to prevent melt in said crucible from
      escaping from said one end of said crucible.
NUM  2.
PAR  2. A seed holder as set forth in claim 1 wherein said groove is aligned
      with and parallel to the axis of cylindricity of said seed holder.
NUM  3.
PAR  3. A seed holder as set forth in claim 1 wherein the cross-section of said
      groove is rectangular in shape.
NUM  4.
PAR  4. A seed holder as set forth in claim 4 wherein the cross-section of said
      groove is triangular in shape.
NUM  5.
PAR  5. A seed holder as set forth in claim 1 wherein the cross-section of said
      groove is cylindrical in shape.
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ABST
PAL  Feedstock at a first temperature is mixed with a heating fluid at a second
      temperature and the mixture resulting therefrom is immediately contacted
      with a catalyst in a catalytic conversion zone as the mixture reaches a
      third temperature, thus producing an effluent which is cooled to a fourth
      temperature as it is removed from the catalytic zone. Apparatus is
      provided useful for carrying out the above process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to apparatus suitable for carrying out a catalytic
      process. In another aspect the invention relates to an apparatus suitable
      for carrying out the catalytic dehydrogenation of hydrocarbons.
PAR  Many processes involve endothermic catalytic reactions whereby additional
      heat is added to a reaction zone in order to produce a desired product. In
      many cases, this additional heat can be added to the feed prior to
      contacting the catalyst; however, in some cases unwanted products are
      produced by side reactions caused by heating the feed to too high a
      temperature prior to contacting the catalyst. In addition, other problems
      can be encountered in catalytic reactions. For example, side reactions
      sometimes occur as a result of the feed contacting the catalyst for too
      long a period. Also where the effluent produced by the process is highly
      reactive at the temperatures experienced in the catalyst bed, side
      reactions again limit the desired product obtained per unit of feed.
PAR  It is an object of the invention to minimize side reactions in catalytic
      processes.
PAR  Another object of the invention is to provide an apparatus suitable for use
      in catalytic conversion processes.
PAR  Other objects, aspects, and advantages will be apparent to one skilled in
      the art upon consideration of the specification, drawings, and appended
      claims.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, apparatus is provided comprising a first
      chamber; a first conduit means for introducing a feedstock into the first
      chamber; a second conduit means for introducing a heating fluid into the
      first chamber to form a mixture of the feedstock and the heating fluid; a
      second chamber positioned adjacent to and circumferentially surrounding
      the first chamber and in open communication therewith for receiving the
      mixture and having means to discharge an effluent therefrom; and a cooling
      means positioned adjacent to and in open communication with the second
      chamber for cooling the effluent.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The apparatus and process of the invention will be more easily understood
      when explained in conjunction with the attached drawings in which FIG. 1
      is an elevational view partially in section of one embodiment of the
      apparatus of this invention, and FIG. 2 is an enlarged view of a portion
      of the apparatus shown by FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is shown an apparatus, generally designated by
      reference numeral 1, which has a flanged inlet conduit 2 through which a
      feed enters mixing chamber 4. Flanged inlet conduit 6, coaxially aligned
      with and surrounding inlet conduit 2, provides means for a heating fluid
      to enter mixing chamber 4. On the outlet end of inlet conduit 2, as shown
      more clearly in FIG. 2, there is a frustoconical section 8 with apertures
      10 through which the feed enters the mixing chamber 4. The end portion of
      inlet conduit 6 is constructed as a frustoconical section having apertures
      14 at the outlet end thereof through which the heating fluid enters the
      mixing chamber 4. Apertures 10 and 14 are spaced apart and coaxially
      aligned. FIG. 2 also shows one embodiment a suitable diffuser 16
      surrounding chamber 4 which has two sizes of holes 60 and 62 to evenly
      distribute the mixture. A cylindrical catalyst bed 18, which can be
      removed from the apparatus 1 after removing member 36b of flange 36,
      circumferentially surrounds the mixing chamber 4 and diffuser 16. It is
      pointed out that catalyst bed 18 can be other than cylindrical in shape
      provided the catalyst bed circumferentially surrounds mixing chamber 4.
      Further, the term "circumferentially surrounds" as used in the
      specification and claims is not intended to limit the structure of the
      particular components of the apparatus of the invention to circular
      structures. One end of catalyst bed 18 engages the heating fluid inlet
      conduit 6 at 64 and the other end engages one end of a frustoconical plug
      17 at 66 so as to force all fluids entering mixing chamber 4 through
      catalyst bed 18. The outer surface and shape of plug 17 and the
      frustoconical section 8 of conduit 2 approximate the outer surface and
      shape of frustoconical section 12 of conduit 6 so as to encourage even
      flow of fluids through catalyst bed 18 and into outlet chamber 19.
PAR  Actually, a more even distribution of fluids flowing through the catalyst
      bed 18 is obtained employing outer surfaces of plug 17, section 8 of
      conduit 2 and section 12 of conduit 6 which are frustrums of a paraboloid
      of revolution rather than frustrums of a cone. Normally frustoconical
      structures are used for ease of fabrication, and such structures are shown
      in the attached drawings; however, it is understood that the present
      invention is not limited to the use of such frustoconical structures.
PAR  Heat exchanger outlet tubes 22 positioned in outlet chamber 19 of heat
      exchanger 20 positioned in the upper portion of apparatus 1 essentially
      surround the circumference of the outer surface of catalyst bed 18. The
      heat exchanger 20 is composed of several sections, including heat
      exchanger inlet plenum 24 with flanged inlet 26 and inlet tubes 28, and
      heat exchanger outlet plenum 27 with outlet tubes 22 and flanged outlets
      30. The heat exchanger outlet plenum 27 is flanged to but isolated from
      inlet plenum 24 and outlet chamber 19 by flanges 34 and 36, respectively.
      In addition, flanged outlets 32 are provided in the lower end of chamber
      19 near inlets 2 and 6 for removal of effluent.
PAR  In the operation of the invention, again referring to the apparatus of FIG.
      1, a feedstock is passed through inlet conduit 2, frustoconical section 8,
      apertures 10, and into mixing chamber 4. The temperature of the feedstock
      should be high enough to minimize the amount of heating required to heat
      the feedstock to the reaction temperature in the mixing chamber but low
      enough to limit side reactions of the feedstock. A suitable heating fluid
      is passed through inlet conduit 6, frustoconical section 12, apertures 14,
      and into mixing chamber 4. In mixing chamber 4 heating fluid
      instantaneously and vigorously mixes with the feedstock and heats the
      feedstock to the desired reaction temperature. The temperature and flow
      rate of the heating fluid in inlet 6 can be varied to produce the desired
      reaction temperature of the mixture. As the mixture reaches the reaction
      temperature, it immediately contacts the catalyst bed 18 after passing
      through diffuser 16 which evenly distributes the mixture along the inner
      surface of catalyst bed 18. The effluent produced as the mixture passes
      through the catalyst bed 18 immediately contacts outlet tubes 22 of heat
      exchanger 20 in order to lower the temperature of the effluent before side
      reactions substantially reduce the amount of the desired product in the
      effluent. The cooled effluent then passes out flanged outlets 32.
PAR  It is generally desirable to insulate various portions of the apparatus 1
      to prevent heat transfer between adjacent sections. For example, as shown
      in FIG. 2, insulation 38 is provided on inlet conduit 2 to prevent heating
      the feedstock with heating fluid passing through inlet conduit 6. Inlet
      conduit 6 is insulated, indicated by reference numeral 40, to prevent
      additional heating of the mixture passing through the catalyst bed 18.
      Similarly, the outer surface of frustoconical section 8 is insulated,
      indicated by the reference numeral 42, to prevent cooling the mixture
      passing through catalyst bed 18.
PAR  The apparatus as described above is particularly suitable for such
      catalytic processes as dehydrogenation of alkanes, alkenes, cycloalkenes,
      alkylpyridines, and alkylaromatics employing a wide variety of suitable
      catalysts. As an example, a preferred catalyst for the dehydrogenation of
      alkenes such as isoamylenes and butenes is one containing iron oxide,
      potassium oxide, and chromium oxide as known in the art. A number of
      heating fluids can be used, depending, of course, on the particular
      process involved. Where alkenes are dehydrogenated, superheated steam can
      be used as the heating fluid. Frequently superheated steam is mixed with
      the feedstock to raise it to a suitable temperature prior to passing the
      feedstock to inlet conduit 2.
PAR  It is important that apertures 10 and 14 be sized to provide approximately
      equal momentum of the feedstock and heating fluid entering the mixing
      chamber 4 to provide proper mixing.
PAR  The catalytic conversion processes herein described are endothermic within
      the catalyst bed, and the apparatus of the invention lends itself to rapid
      heating of the feedstock, minimal catalyst contact time, and rapid cooling
      of the effluent resulting in a very effective apparatus for carrying out
      dehydrogenation processes.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A reactor comprising:
PA1  first enclosing wall means forming a mixing chamber;
PA1  first conduit means for directly introducing a feedstock into said mixing
      chamber;
PA1  second conduit means for directly introducing a heating fluid into said
      mixing chamber wherein said heating fluid instantaneously and vigorously
      mixes with said feedstock to form a mixture of said feedstock and said
      heating fluid;
PA1  second enclosing wall means surrounding said first enclosing wall means,
      said second enclosing wall means forming a second chamber adapted to
      contain catalyst, said second chamber positioned adjacent to and
      circumferentially surrounding said mixing chamber and in open
      communication therewith for immediately receiving said mixture and having
      means to discharge an effluent therefrom;
PA1  third enclosing wall means surrounding said second enclosing wall means and
      forming reactor walls; and
PA1  cooling means positioned adjacent to said second chamber and positioned
      inside said third enclosing wall means and in open communication with said
      second chamber for cooling said effluent.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said first conduit has a plurality of
      orifices therein through which said feedstock is introduced into said
      first chamber, and said second conduit has a plurality of orifices therein
      through which said heating fluid is introduced into said first chamber,
      said orifices in said first conduit are spaced apart from and coaxially
      aligned with said orifices in said second conduit.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said orifices in said first conduit are
      sized so as to provide a momentum of the feedstock through the orifices in
      said first conduit approximately equal to the momentum of the heating
      fluid through the orifices in said second conduit, and said cooling means
      is positioned adjacent to and circumferentially surrounding said second
      chamber.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said cooling means comprises:
PA1  a. an inlet;
PA1  b. an inlet plenum;
PA1  c. a plurality of tubes, said tubes being in communication with said inlet
      plenum which is in communication with said inlet, said tubes being
      positioned in spaced apart relationship to each other, generally being
      positioned peripherally to said second chamber, and being positioned in
      close proximity thereto;
PA1  d. an outlet plenum; and
PA1  e. an outlet, said outlet being in communication with said outlet plenum
      which is in communication with said tubes.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said first conduit is positioned inside
      of and coaxially aligned with said second conduit.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said first conduit and said second
      conduit are insulated at least near said mixing chamber.
NUM  7.
PAR  7. The apparatus of claim 1 further comprising a diffuser disposed between
      said mixing chamber and said second chamber so as to more uniformly
      distribute said mixture in said second chamber.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said second chamber contains a
      catalyst.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said catalyst is a dehydrogenation
      catalyst.
NUM  10.
PAR  10. The apparatus of claim 1 wherein
PA1  said first enclosing wall means forming the mixing chamber is defined by a
      circular diffuser plate forming an outer wall and having apertures
      therein, first and second annular end portions and a pipe forming an inner
      wall, said first and second annular end portions having the orifices
      therein, and said orifices in one end portion being spaced apart from and
      coaxially aligned with the orifices in the other end portion;
PA1  said first conduit comprising said pipe and a frustoconical chamber in open
      communication with said pipe, said frustoconical chamber defined by a
      circular end portion, an outer wall, and said first annular end portion of
      said mixing chamber;
PA1  said second conduit comprising the annulus formed by said pipe of said
      first conduit surrounded by a second pipe which tapers to form a
      frustoconical section with the end thereof being the second annular end
      portion of said mixing chamber;
PA1  a frustoconical plug comprising a large circular end portion, a small
      circular end portion and an outer wall, said small circular end portion
      positioned adjacent the circular end portion of the frustoconical chamber
      of the first conduit such that the outer wall of the plug coincides with
      an extension of the outer wall of the frustoconical chamber of the first
      conduit;
PA1  said second enclosing wall means is defined by inner and outer walls having
      apertures therein and first and second annular end portions, said second
      chamber positioned adjacent and around said mixing chamber, the first
      annular end portion being attached to the circumference of the large
      circular end portion of the frustoconical plug, and the second annular end
      portion being attached to the circumference of the second pipe of said
      second conduit at the larger end of the frustoconical section of the
      second pipe;
PA1  said cooling means for cooling the effluent discharged from the second
      chamber comprising an inlet plenum, an outlet plenum, a plurality of tubes
      and a plurality of pipes, said pipes positioned adjacent and surrounding
      the outer wall of the second chamber thus generally defining a cylinder,
      one end of said pipes attached to the outlet plenum and in open
      communication therewith and the other end closed with circular end
      portions, one end of the tubes attached to the inlet plenum and in open
      communication therewith, said tubes extending through the outlet plenum
      which is located adjacent the inlet plenum, and extending into said pipes
      to a point near the closed end thereof; and
PA1  said third enclosing wall means having first and second end portions and an
      intermediate portion positioned between said end portions, said third
      enclosing wall means generally positioned adjacent to and surrounding the
      cooling means, said first end portion having the first and second conduits
      passing therethrough, said second end portion having an inlet in
      communication with the inlet plenum, said intermediate portion adjacent
      the second end portion having a plurality of outlets in communication with
      the outlet plenum, and said intermediate portion near said first end
      portion having a plurality of outlets for removal of the effluent from the
      cooling means.
NUM  11.
PAR  11. A reactor comprising:
PA1  first enclosing wall means forming a first mixing chamber, said first
      enclosing wall means defined by a circular diffuser plate forming an outer
      wall and having apertures therein, first and second annular end portions
      and pipe forming an inner wall, said first and second annular end portions
      having orifices therein, and said orifices in one end portion being spaced
      apart from and coaxially aligned with the orifices in the other end
      portion;
PA1  first conduit means for directly introducing a feedstock into said mixing
      chamber, said first conduit comprising said pipe and a frustoconical
      chamber in open communication with said pipe, said frustoconical chamber
      defined by a circular end portion, an outer wall, and said annular end
      portion of said mixing chamber;
PA1  a second conduit for directly introducing a heating fluid into said mixing
      chamber to form a mixture of said feedstock and said heating fluid, said
      second conduit comprising the annulus formed by said pipe of said first
      conduit surrounded by a second pipe which tapers to form a frustoconical
      section with the smaller end thereof being the second annular end portion
      of said mixing chamber;
PA1  a frustoconical plug comprising a larger circular end portion, a small
      circular end portion and an outer wall, said small circular end portion
      positioned adjacent the circular end portion of the frustoconical chamber
      of the first conduit such that the outer wall of the plug coincides with
      an extension of the outer wall of the frustoconical chamber of the first
      conduit;
PA1  second enclosing wall means surrounding said first enclosing wall means,
      said second enclosing wall means forming a second chamber adapted to
      contain catalyst, said second enclosing wall means defined by inner and
      outer walls having apertures therein and first and second annular end
      portions, said second chamber positioned adjacent and around said mixing
      chamber, the first annular end portion being attached to the circumference
      of the large circular end portion of the frustoconical plug, and the
      second annular end portion being attached to the circumference of the
      second pipe of said second conduit at the larger end of the frustoconical
      section of the second pipe;
PA1  a cooling means for cooling the effluent discharged from the second chamber
      comprising an inlet plenum, an outlet plenum, a plurality of tubes and a
      plurality of pipes, said pipes positioned adjacent and surrounding the
      outer wall of the second chamber thus generally defining a cylinder, one
      end of said pipes attached to the outlet plenum and in open communication
      therewith and the other end closed with circular end portions, one end of
      the tubes attached to the inlet plenum and in open communication
      therewith, said tubes extending through the outlet plenum which is located
      adjacent the inlet plenum, and extending into said pipes to a point near
      the closed end thereof; and
PA1  third enclosing wall means having first and second end portions and an
      intermediate portion positioned between said end portions, said third
      enclosing wall means generally positioned adjacent to and surrounding the
      cooling means, said first end portion having the first and second conduits
      passing therethrough, said second end portion having an inlet in
      communication with the inlet plenum, said intermediate portion adjacent
      the second end portion having a plurality of outlets in communication with
      the outlet plenum, and said intermediate portion near said first end
      portion having a plurality of outlets for removal of the effluent from the
      cooling means.
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ABST
PAL  A heating system utilizing a closed oil system and a friction element for
      heating the oil as the oil is forced through the element. The oil's path
      is from a storage tank through the friction element, then to the radiation
      units and then is returned to the storage tank. A high temperature path
      and a low temperature path are provided to improve comfort control.
PAL  The heating element is formed of woven stainless steel which is compressed
      in a mold to obtain sufficient strand density to produce a high heat of
      friction.
PARN
PAR  This application is a division of application Ser. No. 358,314, filed May
      8, 1973, now U.S. Pat. No. 3,813,036.
BSUM
PAR  The invention relates to friction elements for closed heating systems
      utilizing a liquid such as oil as the heat transfer medium. In particular,
      the invention relates to an improved friction heating element used therein
      and to a method of making the element.
PAR  Most residential heating systems possess some or all of the following
      inherent disadvantages:
PAR  1. Inefficient heat transfer.
PAR  2. Discharge of pollutants into the atmosphere.
PAR  3. Wide temperature differential in the heated area during mild days.
PAR  Broadly, the present invention comprises a friction heating element for a
      closed heating system using a liquid such as oil as the heat transfer
      medium. The oil is pumped through the system which comprises the friction
      heating element and one or more radiation units which transfer the heat
      from the oil to the ambient atmosphere. The friction heating element is
      formed of woven metal wire such as stainless steel which is compressed
      into a cylindrical block. This provides a tortuous path for the liquid as
      it is pumped through the block and due to the frequent frictional contacts
      between the wires in the block and the liquid, the liquid is heated. The
      heated liquid gives off some of the heat so acquired to the ambient
      environment through the radiation means.
PAR  An important object of the invention is to provide a friction heating
      element such that the heating system in which it is used is economical to
      operate, efficient and environmentally clean.
PAR  It is yet another object of the invention to provide a method of making
      such friction heating elements.
DRWD
PAR  These and other objects, advantages, features and uses will be apparent
      during the course of the following description, when taken in conjunction
      with the accompanying drawing, wherein:
PAR  FIG. 1 is a block diagram of a heating system utilizing a friction element
      of the invention;
PAR  FIG. 2 is a perspective view of a friction heating element of the
      invention; and
PAR  FIG. 3 is a block diagram of the steps of the method of making friction
      heating elements of the invention.
DETD
PAR  In the drawings, wherein, for the purpose of illustration, there are shown
      preferred embodiments of the invention and wherein like numerals designate
      like parts throughout the same, the numeral 10 designates a heating system
      of the invention generally.
PAR  System 10 is a closed system and is seen to comprise a storage tank 12
      having an outlet line 14, a motor and pump 16 for pumping liquid from tank
      12 into a distribution line 18. The liquid from the distribution line 18
      is heated in friction heating element 20 or friction heating element 22
      and the heating liquid is fed through line 24 to one or more radiation
      units 26 which take heat from the heated liquid to heat the ambient
      atmosphere.
PAR  The liquid then returns through a line 28 to storage tank 12. To prevent
      bleed feed from line 28 into tank 12 a low pressure check valve 30 is
      provided near the tank. This keeps line 28 full at all times. Control of
      the system is accomplished by means of a switch 32 which may be
      thermostatically controlled. A breather 36 is affixed to tank 12 for the
      usual purposes. A pressure gage 34 is used to monitor the pressure of the
      pumped liquid and may be provided with suitable mechanisms, well known in
      the art, to operate a safety switch 37 to return liquid directly to tank
      12 through line 38.
PAR  In normal operation, the liquid is pumped through line 18, past check valve
      42 and into line 19. Then it proceeds through friction heating element 20.
      The liquid follows a tortuous path through element 20 and is heated
      therein. Its temperature is sensed by thermostat 44 and its pressure by
      gage 46. Gage 46 may be used to actuate control equipment (not shown) to
      shut down the system if the pressure is outside normal limits or it may be
      used for monitoring only. The operating pressure of the system should
      preferably be between 800 and 2000 psi.
PAR  Thermostat 44 may be used in several ways:
PAR  1. If there is no branch 21 and heating element 22 in the system, it may
      actuate solenoid 48 to bypass element 20 when the temperature is above a
      first predetermined value (too high). Then, the liquid will return to tank
      12 through line 38. When the temperature is below a second predetermined
      value (too low), the flow is directed through element 20.
PAR  2. If there is a branch 21 and an element 22 which is similar to element 20
      but smaller, a solenoid valve 50 is actuated to divert the liquid from
      element 20 and direct it toward element 22. Since element 22 is smaller
      than element 20, the contact between the liquid and the wires is shorter
      and there is less friction and less heat generated. Valve 51 may be
      operated manually or automatically to direct the liquid from element 22
      back to tank 12 through line 52 or through line 24 to the radiation units
      26.
PAR  3. Thermostat 44 may direct some of the liquid through bypass line 38 and
      safety switch 37 by means of solenoid valve 48 and some of it through
      element 22 by means of solenoid valve 50.
PAR  The liquid used in the system is synthetic oil such as resistant bean oil,
      cottonseed oil or similar products. This liquid retains heat better than
      water so that the system is more efficient. For example, 2 pounds of water
      at 200.degree.F dropped 40.degree.F in 15 minutes while 2 pounds of the
      liquid at 200.degree.F dropped 27.degree.F in 15 minutes in the same
      ambient environment.
PAR  By way of illustration and without limiting the scope of the invention, I
      have found that using 10 pounds of No. 40 synthetic fluid at 2000 psi.,
      the system generates 45,600 btu per hour and at 1600 psi, it generates
      42,600 btu per hour. In both cases the delivery rate was 1.28 gallons per
      minute and the electrical power consumed was about 1500 watts.
PAR  In FIG. 2 there is illustrated a friction heating element 60 which is the
      same in construction as elements 20 and 22. It is formed of woven metal
      wire such as stainless steel having a diameter of the order of 0.005 inch.
      About 1900 yards of the wire is woven into a mass having volume of about 5
      cubic inches. The mass is then placed in a mold and compressed under a
      pressure of the order of 25,000 psi (FIG. 3). The final compressed volume
      is about one-half the woven volume.
PAR  Element 22 is formed by the method set forth above to the preferable final
      dimensions of 1.2 inches in length and a base diameter of 0.75 inch. The
      density is preferably of the order of 0.28 pounds per cubic inch. Element
      20 is preferably an assembly of two elements 22 in series so that the
      liquid is in contact with the element over twice the length in element 20
      than it is in element 22. The use of standard size elements in systems of
      the invention simplifies manufacture and reduces costs.
PAR  While particular embodiments of the invention have been shown and
      described, it is apparent to those skilled in the art that modifications
      are possible without departing from the spirit of the invention or the
      scope of the subjoined claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A friction heating element for a closed heating system utilizing a
      liquid such as oil as the heat transfer medium, said friction heating
      element comprising:
PA1  a compressed block formed of metal wire woven so as to form a tortuous path
      for the liquid to traverse therethrough said woven metal wire being
      stainless steel having a diameter of the order of 0.005 inches, and the
      density of said compressed block being of the order of 0.28 pounds per
      cubic inch.
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ABST
PAL  A pressure bonded composite article and a method for producing it. The
      article is comprised of a layer of plain carbon steel containing up to
      1.5% of carbide former, a layer of stainless steel, and a layer of not
      readily oxidizable metal therebetween. The method comprises the steps of
      superimposing the layers, heating them at a temperature of from
      1200.degree. to 2400.degree.F, and subsequently hot rolling them.
PARN
PAR  This is a division of application Ser. No. 284,854, filed Aug. 30, 1972,
      now U.S. Pat. No. 3,862,484, issued Jan. 28, 1975, which in turn was a
      continuation-in-part of Ser. No. 000,177, filed Jan. 21, 1970 now
      abandoned.
BSUM
PAR  The present invention relates to a composite material and to a method for
      producing it.
PAR  Pressure bonded composite members are used in a variety of applications.
      For example, cookware is often drawn from composite material comprised of
      plain carbon and stainless steels. Plain carbon steel is a better heat
      conductor than is stainless steel. On the other hand, stainless steel has
      a more attractive appearance and is stain resistant to a variety of
      contaminants. A composite of the two metals is, however, most desirable as
      it combines the advantages of each metal.
PAR  In the past, deep drawn articles made from pressure bonded plain
      carbon-stainless steel composites were plagued with surface defects which
      became evident during and after drawing. These defects included wavy or
      wrinkled surfaces and surface ruptures, which cannot be satisfactorily
      removed by techniques such as buffing and grinding.
PAR  Heretofore referred to patent application Ser. No. 000,177 provided
      superior plain carbon-stainless steel composites, through which the
      incidence of surface defects were substantially reduced. The composites
      were formed by pressure bonding stainless steel to plain carbon steel
      containing at least one carbide former. The carbide former(s)
      substantially precluded carbon migration from the plain carbon steel
      toward and into the stainless steel, and thereby substantially precluded
      the formation of enriched carbide areas at the joining interface (the
      interface between the plain carbon steel and the stainless steel). The
      enriched carbide areas were hypothesized to be associated with decreased
      drawability on the basis that they increased strength (decreased
      ductility) in localized areas and/or caused melting at the joining
      interface. Incipient melting was and is possible since excessive amounts
      of carbon will lower the melting point to temperatures approaching those
      often attained during bonding. In addition, patent application Ser. No.
      000,177 provided a preferred minimum carbide former-to-carbon ratio, as
      the yield strengths of the composites decreased and the elongations
      increased with increasing ratios.
PAR  The present invention improves upon that disclosed in patent application
      Ser. No. 000,177 by interposing at least one layer of a not readily
      oxidizable metal between the stainless steel and carbide former containing
      plain carbon steel. The not readily oxidizable metal can be adhered to the
      plain carbon steel, whereby it will provide for better bonding when the to
      be bonded surfaces are exposed to an oxidizing atmosphere, and whereby it
      will provide for improved bonding in an oxidixing atmosphere. Bonding can
      be hindered by the presence of oxides which readily form on plain carbon
      steel heated to bonding temperatures. However, the use of a layer of not
      readily oxidizable metal on the carbide former containing plain carbon
      steel can deter the formation of such oxides. With such a layer bonding
      will not be severely hindered when sealed composites fracture along their
      weld beads prior to or during bonding, thereby allowing excessive air to
      enter and form heavy oxides. Moreover, it is advantageous to bond welded
      assemblies which have not been evacuated of entrapped air but which have
      an opening or openings at their end(s), to allow gases to escape when the
      interior space is reduced during bonding, as trapped gases can hinder
      bonding in localized or even extensive areas. And in addition to all this,
      the layer of not readily oxidizable metal, can serve to further minimize
      carbon migration from the plain carbon steel into the stainless steel, and
      will thereby assist the carbide former in its primary objective. For this
      latter purpose the layer of not readily oxidizable metal does not have to
      be adhered to the carbide former containing plain carbon steel.
PAR  It is accordingly an object of this invention to provide a composite
      material and a method for producing it.
PAR  The method of the present invention comprises the steps of: providing at
      least one layer of plain carbon steel containing up to 1.5%, preferably up
      to 0.75%, of carbide former, said carbide former being present in a
      carbide former-to-carbon ratio of from 1.5 to 25; providing at least one
      layer of stainless steel; providing at least one layer of a not readily
      oxidizable metal; superimposing said layers of plain carbon steel,
      stainless steel and not readily oxidizable metal with at least one layer
      of not readily oxidizable metal between a layer of plain carbon steel and
      a layer of stainless steel; heating the superimposed layers of plain
      carbon steel, stainless steel and not readily oxidizable metal at a
      temperature of from 1200.degree. to 2400.degree.F; and hot rolling the
      superimposed layers of plain carbon steel, stainless steel and not readily
      oxidizable metal, so as to form a bond therebetween and thereby produce a
      composite. Although the superimposed layers can be bonded after heating at
      temperatures as low as 1200.degree. F, the layers are generally heated at
      a temperature of at least 1600.degree.F, and austenitic stainless steels
      are preferably heated at a temperature within the range of 1900.degree. to
      2300.degree.F. Heat can be supplied through furnaces, resistance heating,
      lasers, or any other means kown to the art. No criticality is placed upon
      the particular heating means. Moreover, bonding can take place in an
      oxidizing or non-oxidizing atmosphere. If the not readily oxidizable metal
      is not adhered to the plain carbon steel, it is preferable to bond in a
      non-oxidizing atmosphere. On the other hand, it could be advantageous to
      bond in an oxidizing atmosphere when the not readily oxidizable metal is
      adhered to, and protects the plain carbon steel. Typical non-oxidizing
      atmospheres are vacuums, inert gases, e.g. argon, and reducing gases; e.g.
      hydrogen.
PAR  For purposes of definition, the not readily oxidizable metal is a
      nonferrous metal having a free energy of oxide formation less negative
      than the free energy of oxide formation for the carbide former containing
      plain carbon steel, at any particular temperature within the bonding
      temperature range. Of course, the high bonding temperatures necessarily
      exclude all metals that cannot attain them without melting. Nickel,
      cobalt, palladium, platinum, copper, (for part of the temperature range)
      and chromium are illustrative of metals which satisfy the criteria. Of
      them, nickel is preferred. If a numerical value has to be set, the not
      readily oxidizable metal can be described as one having a free energy of
      oxide formation in Btu's/lb. mole of oxygen, less negative than -160,000 +
      36.4 (HT - 1200), wherein Ht is the temperature in .degree.F at which the
      plain carbon steel, the stainless steel and the not readily oxidizable
      metal are heated. The numerical value is, however, based upon available
      free energy tables and subject to errors appearing in the tables.
PAR  The not readily oxidizable metal can serve to further minimize carbon
      migration from the carbide former containing plain carbon steel into the
      stainless steel, and thereby assists the carbide former in its primary
      objectives. Moreover, it can be adhered to the carbide former containing
      plain carbon steel, whereby it will provide for better bonding when the to
      be bonded surfaces are exposed to an oxidizing atmosphere, and whereby it
      will provide for improved bonding in an oxidizing atmosphere. Bonding can
      be hindered by the presence of oxides which readily form on certain
      metallic surfaces when said surfaces are heated to bonding temperatures.
      However, the use of a layer of not readily oxidizable metal on the
      surface(s) to be bonded, particularly on the carbide former containing
      plain carbon steel, can deter the formation of the detrimental oxides.
      With such a layer bonding will not be severely hindered when sealed
      composites fracture along their weld beads prior to our during bonding,
      thereby allowing excessive air to enter and form heavy oxides.
      Furthermore, it is advantageous to bond welded assemblies which have not
      been evacuated of entrapped air but which have an opening or openings at
      their end(s), to allow such gases to escape when the interior space is
      reduced during bonding, as trapped gases can hinder bonding in localized
      or even extensive areas.
PAR  In those instances, where the not readily oxidizable metal is adhered to
      the plain carbon steel and/or stainless steel, adherence can be
      accomplished in any manner known to the art. Typical modes of application
      include pressure bonding, adhesive, electroplating, and metal spraying, as
      discussed in U.S. Pat. Nos. 2,147,407 and 2,289,614. Although no
      criticality is placed upon the thickness of the layer of not readily
      oxidizable metal, layers ranging in thickness from 0.0001 to 0.005 inch
      are believed to be beneficial.
PAR  The article of the present invention is a bonded composite comprised of at
      least three layers; a layer of plain carbon steel containing up to 1.5% of
      carbide former, preferably up to 0.75%, in a carbide former-to-carbon
      ratio of from about 1.5 to 25, a layer of stainless steel, and a layer of
      a not readily oxidizable metal between the plain carbon steel and
      stainless steel layers. The term carbide former refers to one or more of
      the elements which have a strong affinity for carbon, and preferably to
      titanium and columbium. The amount of carbide former is limited to 1.5% as
      the benefits obtained from further increases in the level of carbide
      former are disproportionate with regard to the costs involved.
PAR  The ratio of carbide former-to-carbon in the plain carbon steel should be
      between about 1.5 and 25. This means that the weight percent of carbide
      forming elements should be between 1.5 and 25 times the weight percent of
      carbon. A minimum carbide former-to-carbon ratio of 1.5 should be present
      to insure sufficient carbide former to preclude carbon migration from the
      plain carbon steel toward and into the stainless steel and to preclude the
      formation of enriched carbide areas, which are associated with decreased
      drawability at the joining interface. Composites formed from plain carbon
      steel with carbide former-to-carbon ratios of 1.5 to 5.0 are often
      preferred as they generally have higher yield strengths than similar
      composites formed from plain carbon steel with carbide former-to-carbon
      ratios in excess of 5. Such composites are capable of achieving 0.2% yield
      strengths in excess of 70,000 pounds per square inch and are therefore
      particularly well suited for articles such as automobile bumpers. Other
      composites having carbide former-to-carbon ratios in excess of 5 are
      preferred at times as they are particularly well suited for use in drawn
      articles such ss cookware. These composites are capable of achieving yield
      strengths less than 50,000 pounds per square inch. Yield strengths of the
      composites decrease and elongations increase with increasing amounts of
      carbide former. An upper carbide former-to-carbon ratio of 25 is imposed
      as the grain size of the plain carbon steel can become undesirably large
      at higher ratios, and since larger grain sizes produce rough surfaces and
      reduce the finished appearance of the composite material. With regard to
      this, the ASTM grain size number of the plain carbon steel should be at
      least 3 (higher numbers represent finer grains) after bonding. A maximum
      carbide former-to-carbon ratio of 15 is often desirable since a range of
      from 5-15 has proven to provide optimum drawability.
PAR  The formation of enriched carbide areas at the joining interface of plain
      carbon-stainless steel composite material is not totally evident from the
      chemistries of the plain carbon steel and stainless steel. Carbon
      migration can and often does occur in a direction opposite to the carbon
      gradient, i.e., from a material of lower carbon content to one of higher
      carbon content. The direction of carbon migration is dependent upon the
      attainment of a condition of lower free energy and not strictly upon
      concentration gradients. For example, carbon will frequently diffuse from
      plain carbon steel of a lower carbon content to stainless steel of a
      higher carbon content as diffusion in this direction will often favor a
      condition of lower free energy since the stainless steel contains chromium
      which attracts the carbon from the plain carbon steel.
PAR  Also included within the scope of the present invention are heat treated
      articles, and drawn articles, as well as those which are cold rolled, heat
      treated; e.g. annealed, and suitable for further fabrication. Similarly,
      the method of the invention can also embrace the steps of cold rolling the
      bonded composite to gauge and heat treating, or cold rolling, heat
      treating and drawing, or just merely heat treating. For austenitic
      stainless steels heat treating (annealing) is generally at a temperature
      of at least 1800.degree.F, although those austenitic steels with carbon
      contents below about 0.03% and those which are stabilized with carbide
      formers can be heat treated at temperatures as low as 1625.degree.F. At
      lower heat treating temperatures carbon will not go into solution and
      instead, will form detrimental carbides which lower th steel's corrosion
      resistance and decrease its ductility. For ferritic stainless steels heat
      treating is generally at a temperature of from 1200.degree.-1600.degree.F,
      although stabilized ferritic steel and those with low carbon contents can
      be heat treated at temperatures as high as 2000.degree.F. For practical
      purposes, a preferred lower temperature of 1300.degree.F is often imposed,
      as heat treating is a time and temperature dependent process. Maximum heat
      treating temperatures for ferritic steels are dependent upon the
      temperature at which austenite forms, as said austenite transforms to
      brittle martensite upon cooling.
PAR  The following steps are illustrative of a procedure encompassed by the
      present invention:
PAR  1. providing a layer of A.I.S.I. Type C1006 plain carbon steel having 0.04%
      carbon, and 0.4% titanium as an alloy addition, and electroplating it on
      opposite sides thereof with a 0.002 inch thick layer of nickel;
PAR  2. sandwiching said layer of plain carbon steel between two layers of
      A.I.S.I. Type 304 stainless steel with the nickel layers interposed
      between the plain carbon steel and the stainless steel layers;
PAR  3. heating the sandwiched layers at a temperature of approximately
      2000.degree.F;
PAR  4. hot rolling the sandwiched layers so as to form a bond therebetween, and
      thereby produce a composite;
PAR  5. annealing the composite at a temperature of approximately 1950.degree.F;
PAR  6. cold rolling the composite to gauge;
PAR  7. annealing the composite at a temperature of approximately 1950.degree.F;
      and
PAR  8. drawing the composite, thereby producing a plain carbon steel-stainless
      steel drawn article.
DETD
PAR  The following examples illustrate how carbide formers affect the degree of
      carbon migration in plain carbon steel-stainless steel composites, and how
      they affect the yield strength and elongation of said composites.
PAR  Composites having two layers of stainless steel with a layer of plain
      carbon steel containing titanium sandwiched therebetween, were formed for
      a subsequent drawing operation. The plain carbon steel came from heats A
      and B whose chemistry is given below in Table 1 and the stainless was
      A.I.S.I. Type 304.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     CHEMISTRY                                                                 
     Heat                                                                      
        C   Mn  P    S    Si  Al   Ti  Ti/C                                    
     __________________________________________________________________________
     A  0.06                                                                   
            0.33                                                               
                0.006                                                          
                     0.018                                                     
                          0.06                                                 
                              0.05 0.14                                        
                                        2.3                                    
     B  0.04                                                                   
            0.35                                                               
                0.005                                                          
                     0.20 0.04                                                 
                              0.069                                            
                                   0.45                                        
                                       11.3                                    
     __________________________________________________________________________
PAR  The composites were formed by: assembling the steel layers to be joined in
      such a manner that a layer of plain carbon steel was sandwiched between
      two larger layers of stainless steel which overlapped the edges of the
      carbon steel; welding bars of stainless steel around the edges of the
      carbon steel so as to form a pack which enclosed and protected the joining
      interfaces from exposure to the atmosphere; evacuating the pack with a
      valve inserted through the stainless steel bars; heating the pack to a
      temperature of approximately 2250.degree.F; and hot rolling the pack.
PAR  The packs were approximately 5 inches thick prior to hot roll bonding and
      approximately 0.170 inch thick thereafter. After hot rolling, the packs
      were annealed, cold rolled to intermediate gauge, annealed, and divided
      into four groups. Two of the groups A.sub.1 and A.sub.2, were formed from
      heat A plain carbon steel, whereas the other two groups, B.sub.1 and
      B.sub.2, were formed from heat B plain carbon steels. Groups A.sub.1 and
      A.sub.2 were cold rolled to 0.031 inch and groups B.sub.1 and B.sub.2 were
      cold rolled to 0.037 inch. All four groups were subsequently annealed at
      1975.degree.F. Groups A.sub.1 and B.sub.1 were annealed for a period of
      time equal to 25 minutes per inch of thickness. Groups A.sub.2 and B.sub.2
      were annealed for a period of time equal to 50 minutes per inch of
      thickness. The samples from each group were air cooled, water quenched, or
      air cooled from 900.degree.F, after annealing. The 0.2% yield strength,
      elongations and grain sizes for the samples of each group are given below
      in Table II, as well as the degree of carbon migration detected at 250X.
TBL                                    TABLE II                                
     __________________________________________________________________________
     CHEMISTRY   ANNEALING CONDITIONS        MICROSTRUCTURE                    
                 Temp.                                                         
                     Time        0.2% Y.S.                                     
                                      % Elongation                             
                                             ASTM Grain Size                   
                                                          Carbon Migration In  
     Heat                                                                      
        C  Ti Ti/C                                                             
                 (.degree.F)                                                   
                     (Mins./in)                                                
                           Quench                                              
                                 (p.s.i.)                                      
                                      (2")   Cladding                          
                                                  Core                         
                                                     Cladding                  
                                                          Cladding             
     __________________________________________________________________________
                                                          (250X)               
     A.sub.1                                                                   
        0.06                                                                   
           0.14                                                                
               2.3                                                             
                 --  --    --    133,000                                       
                                      3.0    --   -- --   Nothing noted        
     A.sub.1                                                                   
        0.06                                                                   
           0.14                                                                
               2.3                                                             
                 1975                                                          
                     25    A.C.   58.000                                       
                                      35.0   9    8-7                          
                                                     9    Light Migration      
     A.sub.1                                                                   
        0.06                                                                   
           0.14                                                                
               2.3                                                             
                 1975                                                          
                     25    H.sub.2 O                                           
                                  67,000                                       
                                      23.5   9    -- 9    Light Migration      
     A.sub.1                                                                   
        0.06                                                                   
           0.14                                                                
               2.3                                                             
                 1975                                                          
                     25    AC900.degree.F                                      
                                  59,000                                       
                                      39.0   9    8  9    Very Light           
                                                           Migration           
     A.sub.2                                                                   
        0.06                                                                   
           0.14                                                                
               2.3                                                             
                 --  --    --    133,000                                       
                                      3.0    --   -- --   Nothing Noted        
     A.sub.2                                                                   
        0.06                                                                   
           0.14                                                                
               2.3                                                             
                 1975                                                          
                     50    A.C.   55,000                                       
                                      26.0   8-7  -- 8-7  Nothing Noted        
     A.sub.2                                                                   
        0.06                                                                   
           0.14                                                                
               2.3                                                             
                 1975                                                          
                     50    H.sub.2 O                                           
                                  71,000                                       
                                      17.0   8-7  -- 8-7  Nothing Noted        
     A.sub.2                                                                   
        0.06                                                                   
           0.14                                                                
               2.3                                                             
                 1975                                                          
                     50    AC900.degree.F                                      
                                  56,000                                       
                                      29.0   8    8-6                          
                                                     8    Nothing Noted        
     B.sub.1                                                                   
        0.04                                                                   
           0.45                                                                
              11.3                                                             
                 --  --    --    111,000                                       
                                      4.0    --   -- --   Nothing Noted        
     B.sub.1                                                                   
        0.04                                                                   
           0.45                                                                
              11.3                                                             
                 1975                                                          
                     25    A.C.   31,000                                       
                                      44.5   9    5  9    Nothing Noted        
     B.sub.1                                                                   
        0.04                                                                   
           0.45                                                                
              11.3                                                             
                 1975                                                          
                     25    H.sub.2 O                                           
                                  53,000                                       
                                      44.0   10   -- 10   Nothing Noted        
     B.sub.1                                                                   
        0.04                                                                   
           0.45                                                                
              11.3                                                             
                 1975                                                          
                     25    AC900.degree.F                                      
                                  33,000                                       
                                      46.0   10   5-4                          
                                                     10   Nothing Noted        
     B.sub.2                                                                   
        0.04                                                                   
           0.45                                                                
              11.3                                                             
                 --  --    --    111,000                                       
                                      4.0    --   -- --   Nothing Noted        
     B.sub.2                                                                   
        0.04                                                                   
           0.45                                                                
              11.3                                                             
                 1975                                                          
                     50    A.C.   35,000                                       
                                      45.5   8    6  8    Nothing Noted        
     B.sub.2                                                                   
        0.04                                                                   
           0.45                                                                
              11.3                                                             
                 1975                                                          
                     50    H.sub.2 O                                           
                                  62,000                                       
                                      29.5   8-7  -- 8-7  Nothing Noted        
     B.sub.2                                                                   
        0.04                                                                   
           0.45                                                                
              11.3                                                             
                 1975                                                          
                     50    AC900.degree.F                                      
                                  36,000                                       
                                      42.0   8    6-5                          
                                                     8    Nothing              
     __________________________________________________________________________
                                                          Noted                
PAR  Table II reveals how the degree of carbon migration decreases with
      increasing carbide former-to-carbon ratios, how the yield strength
      decreases and elongation increases with ncreasing carbide former-to-carbon
      ratios, and how the grain size of the plain carbon steel containing
      titanium increases with increasing carbide former-to-carbon ratios. Some
      light and very light carbon migration was evident at 250X in group
      A.sub.1, which had a titanium-to-carbon ratio of 2.3, whereas no carbon
      migration was evident at 250X in group B.sub.1, which had a
      titanium-to-carbon ratio of 11.3 even though groups A.sub.1 and B.sub.1
      were similarly treated. Groups B.sub.1 and B.sub.2 which had
      titanium-to-carbon ratios of 11.3 had 0.2% yield strengths which were
      respectively lower and elongations which were respectively hgher than
      groups A.sub.1 and A.sub.2 which had titanium-to-carbon ratios of 2.3,
      even though groups A.sub.1 and B.sub.1 and groups A.sub.2 and B.sub.2 were
      similarly treated. Larger grain sizes (smaller numbers indicate larger
      grains) were evident in the core of groups B.sub.1  and B.sub.2, i.e., in
      the titanium containing plain carbon steel layer of groups B.sub.1 and
      B.sub.2, which had titanium-to-carbon ratios of 11.3, than were evident in
      the core of groups A.sub.1 and A.sub.2 which had titanium-to-carbon ratios
      of 2.3 even though groups A.sub.1 and B.sub.1 and groups A.sub.2 and
      B.sub.2 were similarly treated.
PAR  It will be apparent to those skilled in the art that the novel principles
      of the invention disclosed herein in connection with specific examples
      thereof will suggest various other modifications and applications of the
      same. It is accordingly desired that in construing the breadth of the
      appended claims they shall not be limited to the specific examples of the
      invention described herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pressure bonded composite article having at least two ferrous layers
      and at least one nonferrous layer, comprised of: at least one layer of
      plain carbon steel having up to 0.75 % of carbide former from the group
      consisting of titanium and columbium, said carbide former being present in
      a carbide former-to-carbon ratio of from 5 to 15; at least one layer of
      stainless steel; and at least one layer of a nonferrous third metal having
      a free energy of oxide formation less negative than the free energy of
      oxide formation for said plain carbon steel at any particular temperature
      between 1200.degree. and 2400.degree.F, at least one layer of said third
      metal being between a layer of said plain carbon steel and a layer of said
      stainless steel; said composite material having a 0.2% yield strength of
      less than 50,000 pounds per square inch.
NUM  2.
PAR  2. An article according to claim 1 wherein said third metal has a free
      energy of oxide formation, in Btu's/lb. mole of oxygen, less negative than
      -160,000 + 36.4 (HT-1200), wherein HT is the temperature in .degree.F at
      which said layers are heated.
NUM  3.
PAR  3. An article according to claim 1 wherein said third metal is from the
      group consisting of nickel, cobalt, palladium, platinum, copper, and
      chromium.
NUM  4.
PAR  4. An article according to claim 3 wherein said third metal is nickel.
NUM  5.
PAR  5. An article according to claim 1 wherein said plain carbon steel has an
      ASTM grain size number of at least 3.
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ABST
PAL  A motor fuel composition comprising gasoline and benzyl polyamine of the
      formula
      ##EQU1##
      where Z is an alkyl- and hydroxy-substituted benzyl group wherein the
      alkyl group has 50-1000 carbon atoms and at least 60% of said alkyl group
      is para to the hydroxyl group, n is 2 to 3, R is hydrogen or Z, and the
      sum of a and b is 0 to 5, said polyamine being present in an amount
      sufficient to provide carburetor detergency. Also disclosed is a
      concentrated solution of said polyamine in a hydrocarbon solvent.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part application of copending application bearing
      Ser. No. 449,062, filed on Mar. 7, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns a motor fuel containing a small amount of a
      particular Mannich condensation product as an additive to improve certain
      performance characteristics.
PAR  It is known that certain exhaust gas emissions are highest during engine
      warmup, even for vehicles equipped with emission control devices. To
      minimize one such emission, i.e. carbon monoxide, it has been found
      desirable to turn off the choke as soon as possible after the engine is
      started. To allow early choke turn-off without engine stalling, good fuel
      evaporation is necessary by the time the choke is turned off. Such good
      evaporation is achieved by having fuel droplets from the carburetor
      impinge upon a plate heated by hot exhaust gases. The plate is designed to
      hold the fuel droplets until evaporation takes place. One difficulty in
      this method for achieving early fuel evaporation is that the heavy ends of
      the fuel remaining in contact with the hot surface tend to decompose and
      form deposits. When sufficient deposists are accumulated, the plate
      becomes ineffective in vaporizing fuel.
PAR  There is a need for an additive to prevent or minimize the formation of
      deposits on the heated plate, preferably one that will provide more than
      one performance characterisitc so as to reduce the cost of handling and
      blending different types of additives. This invention provides such a
      multifunctional additive, one which provides the desired performance
      characteristics at low costs.
PAR  It has now been found that gasolines having incorporated therein small
      amounts of the reaction product of an alkyl-substituted phenol, a
      polyamine and formaldehyde exhibit excellent carburetor detergency,
      antirust protection, antiicing protection and control of deposits in
      quick-heat intake manifolds.
PAC  SUMMARY OF THE INVENTION
PAR  This invention concerns a motor fuel composition containing a relatively
      small amount of an additive represented by the formula
      ##EQU2##
      where Z is an alkyl- and hydroxy-substituted benzyl group wherein the
      alkyl group has 50 to 1000 carbon atoms and wherein at least 60% of the
      alkyl groups are para to the hydroxyl group, n is 2 to 3, R is hydrogen or
      Z, a and b are 0 to 5 and the sum a +  b is 0 to 5. The additive is
      therefore an alkyl- amd hydroxy-substituted benzyl derivative of a
      polyamine. There are at least two alkyl- and hydroxy-substituted benzyl
      groups on the polyamine. Each of the terminal amino groups of the
      polyamine is believed to contain one such benzyl group.
PAC  DETAILS OF THE INVENTION
PAR  The additive is prepared by mixing together alkyl-phenol, polyamine and
      formaldehyde and heating them to a temperature sufficient for the reaction
      to occur, which is in the range of 80.degree. to 200.degree. C. This type
      of condensation reaction is known as the Mannich reaction and the products
      obtained are often referred to as Mannich condesation products. The
      reaction mixture is kept at the reaction temperature until sufficient
      water of condensation has been evolved and removed. The reaction can be
      carried out in the absence of a solvent, but it is preferable to use a
      solvent, preferably one which distills with water azeotropically. Suitable
      solvents are hydrocarbons boiling in the range of 50.degree. C to
      200.degree.C and include hexane, cyclohexane, benzene, toluene, and
      xylene. The amount of solvent is not critical and can be present at from
      about 1 to 75% by weight of the total reaction mixture.
PAR  The ratio of reactants used will depend upon the particular reaction
      product desired and can be from two moles each of alkylphenol and
      formaldehyde per mole of the polyamine to the maximum of one mole each of
      alkylphenol and formaldehyde for each molar equivalent of amino nitrogen
      in the polyamine. Thus, with tetraethylenepentamine, which has five amino
      nitrogens, the alkylphenol and formaldehyde will be from 2 to 5 moles each
      per mole of tetraethylenepentamine.
PAR  The alkyl-substituted phenol is one wherein the alkyl substituent has 50 to
      1000 carbon atoms, and at least 60% of the alkyl substituent is para to
      the phenolic hydroxyl group. While the several methods known in the art
      for preparing alkylphenols can be used, the method and the reaction
      conditions should be so chosen that the alkyl substituent in the
      alkylphenol is at least 60% in the position para to the hydroxyl group.
      Alkylation of phenol with a monoolefin of 50 to 1000 carbon atoms, using
      boron trifluoride catalyst, and reaction temperatures of below about
      65.degree. C, preferably in the range of 40.degree.-50.degree.C, is the
      preferred process for the preparation of suitable alkylphenols.
PAR  The olefin reactant used to alkylate the phenol is a monoolefin of 50 to
      1000 carbon atoms. Such monoolefin will have an average molecular weight
      of from about 700 to 14,000. The preferred monoolefins are these
      monoolefins containing 50 to 100 carbon atoms prepared from polymerization
      of low molecular weight olfeins of 2 to 6 carbon atoms, either as a
      homopolymer or as a copolymer. The most preferred monolefins have 55 to 75
      carbon atoms and are formed from polymerization of propylene.
PAR  The alkyl-substituted phenol is preferably a monoalkylphenol but the
      presence of minor amounts of di- and trialkylphenols is not objectionable.
      Thus, alkylphenol prepared as described need not be further purified to
      prepare the reaction products described herein.
PAR  The formaldehyde reactant can be free formaldehyde, aqueous solution of
      formaldehyde or a polymerized form of formaldehyde which can provide
      monomeric formaldehyde under the reaction conditions. Aqueous formaldehyde
      is conveniently used.
PAR  The polyamine reactant is an alkylenepolyamine represented by the formula
EQU  H.sub.2 N--(C.sub.n H.sub.2n NH).sub.a --(C.sub.n H.sub.2n NH).sub.b
      C.sub.n H.sub.2n NH.sub.2
PAL  wherein n is 2 to 3, a and b are 0 to 5 and the sum a + b is 0 to 5. Thus,
      the polyamines are ethylene- and propylenepolyamines and include
      ethylenediamine, diethylenetriamine, triethylenetetramine,
      tetraethylenepentamine, pentaethylenehexamine, hexaethyleneheptamine,
      propylenediamine, dipropylenetriamine, tripropylenetetramine,
      tetrapropylenepentamine, pentapropylenehexamine, and
      hexapropyleneheptamine. The ethylenepolyamines are preferred. These
      polyamines can be prepared by well-known methods of the art such as by the
      reaction of ethylene or propylenedichloride with ammonia. Most of the
      above polyamines are commercially available.
PAR  When a polyamine which has more than two amino groups is a reactant, and
      more than two moles each of alkylphenol and formaldehyde per mole of
      polyamine are used, the internal amino groups can also have alkyl- and
      hydroxy-substituted benzyl substituents. Depending upon the particular
      polyamine used, the particular ratio of alkylphenol and formaldehyde to
      polyamine employed, the reaction product can have none, some, or all of
      the internal amino groups of the polyamine substituted with an alkyl- and
      hydroxy-substituted benzyl group. For example, the table below lists the
      compounds which are believed to be the predominant products when a
      p-alkyl-phenol, formaldehyde and tetraethylenepentamine are reacted in the
      indicated ratios.
      ##EQU3##
PAR  As recognized by those skilled in the art, in a condensation reaction of
      the present type wherein one of the reactants has multiple reaction sites,
      although one product may predominate, there can also be present other
      products wherein more or less of the reaction sites have reacted. As an
      illustration, in the above table wherein the reactant ratio is 4:4:1, in
      addition to the predominant tetrabenzyl compound, the reaction mixture may
      also contain some di-, tri- and penta-benzyl compounds. Accordingly, the
      present invention compositions include mixtures of alkyl- and
      hydroxy-substituted benzyl polyamines.
PAR  It has been found that the present invention compounds are highly effective
      in controlling deposit formation in quick-heat intake manifolds because:
      (1) the alkyl substituent has at least about 50 carbon atoms, and (2) at
      least 60% of the alkyl-substituent is para to the hydroxyl group. When the
      alkyl group size is substantially less than about 50 carbon atoms and the
      proportion of the alkyl group para to hydroxyl is less than about 60%,
      considerably poorer control of deposit is obtained.
PAR  The reason for the unexpected effectiveness of the invention compound, as
      defined, in controlling quick-heat intake manifold deposit is not
      understood. The alkyl group size of 50 carbon atoms is considerably in
      excess of the minimum size generally considered to be necessary for
      gasoline solubility, (which is in the range 8-20 carbon atoms) so gasoline
      solubility is not a determining factor.
PAR  Given the alkyl group of at least 50 carbon atoms, the alkyl- and
      hydroxy-substituted benzyl polyamines differ in effectiveness in
      controlling deposit formation depending upon the proportion of para-alkyl
      compounds present. Using a criterion that an additive to be practical
      should reduce deposits by 40%, the alkyl- and hydroxy-substituted benzyl
      polyamine should have at least about 60% of the alkyl group para to the
      hydroxyl group. When the proportion of the alkyl group in the para
      position is about 78% or more, almost complete elimination of deposits is
      observed. The reason for this unexpected effectivensss of para
      alkyl-substituted compounds is not understood.
PAR  Gasolines into which the additives of the present invention are
      incorporated are normally mixtures of hydrocarbons boiling in the gasoline
      range, usually from about 100.degree. to 425.degree. F. They can consist
      of straight chain or branched-chain paraffins, cycloparaffins, olefins and
      aromatic compounds or any mixture of such hydrocarbons obtainable from
      straight run naphtha, polymer gasoline, natural gasoline, thermally or
      catalytically cracked hydrocarbon stocks and catalytically reformed
      stocks. The gasolines can also contain varying amounts of conventional
      additives such as antiknock compounds including tetramethyllead,
      tetraethyllead, mixed alkylleads, scavenging agents, dyes, antioxidants,
      antiicing agents, rust inhibitors, detergents, antipreignition agents as
      well as intake valve deposit control additives such as nonvolatile
      lubricating mineral oils of 500-1500 SUS viscosity at 100.degree. F., and
      low molecular weight polypropylenes and polybutylenes.
PAR  Normally, the gasoline will contain from about 0.001 to about 0.04 percent
      by weight of the substituted polyamine, i.e., 2.5 to 100 pounds per
      thousand barrels (ptb), preferably from about 0.005 to 0.03 percent by
      weight (12.5 to 75 ptb), and most preferably from 0.006 to 0.024 percent
      by weight (15 to 60 ptb). At about 0.001 percent by weight or less, very
      little of the beneficial effects of the compounds are observed; while
      concentrations greater than about 0.04 percent by weight are useful, very
      little additional benefits are obtained.
PAR  To facilitate handling and incorporation into gasoline, the compounds of
      the invention can be dissolved in suitable solvents. Included are
      hydrocarbons boiling within the gasoline boiling range, exemplified by
      benzene, toluene, xylene, hexane, cyclohexane and the like. The solutions
      will normally contain from 10% to 90% by weight of the compound,
      preferably 40-80% by weight and most preferably 60 to 80% by weight. The
      compounds or their solutions can be incorporated into the gasolines by any
      of the procedures well-known in the art.
PAR  The alkyl- and hydroxy-substituted benzyl polyamines provide other
      performance characteristics in addition to the control of quick-heat
      intake manifold deposits. Certain of the alkyl- and hydroxy-substituted
      benzyl polyamines, particularly those which contain unsubstituted
      secondary amino groups are effective as anticorrosion, carburetor
      antiicing and carburetor detergent additives.
PAR  It is recognized that the degree of activity depends upon many different
      factors but it has been found in general that the effectiveness of the
      compounds in controlling quick-heat intake manifold deposit increases with
      the increasing numbers of alkyl- and hydroxy-benzyl substituents,
      particularly at higher temperatures. On the other hand, increasing the
      number of the benzyl substituents decreases the effectiveness of the
      compounds as anticorrosion, antiicing and carburetor detergent additives.
PAR  Thus, a product containing two alkyl- and hydroxy-substituted benzyl groups
      on a tetraethylenepentamine provides good anticorrosion, carburetor
      antiicing, carburetor detergency and control of quick-heat intake manifold
      deposit performance whereas a product containing five such benzyl groups
      on tetraethylenepentamine, while providing excellent control of quick-heat
      intake manifold deposit, provides very little antiicing protection.
PAR  When a gasoline composition having antirust, antiicing and carburetor
      detergency properties is desired, the invention compounds of the formula
      ##EQU4##
      wherein Z, n, R, a and b are as defined, are preferred. The compounds
      wherein R=H are most preferred. The most preferred compound is
      tetraethylenepentamine containing two alkyl- and hydroxy-substituted
      benzyl groups as defined, which is nominally represented by the formula:
      ##SPC1##
PAL  where R' is polypropylene group of about 60 carbon atoms.
PAR  When a gasoline composition having carburetor detergency and quick-heat
      intake manifold deposit control properties is desired, the compounds of
      the above formula wherein at least one of the R group is Z are preferred.
      The preferred compound is tetraethylenepentamine containing three alkyl-
      and hydroxy-benzyl groups as defined which is nominally represented by the
      formula
      ##SPC2##
PAL  where R' is polypropylene group of about 60 carbon atoms.
PAC  PREPARATION A. ALKYLPHENOL/FORMALDEHYDE/POLYAMINE CONDENSATION PRODUCT
PAR  Polypropylenephenol (polypropylene M.W. 840) containing 74%
      para-polypropylene substituent, 5,300 grams, tetraethylenepentamine 410
      grams, and toluene 1,775 grams were placed in a reactor, and 492 grams of
      36% aqueous formaldehyde was added over a period of 90 minutes. The
      reaction mixture was refluxed for 11 hours, during which period 430 ml. of
      water was separated. An additional 91 grams of 36% aqueous formaldehyde
      was added and the reaction mixture was refluxed for two hours more during
      which time an additional 80 ml of water was separated. The reaction
      mixture which consisted of 79% of the product in toluene was filtered
      through diatomaceous earth.
PAR  This toluene solution can be incorporated directly into gasoline but, in
      the embodiment described, the product was isolated by removing toluene.
      Elemental analysis of the recovered product showed 2.5% nitrogen.
      Molecular weight: 2013. Theoretical values for tetraethylenepentamine
      containing two benzyl groups having a hydroxyl and an alkyl group of 840
      molecular weight substituents are 3.4% nitrogen and a molecular weight of
      2049.
PAR  Some of the alkyl- and hydroxy-substituted benzyl polyamine containing
      different amounts of benzyl groups prepared by using a procedure
      essentially as described above are listed below. In each case the desired
      product is obtained by choosing the proper molar ratios of
      polypropylenephenol, formaldehyde and polyamine. The polypropylenephenol
      (polypropylene M.W. 840) contained at least 60% of the polypropylene group
      in the para position.
TBL  ______________________________________                                    
         Mole Ratio of                                                         
     Polypropylenephenol:HCHO:Polyamine                                        
                          Polyamine                                            
     ______________________________________                                    
     Preparation B                                                             
                 2:2:1        ethylenediamine                                  
     Preparation C                                                             
                 1:1:1        triethylenetetramine                             
     Preparation D                                                             
                 2:2:1        triethylenetetramine                             
     Preparation E                                                             
                 3:3:1        triethylenetetramine                             
     Preparation F                                                             
                 4:4:1        triethylenetetramine                             
     Preparation G                                                             
                 1:1:1        tetraethylenepentamine                           
     Preparation H                                                             
                 2:2:1        tetraethylenepentamine                           
     Preparation I                                                             
                 3:3:1        tetraethylenepentamine                           
     Preparation J                                                             
                 5:5:1        tetraethylenepentamine                           
     ______________________________________                                    
PAR  As is generally expected of highly polar gasoline additives, certain of the
      present benzyl polyamines lead to increased intake valve deposits. The
      effect upon deposit weight appears to be greater at the lower end of the
      above disclosed use concentration range, the effect decreasing as
      concentration is increased.
PAR  Thus, for example, in a bench test designed to measure intake valve deposit
      formation, Preparation H at 15 lbs/1000 bbls (PTB) gives a deposit weight
      increase of 2.3 times that evident using the base fuel alone. It can be
      postulated, therefore, that concentrations of benzyl polyamine between 2.5
      up to (something less than) 15 PTB will give deposit weight increases of
      more than 2.3 times that evident using the base fuel alone. At 75 PTB the
      deposit weight is 1.5 times that of the base fuel control.
PAR  In an engine test, 20 PTB of Preparation H gives an average of 4.5
      grams/valve deposit weight vs. 2.0 g/valve deposit weight for base
      gasoline alone. At 100 PTB, the deposit weight is 2.5 g/valve.
PAR  The intake valve deposit increases caused by using the additives at
      relatively low concentrations are not excessive for proper engine
      performance. In any event, the deposits can be reduced if desired to
      approximately the control values by (1) using higher concentrations of the
      disclosed additives, and/or by (2) incorporating into the gasoline such
      known intake valve deposit control agents as non-volatile mineral
      lubricating oils of 500 to 1500 SUS at 100.degree. F and low molecular
      weight polypropylenes and polybutylenes.
DETD
PAC  EXAMPLES
PAC  EXAMPLES 1 to 10
PAR  The effectiveness of the described alkyl- and hydroxy-substituted benzyl
      polyamines in controlling quick-heat intake manifold deposits was measured
      by the technique for evaluating induction system deposits (ISD) described
      by Johnston et al. in SAE Transactions, Volume 75 (1967), Paper No.
      660,783. Good correlation between the results obtained by this technique
      and the tendency of motor gasoline to form deposits in the induction
      systems of spark-ignition engines is known.
PAR  The procedure consists of spraying gasoline and air onto a heated tared
      metal tube. At the conclusion of the test, the metal tube is removed from
      the apparatus, washed with heptane and weighed. The weight of the deposit
      to the nearest 0.1 mg. indicates the deposit-forming tendency of the fuel
      in the induction system.
PAR  In the present series of tests, the motor fuel was Indolene which
      additionally contained 10 volume percent of 10% Indolene bottoms to
      increase the deposit-forming capability of the gasoline. The tests were
      carried out at 350.degree. F, 450.degree. F and 550.degree. F to reflect
      the several thermal conditions believed present in the induction system of
      the modern automobile engines.
PAR  The results summarized below are expressed in terms of percent reduction in
      deposit weight compared to the deposit weight obtained with the base fuel.
      The control weights are 3.8 mg. at 350.degree. F., 3.0 mg. at 450.degree.
      F., and 2.6 mg. at 550.degree. F. Deposit reductions of 90% or more
      represent substantially complete elimination of deposits. Generally, the
      difference between a weight reduction of 90 or greater and 100% represents
      the weight contributed by the additive, present on the metal tube as a
      clear film.
TBL  ______________________________________                                    
     INDUCTION SYSTEM DEPOSIT TESTS                                            
     Fuel: Indolene + 10 Vol. % 10% Indolene Bottoms                           
             Poly-    Treating Deposit Weight Change                           
     Example amine    Level    Tube Temperature                                
     No.     Prep.    PTB      350.degree.F.                                   
                                      450.degree.F.                            
                                             550.degree.F.                     
     ______________________________________                                    
     1       B        20       -88    -30                                      
     2       B        50              -93    -17                               
     3       D        20       -91    +12                                      
     4       E        20       -95                                             
     5       F        50              -90                                      
     6       H        20       -90    +20                                      
     7       H        50              -41                                      
     8       I        20       -95    + 7                                      
     9       I        50              -95    -14                               
     10      J        20       -92    -97                                      
     Comp. A C        20       -34    +29                                      
     Comp. B G        20       -27    +18                                      
     ______________________________________                                    
      PTB = Pounds per thousand barrels of the additive in base gasoline.      
      Comp. = Comparative Example.                                             
PAR  The above results show that the described alkyl- and hydroxy-substituted
      benzyl polyamines provide excellent control of fuel-derived deposits at
      350.degree. F at 20 pounds per thousand barrels and at 450.degree. F at 50
      pounds per thousand barrels. Comparative Examples A and B show the
      criticality of having at least two substituted benzyl groups on the
      polyamine molecule.
PAC  EXAMPLES 11 to 13
PAR  These Examples and Comparative Examples demonstrate the criticalities of
      (1) alkyl size and (2) the alkyl content para to the hydroxyl group in the
      benzyl substituents for controlling induction system deposits. A reduction
      of at least 40% in deposit weight in the ISD bench technique described
      previously is used as the criterion for effective deposit control. The
      substituted benzyl polyamines used in these examples were prepared from
      polypropylenephenol (M.W. of polypropylene=840) and tetraethylenepentamine
      reacted in such proportions that the polyamines each contained two benzyl
      groups. The p-C.sub.4 and p-C.sub.9 alkyl derivatives at comparative
      Examples E and F were prepared from p-t-butylphenol and p-nonyl-phenol.
      The C.sub.36 alkyl derivative of Comparative Example G was prepared from
      poly-n-butenylphenol (M.W. of poly-n-butylene=500). The additives were
      added at a concentration of 20 pounds per thousand barrels to Indolene
      containing 10 volume percent of Indolene bottoms.
TBL  ______________________________________                                    
     INDUCTION SYSTEM DEPOSIT TESTS                                            
     EFFECTS OF ALKYL SIZE AND % PARA-SUBSTITUTION                             
     Fuel: Indolene + 10 Vol. % 10% Indolene Bottoms                           
                                 Deposit Weight Change                         
     Example                     Tube Temperature                              
     No.     Alkyl Group % Para  350.degree.F.                                 
     ______________________________________                                    
     Comp. C C.sub.60    24      - 18                                          
     Comp. D C.sub.60    57      - 35                                          
     11      C.sub.60    67      - 95                                          
     12      C.sub.60    80      - 90                                          
     13      C.sub.60    85      - 95                                          
     Comp. E C.sub.4     100     +106                                          
     Comp. F C.sub.9     100     + 31                                          
     Comp. G C.sub.36    .about.90                                             
                                 + 3                                           
     ______________________________________                                    
PAR  The above results show that both the size of the alkyl groups and the para
      location of the alkyl groups are necessary for the control of fuel-derived
      induction system deposits. Comparative Examples C and D show that the
      polyamines containing benzyl groups with alkyl groups of 60 carbon atoms
      do not provide good deposit control when relatively low percentages of the
      alkyl groups are para to the hydroxyl group. Comparative Examples E and F
      show that even when all the alkyl groups are para to the hydroxyl, no
      deposit control is obtained when the alkyl groups are small. In short, the
      comparison of Examples 11-13 with comparative Examples C and D shows that
      it is necessary that at least 60% of the alkyl groups be para to hydroxyl
      in order to effectively control deposits in quick-heat intake manifolds.
PAC  EXAMPLES 14-21
PAR  The effectiveness of the alkyl- and hydroxy-substituted benzyl polyamines
      in controlling induction system deposits, particularly quick-heat intake
      manifold deposits was determined on an engine stand. A quick-heat intake
      manifold is provided by a heated plate positioned directly below a
      carburetor. The surface of the plate is designed to hold the fuel droplets
      until evaporation takes place. This type of quick-heat intake manifold has
      been designated an early fuel evaporation (EFE) system. In the present
      tests, the EFE plate is heated electrically. The central portion of the
      plate is kept at about 300.degree. F., the outer edges at about
      400.degree. F., giving an average plate temperature of about 350.degree.
      F.
PAR  The EFE plate is positioned directly below a carburetor equipped with a
      riser, the end of the riser being about one inch from the surface of the
      plate. The deposit-forming tendency of a fuel is determined by measuring
      the rate of temperature rise of the EFE plate surface by a thermocouple
      lead placed thereon. As deposits accumulate, the efficiency of the plate
      to vaporize fuel decreases and is accompanied by a rise in the plate
      surface temperature. Thus, in the absence of deposit formation, the rate
      of temperature rise is zero.
PAR  In the present tests, the engine is operated for 46 hours. The average rate
      of temperature increase is determined and used as a measure of
      fuel-derived deposits. Additionally, after the tests, the EFE plate is
      visually rated for the degree of dirtiness. The results are summarized
      below.
TBL  ______________________________________                                    
     EFE PLATE DEPOSITS                                                        
     ENGINE STAND TESTS                                                        
                       Treating Additional Temp.                               
     Example           Level    Carrier    Rise                                
     No.      Additive PTB.sup.(1)                                             
                                (PTB)      .degree.F/Hr.                       
     ______________________________________                                    
     Control                                                                   
     Base Fuel                                                                 
              --       --       --         2.9                                 
     14       H        20       --         0.8                                 
     15       H        50       --         0.8                                 
     16       I        20       --         0.8                                 
     17       I        50       --         0                                   
     18       J        50       --         0                                   
     19       B        50       --         0.5                                 
              --       --       .sup.(2) SEB-78 Oil                            
                                           0.8                                 
                                (370)                                          
     20       H        20       SEB-78 Oil 0.6                                 
                                (250)                                          
     21       I        20       SEB-78 Oil 0.1                                 
                                (250)                                          
     ______________________________________                                    
      .sup.(1) PTB = Pounds per thousand barrels of additive in gasoline.      
      .sup.(2) Top cylinder oil, solvent extracted bright stock 29.5.degree. AP
      Gravity, viscosity at 100.degree.F, 763 SUS, viscosity at 210.degree.F, 7
      SUS.                                                                     
PAR  The above results show that the described alkyl- and hydroxy-substituted
      benzyl polyamines are very effective in controlling quick-heat intake
      manifold deposits. Comparing Example 16 with 17 and 18 shows that better
      control of deposits is obtained with the greater number of the substituted
      benzyl groups on the same polyamine. The use of carrier oil (SEB-78) with
      the polyamine also appears to be beneficial in controlling deposits. In
      all cases wherein the rate of temperature rise is less than that of the
      control, visual inspection of the EFE plates showed cleaner plates than
      the control.
PAC  EXAMPLES 22 to 27
PAR  The effectiveness of alkyl- and hydroxy-substituted benzyl polyamine of the
      invention in keeping a carburetor clean (carburetor detergency) was
      demonstrated in a carburetor keep-clean test (Onan) carried out in a
      single cylinder engine to which a controlled amount of exhaust gas from
      another engine is mixed with the air supplied to the test carburetor. The
      test carburetor throat consists of a two-piece stainless steel liner
      fitted around the throttle plate shaft. The liner is removable for
      inspection and rating. The engine is operated under cycling conditions of
      one minute idling and three minutes of part throttle over a two hour test
      period. A visual rating scale of 10 for a clean carburetor and 0 for a
      very dirty carburetor is used. A rating of 7 or greater is considered
      satisfactory. The results are summarized below.
TBL  ______________________________________                                    
     CARBURETOR KEEP CLEAN TEST (ONAN)                                         
     Example              Treating                                             
     No.       Additive   Level(PTB)   Rating                                  
     ______________________________________                                    
     Control   None       --           4.7                                     
     22        H          5            7.3                                     
     23        H          20           8.9                                     
     24        H          50           8.3                                     
     25        I          5            7.1                                     
     26        I          20           8.7                                     
     27        I          50           8.1                                     
     ______________________________________                                    
PAR  These results show that the alkyl- and hydroxy-substituted benzyl
      polyamines are highly effective carburetor detergents. Satisfactory
      carburetor keep-clean performances are obtained at a treating level of as
      low as 5 pounds per thousand barrels. The results also show that going
      from a polyamine containing two benzyl groups (H) to a polyamine
      containing three benzyl groups (I), slightly decreases carburetor
      detergency.
PAC  EXAMPLES 28 to 30
PAR  Carburetor detergency of the compounds of the invention was further
      demonstrated in tests carried out in a 1973 Buick Electra having a 455 CID
      engine equipped with an exhaust gas recirculation (EGR) system. The
      vehicle was subjected to 6,000 miles AMA test cycles on a programmed
      chassis dynamometer (PCD). The test cycle includes periods of idle,
      acceleration, cruise and deceleration to simulate typical urban driving.
      The base fuel was Indolene with two grams per gallon of tetraethyllead
      antiknock compound. After the 6,000 miles test, the primary and the
      secondary throttle areas were visually rated. The results are summarized
      below.
TBL  __________________________________________________________________________
     CARBURETOR DETERGENCY                                                     
     6,000 Miles AMA-PCD Tests                                                 
     1973 Buick Electra, 455 CID Engine with EGR                               
     Fuel: Indolene + 2 Grams Antiknock                                        
                    Treating                                                   
                          Intake                                               
     Example        Level Valves        Carburetor Rating                      
     No.  Additive  PTB   G/Valve                                              
                               CRC.sup.1                                       
                                   STEM.sup.2                                  
                                        Primary                                
                                             Secondary                         
     __________________________________________________________________________
     Control                                                                   
     Base Gas                                                                  
          --        --    2.0  6.7 6.6  Dirty                                  
                                             Heavy Deposits                    
     28   H         20    4.5  5.5 4.5  Clean                                  
                                             Clean                             
     29   H         100   2.5  5.6 8.7  Clean                                  
                                             Clean                             
     30   H +       20    2.2  6.3 8.6  Clean                                  
                                             Amber Film                        
          SEB-78 (250PTB)                                                      
     __________________________________________________________________________
      .sup.1 - Cooperative Research Council Rating of Valve Tulips, 10 = clean.
      .sup.2 - A stem rating of 10 = clean.                                    
PAR  The above results show that the compounds of the invention are highly
      effective in keeping the throttle areas of a carburetor clean.
PAC  EXAMPLES 31 to 37
PAR  The antiicing effectiveness of the compounds of the invention was
      demonstrated in a 6-cylinder Chevrolet engine of 230 cubic inch
      displacement. Two types of carburetor were used, (a) a throttle plate
      carburetor and (b) an emulsion type carburetor. The environment of the
      carburetor was maintained at 40.degree. F. and 95% relative humidity.
PAR  In the throttle plate carburetor (Stromberg) tests, the engine was run on a
      two-part cycle, namely 20 seconds with open throttle at an engine speed to
      1,600 rpm at 10 seconds with the throttle almost closed at 400 rpm
      (idling). During the test, ice forms on the throttle plate and surrounding
      carburetor wall and causes the engine to stall by blocking the flow of air
      when the throttle plate is almost closed during idling. With a typical
      winter-grade gasoline, engine stalling occurs in about 3-5 cycles. An
      additive is considered effective if it prevents stalling to about 10
      cycles; it is considered excellent if it prevents stalling to at least
      about 25 cycles.
PAR  In the emulsion tube type carburetor test, a Solex, Model No. 32 PBICA
      single barrel, down draft carburetor replaced the throttle plate
      carburetor. The engine was operated for 20 minutes at an initial speed of
      1,500 rpm and the reduction in engine speed was used as a measure of the
      effectiveness of the antiicing agent. Under these conditions the engine
      does not stall completely. With a typical winter-grade gasoline the engine
      speed may decrease about 600 rpm during the 20 minute test period. A
      reduction of not more than 50 rpm is considered excellent antiicing
      performance. The test results are summarized below.
TBL  __________________________________________________________________________
     CARBURETOR ANTIICING TESTS                                                
                            Mid-Boiling                                        
                       Treating                                                
                            Point of                                           
                                    Anti-                                      
     Example           Level                                                   
                            Gasoline                                           
                                    icing                                      
     No.  Carburetor                                                           
                  Additive                                                     
                       PTB  Used .degree.F.                                    
                                    Benefits.sup.(3)                           
     __________________________________________________________________________
     Control                                                                   
          Solex.sup.(1)                                                        
                  None --   182     -600 rpm                                   
     31   Solex   H    45   182     -115 rpm                                   
     32   Solex   H    50   182     -10 rpm                                    
     Control                                                                   
          Solex   None --   197     -500 rpm                                   
     33   Solex   H    40   197     -230 rpm                                   
     34   Solex   H    45   197     -30 rpm                                    
     Control                                                                   
          Stromberg.sup.(2)                                                    
                  None --   197     4 Cycles                                   
                                    to stall                                   
     35   Stromberg                                                            
                  H    30   197     12 Cycles                                  
                                    to stall                                   
     36   Stromberg                                                            
                  H    40   197     14 Cycles                                  
                                    to stall                                   
     37   Stromberg                                                            
                  H    45   197     25+Cycles                                  
                                    to stall                                   
     38   Stromberg                                                            
                  I     100 197     4 Cycles                                   
                                    tp stall                                   
     __________________________________________________________________________
      PTB = Pounds per thousand barrels.                                       
      .sup.(1) Emulsion tube type carburetor                                   
      .sup.(2) Throttle plate type carburetor                                  
      .sup.(3) Decrease of less than 50 rpm considered excellent for emulsion  
      tube carburetor. 25 Cycles to stall considered excellent for throttle    
      plate carburetor.                                                        
PAR  The above results show that the alkyl- and hydroxy-substituted benzyl
      polyamines of the invention provide excellent antiicing protection when
      used at 45 to 50 pounds per thousand barrels and good protection at 30
      pounds per thousand barrels. Example 38 shows that the addition of a third
      benzyl group to compound H is detrimental to antiicing performance.
PAC  EXAMPLES 38 to 41
PAR  The antirust properties of the products of the invention were determined
      according to the method of ASTM D665, Procedure A. In this test, 300 ml.
      of the hydrocarbon fuel containing the additive under test is stirred with
      30 ml. of distilled water at a temperature of 32.degree. C. (90.degree.
      F.) with a cylindrical steel specimen completely immersed therein. The
      test is carried out for 20 hours. The results are summarized below.
TBL  ______________________________________                                    
     ANTIRUST PROTECTION                                                       
                       Treating                                                
     Example           Level      % Rust In                                    
     No.     Additive  PTB        Isooctane                                    
                                          RE117B                               
     ______________________________________                                    
             None      --         40      70                                   
     39      H         5          0       0                                    
     40      H         10         0       0                                    
     41      H         20         0       0                                    
     ______________________________________                                    
PAR  The above results show that the alkyl- and hydroxy-substituted benzyl
      polyamine of the invention provides excellent antirust protection at 5
      pounds per thousand barrels.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A motor fuel composition comprising a major amount of hydrocarbons
      boiling in the gasoline range and a minor amount, sufficient to provide
      detergency, of a benzyl polyamine of the formula
      ##EQU5##
      where Z is an alkyl- and hydroxy-substituted benzyl group wherein the
      alkyl group has 50 to 1000 carbon atoms and wherein at least 60% of said
      alkyl group is para to the hydroxyl group, n is 2 to 3, R is hydrogen or
      Z, a and b are 0 to 5 and the sum a + b is 0 to 5.
NUM  2.
PAR  2. The motor fuel composition of claim 1, the benzyl polyamine having the
      formula wherein n is 2, a + b is 0 to 3 and the alkyl group has 50 to 100
      carbon atoms.
NUM  3.
PAR  3. The motor fuel composition of claim 2 wherein each R is H.
NUM  4.
PAR  4. The motor fuel composition of claim 2 wherein at least one R is Z.
NUM  5.
PAR  5. The motor fuel composition of claim 1 wherein said benzyl polyamine
      constitutes about 0.001-0.04% by weight of the composition.
NUM  6.
PAR  6. An additive composition for addition to gasoline comprising from 10 to
      90 percent by weight of the benzyl polyamine of claim 1 in a hydrocarbon
      solvent.
NUM  7.
PAR  7. The additive composition of claim 6 wherein n is 2, a + b is 0 to 3 and
      the alkyl group has 50 to 100 carbon atoms.
NUM  8.
PAR  8. The additive composition of claim 6 wherein each R is H.
NUM  9.
PAR  9. The additive composition of claim 6 wherein at least one R is Z.
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ABST
PAL  An abrasive compact comprising diamond or cubic boron nitride or mixtures
      thereof held in a matrix of a refractory substance and a substance which
      dissolves the abrasive particle to at least a limited extent. The compact
      may be made by subjecting a powdered mixture of the ingredients to
      conditions of temperature and pressure at which the abrasive particle is
      crystallographically stable and the solvent substance acts to dissolve the
      abrasive particle. The refractory substance and solvent substance are
      preferably so chosen that during compact manufacture there is interaction
      resulting in the formation of a hard material.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 465,683 filed Apr. 30, 1974, and now abandoned.
BSUM
PAR  This invention relates to abrasive compacts.
PAR  Abrasive compacts consist essentially of abrasive particles, generally in
      finely powdered form, bonded into a conglomerate or compact by means of a
      suitable bonding matrix. In the past the bonding matrix has generally been
      a metal such as cobalt, iron, nickel, copper, manganese, tantalum and the
      like or alloys containing one or more of these metals. The abrasive
      particle will constitute 50 or more volume percent of the compact and will
      in general be diamond or cubic boron nitride.
PAR  The diamond for use in compacts may be either natural or synthetic. In the
      case of synthetic diamonds, the diamond may be made by the method and
      apparatus described in U.S. Pat. No. 2,947,609.
PAR  In the case of cubic boron nitride, such particles may be made by the
      method and apparatus described in U.S. Pat. No. 2,947,617.
PAR  According to the invention there is provided an abrasive compact comprising
      an effective quantity of abrasive particle selected from cubic boron
      nitride, diamond and mixtures thereof bonded together by a matrix
      comprising a refractory substance and a solvent substance which is capable
      of dissolving the abrasive particle to at least a limited extent. The
      matrix may also contain a hard material resulting from the interaction of
      the refractory substance with the solvent substance during compact
      manufacture.
PAR  Further according to the invention, there is provided a method of making an
      abrasive compact including the step of subjecting a mixture containing
      effective quantities of abrasive particle selected from diamond, cubic
      boron nitride and mixtures thereof, a powdered refractory substance and a
      powdered solvent substance capable of dissolving the abrasive particle to
      at least a limited extent to conditions of temperature and pressure at
      which the abrasive particle is crystallographically stable and the solvent
      substance acts to dissolve the abrasive particle to at least a limited
      extent. The solvent substance may also have the property of reacting with
      the refractory substance to form a hard material during compact
      manufacture. Such interaction is particularly desirable when the solvent
      substance is a low melting metal or alloy.
PAR  The refractory substance may be a boride, nitride or silicide refractory
      substance. A particularly suitable refractory substance is silicon
      nitride, particularly silicon nitride in the .alpha.-form. The refractory
      substance may also be magnesium oxide, spinel or alumina either alone or
      in combination with a nitride, silicide or boride refractory substance.
PAR  The refractory substance may also be:
PA1  a. silicon nitride powder mixed with silicon, boron and boron carbide, all
      in powdered form;
PA1  b. silicon nitride powder mixed with magnesium oxide powder;
PA1  c. silicon nitride powder mixed with alumina and/or magnesium oxide, both
      of which are in powdered form;
PA1  d. silicon nitride powder mixed with powdered spinel;
PA1  e. a substance (in crushed form) resulting from the heat treatment of
      silicon nitride with alumina and magnesium oxide; or
PA1  f. a substance (in powdered form) resulting from the heat treatment of
      silicon nitride with spinel.
PAR  The solvent substance must be such as to be capable of dissolving the
      abrasive particle to at least a limited extent. When a mixture of diamond
      and cubic boron nitride is used, a mixture of solvent substances will also
      be used. Such substances are well known in the art and examples thereof
      can be found in the above-mentioned U.S. patent which are incorporated
      herein by reference. In the case of cubic boron nitride, particularly
      preferred solvent substances are aluminium, lead, tin, magnesium and
      lithium and alloys containing one or more of these metals. As is stated
      above, the solvent substance may also have the property of being able to
      react with the refractory substance to form a hard material under the
      conditions of compact manufacture.
PAR  The actual amount of each ingredient of the mixture will vary according to
      the ingredients and the skilled man can select quantities to suit the
      need. In general, however, the abrasive particle will be present in the
      mixture in an amount of at least 70 volume percent, and preferably from 80
      to 90 volume percent. The ratio of the solvent substance to refractory
      substance will in general be in the range of 1/3:2/3 to 2/3:1/3 on a
      weight basis.
PAR  The various ingredients for the mixture are preferably in finely powdered
      form. Preferably, the average particle size of the ingredients is less
      than 40 microns and more preferably below about 12 microns. The finer the
      powder the more compact and tough the final product.
PAR  In order to produce the compact, the mixture is subjected to conditions of
      temperature and pressure at which the abrasive particle is
      crystallographically stable and the solvent substance acts as a solvent.
      Such conditions are well known in the art. The attached drawing
      illustrates the diamond and cubic boron nitride stable regions on a
      pressure/temperature graph. The diamond stable region is represented above
      the line A, whereas the cubic boron nitride stable region is represented
      above the line B. The solvent substance will, in general, act as a solvent
      when it is molten. The pressures used will usually be in the range 40 to
      65 kilobars and the temperatures used will usually be in the range
      1200.degree. C to 1600.degree. C.
PAR  The invention finds particular application in compacts which contain cubic
      boron nitride as abrasive particle. The solvent substances for cubic boron
      nitride, e.g. aluminium, are generally low melting with a result that
      smearing of the metal on the workpiece can occur during use of the
      compact. Reacting the solvent substance with the refractory to form a hard
      material substantially reduces the tendency for this smearing during use
      to occur.
PAR  The starting mixtures for the compact manufacture may, if desired, contain
      small quantities of graphite or hexagonal boron nitride.
PAR  In an example of the invention, a powdered mixture of 8 micron powdered
      silicon nitride (.alpha. - form), commercially available aluminium powder
      and 2 - 6 micron cubic boron nitride powder was cold compacted and placed
      in a tantalum casing. The mixture consisted of 80.5 volume percent cubic
      boron nitride, the balance of the mixture being made up of 68 weight
      percent silicon nitride and 32 weight percent aluminium. The casing was
      placed in the reaction zone of a conventional high temperature/pressure
      apparatus of the type described in U.S. Pat. No. 2,947,609. The pressure
      of the reaction zone was raised to 55 kilobars and the temperature was
      raised to 1300.degree. C. Compact formation resulted and after release of
      the temperature and pressure the compact was recovered in the conventional
      manner.
PAR  The abrasive properties of the recovered compact were compared with a
      commercially available P 10 tungsten carbide compact and with a compact
      consisting of about 90 volume percent cubic boron nitride in a 10 volume
      percent cobalt/aluminium matrix made according to techniques of the prior
      art. The compacts were incorporated in single point tools and their
      abrasive properties tested in the turning of mild steel. It was found that
      the compact of the invention showed 100 times less wear than the tungsten
      carbide compact and 4 times less wear than the cubic boron
      nitride/cobalt-aluminium compact.
PAR  Moreover, no smearing of the aluminium on the workpiece was observed with
      the compact of the invention which is attributable to the fact that the
      silicon nitride reacted with the aluminium to form a hard material. It is
      believed that the strength of the compact of the invention is also
      attributable, at least in part, to the fact that there was a certain
      amount of intergrowth between the cubic boron nitride particles.
PAR  The compact of the invention may be suitably secured to a shank. The
      securing may be achieved by brazing or hot pressing the compact on to the
      shank using high temperature and pressure conditions and a suitable metal
      such as cobalt as a brazing medium. The shank may, for example, be made of
      steel or tungsten carbide. In the case of hot pressing diamond compacts to
      a shank, it has been found that good results are achieved by hot pressing
      under conditions which are above line A using cobalt as a bonding medium.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making an abrasive compact, comprising the steps of forming
      a mixture of particles of cubic boron nitride, powdered refractory
      substance selected from the group consisting of silicon nitride, magnesium
      oxide, spinel and alumina, and a powdered solvent for cubic boron nitride
      selected from the group consisting of aluminum, lead, tin, magnesium,
      lithium and an alloy thereof, and subjecting said mixture to elevated
      temperature and pressure at which cubic boron nitride is
      crystallographically stable and said solvent partially dissolves said
      cubic boron nitride to at least a limited extent.
NUM  2.
PAR  2. A method as claimed in claim 1, in which said mixture contains at least
      70 volume percent cubic boron nitride particles, said refractory substance
      is silicon nitride and said solvent is aluminum.
NUM  3.
PAR  3. A method according to claim 1 wherein the cubic boron nitride is present
      in an amount of at least 70 volume percent.
NUM  4.
PAR  4. A method according to claim 1 wherein the cubic boron nitride is present
      in an amount from 80 to 90 volume percent.
NUM  5.
PAR  5. A method according to claim 1 wherein the ratio of solvent to refractory
      substance is in the range of from 1/3:2/3 to 2/3:1/3 on a weight basis.
NUM  6.
PAR  6. A method according to claim 1 wherein the refractory substance is
      silicon nitride.
NUM  7.
PAR  7. A method according to claim 6 wherein the silicon nitride is in the
      .alpha.-form.
NUM  8.
PAR  8. A method according to claim 1 wherein the solvent is aluminium.
NUM  9.
PAR  9. A method according to claim 2 wherein the silicon nitride is in the
      .alpha.-form.
NUM  10.
PAR  10. A method according to claim 1 wherein the mixture is subject to a
      pressure in the range of 40 to 65 kilobars and a temperature of
      1200.degree. C to 1600.degree. C.
NUM  11.
PAR  11. A compact produced by the process of claim 1.
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ABST
PAL  A method and apparatus for physical separation of the components of a
      molecular beam with different masses and/or gas kinetic cross sections.
      The molecular beam is crossed by one or more auxiliary gas beams so that
      its components are deflected by varying amounts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and a device for the physical
      separation of components of a molecular beam with different masses and/or
      gas kinetic cross sections.
PAR  The molecular beams frequently used in science and technology consist of
      components of different masses and/or different gas kinetic cross
      sections. For instance, molecular beams are generated from mixtures of
      both light and heavy components with the object of accelerating the heavy
      component to the velocity of the light one. It is desired to then remove
      the light component as far as possible by separation. So far this problem
      has been solved by collimating the core section of the molecular beam (R.
      Klingelhofer, P. Lohse, "Production of Fast Molecular Beams Using Gaseous
      Mixtures." The Physics of Fluids, vol. 7, No. 3, pp. 379--381). However,
      in principle, it is possible only to enrich the heavier component in the
      core section, because the axes of the distributions of directions of the
      trajectories of both components coincide.
PAR  In another case of practical importance the molecular beam consists of
      molecular agglomerates of different sizes in which the molecules and
      atoms, respectively, are retained by van der Waals forces (condensed
      molecular beams). One method of the physical concentration of such beams
      moving in a vacuum is characterized in that the beam, which is already
      enriched in agglomerates, is deflected at a reflector of high surface
      quality, collimation of predetermined angular sections of the reflected
      total beam generating partial beams of different mean particle sizes
      (German Pat. No. 1,639,248). However, this gives rise to a loss of
      substance of the beam and an effective separation process requires both
      high surface quality and the maintenance of a reflector temperature which
      is specific with respect to the beam gas and a function of the respective
      range of sizes of the agglomerates.
PAC  SUMMARY OF THE INVENTION
PAR  It is the purpose of the present invention to offer a method of separating
      a molecular beam independent of the type of gas by mass and/or size of its
      particles and capable of producing the highest possible separation effect
      even in one stage, especially if the particles to be separated cannot be
      compressed in an intermediate stage.
PAR  In the present invention this problem is solved in that the molecular beam
      is crossed by one or more auxiliary gas beams as cross beams which deflect
      its components by varying degrees. In one embodiment of the method a
      lighter additional gas can be used to generate the molecular beam which is
      separated to a large extent by a collimator even before it meets the
      auxiliary gas beam or beams. In a preferred embodiment of the method
      according to the present invention the main axis or axes of the cross beam
      or cross beams cana be adjusted relative to the main axis of the molecular
      beam in such a way as to intersect under an angle of 90.degree..
PAR  The solution of the problem mentioned above is furnished also by a device
      characterized in that the molecular beam can be generated by means of a
      nozzle and by skimming with the collimator, the cross beam or cross beams
      can be injected into a vacuum chamber through one or more nozzles, the
      apertures of the nozzles and hence the main axes of the cross beams being
      capable of adjustment with respect to a maximum flow of the molecular
      beam. A catching device is arranged behind the point or points of
      penetration, and this device is equipped with at least one inlet
      diaphragm, and can be set relative to the main axis of the molecular beam.
PAR  In a preferred embodiment of the device according to the present invention
      the nozzles for the cross beams can be cooled and cross beam catchers can
      be arranged behind the penetration points in the direction of the main
      axes of the cross beams.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of the arrangement of a separation plant.
PAR  FIG. 2 is a graph showing the profile of the direct molecular beam and the
      shift of its peak in the direction of the axis of the cross beam.
PAR  FIG. 3 is a graph showing the location dependence of the mean particle size
      of the direct and the deflected molecular beams.
PAR  FIG. 4 is a cross section through a molecular beam and a cross beam in the
      area of the plane of penetration.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Condensed molecular beams are generated by transferring the core of a
      partly condensed supersonic flow into a high vacuum. They contain
      condensed matter in the form of agglomerates of atoms or molecules and are
      characterized by a high material flow density and by sharp physical
      boundaries.
PAR  The device for the execution of the method according to the present
      invention is schematically shown in FIG. 1. It includes the molecular beam
      generator 1, the cross beam system 2, and the catching device 3 for
      collecting or determining the size of particles of the molecular beam 4 or
      their velocity and for measuring the molecular flow density.
PAR  In the system 1 for the generation of condensed N.sub.2 -molecular beams 4
      the molecular beam 4 (its main axis shown) enters a first pressure stage 6
      through a conical nozzle 5, the pressure stage 6 being evacuated by means
      of a pump 24. The core of the partly condensed supersonic jet is
      transfered into the high-vacuum chamber 8 through the collimator 7, the
      high-vacuum chamber 8 also being evacuated by means of a pump 25.
PAR  In the present embodiment pure nitrogen is used as a molecular beam gas 4
      which is precooled in a cryostat (not shown in more detail) by means of
      liquid nitrogen under atmospheric pressure. The nozzle 5 anad collimator 7
      are assembled in one common turned copper part 9 which is flanged onto the
      bottom of the cryostat (not shown in more detail) also made of
      electrolytic copper. The gas feed to the nozzle 5 is sealed relative to
      the pressure stage 6 by an indium ring. In order to be able to work with a
      continuous beam, an aperture 10 of the collimator 7 of only 0.05 mm
      diameter can be used. In a preferred embodiment the entire beam generation
      system 1 is surrounded by a nitrogen cold trap.
PAR  The cross beam 11 (also the main axis shown) is generated by a convergent
      nozzle 12 which can be moved by means of a carriage 13 (shown
      schematically) crosswise, perpendicular and parallel to the cross beam 11
      so that the latter can be adjusted to the maximum flow of the molecular
      beam 4 during operation. In order to minimize the pressure of the vacuum
      in the chamber 8 while the cross beam 11 is moved, CO.sub.2 has been used
      as a cross beam gas in this embodiment which, after passing the molecular
      beam 4, is frozen up at the walls within a container 14 with the opening
      15, which container 14 may be connected with an external cold trap (not
      shown in more detail) of the beam generation system 1. The container 14 is
      set up preferably immediately behind the penetration point 16 of the
      molecular and cross beams 4 and 11.
PAR  The nozzle prepressure of the cross beam 11 is measured through a pressure
      measuring line (not shown in detail) running parallel to the gas inlet
      line 17, for instance by means of a diaphragm manometer. In addition, the
      nozzle 12 is cooled so that the velocity can be minimized in order to
      obtain small impulses of the individual particles of the cross beam 11. In
      addition, the particles should be light so, when they collide with the
      particles of the molecular beam 4 in the area of the penetration point 16
      (and the plane or volume, respectively, of penetration), the particles of
      the molecular beam 4 are deflected only by many collisions.
PAR  The catching device 3 for collecting or determining the size and velocity
      of the particles of the molecular beam 4 includes a collection vessel 18
      equipped perhaps with a suction tube 19 for removal of the particles
      collected. The catching device 3 can be moved on a cross slide 20 or some
      similar device (schematically represented by arrows), for instance, in the
      x-y plane perpendicular to the main axis of the molecular beam 4.
      Moreover, it can be tilted both around the x-axis and the y-axis, the tip
      (aperture 21 of the inlet diaphragm 22) remaining the fixed point of
      reference in each case. Besides, a cooled area can be used instead of the
      collecting vessel 18 on which the separated molecular beam 4 is frozen.
PAR  For measuring the mass and the molecular flow density of the molecular beam
      4, a sweeping field time-of-flight detector with a breaker disk and an
      ionization manometer tube with a conical inlet diaphragm may be attached
      to a cross slide. This can be moved into the beam 4 instead of the
      collection vessel 18.
PAR  The deflection of the molecular beam 4 by the cross beam 11 crossing it at
      right angles is represented in FIG. 2. It shows the profile 23 of the
      molecular flow density I of the molecular beam 4 at a nozzle prepressure
      P.sub.o = 500 Torr in the direction of the cross beam 11. The cross beam
      11 is generated by a multi-channel system which is 1 mm wide and 5 mm long
      in the direction of the main axis of the molecular beam 4. The diameters
      of the individual channels are 0.051 mm, the channel length is 3.5 mm, the
      transparency of the system (open area) 41 %. It is evident that the
      maximum M of the molecular beam 4 is deflected at a nozzle prepressure of
      p = 15 Torr of the cross beam 11. In this case the shift in the intensity
      peak M is directly proportional to the nozzle prepressure P.sub.o and,
      hence, proportional to the intensity I of the cross beam.
PAR  A summary of the results achieved in determining the agglomerate mass at
      500 Torr of nitrogen prepressure in the nozzle (using a multi-channel
      nozzle) is shown in FIG. 3. It indicates that the deflection and expansion
      of the condensed molecular beam 4 by the cross beam 11 at a CO.sub.2
      nozzle prepressure of 15.0 Torr is connected with a considerable decrease
      of the mean number N of molecules per agglomerate in the direction of the
      cross beam 11. Moreover, the velocity decreases with increasing
      deflection.
PAR  FIG. 4 shows lines of equal relative intensity I of the molecular beam 4
      with and without a cross beam 11 (the respective main axes being shown in
      each case; with individual nozzles), referred to the respective maximum
      intensity M. The solid lines are lines of equal particle flow densities of
      the direct (hollow symbols) and the deflected molecular beams 4 (solid
      symbols). The particle flow densities as seen from the inside to the
      outside correspond to 0.8, 0.6, 0.4 and 0.2 times the maximum particle
      flow densities. Accordingly, the deflected molecular beam 4 is slightly
      expanded in the y-direction perpendicular to the axis of the cross beam
      11, much more strongly in the x-direction with increasing deflection
      (generated by the collisions between the particles of the cross beam 11
      and the molecular beam 4). The family of straight lines shown on the
      diagram indicates that this expansion is due only to the finite divergence
      of the cross beam 11.
PAR  The deflection of the molecular beam 4 by the cross beam 11 is due to a
      multitude of individual collisions whose resultant effect generates a
      pulse transfer in the direction of the relative motion between the
      molecular and the cross beams 4 and 11, respectively. It can be determined
      through an assessment of the resistance offered to the flow by a body
      immersed in that flow.
PAR  The method according to the present invention can be used to separate the
      agglomerates in condensed molecular beams according to their masses by a
      crossing supersonic free jet. This entails practically no loss in terms of
      agglomerated material. The slight expansion of the condensed molecular
      beam 4 in the direction perpendicular to the two beam 11 and 4 is due to
      the divergence of the supersonic free jet used and can be reduced or
      prevented by using a cross beam 11 whose lines of flow are as closely
      parallel as possible. This is achieved through the use of sufficiently
      long multi-channel systems (multi-channel nozzles) with a low prepressure
      of the cross beam 11. However, the divergence could be made use of in a
      very advantageous way also to focus the separated particles of the
      molecular beam 4. Since actually the agglomerates are separated by
      impulses, the theoretical limit of mass resolution is given only by the
      width of the velocity distribution of a certain mass of molecular beam.
PAR  The separation of particles of the molecular beam 4 can be increased by a
      multiple application of the collision method with cross beams 11. It is
      sufficient to arrange several nozzles (similar to nozzle 12) in series in
      the direction of the main axis of the molecular beam 4, preferably always
      perpendicular to its main axis. Of course, this will include cross beam
      catchers 14 which catch the particles of the cross beams 11 after their
      penetration through the molecular beam 4. These catching devices can also
      be arranged in a circle around the main axis of the molecular beam 4 and
      can be designed as cold traps. The direction of the main axis of the
      molecular beam 4 in this case may follow a circular or helical line.
      However, it is also possible any time to intersect the direction of the
      main axis or axes of the cross beam or cross beams 11 under an angle
      different from 90.degree. with the main axis of the molecular beam 4.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for physically separating components of a molecular beam with
      different masses and/or kinetic cross sections, comprising providing a
      molecular beam in a particular direction; intersecting said molecular beam
      with at least one auxiliary gas beam for deflecting the components of the
      molecular beam by varying degrees to separate them, and catching the
      separated components.
NUM  2.
PAR  2. A method as defined in claim 1 wherein a lighter additional gas is used
      to generate the molecular beam, further comprising collimating the
      additional gas for separating it prior to the step of intersecting.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the main axis of the auxiliary
      beam is arranged with respect to the direction of the molecular beam so
      that the step of intersecting takes place at an angle of approximately
      90.degree..
NUM  4.
PAR  4. A method as defined in claim 1 wherein a plurality of auxiliary gas
      beams are arranged in series and intersect the molecular beam one after
      the other.
NUM  5.
PAR  5. Apparatus for physically separating components of a molecular beam with
      different masses and/or kinetic cross sections, comprising:
PA1  main nozzle means for generating a molecular beam into a vacuum chamber;
PA1  collimator means for skimming the beam generated by said main nozzle means;
PA1  auxiliary nozzle means for injecting at least one auxiliary gas beam into
      the vacuum chamber in a direction to intersect the molecular beam and
      deflect the components of the molecular beam by varying degrees to
      separate them, said auxiliary nozzle means having at least one nozzle
      which is adjustable for adjusting the main axis of the auxiliary beam to
      provide maximum penetration of the molecular beam; and
PA1  main catching means disposed in the path of the molecular beam and
      downstream of the place of intersection, said catching means having at
      least one inlet diaphragm and being adjustable with respect to the main
      axis of the molecular beam to catch the separated components.
NUM  6.
PAR  6. Apparatus as defined in claim 5 further comprising suction means for
      attachment to said main catching means and for removing the particles of
      the molecular beam.
NUM  7.
PAR  7. Apparatus as defined in claim 5 wherein the auxiliary nozzle means has a
      plurality of nozzles which are convergent.
NUM  8.
PAR  8. Apparatus as defined in claim 5 wherein the auxiliary nozzle means
      includes multi-channel nozzles.
NUM  9.
PAR  9. Apparatus as defined in claim 5 further comprising means for cooling the
      nozzle of said auxiliary nozzle means, auxiliary catching means disposed
      in the path of the main axis of the auxiliary gas beam and downstream of
      the place of intersection.
NUM  10.
PAR  10. Apparatus as defined in claim 9 wherein the auxiliary catching means
      includes a cooled cup having an inlet aperture.
NUM  11.
PAR  11. Apparatus as defined in claim 9 wherein the auxiliary catching means is
      arranged as a ring around the main axis of the molecular beam.
NUM  12.
PAR  12. Method for physically separating components of a molecular beam with
      different masses and/or kinetic cross sections, comprising:
PA1  generating a molecular beam into a vacuum chamber;
PA1  injecting at least one auxiliary gas beam into the vacuum chamber in a
      direction to intersect the molecular beam and deflect the components of
      the molecular beam by varying degrees to separate them;
PA1  adjusting the main axis of the auxiliary beam to provide maximum
      penetration of the molecular beam; and
PA1  catching the separated components of the molecular beam downstream of the
      place of intersection with adjustable catching means.
NUM  13.
PAR  13. Method as defined in claim 12 wherein a lighter additional gas is used
      to generate the molecular beam, and further comprising collimating the
      additional gas to separate it from the molecular beam prior to injecting
      the auxiliary gas beam.
NUM  14.
PAR  14. Method as defined in claim 12 further comprising removing the separated
      particles of the molecular beam from the catching means by suction.
NUM  15.
PAR  15. Method as defined in claim 12 wherein the auxiliary gas beam is
      injected into the vacuum chamber through an auxiliary nozzle means having
      a plurality of nozzles which are convergent.
NUM  16.
PAR  16. Method as defined in claim 12 wherein the auxiliary gas beam is
      injected into the vacuum chamber through auxiliary nozzle means having
      multi-channel nozzles.
NUM  17.
PAR  17. Method as defined in claim 12 further comprising catching the auxiliary
      gas beam downstream of its place of intersection with the molecular beam.
NUM  18.
PAR  18. Method as defined in claim 17 wherein the auxiliary gas beam is caught
      in a cooled cup.
NUM  19.
PAR  19. Apparatus as defined in claim 17 wherein the auxiliary gas beam is
      caught in auxiliary catching means arranged as a ring around the main axis
      of the molecular beam.
NUM  20.
PAR  20. Method as defined in claim 12 wherein the auxiliary gas beam is cooled
      before it intersects the molecular beam.
NUM  21.
PAR  21. Method as defined in claim 12 wherein a plurality of auxiliary gas
      beams are arranged in series and intersect the molecular beam one after
      the other.
NUM  22.
PAR  22. Method as defined in claim 12 wherein the main axis of the auxiliary
      beam is arranged with respect to the direction of the molecular beam so
      that the step of intersecting takes place at an angle of approximately
      90.degree..
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ABST
PAL  A method and apparatus for the separation of gases by preferential
      adsorption of at least one of the gases in which at least three adsorption
      zones are used, at least two of which are arranged in series to form the
      separation zone while at least one other is being regenerated for re-use
      in the separation zone, and in which periodically a fresh zone is added to
      the end of the separation section from which the product gas is recovered
      and the zone forming the first zone of the separation section is removed
      for regeneration whereby each zone is successively incorporated into the
      separation section and subsequently removed from it and regenerated ready
      for reincorporation into the separation section. Improved utilisation of
      adsorbent and reduced loss of product gas for regeneration purposes is
      thereby achieved without loss of product purity.
PARN
PAR  This is a continuation-in-part of U.S. Pat. application Ser. No. 418,027
      filed Nov. 23, 1973, now abandoned and relates to a method and apparatus
      for separating gas mixtures by preferential adsorption of at least one of
      the gases.
BSUM
PAR  The pressure swing adsorption method of separating a gaseous mixture
      involves passing the mixture at an elevated pressure through a bed of
      adsorbent, usually in the form of solid particles, which is designed to be
      inert to one or more components of the mixture, these components generally
      comprising contaminants of the desired product.
PAR  After treatment of the mixture to adsorb the adsorbable component or
      components (contaminants) therefrom, the flow of gaseous mixture through
      the bed is interrupted and the bed of adsorbent is then generally
      regenerated for re-use by purging it of the adsorbed material by passing
      through the bed, generally in the opposite direction to the direction of
      flow taken by the gaseous mixture, a purge -- or regeneration -- gas
      stream which generally comprises a portion of the purified product at a
      lower pressure.
PAR  Pressure swing adsorption apparatus usually includes at least two beds of
      adsorbent so that while one is being purged (regenerated) at the low
      pressure another can be adsorbing at the elevated pressure. In some
      embodiments, more than two beds are used so that, for example, while one
      bed is adsorbing, a bed that has just completed its adsorption period is
      being depressurised ready for purging, a third bed is undergoing purging
      and a fourth bed which has just been purged is undergoing
      re-pressurisation prior to commencing a further period of adsorbing.
PAR  The purge or regeneration gas stream recovered from the bed of adsorbent,
      which will contain quantities of contaminants desorbed from the bed of
      adsorbent, is generally regarded as having no value other than possibly as
      a low grade fuel gas. Consequently it is usually vented to atmosphere or
      burned, depending on its constitution. Accordingly, it is desirable to
      reduce it as much as possible in order to achieve a high yield of purified
      product. It is also desirable to maximise the utilisation of the adsorbent
      so as to minimise the volume of adsorbent required to treat a given volume
      of gas mixture.
PAR  Many proposals have been put forward for achieving one or both of these
      objectives. In general these proposals have involved the use of as many as
      four or even more beds of adsorbent only one of which is utilised for
      separation at any one time and complicated arrangements for using the beds
      in rotation involving as many as eight or even more individual steps in
      each cycle and as many as four different gas pressures.
PAR  This invention provides a method of reducing the consumption of purge gas
      and hence increasing the yield of purified product. It also provides a
      means of reducing the amount of adsorbent required for the process and
      permits the recovery of the adsorbed constituents in a higher
      concentration in the purge stream thereby providing the possibility of
      upgrading the purge stream from a waste stream to a valuable by-product
      stream.
PAR  When a gaseous mixture is passed at an elevated pressure through a bed of
      adsorbent which is inert to one or more of the components which together
      constitute the desired product but adsorbs one or more other of the
      components, that portion of the bed which is close to the inlet of the gas
      mixture rapidly becomes saturated with adsorbate while that part of the
      bed which is remote from the gas inlet remains initially free of adsorbed
      material. As a result, the gas traversing the initial portion of the bed
      and which is in a condition close to equilibrium with the adsorbate will
      contain a relatively high concentration of the adsorbable constituents,
      while the gas close to the bed outlet will initially be virtually free of
      adsorbate. There is thus formed a saturation "front" or, in the case of
      several adsorbable constituents, a plurality of saturation fronts since in
      general these constituents will have different adsorption characteristics.
PAR  As the process of adsorption continues, so the amount of adsorbable
      material taken up by the bed will increase so that the front or fronts of
      saturation will travel towards the outlet end of the bed. After a certain
      time, which depends inter alia on the length of the bed, the flow rate of
      the gas, the concentration of adsorbable components in the gas, the mass
      of adsorbent and the adsorption capacity of the adsorbent, the gas leaving
      the bed will begin to contain appreciable amounts of one or more of the
      adsorbable constituent or constituents. At this point of time, or
      preferably just before this point of time, it is customary to interrupt
      the flow of gas through this bed, switch the gas flow to another bed, and
      beging purging the first bed with purified gas at low pressure.
PAR  The point at which the gas flow is interrupted will usually depend upon the
      concentration of adsorbable constituent or constituents that can be
      tolerated in the product gas. This in turn is generally dependent upon
      such factors as the use to which the product is to be put. In any event,
      in practice it is usual for the interruption to be effected at such a
      point in time as to ensure that the concentration of adsorbable
      constituent or constituents in the product gas does not exceed a
      predetermined value which may be an overall value or a value for each
      particular adsorbable constituent.
PAR  The point at which interruption should be effected can be determined, for
      example, by analysis of the product gas, e.g. by means of a katharometer.
      However, where the constitution of the feed gas to the bed of adsorbent
      can be accepted as being reasonably uniform over protracted time periods,
      the interruption can be effected by a time switch the setting of which can
      be determined by calculation from knowledge of such parameters of the
      process as are adumbrated above, or by empirical means.
PAR  We have now found that by operating in this way, utilisation of the bed as
      a whole is below optimum. This is because when the concentration of
      adsorbable constituent or constituents reaches the level at which
      interruption of the flow through the bed of adsorbent has to be effected,
      the total adsorption capacity of the bed has not been reached.
PAR  This is best illustrated by way of a specific example. A gas mixture
      containing 95.6% H.sub.2 and 4.4% CH.sub.4 is passed through a 12 foot
      long bed of type 5A molecular sieve adsorbent at a pressure of 21
      atmospheres absolute and a constant temperature of 20.degree. C. This
      adsorbent is inert to hydrogen but adsorbs methane. Our experiments have
      shown that the profiles of the methane concentration in the gas at the
      beginning and end of a four minute adsorption period are as shown in FIG.
      1 of the attached drawings.
PAR  The curves in this Figure were obtained after a large number of alternating
      adsorption and regeneration periods in the course of which a state of
      dynamic equilibrium had established itself. The left hand, or full line
      curve, represents the methane concentration profile at the commencement of
      an adsorption period. In other words, the full line curve shows the
      residual methane loading in the bed after regeneration. It can be seen
      that at the commencement of the next adsorption period after the
      regeneration, the methane concentration has already been more than halved
      after passage through only one foot of the bed. After two feet, it is down
      to about 0.7% and at six feet or half way along the bed, it is
      substantially zero. The right hand, broken line curve, represents the
      methane concentration profile after four minutes of adsorption, which is
      when the bed is considered saturated as the methane concentration in the
      product stream leaving the bed is approaching a measurable value, and when
      the flow would be interrupted and the feed gas switched to a fresh bed of
      adsorbent. Since it may be assumed that the partial pressure of the
      methane in the gas phase is close to equilibrium with the methane adsorbed
      in the bed, it may be seen from this broken line curve that at the end of
      the adsorption period only about half the adsorbent in the bed is nearly
      saturated with methane at the partial pressure of the inlet gas, and about
      half of the adsorbent, which half includes a very large proportion of the
      second six feet of the bed, is far from saturation. It may therefore be
      seen that the bed is poorly utilised, in that it would be capable of
      adsorbing much more methane than it actually has adsorbed at the point at
      which flow of gas through the bed is interrupted.
PAR  However, if the adsorption period were to be extended in an effort to
      obtain better utilisation of the bed, the product gas would begin to
      contain undesirably large concentrations of unremoved methane.
PAR  The above example illustrates the case where one component of the feed gas
      mixture is adsorbed. Similar profiles are found where the adsorbent
      adsorbs two or more components of the feed mixture and FIGS. 2 and 3
      illustrate the kind of profiles obtained with two adsorbable components
      and three adsorbable components, respectively. In each case it will be
      seen that as in the case of one adsorbable component, a large proportion
      of the adsorbent is still available for adsorption at the point when flow
      of the gas stream through the bed has to be interrupted because the level
      of concentration of one or more of the adsorbable constituents in the
      product gas leaving the bed has reached the allowable maximum.
PAR  A method of separating a gas mixture by pressure swing adsorption is now
      provided in accordance with the present invention, which method comprises
      the steps of:
PAR  a. providing an adsorption unit comprising at least three zones of
      adsorbent material which adsorbs at least one component of the said
      mixture but is inert to at least one other component of the said mixture;
PAR  b. passing the gas mixture at a first pressure through a separation section
      comprising at least two but less than all of the said zones, said at least
      two zones being arranged in series with respect to the flow of the gas
      mixture, and recovering from said separation section a product gas
      containing the adsorbable component in a much reduced concentration;
PAR  c. before the concentration of the adsorbable component in the product gas
      leaving the zone forming the last zone of said separation section,
      expressed in terms of the direction of flow of gas mixture through the
      separation section, rises above a predetermined value, but after the
      concentration of said adsorbable component in the gas stream leaving the
      zone forming the penultimate zone of the said separation section has
      exceeded said predetermined value, adding another zone of the said unit to
      the end of said separation section (expressed in terms of the direction of
      flow of the said gas mixture through the separation section) whereby this
      added zone now forms the last zone of the said separation section;
PAR  d. removing the zone forming the first zone from said separation section
      whereby the zone next to it in the separation section now becomes the
      first zone;
PAR  e. purging the adsorbent in said removed zone of adsorbed material by
      passing a purge gas through it at a second pressure which is lower than
      the first pressure whereby to prepare said zone for re-use in the
      adsorption section commencing as the last zone of said section; and
PAR  f. repeating steps (c), (d) and (e) whereby each zone of said unit is
      successively incorporated into the separation section as the last zone
      thereof, is subsequently removed therefrom after it has become the first
      zone thereof and is thereafter purged ready for re-incorporation into the
      separation section.
PAR  Thus, in effect, a continuous process is provided in which less than all
      the available zones of the bed of adsorbent are utilised at any one time
      in the separation section and the section is advanced periodically zone by
      zone along the bed whereby the last zone in the separation section
      (expressed in terms of direction of flow of gas mixture through the
      separation section) during one separation period becomes the next to last
      in the next period and so on. It will thus be appreciated that the zones
      may be used in the separation section in rotation and that as the zones
      are progressed through the separation section they become progressively
      more saturated with material adsorbed from the gas mixture. Yet the purity
      of the product gas does not suffer.
PAR  By a component that is inert to the adsorbent material we mean a component
      that is not adsorbed or is not substantially adsorbed by the adsorbent
      material.
PAR  Apparatus according to the invention comprises a pressure swing adsorption
      unit comprising at least three compartments for adsorbent, each having a
      gas inlet and a gas outlet for gas to be passed through adsorbent in the
      compartment, each compartment forming a separately isolatable adsorption
      zone; an inlet for the gas mixture to be separated in said unit; and
      outlet for product gas and means for purging adsorbent an an adsorption
      zone of said unit, said adsorption unit further comprising means for
      connecting at least two but less than all of the said zones between the
      inlet for the gas mixture and the outlet for the product gas for flow of
      the gas mixture through said zones in series, means for periodically
      incorporating another zone of said unit into the separation section to
      form the last zone of said section (expressed in terms of the direction of
      flow of gas mixture through the section) whereby each zone of the unit in
      turn is incorporated into the separation section in successive periods,
      means for periodically removing from the separation section the zone
      forming the first zone of said section (expressed in terms of the
      direction of flow of gas mixture through the section), and means for
      connecting each zone of the unit to said purge means in a period between
      its period of use as said first zone in the separation section and its
      next period of use as the last zone in said section.
PAR  In one preferred embodiment, the pressure swing adsorption unit includes an
      inlet manifold connected to the inlet for the gas mixture, a product gas
      outlet manifold connected to the outlet for the product gas, a purge gas
      manifold and a waste gas manifold.
PAR  In this embodiment, each zone is equipped with first conduit means
      connecting the interior of the compartment to the inlet manifold for
      introducing the feed gas mixture into the adsorption zone and second
      conduit means connecting the interior of the compartment to the outlet
      manifold for recovering the product gas. These conduit means will normally
      connect with opposite ends of the compartment and are equipped with inlet
      and outlet valves, respectively, so that each zone has separate means for
      connection to the inlet and outlet manifolds.
PAR  Each zone is also equipped with third conduit means connecting the interior
      of one end of the compartment to the purge gas manifold for permitting
      entry of purge gas into the adsorption zone and fourth conduit means
      connecting the interior of the compartment to the waste gas manifold for
      withdrawing from the adsorption zone the desorbed components which will be
      entrained in the purge gas. These third and fourth conduit means will
      normally connect with opposite ends of the compartment and in general,
      though not necessarily, will be arranged so that the flow of the purge gas
      through the adsorption zone is in the opposite direction to the flow of
      the gas mixture through the zone during adsorption. The third and fourth
      conduit means are equipped with purge gas inlet and waste gas outlet
      valves respectively whereby each zone may be separately connected to the
      purge and waste gas manifolds.
PAR  Each zone is also connected to one other zone by fifth conduit means so
      that the zones may be connected together for flow of gas mixture
      therethrough in series, there being a valve between the outlet of each
      zone and the inlet to the next zone.
PAR  Suitably each zone's inlet for the gas mixture may also comprise the outlet
      for the waste gas and each zone's outlet for the product gas may comprise
      the inlet for the purge gas.
PAR  The valves may be electrically, hydraulically or pneumatically operated and
      operation of the unit may be effected automatically e.g. by means of a
      time clock.
PAR  In one method of carrying out the invention using x zones of adsorbent
      where x is a whole number equal to or greater than 3, the section used for
      separation may be considered as containing y zones where y is a whole
      number of at least 2 but not greater than x-1. Assuming that the zone
      forming the first zone of the separation section is removed from the
      separation section simultaneously with the addition of the further zone to
      the end of the separation section, the total duration of any zone in the
      separation section will then be y periods and the elapsed time between
      consecutive uses of the zone in the separation section will be x-y
      periods. Although for simplicity of the operation of the system it is
      preferred that the zone forming the first zone of the separation section
      is removed from the separation section simultaneously with the addition of
      the further zone to the end of the separation section, this is not
      essential to the invention. Ideally, it would be preferred that the
      removal from the separation section of the zone forming the first zone
      thereof is effected when its capacity to adsorb components from the gas
      mixture has been substantially fully utilised and this may occur before or
      after the addition of the first zone. Thus, in this case, it may be
      preferred that removal is effected when the concentration of the or an
      adsorbable component in the gas stream leaving said zone reaches a second
      predetermined value, this value preferably being not much less than the
      level of concentration of adsorbent in the gas mixture being fed to the
      separation section since this is an indication that the adsorbent in the
      zone is substantially fully saturated with the adsorbable component.
      However, it is expected that the needs of operational simplicity will
      generally outweigh the desire to achieve theoretically ideal arrangement
      so that removal of the first zone and addition of the further zone will
      usually be effected substantially simultaneously.
PAR  In the interval between the period in which a zone forms the first zone in
      a separation section and the period in which the same zone is
      re-incorporated into the separation section as the last zone thereof, the
      said zone has to be treated to remove the adsorbed material and this
      treatment generally involves depressurisation of the zone to reduce the
      pressure to that required for purging, and, subsequent to purging,
      repressurisation to the separation pressure. Where the removal of the
      first zone and addition of the further zone are effected simultaneously,
      this interval amounts to x-y periods. Thus where the total number of zones
      available is three and two are used in the separation section, this
      interval equals one period. It is accordingly preferred to use at least
      four zones of adsorbent, the arrangement being that in each period of the
      cycle of use of the unit all but two of the zones are used in series in
      the separation section while one of the remaining zones is being
      depressurised and purged and the other is being re-pressurised.
PAR  If at least five zones are used, and all but three of the zones are
      utilised in the separation section, the steps of depressurising and
      purging may be split so that while one of the remaining zones is being
      depressurised, another may be purged and the remaining one may be
      re-pressurised.
PAR  In one preferred arrangement, four zones are provided whereby in each
      period of the cycle two are used in the separation section, another is
      being depressurised and purged and the fourth is being re-pressurised. In
      such arrangement, each zone in turn is successively the second (last) zone
      in the series of two comprising the separation section, then the first,
      then is depressurised and purged, and then is re-pressurised ready for
      re-use in the separation section, whereby two periods are available for
      depressurisation, purging and re-pressurisation.
PAR  Where the first zone is not removed until after the further zone is added,
      the period available for depressurisation, purging and re-pressurisation
      will be less, and where it is removed before the further zone is added,
      the period will be more.
PAR  If five zones are used, the depressurisation and purging may be separated
      so that while two zones are forming the separation section, a third may be
      undergoing depressurisation prior to purging a fourth may be purged and
      the fifth may be undergoing re-pressurisation prior to re-use in the
      separation section. Alternatively, three or even four zones may form the
      separation section. With six zones, further possibilities are available
      with up to four or even five zones forming the separation section.
PAR  Where the gas mixture contains two or more components that are adsorbed by
      the adsorbent, it may be desirable for the separation section to contain
      more than two zones; for example, if n is the number of components that
      are adsorbed, n + 1 zones are preferably provided in the separation
      section.
PAR  Frequently, the most readily available, or only immediately available
      source of purge gas for regenerating the zones of adsorbent removed from
      the separation section is the product gas. In this case, a portion of the
      product gas is separated from the remainder, reduced in pressure to the
      pressure used for purging, and used as the purge gas. Generally, the
      greater the pressure difference between the separation pressure and the
      purge pressure, the smaller the quantity of purge gas is required and
      hence the more efficient the process in terms of net product.
PAR  In the method of the invention, each zone remains as a part of the
      separation section until after the concentration of adsorbable component
      in the gas leaving the zone has risen beyond the predetermined maximum
      allowable value in the product gas and therefore the adsorbent in said
      zone is more fully utilised than in conventional processes. In the
      preferred operation of the invention, the zone is not removed from the
      separation section until the adsorbent is substantially saturated. Thus,
      less adsorbent is required to treat a given volume of gas. Furthermore,
      since the adsorbent is more fully utilised, less product gas remains in
      the adsorbent when the zone is removed from the separation section and
      consequently less product gas is lost through purging.
PAR  Where the flow of gas mixture through a bed of adsorbent is interrupted
      before the adsorbent has been fully utilised, gas corresponding in
      composition to product gas remains in the bed. This gas is lost during
      purging and therefore represents a further loss of product. In the present
      invention, this loss is reduced and in the preferred method of operation
      can be substantially eliminated.
PAR  A further advantage is that as the adsorbent in each zone is more fully
      utilised than in conventional methods, the partial pressure of the
      adsorbed material in the zone when it is removed from the separation
      section is higher and hence relatively less purge gas is required to
      remove it, thus resulting in a further increase in net product. This also
      leads to the purge gas which is recovered from the adsorbent having a
      higher concentration of material desorbed from the adsorbent and therefore
      being more likely to be of value in itself as a usable gas stream than
      heretofore.
PAR  In conventional processes, in which one bed of adsorbent is provided in the
      separation zone while other beds are being subjected to depressurisation,
      purging and re-pressurisation, it will be recognised that not more than
      50% of the available mass of adsorbent can be used for separation at any
      given time; and in many instances the value is as low as 25 or even 20%.
      With the present invention, however, it is possible to utilise more than
      50%. Thus, for example, where three zones are used, two of which form the
      separation section, the figure is 66.2/3%. Thus the invention can if
      desired provide means for processing larger quantities of gas with a given
      mass of adsorbent or alternatively means for processing the same quantity
      of gas with a smaller mass of adsorbent.
PAR  Only two pressures are required in the process of the invention; the
      separation pressure and the purging or regeneration pressure. By way of
      comparison, in several prior proposals for increasing the efficiency of
      pressure swing adsorption processes, three or more, e.g., up to five
      pressure levels are required.
PAR  Where each zone of adsorbent is re-pressurised prior to being incorporated
      into the separation section, the product gas may be recovered from the
      system at substantially constant pressure, thus obviating the need to pass
      the product gas to an accumulator vessel or surge tank where pressure
      fluctuations can be smoothed out. Furthermore, with constant feed
      conditions there is little or no variation in the rate of flow of the
      product.
PAR  It will be appreciated that as the gas mixture to be separated flows
      through a separation section comprising a given set of zones of adsorbent,
      the concentration of the adsorbable components in the product gas will
      tend to rise with the passage of time until it reaches the level at which,
      e.g., by means of a time switch or a device operated by a gas analyser,
      the next zone is added to the separation section, at which point, the
      concentration of the adsorbable component will fall again. The composition
      of the product gas will thus tend to fluctuate to a certain extent
      although generally witin narrow limits. Where such fluctuation is not
      acceptable in the product gas, a more steady product composition may be
      achieved by arranging for the above-mentioned pre-determined maximum
      allowable value of concentration of adsorbable component in the gas
      leaving the last zone of the separation section to be below the maximum
      value that can be tolerated in the product gas, arranging for a part of
      the feed gas to the separation section to by-pass this section and be
      combined with the product gas recovered from the separation section to
      form a combined stream, and controlling the rate of flow of the feed gas
      in the by-pass relative to the flow rate of the product gas so as to
      maintain the composition of the combined stream constant. This may be
      achieved automatically, for example, by sensing any difference between the
      measured partial pressure of a component in the combined gas stream and a
      predetermined value for said partial pressure, and adjusting the rate of
      flow of the gas in the by-pass in response to said sensed difference to
      alter the measured partial pressure of the component towards said
      predetermined partial pressure.
PAR  Uses for which the invention is applicable include, for example,
      purification of gases, separation of a desired gas or gas composition from
      a mixture thereof with one or more other gases or vapours, reclamation of
      gases from contaminated gas streams, and life support systems. By way of
      specific example may be mentioned the recovery of methane from natural
      gas, the purification of ammonia from synthesis gases, the reclamation of
      helium used in life support systems in diving operations and the removal
      of contaminants such as carbon dioxide and moisture from air in life
      support systems.
PAR  The nature of the adsorbent material utilised in the adsorption zones will
      depend upon the composition of the gas mixture to be treated and the
      nature of the components which are to be adsorbed. Examples of suitable
      adsorbents are activated charcoal and molecular sieves e.g. synthetic
      zeolites. As is well known in the art, a wide variety of such adsorbents
      is now available, these adsorbents being single materials or mixtures
      designed with specific adsorption purposes in mind.
DRWD
PAR  The invention is now described in more detail with reference to particular
      embodiments thereof and with the aid of the accompanying drawings, in
      which
PAR  FIG. 1 illustrates the concentration profile of the adsorbable component in
      a prior art gas separation process;
PAR  FIG. 2 illustrates the concentration profile of two adsorbable components
      in a prior art gas separation process;
PAR  FIG. 3 illustrates the concentration profile of three adsorbable components
      in a prior art gas separation process;
PAR  FIG. 4 is a schematic representation of a method of operating the invention
      with four zones of adsorbent in a pressure swing adsorption unit;
PAR  FIG. 5 shows the concentration profile of adsorbable component in the two
      zones forming the separation section of the adsorption unit of FIG. 4 at
      the end of an operating stage;
PAR  FIG. 6 represents a helium recovery plant including a pressure swing
      adsorption unit according to the invention having four zones of adsorbent;
PAR  FIG. 7 shows in detail one arrangement of piping and valving the pressure
      swing adsorption unit of FIG. 6 to operate in accordance with the sequence
      illustrated in FIG. 4;
PAR  FIG. 8 illustrates a further embodiment of the invention adapted to reduce
      the fluctuation of level of concentration of adsorbable components in the
      product gas;
PAR  FIG. 9 shows a modification of the four-zone arrangement shown in STAGE 1
      of FIG. 4 wherein regeneration of the adsorbent is effected by evacuation;
PAR  FIG. 10 shows another modification of the four-zone arrangement shown in
      STAGE 1 of FIG. 4 wherein provision is made for recycling gas recovered
      from each zone during regeneration of the adsorbent therein; and
PAR  FIG. 11 shows a modification of the four-zone arrangement of FIG. 9 wherein
      provision is made for recycling gas recovered from each zone during
      evacuation of the zone.
DETD
PAR  Referring to FIG. 4, the pressure swing adsorption unit comprises four
      zones of adsorbent A, B, C and D. During the first stage (STAGE 1 in the
      drawing), the compressed gaseous mixture FG to be separated, which for the
      purposes of simplicity is regarded as containing one component that is
      adsorbed by the adsorbent, is passed through a separation section
      comprising zones A and B in series and a purified product gas PE is
      recovered. During this same period, zone C, which has previously been
      purged at low pressure, is re-pressurised with repressurisation gas RG
      which is taken from the stream of purified product PE leaving zone B, and
      zone D is depressurised and purge by passing through it in the opposite
      direction to that of the compressed gas flow a purge gas PG which
      comprises a further portion of the purified gas from B which has been
      expanded through valve V to a lower pressure. The gas DG carrying the
      material desorbed from zone D is removed from the system as shown.
PAR  At the point in time when the concentration of the adsorbable component of
      the feed gas mixture FG is detected as having reached a predetermined
      level in the product gas PE leaving zone B, this level being usually the
      maximum permitted level of the adsorbable component in the product gas, or
      after a predetermined period of time has elapsed which is determined by
      empirical means or calculated from available data to correspond to this
      point in time, the profile of concentration of the adsorbable component in
      the two zones A and B will correspond to that shown by the broken curve in
      FIG. 5, in which the vertical line AA' corresponds to the outlet end of
      zone A and the vertical line BB' corresponds to the outlet end of zone B.
      Thus zone A is substantially fully saturated with adsorbable material
      while zone B has been utilised only to about 20%.
PAR  In accordance with the invention, at this point in time, zone C, which has
      previously been purged and re-pressurised to the pressure of the feed gas
      mixture, is added to the separation section to form the last zone thereof
      (expressed with reference to the direction of flow of the feed gas mixture
      through the separation section) and zone A, which during STAGE 1 formed
      the first zone of the separation section (expressed with reference to the
      direction of flow of the feed gas mixture through the separation section),
      is removed from the separation section and commences depressurisation and
      purging. Thus zone B now becomes the first zone of the separation section
      and zone C becomes the second or last zone. At the same time zone D, which
      during STAGE 1 has been undergoing depressurisation and purging, commences
      re-pressurisation.
PAR  The situation is then as shown in STAGE 2 of FIG. 4, with the feed gas
      mixture FG being passed through a separation section comprising zones B
      and C in that order, zone D being re-pressurised with a portion RG of the
      product gas and zone A being depressurised and purged with purge gas PG.
      As the zone C has been previously purged, the profile of concentration of
      adsorbable component in the two zones B and C will now correspond to that
      shown by the continuous curve in FIG. 5, with the line AA' now indicating
      the outlet end of zone B and the line BB' indicating the outlet end of
      zone C. The concentration of adsorbable component in the product gas
      leaving the separation section will thus fall away.
PAR  When the point in time is reached when the concentration of the adsorbable
      component of the feed gas mixture FG is detected as having again reached
      the aforementioned predetermined level in the product gas (or when a
      further period of time has elapsed corresponding to reaching this point in
      time) the profile of concentration of the adsorbable component in the two
      zones B and C will now correspond to that shown by the broken line in FIG.
      5, with the lines AA' and BB' indicating the outlet ends of zones B and C
      respectively. Thus zone B is now substantially fully saturated while zone
      C is only partly saturated. In accordance with the invention, at this
      point in time, previously purged and re-pressurised zone D is now added to
      the separation section as the last zone thereof and zone B is removed and
      commences depressurisation and purging. Thus zone C now becomes the first
      zone of the separation section and zone D becomes the second (or last)
      zone. At the same time, zone A which during STAGE 2 has been undergoing
      depressurisation and purging, commences re-pressurisation.
PAR  The situation is then as shown in STAGE 3 of FIG. 4 with feed gas mixture
      FG being passed through a separation section comprising zones C and D in
      that order, zone A being re-pressurised with a portion RG of the product
      gas and zone B being depressurised and purged with purge gas PG.
PAR  At the end of STAGE 3, determined as described above for STAGES 1 and 2,
      freshly pressurised zone A is added to the separation section as the last
      zone and zone C, which formed the first zone of the separation section
      during STAGE 3, is removed from the separation section for
      depressurisation and purging so that zone D becomes the first zone.
PAR  The situation is then as shown in STAGE 4 of FIG. 4 with the feed gas
      mixture FG being passed through a separation section comprising zones D
      and A in that order, zone C being depressurised and purged and zone B
      being re-pressurised.
PAR  At the end of STAGE 4, again determined as described above for STAGES 1, 2
      and 3, fully pressurised zone B is added to the separation section as the
      last zone, and zone D, which formed the first zone of the separation
      section during STAGE 4, is removed from the separation section for
      depressurisation and puring so that zone A becomes the first zone, and
      zone C commences re-pressurisation. The situation is then as shown in
      STAGE 1 of FIG. 4 and the cycle commmences all over again.
PAR  The complete cycle may be represented as follows:
TBL  ZONE    STAGE                                                             
     1             2         3         4                                       
     ______________________________________                                    
     A       S.sub.1   D&P       RP      S.sub.2                               
     B       S.sub.2   S.sub.1   D&P     RP                                    
     C       RP        S.sub.2   S.sub.1 D&P                                   
     D       D&P       RP        S.sub.2 S.sub.1                               
     ______________________________________                                    
PAR  where S.sub.1 and S.sub.2 are the first and second beds respectively in the
      separation section (expressed in terms of the direction of flow of the
      feed gas mixture through the separation section)
PAR  D&P represents depressurisation and purging, and
PAR  RP represent re-pressurisation.
PAR  The above illustration has been described for simplicity with reference to
      one adsorbable component in the feed gas mixture FG but the arrangement
      may also be used for feed gas mixtures containing three or more components
      two or more of which are adsorbed by the adsorbent. In this case, the
      signal for changing from one stage to the next may be, for example, the
      concentration of one of the adsorbed components reaching a predetermined
      value in the product stream, or the total concentration of a combination
      of two or more of the components reaching a predetermined value in the
      product stream, or the first of any of the adsorbed components to reach a
      predetermined concentration in the product stream for that component.
      Alternatively, the changeover may be effected after a predetermined time
      interval which, as described hereinbefore, may be calculated or determined
      empirically.
PAR  It will be seen from reference to FIG. 5, that where the feed gas mixture
      contains one adsorbable component, after each zone has spent two stages of
      the cycle in the separation section, initially as the final zone and
      subsequently as the first zone, it is almost completely saturated so that
      very high utilisation of the adsorbent is achieved.
PAR  Where the feed gas mixture contains two or more adsorbable components, the
      picture is more complicated but in each case considerably better
      utilization of the adsorbent in each zone is achieved than in the
      conventional method where use of the zone for adsorption is terminated
      when the concentration in the product gas of any of the adsorbable
      components (or a mixture of two or more thereof) reaches the predetermined
      maximum allowable value for that component or mixture in the product.
PAR  FIGS. 6 and 7 show in more detail a four-zone arrangement operating in
      accordance with the cycle described with reference to FIG. 4, and adapted
      in particular for the recovery of helium used in the inhaled gas supplied
      to divers operating under pressure.
PAR  Where a diver is operating at depth it is usual nowadays for his
      environment, including the mixture he breathes, to be raised to a pressure
      about equal to the water pressure at that depth. In these circumstances,
      it is, however, important to keep the partial pressure of the oxygen in
      the pressurised gas which he is inhaling to the partial pressure of the
      oxygen in air at atmospheric pressure. To achieve this, the air fed to the
      diver under pressure is diluted with inert gas and the preferred inert
      gas, because of its lack of side-effects, is helium. Thus, where divers
      are working in very deep waters, helium may form as much as 97% or even
      more of the inhaled gas mixture. At present, the exhaled mixture which is
      primarily helium but also contains oxygen, nitrogen, carbon dioxide and
      other gases, is usually vented to atmosphere, resulting in complete
      wastage of the helium.
PAR  Referring to FIG. 6, the apparatus for recovering helium from this exhaled
      gas comprises a buffer vessel 2, compressors 4 and 6 and a pressure swing
      adsorber unit generally indicated by reference numeral 8 comprising 4
      zones, A, B, C and D each packed with e.g., coconut shell-activated carbon
      as adsorbent and each about 1 foot in diameter and 8 feet long. The
      contaminated helium, which has previously been reduced to about
      atmospheric pressure, enters the system in pipeline 10 by which it is led
      to the buffer vessel 2 which is kept at about atmospheric pressure, e.g.,
      1.1 atmospheres pressure by means of relief valve 12 and is designed to
      allow a gas residence time of about 30 minutes. From buffer vessel 2 it is
      withdrawn through pipeline 14 and compressed to the pressure required for
      adsorption, e.g., about 23 atmospheres absolute, by compressor 4 which is
      a belt driven single stage diaphragm compressor, and passed to the inlet
      pipe 16 of the adsorption unit 8, this pipe being fitted with a manually
      operated flow control valve 18 and flow indicator 20.
PAR  Purified helium leaves the adsorption unit through pipeline 22 through
      which it is passed to compressor 6, which is another beltdriven, single
      stage diaphragm compressor, for further compression to a higher pressure,
      e.g., 100 atmospheres, for storage. It then leaves the system through
      pipeline 24. Purge gas used for purging the adsorbent in the adsorption
      unit leaves the unit through pipeline 25.
PAR  The pressure of the feed gas stream to the adsorber unit in pipeline 16 is
      maintained constant by pressure indicator and control loop 26 and the
      pressure of the compressed purified helium in pipeline 24 is maintained
      constant by pressure indicator and control loop 28.
PAR  To ensure high volumetric efficiencies of the compressors 4 and 6, they are
      cooled by water circulating in pipelines 30, 32, 34, 36 and 38. The water
      is cooled in air-cooled heat exchangers 40, 42 and circulated by means of
      electric pump 44.
PAR  The power for the compressors is supplied by a suitable prime mover such as
      a diesel engine (not shown) and can suitably be transmitted by
      countershafts and V-belts.
PAR  FIG. 7 shows one arrangement for piping and valving the four-zone adsorber
      unit 8 of FIG. 6 to operate in accordance with the cycle described with
      reference to FIG. 4.
PAR  Referring to FIG. 7, the adsorber unit comprises the four-zones A, B, C and
      D, an inlet manifold 50 connected to the pipeline 16 through which
      contaminated helium is fed to the unit; an outlet manifold 52 connected to
      the pipeline 22 through which the purified helium is recovered from the
      unit, a purge gas manifold 54 through which purge gas is supplied to each
      zone and a waste gas manifold 56 whic is which to pipeline 25 from which
      the purge gas containing desorbed contaminants is recovered from the unit
      and vented. Purge gas manifold 54 is connected to outlet manifold 52 by
      pipeline 58 and pressure reducing valve 60, which is a manually operated
      needle valve. The purge gas manifold is also equipped with pressure
      indicator 62 and flow indicator 64.
PAR  The inlet of each zone A, B, C and D of the adsorption unit is connected to
      the inlet manifold by a pipeline 102A, B, C and D, respectively,
      containing an electrically operated solenoid valve 104 A, B, C and D,
      respectively, and a pipeline 106 A, B, C and D respectively, and the
      outlet of each zone is connected to the outlet manifold by pipelines 108
      A, B, C and D and 110 A, B, C and D respectively; the pipelines 110 A, B,
      C and D being fitted with electrically operated solenoid valves 112 A, B,
      C and D, respectively and the outlet pipes 108 A, B, C and D being
      provided with pressure indicators 109 A, B, C and D, respectively.
PAR  The outlet pipe 108 of each zone is connected to the inlet pipe 106 of each
      following zone by series pipelines 114 A, B, C, and D, respectively, each
      fitted with an electrically operated solenoid valve 116 A, B, C and D,
      respectively. Each of series pipelines 114 is also connected to the outlet
      manifold by means of re-pressurisation gas inlet pipeline 118 (A to D)
      which is equipped with an electrically operated solenoid valve 120 (A to
      D) and a manually operable needle valve 122 (A to D).
PAR  The outlet pipe 108 of each zone is connected to the purge gas manifold 54
      by purge gas inlet pipe 124 (A to D) equipped with an electrically
      operated solenoid valve 126 (A to D).
PAR  Finally, the inlet pipe 106 to each zone is connected to the waste gas
      manifold 56 by waste gas outlet pipeline 128 (A to D) equipped with an
      electrically operated solenoid valve 130 (A to D).
PAR  In FIG. 7, the thickened line represents the passage of helium gas through
      the adsorption unit, indicating that zones A and B provide the separation
      section. This conforms with the situation illustrated in STAGE 1 of the
      cycle as indicated in FIG. 4 so that zone C is being re-pressurised ready
      for incorporation downstream of zone B in the separation section in the
      next stage, and zone D is being depressurised and purged.
PAR  In this situation, solenoid operated valves 104A, 112B, 116A, 120C, 126D
      and 130D are open and the rest of the solenoid operated valves are closed.
      Contaminated helium gas mixture which has been compressed by compressor 4
      is fed via pipeline 16 to inlet manifold 50 and thence via pipeline 102A,
      valve 104A and pipeline 106A into zone A. From zone A it passes through
      outlet pipe 108A, series pipeline 114A valve 116A and inlet pipe 106B into
      zone B. From zone B, the purified helium is withdrawn through outlet pipe
      110B and valve 112B into outlet manifold 52 whence it is passed via
      pipeline 22 to compressor 6 for further compression for storage.
PAR  A part of the purified helium is withdrawn from outlet manifold 52 through
      valve 120C and pipeline 118C and thence passes along a part of series
      pipeline 114C into pipeline 108C and thence into zone C for
      re-pressurisation of that zone which will be at a lower pressure as a
      result of being purged in a previous stage.
PAR  Another part of the purified helium is withdrawn from outlet manifold 5
      through pipeline 58 and pressure reducing valve 60 into purge gas manifold
      54 and thence is passed through zone D as a purge gas at reduced pressure
      via purge gas inlet pipeline 124D, valve 126D and pipeline 108D. The gas
      stream recovered from zone D, which comprises the purge gas stream plus
      the material desorbed from the adsorbent in zone D, is passed via
      pipelines 106D and 128D and valve 130D to waste gas manifold 56 whence it
      is vented to atmosphere through pipeline 25.
PAR  At the point when the purity of the helium stream recovered from the
      adsorption unit falls to a predetermined minimum allowable value, or after
      the elapse of a period of time which has been calculated, or determined by
      empirical means, to correspond to this point, the flow of the contaminated
      helium stream to zone A is shut off and flow through zone C is commenced,
      with zone D now being re-pressurised subsequent to the depressurisation
      and purging of the previous stage, and zone A being subjected to
      depressurisation and purging. To this end, valves 104A, 112B, 116A, 120C,
      126D and 130D are closed and valves 104B, 112C, 116B, 120D, 126A and 130A
      are opened. The cycle is then completed in the manner described with
      reference to FIG. 4. The positions of each of the solenoid operated valves
      during each of the four stages of the cycle are set out in full in the
      Table below.
TBL  ______________________________________                                    
     VALVE    STAGE                                                            
            1       2         3         4                                      
     ______________________________________                                    
     104A    open      closed    closed  closed                                
     104B    closed    open      closed  closed                                
     104C    closed    closed    open    closed                                
     104D    closed    closed    closed  open                                  
     112A    closed    closed    closed  open                                  
     112B    open      closed    closed  closed                                
     112C    closed    open      closed  closed                                
     112D    closed    closed    open    closed                                
     116A    open      closed    closed  closed                                
     116B    closed    open      closed  closed                                
     116C    closed    closed    open    closed                                
     116D    closed    closed    closed  open                                  
     120A    closed    closed    open    closed                                
     120B    closed    closed    closed  open                                  
     120C    open      closed    closed  closed                                
     120D    closed    open      closed  closed                                
     126A    closed    open      closed  closed                                
     126B    closed    closed    open    closed                                
     126C    closed    closed    closed  open                                  
     126D    open      closed    closed  closed                                
     130A    closed    open      closed  closed                                
     130B    closed    closed    open    closed                                
     130C    closed    closed    closed  open                                  
     130D    open      closed    closed  closed                                
     ______________________________________                                    
PAR  The manually operated valves 122 (A to D) are provided for the purpose of
      providing means for controlling the rate of repressurisation of the zones.
PAR  In the apparatus illustrated in FIG. 6, compressors are of the single
      diaphragm type for reasons of avoidance of contamination of the gas stream
      by foreign bodies, but other compressor types may be used if desired.
PAR  Suitably, the valves are operated by an electronic timing system operating
      on an elapsed time basis using electrically driven synchronous motors
      fitted with clutches, one synchronous motor being provided for each stage
      of the cycle. Means are provided for adjusting the timing in accordance
      with the feed gas mixture composition. However, other systems may be used
      for operating the valves. For example, means may be provided which
      determine the helium content of the gas leaving the adsorption unit, and
      initiate the operation of the valves when a predetermined minimum helium
      concentration is reached. Also, the valves may be operated pneumatically
      or mechanically rather than electrically, pneumatic means being preferred,
      for example, where the gas stream being treated is inflammable. Where
      electrical operation is chosen, the prime mover for the compressors may
      conveniently be arranged additionally to power an electricity generating
      means, e.g., an alternator, to supply the required electric power.
      Although coconut shell activated carbon is the preferred adsorbent, other
      suitable adsorbents known in the art may be used if desired.
PAR  Apparatus of the kind illustrated in FIGS. 6 and 7 and designed to purify
      100 s.c.f.h. of contaminated helium to produce 99.995% pure helium
      delivered from the adsorption unit at 23 atmospheres and from the second
      compressor, 6, at 200 atmospheres, can be designed to be assembled on 2
      grids, one containing the compressors, prime mover, electricity generating
      means (e.g. 1.5 kw alternator), water cooling system for the compressors,
      and buffer vessel, and the other containing the vessels containing the
      four adsorber zones together with the associated piping, manifolding and
      valving. the first mentioned grid may take up a floor area of about 5 feet
      by 5 feet and the second about 2 feet 6 inches by 2 feet 6 inches.
PAR  The only requirements for such an apparatus are fuel, e.g., diesel oil, for
      the prime mover, and water for occasional topping up of the cooling
      system. Thus, the whole apparatus can be conveniently accommodated on a
      small boat or lighter and is easily maintained. Moreover, the compressors
      can be used to supply other services such as compressed air for operating
      pneumatically powered hoists or tools, and the electricity generating
      means can be designed to have spare capacity e.g., to power lighting
      equipment. For example, in the apparatus described, the power requirements
      can be as little as 0.5kw so that with a 1.5kw alternator there is
      approximately 1kw of spare capacity available.
PAR  The apparatus described with reference to FIG. 4, 6 and 7 requires four
      adsorbent zones with two forming the separation section. However, other
      possibilities can be envisaged. Thus, in the simplest arrangement, three
      zones may be used with two forming the separation section and a third one
      being depressurised and purged in each stage of the cycle. In such an
      arrangement, however, it is difficult to achieve repressurisation of the
      third vessel prior to its reincorporation into the separation section and
      for the reasons given above it is therefore less preferred.
PAR  In an alternative arrangement using four zones, three may form the
      separation section with the fourth one being depressurised and purged but
      this arrangement is also less preferred for the same reason.
PAR  With five zones provided, further alternatives are possible with two, three
      or, less preferably, four zones forming the separation section. Where two
      zones form the separation section, depressurisation, purging and
      repressurisation may be effected in different stages of the cycle since
      three stages are now available between a zone completing its residence in
      the separation section as the first zone thereof and being re-introduced
      into the section as the last zone thereof. Thus, the cycle may be
      represented as follows, wherein S.sub.1 and S.sub.2 are the first and
      second beds in the separation section (expressed in terms of the direction
      of flow through the section of the feed gas mixture to be treated) D
      represents depressurisation, P represents purging and RP represents
      repressurisation:
TBL  ZONE    STAGE                                                             
     1            2        3        4      5                                   
     ______________________________________                                    
     1       S.sub.1  D        P      RP     S.sub.2                           
     2       S.sub.2  S.sub.1  D      P      RP                                
     3       RP       S.sub.2  S.sub.1                                         
                                      D      P                                 
     4       P        RP       S.sub.2                                         
                                      S.sub.1                                  
                                             D                                 
     5       D        P        RP     S.sub.2                                  
                                             S.sub.1                           
     ______________________________________                                    
PAR  However, where the separation section comprises three of the five zones,
      the arrangement for depressurisation, purging and repressurisation is
      preferably as illustrated in FIG. 4, i.e., with depressurisation and
      purging being effected in one stage and re-pressurisation being effected
      in another stage. This arrangement is particularly preferred where the
      feed gas mixture contains two components that require adsorption. With
      this arrangement, the cycle may be presented as follows wherein S.sub.1,
      S.sub.2 and S.sub.3 are the first, second and third beds in the separation
      section D&P represents depressurisation and purging and RP represents
      repressurisation:
TBL  ZONE    STAGE                                                             
     1            2        3        4      5                                   
     ______________________________________                                    
     1       S.sub.1  D&P      RP     S.sub.3                                  
                                             S.sub.2                           
     2       S.sub.2  S.sub.1  D&P    RP     S.sub.3                           
     3       S.sub.3  S.sub.2  S.sub.1                                         
                                      D&P    RP                                
     4       RP       S.sub.3  S.sub.2                                         
                                      S.sub.1                                  
                                             D&P                               
     5       D&P      RP       S.sub.3                                         
                                      S.sub.2                                  
                                             S.sub.1                           
     ______________________________________                                    
PAR  With six zones provided in the unit, three or four zones or, less
      preferably, two or five zones may be incorporated in the separation
      section. Where two zones are provided in said section, depressurisation,
      purging and repressurisation may be effected in separate stages and a
      further stage will be available in which no treatment need be made to a
      zone. Such a "rest" stage is generally unnecessary and therefore wasteful
      in utilisation of adsorbent. The use in the separation section of all but
      one of the total of six zones available is also not preferred for the
      reasons given above.
PAR  With the use of three zones in the separation section, depressurisation,
      purging and repressurisation can be effected in separate stages of the
      cycle. Where four zones are used, however, depressurisation and purging
      will usually together occupy a single stage. The use of a six zone
      adsorption unit having four zones in the separation section may be
      especially desirable for the separation of gas mixtures containing three
      adsorbable components. With this arrangement, the cycle may be represented
      as follows where S.sub.1, S.sub.2, S.sub.3 and S.sub.4 are the first,
      second, third and fourth beds in the separation section, and D&P and RP
      have the meanings shown above:
TBL  ZONE    STAGE                                                             
     1           2       3       4     5     6                                 
     ______________________________________                                    
     1       S.sub.1 D&P     RP    S.sub.4                                     
                                         S.sub.3                               
                                               S.sub.2                         
     2       S.sub.2 S.sub.1 D&P   RP    S.sub.4                               
                                               S.sub.3                         
     3       S.sub.3 S.sub.2 S.sub.1                                           
                                   D&P   RP    S.sub.4                         
     4       S.sub.4 S.sub.3 S.sub.2                                           
                                   S.sub.1                                     
                                         D&P   RP                              
     5       RP      S.sub.4 S.sub.3                                           
                                   S.sub.2                                     
                                         S.sub.1                               
                                               D&P                             
     6       D&P     RP      S.sub.4                                           
                                   S.sub.3                                     
                                         S.sub.2                               
                                               S.sub.1                         
     ______________________________________                                    
PAR  In the adsorption units described above with reference to FIGS. 4, 6 and 7,
      the repressurisation of each zone subsequent to purging and prior to use
      in the separation section is seen to be effected using purified product
      gas. It is, however, possible and may be desirable to effect
      repressurisation with another gas supply and particularly with feed gas.
      It is also possible to purge with an independent source of non-adsorbable
      gas instead of with the purified effluent if desired. Further, although
      purging is shown as being effected with a purge gas flow through each
      adsorption zone in the reverse direction to that of the flow of feed gas
      during separation, purge gas flow in the same direction as feed gas flow
      is not excluded, particularly where the adsorbent is substantially
      completely saturated. However, where the adsorbent is only partially
      saturated, it is generally preferred for the purge gas to flow in the
      reverse direction to that of the feed gas.
PAR  The principal advantage of the invention is that it leads to an improved
      utilisation of adsorbent. Alternatively, a quantity of gas can be
      separated with the use of a smaller amount of adsorbent.
PAR  A further advantage of the invention is that the flow of purge gas may be
      reduced. This is due to the fact that, in the system of the invention, the
      purge gas is in contact with an adsorbed phase which has, on the average,
      a higher partial pressure than in conventional usage since the adsorbent
      is more heavily loaded with adsorbed gas. As a result, the driving force
      for desorption is greater and the amount of purge gas required is smaller.
      Consequently the recovery of purified product is greater when the beds are
      used according to the invention. By way of example, in the case of a
      hydrogen-methane mixture comprising 95.6% H.sub.2 and 4.4% CH.sub.4, as
      described above, it can be shown that the hydrogen recovery from an
      adsorption unit comprising four zones each 6ft long and each containing
      type 5A molecular sieve adsorbent and operating the cycle described with
      reference to the invention illustrated in FIG. 4 is approximately 14%
      greater than when using the usual system comprising the same mass of
      adsorbent in two beds each 12 feet long, one being used for the separation
      while the other is being purged, both systems being otherwise operated
      under identical conditions of pressure and temperature.
PAR  It will be understood that each zone in a multi-zone adsorption unit of the
      kind described may comprise one bed of adsorbent or a plurality of beds of
      adsorbent. However, unnecessary complications in operation are likely to
      be introduced if the zones are of varying overall size. It is therefore
      preferred that all the zones are of substantially the same effective size
      although each may be subdivided into a plurality of individual beds
      arranged in parallel and/or in series.
PAR  As has been explained above, the concentration of the or each adsorbable
      component in the product gas will vary through each stage of the operating
      cycle. In general, this variation will be small but there may be
      applications where even this small variation is not tolerable. An
      embodiment of the invention which reduces these variations is now
      described with reference to FIG. 8 of the drawings.
PAR  In FIG. 8, reference numeral 200 represents the separation section of the
      pressure swing adsorption unit, comprising two or more zones of adsorbent,
      201 is the inlet pipe to the separation section, 202 is the outlet pipe
      from the separation section, 203 is a by-pass pipe, 204 is a flow control
      valve, the operation of which is controlled by signals derived from gas
      analyser 205 which may be, for example, a Katharometer, and 206 is the
      product pipe.
PAR  In operation, feed gas mixture enters the system in pipeline 201 by which
      it is passed to the separation section 200 of the pressure swing
      adsorption unit and product gas is recovered from the separation section
      through pipelines 202 and 206. As the gas mixture is passed through the
      separation section, the concentration of an adsorbable component which
      remains in the product gas leaving the section will rise from an initially
      very low, possibly undetectable, amount until it reaches a predetermined
      level at which in accordance with the invention a fresh zone of adsorbent
      is added to the separation section whereupon the concentration initially
      drops sharply away and subsequently commences to rise again, the cycle
      being repeated with each addition of a fresh zone to the separation
      section.
PAR  In accordance with this embodiment, a small part of the feed gas mixture is
      caused to by-pass the separation section through pipeline 203 and to
      combine with the product gas recovered from the separation section, and
      the rate of flow of the gas in pipeline 203 is varied by means of flow
      control valve 204 to produce a gas in pipeline 206 having a substantially
      constant composition. In the embodiment illustrated, this is effected
      automatically by means of gas analyser 205, which is arranged to
      constantly monitor the partial pressure of the adsorbable component in the
      gas in pipeline 206, The partial pressure determined by the gas analyser
      may be compared with a predetermined value and any difference between them
      caused to generate a signal adapted to activate the valve operating
      mechanism to adjust the rate of flow of gas in the pipeline 203 is a
      direction to cause the composition of the gas in pipeline 206 to change in
      a direction that alters the value of the partial pressure of the
      adsorbable component towards the said predetermined value.
PAR  It will be appreciated that in the practice of this embodiment, the partial
      pressure of the adsorbable component in the product gas recovered from the
      separation section of the adsorber must always be below the predetermined
      value with which the value recorded by the gas analyser is compared, and
      the adsorption unit should be adjusted to operate accordingly.
PAR  As stated hereinbefore, the most readily available, or only immediately
      available source of the purge gas for regenerating the adsorbent in each
      zone after the zone has been removed from the separation section is the
      product gas. In this case, a portion of the product gas is separated from
      the remainder, reduced to the second or purge pressure, and used as the
      purge gas. Such use, however, represents a net loss of product gas.
PAR  Generally, the greater the difference between the separation pressure and
      the purge pressure, the smaller the quantity of purge gas required but it
      is not normally desirable to reduce the pressure of the purge gas below
      atmospheric pressure because of the need to install vacuum equipment.
PAR  I have now found that the loss in product gas through the use of a portion
      thereof for purging may be avoided by regenerating the adsorbent in the
      removed zone by evacuation rather than by using a purge gas.
PAR  Accordingly, in a modification of the process of the present invention the
      step of regenerating the adsorbent in each zone after it has been removed
      from the separation section is effected by evacuation of the removed zone.
PAR  This not only avoids the loss of a part of the product gas as purge gas but
      also reduces the amount of product gas required for repressurisation since
      it has been found that evacuation effects more efficient regeneration than
      the use of a purge gas so that regeneration, and hence also
      repressurisation, are required less frequently. This saving of product gas
      through the reduction in frequency of repressurisation more than offsets
      the increase in volume of repressurisation gas that may be required per
      repressurisation because of any increased pressure difference between
      adsorption pressure and regeneration pressure as a result of regenerating
      by evacuation rather than the use of a purge gas at or above atmospheric
      pressure.
PAR  Apparatus suitable for use with this modification of the invention
      comprises an adsorption unit comprising a plurality of adsorption zones
      for adsorbing said contaminant from said mixture and means for
      regenerating adsorbent, said adsorption unit including
PA1  at least three compartments for adsorbent, each having a gas inlet and a
      gas outlet for gas to be passed through adsorbent in he compartment, each
      compartment forming a separately isolatable adsorption zone,
PA1  an inlet for the gas mixture to be separated in said unit,
PA1  an outlet for purified gas,
PA1  an inlet manifold connected to the inlet for the gas mixture,
PA1  a purified gas outlet manifold connected to the outlet for the purified
      product,
PA1  said regenerating means comprising means for evacuating the adsorption
      zones,
PA1  first conduit means for connecting the inlet of each compartment to the
      inlet manifold, with an inlet valve in the conduit between each
      compartment inlet and the inlet manifold,
PA1  second conduit means for connecting the outlet from each compartment to the
      purified gas manifold, with an outlet valve in the conduit between each
      compartment outlet and the outlet manifold,
PA1  third conduit means for connecting the interior of each compartment to said
      evacuating means, there being a valve between each compartment interior
      and the evacuating means, and
PA1  fourth conduit means adapted to connect the compartments together for flow
      of gas therethrough with the outlet of each compartment connected to the
      inlet of the next compartment, there being a valve in the conduit between
      the outlet of each compartment and the inlet of the next compartment, said
      valves being arranged such that at least a first and a second of said
      compartments are connected in series to provide a separation section
      between the inlet manifold and the outlet manifold for flow of gas
      therethrough and in that order with respect to the gas flow, and at least
      a third compartment is connected to said evacuating means for regeneration
      of the adsorbent therein, and automatic valve control means adapted
      periodically to switch the valves to disconnect said third compartment
      from said evacuating means and connect it in series with said second
      compartment in said separation section to form the last compartment in
      said section, expressed in terms of flow of gas therethrough and
      disconnect said first compartment from said separation section and connect
      it to said evacuating means for regeneration of the adsorbent therein.
PAR  It has also been observed that during the depressurisation required for
      regeneration of the adsorbent, irrespective of whether this regeneration
      is effected by evacuation or by use of a purge gas, the composition of the
      initial exit gas from the zone being regenerated is similar to that of the
      feed gas mixture fed to the zone while that zone was part of the
      separation section, and initially during the depressurisation remains
      substantially constant. It is believed that this is because during the
      initial stages of depressurisation, the exit gas is largely gas that has
      been retained in the interstitial voids in the adsorbent bed in the zone
      (hereinafter referred to as interstitial gas), and that very little of the
      contaminant adsorbed by the bed is being desorbed. Since the adsorbent in
      the zone is substantially saturated when the zone is removed from the
      separation section for regeneration, this interstitial gas will have
      virtually the same composition as the feed gas, and where the bed of
      adsorbent contains a large voidage, a substantial volume of this
      interstitial gas is involved. As the pressure is reduced further, however,
      the adsorbed material commences to be desorbed and this is reflected in a
      sharp rise in concentration of this material in the exit gas.
PAR  In accordance with another modification of the present invention,
      therefore, reclamation of this interstitial gas is effected by recycling
      the gas initially exiting from the zone during depressurisation to the
      inlet of the separation section to be passed through said separation
      section at substantially the adsorption pressure, said recycle being
      continued until not later than the occurence of a rapid increase in the
      concentration of adsorbable material in the exit gas.
PAR  By the "adsorption pressure" is meant the pressure at the inlet to the
      separation section.
PAR  Apparatus suitable for use with this modification will include a compressor
      having an inlet arranged to receive the gas leaving the compartment the
      adsorbent of which is being regenerated by purging or evacuation and a
      compressed gas outlet communicating with the inlet to the separation
      section, waste gas conduit means also arranged to receive the said gas,
      valve means adapted to direct said gas to the one or the other of said
      compressor inlet and said waste gas conduit means, and valve control means
      adapted to control the valve means to direct said gas initially to said
      compressor inlet and subsequently to divert said gas to said waste gas
      conduit means at or before the occurrence of a rapid increase in the
      concentration of contaminant in said gas.
PAR  The composition of the exit gas can be readily monitored using known gas
      analysis techniques, e.g., katharometry, and therefore a rapid increase in
      the concentration of the adsorbable material can be readily determined.
PAR  For any given gas mixture and adsorption conditions such as of temperature
      and pressure, this rapid increase in concentration of the adsorbable
      material will generally occur at or near a given value for the
      concentration.
PAR  Thus, in accordance with one method of carrying out the recycle process of
      the invention, the gas exiting from the zone during the initial stages of
      depressurisation may be recovered and recycled until the concentration of
      adsorbable material in said gas reaches a predetermined level which is not
      greater than the level which corresponds to the occurrence of the
      above-mentioned rapid increase. Preferably this predetermined level is
      substantially equal to the level corresponding to the rapid increase.
PAR  In apparatus for carrying out this embodiment, the valve control means
      suitably comprise sensor means for sensing the level of concentration of
      contaminant in said gas and means responsive to said sensor means to
      operate the valve to direct the gas to said compressor inlet when said
      sensed level is below a predetermined level and to direct the gas to said
      waste conduit means when said sensed level exceeds said predetermined
      level.
PAR  The pressure at which this occurs will vary depending on the nature of the
      material to be desorbed from the adsorber bed but experience shows that in
      general it will be found to be equivalent to about 15 to 30% of the total
      drop in pressure from the adsorption pressure to the pressure of the purge
      gas where a purge gas is used, or about 10 to 30% of the adsorption
      pressure expressed as absolute pressure where regeneration is effected by
      evacuation.
PAR  Thus in accordance with another method of carrying out the recycle process
      of the invention, the gas exiting from the zone during the initial stages
      of depressurisation may be recovered and recycled until its pressure falls
      to a predetermined pressure below the adsorption pressure.
PAR  This may be achieved for example by sensing the pressure of the gas exiting
      from the zone and stopping the recycling when this pressure reaches said
      predetermined pressure. Alternatively, the recycling may be stopped after
      the elapse of a period of time after commencement of depressurisation
      which is known, e.g., from trial and experiment or from calculation, to
      correspond to said pressure.
PAR  In apparatus for use with the first alternative, the valve control means
      may suitably comprise sensor means for sensing the pressure of said gas
      and means responsive to said sensor means to operate the valve to direct
      the gas to said compressor inlet when said sensed pressure exceeds a
      predetermined level and to direct the gas to said waste conduit means when
      said sensed level is below said predetermined level.
PAR  In apparatus for use with the second alternative, the valve control means
      may suitably comprise timing means adapted to operate said valve to divert
      the gas from said compressor inlet to said waste conduit means at a
      predetermined time after the commencement of evacuation of said third
      compartment.
PAR  The pressure of the gas that is recycled to the separation section is
      restored to the adsorption pressure by means of the compressor. The same
      compressor may also be used to compress the feed gas mixture to the
      adsorption pressure where such compression is required.
PAR  The use of evacuation to regenerate the adsorbent and the recycling of the
      interstitial gas to the separation section are illustrated by means of the
      following Example and with the aid of the accompanying drawings in which:
PA1  Fig. 9 is a schematic flow sheet of a modification of the four zone
      pressure swing adsorption unit illustrated in FIG. 4 when in the mode
      identified as STAGE 1 in FIG. 4, and wherein regeneration of the adsorbent
      is effected by evacuation in place of purging;
PAR  FIG. 10 is a schematic flow sheet of another modification of the four zone
      pressure swing adsorption unit illustrated in FIG. 4, again when in the
      mode identified as STAGE 1 in FIG. 4, wherein provision is made for
      recycle of the interstitial gas recovered during depressurisation; and
PAR  FIG. 11 is a schematic flow sheet of a modification of the apparatus of
      FIG. 9 wherein provision is made for recycle of the interstitial gas
      recovered during depressurisation.
PAR  In the arrangement illustrated in FIG. 4 of the drawings, it will be
      recalled that in the period of the cycle illustrated in STAGE 1, feed gas
      for separation (FG) is fed at elevated pressure to the inlet of the
      separation section of the pressure swing absorber, consisting of adsorber
      zones A and B connected in series, where adsorbable contaminant is removed
      from the feed gas by adsorption. Product gas substantially free of the
      adsorbable material leaves the separation section from the outlet of zone
      B and is divided into three portions. A first portion is recovered as
      product gas (PE). A second portion (RG) is fed to adsorber zone C to
      repressurise this zone to adsorption pressure. A third portion (PG) is fed
      to expansion valve V where its pressure is reduced, and is then passed at
      reduced pressure to adsorber zone D as purge gas. The gas (DG) exiting
      from the adsorber zone D is waste gas and is vented to atmosphere or
      flared.
PAR  Referring now to the arrangement illustrated in FIG. 9, the adsorber
      illustrated differs from that of FIG. 4 in that the regeneration is
      effected by evacuation, no purge gas being used. Thus, in the arrangement
      illustrated in FIG. 9, the feed gas for separation is fed at elevated
      pressure in pipeline 302 (or is fed in pipeline 303 to be compressed to
      elevated pressure in compressor 304 and fed via pipeline 306) to pipeline
      308 leading to the inlet of the separation section 310 of the adsorber,
      consisting, as before, of zones A and B connected in series. Product gas
      substantially free of the adsorbable material leaves the separation
      section in pipeline 312 but in this case it is divided into two portions
      only, one of which is recovered in pipeline 314 as product, and the other
      of which is fed via pipeline 316 to zone C to repressurise this zone to
      adsorption pressure. Zone D is undergoing regeneration by evacuation
      through piplines 324 and 328 by means of vacuum pump 340. The evacuated
      material is passed for venting or flaring.
PAR  The cycle of operation of the apparatus corresponds to that of the
      apparatus shown in FIG. 4.
PAR  FIG. 10, in which the features which are common with FIG. 9 have the same
      reference numerals or letters, is again a flow sheet of a four zone
      adsorber which operates with the same cycle as that illustrated in FIG. 4
      and is shown in the period of the cycle corresponding to STAGE 1 in FIG.
      4. As in FIG. 4, the prodduct gas leaving the separation zone is divided
      into three portions. The first portion is recovered through pipeline 314
      as product gas. The second portion is fed via pipeline 316 to adsorber
      zone C to repressurise this zone to adsorption pressure. A third portion
      is fed via pipeline 318 to expansion valve 320 where its pressure is
      reduced, and is then passed to adsorber zone D as purge gas. In the
      adsorber of FIG. 10, however, provision is made for recycling the gas
      exiting from zone D, which is undergoing depressurisation and purging, to
      the separation section inlet. Thus, pipeline 324 is connected to two
      pipelines, 326 and 328, each of which is fitted with a valve, 330, 332
      respectively. Pipeline 326 connects pipeline 324 to pipeline 303 and the
      inlet to compressor 304. Pipeline 328 connects pipeline 324 to the flare
      or vent to atmosphere. A pressure sensing device 334 is located in
      pipeline 324 to sense the pressure of the gas therein and is connected to
      a valve control means 336 in the form of a pressure controller which is
      adapted to control valves 330 and 332. The controller is adapted so that
      in operation it closes valve 330 and opens valve 332 when the sensed
      pressure of the gas in pipeline 324 falls below a predetermined level, the
      positions of these valves being reversed when the sensed pressure of the
      gas in pipeline 324 is above that level. In operation, the pressure
      controller is arranged so that it operates to close valve 330 and open
      valve 332 at a pressure which is at or slightly above the pressure at
      which the absorbed contaminant commences to be desorbed from the adsorbent
      in zone D, resulting in a rapid increase in the concentration of
      contaminant in the gas in pipeline 24.
PAR  FIG. 11, in which the features common with FIGS. 9 and 10 have the same
      reference numerals or letters, is a flow sheet of the four zone adsorber
      of FIG. 9 but modified, as in the adsorber of FIG. 10, to provide for
      recycling of gas exiting from the zone D to the separation section inlet.
PAC  EXAMPLE
PAR  A. In a first experiment, a feed gas mixture consisting of 94 mol % He and
      6 mol % of adsorbable impurities was separated using the adsorber
      arrangement of FIG. 4 using coconut shell activated carbon as the
      adsorbent.
PAR  The pressue in the separation section was 350 psig, the length of each
      period of the cycle was 10 minutes, and the purge gas pressure was 5 psig.
PAR  With a feed gas rate of 149.5 SCFH the total product recovered from the
      separation section was 140.5 SCFH of 99.995% pure helium of which 15 SCFH
      was used as purge gas and 40.5 SCFH was required for repressurisation
      since each zone required 6.75 SCF of gas for repressurisation to 350 psig
      and six zones required repressurisation each hour.
PAR  Thus, the hourly recovery of helium was
EQU  [140.5 - (15 + 40.5)] .times. 0.99995
PAL  and the yield of helium, expressed as percentage of theoretical was
      ##EQU1##
PAR  B. In a second experiment, the same feed gas mixture was separated in the
      adsorber of FIG. 9 using the same volume of the same absorbent as in the
      first experiment, to produce a product gas of the same 99.995% purity.
PAR  It was found that using the same adsorption pressure of 350 psig and the
      same rate of feed of 149.5 SCFH, as a result of the increased efficiency
      of regeneration by use of vacuum rather than purging, the length of each
      period of the cycle could be increased safely to about 15 minutes duration
      so that only 4 zones required regeneration in each hour instead of 6.
      However, as it was now necessary to repressurise each zone from vacuum to
      350 psig, the quantity of product gas required to repressurise each zone
      was found to have increased to 7.05 SCF. On the other hand, no product gas
      was lost as purge gas.
PAR  Thus, the yield of He was
      ##EQU2##
PAR  C. In a third experiment, the same feed gas mixture was separated in the
      adsorber of FIG. 10 using the same volume of the same adsorbent as in the
      first experiment, to produce a product gas of the same 99.995% purity.
PAR  The pressure controller 336 of FIG. 10 was set to close valve 330 in each
      period after the pressure of the gas exiting from the zone undergoing
      regeneration had dropped to 50 psig.
PAR  The pressure and total rate of feed of the gas mixture to the separation
      section were maintained the same as the first experiment at 350 psig and
      149.5 SCFH, as were the purge gas pressure (5 psig) and the length of each
      period of the cycle (10 minutes).
PAR  Since the adsorption and purge gas pressures were the same as for
      Experiment A, the volume of gas required to repressurise each zone
      remained the same at 6.75 SCF.
PAR  It was found that under these conditions 5.55 SCF of interstitial gas was
      recovered and recycled from each zone during depressurisation.
PAR  Thus, the net flow of fresh feed to the absorber was 149.5 - (6 .times.
      5.55) = 116.2 SCFH.
PAR  The yield of He was thus
      ##EQU3##
PAR  D. In the fourth experiment, the same feed gas mixture was separated in the
      adsorber of FIG. 11 using the same volume of the same adsorbent as in all
      the other experiments, again to produce a product gas of 99.995% purity.
      Total feed rate to the separator section was 149.5 SCFH at 350 psig.
PAR  Since, as in the second experiment, regeneration was effected by
      evacuation, there was no purge gas stream and, as in said second
      experiment, each period could be safely extended to 15 minutes duration.
      Again, as in the second experiment, since repressurisation had to be
      effected from vacuum, 7.05 SCF of gas was required to repressurise each
      zone.
PAR  The pressure controller 336 was set so that in each period the valve 330
      closed and valve 332 opened after 5.2875 SCF of interstitial gas had been
      recovered and recycled from each zone during evacuation.
PAR  Thus the net flow of fresh feed to the adsorber is
EQU  [149.5 - (4 .times. 5.2875)]  = 128.35 SCFH.
PAR  the net product flow is 140.5 - (4 .times. 7.05 .times. 0.99995) = 112.3
      SCFH.
PAR  Thus, the yield of He is 112.3/128.35 = 87.5%
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of separating a purified gas from a mixture thereof with at
      least one gaseous contaminant by pressure swing adsorption, said method
      comprising the steps of
PA1  a. providing an adsorption unit comprising x zones of adsorbent material
      which selectively adsorbs said gaseous contaminant, x being a whole number
      of at least three;
PA1  b. passing the gas mixture at a first pressure through y of the zones of
      said adsorption unit arranged in series with respect to the flow of the
      gas mixture therethrough, y being a whole number of from 2 to x - 1 and
      said y zones constituting a separation section of said adsorption unit;
PA1  c. recovering from the last zone of said separation section a purified gas
      in which the concentration of the contaminant does not exceed a
      predetermined value which is below the concentration of contaminant in the
      gas mixture;
PA1  d. before the concentration of the contaminant in said purified gas rises
      above said predetermined value, but after the concentration of said
      contaminant in the gas stream leaving the zone forming the penultimate
      zone of said separation section has exceeded said predetermined value,
      adding another zone of said adsorption unit to the end of said separation
      section, expressed in terms of the direction of flow of said gas mixture
      through the separation section whereby said added zone now forms the last
      zone of said separation section;
PA1  e. removing from said separation section the zone forming the first zone of
      the section whereby the zone next to it in the separation section now
      becomes the first zone;
PA1  f. purging the adsorbent in said removed zone of adsorbed material by
      passing a purge gas through it at a second pressure which is lower than
      the first pressure whereby to prepare said zone for re-use in the
      adsorption section commencing as the last zone of said section; and
PA1  g. periodically repeating steps (d), (e) and (f) whereby each zone of said
      unit is in successive periods incorporated into the separation section as
      the last zone thereof, subsequently periodically progressed along said
      section until it becomes the first zone thereof, and then purged ready for
      re-incorporation into the separation section in a subsequent period.
NUM  2.
PAR  2. A method as claim in claim 1 in which x is at least 4 and y equals x-2,
      and in which each zone is subjected to a separate step of repressurisation
      subsequent to the purging step but before being incorporated into the
      separation section.
NUM  3.
PAR  3. A method as claimed in claim 2 in which steps (d) and (e) are operated
      simulataneously.
NUM  4.
PAR  4. A method as claimed in claim 2 in which substantially equal periods of
      time are allowed for the step of purging and the step of repressurisation.
NUM  5.
PAR  5. A method as claimed in claim 2 in which x equals 4.
NUM  6.
PAR  6. A method as claimed in claim 1 in which x is at least 5 and y equals
      x-3, and in which each zone is subjected to separate steps of
      depressurisation after being removed from the separation section and prior
      to the purging step, and of repressurisation subsequent to the purging
      step and before being incorporated into the separation section.
NUM  7.
PAR  7. A method as claimed in claim 1 in which the purge gas is provided by a
      portion of the purified gas at reduced pressure.
NUM  8.
PAR  8. A method as claimed in claim 1 which further includes causing a part of
      the gas mixture to by-pass the separation section and thereafter combining
      said part with the purified gas recovered from said separation section to
      form a combined gas stream, and controlling the flow rate of said part
      relative to the flow of the purified gas from said separation section so
      as to maintain the composition of the combined stream constant.
NUM  9.
PAR  9. A method as claimed in claim 1 for the recovery of helium from
      helium-containing gas exhaled by divers inhaling a helium-diluted air
      composition under pressure.
NUM  10.
PAR  10. A method as claimed in claim 9 in which the adsorbent is coconut
      shell-activated carbon.
NUM  11.
PAR  11. A method as claimed in claim 9 in which the exhaled helium-containing
      gas is passed to a buffer vessel and thereafter compressed to a first
      elevated pressure and passed at said elevated pressure to the adsorption
      unit, and the purified helium recovered from thee adsorption unit is
      further compressed to a second elevated pressure for subsequent
      recirculation for inhalation.
NUM  12.
PAR  12. Apparatus for separating a purified gas from a mixture thereof with at
      least one gaseous contaminant, said apparatus comprising a pressure swing
      adsorption unit comprising a plurality of adsorption zones for adsorbing
      said contaminant from said mixture and means for purging adsorbent of
      adsorbed contaminant, said adsorption unit including
PA1  at least four compartments for adsorbent, each having a gas inlet and a gas
      outlet for gas to be passed through adsorbent in the compartment, each
      compartment forming a separately isolatable adsorption zone,
PA1  an inlet for the gas mixtures to be separated in said unit.
PA1  an outlet for purified gas,
PA1  an inlet manifold connected to the inlet for the gas mixture,
PA1  a purified gas outlet manifold connected to the outlet for the purified
      product,
PA1  said means for purging adsorbent comprising a purge gas manifold,
PA1  a waste gas manifold,
PA1  first conduit means for connecting the inlet of each compartment to the
      inlet manifold, with an inlet valve in the conduit between each
      compartment inlet and the inlet manifold,
PA1  second conduit means for connecting the outlet from each compartment to the
      purified gas manifold, with an outlet valve in the conduit between each
      compartment outlet and the outlet manifold,
PA1  third conduit means for connecting the purge gas manifold to the outlet
      from each compartment, with a purge gas inlet valve in the conduit between
      each compartment outlet and the purge gas manifold,
PA1  fourth conduit means for connecting the inlet to each compartment to the
      waste gas manifold, there being a waste gas outlet valve between each
      compartment inlet and the waste gas manifold, and
PA1  fifth conduit means adapted to connect the compartments together for flow
      of gas therethrough with the outlet of each compartment connected to the
      inlet of the next compartment, there being a valve in the conduit between
      the outlet of each compartment and the inlet of the next compartment, said
      valves being arranged such that at least a first and a second of said
      compartments are connected in series to provide a separation section
      between the inlet manifold and the outlet manifold for flow of gas
      therethrough and in that order with respect to the gas flow, at least a
      third compartment is connected to the outlet manifold for repressurisation
      and at least a fourth compartment is connected for gas flow therethrough
      from the purge gas manifold to the waste gas manifold for purging, and
      automatic valve control means adapted periodically to switch the valves to
      connect said third compartment in series with said second compartment in
      said separation section to form the last compartment in said section,
      expressed in terms of flow of gas therethrough, disconnect said fourth
      compartment from said purge gas manifold and said waste gas manifold and
      connect it to said outlet manifold for repressurisation, and disconnect
      said first compartment from said separation section and connect it between
      the purge gas manifold and the waste gas manifold for purging.
NUM  13.
PAR  13. Apparatus as claimed in claim 12 in which the valves are electrically
      operated solenoid valves.
NUM  14.
PAR  14. Apparatus as claimed in claim 12 including electronic timing means for
      controlling the operation of the valves.
NUM  15.
PAR  15. Apparatus as claimed in claim 12 further including means for
      compressing feed gas to be supplied to the unit, means for compressing
      product gas recovered from the unit, and prime mover means connected to
      each of said compressing means for driving same, and means drivably
      connected to said prime mover means for powering the operation of the
      pressure swing adsorption unit.
NUM  16.
PAR  16. Apparatus as claimed in claim 15 further including means for cooling
      each of the compressing means, said cooling means including means drivably
      connected to said prime mover means for circulating a cooling medium
      through said compressing means.
NUM  17.
PAR  17. Apparatus as claimed in claim 15 further including a buffer vessel
      adapted to store gas mixture for feeding to the first-mentioned compressor
      means.
NUM  18.
PAR  18. Apparatus as claimed in claim 15 arranged in two packs, the first
      comprising the pressure swing adsorption unit and the second comprising
      the two compressing means, the prime mover means and the means for
      powering the operation of the pressure swing adsorption unit.
NUM  19.
PAR  19. Apparatus as claimed in claim 15 applied to the recovery of helium from
      helium-containing gas exhaled by divers inhaling a helium-diluted air
      composition under pressure.
NUM  20.
PAR  20. Apparatus as claimed in claim 12 further including conduit means
      connecting said outlet manifold with said purge gas manifold, said conduit
      means including a pressure reducing valve whereby a portion of said
      purified gas in said outlet manifold is passed at reduced pressure as
      purge gas to said purge gas manifold.
NUM  21.
PAR  21. Apparatus as claimed in claim 20 in which said adsorption unit contains
      four compartments.
NUM  22.
PAR  22. Apparatus for separating a purified gas from a mixture thereof with at
      least one gaseous contaminant, said apparatus comprising a pressure swing
      adsorption unit comprising a plurality of adsorption zones for adsorbing
      said contaminant from said mixture and means for purging adsorbent of
      adsorbed contaminant, said adsorption unit including
PA1  at least three compartments for adsorbent, each having a gas inlet and a
      gas outlet for gas to be passed through adsorbent in the compartment, each
      compartment forming a separately isolatable adsorption zone,
PA1  an inlet for the gas mixture to be separated in said unit,
PA1  an outlet for purified gas,
PA1  an inlet manifold connected to the inlet for the gas mixture,
PA1  a purified gas outlet manifold connected to the outlet for the purified
      product,
PA1  a purge gas manifold,
PA1  a waste gas manifold,
PA1  first conduit means for connecting the inlet of each compartment to the
      inlet manifold, with an inlet valve in the conduit between each
      compartment inlet and the inlet manifold,
PA1  second conduit means for connecting the outlet from each compartment to the
      purified gas manifold, with an outlet valve in the conduit between each
      compartment outlet and the outlet manifold,
PA1  third conduit means for connecting the purge gas manifold to the outlet
      from each compartment, with a purge gas inlet valve in the conduit between
      each compartment outlet and the purge gas manifold,
PA1  fourth conduit means for connecting the inlet to each compartment to the
      waste gas manifold, there being a waste gas outlet valve between each
      compartment inlet and the waste gas manifold, and
PA1  fifth conduit means adapted to connect the compartments together for flow
      of gas therethrough with the outlet of each compartment connected to the
      inlet compartment, there being a valve in the conduit between the outlet
      of each compartment and the inlet of the next compartment, said valves
      being arranged such that at least a first and a second of said
      compartments are connected in series to provide a separation section
      between the inlet manifold and the outlet manifold for flow of gas
      therethrough and in that order with respect to the gas flow, and at least
      a third compartment is connected for gas flow therethrough from the purge
      gas manifold to the waste gas manifold for purging, and automatic valve
      control means adatped periodically to switch the valves to disconnect said
      third compartment from said purge gas manifold and said waste gas manifold
      and connect it in series with said second compartment in said separation
      section to form the last compartment in said section, expressed in termes
      of flow of gas therethrough and disconnect said first compartment from
      said separation section and connect it between the purge gas manifold and
      the waste gas manifold for purging.
NUM  23.
PAR  23. Apparatus as claimed in claim 22 and further including gas compressor
      means having a gas inlet communicating with the outlet of said waste gas
      manifold and a compressed gas outlet communicating with the inlet to said
      separation section, waste gas conduit means means adapted to direct gas
      recovered from said third compartment to the one or the other of said
      waste gas conduit means and said compressor inlet and valve control means
      adapted to control the valve means to direct the gas recovered from said
      third compartment initially to said compressor inlet and subsequently to
      divert said gas to said waste gas conduit means at or before the
      occurrence of a rapid increase in the concentration of contaminant in said
      gas.
NUM  24.
PAR  24. Apparatus as claimed in claim 23 wherein said valve control means
      comprise sensor means for sensing the level of concentration of
      contaminant in said gas recovered from said third compartment and means
      responsive to said sensor means to operate the valve to direct said gas to
      said compressor inlet when said sensed level is below a predetermined
      level and to direct said gas to said waste conduit means when said sensed
      level exceeds said predetermined level.
NUM  25.
PAR  25. Apparatus as claimed in claim 23 wherein said valve control means
      comprise sensor means for sensing the pressure fo said gas recovered from
      said third compartment and means responsive to said sensor means to
      operate the valve to direct said gas to said compressor inlet when said
      sensed pressure exceeds a predetermined level and to direct said gas to
      said waste conduit means when said sensed level is below said
      predetermined level.
NUM  26.
PAR  26. Apparatus as claimed in claim 23 wherein said valve control means
      comprises timing means adapted to operate said valve to divert said gas
      recovered from said third compartment from said compressor inlet to said
      waste conduit means at a predetermined time after the commencement of
      evacuation of said third compartment.
NUM  27.
PAR  27. A method of separating a purified gas from a mixture thereof with at
      least one gaseous contaminant, said method comprising the steps of
PA1  a. providing an adsorption unit comprising x zones of adsorbent material
      which selectively adsorbs said gaseous contaminant, x being a whole number
      of at least three;
PA1  b. passing the gas mixture at a first pressure through y of the zones of
      said adsorption unit arranged in series with respect to the flow of the
      gas mixture therethrough, y being a whole number of from 2 to x - 1 and
      said y zones constituting a separation section of said adsorption unit;
PA1  c. recovering from the last zone of said separation section a purified gas
      in which the concentration of the contaminant does not exceed a
      predetermined value which is below the concentration of contaminant in the
      gas mixture;
PA1  d. before the concentration of the contaminant in said purified gas rises
      above said predetermined value, but after the concentration of said
      contaminant in the gas stream leaving the zone forming the penultimate
      zone of said separation section has exceeded said predetermined value,
      adding another zone of said adsorption unit to the end of said separation
      section, expressed in terms of the direction of flow of said gas mixture
      through the separation section whereby said added zone now forms the last
      zone of said separation section;
PA1  e. removing from said separation section the zone forming the first zone of
      the section whereby the zone next to it in the separation section now
      becomes the first zone;
PA1  f. regenerating the adsorbent in said removed zone by evacuation of said
      zone;
PA1  g. periodically repeating steps (d), (e) and (f) whereby each zone of said
      unit is in successive periods incorporated into the separation section as
      the last zone thereof, subsequently periodically progressed along said
      section until it becomes the first zone thereof, and then treated to
      regenerate the adsorbent therein ready for re-incorporation into the
      separation section in a subsequent period.
NUM  28.
PAR  28. A method as claimed in claim 27 further including the step of recycling
      the gas initially exiting from said removed zone during the evacuation
      procedure of step (f) to the inlet of the separation section to be passed
      therethrough at substantially said first pressure, said recycle being
      continued until not later than the occurrence of a rapid increase in
      concentration of said contaminant in said exit gas.
NUM  29.
PAR  29. A method as claimed in claim 28 which includes sensing the level of
      concentration of said contaminant in said exit gas and terminating the
      recycle of said exit gas when the level of contaminant rises to a
      predetermined level which is not greater than that width corresponds to
      the occurrence of said rapid increase.
NUM  30.
PAR  30. A method as claimed in claim 27 which includes sensing the pressure of
      said exit gas and terminating the recycle of said exit gas when said
      pressure drops to a predetermined pressure which is not lower than the
      pressure at which said rapid increase in concentration of contaminant
      occurs.
NUM  31.
PAR  31. A method as claimed in claim 27 in which said recycle is terminated at
      the end of a predetermined timer interval after the commencement of the
      evacuation procedure of step (f), the length of said time interval being
      at most the length of the time interval at which said rapid increase of
      concentration of contaminant occurs.
NUM  32.
PAR  32. A method of separating a purified gas from a mixture thereof with at
      least one gaseous contaminant by pressure swing adsorption, said method
      comprising the steps of
PA1  a. providing an adsorption unit comprising x zones of adsorbent material
      which selectively adsorbs said gaseous contaminant, x being a whole number
      of at least three;
PA1  b. passing the gas mixture at a first pressure through y of the zones of
      said adsorption unit arranged in series with respect to the flow of the
      gas mixture therethrough, y being a whole number of from 2 to x - 1 and
      said y zones constituting a separation section of said adsorption unit;
PA1  c. recovering from the last zone of said separation section a purified gas
      in which the concentration of the contaminant does not exceed a
      predetermined value which is below the concentration of contaminant in the
      gas mixture;
PA1  d. before the concentration of the contaminant in said purified gas rises
      above said predetermined value, but after the concentration of said
      contaminant in the gas stream leaving the zone forming the penultimate
      zone of said separation section has exceeded said predetermined value,
      adding another zone of said adsorption unit to the end of said separation
      section, expressed in terms of the direction of flow of said gas mixture
      through the separation section whereby said added zone now forms the last
      zone of said separation section;
PA1  e. removing from said separation section the zone forming the first zone of
      the section whereby the zone next to it in the separation section now
      becomes the first zone;
PA1  f. reducing the pressure in said removed zone and purging the adsorbent in
      said removed zone of adsorbed material by passing a purge gas through it
      at a second pressure which is lower than the first pressure whereby to
      prepare said zone for re-use in the adsorption section commencing as the
      last zone of said section;
PA1  g. periodically repeating steps (d), (e) and (f) whereby each zone of said
      unit is in successive periods incorporated into the separation section as
      the last zone thereof, subsequently periodically progressed along said
      section until it becomes the first zone thereof, and then purged ready for
      re-incorporation into the separation section in a subsequent period; and
PA1  h. recycling the gas initially exiting from said removed zone during the
      step of reducing the pressure in said zone to the inlet of the separation
      section to be passed therethrough at substantially said first pressure,
      said recycle being continued until not later than the occurrence of a
      rapid increase in concentration of said contaminant in said exit gas.
NUM  33.
PAR  33. A method as claimed in claim 32 which includes sensing the level of
      concentration of said contaminant in said exit gas and terminating the
      recycle of said exit gas when the level of contaminant rises to a
      predetermined level which is not greater than that which corresponds to
      the occurrence of said rapid increase.
NUM  34.
PAR  34. A method as claimed in claim 32 which includes sensing the pressure of
      said exit gas and terminating the recycle of said exit gas when said
      pressure drops to a predetermined pressure which is not lower than the
      pressure at which said rapid increase in concentration of contaminant
      occurs.
NUM  35.
PAR  35. A method as claimed in claim 32 in which said recycle is terminated at
      the end of a predetermined time interval after the commencement of the
      evacuation procedure of step (f), the length of said time interval being
      at most the length of the time interval at which said rapid increase of
      concentration of contaminant occurs.
NUM  36.
PAR  36. Apparatus for separating a purified gas from a mixture thereof with at
      least one gaseous contaminant, said apparatus comprising an adsorption
      unit comprising a plurality of adsorption zones for adsorbing said
      contaminant from said mixture and means for regenerating adsorbent, said
      adsorption unit including
PA1  at least three compartments for adsorbent, each having a gas inlet and a
      gas outlet for gas to be passed through adsorbent in the compartment, each
      compartment forming a separately isolatable adsorption zone,
PA1  an inlet for the gas mixture to be separated in said unit,
PA1  an outlet for purified gas,
PA1  an inlet manifold connected to the inlet for the gas mixture,
PA1  a purified gas outlet manifold connected to the outlet for the purified
      product,
PA1  said regenerating means comprising means for evacuating the adsorption
      zones,
PA1  first conduit means for connecting the inlet of each compartment to the
      inlet manifold, with an inlet valve in the conduit between each
      compartment inlet and the inlet manifold,
PA1  second conduit means for connecting the outlet from each compartment to the
      purified gas manifold, with an outlet valve in the conduit between each
      compartment outlet and the outlet manifold,
PA1  third conduit means for connecting the interior of each compartment to said
      evacuating means, there being a valve between each compartment interior
      and the evacuating means, and
PA1  fourth conduit means adapted to connect the compartments together for flow
      of gas therethrough with the outlet of each compartment connected to the
      inlet of the next compartment, there being a valve in the conduit between
      the outlet of each compartment and the inlet of the next compartment, said
      valves being arranged such that at least a first and a second of said
      compartments are connected in series to provide a separation section
      between the inlet manifold and the outlet manifold for flow of gas
      therethrough and in that order with respect to the gas flow, and at least
      a third compartment is connected to said evacuating means for regeneration
      of the adsorbent therein, and automatic valve control means adapted
      periodically to switch the valves to disconnect said third compartment
      from said evacuating means and connect it in series with said second
      compartment in said separation section to form the last compartment in
      said section, expressed in terms of flow of gas therethrough and
      disconnect said first compartment from said separation section and connect
      it to said evacuating means for regeneration of the adsorbent therein.
NUM  37.
PAR  37. Apparatus as claimed in claim 36 further including gas compressor means
      having a gas inlet communicating with the gas exhaust of said evacuating
      means and a compressed gas outlet communicating with the inlet to said
      separation section, waste gas conduit means also communicating with said
      gas exhaust, valve means adapted to direct gas evacuated from said third
      compartment by said evacuating means to the one or the other of said
      compressor inlet and said waste gas conduit means and valve control means
      adapted to control the valve means to direct the gas initially to said
      compressor inlet and subsequently to divert the gas to said waste gas
      conduit means at or before the occurrence of a rapid increase in the
      concentration of contaminant in said gas.
NUM  38.
PAR  38. Apparatus as claimed in claim 37 wherein said valve control means
      comprise sensor means for sensing the level of concentration of
      contaminant in said gas and means responsive to said sensor means to
      operate the valve to direct the gas to said compressor inlet when said
      sensed level is below a predetermined level and to direct the gas to said
      waste conduit means when said sensed level exceeds said predetermined
      level.
NUM  39.
PAR  39. Apparatus as claimed in claim 37 wherein said valve control means
      comprise sensor means for sensing the pressure of said gas and means
      responsive to said sensor means to operate the valve to direct the gas to
      said compressor inlet when said sensed pressure exceeds a predetermined
      level and to direct the gas to said waste conduit means when said sensed
      level is below said predetermined level.
NUM  40.
PAR  40. Apparatus as claimed in claim 37 wherein said valve control means
      comprises timing means adapted to operate said valve to divert the gas
      from said compressor inlet to said waste conduit means at a predetermined
      time after the commencement of evacuation of said third compartment.
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ABST
PAL  Sulfur compounds oxidizable to form sulfuric acid and organic compounds
      oxidizable to CO.sub.2 and H.sub.2 O are removed from an exhaust gas of a
      contact-process plant for producing sulfuric acid by treating the exhaust
      gas with a scrubbing solution consisting of dilute sulfuric acid and
      peroxydisulfuric acid. The peroxydisulfuric acid is produced
      electrolytically from fresh dilute sulfuric acid and the resulting
      electrolyte is continuously introduced into the scrubbing acid cycle. The
      exhaust gas is treated in a vertical venturi with uniflow, i.e.
      codirectional flow of the gas and the scrubbing solution, and the gas is
      then passed through a horizontal venturi and subsequently upwardly through
      a packing layer.
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present Application is related to the commonly assigned copending
      application Ser. No. 308,849 filed Nov. 22, 1972 and entitled METHOD OF
      REMOVING GASEOUS IMPURITIES FROM WASTE GASES now abandoned. The latter
      application relates to subject matter disclosed and claimed in copending
      application Ser. No. 74,629 filed Sept. 23, 1970 now abandoned, commonly
      assigned copending application Ser. No. 188,127 filed Oct. 12, 1971, and
      commonly assigned copending application Ser. No. 188,128 filed Oct. 12,
      1971, now U.S. Pat. Nos. 3,780,499 and 3,788,043 respectively, all dealing
      with absorption systems and gases containing sulfur oxides and naming one
      or more of the present joint inventors.
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a process for the removal of sulfur
      compounds oxidizable to form sulfuric acid and organic compounds
      oxidizable to form CO.sub.2 and H.sub.2 O from the exhaust gases produced
      by contact-process plants for making sulfuric acid.
PAC  BACKGROUND OF THE INVENTION
PAR  As pointed out in application Ser. No. 308,849, sulfur-containing gases and
      particulates are a major problem in modern societies because they are
      released into the atmosphere from many sources and are highly toxic to the
      population, to vegetation and to metal, stone and other structures.
PAR  In the combustion of fuel oil and coal, for example, elemental sulfur and
      sulfur oxides may be released into the atmosphere.
PAR  From chemical plants, organic sulfur compounds, hydrogen sulfide and sulfur
      oxides may be released into the atmosphere.
PAR  In sulfuric acid plants, the waste gases following the final absorption may
      contain toxic or dangerous quantities of residual sulfur dioxide and
      sulfur trioxide.
PAR  In the roasting of metal and other metallurgical processes, the release of
      elemental sulfur, and sulfur compounds, especially sulfur oxides, has long
      been a problem.
PAR  Consequently, considerable effort has been made to obtain an efficient,
      low-cost system for removing sulfur compounds from waste gases and capable
      of minimizing the release of such gases into the atmosphere.
PAR  A large number of processes have been suggested for this purpose as
      described, for example, in the literature references cited in application
      Ser. No. 308,849. These processes include washing the gas with sodium
      carbonate solution followed by crystallization of sodium sulfite, washing
      the gas with a magnesia slurry followed by crystallization and recovery of
      the magnesia as well as concentrated sulfur dioxide, washing the gas with
      gaseous potassium sulfite which is then recovered by stripping from the
      precipitated pyrosulfite. More complex and extensive systems may also be
      mentioned here, although they have been more or less fully described in
      the aforementioned copending applications as representing the state of the
      art. Suffice it to say that it has been discovered by some of the present
      applicants jointly with another, as decribed in application Ser. No.
      308,849, that waste gases can be economically treated with a dilute
      sulfuric acid containing peroxydisulfuric acid in such manner that sulfur
      trioxide results. A critical feature of the system described in the
      last-mentioned application is that the peroxydisulfuric acid level in the
      treating solution is replenished by the electrolysis of fresh dilute
      sulfuric acid (electrolysis-cell acid) with the peroxydisulfuric acid
      solution thus produced being mixed with dilute sulfuric acid to form the
      gas-treating liquor. The peroxydisulfuric acid which decomposes upon
      treatment of the gas, the sulfuric acid formed by absorption of the sulfur
      trioxide in the dilute sulfur acid and the dilute sulfuric acid serving as
      the treatment vehicle and absorber can thus be drawn off without recycling
      to the electrolysis cell.
PAR  Best results were obtained using this system with gas streams containing
      sulfur dioxide and those with the exhaust gases of combustion
      installations such as furnaces, metal or roasting plants and sulfuric acid
      plants.
PAR  The system of application Ser. No. 308,849 may be used, in addition, to
      remove sulfur-containing impurities other than sulfur dioxide from an
      exhaust gas. It has been found that inorganic sulfur compounds containing
      sulfur in an oxidation state in which it can be oxidized to elemental
      sulfur and/or to sulfur dioxide can be removed with that system. For
      example, inorganic sulfides and hydrogen sulfide can be treated with the
      peroxydisulfuric acid solution and oxidized to elemental sulfur and
      eventually sulfur trioxide.
PAR  The peroxydisulfuric acid concentration was preferably between 200 and 300
      grams of peroxydisulfuric acid per liter in the cell acid, most
      advantageously between 240 and 260 grams per liter. At these
      concentrations a high yield or efficiency was obtained and practically no
      water was introduced into the system so that local overheating and thermal
      degradation of the peroxydisulfuric acid was avoided.
PAR  The dilute sulfuric acid had a concentration of 25 to 60% by weight, this
      concentration giving the efficient washing and absorption characteristics.
      Sulfur trioxide, present in the exhaust gas, and/or sulfuric acid mist
      (which is generally present when the exhaust gas is derived from a
      sulfuric acid plant) can be removed simultaneously in spite of the fact
      that these components are not oxidized. The exhaust gas may contain
      organic compounds which are oxidized by the peroxydisulfuric acid system
      to carbon dioxide and water vapor.
PAR  The gas was treated with the liquid phase in uniflow by passing the gas
      phase and the liquid phase jointly through the constriction of a venturi
      absorber. As described in applications Ser. Nos. 74,629, 188,127 and
      188,128 and in our earlier individual and joint efforts, for reasons which
      are not fully understood the intimate contact produced by forcing the
      liquid phase jointly through a construction and thereafter permitting the
      mixture of the two phases to expand past the constriction yields a far
      more effective interaction of the two phases than can be obtained with
      theoretically equivalent washing towers in which the gas and liquid have
      similar contact times and interflow velocity. The gas, after the treatment
      with and separation from dilute sulfuric acid, was conducted through a
      droplet separator designed to avoid entraining of acid droplets along with
      the gas. The droplet separator was a packed bed traversed by the gas and
      from an impingement, collector and interaction surfaces which not only
      prevent passage of the acid droplets through the layer but also bring
      about an intimate contact of the gas phase with the acid in the form of a
      liquid film of the latter or so-called after-absorption and
      after-reaction.
PAR  Where the gas is passed upwardly through a filter bed of this type, the
      lowermost layer consisted of a porous packing bed with particles of a
      particle size of 5 to 20 millimeters, preferably 9 to 15 millimeters. In
      this layer precipitation and removal of entrained acid droplets occurs.
      The packing bodies are coated with a liquid film in which the
      aforementioned after-absorption takes place. When this liquid film tends
      to become thicker, the sulfuric acid droplets fall from the layer. The
      rising gas stream and the pore size maintain a thin liquid layer above the
      packing mass.
PAR  The after-absorption is preferably effected in a layer having a height of
      50 to 200 millimeters, preferably 80 to 120 millimeters, this bed height
      having been found to provide after-absorption with a minimum of increased
      flow resistance. The gas velocity furing after-absorption was 1 to 2.5
      meters per second, preferably 1.3 to 1.7 meters per second.
PAR  After traversing the after-absorption layer of a thickness of 50 to 200
      millimeters and composed of porous packing bodies with a particle size of
      5 to 20 millimeters at a gas velocity of 1 to 2.5 meters per second, the
      gas passed through a layer of acid-resistance nonporous packing bodies
      with a particle size of 20 to 50 millimeters in an after-absorption stage,
      the latter overlying the after-absorption bed.
PAR  The after-separation bed not only loads the after-absorption bed to prevent
      migration of the packing bodies but also provides impingement-type
      liquid-separation surfaces together with narrower and random channels in
      which residual droplets of acid may be separated from the gas phase. The
      after-separation bed has a thickness of 50 to 150 millimeters, preferably
      80 to 120 millimeters, a range which has been found to be effective for
      efficient separation of the residual liquid from the gas phase without
      materially increasing the flow resistance.
PAR  It was found to be desirable to treat the gas (containing sulfur compounds
      and other compounds oxidizable by peroxydisulfuric acid to sulfur dioxide,
      carbon dioxide and water vapor) with a dilute sulfuric acid containing the
      peroxydisulfuric acid in a venturi-type apparatus in uniflow, i.e. a
      system in which the gas and liquid phases flow in the same direction. The
      venturi absorber was provided ahead of the venturi constriction and
      expansion chamber with a liquid-collecting chamber and means for diverting
      the gas stream from its axial flow direction as it emerges from the
      venturi chamber. The gas stream was diverted by an angle of 90.degree. or
      more, thereby causing droplets of high kinetic energy to pass through the
      bodies of liquid in the bath disposed ahead of the venturi outlet. The
      venturi absorber was preferably oriented vertically so that its outlet was
      directed downwardly into this bath and the expansion chamber was provided
      with lateral outlets above the bath so that the main body of gas is first
      directed downward toward the bath and is then diverted upwardly and
      laterally to shed larger droplets and high-energy particles.
PAR  The acid collected in the sump was in part recirculated to the venturi. It
      was also advantageous to pass the gas phase into contact with the
      peroxydisulfuric acid/dilute sulfuric acid liquid phase by forcing the gas
      upwardly through a gas-permeable plate upon which the acid layer was
      provided. The gas-permeable plate was composed of a porous material such
      as sintered glass or porcelain. The gas permeability, gas-flow velocity
      and volume were so dimensioned that little or no sulfuric acid solution
      passed through the plate. Best results were obtained when the
      after-absorber and after-separator beds of packing were provided upon the
      perfoated plate or upon respective prerforated plates in cascade.
PAR  The parts of the apparatus which came into contact with the acid solution
      were constituted from or were coated with acid resistance, preferably
      polyvinil chloride.
PAC  OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide an improved
      method of removing gaseous impurities from the waste gases of a
      contact-process plate for producing sulfuric acid.
PAR  Another object of the invention is to extend the principles originally set
      forth in application Ser. No. 308,849.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, this object is accomplished in that the exhaust
      gas is treated in a vertical venturi tube with cocurrent injected
      circulating scrubbing acid from the sump of the venturi tube, at least
      part of the injected scrubbing acid being separated and collected in the
      sump of the venturi tube.
PAR  The gas is conducted into a substantially horizontal venturi tube disposed
      between the sump and the outlet opening of the vertical venturi tube and
      opening into a tower, the gas being treated in the horizontal venturi tube
      with cocurrent injected circulating scrubbing acid from the sump of the
      tower.
PAR  The injected scrubbing acid is separated and is collected in the sump of
      the tower; the gas rising in the tower, which contains a packing layer, is
      treated with countercurrent circulating scrubbing acid coming from the
      sump of the tower and injected above the packing layer, and with the added
      acid electrolyte which contains peroxydisulfuric acid, and the acids fed
      into the tower are separated and are collected to the sump of the tower.
PAR  Preferably a large part of the circulating scrubbing acid injected into the
      vertical venturi tube is separated and is collected in the sump of this
      venturi tube since even the scrubbing acid which has been entrained into
      the inlet of the substantially horizontal venturi tube as far as the
      throat thereof is recycled.
PAR  The separation and recycling of the scrubbing acid which has been entrained
      to the narrowest part or throat of the substantially horizontal venturi
      tube from the vertical venturi tube may be accomplished by downwardly
      inclining the gas outlet conduit from the vertical venturi tube, or by the
      provision of baffles in the gas outlet conduit and by the provision of
      drain openings in the lower portion of the gas outlet conduit or in the
      inlet portion of the substantially horizontal venturi tube. These drain
      openings are connected by conduits to the sump of the vertical venturi
      tube.
PAR  As a result of these measures, which may be used individually or in
      combination, a major portion of the scrubbing acid entrained from the
      vertical venturi tube is separated and conducted into the sump of that
      venturi tube so that the scrubbing acid cycles can be separated to a high
      degree.
PAR  Advantageously, a large part of the circulating scrubbing acid injected
      into the vertical venturi tube is separated and is collected in the sump
      of the venturi tube because a packing layer is provided below the outlet
      opening of the venturi tube and above the inlet opening of the
      substantially horizontal venturi tube. This packing layer has a thickness
      of about 10-20 centimeter. The high turbulence produced in that layer also
      promotes the separation of the scrubbing acid, which is then collected in
      the sump of the vertical venturi tube.
PAR  Scrubbing acid can be transferred from the sump of the tower via an
      overflow into the sump of the vertical venturi tube in a quantity which
      corresponds to the added electrolyte acid containing peroxydisulfuric acid
      and to the sulfuric acid formed as an oxidation product in the
      substantially horizontal venturi tube. In this simple way, a constant
      level is maintained in the tower sump and the entire system is operated in
      countercurrent of liquid and gas flow so that the active oxygen is
      optimally utilized. Besides, a steady-state concentration of active oxygen
      in the sump of the vertical venturi tube is maintained constant.
PAR  The steady-state sulfuric acid concentration of the scrubbing acid in the
      sump of the vertical venturi tube is held constant by an addition of
      water. As a result, the evaporative loss of water is compensated and the
      heat of the resulting mixture is utilized for a hydrolysis of the residual
      peroxydisulfuric acid in the sump of the vertical venturi tube.
PAR  The level of the sump in the vertical venturi tube is held constant by a
      withdrawal of scrubbing acid, which contains the oxidation product, from
      the sump. In that case, the product is withdrawn from the system at a
      point where the content of residual active oxygen is lowest.
PAR  Different concentrations of sulfuric acid are maintained in the cycles of
      the circulating scrubbing acid, the highest concentrations of sulfuric
      acid and active oxygen being provided in the acid which is sprayed into
      the tower, a lower concentration being provided in the acid which is
      injected into the substantially horizontal venturi tube, and the lowest
      concentration being provided in the acid which is injected into the
      vertical venturi tube. This results in an optimum oxidation of SO.sub.2
      and/or of other oxidizable gas components and an optimum utilization of
      the active oxygen supplied to the system.
PAR  The electrolyte acid which emerges from the electrolytic unit and contains
      peroxydisulfuric acid consists of sulfuric acid which has a concentration
      of 30 - 50% by weight H.sub.2 SO.sub.4, preferably 35 - 40% by weight
      H.sub.2 SO.sub.4, and contains 180 - 350 grams, preferably 200 - 300
      grams, peroxydisulfuric acid per liter. These concentrations give very
      good results in operation.
PAR  Advantageously, the acid electrolyte which contains peroxydisulfuric acid
      is held in intermediate storage to increase the hydrolysis of the
      peroxydisulfuric acid. The increased hydrolysis of H.sub.2 S.sub.2 O.sub.8
      to H.sub.2 SO.sub.5 and H.sub.2 SO.sub.4 results in a higher rate of
      oxidation of the gas components in the succeeding scrubber. Besides, the
      intermediate storage provides for a supply from which acid electrolyte
      which contains active oxygen can be withdrawn immediately at a suitable
      rate in case of fluctuations of the gas rate. Besides, the high SO.sub.2
      content of the exhaust gas from a sulfuric acid contact process plant when
      being started up, may be absorbed in that the entire system is filled from
      the supply tank with electrolyte acid containing a high concentration of
      active oxygen so that there is initially a high content of active oxygen
      in all absorption stages.
PAR  The intermediate storage is continued until a hydrolysis of 30 - 90% has
      been effected. That degree of hydrolysis gives good results in operation.
PAR  The stationary steady-state concentration of the scrubbing acid in the sump
      of the tower most desirably amounts to 30 - 50% by weight, preferably 38 -
      45% by weight, sulfuric and a molar concentration of active oxygen
      0.4-1.26 moles, preferably 0.6-1.0 moles per liter. High degrees of
      oxidation are obtained with these concentrations.
PAR  The stationary steady-state concentration of the scrubbing acid in the sump
      of the vertical venturi tube is advantageously 25 - 40% by weight sulfuric
      acid, preferably 28 - 32% by weight, and the active oxygen has a
      concentration of 0.06-0.3 moles per liter, preferably 0.1 - 0.15 moles per
      liter. A relatively high water vapor partial pressure in the gas phase and
      high degrees of oxidation are obtained with these concentrations.
PAR  The residence time of the scrubbing acid which contains the residual
      peroxydisulfuric acid in the sump of the tower and in the sump of the
      vertical venturi tube is adjusted so that 20 - 90% of the residual
      peroxydisulfuric acid are hydrolyzed in each sump. The further hydrolysis
      of H.sub.2 S.sub.2 O.sub.8 to H.sub.2 SO.sub.5 and H.sub.2 SO.sub.4
      improves the degree of oxidation. Besides, the volumes of the sumps can be
      dimensioned such that the higher SO.sub.2 content of the exhaust gases
      produced during the starting period of the contact process plant can be
      absorbed because an adequate supply of active oxygen is available.
PAR  The included angle at the outlet of the vertical venturi tube and of the
      substantially horizontal venturi tube is 10.degree. - 20.degree.,
      preferably 14.degree. - 17.degree.. As a result, the total gas pressure
      loss in the venturi tube is minimized and, in addition to the venturi
      effect proper, a turbulence is created to provide for an optimum
      gas-liquid interface allowing an optimum degree of oxidation.
PAR  The gas is passed through the entire system with an average retention time
      of 2 - 4 seconds. This retention time allows a high degree of oxidation
      while keeping the dimensions of the equipment at a minimum.
PAR  The withdrawn scrubbing acid which contains the oxidation product is
      supplied to the final absorber of the contact process plant. In this way,
      the residual active oxygen withdrawn from the system is utilized for an
      oxidation in the final absorber of the contact process plant and the
      content of oxidizable compounds in the exhaust gases is reduced before
      they enter the system.
PAR  The quantity of peracids depends on the oxidation equivalent of the exhaust
      gas components to be oxidized and on the desired degree of oxidation and
      the desired purity of the exhaust gases.
PAR  The packing layer in the tower has suitably a thickness of 40-80
      centimeters. This results in a high degree of oxidation and in a
      relatively low gas pressure loss.
PAR  The outlet opening of the tower is preceded by a wire mesh filter which
      provides for a good separation of entrained liquid in conjunction with a
      low pressure loss.
PAR  The entire system can be made to a large extent from plastic or
      synthetic-resin material
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which the
      sole FIGURE is a flow diagram illustrating the invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  A mixing vessel 3 is supplied with sulfuric acid through conduit 1 and with
      diluent water through conduit 2. The dilute sulfuric acid is used as
      electrolyte acid and is supplied through conduit 4 into the cathode space
      5 of the electrolytic unit. The acid electrolyte flows through conduit 6
      over filter 7 for an intermediate purification and through conduit 8 into
      the anode space 9 of the electrolytic unit. The electrolyte acid which
      contains peroxydisulfuric acid flows through conduit 10 into a supply
      container 11 for an intermediate storage to increase the degree of
      hydrolysis. Scrubbing acid which contains active oxygen is supplied
      through conduit 12 into the scrubbing acid cycle at the required rate.
PAR  The exhaust gas 13 from the final absorber of the contact process plant for
      producing sulfuric acid is fed into the head of the vertical venturi tube
      14. Through the nozzle 15, circulating scrubbing acid is injected into the
      head of the venturi tube 14 and is mixed with the exhaust gas. A packing
      layer 16 is disposed below the outlet opening of the venturi tube 14. In
      this layer 16, the gas and scrubbing acid are further mixed and the
      injected scrubbing acid is separated.
PAR  A large part of the injected scrubbing acid is collected in the sump 17 of
      the venturi tube 14. The circulating scrubbing acid which contains active
      oxygen is pumped from the sump 17 through conduit 18, pump 19 and conduit
      20 to the nozzle 15. The gas leaves the venturi tube 14 and enters the
      inlet pipe 21 of the substantially horizontal venturi tube 22.
PAR  The inlet pipe 21 is downwardly inclined, and drain openings 23 are
      installed in the lower part of the inlet pipe 21 and of the inlet portion
      of the venturi tube 22 and are connected to the sump 17 by return conduits
      24. As a result, a large part of the scrubbing acid entrained from the
      venturi tube 14 into the venturi tube 22 is separated and flows into the
      sump 17. Through the nozzle 25, circulating scrubbing acid is injected
      into the venturi tube 22 and mixed with the gas. The mixture of gas and
      scrubbing acid enters the tower 26.
PAR  A large part of the scrubbing acid which has been injected into the venturi
      tube 22 is separated already in the lower part of the tower 26 and enters
      the sump 27. The gas rises through the packing layer 28.
PAR  Circulating scrubbing acid which contains active oxygen is pumped from the
      sump 27 through conduit 29, pump 30 and conduit 31 to the nozzle 25 and
      through conduit 32 to the nozzle 33 in the upper part of the tower 26.
      Electrolyte acid which contains active oxygen is also supplied from the
      container 11 through conduit 12 to the nozzle 33. The circulating
      scrubbing acid and acid electrolyte supplied into the tower trickle
      through the packing layer 28 into the sump 27.
PAR  The gas outlet 34 is preceded by a wire mesh filter 35, in which residual
      acid is separated from the gas and drips onto the packing layer 28. The
      purified gas 36 is discharged into the atmosphere. Scrubbing acid from the
      sump 27 is transferred over the overflow 37 into the sump 17. The
      scrubbing acid flows over at a rate which corresponds to the rate at which
      electrolyte acid containing active oxygen is supplied to the tower plus
      the rate at which sulfuric acid is produced by oxidation in the tower 26
      and the venturi tube 22. Water is supplied through conduit 38 into the
      sump 17 of the venturi tube 14. The rate is controlled so that a
      steady-state concentration of sulfuric acid in the sump 17 remains
      constant. Scrubbing acid which contains the oxidation product is withdrawn
      through conduit 39. The rate is controlled so that the level in the sump
      17 remains constant. The withdrawn acid is supplied to the final absorber
      of the contact process plant where the residual active oxygen is utilized
      for oxidation.
PAR  The advantages afforded by the invention reside mainly in that a conversion
      of 95% and more of SO.sub.2, depending on the rate at which active oxygen
      is added, may be obtained so that the purified gas contains less than 50
      ppm SO.sub.2, and that the 70-90% of the sulfuric acid mist contained in
      the exhaust gas are absorbed. This extreme purification of the exhaust gas
      is accomplished with a small dimensioning of equipment and with a
      relatively high economy and results in a true increase of the total
      production of the sulfuric acid plant. Only electric energie is consumed
      as an operating supply; all other components are supplied from and
      returned to the cycle of the contact process plant for producing sulfuric
      acid. The water which is supplied is used to adjust the concentration in
      the acid cycles of the contact process plant. The residual active oxygen
      contained in the product which is withdrawn, is utilized in the final
      absorber so that virtually no active oxygen is lost. The pressure loss is
      low.
PAR  Because the cooling water for the electrolytic unit is only slightly
      heated, it may be used in the contact process plant, e.g. in the coolers
      for the acid cycles. In the purification of exhaust gases that have been
      used for reconcentration of acid, organic components and nitrous gases are
      oxidized in addition to the sulfur compounds.
PAR  The compact and simple installation requires only a small space and may be
      made to a large extent from plastic material. It may well be integrated in
      contact process plants.
TBL  __________________________________________________________________________
     Examples:                                                                 
     The Position Nos.            I    II   III  IV                            
     correspond to the drawing                                                 
     __________________________________________________________________________
     Pos. 13                                                                   
           gas volume    m.sup.3 /h (STP)                                      
                                  10 000                                       
                                       10 000                                  
                                            10 000                             
                                                 10 000                        
           SO.sub.2 -content                                                   
                         ppm SO.sub.2                                          
                                  550  600  850  1 050                         
           gas temperature                                                     
                         .degree.C                                             
                                  76   75   76   76                            
     Pos. 36                                                                   
           SO.sub.2 -content                                                   
                         ppm SO.sub.2                                          
                                  51   47   98   105                           
           gas temperature                                                     
                         .degree.C                                             
                                  32   34   35   35                            
           gas retention time     3    3    3    3                             
           in system                                                           
           sec                                                                 
     Pos. 12                                                                   
           composition of                                                      
           the peroxidsulfuric                                                 
           acid                                                                
           a) active oxygen                                                    
            calculated as                                                      
            H.sub.2 S.sub.2 O.sub.2                                            
                         gH.sub.2 S.sub.2 O.sub.8 /liter                       
                                  220  220  220  220                           
           b) H.sub.2 SO.sub.4 -content                                        
                         % H.sub.2 SO.sub.4                                    
                                  41   45   45   45                            
           c) degree of hydro-                                                 
            lysis H.sub.2 SO.sub.5 /                                           
            H.sub.2 S.sub.2 O.sub.8                                            
                         %        10   70   70   70                            
     Pos. 27                                                                   
           stationary stead-state                                              
           composition of scrubbing                                            
           acid                                                                
           a) molar concentra-                                                 
                         mol/liter                                             
                                  0.62 0.50 0.40 0.40                          
             tion of active oxygen                                             
           b) H.sub.2 SO.sub.4 -concentra-                                     
             tion        %H.sub.2 SO.sub.4                                     
                                  42   43   45   45                            
           c) degree of hydro-                                                 
            lysis H.sub.2 SO.sub.5 /                                           
            H.sub.2 S.sub.2 O.sub.8                                            
                         %        40   40   40   40                            
     Pos. 17                                                                   
           stationary steady-                                                  
           state composition                                                   
           of scrubbing acid                                                   
           a) molar concentration                                              
            of active oxygen                                                   
                         mol/liter                                             
                                  0.12 0.08 0.06 0.06                          
           b) H.sub.2 SO.sub.4 -concentra-                                     
                         % H.sub.2 SO.sub.4                                    
                                  31   32   32   32                            
            tion                                                               
           c) degree of hydro-                                                 
            lysis H.sub.2 SO.sub.5 /                                           
            H.sub.2 S.sub.2 O.sub.8                                            
                         %        30   30   30   30                            
     Pos. 14                                                                   
           included angle                                                      
                         .degree.C                                             
                                  11   11   11   11                            
           at the venturi                                                      
     Pos. 22                                                                   
           included angle                                                      
                         .degree.C                                             
                                  15   15   15   15                            
           at the venturi                                                      
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of removing sulfur compounds oxidizable to form sulfuric
      acid and organic compounds oxidizable to form carbon dioxide and water
      from an exhaust gas of a contact-process plant for the production of
      sulfuric acid, wherein:
PA1  the exhaust gas is treated in a scrubbing cycle with a recirculated
      scrubbing acid consisting of a mixture of dilute sulfuric acid and
      peroxydisulfuric acid,
PA1  the peroxydisulfuric acid is produced by electrolyzing continuously dilute
      sulfuric acid,
PA1  the peroxydisulfuric acid is added to the scrubbing-acid cycle and the
      scrubbing acid takes up sulfuric acid formed as an oxidation product, and
PA1  the scrubbing acid is withdrawn from the cycle to remove the oxidation
      product, the improvement which comprises the steps of:
PA1  treating said gas in a vertical venturi tube and in uniflow with
      circulating scrubbing acid collected in a sump below said venturi tube;
PA1  passing the gas into a substantially horizontal venturi tube between said
      vertical tube and said sump, said horizontal venturi tube opening into an
      upwardly extending tower;
PA1  treating the gas in said horizontal venturi tube in uniflow with
      circulating scrubbing acid collected at the base of said tower and
      separating scrubbing acid from the gas in said tower for collection at the
      base thereof;
PA1  passing the gas together with entrained scrubbing acid through a packing
      layer and treating the gas in said packing layer with a countercurrent
      flow of circulating scrubbing acid from the base of said tower and
      introduced above said packing layer;
PA1  introducing the peroxydisulfuric acid into the scrubbing acid cycle by
      injecting it into said tower above said layer;
PA1  said peroxy disulfuric acid being produced from fresh dilute sulfuric acid
      independently of the acid circulated from the base of said tower;
PA1  the acid collected at the base of said tower being exclusively fed in a
      first part to said tower above said packing layer, a second part to said
      horizontal venturi tube and in a third part to the sump of said vertical
      venturi tube; and
PA1  maintaining the scrubbing acid level in the base of said tower
      substantially constant by continuously transferring to said sump as said
      third part a quantity of scrubbing acid equal to the quantity of added
      peroxydisulfuric acid and sulfuric acid in said tower and to the sulfuric
      acid formed as an oxidation product therein.
NUM  2.
PAR  2. The improvement defined in claim 1 wherein a large part of the scrubbing
      acid injected into said vertical venturi tube is collected in said sump,
      the balance being entrained with said gas to said horizontal venturi tube,
      said improvement further comprising the step of trapping at least a
      portion of said balance of scrubbing acid in pockets along the inlet
      portion of said horizontal venturi tube and returning the trapped
      scrubbing acid to said sump.
NUM  3.
PAR  3. The improvement defined in claim 1, further comprising the step of
      separating a substantial portion of the scrubbing acid injected into said
      vertical venturi tube from said gas upon emergence of said gas from said
      vertical venturi tube by passing said gas through a packing layer between
      said vertical venturi tube.
NUM  4.
PAR  4. The improvement defined in claim 1, further comprising the step of
      maintaining the scrubbing acid level in the base of said tower
      substantially constant by continuously transferring to said sump a
      quantity of scrubbing acid equal to the quantity of added peroxydisulfuric
      acid and sulfuric acid in said tower and to the sulfuric acid formed as an
      oxidation product therein.
NUM  5.
PAR  5. The improvement defined in claim 1, further comprising the step of
      maintaining the sulfuric acid concentration in said sump at a
      substantially constant steady-state concentration by adding water to said
      scrubbing acid in said sump.
NUM  6.
PAR  6. The improvement defined in claim 5, further comprising the step of
      maintaining the level of scrubbing acid in said sump constant by
      continuously withdrawing scrubbing acid therefrom.
NUM  7.
PAR  7. The improvement defined in claim 1 wherein the scrubbing acid in said
      tower and in said vertical venturi tube have different concentrations of
      sulfuric acid, the highest sulfuric acid concentration being provided in
      the scrubbing acid above said layer in said tower, a lower sulfuric acid
      concentration being provided for the scrubbing acid in said horizontal
      venturi tube and the lowest concentration of sulfuric acid being
      maintained in the scrubbing acid injected into said vertical venturi tube.
NUM  8.
PAR  8. The improvement defined in claim 1 wherein the peroxydisulfuric acid is
      introduced into said tower in a solution having a concentration of 30 to
      50% sulfuric acid and 180 to 350 g/liter peroxydisulfuric acid.
NUM  9.
PAR  9. The improvement defined in claim 8 wherein the peroxydisulfuric acid is
      introduced into said tower in a solution having a concentration of 35 to
      40% sulfuric acid and containing 200 to 300 g/liter of peroxydisulfuric
      acid.
NUM  10.
PAR  10. The improvement defined in claim 8 wherein the solution containing
      peroxydisulfuric acid is held in intermediate storage following its
      production by electrolysis to increase the hydrolysis of peroxydisulfuric
      acid.
NUM  11.
PAR  11. The improvement defined in claim 10 wherein the solution containing
      peroxydisulfuric acid is held in intermediate storage prior to
      introduction into said tower for a period sufficient to effect a degree of
      hydrolysis between 30 and 90% of the peroxydisulfuric acid.
NUM  12.
PAR  12. The improvement defined in claim 11 wherein a steady-state
      concentration of the scrubbing acid is maintained in the base of said
      tower at 30 to 50% sulfuric acid and a molar concentration of active
      oxygen of 0.4 to 1.26 moles of active oxygen per liter.
NUM  13.
PAR  13. The improvement defined in claim 12 wherein the steady-state
      concentration of sulfuric acid in the scrubbing acid at the bottom of said
      tower is 38 to 45% and the molar concentration of active oxygen is
      substantially 0.6 to 1.0 moles per liter.
NUM  14.
PAR  14. The improvement defined in claim 12 wherein the scrubbing acid in said
      sump has a steady-state sulfuric acid concentration of 25 to 40% and a
      molar concentration of active oxygen of 0.06 to 0.3 moles per liter.
NUM  15.
PAR  15. The improvement defined in claim 14 wherein the sulfuric acid
      concentration in said sump is 28 to 32% and the active oxygen
      concentration is 0.1 to 0.15 moles per liter.
NUM  16.
PAR  16. The improvement defined in claim 14 wherein the residence time of the
      scrubbing acid at the bottom of said tower is selected to effect 20 to 90%
      hydrolysis of the residual peroxysulfuric acid.
NUM  17.
PAR  17. The improvement defined in claim 16 wherein the residence time of the
      scrubbing acid in said sump is selected to effect 20 to 90% hydrolysis of
      the residual peroxydisulfuric acid therein.
NUM  18.
PAR  18. The improvement defined in claim 17 wherein said venturi tubes have
      outlets with included angles of substantially 10.degree. to 20.degree..
NUM  19.
PAR  19. The improvement defined in claim 18 wherein said included angles are
      between 14.degree. and 17.degree., inclusive.
NUM  20.
PAR  20. The improvement defined in claim 18 wherein the gases pass through said
      tubes and said tower with an average residence time of 2 to 4 seconds.
NUM  21.
PAR  21. The improvement defined in claim 20, further comprising the step of
      feeding the withdrawn scrubbing acid to a final absorber of a
      contact-process plate for the production of sulfuric acid.
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ABST
PAL  Pollution control apparatus is provided for use in scrubbing a gas, which
      is normally vented to the atmosphere, with a liquid, which apparatus
      embodies in one unit a section to remove solid particulates and entrained
      liquid from the gas, as well as a packed tower scrubbing section for
      removing noxious gaseous components from the gas. The apparatus is
      comprised of an outer shell; and an inner shell disposed within and spaced
      from the outer shell, the inner shell defining an inner contact zone and
      the space between the inner shell and the outer shell defining an outer
      contact zone; liquid feed means for introducing liquid into the inner
      contact zone; gas feed means for introducing a gas into contact with the
      liquid in the inner contact zone and for introducing the gas into the
      outer contact zone; outlet means for liquid; and outlet means for
      processed gas. The inner contact zone preferably includes a packing
      material.
PAL  In addition, a process for scrubbing of a gas with a liquid is provided
      wherein apparatus as described above is employed.
BSUM
PAR  The present invention relates to an apparatus and a process for contacting
      first and second fluids. More particularly, this inventon relates to
      apparatus and process for scrubbing a gas, which is normally vented to the
      atmosphere, with a liquid in order to remove pollutants from the gas
      thereby reduce or substantially eliminate pollution of the atmosphere by
      such gas.
PAR  Environmental pollution control has become a topic of great concern to the
      world at large. The result is that a world-wide effort is now underway
      involving the expenditure of untold sums of money for research and
      development of environmental pollution control systems. One of the major
      areas of such research today involves the control and, possibly,
      substantial elimination of air pollution resulting from the venting of
      waste gases produced in industrial processes. The problem of air pollution
      has become exceedingly acute to industrial establishments in view of
      governmental regulations which have been enacted which impose stiff
      penalties for unlawful and indiscriminate polluting of the air.
PAR  Various types of gas cleaning systems have been developed. One of the most
      commonly used gas cleaning system is the so-called packed tower wherein
      scrubbing liquid is fed downwardly over packing material such as rings,
      cylinders, saddles, or the like and gas to be cleaned is fed
      counter-currently to the liquid and flows upwardly through the packing
      material. Such a technique has been found to be quite successful in
      separating out noxious and even poisonous gaseous components from the gas
      feed. However, such packed towers have not been particularly successful in
      removing solid particles or entrained liquid from gases. In order to
      overcome this shortcoming of packed towers, it is usually necessary to
      process the waste gases through various other pieces of equipment, such as
      filters and venturi scrubbers, cyclone separators and the like to remove
      these other solid and liquid pollutants before the gases can be vented to
      the atmosphere.
PAR  Although many different types of gas scrubbing equipment are known, it
      appears that there is no single unit or piece of equipment now available
      which is capable of removing solids, entrained liquid and noxious gaseous
      components from industrial waste gases.
PAR  In acccordance with the present invention, apparatus is provided which
      includes a single compact unit means for removing solids, entrained liquid
      and noxious gaseous pollutants from waste gases.
PAR  The apparatus of the present invention, which is especially adapted for the
      scrubbing of a gas with a liquid to remove pollutants from the gas,
      comprises an inner contact zone defining an inner fluid flow path; an
      outer contact zone disposed about the inner contact zone and defining an
      outer fluid flow path about said inner contact zone; first fluid feed
      means for introducing a first fluid into the inner contact zone; second
      fluid feed means for introducing a second fluid into contact with the
      first fluid; outlet means for first fluid; and outlet means for processed
      second fluid. The apparatus also includes an outer shell defining the
      outer periphery of the outer contact zone, and an inner shell, spaced from
      the outer shell, internal walls of which define the inner contact zone and
      the external walls of which define the inner periphery of the outer
      contact zone.
PAR  The above apparatus is designed for both counter-current and co-current
      operation.
PAR  The outer shell and inner shell may be positioned vertically or
      horizontally with respect to the ground in such a manner as to provide
      either a substantially vertical flow path or a substantially horizontal
      flow path for the fluids flowing in the outer contact zone and inner
      contact zone.
PAR  The outer contact zone is provided primarily for the removal of solid
      particulates and/or entrained liquid in the second fluid (gas) and
      functions as a gas expansion chamber and optionally as a gas cooling
      chamber.
PAR  The inner contact zone functions essentially in the same manner as a packed
      tower, and, in fact, in preferred embodiments will include a packing or
      surface contact material.
PAR  In addition, in accordance with the present invention, a process is
      provided for contacting first and second fluids, for example contacting a
      scrubbing liquid with a gas, which comprises providing a first, inner
      contact zone disposed within a second, outer contact zone, flowing a first
      fluid, such as a liquid, into the inner contact zone, flowing a second
      fluid, such as a gas, into contact with the first fluid in the inner
      contact zone, flowing second fluid into the outer contact zone, optionally
      flowing first fluid into the outer contact zone into contact with the
      second fluid and separately recovering first fluid and processed second
      fluid.
PAR  The above process may be carried out in a counter-current or co-current
      fashion as described herein, employing apparatus as described above.
PAR  The first fluid may comprise a scrubbing liquid and the second fluid may
      comprise a gas to be scrubbed substantially free of pollutants. A complete
      description of the above process will be set out in conjunction with the
      description of the accompanying drawings.
DRWD
PAR  Reference to the accompanying drawings and the following description
      thereof will serve to further clarify the apparatus and the process of the
      invention.
PAR  FIG. 1 is a perspective view, partially broken away, of a preferred
      embodiment of the apparatus of the invention employed for carrying out
      counter-current gas-liquid scrubbing operations;
PAR  FIG. 2 is a schematic, cross-sectional view of the apparatus shown in FIG.
      1 taken along the lines 2--2;
PAR  FIG. 3 is a cross-sectional view of the apparatus shown in FIG. 2 taken
      along the lines 3--3;
PAR  FIG. 4 is a schematic view of another embodiment of the apparatus of the
      invention for use in carrying out counter-current gas-liquid operations;
PAR  FIG. 5 is a cross-sectional view of the apparatus shown in FIG. 4 taken
      along the lines 5--5;
PAR  FIG. 6 is a perspective view of an apparatus in accordance with the present
      invention for use in carrying out co-current gas-liquid scrubbing
      operations;
PAR  FIG. 7 is a schematic, cross-sectional view of the apparatus shown in FIG.
      6 taken along the lines 7--7;
PAR  FIG. 8 is a cross-sectional view of the apparatus shown in FIG. 7 taken
      along the lines 8--8;
PAR  FIG. 9 is a schematic, cross-sectional view of another embodiment of the
      apparatus of the invention employed in carrying out co-current gas-liquid
      scrubbing operations; and
PAR  FIG. 10 is a cross-sectional view of the apparatus shown in FIG. 9 taken
      along the lines 10--10.
DETD
PAR  Referring now to the accompanying Figures wherein like parts are
      represented by like numerals in the several views, in FIGS. 1 to 3, there
      is shown a preferred apparatus of the invention which is designated
      generally by the numeral 10. The apparatus 10 includes an outer shell 12
      and an inner shell 14. The inner shell 14 comprises a tubular or
      tower-like structure, which is disposed in the outer shell 10 so as to
      define an annular or outer contact zone 16 defined by the interior walls
      of the outer shell 12 and the exterior walls of the inner shell 14. The
      interior walls of the inner shell 14 define an inner contact zone 22
      having a packed section 24 which may be packed with any conventional type
      of packing material as described herein, which packing is supported by
      perforated support plate or undergrid 35. The packing material may
      comprise metal or plastic rings, rods, saddles, glass rings, Raschig
      rings, porcelain rings, Berl saddles, Tellerettes, Pall rings, honeycomb
      or egg crate material or other conventional surface contact elements.
PAR  The inner shell 14 also includes an open or inlet area 26 which allows flow
      of fluid from the outer contact zone 16 into the inner contact zone 22.
      The lower portion of the outer contact zone comprises a liquid collection
      chamber 31.
PAR  The apparatus 10 also includes liquid inlet means 30 comprised of a
      conventional conduit such as a pipe, connected to the upper portion of the
      outer shell 12, and which includes spray headers 32a and 32b as shown.
      Spray header 32a includes one or more spray nozzles 34a for introducing
      scrubbing liquid into the annular or outer contact zone 16. Spray header
      32b includes one or more spray nozzles 34b for introducing scrubbing
      liquid into the packed tower or inner contact zone 22. Other type of
      liquid feed means may be employed, such as a pipe or conduit which
      includes one or more slots for introducing liquid in sheet form.
      Regardless of the type of liquid feed means employed, such means should be
      positioned to effect distribution over substantially the entire outer and
      inner contact zones.
PAR  Liquid outlet means or conduit 38 is in communication with a lower portion
      of the outer contact zone and a lower portion of the inner contact zone,
      as shown. Gas inlet means 40, which may take the form of a conventional
      conduit, as shown, is connected to an upper portion of the outer contact
      zone 16 which functions as an expansion chamber as described below. Gas
      outlet means 42 is in communication with the upper portion of the inner
      contact zone 22, as shown.
PAR  Liquid overflow conduit 44 is connected to the outer contact zone
      immediately below the level of the packed section 24 of the inner contact
      zone 22, to ensure that the liquid level in the liquid collection chamber
      31 will not rise above the undergrid 35.
PAR  The inner shell 14 and the outer shell 12 are preferably circular in
      cross-section. The inner shell 14 may be disposed concentrically to or
      eccentrically to the outer shell 12 so as to provide an outer flow path or
      outer contact zone 16 having a cross-sectional area which is substantially
      greater than the cross-sectional area of the gas inlet means 40. Thus, the
      second fluid (gas) flowing from the gas inlet means 40 into the outer
      contact zone 16 will expand resulting in a concomitant reduction in flow
      velocity thereof. As the gas in the outer contact zone decreases in flow
      velocity, solid particulates of 5 microns or larger separate from the gas
      by gravity.
PAR  The inner shell 14 is preferably disposed eccentrically within the outer
      shell 12 so as to provide essentially two connecting flow paths in the
      outer contact zone 16, namely an expansion flow passage 18 and a
      restricted flow passage 20. The restricted flow passage functions in a
      manner similar to a venturi scrubber. Thus, fluids flowing through the
      restricted flow passage, under centrifugal force, are subjected to
      increased pressure drop and turbulence thereby causing increased collision
      between the fluids and the components thereof. Fine solid particles such
      as below 5 microns in the gas collide with each other causing
      agglomeration of the particles into larger particles which are separated
      from the gas by gravity. Furthermore, the gas is thrown by cyclonic
      action, into contact with the walls defining the restricted flow passage.
      Liquid entrained in the gas will thereby be separated from the gas.
PAR  Where the inner shell 14 is disposed concentrically to the outer shell, gas
      flowing in the outer contact zone 16 will not undergo the turbulent flow
      and pressure drop produced in the restricted flow passage. Thus, collision
      of the solid particles will be reduced and agglomeration of such particles
      will therefore be reduced. The result is that particles of more than 5
      microns will be removed.
PAR  Apparatus as described above is useful in the scrubbing of exhaust or waste
      gases with a liquid in order to remove solid, liquid, and gaseous
      pollutants from such gases. The scrubbing liquid may be water, or may be
      an aqueous stream that may be slightly alkaline or acidic, depending upon
      the nature of the pollutants in the gas. The apparatus of FIGS. 1 to 3 is
      designed for counter-current operation wherein a first fluid, namely a
      liquid, flows counter-currently with respect to a second fluid, namely a
      gas, in the packed tower or inner contact zone. However, as will be seen
      with respect to FIGS. 6 to 8, similar apparatus may be employed for
      carrying out co-current scrubbing operations.
PAR  The process of the invention employing the apparatus of FIGS. 1 to 3 can be
      carried out as follows.
PAR  It is assumed for illustrative purposes that the liquid employed is a
      scrubbing liquid comprised of an aqueous sodium carbonate solution and the
      gas is comprised of a waste or stack gas containing sulfur dioxide, carbon
      dioxide, oxygen and other components normally found in stack gases
      produced, for example, in smelting furnaces.
PAR  The gas outlet 42 is connected to a vacuum pump or suction fan, not shown,
      and the gas inlet 40 is connected by for example, a hose to a work area
      wherein the stack gases are produced.
PAR  The liquid inlet 30 is connected to scrubbing liquid supply source, not
      shown. the scrubbing liquid is fed from the supply source into the liquid
      inlet 30 into the spray headers 32a and 32b and finally through the
      nozzles 34a into the outer contact zone 16 including the expansion flow
      passage 18 and the restricted flow passage 20 and through the nozzles 34b
      into the inner contact chamber 22. Stack gases are then drawn by means of
      the vacuum pump into the gas inlet 40 and thence into the expansion flow
      passage 18 of the outer contact zone 16, where the gases are forced to
      flow around the outer contact zone at a sufficiently high speed to impart
      a centrifugal spin to the gas stream. As the gas enters the expansion flow
      passage 18, the gases expand and the velocity thereof is reduced, and the
      gases contact the walls defining such outer contact zone.
PAR  The liquid may be introduced into the inner contact zone and not into the
      outer contact zone. However, it is preferred that liquid be introduced
      into the outer contact zone as well. The liquid in the outer contact zone
      wets the gas and cools the same thereby reducing the volume of gas
      required to be handled either in the inner contact zone or by gas recovery
      means. Furthermore, reduction of the volume of gas allows use of smaller
      suction or blowing means for moving the gas through the apparatus. In
      addition, contact of the gas by the liquid in the outer contact zone helps
      effect removal of solid particles of under 5 microns in size.
PAR  As the wetted gas stream flows into the restricted flow passage 20, its
      velocity is increased due to the restricted flow space and it is subjected
      to a corresponding pressure drop and increased turbulence. During this
      period of turbulence, liquid particles and solid particles in the wet
      gases collide with one another, thereby resulting in agglomeration of a
      significant portion of fine particles in the gases. The resulting
      agglomerated particles separate from the gases and drop and into the
      liquid collection zone 31. At this stage, substantially all (over 99%) of
      solid particles of over 5 microns and 90% or more of solid particles of
      less than 5 microns as well as entrained liquid are removed from the
      gases.
PAR  The cooled gas stream from which solid particles have been removed is then
      drawn into the open area 26 and into the lower portion of the inner
      contact zone 22. The gas stream is then drawn up through the packed
      section 24 counter-currently to and into contact with the scrubbing
      liquid. The liquid flowing into the inner contact zone 22 contacts the
      packing material therein and is broken up into thin liquid films. The gas
      contacts the thin liquid films, and gaseous pollutants, such as sulfur
      dioxide, which have an affinity for the liquid, such as are soluble in or
      react with the liquid, are absorbed in the liquid. The gas, substantially
      free of solid, liquid and gaseous pollutants, is then drawn out through
      the gas outlet 42 and may be vented to the atmosphere without polluting
      the same. The liquid including solid, liquid and gaseous pollutants
      removed from the gas, is collected in liquid collection chamber 31 and
      removed through liquid outlet 38.
PAR  It will be appreciated that the input flow rate and velocity of the gas
      flowing into the outer contact zone and the volume of the outer contact
      zone will be such as to provide the desired centrifugal spin and cyclonic
      action. For example, where the cross-sectional area of the outer contact
      zone is 16 ft.sup.2, the gas may be introduced at a flow rate of 10,000
      scfm.
PAR  Another embodiment of the apparatus of the invention for use in
      counter-current gas scrubbing operations is shown in FIGS. 4 and 5. In the
      embodiment of FIGS. 4 and 5, the apparatus is designated by the numeral
      10a. The outer shell 12a and the inner shell 14a are horizontally
      disposed, and eccentrically positioned with respect to each other, as
      shown. The outer shell 12a includes outer contact zone 16a comprised of
      expansion flow passage 18a and restricted flow passage 20a. The inner
      shell includes inner contact zone 22a which contains packed section 24a
      and open area 26a to allow flow of fluids into and out from the inner
      contact zone.
PAR  Liquid feed means 30a includes header 32a' and spray nozzles 34a' for
      introducing liquid into the outer contact zone and header 32b' and spray
      nozzles 34b' for introducing liquid into the inner contact zone. Liquid
      outlet 38a and gas inlet 40a are connected to the outer contact zone and
      gas outlet 42a is connected to the inner contact zone, as shown.
PAR  Operation of the apparatus of FIGS. 4 and 5 is essentially the same as the
      apparatus of FIGS. 1 to 3.
PAR  The apparatus 10' shown in FIGS. 6 to 8 corresponds essentially to the
      apparatus shown in FIGS. 1 to 3. However, apparatus 10' is employed in
      carrying out co-current operations. Accordingly, gas inlet 40 is in
      communication with the inner contact zone 22 and gas outlet 42 is in
      communication with outer contact zone 16, as shown.
PAR  In carrying out co-current operation, the gas outlet 42 is connected to a
      suction source, such as a suction fan, and the gas inlet is connected by a
      conduit to a work area where gases to be scrubbed are produced.
PAR  The liquid inlet 30 is connected to scrubbing liquid supply source, not
      shown. The scrubbing liquid is fed from the supply source into the liquid
      inlet 30 into the spray headers 32a and 32b and finally through the
      nozzles 34a into the outer contact zone 16 including the expansion flow
      passage 18 and the restricted flow passage 20 and through the nozzles 34b
      into the inner contact chamber 22. Gases are then drawn by means of the
      vacuum pump into the gas inlet 40 and thence into the inner contact zone
      16. The gas stream is drawn through the packed section 24 co-currently to
      and into contact with the scrubbing liquid. The liquid flowing into the
      inner contact zone 22 contacts the packing material therein and is broken
      up into thin liquid films. The gas contacts the thin liquid films, solids
      are removed by the packing, and gaseous pollutants are absorbed in the
      liquid, while the gas is cooled by the liquid. The cooled and wetted gas
      stream from which gaseous pollutants have been removed is then drawn into
      the open area 26 and out of the lower portion of the inner contact zone 22
      into the outer contact zone. As the gas stream enters the expansion flow
      passage 18, the gases expand and the velocity thereof is reduced. The
      gases flow around the outer contact zone 16 and contact the walls defining
      such outer contact zone. The liquid stream flowing into the outer contact
      zone 16 contacts the gases and further wet and cool the gases.
PAR  As the wetted gas stream flows into the restricted flow passage 20, its
      velocity is increased due to the restricted flow space and it is subjected
      to a corresponding pressure drop and increased turbulence. During this
      period of turbulence, liquid and solid particulates entrained in the wet
      gases collide with one another, thereby resulting in agglomeration of such
      particles. The resulting agglomerated particles separate from the gases
      and drop into the liquid collection zone 31. The gas, substantially free
      of solid, liquid and gaseous pollutants, is then drawn out through the gas
      outlet 42 and may be vented to the atmosphere without polluting the same.
      The liquid including solid, liquid and gaseous pollutants removed from the
      gas, is collected in liquid collection chamber 31 and removed through
      liquid outlet 38.
PAR  As indicated, with respect to FIGS. 1 to 5, the inner shell 14 may be
      disposed concentrically to the outer shell 12. However, in such case,
      removal of liquid entrained in the gas will be substantially reduced.
PAR  Another embodiment of the apparatus of the invention for use in co-current
      gas scrubbing operations is shown in FIGS. 9 and 10. In the embodiment of
      FIGS. 9 and 10, the apparatus is designated by the numeral 10a'. The outer
      shell 12a and the inner shell 14a are horizontally disposed, and
      eccentrically positioned with respect to each other, as shown. The outer
      shell 12a includes outer contact zone 16a comprised of expansion flow
      passage 18a and restricted flow passage 20a. The inner shell includes
      inner contact zone 22a which contains packed section 24a and open area 26a
      to allow flow fluids into and out from the inner contact zone.
PAR  Liquid feed means 30a includes header 32a' and spray nozzles 34a' for
      introducing liquid into the outer contact zone and header 32b' and spray
      nozzles 34b' for introducing liquid into the inner contact zone. Liquid
      outlet 38a and gas outlet 42a are connected to the outer contact zone and
      gas inlet 40a is connected to the inner contact zone, as shown.
PAR  Operation of the apparatus of FIGS. 9 and 10 is essentially the same as the
      apparatus of FIGS. 6 to 8.
PAR  Generally, materials of construction for the inner and outer shells as well
      as the perforated support for the packing material may be formed of any
      rigid material which will be resistant to corrosion and the corrosive
      materials being treated. For example, these members may be formed of
      corrosion resistant metals such as stainless steel, plastics such as
      polyvinyl chloride, ABS and the like.
PAR  In each of the above embodiments, the second fluid (gas) moving means will
      preferably comprise suction means connected to the second fluid outlet
      means. However, it will be understood that blowing means, such as a fan or
      blower, may be connected to the gas inlet means, and may be employed alone
      or in combination with the suction means, connected to the gas outlet
      means, where desired.
PAR  The apparatus and process of the invention are particularly applicable for
      use in the scrubbing of waste industrial gases such as produced in
      smelting, coking and other foundry operations, in the burning of coal and
      oil, including high sulfur coals and oils, in pickling operations, pulp
      digestion processes and the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for removing both solid and gaseous pollutants from a gas
      which comprises:
PA1  a. providing a first inner contact zone eccentrically disposed within a
      second outer contact zone, said inner contact including packing material
      therein, said inner contact zone dividing said outer contact zero into an
      expansion flow passage and a restricted flow passage;
PA1  b. flowing a scrubbing liquid into both said inner contact zone and said
      outer contact zone;
PA1  c. flowing a gas sequentially along and through said inner and said outer
      contact zones, said gas being circulated in said outer contact zone and
      passing sequentially through said expansion flow passage and said
      restricted flow passage, and solid pollutants being removed from said gas
      in said outer contact zone and said gaseous pollutants being removed from
      said gas in said inner contact zone; and
PA1  d. removing said liquid and gas from said zones.
NUM  2.
PAR  2. The process in accordance with claim 1 which comprises flowing said gas
      at a predetermined flow rate and velocity, into said inner contact zone
      co-currently to and into contact with said liquid, whereby at least a
      portion of said gaseous components in said gas having an affinity for said
      liquid are transferred to said liquid, and thereafter flowing said gas
      into said expansion flow passage thereby causing said gas to expand,
      resulting in a concomitant decrease in gas flow velocity.
NUM  3.
PAR  3. The process in accordance with claim 1 which comprises flowing said gas
      at a predetermined flow rate and velocity for a predetermined volume of
      the outer contact zone, into said outer contact zone; allowing said gas to
      expand and the flow velocity of said gas to decrease in said expansion
      flow passage thereby causing solid particles suspended in said gas to be
      removed from said gas, and further creating a pressure drop on said gas in
      said restricted flow passage thereby causing small particles and liquid
      entrained in said gas to be removed from said gas; and thereafter flowing
      said gas into said inner contact zone counter-currently to and into
      contact with said liquid whereby at least a portion of said gaseous
      components in said gas having an affinity for said liquid are transferred
      to said liquid.
NUM  4.
PAR  4. Apparatus for use in removing both solid and gaseous pollutants from a
      gas comprising, in combination:
PA1  an inner shell defining an inner contact zone having an inner fluid flow
      path therethrough;
PA1  packing material disposed in said inner contact zone;
PA1  an outer shell disposed about said shell and having end walls, the space
      between said inner and outer shells defining an outer contact zone having
      an outer fluid flow path therethrough disposed about said inner shell and
      communicating with said inner flow path; said inner shell being disposed
      eccentrically within said outer shell so that said inner shell divides
      said outer contact zone into an expansion flow passage and a restricted
      flow passage;
PA1  first fluid feed means connected with said shells for introducing a
      scrubbing liquid into both said inner and outer contact zones;
PA1  second fluid feed means connected with one of said shells including gas
      inlet means for circulating a gas sequentially along and through said
      inner and outer contact zones in a manner such that said gas is circulated
      in said outer contact zone so that it passes sequentially through both
      said expansion flow passage and said restricted flow passage;
PA1  outlet means for said liquid connected with at least one of said shells;
      and
PA1  outlet means for said gas connected with the one of said shells to which
      said second fluid feed means is not connected, one of said gas inlet and
      outlet means being connected with said inner shell without direct
      communication with said outer zone.
NUM  5.
PAR  5. The apparatus in accordance with claim 4 wherein said inner shell is of
      circular cross-section and said outer shell is of circular cross-section.
NUM  6.
PAR  6. The apparatus in accordance with claim 4 wherein said gas inlet means is
      in direct communication with said outer contact zone, said outlet means
      for said gas is in direct communication with said inner contact zone, said
      first fluid feed means is in communication with said inner contact zone
      and said outlet means for said liquid is in communication with said outer
      contact zone.
NUM  7.
PAR  7. The apparatus in accordance with claim 4 wherein said gas inlet means is
      in direct communication with said contact zone, said outlet means for said
      gas is in communication with said outer contact zone, said first fluid
      feed means is in communication with said inner contact zone and said
      outlet means for said liquid is in communication with said outer contact
      zone.
NUM  8.
PAR  8. The apparatus in accordance with claim 4 wherein said outer shell and
      said inner shell are vertically disposed, so that said liquid and said gas
      flow in a substantially vertical direction therein.
NUM  9.
PAR  9. The apparatus of claim 4 wherein said expansion flow passage has a
      cross-sectional area greater than the cross-sectional area of said gas
      inlet means.
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ABST
PAL  An adsorptive device having at least one composite adsorptive element
      through which gas can pass comprising a bed of granular adsorptive carbon
      and a bed of fibrous adsorptive carbon.
BSUM
PAR  The present invention relates to adsorptive devices for use in removing
      contaminating gases and vapours from an atmosphere.
PAR  The adsorptive properties of activated charcoal are well known and have
      been widely used, for example, in industrial filtration and
      decolourisation, for air filtration in respirators and in air
      conditioning. In the field of respiratory protection adsorbent granules,
      chiefly activated charcoal, are packed into a filter box or canister such
      that inspired air passes through a bed of adsorbent granules thus removing
      toxic and/or other contaminating substances from the air rendering it fit
      to breathe.
PAR  The main factors governing the design of filter boxes or canisters are the
      concentration of toxic agent in the gas to be passed through, the granule
      bed depth and granule size in the filter box or canister, the flow
      velocity of the gas and the gas flow resistance provided by the filter box
      or canister, and the length of useful life required of the canister.
      Efficient removal of contaminant calls for either a large depth of medium
      size granules or a lesser depth of small size granules in the filter box
      or canister both of which give rise to high breathing, or flow,
      resistance. The conventional respirator canister is, therefore, a
      compromise between size and shape, efficiency and resistance.
PAR  The invention provides an adsorptive device which comprises a housing and
      at least one adsorptive element supported in the housing in such a manner
      that gas can contact and pass through the element from an inlet face to an
      outlet face, the element being a composite element comprising a bed of
      granular adsorptive carbon and a bed of fibrous adsorptive carbon, and the
      arrangement is such that the gas can pass through the granular carbon bed
      before it reaches the fibrous carbon bed.
PAR  In adsorption devices having an adsorbent bed of finite thickness through
      which a contaminated gas is passed, at any given instant, the
      concentration of gaseous contaminant in the gas passing through the bed
      falls off progressively along the bed in an approximately exponential
      manner. Penetration of the bed by the contaminant occurs immediately but
      the concentration of the contaminant in the effluent gas is generally too
      low to be detected. With the passage of the adsorption wave front through
      the bed a detectable level of contaminant concentration emerges and the
      penetration time can be recorded. The penetration time can be measured in
      accordance with any one of a number of different criteria, which include:
PA1  I. a given reduction ratio (that is to say, the ratio of the concentration
      of the contaminant in the gas passing into the adsorptive device to the
      concentration of the contaminant in the effluent gas);
PA1  Ii. the maximum acceptable concentration of the contaminant in the effluent
      gas;
PA1  Iii. the so-called "threshold limit value" which is the maximum average
      atmospheric concentration of contaminant to which workers can be exposed
      (for example, the threshold limit value of trichloroethylene is currently
      accepted as 100 parts per million) and
PA1  Iv. the minimum detectable level of concentration of contaminant in the
      effluent gas (which of course depends on the sensitivity of the detector).
PAR  For a given flow rate and concentration of contaminant there will be a bed
      depth for which the agreed concentration of contaminant in the effluent
      gas will just be reached immediately and the penetration time recorded as
      zero. This is known as the "critical bed depth". For the main part of the
      bed the penetration time will be inversely proportional to the
      concentration of the contaminant and the flow rate of the gas. When
      penetration occurs in a wholly granular bed there is a fair amount of
      adsorptive capacity which has not been used because the leading edge of
      the wave front is being detected. It has been found that by using a
      composite element in accordance with the invention comprising a bed of
      fibrous carbon, which has much higher rates of adsorption than granular
      carbon (at least 100 times greater) since its surface area is more freely
      available, the fibrous bed being located downstream of the granular bed,
      the leading edge of the wave front is adsorbed by the fibrous bed and the
      penetration time can be greatly extended. This is because the fibrous bed
      not only adds its own adsorptive capacity to that of the granular bed but
      also makes it possible for much more of the adsorptive capacity of the
      granular bed to be used up. Thus, the increase in efficiency can be
      considerably more than could reasonably be expected especially when only a
      small amount of fibrous carbon is used, and the efficiency of existing
      well proven conventional carbon filter equipment can be readily increased
      with the minimum of redesign.
PAR  Although various forms of fibrous carbon may be used in the composite
      element, the fibrous carbon is advantageously prepared by a process as
      described and claimed in British Patent Specification No. 1,301,101 and,
      preferably, comprises a plurality of layers of charcoal cloth.
PAR  The increase in penetration time obtained by using a composite filter of a
      granular bed and a fibrous bed in any particular case over that of the
      same granular bed alone depends upon the number of layers and type of
      cloth used, and the penetration time increases as the number of layers of
      cloth and the heat of wetting of the cloth (which is a measure of the
      accessible internal adsorption surface of a charcoal) is increased. The
      fibrous bed should comprise at least three layers of charcoal cloth (one
      layer being the critical bed depth) and, preferably, at least five layers
      of charcoal cloth and the charcoal cloth preferably has a heat of wetting
      of approximately 8.0 calories per gram using silicon oil at a viscosity of
      2 centipoise as the wetting liquid.
PAR  This increase in penetration time must of course be offset against an
      increase in air flow resistance, expense, size and weight but it has been
      found possible to increase the penetration time considerably without
      increasing by very much the gas flow resistance as compared with that of
      the same granular bed when used alone and also to decrease the size and
      weight. Alternatively, it is possible by sacrificing some if not all of
      the increase in penetration time to reduce considerably the gas flow
      resistance. For example, a bed 4 centimeters in thickness of -8 to +12
      mesh (B.S.S.) activated charcoal granules tested against a test gas of 1%
      carbon tetrachloride in air was penetrated after 20 minutes (measured in
      terms of a reduction ratio of 10.sup..sup.-4, that is to say, 10 parts per
      million in the effluent gas) at a flow velocity of 3.4 centimeters per
      second whereas a 4 centimeter bed of charcoal backed by five layers of
      activated charcoal cloth, which had a total thickness of about 3 mm was
      not penetrated until after 47 minutes using the same flow conditions. In
      order to achieve a similar penetration time using granules only it was
      necessary to use a bed depth of 6 centimeters. The air flow resistance
      (measured at 85 liters per minute) for a 4 centimeter bed of charcoal
      granules was 62.5 mm water, for a 6 centimeter bed of charcoal granules
      was 93 mm water, and for a 4 centimeter bed of charcoal granules plus five
      layers of charcoal cloth was 67.5 mm of water. The cloth used had a heat
      of wetting of more than 8 calories per gram using silicon oil having a
      viscosity of two centipoise as the wetting liquid. A further experiment
      again using a four centimeter granular bed but at a higher flow velocity
      of 4.2 centimeters per second gave a penetration time of 8 minutes without
      cloth and 19 minutes with three layers of cloth.
PAR  A further advantage of composite carbon filtrate in accordance with the
      invention is that the packing and size structure of the granular part of
      the device is less critical and, in particular medium-sized granules may
      be used to give long penetration times with reduced resistance to gas
      flow.
PAR  The depth of the bed of granular adsorptive carbon is at least 4
      centimeters and, preferably, the granular bed is composed of granules
      within the range of from -8 to +12 mesh (B.S.S.).
PAR  If desired, the granular part of the element may be size graded with larger
      granules at the input end and smaller granules at the output end.
PAR  The bed of fibrous adsorptive carbon is advantageously contained between
      two perforated discs held at a fixed distance from each other. A
      particulate filter, for example, a glass-fibre paper filter, is preferably
      provided on the inlet side of the device through which gas can pass before
      reaching the granular and fibrous beds, and non-return valve means is
      preferably provided on the outlet side of the device to allow gas to pass
      out from the fibrous carbon bed.
DRWD
PAR  An adsorptive device constructed in accordance with the invention will now
      be described, by way of example, with reference to the accompanying
      drawing which is a diagrammatic cross-sectional view of the device.
DETD
PAR  Referring to the accompanying drawing, an adsorptive device in the form of
      a filter canister comprises a cylindrical shell 7 which tapers to a thread
      5 at one end; internally the thread contains a non-return valve 6 which is
      optionally provided in the canister. Several layers of charcoal cloth 3
      are held in position between two perforated discs 4 and are prevented from
      being crushed by a spacer 8. A bed of (8-12 mesh B.S.S.) charcoal granules
      1 is held in position by a further perforated disc 9. To assemble the
      canister the contents are held under pressure by a hydraulic ram (120 psi)
      while a swage 10 is formed. A glass-fibre paper particulate filter 2 is
      then sealed in position with a polyurethane rubber band 12.
PAR  A normal industrial respirator complying with the gas adsorption
      requirements of British Standard No. 2091/1970 may be provided with a
      canister filter to this design having a bed of some 200 grammes of
      granular charcoal and five layers of charcoal cloth whereas 600 grammes of
      granular charcoal alone would be needed.
PAR  Alternatively, the penetration time of a granular bed filter can be at
      least doubled by the simple addition of several layers of charcoal cloth
      to it.
CLMS
STM  We claim:
NUM  1.
PAR  1. An adsorptive device comprising:
PA1  a. a housing having a gas inlet and a gas outlet; and
PA1  b. at least one composite adsorptive element, said element being supported
      in said housing in the gas path through said housing from said inlet to
      said outlet, said element comprising a bed of adsorptive carbon in
      granular form, said granular carbon bed having a depth of at least 4
      centimeters, and a bed of adsorptive carbon in fibrous form comprising at
      least three layers of charcoal cloth, said fibrous carbon bed being
      situated downstream of said granular carbon bed.
NUM  2.
PAR  2. An adsorptive device according to claim 1, wherein said bed of fibrous
      adsorptive carbon comprises at least five layers of cloth.
NUM  3.
PAR  3. An adsorptive device according to claim 1, wherein said charcoal cloth
      has a heat of wetting of approximately 8.0 calories per gram using silicon
      oil at a viscosity of 2 centipoise as the wetting liquid.
NUM  4.
PAR  4. An adsorptive device according to claim 1, wherein said granular bed is
      composed of granules of size within the range of from -8 to +12 mesh
      (B.S.S.).
NUM  5.
PAR  5. An adsorptive device according to claim 1, wherein said composite
      adsorptive element comprises two perforated discs and spacer means between
      the two discs maintaining the discs at a fixed distance from each other,
      said fibrous adsorptive carbon bed being contained between said two discs.
NUM  6.
PAR  6. An adsorptive device according to claim 1, which comprises a particulate
      filter situated upstream of said granular adsorptive carbon bed.
NUM  7.
PAR  7. An adsorptive device according to claim 6, wherein said particulate
      filter is a glass-fibre paper filter.
NUM  8.
PAR  8. An adsorptive device according to claim 1, wherein non-return valve
      means is provided downstream of said fibrous adsorptive carbon bed.
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ABST
PAL  Device for the powder reclamation, specifically in electrostatic powder
      coating systems comprising a dust filter with a partition installed in an
      enclosure in a fashion such that a suction chamber for the air-powder
      mixture, which can be connected with the exhaust of the system, is created
      with a channel which passes the filter and has a constricted cross section
      while emptying into a funnel-shaped bottom part of the enclosure which may
      be detachable and can be sealed on the underside via a flange, above which
      channel there are arranged filter medium layers with upward extending
      passage openings which connect to an exhaust chamber with an air suction
      pump, in which chamber a compressed-air nozzle assembly is provided which
      can be moved across the filter medium layers for their blowout and
      cleaning.
BSUM
PAR  This invention relates to a device for powder reclamation, specifically in
      electrostatic powder coating systems.
PAR  In electrostatic powder coating systems, a powder is atomized by means of
      compressed air with an electrostatic spray device. The powder particles
      receive an electrostatic charge while passing through a spray element and
      are deposited on the grounded article. Once the powder has reached a
      certain thickness on the article, it acts as an insulation, and prevents
      further powder deposition. The powder drops in a spary booth and is
      sucked, together with the powder that missed the article, into a powder
      reclamation device. The coated articles are then fed to a baking furnace
      where the powder is melted to a coherent film and subsequently set.
PAR  Prior powder reclamation systems consist generally of so-called cyclone
      separators and fabric filter systems which are difficult to clean or
      cannot be cleaned at all. Consequently, a multicolor operation involves
      long downtimes and/or considerable investments. Moreover, the energy
      expense for the operation of the cyclones is extremely high, which also
      adds considerably to the expense of the powder reclamation.
PAR  The present invention provides a device for the powder reclamation,
      specifically in electrostatic powder coating systems, which does not have
      the drawbacks of known powder separators. In conjunction with a color
      change, the device permits a quick exchange and quick cleaning of its
      essential parts, while energy consumption for the reclamation of the
      powder is considerably lower than with cyclone separators.
PAR  As a solution of the defined problem, a powder reclamation device is
      provided, specifically for electrostatic powder coating systems, wherein
      an airborne particle filter with a partition is arranged in an enclosure
      so that a suction chamber for the air/powder mixture is created with a
      channel that passes the filter and has a constricted cross section. The
      channel empties into a funnel-type bottom part of the enclosure which may
      be detachable and can be sealed at the bottom side, by way of a flange.
      Above the channel or the enclosure part, filter medium layers are arranged
      with their passage openings oriented upward, and leading to an exhaust
      chamber with an air suction pump. In the exhaust chamber, a compressed-air
      nozzle arrangement is provided which can be moved across the filter medium
      layers, and serves to blow out and clean the latter.
PAR  According to a preferred, exemplary embodiment, the inventive device may be
      provided at the bottom end of the cross-sectionally constricted channel
      with a vane or baffle which constricts the cross section still further. In
      the upper part of the channel, the device may be provided with a sealing
      lid. In order to cyclically exhaust and clean the filter medium without
      interruptng the filter process proper, the suction chamber and the channel
      that passes the filter are subdivided into preferably three compartments.
      Each of the three channel compartments is provided with an independently
      adjustable sealing lid.
PAR  The enclosure with the lower funnel type part can be arranged detachably on
      the upper part, along with the suction and exhaust chambers, and coated
      inside with a plastic film. Lastly, a screen device may be provided in the
      lower, funnel-type part of the enclosure, so that it is possible to
      prepare the powder already in the enclosure.
PAR  The device according to the invention offers various advantages. Owing to
      the particular design of the filter enclosure and the possibility of
      removing the lower part, the enclosure permits easy access to all
      locations where the powder may accumulate. Also, the replacement of the
      compact filter can be performed quickly and without difficulty, and
      exchange filters are relatively inexpensive.
PAR  It is easy to clean the filter with the aid of the compressed air
      arrangement and independent of the degree of contamination. The compressed
      air is passed from above, through the openings of the filter. The baffle
      plate is suitably welded to the bottom part of the enclosure in order to
      cut down the cleaning work in conjunction with a color change, so that as
      much as 80% of the powder is removed in a preliminary operation, thereby
      relieving the filter. The particular design of the device enables a simple
      installation of a screening device, for instance, a sifting machine, in
      the lower part of the enclosure. This makes it possible to feed the
      screened-out powder from the bottom part, by way of an injector or similar
      devices, directly to the gun.
PAR  Metal strips, imbedded in the filter medium and connected to conductive
      material or grounded, electrically discharges the separated powder already
      in the filter. With the aid of additional air, the filter can be blown out
      from above. The use of a special filter material guarantees a long service
      life, and a practically 100% separation is obtained at a small pressure
      loss. This makes the device very economical. Finally, the device may also
      be designed in modular fashion to permit a considerable expansion of a
      system with regard to specific throughput quantities of the air/powder
      mixture.
PAR  Other objects and features of the present invention will become apparent
      from the following detailed description taken in connection with the
      accompanying drawings which disclose a preferred embodiment of the
      invention. It is to be understood, however, that the drawings are designed
      for the purpose of illustration only and not for limiting the invention.
DRWD
PAR  In the drawings wherein similar reference characters denote similar
      elements throughout the several views:
PAR  FIG. 1 is a schematic elevation of the inventive device, partly in cross
      section;
PAR  FIG. 2 is a partly schematic side view in direction of arrow A, according
      to FIG. 1, partly in sketch form;
PAR  FIG. 3 is a view taken along section line B--B of FIG. 1; and
PAR  FIG. 4 is a plan view taken along section line C--C of FIG. 1.
DETD
PAR  Referring to the drawings, the exemplary embodiment of the invention
      consists of a metal enclosure 1 which extends at the bottom side into a
      funnel-shaped part 2 while supported by a frame 3, which may run on
      casters 4. At the top and bottom, enclosure 1 is provided with flanges 5
      and 5a which can be connected by means of a detachable clamping device 6
      with an upper flange 7 of an upper enclosure part 8, and with a lower
      flange 7a of the funnel shaped part 3, respectively. The clamping devices
      may be fashioned in any manner. It is possible also to clamp and release
      pneumatically.
PAR  Enclosure 1 contains in its center part a filter element 9 with a dust
      filter 10 consisting of one or several layers of a filter medium.
PAR  Filter element 9 is somewhat narrower than enclosure 1, so as to create a
      channel 12 beside element 9, which is separated by a wall 11. As follows
      specifically from FIGS. 2 and 4, the channel is subdivided in three
      partitioned chambers 12a, 12b, and 12c. The channel 12 has at its lower
      end a cross section which is constricted by a baffle plate 13, which
      extends through each of the three chambers, and empties into the interior
      of funnel-shaped space 2.
PAR  In chambers 12a, 12b and 12c of channel 12 are sealing and opening dampers
      14a, 14b and 14c which are adjustable independent from one another by
      pneumatic means (not shown) so that the chambers can be closed and opened
      in any desired sequence.
PAR  Chambers 12a, 12b, and 12c connect with a suction chamber 15 which is also
      subdivided into three compartments 15a, 15b, and 15c which run to the
      individual chambers 12a-12c. Suction chamber 15 connects via a socket or
      connector 16 with a feed line that runs to a work station.
PAR  The funnel-shaped lower part 2 of enclosure 1 collects the separated powder
      and can be sealed on its underside by a cover 18, which bears on a flange
      17. If desired, connections may also be provided on funnel-shaped bottom
      part 2, for a pneumatic return of the powder, or for a direct connection
      with a powder carriage of the electrostatic powder coating device.
PAR  Inside funnel-shaped part 2, a sifting device 19, schematically illustrated
      by dashed lines, can be provided in which a powder classification can be
      carried out according to the screen employed.
PAR  If necessary, additional inclined baffle plates 20, illustrated by dashed
      lines, can be provided above a screen assembly 19 in a suitable frame. It
      has been found, however, that in ordinary applications, there is no need
      for a baffle arrangement of this type.
PAR  Located in the upper part 8 of the enclosure, separated by a partition 21
      from the suction chamber 15, is an exhaust chamber 22 running to an
      exhaust or separating pipe 23. Instead of the direct pipe connection 23, a
      powdered blower may be connected to the exhaust chamber 22 as a suction
      device.
PAR  Contained in exhaust chamber 22 is a nozzle arrangement (24) consisting of
      three oblong, hollow, transversely extending chambers 24a, 24b, and 24c.
      These are arranged in a frame 25 in an axially movable fashion so that,
      when moved axially in the direction of double arrow 26, they will sweep
      across three partial compartments I, II, and III of the filter medium
      layers 10 underneath. Amounting each to one-third of the filter length,
      these partial areas I, II, and III correspond by width with the chambers
      12a, 12b, and 12c of channel 12.
PAR  The oblong hollow chambers 24a, 24b, and 24c are equipped with nozzle-type
      openings which are directed at the filter medium. The chamber themselves
      connect by way of appropriate movable feed lines 26a, 26b, and 26c with a
      regulable compressed-air system 27 which is illustrated schematically.
      Feed lines 26a, 26b, and 26c allow compressed air to enter chambers 24a,
      24b, and 24c in any desired sequence and grouping, and independent from
      one another.
PAR  Imbedded in the filter medium, between the ribs, are metal strips 28 which
      connect to conductive material, or are grounded. There is, thus, an
      electrical discharge of the separated powder already in the filter, which
      in turn blows the powder out, from above, with the aid of the compressed
      air issuing out of the openings of oblong chambers 24a, 24b, and 24c.
PAR  In the operation of the inventive device, powder-laden air is sucked in
      from the point of work by way of the socket 16, in the direction of the
      arrow 29 shown in solid lines. Three suction chambers 15a, 15b, and 15c
      subdivide the powder flow in three parts which are passed to the
      individual chambers 12a, 12b, and 12c. When closures 14a, 14b, and 14c are
      open, the powder flow proceeds through these chambers and into the area of
      the flow cross section which is constricted by baffle plate 13.
PAR  There, the velocity of the powder flow is the greatest, while after passing
      the constriction, the powder flow enters the space formed by funnel-shaped
      part 2, slows down suddenly, and expands, so that the greatest part of the
      powder precipitates in funnel-shaped part 2, as indicated at section 30.
      When the screen assembly 19 is provided in funnel-shaped part 2, it can be
      moved back and forth so that at the bottom of the funnel-shaped part 2, a
      powder of the desired grain size will be obtained.
PAR  This first measure causes the greatest part of the powder to separate from
      the flow, while the remaining air flow with the residual powder particles
      is sucked from below through filter medium 10 in the direction of arrows
      31. The proper selection of the filter medium will make sure that all of
      the powder particles will be separated completely in the filter, so that
      the purified air in exhaust or separating chamber 22 can be exhausted via
      an appropriate blower 23 and or the exhaust pipe 23.
PAR  In order to subject the filter to a continuous cleaning process, it is
      blown out section by section, in a downward direction, with the aid of the
      compressed-air nozzle arrangement. The procedure may be arranged so that
      when an excessive pressure differential exists between exhaust chamber 22
      and the upper space in funnel-shaped part 2 of enclosure 1, chamber 12a
      is, for example, first sealed with the respective closure 14a.
PAR  Next, the air nozzle arrangement 24 supported by a frame is shifted across
      the upper part of the filter element in the direction of arrow 26, so that
      compressed air enters into oblong chamber 24a via flexible feed line 26a.
      As a result, the upper third III of the filter element is blown out in
      downward direction during the movement of chamber 24a, which corresponds
      to the cleaning of this part of the filter, while the two areas I and II
      remain in operation since no compressed air entered chambers 24b and 24c,
      and dampers 14b and 14c are open.
PAR  Once section or area III of the filter has been cleaned in this fashion,
      and nozzle arrangement 24 has returned to its starting position, damper
      14a is opened so as to permit powder-laden air to again proceed through
      chamber 12a of channel 12. Damper 14b is now closed, and the nozzle
      arrangement moved in the same fashion along arrow 26, so that compressed
      air now enters chamber 24a via flexible feed line 26b. Section II of the
      filter is cleaned in this manner while the two remaining sections I and II
      remain in operation, since dampers 14a and 14c are open.
PAR  Following the cleaning of section II, lastly, section I is cleaned in the
      same fashion by closing damper 12c so that compressed air enters into
      chamber 24c via feed line 26c and by moving the nozzle assembly in the
      direction of arrow 26. Thus, the filter can be cleaned as illustrated,
      without interrupting the filtering operation.
PAR  Also, the installed dampers may prevent any dust explosion from spreading
      and, as the case may be, possibly destroying the entire system. In case of
      a dust explosion or powder fire, the dampers serve as check dampers,
      wherein an appropriate contactor in the powder spray booth emits a signal
      necessary to close all dampers 14a, 14b and 14c.
PAR  Powder 30, which has accumulated in funnel-shaped part 2, can be withdrawn
      by opening closure 18. It is also possible, however, to provide on the
      funnel-shaped bottom section of the enclosure, in the lower area,
      connections for a pneumatic return of the powder, or for a direct
      connection with the powder carriage of the electrostatic powder coating
      device.
PAR  While only an exemplary embodiment of the present invention has been shown
      and described, it will be obvious that many changes and modifications may
      be made thereunto without departing from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for reclaiming powders, particularly for electrostatic powder
      coating systems, comprising, in combination:
PA1  a hollow housing having a top and bottom portion;
PA1  a filter means mounted in said housing between said top and bottom portion
      for filtering air passing therethrough and having filter layers defining
      vertically extending passage openings, said filter layers being wave-like
      and aligned in a first direction parallel to each other;
PA1  partition walls mounted in said housing adjacent to said filter means, for
      defining suction intake chamber means communicative with an inlet
      connection on said housing top portion for introducing the powder-laden
      air to be processed, as well as defining three channels adjacent to said
      filter compartments, and channel means passing alongside said suction
      chamber means;
PA1  said filter means and said filter layers defining three respective filter
      sections, each aligned with an adjacent one of said channels;
PA1  said suction intake chamber means including three adjacent, downwardly
      opening compartments, each communicative with a respective one of said
      three channels, the latter being adjacent, and directed downwardly in said
      channel means and for dividing the processed air;
PA1  said housing bottom portion being funnel-shaped and comunicating with said
      filter means and said channels, and including an outlet opening for the
      powder recovered from the processed air; said partition walls including a
      baffle plate transversely disposed at a bottom portion of said partition
      walls to constrict the cross-section of said channels, respectively, just
      above said housing bottom portion;
PA1  an exhaust chamber communicating with said housing top portion and
      communicating downstream with said filter means;
PA1  damper means for controlling the flow of air to said suction intake chamber
      means, including individually adjustable dampers disposed in each of said
      channels;
PA1  compressed-air nozzle means mounted in said housing adjacent to said filter
      means at the top thereof and including three oblong chambers extending
      across the tops of the three filter sections, respectively, parallel to
      said filter layers, and nozzle-type openings linearly aligned in a bottom
      portion of said oblong chambers, downwardly directed at said filter
      layers, said oblong chambers being transversely movably mounted across the
      tops of said filter layers relative to said parallel orientation of said
      filter layers and further comprising means for selectively applying
      compressed air to, and connected to, said three oblong chambers,
      respectively, independently of each other, and wherein said oblong
      chambers sweep across each of said three filter sections; and means for
      simultaneously continuously operating said exhaust chamber to reclaim the
      powder from the processed air passing through at least one of said
      channels.
NUM  2.
PAR  2. The device as defined in claim 1, further comprising means for
      detachably connecting said housing to said bottom portion, to said exhaust
      chamber, and to said suction chamber means.
NUM  3.
PAR  3. The device as defined in claim 1, wherein said housing bottom portion
      includes a sifting device.
NUM  4.
PAR  4. The device as defined in claim 1, wherein said filter means includes
      metal strips imbedded in said filter layers and electrically grounded to
      remove electrostatic charge.
NUM  5.
PAR  5. The device as defined in claim 1, wherein said housing bottom portion
      includes further baffle plates between an inlet to said bottom portion and
      said filter means.
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ABST
PAL  A down-flow chamber in which, from a filter in the ceiling of a working
      room, a germfree and dustfree flow of air is directed downwardly to a
      working face that is surrounded by walls with exhaust openings for the
      flow of air at the edges and in which, at the front, a transparent wall is
      mounted. Between the lower edge of the transparent wall and an exhaust
      grid in front of the working face there is a vertical opening of such a
      height that arms can be put through the opening to be able to carry out
      operations in the working room, wherein at the lower edge of the
      transparent wall a flexible lid preferably of smooth plastics material is
      mounted that is hanging down and is substantially extending to the exhaust
      grid. Further, a device is provided on the chamber that prevents the lid
      from moving outwardly from the vertical plane through the opening.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a down-flow chamber, in which, from a filter in
      the ceiling of a working room, an air flow free of germs and dust is
      directed downwardly on a working face surrounded by walls with exhaust
      openings for the air flow at the front and the back.
PAR  At the front of the chamber a transparent wall is provided and between the
      lower edge of that wall and an exhaust grid in front of the working face
      there is a vertical slit or opening of such a height that the arms,
      protected by gloves with long gauntlets, can be put through the slit to
      carry out activities in the working room.
PAR  Through the slit materials and additional means can also be brought into
      the working room.
PAR  The large exhaust grid in front of the working face has a great capacity so
      that air is sucked in both from within the chamber and from its outside.
PAR  Hence an air curtain is provided that prevents ambient air from entering
      the working room and further, prevents the air in the working room from
      escaping directly into the ambient atmosphere.
PAR  The air supplied from above through the filter sweeps past the inner
      surface of the transparent front wall and the ambient air sweeps past the
      outer surface of the same.
PAR  If the exhaust capacity of the grid is not great enough or is hampered,
      contaminated air can flow from the inside to the outside or from the
      outside to the inside.
PAR  When in the working room viruses or bacteria or other dangerous products
      are handled that should under no condition escape from the chamber
      according to the invention, at the lower edge of the transparent wall a
      flexible lid, preferably of smooth plastics material is provided, that is
      hanging down and substantially extends to the exhaust grid and highly
      reduces the area of the vertical slit.
PAR  In order to be able to operate in the chamber, the arms are passed under
      the lid that is hanging down and it is lifted inwardly, the outer surface
      of the lid being in contact with the gauntlets over the arms.
PAR  The air flow in the working room along the transparent wall then is guided
      downwardly past the inner surface of the lid and disappears in the exhaust
      grid.
PAR  The air leakage flow past the outer surface increases by lifting the lid
      because it is sucked by a larger part of the exhaust grid.
PAR  Because the lower edge of the lid lies lower than the lower edge of the
      transparent wall and the air leakage flow has increased, the risk of
      vortexes, that might emerge under the lower edge of the lid to ambient
      air, is much smaller and, thus theoretically not one particle would be
      able to escape out of the working room to ambient air.
PAR  It has been found, however, that in withdrawing the arms the flexible lid
      is drawn along outwardly, while its inner surface sweeps over the
      gauntlets and thus transfers on to the gauntlets particles adhering to
      this surface. In this manner the particles are introduced directly into
      the ambient air with the gauntlets.
PAR  Moreover the air flow past the inner surface of the lid is guided to
      ambient air, while the air leakage flow is strongly reduced when the lower
      edge of the lid is able to move away from the zone of the exhaust grid.
PAR  Upon this occurrence, the vortexes of the inner air flow can escape from
      the working room under the lower edge of the lid to ambient air, thus
      taking along particles to ambient air.
PAC  SUMMARY OF THE INVENTION
PAR  In order to overcome these drawbacks, according to the invention means have
      been provided that prevent the lid from moving outwardly from the vertical
      plane through the slit.
PAR  The air leakage flow is no longer reduced, the vortexes, if any, under the
      lower edge of the lid are efficiently sucked into the exhaust grid and the
      risks of contact between the inner surface of the lid and the gauntlets
      are substantially reduced.
PAR  Preferably, these means according to the invention are formed by a rod
      attached to the lower edge of the lid, preferably in a seam of the lid,
      and by means of strips running downwardly from the transparent front wall
      to the exhaust grid in front of the sides of the lid and the ends of the
      rod.
PAR  The rods and strips prevent the lid from moving outwardly with its lower
      edge.
PAR  In the position of rest the lid with the rod is hanging practically in the
      center plane over the exhaust grid and can only move inwardly.
PAR  At the outer side of the lid there remains always a substantially constant
      air leakage flow that passes through the exhaust grid and in so doing
      drags along all particles that might emerge from the working room.
PAR  If the lid is lifted inwardly by means of the arms then the air leakage
      flow past the arms is increasing and so becomes more effective as regards
      dragging along particles towards the exhaust grid.
PAR  If the chamber is broad to enable two or more persons to work in the
      working room side by side, the lid can be divided in two or more
      juxtaposed parts. In such a case a strip is provided in front of the
      partition between the sections of the lid, which strip covers the
      partition and by which the rods of both sections are prevented from being
      able to move outwardly.
PAR  In an other embodiment according to the invention the means for preventing
      the lid from swinging outwardly may consist of an elastic belt at the
      lower edge of the lid and which at the ends of the lid is attached to the
      lower sides of the side walls or to the exhaust grid and forces the lid
      downwardly and may consist of strips that run downwardly from the
      transparent front wall to the exhaust grid in front of the side edges of
      the lid and the connection of the belt.
PAR  Because the belt is elastic, there might occur, for instance, in the
      center, an outward deflection of the lid and therefore it is advisable to
      provide in front of the plane of the lid vertical bars that also run
      downwardly from the transparent wall towards the exhaust grid.
PAR  These bars reduce the freedom of movement, however, and make it more
      difficult to bring materials and additional means into the working room.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates in a perspective view a preferred embodiment of the
      invention and indicates the direction of air flow with arrows.
PAR  FIG. 2 is a perspective view of a modified detail of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to FIG. 1, in a housing 1 of a down-flow chamber a working face
      2 is provided at working height, which at the back edge abuts a vertical
      exhaust grid 3 in a back wall 4, at the side edges abuts the side walls of
      housing 1 and at the front edge abuts a horizontal exhaust grid 5.
PAR  The front side of working room 6, which is formed by the walls, is closed
      by a transparent plate 7, which ends over the center of the exhaust grid 5
      at a height of 25 cm.
PAR  From this plate 7 a preferably transparent lid 8 made, for example, of
      smooth plastics, is hung. A rod 9 is attached to the lid 8 in a seam
      thereof and extends along the horizontal lower edge of the lid 8. The rod
      9, together with the ends of lid 8, reaches behind strips 10 that run from
      plate 7 downwardly to exhaust grid 5.
PAR  Strips 10 are mounted to the side walls of the chamber and do not only
      cover the slit or opening between the ends of lid 8 and the side walls,
      but also prevent rod 9 with lid 8 from moving outwardly from the plane
      through strips 10.
PAR  Inwardly, however, lid 8 is entirely free to enter into working room 6 not
      only in a vertical but also in a horizontal direction.
PAR  If the chamber is broad so that two persons might be at work on working
      face 2, lid 8 is divided in two but then in front of the partition of the
      lid sections a further strip 10 is mounted, which runs downwardly and
      which prevents rod 9 of both sections of the lid from moving outwardly.
PAR  If in the one half of the chamber someone is at work then by the weight of
      rod 9 lid 8 in the other half is hanging downwardly up to 2 cm over
      exhaust grid 5.
PAR  In that half of the chamber in which someone is at work, rod 9 and lid 8
      are lifted by the arms and moved inwardly whereby, more leakage air is
      sucked from the ambient air beside and between the arms than in the other
      half.
PAR  Such suction is generated because under working face 2 in the base of the
      chamber a suction room 11 is provided from which the contaminated air from
      grids 3 and 5 is removed laterally through a filter 12 with a powerful fan
      13.
PAR  The coarse impurities fall from the air flow into room 11 and into a drawer
      14, which can be emptied from time to time.
PAR  The small impurities such as bacteria, viruses or other particles that are
      dragged along with the air flow, are caught in filter 12.
PAR  At the back of the chamber the purified air flows from fan 13 upwardly into
      a back room 15, in the back wall in which there is provided an exhaust
      filter 16.
PAR  In the chamber at the upper side a fan 17 is mounted which sucks the pure
      air from back room 15 and forces it downwardly through a hepa filter 18
      into working room 6.
PAR  In working room 6 a downward laminar flow of completely purified germfree
      and dustfree air is generated, which is exhausted through exhaust grids 3
      and 5 after its contamination by the contents of working room 6.
PAR  The course of air flow generated by the fans 13 and 17 is indicated by
      arrows in the Figure.
PAR  By means of a variable transformer the lower fan 13 is adjusted to a
      greater capacity than upper fan 17 because it must also suck the leakage
      air in front of lid 8 through the part of exhaust grid 5 that lies outside
      working room 6.
PAR  The quantity of leakage air that is mixed in room 11 with the contaminated
      air from grid 3 and from the part of grid 5 that lies within lid 8, must
      be discharged in completely purified state from the chamber and it is for
      this reason that, therefor, exhaust filter 16 is mounted in the back wall.
PAR  Fans 13 and 17 must be coordinated not only as regards capacity but also as
      regards the possibilities of switching.
PAR  When energizing the fans, the lower fan 13 must be switched on first before
      upper fan 17 begins to operate, because otherwise a downward air flow is
      generated in working room 6 that is not blown outside through grids 3 and
      5 but through the slit under lid 8. The result would be that bacteria
      viruses or other dangerous products would directly emerge from the chamber
      which must be prevented under all conditions.
PAR  When switching off the fans, care must be taken, on the contrary, that
      upper fan 17 is switched off before lower fan 13, because exhausting from
      working face 2 prevails over supply of air.
PAR  Both fans 13 and 17 are controlled by variable transformers so that the
      moved quantities of air and their velocities are adjustable.
PAR  Behind exhaust filter 16 a flow meter may be placed, which indicates the
      quantity of air that is blown out. This measure for the quantity of
      leakage air that enters exhaust grid 5.
PAR  Because there is a close relation between the quantity of leakage air and
      the quantity of air recirculating in the chamber, the circulation in the
      chamber can be controlled with this sole, permanently functioning flow
      meter and be kept at the correct value by adjusting the variable
      transformers.
PAR  The flow meter and the positions of the variable transformers also play a
      role in evaluating the degree of contamination of the filters and the
      point in time at which these must be cleaned.
PAR  By rod 9 and strips 10 a flow of leakage air is always provided in front of
      lid 8 and towards exhaust grid 5.
PAR  Lid 8 can only be moved towards working room 6 so that the flow of leakage
      air can only increase and can drag along vortexes to exhaust grid 5.
PAR  When the arms are put under lid 8 and lid 8 is lifted, the flow of leakage
      air that occurs by the sides of and between the arms will increase as a
      result of the strong exhaust through grid 5 and will drag along all
      particles from the arms into grid 5; a flow of air to ambient air thus
      cannot take place.
PAR  The rigid rod 9, if desired, might be replaced, as shown in FIG. 2 by an
      elastic belt 19, stretched taut, in the seam of lid 8 that has been
      connected at the ends of the lid behind strips 10 at the lower part of the
      side walls near the center of exhaust grid 5 and that pulls lid 8 down.
PAR  The elastic belt 19, however, might deform outwardly and in order to
      prevent this, vertical bars 20 (only one shown in FIG. 2) are expediently
      provided in several places in front of the lid that run from the lower
      edge of plate 7 downwardly to the center of grid 5.
PAR  These bars 20, however, may obstruct the introduction of objects into
      working room 6 under lid 8 and, therefore, the construction with rigid rod
      9 is preferable.
CLMS
STM  We claim:
NUM  1.
PAR  1. A laminar down-flow apparatus comprising in combination:
PA1  a. a ceiling, a working floor, side walls, a rear wall and a front wall
      defining a working room;
PA1  b. a grid provided in a front portion of said working floor and extending
      outwardly of said working room beyond said front wall;
PA1  c. means defining an opening in said front wall, said opening being of
      sufficient magnitude to allow an operator's hands to pass therethrough for
      performing work in said working room, said opening being bounded by said
      grid and a lower edge of said front wall spaced vertically from said grid;
PA1  d. a movable lid swingably mounted on said lower edge for normally covering
      said opening, said movable lid normally hanging in substantially vertical
      orientation and extending substantially down to said grid for dividing
      said grid into a first grid portion that is disposed in said working room
      and a second grid portion that is disposed outside said working room;
PA1  e. restraining means for preventing said lid from moving from its vertical
      position in a direction oriented outwardly of said working room;
PA1  f. an air inlet filter provided in said ceiling;
PA1  g. means defining a suction room beneath said working floor, said suction
      room being in direct communication with said working room through said
      first grid portion and with the ambient surroundings externally of said
      working room through said second grid portion;
PA1  h. channel means disposed externally of said working room and maintaining
      communication between said suction room and said filter; and
PA1  i. fan means disposed in said channel means for forcing air from said
      channel means into said working room through said filter, from said
      working room into said suction chamber through said first grid portion and
      from the ambient surroundings into said suction room through said second
      grid portion.
NUM  2.
PAR  2. Down-flow apparatus according to claim 1, wherein said lid substantially
      extends, when in its vertical position, to the center of said grid.
NUM  3.
PAR  3. Down-flow apparatus as defined in claim 1, further including an elastic
      belt attached to a lower edge of said lid; strip members having one end
      attached to said grid and another end attached to said front wall, said
      strip members extending across said opening at opposite sides thereof on
      that side of said lid that is oriented away from said working room, said
      strip members constituting said restraining means; and at least one
      vertical bar extending from the lower edge of said front wall to said grid
      across said opening on that side of said lid that is oriented away from
      said working room.
NUM  4.
PAR  4. Down-flow apparatus according to claim 1, further including a rod
      attached to and coextensive with a lower edge of said lid; and strip
      members having one end attached to said grid and another end attached to
      said front wall, said strip members extending across said opening at
      opposite sides thereof on that side of said lid that is oriented away from
      said working room, said strip members constituting said restraining means.
NUM  5.
PAR  5. Down-flow apparatus according to claim 4, wherein said rod is mounted in
      a seam of the lid.
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ABST
PAL  This invention is concerned with a centrifugal pump, particularly adapted
      for pumping liquids with a heavy gas content. To separate the gases from
      the liquids the impeller is provided with ducts leading from the central
      inlet to the peripheral outlet of the pump, the ducts being of
      progressively smaller cross section from the inlet to the outlet and
      openings are provided through the impeller disc for the escape of gases.
      There are a plurality of openings and the cross sectional area presented
      by the openings for the escape of gas is progressively lesser from the
      inlet region to the outlet region.
PARN
PAR  This application is a continuation of application Ser. No. 426,746, filed
      Dec. 20, 1973 now abandoned.
BSUM
PAR  The invention concerns a centrifugal pump for pumping liquids with heavy
      gas content, particularly, but not necessarily exclusively, it is
      concerned with a pump for emulsified fermentation media.
PAR  Centrifugal pumps are normally not capable of pumping liquids and gases
      simultaneously. The strong centrifugal forces appearing in the rotor of
      the centrifugal pump cause a separation of the liquid and gas phases.
PAR  In the proximity of the hub of the rotor, a core of gas or foam is formed,
      which leads to a reduction of the delivery rate of the pump or makes the
      output of the pump cease altogether.
PAR  Centrifugal pumps are known, in which by generating additional turbulence
      in the rotor and/or by generating turbulence ahead of or behind the rotor,
      which reaches into the rotor, the separated gas is turbulently mixed with
      the liquid again and again so that the gas may be pumped with the liquid.
PAR  Known are further centrifugal pumps for the intermittent pumping of
      gas-containing liquids during start-up for evacuating the suction line,
      which are coupled with jet, side channel or positive displacement pumps in
      such a manner that the gas or foam core which is formed in the rotor of
      the centrifugal pump is suctioned off through holes near the hub and the
      gas or foam is mostly transported along through the volumetrically smaller
      jet, side channel or positive displacement pump into the pressure outlet.
PAR  According to another known solution for venting the suction line and the
      rotor of centrifugal pumps with auxiliary suction devices which can be
      engaged and disengaged, the rotor of the centrifugal pump is likewise
      provided with holes near the hub and additionally, on its rear side, with
      blades having centrifugal action. In such an arrangement, a conduit with
      its inlet near the hub or directly in the hub of the rotor on the rear
      side of the rotor to lead the gas to the auxiliary pumping device. This is
      to ensure that the dirt particles which enter the blade space on the rear
      side of the rotor through the openings near the hub with the foam are
      thrown off radially by the centrifugal forces and cannot get into the
      delicate auxiliary suction devices.
PAR  All the known centrifugal pumps have the disadvantage that the hydraulic
      efficiency, particularly when pumping liquids with heavy gas content, is
      considerably lower than that of centrifugal pumps for pumping pure
      liquids.
PAR  This reduction of the efficiency is the automatic consequence of the
      desired substantial increase of the turbulence in the rotor. Although the
      core of foam that forms in the vicinity of the hub is carried away through
      the holes near the hub and stable operation of the pump is thereby
      assured, the gas separates out continuously in the entire rotor channel
      and flows back to the rotor hub against the transport direction in the
      rotor.
PAR  The centrifugal forces in the rotor, which cause the separation of the
      gas-containing flow medium, increase with the square of the radial rotor
      dimensions. The backward flow of gas mentioned reduces, for one, the
      cross-sectional area for the liquid in the rotor channels, which results
      in lower output, and also leads to additional turbulence losses in the
      rotor, which lessens the hydraulic efficiency even more. To this is added
      that the jet, side channel or positive displacement pumps used for
      exhausting the foam through the openings in the rotor near the hub have a
      relatively low hydraulic efficiency, as they must be laid out for pumping
      a two-phase system. This not inconsiderable power requirement further
      reduces the overall efficiency of these combination pumps.
PAR  It is an object of the invention to improve the hydraulic efficiency of
      centrifugal pumps for pumping liquids with heavy gas content and to
      thereby reduce the energy required.
PAR  The invention addresses itself to the problem of developing a centrifugal
      pump which permits to pump gas-containing liquids with a gas content of
      over 50%, stably with a minimum of energy losses and continuously.
PAR  According to the invention, the problem is solved by providing a plurality
      of spaced openings in the rotor disc, near the rotor blade intake side,
      i.e., the trailing side of the blades, the eye of the openings being
      progressively smaller from the root of the blade to the blade tips.
      Alternatively or additionally, the spacing between adjacent openings
      becomes larger from the roots of the blades to the blade tips. Preferably,
      the cross sections of the channels of the rotor defined by adjacent blades
      are reduced in the flow direction, i.e., in the radially outer regions of
      the rotor, as compared to a design for pumping pure liquids, to take
      account of the reduction in volume of the gas-containing flow medium by
      the removal of foam from the rotor channels through the openings and by
      the compression of the gas remaining in the flow medium.
PAR  In this way, the gas in the form of foam, which is continuously separated
      from the gas-containing flow medium toward the suction side of the blades
      in the entire rotor channel, escapes through the openings, which act as
      choke points, without back flow to the rotor hub and the inherent
      retardation of the flow in the rotor channel due to the volume reduction
      of the pumped flow, which favors separation of the flow from the wall and
      thus, major losses are avoided.
PAR  By this arrangement, the turbulence losses automatically occurring due to
      the stratification of the nonhomogeneous medium in the rotor channel and
      the volume reduction are therefore reduced to a minimum.
PAR  According to a further feature of the invention, there are arranged on the
      rear side of the rotor hub disc blades acting centrifugally in a manner
      known per se, of which at least some extend from a point radially inwardly
      of the openings of the hub disc nearest to the rotor axis to a point
      radially outwardly of the tips of the blades on the front sides of the
      rotor. In such an arrangement, blades other than those extending from a
      point inwardly of the radially innermost openings of the rotor disc also
      extend to a point radially outwards of the tips of the blades in the front
      side of the rotor. In this way, the area of the openings on the rear side
      of the rotor remains free of pumped liquid and the foam leaving via the
      rotor openings in this area is separated by the impact and centrifugal
      forces acting on it into pumped liquid, which is pumped by the blades
      designed only for the pumping of liquid into the pressure chamber of the
      pump with low hydraulic losses, and into gas, which in accordance with the
      invention, is removed via one or several gas discharge conduits. The
      discharge conduits have their inlets disposed radially inwardly of the
      openings of the rotor disc nearest to the axis and extend to a gas pumping
      device designed for pure gas pumping which draws off the gas with high
      efficiency.
PAR  Back flow of pumped liquid from the pressure chamber or volute of the pump
      into the gas discharge conduits is prevented in single-flow pumps by the
      provision that in accordance with the invention a disc, which is generally
      provided in single-flow rotors and covers up the blades on the rear side
      of the hub disc, ends at a greater radial distance from the axis than the
      blades on the front side of the hub disc, and that this disc, together
      with the pump housing, there forms a choke gap in the manner known per se,
      and that between the pump housing and the part of the blades that is not
      covered up a gap as small as possible exists. The flow of liquid
      penetrating the choke gap is thereby pumped back into the pressure chamber
      (or volute) of the pump by the backflow blades of the rotor.
PAR  The exhaust device for the gas separated in the centrifugal pump requires
      additional machinery and power. However, the exhaust device can be
      eliminated completely if in accordance with the invention the input
      pressure at the pump is chosen so high that the pressure at the rear of
      the hub disc in the vicinity of the holes is greater than the pressure in
      the space, into which the gas exhaust conduits extend.
PAR  According to the invention, a choke or valve member is provided in the gas
      exhaust line for adaption to the pumping conditions in each case.
PAR  The gas discharge can thereby be controlled in such a manner, in contrast
      to other known centrifugal pumps with gas exhaust from the rotor, that
      pumped liquid is no longer sucked off or escapes with the gas if, for
      instance, the gas content in the pumped liquid is lower than that for
      which the pump is normally designed.
PAR  The advantages of the solution according to the invention are that liquids
      with a heavy gas content of up to more than 50% can be pumped reliably and
      efficiently.
PAR  With experimental pumps having a rated output of, for instance, 2000
      m.sup.3 /hour, hydraulic efficiencies were obtained which, for a flow
      medium with 40% gas content, are 90 to 95% of those attainable with
      homogeneous liquids.
DRWD
PAR  The solution according to the invention will be explained in further detail
      in the following, making reference to two examples of embodiments. In the
      attached drawings:
PAR  FIG. 1 is an axial cross section through a single-stage centrifugal pump
      according to the invention,
PAR  FIG. 2 is a half section on the line 2--2 of FIG. 1,
PAR  FIG. 3 is an axial cross section through a rotor of another embodiment of
      the invention, and
PAR  FIG. 4 is a half section on the line 4--4 of FIG. 3.
DETD
PAR  FIG. 1 illustrates a single-stage centrifugal pump, in which a rotor
      consisting of a hub disc 1, front rotor blades 3, the blades 5 on the rear
      side of the hub disc and cover disc 7, is arranged in a pump housing 8 on
      a drive shaft 12. In the hub disc 1 of the rotor are arranged, as will be
      seen in FIG. 2, in the immediate vicinity of the intake or trailing side
      of the rotor blades 3, a plurality of openings 2, which are approximately
      equally spaced apart and which are progressively smaller from the root of
      the blade towards its tip.
PAR  The cross sections of the rotor channels 4 defined between adjacent blades
      3 become smaller in the direction of liquid flow, i.e., from roots to tips
      of the blades, than in a design for pure liquid pumping to an extent,
      corresponding to the reduction in volume of the gas-containing medium due
      to the removal of foam from the channels 4 through the openings 2 and the
      compression of the gas still remaining in the flow medium.
PAR  Some of the radially arranged blades 5 on the rear side of the hub disc 1
      begin at a smaller distance from the axis than that of the openings 2
      nearest to the axis. All the blades 5, the hub disc 1 and the cover disc 7
      terminate at a substantially greater radial distance from the axis than do
      the longer blades 3 and, together with the pump housing 8 form there a
      choke gap 9.
PAR  Between those parts of the longer blades 5, which are not covered by disc
      7, and the pump housing 8, there is only a small gap. At a smaller radial
      distance from the axis than that of the openings 2 in the hub disc 1
      nearest to the axis, an annular gas exhaust conduit 6 begins, which is in
      connection with a gas exhaust line 10. A choke or valve member 11 is
      arranged in the gas exhuast line 10.
PAR  FIGS. 3 and 4 show to the invention embodied in a doubleflow rotor.
PAR  On the drive shaft 12, a double-flow rotor with centrifugal action is
      arranged, which consists of the hub discs 1, the rotor blades 3 and the
      blades 5 which are arranged between the two hub discs 1. In the immediate
      vicinity of the intake side of the rotor blades 3 are arranged in the hub
      discs 1 of the rotor, beginning at the root of the blades up to the
      vicinity of the blade tip, openings 2 of equal size, which are arranged at
      spacings which become progressively larger from the blade roots to the
      tips. The cross sections of the rotor channels 4 become additionally
      smaller in the flow direction than in a design for pure liquid pumping.
      Blades 5 between the discs 1 are curved forward and begin at a smaller
      distance from the axis than that of the openings 2 nearest to the axis.
PAR  All the blades 5 and the hub discs 1 end at a greater radial distance from
      the axis than do the rotor blades 3. Several gas exhaust conduits 6 open
      to the hub at a smaller radial distance from the axis than that of the
      radially innermost opening 2 in disc 1 and the conduits lead to gas
      exhaust lines with choke or valve members.
PAR  When pumping a gas-containing liquid with a pump according to FIGS. 1 and 2
      or a pump having a rotor according to FIGS. 3 and 4, the gas, which is
      continuously separated over the length of channels 4 toward the intake
      side of the rotor blades 3 due to the centrifugal forces, escapes in the
      form of foam through the openings 2 in discs 1 and passes to the rear
      sides of the discs. By the additional reduction of the cross section of
      the channels between the blades over a design for pure liquid pumping,
      retardation of the flow due to volume reduction of the pumped flow is
      avoided here. The foam passing to the rear of the hub through the openings
      2 separates into pumped liquid and gas under the action of the centrifugal
      forces. The liquid component of the foam is pumped by the blades 5 on the
      rear side of the hub discs 1 into the pressure chamber of the pump.
      Through the longer radial extent of the blades 5 as compared to the rotor
      blades 3 one achieves that the area of the openings 2 on the rear side of
      the disc 1 remains free of pumped liquid.
PAR  The gas is either exhausted via the gas discharge conduits 6, the gas
      exhaust line 10 and the choke member 11 by means of a suitable device or
      escapes by itself via that path. The gas flow is controlled by means of
      the choke member 11 in such a manner that only so much foam escapes from
      the rotor channels 4 through the openings 2 in the hub discs 1 as is
      separated according to the gas content of the flow medium.
PAR  The flow medium, which in the case of a pump according to FIGS. 1 and 2
      passes through the choke gap 9 between the cover disc 7 and the pump
      housing 8 from the pressure chamber of the pump to the area of the blades
      5 on the rear side of the hub disc 1, is pumped back into the pressure
      space of the pump by the blades 5.
CLMS
STM  We claim:
NUM  1.
PAR  1. A centrifugal pump capable of handling liquids with a heavy gas content
      comprising a housing, a rotatable impeller disc disposed within the
      housing, a generally axial inlet opening to one side of the impeller disc
      and an outlet at the periphery of the impeller disc, said impeller disc
      comprising a plurality of impeller blades on said one side thereof, said
      blades extending from a central region to a peripheral region of the disc
      and defining between adjacent ones thereof ducts leading from a central
      region of the disc to the periphery thereof, said ducts being of
      progressively lesser cross section from radially inner portions thereof to
      radially outer portions thereof, a plurality of impeller blades on the
      other side of the disc extending from a peripheral region of the disc
      toward a central region thereof, said blades on said one side of the disc
      having leading and trailing sides, said disc having a plurality of
      openings in each duct, said openings being disposed adjacent said trailing
      sides of said blades on said one side of the disc and communicating with
      said other side of the disc, each said plurality of openings comprising
      openings of similar cross sectional area and the spacing between said
      openings being progressively greater from a central to a peripheral region
      of said disc, said openings being constituted as means passing a gaseous
      phase of a pumped medium to said other side of the disc and means
      communicating with a central region of the housing adjacent said other
      side of the disc for removal of said gaseous phase.
NUM  2.
PAR  2. A pump as claimed in claim 1 wherein said means communicating with said
      other side of the disc for removal of the gaseous phase of the medium
      comprises conduit means opening adjacent central region of the disc, said
      region at which said conduit opens being radially inwards of the radially
      innermost opening of said plurality of openings in the disc.
NUM  3.
PAR  3. A pump as claimed in claim 1 wherein radially outermost portions of each
      blade of said plurality of blades on said other side of the disc are
      disposed radially outwardly of radially outermost portions of each said
      blade of said plurality of blades on said one side of the disc and wherein
      at least some of said blades of said plurality of blades on said other
      side of the disc have radially inner ends disposed at least as close to
      the disc axis as the radially innermost ones of said plurality of openings
      in the disc.
NUM  4.
PAR  4. A pump as claimed in claim 1 wherein said impeller disc includes a
      disc-like portion secured to said plurality of blades on said other side
      of said impeller disc, said disc-like portion being secured to edges of
      said last mentioned blades remote from said other side of said impeller
      disc, said disc-like portion having a central circular opening, the
      marginal edges of said central circular opening being disposed radially
      outwardly of innermost portions of at least some of the blades of said
      plurality of blades on said other side of the impeller disc, said marginal
      edges and an adjacent housing portion defining therebetween a throttling
      clearance.
NUM  5.
PAR  5. A pump as claimed in claim 1 wherein said means for removal of said
      gaseous phase of the medium comprises a conduit, said conduit including a
      throttling element.
NUM  6.
PAR  6. A centrifugal pump capable of handling liquids with a heavy gas content
      comprising a housing, a rotatable impeller disc disposed within the
      housing, a generally axial inlet opening to one side of the impeller disc
      and an outlet at the periphery of the impeller disc, said impeller disc
      comprising a plurality of impeller blades on said one side thereof, said
      blades extending from a central region to a peripheral region of the disc
      and defining between adjacent ones thereof ducts leading from a central
      region of the disc to the periphery thereof, said ducts being of
      progressively lesser cross section from radially inner portions thereof to
      radially outer portions thereof, a plurality of impeller blades on the
      other side of the disc extending from a peripheral region of the disc
      toward a central region thereof, said blades on said one side of the disc
      having leading and trailing sides, said disc having a plurality of
      openings in each duct, said openings being disposed adjacent said trailing
      sides of said blades on said one side of the disc and communicating with
      said other side of the disc, each said plurality of openings comprising
      openings of which each of those closer to the center of the disc is of
      greater cross sectional area than those more remote from said center of
      said disc and said openings being equally spaced from one another, said
      openings being constituted as means passing a gaseous phase of a pumped
      medium to said other side of the disc and means communicating with a
      central region of the housing adjacent said other side of the disc for
      removal of said gaseous phase.
NUM  7.
PAR  7. A pump as claimed in claim 6 wherein radially outermost portions of each
      blade of said plurality of blades on said other side of the disc are
      disposed radially outwardly of radially outermost portions of each said
      blade of said plurality of blades on said one side of the disc and wherein
      at least some of said blades of said plurality of blades on said other
      side of the disc have radially inner ends disposed at least as close to
      the disc axis as the radially innermost ones of said plurality of openings
      in the disc.
NUM  8.
PAR  8. A pump as claimed in claim 6 wherein said means communicating with said
      other side of the disc for removal of the gaseous phase of the medium
      comprises conduit means opening adjacent central region of the disc, said
      region at which said conduit opens being radially inwards of the radially
      innermost opening of said plurality of openings in the disc.
NUM  9.
PAR  9. A pump as claimed in claim 6 wherein said impeller disc includes a
      disc-like portion secured to said plurality of blades on said other side
      of said impeller disc, said disc-like portion being secured to edges of
      said last mentioned blades remote from said other side of said impeller
      disc, said disc-like portion having a central circular opening, the
      marginal edges of said central circular opening being disposed radially
      outwardly of innermost portions of at least some of the blades of said
      plurality of blades on said other side of the impeller disc, said marginal
      edges and an adjacent housing portion defining therebetween a throttling
      clearance.
NUM  10.
PAR  10. A pump as claimed in claim 6 wherein said means for removal of said
      gaseous phase of the medium comprises a conduit, said conduit including a
      throttling element.
NUM  11.
PAR  11. A centrifugal pump capable of handling liquids with a heavy gas content
      comprising a housing, a rotatable impeller disc disposed within the
      housing, a generally axial inlet opening to one side of the impeller disc
      and an outlet at the periphery of the impeller disc, said impeller disc
      comprising a plurality of impeller blades on said one side thereof, said
      blades extending from a central region to a peripheral region of the disc
      and defining between adjacent ones thereof ducts leading from a central
      region of the disc to the periphery thereof, said ducts being of
      progressively lesser cross section radially inner portions thereof to
      radially outer portions thereof, a plurality of impeller blades on the
      other side of the disc extending from a peripheral region of the disc
      toward a central region thereof, said blades on said one side of the disc
      having leading and trailing sides, said disc having a plurality of
      openings in each duct, said openings being disposed adjacent said trailing
      sides of said blades on said one side of the disc and communicating with
      said other side of the disc, each said plurality of openings comprising
      openings of which each of those closer to the center of the disc is of
      greater cross sectional area than those more remote from said center of
      said disc and the spacing between said openings being progressively
      greater from a central to a peripheral region of said disc, said openings
      being constituted as means passing a gaseous phase of a pumped medium to
      said other side of the disc and means communicating with a central region
      of the housing adjacent said other side of the disc for removal of said
      gaseous phase.
NUM  12.
PAR  12. A pump as claimed in claim 11 wherein radially outermost portions of
      each blade of said plurality of blades on said other side of the disc are
      disposed radially outwardly of radially outermost portions of each said
      blade of said plurality of blades on said one side of the disc and wherein
      at least some of said blades of said plurality of blades on said other
      side of the disc have radially inner ends disposed at least as close to
      the disc axis as the radially innermost ones of said plurality of openings
      in the disc.
NUM  13.
PAR  13. A pump as claimed in claim 11 wherein said means communicating with
      said other side of the disc for removal of the gaseous phase of the medium
      comprises conduit means opening adjacent central region of the disc, said
      region at which said conduit opens being radially inwards of the radially
      innermost opening of said plurality of openings in the disc.
NUM  14.
PAR  14. A pump as claimed in claim 11 wherein said impeller disc includes a
      disc-like portion secured to said plurality of blades on said other side
      of said impeller disc, said disc-like portion being secured to edges of
      said last mentioned blades remote from said other side of said impeller
      disc, said disc-like portion having a central circular opening, the
      marginal edges of said central circular opening being disposed radially
      outwardly of innermost portions of at least some of the blades of said
      plurality of blades on said other side of the impeller disc, said marginal
      edges and an adjacent housing portion defining therebetween a throttling
      clearance.
NUM  15.
PAR  15. A pump as claimed in claim 11 wherein said means for removal of said
      gaseous phase of the medium comprises a conduit, said conduit including a
      throttling element.
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ABST
PAL  Apparatus for gas dehumidization especially for gases where the diameters
      of the droplets are smaller than 10 micrometers. Layers of vertically
      arranged blades protrude from a tubular surface coaxial with a housing,
      and are shaped along an involute line with equal pitch. On the blades
      rests a cover with a cone having its vertex directed towards the gas
      inlet. A stream of gas to be dehumidified is introduced into the interior
      of the plant and directed through the cone radially into passages between
      the blades where due to the momentum transverse to the gas streams, the
      liquid droplets become separated from the gas.
BSUM
PAR  The subject of this invention is the equipment for dehumidization of gases
      especially such with drops the diameter of which is less than 10
      micrometers.
PAR  So far gas dehumidifiers were used in which the operating components was
      composed of a parallely situated pack of corrugated sheets which were
      spaced at determined intervalls. In these dehumidifiers occured an
      alternate curving of gas streams causing that the minute droplets which
      did not approach the wall of sheet at one curving occupy the most
      unfavourable position with relation to the next curving of the gas stream
      thus reducing the efficiency of dehumidization.
PAR  There are also known pad dehumidifiers in which gas is being passed through
      a pack of chips, screens, fibre glass or variously spahed granular
      profiles. In these dehumidifiers occur severe losses of purified gas.
PAR  Other dehumidifiers are composed of packs of parallel tubes equipped at the
      inlet with vanes which cause the gas stream to swirl; the said swirl is
      rapidly dwindling due to the friction of gas stream against tube walls.
PAR  For the known dehumidifying equipment there exists such value of gas flow
      velocity at which the fluid is torn off the walls and re-enters in shape
      of droplets into gas streams which results in reduction of dehumidization
      efficiency.
PAR  The dehumidifier according to invention is equipped with layers of
      vertically situated blades protruding from a tubular surface, co-axial
      with the housing and shaped along an involute with equal pitch whereby the
      blade curving radius of two adjacent layers has an opposite sense. Such
      situated blades split the gas stream into parallel planes which are
      further split into streams of equal width by the side edges of blades
      situated in adjacent planes. Moreover, the gas streams which contact each
      other in layer dividing planes mutually convey to each other the crosswise
      momentum and set each other into rotary motion. The centrifugal force,
      accompanying this motion, pulls the droplets from stream interior and
      deposits the droplets on blade walls. Setting of gas streams into rotary
      motion extend the period of influence of inertia forces upon the droplets
      of liquid thus improving the efficiency of dehumidization.
DRWD
PAR  The subject of this invention is illustrated as an examples on the
      accompanying drawings where FIG. 1 shows the sheer plan of the equipment
      and FIG. 2 denotes the cross-section of equipment along A--A line on FIG.
      1.
DETD
PAR  The equipment for gas dehumidization consists of a housing 1, in the bottom
      of which there is a coaxial gas inlet stub 2. Inside the housing 1,
      between two tubular surfaces with common geometrical axis, there located
      packs of vertical blades 3 protruding from the tubular surface, co-axial
      with the housing 1, shaped along an involute line and spaced with equal
      pitch. On blades 3 rests the cover 4 with cone 5 the vertex of which
      points in direction opposite to that of gas inlet. The cone 5 is used to
      uniformly split the stream of gas to be dehumidified among all the blades
      3. At the other end of the housing there is co-axially situated the outlet
      stub 6 to drain the dehumidified gas, and in the bottom 1 of the housing
      there is situated the stub 7 for draining the separated liquid.
PAR  The equipment operates as follows: The gas stream to be dehumidified passes
      through inlet stub 2 into the interior of the plant and radially directed
      by the cone 5 into passages formed among the blades 3 where due to the
      conveyance of momentum cross-wise among gas streams the droplets of liquid
      become separated from the gas which is drained via the outlet stub 6 and
      the liquid is drained via the stub 7.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Apparatus for gas dehumidization comprising a cylindrical housing with a
      flat bottom having a gas inlet stub pipe, a dehumidifying pack supported
      by said bottom, said pack having at least two horizontal layers of curved
      rectangular blades spaced from said housing, a cover having a cone for
      closing said pack at the top thereof, said blades comprising successive
      horizontal layers of the pack and being spanned at equal intervals between
      two concentric vertical imaginary cylindrical surfaces, the lateral edges
      of the said blades lying on the generating lines of the said surfaces, the
      longitudinal extent of said blades running along a curve with origin at
      the inner imaginary cylindrical surface comprising an involute, the other
      end of the curve at the outer imaginary cylindrical surface running along
      the radius of the said surface, the curvatures of adjacent layers being in
      opposite sense, gas outlet means, and liquid outlet means, the base of
      said cone being mounted to said cover, said cone being directed downwards
      with vertex opposite to said gas inlet, said cover forming an
      axially-symmetrical arrangement with said blades and said housing the side
      surfaces of said blades intersecting said cylindrical surfaces and limit
      the pack of blades from the outside at substantially a right angle.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said cylindrical surface
      associated with said longitudinal edges of said blades limit the pack of
      said blades from the inside, the cylindrical surface associated with said
      other end of said curve limiting the pack of blades from the outside.
NUM  3.
PAR  3. The apparatus as defined in claim 2 wherein the horizontal pattern of
      each following layer of blades is a mirror reflection of the preceding
      layer.
NUM  4.
PAR  4. The apparatus as defined in claim 3 wherein said pack of blades bring
      separate streams of gas into the rotary motion, said blades having curved
      clearances therebetween through which said separate streams of gas flow in
      said pack, each separate stream of gas whirling when flowing through one
      of said clearances so that droplets of liquid are thrown against the walls
      of said blades under the effect of centrifugal force, the dehumidization
      zone being contained within the space confined by said blades of said
      pack, said pack of blades being spaced from said housing by an annular
      space forming exclusively a passage through which the dehumidified gas is
      discharged, said gas streams being free of whirling motion in said annular
      space, said cover having a circular shape with diameter equal to the
      diameter of the circle described by the outer vertical edges of said
      blades.
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ABST
PAL  A biological fertilizer is prepared by a process which comprises treating
      sewage sedimentation sludge with sulphite waste liquor, the treatment
      being carried out at a pH of no more than 6, followed by mixing the
      mixture of treated sludge and waste liquor with pulverized vegetable
      matter, whereby to form a biological fertilizer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a method of producing fertilizers from sewage.
PAR  The sewage may be domestic, industrial or agricultural sewage.
PAR  2. Description of the Prior Art
PAR  Domestic sewage represents the main problem in water pollution and its
      proportion of the total environmental pollution is estimated to be 63%.
      The remaining 37% is divided between industry and agriculture. Industry at
      least is endeavouring, albeit with considerable technical difficulty and
      financial expenditure, to restrict the discharge of contaminants into
      watercourses. The bulk of domestic sewage with its high proportion of
      natural biological constituents, which include some of thhe most valuable
      nutrients for the plant world, is for the most part, however, wasted
      unutilized.
PAR  The conventional treatment of sewage comprises introducing it into a
      clarifying tank, which brings about the settling of the solid particles,
      and then subjecting it to a "digestion" process in a digestion tank. The
      oxidation process thus aimed at here, which is necessitated by the
      presence of large quantities of what are known as "convenience chemicals
      of the affluent society" in domestic sewage, is considerably impeded or
      even rendered impossible. These "convenience chemicals", by which there
      are meant inter alia detergents, wetting agents, acids, alkalis,
      aromatics, and organic fats, etc., largely exclude even minimal oxidation
      processes. In addition it happens that digestion tanks constitute a
      breeding ground for bacteria and parasites. The result of such a digestion
      process is therefore not an activated sludge which is very suitable for
      further use but, rather, a biologically "dead" mass which, for example, is
      absolutely diametrically opposed to the requirements for natural plant
      growth. In this connection it has even been proposed to completely
      eliminate this non-utilizable mass by burning it, which, on the one hand,
      involves high costs (about 12 to 16 DM/m.sup.3) and, on the other hand,
      excludes any possibility of biological utilization.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that it is possible to treat sewage of all types
      with certain undesirable industrial waste products and obtain a
      biologically valuable product. The invention is based on the idea of
      subjecting the mass obtained from the settling or clarification of sewage,
      designated sewage sedimentation sludge, to a specific treatment with waste
      products resulting from chemical wood processing, and then converting this
      material into a biologically valuable product.
PAR  According to the present invention there is provided a process for the
      production of a biological fertilizer, which process comprises treating
      sewage sedimentation sludge with sulphite waste liquor, the treatment
      being carried out at a pH of no more than 6, followed by mixing the
      mixture of treated sludge and sulphite waste liquor with pulverized
      vegetable matter whereby to form a biological fertilizer.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The sludge may be domestic, industrial or agricultural sewage. An alumina
      product may be added to the sulphite waste liquor prior to reaction. It is
      desirable to store the biological fertilizer before use.
PAR  The method, of the invention makes it possible to process the sedimentation
      sludge from sewage, which occurs in large amounts and is difficult to
      dispose of, in a simple, technically inexpensive treatment operation, and
      to convert the constituents of the sludge into a biologically valuable
      fertilizer which is free of pathogenic organisms and can therefore be
      safely employed. At the same time a generally worthless and troubelsome
      by-product resulting from the manufacture of paper, from the production of
      cellulose, or from the decomposition of the wood with bisulphites may be
      utilized. This sulphite waste liquor occurring in large quantities such as
      "green liquor" has been customarily allowed to flow unused into rivers,
      lakes or seas, or has been burnt after dehydration. The method of the
      invention has therefore, in addition to the remarkable effect of the
      unimpeded completion of the oxidation processes in the sedimentation
      sludge, the advantage of the efficient utilization of a hitherto largely
      worthless by-product thus avoiding the pollution of watercourses, or the
      destruction of the liquor by dehydration and combustion. Consequently, it
      is possible to utilize the biological residual substances present in the
      sulphite waste liquor which apparently originate from the dead biological
      wood cells. The biological process and chemical reactions occurring
      separately during these operations are not known in detail but there is
      achieved in this case the already mentioned remarkable double effect
      regarding the sedimentation sludge and the sulphite waste liquor. There is
      thus brought about the decomposition of the contaminants contained in the
      sewage and the commencement or continuation of the oxidation of the
      biological substances contained therein; simultaneously, the formation of
      breeding grounds for harmful parasites and the like is prevented. There is
      also made possible the complete and extremely beneficial utilization of
      the sulphite waste liquors from the paper and pulping industries by making
      use of the biological substances still present therein, while eliminating
      the cost of the senseless (from a biological point of view) destruction of
      these waste liquors and at the same time preserving natural watercourses.
      The process of the invention makes a very important contribution to the
      cleanliness of the environment by the combined treatment of domestic
      sewage and disposal of the harmful sulphite waste liquors arising from
      paper and pulp factories.
PAR  The sulphite waste liquor, which in the known chemical processes for wood
      decomposition is produced from calcium bisulphite, magnesium bisulphite or
      sodium bisulphite, can be used in the method of the invention irrespective
      of its origin. This applies not only to green liquor, such as is produced
      directly from wood decomposition, but also to partially or wholly
      neutralized or alkalized, sulphite waste liquor and to sulphite waste
      liquor concentrate. Preferably, however, the green liquor arising in the
      paper or cellulose industry is used without aftertreatment because
      conventional aftertreatments of the green liquor lead to coagulation of
      the lignin contained therein. Advantageously in the method of the
      invention the sulphite waste is green liquor of the concentration produced
      in the production of paper or cellulose. If desired, it is also possible
      to utilize green liquor diluted with water, in particular in a dilution of
      green liquor of up to 5 times its volume. If a sulphite waste liquor
      concentrate is used to start with, then for the method according to the
      invention this concentrate is advantageously diluted with water to the
      concentration of green liquor or even beyond that in accordance with the
      above.
PAR  The quantity of sulphite waste liquor used depends on the composition of
      the sedimentation sludge and the nature of its constituents. It is
      preferred that the sludge be treated with 5 to 30% by volume of undiluted
      green liquor, or with a corresponding amount of diluted green liquor.
PAR  As to the optional alumina product, it is preferred to add red mud from
      aluminium production to the sulphite waste liquor, preferably in a
      quantity of from 5 to 10% by weight based on the weight of the sulphite
      waste liquor (green liquor), or a corresponding amount of bauxite
      containing a low proportion of alumina.
PAR  Attention has to be paid during the treatment of the sedimentation sludge
      with the sulphite waste liquor to ensure that the prescribed pH value of 6
      is not exceeded. For the adjustment of the pH to this value of no more
      than 6, preferably to a pH of from 5 to 6, it is preferable to use an
      oxidizing acid, such as nitric acid, possibly using at the same time an
      organic acid such as oxalic or citric acid.
PAR  It is preferred that the oxidation of the sedimentation sludge in the
      presence of sulphite waste liquor is carried out at the lowest
      temperatures possible. Generally, it is possible to go up to 25.degree. C
      or only slightly above. The temperature range of 10.degree. to 15.degree.
      C is most preferred.
PAR  The treatment of the sludge with sulphite waste liquor is effected in a
      mixing process which is preferably carried out with continuous stirring.
      Preferably the mixing is carried out for about 12 hours.
PAR  Pulverized vegetable matter of any type is suitable for the conversion of
      the treated sludge into a biological fertilizer. For such a loosening
      constituent there may be used shredded peat or peat litter, chopped straw,
      grass cuttings or other pulverized vegetable waste, such as grass, twigs
      and leaves. The pH value of the sludge may then rise to about 6.8 even
      before the admixing of the vegetable matter. The mixture of treated sludge
      and vegetable matter is then left to stand so as to ensure its complete
      conversion into a fertilizer. A period of about one month is generally
      sufficient time for this, possibly even less.
PAR  To accelerate the conversion into a biological fertilizer aeration, which
      if necessary may be repeated, and/or the addition of oxidizing agents such
      as nitric acid or peroxides have proved to be very advantageous.
PAR  In accordance with one aspect of the invention the conversion of the
      treated silt (sedimentation sludge) into a biological fertilizer may be
      further assisted by the application of an electro-chemical potential to
      the material undergoing treatment, for example by forming the wall
      surfaces of the mixing tank as a copper-aluminum pair.
PAR  Finally, the biological fertilizer obtained in the manner described above,
      having been stored for about one month, may be mixed with small amounts of
      additional fertilizer constituents containing calcium, potassium, nitrogen
      or the like in the form of, for example, ground limestone, potassium
      compounds, ammonium compounds, nitrates and/or fluorides.
PAR  In the method of the invention it is preferred to use sewage that has been
      caused to settle to such an extent that it is still essentially viscous.
      In the feeding operation of the sludge to the tank in which the process of
      the invention is carried out which advantageously is combined with a
      mixing operation, green liquor is admixed with the sludge, preferably in a
      proportion of from about 5 to 10% of its volume. This green liquor may
      have been previously mixed with an alumina product, e.g., with 8 to 10% of
      red mud (waste from aluminum production) or with a low-grade bauxite. The
      mixing process may be continued for several hours in the mixing tank and
      the pH value is kept at pH 6 or below. In addition to aeration effected
      during the mixing process, oxidizing agents may be used, for example
      nitric acid (pH = 1 ) or an organic acid such as oxalic acid or citric
      acid.
PAR  The addition of vegetable matter as a loosening agent to the treated
      sludge, now adjusted to the desired pH value (e.g. 6.8), is again effected
      by a mixing process in which case shredded peat, biological waste such as
      chopped straw, grass and plant cuttings, are added. To increase the
      effectiveness of the constituents of the sulphite waste liquor it is
      advantageous if permanently weak electric currents (micro-currents) are
      maintained in the mixing tank. For this purpose it is possible, for
      example, for one mixing tank wall to have an aluminum surface and the
      other wall a copper surface, said walls being connected to one another
      conductively outside the tank, thus giving rise to an electro-chemical
      cell.
PAR  After the intimate mixing of the treated sludge with the vegetable matter
      has been completed, and after a storage time of 1 month, if necessary
      together with any interim re-storage of the material being mixed, has
      elapsed, there is obtained a highly active, biological fertilizer suitable
      for all plant species and which compared to known fertilizers generally
      brings about improved plant growth.
PAR  The processes which occur during the treatment of the sludge with sulphite
      waste liquor in the mixing tank may be summarized as comprising the
      decomposition of the various convenience chemicals, such as detergents,
      wetting agents etc., and also the conversion of sewer gas and methane
      while avoiding smells. The most important process occurring here is of
      course the oxidation of the biological and other constituents and also the
      decomposition of organic fats, tar products, etc. Moreover a type of
      inmunization of the biological substances of the faeces against harmful
      parasites is effected, resulting in a restriction of the nutrient media
      suitable for these parasites.
DETD
PAR  The invention is illustrated, by way of example only, in the following
      non-limiting Examples.
PAC  EXAMPLE 1
PAC  Part A
PAR  Domestic sewage collected from a housing estate was firstly conducted into
      a conventional clarifying tank provided with continuous mixing equipment
      and was then passed to a settling tank. The sedimentation mass (sewage
      sedimentation sludge) which settled in the settling tank underwent
      subsequent treatment in a still liquid to viscous state.
PAR  This sedimentation sludge then had admixed with it sulphite waste liquor to
      which 8% by volume red mud had been added. The sulphite waste liquor was
      undiluted green liquor resulting from the decomposition of wood with
      calcium bisulphite. The mixture of sulphite waste liquor with the
      admixtures mentioned above was added to the sedimentation mass in a volume
      ratio of about 1:10.
PAR  The mixing operation was carried out in the settling tank, intimate mixing
      being effected by continuous agitation. It was demonstrated that even with
      a mixing time of 5 to 6 minutes the sedimentation was already odourless.
      In this way the liberation and escape of hydrogen sulphide and other
      strong-smelling or noxious gases arising from the sedimentation sludge
      were eliminated in the shortest possible time.
PAR  During the course of the mixing operation and, in particular, at its
      commencement, care was taken to ensure that the pH value of the
      sedimentation mass in no case rose above pH 6. A pH value of higher than 6
      has to be reduced by the addition of acid, e.g. by means of dilute nitric
      acid (10%). The temperature was kept as low as possible during the entire
      mixing operation, i.e., at room temperature, and it was not allowed to
      rise above about 25.degree. C.
PAR  At the end of the mixing operation (about 12 hours.) the sludge treated in
      the aforementioned manner contained all the contaminants and pollutants
      which were present in the sewage in a combined form which constituted no
      danger or threat to the environment.
PAC  Part B
PAR  The still relatively viscous mass obtained in accordance with Example 1
      after the approximately 12 hour mixing operation was fed to another tank,
      and the pH of the mass was adjusted to a value of 6.8 by the addition of 1
      to 2% potassium hydroxide. The mass was then mixed with pulverized
      vegetable matter as a loosening constituent. Shredded peat litter was used
      as the pulverized vegetable matter. Medium length chopped straw or the
      like or pulverized waste vegetable matter such as grass, twigs, leaves
      could also have been used in place of the peat. The mass thus obtained was
      left to stand for at least one month, the treated sludge being converted
      with complete decomposition of any remaining contaminants into a
      biological fertilizer.
PAR  This latter was completely free of harmful parasites, maggots,
      disease-carrying germs and gave rise to an extremely effective fertilizer
      for all plants and soils. In the case of cereals, vegetables, foliage
      plants, as well as deciduous trees, fruit trees and coniferous trees a 30
      to 60% increase in growth was observed. In soils, in which previously no
      earth-worms were to be found, the presence of an abundance of earth-worms
      was noted about 1 year after addition of the fertilization. It is well
      known that worms only thrive in absolutely healthy soils. Plants
      fertilized with the fertilizer proved to be absolutely healthy and
      extremely resistant to disease and pests.
PAC  EXAMPLE 2
PAR  The solids from a domestic sewage disposal plant are generally pumped out
      half-yearly, or even more often. In this Example such domestic solids were
      fed to a clarifying tank and treated in the same way as in Example 1 part
      A An absolutely odourless sludge was obtained which was harmless to the
      environment and which gave rise to an excellent fertilizer after being
      mixed with chopped straw and after being left to stand for about 1 month.
PAC  EXAMPLE 3
PAR  Faeces and liquid manure from animal feeding stalls which had a
      particularly large proportion of pollutants and contaminants, was treated
      as in Example 1 part A except that the sulphite waste liquor was added to
      the sewage in a greater proportion (volume ratio approximately 1:5). This
      faeces and manure were converted into a practically odourless sludge in a
      mixing operation lasting about 1 day. The transformation of this sludge
      into an especially high-grade biological fertilizer was effected in the
      same way as in Example 1 part B.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing a biological fertilizer which comprises treating
      sewage sedimentation sludge with sulphite waste liquor, at a pH of no more
      than 6, at a temperature of up to about 25.degree. C, under oxidizing
      conditions to form a reaction product, and mixing the reaction product
      with pulverized vegetable matter to form a biological fertilizer.
NUM  2.
PAR  2. A process according to claim 1, wherein the sulphite waste liquor is
      green liquor resulting from paper or cellulose production.
NUM  3.
PAR  3. A process according to claim 2, wherein the sludge is treated with from
      5 to 30% by volume of the green liquor.
NUM  4.
PAR  4. A process according to claim 1, wherein the sludge is treated with green
      liquor resulting from paper or cellulose production diluted with up to 5
      times its volume of water.
NUM  5.
PAR  5. A process according to claim 1, wherein the sulphite waste liquor
      contains an alumina product.
NUM  6.
PAR  6. A process according to claim 5, wherein the alumina product is red mud
      from alumina production.
NUM  7.
PAR  7. A process according to claim 6, wherein the red mud is present in an
      amount of from 5 to 10% based on the weight of the sulphite waste liquor.
NUM  8.
PAR  8. A process according to claim 5, wherein the alumina product is bauxite
      containing a low proportion of alumina.
NUM  9.
PAR  9. A process according to claim 1, wherein the treatment of the sludge with
      the sulphite waste liquor is carried out at a pH of from 5 to 6.
NUM  10.
PAR  10. A process according to claim 1 wherein the pH is controlled by the
      addition of an acid selected from the group consisting of oxidizing acids
      and mixtures of oxidizing acids with organic acids.
NUM  11.
PAR  11. A process according to claim 10, wherein the acid is selected from the
      group consisting of nitric acid, and mixtures of nitric acid with an
      organic acid selected from the group consisting of citric and oxalic acid.
NUM  12.
PAR  12. A process according to claim 1, wherein the said treatment is carried
      out at a temperature of from 10.degree. to 15.degree. C.
NUM  13.
PAR  13. A process according to claim 1, wherein the treatment of the sludge
      with the sulphite waste liquor is carried out for about 12 hours.
NUM  14.
PAR  14. A process according to claim 1, wherein the vegetable matter is
      selected from the group consisting of shredded peat, peat litter, chopped
      straw and grass cuttings.
NUM  15.
PAR  15. A process according to claim 1, wherein the pH of the reaction product
      is maintained at no more than 6.8 during the said mixing step with the
      pulverized vegetable matter.
NUM  16.
PAR  16. A process according to claim 1, wherein the conversion of the reaction
      product into a biological fertilizer is accelerated by aeration.
NUM  17.
PAR  17. A process according to claim 1, wherein the conversion of the reaction
      product into a biological fertilizer is accelerated by the addition of an
      oxidizing agent.
NUM  18.
PAR  18. A process according to claim 1, wherein the conversion of the reaction
      product into a biological fertilizer is assisted by the application of an
      electro-chemical potential to the mixture of the reaction product and
      pulverized vegetable matter.
NUM  19.
PAR  19. A process according to claim 18, wherein the potential is applied by
      carrying out the mixing of the reaction product in a mixing tank the wall
      surfaces of which are formed as a copper-aluminium pair.
NUM  20.
PAR  20. A process according to claim 1, wherein the biological fertilizer is
      stored for about 1 month after production.
NUM  21.
PAR  21. A process for the preparation of a biological fertilizer, which process
      comprises treating sewage sedimentation sludge with from 5 to 30% by
      volume of green liquor resulting from paper or cellulose production, the
      green liquor containing from 5 to 10% by weight of an alumina product
      selected from the group consisting of red mud and bauxite containing a low
      proportion of alumina, the treatment being carried out at a pH of from 5
      to 6, and at a temperature of up to 25.degree. C, followed by mixing the
      mixture of treated sludge and green liquor with pulverized vegetable
      matter, said vegetable matter being selected from the group consisting of
      shredded peat, peat litter, chopped straw and grass cuttings, to form a
      biological fertilizer, and then storing said biological fertilizer for at
      least about 1 month after production.
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ABST
PAL  This invention discloses a method of increasing the yield of plant food
      contained in plant storage organs which comprises contacting the plants
      having storage organs with from about 0.05 to about 4.0 pounds per acre of
      a compound of the formula
      ##EQU1##
      wherein R.sup.1 is selected from the group consisting of alkyl, alkenyl,
      chloroalkyl, trifluoromethyl, alkoxy, alkylthio, alkylsulfonyl,
      alkylsulfinyl and cycloalkyl of from 3 to 7 carbon atoms optionally
      substituted with from 1 to 2 substituents selected from the group
      consisting of alkyl, alkoxy and halogen; and R.sup.2 is alkyl.
BSUM
PAR  This invention relates to a method of treating plants with storage organs
      thereby increasing the yield of plant food contained in the storage
      organs.
PAR  A variety of chemicals have been investigated as plant growth stimulants
      and promoters in attempts to increase the yield obtained from cultivated
      crops. These investigations have met with varying success but have not led
      to compositions of any commercial significance. In many instances the
      benefit derived from such compositions is offset by damage to the plant,
      such a disfuguration.
PAR  It has now been found that certain thiadiazolylimidazolines have the
      ability of increasing the yield of plant food contained in plant storage
      organs without exhibiting substantial toxicity to the plants. More
      specifically the present invention resides in a method of increasing the
      yield of plant food contained in plant storage organs which comprises
      contacting plants having storage organs with from about 0.05 pound to
      about 4.0 pounds per acre of a compound of the formula
      ##EQU2##
      wherein R.sup.1 is selected from the group consisting of alkyl, alkenyl,
      chloroalkyl, trifluoromethyl, alkoxy, alkylthio, alkylsulfonyl,
      alkylsulfinyl and cycloalkyl of from 3 to 7 carbon atoms optionally
      substituted with from 1 to 2 substituents selected from the group
      consisting of alkyl, alkoxy and halogen; and R.sup.2 is alkyl.
PAR  In a preferred embodiment of this invention R.sup.1 is selected from the
      group consisting of lower alkyl, lower alkenyl lower chloroalkyl,
      trifluoromethyl, lower alkoxy, lower alkylthio, lower alkylsulfonyl, lower
      alkylsulfinyl and cycloalkyl of from 3 to 7 carbon atoms optionally
      substituted with from 1 to 2 substituents selected from the group
      consisting of lower alkyl, lower alkoxy, chlorine, bromine and fluorine;
      and R.sup.2 is lower alkyl.
PAR  The term lower as used herein designates a straight or branched carbon
      chain of up to six carbon atoms.
PAR  The compounds of this invention can be prepared by dehydrating a compound
      of the formula
      ##EQU3##
      wherein R.sup.1 and R.sup.2 are as heretofore defined. This dehydration
      can be effected by reacting the compound of formula II with an about
      equimolar or slight excess molar amount of thionyl chloride. This reaction
      can be carried out by adding the thionyl chloride to a solution of the
      compound of formula II in an inert organic solvent such as methylene
      chloride at a temperature of from about 0.degree.C to about 20.degree.C.
      After the addition is completed the reaction mixture can be allowed to
      stand at room temperature for a period of from about 1 to about 24 hours
      to ensure completion of the reaction. After this time the reaction mixture
      can be stripped of solvent under reduced pressure to yield the desired
      product as the residue. This product can then be used as such or can be
      further purified by conventional techniques such as recrystallization and
      the like.
PAR  The compounds of formula II can be readily prepared by heating a compound
      of the formula
      ##EQU4##
      wherein R.sup.1 and R.sup.2 are as heretofore described, in a dilute,
      aqueous, acidic reaction medium for a period of about 10 to about 60
      minutes. Temperatures of from about 70.degree.C to the reflux temperature
      of the reaction mixture can be utilized. The reaction medium can comprise
      a dilute aqueous inorganic acid such as hydrochloric acid at a
      concentration of from about 0.5 to about 5 percent. Upon completion of the
      reaction the desired product can be recovered as a precipitate by cooling
      the reaction mixture. This product can be used as such or can be further
      purified by conventional means such as recrystallization and the like.
PAR  The compounds of formula III can be prepared by reacting a molar amount of
      an isocyanate dimer of the formula
      ##EQU5##
      wherein R.sup.1 is as heretofore described, with about two molar amounts
      of a dimethyl acetal of the formula
      ##EQU6##
      wherein R.sup.2 is as heretofore described. This reaction can be effected
      by heating a mixture of the isocyanate dimer and the acetal in an inert
      organic reaction medium such as benzene at the reflux temperature of the
      reaction mixture. Heating at reflux can be continued for a period of from
      about 2 to about 30 minutes to ensure completion of the reaction. After
      this time the desired product can be recovered upon evaporation of the
      reaction medium and can be used as such or can be further purified by
      standard techniques in the art.
PAR  The isocyanate dimer of formula IV can be prepared by reacting a
      thiadiazole of the formula
      ##EQU7##
      wherein R.sup.1 is as heretofore described, with phosgene. This reaction
      can be effected by adding a slurry or solution of the thiadiazole, in a
      suitable organic solvent such as ethyl acetate, to a saturated solution of
      phosgene in an organic solvent such as ethyl acetate. The resulting
      mixture can be stirred at ambient temperatures for a period of from about
      4 to about 24 hours. The reaction mixture can then be purged with nitrogen
      gas to remove unreacted phosgene. The desired product can then be
      recovered by filtration if formed as a precipitate or upon evaporation of
      the organic solvent used if soluble therein. This product can be used as
      such or can be further purified if desired.
PAR  Exemplary thiadiazoles of formula VI useful for preparing the compounds of
      the present invention are 5-methyl-2-amino-1,3,4-thiadiazole,
      5-ethyl-2-amino-1,3,4-thiadiazole, 5-propyl-2-amino-1,3,4-thiadiazole,
      5-allyl-2-amino-1,3,4-thiadiazole,
      5-pent-3-enyl-2-amino-1,3,4-thiadiazole, 5-chloromethyl-2-amino-1,3,4-thia
     diazole, 5-.beta.-chloroethyl-2-amino-1,3,4-thiadiazole,
      5-.gamma.-chloropropyl-2-amino-1,3,4-thiadiazole,
      5-trichloromethyl-2-amino-1,3,4-thiadiazole,
      5-methoxy-2-amino-1,3,4-thiadiazole, 5-ethoxy-2-amino-1,3,4-thiadiazole,
      5-propoxy-2-amino-1,3,4-thiadiazole, 5-butyloxy-2-amino-1,3,4-thiadiazole,
      5-hexyloxy-2-amino-1,3,4-thiadiazole,
      5-methylthio-2-amino-1,3,4-thiadiazole,
      5-ethylthio-2-amino-1,3,4-thiadiazole,
      5-propylthio-2-amino-1,3,4-thiadiazole,
      5-butylthio-2-amino-1,3,4-thiadiazole,
      5-methylsulfonyl-2-amino-1,3,4-thiadiazole,
      5-ethylsulfonyl-2-amino-1,3,4-thiadiazole, 5-butylsulfonyl-
      2-amino-1,3,4-thiadiazole, 5-methylsulfinyl-2-amino-1,3,4-thiadiazole,
      5-ethysulfinyl-2-amino-1,3,4-thiadiazole,
      5-propylsulfinyl-2-amino-1,3,4-thiadiazole,
      5-t-butyl-2-amino-1,3,4-thiadiazole,
      5-trifluoromethyl-2-amino-1,3,4-thiadiazole,
      5-cyclopropyl-2-amino-1,3,4-thiadiazole,
      5-cyclobutyl-2-amino-1,3,4-thiadiazole,
      5-cyclopentyl-2-amino-1,3,4-thiadiazole,
      5-cyclohexyl-2-amino-1,3,4-thiadiazole,
      5-cycloheptyl-2-amino-1,3,4-thiadiazole,
      5-(2-methylcyclopropyl)-2-amino-1,3,4-thiadiazole,
      5-(3-ethylcyclopentyl)-2-amino-1,3,4-thiadiazole,
      5-(4-propylcyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(1-methylcyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(4-chlorocyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(4-bromocyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(4-fluorocyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(3-methoxycyclohepty)-2-amino-1,3,4-thiadiazole,
      5-(3-hexylcyclopentyl)-2-amino-1,3,4-thiadiazole,
      5-(4-hexyloxycyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(4-iodocyclohexyl)-2-amino-1,3,4-thiadiazole and the like.
PAR  The manner in which the compounds of this invention can be prepared is more
      specifically illustrated in the following examples.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 5-Trifluoromethyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) was charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-trifluoromethyl-2-amino-1,3,4-thiadiazole (45 grams) in ethyl acetate
      (300 ml) was added to the reaction vessel and the resulting mixture was
      stirred for a period of about 16 hours resulting in the formation of a
      precipitate. The reaction mixture was then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture was filtered to recover 48
      grams of a white solid. This solid was recrystallized from dimethyl
      formamide to yield the desired product
      5-trifluoromethyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 2
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Methyl-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-trifluoromethyl-1,3,4-thiadiazol-2-yl isocyanate dimer (9.5
      grams), the dimethyl acetal of 2-methylaminoacetaldehyde (5.8 grams) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. This product is recrystallized from heptane to yield the desired
      product the dimethyl acetal of
      2-[1-methyl-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
      having a melting point of 101.degree. to 102.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of
      1-(5-Trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazo
     lidin-2-one
PAR  The dimethyl acetal of
      2-[1-methyl-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
      (15 grams), water (400 ml) and hydrochloric acid (4 ml) were charged into
      a glass reaction vessel equipped with a mechanical stirrer, thermometer
      and reflux condenser. The reaction mixture was heated at reflux for a
      period of about 15 minutes. The reaction mixture was then filtered while
      hot and the filtrate was cooled resulting in the formation of a
      precipitate. The precipitate was recovered by filtration, was dried and
      was recrystallized from an ethyl acetatehexane mixture to yield the
      desired product
      1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazo
     lidin-2-one having a melting point of 136.degree. to 138.degree.C.
PAC  EXAMPLE 4
PAC  Preparation of
      1-(5-Trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazo
     lidin-2-one (7 grams) in methylene chloride (50 ml) was charged into a
      glass reaction vessel equipped with a mechanical stirrer and thermometer.
      The solution was cooled to a temperature of about 10.degree.C and thionyl
      chloride (3 ml) was added with stirring. After the addition was completed
      the reaction mixture was allowed to stand at room temperature overnight.
      After this time the reaction mixture was stripped of methylene chloride by
      vacuum distillation leaving a solid residue. The residue was
      recrystallized from heptane to yield the desired product
      1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
      having a melting point of 135.degree. to 137.degree.C.
PAC  EXAMPLE 5
PAC  Preparation of 5-t-Butyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) was charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-t-butyl-2-amino-1,3,4-thiadiazole (10 grams) in ethyl acetate (300 ml)
      was added to the reaction vessel and the resulting mixture was stirred for
      a period of about 16 hours resulting in the formation of a precipitate.
      The reaction mixture was then purged with nitrogen gas to remove unreacted
      phosgene. The purged mixture was then filtered to recover the desired
      product 5-t-butyl-1,3,4-thiadiazol-2-yl isocyanate dimer as a solid having
      a melting point of 261.degree. to 263.degree.C.
PAC  EXAMPLE 6
PAC  Preparation of the Dimethyl Acetal of
      2-[1-methyl-3-(5-t-butyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-t-butyl-1,3,4-thiadiazol-2-yl isocyanate dimer (6 grams),
      the dimethyl acetal of 2-methylaminoacetaldehyde (3.9 grams) and benzene
      (50 ml) was charged into a glass reaction flask equipped with a mechanical
      stirrer and reflux condenser. The reaction mixture was heated at reflux,
      with stirring for a period of about 5 minutes. After this time the
      reaction mixture was stripped of benzene to yield an oil which solidified
      upon standing. The resulting solid was then recrystallized from pentane to
      yield the desired product the dimethyl acetal of
      2-[1-methyl-3-(5-t-butyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde having
      a melting point of 80.degree. to 82.degree.C.
PAC  EXAMPLE 7
PAC  Preparation of
      1-(5-t-Butyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidin-2-
     one
PAR  The dimethyl acetal of
      2-[1-methyl-3-(5-t-butyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde (16
      grams), concentrated hydrochloric acid (10 ml) and water (500 ml) were
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture was heated at
      reflux for a period of about 15 minutes. The reaction mixture was filtered
      while hot and the filtrate was then cooled, resulting in the formation of
      a precipitate. The precipitate was recovered by filtration, dried and was
      recrystallized from a benzene-hexane mixture to yield the desired product
      1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidin-2-
     one having a melting point of 133.degree. to 134.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of
      1-(5-t-Butyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidin-2-
     one (7 grams) in methylene chloride (50 ml) was charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      solution was cooled to a temperature of about 10.degree. C and thionyl
      chloride (3 ml) was added with stirring. After the addition was completed
      the reaction mixture was allowed to stand at room temperature overnight.
      After this time the reaction mixture was stripped of methylene chloride by
      vacuum distillation having a solid residue. The residue was then
      recrystallized from hexane to yield the desired product
      1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one having a
      melting point of 114.degree. to 116.degree.C.
PAC  EXAMPLE 9
PAC  Preparation of 5-Methyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methyl-2-amino-1,3,4-thiadiazole (40 grams) in ethyl acetate (300 ml) is
      added to the reaction vessel and the resulting mixture is stirred for a
      period of about 16 hours, resulting in the formation of a precipitate. The
      reaction mixture is then purged with nitrogen gas to remove unreacted
      phosgene. The purged mixture is then filtered to recover the precipitate.
      The precipitate is then recrystallized to yield the desired product
      5-methyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 10
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Methyl-3-(5-methyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-methyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05 mole),
      the dimethyl acetal of 2-methylaminoacetaldehyde (0.1 mole) and benzene
      (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      dimethyl acetal of
      2-[1-methyl-3-(5-methyl-1,3,4-thiadiazol-2-yl)ureido]-acetaldehyde.
PAC  EXAMPLE 11
PAC  Preparation of
      1-(5-Methyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidin-2-o
     ne
PAR  The dimethyl acetal of
      2-[1-methyl-3-(5-methyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde (15
      grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidin-2-o
     ne.
PAC  EXAMPLE 12
PAC  Preparation of
      1-(5-Methyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
PAR  A solution of 1-(5-methyl-1,3,4-thiadiazol-2-yl)-
      3-methyl-5-hydroxy-1,3-imidazolidin-2-one (7 grams) in methylene chloride
      (50 ml) is charged into a glass reaction vessel equipped with a mechanical
      stirrer and thermometer. The solution is cooled to a temperature of about
      10.degree.C and thionyl chloride (3 ml) is added with stirring. After the
      addition is completed the reaction mixture is allowed to stand at room
      temperature overnight. After this time the reaction mixture is stripped of
      methylene chloride by vacuum distillation leaving a solid residue. The
      residue is then recrystallized to yield the desired product
      1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
PAC  EXAMPLE 13
PAC  Preparation of 5-Methoxy-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methoxy-2-amino-1,3,4-thiadiazole (40 grams) in ethyl acetate (300 ml)
      is added to the reaction vessel and the resulting mixture is stirred for a
      period of about 16 hours, resulting in the formation of a precipitate. The
      reaction mixture is then purged with nitrogen gas to remove unreacted
      phosgene. The purged mixture is then filtered to recover the precipitate.
      The precipitate is then recrystallized to yield the desired product
      5-methoxy-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 14
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Ethyl-3-(5-methoxy-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-methoxy-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05 mole),
      the dimethyl acetal of 2-ethylaminoacetaldehyde (0.1 mole) and benzene (60
      ml) are charged into a glass reaction vessel equipped with a mechanical
      stirrer and reflux condenser. The reaction mixture is heated at reflux for
      a period of about 15 minutes. After this time the mixture is stripped of
      benzene under reduced pressure to yield a solid product as the residue.
      The residue is then recrystallized to yield the desired product the
      dimethyl acetal of
      2-[1-ethyl-3-(5-methoxy-1,3,4-thiadiazol-2-yl)ureido]-acetaldehyde.
PAC  EXAMPLE 15
PAC  Preparation of
      1-(5-Methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-5-hydroxy-1,3-imidazolidin-2-o
     ne
PAR  The dimethyl acetal of
      2-[1-ethyl-3-(5-methoxy-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde (15
      grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-5-hydroxy-1,3-imidazolidin-2-o
     ne.
PAC  EXAMPLE 16
PAC  Preparation of
      1-(5-Methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-5-hydroxy-1,3-imidazolidin-2-o
     ne (7 grams) in methylene chloride (50 ml) is charged into a glass reaction
      vessel equipped with a mechanical stirrer and thermometer. The solution is
      cooled to a temperature of about 10.degree.C and thionyl chloride (3 ml)
      is added with stirring. After the addition is completed the reaction
      mixture is allowed to stand at room temperature overnight. After this time
      the reaction mixture is stripped of methylene chloride by vacuum
      distillation leaving a solid residue. The residue is then recrystallized
      to yield the desired product
      1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-1,3-imidazolin-2-one.
PAC  EXAMPLE 17
PAC  Preparation of 5-Methylthio-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methylthio-2-amino-1,3,4-thiadiazole (45 grams) in ethyl acetate (300
      ml) is added to the reaction vessel and the resulting mixture is stirred
      for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-methylthio-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 18
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Propyl-3-(5-methylthio-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-methylthio-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 2-propylaminoacetaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      2-[1-propyl-3-(5-methylthio-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde.
PAC  EXAMPLE 19
PAC  Preparation of
      1-(5-Methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-5-hydroxy-1,3-imidazolidin
     -2-one
PAR  The dimethyl acetal of
      2-[1-propyl-3-(5-methylthio-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde (15
      grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-5-hydroxy-1,3-imidazolidin
     -2-one.
PAC  EXAMPLE 20
PAC  Preparation of
      1-(5-Methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-5-hydroxy-1,3-imidazolidin
     -2-one (8 grams) in methylene chloride (50 ml) is charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      solution is cooled to a temperature of about 10.degree.C and thionyl
      chloride (3 ml) is added with stirring. After the addition is completed
      the reaction mixture is allowed to stand at room temperature overnight.
      After this time the reaction mixture is stripped of methylene chloride by
      vacuum distillation leaving a solid residue. The residue is then
      recrystallized to yield the desired product
      1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-1,3-imidazolin-2-one.
PAC  EXAMPLE 21
PAC  Preparation of 5-Methylsulfonyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methylsulfonyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate
      (300 ml) is added to the reaction vessel and the resulting mixture is
      stirred for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-methylsulfonyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 22
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Methyl-3-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-methylsulfonyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 2-methyl-aminoacetaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      dimethyl acetal of
      2-[1-methyl-3-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde.
PAC  EXAMPLE 23
PAC  Preparation of
      1-(5-Methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one
PAR  The dimethyl acetal of
      2-[1-methyl-3-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
      (15 grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one.
PAC  EXAMPLE 24
PAC  Preparation of
      1-(5-Methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one (7 grams) in methylene chloride (50 ml) is charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      solution is cooled to a temperature of about 10.degree.C and thionyl
      chloride (3 ml) is added with stirring. After the addition is completed
      the reaction mixture is allowed to stand at room temperature overnight.
      After this time the reaction mixture is stripped of methylene chloride by
      vacuum distillation leaving a solid residue. The residue is then
      recrystallized to yield the desired product
      1-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3,-imidazolin-2-one.
PAC  EXAMPLE 25
PAC  Preparation of 5-Methylsulfinyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methylsulfinyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate
      (300 ml) is added to the reaction vessel and the resulting mixture is
      stirred for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-methylsulfinyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 26
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Methyl-3-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-methylsulfinyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 2-methylaminoacetaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      2-[1-methyl-3-(5-methylsulfinyl-1,3,4-thiadiazol2-yl)ureido]acetaldehyde.
PAC  EXAMPLE 27
PAC  Preparation of
      1-(5-Methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one
PAR  The dimethyl acetal of
      2-[1-methyl-3-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
      (15 grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one.
PAC  EXAMPLE 28
PAC  Preparation of
      1-(5-Methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one (7 grams) in methylene chloride (50 ml) is charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      solution is cooled to a temperature of about 10.degree.C and thionyl
      chloride (3 ml) is added with stirring. After the addition is completed
      the reaction mixture is allowed to stand at room temperature overnight.
      After this time the reaction mixture is stripped of methylene chloride by
      vacuum distillation leaving a solid residue. The residue is then
      recrystallized to yield the desired product
      1-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
PAC  EXAMPLE 29
PAC  Preparation of 5-Cyclobutyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-cyclobutyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate (300
      ml) is added to the reaction vessel and the resulting mixture is stirred
      for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-cyclobutyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 30
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Propyl-3-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-cyclobutyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 2-propylaminoacetaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      2-[1-propyl-3-(5cyclobutyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde.
PAC  EXAMPLE 31
PAC  Preparation of
      1-(5-Cyclobutyl-1,3,4-thiadiazol-2-yl)-3-propyl-5-hydroxy-1,3-imidazolidin
     -2-one
PAR  The dimethyl acetal of
      2-[1-propyl-3-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde (15
      grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)-3-propyl-5-hydroxy-1,3-imidazolidin
     -2-one.
PAC  EXAMPLE 32
PAC  Preparation of
      1-(5-Cyclobutyl-1,3,4-thiadiazol-2-yl)-3-propyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)-3-propyl-5-hydroxy-1,3-imidazolidin
     -2-one (7 grams) in methylene chloride (50 ml) is charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      solution is cooled to a temperature of about 10.degree.C and thionyl
      chloride (3 ml) is added with stirring. After the addition is completed
      the reaction mixture is allowed to stand at room temperature overnight.
      After this time the reaction mixture is stripped of methylene chloride by
      vacuum distillation leaving a solid residue. The residue is then
      recrystallized to yield the desired product
      1-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)-3-propyl-1,3-imidazolin-2-one.
PAC  EXAMPLE 33
PAC  Preparation of 5-Cycloheptyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-cycloheptyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate (300
      ml) is added to the reaction vessel and the resulting mixture is stirred
      for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-cycloheptyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 34
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Methyl-3-(5-cycloheptyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-cycloheptyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 2-methylaminoacetaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time to the mixture is
      stripped of benzene under reduced pressure yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      2-[1-methyl-3-(5-cycloheptyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde.
PAC  EXAMPLE 35
PAR  Preparation of
      1-(5-Cycloheptyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidi
     n-2-one
PAR  The dimethyl acetal of
      2-[1-methyl-3-(5-cycloheptyl1,3,4-thiadiazol-2-yl)ureido]acetaldehyde (15
      grams), water (400 ml) and hydrochloric acid (4ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-cycloheptyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidi
     n-2-one.
PAC  EXAMPLE 36
PAC  Preparation of
      1-(5-Cycloheptyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-cycloheptyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidi
     n-2-one (7 grams) in methylene chloride (50 ml) is charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      solution is cooled to a temperature of about 10.degree.C and thionyl
      chloride (3ml) is added with stirring. After the addition is completed the
      reaction mixture is allowed to stand at room temperature overnight. After
      this time the reaction mixture is stripped of methylene chloride by vacuum
      distillation leaving a solid residue. The residue is then recrystallized
      to yield the desired product
      1-(5-cycloheptyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
PAR  Additional exemplary compounds within the scope of the present invention
      which can be prepared by the procedures detailed in the foregoing examples
      are 1-(5-ethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-butyl-1,3,4-thiadiazol-2-yl)-3-hexyl-1,3-imidazolin-2-one,
      1-(5-hexyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1(5-ethoxy-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-propoxy-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-hexyloxy-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-ethylthio-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-butylthio-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-hexylthio-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-allyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-but-3-enyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-hex-4-enyl-1,3,4-thiadiazol- 2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-chloromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-.beta.-chlorethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-on
     e,
      1-(5-.gamma.-chloropropyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2
     -one,
      1-(5-trichloromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-ethylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-propylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-hexylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3imidazolin-2-one,
      1(5-ethylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-butylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-hexylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-cyclopropyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-cyclopentyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-cyclohexyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-[5-(1-methylcyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2
     -one,
      1-[5-(3-ethylcyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2-
     one,
      1-[5-(4-butylcyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2-
     one,
      1-[5-(4-hexylcyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2-
     one,
      1-[5-(2-methylcyclopropyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-
     2-one, 1-[
      5-(2-ethylcyclobutyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2-one
     , 1[5-(3-methylcyclopentyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-
     2-one,
      1-[5-(4-hexylcycloheptyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2
     -one,
      1-[5-(3-chlorocyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2
     -one,
      1-[5-(4-bromocyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2-
     one,
      1-[5-(4-fluorocyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2
     -one,
      1-[5-(2-methoxycyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-
     2-one,
      1-[5-(3-ethoxycyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2
     -one,
      1-[5-(4-propoxycyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-
     2-one and
      1-[5-(4-hexyloxycyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin
     -2-one.
PAR  To effect the method of this invention the plants having storage organs can
      be treated from the time of their planting to within a late stage of
      development with an effective amount of an active compound of this
      invention. Typically the treatment can be carried out at a time period
      ranging from the time of planting to about two weeks before normal
      harvesting of the plants.
PAR  The amount of the active compound of this invention required to effectively
      increase the amount of food in the storage organs of plants can vary
      somewhat depending on such factors as the particular plant involved, the
      time of application, the weather, crop density and the like. Generally an
      amount of at least about 0.05 pound per acre and preferably from about 0.1
      to about 4 pounds per acre can be used.
PAR  For practical use in treating plants with storage organs the compounds of
      this invention are generally incorporated into compositions or
      formulations which comprise an inert carrier and an effective amount of
      such a compound. These compositions enable the active compound to be
      conveniently applied to the plants in any desired quantity. These
      compositions can be liquids such as solutions, aerosols or emulsifiable
      concentrates or they can be solids such as dusts, granules or wettable
      powders.
PAR  The preferred compositions are liquid formulations, particularly
      emulsifiable concentrates. Emulsifiable concentrates comprise an active
      compound according to this invention and as the inert carrier, a solvent
      and an emulsifier. Such emulsifiable concentrates can be extended with
      water and/or oil to any desired concentration of active compound for
      application as sprays to the plants.
PAR  Typical formulations according to the present invention are illustrated in
      the following examples wherein the quantities are in parts by weight.
PAC  EXAMPLE 37
PAC  Preparation of an Emulsifiable Concentrate
PAR  The following ingredients are blended thoroughly until a homogeneous liquid
      concentrate is obtained. This concentrate is mixed with water to give an
      aqueous dispersion containing the desired concentration of the active
      ingredients for use as a spray.
TBL  ______________________________________                                    
             Product of Example 4                                              
                            25                                                 
             Sodium lauryl sulfate                                             
                             2                                                 
             Sodium lignin sulfate                                             
                             3                                                 
             Kerosene       70                                                 
     ______________________________________                                    
PAC  EXAMPLE 38
PAR  Preparation of a Wettable Powder
PAR  The following components are mixed intimately in conventional mixing or
      blending equipment and are then ground to a powder having a particle size
      of less than about 50 microns. The finished powder is dispersed in water
      to give the desired concentration of active compound.
TBL  ______________________________________                                    
             Product of Example 8                                              
                            50                                                 
             Fuller's earth 47                                                 
             Sodium lauryl sulfate                                             
                            2.5                                                
             Methyl cellulose                                                  
                            0.5                                                
     ______________________________________                                    
PAC  EXAMPLE 39
PAC  Preparation of a Dust
PAR  The following ingredients are mixed thoroughly and are then ground to an
      average particle size of less than about 50 microns to give a dust
      suitable for application with conventional dusting equipment.
TBL  ______________________________________                                    
             Product of Example 4                                              
                            10                                                 
             Powdered talc  90                                                 
     ______________________________________                                    
PAR  The plants with storage organs which may be treated in accordance with the
      present invention include tuberous species such as potato, sweet potato,
      yam, cassava, Jerusalem artichoke, Cyperus esculentus and dahlias; species
      having storage roots such as carrot, turnip, radish, beet including sugar
      beet; bulb bearing species such as onion, tulip and daffodil; species
      bearing thickened rhizomes such as iris; and species storing sugar or
      starch in the stem such as sugar cane, sage and the like.
PAR  The treatment of these various plants in accordance with the invention
      increases the content of plant food in the storage organs. This increase
      is typically an absolute increase but can be an increase relative to plant
      weight. Thus, for example, the treatment of potatoes results in an
      increase in the size and total weight of potatoes per potato plant.
      Treatment of other plant species of the kind described produces similar
      increases in the amount of food contained in the storage organs. Often
      this result is partly due to a modification of the foliar development.
CLMS
STM  I Claim:
NUM  1.
PAR  1. A method of increasing the yield of plant food contained in plant
      storage organs which comprises contacting the plants having storage organs
      with from about 0.05 to about 4.0 pounds per acre of a compound of the
      formula
      ##EQU8##
      wherein R.sup.1 is selected from the group consisting of lower alkyl,
      lower alkenyl, lower chloroalkyl, trifluoromethyl, lower alkoxy, lower
      alkylthio, lower alkylsulfonyl, lower alkylsulfinyl and cycloalkyl of from
      3 to 7 carbon atoms optionally substituted with from 1 to 2 substituents
      selected from the group consisting of lower alkyl, lower alkoxy and
      halogen; and R.sup.2 is lower alkyl.
NUM  2.
PAR  2. The method of claim 1 wherein the compound is
      1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
NUM  3.
PAR  3. The method of claim 1 wherein the compound is
      1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
NUM  4.
PAR  4. The method of claim 1 wherein the compound is
      1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
NUM  5.
PAR  5. The method of claim 1 wherein the compound is
      1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-1,3-imidazolin-2-one.
NUM  6.
PAR  6. The method of claim 1 wherein the compound is
      1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-1,3-imidazolin-2-one.
NUM  7.
PAR  7. The method of claim 1 wherein the plant is a potato plant.
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ABST
PAL  New compounds of the formula
      ##SPC1##
PAL  Wherein X is halogen; Y is selected from the group consisting of alkyl,
      alkenyl, haloalkyl, halogen, alkoxy, nitro, alkylthio, alkylsulfoxide and
      alkylsulfone; and n is an integer from 0 to 4, provided a maximum of two
      Y's are selected from the group consisting of nitro when n is greater than
      two. A herbicidal composition comprising an inert carrier and, in a
      quantity toxic to weeds, a compound of the above description. A method of
      controlling weeds which comprises contacting said weeds with a herbicidal
      composition described.
PARN
PAR  This application is a division of copending application Ser. No. 707,402
      filed Feb. 23, 1968, now U.S. Pat. No. 3,872,298.
BSUM
PAR  This invention relates to new compositions of matter and more particularly
      relates to compounds of the formula
      ##SPC2##
PAL  Wherein X is halogen, Y is selected from the group consisting of alkyl,
      alkenyl, haloalkyl, halogen, alkoxy, nitro, alkylthio, alkylsulfoxide, and
      alkylsulfone; and n is an integer from 0  to 4 provided a maximum of two
      Y's are nitro when n is greater than two.
PAR  In a preferred embodiment of this invention X is selected from the group
      consisting of fluorine, chlorine and bromine; Y is selected from the group
      consisting of halogen, lower alkyl, lower alkenyl, lower haloalkyl, lower
      alkoxy, and nitro; and n is as heretofore described.
PAR  The compounds of the present invention are unexpectedly effective as
      pesticides and particularly as herbicides.
PAR  The new compounds of this invention can be readily prepared by reacting a
      urea of the formula
      ##SPC3##
PAL  Wherein X, Y and n are as heretofore described, with an alkyl chloroformate
      such as ethyl chloroformate. The reaction can be conveniently carried out
      in aqueous base such as aqueous sodium hydroxide solution by adding the
      alkyl chloroformate to the urea at lower temperatures such as at 5.degree.
      to 20.degree.C. The addition is preferably performed with stirring and the
      stirring continued after the addition. The desired product can then be
      recovered from the reaction mixture by methods common to the art such as
      filtration, decantation, extraction, washing, drying, recrystallization
      and the like.
PAR  The compounds of this invention wherein at least one Y is selected from the
      group consisting of alkylsulfoxide and alkylsulfone can be prepared from
      the corresponding lower alkylthio compound by oxidation methods well known
      in the art.
PAR  The urea compounds of Formula II can be prepared readily from the
      corresponding N-arylhydroxylamine by reacting with an appropriate
      isocyanate of the formula
EQU  X.sub.3 C -- N = C = O
PAL  wherein X is as heretofore described. This reaction can be carried out by
      adding the isocyanate to a solution of the N-arylhydroxylamine in a
      suitable solvent such as diethyl ether. Low temperatures are preferred for
      this reaction such as from about 0.degree. to 10.degree.C. The resulting
      urea can be used in the reaction solution as such, or can be recovered
      therefrom by precipitation upon adding a diluent such as pentane followed
      by filtration and drying.
PAR  Exemplary of suitable urea compounds are
      1-trifluoromethyl-3-phenyl-3-hydroxyurea,
      1-trifluoromethyl-3-(4'-chlorophenyl)-3-hydroxyurea,
      1-trichloromethyl-3-(3'-methylphenyl)-3-hydroxyurea,
      1-trifluoromethyl-3-(3',4'-dichlorophenyl)-3-hydroxyurea,
      1-trifluoromethyl-3-(3'-chloro-4'-methylphenyl)-3hydroxyurea,
      1-tribromomethyl-3-(3'-ethyl-4'-nitrophenyl)-3-hydroxyurea,
      1-trifluoromethyl-3-(4'-allylphenyl)-3-hydroxyurea,
      1-trifluoromethyl-3-(4'-trifluoromethylphenyl)-3-hydroxyurea,
      1-trifluoromethyl-3-(3'-methylthiophenyl)-3-hydroxyurea,
      1-trichloromethyl-3-(3',5'-dinitrophenyl)-3-hydroxyurea,
      1-trifluoromethyl-3-(2'-methyl-4'-nitrophenyl)-3hydroxyurea,
      1-trifluoromethyl-3-(3'-methoxyphenyl)-3-hydroxyurea,
      1-tribromomethyl-3-(3'-bromophenyl)-3-hydroxyurea and the like.
PAR  Exemplary N-aryl hydroxylamine compounds are 4-chlorophenyl hydroxylamine,
      3-bromophenyl hydroxylamine, 3,5-dichlorophenyl hydroxylamine,
      4-methylphenyl hydroxylamine, 4-nitrophenyl hydroxylamine,
      3-trichloromethylphenyl hydroxylamine, 3-methoxyphenyl hydroxylamine, and
      the like.
PAR  Exemplary suitable isocyanates are trifluoromethyl isocyanate,
      trichloromethyl isocyanate, tribromomethyl isocyanate and triiodomethyl
      isocyanate.
PAR  The N-aryl hydroxylamines used in the above preparation of the ureas of the
      present invention can be prepared from the corresponding nitrobenzene.
DETD
PAR  The manner in which the compounds of the present invention can be prepared
      readily is illustrated in the following examples.
PAC  EXAMPLE 1
PAC  Preparation of 1Trifluoromethyl-3-phenyl-3-hydroxyurea
PAR  A solution of trifluoromethyl isocyanate (11.1 grams, 0.1 mol) in diethyl
      ether (35 ml) is added dropwise, with stirring to a solution of N-phenyl
      hydroxylamine (10.9 grams; 0.1 mol) in ether (60 ml) at room temperature.
      Stirring is continued for a period of about 1 hour resulting in a
      precipitate. Pentane is added to the mixture to form additional
      precipitate. The precipitate is then recovered by filtration, is washed
      and dried to yield 1-trifluoromethyl-3-phenyl-3-hydroxyurea.
PAC  EXAMPLE 2
PAC  Preparation of 2-Phenyl-4-trifluoromethyl)-1,2,4-oxadiazolidine-3,5-dione
PAR  1-Trifluoromethyl-3-phenyl-3-hydroxyurea (11 grams; 0.05 mol) is dissolved
      in a cooled (10.degree.C) 2N aqueous sodium hydroxide solution (35 ml).
      Ethyl chloroformate (6 ml; 0.06 mol) is added dropwise at 10.degree. to
      15.degree.C with stirring. Stirring is continued for a period of about 1/2
      hour after the addition is completed resulting in the formation of a
      precipitate. The precipitate is recovered by filtration, washed with water
      and dried to yield
      2-phenyl-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dione.
PAC  EXAMPLE 3
PAC  Preparation of 1-Trifluoromethyl-3-(4'-fluorophenyl)-3-hydroxyurea
PAR  p-Fluoronitrobenzene (14.1 grams; 0.1 mol) is dissolved in tetrahydrofuran
      (100 ml). Ten percent palladium on charcoal catalyst (0.1 gram) is added
      to the solution followed by hydrazine (6.0 ml; 0.1 mol), and the resulting
      mixture stirred at room temperature for about 48 hours with cooling as
      necessary. The reaction mixture, containing
      N-(4-fluorophenyl)hydroxylamine, is dried over anhydrous magnesium sulfate
      and filtered. To this solution is added trifluoromethyl isocyanate (11.1
      grams; 0.1 mol) and the solution is stirred for about 15 minutes. The
      reaction mixture is concentrated by evaporation of solvent and the
      resulting precipitate is recovered by filtration to yield
      1-trifluoromethyl-3-(4'-fluorophenyl)-3-hydroxyurea.
PAC  EXAMPLE 4
PAC  Preparation of
      2-(4'-Fluorophenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dione
PAR  1-Trifluoromethyl-3-(4'-fluorophenyl)-3-hydroxyurea (11.9 grams; 0.05 mol)
      is dissolved in dioxane (80 ml) and mixed with 2N aqueous sodium hydroxide
      (30 ml). Ethyl chloroformate (5.7 ml; 0.06 mol) is then added dropwise to
      the mixture at 10.degree. to 15.degree.C, with stirring, resulting in the
      formation of a precipitate. The precipitate is recovered by filtration,
      washed with water and dried to yield
      2-(4'-fluorophenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dione.
PAC  EXAMPLE 5
PAC  Preparation of 1-Trichloromethyl-3-(3',4'-dichlorophenyl)-3-hydroxyurea
PAR  A solution of trichloromethyl isocyanate (16 grams; 0.1 mol) in diethyl
      ether (40 ml) is added dropwise, with stirring, to a solution of
      N-(3,4-dichlorophenyl) hydroxylamine (17.8 grams; 0.1 mol) in diethyl
      ether (60 ml) at room temperature. Stirring is continued for a period of
      about 1 hour resulting in the formation of a precipitate. The precipitate
      is recovered by filtration, is washed and dried to yield
      1-trichloromethyl-3-(3',4'-dichlorophenyl)-3-hydroxyurea.
PAC  EXAMPLE 6
PAC  Preparation of
      2-(3',4'-Dichlorophenyl)-4-trichloromethyl-1,2,4-oxadiazolidine-3,5-dione
PAR  1-Trichloromethyl-3-(3',4'-dichlorophenyl)-3-hydroxyurea (16.9 grams; 0.05
      mol) is dissolved in dioxane (75 ml) and mixed with 2N aqueous sodium
      hydroxide (30 ml). Ethyl chloroformate (5.7 ml; 0.06 mol) is then added
      dropwise to the mixture with stirring, resulting in the formation of a
      precipitate. The precipitate is recovered by filtration, washed with water
      and dried to yield 2-(3',
      4'-dichlorophenyl)-4-trichloromethyl-1,2,4-oxadiazolidine-3,5-dione.
PAC  EXAMPLE 7
PAC  Preparation of 1-Trifluoromethyl-3-(3'-methylphenyl)-3-hydroxyurea
PAR  A solution of trifluoromethyl isocyanate (11.1 grams; 0.1 mol) in diethyl
      ether (50 ml) is added dropwise, with stirring, to a solution of
      N-(3-methylphenyl) hydroxylamine (12.3 grams; 0.1 mol) in diethyl ether
      (50 ml) at room temperature. Stirring is continued for a period of about 1
      hour resulting in the formation of a precipitate. The precipitate is
      recovered by filtration, is washed and dried to yield
      1-trifluoromethyl-3-(3'-methylphenyl)-3-hydroxyurea.
PAC  EXAMPLE 8
PAC  preparation of
      2-(3'-Methylphenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dione
PAR  1-Trifluoromethyl-3-(3'-methylphenyl)-3-hydroxyurea (11.7 grams; 0.05 mol)
      is dissolved in dioxane (75 ml) and mixed with 2N aqueous sodium hydroxide
      (30 ml). Ethyl chloroformate (5.7 ml; 0.06 mol) is then added dropwise to
      the mixture with stirring, resulting in the formation of a precipitate.
      The precipitate is recovered by filtration, is washed and dried to yield
      2-(3'-methylphenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dione.
PAC  EXAMPLE 9
PAC  Preparation of
      2-(4'-Methylsulfinylphenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dio
     ne
PAR  A solution of
      2-(4'-methylthiophenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dione
      (29.2 grams; 0.10 mol) in acetone (200 ml) is charged into a glass
      reaction vessel equipped with a mechanical stirrer. Hydrogen peroxide (16
      grams; 0.14 mol) is then slowly added, with stirring, at room temperature.
      Stirring is continued for a period of about 72 hours after the addition is
      completed. After this time the solvent is removed from the reaction
      mixture by evaporation resulting in a solid product. The product is
      washed, recrystallized, and dried to yield
      2-(4'-methylsulfinylphenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dio
     ne.
PAR  Other compounds within the scope of the present invention can be prepared
      in a manner similar to that detailed in the foregoing examples. Presented
      in the following examples are the essential ingredients required to
      prepare the indicated named compounds by the procedures heretofore
      described.
PAC  EXAMPLE 10
PAR  N-(3,4-Dimethylphenyl) hydroxylamine + trifluoromethyl isocyanate + sodium
      hydroxide + ethyl chloroformate =
      2-(3',4'-dimethylphenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dione.
PAC  EXAMPLE 11
PAR  N-(4-Nitrophenyl) hydroxylamine + trichloromethyl isocyanate + sodium
      hydroxide + ethyl chloroformate =
      2-(4'-nitrophenyl)-4-trichloromethyl-1,2,4-oxadiazolidine-3,5-dione.
PAC  EXAMPLE 12
PAR  N-(4-Methylthiophenyl) hydroxylamine + tribromomethyl isocyanate + sodium
      hydroxide + ethyl chloroformate =
      2-(4'-methylthiophenyl)-4-tribromomethyl-1,2,4-oxadiazolidine-3,5-dione.
PAC  EXAMPLE 13
PAR  N-(2-Allylphenyl) hydroxylamine + trifluoromethyl isocyanate + sodium
      hydroxide + ethyl chloroformate =
      2-(2'-allylphenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dione.
PAC  EXAMPLE 14
PAR  N-(3,4-Dichlorophenyl) hydroxylamine + trifluoromethyl isocyanate + sodium
      hydroxide + ethyl chloroformate =
      2-(3',4'-dichlorophenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dione.
PAC  EXAMPLE 15
PAR  N-(3-Methyl-4-chlorophenyl) hydroxylamine + trifluoromethyl isocyanate +
      sodium hydroxide + ethyl chloroformate =
      2-(3'-methyl-4'-chlorophenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-d
     ione.
PAC  EXAMPLE 16
PAR  N-(4-Trifluoromethylphenyl) hydroxylamine + trifluoromethyl isocyanate +
      sodium hydroxide + ethyl chloroformate =
      2-(4'-trifluoromethylphenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-di
     one.
PAR  For practical use as herbicides the compounds of this invention are
      generally incorporated into herbicidal compositions which comprise an
      inert carrier and a herbicidally toxic amount of such a compound. Such
      herbicidal compositions, which can also be called formulations, enable the
      active compound to be applied conveniently to the site of the weed
      infestation in any desired quantity. These compositions can be solids such
      as dusts, granules, or wettable powders; or they can be liquids such as
      solutions, aerosols, or emulsifiable concentrates.
PAR  For example, dusts can be prepared by grinding and blending the active
      compound with a solid inert carrier such as the talcs, clays, silicas,
      pyrophyllite, and the like. Granular formulations can be prepared by
      impregnating the compound, usually dissolved in a suitable solvent, onto
      and into granulated carriers such as the attapulgites or the vermiculites,
      usually of a particle size range of from about 0.3 to 1.5 mm. Wettable
      powders, which can be dispersed in water or oil to any desired
      concentration of the active compound, can be prepared by incorporating
      wetting agents into concentrated dust compositions.
PAR  In some cases the active compounds are sufficiently soluble in common
      organic solvents such as kerosene or xylene so that they can be used
      directly as solutions in these solvents. Frequently, solutions of
      herbicides can be dispersed under super-atmospheric pressure as aerosols.
      However, preferred liquid herbicidal compositions are emulsifiable
      concentrates, which comprise an active compound according to this
      invention and as the inert carrier, a solvent and an emulsifier. Such
      emulsifiable concentrates can be extended with water and/or oil to any
      desired concentration of active compound for application as sprays to the
      site of the weed infestation. The emulsifiers most commonly used in these
      concentrates are nonionic or mixtures of nonionic with anionic
      surface-active agents. With the use of some emulsifier systems an inverted
      emulsion (water in oil) can be prepared for direct application to weed
      infestations.
PAR  A typical herbicidal composition according to this invention is illustrated
      by the following example, in which the quantities are in parts by weight.
PAC  EXAMPLE 17
TBL                Preparation of a Dust                                       
     ______________________________________                                    
     Product of Example 2 10                                                   
     Powdered Talc        90                                                   
     ______________________________________                                    
PAR  The above ingredients are mixed in a mechanical grinder-blender and are
      ground until a homogeneous, free-flowing dust of the desired particle size
      is obtained. This dust is suitable for direct application to the site of
      the weed infestation.
PAR  The compounds of this invention can be applied as herbicides in any manner
      recognized by the art. One method for the control of weeds comprises
      contacting the locus of said weeds with a herbicidal composition
      comprising an inert carrier and as an essential active ingredient, in a
      quantity which is herbicidally toxic to said weeds, a compound of the
      present invention. The concentration of the new compounds of this
      invention in the herbicidal compositions will vary greatly with the type
      of formulation and the purpose for which it is designed, but generally the
      herbicidal compositions will comprise from about 0.05 to about 95 percent
      by weight of the active compounds of this invention. In a preferred
      embodiment of this invention, the herbicidal compositions will comprise
      from about 5 to about 75 percent by weight of the active compound. The
      compositions can also comprise such additional substances as other
      pesticides, such as insecticides, nematocides, fungicides, and the like;
      stabilizers, spreaders, deactivators, adhesives, stickers, fertilizers,
      activators, synergists, and the like.
PAR  The compounds of the present invention are also useful when combined with
      other herbicides and/or defoliants, dessicants, growth inhibitors, and the
      like in the herbicidal compositions heretofore described. These other
      materials can comprise from about 5% to about 95% of the active
      ingredients in the herbicidal compositions. Use of combinations of these
      other herbicides and/or defoliants, dessicants, etc. with the compounds of
      the present invention provide herbicidal compositions which are more
      effective in controlling weeds and often provide results unattainable with
      separate compositions of the individual herbicides. The other herbicides,
      defoliants, dessicants and plant growth inhibitors, with which the
      compounds of this invention can be used in the herbicidal compositions to
      control weeds, can include chlorophenoxy herbicides such as 2,4-D,
      2,4,5-T, MCPA, MCPB, 4(2,4-DB), 2,4-DEB, 4-CPB, 4-CPA, 4CPP, 2,4,5-TB,
      2,4,5-TES, 3,4-DA, silvex and the like; carbamate herbicides such as IPC,
      CIPC, swep, barban, BCPC, CEPC, CPPC, and the like; thiocarbamate and
      dithiocarbamate herbicides such as CDEC, metham sodium, EPTC, diallate,
      PEBC, perbulate, vernolate and the like; substituted urea herbicides such
      as norea, siduron, dichloral urea, chloroxuron, cycluron, fenuron,
      monuron, monuron TCA, diuron, linuron, monolinuron, neburon, buturon,
      trimeturon and the like; symmetrical triazine herbicides such as simazine,
      chlorazine, atratone, desmetryne, norazine, ipazine, prometryn, atrazine,
      trietazine, simetone, prometone, propazine, ametryne, and the like;
      chloroacetamide herbicides such as alpha-chloro-N,N-dimethylacetamide,
      CDEA, CDAA, alpha-chloro-N-isopropylacetamide,
      2-chloro-N-isopropylacetanilide, 4-(chloroacetyl)morpholine,
      1-(chloroacetyl)piperidine, and the like; chlorinated aliphatic acid
      herbicides such as TCA, dalapon, 2,3-dichloropropionic acid, 2,2,3-TPA and
      the like, chlorinated benzoic acid and phenylacetic acid herbicides such
      as 2,3,6-TBA, 2,3,5,6-TBA, dicamba, tricamba, amiben, fenac, PBA,
      2-methoxy-3,6-dichlorophenylacetic acid,
      3-methoxy-2,6-dichlorophenylacetic acid,
      2-methoxy-3,5,6-trichlorophenylacetic acid, 2,4-dichloro-3-nitrobenzoic
      acid and the like; and such compounds as aminotriazole, maleic hydrazide,
      phenyl mercuric acetate, endothal, biuret, technical chlordane, dimethyl
      2,3,5,6-tetrachloroterephthalate, diquat, erbon, DNC, DNBP, dichlobenil,
      DPA, diphenamid, dipropalin, trifluralin, solan, dicryl, merphos, CMPA,
      o-S-dimethyl tetrachlorothioterephthalate, methyl
      2,3,5,6-tetrachloro-N-methoxy-N-methylterephthalamate,
      2-[(4-chloro-o-tolyl)-oxy]-N-methoxyacetamide, DSMA, MSMA, potassium
      azide, acrolein, benefin, bensulide, AMS, bromacil, bromoxynil, cacodylic
      acid, CMA, CPMF, cypromid, DCB, DCPA, dichlone, diphenatril, DMTT, DNAP,
      EBEP, EXD, HCA, ioxynil, IPX, isocil, potassium cyanate, MAA, MAMA, MCPES,
      MCPP, MH, molinate, NPA, OCH, paraquat, PCP, picloram, DPA, PCA,
      pyrichlor, sesone, terbacil, terbutol, TCBA, brominil, CP-50144, H-176-1,
      H-732, M-2901, planavin, sodium tetraborate, calcium cyanamid, DEF, ethyl
      xanthogen disulfide, sindone, sindone B, propanil and the like.
PAR  Such herbicides can also be used in the methods and compositions of this
      invention in the form of their salts, esters, amides, and other
      derivatives whenever applicable to the particular parent compounds.
PAR  Weeds are undesirable plants growing where they are not wanted, having no
      economic value, and interfering with the production of cultivated crops,
      with the growing of ornamental plants, or with the welfare of livestock.
      Many types of weeds are known, including annuals such as pigweed,
      lambsquarters, fixtail, crabgrass, wild mustard, field pennycress,
      ryegrass, goose-grass, chickweed, wild oats, velvet leaf, purslane,
      barnyard grass, smartweed, knotweed, cocklebur, wild buckwheat, kochia,
      medic, corn cockle, ragweed, sowthistle, coffee-weed, croton, cuphea,
      dodder, fumitory, groundsel, hemp nettle, knawel, spurge, spurry, emex,
      jungle rice, pondweed, dog fennel, carpetweed, morning glory, bedstraw,
      ducksalad and naiad; biennials such as wild carrot, matricaria, wild
      barley, campion, chamomile, burdock, mullein, round-leaved mallow, bull
      thistle, houndstongue, moth mullein, and purple star thistle; or
      perennials such as white cockle, perennial ryegrass, quackgrass, Johnson
      grass, Canada thistle, hedge bindweed, Bermuda grass, sheep sorrel, curly
      dock, nutgrass, field chickweed, dandelion, campanula, field bindweed,
      Russian knapweed, mesquite, toadflax, yarrow, aster, gromwell, horsetail,
      ironweed, sesbania, bulrush, cattail and winter-cress.
PAR  Similarly, such weeds can be classified as broadleaf or grassy weeds. It is
      economically desirable to control the growth of such weeds without
      damaging beneficial plants or livestock.
PAR  The new compounds of this invention are particularly valuable for weed
      control because they are toxic to many species and groups of weeds while
      they are relatively nontoxic to many beneficial plants. The exact amount
      of compound required will depend on a variety of factors, including the
      hardiness of the particular weed species, weather, type of soil, method of
      application, the kind of beneficial plants in the same area, and the like.
      Thus, while the application of up to only about one or two ounces of
      active compound per acre may be sufficient for good control of a light
      infestation of weeds growing under adverse conditions, the application of
      ten pounds or more of an active compound per acre may be required for good
      control of a dense infestation of hardy perennial weeds growing under
      favorable conditions.
PAR  The herbicidal activity of the new compounds of this invention can be
      illustrated by many of the established testing techniques known to the
      art, such as pre- and postemergence testing. In one pre-emergence test the
      compounds are formulated as aqueous emulsions of acetone solutions. These
      formulations are then sprayed on the surface of soil which has been seeded
      less than 24 hours earlier with weed seeds. After spraying the soil
      containers are kept under normal lighting conditions and supplied with
      heat as required and daily or more frequent watering. The weeds are
      observed for about 7 to about 20 days, and the degree of injury to the
      weeds is recorded. The results indicate that compounds of this invention
      possess a high order of herbicidal activity.
PAR  To demonstrate the post-emergence activity of the compounds of this
      invention, emulsifiable concentrates or solutions of various
      concentrations of the aforementioned active compounds are sprayed on the
      foliage of weeds that have attained a prescribed size. After spraying the
      weeds are maintained under normal lighting conditions and supplied with
      heat as required. The soil in which the weeds are growing is watered daily
      or more frequently. The weeds are observed periodically for up to 14 days
      or more and the severity of injury to the weeds is recorded. The results
      indicate that the compounds of this invention possess a high order of
      herbicidal activity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A herbicidal composition comprising an inert carrier and, in a quantity
      toxic to weeds, a compound of the formula
      ##SPC4##
PAL  wherein X is selected from the group consisting of fluorine, chlorine and
      bromine; Y is selected from the group consisting of lower alkyl, lower
      alkenyl, lower haloalkyl, halogen, lower alkoxy and nitro; and n is an
      integer from 0 to 4 provided a maximum of two Y's are selected from the
      group consisting of nitro when n is greater than two.
NUM  2.
PAR  2. A herbicidal composition of claim 1 wherein the compound is
      2-phenyl-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dione.
NUM  3.
PAR  3. A herbicidal composition of claim 1 wherein the compound is
      2-(3',4'-dichlorophenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dione.
NUM  4.
PAR  4. A herbicidal composition of claim 1 wherein the compound is
      2-(3'-methylphenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-dione.
NUM  5.
PAR  5. A herbicidal composition of claim 1 wherein the compound is
      2-(4'-nitrophenyl)-4-trichloromethyl-1,2,4-oxadiazolidine-3,5-dione.
NUM  6.
PAR  6. A herbicidal composition of claim 1 wherein the compound is
      2-(3'-methyl-4'-chlorophenyl)-4-trifluoromethyl-1,2,4-oxadiazolidine-3,5-d
     ione.
NUM  7.
PAR  7. A method for the control of weeds which comprises contacting said weeds
      with a herbicidal composition of claim 1.
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ABST
PAL  Halogenethyl esters of aromatic carboxylic acids are useful ingredients to
      influence plant metabolism. They may be used preferably for regulating
      fruit abscission.
PARN
PAR  This is a division of application Ser. No. 239,328, filed on Mar. 29, 1972,
      now U.S. Pat. No. 3,821,285.
BSUM
PAR  The present invention relates to a process for the control of plant
      metabolism with the aid of halogenethyl esters of aromatic carboxylic
      acids corresponding to the general formula I:
      ##SPC1##
PAL  The symbols in this formula have the following meanings:
PAR  R.sub.1 represents hydrogen, lower alkyl, lower alkoxy, lower halogenalkyl,
      nitro, halogen, or the group R.sub.4 OCO-- wherein R.sub.4 represents
      alkyl, halogenalkyl, substituted or unsubstituted phenyl,
PAR  R.sub.2 represents hydrogen, halogen, lower alkoxy, lower alkyl,
PAR  R.sub.3 represents hydrogen, lower alkoxy,
PAR  A represents the methylene group, the vinylene group (--CH=CH--) or lower
      oxyalkylene,
PAR  X represents chlorine, bromine or iodine, and
PAR  M REPRESENTS THE NUMBER 0 OR 1.
PAR  By lower alkyl is meant, according to the above definitions, straight-chain
      or branched radicals having 1 to 4 carbon atoms, e.g. methyl, ethyl,
      n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl or tert-butyl. These
      lower alkyl radicals constitute also the alkyl moiety of an alkoxy
      radical, or of an alkanoyloxy radical (R.sub.4 OCO--). Trifluoromethyl is
      preferred as halogenalkyl; but methyl or ethyl radicals mono- or
      polysubstituted by chlorine and/or fluorine are also suitable. By halogen,
      denoted by R.sub.1 and/or R.sub.2, are meant, independently of each other,
      fluorine, chlorine, bromine and/or iodine atoms. A phenyl radical R.sub.4
      can be mono- or polysubstituted by lower alkyl, lower alkoxy or
      halogenalkyl, and/or by halogen such as fluorine, chlorine, bromine or
      iodine.
PAR  The halogenethyl esters of aromatic carboxylic acids of formula I are
      produced by the reaction of a carboxylic acid derivative of formula II:
      ##SPC2##
PAL  with a compound of formula III:
EQU  Z -- CH.sub.2 -- CH.sub.2 -- X                             (III)
PAL  the symbols R.sub.1, R.sub.2, R.sub.3, A, m and X in these formulae have
      the meanings given under formula I, while Y and Z represent reactive
      radicals, and both stand for the hydroxyl group, or one of them represents
      a halogen atom and the other an optionally metallised hydroxyl group --OH
      or O--Me, wherein Me denotes a mobile metal cation which can be split off,
      e.g. an alkali metal cation, or the equivalent of an alkaline-earth metal
      cation.
PAR  It is advantageous if the reaction is performed in the presence of a
      solvent or diluent inert to the reactants; suitable solvents or diluents
      for this purpose are, e.g. hydrocarbons such as benzene, toluene or
      xylenes, halogenated hydrocarbons such as chlorobenzene, methylene
      chloride, ethylene chloride, chloroform, carbon tetrachloride,
      N,N-dialkylated amides such as dimethylformamide, also ethers and ethereal
      compounds such as dialkyl ether, dioxane, tetrahydrofuran, or, in the case
      where Y and Z each represent OH, the corresponding halogenated ethanol. If
      Y=Z=OH, or if one of the two symbols represents OH and the other halogen,
      then the process can be carried out in the presence of an anhydrous acid
      or base. Suitable acids are, e.g. the following: hydrohalic acids,
      sulphuric acid, etc., and suitable bases are, e.g. inorganic bases such as
      alkali metal hydroxides and alkaline-earth metal hydroxides or -oxides;
      and organic bases such as tertiary amines.
PAR  In the preferred embodiment of the process, a carboxylic acid halide,
      preferably the chloride or bromide, is reacted, as the carboxylic acid
      derivative of formula II, with a 2-halogenethanol (X-CH.sub.2 -CH.sub.2
      OH) in the presence of a solvent, preferably benzene.
PAR  Halogenethyl esters of aromatic carboxylic acids of formula I affect, in a
      varying manner, the growth of parts of plants above and below the soil;
      the compounds have a low toxicity towards warm-blooded animals. The active
      substances cause no morphological changes or damage which would result in
      the withering of the plant. Their action is different from that of a
      herbicidal active substance and from that of a fertiliser. The new
      compounds affect the germination power and the vegetative plant growth,
      and promote blossom formation, fruit ripening and the formation of
      abscission layers.
PAR  By virtue of their effectiveness, the halogenethyl esters of special
      importance are those corresponding to formula IV:
      ##SPC3##
PAL  The symbols R.sub.1, A, m and X in this formula have the meanings defined
      under formula I. Compounds having a particularly gentle effect on plant
      metabolism are those compounds of formula I wherein X = iodine. The
      invention relates also to these new compounds of formula Ia:
      ##SPC4##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, A and m have the meanings given for
      formula I, as well as to the process for their production by the method
      given for formula I, and also to agents affecting plant metabolism which
      contain these compounds of formula Ia as active substances.
PAR  Compounds particularly suitable for the promotion of fruit and leaf
      abscission are compounds of formula V:
      ##SPC5##
PAL  wherein
PAR  R.sub.1 ' represents hydrogen, halogen, trifluoromethyl, acetoxy or lower
      alkyl, and
PAR  m represents the number 0 or 1.
PAR  2'-Fluoroethyl esters of aromatic carboxylic acids are known from the
      literature as insecticidal and acaricidal active substances (cp. the
      German Offenlegungsschrift 1,808,938). The compounds are phytotoxic and
      have a high toxicity towards warm-blooded animals.
PAR  The following example serves to illustrate the process according to the
      invention. The table following the example contains further halogenethyl
      esters of aromatic carboxylic acids of formula I, which were obtained in
      the manner described in the said example. The temperatures are expressed
      in degrees Centigrade, and the pressure in Torr (1 Torr = 1 mm Hg).
DETD
PAC  EXAMPLE 1
PAR  An amount of 20 g of 3-acetoxybenzoyl chloride is dissolved in 200 ml of
      benzene, and 17.5 g of iodoethanol added. An addition is subsequently made
      dropwise at 15.degree. - 25.degree., with cooling and vigorous stirring,
      of 12 g of triethylamine; the organic phase is dried over sodium sulphate,
      and the solvent distilled off. The oily residue is distilled in high
      vacuum. 3-Acetoxy-benzoic acid-(2'-iodoethyl)-ester passes over at
      145.degree.-153.degree./0.05 Torr.
TBL  __________________________________________________________________________
                              Physical                                         
             Compounds        data                                             
     __________________________________________________________________________
     3-acetoxybenzoic acid-(2'-bromoethyl)-ester                               
                              M.P. 49.degree.-52.degree.                       
     3-acetoxybenzoic acid-(2'-chloroethyl)-ester                              
                              M.P. 52.degree.-54.degree.                       
     benzoic acid-(2'-iodoethyl)-ester                                         
                              B.P. 87.degree./0.02                             
     3-chlorobenzoic acid-(2'-iodoethyl)-ester                                 
                              B.P. 95.degree./0.015                            
     3-bromobenzoic acid-(2'-iodoethyl)-ester                                  
                              n.sub.D.sup.20 :                                 
                                   1.6050                                      
     3-trifluoromethylbenzoic acid-(2'-iodoethyl)-                             
      ester                   B.P. 85.degree./0.02                             
     3-methylbenzoic acid-(2'-iodoethyl)-ester                                 
                              B.P. 96.degree./0.01                             
     3-methoxybenzoic acid-(2'-iodoethyl)-ester                                
                              n.sub.D.sup.23 :                                 
                                   1.5730                                      
     3,5-dimethoxybenzoic acid-(2'-iodoethyl)-ester                            
                              n.sub.D.sup.23 :                                 
                                   1.5317                                      
     3,4-dimethylbenzoic acid-(2'-iodoethyl)-ester                             
                              n.sub.D.sup.23 :                                 
                                   1.5710                                      
     4-methoxybenzoic acid-(2'-iodoethyl)-ester                                
                              B.P. 138.degree./0.03                            
     3,4-dimethoxybenzoic acid-(2'-iodoethyl)-ester                            
                              M.P. 75.degree.-77.degree.                       
     cinnamic acid-(2'-iodoethyl)-ester                                        
                              n.sub.D.sup.20 :                                 
                                   1.6164                                      
     3,5-dimethoxybenzoic acid-(2'-chloroethyl)-                               
      ester                   M.P. 50.degree.-52.degree.                       
     3,5-dimethoxybenzoic acid-(2'-bromoethyl)-                                
      ester                   n.sub.D.sup.27 :                                 
                                   1.5406                                      
     3-fluorobenzoic acid-(2'-iodoethyl)-ester                                 
                              B.P. 98.degree./0.035                            
     3-chlorobenzoic acid-(2'-chloroethyl)-ester                               
                              B.P. 147.degree./10                              
     3-chlorobenzoic acid-(2'-bromoethyl)-ester                                
                              B.P. 158.degree./10                              
     3-bromobenzoic acid-(2'-chloroethyl)-ester                                
                              B.P. 160.degree./10                              
     3-bromobenzoic acid-(2'-bromoethyl)-ester                                 
                              B.P. 173.degree./10                              
     3-trifluoromethylbenzoic acid-(2'-chloroethyl)-                           
      ester                   B.P. 73.degree./0.03                             
     3-trifluoromethylbenzoic acid-(2'-bromoethyl)-                            
      ester                   B.P. 82.degree./0.03                             
     3-methylbenzoic acid-(2'-chloroethyl)-ester                               
                              B.P. 175.degree./10                              
     3-methylbenzoic acid-(2'-bromoethyl)-ester                                
                              B.P. 151.degree./10                              
     3-nitrobenzoic acid-(2'-iodoethyl)-ester                                  
                              B.P. 135.degree./0.023                           
     3-nitrobenzoic acid-(2'-bromoethyl)-ester                                 
                              B.P. 125.degree./0.025                           
     3-nitrobenzoic acid-(2'-chloroethyl)-ester                                
                              B.P. 130.degree./0.03                            
     3,4-dichlorobenzoic acid-(2'-iodoethyl)-ester                             
                              M.P. 52.degree.-54.degree.                       
     3,4-dichlorobenzoic acid-(2'-bromoethyl)-ester                            
                              M.P. 42.degree.-44.degree.                       
     3,4-dichlorobenzoic acid-(2'-chloroethyl)-ester                           
                              M.P. 32.degree.-34.degree.                       
     cinnamic acid-(2'-chloroethyl)-ester                                      
                              B.P. 118.degree./0.05                            
     cinnamic acid-(2'-bromoethyl)-ester                                       
                              B.P. 116.degree./0.03                            
     phenoxyacetic acid-(2'-iodoethyl)-ester                                   
                              B.P. 108.degree./0.05                            
     phenylacetic acid-(2'-iodoethyl)-ester                                    
                              B.P. 98.degree./0.03                             
     .alpha.-phenoxypropionic acid-(2'-iodoethyl)-ester                        
                              B.P. 109.degree./0.065                           
     3-trifluoroacetoxybenzoic acid-(2'-iodoethyl)-                            
      ester                        oil                                         
     3-benzoylbenzoic acid-(2'-iodoethyl)-ester                                
                                   oil                                         
     3-(m-chlorobenzoyloxy)-benzoic acid-(2'-iodo-                             
      ethyl)-ester                 oil                                         
     __________________________________________________________________________
PAR  The active substances of formula I promote, in particular, the formation of
      abscission layers between stalk and fruit stems. Consequently, fruit of
      every kind, such as, e.g. citrus fruits, stone fruit, berries, grape
      vines, pomaceous or oil fruits, can be picked without any great
      application of force, either by hand or with machines developed for the
      purpose. Damage to the foliage and branches of the tree or bush usually
      occurring on gathering of the crop as a result of the violent shaking of
      the trees or bushes, or the tearing off of the fruit, is largely avoided.
PAR  The extent and nature of the action are dependent on the most diverse
      factors, depending on the variety of the plant; they are dependent, in
      particular, on the applied concentration, and on the time of application
      with regard to the stage of development of the plant and of the fruit.
      Thus, for example, plants of which the fruit is processed or sold will be
      treated immediately after blossoming, or at a suitable point of time
      before the gathering of the crop. The active substances are preferably
      applied in the form of liquid agents to parts of plants above the soil,
      into the soil, or onto the surface of the soil. Application to parts of
      the plants above the soil is preferred, for which application solutions or
      aqueous dispersions are best suited.
PAR  The following tests show the action of the new compounds as abscission
      agents.
PAC  EXAMPLE 2
PAR  Segments of bean leaves of the variety "Tempo" or their stems were immersed
      in solutions containing 10 and 20 ppm of active substance, respectively.
      In the case of each active substance, 8 leaf segments or their stems were
      left for 5 days under controlled conditions in the active substance
      solution. The number of occurred abscissions was afterwards determined.
TBL  ______________________________________                                    
     Evaluation:  1     = no abscission                                        
                  2     = abscission on 2 segments                             
                  3     = abscission on 4 segments                             
                  4     = abscission on 6 segments                             
                  5     = abscission on 8 segments                             
     Active substance       10 ppm   20 ppm                                    
     ______________________________________                                    
     3,5-dimethoxybenzoic acid-                                                
                            3.5      4                                         
     (2'-iodoethyl)-ester                                                      
     3-bromobenzoic acid-(2'-iodoethyl)-                                       
                            4.5      5                                         
     ester                                                                     
     cinnamic acid-(2'-iodoethyl)-ester                                        
                            4.5      4.5                                       
     benzoic acid-(2'-iodoethyl)-ester                                         
                            5        4                                         
     3-chlorobenzoic acid-(2'-iodoethyl)-                                      
                            5        5                                         
     ester                                                                     
     3-trifluoromethylbenzoic acid-                                            
                            5        5                                         
     (2'-iodoethyl)-ester                                                      
     3-methylbenzoic acid-(2'-iodoethyl)-                                      
                            5        4.5                                       
     ester                                                                     
     3-acetoxybenzoic acid-(2'-iodoethyl)-                                     
                            --       5                                         
     ester                                                                     
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  On orange trees of the mentioned variety, individual branches carrying at
      least 15-20 ripe oranges were sprayed with an active substance
      concentration of 0.4% and of 0.2%. The picking force required in the case
      of 10 identically treated oranges was measured 7 days after application,
      with the aid of a spring balance, and the mean value of the 10
      measurements calculated [W. C. Wilson and C. H. Hendershott, Proc. Am.
      Soc. Hort. Science 90, 123-129 (1967)].
PAR  The active substances of formula I produced in this test the percentage
      reductions in picking force, compared with values obtained with untreated
      trees, listed in the following table:
TBL  Active substance Concen-                                                  
                             Reduction in                                      
                                     Variety                                   
                      tration in %                                             
                             picking force %                                   
     __________________________________________________________________________
     phenylacetic acid-(2'-iodo-                                               
                      0.4    95                                                
     ethyl)-ester     0.2    30      1                                         
     benzoic acid-(2'-iodoethyl)-                                              
                      0.4    57      1                                         
     ester                                                                     
     3-chlorobenzoic acid-(2'-iodo-                                            
                      0.4    73      1                                         
     ethyl)-ester     0.2    60                                                
     3-bromobenzoic acid-(2'-iodo-                                             
                      0.4    72      1                                         
     ethyl)-ester     0.2    56                                                
     3-acetoxybenzoic acid-(2'-                                                
                      0.4    95                                                
     iodoethyl)-ester 0.2    73      2                                         
     __________________________________________________________________________
      Varieties:                                                               
      1 = Hamlin                                                               
      2 = Temple                                                               
PAR  Abscission agents according to the invention are produced in a manner known
      per se by the intimate mixing and grinding of active substances with
      suitable carriers, optionally with the addition of dispersing agents or
      solvents which are inert to the active substances. The active substances
      can be obtained and used in the following forms:
PA1  solid preparations: dusts, scattering agents, granulates, (coated
      granulates, impregnated granulates and homogeneous granulates);
PA1  water-dispersible concentrates of the active substance: wettable powders,
      pastes, emulsions;
PA1  liquid preparations: solutions.
PAR  The solid preparations (dusts, scattering agents, granulates) are produced
      by the mixing of the active substances with solid carriers. Suitable
      carriers are, e.g. kaolin, talcum, bole, loess, chalk, limestone, ground
      limestone, Attaclay, dolomite, diatomaceous earth, precipitated silicic
      acid, alkaline-earth silicates, sodium and potassium aluminium silicates
      (feldspar and mica), calcium and magnesium sulphates, magnesium oxide,
      ground synthetic materials, fertilisers such as ammonium sulphate,
      ammonium phosphate, ammonium nitrate, urea, ground vegetable products such
      as bran, bark dust, sawdust, ground nutshells, cellulose powder, residues
      of plant extractions, active charcoal, etc., alone or in admixture with
      each other.
PAR  The particle size of the carriers is for dusts advantageously up to about
      0.1 mm; for scattering agents from about 0.075 mm to 0.2 mm; and for
      granulates 0.2 mm or coarser.
PAR  The concentrations of active substance in the solid preparation forms are
      from 0.5 to 80%.
PAR  To these mixtures may also be added additives stabilising the active
      substance, and/or non-ionic, anion-active, and cation-active substances,
      which, for example, improve the adhesiveness of the active substances on
      plants and on parts of plants (adhesives and agglutinants), and/or ensure
      a better wettability (wetting agents) and dispersibility (dispersing
      agents). Suitable adhesives are, for example, the following: olein/lime
      mixture, cellulose derivatives (methyl cellulose, carboxymethyl
      cellulose), hydroxyethylene glycol ethers of monoalkyl and dialkyl phenols
      having 5 to 15 ethylene oxide radicals per molecule and 8 to 9 carbon
      atoms in the alkyl radical, ligninsulphonic acids, their alkali metal and
      alkaline-earth metal salts, polyethylene glycol ethers (carbowaxes), fatty
      alcohol polyethylene glycol ethers having 5 to 20 ethylene oxide radicals
      per molecule and 8 to 18 carbon atoms in the fatty alcohol moiety,
      condensation products of ethylene oxide, propylene oxide, polyvinyl
      pyrrolidones, polyvinyl alcohols, condensation products of urea and
      formaldehyde, as well as latex products.
PAR  Water-dispersible concentrates of active substance, i.e. wettable powders,
      pastes and emulsion concentrates, are agents which can be diluted with
      water to obtain any desired concentration. They consist of active
      substance, carrier, optionally additives which stabilise the active
      substance, surface-active substances, and anti-foam agents and,
      optionally, solvents. The concentration of active substance in these
      agents is 5 to 80%.
PAR  The wettable powders and the pastes are obtained by the mixing and grinding
      of the active substances with dispersing agents and pulverulent carriers,
      in suitable devices, until homogeneity is attained. Suitable carriers are,
      e.g. those previously mentioned in the case of solid preparations. It is
      advantageous in some cases to use mixtures of different carriers. As
      dispersing agents it is possible to use, e.g.: condensation products of
      sulphonated naphthalene and sulphonated naphthalene derivatives with
      formaldehyde, condensation products of naphthalene or of
      naphthalenesulphonic acids with phenol and formaldehyde, as well as
      alkali, ammonium and alkaline-earth metal salts of ligninsulphonic acid,
      also alkylaryl sulphonates, alkali metal salts and alkaline-earth metal
      salts of dibutyl naphthalenesulphonic acid, fatty alcohol sulphates such
      as salts of sulphated hexadecanols, heptadecanols, octadecanols, and salts
      of sulphated fatty alcohol glycol ether, the sodium salt of oleyl methyl
      tauride, ditertiary acetylene glycols, dialkyl dilauryl ammonium chloride,
      and fatty acid alkali-metal and alkaline-earth metal salts.
PAR  Suitable anti-foam agents are, for example, silicones.
PAR  The active substances are so mixed, ground, sieved and strained with the
      above mentioned additives that the solid constituent in the case of
      wettable powders has a particle size not exceeding 0.02 to 0.04 mm, and in
      the case of pastes not exceeding 0.03 mm. For the preparation of emulsion
      concentrates and pastes, dispersing agents are used such as those
      mentioned in the preceding paragraphs, organic solvents, and water.
      Suitable solvents are, e.g. the following: alcohols, benzene, xylenes,
      toluene, dimethylsulphoxide, N,N-dialkylated amides, N-oxides of amines,
      particularly trialkylamines, and mineral oil fractions boiling in the
      range of 120.degree. to 350.degree.. The solvents must be practically
      odourless, non-phytotoxic, inert to the active substances, and not readily
      inflammable.
PAR  Furthermore, the agents according to the invention can be applied in the
      form of solutions. For this purpose the active substance (or several
      active substances) is (or are) dissolved in suitable organic solvents,
      mixtures of solvents, water, or mixtures of organic solvents with water.
      It is possible to use as organic solvents: aliphatic and aromatic
      hydrocarbons, their chlorinated derivatives, alkylnaphthalenes, mineral
      oils on their own or in admixture with each other. The solutions are to
      contain the active substances in a concentration of from 1 to 20%. These
      solutions can be applied with the aid of a propellent gas (as spray), or
      by means of special sprayers (such as aerosol).
PAR  Other biocidal active substances or agents may be added to the described
      agents according to the invention. For the supplementing or broadening of
      their sphere of action, the new agents can also contain, in addition to
      the stated compounds of the general formula I, e.g. insecticides,
      herbicides, fungicides, bactericides, fungistatics, bacteriostatics or
      nematocides. The agents according to the invention can also contain
      fertilisers, trace elements, etc.
PAR  Preparations of the new active substances are described in the following.
      The term `parts` denotes parts by weight.
PAC  Wettable powders
PAR  The following constituents are used for the preparation of (a) a 50%, (b) a
      25% and (c) a 10% wettable powder:
     a)                                                                        
       50   parts of 3,5-dimethoxybenzoic acid-(2'-iodoethyl)-                 
             ester,                                                            
       5    parts of alkylarylsulphonate,                                      
       10   parts of calcium lignin sulphonate,                                
       1    part of Champagne chalk/hydroxyethyl cellulose                     
             mixture (1:1),                                                    
       20   parts of silicic acid,                                             
       14   parts of kaolin;                                                   
     b)                                                                        
       25   parts of cinnamic acid-(2'-iodoethyl)-ester,                       
       5    parts of the sodium salt of oleylmethyl tauride,                   
       2.5  parts of naphthalenesulphonic acid/formaldehyde                    
             condensate,                                                       
       0.5  part of carboxymethyl cellulose,                                   
       5    parts of neutral potassium-aluminum-silicate,                      
       62   parts of kaolin;                                                   
     c)                                                                        
       10   parts of 3-acetoxybenzoic acid-(2'-iodoethyl)-ester,               
       3    parts of a mixture of the sodium salts of                          
             saturated fatty alcohol sulphates,                                
       5    parts of naphthalenesulphonic acid/formaldehyde                    
             condensate,                                                       
       82   parts of kaolin.                                                   
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives; and the mixture is then ground by means of suitable mills and
      rollers. Wettable powders are obtained which can be diluted with water to
      obtain suspensions of any desired concentration.
PAC  Emulsion concentrate
PAR  The following constituents are mixed together for the preparation of a 25%
      emulsion concentrate:
TBL  a)  25     parts of 3-bromobenzoic acid-(2'-iodoethyl)-ester,             
         5      parts of a mixture of nonylphenolpolyoxyethylene               
                 and calcium-dodecylbenzene sulphonate,                        
         70     parts of xylene.                                               
PAL  This concentrate can be diluted with water to obtain emulsions of suitable
      concentration. Such emulsions are suitable for the accelerated ripening of
      fruits, and for the promotion of fruit and leaf abscission.
PAR  Instead of the active substances mentioned for the production of the
      wettable powders and the emulsion concentrate, it is also possible to use
      the other compounds embraced by formula I.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the promotion of fruit abscission which comprises applying
      to the fruitbearing plant or to the fruit itself an effective amount of a
      halogenoethyl ester corresponding to the formula
      ##SPC6##
PAL  wherein
PA1  R.sub.1 represents hydrogen, lower alkyl, lower alkoxy, trifluoromethyl,
      nitro or halogen,
PA1  R.sub.2 represents hydrogen, halogen, lower alkoxy or lower alkyl,
PA1  R.sub.3 represents hydrogen or lower alkoxy,
PA1  A represents the methylene group and
PA1  m represents the number 0 to 1
NUM  2.
PAR  2. The process of claim 1, wherein said halogenoethyl ester is phenylacetic
      acid-(2'-iodoethyl)-ester.
NUM  3.
PAR  3. The process of claim 1, wherein said halogenoethyl ester is
      3-nitrobenzoic acid-(2'-iodoethyl)-ester.
NUM  4.
PAR  4. The process of claim 1, wherein said halogenoethyl ester is
      3,4-dimethylbenzoic acid-(2'-iodoethyl)-ester.
NUM  5.
PAR  5. A composition for the promotion of fruit abscission comprising as active
      ingredient, an effective amount of a halogenoethyl ester of the formula
      ##SPC7##
PAL  wherein R.sub.4 is selected from hydrogen chloro, bromo, fluoro,
      trifluoromethyl and methyl radicals; and R.sub.5 is selected from
      hydrogen, chloro when R.sub.4 is chloro, and methyl when R.sub.4 is methyl
      together with a suitable inert carrier therefor.
NUM  6.
PAR  6. The composition of claim 5, wherein said active ingredient is
      phenylacetic acid-(2'-iodoethyl)-ester.
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ABST
PAL  The disclosure relates to a method and apparatus for recycling, smelting,
      and refining waste metal material and low grade metal material. A
      magneto-plasma provides a high temperature for extracting metals. The
      magneto-plasma is comprised of an alternating current plasma superimposed
      upon a direct current plasma with the plasmas being confined by an
      externally applied axial magnetic field. The magneto-plasma is sustained
      with reduced voltage fluctuations across the plasma even when the
      background gas of the plasma is contaminated by the products from the
      smelting operation. The metal material being smelted is caused to melt by
      the high temperatures within the magneto-plasma which can be in the range
      of 10,000.degree. K. The metal material upon being melted into droplets is
      exposed to the high temperature of the magneto-plasma for a predetermined
      period of time as the droplets descend through the plasma. The length of
      the magneto-plasma is adjusted to obtain refining of the droplets of
      molten metal within th plasma. In addition, the lateral cross section of
      the length of the magneto-plasma is adjusted to enhance refining of the
      molten droplets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to the field of the generation of a plasma which is
      a highly ionized gas. More in particular, the invention pertains to the
      use of a plasma as a heat source in the smelting and refining of metal
      material. The field of the invention includes the apparatus and the method
      of producing a plasma by the co-action of alternating current and direct
      current electric fields in the presence of an externally applied axial
      magnetic field. As referred to herein, the invention pertains to a method
      and apparatus for generating a magneto-plasma.
PAR  The fields of arts to which the invention pertains also includes a method
      and apparatus for smelting and refining metal material during passage of
      the material through a magneto-plasma. The field of the invention also
      includes the control of the length and lateral cross-section of the
      magneto-plasma as well as the stable operating conditions of input power
      and temperature.
PAR  2. Description of the Prior Art
PAR  Throughtout the history of the metal producing and fabricating industries,
      attempts have been made to recover metal from scrap material. The two
      major types of scrap metal material are revert scrap and purchased
      commercial grade scrap. Revert scrap material is scrap which unavoidably
      results from metal-making and finishing operations. Purchased commercial
      grade scrap includes prompt industrial scrap and dormant scrap. Industrial
      scrap which is a by-product of metal fabricating and forming industries in
      manufacturing their products comprises prompt industrial scrap. Dormant
      scrap comprises obsolete, worn-out, or broken products of consuming
      industries. Revert scrap and prompt industrial scrap can usually be
      identified easily as to source and composition and thus it is more
      valuable for metal recovery. Dormant scrap requires careful sorting and
      classification to prevent the contamination of metal in the furnace with
      unwanted chemical elements from alloys that may be present in such scrap.
PAR  When the chemical compositions of scrap is known, the scrap can prove to be
      a valuable source of alloying elements needed in the steel industry for
      the production of alloy steels. Full advantage is taken of this source in
      the production of alloy steels in electric furnaces (electric arc,
      induction, etc.) as well as in the basic oxygen furnace and the
      open-hearth furnace, because the preponderance of production consists of
      carbon and low-alloy steels.
PAR  Unidentified alloying elements in scrap can be a source of trouble. Tin,
      copper, nickel and other elements present in scrap can alloy readily with
      steel and, in many instances render it unfit for its intended use.
      Relatively small amounts of these metals can contaminate an entire heat of
      steel. Tin and copper in certain amounts can cause brittleness and bad
      surface conditions in steel. Nickel and tin not only contaminate heats
      into which they may be unintentionally introduced, but may deposit a
      residue in the furnace that is absorbed by successive heats with resultant
      contamination. Lead is extremely harmful to furnace bottoms and
      refractories, and if present in sufficient quantities, may cause the
      furnace to fail by penetrating joints or cracks in the bottom to form
      channels through which molten steel may flow. Therefore, even with
      purchased clean commercial grade metal scrap, it is extremely important
      that it be sorted before being used.
PAR  Metal scrap may be that separated from solid waste material. Due to the
      miscellaneous nature of solid waste material, a large percentage of it is
      of unknown origin and composition. It is obviously uneconomical and
      impractical to analyze chemically each individual piece of scrap in the
      huge amounts of metal scrap present in solid waste material. As a result
      up to now, it is the usual practice for the great majority of municipal
      governments to dump all metals with the solid waste material or refuse
      into a land fill. In certain instances there are relatively small projects
      which utilize combustible materials from solid-waste for supplemental
      fuel, and which separate scrap metal from the waste material as a product.
PAR  Scrap metal separated from solid-waste may present a difficult
      technological problem for the steel and aluminum industries. Such scrap
      metal materials are extremely contaminated by foreign materials on the
      surface. A cleaning process for removing the contaminants is expensive. In
      addition, the chemical composition of such scrap metal is unknown.
      Moreover, when the scrap includes steel containers another problem arises
      since tin-plated steel and tin are not acceptable in steel alloys. If the
      scrap includes aluminum containers, the lids of the containers are made
      from a different alloy than the bodies. Thus it can be seen that the
      utilization of this kind of scrap metal for electric-arc furnaces,
      induction furnaces, basic oxygen furnaces and open-hearth furnaces of the
      steel industry can be uneconomical and impractical. The same can be said
      for the aluminum industry. The lid and body may contain about 2.25 percent
      magnesium and 1 percent manganese on the average. Both elements are
      usually undesirable in secondary aluminum alloys. To remove magnesium and
      dilute the manganese content are costly. As a result, less than 2 percent
      of clean aluminum containers can be recycled today. Almost none of
      contaminated aluminum containers are being recycled today. Therefore, the
      utilization of this kind of scrap metal for electric-arc furnaces,
      induction furnaces, basic oxygen furnaces, open-hearth and aluminum alloy
      industry is uneconomical and impractical.
PAR  After a costly cleaning process, contaminated steel scrap in small
      quantities can be introduced into a blast furnace. Thus the blast furnace
      can utilize a small proportion of contaminated steel scrap in conjunction
      with approximately 93 percent or more of iron-bearing materials (i.e.,
      iron ore) to produce pig iron or hot metals; however, there are
      limitations in utilizing this kind of steel scrap. Not only is a blast
      furnace limited to a small portion of scraps but also a blast furnace must
      be located near to a source of iron ore and coke. The required location of
      a blast furnace can therefore mean transportation expenses for handling
      scraps which can be prohibitive if the distances involved are outside of
      an appropriate one hundred mile radius of the blast furnace. Therefore,
      these limitations cause steel scrap separated from solid-waste to have a
      very low economic value where moderate distances to a blast furnace are
      involved and virtually no economic value where large distances are
      involved.
PAR  The prior art includes methods and apparatus for the use of an electric arc
      as well as a plasma in refining metal materials.
PAR  U.S. Pat. No. 3,546,348 which issued to Serafino M. Decorso on Dec. 8, 1970
      discloses a vacuum furnace for purifying or refining metal materials when
      heated by an electric arc.
PAR  U.S. Pat. No. 3,201,560 which issued to R. F. Mayo et al on Aug. 17, 1965
      discloses an arc discharge device for generating high temperature gas. The
      patent discloses the use of a high intensity magnetic field directed
      axially with respect to the chamber through which the arc region extends.
      The interaction between the electric field of the arc electrodes and the
      transverse magnetic field creates a force which is perpendicular to these
      vector quantities and which acts upon the current carriers of the arc. As
      a result, a curvilinear motion is imparted to the current carriers. The
      presence of the high intensity fields increases arc defusion and results
      in a positive effective resistance characteristic of the arc. This is in
      direct contrast to a normal arc which has a negative resistance
      characteristic.
PAR  U.S. Pat. No. 2,960,331 which issued to C. W. Hanks on Nov. 15, 1960
      discloses the use of an electric arc in refining metal particles which are
      converted into molten droplets by the arc. The system operates within an
      evacuated chamber.
PAR  U.S. Pat. No. 3,429,691 which issued to W. J. McLaughlin on Feb. 25, 1969
      discloses the use of a hydrogen plasma to reduce titanium dioxide to
      titanium metal by passing finely divided titanium dioxide particles
      through the plasma. A winding surrounding the plasma generator provides a
      magnetic field for controlling the plasma velocity.
PAR  U.S. Pat. No. 3,536,885 which issued to P. Mitchell on Oct. 27, 1970
      discloses a plasma torch in which a pilot gas plasma is formed between
      direct current electrodes and the resulting plasma is directed to a plasma
      region extending between alternating current electrodes.
PAR  U.S. Pat. No. 3,248,513 which issued to J. A. F. Sunnen on Apr. 26, 1966
      also shows a plasma device in which a plasma formed between direct current
      electrodes is extended to a region formed by alternating current
      electrodes.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided an economical and
      efficient process and apparatus for recycling, smelting and refining metal
      materials such as contaminated metals from solid waste materials or low
      grade metal materials such as sponge metals. Thus, the invention enables
      the recycling of metal materials which could not otherwise be recycled.
PAR  The invention includes a method and apparatus for generating a plasma
      formed by an alternating current plasma superimposed upon a direct current
      plasma with the plasma being confined by an externally applied axial
      magnetic field. The resulting plasma, which is described as a
      magneto-plasma, can be sustained with low voltage fluctuations which would
      otherwise occur due to the presence of contaminants within the background
      gas of the plasma.
PAR  The invention also relates to the control of the magneto-plasma in response
      to its characteristic by which the voltage-current characteristic of the
      plasma has a positive slope rather than the negative slope which is
      conventional for electric arc discharges. The positive slope
      characteristic of the magneto-plasma of the invention eliminates the need
      for large electrical reactances and complex feedback mechanisms for
      maintaining the plasma in a stabilized condition.
PAR  In accordance with the invention, the length and lateral extent of the
      column of the magneto-plasma can be controlled while maintaining the
      stabilization of the plasma. Accordingly, the dwell time period for the
      smelting and refining process which is the transit time of the metal
      droplets through the plasma column can be adjusted for an optimum
      operating condition.
PAR  In accordance with the invention the provision of an externally applied
      axially magnetic field to the plasma results in the electrons of the
      plasma transferring their energy to the incoming metal material to be
      smelted and the molten metal material with the result that the efficiency
      of the system is enhanced over that of known electric furnaces.
PAR  The invention also relates to the provision of a low level vacuum region in
      which the incoming material is received and heated to a predetermined
      temperature. As a result, the high level vacuum region can be confined to
      the area in which the magneto-plasma smelts the metal.
PAR  Thus it is an object of the invention to provide an economical and
      efficient method and apparatus for generating a plasma suitable for
      smelting and refining metal materials.
PAR  It is another object of the invention to provide a method and an apparatus
      for smelting and refining scrap metal including scrap metal separated from
      solid waste material.
PAR  It is still another object of the invention to provide a plasma comprising
      an alternating current plasma superimposed upon a direct current plasma.
PAR  It is a further object of the invention to control an alternating current
      plasma superimposed upon a direct current plasma by an axial magnetic
      field for enhancing the smelting and refining of metal material passing
      through the plasmas.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the method and apparatus of the invention for
      smelting and refining metal material.
PAR  FIG. 2 is a schematic representation of the plasma furnace of the
      invention.
PAR  FIG. 3 is a cutaway perspective view of the plasma furnace.
PAR  FIG. 4A is a graphical representation of the generalized operating
      conditions and designing parameters for a series of magneto-plasma
      furnaces of the invention where the plasma is an argon plasma.
PAR  FIG. 4B is a graphical representation of the generalized operating
      conditions and designing parameters for a series of magneto-plasma
      furnaces of the invention where the plasma is nitrogen plasma.
PAR  FIG. 4C is a graphical representation of the generalized operating
      conditions and designing parameters for a series of magneto-plasma
      furnaces of the invention where the plasma is helium plasma.
PAR  FIG. 5 is a schematic representation of the furnace of the invention
      containing a plasma generated from a polyphase alternating current source.
PAR  FIG. 6 is a graphical representation of the plasma density plotted against
      the radial distance from the center of the plasma.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1, 2 and 3, furnace 20 of the invention is adapted to
      receive scrap metal pellets 19 from source 21 or sponge metal pellets from
      source 22. The scrap metal pellets can include revert scrap resulting from
      metalmaking and finishing operations. Such scrap can be of known
      composition when its source of supply is known. The scrap may contain
      alloy materials such as tin, copper, nickel, etc.; however, furnace 20 of
      the invention is capable of eliminating the alloy materials during
      refining. Source 21 may also include prompt industrial scrap which is a
      by-product of metal consuming industries resulting from the fabrication of
      metal products. Source 21 can also include dormant scrap which is metal
      material comprising obsolete, worn-out or damaged metal products. Dormant
      scrap comprises a variety of different metal alloys; however, the furnace
      of the invention is capable of refining such scrap.
PAR  Source 22 provides sponge metal pellets for refining. Such pellets are
      obtained from the direct-reduction process of metal producing operations
      and, accordingly, are of known composition. Alloy constituents of sponge
      metal pellets can also be removed in the refining process of the
      invention.
PAR  Furnace 20 of the invention can refine metal scrap which has been separated
      from solid waste material. Such scrap comprises a plurality of different
      alloys of a given metal along with contaminants related to the solid waste
      from which the scrap has been extracted. Metal scrap separated from solid
      waste material can include aluminum containers in which the aluminum alloy
      for the lid can be quite different from the alloy forming the body of the
      container. For example, the aluminum alloys may contain magnesium in the
      range of about 2.25 percent and and manganese in the range of about 1
      percent. Furnace 20 of the invention can remove these alloy materials in
      the refining process of the invention.
PAR  The pellets 19 of scrap material are introduced into furnace 20 by means of
      low vacuum interlock 23 which connects with entrance 24 of the furnace.
      The furnace includes outer shell 25 of insulating material such as silicon
      carbide material. Shield 26 formed from insulating material such as
      silicon carbide is in the form of joined stepped-cylinders and provides
      the structure of the furnace at entrance 24.
PAR  Scrap metal pellets or sponge metal pellets pass through entrance 24 into
      sleeve 27 disposed within shield 26. The sleeve may be constructed by
      graphite material in order to serve as an electrode which can withstand
      high temperature. The incoming scrap can be elevated in temperature by
      means of heaters 28 disposed within shield 26 and surrounding sleeve 27.
PAR  After the delivery of scrap pellets into sleeve 27, the pellets are held by
      stops 29 when the end portions 29a of the stops are disposed beneath the
      interior of the sleeve to an extent just sufficient to stop the pellets
      from falling but without blocking the path of plasma to bombard the
      bottommost pellet. The stops can comprise rollers formed from a
      temperature-resistant material such as silicon carbide or high temperature
      insulating material. Actuator 30 reciprocates stops 29 when the end
      portion of pellet 19 is melted down. Control 31 programs the operation of
      actuator 30 in order to maintain the end portion of pellet 19 at the
      appropriate position. The metal pellet which is preheated by heater 28 is
      bombarded by the plasma. When surface tension and thermodynamic
      equilibrium conditions are satisfied, a molten metal droplet is formed and
      falls from the pellet. The predetermined rate is controlled by the
      combination of preheating temperature and the cross-sectional area of the
      pellet facing the plasma bombardment current density. The feeding rate is
      selected according to the power input to the plasma and in response to the
      dwell time within the plasma which is required to effect refining of the
      scrap material.
PAR  In order to reduce the size and complexity of equipment for maintaining a
      vacuum condition in the furnace of the invention, entrance 24 can be
      maintained at an intermediate level of vacuum as compared to the remainder
      of the furnace. For example, the intermediate level of vacuum may be in
      the range of 10 to 100 mm.Hg. The intermediate level of vacuum is produced
      by vacuum source 32 which can comprise a vacuum pump connected to entrance
      24 by line 33.
PAR  Below sleeve 27 and stops 29 there is disposed inner shell 34 which can be
      formed, for example, from graphite material in order to serve as an
      electrode and also in order to withstand high temperatures. Above inner
      shell 34 and surrounding shield 26 and sleeve 27 there is mounted annular
      electrode 35. This electrode can be provided with liquid cooling by means
      of coolant source 36 connected to passages 35a within the electrode, the
      connection being effected by line 37. By way of example, the coolant may
      be water.
PAR  Beneath inner shell 34 there is disposed melting pot 38 which is formed of
      electrically-conductive material which is temperature-resistant, such as
      graphite material. The pot can be in the form of a comparatively shallow
      cylindrical structure open at its upper portion adjacent to inner shell
      34. The pot receives refined molten metal within the furnace of the
      invention. The pot is provided with port 39 through which molten metal 66a
      can be released into mold 40. When the molten metal freezes, it forms mass
      41 of metal. Valve 42 is adapted to close port 39 whenever it is intended
      to prevent a release of molten metal from melting pot 38. Actuator 43
      controls valve 42.
PAR  The region of the furnace within outer shell 25 between shield 26 and
      bottom 25a of the outer shell is maintained at a high level of vacuum, for
      example, a vacuum condition within the range of about 1 to about 10 mm.Hg.
      The high level of vacuum is established and maintained by vacuum source
      44. The vacuum source is connected to casing 45 which encloses the entire
      furnace and seals it from the atmosphere. Vacuum source 44 which may be a
      vacuum pump is connected to the casing by line 46.
PAR  In order to reduce the volume of the furnace in which a high level of
      vacuum is to be maintained, the furnace can be provided with interlock 47
      extending from bottom 45a of the casing of the outer shell and enclosing
      the region in which mold 40 is disposed. An intermediate level of vacuum
      is maintained in interlock 47 by means of vacuum source 48 which is
      connected to the interlock by line 48a. Mold 40 can be removed or
      installed through interlock 47 without interrupting the furnace operation.
      Thus the furnace can be operated to provide a continuous casting or
      smelting operation.
PAR  In accordance with the invention, the source of heat energy within the
      furnace comprises a direct current plasma 49 established between annular
      electrode 35 and inner shell 34. Direct current source 50 is connected by
      leads 51 and 52 to electrode 35 and inner shell 34. The positive side of
      the DC source is connected to electrode 35. Since a plasma is a highly
      ionized gas which is composed of nearly equal numbers of positive and
      negative free charges (positive ions and electrons), the furnace is
      provided with gas source 53 which is connected by means of a regulating
      valve 54 and line 55 to casing 45 of the furnace. The background gas for
      the plasmas supplied by source 53 is selected to be a gas having
      properties by which the gas can be easily ionized at a low ionization
      potential and a gas that is not readily absorbed by metal being melted
      within the furnace. The background gases can include inert gases such as
      argon and helium as well as nitrogen. A reactive gas can be mixed with
      background gas if it is intended to modify the properties of the metal
      being refined by the presence of the active gas. Reactive gases can be
      hydrogen for a direct-reduction process or high atomic number impurities
      for a catalyst. Gas source 53 can comprise pressured gas stored within a
      high pressure gas cylinder.
PAR  The furnace of the invention also contains an alternating current plasma 56
      which is established between electrode or sleeve 27 and melting pot 38.
      Alternating current source 57 is connected by lead 58 to sleeve 27 and by
      lead 59 to the melting pot. Alternating current source can be commercial
      power source. The AC plasma is superimposed upon the DC plasma. AC and DC
      plasmas within the furnace are subjected to an externally applied magnetic
      field having lines of flux extending in an axial direction with respect to
      sleeve 27, inner shell 34 and melting pot 38. The axially extending
      magnetic field is provided by the flow of current from source 60 through
      windings 61 which are wound about the exterior casing 45. By way of
      example, the field strength can be in the range of about 150 gauss to
      about 1,000 gauss. In place of windings 61 rings of permanent magnetic
      material can be disposed about the casing to form an axial magnetic field.
PAR  In plasma physics the physical picture of a plasma can be divided into a
      microscopic picture and a macroscopic picture. The microscopic picture
      relates to the particle-like properties of the plasma such as the effects
      of particle collision which produce diffusion, ionization, X-ray
      radiation, etc. In the macroscopic picture of the plasma there can be seen
      the fluid-like properties of the plasma including electrical conduction,
      propagation of waves and the behavior of conducting fluids.
PAR  The charged particles of a plasma interact with each other through the
      electrostatic field with which each is surrounded. In the microscopic
      picture these electrostatic fields cause localized attractive or repulsive
      forces between the particles. In the macroscopic picture the summation of
      the microscopic electrostatic and magnetic fields of the particles
      produced by the moving plasma particles results in an average
      electromagnetic field. The plasma then reacts as a conducting fluid to the
      total electromagnetic field in which it is immersed. This field consists
      of the plasma electromagnetic field and any externally imposed field such
      as that resulting from windings 61.
PAR  Within the furnace of the invention the alternating current plasma 56
      extending between sleeve 27 and melting pot 38 is superimposed upon the
      complete extent of direct current plasma 49 extending between electrode 35
      and shell 34. The resulting magnetoplasma is produced by ionizing
      collisions of both the DC plasma electrons and the AC plasma electrons
      with the background gas. When the density ratio of the DC plasma to the AC
      plasma electrons is less than approximately 10.sup.-.sup.2, plasma
      production is dominated by the AC plasma electrons which are heated by
      dynamic friction resulting from the interaction with other particles in
      response to the applied magnetic field. The DC plasma is heated by R.F.
      fields resulting from the interaction of the AC plasma electrons and the
      DC plasma.
PAR  In order to maintain steady state operation of the furnace, the rate of
      production of ions and electrons of the plasmas must equal the rate of
      escape of these particles from the plasma. The strength of the plasma
      sheath is determined by the temperature of the plasma electrons and
      adjusts itself to give equal ion and electron current to the walls formed
      by casing 25. The loss rate of ions is equal to the ion saturation current
      density. The electron loss rate is determined by the distribution function
      and the plasma sheath potential and temperature. The rate of production
      can be calculated from a measured distribution function in conjunction
      with the ionization cross-section. For a steady equilibrium state to
      exist, the power and particle must be balanced simultaneously. The plasma
      dispersion relation in the presence of an applied magnetic field is
      completely different from that of a plasma without an applied magnetic
      field. For a weak magnetic field, the R.F. fields resulting from the
      interaction of the heated AC plasma electrons and DC plasma can be
      adjusted to be convective. The R.F. field is nearly uniformly distributed
      in the plasma column and the plasma is uniformly heated.
PAR  The AC power input is a parameter which is independent from the R.F. field
      and as a result the AC input power is a parameter which is independent
      from the plasma temperature.
PAR  The losses of the plasma are a direct function of plasma temperature. Since
      the power input and the particle balance have parameters independent of
      one another, increasing the power input alone can merely increase plasma
      production and not plasma temperature. Therefore, it is possible to adjust
      the parameters to cause the input power and particles to be balanced
      simultaneously to obtain a steady equilibrium state for the
      magneto-plasma. Thus the method of the invention for generating the
      magneto-plasma enables the power input and the plasma temperature to be
      controlled independently.
PAR  FIG. 4A is a graphical representation of a generalized operating condition
      and designing parameters for a series of the magneto-plasma furnaces of
      the invention where the plasma is an argon plasma and the magnitude of the
      magnetic field vector of windings 61 is approximately 200 gauss.
PAR  In FIG. 4A curve 62a represents the parameter I.sup.2 RL/A.sup.2 n in
      watt-cm. plotted against the plasma electron temperature in degrees
      centigrade. In the parameter I.sup.2 RL/A.sup.2 n
PA1  I is the alternating current delivered by AC source 57;
PA1  R is the phenomenological resistivity of the magneto-plasma column;
PA1  A is the cross sectional area of the magneto-plasma column;
PA1  L is the length of the magneto-plasma column; and
PA1  n is the electron density of the magneto-plasma.
PAR  Curve 62b in FIG. 4A represents the parameter 1/2 t.sup.2 pg,
PAL  where
PA1  t is the time period needed for smelting and refining a predetermined
      molten metal descending from the lower portion of sleeve 27 to adjacent
      melting pot 38, that is to say, the time for molten metal to pass
      throughout the length of the magneto-plasma column.
PA1  p is the initial vacuum condition of the furnace in mm. of Hg.; and
PA1  g represents the acceleration of gravity.
PAR  The parameters of FIG. 4A is expressed by curves 62a  and 62b plotted
      against plasma electron temperature have been empirically derived, for a
      given background gas, argon, and for a predetermined magnetic field
      vector, by way of example, approximately 200 gauss.
PAR  The use of the parameters of FIG. 4A can be shown by way of Example 1 as
      set forth below. The example is that of a magneto-plasma furnace for
      recycling contaminated steel scrap separated from municipal solid-waste
      material. The designed nominal capacity of the furnace is selected to be
      in the range of approximately two to approximately six tons per hour of
      steel material or stainless steel semi-finished products (commercial
      grades).
PAR  In the furnace of the example, the axial magnetic field is approximately
      200 gauss; however in practice, it can be between approximately 150 to
      approximately 1000 gauss. The axial field can readily be defined by the
      power input to the field producing winding 61. The formula for the
      solenoid winding is B= .mu.iN where
PA1  .mu. is 4 .pi. .times. 10.sup.-.sup.7 weber/amp.-meter;
PA1  i is current in amperes; and
PA1  N is the number of turns per unit length.
PAL  The field does not depend on the diameter or length of the solenoid winding
      61. The field is constant over the solenoid cross section.
PAR  In the furnace of the example, B=(4 .pi. .times. 10.sup.-.sup.7
      weber/amp-m) (40 amp) 4 layer .times. 100 turns/meter)
PA1  =200.96 .times. 10.sup.-.sup.4  weber/meter.sup.2
PA1  =200.96 gauss
PAL  The power input to winding 61 is dependent upon the design of the winding
      and can vary for a given axial field strength. It should be noted that the
      total power input is negligible compared to the power consumed in the
      plasmas.
PAR  The power input to the preheating stage 28 is determined by the temperature
      level to be reached by preheating, which for example can be approximately
      300.degree. C. Since different metal materials have different specific
      heats, to heat to the preheating temperature requires different power per
      unit weight for different materials. The power for preheating is only a
      small portion of total power consumption.
PAR  In the furnace of Example 1,
PA1  shell 34 has an inside diameter of approximately 8 feet;
PA1  the overall inside height of the furnace is approximately 30 feet;
PA1  the preheating temperature of scrap metal pellets 19 is in the range of
      about 300.degree. C;
PA1  the feeding rate of the metal pellets is approximately 6% over the nominal
      furnace capacity in tons per hour; the background gas is argon;
PA1  the initial vacuum condition, p, is 1 mm.Hg. absolute; the background gas
      pressure fluctuations during operation are in the range of about 1 to 10
      mm.Hg. absolute; the applied axial magnetic field vector is approximately
      200 gauss;
PA1  the applied DC voltage is in the range of 40 to 1000 volts;
PA1  the applied DC current is in the range of 90 to 100 amperes for the DC
      plasma;
PA1  material is contaminated steel or aluminum scrap separated from municipal
      refuse; and
PA1  the product is commercial grade ingot.
PAC  EXAMPLE 1
PAR  The smelting time period for a predetermined molten metal droplet of the
      preselected metal material has been experimentally determined to be
      approximately 0.45 second. The distance through which the molten metal
      droplet can fall in 0.45 second is calculated by L = 1/2 gt.sup.2 which
      gives a distance of 98 cm., the length of the required magneto-plasma
      column for the furnace of the invention.
PAR  The initial vacuum condition is selected to be 1 mm.Hg. The parameter of
      cruve 62b, that is 1/2 t.sup.2 pg, gives the result of 98 cm.-mm.Hg. for
      the selected distance and pressure conditions. The value of 98 cm.-mm.Hg.
      when selected along curve 62b shows the corresponding plasma electron
      temperature on the horizontal axis of FIG. 4A to be 11,500.degree. C.
PAR  The plasma electron temperature determined by curve 62b defines a point
      along curve 62a which is 5.2 .times. 10.sup.-.sup.13 watt-cm. The optimum
      cross sectional area of the magneto-plasma column, that is term A, is
      selected in the example to be 180 cm..sup.2. The maximum attainable plasma
      electron density, n, is 3.3 .times. 10.sup.16 per cm.sup.3. With the
      values of A and n for the selected example, the parameter I.sup.2
      RL/A.sup.2 n can be rewritten as
EQU  I.sup.2 RL/A = 5.2 .times. 10.sup.-.sup.13 .times.  A .times. n = 5.2
      .times. 10.sup.-.sup.13 .times. 180 .times. 3.3 .times. 10.sup.16
PAL  which = 3088 KW. The value 3088 KW is the maximum average power capacity of
      the furnace of the example.
PAR  It is known that the average electrical energy requirement for refining and
      smelting steel material is approximately 500 KWH per ton of material. With
      the determined maximum average power capacity of the furnace in the
      example of 3088 KW, it can be seen that with an energy requirement of 500
      KWH per ton, the maximum tonnage capacity of the furnace of the example is
      6.17 tons of steel per hour.
PAR  The capacity of the furnace in tons per hour can be adjusted without
      disturbing the stable operating condition of the plasma by varying the
      plasma electron density n. (One way to vary the plasma electron density is
      to change applied current.) Thus, in the example, the capacity can be
      adjusted from approximately 2 tons to approximately 6 tons per hour.
PAR  If a predetermined scrap material is to be refined within the furnace of
      the invention, experiments can be conducted to determine the predetermined
      time period which is needed for smelting and refining the material in the
      magneto-plasma. The plasma electron temperature necessary for refining the
      metal material during the predetermined time period can readily be
      calculated. Plasma electron temperature values are represented along the
      horizontal axis of the graph. In utilizing the graph or plot 62, the
      plasma electron temperature value determines a point on curve 62a which
      represents the required input power of I.sup.2 RL/A.sup.2 n as represented
      along the lefthand vertical axis of the plot.
PAR  The rate of feeding the scrap metal pellet material by means of stops 29
      can be determined from the relationship of I.sup.2 RL/AE .times.
      efficiency, where the term E represents the total energy per unit weight
      of material which is required for conducting the smelting process in the
      magneto-plasma furnace of the invention. Conversely, the length L of the
      plasma column can be adjusted in accordance with the input power
      relationship. In this way, the time period for smelting by means of the
      process of the invention can be controlled.
PAR  Another embodiment of the furnace of the invention is set forth immediately
      below. This furnace is operated in accordance with the conditions derived
      below under EXAMPLE 2.
PAR  In the furnace, to be operated in accordance with Example 2, inner shell 34
      has an inside diameter of approximately 20 feet;
PAR  the overall inside height of the furnace is approximately 35 feet;
PAR  the preheating temperature of scrap metal pellets 19 is in the range of
      about 300.degree. C.;
PAR  the feeding rate of the metal pellets is approximately 6% over the nominal
      furnace capacity in tons per hour;
PAR  the background gas is helium;
PAR  the initial vacuum condition, p, is 1 mm.Hg. absolute;
PAR  the background gas pressure fluctuations during operation are in the range
      of about 1to 10 mm. absolute;
PAR  tha applied axial magnetic field vector is approximately 200 gauss;
PAR  the applied DC voltage is in the range of 40 to 1000 volts; and
PAR  the applied DC current is the range of 1500 amperes for the DC plasma;
PAR  the raw material is contaminated steel or aluminum scrap separated from
      municipal refuse; and
PAR  the output product is commercial grade ingot.
PAC  EXAMPLE 2
PAR  The smelting time period for a molten metal drople of steel or aluminum has
      been experimentally determined to be approximately 0.45 seconds. The
      distance through which the molten metal droplet can fall in 0.45 seconds
      is calculated by L=1/2 gt.sup.2 which gives a distance of 98 cm. This
      distance is the required length of the magneto-plasma column for the
      furnace of the invention.
PAR  The initial vacuum condition is selected to be 1 mm. Hg. The parameter of
      curve 62b" of FIG. 4C, that is 1/2 t pg, gives the result of 98 cm.-mm.Hg.
      for the selected distance and pressure conditions.
PAR  The value of 98 cm.-mm.Hg. when selected along curve 62b" of FIG. 4C shows
      that the corresponding plasma electron temperature on the horizontal axis
      to be 31,000.degree. C.
PAR  The plasma electron temperature of 31,000.degree. C. determined by curve
      62b" defines a point along curve 62a" of FIG. 4C which is 5.4 .times.
      10.sup.-.sup.12 watt-cm.
PAR  The optimum cross-sectional area of the magneto-plasma column, that is term
      A, is selected in Example 2 to be 2,920 cm.sup.2. The maximum attainable
      plasma electron density, n, is 3.3 .times. 10.sup.16 per cm.sup.3. With
      the values of A and n for the selected example, the parameter I.sup.2
      RL/A.sup.2 n can be rewritten as
EQU  I.sup.2 RL/A = 5.4 .times. 10.sup.-.sup.12 .times. A .times. n = 5.4
      .times. 10.sup.-.sup.12 .times.0 2920 .times. 3.3 .times. 10.sup.-.sup.16
      = 520,344,000 Watts = 520,344 KW
PAL  the value 520,344 KW is the maximum average power capacity of the furnace
      of the invention to be operated in accordance with EXAMPLE 2.
PAR  If EXAMPLE 2 is taken as smelting steel material, again it is known that
      the average electrical energy requirement for refining and smelting steel
      material is approximately 500 KWH per ton of material. With the determined
      maximum average power capacity of the furnace in EXAMPLE 2 of 520,344 KW,
      it can be seen that with an energy requirement of 500 KWH per ton, the
      maximum tonnage capacity of the furnace of EXAMPLE 2 is 1,040,68 tons of
      steel per hour.
PAR  The capacity of the furnace in tons per hour can be adjusted without
      disturbing the stable operating condition of the plasma by varying the
      plasma electron density n since n is a variable of curve 62a" which is a
      parameter of stable operating condition. One way to vary the plasma
      electron density is to change applied current. Thus, in the example, the
      capacity of the furnace can be adjusted from approximately 500 tons per
      hour to approximately 1000 tons per hour.
PAR  EXAMPLE 2 clearly illustrates that for larger furnaces, it is economical to
      use helium plasma in accordance with the parameters of FIG. 4C.
PAR  Another embodiment of the furnace of the invention as set forth below can
      be operated in accordance with the conditions derived in EXAMPLE 3. The
      furnace of this embodiment is adopted to smelt austenitic stainless steel.
PAR  The other smelt austenitic stainless steel.
PAR  The other dimensions of the furnace of this embodiment are the same as
      those of the furnace operated in accordance with EXAMPLE 1. The same is
      true for the furnace operating values of vacuum condition, background gas
      pressure, the axial magnetic field vector and the applied voltage and
      current for the DC plasma. In this embodiment, the background gas is
      nitrogen.
PAC  EXAMPLE 3
PAR  Since it is a requirement of stainless steel to maintain a low carbon
      content, for example 0.08 to 0.15 percent, the smelting time period for a
      predetermined molten metal droplet of stainless steel material has been
      experimentally determined to be approximately 0.65 seconds. The distance
      through which the molten metal droplet can fall in 0.65 seconds is
      calculated by L= 1/2 gt.sup.2 which gives a distance of 206 cm., the
      length of the required magneto-plasma column for this embodiment of the
      furnace of the invention.
PAR  The initial vacuum condition is selected to be 1 mm.Hg. The parameter of
      curve 62b' of FIG. 4B, that is 1/2 t.sup.2 pg, gives the result of 206
      cm-mm.Hg. for the selected distance and pressure conditions.
PAR  The value of 206 cm-mm.Hg. when selected along curve 62b' of FIG. 4B shows
      that the corresponding plasma electron temperature of the horizontal axis
      of FIG. 4B to be 14,500.degree. C.
PAR  The plasma electron temperature determined by curve 62b' of FIG. 4B defines
      a point along curve 62a' which is equal to 1.1 .times. 10.sup.-.sup.12
      watt-cm.
PAR  The optimum cross sectional area of the magneto-plasma column, that is term
      A, is selected in the example to be 180 cm.sup.2. The maximum attainable
      plasma electron density, n, is 3.3 .times. 10.sup.16 per cm.sup.3. With
      the value of A and n for the selected example, the parameter I.sup.2
      RL/A.sup.2 n can be rewritten as
EQU  I.sup.2 RL/A = 1.1 .times. 10.sup.-.sup.12 .times. A .times. n = 1.1
      .times. 10.sup.-.sup.12 .times. 180 .times. 3.3 .times. 10.sup.16
      =6,534,000 watts =6,534 KW
PAL  the value 6534 KW is the maximum average power capacity of the embodiment
      of the furnace of the invention which is to operate in accordance with the
      condition of EXAMPLE 3.
PAR  Since to introduce alloying agents into the refined molten metal does not
      consume power, the average electrical energy requirement for refining and
      smelting stainless steel is still approximately 500 KWH per ton of
      material. With the determined maximum average power capacity of the
      furnace for EXAMPLE 2 of 6534 KW, it can be seen that with an energy
      requirement of 500 KWH per ton, the maximum tonnage capacity of the
      furnace of the example is 13.06 tons of stainless steel per hour.
PAR  The examples set forth herein are simply illustrations of a plurality of
      embodiment of the furnace of the invention and are not intended to be
      restrictive. Thus the furnace of the invention is not limited to the
      background gases of the examples, the dimensions of the embodiment, or the
      operating conditions including those of the example.
PAR  It should be noted that the parameters of FIGS. 4D, 4B and 4C enable the
      design of a furnace to be determined in the manner taught by the examples.
      Thus the same parameters of these figures can be used to design a family
      of different capacity furnaces in accordance with the invention with a
      range of different operating conditions.
PAR  Measurements of the resistivity of the magneto-plasms show that the slop of
      the volt-ampere characteristic is a positive one. The positive slope is
      though to be directly related to the power and particle balance mechanism
      which serves as an intrinsic feed-back mechanism for stabilizing the
      resistive characteristics. The provision of an AC plasma upon a DC plasma
      in the presence of an axial magnetic field surrounding the plasma
      contributes to the advantages positive slope. As a result, the
      magneto-plasma does not have large voltage fluctuations and it is not
      sensitive to pressure variations resulting from the emission of evaporated
      materials which contaminate the scrap material being refined.
PAR  The axial magnetic field resulting from the flow of current through
      windings 61 causes the plasma electrons which are being generally lost to
      transfer their energy to the upper and lower end portions of the furnace,
      that is to say metal pellet 19 and molten metal 66a in melting pot 38,
      since the a.c. plasma does not contact shell 34 and the wall of melting
      pot 38 by following the lines of the axial magnetic field. As a result,
      the plasma column which is substantially in the form of a straight
      cylinder can be adjusted in length from a few centimeters to a few meters.
      The inner surface or walls of outer shell 25 reflect most of the radiation
      energy back to a plasma. This enables a high level of power utilization
      efficiency to be obtained.
PAR  Thus it can be seen that the stable magneto-plasma used in accordance with
      the invention is not limited in length and that both the power input level
      and the plasma temperature can be controlled independently of one another.
      These characteristics make it possible to carry out a metallurgical
      smelting process for contaminated metals in accordance with the teaching
      of the invention.
PAR  As shown in FIG. 6, the plasma density varies in a radial direction
      extending outwardly from the longitudinal centerline of the furnace toward
      shell 34 of the furnace. Curve 90 represents the plasma density of the
      D.C. plasma which decreases with a substantially moderate slope from the
      furnace center line toward shell 34. Curve 91 shows the density of the
      A.C. plasma superimposed upon the D.C. plasma. Since the A.C. plasma is
      confined to the central core of the furnace within the D.C. plasma it can
      be seen by way of Curve 91 that the density of the A.C. plasma
      superimposed on the D.C. plasma is maximum in the central core of the
      furnace in line with sleeve electrode 27 and then decreases abruptly. Thus
      it can be seen that the region of maximum plasma density is the central
      plasma column where the refining and smelting of the molten metal droplets
      occurs.
PAR  The parameters of FIGS. 4A, 4B, and 4C which contains curves 62a and 62b
      representing the empirical operating conditions of the invention can serve
      as a useful guide for establishing the proper operating conditions with
      regard to the power requirements and the magneto-plasma local temperature
      in terms of the metal smelting and refining rate for specified
      magneto-plasma column dimensions. Since the operating conditions can be
      analyzed, it becomes possible to provide programming for control.
PAR  The preheated metal pellet is bombarded and heated by the plasma. As soon
      as the surface tension and thermodynamic equilibrium conditions are
      satisfied a molten metal droplet is formed which falls from the pellet
      which is through the stops 29 and into the magneto-plasma of the invention
      which can have a local temperature, for example, in the range of about
      10,000.degree. C. When the molten metal droplet is descending, similar
      molecules stay together, due to the surface tension and self-adhesion. As
      a result, the majority segregate the minority, and the contaminating
      material is diffused into the surface of the droplet. Plasma sheath 65
      surrounding the molten metal droplets 66 is instantaneously formed. When a
      local plasma potential is imposed upon a molten metal droplet 66, the
      droplet is subjected to local heating and the contaminations diffused into
      the surface of the droplet are then bombarded intensely by both electrons
      and ions. In this manner, contaminating material is removed from the
      molten droplets during their transit for a finite period of time through
      the plasma. Droplets 66 are thereby made free of chemical and physical
      contaminating materials.
PAR  Alloy material can be introduced into the molten metal disposed in melting
      pot 38. Alloy materials are provided to the furnace by means of dispenser
      67 which is connected by line 68 to the interior of the melting pot.
      Controller 69 actuates dispenser 67 in order to deliver a predetermined
      quantity of alloy elements to the melting pot. In some cases, alloy
      elements may be added to the pellets of material being refined within the
      furnace by placing the alloy elements in the scrap metal pellets prior to
      their processing in the furnace.
PAR  The purity of the molten metal 66a being refined can be instantaneously and
      continuously monitored by spectroscopic methods. The advantage of
      spectroscopic methods is that they result in negligible interference with
      the plasma during the process of optical measurement. In order to provide
      a view of the plasma and the molten metal particles adjacent melting pot
      38, there is provided tube 70 which extends through casing 45 of the
      furnace and outer shell 25 disposed therein. End portion 70a of the tube
      is disposed adjacent to the upper surface of melting pot 38. Window 71
      enables radiation to be transmitted through the tube and outwardly while
      maintaining the vacuum level within outer shell 25. Lens system 72 directs
      and focuses the radiation from window 71 upon the radiation receiving
      portion of spectrum analyzer 73. With this arrangement the emission
      spectra received adjacent to the refined metal 66a can be analyzed to
      determine the constituents of the molten metal. The information obtained
      from the spectrum analyzer enables the furnace to be controlled to obtain
      the desired degree of refining of the metal. FIG. 6 shows plasma density
      of the superimposed A.C. plasmas as well as the D.C. plasma plotted
      against the radial distance from the center of the plasma column.
PAR  FIG. 5 is a schematic representation of the furnace of the invention when
      adapted to operate with a polyphase source of alternating current. Furnace
      74 as shown in the horizontal section of the schematic representation of
      FIG. 5 includes sleeves 75 for receiving the scrap metal pellets to be
      refined and for forming the upper electrode of the A.C. plasma. Annular
      electrodes 76 surrounding sleeves 75 are commonly connected by leads 77.
      Inner shell 78 encloses each of the assemblies of sleeves 75 and annular
      electrodes 76. Melting pot 79 is disposed beneath the lower portion of
      inner shell 78.
PAR  Direct current source 80 is connected by leads 81 and 82 to one of annular
      electrodes 76 and to inner shell 78, respectively. Lead 81 is connected to
      the positive side of the D.C. source 80 and thus places a positive
      potential upon each of the annular electrodes 76.
PAR  Source 83 of polyphase A.C. current is connected by leads 84, 85 and 86 to
      each of sleeves 75. The neutral or center point of the polyphase source 83
      is connected by lead 87 to melting pot 79.
PAR  The arrangement of furnace 74 operates in a manner similar as that
      described for furnace 20 in FIGS. 2 and 3. Thus a D.C. plasma is formed
      between annular electrodes 76 and inner shell 78. At the same time an A.C.
      plasma is established between each of sleeves 75 and melting pot 79. As in
      furnace 20, the A.C. plasma is superimposed upon the D.C. plasma in
      furnace 74.
PAR  As shown in FIGS. 2 and 3, furnace 20 can be provided with surface 88
      extending between inner shell 25 and casing 45. Surface 88 can be provided
      with cooling coils 89 which receive a flow of coolant from source 90.
      Surface 88 enables vapor within the furnace produced from contaminants on
      the metal material being refined to be condensed and retained upon the
      surface for periodic removal.
PAR  The furnace of the invention can operate in a continuous mode since the
      pellets 19 cooperate with sleeve 27 in maintaining electrical continuity
      between the positive side of A.C. source 57 and the bottommost pellet
      which is subjected to the superimposed plasmas. The pellets within sleeve
      27 are in electrical contact with the inner surface of sleeve 27. In
      addition, the upper face of one pellet is in contact with the lower face
      of the pellet above. There is a heavy flow of current not only from the
      sleeve to the bottommost pellet being subjected to the plasmas but also
      from the sleeve, through the pellets, and to the bottommost pellet. Since
      the pellets have an irregular surface, the flow of current from the face
      of one pellet to that of another occurs at a plurality of small contact
      points. At these contact points the current density is sufficient to raise
      the pellet material to a fusion temperature with the result that the
      pellets became welded to one another. As a result, the pellets within
      sleeve 27 are welded into a continuous body of pellet material which is
      metered into the plasmas by the action of rollers 29. Accordingly, the
      sleeve enables the pellets to be delivered as if the pellets were a
      portion of a continuous member being fed into the furnace of the
      invention.
PAC  OPERATION
PAR  Scrap metal pellets 19 are transmitted through interlock 23 into sleeve 27.
      Heaters 28 enable the pellets to be elevated in temperature prior to the
      refining process. The region enclosed by the interlock and shield 26
      surrounding sleeve 27 is maintained at an intermediate vacuum level by
      vacuum source 32.
PAR  After the delivery of scrap metal pellets into sleeve 27, stops 29 block
      the pellets from falling as the end portions 29a of the stops are disposed
      beneath the interior of the sleeve just sufficiently to stop the metal
      pellet from falling but allowing the plasma to bombard the preheated
      pellet 19. When the surface tension and thermodynamic equilibrium
      conditions are satisfied, the molten metal droplet 66 is formed and falls
      from the pellet through the stops 29. Each molten metal droplet descends
      into the magneto-plasma column which is formed within the furnace by AC
      plasma 56 superimposed upon DC plasma 49. The AC plasma extends between
      sleeve 27 and melting pot 39. The DC plasma extends between annular
      electrode 35 and inner shell 34.
PAR  Due to the high temperature within the magneto-plasma, for example a
      temperature in the range of approximately 10,000.degree. K, and the vacuum
      environment in the furnace, for example in the range of 1-10 mm.Hg., all
      surface of the pellet are freed of contaminating materials by evaporationg
      and sputtering.
PAR  The molten metal droplet is a good conductor. When it remains inside of the
      plasma, a floating potential is automatically imposed upon the surface of
      the metal droplet. A plasma sheath is instantaneously formed in a few
      Debye lengths (10.sup.-.sup.3 cm). away from the surface of the metal
      droplet. The potential difference between the floating potential on the
      surface of the metal droplet and the plasma potential on the plasma sheath
      of the metal droplet creates a strong electric field which is established
      radially (for example 10.sup.4 volts/cm.). with the axial magnetic field
      and collision effects, an equal ion and electron current bombard the
      surface of the metal droplet.
PAR  Most electrons penetrating into the material are completely decelerated
      afer passing through a layer of a few microns thickness. Practically all
      their high kinetic energy is converted into heat which causes the local
      temperature to be raised much higher than the melting temperature. This
      high temperature causes the metallurgical phase equilibrium to be broken
      down, so that the smelting process may be performed according to diffusion
      kinetics, surface tension and metal chracteristics. Thus the smelting
      method of the invention comprises a metallurgical operation in which metal
      is separated by fusion from the impurities with which it may be chemically
      combined or physically mixed.
PAR  Since the externally applied axial magnetic field interacts with the radial
      electric field, a rotational motion of the plasma around the annular
      perimeter of the molten metal droplet occurs. The rotational motion
      enhances the diffusion kinetics.
PAR  Special high temperature slage separation process can be performed by
      adding small amounts of catalytic reactive gas into the plasma background
      gas. After the smelting process of the invention is performed by use of
      the magneto-plasma, all the contaminations can be removed. If desired, an
      alloying process then can follow.
PAR  During operation the condition of the molten metal 66a is examined by means
      of spectrum analyzer 73 which receives emissions from the plasma and of
      excited states of metal molecules in the vicinity of the molten metal 66a
      transmitted through tube 70, window 71 and lens system 72. Upon monitoring
      the measurements obtained by spectrum analyzer 73, if it is desired to
      introduce alloying agents into the refined molten metal being accumulated
      in melting pot 38, dispenser 67 can be actuated to deliver the agents by
      means of line 68 extending to the upper portion of the melting pot. The
      power input is related to the rate of delivery of pellets 19. The curve
      62a and 62b of plot 62 in FIG. 4 determine the operating conditions as
      well as the feeding speed of pellets into sleeve 27.
PAR  When a quantity of molten metal has been accumulated in melting pot 38,
      actuator 43 opens valve 42 and releases a quantity of molten metal into
      mold 40. Subsequently the mold can be removed from vacuum interlock 47 by
      means of door 47a.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for smelting and refining metal material comprising the steps
      of:
PA1  a. establishing a predetermined high level vacuum condition within the
      interior of an enclosure;
PA1  b. establishing a level of background gas within the interior of the
      enclosure;
PA1  c. applying a direct current potential to a pair of electrode spaced apart
      from one another along the length of the enclosure to form a direct
      current plasma extending adjacent the electrodes;
PA1  d. applying an alternating current potential to a pair of electrodes
      disposed along the length of the enclosure to form an alternating current
      plasma extending adjacent the electrodes, the alternating current plasma
      being formed at a location within the enclosure to superimpose the
      alternating current plasma upon the direct current plasma to stablize the
      alternating current plasma;
PA1  e. placing the metal material within the alternating current plasma
      superimposed upon the direct current plasma, the metal material being
      melted into droplets and having impurities to be refined therefrom removed
      from the droplets in response to the elevated temperature of the plasma,
      the bombardment of the plasma and the high level vacuum condition within
      the enclosure; and
PA1  f. collecting the refined molten drops of metal.
NUM  2.
PAR  2. A method in accordance with claim 1 for refining metal material in which
      the step of placing metal material within the plasmas comprises the steps
      of delivering metal material to the enclosure and metering a release of
      metal material into the plasma.
NUM  3.
PAR  3. A method in accordance with claim 2 for refining metal material in which
      the step of delivering metal material to the enclosure comprises the step
      of delivering pellets of metal material and in which the step of metering
      comprises the step of sequentially releasing the pellets in a
      predetermined rate corresponding to the rate at which metal material is to
      be refined.
NUM  4.
PAR  4. A method in accordance with claim 1 for refining metal material in which
      the step of applying potentials to form alternating current plasma
      superimposed upon a direct current plasa comprise the steps of forming
      substantially vertically extending plasmas and in which the step of
      placing metal material in the plasmas comprises the step of placing the
      metal material in the upper portion of the plasmas to enable the metal
      material to descend through the plasmas in response to the gravitation
      field.
NUM  5.
PAR  5. A method in accordance with claim 1 for refining metal material and
      further comprising the step of preheating the metal material to an
      elevated temperature prior to the step of placing the metal material in
      the plasmas, the step of preheating the metal material enabling the metal
      material to reach the evaporation temperature of surface contaminations,
      thereby enabling the contaminations to be pumped out before melting in a
      reduced amount of time after the metal material is placed in the plasmas.
NUM  6.
PAR  6. A method in accordance with claim 1 for refining metal material in which
      the step of placing metal material into the plasmas comprises the steps of
      advancing the metal material to be refined into a chamber adapted to be in
      communication with the interior of the enclosure, producing an
      intermediate level vacuum condition within the chamber, and delivering the
      metal material from the chamber into the enclosure and the plasmas
      therein, the intermediate level vacuum condition in the chamber
      facilitating the maintenance of the predetermined high level vacuum
      condition within the interior of the enclosures.
NUM  7.
PAR  7. A method in accordance with claim 1 for refining metal material and
      further comprising the step of applying a magnetic field to the
      alternating current plasma superimosed upon the direct current plasma to
      enhance the plasmas, the magnetic field substantially enclosing the
      plasmas and extending in the direction along which the plasmas extend, the
      plasmas when subjected to the magnetic field having a positive voltage
      characteristic with respect to current.
PATN
WKU  039444139
SRC  5
APN  506306&
APT  1
ART  111
APD  19740916
TTL  Direct reduction of metallic oxides
ISD  19760316
NCL  7
ECL  1
EXP  Andrews; M. J.
NDR  1
NFG  1
INVT
NAM  Volk; William
CTY  Princeton
STA  NJ
ASSG
NAM  Hydrocarbon Research, Inc.
CTY  Morristown
STA  NJ
COD  02
RLAP
COD  71
APN  289298
APD  19720915
PSC  03
CLAS
OCL   75 35
XCL   75 26
XCL   75 91
ICL  C21b 1302
FSC   75
FSS  26;34;35
UREF
PNO  3205066
ISD  19650900
NAM  Robson et al.
OCL   75 26
UREF
PNO  3428446
ISD  19690200
NAM  Locke, Jr.
OCL   75 26
ABST
PAL  The capacity and effectiveness of a fluidized multi-bed process for the
      direct reduction of broad size-range metallic oxides, such as ion oxide
      particles, can be materially improved by feeding the large-size particles
      into the uppermost zone and the fine-particle material such as bag dust to
      the lowest zone of a multiple bed reducer. The larger particles in the
      upper zones tend to restrain the fine particles from being carried out of
      the reducer by upwardly flowing reducing gas. In the lower zone location,
      complete reduction of the fine oxide particles is much more effective, as
      the reaction is initiated by the fresh reducing gas, which is normally
      high purity hydrogen.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation of application Ser. No. 289,298 filed Sept. 15,
      1972, now abandoned.
BSUM
PAR  The direct reduction of metallic oxides such as iron ores by the
      fluidization of the ore in an upflowing hydrogen stream is described in
      U.S. Pat. No. 3,227,546, which, in turn, refers to U.S. Pat. Nos.
      2,900,246 and 2,995,426. In such patents, a reducing gas, preferably
      relatively pure hydrogen, is passed upwardly through several beds of iron
      oxide or ore at a velocity to maintain the ore fluidized and in random
      motion in each bed, while the reducing gas reacts with the oxygen
      molecules to drive off water vapor. From time to time the beds are
      dropped, i.e., the particulate material in the bottom bed after being
      substantially reduced to metal is removed, and the upper beds are each
      moved successively downward for further reduction.
PAR  In this art, it has been found necessary for proper operation of the
      reducer to maintain a fairly close sizing of the iron ore. A typical
      grind, with all passing 20 mesh (U.S. Sieve Series), would have
      approximately 40 percent in the 20-100 mesh size, approximately 25 percent
      in the 100-200 mesh size, and approximately 35 percent smaller than 200
      mesh (thus with fines smaller than 200 micron average size). However,
      experience with fluidized bed processing of the smaller size ore particles
      has shown excessive solids loss from the upper bed of the reducer. Thus,
      the reduction of metal oxide powders finer than about 400 mesh such as bag
      dust has been quite difficult and inefficient. The losses of such powders
      to the atmosphere poses substantial pollution problems.
PAC  SUMMARY OF THE INVENTION
PAR  I have now found that I can provide a reasonably uniform fluidization of a
      broad size range of metallic oxide paricles such as iron oxide wherein the
      particles vary in size from mill scale which may be as large as 3/4 inch
      size to bag dust having a size of only a few microns (in the order of 400
      mesh), by introducing the coarse oxide particles into the uppermost zone
      of a multi-zone reducer and introducing the fine particles at a low zone
      in the reducer, preferably to the lowermost zone. In such case, the
      average particle size establishes the fluidization characteristic in each
      zone. The smaller particles (400 mesh and finer) are effectively hindered
      in their fluidization path by the larger particles so that excessive
      carryover of such fine particles from the top of the reducer is avoided.
      Furthermore, reduction of these fine particles to metallic powder is quite
      rapid and complete in a single zone.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic flow diagram in part and a vertical section of a
      multiple bed reducer in part as arranged for use in this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The multiple bed reducer 10 as generally shown is preferably a cylindrical
      tower having a top 12 and bottom 13, with the bottom being supported from
      a foundation as by extension 14. The reducer is divided into a plurality
      of beds or reaction zones, which are established by perforated horizontal
      partitions 16 of which three are shown in this instance. These reaction
      zones 17, 18 and 19 respectively serve to receive and hold the iron oxide
      material for reduction. The coarser size particulate oxide material is
      introduced into the top bed from coarse oxide hopper 20 throuogh inlet
      conduit 21. The coarse oxide hopper 20 is pressurized to overcome the
      pressure in the reaction zone 17. The fine oxide material in hopper 50 is
      fluidized with cold hydrogen and is preferably introduced directly into
      the lowest bed 19 of reducer 10 through conduit 54.
PAR  In reducer 10, the iron oxide in each of the multiple beds is intimately
      contacted and reacted with high purity hydrogen at temperatures in the
      range of about 700.degree. to 1000.degree.F, preferably about 850.degree.F
      to 950.degree.F, and at pressures in the range of about 200 to 600 psig
      (pounds per square inch gauge), preferably about 350 to 450 psig. For the
      purpose of this invention, high purity hydrogen contains only small
      amounts of such gases as carbon monoxide and dioxide, methane, nitrogen
      and water vapors. More specifically, the high purity hydrogen used in the
      process of this invention generally has a composite average molecular
      weight in the range of about 3 to 7.5, preferably less than about 5.5
      Since hydrogen has a molecular weight of 2 and the aforesaid admixed gases
      have molecular weights varying from 16 to 44, it is obvious that the
      quantities of the admixed gases must be kept small to hold the composite
      average molecular weight below the upper limit of 7.5. Furthermore, the
      moisture content must be kept below the range of 0.5 to 3.0 percent by
      volume, as set forth in the aforesaid Keith et al., U.S. Pat. No.
      2,900,246.
PAR  To effect the intimate contact between the finely divided iron oxide and
      the reducing hydrogen in accordance with this invention, the iron oxide is
      maintained as a bed, usually not exceeding about 10 feet in depth, while
      the pressurized high-purity hydrogen is passed upwardly therethrough at a
      rate sufficient to fluidize the particles. For the usual particle sizes
      and densities of the iron oxide as treated by this invention, the reducing
      gas will generally have a superficial linear velocity of the order of 0.5
      to 2.0 feet per second while contacting the mass of iron oxide particles.
PAR  By operating at pressures in the range of 200-600 psig, the moisture
      content of the reaction gases withdrawn from the top of the reducer at 34
      is rapidly reduced to less than 0.4 percent by volume by cooling the gases
      to a temperature of 100.degree.F or lower with water at temperatures
      available in most localities. While not fully shown herein, it is
      contemplated that such gases will be recycled as described in Keith et
      al., U.S. Pat. No. 2,900,246, provided, of course, that a certain
      proportion of the gases will be vented or discarded to prevent the content
      of methane and nitrogen from building up to an extent that the mixed
      recycle and make-up gases have a composite average molecular weight
      exceeding 7.5.
PAR  For the purpose of this invention, the recycle hydrogen reducing gas
      removed from gas recovery unit 35 is heated to about 1200.degree.F in
      heater 37 and is introduced into the reducer unit 10 at manifold 38. As
      described in the Stotler, U.S. Pat. No. 2,805,144, it is then passed
      through U-shaped heat exchange piping 40 located within the upper bed 17
      of iron oxide. The gas is then removed through header 42, and similarly
      introduced into U tubes 40 in intermediate bed 18. After removal from the
      intermediate bed, the reducing gas which has cooled to about 1000.degree.F
      is then introduced directly into the lowest bed 19 through manifold 27 and
      piping 32, the latter being open at its lower ends. The warm hydrogen then
      passes upward through the oxide beds in succession, then passes through
      gas separator 30 for removal of entrained oxide particles, and is removed
      from the reducer through top opening 34. Following recovery of any
      remaining oxide particles at 36 from gas recovery unit 35, the hydrogen is
      reheated and recycled as above. If desired, some warm recycle hydrogen may
      be introduced directly into the lowermost bed through line 56. Make-up
      hydrogen is added at 39.
PAR  After sufficient reduction is completed in the lowermost bed, the
      metallized solids are discharged out the bottom through valve 29 as to a
      briquetting step (not shown). This, in turn, permits dumping the next
      above oxide bed down through downcomer 26 by opening the valve 28.
PAR  Similarly, the top bed may then be passed by gravity downwardly through
      downcomer 22 when valve 24 is opened. Additional intermediate beds or
      reduction zones may be used if desired. Thereafter, fresh coarse iron
      oxide feed is introduced to the top zone through the inlet conduit 21.
PAR  Normally a coarse fluidizable grind of iron oxide such as iron ore has a
      size range substantially as follows:
PA1  All pass 20 mesh (USS).
PA1  25-40 percent larger than 100 mesh.
PA1  25 percent or less passing 325 mesh.
PAR  I have now found, however, that in some steel mills, the waste iron oxide
      ranges from mill scale in sizes 3/4 inch to 8 or 10 mesh down to fine
      oxide dust from oxygen steel furnaces in sizes smaller than 325 mesh. Such
      dust is too fine to be satisfactorily handled in the usual dense phase
      fluid bed process. However, in accordance with my invention, I can feed
      the larger than 400 mesh iron oxide material to the upper bed through line
      21. The fine dust smaller than 400 mesh size is fed with unheated hydrogen
      at 52 from hopper 50 through conduit 54 directly into the lower bed. The
      reduction rate of the fine dust is fast enough so that it will be
      substantially completely reduced in the bottom bed by the time it is
      desired to dump the next above oxide bed into the lowermost bed. The fine
      iron oxide particles introduced directly into the lowermost bed may
      comprise up to about 30 percent of the total oxide feed material to the
      multi-bed reducer.
PAR  Injecting the fine oxide dust into the bottom bed of the reducer will
      greatly minimize the amount of fines that are carried out of the top of
      the reducer 10.
PAR  A typical composition of the total iron oxide wastes available at a
      commercial steel plant are as follows:
TBL  Mill scale        27%                                                     
     Pellet chips      48%                                                     
     Basic Oxygen Furnace                                                      
     (Dust             12%                                                     
     Blast Furnace Dust                                                        
                       13%                                                     
PAR  In view of the various modifications of the invention which will occur to
      those skilled in the art, only such limitations should be imposed as are
      indicated by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for the direct reduction of metallic oxide particles in a
      multiple zone reducer using upflowing hydrogen to maintain the particles
      of oxides in a fluidized condition at a temperature from about
      700.degree.F to about 1000.degree.F and a pressure from about 200 to about
      600 psig, and in which a part of the oxides of coarse size range are
      introduced to the uppermost zone and from which zone the particles pass
      successively downward to a lower zone after being appropriately contacted
      with the upflowing hydrogen and the reduced metal particles are removed,
      the improvement which comprises:
PA1  a. separately feeding finer size metal oxide particles directly to a lower
      zone using cold hydrogen gas as the transport medium for said finer size
      metal oxides;
PA1  b. initially contacting the finer oxide particles with high purity hydrogen
      in said lower zone to accomplish a substantially short and complete
      reduction within said zone;
PA1  c. passing the hydrogen from the lowermost zone to an upper zone; and
PA1  d. withdrawing the reduced fine oxide along with said reduced metal
      particles from the lowermost zone.
NUM  2.
PAR  2. The method of claim 1 wherein the fine oxide particles are carried by
      pressurized cold high purity hydrogen gas directly into the lowermost zone
      of the reducer.
NUM  3.
PAR  3. The method of claim 2 wherein the particles are iron oxide from the
      group including mill scale, pellet chips, basic oxygen furnace dust, and
      blast furnace dust, and the particles fed to the upper zone are larger
      than about 400 mesh size, and the particles fed to the lower zone are
      smaller than about 400 mesh size.
NUM  4.
PAR  4. The method of claim 3 wherein the smaller size metal oxide particles fed
      into the lower zone comprise up to about 30 percent of the total metal
      oxide feed material to the reducer.
NUM  5.
PAR  5. The method of claim 4 wherein the finer size oxide particles are
      introduced directly into the lowermost bed and the metal oxide in each bed
      is passed to the next lower bed sequentially commencing with the lowermost
      bed.
NUM  6.
PAR  6. The method of claim 1 comprising the further steps of:
PA1  a. withdrawing used hydrogen containing up to about three percent water
      vapor from the uppermost zone;
PA1  b. cooling said hydrogen and removing substantially all the moisture from
      the hydrogen;
PA1  c. adding sufficient high purity hydrogen to overcome system losses;
PA1  d. reheating the hydrogen to about 1200.degree.F;
PA1  e. recycling the heated high purity hydrogen through flow passages located
      in the reducer zones to preheat the metal oxide therein; and
PA1  f. recycling a portion of the heated high purity hydrogen directly to the
      lowermost zone.
NUM  7.
PAR  7. The method of claim 6 wherein the fine metallized particles discharged
      from the lowermost bed are passed to a briquetting step.
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PAL  Process for the flotation of anode slime from copper electrolysis
      comprising subjecting the anode slime, as a preliminary treatment, to
      attrition treatment in combination with a copper leaching treatment in a
      medium of an acid solution. The floated material obtained from the
      flotation is continuously subjected to three processes of roasting,
      melting and cupellation in a rotary furnace lined with refractory bricks
      for recovery of good quality silver anode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved process for treating anode
      slime from copper electrolysis.
PAR  In the electrolysis of crude or blister copper for obtaining electrolytic
      copper, the byproduct anode slime resulting therefrom contains valuable
      metals such as gold, silver, copper, lead, selenium, and the like. The
      recovery of these valuable metals by treating such anode slime is of great
      importance in a copper refinery process.
PAR  Methods of treating the anode slime to recover the valuable metals
      contained therein which have been heretofore proposed comprise extremely
      complicated processes wherein these valuable metals are extracted one by
      one and gold and silver are finally recovered, although these methods may
      be somewhat modified depending upon the composition of the anode slime.
PAR  The main factor making the recovery process complicated is, inter alia, the
      presence of lead which is usually contained in an amount of about 10 to 30
      % in the anode slime. For example, in the roasting process for recovering
      selenium, the presence of lead may reduce volatilization of the selenium.
      Also, in recovering gold and silver, some of the reduced lead must be
      re-oxidized and separated in the subsequent cupellation process. Such
      repeated oxidation and reduction of the lead yields a large amount of
      semiprocessed products such as fume ash and litharge composed mainly of
      lead which tend to contribute to complication of the recovery process.
PAR  Various methods have been hitherto proposed to simplify these complicated
      treatment processes and to recover the aforementioned valuable metals more
      economically and advantageously. These methods include subjecting the
      anode slime to flotation to remove substantial amounts of the lead
      contained therein before entering into the actual recovery process. For
      example, one of these methods comprises oxidizing a suspension of the
      anode slime in a sulfuric acid solution (about 200g/l) at a temperature
      above 70.degree.C by passing air therethrough while it is being stirred in
      order to leach copper therefrom and subjecting the remaining anode slime
      to a flotation treatment, as is illustrated in FIG. 1.
PAR  However, these methods are disadvantageous in that the net yields of gold,
      silver, selenium and the like carried into the floated material is as low
      as 85 to 95%, and the separation of lead as tailings, which are their main
      objects, are unsatisfactory, whereby, they have not yet been put into
      practice.
PAR  Since the anode slime usually is in the form of fine particles having a
      particle size not greater than 50.mu., the slime has been subjected to a
      copper leaching treatment or a flotation treatment without having
      undergone any mechanical treatment such as grinding and crushing in the
      conventional methods. We have examined sections of anode slime particles
      under a microscope and found that the anode slime particles are composed
      of aggregates each made up of finer particles as is shown in the
      photomicrograph of FIG. 6, and each finer particle is composed of an outer
      layer comprising silver selenide and gold telluride and a core comprising
      lead in the form of lead sulfate. In other words, the lead is present as
      lead sulfate which is wrapped by the outer layer. In the photomicrograph,
      the white portion represents the silver selenide and gold telluride, while
      the gray-black portion wrapped by the white portion represents the lead
      sulfate.
PAR  We have made various studies to develop a method to separate the wrapped
      lead sulfate from the outer layer consisting of the silver selenide and
      gold telluride, and, as a result, have arrived at a conclusion that
      frictional and abrasive action by attrition is especially useful for this
      purpose.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a process for the
      flotation of anode slime from copper electrolysis which comprises
      subjecting the anode slime to the frictional and abrasive action by
      attrition in combination with a copper leaching treatment in a medium of
      an acid solution to remove an outer layer consisting of silver selenide
      and gold telluride in the slime particles and thereafter subjecting the
      attrition treated slime to flotation to ensure a complete separation of
      lead from the slime.
PAR  It is another object of the present invention to provide a method of
      treating the floated material of extremely low lead content resulting from
      the flotation.
PAR  The nature, further features, and utility of this invention will be more
      clearly apparent from the following detailed description, beginning with a
      consideration of general aspects of the invention and concluding with
      specific examples of practice illustrating preferred embodiments of the
      invention, when read in conjunction with the accompanying illustrations
      briefly described below.
DRWD
PAC  BRIEF DESCRIPTION OF THE ILLUSTRATIONS
PAR  In the illustrations:
PAR  FIG. 1 is a system diagram indicating one example of a prior art flotation
      of anode slime from copper electrolysis;
PAR  FIG. 2 is a system diagram indicating one example of the present invention
      wherein a copper leaching treatment of anode slime from copper
      electrolysis and an attrition treatment thereof are simultaneously carried
      out;
PAR  FIG. 3 is a system diagram indicating another example of the present
      invention wherein an attrition treatment is carried out subsequently to a
      copper leaching treatment;
PAR  FIGS. 4(A) and 4(B) are system diagrams respectively indicating one example
      of the process of treating anode slime according to one process of the
      prior art and one example of the process of treating anode slime according
      to this invention;
PAR  FIG. 5 is an elevation, with a part cut away, showing a tower mill; and
PAR  FIGS. 6 and 7 are photomicrographs respectively showing the states of anode
      slime which has undergone no attrition treatment and anode slime which has
      undergone an attrition treatment respectively.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the process of the present invention, the attrition treatment may be
      carried out simultaneously with the copper leaching treatment of the anode
      slime in a medium of an acid solution or may be conducted subsequently to
      the copper leaching treatment. The flow sheets of these two processes are
      shown in FIGS. 2 and 3.
PAR  In FIG. 7, a microphotograph illustrating the state of the anode slime
      rubbed and abraded by the attrition treatment is shown. In the
      microphotograph, the white portion indicates silver selenide or gold
      telluride. Visual examination of this microphotograph reveals that when
      the anode slime particles are subjected to the attrition treatment, the
      outer layer thereof comprising silver selenide and gold telluride is
      gradually rubbed off because of the frictional and abrasion action.
      Consequently, since the lead sulfate involved in the outer layer is
      separated from the silver selenide and gold telluride, the probability of
      floating of gold, silver and selenium is extremely improved, while the
      lead is satisfactorily isolated, thereby producing tailings enriched in
      lead.
PAR  In addition, it was determined that the floating ability of the gold,
      silver and selenium is independent of the acidity of a flotation bath as
      long as the bath is acidic.
PAR  In practice, this attrition treatment may be carried out in, for example,
      an attrition mill, a tower mill, and a closed circuit comprising sand
      pumps and a tank. The slime particles may be advantageously wet rubbed and
      abraded in the closed circuit.
PAR  With respect to the period of the attrition treatment, there is a certain
      optimum or proper level. However, it will be understood for those skilled
      in the art that the proper level of the attrition period can be determined
      experimentally in connection with a certain combination of particle size
      of anode slime, concentration of pulp dimension of attrition apparatus,
      rotational or flow speed. In determining these operational conditions,
      description of Examples set forth hereinafter will be helpful.
PAR  When the flotation effect obtained when the anode slime was subjected to
      the frictional and abrasion action by the attrition treatment prior to
      flotation was compared with that obtained when it was not subjected to
      this pretreatment, the results as shown in Table 1 was obtained.
PAR  From Table 1 it is apparent that the former is much higher in net yields of
      gold, silver and selenium carried into floated material than the latter
      and gives a high extraction of lead.
TBL                Table 1                                                     
     ______________________________________                                    
     Flotation Result (percentage)                                             
     ______________________________________                                    
                   Attrition No attrition                                      
     ______________________________________                                    
          Charge material                                                      
                         100.0       100.0                                     
     Au   Floated material                                                     
                         99.7        93.0                                      
          Tailing        0.3         7.0                                       
          Charge material                                                      
                         100.0       100.0                                     
     Ag   Floated material                                                     
                         99.8        94.0                                      
          Tailing        0.2         6.0                                       
          Charge material                                                      
                         100.0       100.0                                     
     Se   Floated material                                                     
                         99.7        94.0                                      
          Tailing        0.3         6.0                                       
          Charge material                                                      
                         100.0       100.0                                     
     Pb   Floated material                                                     
                         7.0         30.0                                      
          Tailing        93.0        70.0                                      
     ______________________________________                                    
PAR  The floated material resulting from the flotation treatment is treated in
      the following manner.
PAR  After washing and dehydration, the floated material is charged into a
      rotary furnace lined with refractory bricks and subjected to oxidizing
      roasting under a direct flame to volatilize the major portion of the
      selenium contained therein and thereby to recover it. In this case,
      because of its very low content of lead, the floated material may be
      roasted in the completely powdery form, and the volatilization rate of the
      selenium is increased to 2 times that in the conventional method, whereby
      the time required for the oxidizing roasting can be greatly reduced.
PAR  When the volatilization of the selenium is completed, the roasted slime is
      then melted. Since the roasted slime contains little lead and other
      gangues as a result of the flotation treatment, there is no need to add
      reducing agents and fluxes to reduce lead and to form slag as in the
      conventional method. Therefore, it is possible to conduct separation of a
      very small amount of slag from crude silver highly enriched in gold and
      silver values merely by melting the remaining roasted slime adhering to
      the inner wall of the rotary furnace at increased temperatures. After
      removing a small amount of the separated slag, the crude silver remained
      in the rotary furnace may be further subjected to a conventional
      cupellation process. In this manner, the crude silver may be more easily
      refined than the conventional noble lead and converted to a high quality
      silver anode in a shorter period.
PAR  In the treatment of the floated material as stated above, little
      semiprocessed products such as fume ash and litharge composed mainly of
      lead are formed as in the conventional method. Further, three processes,
      namely, roasting, melting, and cupellation, may be continuously carried
      out in a single rotary furnace. Accordingly, the treatment method
      according to the present invention makes it possible to obtain a good
      quality silver anode at a higher net yield and to achieve a higher
      improvement in treatment capacity of apparatuses than the conventional
      treating method.
PAR  As can be seen from FIGS. 4(A) and 4(B) wherein a system diagram indicating
      one example of the process of treating anode slime according to the
      present invention is shown in comparison with a system diagram indicating
      one example of the process of treating anode slime according to the
      conventional process, the present process brings about a substantial
      reduction in treating process.
PAR  The present invention will be further illustrated by the following examples
      which are set forth for purposes of illustration only and not as
      limitations to the scope of the present invention.
PAC  EXAMPLE 1
PAR  An anode slime with a copper content of 21.05% was charged into a
      10-m.sup.3 capacity, acid-resistant circulating vessel to which a sulfuric
      solution having a concentration of 200 g per liter was added to adjust the
      concentration of the pulp to 25% (by weight). The resulting pulp was drawn
      out from the bottom of the circulating vessel via two sand pumps, and the
      drawn pulp was discharged over above the vessel from delivery ports at a
      rate of 5m per second and brought into a head-on collision therebetween,
      thereafter being returned to the circulating vessel. This operation was
      continuously carried out for 15 hours. After the slime particles were
      subjected to the frictional and abrasion action by such attrition
      operation, the resulting pulp was filtered to separate the resulting
      solution of copper sulfate from the slime. Analysis of the product thus
      obtained showed that it contained Au 1.07%, Ag 27.20%, Cu 0.52%, Pb
      24.24%, and Se 18.89%.
PAR  Then, 1,000 parts (dry basis) of this slime was diluted with water to a
      pulp concentration of 15% by weight. The resulting pulp was subjected to a
      flotation treatment using a Denver Flotation Machine, Model 910 having 8
      sections. The results are shown in Table 2. Table 2 indicates that the
      yields of gold, silver and selenium all exceed 99% and a high grade lead
      concentrate was obtained as a tailing. Further, the net yield of tellurium
      in the floated material was 98.7%.
PAR  The flotation treatment was conducted under the following conditions:
TBL  Pulp concentration (% by weight)                                          
                           15 %                                                
     pH                    2.0                                                 
     Foaming agent, M.I.B.C.                                                   
                           70g/slime.T                                         
     Collector, Erofloat No. 208                                               
                           50g/slime.T                                         
     Amount of pulp treated                                                    
                           50l/min                                             
      M.I.B.C. = methylisobutylcarbinol                                        
      Erofloat 208 = dithiophosphoric acid                                     
TBL                Table 2                                                     
     ______________________________________                                    
     Flotation Result                                                          
     ______________________________________                                    
              Charge material                                                  
                         Floated material                                      
                                      Tailing                                  
     ______________________________________                                    
     Amount of slime                                                           
                1,000        650          350                                  
     (part)                                                                    
     Analysis (%)                                                              
     Au          1.07        1.64         0.01                                 
     Ag         27.20        41.78        0.13                                 
     Se         18.89        27.01        0.09                                 
     Pb         24.24        2.54         64.55                                
     ______________________________________                                    
     Amount of slime                                                           
                100          65.0         35.0                                 
     (%)                                                                       
     Net yield (%)                                                             
     Au         100          99.69        0.31                                 
     Ag         100          99.83        0.17                                 
     Se         100          99.83        0.17                                 
     Pb         100          6.80         93.20                                
     ______________________________________                                    
PAR  4.23 tons of the floated material was charged into a rotary furnace of
      2.6-m inner diameter and 2.6-m length, lined with refractory bricks and
      was subjected to oxidizing roasting to volatilize the major portion of the
      selenium contained therein. After the volatilization of the selenium was
      completed, the remaining sintered slime adhering to the inner wall of the
      rotary furnace was melted at a temperature of 1,200.degree. to
      1,400.degree.C without the addition of reducing agents and fluxes. The
      molten slime was separated into 0.5 ton of slag and crude silver with a
      92% content of silver.
PAR  After the slag was removed from the rotary furnace through a drawing port,
      the crude silver remaining in the rotary furnace was subjected to a
      conventional cupellation process therewithin for a period of about 10
      hours thereby to produce 1.8 tons of good quality silver containing 3.8%
      gold and 95.2% silver. In addition, in the course of these treatments,
      little semiprocessed products such as fume ash and litharge were produced.
PAC  EXAMPLE 2
PAR  1,000 parts (dry basis) of an anode slime from which copper had been
      removed, and which contained Au 0.75%, Ag 26.5%, CuO 0.30%, Pb 22.72%, and
      Se 11.09%, was adjusted to a pulp concentration of 50% by weight with the
      addition of water. The resulting pulp was charged into a tower mill of
      400-mm inner diameter and 2,000-mm height having five blades 270mm long
      and filled with 500 kg of steel balls of 20-mm diameter (the tower mill
      being schematically illustrated in FIG. 5). The charged pulp was abraded
      by operating the tower mill at a rotational speed of 75 rpm.
PAR  Thereafter the abraded pulp was diluted with water to a concentration of
      10%, and the diluted pulp was subjected to a flotation treatment by using
      a Denver Flotation Machine, Model 910 having 8  sections. The results are
      shown in Table 3. It is apparent from Table 3 that the net yields of gold,
      silver and selenium all exceeded 99%, and a high grade lead concentrate
      was obtained as a tailing. Further, the net yield of tellurium in the
      floated material was 97.6%.
PAR  The flotation treatment was conducted under the following conditions;
TBL  Pulp concentration (% by weight)                                          
                           10%                                                 
     pH                    4.0                                                 
     Foaming agent M.I.B.C.                                                    
                           100g/slime.T                                        
     Collector, Erofloat No. 208                                               
                           60g/slime.T                                         
     Amount of pulp treated                                                    
                           70l/min                                             
TBL                Table 3                                                     
     ______________________________________                                    
     Flotation Result                                                          
     ______________________________________                                    
              Charge material                                                  
                         Floated material                                      
                                      Tailing                                  
     ______________________________________                                    
     Amount of slime                                                           
                1,000        625          375                                  
     (part)                                                                    
     Analysis (%)                                                              
     Au          0.75        1.20         0.01                                 
     Ag         26.50        42.35        0.09                                 
     Se         11.09        17.70        0.08                                 
     Pb         22.72        1.96         57.32                                
     ______________________________________                                    
     Amount of slime                                                           
                100          62.5         37.5                                 
     (%)                                                                       
     Net yield (%)                                                             
     Au         100          99.72        0.28                                 
     Ag         100          99.88        0.12                                 
     Se         100          99.73        0.27                                 
     Pb         100          5.40         94.60                                
     ______________________________________                                    
PAR  5.03 tons of the floated material was charged into a rotary furnace of
      2.6-m inner diameter and 2.6-m length, lined with refractory bricks and
      was subjected to oxidizing roasting under direct flame to volatilize the
      major portion of the selenium contained therein. Upon completion of the
      volatilization of the selenium, the remaining sintered slime adhering to
      the inner wall of the rotary furnace was melted at a temperature of
      1,200.degree. to 1,400.degree.C without the addition of reducing agents
      and flux. The molten slime was separated into 0.7 ton of slag and crude
      silver with a 93% content of silver.
PAR  After the slag was removed from the rotary furnace through a drawing port,
      the crude silver remaining in the rotary furnace was subjected to a
      conventional cupellation process therewithin for a period of about 9
      hours. As a result, 2.14T of good quality silver containing 2.7% gold and
      96.3% silver was obtained.
PAR  In addition, in the course of these treatments, little semiprocessed
      products such as fume ash and lead oxide were produced.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for treatment of anode slime from copper electrolysis which
      comprises flotation of the anode slime by subjecting the anode slime, as a
      preliminary treatment, to attrition treatment in combination with a copper
      leaching treatment in a medium of an acid solution.
NUM  2.
PAR  2. The process according to claim 1 wherein said attrition treatment is
      conducted on wetted anode slime.
NUM  3.
PAR  3. The process according to claim 2 wherein said attrition treatment is
      carried out in an attrition mill.
NUM  4.
PAR  4. The process according to claim 2 wherein said attrition treatment is
      carried out in a tower mill.
NUM  5.
PAR  5. The process according to claim 2 wherein said attrition treatment is
      carried out in a closed circuit.
NUM  6.
PAR  6. The process according to claim 1 wherein the copper leaching treatment
      is carried out in a medium a sulfuric acid solution.
NUM  7.
PAR  7. A process for treatment of anode slime from copper electrolysis
      according to claim 1 in which further comprises subjecting floated
      material obtained by said flotation continuously to the three processes of
      roasting, melting, and cupellation in a rotary furnace lined with
      refractory bricks.
NUM  8.
PAR  8. The process according to claim 7 wherein the melting process is carried
      out at a temperature of 1,200.degree. to 1,400.degree.C.
NUM  9.
PAR  9. The process according to claim 7 wherein the melting process is carried
      out without the addition of reducing agents and fluxes.
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PAL  Heavy metal ions are removed from water by contact with
      formaldehyde-modified nut waste or tree bark.
PARN
PAR  This is a division of our copending application, Ser. No. 495,018, filed
      Aug. 5, 1974, now U.S. Pat. No. 3,925,192.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to and has among its objects the provision of a new
      method for removing mercury and other heavy metal ions from water. Further
      objects of the invention will be evident from the following description
      wherein parts and percentages are by weight unless otherwise specified.
      The abbreviation "ppm." means parts per million.
PAR  The law of conservation of matter states that matter cannot be created or
      destroyed. Thus, the total amount of heavy metals on and in the earth,
      whether in ionic, elemental, or organic form, is constant. For example,
      mercury is found naturally in oceans, seas, mines, rivers, lakes,
      mountains, etc. The mercury problem, therefore, is not one of existence
      but one of concentration and toxicity. It is the high toxicity of mercury
      compounds, especially methyl mercury, which makes the discharge of mercury
      into surface and ground waters so dangerous. The accumulation of mercury
      in particular areas results for the most part from man's use of this
      element in fungicides, insecticides, pharmaceuticals, etc. For instance,
      although the United States produces only 1/9 of the total world production
      of mercury, it uses 1/3 of the total world production. The discharge of
      industrial mercury wastes into rivers and lakes results in high
      concentrations of mercury in relatively small areas. Industry is faced
      with the task of disposing of mercuric wastes without expulsion into
      waterways.
PAR  Living organisms can tolerate mercury in minute concentrations without any
      toxic effects. However, there are certain bacteria in the mud and silt of
      our waters which readily convert both elemental and ionic mercury to
      methyl mercury. This form of mercury is water soluble and is readily
      ingested by plants, algae, lower forms of animal life, and, finally, by
      fish who feed on the aforementioned. In addition, methyl mercury is
      directly absorbed into the bodies of fish through the gills. The problem
      is this: Fish concentrate methyl mercury in their kidneys, liver, and
      their edible portions. Thus, a harmless situation becomes extremely
      hazardous. Fish can also directly transform elemental and ionic mercury to
      methyl mercury within their bodies. From these contaminated fish, mercury
      moves along to birds, chickens, etc., and ultimately, to man. As the
      mercury moves along in the food chain, it becomes more and more
      concentrated.
PAR  In humans mercury accumulates in the brain, kidney, liver, hair, blood, and
      the fetuses of pregnant women. In severe cases the damage is irreversible.
      Because mercury destroys the cells of the brain, permanent damage to the
      central nervous system can result. The proposed mercury standard for
      drinking water in the United States is 0.005 part per million. Brain
      damage can result from 20 parts per million, and this concentration may
      start a process leading to paralysis and death.
PAR  In U.S. Pat. No. 3,719,473 (hereinafter referred to as 3,719,473) by Waiss
      et al there is described a method for effective removal of mercury from
      water. The method involves contacting water containing mercury with a nut
      waste such as peanut skins, walnut expeller meal, peanut hulls, and the
      like. Although effective in removing mercury, the method of U.S. Pat. No.
      3,719,473 has several disadvantages. The nut waste is generally
      highly-colored and this color is leached out by the water with which it is
      contacted. Thus, although mercury is removed from the water, the water
      becomes contaminated with the pigments from the nut waste. Furthermore,
      the water leaches out certain other organic compounds contained in the nut
      waste. The result is a substantial increase in the BOD of the water--A
      result which is ecologically unsatisfactory. Another problem is that nut
      waste exhibits structural instability on prolonged use. Thus when the
      material is subjected to treatment with large volumes of water, it
      physically disintegrates before it is saturated with heavy metal ions. In
      such case the nut waste, though still possessing the potential to absorb
      heavy metal ions, must be discarded. Furthermore, during the
      disintegration period the fines produced make it increasingly difficult to
      pass water through the mass of nut waste.
PAR  The invention described herein provides a means for obviating the problems
      outlined above. In accordance with the invention nut waste or tree bark is
      modified with formaldehyde prior to contact with water containing heavy
      metal ions. The formaldehyde-modified nut waste or tree bark is then used
      as described in U.S. Pat. No. 3,719,473. Thus, in a typical practice of
      the invention, water to be treated is passed through a bed of the
      formaldehyde-treated material contained in a suitable vessel. The
      effluent, no longer contaminated with heavy metal ions, can then be
      disposed of without harm to the environment.
PAR  In the process of the invention, the formaldehyde-modified nut waste or
      tree bark operates in the same manner and with the same efficiency as the
      non-modified product. Thus, the nut waste or tree bark acts as an
      absorbent in that heavy metals dissolved in the entering water as
      inorganic or organic compounds become bound to the waste or bark through
      chemical combination.
PAR  One advantage of the instant invention is that, although the modified
      material is as efficient as the unmodified material, water does not leach
      out pigments and other organic compounds. Thus, the effluent exhibits no
      increases in BOD. Another advantage is that the formaldehyde-modified nut
      waste or tree bark maintains its integrity even after prolonged use. In
      fact, physical integrity is retained up to and beyond the saturation point
      of the modified material. This is an extremely important attribute of the
      modified product and allows maximum efficiency in operations wherein it is
      used.
PAR  Another advantage of the invention is that it provides removal of even
      trace amounts of heavy metal ions. This is an important attribute.
      Conventional methods such as precipitation remove bulk amounts of ions but
      cannot remove trace amounts. Present environmental standards require
      removal of even these trace amounts, which are considered to be hazardous
      to the health of humans and other animals. Thus, for example, a typical
      mode of operation would be to precipitate, by conventional procedures,
      most of the heavy metal ions in the contaminated effluent and then to
      remove trace amounts of the ions by treatment in accordance with the
      instant invention.
PAR  In a practice of the invention, formaldehyde-modified peanut skins are
      preferably employed as the absorbent, and the use of this material is
      emphasized in the present description by way of illustration and not
      limitation. In its broad ambit the invention encompasses the use of
      formaldehyde-modified nut wastes of all kinds, for example, hulls, skins,
      woody shells, expeller meal, and pellicles of walnuts, peanuts, pecans,
      almonds, chestnuts, coconuts, and the like. The invention also encompasses
      the use of formaldehyde-modified tree barks of all kinds, for example,
      redwood bark, red oak bark, hemlock bark, etc. All of these substances
      have the ability to absorb a substantial quantity of heavy metal ions per
      unit weight of material even when modified with formaldehyde. Our
      investigations have shown, for example, that 100 parts of formaldehyde
      modified peanut skins will absorb 30 to 80 parts of mercury.
PAR  As mentioned above the invention is useful in removing and recovering heavy
      metal ions from water. Thus, the invention may be applied with equal
      success to water containing such heavy metal ions as mercurous and
      mercuric ions, silver ion, cadmium ion, cuprous and cupric ion, manganese
      ion, zinc ion, cobalt ion, nickel ion, lead ion, and the like.
PAR  As a first step in the practice of the invention, the starting
      material--peanut skins or other nut waste or tree bark--is modified by
      reaction with formaldehyde. The reaction is conducted in an aqueous system
      under acidic conditions. Typically, peanut skins (1 part) are mixed with
      about 10 parts of water containing about 0.5 to 1% of an acid such as
      sulphuric, hydrochloric or phosphoric. After the peanut skins have been
      mixed with the dilute acid, 15-20% (based on the weight of peanut skins)
      of formaldehyde is added. The mixture is stirred and then allowed to stand
      for 2-3 hours at 50.degree.-70.degree. C. Following this standing period
      the liquid is separated from the modified skins, which are washed and
      dried. The residual acidic liquid may be recharged with formaldehyde and
      used again as above. The dry modified peanut skins are ready for use as is
      or they may be ground prior to use in accordance with the invention.
      Alternatively, the peanut skins may be ground prior to treatment with
      formaldehyde.
PAR  The formaldehyde-modified peanut skins may be formed into a bed and the
      water containing heavy metal ions can be allowed to percolate
      therethrough. Alternately, the modified skins may be placed in a column
      and contaminated water can be pumped therethrough. It is obvious, of
      course, that the method of contacting the modified peanut skins with the
      water to be treated is not critical. Other methods will be suggested to
      those skilled in the art. The critical point is that contact be effected
      and maintained for a period long enough for the heavy metal impurities to
      be absorbed by the modified peanut skins. Generally, the gravity flow rate
      of the liquid through a column of modified peanut skins provides a
      sufficient contact time. The gravity flow rate of water through modified
      peanut skins ground to 1 mm in diameter is approximately 2 gallons per
      square foot per minute.
PAR  A particular advantage of the invention lies in the fact that it can be
      adapted easily to present water purification systems whether industrial or
      municipal. Since most water purification systems involve a filtration
      procedure, the addition of an extra filter containing
      formaldehyde-modified nut waste or tree bark would be routine.
PAC  EXAMPLES
PAR  The invention is further demonstrated by the following illustrative
      examples.
PAC  EXAMPLE 1
PAC  Preparation of Formaldehyde-modified Peanut Skins
PAR  Peanut skins were obtained from a local nut packer. One kilogram of
      unwashed peanut skins was mixed with 10 l. of 0.2 N H.sub.2 SO.sub.4 and
      500 g. of 35% aqueous formaldehyde was added. The mixture was stirred well
      and then was allowed to stand for 2 hours at about 50.degree. C. The
      modified peanut skins were separated from the reaction liquid, washed with
      water, and then air-dried.
PAC  EXAMPLE 2
PAC  Removal of Mercuric Ion from Dilute Solution Using Formaldehyde-modified
      Peanut Skins
PAR  A column 30 cm. in height and 12 mm. in inside diameter was packed with 5
      g. of formaldehyde-modified peanut skins (prepared as in Example 1). The
      column was loaded with 495 ml. of an aqueous solution of mercuric acetate
      containing 1 mg. of mercuric ion per ml. The column was then washed with
      three 100-ml. portions of distiilled water. These washings were analyzed
      for mercuric ion content by atomic absorption, which is sensitive to 1
      ppm. of mercuric ion. The results are summarized in the table below. To
      provide a point of reference a similar experiment was conducted with
      unmodified peanut skins.
TBL  __________________________________________________________________________
                  Mercuric ion                                                 
                         Mercuric ion concentration                            
                                        Total mercuric                         
                  applied                                                      
                         (ppm)          ion absorbed                           
     Absorbent    (mg)   1st wash                                              
                              2nd wash                                         
                                   3rd wash                                    
                                        (mg)                                   
     __________________________________________________________________________
     Formaldehyde-modified                                                     
     peanut skins 495    &lt;1   &lt;1   &lt;1   495                                    
     Unmodified peanut skins                                                   
                  495    &lt;1   &lt;1   &lt;1   495                                    
     __________________________________________________________________________
PAR  The effluent that passed through the column containing the
      formaldehyde-modified peanut skins was colorless whereas the effluent that
      passed through the unmodified skins had an intense reddish-brown color.
PAC  EXAMPLE 3
PAC  Removal of Nickel and Silver Ions from Dilute Solution by Contact with
      Formaldehyde-modified Peanut Skins
PAR  A column 24 cm. in height and 25 mm. in inside diameter was packed with 16
      g. of formaldehyde-modified peanut skins (prepared as in Example 1). The
      column was loaded with 3.5 l. of an aqueous solution of nickel chloride
      containing 20 mg. of nickel ion per liter or a total of 70 mg. of nickel
      ion. After the effluent had passed through the column, the column was
      washed with three 1-liter portions of distilled water. These washings and
      the effluent were analyzed for nickel ion content by atomic absorption.
PAR  A similar experiment was carried out with an aqueous solution of silver
      nitrate containing 197 mg. of silver ion per liter. A total of 3 l. of
      solution (537 mg. of silver ion) was passed through the column which was
      35 cm. in height and 20 mm. in inside diameter and was packed with 20 g.
      of formaldehyde-modified peanut skins. The column was washed with
      distilled water as described above. Analysis was again made by atomic
      absorption, which is sensitive to 0.1 ppm. nickel ion and 0.01 ppm. silver
      ion.
PAR  The results of the above experiments are summarized in the table below.
TBL  ______________________________________                                    
            Amount                                                             
                  Concentration (ppm)                                          
                                Total ion absorbed                             
     Ion applied                                                               
              (mg)    Effluent Wash   (mg)                                     
     ______________________________________                                    
     Nickel    70     &lt;0.1     &lt;0.1    70                                      
     Silver   537     &lt;0.01    &lt;0.01  537                                      
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  Preparation of Formaldehyde-modified Hemlock Bark
PAR  Hemlock bark was ground to pass through a 1 mm. screen in a Wiley Mill. The
      ground material was screened further on a 0.295-mm. screen to remove
      fines.
PAR  One kilogram of the ground bark was mixed with a solution containing 10 l.
      of 0.2 N H.sub.2 SO.sub.4 and 500 g. of 35% aqueous formaldehyde heated at
      50.degree. C. The mixture was stirred at 50.degree. C. for one hour. The
      modified bark was separated from the reaction liquid, was washed with
      water, and was air-dried at 50.degree. C. for 24 hours.
PAC  EXAMPLE 5
PAC  Removal of Lead Ion from Dilute Solution by Contact with
      Formaldehyde-modified Hemlock Bark
PAR  A column 50 cm. in height and 20 mm. in inside diameter was packed with 45
      g. of formaldehyde-modified hemlock bark (prepared as in Example 3). The
      column was loaded with 60 l. of an aqueous solution of lead nitrate
      containing 20 mg. of lead ion per liter or a total of 1200 mg. of lead
      ion. After the effluent was collected, the column was washed with three
      1-liter portions of distilled water. These washings and the effluent were
      analyzed for lead ion content by atomic absorption, which is sensitive to
      0.3 ppm. of lead ion. The results are summarized below.
TBL  ______________________________________                                    
            Amount                                                             
                  Concentration (ppm)                                          
                                Total ion absorbed                             
     Ion applied                                                               
              (mg)    Effluent Wash   (mg)                                     
     ______________________________________                                    
     Lead     1200    &lt;0.3     &lt;0.3   1200                                     
     ______________________________________                                    
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A method for removing dissolved heavy metal ions from water containing
      the same, which comprises contacting said water with a
      formaldehyde-modified nut waste, said nut waste being selected from the
      group consisting of nut hulls, skins, woody shells, expeller meals, and
      pellicles.
NUM  2.
PAR  2. The method of claim 1 wherein the nut waste is peanut skins.
NUM  3.
PAR  3. A method for removing dissolved heavy metal ions from water containing
      the same, which comprises contacting said water with formaldehyde-modified
      nut waste, said nut waste being selected from the group consisting of nut
      hulls, skins, woody shells, expeller meals, and pellicles, and being
      modified by reaction with 15-20% formaldehyde, based on the weight of nut
      waste, at 50.degree.-70.degree. C. for 2-3 hours under acidic conditions.
NUM  4.
PAR  4. The method of claim 3 wherein the nut waste is peanut skins.
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PAL  A directionally solidified casting having improved high temperature
      properties is provided having a nickel-base matrix and comprising in
      weight percent of at least 2% rhenium and at least 6% tungsten, but less
      than 4% aluminum and less than 7% chromium. Embedded in the matrix is an
      aligned tantalum carbide reinforcing fibrous phase.
BSUM
PAR  The present invention relates to eutectic superalloy articles and
      compositions and more particularly to such articles and compositions which
      include a superalloy matrix reinforced with aligned carbide fibers.
PAR  The performance requirements for gas turbine engines such as those which
      power aircraft are constantly increasing with advanced designs. Hence,
      there is a continuing need for improved materials for gas turbine
      components which operate in high temperature environments. These materials
      are critical in affecting over-all engine performance and can allow
      designers to increase power generated, operating temperatures, component
      life, or a combination of these factors.
PAR  The development of nickel-base superalloys widely used for many years in
      the gas turbine engine art has reached a point at which advances are based
      not only on the superalloy itself, but also the orientation of phases of
      the superalloy or inclusions of reinforcing members such as fibers which
      can be formed in situ during the solidification of the alloy. One form of
      such solidification which has been used and widely reported is generally
      referred to as directional solidification. It was recognized that such
      directional solidification of eutectic alloys is a feasible method for
      producing metallic composites including aligned lamellae or fibers as a
      reinforcing phase dispersed in the matrix. In these directionally
      solidified eutectic alloy composites, the strength properties at high
      temperatures greater than 1000.degree. C. are provided by the fiber
      reinforcing phase. Thus, in order to improve the high temperature
      stress-rupture properties, it is desirable to increase both the fiber
      volume fraction and the number of fibers in the composite.
PAR  Heretofore, Walter et al., U.S. Pat. No. 3,793,012 disclosed the
      preparation of unidirectionally solidified nickel-base carbide reinforced
      cast superalloy bodies having high strength and high stress-rupture
      properties particularly at elevated temperatures. The reinforcing fibers
      present in the matrix were aligned single crystal fibers of metal
      monocarbides. The range of compositions of the unidirectionally solidified
      castings in weight percent was reported to be about 6.5 to 10% chromium,
      14 to 23% tantalum, 1 to 11/2% carbon, a trace to 6% aluminum, a trace to
      1% titanium, a trace to 8.5% cobalt, a trace to 5.0% molybdenum, and the
      balance essentially nickel. A preferred composition designated as TaC-1900
      had high strength and high stressrupture properties as illustrated by a
      life to rupture time of 312 hours under a stress of 20,000 psi and at a
      temperature of 1832.degree. F. (1000.degree. C.).
PAR  A further improvement in the stability and high temperature properties of
      unidirectionally solidified anisotropic metallic composites is disclosed
      by R. W. Smashey, U.S. application Ser. No. 366,047, filed June 1, 1973,
      (13DV-6031) and assigned to the assignee of the present invention, which
      discloses an article having a unidirectionally solidified, anisotropic
      metallic composite body which includes a solid solution matrix and an
      aligned carbide reinforcing fibrous phase embedded in the matrix. This
      matrix is a nickel base superalloy and includes by weight at least about
      2% rhenium to strengthen the matrix, along with less than 0.8% titanium to
      avoid generation of phases or compounds which would tend to degrade the
      carbide reinforcing fibrous phase. Smashey reported that a large drop in
      high temperature strength seems to occur in some nickel-base eutectic
      alloy strengthened by tantalum carbide fibers as a result of gamma prime
      film formation about the fibers. It appeared that the precipitation of
      chromium rich M.sub.23 C.sub.6 needles at the fiber/matrix interface not
      only degraded the fibers, but also acted as stress risers, thereby
      contributing to reduced high temperature structural strength. He
      discovered that the inclusion of the element rhenium had a significant
      effect in strengthening the matrix particularly to increase the high
      temperature stress-rupture life. In addition, Smashey disclosed that the
      presence of even relatively small amounts of titanium, for example as low
      as about 1 weight percent, while desirable to effect the gamma prime
      precipitation formation, severely reduced the amount of tantalum carbide
      fibers that can form.
PAR  While both Walter et al. and Smashey were able to produce unidirectionally
      solidified nickel-base superalloy composites having improved stress
      rupture properties, neither of the references is concerned with increasing
      the fiber density or the fiber volume fraction of the reinforcing phase
      and thereby to provide improved high temperature strength properties.
PAR  In accordance with the present invention, I have discovered a
      unidirectionally solidified anisotropic metallic casting having improved
      high temperature properties comprising a matrix of a nickel-base
      superalloy including by weight at least 2% rhenium and at least 6%
      tungsten, but containing less than 5% aluminum and less than 7% chromium
      and an aligned reinforcing fibrous phase of tantalum monocarbide embedded
      in the matrix. These castings have substantially increased fiber volume
      fractions and fiber densities over fiber reinforced nickel-base superalloy
      castings known heretofore. In addition, I have found that these castings
      can be produced having a substantial improvement in stress-rupture
      properties at an elevated temperature.
PAR  The invention is more clearly understood from the following description
      taken in conjunction with the accompanying drawing in which:
DRWD
PAR  FIG. 1 is a graph showing the volume fraction and solidification
      temperatures of a directionally solidified nickel (chromium)-tantalum
      carbide composite as a function of the weight percent of chromium;
PAR  FIG. 2 is a graph showing the volume percent of tantalum carbide fibers in
      a series of directionally solidified nickel base superalloy castings as a
      function of the melting temperatures of the alloys;
PAR  FIG. 3 is a photomicrograph illustrating the directionally solidified
      superalloy of the present invention;
PAR  FIG. 4 is a photomicrograph illustrating a nickel base directionally
      solidified superalloy of the prior art Walter et al. patent and designated
      as TaC-19 Ta;
PAR  FIG. 5 is a portion of the binary phase diagram for the system of
      nickel-tungsten;
PAR  FIG. 6 is a portion of the binary phase diagram for the system of
      nickel-aluminum; and
PAR  FIG. 7 is a portion of the binary phase diagram for the system of
      nickel-chromium.
DETD
PAR  The composite structures formed by directional solidification of the
      eutectic alloys of the present invention consists of a nickel-base matrix
      phase with an aligned monocarbide fiber reinforcing phase embedded in the
      matrix. The matrix phase generally provides strength properties below
      about 1700.degree. F. and may also contain a strengthening precipitate,
      e.g., Ni.sub.3 Al which begins to dissolve at about 1832.degree. F.
      However, it is the tantalum monocarbide reinforcing phase which imparts
      high strength at temperatures in excess of about 1700.degree. F. These
      high temperature strength properties may be most sensitively measured by
      stress-rupture tests well-known in the art. Time-temperature parameters
      have been devised to assist in correlating and extrapolating
      stress-rupture data. One particularly useful stress-rupture parameter is
      the Larson-Miller parameter given by the equation
EQU  P = T (C + log t) .times. 10.sup.-.sup.3
PAL  wherein T is temperature in degrees and t is rupture time in hours. A plot
      of this parameter as a function of applied stress is a satisfactory way to
      report stress-rupture data. Another way of showing or illustrating the
      high temperature strength properties is in terms of time to rupture as a
      function of the temperature and the applied stress.
PAR  Previously, it was mentioned that the reinforcing phase provides the high
      temperature strength properties. Therefore, my invention involves two
      primary factors. The first of these is to increase the fiber density of
      the composite which is defined as the number of fibers per cm.sup.2 of
      composite. The second factor is directed to increase the fiber volume
      fraction of the composite, which is defined as the volume occupied by the
      fibers as compared to the total volume of composite. Thus, an increase in
      the fiber density and/or an increase in the fiber volume fraction produces
      an increase in the high temperature strength of the composite.
PAR  I have found that both of these factors can be controlled by certain
      physical properties of the nickel-base eutectic alloy which are directly a
      function of the alloy composition. Thus, there are certain general rules
      which are applicable in preparing the alloys. The first rule is that as
      the solidification temperature of the alloy increases, the fiber volume
      fraction also increases. This principle is readily evident from FIG. 1 for
      the system nickel (chromium)-tantalum carbide. It is shown that the volume
      fraction of fibers is directly proportional to the solidification
      temperature of the alloy. The nickel (chromium)-tantalum carbide
      compositions are a model system having a matrix phase of nickel with
      varying amounts of chromium and a reinforcing phase of tantalum carbide.
      More complicated nickelbase superalloys systems of this invention
      containing tantalum carbide fibers is represented by FIG. 2, wherein the
      volume fraction of tantalum carbide fibers is plotted against the
      solidification temperature of the alloy. It is observed that as the
      solidification temperature increases from about 1340.degree. to about
      1410.degree. C., the volume fraction of tantalum carbide fibers increases
      substantially from about 2 volume percent to up to about 7 volume percent
      and greater.
PAR  The second rule is that as the rate of directional solidification (R)
      increases, the fiber density also increases. In a given casting process
      there is a rate (R.sub.max) which is the maximum rate of fiber formation.
      This rate (R.sub.max) is a function of the alloy composition for a fixed
      thermal gradient.
PAR  During directional solidification of the eutectic alloy, there is often a
      freezing range or mushy zone (.DELTA.T) between the solidus and the
      liquidus isotherms, the extent of which depends upon the composition of
      the matrix alloy. Rule three states that as the freezing range increases,
      the maximum rate at which the eutectic alloy may be solidified without
      formation of the undesirable cell or dendrite structure decreases. Since
      fiber density is directly proportional to solidification rate, it follows
      that an increase in the freezing range, .DELTA.T, will decrease the fiber
      density. A large freezing range, as for example about 30.degree. C.,
      requires a very low solidification rate, i.e., less than 0.3 cm. per hour,
      or a very high temperature gradient during directional solidification,
      i.e., about 300.degree. C. per cm., to avoid cell or monocarbide dendrite
      formation. High gradients are difficult to obtain for shapes with thickest
      dimensions exceeding about 1/2 inch. Low solidification rates lead to a
      low fiber density when high fiber densities are required for maximum
      strength.
PAR  Referring now to FIGS. 5-7, portions of binary phase diagrams are shown for
      nickel together with other elements which either increase or decrease the
      solidification temperature or increase the freezing range of the alloy.
      FIG. 5 indicates that as the amount of tungsten increases, the melting
      temperature of the alloy also increases, which results in an increase in
      the fiber volume fraction in the directionally solidified alloy. FIG. 6
      shows that in the nickel-aluminum system, as aluminum increases the
      melting temperature decreases, which results in a decrease in the fiber
      volume fraction of the casting. The nickel-chrome system shown in FIG. 7
      indicates that as the concentration of chromium increases, the melting
      temperature decreases and in addition, the length of the mushy zone
      increases which results both in a decrease in the fiber volume fraction
      and a decrease in the maximum allowable solidification rate and,
      therefore, a decrease in fiber density.
PAR  As the nickel-base alloy becomes more complex in terms of the number of
      alloying elements, the applicability of the binary phase diagrams becomes
      less. However, experience has shown that selection of alloying elements
      based upon the binary phase diagrams is qualitatively correct.
      Accordingly, the unidirectionally solidified casting of the present
      invention is of a melt composition consisting essentially in weight
      percent of 6 to 15% tungsten, 2 to 7% rhenium, 0 to 5% cobalt, 0 to 5%
      molybdenum, 2 to 7% vanadium, 0 to 4% aluminum, 0 to 7% chromium, 10 to
      23% tantalum, 0.1 to 1.5% carbon and the balance essentially nickel and
      incidental impurities.
PAR  A critical part of my invention in designing the alloy composition is the
      presence of high amounts of tungsten which functions as a solid solution
      strengthener and contributes to gamma prime strengthening. As is shown in
      the phase diagram in FIG. 5, the presence of tungsten significantly
      increases the solidification temperature of the nickel-tungsten binary
      alloy and correspondingly, causes an increase in the volume fraction of
      the TaC fibers of the unidirectional casting without significantly
      increasing the freezing range. Broadly, the alloy contains from about 6 to
      15% by weight of tungsten, with the preferred range being about 6 to 11%
      by weight.
PAR  An important matrix strengthener included in the alloy is rhenium. Unlike
      the element tungsten, rhenium is not a carbide former. It has been found
      that the inclusion of less than about 2% by weight of Re does not improve
      stress-rupture strength appreciably. Therefore, the present invention
      includes the element Re in the amount of at least about 2% by weight. From
      a practical point of view, based on the high cost of Re and the decreasing
      benefit in greater amounts, it is less practical to include greater than
      about 7% Re.
PAR  Titanium is an example of an alloying element that would sharply increase
      the freezing range .DELTA.T and thereby reduce the maximum solidification
      rate obtainable before cell or dendrite formation occurs. It also sharply
      reduces the solidification temperature of the alloy, which, in turn, acts
      to reduce the volume fraction of tantalum carbide fibers. Thus, titanium
      should not be present in excess of about 1 weight percent.
PAR  The element cobalt substitutes for nickel up to about 10% by weight and
      contributes to the solubility relationship. It is included in the alloy
      composition in amounts up to 5% by weight and preferably present in 3-5%
      by weight without significantly affecting the freezing range or the volume
      fraction. However, at higher amounts, for example greater than about 10%,
      it tends to result in matrix instabilities.
PAR  An element which increases the freezing range is molybdenum and it is
      preferred to omit the element from the composition. It can be, however,
      tolerated up to about 5% by weight to increase the strength and solvus
      temperature of gamma prime, but in excess of that amount it increases the
      tendency to form an undesirable W-Ni-C phase.
PAR  Vanadium is included in the composition in the range of about 2 to 7% by
      weight. It reacts with nickel to form gamma prime and can replace Ti which
      is substantially removed from the composition of the alloy of the present
      invention. Below about 2% by weight vanadium, the alloy tends to become
      somewhat weaker though still an improved composition. In excess of 7% by
      weight, oxidation resistance tends to decrease progressively. The presence
      of vanadium in the prescribed amounts does not significantly affect the
      solidification temperature or increase the freezing range.
PAR  Another gamma prime former which is included in the composition is aluminum
      in amounts up to 4% by weight. However, excessive amounts, greater than 4%
      by weight, decrease the melting temperature of the alloy significantly and
      thereby decreases the volume fraction of the reinforcing fiber phase.
      Aluminum also appears to increase the freezing range, although the binary
      phase diagram as illustrated by FIG. 6 indicates the solidus to be
      uncertain.
PAR  Chromium provides solid solution strengthening and oxidation resistance. In
      maximizing fiber volume fraction and fiber density, chromium has a
      tendency to increase the freezing range and should be maintained at a
      relatively low level up to about 7% by weight. Further, excess amounts of
      chromium lower the solidification temperature and thereby reduce the
      volume fraction of tantalum carbide fibers.
PAR  The principal carbide former in the present invention is the element
      tantalum. It is included within the range of about 10 to 23% by weight and
      preferably in the range of 14-19% by weight. In addition to acting as a
      carbide former, Ta also is a gamma prime former and up to 3% Ta above that
      required to react with all of the carbon may be added to substitute for Al
      in the gamma prime. Amounts of Ta less than about 10% by weight are
      insufficient to provide the high fiber density and volume fraction of the
      present invention. However, greater than about 23% by weight, Ta in
      combination with Al, V and W levels higher than those prescribed herein,
      exceed matrix solubility resulting in undesirable phases or carbide
      morphologies.
PAR  Required in the composition of the present invention is the element carbon
      which is needed to combine with Ta or with Ta and V to produce the carbide
      fibers. Less than 0.1% by weight is insufficient to form the carbide
      fibers. Greater than about 1.5% by weight C produces free carbon because
      there are not enough desirable carbide formers in the composition to react
      with the carbon. However, any such free carbon will slag off or will
      collect in the sorting-out portion of the casting which is adjacent the
      chill and which is later removed from the cast article. The amount of
      carbon included in the composition of this invention is a function of the
      amount of Ta, and of V, when included, sufficient to form a monocarbide of
      one or both such elements.
PAR  In order to provide the article of the present invention, the alloy having
      the above described careful balance of elements must be unidirectionally
      solidified to enable the carbide eutectic fibers to form integrally within
      and be bonded to the reinforced solid solution matrix. Such unidirectional
      solidification can be conducted in one or more of the many methods and
      using apparatus well known and widely reported in the art as described by
      C. T. Sims et al., The Superalloys, Wiley & Sons (1972).
PAR  During the evaluation of the present invention, a large number of alloy
      compositions were evaluated. The following Table I lists the compositions
      of some of such alloys. All percentages in this table and elsewhere in the
      specification are percents by weight unless otherwise stated. The alloy
      examples in Table I have been grouped to facilitate reference to the
      discussion which follows and to the comparative data of other tables or
      figures of the drawing.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Composition (Wt.%)                                                        
     Example                                                                   
            Ni  Ta  Cr  Al  Co  W  Re                                          
                                     Mo  Ti  V C                               
     __________________________________________________________________________
     Ex. I  54.1                                                               
                23.3                                                           
                    7   6.5 8                  1.1                             
      (TaC-2024)                                                               
     Ex. II 54.6                                                               
                18.3                                                           
                    6.7 5.0 8.4      5.0 0.84  1.1                             
      (TaC-19Ta)                                                               
     Ex. III                                                                   
            54.1                                                               
                18.3                                                           
                    7   6.5 8        5         1.1                             
      (TaC-1912)                                                               
     Ex. IV 51  21.7    2   5   11 3         5 1.33                            
      (NiKs-16)                                                                
     Ex. V  53  21.7        5   11 3         5 1.33                            
      (NiKs-15)                                                                
     Ex. VI 49  21.7        5   15 3 5         1.33                            
      (NiKs-1)                                                                 
     Ex. VII                                                                   
            54  14.0                                                           
                    2   2   5   11 3 3       5 0.99                            
      (Niks-24)                                                                
     Ex. VIII                                                                  
            53  21.7    2   5   11 3 3         1.33                            
      (NiKs-18)                                                                
     __________________________________________________________________________
PAR  Table II shows the solidification rate and the solidification temperature
      of the alloy compositions corresponding to those Examples I-VIII. In
      addition, the fiber volume percent and the fiber density were determined.
      The ingots were then tested to determine the stress rupture properties.
      The data in Table II supports the first general rule set forth
      hereinabove, namely that as the solidification temperature increases, the
      fiber volume percent increases and the fiber density increases also. In
      addition, the stress rupture data showed that the compositions of the
      present invention substantially increase the rupture life over those
      disclosed in the prior art alloy compositions as represented by Examples
      I-III.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Physical and Mechanical Properties of Directionally                       
     Solidified Nickel Base Alloys                                             
     Solidifi-        Fiber        Stress-Rupture                              
     cation           Volume %                                                 
                            Fiber  life (hrs.)                                 
          Rate  T.sub.mp .degree.C.                                            
                      fiber vol/                                               
                            Density                                            
                                   1700.degree. F.                             
                                          1950.degree. F.                      
     Examples                                                                  
          (in/hr)     total vol.                                               
                            fibers/cm.sup.2                                    
                                   40,000 psi                                  
                                          25,000 psi                           
     __________________________________________________________________________
     I     1/4" 1345.degree.                                                   
                      1.2   0.8 .times. 10.sup.5                               
                                   57.8 2.4                                    
     II   1/4   1346.degree.                                                   
                      2.3   --     41.4 1.03                                   
     III  1/4   1350.degree.                                                   
                      2.6   2.1 .times. 10.sup.5                               
                                   62.7 1.4                                    
     IV   1/4   1395.degree.                                                   
                      4.6   3.3 .times. 10.sup.5                               
                                   166.2                                       
                                        47.2                                   
     V    1/4   1400.degree.                                                   
                      5.6   2.9 .times. 10.sup.5                               
                                   1.4  63.2                                   
     VI   1/4   1400.degree.                                                   
                      6.0   5.9 .times. 10.sup.5                               
                                   8.5  995.3                                  
     VII  1/4   1395.degree.                                                   
                      6.2   5.9 .times. 10.sup.5                               
                                   1527.2                                      
                                        212.6                                  
     VIIIA                                                                     
          1/4   1400.degree.                                                   
                      5.7   2.9 .times. 10.sup.5                               
                                   17.6 4.3                                    
     __________________________________________________________________________
PAR  Referring now to Table III, the rate of directional solidification is shown
      as it affects the fiber density and stress rupture properties of the
      alloy. It has been found that when the rate of directional solidification
      is increased from 1/4 to 1/2 to 1 inch per hour, the fiber density is
      substantially increased and there are substantial improvements in the
      stress rupture life at low temperatures of 1700.degree. F. and at high
      temperatures of 1950.degree. F. The higher rates of directional
      solidification are permitted as a result of the tailoring of the
      composition which involves the complete omission of chromium together with
      low amounts of aluminum of 2% and the increased amounts of tungsten to
      11%.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Effect of Directional Solidification Rate                                 
     Solidifi-        Fiber         Stress-Rupture                             
     cation           Volume %                                                 
                            Fiber   life (hrs.)                                
          Rate  T.sub.mp .degree.C.                                            
                      fiber vol/                                               
                            Density 1700.degree. F.                            
                                           1950.degree. F.                     
     Examples                                                                  
          (in/hr)     total vol.                                               
                            fibers/cm.sup.2                                    
                                    40,000 psi                                 
                                           25,000 psi                          
     __________________________________________________________________________
     VIIIA                                                                     
          1/4"  1400.degree.                                                   
                      5.7   2.9 .times. 10.sup.5                               
                                    17.6    4.3                                
     VIIIB                                                                     
          1/2"  1400.degree.                                                   
                      5.3   8.8 .times. 10.sup.5                               
                                    91.8   87.8                                
     VIIIC                                                                     
           1"   1400.degree.                                                   
                            19.2 .times. 10.sup.5                              
     __________________________________________________________________________
PAR  It will be appreciated that the invention is not limited to the specific
      details shown in the Examples and illustrations and that various
      modifications may be made within the ordinary skill in the art without
      departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article of manufacture having improved high temperature properties,
      improved fiber volume fraction and improved fiber density comprising a
      unidirectionally solidified anisotropic metallic casting comprising
PA1  a. a matrix of a nickel-base superalloy consisting essentially of, on a
      weight basis, 6-15% tungsten, 2-7% rhenium, 0-5% cobalt, 0-5% molybdenum,
      2-7% vanadium, 0-4% aluminum, 0-7% chromium, 10-23% tantalum, 0.1-1.5%
      carbon and the balance being essentially nickel; and
PA1  b. an aligned eutectic carbide reinforcing fibrous phase embedded in the
      matrix.
NUM  2.
PAR  2. An article of manufacture having improved high temperature properties,
      improved fiber volume fraction and improved fiber density comprising a
      unidirectionally solidified anisotropic metallic casting solidified at a
      rate greater than 1/4 inch per hour comprising
PA1  a. a matrix of anickel-base superalloy consisting essentially of, on a
      weight basis, 6-15% tungsten, 2-7% rhenium, 0-5% cobalt, 0-5% molybdenum,
      2-7% vanadium, 0-4% aluminum, 0-7% chromium, 10-23% tantalum, 0.1-1.5%
      carbon and the balance being essentially nickel; and
PA1  b. an aligned eutectic carbide reinforcing fibrous phase embedded in the
      matrix.
NUM  3.
PAR  3. The article of claim 2, wherein the predominant fibrous phase is
      tantalum carbide.
NUM  4.
PAR  4. The article of claim 2, wherein the casting consists essentially in
      weight percent of about 54% nickel, 11% tungsten, 3% rhenium, 5% cobalt,
      3% molybdenum, 5% vanadium, 2% aluminum, 2% chromium, 14% tantalum and 1%
      carbon.
NUM  5.
PAR  5. The article of claim 2, wherein the melting temperature of the
      composition is at least 1390.degree. C.
NUM  6.
PAR  6. The article of claim 2, wherein the fiber volume percent of the casting
      is at least 4.0.
NUM  7.
PAR  7. The article of claim 2, wherein the casting is characterized by a
      stress-rupture life at a temperature of 1950.degree. F. and a stress of
      25,000 psi of at least 40 hours.
NUM  8.
PAR  8. The article of claim 2, wherein the casting is characterized by a
      stress-rupture life of
PA1  a. at least 1500 hours at a temperature of 1700.degree. F. and a stress of
      40,000 psi, and
PA1  b. at least 200 hours at a temperature of 1950.degree. F. and a stress of
      25,000 psi.
NUM  9.
PAR  9. An alloy capable of being unidirectionally solidified to provide a
      composite casting having improved high temperature properties, improved
      fiber volume fraction, improved fiber density, and capable of forming an
      aligned eutectic carbide reinforcing fibrous phase embedded in the alloy
      matrix during unidirectional solidification of the alloy, said alloy
      comprising a nickel base superalloy consisting essentially of, on a weight
      basis, 6-15% tungsten, 2-7% rhenium, 0-5% cobalt, 0-5% molybdenum, 2-7%
      vanadium, 0-4% aluminum, 0-7% chromium, 10-23% tantalum, 0.1-1.5% carbon,
      and the balance being essentially nickel.
NUM  10.
PAR  10. An alloy capable of being unidirectionally solidified at a rate greater
      than 1/4 inch per hour to provide a composite casting having improved high
      temperature properties, improved fiber volume fraction, improved fiber
      density, and capable of forming an aligned eutectic carbide reinforcing
      fibrous phase embedded in the alloy matrix during unidirectional
      solidification of the alloy, said alloy comprising a nickel base
      superalloy consisting essentially of, on a weight basis, 6-15% tungsten,
      2-7% rhenium, 0-5% cobalt, 0-5% molybdenum, 2-7% vanadium, 0-4% aluminum,
      0-7% chromium, 10-23% tantalum, 0.1-1.5% carbon, and the balance being
      essentially nickel.
NUM  11.
PAR  11. The alloy of claim 10, wherein the melting temperature is at least
      1390.degree. C.
NUM  12.
PAR  12. The alloy of claim 10, consisting essentially in weight percent of
      about 54% nickel, 11% tungsten, 3% rhenium, 5% cobalt, 3% molybdenum, 5%
      vanadium, 2% aluminum, 2% chromium, 14% tantalum and 1% carbon.
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ABST
PAL  This invention relates to an electrophotographic process for the production
      of a printing form which comprises electrostatically charging a supported
      photoconductive and photopolymerizable layer, exposing the charged layer
      to light under a master, developing the resulting latent image with an
      electroscopic material, again exposing the layer to light, and removing
      the developed image areas from the support.
PARN
PAR  This is a continuation, of application Ser. No. 879,512, filed Nov. 24,
      1969, now abandoned.
BSUM
PAR  This invention relates to a process for the electrophotographic production
      of printing forms.
PAR  Processes are known for the electrophotographic production of printing
      forms in which an electrophotographic layer is applied to a metallic
      support, the layer is electrostatically charged in the absence of light
      and then image-wise exposed to light. The electrostatic charge image
      produced on the photoconductive layer is then developed with a toner. By
      heat treatment, the areas of the layer corresponding to the image areas of
      the original, on which the toner has deposited, are then made resistant to
      the action of a liquid solvent for the layer. Subsequent treatment with
      the dissolving liquid effects baring of the support material in the areas
      corresponding to the non-image areas of the original. When using aluminum
      as the support material, a planographic printing form is obtained and,
      when using zinc or magnesium, relief printing forms are obtained after
      subsequent etching. These known processes and materials are generally
      positive-working.
PAR  For some fields of application, however, a negative-working process and a
      negative-working material are of interest, e.g. in the re-enlargement of
      microfilm negatives directly onto a printing plate or in the production of
      multi-metal and copper intaglio printing plates.
PAR  A negative reproduction process is known in electrophotography. For
      developing the latent charge image, this process uses a toner which is
      electrostatically charged with the same polarity as the charged unexposed
      areas of the photoconductive layer. The toner particles are repelled by
      the charged areas and the image obtained is a negative of the original.
      This process has the disadvantage, however, that true copies of the
      original cannot be obtained when reproducing large image areas. The method
      known from the positive reproduction process for the development of full
      shades by means of an electrode with bias voltage also does not succeed in
      the negative process. But especially in the production of printing forms,
      the requirements of quality and true reproduction are very high.
PAR  The negative-working electrophotographic reproduction process of the
      present invention is excellently suitable for the production of printing
      forms. The process uses light-sensitive layers which are simultaneously
      photoconductive and photopolymerizable. The layers, charged, exposed, and
      developed with a well covering toner, in the conventional manner, are
      subjected to a second exposure to light, the developed image areas are
      dissolved away, and, if desired, the plate is etched.
PAR  The reproduction layer may contain, for example, heterocyclic organic
      compounds of the general formula
      ##EQU1##
      in which R.sub.1 is phenyl or dialkyl aminophenyl, and R.sub.2 is phenyl
      or chlorophenyl.
PAR  Compounds of this type are described in German Pat. No. 1,120,875.
PAR  The production of the printing plates is performed in known manner with the
      use of binders, sensitizers, and other known additives, as described in
      the above-mentioned patent, for example. The binder used advantageously is
      soluble in aqueous alkaline solvents, e.g. copolymers of styrene and
      maleic acid anhydride.
PAR  Reproduction layers of the above-described type may be applied to various
      supports, depending upon the intended use.
PAR  Particularly suitable for the production of planographic printing forms are
      aluminum foils, but also specially prepared papers and plastic films. It
      is also possible, however, to apply the reproduction layer to a copper
      cylinder for the production of an intaglio printing form. Also, bi- and
      trimetal plates as are conventional for printing may be provided with the
      reproduction layer.
PAR  According to the processes usual in electrophotography, the reproduction
      layer is then electrostatically charged, episcopically or diascopically
      exposed to light, and developed with a well covering black toner. It is
      not necessary to fix the toner image for further processing.
PAR  The reproduction layer provided with an image in this manner is then
      subjected to another exposure to light. In the areas of the reproduction
      layer which are not covered by the toner, polymerization of the
      photopolymerizable compound present in the reproduction layer occurs. A
      differentiation in the solubility between the after-exposed areas of the
      reproduction layer and the areas covered by the toner is obtained.
PAR  After-exposure to light is performed by means of the light sources
      conventional in the reproduction field, such as carbon arc lamps, xenon
      lamps, high-pressure mercury lamps, and the like. The duration of
      after-exposure to light depends upon the intensity and the distance of the
      light source and is at most 1 to 2 minutes.
PAR  The toner image and the underlying reproduction layer are then removed by
      means of a suitable solvent. The type of solvent depends upon the binder
      present in the reproduction layer. The areas of the reproduction layer
      which have been photopolymerized during afterexposure to light are
      insoluble. The visible image obtained is a negative of the original.
PAR  When using a copper or a multimetal plate as the supporting material, the
      production of the corresponding printing form further requires a metal
      etching process. It has been found that the image obtained by
      photopolymerization is excellently resistant to the etchants generally
      used for this process.
PAR  By means of the process of the invention, it is possible to produce, in a
      rapid and flawless manner, printing forms requiring a negative-working
      system.
DETD
PAR  The invention will be further illustrated by reference to the following
      specific examples:
PAC  EXAMPLE 1
PAR  A solution of 5.76 parts by weight of
      2-vinyl-4-(4'-diethyl-aminophenyl)-5-(2'-chlorophenyl)-oxazole, 2.47 parts
      by weight of a copolymer of styrene and maleic acid anhydride (Lytron 820,
      registered trademark of Monsanto), and 0.02 part by weight of Rhodamine
      FB, in 73.10 parts by weight of methyl glycol, 18.30 parts by weight of
      butyl acetate, and 0.35 part by weight of methanol is mechanically applied
      to an aluminum tape superficially roughened by brushing. The layer
      thickness advantageously is 4 to 5.mu.. The thoroughly dried layer is
      negatively charged to 300 volts by means of a corona device. The charged
      plate is exposed to light in an enlargement device of conventional
      construction. The exposure time depends on the light source, the density
      of the original, the stop, and the enlargement scale. When the original is
      a 35 mm microfilm negative of a technical drawing which is to be enlarged
      to size DIN A 4, for example, it is in the range of 60 seconds at stop 11
      using a 150 watt lamp as the light source. The latent charge image
      obtained by exposure to light is developed in known manner with a mixture
      of iron powder and a positively charged carbon black pigment (toner), as
      is conventional in electrophotography. For development, there is employed
      a magnetic roller operated, if desired, by a bias voltage for achieving
      development of full shades free from scumming. After development, the
      plate is after-exposed for 2 minutes at a distance of 50 cm to a 15 ampere
      carbon arc lamp.
PAR  The areas of the layer covered by the toner then are dissolved away by
      using a solution of 2.41 parts by weight of sodium metasilicate in 17.70
      parts by weight of ethylene glycol, 11.28 parts by weight of glycerol,
      14.35 parts by weight of methanol, and 54.26 parts by weight of water. A
      positive image consisting of photopolymerized oleophilic image areas on a
      hydrophilic aluminum foil is obtained, from which prints can be made.
PAC  EXAMPLE 2
PAR  A trimetal plate consisting of a coppered and chrom-plated aluminum foil is
      coated with the solution of a substituted vinyl oxazole described in
      Example 1. The layer is thoroughly dried and electrostatically charged
      negatively in the absence of light. The charged plate is placed in the
      cassette of a production camera; the original is a positive. The plate is
      exposed to light in the conventional manner, the exposure time being about
      30 seconds, depending upon the light source, the master, the stop, and the
      scale. Further procedure is as described in Example 1. After the removal
      of the unpolymerized photoconductive layer, an image of the
      photopolymerized vinyl oxazole, which is a negative of the original, is
      obtained on a hydrophilic chromium layer. By means of a commercial etching
      solution, the chromium layer is now removed in the uncovered areas so that
      the copper layer beneath is bared. After completing the etching procedure,
      the photopolymerized layer is removed with an organic solvent, e.g.
      acetone. A positive image of oleophilic copper, from which prints can be
      made, is obtained. The printing runs are very long.
PAC  EXAMPLE 3
PAR  Instead of the trimetal plate described in Example 2, it is also possible
      to equally successfully use a bimetal plate of chromium and brass.
      Exposure to light also may be performed according to the contact process
      using a film original. When using a 100 watt incandescent bulb at a
      distance of 60 cm, the exposure time is 2 seconds. Development of the
      latent charge image obtained by exposing the charged plate to light is
      performed with a dispersion of carbon black in an aliphatic hydrocarbon,
      but the dispersed carbon black particles must have a positive charge. The
      commercially available product of this type may be used. Further procedure
      is the same as that described in Example 2.
PAC  EXAMPLE 4
PAR  A solution of 4.2 parts by weight of
      2-vinyl-4-(4'-diethyl-aminophenyl)-5-(2'-chlorophenyl)-oxazole, 1.8 parts
      by weight of a maleic resin having an acid number of 200 (Alresat 444 C,
      registered trademark of Chemische Werke Albert, Wiesbaden-Biebrich,
      Germany), and 0.02 part by weight of Rhodamine FB, in 9.6 parts by weight
      of glycol monomethyl ether, 8.7 parts by weight of toluene, and 14.7 parts
      by weight of trichloroethylene, is applied to a superficially roughened
      aluminum foil. After removal of the solvent, the resulting layer is
      negatively charged by means of a corona discharge and exposed to light,
      under a negative screen original, by the contact process. The exposure
      time is about 3 seconds, using a 100 watt incandescent lamp. The latent
      charge image is developed with a positively charged carbon black pigment.
      A carbon arc lamp serves for photopolymerization of the uncovered image
      parts. The layer is dissolved away in the unpolymerized areas and the
      hydrophilic aluminum surface is thus bared for printing. The solution for
      removing the layer is prepared by dissolving 27 parts by weight of sodium
      metasilicate.9 H.sub.2 O and 18 parts by weight of trisodium phosphate.12
      H.sub.2 O in 500 parts by weight of water and 50 parts by weight of
      ethanol.
PAC  EXAMPLE 5
PAR  A superficially roughened aluminum foil is coated with a solution prepared
      by dissolving 6.3 parts by weight of
      2-vinyl-4-(4'-diethyl-aminophenyl)-5-(2'-chlorophenyl)-oxazole, 2.7 parts
      by weight of a phenol-formaldehyde resin (Alnovol 429 K, registered
      trademark of Chemische Werke Albert, Wiesbaden-Biebrich, Germany), and
      0.03 part by weight of Rhodamine FB, in 9.6 parts by weight of glycol
      monomethyl ether, 8.7 parts by weight of toluene, and 14.7 parts by weight
      of trichloroethylene. Further procedure is the same as in Example 4. For
      removing the unpolymerized areas of the photoconductive layer, there is
      employed a solution of 4.5 parts by weight of sodium metasilicate.9
      H.sub.2 O in 33 parts by weight of ethylene glycol, 20.8 parts by weight
      of glycerol, 26.7 parts by weight of methanol, and 15.0 parts by weight of
      water. A positive planographic printing form is obtained from a negative
      master.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A negative-working reproduction process for the production of a printing
      form which comprises charging a supported homogeneous layer, exposing the
      charged layer to light under a master, developing the resulting latent
      image with an electroscopic material, again exposing the layer to light
      for not more than about 2 minutes, and removing the developed image areas
      from the support, said layer consisting essentially of a simultaneously
      photoconductive and photopolymerizable compound of the formula
      ##EQU2##
      in which R.sub.1 is dialkylaminophenyl and R.sub.2 is selected from the
      group consisting of phenyl or chlorophenyl.
NUM  2.
PAR  2. A process according to claim 1 in which the bared areas of the support
      are etched.
NUM  3.
PAR  3. A process according to claim 1 in which the layer contains a binder
      soluble in aqueous alkaline solvents.
NUM  4.
PAR  4. A process according to claim 1 in which the layer contains
      2-vinyl-4-(4'-diethylaminophenyl)-5-(2'-chlorophenyl)-oxazole.
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PAL  Method and apparatus for microelectrophotographing originals by
      individually charging and exposing to the originals, through an exposure
      opening and a reducing lens, reduced size microelectrophotographic sheets,
      comprising an electrophotographic layer (made up of photoconductive
      particles embedded in an insulator binder) on a conductive base sheet,
      followed by individually toner developing the exposed
      microelectrophotographic sheets to form individual, reduced size (e.g.
      reduction of from 20 to 1 to 3 to 1), direct reading micropositives of the
      originals, a plurality of which may be removably mounted on a storage
      sheet for storing the information in a plurality of originals on a single
      storage sheet. In this way, instantly developed, individual, reduced size,
      positive microimages of single documents may be obtained one at a time in
      a single microimaging machine or unit.
BSUM
PAC  STATEMENT OF INVENTION
PAR  The present invention relates to method and apparatus for producing
      microimages of high resolution and contrast for storage and retrieval of
      information by the use of electrophotography and to reduced size
      microelectrophotograph reproduction sheets, hereinafter sometimes referred
      to as microchips, for use in such method and apparatus.
PAR  Present day commercial microimaging involves microfilming on silver halide
      coated transparent or translucent microfilm by exposing such microfilm to
      the original through a camera opening and a reducing lens to thereby
      achieve reduction of 20 to 1 and higher with resolutions of over 100 l/mm.
      Conventional microfilm is usually in the form of a transparent or
      translucent strip 16 millimeters (0.63 inch) or 35 millimeters (1.38
      inches) wide or microfiche which consists of multiple microimages on a
      small rectangular piece of film.
PAR  Microfilming in this way, in addition to being costly, has other
      disadvantages. Some of these disadvantages are:
PA1  1. In most instances the complete roll of film must be exposed and
      developed before access to any one image is possible.
PA1  2. To obtain access after development to any one desired frame one must
      scan the complete film either manually, which is time consuming, or by
      automatic retrievel equipment, which is expensive.
PA1  3. Most microfilm is in negative image form and has such high reduction
      ratios that it is impractical to read the images directly and requires the
      use of expensive transmitted light projection equipment for reading.
PA1  4. In order to edit or update or change any one frame or change the order
      of the frames in a completely exposed film or fiche, cutting, splicing and
      other time consuming and expensive operations are required.
PAL  Furthermore, where it is necessary to send the film out for development,
      either to an outside processing company or to a film processing department
      within the company, which is true in most instances, control over the
      information on the roll of microfilm is lost which has obvious
      disadvantages. Thus, to retrieve the information on one document or to
      obtain a readable print of one document from the hundreds or thousands of
      microimages on the single roll of microfilm is, indeed, time consuming,
      inconvenient and expensive.
PAR  The present invention provides a method and apparatus for microimaging
      without the use of silver halide photographic microfilm and without the
      aforesaid disadvantages to instantly obtain a clear, individual, microsize
      positive of each original with reductions in size as high as 20 to 1 and
      with acceptable resolution and clarity of both the microimage and the
      blown-up enlargement thereof.
PAR  This is achieved in accordance with the present invention by exposing to
      each original through an exposure opening and reducing lens, a reduced
      microsize electrophotographic sheet, i.e., a microelectrophotographic
      sheet or microchip, which has been charged and which, after exposure, is
      immediately and individually toner developed to obtain an individual
      positive microelectrophotograph for each original document.
PAR  In a preferred embodiment for filing and storage, a plurality, e.g. 50-100
      or more, of these individual microelectrophotographs or developed
      microchips are removably mounted on a storage sheet, e.g. by pressure
      sensitive adhesive, to produce on a single mounting sheet in positive form
      which can be read directly through a magnifying lens, the information
      contained in between 50 and 100 or more documents. If desired, these
      storage sheets can be placed in loose leaf or bound books, filing cabinets
      and the like.
PAR  The size of the microchips depends, of course, on the reduction desired and
      on the size of the original. For example, if the originals are 81/2
      .times. 11 and a reduction of about 10 to 1 is desired, the chip may be
      about 1 .times. 1 inch or less. If only a reduction of 3 to 1 is desired,
      the microchip must, of course, be greater in size.
PAR  Preferably, a plurality of the small microelectrophotographic sheets or
      microchips are removably and individually mounted in a row on an endless
      backing or supporting strip which is fed from a supply roll to a microchip
      drum which picks up the individual microchips at a microchip pick-up
      station and moves them one at a time past a charging station at which the
      electrophotographic layer is electrially charged, an exposure station at
      which the charged layer is exposed to the original through the exposure
      opening and reducing lens, a toner developing station at which the
      microelectrophotographic image is toner developed, and a microchip removal
      station for removing the developed microchips from the drum. The originals
      are fed past the exposure opening in synchronization with the feeding of
      the strip of microchips and the rotation of the drum.
PAR  In a preferred embodiment the portion of the backing strip supporting the
      microchip to be exposed is severed from the rest of the strip either at
      the pick-up station or at the removal station so that individual,
      positively developed microchips are obtained removably secured to the
      severed portion of the backing strip. They need only be peeled off from
      such portion and mounted on the storage sheet.
PAR  Each microchip comprises an electrically conductive base sheet having
      applied thereto an electrophotographic layer comprising a photoconductive
      material, preferably photoconductive particles such as photoconductive
      zinc oxide particles, embedded in an insulator binder.
PAR  It has been discovered that optimum resolution is achieved (1) by use of a
      conductive base sheet in which the surface to which the
      electrophotographic layer is applied has a maximum Sheffield Smoothness of
      40 and (2) by use of photoconductive particles, preferably photoconductive
      zinc oxide particles, of which no more than about 5% by volume have an
      agglomerate particle size greater than 10 microns.
PAR  It is preferred to removably secure the microchips to the backing strip by
      means of a pressure sensitive adhesive layer applied to the surface of the
      base sheet opposite from the electrophotographic layer. In such case,
      either (1) the conductive base sheet is supplied with an electrically
      unipotential surface, such as a conductive continuous metal layer, e.g.
      aluminum, silver, gold, etc. or a conductive carbon layer, or (2) the
      pressure sensitive adhesive layer is rendered conductive by adding
      conductive material thereto, e.g. (a) conductive metal particles, such as
      silver or gold, or (b) a conductive resin, such as polyvinyl quarternary
      ammonium salts, or (c) a highly ionizable salt of a strong mineral acid,
      such as potassium chloride. Preferably, a unipotential surface is used
      with a conventional pressure sensitive adhesive. Where a continuous metal
      layer, e.g. aluminum or silver foil, or a carbon layer is used to provide
      the unipotential surface, it is preferably laminated with a thin paper or
      plastic sheet to give support to the metal foil or carbon layer. Where a
      conductive pressure sensitive adhesive layer is used, it is preferred to
      render the backing strip for the microchip electrically conductive also by
      impregnation with one or more of the aforesaid electrically conductive
      materials.
PAR  Preferably, the pressure sensitive adhesive is permanently adhered to the
      back of the microchip so that it is peeled off the backing strip with the
      microchip for sticking the microchip to the storage sheet surface. In such
      case, the surface of the backing strip on which the microchips are mounted
      before and/or during imaging comprises a material having poor adhesion to
      the pressure sensitive adhesive, e.g. silicone, so that the microchips can
      be easily stripped off from the same. In effect, the backing strip becomes
      a protective release sheet to protect the pressure sensitive adhesive
      layer until the developed microchip is ready to be mounted on the storage
      sheet. However, the adhesive may be permanently secured to the backing
      strip so that it remains entirely with the backing strip when the
      microchip is peeled off from the same. In such case, other means are
      provided for attaching the microchips to the storage sheet or medium.
PAR  The term electrically unipotential layer or surface means that the surface
      is so highly conductive to electricity that the electrical potential at
      every unit area is substantially the same at any given instant under
      electrophotographic exposure conditions, i.e., the surface is so highly
      conductive that there is no substantial voltage difference, i.e.,
      difference in potential, between different areas of the surface at any
      given time, as distinguished from the more limited conductance achieved
      with conventional conductive resin coatings used in electrophotography,
      such as coatings containing, or consisting primarily of, polyvinyl
      quarternary ammonium salts, which are conductive resins, and coatings of
      non-conductive resins to which a highly ionizable inorganic salt has been
      added to render them ionically conductive. These conventional ionically
      conductive coatings are ordinarily applied to electrophotographic paper to
      render the paper conductive. Also, the paper substrate itself is sometimes
      conventionally impregnated with the inorganic salt or the conductive resin
      to render it ionically conductive. Such conventional conductive resin
      coatings are quite thin, which limits their conductance. However, in the
      case of coatings employing conductive resins to render them conductive, by
      increasing the thickness and weight thereof substantially beyond the
      conventional amount, i.e., by increasing coating thickness to greater than
      5 pounds per 3,000 sq. ft. ream, it is possible to achieve a conductance
      approaching unipotential conductance as above defined.
PAR  A continuous surface of highly conductive metal, such as silver, aluminum,
      gold, copper, etc. is preferred as a unipotential surface because of its
      greater conductivity. The metal layer forming the metal surface should
      preferably be quite thin and highly flexible and may be in the form of a
      thin (e.g. a fraction of a mil thick, i.e. 0.1 - 0.6 or 0.8 mil) flexible
      metal foil, as such, or laminated to a thin flexible paper or plastic,
      e.g. polyvinyl, sheet to provide supporting strength. A vacuum metalized
      paper or plastic sheet can be used also.
PAR  In any event, where the microchips are supported on any kind of a
      supporting or backing strip during charging, exposure and developing,
      either the conductive base sheet must contain a unipotential surface, or
      the supporting strip plus the adhesive used to adhere the microchips
      thereto, must be sufficiently electrically conductive through the
      thickness thereof to permit a sufficient rate of leakage of charge through
      such thickness from the electrophotographic layer during exposure to
      adequately discharge the exposed areas of such layer at a reasonable
      exposure time, this being achieved by impregnating the adhesive layer, and
      preferably also the strip itself, with the aforesaid electrically
      conductive material.
PAR  However, the microchips themselves may be in the form of a continuous strip
      without any supporting strip, in which case they can be separated by
      transversely extending lines of perforations in the strip for severing
      each individual microchip from the strip during processing, or the
      individual microchips can be severed from the strip by a knife during
      processing without the use of perforation lines.
PAR  A supporting strip with individual microchips supported thereon is
      preferred, with the supporting strip being slightly wider than the
      microchips for feeding the strip to the drum and for removably securing
      the individual microchips to the drum during charging, exposure and
      development. Furthermore, the use of a supporting strip permits the use of
      an adhesive layer on the underside of the microchips for subsequent
      adhesion to the storage sheet, in which case the supporting strip also
      acts as a protective sheet to protect the adhesive layer, as aforesaid.
PAR  Further features and advantages of the invention will be apparent from the
      following description and the accompanying drawings in which:
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a schematic view in plan of an apparatus embodying the invention
      and for carrying out the method of the invention.
PAR  FIG. 2 is a schematic view in elevation of the apparatus of FIG. 1.
PAR  FIG. 3 is a view in plan of the strip of individual microchips shown in
      FIGS. 1 and 2.
PAR  FIG. 4 is a reduced view in plan of the storage sheet with a plurality of
      the microchips of FIG. 3 developed in the apparatus of FIGS. 1 and 2 and
      removably secured to such storage sheet.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to the drawings, 2 represents an embodiment of the apparatus
      of the present invention in which a row of microchips, which are so
      labeled in the drawings, which are of a composition and construction to be
      described more fully hereinafter and which are removably adhered to a
      continuous supporting strip, so labeled in the drawings and to be more
      specifically described hereinafter, are fed from a microchip supply roll,
      so labeled in the drawings, by means of a microchip feed roll, so labeled
      in the drawings, onto the surface of a microchip drum, so labeled in the
      drawings, and under the clamping face 3 of a radially slidable (with
      respect to the drum) chip clamp, so labeled in the drawings. When a
      microchip is fed onto the drum surface between such surface and the
      clamping face of the chip clamp, the drum is stationary and the clamping
      face is held away from the drum surface by the stationary cam, so labeled
      in the drawings, against the force of spring 6 normally urging the
      clamping face into engagement with the drum surface, to permit movement of
      the microchip and its supporting strip to between the clamping face and
      the drum surface, as aforesaid, with the microchip facing outwardly and
      upwardly and the underlying supporting strip facing the drum surface.
PAR  The clamping face over the microchip and drum periphery has a central
      window 4 to expose and form a frame for the microchip (the
      electrophotographic layer thereof faces outwardly and is exposed) for
      subsequent individual charging, exposure and development thereof. Upon
      movement by the microchip feed roll of each microchip to this position,
      which may be considered a microchip pick-up position or station of the
      drum, the microchip feed roll is disengaged from the driving motor, so
      labeled in the drawings, through a clutch, so labeled in the drawings, and
      at the same time the drive for the microchip drum is connected with the
      driving motor through such clutch to rotate the drum clockwise. The chip
      clamp rotates with the drum. Upon initial rotational movement of the drum
      and chip clamp, the cam pin 4 on the clamp moves away from the cam and the
      radially slidable clamp is pulled radially and downwardly by the spring 6
      into engagement with the supporting strip margins around the microchip to
      securely clamp the microchip to the drum surface for rotation therewith.
      Consequently, further rotational movement of the drum and microchip
      clamped thereto clockwise, while the rest of the microchip strip is held
      by the now stationary and braked microchip feed roll, causes the
      supporting strip to break at the weakend perforation line 8 adjacent the
      clamped microchip toward the feed roll (the supporting strip has
      transverse perforation lines 8 between adjacent microchips for this
      purpose).
PAR  The clamped microchip with the severed portion of the supporting strip to
      which it is adhered moves with the drum surface past a conventional corona
      charging device or station, labeled corona in the drawings, to charge the
      electrophotographic layer of such microchip, and thence past a point
      opposite the reducing lens, which is so labeled in the drawings, which is
      a conventional reducing lens used in microfilming, and which may be
      referred to as an exposure station. At the same time that the microchip is
      moved past the exposure station opposite the lens, the original to be
      microelectrophotographed is moved in synchronization with the microchip
      past an exposure or scanning slit or opening, so labeled in the drawings,
      which is supplied with a source of light, so labeled in the drawings, to
      illuminate the original and of a type conventionally used in
      electrophotography, whereby the charged electrophotographic layer of the
      microchip is exposed to the original through such slit, a mirror, so
      labeled in the drawings, and the reducing lens, to thereby form a latent
      electrophotographic image on the microchip.
PAR  The feeding mechanism 12 of the original to be microelectrophotographed, is
      driven from the chip drum, as shown in the drawings at 13, through a
      reduction gearing and clutch, so labeled in the drawings, to synchronize
      movement of the original past the scanning slit with movement of the
      microchip past the lens and exposure station at a predetermined speed
      ratio, depending on the reduction in size of the original desired.
PAR  The timer, so labeled in the drawings, controls, through circuits 14 and a
      pair of solenoids, so labeled in the drawings, the synchronized engagement
      and disengagement of the microchip feed roll and drum drives and also
      controls, through circuit 16 and solenoids, not shown, movement of the
      original past the scanning slit in synchronization with movement of the
      microchip past the exposure station.
PAR  Continued clockwise rotation of the microchip drum moves the clamped
      exposed microchip through a bath of charged toner particles in a toner
      tank, so labeled in the drawings (this may be referred to as the
      development station), to toner develop the latent image.
PAR  Further rotation of the drum carries the developed clamped microimage to
      the microchip ejection station or ejector, so labeled in the drawings, in
      the form of a knife, to remove the microchip from the drum surface,
      whereupon it falls into a collecting container outside the machine through
      a chute, so labeled in the drawings. Another cam, similar to that at the
      pick-up station, is provided at the ejector station to move the clamp
      radially outwardly and thereby release the microchip for ejection by the
      ejector.
PAR  The surface of the microchip feed roll is provided with slight depressions
      around its periphery, having about the same depth as the thickness of the
      microchips and having about the same dimensions as those of the
      microchips, for receiving the microchips to prevent longitudinal slippage
      between the strip and feed roll. However, any conventional strip feeding
      mechanism can be used to feed the strip of microchips to the drum.
PAR  The drum, corona, and toner tank are all encased in a lightproof chamber so
      that the microchip is at all times in the dark while on the drum except
      for exposure to the original at the exposure station.
PAR  All the parts may be mounted in a compact and portable casing. The power
      for the corona and the light may be provided by battery or by connection
      to an electrical receptacle.
PAR  If desired, the microchip can be releasably secured to the drum surface for
      charging, exposure and development in the dark by means of a controlled
      vacuum or by any other means which does not interfere with such charging,
      exposure and development rather than by the chip clamp shown.
PAR  Although in the drawings, there is only one microchip on the drum at a
      time, if desired the drives for the feed roll, the drum and the feed for
      the originals can be adjusted and the clamping means designed so that
      there are a plurality of individual microchips on the drum at the same
      time with one microchip being charged while another is being exposed while
      yet another is being developed while yet another is being ejected.
PAR  In the embodiment shown in the drawings, the microchips are releasably
      secured to the supporting strip by a pressure sensitive adhesive layer
      permanently adhered to the back of each microchip and the supporting strip
      is made of paper coated with a silicone coating having a low adhesion to
      the pressure sensitive adhesive layer to permit the microchips to be
      peeled off from the supporting strip, as will be described in greater
      detail hereinafter.
PAR  The ejected microchips are peeled off from the severed portions of the
      supporting strip to which they are adhered and are subsequently adhered by
      such pressure sensitive adhesive layer to the storage sheet, so labeled in
      the drawings, in the same order as the originals.
PAR  The developed images on the individual microchips are positive, so that no
      further processing is required, and can be easily selected and read by a
      magnifying glass without the necessity of a special projector. Each is
      individually removable from the storage sheet for further reproduction or
      enlargement or for whatever other purpose which might be desired, editing,
      updating, etc. Furthermore, the microchips can be rearranged on the
      storing sheet at will for comparison purposes. The identity of the
      documents may be printed or written on the storage sheet.
PAC  EXAMPLE 1
PAR  An electrophotographic coating composition is made up by adding 49.4 grams
      of a 45% by weight toluene solution of a modified acrylic polymer, which
      solution is sold by DeSoto Chemical Company, Chicago, Illinois, under the
      trade name DeSoto E-O 41 resin, to 143.0 grams of toluene and admixing
      therewith 180 grams of photoconductive zinc oxide, sold by the New Jersey
      Zinc Co. under the name Kadox 72  (ultimate particle size of 0.1 micron),
      and 3.01 ml of a 1% methanol solution of sensitizing dye (0.29 grams
      bromophenol blue, 0.59 grams uranine (USP) plus 0.135 grams methylene blue
      dissolved in 99 grams methanol). This composition has a solids content of
      54% by weight and a ratio of acrylic binder to zinc oxide of 8 to 1.
PAR  The aforesaid coating composition is milled in a Waring blender from 2.5 to
      3 minutes to reduce the agglomerate particle size of the zinc oxide to
      from 1 to 5 microns and is then uniformly coated onto the aluminum surface
      of an aluminum foil laminated paper web, sold by Reynolds Metals Company
      under the name No. 88 Dull Vinyl Aluminum Foil Laminated Paper (aluminum
      foil thickness of 0.2 - 0.6 mils and paper thickness of 1 to 4 mils), in
      an amount equal to twenty pounds per 24 .times. 36 500 sheet ream followed
      by drying to provide an electrophotographic coating layer having an
      average thickness of 0.6 - 1.0 mils. The aluminum surface of the aluminum
      foil laminated paper to which the electrophotographic coating composition
      is applied, has a very thin coating (less than one lb. of resin per 3,000
      foot square ream, sometimes referred to as a washcoat) of a dull polyvinyl
      acetate lacquer thereover, which gives good adhesion between the
      electrophotographic coating and the aluminum surface. The vinyl acetate
      lacquer-covered aluminum surface has a Sheffield Smoothness of 15-30. The
      paper to which the aluminum foil is laminated is a high grade paper.
PAR  A pressure sensitive adhesive solution is prepared as follows:
     Styrene-butadiene rubber                                                  
                             100 g.                                            
     Hydrogenated wood rosin 50 g.                                             
     Toluene (solvent)       300 g.                                            
     Antioxidant (2.4-di(tert.-amyl)-                                          
     hydroquinone sold under the name                                          
     SANTOVAR A by Monsanto Chemical                                           
     Company)                3 g.                                              
      and is uniformly coated on the silicone surface of a conventional silicone
      coated release paper web, i.e. a 50 lb. Deerfield Release Paper sold by
      Deerfield Paper Company, in the amount of 9-10 lbs. of adhesive resin
      solution per 24 .times. 36 500 sheet ream and dried to provide a highly
      pressure sensitive adhesive layer about one mil thick.
PAR  The paper surface of the electrophotographic layer-aluminum foil laminated
      paper laminate is then pressed against the exposed pressure sensitive
      adhesive surface of the pressure sensitive adhesive-release sheet laminate
      to adhere the two laminates together by virtue of the adhesiveness of the
      pressure sensitive adhesive and to thereby form the composite
      electrophotographic pressure sensitive sheet or web.
PAR  The composite electrophotographic pressure sensitive web or sheet, the
      upper surface of which comprises the electrophotographic layer and the
      lower surface of which comprises the release paper, is then slit into one
      inch strips, which are cut by a die into individual microchips with the
      cut lines extending through the electrophotographic coating, the aluminum
      foil laminated paper and the pressure sensitive adhesive layer but not
      through the release sheet, the die being designed to only perforate such
      release sheet along transverse lines 8 between adjacent microchips, so
      that the release sheet strip comprises a perforated but continuous
      supporting strip to which the individual electrophotographic pressure
      sensitive microchips are releasably adhered, as shown in FIG. 3, but from
      which they can be individually removed and stuck to the storage sheet.
      After the die has cut the individual microchips, the portion of the
      electrophotographic layer-aluminum foil laminated paper laminate between
      the microchips is stripped off the release strip as a skeleton to leave
      the microchips on the release strip but to expose the silicone surface of
      the release strip between the individual microchips and along the margins
      of the microchips, as shown in FIG. 3. The width of the microchips is 0.75
      inch leaving a 1/8 inch margin of exposed release strip on either side
      thereof, and the longitudinal length of each microchip is 1.19 inch,
      leaving a 1/8 inch margin on either side of the ends of each microchip
      between such ends and the two transverse perforated lines between such
      microchip and its adjacent microchips. However, the size of the microchips
      may vary over a wide range, depending on the magnitude of the reduction in
      size of the originals desired and on the size of the originals, the
      aforesaid dimensions being given by way of example only.
PAR  The resulting strip of microchips is then rolled into the microchip supply
      roll, shown in the drawings, and is fed one microchip at a time to the
      pick-up station on the metal microchip drum, as aforesaid, by the
      microchip feed roll, where each microchip is individually clamped to the
      drum surface, which is electrically grounded, the frame of the clamping
      face 3 engaging the exposed release strip around each microchip to thereby
      frame the microchip so that the electrophotographic layer thereof is
      exposed for charging, exposure and developing. Upon commencement of
      movement of the drum with the clamped microchip thereon while the feed
      roll is stationary, the weakened perforation line 8 in the release sheet
      strip adjacent the clamped microchip breaks to permit the microchip to
      move with the drum past the charging, exposure, developing and ejector
      stations to individually charge, expose, develop and eject the microchip
      while supported on the severed portion of the release strip.
PAR  In this way, individual microelectrophotographic copies
      (microelectrophotographs) of 81/2  .times. 11 inch original documents are
      made on the individual microchips, one at a time, while supported on the
      severed portions of the release sheet in approximately six seconds each.
      Image development is achieved using Graphofax toner sold by Phillip A.
      Hunt Chemical Company. The ratio reduction is about 10 to 1.
PAR  Excellent reproduction is achieved with a resolution of approximately 100
      l/mm.
PAR  The developed microchips are peeled off the release sheet and pressed onto
      the storage sheet, as shown in FIG. 4.
PAC  EXAMPLE 2
PAR  Same as Example 1, except that (1) the Kadox 72 is replaced with a mixture
      of equal amounts of photoconductive zinc oxide particles, sold under the
      names Photox 8 and Photox 80 (ultimate particle size of 0.3 - 0.4 microns)
      by the New Jersey Zinc Co., (2) the electrophotographic composition is
      coated onto a high grade Electrofax conductive base paper sold by
      Weyerhauser Paper Company under the designation Dencon S and presenting a
      surface which has a Sheffield Smoothness of 10-25 and to which the
      electrophotographic coating composition is applied, and (3) the pressure
      sensitive adhesive solution has conductive zinc oxide particles added
      thereto to make the pressure sensitive adhesive layer conductive and is as
      follows:
TBL  Poly Crepe        100 g.                                                  
     Coumaron indene resin                                                     
                       60 g.                                                   
     Toluene           310 g.                                                  
     Antioxidant       3 g.                                                    
     Conductive zinc oxide                                                     
                       100 g.  (Volume ratio of poly                           
     particles (sold under the crepe - coumaron in-                            
     name Zinc Oxide No. 2698 by New                                           
                               dene resin to zinc                              
     Jersey Zinc Co.)          oxide of about 3.5/1                            
PAR  Although the quality of reproduction, the adhesiveness of the pressure
      sensitive adhesive, the release characteristics of the release sheet and
      the resolution are not as good as Example 1, they are satisfactory.
PAC  EXAMPLE 3
PAR  Same as Example 2, except the release strip is a glassine sheet impregnated
      with conductive Dow QX 2611.12 resin (polyvinyl quarternary ammonium salt)
      in an amount equal to 2 pounds per 24 .times. 36 500 sheet ream and coated
      with a thin layer of silicone resin. Reproduction is improved over Example
      2 but is still not as good as Example 1. Adhesive and release properties
      are about the same as Example 2.
PAC  EXAMPLE 4
PAR  Same as Example 2 except the conductive zinc oxide is replaced by 18 grams
      of Dow QX 2611.12.   Reproduction quality is about the same as Example 2
      but the pressure sensitive adhesive properties and release properties are
      not as good.
PAR  The conductive zinc oxide particles in the pressure sensitive adhesives of
      Examples 2 and 3 can be replaced by other finely divided electrically
      conductive metals such as silver or gold or copper or aluminum flakes or
      granules or powders or finely divided carbon poweders, e.g. graphite.
PAR  In Examples 2 and 3, the volume ratio of pressure sensitive adhesive to
      conductive particles in the dried pressure sensitive adhesive layer may
      range from about 11/1 to 1/1, more preferably from 8/1 to 2/1. The
      particle size of the conductive particles should be substantially smaller
      than the thickness of the pressure sensitive adhesive layer, which is
      usually in the nature of about a mil thick and may range from a fraction
      of a micron to 15 or 20 microns, preferably 0.5 microns to 2 or 3 microns.
PAR  In Example 4, the amount of conductive resin in the dried pressure
      sensitive adhesive layer may range from 1 to 20%, more preferably from 5
      to 15%, by weight of the pressure sensitive adhesive.
PAR  Where inorganic salts are added to the pressure sensitive adhesive layer to
      make it conductive they may be used in a volume ratio of inorganic salt to
      pressure sensitive adhesive of between 1/10 and 1/1.
PAR  The minimum amount of electrically conductive medium added to the pressure
      sensitive adhesive (when such an adhesive is used and no unipotential
      surface is provided) is that which gives it sufficient through (through
      the thickness) conductivity to permit sufficient leakage of charge through
      the thickness thereof during the exposure time desired to produce the
      latent electrophotographic image. The maximum amount is that beyond which
      the cohesiveness and pressure sensitive adhesiveness of the adhesive is
      unduly decreased since these electrically conductive materials do no
      themselves have pressure sensitive adhesiveness and, accordingly, when
      added to the pressure sensitive adhesive, they reduce the cohesiveness and
      adhesiveness thereof.
PAR  In Example 3, the amount of conductive resin with which the release paper
      is impregnated may range from 1 to 5 lbs. per 24 .times. 36 500 sheet
      ream.
PAR  Conventional protective release sheets or liners for pressure sensitive
      adhesive labels are either themselves made of a material which has low
      adhesion to the pressure sensitive adhesive, e.g. glassine, silicone,
      etc., or they are coated with such a material, e.g. a silicone coated
      paper or plastic, such as a vinyl sheet, so that they can be readily
      peeled off from the adhesive to expose it without removing the adhesive
      from the backing sheet of the label. Such release sheets can be used in
      the present invention as the supporting strip for the microchips. Although
      they are non-conductive they are so thin they do not present an absolute
      barrier to leakage of charge through the thickness thereof.
PAR  However, they do interfere with through flow of charge to some extent and,
      accordingly, when a conductive pressure sensitive adhesive layer is used
      without a unipotential layer, substantially better electrophotographic
      reproduction is achieved by incorporating in the release sheet the
      aforesaid electrically conductive materials to increase the conductive
      rate of flow of charge therethrough, as in Example 3, a preferred amount
      being that which will provide a rate of flow of charge through the
      thickness thereof commensurate to the rate of flow through the thickness
      of the pressure sensitive adhesive layer. For example, where a silicone
      coated release paper is used the paper may be impregnated with the
      inorganic salt or conductive resin or conductive particles. Even better
      results are achieved, if, in addition, such resin or salt is added to the
      silicone coating. However, in such case, the amount added should not be so
      great as to unduly interfere with the release properties of the silicone.
PAR  In this way, when a unipotential surface is not used, the entire thickness
      of the substrate for the electrophotographic layer from the inner
      electrophotographic surface to the outer release paper surface is
      conductive.
PAR  In Example 1 any highly conductive thin flexible metal foil forming a
      continuous metal (unipotential) surface can be used, such as silver, gold,
      copper, etc. and it can be laminated with flexible resin coatings, such as
      polyvinyl resin coating, rather than paper.
PAR  Preferably, the continuous metal layer is quite thin, e.g., between 0.1 and
      0.8 mils thick, whereas the paper or resin sheet thickness may vary from
      0.5 to 4 or 6 mils or more in thickness.
PAR  Also the metal layer can be replaced with a thin layer of conductive
      carbon.
PAR  Where a unipotential layer is used, electrophotographic reproduction is not
      at all impaired by the use of conventional nonconductive release sheets
      and conventional pressure-sensitive adhesives.
PAR  The pressure sensitive adhesive layer in the aforesaid examples may be
      replaced by other kinds of adhesives, e.g. heat activatable, solvent
      activatable, etc., so long as either a unipotential surface is provided or
      the adhesive is made conductive.
PAR  The thickness of the pressure sensitive adhesive layer is the same as that
      in conventional pressure sensitive labels, e.g. between 0.8 and 1.2 mils.
PAR  The thickness of the electrophotographic layer is conventional and may
      range from 0.3 - 1.0 mil.
PAR  It has been found that resolution is reduced if the surface of the
      conductive base sheet to which the electrophotographic layer is applied
      has a Sheffield Smoothness greater than 40, a Sheffield Smoothness of from
      15 to 30 being preferred.
PAR  Although, for optimum resolution, it is preferred that as little as
      possible of the photoconductive zinc oxide agglomerates have a particle
      size greater than 5-10 microns, so long as no more than about 2-5%,
      preferably no more than 1%, by volume have a particle size greater than 10
      microns, excellent resolutions can be obtained. The best results are
      achieved when none of the zinc oxide has an agglomerate particle size
      greater than 5 microns. This is achieved by subjecting the
      electrophotographic composition to milling or other forms of attrition. Of
      course, where the reduction in size of the original to be achieved is
      relatively small, e.g. 3 to 1, then the volume of zinc oxide having an
      agglomerate particle size greater than 10 microns can be substantially
      greater than 5%, e.g. it may be 10% or more.
PAR  Preferred photoconductive zinc oxides for optimum resolution are those
      having an ultimate (as distinguished from agglomerate) particle size as
      small as possible, i.e., 0.1 micron, but good results can be achieved with
      photoconductive zinc oxide of conventional ultimate particle size, e.g.
      0.3 - 0.5 microns.
PAR  Although it is preferred to use a supporting release strip to support the
      microchips, such a strip is not essential. In such case, the
      electrophotographic layer - aluminum foil laminated paper laminate of
      Example 1, without the pressure sensitive adhesive layer and supporting
      release sheet, or the conductive base paper - electrophotographic layer
      laminate of Example 2, without the pressure sensitive layer and supporting
      release sheet, may be cut into the 1 inch strips and perforated with
      transverse perforation lines or other lines of weakness 1 inch apart to
      form the microchips and to permit each microchip to be severed from the
      strip at the pick-up station and with feed holes being provided along the
      margins for feeding the strip in conventional manner. In these
      embodiments, both the pressure sensitive adhesive layer and the supporting
      release sheet of the aforesaid examples are eliminated.
PAR  In these embodiments the developed microchips may be removably mounted on
      the storage sheet by a dry pressure sensitive adhesive layer on the
      storage sheet or in any other conventional manner, e.g. in windows in the
      storage sheet. In fact, the microchips may be permanently mounted on the
      storage sheet or may be stored in some way other than mounting on a
      storage sheet.
PAR  Furthermore, where a supporting release strip is used, the exposed release
      strip margins along the sides of the microchips may be provided with feed
      holes or perforations for feeding the strip by conventional feed
      mechanisms utilizing such holes.
PAR  Also, instead of using transverse perforations and a pulling force to
      severe each microchip from the strip of microchips, with or without a
      supporting strip, a cutting knife can be used to cut the microchips from
      the strip.
PAR  Furthermore, if desired, the individual microchips need not be severed from
      the strip, i.e. the strip may move continuously with the drum so that a
      plurality of microchips, while still in the form of a continuous strip,
      are located on the moving drum surface with each microchip being charged,
      exposed and developed consecutively while still in the form of a
      continuous strip and with the ejector ejecting the microchip while still
      in strip form or with a knife at the ejector station to sever the
      microchips from the strip. This can be done with or without a supporting
      strip, i.e. with the microchips, themselves, forming the strip, as
      aforesaid. Where the microchips are ejected from the drum in strip form,
      there will be obtained a strip of microelectrophotographs. However, many
      of the advantages of the invention are not achieved by this technique.
PAR  As aforesaid, the surface speed of the drum is synchronized with the speed
      at which the original is moved past the scanning slit through reduction
      gearing to take into account the difference in size between the original
      and the microchips.
PAR  Although the means for moving the microchips past the charging, exposure
      and developing stations is in the form of a drum in the drawings, it may
      be in other form, e.g. a grounded conveying belt.
PAR  Also, although in the drawings, the drum and feed devices are driven by a
      motor, they may be driven by hand.
PAR  Furthermore, during exposure, the original and the microchip may both be
      held stationary using a conventional camera exposure opening and shutter
      to expose the whole microchip to the whole original and thereby produce
      the latent image as in conventional cameras.
PAR  Other conventional electrophotographic coating compositions can be used.
      Thus, the zinc oxide can be replaced by other photoconductive materials
      such as zinc cadmium sulfide, zinc sulfide, cadmium sulfide, titanium
      dioxide of very fine particle size, zinc cadmium selenide, selenium
      telluride, mercuric sulfide, selenium sulfide, stilbene, polyvinyl
      carbozole, imidizole derivitives and anthracene; the insulator resin can
      be replaced by other electrophotographic insulator resinous binders such
      as the alkyd resins, silicone resin, vinyl resins, e.g. polyvinylacetate
      and polyvinyl chloride homopolymers and copolymers, polyurethane, styrene,
      acrylonitrile, butadiene-styrene, etc. although acrylic resins are
      preferred; the sensitizer can be replaced by any conventional and
      compatible sensitizer; and the weight ratio of photoconductive particles
      to resin binder may range between 1/1 and 10/1 or higher.
PAR  Also, the electrophotographic layer can be applied to the substrate, be it
      metal or paper or plastic, in any conventional manner but preferably as a
      dispersion of the photoconductive particles in a solution of the resin in
      a solvent.
PAR  As aforesaid, the pressure sensitive adhesives of the examples can be
      replaced with other conventional pressure sensitive adhesives, such as
      acrylic-polyvinyl acetate copolymers laid down from an ethyl
      acetate-toluene solvent, polyvinyl ether, polyvinyl alcohol, plasticized
      polyisobutylene, plasticized rubber, plasticized poly esters, plasticized
      butadiene-styrene, etc. These resins may be plasticized with conventional
      plasticizers, such as the oleates, oil, phthalates, e.g. dioctyl
      phthalate, tricresyl phosphate, poly-alpha methyl styrene, etc. to achieve
      the tackiness and strength required.
PAR  Preferred pressure sensitive adhesives are those comprising a mixture of a
      highly tacky resin, i.e. tackifying agent, such as a hydrogenerated wood
      rosin or coumaron indene resin, and a less tacky back-bone resin such as
      styrene-butadiene, rubber or poly crepe for strength and control of
      tackiness.
PAR  The reduction in tack of the pressure sensitive adhesive caused by the
      addition of conductive particles or conductive resins, which are tack
      reducers, can be compensated for by increasing the ratio of tackifying
      agent to the less tacky back-bone resin or by the use of a more tacky
      tackifying agent.
PAR  Where a liquid toner is to be used for development it is especially
      preferred to use in the pressure sensitive adhesive layer and as a binder
      in the electrophotographic layer a polyacrylic resin, e.g. a poly
      acrylic-vinyl acetate copolymer, which is resistant to the liquid carrier
      of the toner, e.g., odorless mineral spirits, used in the developing step.
PAR  In essence, the apparatus shown in the drawings corresponds to a reduction
      camera similar in principle to microfilm cameras except that individual
      microelectrophotographic sheets are used for each original instead of a
      length of microfilm for thousands of originals, and the unit incorporates
      charging and developing stations in addition to an exposure station, and
      individual, one-at-a-time, instantly developed, direct, positive
      microimages of single documents are obtained to provide instant filing and
      retrieval of information in a single document.
PAR  A search of the prior art revealed the following patents, none of which
      discloses a method and apparatus for microelectrophotography in accordance
      with the invention.
TBL  ______________________________________                                    
     3,401,037   Re: 25,444     3,468,660                                      
     3,245,785   3,107,169      3,206,307                                      
     3,127,333   3,241,958      3,197,307                                      
     2,979,402   3,411,903      3,428,453                                      
     3,298,831   3,436,215      3,132,204                                      
     3,446,616   3,152,894      2,636,297                                      
     3,010,884   3,438,773      2,596,179                                      
                 3,077,398      2,808,352                                      
     ______________________________________                                    
PAR  The invention has been described in detail with respect to preferred
      embodiments thereof, but it will be understood that variations and
      modifications can be effected within the spirit and scope of the invention
      as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of microelectrophotographing originals on individual
      microelectrophotographic sheets to produce a plurality of individual and
      separate microelectrophotographs, comprising charging each of said sheets,
      exposing each of said charged sheets to an original through an exposure
      opening and a reduction lens, and toner developing each of said exposed
      sheets to produce positive visible, reduced size microimages of said
      originals on said sheets, each of said microelectrophotographic sheets
      comprising an electrophotographic layer, containing photoconductive
      material and an insulator binder, on a conductive base sheet, (according
      to Claim 1), each of said microelectrophotographic sheets being removably
      adhered to a backing sheet by a pressure sensitive adhesive and said
      charging, exposure and developing steps being carried out by individually
      moving each of said microelectrophotographic sheets while adhered to said
      backing sheet past charging, exposing and developing stations, whereby
      positives are obtained directly from said originals in a single machine,
      the adhesive bond between said adhesive and said backing sheet being less
      than the adhesive bond between said adhesive and said
      microelectrophotographic sheet and less than the cohesive strength of said
      adhesive.
NUM  2.
PAR  2. A method according to claim 1, said microelectrophotographic sheets
      being in a row on said backing sheet which is in the form of an elongated
      strip, each of said microelectrophotographic sheets being separated from
      said strip and individually charged, exposed to an original and developed
      to produce an individual microimage.
NUM  3.
PAR  3. A method according to claim 2, a plurality of said developed individual
      microelectrophotographic sheets being removably adhered to a storage
      sheet, whereby the developed microimages of a plurality of originals may
      be mounted on a single storage sheet to facilitate filing and retrieval of
      the information thereon.
NUM  4.
PAR  4. A method according to claim 2, said separation step comprising
      separating from the rest of the strip the portion of the backing sheet on
      which each microelectrophotographic sheet is mounted prior to charging,
      exposing and developing the same, said charging, exposing and developing
      steps being carried out while said sheet is mounted on said portion.
NUM  5.
PAR  5. A method according to claim 4, also including removing each developed
      sheet from its said portion followed by mounting said sheets on a storage
      sheet.
NUM  6.
PAR  6. A method according to claim 4, comprising removably securing each said
      portion to a moving surface which moves the microelectrophotographic
      sheet, while adhered to said portion, past charging, exposing and
      developing stations.
NUM  7.
PAR  7. A method according to claim 6, said microelectrophotographic sheet being
      one of a plurality of individual microelectrophotographic sheets arranged
      in a row in the form of an elongated strip, each of said
      microelectrophotographic sheets being individually charged, exposed to an
      original and developed to produce an individual positive microimage.
NUM  8.
PAR  8. A method of making a storage sheet comprising providing a plurality of
      individual microelectrophotographic sheets removably adhered to a backing
      sheet, each of said microelectrophotographic sheets comprising
      electrophotographic layer containing photoconductive material and an
      insulator binder on a conductive sheet, charging each of said
      microelectrophotographic sheets, exposing each of said charged
      microelectrophotographic sheets to an original through an exposure opening
      and a reduction lens, toner developing each of said exposed
      microelectrophotographic sheets to produce a positive, visible, reduced
      size microimage of said original on said sheet, detaching said developed
      sheets from said backing sheet and adhering said developed sheets to a
      storage sheet.
NUM  9.
PAR  9. A method according to claim 8, each of said microelectrophotographic
      sheets being removably adhered to said backing sheet by a pressure
      sensitive adhesive, said pressure sensitive adhesive being removed with
      said microelectrophotogeaphic sheets upon detachment of said
      microelectrophotographic sheets from said backing sheets and being used to
      adhere said microelectrophotographic sheets to said storage sheet.
NUM  10.
PAR  10. The method according to claim 8, each of said microelectrophotographic
      sheets arranged in a row in the form of an elongated strip on said backing
      sheet, each of said microelectrophotographic sheets being separated from
      said strip and individually charged, exposed to an original and developed
      to produce an individual positive microimage.
NUM  11.
PAR  11. A method according to claim 10, said plurality of
      microelectrophotographic sheets being removably mounted in a row on a
      backing strip, said separation step comprising separating from the rest of
      the strip the portion of the backing sheet on which each
      microelectrophotographic sheet is mounted prior to charging, exposing and
      developing the same, said charging, exposing and developing steps being
      carried out while said sheet is mounted on said portion.
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PAL  To avoid damaging photolithographic masks and photoresist coatings on
      articles during selective exposure of the photoresist coatings, the mask
      is held very near to, but not in contact with, the photoresist coating
      during the selective exposure. Because of the close spacing involved, such
      a technique is commonly termed "proximity printing." To provide suitable
      spacers for holding a mask in uniform proximity with a photoresist
      coating, a plurality of droplets of a liquid acrylic resin are dispensed
      onto the mask and cured in air to harden them. For proximity printing, the
      mask is simply pressed against the photoresist coating with the droplets
      therebetween and light of sufficient wavelength and intensity is directed
      selectively onto the coating through the mask for a sufficient time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the use of photolithographic masks for
      selectively exposing portions of photosensitive materials; and, more
      particularly, to the formation and use of integral spacers on such masks
      for holding the masks in substantially uniform proximity with the
      photosensitive material during the selective exposure.
PAR  As is well known, photolithographic processes are conventionally used in
      the fabrication of semiconductor devices and thin film devices. In such
      processes, a photolithographic mask, hereinafter termed simply a "mask",
      typically includes either opaque image portions on an otherwise
      transparent background or transparent image portions on an otherwise
      opaque background, depending upon whether a positive photoresist or a
      negative photoresist coating is to be employed on the article to be
      processed.
PAR  The term "positive" photoresist is used to designate that type of
      photosensitive material having the characteristic that exposure to light
      of suitable wavelength allows the exposed portions to be subsequently
      removed or developed away. "Negative" photoresist is the opposite type
      photosensitive material, wherein those portions which are exposed are the
      portions which are retained after development.
PAR  Early photolithographic processes typically employed "contact" printing
      wherein the mask was simply pressed into intimate contact with the
      photosensitive coating and light was directed through the mask to
      selectively expose the coating. (See, e.g., Tong, "Mack Manufacture for
      Integrated Circuits," The Western Electric Engineer, Dec. 1967, pp.
      34-43.) Contact printing, while eminently suitable for sharp-line
      definition, suffers the problem that masks themselves are often not
      perfectly flat, but more seriously from the problem that semiconductor
      wafers containing photosensitive coatings typically have spikes protruding
      therefrom or dirt particles thereon which are sufficiently hard to scratch
      either the mask or the photosensitive coating itself. Because scratches on
      the mask and/or scratches in the photosensitive coating deleteriously
      affect the quality of the selective exposure, such scratching can rapidly
      destroy the usefulness of the mask and can also degrade the yield of the
      articles being processed.
PAR  To prevent scratching of the photomasks and of the photosensitive layers on
      the articles being processed, it has become conventional to employ
      proximity printing, wherein the mask is held near to, but uniformly spaced
      from, the photosensitive coating to accomplish the selective exposure.
      Considerable time, effort and money has been spent in developing complex
      and still, in many ways, unsatisfactory equipment to sufficiently
      reproducibly achieve the requisite very close spacings, e.g., from less
      than a mil (0.001 inch) to a few mils, typically used in proximity
      printing.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Evaporation of a metal, such as aluminum, selectively through a suitable
      mask onto a surface of a photolithographic mask to form precisely
      positioned spacer material of relatively precise dimensions is disclosed
      in U.S. Pat. No. 3,519,348 issued July 7, 1970 to J. L. McLaughlin.
      Although suitable spacers probably are formed thereby, the complexity and
      expense involved with evaporating material in the requisite high vacuum
      system is a problem where one, as always, is trying to employ the least
      expensive mask which will accomplish the desired objective.
PAR  Use of separate thin metallic shims is disclosed in an article entitled,
      "Dimensional Control of Photolithographically Produced Patterns" by P. M.
      Schaible in IBM Technical Disclosure Bulletin, Vol. 8, No. 11, April 1966,
      page 1575. Although simple in concept, use of metallic shims of the
      requisite thinness, e.g., about 0.0005 inch, has been found to be
      practically unworkable due to the relative fragility of such films of
      material.
PAR  A more conceptually interesting prior technique for forming spacers to be
      used in proximity printing is disclosed in U.S. Pat. No. 3,676,002 issued
      July 7, 1972 to W. M. Moreau et al. Moreau et al. teach nonselectively
      coating a mask with a photosensitive material which is then exposed
      through the mask itself to leave the transparent material on only those
      portions of the mask which are transparent. Particular advantages are
      alleged when using photosensitive material having an index of refraction
      similar to that of the photoresist which is used on the article being
      processed. As with the aforementioned prior art disclosures, the Moreau et
      al. teaching is in terms of precisely forming spacers via relatively
      complex techniques, all of which will hereinafter be seen to be
      unnecessary through use of the instant invention.
PAR  Still another prior technique for solving the aforementioned problem of
      forming spacers for use in proximity printing, is the exceedingly simple
      technique involving nonselectively coating the mask with a transparent
      material of sufficient thickness to provide the desired spacing and
      concomitant freedom from scratching. Unfortunately, the simple technique
      of coating the entire mask suffers from a problem in forming a coating of
      sufficient thickness uniformity and also from the problem that the coating
      itself becomes scratched and thereafter light passing therethrough can be
      scattered from the scratched portions.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the aforementioned and other problems inherent in prior art
      methods and apparatus for achieving proximity printing, it is an object of
      this invention to provide new and improved methods and apparatus for
      holding a mask in sufficiently uniform proximity with a photosensitive
      material during selective exposure of that material.
PAR  To this and other ends, a method of selectively exposing portions of a
      photosensitive layer in accordance with this invention includes forming a
      plurality of spacers onto a surface of a mask by dispensing a plurality of
      droplets of a liquid onto the mask. The droplets are hardened sufficiently
      to hold the mask in substantially uniformly spaced relationship with the
      photosensitive layer when the mask is placed against the layer with the
      droplets therebetween. With the mask so positioned, electromagnetic
      radiation of sufficient wavelength and intensity is projected through the
      mask for a time sufficient to selectively expose the photosensitive
      material.
PAR  In a preferred embodiment the droplets are dispensed through a tube, such
      as a hypodermic needle, at the end of a syringe. Such dispensing is
      advantageously accomplished by forming a droplet at the end of the tube
      and then placing the droplet in contact with the surface of the mask on
      which the image patterns are disposed. This dispensing operation is
      repeated for a number of times sufficient to produce the desired number of
      droplets. Alternatively, of course, the plurality of droplets can be
      dispensed simultaneous via a corresponding plurality of of tubes.
PAR  In one form of the preferred embodiment, a uniform transparent layer of a
      material which may be similar to or identical with the material used for
      the droplets is first formed over the image surface of the mask and then
      the droplets are formed thereover.
PAR  Preferably, the liquid is an optical grade acrylic resin which is cured by
      heating to an elevated temperature in air to form the desired
      droplet-shaped spacers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The aforementioned and other features, characteristics, and advantages, and
      the invention in general, will be better understood from the following
      detailed description taken in conjunction with the accompanying drawing in
      which:
PAR  FIG. 1 is an isometric view of a mask having a plurality of droplet-shaped
      spacers thereon;
PAR  FIG. 2 is a cross-sectional view of apparatus suitable for dispensing the
      droplets;
PAR  FIG. 3 is an isometric view of a mask including both a transparent
      protective coating and droplet shaped spacers on top of the coating; and
PAR  FIG. 4 is a cross-sectional view of a mask of the type shown in FIG. 3 as
      it appears when positioned in uniform proximity with a semiconductor wafer
      containing a photoresist coating.
PAR  It will be appreciated that for simplicity and clarity of explanation the
      figures have not necessarily been drawn to scale. Further, where
      considered appropriate, reference numerals have been repeated in more than
      one figure to indicate corresponding features.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference now to the drawing, FIG. 1 shows an isometric view of a mask
      11 including a transparent substrate 12, which typically is glass. A
      plurality of opaque features or image elements 13 are disposed upon and
      contiguous with the upper surface of substrate 12.
PAR  Commonly, although not necessarily, image elements 13 are in the form of
      opaque portions of a continuous emulsion layer 14 which is otherwise
      transparent. Alternatively, of course, the image elements may be
      transparent portions in an otherwise opaque background and may be
      selectively deposited or otherwise selectively formed regions, such as an
      opaque metal, e.g., chrome, or iron oxide which is not completely opaque
      to visible light but is opaque to the wavelength used to expose
      photoresist layers. Such wavelengths, as will be discussed in more detail
      hereinbelow, typically are in the far ultraviolet region of the
      electromagnetic spectrum.
PAR  A plurality of generally hemispherically-shaped protrusions 15-18 are seen
      to be disposed approximately in the center of each of four imaginary
      quadrants on mask 11. Protrusions 15-18 are for the purpose of providing
      spacers to hold all portions of mask 11 at an approximately uniform
      distance from the surface of a photosensitive coating during selective
      exposure of that coating through the mask, all of which will be discussed
      in greater detail hereinbelow. Protrusions 15-18 advantageously are formed
      by dispensing a plurality of droplets 15-18 of a suitable liquid onto the
      surface of mask 11 and then solidifying the droplets sufficiently to
      enable them to serve the desired spacing function.
PAR  In a preferred embodiment, an optical grade acrylic resin, such as a clear
      laminating plastic of the type available, for example, from the Flecto
      Company, Oakland, California under the tradename "Flecto Acrylic Resin No.
      2000" is used for the hardenable liquid. That particular resin has a
      viscosity of about 170 centipoises and may be cured by simple exposure to
      air for a period of hours or, advantageously, by heating to approximately
      75.degree.C. for two hours in air.
PAR  Protrusions 15-18 advantageously are formed on the surface of mask 11 by
      dispensing through a conventional capillary tube 21 connected to a
      syringe, such as is shown in cross section in FIG. 2. As seen in FIG. 2, a
      capillary tube 21 communicates with a reservoir 22 containing a quantity
      23 of the liquid to be dispensed. Liquid 23 is forced out of reservoir 22
      through capillary 21 by urging a piston member 24 against the liquid. In
      operation with manual apparatus of the type depicted in FIG. 2, one simply
      presses on plunger 24 sufficiently to form a droplet 25 at the lower end
      of capillary 21. With liquid of viscosity such as mentioned above, a 30
      gauge needle (0.006 inch inner diameter) has been successfully used.
      Advantageously the lower end of needle 21 is flattened to facilitate
      forming a spherical droplet 25 and also to avoid excessive damage to the
      emulsion layer on a mask during dispensing of the droplets.
PAR  Having formed the droplet 25 at the lower end of capillary 21, one simply
      positions droplet 25 into contact with the image surface of mask 11 and
      withdraws the apparatus of FIG. 2 away from the mask, leaving the droplet
      on the mask. This process is repeated successively to form the desired
      number of droplets. Of course, a great variety of alternate techniques for
      dispensing droplets onto a mask will readily occur to those skilled in the
      art. For example, a precision metering/dispensing system of the type such
      as is sold by TRIDAK, Inc., 5 Valley Road, Danbury, Conneticut under the
      tradename TRIDAK, Model 200 may be used with one or a plurality of
      dispensing tubes for more sophisticated dispensing of the droplets.
PAR  Because of the extremely small sizes involved, a liquid such as the Flecto
      Acrylic Resin mentioned above advantageously is filtered through a one
      micron filter such as a DURALON NR filter available from the Millipore
      Corp., Bedford, Massachusetts prior to attempting to dispense that liquid
      through a capillary needle. It has been found that with use of an acrylic
      resin of the type mentioned above filtered through a one micron filter,
      one can manually dispense droplets of sufficiently uniform size with
      little difficulty. For example, droplets having a nominal height of about
      0.5 mils (0.0005 inch) can be reproducibly formed with a tolerance of
      approximately plus or minus 0.1 mil.
PAR  Typically, it has been found that such droplets do not usually survive in
      the form of hemispherical protrusions, but rather become bimodal, i.e.,
      having two humps with a depression near the center of the droplet caused
      by shrinkage of the liquid during curing. Rather than being detrimental,
      such bimodality is believed to be desirable, as it gives a greater surface
      area for contact with the photoresist coating against which it is
      ultimately positioned for the selective exposure of that coating.
PAR  With reference now to FIG. 3 there is shown an isometric view of a mask 31,
      similar in all respects to mask 11 of FIG. 1, except that at least the
      image surface of mask 31 is uniformly coated with a transparent layer 32
      to provide still further protection for the mask during exposure. The
      transparent coating 32 may be of the same material as the above-specified
      acrylic resin used for the droplets and may be applied by dispensing the
      liquid material onto the mask and spinning the mask, for example at
      approximately 3500 revolutions per minute for about 30 seconds to
      distribute the liquid uniformly on the mask. As with the droplets, the
      transparent coating may be cured by heating to an elevated temperature in
      air or simply by allowing the mask with the coating thereon to sit in air
      for several hours.
PAR  FIG. 4 shows a cross sectional view of mask 31 of FIG. 3 placed in contact
      with a photoresist coating 41 on the surface of a semiconductor wafer 42.
      As is readily seen in FIG. 4, the droplets, of which only 16 and 17 are
      visible in FIG. 4, hold mask 31 at a substantially uniform distance from,
      i.e., in substantially uniform proximity with, photoresist coating 41.
PAR  Of course in practice, a mask such as mask 11 or mask 31 typically would be
      held in place in a machine adapted for exposing photosensitive materials.
      Such machines are well known and commercially available from a variety of
      sources; however, particular machines such as those available from Kulicke
      and Soffa, Horsham, Penna., under the designation Model 686 or the
      designation Model 686B, which produce clamping forces in the range of 100
      to 500 grams for holding the wafer in contact with the mask can be used.
PAR  Experience has shown that use of transparent coatings over the entire mask
      in combination with the droplets provides useful further protection from
      scratching on masks which are intended to be used with positive
      photoresists, but generally not on masks which are intended to be used
      with negative photoresist. It is postulated that the reason for this
      difference is that masks intended for use with positive photoresist
      include transparent features on an otherwise opaque background. As a
      result, any scratches in the transparent coating which would tend to
      scatter light are not as deleteriously effective on those masks because of
      their predominant opacity.
PAR  The foregoing is, of course, not true with respect to masks intended for
      use with negative photoresist, because those masks include opaque features
      on an otherwise transparent background. As a result, any damage such as
      scratches which are incurred by the transparent coating, tend to
      deleteriously affect the selective exposure of an underlying negative
      photoresist coating.
PAR  Droplet-shaped spacers having an average height of about 0.5 mil and a
      typical average lateral extent of 25 to 40 mils have been used
      successfully with both negative and positive resists. Although there are a
      great variety of such resists available, reference is made to the AZOPLATE
      AZ-111 positive photoresist available from Shipley, Inc., Newton,
      Massachusetts which typically is exposed for seven seconds at an intensity
      of approximately 800 footcandles of electromagnetic radiation such as
      ultraviolet light from a 200 watt ultraviolet source, such as a mercury
      vapor lamp, which light is collimated via lenses between the lamp and the
      workpieces. Also by way of example, reference is made to a particular
      negative photoresist provided by the Hunt Chemical Company, Palisades
      Park, New Jersey under the trade designation Waycoat IC Photoresist Type
      3. This negative photoresist typically is exposed for a period of about
      1.5 seconds using the same light source as is referenced immediately above
      for the positive photoresist.
PAR  At this point it is believed the principles of this invention have been
      described in sufficient detail to enable one skilled in the art to
      practice the invention. Although the invention has been described in part
      by making detailed reference to specific embodiments, such details are
      intended to be and will be understood to be instructive rather than
      restrictive. It will be appreciated by those skilled in the art that many
      variations may be made in the structure and methods of use without
      departing from the spirit and scope of the invention as disclosed in the
      foregoing teachings.
PAR  For example, it should be apparent that any plastic-like material such as
      liquid epoxy resins or liquid plastics may be used as alternates for the
      particular specified optical grade acrylic resin. Such alternatives, of
      course, may include but are certainly not restricted to organic polymers
      or copolymers which will cure to a semihard to hard, roughly spherical
      mound.
PAR  Further, of course, although it is for same reasons desirable that the
      droplet-shaped spacers be transparent so that any features of the mask
      thereunder are not rendered ineffective, opaque, translucent, or
      semitransparent droplets may as well be used inasmuch as the physical
      extent of the droplets is typically rather small compared to the number of
      features on the mask so that any such features rendered ineffective
      constitute but a small percentage of the total features.
PAR  Further, of course, the droplets need not be positioned even approximately
      at the centers of imaginary quadrants dividing the mask, but may be
      positioned in any desired random pattern and in any desired plurality,
      depending upon the particular application.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of selectively exposing portions of a photosensitive layer
      comprising:
PA1  dispensing a plurality of droplets of a liquid onto a surface of a mask;
PA1  solidifying the droplets sufficiently to enable them to hold the mask away
      from the photosensitive layer;
PA1  placing the mask adjacent the photosensitive layer with the droplets
      therebetween and with the droplets in contact with the mask and the layer;
      and
PA1  projecting electromagnetic radiation of sufficient wavelength and intensity
      through the mask for a time sufficient to selectively expose the
      photosensitive layer.
NUM  2.
PAR  2. A method as recited in claim 1 wherein the dispensing step includes:
PA1  forming a droplet at one end of a capillary tube;
PA1  moving the tube sufficiently to bring the droplet in contact with the
      surface of the mask; and
PA1  removing the tube from the mask while leaving the droplet on the mask.
NUM  3.
PAR  3. A method as recited in claim 1 wherein the liquid is selected from the
      group consisting of organic polymers and copolymers which can be cured to
      a semihard to hard consistency.
NUM  4.
PAR  4. A method as recited in claim 3 wherein the liquid is transparent after
      the solidifying step.
NUM  5.
PAR  5. A method as recited in claim 4 wherein the liquid is an acrylic resin.
NUM  6.
PAR  6. A method as recited in claim 5 wherein the curing step is accomplished
      by heating the mask and the droplets thereon in air.
NUM  7.
PAR  7. A method as recited in claim 6 wherein the mask and droplets are
      maintained at 75.degree.C for about two hours.
NUM  8.
PAR  8. A method as recited in claim 3 wherein the liquid is an epoxy resin.
NUM  9.
PAR  9. A method as recited in claim 3 wherein the liquid is a liquid plastic.
NUM  10.
PAR  10. A method as recited in claim 1 wherein the mask includes an array of
      image patterns on one surface of an otherwise transparent substrate and
      the droplets are dispensed onto said surface.
NUM  11.
PAR  11. A method as recited in claim 10 wherein the mask includes a transparent
      coating over substantially all of said one surface and the droplets are
      dispensed onto said transparent coating.
NUM  12.
PAR  12. A method of selectively exposing portions of a photosensitive layer
      comprising:
PA1  filtering a liquid acrylic resin;
PA1  dispensing a plurality of droplets of the liquid acrylic resin through a
      tube and onto a surface of a mask;
PA1  curing the resin to form bimodal protrusions on said surface;
PA1  placing the mask adjacent the photosensitive layer with the cured bimodal
      protrusions therebetween and with the protrusions in contact with the mask
      and the layer; and
PA1  projecting electromagnetic radiation of sufficient wavelength and intensity
      through the mask for a time sufficient to selectively expose the
      photosensitive layer.
NUM  13.
PAR  13. In a photoresist mask of the type including an array of opaque portions
      on an otherwise transparent substrate, the improvement comprising:
PA1  a plurality of droplet shaped spacers formed on the surface thereof by
      selectively dispensing droplets of a liquid onto the surface and then
      solidifying the liquid sufficiently to enable the droplets to hold the
      mask away from another article.
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PAL  A surface relief pattern, e.g. a surface relief hologram, is substantially
      linearly transferred to a hard durable substrate, capable of being used as
      a medium for permanent storage of the pattern or as a master for
      replicating the hologram, from a photoresist coated on the substrate, by
      exposing the photoresist and the substrate to a photoresist developer bath
      and a chemical bath capable of etching the substrate at a rate
      substantially proportional to the development rate of the photoresist.
      This technique allows the transfer of surface relief patterns with
      dimensions on the order of one micron or less, and is applicable to the
      formation of surface relief holographic patterns in permanent media for
      archival storage and to making master surface relief holograms.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method for transferring a surface relief
      pattern recorded in a photoresist onto an underlying substrate. More
      particularly, the present invention relates to a method for substantial
      linear transfer of a surface relief phase hologram recorded on a
      photoresist from the photoresist to a hard durable substrate, capable of
      being used as a permanent medium for archival storage or capable of
      forming a master for replicating said hologram, by chemical etching.
PAC  BACKGROUND
PAR  Because conventional microfilm and microfiche recorded in photographic
      material deteriorate with time, it is desireable to record information for
      archival storage on a permanent medium. A surface relief pattern, e.g., a
      surface relief focused image hologram, provides such a permanent medium
      since it can be recorded on hard durable materials, e.g., glass, metal
      films and thermoplastics. Also, it is desireable to form a master capable
      of replicating surface relief holograms in a permanent material. Since
      conventional photoresists are relatively soft materials, a surface relief
      hologram formed in a photoresist must be transferred to a more durable
      material before it can be used as a permanent medium for archival storage
      or before it can be used as a master to replicate the surface relief
      pattern in a permanent material. The resolution required for the typical
      surface relief hologram is on the order of 1 micron. This high resolution
      necessitates that the transfer of a surface relief pattern from a
      photoresist to the material which is to form a master be accomplished with
      precision. The conventional technique for forming a master for a surface
      relief hologram is to deposit a metal film or hardenable material on the
      resist surface and separate the film from the photoresist surface. The
      film may be backed with a hard material for support. Great care must be
      exercised in separating the film from the photoresist to prevent damage to
      the surface relief pattern embossed on the film. U.S. Pat. No. 3,565,978
      describes such a technique.
PAR  Until the present invention, it was possible to transfer a hologram
      recorded on a photosensitive surface layer covering a hard durable
      substrate material to the substrate material itself only by
      sputter-etching, as described in U.S. Pat. No. 3,773,258. "Conventional"
      etching techniques do not work well because the substrate can only be
      etched if it is revealed and if the substrate is only partially revealed
      after a single resist development, as in conventional etching techniques,
      the etch will not give a substantially linear transfer of the surface
      relief pattern. Sputter-etching is less efficient and less economical than
      chemical etching. Thus, it is desirable to develop a method for
      substantial linear transfer of a surface relief pattern recorded in a
      photoresist to an underlying hard durable substrate capable of forming a
      master hologram by chemical etching.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has been discovered that an
      exposure pattern recorded on a photoresist as a surface relief pattern may
      be substantially linearly transferred to an underlying substrate material
      by contacting the photoresist and the substrate with a photoresist
      developer bath which developes said photoresist and a substrate etch bath
      which etches said substrate at substantially proportional rates. The
      photoresist developer bath and the substrate etch bath may be separate
      baths or the developer and the etch may be contained in a single bath. If
      the developer and the etch are in separate baths, the linear transfer
      takes place by alternately contacting the photoresist and substrate with
      the baths. The proportional development rate and etch rate can be achieved
      by varying the concentration of the developer and etch and by varying the
      baking time of the photoresist. This method may be used to transfer any
      type of surface relief pattern onto an underlying substrate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-5, inclusive, illustrate the sequence for transfer of a sinusoidal
      surface relief pattern recorded on a photoresist onto a substrate by
      chemical etching.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As illustrated in FIG. 1, a substrate 10 is coated with a photoresist 12.
      An example of such a photoresist is a positive working photoresist, e.g. a
      Shipley AZ 1350 positive photoresist. The Shipley AZ 1350 is available
      from the Shipley Company. The resist film thickness should be about 5000
      A. The film thickness typically may vary from 3000 to 10,000 A and should
      be uniform to about .+-. 100 A. A variety of substrate materials may be
      used for the substrate 10 including glass and thin metal or metal oxide
      films about 1 .mu. m thick deposited on a substrate. The substrate
      material is preferably an amorphous material that will etch uniformly so
      as to avoid the development of an irregular pattern in the surface relief.
PAR  After prebaking, e.g. at a temperature of about 75.degree.C. for 1 hour,
      the resist film 12 is exposed to the exposure pattern for a period of
      time. The term exposure pattern is defined as a spatial distribution of
      wave energy in accordance with a predetermined information pattern, e.g. a
      focused image holographic interference pattern, a fine detail grey
      pictorial pattern, etc. The photoresist 12 is normally developed in a
      developer bath, e.g. a Shipley AZ 303 developer available from the Shipley
      Company, to produce a surface relief pattern 14 which manifests the
      exposure pattern as variations in the relief of the exposed surface 16 of
      the photoresist 12. FIG. 2 illustrates a normally developed surface relief
      pattern 14 recorded on the surface 16 of photoresist 12. (For simplicity a
      sinusoidal illumination intensity pattern is assumed and the size of the
      surface relief pattern is greatly exaggerated.)
PAR  To transfer the surface relief pattern 14 from the surface 16 of the
      photoresist 12 onto the underlying substrate 10 further development is
      carried out by alternate immersion of the substrate 10 and the photoresist
      12 in a linear photoresist developer bath and a suitable substrate etch
      bath. When using this procedure the photoresist developer should be inert
      with respect to the substrate and the substrate etch should be inert with
      respect to the photoresist.
PAR  In each cycle the time in the resist developer bath is chosen to be a small
      fraction of the total time required in a conventional development
      procedure. The shorter the cycle and the greater the number of processing
      cycles the better the transfer characteristics. A cycle of about 10% of
      the normal time required to fully develop the exposure pattern gives a
      satisfactory transfer. The initial development cycles serve to further
      develop the relief pattern 14 in the photoresist 12. FIG. 3 illustrates
      the continued development of the photoresist 12. With further development
      the photoresist 12 is developed through to the substrate 10 at which point
      etching of the substrate 10 by the substrate etch commences. Referring now
      to FIG. 4, for a substantially linear transfer the depth of the revealed
      substrate 18 etched away during each cycle should be equal to the average
      depth of the photoresist 12 removed per cycle. This depth for a linear
      resist developer is equal to the depth of the resist removed per cycle for
      resist exposed at one half of the maximum exposure. Other transfer
      characteristics may be achieved by using different substrate etch
      concentrations and times. The development cycle is continued until all the
      resist 12 has been removed, leaving a surface relief pattern 20 in the
      substrate 10. FIG. 5 illustrates the relief pattern 20 etched into the
      substrate 10. Since the photoresist developer is inert to the substrate
      etch the cycle of alternate exposure to a developer bath and a substrate
      etch bath can commence after the initial exposure of the photoresist to
      the interference pattern; it is not necessary to first fully develop the
      intensity pattern as a surface relief pattern on the photoresist before
      starting the cycle. It is preferred that the photoresist and substrate be
      rinsed between contacts with the photoresist bath and the substrate etch
      bath.
PAR  A single bath can be employed if the resist developer and the substrate
      etch are compatible. The developer and the substrate etch concentrations
      are independently chosen to give the required substantially proportional
      development and etch rates. The etch rate for the resist and the substrate
      also may be matched by varying the length of the resist bake. The longer
      the resist bake the slower the development rate of the resist. The resist
      generally should be baked at from about 70.degree.C. to about 80.degree.C.
      and for a time from about one-half to about four hours. Substrate etching
      begins as soon as the substrate is revealed.
PAR  When using glass substrates problems are often encountered due to a lack of
      adhesion between the resist and the glass substrate. To solve this problem
      an intermediate thin metal film, e.g. chromium, can be deposited on the
      glass substrate prior to coating the substrate with the photoresist. The
      thin metal film is about 500 A thick. The intermediate film binds the
      photoresist and the glass substrate together. The film will nott
      significantly affect the development process if a suitable film etch, e.g.
      ceric sulphate in sulphuric acid for chromium films, is included in each
      cycle so the metal film is immediately removed upon exposure to the film
      etch.
PAR  The present invention will be further illustrated by the following
      examples, but it is to be understood that the invention is not meant to be
      limited to the details described therein.
PAR  The examples were made with the following holographic patterns:
PAR  a. A diffraction grating -- a sinusoidal intensity pattern of constant
      modulation and a periodicity in the region of 2 - 10 .mu. m; and
PAR  b. A focused image hologram - a sinusoidal intensity pattern of varying
      modulation giving an image grey scale.
PAR  The techniques are applicable to square wave intensity patterns, e.g.
      exposure by contacting printing through a diffraction grating mask, and to
      holograms of the Fraunhofer and Fresnel types.
PAC  EXAMPLE I
PAR  A 500 A thick chromium film was evaporated onto a glass plate and coated
      with a 5000 A thick layer of Shipley 1350 photoresist by spinning the
      glass plate at about 3000 rpm for 30 seconds. The photoresist was baked
      for 1 hour at 75.degree.C. Then the photoresist was exposed to a
      holographic intensity pattern from a He-Cd laser with a wavelength of 4416
      A and an optimum exposure of about 0.1 joule/cm.sup.2. The hologram was
      transfered onto the glass plate using the following cycle:
PAR  1. 15 seconds in a Shipley AZ 303 developer diluted 1:8 with distilled
      water;
PAR  2. 60 seconds in a chromium etch, i.e. a solution of 25 cc of concentrated
      sulphuric acid, 500 cc of water and 50 gms ceric sulphate. (All the
      revealed chromium is removed by this step); and
PAR  3. 15 seconds in a glass etch, i.e. a 4% aqueous solution of hydrofluoric
      acid.
PAR  The exact etching time can be varied for optimization of the transfer. The
      substrate was rinsed between baths with water. The cycle was repeated
      untill all the resist and chromium film had been removed. (Approximately
      10 to 15 cycles were necessary for complete removal of the resist and
      chromiumm film.) Removal of any remaining photoresist and chromium outside
      the hologram area was accomplished using acetone or a resist remover and
      the chromium etch. The glass substrate was rinsed in water and dried.
PAC  EXAMPLE II
PAR  A glass plate was coated with an iron oxide film about 1 .mu.m thick. The
      photoresist was deposited onto the coated plate, baked and exposed as
      described above in Example I. The hologram was transferred onto the iron
      oxide coating using the following cycle:
PAR  1. 15 seconds in a Shipley AZ 303 resist developer diluted 1:8 with
      distilled water; and
PAR  2. 15 seconds in an iron oxide etch comprisng 775 cc of concentrated
      hydrochloric acid, 223 cc of water, and 166 gms of ferrous chloride.
PAR  The cycle was repeated until all the resist was removed. The iron oxide
      should not be etched through to the glass substrate. The exact etching
      time can be varied for optimization of the transfer.
PAR  In the following single bath procedures the exposed plate was simply
      immersed in a developer which would etch both the resist and substrate for
      a given time during which the development stages shown in FIGS. 1-5
      occurred.
PAC  EXAMPLE III
PAR  A 1 .mu.m thick film of aluminum was evaporated onto a glass plate in a 1
      millitorr oxygen atmosphere. An aluminum film evaporated in this manner
      may be etched in a sodium hydroxide solution which is the basis of the
      Shipley resist developer. The photoresist was deposited, baked and exposed
      as described in Example I. Development was carried out in a Shipley AZ 303
      developer at a 1:8 dilution for about 3-4 minutes until all the resist was
      removed. The etch rates for the resist and the aluminum film are
      comparable and may be matched by varying the length of the resist bake to
      change the development rate of the resist, i.e. the longer the bake the
      slower the development rate of the resist. The plate was rinsed and dried.
PAC  EXAMPLE IV
PAR  A 1 .mu.m thick film of chromium was deposited onto a glass substrate. A
      Shipley AZ 1350 photoresist was deposited, baked and exposed as described
      above in Example I. Development took place in a solution of 100 cc of
      Shipley AZ 303 Developer, 800 cc of water and 250 gms of potassium
      ferricyanide. The development time was 3-4 minutes. The resist and
      chromium etch rates are matched by varying the resist baking time and the
      etch component concentration. The plate was rinsed in water and dried.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for transferring a spatially-distributed, continuously-variable
      exposure pattern recorded on the surface of a substantially uniform layer
      of photoresist on a substrate into a corresponding surface relief pattern
      on the surface of the substrate itself underlying the photoresist, in
      which the amplitude on the surface relief pattern at any given point on
      said surface of said substrate is a function of the amount of exposure of
      said exposure pattern at the point on said surface of said photoresist
      which corresponds with that given point, said method comprising the
      following steps:
PA1  a. contacting said exposure pattern with a solution including a photoresist
      developer which dissolves said photoresist at a rate which is a function
      of the amount of exposure thereof and with a solution including a
      substrate etch which etches any revealed portion of said substrate surface
      at a given rate so that initiation of substrate etching of an
      earlier-revealed substrate surface portion precedes initiation of
      substrate etching of a later-revealed substrate surface portion, and
PA1  b. terminating step a) substantially at a certain time when said
      photoresist has been completely dissolved.
NUM  2.
PAR  2. The method of claim 1 wherein said substrate is a hard durable substrate
      capable of forming a master for replicating said surface relief pattern.
NUM  3.
PAR  3. The method defined in claim 1, wherein step a) comprises the steps of:
PA1  c. contacting said exposed pattern alternately with a first solution
      including said photoresist developer for a first time which is a fraction
      of said certain time, said substrate being inert to said photoresist
      developer, and with a second solution including said substrate etch for a
      second time which is a fraction of said certain time, said photoresist
      being inert to said substrate etch.
NUM  4.
PAR  4. The method of claim 3 wherein the time period for said alternate contact
      of said photoresist to said developer and said substrate to said etch is
      less than the time required for full development of said photoresist as a
      surface relief patten on said photoresist.
NUM  5.
PAR  5. The method of claim 4 wherein said time is no more than about 10% the
      time required for full development of the surface relief pattern on said
      photoresist.
NUM  6.
PAR  6. The method defined in claim 3, wherein step c) includes a plurality of
      cycles of said alternate contacting of said exposed pattern with said
      first and second solutions within said certain time.
NUM  7.
PAR  7. The method of claim 1 wherein said substrate etch concentration and said
      developer concentration are varied so the development rate of said
      photoresist is equal to the etch rate of said substrate.
NUM  8.
PAR  8. The method of claim 1 wherein said photoresist is baked following
      deposition on said substrate at a temperature between about 70.degree. to
      80.degree.C. for a time of about 1/2 to four hours so that the said
      photoresist is developed by said developer at a rate substantially equal
      to the rate at which said substrate etch etches said substrate.
NUM  9.
PAR  9. The method defined in claim 1, wherein said substrate is composed of a
      material which is etched by photoresist developer, and wherein step a)
      comprises contacting said exposure pattern with a single solution
      including a photoresist developer which also operates as said solution
      including a substrate etch.
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ABST
PAL  Photoresists are developed and the supporting substrate is etched
      simultaneously therewith by bringing the resist (after exposure) into
      physical contact with a fluid containing a developer for the resist and an
      etchant for the supporting substrate.
BSUM
PAR  This invention relates to photoresists based on non-silver photosensitive
      compositions and to an improved process for using such photoresists.
PAR  Photoresists and the manner in which they have been utilized industrially
      are described in Penrose Ann. 1955, pp. 118-121 and in other texts readily
      available to persons interested in this art.
PAR  It has been conventional to apply relatively thin films of photosensitive
      compositions to suitably conditioned (cleaned) substrates, and to then
      expose the photosensitive coating to a pattern of radiation illumination
      in order to produce exposed and unexposed areas in the film, reproducing
      the pattern to radiation. For non-silver films such as those described in
      Wainer, U.S. Pat. No. 3,042,517 issued July 3, 1962, and U.S. Pat. No.
      3,046,125 issued July 24, 1962, the image in the film may be fixed by
      subjecting the entire film to heat or to infrared radiation. As a result
      of the exposure and fixing the film usually exhibits varying solubilities
      in selected solvents and in use is made of this to "develop" an image by
      washing off either the exposed areas of the film or the unexposed areas
      depending on whether a positive image or a negative image of the pattern
      of exposure is desired. Thereafter it has been customary to subject the
      resulting article to a baking step, or further heating to remove any
      residual solvent and to improve the properties of the portions of the
      original film which remain after the development step and to then etch the
      uncovered areas of the base to create either a positive or negative
      reproduction of the original pattern of illumination. Finally all residue
      of the photosensitive coating is stripped from the base either
      mechanically or chemically, leaving an image bearing base which may be
      used ornamentally or in lithographic printing or otherwise depending on
      whether the base is metal or synthetic resin or glass or other material.
PAR  This invention is directed to the elimination of process steps in the
      photofabrication of a wide variety of products like printed circuits,
      integrated circuits, photomasks, lithographic plates, nameplates,
      precision parts, etc. This is of great practical importance because the
      number of process steps is inversely related to ultimate cost,
      productivity and yield. For example, if the average yield per process step
      is 90 percent, the net yield at the end of a six-step process will be 12
      percent lower than for a four-step process.
PAR  Briefly, it has been found that after exposure and thermal fixing have been
      carried out in the usual way, the film may be etched and developed in a
      single step provided a suitable etchant is selected, the etchant being
      capable of first penetrating through the unexposed areas of the light
      sensitive layer and etching the underlying supporting surface and at the
      same time washing away or dissolving the original layer of unexposed
      photosensitive material. Thereafter the remaining areas of the exposed
      photosensitive material are stripped from the supporting substrate.
PAR  By operating in the manner described the procedure is greatly simplified
      since the usual wash-off step to develop an image in the photosensitive
      layer and the post thermal baking step to expel wash off solvent are
      eliminated.
PAR  A manufacturer of photoresists begins with raw material which costs less
      than 1 cent per square inch. By the time the photofabrication process is
      complete, the value of the manufactured items has increased to a dollar or
      more per square inch. Accordingly, product yield (output divided by input)
      affects cost dramatically. Even production rate, important though it is,
      does not have such a substantial effect on manufacturing cost. If one of
      the processing steps produces a flaw in the part, it is a non-recoverable
      loss. The monetary loss increases with each successive downstream step.
PAR  Virtually all photoresists are prepared by a procedure along the following
      lines:
PAR  1. Contact print exposure to a light image. (Some photoresists require
      heating after exposure; others do not.)
PAR  2. Development with a suitable solvent for exposed or unexposed areas
      depending on whether the photoresist is positive or negative working.
PAR  3. Baking to evaporate developer as well as improve the adherence of the
      remaining photoresist to the substrate.
PAR  4. Etching to produce the requisite geometrical pattern in the substrate.
PAR  5. Stripping to remove the residual photoresist, leaving a completed
      article of manufacture.
PAR  From the standpoint of quality control and manufacturing cost the most
      critical processes are development and baking.
PAR  Incomplete development will leave thin films which are not readily
      discernible by production personnel, small islands or thin strings of
      material, commonly called "stringers" in the trade. In all cases,
      subsequent etching will produce rejects. Overdevelopment results in ragged
      edges, photoresist undercutting (degrading adhesion somewhat), and line
      and area widths greater than design specifications.
PAR  Similarly, post-development baking at too low a temperature or too short a
      time will leave developer solution in the remaining photoresist and reduce
      adhesion to the substrate. Such a condition often leads to loss of all or
      part of the photoresist during etching. Result is, again, defective
      products. Conversely, if the baking temperature is too high or time at
      temperature too long, the resist may be embrittled, giving rise to cracks
      and edge lifting. Etchant will penetrate and react in undesirable areas.
      Once again, yield decreases.
PAR  Finally, there is the simple matter of yield as a function of the number of
      processing steps. As previously indicated, there are five (or six) steps
      common to all photoresists, excluding coating and drying. Were separate
      development and etching eliminated, not only would production rates
      increase but yield also increases. For example, assume yield per step is
      90%. In a five-step process, final yield decreases to about 59%. Were the
      number of steps reduced to three, product yield for the entire process
      would increase to 73%. The percentage difference is 25%. Consequently,
      there is ample practical justification for attempts to reduce the number
      of process steps and particularly to eliminate development and baking from
      the photofabrication process.
PAR  Thus, the practical, commercial significance of reducing the number of
      photofabrication processes is readily evident and has been well recognized
      in the industry. However, heretofore, an economical, reliable,
      reproducible method for achieving this objective has not been available,
      i.e., yield and production rate increase while simultaneously reducing
      total cost of photofabricated parts.
PAR  This invention achieves this objective by "simultaneously" developing and
      etching with modified, commercially used etching solutions. "Developer"
      reagents added to these solutions do not degrade the performance of the
      etchant. The photoresist areas to be removed are attacked and partially
      degraded first. Thereafter, development and etching proceed
      simultaneously. Finally, all the photoresist is removed and etching is
      completed. When treatment is complete, neither photoresist nor substrate
      to be etched remain in the requisite areas. Results are exceedingly
      precise, high quality photofabricated products which include
      microelectronic circuits. Time required is significantly shorter than for
      sequential development, postdevelopment bake and etching.
PAR  The following description will serve to further illustrate preferred
      practice of this invention and is not intended to limit the same.
PAR  Suitable substrates on which the photosensitive material is supported
      include: metals such as copper, chromium, steel, aluminum; the oxides of
      silicon, aluminum, iron or chromium, glass, synthetic polymers and other
      suitable materials.
PAR  Etchants matched to the substrate to be etched included solutions of HCl,
      HF, H.sub.2 SO.sub.4, Cr.sub.2 O.sub.3.H.sub.2 O and HNO.sub.3 and
      mixtures of such acids. Etching may also be accomplished with alkaline
      etchants. Caustic solutions neither permeate nor attack non-light exposed
      photoresists. Thus, the same technique must be modified for substrates
      which are caustic etched. Methyl and ethyl alcohols can be added to
      caustic solutions without significantly affecting their efficacy as
      etchants, and 95% methanol is the normal liquid developer for these
      photoresists. Thus, addition of 10-20% methanol to a caustic solution
      permits simultaneous development and etching. The alcohol dissolves the
      unexposed areas so that the caustic can react with the underlying
      substrate. After etching is complete, the resist still remains in only the
      light exposed areas. Rinsing does not remove it. Stripping is again
      required.
PAR  The present invention is applicable to photoresist production utilizing a
      wide variety of known resist materials, many of which are commercially
      available, and is directed to a simplification in the procedure whereby
      the resist is manufactured.
PAR  For purposes of illustration, a particularly preferred photosensitive
      composition comprising:
PAR  an N-vinyl amine (N-vinylcarbazole),
PAR  a haloalkane (iodoform), and
PAR  a binder (polyvinyl butyral) is employed as the photoresist material, but
      it is to be understood that the invention is applicable to many other
      photosensitive compositions.
PAR  The photosensitive layer is usually 0.5 - 5 microns thick. Exposures to a
      pattern of light through a negative or stencil using an exposure to 10
      millijoules/square cm, and fixing at about 80.degree. C to 160.degree. C
      for up to about 60 seconds are preferred.
PAR  The relative proportions of N-vinylcarbazole and iodoform are in the range
      2/3 to 1/1, and the amount of polyvinyl butyral is about equal to weight
      of NVC + CHI.sub.3. The ingredients are deposited onto a clean substrate
      from a solution, usually in a mixture of solvents.
DETD
PAR  In the examples which follow, the invention is illustrated with reference
      to a preferred photosensitive composition comprising an N-vinyl amine
      (N-vinylcarbazole), a haloalkane (iodoform), and a binder (high molecular
      weight polyvinyl butyral), but it will be understood that by a suitable
      choice of etchants and developers (solvents for the unexposed resist
      areas) the invention can be applied to a wide range of other photoresist
      compositions. Other non-silver photoresist compositions to which the
      present invention is applicable include those described in presently
      pending U.S. Pat. applications Ser. No. 141,393 filed May 7, 1971, now
      U.S. Pat. No. 3,769,023, and Ser. No. 224,939, filed Feb. 9, 1972, now
      abandoned, the disclosures of which are incorporated by reference.
      Application Ser. No. 141,393 issued as U.S. Pat. No. 3,769,023 on Oct. 30,
      1973; and a division of application Ser. No. 224,939 issued as U.S. Pat.
      No. 3,899,338 on Aug. 12, 1975.
PAC  EXAMPLE 1 (PRIOR ART)
PAR  A photoresist solution was prepared by adding 10.7 grams Monsanto B-72A
      polyvinyl butyral, 6.0 grams N-vinylcarbazole, and 4.5 grams iodoform to
      306 grams of a mixture of alcohols, approximately 70% ethyl alcohol, 15%
      n-propyl alcohol and 15% n-butyl alcohol. This solution was bar coated on
      a printed circuit board comprising a thin layer of copper on a resin base.
      The copper thickness was about 2.8 mils. A wet photoresist film thickness
      of approximately 1.5 mils produced a dry film about 70 microinches thick.
      After removing solvents by gentle heating at 31.degree.C for 90 seconds,
      contact print exposure was made with a 400-watt medium pressure mercury
      lamp, 18 inches away for 10 seconds. Heating to 100.degree.C for 60
      seconds was followed by etching in a laboratory spray etcher filled with a
      copper etching solution comprised of 10% chromic acid and 20% sulfuric
      acid in water. Neither the exposed nor unexposed areas were affected after
      30 minutes.
PAC  EXAMPLE 2 (PRIOR ART)
PAR  The heating step in Example 1 was followed by immersion in methanol for one
      minute to dissolve (develop) the unexposed areas and this was followed by
      another heating at 100.degree. C for 1 minute. Thereafter, treatment in
      the laboratory spray etcher as in Example 1 resulted in complete removal
      of the copper in only the non-light exposed areas within six minutes.
PAC  EXAMPLE 3 (COMPARISON)
PAR  A printed circuit board blank was coated and processed as in Example 1.
      Immersion in a beaker filled with 500 ml water, 125 grams ammonium
      pesulfate and 10 mag mercuric chloride maintained at 125.degree.F for 30
      minutes did not result in etching of exposed or unexposed areas.
PAC  EXAMPLE 4 (COMPARISON)
PAR  A 40 microinch thick dry photoresist film was applied to aluminum on Mylar.
      Photoresist composition and processing were as in Example 1. Immersion in
      a 10% potassium hydroxide-water solution for 2 minutes affected neither
      the exposed nor unexposed areas.
PAC  EXAMPLE 5
PAR  A solution comprising 300 ml methanol, 100 ml water and 10 grams potassium
      hydroxide dissolved the aluminum in the unexposed areas of Example 13
      within 2 minutes without affecting the light exposed areas.
PAC  EXAMPLE 6
PAR  Sealed, colored, anodized aluminum was coated and processed as in Example
      13. Immersion in a solution of 400 ml water, 100 ml n-propanol, 50 ml
      methanol and 80 grams potassium hydroxide for 60 seconds produced
      selective dissolution of the anodized aluminum in the unexposed areas
      baring the aluminum while the exposed areas were completely unaffected.
PAR  It will be seen that any solvent for unreacted polymeric binder may be
      added to a normally employed etching solution in order to accomplish
      simultaneous development and etching and eliminate the need for the post
      development baking step normally employed in photofabrication processes.
      Of course the added solvent must be one which is compatible with the
      etchant and which does not chemically react therewith in a manner which
      destroys its effectiveness. Examples of solvents for polymeric binder
      which have been employed are methanol, ethanol, propanol, butanol,
      hydrochloric acid, sulfuric acid, acetic acid, citric acid, oxalic acid
      and hydrofluoric acid. The proportion of solvent to etchant will depend on
      the nature of the etchant and the material to be etched, as well as the
      desired etching time. Such proportions must be empirically determined in
      every case.
PAR  Two other additional advantages of simultaneous development and etching
      have been observed. First, the degree of undercutting is less than
      experienced in sequential developing and etching. Second, apparent
      photographic sensitivity is higher by a factor of two to four, i.e., the
      criterion is photoresist film integrity through the etching step i.e. no
      pinholing or other evidence of degradation. Minimum exposure energy for
      sequential processing (development, baking and etching) is two or four
      times greater than for simultaneous processing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for processing a photoresist which consists in:
PA1  preparing a resist by applying a non-silver photosensitive layer to a
      suitable substrate, said layer having a composition which consists
      essentially of (1) an N-vinyl amine, (2) an organic halogen compound in
      which at least three atoms of a halogen selected from the group consisting
      of Cl, Br and I are attached to a single carbon atom, and (3) a binder;
      said photosensitive layer having a thickness between about 0.5 and 5
      microns thick;
PA1  imagewise exposing said layer to a pattern of actinic radiation in an
      amount sufficient to produce a change in said layer; and then fixing said
      layer by heating to between about 80.degree. and 160.degree.C for up to
      about 1 minute to fix the image formed in said layer by said preceding
      exposure; the improvement which comprises:
PA1  thereafter contacting said layer with a liquid which comprises (1) a
      developer for the resist layer which includes a solvent selected from the
      from the group consisting of lower aliphatic alcohols and (2) an etchant
      for said substrate, selected from the group consisting of alkalies.
NUM  2.
PAR  2. The process of claim 1 in which the N-vinyl amine is N-vinylcarbazole.
NUM  3.
PAR  3. The process of claim 1 wherein the imagewise exposure is about 10
      millijuoles/sq. cm.
NUM  4.
PAR  4. The process of claim 1 wherein the substrates consists of anodized
      aluminum.
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ABST
PAL  An improved process for diazo-type multicolor reproduction comprising
PA0  A. exposing to light an assembly comprising
PA1  I. an original comprising opaque image areas and complementary non-image
      areas which transmit light,
PA1  Ii. a photosensitive layer containing at least one photosensitive diazonium
      salt (c), an azo coupler (b) and a substantially non-thermovolatile acidic
      substance (d), the acidic substance (d) being present in an amount of at
      least 5 mols per mol of the diazonium salt (c), and
PA1  Iii. a layer of a thermovolatile or sublimable coupler (a) disposed between
      the original and the photosensitive layer in face-to-face contact with the
      photosensitive layer in areas corresponding to only a selected portion of
      the total image areas of the original,
PAL  The coupler (a) having a higher coupling rate under developing conditions
      than the coupler (b), and a dyestuff formed from the coupler (a) and the
      diazonium salt (c), and a dyestuff formed from the coupler (b) and the
      diazonium salt (c) having hues different from one another, to form latent
      image areas on the photosensitive layer corresponding to the image areas
      of the original;
PA0  B. heating the assembly to thereby transfer the coupler (a) onto the
      surface of the photosensitive layer, steps (A) and (B) being carried out
      coincidentally, or in the order of (A) to (B), or (B) to (A); and
PA0  C. thereafter developing the exposed photosensitive layer whereby a
      multicolor reproduction is obtained in which image areas of one color
      correspond with areas where the coupler (a) has coupled with the diazonium
      salt (c), and in which image areas of another color correspond with the
      remaining image areas where the coupler (b) has coupled with the diazonium
      salt (c).
BSUM
PAR  This invention relates to a diazo-type multicolor reproduction process,
      which allows one to obtain multicolored copies in which portions
      corresponding to predetermined portions of an original are colored
      selectively in different hues without substantial mingling of colors.
PAR  A process has been previously proposed for diazo-type multicolor
      reproduction based on the discovery that predetermined portions of an
      original can be reproduced into different hues regardless of difference or
      similarity of the light transmission in the original by conducting the
      steps of (A) exposing to light a diazo-type photosensitive material
      containing at least one diazonium salt (c) and (B) heating a layer of at
      least one thermovolatile or thermosublimative coupler (a) disposed in
      face-to-face contact with the diazo-type photosensitive material at a
      portion corresponding to a predetermined portion of an original, the steps
      being carried out coincidentally or in an order of (A) to (B) or (B) to
      (A), and then developing the exposed photosensitive material in the
      presence of a coupler (b) having a lower coupling rate under developing
      conditions than the thermovolatile or thermosublimative coupler (a).
PAR  When the above process is conducted by employing a commercially available,
      diazo-type photosensitive material, at portions corresponding to
      predetermined portions of an original, an azo dyestuff can be obtained
      having a different hue from that of a dyestuff formed at other portions,
      but it has been found that at such portions corresponding to the
      predetermined portions of the original there is also formed the dyestuff
      of the same kind as that formed at other portions and mingling of colors
      is caused to occur, which renders the color contrast indistinct.
PAR  Further, in the above process, when the coupler (a) is heated and
      transferred to the diazo-type photosensitive material, the photosensitive
      material also undergoes the heating to a great extent, and the coupler (a)
      once heat transferred to the photosensitive material is caused to
      thermally volatilize from the photosensitive layer of the photosensitive
      material by excessive heat, resulting in indistinct coloration after the
      development and an extreme decrease of the number of multicolored copies
      obtained by one treatment.
PAR  With a view to developing a diazo-type multicolor photosensitive material
      free of the above-mentioned defects, further research has been conducted
      and it has now found that the coupling rate of a coupler (b) having a
      lower coupling rate with the diazonium salt (c) contained in the
      photosensitive material than that of the coupler (a) to be heat
      transferred to the photosensitive material can be effectively controlled
      and stabilized by using a substantially non-thermovolatile acidic
      substance in a great excess as compared with the amount usually contained
      in a conventional diazo-type photosensitive material, and that use of such
      photosensitive material containing a substantially non-thermovolatile
      acidic substance in great excess makes it possible to obtain a practically
      suitable number of multicolored copies, e.g., 40 - 50 copies, by one
      treatment. It has been also found that preferable results are obtained by
      using a substantially non-thermovolatile acidic substance in an amount of
      at least 5 moles, particularly 8 - 15 moles, per mole of the diazonium
      salt used in the photosensitive material. Still further, it has been found
      that when coupler (a) to be heat transferred to the photosensitive
      material is a compound having an amino group and is capable of forming an
      acid addition salt, such compound transferred from the back surface of the
      original reacts with the substantially non-thermovolatile acidic substance
      present in great excess in the photosensitive material to form a
      non-thermovolatile acid addition salt and even when the heating is
      effected by excessive heat (80.degree. - 100.degree.C.), the coupler (a)
      converted to the acid addition salt cannot volatilize or escape, with the
      result that a large number, e.g. 40 - 50, of multicolored copies excellent
      in color can be obtained by one treatment.
PAR  Based on the above findings, this invention has been developed. Thus, in
      accordance with this invention a diazo-type multicolor reproduction is
      provided which comprises the use of a diazonium salt and a substantially
      non-thermovolatile acidic substance, such acidic substance being present
      in an amount of at least 5 moles per mole of the diazonium salt.
PAR  Still further, in accordance with this invention a process is provided for
      diazo-type multicolor reproduction which comprises conducting the steps of
      (A) exposing to light a diazo-type photosensitive material containing a
      diazonium salt (c) and a substantially non-thermovolatile acidic
      substance, such acidic substance being present in an amount of at least 5
      moles per mole of the diazonium salt (c), and (B) heating a layer of at
      least one thermovolatile or thermosublimative coupler (a) disposed in
      face-to-face contact with the diazo-type photosensitive material at a
      portion corresponding to a predetermined portion at an original, said
      steps (A) and (B) being carried out coincidentally or in an order of (A)
      to (B) or (B) to (A), and then developing the photosensitive material in
      the presence of a coupler (b) having a lower coupling rate under
      developing conditions than the thermovolatile or thermosublimative coupler
      (b).
PAR  As the substantially non-thermovolatile acidic substance to be used in this
      invention, citric acid, tartaric acid, boric acid, sulfamic acid,
      salicylic acid, phosphoric acid, sodium primary phosphate, oxalic acid,
      acidic sodium sulfate, succinic acid, malic acid, butyric acid, maleic
      acid, phthalic acid, lactic acid, propionic acid, aluminum sulfate,
      trimellitic acid and alunite can be cited.
PAR  Any coupler that has a lower rate of coupling with the diazonium salt (c)
      contained in the photosensitive material than that of the thermovolatile
      or thermosublimative coupler (a) under the same developing conditions can
      be used as coupler (b) in this invention. Typical examples of such coupler
      are as follows:
PAC  Phenol Derivatives
PA0  2,5,6-Trimethylphenol
PA0  2-Hydroxymethylphenol
PA0  .beta.-(2-hydroxyphenyl)-propionic acid
PA0  2-(.omega.-Phenylaminomethyl)-phenol
PA0  .beta.-(4-Methyl-2-hydroxyphenyl)-glutaric acid
PA0  2,5-Dimethyl-6-(N-dimethylaminomethyl)-phenol
PA0  1,3-Dimethyl ether of pyrogallol
PA0  .alpha.-Resorcylic acid ethanolamine
PA0  .beta.-Resorcyclic acid
PA0  N-lauryl-p-aminophenol
PA0  N-acyl-m-aminophenol
PA0  Meta-hydroxy-acetoanilide
PA0  Ortho-N-hydroxyphenyl-monoguanidine
PA0  Para-N-hydroxyphenyl-biguanidine
PA0  2,5-Dimethyl-4-morpholinomethyl phenol
PA0  2-Methyl-5-isopropyl-morpholinomethyl phenol
PA0  4-Morpholinomethylresorcinol monomethyl ether
PA0  3,3',5-Trihydroxydiphenyl
PA0  3,3',5,5'-Tetrahydroxydiphenyl
PA0  2,2',4,4'-Tetrahydroxydiphenyl
PA0  2,4,4'-Trihydroxydiphenyl-2'-sulfonic acid
PA0  2,4,6,3',5'-Pentahydroxydiphenyl
PA0  2,2',4,4'-Tetrahydroxydiphenyl sulfide
PAC  Naphthols
PA0  2,3-Dihydroxynaphthalene-6-sulfonic acid
PA0  2Naphthol3,6-disulfonic acid
PA0  2,7-Dihydroxynaphthalene-3-sulfonic acid
PA0  2,8-Dihydroxynaphthalene-6-sulfonic acid
PA0  1,8-Dihydroxynaphthalene-8-sulfonic acid
PA0  1,8-Aminonaphthol-5-sulfonic acid
PA0  2,7-Dihydroxy-3,6-disulfonic acid
PA0  1,8-Benzoylaminonaphthol-2-sulfonic acid
PA0  1,8-Dihydroxynaphthalene-6-sulfonic acid
PA0  2-Hydroxy-3-naphthionic-N-.beta.-hydroxyethyl amine
PA0  .beta.-Hydroxynaphthionic acid aminoethylamine
PA0  2-Hydroxy-3-naphthionic-N,N-bis-.beta.-hydroxyl ether amide
PA0  8-Hydroxy-2-naphthionic-hydroxyethyl amide
PA0  1-(N-Carboethoxymethylamino)8-naphthol-4-sulfonic acid
PA0  5-(Para-nitro)-benzamido-1-naphthol
PA0  1-Hydroxynaphthyl-7-phenyl-guanidine
PA0  2-Hydroxynaphthyl-8-biguanidine
PA0  1-Naphthol-3-(N-.beta.-hydroxyethyl)-sulfonic amide
PA0  1-Naphthol-3-(N-o-methoxyphenyl)-sulfonic amide
PA0  Bis-[5-hydroxy-7-sulfo-naphthyl(2)]-amine
PA0  N,n-bis[1-hydroxy-3-sulfo-naphthyl(6)]-thiourea
PAC  Active Methylene Group-Containing Compounds
PA0  Acetoacetic acid cyclohexylamide
PA0  Acetoacetic acid benzylamide
PA0  Cyanoacetoanilide
PA0  Cyanoacetomorpholine
PAC  Heterocyclic Compounds
PA0  1-(3'-Sulfoamide)-phenyl-3-methylpyrazolone-5
PA0  1 -(4'-Carboxy-ethylphenyl)-3-dodecyl-pyrazolone-5
PA0  8-Hydroxy-1,2-naphthylimidazole
PA0  2-Methyl-4-hydroxybenzimidazole
PA0  7-Methyl-4-hydroxybenzothiazole
PA0  1,7-Dimethyl-4-hydroxy-benzotriazole
PA0  3-Hydroxythiophene-5-carboxylic acid
PA0  1-3-4-Cyclopentatrione
PAR  Any conventional diazonium salt used in a diazo-type photosensitive
      material may be used as the diazonium salt (c) in this invention, as long
      as it is capable of coupling with the coupler (a) at a relatively high
      coupling rate under ordinary developing conditions and coupling with the
      coupler (b) at a relatively low coupling rate under ordinary developing
      conditions. Typical examples of such diazonium salt are as follows:
PAR  Para-phenylene-diamine-N,N-substituted compounds of the following general
      formula:
      ##SPC1##
PAL  wherein X stands for an anion R' and R" each are aliphatic groups, and Z
      and Y denote groups which can be introduced into the benzene nucleus.
PAR  Specific examples of the compounds of this type are as follows:
PA0  4-Diazo-N,N-dimethyl aniline
PA0  (referred to simply as "MA salt")
PA0  4-Diazo-N,N-diethyl aniline
PA0  (referred to simply as "EA salt")
PA0  4-Diazol-N-ethyl-N-.beta.-hydroxyethyl aniline
PA0  (referred to simply as "EH salt")
PA0  4-Diazo-N,N-bis-.beta.-hydroxyethyl aniline
PA0  4-Diazo-N-methyl-N-.beta.-hydroxyethyl aniline
PA0  4-Diazo-N-ethyl-N-.beta.-hydroxypropyl aniline
PAR  Other diazonium salts of p-phenylene diamines N,N-substituted with alkyl or
      hydroxy-alkyl groups
PA0  4-Diazo-N-(.beta.-diethylamino)-ethyl aniline
PA0  4-Diazo-2-chloro-N,N-diethyl aniline
PA0  4-Diazo-2-methyl-N,N-diethyl aniline
PA0  4-Diazo-2-iodo-N,N-diethyl aniline
PA0  4-Diazo-2-trifluoromethyl-N,N-diethyl aniline
PA0  4-Diazo-N-ethyl-N-benzyl aniline
PA0  4-Diazo-N-methyl-N-benzyl aniline (referred to simply as "methyl benzyl")
PAR  Aminohydroquinone ether-type compounds of the following general formula:
      ##SPC2##
PAL  wherein R,R' and R" are alkyl or aryl groups and X stands for an anion.
PAR  Specific examples of the compounds of the above type are as follows:
PA0  4-Diazo-2,5-dibutoxy-N,N-diethyl aniline
PA0  4-Diazo-2,5-diethoxy-N-benzoyl aniline
PA0  (referred to simply as "BB salt")
PA0  4-Diazo-2,5-diethoxy-N-ethyl-N-benzoyl aniline
PA0  4-Diazo-2,5-dibenzyloxy-N-benzoyl aniline
PA0  4-Diazo-2-chloro-5-methoxy-N-benzoyl aniline
PA0  4-Diazo-2,5-diethoxy-N-benzoyl-methyl aniline
PA0  4-Diazo-2,5-diethoxy-N-benzoyloxy-methyl aniline
PA0  Other 4-diazo-2,5-dioxyalkyl (or dioxyaryl)-N-alkyl (or aryl) compounds and
      derivatives thereof
PAR  Aminodiphenyl compounds, aminodiphenyl amine compounds and their analogues
      of the following general formulas:
EQU  X.sup.- .sup.+ N.sub.2 --R--A--R'
PAL  and
EQU  X.sub.2 .sup.-.sup.+ N --R--A--R' .sup.+ .sup.- X
PAL  wherein X is an anion, R is a divalent aryl group, R' is a monovalent or
      divalent aryl or alkyl group, A is a divalent group or a direct bond and
      examples of the R--A--R' are diarylamine (A; --NH--), diphenyl (A; direct
      bond), diphenyl oxide (A; --O--), diaryl methane (A; --CH.sub.2 --),
      stilbene (A; --CH=CH--) and diaryl or dialkyl sulfide (A; --S--).
PAR  Specific examples of the compounds of the above type are as follows:
PA0  Para-diazophenyl amine
PA0  4-Diazo-2,5,4'-triethoxydiphenyl amine
PA0  4-Diazo-2,5,4'-triethoxydiphenyl
PA0  4,4'-Bis-diazo-2,2',5,5'-tetrahydroxydiphenyl methane
PA0  Bis-diazo-8,8'-dichloro-5,5'-dimethoxy benzidine
PA0  4-Diazo-2,5-dimethoxyphenylethyl sulfide
PA0  4-Diazo-2,5-diethoxy-4'-methyl-diphenyl sulfide
PAR  Heterocyclic amine derivatives of the following general formula:
      ##SPC3##
PAL  wherein X stands for an anion, Y and Z are groups which can be introduced
      into the benzene nucleus, and A is a direct bond (phenyl pyrrolidine) or a
      divalent group such as --O-- (morpholine), --S-- (thiomorpholine) and
      methylene (phenylpiperidine).
PAR  Specific examples of the compounds of this type are as follows:
PA0  4-Diazo-2,5-dibutoxy-N-phenyl morpholine
PA0  4-Diazo-2,5-diethoxy-N-phenyl morpholine
PA0  4-Diazo-2-methoxy-N-thio morpholine
PA0  4-Diazo-N-phenyl piperidine
PA0  4-Diazo-N-phenyl pyrrolidine
PA0  4-Diazo-2,5-di-n-butoxy-N-phenyl piperidine
PA0  Other derivatives of 4-Diazo-N-phenyl heterocyclic amines.
PAR  N,N-Substituted ortho-phenylene diamine derivatives and orthoamino-phenol
      derivatives.
PAR  Specific examples of the compounds of this type are as follows:
PA0  2-Diazo-4-methylmercapto-N,N'-dimethyl aniline
PA0  2-Diazo-5-benzoylamino-N,N'-dimethyl aniline
PA0  2-Diazo-1-naphthol-5-sulfonic acid
PAR  The above-mentioned diazonium compounds may be used in the form of a
      relatively stable salt with sulfuric acid or hydrochloric acid. They may
      be also used in the form of a double salt with zinc chloride, tin
      chloride, aluminum sulfate or the like. Further, they may be used when
      stabilized by an aryl sulfonate (in the form of a diazonium salt of an
      aromatic sulfonic acid), a diazosulfonate or the like. These diazonium
      salts may be used either singly or in the form of a mixture of two or more
      of them.
PAR  In this invention, sensitizing compositions formed from the diazonium salt
      (c) and coupler (b) together with optional assistants selected depending
      on the developing method are coated on a substrate such as paper, plastic
      film, textile fabric, non-woven fabric and metal foil to form the
      photosensitive material. The preparation of such photosensitive material
      will now be described by referring to some examples of the same.
TBL  ______________________________________                                    
     A. Sensitizing composition for dry development :                          
     Diazo compound (c) 0.2 - 5.0 %                                            
     Azo coupling component (b)                                                
                        0.2 - 5.0 %                                            
     Acidic substance   5 - 15 moles per mole of                               
                        the diazo compound (c)                                 
     Coloring matter    0.001 - 0.025 %                                        
     Development promotor                                                      
                        1.0 - 10.0 %                                           
     Extender           0 - 2.5 %                                              
     Solvent            balance                                                
     ______________________________________                                    
PAR  The sensitizing composition of the above recipe is coated on a substrate
      such as paper or plastic film, and dried to form a photosensitive sheet.
TBL  ______________________________________                                    
     B. Two-component-type sensitizing composition for wet                     
     development :                                                             
     Diazo compound (c) 0.2 - 5.0 %                                            
     Azo coupling component (b)                                                
                        0.2 - 5.0 %                                            
     Acidic substance   5 - 15 moles per mole of                               
                        the diazo compound (c)                                 
     Extender           0 - 2.5 %                                              
     Stabilizer         0 - 5.0 %                                              
     Coloring matter    0.001 - 0.025 %                                        
     Solvent            balance                                                
     ______________________________________                                    
PAR  The sensitizing composition of the above recipe is coated on a substrate
      such as paper or plastic film, and dried to form a photosensitive sheet.
TBL  ______________________________________                                    
     C. One-component-type sensitizing composition for wet                     
     development :                                                             
     Diazo compound (c) 0.2 - 5.0 %                                            
     Acidic substance   5 - 15 moles per mole of                               
                        the diazo compound (c)                                 
     Extender           0 - 2.5 %                                              
     Coloring matter    0.001 - 0.025 %                                        
     Solvent            balance                                                
     ______________________________________                                    
PAR  The sensitizing composition of the above recipe is coated on a substrate
      such as paper and dried to form a photosensitive sheet.
PAR  In the above compositions, as the acidic substance, the above-recited
      substantially non-thermovolatile acidic substances such as citric acid,
      tartaric acid, oxalic acid and sulfamic acid may be used. As the extender,
      dextrin, gum arabic, colloidal silica, etc. may be used. As the
      stabilizers, 1,3,6-naphthalene, sodium trisulfonate and other aryl
      sulfonic acids may be used. Polyhydric alcohols such as glycerin and
      ethylene glycol are used as development promoter. Coloring matters are
      used for indicating the photosensitive face and increasing the whiteness
      of the back ground, and blue dyestuffs such as Methylene Blue and Patent
      Blue are used for this purpose. As the solvent, water and organic solvent
      such as alcohols, acetone, toluene, xylene and esters may be used.
PAR  The multicolor reproduction using the diazo-type photosensitive materials
      of this invention is performed by conducting the steps of (A) exposing to
      light a photosensitive material containing at least one diazonium salt (c)
      and a substantially non-thermovolatile acidic substance in the
      above-mentioned amount and (B) heating a layer of at least one
      thermovolatile or thermosublimative coupler (a) disposed in face-to-face
      contact with such photosensitive material at a predetermined portion, the
      steps being carried out coincidentally or in an order of (A) to (B) or (B)
      to (A), and then subjecting the exposed photosensitive material under
      developing conditions in the presence of a coupler (b) having a lower rate
      of coupling with the diazonium salt (c) than that of the thermovolatile or
      thermosublimative coupler (a).
PAR  It is essential that between thermovolatile or thermosublimative coupler
      (a), coupler (b) and diazonium salt (c) used in this invention, the
      following relations be established:
PA0  I. thermovolatile or thermosublimative coupler (a) has a higher coupling
      rate under developing conditions than coupler (b).
PA0  Ii. dyestuff (b)-(c), dyestuff (a)-(c), dyestuff (a')-(c) . . . formed by
      development have hues different from one another.
PAR  Any coupler that can be volatilized or sublimated under heating conditions
      may be used as thermovolatile or thermosublimative coupler (a) in this
      invention. As such coupler (a), phenol derivatives, hydroxynaphthalene
      derivatives, aniline derivatives and active methylene group-containing
      compounds may be used. In view of the desire to facilitate the heat
      transfer operation it is preferred that these derivatives do not contain
      soluble groups such as a sulfonic acid group.
PAR  Examples of these derivatives usable as coupler (a) are as follows:
PAC  Phenol Derivatives
PA0  Phenol
PA0  Pyrocatechol
PA0  Resorcin
PA0  phloroglucinol
PA0  o-Hydroxybenzalcohol
PA0  Resorcin monoglycol ether
PA0  Resorcin diglycol ether
PA0  Hydrotoluquinone
PA0  Pyrogallol-4-carboxylic acid
PA0  Vanillin
PA0  Isovanillic acid
PA0  Vanillic acid
PA0  5-Hydroxy-isophthalic acid
PA0  2-Hydroxy-terephthalic acid
PA0  2-Hydroxy-p-toluylic acid
PA0  3-Hydroxy-p-toluylic acid
PA0  5-Hydroxy-o-toluylic acid
PA0  6-Hydroxy-m-toluylic acid
PA0  5-Hydroxy-1-naphthonic acid
PA0  Para-hydroxyphenylacetic acid
PA0  2,7-Dihydroxynaphthalene
PA0  2,3-Dihydroxynaphthalene
PA0  8-Amino-2-naphthol
PA0  2,2'-dihydroxy-1,1'-binaphthyl
PA0  4,4'-dihydroxy-1,1'-binaphthyl
PA0  3-Carboxy-2-naphthol
PAC  Aniline Derivatives
PA0  Meta-aminobenzoic acid
PA0  2-Amino-p-cresol
PA0  Ortho-aminophenol
PA0  Para-aminophenol
PA0  Para-chloroaniline
PA0  3,4-Diaminotoluene
PAC  Active Methylene Group-Containing Compounds
PA0  1-Phenyl-3-methylpyrazolone (5)
PA0  1-Phenyl-3-carboxypyrazolone
PA0  Acetoacetic acid anilide
PA0  Acetoacetic-o-chloroanilide
PA0  Para-hydroxybenzaldehyde
PA0  Ortho-hydroxybenzoic acid
PA0  Ortho-hydroxybenzyl alcohol
PA0  4,4-Dihydroxybiphenol
PA0  3,5-Dichloro-salicylic acid
PA0  5-Chloro-2-nitrophenol
PA0  2,5-Dihydroxyacetophenone
PA0  2,5-Dinitrophenol
PA0  2,4-Dinitrophenol
PA0  2,4-Dinitroresorcin
PA0  4,6-Dibromo-2-nitrophenol
PA0  2,5-Dimethyl hydroquinone
PAC  Hydroxynaphthalene Derivatives
PA0  2,3-Dihydroxynaphthalene
PA0  .beta.-Naphthol
PA0  .alpha.-Naphthol
PA0  1,6-Dihydroxynaphthalene
PA0  2,6-Dihydroxynaphthalene
PA0  2,7-Dihydroxynaphthalene
PAR  When a plurality of thermovolatile or thermosublimative couplers (a) is
      used, the coupling rate of coupler (b) should be lower than that of any of
      couplers (a). Selection of couplers (a) and (b) meeting the above
      requirement may be easily performed by those skilled in the art based on a
      simple experiment.
PAR  In conducting the reproduction process of this invention, first an original
      for multicolor development is formed by applying at least one transparent
      or semi-transparent layer of a thermovolatile or thermosublimative coupler
      (a) onto the back surface of one or more predetermined portions of a
      transparent or semi-transparent original to be copied.
PAR  The so formed original for multicolor development is overlapped on the
      diazo-type photosensitive material of this invention in a manner such that
      the layer of coupler (a) will confront the photosensitive surface of the
      photosensitive material, and the light-exposure and heating are effected
      coincidentally or successively in this order or the reverse order. Thus,
      the thermovolatile or thermosublimative coupler (a) is heat-transferred to
      the surface of the predetermined portion of the photosensitive material,
      and the light resolution of the diazonium salt (c) in the photosensitive
      material occurs depending on the light transmission of the original. When
      the so exposed photosenstive material is developed by a method known per
      se, at the predetermined portion to which the coupler (a) has been
      heat-transferred, the diazonium salt (c) at the non-exposed area reacts
      selectively and preferentially with the coupler (a) to form a dyestuff (c)
      - (a) and at other portion the diazonium salt (c) at the non-exposed area
      reacts with coupler (b) to form a dyestuff (c) - (b). Thus, a multicolored
      reproductive copy is obtained in which the predetermined portion is
      colored in a hue different from that of the other portion.
PAR  The above-mentioned original for multicolor development may be prepared,
      for instance, by a method comprising applying a coating composition
      containing the above-mentioned thermovolatile or thermosublimative coupler
      (a) onto the back surface of a portion predetermined to have a different
      hue, of a transparent or semi-transparent original to be copied, or by a
      method comprising coating or impregnating a transparent or
      semi-transparent substrate with the coating composition and combining the
      resulting sheet for heat-transferring the coupler, with the back surface
      of the specific portion of the original predetermined to have a different
      hue in a manner such that the layer for heat-transferring the coupler will
      confront the photosensitive material.
PAR  A coating composition for treating the back surface of an original and
      forming a layer for heat-transferring the coupler can be easily prepared
      by dispersing a coupler (a) into a liquid, semi-solid or solid dispersion
      medium.
PAR  Such treating agent will now be described by referring to some embodiments.
TBL  ______________________________________                                    
     (1) Ink-like composition for treating the back surface of an              
     original :                                                                
     Coupler (a)        5.0 - 25.0 %                                           
     Coloring material   0 - 3.0 %                                             
     Binder              0 - 5.0 %                                             
     Dispersion assistant                                                      
                         0 - 2.0 %                                             
     Dispersion medium  balance                                                
     ______________________________________                                    
PAR  As the dispersion medium, water and organic solvents such as alcohol,
      toluene, xylene, esters and methyl ethyl ketone may be used. It is
      possible to incorporate a coloring material so as to confirm the formation
      of a film of the treating agent, or to use a binder for the purpose of
      obtaining a good fixation of the coupler.
PAR  The composition of the above recipe is applied to the back surface of a
      portion predetermined to have a different hue by means of a brush, an
      installed felt pen, a ball pen, a coating roller, a sprayer or a printing
      machine.
TBL  ______________________________________                                    
     (2) Waxy composition for treating the back surface of an original :       
     Coupler (a)         5.0 - 25.0 %                                          
     Wax                85.0 - 15.0 %                                          
     Oil                10.0 - 40.0 %                                          
     Coloring material    0 - 20.0 %                                           
     ______________________________________                                    
PAR  The composition of the above recipe is shaped to have a crayon stick-like
      form or a chalk-like form, and the back surface of a portion of an
      original predetermined to have a different hue is painted therewith. It is
      also possible to form a pressure-sensitive transfer sheet by melting the
      above composition or dissolving it in a suitable solvent and coating the
      melt or solution on a substrate such as paper and plastic film. The so
      formed pressure-sensitive transfer sheet is overlapped on the back surface
      of an original sheet, and then pressing is effected thereon by means of a
      typewriter or other writing means to form a heat-transferable layer on the
      back surface of an image predetermined to have a different hue.
PAR  3. Coupler-transferring sheet for treating the back surface or an original:
PAR  The ink-like composition for treating the back surface of an original,
      which was described in (1), or a composition obtained by incorporating a
      binder on an extender into such ink-like composition is coated on a
      transparent or semi-transparent sheet such as paper, plastic film or
      non-woven fabric. The so formed sheet for heat-transferring the coupler is
      cut into a desired size, if necessary, and then applied to the back
      surface of a portion of an original predetermined to have a different hue.
      It is possible to form a pressure-sensitive adhesive layer on the back
      surface of the coupler-transferring layer for preventing it from
      exfoliating from the original.
PAR  The so prepared original for multicolor development may be generally used
      30 to 120 times repeatedly for the multicolor development, though the
      applicable frequency of the repeated use varies depending on the amount of
      coupler (a) coated, the coating method, the heating method and the
      developing method. Of course, when the heat-transferability of coupler (a)
      in the layer for heat-transferring the coupler is lowered, it is
      sufficient to supply newly an additional layer for heat-transferring the
      coupler.
PAR  The exposure of the photosensitive material and the transfer of the
      thermovolatile or thermosublimative coupler (a) to the photosensitive
      surface may be effected coincidentally. For instance, in case a mercury
      lamp is used as the light source for exposure, the heat transfer of the
      coupler (a) may be effected coincidentally with the exposure by the heat
      conveyed through a cylinder glass of the light source maintained at a
      relatively high temperature. Of course, the heat transfer of the coupler
      (a) may be also effected by the radiation heating of an image of the
      original. The heat transfer of the coupler (a) may be effectively
      performed by heating the layer for heat-transferring the coupler at a
      temperature above 50.degree.C., preferably above 70.degree.C., though a
      preferable heating temperature varies to some extent depending on the kind
      of coupler (a) used and the heating time. It is also possible to adopt a
      method comprising piling the above-mentioned original for multicolor
      development and the photosensitive material, passing the assembly through
      a heated roller or an infrared radiation zone to heat the layer for
      heat-transferring the coupler at the above-mentioned temperature and to
      effect the heat transfer of the coupler, and then passing the same through
      an exposure zone to effect the exposure of the photosensitive material.
PAR  It is also possible to adopt a method in which the exposure and heat
      transfer are conducted in an order reverse to that of the above method,
      namely a method comprising piling the original for multicolor development
      and the photosensitive material, passing the assembly through an exposure
      zone to effect the exposure of the photosensitive material and then
      passing the same through a heating zone to effect the heat transfer of the
      coupler (a).
PAR  In accordance with this invention, the photosensitive material which has
      been exposed to light and on a predetermined portion of which the coupler
      (a) has been heat-transferred, is developed by means known per se. The
      development may be conducted by either a dry method or a wet method.
PAR  In accordance with the dry process, the development may be performed
      sufficiently by exposing the light-exposed photosensitive material to a
      mixture of ammonia and steam. In the case of the wet process the
      development can be accomplished by contacting the photosensitive material
      with an aqueous liquid developer containing an alkali.
PAR  In the case of the wet developing, the light exposed photosensitive sheet
      is contacted with a one-component-type alkaline liquid developer
      containing the coupler (b) by a customary coating method such as the
      direct coating method, the roll coating method and the spray coating
      method. An example of the alkaline liquid developer is a composition
      having the following recipe:
TBL  One-component-type liquid developer for the wet development               
     ______________________________________                                    
     Coupler (b)        0.2 - 1.5 %                                            
     Alkaline agent     0.5 - 20 %                                             
     Reducing agent      0 - 20 %                                              
     Surfactant          0 - 0.5 %                                             
     Water              balance                                                
     ______________________________________                                    
PAR  In accordance with this invention, by making the substantially
      non-thermovolatile acidic substance present in the photosensitive material
      in an amount of at least 5 moles per mole of the diazonium salt contained
      in the photosensitive material, the coupling rate of the coupler (b)
      present in the photosensitive material or liquid developer, with the
      diazonium salt (c) in the photosensitive material can be stably lowered
      and, accordingly, it is possible to color the portion corresponding to the
      predetermined portion of original selectively in a different hue without
      any trouble of mingling of colors. In short, when the diazo-type
      multicolor reproduction is conducted according to this invention, it is
      possible to obtain multicolored copies excellent in color distinction and
      color contrast with high image density by conducting a simple development
      procedure.
PAR  Further, according to this invention, a good fixation of the thermovolatile
      or thermosublimative coupler to the photosensitive layer can be attained
      and the efficiency of heat transfer of the thermovolatile or
      thermosublimative coupler to the photosensitive layer can be highly
      improved. Accordingly, it is possible to obtain a great many multicolored
      copies from one treated original.
PAR  This invention will now be detailed by referring to examples.
DETD
PAC  EXAMPLES OF THE PREPARATION OF INK-LIKE COMPOSITIONS
PAC  Example A
PAR  An ink-like composition of the following recipe is prepared as a yellow
      color-forming agent for treating the back surface of an original:
TBL  Acetoacetic anilide                                                       
                        20      g                                              
     Glycerin           15      g                                              
     Alkyd resin        5       g                                              
     Methanol           100     ml                                             
PAR  The above composition is directly used as a material to be coated on the
      back surface of a portion of the original desired to be reproduced in
      yellow by means of a brush, a coating roller or a sprayer, or after it has
      been charged in a felt pen or a ball pen, it is used as a material for
      treating the back surface of a portion of the original desired to be
      reproduced in yellow.
PAC  Example B
PAR  An ink-like composition of the following recipe is prepared as a red
      color-forming agent for treating the back surface of an original:
TBL  1-Phenyl-3-methylpyrazolone (5)                                           
                             20      g                                         
     Styrene resin           5       g                                         
     Glycerin                15      g                                         
     Ethanol                 100     ml                                        
PAR  The above composition is directly used as a material to be coated on the
      back surface of a portion of the original to be reproduced in red by means
      of a brush, a coating roller or a sprayer, or after it has been charged in
      a felt pen or a ball pen, it is used as a material for treating the back
      surface of a portion of the original to be reproduced in red.
PAC  Example C
PAR  An ink-like composition of the following recipe is prepared as a brown
      color-forming agent for treating the back surface of an original:
TBL  Resorcin           20      g                                              
     Vinyl acetate resin                                                       
                        5       g                                              
     Glycerin           15      g                                              
     Methanol           100     ml                                             
PAR  The above composition is directly used as a material to be coated on the
      back surface of a portion of the original desired to be reproduced in
      brown by means of a brush, a coating roller or a sprayer, or after it has
      been charged in a felt pen or a ball pen, it is used as a material for
      treating the back surface of a portion of the original desired to be
      reproduced in brown.
PAC  Example D
PAR  A blue-violet color-forming agent is prepared by using
      2,3-dihydroxynaphthalene instead of acetoacetic anilide in the composition
      of Example A.
PAC  EXAMPLES OF THE PREPARATION OF WAXY COMPOSITIONS
PAC  Example E
PAR  A waxy composition to be used as a yellow color-forming agent for treating
      the back surface of an original is prepared by heat melting
TBL  Acetoacetic anilide                                                       
                        30      g                                              
     Stearic acid       100     g                                              
     Paraffin           50      g                                              
     Terra abla         50      g                                              
     Diatomaceous earth 20      g                                              
PAL  and solidifying the melt.
PAR  Te above composition is molded into a crayon stick-like form and is used as
      a material to be coated on the back way, of a portion of the original
      desired to be reproduced into a different hue.
PAC  Example F
PAR  A waxy composition to be used as a yellowish brown colorforming agent for
      treating the back surface of an original is prepared by heat melting
TBL  Resorcin monoglycol ether                                                 
                          20      g                                            
     Paraffin             50      g                                            
     Terra abla           70      g                                            
     Haze wax             20      g                                            
     Stearic acid         100     g                                            
     Magnesium carbonate  20      g                                            
PAL  and solidifying the melt.
PAR  The so formed composition is molded into a crayon stick-like or chalk-like
      form and is used as a material for coating the back surface of a portion
      of an original desired to be reproduced in a different hue.
PAC  Example G
PAR  A waxy composition of the following recipe is prepared as a red
      color-forming agent for treating the back surface of an original:
TBL  1-Phenyl-3-methylpyrazolone (5)                                           
                             20      g                                         
     Stearic acid            100     g                                         
     Paraffin                50      g                                         
     Diatomaceous earth      30      g                                         
     Haze wax                20      g                                         
PAR  The above composition is molded into a crayon stick-like or chalk-like form
      and is used as a material for coating the back surface of a portion of the
      original desired to be reproduced in a different hue.
PAC  Example H
PAR  To the composition of Example G, 100 g of mineral oil, 50 g of oleic acid
      and 20 g of Permanent Red are added, and the mixture is kneaded in a bowl
      mill to disperse additional components uniformly. Then, the kneaded
      mixture is coated on a substrate such as paper to obtain a
      pressure-sensitive copy sheet. The so formed copy sheet is overlapped on
      the back surface of an original and the pressing is effected thereon by
      means of a typewriter or other writing means. The sheet is used as a
      material for forming a layer of the waxy agent on the back surface of an
      image of the original to be reproduced in a different hue.
PAC  EXAMPLES OF THE PREPARATION OF COUPLER-TRANSFERRING SHEETS:
PAC  Example I
PAR  A composition of the following recipe is prepared as a yellow color-forming
      agent for treating the back surface of an original:
TBL  Acetoacetic acid aniline 20 g                                             
     Triacetate resin         10 g                                             
     Methanol                 30 ml                                            
     Acetone                  70 ml                                            
PAR  The above composition is coated on a transparent or semitransparent sheet
      such as polyester film by means of a rod coater and dried at a relatively
      low temperature (40.degree. - 50.degree.C.) to form a sheet for
      heat-transferring the coupler. After being cut into a desired size
      according to need, the sheet is used as a material to be applied to the
      back surface of a portion of an original desired to be reproduced in a
      different hue.
PAC  Example J
PAR  A composition to be used as a red color-forming agent for treating the back
      surface of an original is prepared by using 1-phenyl-3-methylpyrazolone
      (5) instead of acetoacetic acid aniline in Example I. From this
      composition, a sheet is formed for heat-transferring the coupler capable
      of forming a red color.
PAC  Example K
PAR  A composition to be used as a blue color-forming agent for treating the
      back surface of an original is prepared by using 2,3-dihydroxynaphthalene
      instead of acetoacetic acid aniline in Example I. From this composition, a
      heat-transferable sheet capable of forming a blue color is formed.
PAC  EXAMPLE 1
PAC  Multicolor-forming diazo-type photosensitive paper in use for wet
      development
PAR  A solution of the following recipe is prepared:
TBL  4-Diazo-2,5-diethoxy-N-benzoylaniline.1/2ZnCl.sub.2                       
                               15 g                                            
     Citric acid               80 g                                            
     Dextrin                   20 g                                            
     Methylene Blue            0.1 g                                           
     Water                     balance                                         
     Total                     1 liter                                         
PAR  The so formed solution is coated on a base paper of a photosensitive sheet
      by a customary coating method such as the method using an air knife
      coater, and dried. The so formed photosensitive sheet is superposed on an
      original, the back surface of a predetermined portion of which is treated
      with the waxy composition prepared in Example G, in a manner such that the
      photosensitive layer of the photosensitive sheet confronts the treated
      surface of the original. Then the assembly is heated and light exposed by
      means of a mercury lamp and developed with a liquid developer of the
      following recipe:
TBL  NW acid            20 g                                                   
     Potassium carbonate                                                       
                        80 g                                                   
     Sodium bicarbonate 30 g                                                   
     Sodium thiosulfate 60 g                                                   
     Borax              10 g                                                   
     Water              balance                                                
     Total              1 liter                                                
PAL  by a customary developing method using a roller or sprayer. In this way. a
      two-color copy is obtained in which the portion corresponding to the
      portion of the original treated with the composition of Example G is
      colored in red and the portion corresponding to the untreated portion of
      the original is colored in bluish violet. The copy is excellent in color
      distinction without mingling of colors.
PAC  EXAMPLE 2
PAC  Multicolor-forming diazo-type photosensitive paper in use for dry
      development
PAR  A solution of the following recipe is prepared:
TBL  4-Diazo-N,N-dimethyl-aniline chloride.1/2ZnCl.sub.2                       
                               15 g                                            
     Diethylene glycol         60 g                                            
     Citric acid               100 g                                           
     2,7-Dihydroxynaphthalene-3,6-                                             
     disulfonic acid sodium salt                                               
                               20 g                                            
     Zinc chloride             50 g                                            
     Thiourea                  25 g                                            
     Patent Pure Blue          0.1 g                                           
     Water                     balance                                         
     Total                     1 liter                                         
PAR  The solution is coated on a base paper by a customary coating procedure
      such as using an air knife coater and dried to from a photosensitive
      sheet.
PAR  The sheet is overlapped on an original in which the back surface of a
      portion is treated with the ink-like composition prepared in Example A and
      the back surface of another portion is treated with the treating
      composition prepared in Example B. Then, the assembly is heated at
      70.degree. - 100.degree.C. and exposed to light by means of a mercury lamp
      to form a latent image of the diazonium salt.
PAR  Next, the so treated sheet is subjected to development with gasified
      ammonia and steam. A clear threecolor copy is obtained in which the
      portion corresponding to the portion treated with the composition of
      Example A is colored in a yellow color, the portion corresponding to the
      portion treated with the composition of Example B is colored in red and
      the other portion corresponding to the untreated portion is colored in
      blue.
PAC  EXAMPLE 3
PAR  When Example 2 is repeated by using 4-diazo-N-ethyl-N-hydroxyethyl-aniline
      chloride.1/2ZnCl.sub.2 instead of 4-diazo-N,N-dimethylanile
      chloride.1/2ZnCl.sub.2, a multicolor reproductive copy similar to that of
      Example 2 is obtained
PAC  EXAMPLE 4
PAC  Multicolor-forming photosensitive paper in use for dry development
PAR  A solution of the following recipe is prepared:
TBL  4-Diazo-N,N-diethylaniline chloride.1/2ZnCl.sub.2                         
                               15 g                                            
     Glycerine                 50 g                                            
     Tartaric acid             100 g                                           
     2-Hydroxy-3,6-disulfonic acid                                             
                               30 g                                            
     Zinc chloride             25 g                                            
     Thiourea                  25 g                                            
     Patent Blue               0.1 g                                           
     Water                     balance                                         
     Total                     1 liter                                         
PAR  By a customary coating method such as using an air knife coater, a
      photosensitive paper is prepared from the above solution. The
      photosensitive paper is overlapped on an original in which a portion of
      the back surface is treated with the waxy composition prepared in Example
      E and another portion of the back surface is treated with the composition
      prepared in Example G. The assembly is exposed to light and heated by
      means of a mercury lamp. Then, the so treated sheet is subjected to
      development with gasified ammonia and steam. A clear three-color
      reproductive copy is obtained in which the portion corresponding to the
      portion of the original treated with the composition of Example E is
      colored in yellow, the portion corresponding to the portion treated with
      the composition of Example G is colored in red, and the other portion
      corresponding to the untreated portion of the original is colored in
      bluish violet.
PAC  EXAMPLE 5
PAC  Multicolor-forming photosensitive paper for dry development
PAR  A solution of the following recipe is prepared:
TBL  4-Diazo-N,N-dimethylaniline chloride.1/2ZnCl.sub.2                        
                                20 g                                           
     Diethylene glycol          50 g                                           
     Citric acid                110 g                                          
     2,7-Dihydroxynaphthalene-3,6-disulfonic acid                              
     sodium salt                20 g                                           
     Resorcinol monomethyl ether                                               
                                13 g                                           
     Zinc chloride              10 g                                           
     Thiourea                   50 g                                           
     1,3,6-Naphthalene-trisulfonic acid sodium salt                            
                                20 g                                           
     Patent Blue                0.1 g                                          
     Water                      balance                                        
     Total                      1 liter                                        
PAR  Frm the above solution a photosensitive paper is prepared in the same
      manner as in Example 1. The so formed photosensitive sheet is piled on an
      original, in which the back surface of a portion is treated with the
      coupler-heat-transferring sheet prepared in Example J and the back surface
      of another portion is treated with the coupler-heat-transferring sheet
      prepared in Example K. Then the assembly is heated and light-exposed by
      means of a mercury lamp, and the photosenitive sheet is developed with
      gaseous ammonia and steam. A clear three-color copy excellent in color
      distinction is obtained, in which the portion corresponding to the portion
      of the original treated with the coloring sheet prepared in Example J is
      colored in red, the portion corresponding to the portion of the original
      treated with the coloring sheet prepared in Example K is colored in blue,
      and the other portion is colored in black. The copy is free of any
      mingling of colors.
PAC  EXAMPLE 6
PAC  Multicolor-forming photosensitive paper for dry development
PAR  A solution of the following recipe is prepared:
TBL  4-Diazo-N,N-dimethylaniline chloride                                      
                               20 g                                            
     Ethylene glycol           50 g                                            
     Citric acid               100 g                                           
     Boric acid                20 g                                            
     2,4,2',4'-Tetrahydroxydiphenyl sulfide                                    
                               15 g                                            
     Thiourea                  25 g                                            
     Zinc chloride             50 g                                            
     Patent Blue               0.1 g                                           
     Water                     balance                                         
     Total                     1 liter                                         
PAR  The above solution is coated on a semi-transparent paper such as tracing
      paper and dried to form a photosensitive paper. The photosensitive paper
      is piled on an original, a portion of the back surface of which is treated
      with the ink-like composition prepared in Example B and another portion of
      the back surface of which is treated with the composition obtained in
      Example D. Then the assembly is heated and printed by means of a mercury
      lamp, followed by development with gaseous ammonia and steam. A clear
      three-color reproductive copy usable as the intermediate is obtained in
      which the portion corresponding to the portion of the original treated
      with the composition of Example B is colored in red, another portion
      corresponding to the portion treated with the composition of Example D is
      colored in blue and another portion corresponding to the untreated portion
      of the original is colored in yellowish brown. The so formed intermediate
      is excellent in color distinction and free of mingling of colors.
PAC  EXAMPLE 7
PAC  Multi-color-forming photosensitive paper for dry development
PAR  A solution of the following recipe is prepared:
TBL  4-Diazo-N-ethyl-N-hydroxyethylaniline                                     
     chloride.1/2ZnCl.sub.2    20 g                                            
     Diethylene glycol         75 g                                            
     Oxalic acid               50 g                                            
     Tartaric acid             50 g                                            
     .alpha.-Resorcylic acid ethanol amine                                     
                               20 g                                            
     Zinc chloride             50 g                                            
     Thiourea                  25 g                                            
     Patent Blue               0.1 g                                           
     Water                     balance                                         
     Total                     1 liter                                         
PAR  By a customary coating method such as using an air knife coater, the above
      solution is applied to a substrate of a photosensitive paper and dried.
      The so formed photosensitive paper is piled on an original, a portion of
      the back surface of which is treated with a coupler-heat-transferring
      sheet prepared in Example K, and the assembly is heated and printed by
      means of a mercury lamp, followed by development with gaseous ammonia and
      steam. A clear two-color reproductive copy is obtained without any
      substantial mingling of colors, in which the portion corresponding to the
      portion of the original treated with the sheet obtained in Example K is
      colored in blue and the remaining portion corresponding to the untreated
      portion of the original is colored in red.
PAC  EXAMPLE 8
PAC  Multicolor-forming photosensitive paper for dry development
PAR  A solution of the following recipe is prepared:
TBL  4-Diazo-N,N-diethylaniline chloride.1/2ZnCl.sub.2                         
                               20 g                                            
     Diethylene glycol         50 g                                            
     Citric acid               80 g                                            
     Bis-[5-hydroxy-7-sulfonaphthyl(2)]-amine                                  
                               25 g                                            
     Zinc chloride             30 g                                            
     Thiourea                  25 g                                            
     Hydrochloric acid (36%)   10 ml                                           
     Patent Blue               0.1 g                                           
     Water                     balance                                         
     Total                     1 liter                                         
PAR  The above solution is applied to a photosensitive paper substrate by a
      customary coating method such as using an air knife coater, and the
      resulting photosensitive paper is piled on an original, a portion of the
      back surface of which is treated with the ink-like composition obtained in
      Example C. The assembly is heated and printed by means of a mercury lamp,
      followed by development with gaseous ammonia and steam. A clear two-color
      reproductive copy is obtained in which a portion corresponding to the
      treated portion of the original is colored in brown and other remaining
      portion corresponding to the untreated portion of the original is colored
      in dark blue. The copy is excellent in color distinction and free of
      mingling of colors.
PAC  EXAMPLE 9
PAC  Multicolor-forming sensitive paper in use for either dry or wet development
PAR  A solution of the following recipe is prepared:
TBL  4-Diazo-2,5-dibutoxy-N-phenymorpholine.1/2ZnCl.sub.2                      
                               15 g                                            
     Citric acid               110 g                                           
     Diethylene glycol         40 g                                            
     .beta.-Hydroxynaphthonic acid aminoethyl amine                            
     (hydrochloride)           20 g                                            
     Thiourea                  40 g                                            
     Zinc chloride             30 g                                            
     Patent Blue               0.1 g                                           
     Water                     balance                                         
     Total                     1 liter                                         
PAR  From the above solution, a photosensitive paper is prepared by conducting
      the coating and drying in the same manner as in Example 1. The so formed
      photosensitive paper is piled on an original, a portion of the back
      surface of which is treated with the ink-like composition prepared in
      Example A and another portion of the back surface of which is treated with
      the treating material prepared in Example C. Then the assembly is heated
      and printed by means of a mercury lamp, followed by development with
      gaseous ammonia and steam or with an alkaline liquid developer of the
      following recipe:
TBL  Potassium carbonate                                                       
                        30 g                                                   
     Sodium thiosulfate 40 g                                                   
     Sodium bicarbonate 30 g                                                   
     Potassium tetraborate                                                     
                        5 g                                                    
     Water              balance                                                
     Total              1 liter                                                
PAR  A clear three-color reproductive copy is obtained without any substantial
      mingling of colors, in which the portion corresponding to the portion of
      the original treated with the composition of Example A is colored in
      yellow, the portion corresponding to the portion of the original treated
      with the composition of Example C is colored in brown and the remaining
      portion corresponding to the untreated portion of the original is colored
      in blue.
PAC  EXAMPLE 10
PAC  Multicolor-forming film
PAR  A solution of the following recipe is prepared:
TBL  4-Diazo-2,5-dibutoxy-N-phenylmorpholine.1/2ZnCl.sub.2                     
                                 15 g                                          
     Citric acid                 60 g                                          
     .beta.-Hydroxynaphthonic acid ethanol amine                               
                                 20 g                                          
     Triacetate resin            15 g                                          
     Oil Blue                    0.2 g                                         
     Acetone                     600 ml                                        
     Methanol                    400 ml                                        
       ink-like
PAR  The solution is coated on a polyester film by a rod coater and dried at a
      relatively low temperature (40.degree.- 50.degree.C.) by warm air to form
      a photosensitive film. The film is piled on an original in which a part of
      the back surface of an original image is treated with the inklike
      composition prepared in Example A and another part of the back surface of
      the original image is treated with the treating composition prepared in
      Example B. The assembly is exposed to light by a mercury lamp and heated.
      The photosensitive film containing a latent image of the diazonium salt is
      developed with gasified ammonia and steam. A clear three-color
      reproductive copy is obtained without any substantial mingling of colors,
      in which the portion corresponding to the part treated with the treating
      composition of Example A is colored in yellow, the portion corresponding
      to the part treated with the treating composition of Example B is colored
      in red, and the other portion corresponding to the untreated part of the
      original is colored in blue.
PAC  COMPARATIVE EXAMPLE
PAR  This example is given to illustrate the relation between the amount of the
      substantially non-thermovolatile acidic substance in the photosensitive
      material and the number of copies obtainable by one treatment of the
      original.
PAC  Experimental procedures
PAR  The photosensitive liquid of the following recipe is prepared:
TBL  4-Diazo-N,N-dimethylaniline                                               
     chloride.1/2ZnCl.sub.2 (MA salt)                                          
                               15 g                                            
     Diethylene glycol         50 g                                            
     Citric acid               variable                                        
     2,7-Dihydroxynaphthalene-3,6-                                             
     disulfonic acid sodium salt                                               
                               20 g                                            
     Zinc chloride             20 g                                            
     Thiourea                  50 g                                            
     Water                     balance                                         
     Total                     1 liter                                         
PAR  The above solution is coated on a substrate of a photosensitive sheet by a
      customary coating method such as using an air knife coater, followed by
      drying. The so formed photosensitive paper is piled on an original, a part
      of the back surface of the image of which is treated with a 20% ethanol
      solution of meta-aminophenol and another part of the back surface of the
      image of which is treated with a 20 % ethanol solution of
      1-phenyl-3-methyl-pyrazolone (5). The piling is conducted in a manner such
      that the treated surface of the original confronts the photosensitive
      layer of the photosensitive sheet. Then the assembly is light-exposed and
      heated at 80.degree.C. for 3 seconds by mean of a mercury lamp, followed
      by the development with gasified ammonia and steam. The amount of citric
      acid is varied as indicated in Table 1 below.
TBL                Table 1                                                     
     ______________________________________                                    
     Sample No.                                                                
               Moles of MA salt                                                
                              Moles of citric acid                             
     ______________________________________                                    
     1         1              3                                                
     2         1              4                                                
     3         1              5                                                
     4         1              6                                                
     5         1              6                                                
     5         1              7                                                
     6         1              8                                                
     7         1              9                                                
     8         1              10                                               
     9         1              11                                               
     10        1              12                                               
     ______________________________________                                    
PAR  With respect to each sample, the number of copies in which colors can be
      clearly distinguished by naked eye observation is counted. The results are
      shown in Table 2 below.
TBL                Table 2                                                     
     ______________________________________                                    
                              Portion treated with                             
              Portion treated with                                             
                              ethanol solution of                              
              ethanol solution of                                              
                              1-phenyl-3-methyl-                               
     Sample No.                                                                
              meta-aminophenol                                                 
                              pyrazolone (5)                                   
     ______________________________________                                    
     1         3               4                                               
     2         6               7                                               
     3        10              11                                               
     4        16              21                                               
     5        41              47                                               
     6        47              50                                               
     7        65              80                                               
     8        82              95                                               
     9        96              115                                              
     10       103             122                                              
     ______________________________________                                    
PAR  From the results shown in Table 2, it can be seen that when citric acid,
      the substantially non-thermovolatile acidic substance, is used in an
      amount of at least 5 moles per mole of the diazonium salt, the number of
      multicolored copies obtainable by one treatment of the original reaches 40
      or more, which is a number usually required in practical multicolor
      reproduction.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for multi-color reproduction, which comprises:
PA1  A. exposing image-wise to actinic light a diazotype photosensitive material
      by exposing through an original sheet of an assembly consisting of (1) an
      original sheet having opaque image areas and transparent or
      semi-transparent non-image areas on one surface and a layer containing at
      least one thermovolatile or sublimable azo coupler (a), coupler (a) being
      located in only preselected areas which are contiguous with opaque image
      areas of said original sheet, said preselected areas being present in only
      a portion of the areas contiguous with said opaque image areas of said
      original sheet, and (ii) a diazo-type photosensitive material having a
      photosensitive layer containing at least one photosensitive diazonium salt
      (c), a substantially non-thermovolatile acidic stabilizer (d) being
      present in an amount of at least 5 moles per mole of the diazonium salt
      (c) and an azo coupler (b) having a substantially lower rate of coupling
      with the diazonium salt (c) under the developing conditions than that of
      the azo coupler (a), said original sheet (i) being superposed on said
      diazo-type photosensitive material (ii) so that the layer of the azo
      coupler (a) comes into face-to-face contact with the photosensitive layer;
PA1  B. heating said assembly to thereby heat-transfer said layer of the coupler
      (a) to the corresponding position on the surface of said photosensitive
      layer, said steps (A) and (B) being performed simultaneously or in the
      time sequence of (A) to (B) or (B) to (A); and
PA1  C. contacting the exposed photosensitive material with a mixture of ammonia
      and steam or an alkali-containing aqueous liquid developer to thereby
      develop said photosensitive material, whereby in the unexposed latent
      image area of the portion to which the coupler (a) has been
      heat-transferred, a dye (c)-(a) having a certain hue or color is formed by
      the selective reaction of the heat-transferred coupler (a) with the
      diazonium salt (c) and at the same time, in the unexposed latent image
      areas to which the coupler (a) has not been heat-transferred a dye (c)-(b)
      having a different hue or color from said dye (c)-(a) is formed by the
      reaction of the coupler (b) with the diazonium salt (c), thus producing a
      multi-colored copied image.
NUM  2.
PAR  2. The process of claim 1 wherein said substantially non-thermovolatile
      acidic substance (d) is present in the photosensitive layer in an amount
      of 8-15 mols per mol of said diazonium salt (c).
NUM  3.
PAR  3. The process of claim 1 wherein said substantially non-thermovolatile
      acidic substance (d) is selected from the group consisting of citric acid,
      tartaric acid, boric acid, sulfamic acid, salicyclic acid, phosphoric
      acid, sodium primary phosphate, oxalic acid, acidic sodium sulfate,
      succinic acid, malic acid, butyric acid, maleic acid, phthalic acid,
      lactic acid, propionic acid, aluminum sulfate, trimellitic acid and
      alunite.
NUM  4.
PAR  4. The process of claim 1 wherein said thermovolatile or sublimable coupler
      (a) is a compound having an amino group and capable of forming a
      non-volatile acid addition salt with said substantially non-thermovolatile
      acidic substance (d).
NUM  5.
PAR  5. The process of claim 1 wherein said coupler (a) is applied to the back
      surface of said original (i).
NUM  6.
PAR  6. The process of claim 1 wherein said layer containing coupler (a) is
      formed by coating on a surface of the original a composition comprising
      from 5-25% by weight of said coupler (a), 0-3% by weight of a colorant,
      0.5% by weight of a binder and 0-2% by weight of a dispersant, the balance
      being an organic solvent with subsequent drying of the coating.
NUM  7.
PAR  7. The process of claim 1 wherein said coupler (a) is applied in the form
      of a composition comprising 5-25% by weight of the coupler (a), 85-15% by
      weight of a wax, 10-40% by weight of an oil and 0-20% by weight of a
      colorant.
NUM  8.
PAR  8. The process of claim 1 wherein said coupler (a) is on a transparent
      transfer sheet disposed between said original (i) and said photosensitive
      layer (ii).
NUM  9.
PAR  9. The process of claim 1 wherein said coupler (a) is a compound free of
      sulfonic acid groups and selected from a phenol compound, a
      hydroxynaphthalene compound, an aniline compound and a compound containing
      an active methylene group.
NUM  10.
PAR  10. A process for multi-color reproduction, which comprises:
PA1  A. exposing image-wise to actinic light a diazotype photosensitive material
      by exposing through an original sheet of an assembly consisting of (i) an
      original sheet having opaque image areas and transparent non-image areas
      on one surface and a layer containing at least one thermovolatile or
      sublimable azo coupler (a), coupler (a) being located in only preselected
      areas which are contiguous with opaque image areas of said original sheet,
      said preselected areas being present in only a portion of the areas
      contiguous with said opaque image areas of said original sheet, and (ii) a
      diazo-type photosensitive material having a photosensitive layer
      containing at least one photosensitive diazonium salt (c) and a
      substantially non-thermovolatile acidic substance (d) being present in an
      amount of at least 5 moles per mole of the diazonium salt (c), said
      original sheet (i) being superposed on said diazo-type photosensitive
      material (ii) so that the layer of the azo coupler (a) comes into
      face-to-face contact with the photosensitive layer,
PA1  B. heating said assembly to thereby heat-transfer said layer of the coupler
      (a) to the corresponding position on the surface of said photosensitive
      layer, said steps (A) and (B) being performed simultaneously or in the
      time sequence of (A) to (B) or (B) to (A); and
PA1  C. thereafter developing the exposed photosensitive layer with an alkaline
      aqueous liquid developer containing a coupler (b), wherein said coupler
      (a) has a higher coupling rate under developing conditions than said
      coupler (b), whereby in the unexposed latent image area of the portion to
      which the coupler (a) has been heat-transferred, a dye (c)-(a) having a
      certain hue or color is formed by the selective reaction of the
      heat-transferred coupler (a) with the diazonium salt (c) and at the same
      time, in the unexposed latent image areas to which the coupler (a) has not
      been heat-transferred, a dye (c)-(b) having a different hue or color from
      said dye (c)-(a) is formed by the reaction of the coupler (b) with the
      diazonium salt (c), thus producing a multicolored copied image.
NUM  11.
PAR  11. The process of claim 10 wherein said substantially non-thermovolatile
      acidic substance (d) is present in the photosensitive layer in an amount
      of 8-15 mols per mol of the diazonium salt (c).
NUM  12.
PAR  12. The process of claim 10 wherein said substantially non-thermovolatile
      acidic substance (c) is selected from the group consisting of citric acid,
      tartaric acid, boric acid, sulfamic acid, salicylic acid, phosphoric acid,
      sodium primary phosphate, oxalic acid, acidic sodium sulfate, succinic
      acid, malic acid, butyric acid, maleic acid, phthalic acid, lactic acid,
      propionic acid, aluminum sulfate, trimellitic acid and alunite.
NUM  13.
PAR  13. The process of claim 10 wherein said thermovolatile or sublimable
      coupler (a) is a compound having an amino group and is capable of forming
      a non-volatile acid addition salt with said substantially
      non-thermovolatile acidic substance (d).
NUM  14.
PAR  14. The process of claim 10 wherein said coupler (a) is applied to the back
      surface of the original (i).
NUM  15.
PAR  15. The process of claim 10 wherein said layer containing coupler (a) is
      formed by coating a surface of the original with a composition comprising
      from 5-25% by weight of the coupler (a), 0-3% by weight of a colorant,
      0-5% of a binder and 0-2% by weight of a dispersant, the balance being an
      organic solvent with subsequent drying of the coating.
NUM  16.
PAR  16. The process of claim 10 wherein said coupler (a) is applied in the form
      of a composition comprising from 5-25% by weight of the coupler (a),
      85-15% by weight of a wax, 10-40% by weight of an oil and 0-20% by weight
      of a colorant.
NUM  17.
PAR  17. The process of claim 10 wherein said coupler (a) is on a transparent
      transfer sheet disposed between said original (i) and said photosensitive
      layer (ii).
NUM  18.
PAR  18. The process of claim 10 wherein said coupler (a) is a compound free of
      sulfonic acid groups and selected from a phenol compound, a
      hydroxynaphthalene compound, an aniline compound and a compound containing
      an active methylene group.
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ABST
PAL  Diazotype material includes a light-sensitive diazonium compound of the
      general formula
      ##SPC1##
PAL  Wherein:
PA1  R.sub.1 and R.sub.2 are substituted or unsubstituted alkyl, aralkyl, or
      cycloalkyl groups, or form, with the nitrogen atom, a heterocyclic
      radical, which may be substituted;
PA1  R.sub.3 is hydrogen or the group OR.sub.6 ;
PA1  R.sub.4 and R.sub.5 are hydrogen, halogen, alkyl, or OR.sub.6 groups;
PA1  R.sub.6 is alkyl; or fluorinated alkyl, alkenyl, cycloalkyl, or
      cycloalkenyl; and
PA1  X is the anion of the diazonium compound;
PAL  At least one of the radicals R.sub.4 and R.sub.5 is hydrogen; and at least
      one of the radicals R.sub.3, R.sub.4, and R.sub.5 is one of said
      fluorinated radicals, at least one of said fluorinated radicals being
      further substituted by other halogen atoms, hydroxy groups, acyloxy
      groups, alkoxy groups, alkylated or acylated amino groups, or aryl
      radicals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to use, as the light-sensitive substance in photoprinting
      materials, benzene diazonium compounds carrying in 4-position to the diazo
      group a tertiary amino group which is substituted by alkyl or aralkyl
      groups, or whose nitrogen atom is a component of a heterocyclic radical.
PAR  These compounds may contain further substituents in the benzene ring, e.g.
      alkyl or alkoxy groups, preferably in 2- or 5-position to the diazo group.
PAR  The properties which render these compounds suitable for diazotype purposes
      are largely determined by these substituents.
PAR  Thus, the light-sensitivity of the compound is considerably increased by
      the presence of an alkoxy group in 5-position to the diazo group, while
      the same group, when in 2-position, decreases the light-sensitivity of the
      compound.
PAR  A combination of one alkoxy group each in the 2- and in the 5-position of
      the benzene ring, which results in highly light-sensitive and at the same
      time stable diazonium compounds, has proved especially suitable for
      practical purposes. The light-sensitivity may also be influenced by the
      type of the tertiary amino group in the 4-position. It is increased, for
      example, by the presence of a pyrrolidino radical in this position. The
      radicals attached to the nitrogen atom affect mainly the coupling speed of
      the diazo compounds. Lower alkyl groups cause a lower coupling speed than
      do those with longer carbon chains or aralkyl groups. Heterocyclic
      radicals instead of a tertiary amino group with aliphatic radicals also
      normally cause an increase in the coupling speed, but there are wide
      differences in this respect, e.g., between the readily coupling morpholino
      compounds and the relatively slow-coupling pyrrolidino compounds. As a
      further possibility of increasing the coupling speed, the carbon chains of
      the alkoxy groups in the benzene nucleus may be extended. The readily
      coupling compounds are used mainly for one-component materials, while the
      less rapidly coupling compounds are used for two-component materials.
PAR  Recently, it has been found that the coupling speed, particularly of highly
      light-sensitive photoprinting materials, is not sufficient for certain
      purposes. Thus, for processing two-component materials, photoprinting
      apparatus is available which is equipped with a powerful light-source
      which renders it possible to use relatively short exposure times. When
      development, e.g. ammonia development, is to be effected in the same
      apparatus, the working speed utilized in exposure cannot be maintained in
      the development step, because in this case the disproportionately low
      coupling speed requires a longer resident time of the material. Nor is it
      possible to balance this drawback simply by using a more active coupling
      component, because this would mean an undue restriction of the choice of
      color shades available. This drawback is particularly evident in the case
      of materials with transparent supports, e.g. plastics films or lacquered
      transparent papers, because the necessary quantities of water vapor and
      ammonia penetrate less easily into the surface of these materials than
      into that of normal photoprinting papers.
PAR  Also in the case of one-component diazotype materials, there is a tendency
      to use diazo compounds of greater coupling speed. Here it is, above all,
      the desire to replace the alkaline developer solutions normally used
      hitherto by solutions having a neutral or weakly acid reaction, because
      such solutions are considerably more stable than alkaline solutions.
      However, the coupling reaction proceeds considerably more slowly at lower
      pH values, so that the choice of highly active diazo compounds available
      for this purpose is very limited.
PAR  It is known from Belgian Pat. No. 676,820 that diazonium compounds having a
      trifluoromethyl group in 3-position to the diazo group exhibit a higher
      coupling speed than do unsubstituted compounds.
PAR  It has also been suggested in U.S. Pat. No. 3,539,347 to use diazonium
      compounds derived from unilaterally diazotized p-phenylene diamine and
      containing fluorinated alkoxy radicals in o-position and/or in m-position
      to the diazonium group, which radicals contain no further substituents
      besides fluorine and hydrogen atoms.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide diazo compounds which
      possess a higher coupling speed than the compounds hitherto known, in
      combination with an about equal light-sensitivity.
PAR  According to the present invention, a diazonium compound derived from
      unilaterally diazotized p-phenylene diamine is provided which corresponds
      to the following general formula
      ##SPC2##
PAL  wherein:
PA1  R.sub.1 and R.sub.2 are substituted or unsubstituted alkyl, aralkyl, or
      cycloalkyl groups, or form, with the nitrogen atom, a heterocyclic radical
      which may be substituted;
PA1  R.sub.3 is hydrogen or the group OR.sub.6 ;
PA1  R.sub.4 and R.sub.5 are hydrogen, halogen, alkyl or OR.sub.6 groups;
PA1  R.sub.6 is alkyl; or fluorinated alkyl, alkenyl, cycloalkyl or
      cycloalkenyl; and
PA1  X is the anion of the diazonium compound;
PAL  at least one of the radicals R.sub.4 and R.sub.5 is hydrogen; and at least
      one of the radicals R.sub.3, R.sub.4 and R.sub.5 is one of said
      fluorinated radicals, at least one of said fluorinated radicals being
      further substituted by other halogen atoms, hydroxy groups, acyloxy
      groups, alkoxy groups, alkylated or acylated amino groups, or aryl
      radicals.
PAR  Because of their easier availability, such compounds are preferred in which
      the fluorinated radical or radicals contain halogen atoms or aryl radicals
      as further substituents.
PAR  Further, the present invention provides a diazotype material carrying a
      light-sensitive one-component or two-component layer, which is
      characterized in that it contains one of the above-described novel
      diazonium compounds as the light-sensitive substance.
PAR  The diazonium compounds used in accordance with the present invention are
      distinguished by a coupling speed which is considerably higher than that
      of compounds containing unsubstituted alkoxy groups instead of the
      fluorinated ether groups. The coupling speed of the diazonium compounds
      increases about equally when either one of the groups R.sub.3 or R.sub.4
      or R.sub.5 is a fluorinated ether group. Compounds containing two
      fluorinated ether groups possess an even higher coupling activity.
      Surprisingly, the light-sensitivity of the compounds is increased when the
      fluorinated ether group is in o-position to the diazo group.
PAR  Normally the fluorinated radicals have not more than 5 carbon atoms in the
      aliphatic chain and not more than 6 carbon atoms in the cycloaliphatic
      ring, because the compounds become too difficultly soluble or too
      surface-active with longer carbon fluoride chains or fluorinated rings
      with too many members. Fluorinated arylalkoxy groups may contain up to 10
      carbon atoms.
PAR  The following radicals (in which D stands for the appropriate benzene
      diazonium residue) are examples of suitable substituted alkoxy groups
      containing fluorine:
PA1  D--o--cfcl.sub.2
PA1  D--o--cf.sub.2 cl
PA1  D--o--cf.sub.2 --ch.sub.2 cl
PA1  D--o--cf.sub.2 --chfcl
PA1  D--o--cf.sub.2 --chfbr
PA1  D--o--cf.sub.2 --chfl
PA1  D--o--cf.sub.2 --chf--ch.sub.2 --ch.sub.2 --br
PA1  D--o--cf.sub.2 --chf--ch.sub.2 --ch.sub.2 --n(ch.sub.3).sub.2
PA1  d--o--cf.sub.2 --cbr.sub.2 H
PA1  D--o--cf.sub.2 --c.sub.6 h.sub.5
PA1  d--o--cf.sub.2 --chf--c.sub.6 h.sub.4 cl
PA1  D--o--ch(cf.sub.3)--ccl.sub.3
PA1  D--o--ch(cf.sub.2 cl).sub.2
PA1  D--o--ch.sub.2 --(cf.sub.2).sub.3 --ch.sub.2 --oh
      ##EQU1##
PAR  All other substituents attached to the nucleus and to the amino nitrogen
      are known in the diazotype art and their effect has already been
      described. Normally, the alkyl radicals in the tertiary amino group
      contain not more than 5 carbon atoms and may be further substituted in
      known manner, e.g. by halogen, or hydroxy or amino groups, and have
      straight or branched chains. Cycloalkyl groups and aralkyl groups in this
      position normally contain not more than 10 carbon atoms, substituted or
      unsubstituted benzyl groups and substituted or unsubstituted cyclohexyl
      groups being preferred. When R.sub.1 and R.sub.2 form a heterocyclic
      radical with the tertiary nitrogen atom, this radical may be derived in
      known manner from pyrrolidine, piperidine, piperazine,
      N-methyl-piperazine, thiomorpholine, morpholine,
      2-methyl-morpholine,2,6-dimethyl-morpholine, hexamethyleneimine, and
      others.
PAR  When the radicals R.sub.4 and R.sub.5 are alkyl groups, they do not
      normally contain more than 2 carbon atoms, methyl groups being preferred.
      The substituents attached to the benzene nucleus may be the alkoxy
      radicals frequently used in diazotype materials. These radicals, which in
      turn may be further substituted, e.g. by hydroxyl groups, contain
      preferably up to 5 carbon atoms in a straight or branched chain. Examples
      of such groups are methoxy, ethoxy, isopropoxy, n-butoxy, isobutoxy,
      hydroxyethoxy, ethoxy-ethoxy groups and the like.
PAR  The diazonium compounds according to the invention may be used for
      one-component or for two-component diazotype materials, depending on the
      kind of substituents selected.
PAR  The novel diazonium compounds according to the present invention are
      separated in the conventional manner in the form of their stable double
      salts or complex salts. They are of good compatibility with the
      conventional stabilizers and additives, such as citric acid,
      sulfosalicilic acid, thiourea, naphthalene-1,3,6-trisulfonic acid, zinc
      chloride etc.
PAR  As is usual, paper, transparent paper, transparentized paper, and plastic
      films suitable for sensitization with diazo compositions, may be used as
      supports.
PAR  The novel compounds may be prepared in analogy to known processes by one of
      the following methods:
PAR  A. 2-Chloro-4-ethoxy-phenol is etherified with
      1,1-difluoro-1,2,2-trichloroethane in dimethyl formamide in the presence
      of potassium hydroxide to yield the
      2-chloro-1-(1',1'-difluoro-2',2'-dichloro-ethoxy)-4-ethoxy-benzene. This
      compound is then nitrated in the 5-position, and the chlorine atom in the
      2-position is replaced by an aliphatic amine, preferably a heterocyclic
      base, such as morpholine, pyrrolidine, piperazine, thiomorpholine, or
      substitution products thereof. The desired diazo compound is then obtained
      by reduction and diazotization in the normal manner.
PAR  B. A hydroquinone monoalkyl ether is etherified with
      trifluorochloroethylene in acetone, in the presence of potassium
      hydroxide, to yield the
      4-(1',1',2'-trifluoro-2'-chloro-ethoxy)-1-alkoxy-benzene. This may then be
      nitrated in the 2-position, reduced, and alkylated to form the tertiary
      base. The compound is then again nitrated, reduced, and diazotized in the
      normal manner.
PAR  C. 3-Dialkylamino-phenol is etherified with trifluorochloroethylene in an
      acetone/potassium hydroxide mixture. By coupling with diazotized
      p-nitroaniline, followed by reduction, an amino group is introduced in the
      6-position, which may then be converted in the normal manner into a diazo
      group.
PAR  D. The benzyl group of 4-nitro-3-chloro-6-benzyloxy-N,N-dialkylaniline --
      which compound can be easily prepared analogously to known compounds -- is
      split off by heating with hydrochloric acid. The phenol thus produced is
      then etherified by radicals containing fluorine, e.g. with
      1,2-dichloro-hexafluoro-cyclopenten-(1) in the presence of potassium
      hydroxide. The nitro compound is converted into the diazonium compound in
      the normal manner.
PAR  The methods of preparation stated above are only meant as examples. Other
      methods may also be used for the preparation of fluorinated alkylaryl
      ethers carrying further substituents in the alkyl residue. The
      substitution of activated nuclear halogen by fluorinated alcohols, e.g.
      trichloro-trifluoropropanol-(2), or the subsequent introduction of
      fluorine into the aliphatic alkyl group of the ether by substitution are
      only mentioned as examples.
PAR  The starting materials for the preparation of the fluorinated ethers
      described are commercially available.
DETD
PAC  PREFERRED EMBODIMENTS
PAC  Example 1
PAR  White photoprinting base paper provided with a precoat of finely divided
      silica and polyvinyl acetate, was coated with a solution of the following
      composition and dried:
PA1  4.0 g. of citric acid
PA1  5.0 g. of thiourea
PA1  1.4 g. of 2-hydroxy-3-naphthoic acid-(.beta.-morpholinoethyl)-amide
PA1  1.6 g. of 4-diethylamino-2-(1',1',2'-trifluoro-2'-chloroethoxy)-benzene
      diazonium chloride, in the form of the zinc chloride double salt, in
PA1  100 ml. of water
PAR  After exposure under an original and development with ammonia, images with
      strong blue lines were obtained. With the use of this material, the full
      color areas of the blue image were produced within a shorter time than
      when using 4-diethylamino-2-ethoxy-benzene diazonium chloride (zinc
      chloride double salt) in an otherwise identical coating composition.
PAC  Example 2
PAR  Transparent paper lacquered with cellulose acetate was coated with a
      solution of the following composition and dried:
PA1  65.0 ml. of isopropanol
PA1  25.0 ml. of water
PA1  3.5 g. of citric acid
PA1  3.5 g. of thiourea
PA1  2.2 g. of 4-morpholinomethyl-2,5-dimethylphenol, hydrochloride,
PA1  3.2 g. of 4-morpholino-2-ethoxy-5-(1',1'-difluoro-2',
      2'-dichloro-ethoxy)-benzene diazonium chloride, in the form of the zinc
      chloride double salt, and
PA1  5.0 g. of formic acid
PAR  After imagewise exposure of the sensitized material under an original and
      development with gaseous ammonia, yellow images of very good covering
      power were obtained, while the image-free areas were of good transparency.
PAR  As compared with a material prepared according to the same recipe but with
      the known 4-morpholino-2,5-diethoxy-benzene diazonium chloride as the zinc
      chloride double salt, the final point of the coupling was reached
      distinctly earlier with the material according to the invention. The
      covering capacity of the copies produced according to the invention also
      was markedly better.
PAC  Example 3
PAR  Cellulose acetate film was coated with a solution of the following
      composition and dried:
PA1  15.0 ml. of water
PA1  22.5 ml. of isopropanol
PA1  4.0 g. of thiourea
PA1  1.5 g. of sulfosalicylic acid
PA1  1.0 g. of 3-hydroxy-4-methyl-phenyl urea
PA1  2.2 ml. of formic acid (85%), and
PA1  2.7 g. of
      4-morpholino-5-methoxy-2-(1',1',2'-trifluoro-2'-chloro-ethoxy)-benzene
      diazonium tetrafluoborate.
PAR  After imagewise exposure of the sensitized material under an original and
      development with gaseous ammonia, yellow images of excellent covering
      power within the near ultraviolet light range were obtained, whereas the
      image-free areas showed a good transparency.
PAR  When 2.5 g. of the zinc chloride double salt of
      4-morpholino-2,5-diethoxy-benzene diazonium chloride were used instead of
      the above mentioned diazonium compound in an analogous experiment, the
      comparison test showed that the material according to the invention
      couples more rapidly during development, has a better covering power, and
      is also more light-sensitive.
PAR  When blue coupling components are included in the formulation, black lines
      are produced. Cellulose ester-coated polyester films, polycarbonate films,
      and other suitable plastic films may also be used as supports.
PAC  Example 4
PAR  A photoprinting base paper customarily used for diazotype purposes, which
      was provided on one side with a precoat of finely divided silica and
      polyvinyl acetate, was coated, on the precoated surface, with an aqueous
      solution containing, per 100 ml of solution:
PA1  0.6 g. of tartaric acid,
PA1  0.02 g. of saponin, and
PA1  1.5 g. of
      4-diethylamino-5-ethoxy-2-(1',1',2'-trifluoro-2'-chloroethoxy)-benzene
      diazonium chloride, as the zinc chloride double salt,
PAL  and then dried.
PAR  The sensitized photoprinting material was imagewise exposed under a
      transparent original and developed by means of an aqueous solution
      containing, per 100 ml of solution:
PA1  2.5 g. of borax
PA1  3.0 g. of soda
PA1  2.0 g. of common salt
PA1  5.0 g. of thiourea
PA1  0.1 g. of the sodium salt of isopropylnaphthalene sulfonic acid
PA1  0.6 g. of resorcinol, and
PA1  0.6 g. of phloroglucinol
PA1  Brownish-black copies were obtained which were very rich in contrast.
PAR  The full coupling color shade was produced immediately after application of
      the developer solution. The above-mentioned diazo compound could be
      replaced, with equally good results, by 2.0 g of
      4-pyrrolidino-3-[2'-chloro-3',3',4',4',5',5'-hexafluoro-cyclopentene-(1')-
     yloxy]-benzene diazonium chloride, in the form of the zinc chloride double
      salt.
PAC  EXAMPLE 5
PAR  A photoprinting base paper of the kind customarily used for diazo-type
      purposes was coated with an aqueous solution containing, per 100 ml of
      solution:
PA1  0.5 g. of citric acid
PA1  0.5 g. of gum arabic
PA1  3.5 g. of the sodium salt of naphthalene-1,3,6-trisulfonic acid, and
PA1  1.8 g. of
      4-(N-methyl-N-benzyl-amino)-2-chloro-5-(1',1',2'-trifluoro-2'-chloro-ethox
     y)-benzene diazonium tetrafluoborate
PAL  and then dried.
PAR  The sensitized photoprinting material was imagewise exposed under a
      transparent original and developed with an aqueous solution which
      contained, per 100 ml of solution:
PA1  0.33 g. of phloroglucinol
PA1  9.60 g. of trisodium citrate
PA1  2.42 g. of sodium benzoate
PA1  1.97 g. of adipic acid
PA1  5.70 g. of common salt, and
PA1  0.20 g. of the sodium salt of a dialkyl naphthalene sulfonic acid
PAL  and had a pH value of about 6.
PAR  Upon the application of the developer, black images very rapidly appeared
      on a white background.
PAR  In the following Table, by reference to specific substituents, further
      compounds are listed which were prepared and tested as in the foregoing
      Examples with equally good results.
TBL                                    TABLE                                   
     __________________________________________________________________________
     Melting pt. of                                                            
     Nitro Comp. (.degree.C.)                                                  
                R.sub.1 - N - R.sub.2                                          
                                 R.sub.3     R.sub.4 R.sub.5    X              
     __________________________________________________________________________
     1.  102.degree.             --O--CF.sub.2 --C.sub.6 H.sub.5               
                                             H       H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
     2.  111.degree.                         H       H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
     3.  63.degree.                          H       H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
     4.  155.degree.                         H       H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
     5.  116.degree.             --O--------Cl                                 
                                             H       H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
                                 ----                                          
                                 .vertline..vertline.                          
                                 CF.sub.3 CF.sub.3                             
     6.  88.degree.              --O--CF.sub.2 --CHFCl                         
                                             H       H       BF.sub.4.sup.-    
     7.  114.degree.                                                           
                CH.sub.3 --N--CH.sub.3       Cl      H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
     8.  0il    CH.sub.3 --N--CH.sub.2                                         
                                 --O--CF.sub.2 --CHFCl                         
                                             Cl      H       BF.sub.4.sup.-    
     9.  120.degree.             --O--CF.sub.2 --CCl.sub.2 H                   
                                             --O--C.sub.2 H.sub.5              
                                                     H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
     10. 102.degree.                                                           
                C.sub.2 H.sub.5 --N--C.sub.2 H.sub.5                           
                                 --O--C.sub.2 H.sub.5                          
                                             --O--CF.sub.2 --CHFCl             
                                                     H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
     11. 72.degree.                                                            
                CH.sub.3 --N--CH.sub.2                                         
                                 --O--CH.sub.3                                 
                                             --O--CF.sub.2 --CHFCl             
                                                     H       BF.sub.4.sup.-    
     12. 78.degree.                                                            
                HO--CH.sub.2 --CH.sub.2 --N CH.sub.2                           
                                 --O--CH.sub.3                                 
                                             --O--CF.sub.2 --CHFCl             
                                                     H       BF.sub.4.sup.-    
     13. Oil    O--CO--CH.sub.3                                                
                .vertline.       --O--CH.sub.3                                 
                                             --O--CF.sub.2 --CHFCl             
                                                     H       Cl.sup.-          
                                                                .SnCl.sub.4    
                CH.sub.2 --CH.sub.2 --N--CH.sub.2                              
     14. 116.degree.             --O--CH.sub.3                                 
                                             --O--CF.sub.2 --CHFCl             
                                                     H       BF.sub.4.sup.-    
     15. 82.degree.              --O--C.sub.4 H.sub.9                          
                                             --O--CF.sub.2 --CHFCl             
                                                     H       BF.sub.4.sup.-    
     16. 81.degree.              --O--CH.sub.3                                 
                                             --O--CF.sub.2 --CHFCl             
                                                     H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
     17. 57.degree.              --O--C.sub.4 H.sub.9                          
                                             --O--CF.sub.2 --CHFCl             
                                                     H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
     18. 78.degree.              --O--CH.sub.2 --CH.sub.2 --O--C.sub.2         
                                             --O--CF.sub.2 --CHFCl             
                                                     H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
     19. Oil                     --O--CH.sub.2 --CH.sub.2 --N(C.sub.2 H.sub.5).
                                 sub.2       --O--CF.sub.2 --CHFCl             
                                                     H       Cl.sup.-          
                                                                .SnCl.sub.4    
         (Amine 77.degree.)                                                    
     20. Dyestuff with                                                         
                C.sub.2 H.sub.5 --N--C.sub.2 H.sub.5                           
                                 H           --O--CF.sub.2 --CHFCl             
                                                     H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
         diazotized p-                                                         
         Nitroaniline                                                          
         153.degree.                                                           
     21. Oil    CH.sub.3 --N--CH.sub.3                                         
                                 --O--CH.sub.2 --CH.sub.2 --O--CH.sub.3        
                                             H       --O--CF.sub.2 --CHFCl     
                                                             Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                /2             
     22. 80.degree.              OCH.sub.3   --O--CF.sub.2 --CHFBr             
                                                     H       Cl.sup.-          
                                                                .ZnCl.sub.2    
                                                                12-            
     __________________________________________________________________________
PAR  The above examples have been presented for the purpose of illustration and
      should not be taken to limit the scope of the present invention. It will
      be apparent that the described examples are capable of many variations and
      modifications which are likewise to be included within the scope of the
      present invention as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Diazotype material comprising a support having coated thereon a
      light-sensitive composition comprising a diazonium compound wherein said
      diazonium compound is
      4-diethylamino-2-(1',1',2'-trifluoro-2'-chloro-ethoxy)-benzene diazonium
      chloride.
NUM  2.
PAR  2. Diazotype material comprising a support having coated thereon a
      light-sensitive composition comprising a diazonium compound wherein said
      diazonium compound is
      4-morpholino-2-ethoxy-5-(1',1'-difluoro-2',2'-dichloro-ethoxy)-benzene
      diazonium chloride.
NUM  3.
PAR  3. Diazotype material comprising a support having coated thereon a
      light-sensitive composition comprising a diazonium compound wherein said
      diazonium compound is 4-morpholin
      methoxy-2-(1',1',2'-trifluoro-2'-chloro-ethoxy)-benzene diazonium
      tetrafluoborate.
NUM  4.
PAR  4. Diazotype material comprising a support having coated thereon a
      light-sensitive composition comprising a diazonium compound wherein said
      diazonium compound is
      4-diethylamino-5-ethoxy-2-(1',1',2'-trifluoro-2'-chloro-ethoxy)-benzene
      diazonium chloride.
NUM  5.
PAR  5. Diazotype material comprising a support having coated thereon a
      light-sensitive composition comprising a diazonium compound wherein said
      diazonium compound is
      4-pyrrolidino-3-[2'-chloro-3',3',4',4',5',5'-hexafluoro-cyclopentene-(1')-
     yloxy]-benzene diazonium chloride.
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ABST
PAL  A water-insoluble polymer comprising repeating units at least 1/3 of said
      repeating units having the formula:
      ##SPC1##
PAL  Wherein R.sup.1 and R.sup.2 are hydrogen or alkyl and R.sup.3, R.sup.4 and
      R.sup.5 are alkyl groups wherein the total number of carbon atoms in
      R.sup.3, R.sup.4 and R.sup.5 is at least 12 and X.sup.-is an anion; is
      useful in dye mordant compositions in photographic elements. Preferred dye
      mordants comprise copolymers with styrene or methyl methacrylate.
PARN
PAR  This is a division of Ser. No. 400,788, filed Sept. 26, 1973, now U.S. Pat.
      No. 3,898,088.
BSUM
PAR  The present invention relates to novel polymeric compounds which are good
      mordants for dyes used in photographic systems and to photographic systems
      using such polymers.
PAR  It is known in the photographic art to use various polymeric materials as
      mordants in integral negative receiver elements comprising a support and
      layer containing a silver halide emulsion to prevent the migration of
      dyes. Receiving elements containing mordants are described in U.S. Pat.
      No. 2,584,080.
PAR  Among the various polymers suggested as dye mordants are those formed by
      quaternizing a polymer containing tertiary nitrogen atoms with an
      alkylating or aralkylating agent such as described in U.S. Pat. No.
      3,625,694 issued Dec. 7, 1971, to Cohen et al, and U.S. Pat. No. 3,709,690
      issued Jan. 9, 1973, to Cohen et al.
PAR  The preparation of water soluble polymers containing trialkyl vinyl
      benzylammonium salts is described in C. D. Jones and S. J. Getz, J. Pol.
      Sci., 25, 201-215 (1957) and U.S. Pat. No. 3,178,396 to Lloyd. The search
      for mordant polymers having the ability to receive and hold dye strongly
      and to stabilize dye from changing hue at low pH has been quite extensive.
PAR  It is an object of this invention to provide new polymers.
PAR  It is another object of this invention to provide dye mordant polymers with
      improved properties.
PAR  It is another object of this invention to provide new photographic elements
      containing mordants with excellent dye holding properties.
PAR  It is still another object of this invention to provide photographic
      elements having mordanted images with increased densities.
PAR  It is a further object of this invention to provide a novel method of
      preparing photographic elements containing mordants with superior
      properties.
PAR  It is a still further object of this invention to provide a photographic
      element comprising a support, a silver halide layer and at least one layer
      comprising the composition of this invention.
PAR  Still another object of this invention is to provide an integral negative
      receiver photographic element comprising a support having a layer
      containing the polymeric mordant of this invention and at least one
      photosensitive silver halide emulsion layer which has contiguous thereto a
      dye image-providing material.
PAR  These and other objects are accomplished using a dye mordant composition
      comprising a water-insoluble polymer comprising units represented by the
      following formula:
      ##SPC2##
PAL  Wherein R.sup.1 and R.sup.2 are hydrogen or alkyl and R.sup.2 may be a
      group containing at least one aromatic nucleus, R.sup.3, R.sup.4 and
      R.sup.5 are alkyl radicals comprising at least a total of 12 carbon atoms
      and X.sup.- is an anion. Compared to the prior art quaternary nitrogen
      containing mordants, wherein the nitrogen atom is substituted with aryl
      groups and where the polymers are water-soluble, the water-insoluble
      polymers of the present invention containing alkyl substituents on the
      nitrogen atom containing a total of at least 12 carbon atoms have been
      found to be distinctly superior mordants.
PAR  Preferred polymers according to this invention comprise units having the
      following formula:
      ##SPC3##
PAL  wherein R.sup.1 and R.sup.2 are hydrogen or lower alkyl containing from 1
      to 6 carbon atoms such as methyl, ethyl, propyl, butyl, pentyl, hexyl and
      the like and R.sup.2 can additionally be a group containing at least one
      aromatic nucleus such as aryl including substituted aryl, such as phenyl,
      tolyl, naphthyl, biphenyl, anthracenyl and the like; R.sup.3, R.sup.4 and
      R.sup.5 are alkyl such as methyl, ethyl, propyl, isopropyl, butyl, pentyl,
      hexyl, octyl, decyl and the like wherein the total number of carbon atoms
      in R.sup.3, R.sup.4 and R.sup.5 must be at least 12 and preferably from 12
      to 30 and X is an anion; i.e., a monovalent negative salt forming ionic
      radical or atom such as a halido (e.g. bromine, chlorine) alkyl sulfate,
      alkane or arene sulfonate (for example, a p-toluenesulfonate), dialkyl
      phosphate or similar anionic moiety.
PAR  It is understood that the polymers can be homopolymers or copolymers with
      at least one other ethylenically unsaturated monomer so long as at least
      1/3 of the repeating units of the copolymer constitute those having the
      formula described above and the resulting homopolymer or copolymer is
      water-insoluble and the cationic moiety of the polymer is substantially
      free of carboxyl (COOH) groups. The presence of carboxyl groups in the
      polymer interferes with effective dye mordanting.
PAR  Typical ethylenically unsaturated monomers which can be used to form
      ethenic copolymers (including two, three or more repeating units)
      according to this invention include ethylene, propylene, 1-butene,
      isobutene, 2-methylpentene, 2-methylbutene, 1,1,4,4-tetramethylbutadiene,
      styrene, alpha-methylstyrene; monoethylenically unsaturated esters of
      aliphatic acids such as vinyl acetate, isopropenyl acetate, allyl acetate,
      etc.; esters of ethylenically unsaturated mono- or dicarboxylic acids such
      as methyl acrylate, methyl methacrylate, ethyl acrylate, diethyl
      methylenemalonate, etc.; monoethylenically unsaturated compounds such as
      acrylonitrile, allyl cyanide, and dienes such as butadiene and isoprene. A
      preferred class of ethylenically unsaturated monomers which may be used to
      form the ethenic polymers of this invention includes the lower 1-alkenes
      having from 1 to 6 carbon atoms, styrene, and tetramethylbutadiene and
      methyl methacrylate.
PAR  It is noted that the polymer must be water-insoluble. Thus, although a
      homopolymer having 12 carbon atoms on the R.sup.3, R.sup.4 and R.sup.5
      substituents may be water-soluble and inoperable for the purposes of this
      invention, a similar polymer interpolymerized with styrene in the range of
      20 to 80 % by weight of the interpolymer may be water-insolube and can
      improve the mordanting properties desired. By "water-insoluble" it is
      meant that less than one gram of polymer will dissolve per 100 cc of water
      at room temperature (25.degree.C).
PAR  The mordants of this invention are generally prepared by quaternizing a
      polymer comprising repeating units having the formula:
      ##SPC4##
PAL  with a tertiary amine having the formula:
      ##EQU1##
      wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are as described
      above and X is a halogen atom. Polymers which may be reacted with the
      tertiary amine include poly(vinylbenzyl chloride) and copolymers of
      vinylbenzyl chloride with other ethylenically unsaturated monomers such as
      styrene and methyl methacrylate and the like. Typical suitable tertiary
      amines which may be used in this process include tributylamine,
      trihexylamine, tripentylamine, trioctylamine, diethyldodecylamine,
      dimethyltetradecylamine, dimethyloctadecylamine, dimethyldodecylamine,
      triisopentylamine and the like.
PAR  The vinyl polymer and tertiary amine may be reacted by heating in the
      presence of a solvent comprising alcohols (including aromatic alcohols)
      boiling above 100.degree.C, particularly methoxyethanol, ethoxyethanol,
      and benzyl alcohol. The reaction may be carried out at any temperature but
      it is preferred to keep the reactants to from 70.degree. to 110.degree.C.
      The reaction may be carried out using substantially equimolar amounts of
      the polymer e.g. poly(vinylbenzyl halide) or the like and tertiary amine.
      An exchange of anions may be made, if desired, in order to produce
      polymeric, quaternary nitrogen group containing mordants to be employed in
      certain photographic supports such as dye-transfer systems. The exchange
      of anions merely involves reacting the polymer with a salt such as silver
      acetate, silver p-toluenesulfonate or the like containing the preferred
      anion.
PAR  The polymers resulting from the above reaction may additionally contain
      some recurring units of the structure:
      ##SPC5##
PAL  wherein R.sup.6 is the residue of the alcohol solvent employed in the
      reaction mixture. R.sup.6 may thus be an alkyl, alkaryl, aryl or
      alkoxyalkyl group such as methyl, ethyl, phenyl, benzyl, methoxyethyl,
      ethoxyethyl or the like.
PAR  In an alternative embodiment, the vinyl polymer may be incompletely
      quaternized by reacting less than a stoichiometric amount of tertiary
      amine with the polymer. The preferred mole percent quaternization is from
      80 to 97.5 percent. The excess haloalkyl groups in the polymer backbone
      are then further reacted with a compound having more than one amine group
      such as polyamine. These polyamines may be represented by the formula
      Z(NR.sup.7 R.sup.8).sub.n wherein Z is an organic group, R.sup.7 and
      R.sup.8 can be hydrogen, alkyl or aryl and n is 2 or more. Examples of
      polyamines useful herein are gelatin, 1,4-butanediamine, imidizole,
      pyrazine, and the like. The amount of polyamine crosslinking agent added
      may vary from 0 to 20% by weight of the polymer. If the polyamine is also
      used as a binder material greater than 20% by weight can be added. The
      alkylating process may be carried out in a solvent, such as water,
      acetone, benzene, dimethylformamide, dimethyl sulfoxide,
      dimethylacetamide, alcohols such as methanol, ethanol, isopropanol,
      2-ethoxyethanol, and the like. Temperatures from 20.degree.  to
      80.degree.C are generally used.
PAR  Some polymers which illustrate the mordants of this invention contain the
      following units wherein X is from 0 to 662/3 % and y is 100-X:
      ##SPC6##
PAL  name = poly(styrene-co-N,N,N-trihexyl-N-vinylbenzylammonium chloride).
      ##SPC7##
PAL  name = poly(N,N,N-trihexyl-N-vinylbenzylammonium chloride)
      ##SPC8##
PAL  name = poly(styrene-co-N,N,N-tributyl-N-vinylbenzylammonium chloride)
      ##SPC9##
PAL  name = poly(N,N,N-tripentyl-N-vinylbenzylammonium chloride) and the like.
PAR  Any of the methods known in the art to homopolymerize the monomers or to
      copolymerize with other ethylenically unsaturated monomers, such as mass,
      solution, or bead polymerization can be used to prepare the polymers of
      this invention, and polymerization catalysts known to the art, such as
      ultraviolet light treatment, peroxides, azo compounds [i.e.,
      2,2'-azobis(2-methylpropionitrile)], and the like can be employed.
PAR  Mordanting amounts of the novel polymers of the invention can be employed,
      as such, from solvent solutions such as methanol, ethanol, or mixtures of
      methanol or ethanol with water and the like, or can be incorporated in
      organic binder materials. The resulting mixture can be used in the
      preparation of dye imbibition printing blanks, receiving layers for color
      transfer processes, such as those described in Land U.S. Pat. No.
      3,362,819. Rogers U.S. Pat. No. 2,983,606, Whitmore U.S. Pat. No.
      3,227,552 and U.S. Pat. No. 3,227,550, and in antihalation layers such as
      those described in Jones et al U.S. Pat. No. 3,282,699. Satisfactory
      binders used for this purpose include any of the hydrophobic binders
      generally employed in the photographic field, including, for example,
      poly(vinyl acetate), cellulose acetate butyrate, gelatin, poly(vinyl
      alcohol) and the like. Exemplary materials are disclosed in Product
      Licensing Index, Vol. 92, Dec. 1971, publication 9232, Page 108. In
      general, a mordanting amount of polymer can be employed in a dye
      mordanting or dye imagereceiving layer. A binder can be used along with
      the polymeric mordant in the layer. The amount of dye mordant to be used
      depends on the amount of dye to be mordanted, the mordanting polymers, the
      imaging chemistry involved, etc. and can be determined easily by one
      skilled in this art. It is preferred that between 20 and 80% by weight of
      polymer be used in the dye mordanting layers.
PAR  The dye image-receiving element can comprise a support having thereon a
      layer including the polymeric mordant composition of this invention. The
      element may also comprise other layers, such as a polymeric acid layer,
      and can also include a timing layer as taught in U.S. Pat. No. 3,362,819
      or a light reflective interlayer comprising a light reflective white
      pigment, such as TiO.sub.2, and a polymeric binder, in accordance with the
      teaching of Beavers and Bush U.S. Pat. No. 3,445,228.
PAR  The mordanting compositions of this invention are also especially useful in
      light-filtering layers, such as in anti-halation layers of the type
      disclosed in Jones and Milton U.S. Pat. No. 3,282,699. Here the
      light-filtering layer preferably can comprise a binder and the mordanting
      compositions of this invention. The layer is adapted to contain a dye held
      or fixed by the mordanting composition.
PAR  In addition, the novel mordants of this invention can also be employed in
      integral negative-receiver photographic elements such as those described
      in U.S. application Ser. No. 27,990 of Cole, filed Apr. 13, 1970, now
      abandoned, U.S. application Ser. No. 27,991 of Barr et al, filed Apr. 13,
      1970 now abandoned and U.S. Pat. No. 3,415,644 issued Dec. 10, 1968. In
      general, these integral photographic elements comprise a support having
      thereon a layer containing one or more of the novel mordants described
      herein and at least one photosensitive silver halide emulsion layer, the
      silver halide of which has contiguous thereto a dye image-providing
      material.
PAR  The mordants can also be used for fixing the dyes, and particularly acid
      dyes, used in the preparation of photographic filter, antihalation and
      gelatino vs silver halide emulsion layers. Such layers can be coated on
      conventional photographic supports, such as flexible sheet supports (e.g.,
      cellulose acetate, polyester films, polyvinyl resins, etc.) or paper,
      glass, etc.
PAR  More than one of the mordanting polymers of this invention can be used
      together, in a single layer or in two or more layers. The mordanting
      polymers of this invention can also be used in admixture with other
      mordants in the same layer or in separate layers of the same element.
PAR  Whether the polymers are employed in a single layer or in two layers, it is
      preferred that the total coverage of the mordanting layer or layers be
      from 5 to 55 mg/dm.sup.2 in order to satisfactorily operate as a mordant.
PAR  Emulsions or compositions containing the polymers can be chemically
      sensitized with compounds of the sulfur group and/or noble metal salts
      (such as gold salts), reduction sensitized with reducing agents, or any
      combination of these. Furthermore, emulsion layers and other layers
      present in photographic elements made according to this invention can be
      hardened with any suitable hardener such as aldehyde hardeners, aziridine
      hardeners, hardeners which are derivatives of dioxane, oxypolysaccharides
      such as oxystarch, oxy plant gums, and the like. The emulsion can also
      contain additional additives, particularly those known to be beneficial in
      photographic emulsions, including for example, stabilizers or
      antifoggants, particularly the water soluble inorganic acid salts of
      cadmium, cobalt, manganese and zinc as disclosed in U.S. Pat. No.
      2,829,404, the substituted triazaindolizines as disclosed in U.S. Pat.
      Nos. 2,444,605 and 2,444,607, speed increasing materials, plasticizers and
      the like. Examples of these additives are found in Product Licensing
      Index, Vol. 92, Dec. 1971, publication 9232, Pages 107 to 110.
PAR  Mordanted blanks treated in accordance with this invention are useful for
      receiving acid dyes from hydrophilic colloid relief images according to
      prior art techniques. Typical acid dyestuffs which can be transferred to
      the treated blanks of the invention are Anthracene Yellow GR (400% pure
      Schultz No. 177), Fast Red S Conc. (Colour Index 176), Pontacyl Green SN
      Ex. (Colour Index 737), Acid blue black (Colour Index 246), Acid Magenta O
      (Colour Index 692), Naphthol Green B Conc. (Colour Index 5), Billiant
      Paper Yellow Ex. Conc. 125% (Colour Index 364), Tartrazine (Colour Index
      640), Metanil Yellow Conc. (Colour Index 138), Pontacyl Carmine 6B Ex.
      Conc. (Colour Index 57), Pontacyl Scarlet R Conc. (Colour Index 487) and
      Pontacyl Rubine R Ex. Conc. (Colour Index 179).
DETD
PAR  This invention is further illustrated by the following examples.
PAC  EXAMPLE 1
PAR  A reactor was charged with 15 grams of poly(styrene-covinylbenzyl chloride)
      in a 1:1 mole ratio of styrene to vinylbenzyl chloride wherein 60% of the
      vinylbenzyl chloride is the meta isomer and 40% is the para isomer in 150
      ml benzyl alcohol and 16 g of tris (n-pentyl)amine. The mixture was heated
      on a steam pot for about 16 hours, cooled, and poured into diethyl ether
      to precipitate the product. The solid was collected, washed with ether,
      and vacuum dried to produce 18.5 g of poly
      (styrene-co-N,N,N-tripentyl-N-vinylbenzylammonium chloride).
PAC  EXAMPLE 2
PAR  A mixture of 40 g of methyl methacrylate, 61 g of vinylbenzyl chloride, 500
      mg of potassium persulfate, 200 mg of sodium bisulfite, 4 ml of the sodium
      salt of an alkyl-aryl poly(ether sulfate) commercially available under the
      trademark Triton 770 from Rohm and Haas Company and 200 ml of water was
      heated at 60.degree.C for 3 hours in a nitrogen atmosphere. The mixture
      was then held at -20.degree.C overnight and allowed to come to room
      temperature. The solid was filtered and washed with water and methanol.
      The white powder was dried under vacuum at room temperature. The resulting
      polymer had an inherent viscosity in acetone of 0.87.
PAR  A reactor was charged with a mixture of 12.5 g of poly (methyl
      methacrylate-co-vinylbenzyl chloride) prepared above, 21 g of
      trihexylamine and 200 ml of ethoxyethanol and heated at 80.degree. to
      90.degree.C to 3 days in a nitrogen atmosphere. The polymer was
      precipitated from the resulting viscous solution in hexane, filtered,
      washed and dried in a vacuum oven at 40.degree.C. The polymer was
      dissolved in methanol, and precipitated in a mixture of hexane-ether (1:1
      by volume). The resulting copoly(methyl
      methacrylate-co-N,N,N-tri-n-hexyl-N-vinylbenzylammonium chloride) had an
      inherent viscosity in methanol of 8.56 at 25.degree.C and at a
      concentration of 0.25 g/dl.
PAC  EXAMPLE 3
PAR  The process of Example 2 was carried out with the substitution of
      tri-n-butylamine for tri-n-hexylamine. Poly(methyl
      methacrylate-co-N,N,N-tri-n-butyl-N-vinylbenzylammonium chloride)
      resulted.
PAC  EXAMPLE 4
PAR  The process of Example 2 was repeated with the substitution of
      triisopentylamine for tri-n-hexylamine. Poly(methyl
      methacrylate-co-N,N,N-triisopentylamine-N-vinylbenzylammonium chloride)
      resulted.
PAC  EXAMPLES 5 TO 10
PAR  The following compounds shown in Table I were prepared as in Example 1 with
      the substitution of various trialkylamines. The general formula of the
      resulting polymers was:
      ##SPC10##
PAL  wherein x = 0 to 662/3 % and y equals 100 - x.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                          Solvent Used                                         
                                  Anal. (Calc'd/Found)                         
                          In                      Inherent                     
     EXAMPLE                                                                   
            R.sup.3                                                            
                 R.sup.4                                                       
                      R.sup.5                                                  
                          Preparation                                          
                                  C   H   N   Cl  Viscosity                    
     __________________________________________________________________________
     5     --C.sub.4 H.sub.9                                                   
                --C.sub.4 H.sub.9                                              
                     --C.sub.4 H.sub.9                                         
                          Benzyl  78.8                                         
                                      10.0                                     
                                          3.2 8.0 1.6                          
                          Alcohol 78.5                                         
                                      10.0                                     
                                          3.2 7.8                              
     6     --C.sub.5 H.sub.11                                                  
                --C.sub.5 H.sub.11                                             
                     --C.sub.5 H.sub.11                                        
                          Benzyl  79.4                                         
                                      10.3                                     
                                          2.9 7.4 0.82                         
                          Alcohol 77.9                                         
                                       9.7                                     
                                          2.2 6.1                              
     7     --C.sub.6 H.sub.13                                                  
                --C.sub.6 H.sub.13                                             
                     --C.sub.6 H.sub.13                                        
                          2-Methoxy-                                           
                                  79.9                                         
                                      10.7                                     
                                          2.7 6.7 0.81                         
                          ethanol 76.9                                         
                                      10.9                                     
                                          2.0 5.0                              
     8     --C.sub.7 H.sub.15                                                  
                --C.sub.7 H.sub.15                                             
                     --C.sub.7 H.sub.15                                        
                          Benzyl  81.4                                         
                                      10.9                                     
                                          2.5 6.2 1.78                         
                          Alcohol 78.1                                         
                                      11.1                                     
                                          2.1 5.6                              
     9     --C.sub.8 H.sub.17                                                  
                --C.sub.8 H.sub.17                                             
                     --C.sub.8 H.sub.17                                        
                          Benzyl  82.1                                         
                                       9.7                                     
                                          2.3 5.9 1.78                         
                          Alcohol 81.2                                         
                                      11.1                                     
                                          1.8 5.1                              
     10    --CH.sub.3                                                          
                --CH.sub.3                                                     
                     --C.sub.12 H.sub.25                                       
                          N,N-Di- 76.6                                         
                                      10.7                                     
                                          3.6 9.1 0.61                         
                          methylform-                                          
                                  78.0                                         
                                      10.5                                     
                                          2.9 7.3                              
                          amide and                                            
                          benzyl alcohol                                       
     __________________________________________________________________________
PAR  The inherent viscosities were measured in benzene at 25.degree.C at a
      concentration of 0.25 g/deciliter of solution.
PAC  EXAMPLES 11 TO 25
PAR  The polymers of the present invention were tested for mordanting properties
      in relationship to a dye mordant similar to those described herein,
      [poly(styrene-co-N-benzyl-N,N-dimethyl-N-(3-maleimidopropyl)ammonium
      chloride]. The mordanting property tested was K, a competitive constant.
PAR  The competition tests to determine K were run by forming a structure as
      shown below in which a yellow dye and a magenta dye were dissolved in
      fluid containing 40g per liter of hydroxy ethyl cellulose in one molar KOH
      at a pH of 14 and sandwiched between the conventional mordant structure
      and a test mordant as follows:
TBL                .dwnarw. View                                               
                Test Mordant                                                   
                TiO.sub.2                                                      
                Fluid and Dye                                                  
                TiO.sub.2                                                      
                Standard Mordant                                               
                   .uparw. View                                                
PAR  The reflection densitometry at timed intervals on both faces of the
      sandwich was used to monitor the appearance of dye in each mordant layer.
      Density readings were taken at 24 hours to determine to which mordant the
      dye diffused to a greater degree. The value K is determined by dividing
      the test mordant reflection density by the standard mordant reflection
      density. This provides a ratio of mordanting ability of the tested mordant
      versus the standard mordant.
PAR  The following Table 2 indicates the various competition values for
      homopolymers and copolymers of the following polymer structure:
      ##SPC11##
PAL  for both the magenta dye (K.sub.m) and yellow dye (K.sub.y).
TBL                                    TABLE II                                
     __________________________________________________________________________
                                                  Composition                  
     Example                                                                   
            M   Q    R.sup.3                                                   
                           R.sup.4                                             
                                 R.sup.5                                       
                                       K(y) K(m) (Mole Percents)               
     __________________________________________________________________________
     Control A                                                                 
            H   0    CH.sub.3                                                  
                           CH.sub.3    1.0  1.0  50% styrene                   
     Control B                                                                 
            H   0    CH.sub.3                                                  
                           CH.sub.3                                            
                                 CH.sub.3                                      
                                       2.9  3.1  50% styrene                   
     Control C                                                                 
            H   0    C.sub.2 H.sub.5                                           
                           C.sub.2 H.sub.5                                     
                                 C.sub.2 H.sub.5                               
                                       2.8  2.9  50% styrene                   
     Control D                                                                 
            H   0    C.sub.3 H.sub.7                                           
                           C.sub.3 H.sub.7                                     
                                 C.sub.3 H.sub.7                               
                                       3.1  3.5  50% styrene                   
     Control E                                                                 
            H   0    C.sub.4 H.sub.9                                           
                           C.sub.4 H.sub.9                                     
                                 C.sub.4 H.sub.9                               
                                       3.6  3.7  50% styrene                   
     Example 11                                                                
            H   0    C.sub.5 H.sub.11                                          
                           C.sub.5 H.sub.11                                    
                                 C.sub.5 H.sub.11                              
                                       6.4  15.4 50% styrene                   
     Example 12                                                                
            H   0    C.sub.6 H.sub.13                                          
                           C.sub.6 H.sub.13                                    
                                 C.sub.6 H.sub.13                              
                                       15.5 14.2 50% styrene                   
     Example 13                                                                
            H   0    C.sub.8 H.sub.17                                          
                           C.sub.8 H.sub.17                                    
                                 C.sub.8 H.sub.17                              
                                       14.0 11.3 50% styrene                   
     Example 14                                                                
            H   0    C.sub.2 H.sub.5                                           
                           C.sub.2 H.sub.5                                     
                                 C.sub.12 H.sub.25                             
                                       12.1 12.7 50% styrene                   
     Example 15                                                                
            H   0    CH.sub.3                                                  
                           CH.sub.3                                            
                                 C.sub.14 H.sub.29                             
                                       11.3 11.9 50% styrene                   
     Example 16                                                                
            H   0    C.sub.5 H.sub.11                                          
                           C.sub.5 H.sub.11                                    
                                 C.sub.5 H.sub.11                              
                                       17.1 16.1 60% styrene                   
     Example 17                                                                
            H   0    C.sub.5 H.sub.11                                          
                           C.sub.5 H.sub.11                                    
                                 C.sub.5 H.sub.11                              
                                       15.6 15.8 33% styrene                   
     Example 18                                                                
            H   0    C.sub.6 H.sub.13                                          
                           C.sub.6 H.sub.13                                    
                                 C.sub.6 H.sub.13                              
                                       14.6 15.3 33% styrene                   
     Example 19                                                                
            H   0    CH.sub.3                                                  
                           CH.sub.3                                            
                                 C.sub.18 H.sub.37                             
                                       5.2  4.8  50% styrene                   
     Example 20                                                                
            H   0    CH.sub.3                                                  
                           CH.sub.3                                            
                                 C.sub.12 H.sub.25                             
                                       14.7 14.9 50% styrene                   
     Example 21                                                                
            --  --   C.sub.6 H.sub.13                                          
                           C.sub.6 H.sub.13                                    
                                 C.sub.6 H.sub.13                              
                                       15.6 14.3 Homopolymer                   
     Control F                                                                 
            --  --   C.sub.4 H.sub.9                                           
                           C.sub.4 H.sub.9                                     
                                 C.sub.4 H.sub.9                               
                                       0.88 1.10 Homopolymer                   
     Example 22                                                                
            H   0    C.sub.4 H.sub.9                                           
                           C.sub.4 H.sub.9                                     
                                 C.sub.4 H.sub.9                               
                                       8.6  11.9 67% styrene                   
     Example 23                                                                
            CH.sub.3                                                           
                CO.sub.2 CH.sub.3                                              
                     C.sub.6 H.sub.13                                          
                           C.sub.6 H.sub.13                                    
                                 C.sub.6 H.sub.13                              
                                       13.5 14.3 50% styrene                   
     Example 24                                                                
            CH.sub.3                                                           
                CO.sub.2 CH.sub.3                                              
                     C.sub.4 H.sub.9                                           
                           C.sub.4 H.sub.9                                     
                                 C.sub.4 H.sub.9                               
                                       8.5  9.7  50% styrene                   
     Example 25                                                                
            CH.sub.3                                                           
                CO.sub.2 CH.sub.3                                              
                     isoC.sub.5 H.sub.11                                       
                           isoC.sub.5 H.sub.11                                 
                                 isoC.sub.5 H.sub.11                           
                                       13.2 14.5 50% styrene                   
     __________________________________________________________________________
PAR  It is noted that Examples 11 to 25 are all water-insoluble polymers and
      controls A to F are water-soluble. It is thus seen that surprisingly
      superior mordanting properties are obtained using water-insoluble polymers
      wherein R.sup.3, R.sup.4 and R.sup.5 contain a total of at least 12 carbon
      atoms.
PAC  EXAMPLE 26
PAR  This is a comparative example.
PAR  The general method of reacting tertiary amines having lower alkyl
      substituents with polyvinyl benzyl chloride copolymers described in the
      prior art in U.S. Pat. No. 3,178,396 to Lloyd and D. Jones and S. J. Getz,
      J. Ply. Sci., 25, (1957) was used in an attempt to prepare the copolymer
      containing R.sup.3, R.sup.4 and R.sup.5 having a total of at least 12
      carbon atoms as follows.
PAR  A reactor was charged with a solution of 1 g of poly
      (styrene-co-vinylbenzyl chloride) in 10 ml of N,N-dimethyl formamide and 2
      grams of tripentylamine. The mixture was stirred and heated in a steam
      bath for 30 minutes. The polymer gelled and was insoluble in acetone,
      methanol, benzene, N,N-dimethylformamide and dimethyl sulfoxide.
PAR  The reaction was repeated with the tripentyl amine replaced with
      tri-n-hexylamine and the solvent replaced with methanol, ethanol and
      finally isopropanol. The reaction did not go to completion using any of
      these solvents.
PAC  EXAMPLE 27
PAR  A reactor was charged with 50 grams of poly(styrene-co-vinylbenzyl
      chloride), 0.16 moles of tri-n-hexylamine and 900 ml of 2-methoxyethanol
      and the mixture was stirred for 24 hours at 95.degree.C. The solution was
      cooled and 15 mls of concentrated HCl were added. The mixture was poured
      into water, with stirring, to precipitate the polymer and the polymer was
      washed with water and dried in vacuum to produce 80 g of polymer which was
      80% quaternized.
PAR  The invention has been described in considerable detail with reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinabove and as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A photographic element comprising a support and at least one layer which
      comprises a water-insoluble polymer comprisng repeating units represented
      by the following formula:
      ##SPC12##
PAL  wherein R.sup.1 and R.sup.2 are hydrogen atoms or alkyl groups and R.sup.3,
      R.sup.4 and R.sup.5 are alkyl groups wherein the total number of carbon
      atoms in R.sup.3, R.sup.4 and R.sup.5 is at least 12 and X.sup.- is an
      anion.
NUM  2.
PAR  2. The photographic element of claim 1 wherein the polymer is a copolymer
      with at least one other ethylenically unsaturated monomer and wherein at
      least 1/3 of the repeating units comprise the formula of claim 1.
NUM  3.
PAR  3. A photographic element comprising a support and at least one layer which
      comprises a water-insoluble polymer comprising units represented by the
      following formula:
      ##SPC13##
NUM  4.
PAR  4. A photographic element comprising a support and at least one layer which
      comprises a water-insoluble copolymer having the formula
      ##SPC14##
PAL  wherein R.sup.3, R.sup.4 and R.sup.5 are alkyl groups wherein the total
      number of carbon atoms in R.sup.3, R.sup.4 and R.sup.5 is at least 12.
NUM  5.
PAR  5. A dye image receiving element comprising a support having thereon a dye
      mordant layer which comprises a water-insoluble polymer comprising units
      represented by the following formula:
      ##SPC15##
PAL  wherein R.sup.1 and R.sup.2 are hydrogen or alkyl and R.sup.3, R.sup.4 and
      R.sup.5 are alkyl groups wherein the total number of carbon atoms in
      R.sup.3, R.sup.4 and R.sup.5 is at least 12 and X.sup.- is an anion.
NUM  6.
PAR  6. The dye image receiving element of claim 5 wherein the polymer is a
      copolymer with at least one other ethylenically unsaturated monomer
      wherein at least 1/3 of the repeating units comprise the formula of claim
      5.
NUM  7.
PAR  7. The dye image receiving element of claim 6 wherein an ethylenically
      unsaturated monomer is styrene.
NUM  8.
PAR  8. The dye image receiving element of claim 6 wherein an ethylenically
      unsaturated monomer is methyl methacrylate.
NUM  9.
PAR  9. The dye image receiving element of claim 5 wherein the water-insoluble
      polymer comprises units represented by the following formula:
      ##SPC16##
NUM  10.
PAR  10. The dye image receiving element of claim 5 wherein the water-insoluble
      copolymer has the formula:
      ##SPC17##
PAL  wherein R.sup.3, R.sup.4 and R.sup.5 are alkyl groups wherein the total
      number of carbon atoms in R.sup.3, R.sup.4 and R.sup.5 is at least 12.
PATN
WKU  039444252
SRC  5
APN  4384423
APT  1
ART  115
APD  19740131
TTL  Foamed lightweight ceramic compositions
ISD  19760316
NCL  12
ECL  1
EXP  Poer; J.
INVT
NAM  Magder; Jules
CTY  Princeton
STA  NJ
ASSG
NAM  Princeton Organics, Inc.
CTY  Princeton
STA  NJ
COD  02
CLAS
OCL  106 40R
XCL  106 67
XCL  106 87
XCL  106 90
EDF  2
ICL  C04B 2102
ICL  C04B 3516
FSC  106
FSS  40 R;67;87;90;86;88
UREF
PNO  2081802
ISD  19370500
NAM  Eklund
OCL  106 87
UREF
PNO  3232772
ISD  19660200
NAM  Hilton et al.
OCL  106 40R
UREF
PNO  3729328
ISD  19730400
NAM  Magder
OCL  106 90
LREP
FRM  Howson and Howson
ABST
PAL  This invention provides cellular clay compositions which are dimensionally
      stable at 1000.degree.F. and higher, and which have a controlled pore
      structure that enhances the strength, durability and insulating properties
      of the compositions.
BSUM
PAR  Exemplary of the present lightweight compositions are fired ceramic foam
      matrices characterized by pores which are essentially spherical in shape,
      extremely narrow in size distribution, and substantially
      non-interconnected, which compositions contain anorthite as the
      crystalline phase present in the largest proportion and which are
      dimensionally stable at a maximum temperature in the range 2000.degree. to
      2550.degree. F.
PAR  There are also provided foamed insulating firebrick of the silica-alumina
      type, containing either mullite or corundum as the crystalline phase
      present in the largest proportion, and which are dimensionally stable at a
      maximum temperature in the range 2300.degree. to 3200.degree. F.
PAR  Also provided are fired lightweight foamed clay articles useful as
      structural and semi-structural building materials.
PAC  BACKGROUND OF THE INVENTION
PAR  Lightweight ceramic compositions which are strong and durable are in great
      demand for refractory structural and semi-structural applications.
      Lightweight ceramics are desirable because of their dimensional stability,
      insulating properties, non-combustibility and inertness to corrosive and
      abrasive environments.
PAR  Ceramics are made in lightweight form by a variety of processes which
      commonly comprise one of the following steps as the means of inducing
      porosity:
PAR  1. THE "BURNOUT" METHOD: THE INCORPORATION OF COMBUSTIBLE OR VOLATILIZABLE
      PARTICLES IN A MIXTURE OF CERAMIC RAW MATERIALS PRIOR TO FIRING;
PAR  2. "FIREBLOATING" A CERAMIC MATERIAL TO RELEASE A GAS SUCH AS STEAM OR AN
      OXIDE OF CARBON OR SULFUR;
PAR  3. BONDING LIGHTWEIGHT INORGANIC PARTICLES WITH A RELATIVELY DENSE
      CEMENTITIOUS MATRIX, SUCH AS CLAY- OR SILICA-BONDED BUBBLE ALUMINA; OR
PAR  4. DISPERSING OR DISSOLVING CERAMIC RAW MATERIALS IN A LIQUID, FOAMING THE
      LIQUID, AND THEN DRYING AND FIRING THE FOAM. In this method a preformed
      froth may be mixed with the dispersion or solution: a compressed or
      condensed gas may be incorporated into the dispersion or solution and
      allowed to expand; or finally a gas may be generated in the liquid medium
      by a chemical reaction.
PAR  An example of a burnout process is the manufacture of insulating firebrick
      from a mixture of clay, sawdust, and gypsum. Firebloating processes are
      used to manufacture lightweight clay masonry or insulation units, foamed
      glass, expanded perlite, and expanded shale aggregate.
PAR  Low density ceramics available commercially have disadvantages such as high
      cost, poor mechanical strength or difficulty in controlling density. Also,
      certain standard commercial processes for making lightweight ceramics
      particularly by the burnout or firebloating methods can discharge major
      amounts of carbonaceous or sulfur-containing air pollutants.
PAC  THE PRIOR ART
PAR  Known lightweight clay articles prepared by foaming water dispersions of
      clays are described by H. D. Foster, "Manufacture of Lightweight
      Products", Bull. Am. Ceram. Soc., 19 (12) 468-73 (1940) and by C. M.
      Nicholson and G. A. Bole, "Cellulated Ceramics for the Structural Clay
      Products Industry" Jour. Am. Ceram. Soc., 36 (4) 127-36 (1953). Known
      dispersion-foaming processes for clays employ organic polymeric or surface
      active foam stabilizers, such as cellulose ethers or esters, glues, gums,
      hydrolyzed vegetable and animal proteins, amines containing large
      hydrocarbon radicals, soluble salts of sulfonated hydrocarbons, and the
      like. Such foams have the serious disadvantage of loss of induced porosity
      and progressive shrinkage during drying and/or firing, resulting in
      inability to control density under commercial manufacturing conditions,
      and often inability to achieve practical densities lower than 40 to 50 PCF
      (pounds/cubic foot).
PAR  U.S. Pat. No. 3,737,332 issued June 5, 1973 describes the use of fatty
      amines to stabilize dispersion-foamed clays and achieve densities in the
      range of 1 to 12 PCF. However, one observes that the foamed clays thereby
      produced have relatively low strengths after firing, and are susceptible
      to severe cracking unless they are carefully dried over periods of at
      least several hours before firing. In addition to the relatively high
      drying shrinkages, the volume firing shrinkage of such foamed clays
      normally ranges from 35 to 45%, thus making it extremely difficult to
      control and reproduce density under practical commercial manufacturing
      conditions.
PAR  The present invention relates to novel foamed ceramics of the silica,
      alumina, and silica-alumina types, in which porosity is induced by foaming
      an aqueous dispersion of ceramic materials.
PAR  It is an object of this invention to provide lightweight ceramic
      compositions which are dimensionally stable at 1600.degree. F. and higher,
      and which have exceptional strength and durability at densities below
      about 105 pounds per cubic feet.
PAR  It is a further object of this invention to provide cellular clay materials
      which have a uniquely uniform pore structure in which most of the void
      volume is provided by pores having effective diameters outside the range
      between about 2 microns and about 100 microns.
PAR  It is a further object of this invention to provide foamed kaolin shapes
      which have high green strength and exhibit low drying shrinkage.
PAR  It is a further object of this invention to provide lightweight foamed clay
      shapes which can be placed in a kiln while still moist and subjected to
      rapid firing conditions without destructive cracking or deformation.
PAR  It is a further object of this invention to provide foamed lightweight
      insluating firebrick which have a predominantly anorthite mineralogy and
      meet A.S.T.M. classification C155-70 for Groups 16 through 23.
PAR  An important object of this invention is to provide foamed clay
      compositions which fire to lightweight ceramic matrices without the
      evolution of noxious volatiles.
PAR  It is a further object of this invention to provide processes and
      techniques for the production of the novel foamed ceramic compositions
      described herein.
PAR  It is a further object of this invention to provide lightweight ceramic
      shapes suitable for use as building brick or blocks and as non-combustible
      core material for insulated panels, or for other structural or
      semi-structural applications such as exterior facings, wall and ceiling
      tile, curtain wall panels, panellized brick, partition walls, and the
      like.
PAR  Other objects and advantages of this invention will be apparent from the
      following detailed description thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects of this invention are accomplished by
      production of foamed clay compositions by blending of a type formulation
      comprising:
TBL                 Approximate Range of Parts                                 
                    By Weight per Hundred                                      
     Constituent    Parts of Dry Ingredients                                   
     ______________________________________                                    
     Clay           about 20 to about 95                                       
     Hydraulic cement                                                          
                    about 4 to about 35                                        
     Inert particulate                                                         
                    about 0.2 to about 30                                      
     lamellar foam                                                             
     stabilizer                                                                
     Water          about 21 to about 70                                       
     Gas generating sufficient to provide a                                    
     agent          final density of about 10                                  
                    to about 105 PCF.                                          
     ______________________________________                                    
PAR  The order of addition of the ingredients may be varied, and the preferred
      order depends mainly on the specific equipment used for mixing and the
      particular gas generating agent used. After the gas generating agent and
      the hydraulic cement have been incorporated, the blending is performed as
      rapidly as possible and the resulting dispersion is removed from the
      blending zone before an appreciable proportion of the gas has been
      generated. The dispersion is then discharged into a mold, or onto a
      conveyor or other next point of application. The mixture is then allowed
      to foam and set. With suitably chosen formulations foaming is essentially
      completed within a few minutes. The foamed clay compositions so produced
      exhibit good early green strength, and can be sufficiently hard in about
      15 minutes or less to permit demolding and other handling operations. The
      green foamed clay articles can then be fired either with or without a
      prior drying step, so as to develop full ceramic maturity and achieve high
      strengths.
PAR  Suitable clays include kaolinite, illite, and montmorillonite types;
      fireclays, brick clays, flint clays, shale clays, slip clays, ball clays,
      kaolins, bentonites, and others. It should be noted that a natural clay
      may adventitiously contain a non-colloidal particulate lamellar material
      as defined below. Such a lamellar material may occur as an impurity in the
      clay, such as talc, mica, or pyrophyllite; or else the lamellar material
      may consist of a non-colloidal clay fraction such as delaminated kaolinite
      platelets with diameters greater than about 1 to 2 microns and
      diameter-to-thickness ratios greater than about 5:1. A clay which
      fortuitously naturally contains the appropriate minor fraction of such a
      lamellar material is found to perform the function both of the clay
      component and the lamellar material. The use of such a clay without the
      deliberate addition of a separate lamellar foam stabilizer is understood
      to be within the scope of the present invention.
PAR  If the desired end product is an insulating refractory it is preferred that
      the clay component be of relatively high purity, e.g., low in iron oxide
      or other reducible oxides, and low in organic and in alkali content.
      Suitable domestic clays for this purpose are kaolins found in Alabama,
      Florida, Georgia and South Carolina.
PAR  It is preferred that the clay component be at least partially
      deflocculable, since deflocculation reduces the quantity of water
      necessary to obtain a fluid dispersion and hence minimizes subsequent
      drying and/or firing shrinkages.
PAR  Part of the clay may be advantageously precalcined or employed as
      pulverized grog in order to further minimize shrinkages.
PAR  The clay content of the present formulations ranges between about 20 and 95
      parts; unless otherwise noted the term "parts" as used in this
      specification denotes "parts by weight per hundred parts of dry insoluble
      ingredients". The precise amount of clay depends on the specific
      application and desired properties. For example, higher levels of clay
      generally result in higher firing shrinkages, but usually have an
      advantage in higher strengths for a given density, and lower cost.
PAR  The formulations of this invention include between about 4 and 35 parts of
      a hydraulic cement. This term is meant to include materials containing
      aluminates or silicates of alkaline earth elements or mixtures thereof,
      which compounds are hydratable to cementitious phases. Thus, calcium
      aluminates, calcium silicates, portland cements, slag cements, barium
      aluminates and others are included. Certain commercially available low
      iron calcium aluminates and white portland cement are particularly
      preferred for refractory clay foams wherein a low iron content is
      advantageous.
PAR  The setting rate and the green strength of the clay foam compositions both
      increase as the hydraulic cement content of the formulation increases. The
      preferred range of hydraulic cement is between about 5 and 20 parts.
PAR  An important feature of the present invention is the incorporation of an
      inert non-colloidal particulate lamellar foam stabilizer.
PAR  The average diameter of the lamellar particles is generally less than about
      1 millimeter and the ratio of the average particle diameter to its average
      thickness is greater than about 5:1. Such lamellar foam stabilizers have
      been described in my U.S. Pat. Nos. 3,565,647 issued Feb. 23, 1971 and
      3,729,328 issued Apr. 24, 1973. Examples of such lamellar materials are
      platey talc, mica, graphite, pulverized exfoliated vermiculite,
      pyrophyllite, and metal flakes such as flakes of aluminum, bronze and the
      like. The various lamellar materials differ in foam stabilizing
      efficiency. Quantities used in the present formulations vary between about
      0.2 and 30 parts, depending mainly on the specific lamellar material used
      and the desired pore size of the foam. Higher levels of the lamellar foam
      stabilizer generally yield smaller pores. The lamellar foam stabilizers
      preferred in the present invention are talc, pyrophyllite and graphite.
      The preferred ranges are talc 3 to 15 parts; pyrophyllite 8 to 25 parts;
      and graphite 5 to 30 parts.
PAR  The gas generating agent employed in the production of the clay foam
      compositions is selected from any of a variety of chemical foaming systems
      known and used in the prior art. Such chemical foaming systems include
      hydrogen peroxide catalyzed by manganese dioxide, copper oxide or
      catalase; the combination of a carbonate such as calcium or magnesium
      carbonate, with an acid or acid salt such as sulfuric acid or aluminum
      sulfate, which react to generate carbon dioxide; the combination of a
      metal nitrite such as calcium nitrite, with an ammonium salt such as
      ammonium sulfate, which react to liberate nitrogen gas; and the like.
      Particles of aluminum or of zinc metal will also react to liberate gas in
      alkaline aqueous media, such as in the presence of portland cement, or
      alkali or quaternary ammonium hydroxides or silicates.
PAR  The preferred gas generating agent for foams intended for refractory use is
      the combination of hydrogen peroxide and a transitional metal oxide
      catalyst such as manganese dioxide. For clay foam building products the
      preferred gas generating agents are catalyzed hydrogen peroxide, and an
      acid-carbonate combination.
PAR  The total quantity of water employed in a specific formulation depends on
      the quantity and type of clay present, the quantity of hydraulic cement
      present, the type and quantity of foam stabilizers and non-plastic ceramic
      materials, the particle size distributions of the clay materials, whether
      deflocculants are employed, and the types and amounts of any other
      additives. The quantity of water is selected in a given formulation so as
      to obtain pourable fluidity but should not be so great as to destabilize
      the foam prior to setting, retard setting excessively, or yield foams of
      too low green strength or excessive shrinkage. For practical purposes the
      total quantity of water will be in the range of about 21 to 70 parts by
      weight per 100 parts by weight of the dry ingredients. The lower water
      levels are used in formulations containing coarser clays, appreciable
      amounts of non-plastic materials, or highly deflocculated clays. The
      higher amounts of water are used in formulations containing finer clays,
      swelling-type clays such as montmorillonites, or undeflocculated clays.
PAR  Other ceramic materials which do not interfere with the foaming reaction,
      or adversely affect the physical characteristics of the foamed clays, may
      be included in the formulations at levels up to about 76 parts. Such other
      materials may be incorporated for example in order to achieve a desired
      chemical or mineralogical composition after firing. Examples of such
      materials are aluminas including alpha aluminas, tabular aluminas, hydrous
      aluminas and high-surface-area aluminas; silicas; zircon; zirconia;
      limestone; dolomite; talc; olivine; pyprophyllite; kyanite; mullite; raw
      and calcined bauxite; feldspar; syenite; wollastonite; grog; trap rock;
      fly ash; particulate glass; metakaolinites; zeolites; and the like.
PAR  Reinforcing fibers may be added to enhance green or fired strength. For
      example, wood, cellulose, glass, asbestos, aluminosilicate and other
      organic or inorganic fibers can be incorporated in the formulations.
PAR  Water-soluble or water dispersible resins or polymers may also be used,
      particularly to enhance green strength. These include urea-formoldehyde,
      polyvinyl alcohol, methycellulose, polyacrylamide, polyoxythylene glycol,
      polyvinyl acetate, polyvinylpyrrolidone, starch, gelatin, and the like.
      Such resins or polymers are generally used at levels less than about 5
      parts, because of their relatively high costs.
PAR  Deflocculants, dispersants, water reducers, and surface active agents may
      also be used to advantage, according to methods known in the art. Examples
      of such materials are sodium and potassium silicates, polyphosphates,
      lignosulfonates, amine oxides, alkali salts of fatty acids, alkali
      carbonates, and the like.
PAR  Also advantageous for certain purposes is the inclusion of accelerators or
      retarders. Such materials are well-known for calcium aluminates and
      portland cements, and function well in the present system. Examples of
      suitable accelerators are lithium salts, calcium sulfate hemihydrate,
      portland cement, hydrate calcium aluminate, and sodium carbonate, for
      calcium aluminate cements; and calcium chloride, triethanolamine, and
      calcium aluminate, for portland cements. Suitable retarders include
      citrates, sugars, hydroxylic carboxylic acids, borates, and phosphates,
      for both calcium aluminate and portland cements.
PAR  The foamed ceramic compositions of the present invention are all of the
      silica-alumina type and have a composition such that after firing they
      will contain the empirical equivalent of between about 20 to 85%, by
      weight, of alumina, and 15 to 95%, by weight, of silica; the total content
      of alumina and silica being at least about 65%, by weight.
PAR  The foamed clay products of this invention are characterized by a
      controllable, remarkably uniform pore structure as contrasted to known
      cellular foamed clays. The pores are generally isometric in shape and
      usually highly non-interconnected, with the major portion (i.e., greater
      than 50%) of the pore volume being due to pores of diameters outside the
      range between about 2 and 100 microns. The term "isometric" as used herein
      to refer to the shape of the pores is intended to mean equidimensional,
      i.e., the pores assume shapes which, while not necessarily spherical, are
      such that all diameters passing through the center are roughly the same
      length. It is believed that the novel and unique pore structure of the
      present invention accounts for the characteristic superior
      strength-to-density ratios, high abrasion resistance, and remarkable
      resistance of the present foamed clays to loss of porosity on drying and
      firing.
PAR  Moreover, relatively minor changes in formulation permit the practitioner
      of this invention to vary average pore size and to vary pore connectivity
      for each selected density, as desired to enhance certain final properties.
      For example in refractory insulation applications, pore diameters in the
      range 100 to 1000 microns are preferred in order to achieve the desirable
      low thermal conductivities at elevated temperatures while still
      maintaining good mechanical properties; by contrast, in foamed structural
      clay products the preferred pore diameters are in the range of about 1000
      to 3000 microns and low pore connectivity is preferred. In the present
      invention pore diameters are readily and reproducibly varied by the type
      and amount of lamellar foam stabilizer as has already been described. Low
      pore connectivity is achieved by using dry formulation components of
      smaller particle size, preferably finer than about 60 standard U.S. mesh,
      and also by using smaller quantities of lamellar foam stabilizers so as to
      create larger pore diameters, which promote low connectivity.
PAR  The foams of the present invention generally have linear drying shrinkages
      less than 2 to 3%, and very often less than 1%. Also, linear firing
      shrinkages are generally similar to the firing shrinkages of the
      corresponding unfoamed formulations, so that the foams of the invention
      may be fired to full ceramic maturity without any appreciable loss of
      induced porosity. Suitable embodiments of the present invention yield
      controllable fired densities down to about 10 PCF (pounds/ft..sup.3). In
      addition foamed insulating firebrick of the present invention exhibit long
      term dimensional stability as determined by A.S.T.M. Test C113-68.
DETD
PAR  The invention will now be described in greater detail in conjunction with
      the following specific examples thereof.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Examples 1 to 6
PAR  A dry batch was prepared by thoroughly blending the dry ingredients in the
      proportions by weight given in Example 1 in Table I below using an 8-quart
      twin-shell Patterson-Kelly blender, and 3 kg of blender charge. The water
      mix was prepared by stirring the sodium silicate solution and then the
      hydrogen peroxide solution into the water in the proportions shown in
      Table I.
PAR  100 grams of the dry batch was thoroughly and uniformly blended into 38.3
      grams of water mix, using a high shear laboratory stirrer. Total mixing
      time was 20 to 30 seconds. The dispersion, which had the flow
      characteristics of a deflocculated kaolin casting slip, was poured into an
      open mold 3 inches square, in area and 3 inches deep, The formulation
      foamed for about 8 minutes, and then hardened. About 11/2 to 2 hours after
      casting, the foamed clay was hard enough to handle without breakage. The
      foam was demolded, and allowed to dry in air overnight. Air dried density
      was 21 pounds per cubic foot (PCF) and linear drying shrinkage less than
      1%.
PAR  The dried foam was then fired by heating in an electric muffle furnace to
      2350.degree. F. over 3.5 hours, soaking at 2350.+-..degree. 25.degree. F.
      for 1 hour, and then allowed to cool down over about 6 hours.
PAR  Fired density was 27 PCF and linear firing shrinkage 14%. The foam
      decreased in weight a total of 19% between drying and firing.
PAR  In another experiment, a sample of green foam prepared as in Example 1 was
      fired on the same schedule; the firing was begun 2.5 hours after casting
      without any prior drying of the foam. There was no apparent difference in
      fired properties from those of the pre-dried fired foam.
PAR  The fired clay foam satisfied the requirements for Group 23 insulating
      firebrick, A.S.T.M. Classification C155-70. The pores were substantially
      spherical in shape, only partially interconnected, and extremely narrow in
      size distribution. Average pore diameter was about 1.3 millimeters (1300
      microns). X-ray diffraction analysis indicated mullite and cristobalite
      were the crystalline phases present in the largest proportions. Cold
      crushing strength was 380 pounds per square inch (PSI) by A.S.T.M. test
      C93-67, as compared to 145 PSI for a commercial Group 23 insulating
      firebrick having a density of 32 PCF.
PAR  The formulations of Examples 2 through 6 were blended, foamed, dried and
      fired similar to the procedure used for Example 1. In each case the fired
      clay foams were white or off-white in color, extremely uniform in
      appearance and narrow in pore size distribution. Compressive strengths
      were high for the densities obtained.
PAR  Examples 4, 5 and 6 illustrate the replacement of raw clay by calcined clay
      to reduce firing shrinkage. Low firing shrinkage allows the production of
      relatively large unit dimensions on fast firing cycles, without excessive
      warpage or cracking.
PAR  The gas generating agent in each of the Examples 1 to 6 is hydrogen
      peroxide catalyzed by manganese dioxide ore. The lamellar foam stabilizer
      is platey talc. If the lamellar foam stabilizer is omitted from any of the
      formulations, the gas evolved by the gas generating agent is not retained
      by the dispersion, but escapes and the foam collapses.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                      EXAMPLE     Parts by Weight                              
     __________________________________________________________________________
                      1     2     3     4     5     6                          
     Kaolin, CW-L     76.6  86.1  90.9  56.3  37.5  --                         
     Calcined Kaolin -35 M                                                     
                      --    --    --    18.8  37.5  73.9                       
     Calcium aluminate, CA-25                                                  
                      19.1  9.6   4.8   18.8  18.9  18.5                       
     Platey talc      3.8   3.8   3.8   5.6   5.6   7.4                        
     Manganese dioxide                                                         
                      0.5   0.5   0.5   0.5   0.5   0.23                       
      Total dry batch:                                                         
                      100.0 100.0 100.0 100.0 100.0 100.0                      
     Sodium silicate, Type N                                                   
                      --    --    0.5   0.14  0.28  --                         
     35% Aqueous hydrogen peroxide                                             
                      2.2   2.2   2.2   2.2   2.2   2.1                        
     Water            36.1  36.1  35.6  30.6  30.4  25.6                       
      Total water mix:                                                         
                      38.3  38.3  38.3  32.9  32.8  27.7                       
     Green Foam Properties                                                     
      Air dry density, PCF                                                     
                      21    23    23    23    25    24                         
      Drying shrinkage, linear %                                               
                      &lt;1%   &lt;1%   &lt;1%   &lt;1%   &lt;1%   &lt;1%                        
      Handling time, hr.                                                       
                      2.    3.    5.5   3.5   8.    16.                        
     Fired Foam Properties                                                     
      Average pore diameter microns                                            
                      1300  1300  1000  800   700   1500                       
      Density, PCF    27    30    25    23    29    24                         
      Color           white white white light white white                      
                                        grey                                   
      Firing shrinkage, linear %                                               
                      14    15    9.0   2.3   5.5   2.8                        
     __________________________________________________________________________
PAC  Examples 7 to 12
PAR  The formulations listed in Table II below were blended, foamed, and fired,
      by the procedure detailed for Example 1. In each case the fired clay foams
      were uniform in appearance; pore size distributions were narrow and
      average pore sizes ranged from 900 to 5000 microns. The fired foams all
      exhibited excellent dimensional stability at 2300.degree. F. or above, and
      were white or off-white in appearance.
PAR  Examples 8 and 10 illustrate the use of different calcium aluminates, and
      Example 9, portland cement as the hydraulic cement component of the
      formulation. In Example 11 the lamellar foam stabilizer is graphite, and
      in Example 12, aluminum flake.
TBL                                    TABLE II                                
     __________________________________________________________________________
                      EXAMPLE     Parts by Weight                              
     __________________________________________________________________________
                      7     8     9     10    11    12                         
     Kaolin, CW-L     --    --    18.8  18.8  18.8  19.8                       
     Calcined kaolin, -35 Mesh                                                 
                      --    --    56.3  56.3  56.3  59.6                       
     Calcined kaolin, 40.times.140 Mesh                                        
                      51.2  51.2  --    --    --    --                         
     Calcium aluminate, CA-25                                                  
                      19.2  19.2  --    --    18.8  19.8                       
     Calcium aluminate, Refcon                                                 
                      --    --    --    18.8  --    --                         
     Portland cement, white Type I                                             
                      --    --    18.8  --    --    --                         
     Alumina, Alcoa AL-325 Mesh                                                
                      25.6  --    --    --    --    --                         
     Alumina, Alcoa T61-48 Mesh                                                
                      --    25.6  --    --    --    --                         
     Platey talc      3.8   3.8   5.6   5.6   --    --                         
     Graphite powder  --    --    --    --    5.6   --                         
     Aluminum flake   --    --    --    --    --    0.3                        
     Manganese dioxide                                                         
                      0.24  0.24  0.5   0.5   0.5   0.5                        
      Total dry batch 100.0 100.0 100.0 100.0 100.0 100.0                      
     Sodium Silicate, Type N                                                   
                      --    --    --    0.14  0.14  0.15                       
     Borax            --    --    0.10  --    --    --                         
     35% Aqueous hydrogen peroxide                                             
                      2.2   2.2   2.2   2.2   2.2   2.2                        
     Water            31.4  21.8  40.0  35.3  25.9  27.4                       
      Total water mix:                                                         
                      33.6  24.0  42.3  37.6  28.2  29.8                       
     Fired Foam Properties                                                     
      Average pore diameter, microns                                           
                      900   2000  1300  1500  5000  3000                       
      Density, PCF    21    26    25    24    24    25                         
      Firing shrinkage, linear %                                               
                      4.2   1.5   4.    5.    1.    3.8                        
     __________________________________________________________________________
PAC  Examples 13 to 18
PAR  The formulations 13 to 18 as listed in Table III below were blended, foamed
      and fired according to the procedure of Example 1. Examples 5, 13, 14 and
      15 illustrate the effect of varying the level of lamellar foam stabilizer,
      in this case platey talc. The fired foams exhibited average pore diameters
      which changed approximately in inverse proportion to the amount of
      lamellar foam stabilizer, while the resulting density did not change
      significantly. There was also no appreciable change in firing shrinkage.
PAR  When dispersions of clays are foamed according to methods of the prior art,
      it is observed that attempts to reduce pore size, for example, by
      increased additions of surface active agents, invariably yield increased
      firing shrinkages, often to the point where it is not practical to fire
      such foams commercially. By contrast, the present foamed clays fire with
      shrinkages on the same order as unfoamed clay bodies of otherwise the same
      formulation.
PAR  Examples 16, 17 and 18 illustrate that fired foam density is readily
      controlled in the present invention by changing the level of gas
      generating agent, in this case catalyzed hydrogen peroxide. Densities of
      15 PCF and even lower are readily achieved without engendering excessive
      firing shrinkage. Dispersion-foamed clays lighter than about 25 PCF have
      hitherto been impractical because of loss of porosity on firing, or
      excessive shrinkage which makes density too difficult to control
      commercially.
TBL                                    TABLE III                               
     __________________________________________________________________________
                      EXAMPLE     Parts by Weight                              
     __________________________________________________________________________
                      13    14    15     16     17     18     5                
     Kaolin, CW-L     36.2  38.3  39.0   37.5   37.5   36.2   37.5             
     Calcined kaolin, -35 Mesh                                                 
                      36.2  38.3  39.0   37.5   37.5   36.2   37.5             
     Calcium aluminate, CA-25                                                  
                      18.2  19.1  19.5   18.9   18.9   18.2   18.9             
     Platey talc      9.1   3.8   2.0    5.6    5.6    9.1    5.6              
     Manganese ore    0.5   0.5   0.5    0.5    0.5    0.5    0.5              
      Total dry batch 100.0 100.0 100.0  100.0  100.0  100.0  100.0            
     Sodium silicate, Type N                                                   
                      0.27  0.29  0.29   0.28   0.28   0.27   0.28             
     35% Aqueous hydrogen peroxide                                             
                      2.1   2.2   2.2    1.1    3.8    3.6    2.2              
     Water            29.3  31.0  31.6   31.5   28.8   27.8   30.4             
      Total water mix:                                                         
                      31.7  33.5  34.1   32.9   32.9   31.7   32.8             
     Fired Foam Properties                                                     
      Average pore diameter, microns                                           
                      500   1500  3000   500    1200   800    700              
      Density, PCF    29    27    26     39     15     15     29               
      Firing shrinkage, linear %                                               
                      4.2   5.0   5.5    5.5    4.0    6.0    5.5              
     __________________________________________________________________________
TBL                Example 19                                                  
     ______________________________________                                    
                      Parts                                                    
                      By Weight                                                
     ______________________________________                                    
     Kaolin, Albion Cast 100                                                   
                        56.5                                                   
     Calcium aluminate, Refcon                                                 
                        13.0                                                   
     Calcium carbonate, -100 mesh                                              
                        14.8                                                   
     Pyrophyllite, 200 mesh                                                    
                        15.7                                                   
      Total dry batch   100.0                                                  
     Sodium silicate, type N                                                   
                        0.43                                                   
     Tetrasodium pyrophosphate                                                 
                        0.04                                                   
     35% Aqueous hydrogen peroxide                                             
                        1.6                                                    
     Water              37.2                                                   
      Total water mix   39.3                                                   
     2.5% Aqueous MnSO.sub.4.sup.. H.sub.2 O                                   
                        1.7                                                    
     ______________________________________                                    
PAR  The dry batch ingredients were blended in the proportions by weight for
      Example 19, and a water mix was made by dissolving the sodium silicate,
      tetrosodium pyrophosphate, and 35% hydrogen peroxide in the water. A 2.5%
      aqueous solution of manganese II sulfate monohydrate was prepared
      separately. 1572 grams of water mix was preheated to 40.degree. C., and
      then rapidly blended with 4000 grams of the dry batch using a 20-quart
      Hobart mixer. After about 45 seconds of mixing time 68 grams of the
      foaming catalyst solution, 2.5% MnSO.sub.4.H.sub.2 O, was blended in. The
      dispersion was then cast into an open rectangular mold.
PAR  After 20 minutes, the clay dispersion had foamed and set sufficiently hard
      to be demolded. The foam was then fired, without prior drying, at
      2400.degree. F. over a total heating schedule of 6 hours, including a 2
      hour soak at 2400.degree. F.
PAR  The fired foam was pale tan in appearance, and had an extremely uniform
      pore structure of average pore diamter 700 microns. Fired density was 28
      PCF and linear firing shrinkage, 5.4%. X-ray diffraction analysis gave
      anorthite as the major mineralogical phase present. The empirical chemical
      composition was Al.sub.2 O.sub.3 38.2, SiO.sub.2 44.9, TiO.sub.2 1.3, CaO
      14.5, MgO 0.2, Fe.sub.2 O.sub.3 0.7, (Na.sub.2 O + K.sub.2 O) 0.2, and MnO
      0.02 weight percent. The fired foam satisfied the requirements for Group
      23 insulating firebrick, A.S.T.M. Classification C155-70.
PAC  Examples 20 to 23
PAR  Foams formulated as given in Table IV below were made as follows. The dry
      batches were preblended, and the water-mix solutions were prepared
      separately. The dry batch was blended with the water mix in the given
      proportions using a high shear mixer, and a total blending time of 30 to
      45 seconds. The 35% hydrogen peroxide was then immediately dispersed in
      the slurry over a period of about 15 seconds using high shear mixing. The
      mixture was then immediately cast into a mold, and allowed to foam and
      then set.
PAR  The foam formulation numbers 20 to 23 may be fired at temperatures ranging
      from 2400.degree. to 2800.degree. F., depending on the degree of ceramic
      maturity desired, and the refractoriness of the specific formulation.
      Example 23 which contains 67.4% alumina after firing yields the most
      refractory foam. The fired foams exhibit excellent dimensional stability
      at temperatures above 2500.degree. F., and are suitable for use as
      insulating firebrick at service temperatures above 2500.degree. F. They
      contain either mullite or corundum as the crystalline phase present in the
      greatest proportion. The foams are much lower in density than commercially
      available refractory insulation intended for use above 2500.degree. F.
TBL                                    TABLE IV                                
     __________________________________________________________________________
                      EXAMPLE          Parts By Weight                         
     __________________________________________________________________________
                      20     21     22     23                                  
     Kaolin casting clay                                                       
                      73.0   28.7   59.0   28.7                                
     Calcined kaolin, -35 Mesh                                                 
                      --     42.7   --     --                                  
     Refcon calcium aluminate                                                  
                      --     --     13.6   --                                  
     CA -25 calcium aluminate                                                  
                      13.4   14.2   0      14.2                                
     Kyanite, -48 Mesh                                                         
                      --     --     13.6   --                                  
     Calcined bauxite, -48 Mesh                                                
                      --     --     --     42.7                                
     Pyrophyllite, -200 Mesh                                                   
                      13.4   14.2   13.6   14.2                                
     Manganese dioxide ore, -325 Mesh                                          
                      0.2    0.2    0.2    0.2                                 
      Total dry batch 100.0  100.0  100.0  100.0                               
     Type N sodium silicate                                                    
                      0.45   0.47   0.45   0.47                                
     Organophosphoric acid surfactant                                          
                      0.0022 0.0022 0.0023 0.0024                              
     Water            33.2   33.4   33.8   33.0                                
      Total water mix:                                                         
                      33.7   34.9   34.3   33.5                                
     35% Hydrogen peroxide                                                     
                      1.5    1.6    1.5    1.6                                 
     Typical Fired Foam Properties                                             
      Average pore diameter, microns                                           
                      1000   900    700    600                                 
      Density, PCF    33     28     32     27                                  
      Firing shrinkage, linear %                                               
                      8.0    6.5    8.9    3.5                                 
     Chemical Analysis, weight %                                               
     Al.sub.2 O.sub.3 47.4   47.4   45.7   67.4                                
     SiO.sub.2        47.8   47.8   46.9   27.1                                
     TiO.sub.2        1.3    1.3    1.4    1.8                                 
     CaO              2.7    2.7    5.0    2.7                                 
     MgO              0.1    0.1    --     0.1                                 
     Fe.sub.2 O.sub.3 0.6    0.6    0.8    1.0                                 
     Na.sub.2 O + K.sub.2 O                                                    
                      0.2    0.2    0.2    0.2                                 
     MnO              0.1    0.1    0.1    0.1                                 
     __________________________________________________________________________
PAC  Examples 24 to 27
PAR  Referring to Table V, in each of Examples 24 to 27 the clay slurries were
      prepared by blunging the clay and other insoluble solid ingredients in
      water containing the sodium silicate and sodium citrate, where used, until
      a uniform dispersion was obtained. Batch sizes corresponding to about 2.5
      pounds of dry ingredients were used. In Examples 24 and 25, the clay was
      ground to minus 40 U.S. mesh size before blunging. The resulting slurries
      are stable and if desired may be stored under agitation for at least
      several days before foaming.
PAR  To prepare the clay foams, the calcium aluminate cement was rapidly and
      thoroughly dispersed into the slurry using a high shear mixer and mixing
      times of 15 to 20 seconds. In Example 26, the sodium hexafluosilicate
      (Na.sub.2 SiF.sub.6) was dry-blended with the calcium aluminate cement
      before dispersion into the clay slurry.
PAR  Immediately after the cement was dispersed, the hydrogen peroxide was
      dispersed into the mixture for about 15 seconds under high shear, and the
      slurry was then cast into open-top molds, allowed to foam and set,
      demolded, cut to size, and fired at 2000.degree. to 2100.degree. F.
PAR  The fired foams have a uniform, substantially non-interconnected pore
      structure, and excellent strength-to-density ratios. These foams make
      attractive, insulating, and fire-resistive structural-clay building units
      especially useful for veneer brick, partition wall brick, panellized
      brick, face-brick, and common brick applications.
PAR  In commercial production, batch sizes up to several hundred pounds may be
      foamed at one time; or else blending and foaming may be accomplished
      continuously using high-shear mixing equipment such as is described in
      U.S. Pat. No. 3,729,328.
TBL                                    TABLE V                                 
     __________________________________________________________________________
                       EXAMPLES                                                
                              Parts By Weight                                  
     __________________________________________________________________________
                       24     25     26     27                                 
     Shale-type brick clay                                                     
                       89.5   89.5   --     --                                 
     Fine-grained brick clay                                                   
                       --     --     44.8   --                                 
     Ball clay         --     --     --     56.9                               
     Silica flour, -120 Mesh                                                   
                       --     --     --     28.4                               
     Fly ash           --     --     44.7   --                                 
     Platey talc       5.0    5.0    5.0    4.7                                
     Manganese dioxide ore, -325 Mesh                                          
                       0.5    0.5    0.5    0.5                                
     Type N sodium silicate                                                    
                       0.75   0.75   --     0.71                               
     Sodium citrate    --     0.025  --     --                                 
     Water             30.0   27.5   55.0   37.9                               
      Total clay slurry                                                        
                       125.8  123.4  150.0  129.1                              
     Lumnite calcium aluminate                                                 
                       5.0    5.0    5.0                                       
     Refcon calcium aluminate                                                  
                       --     --     --     9.5                                
     Sodium hexafluosilicate                                                   
                       --     --     0.25   --                                 
      Total cement     5.0    5.0    5.25   9.5                                
     35% hydrogen peroxide                                                     
                       0.75   0.75   0.75   0.75                               
     Typical firing temperature, .degree.F.                                    
                       2000   2000   2000   2100                               
     Fired Foam Properties                                                     
     Average pore size, microns                                                
                       700    700    500    150                                
     Density           68     66     55     66                                 
     Color             brick- brick- brick- cream                              
                       red    red    red                                       
     __________________________________________________________________________
PAC  Examples 28 to 32
PAR  Referring to Table VI, formulations 28 to 32 were blended and foamed by the
      procedure described for Example 1. The foams were fired at the
      temperatures shown in the Table.
PAR  Examples 28 and 29 illustrate the control of pore structure in the present
      invention by variation of the level of the lamellar foam stabilizer, in
      this case talc, without having large changes in density. These foams are
      intended for structural or semi-structural building units, and in this
      case the larger average pore sizes are preferred. Such larger average pore
      sizes tend to reduce the water absorption, and thus enhance the durability
      of the fired foams under cyclic freezing and thawing conditions.
PAR  Examples 30 to 32 illustrate the use of low-iron clays and other materials
      in order to achieve light- or white-firing foams for esthetic
      architectural applications.
TBL                                    TABLE VI                                
     __________________________________________________________________________
                       EXAMPLES      Parts By Weight                           
     __________________________________________________________________________
                       28     29     30     31     32                          
     Shale-type brick clay                                                     
                       83.8   89.5   --     --     --                          
     Georgia kaolin    --     --     39.8   59.6   59.6                        
     Silica flour, -120 Mesh                                                   
                       --     --     39.7   19.9   19.9                        
     Platey talc       10.5   5.0    10.0   10.0   --                          
     Pyrophyllite, -140 Mesh                                                   
                       --     --     --     --     10.0                        
     Manganese dioxide ore, -325 Mesh                                          
                       0.5    0.5    0.5    0.5    0.5                         
     Lumnite calcium aluminate                                                 
                       5.2    5.0    10.0   10.0   --                          
     Refcon calcium aluminate                                                  
                       --     --     --     --     10.0                        
      Total dry batch  100.0  100.0  100.0  100.0  100.0                       
     Type N sodium silicate                                                    
                       1.1    0.5    0.5    0.75   0.75                        
     Water             41.2   34.8   29.9   34.8   29.9                        
      Total water mix: 42.3   35.3   30.4   35.6   30.7                        
     35% Hydrogen peroxide                                                     
                       0.79   0.75   0.50   0.50   0.75                        
     Typical firing temperature, .degree.F.                                    
                       1950   2000   2250   2250   2100                        
     Fired Foam Properties                                                     
      Average pore size, microns                                               
                       450    100    250    250    1100                        
      Density PCF      59     63     50     54     43                          
      Color            brick- brick- tan    tan    white                       
                       red    red                                              
     __________________________________________________________________________
PAC  Examples 33 and 34
PAR  Referring to Table VII, Example 33 illustrates the use of the combination
      of aluminum powder and sodium hydroxide as the gas generating agent of the
      present invention in a formulation for a high temperature insulation
      firebrick. Example 34 illustrates the combination of calcium carbonate and
      aluminum sulfate as the gas generating agent. These formulations were
      blended, foamed, and fired according to the method of Example 1, at
      2400.degree. and 2000.degree. F., respectively.
TBL  ______________________________________                                    
                      Parts By                                                 
                      Weight                                                   
     ______________________________________                                    
                        33         34                                          
     Georgia kaolin     18.9       --                                          
     Calcined kaolin, -35 Mesh                                                 
                        56.5       --                                          
     Fine-grained brick clay                                                   
                        --         88.2                                        
     Platey talc        5.6        4.9                                         
     Aluminum powder    0.2        --                                          
     Precipitated calcium                                                      
     carbonate          --         2.0                                         
     CA-25 Calcium aluminate                                                   
                        18.8       --                                          
     Lumnite Calcium aluminate                                                 
                        --         4.9                                         
      Total dry batch:  100.0      100.0                                       
     Sodium hydroxide   0.5        --                                          
     Aluminum sulfate   --         1.5                                         
     Water              41.9       63.7                                        
      Total water mix:  42.4       65.2                                        
     Firing temperature, .degree.F.                                            
                        2400       2000                                        
     Fired Foam Properties                                                     
      Average pore size, microns                                               
                        1500       1200                                        
      Density, PCF      32         72                                          
     ______________________________________                                    
PAR  While the invention has been described above in conjunction with certain
      preferred embodiments thereof, it is to be understood that these are
      merely illustrative of others which will now readily occur to those
      skilled in the art and that the scope of the invention is limited only by
      the prior art and the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fired clay product composed of a rigid cellular mass having a bulk
      density in the range from about 10 to about 105 PCF obtained by mixing,
      foaming and firing a composition comprising about 20 to about 95 parts of
      clay, about 4 to about 35 parts of hydraulic cement, about 0.2 to about 30
      parts of inert particulate lamellar foam stabilizer, from 0 up to about 76
      parts of inert solid material, about 21 to about 70 parts of water, and a
      gas generating agent, said parts being by weight of the dry ingredients,
      all of the foaming action having occurred between cessation of said mixing
      and about 10 minutes thereafter.
NUM  2.
PAR  2. A fired clay product according to claim 1 wherein at least part of the
      inert particulate lamellar foam stabilizer is present adventitiously in
      said clay.
NUM  3.
PAR  3. A fired clay product according to claim 1 containing fiber.
NUM  4.
PAR  4. A refractory foamed ceramic composition according to claim 1
      characterized by dimensional stability at a maximum temperature in the
      range from about 2000.degree. to about 2550.degree. F., a bulk density of
      about 15 to about 45 PCF, pores substantially isometric in shape, and a
      predominate crystalline phase of anorthite.
NUM  5.
PAR  5. A refractory foamed ceramic compostion according to claim 1
      characterized by stability at a maximum temperature in the range from
      about 2300.degree. to about 3200.degree.F., pores substantially isometric
      in shape, and a predominate crystalline phase of mullite.
NUM  6.
PAR  6. A refractory foamed ceramic composition according to claim 1
      characterized by stability at a maximum temperature in the range from
      about 2300.degree. to about 3200.degree.F., pores substantially isometric
      in shape, and a predominate crystalline phase of corundum.
NUM  7.
PAR  7. A composition to be foamed comprising about 20 to about 95 parts of
      clay, about 4 to about 35 parts of hydraulic cement, about 0.2 to about 30
      parts of inert particulate lamellar foam stabilizer, from 0 up to about 76
      parts of inert solid material, and a gas generating agent, said parts
      being by weight per 100 parts of the dry ingredients.
NUM  8.
PAR  8. A composition according to claim 7 wherein at least part of the inert
      particulate lamellar foam stabilizer occurs adventitiously in said clay.
NUM  9.
PAR  9. A composition according to claim 7 containing fiber.
NUM  10.
PAR  10. A foamed clay composition obtained by mixing and foaming a composition
      comprising about 20 to about 95 parts of clay, about 4 to about 35 parts
      of hydraulic cement, about 0.2 about 30 parts of inert particulate
      lamellar foam stabilizer, from 0 up to about 76 parts of inert solid
      material, about 21 to about 70 parts of water, and a gas generating agent,
      said parts being by weight of the dry ingredients, and all of the foaming
      action having occurred between cessation of said mixing and about 10
      minutes thereafter.
NUM  11.
PAR  11. A composition according to claim 10 wherein at least part of the inert
      particulate lamellar foam stabilizer is present adventitiously in said
      clay.
NUM  12.
PAR  12. A composition according to claim 10 containing fiber.
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ABST
PAL  In sintering calcium aluminate raw mixes for use in calcium aluminate
      cements from 0.5 to 4.0% by weight of SO.sub.3 is added to the mix in the
      form of CaSO.sub.4 to broaden the sintering range.
PARN
PAR  This application, which is a continuation-in-part of our co-pending
      application Ser. No. 249,011 filed May 1, 1972, now abandoned, which is a
      division of our co-pending application Ser. No. 58,188 filed July 24,
      1970, now U.S. Pat. No. 3,677,781, which in turn is a continuation-in-part
      of our abandoned application Ser. No. 677,991 filed Oct. 25, 1967, relates
      to a method of sintering calcium aluminate raw mixes, and more
      particularly, to the making of clinkers for use in calcium aluminate
      cements. Such raw mixes must contain at least 28% by weight of Al.sub.2
      O.sub.3.
BSUM
PAR  The sintering range of such raw mixes is relatively narrow and, in some
      types of raw mix, particularly ferruginous calcium aluminate raw mixes,
      the range is so narrow that it is commercially impossible or at least
      extremely difficult to maintain the temperature within the proper range
      without melting. We have found that by adding SO.sub.3 in the form of
      CaSO.sub.4 to the raw mix, the sintering range can be broadened by raising
      the melting point of the mix to such an extent that it is commercially
      possible to sinter the calcium aluminate raw mixes within that range.
PAR  To our knowledge it is not known to add CaSO.sub.4 to calcium aluminate raw
      materials to be sintered. The closest art of which we have knowledge are
      British Pat. No. 929,202, Klein U.S. Pat. No. 3,251,701 dated May 17,
      1966, Patrouilleau U.S. Pat. No. 1,694,338, and an article of Nobue Fukuda
      on pages 138-139 in Volume 34 of the Journal of the Chemical Society of
      Japan, January, 1961, entitled, "On the Constitution of Sulfo-Aluminous
      Clinker". Both the British and the Klein patents disclose adding
      CaSO.sub.4 to portland cement raw mixes. In the British patent, a
      carbonaceous material and CaSO.sub.4 are added to enable the mix to burn
      at a lower temperature. In this operation, because of the reducing
      conditions CaS is formed. The patent does not disclose any particular
      percentage of CaSO.sub.4 addition.
PAR  The Klein patent adds gypsum to a portland cement type of raw mix to obtain
      the expansive component C.sub.4 A.sub.3 S in order to produce a suitable
      expansive portland cement. The minimum amount of gypsum added appears to
      to 11.5% which amounts to 8.4% SO.sub.3 as calcium sulfate.
PAR  Patrouilleau is concerned with a method for the manufacture of aluminous
      cements by melting a mixture of oxides and lime. In all of his examples,
      elemental sulfur or sulfur compounds are added in amounts greater than
      1.9% as sulfur. He teaches that the sulfur is released as SO.sub.2 when
      the mix is heated to combination temperature. Patrouilleau also states the
      sulfur addition "constitutes an obstacle to silicatization, or dissociates
      this silicatization if already formed" (page 1, lines 31-33). He is not
      concerned with sintered aluminous cement but with melted aluminous cement.
      The CaSO.sub.4 addition is released from the raw mix upon heating and
      fails to combine with calcium and alumina to form a C.sub.4 A.sub.3 S
      phase.
PAR  The Fukuda article teaches that the ternary compound C.sub.4 A.sub.3 S can
      be produced and identified by combining gypsum, bauxite and calcium
      carbonate. This compound is used as an expansive agent in expansive
      cements.
PAR  We have found that the minimum amount of addition of SO.sub.3 as CaSO.sub.4
      to be effective in broadening the sintering range should be 0.5% and that
      the maximum amount should be 4.0%. Above 4.0% of SO.sub.3, C.sub.4 A.sub.3
      S increases at the expense of the monocalcium aluminate, which is the
      primary component of calcium aluminate cements that gives optimum strength
      producing properties in a 24-hour period. This results in an
      unsatisfactory product for use in calcium aluminate cements. The addition
      of CaSO.sub.4 also raises the Pyrometric Cone Equivalent values and
      contributes to the hydraulic and refractory strength of the cement.
PAR  It is thus an object of our invention to provide a method of sintering
      calcium aluminate cement mixes in which the sintering range is broadened
      by the addition of SO.sub.3 in the form of CaSO.sub.4.
PAR  Another object is to provide such a method which is particularly necessary
      in the sintering of ferruginous calcium aluminate raw mixes containing a
      minimum of 5% Fe.sub.2 O.sub.3.
DRWD
PAR  These and other objects will be more apparent after referring to the
      following specification and attached drawings, in which:
PAR  FIG. 1 is an elevation of one form of apparatus which may be used in the
      practice of our invention;
PAR  FIG. 2 is a schematic plan view on a reduced scale showing the hearth of
      FIG. 1; and
PAR  FIG. 3 is a graph showing the sintering range of calcium aluminate cement
      mixes containing varying amounts of gypsum.
DETD
PAR  According to our invention, we first select a raw mix of the composition
      necessary to provide a clinker suitable for grinding into a calcium
      aluminate cement of the desired composition. After the raw mix is
      prepared, it is heated to a temperature sufficient to remove surface water
      and water of crystallization therefrom. The raw mix is then fed directly
      into a heating chamber or hot zone, without substantial intermediate
      heating, where it is rapidly heated to a temperature below the melting
      point of the raw mix. It is preferred that the temperature be at least
      50.degree. below the melting point. The raw mix in granular form is fed to
      the hot zone at such a rate and in such a manner that there will be
      complete exposure of substantially all the pellets to the heat in order
      that the raw mix be raised to the desired temperature within 8 minutes.
PAR  One type of equipment in which the method has been practiced and which is
      shown schematically in the drawings is manufactured by Calcimatic, Ltd.,
      of Toronto, Ontario. As shown, a donut-shaped hearth 2 is provided which
      rotates in a counter-clockwise direction. The raw mix is fed to the hearth
      2 from a conveyor 4 through a preheater 6 and discharge gate 8. Burners 10
      are located a short distance from the gate in a counter-clockwise
      direction and discharge into a hood 12 which surrounds the hearth 2. The
      exhaust gases pass from the hood 12 around the preheater 6 and exhaust
      through conduit 14. A takeoff 16 is provided a short distance clockwise
      from the gate 8 and the clinker is discharged therethrough to a cooler 18.
      The raw feed is heated in the preheater 6 and in the short distance on the
      hearth 2 between the gate 8 and burners 10 to a temperature below that at
      which complete carbonation takes place. This temperature is approximately
      1600.degree.F.
PAR  The pellets form a single layer on the hearth 2 so that, when they reach
      the position in front of the burners 10, they will be heated very rapidly
      to a sintering temperature below the melting point of the raw mix. The
      clinkers are preferably made from the following raw mixes in which the
      indicated numbers are percent by weight, the Al.sub.2 O.sub.3 percentage
      including any TiO.sub.2 which may be present:
TBL             Broad Range                                                    
                          Type A    Type B                                     
     ______________________________________                                    
     SiO.sub.2     0 - 5.0    2.5 - 5.0 2.5 - 5.0                              
     Al.sub.2 O.sub.3                                                          
                  28.0 - 56.0 32.0 - 37.0                                      
                                        35.0 - 41.0                            
     Fe.sub.2 O.sub.3                                                          
                   0 - 7.0    5.0 - 7.0 0.4 - 1.4                              
     CaO          14.0 - 42.0 23.0 - 28.0                                      
                                        21.0 - 26.0                            
     MgO           0 - 3.0     0 - 1.5   0 - 1.5                               
     MnO           0 - 1.0     0 - 0.6   0 - 0.6                               
     So.sub.3 as CaSO.sub.4                                                    
                   0 - 4.0    0.5 - 2.6  0 - 1.6                               
     Alkalies     Trace       Trace     Trace                                  
     Loss on Ignition                                                          
                  26.0 - 33.0 27.0 - 31.0                                      
                                        26.0 - 33.0                            
     ______________________________________                                    
PAR  Specific raw mixes which may be used for making clinker for Type A and Type
      B cements are:
TBL             Type A      Type B                                             
     ______________________________________                                    
     SiO.sub.2    3.3           3.3                                            
     Al.sub.2 O.sub.3                                                          
                  35.2          38.5                                           
     Fe.sub.2 O.sub.3                                                          
                  6.2           .8                                             
     CaO          23.9          23.5                                           
     MgO          0.1           .8                                             
     MnO          .3            .3                                             
     SO.sub.3 as CaSO.sub.4                                                    
                  1.6           1.6                                            
     Alkalies     Trace         Trace                                          
     Loss on Ignition                                                          
                  29.4          31.2                                           
     ______________________________________                                    
PAR  From the above analyses it is seen that the SO.sub.3 additions as
      CaSO.sub.4 may vary from 0.5 to 4.0% and that the addition, while
      desirable in all cases, is necessary with ferruginous calcium aluminate
      raw mixes, such as the Type A raw mixes. The preferred range is from 0.5
      to 2.6%.
PAR  In any of the cement mixes mentioned above, the initial heatings are
      preferably carried out for a period of 30 minutes to raise the mix
      temperature to approximately 1600.degree.F. However, this temperature may
      be as low as 300.degree.F. The shock sintering is at a temperature of
      approximately between 50.degree. and 250.degree.F. below the melting point
      of the raw mix. For Type A cement clinkers the material sintering
      temperature is preferably about 2450.degree.F. and for Type B clinkers the
      preferred temperature is approximately 2500.degree.F.
PAR  The calcium aluminate clinkers, when made under oxidizing or neutral
      conditions, include the compound 3CaO . 3Al.sub.2 O.sub.3 . CaSO.sub.4
      which is designated as C.sub.4 A.sub.3 S and has suitable hydraulic
      properties. The percentage of this compound will vary, depending on the
      amount of SO.sub.3 added as CaSO.sub.4 in the raw mix. The calculated
      C.sub.4 A.sub.3 S content of the clinker for the broad range is between 0
      and 30.5%; for Type A between 3.8 and 19.8%; and for the specific examples
      of Types A and B, 12.2%.
PAR  It will be seen that the raw feed of each group of raw materials includes
      SO.sub.3 in the form of CaSO.sub.4. In Type A and other ferruginous
      calcium aluminate mixes this is essential to widen the sintering range to
      a practical range. While the sintering range in Type B raw feeds is
      sufficient for commercial practice, the range is further widened by the
      addition of CaSO.sub.4.
PAR  As is shown in FIG. 3, the sintering range of calcium aluminate cement is
      from about 2330.degree.F. to about 2360.degree.F. without gypsum present
      in the mix. The sintering range increases slightly until, at about one
      percent gypsum (0.45 of SO.sub.3) the range begins to broaden appreciably.
      At 1.3% SO.sub.3 the sintering range is from about 2375.degree.F. to about
      2550.degree.F., and at 2.6% SO.sub.3 the range is from about
      2425.degree.F. to about 2575.degree.F.
PAR  The addition of gypsum increases the amount of the C.sub.4 A.sub.3 S
      present at the expense of the monocalcium aluminate, effectively reducing
      the amount of the monocalcium aluminate necessary for early hydration and
      strength development. Above 4% of SO.sub.3, the sintering range does not
      broaden appreciably but the C.sub.4 A.sub.3 S increases proportionately
      and reduces the amount of monocalcium aluminate in the cement, which
      likewise reduces the early strength development of the resulting cement.
      Further increases above 4% SO.sub.3 will begin to lower the calcium
      aluminate compound formation which is the primary cementitious material.
      Therefore, our upper limit is 4.0% SO.sub.3.
PAR  FIG. 3 shows the marked increase in sintering range at 0.5% SO.sub.3 which
      is our lower limit. Further, since there is nothing to be gained and much
      early strength development to be lost by increasing the added SO.sub.3
      above 2.6%, that figure is our preferred upper limit.
PAR  While one embodiment of our invention has been shown and described, it will
      be apparent that other adaptations and modifications may be made without
      departing from the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the method of sintering a calcium aluminate raw mix including by
      weight at least 28% by weight of Al.sub.2 O.sub.3, in which a raw mix is
      converted into a clinker by heating it to a temperature sufficient to
      remove surface water and water of crystallization, and then rapidly heated
      to a sintering temperature of at least 50.degree. - 250.degree.F below the
      melting point of the raw mix, wherein the improvement comprising adding
      from 0.5 to 4.0% SO.sub.3 by weight to the mix in the form of CaSO.sub.4
      to broaden its sintering range.
NUM  2.
PAR  2. The method of claim 1 in which the raw mix includes by weight 0 to 5%
      SiO.sub.2, 28 to 56% Al.sub.2 O.sub.3, 0 to 7% Fe.sub.2 O.sub.3 and 14 to
      42% CaO, and the loss on ignition is between 26 and 33%.
NUM  3.
PAR  3. The method of claim 1 in which the added SO.sub.3 is between 0.5 and
      2.6%.
NUM  4.
PAR  4. The method of claim 3 in which the raw mix includes by weight 2.5 to
      5.0% SiO.sub.2, 32 to 37% Al.sub.2 O.sub.3, 5 to 7% Fe.sub.2 O.sub.3, and
      23 to 28% CaO, and the loss on ignition is between 27 and 31%.
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ABST
PAL  Gelable or gelled compositions are disclosed which comprise a liquid
      medium, agar, and a combination of natural gum gel-forming agents
      including xanthan gum and locust bean gum. The gelable dispersions are
      easily gelled by heating to the gel-critical temperature and subsequently
      cooling them below the setting temperature. In the gelled state, these
      compositions are useful as carriers for many types of liquids including
      photo-processing solutions and therapeutic solutions.
PARN
PAR  This is a division of application Ser. No. 026,098, filed Apr. 6, 1970, now
      U.S. Pat. No. 3,700,451, issued Oct. 24, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to gelable and gelled compositions and more
      particularly to gelable and gelled compositions containing agar.
PAR  2. Prior Art
PAR  Many gel-like compositions have been described in the literature for a
      variety of applications. The gelable and gelled compositions described
      herein, however, are significantly different from various prior art
      formulations categorized as viscous, jelly-like, rubbery, pastes, creams,
      etc. These gelled compositions comprise true gels which have a rigidity
      and form common to solids. Viscosity is a meaningless term in describing
      these gelled solutions because the gel formers form a three-dimensional
      network which contains the liquid components and this three-dimensional
      network is broken down in attempts to measure viscosity. One method of
      characterizing these gelled compositions is in terms of their break
      strengths and elasticities.
PAR  Gelable dispersions are also described herein which comprise dispersions of
      gel formers in a liquid medium which is to be converted to the gelled
      state. Since all of these dispersions contain agar, gelation is
      accomplished by heating the dispersion above the gel-critical temperature
      and subsequently cooling the dispersion below the gelation or setting
      temperature.
PAR  The compositions described herein contain agar, which is a natural
      gel-forming agent derived from the red seaweed family. Agar gels
      traditionally have relatively low-setting temperatures contrasted to gels
      formed with other gel formers. In many gel applications, it is
      particularly desirable to take advantage of agar's low-setting
      temperature.
PAR  One example of a situation where it is advantageous to use the low-setting
      agar in gelled liquids is where the gelled liquid serves as a carrier for
      a therapeutic agent which is intended for topical application to the human
      body. If agar gelable compositions could be used for this purpose,
      application of the composition to the patient's body could be greatly
      simplified because of the low-setting temperature of agar gels. In other
      words, the gelled compositions could be formed upon the patient's body,
      which has heretofore been impossible due to the high setting temperatures
      of presently available gelable compositions.
PAR  It would also be a particular advantage to be able to use low-setting agar
      gels in photoprocessing applications. In photoprocessing, gelable
      dispersions are heated above their critical temperature and then extruded
      onto exposed photosensitive media whereupon they set upon cooling and are
      stripped off after processing. In many film processing applications,
      particularly color film, it is critically important that the gelable
      material applied to the film have as low a temperature as possible. The
      high-setting temperatures of formerly available gelable dispersions had a
      tendency to destroy good color balance due to overprocessing of the top
      layer in color film processing.
PAR  Despite their appeal because of their low-gelling temperature, solutions
      gelled solely with agar have not been used in many possible applications
      because they have simply not had the other properties required for these
      applications. For example, solutions gelled solely with agar are very
      inelastic and brittle and therefore not suitable for extrusion and removal
      from a photosensitive medium nor are they suitable for topical application
      of therapeutic solutions. For extrusion, the agar gels have another
      drawback in that at the elevated extrusion temperatures these gelable
      dispersions have extremely low viscosities which give them a watery
      consistency unsuitable for extrusion. Therefore, it has long been
      desirable to modify agar gels to improve these properties.
PAR  While many attempts have been made to improve these properties, none have
      been successful to date. The addition of thickeners and viscousing agents
      to improve the viscosity of the gelable dispersions at extrusion
      temperatures has resulted in gelled solutions with very low break
      strengths. Combining other gelling agents with agar has customarily
      resulted in the gel formers tending to compete with each other providing
      adverse results.
PAC  SUMMARY OF THE INVENTION
PAR  In an embodiment of the invention, gelable and gelled compositions are
      formed wherein a liquid medium contains agar and a combination of natural
      gum gel-forming agents including xanthan gum and locust bean gum. Agar is
      present in an amount of 0.5%-5%, and the combination of natural gum
      gel-forming agents is present in smaller amounts of 0.1%-0.5%. Since all
      of these gel formers are temperature dependent, gelation is accomplished
      by heating the gelable composition to a temperature above the gel critical
      temperature and subsequently cooling the compositions to a temperature
      below the setting temperature thereof.
PAR  In a more specific embodiment, gelable and gelled photoprocessing solutions
      are formed and used to process photosensitive media as follows. The
      gelable composition is heated to a temperature above its gel-critical
      temperature and applied to the photosensitive medium to be processed. Upon
      cooling, the composition sets or gels. The gelled composition is allowed
      to remain upon the medium until photoprocessing is complete, after which
      it is removed from the medium.
PAR  Compositions containing agar and a combination of xanthan gum and locust
      bean gum have surprisingly been found to exhibit a good balance of
      properties both in the gelable state and in the gelled state. Besides
      having the very desirable low-setting temperatures characteristic of pure
      agar gelled solutions, these compositions are improved in several other
      important properties. They have excellent elasticity in their gelled state
      and are not brittle as are compositions gelled solely with agar. In
      addition, the viscosity of the gelable compositions at elevated extrusion
      temperatures is significantly increased by the addition of the natural gum
      gel formers so that these gelable compositions can be conveniently
      extruded onto a photosensitive medium or other surface. In addition to the
      aforementioned properties, the compositions gelled as described herein
      have a number of other good gel properties including excellent break
      strengths, low tackiness and low syneresis.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The liquid media of this invention can be a pure liquid such as water.
      Solutions of solids in liquids and solutions of two or more miscible
      liquids are also included in the term liquid medium. For example, aqueous
      solutions of therapeutic agents or photoprocessing reagents are gelable as
      described herein.
PAR  Agar is the primary gel former in the compositions of this invention. Agar
      is a polysaccharide derivative from red seaweed and is generally a
      polygalactan formed from the sugar units D-galactose and
      3,6-anhydro-L-galactose. The structure, properties, preparation, etc. of
      agar and agar gels is well described in the literature. See for example,
      Whistler, R. L. and Smart, C. L., Polysaccharide Chemistry, Academic
      Press, Inc. New York (1953) at pp. 207-218. Compositions containing agar
      generally have gel critical temperatures in the range of about
      200.degree.-210.degree.F., but have low setting or gelation temperatures
      generally around 95.degree.F. As described above, this is a very desirable
      characteristic for many applications. The presence of cations such as
      sodium, potassium or ammonium, generally present in photoprocessing
      solutions, raise the setting temperature of agar gels, but the gelling
      temperature is still significantly below that of most other gel formers.
PAR  The agar is present in an amount of from about 0.5% to about 5% in the
      compositions described herein. The exact amount will be easily
      ascertainable by routine experimentation for the particular liquid medium
      to be gelled. In general, the lowest amount possible that yields good
      properties upon setting is used. For photoprocessing solutions, it has
      been found that preferably an amount of about 2% yields the best
      photoprocessing gels.
PAR  A combination of natural gum gel-forming agents including xanthan gum and
      locust bean gum is used with the agar to form the gelable and gelled
      compositions. The total amount of this combination of gel formers is low
      compared to the amount of agar present, and is from about 0.1% to about
      0.5% by weight. For photoprocessing compositions, it has been found
      preferable to use an amount of combination gel former of about 0.3% for
      the best results.
PAR  Xanthan gum is a high molecular weight polysaccharide derived from
      Xanthomonas Campestris. It contains D-glucose, D-mannose, and D-glucuronic
      acid as the dominant hexose units. For a more detailed discussion of the
      composition, physical and chemical properties, preparation, etc. of
      xanthan gum, see the following publications: Federal Register, Vol. 34,
      No. 53, Mar. 19, 1969, Subchapter B, Part 121, Subpart D; Keltrol,
      Technical Bulletin DB No. 18, Kelco Company, Clark, New Jersey.
PAR  Locust bean gum is a high molecular weight polysaccharide derived from
      Ceratonia siliqua. It contains a high proportion of
      D-galacto-D-mannoglycan in its structure along with smaller amounts of
      pentoglycan, protein, cellulose and ash. A detailed description of the
      composition, physical and chemical properties, preparation, etc. of locust
      bean gum is given in the following literature article: Whistler and
      BeMiller, Industrial Gums (Polysaccharides and Their Derivatives),
      Academic Press, New York (1959) at pp. 361-76.
PAR  Xanthan gum, locust bean gum, and combinations of these are readily
      available in commercial quantities under a variety of commercial names.
      The properties of the commercial products will vary with the particular
      source and/or the manner of commercial extraction. Some examples of
      commercial products are as follows:
TBL              Trademark                                                     
     Gum         or Trade Name Source                                          
     ______________________________________                                    
     Xanthan Gum Keltrol       Kelco Co.                                       
                               Clark, N.Y.                                     
     Locust Bean Gum                                                           
                 Clarified Locust                                              
                               Marine Colloids                                 
                 Bean Gum      Springfield, N.J.                               
     50% Xanthan Gum                                                           
                 Kelgum        Kelco Co.                                       
     50% Locust Bean           Clark, N.Y.                                     
      Gum                                                                      
     ______________________________________                                    
PAR  Compositions containing mixtures of xanthan gum and locust bean gum
      normally have gel-critical temperatures in the range of about
      150.degree.-170.degree.F., and generally their gelation or setting
      temperatures are approximately 140.degree.F. As can be seen, their setting
      temperatures are much higher than those for pure agar gels, and are in
      fact too high for many gel applications. It is known that gelled
      compositions using only a combination of xanthan gum and locust bean gum
      to form the gels require at least 10% xanthan gum and at least 1% locust
      bean gum in the mixture to form gelled solutions with sufficient break
      strengths. Therefore, when no other gelling agent is present, these
      natural gum gel formers are used in amounts of from about 10% to about 99%
      xanthan gum and from about 1% to about 90% locust bean gum. Likewise, it
      is even more preferable to use an amount of from about 50% to about 90%
      xanthan gum and from about 10% to about 50% locust bean gum to obtain the
      best balance of break strength and elasticities when no other gel formers
      are used. While these amounts may be preferred when the natural gum gel
      formers are used with agar, they are not required because the agar
      provides sufficient break strengths for the gelled solutions.
PAR  From the respective amounts of agar and the total natural gum gel formers
      used, it is apparent that much more agar is used to form the compositions
      described herein than natural gum formers. While the limits for each have
      been recited, it should be understood that the most preferable amounts for
      each for any particular liquid medium can be obtained by routine
      experimentation to determine the best balance of gel properties in the
      gelled medium.
PAR  Many other embodiments which are within the scope of the appended claims
      will occur to those skilled in the art.
PAR  The following example illustrates the invention even further by way of
      specific embodiment.
PAC  EXAMPLE I
PAR  A color-first developer used in reversal color processing is formed from
      the following ingredients.
TBL  ______________________________________                                    
     ethylenediaminetetraacetic                                                
                           2.0 g                                               
      acid (EDTA)                                                              
     sodium sulfite       50.0 g                                               
     hydroquinone         10.0 g                                               
     graphidone A          1.0 g                                               
     0.5 % Eastman Kodak Anti-Fog                                              
                          25.0 milliliters                                     
      No. 73 in 50% Methanol/50% Water                                         
     sodium hydroxide      2.0 g                                               
     water to              1.0 liter.                                          
     ______________________________________                                    
PAL  The pH of the developer solution was 10.0.
PAR  To form a gelable color developer solution, the gel formers noted in Table
      I are added to the developer solution at room temperature. The mixture is
      then brought to a boil while gentle agitation is used to disperse the gel
      formers. This gelable composition is air cooled at 120.degree.F., at which
      point no gelation has occurred, and viscosity measurements are taken at
      this temperature which is excellent for extrusion. The results are:
TBL                Table I                                                     
     ______________________________________                                    
                Viscosity                                                      
     Gel Formers                                                               
                (centipoises) Properties                                       
     ______________________________________                                    
     2% Agar    29            29  Gelled solution                              
                              is brittle                                       
     2% Agar    98            Gelled solution                                  
     0.16% Kelgum             has good elasticity                              
                              and break strength                               
     2% Agar                                                                   
     0.32% Kelgum                                                              
                230           Gelled solution                                  
                              has good elasticity                              
                              and break strength.                              
     ______________________________________                                    
PAR  As can be seen from Table I, the viscosity of gelable agar compositions is
      dramatically increased at extrusion temperatures by the use of xanthan gum
      and locust bean gum combinations. Gelled solutions are formed from the
      gelable dispersions by cooling them to room temperature. Gelation or
      setting occurred at 110.degree.F., and the addition of the Kelgum did not
      noticeably increase this gelation temperature.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition comprising a liquid medium and a combination gelling agent
      which consists essentially of (a) from about 0.5% to about 5% agar and (b)
      from about 0.1% to about 0.5% of a mixture of xanthan gum and locust bean
      gum in a weight ratio of about 10% to about 99% xanthan gum and from about
      1% to about 90% locust bean gum.
NUM  2.
PAR  2. A composition of claim 1 wherein said liquid medium comprises an aqueous
      solution of a therapeutic agent.
NUM  3.
PAR  3. A composition of claim 1 in the gelled state.
NUM  4.
PAR  4. A composition of claim 1 in the gelable state.
PATN
WKU  039444287
SRC  5
APN  5559340
APT  1
ART  142
APD  19750306
TTL  Alkaline curing corrugating adhesive
ISD  19760316
NCL  16
ECL  1
EXP  Morris; Theodore
INVT
NAM  Schoenberg; Jules E.
CTY  Scotch Plains
STA  NJ
INVT
NAM  Ray-Chaudhuri; Dilip K.
CTY  Somerville
STA  NJ
ASSG
NAM  National Starch and Chemical Corporation
CTY  Bridgewater
STA  NJ
COD  02
CLAS
OCL  106213
EDF  2
ICL  C08B 2502
ICL  C08B 2722
FSC  106
FSS  213
FSC  260
FSS  72;63 N;64
OREF
PAL  chem. Abst. 73: 35319v.
ABST
PAL  Starch-based alkaline curing corrugating adhesives, containing a novel
      crosslinking additive comprising acetoacetamide-formaldehyde condensate,
      are useful in the manufacture of corrugated paperboard. These adhesives
      are characterized by their excellent stability with respect to viscosity,
      their long pot life and their ability to form water-resistant bonds,
      particularly after aging.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  This invention relates to starch based alkaline curing adhesive composition
      specifically intended for use in the manufacture of corrugated paperboard.
PAR  II. Brief Description of the Prior Art
PAR  In the production of corrugated board, the procedure usually employed
      involves a continuous process utilizing a strip of paperboard corrugated
      by means of heated fluted rolls. An adhesive is applied to the tips of the
      protruding flutes on one side of the corrugated strip, a flat strip of
      another paperboard is then brought into contact with these tips, and, by
      the application of heat and pressure, a bond is formed. This procedure is
      then repeated on the other side of the corrugated strip so as to yield a
      hard sheet of paperboard comprising an inner corrugated layer contained
      between two flat outer layers.
PAR  The adhesive composition most widely used in the above process comprises
      raw, ungelatinized starch suspended in an aqueous dispersion of cooked
      starch. The cooked starch dispersion, being rather viscous, serves as a
      carrier to keep the ungelatinized starch in suspension. At the point in
      the corrugating process where the flutes of the corrugated paperboard are
      to be adhered to the flat paperboard, sufficient heat is applied to
      gelatinize the raw, ungelatinized starch component of the adhesive,
      resulting in a sudden rise in viscosity and the formation of the adhesive
      bond.
PAR  Since it is often desired or necessary that the corrugated adhesive yield
      waterproof or water-resistant bonds, several procedures have been devised
      to produce potentially waterproof adhesive compositions for use in the
      manufacture of corrguated paperboard. In one such procedure, amylaceous
      material has been combined with urea-formaldehyde resins using aluminum
      sulfate as a catalyst to produce waterproof or water-resistant bonds.
      These compositions must be prepared at a pH of less than 5 in order to
      enable the resin to function as the waterproofing agent. This low pH,
      however, imparts poor flow properties to the adhesive composition, thus
      resulting in greatly reduced machine speeds, corrosion of the glue rolls,
      and prevention of the development of many desirable paste characteristics
      such as tackiness, viscosity, rate of setting and other properties. In
      another method, amylaceous material is cooked, under alkaline conditions,
      with urea-formaldehyde resins which set or harden at a pH of above 7.
      Although the bonds of corrugated board prepared from these adhesives show
      some improvement in water resistance, on exposure to wet weather
      conditions they nevertheless tend to delaminate and fail to pass U.S.
      Government specifications for corrugated paperboard.
PAR  Other waterproofing corrugating adhesives, such as those employing
      resorcinol and formaldehyde with starch, similarly suffer from serious
      drawbacks. The cost of these adhesives is often prohibitive because of the
      large amounts of resorcinol that is required. In addition, these adhesives
      have a short pot life at the pH range most useful for maximum production
      speeds. Other shortcomings of this adhesive include the slow rate of bond
      formation which results from its incompatibility with borax which is often
      added to starch-based adhesives as a tackifying agent to improve machine
      speeds.
PAR  Still other waterproofing corrugating adhesives employ the reaction product
      of acetone with formaldehyde as the waterproofing agent. A particular
      shortcoming of these adhesives is their short pot life. Thus, when
      acetone-formaldehyde condensates are added to conventional starch based
      adhesives and the mixture allowed to age, the wet strength after 24 hours
      aging is considerably lower than after 4 hours aging. The practical
      consequence is that the corrugated paperboard manufacturer is frequently
      forced to discard adhesive that has not been used within a certain period
      of time
PAR  Recently, adhesive compositions, as disclosed in U.S. Pat. No. 3,728,141,
      have been provided which employ the condensation product of diacetone
      acrylamide and formaldehyde and which exhibit superior pot life properties
      for periods up to about 24 hours. Additionally, it has been found that
      these diacetone acrylamide-formaldehyde condensates may be diluted with
      acetone in amounts up to 3 moles of acetone per mole of diacetone
      acrylamide in order to provide a more economical product without
      significantly reducing the pot stability. There are instances, however,
      when even longer pot life than that exhibited by the diacetone acrylamide
      condensate is required. Moreover, when the question of such extended shelf
      lift is not at issue, it may be economically desirable to dilute the
      condensate in amounts greater than the 3 mole acetone maximum allowed in
      the adhesives of the patent without reducing pot stability at the 24 hour
      level.
PAR  It is therefore an object of the present invention to provide a novel class
      of waterproofing corrugating adhesive compositions which are stable for
      extended period of time and which may be diluted with acetone in large
      amounts without reduction in critical properties.
PAC  SUMMARY OF THE INVENTION
PAR  We have now found that the use of specified concentrations of the
      condensation product of an acetoacetamide and formaldehyde as the
      crosslinking agent, in place of urea-formaldehyde resins or formaldehyde
      resins or formaldehyde-diacetone acrylamide condensates, in otherwise
      conventional starch-based corrugating adhesives provides these adhesives
      with superior water resistant bonding properties, viscosity stability and
      pot life, particularly when the adhesives are employed over extended
      periods of time. In addition, these adhesives possess excellent tack, flow
      and machining properties, and are fully compatible with water proofing
      agents of the prior art. Moreover, the water resistance of the corrugated
      boards prepared using these adhesives is attained within a short time
      after they have left the machine, thereby facilitating their further
      processing. In addition, the use of these adhesive compositions employing
      conventional corrugating equipment and processes makes possible high
      production speeds because of the higher alkalinity employed and the
      compatibility with borax. The offensive or toxic odors that often arise
      from the use of formaldehyde or resorcinol with starch are avoided and, in
      general, the overall efficiency and economy of the corrugating process is
      increased.
PAR  As an additional feature of the present invention, it has also been found
      that an acetone-formaldehyde condensate may be used to replace up to about
      85% by weight of the acetoacetamide-formaldehyde condensate. A replacement
      with such weight percent of condensate corresponds to a replacement of up
      to about 9 moles acetone per mole acetoacetamide. The use of such a large
      amount of acetone serves to drastically lower the cost of the resultant
      adhesive with no significant decrease in water resistant bonding
      properties, viscosity stability or pot life.
PAR  The novel corrugating adhesives of the present invention comprise (a) from
      about 10 to 40%, preferably 18 to 30%, based on the total weight of the
      adhesive, of starch, this including the minor gelatinized portion as well
      as the ungelatinized portion of the starch; (b) from about 0.3 to 4% based
      on the total weight of the starch, of an alkali, such as sodium hydroxide;
      (c) a crosslinking member in a concentration of from about 0.3 to 10%,
      preferably 1 to 5%, based on the total weight of the starch, comprising at
      least 15%, based on the weight of the crosslinking member, of an
      acetoacetamide-formaldehyde condensate; and (d) from about 54 to 89% of
      water, based on the total weight of the adhesive. In order to further
      improve the tackifying properties of these adhesives, the practitioner
      may, if desired, introduce borax in a concentration of up to about 4%
      based on the total weight of the starch. Optionally, other ingredients
      such as fillers, pigments, peptizing agents for starch such as urea,
      stabilizing salts, etc. may be employed in the total adhesive formulation.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The term "starch," as used herein, is meant to refer to native, raw
      starches as well as to modified starches such as oxidized, esterified,
      etherified, dextrinized and hydrolyzed starches which still retain their
      amylaceous characteristics. Suitable starches may be derived from any
      sources, including corn, wheat, potato, tapioca, waxy maize, waxy sorghum,
      rice, etc. High amylose starches derived from genetically modified sources
      may also be used herein.
PAR  In these compositions, a major portion, preferably from about 65 to 92%, of
      the starch is employed in its ungelatinized, raw form, suspended in a
      viscous carrier which usually comprises the remaining 8 to 35% of the
      starch in the form of a cooked, gelatinized aqueous dispersion. Although
      any of the above mentioned starches may be used as the carrier portion,
      high amylose corn starch is preferred. Upon application of heat during the
      corrugating process, the uncooked starch gelatinizes to produce the
      required viscosity increase and tack, which, in turn, makes possible the
      adhesive bond. the viscous carrier essentially serves to deliver the
      uncooked starch to the interface, where the in situ gelatinization and
      adhesion is to take place, and also contributes to the strength of the
      adhesive bond.
PAR  While the viscous carrier generally employed is an aqueous dispersion of
      cooked, gelatinized starch, it is to be noted that a number of
      water-dispersible, polyhydroxypolymeric materials including cellulose
      derivatives such as sodium carboxymethyl cellulose, polyvinyl alcohols and
      hydrolyzed polyvinyl acetates may also be employed. No borax should be
      used in preparing adhesives which include polyvinyl alcohol because of
      their relative incompatibility.
PAR  The acetoacetamides employed in the present invention contain four to
      twelve carbon atoms and have the following structure:
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are hydrogen, alkyl groups, cycloalkyl groups,
      aryl groups, hydroxyalkyl groups, alkoxyalkyl groups or may be joined to
      form a heterocyclic ring. Exemplary of the various acetoacetamides which
      may be used are acetoacetamide, N-methylacetoacetamide,
      N,N-dimethylacetamide, N-2-hydroxyethylacetoacetamide,
      N,N-pentamethyleneacetaoacetamide, N,N-oxydi-ethyleneacetoacetamide and
      N,N-bis-(2-hydroxyethyl)acetoacetamide.
PAR  The acetoacetamides useful herein are generally prepared by the reaction of
      diketene with a primary or secondary amine or with ammonia in a relatively
      inert solvent, such preparations being well described in the literature.
PAR  The acetoacetamide is condensed with the formaldehyde in a ratio of 2 to 6
      moles formaldehyde per mole acetoacetamide in order to produce the
      condensates useful in the adhesives of the present invention. Since the
      absolute value of the water resistance has been found to be relatively
      lower at lower formaldehyde levels and increases with higher levels, the
      condensates most useful in our novel corrugating adhesives are those
      prepared using at least 3.5 moles formaldehyde per mole acetoacetamide.
PAR  In a typical procedure for preparing the condensate, the acetoacetamide is
      diluted with water and mixed with paraformaldehyde (or other source of
      formaldehyde) while maintaining the pH of the reaction mixture at from 9.5
      to 11.5 using an aqueous solution of any common base such as sodium or
      potassium hydroxide. Examples of other bases operable herein include
      alkali metal carbonates such as sodium carbonate and alkali metal
      silicates such as sodium silicate. While moderate heat may be applied to
      initiate and to hasten the reaction rate, the reaction is exothermic and
      temperatures above 50.degree.C. are usually unnecessary. At the completion
      of the reaction, about 2 to 6  hours, the reaction mixture is usually
      neutralized using any common acid such as hydrochloric or sulfuric acid.
      Procedures including variations of the above described procedure for
      preparing such condensates are well known to those skilled in the art.
PAR  When acetone is used to replace part of the acetoacetamide, the acetone may
      be condensed with the formaldehyde in a ratio of one mole acetone per 2 to
      6 moles formaldehyde and the thus formed condensate then added directly to
      the adhesive composition or mixed with the acetoacetamide-formaldehyde
      condensate and added as a mixture to the adhesive. Alternatively, a three
      component condensate may be formed in one operation by admixing the
      acetoacetamide with the acetone in an amount of up to 9 moles acetone per
      mole acetoacetamide. The formaldehyde source would then be condensed with
      the acetone/acetoacetamide mixture in a ratio of 2 to 6 moles formaldehyde
      per combined moles of the acetone and acetoacetamide.
PAR  Regardless of the manner of preparation of the acetone-containing
      condensate, the acetone-formaldehyde condensate may be used to replace up
      to 85% by weight (solid basis) of the acetoacetamide-formaldehyde
      condensate without serious loss in viscosity stability. It will be
      appreciated, however, by those skilled in the art that a number of factors
      are involved in determining the maximum replacement permitted, including
      in particular the total amount of condensate used and the type of starch
      employed in the adhesive composition.
PAR  It will also be understood to those skilled in the art that the specific
      procedure for the preparation of our novel corrugating adhesive is not
      critical since the adhesive may be prepared in any conventional manner
      that will provide in the final product a uniform mixture of a dispersion
      of a gelatinized starch (sometimes referred to as "the carrier"),
      ungelatinized starch which serves as the major dry component of the
      corrugating adhesive, alkali and the acetoacetamide formaldehyde
      condensate. The concentration of the components should be within the
      ranges set forth hereinbelow. Borax, if not incompatible with the other
      ingredients, as well as other ingredients such as fillers, pigments,
      peptizing agents for starch such as urea, stabilizing salts, etc., may
      also be incorporated in our adhesives, if desired. It is to be noted,
      however, that an effective corrugating adhesive can be formulated using
      the condensates disclosed herein without the addition of any of these
      optional ingredients.
DETD
PAR  In more detail, the preparation of our corrugating adhesives may be
      described as follows:
PAC  PREPARATION OF GELATINIZED STARCH CARRIER
PAR  A slurry of the carrier portion of the starch, ordinarily about 3 to 10% of
      the total weight of the adhesive composition, is heated to a temperature
      ranging from 50.degree. to 80.degree.C. An aqueous solution of alkali is
      added thereto; alternatively, the alkali may be added in solid form as,
      for example, in flake or pelletized form. The alkali employed herein is
      preferably sodium hydroxide. Examples of other alkalies which may be
      employed separately or in combination with the sodium hydroxide include
      borax as well as alkali metal hydroxides such as potassium hydroxide,
      alkali metal carbonates such as sodium carbonate, and alkali metal
      silicates such as sodium silicate. Heating and agitation is continued for
      a period of time ranging from 5 to 30 minutes, after which time heating is
      terminated and water is added to cool and dilute the dispersion.
PAC  PREPARATION OF THE FINAL ADHESIVE
PAR  The thus prepared gelatinized starch is slowly added to a slurry comprising
      the remaining starch (which is ungelatinized) and water (and borax, if
      used), and agitation is continued until the adhesive is smooth and
      uniform. The preparation of the adhesive is completed by adding the
      desired concentration of the selected acetoacetamide-formaldehyde
      condensate.
PAR  It can be appreciated that several variations may be readily utilized in
      the preparation of our corrugating adhesives as described above. Thus, it
      is also common in the art to incorporate the borax in the carrier
      dispersion, either prior to or after heating. Likewise, it is acceptable
      to add the acetoacetamide-formaldehyde condensate to the carrier or to the
      ungelatinized starch slurry prior to preparation of the final adhesive.
PAR  The following examples will further illustrate the embodiments of our
      invention. All parts given are by dry weight unless otherwise noted.
PAC  EXAMPLE I
PAR  This example illustrates a typical procedure for the preparation of the
      acetoacetamide-formaldehyde condensate used in the novel corrugating
      adhesives of the present invention.
PAC  PREPARATION OF THE ACETOACETAMIDE
PAR  A reaction vessel equipped with a stirrer, thermometer and dropping funnel
      was charged with 2.0 moles (220.1 g.) of a 40.8% by weight solution of
      dimethylamine in water and 2.0 moles (168.3 g.) diketene was added
      dropwise thereto. During the addition which lasted 1 1/2 hours, the
      reaction vessel was stirred vigorously and immersed in an ice-bath to
      maintain the temperature below 20.degree.C. At the end of the addition,
      the reaction mixture was allowed to warm to room temperature over a one
      hour period. The final pH was 5.4. The product was
      N,N-dimethylacetoacetamide dissolved in water.
PAC  PREPARATION OF THE CONDENSATE
PAR  A round bottom flask equipped with a stirrer, thermometer, ph electrode and
      condenser with Mallcosorb tube to provide protection from atmospheric
      carbon dioxide was charged with 0.20 mole (38.8 g.) of the aqueous
      N,N-dimethylacetoacetamide solution, 0.06 mole (19.0 g.) paraformaldehyde
      containing 95% polymerized formaldehyde and 19.1 g. water. Then 2.2 ml. of
      10 M NaOH in water was added in increments to maintain the pH of the
      system between 9.1 and 11.6. After a total reaction time of 3 hours, at
      40.degree.C., the reaction mixture was cooled and the product neutralized
      with concentrated hydrochloric acid. A sample dried for 24 hours at
      60.degree.C. lost 50.5% of the original weight indicating the condensate
      had a solids content of 49.5%.
PAR  A cocondensate of formaldehyde with acetone and acetoacetamide was prepared
      by admixing 2 moles of acetone with 1 mole N,N-dimethylacetoacetamide and
      condensing with 12 moles formaldehyde in a manner similar to that
      described above.
PAR  For control purposes, condensates of acetone and formaldehyde and
      condensates of diacetone acrylamide and formaldehyde were also prepared.
PAC  EXAMPLE II
PAR  This example illustrates the preparation of a typical corrugating adhesive
      of the invention.
PAC  PREPARATION OF GELATINIZED STARCH
PAR  To 100 grams of water was added 28 grams of corn starch and the slurry was
      heated to 60.degree.C. with agitation. About 75 grams of water containing
      5 grams of sodium hydroxide was then added to the slurry and heating was
      continued for a period of 15 minutes. At the end of this period heating
      was terminated and about 143 grams of water was added to cool and dilute
      the resultant dispersion.
PAC  PREPARATION OF THE FINAL ADHESIVE
PAR  The thus prepared gelatinized starch dispersion was thereafter added to a
      slurry comprising 197 grams of corn starch, 3.5 grams of borax (Na.sub.2
      B.sub.4 O.sub.7 .sup.. 5H.sub.2 O) and 325 grams of water. The mixture was
      agitated for a period of 10 minutes after which time 6.3 grams dry weight
      (2.8% based on the weight of the total starch) of the
      N,N-dimethylacetoacetamide formaldehyde condensate, prepared as described
      in Example I hereinabove, was added thereto and stirring was continued
      until the adhesive was uniform in texture.
PAR  Fiberboard produced by using the described adhesive was water resistant and
      passed ASTM specification D1028-59.
PAC  EXAMPLE III
PAR  It is well recognized that cooked starch dispersions (and corn starch
      dispersions containing a crosslinking agent of the prior art in
      particular) will tend to thicken or gel upon standing, and this phenomenon
      is usually observed in corrugating adhesives based on such starch
      dispersions. In contrast, the corrugating adhesives of this invention, by
      virtue of the added acetoacetamide-formaldehyde condensate, exhibit a
      relatively stable viscosity over a given period of time as compared to
      comparable prior art adhesives. The table below summarizes viscosity data
      obtained on testing the wet strength agents of the invention using corn
      starch as a carrier and prepared as described hereinabove. In this series
      of tests, the acetoacetamide-formaldehyde condensate prepared in Example I
      was tested against controls containing no wet strength additives and a
      control containing the acetone-formaldehyde additive of the prior art, the
      preparation of which was also described in Example I.
TBL                Table I                                                     
     ______________________________________                                    
     Material tested    Viscosity after 24 hours                               
                      CPS     Spindle No.                                      
     ______________________________________                                    
     N,N-dimethylacetoacetamide-                                               
                        157       1                                            
      formaldehyde condensate of                                               
      Example I.                                                               
     No wet strength agent                                                     
                        252       1                                            
     Acetone formaldehyde condensate                                           
                        21,000    6                                            
      prepared according to                                                    
      Example I.                                                               
     ______________________________________                                    
PAR  It is seen that the viscosity of the novel adhesives of the present
      invention are significantly lower than the viscosity of the control
      samples when allowed to stand for a 24 hour period. Such stability with
      respect to viscosity is particularly significant to the corrugated board
      manufacturer since extreme variations in viscosity are not in keeping with
      the uniformity and control desired in the commercial manufacture of
      corrugated board.
PAC  EXAMPLE IV
PAR  The water resistant properties of bonds formed with starch based
      corrugating adhesive are largely derived from the crosslinking of the
      starch which takes place at the bonding interface during the in situ
      gelatinization. Where premature crosslinking of the starch takes place
      prior to actual use of the adhesive, the starch will have little or no
      potential remaining to crosslink at the bonding site of the paperboard
      laminate. As demonstrated in the previous example, the superior pot life
      of the adhesives of this invention, as evaluated by means of a
      viscosity-time-temperature relationship indicated little, or no,
      crosslinking to take place during a 24 hour aging period. It is to be
      expected therefore that the adhesives of the present invention, even after
      aging, would be capable of forming bonds having a high degree of water
      resistance.
PAR  Accordingly, the following procedure was used in determining and
      effectively demonstrating the improved pot life of the adhesive
      compositions of this invention. Adhesive compositions of the present
      invention using a high amylose corn (70%) starch as the carrier and
      containing condensates of various acetoacetamide derivatives and
      formaldehyde in varying molar proportions were prepared using the
      procedure described in Example II.
PAR  The comparable adhesives were prepared in a similar manner except that one
      contained only a commercially available acetone-formaldehyde condensate
      and one adhesive contained the diacetone acrylamide-formaldehyde
      condensate.
PAR  All of the adhesives were aged for a period of 24 hours at a temperature of
      40.degree.C. and laminations were prepared utilizing 60 lb. per ream wet
      strength paper and adhesive films of 1.5 and 3.0 mils thickness of each
      adhesive, respectively. The laminates were placed on a hot plate at a
      temperature of 177.degree.C. applying nominal pressure (0.25 psi) for a
      period of 20 seconds. The laminates were than placed in a conditioning
      atmosphere (22.degree.C., 50% relative humidity) for 24 hours and
      thereafter, strips of these laminates were placed in water at 22.degree.C.
      for a period of 24 hours.
PAR  At the end of this period the laminates were blotted on paper towels in
      order to remove the excess water and the peel strength of each bond was
      determined with an Instron Tensile Tester. The results of this testing are
      presented in Table II below.
PAR  The results shown in this table indicate clearly the superior
      water-resistant bonds which may be achieved utilizing the corrugating
      adhesive of our invention. Thus, the compositions containing a variety of
      acetoacetamide-formaldehyde condensates produced bonds in which the water
      resistance was significantly less affected by aging than those bonds
      produced utilizing either compositions containing acetone-formaldehyde or
      diacetone-acrylamide additives of the prior art.
TBL                                    Table II                                
     __________________________________________________________________________
     Wet Strength Agent Peel Force (lbs/linear in)                             
     Acetoacetamide                                                            
                  Moles form                                                   
                        1.5 mil    3.0 mil                                     
     Derivative  Mole Acet.                                                    
                        4 hours                                                
                             24 hours                                          
                                   4 hours                                     
                                        24 hours                               
     __________________________________________________________________________
     Acetoacetamide                                                            
                 2.0    0.10 0.11  0.10 0.06                                   
        "        3.0    0.08 0.14  0.07 0.09                                   
        "        4.0    0.16 0.15  0.10 0.11                                   
        "        5.0    0.18 0.17  0.09 0.08                                   
     N-methylaceto-                                                            
      acetamide  2.0    0.11 0.09  0.08 0.05                                   
                 3.0    0.13 0.14  0.09 0.08                                   
                 4.0    0.15 0.17  0.11 0.11                                   
                 5.0    0.18 0.15  0.10 0.09                                   
     N,N-dimethylaceto-                                                        
      acetamide  2.0    0.10 0.10  0.07 0.07                                   
                 3.0    0.12 0.12  0.08 0.10                                   
                 4.0    0.15 0.16  0.11 0.11                                   
                 5.0    0.18 0.16  0.11 0.09                                   
     N-2-hydroxyethyl-                                                         
      acetoacetamide                                                           
                 2.0    0.08 0.09  0.05 0.04                                   
                 3.0    0.12 0.12  0.06 0.05                                   
     N,N-bis-(2-hydroxy-                                                       
      ethyl)acetoacet-                                                         
      amide      2.0    0.09 0.08  0.07 0.06                                   
                 3.0    0.11 0.08  0.09 0.08                                   
                 4.0    0.12 0.10  0.12 0.08                                   
     Acetone formalde-                                                         
      hyde condensate   0.19 0.11  0.15 0.07                                   
     Diacetone acryl-                                                          
      amide-formalde-                                                          
      hyde condensate   0.21 0.14  0.17 0.11                                   
     __________________________________________________________________________
PAC  EXAMPLE V
PAR  This example shows the preparation of adhesives typical of this invention
      wherein portion of the acetoacetamide-formaldehyde condensate was replaced
      with an acetone-formaldehyde condensate.
PAR  An N,N-dimethylacetoacetamide-formaldehyde condensate containing 5 moles
      formaldehyde per mole acetoacetamide and an acetone-formaldehyde
      condensate were separately prepared as described in Example I. A series of
      adhesives was then prepared with mixtures of the two condensates in
      varying proportions using the procedure described in Example II. In all
      cases, the corrugating adhesive contained 2.8% of the crosslinking agent.
      The adhesives were then tested for viscosity stability and the results are
      shown in Table III.
TBL                Table III                                                   
     ______________________________________                                    
                            Viscosity                                          
     Wt. ratio acetone-formaldehyde condensate                                 
                            after 24 hrs.                                      
     to acetoacetamide-formaldehyde condensate                                 
                            CPS     Spindle No.                                
     ______________________________________                                    
     No wet strength additive                                                  
                            252     1                                          
     0/100                  157     1                                          
     50/50                  100     1                                          
     70/30                  290     2                                          
     80/20                  280     2                                          
     85/15                  500     3                                          
     90/10                  15,000  6                                          
     100/0                  21,000  6                                          
     ______________________________________                                    
PAR  It is seen from the above data that condensate mixtures prepared containing
      at least 15% by weight of the acetoacetamide-formaldehyde condensate can
      be employed in the adhesives of the present invention without significant
      decrease in viscosity stability.
PAR  Summarizing, it is seen that this invention provides novel corrugating
      adhesives which are characterized by their stability with respect to
      viscosity, prolonged pot life and their ability to form water resistant
      bonds, particularly after aging.
CLMS
STM  We claim:
NUM  1.
PAR  1. A corrugating adhesive comprising (a) starch in a concentration of from
      about 10 to 40%, based on the total weight of the adhesive, wherein a
      minor portion of the starch is gelatinized and the remainder is
      ungelatinized; (b) an alkali in a concentration of from about 0.3 to 4%,
      based on the total weight of starch; (c) a crosslinking member in a
      concentration of from 0.3 to 10%, based on the total weight of the starch,
      comprising at least 15%, based on the weight of the crosslinking member,
      of an acetoacetamide-formaldehyde condensate wherein the acetoacetamide
      contains from four to 12 carbon atoms and has the following structure:
      ##EQU2##
      where R.sub.1 and R.sub.2 are selected from the group consisting of
      hydrogen, alkyl, cycloalkyl, aryl hydroxyalkyl, alkoxyalkyl groups; or
      R.sub.1 and R.sub.2 may be jointed to form a heterocyclic ring; wherein
      the acetoacetamide-formaldehyde condensate contains from about 2 to about
      6 moles formaldehyde per mple acetoacetamide and the pH during the
      formation of the condensate is 9.5 to 11.5 and (d) from about 54 to 89%
      water, based on the total weight of the adhesive.
NUM  2.
PAR  2. The adhesive of claim 1 wherein the acetoacetamide compound is selected
      from the group consisting of acetoacetamide, N-methylacetoacetamide,
      N,N-diemthylacetoacetamide, N-2-hydroxyethylacetoacetamide,
      N,N-pentamethyleneacetoacetamide, N,N-oxydiethyleneacetoacetamide and
      N,N-bis-(2-hydroxyethyl) acetoacetamide.
NUM  3.
PAR  3. The adhesive of claim 1 wherein the alkali is sodium hydroxide.
NUM  4.
PAR  4. The adhesive of claim 1 wherein there is also present borax.
NUM  5.
PAR  5. The adhesive of claim 1 wherein the gelatinized starch is at least
      partially replaced with water dispersible, polyhydroxy-polymeric material
      selected from the group consisting of sodium carboxymethyl cellulose,
      polyvinyl alcohol and hydrolyzed polyvinyl acetate.
NUM  6.
PAR  6. The adhesive of claim 1 wherein the gelatinized starch is high amylose
      corn starch.
NUM  7.
PAR  7. The adhesive of claim 1 wherein the acetoacetamide-formaldehyde
      condensate contains at least 3.5 moles formaldehyde per mole
      acetoacetamide.
NUM  8.
PAR  8. The adhesive of claim 1 wherein the cross-linking member additionally
      includes a condensate of acetone-formaldehyde.
NUM  9.
PAR  9. The adhesive of claim 9 wherein the acetone-formaldehyde condensate
      contains from about 2 to 6 moles of formaldehyde per mole acetone.
NUM  10.
PAR  10. The adhesive of claim 1 wherein the crosslinking member comprises at
      least in part an acetoacetamide-acetone-formaldehyde condensate.
NUM  11.
PAR  11. The adhesive of claim 11 wherein the
      acetoacetamide-acetone-formaldehyde condensate contains 2 to 6 moles
      formaldehyde per combined moles acetoacetamide and acetone.
NUM  12.
PAR  12. A corrugating adhesive comprising (a) corn starch in a concentration of
      from about 18 to 30% based on the total weight of the adhesive, wherein a
      minor portion of the starch is gelatinized and the remainder is
      ungelatinized; (b) an alkali in a concentration of about 3% based on the
      total weight of a starch; (c) a crosslinking member in a concentration of
      from 1 to 5%, based on the total weight of the starch, comprising at least
      15%, based on the weight of the crosslinking member, of an
      acetoacetamide-formaldehyde condensate; wherein the
      acetoacetamide-formaldehyde condensate contains from about 2 to about 6
      moles formaldehyde per mole acetoacetamide and the pH during the formation
      of the condensate is 9.5 to 11.5 and (d) from about 64 to 76% water, based
      on the total weight of the adhesive.
NUM  13.
PAR  13. The corrugating adhesive of claim 12 wherein the crosslinking member
      additionally includes a condensate of acetone-formaldehyde.
NUM  14.
PAR  14. The corrugating adhesive of claim 12 wherein the crosslinking member
      comprises at least in part an acetoacetamide-acetone-formaldehyde
      condensate.
NUM  15.
PAR  15. A corrugated paperboard product comprising an inner corrugated layer
      contained between two flat outer layers prepared employing the corrugating
      adhesive of claim 1.
NUM  16.
PAR  16. A corrugated paperboard product comprising an inner corrugated layer
      contained between two flat outer layers prepared employing the corrugating
      adhesive of claim 12.
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ABST
PAL  The present invention relates to a multipurpose washing, drying and
      painting device comprising a tank, nozzles mounted on the inner wall of
      said tank, a fluid supply operably coupled to said nozzles, an air supply
      operably coupled to nozzles mounted on said tank, a heater operably
      coupled to said tank, and recirculating hoses connecting the tank drain to
      a pujp in the fluid supply.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional devices for washing and drying and painting are contained in
      separate units and involve a duplication of parts and thus tend to cause
      the cost of such equipment, the space taken by such equipment to be
      excessive. Further, accessory or associated equipment increases cost and
      complexity.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a washing,
      drying and paint spray device which combines all functions in one device.
PAR  Another object of the present invention is to provide such a device which
      washes using water sprayed under pressure.
PAR  A further object of the present invention is to provide such a device which
      is simply and economically manufactured and used.
PAR  A further object of the present invention is to provide such a device which
      is small, compact and portable and is of a construction such that it may
      economically be used in small garages and shops for cleaning parts and the
      area.
PAR  A further object of the present invention is to provide such a device which
      may readily be used for spraying and drying paint or spraying chemicals.
PAR  A further object of the present invention is to provide such a device which
      may readily be used in rural areas in conjunction with a well as a source
      of hot and cold water.
PAR  A further object of the present invention is to provide such a device which
      may readily be used in the reclamation of oil and water.
PAR  These together with other objects and advantages, which will become
      subsequently apparent, reside in the details and construction and
      operation as more fully hereinafter described and claimed, reference being
      had to the accompanying drawings forming a part hereof, wherein like
      numerals refer to like parts throughout, and in which;
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial plan view and functional diagram of a multipurpose
      cleaning device constructed in accordance with and embodying the present
      invention.
PAR  FIG. 2 is a perspective view of the framework of a multipurpose cleaning
      device constructed in accordance with and embodying the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now in more detail and by reference characters to the drawings
      which illustrate practical embodiments of the present invention, FIG. 2 is
      a perspective view of the framework of a multipurpose cleaning device
      constructed in accordance with and embodying the present invention.
PAR  As shown in FIG. 2, framework A, comprises base means, 2, with tank means,
      6, mounted thereon.
PAR  Further details of the construction of multipurpose cleaning device, 1, are
      shown in FIG. 2, which is a partial plan view and functional diagram of
      multipurpose cleaning device, 1.
PAR  As shown in FIG. 1, tank means, 6, is shown provided with water nozzles or
      sprayers, 3, mounted on the interior wall of tank means, 6, and directed
      generally horizontally and towards the center of tank, 6.
PAR  As shown in FIG. 1, hose, 7, is coupled to a conventional water supply (not
      shown) and provides water through check valve, 8, to pump, 4, which is
      driven through conventional coupling indicated by dotted line, 5, by
      motor, 9. Pump, 4, supplies water under pressure to tank, 6, via pipe, 10,
      junction, 22, and pipes, 11, 12, 13, and, 14. Pipe, 15, couples pipe, 10,
      to pressure guage, 16. Pipe, 17, couples pipe, 10, to pressure limit
      switch, 18, which is electrically connected by wires, 19, and, 20, to a
      conventional source of electricity and motor, 9, respectively in such a
      manner to cause electric energy to motor, 9, to be shut off when the
      pressure at pressure limit switch, 18, exceeds a proscribed amount.
PAR  Water supplied to each nozzle, 3, is also controllable by manual valves,
      21, provided in pipes, 11, 12, 13, and, 14. A take-off tap, 23, is
      provided in line, 11.
PAR  Not shown in the drawings is an additional nozzle, 3, installed in the top
      of tank, 6, pointing downward and near the center of tank, 6, with
      appropriate coupling to junction, 22, and an additional nozzle, 3,
      installed in the bottom of tank, 6, pointing upward and near the middle of
      tank, 6, with appropriate coupling to junction, 22.
PAR  Gas from a conventional gas source (not shown) is piped via pipe, 24,
      through electrically controlled solenoid valve, 25, shut off valve, 26, to
      burner, 27, which as operably mounted on base means, 2, and disposed near
      tank, 6.
PAR  Tank, 6, is also provided with air under pressure via air line, 28, to
      nozzle, 29, which are used in some of the operations of device, 1, in
      conjunction with fitting, 30.
PAR  In the use of device, 1, as a parts cleaning device a conventional rack
      (not shown) is mounted within tank, 6. Parts to be cleaned are placed upon
      the rack. A solvent such as tri-sodium diphosphate, is added in liquid
      form to tank, 6. Pump, 4, is activated by motor, 9, which is energized by
      switch, 31. Once device, 1, has been started and has sufficient liquid
      therein, it is stopped, the drain line from tank, 6, (not shown) is
      coupled to pump, 4, via pipe, 7, and the cleaning liquid is thereby
      recirculated.
PAR  Burner, 27, and its associated equipment is used to dry the parts
      previously cleaned.
PAR  In the use of device, 1, as a paint spraying device, a sealed paint
      container provided with input and output hoses is placed in tank, 6. The
      input hose is coupled to nozzle, 29, and the output hose is coupled to the
      inner side of fitting, 30, and a conventional spray hose is coupled to the
      outer side of fitting, 30.
PAR  For recirculating oil, water and other fluids, the drain to tank, 6, (not
      shown) is coupled to pump, 4, via pipe, 7. A suitable filter, not shown,
      is provided in line, 7.
PAR  Hose take-off, 23, is provided for use with a conventional garden hose for
      area cleaning.
PAR  It should be understood that changes and modifications in the form,
      construction, arrangement, and combination of the compound injection
      device and methods of making and using the same may be made and
      substituted for those herein shown and described without departing from
      the nature and principle of my invention.
CLMS
STM  Having thus described my invention, what I claim is new and desire to
      secure by United States Letters Patent is:
NUM  1.
PAR  1. A parts washer/dryer for cleaning and drying machine parts comprising,
PA1  housing means,
PA1  tank means operably mounted in said housing means, said tank means provided
      with drain means,
PA1  a plurality of nozzles mounted on the interior surface of the top, bottom
      and sides of said tank means and directed towards the center of said tank
      means,
PA1  pump means operably mounted in said housing means, said pump means operably
      coupled to said nozzles to provide liquids to said tank means,
PA1  heating means operably mounted in said housing means and conductively
      coupled to said tank means,
PA1  air inlet and outlet means operably mounted on said tank means, said air
      inlet and outlet means disposed apart from said nozzles and inoperative
      during use of said nozzles,
PA1  liquid control means operably coupled between said nozzles and said pump
      means,
PA1  hose means, said hose means connected at one end to the input of said pump
      means and connected at the other end to liquid supply means, said liquid
      supply means being either fresh liquid or the drain means of said tank
      means,
PA1  pressure sensing means operably disposed between said pump means and said
      nozzles, said pressure sensing means operably coupled to said pump means
      and adopted to turnoff said pump if the pressure at the output of the pump
      exceeds a predetermined amount.
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ABST
PAL  A rechargeable galvanic cell having a zinc anode and a zinc-containing
      electrolyte which comprises an aqueous alkaline or aqueous acidic medium
      containing dissolved zinc ions and a quaternary ammonium compound for
      suppressing zinc dendrite formation during the charging cycle.
BSUM
PAR  This invention relates to rechargeable galvanic cells having improved zinc
      containing electrolytes which contain quaternary ammonium compounds for
      suppressing the formation of zinc dendrites during the charging cycle.
PAR  When zinc is electrolytically plated out of an alkaline zincate solution at
      relatively high current densities and relatively low zincate ion
      concentrations, there is a tendency to deposit the zinc in the form of
      long dendritic crystals. The tendency is a considerable draw-back to the
      use of zinc electrodes in rechargeable alkaline cells, because as a cell
      of this type is charged, the dendritic crystals grow out and away from
      zinc electrodes which serve as a substrate. Ultimately, these crystals
      penetrate the separators interposed between the electrodes and internally
      short circuit the cell. The cycle life of the rechargeable cell is thus
      materially reduced.
PAR  Efforts to alleviate the situation existing with rechargeable alkaline
      cells heretofore have centered primarily on the development of new
      separator materials and on the use of thicker or multi-layer separators.
      Unfortunately, this approach limits the oxygen gas transfer within the
      cell for the purposes of recombination during an overcharge of the cell
      containing the zinc electrode. This condition is particularly troublesome
      in conjunction with sealed rechargeable cells since high gas pressure can
      develop within the cells.
PAR  An alternate approach to the elimination of zinc dendrites that has been
      explored is the reported suppresion of zincate ions in the alkaline
      electrolytes commonly employed. This approach is illustrated by the silver
      oxide-zinc cells of Mendelsohn et al., U.S. Pat. No. 2,994,625. In this
      patent, the presence of zincate in the electrolyte is eliminated by
      substantially saturating the electrolyte with ions of certain amphoteric
      metals, particularly with aluminates.
PAR  A somewhat similar problem with dendrite formation is encountered on
      charging a zinc electrode in aqueous acid solutions, although the current
      densities at which dendrite formation begins are generally somewhat higher
      than in alkaline solutions. For example, dendrites will tend to form on
      charging of a zinc electrode at current densities higher than about 30-40
      mA/cm.sup.2 in aqueous ZnCl.sub.2 electrolyte (3 M). Even at lower
      charging current densities in these acidic electrolytes, the zinc deposit
      is not always desirably level and uniform.
PAR  The present invention is based upon the discovery that the provision in a
      zinc-containing aqueous electrolyte of one or more quaternary ammonium
      compounds serves to suppress the formation of zinc dendrites in
      rechargeable galvanic cells and to produce level, uniform and adherent
      zinc deposits on charging.
PAR  It is a principal object of the invention to provide a zinc containing
      electrolyte from which a substantially level and adherent zinc deposit can
      be electroplated.
PAR  It is another object of the invention to provide a zinc containing
      electrolyte which decreases the tendency of a rechargeable galvanic cell
      employing a zinc electrode to form dendrites on the zinc electrode during
      charging.
PAR  It is another object of the invention to provide means for extending the
      cycle life of rechargeable zinc cell.
PAR  A further object of the invention is to provide an alkaline zincate or
      acidic zinc electrolyte containing one or more quaternary ammonium
      compounds.
PAR  Other objects of the invention will be apparent from a reading of the
      accompanying specification and claims.
PAR  The foregoing objects of the invention are achieved by an electrolyte which
      is an aqueous acidic or alkaline medium containing zinc or zincate ions
      and one or more quaternary ammonium compounds.
PAR  The aqueous alkaline media that are employed in the electrolytes of the
      invention are aqueous solutions of alkali metal hydroxide, for instance,
      sodium hydroxide, potassium hydroxide, lithium hydroxide, and the like.
      The choice of the particular hydroxide is not narrowly critical, and will
      depend upon factors such as the type of service intended for the galvanic
      cell, the desired conductivity of the electrolyte, and the economics of
      the intended application. Such factors are well-known to those having
      ordinary skill in the art. For high rate cells having universal
      application, potassium hydroxide is preferred. As is well-known in the
      art, the concentration of alkali metal hydroxide in the aqueous alkaline
      electrolyte can vary from about 1 to about 16 molar, and preferably from
      about 6 to about 12 molar.
PAR  The aqueous acidic media that are employed in the electrolytes of the
      invention are aqueous solution of either zinc salts, e. g., zinc chloride,
      zinc sulfate, etc., or zinc salts plus ammonium salts, such as ammonium
      chloride, ammonium sulfate, etc. The choice of the particular zinc salt is
      not narrowly critical, and will depend upon factors such as the type of
      service for which the galvanic cell is intended, the desired conductivity
      of the electrolyte and other electrochemical properties. Such factors are
      well known to those having ordinary skill in the art. For ordinary
      applications, the combination of zinc chloride and ammonium chloride is
      preferred. The concentration of the zinc salts in the aqueous acidic
      electrolyte can vary from about 1 to 6 molar and preferably from about 2
      to 4 molar.
PAR  Zinc can be introduced into the electrolyte in the desired amounts by way
      of any zinc bearing compounds which are soluble in the electrolyte. For
      instance, compounds such as zinc oxide, potassium zincate, sodium zincate,
      zinc chloride, zinc sulfate, and the like can be used. Zinc oxide is the
      preferred compound for this purpose in alkaline medium because of its
      adequate solubility, and also because no extraneous metal ions are
      introduced into the electrolyte upon dissolution. Zincate ions are formed
      in the alkaline solution as the zinc-bearing compound dissolves therein.
      Zinc can also be introduced into the electrolyte by an anodic dissolution
      of zinc from an anode material of the cell.
PAR  The materials that are employed in the electrolyte to suppress zinc
      dendrite formation are the quaternary ammonium compounds. Such compounds
      include quaternary tetraalkyl or mixed alkyl/aryl ammonium hydroxides,
      halides such as chlorides, bromides, and iodides, perchlorates,
      tetrafluoroborates, phosphates, organic salts such as acetates, benzoates,
      and the like. The effective constituents in these additives are the
      quaternary ammonium cations. The nature of the anion appears to be
      immaterial.
PAR  Specific illustrative quaternary ammonium compounds that can be used in the
      invention include: alkyl ammonium compounds such as tetramethylammonium
      hydroxide, tetraethylammonium hydroxide, tetraethylammonium perchlorate,
      tetraethylammonium acetate, tetraethylammonium bromide, tetraethylammonium
      benzoate, methyltriethylammonium hydroxide, tetraethylammonium iodide,
      tetraethylammonium phosphate, tetraethylammonium chloride,
      tetraethylammonium tetrafluoroborate, trimethyldodecylammonium chloride,
      methyltri-n-butylammonium iodide, and other mixed alkylammonium compounds;
      mixed alkyl and aromatic ammonium compounds such as
      trimethylphenylammonium hydroxide, trimethylbenzylammonium hydroxide,
      trimethylphenylammonium chloride, trimethylbenzylammonium chloride, and
      the like; mixed alkyl hydroxyalkyl ammonium compounds such as
      triethyl(2-hydroxyethyl)ammonium chloride,
      trimethyl(2-hydroxyethyl)ammonium hydroxide, and the like.
PAR  The preferred quaternary ammonium compounds are those wherein the cation
      ##EQU1##
      contains alkyl groups (R) having from 1 to over 12 carbon atoms, or in the
      case of aromatic derivatives one or more aryl or aralkyl groups such as
      phenyl or benzyl may be substituted for the alkyl groups.
      Tetraethylammonium hydroxide and its salts and trimethylphenylammonium
      hydroxide and its salts are the most preferred compounds for use in
      alkaline media; whereas, in acidic media the quaternary alkyl ammonium
      compounds having at least one longer carbon chain (i.e., C.sub.4 or
      longer) are the most preferred, such as methyltri-n-butylammonium iodide
      and trimethyldode-cyclammonium chloride.
PAR  The quaternary ammonium compound is employed in the electrolyte in an
      amount sufficient to suppress the formation of zinc dendrites on charging.
      For instance, concentrations of from about 5 .times. 10.sup.-.sup.4 to
      about 5 .times. 10.sup.-.sup.1 molar, and preferably from about 1 .times.
      10.sup.-.sup.3 to about 5 .times. 10.sup.-.sup.3 molar, have been found to
      be useful for this purpose.
PAR  The additive can simply be dissolved in the electrolyte, or it can be
      incorporated in the electrolyte by coating the additive on an electrode,
      e.g., the anode, and permitting the additive to dissolve in the
      electrolyte over a period of time. In the case of low solubility of the
      additive in the electrolyte, it can be used in the form of an emulsion
      with the electrolyte. Alternatively, the additive can be incorporated in a
      particulate zinc anode by mixing it with the powdered zinc during
      fabrication of the electrode.
PAR  In the rechargeable galvanic cells contemplated by the invention, zinc is
      employed as the anode. The anode can be massive zinc, or it can be zinc
      plated on another metal, or it can be powdered zinc mixed with zinc oxide
      compressed on a suitable metal grid or screen. The active cathode material
      can be either a gas, such as air or oxygen, or a solid material such as
      nickel oxide, silver oxide, lead dioxide, mercuric oxide or manganese
      dioxide, etc.
DETD
PAR  The following examples illustrate the practice of the invention.
PAC  EXAMPLE 1
PAR  In Alkaline Media
PAR  A galvanic cell was constructed employing an epoxy-lined 30-ml beaker as
      the container. The electrolyte employed was 9 N potassium hydroxide
      containing 5 weight per cent zinc oxide and was made from reagent grade
      chemicals and distilled water. Both the anode and the cathode of the cell
      were made from pure zinc discs. Only one side of each disc, which side had
      an active face area of about 2 cm.sup.2, was exposed to the electrolyte.
      The remaining electrode surfaces were electrically insulated with epoxy.
      The exposed surfaces of the electrodes were prepared by first abrading
      them with abrasive paper down through 00 grade and then etching them in an
      18 weight per cent hydrochloric acid solution containing about 1 - 3
      weight per cent nitric acid. Finally, the electrodes were rinsed
      thoroughly in distilled water and placed in the cell. The test cell was
      charged and discharged using direct current from an external power supply
      in series with a variable resistor. The charging current was varied from a
      few milliamperes to about 30 milliamperes per cm.sup.2 of electrode
      surface. During charging, metallic zinc was deposited onto that zinc
      electrode which was intended to be the anode in a rechargeable cell
      system. The deposit was nonadherent and ranged in form from mossy zinc to
      crystalline zinc dendrites in the charging current density range employed.
      As tetraethylammonium hydroxide or its salts were added to the electrolyte
      in a final concentration of about 5 .times. 10.sup.-.sup.4 to 1 .times.
      10.sup.-.sup.2 molar, the deposit obtained at the zinc electrode during
      charging became adherent and smooth. After more than ten continuous
      charge-discharge cycles the final deposit obtained after the last charging
      cycle was still smooth and adherent. It is expected that even after
      several hundred continous charge-discharge cycles, the final deposit would
      still be smooth and adherent. Based upon this fact, the additives of this
      invention would be very beneficial in a rechargeable cell employing a zinc
      anode.
PAR  Another good feature of this invention is that the effectiveness of that
      additive was not destroyed by electrolysis at both electrodes during
      charge-discharge cycling. The following experiment illustrates this point:
      A pair of pure nickel electrodes were placed in a cell containing only 9 N
      potassium hydroxide solution and 1 .times. 10.sup.-3 molar
      tetraethylammonium hydroxide dissolved therein. Continuous electrolysis
      was carried out for 76 hours by supplying to the pair of nickel electrodes
      a direct current of 30 mA/cm.sup.2. The nickel electrodes were then
      removed and 5 weight per cent zinc oxide was dissolved in the electrolyzed
      solution. Finally, zinc electrodes were placed in the electrolyzed
      solution, and charging and discharging from an outside d.c. source was
      begun. The deposit obtained during the charging cycle was still smooth and
      adherent at a current density ranging from a few to about 30 mA/cm.sup.2
      as indicated in the preceding paragraph.
PAR  Other examples of additives in alkaline media which produced smooth zinc
      deposits during the charging cycle are the following:
PAC  (1)
PA0  Electrolyte: 9 N KOH, 5 weight per cent ZnO
PA0  Additive: trimethylphenylammonium hydroxide (or chloride) 1 .times.
      10.sup.-.sup.3 M
PA0  Charging Current Density: 30 mA/cm.sup.2
PAC  (2)
PA0  Electrolyte: 9 N KOH, 5 weight per cent ZnO
PA0  Additive: methyltri-n-butylammonium iodide, 1 .times. 10.sup.-.sup.3 M
PA0  Charging Current Density: 20 mA/cm.sup.2
PAC  (3)
PA0  Electrolyte: 9 N KOH, 5 per cent ZnO
PA0  Additive: triethyl(2-hydroxyethyl)ammonium iodide, 5 .times. 10.sup.-.sup.4
      M
PA0  Charging current density: 30 mA/cm.sup.2
PAC  (4)
PA0  Electrolyte: 9 N KOH, 5 weight per cent ZnO
PA0  Additive: trimethylbenzylammonium chloride, 1 .times. 10.sup.-.sup.3 M
PA0  Charging Current Density: 30 mA/cm.sup.2
PAC  EXAMPLE 2
PAR  The following are examples of additives in acidic electrolytes:
PAR  For the tests in acidic media, the test cell was assembled using an unlined
      PYREX beaker as the container. The procedure of treating the electrodes
      was the same as that used for alkaline media. The electrolyte was a 3
      molar zinc chloride solution made from analytical reagent grade chemicals
      and distilled water. Greater current densities could be used during the
      charging cycle than were used in alkaline media. Without the additives of
      this invention, the deposit obtained during the charging cycle was uneven
      and dendritic. In the presence of the additives, the deposit obtained
      during the charging cycle was smooth and nondendritic. The following are
      specific examples of conditions under which the deposits obtained during
      the charging cycle were smooth:
PAC  (1)
PA0  Electrolyte: 3 M ZnCl.sub.2
PA0  Additive: methyltri-n-butylammonium iodide, 3 .times. 10.sup.-.sup.3 M
PA0  Charging Current Density: 80 mA/cm.sup.2
PAC  (2)
PA0  Electrolyte: 3 M ZnCl.sub.2
PA0  Additive: trimethyldodecylammonium chloride, 3 .times. 10.sup.-.sup.3 M
PA0  Charging Current Density: 60 mA/cm.sup.2
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rechargeable galvanic cell including a zinc anode, a cathode, and an
      electrolyte, wherein the electrolyte comprises an aqueous solution
      containing soluble zinc and a quaternary ammonium compound in an amount
      sufficient to suppress formation of dendrites on said zinc anode during
      charging of the cell, said amount being a concentration of said quaternary
      ammonium compound in said electrolyte within the range of from about 5
      .times. 10.sup.-.sup.4 molar to about 5 .times. 10.sup.-.sup.1 molar.
NUM  2.
PAR  2. The rechargeable galvanic cell of claim 1 wherein the electrolyte is
      alkaline.
NUM  3.
PAR  3. The rechargeable galvanic cell of claim 1 wherein the electrolyte is
      acidic.
NUM  4.
PAR  4. The rechargeable galvanic cell of claim 1 wherein the quaternary
      ammonium compound is selected from the group consisting of
      tetraalkylammonium compounds, trialkyl(hydroxyalkyl)ammonium compounds,
      trialkylarylammonium compounds, and trialkylaralkylammonium compounds.
NUM  5.
PAR  5. The rechargeable galvanic cell of claim 1 wherein the quaternary
      ammonium compound is a compound of the formula:
      ##EQU2##
      wherein each R individually represents a member of the group consisting of
      alkyl of up to 12 carbon atoms, hydroxyalkyl, aryl, and aralkyl; and
      wherein X represents an anion.
NUM  6.
PAR  6. The rechargeable galvanic cell of claim 5 wherein the hydroxyalkyl is
      2-hydroxyethyl, wherein the aryl is phenyl, and wherein the aralkyl is
      benzyl.
NUM  7.
PAR  7. The rechargeable galvanic all of claim 1 wherein the quaternary ammonium
      compound is present in the electrolyte in a concentration of from about 1
      .times. 10.sup.-.sup.3 molar to about 5 .times. 10.sup.-.sup.3 molar.
NUM  8.
PAR  8. The rechargeable galvanic cell of claim 2 wherein the quaternary
      ammonium compound is a tetraethylammonium compound or a
      trimethylphenylammonium compound.
NUM  9.
PAR  9. The rechargeable galvanic cell of claim 3 wherein the quaternary
      ammonium compound is a tetraalkylammonium compound wherein from one to
      three of the alkyl groups has from 4 to 12 carbon atoms, the remainder of
      the alkyl groups having less than 4 carbon atoms.
NUM  10.
PAR  10. The rechargeable galvanic cell of claim 9 wherein the alkyl groups
      having less than 4 carbon atoms are methyl.
NUM  11.
PAR  11. The rechargeable galvanic cell of claim 1 wherein the active cathode
      material is oxygen, nickel oxide, silver oxide, lead dioxide, mercuric
      oxide, or manganese dioxide.
NUM  12.
PAR  12. A galvanic cell comprising an anode, a cathode, and an electrolyte
      wherein the electrolyte comprises an aqueous solution containing soluble
      zinc and a quaternary ammonium compound, said concentration of the
      quaternary ammonium compound in said electrolyte being within the range of
      from about 5 .times. 10.sup.-.sup.4 molar to about 5 .times.
      10.sup.-.sup.1 molar.
NUM  13.
PAR  13. The galvanic cell of claim 12 wherein the anode is zinc.
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ABST
PAL  A plate grid in use for a plate for a lead storage battery comprising a
      plurality of spaced longitudinal wire members each including a wire
      element of acid resisting material and a wire element of electrically
      conductive material selected from a group consisting of lead and lead
      alloy wound around said acid resisting wire element. A collector of
      electrically conductive material similar to that of said electrically
      conductive wire element is provided which is attached to one of the ends
      of said longitudinal wire members so that said collector is electrically
      connected to said electrically conductive wire elements of said
      longitudinal wire members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A plate grid in use for a plate for a lead storage battery is
      conventionally formed of lath molded from lead or lead alloy. In order to
      improve the effectiveness of the lead storage battery, it is required to
      reduce the thickness and weight of the plate grid and to provide increased
      deposit of active material to the plate grid so that the battery plates
      can have a great capacity. However, at present the molding techniques have
      limited the reduction in the thickness and weight of the grid plate and
      therefore, the conventional grid plates cannot improve the effectiveness
      of the lead storage battery. More particularly, lead itself has relatively
      larger weight and the reduction in the thickness of the plate grid has
      been limited in consideration of its molding. Due to the larger thickness
      of the plate grid, a battery case of a given capacity can only have a
      limited number of plates contained therein, resulting in limitation in the
      electrical capacity of the lead storage battery. Also, due to the larger
      weight of the plate grid, the battery can only have less density of
      energy.
PAC  OBJECT OF THE INVENTION
PAR  Accordingly, it is a principal object of the present invention to provide a
      plate grid in use for a plate for a lead storage battery wherein the
      weight of the plate grid is substantially reduced to improve the
      effectiveness of the lead storage battery.
PAR  It is another object of the present invention to provide a plate grid in
      use for a plate for a lead storage battery wherein the thickness of the
      plate grid is substantially reduced to improve the effectiveness and also
      the capacity of the lead storage battery.
PAR  It is further object of the present invention to provide a method for
      preparing a plate grid in use for a plate for a lead storage battery
      wherein the plate grid of small weight and thickness can be readily
      fabricated.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one aspect of the present invention, there is provided a
      plate grid in use for a plate for a lead storage battery comprising a
      plurality of spaced longitudinal wire members, said longitudinal wire
      members each including a wire element of acid resisting material and a
      wire element of electrically conductive material selected from a group
      consisting of lead and lead alloy, said electrically conductive wire
      element wound around said acid resisting wire element; and a collector of
      electrically conductive material selected from a group consisting of lead
      and lead alloy, said collector attached to one of the ends of said
      longitudinal wire members whereby said collector is electrically connected
      to said electrically conductive wire elements of said longitudinal wire
      members.
PAR  In accordance with another aspect of the present invention, there is
      provided a plate grid in use for a plate for a lead storage battery
      comprising a plurality of spaced longitudinal wire members, said
      longitudinal wire members each including a wire element of acid resisting
      material and a wire element of electrically conductive material selected
      from a group consisting of lead and lead alloy, said electrically
      conductive wire element wound around said acid resisting wire element; and
      a plurality of spaced latitudinal wire members of acid resisting material
      transversely attached onto said longitudinal wire members.
PAR  In accordance with another aspect of the present invention, there is
      provided a method for producing a plate grid in use for a plate for a lead
      storage battery, comprising the steps of preparing a plurality of wire
      elements of acid resisting material; preparing a plurality of wire
      elements of electrically conductive material selected from a group
      consisting of lead and lead alloy; winding each of said electrically
      conductive wire elements around each of said acid resisting wire elements
      to thereby provide a plurality of longitudinal wire members; preparing a
      plurality of latitudinal wire members of acid resisting material; and
      fabricating said longitudinal wire members together with said latitudinal
      wire members whereby a body of said plate grid is provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects and features of the present invention will
      become apparent from the description of the preferred embodiment taken
      with reference to the accompanying drawing in which;
PAR  FIG. 1 is a front view of a lead storage battery in which plate grids
      according to the present invention are incorporated, with portions taken
      in section for purpose of illustration;
PAR  FIG. 2 is an enlarged front view of one embodiment of a plate grid in
      accordance with the present invention;
PAR  FIG. 3 is a further enlarged side elevational view of a portion of a wire
      member employed for the plate grid of FIG. 2; and
PAR  FIG. 4 is an enlarged front view of another embodiment of a plate grid in
      accordance with the present invention with portions broken away.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawing, there is illustrated a lead storage
      battery designated generally at numeral 10 and comprising a molded case 12
      which is formed of insulating and acid resisting material such as ebonite,
      polypropylene and the like with a cover 14 of similar material mounted on
      the top of the case 12 and secured thereto by any suitable means. The case
      12 together with the cover 14 may have a plurality of cells defined by the
      case and partitions (not shown), one cell of which is shown in FIG. 1.
      Each of the cells comprises cell elements 16 including an electrolyte 18
      of dilute sulfuric acid filled in the cell and a set of plates 20. The set
      of plates 20 comprise alternate positive and negative plates 22 and 24
      spaced by separators 26 disposed between the adjacent positive and
      negative plates in a conventional manner. The positive and negative plates
      22 and 24 each comprise a plate grid constructed according to the present
      invention on which an active material 28 in the form of paste is deposited
      by any suitable manner. A pair of poles 30 and 30' vertically extend from
      the collectors 22a and 24a of the respective plates 22 and 24 and through
      the cover 14 with the top ends protruded from the top face of the cover
      and constituting terminal posts 32 and 32' of positive and negative
      polarities.
PAR  FIG. 2 shows one embodiment of a plate grid 34 in accordance with the
      present invention and the plate grid 34 comprises a knitwork or woven
      member 36 including a plurality of longitudinal wire members 38 and a
      plurality of latitudinal wire members 40. As shown in FIG. 3, the
      longitudinal wire members 38 each comprise a wire element or filament 42
      of acid resisting material such as metal of titanium or synthetic resin of
      polypropylene or polyester and a wire element or filament 44 of lead or
      lead alloy helically wound around the filament 42. In the illustrated
      embodiment, the filament 42 may have the rectangular cross section, but
      may alternatively have any other cross section, such as triangular or
      circular cross section. The acid resisting filament 42 may comprise fibre
      of approximately 0.5 mm in diameter and the lead or lead alloy filament 44
      may have the thickness of approximately 0.3 mm and the width of
      approximately 0.7 mm. The latitudinal wire members 40 each comprise a
      filament of acid resisting material such as metal of titanium or synthetic
      resin of polypropylene or polyester as described in connection with the
      filament 42 of the longitudinal wire member 38. The adjacent longitudinal
      wire members 38 may have the distance between 0.3 and 5.0 mm depending
      upon the desired capacity of the storage battery 10. In the illustrated
      embodiment, the distance of the adjacent wire members 38 may be preferably
      4.0 mm. The adjacent latitudinal wire members 40 may have the distance
      between 1.0 and 8.0 mm and in the illustrated embodiment the distance of
      preferably 7.0 mm. The woven member 36 can be readily fabricated by
      weaving the longitudinal and latitudinal wire members 38 and 40 in a
      conventional manner.
PAR  The plate grid 34 is provided with a collector 46 of lead or lead alloy
      securedly mounted on the top of the woven member 36 transversely of the
      longitudinal wire members 38. The collector 46 has a lug 46a integral with
      the collector 46. The collector 46 can be easily formed by casting it from
      lead or lead alloy on the top of woven member 36 in a conventional manner,
      for example, In order to prevent the woven member 36 from damage, the
      molten metal of lead or lead alloy may preferably have the temperature of
      400.degree.C to 500.degree.C and the casting mold may preferably have the
      temperature of 100.degree.C to 200.degree.C.
PAR  The plate grid 34 is also provided with a framework 48 of synthetic resin
      such as polyester, for example, which is securedly mounted on the woven
      member 36 on both sides and at the bottom thereof. The framework 48 can be
      easily mounted on the woven member 36 by thermally adhering the former to
      the latter or alternatively by adhering it by adhesives.
PAR  A Table I shows the result of the comparison of the plate grid in
      accordance with the present invention with that constructed in a
      conventional casting process. In this comparison, the plate grid of the
      present invention and of the prior art had the same area, weight and
      thickness.
TBL                Table I                                                     
     ______________________________________                                    
                 Capacity during                                               
                             Capacity after                                    
                 initial discharge                                             
                             50 cycles                                         
     ______________________________________                                    
     The plate grid of                                                         
     the prior art 100            80                                           
     The plate grid of                                                         
     the present invention                                                     
                   110           100                                           
     ______________________________________                                    
PAR  In the above table, the numerical value are those obtained in the case
      where the capacity during initial discharge of the lead storage battery in
      which the plate grids of the prior art are incorporated is determined as
      the value of 100. As apparent from the Table I, the plate grid of the
      present invention is superior to that of the prior art in capacities both
      during initial discharge and after 50 cycles of charge and discharge.
PAR  The reason that the plate grid of the present invention is superior to that
      of the prior art is that the plate grid of the present invention can
      satisfactorily hold a paste of active material because the longitudinal
      wire members each have a rough surface at the periphery. It will be
      understood that a plate having the plate grid of the present invention can
      have greater capacity per unit weight than that having the plate grid of
      the prior art. It will be noted that the weight of a plate can be
      determined depending upon the specific gravities of the filaments 40 and
      42 and upon the amount of lead or lead alloy used. It will be also noted
      that the capacity of the lead storage battery can be determined depending
      upon the distance between the adjacent longitudinal wire members of the
      plate grids used.
PAR  FIG. 4 shows in an enlarged scale another embodiment of a plate grid 134 in
      accordance with the present invention and the same components are
      designated by the same numerals. The plate grid 134 of FIG. 4 is
      substantially identical to the plate grid 34 of FIG. 2, but the vertical
      portions of the framework 48 of FIG. 2 are removed and the outermost
      longitudinal wire members 38a are located at both sides of the plate grid
      134. The collector 46 of lead or lead alloy is provided with extensions
      46b integral with the collector and surrounding the tops of the respective
      longitudinal wire members 38 and 38a so that the wire members are
      reinforced.
PAR  While some preferred embodiments of the present invention have been
      described in connection with the accompanying drawing, it is by way of
      illustration, but the present invention is not intended to be limited
      thereto. It will be understood that some changes and modifications in
      construction and arrangement might be made without departing from the
      spirit and scope of the present invention, which is defined only by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A plate grid for use in a plate for a lead storage battery comprising a
      woven member having a plurality of spaced latitudinal wire members of acid
      resisting material and a plurality of spaced longitudinal wire members
      which are woven together, said longitudinal wire members each including a
      wire element of acid resisting material and a wire element of electrically
      conductive material selected from a group consisting of lead and lead
      alloy, said electrically conductive wire element wound around said acid
      resisting wire element of said longitudinal wire member; and a collector
      of electrically conductive material selected from a group consisting of
      lead and lead alloy, said collector attached to one of the ends of said
      longitudinal wire members whereby said collector is electrically connected
      to said electrically conductive wire elements of said longitudinal wire
      members.
NUM  2.
PAR  2. A plate grid as set forth in claim 1, wherein the spacing between
      adjacent longitudinal wire members falls within the range between 0.3 mm
      and 5.0 mm.
NUM  3.
PAR  3. A plate grid as set forth in claim 1, wherein the spacing between
      adjacent latitudinal wire members falls within the range between 1.0 mm
      and 8.0 mm.
NUM  4.
PAR  4. A plate grid as set forth in claim 1, wherein said acid resisting wire
      element is formed from metal.
NUM  5.
PAR  5. A plate grid as set forth in claim 1, wherein said acid resisting wire
      element is formed from synthetic resin.
NUM  6.
PAR  6. A plate grid as set forth in claim 1, wherein said acid resisting wire
      element of each of said longitudinal wire members and each of said
      latitudinal wire members are formed from metal.
NUM  7.
PAR  7. A plate grid as set forth in claim 1, wherein said acid resisting wire
      element of each of said longitudinal wire members and each of said
      latitudinal wire members are formed from synthetic resin.
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ABST
PAL  A storage battery plate has lead bars positioned within channels defined by
      a grid of plastic strips. These channels also contain the active mass. The
      channels are closed off by electrolyte permeable cover layers.
BSUM
PAR  The invention relates to a storage battery plate having a grid of parallel
      lead bars positioned centrally within channels formed by the bars of a
      plastic grid and containing the active mass.
PAR  So-called grid plates in lead storage batteries are known. Such a plate
      consists of a lead grid, whose purpose it is to carry the active mass,
      which is necessary for the energy transformation, and also to conduct the
      electrical current from the active mass to the electrical contacts.
      Because of the volume expansion of the active mass during transformation
      from PbO.sub.2 to PbSO.sub.4, or from Pb to PbSO.sub.4 during charging and
      discharging, portions of active mass may become detached from the plates
      during the service life. This limits particularly the service life of the
      positive plate of a lead storage battery.
PAR  Also known are so-called iron-clad plates. In these, the active mass is
      contained in tubes of small diameter, with walls permeable to acid
      diffusion. Lead cores are positioned centrally within these tubes and the
      space between core and surrounding tube wall is filled with the active
      mass.
PAR  There, the main function of the lead core is to conduct the current out of
      the active mass. The surrounding tube protects the active mass from
      crumbling away. This plate construction permits a very good utilization of
      the active mass, since it need not be mechanically bound together during
      manufacture, the tube serving this function. Consequently, the active mass
      can be optimized for best utilization. Furthermore, such cladding of the
      active mass by the surrounding tube walls, which substantially reduces the
      crumbling away, considerably extends the service life.
PAR  The tubes consist either of slit hard rubber, of glass-fiber batting
      surrounded by a perforated plastic coating or of a web made of glass, of
      plastic, or of a mixture of the two.
PAR  A drawback of this tubular structure is that the active mass has to be
      inserted into the small space between the lead core and the tubular wall.
      This requires a time-consuming shaking operation. Mass production of such
      tubular plates, therefore requires a major investment.
PAR  It has been attempted to reduce the crumbling away of the active mass in
      conventional grid plates by covering the active mass of the positive grid
      with a web or batting before insertion into the cell casing. However, this
      is not conducive to long service life for the positive tubular plates.
      Another drawback is that the active mass to be introduced into the grids
      must be so firmly bound together that none of it falls out of the grid
      during manufacture. This requires that the active mass (paste) have a
      consistency which precludes optimum mass utilization.
PAR  It has further been proposed to equip the grids of storage battery plates
      with lead conductors for the current and with a honeycomb structure for
      holding the active mass. In this embodiment the honeycomb structure is
      made of plastic. However, this plate construction has the disadvantage
      that the honeycomb structure takes up so much of the plate volume, that
      much of the room for active mass is lost. The achievable energy density
      (Wh/cm.sup.3) of such a plate, is therefore low.
PAR  Another disadvantage is, that the honeycomb plate can be filled only with a
      paste-like active mass, whose consistency permits only comparatively low
      utilization for the transformation of energy. Also the holding of the
      active mass by the honeycomb structure has not proved to be effective
      enough, to provide as long a service life as a tubular plate.
PAR  It is an object of the invention to overcome these drawbacks of known
      storage battery plates and to provide a plate, capable of superior mass
      utilization and long service life, as well as to provide a process for the
      convenient manufacture of such plates.
PAR  This object is achieved, according to the invention, by covering the
      accumulator plate on both sides with electrolyte permeable mats. These
      mats are firmly attached to plastic transverse connectors and to plastic
      strips. These connectors and strips form long and narrow channels,
      containing the active mass in powder form.
PAR  According to the invention, the plate comprises a grid having lead bars
      arranged in parallel and connected to each other at one or both ends by
      lead straps. Centered between adjacent lead bars there extend strips of
      acid-resistant plastic, of the least possible thickness, and of a width
      corresponding to the ultimate thickness of the finished plate. These
      plastic strips are interconnected by various cross-connections also of
      acid-resistant plastic. These plastic cross-connections so enclose the
      respective lead bars that the latter are centrally positioned within the
      channels formed by the plastic members. The lengths of the
      cross-connections are related to those of the strips in the ratio of from
      about 1 : 4 to 1 : 25, and preferably from 1 : 5 to 1 : 12.
PAR  The plastic strips and cross-connections are made of material, which can be
      cast or sprayed, and readily welded or glued, for such as
      polyvinyl-chloride, poly-ethylene, poly-styrol, or poly-propylene.
PAR  In the manufacture of such plates, a thin mat of glass, or plastic fibers,
      or of a mixture of the two is first welded or glued to the plastic strips
      and cross-connections on one side of the grid. The mat can also be formed
      of a layer of regularly arranged fibers held in place by a few transverse
      fibers, or of a batting of glass or plastic fibers. Also the kind of
      separator known in the storage battery art can be used as the mat.
PAR  After the mat has been glued or welded to the plastic strips and
      cross-connections, one side of the grid is closed off.
PAR  It is then a simple matter to fill it with active mass through its open
      side. The active mass used for this purpose can be designed for optimum
      mass utilization. After the filling operation and during the further
      manufacturing process no mechanical retention means is necessary, because
      the active mass is retained in the three-sided channels formed by the
      strips of the grids, and the mat welded or glued to them. Therefore, even
      red lead oxide can be used as active mass, which is well known to have a
      high mass utilization coefficient.
PAR  After the filling operation is completed, a mat of the above-described
      material is welded or glued in the same manner as previously described to
      the plastic strips and cross-connections on the open side of the plate.
      Thus, a plate is produced, which is mechanically closed on both sides by a
      mat permeable to the acid diffusion. On the other hand, this plate
      prevents crumbling away of the active mass during operation of the
      battery, thereby securing long service life. Likewise, it allows the use
      of an active mass having a high utilization coefficient. Moreover, it can
      be made by mechanized and even automated manufacturing techniques.
PAR  After glueing or welding of the second mat, the plate can be pressed or
      rolled to the desired thickness, with brief heating of the plate strips
      and cross-connections if required. Thus, any desired density, specific
      weight, and pore volume can be obtained.
DRWD
PAR  For further details reference may be had to the description which follows
      in the light of the accompanying drawings, wherein:
PAR  FIG. 1 shows the basic configuration of a plate grid;
PAR  FIG. 2 shows the grid of FIG. 1 with plastic members in place;
PAR  FIGS. 3 through 6 show cross-sections of an embodiment of the invention, at
      various steps in its process of manufacture;
PAR  FIG. 7 shows a cross-section of another embodiment; and
PAR  FIG. 8 shows a cross-section of still another embodiment.
DETD
PAR  The same reference numerals refer to similar elements in the various
      figures.
PAR  FIG. 1 shows the lead bars 1 of the grid and a lead strap 2, connecting the
      bars mechanically and electrically. Plates of the same polarity can be
      connected in parallel via terminal lug 3, by welding to a common pole
      bridge (not shown), during assembly in the cells. By means of a second
      strap 4 the other head ends of the lead bars can also be welded together.
      This second strap 4 preferably has smaller cross-section, because it has
      to conduct only low current, when the plates are asymmetrical. Strap 2
      preferably has increasing cross-section toward lug 3.
PAR  FIG. 2 shows the same grid with lead bars 1 and straps 2 and 4, to which
      the plastic strips 5 and cross-connections 6 have been applied by
      injection molding. It is desirable to spray lead straps 2 and 4 with a
      thin plastic coating. This insulates them electrically from their
      surroundings in the final cell assembly, and prevents corrosion and
      short-circuits between plates of different polarity. Strap 4 may also be
      made of plastic during the spraying operation, rather than of lead during
      casting of the grid. This saves weight, while providing equal or even
      greater strength.
PAR  FIG. 3 shows a cross-section through the grid with the plastic strips and
      cross-connections, at right angles to the lead bars which conduct the
      current. The plastic strips shown in cross-section are again designated 5,
      the plastic cross-connections are designated 6. The lead conductor 1 is
      positioned by the surrounding plastic cross-connection in the center of
      the channel which is formed by two adjacent plastic strips.
PAR  FIG. 4 shows the mat 7, closing off the plate on one side after being
      welded or glued in place. The mat consists of a glass fiber or plastic
      web, of glass wool or plastic batting, or of a conventional porous
      separator material.
PAR  FIG. 5 shows the same cross-section through the plate, but after having
      been filled with active mass 9 and after the second mat 8 has been welded
      or glued in place.
PAR  FIG. 6 shows the compression of plastic strips 5 after the plate filled
      with active mass and with second mat 8 in place has been pressed to a
      predetermined thickness in a press or between a pair of rollers.
PAR  If the heat needed for plastic deforming is applied evenly through both
      mats to plastic strip 5 and cross-connections 6, compression broadens
      strips 5 and cross-connections 6 at points 10, at which they meet mats 7
      and 8. Thus active mass 9 is clamped even more firmly in the plate.
PAR  While surrounding of lead bars 1 and straps 2 and 4 with plastic
      cross-connections 6 can be carried out by any known method, it is
      preferred to use so-called mirror-welding for attaching mats 7 and 8 to
      plastic strips 5 and cross-connections 6. This involves heating the points
      of strips 5 and cross-connections 6 which are to be welded by means of
      heating plates or rollers until they reach a pasty consistency. Mats 7 and
      8 are then immediately applied and pressed down. The fibers of the mats
      weld or glue together with the paste-like material of the plastic strips
      and cross-connections and so become firmly attached.
PAR  If straight gluing is used, glue is applied to the appropriate spots on
      plastic strips and cross-connections by means of an applicator roller, and
      the mats are then applied and pressed into place.
PAR  Subsequent compression has the advantage that the plates need not be filled
      with active mass all the way up to the upper edge of the plastic strips.
PAR  FIG. 7 shows a plate, filled in this manner, in which the active mass 9
      stops at line 11. This makes it cconvenient to clean plastic strips 5 and
      cross-connections 6 before the welding or gluing operation at spots 12 and
      13 at which these operations are to be performed. It also eliminates the
      danger that the heating plates or rollers or the applicator rollers might
      contact the active mass. During subsequent compression the plastic strips
      5 and cross-connections 6 are compressed to whatever degree is necessary
      to achieve the desired density of the active mass.
PAR  Porous plastic may be used instead of solid, and plastic strips 5 and
      cross-connections 6 may be produced by foam-spraying. The resulting
      open-pore foam can serve as a reservoir for the electrolyte and also
      provide for electrolyte diffusion.
PAR  The same result can be achieved as shown in FIG. 8 by using alternate
      interrupted plastic strips 14, instead of the continuous plastic strips 5.
PAR  FIG. 8 shows such an arrangement in cross-section taken through the plastic
      cross-connections 6.
PAR  During assembly of plates of different polarity into plate-pairs, an
      additional separator in front of the mats can be omitted, since these mats
      act also as separator, in addition to their function in holding the active
      mass. The spacing between the plates of different polarity is maintained
      by conventional means.
PAR  It is an advantage of a plate embodying the invention, that it can store
      high energy density, that crumbling away of the active mass is reliably
      prevented, and that rapid, fully automated manufacturing processes can be
      used. The plate and process embodying the invention also make it possible
      to omit the time-consuming shaking operation, which is necessary for the
      conventional tubular electrode.
CLMS
STM  We claim:
NUM  1.
PAR  1. A storage battery plate comprising:
PA1  a grid formed of plastic strips and plastic cross-connections between said
      strips, said strips defining channels for containing the active mass;
PA1  a grid of lead bars recessed within said channels;
PA1  active mass substantially filling said channels and surrounding said
      recessed lead bars, said active mass being positioned to leave edges of
      said plastic strips and cross-connections exposed; and
PA1  electrolyte permeable fibrous mats covering said grid on both sides
PA1  said mats being firmly attached to said exposed edges of plastic strips and
      plastic cross-connections.
NUM  2.
PAR  2. The plate of claim 1, wherein the lengths of the plastic
      cross-connections are related to the lengths of the plastic strips in the
      ratio of from about 1 : 4 to about 1 : 25.
NUM  3.
PAR  3. The plate of claim 1, wherein the plastic strips and cross-connections
      are thickened at their edges atttached to the fibrous mats.
NUM  4.
PAR  4. The plate of claim 1, wherein the fibrous mats consist of batting.
NUM  5.
PAR  5. The plate of claim 1, wherein the fibrous mats are welded to said edges.
NUM  6.
PAR  6. The plate of claim 1, wherein the plastic strips and cross-connections
      consist of a coarse pored foam material.
NUM  7.
PAR  7. The plate of claim 1, wherein the plastic strips are formed of
      interdigitated segments extending into the mass alternately from opposite
      surfaces of said mass.
NUM  8.
PAR  8. The plate of claim 1, wherein the lead bars are substantially centered
      within said channels and surrounded on all sides by said active mass.
NUM  9.
PAR  9. A storage battery plate assembly comprising:
PA1  a plurality of grids formed of plastic strips and plastic cross-connections
      between said strips, said strips defining channels for containing the
      active mass;
PA1  a plurality of grids of lead bars, each said grid being recessed within the
      channels defined by one of said plastic grids;
PA1  active mass substantially filling said channels and surrounding said
      recessed lead bars, said active mass being positioned to leave edges of
      said plastic strips and cross-connections exposed; and
PA1  electrolyte permeable fibrous mats covering each said grid on both sides
      and firmly attached to said exposed edges of plastic strips and plastic
      cross-connections, different ones of said grids being placed adjacent each
      other to form the plates of said assembly, without intervening separator.
NUM  10.
PAR  10. The assembly of claim 9, wherein said mats form the separators between
      adjacent plates of said assembly.
NUM  11.
PAR  11. The assembly of claim 10, wherein adjacent ones of said plates are of
      different polarity.
NUM  12.
PAR  12. A storage battery plate comprising:
PA1  a grid formed of plastic strips and plastic cross-connections between said
      strips, said strips defining channels for containing the active mass;
PA1  a grid of lead bars recessed within said channels;
PA1  active mass substantially filling said channels and surrounding said
      recessed lead bars, said active mass being positioned to leave edges of
      said plastic strips and cross-connections exposed; and
PA1  electrolyte permeable mats formed of porous separator material covering
      said grid on both sides
PA1  said mats being firmly attached to said exposed edges of platic strips and
      plastic cross-connections.
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ABST
PAL  A lithium-iodine cell comprising a lithium anode and a cathode comprising
      an iodine element, a charge transfer complex of an organic donor component
      and iodine, and a cathode current collector operatively positioned between
      the iodine element and the charge transfer complex. The iodine element
      comprises a solid pellet of pure, non-conductive iodine, and the organic
      donor component of the charge transfer complex is two-vinyl pyridine
      polymer. The current collector is a screen or the equivalent which allows
      iodine to diffuse from the iodine element through the collector to the
      charge transfer complex. The iodine element is optimized for maximum
      iodine content without regard for conductivity, and the cathode material
      is optimized for maximum conductivity without regard for excess iodine
      content.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the conversion of chemical energy to electrical
      energy, and more particularly to a new and improved lithium-iodine cell.
PAR  One area of use of the present invention is in providing electrical power
      safely to inaccessable devices in the human environment, for example to an
      implanted cardiac pacemaker, although the principles of the invention can
      be variously applied. Several types of batteries for implantable cardiac
      pacemakers have been proposed but heretofore all have certain limitations.
      Recently, a lithium-iodine cell has been proposed which advantageously has
      an open circuit voltage about twice that of the mercury cell, does not
      generate gas during the operation, and has a non-corrosive electrolyte.
PAR  A cell has been proposed including a lithium anode and a cathode comprising
      a charge transfer complex of an organic donor component and iodine. A
      typical cathode of this type of cell includes polyvinyl pyridine complexed
      with iodine and having excess iodine reacted in. The cathode is rendered
      conductive by the charge transfer complex and, at the same time, it is a
      diffusion source due to the excess iodine. The excess iodine insures a
      continuing minimal level of iodine in the complex to maintain good
      electrical conductivity. Having a large source of excess iodine in the
      cathode complex, however, can lead to many problems.
PAR  In a recently developed method for making such a cell, the organic-iodine
      complex is introduced to a casing, which includes the remaining cell
      components in the form of a pourable, tar-like or viscous substance which
      may be heated to an elevated temperature. When the cell is poured, the
      molten complex may immediately cool upon striking the lithium anode and
      pure non-conductive iodine may crystallize on the anode surface, thereby
      removing that part of the anode surface from normal operation. Also,
      excess iodine in the complex may adversely affect the viscosity of the
      cathode material thereby resulting in unwanted iodine seepage, pouring
      difficulties, and related problems. Furthermore, in a cathode including an
      organic donor component complexed with iodine and having excess iodine
      reacted in, only about half of the total iodine is available for
      electrical energy output. The remainder of the iodine appears to become
      permanently bound into the organic donor component matrix and thus becomes
      unavailable for electrical output. Thus the extent to which iodine is
      unavailable for electrical output results in a decrease in the energy
      density of the cell from the level which it could be if that iodine were
      available.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a new and improved
      lithium-iodine cell.
PAR  It is a further object of this invention to provide a new and improved
      cathode for a lithium-iodine cell.
PAR  It is a further object of this invention to provide a lithium-iodine cell
      having an improved energy density.
PAR  It is a further object of this invention to provide such a lithium-iodine
      cell and cathode construction which can be manufactured easily and
      economically.
PAR  The present invention provides a lithium-iodine cell comprising lithium
      anode means including a lithium element and an anode current collector
      operatively associated with the lithium element and cathode means
      including an iodine element, a charge transfer complex of an organic donor
      component and iodine and a cathode current collector operatively
      positioned between the iodine element and the charge transfer complex. A
      lithium-iodine electrolyte forms at the interface between the anode
      lithium element and the charge transfer complex. The current collector
      allows iodine to diffuse from the iodine element through the collector to
      the charge transfer complex. As a result, the iodine element may be
      optimized for maximum iodine content without regard for conductivity, and
      the cathode material may be optimized for maximum conductivity without
      regard for excess iodine content.
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PAR  The foregoing and additional advantages and characterizing features of the
      present invention will become clearly apparent from a reading of the
      ensuing detailed description together with the included drawing wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWING FIGURES
PAR  FIG. 1 is a vertical sectional view of a lithium-iodine cell according to
      the present invention; and
PAR  FIG. 2 is a sectional view taken about on line 2--2 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2 of the drawing, a lithium-iodine cell
      according to the present invention includes a hollow casing generally
      designated 12 for receiving the cell components through one open end
      thereof which after assembly of the components is closed and sealed by
      means of a lid 14 in a manner which will be described. In the present
      illustration casing 12 is hollow rectangular in shape including a bottom
      16 and opposite pairs of upstanding walls 18, 19 and 20, 21. Casing 12 is
      of a material which is non-reactive with iodine, preferably an epoxy
      material which has been suitably cured, and is molded or otherwise formed
      to be of an integral construction.
PAR  The cell according to the present invention includes anode means including
      an element of lithium suitably positioned within casing 12. In particular,
      the anode means comprises a first lithium element or plate 24 and a second
      element or plate 26, the two elements being pressure bonded together and
      against an anode current collector 28. The lithium elements 24, 26 with
      current collector 28 sandwiched therebetween are pressure bonded within an
      anode holding means 30 which is shaped to receive the lithium elements 24,
      26 in a manner exposing a surface of lithium element 24 for operative
      relationship with the iodine-containing cathode material in the cell. In
      this exemplary form of holding means 30, there is a substantially planar
      face portion 32 and a continuous peripheral rim portion 34 extending from
      the face portion and terminating in an edge 36. Edge 36 is disposed in a
      plane substantially parallel to the plane including the exposed face of
      lithium element 24. Holding means 30 is of a material which does not
      exhibit electronic conduction when exposed to iodine, and a material found
      to perform satisfactorily is available commercially under the name Halar,
      a trademark of the Allied Chemical Company. Face portion 32 of holding
      means 30 is provided with a small slot or aperture 38 of a size permitting
      an electrical conducting means 40 to extend therethrough. The anode
      current collector 38 can comprise an expanded zirconium or nickel element
      of No. 12 mesh having a thickness of about 5 mils. Conducting means 40
      comprises an electrically conducting wire or strip 42 connected at one end
      to collector 28 and surrounded by electrical insulation of a material
      which does not exhibit electronic conduction when exposed to iodine. The
      conducting means 40 extends through a slot or aperture 44 provided in
      lithium plate 26 for making electrical connection to the lithium anode.
      Holding means 30 thus serves as a frame or support for the sandwiched
      arrangement of lithium plates 24, 26 and current collector 28.
PAR  The anode shown in FIGS. 1 and 2 is formed according to the following
      method. The material of holding means 30, in addition to not exhbiting
      electronic conduction when exposed to iodine, also should have the
      characteristic of being pressure bondable to lithium. Lithium plate 26 is
      placed in holding means 30 so as to be fitted in rim portion 34 whereby
      the aperture 44 in plate 26 is in registry with aperture 38 of face
      portion 32. The strip or wire 42 is connected to anode current collector
      28 beforehand, and the free end portion of conductor 40 is passed through
      the aligned apertures 44, 38 until the anode collector 28 is in contact
      with the exposed face of plate 26. Then plate 24 is placed in contact with
      current collector 28 and fitted within rim portion 34, whereupon the anode
      assembly is pressed together with a suitable force, for example about 3000
      pounds, causing the assembly to be bonded together. As a result, lithium
      plates 24, 26 are bonded together in a manner sealing the current
      collector 28 between the plates 24, 26 and the peripheral juncture or
      edges of plates 24, 26 are sealed by rim 34 of holding means 30.
PAR  The cell of the present invention further includes cathode means comprising
      an element of iodine, a charge transfer complex of an organic donor
      component and iodine, and a cathode current collector operatively
      positioned between the iodine element and the charge transfer complex, the
      current collector being of a material or construction allowing iodine to
      diffuse therethrough. In particular, an iodine element 52 in the form of a
      solid pellet of pure, non-conductive iodine is positioned in casing 12
      adjacent wall 18. Pellet 52 is positioned generally opposite the lithium
      anode assembly and is spaced therefrom. A cathode current collector 54 in
      the form of a screen element is positioned in the cell against the surface
      of pellet 52 which faces the anode assembly. Collector screen 54 is
      preferably of zirconium mesh, and collector 54 can be of other materials
      and construction, for example perforated metal, which allow iodine to
      diffuse through it. Pellet 52 and collector 54 are held in position within
      casing 12 by the following illustrative arrangement. Casing wall 18 is
      provided with an aperture 56 for receiving a conductor 58 for making
      electrical connection to cathode current collector 54. The internal wire
      or strip 59 of conductor 58 is formed to have two end portions 60, 62
      which, as shown in FIG. 2, enter through casing aperture 56 and extend in
      opposite directions along the surface of pellet 52 adjacent wall 18 and
      then along the corresponding opposite sides of pellet 52 and are connected
      such as by welding at their respective ends to collector 54. Thus the
      connection of lead end portions 60, 62 to screen 54 serves to hold or
      secure screen 54 and pellet 52 together. The conductor 58 as it is pulled
      or drawn through aperture 56 thus pulls pellet 52 and collector 54
      together toward the inner surface of casing wall 18. A spacer sheet 66 of
      Teflon or similar material can be located between the inner surface of
      wall 18 and the adjacent surface of pellet 52. Spacer 66 acts like a
      spring to urge pellet 52 and collector 54 into contact with the complex
      material during the life of the cell.
PAR  The cell of the present invention is completed by cathode material 70
      comprising a charge transfer complex of organic material and iodine. The
      organic material should be an electron donor and can be any organic
      compound having a double bond or amine group. An electron donor gives the
      iodine sufficient conductivity for proper cell operation. A preferred
      organic material is polyvinyl pyridine polymer, and in particular
      two-vinyl pyridine polymer. The cathode material 70 can be prepared by
      heating the organic material, i.e., two-vinyl pyridine, to a temperature
      greater than the crystallization temperature of iodine and then adding
      iodine to the heated material. In this connection, the complex need only
      carry enough iodine to assure good conductivity. The resulting mixture is
      a viscous, flowable substance which is introduced to casing 12 in the
      following manner. Casing 12 is held by hand or in a fixture in an upright
      position whereupon the heated material 70 is poured into casing 12 through
      the open top thereof. The material 70 fills the interior of casing 12 in
      an amount sufficient to contact the exposed surface of lithium element 24
      and to contact the portion of current collector 54 operatively associated
      with iodine element 52. Then the casing 12 is sealed at the top such as by
      means of lid member 14 which is placed on and cemented to the top
      peripheral edge of casing 12.
PAR  The lithium-iodine cell according to the present invention operates in the
      following manner. As soon as the iodine-containing cathode material 70 is
      placed in casing 12 in operative contact with lithium plate 24, a
      lithium-iodine electrolyte begins to form at the interface and an
      electrical potential difference exists between the anode and cathode
      electrical leads. Iodine from pellet 52 diffuses through collector 54 to
      cathode material 70. In particular, iodine vapor containing molecules
      presumably is emitted from pellet 52 and travels to and through collector
      54, and some iodine ions may be formed at collector 54 and travel with the
      vapor to cathode material 70. In the cell of the present invention,
      therefore, a continuing supply of iodine is provided to the cathode in
      such a manner that the iodine is not required to be in an electrically
      conductive state. In other words, the conduction aspect of the iodine
      cathode is mechanically separated from the diffusion aspect of the iodine
      reservoir. The two cathode functions of conductivity and diffusion are
      mechanically separated by placing cathode current collector 54 operatively
      between the iodine element 52 and the cathode material 70 comprising a
      charge transfer complex of an organic donor component and iodine. In this
      manner, the iodine pellet reservoir 52 need only diffuse iodine through
      the current collector or screen 54. The iodine element need not be
      electrically conductive. Thus pellet 52 is pure iodine and has no
      electrical conductivity additives therein such as carbon or graphite. The
      material 70 comprising the charge transfer complex of an organic donor
      component and iodine, i.e., two-vinyl pyridine iodide, need only conduct.
      It does not need to be an iodine reservoir since that function is provided
      by pellet 52. The material 70 need only carry enough iodine to assure good
      conductivity, and as iodine is lost it will be replaced from pellet 52.
      Thus the pellet 52 may be optimized for maximum iodine content without
      regard for conductivity, and the cathode material 70 may be optimized for
      maximum conductivity without regard for excess iodine content.
PAR  Another advantage provided by the cell of the present invention is that
      more ampere-hour capacity can be built into the cell. If the cathode were
      to consist of a charge transfer complex of an organic donor component and
      iodine with excess iodine reacted in, only about two thirds the total
      iodine would be available for electrical energy output. The rest of the
      iodine appears to become permanently bound into the organic donor
      component matrix and is unavailable for energy output. Thus a cell with an
      amount of iodine equivalent to about 4 ampere hours gives an electrical
      charge output of only about 3 ampere hours. In the cell of the present
      invention, on the other hand, only a small portion of the cathode, for
      example only about 10%, need be the material 70 comprising the charge
      transfer complex of organic donor component and iodine with iodine reacted
      in. The remaining portion of the cathode, i.e., about 90%, can be the pure
      iodine pellet 52. Thus most of the iodine in the cell of the present
      invention will become available for electrical output and only a small
      amount, perhaps about  5%, will remain locked in the 10% of organic donor
      complex material. By reducing the amount of the organic-iodine complex
      material, i.e., polyvinyl pyridine iodine, needed in the cathode, the rate
      of impedance rise of the cell is lowered, particularly at the end of life
      of the cell.
PAR  The operation of the cell of the present invention can be improved further
      to have a relatively low cell impedance and a relatively constant
      long-term cell impedance by providing on the operative surface of the
      lithium anode a coating or layer 80 of an organic electron donor,
      preferably but not necessarily the organic component of the charge
      transfer complex material of the cathode. In particular, when the anode
      has been formed and prior to assembly of a completed cell, a solution of
      two-vinyl pyridine polymer in anhydrous benzene is prepared with two-vinyl
      pyridine present in the range from about 10% to about 20% by weight with a
      strength of about 14% by weight of two-vinyl pyridine being preferred.
      While two-vinyl pyridine and four-vinyl pyridine or other organic electron
      donor materials such as poly-three-ethyl-two vinyl pyridine can be used,
      two-vinyl pyridine is preferred because of its more fluid characteristic.
      The solution is applied to the exposed surface of lithium plate 24 in a
      suitable manner, for example by application with a brush. The presence of
      the anhydrous benzene serves to remove moisture thereby preventing any
      adverse reaction with the lithium plate. The coated anode then is exposed
      to a desiccant such as barium oxide for a time, for example in the
      neighborhood of about 24 hours, sufficient to remove the benzene from the
      coating. The foregoing procedure can be repeated a number of times, for
      example three times, to provide a corresponding number of layers or
      coatings thereby resulting in a final coating of increased thickness,
      being a composite of a number of coatings or layers successively applied.
PAR  The provision of layer or coating 80 was found to reduce the cell impedance
      to about one-half the impedance of a cell of similar construction but
      without the pre-coated anode. This desirable reduction in cell impedance
      is believed to result from a better and improved electrically effective
      contact area between the cathode material 70 and the anode lithium
      element. Coating 80 serves as a protective buffer between the pure lithium
      plate 24 and the relatively hot cathode material 70 as it is poured into
      the cell casing. Coating 80 protects the anode from immediate
      recrystallization of iodine on the surface of lithium plate 24, and iodine
      in complexed form slowly penetrates through the coating 80 to lithium
      plate 24. Further reduction in cell impedance results from an increase in
      the thickness of coating or layer 80.
PAR  Thus, the cell of the present invention has an improved energy density, and
      the provision of coating or layer 80 adds the additional advantages of a
      greater utilization of the surface of the anode lithium element by the
      cathode material and a reduction in cell impedance, these being enhanced
      by increasing the thickness of the coating or layer.
PAR  It is therefore apparent that the present invention accomplishes its
      intended objects. While a single embodiment of the present invention has
      been described in detail, this is for the purpose of illustration, not
      limitation.
CLMS
STM  We claim:
NUM  1.
PAR  1. A lithium-iodine cell comprising:
PA1  a. lithium anode means including a lithium element and an anode current
      collector operatively associated with said lithium element; and
PA1  b. cathode means comprising an iodine element, a charge transfer complex of
      an organic donor component and iodine and a cathode current collector
      operatively positioned between said iodine element and said charge
      transfer complex and operative to diffuse iodine from said iodine element
      to said charge transfer complex.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said iodine element is pure
      solid iodine and non-conductive.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said iodine element has a
      surface disposed toward said anode and said cathode current collector is
      positioned adjacent said surface.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said organic donor component
      comprises polyvinyl pyridine polymer.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said organic donor component
      comprises two-vinyl pyridine polymer.
NUM  6.
PAR  6. Apparatus according to claim 1 further including a hollow casing
      containing said anode means and said cathode means, said iodine element
      being positioned adjacent an inner surface of said casing, and electrical
      conductor means extending through said casing and connected to said
      cathode current collector.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein said iodine element has a
      surface adjacent an inner surface of said casing and another surface
      disposed toward said anode, said cathode current collector being
      positioned adjacent said other surface and wherein said electrical
      conductor means is connected to said cathode current collector at spaced
      locations whereby said conductor means holds said current collector
      against said iodine element and holds said iodine element against said
      casing.
NUM  8.
PAR  8. Apparatus according to claim 3 further including a hollow casing
      containing said anode means and said cathode means, said iodine element
      being positioned adjacent an inner surface of said casing, and further
      including spacer means between said iodine element and said casing for
      maintaining said iodine element and said cathode current collector in
      operative contact with said charge transfer complex.
NUM  9.
PAR  9. Apparatus according to claim 1, wherein said anode means comprises a
      pair of lithium elements bonded together and against said current
      collector in a manner sealing said current collector between said
      elements, said current collector having an electrical lead connected
      thereto and extending from said lithium elements.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein said anode further comprises a
      frame member continuously surrounding the peripheral edges of said lithium
      elements in a manner sealing said edges, said electrical lead extending
      through said frame member.
NUM  11.
PAR  11. Apparatus according to claim 1 further including a coating on said
      lithium element and operatively associated with said cathode means, said
      coating being of an organic electron donor component material.
NUM  12.
PAR  12. Apparatus according to claim 11, wherein said coating is of the organic
      donor component material of said charge transfer complex material.
NUM  13.
PAR  13. Apparatus according to claim 11, wherein said coating is of polyvinyl
      pyridine polymer.
NUM  14.
PAR  14. Apparatus according to claim 11, wherein said coating is of two-vinyl
      pyridine polymer.
NUM  15.
PAR  15. Apparatus according to claim 11, wherein said coating is of four-vinyl
      pyridine polymer.
NUM  16.
PAR  16. Apparatus according to claim 11, wherein said coating is of
      three-ethyl-two-vinyl pyridine polymer.
NUM  17.
PAR  17. Apparatus according to claim 11, wherein said coating is a composite of
      a number of coatings.
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ABST
PAL  A hybrid electrode for metal/air cells of the type having a hydrophilic
      layer of nickel on the electrolyte side for the precipitation of oxygen,
      hydrophobic layer of plastic on the gas side and a hydrophobic layer of
      carbon between these two layers which contains an embedded metallic
      structure for use in dissolving oxygen, in which the metallic structure of
      the carbon layer is firmly connected to the nickel layer and protrudes on
      at least partially on the gas side beyond the carbon layer and into the
      plastic layer, the plastic layer also having a metallic structure embedded
      therein which is firmly connected to the part of the metallic structure
      protruding from the carbon layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to metal/air cells in general and more particularly
      to an improved hybrid electrode for use in such cells. Hybrid electrodes
      are known and are disclosed for example in German Offenlegungsschrift
      1,921,157. A characteristic of this type of electrode is that it contains
      in one electrode a catalyst for gas separation or precipitation along with
      a catalyst for gas dissolution, with the catalysts arranged in two
      separate layers. In such a hybrid electrode a hydrophilic layer on the
      electrolyte side contains the catalyst for gas separation and a
      hydrophobic layer on the gas side contains the catalyst for gas
      dissolution. Nickel or graphite can be used as the catalysts for gas
      separation. Catalysts for gas dissolution may be carbon, silver,
      silver-impregnated carbon along with combinations of carbon with nickel
      oxide and cobalt oxide, carbon with cobalt oxide and aluminum oxide or
      carbon with magnesium oxide.
PAR  The significant advantage of a hybrid electrode is that only the catalysts
      used for the gas separation and the frame material that may be present
      need be corrosion-resistant at the potential of the gas separation. This
      results from the concept that the hydrophilic layer on the electrolyte
      side allows the flow lines to penetrate only negligibly into the
      hydrophobic layer on the gas side so that particles of the layer on the
      gas side which have contact with the metal electrode through the
      electrolytic liquid are at the normal at rest potential even during gas
      separation and are thus protected against corrosion. As a result the range
      of frame and catalyst materials which can be used on the gas side is
      substantially increased.
PAR  Hybrid electrodes for the dissolution and separation of oxygen for
      metal/air cells and which consist of a hydrophilic nickel layer on the
      electrolyte side used for O.sub.2 separation, a hydrophobic carbon layer
      for the O.sub.2 dissolution and a hydrophobic plastic layer on the gas
      side which prevents the electrolyte from escaping are known and are
      disclosed in Siemens Forschungsund Entwicklungsberichte, vol. 1, No. 2/72,
      page 221 to 226. In an arrangement such as this a metal screen for taking
      off current can be embedded in the hydrophobic carbon layer.
PAR  Electrodes of this nature have been found to be advantageous in comparison
      with other known electrodes. However with a cyclic load of 6 hours of
      O.sub.2 separation and then 6 hours of 0.sub.2 dissolution at a current
      density of 30 mA/cm.sup.2 and a potential of -200 to -300 mV with respect
      to an Hg/HgO/6 m KOH reference electrode, they have a life of only 50 to
      60 cycles. The limited life of these electrodes results almost exclusively
      from the lack of mechanical cohesion between the individual layers.
      Plastic contained within the carbon layer to make this layer hydrophobic
      is also supposed to take care of the mechanical stability of this layer
      and bring about adhesion of the individual layers to each other. However
      it has been found that even with high percentages of plastic, such as
      plastic in the range of 40% by weight, the adhesion of the carbon layer to
      the nickel layer and the adhesion of the plastic layer to the carbon layer
      along with the mechanical stability of the carbon layer itself cannot be
      assured over extended periods of time. The mechanical stresses result
      particularly from the oxygen which is developed in the charging process at
      the boundary between the nickel and carbon layer and which results in the
      carbon layer being blown off from the nickel layer. Mechanical stresses
      also occur at the boundary between the carbon layer and the plastic layer
      probably because of the pressure exerted by the electrolytic liquid.
PAR  In view of these difficiencies, the need for an improved hybrid electrode
      which has increased mechanical supports so that its useful life can be
      extended becomes evident.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves this problem by providing that the metallic
      structure embedded in the carbon layer is firmly connected to the nickel
      layer on the electrolyte side and that this metallic structure protrudes
      at least partially on the gas side beyond the carbon layer into the
      plastic layer. A metallic structure is also embedded in the plastic layer
      and this metallic structure firmly connected with the protruding portion
      of the metallic structure embedded in the carbon layer.
PAR  In a hybrid electrode of the present invention, the individual layers are
      connected with each other in a mechanically rigid fashion making
      separation of the layers impossible. This stable design leads to a
      substantially longer operating life as compared to electrodes previously
      used. The mechanical bond is accomplished by metallic bridges which extend
      from the nickel layer to the plastic layer. Through this firm connection
      the carbon layer is at the same time secured in place so that the plastic
      in the carbon layer need no longer function as a binder to hold the
      individual parts together but needs only serve to make the carbon layer
      hydrophobic. As a result the percentage of plastic in the carbon layer can
      be considerably reduced and the carbon percentage substantially increased
      so that the electrode can be more highly loaded.
PAR  In accordance with the present invention the metallic structure in the
      carbon layer will advantageously consist of individual wires, preferably
      nickel wires which are connected with the nickel layer on the electrolyte
      side at certain points. It is preferred that the wires are arranged in
      parallel ascending fashion to form that will hereinafter be referred to as
      a rung wall. That is to say the arrangement will have the appearance of a
      ladder with a plurality of wires forming the rung. Additional wires at the
      end of the wires correspond to the upright members in a ladder. The
      metallic structure in the plastic layer is advantageously expanded metal
      also preferably of nickel with the expanded metal connected to a plurality
      of points to a portion of the metallic structure of the carbon layer, i.e.
      the portion which protrudes into the plastic layer. It has been found that
      electrodes having this type of construction demonstrates the longest life.
PAR  However, the metallic structure in the carbon and plastic layer may also be
      metal screen. The metallic structure, consisting of nickel, in the carbon
      layer can also be designed such that a mesh or grid structure is impressed
      into one surface of the nickel layer used on the electrolyte side by
      stamping for example. In such a case the cavities will take up the carbon
      material. The metallic structure of the carbon layer may also be expanded
      metal, where, for example, in addition two expanded metal sheets with
      other than square meshes can be connected to the nickel layer, displaced
      90.degree. relative to each other.
PAR  Plastic material is employed to make the carbon layer hydrophobic.
      Preferably the plastic content of the carbon layer will be 20% by weight.
      Polytetrafluoroethylene (PTFE) is advantageously used as the plastic in
      the carbon layer and in the plastic layer. Additional plastic materials
      which may be considered are, for example, polytrifluoroethylene and
      polytrifluorochloroethylene. In this connection it is of advantage to
      provide the metallic structure in the plastic layer, e.g., the expanded
      metal with a coating of the plastic used in all places except where it is
      to be connected to the metallic structure of the carbon layer. This
      plastic coating will assure good connection with the remaining plastic of
      this layer and thus good adhesion of the plastic to the embedded metal
      structure.
PAR  The electrode of the present invention can be efficiently manufactured in
      the following manner. A metal structure is first joined to a nickel layer
      by spot-welding. A mixture of carbon and a hydrophobic plastic is then
      placed into this metal structure. Pressure is applied and the surface of
      the metal structure facing away from the nickel layer is exposed, i.e.
      adhering carbon and plastic material is removed. In this manner a carbon
      layer adhering to a nickel layer is produced with a metal structure
      partially protruding from the carbon layer. A second metal structure is
      enclosed with a hydrophobic plastic such that isolated metallic zones
      remain free of plastic. The isolated metallic zones of this second metal
      structure are then joined to the free surface of the first metallic
      structure by spot-welding. A hydrophobic plastic is subsequently placed on
      the second metal structure such that the metal structure is completely
      embedded in a plastic layer which extends up to the carbon layer. To
      obtain firm adhesion of the plastic a sintering operation is then
      performed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the attachment of a first metallic structure to a nickel
      layer to form a first component of the electrode of the present invention.
PAR  FIG. 2 illustrates the formation of the second component of the electrode
      of the present invention.
PAR  FIG. 3 illustrates the electrode of the present invention with the two
      components put together and the layers filled in.
PAR  FIG. 4 is a schematic illustration of the layer construction of a hybrid
      electrode according to the present invention.
PAR  FIG. 5 is a graph illustrating the potential vs time behavior of a hybrid
      electrode according to the present invention.
PAR  FIGS. 6-8 correspond to FIGS. 1-3 illustrating a further embodiment of the
      hybrid electrode of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1-3 illustrate a first embodiment of the present invention. FIGS. 1
      and 2 illustrate two components which go together to make up the electrode
      shown in FIG. 3. The component 3 shown on FIG. 1 comprises a nickel cover
      layer 12 and the metallic structure for the carbon layer made up of a
      plurality of wires 11 arranged in a manner to be described below. The
      second component 4 shown in FIG. 2 comprises the metallic structure for
      the plastic layer with is partially coated with plastic. To fabricate the
      component 3, ten nickel wires 11 with a diameter of about 0.5 mm are
      spot-welded onto one side of a nickel plate 12 of about 10 cm by 10 cm and
      about 0.25 mm thick. They are arranged parallel to one edge of the nickel
      plate with a mutual spacing of about 1 cm. Perpendicular thereto along
      each edge an additional nickel wire 11a adjoing the ends of all nickel
      wires 11 is spot-welded to form an arrangement in the form of a wall of
      rungs much like a ladder. In this manner nine fields bounded by nickel
      wires each having an area of about 1 cm .times. 9 cm and a depth of about
      0.5 mm [corresponding to the wire thickness] are created. Into these
      fields or depressions in the component 3 a mixture 15, shown on FIG. 3
      containing carbon and PTFE is placed forming the hydrophobic carbon layer.
      Pressure is then applied and subsequently the adhering carbon/PTFE mixture
      is removed from the upper edges of the nickel wires 11, and 11a so that
      the nickel wires partially protrude from the carbon layer 15.
PAR  The nickel layer will preferably have porosity of about 50% and the pore
      diameter is generally a maximum of 5 to 7 .mu.m. Soot coke with a grain
      size of approximately 60 .mu.m can be used as the carbon material.
      Preferably it will be graphitized at 2400.degree.C and activated with
      ammonia at about 850.degree.C for 3 hours. An increase of the activation
      of the hybrid electrode can be obtained by coating the carbon with silver
      or other active components. For fabricating an electrode of 100 cm.sup.2,
      a mixture of about 3 g of carbon, 0.8 g PTFE and 0.2 g of filler e.g.
      Na.sub.2 SO.sub.4 all in powder form is preferably placed on the nickel
      layer which is firmly connected to the nickel wires and then pressure of
      about 1000 N/cm.sup.2 applied.
PAR  To fabricate the component 4 of FIG. 2 a piece of expanded metal 13 is
      partially coated with PTFE 14. Nickel will preferably be used as the
      expanded metal 13. It will be rolled flat and of a size 10 cm .times. 10
      cm with a thickness of 0.2 mm with a web thickness in the expanded
      material of 0.4 mm with a mesh width of 3 mm .times. 6 mm. This piece 13
      is clamped in a template and the two surfaces of the expanded metal then
      partially covered in such a manner that, during a subsequent spraying with
      a PTFE, suspension areas 17 of about 1 mm wide of bare metal will remain
      between areas of PTFE coated expanded metal 14 with each of this areas
      about 9 mm wide. PTFE can be applied in the form of a suspension in a
      mixture of 3 parts by weight of n-propanol and 1 part by weight of isoamyl
      alcohol using a spray gun. Thereafter the PTFE is presintered at about
      380.degree.C for about 15 minutes. The component 3 containing the
      carbon/PTFE/filler mixture and the component 4 are subsequently placed on
      top of each other as shown on FIG. 3 so that the areas 17 which are free
      of PTFE come to lie on the carbon-free surfaces of the nickel wires. The
      metallic areas of the two components are then rigidly connected with each
      other by spot-welding. The structural unit thus produced is subsequently
      compressed so that the PTFE coated web of expanded metal lies firmly
      against the carbon layer. Finally the plastic layer 16 is formed and
      completed by placing PTFE in the meshes of the expanded metal and onto the
      expanded metal.
PAR  The hydrophobic PTFE-layer is made by sedimentation of PTFE powder [5g]
      suspended in a mixture [200 ml] consisting of equal parts of isopropanol
      and acetic acid ethylester. This is put onto the exposed carbon and PTFE
      coated expanded metal. The suspension medium is suctioned off after about
      30 minutes through the carbon and nickel layers. This is followed by
      drying in a drying cabinet at about 100.degree.C for about 15 minutes and
      then sintering in nitrogen at about 380.degree.C for about 45 minutes
      causing the sedimented PTFE to be bounded with the presintered PTFE 14 at
      the expanded metal to form a uniform plastic layer 16. In the finished
      electrode shown on FIG. 3 the expanded metal 13 is then completely
      embedded in the plastic layer 16 and the nickel wires protrude at the
      points of connection with the areas 17 of the expanded metal 13 from the
      carbon layer 15 into the plastic layer 16.
PAR  By means of the purely metallic bridges (Ni cover layer, Ni wires of the
      carbon layer, metal webs of the expanded metal of nickel arranged in the
      PTFE containing layer), the nickel layer 12 and the plastic layer 16 are
      rigidly connected with each other mechanically. The carbon layer 15 is, at
      the same time, secured. Because the carbon material is fixed in the
      electrode, the PTFE in this layer no longer needs to function as a binder
      but needs only function as a hydrophobic agent. The PTFE content can
      therefore be reduced from about 40% to 20%. This reduction has a positive
      effect on the conductivity of the working carbon layer. In general the
      plastic content of the carbon layer is between about 20% and 30% by
      weight, referred to the weight of this layer without the metallic
      structure.
PAR  An electrode made in this manner weighs about 25 g, with the following
      percentages for the various components: Nickel layer and nickel wires 12
      g; carbon/PTFE/filler mixture 4 g; PTFE-coated expanded Ni metal 4 g;
      remaining PTFE in the plastic layer 5 g. Since, during operation of the
      electrode, the filler is dissolved by the electrolytic liquid, e.g. 6 m
      KOH, thereby increasing the porosity of the carbon layer, the content of
      plastic in the carbon layer is merely about 21% by weight.
PAR  The electrode fabricated in the described manner is provided with a nickel
      screen which is spot-welded to an edge of the nickel cover layer in order
      to provide an external contact. Subsequently, the electrode is cemented
      into an electrode frame of plastic such as polystyrene.
PAR  The layer construction of a hybrid electrode 20 according to the present
      invention is schematically shown in FIG. 4. The electrode itself, along
      with a contact screen 21, is arranged in a plastic frame 22. On the
      electrolyte side, i.e. on that side which when in operation is to be the
      electrolyte side, the electrode is bounded by a porous nickel layer 23
      with which the contact screen 21 is connected. Firmly connected to the
      nickel layer 23 are wires 24 which form the metallic structure embedded in
      the carbon layer 25. The wires 24 are firmly connected at numerous points
      with a sheet of expanded metal 26, which forms the metallic structure of
      the plastic layer 27 bounding the electrode on the gas side, i.e. on that
      side which when in operation is to be the gas side. FIG. 5 illustrates the
      potential-versus-time behavior of a hybrid electrode made by the described
      method. On this curve the number of cycles is plotted along the abscissa
      and the potential .epsilon. in mV, measured with respect to an Hg/HgO
      reference electrode in 6 m KOH as the electrolytic liquid along the
      ordinate. The electrode was loaded alternately with a current density of
      40 mA/cm.sup.2 in a 6-hour rhythm (6 hours discharge and 6 hours charge).
      The cathodic potential (discharge potential) remains at about -200 mV up
      to about the 100th cycle after which it drops slowly until after the 200th
      cycle it reaches about -320 mV. The anodic potential (charging potential)
      is approximately constant at about +660 mV until about the 100th cycle
      after which it drops slowly to about +600 mV at the 200th cycle. It
      follows from this data that the hybrid electrode according to the
      invention is greatly improved over electrodes presently in use as far as
      its mechanical stability is concerned and accordingly has increased
      service life. Thus, it is therefore extremely well suited for use in
      metal/air cells and metal/air batteries.
PAR  The hybrid electrode according to the invention for metal/air cells can be
      further improved substantially through the use of a metallic structure in
      the carbon layer consisting of two expanded metal sheets, displaced
      90.degree. relative to each other and joined at certain points with each
      other and the nickel layer on the electrolyte side. These sheets will have
      other than square meshes, and individual wires are connected at certain
      points to the expanded metal sheets and the metallic structure of the
      plastic layer.
PAR  Through such a design of the metallic structure in the carbon layer greater
      quantities of active material can be accommodated in the electrode without
      jeopardizing its mechanical stability and without appreciably increasing
      the thickness of the electrode. The behavior of the hybrid electrodes and
      the load capacity for continuous operation are further improved in this
      manner.
PAR  Expanded metal generally has approximately diamond-shaped meshes. In the
      hybrid electrode according to the present invention, expanded metal with
      mesh width of between about 2.5 and 4 mm and a mesh length of between
      about 5 and 8 mm can be used. Preferably, the mesh width will be about 3
      mm and the mesh length about 6 mm. Expanded metal with such mesh
      dimensions insures, in particular, that, on one hand, the carbon layer
      contains enough active material and that, on the other hand, the adhesion
      of the active material at the metallic structure of the carbon layer and
      the adhesion of the carbon layer to the nickel cover layer is sufficient
      for good mechanical stability. The mesh width and mesh length correspond
      essentially to the lengths of the diagonals of the diamond-shaped meshes
      of the expanded metal.
PAR  The wires of the metallic structure of the carbon layer may advantageously
      have a wire thickness of about between 0.4 and 0.7 mm, in particular about
      0.5 mm. The wires will preferably consist, as will the expanded metal in
      the carbon layer and in the plastic layer, of nickel. The mechanical bond
      of the individual components of the hybrid electrode according to the
      present invention is accomplished exclusively through metallic bridges of
      nickel, which extend from the nickel cover layer on the electrolyte side
      to the plastic layer on the gas side.
PAR  To manufacture the hybrid electrode shown in FIG. 8 essentially two
      components are used. The one component 5, shown in FIG. 6, consists of the
      nickel cover layer and the metallic structure for the carbon layer. The
      other component 6, shown in FIG. 7, which corresponds to the component 4
      shown in FIG. 2 consists of a metallic structure, partially coated with
      plastic, for the plastic layer.
PAR  To fabricate the component 5, two expanded-metal nickel parts 101 and 102
      each about 9.1 cm .times. 9.2 cm and displaced 90.degree. with respect to
      each other, are attached by spot-welding on one side of a nickel plate
      with an area of about 10 cm .times. 10 cm and a thickness of about 0.4 mm.
      The mesh width of the expanded metal is about 3 mm, the mesh length about
      6 mm. The width of the web about 0.4 mm and the thickness of the web about
      0.1 mm. The arrangement of the expanded metal pieces displaced 90.degree.
      with respect to each other leads to a design in which corresponding
      diagonals of the meshes lie at right angles to each other. Upon the metal
      structure comprising the nickel cover layer 100 and two expanded metal
      parts 101 and 102 ten nickel wires 103 with a diameter of about 0.5 mm are
      attached by spot welding with the wires parallel to one edge of the
      expanded metal parts and beginning at this edge. They are attached with a
      mutual spacing of about 1 cm. Along each edge a further nickel wire 103A
      is placed perpendicular to these nickel wires. Thus, a rung wall of the
      type described above in connection with FIGS. 1-3 is again obtained. The
      rung wall is connected point by point firmly with the expanded metal parts
      through the expanded metal parts with the nickel plate. In the component
      5, the voids between the expanded metal and nickel wires are filled with a
      mixture containing essentially carbon and a hydrophobic plastic binder to
      form a hydrophobic layer 104 such as shown on FIG. 8. Pressure is then
      applied and the adhering mixture of carbon and plastic subsequently
      removed from the surface part of the nickel wires protruding above the
      layer 104 so that the nickel wires 103 partially protrude from the carbon
      layer 104.
PAR  To manufacture an electrode 100 cm.sup.2 in size, a mixture of about 3.6 g
      of carbon, 1.8 g polytetrafluorethylene (PTFE) and 0.6 g of filler (e.g.,
      Na.sub.2 SO.sub.4), each in powder form is placed in the voids formed by
      the nickel cover layer and the metallic structure of the expanded metal
      and nickel wires. The pressing operation is then performed at about 1000
      N/cm.sup.2. After pressing, the mixture adhearing to the nickel wires 103
      is partially removed in the manner described above. In comparison to the
      embodiment of FIG. 3 in which 4 g of carbon/PTFE/filler mixture (3.0 g
      carbon, 0.8 g PTFE and 0.2 g filler) were used for preparing the carbon
      layer the weight with this embodiment is increased by 50%. As a result the
      carbon content itself increases comparatively by about 20%.
PAR  The fabrication of the component 6 shown on FIG. 7 and which comprises an
      expanded metal part 106 partially coated with PTFE 105 is essentially the
      same as the fabrication of the component 4 of FIG. 2. A piece of expanded
      metal made of nickel and about 10 cm .times. 10 cm rolled flat (web
      thickness 0.1 mm, web width 0.4 mm, mesh width 3 mm, mesh length 6 mm) is
      used. After the sintering operation, the expanded metal is cut to the
      dimensions corresponding to the expanded metal of the carbon layer.
PAR  The component 5 containing the carbon/PTFE/filler mixture and the component
      6 are placed on top of each other in the manner shown in FIG. 8 so that
      the PTFE free areas 107 of the expanded metal part 106 come to lie on the
      carbon-free surfaces of the nickel wires 103. Metallic areas of the two
      components are then rigidly joined to each other by spot welding. The
      structural unit so produced is subsequently compressed to that the PTFE
      coated expanded metal webs lie firmly on the carbon layer. Preferably,
      this pressing takes place at a pressure of about 2000 N/cm.sup.2. Pressing
      is advantageously repeated three times with the structural unit rotated
      90.degree. each time to insure uniform distribution of carbon in the metal
      structure and to equalize unevenness which might be present in the mold.
      Finally, the plastic layer 108 is completed by placing PTFE in the meshes
      of the expanded metal and on the expanded metal 106.
PAR  The hydrophobic PTFE layer 108 is filled in exactly the same manner as the
      plastic layer 16 in the embodiment of FIG. 3, using 8 g of PTFE powder. In
      the finished electrode the expanded metal 106 is completely embedded in
      the plastic layer 108. The nickel wires 103 of the metallic structure of
      the carbon layer protrude, at places where they are connected with the
      PTFE free areas 107 of the expanded metal 106, from the carbon layer 104
      into the plastic layer 108.
PAR  The hybrid electrode fabricated in this manner is then provided with a
      nickel screen for making contact, the nickel screen being attached by
      spot-welding to an edge of the nickel cover layer. Then, as disclosed in
      connection with FIG. 4, the electrode is cemented into an electrode frame
      of plastics such as polystyrene.
PAR  To determine its behavior in extended operation, an electrode of this type
      was loaded in an alternating manner with an 1-hour rhythm (1 hour
      discharge and 1 hour charge) with a current density of about 50 mA/cm. A
      short load period was chosen since it has been found that the service life
      of a hybrid electrode is determined not by the length of cycles but by the
      number of cycles i.e. the number of alternating cathodic and anodic
      loadings. Under these trying conditions, the cathodic potential of the
      hybrid electrode of the present invention still remains at -300 mV after
      300 cycles with measurements made with respect to an Hg/HgO/6 m KOH
      reference electrode.
PAR  Thus an improved hybrid electrode for use in metal air cells and a method
      of making such an electrode has been shown. Although specific embodiments
      have been illustrated and described, it will be obvious to those skilled
      in the art that various modifications may be made without departing from
      the spirit of the invention which is intended to be limited solely by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hybrid electrode for use in metal/air cells of the type having a
      hydrophilic layer of nickel on the electrolyte side for use in oxygen
      precipitation, a hydrophobic layer of plastic on the gas side and a
      hydrophobic layer of carbon between said two layers, the carbon layer
      containing an embedded metallic structure and being used for the
      dissolution of oxygen, wherein the improvement comprises:
PA1  a. a metallic structure embedded in the carbon layer which is firmly
      connected on the electrolyte side to the nickel layer, with the metallic
      structure protruding at least partially on the gas side beyond the carbon
      layer and into the plastic layer; and
PA1  b. a metallic structure embedded in the plastic layer, said metallic
      structure being firmly connected to the portion of the metallic structure
      embedded in the carbon layer which protrudes into the plastic layer.
NUM  2.
PAR  2. A hybrid electrode according to claim 1 wherein the metallic structure
      in said carbon layer comprises a plurality of individual wires connected
      at a plurality of points with the nickel layer on the electrolyte side.
NUM  3.
PAR  3. A hybrid electrode according to claim 1 wherein the metallic structure
      in said carbon layer comprises first and second expanded metal sheets
      having other than square meshes arranged displaced 90.degree. relative to
      each other and connected at a plurality of points with each other and the
      nickel layer on the electrolyte side, and a plurality of individual wires
      connected at a plurality of points to the expanded metal sheets.
NUM  4.
PAR  4. A hybrid electrode according to claim 1 wherein the metallic structure
      in said plastic layer is expanded metal, said expanded metal being
      connected at a plurality of points with the part of the metallic structure
      of the carbon layer which protrudes into the plastic layer.
NUM  5.
PAR  5. A hybrid electrode according to claim 4 wherein said expanded metal is
      coated with a plastic coating at all places except in the regions of the
      points at which it is firmly connected to the metallic structure of the
      carbon layer.
NUM  6.
PAR  6. A hybrid electrode according to claim 5 wherein said expanded metal has
      a mesh width between approximately 2.5 and 4 mm and a mesh length of
      between approximately 5 and 8 mm.
NUM  7.
PAR  7. A hybrid electrode according to claim 3 wherein said expanded metal has
      a mesh width between approximately 2.5 and 4 mm and a mesh length between
      approximately 5 and 8 mm.
NUM  8.
PAR  8. A hybrid electrode according to claim 2 wherein said wires have a
      diameter between approximately 0.4 and 0.7 mm.
NUM  9.
PAR  9. A hybrid electrode according to claim 3 wherein said wires have a
      diameter between approximately 0.4 and 0.7 mm.
NUM  10.
PAR  10. A hybrid electrode according to claim 2 wherein said wires are arranged
      in the form of a rung wall.
NUM  11.
PAR  11. A hybrid electrode according to claim 3 wherein said wires are arranged
      in the form of a rung wall.
NUM  12.
PAR  12. A hybrid electrode according to claim 1 wherein said metallic
      structures consist of nickel.
NUM  13.
PAR  13. A hybrid electrode according to claim 1 wherein said carbon layer
      contains between approximately 20 and 30 per cent by weight of plastic.
NUM  14.
PAR  14. A hybrid electrode according to claim 1 wherein said plastic is
      polyetetrafluoroethylene.
NUM  15.
PAR  15. A hybrid electrode for use in metal/air cells of the type having
      ahydrophilic layer of nickel on the electrolyte side for use in oxygen
      precipitation, a hydrophobic layer of plastic on the gas side and a
      hydrophobic layer of carbon between said two layers, the carbon layer
      containing an embedded metallic structure and being used for the
      dissolution of oxygen wherein the improvement comprises:
PA1  a. a metallic structure comprising at least a plurality of nickel wires
      arranged in the form of a rung wall embedded in a carbon layer consisting
      of carbon, a binder and approximately 20 to 30% by weight of plastic, said
      rung wall of wires being firmly connected on the electrolyte side to the
      nickel layer and protruding on the gas side at least partially beyond the
      carbon layer into the plastic layer; and
PA1  b. a metallic structure comprising an expanded metal sheet of nickel
      embedded in the plastic layer, said expanded sheet of nickel being firmly
      connected with the portion of the wires of the rung wall protruding into
      the plastic layer with the plastic in said plastic layer and the plastic
      in said carbon layer being polytetrafluoreothylene.
NUM  16.
PAR  16. A method for manufacturing a hybrid electrode for metal/air cells, said
      electrode being of the type having a hydrophilic layer of nickel on the
      electrolyte side for oxygen precipitation, a hydrophobic layer of plastic
      on the gas side and a hydrophobic layer of carbon between said two layers,
      said carbon layer containing an embedded metallic structure and being used
      for the dissolution of oxygen comprising the steps of:
PA1  a. providing a hydrophilic nickel layer;
PA1  b. connecting a first metal structure to said nickel layer by spot welding;
PA1  c. placing a mixture of carbon and a hydrophobic plastic in the recesses in
      said metal structure;
PA1  d. applying pressure to produce a carbon layer;
PA1  e. exposing the surface of the metal structure facing away from the nickel
      layer;
PA1  f. enclosing a second metal structure in a hydrophobic plastic such that
      isolated metallic areas remain free of plastic;
PA1  g. connecting the isolated metallic areas of the said second metal
      structure to the exposed surface of the first metal structure by spot
      welding;
PA1  h. applying a hydrophobic plastic to the second metal structure so as to
      completely embed said second metal structure in a plastic layer that
      extends up to the carbon layer; and
PA1  i. sintering the structure so formed.
NUM  17.
PAR  17. The method according to claim 16 and further including the step of
      adding a catalytically active substance to the carbon.
NUM  18.
PAR  18. The method according to claim 16 and further including the step of
      adding a filler to the carbon plastic mixture.
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ABST
PAL  A bonded component assembly and method for producing it, comprising an
      anode, a cathode and a plasticizable screen disposed between and
      adhesively securing said anode to said cathode in a fixed spaced-apart
      relationship with a separator, if needed, between and in contact with said
      anode and said cathode through the openings in the plasticizable screen.
GOVT
PAR  The invention described herein was made in the course of, or under Contract
      No. DAAB07-70-C-0061 with the United States Army Electronic Command, Fort
      Monmouth, New Jersey.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to thin flat cells employing a bonded component
      assembly and a method for producing such a component assembly.
      Specifically, the component assembly comprises an anode such as a metal
      anode, and a cathode, such as an active oxidic material, secured in a
      spaced-apart relationship by at least one plastic non-conductive network
      disposed between and adhesively secured at one of its faces to the anode
      and at its opposite face to the cathode.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The continuing development of portable electrically powered devices of
      compact design such as tape recorders and playback machines, radio
      transmitters and receivers, shavers, watches, and motion picture or still
      cameras creates a continuing demand for the development of reliable,
      compact batteries for their operation. The power needs of such devices are
      varied. Thus, a watch requires a battery which will perform uniformly for
      at least a year at low drain while recorders and radios require batteries
      which will operate intermittently for perhaps a half hour to several hours
      at substantially higher drains followed by longer periods of nonuse. A
      motion picture camera in which a battery may operate exposure control
      means as well as drive a motor usually requires the battery to operate in
      a repetitive series of relatively short periods of time in a given day,
      but may not be used for weeks or months. A still camera in which a battery
      may be used to fire a flash bulb and in some cases to control exposure
      means and advance the film after each exposure requires the battery to
      deliver a series of pulses of rather high current, frequently in rapid
      succession.
PAR  While the battery industry has been quite successful in providing batteries
      to satisfy these diverse demands, the vast majority of the batteries
      produced for and used in devices of the type discussed, are cylindrical.
      They may range in height from the familar "button" cells to as much as
      one-half inch to one inch or even more and in diameter from roughly about
      one-half inch to one inch or more. Although they are excellent sources of
      electricity, their shape has limited to some extent the size and shape of
      the devices for which they are intended. As design concepts change there
      is increasing emphasis placed on thin, flat shapes. These flat shape
      devices cannot be made to accommodate the familiar cylindrical battery
      without devoting more space to the battery than is desired. Accordingly,
      there is an increasing demand for thin, flat batteries.
PAR  The problem associated with maintaining good electrical contact between
      cell elements is particularly notable in thin flat cell constructions
      where external supports are generally impractical since such members may
      be many times the thickness of the cell itself. In addition, since some
      flat cells possess a large unsupported surface, the ususal means employed
      for maintaining cell integrity along the periphery of the cell may not be
      sufficient to maintain good electrical contact between cell elements at
      the center of the flat cell. For example, the formation of gases within
      the cell generally has a tendency to separate the cell components thereby
      increasing the resistance of the cell to a degree that the cell could
      become inoperative for its intended use.
PAR  It has previously been suggested in the prior flat cell art that adhesives
      be used in assembling specific cell components together, for example, a
      cathode to a cathode collector; a cathode collector to an outer envelope
      member; and a cell to another cell. These bonding techniques are set forth
      in detail in U.S. Pat. Nos. 2,870,235 to Soltis, 3,379,574 to Grulke et
      al, 2,762,858 to Wood, 3,223,555 to Solomon et al, 2,658,098 to Coleman et
      al and 2,487,985 to Ruben. The adhesives described in these patents have
      been suitable for use only in a limited portion of the cell and could not
      be used to maintain the entire cell structure as an integral unit. For
      example, none of the adhesives previously suggested has been entirely
      suitable for use in providing permanent adhesion to the corroding face of
      the cell anode. In this connection, it is well known that during discharge
      of the cell, the anode metal is consumed, and if consumed in a non-uniform
      manner, physical voids could occur in the anode surface. Proper wetting of
      the anode surface by the adhesive must be maintained for the adhesive to
      be effective.
PAR  U.S. Pat. No. 3,617,387 to Grulke et al discloses a flat cell which is
      completely internally bonded in such a way that no external compression is
      required to maintain good electrical contact between the cell components,
      said cell employing a polymeric adhesive layer between the components.
PAR  U.S. Pat. No. 3,563,805 to Deierhoi, Jr. discloses a flat cell having an
      anode, a cathode, a separator, an immobilized adhesive electrolyte and a
      cathode collector, all of which are appropriately arranged and adhesively
      secured together by a conventional sealing means which effectively
      maintains a relatively low electrical resistance contact between all the
      individual cell components.
PAR  Another approach to produce a flat multicell battery is disclosed in U.S.
      Pat. Nos. 3,770,504 to Bergum et al and 3,770,505 to Bergum, wherein the
      confronting faces of each adjacent pair of conductive layers forming the
      battery are adhered and electrically bonded one to the other. In addition,
      adjacent cells of the battery are electrically connected one to the other
      by means of an electrolyte impervious intercell connector layer which
      extends beyond the electrodes of the cells so that the peripheral faces of
      the intercell connector layers can be suitably sealed to provide a liquid
      impervious seal around each cell.
PAR  Pending U.S. patent application Ser. No. 489,731 filed July 18, 1974 by T.
      Kalnoki-Kis discloses another approach to producing a thin, flat cell or
      battery wherein the cathode collector of the cell is perforated for the
      purpose of venting undesirable gases formed during storage and discharge
      of the cell or battery. In a similar approach, pending U.S. patent
      application Ser. No. 489,843 filed July 18, 1974 by T. Kalnoki-Kis et al
      discloses a thin flat cell which employs a perforated anode coated with a
      gas-permeable electrolyte-impermeable polymeric coating which allows the
      venting of undesirable gases formed within the cell while preventing any
      electrolyte loss from the cell.
PAR  Although all of the above approaches work to some degree in producing a
      flat cell, swelling and/or a buildup of undesirable gas pressure may occur
      within a cell during shelf storage or during discharging which could be
      sufficient to separate two or more of the cell's components thereby
      greatly increasing the internal resistance of the cell to a point where
      the cell becomes ineffective for its intended use.
PAR  In fuel cells where gases and/or liquids are employed as active materials
      of the cells, what is needed in the art is a compact, non-external
      securing means for maintaining the anode collector and the cathode
      collector in a fixed spaced-apart relationship while also providing means
      for accommodating and securing therebetween, if necessary, a separator or
      the like.
PAR  It is an object of the present invention to provide a thin, flat cell
      employing a component assembly of an anode and a cathode secured in a
      spaced-apart parallel relationship by at least one plastic non-conductive
      network disposed between and adhesively secured at one of its faces to the
      anode and at the opposite face to the cathode.
PAR  It is another object of the present invention to provide a thin, flat cell
      employing among other components, a metal anode secured in a spaced-apart
      parallel relationship to a cathode of oxidic material by at least one
      plastic non-conductive network disposed between and adhesively secured at
      one of its faces to the anode and at the opposite face to the cathode.
PAR  Another object is to provide a thin, flat liquid cathode cell system
      employing among other components, a metal anode secured in a spaced-apart
      parallel relationship to a cathode collector by at least one plastic
      non-conductive network disposed between and adhesively secured at one of
      its faces to the anode and at the opposite face to the cathode collector.
PAR  Another object is to provide a thin, flat fuel cell employing among other
      components, an anode collector secured in a spaced-apart parallel
      relationship to a cathode collector by at least one plastic non-conductive
      network disposed between and adhesively secured at one of its faces to the
      anode collector and at the opposite face to the cathode collector.
PAR  The invention also relates to a method for producing one or more of the
      above-identified component assemblies.
PAC  SUMMARY OF THE INVENTION
PAR  The invention broadly relates to a flat cell construction useful with
      various electrochemical systems, which construction uses a plastic
      non-conductive network for securing, in a spaced-apart relationship, two
      components of a cell such as the anode to the active cathode material, the
      anode to the cathode collector, the anode collector to the cathode
      collector or some other two component assembly.
PAR  As used herein, a plastic non-conductive network shall mean a discontinuous
      plastic flat sheet having a plurality of openings, preferably uniformly
      disposed in said sheet, such as a plastic grid, a plastic screen or a
      plastic mesh; a plurality of thin plastic strips which when disposed on a
      flat surface will define a plurality of openings or spaces between the
      adjacent strips; discrete shapes, such as squares, circles, etc., which
      when disposed on a flat surface will define a plurality of openings or
      spaces between the adjacent discrete shapes; or the like. The material of
      the non-conductive plastic network shall mean a plastic material that can
      be made to have adhesive characteristics such that it will wet and
      strongly cling or adhere to a surface when under the influence of
      pressure, heat and/or when contacted and wet with a suitable solvent. The
      non-conductive plastic network could also be composed of a plastic network
      having an adhesive layer thereon, said adhesive layer being the means for
      securing the plastic network to the spaced-apart components of the cell.
PAR  The non-conductive plastic material has to be cohesive so that it will
      strongly cling to itself thereby maintaining its integral structure and
      must also be stable with respect to the other components of the cell in
      which it is used. Suitable non-conductive plastic materials for use in
      this invention include such materials as polyethylene, polysulfone,
      acrylic, polymethacrylic resin, nylon, polyvinyl chloride, polypropylene,
      polystyrene, polytetrafluoroethylene, or the like. Nylon, polyethylene and
      polyvinyl chloride are thermoplastic and are relatively hard materials to
      dissolve and, therefore, should be heated to make them adhesive.
PAR  Suitable solvents for use in this invention include such materials as
      ketones, aromatic and aliphatic hydrocarbons, esters and chlorinated
      hydrocarbons.
PAR  Preferable plastic and solvent combinations are as follows:
PAR  1. polysulfone with dichloromethane, trichloroethylene or chloroform;
PAR  2. polymethacrylate with ketones or esters;
PAR  3. polystyrene with ketones or aromatic hydrocarbons;
PAR  4. polyvinyl chloride with ketones, esters or aromatic hydrocarbons.
PAR  The non-conductive plastic network should have sufficient openings so that
      when assembled in a cell, an electrolyte, an electrolyte-impregnated
      separator, or some other active or inactive material disposed in the
      openings will be able to sufficiently contact the faces of the two
      components secured by the plastic network in a spaced-apart relationship.
      The basic requirement is that sufficient plastic material be disposed
      between the spaced-apart components so as to secure them in a
      substantially fixed relationship during the storage period and the
      operational mode period of the cell. It is during these periods that gases
      or other disturbances are generally produced which have a tendency to
      separate such components. For most component assemblies, a plastic network
      should have a projected area on the face of either of the components it is
      secured to of at least 2% of the face area of the component to insure good
      adhesive contact therebetween. Preferably a projected area of between
      about 5% and 15% would be suitable for most flat cell constructions, with
      a projected area of between about 5% and 10% being most preferred. A
      projected area of less than 2% would not supply sufficient securing means
      for the spaced-apart components while a projected area of greater than 15%
      would, in some applications, reduce the face area of the components which
      would otherwise be available for efficient cell performance.
PAR  As used herein, and as disclosed in an article titled "Electrochemical
      Reactions in Batteries" by Akiya Kozawa and R. A. Powers in the Journal of
      Chemical Education -- Vol. 49, pages 587 to 591, September 1972 edition, a
      cathode material is the cathode reactant and, therefore, is the material
      electrochemically reduced at the cathode. Anodic materials (anodes) are
      usually easily oxidized metals which are characterized by the ease with
      which they part with electrons, thereby dissolving to form positively
      charged ions in the electrolyte of the cell. The cathode collector and the
      anode collector are not active reducible or oxidizable materials and
      function as current collectors (electronic conductors) to the cathode and
      anode terminals, respectively, of a cell.
PAR  The component assembly for use in Leclanche type electrochemical systems
      acccording to this invention comprises a metal anode, a molded cathode of
      oxidic material and at least one plastic non-conductive flat network
      disposed between and adhesively secured at one of its faces to said anode
      and at its opposite face to said cathode material thereby maintaining said
      anode and said cathode material in a secured spaced-apart relationship. In
      a fully assembled flat cell, an electrolyte or an electrolyte-impregnated
      separator would be disposed between and in contact with said metal anode
      and said cathode material through the openings in the plastic network, and
      a cathode collector would normally be physically and electrically
      contacted with the cathode material for providing connection to an
      external contact terminal for the cell.
PAR  In Leclanche electrochemical systems, manganese dioxide is the positive
      active material, zinc is the negative active material, preferably porous
      or expanded zinc, and the electrolyte would usually comprise aqueous
      ammonium chloride and/or zinc chloride. The cathode collector could be any
      conducting material such as stainless steel, titanium, gold-plated nickel
      and nickel alloys, carbon and graphite materials such as Grafoil* and the
      like, preferably carbon or graphite because of their relatively low cost
      and good physical properties, such as strength.
FNT  *Grafoil is a trademark for flexible graphite material of expanded graphite
      particles compressed together. Grafoil is manufactured by Union Carbide
      Corporation, New York, New York and is the subject matter of U.S. Pat. No.
      3,404,061.
PAR  In addition to Leclanche electrochemical systems, a wide variety of
      electrochemical systems can be used in this invention. Among the positive
      electrode materials that are suitable for use in this invention are such
      materials as lead dioxide, nickel oxyhydroxide, mercuric oxide, silver
      oxide, inorganic metal halides such as silver chloride and lead chloride,
      and organic materials which are capable of being reduced such as
      dinitrobenzene and azodicarbonamide compounds. Among the negative
      electrode materials that are suitable for use in this invention are
      zinc-clad steel, aluminum, magnesium, lead, cadmium and iron. Suitable
      electrolytes are ammonium chloride and/or zinc chloride, various alkaline
      electrolytes such as the hydroxides of potassium, sodium and/or lithium,
      acidic electrolytes such as sulfuric or phosphoric acid, and non-aqueous
      electrolytes, said electrolytes being chosen to be compatible with the
      negative and positive electrodes. The electrolytes may be either gelled or
      liquid depending on the particular cell construction and the
      electrochemical system used. The separator may be made from a wide variety
      of materials including the fibrous and cellulosic materials which are
      conventional in battery construction as well as from woven or non-woven
      fibrous materials such as polyester, nylon, polyethylene and glass. In
      some cell systems, the non-conductive plastic network can be employed as
      the separator in addition to being the securing means as described above.
PAR  Preferred electrochemical systems for use in this invention are those in
      which the positive electrode comprises manganese dioxide, the negative
      electrode comprises metals such as zinc, zinc-clad steel or aluminum, and
      the electrolyte substantially comprises an acidic solution of inorganic
      salts. Another preferred electrochemical system is the alkaline manganese
      dioxide system in which the positive electrode comprises manganese
      dioxide, the negative electrode comprises zinc, and the electrolyte
      substantially comprises a solution of potassium hydroxide. Other aqueous
      electrolyte systems suitable for use with this invention are nickel
      oxide-zinc, silver oxide-zinc, mercury oxide-zinc, mercury oxide-cadmium
      and nickel oxide-cadmium.
PAR  The component assembly for use in liquid active reducible cathode cells
      according to this invention comprises a metal anode, a cathode collector
      and at least one plastic non-conductive network disposed between and
      adhesively secured at one of its faces to said metal anode and at its
      opposite face to said cathode collector thereby maintaining said metal
      anode and said cathode collector in a secured spaced-apart relationship.
      The liquid active reducible cathode material of this type cell can be
      employed by itself, mixed with a conductive solute which is a non-reactive
      material but is added to improve conductivity of the liquid active
      reducible cathode material, or mixed with both a conductive solute and an
      electrochemically active or non-reactive cosolvent material. When an
      electrolyte solvent performs the dual function of acting as solvent for an
      electrolyte salt and as the active cathode material of the cell, then it
      is referred to as a "cathode-electrolyte". In a fully assembled cell of
      this type, a cathode-electrolyte would be disposed between the metal anode
      and the cathode collector so as to be in contact with said anode and
      cathode collector through the openings in the plastic network. Since the
      cathode-electrolyte in one embodiment of this invention is a liquid, then
      an outer peripheral frame or border of moisture-impervious sealing
      material should be employed to contain said cathode-electrolyte within the
      cell between the anode and cathode collector. The peripheral frame of
      sealing material could be applied as disclosed in U.S. Pat. No. 3,563,805
      to Deierhoi, Jr. Three sides of the peripheral frame could be applied
      after which the cathode-electrolyte could be introduced between the anode
      and cathode collector followed by the sealing of the fourth side of the
      frame, said frame being marginally adhered to said anode and said cathode
      collector and coextensive with the outermost edges thereof. Another
      approach would be to leave an opening in the frame to accommodate the
      introduction of the cathode-electrolyte whereupon the opening could then
      be sealed. The material used to form the frame must be adhesive, must not
      react with the cell components or reaction products, should be
      electrolyte-resistant and liquid impermeable, and should retain these
      properties over the temperature range of cell operation. Vinyl adhesives
      have been used in batteries for years and are suitable for use in forming
      the frame. Hot melt adhesives of vinyl-wax mixtures are also suitable.
PAR  In addition to the above, there are many other methods for containing a
      cathode-electrolyte between an anode and cathode collector of a cell.
PAR  Suitable nonaqueous cathode-electrolytes are sulfuryl chloride, thionyl
      chloride, phosphorus oxychloride, thionyl bromide, chromyl chloride,
      vanadyl tribromide, selenium oxychloride, and liquid sulfur dioxide.
      Suitable aqueous cathode-electrolytes include aqueous solutions of
      persulfate, peroxide, permanganate and chromic acid. Examples of suitable
      anodes for use in nonaqueous cells would include lithium, sodium, calcium,
      magnesium, lithium monoaluminide and lithium-magnesium while anodes for
      aqueous cells would include aluminum, zinc and cadmium. Suitable cathode
      collectors would be carbon, graphite or porous nickel. When using lithium
      anodes, the procedure to follow would be to initially secure a metal
      screen support, e.g., of nickel, to the non-conductive plastic network as
      disclosed above and thereafter press the active lithium anode material
      onto and into the exposed face of the metal screen support.
PAR  Some preferred combinations of nonaqueous liquid cathode-electrolytes and
      anodes would be as follows:
PAR  1. sulfuryl chloride/Li or Na;
PAR  2. thionyl chloride/Li or Na;
PAR  3. phosphorus oxychloride/Li or Na.
PAR  Some preferred combinations of aqueous liquid cathode-electrolytes and
      anodes would be a zinc, magnesium or aluminum anode in an aqueous solution
      of persulfate or chromic acid.
PAR  The component assembly for use in fuel cell systems according to this
      invention comprises an anode collector, a cathode collector and at least
      one plastic non-conductive network disposed between and adhesively secured
      at one of its faces to said anode collector and at its opposite face to
      the cathode collector. In an assembled cell, a separator is disposed
      between and in contact with said anode collector and said cathode
      collector through the openings in the plastic network, a fluid
      anode-containing electrolyte is disposed such that it is in contact with
      the outer face of said anode collector and a fluid active cathode is
      disposed such that it is in contact with the outer face of said cathode
      collector.
PAR  In fuel cell systems, the anode collector could be selected from the group
      consisting of carbon, nickel, stainless steel and the like; the cathode
      collector could be selected from the group consisting of carbon, nickel,
      stainless steel and the like; the active cathode could be selected from
      the group consisting of oxygen, H.sub.2 O.sub.2, air and the like; and the
      active anode could be selected from the group consisting of hydrogen,
      hydrazine, alcohol, formaldehyde and the like.
PAR  Preferable fuel cell systems would be as follows:
PAR  1. hydrogen/KOH/oxygen or air;
PAR  2. hydrazine/KOH/oxygen, air or hydrogen peroxide;
PAR  3. alcohol/KOH/air or oxygen;
PAR  4. formaldehyde/KOH/air or oxygen.
PAR  The overall dimensions of the flat cells of this invention can vary widely
      depending on the particular system used, the specific power required, and
      the device or environment in which the cells are to be used. The plastic
      network, whether a single layer or a multi-layer construction, has to be
      thick enough so that it contacts and adhesively secures the two components
      of the cell in a spaced-apart relationship while leaving sufficient room
      to accommodate an additional cell component therebetween, if necessary,
      such as a separate separator, said additional component contacting the
      inner faces of the spaced-apart components through the openings in the
      plastic network.
PAR  The invention also relates to methods for producing a component assembly
      for use in electrochemical cells.
PAR  One such method for producing a component assembly for use in
      electrochemical cells comprises the steps:
PAR  a. preparing a sandwich assembly of a first cell component such as an
      anode, a second cell component such as a cathode and disposed therebetween
      at least one non-conductive plastic network;
PAR  b. applying pressure to said sandwich assembly so as to physically contact
      said first cell component to one face of the network and said second cell
      component to the opposite face of the network and heating said sandwich
      assembly under said pressure to a range between the softening point of
      said plastic network and the melting temperature of said network for a
      time period sufficient for the network to become substantially tacky; and
PAR  c. cooling said sandwich assembly thereby yielding a permanent bond between
      the first cell component to one face of the plastic network and between
      the second cell component to the opposite face of the plastic network.
PAR  It is to be understood that the temperature employed shall not exceed the
      temperature that will adversely affect the electrochemical activity of the
      cathode material or adversely affect the other components of the cell.
PAR  The pressure used in step (b) should preferably be sufficient to partially
      embed the plastic network into the surfaces of the first and second cell
      components, if porous, and/or partially flatten said plastic network
      between the first and second cell components thereby insuring good contact
      therebetween. Sample temperatures for specific plastic materials are as
      follows:
PAR  1. polymethacrylate/temperature 80.degree.-100.degree. C.;
PAR  2. polyethylene/temperature 120.degree.-150.degree. C.;
PAR  3. polyvinyl chloride/temperature 60.degree.-80.degree. C.
PAR  Another method for producing a component assembly for use in
      electrochemical cells comprises the steps:
PAR  a. preparing a sandwich assembly comprising a first cell component such as
      an anode, a second cell component such as a cathode and disposed
      therebetween at least one solvent wetted, non-conductive plastic network,
      said solvent being one which is capable of at least partially dissolving
      the plastic material of the network;
PAR  b. applying a sufficient pressure to said sandwich assembly to effectively
      contact one face of said plastic network to said first component, and the
      opposite face of said plastic network to said second component; and
PAR  c. vaporizing the solvent and releasing the pressure thereby producing a
      strong permanent bond between the first component and one face of the
      plastic network and between the second component and the opposite face of
      the plastic network.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial cross-section of a cell wherein the components of the
      cell are shown greatly magnified for purposes of illustrating a plastic
      screen disposed between and securing in a spaced-apart parallel
      relationship the anode and cathode material of the cell.
PAR  FIG. 2 illustrates an enlarged partial cross-section of a cell wherein two
      plastic screens are employed to secure the anode and cathode material in a
      fixed spaced-apart rleationship.
PAR  FIG. 3 illustrates an enlarged partial cross-section of a liquid cathode
      material cell employing a plastic screen for securing the anode to the
      cathode collector of the cell.
PAR  FIG. 4 illustrates an enlarged partial cross-section of a fuel cell showing
      a plastic screen securing the anode collector to the cathode collector of
      the cell.
DETD
PAR  Referring in more detail to the drawings, there is shown in FIG. 1 a thin
      flat cell 2, typical of a Leclanche type flat cell, having an expanded
      zinc anode 4, electrolyte-impregnated separator 6, cathode 8 and cathode
      collector 10. Disposed between anode 4 and cathode 8 is a plasticizable
      screen 12 which secures the anode 4 to one of its faces 14 and the cathode
      8 to the opposite face 16. The electrolyte-impregnated separator 6 is
      positioned between anode 4 and cathode 8 and contacts the inner face of
      said anode 4 and the inner face of said cathode 8 through the openings in
      the plasticizable screen 12. Note that faces 14 and 16 of plasticizable
      screen 12 are flattened slightly between anode 4 and cathode 8.
PAR  FIG. 2 shows another type of flat cell 20 having an anode 22, an
      electrolyte-impregnated separator 24 and cathode 26. A cathode collector
      screen 28 is shown disposed in cathode 26 and extending beyond the edge of
      the flat cell so as to form a tab 30 for providing external electrical
      contact to the cathode 26. Disposed between anode 22 and cathode 26 is a
      two-layer plasticizable screen 32 which secures the anode 22 to cathode 26
      in a parallel spaced-apart relationship while allowing
      electrolyte-impregnated separator 24 to contact said anode 22 and cathode
      26 through the openings in the two layer plasticizable screen 32. Note
      that the screens are shown superimposed one on the other with the top
      screen rotated 45.degree. out of alignment with the bottom screen.
PAR  A liquid active cathode flat cell 40 is shown in FIG. 3 as having an anode
      42, cathode-electrolyte 44 and cathode collector 46. A plasticizable
      screen 48 is shown disposed between and adhesively securing together the
      anode 42 and cathode collector 46 in a fixed spaced-apart parallel
      relationship. The cathode-electrolyte 44 is contained within and bound
      between anode 42 and cathode collector 46 by a frame or border of sealing
      material 50 which marginally bounds cathode-electrolyte 44 and is secured
      to the inner marginal face 52 of anode 42 and the inner marginal face 54
      of cathode collector 46. As stated above, the adhesive used to form the
      frame 50 must not react with the cell components or reaction products,
      should be electrolyte-resistant and impermeable to liquid and vapor
      transfer and should retain these properties and its adhesivity over the
      temperature range of cell operation. Preferably, a suitable
      liquid-impervious conductive paint could be applied to the outer faces of
      the anode and cathode collector surfaces.
PAR  A flat fuel cell 60 is shown in FIG. 4 having a gas-permeable cathode
      collector 62 and a fluid-permeable anode collector 66 with a separator 64
      positioned therebetween. A plasticizable screen 70 is shown disposed
      between and adhesively securing together cathode collector 62 and anode
      collector 66. In the operational mode, a fluid anode such as N.sub.2
      H.sub.4 in a KOH solution or a gas such as hydrogen would be fed through
      anode collector 66, for example, of porous nickel, while a gas cathode,
      such as oxygen, would be fed through cathode collector 62, for example, of
      porous carbon. When a liquid anode material, such as N.sub.2 H.sub.4, is
      used, separator 64 may suitably be composed of asbestos. The asbestos
      layer serves as a barrier between cathode collector 62 and anode collector
      66 so as to minimize direct contact of the liquid anode with the cathode
      collector which would result in a chemical short circuit.
PAC  EXAMPLE 1
PAR  A Leclanche flat cell was produced similar to the one shown in FIG. 2. A
      polysulfone non-conductive screen, about 2 inches by 2 inches and 0.035
      inch thick, was placed between a thin MnO.sub.2 cathode having a similar
      area as the screen and being about 0.050 inch thick, and a fibrous
      separator which was soaked with dichloromethane, said separator having a
      similar area as the screen and being about 0.020 inch thick. The sandwich
      assembly was pressed between the plates of a hydraulic press using a force
      of about 500 lbs/in.sup.2 for 10 seconds which was sufficient to press the
      solvent-wet, tacky polysulfone screen into the porous MnO.sub.2 cathode
      and into the fibrous separator. The pressure was thereafter released and
      upon vaporization of the solvent, dichloromethane, a strong permanent bond
      was obtained between the polysulfone screen and the cathode.
PAR  On top of the separator side of the assembled sandwich, a second
      polysulfone screen was placed substantially superimposed on the first
      screen. The second plastic screen was wet with dichloromethane and then a
      zinc screen was superimposed on top of it. The assembly was thereafter
      pressed between the plates of a hydraulic press using a force of about 500
      lbs/in.sup.2 for about 10 seconds which was sufficient to press the
      solvent-wet, tacky polysolfone screen against the zinc screen and the
      first polysulfone screen. The pressure was released and upon vaporization
      of the solvent, a complete, strongly bonded cathode-separator-anode
      assembly was obtained.
PAR  The cell was activated by adding the electrolyte KOH through the zinc
      screen to soak the separator. The fully assembled cell was then
      abuse-tested by being discharged across a resistive load of 0.5 ohm and
      then allowed to stand for 48 hours in the completely discharged state
      after which no noticeable bulge was observed in the cell assembly, said
      bulge being generally indicative of separation between the anode and
      cathode of the cell.
PAC  EXAMPLE 2
PAR  A similar type flat cell as in Example 1 was produced except that only one
      polysulfone screen was used on the anodic side of the separator as shown
      in FIG. 1. As in Example 1, the fibrous separator was soaked with
      dichloromethane before the polysulfone screen was placed between the
      separator and the zinc screen anode. On the opposite side of the soaked
      fibrous separator was positioned a porous MnO.sub.2 cathode. The assembly
      was pressed between the plates of a hydraulic press using a force of about
      500 lbs/in.sup.2 for 20 seconds which was sufficient to partially embed
      one face of the solvent-wet, tacky polysulfone screen through the
      separator and into the porous MnO.sub.2 cathode and the opposite face of
      the screen into the zinc screen. The pressure was thereafter removed and
      upon vaporization of the solvent, dichloromethane, a strong permanently
      bonded zinc screen-fibrous separator-MnO.sub.2 cathode assembly was
      obtained.
PAR  The cell was activated by adding the electrolyte KOH through the zinc
      screen to soak the separator. The fully assembled cell was then tested as
      in Example 1 and again no noticeable bulge was observed in the cell.
PAC  EXAMPLE 3
PAR  A hydrazine flat cell was produced by assembling, in superimposing order, a
      porous carbon cathode collector, a polysulfone screen, an asbestos
      separator soaked with dichloromethane, and a porous nickel anode
      collector. The assembly was pressed between the plates of a hydraulic
      press using a force of 500 lbs/in.sup.2 for 5 seconds which was sufficient
      to embed one face of the solvent-wet, tacky polysulfone screen through the
      separator and into the porous carbon and the opposite face of the screen
      into the porous nickel collector. The pressure was thereafter released and
      upon vaporization of the solvent, dichloromethane, a strong permanent
      bonded porous nickel-asbestos separator-porous carbon assembly was
      obtained.
PAR  The cell was activated by contacting the porous nickel collector with an
      electrolyte-fuel mixture of KOH and N.sub.2 H.sub.4, and the porous carbon
      collector with air. The fully assembled hydrazine cell was tested by being
      discharged continuously at 50 mA/cm.sup.2. No noticeable bulge was
      observed in the assembly after 500 hours of operation.
PAC  EXAMPLE 4
PAR  A flat cell was produced by assembling, in superimposing order, a MnO.sub.2
      plastic bonded cathode, a polyethylene screen and a zinc screen anode. The
      assembly was pressed between heated platens at 100.degree. C. for 20
      seconds under a pressure of 500 lbs/in.sup.2. After cooling to ambient, an
      electrolyte composed of a 30% aqueous zinc chloride solution containing
      starch as a gelling agent was disposed between the cell components by
      being absorbed through the zinc screen whereupon it gelled in place. The
      cell was then subjected to a mechanical test whereupon a force was applied
      to pull the cell components apart. The results of the test demonstrated
      that the components of the cell were securely bonded together and,
      therefore, would be admirably suited in a flat cell power source for
      various applications.
PAC  EXAMPLE 5
PAR  A metal/air cell was produced by assembling, in superimposing order, a thin
      porous carbon electrode which was coated with a 20%
      polytetrafluoroethylene aqueous solution, a polytetrafluoroethylene screen
      and a pressed amalgamated zinc porous anode. The assembly was pressed
      between heated platens at 300.degree. C. for 20 seconds at 500
      lbs/in.sup.2. After cooling to ambient, a 6 N KOH liquid electrolyte was
      introduced into the cell through the porous zinc anode.
PAR  The cell was then discharged for a period of time to allow a small amount
      of ZnO to form which in a conventional unbounded metal/air cell
      construction would be generally sufficient to cause visible bulging and
      consequent separation of the components of the cell. However, no bulging
      or component separation was observed in the test cell. Furthermore, the
      cell was allowed to remain on open circuit in an air atmosphere and again
      no bulging was observed.
PAR  In accordance with this invention, the solvent can be applied to the
      plastic network using any suitable technique such as soaking, spraying or
      as described in the Examples. The amount of solvent to be applied should
      be sufficient to make the surface of the plastic network tacky but not
      enough to dissolve it. This latter requirement is necessary to insure that
      the plastic network does not form a film between the anode and cathode
      components of the cell since the plastic network has to be a discontinuous
      layer in the final cell assembly so as not to isolate the cathode from
      ionic contact with the anode. The pressure applied to the assembly, as
      shown in the above Examples, need only be applied for a few seconds or for
      a period sufficient to impart good contact between one face of the plastic
      network and the anode and the opposite face of the plastic network and the
      cathode.
PAR  It is evident from the above Examples that by placing a plastic network,
      which can be temporarily plasticized by exposure to a solvent and/or heat,
      between an anode and a cathode and then pressing the assembly together, a
      permanent bond between the anode and collector can be obtained. This is of
      primary importance in a flat cell where a large area anode and a large
      area cathode are spaced apart only by a semi-wet separator since any gas
      evolved during cell storage or during discharge can easily bulge the cell,
      if not properly vented, which could result in the introduction of a high
      internal resistance in the cell. This occurrence is especially serious in
      high current output alkaline cells employing systems such as MnO.sub.2
      --Zn, Ni--Cd or hydrazine-air.
PAR  It is to be understood that other modifications and changes to the
      embodiments of the invention herein shown and described can also be made
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A component assembly for use in electrochemical cells comprising a first
      component, a second component and at least one plastic non-conductive
      network having openings disposed substantially coextensively between and
      adhesively secured to said first component at one of its faces and to said
      second component at its opposite face thereby maintaining said first
      component and said second component in a secured, spaced-apart
      relationship said openings having active or inactive material in contact
      with the faces of the two components.
NUM  2.
PAR  2. The component assembly of claim 1 wherein said first component is a
      metal anode and said second component is a molded cathode of oxidic
      material.
NUM  3.
PAR  3. The component assembly of claim 2 wherein an electrolyte is disposed
      between and in contact with the inner face of the anode and the inner face
      of the cathode material through the openings in the plastic network.
NUM  4.
PAR  4. The component assembly of claim 2 wherein said plastic network is
      selected from the group consisting of polyethylene, polysulfone, acrylic,
      polymethacrylic resin, nylon, polyvinyl chloride, polypropylene,
      polystyrene and polytetrafluoroethylene.
NUM  5.
PAR  5. The component assembly of claim 4 wherein the metal anode is selected
      from the group consisting of zinc, zinc-clad steel, aluminum, lead,
      cadmium, magnesium and iron; and wherein said cathode material is selected
      from the group consisting of manganese dioxide, lead dioxide, nickel
      oxyhydroxide, mercuric oxide, silver oxide and inorganic metal halides.
NUM  6.
PAR  6. The component assembly of claim 5 wherein said anode is zinc; said
      cathode material is manganese dioxide; and an electrolyte of an aqueous
      solution of KOH is disposed between and in contact with the inner face of
      the manganese dioxide and the inner face of the zinc through the openings
      in the plastic network.
NUM  7.
PAR  7. The component assembly of claim 1 wherein said first component is a
      metal anode and said second component is a cathode collector.
NUM  8.
PAR  8. The component assembly of claim 7 wherein a cathode-electrolyte is
      disposed so as to be in contact with the inner face of said metal anode
      and the inner face of said cathode collector through the openings in the
      plastic network.
NUM  9.
PAR  9. The component assembly of claim 7 wherein said plastic network is
      selected from the group consisting of polyethylene, polysulfone, acrylic,
      polymethacrylic resin, nylon, polyvinyl chloride, polypropylene,
      polystyrene and polytetrafluoroethylene.
NUM  10.
PAR  10. The component assembly of claim 9 wherein said anode is selected from
      the group consisting of zinc, manganese, aluminum, lithium, sodium,
      calcium, lithium monoaluminide and lithium-magnesium; and wherein said
      cathode collector is selected from the group consisting of carbon,
      graphite and porous nickel.
NUM  11.
PAR  11. The component assembly of claim 1 for use in fuel cells wherein said
      first component is an anode collector and said second component is a
      cathode collector.
NUM  12.
PAR  12. The component assembly of claim 11 wherein a separator is disposed
      between and in contact with the inner face of the anode collector and the
      inner face of the cathode collector through the openings in the plastic
      network.
NUM  13.
PAR  13. The component assembly of claim 11 wherein said plastic network is
      selected from the group consisting of polyethylene, polysulfone, acrylic,
      polymethacrylic resin, nylon, polyvinyl chloride, polypropylene,
      polystyrene and polytetrafluoroethylene.
NUM  14.
PAR  14. The component assembly of claim 13 wherein the anode collector is
      selected from the group consisting of carbon, nickel, and stainless steel;
      and wherein the cathode collector is selected from the group consisting of
      carbon, nickel and stainless steel.
NUM  15.
PAR  15. The component assembly of claim 1 for use in metal/gas cells wherein
      said first component is a metal anode and said second component is a
      cathode collector.
NUM  16.
PAR  16. The component assembly of claim 15 wherein a separator is disposed
      between and in contact with the inner face of the metal anode and the
      inner face of the cathode collector through the openings in the plastic
      network.
NUM  17.
PAR  17. The component assembly of claim 15 wherein said plastic network is
      selected from the group consisting of polyethylene, polysulfone, acrylic,
      polymethacrylic resin, nylon, polyvinyl chloride, polypropylene,
      polystyrene, and polytetrafluoroethylene.
NUM  18.
PAR  18. The component assembly of claim 17 wherein the metal anode is selected
      from the group consisting of zinc, aluminum, and magnesium; and wherein
      the cathode collector is selected from the group consisting of carbon,
      nickel, and stainless steel.
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ABST
PAL  The method comprises the steps of inserting plate lugs in the openings made
      in the bottom of at least one elementary mould, connecting together the
      plate lugs by rods formed by melting lead, and making the connection
      between the rods associated with plates of opposite polarities of two
      adjacent elements of the accumulator; the said elementary mould comprising
      a channel common to two adjacent elements of the accumulator. A varied
      version of an embodiment consists in implementing an elementary mould
      comprising two channels, each of them having the plate lugs of same
      polarity fitted in them. The invention is for use in the accumulator
      industry.
PARN
PAR  This is a continuation of application Ser. No. 213,944, filed Dec. 30,
      1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention has for its object an electrical connection between
      groups of lead plates for electric accumulator elements, and a method for
      forming connections of that type or others.
PAR  No absolutely satisfactory solution has been found for the problem of
      making sealed electric connections between two adjacent accumulator
      elements, either from the point of view of perfect sealing of the
      connection, or from the point of view of easy production thereof. The
      Applicants have perfected connections having excellent sealing
      characteristics, which are the object of their French patent application
      No. 69.04 068 of Feb. 19, 1969, but requiring the use of at least one seal
      per connection. They have also studied an extremely rapid method for
      manufacturing rods for connecting together plates of same polarity of an
      element, and connections of rods for plates of opposite polarity of
      adjacent elements, the plates being arranged in the accumulator box
      already provided with its lid, which was the object of their French Pat.
      No. 69.08 974 of March 26, 1969. This method does not, however, enable the
      production of connections between adjacent elements as well sealed as the
      sealed connections in their aforementioned patent application, and
      requires the use of certain tooling adapted to the dimensions, and more
      particularly, to the number of elements, of the accumulators to be
      produced.
PAR  With a view to making strictly sealed connections, the Applicants have
      described, in French Pat. No. 69.39 218, a method for forming connections
      between lead plates of electric accumulators, in which method an
      elementary mould is fitted on the plate lugs arranged in an element of the
      accumulator, then molten lead is run into that mould so as to connect the
      plate lugs together by rods, and the rods of the plates of opposite
      polarity are connected through holes provided in the partition separating
      two adjacent elements, these operations being made preferably before the
      fixing of the accumulator lid on its box.
PAR  The mould provided for surrounding the plate lugs of same polarity has the
      general shape of a channel, preferably having a flat bottom, whose bottom
      is drilled with rectangular openings having a cross-section firstly equal
      to those of the plate lugs, then tapering downwardly, preferably in the
      shape of a truncated pyramid with a rectangular base.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention proposes to make such connections by an appreciably
      modified method, using, more particularly, either an elementary mould
      having a different structure, or parts moulded onto the accumulator box.
PAR  The invention, therefore, has for its object a method of forming lead
      plates on an electric accumulator having several elements, and for
      interconnecting the plates of the elements by melting the plate lugs, in
      which the plate lugs arranged in an element of the accumulator are
      inserted in the openings made in the bottom of at least one elementary
      mould, the plate lugs then are connected together by rods produced by
      melting the lead, and the connection of the rods associated with the
      plates of opposite polarities of two adjacent elements of the accumulator
      is made, these operations being carried out preferably before the fixing
      of the accumulator lid on its box, characterised in that the elementary
      mould comprises two channels, each of these having the plate lugs of same
      polarity fitted in them.
PAR  It must be understood that the method which is the object of the present
      invention enables electrical connections having the advantage of sealing
      previously obtained to be produced.
PAR  It must be stated, moreover, that such a method enables the avoidance of
      the use of connection rods having special shapes formed by moulding, and
      having an appreciable cost price.
PAR  Also, it should be observed that such a process ensures a reduction in the
      length of the electric connection circuit as well as an appreciable gain
      in the weight of the lead alloy used.
PAR  Further, it should be noted that the upper faces of the channels of the
      walls of the box, as well as of the partitions, are arranged substantially
      in a same plane, so that fixing of the accumulator lid on the box is
      effected in a particularly easy way by thermo-welding.
PAR  Likewise, the implementing of the invention enables the avoidance of the
      use of numerous tools such as welding combs and the like adapted to each
      type of accumulator, with a view to making such connections. Moreover, it
      is not necessary to create a special work station, which would be
      difficult to automate, on the production line.
PAR  It should be observed also that the moulds are inserted in the elements of
      the battery and remain therein after the lid has been welded. The result
      is that they subsequently resist all possible deformation of the walls,
      thus ensuring a forming function.
PAR  Moreover, they can, to great advantage, comprise a reference of the
      electrolyte level, as well as a deflecting orifice preventing any
      splashing of acid towards the upper part of the battery.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other characteristics and advantages of the invention will become apparent
      from the following description, given by way of a merely illustrating and
      non-limiting example, with reference to the accompanying drawings and
      diagrams, in which:
PAR  FIG. 1 is a perspective view of an accumulator box comprising an elementary
      mould consisting of a channel common to two adjacent elements, and moulded
      onto the box, according to the present invention;
PAR  FIG. 2 is a perspective view of a self-contained elementary mould provided
      with two channels according to the invention, comprising an electrolyte
      level indicator;
PAR  FIG. 3 is an elevational view in section of an elementary mould according
      to the invention, inserted in an element of the battery, and resting on
      the separators;
PAR  FIG. 4 is a sectional view taken substantially along the line I--I of FIG.
      3;
PAR  FIG. 5 is an elevational view in section of an elementary mould according
      to the invention, inserted in an element of the battery on the plate lugs
      and comprising a deflecting unit; and
PAR  FIG. 6 is a perspective view of an accumulator box comprising elementary
      moulds moulded onto the said box according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Thus, FIG. 1 shows the box 2 of an accumulator battery whose elements are
      limited by partitions 1, the lid of such a battery being assumed to be
      detached from the box. Such a box comprises, at its upper part, channels
      30, each of these being common to two adjacent elements of the battery,
      with the exception of the end channels 30' used for forming, more
      particularly, the end terminals. Such channels are moulded onto the box
      itself, made of plastic material such as polypropylene or a copolymer of
      ethylene and propylene, actually implementing any appropriate shaping
      technique.
PAR  Inasmuch as concerns the channels 30, they comprise a flat bottom 6
      arranged between two rims 7 and 8, the said bottom being provided with
      rectangular openings 9 having a cross-section substantially equal to that
      of the plate lugs 10. Moreover, the openings 9 can also comprise means
      (not shown) such as chamfers ensuring the guiding of the plate lugs when
      they are inserted. Of course, each channel has the plate lugs of an
      element of given polarity, as well as the plate lugs of the adjacent
      element of opposite polarity fitted to it.
PAR  The forming of the connections is effected in the following manner:
PAR  The box 2 being assumed to be in an upturned position, the plate lugs 10
      are inserted in the openings 9 of the channels 30. The welding of the
      bottom 31 of the box onto the box itself is then effected, and the latter
      is up-turned so that it assumes the position illustrated in FIG. 1. The
      melting of the plate lugs 10 can then be effected, such an operation being
      carried out, for example, either by means of a blow-pipe or by means of a
      heating rod, or by implementing turns through which a high-frequency
      current flows. Preferably, the plate lug assembly comprises a sufficient
      quantity of lead for producing, after melting and cooling, the rod for
      connecting elements together. Of course, such a melting can be produced by
      casting lead in the channels, in a quantity corresponding to the
      dimensions of the connections to be made.
PAR  The last operation consists in welding the lid onto the box 2, such an
      operation being, to great advantage, and very easily, effected by
      thermo-welding, the upper faces of the channels, of the box walls, as well
      as of the partitions, being arranged in a same plane.
PAR  FIG. 2 shows a self-contained elementary mould having a flat bottom 40 in
      its assembly, and intended for surrounding the plate lugs of an
      accumulator element. The mould comprises two channels 42 and 43 provided
      with openings 9 having a cross-section which, firstly, is equal to those
      of the plate lugs, then tapering downwards in the shape of a truncated
      pyramid having a rectangular base. The mould comprises, at its central
      portion, an electrolyte level indicator 44. Such a mould may be made of a
      suitable plastic material, implementing any appropriate shaping technique.
PAR  FIG. 3 shows such an elementary mould 40 inserted in an accumulator
      element, limited, in that figure, by the walls of the box 2 and resting
      laterally against these walls and likewise against the element separating
      partition 1 (FIG. 4), with the mould 40 resting, moreover, on the
      separators 45. It can be seen, in FIG. 3, that the lugs 46 of the positive
      plates 47, for example, are fitted into the openings 9 made in the bottom
      of the channel 42, whereas the lugs 48 of the negative plates 49 are
      fitted into the openings 9 of the channel 43. FIG. 3 also shows skirts 11
      providing guiding means for the plate lugs when they are inserted in the
      openings 9.
PAR  FIG. 4 shows, in a sectional view along the line I--I of FIG. 3, such an
      arrangement of the mould 40 on the lugs 46 of the positive plates 47.
      Moreover, FIG. 4 shows an orifice 50 formed in the accumulator element
      separation partition 1 in which a connection rod 51 has been formed by
      welding two tabs 52 together, a seal 53 being, to great advantage,
      inserted between the rod 51 and the orifice 50.
PAR  FIG. 5 shows that the elementary mould referenced 40' in this case can rest
      on the lateral rims 54 arranged on the lugs 46 and 48 of the positive
      plate 47 and negative plate 49, respectively. Likewise, ribs (not shown)
      can be provided on the inner face of the partitions of the element and of
      the box, and can use the mould 40 or 40' as a resting member.
PAR  Moreover, FIG. 5 shows that the mould 40' comprises, at its central
      portion, a deflector 55 which serves to prevent any splashing of
      electrolyte towards the upper part of the accumulator.
PAR  With further reference to FIG. 4, as previously mentioned, the connections
      between the plates of one element and the plates of an adjacent element
      are formed by melting the lugs 46, 48 of both positive and negative
      plates, such melting being effected either by means of a blow-pipe or a
      heating rod, or by casting lead in the channels 42 and 43 of the moulds 40
      or 40'; or by means of turns through which a high-frequency current flows.
PAR  Thus, after the solidifying of the lead, the rods 15 and 16 in two
      neighboring elements are interconnected by means of the previously welded
      tabs 52, and connected by their lower portion to the rods, such connection
      being effected at the same time as that of the plate lugs.
PAR  It is also possible to connect the rods 15 and 16 together by direct
      moulding of the lead coming from the melting, through one or several
      orifices provided in the element separating partition, the tabs 52 not
      being used in this case, of course.
PAR  It has been assumed, in the above, that the elementary moulds 40, 40' were
      self-contained and fitted to the plate lugs of each element manually, the
      plates being previously arranged in the box after the bottom has been
      welded on the latter.
PAR  Of course, as shown in FIG. 6, it is possible to produce a box 2
      comprising, for each element, an elementary mould 41, the assembly forming
      one moulded piece. In this case, it being assumed that the box 2 is in the
      up-turned position, the plate lugs are inserted in the channels 42 and 43
      of the moulds 41, then the bottom 31 is welded onto the box 2 itself and
      the latter is up-turned. The melting of the plate lugs can then be
      effected as previously described.
PAR  In any case, the last operation consists in welding the cover onto the box
      2, such an operation being, to great advantage, and easily, effected by
      thermo-welding.
PAR  The invention can be implemented in all types of accumulator batteries.
PAR  It must be understood that the invention is in no way limited to the
      embodiments described and illustrated, which have been given merely by way
      of examples. More particularly, without going beyond the scope of the
      invention, details may be modified, certain arrangements may be changed or
      certain means may be replaced by equivalent means.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of constructing a multi-cell storage battery comprising the
      steps of:
PA1  molding a container of plastic in one piece with outer vertical container
      walls, an open bottom, longitudinally-spaced transversely extending
      vertical cell partitions and transversely-spaced parallel channels
      extending longitudinally across the top of the container from and facing
      upwardly and outwardly of the container, said parallel channels being
      partially formed by upright spaced walls, the upper faces of said outer
      vertical container walls, said spaced upright walls defining said channels
      and said transversely extending partitions being coplanar, said channels
      having sections spanning adjacent cells and extending through the cell
      partition separating said adjacent cells, forming longitudinally-spaced
      openings within the base of the channels for receiving plate lugs of the
      same polarity, inserting a plurality of battery plates through the open
      bottom of said container when said container is in an inverted position
      with the edges of the plates contacting the undersides of the channel base
      and with the lugs inserted within respective openings within the base of
      said channels, sealably coupling an imperforate bottom member to the open
      bottom of the container to fixedly locate said plates therein,
      electrically and mechanically coupling the lugs within channel sections
      together by at least melting said lugs within said channel sections to
      form strap connectors therein, and thermal welding a lid onto the
      container top at the coplanar upper faces of the upright walls defining
      said channels, the container walls, and the longitudinally-spaced
      paritions to seal the strap connectors within said channel sections.
NUM  2.
PAR  2. The method as claimed in claim 1 wherein said step of electrically and
      mechanically coupling lugs within channel sections comprises filling said
      channel with molten lead and thereafter cooling said lead.
NUM  3.
PAR  3. A multi-cell storage battery comprising:
PA1  a one-piece; molded, open-bottom, plastic container including edge joined
      vertical outer container walls, said container having molded therein
      longitudinally-spaced, upright cell partitions and transversely-spaced
      parallel channels partially formed by upright, transversely-spaced walls
      extending longitudinally across the top of said container from end-to-end
      and facing upwardly and outwardly of the container, said channels
      alternately extending through respective cell partitions to form channel
      sections spanning the cells, the upper faces of said container walls, the
      vertical upright walls partially defining said cell partitions and said
      channel walls being coplaner, the base of said channels being provided
      with longitudinally-spaced openings for receiving plate lugs of the same
      polarity when a plurality of plates are inserted through the open bottom
      of said container when the container is in the inverted position with the
      edges of the plates contacting the undersides of the channel base, an
      imperforate bottom member sealed to the open bottom of the container to
      fixedly locate the plates therein, said lugs being melted within said
      channel section to form strap connectors therebetween and a lid
      thermoplastically sealed to the coplanar upper faces of said cell
      partitions, and said walls forming said channels to seal said formed strap
      connectors within respective channel sections.
NUM  4.
PAR  4. The multi-cell storage battery as claimed in claim 3 wherein said lug
      receiving openings within the base of said channels have a cross-section
      adjacent to the upper surface of the channel which corresponds to that of
      the plate lugs projecting therethrough and wherein said openings taper
      downwardly and outwardly therefrom in the shape of a truncated pyramid at
      the bottom halves of said openings only to facilitate insertion of the
      lugs within the channel openings during assembly of the battery and
      wherein the upper ends of the openings closely conform to the lugs to
      securely locate the lugs therein.
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ABST
PAL  An explosion proof venting device for electrical storage batteries
      comprises a multi chamber plastic receptacle which may contain catalytic
      material or a gas drying filter, or both of them, a disc shaped porous
      flame barrier, having a central aperture, a hollow plunger which serves
      also as a filling funnel, and which may also contain an indicator device,
      and a cover shielding the flame barrier as well as the funnel.
BSUM
PAC  THE FIELD OF THE INVENTION
PAR  The present invention relates to an explosion proof venting device for
      electrical storage batteries. The invention is particularly adapted for
      use in connection with stationary, industrial type of lead acid storage
      batteries, and is therefore described with respect to that application.
PAC  BACKGROUND OF THE INVENTION
PAR  During the operation of lead acid storage batteries, especially during the
      final stages of the charging operation, hydrogen and oxygen are freed
      which are usually vented to the atmosphere by means of a venting device
      provided on top of the battery casing. Unless such device is equipped with
      a reliable flame barrier the escaping gases constitute an imminent
      explosion hazard whenever an open flame, or a spark comes into contact
      with these gases. Furthermore, the said gases usually carry with them a
      certain quantity of acid thus making them corrosive.
PAR  Hitherto protection against explosion was mainly provided by one of the
      following means:
PA1  A. a bell shaped body of porous material covering the vent hole completely,
      and which therefore had to be removed for maintenance operations, leaving
      the hole unprotected during such operations
PA1  B. an open filling funnel whose bottom aperture is always below the
      electrolyte level. This funnel is surrounded by a large bushing made of
      porous material. The gases enter the space between the funnel and the
      inside of the bushing and are free to diffuse through its body to the
      atmosphere.
PAR  In both cases the porous material acts as a flame barrier. The drawbacks of
      these arrangements are that the porous material, being usually slightly
      moist, is likely to become covered with a layer of dust thus clogging the
      pores. Dust and foreign matter might also enter the open funnel.
PAC  OBJECT OF INVENTION
PAR  It is the object of the present invention to provide improvements in such
      venting devices making them secure to a maximal degree and removing the
      above drawbacks present in conventional venting means.
PAC  SUMMARY OF INVENTION
PAR  According to the present invention the various parts of the venting device
      are assembled in such a manner as to form a number of chambers which are
      interconnected by means of relatively large apertures.
PAR  The last chamber (in the sense of direction of travel of escaping gases)
      may contain either a catalytic material, or a neutral filtering material,
      or both of them.
PAR  Acid fumes passing through this device will be made to shed their liquid
      contents before reaching the atmosphere by means of bringing them into
      contact with relatively large surfaces of the device, and also by changing
      the direction of gas flow several times.
PAR  On top of the above last chamber, underneath a perforated plastic insert
      forming the top of the device, and gas tightly bonded to it, is positioned
      a flat discshaped flame barrier made of a relatively thin, porous, acid
      resisting material or of a suitable wire gauze. Erupting cavities, i.e.
      "breathing spaces" are provided on both sides of the barrier thus ensuring
      free gas passage at all times.
PAR  According to one embodiment of the invention the new venting device also
      comprises a tube-like sleeve in which is fitted a hollow plunger whose
      bottom is completely immersed in the electrolyte at all times, just above
      the separators of the battery while the inside of its top end is funnel
      shaped. Molded to the outside of the plunger, are a number of discs and
      vanes to guide the escaping gases as required. The plunger may be bonded
      to the inside of the surrounding sleeve. Maintenance operations can be
      carried out through this plunger assembly in the usual manner.
PAR  According to a further feature of the invention, the plunger may be
      moveable inside the above sleeve. In this case, the plunger will be
      provided with an O-ring to ensure gas tightness. The upward movement of
      the plunger can be adjusted so as to respond to a predetermined pressure
      inside the cell. Thus it can also serve as a safety release valve.
PAR  At the bottom end of the plunger, shielded holes are provided to establish
      communication between the interior of the plunger and the outside, thus
      ensuring free passage of liquids. Additional holes are provided about 15
      mm above the lower holes to improve electrolyte circulation inside the
      plunger.
PAR  Incidentally, the plunger may also be utilized as the carrier of an
      indicator device inserted thereinto.
PAR  A removable top cover is provided which gives complete protection to the
      plunger as well as to the flame barrier against dust and other foreign
      matter. The cover is equipped at its underside with a number of small
      radial ribs touching the top of the venting assembly thus ensuring clean,
      annular venting paths to the atmosphere.
PAR  According to another feature of the invention, the last chamber may contain
      a catalytic material for the recombination of the hydrogen with the oxygen
      to water. Excess quantities of gases are bypassed through the flame
      barrier. A gas drying filter may be used alternatively; or a combination
      of both.
DRWD
PAC  SHORT DESCRIPTION OF DRAWING
PAR  The new venting device is shown in the annexed drawings,
PAR  FIG. 1 being an elevational section of the device in position on a cell.
PAR  FIG. 2 is a partly cut-away perspective view of the device, while
PAR  FIG. 3 is an exploded view of the assembly of parts consisting the new
      device.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The invention will now be described with reference to the drawings:
PAR  In the cover of a battery cell C is provided a rimmed aperture A having an
      internal screw thread. The venting device comprises a cup shaped casing 1
      which has a downwardly extending, exteriorily screw threaded neck portion
      2, by means of which the device is connected to the cell by screwing
      portion 2 into the aperture A. Where the cell cover is differently
      constructed and has no screw thread in the aperture, the connecting means
      of the venting device are appropriately adapted, e.g. a bayonet joint may
      be used or any other conventional means.
PAR  Centrally disposed within the cup 1 is a sleeve 3 which is gas tightly
      bonded to the top of cup 1. At the lower end of sleeve 3 apertures 40 are
      provided in the wall of sleeve 3.
PAR  At its upper end the sleeve 3 carries a horizontal, disc shaped flange, 4,
      which fits into the cup shaped housing and rests on a shoulder 4' provided
      on the inner wall of the cup 1. Some distance above the bottom of the cup
      1 is provided a horizontally extending partition 5 which is bonded to
      sleeve 3 and which fits into cup 1. In the partition 5 there are provided
      a number of circumferentially disposed holes 6 leading into a downwardly
      extending inverted groove 7 on the underside of the partition 5. A chamber
      8 is thus created beneath the partition 5. A further chamber 9 extends
      above the partition 5. On top of chamber 9 and protected by flange 4 --
      and sealing it against the open -- lies a flame barrier 10 made of porous
      material or fine mesh gauze. The flame barrier is an annular, centrally
      pierced flat plate and is gas tightly bonded to the underside of flange 4.
PAR  In the sleeve 3 is inserted a hollow plunger 11, the upper end of which
      flares outwardly, so constituting a funnel shaped intake 12. The plunger
      11 may either be bonded to the sleeve 3 at its uppermost, widest portion
      12, or may be held therein frictionally with the inter-position of an
      O-ring 13. The bottom of the hollow plunger is closed by a disc 14. Above
      the said closed bottom are provided one or more slots 15 and some distance
      above each slot 15 there is an aperture 16. As can be seen in FIGS. 1 and
      2, the plunger 11, while extending co-axially with sleeve 3 and cup 1 is
      distanced from both of these. Thus, where the plunger 11 passes out
      downwardly from the neck portion 2 of cup 1, the annular space around the
      plunger 11 is sealed by a spray arrester disc 17.
PAR  At the level of the spray arrester 17 there are provided in the neck
      portion of 2 of the outer cup shaped casing 1 two oppositely disposed
      apertures 19.
PAR  The hollow plunger 11 extending within the sleeve 3 and downwardly out of
      it is provided with outwardly extending horizontal discs: a first one
      marked 20, some distance above the spray arrester 17. This disc has two
      oppositely disposed cutouts 20', A second, like disc 21 extends some
      distance above the said first named one. It also has two oppositely
      disposed cutouts 21' which are set off by 90.degree. against the cutouts
      20'. Thus, between the spray arrester 17 and the disc 20 a chamber 22 is
      formed and between disc 20 and disc 21 a further chamber 23 is formed.
      Both these chambers are ring shaped and lie around the outer wall of the
      hollow plunger 11. Above disc 21 extends a space forming a chamber 18
      around the wall of the plunger 11. In this space extend vertical vanes 27
      which form chimney like conduits in register with the cutouts 21'. From
      chamber 18 openings 40 -- at the bottom of sleeve 3 -- as already stated
      -- lead into the chamber 8.
PAR  A lid 24 rests on top of cup 1. The lid has an upwardly extending tubular
      projection 25 which in turn is covered by a removable cover 26.
PAR  The chamber 9 may be filled with a catalytic or filtering material 29 which
      is confined between perforated, corrugated PVC washers 28 and 28'.
PAR  The cover 24 is provided at its underside with a number of radial ribs of
      approximately 1 mm thickness. These ribs rest on flange 4, between them
      thus come into existence sector shaped passages to the open.
PAR  It will be seen that while all chambers 22, 23, the passage between vanes
      27, chamber 18, chamber 8 and chamber 9 intercommunicate, the apertures
      establishing communication between them are so disposed in relation to one
      another that the direction of flow of gases is continuously changed and
      reversed.
PAR  At the same time, during their travel, the gases impinge on the walls
      forming the chambers and are in constant contact therewith, which -- as
      will be seen -- is of great importance.
PAC  WORKING DESCRIPTION
PAR  Acid fumes rising to the top of the cell cover C will be deflected by the
      direct spray arrester 17 to the two entrance slots 19 leading into the
      annular chamber 22 formed by the arester 17 and disc 20.
PAR  Upon entering the chamber 22 the fumes impinge on the wall of the plunger
      11 and then are deflected through 90.degree. to rise into chamber 23
      through the two slots 20'.
PAR  In chamber 23 the fumes are again deflected through 90.degree. and rise
      through two slots 21' into the two vertical gas passages formed by vanes
      27.
PAR  At the top of the gas passages the fumes are deflected through 180.degree.
      downwards into the chamber 18 serving as a precipitation chamber. Here
      minute droplets of liquid acid carried by the gases precipitate,
      collecting in the chamber, to flow back into the cell.
PAR  At the bottom of chamber 18 the fumes will be deflected through 90.degree.
      into chamber 8, being a gas-separation and expansion chamber, through
      apertures 40.
PAR  From chamber 8, the gases rise through holes in the top of the inverted
      groove 7 into chamber 9.
PAR  The perforated, corrugated PVC washers 28, 28'  in the latter chamber act
      as gas distributors. Furthermore, they prevent the filtering material 29
      from clogging the gas passages.
PAR  According to requirements, chamber 9 may contain sufficient catalytic
      material to recombine the hydrogen and the oxygen to water up to a limited
      rate of gas flow. Excess quantities of gases beyond the capacity of the
      catalyst may be by-passed to avoid overheating of the device.
PAR  Chamber 9 may alternatively contain a gas filtering material (fibreglass,
      plastic floss or the like) to eliminate liquid acid from the gases to a
      maximal extent. A combination of both these possibilities is also within
      the scope of the invention.
PAR  The flame barrier 10 may be made of any acid resisting, porous material
      with suitable physical properties e.g. sintered glass, sintered ceramics,
      fine wire gauze and like materials.
PAR  The total surface of the flame barrier having a suitable pore size, will
      permit the free flow of gases at a minimum flow resistance. "Breathing
      spaces" are provided on both sides of the flame barrier.
PAR  The upper breathing space is connected by a number of holes in flange 4 to
      the atmosphere. It should be noted that the flame barrier is shielded and
      protected by the flange 4 of sleeve 3. It is not subject to mechanical
      stresses and may be rather thin.
PAR  There are ensured free, sector shaped exit paths, sideways, for the
      escaping gases between the ribs on the underside of cover 24.
PAR  In the case of the plunger being inserted into the sleeve with
      interposition -- preferably of an O-ring -- the whole plunger will slide
      out of sleeve 3 in response to a predetermined exit gas pressure.
PAR  An indicator float (where required) might be utilized inside the hollow
      plunger protruding outwardly through the cover 26.
PAR  The topping up operation may be performed in the customary manner upon
      removal of either cover 26, or cover 24. Slots 15 will allow free passage
      for the liquids being added. Holes 16 will facilitate the recirculation of
      the electrolyte after topping up under operational conditions. Hydrometer
      readings can then be carried out through funnel 11.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An explosion proof venting device for storage batteries, comprising:
PA1  a cup shaped body having a substantially tubular lower end for connection
      with a cell aperture of the storage battery;
PA1  a centrally pierced horizontal plate connected to said cup shaped body near
      the top thereof;
PA1  a ring shaped disc of acid resistant porous material, serving as a flame
      barrier, attached to the underside of said horizontal plate;
PA1  a lid carried on the top end of said cup shaped body and spaced from said
      horizontal plate, the space between said lid and said plate having access
      to the atmosphere; and
PA1  directing means for forcing gas entering the tubular lower end of said cup
      shaped body to pass through said disc and said plate before passing to the
      atmosphere.
NUM  2.
PAR  2. An explosion proof venting device in accordance with claim 1 further
      including partition means connected to the interior of said cup shaped
      body for partitioning said interior into a plurality of chambers
      interconnected in such a way that continuous and repeated changes of
      direction of gas flow therethrough and maximal contact with surfaces at
      the interior of the chambers is ensured.
NUM  3.
PAR  3. An explosion proof venting device in accordance with claim 1 further
      including a sleeve connected to the centrally pierced portion of said
      horizontal plate such that said plate forms a flange on the upper end of
      said sleeve, said sleeve being inserted into said cup.
NUM  4.
PAR  4. An explosion proof venting device in accordance with claim 3 wherein
      said lid has a central opening, in communication with the interior of said
      sleeve, covered by a second, smaller lid.
NUM  5.
PAR  5. An explosion proof venting device in accordance with claim 3 further
      including a hollow plunger disposed coaxially within said sleeve and
      radially spaced therefrom except for a gas tight connection therebetween
      at the upper end of said plunger.
NUM  6.
PAR  6. An explosion proof venting device in accordance with claim 5, wherein
      said hollow plunger is closed at the bottom thereof by a sealing disc and
      wherein the lower portion of the wall of said hollow plunger has openings
      therein leading into the interior thereof.
NUM  7.
PAR  7. An explosion proof venting device in accordance with claim 5, wherein
      said hollow plunger is provided with a first disc means at the level of
      the exit thereof from the tubular lower end of said cup shaped body for
      sealing the radial space between said hollow plunger and said tubular
      lower end from the interior of the cell of the battery, and wherein said
      tubular lower end has an opening therein above the level of said first
      disc means for allowing communication with the interior of the cell at a
      predetermined point on the circumference of said tubular lower end.
NUM  8.
PAR  8. An explosion proof venting device in accordance with claim 7 further
      including a plurality of horizontally extending superposed discs connected
      to the exterior of said hollow plunger above the level of said first disc
      means, said discs forming chambers around said hollow plunger, said discs
      having cutouts therein, the cutouts in one disc being set off from those
      in adjacent discs.
NUM  9.
PAR  9. An explosion proof venting device in accordance with claim 8 further
      including vertical vanes extending substantially radially from said
      plunger above said discs, vertical chimney-like passages being formed
      between pairs of vanes, the passages being in register with the cutouts in
      the uppermost of said discs.
NUM  10.
PAR  10. An explosion proof venting device in accordance with claim 9 wherein
      said sleeve has an opening therein at the lowermost portion thereof to
      allow communication of the radial chamber between said sleeve and said
      plunger with the chamber formed between said sleeve and said cup shaped
      body.
NUM  11.
PAR  11. An explosion proof venting device in accordance with claim 3, further
      including wall means provided between said sleeve and the inner wall of
      said cup shaped body for dividing the chamber formed therebetween into an
      upper chamber and a lower chamber, said wall means having an inverted
      channel connected to the underside thereof and holes therein leading to
      the upper chamber.
NUM  12.
PAR  12. An explosion proof venting device in accordance with claim 11 wherein
      said upper chamber above said wall means is filled with filtering matter.
NUM  13.
PAR  13. An explosion proof venting device in accordance with claim 11 wherein
      said upper chamber above said wall means is filled with catalyzing
      substance.
NUM  14.
PAR  14. An explosion proof venting device in accordance with claim 11 further
      including perforated, corrugated PVC discs provided at the bottom and top
      of said upper chamber above said wall means.
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ABST
PAL  A heat-to-electricity converter is disclosed which includes a radioactive
      heat source and a thermoelectric element of relatively short overall
      length capable of delivering a low voltage of the order of a few tenths of
      a volt. Such a thermoelectric element operates at a higher efficiency than
      longer higher-voltage elements; for example, elements producing 6 volts.
      In the generation of required power, thermoelectric element drives a
      solid-state converter which is controlled by input current rather than
      input voltage and operates efficiently for a high signal-plus-noise to
      signal ratio of current. The solid-state converter has the voltage gain
      necessary to deliver the required voltage at the low input of the
      thermoelectric element.
PARN
PAC  RELATED APPLICATION
PAR  This is a division of Ser. No. 171,383 filed Aug. 12, 1971 now U.S. Pat.
      No. 3,818,304 which was a continuation of Ser. No. 827,187 filed May 23,
      1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the generations of electrical power and has
      particular relationship to radioisotope thermoelectric heat-to-electricity
      converters and to electrical generators which are called RTG's. RTG's
      include such heat-to-electricity converters and electrical voltage and/or
      power converters, DC/DC converters, driven by the heat-to-electricity
      converters. While this invention has general applicability to RTG's of all
      types, it is peculiarly advantageous and has unique applicability to RTG's
      whose power output is in the microwatt or milliwatt range. It is an object
      of this invention to provide an RTG which shall operate at substantially
      higher efficiency than prior-art RTG's and shall, at the same time, have
      smaller dimensions and be of substantially lower cost than such prior-art
      RTG's.
PAR  Typically, microwatt and milliwatt RTG's deliver power of between about 100
      microwatts and 100 milliwatts. In the interest of concreteness, the RTG of
      a heart pacer, or pacemaker, will here be discussed. Such a pacer includes
      an RTG which delivers about 160 to 170 microwatts at about six volts. In
      accordance with the teachings of the prior-art, such a pacemaker includes
      a generator having a heat-to-electricity thermoelectric converter which
      has an output of several volts and has between a thousand and fifteen
      hundred thermocouples in series. Each thermocouple is long and its
      component wires are wound in a spiral or otherwise disposed in layers
      about the heat source. An electrical converter is driven by this
      heat-to-electricity converter. While this generator performs
      satisfactorily, it has a very low efficiency and is of comparatively large
      dimensions, particularly for insertion in the body of a person. Typically,
      this pacemaker is of rectangular form, having dimensions of 2.5 .times. 2
      .times. 1.3 inches. This pacemaker has an efficiency of only 0.065%.
PAR  It is accordingly an object of this invention to overcome the above
      described disadvantages of the prior-art and to provide a
      heat-to-electricity thermoelectric converter of substantially higher
      efficiency than prior-art such converters, and also to provide an RTG
      including such a heat-to-electricity converter of relatively higher
      efficiency and smaller dimensions than prior-art RTG's.
PAC  SUMMARY OF THE INVENTION
PAR  This invention arises from a radical departure from prior-art thinking that
      to maintain a substantial temperature difference between the hot and cold
      junctions of a thermoelectric element, the length of the wire components
      or couples of the element should be high. It has been realized in arriving
      at this invention, that, in fact, the length of these components has
      substantially no effect on the power output of a thermoelectric element.
PAR  The power output of a thermoelectric element is given by the equation:
      ##EQU1##
      where: P is the power output,
PA1  E is the open circuit voltage of the element,
PA1  R is the resistance of the element.
      ##EQU2##
      where: P is the resistivity of the wire components of the element,
PA1  l is the length of the wire components,
PA1  A is the cross-sectional area of the wire components.
PAL  Then:
      ##EQU3##
      That is: P varies inversely as the length.
PAR  The heat loss by longitudinal heat flow through a thermoelectric element is
      given by:
      ##EQU4##
      where: H is the heat loss,
PA1  K is the conductivity of the wire components,
PA1  .DELTA. T is the difference between the hot and cold junction.
      ##EQU5##
      where .alpha. is the seebech coefficient
PAR  This ratio is independent of the length. No appreciable advantage is then
      achieved by use of thermoelectric elements having long wire components as
      taught by the prior-art.
PAR  The heat flow H of equation (5) is the heat conducted through the
      thermoelectric wires longitudinal of the element. Where the elements are
      wound in spirals of otherwise layered, this is not the only conductive
      heat loss. Heat also flows laterally through the elements from layer to
      layer.
PAR  The layering in prior-art heat-to-electricity converters results not alone
      from the prior-art view that the wire components must be long. it is also
      a prior-art teaching that the overall voltage output of the thermoelectric
      converter should be high. This output is given for N thermocouples in
      series, by:
EQU  V = NE .DELTA.T                                            (6)
PAL  where: V is the total voltage. Where V is to be 6 volts, as many as 1,200
      elements in series are required. So high a number of elements of
      substantial length must be closely layered and the lateral heat flowing
      through the layers is high.
PAR  In arriving at this invention, it has been realized that advantageously the
      voltage output of the heat-to-electricity converter may be small and may
      be raised by a solid-state electrical converter. Such a converter differs
      from an electronic vacuum-tube converter in that it operates by current
      rather than voltage control. To control a solid-state converter, maximum
      signal-plus-noise-to-noise ratio of the current, rather than of the
      voltage, is desirable. This desideratum is achieved by short
      thermoelectric elements.
PAR  In accordance with this invention, a heat-to-electricity converter is
      provided which includes a heat source and a thermoelectric element in the
      form of a single strip having a hot-junction in
      heat-interchange-or-exchange relationship with the source and a cold
      junction in heat-interchange-or-exchange relationship with a heat sink.
      The shortners of this element does not affect its power output.
PAR  Further, in accordance with this invention, the number of thermoelectric
      couples in the thermoelectric element is minimized and the voltage output
      of the element is relatively low, of the order of a few tenths of a volt.
      To achieve the desired voltage, a generator is provided which includes the
      above described heat-to-electricity converter and a solid-state electrical
      converter which is driven from the heat-to-electricity converter and is
      capable of delivering the desired voltage.
PAR  An important advantage of the heat-to-electricity converter, according to
      this invention, is that the thermoelectric element is not layered or wound
      in a spiral and there is no heat loss by thermal conduction laterally of
      the element. Specifically, the heat-to-electricity converter is enclosed
      in an evacuated container whose outer casing or wall serves as a heat
      sink. Radiation of heat between the hot junction and the wall is
      suppressed by a heat radiation shield which is composed of sheets of heat
      reflecting material. In the practice of this invention, the heat source is
      of radioactive material which emits gamma rays and the heat shield is
      composed of sheets of tantalum or of a tantalum alloy. The tantalum not
      only has marked heat-radiation shielding advantages, but also serves as a
      shield for the gamma rays.
PAR  The thermoelectric strip is disposed in a cavity in the radiation shield.
      It is to be realized that this invention may also be practiced with a
      thermoelectric strip consisting of a few layers well spaced throughout the
      shield between the source and the wall. In this case also, lateral heat
      flow is suppressed and the heat loss, by conduction through the layers, is
      minimized.
PAR  The generator, according to this invention, is substantially smaller than
      analogous prior-art apparatus for analogous purposes because of the
      considerably smaller length of the thermoelectric elements and
      considerably smaller number of turns. A typical generator for a pacemaker
      is cylindrical, having a diameter of 1.5 inches and a height of 1.5
      inches. The efficiency of the generator, according to this invention, is
      substantially higher than for prior-art generators and the mass of
      radioactive material demanded for the same life is smaller for this
      invention than for prior-art generators. A preliminary unit of the above
      described smaller pacemaker has an efficiency of 0.085%.
PAR  In general, the output of a prior-art heat-to-electricity converter is 170
      microwatts at 6 volts. This prior-art generator requires a heat source of
      Pu 238, capable of delivering 238 milliwatts of heat power. The efficiency
      of the heat-to-electricity converter is about 0.070%. This prior-art
      converter drives an electrical converter, having an efficiency of about
      35%, which supplies the load.
PAR  Generally, heat-to-electricity converter, in accordance with this
      invention, delivers about 0.3 to 0.5 volts, which is stepped up to 8 volts
      in a solid-state converter. The heat-to-electricity converter has an
      efficiency of about 0.12% and it is anticipated will ultimately have an
      efficiency of 0.24%. The solid-state converter has a substantially higher
      efficiency than 35%. The quantity of Pu 238 is such as to supply only
      about 140 milliwatts of heat power; it is anticipated that ultimately only
      70 milliwatts will be required. The improvement in efficiency of the
      heat-to-electricity converter is achieved by eliminating the lateral heat
      flow through the thermoelectric strip or tape. In addition, the
      solid-state converter is simplified. The quantity of off-gassing within
      the evacuated container is critical to the life of the apparatus. The
      primary source of the off-gassing is the thermoelectric strip or tape. In
      the practice of this invention, the volume of this material is typically
      reduced to less than 1% of the volume in prior-art apparatus.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of this invention, both as to its organization
      and as to its method of operation, together with additional objects and
      advantages thereof, reference is made to the following descriptions, taken
      in connection with the accompanying drawings; in which:
PAR  FIG. 1 is a view, with the wall parts in transverse section, of a generator
      constituting an embodiment of this invention;
PAR  FIG. 2 is a view in section taken along line II--II of FIG. 1;
PAR  FIG. 3 is a view in section, taken along line III--III of FIG. 4, of the
      heat-to-electricity converter of FIG. 1;
PAR  FIG. 4 is a view in section taken along line IV--IV of FIG. 3;
PAR  FIG. 4A is a plan view showing a stack of sheets of heat-radiation
      shielding foils prepared for use in the apparatus shown in FIG. 4;
PAR  FIG. 4B is a view in section taken along line IVB--IVB of FIG. 4A;
PAR  FIG. 4C is a view in end elevation of the foils shown in FIG. 4A;
PAR  FIG. 4D is a view in end elevation of a foil developed and showing the
      manner in which it is dimpled;
PAR  FIG. 5 is a plan view of the thermoelectric element of the generator shown
      in FIG. 1;
PAR  FIG. 6 is a view in side elevation of this element;
PAR  FIG. 7 is a view in side elevation of a hot or cold shoe of the
      thermoelectric element of the generator shown in FIG. 1;
PAR  FIG. 8 is an enlarged view of the portion of FIG. 7 shown in circle VIII;
PAR  FIG. 9 is a schematic of the electrical solid-state converter of the
      generator shown in FIG. 1;
PAR  FIG. 10 is a schematic similar to FIG. 9, but showing the component
      magnitudes and identifications of a converter used in the practice of this
      invention which was found to operate satisfactorily;
PAR  FIG. 11 is a graph of the power output as a function of heat power input
      for a generator as shown in FIGS. 1 through 10;
PAR  FIG. 12 is a view in longitudinal section taken along line XII--XII of FIG.
      13, showing a heat-to-electricity converter which constitutes another
      embodiment of this invention;
PAR  FIG. 13 is a view in transverse section taken along line XIII--XIII of FIG.
      12;
PAR  FIG. 14 is a view generally diagrammatic showing, in longitudinal section,
      a heat-to-electricity converter constituting another embodiment of this
      invention;
PAR  FIG. 15 is a view generally diagrammatic showing the converter of FIG. 14
      in end elevation, with respect to FIG. 14;
PAR  FIG. 16 is a schematic showing the component magnitudes, identifications,
      and connections of a solid-state electrical converter which is included in
      a generator with heat-to-electricity converters as shown in FIGS. 3, 12,
      or 14.
PAR  FIG. 17 is a graph composing the theoretically computed power output and
      voltage output as a function of input, actual power output and voltage
      output, of a heat-to-electricity converter in accordance with this
      invention;
PAR  FIG. 18 is another graph similar to FIG. 17;
PAR  FIGS. 19 and 20 are graphs showing the operating characteristics of the
      solid-state converter shown in FIG. 16; and
PAR  FIG. 21 is a graph comparing the effectiveness of titanium, MONEL alloy,
      and tantalum for heat-radiation shielding;
PAR  FIGS. 10 and 16 are disclosed for the purpose of aiding those skilled in
      the art in practicing this invention and not with any intention of, in any
      way, limiting this invention.
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PAC  DESCRIPTION OF EMBODIMENTS
PAR  FIGS. 1 through 10 show a generator 31, including a heat-to-electricity
      converter 33 and a solid-state electrical converter 35. The converter 33
      (FIGS. 3 and 4) includes a radioisotope heat source 39 and a
      thermo-electric element 41 (FIGS. 5 through 8).
PAR  The generator 31 includes a flat generally circularly cylindrical evacuated
      casing or container 43. The top 45 is welded vacuum tight to the body 47
      of the casing typically by election-beam welding. A back-up ring 49 is
      provided behind the weld 51. Terminal 53 is sealed vacuum tight through
      the periphery of the body 47.
PAR  The heat-to-electricity converter 33 is encased in a cylindrical container
      55 mounted between the jaws of a C-shaped spring bracket 56 secured to the
      body 47. The container 55 is formed of a cylindrical shell 57 to which
      bases 59 and 61 are welded vacuum tight. The base 61 has a hollow stem 63.
      A ceramic feed-through terminal 66 is sealed vacuum tight through the base
      61 and extends into a potting compound 67 within the hollow terminal 65.
      An output wire 69, connected to an output tab 71 within the container 55,
      extends through an insulating section 73 of the stem 63.
PAR  The containers 43 and 55 and the wire 69 are typically composed of
      titanium. The potting compound 67 is a silicone compound.
PAR  The heat source 39 is a capsule disposed generally centrally within the
      container 55. This capsule 39 is generally cylindrical and includes a
      central cylindrical bar 79 of radioactive material, typically Pu 238,
      enclosed in cylindrical concentric shells 81, 83, 85. The inner shell 81
      is composed typically of tantalum 10% tungsten alloy to absorb gamma rays
      and the cylinder 79 is sealed in this shell by a plug 87 of this Ta 10% W
      alloy. The central shell 83 is composed of HASTELLOY-C alloy and the shell
      81 is sealed in the shell 83 by a plug 89 of HASTELLOY-C alloy. The outer
      shell 85 is composed of titanium 0.2% palladium alloy and is sealed by a
      plug 91 of the same alloy. The capsule 39 is enclosed in a shell 93 and is
      disposed between discs 95 and 97.
PAR  The fuel capsule 39 constitutes a heat source for the thermoelectric
      element 41 and the wall 57 constitutes a heat sink. Heat radiated from the
      source to the sink is suppressed by a heat shield 101 which envelops the
      capsule 39. The shield 101 is formed of layers of tantalum foil and
      includes a central portion 103, formed of coaxial foil cylinders, and end
      portions 105 and 107 of generally frusto-conical form. The central portion
      103 is formed of sheets 111 of progressively increasing length as shown in
      FIGS. 4A, 4B, 4C. The sheets 111 have slots 113 at the ends which increase
      in width progressively as shown in FIGS. 4A and 4B. Grooves or dimples 115
      extend across the sheets as shown in FIG. 4D. The grooves 115 extend
      parallel to the slots in approximately half the sheets and perpendicular
      to the grooves in the others. Typically there may be 99 sheets, 50 grooved
      parallel to the slots 113 and 49 grooved perpendicular to the slot 113.
PAR  Each sheet 111 is formed into a cylinder having its axis parallel to the
      long dimension of the slot 113. Some cylinders (every fourth or fifth) of
      the ear 117 bounding the slots are welded to the opposite edge of the
      sheet engaging the ears.
PAR  The cylinders are stacked in the container 55 with the grooves 115 of
      successive cylinders at right angles to each other; that is, the grooves
      115 of the odd cylinders, counting from the center, are along the lengths
      of the cylinders and the grooves 115 of the even cylinders are
      circumferential. The slots 113 of the stack form a generally spiral slot
      through the center of the stack. The thermoelectric element 41 extends
      through this slot. Since the slots 113 are displaced to form the spiral
      slot, sheet material is interposed between the capsule and the wall 57. A
      strap or strip 121 is wrapped around the stack 101. The strap 121 is bent
      in generally trapezoidal cross-sectional form away from the stack 101 near
      one end 123 and is at this end joined to its opposite end. The
      thermoelectric element 41 passes out of the spiral slot into the space
      between the trapezoidal section 123 and the stack 101 and the cold shoe
      125 of the element 41 is brazed to the center part of the trapezoidal
      section 123. The strap 121 is held by diametral springs 127.
PAR  The central stack 101 forms surfaces of generally truncated conical form at
      both ends and these surfaces are engaged by, and mate with, the
      coextensive truncated conical surfaces of the portions 105 and 107.
PAR  Each truncated conical portion 105 and 107 is formed of a plurality of
      discs 131 which are advantageously composed of tantalum. The discs 131 are
      of progressively smaller diameter from the base of the truncated cone to
      the top. The discs 131 may be dimpled similarly to the sheets 111; the
      dimples in alternate discs may be radial and the dimples in the
      intervening sheets may be circumferential so as to minimize heat flow by
      conduction through the discs 131.
PAR  The truncated conical portions 105 and 107 are mounted on platforms 133 and
      135 respectively of a cagelike bracket 137. This bracket includes
      cooperative parts 139 and 141. One part 139 may be regarded as holding the
      top-end portion 105; tongues 143 extend from its platform 133. The other
      part may be regarded as holding this bottom-end portion 107; long arms 145
      extend from its platform 135. The tongues 143 and the arms 145 are joined
      by welding at the top end. Each of the portions 105 and 107 includes a
      cover 147 and 149 which engages the plates 95 and 97 respectively. These
      plates are composed of CERALLOY 400, a getter alloy.
PAR  The thermoelectric element 41 is a tape composed of a woof 151 of yarn or
      glass or quartz or other insulating material. In the longitudinally
      central part of the tape, the warp is composed of alternate pairs 153 and
      155 of wires of opposite polarity thermoelectric material. Typically, the
      wires 153 may be TOPHEL Special alloy and the wires 155 can be of CUPRON
      Special alloy. Near each end, the tape has a warp thread 159 of glass or
      quartz fibers in the like and at least one stiffening warp wire 161 of
      titanium aluminum vanadium alloy. This wire 166 has a diameter of the
      wires 153, 155. The woof threads are looped, insulating the pairs of wires
      153 and 155 from each other. There are typically approximately 52 pairs
      each of wires 153 and 155 so that 52 thermocouples are formed.
PAR  The thermoelectric element also includes the cold shoe 125 and a hot shoe
      165. Each shoe includes a ceramic strip 167 (FIGS. 7 and 8) preferably of
      high-purity alumina, A1203, having a thin strip of copper 169 with a lip
      at its end brazed to its base. This brazing is effected by coating the
      base with a thin coating of titanium, placing a foil on the coating,
      engaging the foil with the copper strip 169, and heating the joint to the
      eutectic temperature of copper-titanium. (See Purdy, et. al., Ser. No.
      624,916, filed Mar. 21, 1967, for Method of Metals Joining and Article
      Produced by Such Method.) The ceramic strip 167 has grooves 171 along its
      length (typically 52 in number). Each groove 171 has a coating 173 (0.0002
      inches typically) of titanium. On the titanium, there is a deposit 175
      constituting six layers alternately of copper and silver. Typically, a
      layer about 0.00005 inch thick of copper is deposited, a layer 0.00016
      inch thick of silver is deposited on the copper, another layer 0.00005
      inch thick is deposited on the silver, and so on until a deposit about
      0.0013 inch thick is produced. A large number of grooves containing
      electrically conducting material, each insulated from the others, is thus
      produced. The ends of two successive pairs of wires 153 and 155 are brazed
      to the deposits 175 at each end of the tape. Four wires are brazed in each
      groove 171, two of one thermoelectric polarity, and two of the opposite
      polarity. Hot junctions are thus formed in the hot shoe 165 and cold
      junctions in the cold shoe.
PAR  The thermocouples 153 - 155 are connected in series double redundancy; that
      is, there are two thermocouples in parallel in each branch of the series
      network. Typically, there are 52 such pairs of thermocouples in series.
      The cold junction of the last thermocouple of the network is the "hot"
      output terminal. This terminal is connected to conductor 69 (FIG. 1) which
      is sealed through the ceramic feed through bushing 65 (FIG. 1). The
      cooperative terminal is grounded, the wall 57 of container 55 serves as
      ground. The output voltage of the thermoelectric element is typically
      about 0.3 to 0.6 volts.
PAR  In making a heat-to-electricity converter 33, the strip or strap 169 for
      the hot shoe 165 is brazed to the shell 93 of the fuel capsule 39. The
      foil cylinders 103 are then wrapped about the capsule 39 with the tape 41
      in the grooves 113. The strap 169 of the cold shoe 125 is then brazed to
      the strap 121, which is wrapped about the cylinders 103 and welded at its
      ends. The cold junction of one terminal of the series network of
      thermocouples is grounded to casing 55 and the cold junction of the
      opposite thermocouple is connected to wire 69. The parts 105 and 107 are
      then mated with the frusto-conical surfaces of the section 103, and the
      lips 143 and strips 145 joined. The assembly is then placed in container
      55 and the container evacuated and sealed.
PAR  The electrical converter 35 is mounted on a printed circuit board 181. This
      converter includes a network 183 (FIGS. 9 and 10) for deriving from the
      low voltage of the thermocouple a substantially higher DC voltage. This
      network 183 includes a transformer T having windings N1, N2, and N3, and a
      SUPERMALLOY alloy core 184. Such a transformer has a substantially
      rectangular hysteresis loop. Windings N1 and N2 are connected to form a
      midtap 185. The hot terminal 187 of the thermoelectric element 41, which
      is electrically negative, is connected to the midtap 185. The network 183
      includes transistors Q4 and Q5. The emitters of Q4 and Q5 are connected
      together to the positive grounded terminal 180 of the thermoelectric
      element. The collectors of Q4 and Q5 are connected respectively to the
      remaining terminals of the windings N1 and N2. Each base of transistors Q4
      and Q5 is connected to the collector of the other transistor Q5 or Q4. The
      output current from the thermoelectric element 41 flows directly through
      the windings N1 or N2 and the collector and emitter of transistor Q5 or Q4
      in opposite directions.
PAR  The transistors Q4 and Q5 conduct alternately, each producing abrupt
      saturation of the core 184 which, in turn, causes the other transistor Q5
      or Q4 to conduct. The current flow through the windings N1 and N2 is thus
      abruptly reversed. N3 has about ten times as many turns as N1 or N2 and,
      on each reversal, a high voltage pulse (typically about 3 volts) is
      produced at its terminals. Winding N3 is connected to a voltage doubler,
      including capacitors C4 and C5 and diodes D1 and D2. Typically, the
      doubler produces about 6 volts DC.
PAR  The DC voltage supplies a pulser 101, including transistors Q1, Q2, and Q3.
      Q1 and Q2 operate as a free-running multivibrator. When voltage from the
      doubler is first applied, the base of Q1 is connected to the positive
      terminal through R4 and R5 and Q2 conducts. A negative pulse is impressed
      on the base of Q1 through capacitor C1 and resistors R2 and R1. Q1 then
      conducts through R3 and R8, causing Q3 to transmit a pulse. The conduction
      of Q1 impresses a negative bias on Q2 through C2, stopping its conduction.
      Conduction of Q1 is stopped by discharge of C1 through R1; Q3 follows Q1
      and stops conducting. C2 then charges slowly through the high resistor R5,
      ultimately applying a positive bias to the base of Q2 and repeating the
      process.
PAR  The pulses through Q3 are impressed in the load through capacitor C3. This
      capacitor is necessary where the load is a human or animal heart to
      prevent DC from flowing to the heart. Zener diode VR1 is connected across
      C3 through R7. The purpose of VR1 is to prevent the flow of high voltage
      when fibrillation occurs and a high voltage is impressed to defibrillate.
PAR  In FIG. 10, the magnitudes including a slant line near a capacitor, for
      example, 0.068/10 V., gives the capacity in microfarads on the left and
      the voltage at which the capacitor is rated on the right. Thus, 0.068/10
      V. means an 0.068 microfarad capacitor rated at 10 V.
PAR  The output conductor 69 from the heat-to-electricity converter 33 is
      connected to the input terminal 187 of the network 183 through a cable
      201. The output ground terminal of the converter 35 is grounded to the
      casing 57 through another cable 203. The output terminal 205 of the
      converter 35 is connected to the jack 207 of output terminal connector 53
      through a cable 209.
PAR  The output terminal converter 53 includes a shoulder-like cylindrical body,
      member 211 of DELRIN composition, or the like, which serves as an
      insulator. A receptacle 213, typically of titanium, extends through the
      center of the body member 211 and is connected to an output conductor 215.
      The jack 207 engages a tapered hole in the receptacle 213 in good
      conducting relationship. The member 211 has a cavity in which the
      conductor 215 is sealed in a SILICONE potting compound 217, or the like.
      The receptacle 213 has a shoulder and an O-ring 219 is compressed between
      the body member 211 and the shoulder. The jack 207 is held firmly by
      cylindrical plug 221, typically of titanium, which firmly engages the stem
      223 of the jack 207. A sleeve, typically of titanium, encircles the plug
      221 and member 211. A key 227 is provided for locking the sleeve 225 and
      the body member 211. An O-ring 229 is compressed radially between the
      sleeve 225 and the peripheral boundary of a groove in the body member 211.
      Another O-ring 231 is compressed axially between the end of the sleeve 225
      and the boundary of an axial groove in the body member 211. The wall 47 is
      welded to the sleeve 225.
PAR  In use, the generator shown in FIGS. 9 and 10 has operated with, and
      produced signals, having the following characteristics:
TBL  Open circuit voltage of                                                   
                         .6 Volts                                              
     heat-to-electricity                                                       
     converter                                                                 
     Input voltage to con-                                                     
                         .352 Volts                                            
     verter 35 at terminal 187                                                 
     Current input to converter                                                
                         467 microamperes                                      
     35 through terminal 187                                                   
     Power input to converter 35                                               
                         164 microwatts                                        
     Resistance of thermoelectric                                              
                         530 ohms                                              
     element 41                                                                
     Output pulse rate at                                                      
                         71 pulses per minute                                  
     terminal 205                                                              
     Duration of pulse   1.56 milliseconds                                     
     Leading edge of pulse                                                     
                         6 milliamperes                                        
     Trailing edge of pulse                                                    
                         4 milliampers                                         
PAR  FIG. 11 is a graph of the actual power output as a function of the actual
      heat-power input for a generator as shown in FIGS. 1 through 10. The heat
      capsule 39, in this case, included Am 141 instead of Pu 238 as the fuel.
      In FIG. 11, electrical power output in microwatts is plotted vertically
      and heat power input in milliwatts is plotted horizontally. The efficiency
      is given by dividing the output by the input. FIG. 11 shows that for low
      input and output, the efficiency is low (for example, 0.05% at 57
      milliwatts input and 30 microwatts output) but that the efficiency
      increases as the input and output increase. The input for 160 microwatts
      output is 137 milliwatts and the efficiency is 0.12%.
PAR  FIGS. 12 and 13 show a heat-to-electricity converter 231, including a heat
      capsule 233 and an annular thermoelectric element 235 having its hot
      junction 237 in heat interchange relationship with one end or base 239 of
      the capsule 233 and its cold junction 241 in heat transfer relationship
      with the wall 243 of the converter.
PAR  The capsule 233 includes a plurality of closed cylinders (not shown)
      similar to the capsule 39 of the embodiment shown in FIGS. 1 through 10.
      But the fuel (not shown) is preferably in the form of pellets concentrated
      near the base 239 of the capsule 233 to which the hot junction 237 is
      connected. The capsule 233 is enclosed in a cage-like cylindrical
      enclosure, including strips 251 in the form of cylindrical arcs extending
      along the wall 253 of the capsule. The strips mate at one end with a
      member 255, including a disc 257 from which mating fingers 259 extend. At
      the other end, the strips 251 mate with short strips 261 which carries an
      annular plate 263. A spring washer 265 resiliently engages the base 267
      and the annulus 263. To the base 267, a cylindrical box 271 is centrally
      secured. In the box 271, there are cylindrical pellets 273 of gettering
      material.
PAR  The capsule 233 is enclosed in heat-radiation shielding foil similarly to
      the capsule 39. The foil may be composed of titanium, zirconium, or MONEL
      metal, but is preferably composed of tantalum or an alloy of tantalum
      which provides gamma-ray shielding. The shielding includes a central
      portion 275 of cylinders of foil of progressively increasing diameter from
      the capsule 233 outwardly and end portions 277 and 279 of generally
      frusto-conical form. The end portions 277 and 279 are composed of discs of
      approximate diameters. The foil may be dimpled like the foil of shield 101
      and similarly positioned to minimize heat flow by conduction. The portion
      279 encloses the thermoelectric element 235 and is formed of discs with
      coextensive holes forming an annular slot 281 through which the element
      235 passes.
PAR  The thermoelectric element 235 includes a plurality of pairs of wires or
      rods 283. One wire of each pair is of one thermoelectric polarity, for
      example TOPHEL special alloy, and the other wire is of the opposite
      polarity, CUPRON special alloy. Each pair of wires 283 is secured by
      brazing to ceramic bushing 285 and 287, which are electrically insulating
      but have high thermal conductivity. The wires 283 of each pair are
      connected together in the bushings 285 at the hot junction 237, but are
      insulated from each other and extend out of the bushings 287 at the cold
      junction ends. The wire 283 of one polarity in each bushing 287 is joined
      to the wire of the opposite polarity of the next bushing 287.
PAR  The thermoelectric element 235 includes a cylindrical hot shoe 201 and a
      cylindrical cold shoe 293. The hot shoe 291 is bolted tightly to the disc
      257 and the bushings 285 extend through holes in this shoe 291 and are in
      good heat-deriving relationship with this shoe 291. The bushings 287 pass
      through the cold shoe 293 and are in good heat-transfer relationship with
      this shoe 293. The hot shoe 291 is enclosed in a frusto-conical annular
      stack 279 of heat-radiation reflecting discs.
PAR  The above described assembly of heat capsule 233 and thermoelectric element
      235 are enclosed in a resilient, generally cylindrical, cage-like
      enclosure 301 which compresses the element 235 into good heat transfer
      relationship with the capsule 233. The enclosure 301 is formed of strips
      303 extending longitudinally of the assembly and of bases 305 and 307.
      Legs 309 and 311 respectively extend from each base 305 and 307.
      Tensioning spring rods 313 engage the strip 261 at one end and the legs
      309 at the other, and pull the capsule 233 towards the base 305,
      compressing the heat shield portion 277. Tensioning spring rods 315 engage
      the legs 311 and the disc 257 and pull the hot plate 291 into good heat
      deriving relationship with the disc 257. The assembly of the
      thermoelectric element 235 and capsule 233 are cushioned against shock by
      resilient members 321 which are joined at one end to the plate 293 and the
      opposite end to the strips 303. The assembly is enclosed in a container
      304, having a base 306 from which a box 308 extends. A feed through
      terminal 310 is sealed through the base 306.
PAR  One of the wires 283 is grounded to the cagelike member 301. This wire is
      connected through a wire 323 included in cable 325 to a lug 327 extending
      from a strip 303. The wire 283 of the opposite polarity, which passes
      through the next bushing 283, is connected to a wire 331 in a cable 333.
      The wire 331 passes through the feed through terminal 310 and thence the
      cable 333 passes through the box 308 where the cable is embedded in a
      potting compound such as SILICONE. The wire 333 is the negative hot
      terminal of the converter 231. The voltage between wires 333 and ground is
      equal to the sum of the voltages of the thermocouples in the annulus in
      series 235.
PAR  The converter 231, shown in FIGS. 12 and 13, is dimensioned for higher
      power output at the generator output than the generator shown in FIGS. 1
      through 10. Typically, the converter shown in FIGS. 12 and 13 may serve to
      produce about 60 milliwatts of power at the generator output.
PAR  FIGS. 14 and 15 show a heat-to-electricity converter 341 similar to the
      converter shown in FIGS. 12 and 13, but with a flat rather than an annular
      thermoelectric element 343.
PAR  FIG. 16 shows another electrical converter which is used in the practice of
      this invention. The "hot" output terminal 69 or 333 is connected to the
      negative input terminal 351 of the converter. The positive terminal 353 is
      grounded. The multiwinding transformer T1 has a core 381 of SUPERMALLOY
      alloy. The 2305 transistors are connected in an oscillator circuit with
      windings S1 and S2. The 943 transistors are connected in a full wave
      rectifier circuit with winding S3. A DC potential is impressed on
      capacitors C30 and this supplies the load R.sub.L. The 943 transistors are
      alternately driven to saturation by secondary S4.
PAR  FIG. 17 shows the actual and computed characteristics for a
      heat-to-electricity converter in accordance with this invention. In
      deriving the actual data, the heat power was supplied to the converter by
      an electric heater. Output power in milliwatts, and open-circuit output
      voltage in volts, are plotted vertically and input power in milliwatts
      horizontally. The light line curves are the curves for output power as a
      function of input, the broken line presenting actual measurement and the
      full line calculated output power. The heavy-line curves are the curves
      for output open-circuit voltage as a function of input power. The cold
      junction temperature Tc is indicated for the points of the actual power
      broken-line curve. It is noted that the cold-junction temperature
      increases substantially as the input power increases.
PAR  In the converter for which FIG. 17 was plotted, the heat-radiation shield
      was of tantalum, the tape was self-insulated and cold junction temperature
      Tc was not controlled.
PAR  FIG. 18 is a graph similar to FIG. 2, but presenting only output power as a
      function of input power. The broken-line curve is the calculated curve and
      the full-line curve is plotted from data taken with an electric heater to
      supply the input power.
PAR  FIG. 19 is a graph showing the characteristics of a converter as shown in
      FIG. 16. Efficiency and converter frequency are plotted vertically and
      load resistance horizontally. It is noted that efficiency over a wide
      range exceeds 84% and is 87% for a load of 6000 ohms.
PAR  FIG. 20 is a graph for the converter shown in FIG. 16 in which load power
      and load voltage are plotted vertically and load resistance horizontally.
      The load power exceeds 4 milliwatts over the range from 3250 ohms to 8000
      ohms.
PAR  FIG. 21 shows the superiority of the tantalum as a heat-radiation shielding
      material. The data for these curves was derived for heat-to-electricity
      converters in which the heat power was supplied by an electric heater for
      all measurements. The center portion (103, FIG. 3; 275, FIG. 12) of the
      radiation shield was tantalum for all measurements. The end portions (105,
      107, FIG. 3; 277, 279, FIG. 12) were titanium for one measurement, MONEL
      alloy for a second, and tantalum for the third.
PAR  For the three curves, output power is plotted vertically and input power
      horizontally. FIG. 21 shows that the tantalum provided the most effective
      shielding. The cold junction temperatures for the tantalum was
      substantially lower than Tc for the other shields at higher power outputs
      than for tantalum. And, the overall power output for the tantalum was
      substantially higher at the same power inputs. For example, at 2 watts
      input, the output for the titanium was 2.84 milliwatts, for MONEL 3.20
      milliwatts, and for tantalum 4 milliwatts. The corresponding efficiencies
      are 0.143%, 0.160%, and 0.2%.
PAR  While preferred embodiments of this invention have been disclosed herein,
      many modifications are feasible. This invention then is not to be
      restricted, except insofar as is necessitated by the spirit of the prior
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heat-to-electricity converter including a heat source of radioactive
      material which produces gamma rays, a thermoelectric element having a hot
      junction and a cold junction; said hot junction being connected in heat
      deriving relationship with said source, a heat sink, said heat sink being
      connected in heat deriving relationship with said cold junction, and a
      multifoil shield substantially of tantalum foil interposed between said
      source and said cold junction for suppressing both heat radiation from
      said source to said cold junction and gamma rays, said thermoelectric
      element having a generally helical form such that any hypothetical radial
      line from the heat source to the heat sink intersects said thermoelectric
      element only once.
NUM  2.
PAR  2. A heat-to-electricity converter including a container bounded by a
      thermally conducting wall and having disposed therein a heat source, a
      heat shield within said container enclosing said source, and a
      thermoelectric strip extending through said shield having a hot junction
      in heat-interchange relationship with said source and a cold junction in
      heat-interchange relationship with said wall, the only heat-conduction
      path through said strip from said hot junction to said cold junction being
      longitudinal of said strip, said source being generally cylindrical having
      a base and the thermoelectric strip having a generally helical form with
      the hot junction at inner end of the spiral and the cold junction at the
      outer end of the spiral, said hot junction end being in heat-exchange
      relationship with said source, the positioning of the strip in the
      container being such that any hypothetical radial line from the source to
      the wall intersects the strip only once, said source being radioactive,
      emitting gamma rays and the heat-shield is composed substantially of
      tantalum.
NUM  3.
PAR  3. The converter of claim 2 wherein the source is generally cylindrical
      having a base and the thermoelectric strip is annular with the hot
      junction at one end of the annulus and the cold junction at the other end
      of the annulus, said hot junction end being in heat-exchange relationship
      with said base, the shield concentrating the heat energy of said source on
      said base.
NUM  4.
PAR  4. The converter of claim 2 wherein the source is generally cylindrical
      having a base and the thermoelectric strip is in the form of a generally
      rectangular plate with the hot junction at one end and the cold junction
      at the opposite end, said hot junction end being in heat-exchange
      relationship with said base, the shield concentrating the heat energy of
      said source on said base.
NUM  5.
PAR  5. A heat-to-electricity converter including a heat source, a heat sink, a
      tantalum foil shield interposed in heat-radiation-shielding relationship
      between said source and said sink, said shield enclosing said source and
      having therein a generally spiral cavity which winds around said source
      between said source and sink, in such a manner that any hypothetical
      radial line from the source to said heat sink intersects the cavity only
      once, and a thermoelectric element extending through said cavity from said
      source to said sink having a hot junction in heat-receiving relationship
      with said source and a cold junction in heat-transfer relationship with
      said sink.
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ABST
PAL  The present invention consists of an aluminum alloy having a high fatigue
      strength which is particularly suited for use in the fabrication of
      printing plates for offset lithography. The alloy contains from 0.2 to
      0.75% magnesium, from 0.45 to 0.7% copper, from 0.1 to 0.7% iron and up to
      0.3% silicon. The alloy, when processed according to the process of the
      present invention possesses a uniquely high fatigue strength.
PARN
PAR  This is a Division of application Ser. No. 451,795, filed Mar. 18, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Offset lithography is a widely used printing process which utilizes a
      printing plate which has been treated so that certain portions of the
      plate are water receptive and other portions of the plate are receptive to
      an oil base ink. The printing process consists of first applying water to
      the sheet and then an oil base ink. After the alternate application of
      water and ink the aluminum sheet is then placed in contact with a rubber
      roll and a portion of the ink on the aluminum sheet is transferred to the
      rubber roll. The rubber roll is then placed in contact with a sheet of
      paper and the image which results on the paper is directly related to the
      original surface condition of the aluminum sheet. The aluminum sheet is
      usually prepared through the use of a photographic process. In one
      variation of this process, a photosensitive polymer is applied to the
      surface of the sheet and a pattern of light corresponding to the desired
      printed image is caused to impinge on the photosensitive polymer.
      Subsequently, a developer removes all the photosensitive polymer which was
      not exposed to light. Because of surface tension effects the oil base ink
      will adhere to the areas where the photosensitive polymer remains and the
      water will adhere to areas where the original surface of the aluminum
      sheet is exposed. Large numbers of copies may be made from one printing
      plate, sometimes in excess of one million. Because the resultant printed
      image depends on the surface condition of the aluminum sheet, it is highly
      important that the original surface of the sheet be smooth, flat and free
      from defects.
PAR  Aluminum alloys are widely used in the production of printing plates for
      use in offset lithography. Difficulties are encountered when aluminum
      alloy printing plates are used in extremely long production runs. These
      difficulties include fatigue cracking of the alloys and excessive wear of
      the alloy. These problems of low fatigue strength and excessive wear are
      both related to the inability of the alloy to further work harden in
      service. Commonly used aluminum alloys, Aluminum Association designation
      3003 and 1100 have a fatigue strength in hard tempers of about 10,000 psi
      at 500,000,000 reversals.
PAR  These problems cannot be solved by the substitution of higher strength
      aluminum alloys because present commercial processes cannot produce
      material having the required width, flatness and surface finish in alloys
      having a tensile strength in excess of 35,000 psi.
PAR  The preceeding difficulties may be largely overcome through the use of the
      alloy of the present invention. The alloy of the present invention has a
      fatigue strength of between 13,000 and 15,000 psi and a tensile strength
      of about 25,000 psi. When used in a partially annealed condition, these
      strengths may be obtained while the alloy retains sufficient work
      hardening capabilities so as to minimize wear.
PAC  SUMMARY OF THE INVENTION
PAR  The alloy of the present invention contains from 0.2 to 0.75% magnesium,
      from 0.45 to 0.7% copper, from 0.1 to 0.7% iron and up to 0.3% silicon,
      balance essentially aluminum. This alloy in the partially annealed
      condition possesses a moderate tensile strength of about 25,000 psi. The
      tensile strength is comparable to that of the commonly used aluminum
      alloys while the fatigue strength of 13,000 to 15,000 psi, is from 30 to
      50% greater than the fatigue strength of other alloys commonly used for
      litho plates.
PAR  The alloy of the present invention may be fabricated using conventional
      techniques and may be surface grained for lithography purposes using
      techniques similar to those used for current alloys. Additional advantages
      and benefits of the present invention will be made more apparent with
      reference to the following Description of the Preferred Embodiments in
      combination with the claims.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The composition of the present invention is given in weight percent in the
      following description unless otherwise specified.
PAR  The broad and preferred composition limits for the alloy of the present
      invention are given in Table I below:
TBL                TABLE I                                                     
     ______________________________________                                    
                Broad    Preferred                                             
     ______________________________________                                    
     Magnesium     .2 - .75  .4 - .6                                           
     Copper       .45 - .7   .5 - .6                                           
     Iron         .1 - .7     .4 - .65                                         
     Silicon       0 - .3    --                                                
     Manganese     0 - .05    0 - .05                                          
     Zinc          0 - .05    0 - .05                                          
     Titanium      0 - .03   .0075 - .015                                      
     Chromium      0 - .05    0 - .05                                          
     Boron         0 - .02   .005 - .015                                       
     ______________________________________                                    
PAR  The essential components of the alloy are magnesium, copper, iron and
      silicon. The other components listed in Table I may be present in
      concentrations up to those listed in the Table without adverse effect.
      Titanium may be present as a purposeful addition for the purposes of grain
      refinement. Naturally, any of the foregoing non-essential elements may be
      present in levels as low as 0.001%.
PAR  The alloying elements of the present alloy have been selected so that the
      resultant alloy in its final condition has a minimum of alloying elements
      present out of solid solution. Table II lists the approximate solid
      solubility of the alloying additions of the present invention at a
      temperature of 625.degree.F. This temperature was chosen since it is
      representative of the final full annealing temperature disclosed in the
      present application. Also shown in Table II are the approximate
      percentages of alloying elements of the present invention out of solution
      under the worst possible condition which is when the alloying elements are
      present in their maximum amounts. The sum of the alloying elements out of
      solution at 625.degree.F is seen to be less than 0.9%. The alloying
      composition of the present invention is preferably chosen to have a
      maximum amount of alloying additions out of solution to be less than 0.9%
      and most preferably less than 0.7%. The alloying composition must, of
      course, still fall within the limits set forth in Table I.
TBL                TABLE II                                                    
     ______________________________________                                    
            Solubility                Max. out of                              
            in Aluminum               Solution in                              
            at 625.degree.F                                                    
                        Max. Allowed in                                        
                                      Present Alloy                            
     Element                                                                   
            (approx.)    Present Alloy                                         
                                      at 625.degree.F                          
     ______________________________________                                    
     Mg     8.0            .75        --                                       
     Cu     2.0            .7         --                                       
     Fe     .02            .7         .68                                      
     Si     .15            .3         .15                                      
     Mn     .05            .05        --                                       
     Zn     45.0           .05        --                                       
     Ti     .01            .03        .02                                      
     Cr     .01            .05        .04                                      
     B      .005           .015        .010                                    
     ______________________________________                                    
DETD
PAR  The present invention will be made more clear through reference to the
      following illustrative examples.
PAC  EXAMPLE I
PAR  A series of alloys containing various amounts of magnesium, copper and
      silicon were cast for evaluation. The composition of the ingots is given
      in Table III, along with the details of the initial homogenization given
      the ingots. The ingots were hot rolled from 1.5 inches to a final gage of
      0.2 inch at a temperature of 825.degree.F. The ingots were reheated for 5
      minutes after each 0.1 inch reduction. The ingots were then cold rolled
      from 0.2 to 0.1 inch using a reduction of about 10% per pass. The cold
      rolled ingots were then annealed for 3 hours at 625.degree.F. Some of the
      ingots received controlled heating and cooling at a rate of
      25.degree.F/hr. before and after this anneal to simulate commercial large
      coil practice. Those ingots which received controlled cooling and heating
      are designated in Table III.
PAR  The annealed ingots were then cold rolled at 10% per pass to 0.060 inch or
      to 0.043 inch. The cold worked ingots were then annealed at 625.degree.F
      for 3 hours. For this anneal all alloys received the control cooling and
      heating rate of 25.degree.F/hr. The annealed material was then cold rolled
      10% per pass to a thickness of 0.030 inch. This represents a 50% reduction
      for the 0.060 inch gage material and a 30% reduction for the 0.043 inch
      gage material. As a final anneal the alloys received a partial anneal as
      described in Table III.
PAC  EXAMPLE II
PAR  The alloys prepared in Example I were evaluated for mechanical properties,
      yield strength, ultimate tensile strength and elongation. The results are
      listed in Table III. The alloys were also tested for fatigue strength and
      the fatigue strength listed in Table III is the stress in ksi which the
      alloy withstood for 10.sup.7 cycles.
TBL                                    TABLE III                               
     __________________________________________________________________________
                                   Controlled                                  
                                   Heating &                                   
                                          Final                Limit           
     Analyzed                      Cooling                                     
                                          Reduct.              10.sup.7        
     Alloy                         Intermediate                                
                                          % CW        YS UTS   Cycles in       
     Mg Cu Other  Ident.                                                       
                        Homog.     Annealing                                   
                                          to 0.030"                            
                                               Partial Anneal                  
                                                      ksi                      
                                                         ksi                   
                                                            %                  
                                                               ksi             
     __________________________________________________________________________
     .86                                                                       
        .48                                                                    
           .25 Si 11A   H 950/12-16 hrs.                                       
                                     No   50   425/1 hr.                       
                                                      25.0                     
                                                         29.3                  
                                                            6.0                
                                                               14.3            
     .86                                                                       
        .48                                                                    
           .25 Si 11B   H 950/12-16 hrs.                                       
                                     No   30   275/1 hr.                       
                                                      25.7                     
                                                         28.7                  
                                                            3.0                
                                                               13.0            
     .35                                                                       
        .46                                                                    
           .11 Si 12A   H 950/12-16 hrs.                                       
                                     No   50   275/1 hr.                       
                                                      26.1                     
                                                         28.5                  
                                                            4.0                
                                                               13.4            
     .35                                                                       
        .46                                                                    
           .11 Si 12B   H 950/12-16 hrs.                                       
                                     No   30    No    24.4                     
                                                         24.7                  
                                                            2.0                
                                                               13.0            
     .76                                                                       
        .56                                                                    
           .11 Si 18    H 1050-1100/12 hrs.C                                   
                                     No   50   295/11/2 hrs.                   
                                                      28.1                     
                                                         31.9                  
                                                            4.7                
                                                               14.1            
     .63                                                                       
        .38                                                                    
           .09 Si 20    H 1050-1100/12 hrs.C                                   
                                     No   50   405/11/2 hrs.                   
                                                      24.2                     
                                                         28.5                  
                                                            5.5                
                                                               14.0            
     .69                                                                       
        .54                                                                    
           .10 Si 22    No           No   50   295/11/2 hrs.                   
                                                      26.3                     
                                                         30.6                  
                                                            4.2                
                                                               14.9            
     .45                                                                       
        .54                                                                    
           .10 Si 26A   H 1050-1100/12 hrs.C                                   
                                     Yes  50    No    26.3                     
                                                         26.6                  
                                                            2.0                
                                                               13.8            
     .45                                                                       
        .54                                                                    
           .10 Si 26B   H 1050-1100/12 hrs.C                                   
                                     Yes  50   H 295/3 hrs.C                   
                                                      25.2                     
                                                         29.8                  
                                                            5.5                
                                                               15.7            
     1.2                                                                       
        .06                                                                    
           .2 Si  5050-H36*                                                    
                        H 1050-1100/12 hrs.C                                   
                                     Yes  50   295/3 hrs.                      
                                                      23.2                     
                                                         26.0                  
                                                            4.0                
                                                                11+.sup.(1)    
     -- .15                                                                    
           1.2 Mn 3003-H16                                                     
                        H 1100-1150/8 hrs.C                                    
                                     No   50    No    25.0                     
                                                         27.9                  
                                                            3.5                
                                                               11.6            
           .2 Si                                                               
     16% Clad 5050-H36 (0.011")                                                
                          Not Known             Yes   21.4                     
                                                         24.7                  
                                                            5.9                
                                                               11.2            
     Bare 1100-H16 (0.011")                                                    
                          Not Known             No    20.7                     
                                                         21.5                  
                                                            4.2                
                                                                9.1            
     __________________________________________________________________________
      H -- 50.degree./hr. heat to temperature                                  
      C -- 50.degree./hr. cool from temperature                                
      *10% Clad with 1145 alloy.                                               
      .sup.(1) Passed at 11 ksi and failed at 4 .times. 10.sup.6 at 12 ksi.    
PAR  It is noteworthy that the alloys of the present invention have average
      fatigue strengths on the order of 14,000 psi whereas conventional alloys
      used for the fabrication of lithography plates and listed in Table III
      have fatigue strengths on the order of 10 ksi. The improvement in fatigue
      strength is achieved without significant change in other mechanical
      properties. The yield strength and ultimate tensile strength of the alloys
      of the present invention are slightly higher than the conventional alloys,
      while the elongation of the present alloys is somewhat less than the
      elongation of the commercial alloys tested. The yield strength may be
      controlled by controlling the final partial anneal. The data in Table III
      indicates the importance of the final partial anneal in achieving superior
      fatigue strength. For example, the alloy identified as 26 has a fatigue
      strength of 13 ksi in the non-partially annealed condition and a fatigue
      strength of 15.7 ksi after the partial anneal, an improvement of 13.7%.
      The partial anneal also increased the elongation, which is a measure of
      residual work hardened capacity, from 2.0 to 5.5%. The yield strength was
      not significantly affected by the stabilization while the ultimate tensile
      strength was only slightly increased (3-5,000 psi). Thus, it can be seen
      that the partial anneal plays an important role in producing material
      having a high fatigue strength. The partial anneal conditions were
      selected to provide a yield strength of approximately 25,000 ksi. Material
      having a yield strength of 25,000 ksi may readily be fabricated using
      conventional commercial techniques.
PAC  EXAMPLE III
PAR  The samples of Alloys 12A, 12B, 26A and 26B were further evaluated for
      suitability for use in lithography plates by fabricating the lithographic
      printing plates from these alloys. The evaluation of the resultant printed
      images indicated that the alloys were highly suited for the fabrication of
      printing plates. The printed image was extremely sharp and there was no
      evidence of defects caused by the surface condition of the alloy.
PAR  In summary, the process which is preferred for preparation of the alloys of
      the present invention consists of the following steps:
PA1  1. Cast the alloy using conventional processes such as used for the casting
      of 1100 type alloys. Titanium may be added for grain refinement in the
      amounts listed in Table I.
PA1  2. homogenize at a temperature of between 900.degree. and 1150.degree.F for
      a time of between 2 and 24 hours. Care must be taken to avoid exceeding
      the solidus temperature which is dependent on the exact composition of the
      alloy.
PA1  3. Hot roll at a temperature between 750.degree. and 900.degree.F.
PA1  4. cold roll and anneal to penultimate gage. Intermediate anneals should be
      performed at temperatures between 600.degree. and 750.degree.F for periods
      from 1 minute to 6 hours.
PA1  5. The final cold reduction should be at least 20%.
PA1  6. The final partial anneal should be performed so that the resultant
      material has a 0.2% offset yield strength of between 22 and 28,000 psi. In
      general, the final anneal will be performed at temperatures between
      250.degree. and 500.degree.F for times of between 1 minute and 4 hours.
PAR  The resultant aluminum alloy is characterized by having a
      non-recrystallized grain structure, a yield strength of between 22 and
      28,000 psi. The elongation of the resultant alloy is preferably at least
      5%.
PAR  The aluminum alloy of the present invention treated according to the
      process of the present invention has superior fatigue properties and is
      highly suited for use in the production of long run aluminum lithography
      printing plates. For extremely long run printing plates it is common
      commercial practice to apply a layer of electroplated copper to the
      surface of the aluminum printing plate so as to provide a wear resistant
      surface. The alloy of the present invention can be easily plated with
      copper and the resulting copper plated surface is free from defects. The
      thickness of the copper plate layer will generally fall between 0.0005 and
      0.005 inch and may be applied by any of several well known conventional
      techniques.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing a high fatigue strength aluminum alloy comprising:
PA1  A. casting an aluminum alloy consisting essentially of from 0.2 to 0.75%
      magnesium, from 0.45 to 0.7% copper, from 0.1 to 0.7% iron, from 0.001 to
      0.3% silicon, balance aluminum;
PA1  B. homogenizing at a temperature of between 900.degree. and 1150.degree.F,
      but below the solidus temperature of the alloy, for a period of time of
      between 2 and 24 hours;
PA1  C. hot rolling at a temperature of between 750.degree. and 900.degree.F;
PA1  D. cold rolling and annealing to penultimate gage;
PA1  E. applying a final cold reduction of at least 20%; and
PA1  F. partially annealing to produce a high fatigue strength aluminum alloy.
NUM  2.
PAR  2. A method according to claim 1 wherein said alloy contains a material
      selected from the group consisting of from 0.001 to 0.5% manganese, from
      0.001 to 0.05% zinc, from 0.001 to 0.3% titanium, from 0.001 to 0.05%
      chromium, from 0.001 to 0.02% boron, and mixtures thereof.
NUM  3.
PAR  3. A method according to claim 1 wherein the annealing in step (D) is at a
      temperature of from 600.degree. to 750.degree.F for from 1 minute to 6
      hours.
NUM  4.
PAR  4. A method according to claim 1 wherein said partial annealing in step (F)
      is at a temperature of from 250.degree. to 500.degree.F for from 1 minute
      to 4 hours.
NUM  5.
PAR  5. A method according to claim 4 wherein said partial annealing in step (F)
      produces a high fatigue strength aluminum alloy having a 0.2% offset yield
      strength of between 22,000 and 28,000 psi.
NUM  6.
PAR  6. A method according to claim 1 wherein the resultant high fatigue
      strength aluminum alloy is suitable for use in long run lithographic
      printing plates.
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ABST
PAL  Metal/metal oxide coated articles having selective reflectance and
      transmittance of radiation over an extended spectral range are provided by
      a combination of alternately disposed coating layers of metal and metal
      oxide, the metals of the metal layer being silver, chromium, iron, cobalt
      or nickel and the metal oxide being copper oxide. Chemical or electroless
      plating techniques are disclosed for the production of such articles.
      Uniform oxide coatings are formed by first depositing metal films, then
      treating them with surfactants to promote uniform oxidation and then
      exposing them to an oxidizing environment.
PARN
PAR  This is a division, of application Ser. No. 252,803, filed May 12, 1972.
      That application is now U.S. Pat. No. 3,846,152 issued Nov. 5, 1974.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to the applicant's copending application
      "Angled Crossfire Rinses" filed July 6, 1971, Ser. No. 159,746 and is
      related to the commonly assigned applications of R. G. Miller, filed July
      23, 1970, Nos. 57,451, 52,575 and 57,754 application Ser. No. 57,575 is
      now abandoned; application Ser. No. 57,451 is now U.S. Pat. No. 3,723,158
      issued Mar. 27, 1973; application Ser. No. 57,754 is now U.S. Pat. No.
      3,674,571 issued July 4, 1972.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to multiple coated articles exhibiting selective
      reflectance and transmittance of radiation over an extended spectral
      range, and more particularly relates to visibly transparent articles
      having such selective reflectance. In another embodiment, this invention
      relates to an electroless coating method for producing such articles.
PAR  In the past, multiple layer coatings have been employed which provide
      particular reflectance and transmittance characteristics for the composite
      film. Exemplary of this prior art is the basic work of G. L. Dimmick, for
      example, U.S. Pat. Nos. 2,379,790, 2,412,496, 2,422,954 and 2,624,238.
      Particular coating materials employed in the prior art and disclosed in
      these references are a relatively high index refraction material selected
      from lead molybdate, lead tungstate, lead chromate, titanium dioxide,
      magnesium oxide, lead oxide, bismuth oxide and preferably zinc sulfide and
      a low index of refraction material selected from magnesium fluoride,
      calcium fluoride, calcium silicate, lithium fluoride, aluminum fluoride,
      aluminum oxide and preferably thorium oxyfluoride (cryolite). In the
      application of such layers according to the prior art, it is necessary to
      employ vaporization techniques or other techniques requiring a vacuum. The
      techniques of this prior art are not particularly effective for the
      production of coatings on large substrates, such as those intended for
      viewing closures in buildings or vehicles.
PAR  Other workers in the art have modified the basic concepts of Dimmick to
      include metal films or foil and semimetal films in combination with the
      particular high index of refraction materials taught by Dimmick. Exemplary
      of disclosures relating to these modifications is U.S. Pat. No. 3,516,720
      which discloses the use of two metal films in combination with layers of
      high index of refraction material according to Dimmick where the
      particular metal films are a nickel film and a gold or copper film
      separated by a layer of zinc sulfide. As with the articles and techniques
      of Dimmick, the preparation of these combination films or coatings are
      practically limited to their preparation on small substrates such as the
      sunglasses which are prepared according to this reference.
PAR  In the preparation of metallic films on large substrates, there has been a
      large body of teaching relating to preparation of such coatings by
      electroless techniques which have developed from the art of the
      preparation of mirrors. Exemplary of such teachings are U. S. patents to
      Richard G. Miller for the preparation of copper films, U.S. Pat. No.
      3,457,138, and copending applications for the preparation of iron, cobalt
      and nickel films, Ser. No. 57,451 and Ser. No. 57,754, filed July 23,
      1970, which are herein incorporated by reference.
PAR  It has also been known in the past to prepare copper coatings on large
      substrates with the outer or exposed portion of the film oxidized so that
      a composite copper oxide/copper film results; see U.S. Pat. No. 3,537,944.
      The copper oxide coatings so produced are not found to provide for a
      variety of products having different characteristics which may be modified
      at will by simple control of the process for forming such coatings. Such
      coatings do not appear to have a sharp plane of demarcation between the
      copper oxide and the copper, but instead appear to have a gradual change
      from copper oxide to copper through their thickness and are not found
      adaptable for providing specific interference colors.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, substrates, in particular transparent
      substrates such as glass, have been provided with multiple coatings to
      provide the articles with selective reflectance and transmittance
      properties for radiation over an extended spectral range. At least two
      coating or film layers are required in accordance with this invention. One
      layer comprises at least one metal, for example, silver, chromium, iron,
      cobalt, or nickel, or mixtures of such metals substantially in a reduced
      metallic state. The metal may be present alone or in the presence of other
      ingredients, such as phosphorous of boron, present in small quantities as
      the result of chemical reduction using compounds containing such elements
      as reducing agents for the metal comprising the principal constituent in
      the coating. Other impurities may also be present depending upon the
      particular method employed to apply the principal metal to the substrate
      or to the surface to which it is attached. Typically, tin or palladium may
      be present in small quantities within the metal coating.
PAR  A second coating or film layer comprising the oxide of at least one metal,
      preferably copper or iron, is affixed to the described metal coating.
      Copper has been found to be vastly superior to any other metal for the
      preparation of the oxide coatings of this invention. While it is preferred
      that the metal coating be affixed to the substrate and the metal oxide
      coating disposed over the metal coating, it is also possible to have the
      metal oxide layer adjacent to the substrate and the metallic coating
      disposed over the metal oxide layer. Further, more than two layers may be
      employed in some instances with alternate layers of metal oxide and metal
      films preferred but with the possibility of metal/metal oxide combinations
      in accordance with the preferred embodiments of this invention also being
      conveniently used in combination with other metal or metal oxide films,
      such as protective silica coatings covering the exposed face, whether
      metal or metal oxide, in accordance with the preferred embodiments of this
      invention.
PAR  The articles of this invention may be prepared using any convenient
      material as a substrate which is or may be made receptive to the
      deposition of the contemplated films. Substrates which may be useful for
      particular purposes include metals, porcelain, porcelain and enamel coated
      metals, refractory materials, glass and organic polymeric materials, such
      as plastics. Particularly useful articles are prepared for use as viewing
      closures utilizing glass as a substrate. While any known glass may be
      employed in this invention, the articles are preferably prepared utilizing
      common soda-lime-silica glasses. In particular, clear glass may be used as
      a substrate, although tinted and heat absorbing glasses may also be used
      to advantage.
PAR  Articles produced according to this invention for employment as windows in
      buildings and the like, preferably are prepared having two layers of film
      with the metal film adjacent the substrate. The thickness of the metal
      film may range from 20 to 1000 Angstroms, and preferably will be from
      about 50 to 200 Angstroms. The metal oxide coating will generally have a
      thickness of from 50 to 1500 Angstroms, and preferably will have a
      thickness from 200 to 900 Angstroms.
PAR  While the articles of this invention, if prepared having the metal oxide
      layer as the exposed coated surface, have been found to be relatively
      durable, in some applications, it is preferred to employ the coated glass
      in a multiple glazed window unit with the coated surface facing the
      interior space between adjacent panels of such multiple glazed units. When
      employing such multiple glazed units in the wall of a building, it is
      preferred to position such units so that the coated glass is disposed
      towards the exterior of the building, for such an arrangement enhances the
      thermal isolation of the interior of the building from the external
      environment under general weather conditions.
PAR  In order to obtain articles having particular reflectance and transmittance
      characteristics and in particular exhibiting desired color characteristics
      when viewed either in reflection or transmittance, the relative thickness
      of metal and metal oxide films is controlled. A wide variety of color
      characteristics are possible utilizing the principles of this invention.
      For example, when viewed from the coated side, articles of this invention
      may be observed to have colors which appear as greenish-silver, bronze,
      gold and gray. Reflectance of such articles from the glass side, when
      employing clear soda-lime-silica glass as a substrate, may vary from blue
      to violet to blue-green and the apparent color of such articles viewed in
      transmission may be silver, gold, brass, yellowish-bronze, or
      yellow-brown. Quantitatively, the colors of articles according to this
      invention may be expressed using the conventions of the conventional
      C.I.E. color system and using the parameters of reflectance, dominant
      wavelength, excitation purity and tristimulus values.
PAR  The preferred two-layer coated articles according to this invention have
      the following quantitative color characteristics: preferably articles
      having two layers of film, one metal and one metal oxide, on a glass
      substrate have a visible light or luminous transmittance of from 85 to 95
      percent. Most preferably, such articles will be prepared using a clear
      soda-lime-silica glass, and the article will have in addition to the
      aforementioned characteristics a luminous reflectance from the glass
      substrate side of from 5 to 35 percent, and a color reflectance from the
      glass substrate side of from 560 to 580 nanometers dominant wavelength,
      from 5 to 35 Y tristimulus value, and from 2 to 20 percent excitation
      purity.
PAR  Measurement of the characteristics of the articles of this invention is
      accomplished using a Beckman Model DK-2A Spectrometer. The "total solar"
      reflectance and transmittance are integrated values for response over the
      spectral range from 300 nanometers to 2100 nanometers. The "luminous"
      reflectance and transmittance are integrated values for response over the
      spectral range from 380 nanometers to 760 nanometers. Transmittance is
      expressed as the percent of light transmitted through the specimen tested
      compared with the light transmitted through air. Reflectance is expressed
      as the percent of light reflected from the specimen tested compared with
      the light reflected from a flat, white, magnesium oxide block.
PAR  Characteristics are determined according to responses calculated for
      illumination by standard Illuminants "B" and "C". Tristimulus Y or
      reflectance, dominant wavelength and excitation purity follow convention.
PAR  The thickness of films or coating layers is determined by standard
      interferometric technique. The interferometer employed is a Sloan M-100
      Angstrometer.
PAR  Considering the present invention in another aspect, a method is provided
      for preparing the multiple layer coated articles described which is
      readily applicable to the preparation of coated articles having large
      surface areas, for example, greater than 12 inches by 12 inches and even
      greater than 10 feet by 10 feet. The method for preparing such articles in
      accordance with this invention does not suffer from the problems attendant
      to the preparation of narrow band filters, such as taught in the prior art
      according to Dimmick and others, which require the deposition of films in
      a vacuum and require the close monitoring of deposition during the
      preparation of such articles. Such problems are also common to the method
      of preparing a copper/copper oxide composite film which is described
      above.
PAR  The metallic film or coating on which a metal oxide coating is to be formed
      may be applied by electroless plating, electrolytic plating, vapor
      deposition, sputtering or any other known technique. For example, a
      metallic coating of chromium may be conveniently applied by vapor
      deposition, while a silver coating may more conveniently be applied by
      electroless coating. The following description indicates a preferred
      method for forming the metallic coating of particular metals by
      electroless plating.
PAR  The metal coating comprising nickel, cobalt, iron or some mixture thereof
      along with other materials in relatively minor amounts is applied to the
      substrate by contacting it with a mixture comprised of two compositions
      which are held separate from one another until immediately before or at
      the time of contacting the substrate. One composition is a solution
      containing the metal to be deposited, preferably as a reducible metal
      salt, soluble or easily dispersible in the medium, preferably water, for
      supplying the reactant; and a second composition, preferably containing a
      boron-containing reducing agent for the metal, though other reducing
      agents will be apparent to those skilled in the art.
PAR  Prior to contacting the substrate with such a composition mixture, the
      substrate will preferably be cleaned in order to enhance the uniformity of
      the resultant coating. Substrates, which are not metallic and are not
      receptive to the deposition of an adherent film, are then contacted with a
      composition to make the surface receptive to coating. Such so-called
      sensitizing compositions customarily contain a tin compound such as a tin
      halide or sulfate, and stannous chloride is the preferred material for
      sensitizing glass surfaces. A further sensitizing step utilizing a noble
      metal, preferably palladium, may also be employed, and, while palladium
      may be supplied as any palladium halide, palladious chloride in
      combination with an equal amount of hydrochloric acid in an aqueous
      solution is preferred for preparing glass surfaces.
PAR  Following one or more contacting steps to provide a film of iron, cobalt,
      or nickel on a glass substrate, the glass substrate is coated with copper
      or iron, preferably copper, by contacting it with a copper-containing
      composition and a reducing agent for the copper. Preferably an alkaline
      copper salt solution, for example, a solution comprising copper sulfate,
      will be used along with a reducing agent, such as formaldehyde, dextrose
      and invert sugar, preferably formaldehyde. A small quantity of nickel or
      cobalt is preferably present as a soluble salt with particularly preferred
      salts being sulfates and tartrates. The method includes contacting the
      glass with a Rochelle salt at a controlled pH to reduce the copper,
      depositing it on a copper film over the metallic silver, iron, cobalt or
      nickel film. Prior to the second coating application the first coating is
      preferably activated by contacting it with a palladium salt as before.
PAR  Following such treatment, the coated article is subjected to heat,
      preferably above about 400.degree.F and below a temperature at which the
      substrate becomes distorted in an oxidizing atmosphere to convert the
      copper layer to copper oxide. As disclosed and claimed herein, the best
      mode for practicing the method of the present invention contemplates
      contacting the film to be oxidized with an adsorbing surfactant prior to
      heat treatment in an oxidizing atmosphere in order to enhance the
      uniformity of oxidation and the apparent uniformity of the resulting film
      as visually observed.
PAR  In another aspect of the present invention, a method is provided for
      preparing a thin metal oxide film on a substrate with the resulting film
      having superior uniformity. Also provided for in this invention is a
      method of oxidizing the surface of the metal article to a controlled depth
      in a manner which provides for uniform oxidation over the surface.
PAR  It has been found that uniformity of oxidation of a metal is enhanced by
      treating the metallic surface to be oxidized with a surfactant material
      which is strongly adsorbed at the metal surface so that the surface is
      made hydrophobic, that is, non-wetting. It has been found that metal
      surfaces which have been so treated, when heated to 200.degree.F to
      800.degree.F and preferably 300.degree.F to 500.degree.F, in the presence
      of air, are oxidized uniformly over the surface. While it is not fully
      understood why the presence of an adsorbing surfactant promotes the
      uniformity of oxidation, it is thought that the presence of an adsorbing
      surfactant provides a uniformly thin layer of surfactant over the metal
      surface and that the rate of oxidation is thus controlled by the rate of
      oxygen diffusion through the surfactant to the metal surface which is
      thought to be relatively uniform compared to the contact of oxygen with
      the metal surface directly. It is thought that when the bare metal surface
      is exposed to air that inherently some air turbulence exists which causes
      the oxidation rate to be non-uniform over the surfaces. It has been
      observed that metal surfaces treated with an effective absorbing
      surfactant are hydrophobic even after heat treatment for 20 minutes at
      about 500.degree.F. This indicates that the surfactant is maintained on
      the surface during the oxidation of the underlying metal.
PAR  This method is applicable to the oxidation of metals, such as copper,
      aluminum, zinc, iron, cobalt, nickel, tin, indium and the like, whether in
      solid form or as relatively thin films disposed on other materials. Thin
      metallic films such as films over other articles prepared by either
      plating over opaque articles or prepared by various techniques as thin
      transparent films on transparent substrates may be oxidized in place
      according to this invention.
PAR  The following surfactants are exemplary of those found to be useful in the
      practice of this invention: sorbitan monolaurate, and acetylene glycol
      2,4,7,9-tetramethyl-5decyne-4,7 diol in ethylene glycol sold under the
      name "Surfinol" by Airco Chemical. Any surfactant which is strongly
      adsorbed at a metal surface and which is stable at temperatures high
      enough to promote oxidation of the metal in air may be employed in the
      present invention. Non-ionic surfactants which have been tested have been
      found to be useful. Sorbitan monolaurate has been found to be particularly
      useful as a surfactant to be employed in the oxidation of copper. In the
      practice of this invention the adsorbing surfactants are appplied to the
      metal surface from solution. Either aqueous or organic solutions may be
      employed. While useful surfactants may be applied in full strength, it is
      preferable to apply the surfactants from solution. It is preferred that
      such solutions contain from 0.001 to 20 percent by weight surfactant, and
      solutions containing 0.05 to 5 percent by weight surfactant are more
      preferred, with the concentrations indicated in the examples, which
      follow, being particularly desirable.
PAR  In addition to the surfactants employed in the invention, solutions may
      contain alkali metal salts, for example, alkali metal carbonates,
      sulfates, phosphates, nitrates and the like are contemplated. In
      particular the sodium salts may be effectively used. Preferably the alkali
      metals are present as sodium carbonate, tetra sodium pyrophosphite and the
      like.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a simplified article produced in
      accordance with the present invention;
PAR  FIG. 2 is a cross-sectional view of an alternative embodiment of the
      article of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of an alternative multiple layer
      embodiment of the present invention;
PAR  FIG. 4 is a broken perspective view of an insulating glass unit employing a
      muliple coated glass plate in accordance with this invention;
PAR  FIG. 5 is a sectional view of a laminated glass article in accordance with
      this invention; and
PAR  FIGS. 6 and 7 are plots of transmittance and reflectance characteristics of
      coatings versus metal oxide coating thickness for articles comprising the
      preferred embodiments according to this invention, particularly monolithic
      articles including the color characteristics of preferred embodiments
      according to this invention
DETD
PAR  In the drawings, where like reference numbers indicate similar elements,
      the articles of this invention are shown. A preferred embodiment of a
      monolithic article according to this invention is shown in cross-section
      in FIG. 1. A substrate, 1, preferably transparent and more preferably
      glass, has disposed thereon a coating or film layer, 5, which is
      substantially metallic, which, in turn, has disposed thereon a coating or
      film layer, 7, which is substantially a metal oxide. The relationship of
      the metal layer, 5, and the oxide layer 7, may be altered with respect to
      the substrate, 1, as illustrated in FIG. 2. As illustrated in FIG. 3, the
      number of metal and metal oxide layers may be increased for particular
      effect. An overlayer, 9, may be provided which is metallic or oxide for
      particular optical performance or an overlayer, 9, of silica may be
      provided for protection of the principal coating layers, 5 and 7. A
      preferred article incorporating the combinations of coatings disclosed is
      a multiple glazed unit such as shown in FIG. 4. One panel of glass, 1,
      having coatings according to this invention is mounted in substantially
      parallel relationship and spaced from another glass panel, 3, with a
      marginal frame member, 11, holding the panels, which are held in spaced
      relation by a spacer member, 15, and sealed with material, 13. Laminated
      articles, as shown in FIG. 5 may be prepared utilizing this invention. A
      coated glass piece, 1, is laminated to another piece, 3, and adhered with
      interlayer material, 17, such as polyvinyl butyral or polyurethane.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiment of this invention comprises a glass substrate
      having one metal coating deposited thereon and one metal oxide coating
      disposed over the metal coating. The preferred metal for the metal coating
      is nickel. The nickel coating contains boron in a minor amount. The metal
      oxide coating is copper oxide. The thickness of each coating varies
      depending upon the particular reflectance and transmittance
      characteristics desired.
PAR  The best method contemplated for preparing the articles of this invention
      follows. Prior to applying any coating to the glass surface, the glass
      surface is cleaned. If the glass to be coated has an imperfect coating
      which must be removed the initial cleaning step comprises contacting the
      glass surface with a strong cleansing agent such as those which are
      conventionally employed for cleaning glass. In particular, chromic acid
      and other strong acids may be used, although it is preferred to employ
      solutions of strong oxidizing agents such as peroxides, perborates or
      permanganates. This initial cleaning, if necessary, is followed by washing
      the glass with water. While tap water may be employed, it is preferable to
      use distilled, deionized or demineralized water. Following the wash, the
      glass surface is blocked or lightly abraded using brushes or felt blockers
      along with a water mixture containing cerium oxide, silica or other common
      light abrasive materials. The glass is then again washed with water and
      rinsed clear.
PAR  The cleaned glass is then contacted with a sensitizing agent to make the
      glass surface receptive to the deposition of metal and to insure that
      deposited metal will adhere to the glass surface. The preferred method for
      sensitizing a glass surface comprises contacting the surface with a dilute
      aqueous solution of a tin salt. While any soluble or water-dispersible tin
      salt such as stannous bromide, stannous iodide or stannous sulfate may be
      employed, stannous chloride is a preferred source of tin. A stannous
      chloride solution having a preferred concentration of stannous chloride of
      from 0.01 to 0.1 grams per liter is employed, and a solution having a
      stannous chloride concentration of from 0.06 to 0.09 grams per liter has
      been found to be particularly useful. The tin solution may be sprayed or
      permitted to drip onto the glass surface or may be applied using any
      conventional contacting technique. Applying the solution from a pipe
      having orifices disposed along its length and allowing the solution to
      drip onto the glass has been found to be particularly simple and
      troublefree. Following contact of the glass with a tin solution, the glass
      is again rinsed with water. A variety of conventional techniques may be
      employed for spraying rinse water against the glass, although it has been
      found particularly beneficial to employ crossfire rinse applicators to
      direct the spray generally against the direction of glass travel on a
      conveyor while traversing the glass perpendicular to its direction of
      travel. Such an arrangement is the subject of applicant's copending
      application Ser. No. 159,746, filed July 6, 1971 now U.S. Pat. No.
      3,793,054 issued Feb. 19, 1974, which is incorporated herein by reference.
PAR  Following rinsing, the glass surface is contacted with a noble metal
      solution to further prepare the surface for receiving a coating. The
      preferred solution for employment in this step is a palladious chloride
      solution having a concentration of palladious chloride of from 0.005 to
      about 1.0 grams palladium chloride per liter of solution together with an
      equal amount of hydrochloric acid. This solution may be applied to the
      glass by techniques similar to those for application of the tin solution,
      such as spraying or dripping. Following contact of the glass with a
      palladium solution, the glass is again rinsed with a rinse water
      preferably applied using crossfire rinse applicators as before indicated.
PAR  Following the palladium treatment and its accompanying rinse, the glass is
      then contacted with a composition suitable for depositing a nickel coating
      onto the glass surface. The preferred method for depositing nickel is that
      disclosed in the commonly assigned copending application entitled "wet
      Chemical Method of Producing Transparent Metal Films" to R. G. Miller,
      application Ser. No. 57,754, filed June 23, 1970.   Briefly, the nickel
      deposition step involves intermixing two separate solutions, one a
      nickel-containing solution, and another, a reducing solution containing a
      boron-containing reducing agent, and contacting the glass with the
      intermixed solution so that the reducing agent reduces the nickel,
      depositing it onto the glass. The preferred separate solutions are
      formulated as follows:
TBL  Nickel Solution                                                           
     Nickelous acetate                                                         
                     0.5 to 50 grams per liter                                 
     Boric acid      0.5 to 35 grams per liter                                 
     Sodium gluconate                                                          
                     1.0 to 75 grams per liter                                 
     Hydrazine sulfate                                                         
                     0.1 to 5.0 grams per liter                                
     Ammonium hydroxide                                                        
                     to adjust pH to 7.0 to 10.5                               
     Wetting agent                                                             
      Ethomeen C-20* 0.01 to 1.0 grams per liter                               
      *Sold by Armour & Co. and consisting of:                                 
TBL  (CH.sub.2 CH.sub.2 O).sub.x H                                             
              R--N.angle.                                                      
              (CH.sub.2 CH.sub.2 O).sub.y H                                    
PAL  where R is derived from cocoamine and x + y = 10
TBL  Reducing Solution                                                         
     ______________________________________                                    
     Sodium borohydride                                                        
                     0.1 to 25 grams per liter                                 
     Sodium hydroxide                                                          
                     to adjust pH to 10 to 12.5                                
     Wetting agent                                                             
      Ethomeen C-20* 0.01 to 1.0 grams per liter                               
     ______________________________________                                    
      *Sold by Armour & Co.                                                    
PAL  Preferably the two solutions are sprayed at equal rates so that the spray
      fans intersect at or near the surface of glass to be coated. After
      spraying the two solutions to intermix at the glass surface, the glass is
      conveyed from under the spray applicators and the reacting composition is
      allowed to remain as a puddle or pool on the top surface of the glass
      while deposition continues. The glass is then rinsed with water as before.
      The nickel deposition step may be repeated until the desired nickel-boron
      film thickness is attained as indicated by visible light transmittance or
      by any other convenient technique. Following a final rinse, the
      nickel-containing coating may be air dried but preferably is allowed to
      remain wet. The nickel surface is then treated with a palladium salt
      solution as described before. It is then rinsed with water.
PAR  The nickel coating surface is then contacted with an aqueous alkaline
      copper filming solution containing a water-soluble or water-dispersible
      copper salt, a reducing agent and an alkaline pH control agent, the salt
      of the metal selected from the group consisting of nickel and cobalt. The
      preferred copper solution comprises two solutions, which are described as
      concentrates which are diluted with water immediately before application.
      The first concentrate is a copper salt solution comprising a copper salt
      such as copper sulfate in an amount of from about 50 to 80 grams per
      liter. The second metal salt is nickel sulfate in an amount from about 15
      to 30 grams per liter, along with a reducing agent, such as formaldehyde,
      in an amount of from about 400 to 550 cc. per liter. The second
      concentrate comprises a pH control agent, such as sodium hydroxide, in an
      amount from about 70  to 100 grams per liter and a Rochelle salt in an
      amount from about 250 to 350 grams per liter. These concentrates are
      diluted with water in ratios from about 1 part of copper solution to 1
      part of Rochelle salt solution to 4 parts of water to about 1 part copper
      solution to 1 part Rochelle salt solution to 10 parts of water to provide
      relatively thick copper coatings suitable for oxidation. The preferred
      dilution ratio is from about 1:1:5 to about 1:1:8 and a dilution ratio of
      1:1:6 is most preferred. The copper solution is applied by dripping from a
      drip pipe as described above for tin application, although other
      application techniques, such as spraying, pouring or brushing, for example
      might also be conveniently employed. Following contact of the article with
      this copper filming composition, the article is again rinsed with water
      and may be dried by air.
PAR  Following this, the copper film is contacted with an aqueous solution
      containing an adsorbing surfactant. This surfactant solution preferably
      contains from about 0.05 to 5 percent by weight of surfactant and sorbitan
      monolaurate is the preferred surfactant. The surfactant solution is
      applied by pouring, spraying or dripping, and may, after a short contact
      time, be rinsed from the plate with a water rinse. The article is then
      dried.
PAR  The coated article is then heated in an oxidizing atmosphere at a
      temperature above about 300.degree.F, preferably between about 400.degree.
      to 600.degree.F, and most preferably about 450.degree.F. The coated
      article is maintained at that temperature for a period from about 5 to 20
      minutes, preferably about 10 minutes. This treatment results in a copper
      oxide coating over a metallic nickel coating disposed on a glass
      substrate. The resulting article is observed to selectively reflect and
      transmit light as evidenced by its apparent difference in reflected and
      transmitted color.
PAR  The preferred embodiments of this invention may be more fully understood
      from the examples described below.
PAC  EXAMPLE I
PAR  Plates of clear soda-lime-silica glass, 1/4 inch thick and measuring 54
      inches by 78 inches, were coated with nickel and copper as described
      above, using the following preferred solutions:
TBL  Tin Solution Preferred     Range                                          
     ______________________________________                                    
     Stannous chloride                                                         
                  0.2 gram      .02 - .4 gram                                  
     Hydrochloric acid                                                         
                  0.04 milliliter                                              
                                .04 - .06 milli-                               
     (12N)                      liter                                          
     Water        added to 1 liter                                             
                                added to 1 liter                               
     Palladium Solution                                                        
                  Preferred     Range                                          
     Palladious chloride                                                       
                  0.02 gram     .02 - .04 gram                                 
     Hydrochloric acid                                                         
                  0.04 milliliter                                              
                                .02 - .04 milli-                               
     (12N)                      liter                                          
     Water        added to 1 liter                                             
                                added to 1 liter                               
     Nickel Solution                                                           
                  Preferred     Range                                          
     Nickelous acetate                                                         
                   5 grams      4 - 10 grams                                   
     Boric acid   2.5 grams     2 - 5 grams                                    
     Sodium gluconate                                                          
                  9.0 grams     7 - 18 grams                                   
     Hydrazine sulfate                                                         
                  0.5 grams     .4 - 1.0 grams                                 
     Water        added to                                                     
                  1 liter                                                      
     Ammonium hydroxide                                                        
                  added to      pH 7.0 - 7.6                                   
                  pH 7.2                                                       
     Ethomeen C-20*                                                            
                  1 drop per    0 - 2 drops                                    
                  liter of                                                     
                  solution                                                     
     Acetone      .01 gram      0 - 100 grams                                  
     Reducer Solution                                                          
                  Preferred     Range                                          
     Sodium borohydride                                                        
                  0.5 gram      .4 - 1.0 grams                                 
     Water        added to      added to 1 liter                               
                  1 liter                                                      
     Sodium hydroxide                                                          
                  added to      pH 11 - 11.6                                   
                  pH 11.5                                                      
     Ethomeen C-20*                                                            
                  1/2  drop     0 - 2 drops                                    
                  per liter                                                    
     ______________________________________                                    
      *Sold by Armour & Co.                                                    
PAL  The plates were coated with nickel by conveying them along a conveyor while
      sequentially contacting the upper surface of the plate with reactant
      solutions and rinses as described above. The treatment sequence
      corresponded to the treatment described in copending application entitled
      "Wet Chemical Method for Producing Transparent Metal Films" of R. G.
      Miller. The thickness of the nickel films was about 225 Angstroms, and the
      nickel film-glass combination had a visible light transmittance of about
      19 percent.
PAR  Following the nickel coating, the plates were rinsed and conveyed beneath
      the tin and palladium applicator once again. Stannous chloride
      sensitization and palladium chloride activation were the same as before. A
      copper solution prepared from a first concentrate containing 60 grams of
      copper sulfate per liter, nickel sulfate as 20 grams per liter and
      formaldehyde in an amount of 470 cc. per liter and a Rochelle salt
      concentrate containing 88 grams per liter of sodium hydroxide and 290
      grams per liter of Rochelle salt were diluted with water in a ratio of
      1:1:6 and applied to the nickel-coated surface from an oscillating drip
      pipe at a rate of 6,000 milliliters per minute and allowed to contact the
      surface for about 5 minutes. This copper solution was then rinsed off with
      water. Following rinsing, the plate was air dried. At this point in the
      process, the nickel-copper coating combination on the glass appeared
      copper color in reflectance from the coated surface and bluish-gray in
      reflectance from the glass surface. The luminous transmittance was 3 to 4
      percent. A solution of surfactant was dripped onto the metal coating and
      maintained there for one minute. The solution was then rinsed off with
      water and the plate was dried with air. The surfactant was present in this
      surfactant solution as 0.1 percent, and the surfactant employed was that
      sold by Fisher Scientific Company under the name FL-70. This surfactant is
      a non-ionic surfactant comprising a mixture of sodium carbonate, ethylene
      diamine tetraacetic acid, fatty acid-ethoxylated adducts, ethylene glycol
      and a sulfated quaternary ammonium compound. The dried surface was
      observed to be water repellent. Twelve (12) inch by 12 inch samples were
      cut from the plates for further treatment.
PAR  The 12 inch by 12 inch samples were placed in a small furnace and heated in
      air for 20 minutes at 450.degree.F to convert the copper layer on the
      nickel film into a transparent film of copper oxide. The resulting film
      combinations appeared bright bronze to a deep bronze in reflectance from
      the glass side of each of the combinations and bluish-green to green in
      reflectance from the coated side of the combination. The samples were
      bronze in transmittance. The copper oxide layer was determined to be about
      700 and 900 Angstroms in thickness. The copper layer prior to oxidation
      was determined to be about 230 to 300 Angstroms in thickness. The overlaid
      layer of copper oxide was stripped from some of the samples by contacting
      the samples with an aqueous solution of ammonia (5% to 10% by weight). The
      underlying nickel coating was observed to be unchanged with the
      glass-nickel coating combination having a visible light transmittance of
      19 percent, both before application of the coppering solution and after
      removal of the copper oxide film after treatment. For stripping metallic
      copper an aqueous solution of 5% ammonia and 1% hydrogen peroxide was
      employed.
PAC  EXAMPLE II
PAR  Glass plates were coated with nickel and copper as described in Example I,
      except that the copper solution was allowed to contact the substrate for
      1.25 to 1.5 minutes before being rinsed off. The luminous transmittance of
      the glass-metallic nickel-metallic copper combination was 16 to 17
      percent. The glass plates were contacted with surfactant as in Example I
      and were dried with air. Four inch by four inch samples were cut from the
      plates and heat treated in air as in Example I for 20 minutes at
      450.degree.F. The resulting articles appeared bright greenish-silver in
      reflectance from the glass side and violet in reflectance from the coated
      side, while being greenish-gray in transmittance. As in Example I, the
      underlying nickel coating was observed to be unchanged when the copper
      oxide coating had been stripped from the articles. The samples had a
      copper oxide layer thickness of about 300 Angstroms and the copper film
      prior to oxidation was about 100 Angstroms thick.
PAC  Example III
PAR  Plates were coated as in Examples I and II except that the copper solution
      was permitted to contact the nickel-coated glass for three minutes and
      then rinsed off. The resulting metallic nickel-metallic copper glass
      combination had a luminous transmittance of 7.4 percent. Four inch by four
      inch samples cut from the plates and treated with surfactant were heated
      for 40 minutes at 360.degree.F. The resulting combination appeared golden
      in reflectance from the glass side, blue in reflectance from the coated
      side and golden in transmittance. The luminous transmittance was 24.5
      percent compared to 19.9 percent for the underlying nickel coating in
      combination with the glass. In stripping off the copper oxide from the
      sample as described above indicated that the underlying nickel coating was
      unchanged by the heat treatment. The reflectance from the glass side was
      40.4 percent. The coated samples which appear golden in reflectance from
      the glass side were samples having copper oxide films of 550 to 700
      Angstroms in thickness. The copper films corresponding to these copper
      oxide films had thicknesses of 180 and 230 Angstroms, respectively. It was
      observed that equivalent results could be obtained by heating samples for
      15 minutes at 450.degree.F.
PAR  In accordance with this invention monolithic glass articles having a
      variety of colors may be prepared. In four particularly preferred
      embodiments employing nickel and copper oxide soda-lime-silica glass
      plates are provided with a greenish-silver, a greenish-gold, a gold and a
      bronze appearance in reflection from the glass side. The properties of
      these preferred embodiments are:
TBL  __________________________________________________________________________
     Apparent Color  Greenish-Silver                                           
                               Greenish-Gold                                   
                                        Gold    Bronze                         
     __________________________________________________________________________
     Thickness of                                                              
     CuO, A          200 - 350 350 - 500                                       
                                        500 - 700                              
                                                700 - 900                      
     Transmittance                                                             
     Luminous Transmittance, %                                                 
                     23 - 25   21 - 23  12 - 21 7.5 - 12                       
     (Tristimulus-Y)                                                           
     Excitation Purity, %                                                      
                      8 - 21   21 - 35  35 - 40 38 - 44                        
     Dominant Wavelength, nm.                                                  
                     566 - 570  570 - 573.5                                    
                                        573.5 - 576                            
                                                575 - 576                      
     Reflectance from Glass Side                                               
     Luminous Reflectance, %                                                   
                      32 - 35.5                                                
                               35.5 - 38.5                                     
                                        31 - 40 25 - 31                        
     (Tristimulus-Y)                                                           
     Excitation Purity, %                                                      
                     2.5 - 8    8 - 14  14 - 19 10 - 19                        
     Dominant Wavelength, nm.                                                  
                     465 - 515 515 - 555                                       
                                        555 - 578                              
                                                578 - 590                      
     __________________________________________________________________________
PAR  The characteristics of these preferred embodiments are shown in FIGS. 6 and
      7 with the properties shown as continuous functions. The dominant
      wavelengths for these embodiments are expressed in nanometers, the
      excitation purities in percent and the luminous transmittance (or
      reflectance) or Tristimulus-Y values in percent. The properties are based
      upon glass substrates one-quarter inch thick having a luminous
      transmittance of 88 percent and a underlying nickel-boron layer providing
      a glass-nickel combination transmittance of 19 to 20 percent. The optical
      characteristics of the coated articles are expressed according to
      conventional colorimetric principles and are related to the metal oxide
      coating thickness in angstroms.
PAR  In the preparation of the articles of this invention it is preferred that
      iron, cobalt, or nickel be deposited by electroless plating in accordance
      with the methods described in the related copending applications of R. G.
      Miller. It is preferred that chromium be applied by vacuum vapor coating
      or cathodic sputtering. It is preferred that silver or copper be applied
      by methods in accordance with the teachings of U.S. Pat. No. 3,457,138 to
      R. G. Miller. In the examples which follow several embodiments of this
      invention are described.
PAC  EXAMPLE IV
PAR  Nickel films are deposited on glass plates as in Example I by contacting
      the plates for 60 seconds with nickel salt solution. The films are treated
      with tin chloride solutions as in Example I but not with a palladium salt
      solution as in Example I. The films are then spray contacted with a
      solution identical to the nickel solution except that the nickel salt is
      replaced with an iron salt. Some specimens are contacted for 3 minutes and
      some for 5 minutes. The resulting iron films are treated with an adsorbing
      surfactant as in Example I, and the articles are heated to oxidize the
      iron. The heat treatment is carried out at about 660.degree.F
      (600.degree.F should be the minimum temperature used). The resulting
      articles exhibit interference colors in reflectance from either surface,
      being blue-green to brown depending upon the length of iron salt contact
      time.
PAC  EXAMPLE V
PAR  An iron film is deposited on glass in a manner similar to the deposition of
      nickel in Example I; the iron salt solution is identical to the nickel
      salt solution except for the substitution of an iron salt for the nickel
      salt. The iron film is then activated with palladium, and a layer of
      copper is deposited on the iron film as in Example I. The copper film is
      then treated with an adsorbing surfactant and heated to oxidize the copper
      layer. The resulting article exhibits interference colors in reflectance
      from either surface.
PAC  EXAMPLE VI
PAR  A chromium film is deposited on glass by cathode sputtering in an argon
      atmosphere of about 10 to 40 millitorr using a chrome plated cathode
      operating at about -4Kv. The coated article is subjected to palladium
      activation as in Example I. A copper film is deposited over the chrome,
      treated with surfactant and oxidized as in Example I. The resulting
      article exhibits interference colors when viewed toward either surface.
PAC  EXAMPLE VII
PAR  A cobalt film is deposited on glass in a manner identical to the deposition
      of nickel in Example I except for the substitution of a cobalt salt for
      the nickel salt in the metal-containing solution. The cobalt film is
      activated with palladium as in Example I. A copper film is deposited over
      the cobalt, treated with surfactant and oxidized as in Example I. The
      resulting article exhibits interference colors when viewed toward either
      surface.
PAC  EXAMPLE VIII
PAR  Silver films are deposited on glass by reducing silver according to the
      method described in U.S. Pat. No. 3,457,138. The coated specimens have
      light transmittances of 25, 30 and 40 percent. The silver films are
      activated with palladium as in Example I. A copper film is deposited over
      the silver, treated with surfactant and oxidized as in Example I for one
      hour at about 400.degree.F. The resulting articles exhibit interference
      colors when viewed toward either surface. Colors ranging from gold to blue
      are observed in reflection depending upon the thickness of the underlying
      silver film.
PAC  EXAMPLE IX
PAR  Copper films are deposited on glass substrates and the copper oxidized in
      the manner described above. Coated specimens are further coated with
      chromium, nickel, cobalt or iron by cathode sputtering. The resulting
      articles exhibit interference colors.
PAR  When the underlying layer of coating is an oxide, it is preferable to apply
      an overlayer by sputtering or vapor deposition or by reduction using a
      relatively weak reducing agent such as a hypophosphite, borazole, borane
      or borazene in order to avoid reducing the underlayer to metal. When
      employing electroless plating techniques to deposit a metal over a metal
      oxide it is preferable to overcoat iron oxide rather than copper oxide for
      it is easier to maintain the oxide as an oxide without substantial
      reduction at the oxide-metal interface. It has been found that copper
      metal may be applied over iron oxide by electroless plating.
PAR  The thickness of a copper film which is applied may be precisely controlled
      by controlling the concentration of reactants in the copper solution and
      controlling the contact time between the coppering solution and the
      substrate being coated. Since oxidation of the copper film results in a
      film thickness growth of about a factor of three, wide ranges in thickness
      are possible by controlling the deposition of copper, and the precision of
      coppering thickness control is adequate to precisely control the thickness
      of the copper oxide film despite this thickness growth.
PAR  Included within the scope of this invention are articles wherein the oxide
      layer includes elements such as tin, zinc and cadmium which alloy with
      copper. For example tin, zinc or cadmium may be deposited over copper by
      electroless or electrolytic techniques and caused to migrate into the
      copper layer during oxidation.
PAR  While this invention has been described with particular reference to
      preferred embodiments, those skilled in the art will recognize variations
      and modifications which are encompassed by the concepts of this invention
      and by the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the preparation of a metal oxide comprising heating a metal to be
      oxidized in an oxidizing atmosphere to a temperature of at least about
      300.degree.F, the improvement comprising contacting the metal with a
      surfactant which renders the surface of the metal hydrophobic when dried
      in air and then drying the contacted metal prior to heating the metal to a
      temperature of at least about 300.degree.F.
NUM  2.
PAR  2. The method according to claim 1 wherein the metal to be oxidized
      comprises a substantially metallic coating disposed upon a non-metallic
      substrate and the metal and substrate are heated throughout to a
      temperature between about 300.degree.F, and a temperature at which the
      substrate on which the metal is disposed would be distorted.
NUM  3.
PAR  3. The method according to claim 2 wherein the substrate is transparent,
      the substantially metallic film is transparent and the heating is
      continued until the metal is substantially completely oxidized uniformly
      over its entire area to make a metal oxide which is observable as having
      substantially uniform visible light transmittance over its entire area.
NUM  4.
PAR  4. The method according to claim 3 wherein the metal to be oxidized is
      selected from the group consisting of copper, aluminum, iron, cobalt,
      nickel and mixtures thereof and, in the step of contacting the metal with
      a surfactant which renders the surface of the metal hydrophobic when dried
      in air, the metal is contacted by a surfactant that is a non-ionic
      surfactant.
NUM  5.
PAR  5. The method according to claim 4 wherein the metal to be oxidized is
      copper and, in the step of contacting the metal with a surfactant which
      renders the surface of the metal hydrophobic when dried in air, the metal
      is contacted by sorbitan monolaurate.
NUM  6.
PAR  6. The method according to claim 1 wherein, in the step of contacting the
      metal with a surfactant which renders the surface of the metal hydrophobic
      when dried in air, the metal is contacted by the surfactant in an aqueous
      solution which contacts the metal to be oxidized.
NUM  7.
PAR  7. The method according to claim 1 wherein, the step of contacting the
      metal with a surfactant which renders the surface of the metal hydrophobic
      when dried in air, the surfactant is selected from the group consisting of
      sorbitan monolaurate, acetylene glycol 2,4,7,9-tetramethyl-5 decyne-4,7
      diol and mixtures of sodium carbonate, ethylene diamine tetraacetic acid,
      fatty acid-ethoxylated adducts, ethylene glycol and sulfated quaternary
      ammonium compounds.
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PAL  In making sheet metal parts by means of oxygen cutting, the cutting torch
      is positioned so as to direct the oxygen jet at an angle of
      4.degree.-5.degree. from the vertical in the direction of the cut and at
      an equal angle toward the part being cut out.
PAL  The arrangement for orientating the gas cutting machine torch during the
      cutting process comprises two coaxial cylinders. The outer cylinder is
      mounted rotatably in relation to the inner cylinder. The inner cylinder is
      fixedly mounted on the carriage of the gas cutting machine and is
      connected through a flexible means to the cutting torch which is fitted in
      a bearing whose outer race is linked to the rotatably mounted outer
      cylinder and is adapted to have an angular motion in a vertical plane. Gas
      supply hoses pass through the inner cylinder to the cutting torch.
BSUM
PAR  The present invention relates to the methods of cutting out parts of
      various shape from sheet metal by means of an oxygen jet and to an
      arrangement for orientating the torch of a photo-tracing or
      programme-controlled gas cutting machine employed to work by this method.
PAR  It is widely known to cut parts from sheet metal by means of an oxygen jet
      directed perpendicular to the plane of the metal sheet during the cutting
      movement of the torch.
PAR  With this method, a considerable amount of unburnt metal and its oxides,
      referred to as dross, becomes deposited on the bottom edges of the cut out
      parts.
PAR  To reduce dross, use is made of very pure (up to 99.9 percent) oxygen which
      promotes deoxidation of the metal during the cutting process. However, the
      production of very pure oxygen either results in reduction of the oxygen
      output or involves large expenses.
PAR  It is also known to reduce dross by decreasing the intensity of the metal
      heating flame, which entails reduction of the cutting rate. In this way
      the oxygen jet acts on the heated area of the metal for a longer time,
      bringing about better deoxidation.
PAR  Another method known in the art is to position the cutting torch over the
      metal so that the oxygen jet is inclined 30.degree.-50.degree. from the
      vertical in the cutting direction and 15.degree.-20.degree. from the
      vertical toward the part being cut out. During the cutting movement of the
      torch the latter is kept in such a position as to maintain the oxygen jet
      at a constant angle to the cutting path irrespective of changes in the
      direction of cut.
PAR  While applying an oxygen jet inclined 30.degree.-50.degree. from the
      vertical in the cutting direction and 15.degree.-20.degree. toward the
      part being cut out, the distance between the end of the cutting torch and
      the surface of the metal must be maintained strictly constant. Any
      alternation of this distance affects the truth of the dimensions of the
      part concerned due to dislocation of the point of intersection of the
      oxygen jet axis and the surface of the metal. Moreover, the application of
      an oxygen jet inclined at the angles mentioned above apprecially bevels
      the edges of the parts produced.
PAR  There are known gas cutting machines for making parts from sheet metal by
      means of an oxygen jet.
PAR  Such machines comprise a carriage which mounts a cutting torch orientating
      arrangement, i.e. an arrangement which permits of setting the cutting
      torch in a position where the oxygen jet is inclined at the required angle
      to the plane of the metal sheet and enables the torch to be kept in such a
      position as to maintain the oxygen jet at a constant angle to the cutting
      path irrespective of changes in the direction of the cut.
PAR  The cutting torch orientating arrangements known in the art comprise a
      bracket to mount the torch, supply lines to deliver oxygen and combustible
      gas to the torch and a drive mechanism arranged to rotate the bracket with
      the torch and mounted on the carriage.
PAR  The gas supply lines in said arrangements are made in two embodiments, viz:
      (1) a system of hoses connecting the cutting torch direct to the gas
      supply; (2) a system of hoses connecting the cutting torch the gas supply
      through distributing manifolds.
PAR  In the first embodiment, the cutting torch can be rotated about its axis
      through an angle limited to within 3 .pi. - 4 .pi. because of the hoses
      becoming twisted due to the rotational movement of the torch.
PAR  In the second embodiment, the construction is complicated and not
      sufficiently reliable since the distributing manifolds involved cannot
      ensure proper gas tightness.
PAR  It is an object of this invention to provide a method of making sheet metal
      parts by means of oxygen cutting, which method will ensure high quality of
      the cut out parts in virtue of true dimensions thereof and a small bevel
      of the edges.
PAR  It is a further object of this invention to provide an arrangement for
      orientating the gas cutting machine torch during the cutting process,
      which arrangement will enable the cutting torch to rotate without twisting
      the gas supply hoses and will also preclude gas leakage in the working
      zone, thereby ensuring high operating reliability.
PAR  These objects are achieved in a method of making sheet metal parts by means
      of oxygen cutting whereby the cutting torch is positioned so as to direct
      the oxygen jet at an angle to the plane of the metal sheet and during the
      cutting movement of the torch it is kept orientated so that the angle of
      the oxygen jet to the cutting path remains constant irrespective of
      changes in the direction of the cut.
PAR  According to the invention, the cutting torch is positioned so that the
      axis of the oxygen jet is inclined at an angle of 4.degree.-5.degree. from
      the vertical in the direction of the cut and at an equal angle toward the
      part being cut out. The arrangement for orientating the cutting machine
      torch in working by the method described above comprises two coaxial
      cylinders. The inner cylinder is fixedly mounted on the carriage of the
      gas cutting machine. The outer cylinder is mounted on said carriage
      rotatably in relation to the inner cylinder. Said inner cylinder is
      connected through a flexible means to the cutting torch which is fitted in
      a bearing. The outer race of this bearing is linked to the rotatably
      mounted outer cylinder and is adapted to have an angular motion in a
      vertical plane. The hoses which supply gas to the cutting torch pass
      through the inner cylinder.
PAR  The invention consists essentially in the following.
PAR  It is known that the inclination of the oxygen jet from the vertical in the
      direction of the cut and the consequent inclination of the heating flame
      make it possible to cut metal at a high rate (up to 900 mm/min, depending
      on the thickness of the metal involved) by virtue of the inclined flame
      heating the metal layers ahead of it. Also, with the oxygen jet in this
      position, dross forming on the bottom edge of the cut is blown out by the
      jet in the direction of the cutting movement and is thus prevented from
      depositing in the cut. This materially reduces dross on the edges of
      cut-out parts. If the oxygen jet is inclined toward the part being cut
      out, dross is deposited by the jet on the edge of the waste metal, the
      deposit of dross on the part edges being materially reduced. When the
      oxygen jet is inclined from the vertical both in the direction of the cut
      and toward the part being cut out, the edges of the cut-out parts are free
      from dross.
PAR  By considering this method it has been found that the truth of parts
      dimensions and the amount of the edge bevel produced in gas cutting
      machines depend on the inclination of the oxygen jet. The larger the angle
      of inclination, the less accurate are the dimensions of the parts and the
      larger is the bevel of the edges. The slightest variation in the distance
      between the torch end and the metal surface due thermal distortion of the
      metal affects the truth of the dimensions.
PAR  We have found the minimum oxygen jet angles which provide for dimensional
      accuracy and reduction of the edge bevel.
PAR  The minimum inclination of the oxygen jet from the vertical in the
      direction of the cut is 4.degree.-5.degree.. The minimum inclination of
      the oxygen jet from the vertical toward the part being cut out is also
      4.degree.-5.degree..
PAR  When the cutting torch is set so that the oxygen jet is inclined
      4.degree.-5.degree. from the vertical in the direction of the cut, the
      metal is heated sufficiently for the cutting to be done at a high speed.
      Increasing the angle of inclination does not produce an appreciable
      improvement of the cutting efficiency.
PAR  Inclining the oxygen jet at an angle of 4.degree.-5.degree. toward the part
      being cut out confines dross to the edge of the waste metal. Increasing
      this angle does not improve the quality of the edge. Thus, the inclination
      of the oxygen jet at an angle of 4.degree.-5.degree. from the vertical in
      the direction of the cut and at the same angle from the vertical toward
      the part being cut out gives the optimum conditions for high-speed cutting
      and obviation of dross. These conditions provide for a sufficiently high
      dimensional accuracy of parts cut out within the practical limits of
      variation in the distance between the end of the cutting torch and the
      surface of the metal.
PAR  In producing parts of intricate form in a gas cutting machine by means of
      an oxygen jet inclined to the plane of the metal sheet, the cutting torch
      has to be orientated by provision of an appropriate arrangement.
PAR  The arrangement provided by the present invention keeps the cutting torch
      orientated so that the angle of the oxygen jet to the cutting path remains
      constant irrespective of changes in the direction of the cut.
PAR  This arrangement has an advantage in that the cutting torch does not rotate
      about its axis in being orientated, whereby twisting of the gas supply
      hoses is obviated, making it possible to dispense with gas distributing
      manifolds.
PAR  The cutting torch does not have to rotate about its axis because it is
      connected through a flexible means to the fixedly mounted inner cylinder
      and is fitted in a bearing whose outer race is linked to the rotatably
      mounted outer cylinder.
PAR  The cutting torch is adapted to have an angular motion in a vertical plane
      and can therefore be inclined at the required angles from the vertical.
PAR  The gas supply hoses are accommodated inside the fixedly mounted inner
      cylinder to enable the bearing outer race to be rigidly linked to the
      rotatably mounted outer cylinder. The element which links the bearing race
      to the cylinder remains well clear of the gas supply hoses with the outer
      cylinder rotated through any angle. By directing the cutting torch to the
      gas supply direct through the hoses gas leakage in the working zone is
      obviated.
DRWD
PAR  Now the invention will be described in detail with reference to the
      accompanying drawings in which:
PAR  FIG. 1 shows the positional relationship of the cutting torch and the metal
      sheet during the cutting process.
PAR  FIG. 2 diagrammatically shows the cutting process.
PAR  FIG. 3 is a partially cut-away front view of the cutting torch orientating
      arrangement.
PAR  FIG. 4 is a circuit diagram of a system for controlling the cutting torch
      orientating arrangement.
DETD
PAR  For a better understanding the application of the method according to the
      present invention is considered by way of example.
PAR  A part of intricate form is to be cut out from a carbon steel sheet 5 mm
      thick.
PAR  For the purpose a cutting torch 1 (FIG. 1) is positioned over a metal sheet
      2 so that the axis 3 of the oxygen jet is inclined at an angle
      .alpha..sub.t = 4.degree.-5.degree. from a vertical line 4 in the
      direction of a cutting path 5 and at an angle .alpha..sub.n =
      4.degree.-5.degree. toward the part 6 (FIG. 2) being cut out.
PAR  After the metal is burnt through at the point A, the cutting torch is moved
      along the cutting path 5 at a constant speed V. During the cutting process
      the position of the cutting torch is kept orientated so that the oxygen
      jet angles .alpha..sub.t and .alpha..sub.n remain constant irrespective of
      the direction of the cutting path. Under these conditions the projection Q
      of the oxygen jet portion 7 cutting through the metal and the angle .beta.
      between this projection and the tangent 8 to the cutting path at any given
      point B remain constant.
PAR  The process is continued until the cutting torch returns to the initial
      point A.
PAR  The edges of the part cut out in this manner are bevelled not more than
      3.degree.. The dimensions of the part are accurate to within .+-.1 mm.
PAR  The arrangement shown in FIG. 3 comprises a cutting torch 1 and two coaxial
      cylinders 10 and 11. The cutting torch 1 is mounted on a bracket 9. The
      inner cylinder 11 is fixedly mounted on a carriage 12. The outer cylinder
      10 is mounted rotatably in relation to the inner cylinder 11. Gas supply
      hoses 13 pass through the interior of the fixedly mounted cylinder 11 and
      are connected to the cutting torch 1. A flexible shaft 14 connects the
      cylinder 11 to the cutting torch 1.
PAR  The cutting torch 1 is fitted in a bearing 15. The outer race 16 of the
      bearing 15 is linked to the rotatably mounted cylinder 10 by a bracket 9.
      The cylinder 10 has a toothed rim 17 arranged to mesh with a reduction
      gear 18 which is mounted on the carriage 12.
PAR  The reduction gear 18 is connected to a servomotor 19 and a feedback pickup
      20.
PAR  The output of the pickup 20 is connected to the input of a comparison
      element 21 (FIG. 4). The other input of the comparison element 21 is
      connected to a phototracing control system 22. The output of the
      comparison element 21 is connected to the servomotor 19 through an
      amplifier 23.
PAR  In order that the cutting torch 1 can be set at the angle .alpha..sub.t
      from the vertical in the direction of the cut the outer race 16 of the
      bearing 15 is secured to the bracket 9 in a position where the bearing
      axis makes an angle .alpha. = .alpha..sub.t .sqroot.2 with the vertical.
PAR  On making the connections of the cutting torch orientating arrangement, the
      cutting torch is set at the angle .alpha..sub.n toward the part 6.
PAR  For the purpose the bracket 9 is turned about the axis of the cylinders 10
      and 11 to the required angle and clamped to the outer cylinder by means of
      any simple clamping device.
PAR  When a change in the direction of the cut occurs, the error voltage U.sub.1
      produced by the element 21 by comparing the voltage U.sub.2 supplied by
      the control system 22 with the voltage U.sub.3 supplied by the feedback
      pickup 20 is fed through the amplifier 23 to the servomotor 19. Thus
      actuated, the servomotor 19 drives the reduction gear 18 and thereby
      rotates the outer cylinder 10 and the feedback pickup 20 until there is no
      more error voltage. In this way the angles .alpha..sub.t and .alpha..sub.n
      are maintained constant.
PAR  As can be seen from the description given herein, the method provided by
      this invention improves the dimensional accuracy of the cutting process
      and decreases the bevel of the cut edges, whereas the cutting torch
      orientating arrangement provided by this invention enables the cutting
      torch to be rotated without twisting the gas supply hoses, obviating gas
      leakage in the working zone.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making parts from sheet metal by means of oxygen cutting by
      positioning the cutting torch so as to direct the oxygen jet at an angle
      of 4.degree.-5.degree. from the vertical in the direction of the cut and
      at an equal angle toward the part being cut out and, during its cutting
      movement, keeping the torch orientated so that the angle of the oxygen jet
      to the cutting path remains constant irrespective of changes in the
      direction of the cut.
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PAL  A process for producing a highly formable steel capable of affording yield
      strengths upwards of 90,000 psi through air hardening and without need of
      liquid quenching, the steel preferably contains correlated percentages of
      chromium and nickel among other elements and should be in the martensitic
      condition prior to the first heat treating step.
PARN
PAR  The instant application is a continuation-in-part application of U.S.
      applications Ser. Nos. 379,118 and 379,119 filed July 13, 1973 both of
      which are now abandoned.
PAR  The subject invention concerns the metallurgy of steel, and is specifically
      addressed to the development of a highly formable steel capable of
      delivering yield strengths upwards of 90,000-120,000 psi, but which can be
      air hardened to that strength level without recourse to liquid quenching.
PAR  As recently reported (1), a number of low alloy high strength steels are
      presently available which offer attractive yield strengths, i.e., above
      80,000 psi, together with a reasonable degree of toughness. Normally there
      are but a few strengthening mechanisms used in producing such steels,
      notably controlled rolling with morphological shape control (mostly
      sulfide), carbon strengthening with small additions of strong carbide
      formers, and precipitation hardening.
PAR  In the production of such steels, many require a liquid quench, whether it
      be off the hot mill or in combination with a temper or otherwise. In any
      case, it can be said that such a quench is rather the antithesis of the
      instant invention. For quite apart from consideration of strength, it can
      introduce certain hazards, including cracking, warping, distortion, etc.,
      principally by reason of the high internal stresses set up as a
      consequence thereof.
PAR  But even as to those low alloy high strength steels which are not so
      handicapped, most are conspicuous by their lack of formability, a
      pronounced drawback. And this, ironically perhaps, is largely attributable
      to their high strength. This is not to suggest that such high strength
      steels are beyond being formed, say by bend forming. However, it does
      bring into focus as to what is meant by "formability", a term perhaps
      often used too loosely. As contemplated herein, formability encompasses
      all three principal forming modes, bending, stretching and drawing. It is
      not at all uncommon for a steel to be "bend" formable only to fare poorly
      by way of response to a stretching and/or drawing operation. Actually,
      many of those steels which "bend form" do so only under very high bending
      loads. And this, in turn, is reflected in higher power costs.
PAR  I have now found that (a) high yield strengths, as high as 90,000-120,000
      psi and above, and (b) excellent formability (as above indicated) can be
      brought together in a single steel which is, nonetheless, (c) air
      hardenable; provided, however, the steel is (i) of a special composition,
      (ii) heat treated under certain conditions and (iii) at a certain
      temperature, (iv) fabricated to desired configuration in that condition,
      and (v) thereafter again heat treated within a temperature range further
      herein described. Furthermore, the steel is weldable and capable of
      absorbing a satisfactory level of impact energy.
PAR  Generally speaking, the present invention contemplates the production of
      fabricated steel components or structures through the application of a
      series of operations which comprise (i) providing a steel of correlated
      composition, the steel containing up to 0.2% carbon or possibly up to 0.3%
      thereof where otherwise less resistance to impact can be tolerated, up to
      6% chromium, up to about 4% manganese, up to about 3% nickel, up to 4%
      molybdenum, up to about 1.25% copper, up to 1% aluminum, up to 1% silicon
      and the balance essentially iron, the constituents being interrelated to
      satisfy the following Base Factor (BF) relationship
EQU  5 .times. %C, + %Mn,+ %Cr,+ 2/3 .times. %Ni,+ %Mo,+ 2/3 .times. %Cu,+  1/2
      .times. %Al, + 1/4 .times. %Si .gtoreq.5.5;  (ii) heating the steel above
      its recrystallization temperature but below its A.sub.1 temperature for a
      period such that hardness is substantially reduced and significant
      softness is induced; (iii) cooling the steel to a temperature desired for
      forming (normally room temperature and up to about 200.degree.F.); (iv)
      subjecting the steel to a forming operation to attain the configuration
      desired; (v) heating the formed component at a temperature above the
      A.sub.3 of the steel composition to form a substantially austenitic
      structure, most advantageously within the temperature range of
      1550.degree.-1750.degree.F.; and (vi) thereafter cooling the formed
      component, the microstructure of the steel being substantially that in the
      hot rolled condition.
PAR  In accordance herewith, the invention enables steels of low to moderate
      cost to be utilized which steels can then be formed at low yield strength
      plateaus, e.g., 40,000-60,000 psi using low load forces (and thus minimum
      power) with excellent response being achieved in respect of each of the
      three primary forming modes. Because of the ultimate high strengths
      attainable, components and structures of thinner sections can be employed
      than otherwise might be the case, this at a not insignificant cost
      benefit. This coupled with the substantial weight reduction made possible,
      affords a product designed to more effectively counter the inroads of
      competitive materials. It is envisaged, for example, that the subject
      steel can be used for fabricating automotive bumpers, an application for
      which light-weight aluminum and plastics are aggressively vying. (2) Too,
      since the present steel is so highly formable, approaching even that of
      AISI 1008, the scope of structural shapes and sizes obtainable is markedly
      extended.
PAR  In carrying the invention into practice, it is deemed of particular benefit
      that the steel be in the martensitic condition prior to being heated
      between its recrystallization and A.sub.1 temperature. This largely
      contributes to achieving the desired high strength levels. By observing
      the abovdescribed Base Factor alloying relationship a martensitic
      structure is virtually assured. It should be pointed out that a
      martensitic structure as contemplated herein includes any of the products
      of shear transformation of an essentially face-centered-cubic iron to an
      essentially body-centered-cubic iron.
PAR  The Base Factor can be lowered to about 5 or even down to about 3.5 or 4;
      however, this will be at the expense of strength and will likely require
      thicker sectioned materials, depending upon a given application.
      Unnecessary second phases may also be present. It is deemed advantageous
      that the steel contain from about 2 to 4%, particularly from 2.5 to 3.5%,
      chromium; about 1.25 to 3%, and preferably from 1.5 to 2.5%, nickel; from
      0.005 to 0.15%, e.g., 0.01 to 0.1% carbon; up to 0.5% molybdenum; up to
      about 1 or 1.25% copper; up to 0.5 or 1% silicon; up to 0.1 or 0.2%
      aluminum, balance essentially iron. Another steel of desired composition
      contains about 1.5% to 3.5%, preferably about 1.75% to 3.25% manganese, in
      lieu of the nickel content.
PAR  While the presence of such elements as columbium, vanadium, titanium,
      tantalum and boron can be tolerated in small amounts, they should be
      limited to low levels, say, less than about 0.05% of each, since they can
      impair formability. Normal percentages of sulfur, phosphorus, nitrogen,
      oxygen, etc., consistent with good steel-making practice, are permissible.
PAR  Following conventional steel practice, the contemplated steel will usually
      be treated in the as hot-rolled condition, i.e., the condition obtained
      upon air cooling off the hot mill. Because of the nature of the
      martensitic (shear) transformation these structures, after hot working,
      contain relatively high amounts of residual strain. And there is, in
      accordance herewith, considerable advantage to be gained with a structure
      containing strain. For example, a larger gap is created between the
      recrystallization and A.sub.1 temperatures. This in turn, facilitates
      fabrication by enabling the steel to be softened more readily to its most
      formable condition. Put another way, strain generally results in a lower
      recrystallization temperature. This means that heating to obtain
      formability can be conducted at a temperature producing relatively maximum
      softness or it can be performed at a lower temperature with the equivalent
      degree of softness as would be obtained at a higher temperature in the
      absence of strain.
PAR  Additional (as distinct from residual) strain can be imparted to the steel
      in a number of ways. For example, hot rolling can be controlled so that
      the finishing temperature is on the order of 1500.degree.F., say
      1450.degree.-1600.degree.F. This controlled rolling produces strain. Or
      the steel can be slow cooled from hot rolling (actually air cooling could
      be used) and thereupon cold rolled. This confers strain upon the
      martensite. Furthermore, cold rolling prior to the first heat treatment
      (between recrystallization and A.sub.1) results in a texture being
      developed in the steel which enhances drawability, it being considered
      that a high plastic anisotropy ratio (high R value) obtains. Usually it
      also desirably reduces yield strength.
PAR  In terms of heat treatment, should the A.sub.1 temperature be violated on
      the upside, fresh martensite can be formed. This results in higher
      hardness and thus detracts from formability. Thus, while a temperature
      above A.sub.1 can probably be used, say 25.degree.-50.degree.F. above, it
      is unnecessary to do so to obtain desired softening. It is to advantage
      that the first heating be within about 50.degree.F. of the A.sub.1
      temperature. Of course, A.sub.1 (as does A.sub.3) depends upon composition
      and is easily determined as is well known to those skilled in the art.
      Generally, a temperature of 1150.degree.-1400.degree.F. will be
      satisfactory for the first step, the steel being held thereat for about 1
      to 48 hours, the shorter time being used at the higher temperature. It is
      preferred that a temperature of 1200.degree. or 1250.degree.F. to
      1300.degree. or 1350.degree.F. be used over a duration of about 24 to 48
      hours. The idea is to so heat steel such that a yield strength of less
      than 70,000 to 60,000 psi is obtained.
PAR  With regard to the second stage heating, it should be conducted at a
      temperature and for a period to bring about a transformation to austenite
      or substantially austenite. Upon cooling strength is restored, the steel
      undergoing transformation to the structure present in the hot rolled
      condition. A temperature of from 1500.degree.-2000.degree.F. is generally
      suitable, the holding time being, say, for at least about 5 minutes. It is
      preferred to use a temperature range of 1500 to 1650.degree.F. for a
      period upwards of about 10 minutes, say to 30 minutes. The steels,
      depending upon chemistry, will manifest yield strengths of about 90,000
      and upwards of about 120,000 psi.
PAR  The following description and data are given as illustrative of what can be
      accomplished in accordance with the invention.
PAR  A number of alloy steels, compositions set forth in Table I, were prepared
      as follows: using raw materials of relative commercial purity, e.g.,
      spectographic carbon, low carbon ferromanganese and ferrosilicon,
      ferrochromium, etc., a charge of chromium and nickel (and molybdenum when
      used) was placed in an air induction furnace, brought to heat at about
      3000.degree.F. and cooled to about 2900.degree.F., whereupon silicon and
      manganese were added to deoxidize the melt. Carbon was added for a carbon
      boil and silicon and manganese were added if necessary. After skimming the
      melt, ferromanganese and ferrosilicon were added. Aluminum was again added
      for deoxidation. Titanium was then introduced in a few heats as was
      aluminum in one instance as a purposeful alloying addition.
PAR  The melts were poured at 2850.degree.-2900.degree.F., cooled, with the
      ingots being thereafter soaked at approximately 2000.degree.F. The ingots
      were then hot worked to sizes of 1/8 to 1/2 inch thick. A controlled
      finishing temperature of about 1500.degree.F. was used for Alloys 2 and 3,
      a 50% reduction in thickness being accomplished. Various alloys were cold
      rolled. The processed condition is given in Table II, together with
      mechanical properties at various stages of treatment. Alloys 1-7 are
      within the most advantageous alloying ranges of the invention, whereas
      Alloys 8-10 are of lower strength.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Alloy                                                                     
         C    Mn  Si  Ni  Cr   Mo   Ti    Al  Fe                               
     No. %    %   %   %   %    %    %     %   %                                
     __________________________________________________________________________
     1   0.06 0.25                                                             
                  0.46                                                         
                      1.76                                                     
                          3.9  n.a. 0.03  --  bal.                             
     2   0.06 0.23                                                             
                  0.44                                                         
                      1.97                                                     
                          3.8  0.42 0.005 --  bal.                             
     3   0.066                                                                 
              0.55                                                             
                  0.17                                                         
                      1.69                                                     
                          4.2  n.a. --    0.09                                 
                                              bal.                             
     4   0.035                                                                 
              3.05                                                             
                  0.19                                                         
                      --  3.07 n.a. n.a.  0.11                                 
                                              bal.                             
     5   0.092                                                                 
              2.35                                                             
                  0.19                                                         
                      --  3.0  n.a. n.a.  0.11                                 
                                              bal.                             
     6   0.058                                                                 
              2.18                                                             
                  0.21                                                         
                      --  3.75 n.a. n.a.  0.09                                 
                                              bal.                             
     7   0.056                                                                 
              2.32                                                             
                  0.20                                                         
                      --  3.07 n.a. n.a.  0.11                                 
                                              bal.                             
     8   0.059                                                                 
              0.24                                                             
                  0.45                                                         
                      2.02                                                     
                          2.1  n.a. 0.026 --  bal.                             
     9   0.062                                                                 
              1.63                                                             
                  0.19                                                         
                      0.76                                                     
                          .50  0.2  n.a.  0.12                                 
                                              bal.                             
     10  0.060                                                                 
              1.11                                                             
                  0.78                                                         
                      --  3.0  n.a. 0.18  0.11                                 
                                              bal.                             
     __________________________________________________________________________
      bal. = balance plus impurities                                           
TBL                                    TABLE II                                
     __________________________________________________________________________
     Alloy                             YS    UTS    %     %     CVN*           
     No.      Processed Condition      (ksi) (ksi)  El.   R.A.  (ft.lbs)       
     __________________________________________________________________________
     1   a. Hot Rolled + 48 hr/1250.degree.F/AC                                
                                       62.0  71.4   34                         
         b. Hot Rolled + 48 hr/1300.degree.F/AC                                
                                       42.3  68.8   27                         
         c. Hot Rolled + 1/2 hr/1600.degree.F/AC                               
                                       115.2 162.2  13                         
     2   a. Hot Rolled + 48 hr/1250.degree.F/AC                                
                                       43.4  70.2   30                         
         b. Hot Rolled + 48 hr/1300.degree.F/AC                                
                                       43.8  69.7   32                         
         c. Hot Rolled + 1/2 hr/1600.degree.F/AC                               
                                       119.5 164.4  14                         
     3   a. Hot Rolled/AC + 48 hr/1275.degree.F/AC                             
                                       54    76.3   36.5  78                   
         b. Hot Rolled/AC + 48 hr/1275.degree.F/AC + 1/2 hr/1450.degree.F/AC   
                                       106.6 151.1  16.5  64.5  25.5           
     4   a. Hot Rolled/AC              101.0 148.3  18    73.5  --             
         b. Hot Rolled/AC + 45 hr/1250.degree.F/AC                             
                                       52.0  90.1   29    75                   
         c. Hot Rolled/AC + Cold rolled + 45 hr/1250.degree.F/AC               
                                       39.9  80.3   32.5  70.5  --             
         d. Hot Rolled/AC + 45 hr/1250.degree.F/AC + 1/2 hr/1700.degree.F/AC   
                                       107.5 144.1  18    68    22.5           
         e. Hot Rolled/AC + 5 hr/1325.degree.F/AC                              
                                       74.8  115.9  --    72.5                 
     5   a. Hot Rolled/AC              119.7 179.6  16.5  64.5  --             
         b. Hot Rolled/AC + 45 hr/1250.degree.F/AC                             
                                       53.1  81.5   32.5  76    --             
         c. Hot Rolled/AC + Cold rolled + 45 hr/1250.degree.F/AC               
                                       39.4  73.5   36.5  73    --             
         d. Hot Rolled/AC + 45 hr/1250.degree.F/AC + 1/2 hr/1700.degree.F/AC   
                                       124.3 184.5  18    59    33.5           
     6   a. Hot Rolled/AC                                                      
         b. Hot Rolled/AC + 48 hr/1275.degree.F/AC                             
                                       47.7  73.2   36.5  76.5                 
         c. Hot Rolled/AC + 48 hr/1275.degree.F/AC + 1/2 hr/1650.degree.F/AC   
                                       112.1 161.1  16.5  56.5  23             
     7   a. Hot Rolled/AC              107.7 148.3  18    73.5                 
         b. Hot Rolled/AC + 45 hr/1250.degree.F/AC                             
                                       49.5  75.1   34.5  78                   
         c. Hot Rolled/AC + Cold rolled + 45 hr/1250.degree.F/AC               
                                       39.3  68     36.5  73                   
         d. Hot Rolled/AC + 45 hr/1250.degree.F/AC + 1/2 hr/1750.degree.F/AC   
                                       109.0 162.6  165   63.5  41.5           
     8   a. Hot Rolled/AC                                                      
         b. Hot Rolled/AC + 48 hr/1250.degree.F/AC                             
                                       62.3  74.7   29                         
         c. Hot Rolled/AC + 48 hr/1300.degree.F/AC                             
                                       60.9  69.7   31                         
         d. Hot Rolled/AC + 1/2 hr/1600.degree.F/AC                            
                                       54.4  101.3  24                         
     9   a. Hot Rolled/AC + 45 hr/1250.degree.F/AC                             
                                       48.4  63.3   38    78.5                 
         b. Hot Rolled/AC + 45 hr/1250.degree.F/AC + 1/2 hr/1700.degree.F/AC   
                                       41.4  81.0   32.5  68                   
     10  a. Hot Rolled/AC + 45 hr/1250.degree.F/AC                             
                                       59.7  87.9   29    76                   
         b. Hot Rolled/AC + 45 hr/1250.degree.F/AC + 1/2 hr/1700.degree.F/AC   
                                       44.6  85.1   31    69.5                 
     __________________________________________________________________________
      *Room Temp.; AC = Air Cool;                                              
PAR  With regard to the above data, the criteria used to delineate acceptable
      formability included a tensile elongation (in 2 inches) of at least 25%
      (the indicia for stretch forming) and a Reduction of Area of at least 60%
      (bend forming). Concerning Alloy 1 it will be noted that it had a yield
      strength of about 115 ksi in the normalized condition (virtually
      equivalent to hot rolled strength level). This would be astronomically
      high for ease of formability. Upon being treated between its
      recrystallization and A.sub.1 temperatures, i.e., 1250.degree.F., the
      yield strength was markedly reduced, tensile elongation being raised to
      over 30%. These conditions are excellent for fabricating. Similar comments
      apply to Alloys 2-7.
PAR  Alloys 8-10 were of lower alloy content, the Base Factor (BF) being well
      less than 5. Yield strength was low irrespective of the condition of
      treatment.
PAR  An Olsen cup test was also employed in respect of Alloys land 6 in which
      specimens were hot rolled at 2000.degree.F. to 1/8 inch plate, heated for
      30 minutes at 1650.degree.F., air cooled, cold rolled to 0.050 inch sheet,
      heated at 1250.degree.F. for 48 hours and air cooled. The average Olsen
      cup height was 0.438 inch and 0.408 inch (average of 3), respectively.
      This compares quite favorably with AISI 1008.
PAR  The subject invention is deemed useful in the production of a wide range of
      materials. In this sense the steel contemplated can be considered suitable
      for "structural" applications. In the automotive area, and bumpers aside,
      stampings for certain body panels might be mentioned as well as oil pans,
      wheels, etc. Since the instant steel is amenable to welding, formed and
      welded structures such as bumper supports, box frame members, and high
      strength welded tubing can be produced in accordance herewith.
PAR  The term "balance" and "balance essentially" as used herein in referring to
      the iron content is not intended, as will be understood by those skilled
      in the art, to exclude the presence of other elements commonly present as
      incidental constituents, e.g., deoxidizing and cleansing elements, and
      impurities normally associated therewith in small amounts which do not
      adversely affect the basic characteristic of the steel. Particularly if
      cold rolling is employed, elements such as columbium, vanadium, titanium,
      tantalum and boron can be tolerated at levels above 0.05% and up to at
      least 0.15 or 0.2%. These elements tend to inhibit recrystallization and
      it is considered that cold working overcomes this effect.
PAR  Although the invention has been described in connection with preferred
      embodiments, modifications may be resorted to without departing from the
      spirit of the invention. Quite obviously, for example, all that has been
      said herein concerns non-liquid quenched steels. Liquid quenching can be
      employed but is not necessary. It is within the overall scope of the
      invention. Such are considered within the purview of the invention and
      appended claims. (1) Materials Engineering, September 1972, p. 21. (2)
      Business Week, June 2, 1973, pp. 56c, e, h and k.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for producing a steel adapted for structural applications
      which comprises:
PA1  i. providing a steel of correlated composition and of a martensitic
      structure, the steel containing up to about 0.2% carbon, up to about 4%
      manganese, up to about 3% nickel, up to about 6% chromium, up to about 4%
      molybdenum, up to about 1.25% copper, up to about 1% aluminum, up to about
      1% silicon, and the balance essentially iron, the constituents being
      interrelated to satisfy the following Base Factor (BF) relationship:
EQU  5 .times. %C, +%Mn, + %Cr, + 2/3 .times. %Ni, + %Mo; + 2/3 %Cu, + 1/2 %Al,
      + 1/4 %Si .gtoreq.5;
PA1  ii. heating the steel above its recrystallization temperature but below its
      A.sub.1 temperature;
PA1  iii. cooling the steel to a temperature desired for forming;
PA1  iv. subjecting the steel to a forming operation to attain the configuration
      desired;
PA1  v. heating the formed structure at a temperature above the A.sub.3
      temperature of the steel; and
PA1  vi. thereafter cooling the structure formed.
NUM  2.
PAR  2. A process in accordance with claim 1 in which the steel has been cold
      rolled prior to step (ii).
NUM  3.
PAR  3. A process in accordance with claim 1 in which step (i) is carried out
      within the temperature range of about 1150.degree.F. to 1400.degree.F. for
      a period of about 1 to 48 hours.
NUM  4.
PAR  4. A process in accordance with claim 3 in which the operating condition is
      about 1200.degree. to 1350.degree.F. for 24 to 48 hours.
NUM  5.
PAR  5. A process in accordance with claim 1 in which step (v) is carried out at
      1500.degree. to 2000.degree.F. for at least about 5 minutes.
NUM  6.
PAR  6. A process in accordance with claim 5 in which a temperature 1550.degree.
      to 1750.degree.F. is used for at least about 10 minutes.
NUM  7.
PAR  7. A process in accordance with claim 1 in which the alloy contains about 2
      to about 4% chromium, about 1.25 to 3% nickel, about 0.005 to 0.15%
      carbon, up to about 0.5% molybdenum, up to about 1.25% copper and up to
      about 1% silicon.
NUM  8.
PAR  8. A process for producing a steel adapted for structural application which
      comprises:
PA1  i. providing a steel of correlated composition and of a martensitic
      structure, the steel containing up to about 0.2% carbon, up to about 4%
      manganese, up to about 3% nickel, up to about 6% chromium, up to about 4%
      molybdenum, up to about 1.25% copper, up to about 1% aluminum, up to about
      1% silicon, and the balance essentially iron, the constituents being
      interrelated to satisfy the following Base Factor (BF) relationship:
EQU  5 .times. %C, + %Mn, + Cr, + 2/3 .times. %Ni, + %Mo, + 2/3 %Cu, + 1/2 %Al,
      + 1/4 %Si .gtoreq. 3.5
PA1  ii. heating the steel above its recrystallization temperature but below its
      A.sub.1 temperature;
PA1  iii. cooling the steel to a temperature desired for forming;
PA1  iv. subjecting the steel to a forming operation to attain the configuration
      desired;
PA1  v. heating the formed structure at a temperature above the A.sub.3
      temperature of the steel; and
PA1  vi. thereafter cooling the structure formed.
NUM  9.
PAR  9. A process in accordance with claim 8 in which BF is at least 4.
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ABST
PAL  A method for treating metals and metal surfaces is disclosed. The method
      includes the use of a plasma gas generated by an induction plasma system.
      In one embodiment, a cutting tool, such as a saw blade or razor blade is
      passed into contact with the plasma to produce an extremely hard blade
      surface. The method includes stabilization of the plasma prior to use, and
      the electrical insulating of metallic parts of the treating equipment in
      order to prevent arcing. Very high feed speeds may be employed, up to 150
      feet per minute.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to ultra high temperature plasma gas
      reactions with various metal compositions to form extremely hard surfaces.
PAR  During the past twenty years, considerable work has been done in the
      development of systems to create plasma, the term generally used to
      describe a highly energized disassociated gas or mixture of gases. The two
      most common plasma systems are the consumable electrode system
      (transferred and non-transferred) and the induction system (no
      consumables).
PAR  Plasma generators for generating such plasma gas typically use an electric
      arc or an induction coil as a means of utilizing electrical energy to heat
      the plasma-forming or work gas. In a typical non-transferred arc unit, the
      work gas flows through the arc passing between the anode and cathode and
      emerges from the plasma generator as a highly heated gaseous stream or
      flame. In an induction-type plasma generator, a high frequency induction
      coil, such as that used in conventional induction heating of metals,
      surrounds an insulated cylinder of suitable construction through which the
      work gas is flowed.
PAR  A considerable amount of work in this area has been carried out initially
      with a Thermal Dynamics F-40 plasma torch containing a cathode-anode,
      non-transferred arc configuration. For the purposes of the present
      invention, however, the electric arc system was discarded in favor of an
      induction plasma system. This was done for the following reasons: (1) the
      induction plasma system does not utilize consumable electrodes and thus
      does not contaminate the reactive gases; (2) consumable electrodes cause
      power surges which make the reaction difficult to control; (3) the
      non-transferred arc system has a limited plasma diameter and relatively
      high exit velocity in the reaction area; (4) the induction system can use
      almost any gas to form a plasma since it does not contain reactive
      electrodes. The advantage of such use is seen in the fact that air may be
      employed, for example, a substance which would result in rapid oxidization
      of a tungsten or copper electrode. This feature also provides many
      possible gasmetal reactions; and (5) the induction system can operate at
      very low velocities (40 feet per second,) so that the reaction surface is
      not disturbed or dimensionally changed.
PAR  Accordingly, it is an object of the present invention to provide a process
      which will rapidly convert various metals or metal surfaces so that they
      possess unique chemical and physical properties.
PAR  Another object of the present invention is to provide metal surface
      hardnesses up to or above Rockwell hardness values of Rc 80, by reacting a
      plasma gas such as a nitrogen-propane mixture with a saw or razor blade
      coated with titanium.
PAR  Another object of the present invention is to provide excellent corrosion
      resistance by reactions such as the above titanium-nitrogen-propane
      system. By treatment in accordance with the present invention, meat saw
      blades, which are subject to corrosive meat juices, are provided with
      greatly enhanced corrosion resistance.
PAR  A further object of the present invention is to provide a process for
      treating specific areas of metal objects such as saw blade tooth tips,
      while the adjacent or substrate areas remain unaffected.
PAR  A further object of the present invention is to provide a great variety of
      possible surface treatments to arrive at the desired metallurgical or
      chemical properties.
PAR  The above and other objects are achieved by the method of the present
      invention, which includes passing the surface of a cutting tool, such as a
      saw blade or a razor blade, in contact with plasma gas generated by an
      induction plasma system. The method includes the insulating of the various
      metallic components of the treating apparatus, in order to prevent arcing
      which has been found to occur with induction plasma in an environment of
      the type described herein. The present method also includes stabilizing of
      the plasma prior to use in treating the cutting tool surfaces. The present
      invention allows the use of high speed feeding of the tools for treatment
      by the plasma, with speeds of up to 150 feet per minute being commonly
      obtained. During treatment in accordance with the present invention, the
      surface of the metal is subjected to heat by the plasma to a temperature
      of from 7,500.degree. to 50,000.degree.F.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be more fully understood from the following,
      detailed description of the preferred embodiments, taken in conjunction
      with the accompanying drawing, wherein:
PAR  FIG. 1 is a schematic representation of apparatus employed in treating
      metals and metal surfaces in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the embodiment of the present invention as shown in FIG. 1, there is
      provided apparatus 10 for treating metal shapes 11 such as meat saw
      blades, at high speeds of about 60 to 100 feet per minute, advantageously
      about 77 feet per minute. When saw blades are to be treated, the blade or
      band 11 is generally in coils of approximately 1000 ft. when loaded on the
      feed reel 12. The end of the coil is attached to a length of band 11 which
      is threaded through plastic guide slots 13 on either side of the plasma
      system to position the band 11 precisely for mating with the drive gear
      14.
PAR  It has been found that arcing may often occur with the use of an induction
      plasma system. As the plasma is highly charged, it will arc readily to
      metallic pieces, thus extinguishing the plasma. Therefore, in accordance
      with the present invention, all metallic parts of the equipment must be
      heavily insulated, even if not grounded. Thus, the upper cylinder 15 of
      the feed reel 12 is insulated with a suitable material such as styrofoam.
      The upper cylinder 16 of the take-up reel 17 is also insulated in a
      similar manner.
PAR  The drive gear 14 is connected in a conventional manner to a drive motor 18
      having a variable pulley ratio to provide a variable feed speed of about
      60 to 100 feet per minute for the blade 11. The drive gear 14 is insulated
      by means such as a Teflon spacer which connects the drive gear 14 to its
      drive shaft. The drive gear 14 teeth have a suitable interval between
      teeth so as to provide good contact with the teeth of the saw blade 11.
      The take-up reel 17 is provided with a variable tension drive motor 20
      with slipping clutch system which maintains constant pressure on the
      take-up end of the coil. A recirculating quench system 21 with reservoir
      22 allows the blade 11 to be cooled immediately after treatment with the
      induction plasma torch 23. A rust inhibitor is advantageously added to the
      quench liquid.
PAR  The induction plasma torch 23 may be mounted on an RF power source (not
      shown). The drive gear 14 and motor assembly 18, as well as the quench
      system 21 and guide slots 13, are mounted on a platform 19 which moves by
      means of rollers 25 on a track 26. The track 26 is installed on a wooden
      platform 27, to which platform 27, the feed 12 and take-up reels, as well
      as drive motor 20, are also secured. This arrangement allows the plasma 24
      from the plasma torch 23 to be placed in contact with the saw band 11 by
      rolling the platform 19 under the plasma torch 23 only after the plasma 24
      has been stabilized at the desired energy level. If the band 11 were so
      positioned prior to stabilization of the plasma 24, the plasma 24 could
      not be stabilized since the band 11 acts as an antenna and would
      extinguish the plasma 24, as explained above. The plasma 24 may be
      stabilized in accordance with general procedures for stabilizing induction
      plasma systems, as described, for example, in U.S. Pat. No. 3,324,334.
PAR  The plasma-forming or work gas employed in the method of the present
      invention is preferably a mixture of nitrogen and propane. As a mixture,
      these gases may be employed in a ratio of from 1-99 volume % propane to
      99-1 volume % nitrogen. Also, a pure propane plasma may be employed. A
      preferred mixture contains 1-20 volume % propane and 99-80 volume %
      nitrogen. It should be pointed out that, since an induction plasma system
      is employed in the present invention, air may provide the source of
      nitrogen in the foregoing mixture, an advantage which is not available in
      the case where consumable electrode systems are employed, for reasons as
      previously discussed.
PAR  The metals which are subject to treatment in accordance with the present
      invention include various steel compositions, including tool steels and
      compositions comprising alloys of iron with from 0.02 to 1.5% carbon, as
      well as stainless steels, the latter containing high percentages of
      chromium, from less than 10 to more than 25%. Various other metals may
      also be employed, including cast iron, aluminum and titanium, as well as
      alloys of such metals.
PAR  With the plasma in a stabilized condition, the drive 18 and take-up 20
      motors are started and the platform 19 is moved manually or by other
      suitable means along track 26 to bring the plasma 24 into contact with the
      saw blade 11. The plasma 24 immediately reacts with the tips of the saw
      band 11, hardening to a depth of up to 0.010 inches (less as the
      parameters of feed speed, distance from plasma exit nozzle, energy level
      of plasma, or type of plasma gas mixture are varied.) As the saw band 11
      passes out of the plasma, it is subjected to quenching by quench system
      21. Hardness values up to Rc 80 have been achieved using the above method
      with greatly increased saw blade life as a result.
PAR  The apparatus 10 shown in FIG. 1 provides a means of carrying out the
      present method with any of various metal shapes, including cutting tools
      such as saw blades and razor blades. Various shapes will require some
      differences in the feed system for feeding the particular shape through
      the plasma.
PAR  In the treatment of razor blades, for example, the razor blades are stacked
      side-by-side, up to as many as 2000 blades, and passed through the plasma
      gas 24 created by induction plasma torch 23. All components employed in
      feeding the razor blades through the plasma are insulated, in a manner
      similar to that described in connection with the embodiment of FIG. 1, in
      order to prevent arcing and subsequent extinguishing of the plasma 24. A
      feed speed rate of 100 to 150 ft./min. is advantageously employed,
      depending on blade size, the slower speeds being employed for larger blade
      sizes.
PAR  A bayonet or blade cannister may be employed as the blade holding means in
      the feed system to allow rotation of double edge blades, since the plasma
      gas 24 must impinge directly on the cutting edge of the blades. Hardness
      values similar to those obtained with the embodiment of FIG. 1 have also
      been obtained in treating razor blades.
PAR  In an additional embodiment, a plasma containing 10 volume % boron
      trifluoride and 80 volume % nitrogen was employed in reaction with a T-1
      tool steel. This reaction resulted in a very thin layer, 0.001 inches in
      thickness, of boron nitride at the metal surface.
PAR  A titanium coating may be sputtered onto the cutting edge of the razor
      blades for reaction with a nitrogen-propane mixture to produce titanium
      carbide.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description, and it will be apparent that
      various changes may be made in the form, construction and arrangment of
      the parts without departing from the spirit and scope of the invention or
      sacrificing all of its material advantages, the forms hereinbefore
      described being merely preferred embodiments thereof.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A method for treating metal structures to harden the surface thereof
      which comprises:
PA1  a. generating a plasma gas selected from the group consisting of propane, a
      mixture of nitrogen and propane and a mixture of nitrogen and boron
      trifluoride by an induction plasma system;
PA1  b. stabilizing the plasma gas generated by the induction plasma system;
PA1  c. providing an electrically insulated feed system for passing the metal
      structure through the plasma gas;
PA1  d. passing the metal structure consisting essentially of a metal selected
      from the group consisting of steel compositions, cast iron, aluminum,
      titanium and alloys of said metals through the plasma gas at a speed of
      from 60 to 150 feet per minute; and
PA1  e. quenching the surface of the metal structure with a fluid immediately
      after the metal structure has passed through the plasma gas to harden the
      surface thereof.
NUM  2.
PAR  2. The method of claim 1 wherein the surface of the metal is hardened by
      said treatment to a value of up to Rc 80 and to a depth of up to 0.010
      inches.
NUM  3.
PAR  3. The method of claim 1 wherein the plasma gas comprises a mixture of
      propane and nitrogen.
NUM  4.
PAR  4. The method of claim 2 wherein the metal structure is a saw blade and
      wherein the saw blade is passed through the plasma at a speed of from 60
      to 100 ft./min.
NUM  5.
PAR  5. The method of claim 2 wherein the metal structure is a razor blade and
      wherein the razor blade is passed through the plasma at a speed of from
      100 to 150 ft./min.
NUM  6.
PAR  6. The method of claim 1 wherein the step of passing the metal structure
      through the plasma gas includes mounting the induction plasma system, a
      quench system and drive means for the feed system on a platform which is
      mounted for movement relative to the metal structure.
NUM  7.
PAR  7. The method of claim 1 wherein the plasma gas contains 10 volume % boron
      trifluoride and 80 volume % nitrogen, and wherein said plasma reacts with
      a tool steel structure to provide a layer of boron nitride, 0.001 inches
      in thickness, at the surface of said steel structure.
NUM  8.
PAR  8. A hardened metal structure obtained by the method of claim 2.
NUM  9.
PAR  9. The method of claim 3 wherein a titanium coating is sputtered onto the
      surface of the metal stucture for reaction with said mixture of propane
      and nitrogen to produce titanium carbide.
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ABST
PAL  Method and apparatus for producing cylindrical products having a range of
      hardness through a cross section such as a roll. The method includes
      conventional forging and heat treatment steps with or without the addition
      of a rapid water quench derived from direct impingement of a quench medium
      on the product as it rotates in a horizontal position, followed, as a
      final heat treatment, by subjection either to direct flame impingement in
      a horizontal, rotating condition or flame heat in a vertical furnace while
      rotating, again followed, preferably, by a drastic quench, and, also
      preferably an extremely low temperature deep freeze operation to thereby
      convert substantially all austenite to martensite. The invention makes
      possible the production of rolls capable of usage from original diameter
      to scrap diameter without reconditioning.
PARN
PAR  This application is a continuation-in-part of Ser. No. 145,203 filed May
      20, 1971, now abandoned.
BSUM
PAR  This invention relates to methods and apparatus for producing cylindrical
      products in which a range of hardness through a cross section is required,
      and the product produced thereby.
PAR  Although the invention is applicable to a wide range of products in the
      nuclear, steam, electrical generation, and distribution fields, among
      others, it will be described in connection with rolling mill rolls. The
      term "rolling mill rolls", as used in this specification and the claims
      refers to the type of rolls used in the production of ferrous, non-ferrous
      (including stainless) steels, textile, paper, rubber, plastic, or indeed
      any material which is required in sheet or plate form in a wide variety of
      surfaces, and finished sizes ranging from 0.00035 inch to 4 inches thick,
      and from 8 inches to 98 inches wide. Temper mill, tandem mill, work,
      roughing, entry, back-up, idler, leveller, pitch and foil rolls are
      illustrative of the types of rolls produced in accordance with the
      invention. Other products such as rotors, generator shafts crusher shafts,
      discs, transmission shafts, and valve bodies are also within the scope of
      the invention.
PAR  Few engineering parts are subjected to such severe service conditions as
      are mill rolls used in steel mills since such rolls are intermittantly
      subjected to loads well above their endurance limit. In addition, good
      wear and abrasion resistence, high hardness, specific surface
      characteristics, and the ability to withstand severe shock loading,
      together with the ability to respond to shot blasting and grinding whereby
      a uniform, reproducible pattern may be formed does not readily wear, are
      all essential requirements of such a roll.
PAC  PRIOR ART
PAR  The four most widely used methods of producing such rolls today are the
      dynamic progressive induction, static induction, conventional, and
      differential conventional methods of roll making. Each of these four basic
      methods has certain advantages and, likewise, certain disadvantages.
PAR  Thus, the induction methods are characterized by good reproducibility, but
      the product is not as good as is the product of the conventional methods,
      particularly with respect to metallurgical properties, finish and hardness
      pattern within the product cross section. Further, the peak tensile stress
      is concentrated in a smaller area which can lead to a high rate of service
      failures. Furthermore, distortion and residual stress levels are a problem
      with such rolls.
PAR  Also, temperature uniformity and consistency of control is a problem. That
      is, in order to obtain the proper temperature at the critical demarcation
      zone, it is necessary to increase the surface temperature to a level
      substantially higher than the optimum treatment temperature at the
      critical demarcation zone. This increased surface temperature causes grain
      growth in the surface area which in turn will result in poor mechanical
      and metallurgical propeties of the final roll. Spalling may be a
      considerable problem. Finally, the induction methods require relatively
      high equipment and operational costs.
PAR  The conventional thru-heating method of roll making requires relatively low
      equipment costs but it is characterized by a relatively high manufacturing
      failure rate, and distortion is usually a serious problem.
PAR  The differential conventional method of roll making is probably the best of
      the conventional systems but it has the substantial drawbacks that
      successful production depends very heavily upon the skill of the
      individual operator. Further, as with the conventional method, distortion
      and residual stresses in the roll are quire high.
PAR  Another method known to the art is the flame hardening oxygen -- acetylene
      method. This method is, at the moment, little favored since hardening is
      only effective to about a radial depth of 3/8 inch and for useful service
      a roll must be hardened to a radial depth of about 1 to 11/2 inches.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Accordingly, the primary object of the invention is to provide a method and
      apparatus for producing rolls which have mechanical and metallurgical
      properties equal or better than rolls produced by any of the commercially
      practiced methods, said mechanical and metallurgical properties including
      good reproducability during manufacture, good surface characteristics and
      hardness, minimum distortion, a wider stress reversal range, lower
      residual stresses, a low manufacturing failure rate, higher productive
      values, low initial equipment and operating costs, and which lends itself
      to automated and semi-automated production.
PAR  This primary object is achieved by the employment of a combination heating
      and quenching unit, said unit being usable in the final hardening step and
      being capable of simultaneously rapidly heating the entire body surface of
      a rotating roll in a horizontal position by an adjustable, low cost fuel
      flame followed by immediate severe quenching. The quench feature of the
      combination unit may also be used for the rapid quench required in earlier
      processing steps and/or then without heating in said combination unit in a
      later hardening step, as for example, during final hardening furnace
      treatment.
PAR  Yet another object is to provide a vertical gas fired heat treat furnace
      capable of performing the final heat treatment to a closely controlled
      temperature over a wide temperature range.
PAR  Another object is to provide a method of and apparatus for final hardening
      which can, within normal operator's skill, easily reproduce a commercially
      sound product.
PAR  A further object is to provide a method of and apparatus for final
      hardening which achieves very rapid heating which in turn results, among
      other benefits, in reduced scale development.
PAR  Another object is to provide a method of and apparatus for final hardening
      which yields a final product having no soft spots.
PAR  A further object is to provide a method of and apparatus for final
      hardening which minimizes product distortion by virtue of rotation of the
      product in a true vertical plane.
PAR  Another object is to provide a method of and apparatus for final hardening
      of cylindrical products which can be carried out in a fraction of the time
      present commercial final hardening procedures require whereby production
      cycle time can be materially reduced.
PAR  A further object is to produce a roll which, in addition to having all of
      the above described physical and metallurgical properties, is particularly
      characterized by a uniformly hardened depth at least to 80 Shore at one
      inch, and higher if desired, and a gradual demarcation zone from high
      hardness to low hardness.
PAR  Another object is to produce a roll as above described which is capable of
      being reduced from working diameter to scrap diameter without rehardening.
PAR  Yet a further object is to produce a roll as above described which has a
      lower retained austenite level and a higher tempering temperature for a
      given hardeness value than a conventionally produced roll.
PAR  Other objects and advantages of the invention will be apparent from the
      following description.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Several steps in the method of the invention, and part of the unique
      apparatus used in performing the method, as well as a representation of
      the product itself are illustrated in the accompanying drawings wherein:
PAR  FIG. 1 is an elevation of apparatus for sequentially heating and quenching
      the product of the invention;
PAR  FIG. 2 is an end view of the apparatus of FIG. 1;
PAR  FIG. 3, which includes views 3A and 3B, is an elevation with parts in
      section and others omitted for clarity of a vertical furnace for final
      hardening the product of the invention;
PAR  FIG. 4 is a view taken substantially along the line 4 -- 4 of FIG. 3;
PAR  FIG. 5 is a view taken substantially along the line 5 -- 5 of FIG. 3; and
PAR  FIG. 6 is a graphic representation of the radial hardness differential of a
      roll produced by the present invention as contrasted to rolls produced by
      two prior art methods.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In order to clearly explain the method, apparatus and product of the
      present invention, a typical roll making process will be described
      commencing with the melting operation.
PAR  It will be understood that certain discrete steps in the method of making
      the roll product of this invention are conventional in and of themselves.
      However such steps, when considered in combination with the other steps
      described herein, are unique.
PAR  Clean steel is essential for superior rolls, and accordingly melting
      procedures should be followed which produce steel having maximum
      cleanliness. Preferably, a melting practice equal to or better than AMS
      2301 standards should be employed with a JK rating aim of 2 and a grain
      size of 8 or better. When highly critical products are required, the
      specification may be upgraded and possibly CVRM or VAR type procedures
      should be employed. In any event oxide type inclusions, which are highly
      likely to nucleate fatigue failures, should be avoided. By the same token
      sulphide inclusions should be avoided since such inclusions produce lower
      impact strength and ductility, and are particularly undesirable from a
      surface cleanliness standpoint.
PAR  Following melting the cast ingot is subjected to appropriate heating, and
      thereafter forged. For optimum results, a maximum temperature of about
      2150.degree.F should be used for major reductions with minimum temperature
      of about 1600.degree.F or higher. Minor reductions can be completed to
      about 1550.degree.F with planishing to about 1500.degree.F. It will be
      understood of course that the exact temperatures and heating cycles may
      vary from plant to plant, analysis to analysis, and product to product
      depending on equipment and normal processing variations.
PAR  Following forging, the product is subjected to a postforging heat treatment
      for the purpose of imparting a uniform micro-structure suitable for
      subsequent heat treatments and rough machining operations. Normally, the
      hardness upon completion of this treatment is in the range of 27 - 32
      Rockwell C. Again, this treatment may be varied from plant to plant
      although it may include heating in stages to around 1700.degree., air
      cooling to about 825.degree.F, reheating to about 1300.degree.F followed
      by stage cooling, with each stage being followed by an appropriate holding
      period.
PAR  Following the first or post-forging heat treatment, the product should be
      subjected to a first rough machining process.
PAR  After the first rough machining the roll is subjected to a conditioning or
      intermediate heat treatment, the purpose of which is to produce a tough
      core together with a micro-structure in the outer layer which is most
      suitable for final hardening. A heavy continuous carbide network structure
      should be avoided in any event. This heat treatment may consist, for
      example, of heating to 1450.degree.F and holding, furnace cooling to about
      1300.degree.F and holding, and then cooling to about 1100.degree.F
      followed by heating to about 1520.degree.F, followed by a hold.
PAR  Upon completion of this portion of the heat treating cycle the roll is
      transferred quickly to the apparatus illustrated in FIGS. 1 and 2 and
      there subjected to a severe quench. Said machine rotates the roll and
      simultaneously quenches the roll with a uniform spray blanket.
PAR  Referring now particularly to FIG. 1 and 2, a foundation is indicated
      generally at 10. A sump tank for receiving the quench medium, usually
      water, is indicated at 11, the tank having an outlet 12 leading to a
      cooling and/or filtering system. Two sets of rails 13 (consisting of 13a
      and 13b), and 14 are located in the offset area 15 of the foundation.
PAR  The combination heating and quenching machine consists essentially of a
      work supporting structure, indicated generally at 16, and two movable
      flame heating and quenching stations 17 and 18.
PAR  The work supporting structure 16 consists essentially of a pair of I-beams
      20, 21 (shown only in FIG. 2) which are supported on floor 22. Journal
      support structures are indicated at 23a, 23b, each journal support
      structure supporting two pairs of journals 24, 25 (see FIG. 2) and 26 (see
      FIG. 1). Each pair of journals supports a roller 27, 28 (see FIG. 2) and
      29 (see FIG. 1).
PAR  Each pair of rollers support the neck of a roll to be treated, which roll
      is indicated generally at 30. The roll, which includes body section 31 and
      necks 32, 33, is rotated at a desired rate by rollers 27, 28 which are
      driven by any suitable means, not shown.
PAR  Each of the movable flame and water generation stations 17 and 18 are
      substantially identical, and accordingly only one will be described in
      detail.
PAR  Station 17 consists essentially of a framework indicated generally at 35,
      said framework including a bottom frame 36, top frame 37, and pairs of
      crossed brace members 38, 39. The framework is mounted on wheels 40 for
      inward and outward movement to accommodate a wide variety of sizes of
      rolls to be treated.
PAR  A quench medium generating system is indicated generally at 42, said system
      comprising a header 43 connected to a source of water 44, and a plurality
      of V-jet nozzles 45 which provide an overlapping spray pattern of
      refrigerated water for a length which may exceed 20'. The header is
      supported by end stanchions 45, 46, which are carried by top frame 37.
PAR  In the illustrated embodiment of FIG. 1, it will be noted that the nozzles
      extend the full length of the body roll 30. Additional nozzle sections may
      be added as desired. It should be understood however that by regulation of
      suitable conventional valve means, a greater or lesser number of nozzles
      may be activated depending upon the size of the roll or other cylindrical
      product to be treated. During the quenching cycles water flow rates for
      the necks and body portions of the rolls may be controlled to ensure a
      uniform cooling rate during the entire cycle. This control of the cooling
      rate minimizes potential failures, distortion, and contributes to
      achievement of even stress patterns in the product.
PAR  During the conditioning or intermediate heat treating process the roll may
      be rapidly cooled by water quenching to an appropriate temperature, for
      example, approximately 600.degree.F, then transferred to a furnace to
      equalize the temperature at the transformation temperature, and thereafter
      tempered at around 1100.degree.F.
PAR  Following the conditioning or intermediate heat treatment, the roll may be
      subjected to a second rough machining operation to remove scale and
      decarburization from the body section. At this point in the cycle the
      product critical diameter is over finish size somewhere between 1/16 inch
      to 1/4 inch diameter.
PAR  The final hardening operation follows the second rough machining operation.
      As those skilled in the art will appreciate, the final hardening treatment
      is the most critical treatment in the final preparation or rehardening of
      a roll.
PAR  Since only the body needs to be final hardened, and in view of the drastic
      quench necessary to obtain the hardness levels required, the difference in
      cross section between the body or barrel and necks would undoubtedly
      result in fracture if the entire roll was heated and quenched. To prevent
      fracture, the necks may be suitably lagged to avoid subjection to
      austenitizing temperatures.
PAR  The hardening temperature must be suitably controlled since the degree of
      hardening quality, that is the hardenability of the roll, depends
      primarily on the temperature. It will be understood that during final
      hardening care should be taken to ensure that the carbide structure should
      not be excessively course, since this would make the solution of carbide a
      very slow process.
PAR  The austenitizing time and temperature must be such as to give adequate
      carbide solution without creating excessive grain coarsening. The quench
      must be highly efficient and uniform, and must be extended long enough to
      extract almost all the heat from the roll to thereby prevent "back
      tempering" and softening. And finally, the quench must be capable of
      finally transforming as high a percentage as possible of unstable
      austenite to martinsite. This latter step is accomplished by deep freezing
      and tempering which will be described hereinafter.
PAR  During the final hardening operation the roll may be preheated to a
      conventional temperature such as about 400.degree.F by any suitable means,
      such as a car bottom furnace, to minimize thermal shock during the
      impingement heating process.
PAR  Following preheating preparatory to final hardening, the roll may be
      returned to the aforedescribed combination unit for direct horizontal
      dynamic flame heating, or it may alternatively be transferred to a special
      vertical furnace for vertical, dynamic flame heating. The horizontal
      method will be described first.
PAC  HORIZONTAL DYNAMIC FLAME METHOD
PAR  After stabilization at about 400.degree.F the roll is transferred in a
      horizontal position to the apparatus of FIGS. 1 and 2.
PAR  The flame generation system of the combination unit is indicated generally
      at 50. Said system includes a gas header 51, which is connected by a
      plurality of valve controlled lines 52 - 57 to a bank of radiant tube
      sticktite Eclipse burners indicated generally at 58. The bank of burners
      in this instance is composed of six sections 62 - 67 respectively which
      may be actuated at will depending upon the length of the roll or
      cylindrical product being treated. Cutting in or cutting out burner
      sections may be quickly and easily accomplished by merely actuating the
      valve associated with the gas conduit which feeds the sections, such as
      valve 59 shown best in FIG. 2. Gas header 51 is of course supported on top
      frame 37.
PAR  During operation, the roll is rotated at appropriate speeds which will
      depend to some extent upon the size of the roll but which, with
      experience, will become apparent to those skilled in the art.
PAR  Initially the burners are ignited to carry out differential heating.
PAR  In the illustrated apparatus, heating lengths from 1 to 100 inches can be
      controlled with maximum input rates of 600,000 btu per hour per inch of
      length up to a total maximum btu input of approximately 60,000,000 btu's
      per hour. As illustrated best in FIG. 2, the flames impinge directly upon
      the body of the roll and, by suitable adjustment of the burner-to-work
      distance and angle, air/gas ratio, and gas pressure, can be arranged to
      completely envelope the roll during the heating treatment whereby the roll
      is uniformly treated. For a conventional roll of approximately 211/2inch
      diameter by 54 inch length, the flame and quench medium impingement may be
      maintained for a period of approximately 65 minutes. With a conventional
      52100 bearing grade steel, which is widely used in the art today, this
      will result in an effectively treated zone of approximately 1 to 11/2inch
      of radial depth which, on this size roll, corresponds to the expected
      working life of the roll.
PAR  Upon completion of heating, the burners are extinguished and the roll
      quenched to a pre-determined temperature. Quenching follows immediately
      after termination of the flame impingement heating which has the advantage
      tht the roll need not be subjected to higher temperatures than the optimum
      (thereby reducing the potential for grain coarsening) which is
      characteristic of currently employed methods.
PAC  VERTICAL DYNAMIC FLAME METHOD
PAR  A description of the vertical furnace of FIG. 3-5 and its mode of operation
      is as follows.
PAR  The furnace consists of a pair of generally symmetrical shells or half
      section indicated generally at 71, 72. Section 71 is movable vertically
      and horizontally with respect to floor 22, and section 72 is movable
      vertically with respect to floor 22 as will be described in detail
      hereinafter. Supporting framework for section 71 is indicated generally at
      73, and a similar supporting framework for section 72 is indicated at 74.
      The heat exposed portions of section 71 includes the generally vertical
      oriented side wall 75 and roof 77 and the heat exposed portions of section
      72 includes generally vertical side wall portion 76 and roof 78.
PAR  Furnace section 71 includes a burner hearth 79 which consists of a hearth
      bottom 81 supported by a sub-frame 83 which is movable horizontally with
      respect to main frame 73. By the same token, section 72 includes burner
      hearth 80 which consists of hearth bottom 82 supported by a sub-frame 84
      which in turn is movable horizontally with respect to main frame 74.
PAR  The central opening 85, in operation, is closed by the cylindrical product
      being treated, said cylindrical product being supported on a roll support
      assembly indicated generally at 87, said assembly being illustrated, in
      FIG. 3, in its lower-most or fully retracted position in pit 88.
PAR  The roll support assembly 87 consists essentially of a turntable 89 which
      is rotated by motor 90 which drives pinion gear 91 which in turns rotates
      turntable drive gear 92, said drive gear being fast with turntable 89.
PAR  Turntable 89 and its associated drive gear 92 are supported in a suitable
      journal arrangement 93 which in turn is carried by a triangular frame 94,
      best seen in FIGS. 3A and 5.
PAR  Frame 94 is supported on three screw jacks 95, 96, 97 which are raised and
      lowered by motor 98 which drives the jacks through a worm gear speed
      reducer 99 and conventional drive shafting 100.
PAR  Three slideways 101, 102, 103 are fastened to the top of turntable 89, each
      slideway carrying a tapered chuck 104.
PAR  It will be understood that in operation the end of a cylindrical product to
      be treated, such as a roll, is set upon the slideways 101-103, centered by
      means of any suitable centering device indicated generally at 105, and
      stabilized by sliding the chucks 104 along the slideways until they are in
      engagement with the roll end, and then clamping the chucks to the
      slideways by any suitable means.
PAR  Main frame 74 of section 72 includes a generally horizontally positioned
      frame 106 consisting of side members 107 and cross members 108, 109 and
      110, the frame resting upon bearing structures 111, 112. It will be
      understood that no traverse cross piece equivalent to members 108, 109,
      110 is located to the left of strut 108 in order to provide clearance for
      the raising and lowering of turntable 89.
PAR  A pair of boot assemblies are indicated at 113, 114, each boot assembly
      supporting a jack screw 115, 116 respectively driven by motor 117, gear
      reducer 118 and suitable shafting 119, the motor and gear reducer being
      supported on platform 120. The upper ends of jack screws 115, 116 bear
      against I-beam 122 which in turn supports lower section 123 of the furnace
      side wall.
PAR  Lower section 123 consists of a structural framework 124 which is adapted
      to slide upwardly and downwardly along suitable guide rails indicated at
      125, 126.
PAR  The heating chamber insulation consists of two layers of ceramic fibre
      Kaowool blanket 121, a low heat storage material available from the
      Babcock and Wilcox Company, backed by a layer of rock insulation 133.
      Preferably the Kaowool blankets are fastened to the wall section 123 by
      clips which helps reduce maintenance. It should be understood that the low
      heat storage characteristic of the material, which may for example be on
      the order of 1,824 btu's per square foot as compared to 5497 btu's for
      insulating fire brick and 48,381 for dense fire brick, reduces fuel
      requirements and radically cuts turnaround times for both heating and
      cooling. Further, all heating chamber joints are sealed with Kaowool
      blanket insulation to prevent heat loss, as best illustrated in FIG. 3B.
PAR  The vertical height of the heating chamber can be varied at will by simply
      adding additional sections of the required size. In FIG. 3B one small
      section 127, and two large sections 128, 129 have been illustrated. Each
      section is secured by a peg or other suitable locating and fastening means
      130 to the section upon which it rests.
PAR  The roof of the heating chamber is formed from a box frame 131 to which an
      internal, generally semi-circular framework 132 is connected, said
      framework 132 being lined on its lower side with one or more layers of
      Kaowool insulation
PAR  A reverse flow jet flue control system is indicated generally at 140, said
      flue system including an opening 141 in each of two of the three planar
      sections forming section 72, the discharge apertures opening into
      vertically extending flues 142 which in turn are connected to any suitable
      vent system.
PAR  The left half section 71 of the vertical furnace is similar to the just
      described right half section 72, except main frame 73 is wheel mounted, as
      at 143, 144 for in and out movement in a horizontal plane with respect to
      stationary frame 106. Motive power is supplied from motor 145 which drives
      sprocket 146 which in turn drives wheel 143 through chain 147.
PAR  Hearth bottom sections 81, 82, are substantially identical, and accordingly
      a description of one will suffice for a description of both.
PAR  The upper structural platform 150 of moveable sub-frame 83 supports a
      refractory base which consists, in this instance, of a layer of
      2000.degree.F insulating firebrick 151 backed by a layer of block
      insulation 152.
PAR  The lower portion of movable sub frame 83 includes a pair of longitudinally
      extending channel structures indicated generally at 153, 154 which are
      secured to and maintained spaced from one another by inner cross strut 155
      and outer cross strut 156. Wheels 157, which roll upon the top of I-beams
      158, 159 enable the sub-frame 83 to move relative to the main frame 73.
PAR  Movement of the sub-frame 83 is accomplished by actuation of hydraulic or
      pneumatic piston and cylinder assembly 160 which is pivotally connected at
      its outward end, as at 161, to the main frame, and at its inner end at 162
      to a tongue or extension 163 which is welded to the underside of cross
      strut 156. It will be understood that the stroke of piston and cylinder
      assembly 160 is rather short, its primary purpose being to establish a gap
      between the lower heat exposed surface of wall 75 and the outer section of
      hearth bottom 81.
PAR  Six burners are located in the hearth area, three in each of sections 71
      and 72 as illustrated best in FIGS. 3A and 4, the burners being indicated
      generally at 165. Preferably the burners are modified to produce an
      elongated flame, the opening of which is indicated generally at 166 so as
      to create a relatively uniform, upward sweep of hot gases during
      operation.
PAR  A pair of castable inserts are indicated at 167, 168 respectively, each
      insert being carried by an associated furnace section, 71, 72 respectively
      and being generally hemispherical in shape (best seen in FIG. 4) and
      resting upon shoulders 169, 170. It will be understood that the bore of
      the castable inserts, when in an engaged position, conforms to the outside
      diameter of that portion of the cylindrical product which is not to be
      heat treated, such as the neck of a mill roll.
PAR  It will be understood that a similar pair of hemispherical castable inserts
      can be carried at the upper end of the furnace to close off direct contact
      between the portion of the cylindrical product which is not to be heat
      treated.
PAR  Suiitable means may be provided at both the lower and upper ends of the
      furnace to ensure tightness during operation. Thus, for example a simple
      ratchet mechanism may advantageously be employed to hold the adjacent,
      oppositely disposed ends of main frame beams 107 in tight engagement.
PAR  By the same token, any suitable mechanism may be employed to maintain the
      upper ends of the furnace chamber in tight engagement such as the
      bell-crank lever system illustrated in FIG. 4. As there shown, a pair of
      bell-crank levers 171, 172 which pivot about pins 173, 174 respectively
      are rotated by hand cranks 175, 176 respectively into and out of
      engagement with locking studs 177, 178 carried by furnace section 72.
PAR  Means for preventing vibration of the cylindrical product being treated
      during operation are indicated generally at 179, said means including four
      vertical stabilizers, each of which consists of a roller or other bearing
      180 which is moved radially inwardly and outwardly by jack screws 181
      which in turn are chain and sprocket driven from hand crank 182.
PAR  In operation, left horizontally reciprocal furnace section 71 is moved
      several feet to the left by actuation of motor 145 whereby the heating
      chamber is opened to remove a heated product, or make available for
      insertion a product to be heat treated.
PAR  In the event the furnace is being prepared for its first treatment cycle of
      the day, section 71 will merely be run to the left a distance sufficient
      to provide ample clearance for an overhead crane to bring the product to
      be treated into position.
PAR  Prior to closing the chamber, it may be desired to vary the relative
      vertical spacing between side section 71, 72 and hearth sections 81, 82.
      In this event, piston and cylinder assemblies 160 will be actuated to move
      each of hearth sections 81, 82 inwardly away from the interior surfaces of
      wall section 75, 76. It will be understood that in view of the
      non-structural surface of the Kaowool blanket lining 121 and, for that
      matter, a harder, though still abradable surface of the insulating
      firebrick 151, it is necessary to separate these surfaces prior to
      relative vertical movement to avoid unnecessary abrasion. Thereafter
      motors 117 are actuated to achieve the desired relative vertical
      relationship between side sections 71, 72 and hearth sections 81, 82.
      After the correct vertical positioning of the hearth sections 81, 82 with
      respect to side wall sections 75, 76 has been accomplished, piston and
      cylinder assemblies 160 are again actuated to move the hearth sections 81,
      82 into abutting engagement with their associated furnace side wall
      sections 75 and 76 respectively.
PAR  Thereafter appropriately sized castable inserts 167, 168 are inserted in
      the associated hemispherical openings in bottom half of sections 81, 82
      and similar inserts placed in position at the upper end of the furnace if
      desired.
PAR  At the same time, the vertical height of the furnace can be varied as by
      inserting or removing one or more of sections 127, 128, or 129, as
      required by height of that portion of the cylindrical product to be heat
      treated. If for example a product shorter than the height of the chamber
      illustrated in FIG. 3B is to be treated, one or more intermediate sections
      127, 128, 129 may be removed.
PAR  Thereafter motor 98 is operated to elevate turntable 89 to the desired
      height, and then the cylindrical product is placed on the bottom end
      contacting slideways 101, 102 and 103 of turntable 89.
PAR  Therafter chucks 104 are slid along the tracks in the center of the
      slideways until each of the three chucks makes contact with the product,
      an then the chucks are tightened by any suitable means.
PAR  Thereafter the motor 145 is operated in the reverse direction to return
      section 71 to the position of FIGS. 3 and 4.
PAR  Once engagement along the furnace parting line is made, crank levers 171,
      172 are actuated to clamp the upper ends of the furnace sections together,
      and a suitable clamping mechanism, such as a simple ratchet arrangement,
      may be actuated to clamp the lower portions together.
PAR  Finally, crank 182 may be operated on each of sections 71, 72 to move
      stabilizer members 180 into bearing engagement with the outwardly
      projecting end of the product to be treated.
PAR  In operation, gaseous fuel is admitted to burners 165 and the burners fire
      vertically to the top of the furnace, sweeping the entire body length of
      the roll. During operation, the roll will be rotated since motor 90 will
      rotate turntable assembly 89 at any predetermined selected speed.
PAR  It will be noted that since the journals of the rolls are outside of the
      heating chamber area, no provisions for projecting them are required.
PAR  The reverse flow jet flue control system maintains a positive hearth
      pressure which significantly contributes to improved temperature
      uniformity.
PAR  Following heating, which may for example be maintained for an average of
      about 100 minutes at approximately 1900.degree.F for a basic 17 inch
      diameter product, the furnace is opened and the product removed, and then
      quickly transported to the next processing station which usually will be a
      water quench.
PAR  It will be understood that for each additional increment of diameter, an
      additonal heating period may be required. Likewise, the dwell time in the
      quench medium will depend to a great extent upon the heating temperature
      of the quench. Thus, for example, the basic 17 inch diameter may be
      maintained in the quench medium for approximately one half hour to 35
      minutes when the quench medium is water at 45.degree.F. For a quench
      medium temperature in excess of a standard condition, additional dwell
      time may be required in the quench medium.
PAR  Following heating and quenching in the final hardening stage in both the
      horizontal and vertical methods the roll is placed in a deep freeze to
      promote the products of transformation. A suitable deep freeze unit
      utilizing the nitrogen evaporation principal and capable of chilling a 10
      ton roll to minus 150.degree.F in 5 hours may be employed.
PAR  Following the required deep freeze stabilization, the roll will be allowed
      to stabilize at room temperature for a short period and then placed in a
      tempering unit for final tempering.
PAR  Optionally, the final tempering procedure may consist of subjection to two
      tempering cycles, one preceding the deep freeze treatment and one
      following the deep freeze treatment, during which the tempering
      temperatures should be very closely controlled. By using liquid immersion
      heating the tempering unit can be made uniform to within plus or minus
      3.degree.F. Preferably the tempering medium is an oil having an operating
      range up to 550.degree.F. This range will cover hardness ranges from 75 to
      103 Shore C. Preferably both thermal and mechanical agitation are provided
      to ensure product uniformity.
PAR  Following the final heat treating operation the roll is subjected to a
      final machining operation which may include rough grinding, shot blasting,
      hardness uniformity inspection, magnetic permability testing and final
      turning and grinding.
PAR  After final machining and while the roll is still wet, it may be coated
      with a protective emulsion to retard oxidation, wrapped with a special
      preservative paper, and coated with a rust inhibitor preparatory to
      shipment.
PAR  In addition to the inherent hardenability of the steel established by the
      chemistry and grain structure, the method of heating during final
      hardening is probably the most important factor in obtaining a uniform
      hardness depth with a gradual demarcation zone accompanied by minimum
      spalling and failure.
PAR  To obtain these features the optimum heat pattern is one that provides a
      uniformly austentized section for a radial depth of 1 inch, with gradually
      decreasing temperatures to 11/2 inches from the surface, followed by
      relatively cold metal from that point to the roll center. As can be seen
      from FIG. 6, this heat pattern is closely approached by the above
      described treatment since the hardness of a roll treated according to the
      method of the invention is at a desired hardness level up to a depth of
      approximately 1 inch from the roll surface, followed by a gradual decrease
      in hardness to a depth of approximately 11/2 inches. This should be
      particularly contrasted to the low frequency induction treated roll which
      has a sharp demarcation zone in the critical area which results in fatigue
      failure when subjected to high cyclic loading stresses. The near optimum
      condition represented by the hardness-depth curve of the invention in FIG.
      6 indicates that the disclosed technique provides an easily established
      controlled heat zone throughout the roll body, the controlled heat zone
      enhancing the subsequent quenching action.
PAR  Another major factor necessary for optimum hardening is quenching.
PAR  To obtain full hardness that is uniform over the roll surface and to the
      required depth, a drastic quench is necessary. The quench must be uniform
      and capable of being controllable for pressure, flow and temperature to
      achieve reproducable results. The roll body must be cooled as rapidly as
      possible, yet uniformly over its surface, and then maintained at a
      sufficiently low temperature to ensure as high a percentage as possible of
      transformation and preclude tempering by retained heat. The illustrated
      method and apparatus provides such quenching since, following rapid
      heating, the roll is subjected to immediate or near immediate impingement
      of cooled water from water headers which in turn is followed by subjection
      to a deep freeze unit and tempering.
PAR  From the foregoing it will be appreciated that the above described method
      and apparatus provides the following advantages:
PA0  1. Uniformly hardened depths to pre-determined hardness levels at 1 inch.
PA0  2. Simplified, accurate control for reproducibility.
PA0  3. Reduced handling.
PA0  4. Semi-automatic operation.
PA0  5. Reduced floor area.
PA0  6. Multi-purpose quench unit.
PA0  7. Ability to reharden a wide variety of used rolls in the same equipment
      in which new rolls are made.
PA0  8. Low initials capital outlay compared to induction hardening processes.
PA0  9. Ability to reharden rolls withh or without bores.
PAR  Although preferred embodiments of the invention have been illustrated and
      described it will at once be apparent to those skilled in the art that
      modifications may be employed within the scope of the invention.
      Accordingly, the scope of the invention is intended to be defined by the
      scope of the claims when interpreted in the light of the foregoing
      description and the pertinent prior art.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of producing a cylindrical product having a differential
      radial hardness, such as a mill roll, the steps of
PA1  subjecting a cylindrical product to conventional conditioning steps prior
      to the final hardening operation, and thereafter, in the final hardening
      operation,
PA1  simultaneously rapidly heating the entire working surface area of said
      cylindrical product by subjecting the entire working surface area to flame
      heat for a period of time sufficient to austenitize the cylindrical
      product to a desired depth,
PA1  subjecting said entire working surface area of the cylindrical product to a
      drastic quench which is substantially uniform throughout said area, and
PA1  thereafter subjecting said cylindrical product to final conditioning.
NUM  2.
PAR  2. The method of claim 1 further characterized in that the final
      conditioning includes the step of
PA1  transforming substantially all unstable austenite to martinsite following
      the drastic quench by subjecting the cylindrical product to deep freezing.
NUM  3.
PAR  3. The method of claim 2 further characterized in that
PA1  the deep freezing consists of a sub-zero nitrogen treatment.
NUM  4.
PAR  4. The method of claim 2 further characterized by and including the step of
PA1  uniformly tempering the cylindrical product by liquid immersion heating
      following the drastic guench.
NUM  5.
PAR  5. The method of claim 4 further characterized in that
PA1  the uniform tempering treatment includes two tempering treatments,
PA1  at least one of which follows the deep freezing treatment.
NUM  6.
PAR  6. The method of claim 1 further characterized in that
PA1  said rapid heating is carried out while said cylindrical product is
      horizontally axised.
NUM  7.
PAR  7. The method of claim 6 further characterized in that
PA1  said cylindrical product is relatively rotated with respect to said flame
      heat during said rapid heating.
NUM  8.
PAR  8. In a method of producing a cylindrical product having a differential
      radial hardness, such as a mill roll, the steps of
PA1  subjecting a cylindrical product to conventional conditioning steps
      including forging, machining and/or heat treating, prior to the final
      hardening operation, and thereafter, in the final hardening operation,
PA1  simultaneously rapidly heating the entire working surface area of said
      cylindrical product by subjecting the entire working surface area to flame
      impingement for a period of time sufficient to austenitize the cylindrical
      product to a desired depth,
PA1  subjecting said entire working surface area of the cylindrical product to a
      drastic quench which is substantially uniform through said area, and
PA1  thereafter subjecting said cylindrical product to final conditioning.
NUM  9.
PAR  9. The method of claim 8 further characterized in that the final
      conditioning includes the step of
PA1  transforming substantially all unstable austenite to martinsite following
      the drastic quench by subjecting the cylindrical product to deep freezing.
NUM  10.
PAR  10. The method of claim 9 further characterized in that the deep freezing
      consists of a sub-zero nitrogen treatment.
NUM  11.
PAR  11. The method of claim 8 further characterized in that the flame
      impingement and drastic quench is maintained for a period of approximately
      one hour.
NUM  12.
PAR  12. The method of claim 8 further characterized by and including the step
      of
PA1  uniformly tempering the cylindrical product by liquid immersion heating
      following the drastic quench and deep freeze treatment.
NUM  13.
PAR  13. In a method of treating a cylindrical product having a differential
      radial hardness, such as a mill roll, the steps of
PA1  simultaneously rapidly heating the entire working surface area of said
      cylindrical product by subjecting the entire working surface area to flame
      impingement for a period of time sufficient to austenitize the cylindrical
      product to a desired depth, and
PA1  subjecting the cylindrical product to a drastic quench which is
      substantially uniform throughout said area.
NUM  14.
PAR  14. The method of claim 13 further including the step of
PA1  transforming substantially all unstable austenite to martinsite following
      the drastic quench by subjecting the cylindrical product to deep freezing.
NUM  15.
PAR  15. The method of claim 14 further characterized in that the deep freezing
      consists of a sub-zero nitrogen treatment.
NUM  16.
PAR  16. The method of claim 13 further characterized in that the flame
      generated heat is maintained for a period of about 100 minutes for a cross
      section of about 17 inches.
NUM  17.
PAR  17. The method of claim 13 further characterized by and including the step
      of
PA1  uniformly tempering the cylindrical product by liquid immersion heating
      following the drastic quench and deep freeze treatment.
NUM  18.
PAR  18. In a method of producing a cylindrical product having a differential
      radial hardness, such as a mill roll, the steps of
PA1  subjecting a cylindrical product to conventional conditioning steps prior
      to the final hardening operation, and thereafter, in the final hardening
      operation,
PA1  simultaneously rapidly heating the entire working surface area of said
      cylindrical product in a vertical condition by simultaneously subjecting
      said desired surface area to flame generated heat for a period of time
      sufficient to austenitize the cylindrical product to a desired depth,
PA1  subjecting at least said entire working surface area of the cylindrical
      product to a drastic quench which is substantially uniform throughout said
      desired surface area,
PA1  transforming substantially all unstable austenite to martinsite following
      the drastic quench by subjecting the desired surface area of the
      cylindrical product to a liquid nitrogen deep freeze treatment, and
PA1  uniformly tempering the desired surface area of the cylindrical product by
      liquid immersion heating following the drastic quench,
PA1  said uniform tempering treatment including two tempering treatments,
PA1  at least one of which follows the deep freeze treatment.
NUM  19.
PAR  19. The method of claim 18 further characterized in that one tempering
      treatment precedes the deep freeze treatment and one tempering treatment
      follows the deep freeze treatment.
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ABST
PAL  A method of making isotropic Mn-Al-C alloy magnets which comprises the step
      of subjecting an alloy comprising 71.0% to 73.0% by weight of manganese,
      (1/10 Mn -- 6.6)% to (1/3 Mn -- 22.2)% by weight of carbon and the
      remainder aluminum to plastic deformation at a temperature of 550.degree.C
      to 780.degree.C.
PAL  By utilizing this method, it is possible to obtain isotropic Mn-Al-C alloy
      magnets having excellent magnetic characteristics, i.e. (BH)max = 2.0
      .times. 10.sup.6 G. Oe or more.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of making permanent magnets and more
      particularly to a method of making isotropic permanent magnets of
      manganese-aluminum-carbon (Mn-Al-C) alloys.
PAR  Previously known Mn-Al alloy magnets consisting of Mn 60.about.75 weight %
      (hereinafter referred to simply as %) and the remainder aluminum are such
      that the metastable phase (face-centered tetragonal, lattice constant
      a=3.94A, c=3.58A, c/a=0.908 and a Curie point of 350.degree. to
      400.degree.C; hereinafter referred to as the .tau. phase) is obtained by
      way of a heat treatment such as by the cooling-control method or the
      quenching-tempering method. The .tau. phase is the metastable phase which
      appears between the high temperature phase (non-magnetic hexagonal
      structure, lattice constant a=2.69A, c=4.38A, c/a=1.63; hereinafter
      referred to as the .epsilon. phase) and the room-temperature phase in
      which the alloy is separated into the AlMn(.gamma.) phase (hereinafter
      referred to as .gamma. phase) and the .beta. -Mn phase (hereinafter
      referred to as .beta. phase). This intermediate phase was discovered by
      Nagasaki, Kono, and Hirone in 1955. (Digest of the Tenth Annual Conference
      of the Physical Society of Japan, Vol. 3, 162, October, 1955).
PAR  However, the above Mn-Al alloys possess magnetic characteristics which are
      low, i.e., in the order of (BH)max = 0.5 .times. 10.sup.6 G. Oe, Br = 2200
      G, and .sub.B H.sub.C = 600 Oe. Since then, a method has been developed of
      sintering the powdered alloy in the .tau. phase whereby the coercive force
      is increased by pulverizing; however, the magnetic characteristics of
      these alloys, at best, were low, being in the order of (BH)max = 0.6
      .times. 10.sup.6 G. Oe, Br = 1700 G, and .sub.B H.sub.C = 1250 Oe.
      Moreover, since the products were formed from powder, their mechanical
      strengths were low, which make these products impractical for commercial
      use.
PAR  On the other hand, in the attempt to improve the magnetic characteristics
      of those Mn-Al alloy magnets by making them anisotropic, a method of
      subjecting the alloy in .tau. phase (ferromagnetic phase) to high degree
      of cold working (hereinafter referred to simply as cold working method), a
      method of forming in a magnetic field the .tau. phase pulverized in cold
      into powder or the same method followed by sintering (hereinafter referred
      to simply as in-field powder forming method), etc., were proposed. Because
      of the difficulties to be described below, these anisotropizing methods
      have not yet found practical application.
PAR  Thus, in the cold working method of anisotropization, because Mn-Al alloy
      magnets are intermetallic compounds having hard and brittle mechanical
      properties, even a cold-working of less than 1% causes cracks or fractures
      in the alloys.
PAR  On the other hand, since the degree of anisotropization is dependent upon
      the degree of cold-working, it is necessary to cold-work the alloy to a
      high degree, normally higher than 80%, in order to achieve satisfactory
      magnetic characteristics. For this reason, the Mn-Al alloy will be broken
      and pulverized in the step of this working.
PAR  In order to overcome the difficulties, it is known that rod shaped Mn-Al
      alloy magnets in the .tau. phase are sealed in nonmagnetic stainless steel
      pipes such as 25Cr-20Ni stainless steel pipe, and while being held in said
      pipes are subjected to cold working, such as swaging, to a degree of
      85.about.95%. This method is capable of producing an anisotropic permanent
      magnet possessing magnetic characteristics in the order of Br = 4280 G,
      .sub.B H.sub.C = 2700Oe, and (BH)max .apprxeq. 3.5 .times. 10.sup.6 G, Oe
      in the direction of preferred magnetization i.e., the axial direction of
      the rod. When this method is used, however, due to the intense working,
      the Mn-Al alloy magnets inside the pipe must be finely pulverized into
      powder, therefore only a slender bar sealed in stainless steel pipe can be
      obtained, and moreover, it is difficult to obtain rods of uniform
      cross-section. The method is therefore costly and of little practical
      value.
PAR  Furthermore, in order to overcome these difficulties, a method has been
      proposed of obtaining a rod shaped anisotropic Mn-Al alloy magnet by
      subjecting the .tau. phase of the Mn-Al alloy magnet to hydrostatic
      extrusion at a temperature below 200.degree.C, but the magnetic
      characteristics of such alloys is low, being in the order of (BH)max =
      2.5.about.3.6 .times. 10.sup.6 G. Oe in the direction of preferred
      magnetization. This method also requires very intricate hydrostatic
      extrusion operation and is again a very impractical method.
PAR  On the other hand, the in-field powder forming method is a method whereby
      after pulverizing the .tau. phase (magnetic phase) of the magnet of Mn-Al
      alloy, the powder is press-formed in a magnetic field. In this instance
      also, even the best of the values of magnetic characteristics in the
      preferred direction of magnetization, was of the order of (BH).sub.max
      .apprxeq. 1.85 .times. 10.sup.6 G. Oe. Moreover, a difficult pulverizing
      process was required, and the permanent magnet obtained, being a product
      formed from powder, had the poor mechanical property of being very
      brittle, detracting from its practical use.
PAR  When the hot working, etc., is conducted, Mn-Al alloy has low stability at
      high temperature of the .tau. phase, being the magnetic phase; thus, above
      530.degree.C, it undergoes a transformation into the .gamma. phase or
      .beta. phase in a short period of time, and at a temperature exceeding
      830.degree.C, the transformation proceeds to the .epsilon. phase.
PAR  Furthermore, the transformation from the .tau. phase to the .beta. phase is
      accelerated by the working; thus the so-called strain induced
      transformation is brought, and as a consequence, all Mn-Al alloys which
      had been worked at a temperature above 530.degree.C showed markedly
      lowered magnetic properties, or became nonmagnetic.
PAR  The plasticity of Mn-Al alloys above mentioned was found to be based on the
      high deformability of the .beta.-phase, and not on the deformability of
      the .tau. phase itself.
PAR  As described hereinabove, in the Mn-Al alloys, above 530.degree.C, the
      transformation to the .beta. phase is induced, as the degree of working is
      increased, to the detriment of its magnetic characteristics.
PAR  To replace the Mn-Al alloy magnets mentioned above, there have been
      invented manganese-aluminum-carbon alloy magnets in bulk shape having
      excellent magnetically isotropic characteristics, which magnets were
      disclosed in U.S. Pat. No. 3661567.
PAR  Thus, according to the U.S. Pat. No. 3661567, the Mn-Al-C alloy magnets may
      be multi-component alloys having more then three components, containing
      impurities or additives other than Mn, Al and C, but should contain carbon
      as an indispensable component element, and moreover, the component ratio
      of Mn, Al and C in these multi-component alloys should fall within the
      following range:
TBL          Mn  69.5 .about. 73.0 %                                           
             Al  26.4 .about. 29.5 %                                           
             C   0.6 .about. (1/3Mn - 22.2) %                                  
PAL  Then, only when these alloys are manufactured under the condition
      restricted as described in the following, the Mn-Al-C alloy magnets may be
      obtained as isotropic permanent magnets being in bulk form and excelling
      in their magnetic characteristics, stability, weathering resistance and
      mechanical strengths.
PAR  Thus, Mn, Al and C are so mixed that each component falls within the
      respective composition range mentioned above, then the mixture is heated
      to a temperature higher than 1,380.degree.C but lower than 1,500.degree.C,
      in order to obtain a homogeneous melt with carbon forcibly dissolved
      therein, and thereafter the molten alloy is cast in a suitable mold. The
      ingot thus-obtained is heated above 900.degree.C to form its high
      temperature phase, and then, is quenched by rapidly cooling it from a
      temperature above 900.degree.C to a temperature below 600.degree.C at a
      cooling rate of higher than 300.degree.C/min. The quenched alloy is then
      tempered by heating it at a temperature of 480.degree..about.650.degree.C
      for an appropriate period of time. A Mn-Al-C alloy magnet in bulk shape
      obtained in this way has magnetic characteristics better than (BH)max =
      1.0 .times. 10.sup.6 G. Oe, while in an isotropic state. This magnetic
      characteristic runs twice as high as the magnetic characteristics of
      isotropic Mn-Al alloy magnets.
PAR  The present inventors have studied and analyzed the reasons why the
      magnetic characteristics of Mn-Al-C alloy magnets were improved expecially
      when the manufacturing conditions were restricted as described hereabove.
      As a result, it has been clarified that this improvement was due to the
      particular state of existence of carbon in the Mn-Al-C alloy magnets,
      i.e., the manufacturing conditions and their magnetic characteristics have
      an intimate relationship. Accordingly, under manufacturing conditions
      which make the state of existence of carbon inadequate, magnets having low
      magnetic characteristics can be produced which are in the same order as
      isotropic Mn-Al alloy magnets, even if the composition ratio of Mn, Al and
      C falls within the above mentioned ranges, and even wherein sufficient
      .tau. phase exists.
PAR  It was discovered that in order to obtain isotropic permanent magnets from
      Mn-Al-C alloys having excellent magnetic characteristics, it is necessary
      that the phases existing in these alloys should mainly include:
PA0  1. a magnetic phase having carbon forcibly melted therein beyond the
      solubility limit, and
PA0  2. a phase of Mn.sub.3 AlC and/or a face-centered cubic phase resembling
      such phase in which the remaining excess carbon is separated out by way of
      tempering in the form of carbides other than aluminum carbide (Al.sub.4
      C.sub.3, etc.) in fine grainy or reticular shape, and that phase (2) is
      separated and dispersed finely in grainy or reticular form within phase
      (1) as its matrix. It has been proven that when alloys are produced
      according to the above-described phase conditions, magnets having greatly
      improved magnetic characteristics can be manufactured, which alloys
      possess a stabilized magnetic phase. This state of existence of carbon, as
      described above, was confirmed by way of X-ray diffraction techniques,
      optical microscopy and electron microscopy.
PAR  Mn.sub.3 AlC is a compound having a face-centered cubic crystal structure
      of a perovskite type (lattice constant a = 3.87A), but because its Curie
      point is 15.degree.C, and it is nonmagnetic at room temperature, Mn.sub.3
      AlC itself, even when existing in the Mn-Al-C alloys, does not contribute
      to the intensity of magnetization of the Mn-Al-C alloy magnets.
PAR  A face-centered cubic phase similar to Mn.sub.3 AlC means (1) a phase
      wherein perovskite type carbides appear in the Mn-Al-C alloys containing
      an amount of carbon beyond than the solubility limit, or (2) is a
      precipitated substance having the same chemical characteristics as that of
      said carbides, but not exactly the same structure.
PAR  Al.sub.4 C.sub.3 is a carbide existing in Mn-Al-C alloys containing Mn
      within the range of 68.0.about.73.0% and an amount of carbon in excess of
      (1/3 Mn--22.2)%. It is formed at temperatures above the melting points of
      Mn-Al-C alloys, but is neither formed nor destroyed by heat treatment in
      the temperature range below the melting points. Al.sub.4 C.sub.3,
      hydrolyzed by moisture in the air, etc., causes the alloys to crack,
      leading finally to the decay of alloys with the further proceeding of
      hydrolysis.
PAR  It has been clarified that in Mn-Al-C alloys, the solubility limit of
      carbon in the magnetic phase, as determined by the measurement of lattice
      constants by way of X-ray diffraction and by measurement of Curie point by
      use of a magnetic balance, is 0.7% for the composition of 73% Mn, 0.5% for
      the composition of 71% Mn, and the solubility limit of carbon within the
      composition range of 71.0.about.73.0% Mn can be represented by the
      mathematical formula of (1/10 Mn -- 6.6)%.
PAR  On the other hand, the solubility limit of carbon in the high temperature
      phase is almost the same as the solubility limit of carbon in the magnetic
      phase at a temperature of 830.degree.C, but in a temperature range of
      900.degree.C.about.1200.degree.C, the solubility limit of carbon in this
      phase is (0.8.about.2.0)% of carbon; however, by quenching at a
      temperature above 900.degree.C, a high temperature phase can be obtained
      in which more than (1/10 Mn -- 6.6)% of carbon is forcibly dissolved.
      When, however, in the process of quenching from a temperature above
      900.degree.C, a gradual cooling is made at a cooling rate lower than
      10.degree.C/min. in the temperature range of
      830.degree..about.900.degree.C, and then, quenching is carried out from
      this temperature, or when the alloys are held in the temperature range at
      830.degree..about.900.degree.C for more than 7 minutes, preferably more
      than 10 minutes, and quenching from that temperature, Mn.sub.3 AlC
      precipitates in lamellae in a .epsilon. phase. The deposition of Mn.sub.3
      AlC in lamella is oriented parallel to the special crystal plane of the
      .epsilon. phase, i.e., (0001) plane, and has the orientation relationship
      of
EQU  .epsilon.(0001) // Mn.sub.3 AlC (111)
PAL  as evidenced by optical microscopic observation and X-ray diffraction of a
      single crystal as the test specimen.
PAR  On the other hand, by subjecting the high temperature phase into which
      carbon has been forcibly dissolved to the aforementioned tempering at
      480.degree..about.650.degree.C, a phase of Mn.sub.3 AlC and/or
      face-centered cubic phase resembling such phase is deposited, finely
      dispersed in the matrix of the magnetic phase into which free carbon more
      than the solubility limit has been forcibly contained.
PAR  The composition range of U.S. Pat. No. 3661567 refers to the most typical
      composition range, where the state of existence of carbon is concerned,
      and it was clarified that the excess carbon in the composition range
      especially of Mn more than 70% exists as the phase of Mn.sub.3 AlC and/or
      the face-centered cubic phase resembling such phase which has been
      deposited, finely dispersed in the grainy or reticular shape. The magnetic
      characteristic of the Mn-Al-C alloy obtained in this way is isotropic in
      the bulk state, with (BH)max running above 1.0 .times. 10.sup.6 G. Oe.
PAR  The present inventors invented anisotropic Mn-Al-C alloy magnets which are
      superior to the isotropic Mn-Al-C alloy magnets of U.S. Pat. No.
      3,661,576. Inventions concerning anisotropic Mn-Al-C alloy magnets were
      disclosed that:
PA0  1. Excellent anisotropic magnets can be obtained by subjecting an alloy
      containing a composition of Mn 68.0.about.73.0%, C(1/10 Mn -- 6.6)%.about.
      (1/3 Mn -- 22.2)% and the remainder aluminum to plastic deformation at the
      temperature range of 530.about.830.degree.C after precipitating the phase
      of Mn.sub.3 AlC and/or face-centered cubic phase resembling such phase
      into plane (0001) of the high temperature phase.
PA0  2. Excellent anisotropic magnets can be obtained by subjecting a
      polycrystalline alloy containing Mn (68.0.about.70.5)%, C(1/10 Mn --
      6.6)%.about.(1/3 Mn -- 22.2)% and the remainder aluminum, to a quench
      treatment at a cooling rate higher than 10.degree.C/min. in the
      temperature range of 830.degree..about.900.degree.C, then, tempering at
      the temperature of 480.degree..about.750.degree.C and subjecting to
      plastic deformation at the temperature of 600.degree..about.780.degree.C
      after the tempering.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method of making isotropic Mn-Al-C alloy
      magnets, which method was obtained as a result of further detailed survey
      on the above-mentioned invention.
PAR  Accordingly, it is an object of this invention to provide a method of
      making isotropic Mn-Al-C alloy magnets having magnetic characteristics
      such that the (BH)max is above 2.0 .times. 10.sup.6 G. Oe and which
      reaches to 2.5 .times. 10.sup.6 G. Oe in the bulk state.
PAR  It is another object of this invention to provide a method for making very
      excellent isotropic permanent magnets which exhibit a specific gravity as
      low as 5.1 and which have magnetic energies per unit weight comparable to
      those of the highest class of known permanent magnets, e.g., having
      energies per unit weight 2 times higher than those of isotropic (Ba, Sr)
      ferrite magnets and AlNiCo magnets.
PAR  It is a further object of this invention to provide a method of making
      isotropic permanent magnets having excellent mechanical characteristics.
PAR  The present inventors have found out that, in the restricted composition
      range represented by Mn 71.0.about.73.0%, C(1/10 Mn -- 6.6).about.(1/3 Mn
      -- 22.2)% and the remainder Al, i.e., in the composition range enclosed by
      the line connecting the points A, B, C and D, as shown in the ternary
      composition diagram of Mn-Al-C alloys of the drawing, isotropic Mn-Al-C
      alloy magnets may be obtained. The .tau. phase of these magnets which has
      been obtained by quenching at a cooling rate higher than
      10.degree.C/minute in the temperature range of
      830.degree..about.900.degree.C, and then tempering at
      480.degree..about.750.degree.C for an appropriate period of time, is not
      only highly stable, but also does not undergo the
      strain-induced-transformation to the .beta. phase, when further subjected
      to the plastic working in the temperature range of
      550.degree..about.780.degree.C. Moreover, in which their magnetic
      characteristics are unexpectedly improved. Other and further objects,
      features and advantages of the invention will appear more fully from the
      following detailed description and Examples.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawing represents a composition diagram of a Mn-Al-C ternary system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the following, this invention is further detailed in reference to scores
      of its embodiments:
PAC  EXAMPLE 1
PAR  The raw materials of Mn, Al and C were properly mixed, were melted at about
      1,450.degree.C in 30 minutes, thereby melting carbon fully into its solid
      solution, and were then, cast to form a rod shape casting of a Mn-Al-C
      alloy. The compositions of the castings thus obtained were as shown in
      Table 1 in terms of the value of its chemical analysis.
TBL                Table 1                                                     
     ______________________________________                                    
     Test Specimen No.                                                         
                    Mn %      Al %      C %                                    
     ______________________________________                                    
     1              69.52     29.89     0.59                                   
     2              70.47     28.72     0.81                                   
     3              70.83     28.32     0.85                                   
     4              71.03     28.05     0.92                                   
     5              71.05     27.59     1.36                                   
     6              71.24     27.81     0.95                                   
     7              71.47     27.80     0.73                                   
     8              71.51     27.46     1.03                                   
     9              71.99     27.46     0.55                                   
     10             72.03     26.94     1.03                                   
     11             72.05     26.03     1.92                                   
     12             72.50     26.79     0.71                                   
     13             72.77     25.94     1.29                                   
     14             72.98     25.69     1.33                                   
     15             72.96     25.16     1.88                                   
     16             73.17     25.50     1.33                                   
     17             73.45     25.10     1.45                                   
     ______________________________________                                    
PAR  From each of these castings, a test specimen cylindric in shape of
      20mm.phi. .times. 35mm was cut off, was turned into the uniform .epsilon.
      phase by way homogenization by heating at 1,150.degree.C for 2 hours and
      then quenching from 1,000.degree.C at a cooling rate higher than
      10.degree.C/min.
PAR  Those test specimens were tempered in the temperature range of
      480.degree..about.830.degree.C. The magnetic properties appreciably
      decreased above 780.degree.C in all test specimens of Nos. 1 - 17.  The
      temperature range where the .tau. phase stably existed greatly varied
      depending on the composition; when the tempering time length was 30
      minutes, it was below 750.degree.C.
PAR  After tempering at 700.degree.C for 30 minutes, each test specimen was
      examined by X-ray diffraction and optical microscope to determine its
      phase structure. The results were as follows:
PA0  1. In test specimens of Nos. 9, 16 and 17 large amounts of .beta. phase was
      recognized.
PA0  2. In test specimens, except those of (1), .tau. phase was recognized on
      the main, but in test specimen of No. 11, Al.sub.4 C.sub.3 was recognized,
      and this test specimen began disintegrating several weeks thence.
PAR  Moreover, in test specimens of Nos. 4, 5, 6, 7, 8, 10, 12, 13, 14 and 15,
      precipitation of Mn.sub.3 AlC in fine grainy or reticular shape was
      notably recognized and in test specimens of Nos. 2 and 3 precipitation of
      Mn.sub.3 AlC was slightly recognized.
PAR  Test specimens after tempering at 700.degree.C for 30 minutes were upset at
      700.degree.C by an upsetting pressure of 12.5 tons at a deformation ratio
      (reduction of length) of 50%, using a oil-hydraulic press machine. From
      test specimens obtained in this way, cubic test pieces of 10 .times. 10
      .times.mm were cut out, and then, its magnetic characteristics were
      measured.
PAR  Magnetic characteristics in the compressive direction, axial direction of
      the test specimens, were as shown in Table 2, and in the perpendicular
      direction to compressive direction; radial direction of test specimens,
      were as shown in Table 3.
PAR  Moreover, it was confirmed by way of X-ray diffraction and optical
      microscopic observation after working, that test specimens Nos. 9, 16 and
      17 comprised the .beta. phase and the other specimens comprised only .tau.
      phase on the main.
TBL                Table 2                                                     
     ______________________________________                                    
     Sample No.                                                                
              Br (G)    .sub.B H.sub.C (Oe)                                    
                                   (BH)max .times. 10.sup.6 G.Oe               
     ______________________________________                                    
     1        2450      1350       0.9                                         
     2.       2600      1400       1.1                                         
     3.       2850      1500       1.3                                         
     4.       3300      2100       2.0                                         
     5.       3300      2150       2.0                                         
     6.       3350      2200       2.1                                         
     7.       3400      2350       2.2                                         
     8.       3400      2400       2.2                                         
     9.       2700      1200       0.9                                         
     10.      3450      2500       2.3                                         
     11.      2950      2250       1.7                                         
     12.      3350      2300       2.1                                         
     13.      3300      2400       2.1                                         
     14.      3200      2400       2.1                                         
     15.      3100      2450       2.0                                         
     16.      2450      1300       0.8                                         
     17.      1900       750       0.5                                         
     ______________________________________                                    
TBL                Table 3                                                     
     ______________________________________                                    
     Sample No.                                                                
              Br (G)    .sub.B H.sub.C (Oe)                                    
                                   (BH)max .times. 10.sup.6 G.Oe               
     ______________________________________                                    
     1.       5300      2450       5.1                                         
     2.       3650      2300       2.4                                         
     3.       3350      1950       1.9                                         
     4.       3300      2100       2.0                                         
     5.       3300      2150       2.0                                         
     6.       3350      2200       2.1                                         
     7.       3400      2350       2.2                                         
     8.       3400      2400       2.2                                         
     9.       2700      1200       0.9                                         
     10.      3450      2500       2.3                                         
     11.      2950      2250       1.7                                         
     12.      3350      2300       2.1                                         
     13       3300      2400       2.1                                         
     14.      3200      2400       2.0                                         
     15.      3100      2450       2.0                                         
     16.      2450      1300       0.8                                         
     17.      1900       750       0.5                                         
     ______________________________________                                    
PAL  In test specimen of No. 11, Al.sub.4 C.sub.3 was recognized, and this test
      specimen began disintegrating several weeks thence.
PAR  Compositions of specimens being isotropic and having magnetic
      characteristics of (BH)max = more than 2.0 .times. 10.sup.6 G. Oe, are
      within the composition range of Mn 71.0.about.73.0%, C (1/10 Mn --
      6.6).about.(1/3 Mn--22.2)% and the remainder Al, that is the composition
      range enclosed by the line connecting the points A, B, C and D, as
      represented in the Mn-Al-C ternary composition diagram of the drawing.
PAR  Those specimens, i.e., specimens of Nos. 4, 5, 6, 7, 8, 10, 12, 13, 14 and
      15 were additionally tempered at 550.degree.C for 30 minutes after
      subjecting them to working. The magnetic characteristics obtained as a
      result were improved by about 10%. For example, the specimen of No. 10
      after additional tempering was conducted, was isotropic, and its magnetic
      characteristics both in the compressive direction and in right angles to
      compressive direction were found to be:
TBL  Br = 3500 G,                                                              
               .sub.B H.sub.C = 2600 Oe,                                       
                            (BH)max = 2.5 .times. 10.sup.6 G. Oe               
PAR  Moreover, specimens of Nos. 4, 5, 6, 7, 8, 10, 12, 13, 14 and 15 were
      markedly improved in mechanical strength by subjecting them to warm
      plastic working. Its mechanical strength was as follows: tensile strength
      = more than 40 kg/mm.sup.2, elongation = more than 5%, transverse strength
      = more than 50 kg/mm.sup.2. Also, those specimens have excellent
      machinability which make it possible to apply the machining such as
      conventional lathing in magnetized condition thereof.
PAC  EXAMPLE 2
PAR  The test specimen No. 10 of Example 1 was subjected to homogenization and
      quenching treatment similarly as in Example 1 and to a tempering at
      600.degree.C for 30 minutes after the quenching, and upset in the same way
      as in Example 1 with varying working temperature. The magnetic
      characteristics in the compressive direction and at right angles to
      compressive direction, i.e., radial direction and tangential direction
      after this working was carried out were the same and isotropic, as shown
      in Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
     Code Working    Br(G)    .sub.B H.sub.C (Oe)                              
                                     (BH)max .times. 10.sup.6 G. Oe            
          Temperature                                                          
     ______________________________________                                    
     a    500        --       --     --                                        
     b    530        3150     1350   1.5                                       
     c    540        3300     1750   1.8                                       
     d    550        3400     2000   2.0                                       
     e    600        3450     2400   2.2                                       
     f    650        3450     2500   2.3                                       
     g    700        3450     2500   2.3                                       
     h    750        3400     2500   2.3                                       
     i    780        3100     2400   2.0                                       
     j    790        2850     1500   1.3                                       
     k    800        1900     800    0.6                                       
     ______________________________________                                    
PAL  Range of working temperature in which the test specimens having magnetic
      characteristics (BH)max = more than 2.0 .times. 10.sup.6 G. Oe were
      obtained was 550.degree..about.780.degree.C.
PAR  Furthermore, at an working temperature below 540.degree.C, there existed
      the cracks in some test specimens because of its low deformability.
      Especially, at temperatures below 500.degree.C, all test specimens were
      pulverized, so that no test pieces for the measurement of magnetic
      characteristics could be taken.
PAR  In the temperature range exceeding 780.degree.C, in all test specimens,
      .beta. phase was recognized in large amount, as confirmed by the X-ray
      diffraction.
PAR  When the tempering temperature was varied in the range of
      480.degree..about.750.degree.C, same result was obtained.
PAR  Moreover, test specimens of Nos. 4, 5, 6, 7, 8, 12, 13, 14 and 15 in
      Example 1, have same tendency as mentioned above. When Mn-Al-C alloys
      comprising Mn 71.0.about.73.0%, C (1/10 Mn -- 6.6).about.(1/3 Mn -- 22.2)%
      and the remainder Al, were quenched at a cooling rate higher than
      10.degree.C/min after homogenization, and then, were subjected to plastic
      working after the tempering at temperature of
      480.degree..about.750.degree.C, isotropic magnet having magnetic
      characteristic of (BH)max = above 2.0 .times. 10.sup.6 G. Oe could be
      obtained.
PAC  EXAMPLE 3
PAR  The test specimen of No. 10 of Example 1 was subjected to homogenization
      and quenching treatment and to a tempering at 700.degree.C for 30 minutes
      after a quenching, and was die-upset by an upsetting pressure of 12.5
      tons, using die of 40mm.sup..phi.. The test specimen obtained by
      above-mentioned working, could be formed perfectly. Its magnetic
      properties were isotropic and its magnetic characteristics were as
      follows:
TBL  Br = 3450 G                                                               
               .sub.B H.sub.C = 2550 Oe                                        
                            (BH)max = 2.4 .times. 10.sup.6 G. Oe               
PAR  Moreover, test specimens subjected to above-mentioned treatment and formed
      by die-upsetting to other shapes, that is rectangular shape or any other
      shapes with different cross-sections, showed same magnetic properties and
      characteristics as mentioned above.
PAR  Aforementioned test specimens were subjected to additional tempering at
      550.degree.C for 30 minutes after the working, and its magnetic
      characteristics were found to be:
TBL  Br = 3500 G                                                               
               .sub.B H.sub.C = 2600 Oe                                        
                            (BH)max = 2.5 .times. 10.sup.6 G. Oe               
PAC  EXAMPLE 4
PAR  The test specimen of No. 8 of Example 1 was subjected to homogenization and
      quenching treatment and to a tempering at 750.degree.C for 30 minutes
      after a quenching, and was extruded by an extruding pressure of 12.5 tons,
      using a die with a reduction of area percentage of 50%. Its magnetic
      properties were isotropic and its magnetic characteristics were as
      follows:
TBL  Br = 3400 G                                                               
               .sub.B H.sub.C = 2450 Oe                                        
                            (BH)max = 2.2 .times. 10.sup.6 G. Oe               
PAC  EXAMPLE 5
PAR  The rod shaped test specimen of Mn-Al alloy consisting of Mn 72.05% and Al
      27.95%, as chemically analyzed, was cast, and from this casting, a
      cylindrical test piece of 20 mm.sup..phi. .times. 35 mm was cut out. It
      was subjected to quenching in water after holding it at 1000.degree.C for
      1 hour.
PAR  The alloy obtained by these treatments was examined by way of X-ray
      diffraction as to determine its phase structure, and was found to be in
      the .epsilon. phase only.
PAR  This alloy was tempered into the .tau. phase and was, then, upset at
      700.degree.C at deformation ratio 50% the specimen obtained by this
      working was found to be isotropic, and its magnetic characteristics were
      low as follows:
TBL  Br = 800 G                                                                
               .sub.B H.sub.C = 550 Oe                                         
                            (BH)max = 0.1 .times. 10.sup.6 G. Oe               
PAR  As revealed by the X-ray diffraction of the test specimen after having been
      treated, a large amount of .beta. phase and .gamma. phase were recognized,
      but the .tau. phase was found only in a very small amount.
PAR  As clarified by the scores of examples described hereabove, in Mn-Al-C
      alloys with their composition range being limited to Mn 71.0.about.73.0%,
      C(1/10 Mn -- 6.6).about.(1/3 Mn -- 22.2)% and remainder Al, by quenching
      in a temperature range of 830.degree..about.900.degree.C at a cooling rate
      higher than 10.degree.C/min., a tempering at
      480.degree..about.750.degree.C, after the quenching, and then, subjecting
      to plastic working in a temperature range of
      550.degree..about.780.degree.C, an isotropic permanent magnet having very
      excellent magnetic characteristics could be obtained.
PAR  Although such mechanisms as mentioned above have not yet clarified for the
      present, what is evident from those embodiments is that existence of
      carbon, in fine grainy or reticular shape of Mn.sub.3 AlC and/or
      face-centered cubic phase similar to Mn.sub.3 AlC and the presence of
      excess carbon, have an important effect on the characteristics of magnet.
PAR  According to this invention, isotropic magnets of very high performance
      which give (BH)max ranging to (2.0.about.2.5) .times. 10.sup.6 G. Oe are
      obtained. Their mechanical strengths were 10 times as high as those of the
      conventional isotropic Mn-Al-C alloys; they had such high toughness that
      they could be subjected to such machining as the ordinary lathing; they
      may be applied to not only upsetting, extruding and rolling, but also all
      plastic workings including ordinary plastic working such as drawing,
      forging, etc.; and it was easy to manufacture the magnets in any arbitrary
      shape; working speed in plastic deformation could be set arbitrarily.
PAR  They were thus of high industrial value.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making an isotropic permanent magnet, which comprises the
      steps of:
PA1  1. preparing an alloy comprising the composition of 71.0% to 73.0% by
      weight of manganese, (1/10 Mn--6.6)% to (1/3 Mn--22.2)% by weight of
      carbon and remainder aluminum;
PA1  2. quenching the alloy from a temperature above 900.degree.C at a cooling
      rate of higher than 10.degree.C/minute in a temperature range of
      830.degree.C to 900.degree.C;
PA1  3. tempering the quenched alloy at a temperature of 480.degree.C to
      750.degree.C; and
PA1  4. plasticially deforming the tempered alloy at a temperature of
      550.degree.C to 780.degree.C.
NUM  2.
PAR  2. The method according to claim 1, wherein plastic deformation step (4) is
      performed by extrusion through a die.
NUM  3.
PAR  3. The method according to claim 1, which comprises a step of additionally
      tempering the deformed alloy at a temperature of 480.degree.C to
      750.degree.C.
NUM  4.
PAR  4. An isotropic permanent magnet produced by the method of claim 1.
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PAL  A method of inductively heating and quench hardening an elongated camshaft
      having a central axis, an elongated body portion, at least three axially
      spaced bearing surfaces on the body portion, and axially spaced cam
      surfaces on the body portion and encircling the axis, this method
      comprises: providing a generally cylindrical multi-turn inductor having an
      elongated workpiece receiving opening extending in a given direction,
      rotatably mounting the camshaft in the workpiece receiving passage,
      rotating the workpiece about its given axis, energizing the inductor with
      a high frequency alternating current, continuing the energizing and
      rotating step until the surfaces are inductively heated to a quench
      hardening temperature, removing the workpiece from the workpiece receiving
      opening, clamping the workpiece on at least three of the bearing surfaces
      for rotation about a quench axis corresponding to the camshaft central
      axis, restraining at least three clamped bearing surfaces from transverse
      movement, and then quenching the clamped and restrained camshaft with a
      quenching liquid while the camshaft is being rotated to prevent undue
      distortion and cracking of the camshaft.
BSUM
PAR  The present invention relates to the art of induction heating and, more
      particularly, to the art of induction heating and then quench hardening
      camshafts.
PAR  The invention is particularly applicable for the induction heating and
      quench hardening of camshafts used in internal combustion engines, and it
      will be described with particular reference thereto; however, it is
      appreciated that the invention has much broader applications and may be
      used for inductively heating other shafts.
PAR  The camshaft for an internal combustion engine includes an elongated body
      portion rotatable about a given axis and having spaced cam surfaces and
      bearing surfaces. To prevent rapid wear, these surfaces are hardened. At
      one time, the camshaft was carburized and heated in a furnace to a desired
      hardening temperature throughout. Thereafter, the heated camshaft was
      quench hardened to provide hardened surfaces. This procedure resulted in
      substantial distortion and often required the additional step of
      straightening. Subsequent straightening of the camshaft required
      additional handling and processing. To overcome some of these
      disadvantages and to employ the advantages of induction heating, several
      arrangements have been provided for inductively heating the camshafts
      prior to quench hardening. To prevent undue distortion, each of the
      separate bearing surfaces and cam surfaces were individually inductively
      heated to a limited depth by an encircling inductor and then quench
      hardened. In this manner, the internal portion of the camshaft was not
      heated to a hardening temperature. This surface heating reduced the total
      energy required for heating the surfaces prior to quench hardening. This
      is a substantial cost savings over prior processes requiring heating of
      the total camshaft. When high frequency, such as 3-10  kc, was used in an
      induction heating process, only the metal in a small layer adjacent the
      surfaces was inductively heated to a quench hardening temperature. During
      quenching, a case hardened surface was created on the bearing and cam
      surfaces in accordance with standard induction heating techniques.
      Although this induction heating process did substantially reduce the
      energy required for selectively hardening the various surfaces on the
      camshafts, individual heating of the surfaces required a substantial
      amount of time and complicated indexing and handling mechanisms. To
      overcome these difficulties, inductors were developed which would
      inductively heat a group of surfaces prior to quench hardening of that
      particular group of surfaces. This reduced the processing time and thus
      increased the productivity of the induction heating process. However,
      successive heating of various groups of surfaces was required and the
      camshaft or inductors were indexed. To overcome the requirement of
      indexing, it was suggested that an elongated induction heating coil having
      a length substantially matching the length of the camshaft could be placed
      around the camshaft to heat inductively all bearing and cam surfaces at
      one time. This type of process, where all surfaces are simultaneously
      heated by high frequency, such as 3-10 kc, was adpoted to reduce the
      overall processing time. However, by inductively heating the outer exposed
      surfaces of the camshaft in a single induction heating operation,
      distortion was again experienced and straightening was often required.
      This straightening could result in cracks and other defects which required
      scrapping of the inductively heated and quench hardened camshaft.
PAR  The present invention relates to an improvement in a method of inductively
      heating and quench hardening the bearing surfaces and cam surfaces on a
      camshaft, which method overcomes the disadvantages experienced in prior
      attempts to inductively heat these surfaces and then quench harden them
      for subsequent wear resistance.
PAR  The primary object of the present invention is the provision of a method of
      inductively heating and quench hardening bearing and cam surfaces of a
      camshaft, which method involves inductively heating several, if not all,
      cam and bearing surfaces of the camshaft simultaneously.
PAR  Yet another object of the present invention is the provision of a method
      and apparatus for inductively heating and quench hardening bearing and cam
      surfaces of a camshaft, which method involves inductively heating several,
      if not all, cam and bearing surfaces simultaneously with high frequency in
      the general range of 3-10 kc.
PAR  Another object of the present invention is the provision of a method as
      defined above, which method results in a camshaft that does not require
      subsequent straightening.
PAR  Still a further object of the present invention is the provision of a
      method as defined above, which method results in a camshaft that requires
      a minimum of further processing.
PAR  Still a further object of the present invention is the provision of a
      method as defined above, which method results in a minimum of rejected
      camshafts.
DRWD
PAR  These and other objects and advantages will become apparent from the
      following description taken together with the accompanying drawings in
      which:
PAR  FIG. 1 is a schematic diagram of the induction heating station used in the
      preferred embodiment of the present invention;
PAR  FIG. 2 is a schematic diagram illustrating the general apparatus layout for
      performing the preferred embodiment of the present invention;
PAR  FIG. 3 is a plan view showing somewhat schematically an apparatus for
      performing a certain aspect of the preferred embodiment of the present
      invention;
PAR  FIG. 4 is a side elevational view, somewhat cross-sectioned, illustrating
      the clamping and restraining mechanism, together with the rotating
      mechanism, utilized in performing the preferred embodiment of the present
      invention;
PAR  FIG. 4A is an enlarged cross-sectional view taken generally along line
      4A--4A of FIG. 4; and,
PAR  FIGS. 5, 5A and 5B are schematic operating diagrams illustrating the
      previously shown mechanisms in various operating positions used in
      performing the preferred embodiment of the present invention.
DETD
PAR  Referring now to the drawings wherein the showings are for the purpose of
      illustrating the preferred embodiment of the invention only and not for
      the purpose of limiting same, FIG. 1 shows an induction heating station A
      for inductively heating the cam and bearing surfaces of a camshaft B
      having a central rotational axis x. The camshaft is formed of iron or
      steel and includes a body portion 10, axially spaced bearing surfaces 12
      and axially spaced cam surfaces 14, in accordance with camshaft design. In
      induction heating station A, an elongated multi-turn indicator C encircles
      the camshaft and is provided with appropriate spacing g which is an air
      gap selected for the desired induction heating. This gap changes in the
      area of the cams 14 since they are not concentric with axis x. The air gap
      g is selected to provide optimum induction heating of camshaft B in the
      heating station A. As can be seen, in the preferred embodiment of the
      invention, inductor C extends over the total length of camshaft B and
      simultaneously inductively heats all bearing surfaces 12 and cam surfaces
      14. As is well known, induction heating, especially with high frequency in
      the range of 3-10 kc, will inductively heat only the outer surfaces of
      camshaft B. The body portion adjacent the center of the camshaft is not
      inductively heated to a quench hardening temperature, while the outer
      surfaces are inductively heated to a temperature above the quench
      hardening temperature for the particular metal forming camshaft B. This is
      all in accordance with known induction heating technology. Uniform heating
      of camshaft B is facilitated by rotating the camshaft during the heating
      operation. This can be accomplished by various mechanisms, schematically
      illustrated in FIG. 1 as a device engaging the opposite ends 20, 22 of
      camshaft B by centers 30, 32, respectively. Center 30 is driven by a
      schematically represented motor 34 during the heating operation to rotate
      the camshaft around its central axis x. A high frequency alternating
      current is applied through inductor C by an appropriate device such as
      generator 40 which provides a high frequency alternating current in the
      general range of 3-10 kc. In practice a transformer is used between
      generator 40 and inductor C. At this high frequency, only the outermost
      portions of the camshaft are inductively heated during the heating cycle
      to a temperature sufficient for subsequent quench hardening so that the
      resulting camshaft will have hardened outer surfaces, especially at the
      bearing surfaces 12 and cam surfaces 14.
PAR  Referring now to FIG. 2, the camshafts, in the preferred embodiment, are
      supplied to induction heating station A by an appropriate feeding device,
      schematically illustrated as a magazine M. By an appropriate escapement or
      other feeding device, a camshaft B is directed along arrow a to a position
      between centers 30, 32. The centers are mounted on appropriate transfer
      device T for reciprocation with respect to coil C, which is connected to a
      transformer 44 in FIG. 2. The transformer is part of the power supply
      shown as a generator 40 in FIG. 1. After the heating operation, and before
      the heated camshaft surfaces cool below a quench hardening temperature,
      the camshaft is transferred, by an appropriate mechanism along the path
      indicated by arrow b, to a quench fixture Q, which will be explained
      later. The transfer mechanism between centers 30, 32 and quench fixture Q
      may be any appropriate device which positively removes the camshaft and
      locates it within quench fixture Q. One such mechanism includes pivoting
      transfer fingers. In operation, an appropriate escapement allows a
      camshaft to be located between centers 30, 32. Thereafter, the centers are
      brought together to grasp the ends 20, 22 of the camshaft. Transfer device
      T then shifts to the right as shown in FIG. 2 until the centered camshaft
      is within coil C, as shown in FIG. 1. Thereafter, motor 34 rotates the
      camshaft while transformer 44 applies a high frequency alternating current
      to elongated, multi-turn inductor C. After the appropriate heating cycle,
      transfer device T is shifted to the position shown in FIG. 2 and an
      appropriate transfer arrangement shifts the heated camshaft from centers
      30, 32 to the quench fixture Q for further processing. The camshaft
      transfer takes place before surfaces 12, 14 are cooled below the quench
      hardened temperature so that subsequent quench hardening will provide
      these surfaces with a hardened finish.
PAR  Referring now to the quench fixture Q, as shown in FIG. 3, this fixture
      includes a support frame 50, a movable clamping frame 52 and a camshaft
      support mechanism S, best shown in FIGS. 4 and 4A, and supported on the
      clamping frame. Support frame 50 is located within a quench tank 54 having
      an appropriate design and having a quenching liquid to a level 56. Support
      frame 50 is generally stationary and includes at least four corner pillars
      60, only two of which are shown in FIG. 3. Plates 62, 64 are supported
      between pillars 60 to provide a unified support structure onto which
      clamping frame 52 reciprocates in the direction of the arrows shown in
      FIG. 3. Clamping frame 52 includes an upper plate 70 and a lower plate 72.
      These plates are held together by appropriate corner support bars 74, four
      of which are used even though only two are shown. Plates 70, 72 are also
      journalled for reciprocation on pillars 60 by bushings 76. A means 80 is
      provided for moving clamping frame 52 with respect to frame 50. Moving
      means 80 could include a variety of structures. In accordance with the
      illustrated embodiment, a cylinder 82 is secured onto plate 64 and a rod
      84 is secured onto plate 70. Although only one cylinder and rod assembly
      is illustrated, two or more similar assemblies may be provided for moving
      frame 52 with respect to support frame 50. Between movable plates 70, 72
      of clamping frame 52 is a further movable plate 90 which is vertically
      movable by an appropriate arrangement, such as a cylinder 92 having a rod
      94. This cylinder is secured onto plate 70 and the rod is secured onto the
      upper portion of movable plate 90. Reciprocal movement of plate 90 is
      guided by pillars 60 by bushings 96. Support mechanism S, best shown in
      FIGS. 4 and 4A and schematically shown in FIGS. 5, 5A and 5B, is located
      between plates 90 and 72. Mechanism S clamps the camshaft and allows
      rotation thereof during the quenching operation in tank 54 without
      transverse movement or distortion. A variety of structures could be used
      for this purpose; however, in the illustrated embodiment two elongated,
      generally parallel shafts 100, 102 are journalled in axially spaced stands
      110, 112 and 114. These shafts are provided with pinion gears 120, 122,
      respectively, so that they are rotated in unison along axes parallel to
      axis x of camshaft B. To rotate these two generally parallel shafts, there
      is provided an appropriate mechanism, such as a block 132 for supporting a
      drive shaft 134 secured onto the block by bearings 136. A drive gear 138
      is secured onto one end of shaft 134 and meshes with both pinion gears
      120, 122 as shown in FIG. 4A. To drive gear 138, there is provided a
      sprocket 140 rotated by a spaced motor 142 through a chain 144. Thus,
      selective operation of motor 142 drives spaced, parallel shafts 100, 102
      which extend along and generally below camshaft B.
PAR  A clamping and transverse restraining means 150 is provided at each bearing
      surface 12, as best shown in FIG. 4. Of course, in some instances it may
      not be necessary to employ a clamping and restraining means 150 at each of
      the bearing surfaces. At least, such a device should be provided at the
      opposite ends and generally at the center of the camshaft during the
      quenching operation in fixture Q. Shafts 100, 102 include transversely
      spaced rollers 152, 154 at each bearing surface. These rollers form a pair
      and provide a nest for a bearing surface 12 on camshaft B. In some
      instances, the rollers may have a greater axial length to accommodate
      larger bearing surfaces 12, as is shown in FIG. 4. The pairs of rollers
      provide a nest for camshaft B so that it can rotate about its central axis
      x when shafts 100, 102 are rotated by motor 142. Above each pair of
      rollers 152, 154, clamping and restraining means 150 includes a housing
      160 secured upon movable plate 90 of clamping frame 52. An upper
      supporting roller 162 is journalled by a trunnion 164 mounted on housing
      160. This upper roller is biased against bearing surface 12 when a
      camshaft is clamped within support mechanism S. Such biasing can be
      accomplished in several ways; however, in the illustrated embodiment,
      roller 162 is spring biased toward rollers 152, 154. Each upper roller 162
      is separately biased by an appropriate mechanism including a sliding
      connection formed from a stem 170 secured onto trunnion 164 and a bore 172
      in housing 160. A spring recess 174 in trunnion 164 adjacent stem 170
      houses a compression spring 180. An appropriate arrangement to provide a
      stop for outward movement of trunnion 164 is also provided. In the
      illustrated embodiment, this mechanism is a bolt 182 having an upper nut
      184 which is adjusted to engage a shoulder 186 of housing 160. A shaft 190
      carries bearing 191 for rotatably mounting roller 162 about an axis
      generally parallel to the axes of rotatable shafts 100, 102. The other
      clamping and restraining means have a like structure and for simplicity
      are not described.
PAR  In operation, as plate 90 is forced downward toward plate 72, rollers 162
      engage bearing surfaces 12 and force the bearing surfaces into a clamped
      position with respect to lower rollers 152, 154. Thereafter, motor 142
      rotates rollers 152, 154 to rotate camshaft B while it is restrained from
      transverse distortion by rollers 162. Springs 180 provide a balancing for
      slight tolerance differences between the different bearing surfaces 12 and
      have a spring constant sufficient to restrain camshaft B from transverse
      movement during a subsequent quenching operation. Location of camshaft B
      in quench fixture Q is provided by axially spaced adjustable locators 200,
      202.
PAR  In operation, the clamping frame 52 is first positioned as shown in FIG. 5.
      After a camshaft has been inductively heated so that the bearing surfaces
      and cam surfaces are above a quench hardening temperature, such as
      approximately 1400.degree.-1800.degree.F in normal situations, the heated
      camshaft is shifted between locators 200, 202 and above the various pairs
      of rollers 152, 154. Before this takes place, a previously quenched
      workpiece is shifted from quench fixture Q, as shown by the right hand
      arrow in FIG. 5. After a camshaft is properly located in mechanism S,
      cylinder 92 is filled with a liquid. This extends rod 94 driving plate 90
      along pillars 60 into the position shown in FIG. 5A. Thereafter, the
      heated camshaft is rotated by motor 142 along an axis generally
      corresponding to the central axis x of the camshaft. This rotating axis is
      labeled y in FIG. 4. While rotating, cylinder 80 is filled with a liquid
      to drive frame 52 into the position shown in FIG. 5B. This allows rotation
      of camshaft B as it is forced into the quenching liquid of tank 54, which
      liquid may be water or another quenching liquid. The quenching operation
      is started before the metal adjacent surfaces 12, 14 cools below the
      quench hardening temperature for such metal; therefore, during quenching
      and rotation, the bearing and cam surfaces are quench hardened for
      subsequent wear resistance. By providing the lateral restraints and
      rotation, distortion during the quenching operation is minimized to a
      level which does not require subsequent straightening of the camshaft.
      After the quenching operation has been completed, rods 84, 94 are
      retracted as shown in FIG. 5 and the quench hardened camshaft is removed
      from quench fixture Q and replaced by a heated camshaft.
CLMS
STM  Having thus defined my invention, I claim:
NUM  1.
PAR  1. A method of inductively heating and quench hardening an elongated
      camshaft having a central axis, an elongated body portion, at least three
      axially spaced bearings on said body portion and having bearing surfaces
      generally concentric with said axis and axially spaced cams on said body
      portion and having cam surfaces encircling said axis, said method
      comprising the steps of:
PA1  a. providing a generally cylindrical multi-turn inductor having an
      elongated workpiece receiving opening extending in a given direction;
PA1  b. rotatably mounting said camshaft in said workpiece receiving passage
      with said central axis extending in said given direction;
PA1  c. rotating said workpiece about said given axis;
PA1  d. energizing said inductor with a high frequency alternating current while
      said workpiece is rotating;
PA1  e. continuing said energizing and rotating steps until said surfaces are
      inductively heated to a temperature above a quench hardening temperature
      and a part of said body portion is below a quench hardening temperature;
PA1  f. then removing said workpiece from said workpiece receiving opening;
PA1  g. before said surfaces cool below the quench hardening temperature,
      clamping said workpiece on at least three of said bearing surfaces for
      rotation about a quench axis corresponding to said workpiece central axis;
PA1  h. restraining said at least three clamped bearing surfaces from transverse
      movement;
PA1  i. before said surfaces cool below the quench hardening temperature,
      quenching said clamped and restrained workpiece with a quenching liquid
      until said surfaces are quenched to a temperature before the hardening
      temperature; and,
PA1  j. rotating said clamped and restrained workpiece about said quench axis
      during said quenching step.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said alternating current has a
      frequency in the general range of 3-10 kc.
NUM  3.
PAR  3. A method as defined in claim 1 wherein all of said surfaces are
      inductively heated simultaneously during said energizing step.
NUM  4.
PAR  4. A method as defined in claim 3 wherein said alternating current has a
      frequency in the general range of 3-5 kc.
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ABST
PAL  Structure: An integrated circuit structure with full dielectric isolation
      comprising a supporting substrate having a planar surface of dielectric
      material and a semiconductor layer on said dielectric surface which forms
      a planar interface with the surface. Regions of oxidized silicon extend
      through the layer from said interface, surrounding and dielectrically
      isolating pockets of silicon in the layer; the oxidized silicon regions
      extend to the upper surface of the semiconductor layer where they are
      substantially co-planar with the silicon pockets. The devices of the
      integrated circuit are formed in said silicon pockets.
PAL  Method: The structure is fabricated by a novel method wherein a lightly
      doped silicon layer is deposited on a highly doped silicon substrate;
      surrounding oxidized silicon regions are then formed by selectively
      thermally oxidizing portions of the silicon layer to form oxide regions
      which are co-extensive with the oxidized areas and, thus, are co-planar
      with the remaining silicon pockets at both surfaces of the layer; a member
      having a dielectric surface interfacing with the silicon layer is formed,
      and the silicon substrate is removed by preferential electrochemical
      anodic etching to leave the silicon layer having the oxidized regions
      surrounding spaced silicon pockets mounted on said member.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates to integrated circuit structures and, more
      particularly, to dielectric isolation in integrated circuit structures.
PAR  The form of most existing integrated circuits is the so-called monolithic
      form. Such a structure contains great numbers of active and passive
      devices in a block or monolith of semiconductor material. Electrical
      connections between these active and passive devices are generally made on
      a surface of the semiconductor block of material. Until the present,
      junction isolation has been by far the most widely practiced manner of
      isolating devices or circuits in the integrated circuit from each other.
      For example, active P type diffusions are customarily used to isolate
      conventional and P-N bipolar devices from one another and from other
      devices such as the resistors and capacitors. Such junction isolation is
      also used in integrated circuits utilizing field effect transistor
      devices. More detailed descriptions of junction isolation may be found in
      U.S. Pat. Nos. 3,319,311; 3,451,866; 3,508,209 and 3,539,876.
PAR  Although junction isolation has provided excellent electrical isolation in
      integrated circuits which have functioned very effectively over the years,
      at the present stage of the development of the integrated circuit art,
      there is an increasing demand in the field of digital integrated circuits
      for faster switching circuits. It has long been recognized that the
      capacitive effect of the isolating P-N junctions has a slowing effect on
      the switching speed of the integrated circuits. Up to now, the switching
      demands of the integrated circuits have been of a sufficiently low
      frequency that the capacitive effect in junction isolation has presented
      no major problems. However, with the higher frequency switching demand
      which can be expected in the field in the future, the capacitive effect
      produced by junction isolation may be an increasing problem. In addition,
      junction isolation requires relatively large spacing between devices, and,
      thus, relatively low device densities which is contrary to higher device
      densities required in large scale integration. Junction isolation also
      tends to give rise to parasitic transistor effects between the isolation
      region and its two abutting regions. Consequently, in recent years there
      has been a revival of interest in integrated circuits having dielectric
      isolation instead of junction isolation. In such dielectrically isolated
      circuits, the semiconductor devices are isolated from each other by
      insulative dielectric materials.
PAR  Conventionally, such dielectric isolation in integrated circuits has been
      formed by etching channels in a semiconductor member corresponding to the
      isolation regions. This leaves an irregular or channeled surface over
      which a substrate, usually a composite of a thin dielectric layer forming
      the interface with the semiconductor member covered by a thicker layer of
      polycrystalline silicon is deposited. Then the other surface of the
      semiconductor member is either mechanically ground down on chemically
      etched until the bottom portions of the previously etched channels are
      reached. This leaves the structure wherein a plurality of pockets of
      semiconductor material surrounded by the dielectric layer are supported on
      the polycrystalline silicon substrate and separated from each other by
      extensions or fingers of the polycrystalline substrate. Such structures
      have been described in the prior art in patents such as U.S. Pat. Nos.
      3,391,023; 3,332,137; 3,419,956; 3,372,063; 3,575,740; 3,421,205;
      3,423,258; 3,423,255 and 3,478,418.
PAR  Complete dielectric isolation, as set forth in the prior art presented by
      the referenced patents, has had several shortcomings which have prevented
      it from being fully successful in high speed circuitry where it was
      particularly needed. Such high speed circuitry requires particularly
      shallow devices. Thus, the semiconductor pockets were required to be in
      the order of 0.1 mil in thickness. However, because of wafer handling
      requirements in semiconductor integrated circuit fabrication techniques,
      the substrates which had to be etched or ground down were in the order of
      6 to 8 mils in thickness. In practicing this prior art, fabricators
      experienced considerable difficulty in grinding, lapping or etching from 6
      to 8 mils of material through a substrate with no inaccuracies which would
      affect the 0.1 mil pockets.
PAR  In addition, the interface between the original semiconductor member and
      the dielectric polycrystalline composite deposited on such member was, in
      effect, "corrugated" in cross-section due to the channels which were
      etched in said semiconductor member. Because of this "corrugated"
      interface, the opposite surface of the polycrystalline substrate being
      deposited was also "corrugated". We believe that such corrugations in the
      bottom surface of the substrate would subject the wafer to unnecessary
      stresses when pressure was being applied to the integrated circuit wafer
      or chip during fabrication steps such as thermocompression bonding or when
      applying probes to the wafer during testing. Such stresses could result in
      structural defects in the integrated circuit. Also, during wafer
      processing where it is customary to support the wafer on a heat sink for
      heat dissipation from the wafer, the corrugated bottom surface of the
      wafer would reduce the heat transfer to the sink.
PAR  In addition, because of the "corrugated" interface, there is no practical
      manner in which wiring between pockets of semiconductor material could be
      accomplished utilizing "buried" conductive connectors, e.g., metallic
      connectors at said interface.
PAR  Further, because the fingers of polycrystalline semiconductor material
      extend into the dielectric isolation between the semiconductor pockets,
      such prior art dielectrically isolated corrugated structures are still
      subject to lateral parasitic capacitances between the semiconductor
      pockets and the fingers of semiconductor material from the supporting
      substrate.
PAR  Recent work in the art appears to have gone a long way in the solution of
      the problem of removal of the major portion of the semiconductor member to
      leave the semiconductor pockets. In accordance with the publication
      "Application of Preferential Electrochemical Etching of Silicon to
      Semiconductor Device Technology", M. Theunissen et al., Journal of the
      Electrochemical Society, July 1970, pp. 959 to 965, selective anodic
      electrochemical etching may be used to remove and, thereby, cleanly and
      accurately separate the major portion of the semiconductor member from the
      semiconductor pockets in which the devices are to be formed. The
      publication, and particularly with reference to FIG. 8 thereof, sets forth
      that by utilizing a semiconductor member having a relatively thick, highly
      doped substrate and a thinner, lightly doped epitaxial layer in which the
      grooves are etched prior to the deposition of the dielectric
      polycrystalline silicon supporting substrate, the highly doped portion of
      the semiconductor material can be removed by the anodic electrochemical
      etching technique described to leave the lightly doped pockets of
      semiconductor material. However, this structure still has the previously
      described "corrugated" interface as welll as the consequential
      "corrugated" bottom surface on the polycrystalline silicon supporting
      substrate.
PAC  SUMMARY OF INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      integrated circuit structure with full dielectric isolation having a
      planar or flat interface between the semiconductor layer containing the
      integrated circuit devices and the supporting substrate.
PAR  It is another object of the present invention to provide an integrated
      circuit structure with full dielectric isolation having a supporting
      substrate with a substantially flat lower or bottom surface.
PAR  It is yet another object of the present invention to provide an integrated
      circuit structure with full dielectric isolation wherein wiring between
      isolation pockets of semiconductor material may be accomplished utilizing
      buried metallic connectors at the interface of the semiconductor layer and
      supporting substrate.
PAR  It is yet a further object of the present invention to provide an
      integrated circuit structure with full dielectric isolation which can more
      easily withstand pressure during test probing or during bonding.
PAR  It is even another object of the present invention to provide a method of
      forming full dielectric isolation utilizing preferential electrochemical
      anodic etching which is an improvement over existing methods involving
      such anodic etching.
PAR  In accordance with the present invention, an integrated circuit structure
      with full dielectric isolation is provided which comprises a supporting
      substrate having a planar or flat top surface of dielectric material and a
      bottom surface which is also flat. A semiconductor layer which is
      supported on said dielectric top surface has a flat surface forming an
      interface with the dielectric surface and a flat planar upper surface.
      Regions of oxidized silicon extend from the interface through the
      semiconductor layer to the upper surface surrounding pockets of unoxidized
      silicon; the oxidized silicon regions are substantially co-planar with the
      surrounded silicon pockets at both surfaces of the semiconductor layer.
      Therefore, both surfaces of the layer are planar.
PAR  Preferably, the supporting substrate comprises a polycrystalline silicon
      member having substantially flat upper and lower surfaces and a layer of
      dielectric material on said upper surface to provide the dielectric
      surface. Through this combination of said regions of oxidized silicon in
      the semiconductor layer together with the layer of dielectric material,
      the interface between the semiconductor layer and the supporting substrate
      is substantially flat and not corrugated.
PAR  In accordance with another aspect of the present invention, buried
      conductive connectors, particularly metal connectors, disposed between the
      polycrystalline silicon member and the semiconductor member interconnect
      regions of devices formed in said silicon pockets.
PAR  The novel structure of the present invention is formed by an improved
      fabrication method involving preferential electrochemical anodic etching,
      which method comprises the steps of: forming a layer of low conductivity
      silicon having a conductivity-determining impurity concentration less than
      2 .times. 10.sup.16 atoms/cm.sup.3 on a silicon substrate having a
      conductivity-determining impurity concentration greater than 3 .times.
      10.sup.18 atoms/cm.sup.3 ; forming a protective layer over discrete spaced
      areas in said silicon layer; thermally oxidizing the unprotected areas in
      said silicon layer to form silicon dioxide regions coextensive with said
      oxidized areas surrounding said spaced silicon areas and extending from
      said substrate through said silicon layer to the protected surface of sais
      spaced silicon areas, and forming on said silicon layer, a member having a
      planar surface of dielectric material interfacing with the surface of said
      silicon layer. Then, by preferential electrochemical anodic etching, the
      silicon substrate is removed to provide a structure having spaced silicon
      pockets in said silicon layer, each respectively enclosed by said silicon
      dioxide regions and said dielectric surface, and forming semiconductor
      devices in said pockets by the selective introduction of
      conductivity-determining impurities into the surface of said pockets
      exposed by the removal of said silicon substrate.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description and
      preferred embodiments of the invention as illustrated in the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A-1K show diagrammatic sectional views of a portion of an integrated
      circuit in order to illustrate the method of fabricating the preferred
      embodiment of the present invention.
PAR  FIGS. 2A and 2B show diagrammatic sectional views of a portion of an
      integrated circuit of another embodiment of the present invention, the
      views being selected to illustrate particular fabrication steps.
PAR  FIGS. 3A-3D show diagrammatic sectional views of a portion of an integrated
      circuit illustrating the fabrication steps of another embodiment of the
      present invention.
PAR  FIGS. 4A-4F show diagrammatic sectional views of a portion of an integrated
      circuit illustrating the fabrication steps involved in still another
      embodiment of the present invention.
PAR  FIGS. 5A-5D show diagrammatic sectional views of a portion of an integrated
      circuit illustrating the fabrication method involved in a further
      embodiment of the present invention.
PAR  FIG. 6 is a schematic circuit diagram of a circuit having common collector
      powering which may be embodied by the structure of the present invention.
PAR  FIG. 7 is a diagrammatic sectional view of an integrated circuit in
      accordance with the present invention which embodies the circuit shown in
      FIG. 6.
PAR  FIG. 8 is a diagrammatic sectional view of another embodiment in accordance
      with the present invention of the circuit shown in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIGS. 1A-1K, there is illustrated a primary method for
      fabricating the novel structure of the present invention. For purposes of
      illustration, the devices in the integrated circuit are primarily NPN type
      transistors. It should, of course, be understood that the invention will
      also be applicable to opposite type conductivities as well as to other
      devices. It should further be noted that when the term different
      conductivities is used with reference to device regions, it is meant to
      cover regions of different conductivity types, e.g., P and N types as well
      as regions of significantly different conductivity levels, e.g., N type
      and N+ type.
PAR  On a suitable N+ wafer substrate 10, preferably having a
      conductivity-determining impurity or dopant concentration greater than 3
      .times. 10.sup.18 atoms/cm.sup.3 of a dopant, preferably arsenic or
      antimony, there is formed N- epitaxial layer 11 having an impurity
      concentration or doping level of less than 2 .times. 10.sup.16
      atoms/cm.sup.3 by conventional epitaxial deposition techniques conducted
      at a low temperature in the order of 800.degree. to 1,000.degree. C. at a
      pressure in the order of 0.1 atmospheres or larger. A low temperature
      epitaxial deposition is desirable in order to minimize autodoping and
      outdiffusion at the substrate epitaxial interface. The epitaxial thickness
      is preferably in the order of from 0.5 to 3 microns depending on the
      performance requirements of the devices. For purposes of illustration,
      assume that the epitaxial layer is 2 microns in thickness. Epitaxial
      layers may be formed using the apparatus and method described in U.S. Pat.
      No. 3,424,629.
PAR  Then, FIG. 1B, a protective layer 12 is applied using known techniques such
      as pyrolytic deposition or cathode sputtering. The protective layer is
      preferably a dielectric material, such as aluminum oxide or silicon
      nitride, which can be formed by the pyrolytic technique of the reaction of
      silane and ammonium or other nitrogen containing compound as described in
      the V. Y. Doo et al. patent application, Ser. No. 142,013, filed May 10,
      1971. The silicon nitride layer which is deposited at a temperature in the
      order of 970.degree. C. has a thickness in the order of 1,000A. It should
      be noted that instead of using a layer of nitride alone, layer 12 may be a
      composite of silicon dioxide covered with silicon nitride. Such a
      composite may be desirable in reducing thermal stresses between the
      protective coating and the underlying epitaxial layer 11. This composite
      may be easily formed by thermally oxidizing the surface of layer 11 to
      silicon dioxide having a thickness in the order of from 500A to 1500A
      prior to the previously described deposition of the silicon nitride layer.
PAR  Next, as shown in FIG. 1C, portions 13 of the protective layer 12 are
      etched away. A suitable etchant for silicon nitride is hot phosphoric acid
      or hot phosphoric salt. Where the previously described composite is used
      for layer 12, the underlying oxide layer may be removed by a suitable
      conventional etchant such as buffered HF. Next, as shown in FIG. 1C,
      protective layer 12 is used as a mask and the epitaxial layer 11 is
      partially etched away in regions 14 using a suitable etchant for silicon,
      such as nitric acid, mercuric nitrate, and diluted hydrofluoric acid. This
      results in the mesa-like final structure shown in FIG. 1C. The structure
      is then put through an oxidation cycle wherein it is placed in an
      oxidation atmosphere at an elevated temperature, in the order of
      970.degree. C., with or without the addition of water, to produce silicon
      dioxide regions 15 which extend substantially from the upper surface of
      epitaxial layer 11 to interface 16 between the epitaxial layer and the
      substrate. The oxidation is continued until regions 15 are substantially
      co-planar with the surface of remaining epitaxial layer 11. It should be
      noted that a portion of the silicon of layer 11 is consumed in the
      oxidation process, thereby permitting silicon dioxide regions to extend
      down to interface 16. Silicon dioxide regions 15 completely surround
      pockets 17 of the remaining epitaxial silicon layer. This process for
      forming the surrounding oxide regions 15 in FIG. 1D is fully described in
      our copending application, Ser. No. 150,609, filed June 7, 1971. In order
      that the oxidation to form regions 15 may be carried out so that the
      oxidation reaches interface 16 at or before the time the oxidation reaches
      the surface of epitaxial layer 11, etched recesses 14, FIG. 1C, must be
      etched to a depth of about one-half the thickness of epitaxial layer 11.
      Since it is very important to insure that silicon dioxide regions 15 reach
      interface 16, the formation of silicon dioxide regions 15 may be carried
      out under such conditions that they extend beyond interface 16 in the
      order of several thousand angstroms into substrate 10.
PAR  Where, as in the present embodiment, it is desired to form regions in
      isolated silicon pockets 17 which will serve as buried regions in the
      completed integrated circuit structure, protective layer 12 may be
      partially removed and such buried regions formed through the introduction
      of impurities into surface 18 of remaining layer 11 by conventional means,
      such as diffusion, utilizing the remaining portions of protective layer 12
      in combination with imbedded silicon dioxide regions 15 to define the
      buried regions. In this connection, with reference to FIG. 1E, N+ region
      19 is formed by a diffusion through surface 18 and is defined by the
      combination of remaining protective layer 12 and abutting silicon dioxide
      region 15. On the other hand, region 19A is formed in the same diffusion
      step but is only defined by surrounding silicon dioxide regions 15.
      Regions 19 and 19A may be formed by any conventional thermal diffusion of
      impurities, such as phosphorus arsenic antimony or the like, to a N+
      surface concentration. The diffusion may be made by the conventional open
      or closed tube thermal diffusion techniques.
PAR  A dielectric passivating and protective layer is then formed completely
      covering surface 18. This layer 31, which is shown in FIG. 1F, has a
      thickness in the order of 1 to 4 microns and may be any convenient
      dielectric material, such as alumina, silicon dioxide, either formed by
      the thermal oxidation of surface 18 or by pyrolytic deposition of
      sputtered silicon dioxide or silicon nitride. It should be noted that
      where layer 31 is formed by the thermal oxidation of the silicon surface
      18, then the previously described formation of imbedded silicon dioxide
      regions 15 should be carried out under such conditions that they extend
      beyond the surface 18 for a distance in the order of what will be the
      final thickness of layer 31. Such an expedient will insure that layer 31
      is substantially flat because the surface of regions 15 cannot be
      thermally oxidized.
PAR  Next, the previously described low temperature epitaxial deposition of
      silicon is carried out to deposit a layer of silicon 20 in the order of 2
      to 15 mils depending on wafer ride, e.g., for a 21/4 inch wafer, a
      thickness of 8 to 10 mils is preferable. This layer will serve as the
      support or carrier in the final integrated circuit structure. Because of
      the composition of layer 31, epitaxial layer 20 will be polycrystalline
      silicon rather than monocrystalline silicon as is layer 11. In this
      embodiment, layer 20 is substantially undoped. In order to minimize
      outdiffusion in the structure, the deposition of polycrystalline layer 20
      is preferably carried out at a temperature of between 600.degree. C. to
      900.degree. C., utilizing a silane source for the silicon.
PAR  Next, utilizing the preferential anodic electrochemical etching procedure
      described in the previously mentioned publication in the Journal of the
      Electrochemical Society, July 1970, M. Theunissen et al., N+ substrate 10
      is selectively etched away to leave the structure shown in FIG. 1G. The
      following etching conditions which are described in said publication may
      be used: V.sub.anode-cathode = 10 volts; the electrolite is a 5 percent
      aqueous HF solution; bath temperature 18.degree. C.; complete darkness;
      the cathode is platinum gauze; the cathode is parallel to the structure
      being sliced at a distance of about 5cms. As a result of this preferential
      etching, substrate 10 is cleanly removed, leaving former interface,
      surface 16, cleanly exposed.
PAR  Next, a masking and passivating protective layer 21, FIG. 1H, is formed on
      surface 16. This layer may be silicon nitride or pyrolytically deposited
      silicon dioxide. However, we have found that highly desirable results may
      be achieved by forming layer 21 of silicon dioxide by thermal oxidation.
      Where layer 21 is thus formed by thermal oxidation, it is advantageous
      when fabricating imbedded silicon dioxide regions 15 back in the step of
      FIG. 1D, to conduct the process so that, as previously mentioned, regions
      15 extend into substrate 10 for a distance equivalent to the thickness of
      the subsequently to be formed layer 21. In such a case, when as in FIG.
      1H, silicon dioxide layer 21 is being formed by thermal oxidation, surface
      16 will be oxidized only in the areas over silicon pockets 17 and not in
      the areas over silicon dioxide regions 15. As a result, in the areas being
      oxidized, the silicon dioxide will build up to levels equivalent and
      coplanar with the extended portions of silicon dioxide regions 15 to
      produce a substantially flat surface on layer 21.
PAR  Next, as shown in FIGS. 1I, J, and K, utilizing the passivation and masking
      properties provided by layer 21 and its equivalent subsequently applied
      layers, the devices within silicon pocket 17 are completed by the
      selective introduction of impurities through surface 16, e.g., by
      diffusion. With reference to FIG. 1I, openings 22 are made in the
      protective layer. This may be done by standard photoresist techniques with
      a suitable etchant such as hydrofluoric acid. Through these openings,
      collector reach-through regions 23 are formed by diffusions utilizing a
      suitable N dopant, e.g., a capsule phosphorus diffusion. In forming
      openings 22, they are positioned so that regions 23 abut imbedded silicon
      dioxide regions 15. In this manner, alignment problems are minimized, in
      that openings 22 may, as shown in FIG. 1I, overlap imbedded silicon
      dioxide regions 15 whereby masks 21 in combination with regions 15 serve
      to define diffused regions 23.
PAR  Next, as diagrammatically shown in FIG. 1J, openings 22 are closed by a
      standard reoxidation and new openings 24 are made in the protective layer,
      through which openings P type regions 25 which will serve as the base
      regions for the devices are formed by diffusion. The base diffusion may be
      made by a suitable open tube or close tube process of the prior art
      utilizing a P type dopant such as boron. It is to be noted that like
      regions 23, base regions 25 also abut imbedded silicon dioxide surrounding
      regions 15, thereby providing the previously described alignment advantage
      wherein the protective layer in combination with the imbedded silicon
      dioxide regions surrounding the base serve to define the base regions.
PAR  Then, as shown in FIG. 1K, following the base diffusion, surface 16 is
      again reoxidized, appropriate openings formed and N+ emitter regions 26
      are formed by conventional techniques using a N type impurity such as
      arsenic, phosphorus or antimony. Openings 27, 28 and 29 are then provided
      in the insulative layer to respectively serve as the base, emitter and
      collector contacts of FIG. 1K. It should be noted that in forming the base
      and collector contacts 27 and 29, the above-mentioned alignment advantage
      is again utilized by having these openings overlap silicon dioxide regions
      15, whereby regions 15 in combination with the insulative layer serve to
      define the contact areas.
PAR  It should be noted that sub-collectors 19 and 19A are shown to be of
      different horizontal dimensions. This is merely for the purpose of
      illustrating the aforementioned processing techniques; the size
      differential has no structural significance except that collector 19 would
      have a lower collector-base capacitance than would collector 19A.
PAR  As shown in FIGS. 2A and 2B, the supporting substrate or carrier for the
      integrated circuit in an alternative embodiment need not be
      polycrystalline silicon; it may be made up entirely of dielectric
      material. In the step of FIG. 2A which is an alternative for the step of
      FIG. 1F, a layer of dielectric material 30 is deposited on layer 31
      instead of a polycrystalline silicon layer. In forming the structure of
      FIG. 2A, a procedure identical to that shown in FIGS. 1A-1E is first
      carried out and then the step of FIG. 2A substituted for the step of FIG.
      1F. Layer 30 has substantially the same thickness as the layer of
      polycrystalline silicon would have. The dielectric material selected for
      layer 30 should have a thermal coefficient of expansion sufficiently
      similar to that of silicon so that stresses during thermal processing are
      minimized. Accordingly, layer 30 may be a material such as silicon dioxide
      or alumina. The structure of FIG. 2B is equivalent to the final structure
      shown in FIG. 1K except that dielectric layer 30 is used in place of
      polycrystalline silicon layer 20.
PAR  In an even further variation of the embodiment of FIGS. 2A and 2B, a single
      dielectric layer may be used in place of layers 31 and 30. For example, if
      protective layer 31 were a material such as silicon dioxide or alumina,
      this layer could be built up to a thickness in the order of about 5 to 6
      mils and, thus, serve the function of layers 31 and 30.
PAR  With reference now to FIGS. 3A-3D, there will briefly be described how the
      application method described in FIGS. 1A-1K may be used to fabricate a
      pair of complementary bipolar transistors with full dielectric isolation.
      First, after following a procedure substantially identical to that
      described with respect to the steps in FIGS. 1A-1D, an opening 32 is
      etched in protective layer 33 which uncovers the surface of silicon pocket
      34; then, by a suitable diffusion step as described above, N+
      sub-collector region 35 is produced.
PAR  Next, as shown in FIG. 3B, the protective layer is reformed over region 35,
      and a second opening is formed at the surface of silicon pocket 36 through
      which P+ diffused region 37 is formed. This P+ region will serve as a
      sub-collector in the PNP transistor. For purposes of illustration, no
      diffusion has been made into N- silicon pocket 38. In the final device
      structure, this region can serve as a resistor.
PAR  Next, still following the procedure set forth in FIG. 1F, a layer of
      dielectric material 39 is formed completely covering surface 40 of
      semiconductor layer 41 and a layer of polycrystalline silicon 42 is formed
      on the surface of dielectric layer 39.
PAR  Then, following the procedure set forth in FIGS. 1G-1K, N+ substrate 43 is
      removed by anodic electrochemical etching, followed by a series of
      diffusions through protective and masking layer 44 to form the
      complementary NPN and PNP transistors T1 and T2 of FIG. 3D. P base region
      45 is formed simultaneously with P collector reach-through 46, and N base
      region 47 is formed simultaneously with N collector reach-through 48. N+
      emitter 49 and P+ emitter 50 are then formed in a pair of diffusion steps,
      after which appropriate base, collector and emitter contact holes are
      opened through protective layer 44 to the active regions in transistors T1
      and T2. Contacts are also opened to N- region 38 which may serve as a
      resistor. The result is the structure shown in FIG. 3D wherein the
      complementary devices in the integrated circuit are carried on
      polycrystalline silicon substrate 42 and are fully dielectrically isolated
      through the combination of dielectric layer 39 and surrounding imbedded
      silicon dioxide regions 51.
PAR  With reference to FIGS. 4A-4F, there will now be described how structure
      and method of the present invention may be utilized to form a pair of
      complementary field effect transistors. First, following the procedures of
      FIGS. 1A-1D, wer form a structure wherein imbedded silicon dioxide regions
      52 fully enclose pockets of N- silicon 53 mounted on N+ substrate 54 and
      covered by protective layer 55. First, as shown in FIG. 4A, an opening 56
      is formed over one of the silicon pockets and by diffusion the N- silicon
      region is converted into a P region 57. Next, in accordance with the
      procedure of FIG. 1F, a uniform dielectric layer 58 (see FIG. 4B), is
      formed upon which a polycrystalline layer 59 is deposited. Next, as shown
      in FIG. 4C, N+ substrate 54 is removed by preferential anodic
      electrochemical etching, after which, as shown in FIG. 4D, a pair of N
      regions 60 and 61 are diffused into P region 57 to form the source and
      drain field effect transistor T3. Subsequently, after protective coating
      62 is reformed, P regions 63 and 64 are formed in N- pocket 53. These will
      serve as the source and drain for field effect transistor T4, FIG. 4E.
      Then, after the relatively thick insulative coating is removed by
      stripping from the gate regions and replaced by a thin insulative coating
      in the conventional manner, there is formed the final structure shown in
      FIG. 4F, where appropriate contact openings 65, 66, 67 and 68 are made
      respectively to the source and drains of transistors T3 and T4. When
      appropriate metallization is applied to the source and drains, as well as
      to gate regions 69 and 70 of the transistors, the resulting structure
      represents a complementary pair of field effect transistors.
PAR  It has been previously noted that the structure of the present invention is
      such that conductive interconnections may be made between regions in the
      devices along the interface between the semiconductor integrated circuit
      layer and the supporting polycrystalline silicon/dielectric substrate or
      carrier. This aspect of the present invention will now be described with
      reference to FIGS. 5A-5D. In forming the structure shown in 5A, the steps
      shown in FIGS. 1A-1E are followed, after which a very thin metallic
      conductor in the order of 7000A to 12,000A in thickness is deposited to
      interconnect selected buried regions, e.g., in FIG. 5A, metallic connector
      71 connects buried sub-collectors 72 and 73. Next, a layer of dielectric
      material 74 similar to layer 31 in FIG. 1F is deposited over connector 71
      and the entire surface 75, FIG. 5B. Next, polycrystalline layer 76 is
      formed in the manner previously described, FIG. 5C, and the procedure of
      FIGS. 1G-1K followed to provide the structure of 5D wherein buried
      metallic connector 71 at the interface of semiconductor layer 77 and the
      supporting substrate which is a composite of dielectric layer 74 and
      polycrystalline silicon member 76 interconnects sub-collectors 72 and 73
      of respective transistors T5 and T6. While buried sub-collectors 72 and 73
      have been shown extending across their respective pockets, they may be
      reduced in lateral dimensions so as to correspond to emitter dimensions.
      In such a case, the sub-collectors would be positioned directly under the
      emitters. As a result of the smaller sub-collectors, collector-base
      capacitances would be substantially reduced.
PAR  It should also be noted that the metallic connectors, such as connector 71,
      formed at the interface need not necessarily contact the interface surface
      of the semiconductor pocket. Such connectors may be connected to the top
      surface of the semconductor layer by metallization passing through the
      silicon dioxide regions 15. In this manner, up to several layers of
      interconnector metallurgy may be formed at the interface between the
      underside of the semiconductor layer and the supporting substrate. This
      metallurgy may be connected to the top planar surface of the semiconductor
      layer by conductive connectors passing through silicon dioxide regions 15.
PAR  It should be noted that metallic interconnector 71 may be any metal
      conventionally utilized in semiconductor structures, e.g., platinum,
      molybdenum or tungsten. The metallic interconnector may be deposited by
      conventional photolithographic techniques utilized in the integrated
      circuit art to form metallic interconnectors.
PAR  Alternatively, connector 71 may be a conductive semiconductor member. In
      such a case, a thin semiconductor layer, in the order of 0.5 to 1.0
      microns in thickness may be deposited over surface 77 in FIG. 5A in place
      of a metallic deposition. This semiconductor layer should, of course, be
      of the same conductivity type as regions 72 and 73 and preferably doped to
      an N+ layer. Next, the portion of the semiconductor layer which is to form
      the connector between regions 72 and 73 is appropriately masked and the
      remainder of the layer oxidized, e.g., to form silicon dioxide. Then, the
      dielectric and polycrystalline silicon composite substrate may be
      deposited in the manner described with respect to FIG. 1F.
PAR  It should be understood that a voltage supply may be attached to a buried
      connector pattern, such as pattern 71, in order to apply a potential
      supply to the collector of the transistor. In such a case, contacts to
      connector pattern 71 may be made through the bottom surface of
      polycrystalline silicon layer 76 in combination with a corresponding
      opening in dielectric layer 74.
PAR  In accordance with another embodiment of this invention, the present
      structure may be utilized for connection of power sources to the collector
      of a plurality of transistors in an integrated circuit through the back
      side of the chip.
PAR  FIG. 6 shows a conventional circuit with a collector power source V.sub.cc
      being connected to a plurality of transistors, T10, T11, through collector
      resistors, R10, R11, to collectors 80 and 81. Since collector power source
      V.sub.cc is common to all of the collectors in the circuit, the circuit
      shown in FIG. 6 may be provided by the structure shown in FIG. 7. Since
      this structure may be fabricated in accordance with the above-described
      fabrication techniques, such techniques will not again here be described.
      Source V.sub.cc is connected to a layer of metal 82, which may be
      aluminum, formed on the underside of polycrystalline silicon supporting
      substrate 83. Polycrystalline substrate 83 is doped so as to be relatively
      conductive between source V.sub.cc and respective collector contacts 84
      and 85 of transistors T10 and T11. N- regions 78 and 79 provide resistors
      R10 and R11. Insulative layer 86 insulates polycrystalline substrate 83
      from the remainder of the silicon layer 87.
PAR  In the structure shown in FIG. 8, which is another embodiment in accordance
      with the present invention of the circuit in FIG. 6, source V.sub.cc is
      connected to metallic contact layer 88 formed on doped polycrystalline
      silicon substrate 89. Insulative layer 90 separates polycrystalline
      substrate 89 from an undoped polycrystalline layer 91 sandwiched between
      insulative layer 90 and insulative layer 92 abutting silicon layer 93. In
      this structure, polycrystalline substrate 89 is doped so as to provide a
      conductive path between source V.sub.cc and undoped polycrystalline layer
      91 through aperture 94. Undoped polycrystalline silicon layer 91, which is
      respectively connected to the collectors of transistors T10 and T11
      through apertures 95 and 96, primarily provides resistances R10 and R11.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for fabricating an integrated circuit structure with full
      dielectric isolation comprising
PA1  epitaxially depositing a layer of low conductivity silicon having a
      conductivity-determining impurity concentration &lt;2 .times. 10.sup.16
      atoms/cm.sup.3 on a silicon substrate having a conductivity-determining
      impurity concentration &gt;3 .times. 10.sup.18 atoms/cm.sup.3,
PA1  forming an oxidation resistant protective layer over discrete spaced areas
      in said silicon layer,
PA1  etching recesses in and thermally oxidizing the unprotected areas in said
      silicon layer to form silicon dioxide regions coextensive with and
      surrounding said spaced silicon areas and extending from said substrate
      through said silicon layer to the protected surface of said spaced silicon
      areas,
PA1  forming a layer of dielectric material on said silicon layer,
PA1  depositing a layer of polycrystalline silicon on said dielectric layer,
PA1  removing said silicon substrate by preferential electrochemical anodic
      etching to provide spaced silicon pockets in said silicon layer, each
      respectively enclosed by silicon dioxide regions and said dielectric
      surface, and
PA1  forming semiconductor devices in said pockets by the selective introduction
      of conductivity-determining impurities into the surface of said pockets
      exposed by the removal of said silicon substrate.
NUM  2.
PAR  2. The method of claim 1 wherein said substrate in N type silicon.
NUM  3.
PAR  3. The method of claim 2 wherein said layer of low conductivity silicon and
      said layer of polycrystalline silicon are epitaxially deposited.
NUM  4.
PAR  4. The method of claim 3, wherein subsequent to the thermal oxidation and
      prior to forming said member on said low conductivity silicon layer,
PA1  the protective layer is selectively removed from at least portions of some
      of said spaced areas abutting said silicon dioxide regions, and
      conductivity-determining impurities are selectively introduced into the
      exposed portions to form regions of selected conductivity defined by said
      abutting silicon dioxide regions and the remaining protective layer,
PA1  said regions of selected conductivity becoming buried regions when said
      member is formed on said silicon layer.
NUM  5.
PAR  5. The method of claim 4 wherein said protective layer is silicon nitride.
NUM  6.
PAR  6. The method of claim 2 wherein said protective layer is silicon nitride.
NUM  7.
PAR  7. The method of claim 4 wherein, in the formation of semiconductor devices
      by said selective introduction of inpurities,
PA1  a layer of dielectric material is formed on the surface exposed by the
      removal of said substrate, and
PA1  openings are formed in said dielectric layer to provide a mask, and
      conductivity-determining impurities are introduced through said openings
      to form regions of selected conductivity in the substrate,
PA1  some of said openings abutting the silicon dioxide regions surrounding said
      silicon pockets whereby the regions formed are defined by said silicon
      dioxide regions.
NUM  8.
PAR  8. The method of claim 7, wherein the steps of introduction of
      conductivity-determining impurities into the surface covered by said
      protective layer and into the surface covered by said masks are carried
      out so that in at least one pocket in said silicon layer, the surrounding
      silicon dioxide defines regions being formed at both surfaces.
NUM  9.
PAR  9. The method of claim 7, further including the steps of
PA1  forming a layer of dielectric material over the surface of said pockets
      into which impurities have been diffused in the formation of semiconductor
      devices, and
PA1  forming openings in said dielectric layer, some of which openings abut the
      silicon dioxide regions surrounding said pockets, and
PA1  depositing metal in said openings to provide contacts to said devices.
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PAL  1. Novel thixotropic, monopropellant compositions comprising a mixture of a
      solid fuel selected from the group consisting of inorganic phosphides,
      phosphide alloys and mixtures of these inorganic phosphides and phosphide
      alloys, a liquid oxidizer selected from the group consisting of nitric
      acid, nitric acid enriched with NO.sub.2, nitric acid enriched with
      NO.sub.2 and HF, nitrogen tetroxide, hydrogen peroxide, perchloryl
      fluoride, tetrafluorohydrazine, tetranitro methane and perchloric acid,
      and a thixotropic agent selected from the group consisting of particulated
      carbon and silica.
BSUM
PAR  This invention relates to novel heterogeneous monopropellant compositions.
PAR  More particularly, this invention concerns the preparation of highly
      energetic, thixotropic propellant compositions which are superior in
      certain respects to presently utilized solid or liquid propellant
      compositions.
PAR  The novel, thixotropic propellant compositions of this invention are
      composed essentially of:
PAR  A. Fuels selected from the group consisting of inorganic phosphides,
      phosphide alloys and mixtures of these inorganic phosphides and phosphide
      alloys.
PAR  B. Liquid oxidizer.
PAR  C. Thixotroping or gelling agents and optional propellant adjuvants.
PAR  The use of liquid propellant compositions offers several significant
      advantages over comparable solid propellant compositions. For example,
      liquid propellant formulations are much more energetic than currently used
      solid compositions and have greater specific impulse. Increased specific
      impulse gives the missile a longer range and a higher velocity for the
      same weight of propellant charge.
PAR  A further superiority of liquid propellants over solid propellants is that
      the combustion of liquid propellants can be mechanically controlled during
      flight. Combustion can be stopped and started at will by controlling the
      flow of the propellant into the combustion chamber. Reducing the flow of
      the propellant into the combustion chamber decreases the thrust of the
      propellant while increasing the flow rate has the opposite effect. Since
      the heterogeneous propellants of this invention are in the liquid state
      when utilized, their flow rate can be controlled mechanically. This
      control is accomplished by adjusting the pumps and valves in the missiles
      fuels transport system.
PAR  The significance of mechanical control is that all liquid propellant
      systems have a "built-in" throttleability feature that is absent in solid
      propellants. Throttleability allows the missiles velocity to be varied,
      controls the attitude of the missile, makes evasive action possible,
      permits the rendezvous of two or more space ships during flight and
      reduces the hazards of landing.
PAR  In contrast, since solid propellants cannot flow, no comparable fuel
      transport takes place and no comparable control of combustion through
      varying the flow rate is possible. In fact, using the present technology,
      no method is presently available to control the combustion of the solid
      propellant charge after ignition. Thus, the difference of physical state
      alone makes all solid propellants inherently disadvantageous to liquid
      propellants for many applications.
PAR  Further significant disadvantages of solid propellants compared to liquid
      propellants arise in a number of ways because of the extreme sensitivity
      of solid propellants toward temperature and pressure fluctuations. This
      occurs both during storage and use. For example, the temperature of a
      solid propellant grain substantially influences performance. A given grain
      of solid propellant will produce more thrust on a hot day than on a cold
      day. Further, the physical state of the solid propellant is affected by
      temperature extremes. For instance, at a very low temperature many solid
      propellants become brittle and subject to cracking. Cracks in the
      propellant grain increase the propellants burning rate significantly and
      can cause a fracture or explosion. On the other hand a solid propellant
      exposed to high temperatures prior to firing can lose its shape and have
      its performance adversely affected. This sensitivity of solid propellants
      toward temperature fluctuation necessitates expensive storage under
      constant temperature prior to use.
PAR  For all of the foregoing reasons solid propellants are presently inferior
      to comparable liquid propellant compositions for many applications.
PAR  Even more advantageous than liquid propellants per se are liquid
      monopropellant compositions. These monopropellant formulations unlike
      bi-propellant formulations contain oxidizer, fuel and any other required
      adjuvant materials, combined and stored as a single formulation. Since
      these formulations already have sufficient oxygen no additional source of
      oxidizer is required and they can be handled after formulation as a single
      complete composition. Thus, only one storage tank and but one pumping
      system is needed both on the ground and in the missile. In contrast,
      bipropellant formulations consist of at least two separate compositions
      since the fuel and oxidizer components are kept physically separate until
      they are injected into the missiles combustion chamber. Both at the
      storage facility and in the missile, duplicate storage and pumping systems
      are essential. Furthermore, in many instances wherein the oxidizer is a
      gas such as oxygen, the oxidizer must be refrigerated under high pressure.
      Halving the pumping and storage requirements, particularly the pumping
      system, reduces the mechanical complexity of the fuel transport system and
      decreases the likelihood of mechanical malfunction of the missile. In
      addition, the need for only one set of storage and pumping facilities
      greatly simplifies design and construction of the missile, decreases the
      weight of the hardware and increases the fuel load of the missile. An
      ancillary but not unimportant result of simplifying the transport and
      storage systems is the reduction of maintenance time and maintenance and
      storage costs.
PAR  Unfortunately, while monopropellant formulations offer all of the above
      enumerated advantages over bipropellant formulations, these advantages
      heretofore have been largely unrealized. The reasons for this have been
      several. Among other things, monopropellant compositions have been too
      easily ignited, become unstable upon prolonged storage, too readily
      detonated upon being disturbed and give erratic and relatively poor
      performance.
PAR  For example, the prior art monopropellant compositions are typified by the
      following: heptane-nitrogen tetraoxide, n-propyl nitrate, nitromethane,
      propargyl nitrate-nitramine and the like. All of these materials suffer
      from the failing of poor thermal stability, high sensitivity toward
      detonation and/or the tendency to deteriorate under prolonged storage.
      Poor thermal stability requires refrigerated storage, while a high
      sensitivity toward detonation by shock makes the propellants hazardous to
      store, transport and use. The deterioration of propellants after prolonged
      storage causes erratic performance and makes it continually necessary to
      substitute fresh propellant for aged propellant in order to maintain the
      initial high specific impulse. These stability factors among others
      greatly negate the value of the liquid monopropellants particularly in
      military retaliatory weapons.
PAR  An additional disadvantage of bipropellant liquids compared to
      monopropellants is in the criticality of the oxidizer to fuel ratio and
      the narrow margin of malfunction allowed in the performance of the fuel
      metering and injection system.
PAR  While the oxidizer to fuel ratio is extremely critical to performance in
      all liquid propellants, in monopropellants the demands are much less
      stringent. This is because the oxidizer is added to the fuel during
      formulation and prior to use. Therefore the critical oxidizer to fuel
      ratio in monopropellants can be accurately determined and corrected if
      necessary to assure optimum performance prior to firing. In bipropellants
      this adjustment of oxidizer to fuel ratio cannot be made prior to firing.
      The reason for this is that the oxidizer and fuel are separately stored
      until they are injected into the missile combustion chamber for use. Thus
      the ratio of oxidizer to fuel in the final propellant mixture is
      determined only at the instant of firing and cannot be corrected. Since
      the metering device like any complex mechanism is subject to failure, a
      deviation or even abortion of the missile flight can result.
PAR  Since this malfunction cannot be foreseen until it occurs no preventive
      measures are possible. In a similar vein, because of the losses of fuel
      and oxidizer which are known to occur because of the injection and
      combining of the separate streams of fuel and oxidizer in the missile
      combustion chamber, it is necessary to store an additional supply of both
      propellant components in the rocket.
PAR  These losses of fuel and oxidizer are an inherent part of bipropellant
      systems and are referred to as outage losses. The extra weight of the
      outage reservoir reduces the payload, the missile could carry and hence is
      disadvantageous. All of these shortcomings of bipropellant liquids are
      absent in monopropellants since the propellant is premixed and requires no
      metering.
PAR  For the above reasons among many others, the preparation of liquid
      monopropellant formulations having high specific impulse is to be desired.
      Especially valuable would be liquid propellant formulations which retain
      their initial high specific impulse and/or density impulse yet remain
      relatively insensitive to detonation by shock. This type of a highly
      energetic liquid propellant would be a major advance in the propellant
      art. Ideally these formulations would combine a low freezing point with
      the aforementioned properties and could be prepared from commercially
      available innocous components and would have thixotropic properties. The
      low freezing point would prevent "freeze-up" during flight or storage
      while the thixotropic state would allow the formulations to be stored as a
      solid and pumped as a liquid.
PAR  Thus it is an object of this invention among others to prepare highly
      energetic, monopropellant formulations.
PAR  It is an additional object of this invention to prepare monopropellant
      compositions which retain their original high specific impulse and/or
      density impulse for relatively long periods of time.
PAR  Yet another object of this invention is to prepare thixotropic liquid
      monopropellant compositions which can be cast and stored as solid
      propellants yet can be pumped as liquid propellants.
PAR  Yet another object of this invention is to prepare liquid propellant
      compositions having a low freezing point and thixotropic properties.
PAR  It is still another object of this invention to prepare highly energetic
      liquid propellant compositions from readily available and individually
      safe components.
PAR  Still an additional object of this invention is to prepare propellant
      compositions which when utilized in the propulsion of torpedoes, boats and
      submarines leave a minimal wake.
PAR  Other objects of this invention will become apparent to those skilled in
      the propellant art by a further reading of this patent application.
PAR  These objects among others are achieved by the heterogeneous monopropellant
      compositions and processes described herein.
PAR  In practice, novel and superior thixotropic propellant compositions are
      derived by preparing uniform mixtures consisting of (a) inorganic
      phosphides, said fuels being in finely divided form (b) liquid oxidizer
      and (c) thixotroping agents with or without propellant adjuvants.
PAR  More specifically, propellant compositions of this invention consist
      essentially of:
PAR  A. from about 15 to 50 parts by weight of a finely divided solid fuel
      selected from the group consisting of inorganic phosphides, phosphide
      alloys and mixtures of these inorganic phosphides and phosphide alloys.
PAR  B. from about 50-95 parts by weight of liquid oxidizer.
PAR  C. up to about 10 parts by weight of thixotroping agents with or without
      optional propellant adjuvants.
PAR  These latter propellant adjuvants include surface active agents,
      conditioning agents, modifiers and the like which while not necessary for
      operable propellant compositions, are desirable for optimum performance.
      The propellant adjuvants change, modify or impart to the propellant
      certain desirable physical and combustion characteristics so that they can
      be most effectively used. Typical adjuvants include surface active agents,
      viscosity modifiers, combustion catalysts, stabilizing agents and the
      like. Where such adjuvants are used they will more customarily comprise
      between about one-half to 6 parts by weight of the final propellant
      compositions.
PAR  The above components of the propellant composition are thoroughly mixed or
      blended to form a uniform thixotropic mixture then pumped into the rocket
      motor as a viscous liquid which soon sets to a gel. When the propellant is
      to be ignited it is exposed to a shearing force converting it to a
      pumpable liquid. The liquid is then pumped into the combustion chamber for
      use. The pumping procedures are well known in the propellant art. Since
      the propellant compositions contain at least three classes of ingredients,
      it is essential for satisfactory performance that the composition be
      uniform in content. Thus throughout this disclosure and claims the
      propellant composition referred to are understood to be those uniform in
      content.
PAC  A. Fuel
PAR  The fuels referred to throughout this application are selected from the
      group consisting of inorganic phosphides. Illustrative phosphides include
      among others: aluminum, lithium, boron, beryllium, titanium, nickel and
      mixtures of these phosphides. While all of the above fuels are better than
      average in the inventive compositions, the preferred fuel embodiments of
      this invention are boron, beryllium and titanium phosphides. The boron
      phosphide fuel is in the crystalline rather than the amorphous form.
PAR  The inorganic phosphide fuels of this invention are all known compounds
      described in the technical and patent literature. For example, Chemical
      Abstract and Treatises by Mellor and Ephraim describe the preparation of
      these fuels. A recent U.S. Pat. (No. 3,114,605) describes a process for
      preparing the preferred crystalline boron phosphide.
PAC  B. Liquid oxidizers
PAR  The liquid oxidizers of this invention are of diverse structure and origin.
      Among the various oxidizers which can be used are the following: nitric
      acid, nitric acid enriched with NO.sub.2 (RFNA), and nitric acid enriched
      with NO.sub.2 and HF (IRFNA and HIRFNA) nitrogen tetraoxide (N.sub.2
      O.sub.4), concentrated hydrogen peroxide (H.sub.2 O.sub.2), perchloryl
      fluoride (ClO.sub.3 F), tetrafluorohydrazine (N.sub.2 F.sub.4),
      tetranitromethane (C(NO.sub.2).sub.4), the various nitroglycols,
      concentrated perchloric acid (for example the dihydrate) and the like. The
      preferred oxidizers of this invention are concentrated H.sub.2 O.sub.2,
      N.sub.2 O.sub.4, HClO.sub.4, ClO.sub.3 F. Generally these oxidizers are
      preferred because of their low cost, commercial availability and most
      important, because of the highly energetic propellant compositions that
      are produced when they are used in conjunction with the aforenamed fuel
      components.
PAC  C. Thixotropic Agents or Gelling Agents
PAR  These agents which are alternatively referred to as thickening agents are
      used to thicken the propellant compositions so that they can be stored as
      thixotropic solids, yet under a shearing force will revert to the liquid
      state. These gelling or thickening agents can be present in amounts
      ranging from 0 to 6 parts by weight or higher. More generally the
      thickener will be used in amounts ranging from 1 to 4 parts by weight. The
      exact amounts used will depend upon the type and amount of the particular
      fuel and oxidizer used as well as the thickener employed. An abbreviated
      but illustrative list of thickeners includes among others the preferred
      thickener, powdered carbon, the various anhydrous and particulate
      colloidal silicas, colloidal clays such as bentonite, the alkoxy
      celluloses such as methoxy-, ethoxy and propoxy celluloses, the vegetable
      gums, alginic acid and its salts, polyols, resins and the like.
PAC  D. Optional "Propellant Adjuvant"
PAR  This is the generic designation used to describe the various conditioning,
      modifying agents, solvents and the like used to produce optimum
      performance from the propellant compositions of this invention. These
      adjuvants ordinarily make up a minor proportion of the final propellant
      composition, seldom exceeding 10 parts by weight of the propellant
      composition and more typically comprising 0 - 6 parts by weight of the
      compounded propellant exclusive of thixotropic agents. The adjuvants
      listed previously are the most important utilized although many other
      adjuvants can be employed if desired.
PAC  E. Compounding the Propellant Formulations
PAR  In preparing the novel liquid propellant formulations of this invention,
      several compounding procedures among many can be followed. The following
      represents the preferred formulative procedure:
PAR  The weighted, dry solid fuel ingredient(s) of the formulation are mixed
      until a homogeneous and uniform solid mixture is obtained. The mixing or
      blending operation can be accomplished using any number of commercial
      tumblers, blenders, agitators or mixers. Since the components are not
      detonatable both individually and as a mixture, no special precautions in
      mixing need to be taken. When the solid ingredients have been
      satisfactorily blended they are added to the required amount of liquid
      oxidizer until a highly viscous liquid thixotropic mixture is obtained.
      This gelled propellant mixture is pumped into a rocket engine as a viscous
      liquid and rapidly sets to a heavy gel. When the gel is exposed to a shear
      force, it liquifies and its viscosity and flow rate into the missile
      combustion chamber can be controlled mechanically as is the case in a
      typical liquid propellant composition.
PAR  Because of their exceptional stability, the novel heterogeneous propellants
      of this invention are preferably ignited using any one of several possible
      techniques. One method is referred to as the hypergolic technique. In this
      method a small amount of chemical agent reactive with one or more of the
      propellant components is injected into the missile's combustion chamber
      with the flow of propellant mixture. The ignition is initiated by the
      reaction of chemical agent with the propellant components and the
      propellant once ignited burns smoothly. A satisfactory chemical agent for
      this purpose among others is unsymmetrical dimethyl hydrazine.
PAR  In a second method, the combustion is initiated using a squib of solid
      propellant. The ignition of the solid propellant can be electrically
      actuated.
PAC  F. Preferred Heterogeneous Monopropellant Compositions
PAR  As indicated supra many different factors are involved in determining
      whether a given propellant composition is to be favored over another.
      Among these factors are high specific impulse, high density impulse,
      insensitivity toward detonation, cost, availability of the components as
      well as the type of use contemplated. For use as rocket propellants the
      most preferred heterogeneous monopropellants consist essentially of the
      following.
PAR  15 to 50 parts by weight of a solid fuel selected from the group of fuels
      consisting of aluminum, beryllium, boron lithium, nickel and titanium
      phosphides as well as their alloys and mixtures of these alloys and
      phosphides.
PAR  50 to 95 parts by weight of a liquid oxidizer selected from the group
      consisting of perchloryl fluoride, nitrogen tetraoxide, and concentrated
      hydrogen peroxide (perferably above 90%) and perchloric acid dihydrate,
      and from about 1 to 7 parts by weight of thixotroping or gelling agent(s).
DETD
PAR  The workings of this invention can be shown more clearly by the typical
      embodiments which follow below.
PAR  In one preferred embodiment of this invention a heterogeneous propellant
      composition is prepared utilizing crystalline boron phosphide as the solid
      fuel and perchloric acid dihydrate as liquid oxidizer. The preparation is
      as follows.
PAR  A 25 parts by weight portion of powdered crystalline boron phosphide fuel
      and 5 parts by weight of silica (having a particle size of 7 - 10
      millimicron and a surface area of 300 - 350 sq. meters/gram) are blended
      in a PREMIER Dispersator fitted with a 1 inch Duplex Head. The mixing time
      is 15 minutes. The blended bimodal mixture is added to a 70 parts by
      weight of perchloric acid dihydrate in the same type of dispersator. Again
      the blending is continued for 15 minutes. A highly viscous gel is obtained
      which has a specific impulse of about 196 and a density impulse of 380.
PAR  In another embodiment using the same equipment and blending time and
      techniques as before, an aluminum phosphide based propellant is prepared
      by blending a previously blended mixture of 5 parts by weight of finely
      divided silica thickener (7-10 millimicrons and a surface area of 300-500
      sq. meters/gram and 31 parts by weight of powdered aluminum phosphide with
      64 parts by weight of H.sub.2 O.sub.2 oxidizer. Again a viscous highly
      energetic gel is obtained.
PAR  In still another embodiment of this invention another propellant
      formulation is prepared as above: 35 parts by weight portion of powdered
      titanium phosphide fuel, 5 parts by weight of silica thickener described
      above and 60 parts by weight of HClO.sub.4.2H.sub.2 O oxidizer.
PAR  In the following additional embodiments the phosphide component is blended
      with 5 parts by weight of powdered silica and is added to stoichiometric
      proportion of the indicated liquid oxidizer. The first blending step takes
      25 minutes, the second 15 minutes. The stoichiometry of the system is
      computed to favor the production of the metal oxide and PO.sub.2 as
      combustion products.
TBL  ______________________________________                                    
            Phosphide    Liquid Oxidizer                                       
     ______________________________________                                    
     Magnesium phosphide   HClO.sub.4.2H.sub.2 O                               
     Aluminum phosphide    HIRFNA                                              
     Calcium phosphide     IRFNA                                               
     Beryllium phosphide   N.sub.2 O.sub.4                                     
     Lithium phosphide     H.sub.2 O.sub.2                                     
     Titanium phosphide    N.sub.2 O.sub.4                                     
     Titanium phosphide    IRFNA                                               
     Titanium phosphide    RFNA                                                
     Titanium phosphide    ClO.sub.3 F                                         
     Nickel phosphide      IRFNA                                               
     Nickel phosphide      HIRFNA                                              
     ______________________________________                                    
PAR  A 42 parts by weight portion of beryllium phosphide and 3 parts by weight
      of the afore-mentioned fine particle size silica are blended for 30
      minutes. After the blending is completed 55 parts by weight of 98% H.sub.2
      O.sub.2 oxidizer is added to the blend and the blending is resumed for an
      additional 15 minutes. A gel-like propellant having a specific impulse of
      approximately 251 is produced. ISPD is 398.
PAR  One of the advantageous applications of the crystalline boron phosphide
      fuel is as a component of so called wakeless torpedos or wakeless
      propellant mixture for propelling submarines and boats having a reaction
      type motor. The following embodiments are illustrative of these
      applications.
PAR  In another embodiment using the same equipment and blending time and
      techniques previously described the following wakeless propellant
      compositions are prepared: a 5 parts by weight portion of finely divided
      silica thickener (7-10 millimicrons and a surface area of 300-500 sq.
      meters/gram) is blended with 31 parts by weight of powdered crystalline
      boron phosphide and 64 parts by weight of ClO.sub.3 F oxidizer. A viscous,
      highly energetic gel type propellant is obtained.
PAR  In still another embodiment of this wakeless propellant, a formulation is
      prepared as above: 32 parts by weight portion of powdered crystalline
      boron phosphide, 4 parts by weight of silica thickener described above and
      64 parts by weight of 98% H.sub.2 O.sub.2 oxidizer.
PAR  A 30 parts by weight portion of crystalline boron phosphide particles is
      blended for 20 minutes with 5 parts by weight of silica (7-10 millimicrons
      and 300-350 sq. meter/gram). At the end of this time a 65 parts by weight
      portion of N.sub.2 O.sub.4 is blended in for an additional 20 minutes. The
      resultant propellant is a thick gel and is relatively stable upon storage
      at room temperature.
PAR  As indicated by the many illustrative embodiments disclosed throughout this
      application, numerous modifications and variations can be made in the
      invention without departing from the inventive concept. Thus the metes and
      bounds of this invention can best be determined by an examination of the
      claims which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. Novel thixotropic, monopropellant compositions comprising a mixture of a
      solid fuel selected from the group consisting of inorganic phosphides,
      phosphide alloys and mixtures of these inorganic phosphides and phosphide
      alloys, a liquid oxidizer selected from the group consisting of nitric
      acid, nitric acid enriched with NO.sub.2, nitric acid enriched with
      NO.sub.2 and HF, nitrogen tetroxide, hydrogen peroxide, perchloryl
      fluoride, tetrafluorohydrazine, tetranitro methane and perchloric acid,
      and a thixotropic agent selected from the group consisting of particulated
      carbon and silica.
NUM  2.
PAR  2. The thixotropic monopropellant compositions of claim 1 wherein the
      components are present in about the following proportions:
PA1  15-50 parts by weight of solid fuel
PA1  50-95 parts by weight of liquid oxidizer and
PA1  up to 10 parts by weight of thixotroping agent.
NUM  3.
PAR  3. The thixotropic monopropellant compositions of claim 2 wherein up to 6
      parts by weight of propellant adjuvants are present.
NUM  4.
PAR  4. The thixotropic monopropellant compositions of claim 2 wherein the solid
      fuel is crystalline boron phosphide.
NUM  5.
PAR  5. The thixotropic monopropellant compositions of claim 2 wherein the solid
      fuel is a titanium phosphide.
NUM  6.
PAR  6. The thixotropic monopropellant compositions of claim 2 wherein the solid
      fuel is a beryllium phosphide.
NUM  7.
PAR  7. The thixotropic monopropellant compositions of claim 2 wherein the solid
      fuel is aluminum phosphide.
NUM  8.
PAR  8. The thixotropic monopropellant compositions of claim 2 wherein the solid
      fuel is a lithium phosphide.
NUM  9.
PAR  9. The thixotropic monopropellant compositions of claim 2 wherein the solid
      fuel is nickel phosphide.
NUM  10.
PAR  10. The thixotropic monopropellant compositions of claim 2 wherein the
      solid fuel is a mixture of inorganic phosphides and phosphide alloys.
NUM  11.
PAR  11. A thixotropic monopropellant composition comprising a mixture of from
      about 15-50 parts by weight of solid fuel selected from the group of
      inorganic phosphides consisting of beryllium phosphide, aluminum
      phosphide, boron phosphide, titanium phosphide, lithium phosphide, nickel
      phosphide and mixtures of these phosphides, from about 50-95 parts by
      weight of a liquid oxidizer selected from the group consisting of nitric
      acid, nitric acid enriched with NO.sub.2, nitric acid enriched with
      NO.sub.2 and HF N.sub.2 O.sub.4, concentrated H.sub.2 O.sub.2, C10.sub.3
      F, concentrated HClO.sub.4, N.sub.2 F.sub.4, and C(NO.sub.2).sub.4 and up
      to about 10 parts by weight of a thixotroping agent selected from the
      group consisting of particulated carbon and silica.
NUM  12.
PAR  12. A thixotropic monopropellant composition comprising a mixture of:
PA1  from about 15-50 parts by weight of crystalline boron phosphide
PA1  from about 50-95 parts by weight of liquid oxidizers selected from the
      group consisting of concentrated H.sub.2 O.sub.2, N.sub.2 O.sub.4 and
      ClO.sub.3 F, and up to 10 parts by weight of thioxtroping agent selected
      from the group consisting of particulated carbon and silica.
NUM  13.
PAR  13. A thixotropic monopropellant composition comprising a mixture of:
PA1  from about 15-50 parts by weight of aluminum phosphide
PA1  from about 50-95 parts by weight of liquid oxidizer selected from the group
      consisting of concentrated H.sub.2 O.sub.2, N.sub.2 O.sub.4, and ClO.sub.3
      F, and up to 10 parts by weight of thixotroping agent selected from the
      group consisting of particulated carbon and silica.
NUM  14.
PAR  14. A thixotropic monopropellant composition comprising a mixture of:
PA1  from about 15-50 parts by weight of beryllium phosphide
PA1  from about 50-95 parts by weight of liquid oxidizer selected from the group
      consisting of water, concentrated H.sub.2 O.sub.2, N.sub.2 O.sub.4, and
      ClO.sub.3 F, and up to 10 parts by weight of thixotroping agent selected
      from the group consisting of particulated carbon and silica.
NUM  15.
PAR  15. A thixotropic monopropellant composition comprising a mixture of:
PA1  from about 15-50 parts by weight of titanium phosphide
PA1  from about 50-95 parts by weight of liquid oxidizer selected from the group
      consisting of water, concentrated H.sub.2 O.sub.2, N.sub.2 O.sub.4,
      ClO.sub.3 F and water, and up to 10 parts by weight of thixotroping agent
      selected from the group consisting of particulated carbon and silica.
NUM  16.
PAR  16. A thixotropic monopropellant composition comprising a mixture of:
PA1  from about 15-50 parts by weight of lithium phosphide
PA1  from about 50-95 parts by weight of liquid oxidizer selected from the group
      consisting of water, concentrated H.sub.2 O.sub.2, N.sub.2 O.sub.4,
      ClO.sub.3 F and water, and up to 10 parts by weight of thixotroping agent
      selected from the group consisting of particulated carbon and silica.
NUM  17.
PAR  17. A thixotropic monopropellant composition comprising a mixture of:
PA1  from about 15-50 parts by weight of nickel phosphide
PA1  from about 50-95 parts by weight of liquid oxidizer selected from the group
      consisting of water, concentrated H.sub.2 O.sub.2, N.sub.2 O.sub.4,
      ClO.sub.3 F and water, and up to 10 parts by weight of thixotroping agent
      selected from the group consisting of particulated carbon and silica.
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ABST
PAL  The instant invention comprises providing copper or a copper alloy which
      has on its surface a uniform glassy like and substantially pore free
      coating of copper phosphate, rinsing the coated material for at least 2
      seconds in water at a pH of from 4.9 to 6.3, at a temperature of
      90.degree.C to the boiling point and drying.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 177,291 filed Sept.
      2, 1971 now U.S. Pat. No. 3,764,399 which is a continuation-in-part of
      co-pending applications Ser. No. 59,684, filed July 30, 1970 now U.S. Pat.
      No. 3,667,828 and Ser. No. 67,943, filed Aug. 28, 1970, now U.S. Pat. No.
      3,716,427 which is in turn a continuation-in-part of Ser. No. 59,684.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates specifically to metal plastic laminates
      having high bond strength and improved resistance to acid undercutting
      during manufacture of laminates into flexible printed circuits.
PAR  The present invention further broadly relates to a treating copper and
      copper alloys to form a tarnish and oxidation resistant film thereon.
PAR  In the manufacture of flexible printed circuits, copper foil or sheet is
      employed which normally has applied to its surface a film of an organic
      inhibitor, such as benzotriazole, in order to prolong the shelf life
      before manufacture of the circuit.
PAR  Flexible printed circuits comprise copper sheets or copper foil bonded to
      the surface of a plastic sheet, such as a polyester or polyimide. Normally
      two types of copper foil, either wrought or electro deposited, are
      employed in the manufacture of flexible printed circuits. Further it is
      advantageous to utilized wrought and annealed copper foil.
PAR  Printed circuits find wide use in the electrical and electronic fields
      since they are advantageous in the elimination of individual lead wires
      which require a separate soldering or other joining operation to the
      various components of any particular circuit. The configuration of such a
      circuit facilitates the positioning of conventional circuit components
      such as capacitors, etc., and the soldering of these components to the
      wiring by a dipping operation.
PAR  The manufacture of flexible printed circuits comprises adhesively bonding
      or laminating copper sheet or foil to a plastic film, such as a polyester
      polyimide, and generally employing a suitable glue. As one preferred way
      the copper side of the resultant laminate is then sprayed with a
      photoresist and the required circuit is projected onto the resist-coated
      side of the copper component which transforms the photoresist into an acid
      insoluble compound in a figure and likeness of the circuit. The laminate
      is then immersed or sprayed with an acid etchant, such as a ferric
      chloride solution, to dissolve away the unwanted portion of the copper,
      i.e., that portion of the copper component of the laminate which is not
      part of the required circuitry.
PAR  Various problems arise however in the present manufacture of flexible
      printed circuits to which the present invention is directed.
PAR  For example, in order to provide tarnish resistance of rolled copper and an
      acceptable laminated product, before laminating a film or an organic
      inhibitor is normally applied to the surface of the copper.
PAR  The organic inhibitor, e.g., benzotriazole, provides for long shelf life or
      stability during storage.
PAR  Before laminating of a wrought hard copper to the plastic film it is
      advantageous to anneal the copper in order to provide increased ductility
      which is highly desirable in flexible printed circuits. It has been found
      that the organic inhibitor upon the copper surface decomposes during the
      annealing. Due to this decomposition problems arise such as the effect of
      the benzotriazole is no longer apparent and therefore the product no
      longer has good shelf life and tarnishing occurs. The tarnishing causes
      both poor laminate bond strength, uneven acid etching, and rapid acid
      undercutting along the bonded interface during etching away of the
      unwanted copper portion of the laminate. The acid undercutting generally
      occurs at a rate equivalent to at least 30 mils per hour from each side of
      the copper circuitry, at the aforementioned interface, and materially
      degrades the quality of the printed circuit.
PAR  Therefore, unless treated the copper foil-plastic laminate exhibits poor
      bond strength when room temperature oxidation or tarnishing occurs on the
      foil. Furthermore, the resistance to acid undercutting along the interface
      of the wrought annealed foil is poor as aforementioned. A further
      complication with wrought annealed and other foil arises with the use of
      organic inhibitors such as benzotriazole, since residual benzotriazole on
      the unbonded side of the foil results in uneven etching of the circuit
      because the benzotriazole provides some inhibition in the etching
      solution. A still further disadvantage with organic inhibitors occurs with
      certain plastic systems wherein high temperatures, i.e., above 240.degree.
      F. are employed for curing of the glue. These high temperatures cause the
      copper-organic inhibiting film to decompose with the formation of
      relatively large amounts of gases which causes blistering of the laminate
      and thereby producing an unacceptable product.
PAR  It is well known, as aforementioned, that copper and many of its alloys
      possess low resistance to tarnishing in many atmospheres and particularly
      atmosphere containing industrial wastes such as compounds of sulfur. It is
      therefore required, in order to provide a measure of tarnish resistance
      for a relatively prolonged period of time, that a film of an organic
      inhibitor, such as benzotriazole, be applied to the surface of the copper
      or copper alloy.
PAR  The application of such inhibitors provides for prolonging the aesthetic
      appeal of copper materials in finished form, such as lamp bases and other
      consumer goods for the home, and also provides for long shelf life before
      further manufacture of such materials into final consumer articles. This
      is particularly important since prolonged exposure of copper materials in
      an industrial environment naturally degrades the exposed surfaces
      resulting in build up of corrosion products, such as copper oxides and
      sulfides, which may necessitate a severe mechanical or chemical cleaning
      operation in order to restore the material surfaces to a condition
      compatible for normal further cleaning and manufacturing operations, e.g.,
      a simple alkaline clean or degreasing cycle before additional mechanical
      working or soldering of the material.
PAR  It is therefore a principal object of the present invention to provide a
      method for producing increased tarnish resistance of copper and its
      alloys, and the article produced thereby.
PAR  It is an additional object of the present invention to provide a method for
      producing a copper, or copper alloy sheet or foil adhesively laminated to
      a plastic film to form a laminate wherein the laminate is characterized by
      increased resistance to acid undercutting and uneven dissolution of the
      unwanted copper during manufacture of the laminate into a flexible
      circuit, and the article produced thereby.
PAR  It is a further object to provide a method for producing a flexible printed
      circuit which is characterized by no substantial undercutting of the
      circuitry and by high bond or peel strength and tarnish resistance without
      degradation of other properties so desirable in flexible printed
      circuitry, and the article produced thereby.
PAR  It is still a further object of the present invention to provide the
      objects as aforesaid conveniently, expeditiously and inexpensively.
PAR  Further objects and advantages of the present invention will become
      apparent hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises providing copper or an alloy thereof having
      on its surface a uniform glassy like and substantially pore free coating
      of copper phosphate and rinsing in heated water at a temperature of at
      least 90.degree. C and a pH of about 4.9 to 6.3 for at least 2 seconds and
      drying.
PAR  The present invention also provides for further adhesively bonding or
      laminating the treated copper or copper alloy to a plastic film to form a
      laminate and for further forming of the laminate into a flexible printed
      circuit. A preferred method of forming of the flexible printed circuit is
      by applying a photoresist to the surface of the aforementioned foil or
      sheet opposing the surface bonded to the plastic film, projecting the
      desired circuitry upon the photoresist to form an acid insoluble compound
      in the area of the required circuitry, dissolving away the unwanted copper
      in an acidic solution and then rinsing and drying.
PAR  The present invention additionally provides for highly tarnish resistant
      copper or alloy thereof having on its surface a glassy like and
      substantially pore free film or copper complex phosphate from 20 to 1000
      Angstrom Units thick. When the aforementioned copper or copper alloy is
      adhesively laminated to a plastic film, as for example, in the form of a
      flexible printed circuit, the printed circuit is characterized by stable
      high bond strength and substantially no acid undercutting of the copper
      circuitry in the bonded interface.
PAR  It is a particular advantage of the present invention that the treated
      wrought copper foil or sheet can be annealed prior to the aforementioned
      adhesively bonding step, which provides the advantage of high ductility of
      a wrought-annealed copper foil or sheet product.
PAR  It is to be noted that the present invention also broadly relates to highly
      tarnish resistant copper or an alloy thereof which possess long shelf
      life, better solderability shelf life, and therefore materially reduces
      requisite cleaning of a fully manufactured and treated copper article as
      well as copper or copper alloy which requires further manufacturing or
      processing into finished articles, such as laminates and flexible printed
      circuits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying FIGURE shows the effect of pH on bond strength in the
      rinsing of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The material provided is copper or a copper alloy having on its surface a
      glassy like and substantially pore free coating of copper phosphate
      ranging in thickness of from 20 to 1000 Angstrom units.
PAR  The aforementioned coating may be formed in accordance with Ser. Nos.
      59,684 and 67,943 which teach preferred methods of producing such a
      coating.
PAR  For example Ser. No. 67,943 teaches applying a phosphoric acid solution
      containing from about 3.5 grams per liter up to the solubility limit of
      sodium dichromate (Na.sub.2 Cr.sub.2 O.sub.7.sup.. 2H.sub.2 O) or
      potassium dichromate (K.sub.2 Cr.sub.2 O.sub.7) or mixtures thereof to
      copper and its alloys. Normally, the application of the aforementioned
      solution is by immersion of, for example sheet or foil, in a bath.
PAR  The acid normally employed is from about 8 to 85 percent concentration of
      phosphoric acid of the formula H.sub.3 PO.sub.4 although a solution of
      phosphates such as acid solutions of, for example, sodium (Na.sub.2
      HPO.sub.4), potassium (K.sub.2 HPO.sub.4), and lithium (LiH.sub.2
      PO.sub.4) phosphate may also be readily employed in a concentration range
      normally corresponding to about 15 percent of phosphoric acid of the
      formula H.sub.3 PO.sub.4 up to their solubility limits in water.
PAR  Ser. No. 59,684 describes a method wherein copper, or an alloy thereof, is
      first oxidized by heating in an environment containing oxygen or wherein
      air has not been excluded. The temperature is from about
      200.degree.-340.degree. C and the time employed from about 5 to 45 minutes
      in order to form the requisite oxide film.
PAR  Following this oxidation step the copper, normally in sheet or foil form,
      is phosphated by applying a phosphoric acid solution, such as by
      immersion, to the oxidized surface. The acid normally employed is about 15
      to 85 percent concentration of phosphoric acid of the formula H.sub.3
      PO.sub.4 although a solution of phosphates such as acid solutions of, for
      example, sodium (Na.sub.2 HPO.sub.4), potassium (K.sub.2 HPO.sub.4), and
      lithium (LiH.sub.2 PO.sub.4) phosphate may also be readily employed in a
      concentration range normally corresponding to about 15 percent of
      phosphoric acid of the formula H.sub.3 PO.sub.4 up to their solubility
      limits in water.
PAR  The temperature of the phosphoric acid solution is normally ambient for
      practical considerations but may range from below that of room up to the
      boiling point. The phosphoric solution may also be suitable agitated such
      as by conventional mechanical means if desired.
PAR  Rinsing is carried out in heated water having a pH of from 4.9 to 6.3 and
      the temperature of the water ranges from about 90.degree. C up to the
      boiling point.
PAR  Addition agents found suitable to adjust the pH are the mineral acids, such
      as phosphoric and sulfuric acid, salts with an acid reaction, i.e., salts
      of a strong acid and a weak base, and mixtures thereof.
PAR  The rinse of the present invention converts the copper phosphate coating to
      a copper complex phosphate in which at least a portion of the copper irons
      have been exchanged by protons.
PAR  The coating obtained after the rinse is of the same thickness as before the
      rinse and more particularly 20 to 1,000 Angstrom units thick, as
      aforementioned.
PAR  The copper or copper alloy is rinsed for at least 2 seconds and, although
      not critical, rinsing is not normally longer than about 2 minutes for
      practical considerations. Normally rinsing is by immersion in a rinse bath
      although other methods such as spraying may also be readily employed.
      Suitable agitation in an immersion type rinse may also be provided, if
      desired.
PAR  If desired, the copper or copper alloy may first be given a preliminary
      rinse, such as a spray rinse, in cold or unheated water with the pH
      unadjusted in order to first remove the excess phosphating solution before
      rinsing at a pH of about 4.9 to 6.3.
PAR  Following the rinsing, the copper or copper alloy is then dried such as by
      air blast, rinsing in an alcohol solution such as methanol and allowing to
      dry or merely by allowing to dry by exposure to the atmosphere.
PAR  Following rinsing and drying the treated surface of the copper sheet of
      foil may be adhesively laminated to a plastic film such as by employing a
      high temperature glue in order to form a laminate.
PAR  The resultant laminate comprising copper sheet or foil and a plastic film
      is particularly useful in the manufacture of flexible printed circuitry.
      Although not critical the preferred plastic film comprises a polyester or
      a polyimide organic compound, and in particular Mylar and Kapton,
      respectively.
PAR  Preferably, but not necessarily, before the aforementioned laminating the
      copper foil or sheet is recrystallized annealed, when in the hard
      condition, in a reducing atmosphere at a temperature from about
      250.degree. to 500.degree. F for at least about 8 minutes, and preferably
      not longer than about 16 hours when at a temperature of about 250.degree.
      to 350.degree. F, and preferably not longer than about 1/2 hour when at a
      temperature in the aforementioned range in excess of about 350.degree. F.
PAR  A further embodiment of the present invention is the applying of a
      photoresist to the unbonded surface of the copper component of the
      aforementioned laminate and then conventionally impressing a pattern of
      the required circuitry which transforms the photoresist to an acid
      insoluble compound at the area of the impressed circuitry.
PAR  The unwanted copper is then dissolved away by a suitable etchant such as
      acidic ferric chloride, in those areas of the laminate wherein the
      photoresist has not been transformed into an acid insoluble compound
      during projection of the circuitry. The laminate is then rinsed and dried
      and thereby a completed flexible circuit is formed.
PAR  The copper provided in forming the flexible printed circuit of the present
      invention is normally from about 0.25 to 6 mils in thickness and may be
      any suitable copper or alloy thereof which is capable of carrying the
      required current for the intended application. Normally, CDA Alloy 110
      (99.90 percent minimum copper, 0.04 nominal oxygen) or CDA Alloy 102
      (99.95 percent minimum copper) is employed. Naturally it is also preferred
      that the sheet or foil be suitably cleaned before treatment.
PAR  If the coating is provided in accordance with Ser. No. 59,684 the surface
      is preferably roughened before the treating to provide an average
      roughness of about 1 to 20 micro inches, RMS, should the material be
      laminated to a polyester. Any suitable method of roughening may be
      employed such as, for example, pack rolling, rolling with suitably
      roughened rolls, or abrasive blasting.
PAR  It has been surprisingly found that when the sheet or foil is rinsed after
      phosphating as aforementioned the bond strength and resistance to acid
      undercutting are either increased or stabilized and thus the present
      invention increases the resistance of the bond strength to decay with
      time. By rinsing as aforementioned long term service life is to be
      expected. The rinse provides increased resistance to oxidation of copper
      and its alloys when in an elevated temperature environment, such as
      soldering, thus providing the retention of a pleasing appearance of the
      material when subjected to such an environment.
PAR  Furthermore, the aforementioned rinse also provides increased resistance of
      the bond at ambient temperature and strength to decay when the laminate is
      heated to elevated temperatures such as would be expected under some
      operating conditions. For example, the laminate of the present invention
      may function in a system wherein elevated temperatures may be expected,
      such as for example, in the aerospace field.
PAR  The circuit laminate of the present invention is thus characterized by
      having high bond strength as a result of the aforementioned treatment, as
      well as substantially no acid undercutting of the circuitry at the bonded
      interface, i.e., at each side of the circuitry where the circuitry is
      adhesively laminated to the plastic film. The high bond strength and acid
      undercutting resistance are not degraded by long time exposure to the
      atmosphere.
PAR  The circuit as well as the laminate and copper or copper alloy, of the
      present invention is further characterized by having uniformly thereon a
      glassy like, and pore free copper complex phosphate coating of a thickness
      of from about 20 to 1000 Angstrom units and readily overcomes the
      aforementioned disadvantages of high acid undercutting and of low bond
      strength as well as other disadvantages of the prior art.
PAR  For example, in the manufacture of flexible printed circuits
      electrodeposited copper foil is frequently employed in place of wrought
      annealed copper wherein one side, or surface, of the foil is relatively
      rough. The rough surface is oxidized and then both sides of the
      electrodeposited copper foil are treated with the aforementioned
      benzotriazole inhibitor, The inhibitor forms a copper salt when it reacts
      with the copper oxide present on both sides of the foil, intentionally on
      the rough side and as a residual on the other or smooth side. This
      residual benzotriazole salt on the smooth side causes uneven etching
      response of the copper foil plastic laminate.
PAR  Electrodeposited copper is also disadvantageous when bonded to a polyester
      film since the foil is generally of low ductility whereas a relatively
      high ductile material, such as rolled and annealed copper, is desirable in
      flexible printed circuitry wherein a polyester film, such as Mylar, or a
      polyimide film, such as Kapton, is employed.
PAR  Furthermore, electrodeposited copper does not tend to uniformly etch away
      in the unwanted areas of the copper component during formation of the
      circuitry due to its relatively large grain size; whereas the more uniform
      and fine grain size of rolled and annealed copper tends to provide for
      more even etching which is preferred in the forming of high quality
      circuitry.
PAR  Electrodeposited copper inhibited by benzotriazole is also disadvantageous
      when bonding to a polyimide plastic film since the adhesives used with
      polyimide films, such as Kapton, require a curing temperature which is
      sufficiently high to promote degradation of the copper benzotriazole salt
      thereby degrading or destroying the laminate. Therefore rolled copper foil
      is used with the polyimides rather than electrodeposited copper.
PAR  It is also noted that the flexible circuit of the present invention may
      readily be soft soldered over the aforementioned film thus providing for
      increased economy in assembling of composite electrical circuitry.
PAR  It is further noted that as a result of the aforementioned treatments that
      copper and its alloys have very high tarnish resistance and therefore long
      shelf life prior to laminating as well as prolonged aesthetic value since
      the normal corrosion products produced in both clean and polluted
      atmospheres are reduced.
PAR  In addition the method of the present invention of forming a tarnish
      resistant film on copper and alloys has also been surprisingly found to
      prevent sticking together of the metal sheets during annealing, which thus
      overcomes a prevalent problem during mill processing.
PAC  EXAMPLE
PAR  The accompanying figure shows the effect of rinse water pH on stability of
      bond strength.
PAR  Copper alloy 110 samples were cleaned and immersed in a solution of 50
      percent phosphoric acid containing about 35 grams per liter of sodium
      dichromate for about 1 minute at ambient temperature. The samples were
      then rinsed for 30 seconds at various pH's at 100.degree. C and tested for
      bond strength after heating at 150.degree. C for 24 hours. The rinse water
      was adjusted to the acid pH range with phosphoric acid. The samples were
      then adhesively laminated to a polyester "Mylar" film with a polyester
      glue containing a di-isocyanate cross-linking agent cured for 72 hours at
      ambient temperature and then heated at 150.degree. C in air for 24 hours,
      cooled and the bond strength tested by fastening strips 1 centimeter wise
      to the rim of a free running 6 inches diameter German wheel with the
      copper side out. The force required to pull the copper free from the glue
      in the radial direction was measured with a spring balance and the force
      per inch of width calculated from the data obtained. The rate of peel was
      held at 1 inch per minute with care being taken that the bond was broken
      at the glue-metal interface.
PAR  It is clearly seen that maximum stability of bond strength is obtained at a
      pH of from 4.9 to 6.3.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a flexible laminate, comprising:
PA1  A. providing a material selected from the group consisting of copper foil
      and copper sheet,
PA1  B. applying to a surface of said material a phosphoric acid solution of at
      least 8 percent concentration and containing from 3.5 grams per liter up
      to the solubility limit of a material selected from the group consisting
      of sodium dichromate and potassium dichromate and mixtures thereof, for at
      least 2 seconds, to form a uniform, glassy-like, substantially pore-free
      coating of copper phosphate from 20 to 1000 Angstroms thick, provided that
      when the concentration of phosphoric acid is increased, the minimum
      dichromate concentration is proportionately increased,
PA1  C. rinsing said material for at least two seconds in water at a pH of from
      about 4.9 to 6.3 and at a temperature from about 90.degree. C up to the
      boiling point,
PA1  D. drying said material, and
PA1  E. adhesively laminating a plastic film to said surface.
NUM  2.
PAR  2. A method according to claim 1 wherein said water is adjusted to said pH
      by adding a compound selected from the group consisting of the mineral
      acids, the salts of strong acids and weak bases, and mixtures thereof.
NUM  3.
PAR  3. A method according to claim 1 wherein following step B and prior to step
      C said material is rinsed in water with the pH adjusted.
NUM  4.
PAR  4. A method according to claim 1 wherein following step D and before step E
      and material is recrystallized annealed.
NUM  5.
PAR  5. A method according to claim 2 wherein said water is adjusted to said pH
      by adding an acid selected from the group consisting of phosphoric acid
      and sulfuric acid.
NUM  6.
PAR  6. A method of producing a flexible laminate comprising:
PA1  A. providing a material selected from the group consisting
PA1  of copper foil and copper sheet,
PA1  B. oxidizing a surface of said material to form a surface oxide film from
      150 to 1000 Angstrom units in thickness,
PA1  C. applying a phosphoric acid solution to said oxide film to form thereon a
      uniform, glassy-like, substantially porefree coating of copper phosphate,
PA1  D. rinsing said material for at least two seconds in water at a pH of from
      about 4.9 to 6.3 and at a temperature from about 90.degree. C up to the
      boiling point,
PA1  E. drying said material, and
PA1  F. adhesively laminating a plastic film to said surface.
NUM  7.
PAR  7. A method according to claim 6 wherein said water is adjusted to said pH
      by adding a compound selected from the group consisting of the mineral
      acids, the salts of strong acids and weak bases, and mixtures thereof.
NUM  8.
PAR  8. A method according to claim 6 wherein following step C and prior to step
      D said material is rinsed in water with the pH unadjusted.
NUM  9.
PAR  9. A method according to claim 6 wherein said plastic film is a polyester
      and said surface of said material is roughened to provide an average
      roughness peak of about 1 to 20 micro inches, RMS, prior to step B.
NUM  10.
PAR  10. A method according to claim 6 wherein following step E and before step
      F said material is recrystallized annealed.
NUM  11.
PAR  11. A method according to claim 7 wherein said water is adjusted to said pH
      by adding an acid selected from the group consisting of phosphoric acid
      and sulfuric acid.
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ABST
PAL  A method of producing a tantalum dry-electrolytic capacitor which comprises
      a sintered tantalum anode having applied thereto, by a forming process, an
      dielectric oxide layer and a semiconducting manganese dioxide cathode
      layer, with the latter being coated with a graphite layer serving as
      current supply, in which, after formation of the manganese dioxide layer,
      a thin layer of manganese dioxide is removed from the surface thereof by
      chemical treatment, following which the cathode is coated with the desired
      graphite layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is directed to a process for the production of a tantalum
      solid or dry-electrolytic capacitor comprising a sintered tantalum anode
      to which an oxide layer, functioning as dielectric, is applied by a
      forming process, and which is provided with a semiconducting manganese
      dioxide layer, functioning as cathode, which, in turn, is coated with a
      graphite layer functioning as current supply.
PAR  The quality of electrolytic capacitors is not determined solely by the
      properties of the dielectric, but to a high degree also by the efficiency
      of the cathode supply line. In a tantalum dry-electrolytic capacitor,
      semiconducting manganese dioxide is employed as the cathode. In the
      production of such cathode, the formed sintered anoded is temporarily
      submerged in an aqueous manganese-nitrate solution with the manganese
      nitrate subsequently being pyrolytically transformed into manganese
      dioxide. The coating process is repeated several times to achieve a highly
      adhesive and electrically satisfactory layer of manganese dioxide. In
      addition, after several pyrolysis operations, an intermediate forming
      process is interposed. Finally, a thin graphite layer is produced on the
      finished manganese dioxide layer by submerging the structure in a solution
      with colloidal graphite. Such thin graphite layer functions as current
      supply to the cathode and, if desired or required, can be suitably
      contacted, for example with a conductive silver lacquer layer.
PAR  The present invention is based upon the recognition that the series
      resistance in a tantalum dry-electrolytic capacitor, and thus also the
      loss factor and apparent impedance, is not determined solely by the sum of
      the bulk resistances of the individual layers, but that the conditions at
      the boundary area between the manganese dioxide and graphite layers also
      exert a considerable influence.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is the object of the present invention to provide a method for the
      production of tantalum dry-electrolytic capacitors by means of which a
      considerable improvement may be achieved in the apparent impedance value
      and the loss factor.
PAR  This objective is realized in the present invention in the production of a
      tantalum dry-electrolytic capacitor of the type described by effecting,
      prior to the coating of the cathode with graphite, the chemical removal of
      a thin layer from the manganese dioxide surface.
PAR  There is thereby achieved the advantage of a reduction in the absolute
      values of apparent impedance and loss factor of tantalum dry-electrolytic
      capacitors, and further an improvement in the temperature dependence of
      such values.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a chart depicting the dependence of the values of apparent
      impedance Z (measured at 10 kHz) as a function of temperature T; and
PAR  FIG. 2 is a chart depicting the loss factor tangent .sigma. (measured at
      120 Hz) in dependence upon the temperature T.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In an exemplary embodiment, the formed tantalumsintered anodes, provided
      with completed manganese dioxide layers, were, prior to graphite
      treatment, submerged for 30 to 60 seconds in a treatment bath, in which
      the bath comprised a 2.5% acetic acid having added thereto 40 ml of 30%
      hydrogen peroxide per litre. The anodes were thereafter rinse with diluted
      acetic acid having a pH value of less than 4, for example containing 2.5%
      acetic acid, to remove any M.sub.n .sup.+.sup.+ ions still present,
      following which they were further processed in a conventional manner to
      form finished capacitors (400 .mu. F - 6V).
PAR  The resulting tantalum dry-electrolytic capacitors were then tested as to
      the dependence of the apparent impedance Z as a function of temperature T,
      from which the chart of FIG. 1 was prepared, with the dependence of the
      values of the apparent impedance (measured at 10 kHz) as a function of the
      temperature. In the chart, curve 1 represents measurements on capacitors
      processed in accordance with the present invention, i.e., capacitors
      having a layer chemically removed prior to the graphite treatment, by
      means of a bath having a composition as above set forth. Curve 2
      represents measurements on capacitors fabricated in the ordinary manner,
      i.e., having no pretreatment of the manganese dioxide layer prior to
      graphiting. As will be apparent from the figure, capacitors whose
      manganese dioxide surface was treated in accordance with the invention
      exhibit significantly lower apparent impedance values. It will also be
      noted from the figure that the impedance-temperature curve is considerably
      more uniform, i.e., exhibits less maximum to minimum differential, in the
      treated capacitors as compared with those that were untreated.
PAR  Likewise, measurements on tantalum dry-electrolytic capacitors with respect
      to the loss factor tangent .sigma. (measured at 120 Hz) in dependence upon
      the temperature T, is illustrated in FIG. 2. Curve 3 represents
      measurements on capacitors which were produced in accordance with the
      invention, i.e., a thin layer was chemically removed from the surface of
      the manganese dioxide layer by utilization of a bath having a composition
      as previously set forth, while curve 4 depicts measurements on untreated
      capacitors. It will be apparent from the chart that the loss factor in
      capacitors which had their manganese dioxide layer subjected to the method
      of the invention, prior to the graphite treatment, is lower than in
      comparable untreated capacitors. Again, it will also be noted from the
      figure that the temperature dependence of the loss factor is also
      significantly lower and more uniform in the treated capacitors than in
      those that were untreated.
PAR  The noted improvement in the electrical values of tantalum dry-electrolytic
      capacitors manufactured in accordance with the present invention, results
      from an improved contacting between the manganese dioxide layer, serving
      as cathode, and the graphite layer serving as current supply. It is
      assumed that low-grade manganese dioxide is removed by the method of the
      invention and that the acid medium serves to produce a positive surface
      charge so that electrostatically favorable conditions are produced for a
      low ohmic contact between the manganese dioxide surface and the graphite
      surface, since the individual graphite particles possess a negative
      surface charge due to the employment of an ammoniacal stabilization of the
      graphite suspension utilized.
PAR  Having thus described my invention, it is obvious that although minor
      modifications might be suggested by those first in the art, it should be
      understood that I wish to embody within the scope of the patent warranted
      herein all such modifications as reasonably and profitably come within the
      scope of my contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of producing a tantalum dry-electrolytic capacitor comprising a
      sintered tantalum anode, oxidized to form a dielectric layer, and a
      semiconducting manganese dioxide cathode layer which is coated with a
      graphite layer serving as current supply, characterized in that after the
      formation of the manganese dioxide layer a thin layer of manganese dioxide
      is removed from the surface thereof by chemical treatment in an acetic
      acid-hydrogen peroxide bath, following which the cathode is coated with
      said graphite layer.
NUM  2.
PAR  2. A method according to claim 1, wherein the chemical treatment takes
      place for a period of 30 to 60 seconds.
NUM  3.
PAR  3. A method according to claim 1, wherein the chemical treatment is
      followed by a rinsing operation in a dilute acetic acid solution with a pH
      value of less than 4.
NUM  4.
PAR  4. A method according to claim 3, wherein the rinsing operation is effected
      in a bath containing 2.5% acetic acid.
NUM  5.
PAR  5. A method according to claim 1, wherein the chemical treatment is
      effected in a 2.5% acetic acid bath, to which is added 40 ml of 30%
      hydrogen peroxide per liter.
NUM  6.
PAR  6. A method according to claim 5, wherein the chemical treatment takes
      place for a period of 30 to 60 seconds.
NUM  7.
PAR  7. A method according to claim 5, wherein the chemical treatment is
      followed by a rinsing operation in a dilute acetic acid solution with a pH
      value of less than 4.
NUM  8.
PAR  8. A method according to claim 7, wherein the rinsing operation is effected
      in a bath containing 2.5% acetic acid.
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ABST
PAL  A web formed of a multiplicity of general parallel fibers or filaments is
      fed downwardly and incrementally toward a platen forming a lower element
      of a generally horizontal guide. A shear periodically moves across the
      path of the web so as to shear from the end thereof a section having a
      length slightly greater than the height of the guide. The lower edge of
      the upper element of the guide constitutes one of the shear elements so
      that as each section is cut off it is pressed into the end of the guide.
      Simultaneously with each cutting operation the stack formed in the guide
      is moved incrementally toward the downstream end thereof. As the stack
      emerges from the downstream end the sections are pressed end-wise into an
      adhesive layer on a substrate.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method of and an apparatus for making a
      plush-type cloth. More particularly this invention concerns the production
      of a plush-type cloth in which the pile is implanted in a nonwoven
      synthetic-resin base.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to produce plush-type cloth by weaving an additional work yarn
      or filling yarn into a textile base and drawing this additional yarn away
      from the surface of the fabric. This forms loops which may thereafter be
      cut so as to produce so-called warp pile fabric. Although such fabric is
      strong and durable, its production is expensive.
PAR  It is also known to implant fibers or short thread sections in a
      synthetic-resin base. Usually a rubber-type base is employed, the product
      being used as a bath mat, rug, or the like. Various methods have been
      proposed to form such a nonwoven plush-type cloth, but none of them
      combines simplicity with sureness in operation.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      method of and apparatus for making a plush-type cloth.
PAR  Another object of this invention is the provision of a system for making
      nonwoven plush fabric.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a system
      wherein a web is displaced downwardly toward a platen of a cutting station
      until the end of the web bends slightly. Then this end section is cut from
      the web and is pressed into the upstream end of an elongated generally
      horizontal guide having a height slightly shorter than the rectified
      length of the section and with the sections oriented ordinarily
      transversely to the guide so that their ends rub the upper and lower walls
      of the guide. Each time a section is pressed into the upstream end of the
      guide the stack formed in the guide is moved an increment toward the
      downstream end of the guide. As the sections emerge from the downstream
      end they are pressed end-wise against an adhesive surface of a flat
      substrate. The adhesive surface of the substrate is then hardened so as to
      bond the sections permanently thereto.
PAR  The method according to the present invention operates with great
      simplicity. When a web is used comprising a mass of generally parallel
      filaments it is possible rapidly and surely to produce a plush-type cloth
      which has the appearance and characteristic of woven plush, while being
      considerably less expensive to produce.
PAR  In accordance with another feature of this invention the apparatus for
      feeding the web to the cutting stations comprises a pair of juxtaposed
      rollers between whose nips the web is incrementally downwardly displaced,
      effectively hanging with its lower end in the cutting station. The lower
      edge of the element constituting the upper wall of the guide serves as
      half of the shear that cuts the end off the web so that the operations of
      cutting-off the end section and pressing it into the upstream end of the
      guide are carried out simultaneously.
PAR  In accordance with yet another feature of this invention the means for
      pressing the sections end-wise into the adhesive-coated surface of the
      substrate comprises an endless band whose lower stretch is parallel to the
      substrate immediately downstream from the downstream end of the guide.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other objects, features, and advantages will become more readily
      apparent from the following description, reference being made to the
      accompanying drawing in which:
PAR  FIG. 1 is a side view partly in diagrammatic form illustrating the method
      and apparatus according to the present invention;
PAR  FIG. 2 is a view taken in the direction of arrows II of FIG. 1; and
PAR  FIG. 3 is a large-scale view of a detail of FIG. 1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIGS. 1 and 2 an apparatus 1 for carrying out the method
      according to the present invention has a base surface 10 along which is
      continuously displaced a substrate 13 in a downstream direction 14. A
      nozzle 19 serves to form on the upper surface of this substrate 13 a thick
      layer 17 of a thermosetting adhesive.
PAR  A web 2 formed as shown in FIG. 2 of a multiplicity of generally parallel
      fibers or filaments 2' is displaced downwardly between a pair of rollers 3
      and 4 operated by a motor 20 itself connected to a control device 21. The
      motor 20 is operated to advance the web 2 in increments of 2 cm toward a
      platen 6 forming the lower element of an elongated guide 11. After the
      lower end 2a strikes the platen 6 and the web 2 bends at this lower end 2a
      pusher element 9 having an upper shear blade 7 and mounted on horizontally
      reciprocal support 8 is displaced across the path of the web 2 by a
      cylinder 22 also operated by the control 21. This cylinder 22 is actuated
      once each time the web 2 is advanced so as to cut sections 12 having a
      height H = 2 cm off the end of the web 2.
PAR  Blade 7 has an edge 7' which cooperates with the edge 5' of a blade 5
      constituting part of the upper element of the guide 11. Another element 23
      downstream and in line with the lower edge of the blade 5 extends parallel
      to the platen 6 and has a downstream end 23' which, like the downstream
      end 6' of the platen 6, is inclined downwardly toward the support surface
      10.
PAR  The spacing between the upper elements 5, 23, 23' and the lower elements 6,
      6' of the guide 11 is continuous and is equal to h which is slightly
      shorter, here by 0.5 mm, than the height H. This causes the section 12 to
      be bowed slightly in the guide 11 as is shown in FIG. 3. The inner sides
      of the guide 11 are perfectly smooth so that the stack formed therein will
      move regularly and incrementally each time a new section 12 is cut from
      the web 2 and this section is pressed into the upstream end of the guide
      by the pusher 9.
PAR  As the stack of section 12 issues from the downstream end of the guide 11
      the lower ends of the individual vertical fibers constituting the sections
      12 engage the adhesive layer 17 on the substrate 13. Further downstream a
      pressure belt 15 spanned over rollers 18 and whose lower stretch is
      displaced downstream in direction 16 by a motor 24 at a rate of advance
      identical to the rate of advance of the substrate 13 in direction 14,
      these fibers are pressed downwardly end-wise into the layer 17. The
      spacing between the lower surface of the lower reach of the belt 15 and
      the upper surface of the substrate 13 is equal to h so that the fibers are
      pressed firmly and deeply into this layer 17.
PAR  Thereafter the thus formed cloth enters a dryer 25 where it is heated and
      the adhesive layer 17 is set.
PAR  The fibers in accordance with this invention are a polyamide such as Nylon
      as is the base. The adhesive layer 17 is a polyacrylate thermosetting
      adhesive.
PAR  The controller 21 operates the motor 24 and can operate motor at a faster
      rate so as to give the pile on the substrate 13 a nap.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for making a nonwoven plush-type cloth, said apparatus
      comprising:
PA1  a generally horizontal guide having a horizontal upper guide element and a
      lower guide element spaced vertically apart by a predetermined distance,
      said guide having an upstream end and a downstream end,
PA1  feed means for advancing a web downwardly toward said upstream end,
PA1  cutting means at said upstream end for severing from said web sections
      having a length slightly greater than said distance and for pushing the
      cut sections into said upstream end of said guide to form therein a stack,
      whereby said stack is displaced horizontally toward said downstream end by
      an increment each time a new cut section is pushed into said upstream end;
      and
PA1  compression means at said downstream end for pressing said sections as they
      emerge therefrom endwise down into an adhesive coated substrate, said
      cutting means including a blade horizontally displaceable across said
      upper guide element and forming therewith a shear, said feed means
      advancing said web downwardly in increments equal to said length said
      guide being spaced above and parallel to said substrate at said upstream
      end and said downstream end being turned downwardly toward said substrate,
      means for coating said substrate with an adhesive and means for advancing
      said substrate so coated past said downstream end of said guide, said
      compression means at said downstream end including a horizontal support
      for said substrate and a band spaced above said support and driven at
      substantially the same speed as the advance speed of said substrate.
NUM  2.
PAR  2. A method of making a plush-type cloth, said method comprising the steps
      of:
PA1  a. advancing a substrate along a horizontal path;
PA1  b. applying an adhesive layer to the upper surface of said substrate;
PA1  c. advancing a web of plush-forming material downwardly toward said layer
      in a vertical direction;
PA1  d. intercepting the leading lower edge of said web above said adhesive
      layer on a horizontal guide prior to engagement of said web with said
      surface;
PA1  e. severing a section from said web by displacing a blade horizontally
      above said guide and against an upper horizontal guide forming a
      counterblade, said guides defining a horizontal channel spaced above but
      parallel to said substrate;
PA1  f. pressing the cut section into said channel, thereby forming a succession
      of cut sections in the form of a horizontal stack within said channel;
PA1  g. deflecting said stack downwardly toward said adhesive layer with said
      sections substantially perpendicular to said substrate;
PA1  h. pressing said sections applied to said adhesive layer into the latter to
      implant the respective lower edges of said sections therein by passing
      said sections between a belt spaced above and parallel to said substrate;
      and
PA1  i. setting said adhesive layer.
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ABST
PAL  A process for field preparation of a fibrous turf on a surface by steps
      including: (a) inserting fibers into a backing to obtain a backing with
      inserted fibers; (b) laying a receiving matrix on the surface; (c)
      bringing a portion of the backing with inserted fibers into connection
      with the receiving matrix so as to immerse the inserted fibers in the
      matrix; and (d) maintaining said portion of the backing stationary for a
      sufficient period of time so that the fibers will stay in the matrix upon
      removing the backing from the fibers.
PAL  Preferably the receiving matrix is a thermoplastic substance comprising
      sulfur, especially plasticized sulfur.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the preparation of artificial turf or
      carpeting in the field.
PAR  The term "turf" is used herein broadly to connote a preparation which is
      like carpet or shag rug or artificial grass.
PAR  The term "field" is used herein to connote preparation at the point of
      installation rather than preparation in a factory followed by transport to
      the point of installation.
PAR  Two exemplary patents relating to artificial turf which is prepared to
      simulate grass, although such preparation is carried out in a factory
      rather than in the field, are U.S. Pat. Nos. 1,939,846 and 3,332,828. The
      preparation method of U.S. Pat. No. 1,939,846 involves distributing
      fibrous material evenly over the top of a sheet of rubber composition and
      then vulcanizing the fibers to the sheet in a heat press. U.S. Pat. No.
      3,332,828 relates to artificial turf preferably produced by weaving
      synthetic fibers on a Wilton cut-pile loom to form a structure consisting
      of a woven backing having a cut-pile face extending from one surface
      thereof and then applying a suitable latex formulation on the other
      surface of the backing to render the complete structure dimensionally
      stable.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a process is provided which is suitable
      for field preparation of a fibrous turf on a surface, which process
      comprises:
PAR  A. INSERTING FIBERS INTO A BACKING TO OBTAIN A BACKING WITH INSERTED
      FIBERS;
PAR  B. LAYING A RECEIVING MATRIX ON THE SURFACE;
PAR  C. BRINGING A PORTION OF THE BACKING WITH INSERTED FIBERS INTO CONNECTION
      WITH THE RECEIVING MATRIX SO AS TO IMMERSE THE INSERTED FIBERS IN THE
      MATRIX; AND
PAR  D. MAINTAINING SAID PORTION OF THE BACKING STATIONARY FOR A SUFFICIENT
      PERIOD OF TIME SO THAT THE FIBERS WILL STAY IN THE MATRIX UPON REMOVING
      THE BACKING FROM THE FIBERS.
PAR  It is to be understood that the term "backing" is used herein in a sense
      which includes a temporary transport belt or the like for the fibers,
      which thus is a generalized use of the term compared to textile
      terminology, wherein backing is a permanent part of a carpet.
PAR  Among other factors, the present invention is based on our conception and
      finding that field preparation of artificial turf can be successfully
      carried out by steps including laying a receiving matrix, placing
      fibers-in-backing on the receiving matrix so as to submerge the fibers at
      least partially into the matrix, and then removing the backing to leave
      the fibers implanted in the receiving matrix.
PAR  In general, the receiving matrix is a composition which is or becomes a
      solid at normal temperatures, i.e., below 180.degree. F. However, during
      the turf-laying operation, the matrix must be a liquid, i.e., it must
      permit the insertion of the fibers. The usual way to obtain a liquid
      receiving matrix is to heat the matrix substance above its softening or
      melting point, generally in excess of 250.degree. F. In this category are
      the thermoplastic substances, asphalt, plasticized sulfur, etc. In other
      instances, however, it is possible to have a receiving matrix that is
      liquid at normal temperatures, but is converted into a solid by chemical
      reaction. In this category are cement and the thermosetting substances --
      polyisocyanate-polyalcohol mixtures, styrene-polyester mixtures, etc. In
      both types, the solidified receiving matrix holds the yarn tufts firmly in
      position for future use.
PAR  It is advantageous to use a receiving matrix which is a thermoplastic
      substance, i.e., one which hardens upon cooling, and we have discovered
      that particularly preferred thermoplastic substances comprise plasticized
      sulfur.
PAR  When using a thermoplastic substance, preferably the fibers are immersed in
      the substance while it is molten, i.e., not yet completely solidified.
      Then the fibers are held by the backing in a stationary position for a
      sufficient period of time to allow the substance to solidify to an extent
      sufficient to retain fibers when the backing is removed from the fibers.
PAR  A particularly preferred thermoplastic substance is plasticized sulfur
      comprising sulfur, a sulfur plasticizing agent, glass fiber and a
      thixotropic agent. Inert fillers such as sand, carbon, and certain clays
      may also be added.
PAR  Plasticized sulfur usually has a lower melting point and a higher viscosity
      than elemental sulfur. Furthermore, plasticized sulfur requires a longer
      time to crystallize; i.e., the rate of crystallization of plasticized
      sulfur is slower than that of elemental sulfur. One useful way to measure
      the rate of crystallization is as follows: the test material (0.040 g) is
      melted on a microscope slide at 130.degree. C. and is then covered with a
      square microscope slide cover slip. The slide is transferred to a
      hot-plate and is kept at a temperature of 78.degree..+-.2.degree. C., as
      measured on the glass slide using a surface pyrometer. One corner of the
      melt is seeded with a crystal of test material. The time required for
      complete crystallization is measured. Plasticized sulfur, then, is sulfur
      containing an additive which increases the crystallization time within
      experimental error, i.e., the average crystallization time of the
      plasticized sulfur is greater than the average crystallization time of the
      elemental sulfur feedstock. For the present application, plasticizers are
      those substances which, when added to molten, elemental sulfur, cause an
      increase in crystallization time in reference to the elemental sulfur
      itself. In one set of experiments, elemental sulfur required 0.44 minute
      to crystallize under the above conditions, whereas sulfur containing 3.8%
      of a phenol-sulfur adduct (as described in U.S. Pat. No. 3,892,686
      required 2.9 minutes. Sulfur containing 6.6% and 9.9% of the same
      phenol-sulfur adduct required 5.7 and 22 minutes, respectively.
PAR  Inorganic plasticizers include iron, arsenic and phosphorus sulfides, but
      the particularly preferred plasticizers are organic compounds which can
      react with sulfur to give sulfur-containing materials, such as styrene,
      alphamethylstyrene, dicyclopentadiene, vinyl cyclohexene, the aromatic
      compound-sulfur adducts of Ser. No. 344,694 as well as the aromatic
      compounds used to produce these adducts, liquid polysulfides (e.g., those
      sold under the trade name of Thiokol LP-3 or LP-32), and the viscosity
      control agents described in U.S. Pat. Nos. 3,674,525, 3,453,125 and
      3,676,166. The preferred aromatic plasticizing compounds are styrene and
      the phenolsulfur adduct of U.S. Pat. No. 3,892,686. The preferred
      aliphatic compound is dicyclopentadiene.
PAR  One preferred thermoplastic substance contains dicyclopentadiene, sulfur,
      glass fiber and talc.
PAR  The elemental sulfur may be either crystalline or amorphous and may contain
      small amounts of impurities such as those normally found in commercial
      grades of sulfur. Optimum proportions of sulfur, as well as of the other
      components of the composition may vary considerably. However, proportions
      of sulfur of about 73 to 97%, by weight, are generally satisfactory.
PAR  Dicyclopentadiene is readily available commercially, generally at a purity
      of about 96% or greater. Preferably it is used in the above preferred
      plasticized sulfur composition in an amount of about 1 to 7% by weight.
PAR  The glass fiber of the preferred plasticized sulfur composition is
      preferably employed in the form of milled fibers, with the fibers
      generally ranging from about one thirty-second to one-eighth inch in
      length, preferably with an average length of about one-sixteenth inch.
      These fibers, which generally consist of high-silica glass, are readily
      available commercially, often coated with a starch binder. The type of
      glass is, however, not critical, as long as it provides the resulting
      composition with adequate shear strength, preferably a shear strength of
      about 400 to 800 psi. The glass fiber preferably constitutes about 1 to 5%
      by weight of the composition of the invention.
PAR  The talc used in the preferred dicyclopentadienesulfur-glass fiber-talc
      composition preferably is a foliated type, or a compact variety such as
      steatite. Impure varieties such as soapstone can also be used. This
      ingredient is preferably used in an amount of about 1 to 15% by weight of
      the composition, and serves the dual function of providing thixotropy to
      the mixture and of dispersing the glass fiber throughout the composition,
      thereby preventing agglomeration of the fibers.
PAR  The preferred composition is used as a fluid mixture of the ingredients,
      with the sulfur and dicyclopentadiene in molten form and the glass fiber
      and talc distributed throughout the molten material. Thus the composition
      is prepared by homogeneous mixing of the ingredients at elevated
      temperature sufficient to maintain the sulfur and dicyclopentadiene in a
      molten state. A temperature of about 240.degree. to 320.degree. F. is
      satisfactory, with about 275.degree. to 320.degree. F. being preferred.
      Any conventional vessel or reactor capable of providing the required
      temperature and mixing means may be used for preparation of the
      composition.
PAR  Thermosetting receiving matrices are useful in situations where it is
      difficult to lay down a hot thermoplastic layer, or where the properties
      of the thermosetting substances are desired, e.g., a rubbery or resilient
      polyurethane base. Asphalt is generally a thermoplastic receiving matrix,
      but it can be used in the form of an asphalt emulsion which is applied
      cold in the liquid form, but soon develops into a solid asphalt layer with
      concurrent water separation.
PAR  The term "thixotropic agent" is used herein to mean a material which lends
      itself to low viscosity at high shear (high mixing or stirring rate) for
      the sulfur mixture containing the agent, but which helps cause the sulfur
      mixture to have high viscosity at low shear, so that the mixture will
      readily set up as a non-runny, non-drippy coating or layer upon
      application to a surface. The plasticized sulfur matrix is applied at
      temperatures above molten sulfur temperature, that is, above about
      248.degree. F., and preferably at a temperature between 250.degree. and
      300.degree. F.
PAR  In the present invention, fibers-in-backing are placed fiber-side-down on
      the receiving matrix and then the backing is removed to leave the fibers
      implanted in the receiving matrix. The backing can be removed by various
      means, such as simply by lifting it from the implanted fibers manually or
      mechanically, or by cutting the backing free from the fibers. Preferably
      the backing is a continuous belt, i.e., like a conveyor belt, receiving
      fibers as in input and implanting fibers in the receiving matrix as an
      output from the belt.
PAR  Thus, according to a preferred embodiment of the present invention, a
      process is provided which comprises:
PAR  a. inserting fibers into a continuous rotatable belt adapted to have fibers
      inserted;
PAR  b. bringing the belt into connection with and immersing said fibers into a
      receiving matrix, preferably a thermoplastic substance;
PAR  c. holding the belt stationary, e.g., maintaining a zero relative belt
      velocity to the ground, so as to keep the fibers immersed in the receiving
      matrix for a sufficient period of time so that fibers will stay in the
      matrix upon removing the backing from the fibers; and
PAR  d. releasing the belt from connection with the receiving matrix.
PAR  Preferably, in the above embodiment the fibers inserted as per step (a) are
      "continuous" fibers. A further step is included before step (b), namely,
      cutting the inserted continuous fibers to a length suitable for
      implantation into the receiving matrix to obtain fibrous turf. As the
      fibers or strands can be looped or straight, suitable lengths to which the
      fiber is cut are from about 1 to 2 times the normal length of carpeting or
      turf surfaces; thus, from about 1/8 to 4 inches, and more usually from
      about 1/2 to 1 inches.
PAR  The term continuous fiber is used herein to indicate long fibers, for
      example, fibers wound on a bobbin. Since the long fibers are finite, the
      term continuous is used only in a figurative sense to indicate that the
      fiber fed into the belt in this preferred embodiment is much longer than
      the cut fiber which is ultimately implanted in the receiving matrix.
PAR  The term "fiber" is used herein to include monofilament strands as well as
      polyfilament strands (yarns and threads and yarns made by twisting a
      fibrillated thermoplastic tape). Preferably yarn is used for inserting
      into the backing or backing belt and in turn into the receiving matrix.
      The yarn can be produced by twisting filaments together by methods known
      in the carpet-producing art. In this regard, see, for example, U.S. Pat.
      No. 3,422,615. Materials which can be used as the monofilament strands or
      as the polyfilament strands, that is, yarns, include synthetic plastic
      materials as well as animal-derived materials such as wool. Preferably,
      synthetic materials are used, i.e., synthetic plastic materials capable of
      being formed into filaments and yarns, for example by extruding into a
      pellicle and then cut or shredded into filaments which can in turn be
      converted to yarns. Polypropylene is a particularly preferred synthetic
      plastic material for forming fibers for use herein, and a particularly
      preferred polypropylene yarn is made by twisting fibrillated polypropylene
      tapes. Other materials which can be used include other polyolefins,
      polyethylene terephthalate, polyacrylonitrile, viscose rayon, cellulose
      acetate, nylon, polyvinyl chloride, and fibrous glass.
PAR  In addition to U.S. Pat. No. 3,422,615, U.S. Pat. Nos. 3,177,557, 3,242,035
      and 3,332,828 disclose materials which can be used to produce monofilament
      strands as well as polyfilament strands (yarns) for making artificial turf
     .
DRWD
PAC  DRAWINGS
PAR  The drawings (FIGS. 1-6) are schematic diagrams illustrating preferred
      embodiments of the present invention.
DETD
PAC  FURTHER DESCRIPTION AND EXAMPLES
PAR  Referring in more detail to the drawings, as shown in FIG. 1, the
      thermal-setting substance is passed from tank or container 6 onto the
      surface or ground. The thickness laid on the surface is preferably about
      1/4 to 1 inch, and the material preferably is molten, plasticized sulfur.
PAR  Yarn-inserting assembly 4 inserts fibrous material such as yarn or
      monofilament strands into belt 3, which preferably is a steel transport
      belt having perforations. The fibrous material can be inserted into the
      belt, which acts as a backing, using conventional tufting techniques. Thus
      the fiber material can be fed into the belt off one but preferably
      numerous bobbins using conventional carpet-tufting techniques, which
      include the use of a needle frame containing a plurality of needles to
      stitch the fiber material or yarn into the belt backing. Preferably the
      yarn is tufted into the backing in a C-shape, such as shown by FIG. 1 and
      in more detail in FIG. 2, as indicated by 7 and 7A. The loops can be
      extracted by yarn-extracting assembly 5 to form a single strand, such as
      indicated by 8 and 8A in FIGS. 1 and 3.
PAR  The single strand is then only loosely held in the belt by friction and can
      be deposited into thermoplastic matrix 10 by immersing the strands in the
      receiving matrix and holding them there for a sufficient period of time to
      allow the receiving matrix to solidify sufficiently to retain fibers upon
      removing the backing from the fibers.
PAR  As shown in the schematic preferred embodiment, the belt is lowered using
      horizontal rollers 11 and 11A, moving in the direction indicated by arrows
      12 and 12A, so that the strands are immersed in the receiving matrix. The
      belt is removed from "connection" with the receiving matrix by raising
      rollers 11 and 11A, as indicated by arrows 13 and 13A, thus allowing or
      causing the belt to rise upwardly and leaving the loosely held fibers
      imbedded in the receiving matrix. The term connection is used in the sense
      that the fibers in the belt backing are immersed in the receiving matrix
      and thus form a link or connection between the belt and the receiving
      matrix.
PAR  To increase the speed of solidification or thermal setting of the receiving
      matrix, a cooling operation can be used, as indicated by spray nozzle 14.
PAR  After the belt has been allowed to rise upwardly as indicated by arrows 13
      and 13A, the belt is moved forward by large rollers 15 and 15A, traveling
      in the direction as indicated by arrows 16 and 16A. In general, the entire
      apparatus can be mounted onto a moving vehicle, moving in the direction
      indicated by arrow 17.
PAR  Although the yarn flow or insertion into the backing by yarn-inserting
      assembly 4 into belt 3 is a conventional-type tufting function, the carpet
      backing or belt in this instance serves as a conveyor to receive the
      oriented and cut strands from the tufting frame and transport this strand
      pattern such that it can be deposited into the molten and receptive
      thermoplastic substance.
PAR  Rather than employing woven or fabric backing, as is the normal practice in
      carpet tufting, preferably a perforated steel belt is used. The hole
      pattern in the preferred thin steel belt preferably is consistent and
      congruent to the center-to-center needle spacing on the needle frame used
      for the tufting operation. Thus, at point 7 in the process, as
      schematically indicated in FIG. 1, a tufted cut-pile carpet has been
      produced that employs a continuous belt backing, preferably a stainless
      steel backing in place of a conventional fabric backing.
PAR  The individual stitched or tufted strands are held in the backing by
      friction or, more accurately, impaled by a press-fit condition of the
      strands protruding through the belt backing holes.
PAR  Preferably the belt is a stainless steel belt of approximately 0.030 inch
      thickness, having tuft holes that are slightly less than two polypropylene
      strands or yarns in diameter.
PAR  As illustrated in FIG. 2, each individual tufted strand, as indicated by
      7A, as impaled in the backing belt resembles a staple with two legs of
      length L protruding through one side of the backing with a cross bar of
      length C connecting these two legs on the other side of the backing.
PAR  Also shown in FIG. 3 is this same strand of total length 2L+C with one leg
      picked out of the backing such that a length of strand L protrudes from
      one side of the backing belt and a length of L+C of the same strand is
      sticking out of the other side of the backing belt. The length L, or some
      part thereof, preferably is immersed in the receiving matrix.
PAR  A stripping arbor, as indicated by 18 in FIG. 1, performs a stripping or
      "pick-out" function that converts the individual strands from a staple
      shape into that of a straight strand whose axis is about 90.degree. to the
      backing belt surface.
PAR  Instead of stripping, the closed portion of the U-shaped strand can be cut
      to provide fibers which can be extracted from the belt upon immersing the
      strand in the mastic and retention of the strand in the mastic.
PAR  The strands can be conveyed into Section 19 for lowering into connection
      with thermoplastic substance 10 by lowering rollers 11 and 11A in the
      direction of arrows 12 and 12A. The belt is held in a stationary position
      with the strands immersed in the receiving matrix for a sufficient length
      of time to allow thermal setting, so that the receiving matrix will retain
      fibers upon raising rollers 11 and 11A in the direction indicated by
      arrows 13 and 13A. Then the apparatus can be moved on and the process
      continued, so that another section of turf can be made, leaving behind
      finished turf, as indicated by 20 in FIG. 1.
PAR  Although the process can be operated batchwise as described, preferably the
      process is carried out continuously. In the continuous operation, rollers
      11 and 11A keep the continuous belt 3 in connection with the mastic so
      that the belt operates similar to a tank tread. That is, as the belt comes
      into connection with the mastic and the fibers in a given section of the
      belt are submerged in the mastic, the speed of that given section of the
      belt relative to the ground becomes zero, even though the apparatus as a
      whole continues to move forward in the direction indicated by arrow 17.
      The speed of the apparatus can be adjusted to allow sufficient time,
      and/or cooling water spray as indicated by 14 can be used to cool the
      mastic, so that the mastic retains the submerged fibers when the given
      section of the belt is lifted from the mastic as the given section starts
      traveling upward upon reaching roller 11.
PAR  Thus, in accordance with a preferred method for carrying out the present
      invention, an apparatus, e.g., as schematically indicated in FIG. 1, is
      mounted on a wheeled vehicle that is either towed or self-propelled by a
      suitable drive system. The speed of the belt, as driven by the drive
      wheels, is equal to the ground speed of the vehicle. With this
      matched-speed arrangement, the belt moving aft, at the time of the strand
      insertion, has a velocity of zero relative to the ground.
PAR  This is analogous to that of a tracked vehicle or tractor, where the driven
      track also has a zero velocity relative to the ground as the vehicle is
      propelled by this track.
PAR  That span of horizontal belt between the tangent points of rollers 11 and
      11A having zero relative velocity to the mastic provides a time span
      during which the mastic will solidify and create adhesion.
PAR  FIG. 4 illustrates a preferred embodiment of the present invention wherein
      uncut end loops of fiber are imbedded in a receiving matrix. The belt or
      backing can be withdrawn, leaving the fibers. Then the backing can be
      reused as in a continuous process as illustrated in FIG. 1, or in another
      mode wherein the backing is reused.
PAR  FIG. 5 illustrates a preferred embodiment wherein the tops of the fiber
      loops need to be cut before the backing can be reused.
PAR  FIG. 6 illustrates implantation of the backing in the matrix. Preferably
      the backing is withdrawn before solidification of the matrix so that the
      backing can be used in accordance with the usual concept of the present
      invention.
PAR  In accordance with an alternate mode of operation, the backing is left
      permanently imbedded in the matrix. This alternative is attractive in the
      case of inexpensive backings, particularly in conjunction with the
      plasticized sulfur compositions disclosed herein.
PAC  EXAMPLES
PAC  EXAMPLE 1--Plasticized Sulfur Mastic as a Carpet Base
PAR  A plasticized sulfur mastic was prepared by heating a mixture of 3 parts of
      dicyclopentadiene and 100 parts of molten sulfur until there was a
      noticeable increase in viscosity. Next, 10 parts of talc and 3 parts of
      glass fiber (milled to one-eighth inch lengths) were added and the whole
      mixture was stirred until it was homogenous. This material was then poured
      onto a flat 12 inch .times. 18 inch area of ground covered with
      small-sized gravel to a depth of three-eighth inch. Before the sulfur
      mastic hardened, a sheared or cut-pile indoor-outdoor carpet, made by
      tufting polypropylene yarn into a polypropylene primary backing and
      without any latex or other secondary backing, was laid on the mastic. When
      the mastic had hardened, a corner of the backing was pried loose, and then
      the entire backing was pulled upward, through the cut piles, leaving the
      tufts securely anchored in the smooth, hard mastic surface. The finished
      installation had the appearance of a grassy lawn.
PAC  EXAMPLE 2--Non-Plasticized Sulfur Mastic as a Carpet Base
PAR  a. A small (4 inch .times. 4 inch) piece of polypropylene tufted
      indoor-outdoor carpet was immersed upside down (about one-quarter inch)
      into a molten sulfur-glass fiber mixture one-half inch deep. When the
      sulfur had hardened, the carpet backing was cut off, leaving a grass-like
      structure held in place by the solidified sulfurglass fiber mixture.
PAR  b. The same experiment was repeated except that the glass fibers were
      replaced by sand. The results were the same.
PAR  The above experiment indicates that sulfur, with or without an added
      material such as talc or sand or glass fiber, can be used in the present
      invention instead of plasticized sulfur.
PAR  However, our other experimental work indicates that plasticized sulfur
      performs better in the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for continuous field preparation of a fibrous turf on the
      ground using a wheeled vehicle which is moved forward at a ground speed
      and which has a continuous rotatable belt operably connected to the
      vehicle, which process comprises:
PA1  a. inserting fibers into the continuous rotatable belt, the belt being
      adapted to have fibers inserted therein, to obtain a belt with inserted
      fibers;
PA1  b. laying a receiving matrix on the ground;
PA1  c. bringing a portion of the belt with inserted fibers into connection with
      the receiving matrix as the vehicle moves forward so as to immerse the
      inserted fibers in the matrix;
PA1  d. operating the belt member of the moving vehicle similar to a tank tread;
      and
PA1  e. maintaining said portion of the belt in zero relative velocity to the
      ground, by rotating the belt by drive wheels at a speed equal to the
      ground speed of said vehicle, for a sufficient period of time so that the
      fibers will stay in the matrix upon removing the backing from the fibers.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein the receiving matrix is a
      thermoplastic substance.
NUM  3.
PAR  3. A process in accordance with claim 2 wherein the thermoplastic substance
      comprises plasticized sulfur.
NUM  4.
PAR  4. A process in accordance with claim 3 wherein the plasticized sulfur
      comprises sulfur, a sulfur plasticizing agent, glass fiber and a
      thixotropic agent.
NUM  5.
PAR  5. A process in accordance with claim 4 wherein the plasticized sulfur also
      contains an inert filler.
NUM  6.
PAR  6. A process in accordance with claim 3 wherein the plasticized sulfur
      comprises, by weight, about 65 to 97% sulfur, about 1 to 7%
      dicyclopentadiene, about 1 to 5% glass fiber, and about 1 to 15% talc.
NUM  7.
PAR  7. A process in accordance with claim 2 wherein the fibers inserted as per
      step (a) are continuous fibers and wherein prior to step (c) the fibers
      are cut to a length suitable for implantation into the thermoplastic
      substance to obtain a fibrous turf.
NUM  8.
PAR  8. A process in accordance with claim 7 wherein the thermoplastic substance
      is plasticized sulfur comprising sulfur, a sulfur plasticizing agent,
      glass fiber, and a thixotropic agent.
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ABST
PAL  An improved hose construction and method of forming the same wherein a
      reinforcement layer is bonded to a thermoplastic core by a solventless
      bonding layer defining an inner thermal weld portion substantially
      autogenous with the outer surface portion of the core tube and an outer
      portion mechanically interlocked with the confronting inner portion of the
      reinforcement layer.
PAL  The bonding layer is thermally formed to be autogenous with the outer
      surface portion of the core tube and may include an added layer of
      thermoplastic material which is concurrently fused to define the fused
      bonding layer. The added layer is compatible with the core tube outer
      surface portion and is preferably formed of similar thermoplastic
      material. The reinforcement layer is wrapped about the core tube under
      tension to provide an embedment thereof in the bonding layer to effect a
      positive mechanical interlocking therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to hose constructions and in particular to hose
      constructions utilizing thermoplastic core tubes.
PAR  2. Description of the Prior Art
PAR  In the construction of hose, a tubular core is overlaid with a
      reinforcement layer which imparts strength and burst resistance to the
      hose. It is desirable to provide a reinforcement layer which maintains
      substantial flexibilty in the hose and which is kink-resistant while yet
      providing the desirable reinforcement function. A large number of
      different types of hose constructions have been developed over the years
      providing different desirable features and utilizing a wide range of
      materials. Further, a number of different techniques have been utilized
      for bonding the reinforcement layer to the outer surface of the core tube.
PAR  In certain conventional hose constructions, an outer sheath is further
      overlaid about the reinforcement layer and, here again, a large number of
      different materials and techniques for bonding the sheath to the
      reinforcement layer have been developed.
PAR  Examples of a number of such improved hose structures include those
      disclosed in the Harold E. Jackson et al. U.S. Pat. No. 3,172,427 wherein
      a reinforcement layer is disposed in tensioned relationship about a nylon
      core tube.
PAR  Another improved hose structure is disclosed in the Marvin E. Holmgren U.S.
      Pat. No. 3,186,438 wherein a nylon core tube is provided with a polyester
      reinforcement layer and a ribbed outer sheath.
PAR  In U.S. Pat. No. 3,233,024 of Harold E. Jackson et al., a hose is formed by
      applying a polyester braid around an extruded nylon core tube. Upon
      extrusion of a sheath thereabout, the composite hose is cooled by an
      improved cooling device.
PAR  In Edward J. Ross U.S. Pat. No. 3,266,527, a sheath layer is heat shrunk
      onto the core tube prior to the application of a reinforcement layer
      thereabout. The different layers of the hose may be bonded to one another
      by suitable adhesive materials.
PAR  In Marvin E. Holmgren U.S. Pat. No. 3,332,447, an adhesive is used to
      secure different portions of the hose structure together by both
      cross-linking and heat fusible modes. The adhesive coated hose is heated
      to dry off solvent from the adhesive and cause cross-linking agents of the
      adhesive to cross link with the molecular structure of the reinforcement
      layer. The core tube may be formed of a heat fusible or cross-linkable
      material.
PAR  A hose construction is disclosed in the Thomas F. Rider U.S. Pat. No.
      3,633,629 wherein the reinforcement layer includes two different types of
      fibers, one of which is thermally fusion bonded to the core and the other
      of which is free for movement relative to the core. The core surface is
      raised to fusion temperature by a heating coil immediately before
      application of the reinforcement layer. A coolant fluid may be circulated
      through the core tube to maintain the internal stability thereof during
      the application of the reinforcement layer.
PAR  In U.S. Pat. No. 3,721,271 of Anil H. Chudgar, a hose construction is
      disclosed wherein nylon reinforcement layer fibers are autogenously bonded
      to the nylon tube core by a nonsolvent agent.
PAR  In U.S. Pat. No. 3,373,089 of Anil H. Chudgar, a nonsolvent nylon softening
      agent is utilized to soften the outer surface of the nylon core tube and
      permit mechanical interlocking of the reinforcement layer fibers therewith
      upon resetting of the core tube surface.
PAR  The above discussed prior art patents are owned by the assignee hereof.
      Prior art hose constructions of others include those of Richard A.
      Matthews U.S. Pat. No. 3,116,760 wherein a polyurethane adhesive is used
      to bond the reinforcement layer to a polyurethane core tube. In a Richard
      A. Matthews U.S. Pat. No. 3,722,550, the core tube includes a peripheral
      adhesively activated zone. The activation material of the adhesive
      penetrates into the core tube and after the reinforcement layer is
      applied, a predetermined period of time is required to enable
      substantially complete evaporation of the activation material to provide
      the desired bond between the core tube and reinforcement material, this
      period being disclosed as about 8 to 36 hours.
PAR  In Alfred R. Phillips et al. U. S. Pat. No. 3,726,321, an elastomeric
      adhesive is applied on the core tube which, after the reinforcement layer
      is applied, is allowed to set and maintain an elastomeric adhesive bond
      therebetween.
PAR  In the prior art manufactures using solvent or other fusion means, control
      of penetration into the yarn has been difficult.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved hose construction wherein a
      thermally formed, fused bonding layer is provided autogenous with the
      outer surface portion of the core tube and defining a mechanical interlock
      with the inner surface portion of a fibrous reinforcement layer provided
      thereabout. The reinforcement layer is embedded in the fused bonding layer
      so that upon subsequent cooling thereof, the bonding layer defines a set
      thermal weld inner portion autogenous with the core tube and a set outer
      portion defining the desired mechanical interlock with the inner surface
      fibers of the reinforcement layer. As the bondment layer is free of
      solvent material, a rapid low cost securing of the reinforcement layer to
      the core tube is obtained while yet providing high strength of the bond
      therebetween and further facilitating accurate control of the penetration
      of the fused bondment layer material into the reinforcement layer.
PAR  The fusing of the bondment layer may be effected by suitable heating means,
      such as laser beam means, conductive heating thereof by a suitable heated
      fluid, heating thereof with a suitable resistance heater wire embedded
      therein, etc.
PAR  The bonding layer may include an added layer of thermoplastic material
      provided about the core tube prior to the thermal fusing step. The
      reinforcement layer may be applied under a preselected tension permitting
      the inner surface portion of the reinforcement layer to become embedded in
      the fused bonding layer. The added layer may comprise material similar to
      that of the core tube so as to provide a homogenous bonding layer.
PAR  The reinforcement layer may be formed of a thermoplastic material having a
      higher fusion temperature than that of the core tube so as to assure the
      provision of the desired mechanical interlock between the bonding layer
      and reinforcement layer and autogenous weld between the bonding layer and
      the inner portion of the core tube. The reinforcement layer may comprise
      any suitable reinforcement material providing the desirable mechanical
      interlocked association with the fused bonding layer as discussed above.
PAR  The added layer may comprise a thin thermoplastic film. In the illustrated
      embodiment, the film may have a thickness in the range of approximately
      0.0001 inch to 0.03 inch. The added layer may be coextruded with the core
      tube as desired. The added layer further may be provided with
      reinforcement fibers as desired.
PAR  Thus, the hose construction of the present invention is extremely simple
      and economical while yet providing an improved high strength,
      burst-resistant, kink-free hose structure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a perspective view of a hose construction embodying the invention
      with portions broken away to facilitate illustration thereof;
PAR  FIG. 2 is a fragmentary enlarged diametric section of the hose construction
      of FIG. 1;
PAR  FIG. 3 is a fragmentary enlarged diametric section illustrating a first
      step in the formation thereof;
PAR  FIG. 4 is a fragmentary enlarged diametric section illustrating a further
      step in the formation thereof;
PAR  FIG. 5 is a fragmentary enlarged diametric section illustrating a first
      step in a modified construction wherein a second reinforcement layer is
      applied about the first reinforcement layer;
PAR  FIG. 6 is a fragmentary enlarged diametric section illustrating a further
      step in the formation thereof;
PAR  FIG. 7 is an enlarged diametric section illustrating the first step in
      still another construction embodying the invention; and
PAR  FIG. 8 is a fragmentary enlarged diametric section illustrating a second
      step thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the exemplary embodiment of the invention as disclosed in FIGS. 1-6 of
      the drawing, a hose construction generally designated 10 is shown to
      include a core tube, a reinforcement layer 12 disposed about the core
      tube, and an optional outer sheath 13 disposed about the reinforcement
      layer. The present invention comprehends an improved method of forming
      such a hose wherein the reinforcement layer is bonded to the outer surface
      portion 14 of the tubular core by an improved bondment defined by a
      bonding layer 15. Bonding layer 15 comprises a solventless thermal weld
      inner portion 16 which is substantially autogenous with the core tube
      outer surface portion 14 in the completed construction of the hose as
      illustrated in FIG. 4. The bonding layer further includes an outer portion
      17 which is mechanically interlocked with the confronting fiber portion 18
      of the reinforcement layer 12. Thus, the reinforcement layer is secured to
      the core tube by a composite bonding system including an autogenous bond
      of the bonding layer to the core tube and a mechanical bond of the bonding
      layer to the reinforcement layer.
PAR  As shown in FIG. 3, the bonding layer may comprise an added thin layer 19
      on the outer surface 20 of the core tube portion 14 which may be extruded
      over the core tube or coextruded therewith. The added bonding layer 19 may
      be formed of the same material as the core tube to define a homogenous
      bonding layer 15. Alternatively, the added layer 19 may be formed of a
      material compatible with the material of the core tube portion 14 so as to
      define an autogenous weld therewith.
PAR  The provision of the autogenous bond is effected herein by thermal action
      so as to provide a solventless bonding of the reinforcement layer to the
      core tube. The fusion of the bonding layer which, as discussed above, may
      comprise the outer portion 14 of the core tube and the added layer 19, may
      be effected by any suitable heating means, such as by laser beam heating,
      conductive heating with a fluid, heating by a resistance wire embedded in
      the core tube, radiant heating, etc.
PAR  The reinforcement layer may comprise any suitable reinforcement including
      braided, spiral wrapped, knitted, or other conventional forms of hose
      reinforcement constructions. The reinforcement layer may be formed of a
      fibrous fabric which may comprise organic, synthetic resin, or metallic
      fibrous material. Where the reinforcement layer material is a
      thermoplastic, the fusion temperature thereof preferably is higher than
      that of the bonding layer to substantially preclude welding of the bonding
      layer to the reinforcement layer and provide the desirable mechanical
      interlock. Alternatively, the bonding layer also may be thermally fused to
      the reinforcement layer.
PAR  The fusion of the bonding layer may be effected by providing the necessary
      thermal energy thereto immediately prior to the wrapping of the
      reinforcement layer thereabout, or alternatively, may be effected
      subsequent thereto. The reinforcement layer is preferably wrapped under
      tension about the core tube so as to provide the desirable embedment of
      the reinforcement layer surface portion in the bonding layer 15.
PAR  The core tube and thermoplastic layer 19 are preferably formed of similar
      medium to high molecular weight, thermoplastic material. As discussed
      above, other compatible materials may be utilized as the added layer 19
      material, but should be capable of forming an autogenous weldment with the
      fused outer portion 14 of the core tube.
PAR  The invention further comprehends that the layer 19 may be applied in
      liquid form with the solvent being removed prior to the thermal fusion of
      the layer.
PAR  The tube may be internally supported during the heating operation by any
      suitable means, such as the flow of pressurized coolant fluid
      therethrough. The viscosity of the fused bonding layer may be accurately
      controlled to facilitate preventing complete penetration thereof into the
      strands 21 of fibers so that the internal fibers 22 are free of bonding
      material and may slide relative to each other for improved flexibility of
      the hose construction.
PAR  If desired, reinforcement fibers, such as fibers 23, may be provided in the
      layer 19.
PAR  As shown in FIG. 5, the reinforcement may include a second layer 24 which
      may be interlocked with the first layer 12 by a bondment layer 25 which
      may be formed of the same material as bondment layer 19 so that upon
      fusion thereof, the plurality of reinforcement layers is effectively
      bonded to the core tube by a composite mechanical interlock-autogenous
      bonding layer 26, as shown in FIG. 6.
PAR  The hose construction may be utilized with or without an outer sheath 13 as
      indicated briefly above. Where sheath 13 is provided, the sheath may be
      bonded to the bonding layer 26, as illustrated in FIG. 2, by an autogenous
      bond between the sheath and bonding layer similar to the autogenous bond
      between the core tube 11 and bonding layer. Thus, in the completed
      sheathed hose construction of FIGS. 1 and 2, the core tube and sheath are
      effectively welded to the bonding layer, and the reinforcement is
      effectively interlocked thereto to provide an improved hose construction
      10 having high strength, burst-resistance, flexibility and long life.
PAR  The invention further comprehends a modified method of obtaining the
      improved bonding of the reinforcement layer to the hose core and/or
      sheath, as more specifically illustrated in FIGS. 7 and 8. The improved
      hose construction 110 shown therein comprises a core tube 111 similar to
      core tube 11 and a sheath 113 similar to sheath 13 of hose 10. The bonding
      of the reinforcement 112, 124 to the core tube and sheath is effected by
      the novel composite autogenous bond-mechanical bond system of hose 10 but
      is effected by suitably disposing the bonding layer material 127 in the
      interstices 128 between strands 121 of the reinforcement fabric as
      illustrated in FIG. 7. Upon fusion of the reinforcement material 127, the
      bondment layer 126 is provided so that the resultant hose construction 110
      is effectively similar to hose construction 10, as discussed above.
PAR  In another modified method of providing the improved bonding of the
      reinforcement layer to the hose core, the bonding layer may be extruded
      onto the hose core. The relatively high temperature of the fused extruded
      material effects a fusion of the extruded layer onto the previously formed
      core to provide the desired autogenous bond therebetween. The
      reinforcement layer may be immediately applied to the still fused extruded
      layer so as to obtain the desired embedment and mechanical interlock
      therebetween upon the setting of the extruded layer. As discussed above,
      the extruded layer may be comprised of the same material as the core
      material or other suitable compatible material permitting the desired
      fused autogenous bond with the core and the nonfused mechanical interlock
      bond with the reinforcement layer.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of forming a hose comprising the steps of: providing a
      thermoplastic core tube defining an outer surface portion; providing a
      thermoplastic layer about said core tube; thermally forming a fused
      bonding layer of said outer surface portion and said thermoplastic layer;
      applying a fibrous reinforcement layer about the tube to cause the surface
      fibers thereof to be embedded in the fused bonding layer; and cooling the
      fused bonding layer to form concurrently a set thermal weld inner portion
      autogenous with the core tube and a set outer portion mechanically
      interlocked to said inner surface fibers of the reinforcement layer, said
      inner and outer portions being substantially continuous.
NUM  2.
PAR  2. The method of forming a hose as set forth in claiim 1 wherein the
      reinforcement layer fibers are formed of a thermoplastic material having a
      fusion temperature higher than that of said core tube surface portion.
NUM  3.
PAR  3. The method of forming a hose as set forth in claim 1 wherein said
      thermoplastic layer comprises a layer of material similar to that of said
      core tube.
NUM  4.
PAR  4. The method of forming a hose as set forth in claim 1 wherein said
      reinforcement layer is formed of metallic wires.
NUM  5.
PAR  5. The method of forming a hose as set forth in claim 1 wherein said
      reinforcement layer is wrapped about the core tube under a preselected
      tension urging the inner surface portion thereof firmly into said fused
      bonding layer.
NUM  6.
PAR  6. The method of forming a hose as set forth in claim 1 wherein said
      reinforcement layer is resilient and is wrapped about the core tube under
      tension prior to the fusing of said bonding layer whereby tension in the
      wrapped reinforcement layer causes the reinforcement layer to become
      embedded in the fused bonding layer.
NUM  7.
PAR  7. The method of forming a hose as set forth in claim 1 wherein said
      thermoplastic layer is formed of a medium to high molecular weight
      synthetic resin.
NUM  8.
PAR  8. The method of forming a hose as set forth in claim 1 wherein an
      additional layer of material similar to that of said core tube is overlaid
      on said reinforcement layer, a second reinforcement layer is applied
      thereabout, and said additional layer is fused to cause embedment therein
      of the outer surface portion of said first named reinforcement layer and
      the inner surface portion of said second reinforcement layer.
NUM  9.
PAR  9. The method of forming a hose as set forth in claim 1 wherein an
      additional layer of material similar to that of said core tube is overlaid
      on said reinforcement layer, a second reinforcement layer is applied
      thereabout, and said additional layer is fused to cause embedment therein
      of the outer surface portion of said first named reinforcement layer and
      the inner surface portion of said second reinforcement layer, and
      interlocking of said additional layer with said bonding layer.
NUM  10.
PAR  10. The method of forming a hose as set forth in claim 1 wherein an
      additional layer of material similar to that of said core tube is overlaid
      on said reinforcement layer, a second reinforcement layer is applied
      thereabout, and said additional layer is fused to cause embedment therein
      of the outer surface portion of said first named reinforcement layer and
      the inner surface portion of said second reinforcement layer, and
      concurrently interlocking of said additional layer with said bonding
      layer.
NUM  11.
PAR  11. The method of forming a hose as set forth in claim 1 wherein said
      thermoplastic layer comprises a thermoplastic fibrous having a thickness
      in the range of approximately 0.0001 inch to 0.03 inch.
NUM  12.
PAR  12. The method of forming a hose as set forth in claim 1 wherein said core
      tube and thermoplastic layer are coextruded.
NUM  13.
PAR  13. The method of forming a hose as set forth in claim 1 wherein an added
      layer of thermoplastic material is provided about said core tube prior to
      said thermally fusing step, and said added layer and said outer surface
      portion are concurrently fused to define said fused bonding layer, said
      added layer being provided with reinforcement fibers.
NUM  14.
PAR  14. The method of forming a hose as set forth in claim 1 wherein said
      reinforcement layer is further caused to partially fuse with said bonding
      layer.
NUM  15.
PAR  15. The method of forming a hose as set forth in claim 1 wherein said
      bonding layer is fused by laser beam heating thereof.
NUM  16.
PAR  16. The method of forming a hose as set forth in claim 1 wherein said
      bonding layer is fused by conductive heating with a fluid.
NUM  17.
PAR  17. The method of forming a hose as set forth in claim 1 wherein said
      bonding layer is fused by heating thereof with a resistance wire embedded
      in said core tube.
NUM  18.
PAR  18. The method of forming a hose as set forth in claim 1 wherein additional
      layers are bonded therein.
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ABST
PAL  Thermoplastic materials, such as polyvinylchoride, cannot normally be heat
      bonded to certain higher-melting synthetic fabrics, such as nylon or the
      like, which are of the densely woven type and are also frequently treated
      with silicone or analogous substances to make them water repellant and/or
      windproof. The present method overcomes this problem by heat-bonding such
      materials under pressure and the application of a dielectric field, and by
      causing sufficient dielectric resistance to be present at the synthetic
      fabric so that the dielectric field is able to heat the synthetic fabric
      to a temperature at which it becomes sufficiently flowable to bond with
      the thermoplastic material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a heat-bonding method. In particular, it
      relates to a method of heat-bonding thermoplastic materials to types of
      synthetic fabrics to which such materials could not heretofore be
      successfully bonded.
PAR  It is well established in the art that thermoplastic materials, such as
      polyvinylchloride, polyethylene and the like, can be heat bonded to one
      another and to a variety of substrates of various materials. The most
      commonly used method for effecting such a bond is Radio Frequency Bonding,
      where a dielectric field is impressed across an assembly of the materials
      to be bonded together. One of the electrodes carries a die having a raised
      design, and when the assembly is compressed between the electrodes the
      materials become welded or bonded together along the design lines of the
      die. Such a method is disclosed in U.S. Pat. No. 2,946,713 of P. Dusina,
      Jr. et al.
PAR  It is equally well known in the art, however, that all heat-bonding methods
      heretofore known are quite ineffective for producing a reasonably
      permanent bond between thermoplastic materials and certain types of
      synthetic fabrics. These fabrics are of a type having a dense weave,
      usually known as "plainweave". Such fabrics, usually--but not always
      taffeta--may be of nylon, polyester, rayon acetate or similar materials,
      and their weave is especially dense if the fabrics are woven of filament
      yarn.
PAR  Synthetic fabrics of this type are widely used in a variety of
      applications. They may be converted into articles of apparel, such as
      "windbreakers", lightweight sports jackets, sailing apparel, ski and
      racing apparel. Again, they are used in manufacturing children's wear,
      camping equipment such as lightweight tents, sails for boats, and many
      other items. It is in the nature of many of these applications that the
      fabric (or the item made of it) should be windproof and/or water
      repellent; for this reason, many of these fabrics are coated or
      impregnated with silicones or fluorocarbons in order to attain these
      desired characteristics.
PAR  It is very desirable to be able to heat bond thermoplastic materials to
      such fabrics, for example, in form of decorative appliques. Experience
      has, however, always shown heretofore that a reliable bond could not be
      obtained between these materials. While a slight bonding action was
      usually observed when prior-art methods were used, the lightest pull was
      sufficient to separate the applique from the base fabric. It is evident
      from the nature of the articles which are listed above by way of example,
      that many-- if not most of them--would have increased appeal if they could
      be provided with a decorative applique, for instance with a club badge on
      a ski jacket. Indeed, such articles are widely provided with appliques;
      however, in all instances these are appliques which are separately
      manufactured and which are then stitched onto the article. The use of
      heat-bonded thermoplastic appliques, which inherently would permit the
      application of a wider range of designs that could be applied at lower
      cost, has heretofore always been impossible.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome the aforementioned
      problems.
PAR  More particularly, it is an object of the invention to provide a novel
      method of heat-bonding thermoplastic materials to the types of fabric
      mentioned above, to which such heat-bonding was heretofore impossible.
PAR  The present invention is based on the realization that there are several
      factors which have heretofore prevented the heat-bonding of the materials
      in question.
PAR  In many other applications the successful heat-bonding of thermoplastic
      materials to a base fabric is due to the fact that, when the thermoplastic
      material becomes flowable under the influence of heat, some of the
      material can flow into interstices of the base fabric and adhere to the
      latter when the thermplastic material subsequently resolidifies. In the
      type of synthetic fabrics with which the present invention is concerned,
      this is not possible because the weave is so dense that the thermoplastic
      material cannot penetrate into it.
PAR  In addition, if silicone or fluorocarbon has been applied to the synthetic
      fabric for the reasons outlined earlier, it will further prevent any
      possible penetration of the thermoplastic material. Moreover, silicone or
      fluorocarbon will actually act as a "release agent" and negate what little
      adhesion there might otherwise take place (without penetration) between
      the thermoplastic material and the surface of the synthetic fabric.
PAR  Also, the thermo-physical, chemical and dielectric properties of the
      synthetic fabrics in question are not readily compatible with those of the
      thermoplastic materials that are used for thermally bonded appliques. For
      example, polyvinylchloride is widely used as the thermoplastic material
      for such applications, and nylon or polyester are widely used as synthetic
      fabrics of the type under discussion. The heat-bonding range of nylon or
      polyester fibers is in the 325.degree.-450.degree. F range, whereas that
      of polyvinylchloride sheeting is approximately in the
      26.degree.-300.degree. F range. It is easy to see that these materials
      cannot be heat-bonded unless they are both brought to a state of
      liquidity, where it should theoretically be possible to cause them to flow
      together and subsequently bond to one another. Experiments with dielectric
      bonding have shown that short of these conditions, and even when exerting
      extreme electrode pressures upon the materials, it is practically
      impossible to obtain such flowing-together and bonding. When both
      materials are made flowable, on the other hand, there is the likelihood
      that the lower-melting thermoplastic material will decompose by the time
      the melting point of the higher-melting material is reached.
PAR  The present invention overcomes these problems and for the first time
      permits heat-bonding of the types of materials which are under discussion
      herein.
PAR  The invention resides in a method of heat-bonding a layer of thermoplastic
      material to a densly woven synthetic fabric which has a higher melting
      point that the thermoplastic material and is impenetrable to the latter
      even when the thermoplastic material is in flowable state. The novel
      invention comprises the steps of juxtaposing the layer of thermoplastic
      material and the synthetic fabric in overlying relationship, so as to form
      an assembly. Thereupon, the assembly is subjected to pressure in bonding
      zones in which the layer is to be bonded to the fabric and sufficient heat
      is applied in these zones to the assembly to render the thermoplastic
      material flowable.
PAR  In accordance with the present invention this heating of the thermoplastic
      material is accompanied by heating of the synthetic fabric to such an
      extent as to render the synthetic plastic fabric sufficiently flowable in
      the bonding zones to enter into a bond with the thermoplastic material.
PAR  The invention is especially suitable for use with dielectric bonding
      techniques. Technically, the thermoplastic material of the applique to be
      affixed--which as a rule must be thicker than the synthetic base
      fabric--offers greater resistance to the dielectric field than does the
      thinner base fabric. Since the amount of heat created in a material
      subjected to a dielectric field is in proportion to the resistance offered
      by the material to the field, it follows that when the thermoplastic
      material is sufficiently softened to "flow" under pressure, the synthetic
      base fabric will still be "hard" (i.e., non-flowing) and continue to be
      impenetrable. Without the present invention this would result in softening
      of the thermoplastic material which, failing to penetrate into the base
      fabric, would resolidify on the base fabric surface and could subsequently
      be peeled off very easily.
PAR  However, the present invention overcomes this by, in effect, endowing the
      vicinity of the base fabric with a dielectric resistance which is
      substantial enough to cause heating of the base fabric to a level at which
      it will soften and become able to bond with the thermoplastic material.
      For this purpose, the present invention provides adjacent the base
      fabric--at a side of the same which faces away from the thermoplastic
      material--a material having a dielectric resistance that is greater than
      the dielectric resistance of the base fabric and which will, when a
      dielectric field is impressed across the assembly, result in the
      generation of sufficient heat to cause the desired softening of the base
      fabric.
PAR  In other words: while the thermoplastic material is subjected to dielectric
      heating sufficient to cause it to reach flowable state, the base fabric is
      also subjected to heating which is adequate to cause it to soften or flow,
      but this latter heating cannot cause the thermoplastic material to
      decompose.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a somewhat diagrammatic cross section showing an apparatus being
      used in carrying out the present method;
PAR  FIG. 2 is a fragmentary cross section of an assembly embodying a further
      concept of the invention;
PAR  FIG. 3 is a view similar to FIG. 2 but showing still another concept of the
      invention; and
PAR  FIG. 4 is a fragmentary plan view, showing a detail of a fabric to which an
      applique has been heat bonded by the method of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in detail to the drawing, and firstly to FIG. 1, it will be
      understood that this Figure illustrates diagrammatically an apparatus for
      high-frequency heat welding or bonding, which can be employed in carrying
      out the method according to the present invention. Reference numerals 1
      and 3 identify two RF (radio frequency) electrodes which can be moved
      towards and away from one another and which are connected by the
      diagrammatically illustrated circuit 5 to a high-frequency generator 7.
      One of the electrodes, in FIG. 1 the upper electrode 1, carries a die 9
      which is provided with design lines that are to be formed in an applique;
      the design lines, along which heat bonding is to occur, are constituted by
      the raised pressure-exerting lands 11. The outer contour line of the
      applique to be formed is delimited by a usually circumferentially complete
      cutting edge 13 which can cut through at least the thermoplastic material
      that is to form the applique. Of course, the edge 13 could also be blunt,
      in which case it would form a tear seal along which those portions of the
      thermoplastic material which surround the applique could be torn off after
      formation of the applique. To obtain some "pre-softening" of the sheet 15
      and speed up the subsequent RF bonding, the electrode 1 may additionally
      be induction heated to about 175.degree.-200.degree. F.
PAR  Located between the electrode 3 and the die 9 is an assembly composed of a
      layer of thermoplastic sheet material 15, e.g., polyvinylchloride, and a
      synthetic fabric 17, e.g., nylon taffeta. The assembly is shown
      unsupported for clarity; actually, it would usually be placed upon the
      electrode 3 or, if the orientation were reversed, on the electrode 1.
PAR  If the electrodes were to be brought together in the condition thus far
      described, so that the die 9 would exert pressure upon the assembly and
      heat created by the resistance of the components 15, 17 to the dielectric
      field would develop, the material of sheet material 15 would temporarily
      soften on the surface of fabric 17 and, upon resolidification, the
      material 15 would at first sight seem to form an applique on the fabric
      17. However, even a slight pull would completely separate the sheet
      material 15 and the fabric 17, since no bond would have occurred.
PAR  Such a bond will, however, result during operation of the apparatus if,
      prior to the bringing-together of the electrodes 1, 3 and impressing of
      the dielectric field across the assembly 15, 17, a layer 19 of what I
      choose to call a "catalyst material" is placed between the fabric 17 and
      the electrode 3. When this layer 19 is in place, and the apparatus is
      operated in the usual manner for dielectric welding, the dielectric
      resistance created in the layer 19 will be sufficiently high to cause
      heating of the adjacent fabric 17 to the point where the fabric 17 softens
      and becomes flowable.
PAR  As such softening occurs, the interstices in the weave of the material 17
      widen and the support which was previously afforded a silicone or
      fluorocarbon coating or impregnating medium (if one was present) by the
      fabric 17 disappears. Since at the same time the sheet material 15 has
      also softened and becomes flowable, the material of the sheet 15 will now
      be able to penetrate the fabric 17 and become firmly bonded to the same,
      as by becoming anchored in the interstices of the weave. The previous
      possibility of peeling the sheet 15 of the finished applique off the
      fabric 17 has disappeared, and a firm and lasting bond been established.
PAR  My experiments have shown that various catalyst materials are suitable for
      the layer 19. The one which I currently prefer because of its
      effectiveness is acrylic material which may be used in form of a smooth or
      napped woven or knitted fabric, or in form of a rigid or semi-rigid sheet.
      I have observed that if I use it in form of a fabric, the fibers at the
      fabric surface tend to bond to the portions of the sheet 15 which flow
      into and sometimes through the fabric 17. When the finished article is
      subsequently separated from the layer 19, these fibers will tear loose
      from the layer 19, since they are firmly adhered to the finished article
      where they will actually improve the bond between the sheet 15 and the
      fabric 17. Since they are located at the blind side of the fabric 17,
      which is usually concealed from view, the presence of these fibers is in
      most cases not objectionable. Otherwise, an acrylic sheet could be used.
      In place of acrylic material I can, however, also use other materials as
      long as they have the desired dielectric characteristics; for example
      "melamine", phenolic materials, "nylon 6", or the like. Of course, in
      addition to having the requisite dielectric characteristics, these
      materials should have a high enough melting point to remain solid while
      the material sheet 15 softens and becomes flowable.
PAR  As previously pointed out, certain of the thermoplastic materials used for
      the sheet 15 in making heat-bonded appliques, among them
      polyvinylchloride, do not easily bond to certain of the fabrics 17, such
      as nylon, both from a physical and a chemical point of view. It is
      therefore desirable to further improve the bond which is obtained in
      accordance with the method that I have described with reference to FIG. 1.
PAR  This is done by placing, as shown in FIG. 2, a layer 21 of a thermally
      activatable adhesive between the sheet 15 and the fabric 17, before the
      application of pressure and RF frequency takes place. This adhesive can be
      applied in any desired form; however, adhesives of this type are available
      in sheet form which I currently prefer because this is the most convenient
      way of handling the adhesive.
PAR  When pressure and heat are subsequently applied, in the manner discussed
      with reference to FIG. 1, the adhesive layer 21 liquefies and flows into
      an excellent marriage with the material of the fabric 17, together with
      the softened material of the sheet 15. The finished bond is very durable
      and commercially completely acceptable; it is as good as or better than
      the bond which is obtained when such appliques are heat bonded to other
      base fabrics where the problems overcome by the present invention
      inherently do not exist.
PAR  Various adhesives or bonding agents are suitable for the layer 21. I have
      found a polyester-based adhesive especially effective which is available
      under the tradename "Estobond" from the Eastman Chemical Co. However, any
      other heat-activatable polyester- or acrylic-based bonding agent is also
      suitable, as are certain EAA (ethylene acrylic acid), EVA (ethylene vinyl
      acetate) and modified PVA (polyvinyl acetate) bonding agents. Among the
      latter three categories some slight amount of experimentation may be
      required to determine the most efficacious type, but nothing that would be
      of an undue nature or go beyond the capabilities of those ordinarily
      conversant with the art.
PAR  FIG. 3 is reminiscent of FIG. 2, but illustrates that it is also possible
      to make the finished applique three-dimensional and resiliently padded by
      including in the assembly--usually between the layer 21 and the sheet 15,
      if the layer 21 is present, or else between the sheet 15 and the fabric
      17--a layer 23 of resiliently compressible spacing material, such as
      thermoplastic foam material or wadding; the latter may be a fibrous sliver
      on modacrylic bases, e.g. Dynel. In this case, the lands 11 (FIG. 1) will
      depress the layer 23, and the heat applied will cause it to collapse and
      melt in the region beneath the lands 11, so that along the bonding zones
      which are defined by the elongation of the lands the sheet 15 will be
      formed with permanent depressions whereas intermediate these bonding zones
      it will be raised and padded.
PAR  In FIG. 4, finally, I have illustrated a completed applique 27 (in form of
      a leaf) that has been affixed by the present method to a fabric 25 of the
      type herein discussed, i.e., of the type to which such thermal bonding was
      previously impossible. Reference numeral 29 identifies the outer contour
      outline of the applique 27, along which any excess material of the sheet
      15 is torn away or cut off by the cutting edge 13. Reference numeral 31
      identifies the inner bonding zones or lines, along which the sheet 15 (see
      FIGS. 1-3) is bonded to the fabric 25, in addition to the bonding which
      has occurred along the zone 29. If the layer 23 of FIG. 3 is present, then
      the sheet 15 will be depressed in these zones 29 and 31, but will be
      raised and resiliently padded everywhere else.
PAR  It is not believed to be necessary to discuss the adjustment of a
      dielectric welding apparatus in order to carry out the present invention.
      The practitioners conversant with the field of RF welding will appreciate
      that some slight experimentation will be required in order to determine
      the exact duration and strength of the dielectric field. However, this is
      fully within the abilities of those who are active in this field and is
      done as a matter of routine whenever any new RF welding job is undertaken.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the type described above.
PAR  While the invention has been illustrated and described as embodied in the
      welding of thermoplastic appliques to densely woven synthetic fabrics, it
      is not intended to be limited to the details shown, since various
      modifications and structural changes may be made without departing in any
      way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A method of heat-bonding a layer of thermoplastic material onto a
      densely woven synthetic fabric which has a higher melting point than said
      thermoplastic material and is impenetrable to the latter even when said
      thermoplastic material is in flowable state, comprising the steps of
      forming an assembly from a layer of thermoplastic material and a
      juxtaposed densely woven synthetic fabric having a surface facing the
      thermoplastic material and another surface facing away therefrom, said
      fabric also having a higher melting point than said thermoplastic material
      and interstices which are impenetrable to said thermoplastic material even
      when the latter is in flowable state; subjecting said assembly to pressure
      in bonding zones in which said layer is to be bonded to said fabric;
      subjecting said assembly to a dielectric field so as to apply in said
      zones sufficient heat to said assembly to render said thermoplastic
      material flowable; and establishing adjacent said other surface of said
      synthetic fabric a dielectric resistance greater than the dielectric
      resistance of said synthetic fabric so as to cause heating of said
      synthetic fabric to an extent adequate to render the same sufficiently
      flowable in said zones to bond with said thermoplastic material.
NUM  2.
PAR  2. A method as defined in claim 1, wherein the step of subjecting comprises
      pressing said assembly between an electrode and a counter electrode so
      that said layer is engaged by the latter, and further comprising the step
      of preheating said counter electrode to a temperature lower than that of
      said heat which renders said thermoplastic material flowable.
NUM  3.
PAR  3. A method as defined in claim 1, wherein the step of establishing said
      dielectric resistance comprises placing adjacent said synthetic fabric a
      material having a dielectric resistance greater than the dielectric
      resistance of said fabric.
NUM  4.
PAR  4. A method as defined in claim 1, wherein the step of subjecting comprises
      pressing said assembly between an electrode and a counter electrode so
      that said synthetic fabric is adjacent to the former; and wherein the step
      of establishing comprises interposing between said electrode and said
      synthetic fabric a material having a dielectric resistance greater than
      the dielectric resistance to said synthetic fabric.
NUM  5.
PAR  5. A method as defined in claim 1, wherein the step of subjecting comprises
      pressing said assembly between an electrode and a counter electrode so
      that said synthetic fabric is adjacent to the former; and wherein the step
      of establishing comprises interposing between said electrode and said
      synthetic fabric an acrylic fabric having a dielectric resistance greater
      than the dielectric resistance of said synthetic fabric.
NUM  6.
PAR  6. A method as defined in claim 1, wherein the step of subjecting comprises
      pressing said assembly between an electrode and a counter electrode so
      that said synthetic fabric is adjacent to the former; and wherein the step
      of establishing comprises interposing between said electrode and said
      synthetic fabric an acrylic sheet material having a dielectric resistance
      greater than the dielectric resistance of said synthetic fabric.
NUM  7.
PAR  7. A method as defined in claim 1, wherein the step of subjecting comprises
      pressing said assembly between an electrode and a counter electrode so
      that said synthetic fabric is adjacent to the former; and wherein the step
      of establishing comprises interposing between said electrode and said
      synthetic fabric a phenolic sheet material having a dielectric resistance
      greater than the dielectric resistance of said synthetic fabric.
NUM  8.
PAR  8. A method as defined in claim 1, wherein the step of subjecting comprises
      pressing said assembly between an electrode and a counter electrode so
      that said synthetic fabric is adjacent to the former; and wherein the step
      of establishing comprises interposing between said electrode and said
      synthetic fabric a melamine sheet material having a dielectric resistance
      greater than the dielectric resistance of said synthetic fabric.
NUM  9.
PAR  9. A method as defined in claim 4; and further comprising the step of
      interposing a thermally activatable adhesive between said layer and said
      synthetic fabric prior to the step of subjecting said assembly to
      pressure.
NUM  10.
PAR  10. A method as defined in claim 4; and further comprising the step of
      interposing a sheet of thermally activatable adhesive between said layer
      and said synthetic fabric prior to the step of subjecting said assembly to
      pressure.
NUM  11.
PAR  11. A method as defined in claim 9; and further comprising the step of
      interposing a layer of resiliently compressible material between said
      adhesive and said layer of thermoplastic material.
NUM  12.
PAR  12. A method as defined in claim 4; and further comprising the step of
      interposing a layer of resiliently compressible material between said
      layer of thermoplastic material and said synthetic fabric.
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ABST
PAL  A labelling system for labelling articles comprising a cassette label
      applicator having a supply of labels and a conveyor for moving articles
      past the label applicator where the label applicator applies the label to
      the articles as they are moved past the label applicator and the conveyor
      is adapted so the cassette label applicator may be replaced with another
      cassette label applicator after the supply of labels of the original
      cassette label applicator becomes at least substantially exhausted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many articles such as containers for products and/or the products
      themselves must bear a label providing pricing information, product
      identification, etc. The labels are typically supplied on an elongated
      backing strip with the labels being adhesively secured to the backing
      strip. The labelling function is carried out by a label applicator which
      removes the labels and adhesively applies them to the articles as the
      articles are moved by a conveyor past the label applicator.
PAR  A label applicator typically includes a rotatable supply reel and a takeup
      reel. The backing strip is wound on the supply reel and extends over and
      through various guiding devices, such as rollers, to the takeup reel. A
      peeling bar is located intermediate the reels for removing the labels from
      the backing strip. When the label applicator is in use, the backing member
      is driven from the supply reel to the takeup reel. While the backing strip
      is moving, the labels are removed by the peeling bar and applied to the
      articles.
PAR  This type of label applicator is quite satisfactory in many respects.
      Unfortunately, however, the supply of labels is not endless. Thus, when
      the supply of labels initially wound on the supply reel is exhausted, the
      label applicator and the associated conveyor must be shut down. A workman
      must then replace the supply reel with another supply reel having a supply
      of labels wound thereon. The takeup reel must also be replaced with an
      empty takeup reel. The free end of the backing strip is "threaded" through
      the various guiding devices and around the peeling bar to the takeup reel.
      This threading operation is similar to threading movie film in a movie
      projector.
PAR  The replacement of the reels and the threading operation consume a
      substantial period of time. This is very undersirable in that the entire
      labelling function is shut down during this period.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves this problem by providing for rapid
      replacement of the entire label applicator when its supply of labels is
      exhausted. To accomplish this a supply of labels is preloaded into a
      second applicator. When the supply of labels in a first label applicator
      is exhausted, it can be rapidly replaced with the second label applicator
      so that the labelling function can continue. The entire label applicator
      can be replaced much more quickly than replacing reels and rethreading of
      the backing strip.
PAR  After the first label applicator has been removed from the labelling line,
      it is reloaded with labels. Accordingly, the labelling line is not shut
      down during the time that the label supply is being replenished in the
      first label applicator. The net effect of label applicator replacement in
      lieu of reel replacement and rethreading is that the labelling line is
      shut down only a very brief period, rather than the much longer period of
      time required with prior art practices.
PAR  To facilitate rapid replacement, each of the label applicators is
      preferably in the form of a cassette. As such, the label applicator can be
      quickly inserted into, and removed from, a support. The label applicator
      is mounted on the support by appropriate releasable couplings such as
      quick disconnect couplings. Locator means automatically locate the label
      applicator with respect to the articles so that it can apply labels to the
      articles when it is releasably mounted on the support.
PAR  Although the concept of replaceable label applicators is applicable to
      label applicators of different constructions, the present invention
      facilitates such replacement by providing a small, lightweight label
      applicator which can be installed and removed very quickly. In order to
      make the label applicator small and lightweight, the present invention
      teaches that components characteristically included in the label
      applicator can be mounted on a support and not form a part of the label
      applicator. For example, a label applicator typically includes a power
      source such as an electric motor for driving the various components
      thereof. With the present invention, the motor is mounted on the support
      and does not form a portion of the label applicator. Releasable means
      drivingly interconnects the motor and the labels carried by the label
      applicator. The releasable means allows the label applicator to be removed
      without removing the motor. As the motor does not form a portion of the
      label applicator, the motor controls also need not form a portion of the
      label applicator.
PAR  Label applicators also typically include plungers or means for blowing the
      label from the applicator to the article. The label applicator of this
      invention is further simplified and reduced in weight in that no means are
      provided on the label applicator for transferring the label to the
      article. Rather, the label to be applied is held by the label applicator,
      and the article is forced against the label by an apparatus which forms a
      portion of the article conveying system. If desired, this apparatus for
      forcing the article against the label can be omitted.
PAR  The present invention employs a simplified device for feeding the labels.
      The feeding device may include a pin feed mechanism adapted to cooperate
      with holes in the backing strip. The feed mechanism is driven by the drive
      motor and may form a portion of the label applicator. A pin feed mechanism
      of this type is adapted to work on a ratchet or one-way clutch type
      principle. Accordingly, the motor may provide linear rather than rotary
      motion. As such the motor may include a solenoid or a fluid-actuated
      cylinder of simple, inexpensive construction.
PAR  The elimination of components from the label applicator as noted above
      makes the label applicator considerably less expensive. Another advantage
      of this invention is that a malfunctioning label applicator can be quickly
      replaced rather than repaired while it is on the production line. This
      minimizes the downtime of the production line as a result of the
      malfunctioning label applicator.
PAR  Another feature of the invention is that it is adapted to label articles of
      irregular size and/or shape. This can advantageously be accomplished by
      utilizing resilient rotatable means for urging the articles against the
      label applicator at the appropriate location to contact the adhesive side
      of the label. Because this means is rotatable it provides a power source
      for driving the article against the label applicator. The resilient nature
      of the rotatable means allows it to accommodate articles of different
      sizes and shapes.
PAR  Although the label applicator of this invention can have various different
      spatial orientations, it is adapted for being located in substantial part
      below the conveyor for the articles. To facilitate removal of the label
      applicator, the section of the conveyor immediately above the label
      applicator can be mounted for pivotal movement to allow this section of
      the conveyor to be swung upwardly. If gravity feed is being employed for
      the articles, the conveyor may include a chute.
PAR  The invention can best be understood by reference to the following
      description taken in connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, perspective view, with parts broken away, of a
      labelling system constructed in accordance with the teachings of this
      invention.
PAR  FIG. 2 is a fragmentary side elevational view partially in section of the
      labelling system showing how a label applicator can be inserted into or
      removed from the system.
PAR  FIG. 3 is an enlarged fragmentary sectional view of a portion of the
      labelling system.
PAR  FIG. 3a is a fragmentary view showing a portion of the structure depicted
      in FIG. 3 and illustrating the operation of the labelling system.
PAR  FIG. 4 is a fragmentary end elevational view taken generally along line
      4--4 of FIG. 3.
PAR  FIG. 5 is a fragmentary perspective view illustrating how labels are peeled
      off of the backing strip by the peeling bar.
PAR  FIG. 6 is a fragmentary perspective view similar to FIG. 1 showing a
      labelling system including a plurality of conveyors and label applicators.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a labelling system 11 which generally includes a support 13, a
      conveyor 15 mounted on and supported by the support, and a label
      applicator 17 releasably mounted on the support. The support 13 may be of
      any size or configuration suitable for supporting the label applicator 17.
      Accordingly, the construction of the support 13 can vary widely, and the
      construction illustrated is purely illustrative.
PAR  In the embodiment illustrated, the support 13 includes a pair of
      horizontally spaced, parallel legs 19 and 21. The lower ends of the legs
      19 and 21 can be supported by a base (not shown) or a suitable floor
      structure. Each of the legs 19 and 21 is formed from a metal channel. The
      channels forming the legs 19 and 21 open in opposite directions. The
      support 13 may also include additional legs 19 and 21 (not shown) or other
      structure for supporting the conveyor 15.
PAR  The function of the conveyor 15 is to convey articles 23 past the label
      applicator 17. Any device suitable for this purpose can be employed as the
      conveyor. Accordingly, the particular construction of the conveyor 15
      shown and described herein is merely illustrative. Although the conveyor
      15 could include a movable belt for transporting the articles 23, in the
      embodiment illustrated, it includes an inclined chute. The conveyor 15
      includes fixed chute sections 25 and 27 appropriately attached to the legs
      19 and 21 respectively, and a hinged or pivotable chute section 29. Each
      of the chute sections, 25, 27, and 29, is in the form of an upwardly
      opening metal trough. The conveyor 15 may include as many of the sections
      25, 27, and 29 as is necessary to adequately convey and label the articles
      23.
PAR  The hinged section 29 is connected to the section 27 by a hinge 31 and is
      supported by the legs 19 and 21. The hinged section 29 also has a
      longitudinally extending slot 33 in the bottom wall thereof.
PAR  The conveyor 15 includes a powered unit 35 suitably mounted on the hinged
      section 29. The powered unit, which can best be seen in FIG. 3, is located
      above the slot 33. The powered unit 35 includes an endless belt 37, a
      drive roller 39, and a plurality of idler rollers 41. The rollers 39 and
      41 are mounted on a housing 43. The housing 43 is in the form of an
      open-ended, downwardly opening channel. The housing 43 is attached to the
      hinged section 29 in any suitable manner such as by fasteners 45. The
      drive roller 39 is driven by a motor 46 mounted on the housing 43.
PAR  A plate 47 is urged downwardly against the inner face of the lower portion
      of the endless belt 37 by a plurality of springs 49. The other ends of the
      springs 47 bear against brackets 51 suitably attached to the housing 43.
      Similarly, an idler roller 53 is resiliently urged against the inner face
      of the upper side of the endless belt 37 by a spring 55. The other end of
      the spring 55 bears against a bracket 57 which is suitably mounted on the
      housing 43. As viewed in FIG. 3, the left end of the plate 47 is directly
      above the slot 43.
PAR  The label applicator 17 is, in effect, a cassette. The label applicator 17
      includes a supporting structure in the form of a housing 59 which is
      adapted to substantially completely enclose the components of the label
      applicator. The housing 59 can be formed of any suitable material such as
      metal or plastic and, in the embodiment illustrated, is constructed of
      plastic. In the embodiment illustrated, the housing 59 is a generally
      rectangular enclosure having an opening 61 in the top wall thereof in
      substantial registry with the slot 33. Lugs 63 and 65 are formed
      integrally with the housing and project therefrom in opposite directions
      at the opposite ends of the housing 59. The housing 59 includes a hinged
      side panel 66 (FIG. 1) which can be swung open to provide access to the
      interior of the housing.
PAR  A supply reel 67 and a takeup reel 69 are rotatably mounted within the
      housing 59. Similarly, a plurality of idler rollers 71 (three being
      illustrated) are rotatably mounted within the housing 59. A peeling bar
      73, which may be of conventional construction, is mounted on the housing
      59 within the opening 61. A drive means in the form of a pin feed
      mechanism 75 is mounted within the housing 59 for rotational movement. Pin
      feeding mechanisms of this type are known, and accordingly, the details of
      this mechanism are not shown herein. The pin feed mechanism 75 includes a
      plurality of pins 77 arranged in two side-by-side rows (FIG. 4) on a
      common hub for rotation, a movable member or actuating arm 79, and a
      suitable one-way clutch 81. The actuating arm 79 is coupled to the pins 77
      through the one-way clutch 81 so that the actuating lever 79 drives the
      pins 77 only when the lever is moving in the counterclockwise direction as
      viewed in FIG. 3. When the actuating arm 79 is moved in the clockwise
      direction as viewed in FIG. 3, the clutch 81 is disengaged and the pins 77
      are not driven. As shown in FIG. 3, the actuating lever 79 projects
      laterally outwardly through a slot 83 in the housing 59, and terminates
      outside of the housing.
PAR  A label supply 85 is mounted on the supply reel 67. The label supply
      includes an elongated backing strip 87 and a plurality of labels 89
      adhesively secured to the backing strip. As shown in FIG. 5, the backing
      strip 87 has two rows of holes or apertures 91 extending along each of its
      longitudinal edges.
PAR  The backing strip 87 extends from the supply reel 67 over one of the idler
      rollers 71, the peeling bar 73, the remaining rollers 71, and the pin feed
      mechanism 75 to the takeup roller 69. The two rows of pins 77 of the pin
      feed mechanism 75 are adapted to be received within the holes 91 of the
      backing strip 87. Accordingly, the pins 77 can drive the backing strip
      from the supply reel 67 to the takeup reel 69.
PAR  As the backing strip 87 is drawn over a forward edge 92 of the peeling bar
      73, the adjacent label 89 is peeled off of the backing strip in a
      conventional manner. The removed label 89 is positioned at a labelling
      station, and is held thereon a grid 93 or other air-pervious means, with
      the adhesive side of the label exposed. The label 89 thus positioned on
      the grid 93 is retained in this position by vacuum pressure on the inner
      face of the grid 93. The inner face of the grid 93 communicates only with
      a passage 94. The passage 94, in the emodibment illustrated, is formed by
      a portion of the housing 59 and terminates in a socket 94' at the right
      end of the housing.
PAR  It is desirable to drive the takeup reel 69 so that the backing strip 87
      will be wound thereon. This can advantageously be accomplished by an
      appropriate power takeoff from the pin feed mechanism 75 such as the type
      shown by way of example in FIG. 4. From FIG. 4 it can be seen that the
      actuating arm 79 drives the one-way clutch 81 and the one-way clutch
      transmits motion in only one direction to the pin feed mechanism 75. A
      pulley 95 is interposed between the one-way clutch 81 and the feed
      mechanism 75. The pulley 95 is driven in only one direction by the one-way
      clutch 81. The pulley 95 is drivingly coupled to a pulley 95' by an
      endless belt 96. The pulley 95' is coupled by a slip clutch 98 to the
      takeup reel 69. Accordingly, the takeup reel 69 is driven each time the
      pin feed mechanism 75 is driven. This mechanism is arranged so that the
      belt 96 tends to drive the takeup reel 69 more than is necessary to
      accommodate the movement of the backing strip 87. This keeps the length of
      the backing strip 87 between the pin feed mechanism 75 and the takeup reel
      69 taut. The slip clutch 98 slips to the extent necessary to accommodate
      the tendency of the belt 96 to overdrive the takeup reel 69.
PAR  The label applicator 17 can be mounted on the support 13 in any manner
      which will provide for its quick installation and removal. In the
      embodiment illustrated, this is accomplished by a pair of couplings 97 and
      99 suitably affixed to the legs 19 and 21 respectively. The coupling 97 is
      in the form of a mounting block having a groove or notch 101 therein sized
      and shaped to receive the lug 63 of the housing 59.
PAR  The coupling 99 includes a tubular housing 103 rigidly affixed to the leg
      21, a movable mounting member 105 mounted for sliding movement in the
      housing 103, and a spring 107 within the housing 103 for urging the
      movable mounting member 105 toward the left as viewed in FIG. 3. The
      movable mounting member 105 has a groove or notch 109 therein sized and
      shaped to accommodate the lug 65. The movable mounting member 105 can be
      retained within the housing 103 in any suitable manner. Thus, the label
      applicator 17 is clampingly retained between the couplings 97 and 99.
PAR  The couplings 97 and 99 and the lugs 63 and 65 must be properly positioned
      so that the label applicator 17 will be in the proper position for label
      application. The couplings 97 and 99 serve also as locator means to locate
      or position the label applicator 17. Of course, locator means separate
      from the couplings 97 and 99 could be provided, if desired. Specifically,
      when the label applicator 17 is releasably mounted on the support 13 by
      the couplings 97 and 99, the peeling bar 73 and the grid 93 are exposed in
      the slot 33 and the upper surface of the label applicator 17 lies
      immediately below and contiguous the lower surface of the hinged section
      29.
PAR  The pin feed mechanism is driven by a motor 111 which is not part of the
      label applicator 17. Rather, the motor 111 is mounted on the leg 19 by
      fasteners 113. In the embodiment illustrated, the motor 111 is a pneumatic
      actuator which includes a connecting rod 115, the outer end of which is
      releasably connected to the outer end of the actuating lever 79 by any
      suitable releasable means, such as a quick disconnect coupling 117. The
      connecting rod 115 is reciprocated by the motor 111 in a conventional
      manner, thereby oscillating the actuating lever 79.
PAR  The motor 111 can be virtually any type of power source. However, one
      advantage of this invention is that the motor 111 need not provide a
      rotary output characteristic of electric motors. Rather a reciprocatory
      output characteristic of fluid-operated actuators and solenoids can be
      utilized.
PAR  The only other external connection required by the label applicator 17 is a
      source of vacuum pressure for the inner face of the grid 93. This is
      provided by a conduit 119 having a quick disconnect coupling 120 received
      within the socket 94'. The conduit 119 may lead to a suitable vacuum
      source (not shown).
PAR  A variety of control systems may be utilized to control the removal of
      labels 89 from the backing strip 87. There are many known methods of
      synchronizing label removal from the backing strip with passage of an
      article by a labelling station. In the embodiment illustrated, the
      articles 23 are conveyed past the grid 93 and the label applicator 17 is
      operated at sufficient speed to provide a label for each of the articles.
PAR  Specifically, a detector 121 (FIG. 3) which may be, for example a simple
      two-state device such as a photocell or a microswitch, is mounted on the
      chute section 25 closely adjacent the hinged section 29. If the detector
      121 is a photocell, it is in one state when an article 23 blocks the beam
      which it provides, and is in a second state when the article is not
      blocking its beam. The detector 121 provides an electrical signal for
      controlling an electrically responsive valve (not shown) which controls
      the flow of air to the pneumatic motor 111. This control is such that the
      motor 111 moves the connecting rod 115 through a full cycle, i.e., two
      strokes, each time one of the articles 23 rolls past the detector 121. In
      this manner, one of the labels 89 is provided for each of the articles 23.
PAR  With the label applicator 17 mounted on the support 13 as shown in FIG. 3,
      the labelling system 11 is ready for operation. Each time one of the
      articles rolls past the detector 121, the connecting rod 115 is moved
      downwardly to pivot the actuating lever 79 counterclockwise. This drives
      the pin 75 counterclockwise as viewed in FIG. 3 through the one-way clutch
      81. The pins 77 of the pin feed mechanism 75 are received in the apertures
      91 of the backing strip 87. Accordingly, each downward stroke of the
      connecting rod 115 indexes the backing strip 87 a predetermined amount.
PAR  The amount the backing strip 87 is indexed is just sufficient to allow the
      peeling bar 73 to remove one of the labels 89 from the backing strip and
      apply it to the grid 93. The vacuum pressure existing in the conduit 94
      retains the removed label 89 against the outer face of the grid 93.
PAR  The takeup reel 69 is also driven each time the connecting rod 15 moves
      downwardly. Specifically, the takeup reel 69 is driven by the one-way
      clutch 81, the pulley 95, the belt 96, the pulley 95', and the slip clutch
      98. The slip clutch 98 slips to prevent the takeup reel 69 from being
      overdriven in relation to the amount that the pin feed mechanism 75 drives
      the backing strip 87. The connecting rod 115 may be immediately returned
      to an upper position so that it will be ready for the next indexing motion
      when another one of the articles 23 passes by the detector 121.
PAR  The chute sections 25, 27, and 29 are inclined to the left as viewed in
      FIG. 3. Accordingly, the articles 23 tend to roll downwardly toward the
      grid 93. The belt 37 is driven at a speed which moves any article 23
      engaging it faster than that article would roll down the incline of the
      chute section 29. Accordingly, one function of the endless belt 37 is to
      pick the leading article 23 and move it rapidly away from the articles 23
      stacked up behind it (FIG. 4). The belt 37 moves the article over the
      label 89 at the grid 93. The springs 49 allow the belt 37 to accommodate
      articles of different sizes and configurations. This is particularly
      advantageous when it is desired to label fruit such as oranges. Finally,
      the springs 49 load the article 23 against the label on grid 93, thereby
      assuring good contact between the adhesive of the label and the article
      (FIG. 4).
PAR  When the supply of labels in the label applicator 17 becomes exhausted, or
      if the label applicator 17 should malfunction, the operator pivots the
      hinged chute section 29 upwardly to the position shown in FIG. 2. The
      quick disconnect couplings 117 and 120 are disconnected to separate the
      label applicator from the motor 111, and the conduit 119, respectively.
      The mounting member 105 is then moved inwardly or to the right as viewed
      in FIG. 3 against the biasing action of the spring 107 to permit the label
      applicator to be manually freed from the couplings 97 and 99. With the
      applicator free of the couplings 97 and 99, it can be lifted upwardly away
      from the remainder of the labelling system 11. Removal of the label
      applicator 17 does not result in the removal of the motor 111 or the
      powered unit 35. Another label applicator identical to the applicator 17
      and having a supply of labels therein can then be installed as shown in
      FIG. 2. This can be accomplished in a matter of seconds. The couplings 97
      and 99 and the lugs 63 and 65 automatically locate the label applicator in
      the position shown in FIG. 3, i.e., in position for applying the labels 89
      to the articles 23.
PAR  FIG. 6 shows a labelling system which includes three separate labelling
      systems, 11a, 11b, and 11c, each of which may be identical to the
      labelling system 11 (FIGS. 1-5) except for location of the motors 46a,
      46b, and 46c. In FIG. 6, the motors 46a, 46b, and 46c are mounted on top
      of the housings 43a, 43b, and 43c respectively. The labelling systems 11a,
      11b, and 11c which correspond to portions of the labelling system 11 are
      designated by corresponding reference numerals followed by the letters a,
      b, and c, respectively. The label applicators of the labelling systems
      11a, 11b, and 11c can be operated individually or together. Because of the
      compact nature of the label applicators 17a and 17c and because the motors
      46a, 46b, and 46c are mounted above their respective housings, a plurality
      of labelling lines can be arranged in side-by-side relationship in a
      relatively small space. Because the label applicators can be removed by
      lifting them upwardly from the supporting structure, each of the label
      applicators of the system shown in FIG. 6 can be removed notwithstanding
      the presence of label applicators on opposite sides thereof.
PAR  Although exemplary embodiments of the invention have been shown and
      described, many changes, modifications, and substitutions may be made by
      those having ordinary skill in the art without necessarily departing from
      the spirit and scope of this invention.
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STM  I claim:
NUM  1.
PAR  1. A labelling system comprising:
PA1  a support;
PA1  means for conveying articles along a first path to a labelling station;
PA1  a label applicator for applying labels to the articles;
PA1  first releasable means for releasably mounting said label applicator on
      said support at said labelling station whereby the label applicator can
      apply labels to the articles conveyed through the labelling station;
PA1  said label applicator including a supporting structure and means for
      mounting a plurality of labels for movement along a second path relative
      to the supporting structure whereby the labels can be progressively moved
      through the labelling station and applied to the articles;
PA1  a motor;
PA1  means other than said label applicator for mounting the motor on said
      support; and
PA1  second releasable means for drivingly interconnecting the motor and the
      labels so that the motor can move the labels along said second path, said
      first and second releasable means being releasable to allow replacement of
      the label applicator when its supply of labels is exhausted with a second
      label applicator having a supply of labels, said second label applicator
      being drivable by said motor through said second releasable means.
NUM  2.
PAR  2. A labelling system as defined in claim 1 wherein said labels include
      adhesive, said label applicator includes means for retaining a label in
      the path of the articles conveyed through the labelling station with the
      adhesive of the label exposed so as to engage the article at the labelling
      station.
NUM  3.
PAR  3. A labelling system as defined in claim 2 including resilient means
      mounted on said support to resiliently urge the article against the
      adhesive of the label retained by said label applicator, said label
      applicator being removable from said support by releasing said first and
      second releasable means and without removing said resilient means from
      said support.
NUM  4.
PAR  4. A labelling system as defined in claim 1 wherein the labels are carried
      on a backing strip adapted to have holes therein, said second releasable
      means includes at least one movable pin adapted to cooperate with the
      holes to move the labels along said path.
NUM  5.
PAR  5. A labelling system as defined in claim 1 including control means for
      controlling said motor so that the labels are moved intermittently along
      said path, said label applicator being removable from the support without
      removing said control means.
NUM  6.
PAR  6. A labelling system as defined in claim 1 wherein said motor includes a
      fluid operated actuator, said second releasable means includes a movable
      member carried by said label applicator and means for releasably drivingly
      coupling said movable member to said actuator, and control means
      responsive to movement of articles through the labelling station for
      controlling said fluid operated actuator.
NUM  7.
PAR  7. A labelling system as defined in claim 1 wherein said label applicator
      includes vacuum means for releasably retaining a label at the labelling
      station.
NUM  8.
PAR  8. A labelling system comprising:
PA1  a support;
PA1  means for conveying articles to be labelled along a first path through a
      labelling station;
PA1  a label applicator for applying labels to the articles;
PA1  first releasable means for releasably mounting said label applicator on
      said support at said labelling station whereby the label applicator can
      apply labels to the articles conveyed through the labelling station, at
      least a substantial portion of said label applicator lying below said
      first path at said first path of the labelling station;
PA1  said label applicator including a supporting structure and means for
      mounting a plurality of labels for movement along a second path relative
      to the supporting structure whereby the labels can be progressively moved
      through the labelling station;
PA1  resilient rotatable means mounted above said labelling station for urging
      articles against the label applicator at said labelling station whereby
      the labels are applied to the articles; said first path extending between
      the resilient rotatable means and said substantial portion of the label
      applicator at the labelling station.
NUM  9.
PAR  9. A labelling system as defined in claim 8 wherein said conveying means
      includes a conveyor overlying said label applicator, said conveyor
      including a pivotable section pivotable upwardly to provide access to the
      upper side of the label applicator.
NUM  10.
PAR  10. A labelling system as defined in claim 8 wherein said conveying means
      includes a gravity feed section at said labelling station and said label
      applicator includes a supply reel having the labels wound thereon and a
      takeup reel, said reels lying below said conveying means at said labelling
      station.
NUM  11.
PAR  11. A cassette label applicator for applying labels to articles wherein the
      labels are supplied on a backing strip and the label applicator is
      drivingly connectable to a motor, said label applicator comprising:
PA1  a supporting structure;
PA1  a supply reel mounted for rotation on the supporting structure and adapted
      to have the backing strip wound thereon;
PA1  a takeup reel mounted for rotation on the supporting structure, said
      backing strip adapted to extend from the supply reel to the takeup reel
      and to be wound on the takeup reel;
PA1  drive means mounted on the supporting structure for movement relative
      thereto and cooperable with the backing strip to move the backing strip
      from the supply reel to the takeup reel;
PA1  means for releasably drivingly connecting the driving means to the motor
      whereby the motor can drive the drive means;
PA1  means for removing the labels from the backing strip as the backing strip
      moves between said reels;
PA1  vacuum means for releasably retaining the removed labels at a preselected
      location, the articles being adapted to receive the labels from said
      preselected location whereby such articles are labelled; and
PA1  means on said supporting structure for releasably mounting the cassette
      label applicator on a support.
NUM  12.
PAR  12. A cassette label applicator as defined in claim 11 wherein said
      supporting structure includes a housing substantially enclosing said
      reels, said housing including a panel openable to expose said reels to
      allow said reels to be replaced.
NUM  13.
PAR  13. A cassette label applicator as defined in claim 11 wherein said drive
      means includes a plurality of rotatable pins adapted to cooperate with
      apertures in the backing strip to drive the backing strip and an arm for
      driving the pins, said arm extending through said housing to the exterior
      thereof and being adapted to be releasably drivingly connected to the
      motor.
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ABST
PAL  Tire building machine includes a pair of carriages axially movable in
      unison toward and away from opposite ends of the tire building drum on
      which are mounted bead carriers for supporting tire beads radially
      outwardly of the drum ends. Suitable controls and adjustments are provided
      for moving the carriages symmetrically about the center line of the drum
      into precise positions for positioning the tire beads with precision over
      the ends of the drum and holding the tire beads in place during expansion
      of the drum. Pusher rings may also be provided on the carriages to assist
      in obtaining symmetrical movement of the ply turnup bladders for obtaining
      the same amount of stitching and turnup of the plies on both sides of the
      tire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally as indicated to a tire building machine,
      and more particularly, to certain improvements in tire building machines
      for positioning the tire beads with precision over both ends of the tire
      building drum and holding such beads in place during radial expansion of
      the drum.
PAR  In the manufacture of certain types of tires, it is conventional practice
      to position the tire beads axially and radially over the ends of the tire
      building drum after the tire plies have been applied to the drum, followed
      by radial expansion of the drum to expand the tire plies into engagement
      with the inner diameter of the tire beads as described and shown, for
      example, in FIGS. 6 and 7 of U.S. Pat. No. 3,721,600, granted to Armindo
      Cantarutti on Aug. 19, 1970, which is incorporated herein by way of
      reference.
PAR  For precision tire making, it is essential that both tire beads be moved
      symmetrically about the center line of the tire building drum into the
      precise positions over the ends of the drum and held in place during
      expansion of the drum. It is also important in the manufacture of
      precision tires to obtain the same amount of stitching and turnup of the
      plies on each side of the tire.
PAR  Precise positioning of the tire beads is obtained in accordance with the
      present invention by providing carriages for the tire beads adjacent both
      ends of the tire building drum whose movements are controlled by a rack
      and pinion mechanism including controls and adjustments which cause the
      carriages to move symmetrically about the center line of the drum to
      position the tire beads precisely over the ends of the drum where they are
      held in place during expansion of the drum. The carriages may also include
      pusher rings and the like to assist in obtaining symmetrical movement of
      the ply turnup bladders for effecting the same amount of stitching and
      turnup of the plies on each side of the tire.
PAR  It is generally known to use racks and pinions to actuate bead carriers and
      move the tire beads into engagement with the ends of a tire building drum,
      but not in conjunction with the controls and adjustments necessary to
      obtain precise positioning and retention of the tire beads axially over
      the ends of the drum rather than against the ends of the drum for building
      a precision tire.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a principal object of this invention to provide a tire
      building machine in which the tire bead carriers are moved symmetrically
      about the center line of the drum to position the tire beads precisely
      over the ends of the drum and retained in place during expansion of the
      drum.
PAR  Another object is to provide such a tire building machine in which the
      movements of the tire bead carriers are controlled by a rack and pinion
      mechanism including controls and adjustments for precise positioning and
      retention of the tire beads over the ends of the drum.
PAR  Still another object is to provide such a tire building machine in which
      the same amount of stitching and turnup of the plies is obtained on each
      side of the tire.
PAR  These and other objects of the present invention are achieved utilizing a
      rack and pinion mechanism for controlling the movements of the tire bead
      carriers toward and away from opposite ends of the drum. The tire bead
      carriers support the tire beads radially outwardly of the drum ends, and
      suitable controls and adjustments are provided for moving the tire bead
      carriers symmetrically about the center line of the drum into precise
      positions for positioning the tire beads with precision over the ends of
      the drum and holding the tire beads in place during expansion of the drum.
      Pusher rings and the like may also be provided on the carriages for the
      tire bead carriers to assist in obtaining symmetrical movement of the ply
      turnup bladders for effecting the same amount of stitching and turnup of
      the plies on both sides of the tire through synchronous movement of the
      carriages inward towards the bladders at the same time and at the same
      distance from the tire.
PAR  To the accomplishment of the foregoing and related ends, the invention,
      then, comprises the features hereinafter fully described and particularly
      pointed out in the claims, the following description and the annexed
      drawings setting forth in detail a certain illustrative embodiment of the
      invention, this being indicative, however, of but one of the various ways
      in which the principles of the invention may be employed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the annexed drawings:
PAR  FIG. 1 is a front elevation view of a preferred form of tire building
      machine constructed in accordance with this invention;
PAR  FIG. 2 is a top plan view of the tire building machine of FIG. 1 as seen
      from the plane of the line 2--2 thereof;
PAR  FIG. 3 is an enlarged fragmentary longitudinal section through a portion of
      the headstock assembly at the right end of the tire building machine of
      FIGS. 1 and 2;
PAR  FIG. 4 is an enlarged partial longitudinal section through the tailstock
      assembly at the left end of the tire building machine;
PAR  FIG. 5 is an enlarged transverse section through the central portion of the
      main base assembly for the tire building machine, taken on the plane of
      the line 5--5 of FIG. 1;
PAR  FIG. 6 is an enlarged transverse section through the main base assembly
      adjacent the inner end of the movable headstock assembly carriage for one
      of the tire bead carriers as seen from the plane of the line 6--6 of FIG.
      3;
PAR  FIG. 7 is a fragmentary transverse section showing the releasable
      connection between the rack and movable tailstock assembly carriage for
      the other tire bead carrier as seen from the plane of the line 7--7 of
      FIG. 4;
PAR  FIG. 8 is a fragmentary transverse section through the headstock assembly
      of FIG. 3, taken on the plane of the line 8--8 thereof; and
PAR  FIGS. 9 and 10 are fragmentary schematic longitudinal sections illustrating
      certain steps in the preferred sequence of operation of the tire building
      machine of the present invention during the manufacture of a tire carcass.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIGS. 1 and 2 a preferred form of a tire building machine in accordance
      with this invention is generally indicated by the reference numeral 1 and
      includes a main base assembly 2 on which is mounted a main housing 3 at
      one end containing the drive mechanisms and necessary controls for
      operating the machine as required. An expandable tire building drum D is
      mounted on a tire drum shaft S projecting outwardly from the main housing
      3 toward the outboard end 5 of the tire building machine. The tire
      building drum D may be of the usual collapsible type to permit removal of
      the finished tire carcass therefrom, and a pair of tread stitcher
      assemblies T may be mounted on carriages C at the rear of the machine for
      longitudinal movement toward and away from each other for stitching of the
      tire plies in place on the drum in conventional manner.
PAR  Associated with each end of the drum D is a ply turn-up mechanism 6 which
      may be of the type shown and described in U.S. Pat. No. 3,721,600,
      incorporated herein by way of reference, including an inflatable annular
      air bag or bladder 7 supported in a substantially flattened condition by
      an outer shell when the bladder is deflated as shown in FIGS. 1 and 2.
      Also mounted adjacent opposite ends of the tire building drum D are
      inboard and outboard assemblies 10 and 12 each including a carriage 14 on
      which are mounted a tire bead carrier 15 and bladder pusher ring 16. Both
      carriages 14 are mounted for movement in unison symmetrically about the
      center line of the drum D to permit the tire beads B to be precisely
      positioned over the ends of the drum and held in place during expansion of
      the drum in a manner to be fully described hereafter. In addition, the
      entire outboard assembly 12, including its associated carriage 14, is
      mounted for movement toward and away from the adjacent end of the drum to
      permit the finished tire carcass to be removed from the machine and the
      tire beads to be placed on the tire bead carriers of both the inboard and
      outboard assemblies for use in making the next tire carcass. Otherwise,
      the details of construction and operation of the inboard and outboard
      assemblies 10 and 12 are substantially the same, and the same reference
      numerals are used to identify the same parts.
PAR  As best seen in FIGS. 1, 2 and 4 the outboard assembly 12 includes, in
      addition to the movable carriage 14 for the tire bead carrier 15 and
      pusher ring 16, a second carriage 18 for supporting the tailstock shaft
      assembly which has a drum flange on the axial inner end thereof engageable
      with the outboard end of the tire building drum. The drum flange is
      located radially inwardly of the tire bead carrier 15, and may be removed
      and replaced in conventional manner for making different sized tires as
      desired. Both outboard asssembly carriages 14 and 18 include suitable
      guide rollers 20 for supporting the carriages for movement along a pair of
      guide rails 21 extending along the length of the main base member 2
      parallel to the axis of the tire building drum D. Simultaneous movement of
      both outboard assembly carriages 14 and 18 toward and away from the
      adjacent end of the drum D may be obtained by actuation of a pneumatic
      cylinder 19 (see FIG. 4), or a rack suitably connected to the carriage 18
      and engaged by a motor driven pinion may be provided for that purpose. An
      adjustable stop 22 may also be provided on the carriage 18 for engagement
      with a fixed stop 23 on the main base member 2 as further shown in FIG. 4
      for limiting axial inward movement of the carriage 18 relative to the tire
      building drum D to accurately locate the drum flange with respect to the
      outboard end of the drum.
PAR  Additional movement of the carriage 14 for the outboard tire bead carrier
      15 and pusher ring 16 relative to the carriage 18 may be obtained by
      providing a pair of large tandem cylinders 24 fixed to a support flange 25
      on the carriage 18, one on each side of the machine. The rods 26 for the
      tandem cylinders 24 are suitably fastened to a plate 27 attached to the
      outer surface of an annular support ring 28 for the outboard tire bead
      carrier 15 for movement of the tire bead carrier and associated carriage
      14 toward and away from the carriage 18 upon actuation of the tandem
      cylinders.
PAR  The inboard assembly carriage 14 is also supported on the guide rails 21 by
      a plurality of support rollers 20 as shown in FIG. 3 for movement
      therealong toward and away from the adjacent end of the tire building drum
      D upon actuation of a pair of large tandem cylinders 24 mounted on the
      main drive housing 3 with their rods 26 suitably connected to the annular
      support ring 28 for the tire bead carrier 15.
PAR  The inner diameter of the annular support ring 28 for both tire bead
      carriers 15 is somewhat larger than the outer diameter of the tire
      building drum D when in the unexpanded or retracted condition shown in
      FIGS. 3 and 9 to permit the tire bead carriers 15 to be moved axially
      inwardly over the ends of the tire building drum D for accurate
      positioning of the tire beads B radially over the ends of the drum. The
      tire beads B may be secured in place against the tire bead carriers 15 for
      movement therewith by providing a plurality of circumferentially spaced
      pivotally mounted jaws 30 on the tire bead carriers which are moved into
      and out of clamping engagement with the long flippers on the tire beads
      upon actuation of a plurality of hydraulic cylinders 32 associated
      therewith.
PAR  To insure positioning of the tire beads B with precision over the ends of
      the drum D, a rack and pinion mechanism 35 is provided for synchronously
      moving the inboard and outboard carriages 14 for the bead ring carriers 15
      symmetrically about the center line of the drum. As clearly shown in FIG.
      5, such rack and pinion mechanism 35 includes a housing 36 located between
      the guide rails 21 intermediate the ends thereof in which is mounted a
      pinion 37 rotatable about a pinion shaft 38 whose axis is located on the
      center line of the carriages 14. Engaging the pinion 37 on opposite sides
      thereof are a pair of racks 39 and 40. One of the racks 39 extends axially
      outwardly from one end of the housing 36 for connection to the inboard
      assembly carriage 14, and the other rack 40 extends axially outwardly from
      the other end of the housing for connection to the outboard assembly
      carriage 14, whereby actuation of the hydraulic cylinders 24 will cause
      the inboard and outboard assembly carriages 14 to move axially toward and
      away from each other to the same extent. While two sets of hydraulic
      cylinders 24 are shown, one for actuating each of the carriages 14, it
      will be apparent that the hydraulic cylinders for actuating the inboard
      assembly carriage could be eliminated and actuation of the hydraulic
      cylinders for the outboard assembly carriage would cause a corresponding
      movement of the inboard assembly carriage through rotation of the pinion
      37 which causes the rack 39 for the inboard assembly carriage to move
      axially to the same extent as the rack 40 for the outboard assembly
      carriage but in the opposite direction.
PAR  Backup rolls 42 mounted on shafts 43 in the housing 36 engage the back
      sides of the racks 39 and 40 to maintain the racks in proper meshing
      engagement with the pinion 37, and suitable mechanism 44 is also desirably
      provided for moving the entire housing 36 laterally with respect to the
      guide rails 27 to insure proper axial alignment of the pinion 37 with
      respect to the center line of the carriages 14. As shown in FIG. 5, such
      mechanism 44 may consist of rotatable pins 45 adjacent each side of the
      housing 36 having eccentrics 46 thereon. The eccentrics 46 are received in
      bushings 47 carried by mounting plates 48 extending from the sides of the
      base member 2 into slots 49 in the housing 36. As apparent, rotation of
      the pins 45 will cause the eccentrics 46 to rotate, forcing the housing 36
      laterally.
PAR  Preferably, potentiometer type electrical hydraulic controls are provided
      for controlling the actuation of the hydraulic cylinders 24 for moving the
      carriages 14 toward each other symmetrically about the center line of the
      drum D into position for locating the tire beads B with precision radially
      outwardly over the ends of the drum and holding the beads in place during
      expansion of the drum. A mechanical stop 50 is also desirably provided on
      the inboard assembly carriage 14 for limiting the inward movement of both
      carriages 14 for accurate bead set to insure safe and controlled operation
      of the machine in the event that the hydraulic controls do not function
      properly.
PAR  As best seen in FIGS. 3 and 8, the mechanical stop 50 desirably consists of
      a pair of longitudinally extending, laterally spaced rods 51 having their
      inner ends suitably attached to the plate 27 connected to the annular
      support ring 28 for the inboard assembly carriage 14 on opposite sides
      thereof and having adjustable nuts 52 threaded onto the outer ends of the
      rods. The rods 51 extend through enlarged openings 53 in a stationary
      mounting plate 54 on the main housing 3. The openings 53 in the stationary
      mounting plate 54 are preferably of a diameter somewhat greater than the
      outer diameter of the stop nuts 52 to permit continued axial inward
      movement of the carriages 14 beyond the bead setting position during ply
      turnup in a manner to be subsequently described. However, during bead set,
      a pair of gates 55 pivotally mounted on the back side of the stationary
      mounting plate 54 are swung into position behind the enlarged openings 53
      to limit axial inward movement of the carriages 14 to the bead setting
      position upon engagement of the stop nuts 52 with the gates. Actuation of
      the gates 55 may be obtained as by providing an actuating rod 56 extending
      between the two gates, and an actuating cylinder 57 suitably connected to
      the actuating rod 56 for moving the actuating rod back and forth to cause
      the gates 55 to rotate about their respective pivots between the solid and
      phantom line positions shown in FIG. 8.
PAR  With the gates 55 swung out of the way as shown in phantom lines in FIG. 8,
      the carriages 14 are free to be moved axially inwardly toward each other
      to a greater extent as determined by engagement of a further safety stop
      58 on the stop rods 51 with the stationary mounting plate 54. The safety
      stops 58, like the stop nuts 52, are also threadedly received on the outer
      ends of the stop rods 51 to permit adjustment to be made, and the safety
      stops 58 are desirably recessed to permit extension of the outer ends of
      the stop nuts 52 into the safety stops. The outer ends of the safety stops
      58 may also be transversely slotted at 60 and provided with screws 61
      extending axially through the outer ends of the safety stops and slots to
      permit contraction and expansion of the slots for locking and unlocking
      the safety stops on the stop rods.
PAR  Similar safety stops 65 may also be provided on stop rods 66 extending
      outwardly from the annular support ring 27 of the outboard assembly
      carriage 14 as shown in FIGS. 1, 2 and 4 to protect the drum D from being
      damaged by excessive axial inward movement of the carriages toward the
      respective ends of the drum. The stop rods 66 on the outboard assembly
      carriage 14 extend through openings in the mounting plate 25 on the shaft
      assembly carriage 18 which are of a diameter somewhat less than the
      diameter of the safety stops 65 to limit axial inward movement of the
      safety stops 65 beyond the mounting plate 25.
PAR  The end of the rack 39 which is connected to the inboard assembly carriage
      14 may be connected thereto in any convenient manner, as by pinning the
      end of the rack to the inboard assembly carriage 14 as shown at 67, in
      FIG. 6. However, the particular connection 70 between the end of the rack
      40 and the outboard assembly carriage 14 must be one that will permit the
      outboard assembly carriage 14 to be released from the rack 40 prior to
      retraction of the entire outboard assembly 12 axially away from the
      adjacent end of the drum D for placement of the tire beads B on the tire
      bead carriers 15 and removal of the finished tire carcass from the tire
      building drum. As shown in FIGS. 4 and 7, such releasable connection 70
      between the rack 40 and outboard assembly carriage 14 may consist of a
      yoke 71 for receipt of a reduced end portion 72 on the rack 40, with a
      roller 73 extending between the arms of the yoke for engaging the bottom
      surface of such reduced end portion. The reduced end portion 72 of the
      rack 40 has an aperture 75 therein which is in alignment with a pin 76 on
      the outboard assembly carriage 14 when the end portion 72 of the rack is
      properly positioned in the yoke 71. The pin 76 may be moved into and out
      of the aperture 75 in the rack for locking and releasing the carriage 14
      from the rack 40 as by actuation of a fluid cylinder 77 to which the pin
      76 is connected.
PAC  OPERATION
PAR  Now that the various parts of the tire building machine 1 have been
      described, a typical sequence of operation will now be set forth.
      Initially the tire building drum D is collapsed and the outboard assembly
      carriage 14 is disconnected from the associated rack 40 to permit the
      entire outboard assembly 12 to be moved axially away from the adjacent end
      of the drum for placement of the tire beads B on the tire bead carriers 15
      of both inboard and outboard assembly carriages. Next the entire outboard
      assembly 12 is returned to the FIG. 4 position with the drum flange
      against the end of the drum, and the outboard assembly carriage 14 is once
      again attached to the associated rack 40 by actuation of the fluid
      cylinder 77 causing the pin 76 to extend into the aperture 75 in the rack
      end portion 72.
PAR  The tire building drum D is then rotated with the drum still contracted and
      the annular bladders 7 deflated to apply the tire plies to the drum with
      the edges of the plies protruding beyond the ends of the drum for
      engagement with the bladder. After the desired number of tire plies have
      been wrapped about the drum, the hydraulic cylinders 24 are actuated to
      cause the carriages 14 to move symmetrically about the center line of the
      drum to position the tire beads B with precision radially over the ends of
      the drum as schematically shown in FIG. 9, such movements of the carriages
      14 being synchronized through movements of the racks 39 and 40 and pinion
      37 as previously described. Then the drum segments are expanded to cause
      the tire plies to expand into engagement with the inner diameter of the
      tire beads B as shown in phantom lines in FIG. 9.
PAR  Following expansion of the drum D to the phantom line position shown in
      FIG. 9, the bead clamps 30 are retracted to release the tire beads B,
      after which the carriages 14 are retracted and the bladders 7 are inflated
      to cause the edges of the tire plies to be wrapped about the beads B and
      pressed against the top of the drum which may be expanded further as shown
      schematically in FIG. 10. During expansion of the bladders 7, the
      hydraulic cylinders 24 are again actuated to cause the carriages 14 to be
      moved axially inwardly for pressing against the bladders 7 by the pusher
      rings 16 which aid in causing the bladders to roll over and press the
      edges of the plies against the outer surface of the drum.
PAR  Because the movements of the two carriages 14 are symmetrical about the
      center line of the drum and move toward the bladders 7 at the same time
      and at the same distance from the tire, the same amount of stitching and
      turnup of the plies is obtained on each side of the tire. During ply
      turnup, the gates 55 are retracted to permit the carriages 14 to move
      axially inwardly beyond the bead set positions, but such continued axial
      inward movement is limited by the safety stops 58 and 65 to protect the
      drum against damage as aforesaid.
PAR  Upon completion of the ply turnup operation, the bladders 7, which may be
      of the type shown in U.S. Pat. No. 3,721,600 incorporated herein by way of
      reference, are deflated to permit the bladders to roll back and resume
      their flattened condition shown in FIG. 9. Additional tire plies may then
      be added as desired, and the tire tread stock and other materials are then
      applied to the tire carcass, after which the drum is collapsed and the
      outboard assembly 12 is retracted to permit removal of the finished tire
      carcass from the machine and placement of additional tire beads on the
      tire bead carriers 15 preparatory to making the next tire carcass.
PAR  From the foregoing, it will now be apparent that the tire building machine
      of the present invention assures accurate positioning of the tire beads
      precisely at the desired positions over the ends of the drum and retention
      of the tire beads in place during expansion of the drum. In addition, the
      tire building machine assures that the same amount of stitching and turnup
      of the tire plies will be obtained on each side of the tire, and suitable
      mechanism is also provided for protecting the tire building drum against
      damage.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a tire building machine, an expandable tire building drum having tire
      bead carriers mounted for movement toward and away from opposite ends of
      said drum, means for expanding and contracting said drum, said tire bead
      carriers including means for supporting the tire beads radially outwardly
      of the drum ends when the drum is contracted, and means for synchronously
      moving said tire bead carriers symmetrically about the centerline of said
      drum to position the tire beads at the desired location over the ends of
      said drum and holding the tire beads in place during expansion of said
      drum, said means for synchronously moving said tire bead carriers
      symmetrically about the centerline of said drum comprising a pair of
      carriages for said tire bead carriers, means mounting said carriages for
      movement toward and away from opposite ends of said drum, a rack and
      pinion mechanism for synchronizing the movements of said carriages in
      opposite directions, and control means for moving said carriages to the
      desired extent for positioning the tire beads at the desired location over
      the ends of said drum and holding the tire beads in place during expansion
      of said drum as aforesaid, said rack and pinion mechanism comprising a
      stationary housing located intermediate said carriages, a pinion rotatably
      mounted in said housing, and a pair of racks engaging opposite sides of
      said pinion, one of said racks being connected to one of said carriages
      and the other of said racks being connected to the other of said carriages
      for causing said carriages to move axially toward and away from each other
      to the same extent, one of said carriages being part of an inboard
      assembly at one end of said drum and the other of said carriages being
      part of an outboard assembly at the other end of said drum, means
      providing a releasable connection between said other carriage and its
      associated rack, and means for moving said other carriage toward and away
      from the adjacent end of said drum when said other carriage is
      disconnected from its associated rack to permit placement of the tire
      beads on said tire bead carriers and removal of the finished tire carcass
      from said tire building drum, said means providing a releasable connection
      between said other carriage and its associated rack comprising a yoke on
      said other carriage for receipt of a reduced end portion on its associated
      rack, a roller extending between the arms of said yoke for engaging the
      bottom surface of said reduced end portion, an aperture in said reduced
      end portion, and a pin on said carriage movable into and out of said
      aperture in said reduced end portion for locking and releasing said other
      carriage from its associated rack.
NUM  2.
PAR  2. The machine of claim 1 further comprising mechanical stop means on at
      least one of said carriages for limiting inward movement of both of said
      carriages for accurate bead set.
NUM  3.
PAR  3. The machine of claim 1 wherein said means for supporting the tire beads
      on said tire bead carriers comprises a plurality of circumferentially
      spaced pivotally mounted jaws on said tire bead carriers, and means for
      moving said jaws into and out of clamping engagement with the tire beads.
NUM  4.
PAR  4. The machine of claim 1 wherein said outboard assembly includes a further
      carriage for supporting a tailstock shaft assembly, said further carriage
      being simultaneously movable with said other carriage toward and away from
      the adjacent end of said drum when said other carriage is disconnected
      from its associated rack as aforesaid, said other carriage also being
      axially movable relative to said further carriage.
NUM  5.
PAR  5. The machine of claim 4 further comprising safety stop means on said
      outboard assembly to protect said drum from being damaged by excessive
      axial inward movement of said first-mentioned carriages toward the
      respective ends of said drum.
NUM  6.
PAR  6. The machine of claim 5 wherein said safety stop means comprises a pair
      of laterally spaced longitudinally extending stop rods having their inner
      ends connected to said tire bead carrier of said outboard assembly, said
      stop rods extending through openings in a mounting plate on said further
      carriage, and safety stops on the other ends of said stop rods, said
      openings in said mounting plate being of a diameter somewhat less than the
      diameter of said safety stops to limit axial inward movement of said
      safety stops beyond said mounting plate.
NUM  7.
PAR  7. The machine of claim 5 further comprising an adjustable stop on said
      further carriage engageable with a fixed stop on said machine for limiting
      axial inward movement of said further carriage relative to said drum.
NUM  8.
PAR  8. The machine of claim 1 further comprising a ply turnup mechanism
      associated with each end of said drum, each said ply turnup mechanism
      comprising an annular inflatable bladder, means for supporting said
      bladder in substantially flattened condition adjacent the respective ends
      of said drum when said bladder is deflated, and means for inflating said
      bladder to cause the edges of the tire plies to be turned up over the tire
      beads after the tire beads have been precisely positioned over the ends of
      the drum and the drum has been expanded into engagement with the tire
      beads.
NUM  9.
PAR  9. In a tire building machine, an expandable tire building drum having tire
      bead carriers mounted for movement toward and away from opposite ends of
      said drum, means for expanding and contracting said drum, said tire bead
      carriers including means for supporting the tire beads radially outwardly
      of the drum ends when the drum is contracted, and means for synchronously
      moving said tire bead carriers symmetrically about the centerline of said
      drum to position the tire beads at the desired location over the ends of
      said drum and holding the tire beads in place during expansion of said
      drum, and mechanical stop means provided on one of said carriages for
      limiting inward movement of said carriages for accurate bead set, said
      mechanical stop means comprising at least one longitudinally extending rod
      having its inner end attached to said tire bead carrier of said one
      carriage, adjustable stop nut means threaded onto the outer end of said
      rod, and gate means mounted for movement into and out of the path of said
      stop nut means for limiting axial inward movement of said carriages to the
      bead setting position upon engagement of said stop nut means with said
      gate means.
NUM  10.
PAR  10. The machine of claim 9 wherein there are a pair of said longitudinally
      extending rods having their inner ends attached to said tire bead carrier
      of said one carriage, adjustable stop nut means threaded onto the outer
      ends of both said rods, and a pair of gate means mounted for movement into
      and out of the path of said stop nut means for limiting axial inward
      movement of said carriages to the bead setting position upon engagement of
      said stop nut means with said gate means, said gate means being mounted
      for pivotal movement, an actuating rod extending between said gate means,
      and an actuating cylinder connected to said actuating rod for moving said
      actuating rod back and forth which causes said gate means to rotate about
      their respective pivots.
NUM  11.
PAR  11. The machine of claim 9 further comprising a ply turnup mechanism
      associated with each end of said drum, said gate means being pivotally
      mounted on the back side of a stationary mounting plate having an enlarged
      opening therein through which said rod extends, said enlarged opening on
      said stationary mounting plate being of a diameter somewhat greater than
      the outer diameter of said stop nut means to permit continued axial inward
      movement of said carriages beyond the bead setting position during ply
      turnup when said gate means is moved out of the path of said stop nut
      means, said rod having a further safety stop thereon axially outwardly of
      said stop nut means for engagement with said stationary mounting plate to
      limit such continued axial inward movement of said carriages during ply
      turnup.
NUM  12.
PAR  12. The machine of claim 11 wherein said safety stop is adjustable along
      the length of said rod and recessed to permit extension of the outer end
      of said stop nut means into said safety stop.
NUM  13.
PAR  13. The machine of claim 11 wherein each said ply turnup mechanism
      comprises an annular inflatable bladder, means for supporting said bladder
      in substantially flattened condition adjacent the respective ends of said
      drum when said bladder is deflated, and means for inflating said bladder
      to cause the edges of the tire plies to be turned up over the tire beads
      after the tire beads have been precisely positioned over the ends of the
      drum and the drum has been expanded into engagement with the tire beads.
NUM  14.
PAR  14. The machine of claim 13 further comprising means for pressing said
      bladders when inflated toward the respective ends of said drum to the same
      extent to assist in obtaining the same amount of stitching and turnup of
      the plies on both sides of the tire, said last-mentioned means comprising
      pusher rings on said carriages which are moved axially inwardly with said
      carriages to the same extent for pressing against said bladders at the
      same time and to the same extent during continued axial inward movement of
      said carriages beyond the bead setting position when said gate means is
      moved out of the path of said stop nut means, such continued axial inward
      movement of said carriages during ply turnup being limited by engagement
      by said further safety stop with said stationary mounting plate.
NUM  15.
PAR  15. In a tire building machine, an expandable tire building drum having
      tire bead carriers mounted for movement toward and away from opposite ends
      of said drum, means for expanding and contracting said drum, said tire
      bead carriers including means for supporting the tire beads radially
      outwardly of the drum ends when the drum is contracted, and means for
      synchronously moving said tire bead carriers symmetrically about the
      centerline of said drum to position the tire beads at the desired location
      over the ends of said drum and holding the tire beads in place during
      expansion of said drum, said means for synchronously moving said tire bead
      carriers symmetrically about the centerline of said drum comprising a pair
      of carriages for said tire bead carriers, means mounting said carriages
      for movement toward and away from opposite ends of said drum, a rack and
      pinion mechanism for synchronizing the movements of said carriages in
      opposite directions, and control means for moving said carriages to the
      desired extent for positioning the tire beads at the desired location over
      the ends of said drum and holding the tire beads in place during expansion
      of said drum as aforesaid, said rack and pinion mechanism comprising a
      stationary housing located intermediate said carriages, a pinion rotatably
      mounted in said housing, and a pair of racks engaging opposite sides of
      said pinion, one of said racks being connected to one of said carriages
      and the other of said racks being connected to the other of said carriages
      for causing said carriages to move axially toward and away from each other
      to the same extent, and means for moving said housing laterally with
      respect to the centerline of said carriages to insure proper axial
      alignment of said pinion therewith, said means for moving said housing
      laterally with respect to the centerline of said carriages comprising
      rotatable pins adjacent each side of said housing having eccentrics
      thereon, said eccentrics being received in bushings carried by mounting
      plates extending into slots in said housing, whereby rotation of said pins
      causes said eccentrics to rotate, forcing said housing laterally as
      aforesaid.
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ABST
PAL  A device including two head assemblies for applying parallel lengths of
      elastic reflex-light reflective strip material in a controlled stretched
      condition around the outer surface of a tire casing rotated past the head
      assemblies. Each head assembly includes an applying wheel and a mechanism
      for advancing an end of a supply length of the strip material from a
      cutting mechanism to the applying wheel as the device moves the applying
      wheel to press the strip material against the moving tire casing and apply
      the same while the assembly provides a regulated tension in the strip
      material being applied. The device also includes means for sensing the end
      of an applied length of strip material as it returns toward the applying
      station, and for operating the severing mechanism to provide a
      predetermined overlap for the ends of the strip material applied around
      the tire casing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to devices for applying strips of material to
      a surface, and in one aspect to devices for applying strips of
      reflex-light reflective material around tire casings.
PAR  2. Description of the Prior Art
PAR  Tires including reflex-light reflective strips around their sidewalls (as
      taught in U.S. Pat. No. 2,382,908) have found particular acceptance for
      use on bicycles and motorcycles to provide a measure of safety when the
      cycle is operated after dark. Such tires are typically constructed by
      adhering parallel strips of an uncured elastomer (such as neoprene rubber)
      supporting a layer of reflex-reflective elements to the solvent tackified
      adhesive coated outer surface of an unvulcanized tire casing. The tire
      casing is then vulcanized in a tire mold to form a completed tire having a
      U-shaped cross section with tread, embossed brand and size information and
      the strips permanently incorporated in its sidewalls.
PAR  A known prior art device for applying such strip material to an
      unvulcanized tire casing is the device illustrated in Drawing No. TR-175
      which is available from the Special Enterprises Department of Minnesota
      Mining and Manufacturing Company, Saint Paul, Minn. This device includes
      two parallel head assemblies each manually movable into engagement with a
      casing at a fixed applying station defined along means for rotating the
      tire casing (e.g. a tire building wheel). These head assemblies each
      include fixed guide means which defines a path for a length of the strip
      material from a supply reel to the periphery of an applying wheel, and
      means along the path for separating a protective liner from the strip
      material. A partial vacuum is provided in openings around the periphery of
      the applying wheel to support an end of the strip material thereon when
      the head is not at the applying station. When the head is manually moved
      to the applying station, the applying wheel presses and adheres the strip
      material against the tire casing so that movement of the tire casing pulls
      the strip from the supply roll and applies it around the casing.
PAR  While this device is serviceable, it does not provide means for regulating
      the amount of stretch in the applied strip material so that the stretch in
      the strip material can be matched to the stretch in the tire casing at the
      point of application. For examples of this problem, if such stretching
      exceeds 3 to 5 percent when the strip material is applied to a tire casing
      on a circular tire building wheel it can cause partial release of the
      reflex-reflective material and cracking of the strip material when the
      tire casing is vulcanized. When the strip material is applied to a tire
      casing on the periphery of one pulley in the "Mono-Band" type of tire
      builder having spaced pulleys between which the tire casing is tensioned
      in the manner of a drive belt, the stretch may need to be in the range of
      10 to 15 percent or higher. If it is too low, spaced lengths of the
      applied strip material will pop away from the tire casing and form
      projecting loops after the tire casing is removed from the pulleys.
PAR  Also an operator using the aforementioned device has to manually sever the
      strip material after it is applied around a tire casing, so that obtaining
      a desired relative position between the ends of the applied strip is time
      consuming, tedious, and highly dependent on the care taken by the
      operator.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a highly automated device for applying strip
      material to a surface, which device is particularly adapted for applying
      parallel strips of elastic reflex-light reflective material to tire
      casings. The device can apply elastic strip material in a closely
      controlled stretched condition to match any stretch in the surface to
      which it is applied, and provides precise relative positioning for the
      ends of strips applied around an endless surface which, for a tire casing,
      will consistently provide a desired appearance for the seam in the strip
      material after the tire is vulcanized.
PAR  According to the present invention there is provided a device generally of
      the type previously described, but which is automated to successively
      apply strips of reflex-reflective material to an unvulcanized tire casing.
PAR  Unlike the previously described device, the present invention includes a
      severing mechanism along the path for severing an applied length of strip
      material from the supply length at a precisely determined position in
      response to a sensing means activated by the first applied end of the
      strip material as it returns to the applying station. This provides a
      predetermined relationship between the ends of the strip material
      independent of the length of the applied strip material. Also the present
      invention includes a mechanism for advancing an end of the strip material
      from the severing mechanism to the applying wheel which properly positions
      the end of the strip material between the applying wheel and a tire casing
      as the head is moved to the applying station without the need for a vacuum
      through the periphery of the applying wheel, as is used in the previously
      described device.
PAR  Unlike the previously described device, the present invention also provides
      means for closely controlling the tension in the applied strip material
      within a predetermined range. This tension regulating means includes a
      novel tension regulating device along the path and a special reel mounting
      assembly which allows free rotation of the reel while tape is withdrawn,
      but brakes the reel when sufficient tape is supplied, as at the end of an
      application cycle to prevent spilling of strip material from the spool.
PAR  Also the device includes a novel solvent application device adapted to
      automatically apply solvent to the tire casing prior to application of the
      strip material to afford adhesive contact between the tire casing and the
      strip material.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be further described with reference to the
      accompanying drawing wherein like numbers refer to like parts in the
      several views, and wherein:
PAR  FIG. 1 is a vertical side view of a device according to the present
      invention for applying strip material;
PAR  FIG. 2 is a vertical front view of the device of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary view, partially in section, of a strip
      spacing adjustment mechanism on the device of FIG. 1;
PAR  FIG. 4 is an enlarged fragmentary view of a strip applying head on the
      device of FIG. 1, having parts thereof broken away to show details;
PAR  FIGS. 5 through 8 are enlarged fragmentary views of the head in FIG. 4
      showing an operational sequence thereof;
PAR  FIG. 9 is an enlarged fragmentary sectional view taken approximately along
      line 9--9 of FIG. 5;
PAR  FIG. 10 is an enlarged fragmentary sectional view taken approximately along
      line 10--10 of FIG. 5;
PAR  FIG. 11 is an enlarged fragmentary view of a reel hub brake mechanism on
      the device of FIG. 1; and
PAR  FIG. 12 is an enlarged fragmentary view, partially in section of a solvent
      applicator on the device of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2 of the drawing there is illustrated a device
      according to the present invention generally designated by the numeral 10.
PAR  The device 10 includes means for driving an unvulcanized tire casing 11
      along a predetermined path, and first and second spaced strip applying
      head assemblies 13 and 14 adapted to move to a predetermined position or
      applying station 12 along the predetermined path and apply spaced lengths
      of a reflex-reflective strip material 15 to the tire casing 11.
PAR  As illustrated the tire casing 11 to which the strip material 15 is applied
      is an unvulcanized bicycle tire comprising a continuous belt-like length
      of cord and synthetic or natural rubber, having at each edge an inwardly
      projecting bead and a generally flat continuous outer surface 17 which
      will be formed into the tread and sidewalls of the bicycle tire in the
      vulcanizing process. The casing 11 is supported on a circular
      tire-building wheel 19 of a well known type, which has a groove around its
      periphery adapted to receive and support the tire casing 11 in a taut
      condition. An over center mechanism operated by a handle 20 fixed to a
      relatively rotatable collar 21 at the hub of the tire building wheel 19
      can be released by rotating the handle 20 to pivot an arm 22 about pins 23
      and pull a section 24 of the rim of the wheel 19 about a pin 25 toward the
      center of the wheel 19. This allows a second section 26 of the rim of the
      wheel 19 normally supported by the first section 24 to swing toward the
      center of the wheel 19 about a pin 27. Such movement of the sections 24
      and 26 allows a tire casing to be placed on or removed from the wheel 19.
PAR  The tire building wheel 19 is rotatably mounted via a shaft 30 on a frame
      31 for the machine 10, and may be rotated by a variable speed main drive
      motor 32 coupled to the shaft 30 by two chain and sprocket drives 33 and a
      speed reducer 34. While the tire building wheel 19 is illustrated as means
      for supporting a tire for movement past the applying station 12, a tire
      builder of the aforementioned Mono-Band type could also be used to perform
      this function.
PAR  The device 10 includes means mounting the head assemblies 13 and 14 for
      movement between a first raised position spaced from the tire building
      wheel 19 to afford changing the tire casing 11 on the tire building wheel
      19 (shown in partial dotted outline in FIG. 1), and a second lowered
      position closely adjacent the tire building wheel 19 (FIGS. 1, 2, and 4).
      In the lowered position of the head assemblies 13 and 14 a head 35 in each
      head assembly can be moved between a retracted position closely spaced
      from a tire casing 11 on the wheel 19 (FIG. 4), and an applying position
      (FIGS. 1 and 8) with a rotatable applying wheel 36 in the head pressing
      the strip material 15 into engagement with the tire casing 11.
PAR  Both of the head assemblies 13 and 14 are mounted on a frame portion 37
      which includes two parallel rods 38 slidably mounted on the frame 31. An
      air cylinder 39 is mounted on the frame 31 between and parallel to the
      rods 38 and has its piston rod attached to the frame portion 37 so that,
      upon proper activation, the air cylinder 39 can cause movement of the head
      assemblies 35 between their raised position and their lowered position
      which is positively defined when a pair of collars at the upper ends of
      the rods 38 abut the frame 31 under the continuous application of pressure
      from the air cylinder 39.
PAR  The heads 35 are each mounted on a shaft 40 fixed to the frame portion 37
      for pivotal movement between their retracted and applying positions. An
      air cylinder 41 is pivotably mounted between the heads 35 and the frame
      portion 37 to provide means for moving the heads 35 between their
      retracted and applying positions. The coupling between the cylinder 41 and
      heads 39 (best seen in FIG. 2) includes a rod 42 which extends through a
      self aligning bearing 43 attached at the end of a piston rod 44 for the
      cylinder 41, and has its ends extending from the bearing 43 extending
      through a pair of self aligning bearings 45 attached to the heads 35 and
      flanking the self aligning bearing 43 on the piston rod 44, with each end
      of the rod 42 being coupled to the frame portion 37 by a spring 46.
PAR  As is best seen in FIG. 4, the self aligning bearings 43 and 45 are of the
      commercially available type including a generally spherical bearing member
      47 having a bore in which the rod 42 is received. The spherical bearing
      member 47 is retained in a support 48 which allows the spherical bearing
      member 47 to rotate about any axis so long as such rotation does not cause
      contact between the rod 42 and the support 48. Thus the rod 42 and self
      aligning bearings 43 and 45 provide means affording relative pivotal
      movement between the heads 35 when in their applying position to allow
      each head 35 to independently follow the contour of a tire casing 11 on
      the tire building wheel 19. When the heads 35 are moved to their retracted
      position the springs 46 position the ends of the rod 42 and thereby the
      heads 35 at a position generally uniformly spaced from the tire building
      wheel 19.
PAR  The contact points between the strips of material 15 on the applying wheels
      38 and a tire casing 11 on the tire building wheel 19 can be adjusted
      axially of the tire casing 11 by a pair of identical adjustment devices 49
      between the heads 35 and the frame portion 37. Each of the adjustment
      devices 49 may be independently operated by rotating a knob 50 to move the
      head 35 which it positions axially of the tire building wheel 19. As is
      best seen in FIGS. 2 and 3, on each adjustment device 49 the knob 50 is
      attached to a rod 51 having a threaded end. The rod 51 is rotatably
      mounted through a bearing in the frame portion 37 and has a shoulder which
      bears against the end of the bearing opposite the knob 50 to prevent axial
      movement of the rod 51 relative to the frame portion 37. Each head 35 is
      mounted for axial sliding movement on the shaft 40, and the end of each
      rod 51 threadably engages a clevis-like member 52 having projecting ends
      contacting opposite sides of the adjacent head 35 and slidably mounted on
      the shaft 40 (see FIG. 4). Rotation of the rod 51 by manual rotation of
      the knob 50 will move the clevis-like member 52 thereby the head 35 either
      way from or toward the knob 50, while the head 35 is free to pivot about
      the shaft 40 within the clevis-like member 52.
PAR  Each adjustment device 49 also includes means for restricting rotation of
      the knob 50 until a predetermined torque is applied thereto to restrict
      unwanted changes in the adjustment as might be caused by vibration or
      inadvertent brushing against the knob 50. A layer of open mesh material 54
      (e.g. conventional metal window screen) is secured to the frame portion 37
      adjacent the knob 50. A layer of brush-like material 55 has a backing
      layer 56 attached to the surface of the knob 50 adjacent the open mesh
      material 54 and has a multiplicity of resilient bristles 57 embedded in
      the backing layer 56 and projecting toward and into the openings in the
      open mesh material 54. The ends of the resilient bristles 57 must be
      deflected by a predetermined torque to afford rotation of the knob 50. A
      preferred brush-like material 51 is that commercially designated VN-100
      Vertically Oriented "Fibre-Tran" material and sold by Minnesota Mining and
      Manufacturing Company of St. Paul, Minn., which comprises 50 denier nylon
      bristles projecting about 0.15 inch normally from a flexible backing at a
      density of about 8,000 to 10,000 bristles per square inch of backing.
PAR  The application head assemblies 13 and 14 each include one of the heads 35
      and are arranged as mirror images of each other. Each application head
      assembly 13 or 14 includes means for supporting a supply length of the
      strip material 15, means for defining a path for an end of the supply
      length of strip material 15 to the applying wheel 38, and separate means
      along the path for (1) removing a protective liner 58 from the strip
      material; (2) severing the strip material moving along the path; (3)
      advancing an end of the strip material 15 from the severing means to the
      applying wheel 38; and (4) providing a generally constant predetermined
      tension in strip material 15 moving along the path.
PAR  Each application head assembly 13 or 14 includes a reel support mechanism
      59 for releasably supporting a reel 60 wound with a supply length of the
      strip material 15 to which is adhered the protective liner 58, and two
      flanged, rotatable guide rollers 61 and 62 which guide the strip material
      15 and adhered liner 58 from the reel 60 to the pivotal head 35 and
      provide a portion of the tension control means as will later be explained.
      Each head 35 includes a generally rectangular rigid box-like member 63
      having a central opening over which a cover 64 is removably positioned and
      an arm 78 projecting from the box-like memeber 63 on which the guide
      roller 62 is mounted. Each head 35 is pivotably mounted on the shaft 40
      adjacent one end of its box-like member 63, and rotatably supports the
      applying wheel 36 adjacent the other. Each head 35 also includes means
      defining a generally linear portion of the path for the strip material 15
      along a groove in a front wall 65 of the box-like member 63 from an inlet
      opening 66 in an end wall 67 adjacent the shaft 40, to the periphery of
      the applying wheel 36. The path portion on the head 35 extends along a
      groove 75 in a first portion 68 of the wall 65 (FIGS. 5 and 9) from the
      inlet opening 66 to a small rotatably mounted roller 69 around which the
      liner 58 is sharply separated from the strip material 15 at a small
      included angle with the liner along the front wall 65. From the roller 69
      the liner 58 extends into a separate liner discharge assembly for each
      head assembly 13 or 14 including an inlet tube 70 leading to a venturi
      portion 71. Air is directed into a central liner receiving opening in the
      venturi portion 71 in a diverging conical pattern directed away from the
      inlet tube 70 to provide a constant tension on the separated liner 58, and
      to discharge the liner 58 from an outlet end of a flexible tube coupled to
      the venturi portion 71. The end of the circular inlet tube 70 adjacent the
      roller 69 is flattened to form an oval cross section aligned with the
      width of the liner 58. This oval cross section has been found to allow
      liner removal rates of over 6 feet per second without excessive vibration
      of the liner in the venturi portion 71 which vibration (which occurs
      without the oval cross section) can severely limit the rate of liner
      removal.
PAR  From the roller 69 the strip material 15 extends along a slot between a
      second portion 72 of the front wall and a guide wall 73 after which the
      strip material 15 extends through a slot in a first severing member 74
      (included in severing means later to be explained) having an end
      positioned in an opening between the second portion 72 and a third portion
      76 of the front wall 65. From the first severing member 74 the path for
      the strip material 15 extends along a slot between the third portion 76 of
      the front wall 65 and a guide wall 77 and then onto the periphery of the
      applying wheel 38.
PAR  The means for severing the strip material 15 moving along the path includes
      the slotted first severing member 74 and a second severing member or knife
      80 attached to a knife support fixed on the end of a piston 81 in a spring
      return air cylinder 82 secured to a rear wall 83 of the box-like member
      63. The piston 81 is positioned, upon activation, to move a leading edge
      of the knife 80 along the adjacent surface of the first severing member 74
      and sever the strip material 15 passing through the slot therein. The
      first severing member 74 is mounted for slight pivotal movement about a
      pin 84 and is biased toward engagement with the knife 80 by a spring 85.
      The knife support is guided on its side opposite the first severing member
      74 by a support 86 projecting from the rear wall 83. The spring 85 and
      support 86 insure a close shearing engagement between the leading edge of
      the knife 80 and the edge of the slot furthest from the air cylinder 82 to
      cleanly sever the strip material 15.
PAR  The means for advancing an end of the strip material 15 from the severing
      means to the applying wheel 36 includes an advance block 88 supported in
      the central opening in the box-like member 63 in advance of the severing
      means and on the side of the path opposite the front wall 65. The advance
      block 88 includes means adapted for making engagement with the strip
      material 15, and the advancing means includes means for moving the advance
      block 88 from a disengaged position spaced from the strip material 15
      along the path, sequentially (1) to an engaged position engaged with the
      strip material, (2) along the path toward the severing means with the
      block 88 engaged with the strip material 15 for a distance sufficient to
      move an end of the strip material originally at the severing means to the
      applying wheel 38, and (3) back to the disengaged position.
PAR  The means adapted for making engagement with the strip material 15 includes
      a needle 90 fixed to the advance block 88 and projecting from the surface
      thereof adjacent the first portion 68 of the wall 65 in a position to
      pierce the strip material 15 when the advance block 88 is moved to its
      engaged position. A stepped cylindrical protective sleeve 91 having a
      central opening is mounted for axial sliding movement in the advance block
      88 with the needle 90 positioned in the opening. The sleeve 91 is biased
      by a spring 92 to an outer position enclosing the projecting tip of the
      needle 90, and will be moved inwardly of the advance block 88 against the
      bias of the spring 92 to allow the tip of the needle 90 to project and
      pierce the strip material 15 when the sleeve 91 is pressed against the
      strip material 15. Subsequent to such piercing as the advance block 88 is
      again moved to its disengaged position the spring loaded sleeve 91 will
      provide means for pressing the strip material 15 from the needle 90 to
      prevent movement of the strip material 15 with the needle 90.
PAR  The means for moving the advance block 88 between its disengaged and
      engaged positions and along the path to advance the strip material 15 is
      best seen in FIGS. 4 through 8. It includes a first spring return air
      cylinder 94 having a piston rod 95 on which the advance block 88 is
      fixedly attached. The housing of the cylinder 94 is loosely positioned in
      an opening 96 through the end wall 67 of the box-like member 63. A second
      spring return air cylinder 97 has its housing fixed in the rear wall 83 of
      the box-like member 63 and extends at approximately a right angle to the
      first air cylinder 94. The cylinder 97 has a piston rod 99 pivotably
      attached at a pin 100 to the first air cylinder 94 at its end adjacent the
      advance block 88. With both the cylinders 94 and 94 deactivated the
      advance block 88 will be positioned at a first disengaged position (FIG.
      4) adjacent the end wall 67 with the needle 90 spaced from the strip
      material 15 along the front wall 65. Upon subsequent activation of only
      the second cylinder 97 the advance block 88 will be moved to its first
      engaged position (FIG. 5) with the advance block 88 against the first
      portion 68 of the front wall 65 and the needle 90 piercing the strip
      material 15 in the groove 75 with its tip in a trough centrally extending
      along the bottom of the groove 75 (FIG. 9). Subsequent activation of the
      first cylinder 94 while the second cylinder 97 remains activated causes
      the advance block 88 to move along the first portion 68 of the front wall
      65 with the needle 90 engaged through the strip material 15 to a second
      engaged position (FIG. 6) which is a sufficient distance to move an end of
      the strip material 15 from the first severing member 74 to the surface of
      the applying wheel 36. Subsequent deactivation of the second air cylinder
      97 while the first air cylinder 97 remains activated will cause the
      advance block 88 to be moved to a second disengaged position adjacent the
      applying wheel 36 with the needle 90 out of engagement with the strip
      material 15 (FIG. 7).
PAR  The advancing means also includes means for aiding free movement of the
      strip material 15 from the liner 58 separating means to the applying wheel
      36 by insuring that its end or tacky surface from which the liner has been
      separated will not catch on or stick to the second and third portions 72
      and 76 of the front wall 65. The second portion 72 of the front wall 65 is
      formed with two air passageways 101 oriented to direct a jet of air
      against the adjacent surface of strip material moving along the second
      front wall portion 72. Also the second front wall portion 72 has three
      adjacent parallel grooves 102 extending along the path for the strip
      material 15 (see FIG. 10). This combination of a grooved surface and air
      passageways 101 provides an air cushion which urges the strip material
      against the adjacent guide wall 73 and prevents the sticky surface of the
      strip material 15 from contacting and sticking to the second front wall
      portion 72 due to the forces applied by the separation of the liner 58.
PAR  As illustrated, the third front wall portion 76 may also be formed with two
      air passageways 103 directed to urge the strip material 15 against the
      adjacent guide wall 77 and along the path toward the applying wheel 36.
PAR  The means for providing a generally constant predetermined tension in strip
      material 15 moving along the path include an adjustable brake means
      adapted for contacting the strip material 15 as it passes over the guide
      roller 62, and a brake system adapted to afford free rotation of the reel
      60 when strip material 15 is withdrawn by the device 10, while restricting
      rotation of the reel 60 due only to momentum to prevent the spilling of
      the strip material 15 from the reel 60 as when the withdrawal of strip
      material 15 is slowed or terminated.
PAR  The adjustable brake means includes a brake plate 104 having an arcuate
      edge surface to which is attached a brush-like braking material 105
      adapted to contact the strip material 15 on the roller 62. The brake plate
      104 is mounted for pivotal movement about a pin 106 between a first
      position with the brake material 105 spaced from the roller 62 to afford
      positioning the strip material 15 thereon, and an engage position with the
      brake material 105 in engagement with the strip material 15 on the roller
      62 to which the plate 104 is biased by a spring 107 adjustably attached
      between the brake plate 104 and a bolt 108 on the arm 78 of the head 35.
      The braking material 105 comprises a resilient flexible backing layer
      attached to the plate 104 from which project a multiplicity of flexible
      resistant bristles; a preferred braking material being the same as that
      used for the brush-like materials 55 on the adjustment devices 49. When
      pressed against the strip material 15 the resilient bristles deflect to
      provide a very uniform braking pressure so that proper selection of the
      spring 107 and adjustment of the bolt 108 will provide a very uniform
      predetermined tension in the strip material 15.
PAR  The brake system for the reel 60, best seen in FIG. 11, includes a hub 110
      rotatably mounted on a shaft 111 cantilevered from the frame portion 37.
      The hub 110 has a cylindrical surface 113 adapted to frictionally fit into
      a cylindrical opening in the reel 60, and a flange 114 adjacent the frame
      portion 37 adapted to abut the side of and properly axially position a
      reel 60 pressed onto the hub 110. The cylindrical surface 113 is defined
      by the ends of bristles in a layer of brush-like material 116. The
      brush-like material 116 has a resilient flexible molded backing layer from
      which project a multiplicity of the resilient flexible bristles and is
      similar to that used in the adjusting device 49 and on the brake plate 104
      except that the bristles are all oriented in the same direction at an
      angle of less than 90.degree. with the backing. The ends of the bristles
      resiliently deflect when a reel 60 is pressed thereon. The bristle tips on
      the brush-like material 116 are oriented generally toward the flange 114
      and around the periphery of the hub 110 in a direction contra to that
      toward which the reel 60 which rotate as the strip material 15 is
      withdrawn to restrict axial movement of the reel 60 from the hub 110 and
      rotation of the reel 60 relative to the hub 110 as the strip material 15
      is withdrawn by the device 10.
PAR  The brake system for the reel 60 also includes a disk of brake material 117
      positioned on one side of the hub 110, a cam member 118 rotatable on the
      shaft 111, and and axially extending pin 119 fixed on the shaft 111 and
      movable in a slot along a cam surface 120 in the cam member 118 between a
      braking position compressing the disk of brake material 117 between the
      cam 118 and a lock nut 121 on a threaded end of the shaft 111 to restrict
      rotation of the hub 110; and a release position providing no pressure on
      the disk of brake material 117 to afford free rotation of the hub 110 and
      reel 60. An arm 123 is attached to one end to the cam member 118 and
      rotatably supports the guide roller 61 on its opposite end. The arm 123 is
      attached to move the cam member 118 toward its release position when the
      arm 123 is moved from the vertical toward the guide roller 62, as will
      result from the tension in the strip material 15 when it is withdrawn from
      the reel 60 during application thereof to a tire casing 11; and to move
      the cam member 118 to its braking position when the arm 123 moves toward a
      position vertically below the reel 60. Thus the weight of the arm 123
      provides means for biasing toward its braking position. Such braking
      action will restrict rotation caused only by the momentum of the reel 60
      and consequent spilling of the strip material 15 from the reel 60.
PAR  The device 10 also includes means for applying a solvent (e.g. Toluene) to
      a tire casing 11 prior to application of the strip material 15 to afford
      adhesive contact therebetween. Referring now to FIGS. 1, 2, and 12, the
      solvent applying means includes a T-shaped arm 126 fixed at its end
      opposite its cross member 127 to a shaft 128 pivotally mounted on the
      frame 31. Two spaced sockets 129 are adjustably attached by bolts through
      slots along the cross member 127. Each socket 129 contains a wick 131 of
      an absorbent material such as felt or an adsorbent fibrous web of the type
      taught in U.S. Pat. No. 3,764,527 incorporated by reference herein. An end
      of the wick 131 extends from the open end of the socket 129 and is
      supported on its side opposite the building wheel 19 by a cantilevered end
      on a spring 133. The spring 133 is secured to the socket by a cap screw
      134 which passes through the spring 133 and the wall of the socket 129 and
      has a pointed end which engages and secures the wick 131 within the socket
      129.
PAR  A pivot arm 135 has one end fixed to the shaft 128 and the other pivotably
      mounted to a piston rod 136 in an air cylinder 137. A housing 138 for the
      air cylinder 137 is pivotably mounted on the frame 31. Proper activation
      of the air cylinder 137 provides means for moving the arm 126 between a
      retracted position with the wicks 131 spaced from a tire casing 11 on the
      tire building wheel 19 (FIGS. 1, 2 and 12), and an applying position (dot,
      FIG. 1) with the wicks 131 pressed against the tire casing 11 in the area
      to which the strip material 15 will subsequently be applied and biased
      into contact therewith by the springs 133 to wipe solvent absorbed by the
      wick 131 onto the tire casing 11.
PAR  An inlet tube 140 communicates between each socket 129 and a tank (not
      shown) containing solvent maintained at a level between the opening and
      bottom of the sockets 128 in their retracted positions, so that in that
      position at least a portion of each wick 131 will be immersed in solvent.
PAR  The device 10 also includes an electronic and pneumatic control system
      which may include a plurality of cams rotated by a timing motor to
      sequentially activate various portions of the device to successively apply
      lengths of the strip material 15. The manual operations required and the
      operation of the control system in the device 10 to apply parallel strips
      of reflex-reflective strip material to a tire casing 11 will now be
      described. Initially the strip applying head assemblies 13 and 14 in their
      raised position. The operator releases the over center device which
      supports the pivotal sections 25 and 26 of the rim of the tire building
      wheel 19 by rotating the handle 21. He then positions an unvulcanized tire
      casing 11 around the tire building wheel 19, repositions the rim section
      26 and returns the handle 21 to its locked position to press the section
      25 against the section 26 and tension the tire casing 11 about the wheel
      19. If necessary, for each head assembly 13 or 14 the operator threads an
      end of the strip material 15 from a supply reel 60 placed on the hub 110
      along the path defined by the rollers 61 and 62 and through the inlet
      opening 66 into the head 35. At the roller 69 the protective liner 58 on
      the strip material 15 is separated and threaded around the roller 69, and
      into the inlet tube 70, and the airflow into the venturi section 71 is
      started to apply tension on the liner. The end of the strip material 15 is
      threaded between the second portion 72 of the front wall 65 and the guide
      wall 73 and through a slot in the first severing member 74. The severing
      mechanism is then activated by pressing a button on a control panel 125 to
      activate the air cylinder 97 to move the advance block 88 to its first
      engaged position (FIG. 5) with the needle 90 piercing the strip material
      15, and momentarily activate the air cylinder 82 to sever the strip
      material 15 at the first severing member 74. The length severed from the
      strip material 15 is then discarded.
PAR  The operator then activates the device 10 by pressing a start button 127 on
      the control panel 125. The control system first activates the motor 32 to
      rotate the tire building wheel 19 at a first high rate of speed (e.g.
      about 4 feet per second peripheral speed) and then activates the air
      cylinder 137 to move the arm 126 to its applying position so that the
      wicks 131 will wipe solvent on the moving tire casing 11. After about one
      complete revolution of the tire casing 11, the control system activates
      the air cylinder 137 to return the arm 126 to the retracted position with
      the wicks 131 spaced from the tire casing and allows the tire casing 11 to
      rotate for several seconds to allow any excess solvent on the tire casing
      11 to evaporate. The control system having activated the air cylinder 39
      to move the head assemblies 13 and 14 to their lowered position, and the
      air cylinder 94 to move the advance block 88 to its second engaged
      position to push the end of the strip material 15 to the periphery of the
      applying wheel 36, then decreases the speed of the motor 32 so that the
      tire casing is rotated at a second slower speed (e.g. about one foot per
      second peripheral speed). Next the control system simultaneously
      deactivates the air cylinder 97 to move the advance block 88 to its second
      disengaged position and activates the air cylinder 41 to move the heads 35
      to their applying position with the applying wheels 36 pressing the ends
      of the lengths of strip material 15 against the moving tire casing 11. The
      speed of the motor 32 is then increased to its first speed. As the tire
      building wheel 19 rotates, the strip material 15 is pulled under each of
      the applying wheels 36. Tension in each strip material 5 pulls its guide
      roller 63 toward the guide roller 64, releasing the brake means at its
      reel 60 and allowing the reel 62 to rotate freely, while pressure from the
      brush-like brake material 105 on the brake plates 104 produces a uniform
      predetermined tension in the lengths of strip material 15 under the
      applying wheels 36. Also, the liners 58 are removed from the strip
      materials 15 by the air passing through the liner discharge assemblies.
      The control system operates the drive motor 32 at the first high speed for
      an adjustable time which is predetermined to apply the strip materials for
      all but about 6 inches of the distance around the tire casing 11, afte
      which the control system again switches the motor 32 to operate at the
      second slower speed. When a photoelectric sensor 142 for each head 35
      signals that the end of the strip material 15 is being rotated back toward
      the the applying station 12, the control system starts an adjustable
      separate timer for that head 35 which, when timed out, activates the
      second air cylinder 97 for that head 35 to again press the advance block
      88 into engagement with the strip material 15 at its first engaged
      position, and simultaneously momentarily activates the air cylinder 82 to
      sever the strip material. The control means then activates the air
      cylinder 41 to move the heads 35 to their spaced position, and then
      activates the air cylinder 39 to move the head assemblies 13 and 14 to
      their raised position so that the operator can operate the handle 29 to
      remove the striped tire casing from the tire building wheel 19. The device
      is then in a ready condition with the supply lengths of strip material 15
      held along the paths by the advance blocks 88 with their ends at the first
      severing members 74 in the strip applying heads 13 and 14 ready for
      application thereof to a new tire casing positioned on the tire building
      wheel 19.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a device adapted for adhesively applying lengths of elastic
      reflex-reflective strip material to tire casings, comprising means adapted
      for driving a said tire casing along a tire casing path past an applying
      station; a head assembly including a frame, an applying wheel rotatably
      mounted on said frame, and means for defining a path for said strip
      material along said frame including means for defining a path portion
      relative to said frame partially around said applying wheel; and means
      mounting said head assembly for movement between a first position spaced
      from said applying station and an applying position with said wheel
      positioned to press strip material along the path portion thereon against
      the tire casing at said applying station to apply strip material as the
      tire casing is driven past the applying station: the improvement wherein
      said device includes
PA1  solvent applicating means along said tire casing path for applying to said
      casing a solvent capable of affording adhesive contact between said tire
      casing and said strip material;
PA1  severing means along the path for said strip material and spaced from said
      applying wheel for severing said strip material along said path;
PA1  advancing means for advancing an end of said strip material from said
      severing means to said path portion on said applying wheel comprising a
      wall in said head assembly along said path in advance of said severing
      means adapted to support one surface of said strip material, an advance
      block including means adapted for engagement with said strip material, and
      means for mounting said advance block for movement sequentially (1) from a
      disengaged position spaced from strip material along said wall to a
      position with said engagement means engaged with said strip material, (2)
      along said wall toward said severing means with the engagement means of
      said block engaged with said strip material for a distance sufficient to
      move an end of the strip material from said severing means to said
      applying wheel, and (3) back to said disengaged positions;
PA1  positioning means for moving said head assembly between said first and
      applying positions;
PA1  tensioning means along said path for providing a uniform predetermined
      tension in strip material moving along said path at said applying wheel;
      and
PA1  a control system for sequentially operating said device including:
PA2  means for operating said advancing means to move said advance block from
      said engage position along said wall to advance an end of said strip
      material from said severing means to said applying wheel and for then
      returning said advance block to said disengage position;
PA2  means for activating said positioning means to move said head to its
      applying position after the end of said strip material is at said applying
      wheel;
PA2  means for activating said solvent applicating means for a time sufficient
      to apply solvent entirely around the tire casing prior to movement of said
      head to its applying position;
PA2  means mounted along said casing path when said head is in said applying
      position adapted for sensing the end of a length of said strip material
      applied on a said tire casing driven past said sensing means and for
      producing a signal in response thereto;
PA2  means for receiving said signal and activating said severing means at a
      predetermined time after said signal is received to provide a desired
      relationship between the ends of the applied strip material; and
PA2  means for operating said positioning means to return said head assembly to
      its first position after the operation of said severing means.
NUM  2.
PAR  2. A device according to claim 1, wherein said advance block has an opening
      and said engagement means adapted for engagement with said strip material
      comprises a needle fixed to said advance block and having a pointed tip
      projecting from a surface of said block centrally through said opening; a
      cylindrical sleeve slidably mounted in said opening and having an axially
      extending central opening receiving said needle, said sleeve being
      slidable relative to said advance block between a first position enclosing
      the needle, and a second position with the tip of said needle projecting
      from one end of said cylinder; and means for biasing said sleeve to said
      first position.
NUM  3.
PAR  3. In a device adapted for adhesively applying lengths of elastic
      reflex-reflective strip material to tire casings from a supply length of
      strip material having a protective liner applied thereto, comprising means
      adapted for driving a said tire casing along a tire casing path past an
      applying station; a head assembly including a frame, an applying wheel
      rotatably mounted on said frame, and means for defining a path for said
      strip material along said frame including means for defining a path
      portion relative to said frame partially around said applying wheel; means
      mounting said head assembly for movement between a first position spaced
      from said applying station and an applying position with said wheel
      positioned to press strip material along the path portion thereon against
      the tire casing at said applying station to apply strip material as the
      tire casing is driven past the applying station; and separating means
      along said path in advance of said applying wheel adapted for pulling said
      liner from said strip material: the improvement wherein said device
      includes
PA1  solvent applicating means along said tire casing path for applying to said
      casing a solvent capable of affording adhesive contact between said tire
      casing and said strip material;
PA1  severing means along the path for severing said strip material along said
      path said severing means being spaced from said applying wheel and being
      positioned between said applying wheel and said separating means along
      said path;
PA1  guide means for guiding said strip material from said separating means to
      said applying wheel comprising guide members adapted to support the
      surface of said strip material opposite that from which the liner is
      separated, and means for directing air under greater than atmospheric
      pressure toward said guide members to position strip material between said
      separating means and applying wheel against said guide members;
PA1  advancing means for advancing an end of said strip material along said
      guide means from said severing means to said path portion on said applying
      wheel;
PA1  positioning means for moving said head assembly between said first and
      applying positions;
PA1  tensioning means along said path for providing a uniform predetermined
      tension in strip material moving along said path at said applying wheel;
      and
PA1  a control system for sequentially operating said device including:
PA2  means for operating said advancing means to advance an end of said strip
      material along said guide means from said severing means to said applying
      wheel;
PA2  means for activating said positioning means to move said head to its
      applying position after the end of said strip material is at said applying
      wheel;
PA2  means for activating said solvent applicating means for a time sufficient
      to apply solvent entirely around the tire casing prior to movement of said
      head to its applying position;
PA2  means mounted along said casing path when said head is in said applying
      position adapted for sensing the end of a length of said strip material
      applied on a said tire casing driven past said sensing means and for
      producing a signal in response thereto;
PA2  means for receiving said signal and activating said severing means at a
      predetermined time after said signal is received to provide a desired
      relationship between the ends of the applied strip material; and
PA2  means for operating said positioning means to return said head assembly to
      its first position after the operation of said severing means.
NUM  4.
PAR  4. A device according to claim 3, wherein said air directing means includes
      a member having a surface defined by adjacent parallel grooves in said
      member and aligned along said path and a generally centrally located
      opening into said grooves, and means for directing air under greater than
      atmospheric pressure through said opening into said grooves.
NUM  5.
PAR  5. In a device adapted for adhesively applying lengths of elastic
      reflex-reflective strip material to tire casings from a supply length of
      strip material having a protective liner applied thereto comprising means
      adapted for driving a said tire casing along a tire casing path past an
      applying station; a head assembly including a frame, an applying wheel
      rotatably mounted on said frame, and means for defining a path for said
      strip material along said frame including means for defining a path
      portion relative to said frame partially around said applying wheel; means
      mounting said head assembly for movement between a first position spaced
      from said applying station and an applying position with said wheel
      positioned to press strip material along the path portion thereon against
      the tire casing at said applying station to apply strip material as the
      tire casing is driven past the applying station; separating means along
      said path in advance of said applying wheel adapted for pulling said liner
      from said strip material comprising a tubular venturi having an inlet
      opening and an outlet opening; means for directing air into said venturi
      and out said outlet opening to pull a liner entering at said inlet opening
      through said venturi and out said outlet opening: the improvement wherein
      said device includes
PA1  solvent applicating means along said tire casing path for applying to said
      casing a solvent capable of affording adhesive contact between said tire
      casing and said strip material;
PA1  severing means along the path for severing said strip material along said
      path said severing means being spaced from said applying wheel and being
      positioned between said applying wheel and said separating means along
      said path;
PA1  advancing means for advancing an end of said strip material from said
      severing means to said path portion on said applying wheel;
PA1  positioning means for moving said head between said first and applying
      positions;
PA1  tensioning means along said path for providing a uniform predetermined
      tension in strip material moving along said path at said applying wheel;
      and
PA1  a control system for sequentially operating said device including:
PA2  means for operating said advancing means to advance an end of said strip
      material from said severing means to said applying wheel;
PA2  means for activating said positioning means to move said head to its
      applying position after the end of said strip material is at said applying
      wheel;
PA2  means for activating said solvent applicating means for a time sufficient
      to apply solvent entirely around the tire casing prior to movement of said
      head to its applying position;
PA2  means mounted along said casing path when said head is in said applying
      position adapted for sensing the end of a length of said strip material
      applied on a said tire casing driven past said sensing means and for
      producing a signal in response thereto;
PA2  means for receiving said signal and activating said severing means at a
      predetermined time after said signal is received to provide a desired
      relationship between the ends of the applied strip material; and
PA2  means for operating said positioning means to return said head assembly to
      its first position after the operation of said severing means;
PA2  and wherein said separating means further comprises a tubular inlet tube
      coupled to said inlet opening of said venturi and having an inlet end, a
      portion of said inlet tube adjacent said inlet end being flattened to form
      an oval cross section.
NUM  6.
PAR  6. In a device adapted for adhesively applying lengths of elastic
      reflex-reflective strip material to tire casings, comprising means adapted
      for driving a said tire casing along a tire casing path past an applying
      station; a head assembly including a frame, an applying wheel rotatably
      mounted on said frame, and means for defining a path for said strip
      material along said frame including a guide pulley defining a portion of
      the path for said strip material and means for defining a path portion
      relative to said frame partially around said applying wheel; and means
      mounting said head assembly for movement between a first position spaced
      from said applying station and an applying position with said wheel
      positioned to press strip material along the path portion thereon against
      the tire casing at said applying station to apply strip material as the
      tire casing is driven past the applying station: the improvement wherein
      said device includes
PA1  solvent applicating means along said tire casing path for applying to said
      casing a solvent capable of affording adhesive contact between said tire
      casing and said strip material;
PA1  severing means along the path for said strip material and spaced from said
      applying wheel for severing said strip material along said path;
PA1  advancing means for advancing an end of said strip material from said
      severing means to said path portion on said applying wheel;
PA1  positioning means for moving said head between said first and applying
      positions;
PA1  tensioning means along said path for providing a uniform predetermined
      tension in strip material moving along said path at said applying wheel
      comprising a brush-like brake material including a backing and a plurality
      of stiff resilient bristles embedded in and projecting from said backing,
      said backing being curved in a radius to afford contact of the distal ends
      of said bristles on a strip material extending around a portion of said
      guide pulley, means mounting said brake material for movement from a
      disengaged position with the tips of said bristles spaced from strip
      material on said guide pulley, to an engaged position with said bristle
      tips in engagement with strip material on said guide pulley, and means for
      biasing said brake material toward said engaged position with an
      adjustable predetermined force; and
PA1  a control system for sequentially operating said device including:
PA2  means for operating said advancing means to advance an end of said strip
      material from said severing means to said applying wheel;
PA2  means for activating said positioning means to move said head to its
      applying position after the end of said strip material is at said applying
      wheel;
PA2  means for activating said solvent applicating means for a time sufficient
      to apply solvent entirely around the tire casing prior to movement of said
      head to its applying position;
PA2  means mounted along said casing path when said head is in said applying
      position adapted for sensing the end of a length of said strip material
      applied on a said tire casing driven past said sensing means and for
      producing a signal in response thereto;
PA2  means for receiving said signal and activating said severing means at a
      predetermined time after said signal is received to provide a desired
      relationship between the ends of the applied strip material; and
PA2  means for operating said positioning means to return said head assembly to
      its first position after the operation of said severing means.
NUM  7.
PAR  7. A device according to claim 6, wherein said device is adapted to receive
      a supply length of said strip material wound on a reel having a central
      opening and said tensioning means further include a rotatably mounted
      cylindrical hub, a layer of brush-like material about the periphery of
      said hub comprising a backing attached to said hub and a plurality of
      resilient bristles embedded in and projecting outwardly from said backing,
      said bristles being deformable to receive said reel about said central
      opening and releasably retain said reel about said hub to restrict removal
      of said reel from said hub or rotation of said reel relative thereto, and
      said device includes means coupled to said hub for affording free rotation
      of said hub and reel and when strip material is withdrawn by said device,
      and for braking rotation of said hub and reel when withdrawal of said
      strip material is terminated by said device.
NUM  8.
PAR  8. A device according to claim 1, wherein said solvent applicating means
      comprises a socket having an opening, an absorbent wick within and
      projecting from said opening, means for moving said socket between a
      retracted position with the projecting portion of said wick spaced from a
      said tire casing along said tire casing path and an applying position with
      the projecting portion of said wick contacting a said tire casing along
      the tire casing path, and means for providing solvent in said socket when
      said socket is in said retracted position.
NUM  9.
PAR  9. In a device adapted for adhesively applying lengths of elastic
      reflex-reflective strip material to tire casings, comprising means adapted
      for driving a said tire casing along a tire casing path past an applying
      station; a head assembly including a frame, an applying wheel rotatably
      mounted on said frame, and means for defining a path for said strip
      material along said frame including means for defining a path portion
      relative to said frame partially around said applying wheel; and means
      mounting said head assembly for movement between a first position spaced
      from said applying station and an applying position with said wheel
      positioned to press strip material along the path portion thereon against
      the tire casing at said applying station to apply strip material as the
      tire casing is driven past the applying station: the improvement wherein
      said device includes
PA1  solvent applicating means along said tire casing path for applying to said
      casing a solvent capable of affording adhesive contact between said tire
      casing and said strip material;
PA1  severing means along the path for said strip material and spaced from said
      applying wheel for severing said strip material along said path;
PA1  advancing means for advancing an end of said strip material from severing
      means to said path portion on said applying wheel;
PA1  positioning means for moving said head between said first and applying
      positions;
PA1  tensioning means along said path for providing a uniform predetermined
      tension in strip material moving along said path at said applying wheel;
PA1  a control system for sequentially operating said device including:
PA2  means for operating said advancing means to advance an end of said strip
      material from said severing means to said applying wheel;
PA2  means for activating said positioning means to move said head to its
      applying position after the end of said strip material is at said applying
      wheel;
PA2  means for activating said solvent applicating means for a time sufficient
      to apply solvent entirely around the tire casing prior to movement of said
      head to its applying position;
PA2  means mounted along said casing path when said head is in said applying
      position adapted for sensing the end of a length of said strip material
      applied on a said tire casing driven past said sensing means and for
      producing a signal in response thereto;
PA2  means for receiving said signal and activating said severing means at a
      predetermined time after said signal is received to provide a desired
      relationship between the ends of the applied strip material; and
PA2  means for operating said positioning means to return said head assembly to
      its first position after the operation of said severing means; and
PA1  adjusting means for axially adjusting the position of said applying wheel
      relative to said tire casing path, said adjusting means comprising a fixed
      surface, a knob having a surface parallel to said fixed surface and
      rotatable relative thereto to afford said adjustment, an open mesh
      material fixed to one of said surfaces and a brush-like material fixed to
      the other of said surfaces, said brush-like material including a backing
      attached to said surface, and a multiplicity of flexible resilient
      bristles embedded in said backing and projecting into said open mesh
      material.
NUM  10.
PAR  10. In a device adapted for adhesively applying lengths of strip material
      to a surface, comprising means for driving a said surface along a path
      past an applying station; a head assembly including a frame, an applying
      wheel rotatably mounted on said frame, and means for defining a path for
      said strip material along said frame including a portion of the periphery
      of said applying wheel; and means mounting said head assembly for movement
      between a first position spaced from said applying station and an applying
      position with said wheel positioned to press strip material thereon
      against the surface at said applying station to apply strip material as
      the surface is driven past the applying station: the improvement wherein
      said device includes:
PA1  severing means along the path for said strip material and spaced from said
      applying wheel for severing said strip material along said path;
PA1  advancing means for advancing an end of said strip material from said
      severing means to said applying wheel comprising an advance block
      including means adapted for engagement with said strip material, and means
      for moving said advance block sequentially (1) from a disengaged position
      spaced from strip material along said path to a position engaged with said
      strip material, (2) along said path toward said severing means with said
      block engaged with said strip material for a distance sufficient to move
      an end of the strip material from said severing means to said applying
      wheel, and (3) returning said block to said disengaged position;
PA1  guide means along said path between said severing means and said applying
      wheel for guiding an end of said strip material from said severing means
      to the periphery of said applying wheel;
PA1  positioning means for moving said head between said first and applying
      positions; and
PA1  a control system for sequentially operating said device including:
PA2  means for operating said advancing means to advance an end of said strip
      material from said severing means to said applying wheel;
PA2  means for activating said positioning means to move said head to its
      applying position after the end of said strip material is at said applying
      wheel;
PA2  means for activating said severing means at a predetermined time to provide
      a desired length of the applied strip material; and
PA2  means for operating said positioning means to return said head assembly to
      its first position after the operation of said severing means.
NUM  11.
PAR  11. A device according to claim 8, wherein said means adapted for
      engagement with said strip material comprises a needle with a tip
      projecting from a surface of said advance block; a cylindrical sleeve
      having an axially extending central opening and being mounted on said
      advance block with said needle in said opening for movement from a first
      position enclosing the needle, and a second position with the tip of said
      needle projecting from one end of said cylinder; and means for biasing
      said sleeve to said first position.
NUM  12.
PAR  12. A device according to claim 10 and adapted to apply lengths of strip
      mateial from a supply length of strip material having a protective liner
      applied thereto, wherein said device further includes separating means
      along said path in advance of said applying wheel and said severing means,
      adapted for pulling said liner from said strip material; and said guide
      means for guiding said strip material from said separating means to said
      applying wheel comprises guide members adapted to support the surface of
      said strip material opposite that from which the liner is separated, and
      means for directing air under greater than atmospheric pressure toward
      said guide members to position strip material along said path between said
      separating means and applying wheel against said guide members.
NUM  13.
PAR  13. A device according to claim 11, wherein said air directing means
      includes a member having a surface defined by adjacent parallel grooves in
      said member aligned along said path and a generally centrally located
      opening into said grooves, and means for directing air under greater than
      atmospheric pressure through said opening into said grooves.
NUM  14.
PAR  14. A device according to claim 10 and adapted to apply lengths of strip
      material from a supply length of strip material having a protective liner
      applied thereto, wherein said device further includes separating means
      along said path in advance of said applying wheel and said severing means
      adapted for pulling said liner from said strip material comprising a
      tubular venturi having an inlet opening and an outlet opening; means for
      directing air into said venturi and out said outlet opening to pull a
      liner entering at said inlet opening through said venturi and out said
      outlet opening, and a tubular inlet tube coupled to said inlet opening and
      having an inlet end, a portion of said inlet tube adjacent said inlet end
      being flattened to form an oval cross section.
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ABST
PAL  An apparatus for applying a generally flat strip of uncured tread material
      about the tread receiving portion and adjacent portions of the side walls
      of a tire carcass including a first roller means resiliently urging the
      center portion of the strip into engagement with the tire carcass, a
      flexible belt having a generally flat or arcuate configuration of
      relatively large curvature and second roller means for resiliently biasing
      opposite sides or edges of the belt toward the carcass.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, various apparatus and methods have been proposed for stitching
      or securing a strip of rubber tread material to the tread receiving
      portion and adjacent side wall portions of a tire carcass. However, they
      have suffered from one or more disadvantages. For example, the production
      rate has been relatively slow, i.e., approximately 17 to 40 tires per
      hour. Additionally, the generally flat strip of tread material has been
      applied in a manner resulting in a wrinkling or puckering of those
      portions which are applied about the side walls of the carcass and which
      has also resulted in a decreased thickness in certain portions of the
      strip. The application of a strip of material to a tire carcass wherein
      portions of it undergo a certain reduction in thickness is undesirable
      since, in order to compensate for this reduction, it has been necessary to
      use a slightly thicker strip of tread material. This increased thickness
      of the strip has undesirably increased the cost of retreading or recapping
      tires. The application of the strip to a tire carcass in a manner
      producing puckering or wrinkling of the portions which are applied about
      its side walls is disadvantageous also since these portions prematurely
      split or lose their bond at those points at which the wrinkles have been
      originally formed, thus adversely affecting the life of a tire, the road
      engaging portion of which may be only partially expended by wear at the
      time of side wall failure. Another problem encountered in prior art
      apparatus and methods has been to maintain the longitudinal axis of a
      generally flat strip of rubber material coplanar with the center line of
      the tread portion of the tire carcass. Another disadvantage of the prior
      art is the inability to prevent the production of recapped or retreaded
      tires having undesirable light or heavy spots. The existence of such light
      or heavy spots results in an unbalanced condition when the tire is mounted
      on a vehicle. Further, the prior art has been disadvantageous due to its
      poor stitching capabilities and has required the rotation of the tire
      carcass and its attached strip several complete revolutions in order to
      effect a barely satisfactory bonding of the strip to the tire carcass. As
      will be apparent, the time required to rotate the tire carcass the number
      of revolutions as aforespecified decreased the production rate. Another
      disadvantage of the prior art was the inability to maintain a
      predetermined contour or configuration of a strip of material while it was
      being bonded or stitched to the carcass. Due to the excessive compressive
      forces applied by the stitcher to the surface of the strip, it was
      difficult, if not impossible, to retain contours and configurations in
      their undistorted form in the surface of the strip.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to improved apparatus for stitching a generally flat
      strip of rubber material about the tread receiving portion and portions of
      the side walls of a tire carcass. The apparatus includes a first roller
      for resiliently urging a center portion of the strip material into
      engagement with the tire, an endless, flexible belt mounted for movement
      into engagement with the tire and a second roller for resiliently urging
      the side portions of the belt into engagement with the tire.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevation of a tire treading system;
PAR  FIG. 2 is a side elevational view of a tire stitching apparatus according
      to the invention;
PAR  FIG. 3 is a section taken along line 3--3 of FIG. 2, portions being broken
      away;
PAR  FIG. 4 is a top plan view of the apparatus shown in FIG. 1;
PAR  FIG. 5 is a section taken on line 5--5 of FIG. 4;
PAR  FIG. 6 is a section taken along line 6--6 of FIG. 2;
PAR  FIG. 7 is a section taken along line 7--7 of FIG. 2;
PAR  FIG. 8 is a section taken along line 8--8 of FIG. 2; and
PAR  FIG. 9 illustrates an alternative form of belt pressurizing or stitching
      roll, and is located on the sheet containing FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 diagrammatically depicts a tire treading apparatus to include a
      conventional extruder 10 for forcing heated plastic uncured rubber through
      a die 12 in the form of a generally flat tread strip T which progresses
      sequentially over guide rolls 14, a cement coating roll 16, drying rolls
      18, accumulator rolls 20, the latter being driven at sequentially
      decreasing speeds, to form a plurality of depending loops 22. A previously
      prepared cement coated tire carcass 24 is mounted on a fixed support 26
      and thence inflated for unpowered free rotation about its axis and to
      which is applied one end of strip T, starting at a desired point 28. In
      order to center the strip relative to the central plane of the carcass,
      the strip may be provided with a central longitudinal groove 29 (FIG. 5)
      which is aligned with the slit beam 30 of a light projector 32, which is
      projected onto the central plane of the carcass. The carcass is initially
      manually rotated as the strip is applied in alignment with the light beam,
      this operation being rapidly performed since sufficient tread material for
      the entire tread has been accumulated between the accumulator rolls 20.
      When point 28 reaches the vicinity of point 28a power driven stitcher 34
      is moved into frictional contact with the tire carcass 24 for rotating the
      same and continuously stitching the strip thereto. When point 28 has moved
      through approximately one revolution, power to the stitcher 34 is
      discontinued and the strip is transversely severed to provide a butt
      joint. Preferably, the plane of severing the strip is slightly beyond
      where it would match the original and to provide a slight excess of
      material at the butt joint, which point has been chosen as the lightest
      point of the carcass as determined from a previous static balance. This
      excess tread material thus adds some mass to the light point, tending to
      compensate for the unbalance. After the strip has been severed, power is
      again applied to the stitcher which stitches the portion between point 28
      and the stitching station. When point 28 again moves past the stitching
      station all points on the tread material have passed once across the
      stitching station. As illustrated, this requires about one and a quarter
      revolutions of the carcass since the point 28 at which the end of the
      strip is initially applied lags the stitching station by about a quarter
      revolution. The carcass is then deflated, removed from its two-part
      separable supporting rim and another carcass applied to the rim. The rate
      of extrusion of the extruder is so adjusted to accumulate the required
      length of strip for a repeated operation during the time required to
      dismount the treaded carcass and apply the next one to its rotatable
      support. As will be apparent at this point, the operation is continuous,
      with no lost time and the stitching operation occurs by passing any point
      on the tread material only once across the stitching station. Also, while
      described in connection with freshly extruded heated rubber it will be
      apparent that cold rubber may be employed if desired.
PAR  Referring now to FIGS. 2, 3 and 4, the stitcher 34 is shown to include an
      open rigid frame 36 for supporting a pair of spaced rolls 38, 40, carried
      by shafts 42, 44, the shafts being journaled in pairs of bearings 46, 48,
      the upper pair 48 being adjustable as indicated by the arrows on same for
      tensioning a stitcher belt to be subsequently described. The lower shaft
      42 is power driven by a motor 50 which may be connected to the shaft in
      any suitable manner, such as by a chain 52. Since shaft 42 requires a high
      torque input, motor 50 is preferably of the speed reducing type and also
      variable speed so that the time required for the stitching operation may
      be varied as desired.
PAR  The lower end of the frame is connected to a base frame or floor 54 by a
      pivot pin 56 and may swing between the broken and full line positions as
      shown in FIG. 2. Swinging movement of the frame is effected by a double
      acting actuator 58 pivotally connected at its ends to the frame and any
      fixed structure. This is preferably of the pneumatic type rather than
      hydraulic, and operated from a source of adjustable air pressure, such as
      a regulator, so that the force exerted by the actuator to the frame may be
      adjusted as desired. Also, it provides some resilience which would not
      otherwise be attained by a rigid link, such as a hydraulic actuator. A
      conveniently located control panel supports a control valve 60 for the
      actuator and a control 62 for the extruder which may vary its rate of
      extrusion. Any type of switch 64 may start and stop the stitcher drive
      motor in response to the pivotal movement of the stitcher frame.
PAR  Rolls 38 and 40 support a flexible belt 66, a portion of which engages the
      tread material and distorts it from its original substantially flat
      configuration to a curved configuration to conform to the outer surface of
      the carcass, this operation also expelling air from spaces between the
      tread material and the carcass. At a first station prior to the engagement
      of belt 66 with material T, a first roll 70, urged by springs 72, engages
      the central surface of the strip T and applies a resilient pressure to it,
      distorting it adjacent its central plane to first stitch this portion of
      the tread material to the tire carcass 24 at loci adjacent its central
      plane, as illustrated in FIG. 6. At a subsequent station, as illustrated
      in FIG. 8, a second set of rolls 74, urged by spring 76, resiliently
      engage the inner surface of the belt 66 and distort it, moving the outer
      or wing portions of the tread material T into contact with the
      corresponding portions of the carcass 24. At an intermediate station, the
      belt 66 engages the material T (FIG. 7). Only the final stitching at loci
      opposite the sets of rolls has so far been described. As will now be
      apparent, however, the change of curvature of the belt 66 cannot take
      place at a single point opposite the rolls 74, but on the contrary,
      gradually changes shape at leading and trailing loci, the leading change
      of shape being more important than the trailing change. The curvature of
      the belt 66 may thus be best visualized by considering its changing shape
      as a standing wave or waves with the maximum stitching pressure being
      applied at the crest of same. This change of curvature at a locus leading
      rolls 74 thus gradually distorts the tread material T toward the carcass
      24, the void space being gradually reduced, expelling air trapped between
      the carcass 24 and tread material T. Thus, in summary of the sequence of
      the stitching operation, the tread material T is substantially flat before
      it is engaged by the rollers 72. Upon engagement by rollers 72, material T
      is first distorted as shown in FIG. 6. Between this point and that shown
      in FIG. 7, rolls 74 have distorted the belt into a standing wave which
      further distorts tread material T, wiping out air adjacent the central
      plane of the carcass. When the tread material reaches the crest of this
      wave, opposite rolls 74, the side wall or wing portions of the strip are
      firmly stitched with like concentrated or localized stitching pressure. As
      the belt moves past rolls 74 it again resumes its natural curvature before
      it engages lower drive roll 38, this change again being in the form of a
      trailing half wave having its crest opposite roll 74. Since pressure is
      now progressively reducing, the action at this position is of little
      importance since final stitching of the wing portions has previously
      occurred.
PAR  The stitching belt 66 is preferably endless and without any type of joint
      so that its flexural characteristics are identical at all cross sections
      and may be formed of any suitable material such as rubber. Rolls 38 and
      40, which support belt 66, are preferably of constant diameter, rather
      than concave or hour-glass shaped. With such construction and due to the
      lesser peripheral length of belt 66 at its central plane, as compared with
      the peripheral lengths at its opposed edges, belt 66 theoretically engages
      rolls 74 along their central planes with the outer edges of the belt
      either slightly spaced from rolls 74 or under substantially no tension.
      This excess of length of the belt at loci spaced from its central plane
      permits it to be readily distorted to its desired curvature, and
      particularly adjacent its opposite edges where maximum distortion is
      required to stitch the wing portions of the tread material.
PAR  To maintain belt 66 in proper tracking relation on rolls 38 and 40, idler
      rolls 78 (FIG. 3) may be provided which engage its opposed edges.
      Alternatively, rolls 38 and 40 may be provided with flanges (not shown) to
      properly maintain belt 66 in predetermined relation to the rolls. Other
      idler rolls 80 (FIG. 2) engageable with the inner surface of belt 66 at
      its rear or return run may also be provided if found necessary to prevent
      interference of the rear run with the stitching rolls 74.
PAR  Referring now to FIG. 6, the first stitching roll 70 is shown to include a
      roller 100 journaled for rotation in yoke member 101 resiliently mounted
      on a generally U-shaped frame member 102 which is affixed to frame 36.
      More specifically, the yoke 101 may be provided with a pair of ears 104
      extending from its opposite sides for receiving one end of springs 72
      while the other ends of said springs are received in suitable openings
      formed in the ends of frame member 102. The surface 106 of roller 100 is
      generally convex and contoured with a curvature which is slightly greater
      than that of the tire 24 so that the center portion of the tread material
      24 will be pressed into engagement with said tire carcass. An annular
      projection 103 extends from the center of roller 100 for engaging the
      groove 29 in material T.
PAR  The rolls 74 are each shown in FIG. 8 to be journaled for rotation in a
      generally U-shaped yoke 112 which in turn are each pivotally connected
      respectively at one end to arms 113. The other end of arms 113 are
      pivotally connected at 114 to a generally U-shaped frame member 115 which
      is suitable secured to the frame 36. A spring 76 is connected intermediate
      the ends of arms 113 thereby urging the rolls 74 resiliently inwardly
      toward the tire 24.
PAR  In operation, the tread material T will initially be resiliently engaged by
      roller 100 to press a central portion of the tread material T into
      engagement with the tire carcass 24 while the outer edges of the material
      T will remain generally displaced from said tire carcass. As the tire 24
      is rotated the tread material will be brought into engagement with the
      belt 66. Because the belt is distorted by rolls 74 from a generally flat
      configuration into the configuration of the tire 24, the belt will
      initially engage the center portion of the tread material T that has been
      pressed into engagement with the tire 24 by roller 100. As the belt
      progressively engages greater areas of the tread material T air will be
      expelled from between said material and the tire 24. Thereafter, the rolls
      74 of the second roller assembly 74 resiliently engage the belt 66 at the
      edges of the tread material T whereby said outer edges are moved into
      engagement with corresponding portions of the tire 24.
PAR  FIG. 9 illustrates an alternative type of stitching roll which differs from
      paired rolls 70 of FIG. 6 or paired rolls 74 of FIG. 8 in that a single
      roll 120 is provided which is constructed in the form of a normally
      right-circular cylinder of resilient matter, such as rubber, which may be
      distorted to the desired curvature of the belt at the stations illustrated
      in FIGS. 7 and 8. Suitable pins 121 are embedded in the ends of roll 96
      and carry ball bearings 122 which are tensioned in any suitable manner,
      such as by springs (not shown). Also, the natural resilience of roll 120
      may be utilized, if desired, and the bearings connected to fixed structure
      by chains, such as illustrated in FIG. 4. The roll thus rotates about a
      curved axis 123 when it is applying pressure to the belt.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tire stitching device including means for supporting a tire for
      rotation about a generally horizontal axis, a support frame mounted
      adjacent said tire and on one side thereof for pivotal movement between
      operative and inoperative positions and about an axis generally parallel
      to the rotational axis of the tire, first and second spaced apart roller
      means mounted on said support frame for rotation about axes generally
      parallel to the pivotal axis of said support frame, a resilient endless
      belt extending around said spaced apart roller means, said belt having a
      free span between said roller means, said support frame being located
      relative to said tire such that pivotal movement of said support frame
      into its operative position being effective to move the free span portion
      of said endless belt into engagement with the one side of said tire, means
      for rotating one of said tire and endless belt means, means for delivering
      a strip of tread material over the upper surface of said tire and from the
      side thereof opposite to said belt whereby said belt is engageable with
      said material after passage thereof over the upper end of said tire and to
      the one side thereof, said belt being wider than said strip material so
      that the side edges of said belt extend laterally beyond the edges of said
      strip material, said endless belt having a front face engaging said strip
      material when said support frame is in its operative position and a back
      surface which engages said first and second roller means, first support
      means mounted on said support frame and adjacent the front face of said
      endless belt and located adjacent the periphery of said tire between the
      points at which said endless belt and said strip material first engages
      said tire, first pressure roller means mounted on said first support means
      for engaging a center portion of said strip material when said support
      frame is moved into its operative position and for pressing the same into
      engagement with said tire at a point above a horizontal plane containing
      the rotational axis thereof and prior to the engagement of said endless
      belt with said tire, as said tire and strip material is rotated toward
      said endless belt, means associated with said first pressure roller means
      for effecting pressure engagement with said strip material, second
      supporting means mounted on said pivot frame and adjacent the back surface
      of said belt, second pressure roller means mounted on said second
      supporting means and engageable with said endless belt when said support
      frame is in its operative position for forcing the side portions of said
      belt into engagement with the side portions of said strip material and for
      pressing said strip material side portions into engagement with said tire.
NUM  2.
PAR  2. The apparatus set forth in claim 1 wherein said first and second support
      means each includes spring means for resiliently urging said first and
      second pressure roller means into engagement with said tire and belt means
      respectively.
NUM  3.
PAR  3. The apparatus set forth in claim 2 wherein said second pressure roller
      means comprises a pair of spaced apart rollers each engaging said endless
      belt in the area of one of the side portions of said strip material.
NUM  4.
PAR  4. The apparatus set forth in claim 3 wherein said first pressure roller
      means comprises a single roller contoured generally to conform to the
      transverse peripheral configuration of the central area of said tire.
NUM  5.
PAR  5. The apparatus set forth in claim 4 wherein said second supporting means
      includes a pair of arm means pivotally mounted at one end about a common
      axis and each having one of said pair of roller means mounted on an end
      thereof and spring means interconnecting said arm means intermediate their
      ends.
NUM  6.
PAR  6. The apparatus set forth in claim 4 and including guide means formed on
      said first pressure roller means and constructed and arranged for
      cooperating with guide means formed on said strip material for guiding and
      maintaining the center portion of said strip material in alignment with
      said tire.
NUM  7.
PAR  7. The apparatus set forth in claim 6 wherein the rotational axes of said
      first and second roller means is spaced apart a distance greater than the
      diameter of said tire.
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ABST
PAL  This is an apparatus for continuously applying a reinforced insulated
      coating to a conductor. The apparatus includes a die which provides means
      of directing a first coating, a reinforced fabric and a second coating to
      the conductor continuously in the proper sequence.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  An early method of applying insulation to a conductor or wire was to pass
      the elongated conductor continuously through a bath of insulating coating
      material. A more efficient and controlled method of coating wire is
      extrusion and several methods of extrusion are in use in the plastics
      industry. The three principle ones are wet extrusion, spinneret extrusion
      and dry extrusion. Dry extrusion is further divided into direct,
      semi-positive, and positive types. The machine used for dry extrusion
      consists essentially of four parts; a feed hopper, a heated cylinder, a
      revolving screw, and a die. The extrusion compound flows from the feed
      hopper onto the feed end of the revolving screw, which is within the
      heated cylinder. It is then forced through the die by the action of the
      screw in the heated cylinder.
PAR  Plastic extrusions are used as primary electrical insulation for wire and
      cable, as jacketing for these products and to a more limited extent as
      jacketing for rope and mechanical cable.
PAR  Some plastics which find application in this field are PVC and its vinyl
      acetate copolymer, polyethylene, nylon, polytetrafluoroethylene,
      polytrifluorochloroethylene, Saran, and silicone rubber.
PAR  Representative applications for plastic insulation wire are machine tool
      and switchboard wiring, portable cord, motor leads, different parts of
      cable, wiring, and wiring harnesses for the automotive industry, etc.
PAR  Standard extrusion machines are used for coating wire, but since it is only
      practicable to feed the conductor to the machine at an angle, a T-cross
      head or side delivery head is placed at right angles to the machine with
      the die fitted into the outlet end of the head. In its simplest form the
      wire covering cross head includes a wire guide or mandrel and a
      circumscribing die body. The plastic after leaving the screw, flows over a
      portion of the outer surface of the wire guide or mandrel which in
      cooperation, with the inner surface of the die body forms the coating
      tube. The conductor is passed through the center of the wire guide whereby
      a hot plastic tube (coating tube) surrounds the conductor and both of them
      move together through the die. The hot plastic tube engages swaging
      surfaces in the die causing the hot enveloping plastic tube to abut the
      conductor. If a tougher assembly is required the coated wire is passed
      through a braider which applies a braid around the external surface of the
      assembly and this assembly is again passed through an extruder die,
      placing another coat of plastic on the braided assembly. Tougher
      assemblies are utilized where increased cut through resistant
      characteristics are required.
PAR  The complete process for covering a conductor with an insulating coat prior
      to adding braid includes a pay out drum or reel, an extruder with cross
      head, capstan and take-up reel.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an extrusion die having means of
      continuously coating a conductor with insulation, laying a reinforcing
      fabric on the insulating coat and finally placing a coat of insulation on
      the fabric. The present invention provides in one continual process
      through a single die the full equivalent of the reinforced coated wire
      which under the prior art required two separate passes through an extruder
      and the use of a braider.
PAR  An object of the invention is to provide an extrusion die for continuous
      braided coating of a conductor having swaging means for directing an
      enveloping hot tube into abutting engagement with a conductor.
PAR  A further object of the present invention is to provide an extrusion die
      with an eccentric die portion having a land with one side of greater width
      to act as a pressure equalizer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become obvious
      to those skilled in the art from a reading of the following detailed
      description when read in connection with the accompanying drawings
      wherein:
PAR  FIG. 1 is a perspective view showing the die with a conductor and web
      engaged therewith, the completed reinforced insulated assembly and the
      connector tubes.
PAR  FIG. 2 is a perspective view of the die and elements illustrated in FIG. 1
      showing the rear face of the die.
PAR  FIG. 3 is a perspective view of the upper section and the lower section of
      the die shown in FIG. 1 separated.
PAR  FIG. 4 is a perspective view partly in section of the lower section of the
      die shown in FIG. 1.
PAR  FIG. 5 is a section of the outer extrusion die of the die shown in FIG. 1.
PAR  FIG. 6 is a lateral section of the lower section of the die shown in FIG. 1
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  There is shown in the drawings a web 10 which may be formed of a natural or
      synthetic fiber or a film. Core supply is taken from a drum (not shown)
      and is formed of copper or any other material capable of carrying a
      current so that impregnated conductive glass or synthetic conductive
      plastics may be used. Normally the crosshead die used for coating would be
      clamped to the head of the extruder, using clamps, although there are many
      ways this can be accomplished. Usually a single extruder is used if the
      same resin is used for both coats, but if different characteristics in the
      undercoat and overcoat is desired two extruders may be used to apply two
      different coats while using the same crosshead die. After the conductor
      has been coated, the assembly is passed through a curing oven if the resin
      requires heat to assist in the cure, but if desired, a cooling device may
      be substituted for the oven, or, if necessary, radiation chambers or other
      treating devices may be placed in the assembly line. After treatment, the
      assembly is wound on a takeup reel after passing through a capstan well
      known in the mechanical arts which pulls the whole assembly through the
      process. Any extrudable plastic or resin can be used, including silicone
      rubbers and PVC.
PAR  The conductor 12 is passed through the guider (portion) 14 located in the
      die 24, which defines a guide tube 15, while a fabric 10 having a width
      equal to the length of a channel 18 formed in the forward face of the die
      24 is passed under the conductor. As the fabric 10 passes into the
      U-shaped channel 18 it assumes the U-shaped configuration of the channel
      18. The first feed opening 23 extends as a channel into the lower section
      22 of the die 24 opening into a chamber 21 which circumscribes the end
      portion of the guide tube 15. Silicone rubber or other appropriate coating
      is extruded from an extruder (not shown) through a first connector tube 25
      into a first feed opening 23 formed in the lower section 22 of the die 24
      at right angles to the guider 14 and coats the conductor 12. The coating
      material flows into the chamber 21 and coats the conductor 12 just to the
      rear of the upper and lower forming plates 28 and 30 while a bevel 27
      formed on the lower section 22 urges the fabric 10 onto the coated
      conductor. The die 24 is formed to direct the fabric 10 into a circular
      configuration and simultaneously passes the fabric 10 over the bevel 27
      which urges it into abutting relationship with the uncurved plastic of the
      conductor assembly partially embedding it therein. The upper section 26 of
      the die 24 has the upper forming plate 28 attached to its forward face and
      the lower section 22 has the lower forming plate 30 attached to its
      forward face, each of which has an arced portion which together make up a
      circular forming hole 32, positioned coaxially with the coated conductor
      which completes the embedment of the fabric 10 on the coated conductor.
      The assembly of the coated conductor and the partially embedded and
      circumscribing fabric passes into the outer extrusion die 34, that is
      butted against the upper and lower forming plates 28 and 30, and includes
      a second feed opening 36, having a channel that passes the resin into a
      circular well 38, surrounding a land 40 which, due to its eccentric
      configuration has a greater width where the pressure is greater, thereby
      equalizing the flow of resin. The land 40 having an aperture 42 formed
      therethrough, through which the coated wire and partially embedded fabric
      pass creates a chamber wherein the second coat of resin is applied on the
      fabric 10, completing the product assembly. The forming hole 32 is placed
      in coaxial relation to the aperture 42. The product assembly is then
      treated by cooling, heating or in any other desired manner and is then
      passed through or around a capstan and is finally wound onto a takeup
      reel. The inventor, as it happens, made the die 24 of steel, although it
      may be made of any material capable of withstanding the temperatures and
      pressures involved in the process.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. An extrusion die comprising an upper die portion, a lower die portion
      and an outer die portion, the upper die portion in superposed abutting
      relationship with the lower die portion and the lower die portion having a
      guider portion transversely located defining a guide tube and spaced from
      the remaining portion of the lower die portion to provide a part of a
      fabric receiving channel and the upper die having a portion spaced from
      the guider to provide the remaining part of the fabric receiving channel,
      the fabric receiving channel partially circumscribing the guide tube, the
      lower die having a first feed channel formed through a side edge thereof
      in right angle relation to the guide tube and opening into a chamber
      circumscribing a terminal end of the guide tube, the upper die portion and
      the lower die portion each having a forward edge, the outer die portion
      abutting the forward edges, having an exit aperture formed therethrough,
      whose axis is an extension of the axis of the guide tube and having a
      second feed channel formed through a side edge thereof extending into a
      chamber into which the exit aperture opens.
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ABST
PAL  A manually operable combination strapping tool for applying plastic
      strapping around an object includes a strap-tensioning and gripping
      mechanism for holding the strap in a tensioned loop around the object with
      the supply portion of the strap overlapping the leading end thereof, and a
      heat sealing mechanism which comprises a cam shaft adapted for camming
      engagement with a movable pressure block and with a rocker arm which is in
      turn releasably coupled to a movable heater. As the cam shaft is rotated,
      the rocker arm moves the heater between the overlapping strap portions and
      the pressure block is moved to press together the heating element and
      strap portions for melting thereof. Further rotation of the cam shaft
      disengages it from the pressure block and decouples the rocker arm from
      the heater to permit retraction of the pressure block and the heater by
      separate bias means. Further rotation of the cam shaft again effects
      cammed movement of the pressure block to bond together the melted strap
      portions and sever the supply portion of the strap. Means limiting the
      pressure with which the strap and the heater are pressed together and
      cooling means are also provided.
BSUM
PAR  The present invention relates to apparatus for applying strapping around an
      object. More particularly, the invention relates to apparatus for
      tensioning plastic strapping in a loop around an object and forming a heat
      sealed joint in the strap loop for securing it about the object.
PAR  It is a general object of the present invention to provide a combination
      tensioning and heat sealing tool for applying plastic strapping around an
      object.
PAR  Another general object of this invention is to provide a heat sealing tool
      for plastic strapping which includes a heating element for melting
      overlapping portions of the strap and a pressure member for pressing
      together the melted portions of the strap to form a joint therebetween,
      the tool being characterized by the fact that the heating element is
      completely removed from contact with the strap prior to pressing together
      of the melted strap portions to insure the formation of a uniform joint
      therebetween.
PAR  It is an important object of the present invention to provide strapping
      apparatus for securing a length of plastic strap around an object, the
      apparatus comprising a frame, strap-gripping means mounted on the frame
      for holding the strap encircled in a loop in a tensioned condition about
      the object with the leading end of the strap overlapping and spaced from
      the supply portion thereof, a heating element movable between a
      strap-heating position and a retracted position, the heating element in
      the strap-heating position thereof being disposed between the overlapping
      portions of the strap for contact therewith to effect melting thereof, the
      heating element in the retracted position thereof being displaced from
      between the overlapping portions of the strap and out of contact
      therewith, actuating means mounted on the frame and coupled to the heating
      element for effecting movement thereof between the retracted position and
      the strap-heating position thereof, and pressure means carried by the
      frame for pressing together the melted overlapping portions of the strap
      to effect a joint therebetween after the return of the heating element to
      the retracted position thereof, whereby there is provided uniform heating
      of the overlapping portions of the strap and the formation of a uniform
      joint therebetween.
PAR  Another object of this invention is to provide strapping apparatus of the
      type set forth, which further includes bias means resiliently urging the
      heating element toward the retracted position thereof, the actuating means
      being releasably coupled to the heating element, and further movement of
      the actuating means in a predetermined direction after the heating element
      has been placed in the strap-heating position thereof effecting release of
      the actuating means from the heating element thereby to permit return of
      the heating element to its retracted position under the urging of the bias
      means.
PAR  In connection with the foregoing object, it is another object of this
      invention to provide a strapping apparatus of the type set forth, which
      further includes latch mechanism movable between a latched condition
      coupled to the heating element for movement therewith and an unlatched
      condition decoupled from the heating element, the actuating means being
      coupled to the latch mechanism, movement of the actuating means from the
      heating configuration to the sealing configuration thereof moving the
      latch mechanism to its unlatched condition thereby to permit return of the
      heating element to its retracted position under the urging of the bias
      means, movement of the actuating means from the sealing configuration back
      to the home configuration thereof serving to move the latch mechanism back
      to the latched condition thereof.
PAR  Still another object of this invention is to provide strapping apparatus of
      the type set forth, wherein the pressure member is movable between a
      pressing condition in contact with the strap urging together the
      overlapping portions thereof and a releasing condition out of contact with
      the strap, the actuating means being coupled to the heating element and to
      the pressure member, movement of the actuating means from the home
      configuration to the heating configuration thereof effecting a first
      movement of the pressure member from the releasing condition to the
      pressing condition thereof firmly to press together the heating element
      and the overlapping portions of the strap for melting thereof, and
      movement of the actuating means from the heating configuration to the
      sealing configuration thereof sequentially effecting movement of the
      pressure member back to the releasing condition thereof and movement of
      the heating element back to the retracted position of a second movement of
      the pressure member to the pressing condition thereof for pressing
      together the melted overlapping portions of the strap to form a joint
      therebetween.
PAR  In connection with the foregoing object, it is another object of this
      invention to provide a strapping apparatus of the type set forth, wherein
      the frame limits movement of the pressure member in a pressing direction
      when the pressure member is in the pressing condition thereof, and further
      including pressure regulating means carried by the pressure member for
      engagement with the actuating means during movement thereof from the home
      configuration to the heating configuration thereof for movement thereby
      with respect to the pressure member when the pressure member is in the
      pressing condition thereof to absorb force applied to the pressure member
      in excess of the predetermined force for limiting the pressure with which
      the heating element and the overlapping portion of the strap are pressed
      together.
PAR  Another object of this invention is to provide a strapping apparatus of the
      type set forth, which further includes a movable shear blade carried by
      the pressure member and movable therewith for severing the supply portion
      of the strap when the joint is formed between the melted overlapping
      portions of the strap.
PAR  Still another object of this invention is to provide strapping apparatus of
      the type set forth, which further includes cooling and ventilating means
      mounted on the frame for directing a stream of cooling air to the heating
      element of the actuating means and the pressure means for cooling thereof
      and for removal of vapors resulting from melting of the overlapping
      portions of the strap.
PAR  Further features of the invention pertain to the particular arrangement of
      the parts of the strapping apparatus whereby the above-outlined and
      additional operating features thereof are attained.
DRWD
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages thereof, will best be
      understood by reference to the following specification taken in connection
      with the accompanying drawings, in which:
PAR  FIG. 1 is a front perspective view of the strapping apparatus of the
      present invention shown in its operative position for applying plastic
      strapping around an object;
PAR  FIG. 2 is a side elevational view of the strapping apparatus of FIG. 1, as
      viewed from the left-hand side thereof;
PAR  FIG. 3 is a top-plan view of the strapping apparatus shown in FIGS. 1 and
      2;
PAR  FIG. 4 is an enlarged fragmentary side elevational view of the strapping
      apparatus of the present invention similar to FIG. 2 with the tensioning
      handle shown in an unlatched position and with the sealing handle shown in
      its home position and with portions of the apparatus removed more clearly
      to show the internal construction thereof;
PAR  FIG. 5 is an enlarged fragmentary top plan view of the tensioning portion
      of the strapping apparatus illustrated in FIG. 3;
PAR  FIG. 6 is a fragmentary side elevational view of the tensioning portion of
      the strapping apparatus illustrated in FIG. 4, with the tensioning handle
      shown in the latched position thereof;
PAR  FIG. 7 is a fragmentary side elevational view similar to FIG. 6, with the
      tensioning handle shown in the detent position thereof;
PAR  FIG. 8 is a cross-sectional view of the tensioning portion of the strapping
      apparatus of this invention, taken along the line 8--8 in FIG. 2;
PAR  FIG. 9 is an end-elevational view in partial section of the tensioning
      portion of the strapping apparatus, taken along the line 9--9 in FIG. 2;
PAR  FIG. 10 is a side elevational view of one of the side plates of the
      tensioning portion of the strapping apparatus, taken along the line 10--10
      in FIG. 9;
PAR  FIG. 11 is a further enlarged end elevational view of the strap guide nut
      illustrated in FIG. 9;
PAR  FIG. 12 is a fragmentary side elevational view of the tensioning portion of
      the strapping apparatus illustrated in FIG. 4, as viewed from the opposite
      side thereof;
PAR  FIG. 13 is a fragmentary side elevational view similar to FIG. 12, with the
      side plate removed more clearly to show the construction of the holding
      pawl release mechanism;
PAR  FIG. 14 is a side elevational view similar to FIG. 12, with portions of the
      structure removed or broken away more clearly to show the construction of
      the drive gear mechanism and the handle latching mechanism;
PAR  FIG. 15 is a fragmentary side elevational view generally similar to FIG.
      12, showing the tensioning handle in the latched position thereof;
PAR  FIG. 16 is an enlarged view in vertical section of the heat-sealing portion
      of the strapping apparatus taken along the line 16--16 in FIG. 3;
PAR  FIG. 17 is a fragmentary top-plan view in partial section of the
      strap-separating plate mechanism of the present invention, taken along the
      line 17--17 in FIG. 4;
PAR  FIG. 18 is a fragmentary view in vertical section of the separating plate
      mechamism, taken along the line 18--18 in FIG. 17;
PAR  FIG. 19 is a fragmentary view in vertical section similar to FIG. 16,
      illustrating the sealing apparatus in the strap-heating configuration
      thereof;
PAR  FIG. 19A is a fragmentary side elevational view of the cam shaft of the
      sealing mechanism in the configuration illustrated in FIG. 19;
PAR  FIG. 20 is a view similar to FIG. 19, showing the heat-sealing apparatus
      disposed in the sealing configuration thereof; and
PAR  FIG. 20A is a side elevational view similar to FIG. 19A of the cam shaft in
      the configuration illustrated in FIG. 20.
DETD
PAR  Referring now in particular to FIGS. 1 through 3 of the drawings, there is
      illustrated a strapping apparatus consisting of a combination tensioning
      and heat sealing tool constructed in accordance with and embodying the
      features of the present invention, and generally designated by the numeral
      50. In FIG. 1, the combination tool 50 is illustrated in its operative
      position for applying a length of plastic strap 55, such as polypropylene
      strap for example, in a tensioned loop about a package or other object 51,
      the strap 55 being disposed in the combination tool 50 so that the supply
      portion 57 of the strap is disposed in overlapping relationship with the
      leading end 56 thereof. The combination tool 50 includes a common base
      plate, generally designated by the numeral 60, on which is mounted
      gripping and tensioning apparatus, generally designated by the numeral
      100, and heat-sealing and shearing apparatus, generally designated by the
      numeral 200.
PAR  Referring now also to FIGS. 4 through 15, 17 and 18 of the drawings, the
      base plate 60 includes a main body 61 of a predetermined thickness and
      having formed therein toward the rear portion thereof a generally L-shaped
      heater control recess 62 (see FIG. 16), and a generally rectangular
      tensioning apparatus recess 63 in the front portion thereof, the heater
      control recess 62 having a pair of spaced-apart parallel rails 70 therein
      extending laterally thereof (one shown in FIG. 16). Integral with the base
      plate 60 and projecting upwardly therefrom at the front end thereof is a
      cradle support mounting block 64. Formed along one side of the base plate
      60 is a flat strap guide surface or apron 65 having formed in the front
      end thereof an internally threaded opening having threadedly disposed
      therein a strap rest button 68, for a purpose to be described more fully
      hereinafter. Formed in the base plate 60 between the strap guide apron 65
      and the tensioning apparatus recess 63 are a pair of elongated slots 66
      and 67, the purpose of which will be described below.
PAR  The gripping and tensioning apparatus 100 includes an elongated rear strap
      spacer 101 secured to the base plate 60 adjacent to the rear end thereof
      and projecting laterally therefrom at the rear end of the strap guide
      apron 65. The rear strap spacer 101 has a flat planar upper guide surface
      102 and a flat planar lower guide surface 103 spaced apart a predetermined
      distance, both of the surfaces 102 and 103 being disposed substantially
      parallel to the strap guide apron 65 and spaced vertically therefrom.
      Formed along the front edge of the rear strap spacer 101 and extending
      substantially normal to the longitudinal axis of the strap guide apron 65
      is a fixed shear blade 104. Secured to the base plate 60 and spaced a
      predetermined distance forwardly of the rear strap spacer 101 and extended
      substantially parallel thereto is an elongated front strap spacer 105
      having upper and lower strap guide surfaces 106 and 107 which are
      respectively substantially coplanar with the strap guide surfaces 102 and
      103 on the rear strap spacer 101.
PAR  Disposed adjacent to the front end of the strap guide apron 65
      substantially parallel thereto is a separating plate, generally designated
      by the numeral 110, and fixedly secured adjacent to the inner end thereof
      by mounting bolts 111 to the base plate 60. The separating plate 110 is
      generally C-shaped and defines a substantially rectangular recess 112 into
      which is fitted a nylon insert 113, the insert 113 preferably having
      elongated grooves formed in the opposite side edges thereof for
      respectively slidably receiving therein the corresponding inner edges of
      the separating plate 110, as is best illustrated in FIGS. 17 and 18. The
      nylon insert 113 has formed in the upper surface thereof an arcuate
      depression 114 for a purpose to be described more fully below.
PAR  Disposed immediately rearwardly of the separating plate 110 is a lifting
      link, generally designated by the numeral 115, which includes an
      attachment arm 116 disposed in use in the slot 66 in the base plate 60 and
      a lifting finger 68 disposed in use in the slot 67 in the base plate 60.
      Formed in the attachment arm 116 and the lifting finger 118 are coaxial
      bores aligned in use coaxially with a corresponding transverse bore 69 in
      the base plate 60 (see FIG. 17), all for receiving therethrough a roll pin
      117 for pivotally mounting the lifting link 115 on the base plate 60. In
      use, the lifting finger 118 extends beneath the separating plate 110 for
      engagement with the bottom surface thereof. Also formed on the lifting
      link 115 is a cam arm 119 which curves upwardly and forwardly from the
      lifting finger 118 to overlie the separating plate 110 for a purpose to be
      described more fully below.
PAR  Mounted on the cradle support mounting block 64 is a cradle support member,
      generally designated by the numeral 120, which includes an angle
      attachment bracket 121 secured by means of mounting screws 122 to the
      cradle support mounting block 64. Integral with the attachment bracket 121
      and extending upwardly therefrom at the end thereof adjacent to the strap
      apron 65 is a cradle clevis having an upwardly extending bight portion 123
      and a pair of spaced-apart rearwardly extending legs 124. Integral with
      the bight portion 123 of the cradle clevis 125 and extending upwardly
      therefrom is a mounting post 126.
PAR  Mounted on the cradle support member 120 is a cradle, generally designated
      by the numeral 130, having a body portion 131 provided with a pair of
      forwardly extending mounting arms 132 respectively disposed in use along
      the outer side surfaces of the legs 124 of the cradle clevis 125.
      Extending through aligned openings in the cradle clevis legs 124 and the
      cradle mounting arms 132 is a pivot pin 133 for pivotally mounting the
      cradle 130 on the cradle support member 120. Coiled about the pivot pin
      133 between the cradle clevis legs 124 is a torsion leaf spring 134 having
      one end thereof disposed in engagement with the mounting post 126 and
      having the other end thereof disposed in engagement with the cradle body
      131 for resiliently urging the cradle 130 toward rotation in a
      counterclockwise direction about the pivot pin 133, as viewed in FIGS. 6
      and 7. Formed on the cradle body 131 at the rear end thereof is a flat
      planar surface 128 disposed for camming engagement with the cam arm 119 of
      the lifting link 115, for a purpose to be explained hereinafter. Extending
      laterally through the cradle body 131 substantially parallel to the
      longitudinal axis of the pivot pin 133 are a rotary dog shaft bore 136 and
      a tensioning handle shaft bore 137. Formed integrally with the cradle body
      131 at the rear end thereof toward the side thereof away from the strap
      apron 65 is a pawl cylinder 138 having formed therein a pair of
      cylindrical pawl bores 139.
PAR  Carried by the cradle 130 is a rotary dog assembly, generally designated by
      the numeral 140, and including an elongated rotary dog shaft 141 disposed
      in the bore 136 and extending completely therethrough having formed on the
      end thereof adjacent to the pawl cylinder 138 a gear head 142. Disposed
      coaxially about the shaft 141 within the bore 136 is a cylindrical sleeve
      143 extending from the gear head 142 about half-way toward the opposite
      end of the shaft 141 and being securely held in position with respect
      thereto by means of a set screw 147. The gear head 142 and a portion of
      the adjacent end of the sleeve 143 extend outwardly beyond the adjacent
      end of the cradle body 131, there being disposed in surrounding
      relationship with this outwardly projecting portion of the sleeve 143 a
      roller bearing 144. Surrounding the roller bearing 144 in rolling
      engagement therewith is an externally toothed drive gear 145 having formed
      in the outer end of the hub thereof an internally toothed gear portion 146
      disposed in use in meshing engagement with the gear head 142 on the shaft
      141.
PAR  Fixedly secured to the shaft 141 adjacent to the other end thereof is a
      rotary dog 148 disposed in a complementarily shaped recess 135 in the
      cradle body 131. The cylindrical outer surface of the rotary dog 148 is
      serrated or knurled and projects from the cradle body 131 at the bottom
      thereof for disposition in the complementarily shaped arcuate depression
      114 in the nylon insert 113 of the separating plate 110 for engagement
      with the supply portion 57 of the strap in a manner to be described more
      fully below. The adjacent end of the shaft 141 is rotatably supported in
      the bearing 149 to facilitate rotation of the shaft 141.
PAR  Respectively disposed in the bores 139 in the pawl cylinder 138 are two
      generally cylindrical holding pawls 150 interconnected at the inner ends
      thereof by a double-coil torsion spring 152 (see FIG. 9) which urges the
      holding pawls 150 respectively toward rotation about the longitudinal axes
      thereof in a counterclockwise direction, as viewed in FIGS. 13 and 14.
      Each of the holding pawls 150 is recessed at the outer end thereof to form
      a part-cylindrical pawl tooth 153 disposed for ratcheting engagement with
      the outer teeth on the drive gear 145 to prevent rotation thereof in the
      clockwise direction, as viewed in FIGS. 13 and 14.
PAR  Disposed in surrounding relationship with the internally toothed hub
      portion 146 of the drive gear 145 is a holding pawl release plate 155
      having an oval opening 156 therein through which is received the hub of
      the drive gear 145, and also provided at the upper rear portion thereof
      with a finger 157 which overlies the upper one of the holding pawls 150 in
      engagement with the pawl tooth 153 thereof. Formed in the upper edge of
      the release plate 155 immediately forwardly of the finger 157 is a notch
      or shoulder 158 for a purpose to be described below. Normally, the release
      plate 155 is positioned forwardly, i.e., to the left as viewed in FIG. 13,
      with the rear arcuate edge 159 thereof out of engagement with the holding
      pawl teeth 153 so as not to interfere with the ratcheting engagement
      thereof with the drive gear 145.
PAR  Disposed in and extending through the bore 137 in the cradle body 131 is a
      handle pivot pin 161 having the end thereof adjacent to the pawl cylinder
      138 extending a predetermined distance outwardly beyond the adjacent end
      of the cradle body 131. This projecting end of the pivot pin 161 extends
      through complementary openings adjacent to the lower ends of inner and
      outer elongated handle plates 162 and 163, the upper ends thereof having
      sandwiched therebetween the lower end of a tensioning handle 160. Formed
      on the outer handle plate 163 adjacent to the lower end thereof is a
      release projection 164 adapted for engagement with the shoulder 158 on the
      release plate 155 in a manner and for a purpose to be described below.
      Also coaxially mounted on the pivot pin 161 between the handle plates 162
      and 163 is a drive gear 165 disposed for meshing engagement with the outer
      teeth on the drive gear 145, as is best illustrated in FIG. 14. The handle
      160 and the handle plates 162 and 163 are all secured together by bolts
      167 and 167a, the bolt 167 having a head 169, the bolt 167 having an
      enlarged spacer head 168.
PAR  The lower end of the tensioning handle 160 has a recess 166 formed in the
      inner side surface thereof, in which is received a pawl member, generally
      designated by the numeral 170, having an opening therein through which is
      received the bolt 167 for pivotaly mounting the pawl member 170. The pawl
      member 170 is provided with a pawl tooth 172 disposed for ratcheting
      engagement with the teeth of the drive gear 165 to prevent rotation
      thereof in a counterclockwise direction, as viewed in FIG. 14. Projecting
      outwardly from the opposite end of the pawl member 170 is a spring seat
      finger 173, for a purpose to be described more fully below. The lower end
      of the pawl member 170 projects downwardly and forwardly beneath the
      handle plates 162 and 163 and has formed thereon an arcuate seat 175 and a
      camming surface 176, the purpose of which will also be described below.
PAR  A positioning lever, generally designated by the numeral 180, has a flat
      side plate 181 which is disposed in use parallel to the inner handle plate
      162 and is secured to the outer surface thereof by the bolt 167a for
      pivotal movement with respect thereto. Integral with side plate 181 and
      extending upwardly therefrom substantially normal thereto a predetermined
      distance above the tensioning handle 160 is a handle portion 182 for
      manipulating the positioning lever 180. Projecting downwardly and
      rearwardly from the side plate 181 is a stop finger 183 disposed for
      engagement with the head 169 of the bolt 167, for limiting pivotal
      movement of the positioning lever 180 in the counterclockwise direction,
      as viewed in FIGS. 2, 6 and 7. Projecting downwardly from the side plate
      181 beneath the lower edge of the inner handle plate 162 is a generally
      U-shaped member 185, the outer leg of which forms a spring seat 186 in
      which is received the lower end of a compression spring 187, the upper end
      of the spring 187 being received in the spring seat on the finger 173, for
      simultaneously resiliently urging both the pawl member 170 and the
      positioning lever 180 toward rotation in a clockwise direction, as viewed
      in FIG. 14. The inner leg of the U-shaped portion 185 is provided with a
      camming surface 188 and a latch projection 189, for a purpose to be
      described below.
PAR  A latch plate 90 is fixedly secured to the side of the mounting post 126
      adjacent to the tensioning member 160 by means of a lower screw 191 and
      upper hollow detent screw 192. As is best illustrated in FIG. 9, the
      detent screw 192 has received therein a detent member 193 provided with an
      enlarged base 194 which bears against a compression spring 196 seated at
      the base of the detent screw opening in the mounting post 126 and
      resiliently urging the detent member outwardly so that it normally extends
      a predetermined distance beyond the head of the detent screw 192 for
      engagement with the enlarged head 168 of the bolt 167a when the tensioning
      handle 160 is moved downwardly. Integral with the latch plate 190 and
      projecting outwardly therefrom substantially normal thereto is a latch
      member 195 disposed for camming engagement with the cam surface 188 and
      for latching engagement with the latch projection 189 on the positioning
      lever 180 as the tensioning handle 160 is moved downwardly, all as is
      illustrated in FIGS. 6, 12, 14 and 15.
PAR  Respectively secured to the opposite ends of the cradle body 131 by means
      of screws 198 are two end plates 197 and 197a, the end plate 197 securely
      holding in place the pivot pins 133 and 161, the shaft 141, the holding
      pawls 150 and the release plate 155. Projecting downwardly from the rear
      end of the side plate 197a is a strap guide finger 199 which projects a
      slight distance downwardly below the surface of the strap apron 65
      adjacent to the outer edge thereof for guiding the strap 55 and confining
      it to a path overlying the strap apron 65.
PAR  Referring now also to FIGS. 1 through 4 and 16 through 20A of the drawings,
      the sealing and shearing apparatus 200 will be described. The apparatus
      200 is mounted on an irregularly shaped frame or housing 201 which is
      fixedly secured to the base plate 60 and overlies the heater control
      recess 62 therein. The frame 201 is provided with a relatively thick
      upwardly extending end wall 205 overlying the strap apron 65 and spaced a
      predetermined distance thereabove and a relatively thin upstanding end
      wall 207 adjacent to the opposite side of the base plate 65 and an
      upstanding bearing wall 203 disposed between the end walls 205 and 207
      substantially parallel thereto. The bottom of the bearing wall 203 is
      disposed well above the base plate 60 and has formed thereon, at the side
      thereof facing the end wall 207, a downwardly extending lip or projection
      202. Disposed between the end wall 205 and the bearing wall 203 are two
      longitudinally spaced-apart cylindrical bearing turrets 204 extending
      coaxially with each other and substantially parallel to the walls 203 and
      205.
PAR  Formed in the outer surface of the end wall 205, between the front and rear
      strap spacers 105 and 101, is a deep slot or channel 206 substantially
      rectangular in transverse cross-section, the inner wall of the channel 206
      in turn having formed therein adjacent to the rear end thereof a narrow
      elongated slot 209. The rear upper surface of the end wall 205 has an
      inclined surface 211 which slopes downwardly and forwardly to the channel
      206, for a purpose to be described below.
PAR  Disposed in the channel 206 is a complementarily shaped pressure block,
      generally designated by the numeral 210, having at the upper rear end
      thereof an inclined cam surface 211 which slopes downwardly and rearwardly
      to the rear surface of the pressure block 210 adjacent to the lower edge
      of the inclined surface 208. Extending vertically through the pressure
      block 210 inwardly of the cam surface 211 is a cylindrical bore 211 having
      disposed in the lower end thereof a regulating screw 213. Disposed in the
      bore 211 above the screw 213 in engagement therewith is a coil compression
      spring 214, upon the upper end of which is seated a plunger member 216
      which normally projects a predetermined distance upwardly above the top
      surface of the pressure block 210. Preferably, the plunger 216 is provided
      with an enlarged base portion 216a adapted for engagement with a
      complementary shoulder (not shown) in the bore 211 for limiting the upward
      movement of the plunger 216 under the urging of the compression spring
      214. Preferably, modulus of elasticity of the compression spring 214 is
      relatively high, the amount of force necessary to depress the plunger 216
      against the urging of the bias spring 214 being variable by adjustment of
      the regulating screw 213.
PAR  A shear blade 215 is disposed in complementary recess 217 and the rear
      surfaces of the pressure block 210 and is fixedly secured thereto by means
      of the mounting screw 218, the inner end of the shear blade 215 projecting
      inwardly beyond the inner surface of the pressure block 210 and being
      accommodated in the slot 209. The shear blade 215 is disposed in use a
      very slight distance forwardly of the shear blade 104 on the rear strap
      spacer 101 for cooperation therewith to sever the supply portion of the
      strap in a manner to be described more fully below.
PAR  A generally rectangular end plate 220 is secured to the outer surface of
      the end wall 205 by mounting screws 221, the inner surface of the end
      plate 220 having formed therein a vertically extending part-cylindrical
      recess 222 receiving therein the outer portion of a vertically extending
      coil compression spring 223, the inner portion of which is received in a
      complementary part-cylindrical opening or recess 219 in the outer surface
      of the pressure block 210, the compression spring 223 serving to inhibit
      vertical movement of the pressure block 210. Also formed in the inner
      surface of the end plate 220 and extending upwardly from the bottom end
      thereof is an elongated slot 224 for accommodating therein the outer end
      of the shear blade 215 which projects outwardly beyond the outer surface
      of the pressure block 210. The end plate 220 extends a substantial
      distance upwardly above the upper surfaces of the end wall 205 and the
      pressure block 210 and has mounted thereon a roll pin 215 which extends
      inwardly of the end plate 220 a predetermined distance above the top of
      the end wall 205 for a purpose to be described below.
PAR  Also carried in the end plate 220 above the top of the end wall 205 and
      rearwardly of the roll pin 225 is a bearing 226 having journalled therein
      the reduced diameter end 231 of an elongated cam shaft 230 which extends
      inwardly of the end plate 220 substantially normal thereto, the opposite
      end of the cam shaft 230 also being provided with a reduced diameter
      portion 232 journalled in a bearing 233 in the bearing wall 203. A lever
      handle 235 is threadedly engaged with the cam shaft 230 and extends
      radially outwardly therefrom a slight distance inwardly of the end plate
      220 for manually rotating the cam shaft 230 about the longitudinal axis
      thereof, the handle 235 being engageable with the roll pin 225, as best
      indicated in FIG. 5, for limiting the rotation of the cam shaft 230 in a
      clockwise direction, as viewed in FIG. 2. Projecting from the cam shaft
      230 are a number of cam lobes including (progressing from the inner end to
      the outer end of the cam shaft 230) a heater drive lobe 240 having a drive
      cam surface 241 and a first dwell surface 242 and a retract cam surface
      243 and a second dwell surface 243a thereon, a heater latching lobe 245
      having a cam surface 244 thereon, a pressure block plunger lobe 246 having
      a cam surface 247 thereon and a pressure block sealing lobe 248 having a
      cam surface 249 thereon.
PAR  A rocker arm, generally designated by the numeral 250, is disposed between
      the bearing turrets 204, the rocker arm 250 being fixedly secured to an
      elongated pivot pin 251 extending therethrough, the opposite ends of which
      pin are respectively received in complementary openings extending
      coaxially through the turrets to 204 for pivotally mounting the rocker arm
      250 thereon. The rocker arm 250 includes a downwardly extending coupling
      arm 252 having an opening therein through which is received a coupling
      bolt 253 secured in place by a nut 254. The rocker arm 250 is also
      provided with a drive cam member 255 projecting inwardly therefrom and
      having a camming surface 256 thereon disposed for engagement with the
      surfaces 241, 242, 243 and 243a of the cam lobe 240 on the cam shaft 230.
      The rocker arm 250 is also provided with a latch cam member 257 projecting
      upwardly and outwardly thereof and having thereon a camming surface (not
      shown) on the front side thereof disposed for engagement with the camming
      surface 244 of the cam lobe 245 on the cam shaft 230.
PAR  Disposed in the heater control recess 62 beneath the bearing wall 203 and
      the bearing turrets 204 is a heater carriage, generally designated by the
      numeral 260, provided with a pair of vertically spaced-apart flat
      retaining flanges 262 projecting therefrom toward the strap apron 65, the
      lower one of the retaining flanges 262 extending forwardly and rearwardly
      of the heater control recess 62 a sufficient distance so that the opposite
      ends thereof respectively rest upon the rails 70 for sliding engagement
      therewith. Formed in the heater carriage 260 is a generally rectangular
      connector recess 261 communicating with the space between the retaining
      flanges 262, the carriage 260 also having a pair of bearing arms 263
      extending upwardly and outwardly therefrom in a direction opposite to the
      direction of the retaining flanges 262 and adapted for sliding engagement
      with the under side of the bearing wall 203, the distal ends of the
      bearing arms 263 being engageable with the lip 202 on the bearing wall 203
      for limiting the sliding movement of the heater carriage 260 along the
      rails 70. The bearing arms 263 are spaced apart laterally of the heater
      carriage 260 (forwardly and rearwardly at the base plate 60) and are
      interconnected at the inner ends thereof by a relatively small diameter
      roll pin 264 and a relatively large diameter latch pin 266.
PAR  Also disposed between the bearing arms 263 is a latch clip, generally
      designated by the numeral 265, and preferably formed of spring steel, the
      clip 265 being generally U-shaped and having a bight portion wrapped
      around the coupling bolt 253 on the rocker arm 250 and a pair of legs
      extending outwardly toward the distal of the bearing arms 263. The upper
      one of the legs of the latch clip 265 is bent adjacent to the distal end
      thereof downwardly toward the lower leg of the clip 265 to form a hook
      portion 268, the lower end of the hook portion 268, the lower end of the
      hook portion 268 being normally spaced from the lower leg of the latch
      clip 265 a distance less than the diameter of the roll pin 264 and
      terminating in an upwardly inclined cam flange 269. Normally, the hook
      portion 268 of the latch clip 265 is hooked over the latch pin 266, as
      illustrated in FIG. 16, for coupling the heater carriage 260 to the rocker
      arm 250.
PAR  Disposed between the retaining flanges 262 of the heater carriage 260
      substantially parallel thereto is an elongated electrically resistive
      heating element 270 projecting laterally well beyond the ends of the
      retaining flanges 262 toward the strap apron 65. The inner end of the
      heating element 270 is preferably provided with a pair of plugs or prongs
      (not shown) adapted to be received in complementary sockets in a crystal
      connector 275 which is received in the recess 261 in the heater carriage
      260, the heating element 270 and the crystal connector 275 being
      respectively fixedly secured to the heater carriage 260 by means of
      mounting screws 272 and 273. The crystal connector 275 is in turn provided
      with a pair of terminals 274 to which may be connected the conductors of
      an A.C. electrical power input line. Fixedly secured to the inner surface
      of the bearing wall 203 by means of a mounting screw 277 is one end of a
      coil torsion spring 276, the other end of which forms a return spring leaf
      278 disposed for engagement with the rear end of the latch pin 266 which
      projects rearwardly from the heater carriage bearing arms 263 for
      resiliently urging the heater carriage 260 toward a retracted position,
      illustrated in FIG. 16, wherein the distal ends of the bearing ends 263 ae
      disposed in engagement with the lift 202 on the bearing wall 203.
PAR  Disposed between the end wall 207 and the bearing wall 203 of the frame 201
      is a fan or blower assembly, generally designated by the numeral 280,
      which includes an electric motor 281, which is preferably a single phase
      induction motor of the shaded pole type spaced from the end wall 207 by a
      pair of cylindrical spacers 282 through which are received mounting screws
      for fixedly mounting the motor 281 on the end wall 207. The motor 281 has
      an output shaft 285 projecting inwardly therefrom substantially
      perpendicular to the bearing wall 203. The opposite ends of the shaft 285
      are respectively journalled in bearings 286 fixedly secured to the
      opposite sides of the motor pole plates by a bracket 289. Fixedly secured
      to the shaft 285 inwardly of the inner bearing 286 is a fan blade assembly
      287 for directing a stream of cooling air inwardly of the sealing and
      shearing apparatus 200 when the fan motor is energized for cooling the
      apparatus and removing therefrom vapors caused by the heating of the strap
      55.
PAR  The entire portion of the heating and sealing apparatus 200 from the inner
      surface of the end wall 205 to the end wall 207 is enclosed by a cover 290
      which is preferably formed of plastic, but which may be formed of any
      suitable material, the cover 290 being provided with a series of louvers
      295 in the upper surface thereof overlying the fan assembly 284 permitting
      cooling air to be drawn into the heating and sealing apparatus 200 by the
      fan blade 287. Mounted in the top of the cover 290 is an electrical light
      fixture 297 adapted to be connected to and energized by the source of A.C.
      electric current for indicating when the heater is turned on. In the
      preferred embodiment of the invention, the fan assembly 280, the heater
      element 270 and the light fixture 297 are all connected in parallel across
      the conductors of an A.C. power input line 293 secured to the cover 290 by
      plug 294 (see FIG. 3), each of these electrical fixtures preferably being
      adapted to be operated from a standard 60 Hz. 120-volt electrical power
      source.
PAR  The combination tool 50 is preferably also provided with a utility handle
      291 for transporting the tool, the handle 291 being provided at one end
      thereof with a generally rectangular coupling block 292 receivable in a
      complementary opening at the rear end of the frame 201 in the housing 290
      for lifting the apparatus 50, the handle 291 being readily removable from
      the apparatus when the apparatus is in use so as not to interfere with the
      operation of the tensioning handle 160 and the cam shaft lever handle 235.
PAR  The operation of the combination tool 50 will now be described in detail.
      Initially, the cord 293 of the apparatus 50 is plugged into a 110-120 VAC
      outlet and allowed to heat up for a sufficient time for the heating
      element 270 to reach the desired operating temperature which, in the
      preferred embodiment of this invention, is at least 725.degree.
      Fahrenheit. Plugging in of the cord 293 also energizes the fan motor 281
      and the indicator light 297. The tool 50 is then placed by use of the
      utility handle 291 atop the object 251 to be strapped, as shown in FIG. 1,
      with the operator preferably being positioned behind the tool 50 (to the
      left as viewed in FIG. 2), and the handles 235 and 160 are placed in their
      forwardmost positions, i.e., with the handle 235 resting upon the roll pin
      225 as shown in FIGS. 1 through 5 and 16, and with the tensioning handle
      160 in its latched position illustrated in FIGS. 6 and 15.
PAR  In moving the tensioning handle 160 from the position illustrated in FIG. 4
      to the latched position illustrated in FIGS. 6 and 15, the enlarged head
      168 on the bolt 167a comes into camming engagement with the projecting
      detent member 193 and depresses it into the hollow detent screw 192
      against the urging of the bias spring 196, as indicated in FIG. 9. At the
      same time, the cam surface 176 on the pawl member 170 comes into camming
      engagement with the pivot pin 133 for pivoting the cam member 170 in a
      clockwise direction, as viewed in FIGS. 6 and 7, for raising the pawl
      tooth 172 up out of engagement with the drive gear 165. As the downward
      movement of the tensioning handle 160 continues, the camming surface 176
      on the pawl member 170 rides up over and behind the pivot pin 133 until
      the pin 133 is seated against the arcuate seat 175 on the pawl member 170
      to prevent further pivotal movement of the tensioning handle 160 in the
      downward direction about the axis of the pivot pin 161.
PAR  With further downward movement of the tensioning handle 160, it acts as a
      first order lever with the fulcrum being the pivot pin 133 for exerting an
      upward force against the pivot pin 161 to lift the entire cradle 130 and
      pivot it about the axis of the pivot pin 133 against the urging of the
      tension spring 134. As the cradle 130 is pivoted upwardly, the camming
      surface 128 thereon engages the cam arm 119 on the lifting link 115 to
      effect a pivotal movement thereof about the axis of the roll pin 117 in a
      counterclockwise direction, as viewed in FIG. 6, thereby bringing the
      lifting finger 118 into engagement with the under side of the separating
      plate 110 to lift the outer end of the plate 110 up a predetermined
      distance above the strap apron 65, as shown in FIG. 6.
PAR  At the same time, the cam surface 188 on the positioning lever 180 is
      brought into camming engagement with the latch member 195 on the latch
      plate 190 for pivoting the positioning lever 180 about the axis of the
      bolt 167a in a counterclockwise direction, as viewed in FIGS. 14 and 15,
      against the urging of the compression spring 187. As the cam surface 188
      clears the bottom of the latch member 195, the latch projection 189 is
      pushed outwardly beneath the latch member 195 for latching engagement
      therewith by the action of the compression spring 187, thereby to latch
      the tensioning handle 160 in the position illustrated in FIGS. 6 and 15.
PAR  It will also be noted that as the tensioning handle 160 is moved downwardly
      from the position illustrated in FIG. 4 to the detent position illustrated
      in FIG. 7, with the enlarged head 168 of the bolt 167a having passed
      beneath the detent member 193 and with the pivot pin 133 seated against
      the arcuate seat 175 on the pawl member 170, the projection 164 on the
      outer handle plate 163 engages the shoulder 158 on the release plate 155
      for moving the latter to the right, as viewed in FIG. 13, and into
      engagement with the pawl teeth 153 of the holding pawls 150. This movement
      of the release plate 155 causes the arcuate surface 159 thereof to bear
      against the pawl teeth 153 and pivot them in a clockwise direction, as
      viewed in FIG. 13, against the urging of the torsion spring 152 and out of
      engagement with the outer teeth on the drive gear 145. Also, as was
      explained above, in this position, the pawl member 170 has been pivoted to
      bring the pawl tooth 172 up out of engagement with the drive gear 165.
      Thus, when the tensioning handle 160 is in its detent position illustrated
      in FIG. 7 or any position therebelow, both the drive gears 145 and 165 and
      the rotary dog 148 will be free to rotate in either direction, all for a
      purpose to be described more fully below.
PAR  When the tensioning handle 160 has been latched in the position illustrated
      in FIG. 6, the leading end 56 of a length of plastic strap 55 is inserted
      forwardly along the strap apron 65 and beneath the rear guide member 101
      and the front guide member 105 and the raised separating plate 110 and
      inwardly of the raised guide projection 199 on the side plate 197a until
      the leading end 56 projects a slight distance forwardly of the separating
      plate 110, as is illustrated in FIG. 6. With the leading end 56 of the
      strap 55 thus positioned in the combination tool 50, the handle portion
      182 of the positioning lever 180 is depressed toward the tensioning handle
      160, thereby pivoting the positioning lever 180 about the axis of the bolt
      167a against the urging of the compression spring 187 in a clockwise
      direction, as illustrated in FIG. 6, thereby moving the latch projection
      189 out of latching engagement with the latch member 195 and releasing the
      tensioning handle 160 from its latched position.
PAR  The cradle 130 is now pivoted back downwardly in a counterclockwise
      direction, as viewed in FIG. 7, about the axis of the pivot pin 133 under
      the urging of the torsion spring 134 until the enlarged head 168 of the
      bolt 167a engages the projecting detent 193 in the position illustrated in
      FIG. 7. The modulus of elasticity of the detent compression spring 196 is
      such that the projecting detent 193 limits further upward movement of the
      tensioning handle 160 under the urging of the torsion spring 134, the
      application of further manual force to the tensioning handle 160 being
      necessary to depress the detent 193 and move the tensioning handle 160
      back up past its detent position. The movement of the tensioning handle
      from its latched position back up to the position illustrated in FIG. 7
      permits the lifting link 115 to be pivoted back in a clockwise direction,
      as viewed in FIG. 7, to its original position under the urging of the
      deflected separating plate 110, thereby permitting the deflecting plate
      110 to return to its original position wherein it cooperates with the
      strap rest button 68 for securely clamping therebetween the leading end 56
      of the strap. The strap rest button 68 is threadedly engaged in the base
      plate 60 and by appropriate adjustment of this screw-type button 68 the
      force with which the leading end 56 of the strap is clamped in place may
      be adjusted.
PAR  It will be noted that when the apparatus is in the position illustrated in
      FIG. 7, the cradle 130 has not been fully lowered to its original position
      and the rotary dog 148 remains spaced a slight distance above the
      separating plate 110 to accommodate the passage of the supply portion 57
      of the strap therebetween. Also, it will be noted that in this position,
      the strap guide finger 199 on the side plate 197a will also be disposed a
      predetermined distance above the strap apron 65 to accommodate insertion
      of the supply portion 57 of the strap from the side of the tool 50. Thus,
      at this point, the supply portion 57 of the strap is slid into place
      between the separating plate 110 and the rotary dog 148 and above the rear
      guide member 101 and the front guide member 105. In this position, it will
      be noted that the portions of the leading end 56 and supply portion 57 of
      the strap extending between the front and rear guide members 101 and 105
      are vertically spaced apart thereby and are disposed in overlapping
      relationship therebetween, all for a purpose to be described more fully
      below.
PAR  At this point, the tensioning handle 160 is manually pulled back up past
      the detent position thereof, thereby depressing the detent member 193 and
      pivoting the cradle 130 back down to its original position, as illustrated
      in FIG. 4, wherein the serrated peripheral surface of the rotary dog 148
      is disposed in the arcuate recess 114 of the plastic insert 113 and
      cooperates therewith firmly to grip therebetween the supply portion 57 of
      the strap. It will be appreciated that the force with which the supply
      portion 57 of the strap engages the rotary dog 148 is also variable by
      appropriate adjustment of the strap rest button 68. When the tensioning
      handle 160 has been moved back to the positions illustrated in FIGS. 2 and
      4, it will be noted that the strap guide finger 199 on the side plate 197a
      has been moved back down into its original position extending below the
      surface of the strap apron 65 for preventing the strap 55 from being
      displaced laterally from the combination tool 50.
PAR  In addition, it will be noted that as the tensioning handle 160 moves up
      past the detent position thereof, the cam surface 176 on the pawl member
      170 rides back forwardly over the pivot pin 133, thereby permitting the
      pawl member 170 to be pivoted back in a clockwise direction, as viewed in
      FIG. 14, under the urging of the compression spring 187 to bring the pawl
      tooth 172 back into engagement with the teeth of the drive gear 165.
      Simultaneously, the projection 164 on the outer handle plate 163 is pulled
      up forwardly out of engagement with the shoulder 158 on the holding pawl
      release plate 155, thereby permitting the holding pawls 150 to pivot back
      in a counterclockwise direction, as viewed in FIG. 13, under the urging of
      the torsion spring 152 for pushing the release plate 155 back forwardly to
      its releasing position illustrated in FIG. 13, and permitting the holding
      pawl teeth 152 to re-engage the outer teeth of the drive gear 145.
PAR  At this point, the strap 55 which is looped about the object 51 may be
      tensioned by a back-and-forth movement of the tensioning handle 160
      between the position illustrated in FIG. 4 and a rearward position in
      engagement with the plastic cover 290, the operator preferably operating
      the tensioning handle 160 with his left hand while he grips the handle 235
      with his right hand. As the handle 160 is moved rearwardly, in a clockwise
      direction as viewed in FIG. 14, the drive gear 165 is rotated in a
      clockwise direction by engagement therewith of the pawl tooth 172, thereby
      resulting in a counterclcokwise rotation of the drive gear 145, all as
      shown in FIG. 14, with the holding pawl teeth 153 ratcheting over the
      teeth of the drive gear 145. This effects a corresponding rotation of the
      rotary dog shaft 141 and the rotary dog 148 for moving the supply portion
      57 of the strap rearwardly of the combination tool 55, thereby taking up
      slack in the strap 55 and effecting tensioning thereof. When the
      tensioning handle 160 has reached the limit of its rearward travel, it is
      moved back forwardly to the position illustrated in FIG. 4 for another
      stroke, with the pawl tooth 172 ratcheting over the teeth of the drive
      gear 165 during this forward movement of the handle 160, retrograde
      rotation of the drive gear 145 being prohibited by the holding pawls 150.
      This tensioning operation continues until the desired tension in the strap
      55 has been achieved.
PAR  If, during the operation of the combination tool 50, it is desired to
      adjust or reposition the strap 55 in the tool 50, the tensioning handle
      160 is moved back down to the detent position thereof illustrated in FIG.
      7, in which position the holding pawl release plate 155 is moved
      rearwardly to disengage the holding pawls 150 and the pawl member 170 is
      moved out of engagement with the drive gear 165, all as was described
      above. In this position, while the supply portion 57 of the strap will
      remain gripped between the rotary dog 148 and the plastic insert 113, the
      rotary dog 148 will be freely rotatable in either direction, thereby
      facilitating longitudinal movement of the supply portion 57 of the strap
      while maintaining positive engagement thereof with the rotary dog 148 and
      while maintaining the lead leading end 56 of the strap firmly clamped
      between the plastic insert 113 and the strap rest button 68.
PAR  When the strap 55 has been sufficiently tensioned, the operator grips the
      tensioning handle 160 with his left hand and grips the cam shaft lever
      handle 235 with his right hand and moves the handle 235 rearwardly in a
      counterclockwise direction, as viewed in FIG. 4, for sealing the
      overlapping portions 56 and 57 of the strap and severing the supply
      portion thereof. Preferably, the sealing and shearing operation is
      effected by a single continuous movement of the handle 235 from the
      position illustrated in FIGS. 1 through 5 to the position illustrated in
      FIG. 20, which movement preferably takes approximately 2 seconds, thereby
      effecting a counterclockwise rotation of the cam shaft 230, as viewed in
      FIG. 4, for sequentially effecting a series of operations.
PAR  When the lever handle 235 is in its initial or home position, illustrated
      in FIGS. 1 through 4 and 16, it rests upon the roll pin 225, with none of
      the cam lobes on the cam shaft 230 being in engagement. The latch clip 265
      is clipped over the latch pin 266 for coupling the heater carriage 260 to
      the rocker arm 250, and the heater carriage 260 is held in its retracted
      position with the distal ends of the bearing arms 263 in engagement with
      the lip 202 on the bearing wall 203 by the action of the return spring
      276, thereby holding the heater element 270 retracted from between the
      overlapping portions of the strap 56 and 57 and holding the rocker arm 250
      back in the position illustrated in FIG. 16. The pressure block 210 is
      held with the upper surfaces thereof substantially flush with the upper
      surface of the end wall 205 by the action of the compression spring 223,
      with the movable shear blade 215 being disposed above and out of
      engagement with the supply portion 57 of the strap. The plunger 216
      projects upwardly above the top surface of the pressure block 210 under
      the urging of the compression spring 214.
PAR  During about the first 30.degree. of the rearward movement of the handle
      235, the cam surface 241 on the cam lobe 240 engages the cam surface 256
      on the rocker arm drive cam 255 to effect a cammed pivotal movement of the
      rocker arm 250 in a counterclockwise direction about the axis of the pivot
      pin 251, as viewed in FIG. 16, thereby sliding the heater carriage 260
      along the rails 70 to the right, as viewed in FIG. 16, under the coupling
      action of the latch clips 265, for moving the distal end of the heating
      element 270 between the spaced-apart overlapping portions 56 and 57 of the
      strap in the region between the front and rear strap spacers 105 and 101.
      As the heating element 270 is being moved between the portions 56 and 57
      of the strap, the cam surface 247 on the cam lobe 246 engages the
      projecting plunger 216, the modulus of elasticity of the compression
      spring 214 being greater than that of the compression spring 223 so that
      the camming engagement between the cam surface 247 and the plunger 216
      effects a downward movement of the pressure block 210 against the urging
      of the compression spring 223, while the plunger 216 remains substantially
      undepressed with respect to the pressure block 210. The pivotal movement
      of the rocker arm 250 of the heating element 270 continues until the
      arcuate dwell surface 242 on the cam lobe 240 engages the rocker arm drive
      cam 255, at which point the heating element 270 is fully extended between
      the strap portions 56 and 57 in the position illustrated in FIG. 19, with
      the distal end of the upper retaining flange 262 bearing against the inner
      surface of the end wall 205 for limiting the outward movement of the
      heater carriage 260 and the heating element 270.
PAR  As the backward motion of the handle 235 continues, and while the dwell
      surface 242 of the cam lobe 240 rides over the rocker arm drive cam 255,
      the pressure block 210 bottoms out against the supply portion 57 of the
      strap and cooperates with the strap apron 65 for firmly pressing
      therebetween the overlapping portions 56 and 57 of the strap with the
      heater element 270 therebetween. The force with which the heater element
      270 and the strap portions 56 and 57 are pressed together is limited by
      the compression spring 214, force applied by the cam lobe 246 beyond a
      predetermined force serving to depress the plunger 216 and thus be
      absorbed by the compression spring 214. The predetermined force at which
      the plunger 216 is depressed can be varied by appropriate adjustment of
      the regulating screw 213, as was described above. When the overlapping
      portions 56 and 57 of the strap are thus firmly pressed into contact with
      the heating elements 270, the surfaces thereof in contact with the heating
      element 270 are melted. It will be noted that when the pressure block 210
      is thus held in its strap-heating position, the shear blade 215 remains up
      out of contact with the supply portion 57 of the strap.
PAR  As the rearward movement of the handle 235 continues, the cam surface 247
      on the cam lobe 246 moves past the plunger 216 permitting it to return to
      its projecting position and then permitting the pressure block 210 to
      return upwardly to its original position out of contact with the strap
      supply portion 57 under the urging of the compression spring 223.
      Simultaneously, the camming surface 243 on the cam lobe 240 is brought
      into engagement with the rocker arm drive cam 255 for effecting a further
      counterclockwise pivotal movement of the rocker arm 250, as viewed in FIG.
      19. However, since further outward movement of the heater carriage 260 is
      prevented by engagement of the retaining flange 262 with the end wall 205,
      this further pivotal movement of the rocker arm 250 results in the hook
      portion 268 of the latch clip 265 being cammed up over the latch pin 266
      to permit the latch pin 266 to pass therebeneath. As soon as the hook
      portion 268 has cleared the latch pin 266, the heater carriage 260 is
      snapped back into its retracted position illustrated in FIG. 16, under the
      urging of the return spring 276. A further slight rearward movement of the
      handle 235 brings the second dwell surface 243a on the cam lobe 240 into
      engagement with the rocker arm cam 255 for holding the locker arm 250 in
      the position illustrated in broken line in FIG. 20.
PAR  As the rearward movement of the handle 235 continues, the cam surface 249
      of the cam lobe 248 is brought into camming engagement with the cam
      surface 211 on the pressure block 210, again forcing the pressure block
      210 downwardly against the urging of the compression spring 223. As this
      downward movement of the pressure block 210 continues, the melted surfaces
      of the overlapping portions 56 and 57 of the strap are brought into
      engagement with each other and are firmly pressed together between the
      pressure block 210 and the strap apron 65 to effect a firm heat-sealed
      joint between the overlapping strap portions 56 and 57. The pressure with
      which the strap portions 56 and 57 are pressed together is controlled by
      the amount of force applied to the handle 235 by the operator. As the
      pressure block 210 bottoms out, in the position illustrated in FIG. 20,
      the shear blade 215 passes downwardly past the shear blade 104 and
      cooperates therewith to sever the supply portion 57 of the strap at the
      rear guide member 201.
PAR  At this point, the heat-sealed joint in the strap 55 has been completed and
      the operator moves the tensioning handle 160 with his left hand all the
      way forward to the latched position, for again elevating the cradle 130
      and the separating plate 110 and the strap guide finger 199 to permit
      removal of the strap 55 from the strap-gripping apparatus 100. Then, with
      his right hand, the operator moves the sealing lever handle 235 back to
      the forward position thereof illustrated in FIGS. 4 and 16, thereby
      permitting the pressure block 210 to return upwardly to its original
      position under the urging of the compression spring 223. This forward
      movement of the handle 235 also brings the camming surface 244 of the cam
      lobe 245 into engagement with the latch cam 257 on the rocker arm 250 for
      pivoting the rocker arm 250 in a clockwise direction from the broken line
      position to the solid line position illustrated in FIG. 20. As the rocker
      arm 250 pivots back to its original position, the cam flange 269 on the
      latch clip 265 engages the roll pin 264 on the heater carriage 260 and
      rides up thereover, slightly separating the legs of the latch clip 265 and
      bringing the cam flange 269 into position for camming engagement with the
      latch pin 266. The cam flange 269 then rides up over the latch pin 266 and
      therebehind for relatching the latch clip 265 in place for coupling the
      rocker arm 250 to the heater carriage 260. With the handles 235 and 160
      now returned to their forwardmost positions, the combined tool 50 can be
      moved sideways to strip it from the strap 55 and the object 51 by use of
      the utility handle 291.
PAR  In a preferred embodiment of the invention, the combination tool 50 is
      constructed primarily of metal, with the cover 290 being preferably formed
      of a self-extinguishing vinyl plastic. More particularly, the cradle
      support member 120, the tensioning handle 160, the frame 201, the end
      plate 220 and the heater carriage 260 are all preferably formed of
      aluminum alloy to facilitate the dissipation of heat from the apparatus,
      the cradle 130 is formed of cast iron and the remaining parts of the tool
      50 being preferably formed of steel, with the exception of the nylon
      insert 113. It will, however, be appreciated that other suitable materials
      may be used for the construction of the combination tool 50. The heater
      element 270 is preferably formed of a metal sheath having electrically
      resistive heating coils disposed therein, with the element capable of
      producing a surface temperature of at least 725.degree. Fahrenheit in the
      area of the heating coils, when energized from a 110-120 VAC 60 Hz.
      electric power source.
PAR  It will be observed that, as a principal advantage of the present
      invention, the heat sealing and shearing cycle which results from the
      rotation of the cam shaft 230 is characterized by the fact that after
      melting of the overlapping strap portions 56 and 57 by the pressing
      therebetween of the heater element 270, the pressure block 210 is raised
      and the heater element is quickly and completely removed from between the
      strap portions 56 and 57 and from contact therewith prior to pressing
      together of the melted overlapping strap portions 56 and 57 to form the
      bonded heat-sealed joint. Thus, the overlapping strap portions are heated
      uniformly and simultaneously for the same amount of time across the entire
      width thereof and the melted portions are pressed together simultaneously
      across the entire width thereof to insure formation of a heat-sealed joint
      which is uniform across the entire width of the overlapping portions of
      the strap 56 and 57.
PAR  It will also be noted that the combination tool 50 has been constructed for
      ease of assembly and disassembly to facilitate servicing and cleaning of
      the tool and replacement of parts thereof.
PAR  From the foregoing, it can be seen that there has been provided an improved
      combination strapping tool for both gripping and tensioning a length of
      plastic strap about an object and then forming a heat-sealed bonded joint
      between the ends of the length of strap and severing the length of strap
      from the supply thereof.
PAR  There has also been provided an improved heat-sealing and shearing
      apparatus for plastic strapping, wherein the facing surfaces of the
      overlapping portions of the strap are melted by a heating element disposed
      therebetween, and where the heating element is completely removed from
      between the strap portions prior to joinder thereof.
PAR  There has also been provided a novel cam-actuated drive arrangement for
      inserting the heating element between the overlapping strap portions and
      retracting the heating element and for pressing together the overlapping
      portions of the strap. More particularly, there has been provided a novel
      heater element drive mechanism, wherein the heater element is resiliently
      urged to a retracted position, and including a releasable coupling latch,
      whereby after the drive mechanism has moved the heating element to the
      strap heating position between the overlapping portions of the strap, the
      drive mechanism is unlatched from the heating element, which thereupon is
      retracted under the urging of the bias means.
PAR  In addition, there has been provided a novel heat-sealing and shearing
      apparatus which is provided with a cooling and ventilating fan for
      directing a stream of cooling air over the apparatus to facilitate
      displacement of heat therefrom and remove vapors therefrom.
PAR  While there has been described what has been considered to be the preferred
      embodiment of the invention, it will be understood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications that fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Strapping apparatus for securing a length of plastic strap around an
      object, said apparatus comprising a frame, strap-gripping means mounted on
      said frame for holding the strap encircled in a loop in a tensioned
      condition about the object with the leading end of the strap overlapping
      and spaced from the supply portion thereof, two substantially parallel
      strap guides spaced apart longitudinally of said strap and disposed
      substantially normal to the longitudinal axis thereof, each of said strap
      guides being disposed in use between and for contact with both of the
      overlapping portions of the strap to maintain a predetermined separation
      therebetween and cooperating therewith and with each other to define a
      sealing region, a heating element movable in directions substantially
      normal to the longitudinal axes of the overlapped portions of the strap
      between a strapheating position and a retracted position, said heating
      element in the strap-heating position thereof being disposed in said
      sealing region between the overlapping portions of the strap for contact
      therewith to effect melting thereof, said heating element in the retracted
      position thereof being displaced from between the overlapping portions of
      the strap and out of contact therewith, bias means mounted on said frame
      and resiliently urging said heating element toward the retracted position
      thereof, actuating means mounted on said frame and releasably coupled to
      said heating element and movable in a predetermined direction for
      effecting movement of said heating element from the retracted position to
      the strap-heating position thereof, further movement of said actuating
      means in said predetermined direction effecting release of said actuating
      means from said heating element thereby to permit return of said heating
      element to the retracted position thereof under the urging of said bias
      means, and pressure means carried by said frame for pressing together the
      melted overlapping portions of the strap to effect a joint therebetween
      after the return of said heating element to the retracted position
      thereof, whereby there is provided uniform heating of the overlapped
      portions of the strap and the formation of a uniform joint therebetween.
NUM  2.
PAR  2. Strapping apparatus for securing a length of plastic strap around an
      object, said apparatus comprising a frame, strap-gripping means mounted on
      said frame for holding the strap encircled in a loop in a tensioned
      condition about the object with the leading end of the strap overlapping
      and spaced from the supply portion thereof, a heating element movable
      between a strap-heating position and a retracted position, said heating
      element in the strap-heating position thereof being disposed between the
      overlapping portions of the strap for contact therewith to effect melting
      thereof, said heating element in the retracted position thereof being
      displaced from between the overlapping portions of the strap and out of
      contact therewith, bias means mounted on said frame and resiliently urging
      said heating element toward the retracted position thereof, stop means
      carried by said frame for preventing further movement of said heating
      element away from the retracted position thereof when said heating element
      is in the strap heating position thereof, latch mechanism movable between
      a latched condition yieldably coupled to said heating element for movement
      therewith and an unlatched condition decoupled from said heating element,
      actuating means mounted on said frame and coupled to said latch mechanism
      and movable among a home configuration for holding said latch mechanism in
      the latched condition thereof and a heating configuration and a sealing
      configuration, movement of said actuating means from the home
      configuration thereof to the heating configuration thereof effecting
      movement of said heating element from the retracted position thereof to
      the strap-heating position thereof against the urging of said bias means,
      movement of said actuating means from the heating configuration to the
      sealing configuration thereof urging said latch mechanism and said heating
      element with increased force away from the retracted position thereof and
      causing said latch mechanism to yield for effecting movement thereof from
      the latched condition to the unlatched condition thereof thereby to permit
      return of said heating element to the retracted position thereof under the
      urging of said bias means, and pressure means carried by said frame for
      pressing together the melted overlapping portions of the strap to effect a
      joint therebetween after the return of said heating element to the
      retracted position thereof, movement of said actuating means from the
      sealing configuration back to the home configuration thereof effecting
      movement of said latch mechanism from the unlatched condition thereof back
      to the latched condition thereof, whereby there is provided uniform
      heating of the overlapped portions of the strap and the formation of a
      uniform joint therebetween.
NUM  3.
PAR  3. The strapping apparatus set forth in claim 2, wherein said actuating
      means includes a manually operable lever, and cam mechanism responsive to
      movement of said lever for effecting movement of said latch mechanism.
NUM  4.
PAR  4. The strapping apparatus set forth in claim 2, wherein said latch
      mechanism includes a generally U-shaped spring clip having a bight portion
      coupled to said actuating means and a pair of arms having free ends
      thereof resiliently urged together, and a latch pin coupled to said
      heating element and disposed between the arms of said clip intermediate
      the bight portion and the free ends thereof when said latch mechanism is
      in the latched condition thereof, movement of said actuating means from
      the heating configuration to the sealing configuration thereof causing
      said latch pin to be forced between the free ends of said clip for moving
      said mechanism to the unlatched condition thereof.
NUM  5.
PAR  5. The strapping apparatus set forth in claim 2, and further including a
      movable heater carriage coupled to said latch mechanism, said heating
      element being securely mounted in said heater carriage for movement
      therewith.
NUM  6.
PAR  6. The strapping apparatus set forth in claim 2, and further including a
      movable heater carriage coupled to said latch mechanism, said heating
      element being securely mounted in said heater carriage for movement
      therewith, and an electrical connector mounted on said heater carriage and
      electrically coupled to said heating element and adapted to be coupled to
      an associated source of electrical power for energizing said heating
      element.
NUM  7.
PAR  7. Strapping apparatus for securing a length of plastic strap around an
      object, said apparatus comprising a frame, strap-gripping means mounted on
      said frame for holding the strap circled in a loop in a tensioned
      condition about the object with the leading end of the strap overlapping
      and spaced from the supply portion thereof, a heating element movable
      between a strap-heating position and a retracted position, said heating
      element in the strap-heating position thereof being disposed between the
      overlapping portions of the strap for contact therewith to effect melting
      thereof, said heating element in the retracted position thereof being
      displaced from between the overlapping portions of the strap and out of
      contact therewith, bias means mounted on said frame and resiliently urging
      said heating element toward the retracted position thereof, stop means
      carried by said frame for preventing further movement of said heating
      element away from the retracted position thereof when said heating element
      is in the strap heating position thereof, latch mechanism movable between
      a latched condition yieldably coupled to said heating element for movement
      therewith and an unlatched condition decoupled from said heating element,
      a pressure member carried by said frame and movable between a pressing
      condition in contact with the strap for urging together the overlapping
      portions thereof and a releasing condition out of contact with the strap,
      and actuating means mounted on said frame and coupled to said latch
      mechanism and to said pressure member and being movable among a home
      configuration for holding said latch mechanism in the latched condition
      thereof and a heating configuration and a releasing configuration and a
      sealing configuration, movement of said actuating means from the home
      configuration to the heating configuration thereof effecting movement of
      said heating element from the retracted position to the strap-heating
      position thereof and effecting a first movement of said pressure member
      from the releasing condition to the pressing condition thereof firmly to
      press together said heating element and the overlapping portions of the
      strap for melting thereof, movement of said actuating means from the
      heating configuration to the releasing configuration thereof effecting
      movement of said pressure member back to the releasing condition thereof
      and urging said latch mechanism and said heating element with increased
      force away from the retracted position thereof and causing said latch
      mechanism to yield for effecting movement thereof from the latched
      condition to the unlatched condition thereof thereby to permit return of
      said heating element to the retracted position thereof under the urging of
      said bias means, movement of said actuating means from the releasing
      configuration to the sealing configuration thereof effecting a second
      movement of said pressure member from the releasing condition to the
      pressing condition thereof for pressing together the melted overlapping
      portions of the strap to form a joint therebetween, movement of said
      actuating means from the sealing configuration back to the home
      configuration thereof effecting movement of said latch mechanism from the
      unlatched condition back to the latched condition thereof, whereby there
      is provided uniform heating of the overlapped portions of the strap and
      the formation of a uniform joint therebetween.
NUM  8.
PAR  8. The strapping apparatus set forth in claim 7, and further including
      second bias means resiliently urging said pressure member toward the
      releasing condition thereof, said actuating means being engageable with
      said pressure member for effecting movement thereof to the pressing
      condition thereof against the urging of said second bias means during
      movement of said actuating means from the home configuration to the
      heating configuration thereof, said actuating means disengaging from said
      pressure member to permit movement thereof back to the releasing condition
      thereof under the urging of said second bias means during movement of said
      actuating means from the heating configuration to the sealing
      configuration thereof.
NUM  9.
PAR  9. The strapping apparatus set forth in claim 7, and further including
      second bias means resiliently urging said pressure member toward the
      releasing condition thereof, a first cam member carried by said pressure
      member, and a second cam member carried by said actuating means and
      adapted for camming engagement with said first cam member during movement
      of said actuating means from the home configuration to the heating
      configuration thereof for effecting movement of said pressure member to
      the pressing condition thereof against the urging of said second bias
      means, movement of said actuating means from the heating configuration to
      the releasing configuration thereof effecting disengagement of said first
      and second cam members thereby to permit return of said pressure member to
      the releasing condition thereof under the urging of said second bias
      means.
NUM  10.
PAR  10. The strapping apparatus set forth in claim 7, wherein said actuating
      means includes a manually operable lever, said actuating means being
      movable from the home condition configuration thereof sequentially to the
      heating and releasing and sealing configurations thereof in response to a
      single continuous movement of said lever in a predetermined direction.
NUM  11.
PAR  11. Strapping apparatus for securing a length of plastic strap around an
      object, said apparatus comprising a frame, strap-gripping means mounted on
      said frame for holding the strap encircled in a loop in a tensioned
      condition about the object with the leading end of the strap overlapping
      and spaced from the supply portion thereof, a heating element movable
      between a strap-heating position and a retracted position, said heating
      element in the strap-heating position thereof being disposed between the
      overlapping portions of the strap for contact therewith to effect melting
      thereof, said heating element in the retracted position thereof being
      displaced from between the overlapping portions of the strap and out of
      contact therewith, a pressure member carried by said frame and movable
      between a pressing condition in contact with the strap for urging together
      the overlapping portions thereof and a releasing condition out of contact
      with the strap, stop means on said frame limiting movement of said
      pressure member in a pressing direction when said pressure member is in
      the pressing condition thereof, actuating means mounted on said frame and
      coupled to said heating element and to said pressure member and being
      movable among a home configuration and a heating configuration and a
      sealing configuration, movement of said actuating means from the home
      configuration to the heating configuration thereof effecting movement of
      said heating element from the retracted position to the strap-heating
      position thereof and effecting a first movement of said pressure member
      from the releasing condition to the pressing condition thereof firmly to
      press together said heating element and the overlapping portions of the
      strap for melting thereof, and pressure-regulating means carried by said
      pressure member for engagement with said actuating means during the
      movement thereof from the home configuration to the heating configuration
      thereof, said pressure-regulating means being movable by said actuating
      means with respect to said pressure member when said pressure member is in
      the pressing condition thereof for absorbing force applied to said
      pressure member in excess of a predetermined force to limit the pressure
      with which said heating element and the overlapping portions of the strap
      are pressed together, movement of said actuating means from the heating
      configuration to the sealing configuration thereof sequentially effecting
      movement of said pressure member back to the releasing condition thereof
      and movement of said heating element back to the retracted position
      thereof and a second movement of said pressure member to the pressing
      condition thereof for pressing together the melted overlapping portions of
      the strap to form a joint therebetween, movement of said actuating means
      from the sealing configuration thereof back to the home configuration
      thereof effecting movement of said latch mechanism from the unlatched
      condition back to the latched condition thereof, whereby there is provided
      uniform heating of the overlapping of the strap and the formation of a
      uniform joint therebetween.
NUM  12.
PAR  12. The strapping apparatus set forth in claim 11, wherein said pressure
      regulating means includes means for selectively varying the predetermined
      force.
NUM  13.
PAR  13. The strapping apparatus set forth in claim 11, wherein said pressure
      regulating means includes a first cam member carried by said pressure
      member and movable with respect thereto between a camming position and a
      force absorbing position, bias means yieldably urging said first cam
      member toward the camming position thereof, with a predetermined force and
      further including a second cam member carried by said actuator means and
      adapted for camming engagement with said first cam member during movement
      of said actuating means from the home configuration to the heating
      configuration thereof for effecting a cammed movement of said pressure
      member to the pressing condition thereof, movement of said actuating means
      toward the heating configuration thereof after said pressure member has
      reached the pressing condition thereof serving to increase the force
      applied to said first cam member thereby to increase the pressure applied
      to the strap by said pressure member until the force applied to said first
      cam member exceeds said predetermined force at which point said bias means
      yields to accommodate movement of said first cam member to the pressure
      limiting position thereof.
NUM  14.
PAR  14. Strapping apparatus for securing a length of plastic strap around an
      object, said apparatus comprising a frame, strap-gripping means mounted on
      said frame for holding the strap encircled in a loop in a tensioned
      condition about the object with the leading end of the strap overlapping
      and spaced from the supply portion thereof, a heating element movable
      between a strap-heating position and a retracted position, said heating
      element in the strap-heating position thereof being disposed between the
      overlapping portions of the strap for contact therewith to effect melting
      thereof, said heating element in the retracted position thereof being
      displaced from between the overlapping portions of the strap and out of
      contact therewith, actuating means mounted on said frame and coupled to
      said heating element for effecting movement thereof between the retracted
      position and the strap-heating position thereof, pressure means carried by
      said frame for pressing together the melted overlapping portions of the
      strap to effect a joint therebetween after the return of said heating
      element to the retracted position thereof, and cooling and ventilating
      means mounted on said frame for directing a stream of cooling air over
      said heating element and said actuating means and said pressure means for
      cooling thereof and for removal of vapors resulting from the melting of
      the overlapping portions of the strap, whereby there is provided uniform
      heating of the overlapped portions of the strap and the formation of a
      uniform joint therebetween.
NUM  15.
PAR  15. The strapping apparatus set forth in claim 14, wherein said cooling and
      ventilating means comprises an electrically driven fan.
NUM  16.
PAR  16. The strapping apparatus set forth in claim 14, wherein portions of said
      frame are constructed of aluminum to facilitate dissipation of heat
      generated by said heating element.
NUM  17.
PAR  17. Strapping apparatus for securing a length of plastic strap around an
      object, said apparatus comprising a frame, strap-gripping means mounted on
      said frame for holding the strap encircled in a loop in a tensioned
      condition about the object with the leading end of the strap overlapping
      and spaced from the supply portion thereof, a heating element movable
      between a strap-heating position and a retracted position, said heating
      element in the strap-heating position thereof being disposed between the
      overlapping portions of the strap for contact therewith to effect melting
      thereof, said heating element in the retracted position thereof being
      displaced from between the overlapping portions of the strap and out of
      contact therewith, bias means mounted on said frame and resiliently urging
      said heating element toward the retracted position thereof, latch
      mechanism movable between a latched condition coupled to said heating
      element for movement therewith and an unlatched condition decoupled from
      said heating element, a pressure member carried by said frame and movable
      between a pressing condition in contact with the strap for urging together
      the overlapping portions thereof and a releasing condition out of contact
      with the strap, stop means on said frame limiting movement of said
      pressure member in a pressing direction when said pressure member is in
      the pressing condition thereof, actuating means mounted on said frame and
      coupled to said latch mechanism and to said pressure member and being
      movable among a home configuration for holding said latch mechanism in a
      latched condition thereof and a heating configuration and a releasing
      configuration and a sealing configuration, movement of said actuating
      means from the home configuration to the heating configuration thereof
      effecting movement of said heating element from the retracted position to
      the strap-heating position thereof and effecting a first movement of said
      pressure member from the releasing condition to the pressing condition
      thereof firmly to press together said heating element and the overlapping
      portions of the strap for melting thereof, pressure-regulating means
      carried by said pressure member for engagement with said actuating means
      during the movement thereof from the home configuration to the heating
      configuration thereof, said pressure-regulating means being movable by
      said actuating means with respect to said pressure member when said
      pressure member is in the pressing condition thereof for absorbing force
      applied to said pressure member in excess of a predetermined force for
      limiting the pressure with which said heating element and the overlapping
      portions of the strap are pressed together, movement of said actuating
      means from the heating configuration to the releasing configuration
      thereof effecting movement of said pressure member back to the releasing
      condition thereof and effecting movement of said latch mechanism from the
      latched condition to the unlatched condition thereof thereby to permit
      return of said heating element to the retracted position thereof under the
      urging of said bias means, movement of said actuating means from the
      releasing configuration to the sealing configuration thereof effecting a
      second movement of said pressure member from the releasing condition to
      the pressing condition thereof for pressing together the melted
      overlapping portions of the strap to form a joint therebetween, movement
      of said actuating means from the sealing configuration back to the home
      configuration thereof effecting movement of said latch mechanism from the
      unlatched condition back to the latched condition thereof, a shear blade
      carried by said pressure means for severing the supply portion of the
      strap when the joint is formed between the melted overlapped portions of
      the strap, and a blower mounted on said frame for directing a stream of
      cooling air over said heating element and said actuating means and said
      pressure means for cooling thereof and for removal of vapors resulting
      from the melting of the overlapping portion of the strap, whereby there is
      provided uniform heating of the overlapped portions of the strap and the
      formation of a uniform joint therebetween.
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ABST
PAL  A machine for continuously laminating a flexible film onto a succession of
      glass substrates is disclosed. The machine comprises a conveyor, adapted
      to transport a succession of glass substrates along a horizontal plane
      toward substrate preparation means which wash one surface of each
      substrate. The machine further includes guide means for safely guiding and
      alignably transporting the succession of glass substrates from the
      substrate preparation means to a predetermined application line associated
      with application means. The application means are adapted to continuously
      unroll and expose a quantity of flexible film having a pressure sensitive
      adhesive surface at the predetermined application line which lies in the
      horizontal plane, whereby film is continuously laminated onto the surface
      of each successive glass substrate to produce sheets of shatter-proof
      glass.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to a machine for laminating one material onto
      another. More particularly, the invention relates to a system for
      continuously laminating a thin film, such as a transparent thermoplastic
      layer, onto a succession of glass substrates to produce sheets of
      shatterproof glass.
PAR  Machines and methods for laminating various materials onto substrates such
      as cellular cores, particle board, plywood and metal panels are not new.
      Due to the opaque or nontransparent nature of such substrates, however, no
      special apparatus or procedure is generally required to prevent foreign
      matter, such as dust and the like, from being trapped between the
      laminated material and the substrate. On the other hand, when a flexible
      film is laminated onto a transparent substrate such as glass, it is of
      critical importance to prevent visible matter from being sandwiched
      between the film and the substrate. Moreover, unlike more commonly
      laminated substrates of the type described, the brittle qualities of
      glass, which make it susceptible to breakage and chipping, are well-known.
      Accordingly, the problems attendant in laminating a flexible film onto a
      glass substrate are much more acute than those involved in applying a
      lamination to most other substrates.
PAR  It is therefore a primary object of the invention to overcome these and
      other problems by providing an improved machine for laminating a flexible
      film onto a substrate. The improved laminating system permits the
      continuous application of a flexible film onto a succession of glass
      sheets to produce high quality shatterproof glass. The system accomplishes
      this result by sanitarily providing, safely guiding, and alignably
      transporting glass sheets prior to the application thereon of a flexible
      laminating film. Accordingly, it is another object of the invention to
      provide an improved laminating system adapted to continuously apply a
      flexible film to a succession of glass substrates for producing sheets of
      shatterproof glass.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects, along with other objects, features and advantages,
      are achieved in an improved machine for continuously laminating flexible
      film onto a succession of glass substrates. The machine comprises conveyor
      means, adapted to receive a succession of glass substrates and to
      transport said glass substrates along a horizontal plane to substrate
      preparation means. The substrate preparation means cooperate with the
      conveying means to receive therefrom the succession of glass substrates,
      and to wash one surface thereof. Application means, adapted to
      continuously unroll a quantity of flexible film having a pressure
      sensitive adhesive surface, expose that adhesive surface along a
      predetermined application line on the horizontal plane. The machine
      further includes guide means, for safely guiding and alignably
      transporting the succession of glass substrates from the substrate
      preparation means to the predetermined application line, whereby the film
      is continuously laminated onto the surface of each of a succession of
      glass substrates to form sheets of shatterproof glass.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An exemplary embodiment of the invention summarized above is illustrated in
      the accompanying drawing in which:
PAR  FIG. 1 is a schematic view of the laminating system of the invention;
PAR  FIG. 2 is an enlarged sectional view of the substrate preparation means
      shown in FIG. 1;
PAR  FIG. 3 is an enlarged top view of the guide means portion of the invention
      shown in FIG. 1;
PAR  FIG. 4 is an enlarged sectional view of a portion of the guide means taken
      along lines 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged side view of another portion of the guide means shown
      in FIG. 3 illustrating a glass substrate at a particular position relative
      to said guide means;
PAR  FIG. 6 is an enlarged side view of the same portion of the guide means
      shown in FIG. 5, illustrating a glass substrate at a subsequent position
      relative to said guide means; and
PAR  FIG. 7 is an enlarged schematic view of the application means shown in FIG.
      1.
DETD
PAC  DETAILED DESCRIPTION OF AN EXEMPLARY EMBODIMENT
PAR  The general construction and operation of the exemplary laminating machine
      can be understood by referring to FIG. 1. In brief, a succession of glass
      substrates 12 are placed by any suitable means, including manual, onto a
      conveyor designated generally by reference numeral 10. Conveyor 10 is a
      moving surface which defines a horizontal plane 11. As shown in FIG. 1,
      plane 11 extends across the entire length of the laminating machine.
PAR  Substrate preparation means, designated by reference numeral 20, cooperate
      with conveyor 10 to successively receive glass substrates therefrom. As
      explained in greater detail hereinafter, substrate preparation means 20
      cleans the top surface of each glass substrate in preparation for the
      lamination thereon of a thin transparent film. In this exemplary
      embodiment, a sanitary enclosure 60 extends from the output of substrate
      preparation means 20 to the end of the laminating machine, to provide a
      sanitary environment for laminating the film onto the succession of glass
      substrates 12. Accordingly, enclosure 60 prevents foreign matter such as
      dust particles and the like from being sandwiched between the film and the
      substrate.
PAR  After the washed substrates emerge from substrate preparation means 20,
      they are transported by guide means 30 to application means 40. To insure
      safe passage of the succession of glass substrates to application means
      40, guide means 30 include means for reducing breakage and chipping.
      However, in the event chipping does occur, guide means 30 include means
      for safely deflecting spurious glass fragments away from the apparatus or
      any attendant who may be in the vicinity.
PAR  As explained in greater detail hereinafter, guide means 30 further include
      means for accurately aligning the glass substrates prior to reaching a
      film application line 41 associated with application means 40. Film
      application line 41 lies in plane 11, and extends perpendicularly to the
      movement of glass substrates 12. Application means 40 is adapted to expose
      a pressure sensitive adhesive surface of a flexible film 13, such as a
      thin transparent thermoplastic layer, at film application line 41. Thus,
      as the succession of glass substrates 12 pass through application means
      40, flexible film 13 is laminated onto the top surface of each substrate
      to produce sheets of shatterproof glass.
PAR  A second conveyor 50, cooperates with application means 40 to transport the
      sheets of shatterproof glass to cutting and packaging stations (not
      shown). At the cutting station, excess film is removed from the substrate,
      thereby readying completed shatterproof glass sheets for packaging and
      shipping. Since the glass substrates are inside enclosure 60 from the time
      the glass is washed to the time the film is laminated onto the washed
      surface, foreign matter will not generally become trapped between the
      substrate and the film. Accordingly, minimal visual interference in the
      completed shatterproof sheets results. Moreover, through the use of guide
      means 30, breakage and chipping is minimized, deflection of spurious
      fragments is attained, and accurate alignment prior to lamination is
      achieved.
PAR  A better understanding of the construction and operation of the exemplary
      embodiment can be obtained by referring to the enlarged illustrations of
      the various components of the laminating machine shown in FIG. 1. For
      example, FIG. 2 represents an enlarged, detailed view of substrate
      preparation means 20. Substrate preparation means 20 include a plurality
      of top and bottom pinch rollers designated by reference numerals 21a and
      21b, respectively. Pinch rollers 21a and 21b are energized by conventional
      means (not shown), and are adapted to receive glass substrates 12 from
      conveyor 10, and guide them through a housing 29. Housing 29 encloses
      detergent application means 22 adapted to apply a cleansing spray onto at
      least one surface of each glass substrate entering housing 29. In the
      exemplary embodiment, only the top surface of each glass substrate 12 is
      sprayed with detergent by means 22, though it should be clear that the
      bottom surface could likewise be sprayed if desired.
PAR  Substrate preparation means 20 further include a rotatable cylindrical
      brush 23, disposed beyond detergent application means 22. Brush 23 is
      aligned to scrub the top surface of each glass substrate 12 as it moves
      through housing 29. After scrubbing, the top surfaces of the glass
      substrates are exposed to rinsing means 25 which typically include brass
      pipes adapted to direct a stream of clean water onto the top surface of
      glass substrates 12.
PAR  After rinsing, pinch rollers 21a, 21b successively transport each glass
      substrate into contact with a second rotatable cylindrical brush 26. Brush
      26 removes excess rinse water from the top surface of substrate 12 prior
      to drying. Drying may be accomplished by any well-known means, such as a
      plurality of blower tubes 28 which direct a continuous blast of ambient
      air onto substrate 12. Since the air originates from inside sanitary
      enclosure 60, it is generally free from any foreign material such as dust
      and the like. Accordingly, each glass substrate 12 generally emerges from
      housing 29 without any spuriously derived particles on the top surface.
PAR  After passing through preparation means 20, the succession of glass
      substrates is transported to application means 40 by guide means 30. A
      detailed illustration of guide means 30, shown in FIG. 3, depicts an
      endless belt 32 in horizontal plane 11, moving generally toward film
      application line 41, and disposed at an acute angle relative to a guide
      rail 31. Guide rail 31 is preferably perpendicular to the output of
      substrate preparation means 20, the entrance of application means 40, and
      film application line 41. Thus, the movement of belt 32 eventually causes
      a longitudinal edge 16 of each glass substrate 12 to contact guide rail
      31, thereby aligning each glass substrate with film application line 41
      prior to entering application means 40.
PAR  Disposed along the length of guide rail 31 are a plurality of uniformly
      spaced rollers 35. As shown in greater detail in FIG. 4, each of rollers
      35 is in the form of an inverted truncated cone, and in this exemplary
      embodiment is fabricated from resilient material to cushion the impact of
      glass substrates 12 which come into contact therewith. An axle 36,
      associated with each of rollers 35, facilitates the rotation of rollers
      35, whereby glass substrates 12 slide along guide rail 31 with minimal
      chipping or breakage.
PAR  Due to imperfections in glass substrates 12 which may inevitably occur
      during manufacture, a certain amount of chipping cannot generally be
      prevented. For example, as shown in FIG. 5, a bulge 17 may exist in an
      upper portion of the longitudinal edge 16 of glass substrate 12 which is
      moved into contact with rollers 35 by endless belt 32. The impact of
      substrate 12 with rollers 35 may cause bulge 17 to break away from glass
      substrate 12, thereby producing fragments such as the one identified by
      reference numeral 18 in FIG. 6. Because of the inverted truncated conical
      shape of rollers 35, however, the larger upper diameter of roller 35 will
      prevent fragments 18 from flying dangerously upward. Instead, fragments 18
      will fall safely downward, away from an attendant who might be in the
      vicinity. Further, the downward movement of fragment 18 prevents it from
      landing on the top surface of glass substrate 12, previously cleaned and
      washed by substrate preparation means 20. As a result, spuriously derived
      fragments such as fragment 18 will not interfere with the laminating
      machine, or its laminating operations.
PAR  Still referring to FIGS. 5 and 6, it should be recognized that, due to the
      inverted conical shape of rollers 35, only the upper reaches of
      longitudinal edge 16 of glass substrate 12 come into contact with rollers
      35. Thus, if an imperfection such as bulge 17 exists near the bottom
      portion of longitudinal edge 16, the substrate will pass along guide rail
      31 with the bulge remaining out of contact with the lower, tapered
      portions of rollers 35. As a result, these lowerly disposed imperfections
      will not be broken off of glass substrate 12, thereby reducing chipping
      and breakage accordingly.
PAR  As mentioned hereinbefore, guide means 30 alignably transports the
      succession of glass substrates 12 to application means 40 where a thin,
      flexible film is laminated onto the prepared surface of each substrate. A
      detailed illustration of application means 12 is depicted by FIG. 7
      wherein a supply roller 42 carrying a rolled quantity of flexible film 13
      is shown. Film 42 conventionally has a pressure sensitive adhesive surface
      15, covered by a protective backing 14. Moreover, in this exemplary
      embodiment, the width of film 13 is precisely equal to the width of the
      succession of glass substrates to be laminated.
PAR  In operation, supply roller 42 is energized by conventional means (not
      shown), so that film 13 is passed to separation means 49 via a pair of
      guide rollers 48 and 44. Separation means 49 are adapted to continuously
      remove backing 14 from film 13, thereby exposing pressure sensitive
      adhesive surface 15. Backing 14 is then passed by way of a guide roller 47
      to a takeup roller 43 where it is collected, and ultimately discarded.
      After removal of backing 14, film 13 is partially wound around an
      application roller 45 so that pressure sensitive adhesive surface 15 is
      exposed at film application line 41. Simultaneously, glass substrates 12
      are transported through application means 40 at a speed corresponding to
      the rate at which film 13 is unrolled from supply roller 42. Further, as
      explained hereinbefore, guide rail 31 of guide means 30 alignably
      transports glass substrates 12 so that the leading edges thereof coincide
      with film application line 41. Accordingly, application roller 45, backed
      by a pressure roller 46, continuously urges pressure sensitive adhesive
      surface 15 of film 13 onto the top surface of glass substrates 12 at film
      application line 41.
PAR  As explained hereinbefore, the width of film 13 is precisely equal to the
      width of glass substrates 12, and guide means 30 accurately align the
      substrates with application means 40. As a result, there is no widthwise
      overhang or widthwise shortage of film 13 relative to glass substrates 12.
      However, since film 13 is continuously applied by application means 40,
      lengthwise overhang 19 will result. Overhang 19 is readily removed by
      cutting the film along the leading and trailing edges of glass substrates
      12 by any suitable means designated generally by arrows 51.
PAR  The flexible film 13, carried on supply reel 42 of application means 40 is
      conventional. More particularly, any transparent thermoplastic film having
      the backing and adhesive qualities of the type described, and which, when
      laminated onto glass substrates 12 meet the requirements of the American
      National Sales Institute for shatterproof glass will be sufficient.
      Accordingly, the laminated substrates continuously emerging from
      application means 40 represent high quality sheets of shatterproof glass.
      The completed sheets can then be transported by means of conveyor 50 to a
      packaging station (not shown), where they are readied for shipment.
PAR  In view of the foregoing, it is clear that the machine described above
      discloses an improved system for laminating glass substrates in the
      manufacture of sheets of shatterproof glass. It is also clear that
      numerous refinements and modifications which do not part from the true
      scope of the invention will be apparent to those skilled in the art.
      Accordingly, all such refinements and modifications are intended to be
      covered by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for continuously laminating flexible film onto a succession of
      glass substrates comprising:
PA1  first conveyor means, adapted to receive a succession of glass substrates,
      and to transport said glass substrates along a horizontal plane;
PA1  substrate preparation means, cooperating with said conveying means, for
      receiving therefrom said succession of glass substrates and washing one
      surface thereof;
PA1  application means, adapted to continuously unroll a quantity of flexible
      film having a pressure sensitive adhesive surface, said application means
      exposing said pressure sensitive adhesive surface of said flexible film
      along a predetermined application line on said horizontal plane; and
PA1  guide means, for alignably transporting said succession of glass substrates
      from said substrate preparation means to said predetermined application
      line, said guide means including roller means adapted to facilitate the
      movement of glass substrates along said guide means, and said roller
      means, at the area of contact with said succession of glass substrates,
      having a greater cross-sectional dimension than the cross-sectional
      dimension of said roller means at substantially all areas below said area
      of contact, whereby said flexible film is continuously laminated onto one
      surface of each of a succession of glass substrates.
NUM  2.
PAR  2. The machine set forth in claim 1 wherein said roller means include a
      plurality of inverted truncated conical rollers.
NUM  3.
PAR  3. The machine set forth in claim 2 further includes second conveyor means,
      cooperating with said application means, adapted to transport a succession
      of laminated glass substrates therefrom.
NUM  4.
PAR  4. The machine set forth in claim 2 further includes sanitary enclosure
      means, enclosing at least that portion of said machine extending from the
      place at which one surface of the glass substrate is washed to the place
      at which the flexible film is applied to the glass substrate.
NUM  5.
PAR  5. The machine set forth in claim 2 wherein said application means further
      include means for removing a backing originally applied to said flexible
      film, and takeup means for collecting said backing.
NUM  6.
PAR  6. The machine set forth in claim 2 wherein said guide means include a
      guide rail, disposed perpendicularly to said predetermined application
      line, for aligning the leading edge of each glass substrate therewith.
NUM  7.
PAR  7. The machine set forth in claim 6 wherein said guide means further
      include a movable horizontal surface in said horizontal plane, having a
      direction of movement toward a predetermined application line at an acute
      angle with said guide rail.
NUM  8.
PAR  8. A machine for continuously laminating flexible film onto a succession of
      glass substrates comprising:
PA1  first conveyor means, adapted to receive a succession of glass substrates,
      and to transport said glass substrates along a horizontal plane;
PA1  substrate preparation means, cooperating with said conveying means, for
      receiving therefrom said succession of glass substrates and washing one
      surface thereof;
PA1  application means, adapted to continuously unroll a quantity of flexible
      film having a pressure sensitive adhesive surface, said application means
      exposing said pressure sensitive adhesive surface of said flexible film
      along a predetermined application line on said horizontal plane; and
PA1  guide means, for alignably transporting said succession of glass substrates
      from said substrate preparation means to said predetermined application
      line, said guide means including roller means adapted to facilitate the
      movement of glass substrate along said guide means, said roller means
      including a plurality of inverted truncated conical rollers, whereby said
      flexible film is continuously laminated onto one surface of each of a
      succession of glass substrates.
NUM  9.
PAR  9. The machine set forth in claim 8 further includes second conveyor means,
      cooperating with said application means, adapted to transport a succession
      of laminated glass substrates therefrom.
NUM  10.
PAR  10. The machine set forth in claim 8 further includes sanitary enclosure
      means, enclosing at least that portion of said machine extending from the
      place at which one surface of the glass substrate is washed to the place
      at which the flexible film is applied to the glass substrate.
NUM  11.
PAR  11. The machine set forth in claim 8 wherein said application means further
      include means for removing a backing originally applied to said flexible
      film, and takeup means for collecting said backing.
NUM  12.
PAR  12. The machine set forth in claim 8 wherein said guide means include a
      guide rail, disposed perpendicularly to said predetermined application
      line, for aligning the leading edge of each glass substrate therewith.
NUM  13.
PAR  13. The machine set forth in claim 12 wherein said guide means further
      include a movable horizontal surface in said horizontal plane, having a
      direction of movement toward a predetermined application line at an acute
      angle with said guide rail.
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ABST
PAL  The liquid phase coking of waste kraft pulping liquors can be effected with
      a shorter residence time in the coking means at lower temperature, and
      lower pressure by reducing the pH of such liquors by at least one pH unit
      before coking. Products are lower in malodorous organic sulfur components
      than those produced at a higher pH.
PAL  The lowering of the pH is achieved by adding sulfur dioxide to the liquor
      either as free SO.sub.2 or as an aqueous solution of SO.sub.2.
PARN
PAC  CROSS REFERENCE TO CO-PENDING APPLICATION
PAR  This application is a continuation-in-part of coassigned U.S. Pat.
      application Ser. No. 149,672 filed June 3, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The present invention is concerned with coking waste kraft pulping process
      liquors containing organic matter dissolved from wood.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention spent alkaline Kraft pulping
      liquors are flowed to an absorbing zone and extraneous sulfur dioxide is
      added thereto to lower the pH of the liquors by at least one unit and
      preferably down to 2-7 prior to coking them in the liquid phase in the
      absence of air under autogenous pressure in a coking zone thereby forming
      coke, gases including H.sub.2 S and an aqueous effluent. The coke is
      separated from the effluent in a separating zone and burned to produce the
      above-mentioned sulfur dioxide. Lime and H.sub.2 S are added to this
      effluent in a second absorbing zone to reconstitute Kraft cooking liquor.
DRWD
PAR  In the drawing
PAR  FIG. 1 shows one installation in which the process of the invention can be
      carried out and FIGS. 2, 3 and 4 are graphs showing the influence of time
      on COD reduction for alkaline and acid spent Kraft liquors.
DETD
PAR  As shown in FIG. 1, Black liquor from a Kraft pulping mill has a pH of
      about 12 (before oxidation) and is passed through line 1 to absorber tower
      2 wherein it is contacted with SO.sub.2 -containing flue gas from line 3.
      In the absorber tower 2, SO.sub.2 is absorbed in the Black Liquor and the
      pH is dropped to as low as 2. This low pH liquor then passes through line
      4 to pump 5 where it is pumped up to pressure, say 1100 psig, and thence
      through heat exchanger 6 where it is in heat exchange with liquid coker
      effluent from coke drum 9 through line 19. After heat exchange, the low pH
      black liquor passes through the upper part of fired heater 7 wherein the
      temperature is raised to about 550.degree.F. and then through line 8 to
      separator (or coke drum) 9. In the separator 9, the coke settles and is
      withdrawn to cyclone 10 which serves to further dewater the coke before
      passing it to the coke drier 11. In the drier 11 the coke is contacted
      with hot flue gases (containing SO.sub.2) produced in the heater 7 and
      passing through 12 which dries the coke. The dry coke, optionally with
      some of the produced gases from line 15, is burned in the heater 7 to
      produce high pressure steam in the bottom part of the heater and to supply
      heat for coking the Black Liquor in the top part of the heater. The hot
      combustion gases produced in the heater 7 pass through line 12 and are
      utilized for drying the coke in vessel 11. The cooled combustion gases
      (containing SO.sub.2 produced by burning the sulfur-containing coke and,
      optionally part, of the sulfur bearing gas from line 15) pass through line
      3 to absorber 2 where the SO.sub.2 is scrubbed out and the pH of the Black
      Liquor charge is reduced. Also shown in the heater is a loop 35 for
      preparing high pressure process steam. If there is any smelt produced in
      the heater 7 it is discharged to smelt dissolving tank 16 where it is
      contacted and dissolved smelt is combined with the cooled liquid effluent
      from the coker passing along line 19 through heat exchanger 6. The liquid
      in line 19 now is a mixture of liquid coker effluent and dissolved smelt
      and will contain sodium sulfide, sodium carbonate, and sodium hydroxide
      (and, occasionally, small amounts of sodium sulfate and sodium
      thiosulfate). This will be causticized by treating the lime and then
      contacted with H.sub.2 S-bearing gas from line 20 in absorber 21 where the
      caustic liquor would be brought up to proper sulphidity by absorption of
      H.sub.2 S. Fortified wood pulping liquor suitable for wood pulping passes
      through line 22 to the digester of a wood pulping plant. The scrubbed gas
      leaving absorber 21 passes through line 15 and eventually is burned in the
      coke burning heater 7.
PAR  Many variations of the above flow scheme can be drawn. One modification is
      that the liquid coker effluent from separator 9 at 550.degree.F. and 1100
      psig can be flashed in flash drum 35 by depressurizing with throttle valve
      36 to produce water free from salts in condenser 37. This flashed water
      then can be used to wash sodium salts from the wet coke before it passes
      to the coke drier 11. This reduces the amount of sodium compounds burned
      along with the coke in the heater 7 and substantially or completely reduce
      the production of smelt from the furnace 7. Also heater 7 can be of a type
      which provides rapid heating of the liquors at the rate of about
      110.degree. to about 150.degree.F. per minute in the temperature interval
      of 350.degree. to about 550.degree.F. to prevent formation of coke gels.
PAR  The examples and the data appearing below show that the pH adjustment
      allows for a much greater reduction in COD (Chemical Oxygen Demand) in a
      much shorter residence time. This residence time is important since it
      cuts down the time necessary to hold the hot coker liquid in the pressure
      coke drum and thus offers a substantial savings in the equipment required.
      It is also apparent that the composition of the gases produced is markedly
      different, most of the sulfur in the gas appearing as hydrogen sulfide
      rather than as organic sulfur compounds. The gases are also considerably
      richer in carbon dioxide.
PAR  Referring to Table I and Run L-216: this run shows coking of the Black
      Liquor as received without any adjustment of pH by blowing with SO.sub.2.
      It can be seen that coking at 550.degree.F. for 2 hours shows a reduction
      in COD of 56%. The gases produced are very high in organic sulfur
      compounds, dimethyl sulfide and methyl mercaptan and low in H.sub.2 S and
      CO.sub.2. A washed coke yield of 3.1% was obtained. A reduction of carbon
      in the waste liquor from 6.8% of 3.9% or 43% was obtained.
PAR  Referring to Table II and to Run L-218: the pH of the Black liquor here was
      reduced from 12.1 to 2.2 by blowing the waste liquor with SO.sub.2. This
      liquor was then coked at autogeneous pressure and 550.degree.F. for 2
      hours and produced a coker effluent with the COD reduced by 83.6%. The
      carbon was reduced from 6.8% to 0.9%, a reduction of 86.8%. The gases
      produced were largely H.sub.2 S and CO.sub.2 with minor amounts of
      dimethyl sulfide and methyl mercaptan. A washed coke yield of 7.8% was
      obtained.
PAR  Both of the above runs also show the principle of coke washing for removal
      of sodium. Coke-filtering and coke washing are easier with the coke
      produced from Run L-218 than with that of L-216. In general when coking
      Kraft Black Liquors (without pH adjustment) it was found that the cokes
      are difficult to wash and filter. When the liquors are treated with
      SO.sub.2 to pH 2.2 they are readily filtered and washed. As regards coke
      washing in Run L-216: one-half of the wet coke produced (23g) was slurried
      in a breaker with 200 ml. water, vacuum filtered and washed on the filter
      with 800 ml. water and dried. The unwashed dry coke contained 6.1 wt.% of
      sodium; the washed dry coke contained 3.3 wt.% of sodium, showing that the
      washing procedure removed 46% of the sodium. In Run L-218: one-half of the
      wet coke produced (37g) was washed as above. The unwashed dry coke
      contained 2.0 wt.%, the washed dry coke contained 0.22% sodium, showing
      that the washing procedure removed 89% of the sodium as regards filtering
      characteristics.
PAR  The following runs were carried out in stainless steel tubes heated in a
      metal bath to 550.degree.F. Sixty grams of liquor was charged to each of
      the tubes and they were sealed. The tubes were heated for the times shown
      in the metal bath and then quenched in air to ambient temperature and the
      produced gas was vented. The liquids plus solids were then filtered under
      the same conditions and a yield of wet coke and filtrate were obtained.
      The wet coke was dried on a steam plate to give a dry coke yield. The
      filtrates were analysed for COD. For comparative purposes yields were
      adjusted to 100%. Also in the adjusted dry coke yield the amount of solids
      from the filtrate liquid adhering to the wet coke was calculated and this
      amount was subtracted from the dried wet coke yield. This adjusted coke
      yield, then, is the true coke yield after having corrected for the solids
      retained on the coke during the drying operation.
PAR  In Table III, Run L-71-6 shows coking of black liquor at a pH of 4.8, the
      initial pH having been 8.7. Coking was carried out at 550.degree.F. under
      1075 pounds pressure for two hours and produced a coker effluent having a
      COD of 30.4 g/l as compared with starting liquor. A washed coke yield of
      5.9% was obtained and this coke had a gross heat of combustion of 11,831
      BTU/lb.
PAR  In Table IV, Run L-249B was the Black Liquor without any pH adjustment.
      Runs L-220 B, C and D were carried out on Black Liquor with the pH
      adjusted to 2.2 by blowing with SO.sub.2 at atmospheric pressure.
PAR  It can readily be seen that the Black Liquors adjusted to the low pH coked
      more readily than the untreated Black Liquor as evidenced by the coking
      time and the COD removal. There is a substantial improvement in filtering
      time, as shown. It should be noted also that the filtrate liquor hold up
      on the wet coke is considerably less when coking the low pH material.
      Examination of the coke yields adjusted for the dissolved solids in the
      filtrate liquor adhering to the wet coke shows the adjusted coke yields to
      be in line with the COD removal.
PAR  The curves plotted on FIG. 2 serve to show the influence of time on COD
      reduction when coking the straight Black Liquor and Black Liquor adjusted
      to pH 2.2. It is quite evident from the curves that coking at the low pH
      allows for greater COD removal in less time.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     RUN L-216                                                                 
     BLACK KRAFT LIQUOR BEFORE OXIDATION                                       
                                                             Gross Heat        
              Yield                                                            
                  Wt.% Dissolved                                               
                               Wt.%                                            
                                   Wt.%                                        
                                       Wt.%                                    
                                           Wt.%   Wt.%                         
                                                      Wt.%   of Combus-        
              Wt.%                                                             
                  Solids  COD g/l                                              
                               Ash C   Sulfur                                  
                                           Na Ca  N   H.sub.2                  
                                                         pH  tion              
     __________________________________________________________________________
                                                             BTU/lb.           
     Spent Liquor 22.0    195.6                                                
                               14.40                                           
                                   6.8 0.84                                    
                                           4.3                                 
                                              0.037                            
                                                  0.007  12.1                  
     Effluent from                                                             
              88.2                                                             
                  14.8     85.9                                                
                               3.81                                            
                                   3.9 0.67                                    
                                           4.4                                 
                                              0.032                            
                                                  0.007   9.9                  
     Coker                                                                     
     Wet Coke 9.2 (50% H.sub.2 O)                                              
     Coke (Dry)                                                                
              4.6              12.94                                           
                                   62.9                                        
                                       1.62                                    
                                           6.1                                 
                                              0.071   4.8    11,587            
     Dry Washed Coke                                                           
              3.12             8.41                                            
                                   66.0                                        
                                       2.07                                    
                                           3.3                                 
                                              0.060   4.9    12,439            
     Gas      0.53                                                             
                  Mol %            34.6                                        
                                       48.0                                    
     Dimethyl Sulfide                                                          
                  38.7                                                         
     Methyl mercaptan                                                          
                  18.0                                                         
     Carbon dioxide                                                            
                  8.75 MW=38.8                                                 
     Hydrogen Sulfide                                                          
                  1.45                                                         
     Ethane       1.0                                                          
     Methane      6.1                                                          
     Hydrogen     26.0                                                         
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
     RUN L-218                                                                 
     BLACK KRAFT LIQUOR BEFORE OXIDATION                                       
                                                             Gross Heat        
              Yield                                                            
                   Wt.% Dissolved                                              
                                Wt.%                                           
                                    Wt.%                                       
                                        Wt.%                                   
                                            Wt.%   Wt.%                        
                                                       Wt.%  of Combus-        
              Wt. %                                                            
                   Solids  COD g/l                                             
                                Ash C   Sulfur                                 
                                             Na                                
                                               Ca  N   H.sub.2                 
                                                          pH tion              
     __________________________________________________________________________
                                                             BTU/lb.           
     Spent Liquor  22.0    195.6                                               
                                14.40                                          
                                    6.8 0.84                                   
                                            4.3                                
                                               0.037                           
                                                   0.007  12.1                 
     Blow with SO.sub.2                                                        
              108.6                                        2.2                 
     Effluent from                                                             
              76.6 17.4     32.0                                               
                                14.3                                           
                                    0.9 3.6 4.1                                
                                               0.030       2.5                 
     coker                                                                     
     Wet Coke 14.8 (53% H.sub.2 O)                                             
     Coke (Dry)                                                                
              7.82              22.63                                          
                                    50.2                                       
                                        19.5                                   
                                            2.0                                
                                               0.054   2.6   10,106            
     Dry Washed Coke                                                           
              7.8               13.73                                          
                                    51.2                                       
                                        15.6                                   
                                            0.22                               
                                               0.054   3.0   10,368            
     Gas      4.2  Mol%             18.0                                       
                                        34.3                                   
     Thiophene    0.1                                                          
     Dimethyl Sulfide                                                          
                  0.2                                                          
     Methyl Mercaptan                                                          
                  2.86                                                         
     Carbon Dioxide                                                            
                  54.2 MW=38.6                                                 
     Hydrogen Sulfide                                                          
                  38.3                                                         
     Methane      0.2                                                          
     Hydrogen     4.1                                                          
     __________________________________________________________________________
TBL                                    TABLE III                               
     __________________________________________________________________________
     Run L-71-6                                                                
     Black Liquor Before Oxidation                                             
                  Wt. %                                     Gross Heat         
              Yield                                                            
                  Dissolved     Wt %                                           
                                    Wt %                                       
                                       Wt %                                    
                                           Wt %   Wt %                         
                                                      Wt %  of Combus-         
              Wt. %                                                            
                  Solids  COD g/l                                              
                                Ash C  Sulfur                                  
                                           Na Ca  N   H.sub.2                  
                                                         pH tion               
     __________________________________________________________________________
                                                            BTU/lb.            
     Spent Liquor 22.0    195.6 14.4                                           
                                     6.8                                       
                                        0.84                                   
                                           4.3                                 
                                              0.037                            
                                                  0.007  12.1                  
     Blow with SO.sub.2                                   4.8                  
     Effluent From                                                             
              77.4                                                             
                  15.4     30.4 10.64                                          
                                     1.4                                       
                                        2.68                                   
                                           4.5                                 
                                              0.004       8.7                  
     Coker                                                                     
     Wet Coke 14.6                                                             
                  (46.5% H.sub.2 O)                                            
     Coke (dried)                                                              
               7.8              17.0                                           
                                    58.2                                       
                                       14.4                                    
                                           5.1                                 
                                              0.03    2.6   10,480             
     Coke (washed)                                                             
               5.9              5.5 67.8                                       
                                       14.0                                    
                                           1.0                                 
                                              0.04    3.0   11,831             
     Gas       2.8                                                             
                  Mol %             25.1                                       
                                       28.7                                    
              Dimethyl Sulfide                                                 
                          0.5                                                  
              Methyl Mercaptan                                                 
                          2.21                                                 
              Carbon Dioxide                                                   
                          61.0  MW=39.5                                        
              Hydrogen Sulfide                                                 
                          32.5                                                 
              Methane     0.7                                                  
              Hydrogen    3.0                                                  
     __________________________________________________________________________
TBL                                    TABLE IV                                
     __________________________________________________________________________
                                                        Adjusted               
               Coking                                                          
                     Filtering                                                 
                            Filtrate                                           
                                  Wet Coke      Dried Wet                      
                                                        Dry Coke               
                                                              COD              
     Run       Time  Time   Yield Yield                                        
                                      Wt.%      Coke Yield                     
                                                        Yield Removal          
     Number                                                                    
          pH   Minutes                                                         
                     Seconds                                                   
                            wt.%  wt.%                                         
                                      Filtrate Liquor                          
                                                Wt.%    Wt.%  Wt.%             
     __________________________________________________________________________
     L-249B                                                                    
          12.1 60    165    84.0  16.0                                         
                                      70.6      4.68    3.0   47               
     L-220B                                                                    
          2.2  10    30     93.0   7.0                                         
                                      34.0      4.12    3.7   73               
     L-220C                                                                    
          2.2  20    30     87.3  12.7                                         
                                      46.0      7.06    6.0   79               
     L-220D                                                                    
          2.2  120   20     88.5  11.5                                         
                                      35.7      6.86    6.1   80               
     __________________________________________________________________________
PAR  The curves of FIGS. 3 and 4 demonstrate the effect of SO.sub.2 addition (as
      measured by pH reduction) for coking a spent Kraft Pulping liquor
      (produced from pulping southern pine wood) at 550.degree. and
      600.degree.F. This spent Kraft liquor had been concentrated by
      distillation so that the Tall Oil could be recovered and the resulting
      waste liquor had a very high COD (288g. O.sub.2 per liter) and a pH of 12.
PAR  On the two figures:
PA1  Curve A -- Kraft liquor as received, pH 12
PA1  Curve B -- Kraft liquor with pH adjusted to 10.1 pH by SO.sub.2 addition
PA1  Curve C -- Kraft liquor with pH adjusted to 8.3 pH by SO.sub.2 addition
PA1  Curve D -- Kraft liquor with pH adjusted to 6 pH by SO.sub.2 addition
PAL  By examination of the figures the following conclusions may be drawn:
PAR  1. Reduction of pH with SO.sub.2 causes a remarkable acceleration of the
      coking reaction and drives it towards completion as evidenced by COD
      removal.
PAR  2. It is not necessary to reduce the pH to below 7 (acid side) to obtain
      better coking results although the lower the pH, the better the results
      for the coking reaction.
PAR  3. When the pH is adjusted to below 7, the coking results are better than
      when the pH is still adjusted with SO.sub.2 but remains above 7.
PAR  4. It becomes apparent that the residence time for the coking reaction to
      go well towards completion is only of the order of one minute if carried
      out at 600.degree.F. This allows the whole coking reaction to take place
      in the heater coil itself rather than having to supply a high pressure
      coke drum to supply extra residence time. Thus a 600.degree.F. operating
      temperature is better than the 550.degree.F. operating temperature.
PAR  Although preferred embodiments only of the invention have been given, it is
      to be understood that the invention is not limited thereto but may be
      otherwise embodied or practised within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination in a process for treating alkaline Kraft pulping liquors,
      the steps of: flowing said liquors to an adsorbing zone and adding
      extraneous SO.sub.2 to said liquors in said zone to lower the pH thereof
      by at least one unit then coking said liquors in the liquid phase in the
      absence of air in a coking zone by heating to a temperature in the range
      of 450.degree. to 700.degree.F. under a pressure of about 1000 to about
      3000 psig for 0.5 minutes to 6 hours thereby forming coke, gases including
      H.sub.2 S and an aqueous effluent; separating in a separating zone said
      coke from said effluent; burning said coke to produce said sulfur dioxide;
      adding lime and said H.sub.2 S to said effluent in a second absorbing zone
      to form new Kraft cooking liquor.
NUM  2.
PAR  2. The process according to claim 1 wherein scrubbed gas leaving said
      second absorbing zone is combined with gas collected in said separating
      zone.
NUM  3.
PAR  3. The process according to claim 1 wherein the pH of the liquor is brought
      down to between 2 and 7 before coking.
NUM  4.
PAR  4. The process according to claim 1 wherein said coke is washed to remove
      sodium salts therefrom.
NUM  5.
PAR  5. The process according to claim 1 wherein said liquors after pH reduction
      are preheated by heat exchange with hot effluent from said separating
      zone.
NUM  6.
PAR  6. The process according to claim 1 wherein said gases produced by burning
      said coke and said coke are placed in contact in a drying zone to dry said
      coke prior to contacting said liquors to acidify same.
NUM  7.
PAR  7. The process according to claim 5 wherein smelt is produced by burning
      said coke; said smelt is combined with effluent cooled by said heat
      exchange to form a liquid containing sodium sulfide, sodium carbonate and
      sodium hydroxide and said liquid is made basic with lime and process
      H.sub.2 S is added to form new Kraft cooking liquor.
NUM  8.
PAR  8. The process according to claim 1 wherein said aqueous effluent is
      removed from said separation zone and flashed to produce salt-free water.
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ABST
PAL  A process is provided for producing cellulose pulp of high brightness,
      which comprises pulping lignocellulosic material such as wood with oxygen
      under superatmospheric pressure in two stages, in the first at a pH within
      the range from about 6 to about 9, and in the second at a more alkaline pH
      of at least about 10.
BSUM
PAR  It is known that cellulosic material can be digested by treatment with
      oxygen in an alkaline medium in order to prepare chemical and semichemical
      cellulose pulp. The oxygen treatment is carried out at an elevated
      temperature, of the order of 100.degree. to 170.degree.C, and normally at
      high oxygen pressures. The amount of active alkali required is of the
      order of 4 to 40%, based on the dry pulp, and calculated as NaOH. It is
      possible to digest cellulose in this way, but unfortunately, at the same
      time a significant decomposition of the cellulose takes place, as
      evidenced by a lower viscosity value, and a darker color of the treated
      pulp. It is also difficult to control the uniformity of the digestion.
PAR  Harris U.S. Pat. No. 2,673,148, dated Mar. 23, 1954, proposed an oxygen
      digestion process for cellulosic material using quite high oxygen
      pressures, of the order of at least 800 psi. This was thought necessary in
      order to obtain and maintain a sufficiently high oxygen concentration in
      the digestion liquor. However, under these conditions, the process is
      uneconomical.
PAR  Grangaard and Saunders, U.S. Pat. No. 2,926,114, dated Feb. 23, 1960,
      stated that oxygen prior to 1957 has been used both at low and at high
      oxygen pressures. However, at low pressures, the pulping was inadequate,
      and the process had to be used only as a single stage in a multiple stage
      pulping process, using more conventional pulping chemicals to complete the
      pulping. At the high pressures, the pressures are so high that large
      volume batch digesters cannot be readily constructed to withstand them.
      Grangaard et. al. proposed a digestion at pH 7 to 9 over at least a major
      portion of the cooking time, ranging up to 9.4 at the end of the cook,
      under oxygen pressures of 40 to 250 psi, using conventional batch
      digesters. The pH is maintained within the desired range by a buffer such
      as sodium bicarbonate, or by continuous addition of alkali such as sodium
      hydroxide or sodium carbonate, to neutralize free acids formed throughout
      the digestion. However, the disadvantages are an extremely high oxygen
      consumption; it is difficult to control the process; and a nonuniform pulp
      is obtained. There is, moreover, a high consumption of sodium bicarbonate,
      and no method is suggested for the recovery of bicarbonate.
PAR  The Grangaard et al. patent illustrates the difficulties in developing a
      practical pulping process using oxygen. Indeed, in a recent investigation
      of the oxygen digestion process by J. C. Lescot, "Essais de
      delignification de bois feuillus par 1'oxygene en milieu alcalin" (Ph. D.
      Thesis, Univ. of Grenoble, France, Oct. 27, 1967), the conclusion was
      reached that alkaline oxygen digestion was not feasible, due to the
      difficulties of impregnation. The author reported that a pre-digestion
      with other chemicals was necessary, before the delignification with oxygen
      and alkali.
PAR  Oxygen and alkali have also been used in the delignification of cellulose
      pulp prepared by digestion of the cellulose using other pulping methods,
      such as the sulfate or sulfite pulping methods. However, while the
      delignification proceeds well, in removing lignin from the pulp, at the
      same time hemicellulose is dissolved, and a significant decomposition of
      the cellulose takes place, as in oxygen-alkali pulping, as evidenced by a
      lower viscosity value of the delignified sulfate or cellulose pulp.
PAR  It has been proposed in U.S. Pat. No. 3,384,533 dated May 21, 1968, to
      Robert et al that the oxygen-alkali delignification process be improved by
      inhibiting degradation of the cellulose, carrying out the treatment in the
      presence of a degradation inhibitor, a metal carbonate, such as barium
      carbonate, calcium carbonate, magnesium carbonate or zinc carbonate, in an
      amount within the range from about 0.5 to 3% by weight of the pulp. Of
      these chemicals, magnesium carbonate gives the best results, when in an
      amount of approximately 1% by weight of the pulp. However, magnesium
      carbonate is quite expensive, and the treatment is costly. Calcium
      carbonate, which is cheaper, is much less effective. In the case of all of
      these salts, the difficulty is that a powdered water-insoluble inhibitor
      must be charged to and mixed with the aqueous cellulose pulp system, and
      it is accordingly hard to obtain and maintain a homogeneous mixture, with
      uniform inhibiting effect.
PAR  Noreus and Samuelson U.S. Pat. No. 3,652,386 patented Mar. 28, 1972
      describe a process for the reduction of lignin content in cellulose pulp
      without causing deleterious degradation of the cellulose. Complex
      magnesium salts, such as chelates of magnesium and aliphatic alpha-and
      beta-hydroxycarboxylic acids, are incorporated into the alkaline oxygen
      delignification solution, to reduce attack of oxygen on the hemicellulose
      and cellulose carbohydrates without appreciably diminishing the oxidation
      of the lignin and its dissolution in the course of the process. This
      process seeks to control the degradation of the cellulosic material after
      liberation by the delignification solution by addition of degradation
      inhibitors.
PAR  Noreus and Samuelson U.S. Pat. No. 3,652,385, patented Mar. 28, 1972,
      propose a modification of the delignification process of U.S. Pat. No.
      3,652,386 by pretreating the cellulosic material so as to remove or
      inactivate metal ions by way of acids or complexing agents. In a further
      modification, the alkali is added in increments or continuously, so that
      alkali is added in at least one additional stage during the oxygen
      treatment, in addition to the amount of alkali present at the beginning of
      the treatment. Transition metals or metal compounds catalyze the attack on
      the cellulose or hemicellulose, and their removal or inactivation
      decreases the degradation of the carbohydrates. This process also relies
      on degradation inhibitors to lessen degradation of the cellulose during
      the digestion or delignification.
PAR  Samuelson and Noreus, Ser. No. 19,375, filed Feb. 26, 1971 now U.S. Pat.
      No. 3,769,152, patented Oct. 30, 1973, provide a process for the alkaline
      oxygen digestion of wood which can be controlled by removal of carbon
      dioxide, so as to inhibit formation of slivers or shives, as well as to
      prevent undue degradation, thereby to increase the uniformity of the
      cellulose pulp, and improve its color and strength properties. In this
      process, the alkaline digestion liquor comprises alkali metal bicarbonate
      or carbonate, or both, oxygen gas is provided under pressure to the
      reaction system, and carbon dioxide that is formed and enters the oxygen
      phase during the digestion process is separated at least once during the
      digestion, and preferably either continuously, or from time to time, so as
      to maintain a high partial pressure of oxygen in the gas phase. The carbon
      dioxide that is separated can be recovered and used to form alkali metal
      carbonate, or bicarbonate, or both, and recycled, and since the resulting
      process is more efficient, this results in greater economy both of alkali
      and of oxygen.
PAR  Unfortunately, when wood is pulped by use of a carbonate such as sodium
      bicarbonate at a pH within the range from about 7 to about 9, it becomes
      difficult to control the pulping so as to keep the proportion of slivers
      or shives at a minimum. The proportion of shives is reduced at higher pHs,
      within the range from about 9 to about 13, utilizing sodium hydroxide or
      sodium carbonate, but even under these conditions the proportion of shives
      produced by the pulping is undesirably high unless the pulping time is
      rather long, and if the time be long the degradation of carbohydrates
      increases, with the result that the properties of the pulp make it
      unsatisfactory for most paper applications.
PAR  In accordance with the instant invention, it has been determined that it is
      possible to produce a pulp having a substantially higher brightness than
      pulps obtained by other known methods, and also, optionally, a low
      proportion of shives, and high strength properties, if the pulping of the
      lignocellulosic material with oxygen is carried out in two stages, the
      first stage being conducted at a pH within the range from about 6 to about
      9, and the second stage being conducted at a pH of at least about 10.
PAR  The process of the invention accordingly produces cellulose pulp having a
      high brightness, and comprises pulping lignocellulosic material, and
      particularly wood, with oxygen under superatmospheric pressure in the
      presence of an alkaline compound in at least two oxygen pulping stages, in
      a first stage at a pH within the range from about 6 to about 9 and at a
      temperature within the range from about 110.degree. to about 160.degree.C,
      and in a second stage at a pH of at least about 10, and preferably within
      the range from about 11 to about 12, and at a temperature within the range
      from about 80.degree. to about 160.degree.C, and continuing the pulping
      with oxygen under superatmospheric pressure at a temperature within the
      range from about 80.degree. to about 160.degree.C until cellulose pulp
      having a high brightness is obtained.
PAR  The alkaline compound is selected to allow pulping with oxygen at a pH
      within the stated range. The alkaline compound can be selected from the
      group consisting of alkali metal and alkaline earth metal carbonates,
      bicarbonates, and hydroxides, and mixtures thereof, with the alkali metal
      carbonates, bicarbonates, and hydroxides being preferred, and sodium
      carbonate, sodium bicarbonate, sodium hydroxide, and mixtures thereof
      being particularly preferred. Other exemplary alkaline compounds are
      potassium hydroxide, potassium carbonate, calcium hydroxide, calcium
      carbonate, lithium carbonate, strontium hydroxide, strontium carbonate,
      barium hydroxide and barium carbonate.
PAR  The total amount of alkali that is required for the pulping with oxygen and
      alkali in the process of the invention is determined by the quality and
      type of the pulp to be produced, and is within the range from about 1 to
      about 10 kilomoles per 1000 kg. of dry lignocellulosic material. It is
      well known that certain types of pulp are more pulped than others. This is
      entirely conventional, and does not form a part of the instant invention.
PAR  Cellulose pulps intended to be used in the production of regenerated
      cellulose fibers, such as viscose, acetate and cuprammonium pulps, are
      quite fully pulped and should have a low content of lignin and
      hemicellulose. In the production of such pulps, in accordance with the
      process of the invention, the amount of alkali can be within the range
      from about 6 to about 8 kilomoles per 1000 kg. of dry wood.
PAR  Semichemical pulps are given an intensive mechanical treatment following
      the pulping, in order to liberate the cellulose fibers, and in the
      production of such pulps, using the process of the invention, the amount
      of alkali can be much less, within the range from about 1 to about 2
      kilomoles per 1000 kg. of dry wood.
PAR  For the production of bright paper pulp, which is readily defibered when
      the digester is blown, the amount of alkali used in the process of the
      invention can be within the range from about 2.5 to about 5 kilomoles.
PAR  Generally, for most of the types of pulps given an intermediate degree of
      pulping, such as pulps for fine paper, plastic fillers, and soft paper or
      tissue paper, the amount of alkali in the process of the invention is
      within the range from about 2 to about 6 kilomoles per 1000 kg. of dry
      wood.
PAR  It is also possible to add the additional chemicals normally present in
      pulping liquors, such as sodium sulfate, as well as small amounts of
      sodium sulfide or other alkali metal sulfide. At most, such chemicals are
      added in an amount of about 1 kilomole per 1000 kg. of dry lignocellulosic
      material.
PAR  All of the alkali required for the pulping can be added to the cellulosic
      material such as wood to be pulped at the start of the process. It is also
      possible to add only a portion of the alkali required at the start of the
      process and to add alkali to the system thereafter, either incrementally
      or continuously. It may be convenient in order to maintain the pH within
      the desired range to measure the pH continuously or from time to time, and
      to add alkali to the system in amounts such that the desired pH can be
      maintained.
PAR  Limiting the amount of alkali in the initial stages of the oxygen pulping
      can be advantageous in obtaining a cellulose pulp of the desired quality.
      It is suitable to add at most 75% of the total molar quantity required of
      the alkali ab initio, and even this high percentage is only desirable if
      the pulp to be manufactured is a semichemical pulp, or if the
      lignocellulosic material such as wood had been pretreated with sulfur
      dioxide in aqueous solution. For most pulps, including even the
      semichemical pulps, a better cellulose pulp is obtained if the initial
      charge of alkali is within the range from about 2 to about 50% of the
      total molar quantity required for the pulping. The remainder of the alkali
      is added progressively, either incrementally or continuously, as the
      pulping continues. When producing bright pulps having a low lignin
      content, it is satisfactory to charge not more than 20% and suitably from
      about 5 to about 20% of the alkali at the beginning of the process.
PAR  If a mixture of alkali metal hydroxide and alkali metal carbonate is used,
      it is particularly suitable if the initial charge comprises sodium
      carbonate, optionally with an addition of sodium bicarbonate as described
      above, the remainder of the alkali added as the process proceeds being
      sodium hydroxide. If the alkali charge is initially alkalli metal
      hydroxide, it is usually important in producing pulps having a low lignin
      content that the initial charge be low, within the range from about 2 to
      about 10%, of the total molar quality of alkali.
PAR  The pH of the pulping liquor is determined by selecting samples of pulping
      liquor, immediately cooling them to room temperature in a cooler connected
      to the digester and then measuring the pH of the sample at room
      temperature. It is important to measure pH under these conditions, since
      the pH values obtained at the superatmospheric pressure and temperature
      prevailing in the pulping vessel may differ from the pH values obtained
      under these conditions. The pH cannot be determined with accuracy by the
      devices now available under the pulping pressure and temperature
      conditions.
PAR  The process of the invention makes it possible to prepare cellulose pulps
      of varying proportions of hemicellulose, as may be desired, by controlling
      the pH, temperature, and time of pulping in each of the two pH stages, so
      as to obtain a final pulp having an optimum proportion of hemicellulose
      for the intended use. The process makes it possible to produce both low
      and high hemicellulose pulps, low hemicellulose pulps being especially
      suitable for the manufacture of rayon and cellulose derivatives. Since the
      pulping process utilizes oxygen and not sulfur compounds, it is
      nonpolluting, and the byproducts and residual liquors can be processed and
      recycled without difficulty.
PAR  The oxygen-alkali pulping process of the invention is applicable to any
      kind of lignocellulosic material, such as bagasse, plant material, and
      especially wood. In general, hardwood such as beech and oak can be pulped
      more easily than softwood, such as spruce and pine, but both types of wood
      can be pulped satisfactorily using this process. Exemplary hardwoods which
      can be pulped include birch, beech, poplar, cherry, sycamore, hickory,
      ash, oak, chestnut, aspen, maple, alder and eucalyptus. Exemplary
      softwoods include spruce, fir, pine, cedar, juniper and hemlock.
PAR  In the case of softwood, the processing conditions, including the particle
      size of the wood fragments, the pulping temperature, the alkali
      concentration, and the oxygen pressure, should be carefully determined and
      controlled during the pulping.
PAR  The material should be in particulate form. Wood chips having dimensions
      that are conventionally employed in the sulfate process can be used.
      However, appreciable advantages with respect to uniformity of the pulping
      process under all kinds of reaction conditions within the stated ranges
      can be obtained if the wood is in the form of nonuniform fragments of the
      type of wood shavings or chips having an average thickness of at most 3
      mm., and preferably within the range from about 0.2 to about 2 mm. Other
      dimensions are not critical. Sawdust, wood flour, wood slivers and
      splinters, wood granules, and wood chunks, and other types of wood
      fragments can also be used. It is important, particularly in the case of
      softwood, that the wood fragments be thin, since otherwise the pulping may
      be nonuniform, and the process may be more difficult to control.
PAR  The oxygen pulping process of the invention is advantageously preceded by a
      pretreatment in which the lignocellulosic material such as wood is treated
      with an aqueous liquor containing an alkaline compound as defined above,
      at a temperature within the range from about 60.degree. to about
      200.degree. C, preferably from about 100.degree. to about 180.degree. C,
      and most preferably from about 120.degree.  to about 160.degree. C. This
      pretreatment should be so carried out that from about 1 to about 30%,
      preferably from about 3 to about 25%, and most preferably from about 5 to
      about 15% of the lignocellulosic material, based on the dry weight of the
      material, is dissolved in the pretreatment liquor. It is preferred to
      maintain the pH of the pretreatment liquor within the range from about 6.5
      to about 14, preferably from about 7 to about 9, during the major portion
      of the pretreatment time.
PAR  The pretreating liquor preferably contains sodium carbonate, sodium
      bicarbonate or a mixture thereof, as the alkaline compound, and water or a
      spent pulping, bleaching or pretreating liquor as the aqueous phase. The
      pretreating liquor can be prepared by adding sodium carbonate and/or
      sodium bicarbonate to the water or waste liquor. These sodium compounds
      may be recovered from waste products from the process by combustion of
      such waste liquors. It is also possible to prepare the pretreating liquor
      utilizing sodium hydroxide, which may be readily available, particularly
      in cases where it is intended to produce cellulose pulps having a low
      hemicellulose content. If a waste pretreating liquor suitable for
      combustion is to be obtained, the pretreating liquor should contain or be
      prepared from waste liquor derived from the oxygen pulping process.
PAR  To obtain an optimum pulping effect in the first stage of the oxygen
      pulping process of the invention, the spent pretreating liquor should be
      separated from the lignocellulosic material before the oxygen pulping is
      begun. This can be done by washing out the spent pretreating liquor,
      either partially or entirely, from the pretreated lignocellulosic
      material, utilizing for the purpose water or a waste oxygen pulping liquor
      derived from the oxygen pulping process, preferably from the first oxygen
      pulping stage of the process in accordance with the invention.
PAR  The properties of the cellulosic pulp obtained in the pulping process of
      the invention are especially influenced by the pH value of the pulping
      liquor in the first oxygen pulping stage. A satisfactory low formation of
      shives and low degradation of the cellulose molecule are obtained if the
      pH is within the range from about 6 to about 9. A shorter pulping time
      during the first stage can be used if the pH is within the higher portion
      of the range. Low-viscosity pulp can be produced utilizing an oxygen
      pulping liquor within the entire pH range of from about 6 to about 9.  If
      it is desirable when producing such pulps to obtain a short reaction time
      during the first stage, and at the same time the most complete utilization
      possible of the active alkali supply, it is possible to operate the first
      oxygen pulping step at a pH of about 9 for the major portion, and then
      allow the pH to decrease toward the lower end of the range during the
      remainder of the pulping time in this stage. When high viscosity pulps are
      to be produced, appreciably better results are obtained if the pH in the
      first stage is kept within the range from about 6.5 to 8, preferably from
      about 7 to about 8, during most of the pulping time in this stage.
PAR  The oxygen pulping liquor used in the first pulping stage preferably
      contains sodium bicarbonate as the alkaline compound. The sodium
      bicarbonate can be supplied as such to the first pulping stage, but
      instead of sodium bicarbonate it is possible to supply a blend of sodium
      carbonate and/or bicarbonate plus sodium hydroxide. When carbonate or
      bicarbonate is used, carbon dioxide is liberated, and this, upon addition
      of sodium carbonate or sodium hydroxide, dissolves in the pulping liquor
      to form bicarbonate ion.
PAR  Whether bicarbonate, carbonate, or hydroxide, or a mixture thereof is
      supplied as the alkaline compound, it is suitable to add the alkaline
      compound incrementally during this stage. Advantageously, the addition is
      controlled to maintain the pH within the range from about 6 to about 9.
PAR  During the first oxygen pulping stage, the partial pressure of oxygen may
      be maintained within the range from about 3 to about 200 bars. A lower
      oxygen partial pressure results in formation of a high proportion of
      shives, and in a low viscosity pulp, in particular when wood chips are
      used as the raw material, while a higher oxygen pressure increases the
      cost of the pulping without a commensurately reduced pulping time.
PAR  To produce paper pulps, it is preferable to conduct the first oxygen
      pulping stage at an oxygen pressure within the range from about 8 to about
      50 bars, preferably from about 10 to about 25 bars. Generally, an oxygen
      pressure within the range from about 20 to about 25 bars is sufficient to
      produce a pulp intended for very high strength papers, while a pressure of
      about 10 bars is quite sufficient to produce dissolving pulps and other
      pulps which do not require high strength. When using softwood as the raw
      lignocellulosic material, it is suitable to use a higher oxygen pressure
      than in the case of hardwood to obtain a pulp having a low proportion of
      shives.
PAR  Since the oxygen that is employed as an essential component in the pulping
      process of the invention is a gas, the socalled gas phase pulping
      procedure can be used to advantage. In this case the lignocellulosic
      material and the film of liquor present on the lignocellulosic material
      are kept in continuous contact with the oxygen-containing gas. If the
      lignocellulosic material is completely or substantially immersed in the
      liquor, it is important to agitate the lignocellulosic material and/or the
      gas and/or atomize the gas or the liquor. The oxygen should be dissolved
      or dispersed in the liquor to the greatest extent possible. Dissolution or
      dispersion of the oxygen in the liquor can take place within the vessel
      and/or externally of the same, such as in nozzles, containers, or other
      known devices used for dissolving or dispersing gases in liquids.
PAR  Transfer of oxygen to the lignocellulosic material impregnated with liquor
      is important in the process, and is controlled by adjusting the oxygen
      pressure, the temperature and/or the proportion of gas-liquid contact
      surfaces, including lignocellulosic material impregnated with liquor.
PAR  The oxygen is preferably employed as pure oxygen, but mixtures of oxygen
      with other inert gases can be used, such as, for example, mixtures of
      oxygen with nitrogen, as well as air. Mixtures with carbon dioxide are
      formed in the course of the process.
PAR  The temperature in the first oxygen pulping stage is maintained within the
      range from about 110.degree. to about 160.degree.C, preferably from about
      120.degree. to about 150.degree.C, and still more preferably from about
      130.degree. to about 145.degree.C.
PAR  At higher temperatures, a shorter time is required. A pulping time of from
      about 15 to about 60 minutes can suffice at the higher temperatures, while
      from about 60 to 300 minutes may be needed at the lower temperatures.
PAR  Carbon dioxide is normally evolved in the course of the first oxygen
      pulping stage. A high proportion of carbon dioxide retards the
      delignification, and uncontrolled variations in the carbon dioxide content
      of the pulping liquor make control of the pulping process difficult.
      Therefore, it is appropriate to separate carbon dioxide from the gaseous
      phase during the first oxygen pulping stage, either continuously or from
      time to time. This can be done in various ways.
PAR  The atmosphere over the pulping liquor can, for example, be circulated to a
      carbon dioxide absorber, where the carbon dioxide content thereof is
      absorbed in an alkaline liquid, after which the residual gases, primarily
      containing oxygen, may be recycled to the pulping. To prepare the carbon
      dioxide absorption liquid, it is possible to use, for example, sodium
      carbonate recovered by combustion of concentrated waste pulping liquor, or
      an aqueous solution obtained by wet combustion of waste pulping liquors.
      The spent absorption liquid may suitably be used in the first oxygen
      pulping stage, and also in the pretreatment stage of the process of the
      invention.
PAR  The increase in pH of the pulping liquor for the second oxygen pulping
      stage can be effected in various ways, of which the following three ways
      are exemplary:
PAR  1. removing the first pulping liquor (from the first stage), optionally
      washing the partially pulped cellulosic material, and then adding a second
      pulping liquor having a pH of at least about 10.
PAR  2. retaining the first pulping liquor, and adding sufficient alkali to the
      spent liquor to adjust the pH to at least about 10.
PAR  3. removing carbon dioxide from the spent pulping liquor from the first
      stage.
PAR  The second stage pulping liquor can have a similar composition to the
      first, except that the alkali and its amount are selected to obtain a pH
      of at least about 10. For this purpose, the second pulping liquor suitably
      contains sodium carbonate and/or sodium hydroxide as the active alkaline
      compound. In the second pulping stage, as also in the first pulping stage,
      it is advantageous to add alkaline compound in the course of the pulping,
      to replace active alkali that is consumed, and to maintain the pH of the
      pulping liquor within the desired range of at least about 10. Such
      addition can be batchwise, in one or more steps, or continuously.
PAR  The first pulping liquor also can be retained, and the pH increased by
      removing carbon dioxide. This can be done by blowing, or by withdrawing
      the atmosphere of oxygen and carbon dioxide, until enough carbon dioxide
      has been released to increase the pH to above 10. Sparging the liquor with
      oxygen or inert gas or a mixture thereof such as air can also be used.
PAR  The temperature in the second oxygen pulping stage is maintained within the
      range from about 80.degree. to about 160.degree.C, preferably from about
      90.degree. to about 140.degree.C, and still more preferably from about
      100.degree. to about 125.degree.C. At the higher temperatures, a shorter
      time is required for the second oxygen pulping stage, so that a pulping
      time of from about 15 to about 60 minutes can be satisfactory, while at
      the lower temperatures the reaction time should be within the range from
      about 60 to about 300 minutes.
PAR  If it is desired to avoid a marked viscosity reduction in the cellulose
      pulp in this stage, the temperature should be below 140.degree.C and
      preferably from about 100.degree. to about 125.degree.C.
PAR  The partial pressure of oxygen during the second oxygen pulping stage may
      be lower than in the first, and can be within the range from about 1 to
      about 100 bars, preferably from about 3 to about 20 bars, and most
      preferably from 5 to about 12 bars.
PAR  In the course of the second oxygen pulping stage, in particular during the
      final portion thereof, the pH may be allowed to fall below 10, such as for
      example to a pH of about 9.
PAR  In order to obtain a low proportion of shives in the cellulose pulp, it is
      preferable to remove the first stage pulping liquor, wash the partially
      pulped cellulosic material from the first oxygen pulping stage, and then
      add a second pulping liquor for the second oxygen pulping stage. As the
      washing liquor, it has been found advantageous with regard to the quality
      of the pulp as well as to the recovery of the chemicals to use as the
      washing liquor a spent pulping liquor from the second oxygen pulping stage
      in accordance with the invention.
PAR  When it is desired to produce cellulose pulp having a high degree of
      polymerization, i.e. a low degree of degradation, it is suitable to carry
      out the pulping in the presence of a degradation inhibitor or mixture of
      inhibitors, which also protect the cellulose and hemicellulose molecules
      against uncontrolled degradation. The effect is reflected by the viscosity
      of the pulp, and the degree of polymerization of the cellulose.
PAR  The inhibitors can to advantage be charged to the pulping liquor during an
      early stage of the pulping, preferably at the beginning, before the
      heating is begun. Thus, they can be added to the liquor before combination
      with lignocellulosic material or shortly thereafter. They can also be
      added to the pretreatment liquor, if this is not separated from the pulp
      prior to the oxygen-alkali pulping.
PAR  Suitable inhibitors are water-insoluble magnesium compounds, such as
      magnesium carbonate. Magnesium carbonate is known, and is disclosed in
      U.S. Pat. No. 3,384,533 to Robert et al. dated May 21, 1968 as useful in
      the delignification and bleaching of cellulose pulps with alkali and
      oxygen. Other water-insoluble magnesium compounds such as magnesium oxide
      and hydroxide are disclosed in U.S. Pat. No. 3,657,065 to Smith et al.
      dated Apr. 18, 1972, as useful in the alkaline oxygen bleaching of
      cellulose pulps. Also useful are water-soluble magnesium compounds such as
      magnesium chloride or magnesium acetate. These are also disclosed in U.S.
      Pat. No. 3,657,065. Magnesium compounds which are soluble in the liquor in
      the course of the process such as water-soluble complex magnesium
      compounds can also be used. Exemplary are the water-soluble complex
      magnesium compounds disclosed in the U.S. Pat. Nos. 3,652,385 and
      3,652,386 to Noreus and Samuelson, and U.S. Ser. No. 119,375, filed Feb.
      26, 1971 to Samuelson and Noreus, now U.S. Pat. No. 3,769,152 patented
      Oct. 30, 1973.
PAR  It is particularly advantageous to use magnesium compounds which are
      entirely soluble in the pulping liquor throughout the pH range of from
      about 6 to about 9 in the first oxygen pulping stage. On the other hand,
      in the course of the second oxygen pulping stage, it is advantageous that
      a small quantity of insoluble magnesium compound, such as for example,
      magnesium hydroxide, be precipitated in the pulping liquor. Suitable
      magnesium compounds are magnesium carbonate, magnesium oxide, and
      magnesium hydroxide, which advantageously are wholly or partially
      dissolved in waste liquor from either of the two oxygen pulping stages,
      and then blended with the pulping liquor and lignocellulosic material.
PAR  Experiments have demonstrated that addition of magnesium compound to the
      pulping liquor is particularly advantageous in the second oxygen pulping
      stage, and therefore it is most suitable to add a magnesium compound in
      this stage.
PAR  The amount of magnesium compound should be within the range from about 0.5
      to about 10 grams, calculated as MgO per kilogram of dry wood. The amount
      includes both dissolved and precipitated magnesium compounds.
PAR  To obtain an efficient impregnation of the lignocellulosic material with
      the inhibitor, it is usually advantageous to add the inhibitor in the
      course of the first oxygen pulping stage, preferably in the final stages
      thereof, or after the first oxygen pulping stage has been completed but
      before the pH is increased to about 10, at the level desired for the
      second oxygen pulping stage.
PAR  A surface active agent can be added to the liquor, and contributes to a
      reduction in the resin content of the cellulose pulp produced from the
      lignocellulosic material. This also surprisingly contributes to a
      reduction in the lignin content, and a more uniform pulping. The surface
      active agent is suitably added at the beginning of the process, or during
      an early stage of the process, and may be present during all or only a
      part of the process. Cationic, anionic, and nonionic surface active agents
      and mixtures thereof can be used.
PAR  When producing pulps for certain papermaking purposes, it may also be
      suitable to add peroxides, such as hydrogen peroxide and/or sodium
      peroxide, during the second oxygen pulping stage and/or upon conclusion of
      this stage. This considerably increases brightness of the resulting pulp,
      and is of particular importance when the cellulose pulp is used without a
      separate bleaching process, to make paper or paperboard of relatively high
      brightness.
PAR  The process in accordance with the invention can be carried out in
      continuously operating digesters or in equipment for batch digestion. In
      the latter case, the two oxygen pulping stages may advantageously be
      carried out in a single digester, but it is also possible upon completion
      of the first oxygen pulping stage to transfer the partially pulped
      lignocellulosic material to a different digester unit or pulping zone,
      where the pulping process is carried to its conclusion. When a
      pretreatment is included, it is often most suitable to carry out the
      pretreatment in a separate vessel, of the type, for example, used to carry
      out prehydrolysis of wood material such as wood chips.
PAR  The pulp obtained in accordance with the process of the invention can be
      bleached using known bleaching agents, such as chlorine, chlorine dioxide,
      hypochlorite, peroxide and/or oxygen, or combinations of any such
      bleaching agents, in one or more steps. When producing refined pulps, such
      as for the manufacture of rayon, the pulp may be purified by treatment
      with alkali using known methods. The treatment with alkali can also take
      place in the digester, directly following completion of the pulping.
PAR  The recovery of spent liquors from these steps can be integrated in a known
      manner with the recovery of spent liquors from the oxygen pulping process
      of the invention. The liquors can be concentrated by evaporation and
      burned, or subjected directly to wet combustion under an elevated
      temperature.
DETD
PAR  The following Examples in the opinion of the inventors represent preferred
      embodiments of the invention.
PAC  EXAMPLE 1
PAR  Birch chips having a thickness of approximately 5 mm were steam-treated for
      30 minutes and then pretreated with aqueous sodium bicarbonate solution at
      160.degree.C for 2 hours. The wood-to-liquor ratio was 1:7
      kilograms-to-liters, and the charged amount of sodium bicarbonate was 9%
      by weight of active alkali, calculated as NaOH, and based on the dry
      weight of the wood chips. The pretreating liquor was prepared from spent
      digestion liquor from the first oxygen pulping stage to which sodium
      bicarbonate was added, and the amount of active alkali was determined by
      potentiometric titration to pH 7 in boiling aqueous solution. The digester
      was vented three times in the course of the pretreatment to remove carbon
      dioxide.
PAR  The pretreated wood chips were then washed with spent digestion liquor from
      the first oxygen pulping stage for 15 minutes, and then subjected to the
      two-stage oxygen pulping process of the invention.
PAR  In both stages, the circulating pulping liquor was sprayed in
      finely-divided form over the wood chips or partially pulped cellulosic
      material. In the first pulping stage, the temperature was 140.degree.C,
      and the oxygen partial pressure was 8 bars. The carbon dioxide pressure
      was allowed to rise to 0.5 bar, after which the gas from the digester was
      transferred to an absorber for absorption of carbon dioxide, after which
      the residual gases were recycled. The wood-to-liquor ratio was 1:14
      grams-to-liters, and the time required for the first oxygen pulping stage
      was 6 hours.
PAR  In the course of the pulping, active alkali was charged as sodium
      bicarbonate-sodium carbonate buffer, which was introduced into spent
      liquor removed from the oxygen pulping vessel. At the start of this stage,
      1.1% by weight of active alkali calculated as NaOH was charged, and in the
      course of the pulping incrementally an additional 4.8% by weight of alkali
      was added based on the dry weight of the initial wood chips. In the course
      of this stage, the pH of the pulping liquor was monitored, and active
      alkali added to the pulping liquor was metered to maintain a pH within the
      range from about 7 to about 7.5.
PAR  Fifteen minutes before the end of the first pulping stage, 60% of the
      pulping liquor was withdrawn, and an aqueous solution of magnesium sulfate
      in pulping liquor containing 50 grams per liter MgSO.sub.4 was introduced
      to the wood chips. The amount of liquor was adjusted so that the total
      content of magnesium in the pulping liquor, including the amount recycled
      from a previous pulping, amounted to 1 gram calculated as MgO per liter of
      pulping liquor.
PAR  At the completion of the first pulping stage, the spent pulping liquor was
      withdrawn, and spent liquor recovered from the second pulping stage was
      introduced in an amount such that the total quantity of liquor in the
      digester was 5 liters per kilogram of dry wood. Thereupon, 0.6% by weight
      of sodium hydroxide based on the dry weight of the wood was introduced,
      and the pulping in the second stage begun, and continued for 2 hours at
      120.degree.C under an oxygen partial pressure of 8 bars. During the first
      hour of this time, an additional 3.3% of sodium hydroxide was added to
      maintain the pH value above 10. The pH of the spent liquor was 10.
PAR  Following completion of the second pulping stage, the contents of the
      digester were blown, resulting in defibration. The spent liquor was
      displaced in a conventional manner with water by countercurrent flow
      through the chips and recirculated through the process. The pulp that was
      obtained was screened and analyzed, and the results of two runs carried
      out under these conditions are compared in Table I, identified as Run A
      and Run B. For comparison, the Table includes the results of two Control
      experiments Control 1 and Control 2 wherein another portion of the same
      chip material was pretreated under identical conditions and subjected to
      an oxygen pulping in which the second oxygen pulping stage was omitted and
      the pH value throughout the oxygen pulping maintained at about 8.5.
TBL                                    Table I                                 
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           Total                                                               
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                    Kappa                                                      
                        Intrinsic                                              
                              (Resid-                                          
                                   Vis- Bright-                                
           pulp                                                                
               pulp number                                                     
                        Viscosity                                              
                              ual cel-                                         
                                   cos- ness                                   
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                                   ity                                         
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                                   alka-                                       
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                              5%                                               
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     No.   %   %        cm.sup.3 /g                                            
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                                        %                                      
     __________________________________________________________________________
     A     57.2                                                                
               55.5 7.7 771   73.5 965  66.8                                   
     B     56.2                                                                
               55.0 8.0 769   73.2 969  66.2                                   
     Control 1                                                                 
           50.4                                                                
               37.1 8.7 267   73.7 333  62.3                                   
     Control 2                                                                 
           49.9                                                                
               35.9 7.5 259   73.8 328  62.7                                   
     __________________________________________________________________________
PAR  It is apparent from the above results that Runs A and B gave a pulp of
      higher brightness in a higher yield, with less degradation of the
      cellulose and much higher viscosity. There was a substantial reduction in
      the amount of shives (difference between total and screened yield)
      compared at the same lignin content (Kappa number) of the screened pulp.
PAC  EXAMPLE 2
PAR  Birch chips having a thickness of approximately 5 mm were steam-treated for
      30 minutes and then pretreated with aqueous sodium bicarbonate solution at
      160.degree.C for 2 hours. The wood-to-liquor ratio was 1:5
      kilograms-to-liters, and the charged amount of sodium bicarbonate was 9%
      by weight of active alkali, calculated as NaOH and based on the dry weight
      of the wood chips. The pretreating liquor was prepared from spent
      digestion liquor from the first oxygen pulping stage to which sodium
      bicarbonate was added, and the amount of active alkali was determined by
      potentiometric titration to pH 7 in boiling aqueous solution. The digester
      was vented 3 times in the course of the pretreatment to remove carbon
      dioxide.
PAR  The pretreated wood chips were then washed with spent digestion liquor from
      the first oxygen pulping stage for 15 minutes, and then subjected to the
      two-stage oxygen pulping process of the invention.
PAR  In both stages, the circulating pulping liquor was sprayed in
      finely-divided form over the wood chips. In the first pulping stage, the
      temperature was 140.degree.C, and the oxygen partial pressure was 8 bars.
      The carbon dioxide pressure was allowed to rise to 0.5 bar, after which
      the gas from the digester was transferred to an absorber for absorption of
      carbon dioxide, after which the residual gases were recycled. The
      wood-to-liquor ratio was 1:5 grams-to-liters, and the time required for
      the first oxygen pulping stage was 5 hours.
PAR  In the course of the pulping, active alkali was charged as sodium
      bicarbonate-sodium carbonate buffer, which was introduced into spent
      liquor removed from the oxygen pulping vessel. At the start of this stage,
      1.1% by weight of active alkali calculated as NaOH was charged, and in the
      course of the pulping incrementally an additional 4.8% by weight of alkali
      was added, based on the dry weight of the initial wood chips. In the
      course of this stage, the pH of the pulping liquor was monitored, and the
      active alkali added to the pulping liquor was metered to maintain a pH
      within the range from about 7 to about 7.5.
PAR  Fifteen minutes before the end of the first pulping stage, 60% of the
      pulping liquor was withdrawn, and an aqueous solution of magnesium sulfate
      in pulping liquor containing 50 grams per liter MgSO.sub.4 was introduced
      to the wood chips. The amount of liquor was adjusted so that the total
      content of magnesium in the pulping liquor, including the amount recycled
      from a previous pulping, amounted to 1 gram calculated as MgO per liter of
      pulping liquor.
PAR  At the completion of the first pulping stage, the spent pulping liquor was
      withdrawn, and spent liquir recovered from the second pulping stage was
      introduced in an amount such that the total quantity of liquor in the
      digester was 5 liters per kilogram of dry wood. Thereupon, 0.4% by weight
      of sodium hydroxide based on the dry weight of the wood was introduced,
      and the pulping in the second stage begun, and continued for 2 hours at
      120.degree.C under an oxygen partial pressure of 8 bars. During the first
      45 minutes of this time, an additional 2.6% of sodium hydroxide was added,
      to maintain the pH value above 10. The pH of the spent liquor was 10.
PAR  In addition to the run at 2 hours, runs were also carried out for 1 hour
      and for 3 hours, during the second oxygen pulping stage.
PAR  Following completion of the second pulping stage, the contents of the
      digester were blown, resulting in defibration. The spent liquor was
      displaced in a conventional manner with water by countercurrent flow
      through the chips, and recirculated through the process. The pulp that was
      obtained was screened and analyzed, and the results of the runs carried
      out under these conditions are compared in Table II, identified as Runs,
      C, D, and E.
TBL                Table II                                                    
     ______________________________________                                    
     Digestion   Yield                                                         
          time of           After  Kappa Bright-                               
                                               Intrinsic                       
     Run  second step                                                          
                     Total  screening                                          
                                   number                                      
                                         ness  viscosity                       
     No.  (hrs.)     %      %            %     cm.sup.3 /g                     
     ______________________________________                                    
     C    1          62.6   49.9   17.6  52.9  730                             
     D    2          61.9   53.6   12.2  60.3  720                             
     E    3          60.2   54.0   10.4  61.5  720                             
     ______________________________________                                    
PAR  The results in Table II show that during the two-stage oxygen-pulping
      according to the invention, a substantial reduction in the amount of
      shives (i.e. difference between total and screened yield), a substantial
      reduction in lignin content (Kappa number) of the pulp, and a substantial
      increase in brightness are obtained. Surprisingly, a very moderate and
      hardly significant reduction in pulp viscosity is obtained. The screening
      rejects can be recirculated to the oxygen pulping process and thus
      converted into useful pulp. It is particularly advantageous to recirculate
      the rejects during the final portion of the first stage or the initial
      portion of the second stage of the oxygen pulping process.
CLMS
STM  Having regard to the foregoing disclosure, the following is claimed as the
      inventive and patentable embodiments thereof:
NUM  1.
PAR  1. A process for preparing cellulose pulp which comprises pulping
      lignocellulosic material with oxygen under superatmospheric pressure in
      the presence of an alkaline compound in at least two oxygen pulping
      stages, in a first stage at a pH within the range from about 6 to about 9
      and at a temperature within the range from about 110.degree. to about
      160.degree. C; and in a second stage at a pH of at least about 10 and at a
      temperature within the range from about 80.degree. to about 160.degree. C;
      and continuing the pulping with oxygen under superatmospheric pressure at
      a temperature within the range from about 80.degree. to about 160.degree.
      C until cellulose pulp is obtained.
NUM  2.
PAR  2. A process in accordance with claim 1 in which the alkaline compound is
      selected to allow pulping with oxygen at a pH within the stated range.
NUM  3.
PAR  3. A process in accordance with claim 2 in which the alkaline compound is
      selected from the group consisting of alkali metal and alkaline earth
      metal carbonates, bicarbonates, and hydroxides, and mixtures thereof.
NUM  4.
PAR  4. A process in accordance with claim 1 in which the amount of alkaline
      compound is within the range from about 1 to about 10 kilomoles per 1000
      kg. of dry lignocellulosic material.
NUM  5.
PAR  5. A process in accordance with claim 1 in which all of the alkali required
      for the pulping is added to the lignocellulosic material at the start of
      the process.
NUM  6.
PAR  6. A process in accordance with claim 1 in which only a portion of the
      alkali required is added at the start of the process, and alkali is added
      to the system thereafter, in amounts to maintain the desired pH.
NUM  7.
PAR  7. A process in accordance with claim 1, in which the oxygen pulping is
      preceded by a pretreatment of the lignocellulosic material with an aqueous
      liquor containing an alkaline compound at a temperature within the range
      from about 60.degree. to about 200.degree. C, until from about 5 to about
      15% of the lignocellulosic material, based on the dry weight of the
      material, is dissolved in the pretreatment liquor.
NUM  8.
PAR  8. A process in accordance with claim 7, in which the pH of the
      pretreatment liquor is within the range from about 6.5 to about 14 during
      the major portion of the pretreatment time.
NUM  9.
PAR  9. A process according to claim 7 in which the pretreating liquor contains
      sodium carbonate, sodium bicarbonate or a mixture thereof, as the alkaline
      compound, and water or a spent pulping, bleaching or pretreating liquor as
      the aqueous phase.
NUM  10.
PAR  10. A process in accordance with claim 7 in which spent pretreating liquor
      is separated from the lignocellulosic material before the oxygen pulping
      is begun, by washing out at least a part of the spent pretreating liquor
      from the pretreated lignocellulosic material with water or a waste oxygen
      pulping liquor derived from the oxygen pulping process.
NUM  11.
PAR  11. A process in accordance with claim 1 in which in the first oxygen
      pulping stage the pH is at about 9 for the major portion, and is then
      allowed to decrease toward the lower end of the range during the remainder
      of the pulping time, thereby producing a low viscosity pulp.
NUM  12.
PAR  12. A process in accordance with claim 1 in which in the first oxygen
      pulping stage the pH is within the range from about 6.5 to 8 during most
      of the pulping time, thereby producing a high viscosity pulp.
NUM  13.
PAR  13. A process in accordance with claim 1 in which during the first oxygen
      pulping stage, the partial pressure of oxygen is within the range from
      about 3 to about 200 bars.
NUM  14.
PAR  14. A process in accordance with claim 1 in which the partial pressure of
      oxygen during the first oxygen pulping stage is within the ragne from
      about 8 to about 50 bars, thereby producing a paper pulp.
NUM  15.
PAR  15. A process in accordance with claim 1 in which the partial pressure of
      oxygen during the second oxygen pulping stage is within the range from
      about 1 to about 100 bars.
NUM  16.
PAR  16. A process in accordance with claim 1, which includes washing first
      pulping liquor from the partially pulped cellulosic material from the
      first oxygen pulping stage and then contacting the partially pulped
      cellulosic material with a second pulping liquor for the second oxygen
      pulping stage.
NUM  17.
PAR  17. A process in accordance with claim 16, in which the washing liquor is a
      spent pulping liquor from the second oxygen pulping stage.
NUM  18.
PAR  18. A process in accordance with claim 1, in which the pulping is carried
      out in the presence of a degradation inhibitor which protects the
      cellulose and hemicellulose molecules against degradation.
NUM  19.
PAR  19. A process in accordance with claim 18, in which the inhibitor is
      charged to the pulping liquor at an early stage of the pulping.
NUM  20.
PAR  20. A process in accordance with claim 18, in which the inhibitor is added
      to a pretreatment liquor prior to the oxygen pulping.
NUM  21.
PAR  21. A process in accordance with claim 18, in which the inhibitor is added
      to the oxygen pulping liquor before combination with lignocellulosic
      material.
NUM  22.
PAR  22. A process in accordance with claim 18, in which the inhibitor is a
      magnesium compound.
NUM  23.
PAR  23. A process in accordance with claim 1, in which the oxygen is pure
      oxygen gas.
NUM  24.
PAR  24. A process in accordance with claim 1, in which the oxygen is in
      admixture with an inert gas.
NUM  25.
PAR  25. A process in accordance with claim 1 in which carbon dioxide formed in
      the oxygen pulping at a pH from about 6 to about 9 is removed.
NUM  26.
PAR  26. A process in accordance with claim 25 in which such carbon dioxide is
      absorbed in an alkaline liquid.
NUM  27.
PAR  27. A process in accordance with claim 1 in which a peroxide is added to
      the pulping liquor during or at the end of the second oxygen pulping
      stage.
NUM  28.
PAR  28. A process in accordance with claim 1 in which the superatmospheric
      pressure during the second oxygen pulping stage is less than the
      superatmospheric pressure in the first oxygen pulping stage.
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ABST
PAL  The web-forming section of a twin-wire papermaking machine includes a
      plurality of sets of web deflectors. Alternate sets are disposed on
      opposite sides of a pair of forming carriers between which a water
      suspension of fibers is disposed. Each set of deflectors has a plurality
      of deflectors providing forming carrier guiding surfaces spaced along a
      gentle convex curve. The sets of deflectors are disposed to guide the
      forming carriers over a tortuous path through the forming section. The
      tension in the forming carriers presses the outer carrier against the
      inner carrier at each curve, expressing water from the suspension through
      the carriers. The expressed water is doctored off by the deflectors.
BSUM
PAR  This invention relates generally to papermaking machines and more
      particularly to an improved web-forming section for a vertical twin-wire
      papermaking machine.
PAR  In vertical twin-wire papermaking machines of the prior art, an aqueous
      suspension of papermaking fibers, known as stock, is forced in the form of
      a broad jet from a chamber, known as a headbox, through an orifice,
      commonly known as a slice, between a pair of converging endless foraminous
      forming carriers, commonly known as wires, moving substantially vertically
      downward toward and through a forming section where a web of fibers is
      formed. The web is then further dewatered and dried to form paper in a
      conventional manner, as by suction boxes, presses and dryers.
PAR  In prior art forming sections it is known to force deflector blades against
      the pair of forming carriers with alternate blades widely spaced apart on
      opposite sides of the pair of forming carriers, causing the pair of
      carriers to change direction abruptly at each blade and take a tortuous
      path through the forming section. The carriers are kept under substantial
      tension so that at each change in direction the tension in the outer
      carrier urges the outer carrier against the inner carrier with the
      suspension of fibers therebetween. This creates pressure on the
      suspension, forcing water therefrom through the respective carriers. This
      water is then doctored off the carriers by the next blades. As the water
      is removed from the suspension, a fiber web is formed.
PAR  While prior art papermaking machines utilizing forming sections of this
      sort have been successfully used to make paper, they have a number of
      shortcomings. The relatively sharp change in direction at each blade
      produces a relatively harsh dewatering action at the blade with relatively
      little pressure being exerted on the suspension between blades. This
      produces relatively uneven dewatering with the sudden bursts of dewatering
      creating substantial disruption of the forming web, while at the same time
      producing relatively little dewatering between blades. Further, the
      repetitive sharp bending of curves, first in one direction and then the
      other, has produced substantial wear of the carriers, resulting in
      relaltively short life.
PAR  In accordance with the present invention, an improved web-forming section
      is provided by utilizing deflectors in sets rather than singly. As with
      the single deflectors of the prior art, the sets are spaced apart along
      the path of the pair of forming carriers on opposite sides thereof. The
      sets are disposed for guiding the carriers with the forming web
      therebetween along a tortuous path through the forming section. Each set
      of deflectors includes a plurality of deflectors each having a guiding
      surface for engaging the near one of the carriers. The forming
      carrier-engaging surfaces of each set are relatively closely spaced apart
      in the direction of the path along a relatively gentle convex curve. This
      distributes the forces and avoids the relatively sharp change in direction
      at each blade as provided by the single blades of the prior art. Although
      this reduces the pressure on the suspension at any one deflector for a
      given carrier tension, the pressure is exerted at a larger number of
      deflectors and the relatively close spacing of the deflectors assures
      pressure in the interval between deflectors. Thus, the exertion of
      pressure over an entire set of deflectors increases drainage while at the
      same time providing a more gentle development of drainage pressure and
      consequently a more uniform formation of the web. At the same time, the
      lesser bending at each deflector reduces wear upon the carriers. Further,
      the increased drainage of a set of deflectors over that of a single
      deflector permits a reduction in the number of reverse curves. Indeed, in
      a preferred embodiment of the invention, three sets of deflectors are used
      to provide three gentle curves as opposed to as many as eight single
      deflectors providing relatively sharp bends in the prior art apparatus. An
      additional advantage to utilizing sets of deflectors is that each set may
      be connected to suction to suck water from the suspension in the spaces
      between deflectors, thus providing additional water removal capability.
PAR  It is thus an object of the invention to provide an improved forming
      section for a twin-wire papermaking machine by providing sets of
      deflectors for the forming carriers, the additional elements providing
      increased drainage and the arrangement of the deflectors in a gentle
      convex curve providing gentle drainage. It is a further object of the
      invention to deflect the carriers gently in the same direction over a
      number of deflectors comprising a set and then in the opposite direction
      over a number of deflectors comprising another set to avoid excessive
      bending of the carriers back and forth, thus improving the life of the
      carriers. Other objects and advantages of the invention will become
      apparent from the following detailed description, particularly when taken
      in connection with the appended drawings wherein:
DRWD
PAR  FIG. 1 is a fragmentary elevational view, partly in section and partly
      diagrammatic, schematically representing a papermaking machine embodying a
      web-forming section according to the present invention;
PAR  FIG. 2 is a more detailed view, partly in section, illustrating a preferred
      form of the web-forming section of the present invention; and
PAR  FIG. 3 is a view, partly in section, illustrating a modified form of the
      web-forming section of the present invention.
DETD
PAR  Referring to the drawings, particularly FIG. 1, a papermaking machine
      incorporating a web-forming section according to the present invention is
      illustrated in the form of a vertical twin-wire papermaking machine. The
      machine is known as a vertical twin-wire machine because the paper web is
      formed between a pair of endless foraminous forming carriers 10 and 12
      moving substantially vertically through a forming section, the forming
      carriers being often referred to as wires irrespective of whether or not
      they are actually made of metal wire. Because the formed web is carried
      away from the forming section by the forming carrier 10, it may be
      referred to as the conveying wire while the forming carrier 12 may be
      referred to as the backing wire.
PAR  The fiber suspension or stock is directed between the forming carriers 10
      and 12 in the form of a free jet 14 from the lips 16 forming the outlet
      orifice or slice 18 of a headbox 20. At the entry of the jet 14 between
      the forming carriers 10 and 12, the carriers are supported by spaced apart
      breast rolls 22 and 24, respectively. The forming carriers 10 and 12 with
      the stock suspension therebetween is then passed through a forming section
      26 where water is removed from the suspension to form the fiber web. The
      forming carrier 10 is supported for movement over the desired path by
      rolls 28, 30, and 34 as well as by the breast roll 22. The forming carrier
      12 is supported for movement over the desired path by rolls 38, 40, and 44
      as well as the breast roll 24. Various of the rolls may be driven in a
      conventional manner to drive the forming carriers 10 and 12 at the desired
      speed along the desired path. Rolls 30 and 40 may be made laterally
      adjustable to place the respective forming carriers in appropriate
      tension.
PAR  The forming carriers 10 and 12 having been passed together through the
      forming section 26 are parted at rolls 28 and 38. The web 48 formed in the
      forming section passes around the roll 28 with the forming carrier 10. If
      necessary or desirable, additional means may be provided to assure that
      the formed web 48 follows the forming carrier 10 about the roll 28. The
      formed web 48 may then be transferred to a fabric or felt 50 supported by
      roll 52. The web 40 is carried on the fabric or felt 50 to pressing and
      drying sections which dry the web to finished paper in a conventional
      manner.
PAR  In accordance with the present invention, the forming section 26 includes a
      plurality of sets 56, 58 and 60 of deflectors 62 with alternate sets on
      opposite sides of the forming carriers 10 and 12 and spaced apart along
      the path of the forming carriers. Each of the sets 56, 58, 60 is comprised
      of a plurality of deflectors 62 which are closely spaced from one another
      along the path of the forming carriers 10 and 12 through the forming
      section 26. Each deflector 62 has a carrier-engaging surface extending
      substantially straight across the papermaking machine perpendicular to the
      direction of the path of travel of the forming carriers 10 and 12. The
      surfaces of the deflectors of each set lie generally on a gentle convex
      curve in the direction of the path of travel of the carriers, that is, on
      a curve curving away from the carriers, the carriers being deflected an
      angle .theta. at each deflector. The alternate sets being on opposite
      sides of the path, the carriers with the forming web therebetween are
      guided by the deflectors 62 along a tortuous path through the forming
      section 26. In a vertical twin-wire former, the path of the forming
      carriers through the forming section 26 is preferably kept within about
      0.25 radians of vertical. That is, .SIGMA..theta..ltoreq.0.25, where
      .SIGMA..theta. is the sum of all deflections .theta. up to any point in
      such path through the forming section.
PAR  The upstream deflector 62 of the first set of deflectors 56 is preferably
      disposed directly below the breast roll 22 in order that the conveying
      wire 10 moves substantially vertically into the forming section. The stock
      jet 14 is directed to strike the conveying wire somewhat after the wire
      leaves the breast roll 22 in order that the breast roll not impede the jet
      and retard the flow into the nip between the forming carriers. The spacing
      between the breast rolls 22 and 24 permits the free flow of the stock jet
      14 into the nip between the forming carriers 10 and 12. At the same time,
      the spacing is such that, as the forming carriers converge at the first
      deflector 62, water starts to flow through the forming carriers a short
      distance upstream of the first deflector, as from one inch to a few inches
      upstream thereof. The relative rates of the stock jet 14 and the forming
      carriers 10 and 12, as well as the spacing between the forming carriers,
      assures that the stock is carried through the nip without ponding at the
      entrance of the nip.
PAR  As shown, the first set 56 of deflectors preferably deflects the pair of
      forming carriers from vertical through an angle .theta..sub.1 of about 0.1
      radians. The second set 58 preferably deflects the carriers through an
      angle .theta..sub.2 of about 0.2 radians in the opposite direction to
      through an angle .theta..sub.3 of about 0.1 radians from vertical in the
      other direction. Then the third set 60 preferably curves the path back
      through the angle .theta..sub.3 another 0.1 radians to substantially
      vertical, in line with the path as it entered the forming section 26. The
      carrier-engaging surfaces are disposed to guide the forming carriers along
      gentle convex curves, which may be circular. The radius of curvature R of
      the overall convex curve on which the guiding surfaces of each respective
      set of deflectors are disposed is at least about 2 feet, preferably about
      5 feet and no more than about 15 feet. The deflection at each deflector
      should be limited to no more than about 0.05 radians, and at least three
      deflectors per set are preferred. The spacing between the carrier-engaging
      surfaces of the respective deflectors 62 is relatively short, preferably
      less than about 2 inches. The carriers are held by their tension against
      the successive carrier-engaging surfaces. The relatively short span
      between surfaces assures that the pressure on the suspension between the
      carriers is not greatly relieved in the interval. The tension on the
      forming carrier 10 or 12 on the outside of the convex curve at each
      deflector set 56, 58, 60 holds that carrier against the other carrier with
      the draining stock in between. The pressure thus created expresses water
      from the suspension to the outer sides of the respective forming carriers.
PAR  As shown, the deflectors 62 extend from the carrier-engaging surfaces at an
      acute angle to the downstream direction of the path. The carrier-engaging
      surfaces themselves may be flat or rounded. They may be about the size of
      the spaces between them. Their leading edge is such as to doctor the
      expressed water from the outer surfaces of the carriers 10 and 12 without
      gouging the carriers or forcing the water back through the carriers. The
      water doctored off may be run into catch basins 64, 66, 68, 70, 72 and 74.
      If desired, the catch basins 66, 70 and 74 may be sealed to the respective
      deflectors 62 and evacuated through respective ports 76, 78 and 80 to
      enhance water removal. Water may be removed from catch basins 64, 68 and
      72 through respective ports 82, 84 and 86.
PAR  Following the last deflector set 60, the forming carriers 10 and 12 with
      the web therebetween pass over a suction box 88 for further dewatering.
      The web is then carried around the roll 28 on the carrier 10 and deposited
      on the fabric or felt 50 for pressing and drying. Catch basins 90 and 92
      are disposed at the suction box 88 to catch water from the respective
      sides of the carriers. The catch basins 90 and 92 are drained through
      respective ports 94 and 96.
PAR  The preferred embodiment of the present invention as shown and described
      was designed for operation in a vertical twin-wire papermaking machine
      operating at a wire speed of about 1,000-5,000 feet per minute. Relative
      dimensions may be changed for different operating speeds and other
      conditions. It is also within the scope of the present invention to
      operate in positions other than vertical, such as horizontal.
PAR  Various other modifications may be made within the scope of the present
      invention. For example, it may be desirable to have a greater or lesser
      number of sets of deflectors, or it may be desirable that each set provide
      a different curvature.
PAR  The pressure between the wires is directly proportional to the tension in
      the carrier on the outside at each curve and substantially inversely
      proportional to the overall radius of curvature of the respective set of
      deflectors. As friction is made relatively small, the tension is
      relatively constant through the forming zone. Thus, the pressure between
      the wires at the respective sets of deflectors can be made different by
      using different radii of curvature.
PAR  Depending upon desired paper qualities, such as surface smoothness,
      bonding, permeability, or upon other desiderata, such as maximizing fiber
      retention in a manner compatible with paper quality requirements, it may
      be desirable that drainage of water from the stock be effected at a
      uniform rate, or preferentially early, or preferentially late. This may be
      achieved, in accordance with the present invention, by appropriate
      selection of radii of curvature of the sets of deflectors. It is also
      possible that the radius of curvature change along a single set.
PAR  The embodiment of the invention illustrated in FIG. 3 provides four sets
      98, 100, 102 and 104 of deflectors 62 providing respective curves having
      progressively shorter radii of curvature, R.sub.1 &gt;R.sub.2 &gt;R.sub.3 &gt;
      R.sub.4. Water is collected in respective catch basins 106, 108, 110, 112,
      114, 116, 118 and 120 from which water is removed through respective ports
      122, 124, 126, 128 130, 132, 134 and 136.
PAR  It is also possible to vary the rates of water removal by varying the
      amount of suction at the respective sets of deflectors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a web-forming machine having means for passing a water suspension of
      fibers between a pair of endless foraminous forming carriers supported
      under tension for movement over respective paths into and through a
      web-forming section, the improved web-forming section comprising
PA1  A. a plurality of sets of deflectors disposed with alternate sets spaced
      apart along said path on opposite sides of said pair of forming carriers
      for guiding said forming carriers for movement together with the fibers
      therebetween along a tortuous path through said web-forming section, said
      path deviating from vertical by no more than about 0.25 radians,
PA1  B. each of said sets of deflectors comprising
PA2  1. at least three deflectors spaced apart along said path and each having
      respective carrier-engaging surfaces for guiding said carriers for
      movement over a convex curve having an overall radius of curvature of at
      least about two feet with a change in direction at each deflector of less
      than about 0.05 radians,
PA2  2.
NUM  2.
PAR  2. each of said deflectors having its said carrier-engaging surface
      extending substantially straight and perpendicular to the direction of
      said path, and each of said deflectors extending away from said surface at
      an acute angle to the downstream direction of said path,
PAL  whereby the tension in the respective forming carrier on the outside at
      each such curve presses said forming carriers together to express water
      from said suspension through said forming carriers, said sets of
      deflectors removing water from the respective forming carrier on the
PAR   inside at each such curve. 2. Apparatus according to claim 1 wherein each
      of said convex curves has an overall radius of curvature of less than
      about 15 feet.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the overall radii of curvature of
      the respective curves are different.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein the overall radius of curvature
      of a respective curve is less than that of the curve preceding it.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said deflectors of each
      respective set are spaced apart by less than about 2 inches.
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ABST
PAL  Headbox assembly for a papermaking machine provided with a wire screen
      through which water from wet paper stock drains, the assembly including a
      headbox having a discharge nozzle for a jet of the paper stock, at least
      one forward and one rearward wedge member as viewed in feed direction of
      the stock jet from the discharge nozzle, the wedge member underlying the
      headbox and having respective wedge surfaces of different inclination,
      respective base members pivotally supporting the headbox and supportingly
      engaged by the wedge members respectively, a threaded spindle whereon the
      wedge members are mounted in common, the spindle being actuable for
      adjusting the position of the wedges forward and rearward of the stock
      feed direction and accordingly of the headbox whereby the discharge nozzle
      thereof is adjustable relative to the wire screen of the machine, and
      guide stop means engaging with the headbox as a brace for adjusting forces
      applied thereto.
BSUM
PAR  The invention relates to a headbox assembly for a papermaking machine, such
      as a fourdrinier machine and more particularly, to such a headbox assembly
      that has a discharge nozzle for a jet of the paper stock which is
      adjustable relative to a screen or so-called wire of the machine.
PAR  It has been known, heretofore, to provide a headbox having a stock jet that
      is adjustable by suitably shifting an inclined bottom lip plate of the
      discharge nozzle. While such an adjustment permits variation in the
      location of the point of impingement, the stock jet approach angle is not
      controllable thereby.
PAR  Adjustment of the jet approach angle is of importance, however, for
      different types of machines. Accurate alignment of the stock jet is often
      required in twin-wire machines. Space limitations, however, prohibit
      adjustment of the discharge nozzle. Varying of the stock jet approach
      angle may also become necessary in conventional fourdrinier machines.
PAR  It is accordingly an object of the invention to provide a headbox of the
      aforementioned type which can be swiveled about any optionally selected
      rotary axis.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, headbox assembly for a papermaking machine
      provided with a wire screen through which water from wet paper stock
      drains, the assembly comprising a headbox having a discharge nozzle for a
      jet of the paper stock, at least one forward and one rearward wedge member
      as viewed in feed direction of the stock jet from the discharge nozzle,
      said wedge members underlying said headbox and having respective wedge
      surfaces of different inclination, respective base members pivotally
      supporting said headbox and supportingly engaged by said wedge members
      respectively, a threaded spindle whereon said wedge members are mounted in
      common, said spindle being actuable for adjusting the position of said
      wedges forward and rearward of said stock feed direction and accordingly
      of said headbox whereby said discharge nozzle thereof is adjustable
      relative to the wire screen of the machine, and guide stop means engaging
      with said headbox as a brace for adjusting forces applied thereto.
PAR  The two wedge members enable the headbox to be swiveled about any desired
      axis extending in transverse direction of the elongated papermaking
      machine and determined by the inclination of the wedge surfaces of the
      wedge members and their particular location, so that a variation in the
      stock jet approach angle or adjustment of the point of impingement of the
      stock jet on the machine wire can be effected. With this construction, it
      is possible to use the same headbox for different installation conditions.
      Only the wedge members and the guide stop means would have to be
      differently constructed and/or disposed. The guide stop means thereby
      guides the headbox about the selected pivot center during the adjustment
      by the wedge members; thereby preventing lateral deviation or misalignment
      of the headbox.
PAR  In accordance with another feature of the invention, the guide stop means
      comprises at least one guide stop member located on a peripheral area
      disposed about a pivot center for the headbox. Due to this special
      configuration and disposition of the stop, the headbox is precisely guided
      during the swivel motion thereof and thereby assures accurate retention of
      the swivel axis, thus consequently assuring a precise jet adjustment.
PAR  In accordance with a further feature of the invention, the respective
      inclination of the wedge members and the pitch of respective sections of
      the threaded spindle associated with the wedge members are in different
      directions. Additional guidance of the headbox during adjustment can
      thereby be dispensed with.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as headbox
      assembly for a papermaking machine, it is nevertheless not intended to be
      limited to the details shown, since various modifications may be made
      therein without departing from the spirit of the invention and within the
      scope and range of equivalents of the claims.
DRWD
PAR  The invention, however, together with additional objects and advantages
      thereof will be best understood from the following description when read
      in connection with the accompanying drawing, in which:
PAR  FIG. 1 is a diagrammatic, side elevational view of first embodiment of the
      invention wherein the headbox can be swiveled about a pivot which extends
      through the discharge slice of the paper stock discharge nozzle; and
PAR  FIG. 2 is a similar view of another embodiment of the invention wherein the
      headbox is pivotable about a pivot that is situated in the center of the
      headbox feed pipe.
DETD
PAR  Referring now to the drawing and, in fact, to both figures thereof, there
      is shown therein a headbox 1 having a discharge nozzle 2 with a discharge
      slice or outlet 3 from which there issues a jet 4 of paper stock which
      impinges on a fourdrinier wire or screen 6 running over a breast roll 5.
      The paper stock or fiber suspension is fed to the headbox 1 through a feed
      pipe 7 extending at right angles to the longitudinal direction of the
      papermaking machine. The headbox 1 rests on two pivotably disposed base
      members 8 and 9 which, in turn, are supported by wedge members 10 and 11,
      each adjustable in the longitudinal direction of the machine or forward or
      rearward of the stock feed direction or jet 4 from the nozzle 2. Engaging
      threadedly in the two wedge members 10 and 11 is a common threaded spindle
      having opposite pitches in the respective regions of the two wedge
      members.
PAR  In the embodiment of the invention shown in FIG. 1, the headbox assembly
      includes stops 13 and 14, respectively engaging the sides of the headbox
      1, the stops 13 and 14 being disposed on respective imaginary circles
      having a center that is located in the discharge slice 3 of discharge
      nozzle 2.
PAR  When the threaded spindle 12 is turned, the headbox 1 is raised or lowered
      by the wedge members 10 and 11, the differing wedge angles of the wedge
      members 10 and 11 causing the headbox 1 to swivel about the established
      pivot (discharge slice 3).
PAR  The paper stock jet 4 is also caused to swivel thereby, and impinges on the
      wire or screen 6 at a different angle.
PAR  The embodiment of the invention shown in FIG. 2 includes stops 23 and 24
      for lateral guidance of the headbox 1, the stops 23 and 24 being located
      on imaginary circles, shown partly in phantom, which have a common rotary
      center that is situated in the center of feed pipe 7. Upon adjustment of
      the threaded spindle 12, the headbox 1, guided by the stops 23 and 24, is
      swiveled about a pivot center as a result of the differing wedge angles or
      surface inclination of the wedge members 10 and 11, the pivot center
      coinciding with the longitudinal axis of the feed pipe 7. This permits the
      feed pipe 7 outside the machine to be of an entirely rigid construction so
      that only a rotatable intermediate pipe section, such as a flange
      connection is required.
PAR  Since only extremely short distances are required to adjust the stock jet
      2, it is possible to make the stops straight or erect since inaccuracies
      resulting during adjustment are negligibly small.
PAR  If, for example, according to the embodiment shown in FIG. 2, the discharge
      nozzle 2 is to be lowered, from the position thereof shown in full lines
      in FIG. 2, onto the wire or screen 6, there results a swivel angle .alpha.
      defined by the imaginary or phantom limit lines A and B extending from the
      pivot, i.e. center of the feed pipe 7. With respect to the two wedge
      members 10 and 11, this provides an inclination which, for the same
      adjustment in the longitudinal direction, corresponds to the mutual
      spacing between the limit lines A and B at the points I and II.
PAR  The headbox 1 may be provided with roller guides 13a, 14a and 23a, 24a at
      the locations correlated to the guide stops 13, 14 and 23, 24
      respectively, thereby considerably reducing friction during adjustment of
      the headbox.
CLMS
STM  I claim:
NUM  1.
PAR  1. Headbox assembly for a papermaking machine provided with a wire screen
      through which water from wet paper stock drains, the assembly comprising a
      headbox having a discharge nozzle for a jet of the paper stock, at least
      one forward and one rearward wedge member as viewed in feed direction of
      the stock jet from the discharge nozzle, said wedge members underlying
      said headbox and having respective wedge surfaces of different
      inclination, respective base members pivotally supporting said headbox and
      supportingly engaged by said wedge members respectively, and a threaded
      spindle whereon said wedge members are mounted in common, said spindle
      being actuable for adjusting the position of said wedges forward and
      rearward of said stock feed direction and accordingly of said headbox
      whereby said discharge nozzle thereof is adjustable relative to the wire
      screen of the machine.
NUM  2.
PAR  2. Headbox assembly according to claim 1 including guide stop means
      guidingly supporting said headbox for bracing the same against adjusting
      forces applied thereto.
NUM  3.
PAR  3. Headbox assembly according to claim 1, wherein the respective
      inclinations of said surfaces of said wedge members and the pitch of
      respective sections of said threaded spindle associated with said wedge
      members are in different directions.
NUM  4.
PAR  4. Headbox assembly according to claim 2, wherein said guide stop means
      comprises at least one guide stop member having a surface defining a
      peripheral area disposed about a pivot center for said headbox, the
      location of said peripheral area being dependent at least partly on the
      inclinations of said surfaces of said wedge members.
NUM  5.
PAR  5. Headbox assembly according to claim 4 comprising feed means for said
      paper stock connected to said headbox and having a longitudinal axis, said
      pivot center coinciding with said longitudinal axis of said feed means.
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ABST
PAL  The time taken to reduce concentration of radioactive gas in the coolant of
      a nuclear reactor to permissible levels during refueling or the like is
      reduced by injecting into the reactor coolant a quantity large compared to
      the quantity of fission gas, of stable gas of the same atomic number as
      each radioactive gas. The fission gas includes both stable and radioactive
      isotopes, the quantity of stable isotopes being large compared to the
      quantity of radioactive isotopes. The stable gas added and the fission gas
      of each atomic number are dissolved as one gas in the reactor fluid and
      are purged together, the added stable gas accelerating the dissolution of
      the radioactive gas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the nuclear-reactor art and has particular
      relationship to the processing of the radioactive gases which are
      generated as a result of the fission which takes place in a reactor. In
      the interest of concreteness, but not with any intention of limiting the
      scope of this invention, a pressurized-water (PWR) reactor is here
      considered. Among the important fission products of such a reactor are the
      radioactive isotopes xenon (Xe) 131m (metastable) 133, 133m, 135, and 135m
      and krypton (Kr) 85, 87, 88 and 85m (metastable). The Xe isotopes have
      half-lives as follows:
PA1  131m -- 12.0 days half-life -- isomeric transition to a stable isotope;
PA1  133 -- 5.27 days half-life -- isomeric transition to a stable isotope;
PA1  133m -- 2.3 days half-life -- isomeric transition to Xe 133.
PA1  135m -- 15.3 minutes half life -- isomeric transition to Xe 135 of
      half-life 9.2 hours.
PA1  135 -- isomeric transition to isotope of half-life 2.6 million years.
PAL  The Kr isotopes have half-lives as follows:
PA1  85 -- 10.6 Yrs. half-life -- isomeric transition to a stable isotope;
PA1  85m -- 4.4 hours half-life -- isomeric transition to Kr85 or to stable
      isotope;
PA1  87 -- 78 minutes half-life -- isomeric transition to an isotope of half
      life 5 .times. 10.sup.10 Yr;
PA1  88 -- 2.77 hours half-life -- isomeric transition to an isotope of half
      life 17.8 min.
PAR  Typically, the primary fluid of a PWR reactor has a volume of about 6000 to
      12,000 cubic feet and while in operation may contain up to about 2.0
      standard cubic ft. of the Xe fission product isotopes and 0.5 standard
      cubic feet of Kr fission product isotopes. This volume of fission product
      isotopes includes a large proportion of stable isotopes and a small
      proportion of radioactive isotopes. The predominant radioactive isotope
      present is Xe.sup.133.
PAR  Before refueling or like operations the nuclear reactor is shut down but
      before the reactor becomes accessible for the actual refueling or other
      work the concentration of these readioactive isotopes must be reduced to a
      permissible level to avoid discharges of radioactive effluents into the
      environment of the reactor and increased doses of radioactivity to
      refueling personnel. While the half-life of these isotopes is relatively
      short, it is measured in days and hours and access to the reactor for
      refueling is delayed by their presence for a day or several days.
PAR  In accordance with the teachings of the prior art the primary fluid is
      circulated through a flash tank during normal operation of a reactor and
      the stripped fission gases are purged periodically or continuously. Before
      refueling the reactor is shut down but the circulation and purging
      continues. At very low fission gas concentrations required for refueling,
      this process is slow and inefficient. There is no provision to enhance the
      rate of dissolution in the flash tank other than by increasing process
      flow rates; this is relatively ineffective and costly.
PAR  It is an object of this invention to overcome the above-described
      disadvantages of the prior art and to increase the availability of a
      nuclear reactor for power generation by reducing substantially the time
      after shut down of a nuclear reactor which is consumed in waiting for the
      radioactivity arising from the gaseous fission products to drop to the
      required or established low level.
PAR  It is a further object of this invention to overcome the disadvantages of
      the prior art effectively and at low cost without adding additional
      equipment to the present nuclear-reactor plant.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention an additional stable isotope of the same
      atomic number as each radioactive gas and of negligible radioactivity is
      injected into the primary fluid by the pump which circulates the primary
      fluid through the flash tank. Typically, the Xe isotope which is injected
      has a mass of 131.3 and is probably predominately composed of
      non-radioactive isotopes Xe.sup.129, Xe.sup.130 , Xe.sup.131, Xe.sup.132,
      Xe.sup.134, and Xe.sup.136. The Kr which is injected has a mass of 83.8
      and is probably predominately composed of non-radioactive isotopes
      Kr.sup.80, Kr.sup.82, Kr.sup.83, Kr.sup.84 and Kr.sup.86. Both the
      Xe.sup.131.3 and the Kr.sup.83.8 have negligible radioactivity. The
      quantity of each of the additional stable gases which is injected is large
      compared to the quantity of the corresponding fission gas in the primary
      fluid. Typically, the volume of each stable gas is about ten times the
      volume of the corresponding fission gas.
PAR  The total concentration in the primary fluid of the gas of each atomic
      number, including the radioactive isotopes and the stable isotope, is thus
      increased. When the primary fluid is discharged into the flash tank, it is
      stripped of the dissolved gases which are removed from the tank in the
      hydrogen purge stream. The quantity of gas purged from the flash tank is
      approximately equal to the quantity injected, with the division between
      radioactive isotopes and stable isotopes being equal to their relative
      concentrations in solution. Typically, a 3600 megawatt reactor contains
      about 1 or 2 cubic feet of fission gases (both stable and radioactive
      isotopes) under standard conditions. About 10 to 20 cubic feet of stable
      gas, under standard conditions, is added and the rate of radioactive
      fission gas removal is increased substantially. The process may be
      initiated when the reactor is shut down under normal circumstances. If it
      is desirable to further shorten the shutdown period for refueling, the
      process can be initiated shortly before reactor shutdown.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  For a better understanding of this invention, both as to its organization
      and as to its method of operation, together with additional objects and
      advantages thereof, reference is made to the following description, taken
      in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic view of nuclear-reactor apparatus including
      facilities for practicing this invention; and
PAR  FIG. 2 is a graph illustrating the practice of this invention.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The apparatus shown in FIG. 1 includes a nuclear reactor 11 having a
      primary fluid 13 which typically is pressurized water at high temperature,
      about 550 .degree.F. This apparatus also includes a flash tank 15 having a
      spray nozzle 17, and a circulating pump 19. During normal operation of the
      reactor 11, the pump 19 circulates the fluid 13 through the flash tank 15.
      There is also a source 20 of hydrogen. During normal operation the
      hydrogen is passed through the spray 21 from the nozzle 17 purging the
      readioactive gases from the spray. The hydrogen and the purged gases pass
      into a biologically shielded collector where the hydrogen is burned and
      the gases are retained.
PAR  The normal operation is represented by the light-line curve in FIG. 2. In
      this view the radioactivity of the matter in the flash tank 15 is plotted
      vertically and time horizontally. During normal operation the
      radioactivity remains constant, as represented by the straight-line
      portion K of the curve, so long as the reactor is in operation. When the
      reactor is shut down and prior-practice is followed, the radioactivity in
      the flash tank 15 decreases as represented by the curved portion of the
      curve N. The broken line C represents radioactivity of the flash tank 15
      at which access to the reactor 11 for refueling or other work is
      permitted. Under prior-art practice the reactor 11 is ready for refueling
      at time t.sub.2 after shutdown.
PAR  In accordance with this invention, stable gases, from sources 23, of about
      10 times the respective volume of the radioactive gases are injected into
      the fluid 13 by the pump 19.
PAR  The fluid injected into the spray nozzle 17 then has a concentration, in
      the fluid 13, of about eleven times the original concentration of fission
      gas. The spray containing this concentration then, under Henry's Law,
      tends toward an equilibrium with vapor exerting a pressure of about eleven
      times the pressure exerted by the fission gas alone in prior-art practice.
      In the practice of this invention then a substantially larger volume of
      gas of the same atomic number as each radioactive gas is emitted from the
      spray 21 and purged at the start of the injection and the remaining
      radioactive gas in the fluid, after shutdown, has a low concentration
      permitting earlier access to the reactor.
PAR  This is illustrated in FIG. 2. It is assumed that the injection of the
      stable gas is started at time -t.sub.3 before the shutdown. The heavy
      curve I shows the radioactivity of the flash tank 15. The radioactivity
      rises rapidly to a maximum after shutdown, time 0. However, because the
      stable gas carries with it larger quantities of radioactive gas than in
      prior-art practice, The concentration of the radioactive gases in the
      fluid 13 is reduced more rapidly than in prior-art practice and the
      radioactivity reaches the magnitude c at time t.sub.1 earlier than
      t.sub.2. The reactor is accessible at a time earlier than in prior art
      practice equal to t.sub.2 -t.sub.1 which may amount to a day or several
      days.
PAR  While a preferred practice of this invention has been disclosed herein,
      many modifications thereof are feasible. Typically, this invention could
      be applied to accelerating the deconcentration of tritium. The scope of
      this invention is not to be restricted except insofar as is necessitated
      by the spirit of the prior art.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of reducing, with apparatus including a flash tank, the
      concentration of radioactive gas resulting from fission in a nuclear
      reactor having a primary liquid to render said reactor accessible, the
      said radioactive gas including radioactive isotopes of xenon and krypton,
      the the said method comprising, increasing the concentration of said
      isotopes in said primary liquid by pumping a quantity of stable gas of the
      same atomic number as xenon and krypton into said primary liquid, said
      last-named quantity being large compared to the quantity of said
      radioactive isotopes included in said primary liquid, circulating said
      primary liquid continuously from said reactor through said flash tank then
      back through said reactor, and purging the resulting mixture of said
      radioactive isotopes and said stable gas from said flash tank.
NUM  2.
PAR  2. The method of claim 1 wherein the primary fluid is sprayed into said
      flash tank, and the stable gas is pumped into the primary liquid while the
      primary liquid is being circulated between the reactor and the flash tank.
NUM  3.
PAR  3. The method of claim 1, wherein the gas resulting from fission includes
      radioactive isotopes of xenon and krypton and also stable isotopes of
      xenon and krypton, the quantity of stable isotopes being large compared to
      the quantity of radioactive isotopes, and the stable gas pumped into the
      primary liquid being additional stable gas and its quantity being large
      compared to the quantity of the gas resulting from fission including both
      said stable isotopes and said radioactive isotopes.
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PAL  Spacers for fuel rods in nuclear reactor fuel elements, especially for use
      aboard ships. Spacers are used in a grid formed by web plates orthogonally
      intersecting and assembled together in a tooth-comb fashion forming a
      plurality of channels. The web plates are joined together and each of the
      web plates includes apertures through which resilient and separator
      members are joined. The resilient and separator members are in adjacent
      channels and with other similar members in the same channel, contact a
      fuel rod in the channel. The contact pressure between the members and fuel
      rod is radially directed.
PARN
PAR  This is a continuation of application Ser. No. 77,212, filed Oct. 1, 1970,
      now abandoned.
BSUM
PAR  Our invention relates to a spacer for fuel rods used in nuclear-reactor
      fuel elements, and in a more particular though not exclusive aspect, for
      nuclear reactors used aboard ship.
PAR  In such reactors, each fuel rod is held in individual storage compartments
      or channels. The compartments or channels are formed by intersecting
      plates secured together in the form of a grid. These tubes or fuel rods
      are held in the grid or cluster by spacers and a number of such assemblies
      form a tube bundle. Each bundle is placed in a suitable enclosure provided
      with end fittings to permit coolant flow. This assembly is known as a fuel
      element. Each fuel rod is about 10 to 20 mm thick and several yards long.
      The spacers are utilized in each channel to maintain the fuel rods firmly
      in place. The spacers must be relatively strong and yet flexible enough to
      compensate for dimensional tolerances. The spacers must also abut the fuel
      rod during oscillations or vibrations to eliminate fretting-corrosion
      impairment of the extremely thin-walled fuel rod envelope.
PAR  The materials used for the construction of fuel channels and spacers must
      exhibit as slight a neutron absorption characteristic as possible.
      Zirconium alloys, which have this characteristic, also have very
      disadvantageous flexible properties and are, therefore, unsuitable for use
      as resilient spacers. It has been proposed to make the rigid structural
      components forming the grid of channels of zirconium alloys and the
      comparatively small flexible spacer members from a material having good
      resilient qualities, such as stainless steel or high-temperature and
      corrosion-proof nickel alloys. No material has yet been discovered which
      exhibits both low neutron absorption and good resilient qualities, and two
      separate materials each possessing one or the other of these qualities
      cannot be satisfactorily welded together.
PAR  It also has been suggested to provide small notches in the rigid structural
      components forming the channels into which flexible elements can be
      inserted before assembly to be fixedly held to serve as spacers. With such
      a design, however, the flexible or resilient members frequently move
      inside the individual channels of the grid as it is assembled, so that the
      assembly, especially of the last fuel rods, is difficult. Further, with
      this design, the flexible members must be terminated at the ends of the
      fuel element or at the location of a control rod and then welded firmly to
      the rigid components forming the channels. A further disadvantage of such
      a design is that processes such as heat treatment, welding, brazing or
      etching must be performed subsequent to the assembly of the channels and
      spacers.
PAR  An object of the present invention is to provide spacers for fuel rods
      exhibiting low neutron absorption and great flexibility to maintain the
      fuel rod firmly in place.
PAR  Another object of the present invention is to provide a spacer assembly for
      fuel rods which is easy to assemble.
PAR  Still another object of the present invention is to provide such a spacer
      assembly which is relatively inexpensive.
PAR  Yet another object of the present invention is to provide such a spacer
      including members for radially contacting the fuel rod, which members are
      made of the same material and welded together, thus minimizing
      metallurgical bond problems previously encountered.
PAR  Another object of the present invention is to provide such a spacer
      assembly in which the spacer members can be connected in individual
      compartments after the spacer assembly is assembled.
PAR  Other objects, advantages, and features of the present invention will
      become more apparent from the following description.
PAR  In accordance with the principles of the present invention, the above
      objects are accomplished by providing spacers for fuel rods in nuclear
      reactor fuel elements, especially used with ships, wherein the fuel rods
      are individually held in channels of a rectangular grid formed of
      orthogonally intersecting web plates connected in a slotted tooth-comb
      fashion and soldered together. The plates are made of a material having
      low neutron absorption characteristics. The web plates form the sides of
      the channels of the grid and are provided with apertures therein.
      According to the invention, the flexible or resilient members for holding
      each fuel rod in place are a flat resilient member having an embossed
      reinforcement in the contact area with the fuel rod and a separator member
      of a like material, the resilient and separator members facing each other
      at the top and bottom of each channel and being attached to other members
      in adjacent channels through the apertures in the web plates. The fuel
      rods are held at two opposite contact points with a positive pressure,
      without a flexing torque being transmitted to the fuel rod. The resilient
      and separator members are small and since they are connected at respective
      sides or walls of the channel and are of the same material, and are joined
      together, they effectively prevent the creep condition.
DRWD
PAR  The invention will be further described with references to embodiments
      thereof, illustrated by way of example in the accompanying drawing in
      which:
PAR  FIG. 1 is a plan view of a portion of a fuel element with spacers according
      to the invention.
PAR  FIG. 2 is a vertical sectional view taken along lines A-B of FIG. 1 through
      the spacers.
PAR  FIG. 3 is a vertical sectional view of a detail taken along lines C-D of
      FIG. 1; and FIG. 3a is a perspective view of the same detail.
PAR  FIG. 4 is an exploded view of a resilient member used with the present
      invention.
PAR  FIG. 5 is a sectional view through the resilient member taken along lines
      E-F of FIG. 4.
PAR  FIG. 6 is a plan view of a separator member.
PAR  FIG. 7 is a sectional view through a projection portion of the separator
      member taken along lines G-H of FIG. 6.
PAR  FIG. 8 is a sectional view through an embossment portion of the separator
      member taken along lines J-K of FIG. 6.
DETD
PAR  Referring to the illustration, particularly to FIGS. 1 and 2, each fuel rod
      5, cylindrical in shape, is housed or held in respective channels 11. The
      channels are formed by orthogonally interconnecting web plates 1 and 12
      respectively fitted together to form a grid. Web plates 1 and 12 are
      joined in a tooth-comb slotted fashion and are rigidly secured together,
      as by soldering. A pair of bosses 7 are provided at the intersection of
      the web plates 1 and 12 to aid their alignment and spacing prior to
      assembly. These bosses enhance the assembly procedure and insure accurate
      spacing.
PAR  The spacers according to the present invention have the advantage that the
      intersecting tooth-comb assembly can be joined together prior to the
      assembly of the resilient and separator members. The bosses 7 allow the
      distances between the web plates to be accurately fixed, which removes the
      requirement of complex devices previously required for achieving accuracy
      between the web plates during the soldered procedure.
PAR  Each channel includes two pairs of opposite sides or walls 13 and 14,
      respectively. A resilient member 3 is fixed at one side of each pair of
      sides 13 and 14, while a separator member 4 is fixed at the other side of
      each pair of sides 13 and 14. In these positions, the cylindrical fuel rod
      is in a point contact with the resilient and separator members. One
      separator and resilient member are attached at the upper portion 40 of the
      opposite sides 13, while the other separator and resilient members are
      connected at the bottom portion 42 of opposite sides 14, as seen in FIG.
      2. The resilient members are provided with a convex curved segment 15
      having an embossment 16 to stiffen the resilient member. The shape of the
      convex segment conforms to the cylindrical shape of the respective rod,
      while contact with the rod is made at the embossment 16.
PAR  According to a feature of the present invention, the resilient member 3 is
      integrally formed consisting of short, straight segments 31 and 32, and a
      longer, curved segment 15, with the embossment 16 directed towards the
      fuel rod 5, and intermediate segments 33 inclined at 60.degree. with
      respect to the web plates forming one of the sides 13. The intermediate
      segments 33 are located between the short straight segments 31 and 32 and
      the longer segment 15. This shape for the integral resilient member
      provides an approximately linear spring characteristic. Although the
      curved segment 15 conforms to the shape of fuel rod 5, only a small
      contact area, such as a point, is formed between the rod 5 and embossment
      16. The contact pressure is directed radially towards the fuel rod. It can
      be measured and, if necessary, corrected by means of a taper plug. Also,
      the resilient member of the present invention may be manufactured by
      mechanical means in long lengths, which minimizes costs.
PAR  The separator members 4 are secured at one side of each pair of sides 13
      and 14. FIG. 6 illustrates the separator members 4 in more detail. Each of
      these members is integrally formed and includes regularly spaced U-shaped
      segments 61 and 62 projecting towards the fuel rod 5 having embossments 63
      and 64, respectively, which contact the cylindrical fuel rod.
      Additionally, regularly spaced bosses 65 and 66 depend from the separator
      member in a direction away from the cylindrical fuel rod.
PAR  According to the invention, the non-resilient separator members 4 are
      formed of the same material as are the resilient members 3. The
      embossments 65 and 66 have a height corresponding to the thickness of the
      web plate which insures the correct location of U-shaped segments and
      embossments with respect to the fuel rods. The separator members are also
      mechanically producible in large scale in great lengths, thus minimizing
      costs.
PAR  FIG. 3 is a sectional view taken along lines C-D of FIG. 2 illustrating
      contiguous compartments or channels and the interconnection of the
      flexible and separator members at the sides of respective channels; and
      FIG. 3a shows the same interconnection in perspective. Web plate 12
      interconnects with web plate 1 in the area of the break between plates 1.
      Each web plate, such as illustrated for web plate 12, is provided with an
      aperture 91 into which a boss 65 of separator member 4 is fitted. A
      resilient member 3 is located on the opposite side of plate 12 in the
      adjacent channel, and is joined or welded to the separator member at the
      boss segment 65 thereof. Spot welding may be employed to join the two
      members which are made of similar material.
PAR  In accordance with a feature of the present invention, the spacer members 3
      and 4 are not joined to the web plates which are of a different material,
      but to each other, thus eliminating the problems associated with welding
      two different materials with different characteristics.
PAR  Channel 6 is empty and may contain a suitable control rod made of an
      efficient neutron absorber in a conventional manner. The resilient and
      separator members are not utilized in this channel since a fuel rod is not
      housed therein.
PAR  A web plate 2 is located at the ends of the grid and terminate web plates
      1. Web plate 2 is similar in form to web plates 1 and 12 and replaces web
      plate 12 at the extremities of the grid. Web plate 2 is soldered to web
      plates 1 to form a secure structural assembly. As seen in FIGS. 1 and 2,
      one of the separator members 4 is not utilized in the end channel formed
      by plate 2, and an embossment 8 is formed on the inner side of web plate
      2. Embossment 8 is located at the top portion 40 of the end channel and
      abuts against the fuel rod held therein. Clearly, a separator member 4
      could be used in the stead of embossment 8.
PAR  FIG. 5 is a cross-sectional view taken along lines E-F of FIG. 4 through
      the curved segment 15 with the embossment 16 of the resilient member 3.
      FIGS. 7 and 8 are sectional views taken along lines G-H and J-K,
      respectively, of FIG. 6 illustrating the U-shaped segments 61 or 62 and
      the bosses 65 or 66, respectively.
PAR  According to our invention, the resilient members are transverse to the
      fuel rod axis over the width of the fuel element and are terminated at
      channel 6 where a control rod is provided. These resilient members can be
      produced in long lengths and have the advantage that even if a spot weld
      fails, the member nevertheless remains firmly in place due to the other
      spot weld points between the continuous resilient and separator members
      joined in the apertures of the web plates. In the channel for the control
      rods, the resilient members are not utilized, so that the entire
      cross-sectional area of this channel can be used for the control rods and
      their guideways. The members located transverse to the fuel rod axis have
      an ample open cross-sectional area in the direction of flow, with opposite
      springs directed parallel to the fuel rod axis.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above method and apparatus
      without departing from the scope of the invention, it is intended that all
      matter contained in the above description and shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. Spacers for positively positioning fuel rods in nuclear reactor fuel
      elements including: a plurality of web plates disposed in orthogonally
      intersecting relation to other web plates and being joined along common
      contact surfaces to form a network of individual compartments for holding
      said fuel rods; said compartments being defined by two pairs of opposite
      walls having upper and lower portions; apertures formed in each of said
      web plates to thereby define a wall passage between adjacent compartments;
      first and second one piece resilient members; said resilient members, each
      being respectively disposed on a first pair of two adjacent sides of said
      opposite walls; said resilient members each having an integral segment at
      one end thereof, extending through said aperture into an adjacent
      compartment; said first resilient member being juxtapositioned with
      respect to said upper portion and said second resilient member being
      juxtapositioned with respect to said lower wall portion; first and second
      separator members; said separator members each being of a same material as
      said resilient members and juxtapositioned with respect to a second pair
      of two adjacent sides of said opposite walls and protuberances integral
      with said separator members extending into said apertures toward adjacent
      compartments and being in communication with said resilient member
      segments, said separator members being joined in said apertures with said
      resilient members at a point of contact formed between said protuberances
      and said segments.
NUM  2.
PAR  2. Spacers for fuel rods as set forth in claim 1, wherein a pair of bosses
      are attached to said plurality of web plates and straddle the other
      orthogonally intersecting web plates.
NUM  3.
PAR  3. Spacers for fuel rods as set forth in claim 1, wherein said resilient
      members exert radial pressure on the respective fuel cells.
NUM  4.
PAR  4. Spacers for fuel rods as set forth in claim 1, wherein said separator
      and resilient members are of the same material.
NUM  5.
PAR  5. Spacers for fuel rods as set forth in claim 1, wherein said separator
      member is integrally formed of spaced U-shaped segments projecting towards
      said fuel rod and alternately spaced bosses with each of said bosses
      adapted to fit into said aperture through one wall of a respective web
      plate.
NUM  6.
PAR  6. Spacers for fuel rods as set forth in claim 5, wherein said separator
      member is joined with a resilient member on the other wall of said web
      plate by spot welding said bosses to said resilient member in said
      aperture.
NUM  7.
PAR  7. Spacers for positively positioning fuel rods in nuclear reactor fuel
      elements including: a plurality of web plates disposed in orthogonally
      intersecting relation to other web plates and being joined along common
      contact surfaces to form a network of individual compartments for holding
      said fuel rod; said compartments being defined by two pairs of opposite
      walls having upper and lower portions; apertures formed in each of said
      web plates to thereby define a wall passage between adjacent compartments;
      first and second one piece resilient members; said resilient members, each
      being respectively disposed on a first pair of two adjacent sides of said
      walls; said resilient members each having an integral segment at one end
      thereof, extending through said aperture into an adjacent compartment;
      said first resilient member being juxtapositioned with respect to said
      upper portion and said second resilient member being juxtapositioned with
      respect to said lower wall portion; first and second separator members;
      said separator members each being of a same material as said resilient
      members and juxtapositioned with respect to a second pair of two adjacent
      sides of said walls and protuberances integral with each of said separator
      members; said protuberances each extending into said apertures toward
      adjacent compartments and being in communication with respective resilient
      member segments of adjacent compartments in said apertures, such resilient
      members being defined by integrally formed short straight segments
      followed by intermediate segments connecting said straight segments to
      curved segments, said intermediate segments forming a 60.degree. angle
      with a respective wall of a respective compartment.
NUM  8.
PAR  8. Spacers for fuel rods as set forth in claim 7, wherein an embossment is
      attached to said curved segment and contacts said fuel rod.
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PAL  Each fuel pin of the cluster is fitted with a spacer element wound in a
      coarse-pitch helix on the external surface of the fuel can and attached to
      end-caps of the can. The spacer element consists of a deformable tube
      having a constant initial cross-section, the tube being fitted internally
      with a reinforcement wire which is mounted within the tube with provision
      for a clearance space and extends over the entire length of the tube.
BSUM
PAR  This invention relates to a cluster of fuel pins for a nuclear reactor of
      the high-power type and especially for a fast reactor in which the core is
      cooled by a circulation of liquid metal usually consisting of sodium, the
      reactor core being constituted by a juxtaposed array of fuel assemblies
      each formed by a casing or sleeve of polygonal cross-section which is open
      at the top and provided with a bottom end-fitting for positioning the fuel
      assembly in a support grid or so-called diagrid while maintaining said
      assembly in a vertical position. Each sleeve contains a cluster of canned
      fuel pins of substantial length and each fuel pin in turn contains the
      fissile and fertile materials which are necessary for the operation of the
      reactor. The pins have parallel axes and are disposed on a lattice which
      is usually uniform and hexagonal. The pins in each cluster are maintained
      in relatively spaced relation by means of a spacer wire of constant
      cross-section which is wound in a helix having a coarse pitch around the
      external surface of the can of each fuel pin and is applied against the
      adjacent pins.
PAR  In known design solutions of this type, channels of small cross-section for
      the circulation of the coolant sodium are delimited on the one hand
      between the fuel pins of the cluster and on the other hand between said
      pins and the sleeve wall of the fuel assembly. In point of fact, a number
      of problems arise especially when the fuel pins are intended to be
      employed at very high burnup rates of the order of 100,000 MWDt/t caused
      by the appearance of appreciable swelling of said fuel pins and in
      particular of the canning material which usually consists of steel. This
      gives rise to a reduction of the useful cross-sectional area provided in
      the channel for sodium flow between the fuel pins and at the same time to
      flattening of the pins by compression. The resultant faulty cooling or
      abnormal performance of the fuel within ovalized cans may lead to can
      failures which are in turn liable to cause more serious accident
      conditions.
PAR  The aim of this invention is to provide a fuel-pin cluster which affords
      better resistance to the effects of swelling of each fuel can than is the
      case with fuel clusters of types at present known while ensuring suitable
      spacing between each fuel pin and the surrounding pins in each fuel
      cluster.
PAR  To this end, the fuel cluster under consideration in which each fuel pin is
      fitted with a spacer element wound in a coarse-pitch helix on the external
      surface of the fuel-pin can and rigidly fixed to end-caps of said can is
      distinguished by the fact that said spacer element is constituted by a
      deformable tube having a constant initial cross-section, said tube being
      fitted internally with a reinforcement wire which is mounted with a space
      within the tube and extends over the entire length of this latter.
PAR  As an advantageous feature, the thickness of the deformable tube is so
      determined that, in the event of swelling of the fuel pin, said tube is
      subjected to continuous plastic deformation before the fuel-pin can in
      turn undergoes deformation.
PAR  Depending on requirements, the connection between the deformable tube and
      the end-caps is formed by welding, crimping or insertion of a die-stamped
      or fusion-cast head by means of the tube itself or by means of a portion
      of the internal reinforcement wire which projects to a short distance
      beyond the ends of the tube, or alternatively by means of the assembly
      formed by the tube and its internal reinforcement.
DRWD
PAR  Further properties of a fuel-pin cluster as constructed in accordance with
      the invention will become apparent from the following description of one
      exemplified embodiment which is given by way of indication without any
      limitation being implied, reference being made to the accompanying
      drawings, wherein:
PAR  FIG. 1 is a part-sectional view in elevation showing a nuclear reactor fuel
      assembly comprising a fuel cluster which is provided with the improvement
      under consideration;
PAR  FIG. 2 is a detail view of an alternative form of construction.
DETD
PAR  In FIG. 1, the reference numeral 1 designates the outer casing or sleeve of
      a fuel assembly for a fast reactor cooled by liquid sodium; said sleeve
      encloses a cluster of parallel fuel pins 2 designed in the form of
      cylinders of substantial length, the cans of which consist of a jacket
      fabricated from type-316 stainless steel and having an external diameter
      of 8.65 mm, said jacket being closed by end-caps 4 and 5 of "316"
      stainless steel. The pins 2 of the cluster 1 are disposed on a uniform
      hexagonal lattice and inserted by means of their bottom end-caps 3 on
      vertical rails 5.
PAR  In accordance with the invention, the spacing between the pins 2 of the
      fuel cluster within the sleeve 1 is achieved by means of a spacer element
      6 which is wound in a helix having a coarse pitch (for example 200 mm) on
      the external surface of the can of each pin 2, said spacer element being
      constituted by a deformable tube 7 which extends over the entire length of
      each pin. Said tube 7 which is also of type-316 stainless steel has an
      external diameter of 1.4 mm, for example, and is rigidly fixed to the fuel
      pin at the lower end and at the level of the endcap 3 either by crimping
      or by welding. Said tube 7 is fitted at the upper end with a die-stamped
      or fusion-cast head 8 as provided in particular by the arrangements
      described in French Pat. No. 69.20597 of June 19, 1969 in the name of
      Commissariat a l'Energie Atomique. Moreover and in accordance with a
      further property of the invention, the deformable tube 7 which is
      helically wound on the external surface of the fuel pin 2 is fitted with
      an internal reinforcement wire 10 of type-316 stainless steel. Said wire
      can advantageously project to a slight extent from the ends of the tube so
      as to facilitate the connection between the spacer element and the
      end-caps. This connection can be formed simultaneously with the wire and
      the tube or alternatively with the wire alone as illustrated in the detail
      view of FIG. 2.
PAR  In the example considered, the tube 7 has an internal diameter of 1.22 mm
      whilst the internal reinforcement wire 10 which extends over the entire
      length of the tube has a diameter of 0.76 mm such as to delimit within the
      interior of said tube a space which is sufficient to permit limited
      deformation of the tube at the time of swelling of the fuel pins during
      operation.
PAR  The internal reinforcement wire which is mounted within the deformable tube
      prevents complete flattening of the tube in all cases, thus maintaining a
      sufficient spacing between the fuel pins. If no provision were made for
      the reinforcement wire and maximum flattening of the tube were to take
      place, there would in fact be a potential danger of crack formation within
      said tube as well as the appearance of hot spots on the fuel cans. On the
      contrary, by virtue of the arrangements proposed, deformation of the tubes
      remains limited to a value which remains acceptable for cooling of the
      fuel pins. The space existing between the internal reinforcement and the
      tube can readily be calculated as a function of the design parameters of
      the fuel assembly and operating conditions within the reactor core while
      taking into account in particular the geometry of the components of said
      assembly and the character of the materials employed.
PAR  A further advantage of the internal reinforcement wire lies in the fact
      that it maintains the spacer tube in position on the external surface of
      the fuel can even in the event of accidental crack formation of said tube
      in the central region of this latter between the points of attachment of
      the tube ends to the fuel can end caps. The connection of the tube or of
      its reinforcement wire does not give rise to any further difficulty as
      compared with the conventional solution in which the spacer element is
      constituted only by a wire of constant diameter. The assembly formed by
      the tube and the reinforcement wire serves in addition to facilitate
      positioning of the spacer element without any attendant danger of causing
      damage to the tube itself since tension is applied solely to the wire
      during the helical winding operation. Finally, in the case of large-scale
      manufacture, it is possible either to employ a wire which has already been
      sheathed or on the contrary to insert the wire in the outer tube at the
      moment of winding onto the fuel pins.
PAR  The spacer element which is formed in accordance with the invention permits
      a certain degree of bowing of the fuel assemblies without introducing high
      values of stress, general bending of the fuel-pin cluster being permitted
      by partial flattening of the hollow tubes. This property makes it possible
      to solve a problem presented by power reactors having burnups of the order
      of 100,000 MWDt/t, in which the fuel assemblies comprise a high number of
      pins. In point of fact, interaction takes place between the pins of the
      cluster and the outer sleeve of each fuel assembly by reason of the fact
      that the cans of the fuel pins have a swelling rate which is higher than
      that of said sleeve. By virtue of the limited flattening of the spacer
      tubes, the observed difference in swelling prevents the occurrence of
      fuel-can failures.
PAR  In all cases and as stated in the foregoing, the spacer tube must be
      subjected to continuous plastic deformation before the fuel cans are
      deformed in turn. The ratio of diameter to thickness of each spacer tube
      is advantageously chosen so as to be at least equal to the same ratio as
      measured in the case of each fuel can.
PAR  Finally, the fuel cluster in accordance with the present invention can be
      associated within a fuel assembly with arrangements which are intended to
      reduce the cross-sectional area of the peripheral sub-channels by
      providing the outer sleeve or casing of the fuel assembly either with
      internal longitudinal projecting portions or with recessed portions, these
      arrangements being known per se.
PAR  As has become apparent from the foregoing, the invention is clearly not
      limited to the exemplified embodiment which has been more especially
      described in the foregoing with reference to the accompanying drawings but
      extends on the contrary to all alternative forms
CLMS
STM  We claim:
NUM  1.
PAR  1. A fuel-pin cluster for a nuclear reactor comprising a plurality of
      fuel-pins, a can for each of said pins, end-caps for each of said cans, a
      spacer element for each of said fuel-pins wound in coarse pitch helix on
      the external surface of the fuel-pin can and rigidly fixed to the end-caps
      of said can, said spacer element including a tube terminating short of
      said end caps having a constant initial cross section and having a ratio
      of diameter to thickness at least equal to the ratio of diameter to
      thickness of the fuel-pin can and a reinforcement wire mounted with
      clearance within said tube and extending over the entire length of said
      tube and means for rigidly securing the internal reinforcement wire to the
      end-caps.
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ABST
PAL  The propagation and modification of feline calicivirus (FCV) in feline
      tissue cultures and the development of a vaccine useful for the prevention
      of feline calicivirus respiratory infections in cats, said vaccine
      comprising a modified virus strain of FCV.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Feline calicivirus infection is a common and serious disease of cats
      usually associated with the respiratory tract. There has been many
      serotypes reported in the literature as causing from slight respiratory
      problems to severe pneumonia in cats. Reports in the literature indicate
      that this disease is responsible for approximately half the clinical cases
      of feline respiratory infections. The virus infects the epithelial cells
      of the nose, lung, pharynx, trachea and eye, causing epitheliolysis and
      necrosis. Resultant signs vary from inapparent infection to mild
      respiratory disease to severe respiratory disease with pneumonia and
      sometimes death. Further ulcerative lesions of the nose and tongue are
      often associated with the disease as are anorexia and pyrexia. The virus
      is shed from the nose, eyes and mouth through the course of the clinical
      disease. Feline calicivirus infections are often severe and complicated
      further by bacteria when resistance becomes low. Mortality may be
      significant, especially in young kittens. The transmission of feline
      calicivirus to susceptible cats is generally by intranasal instillation,
      for example, by droplets expelled in sneezing or by contact (usually nose
      to nose). Resistance following recovery from natural or experimental
      infection is of moderate duration.
PAR  The FCV group of serotypes was formerly called Picorna virus. This name was
      changed by the International Committee on viral nomenclature in 1971
      designating this viral group as Picorna viradae in the genus calicivirus.
      The first isolation of a feline calicivirus serotype was reported by L. B.
      Fastier in Amer. J. Vet. Res., 18, 382 (1957). Since then, several reports
      have appeared in the literature which confirm the isolation of feline
      calicivirus from feline subjects in various parts of the world which
      identify the virus as a feline member of calicivirus, and which describe
      the transmission, epidemiology and histologic characteristics of the
      disease, as well as the infections observed from different serotypes. For
      example, see J. L. Bittle et al., Amer. J. Vet. Res., 21, 547 (1960) and
      22, 374 (1961); F. Burki, Arch. F. die Gesam. Vir., 15, 690 (1965); R. A.
      Crandall, Proc. Soc. Exptl. Biol. & Med. 126, 240 (1967); Kahn &
      Gillespie, Cornell Vet., 60, 669 (1970); Holzinger & Kahn, Amer. J. Vet.
      Res., 31, 1623 (1970); and E. Takahashi et al., Jap. J. Vet. Sci., 33, 81
      (1971).
PAR  An excellent up-to-date review is provided by Gillespie and Scott in the
      book, "Advances in Veterinary Science and Comparative Medicine," Volume
      17, Edtd. by C. A. Brandly and C. E. Cornelius, pages 176-188, Academic
      Press, Inc., New York, 1973. Previous attempts at immunization with feline
      calicivirus are termed impractical by Gillespie & Scott (page 189). To
      date, no effective vaccine is available for protecting cats against feline
      calicivirus.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, it has been found that feline
      calicivirus (FCV) can be propagated in feline tissue cultures, preferably
      kidney and tongue, and the virulence of the virus so modified and reduced
      that no symptoms of the disease are observed upon parenteral inoculation.
PAR  Accordingly, the present invention produces a modified or attenuated strain
      of live, feline calicivirus which when parenterally inoculated, preferably
      intramuscularly, into cats, it immunizes the cats to virulent FCV disease.
      A vaccine is also provided which is attenuated to an extent that it will
      stimulate an antibody response effectively immunizing the cats for
      prolonged periods.
PAR  The vaccine is safe in that it will not cause disease in cats that receive
      it by the parenteral route nor will the modified feline calicivirus pass
      from the vaccinated cat to other cats in contact with it, thereby
      eliminating the possibility of increasing the virulence of the virus by
      animal passage. This constitutes a significant advance in the control of
      disease due to feline calicivirus.
PAR  Live, virulent feline calicivirus can be obtained from cats infected with
      the virus according to methods of isolation and identification described
      in the literature [e.g., see J. B. Bittle et al., Amer. J. Vet. Res., 21,
      547 (1960]. The preferred serotypes of feline calicivirus for utilization
      in this invention are those which are serologically related as determind
      by conventional techniques, e.g., cross serum-neutralization tests. On
      page 183 (Table I) of Gillespie and Scott (ibid.), a listing of several
      feline calicivirus serotypes is shown. Among the most preferred for
      purposes of this invention are the two serotypes designated as "F-9" and
      "F-S". the F-9 strain has been deposited in American Type Culture
      Collection (ATCC) No. VR-782.
PAR  In general, virus isolations can be made by swabbing the nasal and
      conjuntival membranes of infected cats with moist, sterile, cotton swabs
      which are then placed in a suitable feline tissue culture medium, followed
      by standard serial passages in order to replicate and isolate the virus. A
      particularly suitable culture medium is one derived from the cortical
      tissue of kidneys from 8- to 12-week old kittens which is trypsinized by a
      method similar to that described by J. Youngner [Proc. Soc. Exptl. Biol. &
      Med., 85, 202 (1954)] for monkey kidney cells.
PAR  In preparing the vaccines of this invention, it has been found that
      attenuation and modification of the virulent feline calicivirus can be
      readily accomplished by a relatively few, at least about 10, preferably at
      least 13, and generally about 13 to 35, serial passages, including
      purification by standard terminal dilution techniques, in feline tissue
      utilizing lower incubation temperatures of about 30.degree. .+-.
      2.degree.C, preferably 29.degree.-31.degree.C. Purification of the viral
      preparations may be accomplished by conventional tube or plague methods
      during or following the course of serial passages.
PAR  Feline calicivirus is capable of propagation in such feline tissue culture
      systems, for example, lung, testicle, kidney, thymus, tongue and embryonic
      fetal tissue, and also in established cell lines, such as, for example,
      Crandall's cat kidney cell line (CrFK), cat tongue cell lines, e.g., at
      the third passage level (Fc3Tg), and feline neurofibrosarcoma cell line
      (FNFS). Feline tongue cell lines are most preferred.
PAR  The passage time intervals should be such as to sufficiently allow the
      virus to replicate between passages, preferably from 1 to 6 days. The
      optimum passage time interval can readily be determined by standard
      techniques, for example, by cytopathic observations, such as by allowing
      the virus to grow during a particular passage prior to the point where a
      gross cytopathic effect (CPE) can be observed while continuing incubation.
PAR  The obtention of successful vaccines by the present low passage-low
      temperature method is rather surprising in view of the fact that serial
      passage in feline tissue at normal incubation temperatures, about
      35.degree.-37.degree.C., does not alter or modify the virus or its
      pathogenicity at approximately the same number of passages.
PAR  In accordance with this invention, therefore, a process is provided for
      attenuating virulent feline calicivirus (FCV) for the production of a
      vaccine capable when injected into cats of immunizing them against FCV
      which comprises introducing an inoculum of virulent FCV into a nutrient
      fluid feline tissue culture medium which is non-toxic to said virus,
      propagating said virus by incubating said nutrient tissue culture medium
      at a temperature of about 30.degree. .+-. 2.degree.C. for a period of 1 to
      6 days, and thereafter separating an inoculum of said virus and serially
      passing the virus through other such feline tissue cultures for a total of
      at least about 10 passages.
PAR  The viral preparations produced by this invention may be diluted to adjust
      their potency, and they may have added to them stabilizers, such as
      dextrose and lactose, or other non-toxic substances. The viral
      preparations may also be desiccated, e.g., by freeze drying, for storage
      purposes or for subsequent formulation into liquid vaccines. Stabilizers
      useful in the freeze drying of viruses are described in W. A. Rightsel et
      al., Cryobiology, 1967, 3:423 and D. Greiff et al., Advances in Freeze
      Drying, L. Rey, Ed., pp. 103-122, Hermann, Paris, 1966. In addition, the
      vaccines may be utilized in a mixture with other immunogenic vaccines for
      administration to cats.
DETD
PAR  The manner in which our invention is carried out is described in greater
      detail in conjunction with the following specific experiments. It is
      understood that these specific experiments are by way of illustration, and
      not by limitation.
PAC  EXAMPLE I
PAR  A sample of live virulent feline calicivirus (F-9 serotype, ATCC No.
      VR-782), cultured and isolated according to the procedure described by J.
      L. Bittle et al., Amer. J. Vet. Res., 21, 547, (1960), is added to
      monolayers of a feline diploid tongue cell line in standard culture tubes
      or leighton tubes (16 .times. 125 mm) prepared as follows. The tongue cell
      line used is the Fc3Tg line referred to in K. M. Lee et al., Cornell
      Veterinarian, 59, 539 (1969). Each cell line tube, containing 1-2 ml of
      growth medium consisting of Eagles Minimum Essential Medium (MEM)
      supplemented with 10% fetal calf serum, 0.1% lactalbumin hydrolysate, 30
      units penicillin, 30 mcg streptomycin and 2.5 mcg amphotericin, is seeded
      with 1 ml feline tongue cells (200,000 cells per ml). If necessary, the pH
      is adjusted with sodium bicarbonate to maintain a pH of about 7.2-7.8. The
      cells are allowed to grow at about 35.degree. .+-. 2.degree.C until a
      monolayer of cells is achieved. Fluids are then poured off and 1-2 ml of a
      maintenance medium (same as above except that 1-2% fetal calf serum is
      utilized) is added. About 4 to 6 such tubes are utilized per viral
      passage.
PAR  To each tissue culture tube is added the F-9 feline calicivirus inoculum.
      The thus-seeded tube is maintained at about 29.degree.-31.degree.C until a
      cytopathic effect (CPE) is observed by microscopic examination (about 2-7
      days). When the CPE reaches about 75-90 percent of the monolayer, the
      contents of the tube are harvested and 0.2 ml inoculums are subjected to
      identical serial passages for 6 additional passages (7 passages total).
      After the 7th passage, a standard terminal dilution purification is
      performed utilizing Eagles MEM supplemented with the aforementioned
      antibiotics as the diluent with incubation maintained at
      29.degree.-31.degree.C. After 7 days, the final tube which is positive
      with 75-90% CPE is harvested and the entire procedure repeated twice for a
      total of 10 passages. An 11th passage is performed for purposes of
      increasing volume by inoculating a 0.5 ml sample from the 10th passage
      into flasks containing monolayers of feline diploid tongue cell cultures
      obtained by propagation of the tongue cells as previously described. At
      the end of the 11th passage, the pool is harvested, identified and
      titrated by known methods.
PAR  The pool thus prepared constitutes a bulk vaccine which may be diluted
      according to the titer or may have added thereto stabilizers or other
      nontoxic substances. For use as a vaccine, it may be desiccated or it may
      be prepared in liquid form.
PAR  In propagating and attenuating the virus, any nontoxic nutrient fluid
      tissue culture medium may be utilized. In addition to the supplemented
      Eagles MEM medium described above, it will be understood that other
      nontoxic nutrient fluid tissue culture mediums may also be used.
PAC  EXAMPLE II
PAR  1 Ml of a vaccine prepared according to Example I and titrated to a virus
      titer at 35.degree.  .+-. 2.degree.C of 10.sup.4.1 TCID.sub.50 /ml
      (determined by CPE) is administered intramuscularly to three susceptible
      cats. Two other cats are maintained as unvaccinated controls. All 5 cats
      are previously determined to be sero-negative to feline calicivirus.
      Evidence of severe FCV disease is generally observed starting with pyrexia
      on the second day and other clinical signs seen from about the fourth day
      onward after normal contact or challenge with virulent feline calicivirus.
      The antibody titer of all 5 cats prior to vaccination is less than 1:3 and
      one month later, just prior to challenge, the antibody titer of the 3
      inoculated cats averages 1:15 as compared to less than 1:3 for the 2
      unvaccinated controls. All 5 cats are challenged intranasally with
      virulent feline calicivirus (F-9 serotype) applied by a nebulizer (each
      cat in an enclosed atmosphere; total dose of 0.025 ml containing about
      10.sup.6 TCID.sub.50). The cats are observed for three weeks for evidence
      of clinical disease. All of the three vaccinated cats remain normal with
      no clinical disease or symptoms in contrast to the two unvaccinated
      controls which become very ill with FCV disease exhibiting typical
      symptoms such as febrile response, running eyes and nose, lack of appetite
      and general malaise.
PAC  EXAMPLE III
PAR  Live virulent feline calicivirus, cultured and isolated according to the
      procedure described by J. L. Bittle et al., ibid., and denoted by said
      investigators as an F-9 isolate, was serially passed 7 consecutive times
      in primary feline kidney tissue cultures at 1-6 day intervals at about
      35.degree.C., followed by 3 successive terminal dilutions in similar
      tissue cultures for a total of 10 passages (virulent virus). The virus was
      then adapted to a feline tongue cell line (Fc3Tg) at 37.degree.C. (11th
      passage). Three additional passages were made in CrFK cells at
      37.degree.C. The 14th passage virus was tested in cats and found to cause
      typical clinical signs of FCV infection (virus is still virulent).
PAR  The 11th passage virus (designated P-O) was also passed in tubes containing
      a feline tongue cell line (Fc3Tg cells) at 29.degree.-31.degree.C. for a
      total of 8 successive passages (P-8) at 1-6 day intervals followed by 3
      successive terminal dilutions (P-11) in similar tongue cultures at this
      temperature. Two additional passages (P-13) were made to provide a pool
      followed by two more passages (P-15) which was used as a master seed. Five
      further passages (P-20) were performed to build up volume. The P-13, P-15
      and P-20 viral passages were identified by serum neutralization tests with
      specific F-9 goat antiserum. Vaccination of cats with said P-13, P-15 and
      P-20 viral passages produce significant amounts of protective antibodies
      enabling the animals to resist virulent feline calicivirus.
PAC  EXAMPLE IV
PAR  1 Ml of the vaccine prepared in Example III (P-20 passage) and having a
      virus titer at 35.degree. C. of about 10.sup.5.5 TCID.sub.50 /ml
      (determined by CPE) was administered intramuscularly to four cats which
      were previously determined to be sero-positive to FCV (serotype unknown).
      The mean titer before vaccination was determined to be about 1:64 and the
      mean titer one month after vaccination was found to be about 1:292.  Two
      of the cats were challenged with virulent feline calicivirus [FPV-255
      serotype; see Kahn & Gillespie, Cornell Vet., 60, 669 (1970) and Amer. J.
      Vet. Res., 32, 521 (1971); and Holzinger & Kahn, Amer. J. Vet. Res., 31,
      1623 (1970); sample received from Kahn] at 31/2 months and the other two
      cats at 5 months. The challenge was applied with a nebulizer as described
      in Example II. For three weeks post challenge the cats were observed daily
      with no clinical signs of disease observed. In contrast, unvaccinated
      controls exhibited typical severe manifestation of FCV disease. This
      example shows that a simple dose of vaccine given to already exposed cats
      increased antibody formation about 4-5 times, and, when challenged with
      virulent feline calicivirus, the animals were protected.
PAC  EXAMPLE V
PAR  500 Ml of the virus material obtained at the P-20 passage level described
      in Example III was added to 500 ml of N-Z amine lactose glutamate
      stabilizer and dispensed into standard vaccine vials that were dried by
      conventional freeze-drying procedures. For inoculation purposes, the vials
      were reconstituted with 1 ml pyrogen-free sterile distilled water (mean
      titer about 10.sup.5.3 TCID.sub.50 /ml). Prior to vaccination, all
      experimental cats were found to have an antibody titer of less than 1:2. 1
      Ml of the thus-prepared vaccine was administered intramuscularly to ten
      susceptible cats with five other unvaccinated cats maintained as controls.
      One month later, the ten vaccinated cats were given an identical booster
      dose intramuscularly. Antibody determinations before and two weeks after
      the booster inoculation, as shown below, resulted in about a 7-fold
      increase in antibody formation.
TBL  ______________________________________                                    
             Before       2 Weeks                                              
             Booster      After Booster                                        
     ______________________________________                                    
     Cat No. 1  1:3            1:93                                            
     Cat No. 2  1:23           1:370                                           
     Cat No. 3  1:30           1:837                                           
     Cat No. 4  1:8            1:40                                            
     Cat No. 5  1:40           1:70                                            
     Cat No. 6  1:70           1:120                                           
     Cat No. 7  1:53           1:70                                            
     Cat No. 8  1:4            1:14                                            
     Cat No. 9  1:53           1:471                                           
     Cat No. 10 1:53           1:160                                           
                1:34 (mean)    1:225 (mean)                                    
     ______________________________________                                    
PAR  In addition to the preparation of the instant vaccines from live virulent
      feline calicivirus, this invention is also concerned with the preparation
      of a FCV vaccine using the virus, preferably the F-9 serotype, that has
      been modified by the method heretofore described. It would be commercially
      impractical for the preparation of a vaccine to use as the starting
      material for each new batch of vaccine live virulent feline calicivirus
      obtained from infected cats and then go through the requisite serial
      passages in order to acquire the modified virus for use as a vaccine. This
      invention, therefore, embodies the method of preparing a FCV vaccine which
      comprises using as the starting virus one that has already been modified
      by serial passages in feline tissue cultures as previously described, that
      is, a "seed" virus from a master batch of attenuated virus. Accordingly,
      there is herein provided a process of preparing a feline calicivirus
      vaccine which comprises propagating an attenuated feline calicivirus,
      which attenuated virus is produced by the process heretofore described, by
      sufficient serial passages at an incubation temperature of about
      32.degree.-37.degree.C. in a suitable nutrient fluid feline tissue culture
      medium which is non-toxic to said virus until said fluid medium contains
      from about 10.sup.3 to about 10.sup.8 tissue culture infectious doses of
      said attenuated virus per ml and harvesting the fluid vaccine.
PAR  By use of the procedures described herein, a modified feline calicivirus
      can be readily cultivated in large quantities and in high concentrations.
      Using feline tissue culture propagated modified feline calicivirus, for
      example, the F-9 serotype, in concentrations of at least about 10.sup.3,
      and generally from about 10.sup.3 to about 10.sup.8, tissue culture
      infectious doses of virus per 1.0 ml of final vaccine, and by parenterally
      administering 1 ml of such vaccine to cats, there is stimulated in such
      vaccinated cats the production of protective FCV antibodies comparable to
      those produced by natural infections without producing the usual
      pathological symptoms of disease due to feline calicivirus. The vaccinated
      cats are also able to resist challenges with the disease-producing virus.
PAR  A marked increase in the antibody response has been observed upon the
      parenteral administration of a second, and even a third or more, "booster"
      dose of the instant vaccines. For example, it has been found that
      beneficial results are obtained when a second intramuscular injection is
      given about two weeks following the initial vaccination. For best results,
      it is recommended that the second injection be given not sooner than about
      3-4 weeks following the first injection.
PAR  As a further feature of this invention, it has been found that enhancement
      of antibody production can be accomplished, in addition to the
      aforementioned parenteral administration of booster doses of the instant
      vaccines, by the exposure of cats, which have been previously immunized by
      parenteral administration, preferably I.M., of the instant vaccines, to
      feline calicivirus, for example, the F-9 serotype, by the intranasal
      route, which virus either has been modified according to the present
      invention or it is in its non-modified virulent form.
PAR  Such intranasal instillation following parenteral vaccination produces
      significantly high levels of antibodies that persist for long periods of
      time. For example, when such treated animals are challenged with virulent
      virus, the protection afforded is much more solid, as demonstrated by the
      lack of clinical disease symptoms after challenges with high tissue
      culture infectious doses of virulent, nonmodified feline calicivirus. For
      best results, it is recommended that a sufficient time elapse for the cat
      to become sensitized after the initial parenteral vaccination in order to
      develop at least a minimal degree of immunity as reflected by increased
      antibody formation before subjecting the animal to the subsequent
      intranasal contact with virulent FCV. Preferably, the intranasal
      instillation is given within 2-5 weeks following the initial parenteral
      vaccination.
PAR  Intranasal instillation is readily accomplished by inhalation of the feline
      calicivirus either by conventional aerosol formulations sprayed into the
      nasal passages or by droplets applied to the outer nostrils or in the
      nasal passages. A suitable concentration of feline calicivirus, for
      example, the F-9 serotype, whether modified as described hereinbefore or
      in its live virulent unattenuated form, for intranasal instillation
      purposes following initial vaccination by parenteral administration is
      from about 10.sup.3 to about 10.sup.8 tissue culture infectious doses per
      ml.
PAR  It is believed that the initial vaccination by the parenteral route
      followed by contact with FCV, either modified or not, by the respiratory
      route constitutes a novel method of immunization against feline
      calicivirus. Such method provides the animal with a humoral antibody
      response and a local immunity to the respiratory tract that is much more
      protective against disease due to FCV. Thus, a means is provided fo
      effective, long-lasting protection against most serotypes of FCV.
PAC  EXAMPLE VI
PAR  1 Ml of the vaccine prepared in Example III (P-20 passage level) and having
      a virus titer at 35.degree.C of about 10.sup.5.5 TCID.sub.50 /ml was
      administered intramuscularly to a susceptible cat (Cat A) which was
      previously determined to be sero-negative to FCV. One other cat was
      maintained as an unvaccinated control. One month after the initial
      inoculation date, the vaccinated cat was given a second 1 ml injection
      intramuscularly. About 31/2 months after the initial inoculation date, the
      vaccinated cat and the unvaccinated control were subjected to intranasal
      instillation of &gt;10.sup.3 TCID.sub.50 of virulent feline calicivirus
      (FPV-255) with a nebulizer as similarly performed in Example II. The
      following results were obtained, indicating a significantly higher
      antibody response and lack of clinical disease symptoms when intranasal
      administration of the virus follows parenteral vaccination.
TBL  ______________________________________                                    
     Antibody Response                                                         
     ______________________________________                                    
                                  Clinical                                     
     Titer at time  Titer One Month                                            
                                  Symptoms                                     
     of Intranasal  after Intranasal                                           
                                  after Intranasal                             
     Instillation   Instillation  Instillation                                 
     ______________________________________                                    
     Cat A   1:18       1:180         none                                     
     Control                                                                   
            &lt;1:2        1:120         severe                                   
     ______________________________________                                    
PAR  The foregoing Example VI demonstrates the feature of this invention whereby
      cats are afforded effective long-lasting immunization against FCV by the
      process which comprises first administering parenterally to a cat a
      vaccine of at least about 10.sup.3 tissue culture infectious doses of an
      attenuated feline calicivirus, preferably the F-9 serotype, which virus
      was attenuated by at least 10 one- to six-day serial passages through
      feline tissue cultures in a nutrient fluid at an incubation temperature of
      about 30.degree. .+-. 2.degree.C, followed by a subsequent administration
      to said cat by the respiratory route of from about 10.sup.3 to about
      10.sup.8 tissue culture infectious doses of feline calicivirus in its live
      virulent unattenuated form. Similar results are also obtainable with the
      respiratory administration of from about 10.sup.3 to about 10.sup.8 tissue
      culture infectious doses of feline calicivirus which has been attenuated
      according to the methods of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of attenuating virulent feline calicivirus which comprises
      propagating said virus for at least 10 one- to six-day serial passages
      through feline tissue cultures in a nutrient fluid at an incubation
      temperature of about 30.degree. .+-. 2.degree.C.
NUM  2.
PAR  2. A process of attenuating virulent feline calicivirus for the production
      of a vaccine capable when injected into cats of immunizing them against
      feline calicivirus which comprises introducing an inoculum of live
      infectious feline calicivirus into a nutrient fluid culture medium which
      is non-toxic to said virus and contains viable feline tongue cells,
      propagating said virus by incubating said inoculated fluid medium at a
      temperature of about 30.degree. .+-. 2.degree.C for a period of 1 to 6
      days and thereafter separating an inoculum of said virus therefrom and
      serially passing the virus through other such feline tongue cultures for a
      total of at least about 10 passages.
NUM  3.
PAR  3. The process of claim 2 wherein said feline calicivirus is the F-9
      serotype.
NUM  4.
PAR  4. A process of preparing a feline calicivirus vaccine which comprises
      attenuating live infectious feline calicivirus by serially passing said
      virus through at least 10 nutrient fluid feline tissue cultures at an
      incubation temperature of about 30.degree. .+-. 2.degree.C until a virus
      titer of at least about 10.sup.3 tissue culture infectious doses of virus
      per milliliter is obtained and harvesting the fluid vaccine.
NUM  5.
PAR  5. A process of preparing a feline calicivirus vaccine which comprises
      attenuating live infectious feline calicivirus serotype F-9 by serially
      passing said virus through at least 10 nutrient fluid cultures containing
      viable feline tongue cells at an incubation temperature of about
      30.degree. .+-. 2.degree.C until a virus titer of from about 10.sup.3 to
      about 10.sup.8 tissue culture infectious doses of virus per milliliter is
      obtained and harvesting the fluid vaccine.
NUM  6.
PAR  6. A process of preparing a feline calicivirus vaccine in dry solid form
      which comprises attenuating live infectious feline calicivirus by at least
      10 one- to six-day serial passages through feline tissue cultures in a
      nutrient fluid at an incubation temperature of about 30.degree. .+-.
      2.degree.C until a virus titer of at least about 10.sup.3 tissue culture
      infectious doses of attenuated virus per ml is obtained and drying at low
      temperature the thus-obtained attenuated virus-containing fluid.
NUM  7.
PAR  7. The process of claim 6 wherein said feline calicivirus is the F-9
      serotype.
NUM  8.
PAR  8. A process of preparing a feline calicivirus vaccine which comprises
      propagating an attenuated feline calicivirus, which attenuated virus is
      obtained according to the process of claim 1, by sufficient serial
      passages through feline tissue cultures in a nutrient fluid at an
      incubation temperature of about 32.degree.-37.degree.C until said fluid
      medium contains from about 10.sup.3 to about 10.sup.8 tissue culture
      infectious doses of attenuated virus per ml and harvesting the fluid
      vaccine.
NUM  9.
PAR  9. The process of claim 8 wherein said feline calicivirus is serotype F-9.
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ABST
PAL  Enzyme-containing compositions having improved stability and enzymatic
      activity in aqueous medium, comprising an enzyme and certain aminated
      polysaccharides, such as aminated cellulose and aminated starch. Enzymatic
      detergent compositions comprising certain organic surface-active agents in
      combination with enzymes and aminated polysaccharides are disclosed as
      well.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The stabilization of enzymatic activity is a standing problem in all areas
      of technology where enzymes are likely to be applied. Stability in this
      sense stands for resistance to decrease in enzymatic activity prior to
      usage, e.g., under storage conditions. Concurrently, the enhancement of
      enzymatic activity has as well received careful attention. Stability and
      activity problems of compositions containing enzyme components are thought
      to find their origin in the rather complicated enzyme structure itself. In
      any event problems become most important when the enzyme-containing
      composition or additive is formulated with water or is used in aqueous
      solutions.
PAR  Prior art reference representative of the efforts spent to cope with the
      problems described above include the following. From an article by M.
      Ceska, EXPERIENTIA, No. 27, 7 pages 767-68, it is known that the activity
      of certain enzymes may be enhanced through the presence of certain
      water-soluble nonionic polymers such as dextrans and polyethyleneglycols.
      Said enhancement is apparently limited to enzymes which catalyze reactions
      involving high molecular weight substrates or substrates which are known
      to form multiple attachments with enzymes. Weetal, BIOCHIMICA ET
      BIOPHYSICA ACTA, 212 (1970) pages 1-7, describes the possibility of
      increasing the storage stability of water-insoluble enzymes by covalently
      attaching these enzymes to organic and inorganic carriers. Examples of
      suitable organic carriers include polyamino-polystyrene, cellulose and
      polyamino acids. Lilly, et al., THE CHEMICAL ENGINEER, January-February
      1968, pages 12-18, refers to enhanced stability characteristics of enzymes
      by attaching said enzymes to water-insoluble polymers such as cellulose
      derivatives.
PAR  U.S. Pat. No. 3,639,213, Ginger, et al., teaches that streptokinase with
      increased stability can be obtained by covalently bonding said enzyme to a
      carbohydrate support. Suitable carbohydrates include cellulose, dextran,
      starch, dextrins and other polysaccharides having a well-defined molecular
      weight. U.S. Pat. No. 3,539,450, Deutsch, relates to the stabilization of
      enzymes by means of certain polyhydric compounds, preferably mannitol,
      sorbitol, lactose or polyvinyl alcohol.
PAR  It is a main object of this invention to provide enzyme containing
      compositions having improved stability and activity when employed in
      aqueous media.
PAR  It is another object of this invention to provide a method for more
      beneficially employing enzymes in solution by co-dissolving said enzymes
      in an essentially aqueous medium together with aminated polysaccharide.
PAR  It is still another object of this invention to provide detergent
      compositions with stabilized and enhanced proteolytic, lipolytic, and
      amylolytic activity.
PAR  It is a further object of this invention to provide detergent compositions
      capable of exerting enhanced enzymatic activity comprising organic
      surface-active agents, enzymes and aminated polysaccharide.
PAR  The above and other objects are now attained by codissolving in an
      essentially aqueous medium an enzymatic ingredient in combination with
      well-defined aminated polysaccharides. Additional objects are met by
      formulating detergent compositions comprising enzymes, surface-active
      agents, and well-defined aminated polysaccharides.
PAC  SUMMARY OF THE INVENTION
PAR  The above objectives are accomplished by an enzyme composition which
      demonstrates enhanced stability and activity when dissolved or dispersed
      in an aqueous medium, comprising:
PA1  a. an enzyme; and
PA1  b. an aminated polysaccharide having from about 0.01 to about 2 percent by
      weight of nitrogen in its elemental composition; the weight ratio of said
      polymer to said enzyme being in the range from about 500:1 to 1:1.
PAR  In the detergent embodiment of this invention, compositions are
      contemplated comprising (1) from about 5 to about 99.9 percent by weight
      of an organic surface-active agent selected from the group consisting of
      anionic, nonionic, zwitterionic and ampholytic detergents and mixtures
      thereof; and (2) from about 50 to about 0.1 percent by weight of a mixture
      comprising (i) an enzyme suitable for use in detergent compositions; and
      (ii) an aminated polysaccharide having from about 0.01 to about 2 percent
      by weight of nitrogen in its elemental composition; the weight ratio of
      said enzyme to said aminated polysaccharide being in the range from about
      1:500 to 1:1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Unless indicated to the contrary, the "%" indications used herein stand for
      "percent by weight."
PAR  In accordance with the present invention, an effective stabilization and
      enhancement of enzymatic activity in an essentially aqueous medium is
      obtained by co-dissolving enzymes with an aminated polysaccharide. In the
      context of the present invention, the terms "dissolving" and
      "co-dissolving" are meant to embrace dissolving and dispersing of the
      essential components in the essentially aqueous medium. The invention is
      not limited by the order of addition of the essential components, i.e.,
      the aminated polysaccharide can be added to the enzyme-containing solution
      or the enzymatic ingredient can be added to the solution or dispersion of
      the aminated polysaccharide. Preferably mixtures of enzymatic ingredient
      and aminated polysaccharide are formulated with other desired ingredients
      and added concurrently.
PAR  The compositions of this invention can also contain minor amounts of
      additional ingredients such as; hydrotropes and solubilizers, i.e., lower
      alcohols such as methanol, ethanol, propanol, sodium toluene sulfonate and
      sodium xylene sulfonate; wetting agents; colors; perfumes; opacifying
      agents; and additional stabilizing agents.
PAR  Essentially all enzymes will be stabilized and/or activated in the practice
      of this invention when dissolved in an essentially aqueous medium in
      combination with the stabilizing component.
PAR  Enzymes are used for many purposes in various fields where biochemical
      reactions occur. In general, an enzyme can be described as a catalyst
      capable of exerting its activity in a biochemical reaction. They are
      classified according to the type of reaction they catalyze. Enzymes have
      complex chemical structures which basically consist of high molecular
      weight polymers of amino-acids of diffrent structure. All enzymes are
      proteins, although some contain a non-protein prosthetic group. That
      latter group can sometimes be represented by a pyrimidine ring or by a
      purine radical; enzymes involved in some oxidation-reduction reactions
      often contain such a prosthetic group. Enzymes are characterized by a high
      specificity, that is to say, there is a strict limitation of the action of
      each enzyme to one substance or to a very small number of closely related
      substances. Dual specificity has been shown with some enzymes in rare
      cases. On the other hand, a given reaction, e.g., an oxidation, may be
      brought about by a number of different enzymes, using different acceptors.
PAR  The chemical reaction catalyzed is the specific property which
      distinguishes one enzyme from another and it is logical to use it as the
      basis for the classification and naming of enzymes. In addition, the
      Enzyme Commission (EC) adopted a numbering system which is closely linked
      with the classification based upon specificity. As an example, all known
      enzymes can be arranged in six main classes; namely:
TBL  Class            Examples                                                 
     ______________________________________                                    
     EC1 Oxidoreductases                                                       
                      Lactate oxidase, xanthine                                
                      oxidase, fatty acid peroxydase.                          
     EC2 Transferases Glycine acyltransferase, maltose                         
                      phosphorylase, fructokinase.                             
     EC3 Hydrolases   Lipase, tannase, .alpha.-amylase,                        
                      proline iminopeptidase.                                  
     EC4 Lyases       Cysteine synthase.                                       
     EC5 Isomerases   Lysine racemase, maleate                                 
                      isomerase.                                               
     EC6 Ligases      Asparagine synthetase.                                   
     ______________________________________                                    
PAR  In general, all enzymes can be treated according to this invention, thereby
      acquiring improved stability and activity properties. It is understood,
      however, that for the purpose of carrying out this invention, the
      selection of a particular enzyme which is to be treated according to the
      instant method requires only routine knowledge, e.g., certain enzymes can
      be less desirable because of their incompatibility to light, water, oxygen
      and other conditions to which they are likely to be exposed.
PAR  Examples of enzyme species suitable for use in the instant invention
      include:
TBL  ______________________________________                                    
     EC           Trivial Name                                                 
     ______________________________________                                    
     1.1.1.1      Alcohol dehydrogenase                                        
     1.1.1.6      Glycerol dehydrogenase                                       
     1.1.1.27     Lactate dehydrogenase                                        
     1.1.1.37     Malate dehydrogenase                                         
     1.1.3.4      Glucose oxidase                                              
     1.10.3.2     Laccase                                                      
     1.10.3.3     Ascorbate oxidase                                            
     1.11.1.3     Fatty acid peroxidase                                        
     1.11.1.6     Catalase                                                     
     1.11.1.7     Peroxidase                                                   
     1.13.1.13    Lipoxidase                                                   
     2.3.1.5      Arylamine acetyltransferase                                  
     2.3.1.6      Choline acetyltransferase                                    
     2.3.1.8      Phosphate acetyltransferase                                  
     2.3.1.13     Glycine acyltransferase                                      
     2.4.1.8      Malto-phosphorylase                                          
     2.6.1.12     Alanine-ketoacid aminotransferase                            
     3.1.1.3      Lipase                                                       
     3.1.1.13     Cholesterol esterase                                         
     3.1.1.20     Tannase                                                      
     3.1.3.1      Alkaline phosphatase                                         
     3.1.3.2      Acid phosphatase                                             
     3.1.4.1      Phosphodiesterase                                            
     3.2.1.1      .alpha.-amylase                                              
     3.2.1.2      .beta.-amylase                                               
     3.2.1.4      Cellulase                                                    
     3.2.1.11     Dextranase                                                   
     3.2.1.14     Chitinase                                                    
     3.2.1.17     Muramidase (lysozyme)                                        
     3.4.1.2      Aminopeptidase                                               
     3.4.2.3      Yeast carboxypeptidase                                       
     3.4.4c       Bromelain                                                    
     3.4.4.1      Pepsin                                                       
     3.4.4.3      Rennin                                                       
     3.4.4.4      Trypsin                                                      
     3.4.4.5      Chymotrypsin                                                 
     3.4.4.10     Papain                                                       
     3.4.4.16     Subtilopeptidase A (alkaline proteases                       
                  from Bac. Subtilis organisms)                                
     3.4.4.17     Aspergillopeptidase A                                        
     4.1.1.25     Tyrosine decarboxylase                                       
     4.1.1.26     DOPA decarboxylase                                           
     4.1.2.7      Ketose-1-phosphate aldolase                                  
     4.1.1.13     Fructose-diphosphate aldolase                                
     4.2.1.1      Carbonic anhydrase                                           
     5.1.1.2      Methionine racemase                                          
     5.2.1.1      Maleate isomerase                                            
     5.3.1.1      Triosephosphate isomerase                                    
     5.3.1.9      Glucosephosphate isomerase                                   
     6.2.1.3      Acyl-CoA synthetase                                          
     6.3.2.1      Pantothenate synthetase                                      
     6.3.2.3      Glutathione synthetase                                       
     6.4.1.1      Pyruvate carboxylase                                         
     6.4.1.3      Propionyl-CoA carboxylase                                    
     ______________________________________                                    
PAR  Preferred for use in the method embodiment of this invention are enzymes of
      EC classes 1 and 3. Examples thereof are listed hereinabove. More
      preferred are peroxidases (EC 1.11.1.7) and subtilopeptidase A (EC
      3.4.4.16).
PAR  The enzymes suitable for being incorporated in the detergent composition
      embodiment of the instant invention include all those which degrade or
      alter or facilitate the degradation or alteration of soil and stains
      encountered in cleansing situations so as to either remove more easily the
      soil or stain from the fabric or object being laundered or make the soil
      or strain more removable in a subsequent cleansing step. Both degradation
      and alteration improve soil removability. Well known and preferred
      examples of these enzymes are proteases, lipases and amylases. Lipases are
      classified as EC class 3, hydrolases, subclass EC 3.1, preferably
      carboxylic ester hydrolases EC 3.1.1. An example thereof are lipases EC
      3.1.1.3 with the systematic name glycerol ester hydrolases. Amylases
      belong to the same general class as lipases, subclass subclass EC 3.2,
      especially EC 3.2.1 glycoside hydrolases such as 3.2.1.1 .alpha.-amylase
      with the systematic name .alpha.-1,4-glucan 4-glucano-hydrolase; and also
      3.2.1.2, .beta.-amylase with the systematic name .alpha.-1,4-glucan
      maltohydrolase. Proteases belong to the same class as lipases and
      amylases, subclass EC 3.4, particularly EC 3.4.4 peptide peptido
      hydrolases such as EC 3.4.4.16 with the systematic name subtilopeptidase
      A.
PAR  Obviously, the foregoing classes should not be construed as limitative with
      respect to the scope of this invention. They merely serve as examples
      which are known to find application in detergent technology. Enzymes
      serving different functions can also be used in the practice of this
      invention, the selection depending upon the intended purpose of a
      particular composition, either alone or in combination with the foregoing
      species.
PAR  Esterases and lipases hydrolyze uncharged substrate present in fat soils.
      The main factors influencing the specificity of the enzyme are the lengths
      and shapes of the hydrocarbon chain on either side of the ester link. The
      hydrolysis of triglyceride compounds through the catalytic action of
      lipases serves to prevent the formation of fatty acid mineral salts which
      are but difficultly removable from the fabrics to be laundered under
      conditions of temperatures and pH normally encountered in conventional
      laundry operations. Accordingly, the preferred lipases exhibit lipolitic
      activity under conditions of soaking and laundering as regards temperature
      and pH range. By way of example, soaking operations are performed within
      the range of from 40.degree.F to 160.degree.F whereas normal laundering
      operations can be carried out at temperatures up to the boil, i.e., about
      212.degree.F.
PAR  Lipases suitable for use herein include those of animal, plant, and
      microbiological origin. Although only a few studies on lipase distribution
      in plants have been conducted, suitable lipase enzymes are present in
      cambium, bark, and in plant roots. In addition, lipases have been found in
      the seeds of fruit, oil palm, lettuce, rice bran, barley and malt, wheat,
      oats and oat flour, cotton, tung kernels, corn, millet, coconuts, walnuts,
      fusarium, cannabis and cucurbito.
PAR  Suitable lipases are also found in many strains of bacteria and fungi. For
      example, lipases suitable for use herein can be derived from Pseudomonas,
      Aspergillus, Pneumococcus, Staphylococcus, and Staphylococcus Toxins,
      Mycobacterium Tuberculosis, Mycotorula Lipolytica, and Sclerotinia
      microorganisms.
PAR  Suitable animal lipases are found in the body fluids and organs of many
      species. Most organs of mammals contain lipases, but in addition, the
      enzymes are found in several digestive juices as well as in pancreatic
      juice. A preferred class of animal lipase herein is the pancreatic lipase.
PAR  Specific examples of the commercially-available lipase enzymes, suitable
      for use herein, the pH ranges of their optimum activity, and the source
      appear in Table I. Of course, it is preferred to use a given lipase with
      its range of optimum activity.
TBL                TABLE I                                                     
     ______________________________________                                    
                 pH Range of                                                   
     *Lipase     Lipolytic Activity                                            
                                Source                                         
     ______________________________________                                    
     Remyzyme PL-600                                                           
                  7-11          Pancreatic Juice                               
     Astra        7-10          Microbial                                      
     Nacase      7-9            Microbial                                      
     Lipase YL   7-9            Microbial                                      
     Wallerstein AW                                                            
                 7-9            Fungal                                         
     Amano M-AP  6-8            Fungal                                         
     Meito MY-30 6-8            Fungal                                         
     Amano CE     8-10          Microbial                                      
     Amano CE-50  7-10          Microbial                                      
     Amano AP-6  6-8            Fungal                                         
     Takedo 1969-4-9                                                           
                 6-8            Microbial                                      
     ______________________________________                                    
      *Designated by commercial source.                                        
PAR  The lipases preferred for use herein are Amano CE, Amano M-AP, Takedo
      1969-4-9, and Meito MY-30.
PAR  Lipases can be employed in the present detergent compositions in an amount
      from about 0.005 to about 2%, preferably from 0.01 to 0.5%, on a pure
      enzyme basis. While in washing liquor, the concentrations employed are
      dependent upon the particular enzyme used and the conditions of solution,
      such as pH, temperature, and period of the pre-soak, normally,
      concentrations in the range of from about 1 ppm to about 100 ppm and
      preferably from about 5 ppm to about 50 ppm, are employed. Pre-soak
      compositions having a lipase component within the range defined
      hereinbefore normally provides useful concentrations of lipase in
      solution.
PAR  The amylolytic enzymes which can be stabilized and enhanced in the
      detergent composition embodiment can be of fungal, plant, animal or
      bacterial origin. Suitable amylolytic enzymes include .alpha.- and
      .beta.-amylases. By way of example, suitable .alpha.-amylases of mold
      origin including those derived from Aspergillus oryzae, Aspergillus niger,
      Aspergillus alliaceus, Aspergillus wentii, and Pencillium glaucum. The
      .alpha.-amylases derived from cereal grains, pancreatic sources and such
      bacteria as Bacillus subtilis, Bacillus macerans, Bacillus mesentericus
      and Bacillus thermophilus are also useful herein. These enzymes are active
      in the pH range of from about 4.5 to about 12 and, depending upon the
      species, at temperatures including laundering temperatures, i.e.,
      95.degree.F up to the boil.
PAR  Preferred amylolytic enzymes herein are the .alpha.-amylases derived from
      the bacterial organism Bacillus subtilis. These amylases provide excellent
      desizing and starch digestive properties and are especially useful in the
      laundering of textile materials containing soils and stains of a starchy
      nature.
PAR  The amylolytic enzymes useful herein can be employed in a pure state.
      Generally, they are employed in the form of a powdered commercially
      available preparation wherein the amylolytic enzyme is present in an
      amount of from about 2 to about 80% of the preparation. The remaining
      portion, i.e., about 20 to about 98%, comprises inert vehicle such as
      sodium sulfate, calcium sulfate, sodium chloride, clay or the like. The
      active enzyme content of these commercial enzyme compositions is the
      result of manufacturing methods employed and is not critical herein so
      long as the finished compositions of this invention have the hereinafter
      specified enzyme content. Specific examples of commercial enzyme
      preparations suitable for use herein and the manufacturers thereof
      include: Diasmen .alpha.-amylase (Daiwa Kasei KK, Tokyo, Japan); Rapidase
      .alpha.-amylase THC-25 (Rapidase, Seclin, France); Novo Bacterial
      .alpha.-amylase (Novo Industri, Copenhagen, Denmark); Wallerstein
      .alpha.-amylase (Wallerstein Company, Staten Island, N.Y.); Rhozyme-33 and
      Rhozyme H-39 (Rohm & Haas, Philadelphia Pa).
PAR  Preferred herein is a powdered enzyme preparation containing
      .alpha.-amylase and a mixture of alkaline and neutral proteases available
      as CRD-Protease (or Monsanto DA-10) from Monsanto Company, St. Louis,
      Missouri.
PAR  The amylolytic enzymes can be employed in the detergent composition
      embodiment of this invention in an amount from about 0.005 to about 2%,
      preferably from 0.01 to 0.5% on a pure enzyme basis.
PAR  Suitable proteolytic enzymes for use in the detergent composition
      embodiment can be of vegetable, animal bacterial, mold and fungal origin.
PAR  The proteolytic enzyme can be employed in the compositions of the present
      invention in an amount of 0.005 to about 3%, on a pure enzyme basis. Best
      results in terms of overall cleaning efficacy and stain-removing
      properties are attained when the proteolytic enzyme is employed in an
      amount of about 0.01% to about 1% on a pure enzyme basis.
PAR  Specific examples of proteases suitable for use are trypsin, collagenase,
      keratinase, elastase, subtilisin, BPN and BPN'. Preferred proteases are
      serine proteases produced from microorganisms such as bacteria, fungi or
      mold. The serine proteases which are produced by mammalian systems, e.g.,
      pancreatin, are also useful herein.
PAR  Specific examples of commercial enzyme products and the manufacturer
      thereof include: Alcalase, Novo Industri, Copenhagen, Denmark; Maxatase,
      Koninklijke Nederlandsche Gist-En Spiritusfabriek N.V., Delft,
      Netherlands; Protease B-4000 and Protease AP, Schweizerische Ferment A.G.,
      Basel, Switzerland; CRD-Protease, Monsanto Company, St. Louis, Missouri;
      Viokase, VioBin Corporation, Monticello, Illinois; Pronase-P, Pronase-E,
      Pronase-AS and Pronase-AF all of which are manufactured by Kaken Chemical
      Company, Japan; Rapidase P-2000, Rapidase, Seclin, France; Takamine, HT
      proteolytic enzyme 200, Enzyme L-W (derived from fungi rather than
      bacteria), Miles Chemical Company, Elkhart, Ind.; Rhozyme P-11
      concentrate, Rhozyme PF, Rhozyme J-25, Rohm & Haas, Philadelphia, Pa.
      (Rhozyme PF and J-25 have salt and corn starch vehicles and are proteases
      having diastase activity); Amprozyme 200, Jacques Wolf & Company, a
      subsidiary of Nopco Chemical Company, Newark, N.J.; Takeda Fungal Alkaline
      Protease, Takeda Chemical Industries, Ltd., Osaka, Japan; Wallerstein
      201-HA, Wallerstein Company, Staten Islan, N.Y.; Protin AS-20, Dawai Kasei
      K.K., Osaka, Japan; and Protease TP (derived from thermophilic
      Streptomyces species strain 1689), Central Research Institute of Kikkoman
      Shoya, Noda Chiba, Japan. The aminated polysaccharides suitable for use in
      the instant invention have from about 0.02 to about 2% by weight of
      nitrogen in their elemental composition. The weight ratio of said
      polysaccharide to enzyme is in the range from about 500:1 to about 1:1,
      preferably from 100:1 to 2:1. The aminated polysaccharide is made from a
      polysaccharide and a nitrogen-containing agent. Polysaccharides are high
      molecular-weight carbohydrates. They may be viewed as condensation
      polymers of five or more monosaccharide residues. Low molecular weight
      natural polysaccharides, i.e., those containing from up to 100 residues
      are rare. Preferred stabilizing agents include aminated cellulose and
      aminated starch components. Cellulose is the polysaccharide that forms the
      main constituent of the cell wall of plants. It is made up of D-glucose
      units joined together as in cellobiose, i.e., of .beta.-D-glucose units
      linked glycosidically from C.sub.(1) to C.sub.(4). Cellulose is of linear
      molecular structure. Cellulose from different sources has a different
      chain-length and the molecular weight can vary with the conditions
      prevailing when it was synthesized by the plant. In the average, it
      appears that cellulose containing from about 100 to about 3000 D-glucose
      units.
PAR  Starch is a food reserve materials of the plant and animal kingdom. It is a
      mixture of two main polysaccharide components, namely, a linear species
      called amylose and a highly branched species called amylopectin. In
      general, starches contain, depending upon their origin, up to 30% of
      amylose and up to 98% of amylopectin.
PAR  Amylose contains linear chains of 1 - 4' .alpha.-D-glycopyranose having a
      degree of polymerization of about 1,000 to about 6,000. Amylopectin has a
      molecular weight in the range from 10.sup.6 to 10 million. It has a
      branched structure whereby the chains having 1 - 4 .alpha.-D-glycopyranose
      bonds are branched through 1 - 6' linkages. For more details, see
      POLYSACCHARIDES, by Gerald O. Aspinall, Pergammon Press, New York, 1st
      Edition, 1970, incorporated herein by reference.
PAR  The operable aminated polysaccharides contain from about 0.01 to about 2%
      of nitrogen in their elemental composition, and are prepared by reacting a
      polysaccharide starting material with an aminating agent such as an amine,
      preferably a tertiary amine, or a quaternary ammonium compound. These
      N-containing substituents preferably impact a cationic charge to the
      aminated polysaccharide, when they are maintained at a pH which is equal
      to or below their pka. Examples of aminated polysaccharides suitable for
      use in the instant invention and methods for their preparation are
      described in U.S. Pat. Nos. 3,472,840, Stone, et al.; and 3,431,254, Klug;
      these disclosures being incorporated herein by reference. The aminated
      polysaccharide component can be made using condensation techniques known
      in the art. To facilitate the reaction between aminating agent and
      polysaccharide, the former preferably contains a reactive moiety as, for
      example, can be seen from what follows.
      ##EQU1##
      R.sub.1 represents hydrogen or an alkyl group having from 1 to 4 carbon
      atoms, R.sub.2 represents hydrogen or an alkyl group having from 1 to 4
      carbon atoms and R.sub.3 represents hydrogen or an alkyl group having from
      about 1 to about 12 carbon atoms. It is understood that in this definition
      of variables, the term "alkyl" encompasses both substituted and
      unsubstituted alkyls wherein the substituents, in addition to hydrocarbon
      moieties, can be any group that is stable to reaction conditions for
      derivatizing the polysaccharide starting material. Examples of such
      substituents include: amino alkyl, cyanoalkyl, hydroxyalkyl, acetyl and
      carboxyalkyl groups. Specific examples of operable aminating agents
      include trimethylamine; dimethylbutylamine; dimethylhexylamine; dimethyl
      dodecylamine; methyl-diethylamine; methylethylbutylamine; diethylamine;
      dipropylamine; dibutylamine; ethyldecylamine; methylnonylamine. Additional
      examples of aminating agents are: (4-chlorobutene-2)-trimethylammonium
      chloride; .beta.-diethylaminoethylchloride hydrochloride;
      dimethylaminomethylmethacrylate and 2,3-epoxypropyltrimethylammonium
      chloride.
PAR  Additional examples of aminated polysaccharides for use in the instant
      invention are obtained from reacting polysaccharides with the
      aminoalkylating agents disclosed in U.S. Pat. No. 3,431,254, particularly
      the aminating agents used in the examples.
PAR  Examples of aminated polysaccharides which are commercially available are:
TBL  Tradename     Supplier                                                    
     ______________________________________                                    
     Astro X-100   Penick & Ford, Limited                                      
     Cato          National Starch and Chemical Corp.                          
     Electra       Anheuser-Busch, Incorporated                                
     Q-Tac         Corn Products Company                                       
     Sta-Lok       A. E. Staley Manufacturing Co.                              
     Supercharg    Stein-Hall and Company, Inc.                                
     ______________________________________                                    
PAR  Aminating materials (I) and (II), can, e.g., be reacted with the
      polysaccharide material in a known matter.
TBL  ______________________________________                                    
     A)   Aminating agent (I)                                                  
                         alkaline                                              
          +              .fwdarw. Aminated polysaccharide                      
          hydroxyethylcellulose                                                
                         medium                                                
     B)   Aminating agent (I)                                                  
          +              alkaline                                              
          ethylene oxide .fwdarw. Aminated polysaccharide                      
          +              medium                                                
          cellulose                                                            
     C)   Aminating agent (II)                                                 
                         alkaline                                              
          +              .fwdarw. Aminated polysaccharide                      
          methylcellulose                                                      
                         medium                                                
     D)   Aminating agent (II)                                                 
          +              alkaline                                              
          ethylene oxide .fwdarw. Aminated polysaccharide                      
          +              medium                                                
          cellulose                                                            
     ______________________________________                                    
PAL  Identical aminations can be carried out by replacing cellulose with starch.
PAR  An aminated polysaccharide prepared according to reaction A) above can have
      the following structural formula:
      ##EQU2##
      whereby expressed as averages per anhydroglucose unit: n = 0.35 to 0.45; m
      + p + g = 1 to 2.
PAR  Preparation of aminated polysaccharide according to reaction C above: 1.485
      g epichlorohydrin was mixed with 0.945 trimethylamine in 20 ml water,
      stirred for 8 hours at room temperature, and stored at room temperature
      overnight. Volatile components were removed under reduced pressure. 30 g
      of methylcellulose and 0.225 g sodium hydroxide in 600 ml water were
      added; and the mixture stirred for 20 hours at 40.degree.C. The reaction
      mixture was then stored at ambient conditions and a pH of about 7 for 48
      hours. The aminated polysaccharide was recovered by freeze-drying. The
      yield was 29.2 g; i.e., more than 90%. Kjeldahl analysis showed 0.02%
      nitrogen (AP 1). Using the same procedure, but with 5.94 epichlorohydrin,
      3.78 g trimethylamine and 0.9 g sodium hydroxide 39 g of product were
      obtained having a nitrogen content of 0.17% (AP 2).
PAR  The compositions contemplated in the detergent embodiment of this invention
      comprise: (1) from about 5 to about 99.9% of an organic surface-active
      agent selected from the group consisting of anionic, nonionic,
      zwitterionic and ampholytic detergents and mixtures thereof; and (2) from
      about 95 to about 0.1% of a mixture comprising (i) an enzyme suitable for
      being used in the detergent compositions; and (ii) an aminated
      polysaccharide having from about 0.2 to about 2% by weight of nitrogen and
      its elemental composition; the weight ratio of said enzyme to said polymer
      being in the range from about 1:500 to 1:1.
PAR  The detergent ingredient is preferably used in an amount from about 8 to
      about 99%. Examples of suitable organic detergents are anionic, nonionic,
      ampholytic and zwitterionic detergents and mixtures thereof, are described
      in U.S. Pat. No. 3,579,454 incorporated herein by reference, particularly
      Column 11, line 45 to Column 19, line 64.
PAR  Preferred for use herein are the alkali metal alkyl benzene sulfonates, in
      which the alkyl group contains from about 9 to about 20 carbon atoms in
      straight chain or branched-chain configuration, e.g., those of the type
      described in U.S. Pat. Nos. 2,220,099 and 2,477,383 (especially valuable
      are linear straight chain alkyl benzene sulfonates in which the average of
      the alkyl groups is about 11.8 carbon atoms and commonly abbreviated as
      C.sub.11.8 LAS).
PAR  Another preferred detergent for use herein includes alkyl ether sulfates.
      These materials have the formula RO(C.sub.2 H.sub.4 O).sub.x SO.sub.3 M
      wherein R is alkyl or alkenyl of about 10 to about 20 carbon atoms, x is 1
      to 30, and M is a water-soluble cation such as alkali metal, ammonium and
      substituted ammonium. The alkyl ether sulfates useful in the present
      invention are condensation products of ethylene oxide and monohydric
      alcohols having about 10 to about 20 carbon atoms. Preferably, R has 14 to
      18 carbon atoms. The alcohols can be derived from fats, e.g., coconut oil
      or tallow, or can be synthetic. Lauryl alcohol and straight chain alcohols
      derived from tallow are preferred herein. Such alcohols are reacted with 1
      to 30, and especially 1 to 6, molar proportions of ethylene oxide and the
      resulting mixture of molecular species, having, for example, an average of
      3 moles of ethylene oxide per mole of alcohol, is sulfated and
      neutralized.
PAR  Specific example of alkyl ether sulfates of the present invention are
      sodium coconut alkyl ethylene glycol ether sulfate; sodium tallow alkyl
      triethylene glycol ether sulfate; and sodium tallow alkyl hexaoxyethylene
      sulfate.
PAR  Other preferred detergents utilizable herein are olefin sulfonates having
      about 12 to about 24 carbon atoms. The term "olefin sulfonates" is used
      herein to mean compounds which can be produced by the sulfonation of
      .alpha.-olefins by means of uncomplexed sulfur trioxide, followed by
      neutralization of the acid reaction mixture in conditions such that any
      sultones which have been formed in the reaction are hydrolyzed to give the
      corresponding hydroxy-alkane-sulfonates. The sulfur trioxide can be liquid
      or gaseous, and is usually, but not necessarily, diluted by inert
      diluents, for example, by liquid SO.sub.2, chlorinated hydrocarbons, etc.,
      when used in the liquid form, or by air, nitrogen, gaseous SO.sub.2, etc.,
      when used in the gaseous form.
PAR  The .alpha.-olefins from which the olefin sulfonates are derived are
      mono-olefins having 12 to 24 carbon atoms, preferably 14 to 16 carbon
      atoms. Preferably, they are straight chain olefins. Examples of suitable
      1-olefins include 1-dodecene; 1-tetradecene; 1-hexadecene; 1-octadecene;
      1-eicosene and 1-tetracosene.
PAR  In addition to true alkene sulfonates and a portion of
      hydroxy-alkanesulfonates, olefin sulfonates can contain minor amounts of
      other materials, such as alkene disulfonates depending upon the reaction
      conditions, proportion of reactants, the nature of the starting olefins
      and impurities in the olefin stock and side reactions during the
      sulfonation process.
PAR  Specific .alpha.-olefin sulfonates for use in the present invention are
      described more fully in U.S. Pat. No. 3,332,880 of Phillip F. Pflaumer and
      Adriaan Kessler, issued July 25, 1967, titled "Detergent Composition," the
      disclosure of which is incorporated herein by reference.
PAR  It can also be desirable to add to the compositions of the detergent
      embodiment of the present invention a detergent builder component. These
      detergent builders are used at concentrations of from about 0 to about
      60%, preferably 20 to 50% of the detergent composition. They can be
      represented by all detergent builder ingredients which are known to be
      suitable for use in detergent compositions. As regards their function,
      they serve to maintain the pH of the laundry solution in the range of from
      about 7 to about 12, preferably from about 8 to about 11. In addition,
      they enhance fabric cleaning performance in combination with the detergent
      surface-active ingredient. Other well-known functions of detergent builder
      salts relate to their capability for suspending particulate salts released
      from the surface of the fabric and also preventing redeposition on the
      fabric.
PAR  Suitable detergent builder salts useful herein can be of the poly-valent
      inorganic and poly-valent organic types, or mixtures thereof. Non-limiting
      examples of suitable water-soluble, inorganic alkaline detergent builder
      salts include the alkali metal carbonates, borates, phosphates,
      polyphosphates, tripolyphosphates, bicarbonates, silicates and sulfates.
      Specific examples of such salts include the sodium and potassium
      tetraborates, perborates, bicarbonates, carbonates, tripolyphosphates,
      orthophosphates and hexametaphosphates.
PAR  Examples of suitable organic alkaline detergency builder salts are (1)
      water-soluble amino polyacetates, e.g., sodium and potassium
      ethylenediamine tetraacetates, nitrilotriacetates and
      N-(2-hydroxyethyl)nitrilodiacetates; (2) water-soluble salts of phytic
      acid, e.g., sodium and potassium phytates; (3) water-soluble
      polyphosphonates, including, sodium, potassium and lithium salts of
      ethane-1-hydroxy-1,1-diphosphonic acid; sodium, potassium and lithium
      salts of methylenediphosphonic acid and the like.
PAR  Additional organic builder salts useful herein include the polycarboxylate
      materials described in U.S. Pat. No. 2,264,103, including the
      water-soluble alkali metal salts of mellitic acid. The water-soluble salts
      of polycarboxylate polymers and copolymers such as are described in U.S.
      Pat. No. 3,308,067, incorporated herein by reference, are also suitable
      herein. It is to be understood that while the alkali metal salts of the
      foregoing inorganic and organic poly-valent anionic builder salts are
      preferred for use herein from an economic standpoint, the ammonium,
      alkanolammonium, e.g., triethanolammonium, diethanolammonium, and the
      like, water-soluble salts of any of the foregoing builder anions are
      useful herein.
PAR  Mixtures of organic and/or inorganic builders can be used herein. One such
      mixture of builders is disclosed in Canadian Pat. No. 755,038, e.g., a
      ternary mixture of sodium tripolyphosphate, trisodium nitrilotriacetate
      and trisodium ethane-1-hydroxy-1,1-diphosphonate.
PAR  While any of the foregoing alkaline poly-valent builder materials are
      useful herein, sodium tripolyphosphate, sodium nitrilotriacetate, sodium
      mellitate, sodium citrate and sodium carbonate are preferred herein for
      this builder use.
PAR  In addition to the ingredients described hereinbefore, the detergent
      formulations of this invention can also contain other optional detergent
      composition ingredients which make the product more effective and more
      attractive.
PAR  So, for example, organic and inorganic peroxy bleach compounds can be
      incorporated in these compositions in an amount from about 5 to about 40%.
PAR  The peroxy bleach compound can be represented by all usual inorganic and
      organic ingredients which are known to be satisfactory for being
      incorporated for that purpose in detergent compositions. Examples of
      inorganic peroxy bleach compounds are the alkaline metal salts of
      perborates, percarbonates, persilicates, persulfates, and perphosphates.
      As is well known, the perborates can have different degrees of hydration.
      Although frequently the tetrahydrate form is used, it is for certain
      purposes desirable to incorporate the perborates having a lower degree of
      hydration water, for example, one mole, two moles, or three moles. Organic
      peroxy bleach agents may be used as well. The like ingredients can be
      incorporated as such, i.e., they have been prepared previously or they may
      be prepared in situ through the addition of, for example, any peroxy
      bleach agents suitable for being used in combination with an organic
      peroxy-bleach activator.
PAR  Specific examples of the organic peroxy-bleach compounds are the
      water-soluble salts of mono- and di-peroxy acids such as perazelaic acid,
      monoperoxy-phthalic acid, diperoxy-terephthalic acid,
      4-chlorodiperoxyphthalic acid. Preferred aromatic peracids include the
      water-soluble salts of diperisophthalic acid, m-chloroperbenzoic acid and
      p-nitroperbenzoic acid.
PAR  In the event the peroxy bleach compound is to be prepared in situ, then its
      precursors, i.e., the peroxy bleach agent and peroxygen activators are to
      be added separately to the detergent composition. The peroxygen bleach can
      be represented by all oxygen bleaching agents which are commonly used in
      detergent technology, i.e., organic and inorganic species, as mentioned
      hereinbefore. The activating agents can be represented by all the oxygen
      activators known as being suitable for use in detergent technology.
      Specific examples of the preferred activators include acylated
      glycoluriles, tetra-acetyl methylene diamine, tetra-acetyl ethylene
      diamine, triacetyl isocyanurate and benzoylimidazole. Acid anhydride
      activators which bear at least one double bond between carbon atoms in
      .alpha.,.alpha.' to the carbonyl group of the anhydride radical can be
      used as well. Examples thereof are phthalic and maleic anhydrides.
      Especially preferred bleach activators are based on aldehydes, ketones,
      and bisulfite adducts of aldehydes and ketones. Examples of these
      especially preferred activators include: 1,4-cyclohexanedione;
      cyclohexanone; 3-oxo-cyclohexylacetic acid; 4-tertbutylcyclohexanone;
      5-diethylmethylammonio-2-pentanone nitrate;
      N-methyl-morpholinioacetophenone nitrate; acetone, methyl ethyl ketone;
      3-pentanone; methyl-pyruvate; N-methyl-4-oxo-piperidine oxide;
      1,4-bis(N-methyl-4-oxo-piperidiniomethyl) benzene chloride;
      N-methyltropinonium nitrate; 1-methyl-4-oxo-tetrahydrothiapyranonium
      nitrate; N-benzyl-N-methyl-4-oxo-piperidinium nitrate;
      N,N-dimethyl-4-oxo-piperidinium nitrate; di-2-pyridyl ketone, and chloral
      hydrate.
PAR  In the event the peracid is prepared in situ, then the molar ratio of
      peroxygen bleach agent to bleach activator shall preferably be in the
      range from about 5:1 to 1:2, especially from 2:1 to 1:1.2.
PAR  Other detergent composition ingredients used herein include suds regulating
      agents such as suds boosters and suds suppressing agents, tarnish
      inhibitors, soil suspending agents, buffering agents, brighteners,
      fluorescers, perfumes, dyes and mixture. The suds boosters can, e.g., be
      represented by diethanolamides. Silicones, hydrogenated fatty acid, and
      hydrophobic alkylene oxide condensates can be used in the like
      compositions for suds suppressing purposes or, more generally, for suds
      regulating purposes. Benzotriazole and ethylenethiourea can be used as
      tarnish inhibitors. Carboxymethyl cellulose is a well-known soil
      suspending agent. The above additional ingredients, when used in the
      instant compositions, shall be employed in the usual ranges.
PAR  The detergent compositions of the instant invention can be of any physical
      state, i.e., liquid, pasty, powdered and granular. Highly preferred are
      solid, including powdered and granular, detergent compositions.
PAR  The following examples are illustrative but do not limit the present
      invention.
PAR  The aminated celluloses (AP1 and 2) having a nitrogen content of 0.020 and
      0.17%, respectively, prepared as described above have been used for the
      stabilization and activity enhancement of enzymatic ingredients.
PAR  Saturated aqueous solutions (containing less than 1%) of AP.sub.1 or
      AP.sub.2 were tested for their ability to stabilize and enhance the
      activity of horseradish peroxidase and protease (ALCALASE). Variations in
      enzymatic activity were measured by a standard method with the following
      results.
TBL  __________________________________________________________________________
                                      RELATIVE ENZYMATIC ACTIVITY AT           
                                      100.degree.F                             
     EXAMPLE  ADDITIVE      ENZYME    t = O 1 WEEK                             
                                                  2 WEEKS                      
                                                        4 WEEKS                
                                                              6                
     __________________________________________________________________________
                                                              WEEKS            
            None            Peroxidase                                         
                                      1     0.70  0.64  0.60                   
                            (EC 1.1.11.17)                                     
     I      AP1             Peroxidase                                         
                                      2.40  1.84  1.74  --                     
                            (EC 1.1.11.17)                                     
     II     AP2             Peroxidase                                         
                                      2.47  1.85  1.71  --                     
                            (EC 1.1.11.17)                                     
     III    Cationic Potato Starch*                                            
                            Peroxidase                                         
                                      1.28  --    1.18  1.26                   
            (Saturated Solution; &lt;1%)                                          
                            (EC 1.1.11.17)                                     
     IV     JR-IL** 1%      Peroxidase                                         
                                      1.07   .97   .81   .75                   
                            (EC 1.1.11.17)                                     
                                      RELATIVE ESTERASE ACTIVITY AT            
                                      100.degree.F                             
            None            Alcalase  1                       .13              
                            (EC 3.4.4.16)                                      
     V      AP2 (0.5%)      Alcalase  1.46                    .41              
                            (EC 3.4.4.16)                                      
                                      RELATIVE PROTEASE ACTIVITY               
            None            Alcalase  1                                        
                            (EC 3.4.4.16)                                      
     VI     AP2 (0.5%)      Alcalase  3.3                                      
                            (EC 3.4.4.16)                                      
     __________________________________________________________________________
      *Cato - Supplied by National Starch & Chemical Corporation               
      **Cationic Cellulose - Supplied by Union Carbide Corporation Peroxidase  
      experiments done in phosphate buffer between pH 6.0 - 7.0                
      Alcalase experiments done in phosphate trishydroxymethylamine methane HCl
      at pH 7.8                                                                
PAR  The above examples clearly show that a significant stabilization and
      enhancement of enzymatic activity in an aqueous solution occurs from the
      use of said enzymes in conjunction with the aminated polysaccharides as
      defined hereinbefore.
PAR  Substantially identical enhancement results are also obtained in the event
      peroxidase is replaced by an equivalent quantity of EC 1.1.1.1 -- alcohol
      dehydrogenase; EC 1.1.1.6 -- glycerol dehydrogenase; 1.1.1.27 -- lactate
      dehydrogenase; 1.1.1.37 -- malate dehydrogenase; 1.1.3.4 -- glucose
      oxidase; 1.10.3.2 -- laccase; 1.10.3.3 -- ascorbate oxidase; 1.11.1.3 --
      fatty acid peroxidase; 1.11.1.6 -- catalase; 1.13.1.13 -- lipoxidase.
PAR  Substantially identical results are also obtained when ALCALASE is
      substituted with an equivalent amount of 3.1.1.3 -- lipase; 3.1.1.13 --
      cholesterol esterase; 3.1.1.20 -- tannase; 3.1.3.1 -- alkaline
      phosphatase; 3.1.3.2 -- acid phosphatase; 3.1.4.1 -- phosphodiesterase;
      3.2.1.1 -- .alpha.-amylase; 3.2.1.2 -- .beta.-amylase; 3.2.1.4 --
      cellulose; 3.2.1.11 -- dextranase; 3.2.1.14 -- chitinase; 3.2.1.17 --
      muramidase (lysozyme); 3.4.1.2 -- aminopeptidase; 3.4.2.3 -- yeast
      carboxypeptidase; 3.4.4c -- bromelain; 3.4.4.1 -- pepsin; 3.4.4.3 --
      rennin; 3.4.4.4 -- trypsin; 3.4.4.5 -- chymotrypsin; 3.4.4.10 -- papain;
      3.4.4.16 -- subtilopeptidase A; 3.4.4.17 -- aspergillopeptidase A.
PAR  Granular detergent compositions capable of providing superior cleaning
      performance to fabrics laundered therewith having the following formula
      are prepared.
TBL  __________________________________________________________________________
     INGREDIENT             EXAMPLE VII                                        
                                      EXAMPLE VIII                             
                                                EXAMPLE IX                     
                                                          EXAMPLE X            
                            (Parts)   (Parts)   (Parts)   (Parts)              
     __________________________________________________________________________
     Lipase                                                                    
      Remyzyme PL-600       0.1       --        --        --                   
      Amano M-AP            --        0.45      --        --                   
      Takedo 1969-4-9       --        --        0.2       --                   
      Meito MY-30           --        --        --        0.3                  
     Linear dodecylbenzene sulfonate                                           
     sodium salt            35        --        --        15                   
     Sodium tallow alkyl triethylene                                           
     glycol ether sulfate   --        28        --        10                   
     Sodium salt of sulfonated 1-hexadecene                                    
                            --        --        20        --                   
     Sodium perborate tetrahydrate                                             
                            --        --        10        20                   
     Sodium tripolyphosphate                                                   
                            25        15        30        20                   
     Sodium salt of oxydisuccinic acid                                         
                            25        30        20        20                   
     Stabilizing agent                                                         
      AP1                   1.0       --        7.0       --                   
      AP2                   --        2.5       --        4.0                  
     Miscellaneous including sodium   Balance to 100                           
     sulfate, moisture and minor                                               
     ingredients                                                               
     INGREDIENT             EXAMPLE XI                                         
                                      EXAMPLE XII                              
                                                EXAMPLE XIII                   
                                                          EXAMPLE XIV          
                            (Parts)   (Parts)   (Parts)   (Parts)              
     __________________________________________________________________________
     Amylase                                                                   
      Novo bacterial .alpha. -amylase                                          
                            0.2       --        --        --                   
      Monsanto DA-10        --        0.4       --        --                   
     Protease                                                                  
      Maxtase               --        --        0.75      --                   
      Rapidase              --        --        --        1.0                  
     Linear dodecyl benzene sulfonate-                                         
     sodium salt            28        --        --        20                   
     Sodium coconut alkyl trioxyethylene                                       
     sulfate                --        20        --        10                   
     Sodium salt of sulfonated C.sub.14.sub.-16                                
     1-olefin               --        --        20        --                   
     Sodium perborate tetrahydrate                                             
                            25        35        30        18                   
     Sodium tripolyphosphate                                                   
                            30        --        25        10                   
     Sodium oxydisuccinate  10        30        --        20                   
     Stabilizing Agent                                                         
      AP1                   1.5       --        2.0       --                   
      AP2                   --        4.0       --        3.0                  
     Miscellaneous                    Balance to 100                           
     __________________________________________________________________________
PAR  The compositions of examples XI--XIV provide, when used in a conventional
      laundering operation, improved cleaning performance relative to the
      cleaning performance obtainable from identical compositions which do not
      contain the aminated polysaccharides AP1 and AP2.
PAR  Substantially identical results are also obtained when the aminated
      polysaccharides of examples XI-XIV are substituted with an equivalent
      amount of ASTRO X-100; Cato; Electra; Q-Tac; Sta-Lok; or Supercharg.
PAR  Substantially identical results are also obtained when the aminated
      polysaccharides of examples XI-XIV are replaced by an equivalent amount of
      the reaction product of starch or cellulose with an aminating agent of the
      formula
      ##EQU3##
      wherein R.sub.1 represents hydrogen or an alkyl group having from 1 to 4
      carbon atoms, R.sub.2 represents hydrogen or an alkyl group having from 1
      to 4 carbon atoms and R.sub.3 represents hydrogen or an alkyl group having
      from 1 to about 12 carbon atoms.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An enzyme composition having improved activity and stability in aqueous
      solution comprising:
PA1  a. an enzyme; and
PA1  b. an aminated polysaccharide selected from cellulose,
      hydroxyethylcellulose, methyl cellulose or starch having from about 0.01%
      to about 2% by weight of nitrogen in its elemental composition,
PAL  wherein the weight ratio of said aminated polysaccharide to said enzyme is
      in the range from about 500:1 to 1:1.
NUM  2.
PAR  2. A composition in accordance with claim 1 wherein the weight ratio of
      said enzyme to said aminated polysaccharide is in the range from about
      1:100 to about 1:2.
NUM  3.
PAR  3. A composition in accordance with claim 2 wherein the aminated
      polysaccharide is selected from the group consisting of aminated starch
      and aminated cellulose.
NUM  4.
PAR  4. A composition in accordance with claim 3 wherein the enzyme is selected
      from EC classes 1 and 3.
NUM  5.
PAR  5. A composition in accordance with claim 1 wherein the aminated
      polysaccharide is a reaction product of:
PA1  a. an amine selected from the group consisting of trimethylamine;
      dimethylbutylamide; dimethylhexylamine; dimethyl dodecylamine;
      methyldiethylamine; methylethylbutylamine; diethylamine; dipropylamine;
      dibutylamine; ethyldecylamine; or methylnonylamine; with
PA1  b. a compound selected from the group consisting of glycerol
      .alpha.,.gamma.-dichlorohydrin and epichlorohydrin; and
PA1  c. a polysaccharide selected from cellulose, hydroxyethylcellulose, methyl
      cellulose or starch.
NUM  6.
PAR  6. A composition in accordance with claim 5 wherein the enzyme is selected
      from the group consisting of peroxidase-EC 1.11.1.7 and subtilopeptidase A
      EC 3.4.4.16.
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TTL  Method and apparatus for detecting biological activity
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ABST
PAL  A sample of materials such as blood, urine, spinal fluid, or the like to be
      tested for the presence of biological activity is placed into a first
      sterile container with a suitable growth medium which includes a .sup.14 C
      carbon containing carbon source (such as .sup.14 C substituted glucose)
      which is fermentable to produce gaseous .sup.14 CO.sub.2. This first
      container is placed within a second container which also contains CO.sub.2
      -absorbing material associated with a scintillation compound. The gaseous
      .sup.14 CO.sub.2 generated in the first container diffuses into the outer
      container where it is absorbed and held in contact with the scintillation
      compound. The decay of .sup.14 C will cause the scintillation compounds to
      emit light flashes which can be detected by a scintillation counter. Thus,
      the presence of .sup.14 CO.sub.2 is detected in the same container in
      which the reaction is taking place.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for detecting
      .sup.14 CO.sub.2 with a scintillation counter. The invention is especially
      useful for detecting the presence of biological activity and particularly
      for making rapid analyses of materials in which the presence of
      micro-organisms, or the like is suspected.
PAR  When, for example, bacteria are cultured in a suitable medium including a
      fermentable carbon source such as glucose, the source may be broken down
      to form CO.sub.2 during the growth of the bacteria. If the growth medium
      is alkaline the CO.sub.2 will generally be absorbed to form carbonates or
      bicarbonates. However, if the starting material is acidic (or slightly
      alkaline or neutral so that a slight amount of CO.sub.2 absorption will
      convert the same to acidic conditions), gaseous CO.sub.2 will be evolved
      into the atmosphere above the solution.
PAR  If the medium includes a carbon source prepared from radioactive carbon
      having an atomic weight of 14 (.sup.14 C) rather than normal carbon having
      atomic weight of 12, any CO.sub.2 liberated will include radioactive
      .sup.14 CO.sub.2. The radioactivity of the .sup.14 CO.sub.2 which is the
      result of beta decay of the .sup.14 C, can be used to activate a
      scintillation compound, causing it to emit light flashes. A scintillation
      counter can be used to measure these emissions which will be generally
      related to the amount of CO.sub.2 generated and thus can be used to
      measure the bacteria presence and growth in the medium.
PAR  Present methods for the detection and measurement of .sup.14 CO.sub.2 (See,
      for example H. N. Wagner, "Principles of Nuclear Medicine" p. 796-97
      published by W.B. Saunders, Philadelphia) absorb or trap the .sup.14
      CO.sub.2 in one operation and then transfer the absorber to a vial to
      which are added scintillating liquids. In a modification of this technique
      the absorber can be placed in a scintillation vial which is connected to
      the reaction flask by a conduit. These methods for determining
      bacteriological presence and growth by the radioactivity of the CO.sub.2
      evolved from the medium are slow and laborious, and possess considerable
      chance for error. It has also been proposed to position a filter paper
      coated with a CO.sub.2 absorbing alkali salt and a scintillation compound
      between an open topped inner sample vial and an outer vial and measure the
      scintillations directly of this assembly. This system has a number of
      drawbacks. First the proposed inner vial is considerably smaller than the
      outer vial and therefore the amount of sample has to be small. Also the
      entire assembly has to be sterilized.
PAR  In hospital work, the early detection of bacteria and body fluids is of
      paramount importance. It has been a well recognized practice to place
      blood or urine specimens or the like in appropriate growth medium upon a
      Petri dish and make visual observations of bacteriological growth. While
      this method is also slow and laborious, it does facilitate the final
      identification of the bacteria. Manifestly, in each method, all samples,
      whether positive or negative for bacteria, had to be subjected to
      exhaustive procedures.
PAR  In many cases, a proper diagnosis and treatment of diseases would be
      facilitated if the absence of certain bacteria could be confirmed simply
      and quickly. Further, if such negative samples could be identified and
      discarded without extensive processing, much laboratory effort would be
      eliminated. The latter is also true if the presence of a certain species
      or at least of a certain group of bacteria could be established rapidly.
PAR  Another prior art method for determination of the presence of biological
      activity is described in U.S. Pat. No. 3,676,679, to Waters. In the system
      of this patent, the .sup.14 CO.sub.2 evolved is withdrawn from the
      reaction vessel and analyzed in gaseous form in an ionization chamber for
      the presence of radioactivity.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a method and apparatus
      for the quick determination of the general presence or absence of bacteria
      in a given sample.
PAR  It is a further object of the invention to provide a method and apparatus
      for the determination of the general presence or absence of bacteria in a
      safe efficient manner with little chance for error.
PAR  It is also an object of the invention to provide sample container assembly
      that can be used directly in the detection and measurement of .sup.14
      CO.sub.2 with a standard liquid scintillation counter.
PAR  These and other advantages are achieved through the use of a novel analysis
      apparatus which comprises a first container adapted to receive a sample of
      a material together with a growth medium including a .sup.14 C carbon
      containing carbon source which is fermentable to produce .sup.14 CO.sub.2,
      said first container having removable sealing means operable to maintain a
      sterile environment within said first container; a second container
      adapted to receive said first container, whereby said first container
      occupies a substantial portion of the available space within said second
      container; detachable closure means operable to seal said second
      container; a paper absorbing means having associated therewith a
      scintillation compound, said paper absorbing means being disposed within
      the unoccupied portion of said second container.
PAR  The invention also includes an analysis apparatus including in addition to
      the above combination, means for exposing the combination to conditions
      conductive to the occurrence of normal metabolic processes and means for
      detecting light flashes emitted by the scintillation compound.
PAR  Further and in another aspect, the invention provides an analysis apparatus
      in which the paper absorbing means has been replaced by a transparent
      absorbing means.
PAR  The invention also provides a novel method for analyzing a material for the
      presence of biological activity which method comprises placing a sample of
      the material to be tested into a first container together with a growth
      medium including a .sup.14 C carbon containing carbon source which is
      metabolizable or fermentable to produce gaseous .sup.14 CO.sub.2 ;placing
      said first container within a second container, said second container
      having disposed therein a transparent .sup.14 CO.sub.2 -absorbing material
      associated with a scintillation compound; sealing this assembly by placing
      a cap over the opening of said second container; subjecting the assembly
      and thereby the medium with the sample therein to conditions conducive to
      the occurrence of normal metabolic processes for a period of time
      sufficient to cause production of .sup.14 CO.sub.2 by the fermentation of
      said source; absorbing the gaseous .sup.14 CO.sub.2 on said transparent
      absorbing material; and detecting the light emissions from said
      scintillation compound with a scintillation counter. While the method and
      apparatus of the invention are not so limited, they are particularly
      adapted for the detection of medically significant bacteria.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents an elevational view of the analysis apparatus of the
      present invention.
PAR  FIG. 2 represents one embodiment of the CO.sub.2 absorbing means in the
      form of a removable cylinder.
PAR  FIG. 3 represents an alternate embodiment of the CO.sub.2 absorbing means
      in the form of a transparent coating on the inner surface of the outer
      container.
PAR  FIG. 4 represents one embodiment of the inner container sealing means.
PAR  FIG. 5 represents an alternative inner container sealing means.
PAR  FIG. 6 is a graph of the counting efficiencies for the paper absorber and
      the transparent absorber. FIG. 7 represents a graph of the measured
      integral count rate during the detection of C. Albicans with 1 .mu.Ci
      .sup.14 C-glucose in a paper absorber system.
PAR  FIG. 8 represents a graph of the measured integral count rate during the
      detection of E. coli with 0.75 .mu.Ci .sup.14 C-glucose in a system with
      transparaent absorber.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to the analysis apparatus of the present invention as
      shown in FIG. 1. This apparatus consists of an inner container 1, disposed
      within an outer container 2 which has a closure means 3. Also disposed
      within said outer container is the CO.sub.2 absorbing means 4. The outer
      container is preferably a glass or plastic vial of the same overall
      dimensions (28 mm diameter by 60 mm long) as a standard scintillation
      counter vial. This allows the outer vial to be used without modification
      in scintillation counting instruments. For best results and high
      sensitivity, the outer vial is preferably made of a low-potassium glass
      which has the lowest background counting rate. In the preferred
      embodiment, this vial has sides which do not neck down (commonly called a
      shell vial) and has a plastic or rubger snap-cap 3 which makes the vial
      gas tight. This particular configuration allows for maximum volume in the
      inner vial which must slip inside the outer vial.
PAR  The inner vial 1 may be of glass or plastic and should have a diameter such
      that it fits easily inside the outer container. The inner vial should take
      up a substantial portion of the space in the outer vial as shown in FIG.
      1, so as to maximize the sample size. Preferably the inner vial will have
      an outside diameter of about 22 to 24 mm and a height of about 50 mm. Its
      purpose is to contain the agents or chemicals that are reacting to produce
      the .sup.14 CO.sub.2. When prepared in advance, it may be sealed with a
      screw cap 5 or by a standard serum vial closure 6/7 as shown in FIGS. 4
      and 5. For some applications, it may be necessary to place a sterile
      cotton plug loosely in the neck of the inner vial to prevent debris from
      falling into the vial and contaminating it. Alternatively, a gas permeable
      water-repelling membrane, such as a micron-pore-size hydrophobic filter
      can be placed in or on the neck. Note, that only the inside of the inner
      vial needs to be sterile; the outside of the vial, the abosrber, the outer
      vial and the closure means need not be sterile.
PAR  The next component of the apparatus of the invention is the .sup.14
      CO.sub.2 absorbing means disposed within the outer container. The absorber
      may take many forms. In one embodiment, shown in FIG. 2, a cylinder of
      filter paper 4 which fits snuggly inside the outer vial is employed. This
      paper is treated with a concentrated liquid scintillation "cocktail"
      consisting of, for example, 100 grams of PPO (2,5-diphenyloxazole) and
      1.25 grams of POPOP (p-bis(2-(5-phenyloxazoyl) benzene) in 1 liter of
      toluene. This mixture is commercially available as LIQUIFLUOR from New
      England Nuclear, Bost, Mass., and is well known in the art. About 0.2 to
      about 0.4 ml of this solution is trickled onto the paper so as to wet it
      uniformly. It is then dried by blowing warm air into it. Then about 0.1 to
      about 0.3 ml of 1 Normal NaOH (sodium hydroxide) is trickled onto the
      paper in the same way and the paper is redried.
PAR  Alternatively, the absorber may consist of any suitable configuration which
      will enable the CO.sub.2 absorbing substance and the scintillating
      chemicals to be brought into close proximity, In one particularly
      advantageous embodiment, the absorber is formed from transparent material.
      When the absorber is transparent there is better optical coupling of the
      light emissions to the phototubes of the scintillation counter resulting
      in a higher detection efficiency. (See Example 1 and FIG. 6) The
      transparent absorber has other advantages over the paper absorber in that
      the paper becomes moist and sticky during use and is generally more
      difficult to handle than the transparent type absorbers. The paperless
      absorber method is also advantageous in that it allows the inner vial to
      be slightly larger in diameter, thus holding more of the solution to be
      tested.
PAR  In one type of transparent absorber the inner wall of the outer vial can be
      used as the absorber to hold both the scintillating chemicals and an
      alkali absorber. The vial is cleaned and interior walls wetted with a
      scintillator solution similar to the one described above. The toluene
      solvent evaporates leaving a uniform, finely divided crystalline deposit
      40 on the walls. The process is repeated with the alkali solution. Since
      the scintillating chemicals are not soluble in water they are not affected
      by the aqueous alkali solution. Alternatively, the alkali may be used to
      coat the walls first, followed, when dry, by coating with the
      scintillation solution. The transparent two-component absorber layer can
      also be coated on the outer surface of the inner vial. In addition to the
      wet coating method described above, a dry, finely ground mixed powder
      comprising an alkali and a scintillation compound can be applied to the
      vial surface with a thin film of adhesive.
PAR  The absorber/scintillator combination can also be effected by coating one
      of the components (e.g., the scintillation compound) on the inner surface
      of the outer vial and coating the other component (i.e., the alkali
      absorber on the outer surface of the inner vial. The outside diameter of
      the inner vial should be close enough to the inside diameter of the outer
      vial to allow for Beta activation, but it should not be so close as to
      cause abrasion of the coatings. Of course, it is possible to reverse the
      position of the two coatings. These separate coatings may be applied by
      the same methods employed to form the two-component coatings described
      above. For any type of coating method, it may be desirable to etch or sand
      blast the surface of the vial to give more effective surface area for
      holding the chemicals.
PAR  An alternative type of transparent absorber can consist of a thin shell of
      a solid plastic or glass scintillator material only a few thousandths of
      an inch thick. This shell can be coated with an alkali film on its surface
      to provide an absorber/scintillator. For any of the above
      absorber/scintillator combinations, it is possible to use other CO.sub.2
      absorbing compounds such as hyamine instead of the alkali.
PAR  The normal laboratory scintillation counter has the ability to handle from
      100 to 500 or more scintillation vials, testing each one sequentially.
      Some instruments require that the vials and phototube detectors be
      operated in the range of 5.degree. to 10.degree. C. In other instruments
      the system operates at ambient room temperatures. In an application where
      it is desired to measure the .sup.14 CO.sub.2 production from a metabolic
      process, it may be desireable to hold the vials at an elevated
      temperature, e.g., 35.degree. C. The abmient temperature type of
      instrument can be easily modified for this application since the vial
      chamber may be heated while room temperature air is blown around the
      phototubes to cool them and prevent their performance from being degraded.
PAR  The detector apparatus embodying the principals and concepts of the
      invention as disclosed above is particularly useful, for example, in
      providing early detection of the general presence of most medically
      significant bacteria in material such as blood, urine, spinal fluid, water
      samples and the like. The presence of such bacteria is readily detected by
      measuring the light emissions from the scintillation materials which
      relates to the amount of .sup.14 CO.sub.2 generated when material to be
      analyzed is placed in a growth medium including a .sup.14 C carbon
      containing source (such as .sup.14 C subsituted glucose) which is
      metabolized or fermented to produce .sup.14 CO.sub.2 and the medium with
      the sample therein is therafter incubated. Manifestly, the presence of
      scintillation counts above the background level in the atmosphere above
      the growth medium is an indication of the presence of microorganisms in
      the original sample of the material. It should be noted that the term
      ferment as employed herein embraces metabolic processes generally.
PAR  In operation, a sample to be analyzed, such as blood, urine, or the like,
      is placed into a first sterile inner container 1 together with a growth
      medium which preferably includes .sup.14 C glucose (all carbon atoms
      replaced by .sup.14 C). The inner vial can contain a general growth medium
      such as tryptic soy broth, to which is added one micro curie of .sup.14
      C-U-glucose and, other .sup.14 C-labeled substrates. The inner vial should
      contain up to about 10 ml of liquid and it can be provided with a 20 mm
      standard serum vial closure. After dispensing the liquid into the vial, it
      is capped and sterilized by autoclaving. The serum vial closure may
      consist, as shown in FIG. 5, of a rubber septum 6 covered by an aluminum
      cap 7 which can be of the type that is easily removed by pulling a special
      tear-off tab. The inner vial is then placed in the outer vial 2, the
      sample inoculated into the inner vial, and the cap 3 put in place. After a
      short delay, any organisms present will grow rapidly followed by decrease
      in growth rate. The metabolism of the bacteria or other living organisms
      in the sample will generate .sup.14 CO.sub.2 which will pass out of the
      liquid phase and diffuse into the outer container. The gas is then
      absorbed on the absorbent material and the decay of .sup.14 C produces
      light flashes from the scintillation compounds absorbed thereon. These
      light flashes are detected by the phototubes in the scintillation counter
      and the counts are registered. Thus the presence of .sup.14 CO.sub.2 is
      detected in the same container in which the reaction takes place.
PAR  This apparatus may be used, for example, to detect the presence of bacteria
      generally rather than to detect a given species. A growth medium which
      includes .sup.14 C glucose is preferred and .sup.14 C glucose constitutes
      a practical general purpose carbon source. However, it is to be understood
      that in some instances a given medium may be specific for a given species
      or at least for a known group and in those instances, the present
      invention may be utilized to detect the presence or absence of such
      species or members of such groups. Although glucose is the preferred
      medium because it is generally fermentable to form gaseous CO.sub.2 by
      nearly all medically significant bacteria, it is to be appreciated that
      not all bacteria act on glucose to form gaseous CO.sub.2. Sould a strain
      or class of bacteria be studied that does not produce CO.sub.2 from
      glucose, some other carbohydrate such as xylose or maltose can be used to
      test for such microorganisms. The only necessity being that the
      carbohydrate include .sup.14 C and that it is fermentable by the species
      or group of interest to form .sup.14 CO.sub. 2.
PAR  Standard nutrient mediums operable in this invention generally will contain
      water, a suitable .sup.14 C substituted carbohydrate (.sup.14 C glucose),
      a nitrogen source, calcium, magnesium, potassium, phosphate, sulfate and
      minor elements. The medium may also include a buffer for pH adjustment and
      maintanence. While, as stated above, .sup.14 C glucose is the preferred
      carbon source, other .sup.14 C substituted sugars as sucrose, fructose,
      xylose, maltose, lactose, and the like, as well as mixtures of such
      sugars, may be employed in the practice of this invention, generally for
      more specific determinations. The invention also contemplates the use of
      fermentation mediums containing .sup.14 C carbon substituted carbohydrates
      generally including starches, dextrins, and the like as well as sugars.
      Other suitable .sup.14 C containing carbon sources may be dipeptides such
      as phenylalanine, lysine, arginine, glycylglycine, or the like; glycerol,
      urea, or carboxylic acids such citric acid or the like; or mixtures of
      these with sugars or carbohydrates. Such radioactive materials are well
      known to those skilled in this art. As employed herein, the terms "sugar,"
      "starch," and the like embrace not only such materials, per se, but their
      obvious equivalents such as, for example, molasses and the like. For
      maximum sensitivity, all of the carbon atoms in the carbon source are
      preferably replaced by .sup.14 C carbon although this is not absolutely
      necessary so long as the .sup.14 C is substituted in the correct position
      in the carbohydrate molecule so that it is liberated as .sup.14 CO.sub.2.
      In this regard, it should be noted, as is well understood by those skilled
      in the art, that the .sup.14 C cannot be substituted at random in the
      molecule, but its position must be carefully selected.
PAR  The carbohydrates are employed in the fermentation medium in amounts of at
      least 0.0001 percent by weight. Desirably the medium will contain from
      about 0.0003 percent to about 0.001 percent carbohydrate although
      fermentation mediums containing up to about 20 percent carbohydrate and
      above are operable. The .sup.14 C activity supplied by the carbohydrate
      can be in the range of from less than 0.1 micro curie to about 10 micro
      curies or more per 10 ml of medium, although about 0.5 micro curies is
      preferred. It will be apparent that the precise proportion of carbohydrate
      employed in the medium will generally be a matter of choice.
PAR  The medium also may contain a standard nitrogen source, such as nitrates,
      nitrites, ammonia, urea or other assimilable nitrogen source either
      organic or inorganic. Preferably at least sufficient nitrogen is present
      to supply nitrogen for cell growth.
PAR  A variety of calcium, potassium, and magnesium salts may be employed in the
      fermentation medium including the chlorides, sulfates, phosphates, and the
      like. Similarly, phosphate and sulfate ions can be supplied as a variety
      of salts. While salts which supply both the desired anion and cation may
      be employed (e.g., potassium phosphate, magnesium sulfate) the selection
      is by no means so limited. Again, such materials are conventional in
      fermentaion mediums, and the selection of specific materials as well as
      their proportions is within the skill of the art.
PAR  The so-called "minor elements" are commonly understood to include maganese,
      iron, zinc, cobalt, and possibly others. Trace quantities thereof are
      preferred, in such quantities are commonly present in materials used in
      the preparation in the fermentation mediums.
PAR  Finally the medium may contain a buffer to maintain the pH in the desired
      range. Once more a variety of materials may be utilized. Potassium or
      ammonium phosphates often are employed to maintain the pH of fermentation
      media.
PAR  For effective fermentation for the majority of bacteria, the temperature of
      the medium at the sample therein is preferably maintained about 35.degree.
      to about 39.degree. C. Some organisms achieve optimum growth at a
      temperature of 20.degree. C or lower while others may exhibit optimum
      growth at 45.degree. C or higher. This invention may employ any
      temperature best suited in a given circumstance.
PAC  EXAMPLE 1
PAR  This example demonstrates the detection efficiencies of two embodiments of
      the invention as described above, that using a paper absorber and the
      embodiment which directly coats the absorber on the surface of the outer
      vial. In each case, 1 ml of strong nitric acid was placed in the inner
      vial assembled into the outer vial as shown in FIG. 1. Then 0.1 ml of a
      solution of .sup.14 C sodium bicarbonate was injected by syringe through
      the plastic snap cap using a small needle (25 gauge). The hole in the cap
      was then sealed with a piece of tape. The acid converted all the .sup.14 C
      in the bicarbonate to .sup.14 CO.sub.2 which was absorbed and detected.
      The paper absorption method gave an equilibrium count rate of 3800 counts
      per minute while the paperless method gave a rate of 8350 cpm -- a factor
      of 2.2 times better sensitivity. The results of this test are plotted in
      FIG. 6.
PAC  EXAMPLE 2
PAR  As an example of the detection of living microorganisms, a heavy inoculum
      (0.5 ml) of an overnight growth of the yeast Candida albicans was
      inoculated into 2 ml of a culture medium (tryptic soy broth) containing 1
      .mu.Ci of .sup.14 C - glucose. This was placed in the inner vial, the
      paper absorber being used. The data in FIG. 7 shows the measured counting
      rates initially with 5 minute, and later with 20 minute, counting
      intervals. The rate rises rapidly from the background value from about 170
      cpm and, within 100 minutes has increased by a factor of 10 and within 600
      minutes has increased by a factor of 100. This data demonstrates the use
      of measurement of .sup.14 CO.sub.2 produced by living microorganisms using
      the paper absorber apparatus of this invention.
PAC  EXAMPLE 3
PAR  This example demonstrates the detection of living microorganisms by the
      transparent absorber technique. The absorber consisted of a mixed coating
      of an alkali and a scintillation compound on the inner surface of the
      outer vial. An inoculum (about 500 organisms) of an overnight growth of E.
      coli was inoculated into 5 ml of a culture medium (tryptic soy broth)
      containing about 0.75 .eta.Ci of .sup.14 C - glucose. This was placed in
      the inner vial and the two vial assembly was placed in a standard liquid
      scintillation counter. A sterile control vial was also run. FIG. 8 shows
      the measured counting rates in this test. While there is a gradual rise in
      the control vial readings, there is a well defined point (when the
      readings get as high as 1000 cpm) where detection may be said to occur.
PAR  While the apparatus and method for its use have been described with respect
      to the detection of bacteria, the apparatus may be used to detect
      biological activity broadly including, inter alia other single cell
      organisms, enzymes and the like. Variations of the invention described
      herein with be apparent to those skilled in the art. It is intended,
      therefore, that the invention be limited only by the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for the analysis of materials, said apparatus comprising:
PA1  a first container adapted to receive a sample of said material together
      with a growth medium including a .sup.14 C carbon containing carbon source
      which is fermentable to produce .sup.14 CO.sub.2, said first container
      having removable sealing means operable to maintain a sterile environment
      within said first container;
PA1  a second container adapted to receive said first container, whereby said
      first container occupies a substantial portion of the availbable space
      within said second container;
PA1  closure means operable to seal said second container;
PA1  a paper disposed within the unoccupied portion of said second container,
      said paper having deposited thereon a .sup.14 CO.sub.2 absorbing compound
      and a scintillation compound, whereby the radioactivity of said absorbed
      .sup.14 CO.sub.2 causes said scintillation compound to emit light flashes.
NUM  2.
PAR  2. Th apparatus as set forth in claim 1 wherein said removable sealing
      means comprises a threaded cap.
NUM  3.
PAR  3. The apparatus as set forth in claim 1 wherein said removable sealing
      means comprises a standard serum vial closure.
NUM  4.
PAR  4. The apparatus as set forth in calim 1 wherein said removable sealing
      means comprises a gas permeable hydrophobic membrane.
NUM  5.
PAR  5. The apparatus as set forth in claim 1 wherein said paper comprises a
      cylindrical sheet of absorbent paper impregnated with a .sup.14 CO.sub.2
      absorbing substance and a scintillation compound.
NUM  6.
PAR  6. An apparatus for the analysis of materials, said apparatus comprising:
PA1  a first container adapted to receive a sample of said material together
      with a growth medium including a .sup.14 C carbon containing carbon source
      which is fermentable to produce .sup.14 CO.sub.2, said first container
      having removable sealing means operable to mantain a sterile environment
      within said first container;
PA1  a second container adapted to receive said first container, whereby said
      first container occupies a substantial portion of the available space
      within said second container;
PA1  closure means operable to seal said second container;
PA1  means for exposing the medium and sample in said first and second
      containers to conditions conducive to the occurrence of normal metabolic
      processes;
PA1  a paper disposed within the occupied portion of said second container, said
      paper having deposited thereon a .sup.14 CO.sub.2 absorbing compound and a
      scintillation compound, whereby the radioactivity of said .sup.14 CO.sub.2
      causes said scintillation compound to emit light flashes; and
PA1  means for detecting the light emissions from said scintillation compound.
NUM  7.
PAR  7. The apparatus as set forth in claim 6 wherein said removable sealing
      means comprises a threaded cap.
NUM  8.
PAR  8. The apparatus as set forth in claim 6 wherein said removable sealing
      means comprises a standard serum vial closure.
NUM  9.
PAR  9. The apparatus as set forth in claim 6 wherein said removable sealing
      means comprises a gas permeable hydrophobic membrane.
NUM  10.
PAR  10. The apparatus as set forth in claim 6 wherein said paper comprises a
      cylindrical sheet of absorbent paper impregnated with a .sup.14 CO.sub.2
      absorbing substance and a scintillation compound.
NUM  11.
PAR  11. An apparatus for the analysis of materials, said apparatus comprising:
PA1  a first container adapted to receive a sample of said material together
      with a growth medium including a .sup.14 C carbon containing carbon source
      which is fermentable to produce .sup.14 CO.sub.2 ;
PA1  a second container adapted to receive said first container;
PA1  closure means adapted to seal said second container; and
PA1  transparent absorbing means for absorbing .sup.14 CO.sub.2 and
PA1  a scintillation compound disposed within said second container, said
      absorbing means being positioned to keep the absorbed .sup.14 CO.sub.2 in
      close proximity with said scintillation compound whereby the radioactivity
      of said absorbed .sup.14 CO.sub.2 causes said scintillation compound to
      emit light flashes.
NUM  12.
PAR  12. The apparatus as set forth in claim II wherein said transparent
      absorbing means comprises a thin sheet of a solid transparent
      scintillating material coated with a CO.sub.2 absorbing substance.
NUM  13.
PAR  13. The apparatus as set forth in claim II wherein said transparent
      absorbing means comprises a layer containing a CO.sub.2 absorbing
      substance and a scintillation compound, said layer being coated on the
      inner surface of the sides of said second container.
NUM  14.
PAR  14. The apparatus as set forth in claim 11 wherein said transparent
      absorbing means comprises a layer containing a CO.sub.2 absorbing
      substance and a scintillation compound, said layer being coated on the
      outer surface of the sides of said first container.
NUM  15.
PAR  15. The apparatus as set forth in claim 11 wherein said transparent
      absorbing means comprises a first layer of a .sup.14 CO.sub.2 absorbing
      substance and a second layer of a scintillation compound, said first layer
      being disposed on either the outer surface of said first container or the
      inner surface of said second container, and said second layer being
      disposed on the other of said surfaces.
NUM  16.
PAR  16. The apparatus as set forth in claim II wherein said first container is
      adapted to receive a sealing means.
NUM  17.
PAR  17. The apparatus as set forth in claim 16 wherein said sealing means
      comprises a threaded cap.
NUM  18.
PAR  18. The apparatus as set forth in claim 16 wherein said sealing means
      comprises a standard serum vial closure.
NUM  19.
PAR  19. The apparatus set forth in claim 16 wherein said sealing means
      comprises a gas permeable hydrophobic membrane.
NUM  20.
PAR  20. An apparatus for the analysis of materials, said apparatus comprising:
PA1  a first container adapted to receive a sample of said material together
      with a growth medium including a .sup.14 C carbon containing carbon source
      which is fermentable to produce .sup.14 CO.sub.2 ;
PA1  a second container adapted to receive said first container;
PA1  closure means adapted to seal said second container;
PA1  means for exposing the medium and sample in said first and second
      containers to conditions conducive to the occurrence of normal metabolic
      processes;
PA1  transparent absorbing means for absorbing .sup.14 CO.sub.2 and a
      scintillation compound disposed within said second container, said
      absorbing means being positioned to keep the absorbed .sup.14 CO.sub.2 in
      close proximity with said scintillation compound whereby the
      radiocactivity of said absorbed .sup.14 CO.sub.2 causes said scintillation
      compound to emit light flashes; and
PA1  means for detecting the light emissions from said scintillation compound.
NUM  21.
PAR  21. The apparatus as set forth in claim 20 wherein said transparent
      absorbing means comprises a thin sheet of a solid transparent
      scintillating material coated with a CO.sub.2 absorbing substance.
NUM  22.
PAR  22. The apparatus as set forth in claim 20 wherein said transparent
      absorbing means comprises a layer containing a CO.sub.2 absorbing
      substance and a scintillation compound, said layer being coated on the
      inner surface of the sides of said second container.
NUM  23.
PAR  23. The apparatus as set forth in claim 20 wherein said transparent
      absorbing means comprises a layer containing a CO.sub.2 absorbing
      substance and a scintillation compound, said layer being coated on the
      outer surface of the sides of said first container.
NUM  24.
PAR  24. The apparatus as set forth in claim 20 wherein said transparent
      absorbing means comprises a first layer of a .sup.14 CO.sub.2 absorbing
      substance and a second layer of a scintillation compound, said first layer
      being disposed on either the outer surface of said first container or the
      inner surface of said second container, and said second layer being
      disposed on the other of said surfaces.
NUM  25.
PAR  25. The apparatus as set forth in claim 20 wherein said first container is
      adapted to receive a sealing means.
NUM  26.
PAR  26. The apparatus as set forth in claim 25 wherein said sealing means
      comprises a threaded cap.
NUM  27.
PAR  27. The apparatus as set forth in claim 25 wherein said sealing means
      comprises a standard serum vial closure.
NUM  28.
PAR  28. The apparatus as set forth in claim 25 wherein said sealing means
      comprises a gas permeable hydrophobic membrane.
NUM  29.
PAR  29. A method for analyzing a material for the presence of biological
      activity, said method comprising:
PA1  placing a sample of said material into a first container together with a
      growth medium including a .sup.14 C carbon containing carbon source which
      is fermentable to produce .sup.14 CO.sub.2 ;
PA1  placing said first container into a second container, said second container
      also having disposed therein a transparent .sup.14 CO.sub.2 absrobing
      absorbing in close proximity with a scintillation compound;
PA1  sealing the thus formed assembly by placing a cap over the opening of said
      second container;
PA1  subjecting the assembly and thereby the medium and the sample therein to
      conditions conducive to the occurrence of normal metabolic processes for a
      period of time sufficient to cause production of .sup.14 CO.sub.2 by the
      fermentation of said source;
PA1  thus absorbing the gaseous .sup.14 CO.sub.2 on said transparent absorbing
      material; and
PA1  detecting the light emissions from said scintillation compound with a
      scintillation counter.
NUM  30.
PAR  30. The method of claim 29 wherein said source comprises .sup.14 C
      substituted glucose.
NUM  31.
PAR  31. The method of claim 29 wherein said transparent absorbing material
      comprises a thin sheet of solid transparent scintillation material coated
      with a CO.sub.2 absorbing substance.
NUM  32.
PAR  32. The method of claim 29 wherein said transparent absorbing material
      comprises a layer containing a CO.sub.2 absorbing substance and a
      scintillation compound, said layer being coated on the inner surface of
      the sides of said second container.
NUM  33.
PAR  33. The method of claim 29 wherein said transparent absorbing material
      comprises a layer containing a CO.sub.2 absorbing substance and a
      scintillation compound, said layer being coated on the outer surface of
      the sides of said first container.
NUM  34.
PAR  34. The method of claim 29 wherein said transparent absorbing material
      comprises a first layer of a .sup.14 CO.sub.2 absorbing substance and a
      second layer of a scintillation compound, said first layer being disposed
      on either the outer surface of said first container or the inner surface
      of said second container, and said second layer being disposed on the
      other of said surface.
PATN
WKU  039444724
SRC  5
APN  4607325
APT  1
ART  171
APD  19740415
TTL  Coke oven lid pusher
ISD  19760316
NCL  15
ECL  1
EXP  Tayman, Jr.; James H.
NDR  4
NFG  6
INVT
NAM  Lowe; Earl F.
CTY  Hendersonville
STA  NC
ASSG
NAM  Interlake, Inc.
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  202262
XCL  202244
XCL  202242
XCL  202245
XCL  202251
XCL  214 18PH
XCL  214 35R
XCL  212  4
XCL   48124
EDF  2
ICL  C10B 3102
ICL  B66C 1300
FSC  202
FSS  262;244;242;245;251
FSC  214
FSS  18 PH;35 R
FSC  212
FSS  4
FSC   48
FSS  124
FSC  110
FSS  173
FSC  193
FSS  38;41
UREF
PNO  3142391
ISD  19640700
NAM  Tweit
XCL  202262
UREF
PNO  3440145
ISD  19690400
NAM  Tucker, Jr. et al.
OCL  202262
UREF
PNO  3622019
ISD  19711100
NAM  Lorrek
OCL  214 35R
UREF
PNO  3753502
ISD  19730800
NAM  Abendroth
XCL  202251
LREP
FRM  Prangley, Dithmar, Vogel, Sandler & Stotland
ABST
PAL  A device for positioning a lid for a coke oven charging port in the
      charging port. An arm is pivotally mounted on a coal hopper and carries a
      pusher member shiftably mounted on the bottom thereof. A motor also
      mounted on the coal hopper is connected to the arm and moves the arm and
      the pusher member between a storage position wherein the arm and the
      pusher member are spaced away from the coke oven and a use position
      wherein the pusher member is on the coke oven and is moved toward the
      associated charging port to push the lid toward and into the charging
      port.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The coking of coal is important to the steel making industry but involves a
      process which generates many pollutants hazardous to health. One of the
      most polluting operations in the coking of coal is the loading of coal
      into the coke ovens. Generally, the loading of coal is performed by
      transferring coal from hoppers located on a larry car adapted to ride on
      top of the coke ovens into the coke oven to be charged.
PAR  Many devices have been innovated to reduce the amount of pollutants emitted
      from the coke ovens during the charging of coal, such as sleeves on the
      hopper discharge tubes which are movable into the charging ports to effect
      a seal between the hopper and the coke oven to prevent effluents from
      being emitted from the coke oven through the charging ports. However, when
      the sleeves are raised, the lids to the charging ports which have been
      previously removed to allow the coal to be introduced into the coke oven
      must be replaced. Between the time that the sleeves are raised and the
      lids are positioned in place, effluents in the form of coal dust and the
      like can be and usually is emitted from the coke oven.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a coke oven lid pusher for mechanically moving a
      lid spaced away from the charging port of a coke oven rapidly into the
      charging port. More particularly, this invention relates to a device which
      includes a pusher member shiftably mounted for movement between a use
      position thereof and a storage position thereof.
PAR  A principal object of the invention is to provide a mechanical device for
      rapidly moving a lid for a charging port toward and into the charging port
      to prevent excessive emission of pollutants from a coke oven.
PAR  An important object of the present invention is to provide a device for
      positioning a lid for a coke oven charging port in the charging port
      subsequent to charging the coke oven with coal from a hopper, the device
      comprising a pusher mechanism connected to the hopper, for urging the lid
      from a position away from the charging port toward and into the charging
      port, and a motor connected to the pusher mechanism for moving the pusher
      mechanism between a storage position thereof wherein the pusher mechanism
      is spaced away from the coke oven to facilitate movement of the coal
      hopper and a use position thereof wherein said pusher mechanism is in
      position to contact the lid to urge the lid toward and into the charging
      port, continued operation of the motor when the pusher mechanism is in the
      use position thereof causing movement of the pusher mechanism and the lid
      in contact therewith toward the charging port until the lid is in position
      in the charging port, whereby a charging port lid removed from the
      charging port during charging of the coke oven with coal is rapidly
      positioned in the charging port by activation of the motor to move the
      pusher mechanism from the storage position thereof to the use position
      thereof.
PAR  Another object of the present invention is to provide a device of the type
      set forth wherein an arm is connected to the coal hopper for movement
      between the storage position thereof and the use position thereof and a
      pusher member is shiftably mounted on the arm and extends outwardly
      therefrom and is movable with the arm between the storage position thereof
      and the use position thereof.
PAR  A further object of the present invention is to provide a device of the
      type set forth wherein means is provided for maintaining the pusher member
      at an angle of about 90.degree. to the arm during movement of the arm and
      the pusher member between the storage positions thereof and the use
      positions thereof.
DRWD
PAR  These and other objects of the present invention may be more readily
      understood by reference to the following specification and drawings in
      which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an end elevational view partly in section of a larry car having
      coal hoppers mounted thereon in registry with the charging ports of a coke
      oven and showing the relative size of the equipment to a human figure;
PAR  FIG. 2 is an enlarged side elevational view of the discharge tube of a coal
      hopper having the inventive device mounted thereon with the pusher member
      in contact with a lid positioned in a charging port;
PAR  FIG. 3 is an end elevational view of the coal hopper and inventive device
      shown in FIG. 2;
PAR  FIG. 4 is an elevational view of the device shown in FIG. 3, as seen along
      the lines 4--4 thereof;
PAR  FIG. 5 is an elevational view partly in section of the device illustrated
      in FIG. 3 as seen along the lines 5--5 thereof; and
PAR  FIG. 6 is an elevational view of the pusher member and arm of the inventive
      device showing in the storage position thereof, shown in phantom, and the
      use position thereof, wherein the lid is moved from a position away from
      the charging port toward and into the charging port.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is disclosed a bank of coke ovens 50
      which includes a plurality of individual coke ovens 55, each of the coke
      ovens having an oven chamber 56. Each of the coke ovens 55 is provided
      with a coke side door 57 at one end of the coke oven and a pusher side
      door 58 at the other end of the coke oven, a chuck door 59 being
      positioned above the pusher side door. An oven top 60 is common to each of
      the individual coke ovens 55 in the bank of coke ovens 50. Buch stays 61
      are positioned intermediate each of the individual coke ovens 55 to
      provide support structure for the above mentioned doors and ovens.
PAR  Each of the coke ovens 55 is provided with a plurality of charging ports
      65, three being shown for each coke oven. Each of the charging ports 65
      has a cylindrical portion 66 extending vertically from the top 60 of the
      individual coke oven 55 and a conical portion 67 intersecting the
      cylindrical portion 66 and opening into the oven chamber 56. Each of the
      charging ports 65 is provided with an outwardly extending flared lip 68
      for receiving the associated charging port lid 70 therein. Each of the
      lids 70 has a flat bottom surface 71 and a convex upper surface 72.
      Finally, each of the coke ovens 55 is provided with a stand pipe 75
      providing communication between a collector main (not shown) and the coke
      oven chamber 56 via a cylindrical opening 76 having a flared bottom end
      77. On the pusher side of the coke oven 55, there is an opening 86 having
      a flared end 87 which may be used for U-tubes to connect adjacent coke
      ovens or may be used to connect the coke oven chamber 56 with an
      additional collector main.
PAR  A larry car 90 includes a flat platform 91 having railway wheels 92 mounted
      thereon to facilitate movement of the larry car along spaced apart rails
      93 extending the length of the bank of coke ovens 50. The larry car 90 is
      provided with a control cab 95 in which an attendant rides to control
      movement of the larry car and the mechanism mounted thereon, as
      hereinafter described. The larry car 90 supports a plurality of coal
      hoppers 100, the coal hoppers corresponding in number to the number of
      charging ports 65 in each of the individual coke ovens 55. As shown, there
      are three coal hoppers 100, each being identical in construction, and,
      therefore, only one such coal hopper will be described in detail for the
      sake of brevity.
PAR  Each of the hoppers 100 has a cylindrical wall 101 forming the main body of
      the hopper and an inlet 102 at the top thereof in the shape of a funnel
      which may be provided with a cover (not shown). The coal hopper 100 has a
      discharge mechanism 105 at the bottom thereof which as seen in FIG. 2 of
      the drawings includes a funnel box 106 connected at one end to the
      cylindrical wall 101 and at the other end to a discharge tube 107. A
      sleeve 108 is slidably mounted on the tube 107 and is adapted to move to a
      storage position, as shown in FIG. 2, wherein the bottom flange 109 of the
      sleeve is spaced away from the top of the coke oven 60 and a use position,
      as shown in FIG. 1, wherein the sleeve 108 is extended downwardly so that
      the flange 109 surrounds the associated charging port 65 and forms a seal
      with the top 60 of the coke oven. Finally, the larry car 90 has a
      mechanism 115 thereon for providing communication between the discharge
      mechanisms 105 and the central storage area of the respective hoppers 100
      and also may be effective to raise and lower the sleeves 108, as
      hereinbefore set forth.
PAR  Each of the coal hoppers 100 is provided with a pusher mechanism 120 to
      move a lid 70 from a position away from the associated charging port 65
      toward and into the charging port in order to prevent excessive emissions
      of effluents containing coal dust and the like through the charging port
      subsequent to the movement of the sleeve 108 to the storage position
      thereof. The pusher mechanism 120 includes an elongated arm 121 which is
      hollow and rectangular in cross section. The arm 121 is mounted on a shaft
      122 having stub axles 123 extending outwardly therefrom. The stub axles
      123 extend through an opening in two spaced apart angle irons 126 and 127
      which are fixedly mounted on the funnel box 106 of the hopper 100 and
      extend outwardly therefrom. The shaft 122 is maintained in place by two
      cotter pins 128 extending through respective ones of the shafts 123. A
      support angle iron 129 is welded or otherwise fixedly connected to the
      angle irons 126 and 127 intermediate the hopper 100 and the shaft 122.
PAR  A lever plate 135 is fixedly connected to the arm 121 and extends outwardly
      therefrom and has an aperture 136 therein (FIG. 2). A motor 140 includes
      an air cylinder 141 having a piston 142 extending outwardly therefrom. A
      clevis 143 is carried by the distal end of the piston 142 and has aligned
      apertures in each of the arms thereof. A shaft 145 extends through the
      opening 136 in the lever plate 135 and through the arms of the clevis 143,
      the shaft being maintained in place by two cotter pins 146. The motor 140
      has a block 148 on the end thereof away from the piston 142 and spaced
      apart mounting tabs 149 extending outwardly of the block 148. A mounting
      plate 150 is fixedly mounted as by welds 151 to the cylindrical wall 101
      of the associated hopper 100. The plate 150 carries thereon a flange 152
      positioned horizontally. A flange 153 has a mounting finger 154 extending
      downwardly therefrom, the flange 153 being connected to the flange 152 by
      means of a plurality of bolts 157 and nuts 158. The motor 140 is mounted
      on the hopper 100 by means of a shaft 155 which extends through the spaced
      apart mounting tabs 149 on the upper block 148 of the motor, the shaft 155
      extending through an aperture in the finger 154 and being maintained in
      place by two cotter pins 156. Accordingly, it is seen that the motor 140
      is pivotally mounted on the hopper 100 and pivotally connected to the
      pusher mechanism 120 and more particularly to the arm 121.
PAR  At the bottom end of the arm 121, two plates 165 are fixedly mounted and
      extend away from the arm 121 toward the associated discharge mechanism
      105, each of the plates 165 having a lower end 167 thereof spaced below
      the lower end of the arm 121. A pin 166 interconnects the plates 165 and
      is fixedly mounted thereto. A pusher member 170 is shiftably mounted on
      the arm 121 and includes an upstanding flange 171 having a central arcuate
      portion 172 with two wing portions 173 extending outwardly of the portion
      172. Each of the wing portions 173 is provided at the outer end thereof
      with an angle portion 174. It is contemplated that the flange 171 may be
      of one piece or of several pieces welded together. Interconnected to, or
      integral with, the flange 171 is an outwardly extending flange 181 being
      provided with corresponding portions to the flange 171. Specifically, the
      outwardly extending flange 181 is provided with an arcuate central portion
      182 having wings 183 extending outwardly therefrom. Each of the wings 183
      has an angle portion 184 extending from the end thereof. It should be
      noted that the corresponding edges of the flange 171 and 181 are parallel.
PAR  Two skis 190 are respectively mounted on the outwardly extending portions
      174 and 184 of the flanges 171 and 181, each ski being provided with a
      bottom plate 191. The bottom plate 191 is interconnected, or is integral,
      with upwardly extending plates 192 to form a ski. A mounting plate 193
      mounts the ski 190 on the associated portion of the pusher member 170 and
      is maintained in place by means of a fastener 194. Each pusher member 170
      has a rear mounting bracket 200 with a portion 201 thereof fixedly
      connected to the central portions 172 and 182 of the flanges 171 and 181,
      respectively. An elongated member 202 integral with the central member 201
      has an elongated slot 203 therein through which passes the pin 166,
      thereby shiftably to mount the pusher member 170 on the arm 121. The rear
      mounting bracket 200 has a skid 205 on the bottom thereof, which skid has
      a bottom plate 206 and an outwardly extending slanted plate 207.
PAR  The arm 121 has an angle iron 210 welded thereto intermediate the bottom
      and the top of the arm. The angle iron 210 has spaced apart slots 211 near
      the outer ends thereof. Each of the angle portions 174 of the pusher
      member 170 has a U-clamp 215 fixedly mounted thereon and a chain 220
      interconnects the angle bar 210 and more particularly the corresponding
      slot 211 with the corresponding U-clamp 215 and is maintained in place in
      the U-clamp by means of a bolt 216. The length of the chains 220 is such
      that the pusher member 170 remains substantially at an angle of about
      90.degree. with respect to the arm 121 during movement of the pusher
      member 170 and the arm 121 from the storage position thereof, shown in
      phantom, in FIG. 6, to the use position thereof, shown in full line in
      FIG. 6. As seen from FIG. 6, a charging port lid 70 positioned away from
      the associated charging port 65 is moved toward and into the charging
      port, as denoted by the arrow 230, by movement of the pusher mechanism 120
      from the storage position thereof to the use position thereof, as
      hereinafter will be set forth. Finally, the size of the equipment
      hereinbefore explained is illustrated by a picture of an attendant 225
      standding on the coke oven 55 in FIG. 1 of the drawings.
PAR  Operation of the pusher mechanism 120 will now be explained. Since the
      lever plate 135 is fixedly mounted to the arm 121, the arm 121 is movable
      between the dotted line position shown in FIG. 2 and 6 which is the
      storage position thereof and the full line position which is the use
      position thereof in response to actuation of the motor 140. The motor 140
      is pivotally mounted both to the coal hopper 100 and to the arm 121
      through the lever plate 135. Accordingly, when the piston 142 of the motor
      140 is withdrawn or retracted, the arm 121 is in the storage position
      thereof wherein both the arm 121 and the pusher member 170 shiftable
      mounted thereon are spaced away from the top 60 of the bank of coke ovens
      50. With the pusher mechanism 120 in the storage position thereof, the
      larry car 90 is free to move between a source of coal and the particular
      coke oven 55 to be charged with coal. This, of course, assumes that the
      sleeve 108 of each of the discharge mechanisms 105 are retracted or
      raised, thereby to facilitate movement of the larry car 90 along the
      railroad tracks 93.
PAR  After the coal hoppers 100 have each obtained a full load of coal from the
      source thereof and the larry car 90 has moved to the coke oven 55 to be
      charged with coal so that each of the discharge mechanisms 105 is in
      registry with the corresponding one of the charging ports 65, the lids 70
      are either automatically or manually removed from the charging ports. The
      sleeve 108 of each of the discharge mechanisms 105 is lowered to contact
      the top 60 of the coke oven 55 and the mechanism 115 is actuated to permit
      coal to flow by gravity or by conveyor (not shown) through the discharge
      mechanism 105 into the associated coke oven 55 and more particularly, into
      the chamber 56. Necessarily, a large amount of coke dust is generated
      during the loading of coal into the coke oven 55 and effluents including
      coke dust and the like are produced and normally would escape to the
      atmosphere from the coke oven chamber 56. The sealing relation between the
      sleeves 108 and more particularly the flanges 109 and the top 60 of the
      coke oven substantially reduces the amount of effluents escaping to the
      atmosphere. Upon retraction of the sleeves 108 from their sealing relation
      with the top 60 of the coke oven 55, effluents are once again permitted to
      escape to the atmosphere. Accordingly, the rapid replacement of the lid 70
      which has been placed beside the charging port 65 as shown in FIG. 6, is
      required to prevent excessive pollution of the atmosphere.
PAR  The pusher mechanism 120 is in the storage position thereof when both the
      arm 121 and the pusher member 170 are spaced away from the top 60 of the
      coke oven 55 and the piston 142 is retracted. Activation of the motor 140
      results in movement of the piston 142 outwardly thereby pivoting the arm
      121 from the phantom line position shown in FIG. 6 toward the full line
      position shown in FIG. 6. After the pusher member 170 has contacted the
      top 60 of the coke oven 55 and contact has been made between the pusher
      member 170 and more particularly the arcuate portion 172 of the flange 171
      and the lid 70, the pusher mechanism 120 is in the use position thereof.
      Continued extension of the piston 142 results in continued movement of the
      pusher mechanism 120 in the direction of the arrow shown in FIG. 6 toward
      the full line position shown therein. After the initial contact between
      the pusher member 170 and the lid 70, continued contact is ensured due to
      the configuration of the pusher member 170. Specifically, the arcuate
      portion 172 of the flange 171 in cooperation with the two wing portions
      173 ensure that the lid 70 is maintained centrally of the pusher member
      170 during movement of the lid from a position away from the associated
      charging port 65 toward and into the charging port as shown by the arrow
      230.
PAR  Movement of the pusher mechanism 120 from the storage position thereof to
      the use position thereof and the continued movement of the pusher
      mechanism required to position the associated lid 70 into the associated
      charging port 65 is facilitated by the skis 190 and the skid 205. As
      hereinbefore set forth, there are two skis 190 and one rearward skid 205
      provided for the pusher mechanism 120 to ensure that the pusher member 170
      does not jamb into the top 60 of the coke oven 55. The shiftable mounting
      of the pusher member 170 on the arm 121 in cooperation with the skis 190
      and the skid 205 ensures that the pusher member 170 contacts the top 60 to
      the coke oven 55 at the proper angle and thereafter remains in contact
      with the top of the coke oven and slides therealong toward the associated
      charging port 65. The restraining members or chains 220 maintain the
      pusher member 170 at an angle of approximately 90.degree. with respect to
      the arm 121 when the pusher mechanism 120 is in the storage position
      thereof, thereby preventing the pusher member 170 from dragging on the top
      60 of the coke oven 55 or from becoming misaligned to prevent movement to
      the use position thereof.
PAR  After the initial contact has been made between the pusher member 170 and
      the lid 70, as shown in the central portion of FIG. 6, continued extension
      of the piston 142 moves the pusher mechanism 120 to the full line position
      thereof as seen in FIG. 6, wherein the lid 70 is sealably disposed within
      the receiving portion 68 of the associated charging port 65. Subsequently,
      the piston 142 of the motor 140 is retracted to move the lever plate 135
      and hence the pusher mechanism 120 to the storage position thereof to
      facilitate movement of the larry car 90 to the source of coal. The entire
      procedure can then be repeated to ensure rapid positioning of lids 70 in
      the charging ports 65 to reduce the amount of effluents vented to the
      atmosphere.
PAR  Although there has been explained above the sequence of operation for only
      one of the coal hoppers 100 and the pusher mechanism 120 connected
      thereto, it is understood that three such pusher mechanisms 120 are
      involved and each work simultaneously to move the lids 70 rapidly into
      sealing relationship with each of the three charging ports 65 shown in
      FIG. 1 of the drawings. It is also understood that more than three coal
      hoppers 100, or less than three coal hoppers may be used without departing
      from the spirit of the present invention, the number of coal hoppers being
      immaterial, provided that each coal hopper has associated therewith the
      appropriate pusher mechanism 120. With the use of the present invention,
      excessive emissions of pollutants is prevented due to the rapid
      positioning of the lid 70 in the associated charging port 65, which rapid
      positioning substantially lessens the time that the charging ports 65 are
      open to the atmosphere.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of the present invention, it will be understood that
      various modifications and alterations may be made herein without departing
      from the true spirit and scope of the present invention, and it is
      intended to cover in the appended claims all such modifications and
      alterations as fall within the true spirit and scope of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for positioning a lid for a coke oven charging port in the
      charging port subsequent to charging the coke oven with coal from a hopper
      in registry with the charging port in the coke oven top, said device
      comprising a pusher mechanism connected to the hopper for urging the lid
      from a position resting on the coke oven top away from the charging port
      along the coke oven top toward and into the charging port, and a motor
      connected to said pusher mechanism for moving said pusher mechanism
      between a storage position thereof wherein said pusher mechanism is spaced
      away from the coke oven to facilitate movement of the coal hopper and a
      use position thereof wherein said pusher mechanism is in contact with the
      coke oven top and in position to contact the lid to urge the lid toward
      and into the charging port, continued operation of said motor when said
      pusher mechanism is in the use position thereof causing sliding movement
      of said pusher mechanism and the lid in contact therewith toward the
      charging port until the lid is in position in the charging port, whereby a
      charging port lid removed from the charging port during charging of the
      coke oven with coal is rapidly positioned in the charging port by
      activation of said motor to move said pusher mechanism from the storage
      position thereof to the use position thereof.
NUM  2.
PAR  2. The device set forth in claim 1, wherein said pusher mechanism is
      pivotally mounted with respect to the hopper.
NUM  3.
PAR  3. The device set forth in claim 1, wherein said pusher mechanism includes
      means for reducing the friction between said pusher mechanism and the coke
      oven.
NUM  4.
PAR  4. The device set forth in claim 1, wherein said pusher mechanism has a
      portion thereof shaped complementary to the edge of the lid to prevent
      misalignment of the lid with the associated charging port.
NUM  5.
PAR  5. The device set forth in claim 1, wherein said motor is pivotally mounted
      on the associated hopper and pivotally mounted to said pusher mechanism to
      provide swinging movement of said pusher mechanism between the storage
      position thereof and the use position thereof.
NUM  6.
PAR  6. The device set forth in claim 1, wherein said motor is pivotally
      connected to a lever plate fixedly mounted on said pusher mechanism and
      extending perpendicularly away therefrom.
NUM  7.
PAR  7. A device for positioning a lid for a coke oven charging port in the
      charging port subsequent to charging the coke oven with coal from a hopper
      in registry with the charging port in the coke oven top, said device
      comprising an arm connected to the coal hopper for movement between a
      storage position thereof and a use position thereof, a pusher member
      shiftably mounted on said arm extending outwardly therefrom and being
      movable with said arm between the storage port thereof and the use
      position thereof, and a motor connected to said arm for moving said arm
      and said pusher member mounted thereon between the storage positions
      thereof wherein said arm and said pusher member are spaced away from the
      coke oven to facilitate movement of the coal hopper and the use positions
      thereof wherein said pusher member rests on the coke oven in position to
      contact the lid to urge the lid along the coke oven top toward and into
      the charging port, continued operation of said motor when said arm and
      said pusher member are in the use positions thereof causing sliding
      movement of said pusher member and the lid in contact therewith toward the
      charging port until the lid is in position in the charging port, said
      shiftable mounting of said pusher member on said arm causing said pusher
      member to remain in continuous contact with the lid during sliding
      movement of the lid toward the charging port, whereby a charging port lid
      removed from the charging port during charging the coke oven with coal is
      rapidly positioned in the charging port by activation of said motor to
      move said arm and said pusher member thereon from the storage positions
      thereof to the use positions thereof.
NUM  8.
PAR  8. The device set forth in claim 7, wherein said arm is pivotally mounted
      with respect to the coal hopper for swinging movement between the storage
      position thereof and the use position thereof.
NUM  9.
PAR  9. The device set forth in claim 1, wherein said pusher member is shiftably
      mounted on said arm by means of an elongated opening in said pusher member
      slidably mounted on a shaft connected to said arm to provide shifting
      movement of said pusher mechanism with respect to said arm.
NUM  10.
PAR  10. The device set forth in claim 7, wherein said pusher member has a
      central portion thereof shaped complementary to the associated lid and has
      portions extending outwardly of said central portion to maintain contact
      between said pusher member and the lid during movement thereof toward and
      into the charging port.
NUM  11.
PAR  11. The device set forth in claim 7, wherein said pusher member has spaced
      apart skis mounted thereon to facilitate sliding movement of said pusher
      member on the associated coke oven.
NUM  12.
PAR  12. A device for positioning a lid for a coke oven charging port in the
      charging port subsequent to charging the coke oven with a coal from a
      hopper in registry with the charging port in the coke oven top, said
      device comprising an arm connected to the coal hopper for movement between
      a storage position thereof and a use position thereof, a pusher member
      shiftably mounted on said arm extending outwardly therefrom and being
      movable with said arm between the storage port thereof and the use
      position thereof, a motor connected to said arm for moving said arm and
      said pusher member mounted thereon between the storage positions thereof
      wherein said arm and said pusher member are spaced away from the coke oven
      to facilitate movement of the coal hopper and the use positions thereof
      wherein said pusher member rests on the coke oven in position to contact
      the lid to urge the lid toward and into the charging port, and means for
      maintaining said pusher member at an angle of about 90.degree. to said arm
      during movement of said arm and said pusher member between the storage
      positions thereof and the use positions thereof, continued operation of
      said motor when said arm and said pusher member are in the use positions
      thereof causing sliding movement of said pusher member and the lid in
      contact therewith toward the charging port until the lid is in position in
      the charging port, said shiftable mounting of said pusher member on said
      arm and said maintaining means causing said pusher member to remain in
      continuous contact with the lid during sliding movement of the lid toward
      the charging port, whereby a charging port lid removed from the charging
      port during charging the coke oven with coal is rapidly positioned in the
      charging port by activation of said motor to move said arm and said pusher
      member thereon from the storage positions thereof to the use positions
      thereof.
NUM  13.
PAR  13. The device set forth in claim 12, wherein said maintaining means is
      connected to both of said pusher member and said arm.
NUM  14.
PAR  14. The device set forth in claim 12, wherein said maintaining means
      includes spaced apart chains interconnecting said arm and the ends of said
      pusher member away from the shiftable connection between said pusher
      member and said arm.
NUM  15.
PAR  15. A device for positioning a lid for a coke oven charging port in the
      charging port subsequent to charging the coke oven with coal from a
      hopper, said device comprising an arm connected to the coal hopper for
      movement between a storage position thereof and a use position thereof, a
      pusher member shiftably mounted on said arm extending outwardly therefrom
      and being movable with said arm between the storage position thereof and
      the use position thereof, a pair of skis mounted on the bottom of said
      pusher member at the end thereof away from said arm and a skid mounted on
      the other end of said pusher member at the bottom thereof, said skis and
      said skid being constructed and arranged to facilitate sliding of said
      pusher member with respect to the top of the coke oven during movement of
      said pusher member between the storage position thereof and the use
      position thereof, a motor connected to said arm for moving said arm and
      said pusher member mounted thereon between the storage positions thereof
      wherein said arm and said pusher member are spaced away from the coke oven
      to facilitate movement of the coal hopper and the use positions thereof
      wherein said pusher member rests on the coke oven in position to contact
      the lid to urge the lid toward and into the charging port, and means for
      maintaining said pusher member at an angle of about 90.degree. to said arm
      during movement of said arm and said pusher member between the storage
      positions thereof and the use positions thereof, continued operation of
      said motor when said arm and said pusher member are in the use positions
      thereof causing movement of said pusher member and the lid in contact
      therewith toward the charging port until the lid is in position in the
      charging port, said shiftable mounting of said pusher member on said arm
      and said maintaining means causing said pusher member to remain in
      continuous contact with the lid during movement of the lid toward the
      charging port, said skis and said skid facilitating sliding movement of
      said pusher member on the top of the coke oven during movement of said
      pusher member in the use position thereof, whereby a charging port lid
      removed from the charging port during charging the coke oven with coal is
      rapidly positioned in the charging port by activation of said motor to
      move said arm and said pusher member thereon from the storage positions
      thereof to the use positions thereof.
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ABST
PAL  A potential pulse train corresponding to the reaction proceeding at the
      electrode is superposed on the potential of the electrode for influencing
      an electrocatalytic reaction proceeding at that electrode.
PAL  Examples of such reactions are the oxidation of methanol on a platinum
      electrode and the oxidation of hydrogen, hydrazine or ammonia on an alloy
      electrode.
BSUM
PAR  This invention pertains to a method for influencing an electrocatalytic
      reaction proceeding at an electrode, according to which a pulse is
      superimposed on the electrode potential.
PAR  It is already known to obviate partly some of the ageing phenomenons which
      occur in existing electrocatalysts by bringing temporarily the
      catalyst-forming electrode to another potential. This does not provide
      better electrocatalytic action but only partially restores the original
      catalytic action.
PAR  The duration of the pulses used is rather long and lies in the range of
      seconds to minutes, while the working time between pulses lies in the
      range of minutes to hours.
PAR  It is also already known to activate an electrode by superimposing pulses
      on the potential thereof. The pulses are superimposed for short time
      intervals only, as a activation and not a continuous influencing of the
      electrocatalytic reaction is sought.
PAR  It is also known from fundamental research that it is possible to obtain a
      power increase of up to 90% by rapidly alternating the applied electrode
      potential during a limited time period.
PAR  An object of the method according to the invention is to influence
      continuously the electrocatalytic reaction, either by letting the reaction
      proceed much faster on or adjacent a known catalyst, or by causing an
      electrocatalytic reaction on or adjacent a material which normally forms a
      catalyst, or by promoting or slowing down one of the possible
      electrocatalytic reactions, thereby making it possible to improve the
      output of an electrocatalytic synthesis.
PAR  For this purpose according to the invention, a potential pulse train which
      corresponds to the reaction proceeding at the electrode is permanently
      superimposed on the electrode potential.
PAR  It was found surprisingly that by using a potential pulse train determined
      in terms of the electrode material, the reagents and the medium, a power
      increase in the range of 1000% or a substantial increase in efficiency was
      obtained for one final product of the reaction. This is due to application
      of the pulse to bring the electrode temporarily to a potential which is
      particularly suitable for the development of partial reactions, which
      potential does not necessarily corresponds to the potential for the total
      reaction.
PAR  An application of the invention relates to the action on the oxidation of
      methanol on platinum. According to the invention, a cathodic pulse having
      a pulse duration in the range of one tenth to one fiftieth of the time
      interval between pulses is superimposed on a platinum electrode.
PAR  Such application is for example made in an alkaline medium.
PAR  In an advantageous embodiment of the invention, the pulse duration lies in
      the range of 200 milliseconds.
PAR  Preferably the pulse amplitude lies in the range of 600 millivolts.
PAR  Another application of the invention relates to the action on the oxidation
      of a material from the group formed by the hydrogen, the hydrazine and the
      ammonia on an alloy. According to the invention, on the potential of the
      electrode-forming alloy, are superimposed cathodic pulses some of which at
      least are preceded by anodic pulses and whereby the pulse duration of the
      anodic pulses lies in the range of one tenth to one two-thousandth of the
      time interval between pulses and the pulse duration of the cathodic pulses
      lies in the range of one tenth to one fiftieth of the time interval
      between pulses. The alloy is for example an intermetallic compound and the
      application is made for example in an acid medium.
PAR  In an advantageous embodiment, the duration of an anodic pulse lies in the
      range of 100 milliseconds to 2 seconds.
PAR  In a particular embodiment of the invention, the duration of a cathodic
      pulse lies in the range of 200 milliseconds.
PAR  Preferably, the anodic pulse amplitude lies in the range of 2.4 volts.
PAR  Preferably, the cathodic pulse amplitude lies in the range of 300
      millivolts.
DRWD
PAR  Other details and features of the invention will stand out from the
      description given below by way of non limitative example and with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a simplified electric diagram of an installation for carrying out
      the method according to the invention for influencing an electrocatalytic
      reaction proceeding at an electrode.
PAR  FIG. 2 shows a pulse train applied in a first embodiment of a method
      according to the invention.
PAR  FIG. 3 shows a current curve corresponding to the pulse train shown in FIG.
      2.
PAR  FIG. 4 shows a pulse train applied in a second embodiment of a method
      according to the invention.
PAR  In the various figures, the same reference numerals pertain to similar
      elements.
DETD
PAR  Inside a cell shown generally at 1, on the potential of a working electrode
      2 are superimposed potential pulses by means of a function generator 3 and
      a potentiostate 4. Besides the working electrode 2 and a reference
      electrode 5 connected to the function generator, the cell further
      comprises a counter-electrode 6 which is connected through a resistor 7
      with a resistance of 100 ohms for example, to the potentiostate. The
      reference electrode 5 is for example a saturated calomel electrode and the
      counter-electrode 6 a silver electrode. The voltage across resistor 7
      which corresponds to the current strength, is recorded by means of a
      recorder 8.
PAR  In a first application, the working electrode 2 is a platinum electrode the
      working potential of which and the pulse train superimposed thereon are
      determined by the function generator 3 and the potentiostate 4. The
      electrodes are arranged in a liquid mixture comprised of 80 volume % of
      electrolyte and 20 volume % of CH.sub.3 OH. The electrolyte proper is a
      non-aerated 12N KOH solution. Said concentration is however not critical.
      The potential curve of the working electrode 2 is shown in FIG. 2. The
      time is given in milliseconds on the abscissa and the potential of the
      working electrode 2 is given in millivolts relative to the saturated
      calomel electrode 5 on the ordinate.
PAR  The operating potential of electrode 2 without the pulses is -400
      millivolts relative to the saturated calomel electrode. Cathodic pulses
      with a duration in the range of 10 milliseconds to 500 milliseconds, for
      example with a duration of 200 milliseconds are superimposed on the
      operating potential. The time interval between two pulses is in the range
      of 2 seconds. By cathodic and anodic pulse respectively, there is meant in
      the present application a pulse whereby the working electrode potential
      relative to the saturated calomel electrode is changed in a negative and a
      positive direction respectively. The amplitude of the pulses is in the
      range of 500 to 1000 millivolts and preferably in the range of 600
      millivolts. During the pulses the potential of electrode 2 relative to the
      calomel electrode is thus in the range of -900 to -1400 millivolts and
      preferably about -1000 millivolts.
PAR  The current curve as measured across resistor 7 when no pulses are
      superimposed on the normal operating potential, follows line 9 in the
      diagram shown in FIG. 3 which gives the current flow in terms of the time
      in milliseconds. The current strength is given in milliamperes per square
      centimeter of geometrical electrode area. Line 10 in the diagram of FIG. 3
      shows the current flow in the same resistor 7 when potential pulses as
      shown in FIG. 2 are superimposed on the normal operating potential. The
      current strength is somewhat reduced during the cathodic pulses but
      increases substantially outside these pulses, in such a way that the total
      power as compared with an embodiment without pulses is increased about
      ten-fold. The curve for the current strength remains as shown whatever the
      working time duration, even after weeks. It is to be noticed that the
      power required for superimposing pulses is negligible relative to the
      power gain.
PAR  In another embodiment of the method according to the invention, the liquid
      is 1N H.sub.2 SO.sub.4 and the working electrode 2 is comprised of an
      alloy, for example an intermetallic compound. The sulfuric acid
      concentration is not critical. The liquid is saturated with hydrogen or
      comprises at the most 20 volume % of ammonia or hydrazine. The
      intermetallic compound is preferably a combination between a metal of
      group IV and a metal of group VI of Mendeleeff's classification.
      Particularly good results are obtained with a lead-tellurium compound. To
      the working electrode 2 is imposed in the way shown in FIG. 1, a potential
      the curve of which is shown in the diagram of FIG. 4. The normal operating
      potential, without the pulses, is about -500 millivolts relative to the
      saturated calomel electrode. On the operating potential are superimposed
      in succession an anodic pulse and a cathodic pulse. The amplitude of the
      anodic pulse is in the range of 2 volts to 2.5 volts and preferably about
      2.4 volts, in such a way that the potential of electrode 2 during the
      anodic pulses is in the range of 1.5 volts to 2 volts and preferably about
      1.9 volts relative to the saturated calomel electrode.
PAR  The amplitude of the cathodic pulses is in the range of 100 millivolts to
      500 millivolts and preferably about 300 millivolts, in such a way that
      electrode 2 has during the cathodic pulses a potential of -600 millivolts
      to -1000 millivolts and preferably 800 millivolts relative to the
      saturated calomel electrode.
PAR  The time interval between pulses shown by .tau.w in FIG. 4, is in the range
      of 1 second to 20 seconds and it is preferably 20 seconds. The duration of
      an anodic pulse shown in FIG. 4 by .tau.a, is for example in the range of
      100 milliseconds to 2 seconds. The duration of a cathodic pulse shown in
      FIG. 4 by .tau.p, is preferably in the range of 10 milliseconds to 500
      milliseconds and preferably about 200 milliseconds.
PAR  Moreover the duration of the anodic pulses is in the range of one tenth to
      one two-thousandth of the time interval between pulses and the duration of
      the cathodic pulses lies in the range of one tenth to one fiftieth of the
      time interval between pulses. In other words:
      ##EQU1##
PAR  It is not necessary that each cathodic pulse be preceded by an anodic pulse
      and the ratio of the number of anodic pulses to the number of cathodic
      pulses can for example lie in the range of 1/10.
PAR  With such pulses, the lead-tellurium compound or generally a compound of
      the IV-VI type acts as a catalyst and a mean current strength is obtained
      which lies in the range of three-quarters of that current strength which
      can be obtained with platinum as catalyst under the same conditions. There
      result therefrom that a combination of non-noble metals can be used as
      catalyst with a suitable potential pulse train.
PAR  There results from the above that by superimposing on the electrode
      potential a potential pulse train that corresponds to the reaction
      proceeding at the electrode, it is possible to act on this reaction either
      by increasing the speed thereof or by letting the reaction proceed on a
      material which is normally not suitable as a catalyst. Moreover when at
      least two reactions each comprised of a series of part reactions, occur at
      the electrode, the reactions can be aided or slowed down by means of
      suitable pulse trains, in such a way that the output of the one final
      product is improved and the output of another final product is reduced.
      Use thereof can be made with electro-organic synthesis.
PAR  The invention is in no way limited to the above embodiments and many
      changes can be brought therein without departing from the scope of the
      invention as defined by the following claims.
PAR  It is notably possible to measure the current strength with an ammeter
      instead of by means of the recording of the voltage drop in a resistor.
      For very fast pulse rates, the recording by means of an oscillograph is
      suitable.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a cell including a platinum electrode, a counter-electrode and a
      reference electrode positioned in an alkaline medium including methanol,
      said platinum electrode being negative with respect to said reference
      electrode and positive with respect to said counter-electrode, the method
      of influencing the oxidation of methanol at said platinum electrode
      comprising the step of superimposing between said platinum and reference
      electrodes cathodic potential pulses having a polarity such that said
      platinum electrode is rendered more negative with respect to said
      reference electrode, each of said pulses having an amplitude in the range
      500 to 1,000 millivolts and a duration in the range 10 to 500
      milliseconds, the time interval between two successive pulses being in the
      range of 10 to 50 times the duration of one pulse.
NUM  2.
PAR  2. The method defined by claim 1, wherein the amplitude of said pulses is
      approximately 600 millivolts and the duration of said pulses is
      approximately 200 milliseconds.
NUM  3.
PAR  3. The method defined by claim 1, wherein the time interval between two
      successive pulses is approximately 2 seconds.
NUM  4.
PAR  4. The method defined by claim 1, wherein said reference electrode is a
      saturated calomel electrode.
NUM  5.
PAR  5. The method defined by claim 1 wherein said counter-electrode is a silver
      electrode.
NUM  6.
PAR  6. The method of anodic oxidation of methanol comprising the steps of
PA1  positioning a platinum electrode, a reference electrode and a
      counter-electrode in an alkaline medium including methanol, said platinum
      electrode becoming negative with respect to said reference electrode and
      positive with respect to said counter-electrode,
PA1  connecting a load element to which electrical energy is to be supplied
      between said platinum electrode and said counter-electrode,
PA1  connecting a function generator between said platinum electrode and said
      reference electrode, and
PA1  superimposing cathodic potential pulses across said platinum and reference
      electrodes by means of said function generator such that said platinum
      electrode is made more negative with respect to said reference electrode,
      each of said pulses having an amplitude in the range 500 to 1,000
      millivolts and a duration in the range 10 to 500 milliseconds, the time
      interval between two successive pulses being in the range of 10 to 50
      times the duration of one pulse.
NUM  7.
PAR  7. The method defined by claim 6, wherein the amplitude of said pulses is
      approximately 600 millivolts and the duration of said pulses is
      approximately 200 milliseconds.
NUM  8.
PAR  8. The method defined by claim 6, wherein the time interval between two
      successive pulses is approximately 2 seconds.
NUM  9.
PAR  9. The method defined by claim 6, wherein said reference and
      counter-electrodes are a saturated calomel and silver electrodes
      respectively and said load element is a resistor.
NUM  10.
PAR  10. In a cell including a working electrode comprised of an alloy, a
      counter-electrode and a reference electrode positioned in an acid medium
      containing a material selected from the group consisting of hydrogen,
      hydrazine and ammonia, said working electrode being negative with respect
      to said reference electrode and positive with respect to said
      counter-electrode, the method of influencing the oxidation of a material
      from said group at said working electrode comprising the step of
      superimposing between said working and reference electrodes cathodic
      potential pulses having a polarity such that said working electrode is
      rendered more negative with respect to said reference electrode, each of
      said cathodic pulses having an amplitude in the range 100 to 500
      millivolts and a duration in the range 10 to 500 milliseconds, the time
      interval between two successive pulses being in the range from 1 to 20
      seconds.
NUM  11.
PAR  11. The method defined by claim 10, which further comprises the step of
      superimposing between said working and reference electrodes, prior to
      application of at least some of said cathodic pulses, anodic potential
      pulses having a polarity such that said working electrode is rendered
      positive with respect to said reference electrode, each of said anodic
      pulses having an amplitude in the range 2 to 2.5 volts and a duration in
      the range 100 milliseconds to 2 seconds.
NUM  12.
PAR  12. The method defined by claim 11, wherein the amplitude of said anodic
      pulses is approximately 2.4 volts.
NUM  13.
PAR  13. The method defined by claim 11, wherein the ratio of anodic pulse to
      cathodic pulses superimposed between said working and reference electrodes
      is approximately 1 to 10.
NUM  14.
PAR  14. The method defined by claim 10, wherein the amplitude of said cathodic
      pulses is approximately 300 millivolts and the duration of said pulses is
      approximately 200 milliseconds.
NUM  15.
PAR  15. The method defined by claim 10, wherein said acid medium is H.sub.2
      SO.sub.4 and said reference electrode is a saturated calomel electrode.
NUM  16.
PAR  16. The method defined by claim 10 wherein said counter-electrode is a
      silver electrode.
NUM  17.
PAR  17. The method of anodic oxidation of material selected from the group
      consisting of hydrogen, hydrazine and ammonia comprising the steps of
PA1  positioning a working electrode comprised of an alloy, a reference
      electrode and a counter-electrode in an acid medium containing a material
      selected from the group consisting of hydrogen, hydrazine and ammonia,
      said working electrode becoming negative with respect to said reference
      electrode and positive with respect to said counter-electrode,
PA1  connecting a load element to which electrical energy is to be supplied
      between said working electrode and said counter-electrode,
PA1  connecting a function generator between said working electrode and said
      reference electrode, and
PA1  superimposing cathodic potential pulses across said working and reference
      electrodes by means of said function generator such that said working
      electrode is rendered more negative with respect to said reference
      electrode, each of said cathodic pulses having an amplitude in the range
      100 to 500 millivolts and a duration in the range 10 to 500 milliseconds,
      the time interval between two successive pulses being in the range from 1
      to 20 seconds.
NUM  18.
PAR  18. The method defined by claim 17, which further comprises the step of
      superimposing between said working and reference electrodes, prior to
      application of at least some of said cathodic pulses, anodic potential
      pulses having a polarity such that said working electrode is rendered
      positive with respect to said reference electrode, each of said anodic
      pulses having an amplitude in the range 2 to 2.5 volts and a duration in
      the range 100 milliseconds to 2 seconds.
NUM  19.
PAR  19. The method defined by claim 17, wherein said working electrode consists
      essentially of a combination of a metal selected from Group IV and a metal
      selected from Group VI of Mendeleeff's classification.
NUM  20.
PAR  20. The method defined by claim 17, wherein said working electrode is a
      lead-tellurium compound.
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ABST
PAL  Manufacture of chlorine and sodium carbonate using a combination of
      electrolysis of an aqueous solution of sodium chloride in a diaphragm
      cell, carbonation of the caustic brine leaving the cell, and the
      ammonia-soda method of making sodium carbonate. An aqueous solution of
      sodium chloride is electrolyzed in at least one diaphragm cell to form a
      caustic brine. The caustic brine leaving the cell is carbonated and
      further treated. This is first done in a soda plant without ammonia by
      treating the caustic brine in at least one monocarbonation scrubber by
      reacting the caustic brine with a gas having a low carbon dioxide content
      without causing bicarbonate precipitation in the monocarbonation scrubber
      to form a monocarbonated caustic brine, and treating the monocarbonated
      caustic brine in at least one bicarbonation column by reacting at least
      part of it with gas rich in carbon dioxide to precipitate sodium
      bicarbonate in the bicarbonation column and to form a mother liquor. The
      precipitated sodium bicarbonate from the mother liquor is separated by
      filtration. The separated mother liquor is de-bicarbonated by converting
      the dissolved bicarbonate to carbonate. The de-bicarbonated mother liquor
      is saturated with respect to sodium chloride. Then the saturated liquor is
      treated in an ammonia-soda process for making sodium carbonate and the
      saturated liquor is used as at least a partial source of sodium chloride
      for such process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the manufacture of chlorine and sodium
      carbonate. More particularly, it relates to a method for the manufacture
      of chlorine and sodium carbonate by a combination of the electrolysis of
      an aqueous solution of sodium chloride in diaphragm cells with the
      carbonation of the caustic brine leaving the diaphragm cells and with the
      ammonia-soda method of making sodium carbonate.
PAR  It is known that in diaphragm cells for the electrolysis of aqueous
      solutions of sodium chloride, the proportion of the sodium chloride
      decomposed is less than 100% so that the caustic liquor obtained has a
      content of unconverted sodium chloride that is always more or less high,
      such a liquor being sometimes called "caustic brine". In current practice,
      because of the cost of electrical energy and in the interests of current
      efficiency, the conversion of sodium chloride during electrolysis in
      diaphragm cells is limited to about 50% of the sodium chloride starting
      material and the relatively dilute solutions obtained must be concentrated
      in multiple effect evaporators coupled with salt separators. The products
      obtained are chlorine, hydrogen, caustic liquors and salt, the last being
      reusable in concentrating the brine sent to electrolysis (cf. R. N.
      Shreve, The Chemical Process Industries, 2nd Edition, 1956, page 300).
PAR  The ammonia-soda method of making sodium carbonate (cf. R. N. Shreve, page
      289 to 295 of the above reference) may be summarized as follows.
PAR  1. Formation of brine purified with respect to calcium and magnesium ions,
      usually by the action of sodium carbonate and lime or sodium carbonate and
      caustic soda on raw brine.
PAR  2. Use of purified brine for washing the exit gas from the bicarbonation
      columns.
PAR  3. Ammoniation, in apparatus known as an "absorber", of the brine leaving
      the gas washer by absorption of the ammonia and the carbon dioxide
      liberated in a later phase called "distillation".
PAR  4. Treatment of the ammoniacal brine thus produced in bicarbonation columns
      working in series with a bicarbonation column involved in the preceding
      operations, the latter column being known as a "washing column". The
      bicarbonation columns, furnished with trays or passettes and refrigerated
      at their lower part, are fed with carbon dioxide of 90 - 95% strength
      obtained by the calcination of sodium bicarbonate and with gas from lime
      kilns while the washing column is fed with gas of low CO.sub.2 content.
      Crude sodium bicarbonate precipitates on formation in the bicarbonation
      columns.
PAR  5. Filtration of suspension leaving the bicarbonation columns in order to
      separate the crude sodium bicarbonate, which is washed with water on the
      filter in order to free it from sodium chloride and ammonium chloride. The
      mother liquor from the filtration consists of an aqueous solution
      containing principally sodium chloride and ammonium chloride.
PAR  6. Treatment of this mother liquor, in a stage known as distillation, to
      recover carbon dioxide and ammonia which is returned to the absorber for
      ammoniation of the brine. The step known as distillation consists in the
      main in heating the mother liquor from the filtration in order to separate
      the carbon dioxide, adding lime and treating the liquid obtained in a
      distillation column at the base of which steam is injected. The lime
      reacts with the ammonium chloride to form ammonia and calcium chloride,
      and the steam entrains the liberated ammonia.
PAR  7. Optionally, the liquor having the distillation -- which consists
      essentially of an aqueous solution of calcium chloride and sodium chloride
      -- may be submitted to evaporation in stages to recover the two chlorides
      separately.
PAR  8. The crude sodium bicarbonate obtained from the filter is generally
      calcined in a rotating drum drier ("secheur") in order to form anhydrous
      sodium carbonate (light ash) and a gas rich in carbon dioxide, which is
      cooled, purified, compressed and passed to the bottom of the bicarbonation
      columns.
PAR  9. If a sodium carbonate of specifically greater density (heavy ash) is
      required for certain uses, the light ash is mixed with sufficient water to
      form sodium carbonate monohydrate and this is then dried in a rotating
      kiln. According to a previously proposed process (French Patent
      1,350,230), sodium carbonate monohydrate suitable for conversion to heavy
      ash may also be made by direct reaction of the crude bicarbonate removed
      from the filter of the soda plant with caustic liquor and anhydrous sodium
      bicarbonate, in this way the calcination of crude bicarbonate to light ash
      and rehydration of the light ash are dispensed with.
PAR  In an ammonia-soda plant of the conventional type, such as described above,
      the proportion of the sodium chloride converted is generally of the order
      of 72 - 76%.
PAR  In French Patent 1,364,282 there is described a process for the manufacture
      of sodium carbonate and chlorine wherein caustic brine from diaphragm
      cells is pre-carbonated without precipitation by means of a gas of low
      carbon dioxide content so as to convert the caustic soda to sodium
      carbonate and is then passed to an ammonia-soda plant together with
      ammoniacal brine prepared in the conventional manner. This procedure
      allows the addition of supplementary amounts of ammonia with the object of
      bicarbonation, which results in a higher percentage conversion of sodium
      chloride to soda and a reduced consumption of steam and lime. As indicated
      in other patents (French Patents 1,514,501 and 2,006,968), the formation
      of precipitates in the absorber, the washing column and the upper part of
      the bicarbonation columns is avoided when using caustic brines from
      electrolytic cells by recycling part of the liquid from the filtration
      stage to the absorber, optionally, after reducing its carbon dioxide
      content.
PAR  As the needs of the market have developed, it has been found that there is
      a tendency to produce an excess of caustic soda. There is therefore a need
      for processes that allow production of chlorine with co-production of
      sodium carbonate rather than co-production of caustic soda. Moreover, it
      is of importance to preserve as long as possible the existing ammonia-soda
      installations by altering them as necessary because of at least partial
      modification of the raw materials employed. Finally, according to another
      aspect of the problem, it is indispensable to increase the proportion of
      sodium chloride converted or to allow the recovery of unconverted chloride
      so as to reduce to a minimum the pollution of rivers.
PAC  SUMMARY AND GENERAL DESCRIPTION OF THE INVENTION
PAR  The main object of the present invention is to provide an effective
      solution of these problems.
PAR  Another object of the invention is to permit adjustment so that the
      respective amounts of chlorine and sodium carbonate produced by the
      process suit the needs of the market while avoiding the production of an
      excess of caustic soda.
PAR  A further object is to provide a process of the type described which rather
      significantly reduces the amount of waste salt passed to the disposal
      system, thereby minimizing pollution, by improving the aggregate
      conversion rate of sodium chloride and by providing the capability of
      producing purified salt.
PAR  Briefly, the present invention combines electrolysis in diaphragm cells
      with a soda plant without ammonia and with an ammonia-salt plant of
      conventional type. The invention provides a method for the manufacture of
      chlorine and sodium carbonate by combination of the electrolysis of an
      aqueous solution of sodium chloride in diaphragm cells, carbonation of the
      caustic brine leaving the cells, and the ammonia-soda method of making
      sodium carbonate. The carbonation of the caustic brine coming from the
      diaphragm cells is carried out in a soda plant without ammonia. Such plant
      includes at least one monocarbonation scrubber and at least one
      bicarbonation column which is refrigerated at its lowest part. The caustic
      brine is reacted with gas of low carbon dioxide content without causing
      bicarbonate precipitation in the monocarbonation scrubber(s). At least
      part of the liquor leaving the monocarbonation scrubber(s) is reacted with
      gas rich in carbon dioxide so as to precipitate sodium bicarbonate in the
      bicarbonation column(s). The precipitated sodium bicarbonate is separated
      from the mother liquor by a filtration means and is optionally converted
      to sodium carbonate by calcination. The mother liquor from the filtration
      means is de-bicarbonated by converting the dissolved bicarbonate to
      carbonate. The de-bicarbonated mother liquor is carried to saturation with
      respect to sodium chloride by evaporation or by the addition of solid
      salt. Then, the saturated liquor passes to an ammonia-soda plant as the
      sole source of sodium chloride feed or as a part-source of this raw
      material. In the latter case, the other part of the source, optionally, is
      purified brine of the type normally used in a conventional ammonia-soda
      plant or part of the liquor leaving the monocarbonation scrubbers(s) of
      the soda plant without ammonia or a mixture of these two materials.
PAR  The gas of low carbon dioxide content used for the monocarbonation of the
      caustic brine in the first stage of the soda plant without ammonia may
      advantageously be combustion gases or residual gases from the ammonia-soda
      plant, which may contain for example between 5 and 10% of carbon dioxide.
PAR  The apparatus used in the soda plant without ammonia therefore includes one
      or more monocarbonation scrubbers, in which a gas of low carbon dioxide
      content is employed under conditions such that no precipitate is produced.
      Downstream of these scrubbers there are one or more bicarbonation columns
      of the type used in conventional ammonia-soda plants. The monocarbonated
      caustic brine runs down the columns counter-current to a stream of gas
      rich in carbon dioxide. The refrigeration of the base of the columns, for
      example, by means of banks of refrigerant tubes, completes the
      precipitation of the sodium bicarbonate. Ammonia can be added to the
      carbonated caustic brine to improve the degree of conversion of Na.sub.2
      CO.sub.3 to NaHCO.sub.3.
PAR  The use of carbonated caustic brine and mother liquors from the soda plant
      without ammonia in the conventional ammonia-soda plant leads to very high
      concentrations of alkaline sodium (i.e., sodium present in the form of an
      alkaline compound) and carbonate in the liquors leaving the absorber, and
      these concentrations can cause precipitations in the absorber, the washing
      column and the upper part of the bicarbonation columns. As taught in the
      above-mentioned patents this disadvantage can be avoided by recycling part
      of the liquor from the filtration stage of the ammonia-soda plant to the
      absorber, optionally after reducing the carbon dioxide content of the
      liquor, for example by heating. Nevertheless, in the method of the present
      invention, the preliminary passage of the caustic brine through the soda
      plant without ammonia ensures the separation of a significant amount of
      alkaline sodium before the liquor enters the ammonia-soda plant and
      considerably reduces the risk of precipitation. The amount of filter
      liquor that needs to be recycled is thus reduced.
PAR  If it is desired to increase the ratio of chlorine to sodium carbonate
      produced, the method of the invention as mentioned above may be modified
      by progressively decreasing the feed of purified brine to the ammonia-soda
      plant. The ratio can be increased in this manner up to production of 0.35
      to 0.4 top of chlorine per ton of sodium carbonate.
PAR  A further stage includes evaporating at least part of the caustic brine
      coming from the diaphragm cells in order to crystallize sodium chloride
      and form a brine that is more concentrated in caustic soda, which is then
      treated in the soda plant without ammonia, in the manner described above,
      after being mixed with any remainder of the caustic brine from the
      electrolytic cell. It should be understood that in this case no purified
      brine is fed to the ammonia-soda plant. In order to precipitate refined
      salt, practically pure, care should be taken not to push the evaporation
      too far, so as to avoid precipitating sodium sulphate or other impurities
      at the same time; the selection of the degree of concentration of the
      caustic brine to be carried out depends on the nature and the quantity of
      the impurities (sodium sulphate, for example) present in the caustic
      brine.
PAR  By way of example, in the case where the caustic brine contains 0.45% by
      weight of Na.sub.2 SO.sub.4, the optimum concentration rises to about 22%
      NaOH. If the whole of the caustic brine is concentrated, there will result
      a total production of 0.51 ton of chlorine per ton of sodium carbonate.
PAR  When the whole or a large portion of the caustic brine is submitted to
      evaporation, it is necessary to dilute the mother liquor and any balance
      of the caustic brine from the electrolysis cell before passing them into
      the monocarbonation stage of the soda plant without ammonia, so as to
      avoid precipitation in the scrubbers. In order to achieve this, a part of
      the mother liquor coming from the separation of sodium bicarbonate in the
      soda plant without ammonia, optionally after debicarbonation, is not
      passed to the ammonia-soda plant but is recycled between the evaporators
      used for crystallization of sodium chloride and the scrubber(s) used for
      monocarbonation of the caustic brine in the soda plant without ammonia.
PAR  The de-bicarbonation of the mother liquor from the soda plant without
      ammonia may be carried out in any known manner. For example, within the
      method of the present invention, it may be carried out by the addition of
      sufficient caustic brine from an electrolysis cell. Nevertheless it is
      more advantageous to achieve it by heating and liberation of carbon
      dioxide; in this way highly concentrated carbon dioxide gas is recovered,
      which can be recycled to the bicarbonation columns.
PAR  An additional advantage of the method according to the invention resides in
      the fact that it allows the production of heavy soda ash without passing
      through the stage of making sodium bicarbonate. In order to achieve this
      an evaporator installation is inserted in the soda plant without ammonia
      between the monocarbonation scrubber(s) and the bicarbonation column(s).
      The appropriate conditions in this installation are chosen to obtain
      crystallization of part of the alkaline sodium present in the form of
      sodium carbonate monohydrate, which may then be converted in heavy ash by
      the usual process, while the mother liquors are passed to the
      bicarbonation stage of the soda plant without ammonia. This procedure is
      particularly applicable when the entire or a large part of the caustic
      brine is passed through the salt evaporators.
PAR  The mother liquor from filtration or hydro-extraction of sodium bicarbonate
      in the soda plant without ammonia should be taken, after de-bicarbonation,
      to saturation with respect to sodium chloride. As circumstances may
      dictate, this saturated state may be achieved by addition of solid salt or
      by evaporation. In the latter case the necessary steam for concentrations
      may be obtained by flash-off from the mother liquors of the ammonia-soda
      plant. In an installation where the unconverted salt is separated after
      the distillation stage in the ammonia-soda plant, the addition of this
      solid salt will in general be preferred. The mother liquor can also be fed
      into boreholes for resaturation with sodium chloride, in the case where
      boreholes are available close to the factory.
PAR  If the demand for chlorine greatly exceeds the demand for caustic soda, the
      process can be further modified by passing to the ammonia-soda plant only
      part of the mother liquors that have been de-bicarbonated and carried to
      saturation with respect to sodium chloride, which come from the soda plant
      without ammonia, the other part being exhausted of alkaline sodium by
      passing it through one or more supplementary bicarbonation columns without
      ammonia, then being rejected.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of production in a simplified embodiment.
PAR  FIG. 2 is a diagrammatic view of production similar to FIG. 1 but including
      a salt recovery plant after the diaphragm cells.
PAR  FIG. 3 is a diagrammatic view of production similar to FIG. 2 including a
      plant for the production of crystals of sodium carbonate monohydrate after
      the scrubbers.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates the simplest embodiment of the invention. A purified
      sodium chloride brine is fed at least partly into an installation of
      electrolytic diaphragm cells 1, and, optionally, partly into an
      ammonia-soda plant 5, by way of line 8.
PAR  Chlorine and hydrogen are evolved in the cells 1, leaving a caustic brine
      (solution of NaCl and NaOH), which is passed into at least one scrubber 2
      fed with gas of low CO.sub.2 content so as to convert the caustic brine to
      sodium carbonate without precipitation. At least part of the solution of
      NaCl and Na.sub.2 CO.sub.3 thus produced is passed into a soda plant
      without ammonia 3. Plant 3 includes one or more bicarbonation columns fed
      with gas rich in carbon dioxide and refrigerated at their lower parts,
      where crude sodium bicarbonate is precipitated. This may be separated by
      filtration or hydro-extraction and converted in known manner to sodium
      carbonate of the desired packing density (light ash or heavy ash). Any
      part of the carbonated brine leaving the monocarbonation scrubbers 2 which
      has not been treated in the bicarbonation columns may be fed into the
      ammonia-soda plant 5 by way of line 7. The mother liquor from the
      filtration or hydro-extraction of the sodium bicarbonate produced in 3 is
      de-bicarbonated and carried to saturation with respect to NaCl, either by
      the addition of solid salt or by evaporation in 4. Then it is passed into
      the ammonia-soda plant 5, where it serves as the sole source or a
      part-source of the sodium chloride feed. Optionally, in 6, the liquor
      leaving the distillation stage of the ammonia-soda plant is submitted to
      stepwise evaporation in order to recover separately the sodium chloride
      and/or the calcium chloride, in other cases, solid chlorides are not
      produced and the liquor is voided, either into worked-out boreholes or
      into the sea or a river. The crude sodium bicarbonate separated at a
      filtration stage may be converted to sodium carbonate of desired packing
      density by known methods, like that produced in the soda plant without
      ammonia. The residual gases from the bicarbonation columns of both the
      soda plant without ammonia and the ammonia-soda plant may be used for
      monocarbonation of the caustic brine in the scrubber(s) 2.
PAR  FIG. 2 represents the method of the invention modified by incorporation of
      a salt recovery plant at the outlet of the electrolytic cells. By
      operating with salt recovery, the amount of sodium chloride treated in the
      ammonia-soda plant is reduced and thereby the ratio of chlorine production
      to sodium carbonate production, considered over the entire installation,
      is increased. The arrangement of FIG. 2 is the same as that of FIG. 1
      except that the feed of purified brine 8 into the ammonia-soda plant has
      been dispensed with and evaporators 9 have been inserted between the
      electrolytic cells 1 and the monocarbonation scrubber(s) 2. The dashed
      line 10 represents the part of the caustic brine which is optionally not
      treated in the evaporators 9 and which is passed directly to the
      monocarbonation stage. The dashed line 11 indicates recycling of mother
      liquor, optionally de-bicarbonated after leaving the soda plant without
      ammonia, returned to the inlet of the monocarbonation scrubbers so as to
      avoid precipitation in these scrubbers if the entire or a large proportion
      of the caustic brine is treated in the salt recovery plant 9.
PAR  FIG. 3 represents the method of the invention when a plant for the
      production of crystals of sodium carbonate monohydrate 12 is interposed
      between the monocarbonation scrubbers 2 and the bicarbonation columns 3 of
      the soda plant without ammonia. It should be noted that plant 12 for the
      production of sodium carbonate monohydrate may also be inserted in the
      arrangement of FIG. 1.
PAR  A further variant within the scope of the invention has an arrangement
      according to FIG. 3, except that only part of the mother liquor coming
      from 4 after de-bicarbonation and resaturation with sodium chloride is
      passed to the ammonia-soda plant 5, the other part being treated in one or
      more bicarbonation columns without ammonia of the type used at 3. This
      variant is also useful if the stage of precipitating sodium carbonate
      monohydrate is omitted.
PAR  The following numerical examples further illustrate the details of putting
      the invention into practice and the advantages flowing therefrom. They
      show the stages employed to increase the ratio of chlorine to sodium
      carbonate produced, while underlining the advantages resulting from
      reduction in the amount of waste chlorine and reduction in the consumption
      of steam and lime in the ammonia-soda plant per ton of total sodium
      carbonate produced.
PAC  EXAMPLE 1
PAR  An ammonia-soda plant was fed with a mixture of caustic brine from
      diaphragm cells, previously monocarbonated, and purified brine. The
      proportions of the two liquids fed in were 1,000 kg of caustic brine to
      1,182.7 kg of purified brine, these proportions being such that they
      correspond to a ratio of chlorine production in the diaphragm cells to
      sodium carbonate production in the ammonia-soda plant equal to 0.2 ton
      Cl.sub.2 /ton Na.sub.2 CO.sub.3. This operation is carried out according
      to a variation of the process described in French Patent 1,364,282 (cf.
      U.S. Pat. 3,368,866), including a precarbonation of the caustic brine
      prior to its introduction in the ammonia-soda plant and the feeding of the
      resulting precarbonated brine to the absorber together with the purified
      brine instead of feeding it directly to the bicarbonation columns.
PAR  The following table gives the consumption and production of the various
      compounds, in kg, during the principal operations of the process, referred
      to 1000 kg of caustic brine fed to the system.
TBL  ______________________________________                                    
     Operation           Result of Operation                                   
     ______________________________________                                    
     1.   Monocarbonation                                                      
          Caustic brine       Carbonated brine                                 
     NaOH       90                Na.sub.2 CO.sub.3                            
                                         119.3                                 
     NaCl       160               NaCl   160                                   
     H.sub.2 O  750               H.sub.2 O                                    
                                         752.1                                 
     Carbonation gas                                                           
     CO.sub.2   49.6                                                           
     2.   Absorption of NH.sub.3                                               
          Carbonated brine    Ammoniacal brine                                 
     Na.sub.2 CO.sub.3                                                         
                119.3             NaCl   655.6                                 
     NaCl       160               NH.sub.3                                     
                                         190.5                                 
     H.sub.2 O  752.1      CO.sub.2                                            
                                  168.3                                        
                                  H.sub.2 O                                    
                                         2431.7                                
     Purified brine                                                            
     NaCl       229.8                                                          
     H.sub.2 O  882.9                                                          
     Recycle liquor from filters                                               
     NaCl       64.1                                                           
     NH.sub.3   18.6                                                           
     NH.sub.4 Cl                                                               
                120.4                                                          
     CO.sub.2   36.1                                                           
     H.sub.2 O  721.9                                                          
     Gas from distillation                                                     
     CO.sub.2   82.7                                                           
     NH.sub.3   133.6                                                          
     H.sub.2 O  54.5                                                           
     3.   Carbonation and filtration of NaHCO.sub.3                            
     Ammoniacal brine  Hydro-extracted bicarbonate                             
     NaCl       655.6             NaHCO.sub.3                                  
                                         634.1                                 
     NH.sub.3   190.5             H.sub.2 O                                    
                                         111.9                                 
      CO.sub.2  168.3      Liquor from filters                                 
     H.sub.2 O  2431.7            NaCl   214.0                                 
     Carbonation gas      NH.sub.3 62.2                                        
     CO.sub.2   284.9             NH.sub.4 Cl                                  
                                         403.9                                 
     Washing water from filters                                                
                          CO.sub.2 121.1                                       
     H.sub.2 O  199.4             H.sub.2 O                                    
                                         2383.3                                
     4.   Distillation                                                         
          Liquor from filters                                                  
                          Gas passed to absorption stage                       
     NaCl       149.9             CO.sub.2                                     
                                         82.7                                  
     NH.sub.3   43.6       NH.sub.3                                            
                                  133.6                                        
     NH.sub.4 Cl                                                               
                283.5      H.sub.2 O                                           
                                  54.5                                         
     CO.sub.2   84.9                                                           
     H.sub.2 O  1661.4     Residual liquor                                     
     Milk of lime         NaCl     149.9                                       
     CaO        154               CaCl.sub.2                                   
                                         294.1                                 
     H.sub.2 O  718               CaCO.sub.3                                   
                                         5                                     
     Steam                CaO      2.8                                         
     H.sub.2 O  544               H.sub.2 O                                    
                                         2916.6                                
     ______________________________________                                    
PAR  It is found that the corresponding production of chlorine is equal to
      ##EQU1##
      and the production of sodium carbonate is equal to
      ##EQU2##
      giving a ratio of these products equal to 80/400 = 0.2 kg Cl.sub.2 /kg
      Na.sub.2 CO.sub.3.
PAR  It is found that the consumption of steam and of lime in the distillation
      stage per ton of sodium carbonate produced amounts to:
      ##EQU3##
      and
      ##EQU4##
PAR  The quantity of chlorides present in the residual liquor from the soda
      plant, per ton of carbonate produced, amounts to:
      ##EQU5##
PAR  Finally, it was necessary to recycle 961.1 kg of liquor from the filters to
      the inlet of the ammonia absorber, this being 30% by weight of the total
      liquor from the filters.
PAC  EXAMPLE 2
PAR  The caustic brine coming from electrolytic diaphragm cells was treated
      according to the procedure illustrated in FIG. 1, in successive stages as
      follows:
PA1  1. Monocarbonation in scrubbers by gas of low CO.sub.2 content without
      precipitation
PA1  2. Bicarbonation in bicarbonation columns fed with gas rich in CO.sub.2 and
      separation of the bicarbonate crystals
PA1  3. De-bicarbonation of the mother liquors by indirect heating
PA1  4. Concentration of the mother liquors by evaporation up to saturation with
      NaCl
PA1  5. Passage of the resaturated mother liquors into an ammonia-soda plant
      together with a proportion of purified brine.
PAR  The following table gives the consumption and production of the various
      compounds in the course of the principal operations of the process, in
      kilograms, referred to 1000 kg of caustic brine fed into the system.
TBL  ______________________________________                                    
     Operation          Result of Operation                                    
     ______________________________________                                    
     1.  Monocarbonation                                                       
         Caustic brine       Carbonated brine                                  
     NaOH      90                 Na.sub.2 CO.sub.3                            
                                         119.3                                 
     NaCl      160                NaCl   160                                   
     H.sub.2 O 750                H.sub.2 O                                    
                                         752.1                                 
     Carbonation gas                                                           
     CO.sub.2  49.6                                                            
     2.  Bicarbonation and separation of crystals                              
     Carbonated brine  Hydro-extracted crystals of                             
                       sodium bicarbonate                                      
     Na.sub.2 CO.sub.3                                                         
               119.3              NaHCO.sub.3                                  
                                         161.9                                 
     NaCl      160                H.sub.2 O                                    
                                         24                                    
     H.sub.2 O 752.1       Mother liquors from bicar-                          
                           bonation and hydro-                                 
                           extraction                                          
     Carbonation gas      NaHCO.sub.3                                          
                                   27.3                                        
     CO.sub.2  49.6               NaCl   160                                   
     Washing water        H.sub.2 O                                            
                                   755.8                                       
     H.sub.2 O 48                                                              
     3.  De-bicarbonation by indirect heating                                  
     Mother liquors from                                                       
                      De-bicarbonated mother liquors                           
     bicarbonation                                                             
     NaHCO.sub.3                                                               
               27.3               Na.sub.2 CO.sub.3                            
                                         17.2                                  
     NaCl      160                NaCl   160                                   
     H.sub.2 O 755.8              H.sub.2 O                                    
                                         758.7                                 
                                  CO.sub.2                                     
                                         7.2                                   
     4.  Reconcentration        (liberated)                                    
     De-bicarbonated mother                                                    
                      Resaturated mother liquors                               
     liquors                                                                   
     Na.sub.2 Co.sub.3                                                         
               17.2               Na.sub.2 CO.sub.3                            
                                         17.2                                  
     NaCl      160                NaCl   160                                   
     H.sub.2 O 758.7      H.sub.2 O                                            
                                  471.5                                        
                     Evaporated water                                          
                        H.sub.2 O                                              
                               287.2                                           
     5.  Absorption of NH.sub.3                                                
         Resaturated mother liquors                                            
                            Ammoniacal brine                                   
     Na.sub.2 CO.sub.3                                                         
               17.2               NaCl   499.4                                 
     NaCl      160                NH.sub.3                                     
                                         130.5                                 
     H.sub.2 O 471.5              CO.sub.2                                     
                                         73.8                                  
     Purified brine       H.sub.2 O                                            
                                   1377.1                                      
     NaCl      263.4                                                           
     H.sub.2 O 775.5                                                           
     Recycle liquor from filters                                               
     NaCl      7.0                                                             
     NH.sub.3  2.0                                                             
     NH.sub.4 Cl                                                               
               17.4                                                            
     CO.sub.2  4.0                                                             
     H.sub.2 O 79                                                              
     Gas from distillation                                                     
     CO.sub.2  62.7                                                            
     NH.sub.3  123                                                             
     H.sub.2 O 48.2                                                            
     6.  Carbonation and filtration of NaHCO.sub.3                             
     Ammoniacal brine  Hydro-extracted bicarbonate                             
     NaCl      449.4              NaHCO.sub.3                                  
                                         472.1                                 
     NH.sub.3  130.5              H.sub.2 O                                    
                                         83.3                                  
     CO.sub. 2 73.8              Liquor from filters                           
     H.sub.2 O 1377.1             NH.sub.4 Cl                                  
                                         300.7                                 
     Carbonation gas      NaCl     120.6                                       
     CO.sub.2  241.8              CO.sub.2                                     
                                         68.3                                  
     Washing water from filters                                                
                          NH.sub.3 35.0                                        
     H.sub.2 O 148.5              H.sub.2 O                                    
                                         1341.1                                
     7.  Distillation                                                          
         Liquid from filters                                                   
                            Gas passed to absorption                           
                            stage                                              
     NH.sub.4 Cl                                                               
               283.3              NH.sub.3                                     
                                         123                                   
     NaCl      113.6              CO.sub.2                                     
                                         62.7                                  
     CO.sub.2  64.3               H.sub.2 O                                    
                                         48.2                                  
     NH.sub.3  33                                                              
     H.sub.2 O 1262.1            Residual liquor                               
     Milk of lime         NaCl     113.6                                       
     CaO       152.7              CaCl.sub.2                                   
                                         293.9                                 
     H.sub.2 O 711.6              CaO    2.2                                   
     Steam                        CaCO.sub.3                                   
                                         3.9                                   
     H.sub.2 O 457                H.sub.2 O                                    
                                         2430.2                                
     ______________________________________                                    
PAR  The relative amounts of the two brines fed to the process were 1000 kg of
      caustic brine from the diaphragm cells to 1038.9 kg of purified brine. As
      in the case of Example 1, this ratio corresponds to the production of 80
      kg of electrolytic chlorine per 400 kg total of sodium carbonate (of which
      ##EQU6##
      are produced in the soda plant without ammonia and
      ##EQU7##
      are produced in the ammonia-soda plant), giving in all a ratio of 0.2 ton
      of chlorine per ton of total sodium carbonate produced.
PAR  It is found that the consumption of steam and of lime in the distillation
      stage, per ton of total sodium carbonate produced, amounts to:
      ##EQU8##
      and
      ##EQU9##
PAR  The amount of steam used in concentrating the mother liquors of the soda
      plant without ammonia is 312 kg of steam per ton of total carbonate. This
      steam is provided by flash-off from the residual liquor of the
      ammonia-soda plant, which provides 345 kg of steam per ton of total
      carbonate produced.
PAR  The quantity of chlorides present in the residual liquor from the soda
      plant, per ton of carbonate produced, amounts to:
      ##EQU10##
PAR  Finally, it was necessary to recycle 109.4 kg of liquor from the filters to
      the ammonia absorber, this being 5.8% by weight of the total liquor from
      the filters.
PAR  To summarize, the following table shows the advantages of treating the
      caustic brine in the manner of the invention (Example 2), the figures
      given being the amounts per ton of total carbonate produced.
TBL  ______________________________________                                    
                           Example                                             
                                  Example                                      
                           2      1                                            
     ______________________________________                                    
     Steam used in distillation                                                
                        kg       1143     1360                                 
     Lime used in distillation                                                 
                        kg       382       385                                 
     Chlorides passed to waste                                                 
                        kg Cl.sup.-                                            
                                 642       698                                 
     Steam used on concentrating                                               
                        kg        312*    --                                   
     mother liquor                                                             
     Fraction of liquor from filters                                           
                        %          5.8     30                                  
     recycled to ammonia absorber                                              
     ______________________________________                                    
      *Steam obtained by flash-off of the residual distillation liquor.        
PAC  EXAMPLE 3
PAR  This example shows the possibility of increasing the ratio of chlorine
      produced by electrolysis in diaphragm cells to sodium carbonate obtained
      from the caustic brine, by concentrating by evaporation a part of the
      caustic brine with recovery of refined salt free from sodium sulphate
      before introducing the brine into the soda plant without ammonia. The
      following table gives, in kg, the consumption and production of the
      various compounds in the course of the principal stages of the process, in
      the case where 600 kg of caustic brine are treated by pre-evaporation
      while 400 kg of caustic brine are passed directly to the soda plant
      without ammonia. This ratio provides the maximum separation of refined
      salt compatible with operation of the monocarbonation scrubbers without
      causing precipitation.
TBL  ______________________________________                                    
     Operation          Result of Operation                                    
     1.  Evaporation, crystallization and hydro-                               
         extraction of NaCl                                                    
     ______________________________________                                    
     Caustic brine       Mother liquors                                        
     NaOH      54                NaOH   54                                     
     NaCl      93.7              NaCl   29.8                                   
     Na.sub.2 SO.sub.4                                                         
               2.7               Na.sub.2 SO.sub.4                             
                                        2.7                                    
     H.sub.2 O 449.6             H.sub.2 O                                     
                                        182.3                                  
     Washing NaCl on hydro-                                                    
                        Refined salt                                           
     extractor                                                                 
                                 NaCl   63.9                                   
     H.sub.2 O 23.7              H.sub.2 O                                     
                                        2.6                                    
     2.  Monocarbonation                                                       
         Mother liquors from                                                   
                            Carbonated brine                                   
         crystallization of NaCl                                               
     NaOH      54                Na.sub.2 CO.sub.3                             
                                        119.3                                  
     NaCl      29.8              NaCl   92.3                                   
     Na.sub.2 SO.sub.4                                                         
               2.7               Na.sub.2 SO.sub.4                             
                                        4.5                                    
     H.sub.2 O 182.3             H.sub.2 O                                     
                                        484.2                                  
     Caustic brine                                                             
     NaOH      36                                                              
     NaCl      62.5                                                            
     Na.sub.2 SO.sub.4                                                         
               1.8                                                             
     H.sub.2 O 299.7                                                           
     Carbonation gas                                                           
     CO.sub.2  49.6                                                            
     3.  Bicarbonation and separation of crystals                              
     Carbonated brine   Hydro-extracted crystals                               
                        of sodium bicarbonate                                  
     Na.sub.2 CO.sub.3                                                         
                119.3            NaHCO.sub.3                                   
                                        169.5                                  
     NaCl      92.3              H.sub.2 O                                     
                                        25.3                                   
     Na.sub.2 SO.sub.4                                                         
               4.5                                                             
                      Mother liquors from bi-                                  
                      carbonation and hydro-                                   
                      extraction                                               
     H.sub.2 O 484.2             NaHCO.sub.3                                   
                                        19.6                                   
     Carbonation gas     NaCl     92.3                                         
     CO.sub.2  49.6              Na.sub.2 SO.sub.4                             
                                        4.5                                    
     Washing water       H.sub.2 O                                             
                                  487.0                                        
     H.sub.2 O 48.4                                                            
     4.  De-bicarbonation by indirect heating                                  
     Mother liquors from                                                       
                        De-bicarbonated mother                                 
     bicarbonation      liquors                                                
     NaHCO.sub.3                                                               
               19.6              Na.sub.2 CO.sub.3                             
                                        12.4                                   
     NaCl      92.3              NaCl   92.3                                   
     Na.sub.2 SO.sub.4                                                         
               4.5               Na.sub.2 SO.sub.4                             
                                        4.5                                    
     H.sub.2 O 487.0             H.sub.2 O                                     
                                        484.9                                  
     5.  Reconcentration                                                       
     De-bicarbonated mother                                                    
                        Resaturated mother liquors                             
     liquors                                                                   
     Na.sub.2 CO.sub.3                                                         
               12.4              Na.sub.2 CO.sub.3                             
                                        12.4                                   
     NaCl      92.3              NaCl   92.3                                   
     Na.sub.2 SO.sub.4                                                         
               4.5       Na.sub.2 SO.sub.4                                     
                                 4.5                                           
     H.sub.2 O 484.9             H.sub.2 O                                     
                                        272.0                                  
     ______________________________________                                    
PAR  The resaturated mother liquors are then passed to the ammonia-soda plant,
      for which they constitute the sole feed; the production of Na.sub.2
      CO.sub.3 in this plant is 76.2 kg.
PAR  The total production of sodium carbonate is therefore:
      ##EQU11##
      for electrolytic chlorine production of 80 kg, giving a ratio of chlorine
      to sodium carbonate production of 0.43 ton Cl.sub.2 /ton Na.sub.2
      CO.sub.3.
PAR  The consumption of steam and of lime in the ammonia-soda plant are
      respectively 1329 kg steam and 459 kg CaO per ton of sodium carbonate
      produced in the ammonia-soda plant.
PAR  The recycle of liquor from the filters to the ammonia absorber amounts to
      16% by weight of the total liquor from the filters.
PAR  The quantity of chlorides present 758.8 the residual liquor from the soda
      plant is 758,8 kg Cl.sup.- per ton of sodium carbonate produced in the
      ammonia-soda plant, which is equivalent to 317.5 kg Cl.sup.- per ton of
      total sodium carbonate produced in the process.
PAC  EXAMPLE 4
PAR  This example shows the possibility of treating the whole of the caustic
      brine from the diaphragm cells by concentrating it before feeding it into
      the soda plant without ammonia, by providing a recycle of mother liquor
      from the bicarbonate crystallization stage of the soda plant without
      ammonia to the inlet of the monocarbonation scrubbers.
PAR  The following table gives the consumption and production of the various
      compounds in the course of the principal stages of the process, in kg per
      1000 kg of caustic brine from the diaphragm cells fed into the system.
TBL  ______________________________________                                    
     Operation         Result of Operation                                     
     1.  Evaporation, crystallization and hydro-extraction of NaCl             
     Caustic brine     Mother liquors                                          
     NaOH      90               NaOH   90                                      
     NaCl      156.2            NaCl 49.7                                      
     Na.sub.2 SO.sub.4                                                         
               4.5              Na.sub.2 SO.sub.4                              
                                       4.5                                     
     H.sub.2 O 749.3            H.sub.2 O                                      
                                       303.8                                   
     Washing NaCl on hydro-                                                    
                       Refined salt                                            
     extractor                                                                 
                                NaCl   106.5                                   
     H.sub.2 O 39.5             H.sub.2 O                                      
                                       4.3                                     
     2.  Monocarbonation                                                       
     Mother liquors from                                                       
                       Carbonated brine                                        
     crystallization of NaCl                                                   
     NaOH      90               Na.sub.2 CO.sub.3                              
                                       124.1                                   
     NaCl      49.7                     NaCl   77.1                            
     Na.sub.2 SO.sub.4                                                         
               4.5              Na.sub.2 SO.sub.4                              
                                       7                                       
     H.sub.2 O 303.8            H.sub.2 O                                      
                                       478.5                                   
     Recycle of mother liquors from bicarbonation                              
     NaHCO.sub.3                                                               
               7.8                                                             
     NaCl      27.4                                                            
     Na.sub.2 SO.sub.4                                                         
               2.5                                                             
     H.sub.2 O 173.0                                                           
     Carbonation gas                                                           
     CO.sub.2  47.5                                                            
     3.  Bicarbonation and separation of crystals                              
     Carbonated brine  Hydro-extracted crystals                                
                       of NaHCO.sub.3                                          
     Na.sub.2 CO.sub.3                                                         
               124.1            NaHCO.sub.3                                    
                                       174.5                                   
     NaCl      77.1             H.sub.2 O                                      
                                       26.1                                    
     Na.sub.2 SO.sub.4                                                         
               7               Mother liquors from bicarb-                     
                               onation and hydro-extrac-                       
                               tion                                            
     H.sub.2 O 478.5                                                           
     Carbonation gas    NaHCO.sub.3                                            
                                 22.2                                          
     CO.sub.2  51.5             NaCl   77.1                                    
     Washing Water      Na.sub.2 SO.sub.4                                      
                                 7                                             
     H.sub.2 O 51.7             H.sub.2 O                                      
                                       483.0                                   
     4.  De-bicarbonation by indirect heating                                  
     Mother liquors from                                                       
                       De-bicarbonated mother                                  
     bicarbonation     liquors                                                 
     NaHCO.sub.3                                                               
               14.4             Na.sub.2 CO.sub.3                              
                                       9.1                                     
     NaCl      49.7             NaCl   49.7                                    
     Na.sub.2 SO.sub.4                                                         
               4.5              Na.sub.2 SO.sub.4                              
                                       4.5                                     
     H.sub.2 O 310              H.sub.2 O                                      
                                       311.5                                   
     5.  Reconcentration                                                       
     De-bicarbonated mother                                                    
                       Resaturated mother liquors                              
     liquors                                                                   
     Na.sub.2 CO.sub.3                                                         
               9.1              Na.sub.2 CO.sub.3                              
                                       9.1                                     
     NaCl      49.7             NaCl   49.7                                    
     Na.sub.2 SO.sub.4                                                         
               4.5              Na.sub.2 SO.sub.4                              
                                       4.5                                     
     H.sub.2 O 311.5            H.sub.2 O                                      
                                       146.4                                   
     ______________________________________                                    
PAR  The resaturated mother liquors are then passed to the ammonia-soda plant,
      for which they constitute the sole feed; the production of Na.sub.2
      CO.sub.3 in this plant is 45.6 kg.
PAR  The total production of sodium carbonate is therefore:
      ##EQU12##
      for electrolytic chlorine production of 80 kg, giving a ratio of chlorine
      to sodium carbonate production of 0.51 ton Cl.sub.2 /ton Na.sub.2
      CO.sub.3.
PAR  The consumption of steam and of lime in the ammonia-soda plant are
      respectively 1237 kg steam and 437 kg CaO per ton of sodium carbonate
      produced in the ammonia-soda plant.
PAR  The recycle of liquor from the filters to the ammonia absorber amounts to
      20% by weight of the total liquor from the filters.
PAR  The quantity of chlorides present in the residual liquor from the soda
      plant is 716 kg Cl.sup.- per ton of sodium carbonate produced in the
      ammonia-soda plant, which is equivalent to 210 kg Cl.sup.- per ton of
      total sodium carbonate produced in the process.
PAC  EXAMPLE 5
PAR  This example shows the possibility of separating a large portion of the
      alkaline sodium of the caustic brine from the diaphragm cells directly in
      the form of sodium carbonate monohydrate, in the case where a large part
      of this caustic brine is submitted to concentration before being fed into
      the soda plant without ammonia, for example when 600 kg of caustic brine
      are submitted to preconcentration for each 400 kg of caustic brine fed
      direct to the soda plant without ammonia.
PAR  The following table shows the consumption and production of the various
      compounds in the course of the principal stages of the process, expressed
      as kg per 1000 kg of caustic brine used.
TBL  ______________________________________                                    
     Operation         Result of Operation                                     
     1.  Evaporation, crystallization and hydro-extraction of NaCl             
     Caustic brine     Mother liquors                                          
     NaOH      54               NaOH   54                                      
     NaCl      93.7             NaCl   29.8                                    
     Na.sub.2 SO.sub.4                                                         
               2.7              Na.sub.2 SO.sub.4                              
                                       2.7                                     
     H.sub.2 O 449.6            H.sub.2 O                                      
                                       182.3                                   
     Washing NaCl in hydro-                                                    
                       Refined salt                                            
     extractor                                                                 
                                NaCl   63.9                                    
     H.sub.2 O 23.7             H.sub.2 O                                      
                                       2.6                                     
     2.  Monocarbonation                                                       
         Mother liquors from                                                   
                           Carbonated brine                                    
         crystallization of NaCl                                               
     NaOH      54               Na.sub.2 CO.sub.3                              
                                       119.3                                   
     NaCl      29.8             NaCl   92.3                                    
     Na.sub.2 SO.sub.4                                                         
               2.7              Na.sub.2 SO.sub.4                              
                                       4.5                                     
     H.sub.2 O 182.3            H.sub.2 O                                      
                                       484.2                                   
     Caustic brine                                                             
     NaOH      36                                                              
     NaCl      62.5                                                            
     Na.sub.2 SO.sub.4                                                         
               1.8                                                             
     H.sub.2 O 299.7                                                           
     Carbonation gas                                                           
     CO.sub.2  49.6                                                            
     3.  Evaporation-crystallization of Na.sub.2 CO.sub.3 .H.sub.2 O           
     Carbonated brine  Hydro-extracted crystals                                
     Na.sub.2 CO.sub.3                                                         
               119.3            Na.sub.2 CO.sub.3                              
                                       47.8                                    
     NaCl      92.3             H.sub.2 O                                      
                                       10.5                                    
     Na.sub.2 SO.sub.4                                                         
               4.5             Mother liquors                                  
     H.sub.2 O 484.2            Na.sub.2 CO.sub.3                              
                                       71.5                                    
     Washing of Na.sub.2 CO.sub.3.H.sub.2 O                                    
                        NaCl     92.3                                          
     H.sub.2 O 8.8              Na.sub.2 SO.sub.4                              
                                       4.5                                     
                               H.sub.2 O                                       
                                       366.3                                   
     4.  Bicarbonation and separation of crystals                              
     Mother liquors from                                                       
                       Hydro-extracted crystals                                
     Na.sub.2 CO.sub.3.H.sub.2 O crystallizers                                 
                       of NaHCO.sub.3                                          
     Na.sub.2 CO.sub.3                                                         
               71.5             NaHCO.sub.3                                    
                                       101.6                                   
     NaCl      92.3             H.sub.2 O                                      
                                       15.2                                    
     Na.sub.2 SO.sub.4                                                         
               4.5             Mother liquors from bicarb-                     
     H.sub.2 O 366.3           onation and hydro-extraction                    
     Carbonation gas    NaHCO.sub.3                                            
                                 11.7                                          
     CO.sub.2  12.1             NaCl   92.3                                    
     Washing water      Na.sub.2 SO.sub.4                                      
                                 4.5                                           
     H.sub.2 O 28.8             H.sub.2 O                                      
                                       375.5                                   
     5.  De-bicarbonation by indirect heating                                  
     Mother liquors from                                                       
                       De-bicarbonated mother                                  
     bicarbonation     liquors                                                 
     NaHCO.sub.3                                                               
               11.7             Na.sub.2 CO.sub.3                              
                                       7.4                                     
     NaCl      92.3             NaCl   92.3                                    
     Na.sub.2 SO.sub.4                                                         
               4.5              Na.sub.2 SO.sub.4                              
                                       4.5                                     
     H.sub.2 O 375.5            H.sub.2 O                                      
                                       376.8                                   
     6.  Reconcentration                                                       
         De-bicarbonated mother                                                
                           Resaturated mother liquors                          
         liquors                                                               
     Na.sub.2 CO.sub.3                                                         
               7.4              Na.sub.2 CO.sub.3                              
                                       7.4                                     
     NaCl      92.3             NaCl   92.3                                    
     Na.sub.2 SO.sub.4                                                         
               4.5              Na.sub.2 SO.sub.4                              
                                       4.5                                     
     H.sub.2 O 376.8            H.sub.2 O                                      
                                       265.0                                   
     ______________________________________                                    
PAR  The resaturated mother liquors are then passed to the ammonia-soda plant,
      for which they constitute the sole feed; the production of Na.sub.2
      CO.sub.3 in this plant is 72.6 kg.
PAR  The total production of sodium carbonate (as Na.sub.2 CO.sub.3) is
      therefore:
      ##EQU13##
      for electrolytic chlorine production of 80 kg, giving a ratio of chlorine
      to sodium carbonate production of 0.43 ton Cl.sub.2 /ton Na.sub.2
      CO.sub.3.
PAR  The consumption of steam and of lime in the ammonia-soda plant are
      respectively 1394 kg of steam and 491 kg of CaO per ton of sodium
      carbonate produced in the ammonia-soda plant.
PAR  The recycle of liquor from the filters to the ammonia absorber amounts to
      10% by weight of the total liquor from the filters.
PAR  The quantity of chlorides present in the residual liquor from the soda
      plant is 805 kg Cl.sup.-per ton of sodium carbonate produced in the soda
      plant without ammonia, i.e. 317 kg Cl.sup.- per ton of sodium carbonate
      produced in the process.
PAR  Moreover, the heavy ash produced direct from the caustic brine amounts to:
      ##EQU14##
      of the alkaline sodium contained in the caustic brine employed.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for making chlorine and sodium carbonate comprising, in
      combination:
PA1  1. electrolyzing an aqueous solution of sodium chloride in at least one
      diaphragm cell to form a caustic brine,
PA1  2. carbonating and then further treating the caustic brine leaving the cell
      in a soda plant without ammonia by (a) treating the caustic brine in at
      least one monocarbonation scrubber by reacting the caustic brine with a
      gas having a low carbon dioxide content without causing bicarbonate
      precipitation in the monocarbonation scrubber to form a monocarbonated
      caustic brine, and (b) treating the monocarbonated caustic brine in at
      least one bicarbonation column by reacting at least part of it with gas
      rich in carbon dioxide to precipitate sodium bicarbonate in the
      bicarbonation column and to form a mother liquor,
PA1  3. separating the precipitated sodium bicarbonate from the mother liquor by
      filtration,
PA1  4. de-bicarbonating the separated mother liquor by converting the dissolved
      bicarbonate to carbonate,
PA1  5. saturating the de-bicarbonated mother liquor with respect to sodium
      chloride, and
PA1  6. treating the saturated liquor in an ammonia-soda process for making
      sodium carbonate and using the saturated liquor as at least a partial
      source of sodium chloride for such process.
NUM  2.
PAR  2. A method as defined in claim 1 wherein in the ammonia-soda process of
      step (6) filtration is performed, apparatus is provided for absorption of
      ammonia and carbon dioxide, and a washing column is provided, a part of
      the liquor from filtration is recycled to the apparatus used for
      absorption of the ammonia and carbon dioxide recovered in the cycle of the
      said soda plant, so as to avoid precipitation in the absorber, the washing
      column and the upper part of the bicarbonation columns.
NUM  3.
PAR  3. A method as defined in claim 2 wherein prior to recycling a part of the
      liquor from filtration in the ammonia-soda process of step (6) its carbon
      dioxide content is reduced.
NUM  4.
PAR  4. A method as defined in claim 1 further comprising calcining the
      separated sodium bicarbonate of step (3) to form sodium carbonate.
NUM  5.
PAR  5. A method as defined in claim 1 wherein the de-bicarbonated mother liquor
      is carried to saturation by evaporation.
NUM  6.
PAR  6. A method as defined in claim 1 wherein the de-bicarbonated mother liquor
      is carried to saturation by adding solid salt.
NUM  7.
PAR  7. A method as defined in claim 1 wherein the saturated liquor is the only
      source of sodium chloride for the ammonia-soda process of step (6).
NUM  8.
PAR  8. A method as defined in claim 1 further comprising introducing purified
      brine of the type normally used in a conventional ammonia-soda plant as
      another source of sodium chloride for the ammonia-soda process of step
      (6).
NUM  9.
PAR  9. A method as defined in claim 1 further comprising introducing, as
      another source of sodium chloride for the ammonia-soda process of step
      (6), a portion of the monocarbonated caustic brine.
NUM  10.
PAR  10. A method as defined in claim 1 further comprising introducing, as
      another source of sodium chloride for the ammonia-soda process of step
      (6), a mixture of (a) purified brine of the type normally used in a
      conventional ammonia-soda plant, and (b) a portion of the monocarbonated
      caustic brine.
NUM  11.
PAR  11. A method as defined in claim 1 further comprising evaporating at least
      a part of the caustic brine from the diaphragm cell to crystallize sodium
      chloride and form a brine more concentrated in caustic soda,
PA1  separating the mother liquor from the crystals of sodium chloride thereby
      produced, and
PA1  feeding this mother liquor into the soda plant without ammonia mixed with
      any remaing caustic brine that has not been evaporated.
NUM  12.
PAR  12. A method as defined in claim 1 wherein part of the mother liquor from
      filtration means of the soda plant without ammonia, is recycled to enter
      the soda plant without ammonia between evaporators for crystallization of
      sodium chloride and the monocarbonation scrubber, to avoid crystallization
      in said scrubber.
NUM  13.
PAR  13. A method as defined in claim 1 wherein the monocarbonated caustic brine
      leaving the monocarbonation scrubber contains sodium in the form of an
      alkaline sodium compound and further comprising removing part of said
      sodium present in the monocarbonated caustic brine leaving the
      monocarbonation scrubber in the form of sodium carbonate monohydrate
      crystals by passing the monocarbonated caustic brine through an
      evaporator-crystallizer installation before it enters the bicarbonation
      column of the soda plant without ammonia.
NUM  14.
PAR  14. A method as defined in claim 1 wherein the di-bicarbonation of step (4)
      is brought about by heating and evolution of carbon dioxide.
NUM  15.
PAR  15. A method as defined in claim 1 wherein the ratio of chlorine to the
      total sodium carbonate manufactured is increased by feeding to the
      ammonia-soda process of step (6) only part of the saturated,
      de-bicarbonated mother liquor resulting from step (5), the other part
      being used for the manufacture of sodium carbonate by carbonation in at
      least one supplementary bicarbonation column without ammonia.
NUM  16.
PAR  16. A method as defined in claim 1 wherein the lower portion of the
      bicarbonation column is refrigerated.
NUM  17.
PAR  17. A method as defined in claim 11 wherein another source of sodium
      chloride is provided for the ammonia-soda process of step (6) and this
      another source is a portion of the monocarbonated caustic brine.
NUM  18.
PAR  18. A method as defined in claim 11 wherein another source of sodium
      chloride is provided for the ammonia-soda process of step (6) and this
      another source does not contain purified brine of the type normally used
      in a conventional ammonia-soda process.
NUM  19.
PAR  19. A method as defined in claim 12 wherein the part of the mother liquor
      from the filtration means of the soda plant without ammonia that is
      recycled to enter the soda plant without ammonia is recycled after it has
      been de-bicarbonated.
NUM  20.
PAR  20. A method as defined in claim 13 wherein said crystals are converted to
      heavy ash.
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ABST
PAL  A method of electrolytically grinding a workpiece into a desired
      cylindrical shape by applying a voltage across a grinding wheel rotating
      at a high speed and a workpiece rotating at a low speed, and supplying an
      electrolyte between said grinding wheel and workpiece, wherein said
      workpiece is fed in a tangential direction of said grinding wheel and
      concurrently rotated at a low speed, and said grinding wheel and workpiece
      at the outset of the grinding operation are set in such a positional
      relation that the tangential lines of said grinding wheel and workpiece,
      extending parallel to the feeding direction of the workpiece and closer to
      said workpiece and grinding wheel respectively, are located beyond each
      other with respect to the centers of said grinding wheel and workpiece
      respectively and spaced from each other by a distance just equal to the
      desired depth to be cut off of the workpiece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of grinding a workpiece into a
      cylindrical shape while taking advantage of electrolytic action.
PAR  In a conventional method of grinding a workpiece into a cylindrical shape,
      utilizing electrolytic action, or a so-called electrolytic grinding
      method, as shown in FIG. 1, it has been customary to grind the surface
      layer of a workpiece 2 to a predetermined depth of t by feeding the
      non-rotating workpiece toward the center of rotation of a grinding wheel 1
      rotating at a high speed to the depth t, and then rotate the workpiece 2
      one revolution at a low speed, so as to grind the surface layer of the
      workpiece to the predetermined depth t, whereby said workpiece 2 is ground
      into a desired cylindrical shape. In FIG. 1, reference numeral 5
      designates an electrolyte supply nozzle and 6 designates a power source
      for the electrolysis.
PAR  However, the conventional method described above has had the disadvantage
      that, since the electrolytic grinding is terminated, with the center of
      the workpiece 2 in the position of its stroke closest to the center of
      rotation of the grinding wheel 2 and with said workpiece in contact with
      said grinding wheel, a land is formed by re-electrolysis at the portion of
      the workpiece where the electrolytic grinding was terminated or started,
      which degrades remarkably the circularity of the finished workpiece.
PAR  This disadvantage in the above described electrolytic grinding method
      occurs since the described workpiece 2 is fed toward the center of
      rotation of the grinding wheel 1 without rotation of the workpiece, and
      thereafter when the depth of cut becomes t, the ground depth of the
      workpiece at an initial grinding portion thereof is larger than that of
      the peripheral surface of the workpiece 2 in the electrolytic grinding
      thereof during one rotation of the workpiece. Thus, a concaved surface
      portion is formed at the peripheral surface of the workpiece where the
      grinding was started. Also, when the workpiece 2 is rotated one revolution
      and electric current is stopped, the portion at which rotation of the
      workpiece 2 is terminated corresponds to the starting portion of rotation,
      and the concaved surface portion of the workpiece is enlarged by
      re-electrolysis at this portion of the workpiece, which further degrades
      the circularity of the finished workpiece, thus, conventionally, this
      concaved surface portion of the workpiece 2 must be removed by
      mechanically regrinding the same, after the electrolytic grinding is
      terminated. However, as apparent from the Table described below, a
      comparison of the above described conventional process with the process of
      the invention shows that the working performance is low in the
      conventional process and the circularity is only of 0.026 mm at the utmost
      in the conventional process, as compared to a circularity of 0.0026 mm in
      the workpiece ground according to the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of the present invention to overcome such
      disadvantage of the conventional electrolytic grinding method.
PAR  The electrolytic grinding method according to the invention comprises
      applying a voltage across a grinding wheel rotating at a high speed and a
      workpiece rotating at a low speed, supplying an electrolyte between said
      grinding wheel and said workpiece, and feeding said workpiece in a
      tangential direction of said grinding wheel while rotating it at the low
      speed, the positional relation of said grinding wheel and workpiece being
      such that the tangential lines of said grinding wheel and workpiece,
      extending in the feeding direction of the workpiece are located beyond
      each other with respect to the centers thereof and are spaced from each
      other by a distance just equal to the desired depth of grinding, whereby
      said workpiece is ground into a cylindrical shape. In this process, the
      rotating grinding wheel is located in a position extending in the feeding
      direction of said workpiece so as to remove a portion to be cut off
      (finishing allowance) of the outer peripheral surface of the workpiece and
      the workpiece is fed in a tangential direction of the outer periphery
      (parallel to the feeding direction of the workpiece) of the rotating
      grinding wheel.
PAR  According to the electrolytic grinding method of the invention, therefore,
      the workpiece moves slowly toward the grinding wheel rotating at a fixed
      position and, after being ground in a predetermined depth, again moves
      slowly at a predetermined speed away from the grinding wheel, so that a
      land is not formed on the finished surface of the workpiece at the
      location where the grinding was terminated or started and the circularity
      of the finished workpiece can be increased to the order of 2 - 3 microns.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram illustrating the essential portion of a setup for
      practicing the conventional electrolytic grinding method; and
PAR  FIG. 2 is a diagram illustrating the electrolytic grinding method according
      to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 2, reference numeral 1 designates a grinding wheel and 2 designates
      a workpiece. The workpiece 2 is rotatably supported on a support bed 4.
      The support bed 4 is fixedly mounted on a table 3 which is movable on a
      bed of the electrolytic grinding machine (not shown) at a predetermined
      speed, normally in a horizontal direction (the direction of the arrow).
      The grinding wheel 1 during working is driven at a high speed in a fixed
      position on the electrolytic grinding machine.
PAR  Reference numeral 6 designates a power source, the (+) side of which is
      connected to the workpiece 2 and the (-) side of which to the grinding
      wheel, and 5 designates an electrolyte supply nozzle.
PAR  In practicing the method of this invention by the setup briefly described
      above, a tangential line (PQ) of the grinding wheel 1, passing an optional
      point P on the outer periphery of said grinding wheel, is set, and the
      workpiece 2 supported on the support bed 4 is fed by moving the table 3
      from one to the other side of the grinding wheel in a direction (indicated
      by the arrow) parallel to said tangential line (PQ). In this case, the
      grinding wheel 1 is driven at a high speed and the workpiece 2 at a speed
      considerably lower than the speed of said grinding wheel, both in a
      clockwise direction as viewed in FIG. 2. The grinding wheel 1 and
      workpiece 2 are disposed vertically such that the tangential line (PQ) and
      the tangential line of the workpiece parallel to said tangential line (PQ)
      are located beyond each other with respect to the outer surfaces of said
      grinding wheel and workpiece respectively and are spaced from each other
      by a distance just equal to the desired depth t to be cut off, as shown.
PAR  A current is constantly supplied from the power source 6 to the grinding
      wheel 1 and workpiece 2, and an electrolyte is constantly supplied from
      the electrolyte supply nozzle 5 to the engaging portions of the grinding
      wheel and workpiece, throughout the grinding operation.
PAR  The electrolytic grinding is terminated when the workpiece 2 being fed at a
      relatively low speed in a direction parallel to the tangential line (PQ)
      has reached near the position indicated by the dotted line in FIG. 2.
PAR  We have actually carried out the conventional electrolytic grinding method
      illustrated in FIG. 1 and the electrolytic grinding method of the
      invention illustrated in FIG. 2, with the results which are shown in
      comparison in the table given below:
     Item         Conventional method                                          
                                 Subject method                                
     ______________________________________                                    
     Material of workpiece                                                     
                  Super-hard alloy                                             
                                 Super-hard                                    
                                 alloy                                         
     Diameter of workpiece                                                     
                  157 mm         157 mm                                        
     Speed of grinding                                                         
     wheel        3,000 r.p.m.   2,500 r.p.m.                                  
     Speed of workpiece                                                        
                  20 r.p.m.      1.5 r.p.m.                                    
     Feeding rate 0.013 mm/min   0.57 mm/min                                   
     Grinding period                                                           
                  90 min.        30 min.                                       
     Circularity of fini-                                                      
     shed workpiece                                                            
                  0.026 mm       0.0026 mm                                     
     ______________________________________                                    
PAR  According to the method of this invention, as described above, the
      electrolytic grinding is achieved while the workpiece is moving slowly
      toward the grinding wheel and moving slowly away therefrom. Thus, the
      grinding method is accomplished so that the rotating workpiece is fed
      along a line parallel to the tangential line of the outer peripheral
      surface of the rotating grinding wheel, enabling contact of the rotating
      grinding wheel with the rotating workpiece while both are rotating and the
      workpiece is moving relative to the grinding wheel such that lands or
      concavities are not formed in the peripheral surface of the workpiece. And
      in addition thereto, the electrolytic grinding is carried out with
      continuous rotation of the workpiece during the time from the start to the
      end of the grinding operation. Therefore, the formation of a land by
      re-electrolysis at about the grinding terminating or grinding starting
      portion of the workpiece can be avoided and the circularity of the
      finished workpiece can be increased to about 2-3 microns.
PAR  It will also be seen from the above experimental results that according to
      the invention, the period required for grinding can be shortened
      drastically as compared with the conventional method, and further, the
      grinding speed itself can be increased.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electrolytic grinding method including the steps of continuously
      rotating a grinding wheel and a cylindrical workpiece, feeding the
      cylindrical workpiece to be in engaging relation with the grinding wheel,
      applying a voltage between said cylindrical workpiece and said grinding
      wheel, and supplying an electrolyte between said cylindrical workpiece and
      said grinding wheel to effect electrolytic grinding of said cylindrical
      workpiece, the improvement comprising the steps of:
PA1  mounting said cylindrical workpiece prior to said step of feeding at a
      positional relation to said grinding wheel such that the tangential lines
      to said workpiece and said grinding wheel extending in the feeding
      direction of said workpiece and closer to said grinding wheel and
      workpiece respectively are spaced with respect to each other towards the
      centers of said grinding wheel and workpiece respectively at a distance
      corresponding to a predetermined depth to be cut-off of said workpiece,
      and
PA1  electrolytically grinding with said grinding wheel the entire outer
      peripheral surface of said rotating cylindrical workpiece to said
      predetermined depth by feeding said rotating cylindrical workpiece along
      said feeding direction parallel to said tangential lines.
NUM  2.
PAR  2. An electrolytic grinding method according to claim 1, wherein said step
      of feeding includes moving said rotating cylindrical workpiece past said
      grinding wheel along said direction parallel to said tangential lines
      after the electrolytic grinding of said rotating cylindrical workpiece to
      said predetermined depth has been effected.
NUM  3.
PAR  3. An electrolytic grinding method according to claim 1, wherein said
      grinding wheel electrolytically grinds said rotating cylindrical workpiece
      to a circularity of the order of 2 - 3 microns.
NUM  4.
PAR  4. An electrolytic grinding method according to claim 1, wherein said
      grinding wheel is rotated at a substantially greater rotational speed than
      said cylindrical workpiece.
NUM  5.
PAR  5. An electrolytic grinding method according to claim 4, wherein said
      grinding wheel and said cylindrical workpiece are rotated in the same
      direction.
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ABST
PAL  Process for decreasing the sulfur content of liquid metal using high
      temperature comprising passing a direct current by means of two electrodes
      through a solid electrolyte constituting a refractory wall of oxide having
      anionic conductivity through the oxygen (O.sup.-.sup.-) ions and also
      cationic conductivity through ions which are capable of reacting with the
      sulfur, wherein the metal to be purified forms the negative electrode. The
      process is particularly adapted to desulfurizing iron and ferrous alloys
      when present in the liquid state.
BSUM
PAR  The present invention relates to the desulfurization of liquid metals using
      high temperatures. More particularly this invention relates to a method
      for decreasing the sulfur content of metals capable of being molten
      utilizing an electrolytic procedure.
PAR  The known techniques for producing metals from ores containing the same
      include at least one refining step which is intended to eliminate the
      impurities present in the raw metal which impurities consist of both
      metals and metalloids. Certain of these generally present impurities, even
      when present in small amounts are capable of profoundly affecting the
      mechanical properties and characteristics of the metal or alloys sought to
      be prepared. For instance, in the case of steel working, sulfur
      constitutes a particularly harmful impurity, the presence of which gives
      rise to a deterioration in a large number of the properties of the metal,
      among which there may be mentioned forgeability, weldability and
      resilience. Therefore, attempts are made in the course of the preparation
      of the steel to limit the inclusion therein of extraneous sulfur and
      additionally to decrease, by appropriate treatment, the sulfur which is
      already unavoidably present in the metal. The treatment as is presently
      employed generally consists in the fixing of the sulfur in the form of
      insoluble sulfides which are then eliminated by careful treatment of the
      slag which is formed. This is generally accomplished by introducing into
      the melt desulfurizing agents. The desulfurizing agents in the main are
      selected from the group consisting of carbonates of sodium or calcium,
      calcium carbide and more complex mixtures containing any of the foregoing,
      as basic constituents. However, in spite of the affinity of sulfur for
      these additives, it is only possible to obtain adequate desulfurization by
      insuring their proper dispersion in the metal bath. This requires for
      instance the blowing in of the agents in the form of their powders
      suspended in a gaseous vehicle. Such techniques almost always give rise to
      the formation of a more or less fluid dross or slag and are associated
      with the known drawbacks arising from the presence of such dross or slag,
      such as the loss of metal in the subsequent cleansing, risk of
      incorporating components of the slag in the metal, fouling of the
      apparatus and the like.
PAR  It is an object of the present invention to provide a process allowing for
      the effective desulfurization of molten metals not associated with the
      disadvantages of the heretofore practiced procedures.
PAR  It is another object of the invention to provide a process for
      desulfurizing metals avoiding the need to incorporate into the metal melt
      any scorifying agents.
PAR  Yet another object of the invention is a simple and economically feasible
      method for decreasing the sulfur content of metals, liquid at high
      temperature.
DRWD
PAR  These and other objects and advantages of the invention will become
      apparent from a consideration of the following disclosure and drawings in
      which
PAR  FIG. 1 depicts the apparatus used for carrying out the desulfurization in
      accordance with the invention;
PAR  FIG. 2 depicts graphically the content of sulfur and oxygen of a liquid
      iron bath, desulfurized utilizing a cell having a lime solid electrolyte
      wall; and
PAR  FIG. 3 depicts graphically the levels of the sulfur content as a function
      of time under different conditions.
DETD
PAR  In accordance with the invention it has now been found that the sulfur
      content of metals that are liquid at high temperatures, can be decreased
      by passing a direct current utilizing two electrodes, through a wall of
      refractory oxide which has anionic conductivity through the oxygen
      (O.sup.-.sup.-) ions and cationic conductivity through ions that are
      capable of reacting with the sulfur, the said wall of refractory oxide
      containing a fluoride of an alkali or alkaline earth metal, wherein the
      metal being desulfurized forms the negative electrode of the
      electrochemical cell which is thusly formed. According to one preferred
      embodiment of the invention, conductivity is ensured by inclusion of
      calcium or magnesium ions. The wall of refractory oxide in this instance
      contains materials such as lime, magnesia or calcined dolomite associated
      with calcium fluoride.
PAR  As will be appreciated, the method in accordance with the invention is
      based on the use of solid electrolytes for fixing the sulfur present in
      the liquid metal. A large number of solid electrolytes are known which are
      specifically composed and adjusted with view toward their use in measuring
      the activity of oxygen present in gases and in liquid metals. The best
      known of this class of solid electrolytes and the one which has been most
      actively investigated and evaluated is zirconia doped with lime. Such
      electrolyte, in particular, the latter zirconia electrolytes, are
      possessed of conductivity through oxygen ions. This property has been used
      to form the so-called oxygen batteries which through measurement of the
      potential make it possible to determine the activity of the oxygen gas
      dissolved in molten metals. Moreover, this same property has been used for
      eliminating the oxygen from molten metal baths, in particular from tin and
      copper baths.
PAR  In order to obtain this result, a current is passed through the battery
      formed by the metal constituting one electrode, the solid electrolyte and
      the second electrode. The oxygen present in the metal is thereby passed
      through the wall of solid electrolyte and is eliminated at the other
      electrode by gas scavenging.
PAR  It has quite recently been found that certain of the solid electrolytes
      display conductivity not only through the oxygen ions present therein but
      also cationic conductivity. The applicants on the basis of the latter
      finding have concluded that a solid electrolyte, having conductivity
      through its oxygen ions and also cationic conductivity, should under
      certain conditions be suitable for the desulfurization of molten metal.
      The work undertaken by the applicants has established that this
      desulfurization is not only possible but further the use of such
      electrolytes permits the obtaining of unexpectedly high degrees of
      elimination of sulfur and that, to the extent, that the cationic
      conductivity is ensured by the presence of cations capable of reacting
      with the sulfur. Thus the lime or calcined dolomite refractory walls in
      which cationic conductivity is supplied by the presence therein of calcium
      ions have proved highly efficient for decreasing the sulfur contents of
      metal. In the case where the desulfurization of cast iron is sought to be
      effected, magnesia walls, the active ions being magnesium ions, are also
      suitable for use. Indeed, when a current is passed through a solid wall of
      electrolyte prepared on the basis of these materials, the metal forming
      the negative electrode, a simultaneous double mechanism is brought about.
      On the one hand, the elimination of the oxygen which in the process passes
      through the wall of the solid electrolyte, and on the other hand, the
      reaction of sulfur with the calcium ions which owing to their cationic
      conductivity are brought to the metal-electrolyte interface, which is
      solid and deprived of oxygen ions, are brought about. Thereby the sulfur
      is fixed in the electrolyte wall of solid material and is accordingly
      eliminated from the bath.
PAR  The advantages of the process of the invention and its simplicity as well
      will be seen clearly from the following Examples in which the process is
      described by reference to the drawings.
PAC  EXAMPLE 1
PAR  The process is carried out in a double-walled (1 and 2) refractory
      crucible, the walls being separated by an insulation of refractory grains
      3 in order to improve the heat retention. The crucible is separated into
      two compartments I and II by a wall of solid electrolyte 4 characterized
      by anionic and cationic conductivity as has been described above. The
      crucible has heating means not shown in the drawing but which are
      well-known and which serve for keeping the iron at a temperature in the
      order of 1600.degree.C. A thermocouple 5 makes it possible to check that
      the temperature is maintained as required. In each compartment, an
      electrical conductor is placed consisting of an iron rod 6 and 7 encased
      in an aluminum sheath 8 and 9. These electrodes are connected respectively
      to a source of direct current whose intensity is stabilized in the
      conventional manner. The connection is made in such a manner that the
      metal being desulfurized constitutes the negative pole of the cell thus
      formed. Utilizing this apparatus, the applicants herein evaluated a number
      of walls and specifically walls made of lime containing calcium fluoride
      (about 4% by weight), one on the basis of calcined dolomite also
      containing calcium fluoride and a third constituted of magnesia which is
      also associated with calcium fluoride. The results were essentially the
      same so that only those results obtained in the case of the lime wall with
      calcium fluoride need be reported.
PAR  In order to evaluate the effectiveness of the cell and specifically the
      process of the invention, tests were carried out by placing in
      compartments I and II a mass of liquid iron not containing any sulfur. In
      a second step there was placed in the cathode compartment a known quantity
      of sulfur and a determination of the quantity of sulfur and oxygen present
      was carried out before the cell was activated.
PAR  By reference to FIG. 2 it will be seen that after 35 minutes of
      stabilization, the sulfur and oxygen contents of the metal being purified
      were respectively 690 ppm and 106 ppm. After 35 minutes of stabilization,
      in a second step a 3-ampere direct current was passed through the cell and
      the content of sulfur and oxygen determined by successively carried out
      determinations. An examination of FIG. 2 wherein the abscissa there is
      shown the time and on the ordinate the contents of sulfur and oxygen
      establishes that in the absence of the passage of current, the quantities
      of sulfur and oxygen remain stable and then decrease as the current is
      passed through the cell. This decrease is considerable as regards the
      sulfur content which in an hour fell from 690 to 48 ppm representing the
      elimination of 93% of the sulfur originally present. Parallel to this it
      is noted that the quantity of oxygen fell from 106 to 13 ppm.
PAC  EXAMPLE 2
PAR  In a second set of tests, the lime wall was replaced by a calcined dolomite
      wall associated with calcium fluoride (the composition of the calcined
      dolomite corresponds to approximately MgO=40%, CaO=60%). The other
      operating conditions were kept the same, 610 ppm of sulfur were then
      placed in the liquid iron melt. The evaluation of the sulfur content shows
      the following:
TBL   5 minutes           450 ppm                                              
     10 minutes           270 ppm                                              
     15 minutes           170 ppm                                              
     20 minutes            90 ppm                                              
     30 minutes            40 ppm                                              
     40 minutes            20 ppm                                              
PAR  In FIG. 3, the above decrease has been shown as a function of the iron
      sulfide content for different current strengths. It can be seen that for
      an intensity of current of 5-amperes, the initial sulfur content which was
      0.03%, dropped below 0.005% after 30 minutes which is to be considered a
      remarkable result. It will also be seen that with a current strength of
      3-amperes combined with a very small addition of aluminum, 0.05%, it is
      made possible to decrease the sulfur content down to the order of 0.001%
      in 30 minutes.
PAR  These results which show a particularly high desulfurization establish the
      importance of the method of the invention and confirm that sulfur can be
      eliminated from molten metal without resorting to the formation of slag.
PAR  Examination carried out using X-ray diffraction techniques conducted on the
      surface of the solid electrolyte exposed to the sulfurated metal
      established that the sulfur remains fixed in the form of calcium sulfide
      in the solid electrolyte.
PAR  The efficiency of the desulfurization of the invention which is obtained
      without having to resort to the use of a very highly divided state of
      material, is accounted for by the fact that through the action of the
      current, there is a continuous contribution of ions reacting with the
      surface on the interface of the metal to be purified and the refractory
      wall. It should be noted that in the tests carried out, liquid metal was
      placed on either side of the refractory wall so as to be able to carry out
      check determinations on both sides of the wall. In practice, however, the
      presence of metal on both sides of the wall is not necessary and the
      passage of current can be carried out equally well by applying an electric
      conductor directly against the surface of the wall opposite the metal to
      be purified. Indeed, owing to the conductivity properties of the materials
      used to form the walls, the metal/refractory oxide contact suffices to
      ensure the passage of current at the temperatures in question.
PAR  It is obvious that the process of the invention can be used without
      encountering any difficulty for desulfurizing liquid metal other than iron
      and ferrous alloys, for example, copper and tin.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
PAR  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for decreasing the sulfur content of a metal that is liquid at
      a high temperature which comprises passing a direct electric current
      between two electrodes, one of which consists of a solid refractory metal
      oxide having an anionic conductivity through oxygen (O.sup.-.sup.-) ions
      that are present therein and cationic activity through the presence of
      cations that are present therein which are capable of reacting with
      sulfur, the said electrode of the refractory metal oxide containing a
      fluoride of an alkali metal or alkaline-earth metal, in which process the
      metal to be desulfurized forms the negative electrode of the
      electrochemical cell that is thus produced.
NUM  2.
PAR  2. Process according to claim 1 wherein said refractory oxide is lime.
NUM  3.
PAR  3. Process according to claim 1 wherein said refractory oxide is magnesia.
NUM  4.
PAR  4. Process according to claim 1 wherein said refractory oxide is a mixture
      of calcium oxide and magnesium oxide.
NUM  5.
PAR  5. Process according to claim 1 wherein said liquid metal is an iron or
      iron-containing alloy.
NUM  6.
PAR  6. Process according to claim 1 wherein said liquid metal is tin or copper.
NUM  7.
PAR  7. Process according to claim 1 wherein said process is conducted at a
      temperature of about 1600.degree.C.
NUM  8.
PAR  8. A process for decreasing the sulfur content of a metal that is liquid at
      a high temperature as defined in claim 1 which comprises maintaining the
      metal that is to be desulfurized in a molten state in a refractory
      crucible comprising at least two compartments that are separated from each
      other by an electroconductive wall that is formed of a solid electrolyte
      comprising a fluoride of an alkali metal or alkaline-earth metal together
      with calcium oxide or magnesium oxide or a mixture of both which serves as
      the positive electrode, and passing a direct electric current between the
      molten metal and the electroconductive wall for a period sufficient to
      produce a reduction of the sulfur content of the metal.
NUM  9.
PAR  9. A process as defined in claim 8 in which calcium fluoride is the
      fluoride of the alkaline-earth metal in the electrolyte.
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ABST
PAL  In an electrolytic cell for the production of halogen and caustic from an
      aqueous alkali metal halide solution containing anode and cathode
      compartments separated by a diaphragm an improved diaphragm is provided.
      The diaphragm is a porous sheet material made of a tetrafluoroethylene
      polymer having a low amorphous content and a micro-structure characterized
      by nodes interconnected by fibrils having a porosity of about 50 to 90
      percent and a very tortuous path of interconnection. The improved
      diaphragm has an extremely long service life.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  This invention relates to electrolytic cells for the production of halogen
      from an aqueous alkali metal halide solution wherein the cell is of the
      diaphragm type and, more particularly, the invention relates to an
      improved diaphragm for that cell.
PAR  2. Description of the Prior Art
PAR  For many years, as shown by the textbook, Chlorine, ACS Monograph 154, J.
      S. Sconce, Editor, Reinhold Publishing Company, New York, New York, 1962,
      a diaphragm-type cell has been commonly used in the production of halogens
      such as chlorine and caustic from various alkali metal halide solutions.
      Among the cells disclosed therein are the well-known Hooker type cells,
      the Diamond type cells and filter press cells. Particularly for the Hooker
      and Diamond type cells it has been customary to use an asbestos deposited
      material as the diaphragm inasmuch as these diaphragms are fairly easily
      and consistently made. However, the use of asbestos has not been entirely
      satisfactory, especially with the advent of the newer, dimensionally
      stable metal anodes, inasmuch as the asbestos diaphragm tends to have a
      rather short service life; and now asbestos has become a suspect health
      hazard.
PAR  U.S. Pat. No. 3,694,281 discloses impregnating the asbestos diaphragm with
      polytetrafluoroethylene so as to obtain improved mechanical strengths when
      the diaphragm is employed under conditions of continuous operation in
      electrolytic cells containing an aqueous electrolyte. Another U.S. Pat.
      No. 3,312,614 discloses the use of a diaphragm made of
      polytetrafluoroethylene fabric for use in a filter press cell. The use of
      the fabric diaphragm is said to substantially preclude disturbances of the
      electrolysis plant because of overheating in the electrolytic cell. Still
      another U.S. Pat. No. 3,438,879 discloses a permselective diaphragm for an
      electrolytic cell wherein the diaphragm can be fabricated from
      polytetrafluoroethylene made as a woven cloth.
PAR  The textbook, Industrial Electrochemical Processes, edited by A. P. Kuhn,
      Elsevier Publishing Company, Amsterdam, 1971, in Chapter 15 at page 583
      notes that a continuous mat of polytetrafluoroethylene fibers fused
      together at each intersection has been suggested for use in electrolytic
      cells; but its use as a filtering diaphragm would only become practical if
      the hydrophobic character which would cause occlusion of gas bubbles
      within the pores with a resultant increase in electrical resistance could
      be overcome.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention there is provided in an electrolytic cell
      for the production of halogen and caustic from an aqueous alkali metal
      halide solution containing anode and cathode compartments separated by a
      diaphragm, the improvement comprising a diaphragm of porous
      tetrafluoroethylene polymer sheet material which has an amorphous content
      not exceeding about 5 percent and a micro-structure characterized by nodes
      connected by fibrils, said fibrils having a diameter of about 5 to about
      1,000 angstroms, said nodes having lengths of about 0.5 to about 400
      microns, said sheet having a porosity of about 50 to about 90 percent, a
      bulk density of less than about 1.0 and a bulk tensile strength of greater
      than about 3,000 pounds per square inch.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Paste-forming of dispersion polymerized poly(tetrafluoroethylene) is well
      known commercially. Extrusions of various cross-sectional shapes such as
      tubes, rods and tapes are commonly obtained from a variety of
      tetrafluoroethylene resins, and other paste-forming operations such as
      calendering and are practiced commercially. The steps in paste-forming
      processes include mixing the resin with a lubricant such as odorless
      mineral spirits and carrying out forming steps in which the resin is
      subjected to shear, thus making the shaped articles cohesive. The
      lubricant is removed from the extruded shape usually by drying. In usual
      practice this unsintered product is heated above the polymer's melting
      point, generally about 327.degree. C., causing it to sinter or coalesce
      into an essentially impermeable structure. However, it is the unsintered
      product that is the precursor of the invention.
PAR  In South African Pat. No. 713,287 (and its equivalent, French Pat. No.
      2,090,775) it is disclosed that such paste-formed, dried, unsintered
      shapes can be expanded by stretching them in one or more directions under
      certain conditions so that they become substantially much more porous yet
      stronger. This phenomenon of expansion with increase in strength occurs
      with certain preferred tetrafluoroethylene resins and within preferred
      ranges of  rate of stretching and preferred ranges of temperature. The
      preferred temperature range is from about 35.degree. C. to 327.degree. C.
      It has been found that certain of the shaped materials which have been
      simultaneously stretched in two directions in accordance with the
      foregoing South African patent have unique and unexpected properties
      making them suitable for use as diaphragms in electrolytic cells for
      production of halogen and caustic. For the sake of brevity, the details of
      formulation and preparation of these porous sheet materials disclosed in
      the South African Pat. NO. 713,287 are herein incorporated by reference,
      although certain of these details will be hereinafter repeated for the
      convenience of the reader.
PAR  The primary requisite of a suitable resin for use in this invention within
      the confines of the above South African patent is a very high degree of
      crystallinity, preferably in the range of 98 percent or above and
      correspondingly low amorphous content and, in any event, a crystallinity
      of at least 95 percent, i.e., and amorphous content of not more than 5
      percent. It has been found that techniques for increasing the
      crystallinity, such as annealing at the highest possible temperature but
      just below the melt point, improves the performance of the resins in the
      expansion process. Copolymers of tetrafluoroethylene, which have defects
      in the crystalline structure that introduce the higher amorphous content,
      do not work as well in this invention as homopolymers. However, it is
      found, for example, that resins which contain less than 0.2 percent of
      hexafluoropropylene as co-monomer can be made to work in this invention by
      going to very high rates of expansion at high temperatures just below the
      melting point.
PAR  The porous micro-structure of the expanded material of this invention is
      affected by the temperature and the rate at which it is expanded. The
      structure consists of nodes interconnected by very small fibrils. In the
      case of uniaxial expansion the nodes are elongated, the longer axis of the
      node being orientated perpendicular to the direction of the expansion. The
      fibrils which interconnect the nodes are orientated parallel to the
      direction of the expansion. These fibrils appear to be characteristically
      wide and thin in cross-section, the maximum width being equal to about 0.1
      micron (1,000 angstroms) which is the diameter of the crystalline
      particles. The minimum width may be one or two molecular diameters or in
      the range of 5 to 10 angstroms. The node may vary in size from about 400
      microns to less than a micron, depending on the conditions used in the
      expansion. These nodes, on the average of about 50 microns in size and
      very irregular in shape, lie closely together and in many instances appear
      to touch at points. A given node is connected to adjacent or nearby nodes
      by the fibrils which vary in length from 5 to 500 microns depending upon
      the amount of expansion. The expansion results in production of
      spider-web-like or cross-link configurations. The porosity increases as
      the voids or spaces between the polymeric nodes and fibrils become more
      numerous and larger in size. The porous films thus formed can be
      subsequently laminated to form suitable structures of required properties.
PAR  It has been found that a critical combination of percent porosity and pore
      size in conjuntion with thickness of the diaphragm film material is
      necessary in order to achieve a polytetrafluoroethylene film which is
      wettable by the electrolytes found within the typical diaphragm type
      electrolytic cell, permits the electrical charge flux, hydraulic flow and
      yet blocks the flow of gas from one electrolyte compartment to the other.
      These conditions are met by the use of a polytetrafluoroethylene porous
      film having a thickness of 5 to 100 mils, preferably 10 to 80 mils a
      porosity of 50 to 90 percent with a range of pore sizes from about 0.1 to
      about 1.0 microns and preferably from 0.1 to 0.5 microns. These materials
      can be made hydrophilic by grafting polymeric chains terminating in a
      charged group, e.g., SO.sub.3.sup.- or COO.sup.-. Also, inorganic
      compounds could conceivably be permanently introduced into the porous
      structure. These modifications are covered by this invention although are
      not specifically referred to. The foregoing films have adequate properties
      as far as structure and tortuosity of the pores is concerned. These films
      seem to have good gas separation qualities which is apparent from the high
      bubble points for these materials. Current efficiency of cell is dependent
      upon the amount of hydroxyl ion back migration allowed by the diaphragm.
      The hydroxyl ion back migration is governed by the mobility, which is, in
      turn, controlled by the electrolyte velocity across a given pore. The
      average pore size, tortuosity and the porosity of the diaphragm are
      important characteristics. The thickness of the diaphragm is also
      important because by increasing the film thickness at a given average pore
      size one would have a longer path for diffusion and migration of ionic
      species. The ionic conductivity of the diaphragm is also a parameter of
      significant importance. Hence, there is a critical balance between pore
      size, porosity, tortuosity and thickness of the porous material. A
      physical determination called Gurley Number, which is the amount of time
      in seconds required to pass a certain volume of air (100 milliliters)
      through a given sample area (1 inch.sup.2) using a special apparatus,
      takes into account the pore size, porosity, tortuosity and thickness
      together. Gurley Number measurement is further described and means for
      determination is more fully set forth in TAPPI Standard No. T460-OS68 or
      ASTM D-726-58 (reapproved 1971,) which, for the sake of brevity, is
      incorporated herein by reference. The diaphragms of this invention will
      preferably have a Gurley Number of 25 to 100 seconds.
PAR  Diaphragms according to the invention may be made where a number of films
      of the invention are bonded by an adhesive in sandwich fashion.
PAR  The porous diaphragms of this invention are installed in an electrolytic
      cell in much the same manner as asbestos paper or other similar diaphragms
      would be installed. For instance, in the filter press type of cell the
      porous diaphragm can be laid over the cathode and then by use of a
      friction clip snugly fitted along the frame edge so as to preclude leakage
      around the diaphragm. In a similar manner the diaphragm can be installed
      in other electrolytic cells such as the Hooker and Diamond types.
PAR  It is an advantage of this invention that the invented diaphragm has an
      extremely long service life so that the cell does not have to be reopened
      and rediaphragmed every 200 to 300 days as is typical with the
      conventional asbestos deposited diaphragms with metal  anodes. The use of
      diaphragms of this invention makes possible the renewal of the cell from a
      diaphragm standpoint a matter of years instead of a matter of months as
      with the conventional asbestos diaphragms. Hence, this is a great economic
      savings to the operator of the electrolytic cell.
DETD
PAR  The following examples are included to illustrate the use of the diaphragms
      of the present invention in electrolytic cells but are not to be
      considered limiting. Unless otherwise specified, all parts are parts by
      weight and all temperatures are expressed as degrees Centigrade.
PAC  EXAMPLE I
PAR  A polytetrafluoroethylene film prepared by the process of the South African
      Pat. No. 713,287 and having a film thickness of 25 mil (i.e., 0.025 inches
      thickness) a nominal pore size of 0.8 to 1 micron and a porosity of 65
      percent was installed in a test chlorine cell. The film was wetted with
      acetone and water and finally a proprietary metal surface cleaning
      compound in successive stages. The film was washed with water before it
      was installed in the test cell. The test cell anodes and cathodes each
      have an active electrode area of 3 inches by 6 inches. In the
      configuration of this cell the porous diaphragm was separated from the
      cathode by a polypropylene screen. With a one-quarter-inch anolyte gap and
      a current density of 200 amperes per square foot, the cell voltage was
      3.45 volts. The current efficiency at 50 percent salt cut was about 81.5
      percent. Salt cut is determined by dividing the number of moles of NaOH by
      the sum of a number of moles of sodium hydroxide and moles of sodium
      chloride in the catholyte of the electrolytic cell. When the salt cut was
      40 percent, the current efficiency was 88 percent.
PAC  EXAMPLE II
PAR  A three-ply laminate of 4 mil thick porous polytetrafluoroethylene film of
      0.5 grams per cubic centimeter bulk density was made with two perforated
      polyethylene films sandwiched in between the polytetrafluoroethylene
      films. The diaphragm was tested as in Example 1. At a 48 percent salt cut
      a current efficiency of 81.2 percent was obtained. A cell voltage of 3.60
      volts at 160 amperes per square foot was observed.
PAC  EXAMPLE III
PAR  A porous polytetrafluoroethylene diaphragm having a nominal micron pore
      size of 0.8, a porosity of 85 percent and a thickness of 10 mil was
      pre-treated and installed in the chlorine test cell in the manner of
      Example I. The anolyte head pressure was 8 inches and had a flow rate of
      6.3 milliliters per minute. The voltage was 3.40. At a salt cut of about
      40 percent, a current efficiency of 77 percent was obtained.
PAC  EXAMPLE IV
PAR  A porous polytetrafluoroethylene film having a nominal pore size of 0.7
      micron, a porosity of 70 percent and a thickness of 25 mil was pre-treated
      and installed in the chlorine test cell as in the manner of Example I.
      With an anolyte head pressure of 8 inches and a flow rate of 6.3
      milliliters per minute, a voltage of 3.5 and at a salt cut of 40 percent,
      a current efficiency of 88 percent was obtained.
PAC  EXAMPLE V
PAR  Example IV was repeated that the anolyte flow rate was 5.2 milliliters per
      minute and the salt cut was 50 percent. The current efficiency obtained
      was 81.5 percent.
PAC  EXAMPLE VI
PAR  A porous polytetrafluoroethylene film having a thickness of 4 mil and a
      bulk density of 0.5 grams per cubic centimeter was heat laminated to a
      similar film with a 2 mil perforated polyethylene film being in between
      the polytetrafluoroethylene films. Overall thickness was 10 mil. This film
      was installed in a cell described in Example I. At a salt cut of 33.3
      percent, a current efficiency of 81.7 percent was obtained. The cell
      voltage was 3.50 volts at 200 amperes per square foot.
PAC  EXAMPLE VII
PAR  A two-ply laminate made from 10 mil thick porous polytetrafluoroethylene
      film of 0.5 grams per cubic centimeter bulk density with perforated
      polyethylene film of 3 mil thickness in between was made and tested as in
      Example I. At 29.8 percent salt cut a current efficiency of 96 percent was
      obtained. A cell voltage of 3.51 at 160 amperes per square foot was
      obtained.
PAC  EXAMPLE VIII
PAR  A four-ply laminate of the porous polytetrafluoroethylene film of 4 mil
      thickness having a bulk density of 0.5 grams per cubic centimeter density
      and 3 layers of perforated polyethylene film sandwiched in between the
      porous polytetrafluoroethylene films was installed in a chlorine test cell
      as in Example I. At a salt cut of 58.9 percent, a current efficiency of
      77.5 percent was attained. A cell voltage of 3.75 volts at 160 amperes per
      square foot was noted.
PAC  EXAMPLE IX
PAR  A three-ply laminate of 10 mil thick porous polytetrafluoroethylene film of
      0.4 grams per cubic centimeter bulk density with perforated polyethylene
      film was installed in a chlorine test cell as in Example I. A flow rate of
      2.0 milliliters per minute was obtained at an anolyte head of 18 inches.
      At a salt cut of 75.6 percent, a current efficiency of 77.1 percent was
      noted. A cell voltage of 3.82 volts at 160 amperes per square foot was
      observed.
PAC  EXAMPLE X
PAR  A laminate of the porous polytetrafluoroethylene films was made with no
      adhesives or other thermoplastics having a 30 mil thickness with 86
      percent porosity. The film exhibited a Gurley Number of 30 seconds. The
      laminate porous film was installed in a chlorine test cell as in Example
      I. At 5-inch anolyte head it had a flow rate of 6.1 milliliters per
      minute. Under these conditions a salt cut of 43.8 percent and a current
      efficiency of 93.7 percent was obtained. A cell voltage of 3.50 volts at
      200 amperes per square foot was observed.
PAC  EXAMPLE XI
PAR  An all polytetrafluoroethylene porous film laminate having a thickness of
      24 mil and 86 percent pore volume and a Gurley Number of 25 seconds was
      tested in a chlorine cell of Example I. At an anolyte head of 10 inches a
      flow rate of 7.5 milliliters per minute corresponded to a salt cut of 38.2
      percent with a current efficiency of 97.2 percent. A voltage of 3.85 volts
      at 200 ampers per square foot was observed.
PAC  EXAMPLE XII
PAR  An all Teflon porous film laminate having a thickness of 75 mil and 86
      percent porosity and a Gurley Number of 90 seconds was tested in a
      chlorine cell of Example I. At a differential head of 15 inches of
      anolyte, a flow rate of 4.52 milliliters per minute was observed. At 55.7
      percent salt cut a current efficiency of 91.7 percent was obtained. A cell
      voltage of 4.7 volts at 200 ampers per square foot was noted.
PAC  EXAMPLE XIII
PAR  An all polytetrafluoroethylene porous film laminate having a thickness of
      36 mil and 81 percent porosity with a Gurley Number of 88 seconds was
      tested in the chlorine cell of Example I. At a differential head of the
      anolyte of 4 inches, a flow rate of 5.2 milliliters per minute was
      observed. At a salt cut of 51.8 percent, a current efficiency of 93.1
      percent was obtained. A cell voltage of 3.78 volts at 200 amperes per
      square foot was noted for this diaphragm.
PAC  COMPARATIVE EXAMPLE
PAR  By way of comparison a MITEX diaphragm material discussed by A. T. Kuhn,
      supra, was compared in the test cell of Example I. The fabric (MITEX
      LSWP304 F-1) had a thickness of 0.005 inch and an average pore size of 5
      microns. When a less than commercially acceptable salt cut of 25.4 percent
      was used, the resulting current efficiency was 58.8 percent. When a
      commercially acceptable salt cut of 42.2 percent was used, the current
      efficiency was 55.2 percent. These results are unsatisfactory for
      commercial electrolytic cells.
PAR  The foregoing examples had been described in the foregoing specification
      for the purpose of illustration and not limitation. Many other
      modifications and ramifications will naturally suggest themselves to those
      skilled in the art based on this disclosure. These are intended to be
      comprehended as within the scope of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an electrolytic cell for the production of halogen and caustic from
      an aqueous alkali metal halide solution containing anode and cathode
      compartments separated by a diaphragm, the improvement comprising:
PA1  a diaphragm of porous tetrafluoroethylene polymer sheet material which has
      an amorphous content not exceeding about 5 percent and a micro-structure
      characterized by nodes interconnected by fibrils, said fibrils having a
      diameter of about 5 to about 1,000 angstroms, said nodes having lengths of
      about 0.5 to about 400 microns, said sheet having a porosity of about 50
      to about 90 percent, a bulk density of less than about 1.0 and a bulk
      tensile strength of greater than about 3,000 pounds per square inch.
NUM  2.
PAR  2. The improvements of claim 1 wherein the diaphragm has a thickness of
      about 5 to about 100 thousandths of an inch.
NUM  3.
PAR  3. The improvement of claim 2 wherein the porosity is about 50 to 90
      percent with a pore size of 0.2 to about 1.0 microns.
NUM  4.
PAR  4. The improvement of claim 2 wherein the thickness is 30 thousandths of an
      inch, the porosity is 50 to 90 percent and the Gurley Number is 25-100
      seconds.
NUM  5.
PAR  5. The improvement of claim 1 wherein the diaphragm thickness is 10 to 80
      thousandths of an inch with a porosity of 85 percent.
NUM  6.
PAR  6. The improvement of claim 1 where a number of such films are suitably
      bonded by an adhesive in a sandwich fashion.
NUM  7.
PAR  7. The improvement of claim 1 where a number of such films are thermally
      bonded together, maintaining the polytetrafluoroethylene content to the
      same level.
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ABST
PAL  An electrolytic drainage treating apparatus is provided to treat a drainage
      containing a suspension of contaminated compound whereby the suspension is
      flocculated and removed by aluminum ions or iron ions eluted by
      electrolysis. The electrolytic drainage treating apparatus is equipped
      with a high speed electrolyzer comprising an anode and a cathode having a
      thin gap therebetween through which a drainage is forcibly passed as an
      electrolytic solution. The anode material such as aluminum and iron is
      eluted as ions by the electrolysis caused by passing electric current
      across the gap. The width of the gap between the anode and the cathode is
      controlled. The high speed electrolyzer is effectively used for various
      electrolytic treatments.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to electrolytic drainage treating apparatus.
PAR  2. Description of the Prior Art:
PAR  It is known to provide electrolytic treatments for cleaning drainages by
      removing contaminated components in suspension or solution with the
      flocculating effect of aluminum ions which are eluted by the electrolysis
      of aluminum. This has been found useful in cleaning drainages containing
      an insoluble colloidal suspension of ions of organic compounds or
      inorganic compounds such as dyeing drainages, food industrial drainages,
      and acidic drainages.
PAR  Referring to FIG. 1, the structure and operation of a typical conventional
      electrolytic treating apparatus will be illustrated. In FIG. 1, reference
      numeral 1 designates a drainage fed to an electrolyzer 9; 3 designates an
      anode made of aluminum; and 4 designates a cathode made of stainless steel
      or mild steel. A plurality of anode plates and cathode plates are
      connected in parallel to which DC current is supplied from a DC power
      source 6, 5 designates an outlet of the treated drainage.
PAR  In the apparatus shown in FIG. 1, aluminum of anode 3 is eluted as ions by
      passing DC current across the plates whereby the contaminated components
      are flocculated by the effect of the aluminum ions to form floc. The floc
      is floated with gas generated by the electrolysis (mainly hydrogen gas
      generated from the cathode) becoming scum 8 which is floated on the
      surface of the electrolytic solution in the electrolyzer 9. The scum 8 is
      scraped off by a skimmer 7 and clean water is discharged from the bottom
      of the electrolyzer.
PAR  However, in the above-mentioned electrolytic treating apparatus, the
      equivalent resistancee between the electrodes is increased which prevents
      current flow and which prevents electrolytic operation by contamination of
      the electrode surface caused by surface coated material (hereinafter
      referring to as scale) and by deposition of gas and other contaminated
      materials.
PAR  Because of the scale, the electrodes are rendered inactive. The inactivated
      state is caused after tens of hours or may occur after hundreds of hours
      of continuous operation. The surface electric current density of the
      electrode in the above noted operation is usually low such as about
      several mA/cm.sup.2. Because of this, large surface electrodes are used
      and a plurality of electrode plates are arranged in parallel with gaps of
      several cm. The current density of the electrodes is kept low in order to
      decrease the rate of elute per unit area of the anode so as to maintain a
      relatively long term active operation of the electrodes. Several tens of
      volts have been found necessary for the electrode gaps of several cm. For
      example, the treatment of dyeing drainage at a rate of 20m.sup.3 /hour
      requires 50 ppm of aluminum ions. The current required for the
      electrolysis is about 3000 A. The electrode surface S is given by the
      equation
      ##EQU1##
      wherein current density J = 2mA/cm.sup.2.
PAR  When an electrode plate having an area of 1 m.sup.2 is used and current is
      passed from both surfaces of the electrode, about 75 sheets of anode
      plates are required with the result that about 150 sheets of anode and
      cathode plates are required. Accordingly, the largeness of the
      electrolyzer required creates quite a burden.
PAR  It is usual to decrease the specific resistance P of the drainage by adding
      electrolyte. The specific resistance P can be about 500 ohms. The ohmic
      drop V between the electrodes is given by the equation
PAR  V = JPg = 2 .times. 10.sup..sup.-3 .times. 500 .times. 5 = 5 volts wherein
      the gap between electrodes electrodes g is 5 cm.
PAR  The equivalent resistance in the gap is quite higher than P because of the
      effects of scale and polarization. In practice, about 30 - 40 volts of
      applied voltage is necessary. In order to generate current in the case of
      an increase of electrode equivalent resistance caused by an increase of
      scale, it is usual to provide a DC power source of 50 - 100 volt which is
      greater than the ohmic drop.
PAR  However, this is not economical because of the requirements of a large
      power source. Thus the passive state caused by the scale etc. cannot be
      prevented by this procedure because of its impracticality.
PAR  A dyeing drainage contains a large quantity of colloid with the result that
      the colloid is flocculated with aluminum ions by the electrochemical
      method to obtain a clean drainage. However, in the conventional process,
      the separation of the scale by self-diffusion is not possible because the
      velocity of the electrolytic solution in the gap is too slow whereby the
      polarization on the surface of the electrodes is high. The drainage having
      high specific resistance is used as the electrolytic solution.
      Accordingly, it is difficult to perform the electrolysis in high current
      concentration and density and the electrolysis having low current
      concentraion of about several hundreds mA/1 and low current density of
      several hundreds mA/cm.sup.2 has been performed. Therefore, in order to
      give the coulometric concentration for eluting aluminum ions required for
      the cleaning of the drainage, it is necessary to electrolyze for an
      extended period. This has proved to be impractical for large volume
      drainage.
PAR  Moreover, in the conventional process, the scum flocculated with the
      aluminum ions eluted from the anode is fine floc. The scum is floated
      moving gradually in the gap from the anode. The floated scum 8 is
      discharged from the electrolyzer 9 by a skimmer 7. The gas used for the
      float of the floc is hydrogen gas which is generated on the cathode
      surface. The gap between the electrodes is quite broad, i.e., 10 - 100 mm.
      The diffusion of hydrogen gas is not sufficient and the fine bubbles of
      hydrogen gas are combined to form large bubbles which float at high
      velocity whereby the electrolytic solution is stirred to decrease the
      effect of flotation of the floc. The separation of the floc by floating is
      performed in the electrolyzer 9 between the electrodes at the time of
      electrolysis. Accordingly, the time for forming the floc from the
      insoluble suspension is too short. The direction of flow of the
      electrolytic solution of the drainage in the gap between the electrodes is
      from the upper part to the lower part as shown in FIG. 1. The fine floc is
      mixed in the treated drainage 5 making it difficult to obtain clean
      treated drainage. These are some of the disadvantages which have been
      found in the conventional apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an electrolytic
      drainage treating apparatus for treating a drainage containing an
      insoluble suspension of contaminated materials.
PAR  Other objects will appear hereinafter. In accordance with these objects,
      the electrolytic drainage treating apparatus is equipped with a high speed
      electrolyzer comprising an anode and a cathode which are disposed with a
      gap therebetween through which a drainage is forcibly passed as an
      electrolytic solution. The anode material such as aluminum and iron is
      eluted as ions by the electrolysis caused by passing electric current
      across the gap. Also, in accordance with the present invention, the width
      of the gap between the anode and the cathode is controlled. The high speed
      electrolyzer in accordance with the present invention may be used for
      various electrolytic treatments.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of one typical conventional electrolytic
      drainage treating apparatus;
PAR  FIGS. 2 (a), (b), (c) are schematic views showing a principle of the
      invention;
PAR  FIG. 3 is a schematic view of one embodiment of the electrolyzer of the
      invention;
PAR  FIG. 4 is a schematic view of a spacer used in FIG. 3;
PAR  FIGS. 5 (a) - (d) are schematic views of other types of spacers;
PAR  FIG. 6 is a schematic view of another embodiment of the invention;
PAR  FIG. 7 is a schematic view of an electrolytic drainage treating apparatus
      equipped with the electrolyzer of FIG. 3;
PAR  FIG. 8 is a schematic view of a control circuit for controlling the high
      speed electrolyzer;
PAR  FIG. 9 is a graph of gap voltage versus time in the control circuit;
PAR  FIG. 10 is a graph of gap voltage versus current in the control circuit;
PAR  FIG. 11 is a performance chart of switching in the control circuit;
PAR  FIG. 12 is a schematic view of another control circuit;
PAR  FIG. 13 is a phase diagram of discharge current and gap width versus time
      in the control circuit of FIG. 12;
PAR  FIG. 14 is a graph of gap voltage versus current in the control circuit of
      FIG. 12;
PAR  FIG. 15 is a performance chart of switching in the control circuit of FIG.
      12;
PAR  FIG. 16 is a schematic view of an improved apparatus equipped with the
      electrolyzer of FIG. 3;
PAR  FIGS. 17, 18 and 19 are schematic views of other embodiments of the
      apparatus of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The first feature of the invention is to provide a high speed electrolizer
      15 with electrodes 10, 11. Referring to FIGS. 2a, b, c, the principle of
      the invention using the anode 10 made of aluminum is illustrated. In FIGS.
      2a, b, c, the reference numeral 10 designates an anode and 11 designates a
      cathode made of stainless steel or mild steel. A drainage 1 for
      electrolytic treatment is forcibly fed to a thin gap 12 between the anode
      and the cathode through a hole 25 of the cathode 11. A spacer 13 is made
      of an electrical insulator such as stone or Teflon for maintaining the
      thin gap 12 and is mounted on the cathode 11. A DC current source 6
      supplies current for eluting aluminum in the gap. One characteristic of
      the system is to pass forcibly the drainage 1 through the small gap
      whereby the scale, gas and the other contaminated components deposed on
      the surface of the electrodes are washed out to form clean surfaces of the
      electrodes and the condition of the gap.
PAR  Optimum results can be obtained by providing the thin gap 12 of 0.5 -
      several mm. and the flow velocity of several tens m/s which is enough to
      remove the scale. A specific resistance of drainage such as a dyeing
      drainage is about 500 ohms - 1k ohms without adding an electrolyte such as
      sodium chloride. When the gap is thin gap, the current density of the
      electrolyte current can be increased, whereby the advantage of a compact
      apparatus, i.e., a decrease of electric power required for the
      electrolysis and a minimum capacity for the DC power source, are achieved.
      The electrolytic current density can be increased to about 0.2 - 1
      A/cm.sup.2 which is several hundreds times that of the conventional
      treatment. In the case of dyeing drainage at a rate of 20 mm/hr, the
      electrode area can be 3000 cm.sup.2 = 0.3 m.sup.2 which is only one sheet
      of circular aluminum plate having a diameter of 62 cm when the
      electrolytic current density J is 1 A/cm.sup.2, current is 3000 A and
      eluted aluminum is 50 ppm.
PAR  The ohmic drop between the electrode is given by the equation V = JPg = 1
      .times. 500 .times. 0.05 = 25 volts wherein a specific resistance of
      drainage P is 500 ohms and the width of the gap g is 0.05 cm. In
      accordance with the apparatus, the scale is removed by the high velocity
      drainage flow in the thin gap. The gap is kept in clean condition whereby
      excess voltage drop caused by scale does not occur and continuous stable
      electrolytic operation can be maintained by applying only about 27 volts
      which is an addition of about 2 volts to normal polarization voltage and
      the ohmic voltage drop. Accordingly, the DC power voltage can be about 30
      volts (27 volts + allowance).
PAR  Since it is unnecessary to consider the increase of the electrode voltage
      because of formation of the scale, the power capacity can be minimized and
      the cost of the apparatus can be decreased. In said embodiment, the
      current density J is 1 A/cm.sup.2 because of the decrease of the electrode
      area. When decrease of power is required, the following design is
      preferable. In the condition of the electrolytic current of 3000A and the
      eluted aluminum of 50 ppm, when the current density J is 0.18 A/cm.sup.2,
      the electrode area is 16700 cm.sup.2 = 1.7 m.sup.2, that is about 1/100 of
      that of the conventional apparatus.
PAR  The ohmic drop in the gap is given by the equation
EQU  V = JPg = 0.18 .times. 500 .times. 0.05 = 4.5V
PAL  wherein the gap g is 0.05 cm.. According to rough calculations, the power
      consumption W is compared with that of the conventional apparatus on the
      ohmic drop. The invention W.sub.1 = 3000 A .times. 4.5A = 13.5 KW.
      Conventional apparatus W.sub.1 = 3000 A .times. 15 KW. The power
      consumption of the invention is smaller than that of the conventional
      apparatus. In the conventional apparatus, the overvoltage caused by the
      scale etc., is high. Accordingly, the electrode voltage drop is quite
      higher than the ohmic drop. In the invention, to the contrary, only about
      2 volts of polarization voltage is added to the ohmic drop for the
      practical electrode voltage drop because the electrode surface is kept in
      clean condition. Accordingly, the practical power consumption is quite
      lower than that of the conventional apparatus.
PAR  Ths embodiment of the system which removes the deposit caused by the
      electrolysis only by the flow of the drainage has been illustrated. In
      FIG. 2a, b, c, the deposit on the anode is mechanically removed by
      friction of the spacer 13 so as to further clean the anode surface. The
      spacer 13 is not only for maintaining the gap but also for sliding on the
      anode surfaces so as to give relative movement of the anode and the
      cathode. The spacer is mounted on the cathode and contacted to the anode.
      It is hard to turn the cathode 360.degree. to the anode because of the
      lead wire connected for supply of the power. All of the anode surface can
      be contacted by reciprocal turning movement of the cathode to about
      130.degree. to the anode when 3 spacers 13 are mounted with a 120.degree.
      interval. The structure is shown in FIG. 2c.
PAR  In FIGS. 2a, b, c, the drainage is injected from the hole of the cathode to
      the gap 12. If the hole faces the same part of the anode surface, the
      convecto is formed on part of the aluminum anode. Accordingly, it is
      preferable to form the hole in eccentrical position so that the relative
      position of the hole is moved on the anode surface in the reciprocal
      turning of the cathode so as to dissolve the aluminum anode uniformly to
      prevent the formation of a short-circuit by the convecto.
PAR  In FIGS. 2a, b, c, the drainage is fed from the hole of the cathode to the
      gap, in the direction to the anode. However, it is possible to feed the
      drainage from a side of the electrodes to the thin gap in the direction
      parallel to the electrodes. The principle of the invention has been
      illustrated above.
PAR  One embodiment of the apparatus of the invention will be illustrated
      referring to FIG. 3, wherein the cathode 11 made of stainless steel or
      other conductive material and the anode 10 made of aluminum is disposed
      with the thin gap 12 through the spacer 13 made of a highly abrasive
      electrical insulator such as stone. The drainage 1 is forcibly passed as
      an electrolytic solution from the inlet 14 to the gap between the
      electrodes. The DC current is passed by the power source 6 to electrolyze
      the drainage to obtain the treated drainage 5' containing floc. The anode
      is decreased by the electrolysis.
PAR  In FIG. 3, the cathode placed above the anode is automatically dropped by
      the dead weight so as to maintain the gap between the electrodes with the
      spacer 13. The anode 10 is displaced by the relative movement of the
      cathode to contact the spacer 13 mounted on the cathode in the
      electrolysis. Thus, the insoluble suspension is flocculated by
      electrochemical discharge with the aluminum ions eluted from the anode 10
      by the electrolysis so as to form floc. Hydrogen gas is generated from the
      cathode surface 11.
PAR  Contaminations in the gap are washed off by the drainage 1 which flows in
      the gap as the electrolyte. Thus, the electrolysis can be continuously
      performed with clean surfaces of anode 10 and cathode 11. The scale formed
      on the anode surface 10 which is relatively hard to remove by the flow of
      the drainage in the gap, can be skimmed by the relative movement of the
      spacer 13 which has a projection which is mounted on the cathode surface
      11 as shown in FIG. 4. Accordingly, the deposition of scale on the anode
      surface 10 is prevented in order to uniformly dissolve the anode.
PAR  One example of the relative movement of the spacer 13 is illustrated
      referring to FIG. 3. The spacer 13 mounted on the cathode surface 11 is
      connected through the insulator plate 16 to the holder 22 and is held by
      the guide 18 to the vertical direction. A spline 19, an arm 20, a motor
      21, an electrolytic cell 15, insulator plates 16, 17 are provided. The
      rotation of the motor 21 turns the spline 19 at the upper part of the
      holder 22 through the arm 20 whereby the spacer 13 moves relatively to the
      anode 10. The spacer 13 slides on the anode surface by the relative
      movement. Accordingly, it is necessary to have an insulator of high
      abrasive resistance in order to prevent an accidental short-circuit of
      both of the electrodes and in order to maintain the thin gap of about 0.5
      - several mm.
PAR  In the above description, the spacer 13 is mounted on the cathode 11. Thus,
      if maintenance of the thin gap between the anode 10 and the cathode 11 is
      desired, it is possible to use spherical spacers and cylindrical roller
      spacers made of insulators on the guide groove 24 on the cathode surface
      11 whereby the thin gap 12 is automatically maintained by rolling them.
PAR  In FIGS. 5a, b, spherical spacers 13' are used. The anode 10, the cathode
      11, the hole 25 of the cathode from which the drainage is injected to the
      thin gap 12 are provided. The spherical spacers 13' are guided on the
      groove 24. In order to uniformly dissolve the surface of the anode 10
      which faces the cathode 11, the reciprocal turning as shown in the drawing
      is effected. The spherical spacers 13' are turned by contacting with the
      anode surface 10 whereby the thin gap is automatically maintained
      depending upon the size of the spherical spacer.
PAR  In FIGS. 5 c, d, the cylindrical roller spacers are used for rectangle
      electrodes. The cylindrical roller spacers 13" are guided in the groove 24
      and are turned by contacting the anode surface 10 by the reciprocal
      turning of the anode 10 and the cathode 11 in the direction of the arrow
      line B so as to maintain the thin gap corresponding to the diameter of the
      cylindrical roller spacers. The hole 25 of the cathode is to uniformly
      inject the drainage in the thin gap 12.
PAR  In the above embodiments, the maintenance of the thin gap between the
      electrodes is effected by the spacers and the adjustment of the electrodes
      for maintaining the constant gap spacing is effected by the dead weight of
      the cathode to the anode. However, when the deposit is removed only by the
      forcible flow without skimming by the spacer, the maintenance of the thin
      gap and the adjustment of the electrodes can be performed by using a
      servomechanism. One embodiment using the servomechanism for the adjustment
      of the electrodes is illustrated referring to FIG. 6.
PAR  In FIG. 6, cathode 11 is made of stainless steel or mild steel and the
      anode 10 is made of aluminum. The insulator plates 16, 17 are used for
      insulating the anode and the cathode from the cell 15 and the main shaft
      26. The DC power source 6 feeds current through the wire 27 across the gap
      between the anode and the cathode. The drainage 1 is passed through the
      hole 25 of the cathode to inject it to the thin gap 12. During the time
      the drainage passes through the thin gap, aluminum ions are eluted to the
      drainage 1 whereby the floc is formed by the flocculating effect of
      aluminum ions. The treated drainage 5' is discharged in the next step. The
      cathode 11, the insulator plates 16 and the main shaft 26 are formed in
      one body. The mechanism 29 for converting the rotation of the electrode
      feeding motor 30 to linear movement under reduced speed is mounted at the
      upper part of the main shaft.
PAR  In order to maintain the gap between the anode 10 and the cathode 11
      constant, the voltage drop corresponding to the width of the gap is
      detected and the voltage is adjusted so as to be substantially the same as
      the reference voltage. The detected voltage 31, Vs is compared with the
      reference voltage Vr by the potentiometer 33 at the point 34 and the
      differential value E = Vr - Vs is amplified by the amplifier 33 and the
      motor is driven by the output. In accordance with the above system, when
      the reference voltage is set at 20 volts, the gap is maintained constant
      corresponding to the voltage drop of 20 volts.
PAR  The electrolytic aluminum eluting mechanism has been described. Thus, in
      the practical drainage treatment, the treated drainage containing aluminum
      ions is transferred to the floc float-separating vessel 37 wherein the
      flocculated floc is separated from the clean drainage. In FIG. 7 of one
      embodiment of the electrylic drainage treating apparatus of the invention,
      the high speed electrolyzer 15 equipped with the aluminum anode of FIG. 3
      is used. The drainage 1 fed to the high speed electrolyzer 15 is
      transferred through the pipe 36 to the floc float-separating vessel 37 as
      the treated drainage 5' containing aluminum ions. The floc grown by the
      flocculating effect of aluminum ions is floated by the floating effect of
      hydrogen gas and oxygen gas generated by the electrolysis of water from
      the electrodes which are placed in the bottom of the floc float-separating
      vessel 37. The floated floc is separated from the clean drainage in the
      separating chamber 42 and the clean drainage 5 is discharged from the
      bottom of the chamber in the floc float-separating vessel. On the other
      hand, the floated floc is discharged to the system by skimming out with
      the scraper 7. The DC power source 39 for electrolysis of water is
      provided.
PAR  The embodiments using aluminum ions as the eluted ions have been described.
      However, sometimes, iron ions are optimum for flocculation. In said case,
      an anode made of iron is used in the electrolyzer.
PAR  The other mechanisms for controlling the gap are illustrated referring to
      FIGS. 8 - 14. In FIG. 8, the reference numberals 1 - 39 are same as those
      stated above. The drainage 5' containing aluminum ions is fed through the
      passage 40 of the floc float-separating vessel 37. The floc which is
      flocculated with the aluminum ions in the electrolyzer 41 is floated with
      hydrogen gas and oxygen gas (floc float gas) generated from the electrodes
      38. The rotation of the AC motor 30 is transmitted to the reduction
      mechanism 29 in which the rotation is reduced and is converted to linear
      movement which is transmitted to the main shaft. The current is fed from
      the three phase AC power source 43 through the contact 44 of the
      electromagnetic switch to the AC motor 30. The excitation coil 45 is to
      pick up the contact 44. The relay 46 is to detect the voltage applied
      between the anode 10 and the cathode 11, and is to pick up and to drop out
      the contact 47 under a predetermined voltage. When the contact 47 is
      picked up, the excitation coil 45 is excited to pick up the contact 44 to
      drive the motor 30. When the contact 47 is deactivated, the contact 44 is
      deactivated to stop the motor 30.
PAR  The operation of electrode adjustment of the invention is illustrated
      referring to FIGS. 9, 10 and 11. FIG. 10 shows a characteristic diagram of
      the DC power source 6 of FIG. 8, which is a constant-current
      characteristic. As shown in FIG. 10, when the maximum voltage is lower
      than 50 volts, the current is kept to a predetermined value I.sub.1 amp
      even though the gap between the electrodes 10, 11 is changed, whereby the
      electrode voltage is changed, corresponding to the width of the gap. The
      operating point P is moved in the vertical direction corresponding to the
      width of the gap. It corresponds to the resistance in the gap. However,
      the specific resistance of the drainage does not fluctuate and accordingly
      the resistance in the gap is deemed to change in accordance with the width
      of the gap in the constant electrode area.
PAR  FIG. 9 shows a phase diagram of the width of the gap and the voltage across
      the gap to time when the current is generated in the practical operation
      in FIG. 8. In FIG. 9, the width of the gap is 0.7 mm and the voltage
      across the gap is 21 volts at the position A. When the current is fed from
      the position A, the anode 10 is dissolved depending upon the time
      necessary to gradually increase the width of the gap and the voltage
      corresponding to the width to reach position B. (width of gap 1 mm;
      voltage 30 volts). In position B, the relay 46 of FIG. 8 is actuated to
      pick up the contact 47 to drive the motor 30 so as to shift the cathode 11
      to a lower position to narrow the width of the gap. When the voltage
      reaches 21 volts at the width of 0.7 mm, the relay 46 of FIG. 8 is
      actuated to drop out the contact 47. The shift of the cathode 11 is
      stopped at the position C in FIG. 9.
PAR  When the anode 10 is further dissolved, the width of the gap and the
      voltage across the gap increase to reach the position D. The shift of the
      cathode is started again and is stopped at the position E. The operation
      is repeated to maintain the width of the gap to 0.7 mm - 1.0 mm.
PAR  FIG. 11 shows the operating characteristic diagram of the relay 46. In FIG.
      11, B shows the picking up of contact 47 at 30 volts. The contact 47
      continues to pick up until the voltage decreases to 70% of the initial
      value to the position C in FIG. 11. At the position C, the contact is
      switched to drop out. The contact 47 continues to drop until the voltage
      increases from C to D. At the position D, the contact is switched to pick
      up. The operation is repeated. By using the relay having the
      characteristic of pick up and drop out which can set a desirable pick up
      voltage and drop out voltage, the width of the gap can be maintained
      without difficulty by using an ON-OFF control and a simple circuit
      mechanism.
PAR  FIG. 9 shows the example wherein the width of the gap is controlled in the
      range of 0.7 - 1.0 mm. When the difference between the pick up voltage and
      the drop out voltage is small, the change of the width of the gap can be
      decreased. The width of the gap can be set by changing the predetermined
      value of the pick up voltage. The ON-OFF control detecting the voltage
      across the gap is detected by the relay 46 using a DC power source having
      a constant current characteristic. It is also possible to operate the
      ON-OFF control for shifting the cathode by using a relay having the same
      characteristics of the relay 46 of FIG. 8 in the DC power source 6 having
      the constant voltage characteristic of FIG. 14.
PAR  FIG. 12 is a schematic view of the electrolyzer (similar to FIG. 8) showing
      the various parts.
PAR  The structure is similar to that of FIG. 8 except that a shunt 48 (small
      resistor) is inserted in series. The voltage V (V = Ir) is proportional to
      the current I passing the wire 27 and is applied to both ends of the shunt
      48. The resistance of the shunt 48 is designated by r. The voltage is
      detected by the relay 46.
PAR  FIG. 13 shows a phase diagram of the width of the gap and the current
      passing across the gap with respect to time. The change of the current
      corresponds to the change of voltage applied to both ends of the shunt 48.
      When the current of 1400 A is passed across the gap (0.7 mm width), at the
      position A, the anode 10 is dissolved. Accordingly, the current gradually
      decreases, as the power source has a constant voltage characteristic, to
      reach 1000 A (1 mm width) at the position B. The voltage applied between
      both ends of the shunt 48 decreases corresponding to the current.
      Accordingly, the contact 47 drops out in a range of the shunt voltage
      corresponding to the current decreasing from 1400 A to 1000 A. At the
      position of the shunt voltage corresponding to 1000 A, the contact picks
      up whereby the motor 30 is driven to narrow the width of the gap and the
      current increases. At the position C of FIG. 12, the width of the gap is
      0.7 mm and the current is 1400 A. The pick up of the contact 47 is kept to
      the shunt voltage corresponding to 1400 A. The contact 47 drops out at C,
      and the drop out is kept to D.
PAR  It is possible to control the change of the current that is the width of
      the gap, by using a power source having a constant voltage characteristic
      having the hysteresis of the relay 46. FIG. 15 shows the operating
      characteristic diagram for the hysteresis characteristic of the relay 46
      and the contact 47.
PAR  The values at each of the positions correspond to those of FIG. 13. In FIG.
      15, "pick up" means OFF .fwdarw. ON and "drop out" means ON .fwdarw. OFF.
      The system using the constant voltage power source has significant
      advantages even though the current is fluctuated by the ON-OFF control as
      compared with the system using a constant current power source since the
      combination of the transformer and rectification is quite economical.
PAR  The invention is further illustrated referring to FIG. 16 which is a
      partially enlarged view of FIG. 7 shown by the dotted line. The purpose of
      this embodiment is to remove the passive state membrane on the anode. The
      contaminated materials such as floc and gas etc. formed in the gap between
      the anode 10 and the cathode 11 are washed out by the drainage which
      forcibly passes through the gap as stated above. Moreover, the mechanical
      removing by the spacer 13 for the scale that is hard to remove by the
      drainage 1 has been proposed as stated above.
PAR  However, sometimes, the anode passive state membrane cannot be removed by
      the flow of drainage or by mechanical means. A novel method of removing
      the stiff membrane is illustrated. The membrane is electrochemically
      dissolved and removed by performing the electrolysis by passing an acidic
      or alkaline solution through the gap instead of the drainage 1. Referring
      to FIG. 16, the electrolysis by passing acidic or alkaline solution
      through the gap instead of the drainage is illustrated. In FIG. 16, the
      valves 48, 49 are shut and the valves 50, 51 are opened, the pump 52 is
      actuated to pass the aqueous solution of sodium hydroxide 54 from the tank
      53 to the flow direction 55 so as to feed the high speed electrolyzer 15,
      and DC current is passed by the power source 6 to perform the electrolysis
      for dissolving and removing the membrane. On the other hand, the aqueous
      solution of sodium hydroxide is returned to the tank 53 whereby the
      aqueous solution of sodium hydroxide can be completely recovered without
      discharging it from the system.
PAR  The gap between the electrodes of the high speed electrolyzer is quite
      small as stated above in comparision with that of the conventional method.
      The electrolyzer has the structure for electrolyzing under low voltage and
      high current density. Accordingly, the quantity of the aqueous solution of
      sodium hydroxide passing the closed high speed electrolyzer can be quite
      small and the scale can be easily removed by dissolving it. The example
      using sodium hydroxide for dissolving the membrane has been described.
      Thus, an effective result can be obtained by using an acidic solution such
      as a chromic acid-phosphoric acid mixture, a hydrochloric acid or an
      organic solvent instead of sodium hydroxide.
PAR  Referring to FIG. 17, another embodiment of the invention is illustrated.
      In FIG. 17, the reference numeral 1 designates the drainage containing
      colloidal material, 57 designates the main passage of the drainage 1; 58
      designates the shunt branched from the main passage 57; 59 designates the
      divided drainage passing the shunt 58; 60 designates the tank for
      electrolyte from which the electrolyte such as sodium chloride, sodium
      hydroxide, etc, is added to the divided drainage 59 so as to decrease the
      specific resistance; 61 designates the pump; 15 designates the closed type
      high speed electrolyzer; 11 designates the cathode of the electrolyzer 15;
      10 designates the anode; 11 designates the cathode which forms the thin
      gap with the spacer 13; 6 designates the power source which applies DC
      voltage across the electrodes 10, 11; 5" designates the electrolytic
      solution; 1' designates the main drainage 1 passing the main passage 57;
      62 designates the tank placed in the position combining the electrolytic
      treated drainage with the main drainage 1'; and 15' designates the treated
      drainage.
PAR  The anode 10 is made of aluminum or iron and the cathode 11 is made of
      stainless steel or other conductive material. The electrolysis is
      performed by the high speed electrolyzer 15 in said system. The
      contaminated materials formed by the electrolysis are washed out by the
      forcible flow of the divided drainage 59 to give clean surfaces of the
      electrodes whereby the polarization is small. Moreover, the specific
      resistance of the divided drainage 59 is kept low by the addition of the
      electrolyte. Accordingly, it is possible to electrolyze under low voltage,
      high current density and high current concentration. The electrolysis can
      be performed in current density of 10 - 100 A/cm.sup.2 and current
      concentration of 10 - 50 A/l. As the divided drainage 59 is used as the
      electrolytic solution, the quantity of the electrolyte added for
      improvement of the specific resistance can be small. The electrolytic
      treated drainage 5'  obtained by the electrolysis under low voltage, high
      current density and high current concentration in the electrolyzer 15 is
      combined with the main drainage 1' whereby the colloidal suspension in the
      drainage 1 is flocculated by the electrochemical effect of aluminum ions
      to clean the drainage 1. The duration of the electrochemical effect of the
      aluminum ions in the treated drainage 5" to the colloidal suspension is
      only several minutes and the effect decreases rapidly thereafter. In order
      to prevent this, a small amount of sulfuric acid or hydrochloric acid is
      added from the tank 62 to the treated drainage 5'. This is done without
      decreasing the electrochemical effect of aluminum ions to the colloidal
      suspension.
PAR  As stated above, it is possible to remove the contaminated materials by
      forcibly passing the drainage having improved specific resistance through
      the gap between the electrodes whereby the electrolysis can be performed
      under low voltage, high current density and high current concentration.
      Accordingly, a desirable concentration of aluminum ions can be obtained
      for short electrolytic operation even though high aluminum ion
      concentration is required. In order to improve the electrochemical effect
      of aluminum ions to the colloidal suspension, sulfuric acid or
      hydrochloric acid may be added. Excellent results have been realized.
PAR  The other embodiment is illustrated referring to FIG. 18. The embodiment is
      to treat the drainage by the high speed electrolyzer wherein the hydrogen
      gas 68 generated from the cathode 11 is used for floating the floc whereby
      effect for improving growth of the floc in the electrolyzer is increased.
      In FIG. 18, the reference numeral 15 designates the high speed
      electrolyzer shown in FIG. 3 wherein the anode 10 and cathode 11 are
      disposed with thin gap therebetween through which the drainage is forcibly
      fed. The high speed electrolyzer 15 has a closed structure for continuous
      electrolytic operation whereby the hydrogen gas 68 generated by the
      electrolysis is discharged from the high speed electrolyzer 15 with the
      treated drainage 5'. The polymer flocculant 65 is added to the treated
      drainage 5' by the pump 66 to feed to the flocculator 67 wherein the floc
      is grown. Simultaneously, the gas generated by the electrolysis (mainly
      hydrogen gas 68 generated from the cathode 11) is combined with the floc.
      The treated drainage is fed to the floc float-separating vessel 37 wherein
      the floated floc is removed as the scum 8 by the skimmer 7 and clean
      treated drainage 5' is discharged. The high speed electrolyzer 15 used in
      the embodiment has the structure as shown in FIG. 3.
PAR  The high speed electrolyzer 15 has a closed structure which effects
      continuous electrolysis. Accordingly, the gas 68 generated by the
      electrolysis is carried with the treated drainage 5' to the flocculator 67
      to be used as the gas for floating. The function of the flocculator 67 is
      to flocculate the insoluble suspension in the drainage by the aluminum
      ions added by the electrolysis, to grow the floc to the large size
      necessary and to combine the gas with the floc without discharging the gas
      generated by the electrolysis so as to impart a high floating effect. The
      flocculator 67 should be kept in gas-tight condition and should feed the
      treated drainage from the bottom to the upper direction so as to prevent
      separation of the gas generated by the electrolysis from the treated
      drainage.
PAR  The embodiment of the invention has the following advantages. The gas
      generated by the aluminum electrolysis using the drainage as the
      electrolytic solution (mainly hydrogen gas generated in the cathode) is
      completely used as the gas for floating the floc. The electrolysis for
      eluting aluminum ions and the float-separation are performed by different
      apparatus through the flocculator 67. The time for growing the floc can be
      increased by retaining the treated drainage in the flocculator 67.
      Accordingly, the fine floc is grown to be easily floated and separated. In
      order to assist the growth of the fine floc to give mechanical stability
      of the floc, the polymer flocculant is added. The above-mentioned
      advantages are given to separate the floc completely and to prevent
      contamination of fine floc by the treated drainage.
PAR  The other embodiment of the invention is illustrated in FIG. 19, which
      shows an improvement of the embodiment of FIG. 18. The purpose of this
      embodiment is to overcome the disadvantage that the quantity of hydrogen
      gas 68 generated in the cathode 11 is not sufficient to impart the
      floating effect to the floc. The structure for injecting the drainage 1 to
      the closed high speed electrolyzer 15 and for feeding the treated drainage
      5' to the flocculator 67 is the same as that of FIG. 18. Incidentially,
      the polymer flocculant 65 should be added under high pressure by the pump
      66 according to Henry's rule. When a relatively large amount of insoluble
      suspension is contained in the drainage, a large amount of the floc is
      formed. In this case, it is necessary to increase the quantity of the gas
      for floating the floc. It is not enough to use only the gas generated in
      the high speed electrolyzer 15. In this case, as stated with reference to
      FIG. 19, the apparatus for adding the additional gas in the electrolytic
      solution is used to complete the floating of the floc. The drainage 1
      pumped from the passage 73 by the pump 69 is divided by the shunt 74 to
      yield the divided drainage 70 which is fed to a gas-liquid mixer 71 such
      as an ejector. The drainage is mixed with air and is returned to the
      feed-back passage 75 to the pump 69 so as to obtain the air containing
      drainage 1' which assists the floating of the floc when the effect caused
      by the gas generated in the high speed electrolyzer 15 is not sufficient.
PAR  Incidentally, when a turbine pump is used as the pump 69 to impart pressure
      of about 5 kg/cm.sup.2, the volume of air 72 aspirated is preferably in
      the range of water volume L.sub.1 / air colume G &gt; 35. When L.sub.1 /G&lt;
      35, the air in the pump is too much to aspirate. The valves 17, 19, 20 are
      used to control the rate of L.sub.1 /G. If the air is contained in the
      drainage fed to the electrolyzer 15 under pressure by using the apparatus
      for adding air, the drainage is fed as turbulent flow of the electrolytic
      solution when passing through the thin gap between the electrodes.
      Accordingly, cavitation is prevented to impart uniform elution of aluminum
      of the anode so as to perform a stable electrolytic operation. The feed of
      the treated drainage 5' is performed from the bottom of the flocculator 67
      and the treated drainage 5' containing solubilized gas is discharged from
      the upper part of the flocculator. The air added by the apparatus and the
      gas generated by the electrolysis should be dissolved in the treated
      drainage. Accordingly, the flocculator should be a closed structure used
      for continuous operation. The advantage of this embodiment is continuous
      operation whereby all of the gas generated by the electrolysis (mainly
      hydrogen gas from the cathode) can be used for floating of the floc.
PAR  The treated drainage is under higher pressure whereby the gas generated by
      the electrolysis and the air added by the gas-liquid mixer can be
      dissolved in it. The solubilized gas forms fine bubbles in the
      float-separating vessel to float all of the floc whereby clean treated
      drainage can be obtained. Moreover, the time for growth of the fine floc
      is increased as the treated drainage is retained in the flocculator for a
      long time. The solid-liquid separation can be easily performed as the
      polymer flocculant is added to improve the mechanical stability and growth
      of the floc. When a large amount of the floc is formed and a large volume
      of gas for floating the floc is required, the gas can be supplied from the
      gas-liquid mixer and the trouble of incomplete floating of the floc can be
      prevented. The effect for preventing cavitation formed on the surface of
      electrodes can be imparted by mixing air in the drainage used as the
      electrolytic solution by the gas-liquid mixer under higher pressure. As a
      result, the uniform elution of aluminum of the anode and stable
      electrolysis are accomplished.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An electrolytic drainage treating apparatus comprising:
PA1  a high speed electrolyzer comprising an anode and a cathode with a thin gap
      therebetween,
PA1  means for forcibly passing at a high velocity a drainage as an electrolytic
      solution through said gap,
PA1  means for eluting the anode material as ions,
PA1  the gap being thin enough and the velocity being high enough to wash out
      materials formed between the electrodes by the electrolysis,
PA1  the gap being less than 1 mm.,
PA1  whereby contaminated materials in the drainage are flocculated by the ions.
NUM  2.
PAR  2. The electrolytic drainage treating apparatus according to claim 1
      wherein the anode is made of aluminum or iron so as to elute aluminium or
      iron ions.
NUM  3.
PAR  3. The electrolytic drainage treating apparatus according to claim 1
      further comprising means to maintain the width of the gap between the
      anode and the cathode by detecting the electrical condition of the gap and
      shifting the cathode or anode in accordance therewith.
NUM  4.
PAR  4. The electrolytic drainage treating apparatus according to claim 1
      wherein the cathode has a hole for passing the drainage to the gap.
NUM  5.
PAR  5. The electrolytic drainage treating apparatus according to claim 1
      wherein the gap is maintained by a spacer made of an electric insulator
      which is mounted on the cathode.
NUM  6.
PAR  6. The electrolytic drainage treating apparatus according to claim 1
      wherein the anode surface is parallel to the cathode surface.
NUM  7.
PAR  7. The electrolytic drainage treating apparatus according to claim 1
      wherein spherical spacers are fitted on the cathode surface and contact
      the anode surface to slide on the anode surface upon movement of the
      cathode.
NUM  8.
PAR  8. The electrolytic drainage treating apparatus according to claim 1 which
      further comprises:
PA1  means for detecting the voltage across the gap;
PA1  means for comparing the detected voltage with a reference voltage;
PA1  means for positioning the cathode or the anode so as to yield a detected
      voltage equal to the reference voltage.
NUM  9.
PAR  9. The electrolytic drainage treating apparatus according to claim 1
      further comprising means to pass an acidic or alkaline solution or a
      solvent through the gap to remove a passive state membrane formed on the
      anode surface.
NUM  10.
PAR  10. The electrolytic drainage treating apparatus according to claim 1
      further comprising means to dispose the high speed electrolyzer in an
      acidic or alkaline solution, means to feed the solution to the
      electrolyzer for a predetermined period and means for stopping the feed
      and the discharge of the drainage.
NUM  11.
PAR  11. The electrolytic drainage treating apparatus according to claim 1
      wherein the drainage containing colloidal material includes an acid.
NUM  12.
PAR  12. The electrolytic drainage treating apparatus according to claim 1
      further including:
PA1  a main passage for dividing a part of the drainage, which is connected to
      the passage for treated drainage discharged from the high speed
      electrolyzer; and
PA1  means for adding an acidic solution to the passage for feeding the drainage
      to the high speed electrolyzer.
NUM  13.
PAR  13. The electrolyzer drainage treating apparatus according to claim 1
      wherein the high speed electrolyzer is a closed structure, the
      electrolyzer drainage treating apparatus further comprising means for
      feeding the treated drainage discharged from the high speed electrolyzer
      from the bottom of a closed type flocculator for growing floc and means
      for discharging the treated drainage containing grown floc from the upper
      part of the flocculator to separte the floc.
NUM  14.
PAR  14. The electrolytic drainage treating apparatus according to claim 13
      further comprising means to add a polymer flocculant under high pressure.
NUM  15.
PAR  15. The electrolytic drainage treating apparatus according to claim 13
      further comprising means to mix a gas with the drainage.
NUM  16.
PAR  16. The electrolytic drainage treating apparatus according to claim 1
      further comprising:
PA1  a main passage for feeding drainage from a tank to the high speed
      electrolyzer;
PA1  a pump for feeding the drainage provided in the main passage;
PA1  a shunt passage for feeding part of the drainage to an ejector;
PA1  a feedback passage for feeding the drainage containing gas mixed in the
      ejector to the main passage.
NUM  17.
PAR  17. An electrolytic drainage treating apparatus comprising:
PA1  a high speed electrolyzer comprising an anode and a cathode with a thin gap
      therebetween,
PA1  means for forcibly passing at a high velocity a drainage as an electrolytic
      solution through said gap,
PA1  means for eluting the anode material as ions,
PA1  the gap being thin enough and the velocity being high enough to wash out
      material formed between the electrodes by the electrolysis,
PA1  a spacer made of an electric insulator mounted on the cathode surface to
      make contact with the anode surface so that scale formed on the anode
      surface can be removed by movement of the spacer with respect to the anode
      surface,
PA1  whereby contaminated materials in the drainage are flocculated by the ions.
NUM  18.
PAR  18. The electrolytic drainage treating apparatus according to claim 17
      wherein the spacer is disposed in a radial direction from the center of
      the cathode.
NUM  19.
PAR  19. The electrolytic drainage treating apparatus according to claim 17
      wherein the spacer is formed in the shape of a rod having a peak.
NUM  20.
PAR  20. The electrolytic drainage treating apparatus according to claim 17
      wherein a groove is formed on the cathode surface and cylindrical spacers
      are fitted to the groove.
NUM  21.
PAR  21. An electrolytic drainage treating apparatus equipped with a high speed
      electrolyzer comprising:
PA1  an insulator plate mounted on bottom of the electrolyzer;
PA1  an anode placed on the insulator plate;
PA1  a cathode disposed next to the anode with a thin gap therebetween;
PA1  a holder mounted on the cathode on the surface opposite to the anode
      through an insulator plate;
PA1  a motor for turning the holder;
PA1  a spacer mounted on the cathode surface opposite the anode so as to slide
      on the anode surface; and
PA1  means for forcibly passing a drainage through the gap.
NUM  22.
PAR  22. An electrolytic drainage treating apparatus comprising:
PA1  a high speed electrolyzer comprising an anode and a cathode with a thin gap
      therebetween,
PA1  means for forcibly passing at a high velocity a drainage as an electrolytic
      solution through said gap,
PA1  means for eluting the anode material as ions,
PA1  the gap being thin enough and the velocity being high enough to wash out
      materials formed between the electrodes by the electrolysis,
PA1  means to detect the electrical condition of the gap,
PA1  means to adjust the cathode relative to the anode in accordance with the
      electrical condition of the gap to maintain a gap having a width from 0.1
      - 10 mm.,
PA1  whereby contaminated materials in the drainage are flocculated by the ions.
NUM  23.
PAR  23. The electrolytic drainage treating apparatus according to claim 22
      wherein the means to detect the electrical condition of the gap comprises
      current fluctuation detection means.
NUM  24.
PAR  24. The electrolytic drainage treating apparatus according to claim 22
      further comprising:
PA1  a relay for detecting voltage fluctuation of the gap,
PA1  a contact which is activated when the detected voltage of the relay reaches
      a predetermined value;
PA1  means for driving a motor during the time the contact is activated; and
PA1  a mechanism for converting rotation of the motor to linear movement at a
      reduced rate for changing the width of the gap.
NUM  25.
PAR  25. The electrolytic drainage treating apparatus according to claim 23
      wherein a DC power source with a contant current characteristic is
      connected in series to the anode and the cathode.
NUM  26.
PAR  26. The electrolytic drainage treating apparatus according to claim 25
      further comprising means dependent upon the value of the voltage for
      deactivation and actuation of the relay for controlling the width of the
      gap.
NUM  27.
PAR  27. The electrolytic drainage treating apparatus according to claim 25
      further comprising a DC power source having a constant voltage
      characteristic connected through a resistor in series to the anode and the
      cathode and relay means to detect the voltage between both ends of the
      resistor.
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ABST
PAL  A novel anode base structure is provided for an electrolytic cell which can
      enable the electrolytic cell to be designed to operate as a chlor-alkali
      diaphragm cell at high current capacities of about 150,000 amperes and
      upward to about 200,000 amperes while maintaining high operating
      efficiencies. These high current capacities provide for high production
      capacities which result in high production rates for given cell room floor
      areas and reduce capital investment and operating costs.
BSUM
PAR  This Application is related to U.S. patent application Ser. No. 430,427,
      filed Jan. 3, 1974, now U.S. Pat. No. 3,859,196, which discloses an
      electrolytic cell provided with the anode base structure claimed in this
      application.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel anode base structure for electrolytic
      cells suited for the electrolysis of aqueous solutions. More particularly,
      this invention relates to a novel anode base structure for electrolytic
      cells suited for the electrolysis of aqueous alkali metal chloride
      solutions.
PAR  Electrolytic cells have been used extensively for many years for the
      production of chlorine, chlorates, chlorites, hydrochloric acid, caustic,
      hydrogen and other related chemicals. Over the years, such cells have been
      developed to a degree whereby high operating efficiencies have been
      obtained, based on the electricity expended. Operating efficiencies
      include current, decomposition, energy, power and voltage efficiencies.
      The most recent developments in electrolytic cells have been in making
      improvements for decreasing the production capacities of the individual
      cells while maintaining high operating efficiencies. This has been done to
      a large extent by modifying or redesigning the individual cells and
      increasing the current capacities at which the individual cells operate.
      The increased production capacities of the individual cells operating at
      higher current capacities provide higher production rates for given cell
      room floor areas and reduce capital investment and operating costs.
PAR  In general, the most recent developments in electrolytic cells have been
      towards larger cells which have high production capacities and which are
      designed to operate at high current capacities while maintaining high
      operating efficiencies. Within certain operating parameters, the higher
      the current capacity at which a cell is designed to operate, the higher is
      the production capacity of the cell. As the designed current capacity of a
      cell is increased, however, it is important that high operating
      efficiencies be maintained. Mere enlargement of the component parts of a
      cell designed to operate at low curreent capacity will not provide a cell
      which can be operated at high current capacity and still maintain high
      operating efficiencies. Numerous design improvements must be incorporated
      into a high current capacity cell so that high operating efficiencies can
      be maintained and high production capacity can be provided.
PAR  Because the present invention may be used in many different electrolytic
      cells of which color-alkali cells are of primary importance, the present
      invention will be described more particularly with respect to chlor-alkali
      cells and most particularly with respect to chlor-alkali diaphragm cells.
      However, such descriptions are not to be understood as limiting the
      usefulness of the present invention with respect to other electrolytic
      cells.
PAR  In the early prior art, chlor-alkali diaphragm cells were designed to
      operate at relatively low current capacities of about 10,000 amperes or
      less and had correspondingly low production capacities. Typical of such
      cells is the Hooker Type S Cell, developed by the Hooker Chemical
      Corporation, Niagara Falls, New York, U.S.A., which was a major
      breakthrough in the electrochemical art at its time of development and
      initial use. The Hooker Type S Cell was subsequently improved by Hooker in
      a series of Type S cells such as the Type S-3, S-3A, S-3B, S-3C, S-3D and
      S-4, whereby the improved cells were designed to operate at progressively
      higher current capacities of about 15,000, 20,000, 25,000, 30,000, 40,000
      and upward to about 55,000 amperes with correspondingly higher production
      capacities. The design and performance of these Hooker Type S cells are
      discussed in Shreve, Chemical Process Industries, Third Edition, Pg. 233
      (1967), McGraw-HIll; Mantell, Industrial Electrochemistry, Third Edition,
      Pg. 434 (1950), McGraw-Hill; and Sconce, Chlorine, Its Manufacture,
      Properties and Uses, A.C.S. Monograph, Pp. 94-97 (1962), Reinhold. U.S.
      Pat. No. 3,987,463 by Baker et al. issued June 6, 1961, to Diamond Alkali
      discloses a chlor-alkali diaphragm cell designed to operate at a current
      capacity of about 30,000 amperes which is somewhat different than the
      Hooker Type S series cells. U.S. Pat. No. 3,464,912 by Emery et al. issued
      Sept. 2, 1969 to Hooker and 3,493,487 by Currey et al. issued Nov. 2, 1971
      to Hooker disclose chlor-alkali diaphragm cells designed to operate at a
      current capacity of about 60,000 amperes.
PAR  The above description of the prior art shows the development of
      chlor-alkali diaphram cell design to provide cells which operate at higher
      current capacities with correspondingly high production capacities.
      Chlor-alkali diaphram cells have now been developed which operate at high
      current capacities of about 150,000 amperes and upward to about 200,000
      amperes with correspondingly higher production capacities while
      maintaining high operating efficiencies.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a novel anode
      base structure for an electrolytic cell.
PAR  The novel anode base structure comprises a highly conductive metal means
      having a substantially flat and level surface and having a decreased
      cross-section as it extends away from the anode or intercell connecting
      busbar means to form the cross-sectional shape of a substantially
      stair-stepped truncated right triangle. The highly conductive metal means
      can be a solid metal plate having a configuration as described above or
      can be two or more highly conductive metal shapes, such as plates, having
      different relative dimensions and positioned in such a configuration
      whereby their cross-section form the cross-sectional shape of a
      substantially stair-stepped truncated right triangle as described above.
      The highly conductive metal means can be provided with means for attaching
      the anode blades. The highly conductive metal means has different relative
      dimensions and such a configuration whereby it is adapted to carry an
      electric current and to maintain a substantially uniform current density
      through the anode base structure to electrical contact points adjacent to
      the anode blades without any significant voltage drop across the anode
      base structure and with the most economical power consumption in the anode
      base structure.
PAR  The novel anode base structure can comprise suitable structural support
      means for the highly conductive metal means and any other suitable
      structural support means to provide the anode base structure with
      sufficient means to support other components of the electrolytic cell.
PAR  U.S. Pat. No. 3,432,422 by Currey issued Mar. 11, 1969 to Hooker is herein
      cited to show a state of the prior art.
PAR  The anode base structure makes the most economic use of invested capital,
      namely, the amount of highly conductive metal used in the anode base
      structure. The configuration and different relative dimensions of the
      highly conductive metal means significantly reduce the amount of highly
      conductive metal required in the anode base structure as compared to the
      prior art. The highly conductive metal means by means of its configuration
      and different relative dimensions is also adapted to carry an electric
      current and to maintain a substantially uniform current density through
      the anode base structure.
PAR  The anode base structure can be provided with an anode jumper busbar for
      attaching anode connector means when an adjacent electrolytic cell is
      jumpered and removed from the circuit. The anode base structure can also
      be provided with a cooling means to prevent temperatures in the anode base
      structure from rising to damaging levels and to further reduce the amount
      of highly conductive metal used in the anode base structure.
PAR  An electrolytic cell provided with the novel anode base structure of the
      present invention may be used in many different electrolytic processes.
      The electrolysis of aqueous alkali metal chloride solutions is of primary
      importance and the electrolytic cell of the present invention will be
      described more particularly with respect to this type of process. However,
      such description is not intended to be understood as limiting the
      usefulness of the anode base structure of the present invention or any of
      the claims covering the anode base structure of the present invention.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be more fully described by reference to the
      drawings in which:
PAR  FIG. 1 is a plan view of the novel anode base structure. The anode blades
      are not shown for clarity;
PAR  FIG. 2 is a side elevation view of the anode base structure of FIG. 1 along
      plane 2--2 and shows the highly conductive metal plate configuration
      detail;
PAR  FIG. 3 is a view of FIG. 2 showing the addition of a structural cell base
      support means;
PAR  FIG. 4 is a plan view of the novel anode base structure. The anode blades
      are not shown for clarity;
PAR  FIG. 5 is a side elevation view of the anode base structure of FIG. 4 along
      plane 5--5 and shows the highly conductive metal plate configuration
      detail; and
PAR  FIG. 6 is a view of FIG. 5 showing the addition of a structural cell base
      support means.
DETD
PAR  Two different types of metals are used to fabricate most of the various
      components or parts which comprise the novel anode base structure of the
      present invention. One of these types of metals is a high conductive
      metal. The other type of metal is a conductive metal which has good
      strength and structural properties.
PAR  The term highly conductive metal is herein defined as a metal which has a
      low resistance to the flow of electric current and which is an excellent
      conductor of electric current. Suitable highly conductive metals include
      copper, aluminum, silver and the like and alloys thereof. The preferred
      highly conductive metal is copper or any of its highly conductive alloys
      and any mention of copper in this application is to be interpreted to
      means that any other suitable highly conductive metal can be used in the
      place of copper or any of its highly conductive alloys where it is
      feasible or practical.
PAR  The term conductive metal is herein defined as a metal which has a moderate
      resistance to the flow of electric current but which is still a reasonably
      good conductor of electric current. The conductive metal, in addition, has
      good strength and structural properties. Suitable conductive metals
      include iron, steel, nickel and the like and alloys thereof such as
      stainless steel and other chromium steels, nickel and steels and the like.
      The preferred conductive metal is aa relatively inexpensive low-carbon
      steel, hereinafter referred to simply as steel, and any mention of steel
      in this application is to be interpreted to mean that any other suitable
      conductive metal can be used in the place of steel where it is feasible or
      practical.
PAR  The highly conductive metal and the conductive metal should have adequate
      resistance to or have adequate protection from corrosion during operation
      of the electrolytic cell.
PAR  Referring now to FIGS. 1 and 2, anode base structure 74 comprises copper
      plates 75 and copper plate 76 and can also comprise steel plates 77, 78,
      79, 81 and 98 or any other suitable structural means. Copper plates 75 and
      76 and steel plates 77, 78, 79 and 81 and 98 are connected in any suitable
      manner, as by bolting or welding, to provide a unitary structure having
      suitable structural support means. Anode base structure 74 can be
      protected from corrosion by elastomeric sealing pad 49. Copper plates 75
      and 76 can be provided with anode blade attachment means 82 which can be
      used to attach anode blades 72 to copper plates 75 and 76.
PAR  Anode blades 72 can be fabricated from any suitable electrically conductive
      material which will resist the corrosive attack of the various cell
      reactants and products with which they may come in contact. Anode blades
      72 are preferably metallic anode blades. Typically, anode blades 72 can be
      fabricated from a so-called valve metal, such as titanium, tantalum or
      niobium as well as alloys of these in which the valve metal constitutes at
      least about 90 percent of the alloy. The surface of the valve metal may be
      made active by means of a coating of one or more noble metals, noble metal
      oxides, or mixtures of such oxides, either alone or with oxides of the
      valve metal. The noble metals which may be used include ruthenium,
      rhodium, palladium, iridium, and platinum. Particularly preferred metal
      anodes are those formed of titanium and having a mixed titanium oxide and
      ruthenium oxide coating on the surface, as is described in U.S. Pat. No.
      3,632,498. Additionally, the valve metal substrate may be clad on a more
      electrically conductive metal core, such as aluminum, steel, copper, or
      the like.
PAR  Anode blades 72 can be attached to copper plates 75 and 76 in any suitable
      manner as by means of nuts and/or bolts, secured projections, studs,
      welding, or the like. A typical method of attaching anode blades 72 to
      copper plates 75 and 76 can be found in U.S. Pat. No. 3,591,483.
PAR  Anode busbar 97 can be provided by attaching steel contact plates 89 and 91
      using means 85 to copper plate 75 and providing the said steel and copper
      plates with holes 83 which can serve as means for attaching intercell
      connectors carrying electricity from an adjacent cell or leads carrying
      electricity from another source to anode busbar 97.
PAR  FIG. 2 shows that the configuration of the cross-section of copper plates
      75 and 76 form the cross-sectional shape of a substantially stair-stepped
      truncated right triangle. Copper plates 75 and 76 have different relative
      dimensions and are positioned in such a configuration wherein copper
      plates 75 and 76 are adapted to carry an electric current and to maintain
      a substantially uniform current density through anode base structure 74 to
      electrical contact points adjacent to anode blades 72 without any
      significant voltage drop across anode base structure 74 and with the most
      economical power consumption in anode base structure 74. Substantially
      uniform current density is achieved by the configuration of the different
      cross-sections of copper plates 75 and 76 which form the cross-sectional
      shape of a substantially stair-stepped truncated right triangle where
      electric current is removed from the copper plates in a substantially
      uniform manner as the cross-section of the copper plates is decreased.
PAR  In a typical circuit of electrolytic cell, electric current is carried
      through intercell connectors (not shown) to anode busbar 97 of anode base
      structure 74. Electric current is than carried and a substantially uniform
      current density is maintained through anode base structure 74 without any
      significant voltage drop across anode base structure 74 and with the most
      economical power consumption in anode base structure 74. Electric current
      is carried and a substantially uniform current density is maintained
      through anode base structure 74 by means of the configuration and the
      different relative dimensions of copper plates 75 and 76. Electric current
      is thus carried through anode base structure 74 to electrical contact
      points where it is distributed to anode blades 72 and, under these
      conditions, the electric current is readily carried to all sections of
      anode blades 72.
PAR  The novel anode base structure makes the most economic use of invested
      capital, namely, the amount of copper or other suitable highly conductive
      metal used in the anode base structure. The configuration and different
      relative dimensions of the copper plates significantly reduce the amount
      of copper or other suitable highly conductive metal required in the anode
      base structure as compared to the prior art. The copper plates by means of
      their configuration and different relative dimensions are also adapted to
      carry an electric current and to maintain a substantially uniform current
      density through the anode base structure.
PAR  The configuration and dimensions of the copper plates can vary depending on
      the designed current capacity of the electrolytic cell and also can very
      depending on a number of factors such as the current density, the
      conductivity of the metal used, the amount of weld area, the fabrication
      costs and the like.
PAR  The novel anode base structure provides improved electrical conductivity to
      the anode blades thereby providing a minimum or no significant voltage
      drop across the anode base structure with a substantial reduction in
      copper or other suitable highly conductive metal expenditures as compared
      to the prior art.
PAR  The novel anode base structure can enable an electrolytic cell to be
      designed to operate as a chlor-alkali diaphragm cell at high current
      capacities of about 150,000 amperes and upward to about 200,000 amperes
      while maintaining high operating efficiencies. These high current
      capacities provide for high production capacities which result in high
      production rates for given cell room floor areas and reduce capital
      investment and operating costs. In addition to being capable of operation
      at high amperages, an electrolytic cell can also efficiently operate at
      lower amperages, such as about 55,000 amperes using the novel anode base
      structure.
PAR  Anode base structure 74 can be provided with cooling means 92. The coolant,
      preferably water, is circulated through cooling means 92 by entry through
      entrance port 93 and by passage through coolant conveying means 95. After
      entry through entrance port 93, the coolant is passed along steel plate 87
      into and through cooling device 96 and then again along steel plate 87.
      The coolant is then passed along steel plate 88 and then along and around
      steel plate 89. The coolant is then passed along the opposite side of
      steel plate 89 and then along the opposite side of steel plate 88. The
      coolant is then passed along the opposite side of steel plate 87 and is
      discharged through exit port 94. Coolant conveying means 95 can be any
      suitable coolant conveying means such as copper tubing connecting cooling
      device 96 and coolant conveying channels positioned along the sides and
      ends of steel contact plates 87, 88 and 89. Cooling means 92 as shown in
      this figure and described herein is merely a typical cooling means and
      cooling means 92 should not be limited to the design as shown in this
      figure and described herein.
PAR  The use of cooling system 92 permits considerably less copper to be used in
      anode base structure 74 which results in a substantial reduction in
      capital investment costs for anode copper. While cooling system 92 is
      provided pimarily for use when an adjacent electrolytic cell is jumpered,
      cooling system 92 can be used during routine cell operation either to cool
      anode copper during any periodic electric current overloads or to
      continuously cool anode copper, thereby permitting further reductions in
      the use of copper in anode base structure 74 with an accompanying
      reduction in capital costs for anode copper.
PAR  Anode jumper busbar 99 can be provided by attaching steel contact plates 87
      and 88 using means 86 to copper plate 75 and providing the said steel and
      copper plates with holes 84 which can serve as means for attaching anode
      jumper connectors when an adjacent electrolytic cell is jumpered and is
      removed from the electrical circuit. It is during this jumpering operation
      that cooling system 92 can provide its greatest utility by preventing the
      temperatures in anode base structure 74 from rising to levels whereby
      damage to anode base structure 74 or other components of the electrolytic
      cell occurs.
PAR  Referring now to FIG. 3 anode base structure 74 is shown in another
      embodiment wherein anode base structure 74 is provided with structural
      support means 52 which can supply additional structural support for anode
      base structure 74. This embodiment would be advantageous and preferably
      where anode base structure 74 is fabricated from a highly conductive
      metal, such as copper, which has excellent electrical properties but has
      relatively poor structural properties. Structural support means 52 can be
      fabricated from any number of suitable structural materials such as
      aluminum, iron, steel and the like and alloys thereof such as stainless
      steel and other chromium steels, nickel steels and the like, which have
      sufficient strength to provide the needed support. Such structural
      materials can have the shapes of I beams, T beams, L beams, U beams and
      the like. Structural support means 52 does not have to be fabricated from
      a metal and can be fabricated from other suitable structural materials
      such as concrete, reinforced concrete or the like.
PAR  Referring now to FIGS. 4, 5 and 6, another embodiment of anode base
      structure 74, shown in FIGS. 1, 2 and 3, is shown in FIGS. 4, 5 and 6. The
      description of FIGS. 1, 2 and 3 applies to FIGS. 4, 5 and 6. The
      difference in FIGS. 4, 5 and 6 from FIGS. 1, 2 and 3 is the addition of
      copper plates 101 and 102 and steel plates 103 and 104. There is also the
      addition of a fourth row of anode blades 72 and a slight modification in
      cooling means 92 and jumper busbar 99.
PAR  FIGS. 5 and 6 show that the configuration of the cross-sections of copper
      plates 75, 76, 101 and 102 form the cross-sectional shape of a
      substantially stair-stepped truncated right triangle. Copper plates 75,
      76, 101 and 102 have different relative dimensions and are positioned in
      such a configuration wherein copper plates 75, 76, 101 and 102 are adapted
      to carry an electric current and to maintain a substantially uniform
      current density through anode base structure 74 to electrical contact
      points adjacent to anode blades 72 without any significant voltage drop
      across anode base structure 74 and with the most econoical power
      consumption in anode base structure 74.
PAR  Substantially uniform current density is achieved by the configuration of
      the differenet cross-sections of copper plates 75, 76, 101 and 102 which
      form the cross-sectional shape of a substantially stair-stepped truncated
      right triangle where electric current is removed from the copper plates in
      a substantially uniform manner as the cross-section of the copper plates
      is decreased.
PAR  In a typical circuit of electrolytic cells, electric current is carried
      through overall connectors (not shown) to anode busbar 97 of anode base
      structure 74. Electric current is then carried and a substantially uniform
      current density is maintained through anode base structure 74 without any
      significant voltage drop across anode base structure 74 and with the most
      economical power consumption in anode base structure 74. Electric current
      is carried and a substantially uniform current density is maintained
      through anode base structure 74 by means of the configuration and the
      different relative dimensions of copper plates 75, 76, 101 and 102.
      Electric current is thus carried through anode base structure 74 to
      electrical contact points where it is distributed to anode blades 72, and,
      under these conditions, the electric current is readily carried to all
      sections of anode blades 72.
PAR  The novel anode base structure makes the most economic use of invested
      capital, namely, the amount of copper or other suitable highly conductive
      metal used in the anode base structure. The configuration and different
      relative dimensions of the copper plates significantly reduce the amount
      of copper or other suitable highly conductive metal required in the anode
      base structure as compared to the prior art. The copper plates by means of
      their configuration and different relative dimensions are also adapted to
      carry an electric current and to maintain a substantially uniform current
      density through the anode base structure.
PAR  The configuration and dimensions of the copper plate can vary depending on
      the designed current capacity of the electrolytic cell and also can vary
      depending on a number of factors such as the current density, the
      conductivity of the metal used, the amount of weld area, the fabrication
      costs and the like.
PAR  The novel anode base structure provides improved electrical conductivity to
      the anode blades thereby providing a minimum or no significant voltage
      drop across the anode base structure with a substantial reduction in
      copper or other suitable highly conductive metal expenditures as compared
      to the prior art.
PAR  The novel anode base structure can enable an electrolytic cell to be
      designed to operate as a chlor-alkali diaphragm cell at high current
      capacities of about 150,000 amperes and upward to about 200,000 amperes
      while maintaining high operating efficiencies. These high current
      capacities provide for high production capacities which result in high
      production rates for given cell room floor areas and reduce capital
      investment and operating costs. In addition to being capable of operation
      at high amperages, an electrolytic cell can also efficiently operate at
      lower structure amperages, such as about 55,000 amperes using the novel
      anode base structure.
PAC  PREFERRED EMBODIMENTS
PAR  The following Example illustrates the practice of the present invention and
      a mode of utilizing the present invention.
PAC  EXAMPLE
PAR  The following data is typical of the performance of an electrolytic cell
      provided with the novel anode base structure of the present invention
      operating at a current capacity of 150,000 amperes. The performance is
      compared with the performance of a smaller electrolytic cell of the prior
      art, also equipped with metal anode blades, operating at a current
      capacity of 84,000 amperes. Both electrolytic cells are chlor-alkali
      diaphragm cells.
TBL  ______________________________________                                    
                           150,000 Ampere Cell                                 
                           Provided with the                                   
                 84,000 Ampere                                                 
                           Novel Anode Base                                    
                 Cell of the                                                   
                           Structure of the                                    
                 Prior Art Present Invention                                   
     ______________________________________                                    
     Current Efficiency                                                        
                   96.4        96.4                                            
     Average Cell Voltage                                                      
                   3.84        3.83                                            
     (including busbars)                                                       
     Power -       2735        2725                                            
     KWHDC/Ton Cl.sub.2                                                        
     Cell Liquor   100.5       100.7                                           
     Temperature                                                               
     Degrees Centigrade                                                        
     Anolyte Temperature                                                       
                   94.5        94.7                                            
     Degrees Centigrade                                                        
     Percent NaOH in Cell                                                      
                   11.5*       11.5*                                           
     Liquor                                                                    
     Chlorine Production -                                                     
                   2.83        5.06                                            
     Tons/Day                                                                  
     NaOH Production -                                                         
                   3.20        5.71                                            
     Tons/Day                                                                  
     Brine Feed -  325         325                                             
     Grams/Liter                                                               
     Current Density,                                                          
                   1.5         1.5                                             
     Amperes/Sq. In.                                                           
     ______________________________________                                    
      *The cells can be operated at lower caustic content in the cell liquor.  
      This will result in greater current efficiencies.                        
PAR  The above data show that the electrolytic cell provided with the novel
      anode base structure of the present invention operates at essentially the
      same current efficiency, voltage and operating conditions as the smaller
      electrolytic cell of the prior art at the same anode current density. The
      electrolytic cell provided with the novel anode base structure of the
      present invention has a high production rate for a given cell room floor
      area, uses less operating labor and also has a lower capital investment
      per ton of chlorine produced.
PAR  This example shows that an electrolytic cell can be designed to operate at
      high current capacity to provide a high production capacity and a high
      production rate while maintaining high operating efficiencies.
PAR  An electrolytic cell provided with the novel anode base structure of the
      present invention can have many other uses. For example, alkali metal
      chlorates can be produced using the electrolytic cell by further reacting
      the formed caustic and chlorine outside of the cell. In this instance,
      solutions containing both alkali metal chlorate and alkali metal chloride
      can be recirculated to the electrolytic cell for further electrolysis. The
      electrolytic cell can be utilized for the electrolysis of hydrochloric
      acid by electrolyzing hydrochloric acid alone or in combination with an
      alkali metal chloride. Thus, the electrolytic cell is highly useful in
      these and many other aqueous processes.
PAR  While there have been described various embodiments of the present
      invention, the apparatus described is not intended to be understood as
      limiting the scope of the present invention. It is realized that changes
      therein are possible. It is further intended that each component recited
      in any of the following claims is to be understood as referring to all
      equivalent components for accomplishing the same results in substantially
      the same or an equivalent manner. The following claims are intended to
      cover the present invention broadly in whatever form the principles
      thereof may be utilized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An anode base structure for use in an electrolytic cell comprising a
      highly conductive metal means and a conductive metal means, said highly
      conductive metal means having a substantially continuous flat and level
      surface, said highly conductive metal means having a vertical
      cross-sectional shape of a substantially stair-stepped, truncated, right
      triangle, said conductive metal means interfacing said highly conductive
      metal means along said stair stepped area to provide structural support
      for the highly conductive metal means.
NUM  2.
PAR  2. The anode base structure of claim 1 wherein the highly conductive metal
      means is provided with means for attaching the anode blades.
NUM  3.
PAR  3. The anode base structure of claim 1 wherein said conductive metal means
      comprises a configuration of metal shapes which form a unitary structure
      with said highly conductive metal means.
NUM  4.
PAR  4. The anode base structure of claiim 3 wherein the metal shapes comprise
      steel plates.
NUM  5.
PAR  5. The anode base structure of claim 1 wherein said anode base structure is
      providing with means to support the components of an electrolytic cell.
NUM  6.
PAR  6. The anode base structure of claim 5 wherein the means to support the
      components of the electrolytic cell comprise structural metallic support
      means.
NUM  7.
PAR  7. The anode base structure of claim 5 wherein the means to support the
      components of the electrolytic cell comprise structural non-metallic
      support means.
NUM  8.
PAR  8. The anode base structure of claim 1 wherein the anode base structure is
      provided with a jumper busbar for attaching anode connector means when an
      adjacent electrolytic cell is jumpered and removed from the electrical
      circuit.
NUM  9.
PAR  9. The anode base structure of claim 1 wherein the anode base structure is
      provided with a cooling means to prevent temperatures in the anode busbar
      structure from rising to levels whereby damage to the anode busbar
      structure or other components of the electrolytic cell occur.
NUM  10.
PAR  10. The anode base structure of claim 1 wherein said highly conductive
      metal means is fabricated from copper.
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ABST
PAL  Hydrocarbon oils and gases of high Btu content are produced from coal in a
      pressurized closed cyclic system through which hydrogen is recycled. Coal,
      oxygen and steam are fed into the pressurized system and oil and high Btu
      gas are removed as products. The system includes a coal gasification zone
      and coal and tar hydrogenation zones which receive hydrogen-containing
      gases from the coal gasification zone along with recycle hydrogen. The
      product oil is separated from the combined effluent of the hydrogenation
      zones and the resulting gases are then purified and separated into product
      hydrocarbon gases and recycle hydrogen without substantial reduction in
      system pressure.
BSUM
PAC  COPENDING APPLICATIONS
PAR  This application is related to my co-pending applications Ser. No. 268,201
      filed June 30, 1972 now U.S. Pat. No. 3,823,084 and Ser. No. 412,026 filed
      Nov. 1, 1973.
PAR  The present invention relates to the conversion of coal into liquid and
      gaseous hydrocarbon products by reacting hydrogen with the chemical
      substituents of coal in a closed, cyclic, high pressure system through
      which hydrogen is circulated. The only raw materials fed to the system are
      coal, oxygen and water. Hydrogen required for the hydrogenation is
      produced from the coal.
PAR  My prior U.S. Pat. Nos. 3,030,297, issued Apr. 17, 1962, and 3,152,063,
      issued Oct. 6, 1964, disclose coal hydrogenation processes and set forth
      the general conditions of temperature, pressure and time under which coal
      can be hydrogenated to produce oil and gas. In the processes of these
      patents, reactions between coal and hydrogen were carried out in the
      presence or absence of catalysts. At higher temperatures, catalysts were
      found to have relatively small effect. Gases resulting from these
      reactions were largely hydrocarbons mixed with the hydrogen gas used to
      hydrogenate the coal. Generally the hydrocarbon gases were in a range from
      5 to approximately 35 volume percent of the gaseous products. My U.S. Pat.
      No. 3,762,773, issued Oct. 2, 1973, discloses a method and apparatus for
      feeding finely divided solids such as coal, to a pressurized gas or
      gas-liquid-solid system without loss of gas pressure from the pressurized
      system.
PAR  It is an object of the present invention to modify the prior hydrogenation
      procedures in such a way as to provide a highly efficient process for the
      conversion of coal into hydrocarbon oil and pipeline quality gas.
PAR  It is another object of the invention to make possible the conversion of a
      large portion, e.g. 80 percent or more, of the coal fed to hydrogenation
      to products consisting of oil and high Btu gases, particularly gases
      suitable for use in the replacement of natural gas in pipeline
      transmission and distribution systems.
PAR  This invention accomplishes these objects by use of a closed cyclic system
      in which a relatively large volume of hydrogen is circulated with coal,
      oxygen and steam being fed to one part of the cycle, and oil and high Btu
      gas being removed from another part. The coal is fed from pressurized
      feeders, preferably such as disclosed in my aforesaid U.S. Pat. No.
      3,762,773, using recycle hydrogen from the system as the pressurizing gas.
      Hydrogen for the hydrogenation step is generated within the closed system
      at system pressure by feeding coal, oxygen and steam all at system
      pressure to a suitable gasification unit, thereby eliminating the need for
      a mechanical compression step to compress the hydrogen. Heat for the
      hydrogenation is also supplied by the gases generated in the gasifier. Oil
      is removed from the closed cyclic system as a liquid product by cooling
      and condensing. Cooled gases which are still at system pressure are washed
      with water or other suitable liquid to remove H.sub.2 S and CO.sub.2. The
      remaining gases are primarily hydrogen and hydrocarbons. These are
      separated into hydrogen gas and hydrocarbon gases by oil extraction or by
      cooling and liquifying the hydrocarbon gases. This separation is carried
      out at system pressure. The hydrogen remaining from the separation step is
      recycled to the hydrogenation reactor. The separated hydrocarbon gases,
      which are primarily methane, constitute the high-Btu gaseous product from
      the process. It is desirable to maintain a relatively large volume of
      recycle hydrogen in the system to provide the necessary equilibrum
      conditions for the hydrogenation reaction and to act as a carrier for the
      coal. Preferably the volume of hydrogen-containing recycle gas is at least
      three times the volume of the hot hydrogen-containing gases from the coal
      gasifier and the recycle gases contain at least 75% hydrogen and may
      contain above 90% hydrogen.
PAR  This hydrogenation process is related to the processes set forth in my
      aforementioned applications Ser. Nos. 268,201, filed June 30, 1972 and
      412,026, filed Nov. 1, 1973 in that it employs a closed cyclic system. It
      differs from the processes disclosed in these applications in two major
      respects. First, the hydrogenation of the coal and of the tar is carried
      out under conditions providing a higher yield of hydrocarbon gas; second,
      this gas is separated from the hydrogen for use as pipeline gas before the
      hydrogen is recycled to be used for the process.
DRWD
PAR  This invention is illustrated by the accompanying drawings, wherein:
PAR  FIG. 1. A and 1B together represent a flow diagram of a coal hydrogenation
      system embodying the principles of the invention.
PAR  FIG. 1C is a flow diagram of a modified form of that portion of the system
      shown in FIG. 1A.
DETD
PAR  Referring to the flow diagram of FIGS. 1A and 1B, solid pulverized coal
      from a pressurized feeder vessel 1 or 2 is fed through line 3, line 5, and
      flow controller 4 into line 6. Preheated recycled hydrogen gas from the
      process flows through line 57 and joins the stream of coal in line 6.
      Recycled hydrogen gas which has not been preheated may be used to
      pressurize the coal feeders 1 and 2 through line 56 as shown.
PAR  Fresh hydrogen in sufficient quantity to supply all of the hydrogen
      requirements for the process is produced in coal gasifier 7. One means of
      producing the hydrogen in gasifier 7 is as follows: coal from the
      pressurized feeding units 1 or 2 flows through line 9 to flow controller 8
      and then through line 12 to coal gasifier 7, which is operated at the
      pressure of the closed cyclic system. The pressure in the system is
      generally within the range of from about 1000 to 5000 psi, with the
      pressure in the hydrogen recycle lines 56 and 57 being slightly higher
      than that in the gasification and hydrogenation units in order to ensure
      flow through the system. Steam at the required pressure is generated from
      waste heat from the gasification operation and is fed to the gasifier
      through line 10. Oxygen generated at systems pressure in an air separation
      plant (not shown) is fed to the gasifier through line 13. It is desirable
      to preheat this oxygen to about 1000.degree.F before it is fed to the
      gasifier.
PAR  The gasifier is preferably a refractory lined high pressure steel vessel
      equipped with a jacket for water cooling. Reactions in the gasifier
      between coal, oxygen and steam generate largely hydrogen and carbon
      monoxide, along with a small amount of carbon dioxide. It is desirable to
      run the gasifier at high temperatures since this increases the speed of
      the reactions and especially the rate of steam decomposition. It also
      reduces the amount of carbon dioxide in the gas. Operating temperature in
      the gasifier should not be below 2000.degree.F and may be as high as
      3000.degree.F.
PAR  Primary control of the gasification temperature is by the amount of oxygen
      admitted, with more oxygen increasing the temperature.
PAR  The hot gases from the gasifier pass through waste heat boiler 14 to
      generate steam. The steam generated in the water cooled jacket of the
      gasifier and in the waste heat boiler may be used to supply steam to the
      gasifier.
PAR  The hot gases leaving the waste heat boiler section of the gasifier, which
      will generally be at a temperature of 1400.degree.F or higher, leave
      through line 17 and mix with preheated recycled hydrogen in line 6. As
      heretofore noted, coal from the pressurized feeder also enters line 6 and
      the gases and coal flow to the first hydrogenation reactor 18. At the
      temperatures and pressures involved, the coal structure disintegrates and
      the hydrogen present and produced in situ reacts with the resulting
      fragments to produce smaller molecules which are hydrocarbon liquids and
      gases.
PAR  The temperature of the preheated recycled hydrogen and the temperature of
      the gases from the gasifier determine the temperature in coal
      hydrogenation reactor 18. The temperature of these gases must be high
      enough to heat the coal and gases in reactor 18 to reaction temperature,
      as well as to provide heat for the endothermic reaction:
EQU  C + H.sub.2 O .fwdarw. CO + H.sub.2
PAR  the hydrogenation of the coal to form oils is generally slightly
      exothermic. Hydrogenation of coal to methane is fairly strongly
      exothermic. In general, however, the gases coming through line 6 must be
      several hundred .degree. F higher in temperature than the temperature in
      reactor 18.
PAR  The temperature in reactor 18 is primarily controlled by the temperature of
      the gases in line 17. In turn this temperature is controlled by the amount
      the gases are cooled in the waste heat boiler. One skilled in the art will
      have no difficulty in making the proper adjustments in these conditions.
PAR  During the reactions of coal and hydrogen in vessel 18 to form oils and
      hydrocarbon gases other materials, such as H.sub.2 S and NH.sub.3, are
      also formed. Neither H.sub.2 S nor NH.sub.3 interfere with the coal
      hydrogenation reactions even if they are carried out in the presence of a
      catalyst, since hydrogenation catalysts are normally resistant to
      poisoning by these compounds.
PAR  Retention time in vessel 18 will depend on the temperature and pressure in
      this vessel. My U.S. Pat. Nos. 3,030,297 and 3,152,063 have shown that dry
      coal hydrogenation to liquids and gas is very rapid and at suitable
      hydrogenation temperatures about 70 to above 90 percent of the coal can be
      converted to liquids and gas in less than a minute. The coal in vessel 18
      may be maintained as a fluidized bed, but it is also possible to select
      conditions at which hydrogenation is fast enough to allow the coal to be
      entrained in the gas stream and still secure high conversion of the coal
      to oil and gas.
PAR  Major factors controlling the distribution between liquid and gas formation
      in the coal hydrogenation reactions in vessel 18 are:
PA1  1. temperature
PA1  2. pressure
PA1  3. reaction time
PAR  Coal may be hydrogenated at temperatures from about 600.degree. to
      1500.degree.F or higher. At temperatures below about 800.degree.F the
      reactions are slow and the degree to which the coal is hydrogenated is
      low. At temperatures from 800.degree. to 1000.degree.F coal particles
      suspended in hydrogen hydrogenate very rapidly and the amount of liquid
      formed may be above 70 percent of the coal hydrogenated. Pressures
      required for the hydrogenation are in the range from about 1000 to above
      5000 psi. In the 800.degree. to 1000.degree.F temperature range the effect
      of the hydrogenation catalyst is important and suitable catalysts are
      required to give good liquid yields.
PAR  At increased temperature, liquid formation decreases and gas formation
      increases. For example, at 1100.degree.F and about 15-25 seconds retention
      time at 2000 psi, gas production is about 80 percent and liquid production
      is about 20 percent of the coal converted. Under these conditions,
      increased pressure favors higher gas production. However, lower retention
      time favors increased liquid formation. Also, at temperatures above about
      1050.degree.F, the hydrogenation catalysts become much less important.
PAR  Gases, liquids, ash and unreacted coal leave reactor 18 through line 19. In
      vessel 20 the materials are cooled slightly, preferably by introduction of
      a small amount of water as a spray to condense the heavy oils and tars.
      From vessel 20 the gases, liquids and solids flow through line 21 to
      cyclone separator 22. Liquids and solids are separated from the gases in
      22 and are removed through line 23. Alternate methods of separation may be
      used if desired. These materials are again hydrogenated in vessel 25 with
      hydrogen-containing gases brought in through line 24. The
      hydrogen-containing gases in line 24 are a combination of gases from
      gasifier 7 which enter at a controlled rate through line 15 and hot
      recycle hydrogen which enters at a controlled rate through line 16. The
      proportions of these gases may be adjusted to provide effective tar
      hydrogenation.
PAR  It has been noted that at temperatures below 1000.degree.F, hydrogenation
      catalysts are required in reactor 18 to give good yields of gases and
      liquids. The catalyst may be sprayed on the coal in a liquid solution, it
      may be present as an ebullating or fixed bed, or it may be entrained in
      the gas stream. The manner in which the catalyst is used in a fixed or
      ebullating bed, and by spraying the catalyst on the coal, are well known
      in coal hydrogenation and need not be described here.
PAR  In dry coal hydrogenation the catalyst may be entrained in the hydrogen gas
      stream with the coal and furthermore may be separated from the gas stream
      in the pressure system and recycled to hydrogenate additional coal. A
      representative method by which this may be done is illustrated in FIG. 1C.
PAR  Coal ground to 80 percent minus 200 mesh is entrained in a rising hydrogen
      stream in reactor 18. An aggregate carrying the catalyst, sized to plus
      100 mesh but sufficiently light to be entrained in the hydrogen stream, is
      mixed with the coal before it is introduced into the pressurized feeders.
      The aggregate may be coated or impregnated with a suitable concentration
      of catalyst, e.g. molybdenum salts or the like, to promote the
      hydrogenation reactions during passage through reactor 18.
PAR  Gases, liquids and solids, including the aggregate containing the catalyst,
      leave the reactor 18 through line 19, flow through cooler 20, and pass
      into the cyclone separator 22 through line 21 as heretofore noted. As
      shown in FIG. 1C, the cyclone separator in this embodiment is equipped
      with a catalyst screen 100 which has 100 mesh openings. Unreacted coal and
      ash particles which are now less than 200 mesh will pass through this
      screen along with the tar and heavy liquids to the bottom of the cyclone
      separator and flow out through line 23 to the tar hydrogenator 25.
      Catalyst accumulated on catalyst screen 100 is returned through line 101
      to hydrogenation vessel 18.
PAR  In this cycle the catalyst will become mixed with some ash and in time will
      deteriorate due to the presence of tar and carbon on the surface. A
      portion of the catalyst may be withdrawn through line 102, valve 103, line
      104, pressure reduction 105 and line 106 to an apparatus (not shown) for
      treatment to restore its activity. The regenerated catalyst may then be
      mixed with the coal supplied to the pressure feeders.
PAR  It will be understood that after the system has attained normal operating
      conditions after start-up, catalyst will be added to the coal only as may
      be necessary to make up for catalyst losses.
PAR  Referring again to FIGS. 1A and 1B, hydrogenation conditions in the tar
      hydrogenator 25 determine the relative amounts of liquid or gaseous
      hydrocarbon products produced from the tar. The gas pressure in this
      vessel may remain at the selected system pressure, e.g. approximately 2000
      psi. Temperatures may be in the 600.degree. to 1000.degree.F range. Liquid
      production is favored by slightly lower temperatures, smaller amounts of
      less active catalysts, and slightly longer retention times.
PAR  As an example, operating conditions in the tar hydrogenation to produce 70
      to 90 percent yield of liquid products are: 900.degree.F, retention time
      of approximately 30 to 60 seconds, and a catalyst concentration of about
      0.5 percent of ammonium molybdate based on the weight of the tar. This
      amount of catalyst, if not already present due to carry over from the coal
      hydrogenation in the presence of catalyst, may be added under pressure to
      line 24 by any suitable means and may be recovered from the residual
      solids.
PAR  Products from vessel 25 pass through line 26 to cyclone separator 27 where
      the ash and remaining solids are separated. Overhead material from
      separator 27 passes through line 28 and joins the material coming from
      separator 22 through line 29.
PAR  Ash and any residual tar and solids are removed at the bottom of separator
      27 through line 30 using any suitable pressure reduction device 80.
PAR  In the method of operation which has been described, hydrocarbon gas,
      distillable hydrocarbon oils, and tars are produced in both coal
      hydrogenation vessel 18 and tar hydrogenator 25. An alternate method of
      operation which is especially suitable for reactive coals such as low rank
      bituminous, subbituminous or lignitic may also be used as follows:
PAR  Hydrogenation in vessel 18 is carried out with coal and catalyst entrained
      in the gas stream using a retention time of about 20 seconds at about
      900.degree.F. This will convert approximately 50 percent of the coal to a
      distillable liquid and the rest to tar and hydrocarbon gas. In vessel 22
      the distillable oils and gas are separated from the tar and solids. These
      latter materials are then hydrogenated over a fixed bed catalyst, such as
      a bed of cobalt-molybdenum on alumina, in tar hydrogenator 25 at about
      950.degree.F with a retention time of about 20 to 30 seconds to convert
      the tar to essentially all gas. This gas is separated from the remaining
      solids in cyclone separator 27. This method of operation produces
      essentially dry solids which are then discharged through line 30 and the
      pressure reduction system indicated.
PAR  It will be understood that suitable conditions can be selected in the coal
      and tar hydrogenation zones to produce mixtures of hydrocarbon liquids and
      gases in substantially any desired proportions.
PAR  The liquid and gas products which flow from lines 28 and 29 are cooled in
      heat exchanger 31 and flow through line 31a for further cooling in water
      cooler 32 to condense oil vapors to liquid. Gas and oil from cooler 32
      flow through line 32a to oil-gas separator 33. From separator 33 the oil
      is withdrawn through line 34 and the pressure on the liquid is reduced to
      atmospheric in pressure reduction 73. The oil then flows through line 74
      to oil-gas separator 75. In this vessel the dissolved gases in the oil,
      which are mainly methane and higher hydrocarbon gas, will separate from
      the oil at the reduced pressure. These gases are withdrawn through line 76
      and since they have a high Btu value they may be added directly to the
      product gases from the process.
PAR  Oil is withdrawn from vessel 75 through line 77 and this is the oil product
      of the process. This is a completely distillable oil which will have a
      sulfur content below 0.5 percent and is suitable for refining by known
      petroleum processing steps.
PAR  The gas separated from the oil in separator 33 is a mixture of hydrogen and
      hydrocarbon gases. It flows through line 35 to water wash vessel 36. Water
      enters the top of water wash 36 through line 37. Gas from line 35 flows
      counter current to the flow of liquid. The purified gases, which are
      largely H.sub.2, methane and higher hydrocarbon gases, leave through line
      38.
PAR  The wash solution containing CO.sub.2, H.sub.2 S, and ammonia, leaves
      through line 39. The pressure is reduced in pressure reduction device 40
      and the solution flows into stripping tower 41. At low pressures the
      H.sub.2 S and CO.sub.2 are separated from the solution and leave through
      line 42. The solution which still contains ammonia leaves the bottom of
      tower 41 through line 58 and enters ammonia stripping tower 60, where the
      ammonia is largely removed by heating the solution. Heat is provided by
      steam entering through line 61 into heating coil 62. The ammonia leaving
      through line 59 may be recovered by compression to liquid ammonia or may
      be dissolved in water to make an ammonia solution.
PAR  The wash solution leaves tower 60 through line 63 and line 66 and flows
      through line 69 to cooler 70. Valves and lines are provided at 64 and 65
      to bleed the solution from the system to prevent the accumulation of
      excessively high concentrations of undesirable materials in the solution.
      Also, if desired, fresh water may be admitted through line 67 and valve
      68.
PAR  The cooled recycled solution from 70 leaves through line 71, is brought
      back to systems pressure in pump 72, and then recycled through line 37 to
      water wash 36.
PAR  Preferably the H.sub.2 S and CO.sub.2 leaving the top of stripping tower 41
      are not vented to the atmosphere. These gases may be taken to an apparatus
      such as a Claus plant 84 to convert the H.sub.2 S to sulfur. The sulfur
      can be recovered as liquid or solid sulfur.
PAR  The hydrogen and hydrocarbon gases leave water wash 36 through line 38.
      Depending on the conditions of operation, these gases may contain from
      about 15 to over 50 volume percent methane and higher hydrocarbons.
PAR  The hydrocarbon gas may be separated from the hydrogen in any suitable
      manner such as by washing the gases under pressure with a suitable
      fraction of gas oil from the process or by using a cryogenic process to
      cool the hydrocarbon gases to the point of liquification while the
      hydrogen remains in the gaseous phase. Since hydrogen remains as a gas at
      very low temperatures this method provides an effective separation of
      hydrocarbon gases from hydrogen.
PAR  At pressures of approximately 2000 psi and 70.degree.F the solubility of
      methane in a mixed aromatic-paraffinic oil, boiling in the range from
      280.degree. to 350.degree.F, is about 9 times the solubility of hydrogen
      gas on a volume basis. Under lower or atmospheric pressures the solubility
      of the methane in the oil is much less.
PAR  This change in methane solubility with pressure can be used to separate the
      hydrocarbon gases from hydrogen. Referring to FIGS. 1A and 1B, it will be
      seen that the mixed gases in line 38 enter the bottom of oil wash tower
      45. The gases flow up the wash tower 45 and the wash oil, which comes into
      the top of the tower 45 through line 48, flows down the tower 45. The oil
      absorbs the hydrocarbon gases and leaves the oil wash tower 45 through
      line 47. After passing through pressure reduction 54, the oil passes
      through line 51 and enters high Btu gas separation tower 50 which operates
      at about 100-500 psi. The reduction in pressure permits the gas to
      separate from the oil and the hydrocarbon gases may be removed through
      line 49. These hydrocarbon gases are the gaseous products from the process
      and are mainly methane containing small amounts of higher hydrocarbons and
      approximately 10 percent of hydrogen.
PAR  The oil leaving the high Btu gas separation tower 50 through line 52 is
      restored to system pressure by pump 53 and is then returned through line
      48 to the oil wash tower.
PAR  The solubility of hydrogen in the oil used in washing is low and therefore
      most of the hydrogen is available for recycling to the process. The gas
      from which the hydrocarbon products have been removed contains over 75
      percent hydrogen and may contain over 95 percent hydrogen depending on the
      solvent and conditions used. This gas passes from oil wash tower 45
      through line 55 to recycle compressor 55a. The recycle compression 55a
      restores the pressure drop that has occurred during the passage of the gas
      through hydrogenation, oil separation, gas purification, and methane
      separation. It is preferable to compress the recycle hydrogen to a
      pressure slightly above the system pressure so as to ensure flow of
      materials through the closed cycle of operations. Line 55b carries the
      recycle gas to heat exchanger 31 where it is heated by the outgoing gases
      from hydrogenation. The gas is then returned through line 57 to line 6 and
      then to coal hydrogenation vessel 18 for recycling through the processes.
PAR  Solvents other than hydrocarbon oils may also be used to separate the
      hydrocarbon gases from hydrogen. Solvents, such as lower aliphatic
      alcohols or ethers, can be used and will operate effectively at the lower
      pressure range of the system.
PAR  It has also been noted that an alternate cryogenic process may be used to
      separate the hydrocarbon gases from the hydrogen gas which is to be
      recycled. In this process (which is not shown ) the mixed gases under
      pressure in line 38 are cooled through heat exchangers to a suitable
      temperature to liquify the hydrocarbon gases and to leave the hydrogen in
      the gaseous state. The hydrocarbon gases are withdrawn from the system
      while they are in the liquid state and are thereby separated from the
      hydrogen. Since the temperature of liquification for methane is about
      160.degree.F higher than that for hydrogen, this separation is highly
      effective. The cold gases leaving the liquification process are then heat
      exchanged with incoming gases so that the process has reasonably high
      thermal efficiency. The gaseous hydrogen recovered from this process may
      be recycled back through a recycle compressor, as shown in FIG. 1B.
PAC  EXAMPLE
PAR  Coal supplied to the process in FIGS. 1A and 1B normally contains hydrogen
      in amounts ranging from about 4 to 6 percent. Oil produced from the
      hydrogenation process contains from 11 to 14 percent hydrogen and the
      gaseous hydrocarbon products will contain up to 25 percent by weight of
      hydrogen (for methane). Hydrogen is also needed to convert the sulfur in
      the coal to H.sub.2 S and the nitrogen to NH.sub.3. Part of the oxygen in
      the coal is converted to H.sub.2 O and part to CO.sub.2. Therefore, to
      convert coal to liquid and gaseous products there is needed an addition of
      hydrogen to the coal in amounts ranging from about 6 to 11 percent.
PAR  This hydrogen is supplied by the hydrogen generation step shown in FIG. 1A,
      which has been described.
PAR  The following will illustrate the application of the process for the
      conversion of bituminous coal to liquid and gaseous hydrocarbons. The
      ultimate analysis of the coal in this case on a moisture and ash free
      basis (maf ) is as follows:
     Component       Weight percent                                            
     ______________________________________                                    
     C               83.0                                                      
     H.sub.2         6.0                                                       
     O.sub.2         4.2                                                       
     N.sub.2         3.5                                                       
     S               3.3                                                       
     TOTAL           100.0                                                     
     ______________________________________                                    
PAL  The heating value on the maf basis is 15,200 Btu per lb.
PAR  Conversion of the carbon in the coal on a weight basis to one-half methane
      and one-half liquid hydrocarbons requires the addition of approximately 15
      lbs. of hydrogen to 100 lbs. of maf coal.
PAR  The operating conditions in the coal hydrogenation reactor for this
      conversion are approximately as follows:
TBL  Pressure          2000 psi                                                
     Temperature       1000.degree.F                                           
     Coal feed rate (maf)                                                      
                       5 tons per minute                                       
     Coal entrained in circulating                                             
     gas Retention time                                                        
                       20 seconds                                              
     Hydrogen recycle rate                                                     
                       1100 thousand standard cubic                            
                       feet per minute (To reactors                            
                       18 and 25)                                              
     Gas feed from coal gasifier                                               
                       277 thousand standard                                   
     (basis dry gas)   cubic feet per minute                                   
PAL  In addition to the coal fed to the hydrogenation reactor, approximately 4.7
      tons per minute will be needed for gasification and about 1 ton per minute
      for steam and power. The total coal requirements are 10.7 tons per minute
      or about 15,400 tons per 24 hours.
TBL  ______________________________________                                    
     Daily output from the plant is as follows:                                
     Distillable oils                                                          
                 23,700 barrels                                                
     High Btu gas                                                              
                 180 million standard cubic feet                               
     ______________________________________                                    
PAL  The thermal efficiency of the plant on the basis of the heating value of
      the liquid and gaseous products divided by the heat in the total coal fed
      to the plant is between 65 and 70 percent. The liquid products are
      distillable oils containing less than 0.5 percent sulfur on a weight
      basis. The high Btu gas is essentially free from sulfur.
PAR  The conditions set forth in the foregoing example are illustrative of one
      representative process. It is to be understood that these conditions may
      be varied in many ways. It is not intended that the application of the
      various steps and conditions described be limited only to the
      representative example set forth.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for hydrogenating coal to provide hydrocarbon oil and gas
      products, comprising: hydrogenating said coal in the substantial absence
      of externally supplied liquid slurrying medium in a hydrogenation zone of
      a closed cyclic system, said system being maintained under hydrogenation
      pressure, with hot recycled hydrogen-containing gases and with added hot
      hydrogen-containing gases generated by reaction of coal at system pressure
      with oxygen and steam to provide an effluent stream containing excess
      hydrogen and liquid and gaseous hydrocarbons, removing liquid hydrocarbon
      products from said effluent stream without substantial reduction in system
      pressure, purifying the resulting effluent gas stream to remove H.sub.2 S,
      CO.sub.2 and NH.sub.3 without substantial reduction in system pressure,
      separating hydrocarbon gases from the hydrogen of the purified gas stream
      without substantial reduction in the hydrogen pressure to provide a
      gaseous hydrocarbon product of high Btu content, and recycling the
      resultant hydrogen stream through the closed system to said hydrogenation
      zone.
NUM  2.
PAR  2. The process of claim 1 in which the pressure in the closed cyclic system
      is between about 1000 to 5000 psi, the temperature in the hydrogenation
      zone is maintained in the range of about 600.degree. to 1500.degree.F, the
      volume of recycle hydrogen is at least three times the volume of the added
      hot hydrogen-containing gases and the hydrogen concentration of the
      recycle hydrogen gases is above 75 percent hydrogen.
NUM  3.
PAR  3. The process of claim 2 wherein hydrogenation of the coal is carried out
      in the presence of a hydrogenation catalyst.
NUM  4.
PAR  4. The process of claim 2 wherein the temperature in the hydrogenation zone
      is maintained in the range of about 800.degree.F to 1000.degree.F to
      produce primarily liquid hydrocarbon products from the coal.
NUM  5.
PAR  5. The process of claim 1 in which the added hot hydrogen-containing gases
      are produced at a temperature in excess of hydrogenation temperature to
      thereby provide heat for use in the hydrogenation zone.
NUM  6.
PAR  6. The process of claim 1 wherein the product stream from the hydrogenation
      zone is cooled by indirect heat exchange to condense tars and solids, the
      tars and solids are introduced at system pressure into a tar reactor along
      with recycled hydrogen containing gases and added hot hydrogen-containing
      gases, the tars are hydrogenated to provide a hydrocarbon containing
      product stream, solids are removed from the product stream from the tar
      reactor without pressure reduction on this stream and the resulting
      product stream from the tar reactor is combined with the main product
      stream.
NUM  7.
PAR  7. The process of claim 1 wherein the stream of gases after removal of
      liquid hydrocarbons is purified by contact with water at system pressure
      to remove H.sub.2 S and CO.sub.2 prior to separation of the gaseous
      hydrocarbons from the hydrogen.
NUM  8.
PAR  8. The process of claim 1 wherein coal is added to the system through
      feeders pressurized by a portion of the continuously circulating hydrogen
      containing gases in the closed cyclic system.
NUM  9.
PAR  9. The process of claim 1 wherein the gaseous hydrocarbons are separated
      from the hydrogen by contacting the gas stream with a solvent in which the
      gaseous hydrocarbons are preferentially soluble at the system pressures.
NUM  10.
PAR  10. The process of claim 9 in which said solvent is a mixed
      aromatic-paraffinic oil.
NUM  11.
PAR  11. The process of claim 1 wherein hydrogen is separated from the
      hydrocarbon gases by liquifying the hydrocarbon gases.
NUM  12.
PAR  12. The process of claim 3 wherein the hydrogenation catalyst is introduced
      into the hydrogenation zone with the coal.
NUM  13.
PAR  13. The process of claim 12 wherein said catalyst is supported on a
      particulate carrier of larger particle size than the particle size of the
      coal, the coal and catalyst are entrained in the gases entering the
      hydrogenation zone and the catalyst is screened from the effluent stream
      from the hydrogenation zone and recycled to hydrogenate additional coal.
NUM  14.
PAR  14. A process for producing hydrocarbon oils and gases of high Btu content
      from coal comprising: continuously feeding coal in the substantial absence
      of externally supplied liquid slurrying medium under gas pressure into a
      closed pressurized system maintained under hydrogenation pressure and
      having a coal gasification zone and first and second hydrogenation zones,
      feeding part of the coal to the coal gasification zone and reacting it
      with oxygen and steam to produce hot hydrogen-containing gases, feeding
      another part of said coal to the first hydrogenation zone along with a
      portion of said hot hydrogen-containing gases, hydrogenating said coal in
      said first hydrogenation zone with said hydrogen-containing gases and with
      recycle hydrogen from the closed system to provide an effluent stream
      containing hydrogen, hydrocarbon oils and gases and residual tars and
      solids, separating said residual tars and solids from the effluent stream
      and hydrogenating them in said second hydrogenation zone with another
      portion of the hot hydrogen-containing gases from the coal gasified and
      with recycle hydrogen from the system to provide a second
      hydrocarbon-containing effluent stream, combining the two effluent streams
      and removing hydrocarbon oils from the combined stream without reducing
      the pressure on the system, purifying the resulting gaseous stream to
      remove H.sub.2 S, CO.sub.2 and NH.sub.3 without substantial pressure
      reduction, separating gaseous hydrocarbons from the hydrogen in said
      purified gaseous stream without substantial pressure reduction on the
      system and recycling the hydrogen to the hydrogenation zones of the closed
      system.
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ABST
PAL  A catalytic process for hydrocracking crude oil fractions into a C.sub.2
      -C.sub.5 alkane mixture having a normal paraffin to isoparaffin molar
      ratio greater than about 3:1 and thermally cracking this mixture to
      recover ethylene and propylene.
PAL  The hydrocracking catalysts used are made from a Group VIII metal, a Group
      VI B metal or mixtures thereof, with a halogen supported on a
      silica-alumina support or a natural or synthetic faujasite. The catalysts
      must be sulfided prior to or during use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved process for converting crude
      oil fractions into an olefin product by hydrocracking the crude oil
      fractions to C.sub.2 - C.sub.5 paraffins and thermally cracking these to a
      C.sub.2 - C.sub.3 olefin mixture.
PAR  It is known from U.S. Pat. No. 3,598,724 that C.sub.3 - C.sub.4 paraffins
      can be produced from hydrocarbons boiling in the range from 100.degree.F.
      to 550.degree.F. by hydrocracking over a catalyst comprising mordenite
      mixed with a nickel/tin catalyst supported on an amorphous inorganic
      oxide.
PAR  Similar patents such as U.S. Pat. No. 3,385,782 suggest the hydrocracking
      of high boiling hydrocarbon fractions into C.sub.1 - C.sub.4 paraffins.
PAR  These prior art process, as well as U.S. Pat. No. 3,718,575, are primarily
      concerned with the production of LPG or liquified petroleum gas (C.sub.3 -
      C.sub.4) useful as fuels and thus were interested mainly in producing
      higher yields of C.sub.3 - C.sub.4 than the C.sub.1 - C.sub.2 yields.
PAC  SUMMARY OF THE INVENTION
PAR  It now has been discovered that by using a highly active catalyst, larger
      amounts of hydrogen and higher temperatures, it is possible to hydrocrack
      a crude oil fraction boiling in the range from 200.degree. to
      1000.degree.F. with substantially complete conversion into a C.sub.2 -
      C.sub.5 product having a normal paraffin to isoparaffin molar ratio
      ranging from about 3:1 to about 6:1 and subsequently thermally crack this
      C.sub.2 - C.sub.5 product into a C.sub.2 - C.sub.3 olefin mixture.
PAR  The advantage in having a high normal paraffin ratio in the C.sub.2 -
      C.sub.5 product is that this product can be used as a replacement for
      L.P.G. as a feedstock to existing ethylene production facilities without
      extensive and/or expensive modifications thereof.
PAR  A further advantage of the present invention is that whereas it is known to
      thermally crack gas oils to olefins in yields of 30-35 pounds per 100
      pounds of feed, by using the present two-step invention it is possible to
      obtain yields of 50-60 pounds per 100 pounds of feed.
PAR  In general the present invention comprises a process for the production of
      ethylene and propylene as co-products which comprises:
PA1  A. hydrocracking a crude oil fraction boiling in the range from 200.degree.
      to 1000.degree.F. by contacting a mixture of said fraction and hydrogen
      with a highly active sulfided hydrocracking catalyst under pressure
      greater than about 400 psig wherein
PA2  1. the molar ratio of hydrogen to said fraction is in the range from about
      4:1 to about 50:1;
PA2  2. the temperature range is from about 300.degree. to about 565.degree.C.;
      and
PA2  3. the residence time is from about one to about 180 seconds;
PA2  4. the sulfided catalyst comprises a Group VIII metal, a Group VI B metal,
      or mixtures thereof, and a halogen, supported on a catalyst support of
      silica-alumina mixtures, or a natural or synthetic faujasite;
PA2  5. conditions (1) - (3) are selected so as to achieve a normal paraffin to
      isoparaffin molar ratio greater than about 3:1 in the hydrocracked
      product;
PA1  B. separating the hydrocracked product of step
PA2  A. to recover a C.sub.2 - C.sub.5 alkane product,
PA1  C. thermally cracking the C.sub.2 - C.sub.5 product and
PA1  D. recovering ethylene and propylene as coproducts.
PAR  Preferably, the crude oil fraction used is a gas oil fraction boiling in
      the range from 350.degree.-800.degree.F. and preferably the molar ratio of
      hydrogen to the gas oil fraction is in the range from about 10:1 to about
      30:1; the temperature range is from about 450.degree. to about
      550.degree.C.; and the residence time is from about 5 to about 100
      seconds.
PAC  DESCRIPTION OF THE INVENTION
PAR  In general, the present invention involves the hydrocracking of hydrocarbon
      feedstocks boiling in the range from 200.degree. to 1000.degree.F. These
      include diesel fuel, light gas oil, heavy gas oil, lube oil, catalytic
      cycle oil, and coke oven oil.
PAR  The catalysts used in this invention are generally known from U.S. Pat. No.
      3,268,437; U.S. Pat. No. 3,399,132; U.S. Pat. No. 3,617,485 and French
      Pat. No. 2,141,584. The disclosures of these patents are incorporated by
      reference herein. The catalysts used are further illustrated by
      preparations 1-3 hereinafter.
PAR  The operating conditions under which the above catalysts are used in this
      invention for hydrocracking are a temperature range from about 300.degree.
      to about 565.degree.C. and preferably about 450.degree. to about
      550.degree.C., a residence time from 1 to 180 seconds and preferably 5-50
      seconds, a range of hydrogen to hydrocarbon molar ratio of from 4:1 to
      50:1 and preferably 10:1 to 30:1 and a pressure range from about 400 to
      2000 psig and preferably 500-900 psig.
PAR  It is to be understood that the conditions selected are chosen in order to
      insure that the hydrocarbon feed is completely converted to produce
      C.sub.2 - C.sub.5 alkanes with a yield of 91-95% with only a 2-4% yield of
      methane and 1-7% yield of C.sub.6 - C.sub.9 alkanes and with a normal
      paraffin to isoparaffin molar ratio greater than about 3:1.
PAR  As is known in the prior art, the catalysts may be sulfided by adding
      organic or inorganic sulfur compounds to the feed material or the catalyst
      may be sulfided during their preparation as is shown in Preparation 3
      hereinafter.
PAR  A related aspect of the invention as hereinbefore mentioned is that the
      hydrocracked product can be fed to a thermal cracker operating under a
      temperature range from about 800.degree. to about 925.degree.C.; a
      pressure range from about 10 to 30 psig; a residence time range from about
      0.1 to 1.0  seconds and a steam/hydrocarbon ratio of about 0.1 to about
      1.0 lb. steam/lb. hydrocarbon to produce an ethylene-propylene product.
DETD
PAR  The following examples are presented to further illustrate but not limit
      the invention.
PAC  Preparation 1 -- Preparation of 6% Ni, 19% W, 2% F on Si0.sub.2 -A1.sub.2
      0.sub.3
PAR  The support for the catalyst was 1/8  inches extrudates composed of 25%
      A1.sub.2 0.sub.3 and 75% Si0.sub.2. 119.5 gm. of this support was dried
      for approximately 16 hours in an oven at 115.degree.C.
PAR  A solution was prepared by dissolving 47.4 gm. of Ni(NO.sub.3).sub.2
      .6H.sub.2 0 in 40 ml. deionized water and dissolving 44.4 gm.
      (NH.sub.4).sub.6 W.sub.7 0.sub.24 .6H.sub.2 0 in 40 ml. deionized water.
      The two solutions were mixed and the volume adjusted to 113 ml. with the
      addition of deionized water. This solution was poured slowly (while
      stirring) over the dried support.
PAR  The catalyst was dried for approximately 16 hours at 115.degree.C. and was
      then calcined in a muffle furnace at 550.degree.C. for 5 hours.
PAR  4 ml. of 48% hydrofluoric acid was diluted to 100 ml. with deionized water
      and the solution was poured slowly over the calcined catalyst until all of
      the solution was adsorbed. The catalyst was dried at 115.degree.C. for 3
      hours and calcined at 550.degree.C. for 5 hours. Surface area of the
      catalyst was 162 m.sup.2 /gm.
PAC  Preparation 2 -- Preparation of 6% Ni, 19% W, 2% F on Rare Earth Exchanged
      Y-Zeolite
PAR  239 gm. of Linde SK-500 catalyst (a Y-zeolite exchanged with 10% rare earth
      mixture) was dried for approximately 16 hours at 200.degree.C. in a
      flowing stream of nitrogen.
PAR  94.7 gm. Ni(N0.sub.3).sub.2 .6H.sub.2 0 and 88.8 gm. (NH.sub.4).sub.6
      W.sub.7 0.sub.24 .6H.sub.2 0 was dissolved in deionized water and the
      final volume of the solution was adjusted to 150 ml. by addition of
      deionized water. This solution was poured slowly over the zeolite. The
      mixture was stirred until all of the liquid was adsorbed. The catalyst was
      dried for 2 hours at 155.degree.C. and then calcined at 500.degree.C. for
      2 hours.
PAR  8 ml. of 48% hydrofluoric acid was diluted to 100 ml. and was poured slowly
      over the calcined catalyst until all of the solution was adsorbed. The
      catalyst was dried at 115.degree.C. for 2 hours and calcined at
      500.degree.C. for 2 hours. Surface area of the catalyst was 275 m.sup.2
      /gm.
PAC  Preparation 3 -- Catalyst sulfiding Procedure
PAR  The catalysts were loaded into a 1 inch stainless steel tube reactor and
      dried at 400.degree.C. and atmospheric pressure using a nitrogen flow of 1
      liter per minute. Catalyst temperature was reduced to 50.degree.C. and the
      nitrogen flow stopped. The sulfiding gas mixture was passed over the
      catalyst at a gas hourly space velocity of 680. This gas mixture was 10%
      hydrogen sulfide and 90% hydrogen.
PAR  As the hydrogen sulfide reacted with the catalyst the temperature
      exothermed. After the exotherm passed through the bed the temperature was
      held at 50.degree.C. for 30 minutes and then was slowly raised to
      325.degree.C. It was held at 325.degree.C. for two hours. At this point
      the sulfiding of the catalyst was complete.
PAC  Example 1 -- Conversion of Gas Oil to Ethylene and Propylene
PAR  An experiment was conducted in which a gas oil was hydrocracked and the
      products were passed through a thermal cracker to produce ethylene and
      propylene. The hydrocracker consisted of a 1 inch O.D. stainless steel
      tube reactor 12 inches long loaded with 100 ml. of the catalyst of
      Preparation 1. The catalyst was sulfided according to the sulfiding
      procedure of preparation 3. A gas oil having a boiling point range from
      350.degree. to 500.degree.F. was preheated and passed over the catalyst at
      a rate of 0.84 m/min which corresponds to a liquid hourly space velocity
      (LHSV) of 0.5. Hydrogen was mixed with the gas oil prior to entering the
      preheater at a rate of 2.46 liters per minute. The reactor temperature was
      550.degree.C. at a pressure of 600 psig. The H.sub.2 /hydrocarbon molar
      ratio was 30/1. Hydrocarbon product from the hydrocracker reactor was
      composed of 4.0% CH.sub.4, 5.9% C.sub.2 H.sub.6, 35.9% C.sub.3 H.sub.8 ,
      18.4% normal butane, 16.0% isobutane, 5.8% normal pentane, 8.7%
      isopentanes, and 5.3% C.sub.6 - C.sub.9 paraffins.
PAR  The entire product from the hydrocracker, including hydrogen was passed
      directly into a laboratory thermal cracker whose inlet temperature was
      500.degree.C. The residence time was 0.5 sec., pressure was 15 psig, and
      the outlet temperature was 890.degree.C. From this overall process the
      yield of each component was as follows: C.sub.2 H.sub.6 --  16.4%, C.sub.2
      H.sub.4 --  38.1%, C.sub.3 H.sub.8 --  0.5%, C.sub.3 H.sub.6 --  2.0% and
      the remainder methane and C.sub.4 +  paraffins.
PAR  Better yields are obtained if the hydrogen, methane, and the C.sub.6 -
      C.sub.9 components are separated from the C.sub.2 - C.sub.5 fraction. The
      C.sub.2 - C.sub.5 fraction is then mixed with steam in a ratio of 0.3 lb.
      steam/lb. C.sub.2 - C.sub.5 and injected into the thermal cracker.
PAC  Examples 2-4 -- Effect of Temperature on the Molar Normal/Iso Paraffin
      Ratio and on the Percent C.sub.2 - C.sub.5 in the Product from the
      Hydrocracker
TBL  Temp.      Press.  Molar    Wt.% in Product                               
     Example                                                                   
            .degree.C.                                                         
                    psig    n/i    CH.sub.4                                    
                                         C.sub.2 -C.sub.5                      
                                                C.sub.6 -C.sub.9               
     ______________________________________                                    
     2      400     600     0.87   0.36  66.8   32.7                           
     3      450     600     1.49   0.72  77.1   22.2                           
     4      500     600     5.37   3.20  89.2    7.6                           
     ______________________________________                                    
PAL  All examples were over sulfided 6% Ni, 19% W, 2% F on a Si0.sub.2 -A1.sub.2
      0.sub.3 support at LHSV of 1.0, H.sub.2 /HC molar ratio of 30/1  and with
      a conversion of 100% following the procedures of Example 1. The feedstock
      was 50% hexadecane and 50% 2,6,10,14-tetramethyl pentadecane.
PAR  These examples show that at lower temperatures the desired high molar ratio
      of normal to isoparaffins (n/i) is not achieved while at higher
      temperatures the production of methane begins to become excessive.
PAC  Examples 5-6 -- Effect of Sulfur on Methane Formation
TBL  Exam-                                                                     
         Temp.                                                                 
             Press.                                                            
                  Molar                                                        
                      Wt.% in Product                                          
     ple .degree.C.                                                            
             psig n/i CH.sub.4                                                 
                          C.sub.2 -C.sub.5                                     
                               C.sub.6 -C.sub.9                                
                                    Comments                                   
     __________________________________________________________________________
     5   550 600  --  99.6                                                     
                          0.4  0    unsulfided catalyst                        
     6   550 600  3.55                                                         
                       4.0                                                     
                          90.8 5.0  sulfided catalyst                          
                                    (about 2.0% sulfur)                        
     __________________________________________________________________________
PAL  Both examples were over 6% Ni, 19% W, 2% F on SiO.sub.2 -A1.sub.2 0.sub.3
      with and without sulfur at LHSV of 0.5, H.sub.2 /HC molar ratio 32/1, and
      with a conversion of 100% following the procedures of Example 1. The
      feedstock was a gas oil with a boiling point range of
      350.degree.-500.degree.F., average molecular weight of 190, and 7 ppm
      sulfur.
PAR  These examples show that without a sulfided catalyst the feedstock converts
      almost totally into methane.
PAC  Examples 7-9 -- Effect of High Temperature (Excessive CH.sub.4 Formation
TBL  Exam- Temp.    Press.  Molar  Wt.% in Product                             
     ple   .degree.C.                                                          
                    psig    n/i    CH.sub.4                                    
                                         C.sub.2 -C.sub.5                      
                                                C.sub.6 -C.sub.9               
     ______________________________________                                    
     7     500      600     2.95   2.6   75.1   21.2                           
     8     550      600     6.09   6.7   71.2   21.2                           
     9     610      600     19.96  20.4  67.6   11.5                           
     ______________________________________                                    
PAL  All examples were over sulfided 6% Ni, 19% W, 2% F on Si0.sub.2 -A1.sub.2
      0.sub.3 at LHSV of 1.0, H.sub.2 /HC molar ratio of 30/1, and with a
      conversion of 100% following the procedures of Example 1. The feedstock
      was a gas oil with a boiling point of 260.degree.-680.degree.F., average
      molecular weight 200, and 0.26 weight percent sulfur.
PAR  These examples show that at temperatures over about 565.degree.C., excess
      amounts of undesired methane are obtained.
PAC  Examples 10 and 11 -- Effect of Fluorine Addition to Catalyst on % C.sub.2
      - C.sub.5 in Hydrocracker Product
TBL  Temp.     Press.                                                          
                    Molar                                                      
                         Wt. % in Product                                      
     Example                                                                   
          .degree.C.                                                           
               psig n/i  CH.sub.4                                              
                             C.sub.2 -C.sub.5                                  
                                  C.sub.6 -C.sub.9                             
                                       Comments                                
     __________________________________________________________________________
     10   550  600  3.10 4.3 83.8 11.3 No flourine                             
     11   550  600  3.55 4.0 90.8 5.0  2% fluorine                             
     __________________________________________________________________________
PAL  Both examples were over sulfided catalysts containing 6% Ni, 19% W, on a
      SiO.sub.2 -A1.sub.2 0.sub.3 support with and without 2% fluorine at LHSV
      of 0.5, H.sub.2 /HC molar ratio 32/1, and with a conversion of 100%
      following the procedures of Example 1. The feedstock was a gas oil with a
      boiling point range of 350.degree.-500.degree.F., average molecular weight
      of 190, and 7 ppm sulfur.
PAR  These examples show a more acidic catalyst increases the yield of the
      desired C.sub.2 - C.sub.5 product and decreases the C.sub.6 - C.sub.8
      component. Similar results are obtained with chlorine, bromine and iodine.
PAC  Example 12 -- Conversion of Gas Oil to C.sub.2 - C.sub.5 Paraffins
PAR  An experiment was conducted in which a gas oil was hydrocracked to produce
      a paraffinic product in the C.sub.2 - C.sub.5 range. The hydrocracker
      consisted of a 1 inch O. D. tube reactor 12 inches long loaded with 200
      ml. of the catalyst of Preparation 2. The catalyst was sulfided according
      to the sulfiding procedure of Preparation 3. Gas oil having a boiling
      point range of 290.degree. to 685.degree.F., an average molecular weight
      of 220, and a sulfur content of 0.18 wt.% was preheated and passed over
      the catalyst at a rate of 1.68 ml/min. which corresponds to a liquid
      hourly space velocity of 0.5. Hydrogen was mixed with the gas oil, prior
      to entering the preheater, at a rate of 4.74 liters/min. The reactor
      temperature was 475.degree.C. at a pressure of 600 psig. The H.sub.2
      /hydrocarbon molar ratio was 28/1. The hydrocarbon product from the
      hydrocracker reactor was composed of 3.1% CH.sub.4, 7.7% C.sub.2 H.sub.6,
      40.3% C.sub.3 H.sub.8, 17.7% n-C.sub.4 H.sub.10, 15.4% i-C.sub.4 H.sub.10,
      4.1% n-C.sub.5 H.sub.12, 5.9% i-C.sub.5 H.sub.12 and 5.8% C.sub.6 -
      C.sub.9 hydrocarbons. The conversion was 100%.
PAR  The above hydrocarbon product is then thermally cracked as in Example 1 to
      produce an ethylene-propylene product.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of an ethylene-propylene product which
      comprises:
PA1  A. hydrocracking a crude oil fraction boiling in the range from 200.degree.
      to 1000.degree.F. by contacting a mixture of said fraction and hydrogen
      with a highly active sulfided hydrocracking catalyst under a pressure
      greater than about 400 psig wherein
PA2  1. the molar ratio of hydrogen to said fraction is in the range from about
      4:1 to about 50:1;
PA2  2. the temperature range is from about 300.degree. to about 565.degree.C.;
      and
PA2  3. the residence time is from about one to about 180 seconds;
PA2  4. the catalyst comprises of Group VIII metal, a Group VI B metal, or
      mixtures thereof and a halogen supported on a catalyst support of
      silica-alumina mixtures, or a natural or synthetic faujasite;
PA2  5. conditions (1) - (3) are selected so as to produce a C.sub.2 -  C.sub.5
      product in a yield of 91- 95% and to achieve a normal paraffin to
      isoparaffin molar ratio greater than about 3:1 in the C.sub.2 -  C.sub.5
      portion of the hydrocracked product;
PA1  B. separating the hydrocracked product of step (A) to recover a C.sub.2 -
      C.sub.5 alkane product;
PA1  C. thermally cracking the C.sub.2 -  C.sub.5 product and
PA1  D. recovering ethylene and propylene as co-products.
NUM  2.
PAR  2. The method of claim 1 wherein the crude oil fraction is a gas oil
      boiling in the range from 350.degree.-800.degree.F.
NUM  3.
PAR  3. The method of claim 2 wherein
PA1  1. the molar ratio of hydrogen to said fraction is in the range from about
      10:1 to about 30:1;
PA1  2. the temperature range is from about 450.degree. to about 550.degree.C.;
      and
PA1  3. the residence time is from about 5 to about 50 seconds.
NUM  4.
PAR  4. In a process for the production of an ethylene-propylene product wherein
      a crude oil fraction boiling in the range from 200.degree. to
      1000.degree.F. is hydrocracked with a highly active sulfided hydrocracking
      catalyst under a pressure greater than about 400 psig and the hydrocracked
      product is thermally cracked to yield an ethylene-propylene product, the
      improvement which comprises contacting the crude oil fraction with
      hydrogen in a molar ratio of hydrogen to said fraction in the range from
      about 4:1 to 50:1 at a temperature range from about 300.degree. to about
      565.degree.C. with a residence time ranging from about 1 to about 180
      seconds so as to produce a C.sub.2 -  C.sub.5 product in a yield of 91-
      95% and to achieve a normal paraffin to isoparaffin molar ratio greater
      than about 3:1 in the C.sub.2 -  C.sub.5 portion of the hydrocracked
      product.
NUM  5.
PAR  5. The process of claim 4 wherein the crude oil fraction is a gas oil
      boiling in the range from 350.degree. to 800.degree.F.
NUM  6.
PAR  6. The process of claim 5 wherein the molar ratio of hydrogen to said gas
      oil is in the range from about 10:1 to about 30:1, the temperature range
      is from about 450.degree. to about 550.degree.C. and the residence time is
      from about 5 to about 50 seconds.
NUM  7.
PAR  7. A process for the production of an ethylene-propylene product which
      comprises:
PA1  A. hydrocracking a crude oil fraction boiling in the range from 200.degree.
      to 1000.degree.F by contacting a mixture of said fraction and hydrogen
      with a highly active sulfided hydrocracking catalyst under a pressure
      greater than about 400 psig wherein
PA2  1. the molar ratio of hydrogen to said fraction is in the range from about
      4:1 to about 50:1;
PA2  2. the temperature range is from about 300.degree. to about 565.degree.C.;
      and
PA2  3. the residence time is from about one to about 180 seconds;
PA2  4. the catalyst comprises a Group VIII metal, a Group VI B metal, or
      mixtures thereof supported on a catalyst support of silica-alumina
      mixtures, or a natural or synthetic faujasite;
PAR  5. conditions (1) - (3) are selected so as to produce a C.sub.2 -  C.sub.5
      product in a yield of 91-95% and to achieve a normal paraffin to
      isoparaffin molar ratio greater than about 3:1 in the C.sub.2 -  C.sub.5
      portion of the hydrocracked product;
PA1  B. separating the hydrocracked product of step (A) to recover a C.sub.2 -
      C.sub.5 alkane product;
PA1  C. thermally cracking the C.sub.2 -  C.sub.5 product and
PA1  D. recovering ethylene and propylene as co-products.
NUM  8.
PAR  8. The method of claim 7 wherein the crude oil fraction is a gas oil
      boiling in the range from 350.degree.-800.degree.F.
NUM  9.
PAR  9. The method of claim 8 wherein
PA1  1. the molar ratio of hydrogen to said fraction is in the range from about
      10:1 to about 30:1;
PA1  2. the temperature range is from about 450.degree. to about 550.degree.C.;
      and
PA1  3. the residence time is from about 5 to about 50 seconds.
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ABST
PAL  The cracking of high metals content feedstocks is achieved in the presence
      of a catalyst comprising from 1 to 40 weight percent of a zeolite having
      cracking activity dispersed in a large pored matrix.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation-in-part application of U.S. Ser. No. 386,719 (now
      abandoned) filed Aug. 8, 1973, and assigned to the same assignee as the
      present application.
BSUM
PAR  The present invention relates to the catalytic cracking of
      hydrocarbonaceous feeds containing metals and in particular to the
      cracking of these feeds with fluid catalysts which have improved metals
      tolerant characteristics.
PAR  There is a continually increasing demand for gasolines, coupled with
      shrinking supplies of normally used cracking stocks, such as gas oils. As
      a result, more attention has recently been directed to the catalytic
      cracking of heavier charge stocks such as residuals. One of the primary
      problems with these stocks is their high metals content which tends to
      deposit on the catalyst and decrease its desirable cracking
      characteristics. The term "metals" in this application refers to free
      metals or relatively non-volatile metal compounds. Many petroleum charge
      stocks contain at least traces of many metals and in addition to the
      metals which are naturally present, petroleum stocks have a tendency to
      pick up iron because of transportation, storage and processing in iron
      equipment. Substantially all of the metals are present in an
      organo-metallo form, such as, for example, in a porphyrin ring or as a
      naphthenate. The metals in the petroleum charge stock tend to deposit in a
      relatively non-volatile form onto the catalyst during the cracking
      process, and regeneration of the catalyst to remove coke does not remove
      these contaminants which have an adverse effect on cracking results when
      using conventional cracking catalysts. Examples of typical metals which
      can be present include: nickel, vanadium, copper, chromium, and iron.
      Further, the use of zeolitic cracking catalysts has become of increased
      importance due to the higher activity characteristics of these materials
      (see "Recycle Rates Reflect FCC Advances," by J. A. Montgomery, Oil & Gas
      Journal, Dec. 11, 1972, pp. 81-86). Unfortunately, these zeolitic
      catalysts are also susceptible to metals poisoning.
PAR  Of course, a number of methods have been proposed in the past to overcome
      the problems associated with the cracking of metals contaminated
      feedstocks. Suggestions have been made to pretreat the contaminated feed
      to reduce the content of metals to below about 1 to 4 parts per million by
      volume. Feeds have also been carefully fractionated to exclude the heavier
      gas oils and residue materials where the major metal contaminants are
      concentrated. Still other techniques are directed to removing the metal
      contaminants once they have been deposited on the catalyst. Most of these
      techniques, however, require expensive additional equipment and chemicals
      which are not justified from an economic standpoint.
PAR  The above problems are overcome in accordance with the present invention by
      providing an improved metals tolerant cracking catalyst which incorporates
      in part the desirable higher activity characteristics of zeolites.
PAR  In accordance with the invention, an improved process for the catalytic
      cracking of a high metals content feedstock is achieved by cracking the
      feedstock in the absence of added hydrogen and in the presence of a
      catalyst comprising from 1 to 40 weight percent of a zeolite having
      cracking characteristics dispersed in a refractory metal oxide matrix
      having a pore size distribution such that less than 20 volume percent of
      the pores have a pore diameter of less than 50 A, and the average pore
      diameter is at least about 100 A. The new metals tolerant catalyst can be
      used in pellet form for a fixed-bed operation; powder form for fluid bed
      operation; or in bead form for a moving bed operation. The fluid bed
      operation is preferred. The improved metals tolerant catalyst composition
      of this invention comprises as one component a crystalline
      aluminosilicate, preferably exchanged with rare earth metal cations. This
      crystalline aluminosilicate, sometimes referred to as the "rare earth
      zeolite," is dispersed in a large pore refractory metal oxide matrix.
      Catalysts comprising a crystalline aluminosilicate zeolite dispersed in a
      refractory metal oxide matrix are disclosed, for example, in U.S. Pat.
      Nos. 3,140,249 and 3,140,253 to C. J. Plank and E. J. Rosinki.
PAR  Typical zeolites or molecular sieves having cracking activity which can be
      suitably dispersed in a matrix for use as a catalytic cracking catalyst
      are well known in the art. Suitable zeolites are described, for example,
      in U.S. Pat. No. 3,660,274 to James J. Blazek et al. The description of
      the crystalline aluminosilicates in the Blazek et al patent is
      incorporated herein by reference. Synthetically prepared zeolites are
      intially in the form of alkali metal aluminosilicates. The alkali metal
      ions are exchanged with rare earth metal ions to impart cracking
      characteristics to the zeolites. The zeolites are, of course, crystalline,
      three-dimensional, stable structures containing a large number of uniform
      openings or cavities interconnected by smaller, relatively uniform holes
      or channels. The effective pore size of synthetic zeolites is suitably
      between six and 15 A in diameter. The overall formula for the zeolites can
      be represented as follows:
EQU  xM.sub.2/n O:Al.sub.2 O.sub.3 :1.5-6.5 SiO.sub.2 :yH.sub.2 O
PAL  where M is a metal cation and n its valence and x varies from 0 to 1 and y
      is a function of the degree of dehydration and varies from 0 to 9. M is
      preferably a rare earth metal cation such as lanthanum, cerium,
      praseodymium, neodymium or mixtures of these.
PAR  Zeolites which can be employed in accordance with this invention include
      both natural and synthetic zeolites. These zeolites include gmelinite,
      chabazite, dachiardite, clinoptilolite, faujasite, heulandite, analcite,
      levynite, erionite, sodalite, cancrinite, nepheline, lazurite, scolecite,
      natrolite, offretite, mesolite, mordenite, brewsterite, ferrierite, and
      the like. The faujasites are preferred. Suitable synthetic zeolites which
      can be treated in accordance with this invention include zeolites X, Y, A,
      L, ZK-4, B, E F, H J, M, Q, T, W, Z, alpha and beta, ZSM-types and omega.
      The term "zeolites" as used herein contemplates not only aluminosilicates
      but substances in which the aluminum is replaced by gallium and substances
      in which the silicon is replaced by germanium.
PAR  The preferred zeolites for this invention are the synthetic faujasites of
      the types Y and X or mixtures thereof.
PAR  It is also well known in the art that to obtain good cracking activity the
      zeolites have to be in a proper form. In most cases this involves reducing
      the alkali metal content of the zeolite to as low a level as possible.
      Further, a high alkali metal content reduces the thermal structural
      stability, and the effective lifetime of the catalyst will be impaired as
      a consequence thereof. Procedures for removing alkali metals and putting
      the zeolite in the proper form are well known in the art as described in
      U.S. Pat. No. 3,537,816.
PAR  The crystalline aluminosilicate zeolites, such as synthetic faujasite, will
      under normal conditions crystallize as regularly shaped, discrete
      particles of approximately one to ten microns in size, and, accordingly,
      this is the size range normally used in commercial catalysts. Preferably
      the particle size of the zeolites is from 0.5 to 10 microns and more
      preferably is from 1 to 2 microns or less. Crystalline zeolites exhibit
      both an interior and an exterior surface area, with the largest portion of
      the total surface area being internal. Blockage of the internal channels
      by, for example, coke formation and contamination by metals poisoning will
      greatly reduce the total surface area. Therefore, to minimize the effect
      of contamination and pore blockage, crystals larger than the normal size
      cited above are preferably not used in the catalysts of this invention.
PAR  It has now been discovered that when the above described zeolites are
      dispersed in a matrix material having defined large pore size
      characteristics, the resulting catalyst has unusually improved metals
      tolerant characteristics and can be utilized much more effectively in the
      catalytic cracking of high metals content hydrocarbonaceous feedstocks,
      such as residues or full crudes. While it is not certain, it is believed
      the metals from the charge stock deposit themselves in the large pores of
      the matrix rather than on the zeolitic catalyst sites, and thus the matrix
      sacrifices itself and prolongs the useful life of the catalystically
      active zeolitic material. The matrix material can suitably be formed from
      any refractory metal oxide or clay and is preferably formed from at least
      a portion of alumina. By a "portion" is meant greater than 25 percent by
      weight of alumina. Most preferably the matrix contains over 50 percent by
      weight of alumina. The remainder of the matrix material can be any other
      well known refractory metal oxide such as silica, magnesia, zirconia or
      mixtures of these materials or suitable large pore clays.
PAR  It is preferred that the matrix material be a substantially homogeneous
      refractory metal oxide or mixture of metal oxides which can be made in
      situ or made separately and thoroughly blended. The refractory metal
      oxides making up the matrix can be crystalline or amorphous or partially
      crystalline. It is within the ambit of this invention to include matrices
      of discrete portions of several refractory metal oxides, and in these
      instances it is preferred that each discrete portion of the matrix have
      the pore size distribution characteristics set forth herein. It is
      possible, of course, to incorporate small amounts of inert low average
      pore size refractory oxides in the matrix. The pore size distribution
      characteristics of the total matrix must, of course, conform to the limits
      set forth herein.
PAR  The particular method of forming the catalyst matrix does not form a part
      of this invention. Any method which produces the desired large pore size
      characteristics can suitably be employed. Large pored refractory metal
      oxide materials suitable for use as a matrix can be obtained as articles
      of commerce from catalyst manufacturers or they can be prepared in ways
      well known in the art such as described, for example, in U.S. Pat. No.
      2,890,162, the specification of which is incorporated herein by reference.
PAR  Whatever matrix material is chosen and whatever method of preparation is
      employed, the resulting matrix material must contain relatively large
      pores. A suitable pore size distribution would be such that less than 20
      volume percent of the pores have a pore diameter less than 50 A. In one
      preferred form, less than five volume percent of the pores have a pore
      diameter above 600 A. In addition, the matrix material must have an
      average pore diameter of at least 90 A and preferably the average pore
      diameter is at least 100 A. The upper limit for the average pore diameter
      is suitably about 350 A, although usually an upper limit of 275 A is
      satisfactory.
PAR  A suitable method of determining the average pore radius of a matrix
      material is by the BET method, described, for example, in S. Brunauer,
      "The Adsorption of Gases and Vapors," Vol. 1, Princeton University Press,
      1943. The average pore diameter is, of course, a numerical value of twice
      the average pore radius.
PAR  For purposes of this invention, the determination of the average pore radii
      of the matrix material occurs after the fresh dried matrix material is
      calcined at 1000.degree.F. in air for 10 hours. No other pretreatment
      should occur prior to determination of the average pore radii and the
      determination of the pore size distribution as defined above. It is
      recognized that other pretreatments or post-treatments such as steaming,
      the presence of a particular type of zeolite, and the amount of zeolite,
      will affect the average pore diameter of the matrix and the average pore
      diameter of the total composited material. Since average pore diameter is
      an additive function, the average pore diameter of a composited material
      made up of a large-pored matrix and a relatively small-pored zeolite will
      be adjusted according to the amounts and types of the zeolite and
      large-pored matrix portions. A proper correlation can be obtained by one
      having ordinary skill in the art between the amount and type of zeolite
      admixed with the large-pored matrix and the average pore radius of the
      final catalyst. Thus it is possible through routine experiments to
      correlate the decrease in the average pore radius of a final composited
      catalyst with the amount and type of zeolite incorporated therein. For
      example, for every 1 weight percent of a synthetic faujasite composited
      with a large-pored silica alumina matrix, a 1.3 percent decrease in
      average pore diameter of the finished catalyst was experienced. With such
      a correlation, back calculation of the average pore radius of the matrix
      can be obtained.
PAR  The amount of the zeolitic material to disperse in the matrix can suitably
      be from 1 to 40 weight percent, preferably 2 to 30 weight percent, and
      most preferably from 5 to 25 weight percent of the final catalyst. The
      method of forming the final composited catalyst also forms no part of this
      invention, and any method well known to those skilled in this art is
      acceptable. For example, finely divided zeolite can be admixed with the
      finely divided matrix material, and the mixture spray dried to form the
      final catalyst. Other suitable methods are described in U.S. Pat. Nos.
      3,271,418; 3,717,587; 3,657,154; and 3,676,330; whose descriptions are
      incorporated herein by reference. The zeolite can also be grown on the
      matrix material if desired.
PAR  The above described composite catalysts have a high tolerance to metals and
      thus the catalyst compositions are particularly useful in the cracking of
      high metals content charge stocks. Suitable charge stocks include crude
      oil, residuums or other petroleum fractions which are suitable catalytic
      cracking charge stocks except for the high metals contents. A high metals
      content charge stock for purposes of the process of this invention is
      defined as one having a total metals concentration equivalent to or
      greater than a value of ten as calculated in accordance with the following
      relationship:
EQU  10[Ni] + [V] + [Fe] .gtoreq. 10                            (I)
PAL  where [Ni], [V] and [Fe] are the concentrations of nickel, vanadium and
      iron, respectively, in parts per million by weight. It is to be understood
      that the catalyst compositions described above can be used in the
      catalytic cracking of any hydrocarbon charge stock containing metals, but
      is particularly useful for the treatment of high metals content charge
      stocks since the useful life of the catalyst is increased. The charge
      stocks can also be derived from coal, shale or tar sands. Thus charge
      stocks which have a metals content value of at least 10 in accordance with
      Equation I cannot be treated economically in commercial processes today
      due to high catalyst make-up rates, but can now be treated utilizing the
      catalyst compositions described above. Typical feedstocks are heavy gas
      oils or the heavier fractions of crude oil in which the metal contaminants
      are concentrated. Usually the charge stocks have a metals value of less
      than 5000 by Equation I although charge stocks having higher values can be
      used. Particularly preferred charge stocks for treatment by the process of
      this invention include deasphalted oils boiling above 900.degree.F.
      (482.degree.C.) at atmospheric pressure; heavy gas oils boiling from
      650.degree.F. to 1100.degree.F. (343.degree.C. to 593.degree.C.) at
      atmospheric pressure; atmospheric or vacuum tower bottoms boiling above
      650.degree.F.
PAR  The preferred method of operating the process of this invention is by fluid
      catalytic cracking. Hydrogen is not added to the reaction.
DRWD
PAR  The drawings,
PAR  FIGS. 1-10, show a suitable reaction system and a series of graphs
      comparing the progression of conversions and product yields as metal
      contaminants built up in the catalyst particles comprising the several
      matrix materials.
DETD
PAR  A suitable reactor-regenerator system for performing this aspect of the
      invention is shown in the attached FIG. 1. The cracking occurs in the
      presence of a fluidized composited catalyst described above in an
      elongated reactor tube 10 which is referred to as a riser. The riser has a
      length to diameter ratio of above 20 or above 25. The charge stock to be
      cracked is passed through preheater 2 to heat it to about 600.degree.F.
      (315.6.degree.C.) and is then charged into the bottom of riser 10 to the
      end of line 14. Steam is introduced into oil inlet line 14 through line
      18. Steam is also introduced independently to the bottom of riser 10
      through line 22 to help carry upwardly into the riser regenerated catalyst
      which flows to the bottom of the riser through transfer line 26.
PAR  The oil charge to be cracked in the riser is, for example, a heavy gas oil
      having a boiling range of about 650.degree.F. to 1100.degree.F. The steam
      added to the riser can amount to about 10 weight percent based on the oil
      charge, but the amount of steam can vary widely. The catalyst employed is
      a composite zeolite -- large pore matrix material in a fluid form and is
      added to the bottom of the riser. The riser temperature range is suitably
      about 900.degree.F. to 1100.degree.F. (482.degree.C. to 593.degree.C.) and
      is controlled by measuring the temperature of the product from the riser
      and then adjusting the opening of valve 40 by means of temperature
      controller 42 which regulates the inflow of hot regenerated catalyst to
      the bottom of riser 10. The temperature of the regenerated catalyst is
      above the control temperature in the riser so that the incoming catalyst
      contributes heat to the cracking reaction. The riser pressure is between
      about 10 and 35 psig. Between about 0 and 5 percent of the oil charge to
      the riser can be recycled. The residence time of both hydrocarbon and
      catalyst in the riser is very small and ranges from 0.5 to 5 seconds. The
      velocity through the riser is about 35 to 55 feet per second and is
      sufficiently high so that there is little or no slippage between the
      hydrocarbon and the catalyst flowing through the riser. Therefore no bed
      of catalyst is permitted to build up within the riser whereby the density
      within the riser is very low. The density within the riser is a maximum of
      about 4 pounds per cubic foot at the bottom of the riser and decreases to
      about 2 pounds per cubic foot at the top of the riser. Since no dense bed
      of catalyst is permitted to build up within the riser, the space velocity
      through the riser is unusually high and will have a range between 100 or
      120 and 600 weight of hydrocarbon per hour per instantaneous weight of
      catalyst in the reactor. No significant catalyst buildup within the
      reactor is permitted to occur, and the instantaneous catalyst inventory
      within the riser is due to a flowing catalyst to oil weight ratio between
      about 4:1 and 15:1, the weight ratio corresponding to the feed ratio.
PAR  The hydrocarbon and catalyst exiting from the top of each riser is passed
      into a disengaging vessel 44. The top of the riser is capped at 46 so that
      discharge occurs through lateral slots 50 for proper dispersion. An
      instantaneous separation between hydrocarbon and catalyst occurs in the
      disengaging vessel. The hydrocarbon which separates from the catalyst is
      primarily gasoline together with some heavier components and some lighter
      gaseous components. The hydrocarbon effluent passes through cyclone system
      54 to separate catalyst fines contained therein and is discharged to a
      fractionator through line 56. The catalyst separated from hydrocarbon in
      disengager 44 immediately drops below the outlets of the riser so that
      there is no catalyst level in the disengager but only in a lower stripper
      section 58. Steam is introduced into catalyst stripper section 58 through
      sparger 60 to remove any entrained hydrocarbon in the catalyst.
PAR  Catalyst leaving stripper 58 passes through transfer line 62 to a
      regenerator 64. This catalyst contains carbon deposits which tend to lower
      its cracking activity and as much carbon as possible must be burned from
      the surface of the catalyst. This burning is accomplished by introduction
      to the regenerator through line 66 of approximately the stoichiometrically
      required amount of air for combustion of the carbon deposits. The catalyst
      from the stripper enters the bottom section of the regenerator in a radial
      and downward direction through transfer line 62. Flue gas leaving the
      dense catalyst bed in regenerator 64 flows through cyclones 72 wherein
      catalyst fines are separated from flue gas permitting the flue gas to
      leave the regenerator through line 74 and pass through a turbine 76 before
      leaving for a waste heat boiler wherein any carbon monoxide contained in
      the flue gas is burned to carbon dioxide to accomplish heat recovery.
      Turbine 76 compresses atmospheric air in air compressor 78 and this air is
      charged to the bottom of the regenerator through line 66.
PAR  The temperature throughout the dense catalyst bed in the regenerator is
      about 1250.degree.F. (676.7.degree.C.). The temperature of the flue gas
      leaving the top of the catalyst bed in the regenerator can rise due to
      afterburning of carbon monoxide to carbon dioxide. Approximately a
      stoichiometric amount of oxygen is charged to the regenerator, and the
      reason for this is to minimize afterburning of carbon monoxide to carbon
      dioxide above the catalyst bed to avoid injury to the equipment, since at
      the temperature of the regenerator flue gas some afterburning does occur.
      In order to prevent excessively high temperatures in the regenerator flue
      gas due to afterburning, the temperature of the regenerator flue gas is
      controlled by measuring the temperature of the flue gas entering the
      cyclones and then venting some of the pressurized air otherwise destined
      to be charged to the bottom of the regenerator through vent line 80 in
      response to this measurement. The regenerator reduces the carbon content
      of the catalyst from 1 .+-. 0.5 weight percent to 0.2 weight percent or
      less. If required, steam is available through line 82 for cooling the
      regenerator. Makeup catalyst is added to the bottom of the regenerator
      through line 84. Hopper 86 is disposed at the bottom of the regenerator
      for receiving regenerated catalyst to be passed to the bottom of the
      reactor riser through transfer line 26.
PAR  The reaction temperature in accordance with the above described process is
      at least about 900.degree.F. (482.2.degree.C.). The upper limit can be
      about 1100.degree.F. (593.3.degree.C.) or more. The preferred temperature
      range is 950.degree.F. to 1050.degree.F. (510.degree.C. to
      565.6.degree.C.). The reaction total pressure can vary widely and can be,
      for example, 5 to 50 psig (0.34 to 3.4 atmospheres), or preferably, 20 to
      30 psig (1.36 to 2.04 atmospheres). The maximum residence time is 5
      seconds, and for most charge stocks the residence time will be about 1.5
      or 2.5 seconds or, less commonly, 3 or 4 seconds. For high molecular
      weight charge stocks, which are rich in aromatics, residence times of 0.5
      to 1.5 seconds are suitable in order to crack mono- and di-aromatics and
      naphthenes which are the aromatics which crack most easily and which
      produce the highest gasoline yield, but to terminate the operation before
      appreciable cracking of polyaromatics occurs because these materials
      produce high yields of coke and C.sub.2 and lighter gases. The length to
      diameter ratio of the reactor can vary widely, but the reactor should be
      elongated to provide a high linear velocity, such as 25 to 75 feet per
      second; and to this end a length to diameter ratio above 20 or 25 is
      suitable. The reactor can have a uniform diameter or can be provided with
      a continuous taper or a stepwise increase in diameter along the reaction
      path to maintain a nearly constant velocity along the flow path. The
      amount of diluent can vary depending upon the ratio of hydrocarbon to
      diluent desired for control purposes. If steam is the diluent employed, a
      typical amount to be charged can be about 10 percent by volume, which is
      about 1 percent by weight, based on hydrocarbon charge. A suitable but
      non-limiting proportion of diluent gas, such as steam or nitrogen, to
      fresh hydrocarbon feed can be 0.5 to 10 percent by weight.
PAR  The catalyst particle size must render it capable of fluidization as a
      disperse phase in the reactor. Typical and non-limiting fluid catalyst
      particle size characteristics are as follows:
PA1  Size (Microns) 0-20 20-45 45-75 &gt;75
PA1  Weight percent 0-5 20-30 35-55 20-40
PAL  These particle sizes are usual and are not peculiar to this invention. A
      suitable weight ratio of catalyst to total oil charge is about 4:1 to
      about 12:1 to 15:1 or even 25:1, generally, or 6:1 to 10:1 preferably. The
      fresh hydrocarbon feed is generally preheated to a temperature of about
      600.degree.F. to 700.degree.F. (316.degree.C. to 371.degree.C.) but is
      generally not vaporized during preheat, and the additional heat required
      to achieve the desired reactor temperature is imparted by hot, regenerated
      catalyst.
PAR  The weight ratio of catalyst to hydrocarbon in the feed is varied to affect
      variations in reactor temperature. Furthermore, the higher the temperature
      of the regenerated catalyst the less catalyst is required to achieve a
      given reaction temperature. Therefore, a high regenerated catalyst
      temperature will permit the very low reactor density level set forth below
      and thereby help to avoid backmixing in the reactor. Generally catalyst
      regeneration can occur at an elevated temperature of about 1240.degree.F.
      or 1250.degree.F. (671.1.degree.C. or 676.6.degree.C.) or more to reduce
      the level of carbon on the regenerated catalyst from about 0.6 to 1.5 to
      about 0.05 to 0.3 percent by weight. At usual catalyst to oil ratios in
      the feed, the quantity of catalyst is more than ample to achieve the
      desired catalytic effect and therefore if the temperature of the catalyst
      is high, the ratio can be safely decreased without impairing conversion.
      Since zeolitic catalysts are particularly sensitive to the carbon level on
      the catalyst, regeneration advantageously occurs at elevated temperatures
      in order to lower the carbon level on the catalyst to the stated range or
      lower. Moreover, since a prime function of the catalyst is to contribute
      heat to the reactor, for any given desired reactor temperature the higher
      the temperature of the catalyst charge, the less catalyst is required. The
      lower the catalyst charge rate, the lower the density of the material in
      the reactor. As stated, low reactor densities help to avoid backmixing.
PAR  The reactor linear velocity, while not being so high that it induces
      turbulence and excessive backmixing, must be sufficiently high that
      substantially no catalyst accumulation or buildup occurs in the reactor
      because such accumulation itself leads to backmixing. (Therefore, the
      catalyst to oil weight ratio at any position throughout the reactor is
      about the same as the catalyst to oil weight ratio in the charge.) Stated
      another way, catalyst and hydrocarbon at any linear position along the
      reaction path both flow concurrently at about the same linear velocity,
      thereby avoiding significant slippage of catalyst relative to hydrocarbon.
      A buildup of catalyst in the reactor leads to a dense bed and backmixing,
      which in turn increases the residence time in the reactor for at least a
      portion of the charge hydrocarbon induces aftercracking. Avoiding a
      catalyst buildup in the reactor results in a very low catalyst inventory
      in the reactor, which in turn results in a high space velocity. Therefore,
      a space velocity of over 100 to 120 weight of hydrocarbon per hour per
      weight of catalyst inventory is highly desirable. The space velocity
      should not be below 35 and can be as high as 500. Due to the low catalyst
      inventory and low charge ratio of catalyst to hydrocarbon, the density of
      the material at the inlet of the reactor in the zone where the feed is
      charged can be only about 1 to less than 5 pounds per cubic foot, although
      these ranges are nonlimiting. An inlet density in the zone where the low
      molecular weight feed and catalyst is charged below 4 or 4.5 pounds per
      cubic foot is desirable since this density range is too low to encompass
      dense bed systems which induce backmixing. Although conversion falls off
      with a decrease in inlet density to very low levels, it has been found the
      extent of aftercracking to be a more limiting feature than total
      conversion of fresh feed, even at an inlet density of less than 4 pounds
      per cubic foot. At the outlet of the reactor the density will be about
      half of the density at the inlet because the cracking operation produces
      about a four-fold increase in mols of hydrocarbon. The decrease in density
      through the reactor can be a measure of conversion.
PAR  The above conditions and description of operation are for the preferred
      fluid bed riser cracking operation. For cracking in the older conventional
      fluid bed operation or in a fixed-bed operation, the particular reaction
      conditions are well known in the art and form no part of this invention.
PAR  The invention will be further described with reference to the following
      experimental work.
PAR  The fresh catalysts which were evaluated for metals tolerance in accordance
      with the process of this invention were heat shocked at 1100.degree.F. for
      one hour, contaminated with nickel and vanadium by impregnation with
      nickel and vanadium naphthenates, followed by a calcination at
      1000.degree.F. (537.8.degree.C.) for 10 hours and a steam treatment at
      1350.degree.F. (732.2.degree.C.) for 10 hours. As noted earlier, the
      average pore radii were determined after calcination but before the steam
      treatment. In the Tables below, the contaminated catalysts are defined as
      containing a given amount of "Ni Equivalents, ppm," and this term means
      the total ppm of nickel plus one-fifth of the total ppm of vanadium by
      weight deposited on the catalyst by impregnation with the nickel and
      vanadium naphthenates. Fresh catalysts synthetically contaminated by this
      technique were found to display activity characteristics very similar to
      those of equilibrium catalysts contaminated by on-stream usage. The
      excellent activity correlation of "in situ" and synthetically contaminated
      cracking catalysts is shown on FIG. 2 attached.
PAR  Referring to FIG. 2, all of the data were obtained using a standard
      commercially available cracking catalyst whose as received properties are
      shown in Table I below:
TBL                TABLE I                                                     
     ______________________________________                                    
     Catalyst:   Fresh standard composite cracking                             
                 catalyst consisting of about 10                               
                 weight percent zeolite having                                 
                 cracking characteristics dispersed                            
                 in an halloysite matrix                                       
     ______________________________________                                    
               MAT Activity   62%                                              
               Total Pore Volume:                                              
                              0.27 cc/g                                        
               Surface Area:  221 m.sup.2 /g                                   
     ______________________________________                                    
PAR  The "MAT Activity" was obtained by the use of a microactivity test (MAT)
      unit similar to the standard Davison MAT (see Ciapetta, F. C. and
      Handerson, D. S.,"Oil & Gas Journal, 65, 88 (1967). All catalyst samples
      were tested at 900.degree.F. (482.2.degree.C.) reaction temperature; 15
      weight hourly space velocity; 80 seconds of catalyst contact time; and a
      catalyst to oil ratio of 2.9. The charge stock was a Kuwait gas oil having
      a boiling range of 500.degree.F. to 800.degree.F. (260.degree.C. to
      426.7.degree.C.). Inspections of this Kuwait gas oil are shown on Table II
      below.
TBL                TABLE II                                                    
     ______________________________________                                    
     KUWAIT GAS OIL INSPECTIONS                                                
     Stock                MAT                                                  
     Identification       Feedstocks                                           
     ______________________________________                                    
     Inspections:                                                              
     Gravity, API, D-287  23.5                                                 
     Viscosity, SUS D2161, 130.degree.F.                                       
                          94.7                                                 
     Viscosity, SUS D2161, 150.degree.F.                                       
                          70.5                                                 
     Viscosity, SUS D2161 210.degree.F.                                        
                          50.8                                                 
     Pour Point, D97, .degree.F.                                               
                          +80                                                  
     Nitrogen, wt %       0.074                                                
     Sulfur, wt %         2.76                                                 
     Carbon, Res., D524, wt %                                                  
                          0.23                                                 
     Bromine No., D1159   5.71                                                 
     Aniline Point, .degree.F.                                                 
                          176.5                                                
     Nickel, ppm          &lt;0.1                                                 
     Vanadium, ppm        &lt;0.1                                                 
     Distillation, D1160 at 760 mm                                             
      End Point, .degree.F.                                                    
                          800                                                  
      5 Pct. Cond.        505                                                  
     Approx. Hydrocarbon                                                       
     Type Analysis: Vol %                                                      
     Carbon as Aromatics  23.1                                                 
     Carbon as Naphthenes 10.5                                                 
     Carbon as Paraffins  66.3                                                 
     ______________________________________                                    
PAR  The curves in FIG. 2 designated S, S', S"and S'" refer to the data obtained
      using a series of standard commercially available cracking catalysts which
      had been contaminated to metal levels of 600, 850, 1,200 and 1,912 nickel
      equivalents either by actual use in a commercial FCC unit or by prolonged
      testing in a pilot plant charging gas oils. The curves designated U, U',
      U" and U'" refer to the data obtained using a synthetically contaminated
      series of the same commercial catalyst. The metal levels used in this
      series and for the data shown in FIGS. 3-10 are presented in Table III
      below.
TBL                TABLE III                                                   
     ______________________________________                                    
     Levels of Nickel and Vanadium                                             
     Deposited on the Fresh Cracking                                           
     Catalyst Shown in Table I above                                           
     ______________________________________                                    
     Level   Wt. %       Wt. %       Nickel                                    
     No.     Nickel      Vanadium    Equivalents                               
     ______________________________________                                    
     1       0.045       0.075       600                                       
     2       0.06        0.125       850                                       
     3       0.075       0.225       1200                                      
     4       0.17        0.106       1912                                      
     5       0.24        0.30        3000                                      
     ______________________________________                                    
PAR  Since an excellent activity correlation is shown, the synthetic method of
      metals contamination was used in the data to follow using various pore
      size matrices.
PAR  Several different types of matrix materials were employed in the Examples
      to follow, and the characteristics of these matrices are shown in Tables
      IV and V below.
TBL                TABLE IV                                                    
     ______________________________________                                    
                  Matrix Properties After                                      
                  Heat Treatment at 1000.degree.F.                             
                  for 10 Hours                                                 
     ______________________________________                                    
     Matrix Matrix      Avg.Pore  Total  Surface                               
     Letter Material    Diameter  Pore Vol.                                    
                                         Area                                  
                        A         cc/g   M.sup.2 /g                            
     ______________________________________                                    
     A.sup.1                                                                   
            Halloysite                                                         
            (aluminum   61.4      0.22   144                                   
            silicate                                                           
            clay)                                                              
     B.sup.2                                                                   
            Silica alumina                                                     
            (75% SiO.sub.2 ;                                                   
                        73        0.89   487.4                                 
            25% Al.sub.2 O.sub.3)                                              
     C.sup.1                                                                   
            Al.sub.2 O.sub.3                                                   
                        35.7      0.36   403                                   
     D.sup.1                                                                   
            Treated                                                            
            aluminum    95.4      0.36   151                                   
            silicate clay                                                      
            (60% SiO.sub.2 ;                                                   
            40% Al.sub.2 O.sub.3)                                              
     E.sup.2                                                                   
            Silica alumina                                                     
            (72% SiO.sub.2 ;                                                   
                        143.8     0.87   242                                   
            28% Al.sub.2 O.sub.3)                                              
     F.sup.1                                                                   
            Al.sub.2 O.sub.3                                                   
                        100.6     0.56   223.3                                 
     G.sup.1                                                                   
            Al.sub.2 O.sub.3                                                   
                        139.5     0.63   180.7                                 
     ______________________________________                                    
      .sup.1 crystalline                                                       
      .sup.2 amorphous                                                         
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Matrix                                                                    
     Material                                                                  
     from                                                                      
     Table IV                                                                  
            A    B    C    D    E    F     G                                   
     Pore Dia.                                                                 
            Vol  Vol  Vol  Vol  Vol  Vol   Vol                                 
     A      %    %    %    %    %    %     %                                   
     __________________________________________________________________________
     600-500                                                                   
            3.8  0.6  0.4  6.0  8.0  1.9   1.0                                 
     500-400                                                                   
            6.1  1.0  0.7  9.3  14.3 4.6   2.3                                 
     400-300                                                                   
            7.5  1.7  1.2  12.6 17.9 10.6  7.6                                 
     300-200                                                                   
            11.2 2.7  2.4  19.1 21.7 26.3  32.9                                
     200-180                                                                   
            3.3  0.8  0.8  4.0  4.4  5.9   8.2                                 
     180-160                                                                   
            3.7  1.2  1.3  6.0  5.1  6.5   9.7                                 
     160-140                                                                   
            4.3  1.6  1.6  5.5  4.6  5.1   8.9                                 
     140-120                                                                   
            5.6  4.7  2.3  6.9  4.4  5.4   7.8                                 
     120-100                                                                   
            4.6  8.3  4.1  5.5  4.2  4.9   6.3                                 
     100-90 3.4  7.3  4.1  4.1  2.0  2.1                                       
                                           }6.1                                
     90-80  3.4  9.2  6.0  3.0  2.4  2.4                                       
     80-70  3.5  10.5 10.1 3.7  2.2  2.7                                       
                                           }5.1                                
     70-60  4.4  11.2 12.8 3.3  2.0  2.6                                       
     60-50  5.5  13.0 14.5 4.1  2.5  4.7                                       
                                           }4.2                                
     50-40  7.3  12.3 16.8 3.3  2.5  6.9                                       
     40-30  9.6  12.2 16.7 3.6  1.7  7.4                                       
                                           }0.0                                
     30-20  12.1 1.6  4.4  0.0  0.0  0.0                                       
     20-14  0.5  0.0  0.0  0.0  0.0  0.0   0.0                                 
            29.9*                                                              
                 26.1*                                                         
                      37.9*                                                    
                           6.9* 4.2* 14.3* 4.2*                                
     __________________________________________________________________________
      *Volume % of pores having pore diameter of less than 50 A.               
PAR  For a comparison testing of the matrix materials whose characteristics are
      shown in Tables IV and V above, a rare earth exchanged zeolite was
      dispersed throughout a given matrix prior to impregnation of the metal
      contaminants. The zeolite was a rare earth exchanged Y-type zeolite which
      was prepared by exchanging a commercially available Y-type zeolite (SK-40
      obtained from Union Carbide Corporation) with a natural mixture of rare
      earth chlorides until the residual sodium content of the zeolite was 0.7
      weight percent or less. The zeolite had an effective pore diameter of
      about 8 to 10 A and an average particle size of 1 to 2  microns. The
      zeolite was dispersed in the matrix by a 24-hour mechanical mixing of
      finely divided portions of zeolite and matrix followed by forming in a
      press and sieving to 10-20 mesh size granules.
PAR  The zeolite content in the composited catalysts made from matrices A, B, D,
      E and G was 12 weight percent in order for the final composited catalyst
      to compare in its initial activity with the commercially available
      catalyst shown in Table I.
PAR  The composited catalyst using alumina matrix C required 22 weight percent
      zeolite to obtain comparable cracking activity since the alumina matrix
      per se is essentially devoid of cracking activity.
PAR  Composited catalysts using alumina matrix F were prepared containing both
      12 and 22 weight percent zeolite, the lower zeolite content producing, of
      course, a final catalyst having lower initial cracking activity.
PAR  The metals tolerance of these composited catalysts was compared to the
      metals tolerance of a commercially available zeolite-matrix composited
      catalyst whose properties are shown in Table I. The data are summarized in
      a series of FIGS. 3 through 9 which contain the data plotted as curves
      labeled S or various primed S's using composited catalysts prepared from
      matrices A through G, respectively. In FIG. 8, the curves labeled S
      represent the data for the 12% zeolite catalyst, and the curves labeled SS
      represent the data for the 22% zeolite catalyst. In addition, each of the
      Figures contains reference curves labeled U or various primed U's which
      represent data using the commercially available zeolite-matrix composited
      catalyst whose properties are shown in Table I above and which were
      synthetically contaminated.
PAR  Referring to FIGS. 3, 4 andd 5, it is evident the metals tolerance of these
      catalysts using relatively small pore matrices is no better than the
      standard catalyst. On the other hand, the use of matrix materials D, E, F
      and G (defined as large pore materials) definitely results in improved
      metals tolerance as shown in FIGS. 6, 7, 8 and 9.
PAR  Referring to FIGS. 6, 7, 8 and 9, the results show that with large pore
      matrices, the rate of deactivation with metals deposition is significantly
      reduced such that conversion and gasoline yields are essentially
      unaffected over the time period studied. In addition, a comparison of
      FIGS. 6, 7, 8 and 9 shows that a preferred large pore matrix should
      contain a high alumina content to minimize coke and hydrogen production.
      Further, FIG. 8 shows that improved metals tolerance is not due to an
      increase in the zeolite content because the conversion lines out in both
      the use of the 12 and 22 weight percent zeolite catalysts but at different
      levels depending on the zeolite content.
PAR  In FIG. 10, the metals tolerance of matrix D (see Tables IV and V above)
      promoted with 12% rare earth exchanged Y-zeolite (SK-40 obtained from
      Union Carbide Corporation) is compared to the metals tolerance of the pure
      matrix. In FIG. 10, the curves designated a and a' are for the matrix D
      promoted with 12% rare earth exchanged Y-zeolite; the curves marked b and
      b' are for the pure matrix D. FIG. 10 shows that, by itself, matrix D is
      very susceptible to deactivation by metal deposition but when promoted
      with the zeolite, the composited catalyst is only slightly affected by an
      increasing metals content in the charge stock. These results suggest that
      the role of the large pored matrix is to behave as a "sink" for the metal
      contaminants, thereby prolonging the useful life of the more active
      zeolite component.
PAR  Resort may be had to such variations and modifications as fall within the
      spirit of the invention and the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the catalytic cracking of a high metals content charge
      stock having a total metals concentration as calculated in accordance with
      the relationship
EQU  10 [Ni] + [V] + [Fe] .gtoreq. 10
PAL  where [Ni], [V] and [Fe] are the concentrations of nickel, vanadium and
      iron, in parts per million by weight, which comprises contacting said
      charge stock in the absence of added hydrogen under catalytic cracking
      conditions with a catalyst comprising from 1 to 40 weight percent of a
      zeolite having cracking characteristics dispersed in a refractory metal
      oxide matrix, said matrix having a pore size distribution such that less
      than 20 volume percent of the pores have a pore diameter of less than 50 A
      and the average pore diameter is at least 90 A.
NUM  2.
PAR  2. A process according to claim 1 wherein the matrix, in addition, has less
      than five volume percent of the pores with a pore diameter above 600 A and
      has an average pore diameter from 90 A to 350 A.
NUM  3.
PAR  3. A process according to claim 2 wherein the matrix has at least 25
      percent by weight of alumina.
NUM  4.
PAR  4. A process according to claim 3 wherein the matrix is alumina.
NUM  5.
PAR  5. A process for the fluid catalytic cracking of a high metals content
      charge stock having a total metals concentration as calculated in
      accordance with the relationship
EQU  10 [Ni] + [V] + [Fe] .gtoreq. 10
PAL  where [Ni], [V] and [Fe] are the concentrations of nickel, vanadium and
      iron in parts per million by weight, which comprises contacting said
      charge stock in the absence of added hydrogen under catalytic cracking
      conditions with a catalyst comprising from 1 to 40 weight percent of a
      zeolite having cracking characteristics dispersed in a refractory metal
      oxide matrix, said matrix having a pore size distribution such that less
      than 20 volume percent of the pores have a pore diameter of less than 50 A
      and the average pore diameter is at least 90 A.
NUM  6.
PAR  6. A process according to claim 5 wherein the matrix has at least 50%
      alumina and an average pore diameter from 90 A to 350 A.
NUM  7.
PAR  7. A process according to claim 6 wherein the charge stock is a petroleum
      charge stock boiling above 650.degree.F. at atmospheric pressure.
NUM  8.
PAR  8. A process according to claim 7 wherein the charge stock is a residual
      petroleum charge stock.
NUM  9.
PAR  9. A process according to claim 7 wherein the matrix is alumina.
NUM  10.
PAR  10. A process according to claim 7 wherein the zeolite is a synthetic
      faujasite present in from 5 to 25 weight percent of the final catalyst.
NUM  11.
PAR  11. A process in accordance with claim 10 wherein the matrix is
      substantially crystalline.
NUM  12.
PAR  12. A process for the catalytic cracking of a high metals content charge
      stock having a total metals concentration as calculated in accordance with
      the relationship
EQU  10 [Ni] + [V] + [Fe] .gtoreq. 10
PAL  where [Ni], [V] and [Fe] are the concentrations of nickel, vanadium and
      iron in parts per million by weight, which comprises contacting said
      charge stock in the absence of added hydrogen under catalytic cracking
      conditions with a catalyst comprising from 1 to 40 weight percent of a
      zeolite having cracking characteristics dispersed in a refractory metal
      oxide matrix consisting essentially of alumina and silica, said matrix
      having a pore size distribution such that less than 20 volume percent of
      the pores have a pore diameter of less than 50 A and the average pore
      diameter is at least 90 A.
NUM  13.
PAR  13. A process in accordance with claim 12 wherein the refractory metal
      oxide contains at least 25 percent by weight of alumina.
NUM  14.
PAR  14. A process in accordance with claim 13 wherein the matrix is
      substantially crystalline.
NUM  15.
PAR  15. A process in accordance with claim 13 wherein the matrix is
      substantially amorphous.
NUM  16.
PAR  16. A process in accordance with claim 1 wherein the zeolite is at least
      one synthetic faujasite selected from the group consisting of type Y and
      type X.
NUM  17.
PAR  17. A process in accordance with claim 16 wherein the X and Y zeolites are
      rare earth exchanged.
NUM  18.
PAR  18. A process in accordance with claim 12 wherein the zeolite is at least
      one rare earth exchanged faujasite selected from the group consisting of
      type X and type Y.
NUM  19.
PAR  19. A process in accordance with claim 18 wherein the charge stock is a
      petroleum charge stock boiling above 650.degree.F. at atmospheric
      pressure.
NUM  20.
PAR  20. A process for the fluid catalytic cracking of a high metals content
      charge stock having a total metals concentration as calculated in
      accordance with the relationship
EQU  10[Ni] + [V] + [Fe] .gtoreq. 10
PAL  where [Ni], [V] and [Fe] are the concentrations of nickel, vanadium and
      iron in parts per million by weight, which comprises contacting said
      charge stock in the absence of added hydrogen under catalytic cracking
      conditions with a catalyst comprising from 1 to 40 weight percent of a
      zeolite dispersed in a refractory metal oxide matrix, said matrix having a
      pore size distribution such that less than 20 volume percent of the pores
      have a pore diameter of less than 50 A and the average pore diameter is at
      least 90 A.
NUM  21.
PAR  21. A process in accordance with the claim 20 wherein the zeolite has a
      particle size from 1 to 2 microns.
NUM  22.
PAR  22. A process for the fluid catalytic cracking of a high metals content
      charge stock having a total metals concentration as calculated in
      accordance with the relationship
EQU  10[Ni] + [V] + [Fe] .gtoreq. 10
PAL  where [Ni], [V] and [Fe] are the concentrations of nickel, vanadium and
      iron in parts per million by weight, which comprises contacting said
      charge stock in the absence of added hydrogen under catalytic cracking
      conditions with a catalyst consisting essentially of from 1 to 40 weight
      percent of a zeolite dispersed in a refractory metal oxide matrix
      containing at least a portion of alumina, said matrix having a pore size
      distribution such that less than 20 volume percent of the pores have a
      pore diameter of less than 50 A and the average pore diameter is at least
      90 A.
NUM  23.
PAR  23. A process in accordance with claim 22 wherein at least a portion of
      said matrix is an aluminum silicate clay.
NUM  24.
PAR  24. A process in accordance with claim 23 wherein said zeolite is at least
      one rare earth exchanged faujasite selected from the group consisting of
      type Y and type X.
NUM  25.
PAR  25. A process for the fluid catalytic cracking of a high metals content
      charge stock having a total metals concentration as calculated in
      accordance with the relationship
EQU  10[Ni] + [V] + [Fe] .gtoreq. 10
PAL  where [Ni], [V] and [Fe] are the concentrations of nickel, vanadium and
      iron in parts per million by weight, which comprises contacting said
      charge stock in the absence of added hydrogen under catalytic cracking
      conditions with a catalyst comprising from 1 to 40 weight percent of a
      zeolite dispersed in a refractory metal oxide matrix, said matrix having
      (i) an average pore diameter sufficiently large and (ii) a sufficiently
      small percentage of pores having a diameter of less than 50 A
      corresponding to a dried matrix calcined in air at 1000.degree.F. for 10
      hours having (i) an average pore diameter of at least 90 A and (ii) less
      than 20 volume percent of its pores with a diameter of less than 50 A.
NUM  26.
PAR  26. A process according to claim 25 wherein the matrix has an averate pore
      diameter from 100 A to 350 A.
NUM  27.
PAR  27. A process according to claim 26 wherein the refractory metal oxide
      matrix consists essentially of alumina and silica.
NUM  28.
PAR  28. A process for the catalytic cracking of a high metals content charge
      stock having a total metals concentration as calculated in accordance with
      the relationship
EQU  10[Ni] + [V] + [Fe] .gtoreq. 10
PAL  where [Ni], [V] and [Fe] are the concentrations of nickel, vanadium and
      iron, in parts per million by weight, which comprises
PA1  contacting said charge stock in the absence of added hydrogen under
      catalytic cracking conditions
PA1  with a catalyst comprising from 1 to 40 weight percent of a zeolite having
      cracking characteristics dispersed in a refractory metal oxide matrix,
      said matrix having (i) an average pore diameter sufficiently large and
      (ii) a sufficiently small percentage of pores having a diameter of less
      than 50 A corresponding to a dried matrix calcined in air at
      1000.degree.F. for 10 hours having (i) an average pore diameter of at
      least 90 A and (ii) less than 20 volume percent of its pores with a
      diameter of less than 50 A.
PA1  and where in said process the diminution in volume percent C.sub.5.sub.+
      gasoline produced based on the conversion of said charge stock is less
      than 12 volume percent over a time period such that the metal deposition
      from said charge stock onto said catalyst is from 0 to 3000 nickel
      equivalents, said nickel equivalents being the total ppm of nickel plus
      one-fifth of the total ppm of vanadium by weight.
NUM  29.
PAR  29. A process according to claim 28 wherein the refractory metal oxide
      matrix consists essentially of alumina and silica.
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ABST
PAL  A hydrocarbon mixture consisting of an aromatic and a non-aromatic
      component is subjected to a liquid-liquid extraction and/or an extractive
      distillation. A solvent is used which selectively dissolves the aromatic
      component so as to form an extract phase. The extract phase is introduced
      into a distillation column for separating the solvent and the aromatic
      component. The column is provided with trays and the extract phase is
      introduced into the column at about the middle thereof from where the
      solvent flows downwardly and the aromatic component flows upwardly.
      Sufficient water is introduced into the sump of the column to insure that
      the trays above the location at which the extract phase enters the column
      are filled with water during the separation. This improves the operation
      of the distillation column. An arrangement for carrying out the above
      process is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to the recovery of individual components
      from mixtures of different components and, more particularly, to the
      recovery of high-purity aromatic substances from hydrocarbon mixtures
      containing both aromatic and non-aromatic components.
PAR  A process for the recovery of high-purity aromatic substances from
      hydrocarbon mixtures containing aromatic and non-aromatic components in
      any relative proportions is already known. The hydrocarbon mixture is
      subjected to a liquid-liquid extraction and/or an extractive distillation
      using an aqueous solvent which is selective towards one of these
      components. The bottom product or extract phase formed in the extraction
      apparatus, which consists mainly of the aromatic component and the
      solvent, is withdrawn and then introduced into a separating column or
      distillation column wherein the extract phase is separated into an
      aromatic fraction and a solvent fraction. The top product or raffinate
      phase formed in the extraction apparatus, which consists mainly of the
      nonaromatic component, is also withdrawn from the extraction apparatus.
PAR  The known process outlined above is, in practice, used with many variations
      and with a large number of different types of aqueous, selective solvents.
      The addition of water to the solvent serves, among other things, to
      improve the selectivity of the solvent. As an example, a combined process
      is known from the German published application No. 2,040,025 wherein a
      liquid-liquid extraction is followed by an extractive distillation. The
      selective solvent used here is a mixture of morpholine and/or
      N-substituted morpholines with water. The water content of the solvent for
      the liquid-liquid extraction lies between 2 and 15% by weight whereas the
      water content of the solvent for the extractive distillation is up to 8%
      by weight.
PAR  When using aqueous solvents, however, particular problems arise in the
      operation of the separating column wherein the solvent and the aromatic
      component are separated which do not arise when non-aqueous solvents are
      used and where, consequently, it is only necessary to drive off the
      solvent, i.e. where no water must be driven off. In this connection, it
      must be taken into account that the aromatic component of the extract
      phase has to be separated as completely as possible, for example, so that
      at most about 0.1% by weight is left behind, in order to impart good
      efficiency to the process. Although it is true that the water content of
      the aqueous solvents provides for a lower bottom temperature in the
      separating column as compared to the case where non-aqueous solvents are
      used, it has, on the other hand, been frequently observed that the
      operation of the separating column becomes irregular or fluctuates when
      using aqueous solvents. The trays of the column become partially flooded
      or inundated and it is not possible to maintain either the bottom
      temperature or the column temperature constant.
PAR  A further problem which arises in the separating column when aqueous
      solvents are used is due to the fact that the possibility of hydrolysis of
      the solvent exists. Of course, very significant differences exist between
      the various solvents in this regard. However, because of the severe
      temperature requirements imposed upon the solvents during the operation of
      the separating column, even very stable solvents will undergo a certain
      amount of hydrolysis, albeit small. Thus, during the operation of the
      separating column, it is necessary to insure to as great an extent as
      possible that the degree of hydrolysis of the solvent is held to a minimum
      and that the products of the hydrolysis do not contaminate the aromatic
      fraction withdrawn at the top of the separating column.
PAR  It will, therefore, be seen that improvements in the recovery of
      high-purity aromatic substances from hydrocarbon mixtures are desirable.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, a general object of the present invention to provide a
      novel process and arrangement for the recovery of individual components
      from mixtures of different components.
PAR  More particularly, it is an object of the invention to provide a process
      and arrangement for the recovery of aromatic substances from hydrocarbon
      mixtures whereby the operating conditions of the separating column are so
      improved that it operates smoothly and without fluctuations and that no
      temperature variations occur.
PAR  A further object of the invention is to provide a process and arrangement
      for the recovery of aromatic substances from hydrocarbon mixtures whereby
      hydrolysis of the solvent is held to a minimum and whereby the products of
      the hydrolysis do not contaminate the aromatic substance withdrawn from
      the separating column.
PAR  An additional object of the invention is to provide a process and
      arrangement for the recovery of aromatic substances from hydrocarbon
      mixtures whereby the separating effect of the separating column is
      improved.
PAR  In pursuance of these objects, and of others which will become apparent,
      the invention provides, in a process for the recovery of high-purity
      aromatic substances from hydrocarbons, for treating a hydrocarbon mixture
      including an aromatic and a non-aromatic component with a solvent so as to
      form an extract phase container at least part of the solvent and at least
      a portion of one of the components. The extract phase is admitted into a
      separating column having two ends and wherein the aforesaid one component
      flows towards one of these ends and the solvent flows towards the other
      end. The extract phase is admitted into the column at a location
      intermediate the ends thereof and the section of the column between this
      location and the end thereof towards which the aforesaid one component
      flows is provided with trays. A quantity of water sufficient to maintain
      at least some of these trays substantially filled with water during
      separation of the solvent and the aforesaid one component is introduced
      into the column.
PAR  The hydrocarbon mixture may contain the aromatic and non-aromatic
      components in any proportions. This mixture may be treated with a
      liquid-liquid extraction and/or an extractive distillation using an
      aqueous, selective solvent. The extract phase resulting from this
      extraction procedure is the bottom product of the extraction apparatus and
      may contain a substantial portion, if not all, of the aromatic component
      of the hydrocarbon mixture. This extract phase is then admitted into a
      separating or distillation column. The top product of the extraction
      apparatus, that is, the raffinate phase, may contain most, if not all, of
      the non-aromatic component of the hydrocarbon mixture. This raffinate
      phase is also withdrawn from the extraction apparatus and may subsequently
      undergo further treatment.
PAR  In accordance with the invention, at least some of the trays of the
      separating column above the inlet for the extract phase are maintained
      filled with water during the period in which separation of the solvent and
      the aromatic component of the extract phase occurs. Moreover, the
      invention further provides for operating the separating column with water
      reflux.
PAR  The additional water introduced into the separating column according to the
      invention may be introduced into the sump of the separating column. The
      thus-introduced water distills or vaporizes, rises in the column and then
      condenses on the trays. The required quantity of water in the sump of the
      separating column may be very simply obtained by admitting the necessary
      quantities of water into the sump from any convenient source. The water
      introduced into the separating column may be either in liquid or vapor
      phase. Normally, the amount of water which must be introduced into the
      separating column will be about 60-100% by weight of that required to form
      an azeotrope with the aromatic component of the extract phase.
PAR  Usually, the separating column is provided with trays along its entire
      length. In accordance with a favorable modification of the invention, an
      outlet is provided at one of the trays in the middle region of the column
      through which the liquid mixture on the tray is withdrawn and returned to
      the sump. In this instance, the requisite quantity of water in the sump
      may be adjusted by the mixture thus returned into the separating column.
      This modification of the invention may be further varied by providing a
      vaporizer through which the liquid mixture withdrawn from the tray is
      passed before being returned to the sump. Here, a partial vaporization of
      the withdrawn mixture occurs and the vapor and liquid are introduced into
      the sump of the separating column at spaced locations. The inlet for the
      vapor should be located above that for the liquid.
PAR  Although, on the grounds of thermal efficiency, it has always been
      attempted heretofore to hold the amount of water admitted into the
      separating column to a minimum, it has now been surprisingly found that,
      by increasing the quantity of water in the separating column, an
      improvement in the separation effect may be achieved. Thus, first of all,
      if the quantity of water is regulated to the value set forth by the
      invention by introducing additional water into the sump of the separating
      column, the temperature for effecting separation is lowered. For example,
      whereas the separating temperature for a product containing benzene,
      toluene and xylol is about 244.degree.C at atmospheric pressure when the
      separating column is operated free of water, the separating temperature is
      lowered to 160.degree.C when using water. Furthermore, because the trays
      above the inlet for the extract phase are filled with water according to
      the invention, the upper portion of the separating column serves as a sort
      of separation layer. In other words, the aromatic substances do not flow
      back through the upper portion of the separating column which, as a
      result, serves as a separation layer. Thus, the aromatic substances flow
      upwardly through the separating column to be withdrawn at the top thereof
      and, since the trays in the upper portion of the column are filled with
      water, it is not possible for the aromatic substances to penetrate through
      the trays and flow downwardly. Since it is not possible for the aromatic
      substances to reflux to the trays below the inlet for the extract phase
      and into the bottom portion of the separating column where the solvent is
      located, it is also not necessary to again separate them from the solvent.
      However, as extensive research has shown, the irregular and fluctuating
      operation of the separating columns heretofore was due to an
      uncontrollable filling of the trays with water and aromatic substances to
      be driven off because these substances are not miscible and their
      different densities led to an uncontrollable filling of the trays of the
      separating column and an irregular discharge from the separating column.
      This is now avoided in accordance with the invention.
PAR  The volume of water to be introduced into the sump of the separating column
      is, according to the invention, of course dependent upon the type and
      quantity of the aromatic substances to be driven off or separated.
      Normally, the quantity of water will equal about 60-100% by weight of that
      required to form an azeotrope with the aromatic substances to be distilled
      or separated. As example:
PA1  100 parts by weight of benzene = 9.4 parts by weight of water
PA1  100 parts by weight of toluene = 15.6 parts by weight of water
PA1  100 parts by weight of xylol = 66.7 parts by weight of water
PAR  The above quantities of water are those required to effect a good, trouble
      free separation or distillation of the aromatic substances. It will be
      appreciated that a person of ordinary skill in this art may easily
      determine the quantity of additional water required.
PAR  The relatively great decrease in the separating temperature which results
      from the addition of water in accordance with the invention has the
      further advantage that, because of the lower temperature requirements, the
      danger of possible decomposition or degradation of the solvent is
      decreased. In this regard, it is to be kept in mind that any organic
      solvent which is subjected to severe temmperature requirements will, in
      the course of time, undergo some changes. The types of changes and the
      extents of these changes will, however, vary from solvent to solvent. For
      the case presently under discussion, the change undergone by the solvent
      will mostly be a hydrolysis reaction. In any event, it must always be
      attempted to avoid contamination of the separated aromatic substances by
      the decomposition or hydrolysis products of the solvent.
PAR  This objective is achieved by a second condition in accordance with the
      invention whereby the separating column is operated with water reflux
      rather than with reflux of the aromatic substances as conventionally done
      heretofore. By this means, it is assured that the trays above the inlet
      for the extract phase remain filled with water under all circumstances
      without, however, requiring that water in excess of the azeotropic value
      be introduced into the sump of the separating column. Also, the upper
      trays of the separating column with their water filling serve as a water
      wash or scrub for the upwardly flowing aromatic substances. The vapors of
      the aromatic substances are then distilled out of the separating column in
      form of an azeotropic mixture with water. As an example, a comparison is
      given below of the boiling points of some aromatic substances when they
      are in pure form and when they are in azeotropic mixture with water to
      illustrate the decrease in boiling temperature obtained when aromatic
      substances are distilled in form of an azeotropic mixture with water:
TBL           Boiling Point                                                    
                          Boiling Point                                        
              (pure)      (in azeotropic mix-                                  
                          ture with water)                                     
     ______________________________________                                    
     benzene     80.degree.C  69.degree.C                                      
     toluene    110.degree.C  84.degree.C                                      
     O-xylol    144.degree.C  94.degree.C                                      
     ______________________________________                                    
PAR  The decrease in boiling temperature is always desired because, as a result,
      the difference in the boiling temperatures of the aromatic substances and
      the decomposition or hydrolysis products of the solvent is usually
      increased and, in many cases, it would be virtually impossible to separate
      the aromatic substances and the decomposition or hydrolysis products of
      the solvent from one another by distilling means without this decrease in
      boiling temperature. The decrease in boiling temperature thus works in
      addition to the washing effect which occurs in the uppermost, water-filled
      trays of the separating column and which is based on the different water
      solubilities of the aromatic substances and the decomposition or
      hydrolysis products of the solvent.
PAR  An extensive investigation by the instant applicants of the composition of
      the liquid mixture on the individual trays of the separating column has
      shown that a concentration of the decomposition or hydrolysis products of
      the solvent occurs on those trays which are located at or near the center
      of the separating column. Since essentially only water is present on these
      trays in addition to the decomposition or hydrolysis products, this
      recognition makes possible the use of a particular modification of the
      invention. According to this modification, and as already mentioned
      earlier, an outlet is branched off from one of the trays in the middle or
      center region of the column through which a portion of the liquid mixture
      forming on this tray is returned to the sump of the separating column. By
      the use of this embodiment, it is possible, on the one hand, to adjust the
      quantity of water in the sump to the desired value without requiring a
      continuous introduction of water from externally of the separating column.
      On the other hand, the possibility of the decomposition or hydrolysis
      products of the solvent concentrating in the upper portion of the
      separating column is thereby reduced. On the contrary, these products
      remain predominantly in the sump of the separating column after being
      returned thereto.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a diagrammatic illustration of an arrangement for
      carrying out the process according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawing, a hydrocarbon mixture which is to be
      subjected to separation or extraction is introduced into an extraction
      apparatus for treating means 2 via a conduit 1. The hydrocarbon mixture
      contains both an aromatic and a non-aromatic component. It is not
      necessary here to go into the details of the extraction process or into
      the structural details of the extraction apparatus 2 since these are well
      known in the art. It is sufficient to state here that the hydrocarbon
      mixture may be subjected to a liquid-liquid extraction and/or an
      extractive distillation and, although the extraction apparatus 2 is here
      shown as consisting of a single column for the sake of clarity, it will be
      understood that the extraction apparatus 2 may include more than one
      column such as, for example, if the hydrocarbon mixture were first
      subjected to a liquid-liquid extraction and subsequently subjected to an
      extractive distillation. In fact, the construction of the extraction
      apparatus 2 may be arbitrarily chosen to suit particular requirements.
PAR  An aqueous, selective solvent is introduced into the extraction apparatus 2
      via a conduit 3. The treatment of the hydrocarbon mixture in the
      extraction apparatus 2 results in the formation of a raffinate phase
      containing the non-aromatic component or substances of the mixture and
      this raffinate phase is withdrawn from the extraction apparatus 2 as a top
      product through the outlet conduit 4. The thus-withdrawn raffinate phase
      may be subjected to further treatment the details of which are, however,
      of no concern here.
PAR  The treatment of the hydrocarbon mixture in the extraction apparatus 2
      further results in the formation of an extract phase which includes at
      least part of the aqueous solvent and a portion, perhaps most if not all,
      of the aromatic component or substances of the mixture. The extract phase
      comprising the aromatic component and the aqueous solvent is withdrawn
      from the sump or bottom of the extraction apparatus 2 and is from there
      admitted into the separating or distillation column 6 via the inlet
      conduit 5. The column 6, which is seen to be vertically oriented, is
      provided with trays or plates 22. The product admitted into the column 6,
      which is a mixture of aromatic substances, solvent and water, is normally
      introduced therein in the region of the middle or center of the column 6
      as shown.
PAR  According to the invention, an inlet conduit 7 is provided which opens into
      the sump or bottom end of the column 6 and through which water, in either
      liquid or vapor form, may be introduced into the column 6. The inlet
      conduit 7 is provided with a valve 12. An outlet conduit 8 is also
      provided and communicates with one of the trays 22 in the middle or center
      region of the column 6, for example, the 15th tray. The outlet conduit 8
      permits the withdrawal of the liquid mixture which accumulates on this
      tray. In the illustrated embodiment, the outlet conduit 8 communicates
      with a vaporizing apparatus 9 in which the liquid mixture withdrawn
      through the outlet conduit 8 may undergo a partial vaporization. After the
      partial vaporization, the vapor and liquid are removed from the vaporizer
      9 through separate conduits 10 and 11 which lead into and communicate with
      the sump of the column 6. It will be seen that the conduit 11, through
      which the vapor is returned into the column 6, is located above the
      conduit 10 through which the liquid is returned into the column 6.
PAR  At the start of the operation of the column 6 it is necessary to introduce
      water therein via the inlet conduit 7 so that there is sufficient water in
      the sump of the column 6 to insure that the trays above the location where
      the extract phase is introduced into the column 6 by the conduit 5 are
      filled with water. The additional water thus introduced into the sump of
      the column 6 vaporizes or evaporates, rises upwardly through the column 6
      and condenses on these trays. However, when the arrangement illustrated is
      provided with the conduits 8, 10 and 11, it may be possible under certain
      circumstances to maintain the requisite quantity of water, that is, the
      quantity of water necessary to assure that the trays above the location at
      which the conduit 5 communicates with the column 6 are filled with water,
      in the sump of the column 6 by admitting the mixture withdrawn from the
      column 6 by the conduit 8 into the sump via the conduits 10 and 11. In
      this case, the valve 12 may remain closed during operation of the column 6
      so that no water is introduced into the latter via the inlet conduit 7.
PAR  It is, of course, also possible to eliminate the vaporizer 9 or, in other
      words, to have the conduit 8 communicate directly with the sump of the
      column 6 so that no partial vaporization of the liquid mixture withdrawn
      from the column 6 via the conduit 8 occurs. Where the vaporizer 9 is
      provided, this may be arranged in heat-exchange relationship with other
      parts of the arrangement used for carrying out the process, that is, with
      one or more parts of the arrangement used for the recovery of high-purity
      aromatic substances from the hydrocarbon mixture.
PAR  The aromatic substances from the extract phase flow upwardly in the column
      6 towards the upper end or top thereof. The aromatic substances are
      withdrawn from the column 6 at its upper end and pass into a water
      separator 14 via a conduit 13 where residual water is separated from the
      aromatic substances. The aromatic substances next pass through the conduit
      13 into a column 15 where they are further split up into their individual
      components such as, for example, a benzene, a toluene and a xylol
      fraction. The latter products may be conveyed from the column 15 via the
      conduits 16, 17 and 18.
PAR  The water collected in the water separator 14 may be removed therefrom via
      the conduit 19. It will be seen that another conduit 21 branches off from
      the conduit 19. The conduit 21 communicates with the upper end of the
      column 6 and it is through the conduit 21 that the requisite quantity of
      water flows which is refluxed to the top of the column 6. This refluxed
      water insures that the trays in the upper portion of the column 6, that
      is, the trays above the location at which the conduit 5 communicates with
      the column 6, are filled with water under all circumstances and without
      requiring that a quantity of water in excess of that necessary to form an
      azeotropic mixture with the aromatic substances in the extract phase be
      introduced into the sump or lower end of the column 6. That portion of the
      water withdrawn from the water separator 14 and which flows through the
      conduit 19 but is in excess of that which must be refluxed into the top of
      the column 6 continues flowing through the conduit 19 towards the inlet
      conduit 7. By appropriate adjustment of the valve 12, this excess water
      may flow back into the sump of the column 6 via the inlet conduit 7. If
      the valve 12 is only partially opened or if the valve 12 is closed, then
      the excess water which does not flow through the inlet conduit 7 continues
      on through the conduit 19 and flows into the conduit 20. The conduit 20
      communicates with the sump of the column 6. The solvent contained in the
      extract phase entering the column 6 via the conduit 5 flows downwardly in
      the column 6 to the sump thereof to concentrate there and is withdrawn
      from the sump via the conduit 20. Thus, the excess water in the conduit 19
      which flows into the conduit 20 is recycled back into the solvent circuit
      and serves in adjusting the water content of the aqueous solvent. The
      solvent passes from the conduit 20 into the conduit 3 and, from the
      latter, is again admitted into the extraction apparatus 2.
PAR  Although, for the sake of clarity, only the valve 12 has been shown in the
      drawing, it will be understood that appropriate valves or other regulating
      means will be provided where necessary or desired. It will also be
      appreciated from the foregoing description that the conduits 7, 8 and 21,
      the water separator 14 and, where present, the conduits 10 and 11 and the
      vaporizer 9, all constitute part of a means for introducing water into the
      column 6 and for maintaining the trays in the upper section thereof, that
      is, the trays above the location at which the conduit 5 communicates with
      the column 6, filled with water. Of course, such a means may include other
      elements which, however, have been omitted for ease of understanding of
      the invention.
PAR  The effect of the invention may be seen from the following comparative
      investigation. In either case, the aromatic-containing extract had been
      previously subjected to a liquid-liquid extraction using a selective
      solvent with a water content of 4.5% by weight. In case A, the separating
      column was operated without the introduction of additional water so that
      the decrease in the boiling or distillation temperature was due solely to
      the water content of the solvent. In case B, the process according to the
      invention was used and the requisite quantity of water in the sump of the
      separating column was obtained by withdrawing part of the liquid mixture
      from the 15th tray of the column and returning this to the sump. Here, 2
      cubic meters of liquid mixture containing about 1.9 tons of water was
      returned to the sump per unit of time. The following results were
      obtained:
TBL                Case A    Case B                                            
     ______________________________________                                    
     Distillation Temperature                                                  
     (separating column 6)                                                     
                     200.degree.C                                              
                                 160.degree.C                                  
     Concentration in Solvent                                                  
     Withdrawn from Sump                                                       
     (conduit 20)                                                              
     Benzene         0.034%      0.009%                                        
     Toluene         0.211%      0.034%                                        
     Xylol           0.780%      0.130%                                        
     Concentration of Solvent                                                  
     and its Decomposition                                                     
     Products in the Aromatic                                                  
     Phase Withdrawn from the                                                  
     Separating Column 6                                                       
     (conduit 13)    400 ppm     &lt;1 ppm                                        
     ______________________________________                                    
PAR  It is emphasized here that the invention is not restricted to or limited by
      the use of a particular solvent.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      processes and arrangements differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      treatment for hydrocarbons, it is not intended to be limited to the
      details shown, since various modifications and structural changes may be
      made without departing in any way from the spirit of the present
      invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended:
NUM  1.
PAR  1. In a process for the recovery of aromatic hydrocarbons from mixtures
      which contain aromatic and non-aromatic hydrocarbons, comprising
      subjecting a mixture which includes an aromatic and a non-aromatic
      hydrocarbon to extractive treatment with a water-containing solvent so as
      to form an extract phase which contains at least part of said solvent and
      at least a portion of said aromatic hydrocarbon; admitting at least a
      portion of said extract phase into a distillation zone having an upper and
      a lower end portion; distilling said extract phase in said zone for
      recovery of said portion of said aromatic hydrocarbon; and introducing
      into said lower end portion of said zone a quantity of water, the
      improvement consisting essentially of, providing said quantity of water in
      an amount which equals between about 60 and 100 percent by weight of the
      amount of water required to form an azeotrope with said portion of said
      aromatic hydrocarbon, said quantity of water being additional to the water
      contained in said extract phase.
NUM  2.
PAR  2. A process as defined in claim 1, wherein said extractive treatment
      comprises liquid-liquid extraction.
NUM  3.
PAR  3. A process as defined in claim 1, wherein said extractive treatment
      comprises extractive distillation.
NUM  4.
PAR  4. A process as defined in claim 1, wherein said extractive treatment
      comprises liquid-liquid extraction and extractive distillation.
NUM  5.
PAR  5. A process as defined in claim 1, wherein said solvent selectively
      dissolves said aromatic hydrocarbon.
NUM  6.
PAR  6. A process as defined in claim 1; further comprising the steps of
      withdrawing said aromatic hydrocarbon from said zone; separating residual
      water from the withdrawn aromatic hydrocarbon; and recycling the separated
      water.
NUM  7.
PAR  7. A process as defined in claim 1, said zone including an upper section
      which is provided with a plurality of trays, and said extract phase being
      admitted into said zone at a location below said section; and wherein said
      quantity of water is sufficient to maintain at least some of said trays
      substantially filled during distillation.
NUM  8.
PAR  8. A process as defined in claim 7, said zone including another section
      below said location which is also provided with trays; and wherein the
      step of introducing said quantity of water into said zone comprises
      withdrawing water from one of said trays and readmitting at least a
      portion of the withdrawn water into said zone.
NUM  9.
PAR  9. A process as defined in claim 8, wherein said one tray is located in the
      middle section of said zone.
NUM  10.
PAR  10. A process as defined in claim 8; and further comprising the step of
      partially vaporizing said withdrawn water prior to readmitting said
      withdrawn water into said zone.
NUM  11.
PAR  11. A process as defined in claim 10, wherein the unvaporized part of said
      withdrawn water is introduced into said zone at a higher location than the
      vaporized part of said withdrawn water.
NUM  12.
PAR  12. A process as defined in claim 10, wherein the step of partially
      vaporizing said withdrawn water comprises a heat-exchange between said
      withdrawn water and another fluid present in said process.
NUM  13.
PAR  13. A process as defined in claim 1, wherein at least part of the water in
      said zone is refluxed.
NUM  14.
PAR  14. A process as defined in claim 13, wherein at least part of the refluxed
      water is introduced into said zone at said upper end portion.
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ABST
PAL  A riddle assembly for the grading of particulate materials has a pair of
      screens forming respective screening stages and disposed one above
      another. Each of the stages is formed by a pair of longitudinally
      extending rails interconnected by longitudinally spaced transverse rails
      having multispan configuration with a pair of outer spans projecting
      laterally outwardly beyond the longitudinal rails and an inner span
      interconnecting the two rails and disposed between them. The multispan
      transverse beams are of nonuniform cross-section corresponding to the
      distribution of stresses whereby each beam is of uniform strength.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending but now
      abandoned patent application Ser. No. 402,578 filed Oct. 1, 1973 as a
      continuation of my patent application Ser. No. 110,123 filed Jan. 27, 1971
      and now abandoned.
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a riddle or sieve used for grading fluent
      solids. More particularly this invention concerns a support for the
      screening surface in an industrial heavy-duty screening machine.
PAC  BACKGROUND OF THE INVENTION
PAR  A riddle assembly, be it of the single or multiple deck type, must be of
      relatively large surface area if it is to be used commercially with a high
      degree of efficiency. Use of several small-capacity screening arrangements
      is expensive and generally wasteful.
PAR  Certain design problems are encountered when it is attempted to build
      large-capacity screening devices. It has been found virtually impossible
      to build such a device having a width greater than 3 meters. Such devices,
      become with increased size, so massive and heavy that shaking or vibrating
      the screens requires an enormous drive and the resonant frequency of the
      large screen support approaches the shaking frequency and leads to
      recurrent breakdowns.
PAR  In one known riddle of extended width the sieve is supported on at least
      two longitudinal and symmetrically aligned carrying members interconnected
      by multispan cross beams. In such a device the riddle or sieve is vibrated
      by means of a drive affixed directly to the longitudinal carrying members.
      This riddle rests on elastic elements on the supporting structure.
PAR  A fundamental feature which makes this described construction different
      from conventional constructions is the outer spans which are the elements
      extending the riddle width. These outer spans are made in tubular form
      with a uniform section, selected in proportion to the value of maximum
      bending moments.
PAR  Such construction does not reduce the weight of the installation by much,
      this reduction being very important in the case of riddles of considerable
      width which are vibrated by means of a drive whose size and power demand
      depend mainly on the mass of the entire system.
PAR  The middle and outer spans in such a large-width riddle assembly are
      usually the same. Such an arrangement facilitates replacing of sieves in
      separate sections.
PAR  Mounting of riddle vibrators either directly on a carrying box-section
      member or above this member divides the screening surface into independent
      sections parallel to the direction of motion of the sieved material. This
      offers an additional difficulty for the sieving process since a uniform
      distribution of the material over the entire sieve area becomes
      impossible, thus reducing the efficiency of the process.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      riddle assembly.
PAR  Another object is the provision of a large-size screening apparatus which
      is extremely rugged but of relatively light construction.
PAR  A further object is to provide an improved screen or riddle support which
      is light in weight but very strong.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in an
      apparatus wherein the lateral carrying members are made in the form of
      multispan beams of a uniform strength. The cross section of these beams is
      nonuniform and selected according to the stresses occurring locally in
      different sections of the beam. This has been achieved by application of
      supports fixed to the lateral beams, which therefore form a uniform and
      rigid element of nonuniform section. Middle spans linking the longitudinal
      carrying members have their minimum cross sections in the symmetry line of
      the riddle assembly, the cross sections increasing toward the locations
      where the spans are fixed to the carrying longitudinal walls or beams.
PAR  The outer spans, on the other hand, have their minimum cross sectons at
      their free ends, these cross sections increasing inwardly toward the
      locations where the spans are fixed to the inner longitudinal walls. Due
      to such a construction a high rigidity of the structure and a considerable
      weight reduction in this structure are achieved.
PAR  In accordance with yet another feature of the present invention the length
      of the outer spans of the cross beams forms a ratio to the length of the
      inner spans of these cross beams which lies between 0.5/1 and
      0.5/.sqroot.2. Thus with an overall transverse width of 2 meters, for
      example, between the longitudinal walls, the outer cantilevered spans of
      the cross beams have lengths of between 0.71 meter and 1.0 meter, giving
      the entire assembly an overall width between 3.42 meters and 4.0 meters.
      These proportions have proven themselves to be surprisingly efficient,
      since the mass per unit screening surface increases disproportionately
      when this range is not followed.
PAR  Such construction has been found to be fully operational because tapered
      cross beams are found to have a higher natural resonant frequency than
      beams of similar length and uniform cross section. Tests have shown that
      the resonant frequency of a sample support beam having a given length and
      a uniform cross section of 10 cm .times. 10 cm to be 4.3 times lower than
      the resonant frequency of a beam made according to the present invention
      with similar supporting strength, that is tapering down from a cross
      section of 10 cm .times. 20 cm to its end, and that the weight of the beam
      according to this invention is substantially less. What is more the beams
      according to the present invention are stressed substantially less than
      prior-art uniform-section beams, and therefore stress their supporting
      structures less at the point of attachment.
PAR  In the above-mentioned case the bending moment in the mid part of the
      middle span is approximately zero. This makes it possible to divide the
      riddle apparatus into two parts along the line of symmetry where the
      stresses are at their minimum, such a division facilitating the transport
      and the assembly of the apparatus while retaining a high rigidity and
      structural strength.
PAR  The present invention enables that screens can be built with riddles
      practically twice as wide as has been hitherto possible. At the same time,
      owing to application of cross beams having uniform strength, a lower
      consumption of materials per surface unit of the riddle can be obtained,
      while the fact that the longitudinal supporting walls are built below of
      the sieve deck allows a uniform distribution of the worked material over
      the entire area of the sieve.
PAR  The division of the riddle along its central symmetry plane where the
      bending moments are at their minimum is advantageous from the point of
      view of transport of large units as well as of easy assembly at the site
      of a riddle consisting of two or more parts. In accordance with another
      feature of this invention clamping means is provided for so joining two
      such parts.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become more
      readily apparent from the following with reference to the accompanying
      drawing in which:
PAR  FIG. 1 is a cross section through a riddle apparatus according to the
      present inventon;
PAR  FIG. 2 is a longitudinal section taken along II--II of FIG. 1;
PAR  FIG. 3 is a longitudinal section taken along line III--III of FIG. 1, in
      enlarged scale;
PAR  FIGS. 4 and 5 are schematic representations of the loading of the cross
      beams of the apparatus according to this invention;
PAR  FIG. 6 is a view taken in the direction of arrow VI of FIG. 1 with the
      screen removed; and
PAR  FIG. 7 is a perspective view of a corner of the apparatus of FIG. 1, with
      parts broken away for clarity of view.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  A riddle as shown in FIGS. 1, 5 and 6 consists of two inner walls 1 running
      in parallel to the center plane P of the screen, with transverse beams 2,
      3, 2 fixed in these walls 1 and supporting sieve decks 4 and 4.sup.1
      together with material to be graded (not shown). The transverse beams 2,
      3, 2 are made in the form of three spans: a middle span 3 fixed between
      and perpendicular to the walls 1, and outer spans 2 terminating in
      parallel protecting plates 5. Welded to the transverse beams 2, 3, 2 are
      buttressing gusset sections 6 (FIG. 2) whose nonuniform cross sections are
      selected in proportion to the value of the local bending moments according
      to the principle of design of beams of uniform strength. The spans 2, 3, 2
      together with supporting sections 6 form a unit of nonuniform cross
      section, the middle span 3 having its smallest cross section in the plane
      P of riddle symmetry, the outer spans 2 having their smallest cross
      sections at the points where they meet protecting plates 5. These cross
      sections grow, in both cases, toward the ends where the spans are fixed in
      the inner supporting walls 1.
PAR  In the symmetry plane P of the riddle, the middle spans 3 are split and
      their free ends are connected together by means of couplings 7 made in the
      form of two clamping rings 8 bolted together with bolts 9 as shown in FIG.
      3. The inner walls 1 are installed below the top sieve deck 4 so that a
      uniform spreading of the material to be screened over the entire sieve
      area is possible.
PAR  FIG. 4 illustrates the loading of transverse beams 2, 3, 2. The ratio of
      the middle span half length b to the length a of the outer spans is: b/a =
      .sqroot.2 and the absolute value of bending moments acting in the axis of
      longitudinal walls 1 is the same as that of the bending moment occurring
      in the mid part of the middle span beam. The values of these moments are
      half those in the case of conventional riddles with two outer walls.
PAR  FIG. 5 shows the loading of transverse beams 2, 3, 2, when the ratio of the
      middle span half length b to the length a' of outer spans is: b/a = 1.
PAR  In the above described case the bending moment in the symmetry plane P in
      the center of the middle span 3 is zero.
CLMS
STM  I claim:
NUM  1.
PAR  1. A riddle assembly comprising:
PA1  a pair of longitudinally extending outer vertical plates;
PA1  a pair of transversely spaced longitudinally extending inner walls disposed
      between said plates and parallel to a longitudinal plane spaced midway
      between said inner walls;
PA1  a sieve deck overlying said inner walls and having longitudinal edges
      projecting laterally beyond said walls, said screen being bisected by said
      plane and flanked by said outer plates;
PA1  a plurality of transverse beams extending parallel to one another and
      spaced along and secured to said inner walls, each of said beams having a
      central span of predetermined length disposed between and interconnecting
      said inner walls and projecting laterally therefrom, said spans being of
      nonuniform cross section increasing toward said inner walls proportional
      to the bending moments along said beams whereby said transverse beams have
      uniform strength along their full length, and each of said outer spans
      being at the most half as long as the respective central spans.
NUM  2.
PAR  2. The riddle assembly defined in claim 1 wherein each of said central
      spans comprises a pair of tubular portions, said assembly further
      comprising respective clamping means for releasably locking said tubular
      portions of each of said central spans together at said plane.
NUM  3.
PAR  3. The riddle assembly defined in claim 1 wherein the ratio of the half
      length b of each central span to the length a of each outer span of each
      of the transverse beams is in the ratio of substantially b/a = .sqroot.2.
NUM  4.
PAR  4. The riddle assembly defined in claim 1 wherein the ratio of the half
      length b of the central span to the length a of each outer span of each
      transverse beam is substantially b/a = 1.
NUM  5.
PAR  5. The riddle assembly defined in claim 1 wherein said walls lie in
      respective vertical planes and have upper portions fixed to said
      transverse beams and said sieve deck, and lower portions extending below
      said sieve deck, said riddle assembly further comprising a plurality of
      mutually parallel further transverse beams interconnecting said lower
      portions of said walls and spaced longitudinally therealong, said further
      transverse beams having central spans interconnecting said inner walls and
      outwardly projecting outer spans cantilevered on said inner walls, said
      outer plates being to the free ends of said transverse beams on both sides
      of said assembly, said further transverse beams carrying a lower sieve
      deck.
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ABST
PAL  An ion-exchange hollow fiber is prepared by introducing into the wall of
      the fiber polymerizable liquid monomers, and polymerizing the monomers
      therein to form solid, insoluble, crosslinked, ion-exchange resin
      particles which embed in the wall of the fiber. Excess particles blocking
      the central passage or bore of the fiber are removed by forcing liquid
      through the fiber. The fibers have high ion-exchange capacity, a practical
      wall permeability and good mechanical strength even with very thin wall
      dimensions. Experimental investigation of bundles of ion-exchange hollow
      fibers attached to a header assembly have shown the fiber to be very
      efficient in removing counterions from solution.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 83-568 (72 Stat.
      435; 42 USC 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to ion-exchange materials and, more
      particularly, this invention relates to novel ion-exchange hollow fibers
      and methods of forming and using such fibers.
PAR  2. History of the Prior Art
PAR  Current technology for removal of ions from dilute streams is largely
      oriented to the use of conventional packed, ion-exchange beds. These
      processes, however, have their problems. There is, for example,
      significant current effort toward the development of macroreticular pores
      in the ion-exchange beads which would be less susceptible to irreversible
      clogging. There are problems in the preparation of beads which have
      adequate porosity but which are still not unduly fragile. In the
      preparation of commerical ion-exchange beads, the process is as follows:
PAR  A cross-linked polymer bead is formed by reacting, for example, styrene and
      divinylbenzene. The percentage of cross-linker (divinylbenzene) determines
      the extent of swelling in the final bead as ions are exchanged. The
      greater the percentage of cross-linker, the less the swelling.
      Concurrently, the greater the level of cross-linker, the slower will be
      the diffusion of exchanging ions into and out of the beads, and the slower
      will be the process.
PAR  After the bead is formed, a chemical reaction such as sulfonation or
      chlormethylation is used to form the ion-exchange sites. From the
      description it is apparent that there are conflicting demands: high
      cross-link density helps stability but reduces product rate. Similarly,
      high ion-exchange capacity from the second step induces large swelling
      excursions, but provides greater capacity. Swelling of the resin beads
      occurs due to the osmotic pressures which are generated when the beads are
      exposed to different concentrations of various electrolytes. Pressure drop
      build-up is irregular and troublesome in regeneration processes. The
      choice of operating cycles is not straightforward at all and the beads are
      not inexpensive.
PAR  An alternative exists in semipermeable flat membranes but the technology is
      still in its infancy and the costs to efficiency ratio of membrane
      processes is not very satisfactory. Ion-exchange membranes offer
      significant adavantages in separation processes with respect to
      ion-exchange resin beads. When the ion-exchange resins are in the form of
      membranes, they can be in contact with the solution to be separated and
      the stripping solution simultaneously and the ion-exchange process can be
      continuous rather than cyclic.
PAR  A continuous process with ion-exchange membranes has several advantages
      over an ion-exchange resin column. Some of these are (1) a separate
      regeneration step is eliminated, (2) the product has a constant
      composition, (3) the hold-up volume is low, and (4) operation and control
      of the process are simple. The controlling factors with respect to rate of
      transport of ions across such membranes are as follows: (a) The membrane
      must be thin so that the resistance to diffusion is minimal. (b) The
      membrane must be semipermeable, i.e., if the membrane has positive charges
      they must be so uniformly and closely distributed that any solid trying to
      permeate the structure will always see some of the fixed charges. The
      consequence of this distribution is that only ions opposite in charge to
      the fixed charges can permeate the membrane. All ions having the same
      charges as the fixed charge are excluded by electrostatic repulsion. (c)
      The resistance to hydraulic permeability should be as low as possible
      consistent with the above requirements. Since this requirement and the
      preceding requirement are conflicting, all practical membranes are a
      compromise of these two objectives. (d) The flux of ions across all
      membranes is proportional to the area available for transfer.
PAR  These requirements result in certain limitations of the flat membrane
      system. The productivity per unit volume is unsatisfactory and the
      membranes must be supported in any separation device. Ion-exchange
      membranes cannot be manufactured by the same techniques utilized to form
      ion-exchange beads since the swelling resulting from the formation of the
      ion-exchange site is too great to be borne by membranes which have a low
      degree of cross-linking. However, if the degree of cross-linking is
      raised, the membrane is too brittle to be useful. Most flat ion-exchange
      membranes are formed by first forming ion-exchange beads and then milling
      the beads into a thermoplastic resin as a binder for the resin structure.
      In a more recent process, the thermoplastic resin is milled in the
      presence of a swelling agent which is then replaced with a graftable ionic
      monomer. After grafting, the ionic site is bound to the membrane. The
      mechanical requirements are satisfied by using relatively thick sheets, in
      the range of 100-300 microns.
PAR  The hollow fiber configuration of a membrane offers the opportunity to
      prepare thin-walled devices with very large surface areas. Such a device
      would also provide the flexibility of high transport rates per unit volume
      and the possibility of continuous operation without the need for
      regeneration cycles. Further advantage over other configurations is that
      supports are not required for the hollow fibers.
PAR  Anionic exchange hollow fibers have not been reported. Sulfonic acid
      cationic exchange type of hollow fibers have been prepared by irradiating
      polyethylene hollow fibers, immersing the irradiated fibers in styrene and
      heating the mixture to effect grafting. The fibers are then swollen in
      dichloromethane and suflonated with chlorsulfonic acid, followed by
      hydrolysis. This procedure requires several steps, effects a random
      ion-exchange capacity and is limited to special reactants. Post-treatment
      of hollow fibers is further limited since the very small cross-section of
      the fibers and the fine porosity of the walls prevents introduction of
      preformed polymers into the bore or impregnation into the walls.
PAC  SUMMARY OF THE INVENTION
PAR  Ion-exchange hollow fibers are prepared according to the invention by
      introducing into the wall of the preformed fiber polymerizable liquid
      monomers and polymerizing the monomers therein to form solid, insoluble,
      ion-exchange resin particles embedded within the wall of the fiber.
PAR  In a preferred embodiment of the invention, the mixture of polymerizable
      monomers is fed into one end of the fiber and pumped through the other
      end. In a permeable fiber, the mixture will also exude through the pores
      in the walls. After the particles of polymer have been formed, the excess
      particles blocking the central passage are removed by forcing liquid
      through the bore of the fiber.
PAR  The ion-exchange fibers of the invention have several further advantages as
      compared to resin beads or flat membranes. There is reduced pressure drop
      available through the controlled dimensions of the fluid passages. In
      addition, the wall thickness which holds the ion-exchange sites can be
      reduced to 30-40 microns without prejudicing the integrity of the
      structure, such as is experienced with reticulated beads. Finally, the
      difficulties experienced by the swelling and deswelling of spheres is
      reduced in the cylindrical configuration of the fiber. This, in turn,
      allows more rapid unloading of the active sites during the regeneration
      cycle.
PAR  The ion-exchange hollow fibers of the invention have a high ion-exchange
      capacity, good mechanical strength and uniform ion-exchange capacity
      throughout. The treated fibers will find use as membranes in water
      treatment, dialysis and generally to separate ionic solutions. In the case
      of constraining cationic resins such as polyquaternary particles within
      the pores of the walls, the fibers can be utilized to separate chromate,
      phosphate, uranate, uranium sulfate complexes, cyanide or carbonate from
      solutions in industrial applications such as waste water treatment,
      process streams, plating baths or mine wastes. Hollow fibers treated to
      contain anionic resins such as sulfonic resins can be utilized to remove
      cations from aqueous solution.
PAR  A very attactive, continuous ion removal process is provided with the
      fibers of the invention utilizing the Donnan principle. It has been shown
      that when a dilute polyvalent ion is separated by an ion selective
      membrane from a concentrated solution of a lower valency, the mobile ions
      will distribute between the two solutions in such a way that the
      multivalent ion will concentrate in the more concentrated solution.
PAR  One very important application of such a process is in chromate removal.
      Chromates are used as corrosion inhibitors in various industrial water
      streams such as in boilers and cooling water service. In time, these
      streams build up in calcium and other cations which precipitate with
      carbonate. periodically, a purge is required. This chromate contaminated
      blowdown is a toxicity hazard and cannot be disposed of indiscriminately.
      The disadvantages of of packed ion-exchange resin beads have been
      discussed. An alternative does exist in the precipitation of a reduced
      chromate. This is effective for processing various liquors but is not
      economically attractive and not easily manageable for streams having low
      chromate concentration levels.
PAR  In accordance with the invention, the Donnan pumping principle is extremely
      effective using strong Cl.sup.- concentrations to pump dilute chromate
      against its concentration gradient.
PAR  Thus, when a K.sub.2 CrO.sub.4 solution of 10 ppm is fed through the core
      of the polyquaternary resin treated fibers of the invention, and the
      outside of the fibers bathed with a more concentrated NaCl solution, the
      exit concentration of CrO.sub.4 .sup.= was found to be less than 0.02 ppm.
      the permeability of the wall, the charge density of the ion exchanger, the
      relative velocities of the dilute and concentrated streams were
      responsible for the separation and concentration effected.
DRWD
PAR  These and other advantages of the invention will become apparent as the
      invention becomes better understood by reference to the following detailed
      description when considered in conjunction with the following drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a single hollow fiber;
PAR  FIG. 2 is a schematic view of a shallow fiber tube assembly;
PAR  FIG. 3 is a sectional view along line 3--of FIG. 2;
PAR  FIG. 4 is a graph showing the amount of Cl.sup.- and Cr.sup.+.sup.6
      transferred across the wall of an ion-exchange hollow fiber; and
PAR  FIG. 5 is a graph showing the product concentrations of Cl.sup.+ and
      Cr.sup.+.sup.6 in the feed and effluent as a result of separation across
      an ion-exchange hollow fiber.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a hollow fiber 10 has an annular configuration,
      typically cylindrical. The wall 12 of the fiber 10 includes an outer skin
      14 and an inner skin 16. The wall 12 contains microvoids or pores 18 which
      join across the wall to form a path or channel providing microporosity or
      semipermeability characteristics to the fiber. Particles 20 of
      ion-exchange resin are formed within and embedded within the pores without
      blocking the pores in accordance with the invention.
PAR  The dimensions of the fibers are selected depending on the use and capacity
      of the end device. Length of the fibers is the least important dimension
      and is dependent on the amount of ion to be removed, the flux rate through
      the wall, the flow rate of solution, the number of fibers in a bundle, and
      the practical length of the unit. The wall thickness, permeability and
      ion-exchange capacity are the most influential factors in the performance
      and effectiveness of ion-exchange hollow fibers.
PAR  The wall thickness is preferably as thin as practical under the
      circumstances and is preferably as low as 10 microns, typically from 20 to
      300 microns, preferably 30-100 microns. The inside diameter is always
      maintained as low as possible to maximize available surface area. The
      inside diameter typically ranges from 50 to 1000 microns.
PAR  The morphology of the fiber used for resin deposition will determine the
      pore density and average pore size of the resulting ion-exchange fibers.
      Characterization of membrane morphology is in itself a difficult study, so
      that phenomonological parameters have been used by many investigators to
      describe membrane properties.
PAR  The descriptors found most useful are the wate content of the membrane, the
      hydraulic resistance of the membrane, and the permeability rates of
      several solutes through the membrane walls. These values can sometimes be
      reconciled with a pore model of transport, when an independent measurement
      of either pore area or pore diameter can be achieved.
PAR  Pore diameters (d) of the largest pores present can be measured by the
      pressure of air required to displace a fluid of known surface tension from
      the walls of the pores if the fluid wets the pore wall. For isotropic
      structures, the relationship between air pressure p (in psi) and surface
      tension .gamma. (in dynes/cm) is given by:
      ##EQU1##
      Attempts to measure displacement pressure, up to the pressure level that
      the fibers can contain, were unsuccessful. This indicates that the average
      pore size is smaller than 1000 angstroms.
PAR  The hydraulic permeability of the fiber bundles can be measured by
      determining the rate of water permeated per unit area (A) under a
      specified driving force. The relationship
EQU  J.sub.v = L.sub.p A.DELTA.P                                (1)
PAL  has been found linear over a range of pressures. J.sub.v is measured in
      cc/sec, and .DELTA.P is expressed in atmospheres. The dimensions of
      L.sub.p are then cm.sup.3 cm.sup.-.sup.2 sec.sup.-.sup.1 atm.sup.-.sup.1.
      Another useful expression of this relationship is in terms of the inverse
      of the permeability coefficient, i.e., 1/L.sub.p. The inverse can be
      considered a resistance coefficient, R.sub.H.sbsb.2 O ; when membranes are
      used in series, the total resistance is an additive function of the
      individual resistances.
PAR  A third sensitive descriptor of membrane structure is the permeability
      coefficient of specific solutes. The arrangement for measuring the
      permeability coefficient utilizes a fiber bundle through which the
      solution is pumped at a constant and controlled rate. The fibers are
      bathed in a large excess of solution in which the concentration of the
      solute being tested is maintained close to zero. The solute, therefore,
      diffuses out of the fiber bores as a result of the concentration gradient
      across the fiber wall. Since the gradient is changing along the axis of
      the fiber, provision must be made for estimating the form of the gradient.
PAR  The material balance of the solute concentration can be written by:
EQU  -M = Q.sub.v (C.sub.o - C.sub.i)                           (2)
PAL  where M is the rate of solute loss through the walls, Q.sub.v is the axial
      flow of solution, C.sub.i and C.sub.o are the inlet and outlet
      concentrations respectively. Similarly, if the process is diffusion
      controlled, one can project that the rate of solute transport is directly
      proportional to the area available for permeation, and the average
      concentration gradient:
EQU  - M = P A (.DELTA.c)                                       (3)
PAL  where (.DELTA.c) is an average concentration gradient.
PAR  Using a log average depletion of solute, we get:
      ##EQU2##
PAR  Equating equations (2) and (3) leads to:
      ##EQU3##
      With equation (5) it is relatively simple to estimate the permeability
      coefficient using steady state analyses. As in the case of the hydraulic
      permeability, the solute permeability can be conveniently expressed as a
      resistance, i.e 1/P.
PAR  Typical initial hdyraulic permeabilities of the fiber wall are from 1 to
      100 .times.  10.sup.-.sup.5 ml/cm.sup.2 sec atm. The corresponding solute
      diffusive permeabilities (cm/sec) for a 110 molecular weight molecule is
      5.6 to 55.6 .times. 10.sup.-.sup.5 and for a 1,200 molecular weight
      molecule is 1.2 to 6.7 .times. 10.sup.-.sup.5. These fibers will not allow
      a 60,000 MW protein (albumin) to permeate, so there is a maximum in the
      pore size that is smaller than the mean diameter of this protein. There
      are at present no clear-cut techniques by which the pore size and pore
      frequency can be measured without irreversible alterations of the
      structure during the measurement. Therefore, the solute profile of
      permeabilities is a a definite parameter defining the microporosity of the
      fibers. The initial permeability is modified during treatment due to
      embedment of ion-exchange particles within the pores, swelling and
      collapse of walls of some pores or microvoids. The porosity of the final
      polymer is preferably chosen such that there is no leakage of ions other
      than the separated ion through the wall.
PAR  Hollow fibers are an outgrowth of textile spinning of synthetic organic
      polymers in order to produce high-bulk, low density fabrics. Hollow fibers
      are manufactured from textile grade resins and may be spun by wet spinning
      (spinning from a polymer solution into a liquid coagulant); dry spinning
      (spinning from a solution of a polymer in a volatile solvent into an
      evaporative column); or by melt spinning. The tubular cross-section is
      formed by extruding the molten polymer or polymer solution through an
      annular dye or spinneret.
PAR  The fibers should preferably be formed from high-strength, high-modulus
      fibers since these can be formed with thin walls, yet allow higher
      operating pressure drops and permit negation of osmotic flows accompanying
      the ion-exchange phenomenon. The fibers should also exhibit chemical
      compatibility with and stability to the ion-exchange polymerization
      system. The polymerization system should not dissolve or permanently alter
      the fiber morphology during formation and embedment of the ion-exchange
      particles.
PAR  Textile grade acrylic fibers, suitably polymers of acrylonitrile, have been
      found to be compatible with the polyquaternary polymer reactants of this
      invention. The polyacrylonitrile may be homopolymers or copolymers
      containing up to 20% by weight of comonomers such as ethyl acrylate or
      vinyl acetate.
PAR  The acrylonitrile polymers are wet spun from a 15-25% solids solution in a
      highly polar solvent such as dimethyl acetamide, dimethl formamide or 40%
      CaSCN through an annular spinneret into a liquid coagulant such as water.
      The pore size and distribution can be controlled by selection of solvent.
      A specific example follows.
PAC  EXAMPLE 1
PAR  A 20% solids solution of fiber grade polyacrylonitrile in dimethyl
      acetamide was wet spun through an annular spinneret and coagulated in a
      bath of water to form lengths of hollow fibers having an I. D. of 0.0250
      cm and a wall thickness of 0.0040 cm.
PAR  The diffusivities of certain solutes through the wall of the fiber of
      Example 1 are provided in the following table.
TBL                Table 1                                                     
     ______________________________________                                    
     Transport Properties of Starting Fiber                                    
     ______________________________________                                    
     Hydraulic permeability                                                    
                    6 .times. 10.sup..sup.-5 cm.sup.3 cm.sup..sup.-2 sec.sup.-1
                    tm.sup.-.sup.1                                             
     Solute Resistances                                                        
     Creatinine     100 min/cm                                                 
     Glucose        160 min/cm                                                 
     ______________________________________                                    
PAR  The ion-exchange resin forming reactants are capable of penetrating the
      pores of the wall of the hollow fiber. The reactants are also preferably
      capable of entering the bore of the fiber and being pumped through the
      fiber and exuding through the walls. The reactants therefore are selected
      to have a molecular weight less than 2,000 to 6,000 and are capable of
      forming cross-linked insoluble particles within the pores of the fiber
      wall.
PAR  Quaternized, cross-linked, insoluble copolymers of unsubstituted and
      substituted vinyl pyridines and a dihalo organic organic compound are
      spontaneously formed at ambient temperature on mixing the two monomers in
      bulk, in solution or in suspension as disclosed in copending application
      Ser. No. 102,239, the disclosure of which is incorporated herein by
      reference. The amount of cross-linking may be varied according to the
      composition and reaction conditions. The reaction yields small particles
      capable of depositing within the pores without blocking the pores. The
      non-embedded particles can readily be washed out of the fiber.
PAR  The polyquaternary, water insoluble, cross-linked materials are prepared by
      reacting a vinyl pyridine with a dihalo organic compound of the formula:
EQU  X -- R.sub.1 -- X
PAL  where X is halo, preferably bromo, chloro or iodo and R.sub.1 is a divalent
      organic radical such as alkylene, alkenylene, alkynylene, arylene,
      alkarylene or aralkylene. R.sub.1 may also be alkylthioalkylene or
      alkyloxyalkylene of the formula (CH.sub.2).sub.x (Z).sub.y
      (CH.sub.2).sub.z, where Z is oxygen or sulfur and x, y and z are integers
      from 1 to 100. R.sub.1 may also be of prepolymer or polymeric length of up
      to 6,000 molecular weight such as a bromo-terminated polybutadiene, but,
      preferably has a carbon content of from 1 to 20 carbon atoms to provide an
      increased charge center density per unit volume and weight of the
      polymeric product. R.sub.1 may be substituted with other groups that do
      not interfere with the polymerization reaction or properties of the
      polymer product such as hydroxyl, alkyl, aryl, nitro, cyano or similar
      groups.
PAR  Representative dihalo organic compounds are .alpha., .omega.-alkylene or
      alkenylene halides such as dibromo methane, 1,2-dibromoethane,
      1,3-dibromopropane, 1,4-dibromobutane, 1,4-dibromo-2-butene,
      1,4-dichloro-2-butene, 1,4-dibromo-2,3-dihydroxy butane,
      1,5-dibromopentane, 1,6-dibromohexane, 1,8-dibromooctane,
      1,10-dibromodecane, and 1,16-dibromohexadecane. The alkenylene compounds
      such as 1,4-dibromobutene are found to be more reactive than the
      corresponding saturated compounds. Dihalbaromatics such as o, m and
      p-dichloro- or o, m and p-dibromoxylene are also suitable. Cross-linked,
      insoluble products would also be formed from terminally brominated
      prepolymers such as polyethylenes, polypropylenes, polybutylenes,
      polybutadienes, polyoxyethylene, etc. As the number of carbon atoms in the
      dihalide increases, elastomeric properties are favored and polyelectrolyte
      properties decrease.
PAR  4-vinyl pyridine is the most reactive of the vinyl pyridine isomers.
      However, 2-methyl-5-vinyl pyridine is available at lower cost and provides
      products of similar properties. 2-vinyl pyridine has been found to be much
      less reactive than the other monomers.
PAR  The polycationic, cross-linked products are prepared simply by mixing the
      vinyl pyridine monomer with the dihalide in various proportions and
      allowing the mixture to react until solid materials are formed.
PAR  The reaction is believed to proceed through a first stage in which two
      molecules of vinyl pyridine react with a molecule of a dibromide to form a
      quaternary intermediate as illustrated below:
      ##SPC1##
PAR  Two molecules of the intermediate dicationic, di-unsaturated cross-linking
      agent then react through the vinyl group to form an intermediate having a
      structure of the formula:
      ##SPC2##
PAR  The intermediate reacts further to give a cross-linked network with a small
      amount of residual unsaturation. Although this mechanism is dominant,
      other intermediates are also formed. The reaction proceeds spontaneously
      at room temperature, about 25.degree. c, but may be accelerated by heating
      the reaction to a higher temperature, usually below 100.degree.C, and
      suitably from 25.degree.-60.degree. C. The unsaturation on the growing
      polymer as well as on the finished resin may be utilized in further
      reactions, e.g. grafting onto substrates by means of Co .gamma. radiation.
PAR  Cross-linking of the product is also facilitated by irradiating the mixture
      with radiation capable of forming reactive species to cross-link the vinyl
      groups, suitably gamma radiation from a cobalt source. The reaction may be
      conducted in bulk, in a solvent for the monomer or in water suspension.
      The reaction proceeds faster in bulk, but yields are higher in solvents.
      Higher yields are favored in polar solvents such as dimethylsulfoxide,
      dimethylformamide, methanol, ethanol, or combinations thereof.
      Particularly high yields have been obtained with a 1/1 volume mixture of
      dimethylformamide and methanol. Slower reaction occurs in solvents such as
      benzene.
PAR  The rate of reaction is found to be much higher with bromides, as compared
      to the corresponding chlorides. The ratio of monomers is controlled such
      that there is an excess of dibromide in the mixture. A suitable ratio is a
      stoichiometric ratio of 2 mols of vinyl pyridine to at least 1 mol of the
      dibromide. It has been found that when the polymerization is conducted
      with an excess of vinyl pyridine, unchanged vinyl pyridine can be
      recovered. It has further been found that oxygen and carbon dioxide
      interfere, inhibit and slow the reaction. Also free radical inhibitors
      such as hydroquinone do not interfere or slow down the reaction rate.
      Higher polymerization rates are favored by conducting the reaction in
      vacuum. The properties of the polymer products can be varied by using
      excess of dihalide. The resulting product in this case contains nonionic
      halogen capable of further reaction. Any residual halogen in the
      ion-exchange resin particle or the nonionic halogen introduced by use of
      excess dihalide can be further reacted with a monoquaternizing reagent
      such as trimethylamine, dimethylamine or pyridine to increase the
      ion-exchange capacity of the particles and of the fiber.
PAR  The properites of the polymer products can be further varied by conducting
      the polymerization in the presence of excess monomer and a molecule
      capable of monoquaternization such as alkyl or alkenyl halide, hydrogen
      halide, dimethylsulfate, etc. The amounts of the quaternizing species are
      varied in such a way as to maintain the proportions: 2 moles of vinyl
      pyridine to 1 mole of dihalide and, 1 mole of vinyl pyridine to 1 mole of
      quaternizing species. Thus, for a polymer formed from a mixture containing
      1 mole of dihalide and 0.5 mole of quaternizing agent, 2.5 moles of vinyl
      pyridine are required. By varying these proportions, different amounts of
      cross-linking are obtained and the resulting resins differ mainly in their
      swelling properties.
PAR  The hollow fibers are treated in accordance with the invention by
      introducing polymerizable liquid monomeric reactants into the pores of the
      wall and polymerizing and embedding the fibers therein. The monomers may
      be impregnated into the walls by immersing the fiber in a mixture of the
      monomers under pressure. It is preferred to introduce the mixture of
      monomers into one end of the fiber and force it through and out the other
      end and through the pores of the walls to insure polymerization within the
      pores. Excess ion-exchange polymers are simply washed out after
      polymerization is complete. The procedure could be successfully repeated
      to increase ion-exchange capacity of the fiber.
PAR  Referring now to FIGS. 2 and 3, the fibers 10 are generally attached to
      inlet header 21 and an outlet header 22 to form a bundle 24. The headers
      21, 22 facilitate pumping liquids into the channel 26 of the fibers under
      low pressure. The headers are potted to the fibers with a suitable resin
      such as a polysiloxane or an epoxy resin compatible with the fibers such
      as the polyacrylonitrile fibers of inlet 1. The inelt header 21 is
      connected to a funnel 28 by means of flexible tubing 30 and the outlet
      header 22 is attached to a length 32 of flexible tubing leading to a
      collection vessel 34. Pumping liquid through the fibers is accommplished
      by means of a positive pump 29 such as a peristaltic pump connected to the
      flexible tube 30 or by means of a suction pump attached to the exit tubing
      32. The bundle 24 of fibers 10 is immersed in a bath 36 of regeneration
      liquid during use but may simply be exposed to the atmosphere during
      treatment. A specific example follows.
PAC  EXAMPLE 2
PAR  An 8-inch long bundle of 150 fibers prepared according to Example 1 was
      potted by means of a polysiloxane into inlet and outlet headers. A bulk
      mixture of 2 moles or 4-vinyl pyridine and one mole of 1,2-dibromoethane
      was forced from a syringe into the inlet header and into the core of the
      polymers until the liquid mixture exuded through the walls of the fibers
      and appeared in the outlet header. The polymerization proceeded
      spontaneously for about three days. Before polymerization was completed,
      water was injected into the header with a syringe to open the central
      channel of the fibers and to prevent plugging. The polymerization
      proceeded within the pores of the fiber wall to form particles of an
      insoluble, cross-linked polyquaternary resin.
PAC  EXAMPLE 3
PAR  Example 1 was repeated substituting dibromohexane for the dibromoethane. An
      ion-exchange hollow fiber resulted having an ion-exchange capacity about
      one-half that of the product of Example 2.
PAR  After formation of the polyquaternary ion-exchange resin in the fiber
      walls, significant changes in the transport properties of ionic species
      were expected. The end point of such transport was governed by the
      equilibrium expressions derived by Donnan, and the most significant
      property which governed this equilibrium was the charge density of the
      immobilized species. If the charge density is adequately high, the
      membrane will be truly "semipermeable" and the Donnan assumptions apply.
      In these experiments, the immobilized species was the quaternary nitrogen,
      and the gegenions were negative ions. the concentration of the fixed
      groups was determined by exchanging the gegenions to (OH.sup.-) forms by
      thorough washing in 0.1 N NaOH. The fibers were then placed in a known
      excess of HCl, and after 24 hours the fibers were removed, rinsed, and the
      remaining HCl titrated.
PAR  Titration of an aliquot of fiber indicated that 0.92 milliequivalents of
      (OH.sup.-) were bound to 1.3 gms of fiber to give 0.71 meq/gm. The sample
      represented 155 cm.sup.2 so that the charge per unit area of membrane was
      0.006 meq/cm.sup.2 .
PAR  The introduction of a significant weight of ion-exchange polymer into the
      polyacrylonitrile fiber should change the permeability of the fiber wall
      to water and to nonionic solutes, since the void volume is reduced. This
      reduction is shown by the data in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Hydraulic Permeability                                                    
                    1.6 cm.sup.3 cm.sup..sup.-2 sec.sup..sup.-1 atm.sup..sup.-1
     Solute Resistances                                                        
     Creatinine     550 min/cm                                                 
     Glucose        1,400 min/cm                                               
     ______________________________________                                    
PAR  The hydraulic permeability has been reduced by a factor of four, and the
      solute resistance of creatinine has increased by a factor of five. The
      solute measurements were performed both initially, and after ion-exchange
      deposition, with a 0.86% NaC1 supporting electrolyte concentration. It was
      later found that the ion-exchange resin operated effectively at this NaCl
      concentration so the permeability decrease may reflect, in part, a wall
      thickness increase due to osmotic swelling.
PAR  The property that is most significant, of course, is the semipermeability
      of the fiber wall with respect to anions. To examine this function,
      CrO.sub.4 .sup.= anions were used because of the ease with which very
      small concentrations can be measured and because of the current interest
      in removing such ions from water cooling systems.
PAR  The hollow fiber assembly of Example 2 was utilized to remove chromate ions
      from a dilute solution (10 ppm Cr.sup.+.sup.6). Referring again to FIGS. 2
      and 3, the bundle 24 is immersed in a vessel 36 containing an NaCl aqueous
      solution. The dilute chromate solution was injected under controlled
      pressure into the funnel 28 and a solution having very low chromate and
      chloride ion content was removed from outlet header 22. A specific example
      follows.
PAC  EXAMPLE 4
PAR  A concentration of 2.0 .times. 10.sup.-.sup.4 M K.sub.2 CrO.sub.4 was
      pumped at 3.0 cc/min through a fiber bundle containing 150 fibers (153.1
      cm.sup.2). The fiber was bathed externally in a slowly stirred solution
      containing initially 0.25M NaCl. The core solution leaving the fiber
      fundle contained less than 4 .times. 10.sup.-.sup.6 M CrO.sub.4 (present
      low limit of analysis), and 6.5 .times. 10.sup.-.sup.4 M Cl.sup.- . The
      external bath increased continuously in CrO.sub.4.sup.- concentration, and
      decreased in Cl.sup.- concentration, as shown in FIG. 4.
PAR  In a perfectly semipermeable system, the number of milliequivalents of
      CrO.sub.4 .sup.= permeating the wall would be exactly equal to the number
      of milliequivalents of Cl.sup.- moving in the other direction. The actual
      situation is not perfect. FIG. 5 shows the number of milliequivalents of
      each ion that permeated as a function of the total volume of fluid
      processed through the cores of the fibers. Considering the very large
      gradient of (Cl.sup.- ) available and the small gradient of (CrO.sub.4
      .sup.- ), the lack of ideality is not surprising. At the end of the
      experiment, when 15 liters had been processed through the fibers, the
      external bath was 40 .times. 10.sup.-.sup.4 M in CrO.sub.4 .sup.= , and
      the (Cl.sup.-) was depleted to 0.06 M. The total volume in the external
      system had increased to 1,000 cc as a result of osmotic pumping of water.
PAR  Considering the mass transfer of CrO.sub.4 .sup.= in the same way that
      nonionic species were characterized, one can take the initial rate of
      transfer and calculate a membrane permeability:
      ##EQU4##
      This is seen to be significantly higher than the rates attained for
      non-electrolytes. The comparison is, of course, not valid since the
      derivation assumes that only the concentration difference in (CrO.sub.4
      .sup.=) provides the driving force. Instead, recent work indicates that
      the driving force is the Donnan potential which drives the system toward
      the equilibrium:
      ##EQU5##
PAR  As the core solution flows through the length of each fiber, the anions
      present exchange across the semipermeable walls of the fibers. The exit
      concentration of the core solution is &lt;0.02 ppm Cr.sup.+.sup.6 and 22 ppm
      Cl.sup.-. Present federal standards for effluents are less than 0.05 ppm
      of chromium. The external solution increases in Cr concentration, and
      after 13 liters of core fluid have been treated, the external solution has
      been enriched by 4.9 moles of Cr. The process will continue so long as the
      Donnan equilibrium condition has not been achieved. When the feed rate was
      increased to 16 cc/min, the exit concentration of dichromate was found to
      be as low as 0.7 ppm.
PAR  The applications for such a process are numerous. The process is equivalent
      to a continuous form of the same steps that are taken batchwise when
      ion-exchange resins are used. For example, if the same resin in bead form
      were used in an absorption column, the process steps would be as follows:
PAR  The CrO.sub.4 .sup.= containing solution would be percolated through the
      columns, and absorption would take place until the bead capacity was
      exhausted. Then the feed flow would be changed to a strong NaCl (or HCl)
      solution, and the absorbed CrO.sub.4 .sup.= would be eluted, and the
      combined NaCl washes would be collected. The process would then begin
      again. By contrast, the Donnan system performs these steps simultaneously,
      so that a continuous process results.
PAR  The hollow fibers of this invention permit a packing density, i.e. area
      available per bulk volume of exchanger, much higher than in other
      configurations. The treated fibers have a high ion-exchange capacity, a
      practical wall permeability and good mechanical strength. Bundles of these
      fibers will find use in continuous removal of ions from solution without
      the need for regeneration. The treated fibers will also find use in fuel
      cells, chemical batteries and in liquid chromatography. The fiber may be
      cut in sections after chromatographic separation to provide samples for
      quantitative or qualitative analysis.
PAR  The treated fibers of the invention are quite different in structure from
      ion-exchange membranes formed by dispersion of ion-exchange particles in a
      matrix or formed by grafting ion-exchange monomers onto the surface. The
      initial fiber structure has a microporosity of the order of angstroms
      which permits solutes having molecular weights below about 5,000 to freely
      diffuse through the wall. The ion-exchange particles are formed within
      this pore structure.
PAR  Obviously there is not very much void space in a pore so that the
      possibility of solution flowing through a pore without encountering an
      ion-exchange site is small. This leads to the relatively high
      efficiencies, i.e. the semipermeability of the fiber wall.
PAR  At the same time it is known that from the weight of water imbibed per gram
      of untreated fiber, that the amount of void space in the wall is fairly
      large. The pores provide a relatively large volume in which the
      ion-exchange particles can be formed and permits the achievement of fairly
      high ion-exchange capacities.
PAR  It is to be understood that only preferred embodiments of the invention has
      been described and that numerous substitutions, alterations and
      modifications may be made without departing from the spirit and scope of
      the invention as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of removing ions from solution comprising the steps of:
PA1  passing a first solution of a salt through the central channel of a hollow,
      thin-wall microporous fiber of a synthetic, organic, thermoplastic resin
      having pores which join to form a path across the wall of the fiber and
      containing solid, insoluble, ion-exchange resin particles formed in situ
      in said pores from ion-exchange resin reactants of a molecular weight
      capable of impregnating the pores, having a diameter smaller than the pore
      diameter and having an even distribution of fixed charge embedded and
      constrained within said pores without blocking said pores or said path;
      and passing the ion of unlike charge to the fixed charge of the embedded
      resin through the wall of the fiber.
NUM  2.
PAR  2. A method according to claim 1 in which a plurality of fibers are
      assembled as a bundle attached to a common inlet header and a common
      outlet header.
NUM  3.
PAR  3. A method according to claim 2 in which the outside surface of the fibers
      are immersed in a second solution of an ion of like charge and lower
      valence to the ion passing through the wall and at a concentration higher
      than said first solution.
NUM  4.
PAR  4. A method according to claim 3 in which the ion-exchange resin particles
      are polyquaternary resin particles and the ion passing through the wall is
      a chromate ion.
NUM  5.
PAR  5. A method according to claim 3 in which the resin is a reaction product
      of a vinyl pyridine and an organic dihalide spontaneously copolymerizable
      therewith under ambient conditions.
NUM  6.
PAR  6. A method according to claim 5 in which the vinyl pyridine is 4-vinyl
      pyridine and the organic dihalide is a compound of the formula:
EQU  X -- R.sub.1 -- X
PAL  where X is halo and R.sub.1 is a divalent organic radical containing from
      1-20 carbon atoms.
NUM  7.
PAR  7. A method according to claim 6 in which X is chloro or bromo and R.sub.1
      is a divalent organic radical selected from alkylene, alkenylene,
      alkynylene, arylene, alkarylene and aralkylene.
NUM  8.
PAR  8. A method according to claim 7 in which the organic dihalide is
      1,2-dibromoethane.
NUM  9.
PAR  9. A method according to claim 1 in which the wall thickness is from 10 to
      300 microns.
NUM  10.
PAR  10. A method according to claim 9 in which the internal diameter is from 50
      to 1,000 microns.
NUM  11.
PAR  11. A method according to claim 1 in which the pores are evenly distributed
      throughout the wall of the fiber and have an average diameter less than
      1,000 angstroms.
NUM  12.
PAR  12. A method according to claim 1 in which said fiber resin is a fiber
      grade polyacrylonitrile resin.
NUM  13.
PAR  13. A method according to claim 12 in which the hydraulic permeability of
      the fiber is from 1 to 100 .times. 10.sup.-.sup.5 ml/cm.sup.2 sec atm.
NUM  14.
PAR  14. A method according to claim 1 in which the resin particles embedded in
      said pores do not block said pores to passage of selected ions through the
      wall to a solution of ions of higher concentration and like charge of the
      selected ions.
NUM  15.
PAR  15. A method according to claim 1 in which the ion-exchange resin particles
      contain an even distribution of cationic charge.
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ABST
PAL  A process for recovering the calcium values and sulfide values from a
      calcium sulfide-containing material is disclosed. The calcium
      sulfide-containing material dispersed in an aqueous medium is digested in
      the presence of hydrogen sulfide under conditions to provide a mole ratio
      of S.sup.-.sup.-/Ca.sup.+.sup.+ of between 1.5 and 2.0. After filtration
      to remove undissolved solids, the mother liquor is stripped with an inert
      gaseous medium, e.g. nitrogen, steam, etc., whereby hydrogen sulfide is
      stripped therefrom with the concomitant formation of calcium hydroxide
      which is subsequently separated by filtration. The gaseous overhead from
      the stripping operations may be fractionated to form a recycleable
      hydrogen sulfide-containing stream.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for recovering metal values from a
      sulfide-containing material, and more particularly to a process for the
      recovery of calcium and sulfide values from a calcium sulfide-containing
      material, such as slag produced in a blast furnace.
PAR  Many processes for handling slag and like materials to recover calcium
      values have been advanced, but have met with limited acceptance. In one
      such process, slag (a CaS/Ca(OH).sub.2 mixture) is contacted with weak
      caustic solutions for a prolonged period of time at temperatures of about
      200.degree.F. whereby a significant amount of the lime is recovered. The
      sulfur values, however, as sodium polysulfide remain in solution and are
      disposed of by passing such a solution including entrained ash as waste to
      disposal. In another process, slag is pyrolized in the presence of gypsum
      and controlled amounts of oxygen with sulfur values being recovered as
      sulfur dioxide contained in the off-gas. In such latter process, no
      provision is made for the separation of ash.
PAR  The capacity of calcium oxide as a sulfur acceptor has long been recognized
      in the metallurgical art, e.g. in the production, inter alia, of iron,
      copper and the like. Recently, such capacity has found applicability in
      fuel gasification processes, such as described in a brochure published by
      the American Chemical Society in 1967 entitled "Fuel Gasification" wherein
      calcium oxide in the solid state is used in a fluidized bed system. In
      U.S. Pat. No. 3,456,622 to Thornton et al. and assigned to the assignee of
      the present application, there is disclosed a process for removing the
      sulfur values from a flue gas using a solution of calcium carbonate. In
      order to permit such processes to be competitive, other than by
      legislative action, it is necessary to have an efficacious and facile
      process for the regeneration of the initial calcium compound from a
      sulfide-containing compound thereof.
PAC  OBJECT OF THE INVENTION
PAR  An object of the present invention is to provide a novel process for
      recovering calcium values from a calcium sulfide-containing material.
PAR  Another object of the present invention is to provide a novel process for
      recovering calcium values from a calcium sulfide-containing material in a
      cyclic process.
PAR  Still another object of the present invention is to provide a novel process
      for recovering calcium values from a calcium sulfide-containing material
      together with sulfur values in a convenient form for storage and handling
      with corresponding ecological beneficence.
PAR  A further object of the present invention is to provide a novel process for
      treating calcium sulfide-containing materials to obtain products which may
      be stored in the open and which exhibit better weathering behavior than
      untreated slag.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of this invention are achieved by digesting
      particulate calcium sulfide-containing material in an aqueous medium in
      the presence of hydrogen sulfide under conditions to provide a mole ratio
      of S.sup.-.sup.-/Ca.sup.+.sup.+ of more than 1.5  and less than 2.0 to
      convert calcium sulfide to the more soluble forms of the sulfides, such as
      the hydroxyhydrosulfides with the simultaneous formation of insoluble
      sulfides of the heavy metals, such as ash, silicates and like insoluble
      materials of improved storage behavior. After separation of the sulfides
      of the heavy metals, the mother liquor is contacted with a stripping
      medium, such as steam, to strip out hydrogen sulfide while precipitating
      calcium hydroxide substantially free of sulfur. The calcium hydroxide may
      be treated into recycleable assays or material of much improved storage
      behavior.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Further objects and advantages of the invention will become apparent upon
      consideration of the detailed disclosure thereof, especially when taken
      with the accompanying drawings illustrating a schematic flow diagram
      therefor. It is to be understood that equipment, such as pumps, valves,
      indicators, and the like have been omitted from the drawing to facilitate
      the description thereof and the placing of such equipment at appropriate
      places is deemed to be within the scope of those skilled in the art.
      Additionally, while the present invention is described with references to
      the treatment of a CaO/CaS system derived from a slag formed in an iron
      reduction process, it is understood that any CaO/CaS system to be treated
      may be derived from other processes, e.g. a fuel gasification process, a
      flue gas treating process, and other metallurgical processes, and that
      other metal oxide/metal sulfide systems may exist. Generally, any metal
      oxide/metal sulfide system may be treated provided that the more soluble
      hydroxyhydrosulfides and bisulfides of the metal are formed. Such metals
      include the metals of Group IIa with possible application to others such
      as aluminium, arsenic, germanium, mercury, nickel, tin and titanium.
DETD
PAR  Referring now to the drawings, a calcium sulfide-containing material, e.g.
      slag withdrawn from a blast furnace (not shown) and suitably cooled is
      introduced by line 10 into a granulator, generally indicated as 12, to
      particularize the material. An aqueous medium or recycled liquor, as
      hereinafter more fully discussed, is introduced into the granulator 12 by
      line 14 to facilitate formation of the particulate material. The
      particulate material is passed by line 16 to a digester, generally
      indicated as 18, and is treated in an aqueous medium with hydrogen sulfide
      introduced by line 20 under conditions to provide in the digestion liquor
      a mole ratio of S.sup.-.sup.-/Ca.sup.+.sup.+ of more than 1.5 but less
      than 2.0. Digestion is effected with agitation for from about 30 to 120
      minutes, preferably from 45 to 60 minutes, at a temperature of from about
      32.degree. to 215.degree.F, preferably about 120.degree.F to about
      160.degree.F, under an atmosphere of H.sub.2 S at about 14.7 psia whereby
      calcium sulfide contained in the starting material is converted to various
      forms of the calcium hydroxyhydrosulfides with the simultaneous formation
      of insoluble sulfides of heavy metals. The best results were obtained at
      about 140.degree.F. Recycled liquor in line 22 may be introduced into the
      digester 18 to maintain a concentration of material such that the liquid
      phase is nearly saturated with respect to the calcium content at the
      S.sup.-.sup.-/Ca.sup.+.sup.+ ratios hereinabove mentioned.
PAR  It is necessary to operate under conditions whereby the
      S.sup.-.sup.-/Ca.sup.+.sup.+ mole ratio is below 2.0 since operation above
      such ratio favors formation of calcium bisulfide which has an inverse
      solubility product with regard to temperature. Additionally, the
      concentration of solids should be about 25 parts per 100 parts of water,
      or be at levels as dictated by the economics of the operation.
PAR  The reactant mixture withdrawn by line 24 from digester 18 is passed to a
      separation zone, generally indicated as 26, wherein the aqueous liquor is
      separated, such as by filtration, decantation or the like from a solids
      fraction including ash, the insoluble sulfides and any undissolved lime
      which is withdrawn from the separation zone 26 by line 30 for storage or
      subsequent processing (not shown). The mother liquor from the separation
      zone 26 is passed by line 32 into a stripping zone, generally indicated as
      34, and contacted with an inert stripping medium, such as steam, in line
      36 to strip substantially all of the hydrogen sulfide therefrom (except
      for the designed sulfur level in the stripping residue) with the
      simultaneous formation of calcium hydroxide.
PAR  A gaseous stream including hydrogen sulfide and excess stripping medium is
      withdrawn by line 38 and passed to a fractionation unit, generally
      indicated as 40, wherein a substantially pure hydrogen sulfide containing
      stream in line 42 may be recovered and recycled to the digester 18. The
      gaseous stream in line 38 may be treated in a conventional Claus process
      to convert the hydrogen sulfide to elemental sulfur and water. Use of an
      inert stripping medium, such as nitrogen, steam, etc., readily permits the
      separation and recovery of a recycleable hydrogen sulfide stream, as
      compared with the use of a stripping gas including carbon dioxide or like
      acid gases which is difficult to separate from hydrogen sulfide and which
      would be deleterious to digestion.
PAR  The stripped aqueous solution including suspended calcium hydroxide is
      withdrawn by line 44 from the stripping zone 34 and is passed to a
      separation zone, generally indicated as 46, wherein the said solid
      fraction including calcium hydroxide is separated from the mother liquor.
      The solid fraction is withdrawn from the separation zone 46 by line 48 and
      is passed to storage or subsequent processing units (not shown) for the
      production of lime which may be recycled as a sulfur acceptor or as flux
      to a blast furnace. The calcium hydroxide recovered by the present process
      is a substantially more effective sulfur-acceptor as compared with calcium
      carbonate (or calcium oxide by the pyrolysis of calcium carbonate). The
      mother liquor withdrawn from separation zone 46 by line 50 is passed to
      waste by line 52 since the concentration of dissolved solids is low, or a
      portion thereof may be passed by line 54 as the recycled liquors in lines
      14 and 22 as hereinabove discussed.
PAC  EXAMPLES OF THE INVENTION
PAR  The following examples are illustrative of conditions for the process of
      the invention and it is to be understood that the scope of the invention
      is not to be limited thereby.
PAC  EXAMPLE I
PAR  A highly volatile bituminous coal (-200 mesh) containing 3.72% sulfur is
      reacted with calcium oxide and calcium oxide/calcium sulphate at a
      temperature between about 2,000.degree. to 2,100.degree.F. under standard
      conditions for coal gasification. Calcium oxide is converted to calcium
      sulfide and calcium carbonate with calcium sulphate being reduced to
      calcium sulfide by the carbon in the coal. The resulting material had the
      following composition:
TBL  Component            Wt. %                                                
     ______________________________________                                    
     CaS                  9.88                                                 
     CaSO.sub.4           0.22                                                 
     Ash (insoluble)      41.78                                                
     CaO/CaCO.sub.3       48.12                                                
                          100.00                                               
     ______________________________________                                    
PAR  3.92 grams of the material in 35.0 ml of water are slurried under 20 psia.
      of hydrogen sulfide for two hours and filtered to provide 2.47 grams of a
      residue containing 0.25% sulfur. Thus, 96% of the sulfur as sulfide is
      digested. The filtrate is stripped with nitrogen for 2 hours and dried
      almost to dryness yielding a yellowish white precipitate containing 4.91%
      sulfur and 91% calcium hydroxide accounting for 87% of the calcium values
      in the starting material. The amount of sulfur remaining in the residue
      amounted to 6.8% of the sulfur bound to calcium in the digestive liquor,
      or 42% of the sulfur originally present as calcium sulfide in the
      char-coal composition.
PAC  EXAMPLE II
PAR  A digested slurry having in part the following composition was subjected to
      batch steam stripping under nitrogen flow.
TBL  ______________________________________                                    
     Composition          Wt. %                                                
     ______________________________________                                    
     S (combined)         13.7                                                 
     CaS                  20.5                                                 
     ______________________________________                                    
PAR  The H.sub.2 O/H.sub.2 S mole ratio in the distillates is 2-3 at 20% net
      solids content and 1.5-2 at 25% net solids content in the pot. These
      ratios remained constant to about 65-70% recovery of sulfur. The residual
      liquor contained 1.11 to 1.20% sulfur and 1.58% solids (as CaS). The
      buff-white residue contained 0.13% sulfur. At least 75% of the weight of
      Ca(OH).sub.2 was recovered as flakes and powder.
PAC  EXAMPLE III
PAR  The following Table I illustrates the ability to separate calcium sulfide
      from a coal ash digested with aqueous hydrogen sulfide.
TBL                Table I                                                     
     ______________________________________                                    
               Before Digestion                                                
                           After Digestion                                     
               (Ash)                                                           
     ______________________________________                                    
     Components  wt.%     g.       wt.%   g.                                   
     ______________________________________                                    
     Sulfide sulfur                                                            
                 4.30     0.17     0.25   0.0062                               
     Sulfate sulfur                                                            
                 0.05     0.002                                                
     Acid insolubles                                                           
                 48.13    1.89     99.75  2.46                                 
     Acid solubles                                                             
      (CaO + CaCO.sub.3)                                                       
                 47.43    1.86                                                 
     ______________________________________                                    
     Totals      100.00   3.92     100.00 2.47                                 
     ______________________________________                                    
PAR  Difference in total weight represents calcium oxide/calcium sulfide in the
      original ash. About 96% of the sulfide originally present in the ash was
      removed by the process of this invention. The sulfur values included
      within the calcium sulfide-containing material may also be recovered by
      stripping and passing the overhead sulfide stream to a conventional Claus
      system to form elemental sulfur and water as hereinabove described.
      Further as discussed hereinabove, since the residual liquid in the
      stripper is extremely low in its content of dissolved solids, the liquid
      may be recycled either to the granulator and/or digester. Additionally,
      the precipitated lime may be recycled to a blast furnance where such
      precipitated form of lime is more reactive, i.e., as a sulfur acceptor
      than the conventionally used calcined form.
PAR  While the invention has been described in connection with several examplary
      embodiments thereof, it will be understood that many modifications will be
      apparent to those of ordinary skill in the art; and that this application
      is intended to cover any adaptations or variations thereof. Therefore, it
      is manifestly intended that this invention be only limited by the claims
      and the equivalents thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for recovering sulfur and calcium values from a material
      containing calcium sulfide, comprising:
PA1  digesting said material containing calcium sulfide in an aqueous medium at
      a temperature of from 32.degree.F to 215.degree.F in the presence of an
      atmosphere of hydrogen sulfide to produce an aqueous solution of calcium
      hydroxyhydrosulfide having a mole ratio of sulfide ions to calcium ions of
      more than 1.5 and less than 2.0;
PA1  separating insoluble sulfide material from the aqueous solution of calcium
      hydroxyhydrosulfide; and
PA1  contacting said aqueous solution of calcium hydroxyhydrosulfide with an
      inert gaseous stripping medium to recover sulfur values as hydrogen
      sulfide and calcium values as calcium hydroxide.
NUM  2.
PAR  2. The process of claim 1 wherein the digestion is effected at a
      temperature from about 120.degree.F to about 160.degree.F.
NUM  3.
PAR  3. The process of claim 1 wherein the digestion is effected for a time from
      about 30 to about 120 minutes.
NUM  4.
PAR  4. The process of claim 1 wherein the inert stripping medium is steam.
NUM  5.
PAR  5. The process of claim 4 wherein the hydrogen sulfide atmosphere is at
      about atmospheric pressure.
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ABST
PAL  The pollutants are oxidized with oxygen atoms obtained from catalytic
      decomposition of hypochlorite ions and are filtered out and entrapped on
      the catalytic material of the filter bed as the waste water flows through
      the bed. The catalytic material catalyzes the incineration of the trapped
      pollutants by an oxidizing gas which flows through the bed of the catalyst
      and which regenerates the catalyst.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of application Ser. No. 440,101
      "Catalytic Filter Incinerator" by D. B. Davis, et al., filed Feb. 6, 1974,
      now abandoned, which was a continuation-in-part of Ser. No. 304,165 "A
      Catalytic Filter Incinerator" by D. B. Davis, et al., filed Nov. 6, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  A catalytic filtering and incinerating process and device, specifically,
      one using a regenerative catalytic material which catalyzes the
      decomposition of hypochlorite ions into oxygen atoms for oxidizing
      pollutants in aqueous solutions, which filters out and entraps large
      pollutants, which catalyzes the burning of these entrapped pollutants, and
      which regenerates during burning.
PAR  2. Description of the Prior Art
PAR  The method of removing pollutants from waste water by flowing the water
      through a bed of non-combustible granular material which filters out and
      entraps pollutants and then incinerating the bed to burn off the
      pollutants was improved by N. R. Dibelius et al. as described in U.S. Pat.
      No. 3,509,835 by heating the bed internally, by agitating it during
      filtering, and by using a second source of oxidizing gas with a second bed
      of catalytic material to catalyze the burning of the combustion gases.
PAR  The present invention further improves the rate and manner of removing
      pollutants from waste water by simultaneously oxidizing these pollutants
      with oxygen atoms from the catalytic decomposition of hypochlorite ions
      while filtering the water, and by catalytically incinerating these
      filtered pollutants.
PAC  SUMMARY OF THE INVENTION
PAR  The improved process for removing pollutants from waste water uses a
      granular, porous, regenerative, catalytic material of oxides of at least
      one metal selected from nickel, cobalt, iron, iridium, and mixtures
      thereof formed by oxidizing these metals when placed within the pores of
      aluminas having openings from 80 to 1000 angstroms, or molecular sieves
      with channels having openings from 8 to 40 angstroms. The waste water
      which is prescreened to remove foreign objects such as razor blades,
      toothpaste tubes, wood, etc., and to which hypochlorite ions are added is
      flowed through at least one bed of this catalytic material. The catalytic
      material filters out and entraps pollutants, while simultaneously
      catalyzing the decomposition of hypochlorite ions into oxygen atoms which
      oxidize the pollutants as the water flows through the bed. After a
      pre-determined time, oxidizing gas containing oxygen is flowed through the
      bed and incinerates the entrapped pollutants. The catalytic material
      catalyzes the incineration of these entrapped pollutants and regenerates
      itself by means of the oxidizing gas. This results in a more rapid removal
      of the pollutants and a greatly extended bed life.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The polluted water or waste water, terms which refer to water containing
      suspended and dissolved, oxidizable and unoxidizable, inorganic and
      organic pollutants, bacteria, viruses, and other waste pollutants which
      range in size from large particles to colloidal particles to molecules and
      ions, is initially prescreened to remove foreign objects such as
      toothpaste tubes, razor blades, glass, etc. which ocassionally occur in
      polluted waters. Hypochlorite ions are put into the water by conventional
      means such as electrolytic generation from chloride ions or by addition of
      hypochlorite salts. The water is flowed through a bed or granular,
      non-combustible, porous, regenerative catalytic material which filters out
      and entraps the larger size pollutants, which permits the movement of
      water molecules, hypochlorite ions, molecules, ions and colloidal
      pollutants into and from the catalyst pores to the sites that catalyze the
      decomposition of hypochlorite ions into oxygen atoms that oxidize the
      pollutants to harmless products, so that as the waste water flows through
      the bed, the atomic to colloidal size pollutants are oxidized by oxygen
      atoms obtained from the catalytic decomposition of the hypochlorite ions,
      while the larger than colloidal size pollutant particles are
      simultaneously filtered out and entrapped on the granules of the catalyst.
      When a sufficient amount of water has flowed through the bed as determined
      by bed size, amount of pollutants, back pressure, etc. the flow is
      stopped, and an oxidizing gas containing oxygen such as air or oxygen
      enriched air is flowed through the bed, preferably, at temperatures from
      800.degree. to 1200.degree.F. This temperature can be achieved by means
      such as external heaters, heaters embedded within the bed, preheated gas,
      or mixing the gas with fuels and burning it. During the flow of th
      oxidizing gas, the entrapped pollutants are incinerated, and the catalytic
      material catalyzes this incineration. The catalytic material regenerates
      during incineration, and withstands sintering, that is, closing of its
      pores during incineration. The flow of gas is stopped and the steps are
      repeated as necessary to reduce the pollutants to a predetermined level.
      The arrangement of the beds of materials, size of material, as well as
      other parameters are adjusted to the specific type of waste water used.
PAR  The following examples illustrate the invention. Examples 1 and 2 show the
      difference in removing pollutants from polluted water when hypochlorite
      ions and a catalytic filter bed is used, and Example 3 shows the
      difference in incineration time of particles entrapped on the filter bed
      when catalytic material is used.
PAC  EXAMPLE 1
PAR  A 1.5 gallon sample of raw sewage, that is waste water containing fecal
      matter, particles of paper, urine, etc., was treated with 2,500 ppm of
      NaClO for 30 minutes. This sample was then passed through an upright
      filter bed made up of 25 mesh granular catalyst particles, of oxides of
      cobalt (5 weight per cent) and oxides of nickel (10 weight per cent)
      supported on activated alumina having a pore size of 120 angstroms, and
      designated as TC catalyst. The bed was 1.5 inches in diameter and 18
      inches in length. The flow rate was approximately 10.5 cubic inches per
      minute. The filter bed temperature was maintained at a temperature from
      900.degree. to 1000.degree.F, and air was flowed through the filter bed
      for 20 minutes. The filter bed was again used to treat a second sample of
      sewage as above and no change in filtering was observed.
PAR  The raw sewage has a suspended solids (SS) value of 458 mg/l, of COD of 952
      mg/l and a BOD of 405 mg/l. The suspended solids, COD and BOD values were
      measured as described in "Standard Methods for Examination of Water and
      Waste Water", 12 ed. Amer. Pub. Health Assn. New York, 1965. After the
      simultaneous step of filtering and oxidizing with the catalyst filter bed,
      the SS value was 0, the BOD value was 50 mg/l, and the COD was 404. This
      represented a change of 100 per cent in the SS value, a 58 per cent change
      in the COD value, and a change of 88 per cent in the BOD value.
PAC  EXAMPLE 2
PAR  This example shows the effect of filtering without simultaneously oxidizing
      the oxidizable pollutants in the waste water.
PAR  In this example, the sewage sample was not pretreated with hypochlorite
      ions. The sample was filtered as in Example 1, and the trapped material
      was incinerated as in Example 1. The change in the suspended value was 53
      per cent, the change in the COD was 30 per cent, and the change in the BOD
      was 23 per cent. Thus to achieve the same result in Example, the filtering
      step would have to be repeated about 5 times.
PAR  The following example shows the catalytic burning of the entrapped
      pollutants by a filter bed formed of catalytic substrates.
PAC  EXAMPLE 3
PAR  Two incinerators were set up, one filled with the TC catalyst substrate
      particles and the other filled with the support substrate particles only.
      Five milliliters of sewage per 15 grams of the substrates were allowed to
      impregnate the beds. Air was flowed through the incinerators at the same
      rate and the beds were heated to the same temperature. The exit gas was
      collected and analyzed for carbon dioxide. The total amount of carbon
      dioxide collected at 800.degree.F for the TC catalyst filter medium was 50
      mg at 60 minutes. The non-catalytic substrate yielded 18 mg at 60 minutes.
      At 1000.degree.F the TC catalyst filter medium had a total of 70 mg of
      CO.sub.2 at 60 minutes, the non-catalytic substrate had 25 mg at 60
      minutes. Thus the time for incineration is reduced over 60 per cent when
      using the catalytic substrates.
PAR  The catalysts formed as described in U.S. Pat. No. 1,197,640 are not
      suitable because their activity decreases rapidly with time or ceases
      altogether. The reason for this occurrence is not understood at this time,
      but may be caused by formation of chemical bonds between oxidized products
      of the pollutants which block the catalyst sites and prevent formation of
      oxygen atoms, or that during incineration other chemical oxides form which
      prevent catalytic activity. It was discovered that catalytic materials
      processed as described below continue their activity for long periods of
      time. This may come from the formation of complex metal alumina oxides or
      silica oxides within the pores of the substrates under the processing
      conditions described. The catalytic material is formed by placing the
      metal within the pores, and oxidizing the metal at temperatures from
      550.degree. to 900.degree.F with a gas containing oxygen. One method is by
      dipping particles of the substrate in solutions which have from 20 to 30
      weight per cent of one or more oxidizable salts of the metals of cobalt,
      nickel, iridium, iron, or mixtures thereof, such as nitrates or chlorides,
      preferably using from 70 to 80 grams of support per 100 grams of solution,
      draining the wetted particles of excess solution, heating the wetted
      particles in a gas containing oxygen such as air, or oxygen enriched air,
      or their equivalents at temperature from 550.degree. to 900.degree.F,
      preferably from 600.degree. to 725.degree.F, to form the metal oxides, and
      repeating the above steps a number of times until the weight of oxides of
      metal to support is within the range from 3 to 30 weight per cent, and
      preferably from 8 to 12 weight per cent when the oxides are those of
      cobalt. The granular size of the catalytic material is adjusted to the
      flow rate desired and amount of pollutants present as well as the size of
      the bed.
PAR  Filtering incinerator devices as described in U.S. Pat. No. 3,509,835 by N.
      R. Dibelius et al are greatly improved when the granular filter bed
      described therein is replaced with the granular catalytic material of this
      invention, and means for putting hypochlorite ions into the waste water,
      are connected to the waste water inlet means, or to the device itself.
PAR  The invention as described is not to be limited by the examples only but
      also by the claims as set forth below.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method for destroying oxidizable pollutants of atomic to colloidal
      size in water, comprising the steps of:
PA1  adding hypochlorite ions to the water;
PA1  flowing the water through a filter bed of particulate, porous, refractory,
      substrate material containing catalytic material composed of oxides of at
      least one metal selected from the group consisting of nickel, iron,
      cobalt, iridium, and mixtures thereof, said oxides formed at temperatures
      from 550.degree. to 900.degree.F in the presence of a gas containing
      oxygen, and within the pores of said substrate, wherein said substrate is
      selected from aluminas having an average pore diameter within the range
      from 80 to 100 angstroms, and molecular sieves with channels having an
      average opening from 8 to 40 angstroms, whereby the metallic oxides
      catalyze decomposition of the hypochlorite ions to produce atomic oxygen,
      which oxidizes at least some of the pollutants into harmless products;
PA1  draining the filtered water from the filter bed;
PA1  heating the filter bed to above 900.degree.F; and
PA1  forcing oxygen-containing gas through the filter bed, whereby any remaining
      pollutants entrapped by the filter bed are incinerated, the filter bed is
      cleaned, and the metal-oxide catalysts are refurbished.
NUM  2.
PAR  2. The improved process as recited in claim 1 wherein the oxides are oxides
      of cobalt.
NUM  3.
PAR  3. The improved process as recited in claim 1 wherein the oxides are oxides
      of nickel.
NUM  4.
PAR  4. The improved process as recited in claim 1 wherein the oxides are oxides
      of iridium.
PATN
WKU  039444880
SRC  5
APN  4524071
APT  1
ART  176
APD  19740318
TTL  Self-cleaning filter with motor incorporated therewith
ISD  19760316
NCL  9
ECL  1
EXA  Spitzer; Robert H.
EXP  Hart; Charles N.
NDR  6
NFG  9
INVT
NAM  Moatti; Samuel Georges
STR  17, RUE Gutemburg
CTY  Boulogne (Hauts-de-Seine)
CNT  FR
PRIR
CNT  FR
APD  19710519
APN  71.18275
RLAP
COD  71
APN  253858
APD  19720516
PSC  03
CLAS
OCL  210108
XCL  210333R
XCL  210345
XCL  210405
EDF  2
ICL  B01D 2938
FSC  210
FSS  101;107;108;330;332;333;343;345;346;405;408-412
UREF
PNO  3283903
ISD  19661100
NAM  Muller
OCL  210108
UREF
PNO  3388799
ISD  19680600
NAM  Rymer
XCL  210108
UREF
PNO  3493113
ISD  19700200
NAM  Rosaen
OCL  210108
UREF
PNO  3608722
ISD  19710900
NAM  Picard
OCL  210108
UREF
PNO  3717252
ISD  19730200
NAM  Picard
OCL  210108
LREP
FRM  Marn & Jangarathis
ABST
PAL  This invention relates to a self-cleaning filter formed of an assembly of
      filtering elements fed in parallel, a rotary distributor enabling the feed
      of a series of filtration chambers to be cut off, wherein the distributor
      is driven by a hydraulic motor functioning under the pressure of the
      liquid filtered or to be filtered.
PARN
PAR  This is a continuation of application Ser. No. 253,858, filed May 16, 1972;
      now abandoned.
BSUM
PAR  The present invention relates to a self-cleaning filter with motor
      incorporated therewith.
PAR  It relates to filters formed of a plurality of filtering devices fed in
      parallel, a distributor enabling a series of filters to be fed in
      counter-current for washing and cleaning the filtering walls.
PAR  This distributor is generally connected to an outside control device or
      distributor motor which periodically switches the feed of the filtering
      chambers. As this motor is independent of the filtration circuit, there is
      a risk of the filter clogging if the motor stops, and, moreover, there is
      not a complete filtering assembly ready to be connected by simple
      interposition on the circuit of the fluid to be filtered.
PAR  It is an object of the invention to provide a self-cleaning filter which
      may be directly connected in the fluid filtering circuit without any
      subjection other than having to adapt the dimensions of the filter to the
      output of fluid.
PAR  The invention therefore has for its object a self-cleaning filter formed of
      an assembly of filtering elements fed in parallel, a rotary distributor
      allowing the feed of a series of filtering chambers to be cut off,
      characterised in that the distributor is driven by a hydraulic motor
      functioning under the pressure of the liquid filtered or to be filtered.
DRWD
PAR  The invention will be more readily understood upon reading the following
      description with reference to the accompanying drawings, in which:
PAR  FIG. 1 is an axial section of a self-cleaning filter according to the
      invention.
PAR  FIG. 2 is a section along line II--II of FIG. 1.
PAR  FIG. 3 is a section along III--III of FIG. 1.
PAR  FIG. 4 is a section along IV--IV of FIG. 1.
PAR  FIG. 5 is an axial section of a variant embodiment of a self-cleaning
      filter according to the invention.
PAR  FIG. 6 is a section along VI--VI of FIG. 5.
PAR  FIG. 7 is a section along VII--VII of FIG. 5.
PAR  FIG. 8 is a section along VIII--VIII of FIG. 5.
PAR  FIG. 9 is a schematic view of a plurality of filters in parallel controlled
      by a single motor according to the invention.
DETD
PAR  According to the invention, and referring to FIGS. 1-4, the filter is
      composed of three parts: the actual filter, the drive motor of the
      distributor and the device for collecting the impurities from the filter.
PAR  The actual filter is constituted of a stack of a plurality of filtering
      elements 1 of discoidal form and comprising eight independent chambers 2
      defined by two filtering gauzes 2a, 2b and each having an outlet orifice
      3, an inlet passage 4 and a return conduit 5 for cleaning in
      countercurrent. The passages 4 of the eight chambers open onto a central
      passage 6 where the fluid to be filtered, oil for example, arrives.
PAR  A rotary obturator 7 allows the eight inlet passages 4 to be successively
      closed, thus cleaning in counter-current the filtering gauzes of each
      chamber, the cleaning oil being sent towards the device for collecting the
      impurities, enclosed in a casing 8 into which the cleaning oil arrives
      through an axial conduit 9 made in the control rod 10 of the obturator 7.
PAR  The assembly of filtering elements is covered by a cover 11 which defines a
      chamber 12 for collecting filtered oil, from where the latter is sent
      through a conduit 13 towards the load-circuit.
PAR  The rod 10 is the driven member of the drive motor of the distributor which
      is in fact a hydraulic motor coupled to the filter and functioning under
      the pressure of the filtered oil.
PAR  This motor operates in the manner of a double-action jack, the rod 10 which
      is animated by an axial to and fro movement is connected to a drive piston
      14 by the intermediary of a free wheel 15 which allows it to rotate in one
      direction so as to drive the obturator 7 always in the same direction
      thanks to a stop 16 of the rod which is engaged in a helical groove 17
      made in an axial passage 18 of the obturator through which the rod 10
      slides, which is subjected to the action of a non-return catch (not shown)
      preventing it from rotating in one direction.
PAR  The drive piston 14 moves in a chamber 19 and each of its faces is
      subjected alternatively to the pressure of the filtered oil which is
      introduced through a conduit 20 which passes through the piston 14 and
      feeds the chamber 19 through feed passages 21 and orifices 22 on whose
      path is placed a piston or distributor slide 23 switching the feed from
      one side to the other of the piston.
PAR  The two ends of this distributor piston 23 plunge into chambers 24 and 25
      filled with oil and closed by annular pistons 26 through which the rod 10
      slides.
PAR  This piston 26 is mounted on a slide 27 which rests thereon by means of a
      spring 28 whilst connecting bars 29 which pass through the piston 14
      connect the two slides 27.
PAR  At the end of stroke, the piston 14 touches and pushes the slide 27, which
      drives the piston 26 into the chamber 24 for example, whilst the contrary
      movement is effected for the chamber 25, slide 27 driving the piston 26 by
      an annular projection 27a.
PAR  The pressure of the fluid therefore increases in the chamber 24 and reduces
      in chamber 25, the piston 23 is then pushed out of chamber 24 and
      penetrates into chamber 25, this switching the feed of chamber 19 to the
      other face of the drive piston 14.
PAR  The reverse movement is then produced until the piston 14 drives piston 26
      from chamber 25.
PAR  Furthermore, it will be noted that the distributor piston 23 which opens
      the feed on one of the faces also opens the evacuation passage 28a of
      chamber 19 on the side of the other face, which passage leads to an
      evacuation collector 30.
PAR  The washing fluid which arrives in the casing 8 contains impurities which
      are deposited on the filtering gauzes 31 and are retained by a gauze 32
      whilst the purified fluid returns to the general circuit through conduit
      33.
PAR  The gauzes 31 which close a chamber 34 fed with purified fluid are
      subjected periodically to a mechanical shock due to the rod 10 which acts
      on the central support 35 of the gauze 31, which support is subjected to
      the action of a spring 36.
PAR  This mechanical shock removes the impurities which are driven away by the
      fluid of the chamber 34 during the switching of the chambers being cleaned
      in counter-current, this switching time giving rise to a zero
      counter-current pressure, all the filters functioning.
PAR  This collection of the impurities is not effected by gravity, and the
      filter may be mounted in any position.
PAR  As the impurities are in a separate casing, they may easily be evacuated by
      an orifice being opened in the casing, even when the apparatus is in
      operation. There is no longer any need to drain in order to clean the
      filter, as is the case of known filters where the cleaning oil is returned
      in the circuit of the oil to be filtered.
PAR  The self-cleaning filter shown in FIGS. 5 to 8 comprises the filter
      constituted of a stack of the filtering elements 1, whose feed orifices 4
      are separated from the feed by a rotary obturator 7, controlled by the rod
      10 of the piston 14 of a hydraulic motor. The motor comprises the
      distributor slide 23, which switches the feed from one side to the other
      of the piston 14 and plunges by its two ends into the chambers 24 and 25
      communicating respectively by conduits 40 and 41 with the return circuit
      30, a slide 42 actuated by the piston 14 isolating them alternately.
PAR  This slide 42, which passes, in sealed manner, through the piston 14, has
      drive catches 43, 44 by which the piston 14 pushes this slide 42 in order
      to close the conduit 40 or 41, whilst at the end of stroke, the piston 14
      actuates a valve 45 with spring valve 46, which places closed conduit 40
      or 41 in communication with a feed conduit 47 or 48. The feed pressure
      then pushes the slide 23 which establishes the communication between the
      conduit 47 or 48 and the inside of the chamber 19 of the piston, and which
      closes the evacuation conduit 49, whilst, on the other side of the piston,
      the slide 23 places the chamber 19 in communication with an evacuation
      conduit 50, the conduits 49 and 50 being connected to the return circuit
      30.
PAR  In this embodiment, the rod 10 is fixed with respect to the piston 14 and
      it comprises at one end the catch 16 engaged with the ramp 17 made in the
      central passage 18 of the obturator. This catch is mounted on the rod 10
      by the intermediary of a free wheel 51, so as to drive the obturator only
      in one direction of rotation.
PAR  The obturator 7 comprises a groove 52 which is placed opposite the orifices
      4 and isolates them from the feed, whilst forming a collector for the
      liquid for washing in counter-current, which is evacuated both through
      conduits 5 and through orifices 4 and the collector grooves 52 which
      communicates with the axial conduit 9 of the rod 10 through a radial
      orifice 53 opening out into a chamber 54 made between the obturator 7 and
      the end of the rod 10.
PAR  The liquid containing the impurities passes through the conduit 9 and
      leaves at the other end of the rod 10 through radial conduits 55 which
      open out into a chamber 56 into which the end of the rod 10 penetrates.
PAR  This chamber 56 communicates by conduits 57 with a chamber 58 for retaining
      impurities, from where the liquid passes through filtering gauzes 59 which
      retain the impurities, the liquid freed from these impurities evacuating
      through a conduit 60 towards the general reservoir.
PAR  However, the rod 10, in its to and fro movement, leaves chamber 56, this
      obturating the radial conduits 55, whilst a peripheral groove 61 places a
      feed conduit 62 in communication with a conduit 63, which sends the liquid
      in counter-current onto gauzes and removes the impurities which fall into
      chamber 58 from where they may be evacuated through a drainage stopper 64.
      It will further be noted, concerning the obturator 7, that the groove is
      sufficiently wide to cover two orifices 4, this allowing a continuous
      counter-current washing to be had. Similarly, the obturator is rotated by
      an angle comprised between the angular distance between two consecutive
      orifices and the double of this angular distance, this enabling less than
      eight consecutive advances to be had, for one turn of the obturator, i.e.
      a more frequent counter-washing to be effected.
PAR  The embodiment shown schematically in FIG. 9 shows the advantage that there
      is in mounting the drive catch 16 of the obturator by the intermediary of
      a free wheel, this allowing a plurality of filters to be coupled in
      parallel, controlled by the same motor. In this case, the piston 14
      comprises a plurality of rods 10-10a, each of which carries a catch 16
      mounted on the free wheel 17.
PAR  The invention is not limited to the embodiment described and shown, but
      covers on the contrary, all variants that may be made thereto; in
      particular, the chamber of impurities may be placed at the end of the
      filter, symmetrically to the motor, and the hydraulic motor may be coupled
      to any other type of filter or apparatus.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-cleaning filter which comprises:
PA1  a vessel;
PA1  an inlet conduit means for introducing into said vessel a fluid to be
      treated;
PA1  a plurality of filtering element means for separating impurities from the
      fluid being treated, said plurality of filtering element means being
      disposed parallel to each other within said vessel and forming a series of
      radially and axially separated filtering chamber each filtering element
      means having a central passage forming a central passageway within said
      plurality of filtering element means, each filtering element means having
      feed orifice means for fluid communication between said inlet conduit
      means and said filtering chambers;
PA1  a rotary obturator means positioned within said central passageway for
      successively closing feed orifice means to a series of filtering chambers
      to permit continuous removal of impurities from such series of filtering
      chambers when said filter is in an operational mode;
PA1  outlet conduit means for removing impurities from said series of filter
      chambers;
PA1  outlet conduit means for removing filter fluid from said filtering
      chambers;
PA1  a control rod disposed for reciprocal and continuous movement in said
      vessel to actuate said rotary obturator means;
PA1  a hydraulic motor means comprising a piston means disposed for reciprocal
      movement within a compartment of said vessel and integrally connected to
      said control rod, said piston means being alternately subjected to the
      pressure of the fluid being treated on opposite faces thereof;
PA1  a distributor slide means disposed within a distribution chamber including
      end sub-chambers of said vessel for alternating the flow of fluid to a
      face of said piston means;
PA1  conduit means for introducing fluid into said distribution chamber;
PA1  a piston drive means for activating said distributor slide means at a
      terminus of a stroke of said piston means; and
PA1  outlet conduit means for withdrawing filtered fluid from said vessel.
NUM  2.
PAR  2. A self-cleaning filter as claimed in claim 1 wherein said distributor
      slide means includes end piston means which closes respectively each end
      sub-chamber, the end piston means being integrated with each other and the
      piston drive means alternately pushing one of said end piston means by a
      slide and a spring means.
NUM  3.
PAR  3. A self-cleaning filter as claimed in claim 2 wherein said control rod
      means is formed of a slide actuated by said piston means and a valve of
      which a spring valve is actuated by said piston means at the end of stroke
      thereof.
NUM  4.
PAR  4. A self-cleaning filter as claimed in claim 1 wherein each filtering
      element means includes a plurality of separate annular chambers, each
      annular chamber having an outlet conduit means for withdrawing filtered
      fluid from said filtering element means and an outlet conduit means for
      counter-current cleaning and wherein said rotary obturator means
      comprising a helical ramp which engages a finger mounted on said control
      rod means.
NUM  5.
PAR  5. A self-cleaning filter as claimed in claim 4 wherein said control rod
      means is mounted on said piston means by a free wheel permitting the
      rotation of said control rod means in the piston means for unidirectional
      axial displacement of said piston means, said control rod means including
      a non-return catch for unidirectional rotation of said rotary obturator
      means.
NUM  6.
PAR  6. A self-cleaning filter as claimed in claim 4 wherein said control rod is
      hollow and serves as a conduit means for a washing fluid which is passed
      to a filter means accumulating impurities.
NUM  7.
PAR  7. A self-cleaning filter as claimed in claim 6 wherein said washing fluid
      containing impurities is passed to a separate decantation chamber.
NUM  8.
PAR  8. A self-cleaning filter as claimed in claim 7 wherein said decantation
      chamber is overlaid by said filter means of an evacuation circuit for said
      wash fluid, said filter means being subjected to the mechanical action of
      said control rod to remove by the combined action of mechanical shock and
      the counter-pressure of a filtered fluid stream.
NUM  9.
PAR  9. A filter as claimed in claim 1 wherein said washing fluid is passed to a
      waste chamber having an outlet closed by a filter means which stops said
      impurities, said filter means being subjected to a washing step controlled
      by said control rod of said drive piston means.
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ABST
PAL  Apparatus for pumping oil-water mixture from the collection vessel of a
      floating oil collector into settling tanks comprises at least one oil
      receiving means for collecting oil-water mixture, arranged below the level
      of the liquid in the collection vessel and connected through a conduit to
      the upper part of one of the settling tanks. Besides, the apparatus
      includes means providing for vertical displacement of the oil receiving
      means and a pump for pumping water from the lower part of one of the
      settling tank outboard of the floating oil collector and an aspirating
      air-water jet ejector for maintaining substantially permanent vacuum in
      each settling tank. The ejector has the air line thereof connected to the
      upper part of each settling tank and the jet thereof connected to the
      delivery side of the pump. The lower part of one of the settling tanks is
      connected to the upper part of that settling tank from the lower part of
      which this pump draws water. The liquid column established in the conduit
      connecting the oil receiving means with the upper part of the said
      settling tank is higher than the liquid column established in said other
      conduit.
BSUM
PAR  The present invention relates to equipment for cleaning the surface of
      water basins, such as ports, docks, weirs, etc. from debris and other
      polluting matter floating on this surface, such as oil and oil products,
      and, more particularly, it relates to apparatus for pumping of oil-water
      mixture from the collection vessel of a floating oil and debris collector
      into settling tanks.
PAR  The present invention can be employed to utmost advantage in floating oil
      collector ships wherein pumping of oil-water mixture into the settling
      tanks is effected by means of centrifugal pumps.
PAR  Known in the art is an apparatus for pumping oil-water mixture from the
      collection vessel of a floating oil collector into the settling tanks,
      mounted in the oil collecting ship manufactured by the Shell company of
      Holland.
PAR  This known apparatus comprises an oil receiving means for collecting
      oil-water mixture, mounted below the liquid level within the collection
      vessel. The oil receiving means is movable in a vertical plane by means of
      floats secured to its housing. The oil receiving means can be placed
      positively so that water alone should get thereinto. The oil receiving
      means communicates with the settling tank via a conduit. Oil-water mixture
      is pumped from the collection vessel into the settling tanks by means of a
      pump. The same pump pumps water from the collection vessel outboard. To
      provide for permanent draught of the oil collector ship, the settling
      tanks are pre-filled with water.
PAR  In operation of this known apparatus the process of separation of oil from
      water by gravity takes relatively long time. There takes place in the flow
      part of the centrifugal pump intensive mixing of oil and water, which
      substantially prolongs the time of gravity separation of oil from water in
      the settling tanks. This fact affects the productivity of the oil
      collector.
PAR  It is an object of the present invention to increase the productivity of an
      oil and debris collector ship by directing oil-water mixture from the oil
      receiving means to the settling tanks, bypassing the pump.
PAR  It is another object of the present invention to reduce the percentage of
      water in the oil collected in the settling tanks.
PAR  It is still another object of the present invention to provide for
      reduction of the volume of the settling tanks, without affecting the
      output thereof.
PAR  With these and other objects in view, the present invention resides in
      that, according to the invention, the apparatus for pumping oil-water
      mixture from a collection vessel of a floating oil collector into settling
      tanks, comprises: at least one oil receiving means for collectiing
      oil-water mixture, arranged below the level of the liquid in said
      collection vessel; means providing for vertical displacement of said oil
      receiving means; a pump for pumping water from the lower part of one of
      said settling tanks outboard of said floating oil collector; an aspirating
      air-water jet ejector for maintaining substantially permanent vacuum in
      each said settling tank, having the air line thereof connected to the
      upper part of each said settling tank, said ejector having the jet nozzle
      thereof connected to the delivery side of said pump; a conduit connecting
      said oil receiving means with the upper part of one of said settling
      tanks, a second conduit connecting the lower part of said one settling
      tank having the upper part thereof connected by said first-mentioned
      conduit with said oil-receiving means, to the upper part of another said
      settling tank from said lower part of which said pump draws water, the
      water column established in said first-mentioned conduit connecting said
      oil-receiving means with said upper part of said one settling tank being
      higher than the water column established in said second conduit.
PAR  In the herein disclosed apparatus oil-water mixture finds its way from the
      oil receiving means to the settling tanks, by-passing the pump. This fact
      reduces considerably the turbulence of the oil-water mixture flow, which
      cuts down the time of separation by gravity of oil and water in the
      settling tanks, and, hence, increases the productivity of the oil
      collector ship. Furthermore, the reduced turbulence of the oil-water
      mixture brings down the percentage of water in the oil reclaimed in the
      settling tanks. This reduction of the percentage of water in oil reclaimed
      in the settling tanks enables either to reduce the volume of the settling
      tanks, while maintaining their output, or else to step up the output of
      the settling tanks without increasing their size.
PAR  It is advisable to employ settling tanks provided each in the upper part
      thereof with an additional vessel of which the height is substantially
      greater than the width, the volume of this additional vessel being
      substantially smaller than that of the respective settling tank.
PAR  The provision of these additional vessels in the settling tanks enables the
      maintenance of a pressure head sufficient for the oil-water mixture to
      flow from one settling tank into another, owing to the difference of the
      liquid levels. In this way the difference between the volumes of the
      settling tanks is minimal, which creates minimal heeling torque applied to
      the ship.
PAR  An apparatus for pumping oil-water mixture from a collection vessel from a
      floating oil collector ship into the settling tanks thereof, constructed
      in accordance with the invention, has been found to provide for a capacity
      (by oil) of the settling tanks from 3 to 4 tons per hour, in an oil
      collector ship of a displacement of about 45 tons.
PAR  Other objects and advantages of the present invention will be made apparent
      in the following detailed description of an embodiment of the present
      invention, with reference being had to the appended drawing showing
      schematically a cross-sectional view of an apparatus for pumping oil-water
      mixture from a collection vessel of an oil collector ship into the
      settling tanks, constructed in accordance with the invention.
DETD
PAR  In the drawing, the apparatus for pumping oil-water mixture from the
      collection vessel of a floating oil collector ship into the settling tanks
      comprises an oil-receiving means 1 for receiving therein the oil-water
      mixture, arranged below the level of the liquid within the collection
      vessel 2. The oil receiving means 1 is displaceable in a vertical
      direction by means of a screw-nut couple including a screw 3 pivotally
      connected to the oil receiving means 1 and a nut 4.
PAR  Two settling tanks 5 and 6 are provided in their respective upper parts
      with additional vessels 7 and 8, respectively. The dimensions of each one
      of these additional vessels 7 and 8 are such that the height thereof is
      substantially greater than its width, while the volume of the additional
      vessel is considerably smaller than that of the associated tank.
PAR  The settling tank 5 with its additional vessel 7 and the settling tank 6
      with its additional vessel 8 are pre-filled with water. To pump water from
      the lower part of the settling tank 6 there is employed a centrifugal pump
      9. The additional vessel 8 of the settling tank 6 is connected via a
      conduit 10 to the lower part of the settling tank 5. The additional vessel
      7 of the settling tank 5 is connected via a conduit 11 to the oil
      receiving means 1.
PAR  The oil receiving means 1 is provided with a mesh screen 12 to prevent
      accidental access of debris thereinto. Furthermore, the oil receiving
      means 1 is connected to the conduit 11 by a telescopic connection 13.
PAR  To maintain substantially permanent degree of vacuum within each settling
      tank 5 and 6, there is used an aspirating air-water jet ejector 14. The
      jet nozzle 15 of the aspirating air-water jet ejector 14 is connected to
      the delivery side of the centrifugal pump 9 via a conduit 16. The air
      aspiration line of the air-water jet ejector 14 is connected via another
      conduit 17 to the air cushion within each one of the additional vessels 7
      and 8 of the settling tanks 5 and 6. To close off this conduit 17, a
      float-operated valve 18 is installed in each one of the additional vessels
      7 and 8. To facilitate operation, each one of the additional vessels 7 and
      8 is associated with a level indicator of any known appropriate type (not
      shown in the drawing).
PAR  The oil receiving means 1 communicates via the conduit 11 with the settling
      tank 5 so that the upper edge or outlet of the conduit 11 is disposed
      approximately in the middle of the height of this additional vessel 7 of
      this tank 5. The lower part of this settling tank 5 communicates via the
      conduit 10 with the additional vessel 8 of the settling tank 6 so that the
      upper edge or outlet of the conduit 10 is below the upper edge or outlet
      of the conduit 11 by an extent sufficient for a difference between the
      levels of the liquid in the two tanks, providing for a gravity flow of the
      liquid from the settling tank 5 into the settling tank 6.
PAR  The herein disclosed apparatus for pumping oil-water mixture from the
      collection vessel of a floating oil-collector ship into the settling tanks
      operates, as follows.
PAR  The centrifugal pump 9 draws water from the lower part of the settling tank
      6 and delivers it through the conduit 16 to the jet nozzle 15 of the
      aspirating air-water jet ejector 14.
PAR  Consequently, the aspirating air-water jet ejector 14 draws the air via the
      conduit 17 from the air cushions of the additional vessels 7 and 8,
      respectively, of the settling tanks 5 and 6 and thus creates a
      predetermined degree of vacuum therein.
PAR  When the liquid level in the settling tank 6 falls on account of the
      operation of the pump 9, water flows from the lower part of the settling
      tank 5 via the conduit 10 into the settling tank 6.
PAR  When the degree of vacuum within each tank 5 and 6 attains a value in
      excess of the differential water column between the liquid level in the
      collection vessel 2 and the water level within the settling tank 5,
      oil-water mixture is drawn from the collection vessel 2 through the oil
      receiving means 1 and the conduit 11 into the settling tank 5.
PAR  Within the settling tank 5 there takes place separation by gravity of the
      oil and water, the separated oil, as it gradually fills the settling tank
      5, driving water via the conduit 10 into the settling tank 6.
PAR  As the separated oil fills completely the settling tank 5, the oil flows
      through the conduit 10 and fills the settling tank 6. The operation of oil
      collection is continued, until oil appears from the air-water jet ejector
      14.
PAR  Should any air find its way into the oil receiving means 1, the air gets
      via the conduit 11 into the settling tank 5 wherefrom it is drawn through
      the conduit 17 by the aspirating air-water jet ejector 14.
PAR  The vertical position of the oil receiving means 1 within the collection
      vessel 2 is adjusted by means of the screw 3 and nut 4 to correspond to
      the thickness of the oil layer within this collection vessel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for pumping oil-water mixture from a collection vessel of a
      floating oil collector into settling tanks, comprising: closed settling
      tanks, at least one oil receiving means for collecting oil-water mixture,
      arranged below the level of the liquid in said collection vessel; means
      providing for vertical displacement of said oil receiving means; a pump
      for pumping water from the lower part of one of said settling tanks
      outboard of said floating oil collector; an aspirating air-water jet
      ejector for maintaining substantially permanent vacuum in each said
      settling tank, said ejector having the air line thereof connected to the
      upper part of each said settling tank, said ejector having the jet nozzle
      thereof connected to the delivery side of said pump; a conduit connecting
      said oil receiving means with the upper part of one of said settling tank;
      a second conduit connecting the lower part of said one settling tank
      having the upper part thereof connected by said first-mentioned conduit
      with said oil-receiving means, to the upper part of another said settling
      tank from said lower part of which said pump is connected to pump water,
      the water column established in said first-mentioned conduit connecting
      said oil-receiving means with said upper part of said one settling tank
      being higher than the water column established in said second conduit.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein each said settling tank is
      associated in the upper part thereof with an additional vessel having such
      dimensions that the height of said additional vessel is substantially
      greater than the width thereof, while the volume of said additional vessel
      is substantially smaller than the volume of said settling tank.
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ABST
PAL  A dialysis apparatus for purifying a fluid substance, particularly blood,
      containing contaminants which are diffused through semi-permeable
      diaphragms into a purification liquid. The apparatus comprises first
      plates having planar surfaces respectively disposed between opposing
      second plates provided with bosses on the surfaces facing the planar
      surfaces of the first plates. A plurality of these plates is alternately
      assembled into a stack with a diaphragm arranged between the opposite
      surfaces of the first and second plates. Portions of the clamped diaphragm
      are forced between the bosses of the second plates a predetermined
      distance to define two channels for the circulation of the two fluids.
BSUM
PAR  The present invention relates to a dialysis apparatus for the purification
      of a substance, preferably blood, in which the contaminants present in the
      substance are caused to diffuse out through a semi-permeable diaphragm
      into a purifying substance, preferably a purifying liquid, to remove the
      contaminating ingredients.
PAR  The dialysis apparatus which works with semi-permeable diaphragms often
      includes a series of disc shaped elements provided with a passage system.
      A pair of semi-permeable diaphragms is disposed between each pair of disc
      shaped elements so that they engage the sides of the elements provided
      with the passage systems when the elements are placed in a package which
      is held together by clamping means or the like.
PAR  In dialysis apparatus of the type mentioned above it has been found
      difficult to cause the blood to flow so as to be uniformly distributed
      along all the parts of the disc shaped elements. The diaphragms have a
      tendency to extend relatively far into the passages in certain parts of
      the passage system while they extend into passages in other parts of the
      passage system to a substantially smaller extent. Furthermore, it is
      difficult to avoid that a portion of the diaphragm projects far into the
      passage system of an element and an opposing part of an adjacent diaphragm
      projects into the passage system of an adjacent element to a substantially
      smaller extent or only to an insignificant extent. As a consequence
      thereof, the through passages for the blood and the purifying liquid
      present an always varying depth which involves the risk that certain parts
      of the passage system are not traversed at all, resulting in an imperfect
      purifying effect and in certain cases leading to a coagulation of the
      blood.
PAR  Another disadvantage with the mentioned dialysis apparatus lies in the fact
      that the volume of the through passage area between the diaphragms is
      difficult and almost impossible to determine with the accuracy required.
      This means that the volume may become substantially greater than a
      previous estimate has indicated and as a result hereof the residual blood
      value may be substantial and a portion of the blood may remain in the
      dialysis apparatus after the treatment.
PAR  The object of the present invention is to eliminate these drawbacks and to
      provide a dialysis apparatus in which the volume for the passage of the
      blood may be more accurately determined and in which the design of the
      constituent elements is simplified.
DRWD
PAR  The invention will be further described below with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a plan view of an end portion of a first embodiment of a dialysis
      plate provided in the dialysis apparatus of the invention,
PAR  FIG. 2 is a section along line II--II of the dialysis plate according to
      FIG. 1,
PAR  FIG. 3 is a section along line III--III of the dialysis plate according to
      FIG. 1,
PAR  FIG. 4 is a plan view of an end portion of a second embodiment of a
      dialysis plate provided in the dialysis apparatus of the invention,
PAR  FIG. 5 is a section along line V--V of the dialysis plate according to FIG.
      4,
PAR  FIG. 6 is a section along line VI--VI of the dialysis plate according to
      FIG. 4, and
PAR  FIG. 7 shows a section through an end portion of a dialysis apparatus
      composed of dialysis plates according to FIGS. 1 and 4.
DETD
PAR  According to the invention one of the two types of plates included in the
      dialysis apparatus comprises a plate 1 whose work surfaces 2, namely the
      surfaces to accomplish the purification action, are totally planar.
      Furthermore, the plate 1 is provided with a passage system 3 in two
      opposing planar end portions preferably to feed the substance to be
      purified (usually blood), and with a passage system (not shown) to
      discharge the purified substance (blood). Each passage system 3 (FIGS. 1
      and 3) comprises a hole 4 passing through the plate 1, a communication
      channel 5 extending along one side of the plate 1, a channel 6 passing
      through the plate 1, a channel 7 extending along the second side of the
      plate 1, a pressure equalizing hole 8 extending through the plate 1 and
      distribution passages 9 which are provided on both sides of the plate and
      open into a distribution channel 10 on each side of the plate 1. Two
      passage holes 1a are provided in both end portions of the plate 1 to
      permit the flow of purification substance (dialysis liquid). Preferably
      the plate 1 is made from a material that is or has been made free from
      bacteria, such as stainless steel or a plastic material.
PAR  Furthermore the dialysis apparatus according to the invention includes a
      plurality of second type plates 11. Said plates 11 are to be alternately
      interleaved with plates 1, and are provided with a passage system 12 on at
      least one of the sides thereof passages 14 (FIG. 4) being defined in this
      passage system 12 by means of bosses. Plates having the passage system 12
      preferably on only one side are designated 11t and 11b in FIG. 7 and
      designate top and bottom plates respectively of an assembly to be further
      described. Preferably said bosses consist of cylindrical pins 13, which
      are placed side by side in rows directed transversely to the direction in
      which the substance is to flow primarily. Preferably the pins 13 of each
      row are offset in relation to the pins in the next row in such a manner
      that substances flowing between the pins are given sinuously varying
      directions of the side flow in relation to the direction of the main flow.
PAR  Furthermore, each plate 11 is provided with two passage systems 15 in a
      common planar end portion thereof to feed a purification substance
      (dialysis liquid), and the plate 11 is also provided with two passage
      systems (not shown) in an opposing, planar end portion to discharge the
      purification substance (contaminated dialysis liquid). Each passage system
      15 comprises a hole 16 passing through the plate 11, a channel 17 in one
      side of the plate 11, a hole 18 passing through the plate 11, a channel 19
      in the other side of the plate 11, a pressure equalizing hole 20 passing
      through the plate 11 and a channel 21 that is provided in each side of the
      plate 11 and opens into a distribution channel 22 to distribute a
      purification substance along the width of the passage systems 12. The
      plate 11 is provided also with holes 23 in the planar end portions thereof
      for the substance to be purified (blood) and this plate has transversely
      outwardly extending edge flanges 24.
PAR  To assemble the dialysis apparatus, a bottom end plate 11b is placed in a
      lowermost position and is preferably provided with a passage system 12 on
      only one side of the plate. Such a design is shown in FIG. 7, and a
      diaphragm 25 is placed thereupon so that it covers the passage system 12.
      The planar portion of the plate 11 surrounds the passage system and
      preferably projects past it and terminates in edge flanges 24. One of the
      plates 1 is placed upon the diaphragm 25 during assembly and is so
      dimensioned that the same fits between the edge flanges 24 of the plate
      11. Another diaphragm 25 is then placed upon the first plate 1 and upon
      this another plate 11 is placed provided with passage systems 12 on both
      sides thereof. Thereafter, a thrid diaphraphm 25 is mounted on the plate
      11 followed by another plate 1, a fourth diaphragm 25 and so forth, and
      the resulting interleaved stack of plates 1, 11, and of interposed
      diaphragms provided in between, is completed with a top end plate 11t
      provided with a passage system 12 on only one side thereof. The stack is
      placed in a surrounding apparatus (not shown) having at least one clamping
      means (not shown) that may be clamped to hold the plates of the stack
      together with a predetermined tension force. Preferably, the bosses of the
      plates 11 are shaped as cones and further the plates 11 are made from such
      a material that the cones become frusto-conical when they are pressed
      against the plates 1 through the diaphragms by the clamping of the stack.
      In case the cones are already somewhat frusto-conically shaped beforehand,
      the area of the frustum may be increased by the clamping action. This
      deformation of the bosses permits all the bosses to hold point-wise the
      diaphragms engaging the work surfaces 2 of the plates 1.
PAR  After the clamping of the stack the passages are opened to deliver and
      discharge blood and purification liquid and this is accomplished by making
      holes in the diaphragms 25. The hole making tool (not shown) may
      preferably comprise a tube piece with an obliquely cut end edge that is
      passed through the aligned holes 16, 1a and, 23, 4 respectively, of the
      plates whereby holes are made in the diaphragms 25 provided therebetween.
      A blood feeding line (not shown) is connected to the passages defined by
      the holes 23, 4 and corresponding holes in the diaphragms 25 so that blood
      flows in through the passage systems 3 along the work surfaces 2 and out
      through a blood discharge line. A feed line (not shown) for feeding the
      purification liquid is connected to the passages defined by the pairs of
      holes 16, 1a and corresponding holes in the diaphragms 25 to permit this
      flow through the passage systems 15, the passage systems 12, through the
      passage systems in the other end portion of the plate 11 and out through
      liquid discharge lines (not shown).
PAR  In the embodiment exemplified above and according to the principle of the
      invention the diaphragms are secured by the collective cooperation of
      bosses 13 together with some planar end portions of the plates 11 by their
      bearing against the planar work surfaces 2 of the plates 1. The securing
      is accomplished in certain points throughout the passage system 12 and
      between these points the diaphragms may bow or bulge into the passages 14
      between the bosses 13 in a manner determined by the yielding
      characteristics of the diaphragms 25 and their tension. In relation to
      these facts, the diaphragms may be caused to sink down a predeterminable
      amount generally uniformly throughout the whole area for the passage
      system 12 thereby subdividing the latter into a system of dual passages.
      As can be seen beter in FIG. 7, one set of the passages forms blood
      flowing passages 26 adjacent the work surface 2 of the plate 1, the total
      flow area of which may be exactly determined. At the same time passages 27
      for a dialysis liquid are formed in the remainder portion of the passages
      14 of the plates 11.
PAR  Thus the importance of the invention lies in that one type of plate has at
      least one planar work surface and through passages are defined between
      this surface and the diaphragms. As a result the blood residual value may
      be reduced, blood may be prevented from coagulating during the treatment
      and may be prevented from remaining in the dialysis apparatus after the
      treatment. Furthermore, at least one plate 11 may be included as an aid to
      each plate dialysis apparatus, whereby the bosses of the plates have a
      distance and/or a height to each other such that it differs from the
      distance and/or the height relative of the bosses of another or the rest
      of the plates. In such a manner the flow volume of the dialysis apparatus
      may be varied while maintaining the plates 1.
PAR  In order to facilitate the assembly and/or the clamping moment of the
      diaphragms 25, all or some of the plates may be provided with cut or
      convexly rounded corners, or corners with recesses 28, at the same time as
      the diaphragms 25 are dimensioned to project outside the cuts, rounded
      corners or recesses of the plates with the corner portions thereof, so
      that these may be handled when the plates have been mounted in their
      relative positions.
PAR  The embodiment described above may be varied within the scope of the
      appended claims. Thus the fluid substance to be purified (blood) may be
      fed between the diaphragms 25 and the plates 11 and the purification
      medium (dialysis liquid) may be fed between the diaphragms 25 and the
      plates 1. The bosses of the plates 11 may comprise extended ribs, which
      are parallel to each other to define extended straight lined passages
      between the diaphragms 25 and the plates 11 for dialysis liquid or blood.
      Also some or both types of plates 1, 11 may be provided with raised beams
      which engage a planar portion of the next plate by means of adjacent
      diaphragms 25. The raised beams preferably run around the passage system
      12 and/or the work surface 2 and may be designed to flatten upon clamping
      of said stack. Alternatively, the same may be provided to run into a
      complementary groove in the next plate. The raised beams are provided to
      define or enclose the passage systems defined by the diaphragms 25. This
      enclosing definition may alternatively be accomplished by providing the
      plates 11 with a raised beam 29 outwardly adjacent the passage system 12.
      Such a raised beam 29 is defined in part by providing at the outer side
      thereof a recess 30 in the plate 11 outside the passage systems 12. This
      means that a good sealing definition of the passage system is obtained
      when the plates are assembled and clamped against each other. Finally, the
      diaphragm 25 may be of such a shape that each diaphragm 25 surrounds at
      least one of the plates, for example each diaphragm may be shaped as a bag
      into which a plate (preferably the plate 1) may be inserted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dialysis apparatus embodying interleaved plates and flexible
      semi-permeable diaphragms for purifying a fluid, preferably blood, which
      contains contaminants that are caused to diffuse out through the
      semi-permeable diaphragms into a purification fluid, to remove the
      contaminating substances, said apparatus comprising:
PA1  at least one first type plate element (1) with at least one planar work
      surface (2);
PA1  at least one second type plate element (11) with an interrupted non-planar
      work surface formed by a plurality of upstanding bosses (13) to
      collectively help define at least one passage system (12) relative to said
      second plate element work surface;
PA1  said first plate element work surface extending coextensively with and
      fully across said passage system;
PA1  a relatively flexible semi-permeable diaphragm (25) having a medial portion
      thereof positioned to lie between and to sealingly separate the respective
      plate element work surfaces (2, 13) from one another;
PA1  said diaphragm (25) being sandwiched and held against the planar work
      surface (2) of said first plate element (1) by the bosses (13) of said
      second plate element (11);
PA1  said diaphragm disposed so as to form and define first fluid-flow passages
      (26) between said diaphragm (25) and planar work surface (2), and to form
      second fluid-flow passages (27) between said diaphragm and said bossed
      work surfaces (13);
PA1  said first passages (26) adapted to convey one of the fluids, and said
      second passages (27) adapted to convey the other of said fluids; and
PA1  wherein the first plate element (1) is somewhat smaller peripherally than
      said second plate element (11), and the latter is provided with
      transversely extending peripheral edge flanges (24) defining a generally
      recessed area within said peripheral edge flanges (24) corresponding
      essentially to the area of said first plate element (1) for receiving a
      membrane-covered first plate element (1) therein, and for facilitating
      proper orienting and securing said first plate element (1) in relation to
      said second plate element (11).
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said first passages (26) are
      adapted to convey the fluid substance to be purified, and said second
      passages (27) are adapted to convey the purification fluid.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein the bosses of the second
      plate element (11) are shaped as generally tapered cylindrical pins (13),
      said pins (13) disposed in adjacent rows and having spaced apart portions
      projecting transversely to the direction in which the fluid flows
      primarily, and said pins (13) of one row being offset in relation to the
      pins (13) of the next row so that the flow of the fluids through the pins
      (13) is varied in a lateral direction in relation to a linear direction of
      the main flow.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein the bosses of the second
      shaft element (11) are shaped as extended ribs directed parallel to each
      other.
NUM  5.
PAR  5. An apparatus according to claim 1, including a plurality of said first
      and second type plate elements having said diaphragms disposed
      therebetween and arranged in a clamped-together stack, wherein said first
      plate elements (1) have planar work surfaces on opposing sides, and said
      second plate elements (11) are provided with interrupted work surfaces
      (13,14) on faces disposed in contiguously adjacent relationship to said
      planar work surfaces of said first plate elements which provide passage
      systems (12) on two opposed sides of said first plate element.
NUM  6.
PAR  6. An apparatus according to claim 5, wherein said second plate element
      bosses (13) of each work surface have a predetermined lateral spacing
      distance and a predetermined height in relation to each other so that the
      volume of the passages for the fluids may be varied by replacing with a
      second plate element (11) having predetermined different relative spacing
      and sizes of said bosses.
NUM  7.
PAR  7. An apparatus according to claim 6, wherein said second type plate
      elements (11) are made from such a material that at least free end
      portions of the bosses (13) are deformable when said first (1) and second
      (11) plate elements are pressed against each other and with diaphragm (25)
      interposed therebetween.
NUM  8.
PAR  8. An apparatus according to claim 5, wherein the peripheral edge portions
      of said plate elements (1 and/or 11) are provided with at least one
      marginal recess (28) and the diaphragm (25) is of a size so as to have a
      marginal portion project into said marginal recess, saidd recess
      preferably being in corner portion thereof in order to stretch and/or
      direct the diaphragm (25) when said plate elements are in assembled
      stacked relation.
NUM  9.
PAR  9. A dialysis apparatus embodying interleaved plates with flexible
      semi-permeable diaphragm means interposed between opposed faces of said
      interleaved plates, for purifying a contaminated fluid substance, such as
      blood, whereby the contaminants are diffusible through the semi-permeable
      diaphragm means into a purifying fluid, said apparatus comprising in
      combination:
PA1  a. first and second sets of different types of generally planar flow plate
      elements disposed in clamped parallel relation to one another, and
      including
PA2  1. at least one plate element of a first type;
PA2  2. at least one pair of second type plate elements;
PA1  b. said first type plate element being interleaved in slightly spaced apart
      relation and peripherally sealed by said diaphragm means relative to said
      second type plate elements interposed therebetween;
PA1  c. said different types of flow plates having operatively engageable
      cooperative surface means to form therebetween on opposite sides of said
      first type plate element an interrupted flow passage system in at least
      generally medial portions thereof;
PA1  d. said diaphragm means including a diaphragm member having at least medial
      portions which are deformable to a predeterminable extent and disposed so
      as to form and define between respective of said cooperative surface means
      within said flow passage system both first and second fluid-flow passages
      through which passages said fluid to be purified and said purification
      fluid are separately conveyable;
PA1  e. said interleaved plate elements each having separate sets of
      intercommunicating fluid passages which also intercommunicate with and
      form part of said interrupted flow passage system of paragraph (c); said
      separate sets of intercommunicating flow passages adapted to convey into
      and out of said apparatus the respective fluid to be purified and the
      purification fluid, in a non-intermingling character;
PA1  f. said first type flow plate element being of an overall lesser size than
      said second type flow plate elements; and
PA1  g. said second type flow plate elements having elongated marginal boss
      means projecting transversely a limited extent and positioned so as to
      orient and form recessed planar pocket means for receiving said first type
      flow plate therein in fluid sealed relation by said membrane means and for
      facilitating correct interleaved parallel and predetermined relative
      relationship of said flow plate elements.
NUM  10.
PAR  10. The apparatus of claim 9, wherein said cooperative surface means of
      paragraph (c) includes on one type of said different type plate elements a
      plurality of transversely projecting boss means with free ends operatively
      engageable via said diaphragm means with said cooperative surface means of
      the other of said different types of plate elements.
NUM  11.
PAR  11. The apparatus of claim 10, wherein said boss means includes alternately
      staggered rows of generally conical pins.
NUM  12.
PAR  12. The apparatus of claim 11, wherein said boss means are of a material
      such that at least the free end portions thereof are slightly deformable
      to assume frusto-conical shape when said plates are in clamped interleaved
      assembled relationship.
NUM  13.
PAR  13. The apparatus of claim 10, wherein said flexible diaphragm means
      comprise diaphragm members, and wherein a plurality of said first type and
      second type of plates are alternately interleaved and in sealed relative
      relationship to one another by marginal portions of the respectively
      interleaved diaphragm members.
NUM  14.
PAR  14. The apparatus of claim 10, wherein said diaphragm means include a
      bag-like diaphragm member of a size to closely envelope said first type
      flow plate elements when in assembled relationship with said apparatus.
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PAL  The addition of a small amount of an alkylbenzyl mercaptan to lubricating
      oils, greases, automatic transmission oils, cutting oils, hydraulic
      fluids, and the like improves the anti-wear properties of the resulting
      compositions.
BSUM
PAR  This invention relates to improved lubricants and processes of preparing
      the same. In accordance with another aspect, this invention relates to
      mercaptan additive agents which impart to lubricants improved anti-wear
      characteristics. In accordance with a further aspect, this invention
      relates to lubricating oils of improved anti-wear properties having
      incorporated therein a small quantity of an alkylbenzyl mercaptan. In
      accordance with a still further aspect, this invention relates to
      alkylbenzyl mercaptan additives for lubricants to improve the anti-wear
      properties of the resulting compositions.
PAR  Many lubricants, such as lubricating motor oil, require efficient anti-wear
      additives to prevent or reduce scuffing or unreasonable wear caused by
      contact of moving metal parts. Indeed, such anti-wear additives are
      essential for the satisfactory lubrication of modern high-compression
      internal combustion engines.
PAR  For many years, a particularly effective anti-wear agent, zinc
      dialkyldithiophosphate (ZDTP), has been widely used. Despite the fact that
      this additive has been very effective and very successful in a number of
      lubricating motor oils, it is presently considered desirable to replace
      this additive with another. The advent of catalytic exhaust converters on
      the automobile scene has precluded the use of lead compounds or other
      similar materials in gasolines in order to prevent premature fouling of
      the catalysts. Therefore, the elimination of heavy metal compounds such as
      zinc compounds from motor oils is also under strong consideration in order
      to avoid the migration of such substances through the combustion chamber
      and into the catalytic zone. Consequently, a substantial effort has been
      made to find a replacement for ZDTP which would not only be as effective
      as that agent but which would also be free of elements as zinc or
      phosphorus.
PAR  The present invention now provides an anti-wear additive which is not only
      at least as effective as ZDTP but one which contains only the element
      sulfur in addition to the elements of carbon and hydrogen. Sulfur is
      generally considered an element which can be tolerated by catalytic
      exhaust systems.
PAR  The invention anti-wear additive of the present invention is an alkylbenzyl
      mercaptan represented by the formula:
      ##SPC1##
PAL  Wherein each R is hydrogen or an alkyl group, wherein at least one alkyl
      group is present in the molecule, and wherein there is a total of from 6
      to about 25, preferably from about 10 to about 18 carbon atoms in all of
      the combined R groups.
PAR  Some examples of such compounds are p-dodecylbenzyl mercaptan,
      m-tetradecylbenzyl mercaptan, 2,4,6-triamylbenzyl mercaptan,
      3,5-diisobutylbenzyl mercaptan, o-(2-ethylhexyl)benzyl mercaptan,
      2,3-di(4-ethyloctyl)benzyl mercaptan, p-(2,4,6-trimethyldodecyl)benzyl
      mercaptan, 3-isobutyl-5-tetradecylbenzyl mercaptan,
      2,3,4,5,6-pentamylbenzyl mercaptan, and the like, and mixtures thereof.
PAR  The anti-wear additives of the present invention can be considered to be
      derivatives of benzyl mercaptan and, therefore, can be prepared by any
      suitable means in the art such as by alkylation of benzyl mercaptan with
      suitable alkylating agents.
PAR  The lubricant composition into which the present anti-wear additive can be
      formulated can be any such lubricating composition in which anti-wear or
      anti-scuffing protection is desirable. Thus, such compositions can include
      motor oils, greases, automatic transmission oils, cutting oils, hydraulic
      fluids, and the like. The present invention additives are found to be
      particularly suitable for incorporation into motor oil.
PAR  These lubricating compositions are based on mineral oils such as those of
      petroleum origin and are preferably refined mineral oils produced by
      well-known refining processes employing techniques such as hydrogenation,
      polymerization, dewaxing, solvent extraction, etc. These oils generally
      have a Saybolt viscosity at 100.degree.F in the range of about 60 to 5,000
      and a Saybolt viscosity at 210.degree.F of from about 30 to 250. The
      mineral oils can be paraffinic, naphthenic, or aromatic, or mixtures of
      these.
PAR  When such lubricants are in the form of a grease, the lubricant composition
      will contain a suitable grease thickener such as a lithium soap or a
      hydrocarbon polymer. Such grease compositions are well known in the art,
      and they are generally prepared by dissolving soaps and/or polymers in the
      oil at elevated temperatures.
PAR  The amount of invention anti-wear additive incorporated into the
      lubricating composition will vary according to the nature of the lubricant
      and the specific lubricating application, but will generally be in the
      range of from about 0.1 to about 4.0, preferably from about 0.3 to about
      2.0, percent by weight of the total lubricating composition.
PAR  In addition to the anti-wear additive, the lubricating composition can
      contain other conventional components such as antioxidants, viscosity
      index improvers, pour point depressants, anti-foam agents, anti-corrosion
      agents, and the like.
DETD
PAC  SPECIFIC EXAMPLES
PAC  Example I
PAR  The invention anti-wear additive, p-dodecylbenzyl mercaptan, was
      incorporated into a lubricating motor oil composition. The wear properties
      of this lubricating composition were then measured by the Falex method
      using a modified ASTM D 2670-67 method. For purposes of comparison, a
      similar lubricating composition containing the well-known ZDTP additive
      was also prepared and its wear properties were also measured.
PAR  The lubricating oil composition which was used as a vehicle for these tests
      was one of commercial motor oil quality and, because of some of its
      metal-containing components, can generally be described as an
      ash-containing lubricating motor oil. The composition of this motor oil
      formulation, with the exception of the anti-wear additive, was as follows:
TBL                Table I                                                     
     ______________________________________                                    
     Volume                                                                    
     Percent   Description   Purpose                                           
     ______________________________________                                    
     86.4     Lubricating Oil.sup.a                                            
     7.1      Phil-Ad 100.sup.b                                                
                             Dispersant                                        
     4.1      Lubrizol 934.sup.c                                               
                             Ashless Dispersant                                
     2.2      Phil-Ad VII.sup.d                                                
                             Viscosity Index Improver                          
     0.2      Acryloid 152.sup.e                                               
                             Pour Point Depressant                             
     ______________________________________                                    
      .sup.a A refined, generally paraffinic mid-continent lubricating oil     
      blend.                                                                   
      .sup.b A commercial calcium petroleum sulfonate overbased with lime to   
      give a 100 Base Number.                                                  
      .sup.c A mixture of 90 percent by weight polyisobutenyl succinic ester an
      10 percent by weight of a mixture of polyisobutenyl succinamide and a    
      succinamide derived from polybutenyl succinic anhydride and alkylene     
      polyamines.                                                              
      .sup.d A hydrogenated butadiene-styrene copolymer.                       
      .sup.e A polymethacrylate-based resin.                                   
PAR  As mentioned above, the above composition contains no anti-wear additive
      and, if subjected to the wear measurement test, results in severe metallic
      wear.
PAR  The wear tests were carried out using the well-known Falex test machine in
      accordance with a slight modification of the ASTM D 2670-67 procedure. In
      the procedure used, a rotating steel pin, 0.635 cm (0.25 in.) in diameter
      was rotated at 290 rpm between two "V" steel blocks for one-half hour of
      break-in at an applied load of 23 kg (50 lb.) followed by three hours of
      additional testing at 113 kg (250 lb.) applied load. During this time, the
      rotating pin and "V" blocks were submerged in 60 ml of the test oil.
      During thre break-in period, the oil, pin, and "V" blocks were heated to
      79.5.degree.C (175.degree.F). However, the temperature was not controlled
      during the test period but was allowed to increase or decrease depending
      upon the amount of frictional heat produced during the tests.
PAR  The wear was measured by the number of radial degrees of teeth which a
      ratchet wheel pressure loader must be advanced to maintain a constant
      pressure during the course of the test. A good lubricant composition would
      typically result in a wear equivalent to a relatively few teeth (10-20)
      while a poor lubricating composition would typically require the wheel to
      be turned through many teeth (50-100). The table below shows additive
      level in total weight percent added and also in weight percent total
      sulfur added.
PAR  The results of the tests are shown in the table below.
TBL                Table II                                                    
     ______________________________________                                    
     Additive Level, Wt. %                                                     
     Total Wt.  Sulfur     Anti-Wear    Wear (No.                              
     Basis      Basis       Agent       of Teeth)                              
     ______________________________________                                    
     0          0          None         &gt;100                                   
     1          0.18       ZDTP          12                                    
     2.5        0.27       Dodecylbenzyl                                       
                                          9                                    
                            mercaptan                                          
     1.6        0.18       Dodecylbenzyl                                       
                                         10                                    
                            mercaptan                                          
     ______________________________________                                    
PAR  The wear results of the table above show that the lubricating motor oil
      composition, in the absence of any anti-wear agent, results in a very high
      degree of wear. The data also show that the incorporation of either the
      ZDTP or the invention additive, dodecylbenzyl mercaptan, greatly reduces
      the wear to a very acceptable level. With respect to this anti-wear test,
      the invention mercaptan additive materials appear to be at least as
      effective as the well-known ZDTP anti-wear agent. Although only one weight
      percent of the comparative ZDTP material was used in the test, it is
      believed that the ZDTP test results would have been essentially the same
      even at the 2.5 weight percent additive level.
PAC  Example II
PAR  The invention additive, dodecylbenzyl mercaptan, was also tested in another
      series of tests using, in this instance, an ashless lubricating oil
      formulation of commercial quality. In addition, several other closely
      related sulfur-containing materials were also tested for purposes of
      comparison.
PAR  The composition of the lubricating motor oil composition, excluding the
      anti-wear agent, was as follows:
TBL                Table III                                                   
     ______________________________________                                    
     Volume                                                                    
     Percent   Description      Purpose                                        
     ______________________________________                                    
     88.2     Lubricating Oil.sup.a                                            
     7.5      Lubrizol 934.sup.b                                               
                              Ashless Dispersant                               
     2.5      Phil-Ad VII.sup.c                                                
                              Viscosity Index                                  
                               Improver                                        
     0.2      Acryloid 152.sup.d                                               
                              Pour Point Depressant                            
     0.1      Vanlube PN.sup.e                                                 
                              Antioxidant                                      
     0.5      Ethyl 702.sup.f Antioxidant                                      
     1.0      Vanlube SS.sup.g                                                 
                              Antioxidant                                      
     10 ppm   D.C. 200.sup.h  Foam Depressant                                  
     ______________________________________                                    
      .sup.a Same as in Example I.                                             
      .sup.b Same as in Example I.                                             
      .sup.c Same as in Example I.                                             
      .sup.d Same as in Example I.                                             
      .sup.e Phenyl-beta-naphthylamine.                                        
      .sup.f 4,4'-Methylenebis(2,6-di-tert-butylphenol).                       
      .sup.g Mixture of octylated diphenylamines.                              
      .sup.h A silicone oil.                                                   
PAR  The wear measurement tests were carried out as in Example I. The results of
      these tests are shown in the table below. As in Example I, the additive
      level is shown both on a total weight basis and on a sulfur basis.
TBL                Table IV                                                    
     ______________________________________                                    
     Additive Level, Wt. %                                                     
     Total Wt.                                                                 
              Sulfur                    Wear (No.                              
     Basis    Basis     Anti-Wear Agent of Teeth)                              
     ______________________________________                                    
     0        0        None             &gt;100                                   
     1        0.18     ZDTP             24                                     
     2        0.36     ZDTP             21                                     
     2.5      0.27     Dodecylbenzyl mercaptan                                 
                                        15                                     
     2.5      0.28     Octadecyl mercaptan                                     
                                        19                                     
     1        0.26     Benzyl mercaptan 50                                     
     1        0.17     Phenyl sulfide   61                                     
     ______________________________________                                    
PAR  The data in the table above show that the invention anti-wear additive,
      dodecylbenzyl mercaptan, is again shown to be at least as effective and
      possibly even more effective than the well-known ZDTP material. The data
      also show that the invention dodecylbenzyl mercaptan anti-wear additive is
      also superior to the closely related octadecyl mercaptan, as well as to
      the closely related benzyl mercaptan and phenyl sulfide. These data
      illustrate that not all sulfur-containing organic compounds are
      equivalent, and that not all are effective as anti-wear agents in
      lubricating oils.
PAC  Example III
PAR  In the same manner as in the preceding examples, Falex wear tests were
      carried out on a heavy white mineral oil of 264 SUS at 100.degree.F.
      viscosity containing varying amounts of p-dodecylbenzyl mercaptan. The
      test results showed that p-dodecylbenzyl mercaptan concentrations of 4
      weight percent and 1 weight percent were apparently too high in this
      highly purified white mineral oil which contained no other lubricating oil
      additives. Both these tests failed, requiring more than 100 teeth.
      However, another identical test, except at a 0.1 weight percent
      concentration, required only 39 teeth and thus showed significant wear
      reduction.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved lubricating composition comprising a mineral lubricating oil
      having incorporated therein a small quantity sufficient to improve the
      anti-wear properties of the resulting lubricating composition of an
      alkylbenzyl mercaptan of the formula
      ##SPC2##
PAL  wherein each R is hydrogen or an alkyl group, wherein at least one alkyl
      group is present in the molecule, and wherein there is a total of from 6
      to about 25 carbon atoms in all of the combined R groups.
NUM  2.
PAR  2. A composition according to claim 1 wherein the quantity of alkylbenzyl
      mercaptan present ranges from 0.1 to 4 weight percent.
NUM  3.
PAR  3. A composition according to claim 1 wherein the quantity of alkylbenzyl
      mercaptan present ranges from 0.3 to 2 weight percent.
NUM  4.
PAR  4. A composition according to claim 1 wherein there is a total of from
      about 10 to about 18 carbon atoms in all of the combined R groups of the
      alkylbenzyl mercaptan.
NUM  5.
PAR  5. A composition according to claim 1 wherein the alkylbenzyl mercaptan is
      dodecylbenzyl mercaptan.
NUM  6.
PAR  6. A composition according to claim 1 wherein the alkylbenzyl mercaptan is
      dodecylbenzyl mercaptan and the amount of said mercaptan present in the
      lubricating composition ranges from 0.1 to 4 weight percent.
NUM  7.
PAR  7. A composition according to claim 1 wherein the lubricating oil has a
      Saybolt viscosity at 210.degree.F of from about 30 to 250 and the amount
      of alkylbenzyl mercaptan present ranges from 0.1 to 4 weight percent.
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ABST
PAL  Derivatives of diphenylamine or phenylnaphthylamine of the types
      ##SPC1##
PAL  Where R.sub.1, R.sub.9 and R.sub.12 are phenyl or p-tolyl groups and the
      remaining R's, X and Y may be alkyl or various other substituents, are
      useful antioxidants for lubricating oils or for various polymeric
      substrates (e.g. polypropylene) especially in combination with a dialkyl
      thiodipropionate. Typical antioxidants are
      4,4'-bis-(alpha,alpha-p-trimethylbenzyl)diphenylamine made by reacting
      p,alpha-dimethylstyrene with diphenylamine, and
      N-(4-alpha,alpha-dimethylbenzylphenyl)-1-(alpha,alpha
      dimethylbenzyl)-2-napthylamine made by reacting alpha-methylstyrene with
      N-phenyl-2-naphthylamine.
PARN
PAR  This application is a division of my copending application Ser. No. 2,382
      filed Jan. 12, 1970,  now U.S. Pat. No. 3,666,716 which is in turn a
      division of my application Ser. No. 540, 817, filed April 7, 1966, now
      U.S. Pat. No. 3,505,225, issued Apr. 7, 1970. The subject matter disclosed
      herein is also disclosed in my application Ser. No. 787,577, filed Dec.
      27, 1968, now U.S. Pat. No. 3,649,690, issued Mar. 14, 1972 which is in
      turn also a division of my aforesaid application Ser. No. 540,817. The
      subject matter disclosed herein is also disclosed in my copending
      applications Ser. No. 163,443, filed July 16, 1971 and now U.S. Pat. No.
      3,758,519, 9/11/73 and Ser. No. 164,144, filed July 19, 1971 and now U.S.
      Pat. No. 3,751,472, 8/7/73, which are divisions of my aforesaid
      application Ser. No. 787, 577, which is in turn a division of my aforesaid
      application Ser. No. 540,817.
BSUM
PAR  This invention relates to new antioxidants which are derivatives of
      diphenylamine and the phenylnaphthylamines, useful either alone, in
      combination with each other, or in combination with dialkyl
      3,3'-thiodipropionates, for the protection of organic materials having
      relatively low olefinic unsaturation, which are subject to oxidative,
      deterioration, particularly at elevated temperatures. Examples of
      materials which are subject to oxidative deterioration at elevated
      temperatures either in the course of their processing or fulfulling their
      prescribed function and which are protected by the compounds of the
      invention are alpha-olefin polymers, polyamides, polyesters, polyacetals,
      acrylonitrile-butadiene-styrene thermoplastics, and lubricants of the
      petroleum oil type or of the synthetic type.
PAR  The compounds useful in the invention are represented by the formulae I,
      II, III, IV or V, as follows:
      ##SPC2##
PAL  Where
PA0  R.sub.1 is a phenyl or p-tolyl radical
PA0  R.sub.2 and R.sub.3 are methyl, phenyl or p-tolyl radicals,
PA0  R.sub.4 is a p-tolyl or neophentyl radical,
PA0  R.sub.5 is a methyl, phenyl, p-tolyl or 2-phenylisobutyl radical,
PA0  R.sub.6 is a methyl radical;
      ##SPC3##
PAL  Where
PA0  R.sub.1, r.sub.2, r.sub.3 and R.sub.5 are as defined in formula I,
PA0  R'.sub.4 is a methyl, phenyl, p-tolyl or neopentyl radical,
PA0  R.sub.7 is a methyl, phenyl, or p-tolyl radical,
PA0  X is a methyl, ethyl, sec-alkyl containing from three to ten carbon atoms,
      alpha, alpha-dimethylbenzyl, alpha-methylbenzyl, chlorine, bromine,
      carboxyl or metal carboxylate radical where the metal is zinc, cadmium,
      nickel, lead, tin, magnesium, or copper, Y is a hydrogen, methyl, ethyl,
      sec-alkyl containing from three to ten carbon atoms, chlorine, or bromine
      radical;
      ##SPC4##
PAL  where
PA0  R.sub.1, r.sub.2, r.sub.3 and R.sub.5 are as defined in formula I,
PA0  R.sub.4 is a methyl, phenyl, p-tolyl or neopentyl radical,
PA0  R.sub.7 is a methyl, phenyl, or p-tolyl radical,
PA0  X is a methyl, ethyl, sec-alkyl containing from three to ten carbon atoms,
      alpha, alpha-dimethylbenzyl, alpha-methylbenzyl, chlorine, bromine,
      carboxyl or metal caroxylate radical where the metal is zinc, cadmium,
      nickel, lead, tin, magnesium, or copper, Y is a hydrogen, methyl, ethyl,
      sec-alkyl containing from three to ten carbon atoms, chlorine, or bromine
      radical;
      ##SPC5##
PAL  where
PA0  R.sub.1 is a phenyl or p-tolyl radical,
PA0  R.sub.2 and R.sub.3 are methyl, phenyl or p-tolyl radicals,
PA0  R.sub.8 is a hydrogen, primary, secondary or tertiary alkyl containing from
      one to ten carbon atoms, or alkoxyl radical containing from one to ten
      carbon atoms which may be straight chain or branched, X and Y are
      hydrogen, methyl, ethyl, sec-alkyl containing from three to ten carbon
      atoms, chlorine or bromine radicals;
      ##SPC6##
PAL  where
PA0  R.sub.9 is a phenyl or p-tolyl radical,
PA0  R.sub.10 is a methyl, phenyl, p-tolyl or 2-phenylisobutyl radical,
PA0  R.sub.11 is a methyl, phenyl or p-tolyl radical; or
      ##SPC7##
PAL  where
PA0  R.sub.12 is a phenyl or p-tolyl radical,
PA0  R.sub.13 is a methyl, phenyl or p-tolyl radical,
PA0  R.sub.14 is a methyl, phenyl, p-tolyl or 2-phenylisobutyl radical,
PA0  R.sub.15 is a hydrogen, alpha, alpha-dimethylbenzyl,
      alpha-methylbenzhydryl, triphenylmethyl or alpha, alpha, p-trimethylbenzyl
      radical.
PAR  Typical preferred chemicals useful in the invention are as follows:
TBL  Type I:                                                                   
     R.sub.1   R.sub.2 R.sub.3 R.sub.4 R.sub.5                                 
                                             R.sub.6                           
     ______________________________________                                    
     (a)  phenyl   phenyl  phenyl                                              
                                 neopentyl                                     
                                         methyl                                
                                               methyl                          
     (b)  p-tolyl  methyl  methyl                                              
                                 p-tolyl methyl                                
                                               methyl                          
     ______________________________________                                    
TBL  Type II:                                                                  
     R.sub.1                                                                   
            R.sub.2                                                            
                R.sub.3                                                        
                    R'.sub.4                                                   
                        R.sub.5                                                
                            R.sub.7                                            
                                X    Y                                         
     __________________________________________________________________________
     (1)                                                                       
        phenyl                                                                 
            methyl                                                             
                methyl                                                         
                    phenyl                                                     
                        methyl                                                 
                            methyl                                             
                                alpha,                                         
                                     hydro-                                    
                                alpha-                                         
                                     gen                                       
                                dimethyl-                                      
                                benzyl                                         
     (2)                                                                       
        "   "   "   "   "   "   bromo                                          
                                     bromo                                     
     (3)                                                                       
        "   "   "   "   "   "   carboxyl                                       
                                     hydro-                                    
                                     gen                                       
     (4)                                                                       
        "   "   "   "   "   "   nickel                                         
                                     "                                         
                                carboxy-                                       
                                late                                           
     (5)                                                                       
        "   "   "   "   "   "   2-butyl                                        
                                     "                                         
     (6)                                                                       
        "   "   "   "   "   "   2-octyl                                        
                                     "                                         
     (7)                                                                       
        phenyl                                                                 
            phenyl                                                             
                phenyl                                                         
                    phenyl                                                     
                        phenyl                                                 
                            phenyl                                             
                                2-hexyl                                        
                                     "                                         
     __________________________________________________________________________
TBL  Type III:                                                                 
     R.sub.1  R.sub.2 R.sub.3 R.sub.8 X      Y                                 
     ______________________________________                                    
     (1)  phenyl  methyl  methyl                                               
                                isopropoxy                                     
                                        hydrogen                               
                                               hydrogen                        
     (2)  phenyl  methyl  methyl                                               
                                hydrogen                                       
                                        2-octyl                                
                                               hydrogen                        
     (3)  phenyl  phenyl  phenyl                                               
                                hydrogen                                       
                                        2-hexyl                                
                                               hydrogen                        
     ______________________________________                                    
TBL  Type IV:                                                                  
     R.sub.9 is phenyl and R.sub.10 and R.sub.11 are methyl.                   
TBL  Type V:                                                                   
     R.sub.12     R.sub.13  R.sub.14  R.sub.15                                 
     ______________________________________                                    
     (1)    phenyl    methyl    methyl  hydrogen                               
     (2)    phenyl    methyl    methyl  alpha, alpha-                          
                                        dimethyl-                              
                                        benzyl                                 
     ______________________________________                                    
PAR  It has previously been known to employ
      4,4'-bis(1,1,3,3-tetramethylbutyl)diphenylamine as an antioxidant for
      rubber.
PAR  U.S. Pat. No. 2,943,112 to Ivan C. Popoff et al. describes the use of
      alpha-methylstyrene to reduce the amount of unreacted diphenylamine or
      monoalkylated diphenylamine present after alkylating the diphenylamine
      with the C.sub.5 -C.sub.12 olefin.
PAR  U.S. Pat. No. 2,543,329 to C. S. Myers describes the stabilization of
      polyethylene with diphenylamine.
PAR  U.S. Pat. No. 2,519,755 to M. F. Gribbins describes the use of a dialkyl
      3,3'-thiodipropionate as a stabilizer for polyethylene.
PAR  U.S. Pat. No. 3,072,603 to C. E. Tholstrup describes the stabilization of
      poly-alpha-olefins by use of a stabilizer combination consisting of a
      diester of 3,3'-thiodipropionic acid and a nitrogen-containing compound of
      the following types:
      ##SPC8##
PAL  where R.sub.1 and R.sub.2 are selected from the group consisting of
      hydrogen atoms and alkyl radicals having 1 to 12 carbon atoms.
PAR  The synthesis of 4-trityldiphenylamine and 4,4'-ditrityldiphenyl has been
      reported by D. Craig, J. Am. Chem. Soc. 71, 2250 (1949); G. Baum, W. L.
      Lehn, and C. Tamborski, J. Org. Chem. 29, 1264 (1964) and also disclosed
      as a rubber antioxidant by A. W. Campbell U.S. Pat. No. 1,902,115 (Mar.
      21, 1933) and U.S. Pat. No. 1,950,079 (Mar. 6, 1934) although the
      described structure was incorrect.
PAR  As indicated previously, the present derivatives of diphenylamine and
      phenylnaphthylamines are effective antioxidants for materials of low
      unsaturation. The materials of low unsaturation include essentially
      saturated polymers, whether resins or rubbers, such as the alpha-olefin
      polymers including resinous homopolymers of alpha-olefins (e.g.,
      polyethylene, polypropylene) or the rubbery copolymers of two or more
      different alpha-olefins (e.g., ethylene-propylene rubber, known as "EPM").
      Also incuded are resinous or rubbery polymers having a minor amount of
      unsaturation, such as the alpha-olefin polymers which are rubbery
      terpolymers of two or more different alpha-olefins with at least one
      non-conjugated diolefin (e.g., rubbery terpolymers of ethylene, propylene,
      and dicyclopentadiene, 1,4-hexadiene, methylene norbornene,
      cyclooctadiene, or the like, known as "EPDM"); these ordinarily contain
      less than 25% of olefinic unsaturation (i.e., less than 25% by weight of
      the diolefin). Similarly, the acrylonitrile-butadiene-styrene polymers
      (called "ABS" thermoplastics) may be employed. These are usually either
      (1) graft copolymers of styrene and acrylonitrile on a polybutadiene
      rubber spine or on a butadiene-styrene rubber spine (with or without
      additional separately prepared styrene-acrylonitrile resin), or (2)
      physical mixtures of styrene-acrylonitrile resin with
      butadiene-acrylonitrile rubber. The olefinic unsaturation (i.e., butadiene
      content) of such ABS compositions is frequently less than 40%. Other
      polymers useful in the invention include the polyamides (nylon),
      polyesters (e.g., polyethylene terephthalate or copolymers thereof,
      notably in the form of fibers or films), acetal resins (polymers or
      copolymers as described for example in Modern Plastics Encyclopedia, 1966,
      pages 109-113; see also U.S. Pat. No. 3,027,352). The present chemicals
      are useful also as antioxidants for lubricants, whether essentially
      natural lubricating oil obtained from petroleum, or synthetic lubricants
      of the type represented by such ester lubricants as alkyl esters of
      dicarboxylic acids (for example those in which the alkyl group has 6-18
      carbon atoms and the dicarboxylic acid has 6-18 carbon atoms) or fatty
      acid (e.g., C.sub.8 -C.sub.14 acids) esters of polyols such as neopentyl
      glycol, trimethylol propane, pentaerythritol, or the like (see "Synthetic
      Lubricants" by Gunderson et al., Reinhold, 1962).
PAR  The present antioxidants are effective in the conventional amounts
      ordinarily used for protecting substrates from oxidation, usually within
      the range of from 0.01% to 4% by weight, based on the weight of the
      substrate.
PAR  The presently employed derivatives of diphenylamine and the
      phenylnaphthylamines are more effective than the parent compounds or the
      known 4,4'-dialkyldiphenylamines either alone, in combinations, or in
      combination with dialkyl 3,3'-thiodipropionates (in which the alkyl groups
      typically contain from 8 to 20 carbon atoms). The relative proportions of
      the present chemicals and the dialkyl 3,3'-thiodipropionate are not
      critical and may be in accordance with conventional practice, usually from
      0.01% to 4% of the antioxidant chemical and from 4% to 0.01% of the
      dialkyl 3,3'-thiodipropionate.
PAR  The derivatives of the phenylnaphthylamines are discoloring but are
      effective high temperature antioxidants, and in synthetic lubricants of
      the ester type produce less sludge than the parent compounds.
PAR  The diphenylamine derivatives are less discoloring than those of prior art
      and suprisingly in the presence of dialkyl 3,3'-thiodipropionates show no
      discoloration after thermal aging.
PAR  The compounds of the invention such as shown in Formula I may be prepared
      by alkylating the appropriate diphenylamine or phenylnaphthylamine with
      the appropriate olefin using a suitable acid catalyst such as aluminum
      chloride, zinc chloride, or acid clay. Where there are two groups of
      different structure on the diphenylamine nucleus a stepwise alkylation may
      be carried out. In the compounds which contained a trityl group,
      triphenyl-methyl chloride may be used as the alkylating agent.
PAR  The unsymmetrical diphenylamines may be prepared in two ways:
PA0  a. by condensing an appropriately substituted aniline with o-chlorobenzoic
      acid. The carboxyl group may be removed, when desired, by thermal
      decarboxylation. The final unsymmetrical product may be obtained by
      reacting with the appropriate alkylating agent using an acid catalyst.
PA0  b. by alkylating diphenylamine with a vinyl type olefin (i.e., butene-1,
      octene-1) and separating the predominant 2-alkyl-diphenylamine or
      2,2'-dialkyldiphenylamine. This product may then be reacted with the
      appropriate alkylating agent using a typical acid catalyst to obtain the
      final product.
PAR  Since vinyl type olefins such as butene-1 alkylate preferentially in the
      ortho position of diphenylamine and vinylidene type olefins such as
      alpha-methylstyrene and 2,4,4-trimethylpentene-1 alkylate preferentially
      in the para position of diphenylamine, some of the described compounds can
      be prepared in one step by alkylating with mixtures of olefins, or by
      sequential alkylation using first one olefin then the other, without
      isolation of the intermediate.
PAR  Although the alkylation reactions occur primarily as described, in any
      preparation mixtures of ortho and para isomers as well as mono, di and tri
      alkylated products occur. Furthermore in alkylations such as the reaction
      of diphenylamine with octene-1 some isomerization of the olefin occurs
      giving some 2-(alpha-ethylhexyl)diphenylamine as well as the predominant
      2-(alphamethylheptyl)diphenylamine. Since these isomers are difficult to
      separate, it is a preferred embodiment of the invention to use the
      reaction mixtures containing primary product and small amounts of the
      isomeric materials in preparing the antioxidants of the invention.
DETD
PAC  EXAMPLE I
PAR  The preparation of
      4-(1,1,3,3-tetramethylbutyl)-4'-triphenylmethyldiphenylamine.
PAR  A mixture of 169 g. of diphenylamine and 30 g. of anhydrous aluminum
      chloride was heated to 90.degree.C. with stirring. 112 g. of diisobutylene
      was added dropwise over a one hour period. An exotherm occurred and the
      temperature was maintained at 115.degree.C. during the addition. The
      mixture was heated at 125-135.degree.C. for an additional hour, then
      cooled and poured into water. 400 ml. of benzene was added and the organic
      layer was separated, washed and dried. The benzene was removed by
      distillation and the residue product was fractionally distilled under
      reduced pressure. The fraction boiling at 160.degree.-175.degree.C.
      (0.5mm) was the 4-(1,1,3,3-tetramethylbutyl)diphenylamine.
PAR  A mixture of 28.1 g. of 4-(1,1,3,3-tetramethylbutyl)diphenylamine, 27.9 g.
      of triphenylmethyl chloride, 500 ml. of acetic acid and 50 ml. of
      concentrated hydrochloric acid was heated under reflux. 25 ml. of acetic
      acid-water mixture was removed by distillation during the first hour, then
      the mixture was refluxed an additional 2 1/2 hours. The reaction mixture
      was poured into water and the resulting solid was removed by filtration.
      The solid was slurried with benzene and heated under reflux, then filtered
      hot to remove any insoluble material. The filtrate was evaporated to
      dryness and the crude product (27 g.) recrystallized three times from
      hexane m.p. 203.degree.-205.degree.C.
PAR  Analysis -- Calculated for C.sub.39 H.sub.41 N: C, 89.5; H, 7.84; N, 2.68.
      Found: C, 89.7; H, 7.86; N, 2.85.
PAC  EXAMPLE II
PAR  The preparation of 4,4'-bis(alpha, alpha, p-trimethylbenzyl)diphenylamine.
PAR  A mixture of 169 g. of diphenylamine, 25 g. of Montmorillonite clay
      (Girdler Catalysts' designation KSF/O) previously dried at 120.degree.C.
      for 16 hours, and 150 ml. of toluene was heated with stirring to
      130.degree.C. 220 g. of p,alpha-dimethylstyrene was added over a 1 hour
      period and the reaction was maintained at 135.degree.C. for 4 hours. The
      catalyst was removed by filtration and the product was crystallized from
      hexane, m.p. 102.degree.-103.degree.C.
PAR  Analysis -- Calculated for C.sub.32 H.sub.35 N: C,88.7; H, 8.08; N, 3.23.
      Found: C, 88.6; H, 7.89; N, 3.21.
PAC  EXAMPLE III
PAR  The preparation of 2,4,4'-tris(alpha-dimethylbenzyl)diphenylamine.
PAR  A mixture of 85 g. of diphenylamine, 13.3 g. of anhydrous aluminum
      chloride, and 200 ml. of n-hexane was heated at the reflux temperature
      with stirring. 206 g. of alpha-methyl styrene was added dropwise during 1
      1/2 hours, and the mixture was stirred at 80.degree.-85.degree.C. for 4
      1/2 hours. The reaction mixture was cooled and poured into water, the
      organic layer separated and washed three times with water, and the solvent
      was removed by distillation. The product was vacuum topped to 200.degree.C
      (0.5 mm.). Crystallization of the crude product (216g.) from hexane
      removed most of the more insoluble
      4,4'-bis(alpha,alpha-dimethylbenzyl)diphenylamine. The filtrate was
      evaporated to dryness and the residue product (145 g.) recrystallized
      twice from isopropanol to obtain 49g., m.p. 114.degree.-116.degree.C. An
      analytical sample was prepared by chromatographing 10 g. of the compound
      on 250 g. of alumina using 20% benzene-80hexane as the eluent. The first
      fractions obtained were evaporated and recrystallized twice from hexane,
      m.p. 121.5.degree.-122.5.degree.C.
PAR  Analysis -- Calculated for C.sub.39 H.sub.41 N: C, 89.5; H, 7.84; N, 2.68;
      Mol Wt. 523. Found: C, 89.5; H, 7.86; N, 2.63; Mol Wt. 531.
PAC  EXAMPLE IV
PAR  The preparation of 2,2'-dibromo-4,4'-bis(alpha,
      alpha-dimethylbenzyl)diphenylamine.
PAR  To a stirred solution of 40 g. of 4,4'-bis(alpha,
      alpha-dimethylbenzyl)diphenylamine in 300 ml. of glacial acetic acid was
      added 32 g. of bromine dissolved in 100 ml. of glacial acetic acid at room
      temperature. After the addition was complete the mixture was heated at
      45.degree.C for 10 minutes and the product was removed by filtration. The
      crude dibromo derivative was dissolved in benzene and the solution
      extracted with dilute sodium hydroxide, then washed with water. The
      benzene was evaporated and the product was recrystallized from isopropanol
      to obtain 39 g., m.p. 166.degree.-167.degree.C.
PAR  Analysis -- Calculated for C.sub.30 H.sub.29 Br.sub.2 N; C, 63.9; H, 5.15;
      N, 2.49; Br, 28.4. Found: C, 63.5; H, 5.20; N, 2.77; Br, 28.1.
PAC  EXAMPLE V
PAR  The preparation of
      4,4'-bis(alpha,alpha-dimethylbenzyl)-2-carboxydiphenylamine.
PAR  187 g. of N-phenylanthranilic acid, prepared according to Org. Syn. Coll.
      Vol. II p. 15, was dissolved in 500 ml. of a solution containing 50 g. of
      potassium hydroxide. The insoluble material was removed by filtration. To
      the aqueous solution was added an aqueous solution containing 71 g. of
      zinc sulfate. The zinc N-phenylanthranilate was separated by filtration
      and dried.
PAR  A mixture of 110 g. of zinc N-phenylathranilate, 30 g. of zinc chloride and
      500 ml. of 1,2-dichloroethane was heated under reflux with stirring. 118
      g. of alphamethyl styrene was added dropwise over a twenty minute period
      and the mixture heated under reflux for 6 hours. The reaction mixture was
      poured into water and chloroform added. The organic layer was separated
      and washed with dilute hydrochloric acid, then with water. The solvent was
      removed by distillation and the product recrystallized from isopropanol to
      obtain 88 g. of product, m.p. 197.degree.-199.degree.C. Further
      recrystallization gave material which melted 198.degree.-199.degree.C.
PAR  Analysis -- Calculated for C.sub.31 H.sub.31 NO: C, 82.9; H, 6.90; H, 3.12.
      Found: C, 83.0; H, 7.22; N, 3.32.
PAC  EXAMPLE VI
PAR  The preparation of nickel
      4,4'-bis(alpha,alpha-dimethylbenzyl)diphenylamine-2-carboxylate.
PAR  4.5 g. of 4,4'-bis(alpha,alpha-dimethylbenzyl)-2-carboxydiphenylamine was
      dissolved in 100 ml. of 0.01N sodium hydroxide. 30 ml. of ethanol was
      added to aid solution and the solution was filtered to remove any
      undissolved material. 1.44 g. of nickel sulfate dissolved in 50 ml. of
      water was added to this solution with stirring and the resulting
      precipitated nickel salt was filtered and dried at 50.degree.C.
PAC  EXAMPLEE VII
PAR  The preparation of 2-sec-butyl-4,4'
      -bis(alpha,alpha-dimethylbenzyl)-diphenylamine.
PAR  A mixture of 169 g. of diphenylamine, 73 g. of butene-1 and 25 g. of
      Montmorillonite clay (Girdler Catalysts' designation KSF/O) was heated for
      5 hours at 175.degree.C. in a one liter stirred autoclave. The catalyst
      was removed by filtration and the residue combined with a second reaction
      mixture obtained under similar reaction conditions. The crude mixture was
      purified by fractional distillation under reduced pressure. The fraction
      boiling at 136.degree.-137.degree.C. (1.4 mm) was
      2-sec-butyldiphenylamine.
PAR  A mixture of 66 g. of 2-sec-butyldiphenylamine, 10 g. of Montmorillonite
      clay (Girder Catalysts' KSF/O), and 30 ml. of toluene was heated with
      stirring to 130.degree.C. 76.5 g. of alpha-methylstyrene was added over a
      1/2 hour period and the reaction temperature was maintained at
      130.degree.-135.degree.C. for 5 hours. The catalyst was removed by
      filtration, and the solvent was removed by distillation. The viscous
      residue product was fractionally distilled under reduced pressure. The
      fraction boiling at 240.degree.C. (0.25mm) was the
      2-sec-butyl-4,4'-bis(alpha,alpha-dimethylbenzyl)diphenylamine.
PAR  Analysis -- Calculated for C.sub.34 H.sub.39 N: C, 88.5; H, 8.46; N, 3.04.
      Found: C, 88.6; H, 8.28; N, 2.87.
PAC  EXAMPLE VIII
PAR  The preparation of
      4,4'-bis(alpha,alpha-dimethylbenzyl)-2-(alpha-methylheptyl)diphenylamine.
PAR  A mixture of 592 g. of diphenylamine, 471 g. of octene-1 and 59 g. of
      Montmorillonite clay (Girdler Catalysts' designation KSF/O), previously
      dried at 120.degree.C. for 3 hours, was heated at 175.degree.C. for 6
      hours in a 2-liter Magne-Dash autoclave. The catalyst was removed by
      filtration and the crude product subjected to fractional distillation. The
      fraction boiling at 150.degree.-170.degree.C (0.2 mm) weighed 395 g. and
      assayed 85% 2-(alpha-methylheptyl)diphenylamine.
PAR  A mixture of 56 g. of 2-(alpha-methylheptyl)diphenylamine, 8.5 g. of
      Montmorillonite clay (Girdler Catalysts' designation KSF/O), previously
      dried at 120.degree.C. for 16 hours, and 50 ml. of toluene was heated to
      130.degree.C with stirring. 52 g. of alpha-methylstyrene was added during
      a twenty minute period and the stirred mixture was maintained at
      130.degree.C. for four hours. The catalyst was removed by filtration and
      the crude product was fractionally distilled under reduced pressure. The
      fraction distilling at 280.degree.C. (0.5 mm) was the desired product.
PAR  Analysis -- Calculated for C.sub.38 H.sub.47 N: C, 88.2; H, 9.09; N, 2.71.
      Found: C, 88.2; H, 9.05; N, 3.00.
PAC  EXAMPLE IX
PAR  The preparation of 2-(alpha-methylpentyl)-4,4'-ditrityldiphenylamine.
PAR  A mixture of 25.3 g. of 2-(alpha-methylpentyl)-diphenylamine, 58.5 g. of
      trityl chloride, 2.5 g. of aluminum chloride and 50 ml. of benzene was
      heated under reflux for 3 1/2 hours. 10 ml. of ethyl ether was added after
      cooling and the mixture was then poured into water. The aqueous layer was
      removed and the organic layer was poured into an equal volume of hexane.
      The resulting precipitate 78 g. was filtered. A pure sample was obtained
      by chromatography on alumina using benzene as the eluent followed by
      recrystallization from a 1:1 benzene-isopropanol mixture. The sample was
      dried under vacuum at 78.degree.C for 8 hours, m.p.
      220.5.degree.-221.5.degree.C.
PAR  Analysis -- Calculated for C.sub.56 H.sub.51 N: C, 91.2; H, 6.92, N, 1.90.
      Found: C, 91.3; H, 7.38; N, 1.73.
PAC  EXAMPLE X
PAR  The preparation of
      4-(alpha,alpha-dimethylbenzyl)-4'-isopropoxydiphenylamine.
PAR  A mixture of 56.8 g. of isopropoxydiphenylamine, 5 g. of anhydrous aluminum
      chloride and 100 ml. of n-hexane was heated at the reflux temperature with
      stirring. 30.7 g. of alpha-methylstyrene was added dropwise and after the
      addition was completed the mixture was heated an additional four hours at
      70.degree.-75.degree.C. The reaction mixture was poured into water and
      benzene was added to facilitate separation. The benzene layer was washed
      with dilute sodium hydroxide, then water, and dried over sodium sulfate.
      The benzene was removed by distillation and the crude product was
      fractionally distilled. 51 g. of product was obtained: b.p.
      211.degree.-216.degree.C. (0.3 mm).
PAR  Analysis -- Calculated for C.sub.24 H.sub.27 NO: C, 83.4; H, 7.88; N, 4.05.
      Found: C, 83.1; H, 8.35; N, 4.08.
PAC  EXAMPLE XI
PAR  The preparation of 2-(alpha-methylheptyl)-4'-(alpha,
      alpha-dimethylbenzyl)diphenylamine.
PAR  A mixture of 39.5 g. of 2-(alpha-methylheptyl)-diphenylamine and 6 g. of
      Montmorillonite clay (Girdler Catalysts' designation KSF/O) was heated to
      125.degree.C. and 20 g. of alpha-methylstyrene was added over a ten minute
      period. The mixture was heated at 120.degree.-130.degree.C. for four
      hours. The reaction mixture was diluted with benzene and the catalyst was
      removed by filtration. The solvent was removed by distillation and the
      residue product was purified by fractional distillation under reduced
      pressure. The fraction boiling at 220.degree.C (0.4 mm) was the desired
      product.
PAR  Analysis -- Calculated for C.sub.39 H.sub.37 N: C, 87.2; H, 9.27; N, 3.51.
      Found: C, 87.1; H, 9.22; N, 3.82.
PAC  EXAMPLE XII
PAR  The preparation of 2-(alpha-methylpentyl)-4'-trityldiphenylamine.
PAR  A mixture of 846 g. of diphenylamine, 547 g. of hexene-1 and 85 g. of
      Montmorillonite clay (Girdler Catalysts' designation KSF/O) was heated in
      a one gallon stirred autoclave for 6 hours at 225.degree.C. The reaction
      mixture was diluted with toluene and the catalyst removed by filtration.
      The solvent and excess hexene-1 were removed by distillation and the crude
      product was purified by fractional distillation through a 10 inch column
      packed with Berl saddles. The fraction boiling at
      117.degree.-121.degree.C. (0.1 mm) was
      2-(alpha-methylpentyl)diphenylamine.
PAR  A mixture of 50.6 g. of 2-(alpha-methylpentyl)diphenylamine, 27.9 g. of
      trityl chloride, 5 g. of anhydrous aluminum chloride and 150 ml. of
      benzene was heated at the reflux temperature for three hours. The reaction
      mixture was poured into water and the organic layer separated and washed
      four times with water. The solvent was removed by distillation and the
      unreacted starting material removed by distillation under reduced
      pressure, b.p. 123.degree.C. (0.3 mm). The residue product was
      chromatographed on alumina using 20% benzene-80% hexane as the eluent. The
      product thus obtained was recrystallized twice from hexane to obtain the
      desired product: m.p. 67.degree.-71.degree.C.
PAR  Analysis -- Calculated for C.sub.37 H.sub.37 N: C, 89.7; H, 7.48; N, 2.83.
      Found: C, 89.8; H, 7.40; N, 3.07.
PAC  EXAMPLE XIII
PAR  The preparation of N-(4-alpha,alpha-dimethyl-benzylphenyl)-1-naphthylamine.
PAR  A mixture of 219 g. of N-phenyl-1-naphthylamine, 25 g. of Montmorillonite
      clay (Girdler Catalysts' designation KSF/O) and 300 ml. of toluene was
      heated to the reflux temperature and 100 ml. of toluene was distilled from
      the mixture. The reaction mixture was maintained at 130.degree.C. and 260
      g. of alpha-methylstyrene was added dropwise over a one hour period. The
      mixture was heated an additional four hours at 135.degree.C. The catalyst
      was removed by filtration and the product vacuum topped to 200.degree.C.
      (1.0 mm). The crude product was purified by chromatography on alumina
      using benzene-hexane mixtures as the eluent, followed by two
      recrystallizations from hexane. The pure product after drying under vacuum
      at 78.degree.C. for six hours melted at 91.5.degree.-92.5.degree.C.
PAR  Analysis -- Calculated for C.sub.25 H.sub.23 N: C, 89.0; H, 6.87, N, 4.15.
      Found: C, 89.0; H, 7.06; N, 4.04
PAC  EXAMPLE XIV
PAR  The preparation of
      N-(4-alpha,alpha-dimethyl-benzylphenyl)-1-(alpha,alpha-dimethylbenzyl)-2-n
     aphthylamine.
PAR  A mixture of 219 g. of N-phenyl-2-naphthylamine, 30 g. of anhydrous
      aluminum chloride, and 250 ml. of benzene was heated with stirring to
      70.degree.-75.degree.C. 260 g. of alpha-methylstyrene was added dropwise
      during a one hour period and the reaction mixture was maintained at
      70.degree.-85.degree.C. for 4 hours. The mixture was poured into water,
      more benzene was added and the benzene solution was washed twice with
      water. The benzene was removed by distillation and the crude product
      vacuum topped at 200.degree.C. (0.4 mm). 394 g. of residue product was
      obtained. A pure product (m.p. 121.5.degree.-122.0.degree.C.) was obtained
      by two recrystallizations from a benzene-hexane mixute.
PAR  Analysis -- Calculated for C.sub.34 H.sub.33 N: C, 89.6; H, 7.30; N, 3.08;
      Mol. Wt. 456. Found: C, 89.8; H, 7.49; N, 3.12; Mol Wt. 471.
PAC  EXAMPLE XV
PAR  The preparation of N-(4-alpha,alpha-dimethylbenzylphenyl)-2-naphthylamine.
PAR  A mixture of 110 g. of N-phenyl-2-naphthylamine, 12.5 g. of Montmorillonite
      clay (Girdler Catalysts' designation KSF/O) and 150 ml. of toluene was
      heated at the reflux temperature with stirring. Water was removed from the
      catalyst by azeotropic distillation along with 100 ml. of toluene. 65 g.
      of alpha-methylstyrene was added dropwise over a 1/2 hour period and the
      reaction mixture was maintained at 100.degree.C. for 2 hours. The catalyst
      was removed by filtration and the solvent removed by distillation. The
      product was crystallized from hexane and after two recrystallizations from
      hexane melted at 92.0.degree.-92.5.degree.C.
PAR  Analysis -- Calculated for C.sub.25 H.sub.23 N: C, 89.0; H, 6.87; N, 4.15.
      Found: C, 88.6; H, 7.07; N, 3.85.
PAC  EXAMPLE XVI
PAR  In this example the compounds of the invention were tested as stabilizers
      for polyacetal resins against thermal degradation.
PAR  The solid stabilizers were incorporated into unstabilized acetal copolymer
      resin based on trioxane ("Celcon CKX-205", see Modern Plastics
      Encyclopedia, 1966, page 111, or U.S. Pat. No. 3,027,352), by dry blending
      for five minutes using a Waring Blender. Liquid stabilizers were
      incorporated by dissolving in a suitable solvent, slurrying with the resin
      and steaming under vacuum to remove the solvent. Five grams of the
      powdered resin containing 0.5% by weight of the stabilizer was placed in
      an open aluminum cup and exposed in a 230.degree.C. oven for 45 minutes,
      and the loss in weight of the polymer was determined.
TBL                Table I                                                     
     ______________________________________                                    
                                % Weight                                       
     Compound                   Loss                                           
     ______________________________________                                    
     Control                    31.9                                           
     4-(1,1,3,3-tetramethylbutyl)-4'-triphenyl-                                
     methyldiphenylamine        0.84                                           
     N-(4-alpha,alpha-dimethylbenzylphenyl)-2-                                 
     naphthylamine              0.74                                           
     N-(4-alpha,alpha-dimethylbenzylphenyl)-1-                                 
     naphthylamine              0.86                                           
     4,4'-butylidene bis(6-tert.-butyl-metacresol)                             
     ("Santowhite Powder")      2.24                                           
     ______________________________________                                    
PAC  EXAMPLE XVII
PAR  This example demonstrates the usefulness of the compounds of the invention
      as processing stabilizers for terpolymers composed of ethylene, propylene,
      and a small amount of a non-conjugated diene.
PAR  Two per cent by weight of the stabilizer was incorporated into unstabilized
      rubbery terpolymer, containing for example about 62% ethylene, 33%
      propylene and 5% dicyclopentadiene, on a mill at 150.degree.F. and the
      mixture subjected to milling at 300.degree.F. After various milling times
      the Mooney viscosity (ML-4 at 212.degree.F.) of the polymer was measured.
      A rise in viscosity is indicative of degenerative cross-linking of the
      polymer due to heat and mechanical shearing.
TBL                Table II                                                    
     ______________________________________                                    
                    Mooney Viscosity vs Time                                   
                    on 300.degree.F. Mill                                      
     Compound         0"     15"    30"  45"  60"                              
     ______________________________________                                    
     Control          53     57     74   90   97                               
     2,2'-dibromo-4,4'-bis(alpha,                                              
     alpha-dimethylbenzyl)diphenyl-                                            
     amine            53     52.5   51   50.5 54                               
     2,4,4'-tris(alpha,alpha-di-                                               
     methylbenzyl)diphenylamine                                                
                      54     51     49.5 49   50                               
     N-(4-alpha,alpha-dimethyl-                                                
     benzylphenyl)-1-naphtyl-                                                  
     amine            52     51.5   52   52   53                               
     ______________________________________                                    
PAC  EXAMPLE XVIII
PAR  This example demonstrates the usefulness of the compounds of the invention
      as stabilizers for synthetic lubricants of the ester type.
PAR  To 300 ml. of a synthetic lubricant, namely, di(2-ethylhexyl)sebacate
      ("Plexol 201-J"), is added 5.40 g. (2% by weight) of the antioxidant. The
      mixture is warmed and agitated to facilitate solution. When a homogeneous
      solution is obtained a 15 ml. sample is withdrawn and the neutralization
      value (ASTM D974-58T) is determined. The Saybolt viscosity is determined
      on a standard Saybolt viscometer. A 250 ml. sample is placed in a 750 ml.
      test tube with an open end formed as a ground glass joint. A copper washer
      and iron washer are polished with fine emery cloth, washed with acetone
      and placed on an air delivery tube having a lip to support the washers 6
      mm from the lower end of the tube which is beveled to allow free air flow.
      The air tube and washers are inserted in the test tube containing the oil
      sample to which an Allihn type ground glass joint condenser is connected.
      The assembly is placed in the well of an aluminum heating block maintained
      at 400.degree.F. The flow of cooling water is started through the
      condenser and a source of clean dry air is connected to the air tube and
      allowed to flow uniterrupted for 72 hours at a rate of 12.5 liters/hour.
PAR  At the end of 72 hours the oil is allowed to come to room temperature and
      the oil loss determined. The oil sample is filtered, and the Saybolt
      viscosity, neutralization value (ASTM D 974-58T) and the amount of sludge
      are determined.
TBL                                    Table III                               
     __________________________________________________________________________
                               Viscosity at 210.degree.F.                      
                                                         Oil Loss              
                               Saybolt Universal Seconds                       
                                             Neutralization Number             
                                                         after                 
                               0 Hours                                         
                                      72 Hours                                 
                                             0 Hours                           
                                                   72 Hours                    
                                                         72 Hours              
                                                               Sludge          
     __________________________________________________________________________
     (1)                                                                       
        4-(1,1,3,3-tetramethylbutyl)-4'-                                       
        trityldiphenylamine    38     40.6   0.22  17.2  3.5   light           
     (2)                                                                       
        2-(alpha-methylheptyl)-4,4'-bis(alpha,                                 
        alpha-dimethylbenzyl)diphenylamine                                     
                               38     41.0   0     23.3  3.5   light           
     (3)                                                                       
        2-(alpha-methylheptyl)-4'-(alpha,alpha-                                
        dimethylbenzyl)diphenylamine                                           
                               38     39.5   0.16  22.6  6.9   light           
     (4)                                                                       
        N-(4-alpha,alpha-dimethylbenzylphenyl)-1-                              
        naphthylamine          38     39.6   0.44  12.5  6.1   medium          
     (5)                                                                       
        N-(4-alpha,alpha-dimethylbenzylphenyl)-2-                              
        naphthylamine          38     39.8   0.49  16.2  5.2   heavy           
     (6)                                                                       
        N-(4-alpha,alpha-dimethylbenzylphenyl)-1-                              
        alpha,alpha-dimethylbenzyl)-2-naphthyl-                                
        amine                  38     39.8   0.29  14.0  5.2   heavy           
        Control                38     43.2   0.25  32.2  5.2   trace           
     __________________________________________________________________________
PAC  EXAMPLE XIX
PAR  This example demonstrates the usefulness of the compounds of the invention
      as stabilizers for polyethylene.
PAR  The stabilizers (0.1% by weight) were milled into unstabilized polyethylene
      ("DYNH") at 310.degree.F. for 5-7 minutes. The polymer was then extruded
      into plates, 75 millimeters thick. The plates were aged at 375.degree.F.
      and the time to resinification determined.
TBL                                    Table IV                                
     __________________________________________________________________________
                           Minutes to                                          
     Compound              Resinification (375.degree.F.)                      
     __________________________________________________________________________
     (1)                                                                       
        Control (unstabilized)                                                 
                           120                                                 
     (2)                                                                       
        4-(1,1,3,3-tetramethylbutyl)-4'-                                       
        triphenylmethyldiphenylamine                                           
                           150                                                 
     (3)                                                                       
        2,4,4'-tris(alpha,alpha-dimethyl-                                      
        benzyl)diphenylamine                                                   
                           180                                                 
     __________________________________________________________________________
PAC  EXAMPLE XX
PAR  This example demonstrates the usefulness of the compounds of the invention
      as stabilizers for polypropylene in combination with dilauryl
      thiodipropionate. The stabilizers were incorporated into the polypropylene
      (unstabilized "Profax 6501") by first milling the resin at 340.degree.F.
      for several minutes, then adding the stabilizers to the polymer. The
      milling was continued for 8-10 minutes. The polymer was then molded into
      plates 90 millimeters thick. Three plates of each sample of stabilized
      polymer were aged at 300.degree.F. in a circulating air oven. The break
      point was defined as the first sign of embrittlement or crumbling in two
      out of the three pieces.
PAR  Table V illustrates the synergism obtained with diphenylamine derivatives
      of the invention with dilauryl 3,3'-thiodipropionate both in stabilization
      and color and indicates their superiority over chemicals of prior art.
TBL                                    Table V                                 
     __________________________________________________________________________
                                Days to                                        
                                Break  Initial                                 
                                            Color at                           
     Compound              (conc.)                                             
                                at 300.degree.F.                               
                                       Color                                   
                                            Break                              
     __________________________________________________________________________
     (1)                                                                       
        4,4'-bis(1,1,3,3-tetramethyl-                                          
        butyl)diphenylamine*                                                   
                           (0.3%)                                              
                                 2     white                                   
                                            yellow                             
     (2)                                                                       
        dilauryl 3,3'-thiodipropionate                                         
                           (0.4%)                                              
                                10     white                                   
                                            white                              
     (3)                                                                       
        4,4'-bis(1,1,3,3-tetramethyl-                                          
        butyl)diphenylamine                                                    
                           (0.1%)                                              
                                20     white                                   
                                            white                              
        dilauryl 3,3'-thiodipropionate*                                        
                           (0.4%)                                              
     (4)                                                                       
        2,4,4'-tris(alpha,alpha-dimethyl-                                      
        benzyl)diphenylamine                                                   
                           (0.1%)                                              
                                30     white                                   
                                            white                              
        dilauryl 3,3'-thiodipropionate                                         
                           (0.4%)                                              
     (5)                                                                       
        4-(1,1,3,3-tetramethylbutyl)-4'-                                       
        trityldiphenylamine                                                    
                           (0.1%)                                              
                                48     white                                   
                                            yellow                             
        dilauryl 3,3'-thiodipropionate                                         
                           (0.4%)                                              
     (6)                                                                       
        nickel 4,4'-bis(alpha,alpha-di-                                        
        methylbenzyl)diphenylamine-2-  off- off-                               
        carboxylate        (0.1%)                                              
                                62     white                                   
                                            white                              
        dilauryl 3,3'-thiodipropionate                                         
                           (0.4%)                                              
     __________________________________________________________________________
      *Prior Art                                                               
PAR  Table VI is a further illustration of the synergism between the
      diphenylamine derivatives of the invention and dilauryl
      3,3'-thiodipropionate.
TBL                                    Table VI                                
     __________________________________________________________________________
                               Days to                                         
                               Break  Initial                                  
                                           Color at                            
     Compound             (conc.)                                              
                               at 300.degree.F.                                
                                      Color                                    
                                           Break                               
     __________________________________________________________________________
     (1)                                                                       
        dilauryl 3,3'-thiodipropionate                                         
                          (0.4%)                                               
                               20     white                                    
                                           off-white                           
     (2)                                                                       
        2,4,4'-tris(alpha,alpha-di-                                            
        methylbenzyl)diphenylamine                                             
                          (0.1%)                                               
                               41     white                                    
                                           white                               
        dilauryl 3,3'-thiodipropionate                                         
                          (0.4%)                                               
     (3)                                                                       
        4,4'-bis(alpha,alpha-dimethyl-                                         
        benzyl)-2-carboxydiphenylamine                                         
                          (0.1%)                                               
                               41     yellow                                   
                                           yellow                              
        dilauryl 3,3'-thiodipropionate                                         
     (4)                                                                       
        4-(alpha,alpha-dimethylbenzyl)-                                        
        4'-isopropoxydiphenylamine                                             
                          (0.1%)                                               
                               31     orange                                   
                                           white                               
        dilauryl 3,3'-thiodipropionate                                         
                          (0.4%)                                               
     __________________________________________________________________________
PAR  Table VII illustrates the effectiveness of the phenylnaphthylamine
      derivatives of the invention as stabilizers for polypropylene, their
      synergism with dilauryl 3,3'-thiodipropionate and their superiority over
      chemicals of prior art.
TBL                                    Table VII                               
     __________________________________________________________________________
                                      Initial                                  
                                            Color at                           
     Compound             (conc.)                                              
                               at 300.degree.F.                                
                                      Color Break                              
     __________________________________________________________________________
     (1)                                                                       
        N-phenyl 1-naphthylamine*                                              
                          (0.1%)                                               
                               1      white yellow                             
        "                 (0.3%)                                               
                               1      buff  dark yellow                        
     (2)                                                                       
        N-phenyl 2-naphthylamine*                                              
                          (0.1%)                                               
                               1      off-white                                
                                            yellow                             
                          (0.3%)                                               
                               1      pink  dark yellow                        
     (3)                                                                       
        N-(4-alpha,alpha-dimethyl-                                             
                          (0.1%)                                               
                               2      white tan                                
        benzylphenyl)-1-naphthylamine                                          
                          (0.3%)                                               
                               19     tan   tan                                
     (4)                                                                       
        N-(4-alpha,alpha-dimethylbenzyl-                                       
                          (0.1%)                                               
                               2      off-white                                
                                            tan                                
        phenyl)-2-naphthylamine                                                
                          (0.3%)                                               
                               16     light pink                               
                                            tan                                
     (5)                                                                       
        N-(4-alpha,alpha-dimethyl                                              
        benzylphenyl)-1-naphthylamine                                          
                          (0.1%)                                               
                               32     white off-white                          
        dilauryl 3,3'-thiodipropionate                                         
                          (0.4%)                                               
     (6)                                                                       
        N-phenyl-1-naphthylamine*                                              
                          (0.1%)                                               
                               12     white white                              
        dilauryl 3,3'-thiodipropionate                                         
                          (0.4%)                                               
     (7)                                                                       
        N-phenyl-2-naphthylamine*                                              
                          (0.1%)                                               
                               16     off-white                                
                                            off-white                          
        dilauryl 3,3'-thiodipropionate                                         
                          (0.4%)                                               
     (8)                                                                       
        N-(4-alpha,alpha-dimethylbenzyl-                                       
        phenyl)-2-naphthylamine                                                
                          (0.1%)                                               
                               24     white off-white                          
        dilauryl 3,3'-thiodipropionate                                         
                          (0.4%)                                               
     __________________________________________________________________________
       *Prior Art                                                              
PAC  EXAMPLE XXI
PAR  This example demonstrates the usefulness of the compounds of the invention
      in combination with dilauryl 3,3'-thiodipropionate as thermal stabilizers
      for acrylonitrile-butadiene-styrene thermoplastics.
PAR  A 91.1% dispersion of a commercial ASB thermoplastic was made with
      chloroform as the dispersing agent. The ABS used in all studies contains
      approximately 56.5% styrene, 23.5% acrylonitrile, and 20.0% butadiene
      prepared by the method of Childers and Fisk, U.S. Pat. No. 2,820,773.
      Atioxidants were dissolved in chloroform and the proper amount added to
      the ABS homogeneous dispersion.
PAR  Films were prepared on salt plates by evaporation of smears of the
      dispersions. The films were aged at 400.degree.F. in a circulating air
      oven and the infrared spectrum examined at specified time intervals. The
      optical density of the 5.85 carbonyl band was plotted against time in
      minutes. The oxidative life of the polymer containing the antioxidants was
      defined by a large increase in the slope of the plot. Table VIII
      illustrates the effectiveness of the chemical combinations when compared
      to a commercial phenolic system.
TBL                                    Table VIII                              
     __________________________________________________________________________
                                     Oxidative Life                            
                             Concentration                                     
                                     at 400.degree.F.                          
     Compound                % by Weight                                       
                                     (Minutes)                                 
     __________________________________________________________________________
     (1)                                                                       
        2-(alpha-methylheptyl)-4,4'-bis(alpha,                                 
        alpha-dimethylbenzyl)diphenylamine                                     
                             (0.5%)  135                                       
        dilauryl 3,3-thiodipropionate                                          
                             (0.5%)                                            
     (2)                                                                       
        4-(1,1,3,3-tetramethylbutyl)-4'-                                       
        trityldiphenylamine  (0.5%)  150                                       
        dilauryl 3,3'-thiodipropionate                                         
                             (0.5%)                                            
     (3)                                                                       
        methylene bis-(4-methyl-6-nonyl)phenol                                 
        ("Naugawhite")       (0.25%) 75                                        
        dilauryl 3,3'-thiodipropionate                                         
                             (0.70%)                                           
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition comprising a major amount of a substrate which is a
      lubricating oil, containing intimate admixture, as an antioxidant, a
      stabilizing amount of a chemical selected from the group consisting of
PA1  N-(4-alpha, alpha-dimethylbenzylphenyl)-1-naphthylamine,
PA1  N-(4-alpha, alpha-dimethylbenzylphenyl)-2-naphthylamine, and
PA1  N-(4-alpha, alpha-dimethylbenzylphenyl)-1-(alpha,
      alpha-dimethylbenzyl)-2-naphthylamine.
NUM  2.
PAR  2. A composition as in claim 1 in which the said chemical is
      N-(4-alpha,alpha-dimethylbenzylphenyl)-1-naphthylamine.
NUM  3.
PAR  3. A composition as in claim 1 in which the said chemical is
      N-(4-alpha,alpha-dimethylbenzylphenyl)-2-naphthylamine.
NUM  4.
PAR  4. A composition as in claim 1 in which the said chemical is N-(4-alpha,
      alpha-dimethylbenzylphenyl)-1-(alpha,
      alpha-dimethylbenzyl)-2-naphthylamine.
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ABST
PAL  The present invention relates to the use of low levels of certain
      alkoxylated amines as charge control agents for an electrostatic toner
      contained in dry electrographic developer compositions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrography and to a particulate toner
      composition and a dry electrographic developer composition containing such
      a toner useful in the development of latent electrostatic charge images.
PAR  Electrographic imaging and developing processes, e.g. electrophotographic
      imaging processes and techniques, have been extensively described in both
      the patent and other literature, for example, U.S. Pat. Nos. 2,221,776
      issued Nov. 19, 1940; 2,277,013 issued Mar. 17, 1942; 2,297,691 issued
      Oct. 6, 1942; 2,357,809 issued Sept. 12, 1944; 2,551,582 issued May 8,
      1951; 2,825,814 issued Mar. 4, 1958; 2,833,648 issued May 6, 1958;
      3,220,324 issued Nov. 30, 1965; 3,220,831 issued Nov. 30, 1965; 3,220,833
      issued Nov. 30, 1965; and many others. Generally these processes have in
      common the steps of forming a latent electrostatic charge image on an
      insulating electrographic element. The electrostatic latent image is then
      rendered visible by a development step in which the charged surface of the
      electrographic element is brought into contact with a suitable developer
      mix. Conventional dry developer mixes include toner or marking particles
      and may also include a carrier vehicle that can be either a magnetic
      material such as iron filings, powdered iron or iron oxide, or a
      triboelectrically chargeable, non-magnetic substance like glass beads or
      crystals of inorganic salts such as sodium or potassium fluoride. The
      toner or marking particles typically contain a resinous material suitably
      colored or darkened, for contrast purposes, with a colorant like dyestuffs
      or pigments such as carbon black.
PAR  One method for applying a suitable dry developer mix to a charged
      image-bearing electrographic element is by the well-known magnetic brush
      process. Such a process generally utilizes an apparatus of the type
      described, for example, in U.S. Pat. No. 3,003,462 issued Oct. 10, 1961
      and customarily comprises a non-magnetic rotatably mounted cylinder having
      fixed magnetic means mounted inside. The cylinder is arranged to rotate so
      that part of the surface is immersed in or otherwise contacted with a
      supply of developer mix. The granular mass comprising the developer mix is
      magnetically attracted to the surface of the cylinder. As the developer
      mix comes within the influence of the field generated by the magnetic
      means within the cylinder, particles thereof arrange themselves in
      bristle-like formations resembling a brush. The brush formations that are
      formed by the developer mix tend to conform to the lines of magnetic flux,
      standing erect in the vicinity of the poles and laying substantially flat
      when said mix is outside the environment of the magnetic poles. Within one
      revolution the continually rotating cylinder picks up developer mix from a
      supply source and returns part or all of this material to this supply.
      This mode of operation assures that fresh mix is always available to the
      surface of the charged electrographic element at its point of contact with
      the brush. In a typical rotational cycle, the roller performs the
      successive steps of developer mix pickup, brush formation, brush contact
      with the electrographic element, e.g. a photoconductive element, brush
      collapse and finally mix release.
PAR  In magnetic brush development, as well as in various other types of
      electrographic development wherein a dry triboelectric mixture of a
      particulate carrier vehicle and a toner powder are utilized, e.g., cascade
      development such as described in U.S. Pat. Nos. 2,638,416 and 2,618,552,
      it is advantageous to modify the triboelectric properties of the toner
      powder so that a uniform, stable relatively high net electrical charge may
      be imparted to the toner powder by the particulate carrier vehicle. It is
      also highly advantageous if the triboelectric properties of the toner
      powder remain fairly uniform even when the toner powder is used under
      widely varying relative humidity (RH) conditions.
PAR  A variety of methods and material for modifying the triboelectric
      properties of particulate toner particles have been proposed. For example,
      Olson, U.S. Pat. No. 3,647,696 issued Mar. 7, 1972 describes a uniform
      polarity resin electrostatic toner containing a mono- or di-functional
      organic acid nigrosine salt. The nigrosine salt described in U.S. Pat. No.
      3,647,696 aids in providing a relatively high uniform net electrical
      charge to a toner powder containing such a nigrosine salt. However,
      subsequent testing and development relating to the use of such organic
      acid nigrosine salts has shown that such materials, when incorporated in a
      toner composition, contribute to a decrease in the adhesion of the toner
      particles to a suitable paper receiving sheet. For example, it has been
      found that when a toner image is transferred from a charge image-bearing
      electrographic element to a paper receiving sheet and fixed to the
      receiving sheet, the image formed on the receiving sheets tends to flake
      off when the sheet is bent or folded.
PAR  Other materials which have been employed as modifying agents for dry toner
      compositions include various long-chain anionic or cationic materials such
      as various surfactants. Typical of these surfactant materials are the long
      chain quaternary ammonium surfactants. The use of such materials is
      described, for example, in British Pat. No. 1,174,573 published Dec. 17,
      1969, at page 2, column 2 through page 3. In addition, Jacknow et al, U.S.
      Pat. No. 3,577,345 issued May 4, 1971, describes a solid metal salt of a
      fatty acid admixed with one of various other described solid additives as
      a useful modifying combination for a dry toner composition.
PAR  Still other materials which have been found useful as charge control agents
      for electrostatic toner compositions are various non-surfactant short
      chain quaternary ammonium salts such as those described in Jadwin et al.
      U.S. Pat. Application Ser. No. 399,266; filed Sept. 20, 1973. These
      non-surfactant short chain quaternary salts have been found capable of
      providing relatively high, uniform net electrical charge to a toner powder
      in which these materials are incorporated without any substantial
      deleterious effect on the adhesion properties of the toner composition.
      Although the above-described non-surfactant short chain quaternary
      ammonium salts have been found quite useful, it would be desirable to have
      a charge control agent for a dry electrostatic developer composition which
      imparts even greater RH stability to the developer composition.
PAR  In addition to the above-mentioned materials which have been used
      specifically to modify the triboelectric properties of electrostatic toner
      particles contained in dry electrographic developer compositions, still
      other literature sources have suggested amines as a general class of
      materials which may be incorporated as an additive for various purposes in
      a wide variety of printing and marking compositions, including printing
      inks and liquid electrographic developers as well as dry electrographic
      developers. For example, with respect to dry electrographic developer
      compositions, U.S. Pat. No. 3,565,805 issued Feb. 23, 1971 describes the
      use of chemically inert organic oleaginous liquids such as alkylamines
      containing 2 to 18 carbon atoms as "tackifying" agents for electrostatic
      toner particles; and British Patent 1,117,224 describes the use of
      aliphatic amines and polypropanol and polyethanol amine surfactants as one
      of a wide variety of different kinds of surfactants which may be employed
      in the emulsion polymerization of resins useful in the manufacture of
      electrostatic toner particles. In addition, German OLS 2,241,515 dated May
      3, 1973 and OLS 2,128,499 dated Dec. 16, 1971 describe a porous magnetic
      electrostatic toner composition having adsorbed to the surface, in an
      amount greater than about 4.7 weight percent, a non-volatile amine. This
      toner composition is used in the development of an electrostatic latent
      image to form a toner image which is contacted to a light sensitive layer
      of a two-component diazo sheet. The adsorbed amine of the toner image
      allegedly renders the light sensitive layer of the diazo material alkaline
      at the various points where it contacts the layer so that development of
      the diazo material can proceed.
PAR  With respect to various conductive printing ink compositions, it may be
      noted that U.S. Pat. Nos. 3,427,258 issued Feb. 11, 1969 and British Pat.
      No. 1,169,703 dated Nov. 24, 1966 describe depositing various amines,
      including alkylene diamines and amine surfactants, in amounts greater than
      about 2 weight percent, on the surface of ink particles to increase the
      electrical conductivity thereof to a level generally less than about
      10.sup.10 ohm-cm.
PAR  With respect to liquid electrographic developer compositions, U.S. Pat. No.
      3,417,019 issued Dec. 7, 1968 describes the incorporation of at least 3 up
      to about 50 percent by weight of a variety of materials including heavy
      metal soaps, and non-ionic, anionic, and cationic surfactants as charge
      agents for the solid toner particles contained in liquid electrographic
      developers. Among the many charge agents materials disclosed for use in
      liquid developers in U.S. Pat. No. 3,417,019 are polyethylene glycols
      containing amino groups. Unfortunately, because of the many physical and
      electrical differences existing between liquid and dry electrographic
      developers, many, if not most, of the charge agents described therein are
      unsatisfactory for use in dry developers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided an improved dry
      particulate electrostatic toner composition and a dry developer
      composition containing said toner triboelectrically attractable to a
      particulate carrier vehicle. The improved toner composition of the
      invention comprises a resin binder and dispersed in said binder a small
      amount, i.e. less than two percent by weight, of certain alkoxylated amine
      charge control agents. Advantageously, a suitable colorant such as a
      pigment or dye may also be incorporated in the toner. Typical of the amine
      charge control agents useful in the present invention are materials having
      the following formula:
      ##EQU1##
      wherein: a and b represent integers of from 2 to about 4 and may be the
      same or different, x and y represent integers of from 1 to about 10 and
      may be the same or different, and R is an alkyl group containing from
      about 8 to about 30 carbon atoms.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph illustrating the effect of increasing relative humidity
      (at 28.degree. C) on the net toner charge of two similar electrostatic
      toner compositions, A and B, except that Toner A has incorporated therein
      a prior art charge control agent of tetrapentylammonium chloride and Toner
      B has incorporated therein an alkoxylated charge control agent of the
      present invention.
PAR  FIG. 2 is a graph illustrating the effect on the net toner charge of four
      toner compositions, Curves 1-4, subjected to an identical simulation test
      representing a 30,000 print run on an electrophotographic document copier.
      The difference among the four toner compositions tested is the type of
      incorporated alkoxylated charge control agent.
PAR  FIG. 3 is a graph showing the effect on the net toner charge of five toner
      compositions, Curves 1-5, subjected to an identical simulation test
      representing a 30,000 print run on an electrophotographic document copier.
      The difference among the five toner compositions tested is the amount of
      incorporated alkoxylated charge control agent.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention has been found to provide numerous advantages. Among
      others, the alkoxylated amine charge control agents used in the invention
      have been found to provide a particulate toner composition which exhibits
      a relatively high, uniform and stable net toner charge when admixed with a
      suitable particulate carrier vehicle. Moreover, the amount of deleterious
      toner throw-off is generally quite low. In addition, the alkoxylated amine
      charge control agents used in the invention have been found to have no
      deleterious effect on the adhesion properties of the resultant toner
      composition containing these charge control agents when such toner
      compositions are fused to conventional plain paper receiving sheets.
PAR  In addition to the foregoing advantages, the charge control agents used in
      the present invention have been found surprisingly effective at providing
      a resultant electrostatic toner composition which is capable of
      maintaining a relatively high, stable net toner charge level when admixed
      with a particulate carrier vehicle even under widely varying relative
      humidity (RH) conditions. This is particularly advantageous as it permits
      one to obtain effective electrographic development with low amounts of
      toner throw-off even at relatively low and high RH conditions, for
      example, 5% RH at 28.degree. C and 90% RH at 28.degree. C.
PAR  Moreover, the particular molecular structure of charge agents of the
      present invention, namely the combination of the long chain alkyl group
      and the two alkoxyl-containing groups surrounding the central nitrogen
      atom, provide an amine structure which is biologically and environmentally
      safe as compared to amines in general such as many alkylene amines which
      possess undesirably high toxicity levels.
PAR  It has further been found that particulate resinous toner particles
      containing an effective amount of the above-described alkoxylated amine
      charge control agents generally result in good to excellent electrographic
      developed images exhibiting good uniform density with little or no
      background scumming.
PAR  The resins useful as binders in the practice of the present invention
      include those resins conventionally employed in electrostatic toners.
      Useful resins generally have a glass transition temperature within the
      range of from 40.degree. to 120.degree. C. Preferably, toner particles
      prepared from these resinous materials have relatively high caking
      temperature, for example, higher than about 55.degree. C., so that the
      toner powders may be stored for relatively long periods of time at fairly
      high temperatures without having individual particles agglomerate and
      clump together. The softening temperature of useful resins preferably is
      within the range of from about 40.degree. C. to about 200.degree. C. so
      that the toner particles can readily be fused to conventional paper
      receiving sheet to form a permanent image. Especially preferred resins are
      those having a softening temperature within the range of from about
      40.degree. C. to about 65.degree. C. because toners containing these
      binders can be used in high speed electrographic copy machines employing
      plain paper as the receiving sheet to which the toned images are fused. Of
      course, where other types of receiving elements are used, for example,
      metal plates such as certain printing plates, resins having a softening
      temperature and glass transition temperature higher than the values
      specified above may be used.
PAR  As used herein the term "softening temperature" refers to the softening
      temperature of a resin as measured by E. I. duPont de Nemours Company,
      Model 941 TMA (Thermal Mechanical Analyzer). Glass transition temperature
      (Tg) as used herein refers to the temperature at which a polymeric
      material changes from a glassy polymer to a rubbery polymer. This
      temperature (Tg) can be measured by differential thermal analysis as
      disclosed in Techniques and Methods of Polymer Evaluation, Vol. 1, Marcel
      Dekker, Inc., N.Y. 1966.
PAR  Among the various resins which may be employed in the toner particles of
      the present invention are polystyrene containing resins, polycarbonates,
      rosin modified maleic alkyd resins, polyamides, phenol-formaldehyde resins
      and various derivatives thereof, polyester condensates, modified alkyd
      resins and the like, aromatic resins containing alternating methylene and
      aromatic units such as described in Merrill et al, U.S. Ser. No. 168,389,
      filed Aug. 2, 1971, and fusible cross-linked polymers as described in
      Jadwin et al, U.S. Ser. No. 380,317, filed July 18, 1973, and the like.
PAR  Especially useful toner resins include certain polycarbonates such as those
      described in U.S. Pat. No. 3,694,359 issued Sept. 26, 1972, and which
      includes polycarbonate materials containing an alkylidene diarylene moiety
      in a recurring unit and having from 1 to about 10 carbon atoms in the
      alkyl moiety. Other useful resins having the above-described physical
      properties include polymeric esters of acrylic and methacrylic acid such
      as poly(alkylacrylate) including poly(alkylmethacrylate) wherein the alkyl
      moiety can contain from 1 to about 10 carbon atoms. Additionally, other
      polyesters having the aforementioned physical properties are also useful.
PAR  Still other especially useful resins are various styrene-containing resins.
      Such polymers typically comprise a polymerized blend of from about 40 to
      about 100 percent by weight of styrene, including styrene homologs; from
      about 0 to about 45 percent by weight of one or more lower alkyl acrylates
      or methacrylates having from 1 to about 4 carbon atoms in the alkyl moiety
      such as methyl, ethyl, isopropyl, butyl, etc.; and from about 0 to about
      50 percent by weight of one or more vinyl monomers other than styrene, for
      example, a higher alkyl acrylate or methacrylate (including branched alkyl
      and cycloalkyl acrylates and methacrylates) having from about 6 to 20 or
      more carbon atoms in the alkyl group. A typical styrene-containing resin
      prepared from a copolymerized blend as described hereinabove are
      copolymers prepared from a monomeric blend of 40 to 60 percent by weight
      styrene or styrene homolog, from about 20 to about 50 percent by weight of
      a lower alkyl acrylate or methacrylate and from about 5 to about 30
      percent by weight of a higher alkyl acrylate or methacrylate such as
      ethylhexyl acrylate. Especially useful styrene-containing binder resins
      are cross-linked fusible styrene-containing polymers such as described in
      the above-referenced Jadwin et al patent application incorporated herein
      by reference thereto. A variety of other useful styrene containing toner
      materials are disclosed in the following U.S. Pat. Nos.: 2,917,460 issued
      Dec. 15, 1959; Re. 25,136 issued Mar. 13, 1962; 2,788,288 issued Apr. 9,
      1957; 2,638,416 issued Apr. 12, 1953; 2,618,552 issued Nov. 18, 1952 and
      2,659,670 issued Nov. 17, 1953.
PAR  The amount of binder resin employed in the toner particles used in the
      present invention may vary depending on the amounts of other addenda which
      one may desire to incorporate in the toner composition. For example,
      various colorant and/or magnetic materials can advantageously be
      incorporated in the toner particles when the particles are desired for use
      in certain applications requiring such addenda. Typically, however, the
      binder resin is present in an amount equal to or greater than about 50
      percent by weight of the toner composition. And, in accord with certain
      particularly useful embodiments of the invention where it is desired to
      employ the resultant toner composition in a high speed electrographic
      office copy machine, it is desirable to use an amount of binder resin
      within the range of from about 75 to about 98 weight percent based on the
      total weight of the particulate toner composition.
PAR  The toner particles of the present invention can be prepared by various
      methods. One convenient technique for preparing these toners is
      spray-drying. Spray-drying involves dissolving the polymer and adding the
      toner colorant and charge control agent to a volatile organic solvent such
      as dichloromethane. This solution is then sprayed through an atomizing
      nozzle using a substantially nonreactive gas such as nitrogen as the
      atomizing agent. During atomization, the volatile solvent evaporates from
      the airborne droplets, producing toner particles of the uniformly dyed or
      pigmented resin. The ultimate particle size is determined by varying the
      size of the atomizing nozzle and the pressure of the gaseous atomizing
      agent. Particles of a diameter between about 0.1 micron and about 100
      microns may be used; although, in general, present day office copy devices
      typically employ particles between about 1.0 and 30 microns. However,
      larger particles or smaller particles can be used where desired for
      particular methods of development or particular development conditions.
      For example, in powder cloud development such as described in U.S. Pat.
      No. 2,691,345 issued Oct. 12, 1954, extremely small toner particles on the
      order of about 0.01 microns may be used.
PAR  Another convenient method for preparing the toner composition of the
      present invention is melt-blending. This technique involves melting a
      powdered form of polymer or resin and mixing it with suitable colorants,
      such as dyes or pigments, and the charge control agent. The resin can
      readily be melted on heated compounding rolls which are also useful to
      stir or otherwise blend the resin and addenda so as to promote the
      complete intermixing of these various ingredients. After thorough
      blending, the mixture is cooled and solidified. The resultant solid mass
      is then broken into small particles and finely ground to form a
      free-flowing powder of toner particles. These particles typically have an
      average particle size or average diameter within the range of from about
      0.1 to about 100 microns.
PAR  As described hereinabove the alkoxylated amine charge control agents used
      in the invention are added to the resinous toner composition in an amount
      effective to improve the charge properties of the toner composition. The
      addition of a charge control agent improves the charge uniformity of a
      particular toner composition, i.e. acts to provide a toner composition in
      which all or substantially all of the individual discrete toner particles
      exhibit a triboelectric charge of the same sign (negative or positive)
      with respect to a given carrier vehicle, increases the net electrical
      charge exhibited by a specified quantity of toner particles relative to a
      given carrier vehicle, and reduces the amount of "toner throw-off" of a
      given toner composition. As used herein, the phrases "net electrical
      charge exhibited by a toner powder" or "net toner charge" are equivalent
      and are defined as the total electrical charge exhibited by a specified
      amount of a particular toner when admixed with a specified amount of a
      particular carrier vehicle. Although the phenomenon by which such an
      electrical charge is imparted is not fully understood, it is believed due
      in large part to the triboelectric effect caused by the physical admixture
      of toner and carrier. As used herein, the term "toner throw-off" is
      defined as the amount of toner powder thrown out of a developer mix as it
      is mechanically agitated, e.g., in a development apparatus. Aside from the
      extraneous contamination problems inherent with airborne toner dust in the
      development apparatus, "toner throw-off" also leads to imaging problems
      such as unwanted background and scumming of the electrographic
      image-bearing element.
PAR  The amount of the alkoxylated amine charge control agent useful in the
      present invention is important. Generally, it has been found desirable to
      employ an amount of amine charge control agent within the range of from
      about 0.1 to less than 2 weight percent and preferably 0.3 to about 1.5
      weight percent based on the total weight of the particulate toner
      composition. It has been found that if amounts much lower than those
      specified above are used, the charge control agent tends to exhibit little
      or substantially no improvement in the properties of the toner
      composition. As amounts more than about 1.5 weight percent of the charge
      control agent are used, especially amounts more than about 2.0 weight
      percent, it has been found that the net toner charge exhibited by the
      resultant toner composition becomes quite unstable and is substantially
      reduced. Of course, it must be recognized that the optimum amount of
      charge control agent to be added will depend in part on the particular
      alkoxylated amine charge control agent selected and the particular toner
      composition to which it is added. However, the amounts specified
      hereinabove are typical of the useful range of charge control agent used
      in conventional dry toner materials. Advantageously, the charge agents
      used in the present invention are uniformly distributed throughout the
      resin binder of the toner particles.
PAR  As indicated, the amine charge control agents employed in the present
      invention typically have the formula:
      ##EQU2##
      wherein: a and b represent integers of from 2 to about 4 and may be the
      same or different; x and y represent integers of from 1 to about 10 and
      may be the same or different; and R is an alkyl group containing from
      about 8 to about 30 carbon atoms, including straight chain-, branched
      chain-, and cyclo-alkyl groups. Best results have generally been obtained
      in accord with the invention using ethoxylated amine charge control agents
      having the above formula wherein a and b are 2; x and y represent integers
      of 1 to about 10, the sum of x and y equal to or less than about 10; and R
      is a straight-chain alkyl group containing 12 to about 22 carbon atoms.
      The alkoxylated amines most useful in the present invention at normal
      pressure (i.e. 1 atm.) and temperature (28.degree. C) conditions are
      wax-like solid materials. Lower molecular weight liquid alkoxylated amines
      are generally not as useful as a charge agent as the wax-like solid
      materials because these liquid amines impair the keeping properties of the
      toner.
PAR  A variety of colorant materials selected from dyestuffs or pigments may be
      employed in the toner materials of the present invention. Such materials
      serve to color the toner and/or render it more visible. Of course,
      suitable toner materials having the appropriate charging characteristics
      can be prepared without the use of a colorant material where it is desired
      to have a developed image of low optical opacity. In those instances where
      it is desired to utilize a colorant, the colorants used, can, in
      principle, be selected from virtually any of the compounds mentioned in
      the Colour Index Volumes 1 and 2, Second Edition.
PAR  Included among the vast number of useful colorants would be such materials
      as Hansa Yellow G (C.I. 11680), Nigrosine Spirit soluble (C.I. 50415),
      Chromogen Black ET00  (C.I. 45170), Solvent Black 3 (C.I. 26150), Fuchsine
      N (C.I. 42510), C.I. Basic Blue 9 (C.I. 52015), etc. Carbon black also
      provides a useful colorant. The amount of colorant added may vary over a
      wide range, for example, from about 1 to about 20 percent of the weight of
      the thermoplastic resin. Particularly good results are obtained when the
      amount is from about 2 to about 10 percent. In certain instances, it may
      be desirable to omit the colorant, in which case the lower limit of
      concentration would be zero.
PAR  The toners of this invention can be mixed with a carrier vehicle to form
      developing compositions. The carrier vehicles which can be used with the
      present toners to form new developer compositions can be selected from a
      variety of materials. Suitable carrier vehicles useful in the invention
      include various nonmagnetic particles such as glass beads, crystals of
      inorganic salts such as sodium or potassium chloride, hard resin
      particles, metal particles, etc.
PAR  In addition, magnetic carrier particles can be used in accordance with the
      invention. In fact, the toner compositions of the present invention are
      especially suited for use with magnetic carrier particles as the problem
      of "toner throw-off" is especially bothersome in magnetic brush
      development processes. Suitable magnetic carrier particles are particles
      of ferromagnetic materials such as iron, cobalt, nickel, and alloys and
      mixtures thereof. Other useful magnetic carriers are mixtures of
      rough-surfaced, irregularly shaped magnetic particles and smooth-surfaced,
      regularly-shaped magnetic particles such as described in Trachtenberg et
      al, U.S. Ser. No. 236,724  filed Mar. 21, 1972. Other useful magnetic
      carriers are particles wherein each individual carrier particle contains a
      plurality of magnetic particles uniformly dispersed throughout an
      electrically insulating polymeric matrix such as described in Canadian
      Pat. No. 835,317 dated Feb. 24, 1970. Other useful magnetic carriers are
      ferromagnetic particles overcoated with a thin layer of various
      film-forming resins, for example, the alkali-soluble carboxylated polymers
      described in Miller, U.S. Pat. No. 3,547,822 issued Dec. 15, 1970. Still
      other useful resin coated magnetic carrier particles are described in
      Miller, U.S. Pat. No. 3,632,512 issued Jan. 4, 1972; McCabe, U.S. Ser. No.
      236,765, filed Mar. 21, 1972, entitled "Electrographic Carrier Vehicle and
      Developer Composition -- Case B"; and Kasper U.S. Ser. No. 236,614, filed
      Mar. 21, 1972, entitled, "Electrographic Carrier Vehicle and Developer
      Composition -- Case D". Other useful resin coated magnetic carrier
      particles include carrier particles coated with various fluorocarbons such
      as polytetrafluoroethylene, polyvinylidene fluoride, and mixtures thereof
      including copolymers of vinylidene fluoride and tetrafluoroethylene.
PAR  A typical developer composition containing the above-described toner and a
      carrier vehicle generally comprises from about 1 to about 10 percent by
      weight of particulate toner particles. Typically, the carrier particles
      are larger than the toner particles. Conventional carrier particles have a
      particle size on the order of from about 30 to about 1200 microns,
      preferably 60-300 microns.
PAR  The toner and developer compositions of this invention can be used in a
      variety of ways to develop electrostatic charge patterns or latent images.
      Such developable charge patterns can be prepared by a number of means and
      be carried for example, on a light sensitive photoconductive element or a
      non-light sensitive dielectric-surfaced element such as a receiver sheet.
      One suitable development technique involves cascading the developer
      composition across the electrostatic charge pattern; while another
      technique involves applying toner particles from a magnetic brush. This
      latter technique involves the use of a magnetically attractable carrier
      vehicle in forming the developer composition. After imagewise deposition
      of the toner particles, the image can be fixed by heating the toner to
      cause it to fuse to the substrate carrying the toner. If desired, the
      unfused image can be transferred to another support such as a blank sheet
      of copy paper and then fused to form a permanent image.
PAR  The following examples are included for a further understanding of the
      invention.
PAC  EXAMPLE 1
PAR  In this example the alkoxylated amine charge control agents of the present
      invention were compared to tetrapentylammonium chloride, a highly useful
      charge control agent described in U.S. Ser. No. 399,266 referred to
      previously herein.
PAR  Two dry toner compositions were prepared as described below.
PAR  Toner A
PA1  100 parts by weight - Poly(styrene-co-methyl methacrylate-co-ethylhexyl
      methacrylate-co-divinyl benzene)
PA1  1 part by weight - Tetrapentylammonium chloride
PA1  4 parts by weight of conductive carbon black particles
PAR  Toner B
PA1  100 parts by weight - Poly(styrene-co-methyl methacrylate-co-ethylhexyl
      methacrylate-co-divinyl benzene)
PA1  0.5 part by weight - Ethomeen 18/12 (an ethylene oxide condensation product
      of a primary fatty amine purchased from ARMAK Chemical Corporation)
PA1  5 parts by weight of conductive carbon black particles
PAL  Toners A and B were admixed with magnetic carrier particles having an
      average particle size of about 125 microns comprising Hoeganaes EH sponge
      iron coated with a fluorocarbon resin to form two different developers,
      Developer A and B respectively. Each developer was composed of 3% by
      weight toner and 97% by weight carrier particles. The effective net toner
      charge (.mu.coul/gram) imparted to the toner particles of these two
      developers was measured at various RH levels, and the results of these
      measurements are depicted in FIG. 1. Specifically, after thoroughly mixing
      together the toner and carrier particles of each developer, the net toner
      charge is measured using an iron Faraday tube and a Keithley electrometer
      in the following manner: a weighed portion of each of the developers is
      placed in the iron tube that is covered at one end with a 200 mesh screen
      that retains all carrier particles within the tube. The iron tube is
      connected in series with a capacitor to ground. An air stream is then
      directed through the tube, blowing toner particles off the carrier,
      through the 200 mesh screen at the exit end. The potential resulting on
      the capacitor is measured by the electrometer. The potential obtained is
      converted to electrical charge in microcoulombs and this figure is divided
      by the weight in grams of the toner that is removed from the tube,
      providing the net toner charge in microcoulombs per gram. It will be noted
      that in a triboelectric charge range of 8-35 .mu.coul/gram, that Toner B
      is operable at a much wider range of relative humidities than is Toner A.
      The triboelectric charge range of 8-35 .mu.coul/gram has been found to be
      a useful charge range for many magnetic brush development systems.
PAC  EXAMPLE 2
PAR  Part 1
PAR  A control toner (Toner C) was prepared by melt blending the addenda below
      on a 2-roll mill, cooling the material, and then grinding on a fluid
      energy mill to an average particle size of between 3 to 15 microns.
PA1  100 parts by weight of poly(styrene-co-methyl methacrylate-co-ethylhexyl
      methacrylate-co-divinyl benzene)
PA1  5 parts by weight of finely-divided conductive carbon black
PAL  The above toner was mixed for 15 minutes at a 3.5 percent level with the
      carrier of Example 1 to form a developer. This developer was then put
      through a simulation test representing a 30,000 print run on an
      electrophotographic document copier using magnetic brush development. The
      data indicated that the net toner charge, as measured in Example 1 using
      an iron Faraday tube and a Keithley electrometer, started at a low
      positive level and decreased with use (See curve 4 of FIG. 2 and Table A).
      A developer exhibiting these charge properties would not perform in a
      stable manner in a magnetic brush application.
PAR  Part 2
PAR  A toner was prepared as in Part 1 except that 0.5 parts by weight of
      ethoxylated amine having the formula:
      ##EQU3##
      wherein x+y=2 was added during the melt blending operation. A developer
      was prepared as in part 1 and its charge behavior followed during a
      simulated 30,000 print run as in Part 1. The data indicated that the
      developer had a high positive charge level and excellent charge stability
      over its measured lifetime (See curve 1 of FIG. 2 and Table A). An actual
      print test of &gt; 100,000 electrophotographic prints using a test
      electrophotographic document copier with magnetic brush development
      indicated that this material had excellent imaging characteristics and
      charge stability over the test duration.
PAR  Part 3
PAR  A toner was prepared as in Part 1 except that 0.5 parts of an ethoxylated
      amine having the same formula as the ethoxylated amine of Part 2 except
      that in this case X + Y = 10 was added during the melt blending operation.
      A developer was prepared and evaluated as in Part 1. The developer in this
      case had an intermediate but very acceptable positive charge level and
      exhibited excellent charge stability with life (See curve 2 of FIG. 2 and
      Table A).
PAR  Part 4
PAR  A toner was prepared as in Part 1 except that 0.5 parts of an ethoxylated
      amine having the same formula as the ethoxylated amine of Part 2 except
      that in this case X + Y = 50 was added during the melt blending operation.
      A developer was prepared and evaluated in the manner noted in Part 1. Its
      charge behavior (See curve 3 of FIG. 2 and Table A) indicated that the
      relatively high levels of ethylene oxide decreased the charging properties
      of the material so as to render it ineffective as a charge agent. An
      actual print test on this material using a test electrophotographic
      document copier with magnetic brush development showed low charge levels
      and severe contamination of the interior of the copier from developer
      dusting, i.e., toner throw-off.
TBL                                    Table A                                 
     __________________________________________________________________________
     Simulated 30,000 Print Test of FIG. 2                                     
                                  Net Toner                                    
                 Commerical       Charge(.mu.coul/gm)                          
     Example 2                                                                 
            X + Y                                                              
                 Name       15 min..sup.1                                      
                                  1 hour.sup.2                                 
                                        2 hours.sup.3                          
                                              5 hours.sup.4                    
     __________________________________________________________________________
     Part 2  2   Ethomeen 18/12*                                               
                            29    29    26    22                               
     Part 3 10   Ethomeen 18/20*                                               
                            14    12    10.3  7.7                              
     Part 4 50   Ethomeen 18/60*                                               
                            5.0   4.1   4.2   1.5                              
     Part 1 Control - No charge agent                                          
                            5.9   4.1   3.1   -3.5                             
     __________________________________________________________________________
      *purchased from ARMAK Chemical Corporation                               
      .sup.1 15 minutes after start of simulated print test equivalent to      
      approx. 1500 prints                                                      
      .sup.2  1 hour after start of simulated print test equivalent to approx. 
      6,000 prints                                                             
      .sup.3  2 hours after start of simulated print test equivalent to approx.
      12,000 prints                                                            
      .sup.4  5 hours after start of simulated print test equivalent to approx.
      30,000 prints                                                            
PAC  EXAMPLE 3
PAR  A number of dry toner formulations were prepared as in Example 2 in order
      to illustrate the effective concentration range of ethoxylated amines. A
      concentration series, using the ethoxylated amine described in Example 2,
      Part 2 at levels varying from 0.00 to 4.5 percent by weight is shown by
      curves 1-5, respectively of FIG. 3. The data indicated that in a simulated
      print test of about 30,000 prints, levels of &lt; 2 percent and preferably
      about 0.3 to about 1.5 percent maintained a charge level within the useful
      range of about 8 - 35 .mu.coul/gm (See Table B).
PAR  The invention has been described in detail with particular reference to
      certain preferred embodiments thereof, but it will be understood that
      variations and modifications can be effected within the spirit and scope
      of the invention.
TBL                                    Table B                                 
     __________________________________________________________________________
     Simulated 30,000 Print Test of Fig. 3                                     
                          Net Toner                                            
            Percent       Charge (.mu.coul/gm)                                 
     Curve No.                                                                 
            Concentration                                                      
                    15 min..sup.1                                              
                          1 hour.sup.2                                         
                                2 hours.sup.3                                  
                                      5 hours.sup.4                            
     __________________________________________________________________________
     1      0.00    5.9   4.1   3.1   -3.5                                     
     2      0.47    29    29    26    22                                       
     3      0.94    21    20    19    13                                       
     4      2.77    30    14    7     4.9                                      
     5      4.50    4.8   3.7   2.8   &lt;0.0                                     
     __________________________________________________________________________
      .sup.1 15 minutes after start of simulated print test equivalent to      
      approx. 1500 prints                                                      
      .sup.2  1 hour after start of simulated print test equivalent to approx. 
      6,000 prints                                                             
      .sup.3  2 hours after start of simulated print test equivalent to approx.
      12,000 prints                                                            
      .sup.4  5 hours after start of simulated print test equivalent to approx.
      30,000 prints                                                            
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrographic developer composition for developing electrostatic
      charge patterns comprising carrier particles having a particle size within
      the range of about 30 to about 1200 microns and, electrostatically
      attractable thereto, a dry particulate electroscopic toner composition
      comprising finely-divided particles comprising a resin and an alkoxylated
      amine having the formula:
      ##EQU4##
      wherein a and b represent integers of from 2 to about 4 and may be the
      same or different, x and y represent integers of from 1 to about 10 and
      may be the same or different, and R is an alkyl group containing from
      about 8 to about 30 carbon atoms; said amine comprising less than about 2
      weight percent of said finely-divided particles.
NUM  2.
PAR  2. An electrographic developer composition for developing electrostatic
      charge patterns comprising carrier particles having a particle size within
      the range of about 30 to about 1200 microns and, electrostatically
      attractable thereto, a dry particulate electroscopic toner composition
      comprising finely-divided particles having a particle size of from about
      0.1 micron to about 100 microns, said finely-divided particles comprising
      a resin having a softening temperature within the range of from about
      40.degree. to about 200.degree. C. and having incorporated in said resin
      an alkoxylated amine having the following formula:
      ##EQU5##
      wherein a and b represent integers of from 2 to about 4 and may be the
      same or different; x and y represent integers of from about 1 to about 10
      and may be the same or different, the sum of x and y equal to or less than
      about 10; and R is an alkyl group containing from about 12 to about 22
      carbon atoms, said amine comprising less than about 1.5 weight percent of
      said finely-divided particles.
NUM  3.
PAR  3. An electrographic developer composition as described in claim 2 wherein
      said toner composition comprises a pigment or a dyestuff in an amount
      effective to color said toner composition.
NUM  4.
PAR  4. An electrographic developer composition for developing electrostatic
      charge patterns comprising carrier particles having a particle size within
      the range of about 30 to about 1200 microns and, electrostatically
      attractable thereto, a dry particulate electroscopic toner composition
      comprising finely-divided particles having an average particle size of
      from about 1.0 to about 30 microns, said finely-divided particles
      comprising a styrene-containing resin having a softening temperature
      within the range of from about 40.degree. C to about 65.degree. C and
      having uniformly dispersed throughout said resin (a) a pigment or dyestuff
      in an amount effective to color said resin and (b) an alkoxylated amine
      having the following formula:
      ##EQU6##
      wherein a and b are integers of from 2 to about 4; x and y represent
      integers of 1 to about 10 with the sum of x and y equal to or less than
      about 10; and R is a straight-chain alkyl group containing about 12 to
      about 22 carbon atoms, said amine comprising about 0.3 to less than about
      1.5 weight percent of said finely-divided particles.
NUM  5.
PAR  5. An electrographic developer composition as described in claim 4 wherein
      a and b are 2.
NUM  6.
PAR  6. An electrographic developer composition for developing electrostatic
      charge patterns comprising carrier particles having a particle size within
      the range of about 30 to about 1200 microns and, electrostatically
      attractable thereto a dry particulate electroscopic toner composition for
      use in developing electrostatic charge patterns comprising finely-divided
      particles having an average particle size of from about 1.0 to about 30
      microns, said particles comprising a styrene-containing resin having a
      softening temperature within the range of from about 40.degree. C to about
      65.degree. C and having uniformly dispersed throughout said resin (a) a
      pigment or dyestuff in an amount effective to color said resin and (b) a
      wax-like, solid, alkoxylated amine having the following formula:
      ##EQU7##
      wherein a and b represent integers from 2 to about 4 and may be the same
      or different; x and y represent integers of from 1 to about 10 and may be
      the same or different, the sum of x and y equal to or less than about 10;
      and R is an alkyl group containing from about 12 to about 22 carbon atoms,
      said amine comprising about 0.3 to less than about 1.5 weight percent of
      said particles.
NUM  7.
PAR  7. An electrographic developer composition comprising
      magnetically-attractable carrier particles having a particle size within
      the range of about 30 to about 1200 microns and having electrostatically
      attractable thereto dry, finely-divided toner particles having an average
      particle size within the range of about 1.0 to about 30 microns, and toner
      particles comprising a resin having a softening point within the range of
      from about 40.degree. to about 200.degree. C and having incorporated in
      said resin (a) a dyestuff or pigment in an amount effective to color said
      resin and (b) an alkoxylated amine having the following formula:
      ##EQU8##
      wherein a and b represent integers from 1 to about 4 and may be the same
      or different, x and y represent integers of from about 1 to about 10 and
      may be the same or different, and R is an alkyl group containing from
      about 8 to about 30 carbon atoms, said amine comprising from about 0.1 to
      less than about 2.0 weight percent of said toner particles.
NUM  8.
PAR  8. An electrographic developer composition as described in claim 7 wherein
      said resin is a styrene-containing resin having a softening point within
      the range of from about 40.degree. C to about 200.degree. C.
NUM  9.
PAR  9. An electrographic developer composition as described in claim 7 wherein
      said resin is a polycarbonate-containing resin having a glass transition
      temperature within the range of from about 40.degree. to about 120.degree.
      C.
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ABST
PAL  Trichlorodifluorobenzene is thermally stabilized particularly in the
      presence of engineering metals by contacting it, especially when at
      temperatures greater than about 200.degree.C, with solid alkaline earth
      carbonates or with alkali or alkaline earth borates in a sufficient
      amount. The method is particularly useful in Rankine-cycle engines using
      trichlorodifluorobenzene as the working fluid, when the stabilizer is
      contained in the boiler.
BSUM
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of Ser. No. 365,273 filed May
      30, 1973, and now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of thermally stabilizing
      trichlorodifluorobenzene particularly in the presence of engineering
      metals.
PAR  2. The Prior Art
PAR  The use of trichlorodifluorobenzenes as a power fluid in a rotary
      Rankine-cycle engine has been disclosed in Bechtold and Tullock U.S. Pat.
      No. 3,774,393.
PAR  While the trichlorodifluorobenzenes have excellent thermal stability in
      their own right, there is need for further improvement to prolong their
      use in this and other heat transfer applications and to prevent the
      formation of undesirable biphenyl type products on decomposition, and also
      of gaseous by-products.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is an improved method of heat transfer wherein a
      trichlorodifluorobenzene fluid is circulated in a temperature gradient
      including temperatures above about 200.degree.C and wherein said fluid is
      contacted with a thermally stabilizing amount of an acid accepting solid
      selected from alkaline earth carbonates and alkali and alkaline earth
      borates and phosphates.
PAR  It is contemplated that the heat transfer methods of this invention will be
      particularly useful in dense vapor turbines where the thermodynamic
      advantages of trichlorodifluorobenzene can be extended to higher
      temperatures and longer operating times because of the better thermal
      stability and lower corrosivity afforded by the stabilizers. The useful
      temperature range for this application is generally between the normal
      boiling point and the critical temperature of the fluid. An especially
      useful embodiment of the method utilizes liquid trichlorodifluorobenzene
      at temperatures from about 300.degree. to about 400.degree.C in a rotary
      engine such as described in the U.S. Pat. No. 3,613,368 issued to William
      A. Doerner and commonly assigned. It will also be understood that
      trichlorodifluorobenzene used in the manner taught by this invention can
      be advantageously applied in other heat exchange processes not involving
      vapor impulsion, and generally operating at lower temperatures. It will be
      appreciated that problems of thermal stability and corrosivity to metals
      are more pronounced at higher temperatures. While the advantages of this
      method become more quickly apparent at higher temperatures, the
      alternative economic advantage of extended operability at lower
      temperatures can be readily inferred and is none the less important.
PAR  While the individual isomers of trichlorodifluorobenzene are useful fluids
      in the practice of this invention, economic advantages will generally
      recommend the use of isomer mixtures. Among the six position isomers of
      C.sub.6 HCl.sub.3 F.sub.2 there is little difference in boiling point,
      about 203.degree.C, and critical temperature around 430.degree.C. The
      smallest liquid range (mp 50.degree.) is shown by
      2,3,4-trichloro-1,5-difluorobenzene; the largest by
      1,2,5-trichloro-3,4-difluorobenzene (mp -25.degree.C) which isomer also
      shows especially good thermal stability. The particular mix of isomers
      usually available will be determined by the synthesis procedure used. A
      convenient method of preparation is by heating pentachlorobenzene with
      potassium fluoride in sulfolane (tetramethylene sulfone) as described in
      U.S. Pat. No. 3,774,393. This process typically yields a mixture
      comprising
PA1  12.2% 1,3,5-trichloro-2,4-difluorobenzene
PA1  58.2% 1,2,4-trichloro-3,5-difluorobenzene
PA1  6.3% 1,2,3-trichloro-4,5-difluorobenzene
PA1  15.6% 1,2,5-trichloro-3,4-difluorobenzene
PA1  6.8% 2,3,4-trichloro-1,5-difluorobenzene
PA1  0.9% 1,3,4-trichloro-2,5-difluorobenzene
PAR  This mixture has a melting point of about -40.degree.C, a boiling point of
      about 203.degree.C and a critical temperature of 427.degree.C. Mixtures of
      other isomeric proportions will also benefit from the stabilizing methods
      disclosed herein, as will mixtures of trichlorodifluorobenzene with other
      halobenzene fluids.
PAR  The solid stabilizers for use with trichloro-difluorobenzene are generally
      recognized as acid acceptors and may function by a mechanism related to
      the removal of catalytic acid species which are intermediates in the
      thermal decomposition or in the corrosive attack on metals. Generally both
      the thermal decomposition of the fluid to form the undesirable
      polychlorinated biphenyls and its corrosivity to metals are simultaneously
      reduced by the action of the stabilizers. However, not all alkaline
      substances are effective. Certain strongly alkaline substances such as
      Na.sub.2 CO.sub.3 and CaO may actually promote the decomposition of the
      chlorofluorobenzenes in contrast to their stabilizing effect on the
      chlorobenzenes as disclosed in my concurrently filed patent application
      Ser. No. 470,636.
PAR  By alkali metal is meant all the metals of periodic group IA of atomic
      number 3 to 55. By alkaline earth metal is meant magnesium as well as
      calcium, strontium, and barium, but the term as used herein does not
      include the metal beryllium which is regarded as an exceptional metal of
      periodic group IIA.
PAR  The term "phosphates" includes condensed phosphates and polyphosphates as
      well as the simple phosphates, Na.sub.3 PO.sub.4, Na.sub.2 HPO.sub.4 and
      NaH.sub.2 PO.sub.4.
PAR  The solid inorganic stabilizers of this invention should preferably contact
      the liquid phase of the heat transfer fluid to be most effective. It is
      believed that thermal decomposition and corrosive attack upon metals under
      heat transfer conditions occurs primarily in the liquid phase or at the
      liquid-vapor interface rather than in the saturated vapor. However, the
      stabilizers of the present invention are also effective with vapor. The
      stabilizers may be used as powders or pellets distributed throughout the
      liquid volume or they may be confined to a separate region through which
      the liquid or vapor flows. Alternatively the stabilizing compositions may
      be present as a coating on the metal surface. Such a coating provides
      intimate contact at an effective site, but it may also reduce the
      efficiency of heat transfer. Still another method of stabilizer
      disposition is to form the solid, with binders if necessary, into a shaped
      article such as an open grid which can then be fired to form a
      self-supporting shape appropriate to the configuration of the heat
      transfer system. The optimum distribution of the stabilizer can readily be
      determined for any of the wide range of heat transfer configurations in
      which fluids are used.
PAR  The amount of stabilizer needed to provide adequate protection against
      thermal decomposition can be quite small and will in general depend upon
      its distribution and on the use conditions. A significant improvement in
      stability can be measured whenever the bulk temperature of the liquid is
      at least about 260.degree.C. Amounts of the order of 5 percent by weight
      of the heat transfer fluid are usually adequate even at liquid
      temperatures as high as 400.degree.C. For less severe use conditions
      amounts as small as one percent or less are useful for improving thermal
      stability.
PAR  The stabilization is effective when the liquid is contained in most
      materials of construction applicable for heat exchange surfaces. Steels,
      including high-temperature, high-strength alloys such as high chromium
      steels can be used, as well as the more economical plain carbon steel
      which is servicable at lower temperatures and stresses. Stabilization is
      also effected in the presence of aluminum or nickel or their alloys. Even
      in inert vessels such as glass, the high temperature utility of
      trichlorodifluorobenzene is increased by a reduction in the rate of
      formation of polychlorinated biphenyls which constitute a toxic hazard of
      long persistence.
DETD
PAR  This invention is further illustrated by the following examples, which
      should not, however, be construed as fully delineating the scope of this
      discovery.
PAC  EXAMPLES
PAR  In the following examples the thermal stability of trichlorodifluorobenzene
      was determined by sealing the liquid isomeric mixture obtained from
      pentachlorobenzene-KF synthesis in about one gram quantities into small
      Pyrex-glass tubes with small amounts (usually 0.05g) of the stabilizing
      solid. A small metal coupon usually about 2-3 cm.sup.2 completely immersed
      in the liquid was used to test corrosive attack. The sealed tubes along
      with controls containing unstabilized liquid were kept for the indicated
      time at a temperature of 350.degree. or 400.degree.C. After cooling and
      opening the tubes the weight loss by corrosion was measured after washing,
      lightly rubbing with a paper towel to remove any superficial coating and
      drying. The extent of thermal decomposition of the liquid was indicated by
      measuring the amount of biphenyls in the liquid by standard vapor phase
      chromatographic techniques.
PAC  Example 1
PAR  A 1.0g sample of a mixture of C.sub.6 HCl.sub.3 F.sub.2 isomers was kept in
      contact with a coupon of type 430 stainless steel at 350.degree.C for 100
      days. At the end of that time corrosion of the stainless steel amounted to
      3.3mg metal lost per cm.sup.2 of metal surface. Biphenyl formation
      amounted to 1.3%. The same experiment was carried out but with 0.05g
      Na.sub.2 B.sub.4 O.sub.7 present. Now corrosion was measured as 0.00mg per
      cm.sup.2 and biphenyl formation amounted to 0.13%.
PAC  Example 2
PAR  The conditions of example 1 were repeated (350.degree. for 100 days), but
      the test metal was type P-11 steel (1.3% Cr, 0.5% Mo). This showed a
      corrosion of 5.8mg per cm.sup.2 and biphenyl formation of 1.3%. Repeating
      the experiment with 0.05g Na.sub.2 B.sub.4 O.sub.7 present gave a
      corrosion of 0.83mg per cm.sup.2 and biphenyl formation of 0.37%.
PAC  Example 3
PAR  A 1.0g sample of a mixture of C.sub.6 HCL.sub.3 F.sub.2 isomers was placed
      in contact with a coupon of nickel and kept at 400.degree. for 7 days. The
      metal showed a weight loss corresponding to 1.0mg per cm.sup.2 and
      biphenyl formation of 0.54%. The experiment was repeated except that 0.05g
      CaCO.sub.3 was added. Now the weight loss was 0.00mg per cm.sup.2 and
      biphenyl formation 0.39%.
PAC  Example 4
PAR  Under the conditions of Example 3, a sample of Inconel X-750 (70% Ni, 16%
      Cr, 2.5% Ti, 11.5% Fe) had a weight loss of 1.0mg per cm.sup.2 and
      biphenyl formation of 3.4% in the absence of additive. With 0.05g of
      CaCO.sub.3 the weight loss was 0.06mg per cm.sup.2 and biphenyl formation
      was 2.4%.
PAC  Example 5
PAR  Under the conditions of Example 3, type 1018 steel had a weight loss of
      6.2mg per cm.sup.2 and biphenyl formation of 6.5%. With 0.05g of
      CaCO.sub.3 the weight loss was 4.4mg per cm.sup.2 and biphenyl formation
      3.4%.
PAC  Example 6
PAR  Under the conditions of Example 3, a sample of type P-11 steel had a weight
      loss of 6.7mg per cm.sup.2 and biphenyl formation was 4.4% without
      additive. With 0.05g Na.sub.5 P.sub.3 O.sub.10 the weight loss was 5.8mg
      per cm.sup.2 and the biphenyl formation was 2.7%. In the presence of 0.01g
      Na.sub.2 B.sub.4 O.sub.7 the weight loss was 4.8mg per cm.sup.2 and
      biphenyl formation was 3.7%. With 0.05g Na.sub.2 B.sub.4 O.sub.7
      comparable results were 2.8mg per cm.sup.2 and 3.8% biphenyl.
PAC  Example 7
PAR  A 1.0g sample of C.sub.6 HCl.sub.3 F.sub.2 isomers was placed in contact
      with type P-11 steel at 400.degree. for 28 days. Weight loss amounted to
      11.8mg per cm.sup.2 and biphenyl formation was 22%. In the presence of
      0.05g Na.sub.2 B.sub.4 O.sub.7 the weight loss was 11.8mg per cm.sup.2 and
      biphenyl formation was 8.3%. In the presence of 0.05g CaCO.sub.3 weight
      loss was 9.5mg per cm.sup.2 and biphenyl formation was 7.9%.
PAR  When the tests were completed after 28 days the sample tubes were opened
      within a sealed system so that any gas developed during the test could be
      measured. The unstabilized liquid as a result of decomposition generated
      7.6 cc (STP) of hydrogen gas, while no measurable gas was found in the
      sample tubes stabilized with Na.sub.2 B.sub.4 O.sub.7 or CaCO.sub.3.
      Reduced hydrogen evolution is particularly important for fluids used in a
      Rankine cycle engine since the non-condensable gas otherwise tends to
      blanket the tube area and reduce condenser capacity.
PAC  Example 8
PAR  A 1.0g sample of C.sub.6 HCl.sub.3 F.sub.2 isomer mixture in a sealed glass
      tube at 400.degree. for 7 days in the absence of metal was 2.0% converted
      to biphenyls. In the presence of 0.05g of Na.sub.5 P.sub.3 O.sub.10 the
      conversion to biphenyl was 0.51%. In the presence of Na.sub.2 B.sub.4
      O.sub.7 biphenyl formation was 0.79%; with Na.sub.2 P.sub.6 O.sub.13
      0.72%, with Li.sub.3 PO.sub.4 1.1% and with CaCO.sub.3 0.052%.
PAC  Example 9
PAR  Portions of a C.sub.6 HCl.sub.3 F.sub.2 isomer mixture 0.3 cc each were
      sealed into each of three Pyrex-glass tubes containing aluminum coupons
      weighing about 0.2g. One tube contained 0.05g CaO; another contained 0.05g
      CaCO.sub.3 ; the other a control, contained no additional solid. The tubes
      were sealed and kept at 400.degree.C. By the fourteenth day the Al coupon
      was coated in the control tube. The aluminum in the tube with CaCO.sub.3
      was still very clean. The tube containing CaO was completely black with no
      liquid any longer visible. After 28 days the control tube was quite black
      with a heavy coating on the coupon, while the tube containing CaCO.sub.3
      appeared to be unchanged. When the tubes were opened and the liquids
      analysed the control tube contained 0.42% biphenyls while the tube
      containing CaCO.sub.3 had only 0.11% biphenyls.
PAC  Example 10
PAR  A 3 g sample of C.sub.6 HCl.sub.3 F.sub.2 was placed in a tube of 80 cc
      volume together with two coupons of 26-1 stainless steel having a total
      surface 6.8 cm.sup.2 and weight of 3.9605 g. The air was evacuated from
      the tube and sealed. Another 80 cc tube was loaded with 3 g of C.sub.6
      HCl.sub.3 F.sub.2, two coupons of 26-1 stainless steel (6.8 cm.sup.2,
      3.7406 g), and 0.1 g of Na.sub.2 B.sub.4 O.sub.7, evacuated and sealed.
      Both of the tubes were heated at 432.degree.C for 7 days. Under these
      conditions, the C.sub.6 HCl.sub.3 F.sub.2 is completely in the gas phase
      at 10 atmospheres pressure. At the end of this time, the metal coupons
      were washed in water and acetone. The coupons that were in the presence of
      Na.sub.2 B.sub.4 O.sub.7 showed a weight gain of 0.1 mg whereas the
      coupons that had no additive showed a weight loss of 5.1 mg. The biphenyl
      analysis showed a decomposition of 0.22% for the sample with Na.sub.2
      B.sub.4 O.sub.7 while the control showed 0.41% decomposition.
PAR  Since obvious modifications and equivalents in the invention will be
      evident to those skilled in the art, I propose to be bound solely by the
      appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a method of heat transfer wherein trichlorodifluorobenzenes are
      cycled through a thermal gradient including temperatures above about
      200.degree.C, the improvement which comprises contacting said
      trichlorodifluorobenzenes with a thermally stabilizing amount of a solid
      acid acceptor selected from the group consisting of alkali metal borates,
      alkali metal phosphates, alkaline earth metal carbonates, alkaline earth
      metal borates and alkaline earth metal phosphates.
NUM  2.
PAR  2. The method of claim 1 in which the trichlorodifluorobenzenes are in
      contact with steel, aluminum- or nickel-base alloys.
NUM  3.
PAR  3. The method of claim 2 wherein the trichlorodifluorobenzenes are
      contacted with said acid acceptor at a temperature between 300.degree.C
      and 430.degree.C.
NUM  4.
PAR  4. The method of claim 3 wherein said acid acceptor is sodium borate.
NUM  5.
PAR  5. The method of claim 3 wherein said acid acceptor is calcium carbonate.
NUM  6.
PAR  6. The method of claim 3 wherein said acid acceptor is Na.sub.5 P.sub.3
      O.sub.10.
NUM  7.
PAR  7. The method of claim 3 wherein said acid acceptor is Na.sub.6 P.sub.6
      O.sub.13.
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ABST
PAL  Novel metal dialkyldithiophosphates prepared from oxalkylated long,
      straight-chain alcohols, acids and mercaptans and their incorporation in
      lubricating oils to enhance the lubricity and other properties thereof;
      and a method for operation of an automatic transmission incorporating said
      oils.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  There exists a constant demand for improved performance of lubricating oil
      compositions. Nowhere does this appear to be more true than in the
      formulation of automatic transmission fluids, torque fluids and the like.
      One such demand and concern, illustratively, is the development of novel
      lubricity compositions incorporating significant friction reducing
      properties in addition to the anit-corrosion and anti-oxidant
      characteristics normally known to inhere, for example, in the usual short
      and branched chain dialkyl, dialkylphenoxy, and dialkylphenoxyalkyl
      dithiophosphates in present use, which, indeed, while they may be
      innocuous in reducing friction are known often to actually impart a
      profrictional effect to the lubricant compositions in which they are
      incorporated.
PAR  An automatic transmission is a complex hydraulic mechanism which
      incorporates the functions of a torque converter, wet clutches and
      planetary gearing in a relatively sealed unit. As the wet clutch plates
      engage and their relative velocities decrease to 0, a substantial
      reduction in the coefficient of friction is necessary to obtain a smooth
      lock-up of the clutch plates.
PAR  If compositions could be secured incorporating, illustratively, the
      anti-corrosion and anti-wear properties of the foregoing conventional
      phosphates minimizing, or eliminating, the use of these compounds in
      automatic transmission fluids and the like, but contributing
      simultaneously and economically to the requisite reduction in the
      coefficient of friction of the clutch face surfaces, the result would
      represent a significant advance in the state of the art.
PAC  SUMMARY OF INVENTION
PAR  It is accordingly a primary object of this invention to provide novel
      compounds which constitute improved lubricant additives incorporating a
      complex of desirable properties for inclusion in lubricating oils and most
      notably a lubricity in automatic transmission fluids and torque fluids
      such as will effect a reduction of friction in the transmission shifting
      operation.
PAR  Other objects and advantages of this invention will become evident from the
      following description.
PAR  According, it has now been discovered that novel metal
      dialkyldithiophosphates prepared from oxyalkylated long, straight-chain
      alcohols, acids and mercaptans provide additives for lubricating oils, and
      particularly automatic transmission fluids and torque fluids, which when
      incorporated therein, are characterized by desirable anti-oxidant,
      anti-corrosion and anti-wear properties but most significantly, by
      improved extreme pressure properties, reduced torque fluids deposits and
      unexpectedly enhanced lubricity characteristics.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The lubricant additives of this invention are characterized by the novel
      metal dialkyldithiophosphates of the general formula:
      ##EQU1##
      WHEREIN:
PAR  R is a straight chain saturated aliphatic radical containing about 4 to 30
      or more carbon atoms, and preferably from 10 to 20 carbon atoms;
PAR  X is an oxygen, sulfur, carbonyloxy, sulfone, sulfate, amino, or alkyl
      substituted amino radical, and said alkyl moiety contains from about 1 to
      about 6 carbon atoms;
PAR  R' is a hydrogen, alkyl or aryl radical or mixtures thereof; each of said
      alkyl and aryl containing respectively about 1 to 6 and 6 to 9 carbon
      atoms, the term "aryl" including for purpose of this discussion alkylaryl
      and arylalkyl radicals.
PAR  a is an integer of from about 2 to about 12 and preferably about 2 to about
      4;
PAR  b is an integer of from about 1 to about 10;
PAR  n is an integer corresponding to the valence of M; and is preferably the
      integer 2; and
PAR  M is an alkali metal, an alkaline earth metal or a transition metal,
      illustratively sodium, potassium magnesium calcium, copper, cadmium,
      silver, and most desirably zinc.
PAR  Particularly preferred of the zinc-containing phosphates coming within the
      foregoing structural formula are those wherein R is a straight chain
      saturated aliphatic radical containing about 6 to 18 carbons, X is oxygen,
      sulfur, or a carbonyloxy group; R' is hydrogen; a is the integer 2; b is
      an integer from about 2 to about 10; and n is as a consequence of the
      divalent character of zinc, the integer 2.
PAR  Further illustrative of the dithiophosphate additives employed in the
      practice of the invention are: zinc
      bis[di(octadecyloxyethoxyethyl)dithiophosphate] of the formula:
      ##EQU2##
      zinc bis[di(n-octadecyloxynonalethoxyethyl)dithiophosphate] of the
      formula:
      ##EQU3##
      and zinc bis[di(hexadecylmercatoethyl)dithiophosphate] of the formula:
      ##EQU4##
      and zinc bis[di(stearoyloxytetraethoxyethyl)dithiophosphate] of the
      formula:
      ##EQU5##
PAR  The metal dialkyldithiophosphates of the invention are novel compounds
      prepared by reaction of an oxyalkylated alcohol, mercaptan, carboxylic
      acid, or other "active hydrogen" compound with phosphorus pentasulfide to
      form the corresponding oxyalkylated phosphoric acid which is then
      neutralized by reaction with a basic metal salt.
PAR  By way of illustration, an active hydrogen source such as, for example,
      alcohols, carboxylic, sulfinic and sulfonic acids, amines and the like
      reacted with cyclic ethers, carbonates, sulfites, sulfates, ketals, and
      acetals of dihydric alcohols with or without the use of catalysts, such as
      bases, acids, Friedel-Crafts catalysts and the like, may be used to supply
      the oxalkylated, e.g. oxyethylated, oxypropylated or oxybutylated
      intermediate. Specific illustrations of the foregoing ethers, carbonates
      and the like are ethylene oxide, propylene oxide, butylene oxide,
      propylene carbonate, butylene carbonate, ethylene carbonate, oxetane and
      alkyl-oxetanes, such as 2,2-dialkyl oxetane, furans, and 1,3-alkane
      carbonates. By way of further illustration, the active hydrogen compound,
      such as lauryl alcohol which is then reacted with the phosphorus
      pentasulfide (P.sub.2 S.sub.5) to yield a substituted
      dialkyldithiophosphoric acid which is readily neutralized with a metallic
      base to provide a metal salt which may function as the desired additive
      or, optionally, be metathetically reacted with the salt of another metal
      to effect an exchange of the metallic constituents.
PAR  The foregoing sequence comprises therefore the steps of reacting an adduct
      alcohol of the formula:
EQU  [R-X--CR'.sub.2).sub.a O].sub.b H
PAL  wherein each of R, X, R', and b has the meaning recited hereinabove in
      Formula I, with phosphorus pentasulfide at a temperature of preferably
      about 160.degree. F. to 180.degree. F. in a mole ratio of about 2:1
      respectively and in the presence of an inert organic solvent such as
      benzene; and contacting the resulting reaction mixture wherein is
      contained the dialkyldithiophosphoric acid resulting from reaction of said
      alcohol and phosphorus pentasulfide with a base metal salt in a mole ratio
      of said acid to said salt corresponding approximately to the valence of
      the metal of said salt. The latter reaction occurs conveniently at room
      temperature and in the same solvent in which the acid reactant was formed.
      The metal salt is most desirably first formed into a paste using water in
      an amount ranging desirably from about 0.75 to about 1.50 moles of water
      per mole of metal salt consumed in the reaction. The water is thereafter
      removed by azeotropic distillation with sequential isolation and recovery
      of the desired metal dialkyldithiophosphate, which may, as described
      above, be further reacted metathetically with the salt of another metal
      coming within the definition of "M" in Formula I appearing hereinabove.
PAR  In accordance with the invention, the foregoing dialkyldithiophosphates are
      included in an automatic transmission fluid or torque fluid comprising at
      least 80 weight percent of a mineral lubricating oil and from about 0.01
      to about 5.0 percent of said phosphate.
PAR  The fluid oil in which the foregoing additives are incorporated while
      having, as a result of the practice herein defined, and as indicated
      above, very desirable lubricity and consequently, efficacious hydrodynamic
      frictional effect and extreme pressure properties as well as desirable
      anti-oxidation, anti-wear and anti-corrosion properties, will generally be
      a fully formulated fluid, and particularly a fully formulated automatic
      transmission fluid containing various amounts of conventional additives as
      well.
PAR  Such fluid is generally characterized by an SUS viscosity at 210.degree. F.
      of 49 to 60, a viscosity index of at least 150 and a pour point below
      -40.degree. F. and meets the essential Dexron specifications set by
      General Motors Corporation for automatic transmission fluids.
PAR  A suitable automatic transmission fluid for use in the practice of the
      invention contains typically and by way of further illustration, from
      about 0.5 to about 8.0 wt. % of an oil concentrate of a polymer of mixed
      alkyl esters of methacrylic acid having from about 25,000 to about
      1,250,000 molecular weight and preferably from about 100,000 to about
      500,000.
PAR  The foregoing alkyl methacrylate esters are, desirably, mixtures of these
      esters wherein the alkyl substituents contain from about 4 to 18 carbon
      atoms. A commercially available methacrylate ester of this type which is
      used primarily to impart the desired viscosity, adjust and improve the
      viscosity index and pour point of lubrication oils is one in which the
      alkyl substituent is a mixture of lauryl, butyl, stearyl, and hexyl
      groups.
PAR  A dispersant is generally incorporated in the lubricant formulation, as
      well. An effective dispersant comprises a composition resulting from
      mixture of a substituted succinic compound, selected from succinic type
      acids and anhydrides of the formulae:
      ##EQU6##
      wherein R is a large substantially aliphatic hydrocarbon radical, having
      from about 50 to 200 carbon atoms, with at least one half of a molar
      equivalent amount of a polyethylene polyamine and, in the case of the
      acid, heating the resulting mixture to effect acylation and remove the
      water formed thereby. The anhydride may react, however, without external
      heating and hence may be heated only if further reaction of the
      intermediate amic acid is desired. Suitable amines are diethylene
      triamine, triethylene tetramine, tetraethylene pentamine and
      amino-alkylated heterocyclic compounds. The reaction involves amidation of
      a dicarboxylic acid or anhydride thereof with a polymer to produce
      amino-substituted acyclic diamides, amic acids, polymeric amides, or a
      combination of these types of products. It will be noted that the amide
      groups may further react to form imide groups in the process.
PAR  The term "equivalent" in the paragraph preceding means that a minimum of
      one-half mole of alkenylsuccinic anhydride or acid per mole of amine is
      required. This is the least amount of acid which will react with all of
      the amine added (via amic acid or acyclic polyamide formation). The
      maximum amount of acid or anhydride possible to react is one-half mole per
      primary or secondary amino group. Generally, one or two moles of acid or
      anhydride per mole of amine, regardless of the total number of nitrogen
      atoms, is preferred. The reaction product is effective in amounts ranging
      from about 0.25 to 5.0 wt. %. Methods for preparing the polyethylene
      polyamide reaction products are well known and have been described in U.S.
      Pat. No. 3,131,150 and 3,172,892.
PAR  An amine anti-oxidant may be used in this fully formulated transmission
      fluid. Effective anti-oxidants are the aryl-substituted amine
      anti-oxidants exemplified by the phenyl naphthyl amines, phenylene
      diamine, phenothiazone and diphenylamine. A particularly preferred
      anti-oxidant is phenyl alpha naphthylamine. The anti-oxidants are
      effective in a concentration ranging from about 0.1 to 2.5 wt. %.
PAR  A metal, and preferably, a zinc di(alkylphenoxypolyalkoxyalkyl)
      dithiophosphate may also be included. This compound is represented by the
      formula:
      ##EQU7##
      in which R represents phenyl substituted with a branched aliphatic radical
      having from 6 to 15 carbon atoms. R' is hydrogen or an alkyl radical
      having from 1 to 4 carbon atoms and n is an integer from 1 to 10.
      Particularly effective compounds in this class are the zinc
      di(nonylphenoxyethyl) dithiophosphate, zinc di(dodecylphenoxyethyl)
      dithiophosphate is prepared by reacting a nonylphenolethylene oxide adduct
      with phosphorus pentasulfide followed by neutralization of the acid formed
      with a basic zinc compound, such as zinc carbonate, zinc oxide or zinc
      hydroxide. The general preparation of the compounds in this class is
      disclosed in U.S. Pat. No. 2,344,395 and 3,293,181. In use, it is
      convenient to prepare a mineral oil solution of the zinc di(C.sub.6-15
      alkylphenoxy-polyalkoxyalkyl) dithiophosphate containing from 50 to 75 wt.
      % of the zinc salt. The salts are effective oxidation and corrosion
      inhibitors for automatic transmission fluids when employed in a
      concentration ranging from about 0.1 to 5.0 wt. % based on the hydraulic
      fluid.
PAR  Anti-foam agents are conventionally employed in hydraulic fluids because
      the fluids are rapidly circulated in operation and air can be entrapped.
      For this purpose, a silicone fluid of high viscosity, such as a dimethyl
      silicone polymer having a kinematic viscosity at 25.degree. C. of about
      1000 centistokes and above is prefarably employed. A very satisfactory
      anti-foam agent for this purpose is prepared by diluting 10 grams of a
      dimethyl silicone polymer (1000 centistrokes at 25.degree. C.) with
      kerosene to provide a solution of 100 cubic centimeters. From 0.005 to
      0.025 percent by weight of this concentrate is generally employed in the
      hydraulic fluid
PAR  A fully formulated lubricating oil composition for automatic transmission
      service can be prepared from a parafinic base oil having an SUS at
      100.degree. F. of about 100. A desirable base oil blend may be formulated,
      in addition, comprising 65% of a furfural-refined, acid-treated,
      clay-contacted, solvent-dewaxed, paraffin base distillate having an SUS at
      100.degree. F. of 100; a viscosity index about 100, a flash above
      385.degree. F. and a pour below +10.degree. F., 22% of an acid-treated
      naphthenic base distillate having an SUS at 100.degree. F. of 60, a flash
      above 300.degree. F. and a pour below -40.degree. F.; and 13% of a
      paraffin base residuum which has been propane-deasphalted, solvent-dewaxed
      and clay-contacted and which has an SUS viscosity at 210.degree. F. of
      160, a flash of about 540.degree. F. and a pour below 5.degree. F. This
      base oil mixture had a flash above 375.degree. F., a pour below 0.degree.
      F. and a viscosity index of about 93.
PAR  A fully formulated automatic transmission fluid for use herein may comprise
      a base oil blend such as the foregoing and may contain from about 0.5 to 8
      wt. % of an oil concentrate containing about 35% by weight of a basic
      amino nitrogen-containing addition type copolymer of mixed alkyl esters of
      methacrylic acid, that is, copolymers comprising butyl, lauryl, stearyl
      and dimethyl amino-ethyl methacrylates in approximately 21:53:22:4 weight
      ratios (as described in U.S. Pat. No. 2,737,496); about 0.25 to 5.0 wt. %
      of an oil concentrate containing about 33% of the reaction product of
      approximately 1:1 mole ratio of tetraethylene pentamine and alkenyl
      succinic anhydride in which the alkenyl radical is polybutene of
      approximately 1200 average molecular weight (U.S. Pat. No. 3,172,892);
      about 0.1 to 2.5 wt. % of phenyl alpha naphthylamine, about 0.1 to 5 wt. %
      of an oil concentrate containing about 50% of zinc di(nonylphenoxyethyl)
      dithiophosphate and from about 0.01 to 5 wt. % of a dithiophosphate of the
      invention. It is to be noted the nonyl group in the zinc
      di(nonylphenoxyethyl) dithiophosphate is highly branched.
PAR  The present invention is further illustrated by the following examples:
DETD
PAC  EXAMPLE I
PAR  This example illustrates the preparation of the metal
      dialkyldithiophosphate of oxyalkylated long straightchain alcohols,
      mercaptans and acids used in the practice of the invention.
PAR  a. Zinc bis[di(n-octadecyloxyethoxyethyl)dithiophosphate] was prepared as
      follows: 358 grams (1 mole) of n-octadecyloxyethoxyethyl alcohol was
      reacted with 56 grams (0.25 mole) of phosphorus pentasulfide in 500 ml of
      benzene solvent. The reaction took place at 160.degree. F. for a period of
      two hours. The product, di(n-octadecyloxyethoxyethyl) dithiophosphoric
      acid was then neutralized with 22 grams (0.27 mole) of zinc oxide. The
      zinc oxide was made into a paste with water before addition of the
      foregoing acid. The water charged to the zinc oxide totalled 20 ml. The
      neutralization reaction with the formation of the product salt was
      permitted to proceed for about 30 minutes with stirring at room
      temperature, and azeotroped to dryness by refluxing thereafter at a
      maximum of 180.degree. F. The resulting zinc
      bis[di(n-octadecyloxyethoxyethyl) dithiophosphate] was stripped at
      200.degree. F. at a reduced pressure of less tha 1 millimeter mercury (mm
      Hg.). The yield of zinc salt was 416 grams and was characterized by the
      following analysis:
     % zinc:       4.0; calculated: 3.88                                       
     % phosphorus: found 3.5: calculated: 3.68                                 
     % sulfur:     found 6.7; calculated: 7.6                                  
PAR  b. Zinc bis[di(n-octadecyloxynonaethoxyethyl)dithiophosphate] was prepared
      in the manner described in Example Ia except that 710 grams of
      n-octadecyloxynonaethoxyethyl alcohol was necessary to provide 1 mole
      equivalent of alcohol reactant.
PAR  The zinc oxide was refluxed with the dithiophosphoric acid provided by the
      previous step at 192.degree. F. as a maximum temperature after reaction
      for one half hour at room temperature, and after cooling and filtering of
      the reaction product, was stripped at a temperature up to 180.degree. F.
      and at a reduced pressure of 0.125 mm Hg. The yield of product was 740
      grams and showed the following analysis:
TBL  % zinc:       found: 2.0; calculated: 2.11                                
     % phosphorus: found: 2.4; calculated: 2.01                                
PAR  c. Zinc bis[di(n-hexadecylmercaptoethyl) dithiophosphate] was prepared by
      the process of Example Ia hereof substituting, however, 151 grams (0.5
      mole of reactant n-hexadecyl mercapto ethanol for the alcohol of Example
      Ia and 28 grams of 0.125 mole of phosphorus pentasulfide. The zinc oxide
      was reacted in an amount of 11 grams of 0.125 mole thereof with the acid
      formed by the phosphorus pentasulfide and alcohol but was first formed
      into a paste with 11 ml of water. The latter reaction proceeded as in
      Example Ia but the reflux temperature did not exceed 175.degree. F. The
      product was stripped from the reaction mixture after cooling and filtering
      at a temperature of up to 180.degree. F. and about 2 mm mercury (Hg)
      pressure. The yield of product was 177 grams and was characterized further
      as follows:
TBL  % zinc:       found:  3.7; calculalted:  4.5                              
     % sulfur:     found: 16.3; calculated: 17.6                               
PAR  d. Zinc bis[di(stearoyloxytetraethoxyethyl) dithiophosphate] was prepared
      according to the procedure of Example Ia substituting 498 grams
      (equivalent to 1.0 mole) of stearyloxytetraethoxyethyl alcohol therein.
      This alcohol was azeotroped to dryness before being added to the P.sub.2
      S.sub.5. The zinc oxide was employed in an amount of 18 grams (0.275 mole)
      which was admixed with 15 ml of water. The reflux temperature was not
      permitted to exceed 170.degree. F. and stripping of the product was
      undertaken at a maximum of 180.degree. F. and 0.275 mm Hg. pressure. The
      yield of product was 525 grams characterized as follows:
TBL  % zinc:       found: 2.6; calculated: 2.92                                
     % phosphorus: found: 2.6; calculated: 2.76                                
     % sulfur:     found: 4.6; calculated: 5.7                                 
PAC  EXAMPLE II
PAR  This example illustrates the valuable properties of the additives of the
      invention when incorporated in a standard paraffin base oil.
PAR  The zinc bis[di(n-octadecyldiethoxy) dithiophosphate] of Example Ia
      (referred to in Table I appearing hereinafter as Compound "A"); the zinc
      bis[di(n-stearyltetraethoxyethyl) dithiophosphate] of Example Id (referred
      to in Table I as Compound "D"); and the zinc
      bis[di(n-hexadecylmercaptoethyl) dithiophosphate] of Example Ic (referred
      to in Table I as Compound "C"); were each mixed in the proportions recited
      in Table I with a paraffinic base oil having an SUS at 100.degree. F. of
      about 95 to about 105. The resulting composition containing Compound D
      also contained 2.5% polyisobutylene (.about.1200 m.w.) succinamic acid
      derivative of tetraethylene pentamine as dispersant.
PAR  The foregoing base oil with the zinc dialkyldithiophosphates of the
      oxyethylated compounds indicated were tested for their frictional effects,
      torque fluid deposit, transmission fluid screening, wear resistance and
      anticorrosion activity with a control sample of the foregoing lubricant
      oil from which the additive compositions of the invention were absent.
      This control sample is referred to in Table I as the "Control".
PAR  The frictional effects were determined in a Low Velocity Friction Test
      designated "LVT" in Table I. This test was conducted using a General
      Motors type of frictional surface, that is a test plate identical in
      composition to Borg Warner's SD-715 clutch plates, in sliding contact with
      steel. The coefficients of friction were determined at decreasing speeds,
      i.e. from about 40 feet per minute (ft/min.) down to 1 ft/min. The test
      temperature was 250.degree. F. and the applied load was 120 pounds per
      square inch (psi).
PAR  The foregoing lubricant oil formulations were also subject to the standard
      Torque Fluid Deposit Test, MacCoull Corrosion Test, 4-Ball Wear Test and
      Mean Hertz Load Test Procedure.
PAR  The Torque Fluid Deposit Test, designated "TFD" in Table I, was undertaken
      in each instance at 350.degree. F. for 24 hours and the 100.degree. F.
      viscosity increases determined. The deposit formed is measure in
      milligrams.
PAR  The MacCoull Corrosion Test, described in U.S. Pat. No. 2,709,682 and
      designated as "MacCoull" in Table I, proceeded at 350.degree. F. for a
      period of 10 hours.
PAR  The effectiveness of the oils tested is determined in this procedure by
      bearing weight loss (BWL) measured in milligrams and neutralization number
      (NN) over the duration of the test.
PAR  The 4-Ball Wear Test, designated as the "4-Ball Wear" in Table I, is also a
      well-known laboratory test procedure used for determination of the
      anti-wear properties of a lubricant oil. The test machine employed
      comprises a system of four steel balls, three of which are in contact with
      each other in one plane in a fixed triangular position in a reservoir
      containing the oil sample, and a fourth ball above and in contact with the
      other three. In carrying out the test, the upper ball is rotated while it
      is pressed against the lower three at any desired pressure by means of a
      suitable weight applied to a lever arm, and the diameters of the scars on
      the three lower balls are measured by means of a low power microscope. The
      average diameter, in millimeters, measured in two directions on each of
      the three lower balls, is taken as a measure of the antiwear
      characteristics of the lubricant. The results given in Table I were
      conducted at 200.degree. F. for a period of 2 hours, employing new 1/2
      inch diameter first grade steel SKF balls at a speed of 600 revolutions
      per minute and under a 40 kilogram load.
PAR  The results of the Mean Hertz Load Test, also a measure of wear, appear
      under the designation "Hertz" in Table I. This well-known laboratory
      procedure is described in U.S. Pat. No. 2,600,058.
PAR  All of the test compounds manifested significant anti-frictional properties
      as indicated by the decrease of friction with decreasing sliding speeds in
      the Low Viscosity Friction Tests (LVT) of Table I even at the reduced
      levels at which they were incorporated in the base oil. The stearyl
      oxyethylated phosphate, Compound D of Table I showed, in addition, a
      significant increment in extreme pressure activity over the base oil, the
      "Control" of Table I. All of the additives of the invention appearing in
      Table I reduced substantially the deposit forming tendencies of the base
      oil as shown in the Torque Fluid Deposit Test (TFD). The additives of
      Table I also evidenced the anti-wear effects typical of other and
      conventional metal dialkyldithiophosphates.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                          LVF                                                  
     Blended              Friction Coefficient                                 
                                      T.F.D.      MacCoull  4-Ball             
     Compound                                                                  
           (% P by weight)                                                     
                    Dispersant                                                 
                          40 ft/min                                            
                                1.0   Dep. mg.                                 
                                           % Vis. Inc.                         
                                                  BWL(mg)                      
                                                        NN  Wear               
                                                                Hertz          
     __________________________________________________________________________
     A     .0125    --    .080  .032  1208 very high                           
                                                  --    --  .432               
                                                                22             
     D     .0125    2.5   .133  .111    8  69     142   5.0 .445               
                                                                19             
     C     .0125    --    .148  .116   852  46.6   49   1.2 --  18             
     C     .025     --    .115  .062   546 80      19   1.0 .669               
                                                                17             
     Control                                                                   
           --       --    .130  .204  2585 588    136   11.6                   
                                                            .932               
                                                                17             
     __________________________________________________________________________
PAR  The foregoing additives of the invention, derived from the ethoxylated
      alcohols, have, in addition, demonstrated their utility as friction
      reducing agents in simulated high energy-input transmission testing.
PAR  It will be evident that the terms and expressions which have been employed
      are used in terms of desription and not of limitation. There is no
      intention in the use of such terms and expressions of excluding
      equivalents of the features shown and described or portions thereof and it
      is recognized that various modifications are possible within the scope of
      the invention claimed.
CLMS
STM  We claim:
NUM  1.
PAR  1. An automatic transmission fluid comprising at least about 80 wt. % of a
      mineral lubricating oil and from about 0.01 to 5.0 wt. % of an alkyl
      dithiophosphate represented by the formula:
      ##EQU8##
      wherein: R is a straight-chain aliphatic radial containing from about 4 to
      30 carbon atoms;
PA1  X is carbonyloxy;
PA1  R' is selected from a hyrogen, alkyl, and aryl radical;
PA1  M is selected from an alkali metal, an alkaline earth metal, and a
      transition metal;
PA1  a is an integer of from about 2 to about 12;
PA1  b is an integer of from about 1 to about 10; and
PA1  n is an integer corresponding to the valence of M.
NUM  2.
PAR  2. A composition according to claim 1 wherein M is zinc.
NUM  3.
PAR  3. A composition according to claim 1 wherein R is a straight-chain alkyl
      radical of from 10 to 20 carbon atoms.
NUM  4.
PAR  4. A composition according to claim 1 wherein R' is hydrogen and a is the
      integer 2 and b is an integer of from about 1 to 10.
NUM  5.
PAR  5. A composition according to claim 1 wherein said dithiophosphate is zinc
      bis[di)n-stearayloxytetraethoxyethyl) dithiophosphate].
NUM  6.
PAR  6. A composition according to claim 1 wherein said automatic transmission
      fluid includes about 0.5 to 10 wt. % of a polymer of mixed alkyl esters of
      methacrylic acid having a molecular weight of from 25,000 to 1,250,000;
      about 0.25 to about 5.0 wt. % of a dispersant resulting from the reaction
      of a polyalkylene polyamine and a compound selected from an alkenyl
      succinic acid and an alkenyl succinic anhydride, about 0.1 to about 2.5
      wt. % of an amine antioxidant and about 0.1 to 5 wt. % of a metal dialkyl
      phenoxyalkyl dithiophosphate.
NUM  7.
PAR  7. A composite according to claim 6 wherein said automatic transmission
      fluid includes a base oil comprised of about 65% furfural refined,
      acid-treated, clay-contacted, solvent-dewaxed paraffin base distillate;
      about 22% of an acid-treated naphthenic base distillate; and about 13% of
      a paraffin base residuum which has been prepared, deasphalted,
      solvent-dewaxed and clay-contacted, and having a flash above 375.degree.
      F., a pour below 0.degree. F. and a viscosity index of about 93.
NUM  8.
PAR  8. A method for operating an automatic transmission which comprises
      supplying to and running said transmission on a fluid oil composition
      comprising at least about 80% of a mineral lubricating oil and from about
      0.01 to 5.0 wt. % of an alkyl dithiophosphate represented by the formula:
      ##EQU9##
      wherein: R is a straight-chain aliphatic radical containing from about 4
      to 30 carbon atoms;
PA1  X is carbonyloxy;
PA1  R' is selected from a hydrogen, alkyl and aryl radical;
PA1  M is selected from an alkali metal, an alkaline earth metal, and a
      transition metal;
PA1  a is an integer of from about 2 to about 12;
PA1  b is an integer of from about 1 to about 10;
PA1  n is an integer corresponding to the valence of M.
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ABST
PAL  This application describes a composition and a process of chemically
      milling refractory metals and their alloys. The composition comprises a
      combination of nitric acid, hydrofluoric acid, and phosphoric acid, and
      preferably includes a derivative of carbonic acid, such as carbamide. The
      composition is particularly useful in the chemical milling of beta
      titanium, alpha beta titanium, and alpha titanium alloys. Use of the
      composition of this invention results in reduced tolerances in the
      chemically milled article and also reduced hydrogen absorption in the
      titanium part which is chemically milled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is very difficult to chemically mill titanium and other refractory
      metals other than the alpha alloys of titanium, because of the high
      affinity of beta and alpha beta alloys for hydrogen. High hydrogen
      absorption results in great internal stresses which tend to crack the
      metal. We have discovered that the combination of phosphoric acid, nitric
      acid, and hydrofluoric acid results in a chemical milling composition
      which has significant advantages over conventional etchants and the
      composition of Ser. No. 200,143, particularly if combined with carbamide.
PAR  In co-pending application of John Gumbelevicius Ser. No. 200,143, filed
      Nov. 18, 1971, now U.S. Pat. No. 3,788,914 assigned to the assignee of
      this application, there is described a chemical milling composition
      containing nitric acid, hydrofluoric acid, and carbamide which results in
      a substantial lowering of the hydrogen absorption in beta and alpha beta
      titanium.
PAR  The composition of this invention is an improvement of the composition of
      Ser. No. 200,143 in that it provides considerably better tolerances in the
      chemically milled workpiece as well as causing even less hydrogen
      absorption in beta titanium and alpha beta titanium during chemical
      milling.
PAR  Another advantage of this invention is that it provides an even, controlled
      etch rate with a reduction of tapering and grooving problems usually
      associated with the use of conventional nitric-hydrofluoric acid mixtures.
      This significantly improves the operation of and tolerance control in
      chemical milling procedures. Another advantage of this composition is an
      improved solution life which results from the production of an easily
      removable, considerably softer, sludge-like scale in the etch tank. This
      allows easier clean up and higher dissolved metal loadings in the solution
      before it must be replaced.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a chemical milling solution for milling
      refractory metals, particularly titanium, and their alloys, specifically
      beta and alpha beta titanium alloys, with little hydrogen absorption in
      the alloys, improved tolerance control, and longer solution life. The
      solution comprises nitric acid, phosphoric acid, hydrofluoric acid and
      derivatives of carbonic acid. In addition, small percentages of
      surfactants may be added to the solution.
PAC  DETAILED DESCRIPTION
PAR  The composition of this invention comprises a combination of nitric,
      hydrofluoric and phosphoric acids. An organic addition, such as carbamide,
      may be added to provide an equivalent metal dissolving rate at
      considerably lower hydrofluoric acid concentrations than when the chemical
      milling solution does not contain this additive, and to reduce hydrogen
      absorption.
PAR  The preferred formula for the etching solution is as follows:
TBL  Preferred Solution Makeup                                                 
     ______________________________________                                    
     Hydrofluoric Acid 85 g./l                                                 
     Nitric Acid       400 g./l                                                
     Phosphoric Acid   300 g./l                                                
     Urea              25 g./l                                                 
     ______________________________________                                    
PAL  After the foregoing described solution is made, titanium scrap or titanium
      alloy scrap is dissolved in the solution to provide a metal concentration
      of about 6 g./l. Scrap dissolution takes place at a temperature of
      100.degree. to 125.degree. F. A surfactant, Sulframin 1298, supplied by
      the Witco Chemical Company, is added to obtain a surfactant concentration
      of 0.0001 g./l. Sulframin 1298 is a trade name of dodecyl benzene sulfonic
      acid. This particular surfactant is not bio-degradable, but appears to be
      more stable in the chemical milling solution than the bio-degradable
      types, such as the linear sulfonic acid version which may be used, if
      desired. The surfactant is added to eliminate the small amount of thin out
      in the top radius of the chemically milled area when the specimen is
      chemically milled in the vertical position in the solution. The solution
      is heated to the operating temperature of about 125.degree. to about
      135.degree. F. preferably 130.degree.F. Additional hydrofluoric acid is
      added, if required, to obtain the desired metal etch rate of 0.001 to
      0.0014 inches/minute/surface. The operational parameters of the chemical
      milling solution are as follows:
TBL  Preferred Solution Operation Range                                        
     Ingredient     Quantity                                                   
     ______________________________________                                    
     Hydrofluoric acid                                                         
                    Sufficient quantity                                        
                    to maintain an etch                                        
                    rate of 0.001 to                                           
                    0.0014 inches/minute/                                      
                    surface                                                    
     Nitric acid    370-470 g./l                                               
     Phosphoric acid                                                           
                    270-350 g./l                                               
     Urea           18-35 g./l                                                 
     Surfactant     Sufficient quantity                                        
                    to maintain a surface                                      
                    tension of about 45-                                       
                    60 dynes/cm. of a well                                     
                    mixed solution diluted                                     
                    1 to 1 with water,                                         
                    measured at 70.degree. .+-. 5.degree.F.                    
                    with a Fisher Surface                                      
                    Tensiomat                                                  
     ______________________________________                                    
DETD
PAC  EXAMPLE NO. I
PAR  The following is a specific detailed disclosure of a preferred process of
      chemically milling titanium, specifically beta titanium alloys.
PAR  1. The specimen (beta titanium alloy) is cleaned with a suitable solvent
      such as trichloroethylene, and then pickled in a standard nitric
      hydrofluoric acid pickle solution (30 volume percent HNO.sub.3, 3 volume
      percent HF) at ambient temperature for 1 minute. This pre-treatment is
      necessary for removal of oil, grease, and other contaminants normally
      found on parts in metal fabrication. The purpose of this cleaning is
      twofold: (a) to eliminate contamination of the chemical milling solution,
      and (b) to provide a clean surface for proper maskant adhesion. After
      cleaning, the specimen is immersed in a hot (150.degree.-215.degree.F.)
      caustic base sodium hydroxide solution to provide an oxide conversion
      coating on the specimen surface. After immersion in the hot caustic bath,
      the specimen is rinsed in tap water and then air-dried. The use of the
      conversion coating is to provide enhanced maskant adhesion. Both factors
      are important to produce acceptable parts; however, these factors do not
      affect hydrogen absorption and thus are incidental with respect to this
      invention.
PAR  2. A rubber base maskant is then applied to the specimen by spraying or by
      immersion. The maskant used is one of several proprietary compounds
      available commercially. Suitable products include but are not necessarily
      limited to, Turco 570 made by Turco Products, Inc., and Dapco 1200A made
      by Deutsch Aircraft Products Company. The step is well known in the art.
PAR  3. The coated specimen is permitted to dry at room temperature (about
      76.degree.F.) until it is in a tack free condition. This takes about 20
      minutes.
PAR  4. Dipping and drying between dipping is repeated three more times to apply
      four coats of mask which provides about a 0.016 in. thick coating on the
      specimen.
PAR  5. After the final coat, the specimen is kept at room temperature for about
      6 hours to permit evaporation of solvents from the coating.
PAR  6. The masked specimen then is baked at 200.degree.F. for 1 hour. This
      treatment polymerizes the coating and renders it inert to the chemical
      milling solution.
PAR  7. The chemical milling template, previously made from steel, is applied to
      the specimen. The template is designed to serve as a guide for the
      scribing knife to obtain the chemical milling pattern. The knife used is a
      commercial type X-Acto scribing knife.
PAR  8. After all the lines for the chemical mill pattern are cut through the
      maskant, but not into the metal, the template is removed and the maskant
      is peeled by hand from the areas to be chemically milled.
PAR  9. The specimen is transferred into the chemical milling solution. The
      solution composition is as follows: 400 g. of nitric acid, 85 g. of
      hydrofluoric acid, 300 grams of phosphoric acid, 25 g. of carbamide,
      0.0001 g. dodecyl benzene sulfonic acid to 50 g./l dissolved titanium or
      titanium alloy, and water to make a total of one liter. The temperature of
      the solution is at 130.degree. .+-. 5.degree.F., and is agitated by means
      of a magnetic stirrer. The specimen is suspended in the solution using
      plastic coated wire and is left in the chemical milling solution for 10
      minutes.
PAR  10. After 10 minutes, the specimen is removed from the chemical milling
      solution, rinsed with cold water, and the amount of metal removal is
      measured using a micrometer. 0.013 in. of metal was removed which is a
      metal removal rate of 0.0013 in. per minute.
PAR  11. As the desired metal removal is 0.030 inches (half the thickness of the
      test specimens), the test specimen is returned to the chemical milling
      solution for an additional 11 minutes, to obtain the desired metal
      removal.
PAR  12. The specimen is removed, rinsed with cold water and the metal removal
      is checked again with a micrometer to ascertain that 0.030 in. of metal
      have been removed.
PAR  13. The maskant from areas which had not been chemically milled is removed
      by hand peeling.
PAR  The foregoing process can be used to chemically mill other titanium alloys
      and refractory metals and their alloys. The following alloys in addition
      to titanium are considered as refractory: columbium, molybdenum, tungsten,
      and tantalum.
PAR  "Hot spots" and uneven etch rate over the part being chemically milled are
      eliminated by the addition of phosphoric acid to the composition of Ser.
      No. 200,143. Tapering and grooving problems are greatly reduced. A direct
      comparison of the tolerance spread obtainable with a standard etchant of
      Ser. No. 200,143 and with the improved etchant containing phosphoric acid
      is provided in Table I. Both etchants are 7.0 N in nitric acid, contain 50
      grams/liter carbamide and sufficient hydrofluoric acid to provide an
      etchant rate of 1 mil./minute/surface at an etchant temperature of
      130.degree.F. Both etchants are identical except that the improved etchant
      of this invention has added phosphoric acid (2.5 M.). Pockets 2 inches
      wide by 18 inches long were chemically milled to a nominal remaining stock
      thickness of 0.020 inches in Ti-6AL-6V-2SN alloy having an initial
      thickness of 0.062 inches.
TBL                TABLE I                                                     
     ______________________________________                                    
     CHEMICAL MILL TOLERANCE COMPARISON                                        
                  Tolerance Spread, Inches                                     
                            Milled Vertically,                                 
                            Rotated end for end                                
                  Milled    1/2 way through                                    
                  Vertically                                                   
                            operation                                          
     ______________________________________                                    
     Etchant as described                                                      
     in Serial No. 200,143                                                     
                    0.023       0.006                                          
     Improved Etchant                                                          
                    0.006       0.002                                          
     ______________________________________                                    
PAR  Thus, it is seen that there is a considerable reduction in the tolerance
      spread obtained by the use of the new, improved etchant as compared with
      the etchant containing the basic nitric acid-hydrofluoric acid mix.
PAR  The above tabulated tolerances were obtained on flat specimens. One other
      very important feature of this improved chemical milling formulation is
      that metal removal rates in both the horizontal and vertical planes are
      essentially identical (within 10 percent of each other) as opposed to the
      25 to 30 percent higher metal removal rate in the horizontal over that of
      the vertical plane of the composition described in Ser. No. 200,143. This
      is especially important in maintaining overall tolerances when chemically
      milling formed parts having complex configurations which cannot be rotated
      to compensate for this etch rate difference.
PAR  The addition of phosphoric acid to a conventional nitric-hydrofluoric acid
      etchant results in a considerable reduction in the amount of hydrogen
      absorbed during the chemical milling operation. Hydrogen levels in
      alphabeta alloys chemically milled in an etchant composed of nitric,
      hydrofluoric, and phosphoric acids approximate those levels obtained using
      a nitric-hydrofluoric etchant containing carbamide. Addition of both
      phosphoric acid and carbamide to the standard nitric-hydrofluoric acid
      etchant of Ser. No. 200,143 produces a still further reduction in amount
      of hydrogen absorbed. Data in Table II show hydrogen absorption to be
      approximately 33 percent lower for specimens milled in the new etchant
      containing phosphoric acid as compared to specimens milled in the Ser. No.
      200,143 etchant. Both etchants compared in this table contained carbamide
      and all conditions of the runs were identical except for the incorporation
      of phosphoric acid in the new etchant. The Runs were made using the same
      compositions and under the same chemical milling conditions as described
      in the process of Table I except that the specimens were milled to a
      remaining stock thickness of 0.030 inch.
PAR  The decrease in hydrogen absorption with the improved etchant is attributed
      to the increased corrosion potential of the dissolving reaction due to the
      higher hydrogen ion concentration which results in a still further
      decrease in hydrogen gas evolution during the chemical milling operation.
TBL                TABLE II                                                    
     ______________________________________                                    
     COMPARISON OF HYDROGEN ABSORPTION IN                                      
     CHEMICALLY MILLED Ti-6Al-6V-2Sn ALLOY                                     
                    Hydrogen Content After                                     
                    Chemical Milling, ppm                                      
                    Initial                                                    
          Initial   Hydrogen  Etchant                                          
     Run  Thickness Content   Described in                                     
                                          Improved                             
     No.  Inches    ppm       Ser. No. 200,143                                 
                                          Etchant                              
     ______________________________________                                    
     1    0.080     71               100    111                                
     2    0.071     171              178    147                                
     3    0.090     45               103    113                                
     4    0.063     84               143    112                                
     5    0.080     47                79     62                                
     6    0.071     60               113     90                                
     7    0.063     83               136    101                                
                              Average                                          
                                     122    105                                
     ______________________________________                                    
PAR  Hydrogen content of the milled article is measured in parts per million
      (ppm). Aeronautical materials specifications state the maximum permissible
      hydrogen concentrations are 150-200 parts per million, depending upon the
      titanium alloy involved. These figures are conservative, and for less
      critical applications than aerospace vehicles higher hydrogen
      concentrations could be tolerated. It should be noted that hydrogen values
      shown in this application are based on the use of annealed alpha beta
      titanium. Forming of alpha-beta titanium at temperatures in excess of
      110.degree.F. produce changes in the material which result in considerably
      higher hydrogen absorption (350-500 ppm) during the chemical milling
      operation. Hot formed alpha-beta titanium can be stabilized at lower
      temperatures after forming to provide hydrogen absorption equivalent to
      that obtained in annealed material. Another significant improvement in
      this invention is its increased solution life, that is, the solution can
      stay in contact with the metal being milled for a longer period of time
      without creating a scale problem.
PAR  Optimum etchant composition, prior to the introduction of phosphoric acid
      to the etchant makeup, was a nitrichydrofluoric acid solution which
      contained carbamide at a nominal 25 g./l concentration. use of this type
      etchant produced an extremely hard scale which resulted in high tank clean
      up costs and excessive maintenance on valves and pump seals. Solutions of
      this composition are generally discarded at relatively low dissolved metal
      levels to minimize scale problem. The addition of phosphoric acid to this
      type etchant composition produces a considerably softer, sludge-like
      scale, which is easily removable and does not contribute appreciably to
      maintenance problems. This allows use of the present etchant with
      dissolved metal holdings up to 50 percent higher than were allowable
      previously.
PAR  The chemical milling solution used in this invention preferably contains a
      surfactant of a type compatible with a strong, oxidizing acid mixture. The
      surfactant is added to eliminate the small amount of thin out in the upper
      radii of pockets milled in the vertical plane. The surfactant amount is
      normally quite small. Additions are made to maintain surface tension
      within proper limits. Suitable surfactants include dodecyl benzene
      sulfonic acid and alkyl benzene sulfonate.
PAR  The chemically milling solution contains preferably 50% by volume of
      commercially available 67.8 wt. % nitric acid. The range of nitric acid
      concentration can be varied between about 210 and about 630 grams of pure
      nitric acid per liter of final solution. The range can also be expressed
      in Normality (N) which is the term used to describe one gram equivalent
      weight of reactive material per liter of solution and is about 3 to about
      9 N., preferably about 6 N. The use of nitric acid is critical.
PAR  Between 4 and 16% by volume of commercially available hydrofluoric acid can
      be used, although 7 to 10% of said hydrofluoric acid is preferred. These
      ranges can be expressed as enough hydrofluoric acid to provide an etch
      rate of about 0.8 to about 1.6 mils/minute/surface at operating
      temperature or as 87 to 126 g. of 70% hydrofluoric acid per liter of final
      solution. Hydrofluoric acid is preferred, but fluoride salts such as,
      lithium fluoride, ammonium fluoride, sodium fluoride, and the like, can be
      used as the fluoride producing material.
PAR  The milling solution contains preferably 25% by volume of commercially
      available 75 wt. % phosphoric acid. The range of phosphoric acid
      concentration can be varied between about 98 and about 590 grams of pure
      phosphoric acid per liter of final solution. This can also be expressed in
      molarity with a range of about 1 to about 6.0 M. phosphoric acid,
      preferably about 3 M. The use of phosphoric acid is critical. Addition of
      phosphate ion in the form of phosphoric acid (H.sub.3 PO.sub.4) is
      preferred, although other phosphate ion containing compounds may be used.
PAR  Carbamide is the preferred cabonic acid derivative, but others can be used,
      such as, urea nitrate, urea oxalate and semi-cabazide. The carbamide is
      present in amount of at least 10 grams per liter of final solution.
      Preferably the range is from about 15 to about 50 grams per liter (based
      on carbamide). The use of carbamide plus phosphoric acid decreases the
      hydrogen absorption as seen in Table II. The solution can be operated with
      the omission of carbonic acid derivative. Operation without the carbonic
      acid derivative requires higher hydrofluoric acid concentrations to obtain
      the equivalent etch rate, and for this reason the addition of this
      compound in preferred.
PAR  The temperature range of the chemical milling process may be between about
      90.degree.F. and about 140.degree.F., although the preferred range is
      about 120.degree. to about 130.degree.F.
PAR  Inert coatings such as neoprene or high melting wax are used to cover the
      areas of the titanium which are not to be chemically milled. Such
      materials are commercially available.
PAR  The time of chemical milling varies widely depending on the amount of metal
      removal. Normally the rate of metal removal is about 0.0012 inches per
      minute per surface. The majority of present aerospace parts require metal
      removal of about 1/16 inch which would take about 0.85 hours in chemical
      milling time. The rate of metal removal of this invention is approximately
      0.0012 inches per minute per surface.
PAR  The invention is intended to cover all changes and modifications of the
      examples of the invention herein chosen for purposes of the disclosure,
      which do not constitute departures from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for chemically milling and surface treating refractory
      metals and their alloys comprising per liter
PA1  A. about 210 to about 630 g. pure nitric acid equivalent,
PA1  B. phosphate ion producing material equivalent to about 98 to about 440 g.
      pure phosphoric acid,
PA1  C. an amount of fluoride producing material sufficient to provide the
      equivalent of about 61 to about 88 g. of pure hydrofluoric acid, and
PA1  D. a derivative of carbonic acid in an amount equivalent to at least about
      15 grams of carbamide.
NUM  2.
PAR  2. The composition of claim 1 containing about 0.00005 to about 0.0003 g./l
      surfactant.
NUM  3.
PAR  3. The composition of claim 1 wherein the fluoride material is hydrofluoric
      acid and the carbonic acid derivative is carbamide.
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ABST
PAL  Particles of a fluidizable substance are coated with a complete and
      continuous coating by a process wherein a non-aqueous solution of a
      coating substance is sprayed from a nozzle downwardly on a fluidized bed
      of the particles to be coated, the nozzle height being adjusted so that
      the liquid droplets of coating material would just cover the
      cross-sectional area of the upper surface of the bed, if sprayed on the
      unexpanded bed. When the aforementioned coating is a fatty acid having
      12-20 carbon atoms applied to particles of a chlorine-releasing agent, and
      when a second coating is applied by treatment with a solution of a fixed
      alkali hydroxide, i.e., sodium, potassium, or calcium hydroxide, an
      effective, completely encapsulated, non-pinholing bleach product is
      obtained.
PARN
PAR  This is a division of application Ser. No. 422,813, filed Dec. 7, 1973, and
      now U.S. Pat. No. 3,908,045.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The coating or encapsulation of discrete particulate material by a variety
      of processes is well known. In particular, the art is aware of many
      variations in processes for coating particulate material by a fluidized
      bed technique.
PAR  The present invention finds utility for applying either a complete single
      coating or a double coating of a material to a particulate substance.
PAR  In the case of a single coating, encapsulation methods known heretofore do
      not always insure that the particles will have no adverse side effects
      during use.
PAR  The double coating process of the present invention is especially
      applicable to the coating of particles of highly reactive substances. Most
      particularly the process finds utility in the detergent bleach field
      wherein particulate fabric bleaching agents, such as potassium
      dichloroisocyanurate, sodium dichloroisocyanurate, and the hydrates
      thereof are employed in home laundering operations as a dry bleach product
      to be added separately to a washing machine or for use in admixture with
      particles of a detergent composition to form a commercially acceptable
      detergent -- dry bleach combination. Because of their highly reactive
      nature the particles must not only be thoroughly and imperviously coated
      to avoid contact of the bleach particles with the detergent particles, but
      the coated particles must not attack textile materials or the dyes thereon
      under washing conditions. Although prior-art processes may provide
      thorough and uniform coatings impervious to potassium iodide solution, the
      coated particles of chlorine-releasing compounds suffer the defect that
      they attack the dye substances at the points of contact with the fabric
      and have been known to attack the fabric and make pinholes therein in a
      washing process wherein the coated bleach particles are placed directly on
      dry clothes.
PAR  2. The Prior Art
PAR  Art that may be considered in connection with the instant invention is
      represented by the patents listed below.
PAR  U.S. Pat. No. 1,950,956 to Wilhelm
PAR  Discloses the coating of chloramine-T with stearic acid.
PAR  U.S. Pat. No. 1,480,561 to McNeil
PAR  Discloses a process wherein granules are uniformly coated by dropping
      granules through a spray of a solution of a coating substance and spraying
      the solution directly upon the granules while they are being agitated in a
      tumbling mechanism.
PAR  U.S. Pat. No. 2,561,392 to Marshall
PAR  Relates to process and apparatus for coating moving particles by spraying a
      solution of a coating material thereon. Provision is made to recirculate
      the particles to provide a heavier coating. There is also disclosed a
      means for removing the solvent from the coating material.
PAR  U.S. Pat. No. 2,579,944 to Marshall
PAR  Discloses a tandem coating system wherein particles in a turbulent state
      are coated by spraying with a solution of a coating substance in a first
      chamber and sequentially coated by spraying with a solution of a second
      substance in a second chamber. The patentee states in column 6, lines
      18-22 that it is desirable to have the sprayers adjustable vertically so
      as to coat the particles properly when the surface of the bed is changed.
PAR  U.S. Pat. No. 2,594,469 to Mahoney
PAR  Relates to a process wherein particles, such as spray-dried detergent
      particles fall by gravity within a chamber, and the falling particles are
      coated by spraying with a solution of the coating substance.
PAR  U.S. Pat. No. 2,768,095 to Tadema et al.
PAR  Provides a method for uniformly distributing liquids in finely divided
      solids without substantial loss of materials. The liquid may be a solution
      of one or more materials in a suitable solvent, and is injected within a
      fluidized bed of the finely divided solids either counter to, or parallel
      to, the gas stream used for fluidization.
PAR  U.S. Pat. No. 3,650,961 to Hudson
PAR  Discloses a method for encapsulating chlorocyanurates with hydratable
      inorganic salts. A fluidized bed of the inorganic salt is formed, on which
      is sprayed droplets of a slurry of a chlorocyanurate, or other detergent
      adjunct. By controlling the droplet size, the detergent is made to form
      the core material disposed predominantly in the center of the particle,
      while the inorganic salt, partially hydrated, surrounds the core, and the
      particle size can be controlled to about 10-100 mesh.
PAR  U.S. Pat. No. 3,671,296 to Funakoshi et al.
PAR  Particles are coated by treatment with a liquid spray while the particles
      are circulating in a cyclic pattern. Circulation is accomplished by moving
      the particles to the outer edge of a rotating circular, horizontal dish,
      the force of this movement carrying the particles upward along the
      internal vertical surface of a cylindrical or inwardly curved barrel, then
      leaving the barrel surface to move toward the center of the barrel, thence
      falling back to the revolving plate to repeat the circulating process.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the problem of insuring complete encapsulation
      of a particulate material without agglomeration may be solved by applying
      a solution of a coating substance to a fluidized bed of the particulate
      material, the nozzle from which the coating substance is sprayed being at
      a critical height from the bed when in a static state.
PAR  It has moreover been found that the problem of pin-holing, discussed
      hereinbefore, can be solved or greatly alleviated by applying to the
      particles of the substance which can cause pinholing, i.e., a substance
      having at least one reactive chlorine atom in its molecular structure, a
      first coating of a solidifiable saturated fatty acid, and sequentially
      applying a second coating of soap by treating the first coating of fatty
      acid with a solution of a fixed alkali hydroxide selected from the group
      consisting of sodium hydroxide, potassium hydroxide, and calcium
      hydroxide.
PAR  In a first embodiment, the present invention provides a granular,
      free-flowing, non-agglomerated, dry chlorinated bleach product for use
      during the washing of textiles, wherein the granules are coated with a
      substance which prevents reaction of the bleach product during storage and
      additionally prevents pinholing of the textiles and attack on the
      dyestuffs thereon.
PAR  It is therefore an object of the invention to apply a double coating to
      particles of a chlorinated bleach substance.
PAR  It is another object of the invention to provide a coating system on
      particles of a compound having releasable chlorine therein, whereby bleach
      damage (pinholing) on colored fabrics is prevented and good chlorine
      release during the wash cycle is provided.
PAR  It is a further object of the invention to provide a coating composition
      for the above-described chlorine-containing bleach compounds which is
      relatively slow dissolving to prevent bleach damage on colored fabrics and
      to permit good chlorine release during the wash cycle.
PAR  In a second embodiment, the invention provides a process for depositing a
      complete and continuous single coating on a particulate substance in a
      fluidized state.
PAR  The present invention is described herein in terms of potassium
      dichloroisocyanurate, a well-known oxidant and household bleach, which has
      two reactive chlorine atoms per molecule, and readily releases the
      chlorine in an oxidizing action in contact with a reducible substance, or
      by hydrolysis in contact with water.
PAR  However, the particles which are advantageously coated by the process of
      the invention are not limited to the aforesaid potassium
      dichloroisocyanurate, but may be any fluidizable substance in particulate
      form.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of the apparatus of the instant invention.
PAR  FIG. 2 is a view of the supporting screen located in tower 1 of FIG. 1.
PAR  FIG. 3 is a view of the spraying nozzle located at 5 in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In one aspect of the instant invention there is provided a process wherein
      particles of a chlorine-releasing agent are coated with a double layer of
      coating substances as described hereinafter.
PAR  In another aspect the invention provides a process for applying a single
      coating substance to any fluidizable particulate material.
PAR  The products obtained by the process of the present invention are
      encapsulated, free-flowing, non-agglomerated particles having a core of
      the substance to be coated, a first or primary coat of a solidifiable
      material, which may be the sole coat, and in the case of a core substance
      which is an oxidant having releasable chlorine in its molecule, the
      particles have a first coat of a saturated fatty acid and a second coat of
      a soap of the fatty acid.
PAR  A preferred product made by the process of the present invention is
      encapsulated potassium dichloroisocyanurate in particulate form, said
      particles having thereon an inner and an outer coating, said inner coating
      comprising a fatty acid from 12 to 20 carbon atoms, or mixtures thereof,
      and said outer coating comprising a sodium salt of said acid, or mixtures
      thereof, said particles of potassium dichloroisocyanurate having said
      inner coating being completely encapsulated by said sodium salt.
PAR  Most preferably, the encapsulated particles suitable for bleaching fabrics
      in an aqueous medium in accordance with the present invention comprise:
PA1  i. a core of potassium dichloroisocyanurate,
PA1  ii. a primary coating contiguous to said core of a fatty acid comprising
      about 55% palmitic acid and about 45% stearic acid, and
PA1  iii. an outer coating of the sodium salt of said fatty acid, said primary
      coating and said outer coating being substantially continuous.
PAR  The core substance may be any substance in particulate form which can be
      fluidized. Suitable non-chlorinated substances are:
PAR  sodium perborate
PAR  enzymes
PAR  optical brighteners
PAR  sodium acetyl salicylate
PAR   antibacterial agents
PAR  polyethylene glycol/terephthalate copolymers.
PAR  Among the chlorine-releasing substances suitable as core material, there
      may be mentioned those oxidants capable of having their chlorine liberated
      in the form of free elemental chlorine under conditions normally used for
      detergent bleaching purposes, such as potassium dichloroisocyanurate,
      sodium dichloroisocyanurate, chlorinated trisodium phosphate, calcium
      hypochlorite, lithium hypochlorite, monochloramine, dichloramine, nitrogen
      trichloride, [(mono-trichloro)-tetra-(mono-potassium
      dichloro)]penta-isocyanurate, 1,3-dichloro-5,5-dimethyl hydantoin,
      paratoluene sulfondichloroamide, trichloromelamine, N-chloroammeline,
      N-chlorosuccinimide, N,N'-dichloroazodicarbonamide, N-chloro acetyl urea,
      N,N'-dichlorobiuret, chlorinated dicyandiamide, trichlorocyanuric acid,
      and dichloroglycoluril.
PAR  The instant invention is applicable to particulate substances having a wide
      range of particle sizes, so long as the particles are fluidizable.
      Commonly, particles of 5 to 120 U.S. mesh size are employed.
PAR  When only a single coat is to be deposited by the process described herein
      the coating substance may be a fatty acid, or may comprise such substances
      as polyvinyl alcohol, polyvinyl pyrrolidone, polyethylene glycols having a
      molecular weight from about 6,000 to about 16,000, copolymers of vinyl
      methyl ether and maleic anhydride, etc. The solvent for the coating
      substance will be selected with due regard for its volatility and
      inertness toward the core material. For example, methanol is a suitable
      solvent for depositing a coating of polyethylene glycol (6000 molecular
      weight) on particles of sodium perborate. Preferably the boiling point of
      the solvent is about 90.degree.F to about 180.degree.F. The capacity of
      the exhaust system will be considered in determining whether a solvent
      having a boiling point in the upper portion of the foregoing range can be
      used. For example, if relatively little solvent is required for the
      coating substance, the boiling point can be higher than in instances
      wherein a high proportion of solvent is needed.
PAR  When a dual coating is to be applied, it is essential that the first
      coating be a saturated fatty (alkanoic) acid which is solidifiable and
      which remains solid at temperatures likely to be encountered during
      manufacture or storage, for example, a temperature of about
      85.degree.-130.degree.F. Suitable fatty acids are the well-known
      n-alkanoic acids having from about 12 to about 20 carbon atoms. A
      particularly suitable fatty acid is Emersol 132 (trademark of Emery
      Industries, Inc.), which is substantially 45% stearic acid and 55%
      palmitic acid and which melts at about 131.degree.-132.degree.F. The fatty
      acid is applied as a solution in a suitable solvent, methylene chloride
      being preferred because of its compatibility, non-reactivity with
      chlorine-releasing agents, nonflammability, and low toxicity.
PAR  Moreover, the fatty acid will be selected with due regard to its melting
      point in relation to the use to which the coated particles are to be put.
      For example, in the case of a dual-coated product intended for use as a
      bleaching agent in a home laundering operation, the melting point of the
      fatty acid may be somewhat higher than the temperature of the wash
      solution, but not so high that it is not removed from the core by the
      emulsifying action of the outer soap layer.
PAR  The following fatty acids or mixtures thereof are suitable.
TBL  ______________________________________                                    
               Number of  Approximate                                          
               Carbon Atoms                                                    
                          Melting Point, 0.degree.F                            
     ______________________________________                                    
     Lauric Acid 12           111                                              
     Myristic Acid                                                             
                 14           136                                              
     Palmitic Acid                                                             
                 16           147                                              
     Stearic Acid                                                              
                 18           157                                              
     Arachidic Acid                                                            
                 20           169                                              
     ______________________________________                                    
PAR  Specific mixtures of saturated fatty acids suitable for use in the practice
      of the invention are set forth in the following list.
TBL  __________________________________________________________________________
                                    Approximate Melting                        
     Technical                                                                 
              Typical Chain-Length Distribution                                
                                    Point                                      
     Designation                                                               
              Percent               .degree.F                                  
              C.sub.10                                                         
                 C.sub.12                                                      
                     C.sub.14                                                  
                         C.sub.16                                              
                             C.sub.18                                          
                                 C.sub.20                                      
     __________________________________________________________________________
     90% lauric                                                                
              4  91  4   1          104                                        
     95% lauric                                                                
              1  95  4              109                                        
     99% lauric                                                                
              0.3                                                              
                 99  0.7            111                                        
     95% myristic                                                              
                 2   95  3          127                                        
     90% palmitic    1   92  7      140                                        
     95% stearic         0.5 97  2.5                                           
                                    154                                        
     Triple-pressed  2   52  46     131                                        
     stearic                                                                   
     Palmitic-stearic                                                          
                     8   75  17     131                                        
     Stearic         5   30  65     139                                        
     __________________________________________________________________________
PAR  Potassium dichloroisocyanurate, typical of the cyanurates suitable as core
      substances, is commercially available and may be obtained from the
      Monsanto Chemical Company. The chemical structure of this compound may be
      represented by the graphic formula:
      ##EQU1##
PAR  Information regarding this and three related compounds may be found in
      Monsanto Technical Bulletin I-177.
PAR  The second coating is a sodium, potassium, or calcium salt of the fatty
      acid which comprises the first coat.
PAR  When carrying out the process of the instant invention, the first coating
      is conveniently applied by means of the apparatus shown schematically in
      FIGS. 1-3. Referring to the drawings, reference character 1 indicates a
      chamber or cylindrical tower, wherein the coating or encapsulation of the
      particles is accomplished. At the base of tower 1 is supporting screen 2
      (FIGS. 1 and 2). The tower is fitted with a manifold inlet for the
      introduction of tangential air shown at 4. Shown at 3 is an unexpanded bed
      of the particles to be coated. A downwardly projecting nozzle constituting
      a spraying means 5 is adjustably disposed within the tower 1, and adapted
      to be adjusted vertically so that the liquid droplets of coating material,
      discharged in a downwardly diverging three-dimensional pattern, would if
      sprayed on the bed of particles in the unexpanded state, just cover the
      upper surface area of the bed, i.e., a right cross section of the spray
      pattern at the level of the upper surface of the unexpanded bed, is
      coincident in peripheral configuration therewith.
PAR  When the spray nozzle and the spray pattern of droplets issuing therefrom
      are conical, the nozzle location is such that the projection of the nozzle
      cone surface intersects the tower wall at the level of the upper surface
      of the bed of particles when in the unfluidized state.
PAR  The coating solution is contained in vessel 6 and is fed to nozzle 5 by
      pump 7. The spraying of the coating solution from nozzle 5 is aided by
      pressurized air entering tower 1 at 8. Fluidizing gas passes through duct
      9 and is forced through the screen support by blower 10 and is either
      cooled by cooling system 13, or heated by heat exchanger 11, if required,
      in order to maintain the fluidizing gas within a critical temperature
      range. An exhaust blower 12 removes solvent vapors. It will be recognized
      from the foregoing description that the height of the spray nozzle
      relative to the bed of particles in the static state is critical to obtain
      the spray pattern required to deposit a complete and continuous coating on
      each particle. It has been found that the particles are not adequately
      coated if there is any substantial deviation in the spray pattern relative
      to the height of the static bed.
PAR  More fully described in terms of a specific embodiment of the apparatus,
      equipment suitable for carrying out the process of applying the first or
      sole coating on a particulate substance may comprise a vertical tower 1
      having appropriate dimensions, for example, a diameter of about 1 foot and
      a height of about 5 feet comprising a coating chamber. The bottom of the
      unit contains a conical shape receptable for entering fluidizing air. The
      particulate matter is supported by a screen, grid, or porous plate having
      a sufficient number of openings to provide substantially even distribution
      of the upward flowing gas over the cross section of the coating tower. All
      metal parts are fabricated of stainless steel.
PAR  It is preferred that the support on which the particle bed rests be
      substantially a screen, e.g., having about 10 to about 140 U.S. mesh
      openings per inch, rather than a perforated plate with relatively few
      openings, to aid the circulation of every particle by the incoming air.
      Suitably a 60-mesh screen may be used.
PAR  Fluidizing air enters the apparatus through a 6 inch diameter flexible duct
      9 below the supporting screen. This air is supplied from a conventional
      air blower capable of delivering air at a superficial air velocity of from
      about 4-15 feet per second and preferably from about 7-12 feet per second
      in the fluidizer. Provision has been made either to heat or cool the
      entering air as required by a steam heat exchanger 11 and a cooling unit
      13. In addition, a small amount of air is supplied through a series of
      nine - 1/4 inch diameter tubing jets, equally spaced about the inner
      perimeter at the support screen level. The function of the air jets is to
      help provide uniform particle coating by preventing any stagnant bed areas
      from forming at the wall.
PAR  Solutions of the coating material are pumped to a two-fluid atomizing
      nozzle 5 by a simplex reciprocal constant volume metering pump. The nozzle
      head has at least two, and preferably six, holes so disposed as to spray
      the coating solution evenly over the entire cross sectional area of the
      fluidized bed. This particular spray pattern provides a maximum available
      coating zone. The nozzle can be located at various heights above the
      support screen depending on the volume of core material in the bed.
      However, the most suitable location of the nozzle is the point at which
      the coating solution can be sprayed on the upper perimeter of the
      unfluidized bed core material.
PAR  The coating solution reservoir and pipe lines leading to the nozzle are
      heated in some cases to prevent solidification of the coating material in
      solution. Flow meters are used to measure gas flow and this flow is
      controlled by conventional valves and gauges.
PAR  Air is exhausted through a blower 12 to a wash drum. A cyclone separator
      may be used to recycle the smaller particles that have been elutriated
      from the bed.
PAR  The fluidizer is fitted with two Plexiglas windows and a Plexiglas door
      that allow for observation during a run. The door also serves as a means
      of filling and emptying the fluidizer of solid material.
PAR  In operation, a known weight of a multiplicity of particles to be coated is
      placed on the perforated support, or supporting screen 2, in coating tower
      1. It is convenient to use a starting batch weight of 10 to 20 pounds of
      uncoated particles.
PAR  Typically the thickness of the layer or bed in the static state is about
      11/2 to about 6 inches. The height of the spray nozzle 5 is adjusted to a
      level such that the outermost droplets of the spray therefrom would
      contact the layer of particles at the perimeter thereof as defined by the
      layer in static state. Air is caused to flow upwardly by the force created
      by blower 10 through duct 9, thereby expanding the thickness of the layer
      of particles, and maintaining the particles in continuous motion within
      the volume defined by the expanded bed, thus forming a fluidized bed 3.
PAR  A solution of a solidifiable coating substance, contained in vessel 6, is
      sprayed by means of a pump 7 through nozzle 5 on the fluidized bed 3 until
      all particles in the bed are completely coated. The time required for a
      coating run in a 1-foot diameter tower may vary from about 10 minutes to
      about 2 hours, depending upon such factors as type of coating,
      concentration of coating solution, and the desired rate of application of
      the coating solution.
PAR  It is critical to control the spray pattern as described hereinbefore, and
      to employ supplemental tangential air so as to insure adequate movement
      and circulation of all the particles during fluidization and as a result
      to achieve a complete and continuous coating on all the particles. A
      suitable spray nozzle is a Sprayco No. 26 nozzle manufactured by the
      Spraying systems Co. This nozzle contains six holes in the atomizing head.
PAR  The fluidizing air velocity is controlled at an optimum for good
      fluidization. Too low a velocity will result in poor particle circulation
      and hence a poor coating. Too high a velocity will promote mechanical
      breakdown of the particles and excessive particle carryover from the body
      of the bed.
PAR  The temperature of the fluidizing air, and hence the temperature of the
      bed, is controlled within a critical range. Too low a temperature results
      in too low a rate of solvent evaporation to cause the particles to become
      too wet, circulate poorly, and agglomerate. Too high a temperature tends
      to evaporate the solvent prematurely before the coating solution contacts
      the particle to be coated. Normally the temperature of the fluidizing air
      is such that the bed temperature is about 80.degree.F to about
      130.degree.F.
PAR  Particles coated by the above-described procedure are completely
      encapsulated with a continuous coating, and are free-flowing and
      non-agglomerated.
PAR  It is important that each particle be fully covered, particularly in the
      case of the bleach compounds having releasable chlorine to be subjected to
      treatment with a fixed alkali hydroxide, since contact thereof with a
      chlorinated compound may result in a violent reaction.
PAR  When it is desired to apply a second, or outer, coating in accordance with
      the invention, for example, when the core substance is a
      chlorine-releasing agent to be used as a bleach in home-laundering
      operations, the first coating will comprise a saturated fatty acid as
      described hereinabove.
PAR  After removing the fatty acid coated particles from the fluidizer, the
      particles are treated to apply an outer coating of an alkali metal or
      alkaline earth soap of the fatty acid which comprises the first coat. The
      outer coating is advantageously applied by gently agitating the fatty acid
      coated particles in an aqueous solution of an alkali metal or alkaline
      earth hydroxide having a concentration as set forth hereinafter, for about
      10 minutes to about 2 hours, preferably for about 1/2 hour, and until the
      hydroxide reacts with at least a portion of the fatty acid, and completely
      encapsulates the particles with the reaction product of the fatty acid and
      the hydroxide.
PAR  The temperature of the hydroxide solution is suitably between about
      35.degree.F and about 200.degree.F and is not higher than the melting
      point, and preferably not higher than about 5.degree.F below the melting
      point, of the particular fatty acid employed for the first coat, and in
      any event not sufficiently high to melt the fatty acid.
PAR  Following the aforementioned treatment the double coated particles are
      separated from the treating solution for example by decantation on a
      screen, and dried to produce completely encapsulated, free-flowing,
      particles coated with a first or inner layer of fatty acid, and a second
      or outer layer of the fixed alkali soap of the fatty acid.
PAR  The proportion of the fatty acid coating that is converted to the
      corresponding soap is not critical. All that is required is that the
      encapsulating coat of the reaction product of the fatty acid and fixed
      alkali hydroxide, i.e., soap, completely cover each particle. The
      invention contemplates a process wherein some or all of the primary fatty
      acid coat is converted to soap in the second coating step, provided that
      the conversion to soap proceeds at least to the extent that the soap
      covers every particle completely. In a typical case, each particle will
      have on the surface thereof a first coating of a fatty acid and a second,
      or outer, coating of the salt of the acid which comprises the first coat.
PAR  A critical feature of the second coating is the concentration of the alkali
      in the solution employed to react with the fatty acid. The concentration
      of sodium hydroxide should be between about 3% to about 10% by weight when
      the primary coating is stearic acid or a mixture of stearic and palmitic
      acids, and should be about 10% to about 15% when the primary coating is
      lauric acid or the commercial 95% material. The concentration of potassium
      hydroxide should be between about 10% and about 15%. Calcium hydroxide
      should be applied as a saturated solution, i.e., about 0.1% by weight.
      Below the critical concentrations the coating becomes soft and gel-like,
      and is not protective. At concentrations above the critical levels, this
      of course not being applicable to calcium hydroxide, the particles tend to
      rise due to the relatively higher density of the alkali solution and are
      difficult to coat properly.
PAR  Preferred concentrations are about 3% to about 7% sodium hydroxide when the
      primary fatty acid coating is in the upper portion of the soap-making
      molecular weight range, for example, palmitic and stearic acids, and about
      12% to about 14% sodium hydroxide for the lower portion, for example, when
      the fatty acid is lauric acid. The preferred concentration of potassium
      hydroxide is about 10% to about 13%, and of calcium hydroxide, about 0.1%.
PAR  The proportion of primary coating substances relative to the single-coated
      particle may be from about 25% to about 75% by weight, preferably about
      50%. The conversion of fatty acid to soap to form the outer coating adds
      very little to the weight of coating.
PAR  The advantages of the dual coating of the present invention (i.e.,
      protection without pinholing) appear to be brought about by a different
      mechanism by which the bleach particles are made available to the washing
      solution. When a fatty acid is the only coating, the release of the bleach
      particle depends upon the melting point of the coating as compared to the
      temperature of the washing solution. When the melting point of a fatty
      acid single coating material is the same or lower than the washing
      temperature, there is severe color damage on colored fabrics (pinholing);
      when the melting point is higher than the washing temperature no pinholing
      is discerned but the total available chlorine released from the coated
      particles is only about 20- 60% of the theoretical. In contrast, when
      particles of potassium dichloroisocyanurate are provided with a dual
      coating in accordance with the present invention, the bleach particles are
      released into the washing solution by the relatively slow rate of
      solubility of the soap coating, to remove as well the undercoating of
      fatty acid, possibly by an emulsifying action.
PAR  In accordance with the foregoing description, the process for coating
      particles of an oxidizing material having at least one reactive chlorine
      atom in its molecular structure comprises the steps of:
PA1  i. placing said particles in such a configuration as to define a layer
      thereof having a thickness between about 1/2 inch and about 6 inches, on a
      perforated support,
PA1  ii. adjusting the height of a downwardly disposed spraying means capable of
      producing a spray of liquid droplets in a downwardly diverging pattern, to
      a level such that the outermost droplets of said spray contact said layer
      of particles at the perimeter thereof as defined by said layer in static
      state,
PA1  iii. causing a gas to flow upward through said perforated support, thereby
      expanding the thickness of said layer and maintaining said particles in
      continuous motion to form a fluidized bed,
PA1  iv. spraying a solution of a solidifiable fatty acid on said fluidized bed
      until all particles in said bed are completely coated with said fatty
      acid,
PA1  v. treating said coated particles with an aqueous solution of a fixed
      alkali hydroxide selected from the group consisting of sodium hydroxide,
      potassium hydroxide, and calcium hydroxide, and mixtures thereof, thereby
      reacting said hydroxide with at least a portion of said fatty acid, and
      completely encapsulating said particles with the reaction product of said
      fatty acid and said hydroxide, the concentration of said fixed alkali
      hydroxide in said solution being about 3% to about 15% when said fixed
      alkali is sodium hydroxide, about 10% to about 15% when said fixed alkali
      is potassium hydroxide, and about 0.1% when said fixed alkali is calcium
      hydroxide, by weight of said solution.
PAR  Encapsulated particles of chlorine-releasing agent prepared in accordance
      with the instant invention find utility in admixture with particulate
      detergent compositions having therein an anionic or nonionic detergent
      species that is not adversely affected by chlorine liberated from the
      bleaching agent.
PAR  The dual-coated particles may be admixed with a particulate detergent
      composition. Examples of anionic detergents useful in the detergent-bleach
      compositions of the invention are the higher alkyl mononuclear aromatic
      alkali-metal sulfonates, such as alkylbenzenesulfonates having about 9 to
      about 18 carbon atoms in the alkyl group wherein the alkyl group is
      derived from polypropylene as described by Lewis in U.S. Pat. No.
      2,477,382, or wherein the alkyl group is derived from kerosene, as
      described by Flett in U.S. Pat. No. 2,390,295, and Rubinfeld in U.S. Pat.
      No. 3,320,174, or wherein the alkyl group is a straight chain and the
      benzene nucleus is randomly positioned along the alkyl chain, as described
      in Baumgartner U.S. Pat. Nos. 2,723,240 and 2,712,530, and in U.S. Pat.
      No. 2,972,583, or wherein the alkyl group is a hexene dimer or trimer as
      in McEwan U.S. Pat. No. 3,370,100, or wherein the alkyl group is derived
      from alphaolefins, as in Swenson U.S. Pat. No. 3,214,462.
PAR  Also there may be employed primary and secondary alkyl sulfates, i.e.,
      R-O-SO.sub.3 -- compounds wherein R represents an alkyl group having from
      10 to 20 carbon atoms such as sodium, potassium, and magnesium lauryl
      sulfate, stearyl sulfate, coconut alkyl sulfate and tallow alkyl sulfate;
      N-long chain acyl-N-alkyl taurates and the salts thereof wherein the long
      chain is from 8 to 20 carbon atoms such as sodium oleoyl methyl taurate,
      sodium palmitoyl methyl taurate, sodium lauroyl methyl taurate and the
      corresponding acyl ethyl taurates; long chain alkyl-oxyethylene sulfates
      wherein the long chain is from 8 to 20 carbon atoms such as sodium or
      laurylpolyoxyethylene sulfate, sodium lauryloxyethylene sulfate and sodium
      cetylpolyoxyethylene sulfate; long chain alkyl aryl oxyethylene sulfates
      wherein the long chain is from 8 to 20 carbon atoms such as ammonium,
      sodium or potassium nonyl- octyl- and tridecylphenoxy mono- and
      polyoxyethylene sulfates; long chain acylisethionates wherein the long
      chain is from 8 to 20 carbon atoms such as sodium or potassium lauroyl-
      stearoyl isethionate; alkane- or alkenesulfonates containing 8 to 20
      carbon atoms in the alkane or alkene group such as sodium or potassium
      octane-, decane-, tetradecane-, octadecanesulfonate and octene-, decene-,
      tetradecene- and octadecenesulfonate; alkoxyhydroxy- alkanesulfonates
      wherein the long chain is 8 to 22 carbon atoms such as
      lauryloxyhydroxypropanesulfonate, stearyloxyhydroxyethanesulfonate and
      tallowoxyhydroxypropanesulfonate; and fatty acid monoglyceride sulfates
      wherein the long chain is 8 to 22 carbon atoms such as lauric-, myristic-,
      palmitic and stearic monoglyceride sulfates; alpha-sulfo soap, such as
      disodium salt of alpha-sulfo fatty acids wherein the fatty acids are
      derived from tallow, the sulfosuccinates, such as dioctyl sulfosuccinate,
      sodium salt, the sulfuric acid esters of polyhydric alcohols incompletely
      esterified with higher fatty acids, such as the sodium salt of sulfated
      coconut oil monoglyceride, and compounds known as "Medialans", which are
      amido carboxylic acids formed by condensing fatty acids of C.sub.8
      -C.sub.22 chain length with sarcosine, CH.sub.3 NH.sub.2 CH.sub.2 COOH.
      Generally the alkali metal salts are employed.
PAR  The soaps are included within the definition of anionic detergents as used
      herein. Operable soaps within the present invention are the sodium and
      potassium salts of acyclic monocarboxylic acids having chain lengths of
      about 8 to about 22 carbon atoms. Particularly useful are the salts of
      unsubstituted fatty acids derived from natural triglycerides, such as
      tallow, palm oil, cottonseed oil, olive oil, lard, rapeseed oil, etc., and
      the so-called "high-lauric oils", generally exemplified by the tropical
      nut oils of the coconut oil class, including in addition to coconut oil,
      palm kernel oil, babassu oil, ouri curi oil, tucum oil, cohune nut oil,
      and murumuru oil, and for present purposes, ucuhuba butter, a triglyceride
      high in myristic acid esters. A particularly useful soap is one prepared
      from a mixture of about 80% tallow and about 20% coconut oil.
PAR  Preferably the detergent composition should be substantially free of
      compounds containing amino nitrogen to avoid adverse effects during the
      washing operation.
PAR  Other suitable anionic synthetic detergents for use in the present
      invention can be found in the literature, such as "Surface Active Agents
      and Detergents" by Schwartz, Perry and Berch published by Interscience
      Publishers, the disclosures of which are incorporated by reference herein.
PAR  The water-soluble polyetheneoxy nonionic organic detergent compounds
      suitable for use in the practice of the invention may be characterized
      broadly as ethylene oxide condensates of organic hydrophobic compounds
      bearing a labile hydrogen atom in a polar substituent, said organic
      hydrophobic compounds being within a molecular weight range such that when
      serving as a base for a resulting ethylene oxide condensate, said
      condensate is capable of having detergent properties at a sufficiently
      high ethylene oxide content.
PAR  Suitable hydrophobic bases falling within the foregoing description are
      aliphatic alcohols and mixtures thereof having from about 10 to about 15
      carbon atoms, corresponding to an average molecular weight of about 158 to
      about 228. The alcohol is preferably straight-chain but may contain 0% to
      about 25% lower alkyl branching, mainly methyl, with some 2 - 3 carbon
      alkyl groups, on the 2-position carbon of the alcohol molecule.
PAR  Other suitable hydrophobic compounds include
PA1  a. the polyoxypropylene diols which form the hydrophobic base of the
      Pluronics. "Pluronic" is a trademark of the Wyandotte Chemical Corp. The
      aforementioned hydrophobic base is water-soluble and has a molecular
      weight from about 1500 to about 1800.
PA1  b. Alkylphenols having an alkyl group of about 6 to about 12 carbon atoms.
      The alkyl group may be straight or branched and may be derived from a
      propylene polymer, diisobutylene, hexene, nonene, or dodecene, for
      example, or mixtures of these. The ethylene oxide content of the detergent
      molecule may range from 52% to about 80% by weight, preferably from about
      60% to about 70% by weight.
PAR  Among the water-soluble polyetheneoxy organic nonionic detergent compounds
      useful in the combinations of the instant invention are
PA1  1. condensates of ethylene oxide and a primary or secondary alkanol having
      about 8 to about 16 carbon atoms, the proportion of combined ethylene
      oxide being from about 52% to about 80% by weight, and mixtures thereof.
PA1  2. condensates of ethylene oxide and an alkanol having 14-15 carbon atoms
      with about 25% 2-methyl branching, the proportion of combined ethylene
      oxide in said condensate being from about 52% to about 80% by weight, and
      mixtures thereof.
PA1  3. condensates of ethylene oxide and a hydrophobic base selected from the
      group consisting of the reaction product of propylene oxide and propylene
      glycol, said reaction product having a molecular weight of about 1800.
PAR  The water-soluble polyetheneoxy organic nonionic detergent compounds may
      include:
PA1  1. Poly (ethylene oxide) condensates of primary or secondary aliphatic
      alcohols having about 11 to about 15 carbon atoms, said condensates having
      an average of about 9 molar proportions of ethylene oxide per mole of
      alcohol, and mixtures thereof.
PA1  2. Poly (ethylene oxide) condensates of primary aliphatic alcohols having
      about 12 to about 15 carbon atoms and having about 25% lower alkyl
      branching on the 2-carbon, said condensates having an average of about 9
      to about 20 molar proportions of ethylene oxide per mole of alcohol, and
      mixtures thereof.
PA1  3. A condensate of 1 mole of octylphenol and about 7-8 molar proportions of
      ethylene oxide.
PA1  4. Poly (ethylene oxide) condensates of linear primary alcohols having
      about 14-15 carbon atoms, and averaging about 13.5 carbon atoms, and
      having about 25% lower alkyl branching on the 2-carbons, said condensates
      having an average of about 13.5 molar proportions of ethylene oxide per
      mole of alcohol.
PA1  5. The poly (ethylene oxide) condensates of alkylphenols, e.g., the
      condensation of products of alkylphenols having an alkyl group containing
      from about 6 to 12 carbon atoms in either a straight chain or branched
      chain configuration, with ethylene oxide, said ethylene oxide being
      present in amounts equal to 6 to 25 moles of ethylene oxide per mole of
      alkylphenol. The alkyl substituent in such compounds may be derived from
      polymerized propylene, diisobutylene, octene, dodecene, or nonene, for
      example.
PA1  6. Compounds formed by the simultaneous polymerization of propylene oxide
      and ethylene oxide, and containing randomly positioned propeneoxy and
      etheneoxy groups.
PAR  As examples of specific nonionic detergent compounds finding utility in
      accordance with the invention, there may be mentioned:
PA1  A. branched-chain nonyl phenol condensed with about 8-14 molar proportions
      of ethylene oxide,
PA1  B. a mixed C.sub.11 -C.sub.15 secondary alcohol condensed with 9-14 molar
      proportions of ethylene oxide, the mixed secondary alcohols having the
      following approximate chain-length distribution:
TBL            2%         C.sub.10                                             
              15%         C.sub.11                                             
              21%         C.sub.12                                             
              23%         C.sub.13                                             
              17%         C.sub.14                                             
              15%         C.sub.15                                             
               7%         C.sub.16,                                            
PA1  C. a mixed C.sub.14 -C.sub.15 alcohol made by the Oxo process condensed
      with about 9-15 molar proportions of ethylene oxide, and
PA1  D. a mixture of about 65% C.sub.14 and about 35% C.sub.15 synthetic
      straight-chain primary alcohols condensed with about 9-15 molar
      proportions of ethylene oxide.
PAR  The ternary compositions of the present invention may be formulated with a
      detergent builder as a detergency aid, for example, those mentioned
      hereinafter, to provide a commercially valuable detergent-bleach
      composition.
PAR  The term "builder" as used herein refers to any substance compatible with,
      and assisting the detergency of the aforementioned ternary combination.
PAR  Suitable builder compounds are tetrasodium and tetrapotassium
      pyrophosphate, pentasodium and pentapotassium tripolyphosphate, sodium or
      potassium carbonate, sodium or potassium silicates having an SiO.sub.2 :
      Na.sub.2 O ratio of about 1:1 to about 3.2:1, hydrated or anhydrous borax,
      sodium or potassium sesquicarbonate, phytates, polyphosphonates such as
      sodium or potassium ethane-1-hydroxy-1, 1-diphosphonate, etc.
PAR  Also useful are other organic detergent builders such as the sodium or
      potassium oxydisuccinates, sodium or potassium oxydiacetates,
      carboxymethyloxysuccinates, hydrofuran tetracarboxylates, ester-linked
      carboxylate derivatives of polysaccharides, such as the sodium and
      potassium starch maleates, cellulose phthalates, semi-cellulose
      diglycolates, starch, oxidized heteropolymeric polysaccharides, etc. The
      weight percent of the builder present in the built anionic detergent
      composition is from an amount of about 6% and up to about 90% and
      preferably from about 20% to about 60%. Suitably, a builder may be present
      in the ratios of about 0.5 to about 10 parts by weight, preferably about 2
      to about 5 parts by weight, for each part by weight of the detergent
      component.
PAR  Other materials which may be present in the detergent compositions of the
      invention are those conventionally employed therein. Typical examples
      include the well-known soil suspending agents, corrosion inhibitors, dyes,
      perfumes, fillers, optical brighteners, enzymes, germicides,
      anti-tarnishing agents, and the like. The balance of the detergent
      composition may be water.
PAR  The detergent compositions with which the encapsulated bleaching agents of
      the invention find utility may have compositions represented by the
      following components and ranges of proportions thereof:
TBL                       Approximate                                          
                          Percentage                                           
     ______________________________________                                    
     Anionic or nonionic detergent                                             
                            1-90%                                              
     Builder                0-90%                                              
     Encapsulated bleaching agent                                              
                            2-25%                                              
     Optical brightener     0-0.3%                                             
     Sodium carboxymethylcellulose                                             
                            0-1%                                               
     Water                  5-15%                                              
     Sodium sulfate         0-25%                                              
     ______________________________________                                    
PAR  Detergent compositions formulated for use in the washing of fabrics in
      automatic washing machines may contain about 5% to about 30% anionic
      detergent, about 30% to about 60% of one or more of the builders mentioned
      hereinabove, and sufficient encapsulated bleaching agent to provide 30-200
      parts per million chlorine in the wash water, or approximately 2% to 25%
      of the agent in the detergent formulation. Usually included are about
      0.1-0.3% optical brightener, and about 0.4% sodium sulfate, and if desired
      small proportions of other components such as germicides, anti-caking
      agents, etc. to confer special properties on the product.
PAR  When the detergent is soap, and comprises the major proportion of the
      detergent-bleach product, the soap may be present in amounts from about
      60% to about 90%, little or no builder being required, although about 1%
      to about 10% of an alkaline builder may be advantageous.
PAR  When the detergent is nonionic, from about 5% to about 20% is suitable, the
      balance of the composition being as listed above.
PAR  Detergent compositions formulated for mechanical dishwashers and having the
      encapsulated bleaching agents of the invention therein may contain low
      proportions of nonionic detergent, for example about 1% to about 4%, and
      may contain a suds depressant and a high proportion of a builder, for
      example about 50%-90% of a mixture of sodium tripolyphosphate, sodium
      carbonate, and sodium silicate.
PAR  The invention may be more fully understood by reference to the following
      examples.
PAC  EXAMPLE 1
PAR  This example describes a dual-coating process within the invention.
PAR  Thirteen pounds of extra coarse grade potassium dichloroisocyanurate are
      charged onto the perforated plate of the cylindrical coating tower 1 (FIG.
      1). The perforated plate is a 60-mesh stainless steel screen. The
      particles are fluidized and suspended by an upwardly moving air stream
      supplied by blower 10. The superficial air velocity of the fluiding air
      stream is 8.5 feet per second. The temperature of the air is maintained at
      95.degree..+-. 2.degree.F, by heat exchanger 11.
PAR  The primary coating solution is prepared by dissolving triple-pressed
      stearic acid (about 45% stearic acid) in methylene chloride to form a 20%
      solution. A small amount of ultramarine blue is dissolved in the coating
      solution for subsequent use in observing the continuity of the primary
      coating.
PAR  The primary coating solution is sprayed on the fluidized particles 3,
      through nozzle 5, appropriately adjusted as to height. Nozzle 5 has six
      orifices disposed to provide the desired diverging spray pattern. An
      auxiliary stream of air is applied to the fluidized bed through 9 nozzles
      horizontally disposed at the perforated support screen level with the tips
      of the nozzles placed close to the inner wall of the tower. The air leaves
      these nozzles in a horizontal path substantially tangential to the wall of
      the tower. It is the function of this tangential air to assist in keeping
      in motion the particles at the outer periphery of the plate which do not
      obtain the full effect of the fluidizing air.
PAR  The coating solution is applied to the fluidized particles for a period of
      2 hours. The weight of the coating is about equal to the weight of the
      original particles. The coated particles are of uniform blue color and
      size, with substantially no agglomeration, and are dry and free-flowing.
      When some of the coated particles are left immersed for 2 days in an
      acidified potassium iodide solution, no color change is observed,
      indicating complete encapsulation of the particles.
PAR  The second coating is applied in the following manner.
PAR  A 5.2% sodium hydroxide solution is prepared by diluting 60 grams of 50%
      NaOH solution with 520 grams of distilled water in a two-liter beaker. The
      dilute solution is heated to 110.degree.F in a water bath and 200 grams of
      the particles coated as described above are placed in the NaOH solution
      and gently agitated for 30 minutes, maintaining the temperature of the
      solution between 105.degree.F and 110.degree.F. The molar ratio of NaOH to
      fatty acid is 2:1. After the 30-minute treatment, the solution is decanted
      through a 25-mesh stainless steel screen, and the particles on the screen
      are dried at room temperature for 24 hours. The particles are free flowing
      and white, indicating complete covering of the blue-colored first coat.
PAR  The single- and double-coated particles are tested for ease of chlorine
      release and for adverse effect on cloth in the following manner.
PAR  Six pounds of white cotton fabric are placed in a top-loading automatic
      washing machine. Three swatches of blue denim cloth and one swatch of
      black 65/35 Dacron/cotton cloth, each measuring 12 .times. 12 inches are
      placed on top of the cotton cloth in circular configuration. Next, there
      is placed directly on the fabric 3.4 ounces of a detergent-bleach
      composition containing 8.0% of the encapsulated material prepared as
      above. Water at a temperature of 132.degree.F .+-. 3.degree.F is run
      directly on the detergent-bleach composition for about 150 seconds to a
      volume of 17.4 gallons. The wash solution is agitated for 10 minutes, and
      the fabrics are examined. The results are shown in Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
                  %         Pinholing %                                        
     Bleach Composition                                                        
                  Available (Blue     Chlorine                                 
     KDC Coated With                                                           
                  Chlorine  Denim)    Released                                 
     ______________________________________                                    
                Single Coat with Fatty Acid                                    
     Fatty Acid (A)                                                            
                  35.0      3         97-100                                   
     Fatty Acid (B)                                                            
                  37.5      0         20                                       
     Fatty Acid (C)                                                            
                  39.0      1         41.5                                     
                Dual Coat-First Coat=Fatty Acid (A)                            
     2.85% NaOH   21.03     2         not determined                           
     10 min.                                                                   
     5.34% NaOH   23.19     1         69.83                                    
     30 min.                                                                   
     10.33% NaOH  26.15     1         87.70                                    
     30 min.                                                                   
     ______________________________________                                    
     (A)  about 45% stearic acid and 55% palmitic acid;                        
          m.p. 131-132.degree.F                                                
     (B)  95% palmitic, 4% stearic, 1% myristic acids;                         
          m.p. 138-144.degree.F                                                
     (C)  about 70% stearic acid and 30% palmitic acid;                        
          m.p. 138.5-143.degree.F                                              
     Pinholing Rating                                                          
     0 = none (excellent)                                                      
     1 = minimal pinholing (acceptable)                                        
     2 = severe pinholing (unacceptable)                                       
     3 = very severe pinholing (unacceptable)                                  
PAR  From the foregoing data in Table 1, it may be seen that a single coating of
      fatty acid is inadequate to accomplish the dual purpose of providing a
      high chlorine release and at the same time avoid pinholing. It will be
      noted that fatty acid (A) having a melting point below the temperature of
      the wash water, melts to release all of the chlorine in the encapsulated
      material, but causes pinholing, due to contact of the encapsulated
      material with the fabric upon the melting of the fatty acid coating. Fatty
      acids (B) and (C), having melting points above the temperature of the wash
      water, are unsatisfactory, since they do not allow a sufficient relase of
      chlorine to be of any value as a bleach, although the low level of
      chlorine release prevents pinholing.
PAR  Again referring to the foregoing data, it will be observed that a dual
      coating applied in accordance with the invention prevents pinholing to a
      substantial extent, and additionally allows an adequate release of
      chlorine.
PAC  EXAMPLE 2
PAR  This example further illustrates the present process for applying a first
      coat of fatty acid to particles of potassium dichloroioscyanurate.
PAR  A coating solution is prepared in vessel 6 by dissolving 10 pounds of fatty
      acid (about 70% stearic acid and 30% palmitic acid) in 40 pounds of
      methylene chloride. Twenty grams of blue pigment is added and the solution
      warmed at 95.degree.F.
PAR  Ten pounds of extra coarse grade potassium dichloroisocyanurate is screened
      to 25 mesh and placed on the 40-mesh supporting screen in coating tower 1
      (FIG. 1). Fluidizing air is forced into the apparatus through duct 9 at a
      superficial air velocity of 6.8 feet per second. Tangential air is
      supplied as needed. The temperature of the bed is maintained at
      107.degree..+-. 2.degree.F.
PAR  The coating solution is sprayed downward onto the fluidized bed through a
      6-hole atomizing nozzle located 12 inches above the supporting screen. The
      coating is applied at the rate of 6.7 pounds per hour, and the solvent is
      evaporated at the rate of 23 pounds per hour.
PAR  The coated product is a dry, nonagglomerated, free-flowing particulate
      solid of which the particles are substantially uniform in size. A test in
      potassium iodide solution indicates that the particles are completely
      covered.
PAR  After storing for 8 weeks at 80.degree.F and 80% relative humidity admixed
      with particles of a commercial detergent, substantially no loss of
      chlorine occurs. A control wherein the potassium dichloroisocyanurate is
      uncoated loses 90% of its chlorine.
PAC  EXAMPLE 3
PAR  This example illustrates the coating of sodium perborate with polyethylene
      glycol, m.w. 6,000.
PAR  The process follows that described in Example 1, except that 10 pounds of
      coarse grade sodium perborate is used as the core material, and the
      coating material is polyethylene glycol, m.w. 6,000 applied from a 20%
      solution in methanol. A small amount of Congo Red dye is dissolved in the
      methanol for subsequent use in judging the continuity of the coating. The
      weight ratio of coating to core material is 1:2, that is, the coated
      particles have 1/3 coating material by weight. This requires 25 pounds of
      coating solution, or 20 pounds of solvent, i.e., methanol, to be
      evaporated. The evaporation is accomplished in 2 hours at a bed
      temperature of 80.degree.-90.degree.F, and a final fluidizing air velocity
      of 6.8 feet per second. The bed of perborate particles is 2 inches thick
      before fluidizing. The coating solution is applied from a nozzle located 1
      foot from the top of the 2-inch thick bed.
PAC  EXAMPLE 4
PAR  The process of this example is the same as that of Example 3, except that
      the coating material is polyvinyl-pyrrolidone having a molecular weight of
      15,000, and the air velocity of the fluidizing air is 4.3 feet per second.
PAC  EXAMPLE 5
PAR  A spray-dried detergent composition having the following formula is
      prepared by conventional procedures.
TBL  ______________________________________                                    
     %     Alkylbenzenesulfonate  10.0                                         
     %     Sodium tripolyphosphate                                             
                                  33.0                                         
     %     Sodium silicate solids 6.0                                          
           (SiO.sub.2 :Na.sub.2 O = 2.4)                                       
     %     Optical brightener     0.1                                          
     %     Carboxymethylcellulose 0.3                                          
     %     Water                  10.0                                         
     %     Sodium sulfate and miscellaneous                                    
                                  40.0                                         
           matter introduced with the                                          
                                  100.0                                        
           components                                                          
     ______________________________________                                    
PAR  To separate portions of the above-described compositions are mixed various
      proportions of the dual-encapsulated product of Example 1, the proportions
      being as follows.
TBL  ______________________________________                                    
                   Parts By Weight                                             
     Example No.     5A      5B      5C   5D   5E                              
     ______________________________________                                    
     Spray-dried composition                                                   
                     80      84      88   92   96                              
     Product of Example 1                                                      
                     20      16      12    8    4                              
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  A composition suitable for use in mechanical dishwashers and having the
      following formula is prepared by conventional
TBL  % Nonionic detergent.sup.(a)                                              
                            2.0                                                
     % Sodium tripolyphosphate                                                 
                            20.0                                               
     % Trisodium orthophosphate                                                
                            25.0                                               
     % Sodium metasilicate  13.0                                               
     % Water                10.0                                               
     % Encapsulated bleaching agent                                            
                            30.0                                               
                            100.0                                              
      .sup.(a) A condensate of a mixture of primary aliphatic alcohols having  
      about 12-15 carbon atoms with about 25% lower alkyl branching on the     
      2-carbon, and about 9 molar proportions of ethylene oxide.               
PAC  EXAMPLE 7
PAR  This experiment shows the effect of coating temperature on the second coat
      of potassium dichloroisocyanurate when the second coating solution is a
      solution of potassium hydroxide. The first coat is applied as in Example
      1. The second coat is applied under a variety of conditions, namely at
      several concentrations and at temperatures of 85.degree.F and
      100.degree.F. The results of these
PAC  EXAMPLE 7 (Cont'd.)
PAL  tests show that a satisfactory dual coating is obtained when the second
      coating is applied from a 10% solution of KOH at a temperature of
      85.degree.F. However, at a temperature of 110.degree.F, the second coating
      becomes gel-like when the KOH concentration is less than 10%, and cracks
      upon drying when the KOH concentration is 15%-20%.
PAC  EXAMPLE 8
PAR  This example illustrates the effect of sodium hydroxide concentration of
      from 3% to 10% in the solution employed for applying the second coat to
      particles of potassium dichloroisocyanurate.
PAR  In this experiment the fatty-acid-coated particles are treated with the
      alkali solution at a temperature of 110.degree.F and a reaction time of 30
      minutes, other test conditions being as described in Example 1. The weight
      of total coating is approximately the same as the weight of starting core
      substance.
PAR  Eight parts by weight of the double coated potassium dichloroisocyanurate
      are admixed with 92 parts by weight of a spray-dried detergent composition
      having the formula set forth in Example 5. The mixture is tested in a
      washing machine at a wash-water temperature of 135.degree.F and a
      12-minute agitation, other conditions being as described in Example 1.
      During the washing
PAC  EXAMPLE 8 (Cont'd.)
PAL  period, the wash solution is analyzed for oxidizing chlorine, and from this
      figure is calculated the percentage of available chlorine in the mixture
      that is released. Samples are taken and analyzed 1/2, 2, 5, 8, 10 and 12
      minutes after the start of the agitation of the wash solution. At the end
      of the test, the denim swatches are visually observed for pinholing. The
      results are provided in Table II, below. It will be noted that the
      concentration of the sodium hydroxide in the solution used to apply the
      second coat to the particles has no effect on the percentage of chlorine
      released during use. Pinholing is virtually absent when the second coat is
      applied from a 3%-7% sodium hydroxide solution, and is greatly reduced
      when the concentration is 8%-10%.
TBL                                    TABLE II                                
     __________________________________________________________________________
     PINHOLE TEST AND AVAILABLE CHLORINE RELEASE                               
     Concentration of                                                          
     NaOH Used        Available                                                
                             "Pinholing".sup.1  % Chlorine Released            
     Example                                                                   
          to Apply Second Coat                                                 
                      Chlorine (%)                                             
                             Rate    30 sec.                                   
                                           2 min.                              
                                                5    8    10   12              
     __________________________________________________________________________
                                                               min.            
     7a   3%    NaOH  26.14  0-1     16.88 52.17                               
                                                80.26                          
                                                     89.13                     
                                                          89.12                
                                                               89              
     7b   4%          24.79  0-1     0     43.22                               
                                                50.49                          
                                                     76.47                     
                                                          90.44                
                                                               89.57           
     7c   5%          24.50  0-1     4.38  43.35                               
                                                89.04                          
                                                     89.04                     
                                                          95.6 92.51           
     7d   6%          26.10  0-1     0     39.73                               
                                                56.86                          
                                                     77.41                     
                                                          89.32                
                                                               90.27           
     7e   7%          27.95  0-1     5.58  56.58                               
                                                86.32                          
                                                     90.50                     
                                                          91.05                
                                                               93.23           
     7f   8%          28.32  1-2     19.23 49.24                               
                                                78.07                          
                                                     93.26                     
                                                          93.54                
                                                               90.36           
     7g   9%          30.29  1-2     20.43 75.08                               
                                                90.69                          
                                                     87.31                     
                                                          93.10                
                                                               87.81           
     7h   10%         27.92  1-2     14.17 63.50                               
                                                92.23                          
                                                     89.41                     
                                                          94.95                
                                                               90.0            
     __________________________________________________________________________
      Notes:                                                                   
      .sup.1 "Pinholing Rate                                                   
      0 = No pinholing (excellent)                                             
      1 = Pinholing observed (acceptable)                                      
      2 = Severe pinholing                                                     
PAC  EXAMPLE 9
PAR  This example illustrates the substantially complete stability of potassium
      dichloroisocyanurate having a double coating in accordance with the
      present invention.
PAR  To separate portions of the spray-dried detergent composition having the
      formula of Example 5 are added double coated particles of potassium
      dichloroisocyanurate prepared by the process of Example 1, the coated
      particles added to one portion having had the second coat applied from a
      5% NaOH solution, and the coated particles added to the other portion
      having had the second coat applied from a 10% NaOH solution. The
      proportion of the double coated potassium dichloroisocyanurate relative to
      the proportion of detergent composition is such as to provide about 2%
      available chlorine, basis total mixture. A control mixture is prepared
      wherein uncoated potassium dichloroisocyanurate is mixed with the
      detergent composition of Example 5 in a proportion to provide
      approximately 2% available chlorine.
PAR  Six cartons of each of the three aforesaid mixtures are prepared, each
      carton containing 400 grams of the total mixture. The base detergent
      composition and the bleach
PAC  EXAMPLE 9 (Cont'd.)
PAL  component are separately added to each carton to avoid sampling and
      segregation errors which might be possible if the cartons were filled from
      a larger bulk mixture. The contents of each carton are blended in a
      rotating mixer. The cartons are wax laminated to provide a vapor barrier.
PAR  Each sample is stored in the aforementioned cartons in sealed condition at
      a temperature of 80.degree.F and 80% relative humidity. Prior to sealing,
      two weighed samples are removed from two cartons of each of the three
      mixtures and analyzed for available chlorine content. The analysis shows
      that the available chlorine content prior to storage ranges from 1.95% to
      2.16%, with a mean value of 2.04%, basis mixture of detergent composition
      and dichloroisocyanurate. The stored mixtures are sampled and analyzed for
      available chlorine content after 1, 2, 4, 6, 8 and 12 weeks, one carton of
      each mixture being removed from storage for a duplicate analysis at each
      of these periods. The results, presented in Table III, show that the
      uncoated potassium dichloroisocyanurate loses about 15% of its available
      chlorine under the aforementioned storage conditions while the double
      coated dichloroisocyanurate loses only about 2% to about 2.5% of its
      available chlorine. The protection afforded by the second coating whether
      applied from a 5% NaOH solution or a 10% NaOH solution is substantially
      the same.
TBL                                    TABLE III                               
     __________________________________________________________________________
     AVERAGE AVAILABLE CHLORINE AND % AV. CHLORINE LOSS                        
     Bleach                                                                    
           % Av. Chlorine                                                      
                    Storage Time                                               
     Component                                                                 
           and Its Loss                                                        
                    0 Wk.                                                      
                         1 Wk.                                                 
                              2 Wk.                                            
                                   4 Wk.                                       
                                        6 Wk.                                  
                                             8 Wk.                             
                                                  12 Wk.                       
     __________________________________________________________________________
     Uncoated                                                                  
           % Av. Chlorine                                                      
                    2.04 1.83 1.83 1.81 1.78 1.69 1.74                         
           % Loss   0.00 10.29                                                 
                              10.29                                            
                                   11.27                                       
                                        12.75                                  
                                             17.16                             
                                                  14.71                        
     Coated.sup.(a)                                                            
           % Av. Chlorine                                                      
                    2.04 2.16 1.99 1.94 2.10 1.98 2.00                         
           % Loss   0.00 -3.43                                                 
                              2.45 4.90 -2.94                                  
                                             2.94 1.96                         
     Coated.sup.(b)                                                            
           % Av. Chlorine                                                      
                    2.04 1.97 1.94 1.93 2.11 2.03 1.99                         
           % Loss   0.00 3.43 4.90 5.39 -3.43                                  
                                             0.49 2.45                         
     __________________________________________________________________________
      .sup.(a) Second coating applied from a 5% solution of NaOH               
      .sup.(b) Second coating applied from a 10% solution of NaOH              
PAC  EXAMPLE 10
PAR  This example shows the effect on stability of coated and uncoated
      chlorinated cyanurates admixed with a detergent composition when stored
      variously in open wax-laminated barrier cartons and in open and closed
      non-barrier cartons, i.e., allowing free or only partially restricted
      passage of vapors.
PAR  Mixtures are prepared, stored and analyzed as described in Example 8, with
      the exception that the second coating, when applied, is applied from a 6%
      NaOH solution, and other exceptions identified as follows:
TBL  Ex.        Core          Coating  Carton                                  
     ______________________________________                                    
     9a   Potassium dichloroisocyanurate                                       
                              Double   Barrier type                            
                                       Open top                                
     9b   "                   "        Non-barrier                             
                                       type                                    
                                       Open top                                
     9c   "                   "        Non-barrier                             
                                       type                                    
                                       Closed top                              
     9d   Potassium dichloroisocyanurate                                       
                              Not      Non-barrier                             
          dihydrate           Coated   type                                    
                                       Open top                                
     9e   Potassium dichloroisocyanurate                                       
                              Not      Barrier type                            
                              Coated   Open top                                
     9f   "                   Not      Non-barrier                             
                              Coated   type                                    
                                       Open top                                
     9g   "                   Not      Non-barrier                             
                              Coated   type                                    
                                       Closed top                              
     ______________________________________                                    
PAC  EXAMPLE 10 (Cont'd.)
PAR  After 2 weeks' storage at 80.degree.F and 80% relative humidity, the
      chlorine losses are determined. The protective action of the double
      coating as compared with uncoated particles of chlorine bleaching agent is
      evident from the data set forth below:
TBL  Example             Storage Time                                          
                   0 Week    2 Weeks                                           
     ______________________________________                                    
     9a        % Chlorine                                                      
                         2.31        2.26                                      
               % Loss    --          2.1                                       
     9b        % Chlorine                                                      
                         2.28        2.21                                      
               % Loss    --          3.1                                       
     9c        % Chlorine                                                      
                         2.29        2.28                                      
               % Loss    --          0.4                                       
     9d        % Chlorine                                                      
                         2.09        0.96                                      
               % Loss    --          54.1                                      
     9e        % Chlorine                                                      
                         2.01        1.99                                      
               % Loss    --          1.5                                       
     9f        % Chlorine                                                      
                         2.08        1.75                                      
               % Loss    --          15.9                                      
     9g        % Chlorine                                                      
                         1.99        1.86                                      
               % Loss    --          6.5                                       
     ______________________________________                                    
PAR  Having described the invention, modifications within the purview thereof
      will occur to those skilled in the art, and accordingly the invention is
      to be limited only within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bleaching detergent composition comprising an anionic detergent
      admixed with encapsulated potassium dichloroisocyanurate in particulate
      form, said particles having thereon an inner and an outer coating, said
      inner coating comprising a fatty acid from 12 to 20 carbon atoms, or
      mixtures thereof, and said outer coating comprising a sodium salt of said
      acid, or mixtures thereof, said particles of potassium
      dichloroisocyanurate having said inner coating being completely
      encapsulated by said sodium salt, said detergent being in particulate
      form, and said detergent being free from amino nitrogen in its molecular
      structure.
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ABST
PAL  The present invention is concerned with novel antimicrobial thienyliodonium
      salts and methods and compositions employing the same, and is particularly
      directed to a class of thienyliodonium salts which are of value as
      antimicrobials and microbicides for the control of many bacterial
      organisms such as the gram-negative and gram-positive types, the molds,
      the mildews, the fungi and the slimes, and are of particular value for the
      preservation of paper, plaster, wallboards, fabric, textiles, cooling
      waters, plasticizers, latices, polymers, resins, adhesives, inks, paints,
      fuels, cutting oils, greases, seeds, terrestrial plants, detergents,
      soaps, shampoos and wood.
PARN
PAR  This is a division of application Ser. No. 323,977, filed Jan. 15, 1973,
      now U.S. Pat. No. 3,885,036.
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 265,395, filed June 22, 1972 now U.S. Pat. No. 3,763,187 which latter
      is a continuation-in-part of U.S. patent application Ser. No. 154,182,
      filed June 17, 1971, abandoned which latter is a continuation-in-part of
      U.S. patent application Ser. No. 806,739, filed Mar. 12, 1969 abandoned,
      the latter being a continuation-in-part of U.S. patent application Ser.
      No. 677,772, filed Oct. 24, 1967, abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many chemical materials have been proposed as valuable as antimicrobials
      and as preservatives. However, the materials heretofore proposed usually
      have been restricted in their scope of utility by virtue of one or more
      shortcomings such as low toxicity to bacterial organisms, toxicity to a
      relatively few types of organisms, toxicity to gram-positive types but not
      to gram-negative types of bacterial organisms, unfavorable toxicity to
      aquatic or terrestrial plants, unfavorable toxicity to mammals and lack of
      toxicity in the presence of detergents or soaps. The present compounds and
      methods wherein they are employed as microbicides are believed to have a
      particular combination of properties; namely, low toxicity to fish,
      mammals and terrestrial plants and plant parts, and high toxicity to
      microbes including both gram-negative and gram-positive types in many
      environments including soaps and detergents such as the fatty acid,
      anionic, and non-ionic soaps and detergents. A further advantage relates
      to the instability of the compounds under substantially alkaline aqueous
      conditions whereby the compounds have a tendency to break down and are
      thus degradable.
PAC  SUMMARY OF THE INVENTION
PAR  The novel compounds of the present invention are thienyliodonium salts
      corresponding to the following formula:
      ##SPC1##
PAL  Wherein R' represents chloride, trifluoroacetate or trichloroacetate. These
      compounds are crystalline solid materials which are somewhat soluble in
      many common organic solvents and in water.
PAR  The invention further provides the method which comprises treating microbes
      in inanimate, plant and external animal habitats with an antimicrobial
      amount of such a 2-thienyliodonium salt. The invention further provides
      germicidal detergents comprising an antimicrobial amount of a
      4-chlorophenyl-2-thienyliodonium salt, as defined above.
PAR  The compounds have been found to be of high toxicity to many bacterial
      organisms or plants including gram-negative and gram-positive types, such
      as S. aureus, S. typhose, B. subtilis, E. coli, P. aeruginosa, C.
      pelliculosa, A. terreus, A. aerogenes, P. chrysogenum, A. niger, C.
      globosum, P. digitatum, P. citri, D. natalensis, A. solani, E. amylovora
      or R. solani. The compounds are of low toxicity to terrestrial plants and
      may be applied to many bacterial plants and their habitats in bactericidal
      amounts to obtain excellent controls of the microbial organisms which
      attack the seeds, roots or above-ground portions of terrestrial plants.
      Such practice protects the terrestrial plants and seeds and improves crop
      yield and the emergence and growth of seedlings. In further operations, it
      has been found that the compounds may be included in adhesives, cooling
      waters, inks, plasticizers, latices, resinous polymeric materials, fuels,
      greases, soaps, detergents, shampoos, cutting oils and oil or latex paints
      to prevent mold and mildew and the degradation of such products resulting
      from microbial attack. By resinous polymeric materials is meant natural
      and synthetic resinous polymers and plastic compositions or films derived
      therefrom. Also, the compounds advantageously may be distributed in
      natural and synthetic fabrics, and paper or other cellulosic products, or
      may be employed in the impregnation of wood, lumber, wallboard, and
      plaster to protect such products from the attack of the bacterial
      organisms of rot, mold, mildew and decay.
PAR  The thienyliodonium trifluoroacetate can be prepared by reacting together
      trifluoroacetic acid, thiophene, and 4-chloroiodosobenzene diacetate
      having the formula:
      ##SPC2##
PAL  The reaction is preferably carried out in an organic liquid such as
      methylene chloride, ethylene dichloride, carbon tetrachloride,
      methylchloroform, heptane, or methylcyclohexane, and conveniently in
      acetic anhydride or in a mixture of acetic anhydride and trifluoroacetic
      acid. The reaction goes forward when the reagents are employed in any
      amounts. The reaction consumes the reagents in substantially equimolecular
      amounts and the employment of amounts which represent about equimolecular
      proportions is preferred. The reaction proceeds under temperatures from
      -30.degree. to 40.degree.C. and is preferably carried out at temperatures
      of from -20.degree. to 40.degree.C. Upon completion of the reaction, the
      desired 4-chlorophenyl-2-thienyliodonium trifluoroacetate is separated by
      conventional procedures.
PAR  In a convenient method of carrying out the reaction, the trifluoroacetic
      acid and iodosodiacetate are brought together in the reaction medium and
      the thiophene reagent added portionwise thereto with agitation. The
      reaction is exothermic and goes forward readily with the addition of the
      thiophene. The temperature of the reaction mixture can be controlled by
      regulating the rate of the addition of thiophene and by external cooling.
      The reaction essentially is complete upon completion of the addition of
      the thiophene. Allowing the resulting mixture to stand for a period of
      time at somewhat elevated temperatures oftentimes gives some improvement
      in yield. Upon completion of the reaction, the reaction mixture may be
      distilled under reduced pressure to remove a portion of the low boiling
      constituents and obtain the desired 4-chlorophenyl-2-thienyliodonium
      trifluoroacetate as a crystalline residue. This residue may be further
      purified by crystallization from organic solvents or aqueous organic
      solvents such as acetone, ethyl acetate, heptane or mixtures thereof.
PAR  The corresponding trichloroacetate is prepared by substituting
      trichloroacetic acid in place of trifluoroacetic acid in the procedure
      described above.
PAR  The corresponding chloride can be prepared from the
      4-chlorophenyl-2-thienyliodonium trifluoroacetate by treatment of said
      trifluoroacetate with gaseous or aqueous hydrogen chloride. The reaction
      of the trifluoroacetate with the hydrogen chloride preferably is carried
      out in a liquid reaction medium, conveniently in acetone or ethyl acetate.
      The amounts of the reagents to be employed are not critical, some of the
      desired thienyliodonium chloride being obtained when employing the
      reagents in any proportions. However, the reaction consumes the reagents
      in substantially equimolecular proportions and the use of the reagents in
      amounts which represent such proportions is preferred. The reaction takes
      place readily at temperatures of from 0.degree. to 50.degree.C. with the
      production of the 4-chlorophenyl-2-thienyliodonium chloride and
      trifluoroacetic acid. During the reaction, the chloride salt usually
      precipitates in the reaction mixture as a crystalline solid. Following the
      reaction, the reaction mixture may be distilled under reduced pressure to
      remove low boiling constituents and bring about precipitation of the
      desired salt product. The 4-chlorophenyl-2-thienyliodonium chloride so
      prepared may be separated by decantation or filtration, and further
      purified by recrystallization from various organic solvents or aqueous
      organic solvents such as acetone, ethyl acetate, normalpentane, heptane or
      mixtures thereof.
PAR  The iodosodiacetate employed as a starting material as herein described can
      be prepared in accordance with known methods. In such methods,
      4-chloroiodobenzene dichloride is reacted with lead acetate (CH.sub.3
      COO-Pb-OOCCH.sub.3). The reaction takes place readily at room temperature
      with the production of the desired diacetate and lead chloride. The
      dichloride employed in such mechanism is conveniently prepared in a known
      procedure by the chlorination of 4-chloroiodobenzene.
PAR  In an alternative procedure, the 4-chloroiodosobenzene diacetate can be
      prepared by reacting the 4-chloroiodobenzene with peracetic acid in acetic
      acid and acetic anhydride solution. This reaction conveniently is carried
      out at room temperature. In these reaction, 4-chloroiodosobenzene
      diacetate, the desired product, is isolated as a crystalline solid and is
      separated and purified in accordance with known procedures.
PAR  Good controls of microbes can be obtained when the toxicant compounds are
      applied to the above-ground portions of terrestrial plants at a dosage of
      from 1 to 10 or more pounds per acre (1.12-11.2 kg./hectare). In
      applications to soil for the control of root-attacking microbes, good
      results are obtained when the salt compounds are distributed at a rate of
      from 10 to 100 pounds or more per acre (11.2-112 kg/hectare). In general
      field applications, it is usually preferred that the compounds be
      distributed to a depth of at least 2 inches (5 cm.) below the soil
      surfaces.
PAR  In the protection and preservation of inks, adhesives, soaps, detergents,
      greases, fuels, cutting oils, textiles, fabrics, latices, resinous
      plasticizers, polymeric materials and paper, good results are obtained
      when the compounds are incorporated in such products in the amount of at
      least 0.0005 percent by weight. In the protection of seeds, good results
      are obtained when the seeds are treated with the compounds at a dosage of
      0.5 ounce per 100 pounds of seed (0.03 weight percent based on weight of
      seed). In the preservation of wood, wallboard and plaster, excellent
      results are obtained when the compounds are incorporated by conventional
      treatment of these products in the amount of 0.1 pound or more per cubic
      foot (0.0016 g./cc.) of product. In the treatment of fruit, good results
      are obtained with liquid washes containing at least 5 parts per million by
      weight of salt compound.
PAR  In the preservation and protection of oil and latex paints and primers
      against destruction caused by the growth of bacteria, the compounds are
      preferably employed at concentrations of at least 0.05 percent by weight.
PAR  The method of the present invention can be carried out employing unmodified
      compounds or by employment of liquid or dust compositions containing the
      toxicants. In such usage, the compounds are modified with one or a
      plurality of additaments or adjuvants including water, organic solvents,
      petroleum oils, petroleum distillates, naphthas or other liquid carriers,
      polymeric thickening agents, urea, surface-active dispersing agents and
      finely divided inert solids. In compositions wherein the adjuvant or
      helper is a finely divided solid, a surface-active agent or the
      combination of a surface-active agent and a liquid diluent, the carrier
      cooperates with the active component so as to facilitate the invention and
      to obtain an improved result.
PAR  The exact concentration of the toxicants to be employed in the treating
      compositions is not critical and may vary considerably provided the
      required dosage of the effective agent is supplied. The concentration of
      toxicant in liquid compositions generally is from 0.0001 to 50 percent by
      weight. Concentrations up to 95 percent by weight are oftentimes
      conveniently employed. In dusts, the concentrations of the toxicant can be
      from about 0.1 to 95 percent by weight. In compositions to be employed as
      concentrates, the toxicants can be present in a concentration of from 5 to
      98 percent by weight.
PAR  In further embodiments, the salt compounds as employed in accordance with
      the present invention, or compositions containing the same, can be
      advantageously employed in the present invention in combination with one
      or more pesticidal or preservative compounds to obtain products of
      enhanced properties. In such embodiments, such pesticidal or preservative
      compounds are employed either as a supplemental toxicant, an additament or
      as an adjuvant. Representative pesticidal or preservative compounds
      include substituted phenols, cresols, substituted cresols and their heavy
      metal salts, bisphenols and thiobisphenols; halogenated salicylanilides,
      organosulfur compounds, carbamate compounds, quaternary ammonium
      compounds, organometallic compounds, inorganic salts and miscellaneous
      other compounds such as phenol; cresol; trichlorophenols;
      tetrachlorophenols; pentachlorophenol; p-chloro-m-cresol; di- and
      tribrominated salicylanilides; 2,2'-methylene-bis(3,4,6-trichlorophenol);
      2,2'-thiobis(4,6-dichlorophenol);
      1-(3-chloroallyl)-3,5,7-triaza-1-azoniaadamantane chloride;
      halo(alkylsulfonyl)-pyridines; halo(alkylsulfinyl)pyridines;
      2,4',5-tribromosalicylanilide; 2-chloro-4-cyclohexylphenol;
      2-chloro-4-cyclopentylphenol; 2,2'-bis(3,4,6-trichlorophenyl)methane;
      2,2'-bis(5-chloro-2-hydroxyphenyl)methane; halogenated trifluoromethyl
      salicylanilide; zinc dimethyldithiocarbamate; 2-mercaptobenzothiazole;
      3,5-dimethyltetrahydro-1,3,5,2H-thiadiazine-2-thione;
      2,3-dinitro-1,4-dithiaanthraquinone; dodecyl pyridinium chloride; alkyl
      dimethyl benzyl ammonium chloride; dialkyl dimethyl ammonium chloride;
      phenylmercuric acetate; phenyl mercuric oleate; phenylmercuric propionate;
      chloromethoxy acetoxy mercuripropane; bis-tributyl tin oxide;
      bix-tripropyl tin oxide; copper pentachlorophenate; copper
      8-hydroxyquinolate; mercuric chloride; boric acid; sodium borate;
      ethylmercuric chloride; 9-undecylenic acid; or 10,10'-oxybisphenoxarsine
      and 1,4-bromobisacetobutene.
DETD
PAC  DESCRIPTION OF SOME PREFERRED EMBODIMENTS
PAC  EXAMPLE 1
PAC  4-Chlorophenyl-2-thienyliodonium trifluoroacetate
PAR  4-Chloroiodosobenzene diacetate (17.3 grams; 0.05 mole) was dispersed in a
      mixture of 15 milliliters each of acetic anhydride and trifluoroacetic
      acid, and a solution of thiophene (8.4 grams; 0.10 mole) in 60 milliliters
      of acetic anhydride added slowly thereto. The addition was carried out
      with stirring in 55 minutes at -20.degree.C. Stirring was continued for 65
      minutes at -20.degree.C., and the reaction mixture thereafter warmed and
      maintained at -3.degree.C. with stirring for 15 hours to insure completion
      of the reaction. The reaction mixture was concentrated by fractional
      distillation under reduced pressure up to 50.degree.C., and the resulting
      residue diluted with 100 milliliters of diethyl ether. During the
      dilution, the 4-chlorophenyl-2-thienyliodonium trifluoroacetate
      precipitated as a crystalline solid and was separated by filtration. The
      solid, recrystallized from a mixture of acetone and normal pentane, melted
      at 156.degree.-157.5.degree.C.
PAC  EXAMPLE 2
PAC  4-Chlorophenyl-2-thienyliodonium chloride
PAR  4-Chlorophenyl-2-thienyliodonium trifluoroacetate (7 grams; 0.0161 mole)
      was dispersed in 8 milliliters of an 88 percent by weight solution of
      formic acid in water, and a saturated aqueous solution of hydrogen
      chloride (12 milliliters) added thereto at room temperature with stirring.
      During the addition, 4-chlorophenyl-2-thienyliodonium chloride
      precipitated as a crystalline solid and was filtered, washed with ether
      and water, and twice recrystallized from ethanol. The product melted at
      217.degree.-218.degree.C.
PAC  EXAMPLE 3
PAR  The 4-chlorophenyl-2-thienyliodonium chloride, trifluoroacetate and
      trichloroacetate salts are dispersed in melted nutrient agar to produce
      culture media containing 0.001 percent by weight of one of the salt
      compounds. Such melted media are then poured into petri dishes and the
      solidified surface in each dish inoculated with a 24-hour broth culture,
      one of the organisms S. aureus and S. typhosa. In a check operation, petri
      dishes containing unmodified nutrient agar are each individually
      inoculated in the same manner with the named organisms. After two days'
      incubation at 35.degree.C. the agar surface in each dish is examined for
      microbial growth. The examination shows that the agar surface in the
      dishes containing the thienyliodonium salts is free of microbial growth.
      At the time of these observations the check dishes are found to support a
      heavy growth of the two named organisms.
PAC  EXAMPLE 4
PAR  4-Chlorophenyl-2-thienyliodonium chloride is employed in a paint
      composition to protect the paint from attack and subsequent degradation by
      the organisms of mold and mildew. In such operations, the salt compound is
      dispersed and incorporated in the latex paint in the amount of 0.3 percent
      by weight of the ultimate paint composition.
PAR  The paint employed in these operations is prepared by intimately blending a
      pigment dispersion with a letdown including a synthetic latex comprising
      an interpolymer of ethyl acrylate, methyl methacrylate, acrylic acid and
      methacrylic acid. The paint has the following composition.
TBL  ______________________________________                                    
     Pigment dispersion:   Approximate lbs. per                                
                           100 gallons (g./l.)                                 
     ______________________________________                                    
     Water                 140        (168)                                    
     Potassium tripolyphosphate                                                
                           1.5        (1.8)                                    
     Titanium dioxide      240        (288)                                    
     Mica (325 mesh)       50         (60)                                     
     Calcium carbonate     20         (24)                                     
     Clay (finely ground)  20         (24)                                     
     Propylene glycol (mol. wt. 1200)                                          
                           4          (4.8)                                    
     Let down:             Approximate lbs.                                    
                           per 100 gallons(g./l.)                              
     Methyl cellulose      150        (180)                                    
     Synthetic latex       506        (607)                                    
     Anti-foam agent       10         (12)                                     
     ______________________________________                                    
PAR  Wood panels are then painted with the modified compositions as well as with
      the unmodified paint. The panels are dried and thereafter exposed two
      months in a tropical chamber at a relative humidity of 95 percent and a
      temperature of 82.degree.F. (28.degree.C.). Following this period, the
      wood panels are examined to ascertain what control of plant growth is
      obtained. The examination shows a complete control of the growth of the
      organisms of mold and mildew.
PAR  At the time of the observation, the check panels painted with the
      unmodified composition are found to support a heavy growth of the
      organisms of mold and mildew covering approximately 75 percent of the
      painted surfaces.
PAC  EXAMPLE 5
PAR  Phenyl-2-thienyliodonium chloride, 2,2'-bisthienyliodonium chloride, and,
      for comparative purposes, diphenyliodonium chloride are individually
      dispersed in Ivory soap to provide concentrates containing 1 part by
      weight of iodonium salt to 50 parts by weight of soap. The soap
      concentrates are serially dispersed and serially diluted with liquid
      nutrient agar at 42.degree.C. to prepare culture media containing various
      concentrations of one of the iodonium salts. The culture media are
      uniformly inoculated with S. aureus and plated in petri dishes. The
      inoculation is carried out from broth cultures of the named organism
      containing about 5.times.10.sup.8 organisms per milliliter in the
      proportion of one-tenth milliliter of bacterial culture per 20 milliliters
      of cultur medium containing each test compound. In a check operation,
      nutrient agar containing the same amount of Ivory soap is similarly
      inoculated with the same organism. After two days' incubation at
      37.degree.C., the plates are examined for microbial growth. The
      examination shows that the plates containing 2.5 parts per million,
      p.p.m., by weight of phenyl-2-thienyliodonium chloride and 5 parts per
      million by weight of 2,2'-bisthienyliodonium chloride are completely free
      of bacterial growth (referred to as 100 percent kill in Tables) of S.
      aureus while the plates containing 500 parts per million by weight of
      diphenyliodonium chloride and the check plates containing no iodonium salt
      are found to have a heavy uniform growth of the test organism.
PAR  The procedure described above is repeated with varying concentrations of
      4-chlorophenyl-2-thienyliodonium chloride,
      3,4-dichlorophenyl-2-thienyliodonium chloride, and for comparative
      purposes bis(4-chlorophenyl)iodonium chloride,
      phenyl-4-chlorophenyliodonium chloride and bis(2,4-dichlorophenyl)iodonium
      chloride in a series of tests wherein the culture media are inoculated
      individually with the organism A. aerogenes. The results obtained are
      summarized in following Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                Percent Kill of                                
     Thienyl Compound                                                          
                    Concentration (p.p.m.)                                     
                                A. aerogenes                                   
     __________________________________________________________________________
     4-chlorophenyl-2-thienyl-                                                 
     iodonium chloride                                                         
                    1           100                                            
     3,4-dichlorophenyl-2-                                                     
     thienyliodonium chloride                                                  
                    1           100                                            
     For comparison                                                            
     bis(4-chlorophenyl)iodo-                                                  
     nium chloride  100         0                                              
     phenyl-4-chlorophenyl-                                                    
     iodonium chloride                                                         
                    10          0                                              
     bis(2,4-dichlorophenyl)-                                                  
     iodonium chloride                                                         
                    10          0                                              
     __________________________________________________________________________
PAR  The procedure described above is again repeated in a series of tests
      wherein the culture media are inoculated individually with the organism S.
      typhosa and wherein the culture media contain varying concentrations of
      one of the iodonium salts, as set forth in following Table II. The plates
      upon examination exhibit results summarized in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                      Concentration                                            
                                  Percent Kill                                 
     Thienyl Compound (p.p.m.)    of S. Typhosa                                
     ______________________________________                                    
     2,2'-bisthienyliodonium                                                   
     chloride         5           100                                          
     phenyl-2-thienyliodonium                                                  
     chloride         2.5         100                                          
     4-chlorophenyl-2-thienyl-                                                 
     iodonium chloride                                                         
                      1           100                                          
     4-bromophenyl-2-thienyl-                                                  
     iodonium chloride                                                         
                      5           100                                          
     3,4-dichlorophenyl-2-                                                     
     thienyliodonium chloride                                                  
                      1           100                                          
     For comparison                                                            
     diphenyliodonium chloride                                                 
                      500         0                                            
     phenyl-4-chlorophenyl-                                                    
     iodonium chloride                                                         
                      10          0                                            
     bis(4-bromophenyl)-iodonium                                               
     chloride         10          0                                            
     bis(4-bromophenyl)iodonium                                                
     bromide          10          0                                            
     bis(2,4-dichlorophenyl)-                                                  
     iodonium chloride                                                         
                      10          0                                            
     ______________________________________                                    
PAR  The procedure described above is once again repeated with each of
      2,2'-bisthienyliodonium chloride, phenyl-2-thienyliodonium chloride,
      4-bromophenyl-2-thienyliodonium chloride, bis(4-bromophenyl)iodonium
      chloride and bis(4-bromophenyl)iodonium bromide in a series of tests
      wherein the culture media are inoculated individually with the organism A.
      aerogenes. The results obtained are summarized in following Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
                                Percent Kill of                                
     Thienyl Compound                                                          
                    Concentration (p.p.m.)                                     
                                A. aerogenes                                   
     __________________________________________________________________________
     2,2'-bisthienyliodonium                                                   
     chloride       5           100                                            
     phenyl-2-thienyliodonium                                                  
     chloride       2.5         100                                            
     4-bromophenyl-2-thienyl-                                                  
     iodonium chloride                                                         
                    5           100                                            
     For comparison                                                            
     bis(4-bromophenyl) iodonium                                               
     chloride       10          0                                              
     bis(4-bromophenyl)iodonium                                                
     bromide        10          0                                              
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  A germicidal shampoo is prepared having the following weight percent
      composition:
PA0  A. thienyliodonium salt 2
PA0  B. 95% ethanol 2
PA0  C. triethanolamine ammonium lauryl sulfate 19.0
PA0  D. oleic diethanolamide 3.2
PA0  E. lauric isopropanolamide 1.7
PA0  F. water 72.1
PAL  F is added to a mixture of C, D and E with stirring to form a clear
      solution, and to the resulting solution is added a slurry of A in B with
      continued stirring to form a clear solution. Any of the thienyliodonium
      salts disclosed in Example 3 is used as ingredient A.
PAC  EXAMPLE 7
PAR  Two parts by weight of each of the thienyliodonium salt compounds
      identified in Example 3 is separately mixed and ground with 98 weight
      parts of a soap or nonionic detergent powder to give germicidal detergent
      compositions. By "detergent" is meant an anionic or non-ionic detergent
      i.e., a fatty acid soap or a non-ionic syndet soap or a mixture of fatty
      acid and non-ionic syndets.
PAC  EXAMPLE 8
PAR  The growth-inhibitory activity of the below-indicated compounds against
      some microorganisms most relevant to the human skin was determined by
      standard agar dilution techniques to provide the data given in following
      Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     A. ANTIMICROBIAL ACTIVITY IN THE PRESENCE OF IVORY SOAP                   
                                       Minimum growth inhibitory concentra-    
     Compound                          tion, ppm                               
                                       S. aureus                               
                                            P. aeruginosa                      
                                                   S. typhosa                  
     __________________________________________________________________________
                                       &gt;500 &gt;500   &gt; 500                       
                                        5   5      5                           
                                        0.5 5      0.5                         
                                       10   &gt;100   &gt; 10                        
                                       10   &gt;100    10                         
                                        1   1      1                           
                                       5    &gt;500   &gt;10                         
                                       1    1      1                           
                                       &gt;500 &gt;500   &gt;500                        
                                       5     50    5                           
     __________________________________________________________________________
     B. ANTIMICROBIAL ACTIVITY IN THE ABSENCE OF SOAP                          
                                       Minimum growth inhibitor concentra-     
     Compound                          tion, ppm                               
                                       S. aureus                               
                                            P. aeruginosa                      
                                                   S. typhosa                  
     __________________________________________________________________________
                                       10   500    100                         
                                       &lt;1    50     10                         
                                       3.13  3.13  --                          
                                       5    5      --                          
                                       1.56  3.13  --                          
                                       1.56  6.25  --                          
                                       &lt;1   1      &lt;1                          
                                       1    &gt;300   1                           
     __________________________________________________________________________
PAR  In Table 1, the first column gives the chemical structures of the test
      compounds, while the additional columns give the names of the test
      organisms and the minimum inhibitory concentration in parts per million
      (p.p.m.) of the compounds listed for 100% growth inhibition against the
      particular microorganisms indicated. A dash indicates that the compound
      was not tested against that organism. For each p.p.m. of test compound, 50
      p.p.m. of Ivory soap was also present in the culture medium for part A of
      Table 1, while in part B of Table 1, the culture medium was free of any
      additive other than the test compound. The data for compounds 13 through
      16 of part B of Table 1 were taken from Cannon U.S. Pat. No. 3,207,660
      while those for compounds 17 and 18 were taken from trade literature.
PAR  The data show a difference in kind in antimicrobial activity for the
      thienyliodonium compounds when compared with diphenyl- and substituted
      diphenyliodonium compounds known to have some antimicrobial activity and
      closest in structure to the thienyliodonium compounds. Also, the data show
      no substantial difference as between culture media containing Ivory soap
      and not containing Ivory soap.
PAR  The antimicrobial effectiveness against P. aeruginosa (Pseudomonas
      aeruginosa or Pseudomonas) of the thienyliodonium salts is noteworthy.
      This organism is considered one of the most dangerous pathogens and is
      responsible for the constantly increasing number of hospital cross
      infections caused by gram-negative bacteria in the last decade. See, for
      example "Disinfection", M. A. Benarde, Ed., Marcel Dekker, Inc., New York,
      N.Y., 1970, 260-263 and "Inhibition and Destruction of the Microbial
      Cell", W. B. Hugo, Ed., Academic Press, New York, N.Y., 1971, 330-333.
PAC  EXAMPLE 9
PAR  The range-finding oral median lethal dose (LD.sub.50) for iodonium and
      other antimicrobial compounds, including diphenyl- and thienyliodonium
      salts as well as several proprietary products was determined in mice.
      Compounds 1 through 11 of following Table 2 were fed to five groups of two
      mice each, the test compound being administered in suspension in corn oil
      as a single oral dose and the mortality experience of the mice was
      observed over a 14-day period. Data for compounds 12 through 15 were taken
      from U.S. Pat. No. 3,207,660, and for compounds 16 through 18 were taken
      from trade literature.
TBL                                    Table 2                                 
     __________________________________________________________________________
     COMPARISON OF ORAL MEDIAN LETHAL DOSE (LD.sub.50) OF IODONIUM             
     SALTS AND PROPRIETARY ANTIMICROBIALS                                      
                                          TOXICITY                             
                                           Oral LD.sub.50                      
                                           (mice)                              
     Compound                             mg/kg                                
     __________________________________________________________________________
                                          56.2                                 
                                          68                                   
                                          2000                                 
                                           500                                 
                                          &gt;4000                                
                                          2000                                 
                                           750                                 
                                          1500                                 
                                          3000                                 
                                          3000                                 
                                          4000                                 
                                          12.5                                 
                                           8.75.+-.0.57                        
                                          8-10                                 
                                            21.32.+-.3.2                       
                                          66 (S.C.)*                           
                                          4000                                 
                                           161                                 
     __________________________________________________________________________
      *TFA=trifluoroacetate                                                    
      *S. C.=subcutaneous                                                      
PAR  Table 2 shows that whereas (p-chlorophenyl)(phenyliodonium)chloride, is
      shown in Table 1 to be one of the more effective antimicrobials of the
      diphenyliodonium type, it has a low and undesirable LD.sub.50 of 68 mg/kg
      in mice. The antimicrobial iodolium etc. compounds of Cannon U.S. Pat. No.
      3,207,660 have even lower LD.sub.50 values, ranging between 8 and 21.32
      .+-. 3.2 mg/kg in mice. Of the proprietary compounds, Merthiolate has an
      LD.sub.50 of 66 subcutaneously and hexachlorophene has an oral LD.sub.50
      of 161. Irgasan antimicrobial, having a reported LD.sub.50 of 4,000 mg/kg
      in mice, has a minimum growth inhibiting concentration of more than 300
      ppm against P. aeruginosa. The thienyliodonium antimicrobials are more
      effective and have desirably high LD.sub.50 values of 500 to more than
      4,000, as shown.
PAC  EXAMPLE 10
PAR  Based on the screening data reported above, which showed for the
      thienyliodonium salts in general a high level of antimicrobial activity
      against gram-positive and gram-negative bacteria coupled with a desirable
      low level of toxicity additional tests were carried out for the
      representative compound p-chlorophenyl-2-thienyliodonium chloride,
      hereinafter referred to as "ClPhThICl", as follows. Conventional serial
      dilution tests for inhibitory activity of the said compound against a
      plurality of gram-positive and gram-negative bacteria, fungi and yeasts
      were carried out starting with the following formulations.
PA1  I: 0.1% clPhThICL: 5.0 gms of dried powdered Dove soap (coconut oil acid
      ester of sodium isethionate) in 94.9 ml. of water.
PA1  Ii: 0.25% clPhThICl: 55% Varifoam YM (modified alcohol sulfate, 38%
      active), 0.1% citric acid in 44% water. pH 5.5.
PA1  Iii: 0.125% clPhThICl: 50% Tergitol 15-S-9, (polyglycol ether of linear
      alcohol, 100% active), 0.05% citric acid in 50% water. pH 2.2.
PA1  Iv: 0.25% clPhThICl in Touch of Sweden hand lotion, pH ca. 5.5.
PA1  V: 0.25% clPhThICl: 0.1% citric acid in glycerin
PA1  Vi: 0.25% clPhThICl: 0.1% citric acid in ethanol
PA1  Vii: 0.1% clPhThICl: 0.1% citric acid in Dowanol DPM (dipropylene glycol
      monomethyl ether)
PA1  Viii: 0.1% clPhThICl: in water
PAR  Formulations VI and VII were aged 3 weeks at room temperature before being
      tested for antimicrobial activity. The other compositions were not aged
      before testing.
PAR  Test Procedure: Initially, a stock solution in water for each formulation
      was prepared by dilution to contain 100 ppm ClPhThICl. From this 100 ppm
      stock solution, test agars were prepared by mixing appropriate amounts of
      the stock solution with a measured amount of sterile molten agar that had
      been cooled to 60.degree.C. The treated molten agar was immediately mixed
      and poured into a sterile petri dish. Nutrient agar was used for testing
      bacteria and malt yeast agar for fungi and yeasts. In most cases, the test
      agars containing 10, 7.5, 5.0, 2.5, 1.0, 0.75 and 0.5 ppm of ClPhThICl
      were prepared from each formulation as described above. In the case of
      fungi and yeasts, a concentration of 50 ppm was also tested. Agars
      containing the formulation without the antimicrobial were also included at
      the appropriate levels to test the activity of the formulation.
PAR  The test cultures were applied to the surface of the hardened agar with a
      sterile cotton swab. A streak of about 11/2 inches long was made. The
      inoculated plates were incubated for 48 hours at 30.degree.C. Results in
      Table 3 are recorded as growth or no growth for the minimum concentration
      for 100% inhibition of growth. In all cases, the next lower concentration
      tested failed to inhibit growth of the microorganism completely. The blank
      spaces indicate that the formulation was not tested against the indicated
      microorganism.
TBL                                    Table 3                                 
     __________________________________________________________________________
     A: MINIMUM CONCENTRATION IN PPM OF ClPhThICl GIVING 100% INHIBITION OF    
     BACTERIA                                                                  
                    Formulation                                                
     Microorganism  I    II   III  IV   V    VI**                              
                                                 VII**                         
                                                     VIII                      
     __________________________________________________________________________
     Staphylococcus aureus                                                     
                    1.0  *    &lt;1.0 2.5  2.5  2.5 5.0 0.75                      
     Staphylococcus albus                                                      
                    0.75 &lt;1.0 2.5  2.5  &lt;1.0         0.25                      
     Salmonella typhosa                                                        
                    &lt;0.5 &lt;1.0 *    &lt;1.0 &lt;1.0 2.5 5.0 0.75                      
     Salmonella paratyphi                                                      
                    &lt;0.5 &lt;1.0 &lt;1.0 2.5  &lt;1.0         &lt;0.5                      
     Salmonella choleraseus                                                    
                    &lt;0.5                             &lt;0.5                      
     Bacillus subtilis                                                         
                    &lt;0.5 &lt;1.0 *    &lt;1.0 &lt;1.0 1.0 1.0 &lt;0.5                      
     Bacillus mycoides                                                         
                    1.0  *    *    2.5  2.5          2.5                       
     Bacillus megaterium                                                       
                    1.0  *    *    2.5  2.5          2.5                       
     Pseudomonas aeruginosa                                                    
                    0.75 &lt;1.0 5.0  &lt;1.0 &lt;1.0 5.0 5.0 0.75                      
     Pseudomonas spp PRD-10                                                    
                    1.0  *    *    2.5  2.5  2.5 2.5 2.5                       
     Pseudomonas fluorescens                                                   
                    2.5  2.5  2.5  2.5  2.5          &lt;0.5                      
     Aerobacter aerogenes                                                      
                    1.0  2.5  2.5  2.5  2.5  2.5 5.0 2.5                       
     Alcaligens faecales                                                       
                    5.0  2.5  2.5  5.0  7.5  7.5 7.5 1.0                       
     Escherechia coli                                                          
                    1.0  2.5  2.5  2.5  2.5  2.5 5.0 2.5                       
     Proteus vulgaris                                                          
                    2.5  *    2.5  5.0  7.5          2.5                       
     Proteus mirabilis                                                         
                    2.5  &lt;1.0 &lt;1.0 5.0  7.5                                    
     Proteus morginii                                                          
                    1.0                              &lt;0.5                      
     Flavobacteria arborescens                                                 
                    2.5  &lt;1.0 2.5  5.0  5.0          &lt;0.5                      
     Micrococcus candidus                                                      
                    2.5  2.5  2.5  5.0  10           1.0                       
     Sarcina lutea  0.75 *    *    2.5  2.5                                    
     Brevibacterium ammoneagenes                                               
                    1.0  *    *    2.5  2.5          2.5                       
     Serratia marcescens                                                       
                    2.5  5.0  5.0  2.5  2.5                                    
     Streptococcus mutans                                                      
                    *              &lt;1.0 &lt;1.0                                   
     __________________________________________________________________________
      *Formulation itself indicates activity at a concentration equivalent to  
      the amount used which would contain 10 ppm of ClPhThICl.                 
      **Formulations aged 3 weeks at room temperature before being tested.     
     B: Minimum Concentration in ppm of ClPhThICl Giving                       
     100% Inhibition of Fungi and Yeast                                        
     __________________________________________________________________________
                         Formulations                                          
     Microorganism       I          IV         V                               
     __________________________________________________________________________
     Saccharomyces cereviseae                                                  
                         &gt;50        50         50                              
     Candida albicans    5.0        50         &gt;50                             
     Candida pelliculosa 10         &gt;50        &gt;50                             
     Trichophyton mentagrophytes                                               
                         *          50         50                              
     Aspergillus terreus *          50         &gt;50                             
     Pencillium chrysogenum                                                    
                         *          50         &gt;50                             
     Pityrosporum ovale  2.5        5.0        7.5                             
     Trichoderma spp     10         50         &gt;50                             
     __________________________________________________________________________
      *Formulation itself indicates activity at a concentration equivalent to  
      the amount which would contain 50 ppm of ClPhThICl                       
PAC  EXAMPLE 11
PAR  Also, the oral median lethal dose, LD.sub.50, was determined for ClPhThICl
      in Swiss mice (Cox strain) within a weight range of 16 to 22 grams. Five
      groups of mice, each consisting of 15 males and 15 females, were given
      ClPhThICl in an aqueous 0.5 percent METHOCEL hydroxypropyl methylcellulose
      (4000 cps.) suspension at a concentration of 300 mg/ml. The compound was
      administered as a single oral dose at 0.2 logarithmic dose intervals (708,
      1120, 1780, 2820, 4450 mg/kg) and the following mortality experience was
      noted:
TBL           No. Dead at                                                      
                        No. Dead at                                            
                                  No. Dead at                                  
     Dose     24 Hours  7 Days    14 Days                                      
     Group                                                                     
         (mg/kg)                                                               
              Males                                                            
                   Females                                                     
                        Males                                                  
                             Females                                           
                                  Males                                        
                                       Females                                 
     __________________________________________________________________________
     1    708  0/15                                                            
                    0/15                                                       
                         0/15                                                  
                              1/15                                             
                                   1/15                                        
                                        2/15                                   
     2   1120  0/15                                                            
                    0/15                                                       
                         1/15                                                  
                              1/15                                             
                                   1/15                                        
                                        2/15                                   
     3   1780  3/15                                                            
                    4/15                                                       
                         8/15                                                  
                              8/15                                             
                                   9/15                                        
                                        8/15                                   
     4   2820 11/15                                                            
                    8/15                                                       
                        14/15                                                  
                             14/15                                             
                                  14/15                                        
                                       14/15                                   
     5   4450 15/15                                                            
                   13/15                                                       
                        15/15                                                  
                             15/15                                             
                                  15/15                                        
                                       15/15                                   
     __________________________________________________________________________
PAR  The percent of total mortalities occurring was 16.0, 66.6, 81.5, and 91.3
      at 6, 24, 48 and 72 hours post-treatment, respectively. The last death
      occurred in a female (1120 mg/kg group) on day 14 of the study. LD.sub.50
      values and 95 percent confidence limits calculated at 24 hours, 7 and 14
      days by the method of Litchfield-wilcoxon were as follows:
TBL  24 hours:                                                                 
     Male mice                                                                 
              2300 mg/kg                                                       
                        95% Confidence limits 1916-2760                        
                        mg/kg                                                  
     Female mice                                                               
              2700 mg/kg                                                       
                        95% Confidence limits 2300-3591                        
                        mg/kg                                                  
     7 Days                                                                    
     Male mice                                                                 
              1760 mg/kg                                                       
                        95% Confidence limits 1353-2288                        
                        mg/kg                                                  
     Female mice                                                               
              1700 mg/kg                                                       
                        95% Confidence limits 1172-2455                        
                        mg/kg                                                  
     14 Days                                                                   
     Male mice                                                                 
              1760 mg/kg                                                       
                        95% Confidence limits 1353-2288                        
                        mg/kg                                                  
     Female mice                                                               
              1580 mg/kg                                                       
                        95% Confidence limits 1264-1975                        
                        mg/kg                                                  
PAR  The oral median lethal dose (LD.sub.50) of ClPhThICl was also determined in
      Sprague-Dawley (Cox strain) rats within a weight range of 93 to 118 grams.
      Five groups of rats, each consisting of 10 males and 10 females, were
      given the compound in an aqueous 0.5 percent METHOCEL hydroxypropyl
      methylcellulose (4000 cps.) suspension at a concentration of 300 mg/ml.
      The compound was administered as a single oral dose at 0.2 logarithmic
      dose intervals (709, 1120, 1780, 2820, 4450 mg/kg), and the following
      mortality experience was noted:
TBL           No. Dead at                                                      
                       No. Dead at                                             
                                 No. Dead at                                   
     Dose     24 Hours 7 Days    14 Days                                       
     Group                                                                     
         (mg/kg)                                                               
              Males                                                            
                  Females                                                      
                       Males                                                   
                            Females                                            
                                 Males                                         
                                      Females                                  
     __________________________________________________________________________
     1    708 1/10                                                             
                   0/10                                                        
                        1/10                                                   
                             0/10                                              
                                  1/10                                         
                                       0/10                                    
     2   1120 1/10                                                             
                   2/10                                                        
                        2/10                                                   
                             6/10                                              
                                  2/10                                         
                                       6/10                                    
     3   1780 4/10                                                             
                   6/10                                                        
                        9/10                                                   
                             7/10                                              
                                  9/10                                         
                                       7/10                                    
     4   2820 8/10                                                             
                   9/10                                                        
                        8/10                                                   
                            10/10                                              
                                  8/10                                         
                                      10/10                                    
     5   4450 9/10                                                             
                  10/10                                                        
                       10/10                                                   
                            10/10                                              
                                 10/10                                         
                                      10/10                                    
     __________________________________________________________________________
PAR  The percent of total mortalities occurring was 53.9, 79.3, 85.7 and 93.6 at
      6, 24, 48 and 72 hours post-treatment, respectively. The last death
      occurred between 72 and 96 hours post-treatment in male rats in the 1780
      and 4450 mg/kg groups. LD.sub.50 values and 95 percent confidence limits
      calculated at 24 hours, 7 and 14 days by the method of Litchfield-Wilcoxon
      were as follows:
TBL  24 Hours                                                                  
     Male rats  1800 mg/kg 95% Confidence limits 1241-                         
                           2610 mg/kg                                          
     Female rats                                                               
                1600 mg/kg 95% Confidence limits 1230-                         
                           2080 mg/kg                                          
     7 and 14 Days                                                             
     Male rats  1640 mg/kg 95% Confidence limits 1171-                         
                           2296 mg/kg                                          
     Female rats                                                               
                1100 mg/kg 95% Confidence limits 785-                          
                           1540 mg/kg                                          
PAC  EXAMPLE 12
PAR  The growth-inhibitory activity of 4-chlorophenyl-2-thienyliodonium
      chloride, trifluoroacetate and trichloroacetate salts against some
      microorganisms most relevant to the human skin was determined by standard
      agar dilution tests using conventional nutrient agar for testing bacteria
      and conventional malt yeast agar for testing fungi and yeasts and wherein
      the culture medium was free of any additive other than the test compound
      and water used to dissolve the same. The test plates were incubated at
      30.degree.C. for 72 hours. Results are summarized in the following Table.
TBL  GROWTH INHIBITORY CONCENTRATIONS                                          
     4-CHLOROPHENYL-2-THIENYLIODONIUM:                                         
     Concentration                                                             
             Chloride         Trifluoroacetate                                 
                                              Trichloroacetate                 
     ppm, agar                                                                 
             Bacteria Fungi, Yeasts                                            
                              Bacteria                                         
                                      Fungi, Yeasts                            
                                              Bacteria                         
                                                      Fungi, Yeasts            
     basis   Sa*                                                               
                St                                                             
                  Aa                                                           
                    Pa                                                         
                      Ca                                                       
                        Tm                                                     
                          Pd                                                   
                            T Sa                                               
                                St                                             
                                  Aa                                           
                                    Pa                                         
                                      Ca                                       
                                        Tm                                     
                                          Pd                                   
                                            T Sa                               
                                                St                             
                                                  Aa                           
                                                    Pa                         
                                                      Ca                       
                                                        Tm                     
                                                          Pd                   
                                                            T                  
     __________________________________________________________________________
     100     -  - - - - - .-+.                                                 
                            - - - - - .-+.                                     
                                        - .-+.                                 
                                            - - - - - - - .-+.                 
                                                            -                  
     75      -  - - - - - .-+.                                                 
                            - - - - - .-+.                                     
                                        - .+-.                                 
                                            - - -       -                      
                                                        -                      
                                                        .-+.                   
                                                        - + -                  
     50      -  - - - .+-.                                                     
                        - + - - - - - + - + - - -       -                      
                                                        -                      
                                                        +                      
                                                        - + -                  
     25      -  - - - + - + .+-.                                               
                              - - - - + - + + - -       -                      
                                                        -                      
                                                        +                      
                                                        - + +                  
     10      -  - - - + - + + - - - - + - + + - -       -                      
                                                        -                      
                                                        +                      
                                                        - + +                  
     7.5     -  - - - + - + + - - - - + - + + - -       -                      
                                                        -                      
                                                        +                      
                                                        - + +                  
     5.0     -  - - - + - + + - - - - + - + + - -       -                      
                                                        -                      
                                                        +                      
                                                        - + +                  
     2.5     -  - - - + - + + - - - - + - + + - -       -                      
                                                        .-+.                   
                                                        +                      
                                                        - + +                  
     1.0     +  .-+.                                                           
                  .-+.                                                         
                    .-+.                                                       
                      + - + + + .-+.                                           
                                  + + + - + + + .-+.    +                      
                                                        .+-.                   
                                                        +                      
                                                        - + +                  
     Untreated                                                                 
     control +  + + + + + + +                                                  
     __________________________________________________________________________
      *Rating:                                                                 
      + = growth .+-. = greater than 50% reduction of growth .-+. = greater tha
      90% reduction of growth - = no growth                                    
      Sa = S. aureus                                                           
      Ca = C. albicans                                                         
      St = S. typhosa                                                          
      Tm = T. mentagrophytes                                                   
      Aa = A. aerogenes                                                        
      Pd = P. digitatum                                                        
      Pa = P. aeruginosa                                                       
      T = Trichoderma Species Madison P-42                                     
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A germicidal detergent composition for controlling microbes of the group
      consisting of bacteria, fungi and yeasts comprising an anionic, nonionic
      or mixture of an anionic and a nonionic detergent and an antimicrobial
      amount of 4-chlorophenyl-2-thienyliodonium chloride, trifluoroacetate or
      trichloroacetate salt.
NUM  2.
PAR  2. The germicidal detergent of claim 1 wherein the active agent is
      4-chlorophenyl-2-thienyliodonium chloride.
PATN
WKU  039444996
SRC  5
APN  3780678
APT  1
ART  221
APD  19730711
TTL  Non-aqueous cleaning composition
ISD  19760316
NCL  2
ECL  1
EXA  Palo; Ralph
EXP  Engle; Samuel W.
INVT
NAM  Staniek; Sabina Barbara Kopycinska
STR  304 Pitney Place
CTY  Convent Station
STA  NJ
ZIP  07961
CLAS
OCL  252167
XCL  134  2
XCL  252139
XCL  252164
XCL  252170
XCL  252DIG8
XCL  252DIG10
EDF  2
ICL  C09D  902
FSC  252
FSS  166;167;163;164;168;170;111;112;125;126;131;119;120;123;140;154;139;DIG. 10
     ;DIG. 8
FSC  134
FSS  2;7
FSC  106
FSS  90
FSC   51
FSS  306;307
FSC  166
FSS  193
UREF
PNO  784474
ISD  19050300
NAM  Corti
OCL  252123
UREF
PNO  1533326
ISD  19250400
NAM  Marshall
OCL  134  4
UREF
PNO  2890169
ISD  19590600
NAM  Prokop
OCL  252  8.5P
OREF
PAL  The Chemical Formulary, Vol. III; Editor, Bennett, p. 285.
LREP
FRM  Laurence, Stokes & Neilan
ABST
PAL  A non-aqueous cleaning composition consisting of volatile oil, alcohol and
      portland cement.
BSUM
PAR  This invention relates to an improved non-aqueous cleaning composition for
      hard surfaces, such as glass and enamel surfaces.
PAR  More particularly, this invention relates to an inexpensive composition for
      cleaning windows which does not require a great deal of effort to remove
      the dirt or grease which accumulates thereon.
PAR  Prior art compositions such as disclosed in U.S. Pat. No. 1,586,008 utilize
      powdered pumice stone, polish, alcohol and water. Too vigorous polishing
      with this composition may scratch the surface of the glass because of the
      nature of the pumice stone.
PAR  U.S. Pat. No. 1,986,243 discloses an emulsified cleaning and polishing
      composition for painted, enameled, varnished and lacquered surfaces, and
      the like which combines several different ingredients with water and the
      abrasive snow floss. Such a composition is expensive and not suitable for
      window cleaning since a fine film of cleaning material drys on the surface
      and requires additional effort to remove.
PAR  It is an object of this invention to provide a non-aqueous cleaning
      composition for hard surfaces such as glass and enamel surfaces which does
      not scratch the surface.
PAR  It is a further object of this invention to provide a cleaning composition
      for windows which is inexpensive, easy to prepare and requires less
      rubbing to clean.
PAR  It is a yet still further object of this invention to provide a window
      cleaning composition which does not leave a filmy residue.
PAR  Other objects, features and advantages of the present invention will become
      apparent to one skilled in the art from the following description of
      preferred embodiments thereof.
PAR  The present invention relates to an improved non-aqueous cleaning
      composition containing cement as an abrasive in conjunction with an
      alcohol and a volatile oil.
PAR  Preferably, the cement used in this invention is portland cement having a
      particle size which passes about a 120-200 mesh sieve. The cement having a
      fine particle size of about 200-mesh is most suitable for use on windows.
      The coarse powdered cement may be used on the hard enameled surfaces.
PAR  Any of the commercial alcohols may be used in preparing the composition of
      this invention such as methanol, ethanol, propanol and isopropanol.
PAR  The volatile oil used in the composition of this invention is preferably
      kerosene since it is relatively inexpensive and has good degreasing
      characteristics.
DETD
PAR  Most preferably, the window cleaning composition of this invention is
      prepared by mixing about 1 to 5 parts portland cement, 4 to 10 parts
      kerosene and 4 to 10 parts alcohol, the proportions being by weight.  A
      satisfactory window cleaning composition has been obtained by employing
      the following proportions of ingredients in parts by weight:
     Kerosene          15 parts                                                
     Isopropanol       15 parts                                                
     Portland V Cement  3 parts                                                
PAR  A similar composition was prepared utilizing 18 parts by weight of methanol
      in place of the isopropanol and yielded an equally good composition.
PAR  In the preparation of the composition of this invention there may be added
      any well known scenting agent.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A non-aqueous cleaning composition consisting essentially of about 1 to
      5 parts by weight portland cement having a particle size passing through
      120-200 mesh sieve; about 4 to 10 parts by weight of an alcohol selected
      from the group consisting of methanol, ethanol, propanol and isopropanol,
      and about 4 to 10 parts by weight of kerosene.
NUM  2.
PAR  2. The composition of claim 1 consisting essentially of about 15 parts by
      weight of kerosene, about 15 parts by weight of isopropanol and about 3
      parts by weight of portland cement.
PATN
WKU  039445003
SRC  5
APN  5406153
APT  1
ART  223
APD  19750113
TTL  Production of low bulk density product from sodium bicarbonate
ISD  19760316
NCL  14
ECL  1
EXP  Schulz; William E.
NDR  4
NFG  4
INVT
NAM  Gancy; Alan B.
CTY  Syracuse
STA  NY
INVT
NAM  Poncha; Rustom P.
CTY  Syracuse
STA  NY
ASSG
NAM  Allied Chemical Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  252182
XCL  252 89R
XCL  423425
EDF  2
ICL  C09K  300
FSC  252
FSS  89;182
FSC  423
FSS  425
UREF
PNO  1473259
ISD  19231100
NAM  Sundstrom et al.
OCL  423425
UREF
PNO  1583660
ISD  19260500
NAM  Cocksedge
OCL  423425
UREF
PNO  1583661
ISD  19260500
NAM  Cocksedge
OCL  423425
UREF
PNO  1583662
ISD  19260500
NAM  Sundstrom et al.
OCL  423425
UREF
PNO  3701737
ISD  19721000
NAM  Goldstein
OCL  252182
LREP
FR2  Fuchs; Gerhard H.
ABST
PAL  Low bulk density products containing at least 10% Wegscheider's Salt
      (Na.sub.2 CO.sub.3.3NaHCO.sub.3), by weight, in needlelike form are
      produced from sodium bicarbonate by heating in two distinct steps an
      aqueous feed mixture comprising by weight at least about 50% sodium
      bicarbonate and about 3 to 25% Wegscheider's Salt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the conversion of sodium bicarbonate to a lower
      bulk density product containing at least 10% Wegscheider's Salt (Na.sub.2
      CO.sub.3.sup.. 3NaHCO.sub.3), by weight. The product is a soluble, low
      density, mildly alkaline base which absorbs liquid wetting agent without
      subsequent "bleeding" onto the packaging material. This product may be
      used in the preparation of laundry detergents containing substantially no
      phosphates.
PAR  2. Description of the Prior Art
PAR  The preparation of Wegscheider's Salt by heating aqueous sodium bicarbonate
      at temperatures ranging from about 75.degree. to 120.degree.C. is known.
      This concept is disclosed in U.S. Pat. Nos. 1,583,660 and 1,583,662 and in
      British Pat. No. 202,678. British Pat. No. 202,678 discloses that a
      98.degree.C. substantially full conversion was obtained in one and
      one-half hours, that at 95.degree.C. substantially full conversion was
      obtained in 6 hours and that at 90.degree.C. about 50% conversion was
      obtained in 11 hours. Processes for heating wet sodium bicarbonate alone
      as described in these patents are not now commercially feasible. Product
      material tends to stick and cake, and a satisfactory low density product
      suitable for use as a detergent is not obtainable.
PAR  Dry sodium bicarbonate is known to decompose very slowly to Wegscheider's
      Salt. For example, dry crude sodium bicarbonate, when heated to about
      120.degree.C. for about 50 minutes, contained only about 5% Wegscheider's
      Salt; on the other hand, wet crude sodium bicarbonate heated to about
      120.degree.C. for about 50 minutes formed 50% Wegscheider's Salt.
PAR  Addition of sodium carbonate to aqueous sodium bicarbonate is disclosed in
      U.S. Pat. Nos. 1,473,259 and 1,583,662 and British Pat. No. 210,628. These
      patents disclose that about 30% (dry basis) sodium carbonate or about
      28-29% (wet basis) sodium carbonate, by weight, is present in the feed.
      Such addition of sodium carbonate, per se, tends to reduce the sticking
      and caking problem and to increase reaction rate but does not result in
      products having low bulk densities, e.g. as low as about 70 grams per
      liter, for high Wegscheider's Salt values, i.e., in excess of 50%
      Wegscheider's Salt in the product.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with our invention, alkali products having low bulk densities
      ranging from about 70 to 400 grams per liter (about 4 to 25 pounds per
      cubic foot) with chemical compositions ranging from at least 10 to about
      100% Wegscheider's Salt can be prepared. More particularly, we have found
      that products which comprise at least 10% by weight of randomly oriented
      Wegscheider's Salt particles in needlelike form, with the remainder of the
      product being sodium sesquicarbonate, sodium bicarbonate and water, can be
      obtained from a sodium bicarbonate feed material. The product of our
      invention has, in general, a bulk density ranging from about 70 to about
      400 grams per liter, a water content of less than about 1% by weight and a
      pore volume of from about 0.10 to about 0.16 milliliters per gram (based
      on pores of 2 micron size and smaller).
PAR  It has also been found that, when sodium bicarbonate is mixed with an
      amount of water sufficient to enhance formation of Wegscheider's Salt in
      needlelike form and with at least about 3 to about 25% Wegscheider's Salt
      by weight of the mixture, and when said mixture is exposed to two-stage
      heat treatment, product particles having lower bulk density and greater
      absorptive property than the feed particles are obtained.
PAR  The process of our invention for treating sodium bicarbonate to obtain a
      substantially lump-free product having a lower bulk density than the feed
      comprises the following steps: an aqueous feed mixture comprising, by
      weight, at least about 50% sodium bicarbonate, about 3 to 25%
      Wegscheider's Salt, and about 5 to 20% water is passed to a reaction zone.
      The amount of water present in the feed mixture must be sufficient to
      enhance formation of Wegscheider's Salt in needlelike form. Preferably,
      the aqueous feed mixture comprises, by weight, about 50 to 80%, more
      preferably about 70 to 80%, sodium bicarbonate, about 15 to 25%
      Wegscheider's Salt and about 12 to 18% water. Thereafter, the mixture is
      subjected to an activation step conducted in the absence of added carbon
      dioxide and without a substantial weight loss under first stage heating
      conditions. The first stage heating conditions include a first temperature
      ranging between a temperature below which sodium bicarbonate is converted
      into nuclei of Wegscheider's Salt and a temperature above which both
      substantial thermal decomposition of sodium bicarbonate and substantial
      formation of sodium sesquicarbonate occurs for a first time sufficient to
      form Wegscheider's Salt nuclei while avoiding substantial caking and bulk
      density increase of the mixture. The temperature during the first stage
      heating preferably ranges from about 85.degree. to 95.degree.C., more
      preferably from about 88.degree. to 92.degree.C., and most preferably,
      said first temperature being about 90.degree.C., as adjusted to one
      atmosphere. The heating of the mixture during the first stage heating
      preferably is carried out for about 15 to 50 minutes.
PAR  After the activation step, the mixture continues to react without the
      addition of carbon dioxide in a second stage heating at a temperature
      ranging between said first stage heating temperature and a temperature
      less than the decomposition temperature of Wegscheider's Salt. The second
      stage heating temperature is at least about 95.degree.C. Preferably the
      second temperature is about 10.degree.C. higher than the first temperature
      and ranges from about 10.degree. to 20.degree.C. above the first stage
      heating temperature. The temperature in the second stage heating
      preferably ranges between about 100.degree. and 125.degree.C. The mixture
      reacts at the second temperature for a second time sufficient to prepare a
      product containing at least 10% by weight of Wegscheider's Salt in
      needlelike form. Such second time preferably ranges from about 15 to 50
      minutes.
PAR  In a preferred embodiment of this invention, the Wegscheider's Salt portion
      of the feed is obtained by recycling a portion of the product particles
      which are removed from the reaction zone.
PAR  By the process of this invention, sticking and caking in the reaction
      product and during the reaction are avoided and products having bulk
      densities as low as 70 grams per liter are obtained. In our invention a
      reduced amount of sodium carbonate value in the form of Wegscheider's Salt
      is added to the aqueous feed mixture than is known to be added in prior
      art processes. The reaction mixture, when maintained at the first
      temperature, remains free flowing; and, when subjected to the second
      temperature, such mixture expands rapidly to form Wegscheider's Salt. The
      formation of Wegscheider's Salt needles makes the reaction product
      absorbent and prevents sticking and caking. Without the activation (first
      heating) step the reaction mixture tends not to expand and tends not to
      become absorbent, thus causing substantial caking in the reactor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic flow diagram illustrating one method of carrying out
      the present invention.
PAR  FIG. 2 is a photograph of typical crude sodium bicarbonate feed particles.
PAR  FIG. 3 is a photograph of typical product particles containing about 100%
      Wegscheider's Salt and having a bulk density of about 95 grams per liter.
PAR  FIG. 4 is a photograph of typical product particles containing about 50%
      Wegscheider's Salt and about 50% sodium bicarbonate and having a bulk
      density of about 95 grams per liter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The accompanying drawing, FIG. 1, diagrammatically illustrates one method
      of carrying out the present invention. Particles of crude sodium
      bicarbonate enter feed mixer 1 via line 2. The crude bicarbonate, in
      general, has a bulk density of about 600 grams per liter. A suitable
      sodium bicarbonate-containing feed component which may be used in this
      invention is crude sodium bicarbonate prepared by the Solvay Process and
      having a water content of about 15%. When such crude sodium bicarbonate is
      used in the process of this invention, additional water does not normally
      need to be added to the feed mixer. For a suitable low bulk density
      product, the water content of the feed ranges preferably between about 12
      and 18% by weight. Premature reduction of the water content in the feed
      leads to caking and causes the resulting product to have an undesirable
      high bulk density. If the water content of the wet sodium bicarbonate is
      less than about 5% by weight, Wegscheider's Salt may still be formed but
      it tends not to be in a needlelike form which enhances low bulk density.
      The needlelike structure of Wegscheider's Salt not only makes the product
      absorptive, but such structure also tends to enhance absorption of water
      released during the reaction so as to avoid lumping.
PAR  To this aqueous sodium bicarbonate in mixer 1 is added via line 4 an amount
      of Wegscheider's Salt ranging from about 3 to 25%, by weight, of the feed
      mixture comprising sodium bicarbonate, Wegscheider's Salt and water. The
      addition of Wegscheider's Salt enhances a free-flowing charge and a
      lump-free low-density product. Reduction of Wegscheider's Salt to values
      below the lower end of this range tends to yield a non-free flowing, high
      bulk density product which exhibits caking. When product particles
      containing 50 to 100% Wegscheider's Salt are desired, an amount of
      Wegscheider's Salt preferably ranging from about 5 to 20%, more preferably
      from about 15 to 25%, by weight, of the feed mixture is added to feed
      mixer 1. When product particles containing from about 10 to 50%
      Wegscheider's Salt are desired, an amount of Wegscheider's Salt ranging
      from about 3 to 10%, more preferably from about 4 to 8%, by weight, of the
      feed mixture is added to mixer 1. Preferably, Wegscheider's Salt is added
      to the wet sodium bicarbonate in the form of product recycle.
PAR  The components of the feed are mixed in feed mixer 1 until a uniform
      mixture is obtained.
PAR  Aqueous feed mixture particles from feed mixer 1 thereafter pass through
      line 8 into screening device 9 to break up any large lumps of feed
      mixture. A 12-mesh screen is normally sufficient for this purpose.
PAR  The screened aqueous mixture is then passed via line 10 into rotary reactor
      14 which is rotated at a slow speed of the order of about from 30 to 40
      rpm. The rotary reactor 14 is heated to maintain the temperature of the
      aqueous feed mixture particles at a first temperature ranging between a
      temperature below which sodium bicarbonate is unable to be converted into
      nuclei of Wegscheider's Salt and a temperature above which substantial
      thermal decomposition of sodium bicarbonate and substantial formation of
      sodium sesquicarbonate occurs. Preferably, this first stage heating
      (activation) step temperature ranges from about 85.degree. to
      95.degree.C., more preferably from about 88.degree. to 92.degree.C. and
      most preferably about 90.degree.C., as adjusted to a pressure of one
      atmosphere. A temperature of at least about 85.degree.C. is needed
      normally to produce Wegscheider's Salt nuclei. A temperature not in excess
      of about 95.degree.C. is normally employed so as to avoid thermal
      decomposition of sodium bicarbonate and thus formation of sodium
      sesquicarbonate. We have found that at a first temperature of about
      70.degree.C. or 80.degree.C. only a partial reaction occurs; and caking
      and lump formation tend to be present in the product. The preferred
      minimum of 85.degree.C. was derived in part from phase data for the sodium
      bicarbonate-water system.
PAR  The mixture is activated at this first temperature for a time sufficient to
      form Wegscheider's Salt nuclei and to avoid substantial caking and
      increase in bulk density of the mixture. Acceptable results have been
      found by heating the mixture for about 15 to 50 minutes. If a first time
      less than about 15 minutes is employed, suitable Wegscheider's Salt nuclei
      will not be formed from sodium bicarbonate and sodium sesquicarbonate
      formation will be enhanced. When product particles containing 50 to 100%
      Wegscheider's Salt are desired, activation conditions of heating within
      the range of about 85.degree. to 95.degree.C. for about 20 to 25 minutes
      have been found to be especially effective. Any increase in the first
      (activation) time generally has no beneficial effect, but a reduction in
      the time of the first heating tends to cause caking and a higher bulk
      density product. Furthermore, an insufficient period of activation at
      these temperatures appears to prevent formation of Wegscheider's Salt
      nuclei as well as to force the reaction to sodium sesquicarbonate
      formation which in turn tends to dry up the aqueous feed mixture. We have
      found that substantially no weight loss and substantially no expansion of
      the feed mixture occurs during the activation step.
PAR  After activation is completed, the mixture continues to react within rotary
      reactor 14 at a second stage temperature preferably ranging between
      100.degree.C. and 115.degree.C., more preferably ranging from about
      105.degree. to 115.degree.C. It is important that a two-stage heat zone
      temperature gradient is maintained in the reactor wherein the second stage
      heating temperature is at least about 95.degree.C., and is preferably
      about 10.degree. to 20.degree.C. greater than the first stage heating
      temperature. Reaction continues at this elevated second stage temperature
      for a time sufficient to prepare in a relatively rapid time span product
      particles containing at least 10 percent by weight Wegscheider's Salt
      which are in needlelike form. It is also important that the second
      temperature remain below the decomposition temperature of Wegscheider's
      Salt, i.e. approximately 125.degree.C. at atmospheric pressure. The time
      for heating at the more elevated second temperature is preferably at least
      about 15 minutes and more preferably ranges from about 15 to 50 minutes.
      Product particles exhibiting excellent low bulk density and high
      absorption characteristics have been obtained when the second time ranges
      from about 15 to 25 minutes.
PAR  A gas exit line 15 is provided in rotary reactor 14 to vent gases formed
      within the rotary reactor 14 during either the activation or the reaction
      steps. Exit gases may be vented to the atmosphere or to a gas recovery
      unit (not shown).
PAR  The product particles are discharged from reactor 14 through line 17 into a
      conventional product dryer 20. Drying and cooling air is introduced into
      cooler 20 through line 21. Separated air is released through line 22 to
      the atmosphere. Dried product is passed through line 23. A portion of this
      product is preferably recycled to the feed mixture through line 4. The
      remaining product passes through line 24 for further processing. The
      product is especially useful as an ingredient in laundry detergent which
      desirably has substantially no phosphate content.
PAR  FIG. 2 (magnification 50X) illustrates typical crude sodium bicarbonate
      feed particles which are relatively lumpy and have a high bulk density of
      650 grams per liter.
PAR  FIG. 3 shows magnification 50X) product particles containing 100%
      Wegscheider's Salt in the form of randomly oriented microneedles. Chemical
      analysis of the particles revealed NaHCO.sub.3 content of about 71.3%,
      Na.sub.2 CO.sub.3 content of about 28.5% and H.sub.2 O content of about
      0.2%. The product particles had a bulk density of about 95 grams per
      liter. The screen analysis of the FIG. 3 product particles was as follows:
TBL  U.S. Sieve No.    % On Screen                                             
     ______________________________________                                    
     +20               0.9                                                     
     -20+40            7.4                                                     
     -40+60            75.2                                                    
     -60+80            11.3                                                    
     -80+100           1.9                                                     
     -100+140          0.7                                                     
     -140+200          1.5                                                     
     -200              1.1                                                     
     ______________________________________                                    
PAR  FIG. 4 (magnification 50X) shows product particles containing approximately
      50% Wegscheider's Salt and 50% sodium bicarbonate in the form of randomly
      oriented microneedles. Chemical analysis revealed that such particles had
      a NaHCO.sub.3 content of approximately 84.8%, a Na.sub.2 CO.sub.3 content
      of approximately 14.5% and a H.sub.2 O content of approximately 0.7%. The
      bulk density of these particles was about 95 grams per liter. The screen
      analysis of the FIG. 4 product particles was as follows:
TBL  U.S. Sieve No.    % On Screen                                             
     ______________________________________                                    
     +20               0.8                                                     
     -20+40            6.8                                                     
     -40+60            73.5                                                    
     -60+80            10.2                                                    
     -80+100           2.5                                                     
     -100+140          2.0                                                     
     -140+200          1.9                                                     
     -200              2.3                                                     
     ______________________________________                                    
PAR  In general, the product particles comprise Wegscheider's Salt, sodium
      bicarbonate and sodium sesquicarbonate. If the reaction is carried to
      completion, product particles containing 100% Wegscheider's Salt will
      normally result. Hence, the chemical composition of the product of this
      invention can be varied from 10% Wegscheider's Salt to 100% Wegscheider's
      Salt. The normal range of product composition is illustrated more fully in
      the table below:
TBL  RANGE OF PRODUCT COMPOSITION                                              
                Wegscheider's Salt                                             
                                        Approximately                          
     Compound     100%    50%     15%   10%                                    
     ______________________________________                                    
     % Sodium Bicarbonate                                                      
                  71.3    84.8    86.8  90.0                                   
     % Sodium Carbonate                                                        
                  28.5    14.5    12.9  9.3                                    
     % Water      0.2     0.7     0.3   0.7                                    
     ______________________________________                                    
PAR  When crude sodium bicarbonate from the Solvay Process is used as the sodium
      bicarbonate component of the aqueous feed mixture, this crude sodium
      bicarbonate normally has about 0.8% ammonia content and an ammonia odor.
      After such crude bicarbonate is employed in the process of this invention,
      the product contains only about 0.02% ammonia and does not exhibit any
      substantial ammonia odor.
PAR  The product porosities are pore volumes which represent part of the
      spectrum of pores revealed via mercury porosimetry. In mercury porosimetry
      a sample is progressively pressurized with liquid mercury, and volume
      readings are made periodically. A particular part of the total spectrum,
      "useful pores", is determined by measuring total porosity of various soda
      materials and by measuring the tendency of such materials to bleed when
      impregnated with liquid non-ionic surfactants. Correlation between these
      two kinds of measurement may be made at volumes of pores which are two
      microns and smaller in size. Larger pores do not seem to have the required
      capillarity. The volume of all pores up to 2 microns in diameter is used
      to indicate useful porosity because of such correlation between such
      useful porosity and absorption of liquid non-ionic wetting agent. Under
      this system of measurement sodium bicarbonate has no measurable porosity.
      We have found that the porosity of the product of the present invention
      ranges from about 0.01 to 0.16 milliliters per gram, based on the volume
      of pores which are two microns and smaller. This adjusted pore volume
      corresponds to a total pore volume ranging from about 1.84 to 3.35
      milliliters per gram. As merely illustrative, our product having such pore
      volume can absorb about 50% of wetting agent.
PAR  As previously stated, the bulk density for the product of this invention
      ranges between about 70 to about 400 grams/liter (g/l). This is to be
      compared to an approximate bulk density of about 600 g/l for air-dried
      crude sodium bicarbonate.
PAR  Friability is defined as the sum of the two entities, breakage and
      attrition. Friability is determined as follows: A -20 to +80 mesh portion
      of the sample is placed on a 100-mesh screen with 50 grams of 5 mm glass
      beads. A 140-mesh screen and pan are placed underneath. After vibration,
      the portion of the sample passing through the 100-mesh screen and standing
      on the 140-mesh screen is reported as "percent breakage". The portion
      passing through 140-mesh is called percent attrition. The friability of a
      typical product of the present invention ranges from about 6 to 90% for
      products ranging from about 100 to 10% Wegscheider's Salt, by weight,
      respectively.
PAR  By control of the water content of feed mixture, the amount of
      Wegscheider's Salt in feed mixture, the first temperature, and the second
      temperature in accordance with the process of this invention, products
      having a variety of bulk densities ranging from about 70 to 400 g/l can be
      prepared. Generally, the bulk density depends on the chemical composition
      of the product. Products having low bulk densities have a high
      Wegscheider's Salt content and a low free sodium bicarbonate content; on
      the other hand, products having high bulk densities are low in
      Wegscheider's Salt and high in free sodium bicarbonate. By the process of
      this invention a low bulk density product is obtained in a relatively
      short length of time and is substantially free of caking and lumping.
PAR  We have found that when moist sodium bicarbonate is heated up to
      110.degree.C. without an activation step, such a low density product is
      not obtained. We have also found that the activation step is not a
      pre-drying step because substantially no weight loss accompanies the
      activation. It is important in our invention that sodium carbonate values
      are added to the feed mixture in the form of Wegscheider's Salt and not in
      the form of sodium carbonate, per se.
PAC  EXAMPLE 1
PAC  PRODUCT CONTAINING ABOUT 100 PERCENT WEGSCHEIDER'S SALT
PAR  This operation was conducted in accordance with the general procedure shown
      in FIG. 1. 67.5 Grams of crude sodium bicarbonate (about 0.8% by weight,
      ammonia) having a bulk density of about 600 g/l (air dried sample) and 1.4
      ml of water were added into a feed mixer so as to provide a water content
      of 18% based on wet sodium bicarbonate. About 22.5 grams of Wegscheider's
      Salt having a bulk density of about 80 g/l were mixed with the wet sodium
      bicarbonate in the feed mixer. The feed comprised, by weight, about 75%
      wet sodium bicarbonate and 25% Wegscheider's Salt. Thereafter, the mixture
      was passed through a 12-mesh screen to break up the lumps.
PAR  The screened mixture was then placed in a 1-liter round-bottom flask. A
      thermocouple was placed in contact with the reaction mixture so as to
      measure reaction temperature. An exit line from the rotating flask was
      vented to the atmosphere for release of gases generated during the
      reaction. During rotation, the flask containing the reaction mixture was
      immersed in an oil bath held at 90.degree.C. After 25 minutes of heating
      at the 90.degree.C. bath temperature (activation step), the bath
      temperature was raised to 110.degree.C. at which time the temperature of
      the reaction mixture in the flask was about 98.degree.C. The reaction
      mixture in the flask expanded and filled the flask after 25 additional
      minutes at the 110.degree.C. bath temperature. The temperature of the
      reaction mixture at this time was about 98.degree.C. The reaction mixture
      was thereafter exposed to a dry air stream flowing at a rate of 233 ml per
      minute to remove excess water from the product. The product was then air
      dried at room temperature. A portion of this product was recycled to the
      feed mixture so as to provide a feed mixture of approximately 75% crude
      (wet) sodium bicarbonate and 25% Wegscheider's Salt. The above-mentioned
      process for treating crude sodium bicarbonate was repeated in a second
      run. A portion of the product obtained from the second run of the process
      was also recycled to the feed mixer so as to provide a third aqueous feed
      mixture of approximately 75% wet sodium bicarbonate and 25% Wegscheider's
      Salt. The aforementioned procedure was then repeated for the third time so
      as to obtain a final third product comprising about 100% Wegscheider's
      Salt. The properties of the final (third) product (a theoretical 100%
      Wegscheider's Salt final product would have a chemical composition of
      about 70.4% sodium bicarbonate and 29.6% sodium carbonate) were as
      follows:
PAR  Bulk density - 95 g/l
PAR  Pore volume (2 microns and smaller) - 0.11 milliliters per gram (ml/g)
PAR  Total pore volume (mercury intrusion technique) - 2.76 ml/g.
TBL  ______________________________________                                    
     Chemical analysis (by weight):                                            
              % NaHCO.sub.3                                                    
                      71.3                                                     
              % Na.sub.2 CO.sub.3                                              
                      28.5                                                     
              % H.sub.2 O                                                      
                      0.2                                                      
              % Ammonia                                                        
                      0.02                                                     
     ______________________________________                                    
PAR  (Corresponded to about 100% Wegscheider's Salt by X-ray analysis)
TBL  Friability 6%    (friability of the air-dried                             
                      crude sodium bicarbonate                                 
                      feed was 99%)                                            
PAR  Screen analysis of product and feed are as follows:
TBL  U.S. Sieve   % Product   % Crude Bicarbonate                              
     No.          On Screen   in Feed on Screen                                
     ______________________________________                                    
     +20          0.9         0.1                                              
     -20+40       7.4         0.6                                              
     -40+60       75.2        11.2                                             
     -60+80       11.3        18.8                                             
     -80+100      1.9         12.7                                             
     -100+140     0.7         20.6                                             
     -140+200     1.5         15.8                                             
     -200         1.1         20.3                                             
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  PRODUCT CONTAINING ABOUT 50% WEGSCHEIDER'S SALT
PAR  This operation was carried out in substantially the same apparatus and
      under substantially the same process conditions as Example 1 except that
      water was not added to the crude sodium bicarbonate, the activation
      heating time was about 30 minutes, and the total heating time was about 50
      minutes. The properties of the final product are as follows:
TBL  Chemical composition (by weight):                                         
              % NaHCO.sub.3                                                    
                      84.8                                                     
              % Na.sub.2 CO.sub.3                                              
                      14.5                                                     
              % H.sub.2 O                                                      
                      0.7                                                      
     ______________________________________                                    
PAR  (corresponded to about 50% Wegscheider's Salt and 50% sodium bicarbonate by
      X-ray analysis)
TBL          Bulk density                                                      
                      100 g/l                                                  
             Friability                                                        
                      22%                                                      
PAR  Screen Analysis:
TBL  U.S. Sieve No.  % Product on Screen                                       
     ______________________________________                                    
     +20             0.8                                                       
     -20+40          6.8                                                       
     -40+60          73.5                                                      
     -60+80          10.2                                                      
     -80+100         2.5                                                       
     -100+140        2.0                                                       
     -140+200        1.9                                                       
     -200            2.3                                                       
     ______________________________________                                    
PAC  EXAMPLE 3
PAC  PRODUCT CONTAINING ABOUT 10% WEGSCHEIDER'S SALT
PAR  This operation was carried out in substantially the same apparatus as
      Example 1. The feed to the feed mixing unit was 100 grams of crude (wet)
      sodium bicarbonate (moisture content of about 15 percent) having an
      air-dried bulk density of about 600 g/l and 25 grams of Wegscheider's Salt
      having a bulk density of about 200 g/l. The mixture was screened through a
      12-mesh screen. The feed mixture was then placed in the rotating oneliter
      rotary reactor flask surrounded by an oil bath at a temperature of about
      90.degree.C. for about 25 minutes. The temperature of the reaction mixture
      at the end of this 25-minute period was about 89.degree.C. The bath was
      then raised to a temperature of about 110.degree.C. The flask was removed
      from the bath after a time of about 10 minutes at the 110.degree.C.
      temperature. The temperature of the reaction at the end of this 10-minute
      period was about 97.degree.C. The product was then air-dried. The dired
      product (A) had a bulk density of about 200 g/l and analyzed, by weight,
      86.4% NaHCO.sub.3, 12.7 % Na.sub.2 CO.sub.3, and O.9% H.sub.2 O.
      Thereafter, 40 grams of product (A) were mixed with 100 grams of crude
      sodium bicarbonate and screened in a 12-mesh screen. The mixture was then
      heated to about 90.degree.C. for about 35 minutes in the one-liter flask
      surrounded by an oil bath. The temperature of the reaction mixture at the
      end of the 35-minute period was about 90.degree.C. The temperature of the
      oil bath was then raised to about 110.degree.C. The flask was removed from
      the bath after a total time of about 45 minutes. The temperature of the
      reaction mixture at the end of the 45-minute period was about 97.degree.C.
      This product (B) was dried and had a bulk density of 295 g/l and analyzed,
      by weight 89.9% NaHCO.sub.3, 9.6% Na.sub.2 CO.sub.3, and 0.5% H.sub.2 O.
      Subsequently, 40 grams of product (B) were mixed with 100 grams of crude
      sodium bicarbonate and the above process was repeated again except that
      the bath temperature was set at about 90.degree.C. for about 45 minutes
      (the reaction temperature was also about 90.degree.C.) and then at
      110.degree.C. for about 11 to 12 minutes (the reaction temperature was
      about 97.degree.C.). This product (C) had a bulk density of about 310 g/l
      and analyzed, by weight, 90.6% NaHCO.sub.3, 8.8% Na.sub.2 CO.sub.3, and
      0.6% water. A final product (D) was prepared from product (C) using the
      identical procedure as given above to prepare product (C) from product
      (B). Product (D) had a bulk density of about 275 g/l and analyzed 89.3%
      NaHCO.sub.3, 9.6% Na.sub.2 CO.sub.3, and 1.1% H.sub.2 O. Products (B), (C)
      and (D) were mixed together to obtain a final product. The properties of
      this final product were as follows:
PAR  Bulk density - 330 g/l (The bulk density of final product is greater than
      that of the average of the sum of the products (B), (C) and (D) because of
      breakage of Wegscheider's Salt needle clusters during mixing.)
TBL  Chemical composition (by weight):                                         
              % NaHCO.sub.3                                                    
                      90.0                                                     
              % Na.sub.2 CO.sub.3                                              
                      9.3                                                      
              % H.sub.2 O                                                      
                      0.75                                                     
     Friability -- 89.8%                                                       
     Screen Analysis:                                                          
     U.S. Sieve No.  % Product on Screen                                       
     ______________________________________                                    
     +20             1.0                                                       
     -20+40          4.2                                                       
     -40+60          19.4                                                      
     -60+80          37.5                                                      
     -80+100         16.4                                                      
     -100+140        11.5                                                      
     -140+200        5.4                                                       
     -200            4.6                                                       
     ______________________________________                                    
PAC  EXAMPLE 4 - Comparative Example
PAC  HEATING A WET SODIUM BICARBONATE CONTAINING MIXTURE IN ONE STEP (WITHOUT AN
      ACTIVATION STEP)
PAR  This operation was carried out in substantially the same apparatus as
      described in Example 1. A feed mixture of approximately 75% crude sodium
      bicarbonate (dry bulk density of about 600 g/l and 25% Wegscheider's Salt
      (bulk density of about 200 g/l), by weight, was prepared. The mixture was
      then passed through a 12-mesh screen to break up the lumps. The screened
      mixture was placed in a liter flask and thereafter heated directly to
      110.degree.C. for about 40 minutes. The product exhibited substantial
      caking and lumping. The product was screened, and the lumps were
      discarded. The product had the following properties:
PAR  Bulk density - 265 g/l
PAR  (corresponded to about 90% Wegscheider's Salt by X-ray analysis)
PAR  Various modifications and alterations will become apparent to those skilled
      in the art without departing from the scope and spirit of the invention,
      and it should be understood that the latter is not necessarily limited to
      the aforementioned discussion.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing a low bulk density and substantially lump-free
      product from sodium bicarbonate, which comprises the steps of:
PA1  a. passing to a reaction zone a feed mixture comprising, by weight, (1) at
      least about 50% said sodium bicarbonate, (2) about 3 to 25% Wegscheider's
      Salt, and (3) about 5 to 20% water;
PA1  b. heating said mixture in the absence of added carbon dioxide to a first
      temperature ranging between a temperature below which sodium bicarbonate
      is unable to be converted into nuclei of Wegscheider's Salt and a
      temperature above which substantial thermal decomposition of sodium
      bicarbonate and substantial formation of sodium sesquicarbonate occurs,
      for a first time sufficient to form Wegscheider's Salt nuclei and to avoid
      substantial caking and bulk density increase of the mixture;
PA1  c. thereafter subjecting said heated mixture in the absence of added carbon
      dioxide at a second temperature ranging between a temperature at least
      about 10.degree.C. higher than said first temperature and a temperature
      less than the decomposition temperature of Wegscheider's Salt for a second
      time sufficient to prepare product particles containing at least 10% by
      weight Wegscheider's Salt in needlelike form; and
PA1  d. recovering the product particles having a lower bulk density and a
      greater absorption property than said aqueous feed mixture.
NUM  2.
PAR  2. The process of claim 1 wherein said aqueous feed mixture comprises, by
      weight, about 50 to 80 percent sodium bicarbonate, about 3 to 25 percent
      Wegscheider's Salt and about 5 to 20 percent water.
NUM  3.
PAR  3. The process of claim 1 wherein said aqueous feed mixture comprises, by
      weight, about 70 to 80 percent sodium bicarbonate, about 15 to 25 percent
      Wegscheider's Salt and about 12 to 18 percent water.
NUM  4.
PAR  4. The process of claim 1 wherein the Wegscheider's Salt component of said
      aqueous feed mixture is obtained by recycling a portion of said product
      particles removed from said reaction zone.
NUM  5.
PAR  5. The process of claim 1 wherein said first temperature ranges from about
      85.degree. to 95.degree.C. as adjusted to one atmosphere.
NUM  6.
PAR  6. The process of claim 1 wherein said first temperature ranges from about
      88.degree. to 92.degree.C.
NUM  7.
PAR  7. The process of claim 1 wherein said first time ranges from about 20 to
      50 minutes.
NUM  8.
PAR  8. The process of claim 1 wherein said first time ranges from about 20 to
      30 minutes and said product particles contain from about 50 to 100 percent
      Wegscheider's Salt.
NUM  9.
PAR  9. The process of claim 1 wherein said second temperature ranges from about
      100.degree.C. to less than 125.degree.C. as adjusted to one atmosphere.
NUM  10.
PAR  10. The process of claim 1 wherein said second temperature ranges from
      about 100.degree. to 115.degree.C. as adjusted to one atmosphere.
NUM  11.
PAR  11. The process of claim 1 wherein said second time ranges from about 15 to
      50 minutes.
NUM  12.
PAR  12. A product formed from sodium bicarbonate comprising at least 10 percent
      weight of randomly oriented Wegscheider's Salt particles in needlelike
      form, sodium sesquicarbonate, sodium bicarbonate and water, said product
      having a bulk density ranging from about 70 to about 400 grams per liter
      (about 4 to about 25 pounds per cubic foot), a water content of less than
      about 1 percent by weight and a pore volume of from about 0.10 to 0.16
      milliliters per gram (pores of 2 micron size and smaller).
NUM  13.
PAR  13. The product of claim 12 wherein the product particles comprise in
      excess of 50 percent by weight of Wegscheider's Salt.
NUM  14.
PAR  14. The product of claim 12 wherein the product particles consist
      essentially of Wegscheider's Salt.
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ABST
PAL  A novel use for sorbents involving the selective removal of heavy metals
      from liquid streams has been discovered. More specifically it has been
      discovered that these sorbents selectively remove alkyl lead moieties from
      gasoline. The sorbents are comprised of metal halides (preferably tin
      tetrachloride or antimony pentachloride) bonded to a suitable substrate
      through at least one amine or alkyl halide functional group. The sorbents
      can be effectively regenerated.
PARN
PAC  RELATED CASE
PAR  This is a division of U.S. application Ser. No. 365,358, filed May 30, 1973
      which issued as U.S. Pat. No. 3,793,185; that case being a
      continuation-in-part of application Ser. No. 319,099 filed Dec. 27, 1972
      and now abandoned.
PAR  This application is a continuation-in-part of now pending U.S. application
      serial number 319,099 filed December 27.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  The invention deals with the removal of metals from compositions containing
      such metals as organic or inorganic compounds. It more particularly refers
      to removal of lead from gasoline.
PAR  The need for the removal of metals is evidenced by the fact that their
      presence in hydrocarbon charge stocks conducted to catalytic cracking and
      catalytic reforming process units is known to poison and shorten the life
      of the catalyst with which such metal contaminated stocks come into
      contact.
PAR  It is also desirable to remove trace metals from lubricating oils or to
      recover soluble metal catalysts from reactor effluents or polymer
      solutions. The removal of heavy metals such as mercury, silver, calcium
      and the like from the water effluents of chemical or photographic plants
      is also highly desired from an ecological standpoint.
PAR  Unburned hydrocarbon, carbon and carbon monoxide emissions are regarded by
      many as representing a substantial source of air pollution. These engine
      emissions are subject to photo-chemical reaction in the atmosphere,
      providing what has been termed smog, which is an irritant of lachrymal and
      respiratory system tissues.
PAR  The incompletely oxidized carbon, e.g., carbon monoxide and unburned
      hydrocarbons, present in engine exhaust is the result of incomplete
      combustion of the hydrocarbon fuel in the engine combustion chamber.
      Complete oxidization of such carbon monoxide and/or hydrocarbons
      transforms such to carbon dioxide and water, probably in the form of steam
      due to the high combustion temperature. Neither carbon dioxide nor steam
      is considered a harmful emission.
PAR  Various means have been employed to reduce or eliminate carbon monoxide and
      unburned hydrocarbon emissions. One approach has been to pass the
      combustible exhaust gases through a catalytic converter located in the
      engine's exhaust system where the carbon monoxide and hydrocarbons are
      catalytically oxidized, usually by the introduction of supplemental air,
      to carbon dioxide and water.
PAR  It is known that residues of alkyl lead from combustion of leaded gasoline
      tend to poison catalysts available for oxidizing unburned hydrocarbons and
      carbon monoxide in an engine exhaust. Such poisoning severely shortens the
      useful life of exhaust combustion catalysts. Furthermore the presence of
      lead complexes in engine exhaust is considered objectionable by some.
      Therefore the removal of lead from gasoline might be desirable separate
      and apart from its characteristic of poisoning exhaust combustion
      catalysts. It has thus been heretofore proposed that "lead free" gasoline
      be supplied for use in automobiles equipped with emission control devices
      which utilize catalysts to help further oxidize exhaust gases.
PAR  Under most proposals, small, trace amounts of lead would be allowed in
      "lead free" gasoline. The Federal Government regulations require all
      gasoline sales outlets to furnish at least one grade of gasoline having
      less than 0.07 gram of lead per gallon to the public by July 1, 1974. On
      Feb. 23, 1972 the Environmental Protection Agency in a paper relating to
      the 1970 Clean Air Act Amendments offered for comment a requirement of
      0.05 grams of lead per gallon of gasoline. The lead level reduction is to
      be accomplished by July 1, 1974. Other proposals have been even more
      stringent.
PAR  The normal network of petroleum product distribution involves railroad tank
      cars, pipelines, water borne tankers, tank trucks and bulk storage tanks.
      For commercial operation these are presently set up to handle different
      products. For example, the same pipeline might be used to convey a
      shipment of regular grade gasoline, premium grade gasoline, distillate
      fuel and other light liquid products in succession. According to present
      procedures, that portion of the fluids carried by the pipeline which
      constitutes an intermingling of the two products at their interface is
      diverted to use with the lower grade product, thus avoiding degradation of
      the higher grade hydrocarbon.
PAR  However when leaded gasoline is followed by leadfree gasoline, not just the
      interface comprising in intermingling of the two products, but the entire
      leadfree shipment becomes degraded. When leaded gasoline, containing
      tetraethyl lead, tetramethyl lead or a mixture of transalkylation products
      of the two is contacted with the metal or other surfaces of transportation
      and storage facilities, a significant amount of lead is left deposited in
      scale and on these surfaces. Since alkyl lead components are infinitely
      soluble in light hydrocarbons such as gasoline, upon after using the same
      faculties for lead free gasoline the latter product becomes contaminated
      with lead which may run as high as about 0.1 grams of lead per gallon or
      more. These amounts of lead are sufficient to impair the life of exhaust
      emission control oxidation catalysts and are in excess of the presently
      proposed allowable limits on lead content of lead free gasolines.
PAR  II. Description of the Prior Art
PAR  Techniques have heretofore been known for removal of dissolved or suspended
      heavy metal contaminants from liquid products.
PAR  In catalytic cracking and reforming operations, the use of guard chambers
      containing a variety of sorbents and/or catalysts intended to remove heavy
      metal contaminants from the charge stock before contact is made with the
      catalyst have been described. Catalytic hydrodesulfurization processes and
      catalysts remove some amount of heavy metal contamination from hydrocarbon
      streams processed thereby.
PAR  Systems for removal of lead from gasoline have also been proposed.
      Presently known techniques require considerable time or are non-selective
      in effecting removal from the gasoline not only of the lead but also of
      those additives which are desired to be retained, such as antioxidants,
      anti-icing additives, metal passivators, detergents and the like.
PAR  One previously proposed system for removing lead from gasoline is described
      in U.S. Pat. No. 2,368,261. There, acid activated clay, such as bentonite
      which had been previously treated with hydrochloric or sulfuric acid, is
      used. Leaded gasoline is percolated through the clay whereby up to 95% of
      the lead present is removed. Unfortunately, acid activated clays will also
      remove other gasoline additives which are required or desired for proper
      protection and functioning of automotive equipment.
PAR  Another approach is that described in U.S. Pat. No. 2,392,846. According to
      an Example in this patent, a five gallon lot of leaded gasoline is treated
      with 20 ml. of stannic chloride followed by addition of 100 grams of
      activated carbon. This results in decomposition of the tetraalkyl lead and
      adsorption of the lead decomposition products on the activated carbon thus
      drastically reducing the lead content. The gasoline is removed from the
      activated carbon by decantation. This is a very slow process which permits
      the processing of about 35 gallons of gasoline per hour. Unfortunately
      even in this system, the additives desired to be retained in the gasoline
      are also adsorbed by the activated carbon.
PAR  Both the processes described in the cited prior patents depend for
      effectiveness on a chemical conversion of the tetraalkyl lead. The lead
      compounds can be reacted with such materials as halogens, halogen acids,
      metal halides, metal salts, sulfur dioxide, carboxylic acids, metals in
      the presence of hydrogen etc. While alkyl leads are infinitely soluble in
      gasoline, the resulting decomposition products are not readily soluble in
      hydrocarbons and hence can be selectively adsorbed on high surface
      adsorbents.
PAR  The American Oil Company, in a paper presented at the May 9, 1972 meeting
      of the API Division of Refining noted that in a significant number of its
      stations it was presently unable to meet the 0.05 gram/gal. or even the
      0.07 gram/gal. requirement using scrutinous control of their distribution
      system and segregation of products. The area of greatest potential
      contamination was that of the service station itself. The report would
      indicate that all gasoline manufacturers relying only on distribution
      control to ensure that the unleaded gasoline will remain within
      specifications, face an extremely difficult and expensive undertaking.
PAR  It is a primary objective of this invention to provide means to remove
      heavy metals from liquid, particularly hydrocarbon, streams. It is a
      further objective of this invention to remove lead alkyls from gasoline.
      It is an objective of this invention to selectively remove these metals
      from hydrocarbon streams by such means as will not remove gasoline
      additives, such as detergent additives, from gasoline streams. It is an
      objective of this invention to provide for means for removing lead alkyls
      from gasoline, such means being capable of regeneration. Other and
      additional objects of this invention will become apparent from a
      consideration of this entire specification including the claims and
      drawings.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with and in fulfillment of the aforestated objectives, an
      embodiment of this invention consists of utilizing a sorbent comprising a
      porous solid substrate having pores with a minimum pore diameter of about
      10 A and a minimum surface area of about 10 m.sup.2 /g; the substrate
      being modified by at least one functional group of an amine, alkyl halide
      or the like which acts as a bridging member between the substrate and at
      least one metal halide; mixed functional groups of amines or other weak
      Lewis bases with alkyl halides being particularly effective; the metal
      being a Group IB, IIB, IIIA, IVA, VA, VIA or VIII metal having an atomic
      number of at least 13, for the removal of heavy metals from non-aqueous
      liquid solutions, and more particularly for removing lead from gasoline.
      For purposes of this disclosure, the metal group designations referred to
      are as defined in Lange's Handbook of Chemistry at 58-61 (10th ed. 1967).
      The gasoline is passed through said sorbent at a space velocity of up to
      300 LHSV and a temperature of about -50.degree. to 100.degree.C.
PAR  Halides of the following metals work particularly well: iron (Fe), copper
      (Cu), silver (Ag), zinc (Zn), cadmium (Cd), mercury (Hg), aluminum (Al),
      tin (Sn), lead (Pb), phosphorous (P), arsenic (As), antimony (Sb), bismuth
      (Bi), sulfur (S), selenium (Se) and tellurium (Te). Those salts having a
      Lewis acid character exhibited unusually superior results.
PAR  The sorbents were prepared by a batch sorption technique in a manner which
      may be generally described as follows: 10cc of a metal halide such as tin
      chloride was added while stirring to approximately 150cc of a solvent such
      as acetone in a 500cc Erlenmeyer flask. To this mixture approximately 50cc
      of functionalized sorbent matrix was added. The flask was stoppered and
      the mixture was shaken occasionally over a period of about one half hour.
      The mixture including the added matrix was then transferred to a
      chromatographic column and washed twice with approximately 50cc volumes of
      a solvent such as acetone. The sorbent was dried by passing P.sub.2
      O.sub.5 dried nitrogen through the sorbent bed. An aliquot of the sorbent
      was swelled with the gasoline being used.
PAR  In a preferred embodiment, the metal salts of stannic chloride and/or
      antimony pentachloride bonded to a substrate having a surface area of at
      least 10 m.sup.2 /g. with pore diameter of at least 10A, through an amine
      bridging member produced an extraordinary ability to remove lead
      tetraethyl and tetramethyl compounds from gasoline. As illustrated by
      Table 7, described later in this disclosure in greater detail, a sorbent
      having a substrate of silica, a metal halide of stannic chloride bonded to
      the substrate by means of a tertiary amine reduced the lead concentration
      of gasoline from 0.36 g/gal. to 0.01 g/gal for 150 bed volumes of
      operation.
PAR  Furthermore, as depicted in Table 9, also described in greater detail later
      in this disclosure, the sorbent which comprises an embodiment of this
      invention removes lead moieties and other heavy metals selectively;
      important and needed additives such as cleansing detergents are not
      substantially removed.
PAR  While not wishing to be limited by a specific theory of operability, it is
      believed that the lead removal by the sorbents of this invention may be
      represented by the following notation:
      ##EQU1##
      where X is a halogen and R is an alkyl. The above notation and the
      operation which it represents will be amplified later in the
      specification, and specifically in the section where the examples are
      described.
PAR  Another embodiment of this invention involves the method of regenerating a
      sorbent as previously described by means of acid extraction. In the
      preferred embodiment, a volume of sorbent which is "spent," that is, no
      longer active for lead removal due to prolonged use, is washed
      sequentially with about 15 volumes of benzene, methanol and water. Then
      about 25 volumes of about 20% hydrochloric (HCl) is passed over the
      sorbent. The sorbent is then washed free of acid and dried. The
      regenerated sorbent is then reactivated with a solution of the metal
      halide (a preferred sorbent is acetone) in a proportion of about 1:15
      metal halide to sorbent as it is passed over the sorbent. Finally the
      "regenerated" sorbent is washed with 10 volumes of solvent and air dried.
PAR  Other embodiments of this invention comprise the system and method of
      employing the previously described sorbent at any point in a system for
      distributing and dispensing motor fuels or in an automobile fuel system so
      as to substantially remove lead.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 of the drawings attached hereto represents a typical service station
      gasoline pump modified according to the present invention.
PAR  FIG. 2 is an enlarged view of the cartridge for containing the lead removal
      agent.
PAR  FIG. 3 is a view in fragmentary section of a cartridge for containing the
      lead removal agent.
PAR  FIG. 4 is an analytical curve illustrating amount of lead removal as a
      function of absorbance and transmittance.
PAR  FIGS. 5-8 are curves comparing turbidometric analysis with atomic
      absorption analysis for four selected sorbents.
PAR  FIG. 9 is a set of curves illustrating lead concentration as a function of
      volume of leaded gasoline treated.
PAR  FIG. 10 is a series of curves illustrating lead removed as a function of
      flow rate.
PAR  FIG. 11 is a curve illustrating lead content of effluent as a function of
      contact time.
PAR  FIG. 12 is a set of curves illustrating lead removal capacity as a function
      of contact time.
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PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In a preferred embodiment, the sorbent is placed in a canister in the
      discharge hose of a service station gasoline pump. This preferred
      embodiment is more particularly described by making reference to FIG. 1-3.
PAR  As shown in FIG. 1, a gasoline dispensing pump of conventional design
      includes a housing indicated generally at 10 within which are contained a
      motor driven pump and a metering device, not shown. The metering device
      drives, through suitable gearing, indicators within a panel 11 to report
      gasoline dispensed and price for the amount so dispensed. The fuel after
      passing through the metering device, is conducted to the outside of the
      housing through a pipe connection 12 and into a discharge hose 13 equipped
      with a valve nozzle 14.
PAR  The modification to conventional dispensing pumps is a canister 15
      connected to the fuel discharge 12 by a pipe 16 provided with a valve for
      which the operating handle is shown at 17. Fuel from the pipe 16 is
      conducted to the top of canister 15 containing the lead removal agent from
      which it passes through a suitably prepared cartridge and is thence
      discharged to hose 13 and nozzle 14.
PAR  A typical cartridge is shown is FIG. 3 as constituted by a gauze container
      18 within a wire mesh supporting cage 19. Disposed within the container
      gauze 18 is a mass of the lead removal agent of the type which
      characterizes this invention.
PAR  For the usual service station, a cartridge having a diameter of about 24
      inches and length of about 12 inches should be adequate to reduce the lead
      content to acceptable levels for a working life of about 1 month. For
      stations having larger substantially "lead free" gasoline throughput,
      either the cartridge may be changed more often, or a larger cartridge may
      be installed between the fuel tank and the dispensing pump. (As previously
      noted, this disclosure contemplates utilizing the sorbent at any point in
      a system for distributing and dispensing motor fuels.). Again referring to
      FIG. 2, when it is desired to change the cartridge, valve 17 is closed,
      the hose 13 is drained and the canister 15 is removed by unthreading from
      the top portion thereof. It is thus a simple matter to replace the
      cartridge in a very short period of time and return the dispensing pump to
      duty.
PAR  Applicant has discovered that performance of the previously described
      sorbent can be appreciably enhanced by the addition of an absorption
      material such as charcoal. Such an absorption or deliquesent material may
      either be mixed with sorbent particles contained in the canister 15 or be
      located upstream or downstream of the sorbent. When the absorption
      material is utilized to remove trace amounts of water in gasoline a
      preferred embodiment entails the location of the absorption material
      upstream of the sorbent.
PAC  EXAMPLES 1-8
PAR  The sorbents were prepared by a batch sorption technique in a manner which
      may be generally described as follows:
PAR  10cc of a metal halide such as tin chloride was added while stirring to
      approximately 150cc of a solvent such as acetone in a 500cc Erlenmeyer
      flask. To this mixture approximately 50cc of functionalized resin matrix
      was added. The flask was stoppered and the mixture was shaken occasionally
      over a period of about one-half hour. The mixture including the added
      resin was then transferred to a chromatographic column and washed twice
      with approximately 50cc volumes of a solvent such as acetone. The resin
      was dried by passing P.sub.2 O.sub.5 dried nitrogen through the resin bed.
PAR  These tests consisted of contacting approximately three to six volumes of
      gasoline containing 2.5 grams of lead/gallon gasoline with one volume of
      sorbent under ambient conditions, followed by a lead analysis of the
      contacted gasoline. The period of contact time is noted in the first five
      examples. (The lead analyses after 20 minutes 1 hour and 3 hours roughly
      correspond to those found under flow conditions at space velocities of 9,
      3 and 1 LHSV, respectively).
PAR  Following the contacting of the 2.5 grams of lead/gallon of gasoline fuel
      with the sorbent prepared as previously described, the lead content of the
      treated gasoline was analyzed as follows:
PAR  A 5 part by volume sample of gasoline was treated with 1 part of volume of
      a saturated solution of silver nitrate (AgNO.sub.3) in absolute ethanol.
      After standing for 10 minutes, the content of reduced silver in the sample
      was determined by turbidometric technique. These measurements were done at
      425 nm or 500 nm depending on the gasoline used. The measured transmission
      was compared with a standard analytical curve similar to the one
      illustrated by FIG. 4. Results of examples 1-8 are illustrated by Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Example                                                                   
             Sorbent                               Metal Removal               
     Number Designation                                                        
                   Sorbent Complex     Solvent                                 
                                              Time (% Pb)   Remarks            
     __________________________________________________________________________
                   CH.sub.3                                                    
                   .vertline.                                                  
     1      SB-6   --CH.sub.2 N.SnCl.sub.4                                     
                                       ETOET  20 min                           
                                                    90%                        
                   .vertline.                  1 hr                            
                                                   100%                        
                   CH.sub.3                                                    
                   CH.sub.3                                                    
                    :                         20 min                           
                                                   0                           
     2      SB-8   --CH.sub.2 N.SnCl.sub.4                                     
                                       (CH.sub.3).sub.2 CO                     
                                               1 hr                            
                                                   45%      3 hr - 66%         
                   .vertline.                  2 hr                            
                                                   71%      1 wk - 100%        
                   CH.sub.3                                                    
                   C                                                           
                   Acrylic                                                     
     3      SB-9    --N.angle..SnCl.sub.4                                      
                                       (CH.sub.3).sub.2 CO                     
                                              up to                            
                                                   0                           
                                               1 wk                            
                   C                                                           
                   C                          20 min                           
                                                   0                           
                                               1 hr                            
                                                   23       1 wk - 100%        
     4      SB-10  --C--N.angle.       (CH.sub.3).sub.2 CO                     
                                               2 hr                            
                                                   95                          
                   .vertline.C                                                 
                   SnCl.sub.4                                                  
                                              20   0        1 wk - 96%         
     5      SB-11  --CH.sub.2 Cl.SnCl.sub.4                                    
                                       (CH.sub.3).sub.2 CO                     
                                              1 hr 77                          
                                              2 hr 94                          
     6      BI     DEAE cellulose.SnCl.sub.4       68                          
     7      PR-65-A                                                            
                   C                   o-Dichloro-                             
                                              1 hr 100                         
                   --N.angle..SnCl.sub.4                                       
                                       benzene                                 
                   C                                                           
                   C                                                           
                   --N.angle..SbCl.sub.5                                       
                   C                                                           
     8      PR-65-B                                                            
                   --CH.sub.2 Cl.SnCl.sub.4                                    
                                       o-Dichloro-                             
                                              1 hr 100                         
                                       benzene                                 
                   --CH.sub.2 Cl.SbCl.sub.5                                    
     __________________________________________________________________________
PAL  Comparison of example 3 with the other example results tabulated in Table 1
      gives an indication of the importance of the substrate surface area. The
      acrylic substrate used in example 3 had a surface area substantially lower
      than the other substrates used, and as the results indicate, the lead
      removal ability of the sorbent formed with it was substantially lower than
      the other examples.
PAR  It is contemplated that substrates of the type described in this disclosure
      include spent cracking catalysts and inorganic oxides such as clays and
      pumice.
PAC  EXAMPLES 9-12
PAR  Metal halides having Lewis acid character were attached to various
      substrates as noted in Table 2. The table also indicates the solvent used
      during metal halide incorporation and the volume of gasoline passed over
      10 parts by volume of sorbent while still maintaining at least 50% removal
      of the initial lead at 11-13 LHSV.
PAR  The leaded gasoline to be treated was passed over the sorbent under the
      following continuous flow conditions: The general procedure involved
      passing volumes of about 0.4 gram of lead/gallon of gasoline fuel through
      a 10 part by volume quantity of resin supported on a glass frit. The flow
      rates were controlled by varying the percent of stroke on a variable
      displacement pump, while a 1 to 2 part by volume gasoline hydraulic head
      was maintained above the resin by a fine adjustment stopcock.
PAR  The sorbents utilized in examples 9-12 were analyzed in a manner similar to
      the procedure described in examples 1-8.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     PERFORMANCE OF VARIOUS METAL HALIDE REDISTRIBUTION                        
     REAGENTS IN LEAD REMOVAL FROM GASOLINE                                    
                                    Solvent used                               
                                              V.sub.1/2                        
     Example                                                                   
          Sorbent              Metal                                           
                                    during metal hal-                          
                                              cc/10 cc                         
     Number                                                                    
          Designation Sorbent.sup.a                                            
                               Halide                                          
                                    ide incorporation                          
                                              (sorbant).sup.b                  
     __________________________________________________________________________
     9    PR-30       --CH.sub.2 (Cl).9(CN).sub..1                             
                               SnCl.sub.4                                      
                                    Acetone   1200                             
     10   PR-34  --CH.sub.2 (Cl).sub..9 (CN).sub..1                            
                      SbCl.sub.5                                               
                               Benzene                                         
                                    1400                                       
                      C                                                        
     11   PR-44       --N.angle.                                               
                               SnCl.sub.4                                      
                                    Acetone   1600                             
                      C                                                        
                               C                                               
     12   PR-48       --N.angle.                                               
                               SbCl.sub.5                                      
                                    Chloroform                                 
                                              2700                             
                      C                                                        
     __________________________________________________________________________
      .sup.a Subscript denotes crosslinking agent. EGDM = Ethylene glycol      
      dimethacrylate. DVB = Divinylbenzene.                                    
      .sup.b Capacity at LHSV = 10-13                                          
PAC  EXAMPLES 13-19
PAR  A number of sorbents containing tin chloride (SnCl.sub.4) or antimony
      pentachloride (SnCl.sub. 5) were analyzed for tin or antimony content
      before and after processing a gasoline of about 0.4 grams of Pb/gallon of
      fuel. The lead content of the used sorbents was also determined by
      chemical analysis, and the results summarized in Table 3. The gasoline
      flow conditions were identical to those described in the procedure recited
      in examples 9-12.
PAR  Those sorbents which efficiently removed lead and had large capacities in
      general showed little or no loss of tin or antimony to be processed
      gasoline. Lead removal by the sorbents in general paralleled the volume of
      gasoline processed in which 20% of the lead was removed. In example 18
      nearly 3% by weight lead was incorporated into the sorbent. At such a high
      level of lead, its recovery by acid extraction would appear to be
      economically feasible.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     TIN RETENTION AND LEAD PICKUP BY VARIOUS                                  
     SORBENTS CONTAINING SnCl.sub.4                                            
                                                         Volume of*            
                                                         0.33-0.39 gPb/gal     
     Example                                                                   
          Sorbent                      Wt% Sn                                  
                                             Wt% Sn*                           
                                                   Wt% Pb*                     
                                                         gasoline Deleaded     
     Number                                                                    
          Designation   Sorbent Matrix Initial                                 
                                             Final Final (cc/10cc              
     __________________________________________________________________________
                                                         sorbent)              
     13   SB-11  --CH.sub.2 --Cl       .22   .07   .02    343                  
     14   SB-21  --CH.sub.2 --Cl       1.32  .8    .04    665                  
     15   SB-8   --C--N.angle.         11.4  12.2  .04   1240                  
                 C                                                             
     16   SB-13  --C(Cl).sub..5 (CN).sub..5                                    
                                       2.61  2.45  1.4   2142                  
                 C                                                             
     17   PR-44  --N.angle.            7.1   2.91  1.2   2294                  
                 C                                                             
                 OH                                                            
                 --O.vertline.C.angle.CC--C                                    
                 .vertline..vertline.C.angle..vertline.                        
     18   PR-46  SiO.sub.2 .angle. SiNN--C                                     
                                       4.3   3.6   2.8   2626                  
                 .vertline..vertline.                                          
                 --OCC                                                         
                 C                     Wt% Sb                                  
                                             Wt% Sb                            
     19   PR-48  --N.angle.            14.0  14.6  .28   3144                  
                 C                                                             
     __________________________________________________________________________
      *All runs were terminated shortly after the sorbent no longer removed &gt;  
      20% of the lead (.mu. .4 g/gal) at LSHV = 11-13                          
PAC  EXAMPLES 20-29
PAR  A class of sorbents with tin chloride in combination with active halogen
      was further modified by the addition of weak Lewis bases (nitriles). The
      relative concentration of halogen to nitrile; swelling of the sorbent
      after nitrile modifying treatment and stannic chloride addition; the
      weight percentage of tin incorporated with the sorbent; and the volume of
      gasoline passed over 10 volumes of the treated sorbent until 50% of the
      initial lead (0.4 gm/gal.) at 11-13 LHSV could no longer be removed were
      measured and summarized in Table 4. The gasoline flow conditions were
      identical to those described in the procedure recited in examples 9-12.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     SORBENT EFFICIENCY OF SnCl.sub.4 + BENZYL HALIDE CONTAINING POLYMERS      
                                             Mole % remaining                  
                                             of original                       
                                             --CH.sub.2 --X                    
                 Base Cross             Wt%                                    
     Example                                                                   
          Sorbent                                                              
                 Resin                                                         
                      Linking           Cl in                                  
     Number                                                                    
          Designation                                                          
                 Number                                                        
                      Agent*                                                   
                          Modifying Treatment                                  
                                        Original                               
                                             %-CH.sub.2 --Cl                   
                                                      %-CH.sub.2 CN            
     __________________________________________________________________________
     20   --     5    E   None               100      --                       
                      (gel)                                                    
     21   SB-11  4    D   None          11.2 100      --                       
     22   SB-21  2    E   None          20.0 100      --                       
     23   PR-30  2    E   KCN/H.sub.2 O (58.degree.C) 16 hr                    
                                        20.0 90       10                       
     24   SB-13  1    E   NaCN/H.sub.2 O (warm) 16 hr                          
                                        17.1 50       50                       
     25   PR-36  2    E   KCN/DMSO (50.degree.C) 16 hr                         
                                        20.0 20       80                       
     26   SB-13R 1    E   SB-13 regenerated                                    
                                        20.0 50       50                       
     27   PR-32  2    E   KCN/H.sub.2 O (40.degree.C) 72 hr                    
                                        20.0                                   
     28   PR-39  3    E   NaOH/H.sub.2 O (50.degree.C) 16 hr                   
                                        18.4 .about.100                        
     29   PR-33  2    E   Sonicated (125w) 10 min                              
                                        20.0 100                               
     __________________________________________________________________________
      *E is ethylene glycol dimethylacrylate.                                  
       D is divinylbenzene.                                                    
TBL       Swelling                                                             
                (.DELTA.cc/gm)                                                 
                      Wt %                                                     
     Example                                                                   
          after after Sn+.sup.4                                                
                             Vol.sub.1/2                                       
                                     % Sn                                      
     Number                                                                    
          treatment                                                            
                SnCl.sub.4                                                     
                      incorporated                                             
                             LHSV - 11-13                                      
                                     Efficiency                                
     __________________________________________________________________________
     20   0     0     --                                                       
     21   --    --    .22    150     28                                        
     22   .65   --    1.32   500     19                                        
     23   .42   .05   2.5    1200    32                                        
     24   .45   .35   2.61   &gt;2000   &gt;43                                       
     25   --    --    1.50   700     28                                        
     26   --    --    --     1600    --                                        
     27   .28   --    --     230     low                                       
     28   --    --    --     300     low                                       
     29   --    .58   --     300     low                                       
     __________________________________________________________________________
PAC  EXAMPLES 30-35
PAR  The tin distribution in a number of sorbent matrices was determined by
      electron microprobe techniques; leaded gasoline was passed over a 10 part
      by volume sample of each sorbent until the sorbent was no longer able to
      remove 50% of the initial lead concentration (0.4 gm/gal) at 11-13 LHSV
      according to the flowing test procedure recited in examples 9-12; and
      finally the lead distribution in the sorbent was determined by microprobe
      techniques. The percent tin efficiency, that is the percent of the
      original tin which operated to remove lead, was calculated for each
      sorbent.
PAR  Table 5 illustrates the physical properties or characteristics of various
      sorbents all of which contained tin chloride (SnCl.sub.4). The table shows
      the amount of tin (Sn) initially deposited on each sorbent, and the
      uniformity of the distribution throughout the sorbent.
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     SORBENT EFFICIENCY AND PHYSICAL PROPERTIES OF SELECTED                    
     SnCl.sub.4 CONTAINING MATRICES                                            
     Tertiary Amine Series                                                     
     Example No.  30             31             32                             
     Sorbent Designation                                                       
                  SB-8           PR-44          PR-46                          
                                                C                              
                                                .vertline.                     
                    C               C           OOHN                           
                    --C--N.angle.   --N.angle.  .vertline.                     
                    C               C           .angle.SiC--N                  
                                                .vertline.                     
                                                OC                             
     Sorbent Matrix                                                            
     __________________________________________________________________________
     Surface Area (M.sup.2 /gm)                                                
                  .about.30      67             340                            
     Swelling.sup.a (.DELTA. cc/g)                                             
                                 .48            .about.0                       
     Density - found (g/cc)      .55            .4                             
     Density - calculated (g/cc)                                               
                  .53            .57            .41                            
     Pore volume cc/g                                                          
                  .6             .6             1.16                           
     % Pore size dist. &gt; 300A                   8.5                            
     300-100A     major                         59.3                           
     100-50A                                    32.2                           
                                 major                                         
     &gt; 50A                                      small                          
     % Sn.sub.b   11.4           7.1            4.3                            
     % Cl.sub.b   6.2                                                          
     % X          [5.32].sub.N   [3.28].sub.N   [0.5].sub. N                   
     __________________________________________________________________________
     ACTIVE HALOGEN SERIES                                                     
     Example No.  30             31             32                             
     Sorbent Designation                                                       
                  SB-11          SB-21          SB-13                          
                                                --CH.sub.2 --Cl                
                  --CH.sub.2 --Cl                                              
                                 --CH.sub.2 --Cl                               
                                                --CH.sub.2 --CN                
     Sorbent Matrix                                                            
     __________________________________________________________________________
     Surface Area (M.sup.2 /gm)                                                
                  &lt;5             19             20                             
     Swelling.sup.a (cc/g)       .65            .45                            
     Density - found (g/cc)                     .63                            
     Density - calculated (g/cc)                                               
                  .74            .74            .74                            
     Pore volume cc/g                                                          
                  .1-.3          .207           2.04                           
     % Pore size dist. &gt;300A                                                   
                  major          94.2           94.9                           
     300-100A                    1.5            0.3                            
     100-50A                                                                   
                                 4.2            4.8                            
     &lt;50A                                                                      
     %Sn.sub.b    .22            1.32           2.61                           
     %Cl.sub.b    [11]           [21]           [9.7]                          
     %X                                                                        
     __________________________________________________________________________
     Example No.  33             34             35                             
     Sorbent Designation                                                       
                  SB-8           PR-44          PR-46                          
     Sn distribution (fresh).sup.c                                             
                                 u              u                              
     Pb distribution (used).sup.d                                              
                                 u              u                              
     Initial % Pb Removal/pass                                                 
                  .about.90      80             95                             
     Vol.sub.1/2.sup.e (cc)                                                    
                  300            1600           2400                           
     moles Sn/10 cc sorbent                                                    
                  5.51           3.43           1.49                           
     moles Pb removed at vol.sub.1/2                                           
                  .08             .54           1.00                           
     % Sn efficiency                                                           
                  1.5            16             67                             
     Example No.  33             34             35                             
     Sorbent Designation                                                       
                  SB-11          SB-21          SB-13                          
     Sn Distribution                                                           
                  s(11%)         s(10%)         s(14%)                         
     Pb distribution (used).sup.d                                              
                  (u-s)          (u-s)          (u-s)                          
     Initial % Pb Removal                                                      
                  90             90             85                             
     Vol.sub.1/2.sup.e (cc)                                                    
                  150            500            &lt;2000                          
     moles Sn/10 cc sorbent                                                    
                  .14            .83            1.64                           
     moles Pb removed at vol                                                   
                  .04            .16            &lt;.71                           
     % Sn efficiency.sup.f                                                     
                  29             19             &lt;43                            
     __________________________________________________________________________
      .sup.a Determined for non-Sn containing sorbents, gasoline solvent       
      .sup.b Bracketed numbers refer to the sorbent matric prior to Sn         
      incorporation                                                            
      .sup.c s (11%) = shell distribution, the depth of the shell = (11%) of th
      radius from the exterior surface inward; u = uniform distribution.       
      .sup.d (u-s) = uniform distribution in the center portion of the particle
      where Sn was not found.                                                  
      .sup.e Volume of gasoline passed over 10 cc of sorbent while still       
      maintaining at least 50% removal of the initial Pb (.4g/gal) at 11-13    
      LHSV.                                                                    
      .sup.f The % of the original Sn which operated efficiently in removing   
      lead.                                                                    
PAC  EXAMPLES 36-39
PAR  Four sorbents were tested at LHSV 11-13 under the flowing test procedure
      recited in examples 9-12. Under these conditions the lead removal was
      high, generally above 80%. The treated gasoline was tested to determine
      its nitrogen component concentration to determine the amount of indigenous
      basic nitrogen compounds in gasoline removed during the lead removal
      process. A separate analysis of a detergent additive was also made.
      Results are shown in Table 6.
TBL                                    TABLE 6                                 
     __________________________________________________________________________
     THE EFFECT OF LEAD REMOVAL ON THE NITROGEN AND NITROGEN                   
     BASED DETERGENT CONTENT OF GASOLINE                                       
     __________________________________________________________________________
     Example No. 36               37                                           
     Sorbent Designation                                                       
                 SB-13            PR-44                                        
                                  C                                            
     SUBSTRATE   --CH.sub.2 --(Cl).sub..5 (CN).sub..5                          
                                  --N.angle.                                   
                                  C                                            
     Metal                                                                     
     Halide      SnCl.sub.4       SnCl.sub.4                                   
                 "N"    Parts by volume                                        
                                  "N"       Parts by volume                    
                 Content                                                       
                        Fuel Processed                                         
                                  Content   Fuel Processed                     
                 (ppm)  i.e.      (ppm)     i.e.                               
                 12     Original  13        Original                           
                 2.0    375       4.5        78                                
                 3.0    500       5.7       1364                               
                 3.0    870       6.7       1918                               
                 6.9    1570                                                   
                                  No Detergent Removal in 1st 400cc.           
     Example No. 38               39                                           
     Sorbent Designation                                                       
                 PR-48            PR-46                                        
                                  --OOHCC                                      
                 C                .vertline..vertline.                         
     SUBSTRATE   --N.angle.       SiO.sub.2 .angle.Si--C--C--C--N--C--C--N.angl
                                  e.                                           
                 C                                                             
                                  --OC                                         
     Metal                                                                     
     Halide      SbCl.sub.5       SnCl.sub.4                                   
                 "N"    Parts by volume                                        
                                  "N"       Parts by volume                    
                 Content                                                       
                        Fuel Processed                                         
                                  Content   Fuel Processed                     
                 (ppm)  (cc)      (ppm)     (cc)                               
                 14     Original  14        Original                           
                 3.6     80       3.1        722                               
                 3.5    1394      4.2       1614                               
                 5.1    2680      7.9       2626                               
                 6.2    3034                                                   
                 No Detergent Removal in 1st                                   
                                  33% Detergent Removal in                     
                 400cc            1st 400cc. (No removal                       
                                  after 400cc)                                 
     __________________________________________________________________________
      .sup.a Original content was 24 No./1000 BBL or 3.6 ppm"N".               
      .sup.b In all cases 10 parts by volume of sorbent was used to remove the 
      leat at 11-13 LHSV.                                                      
PAC  EXAMPLES 40-46
PAR  Four sorbents, similar or identical to those tested in examples 36-39 were
      tested at space velocities ranging from 11-40 LHSV. The sorbents were
      tested by passing 75-150 bed volumes of leaded gasoline over each sorbent
      and measuring the lead content of the gasoline before and after treatment.
      The initial lead concentration was varied from 0.10 to 0.39 grams of lead
      per gallon of gasoline. The results of the test are shown in Table 7.
TBL                                    TABLE 7                                 
     __________________________________________________________________________
                                 Lead Concentration                            
                       Example                                                 
                            Space                                              
                                 g/gal                                         
     Sorbent           Number                                                  
                            Velocity                                           
                                 Feed Product.sup.a                            
     __________________________________________________________________________
     OOH                                                                       
     .vertline.                                                                
     SiO.sub.2 .angle.SiC                                                      
                       40   12   .36  .01                                      
     ONN.angle.        41   40   .36  .01                                      
     .vertline.                                                                
     CC                                                                        
     + SnCl.sub.4                                                              
     --N.angle.+ SnCl.sub.4                                                    
                       42   13   .36  .16                                      
     C                                                                         
     "                 43   11   .10  .04.sup.b                                
     "                 44   28   .10  .02.sup.b                                
     C                                                                         
     --N.angle.+ SbCl.sub.5                                                    
                       45   13   .38  .07                                      
     C                                                                         
     --CH.sub.2 Cl(CN) 46   13   .39  .11.sup.b                                
     + SnCl.sub.4                                                              
     __________________________________________________________________________
      .sup.a Lead analysis after 150 bed volumes except as noted               
      .sup.b After 75 bed volumes.                                             
PAC  EXAMPLE 47
PAR  A cyanide-treated chloromethylated polystyrene resin (sorbent designating
      SB-13) which had been promoted with stannic chloride, and which had been
      rendered inactive by satisfactorily treating over 200 volumes of leaded
      gasoline (0.33-0.39 grams/gal.), was washed with portions of benzene,
      methanol and water. 250 volumes of 20% hydrochloric acid was then passed
      over the resin which was next washed with 250 volumes water, methanol and
      finally air-dried. Two volumes of stannic chloride in 30 volumes of
      acetone was then passed over the resin, followed by 100 volumes of
      acetone; the resin was then dried in air.
PAR  This regenerated sorbent was again used to remove lead from gasoline leaded
      to a 0.33-0.39 gm/gal. level. The results of the lead removal capability
      of the regenerated sorbent are plotted in FIG. 9.
PAC  EXAMPLES 48-51
PAR  A gasoline having a lead level of 0.36 gram/gallon was diluted with a very
      low lead level gasoline until the mixture's lead level was reduced to 0.10
      gram/gallon. Four sorbents were then tested at varying LHSV ranging from
      about 5 to 50 under the flowing test procedure recited in examples 9-12.
      The response of the low lead gasoline to space velocity variation was
      consistent with the results at higher lead levels. The efficiency of
      sorbent designated as PR-44 was compared at two different lead levels
      (0.36 gram of lead/gallon and 0.10 gram/gal). As noted in FIG. 7, the
      efficiencies were substantially identical.
PAC  EXAMPLES 52
PAR  The sorbent designated SB-13 was subjected to the gasoline flowing
      conditions recited in examples 9-12. The gasoline had a lead concentration
      of about 0.4 gm/gal, and the space velocity was varied from approximately
      10 to 50 LHSV. The lead removal ability of the sorbent at the various
      space velocities was determined by atomic absorption analysis; the results
      are plotted in FIG. 11.
PAC  EXAMPLES 53
PAR  The sorbent designated SB-8 was subjected to the gasoline flowing
      conditions recited in examples 9-12. The gasoline had a lead concentration
      of about 0.4 gram/gallon, and the sorbent was tested at space velocities
      of 5.5 and 11 LHSV. The lead removal capability of the SB-8 sorbent at the
      two space velocities was determined after various volumes of gasoline had
      been passed over the sorbent through the use of atomic absorption
      analysis; the results are plotted on FIG. 12.
PAC  EXAMPLE 54
PAR  The preparation of a silica based sorbent containing primary and secondary
      amine functional groups and attached stannic chloride is described below.
PAR  The xylene used as solvent in catalyst preparations was dried by azeotropic
      distillation using a Dean-Stark trap. The silica used was Davison Grade 59
      (properties of which are given in the table below) ground to 12/100 mesh
      and dried in a vacuum over at approximately 120.degree.C for about 4
      hours.
TBL  ______________________________________                                    
     Davison Grade 59 Silica Gel                                               
     ______________________________________                                    
     Silica Content  99.0% (Min.)                                              
     (Dry Basis)                                                               
     Total Volatile at 1750.degree.F                                           
                     4.5% (Max.)                                               
     Apparent Density                                                          
                     Approx. 25 lbs. per cubic foot                            
     Specific Heat   0.22 BTU/16.degree.F                                      
     Surface Area    340 Sq. Meters/gm                                         
     Pore Diameter (average)                                                   
                     140 Angstroms                                             
     Pore Volume     1.15 CC/gm                                                
     CHEMICAL ANALYSIS                                                         
     Typical (Dry Basis)                                                       
     Silica as SiO.sub.2                                                       
                      99.50                                                    
     Iron as Fe.sub.2 O.sub.3                                                  
                      0.01                                                     
     Aluminum as Al.sub.2 O.sub.3                                              
                      0.10                                                     
     Titanium as TiO.sub.2                                                     
                      0.02                                                     
     Calcium as CaO   0.07                                                     
     Sodium as Na.sub.2 O                                                      
                      0.06                                                     
     Zirconium as ZrO 0.03                                                     
     Trace Elements   0.03                                                     
     MOISTURE ADSORPTION                                                       
     Typical                                                                   
     10%      R.H.       1.71                                                  
     20%      R.H.       2.88                                                  
     40%      R.H.       4.96                                                  
     60%      R.H.       7.80                                                  
     80%      R.H.       16.96                                                 
     100%     R.H.       93.50                                                 
     ______________________________________                                    
PAR  Approximately 150g silica suspended in about 750 ml. xylene was added 30.5g
      N-(.beta.-aminoethyl)-.gamma.-aminopropyltrimethoxysilane. The mixture was
      stirred under reflux (about 105.degree.C) for approximately 4 hrs. and
      cooled. The liquid was decanted and the solid product was washed 3 times
      with about 400 ml. portions of n-hexane, stirred in hot distilled water
      for about 3/4  hr. (to promote complete reaction and also remove unreacted
      silane) washed with water, and dried in a vacuum oven at about
      130.degree.C for approximately 16 hr. This material contained about 4.50
      wt.%C, 1.23 wt.%H and 1.1 wt.%N.
PAR  To about 60 cc. acetone in an approximately 250 cc. Erlenmeyer flask was
      added with stirring 4.0 cc. stannic chloride. Then about 20 cc. of the
      above functionalized silica was added. The flask was stoppered and the
      mixture was shaken occasionally over a period of about one-half hour. The
      sorbent was then transferred to a chromatographic column and washed three
      times with about 25 cc. volumes of acetone. The sorbent was dried by
      passing P.sub.2 O.sub.5 -dried nitrogen through the sorbent bed. The final
      product was designated PR-81 and contained 4.3 wt.% Sn.
PAC  EXAMPLE 55
PAR  The preparation of a silica based sorbent containing tertiary amine
      functional groups and attached stannic chloride is described below.
PAR  Approximately 110 g. portion of the functionalized silane of Example 1 was
      suspended in about 250 ml. of 88% formic acid and about 185 ml. 37%
      formaldehyde and stirred under reflux (.about.98.degree.C) for
      aproximately 12 hr. After cooling, the liquid was decanted. The solid was
      washed 3 times with about 300 ml. distilled water, suspended in about 300
      ml. distilled water and sufficient 1 N NaOH (.about.90 ml.) was added
      until the solution was neutral. The product was then filtered out, washed
      with about 300 ml. distilled water, stirred in about 700 ml. 90.degree.C
      distilled water for approximately 1 hr., filtered and dried in a vacuum
      oven at about 130.degree.C for approximately 16 hr. Analysis: 4.5% C,
      1.23%H, 1.1% N. Tin chloride was incorporated in an identical manner to
      that of Example 1. The final product was designated PR-80 and contained
      3.2  wt.% Sn.
PAC  EXAMPLES 56-57
PAR  The above sorbents (PR80 and PR81) were used to remove lead alkyl
      contaminants from a commercial gasoline. The initial concentration of lead
      was about 0.4g/gal. The flow rate varied between 12 and 24 LHSV and under
      these conditions the sorbents were effective for removing more than 55% of
      the lead alkyl from the volumes of gasoline as listed below in Table 8.
TBL                TABLE 8                                                     
     ______________________________________                                    
             Sorbent     Capacity (volumes of                                  
     Example Designation gasoline/volume of sorbent)                           
     56      PR-80       &gt;425                                                  
     57      PR-81       &gt;480                                                  
     ______________________________________                                    
PAC  EXAMPLES 58-59
PAR  The sorbents Pr 80 and PR 81 were found to be more effective at elevated
      temperatures as shown in Table 9 where the instantaneous lead removal
      increased markedly on raising the temperature. The sorbents being studied
      were aged due to use and were operating at 12 LHSV. Increased capacities
      at higher temperatures were also observed.
TBL                                    TABLE 9                                 
     __________________________________________________________________________
                               Capacity for                                    
                               more than 55%                                   
     Sorbent   Instantaneous                                                   
                       Instantaneous                                           
                               Pb Removal                                      
     Designa-  Pb Removal                                                      
                       Pb Removal                                              
                               at 55.degree.C                                  
     tion Example                                                              
               at 25.degree.C                                                  
                       at 55.degree.C                                          
                               (volumes/vol. of sorbent)                       
     __________________________________________________________________________
     PR-80                                                                     
          58   74%     94%     &gt;475                                            
     PR-81                                                                     
          59   56%     87%     &gt;525                                            
     __________________________________________________________________________
PAC  EXAMPLE 60
PAR  The sorbent containing primary amine functional groups designated PR-100
      was prepared as in Example 1 from antimony pentachloride and an
      aminopolystyrene resin containing 2.35% nitrogen. The sorbent was used to
      remove lead alkyl contaminants from gasoline containing 0.105 g. Pb/gal.
      The flow rate was 12 LHSV. Under these conditions the sorbent was
      effective in removing more than 55% of the lead alkyl from 230 volumes
      gasoline/volume sorbent.
PAC  EXAMPLE 61
PAR  The sorbent designated PR-91 was prepared in Example 54 from antimony
      pentachloride and the functionalized silica. The sorbent contained 8.37%
      antimony and was used to remove lead alkyl contaminants from a commercial
      gasoline containing 0.22g Pb/gal. The flow rate was 12-48 LHSV and the
      temperature was -20.degree.C. Under these conditions the sorbent was
      effective in removing more than 55% of the lead alkyl from 380 volumes
      gasoline/volume sorbent. The gasoline detergent was not removed.
PAC  EXAMPLE 62
PAR  .gamma.-Alumina having a surface area of about 200 M.sup.2 /g was
      functionalized as in Example 54 to give a product containing about 2.09%
      N. This product was then treated with antimony pentachloride to give the
      sorbent (PR-118) containing about 5.82% Sb. The sorbent was then used to
      remove lead alkyl contaminants from a gasoline blend containing about
      0.0805 g. Pb/gal. The flow rate was approximately 12-24 LHSV. Under these
      conditions the sorbent was effective in removing over 50% of the lead
      alkyl from more than 600 volumes gasoline/volume sorbent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter comprising a substantially solid substrate
      comprising silicon having a minimum surface area of about 10 m.sup.2 /g to
      800 m.sup.2 /g having pores with a minimum pore diameter of about 10 A to
      500 A, having N, N', N'-trimethyl-.gamma.-propyl ethylene diamine bonded
      thereto and a Lewis acid metal halide, which metal is of the group
      consisting of iron, copper, silver, zinc, cadmium, mercury, aluminum, tin,
      lead, phosphorus, arsenic, antimony, bismuth, sulfur, selenium and
      telerium bonded to said amine.
NUM  2.
PAR  2. The composition of matter as claimed in claim 1 wherein said metal
      halide is tin tetrachloride.
NUM  3.
PAR  3. The composition of matter as claimed in claim 1 wherein said metal
      halide is antimony pentachloride.
NUM  4.
PAR  4. The composition of matter as claimed in claim 1 wherein said substrate
      contains Al.
NUM  5.
PAR  5. The composition of matter as claimed in claim 1 wherein said substrate
      contains Ti.
NUM  6.
PAR  6. The composition of matter as claimed in claim 1 wherein said substrate
      comprises SiO.sub.2.
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ABST
PAL  In a process for producing microcapsules containing hydrophobic oil drops
      by complex coacervation including a conventional prehardening treatment in
      which an aldehyde and an alkali material are added to the system, the
      improvement which comprises adding gelatin having an isoelectric point
      lower than that of the gelatin employed for forming the walls of the
      coacervates to the system at a temperature lower than the gelling point of
      the gelatin employed for forming the walls of the coacervates, but prior
      to the simultaneous presence in the system of said aldehyde and alkali
      material, in an amount sufficient to prevent an increase in viscosity due
      to the reaction of gelatin and aldehyde during said prehardening step.
PARN
PAR  This is a continuation of Ser. No. 169,097, filed Aug. 4, 1971, now U.S.
      Pat. No. 3,769,231, issued Oct. 30, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process for preparing microcapsules
      containing hydrophobic oil drops.
PAR  More particularly, the present invention relates to a process for preparing
      microcapsules containing hydrophobic oil drops, characterized in that, in
      case of preparing microcapsules by a complex coacervation method using
      gelatin as at least one kind of the hydrophilic colloid, a gelatin
      derivative having an isoelectric point lower than the gelling point of the
      gelatin employed for the formation of the wall is added in order to
      prevent an increase of the viscosity due to the reaction of gelatin and
      aldehyde in the prehardening treatment and to carry out the prehardening
      treatment rapidly.
PAR  2. Description of the Prior Art
PAR  In the specification, the term "prehardening treatment" means to subject
      the gelatin, aldehyde and alkali present in order to promote the reaction
      of gelatin and aldehyde, while the term "shock" means the rapid increase
      of the viscosity of the system when the pH of the system approaches the
      isoelectric point of gelatin, during the prehardening treatment of the
      coacervates containing the oil drops, more specifically, the phenomenon
      that capsules are aggregated or coagulated as the increase of the
      viscosity of the system.
PAR  Heretofore, known processes for preparing microcapsules containing
      hydrophobic oily liquids are described in, for example, U.S. Pat. No.
      2,800,457 and Japanese Pat. Publication No. 3875/62. The process described
      in the specification of U.S. Pat. No. 2,800,457 consists of four steps:
      (1) emulsifying an oil compatible with water in an aqueous solution of a
      hydrophilic colloid ionizable in water (the first sol) (emulsifying step);
      (2) causing coacervation, by the addition of water and/or by the
      adjustment of the pH, after mixing the emulsion of (1) with an aqueous
      solution of a hydrophilic colloid ionizable in water (the second sol) and
      having an electrically opposite charge to that of the colloid of the first
      sol to obtain coacervates which are composed of the colloid adhered around
      individual oil drops (step of coacervation); (3) a step of gelation by
      cooling the coacervates (gelation step); and (4) a step of controlling the
      pH within the range 9-11 and adding a hardener (prehardening step). It is
      described in the foregoing U.S. pat. specification that as the amount of
      water employed decreases, the diameter of the aggregated capsules is
      reduced in the process. We attempted to produce microcapsules by
      increasing the concentration of colloid to water but failed to prepare
      mononuclear capsules having heat resisting strength higher than
      125.degree.C. Therefore, it is concluded that, according to the above
      mentioned U.S. Patent, the control of the size of the capsules is limited
      within 20-30.mu. , when the emulsion drops have an average size of, for
      example, 5-6.mu. .
PAR  On the other hand, the process described in Japanese Pat. Publication No.
      3875/62 is characterized by the addition of a thickener, for example
      acacia, traganth gum, methyl cellulose, carboxymethyl cellulose, magnesium
      aluminum silicate, polyglycolglycerine, syrup and the like, to gather the
      hydrophilic colloid around the oil drops in step (1), i.e., the
      emulsifying step, of the above-mentioned U.S. Pat.) Said process leads
      only to the coacervation in a colloid of a concentration higher than that
      of the abovementioned U.S. Patent despite the effort of changing the
      surface characteristics of the emulsion drops by the coexistence of a
      thickener with oil drops in advance of the coacervation step, failing to
      prepare mononuclear capsules. This is due to the fact that the particle
      size of the capsules has been already determined by the conditions for
      establishing the coacervation, so that capsules coagulate (shock) at the
      prehardening step for hardening the coacervate walls even if a
      coacervation system is established insufficiently.
PAR  Microcapsules containing oily liquids prepared by these processes are
      polynuclear capsules of the grape cluster form. Said polynuclear capsules
      have the disadvantage of reducing the resolving power in developed
      coloured images due to the greater particle size when said polynuclear
      capsules are employed on pressure-sensitive copying papers utilizing the
      reaction of a leuco dye and clay for the production of a number of copies.
      (It is noted here that the term "mononuclear" means a single emulsion
      drop, while the term "polynuclear" means a cluster of emulsion drops.)
      When capsules prepared by these processes are applied to an original paper
      by use of an air knife coating method, capsules are classified by the wind
      pressure from an applicator to cause the change of the composition of the
      liquid. Therefore, increase of the wind pressure is required, thus
      preventing the rise of application speed.
PAR  An object of the present invention is to provide a process for preparing
      mononuclear microcapsules containing oil drops and having heat
      resistivity.
PAR  Another object of the present invention is to provide a process for
      preparing microcapsules containing oil drops yielding a higher coating
      speed and by a shorter drying step.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects of the present invention are attained by forming a wall
      of a polyelectrolytic colloid around hydrophobic oil drops (coacervates)
      by the coacervation method, and by adding a shock-preventing agent to the
      coacervates after the gellation of the coacervate wall.
PAR  The shock-preventing agent to be employed in the present invention is
      gelatin having a isoelectric point lower than that of the gelatin to be
      employed for the formation of the wall. Among such gelatins, particularly
      preferable are gelatin derivatives which are prepared by the reaction of
      gelatin and aromatic aliphatic compounds having a group reactive with
      gelatin, because said gelatin derivatives have lower isoelectric points.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Examples of suitable gelatin derivatives are the reaction product of
      gelatin and an aromatic or aliphatic anhydride, the reaction product of
      gelatin and a compound having a reactive halogen atom, the reaction
      product of gelatin and isocyanate, and the reaction product of gelatin and
      N-aryl-vinyl-sulphonamide. Processes for preparing these materials are
      described in the specifications of U.S. Pat. Nos. 2,525,753, 2,614,928 and
      2,614,930.
PAR  Suitable aromatic and aliphatic anhydrides are phthalic anhydride, benzoic
      anhydride, trimellitic anhydride, pyromellitic anhydride, sulfophthalic
      anhydride, dimethyl- and dibutyl substituted tetrahydrophthalic
      anhydrides, maleic anhydride, chloromaleic anhydride, succinic anhydride
      and acetic anhydride.
PAR  Typical examples of compounds having a reactive halogen atom are as
      follows: in the first place, compounds having a chlorosulfonyl group, such
      as benzenesulfochloride, p-methoxy benzene-sulfochloride, p-phenoxybenzene
      sulfochloride, p-chlorobenzene-sulfochloride,
      p-bromobenzene-sulfochloride, p-toluene-sulfochloride,
      m-nitrobenzene-sulfochloride, m-chlorosulfonyl-benzoylchloride,
      m-carboxy-benzene-sulfochloride, m-carboxy-p-bromobenzenesulfochloride,
      .beta.-naphthylenesulfochloride or
      4-phenyl-5-(p-chlorosulfonyl-phenyl)-2-imidazolene. In the second place,
      compounds having a fluorosulphonyl group, such as p-aminobenzene
      sulfo-fluoride, m-aminobenzenesulfofluoride, m,
      p-diaminobenzenesulfofluoride, p-toluenesulfofluoride, m-fluorosulfonyl
      benzoic acid, 2-hydroxy-5 -fluorosulfonyl benzoic acid or
      m-fluorosulfonylbenzoyl acetoamide. In the third place, compounds having a
      carboxylchloride or carboxybromide group, such as phthalyl chloride,
      benzoylchloride, p-nitrobenzoyl-chloride and p-carboxybenzoylbromide. In
      the fourth place, compounds having a free halogen atom, such as
      p-bromomethyl benzoic acid, n-amylchloroformate, benzylchloroformate,
      methoxyethylchloroformate, methoxypropylchloroformate,
      phenoxyethylchloroformate, cyclohexylchloroformate,
      cyclopentylchloroformate, mucochloric acid, mucobromic acid,
      mucochlorobromic acid, 1,3,5-tri-(chloroacetyl)-perhydro-1,3,5-triazine,
      1,3,5-tri-(bromoacetyl)-perhydro-1,3,5 -triazine and potassium
      4-fluoro-3-nitrobenzenesulfonate.
PAR  Examples of isocyanates that form gelatin derivatives are phenylisocyanate,
      p-tolylisocyanate, p-bromophenyl-isocyanate, p-chlorophenylisocyanate and
      naphthylisocyanate.
PAR  As N-arylvinylsulfonamide derivatives of gelatin, the following are most
      suitable: the reaction product of gelatin and N vinylsulfonic anilide, the
      reaction product of gelatin and N-vinyl sulfonic-p-phenetidide, the
      reaction product of gelatin and N-vinyl sulfonic-p-toluidide, and the
      reaction product of gelatin and N-vinyl sulfonic-N-methylanilide.
PAR  The preparation of microcapsules containing hydrophobic oil drops according
      to the present invention may be carried out by the method of complex
      coacervation caused by dilution with water and/or adjustment of the pH.
      The production of coacervates due to liquid-liquid phase separation is
      based on an operation of separating a phase richer in colloid from a phase
      poorer in colloid, each phase consisting of two or more sorts of
      hydrophilic colloid sols. In this operation, it is necessary that at least
      two hydrophilic colloids having electric charges opposite to each other
      are contained in the colloid and at least one of the two colloids is
      gelable.
PAR  Examples of natural or synthetic hydrophilic colloids are gelatin, casein,
      alginate, arabia gum, styrene-maleic anhydride copolymer, and
      polyethylene-maleic anhydride copolymer. Among those mentioned, gelatin is
      absolutely necessary for the formation of wall films.
PAR  Materials to be employed as nuclei of the individual capsules are natural
      mineral oils, animal oils and vegetable oils. Examples of mineral oils are
      petroleum and its fractions such as Kerosene, gasoline, naphthan and
      paraffin oil.
PAR  Examples of animal oils are fish oil and lard. Among vegetable oils are
      mentioned peanut oil, linseed oil, soya-bean oil, castor oil and maize
      oil.
PAR  Examples of synthetic oils are biphenyl derivatives, phosphoric acid
      derivatives, naphthalene derivatives, phthalic acid derivatives, salicylic
      acid derivatives and the like. The use of anionic surface active agents,
      cationic surface active agents or nonionic surface active agents for the
      emulsification and dispersion of oil drops of nuclear material in water
      prevents the formation of an emulsion of the water-in-oil type (W/O
      emulsion), thus the inversion. Thus, the addition of said surface active
      agents is desirable.
PAR  An emulsion of the oil in water type can be prepared by the emulsification
      of oil drops of nuclear material in an aqueous solution of a hydrophilic
      colloid destined to become the wall material. Dilution with water and/or
      adjustment of the pH of the emulsion leads to the piling up of coacervates
      around the emulsified oil drops. The formation of mononuclear capsules is
      favored by conditions insufficient for coacervation, for example, by
      applying the following steps:
PA0  1. reducing the amount of water for dilution,
PA0  2. adjusting the value of the pH out of the range for the greatest yield of
      coacervates,
PA0  3. changing the ratio of the colloids, and
PA0  4. containing inorganic or organic salts of metals.
PAR  Out of these steps a combination of steps (1) and (2) is usually sufficient
      for the formation of mononuclear capsules.
PAR  If the value of the pH is adjusted to be that for the greatest yield of
      coacervate, the amount of water for dilution may be reduced. If the value
      of the pH lies out of the suitable range, the amount of water for dilution
      may be increased.
PAR  The addition of inorganic or organic salts ordinarily reduces the yield of
      coacervate, so it is desired to establish the condition which is more
      sufficient for coacervation than in the steps (1) or (2).
PAR  Piled up on the periphery of oil drops by the coacervation step, the
      coacervates are gelled by cooling from outside the vessel.
PAR  For the hardening of the wall films, formaldehyde is added and an alkali is
      added to adjust the pH of the system to the alkaline side. In this
      prehardening treatment, if the shock-preventing agent is not added to the
      system, the insufficient condition for coacervation, so that mononuclear
      capsules are obtained, causes the coagulation of the capsules. The thus
      prehardened coacervates are hardened by heating whereby the heat resisting
      strength of the capsules produced are increased. The shock-preventing
      agent is added at a temperature lower than the setting point of gelatin
      for forming the wall films, more particularly, at a temperature lower than
      20.degree.C, preferably lower than 15.degree.C.
PAR  In the process of the invention, the hardening agent may be added in all
      steps while the addition of alkali must be conducted after the cooling
      step because each step prior to the prehardening step must be conducted in
      the absence of alkali. And, since the aggregation of coacervates at the
      prehardening step is caused by the presence of both hardening agent and
      alkali (when the system is higher than pH 7), the shock-preventing agent
      must be added to the system prior to the presence of both the hardening
      agent and alkali. Excepting the above limitation, other embodiments can be
      used for the process of the present invention.
PAR  The amount of the shock-preventing agent added is more than 1/20,
      preferably 1/10 to 1/2 the total weight of the two or more hydrophilic
      colloids having different electric charges and capable of forming the
      wall. The addition of the shock-preventing agent makes the pre-hardening
      treatment of capsules under the insufficient condition for coacervation
      easy whereby capsule liquid can be obtained in high concentration.
PAR  In the process of encapsulation described in the examples of U.S. Pat. No.
      2,800,457, which contains a step of dilution with water and a step of
      adjusting the pH, the amount of water to be employed is 20.5 g to 1 g of
      two or more sorts of colloids having different electric charges at the pH
      value 4.5 for coacervation. If the amount of water is reduced, capsules
      are aggregated at the step of prehardening treatment.
PAR  According to the process of the present invention, the amount of water is
      reduced to 15 g by adding the shock-preventing agent to the system after
      the gelation.
PAR  When microcapsules according to the present invention are coated on papers
      to produce pressure-sensitive copying papers, the pressure-sensitive
      copying papers do not form color stain (fog) before use even if they are
      contacted with clay-coated papers because the microcapsules are mononuclei
      and they form distinct color multi-copying use when contacted with the
      clay-coated paper. Further, in case of coating the microcapsules on
      supports by an air-knife coating method, the air pressure is reduced and
      the classification of capsules due to the wind pressure is reduced, and
      some coating properties of the capsule liquid are improved.
PAR  The present invention will be explained more particularly by the following
      examples without being limited to them. The heat resisting characteristics
      in the examples were determined by the concentration of developed color
      formed on the surface of a clay-coated paper when contacted with an
      original and written on by a pressed pencil, the original paper being
      coated with capsules prepared by microencapsulation of an oil in which 2%
      crystal violet lactone was dissolved, and heated in a hot air drier.
PAR  The clay-coated paper was prepared as follows: 100 parts of Japanese acid
      clay, treated with sulfuric acid, were dispersed by a homogenizer into 300
      parts of water containing 6 parts of a 40% aqueous solution of caustic
      soda, and then to the dispersion, 40 parts of a styrene-butadiene latex
      (Trade Name "Dow Latex 620", manufactured by Dow Chemical Co.), was added.
      The mixture thus obtained was coated on paper of 50 g/m.sup.2 by an air
      knife coating method at the rate of 12 g/m.sup.2 as solid.
PAR  Preparations of gelatin derivatives will be shown by the following
      examples. (All starting materials of gelatin have the isoelectric point
      4.90.)
PAC  PREPARATION 1
PAC  (m-Carboxybenzenesulfochloride Derivative)
PAR  100 g of gelatin was dissolved in 625 ml of water and heated to
      50.degree.C, and then a 10% aqueous solution of caustic soda was added to
      the solution with stirring to adjust the pH of the solution to 10. The
      solution thus obtained was stirred for thirty minutes, and 10.5% of
      m-carboxy-benzene-sulfochloride dissolved in 50 ml isopropylalcohol was
      added while the system is maintained at pH 10 by the addition of a 10%
      aqueous solution of caustic soda.
PAR  After stirring for 10 minutes at 50.degree.C, dilute sulfuric acid was
      added to the mixture to reduce the pH to 7. The mixture was cooled, washed
      with water and dried with hot air. The gelatin thus obtained had a
      isoelectric point of 4.20.
PAC  PREPARATION 2
PAC  (Maleic Anhydride Derivative)
PAR  100 g of gelatin was dissolved in 600 ml of water and heated to
      40.degree.C, and then 10% caustic soda was added to adjust the solution
      thus obtained to pH 10. After stirring for 10 minutes vigorously, 10 g of
      maleic anhydride dissolved in 50 ml of acetone was added. During the above
      steps, the temperature of the mixture was kept at 40.degree.C, while the
      system was kept at about pH 10.
PAR  After stirring for 10 minutes, dilute sulfuric acid was added to reduce the
      pH to 7. The mixture was cooled and solidified in a refrigerator, washed
      with water and dried as in Preparation 1. The gelatin thus obtained had an
      isoelectric point of 3.80.
PAC  PREPARATION 3
PAC  (Phthalic Anhydride Derivative)
PAR  As in the above two preparations, 7 g of a solution of phthalic anhydride
      dissolved in 50 ml of acetone was added to 100 g of gelatin to obtain a
      gelatin derivative. The derivative was washed with water and dried. The
      gelatin obtained had an isoelectric point of 3.98.
PAR  Other gelatin derivatives were prepared similarly as in the above examples.
      The isoelectric point was varied by the modulation of the amount of
      gelatin to that of the materials reactive with gelatin. In the following
      examples and comparative examples, the term "part" means "part by weight".
DETD
PAC  COMPARATIVE EXAMPLE 1
PAR  6 parts of acid-treated gelatin having an isoelectric point of 7.8 and 6
      parts of gum arabic were dissolved in 30 parts of water, heated to
      40.degree.C. To the solution, 0.5 part of Turkey red oil as an emulsifier
      was added. Into the colloid solution, 30 parts of a 2.0% dichlorodiphenyl
      solution of CVL were emulsified with vigorous stirring to prepare an O/W
      emulsion having a particle size of 6-10 microns. To the emulsion, 190
      parts of water heated to 45.degree.C were added. While further stirring, a
      50% aqueous acetic acid solution was added dropwise to adjust the pH of
      the system to 4.4. After maintaining the temperature for 15 minutes, the
      resulting mixture was cooled from the outside of the reaction vessel to
      gel the wall of the coacervates.
PAR  When the temperature of the system was 15.degree.C with stirring, 3.0 parts
      of a 37% formaldehyde solution were added. When the temperature of the
      liquid was 10.degree.C (the viscosity of the capsule liquid was determined
      at 10.degree.C to be 35 cp by use of a B-type rotating viscosimeter, 30
      rpm No. 1 rotor, hereinafter referred to as "B.sub.1 30 rpm"), a 10%
      aqueous solution of caustic soda was added while adding the aqueous
      solution of caustic soda for 15 minutes, the pH of the capsule liquid was
      adjusted to 6.5, in which the viscosity of the liquid was 125 cp (B.sub.1
      30 rpm). While adding the aqueous solution of caustic soda for a further
      10 minutes, the pH of the liquid was 7.0, in which the viscosity of the
      liquid was 850 cp.
PAR  When the pH of the liquid reached 7.3, the capsule liquid coagulated. The
      capsules had uneven form and the size of the larger capsules was 5-10 mm.
PAR  In the comparative example, the addition of alkali and formalin for
      prehardening treatment was carried out by the following two methods: (1)
      formaldehyde was added after the pH of the capsule liquid was elevated to
      the alkaline side (pH 9.5); and (2) alkali and formaldehyde were added
      simultaneously from two nozzles, respectively.
PAR  Capsules aggregated in both methods.
PAC  EXAMPLE 1
PAR  6 parts of gelatin treated with acid and having an isoelectric point of 7.8
      and 6 parts of arabia gum were dissolved in 30 parts of water at
      40.degree.C. To the resulting solution 0.2 parts of sodium nonylbenzene
      sulfonate was added as an emulsifier. 30 parts of a 20% dichlorodiphenyl
      solution of CVL were added to the colloid solution with vigorous stirring
      to prepare an O/W emulsion. When the size of the oil drops reached
      6-10.mu. , stirring was stopped.
PAR  190 parts of hot water at 45.degree.C were added thereto. With stirring, a
      50% aqueous solution of acetic acid was added dropwise to adjust the pH of
      the system to 4.4. After the system was kept at the present temperature
      with stirring for 15 minutes, the system was cooled from the outside of
      the vessel to gel the colloidal walls. When the temperature of the system
      was 15.degree.C with stirring, 30 parts of a 37% aqueous formaldehyde
      solution were added. When the temperature of the liquid was 10.degree.C,
      20 parts of a 10% aqueous solution of gelatin treated with lime and having
      an isoelectric point of 4.8  was added and the solution was heated to
      35.degree.C. A 10% aqueous solution of caustic soda was dropped in at the
      same speed as in Comparative Example 1. When the pH of the system was
      10.0, dropping was stopped.
PAR  The viscosity was 85 cp (B.sub.1 30 rpm) at pH 6.5, 128 cp at pH 7.0, 234
      cp at pH 8.0 and 168 cp at pH 10.0. After further stirring, the capsule
      liquid was heated to 60.degree.C. The thus obtained capsules were not
      aggregated and had a good heat resisting property.
PAC  EXAMPLE 2
PAR  The same procedure as in Comparative Example 1 was repeated except that 30
      parts of a 5% aqueous solution of a phthalic anhydride derivative of
      gelatin (having an isoelectric point of 3.98) were added at 10.degree.C
      after the addition of a 37% formalin solution. The viscosity after 2
      minutes of addition was 36 cp (B.sub.1 30 rpm). A 10% aqueous solution of
      caustic soda was added dropwise over 15 minutes to adjust the system to pH
      6.5.
PAR  In this case, the viscosity of the liquid was 55 cp (B.sub.1 30 rpm). While
      continuing the dropping of the aqueous solution of caustic soda, the
      viscosity of the liquid was measured. The viscosity was 62 cp at pH 7.0,
      72 cp at pH 7.5, 67 cp at pH 8.0 and 45 cp at pH 10.0. The time spent for
      the addition of the aqueous solution of caustic soda from pH 6.5 to pH
      10.0 was 10 minutes. Although the viscosity of the liquid was observed to
      rise a little, there was no aggregation of capsules.
PAR  With stirring, the liquid was heated to 50.degree.C over a period of 20
      minutes to produce a capsule liquid of good heat-resisting properties.
      When the capsule liquid was observed with a microscope, greater than 98%
      of the capsules were mononuclear, composed of single emulsion drops. The
      capsule liquid was coated on a paper and then put in a drying box at
      150.degree.C for 3 hours. The paper was superposed onto a clay coated
      paper, and pressurized with a ball pen to obtain distinct developed marks.
PAC  EXAMPLE 3
PAR  6 parts of acid-treated gelatin having an isoelectric point of 7.8 and 6
      parts of gum arabic were dissolved in 30 parts of water heated to
      40.degree.C. To the solution, 0.5 part of Turkey red oil as an emulsifier
      was added. Into the colloid solution, 30 parts of a 2.0% dichlorodiphenyl
      solution of CVL were emulsified with vigorous stirring to prepare an O/W
      emulsion having a particle size of 6-10 microns. To the emulsion, 190
      parts of water heated to 45.degree.C were added. With further stirring, a
      50% aqueous acetic acid solution was added dropwise to adjust the pH of
      the system to 4.4. After maintaining the temperature for 15 minutes, the
      resulting mixture was cooled from the outside of the reaction vessel to
      gel the wall of the coacervates.
PAR  30 parts of a 5% aqueous solution of a phthalic anhydride derivative of
      gelatin were then added and then a 10% aqueous alkali solution was added
      to adjust the pH of the capsule liquid to 10.0.
PAR  In this case, the viscosity of the liquid was 48 cp. Further, 30 parts of a
      37% formaldehyde solution were gradually added. When 0.8 part of the
      aldehyde solution was added to the liquid, the viscosity began to
      increase. After the addition of 1 part of aldehyde, the viscosity of the
      liquid was 115 cp, thereafter the viscosity was not increased. After
      adding the whole aldehyde solution, the viscosity of the liquid was 92 cp.
      The total time for complete dropping of the aqueous solution of
      formaldehyde was 18 minutes. The resulting liquid was heated to
      50.degree.C over a period of 20 minutes to harden the walls of capsules.
      The capsules obtained were mononuclear and did not rupture by a heat
      resisting test for 3 hours at 150.degree.C.
PAC  EXAMPLE 4
PAR  6 parts of acid-treated gelatin having an isoelectric point of 7.8 and 6
      parts of gum arabic were dissolved in 30 parts of water heated to
      40.degree.C. To the solution, 0.5 part of Turkey red oil as an emulsifier
      was added. Into the colloid solution, 30 parts of a 2.0% dichlorodiphenyl
      solution of CVL were emulsified with vigorous stirring to prepare an O/W
      emulsion having a particle size of 6-10 microns. To the emulsion, 190
      parts of water heated to 45.degree.C were added. With further stirring, a
      50% aqueous acetic acid solution was added dropwise to adjust the pH of
      the system to 4.4. After maintaining the temperature for 15 minutes, the
      resulting mixture was cooled from the outside of the reaction vessel to
      gel the wall of the coacervates.
PAR  30 parts of a 5% aqueous solution of a phthalic anhydride derivative of
      gelatin were then added. Further, a 37% formaldehyde solution and a 10%
      aqueous alkali solution were simultaneously added at the same addition
      speed from two respective nozzles. The viscosity was 50 cp (B.sub.1 30
      rpm, after 10 minutes from the beginning of addition), at pH 6.5, and when
      the addition of the two solutions was continued, the viscosity was 66 cp
      (after 15 minutes dropping) at pH 7.5 and 42 cp at pH 10.0. The resulting
      liquid was heated to 50.degree.C over a period of 20 minutes to harden the
      capsule walls. More than 99% of the prepared capsules were mononuclear.
      The capsules were not broken during a 3 hour heat-resisting test at
      150.degree.C and gave distinct color marks.
PAC  EXAMPLE 5
PAR  6 parts of acid-treated gelatin having an isoelectric point of 7.8 and 6
      parts of gum arabic were dissolved in 30 parts of water heated to
      40.degree.C. To the solution, 0.5 part of Turkey red oil as an emulsifier
      was added. Into the colloid solution, 30 parts of a 2.0% dichlorodiphenyl
      solution of CVL were emulsified with vigorous stirring to prepare an O/W
      emulsion having a particle size of 6-10 microns. To the emulsion, 190
      parts of water heated to 45.degree.C were added. With further stirring, a
      10% aqueous sulfuric acid solution was added dropwise to adjust the pH of
      the system to 4.2. After maintaining the temperature for 15 minutes, the
      resulting mixture was cooled from the outside of the reaction vessel to
      gel the wall of the coacervates.
PAR  When the temperature of the liquid was 10.degree.C, 30 parts of a 5%
      aqueous solution of a m-carboxybenzene sulfochloride derivative of gelatin
      (isoelectric point 3.98) were added. Afterwards, when the temperature of
      the liquid was 15.degree.C with continued stirring, a 37% aqueous
      formaldehyde solution and a 10% aqueous solution of caustic soda were
      added simultaneously at the same addition speed from two nozzles,
      respectively.
PAR  The other steps were the same as those in Comparative Example 1. The
      viscosity was 98 cp at pH 7.5. Thus obtained capsules were mononuclear and
      strong during the heat-resisting test.
PAC  EXAMPLE 6
PAR  30 parts of a mixture of chlorinated paraffin (Trade Name "TOYOPARAX A-40",
      chlorine content 40%, manufactured by TOYO SODA KOGYO K. K.) and kerosene
      in the weight ratio of 4:1, in which 2% CVL was dissolved were emulsified
      in a colloid sol consisting of 0.5 parts of methyl-cellulose, 4 parts of
      gum arabic and 25 parts of hot water to prepare an O/W emulsion.
PAR  Stirring was continued until the maximum size of the oil drops was 10
      microns. The resulting liquid was added to an aqueous solution of gelatin
      consisting of 6 parts of acid-treated gelatin having an isoelectric point
      of 8.1, and 170 parts of hot water at 45.degree.C. With stirring thereto
      there was added a 5% aqueous solution of succinic acid to adjust the pH to
      4.4. With continued slow stirring, the resulting liquid was cooled from
      outside of the vessel to gel the coacervate wall films. At 10.degree.C, 30
      parts of a 5% aqueous solution of a maleic anhydride derivative of gelatin
      (isoelectric point 3.80) were added. In this case, the viscosity of the
      resulting system was found to be 47 cp (B.sub.1 30 rpm). A 10% aqueous
      solution of caustic soda was added dropwise over a period of 15 minutes to
      adjust the pH of the system to 10.0. The viscosity of the system was 120
      cp at pH 7.5.  Further, the capsule liquid was heated to 50.degree.C to
      obtain hardened microcapsules.
PAC  EXAMPLE 7
PAR  The same procedure as in Example 2 was repeated except that 185 parts of
      warm water were added instead of 190 parts of warm water, the pH was
      adjusted to 4.2 instead of 4.4, and a succinic anhydride derivative of
      gelatin (the isoelectric point was 4.10) was employed instead of a
      phthalic anhydride derivative of gelatin (isoelectric point 3.98). The
      viscosity was 119 cp at pH 7.5 in the step of prehardening. These prepared
      capsules were mononuclear.
PAC  EXAMPLE 8
PAR  The same procedure as in Example 6 was repeated except that dioctyl
      phthalate was used instead of chlorinated paraffin, 190 parts of the
      gelatin solution was used instead of 170 parts of the gelatin solution and
      a 10% aqueous solution of hydrochloric acid was used instead of a 5%
      aqueous solution of succinic acid. The coacervates obtained were gelled by
      cooling from the periphery of the vessel. At 15.degree.C, 2.5 parts of
      glyoxal were poured into the system. At 10.degree.C, there was added 30
      parts of a 5% aqueous solution of a m-fluorosulfonyl benzoic acid
      derivative of gelatin (isoelectric point 4.05). A 20% aqueous solution of
      caustic soda was added dropwise over a period of 15 minutes to adjust the
      pH of the system to 10.0. The viscosity of the system was 137 cp (B.sub.1
      30 rpm) at pH 7.5. The capsule liquid was heated to 50.degree.C to improve
      the heat resisting property of the capsules. The thus obtained capsules
      were mononuclear and were not broken by heating for 5 hours at
      130.degree.C.
PAC  EXAMPLE 9
PAR  6 parts of acid-treated gelatin having an isoelectric point of 7.9 and 6
      parts of gum arabic were dissolved in 35 parts of water at 40.degree.C. To
      the resulting solution, 0.3 part of sodium alkyl benzene sulfonate as an
      emulsifier was added and emulsified in 35 parts of dichlorodiphenyl, in
      which 2% CVL was dissolved to prepare an O/W emulsion. The size of the oil
      drops was 8-12.mu. . To said emulsion, 200 parts of a 0.08% aqueous
      solution of sodium sulfate were added, and the pH thereof was adjusted to
      4.3 by adding a 70% aqueous solution of acetic acid with stirring. By
      cooling from outside of the vessel, the temperature of the resulting
      liquid was lowered to 8.degree.C. 3.0 parts of 37% formaldehyde were then
      added, and further, 25 parts of a 7% aqueous solution of a phthalic
      anhydride derivative of gelatin (isoelectric point 4.30) were added. The
      pH of the liquid was adjusted to 10 by addition of a 10% aqueous solution
      of caustic soda over a period of 15 minutes. The viscosity was 85 cp
      (B.sub.1 30 rpm) at pH 7.5. The liquid was then heated to 50.degree.C.
      More than 98% of the prepared capsules were mononuclear and not broken by
      heating for 5 hours at 150.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a complex coacervation process for preparing microcapsules containing
      a hydrophobic oily liquid wherein gelatin is employed as one of the
      hydrophilic colloids forming the microcapsule walls in combination with a
      hydrophilic colloid, ionizable in water and having an electrically
      opposite charge to that of gelatin, said process comprising:
PA1  1. emulsifying said hydrophobic oily liquid in an aqueous solution of at
      least one hydrophilic colloid, ionizable in water to form a sol;
PA1  2. optionally, mixing said sol with an aqueous solution of a hydrophilic
      colloid to form a second sol;
PA1  3. forming coacervates comprising hydrophilic colloids, so as to
      encapsulate individual drops of said hydrophobic oily liquid in said sol;
PA1  4. cooling the resulting coacervates to gel the hydrophilic colloid thereof
      at a temperature lower than the gelling point of said gelatin;
PA1  5. subjecting the system to a conventional prehardening treatment in which
      an aldehyde and an alkali material are added to adjust the pH of the
      system to the alkaline side; and
PA1  6. hardening the gelled hydrophilic colloid to form the microcapsule walls;
PA1  the improvement which comprises:
PA2  adding to the system gelatin having an isoelectric point lower than that of
      the gelatin employed as the hydrophilic colloid wall-forming material at a
      temperature lower than the gelling point of the gelatin employed as the
      hydrophilic colloid wall-forming material, but prior to the simultaneous
      presence in the system of said aldehyde and alkali material, in such an
      amount as sufficient to prevent an increase in viscosity due to the
      reaction of gelatin and aldehyde during said pre-hardening step.
NUM  2.
PAR  2. The process of claim 1, wherein said gelatin having a lower isoelectric
      point than the other gelatin is a reaction product of gelatin and an
      aliphatic anhydride, an aromatic anhydride, a compound having a reactive
      halogen atom, an isocyanate or an N-arylvinylsulfonamide.
NUM  3.
PAR  3. The process of claim 1, wherein the amount of said gelatin having the
      lower isoelectric point is at least 1/20 by weight based on the total
      weight of the hydrophilic colloids used to form the coacervates.
NUM  4.
PAR  4. The process of claim 1, wherein the amount of said gelatin having the
      lower isoelectric point ranges from 1/10 to 1/2, by weight, based on the
      total weight of the hydrophilic colloids used to form the coacervates.
NUM  5.
PAR  5. The process of claim 1, wherein the gelatin of lower isoelectric point
      is added at a temperature lower than about 20.degree.C.
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ABST
PAL  A catalyst and process are described for the conversion of heavy
      hydrocarbon oils comprising contacting the oil with hydrogen in the
      presence of a conversion catalyst containing a Group VI and/or VIII metal
      supported on a carrier preferably comprising silica and alumina, the
      catalyst having the following structural characteristics:
PA1  1. the silica (SiO.sub.2) content is 0 to 30% by weight of the total amount
      of an alumina-containing carrier,
PA1  2. the volume of the pores having a radius in the range from 0 to 300 A is
      greater than 0.30 ml/g,
PA1  3. the volume of the pores having a radius in the range from 0 to 30 A is
      less than 25% of the volume of the pores having a radius in the range from
      0 to 300 A,
PA1  4. the volume of the pores having a radius in the range from 75 to 300 A is
      less than 40% of the volume of the pores having a radius in the range from
      0 to 300 A,
PA1  5. the volume of the pores having a radius in the range from 75 to 75,000 A
      is smaller than 0.25 ml/g.
PARN
PAR  This is a division of application Ser. No. 317,714 filed 12/22/72, now U.S.
      Pat. No. 3,843,509.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a catalyst composition used for the conversion of
      hydrocarbon oils and more particularly to a method for hydrocracking of
      heavy hydrocarbon oils in the presence of a novel catalyst. Still more
      specifically, the invention concerns a catalyst composition having a novel
      pore structure for converting heavy hydrocarbon oils by reacting them with
      hydrogen in the presence of said catalyst. Still more specifically, the
      process provides a novel method for effective accomplishment of
      ring-scission reaction of the condensed ring compounds present in a heavy
      hydrocarbon oil, removal of sulfur and nitrogen compounds, and
      hydrocracking of such compounds.
PAR  2. Description of the Prior Art
PAR  Heretofore, for catalytically converting or refining hydrocarbon oils, it
      has been a common practice to use a catalyst obtained by carrying a metal
      component of Group VIII and/or Group VI of the Periodic Table (as
      described in "The Encyclopedia of Chemistry," Reinhold Publishing
      Corporation, second Edition (1966) at page 526) on a catalyst carrier such
      as silica and/or alumina, after or without subjecting such catalyst to a
      sulfiding treatment with a sulfur compound. It has been most common to use
      cobalt, nickel, molybdenum, tungsten or the like selected from metals of
      Group VIII or VI of the Periodic Table as a hydrogenating component. Such
      metals are used as oxides or sulfides described above.
PAR  However, as regards the catalyst carriers having acidity and activity for
      hydrocarbons, the catalytic performance of such carriers is affected by
      various factors such as, for example, the raw material used, producing
      method, pore structure, etc., and there are still many problems remaining
      unsolved in this regard.
PAR  The pore structure of the catalyst used plays a very important role in a
      heterogeneous reaction of hydrocarbons and proves a major factor that
      affects the catalyst performance.
PAR  Many studies and efforts have been made in the past toward realizing
      improvement of such pore structure in the catalyst, and the results of
      such studies have been presented in applications for catalytic conversion
      or refining of hydrocarbon oils. Among the typical examples of heretofore
      proposed methods are, for instance, a method wherein a catalyst, in which
      the pores of greater than 0.05 .mu. (500 A) in diameter assume 40 to 70%
      of the total pore volume, and in which the pores of from 0.05 to 1 .mu.
      (500 to 10,000 A) in diameter account for more than 30%, is used for the
      purpose of producing gas oils having a high diesel index by using a heavy
      oil as raw material; a method wherein a catalyst in which the volume of
      the pores greater than 80 A in radius is restricted to less than 10% of
      the total pore volume is used for preventing ingress of asphalt or
      metal-containing compounds in the residue in sulfur-bearing residue
      hydrodesulfurization; and a method wherein a catalyst in which the pores
      of less than 120 A in radius are relatively uniformly distributed is used
      in above-said hydrodesulfurization of sulfur-containing residual oils.
PAR  However, none of these methods discloses all the cases involving
      distribution of the pores of greater than 300 A in radius, and the
      influences derived therefrom are ignored. Also, no proposal suggestive of
      utilization of such methods for production of lubricating oils having a
      high viscosity index has been made.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a novel catalyst composition used for the
      conversion of heavy hydrocarbon oils characterized in that a heavy
      hydrocarbon oil is contacted with hydrogen under the catalytic conversion
      reaction conditions in the presence of a specific catalyst for promoting
      such conversion reaction, said catalyst being specific in that:
PAR  1. the silica (SiO.sub.2) content is about 0 to about 30% by weight of the
      amount of an alumina-containing carrier,
PAR  2. the volume of the pores having a radius in the range of from about 0 to
      about 300 A is greater than about 0.30 ml/g,
PAR  3. the volume of the pores having a radius in the range of from about 0 to
      about 30 A is less than about 25% of the volume of the pores having a
      radius in the range of from about 0 to about 300 A,
PAR  4. the volume of the pores having a radius in the range of from about 75 to
      about 300 A is less than about 40% of the volume of the pores having a
      radius in the range of from about 0 to about 300 A, and
PAR  5. the volume of the pores having a radius in the range of from about 75 to
      about 75,000 A is smaller than about 0.25 ml/g.
PAR  The present invention relates to the surprising finding that a catalyst
      having a specific pore structure proves extremely effective in hydrocarbon
      conversion reactions, particularly for obtaining a lubricating oil
      fraction having a high viscosity index by hydrocracking of heavy
      hydrocarbon oils.
PAR  The catalytic conversion process is based on the finding that the volume of
      the pores ranging from about 75 to about 75,000 A in radius in the
      catalyst has an important bearing on the bulk density and mechanical
      strength of the catalyst, which in turn has an important effect on the
      catalyst activity. Thus it has been found that if the volume of the pores
      of from about 75 to about 75,000 A in radius is restricted to less than
      about 0.25 ml/g, particularly less than about 0.18 ml/g, the bulk density
      of the catalyst is increased to higher than about 0.60 g/ml and also
      mechanical strength of the catalyst is markedly improved. Particularly,
      the volume of the pores having a radius of from about 75 to about 300 A
      greatly affects the bulk density, and if the volume of the pores of from
      about 75 to about 300 A in radius is greater than about 0.10 ml/g, it is
      found difficult to raise the bulk density to higher than about 0.60 g/ml,
      though such is influenced to some extent by the amount of metal elements
      carried, configuration of the catalyst used and other like factors.
PAR  Therefore, in order to prevent asphalt and resin components in the heavy
      hydrocarbon oil from entering the pores in the catalyst to cause decrease
      in its catalytic activity, it is necessary to reduce the volume of the
      pores within the range of from about 75 to about 75,000 A in radius.
PAR  It is generally known that the solid acids such as silica and alumina can
      provide a catalyst effective for cracking or denitrification reaction of
      heavy hydrocarbon oils. In this case, however, it is essential to provide
      a solid acid suited for hydrogenation or hydrocracking conditions. To this
      end, it has been usually practiced to control the acidity by adjusting the
      silica content.
PAR  The activity and selectivity of the catalyst for the catalytic conversion
      reaction, particularly hydrocracking reaction, of heavy hydrocarbon oils
      can be adjusted by specifying the pore size distribution of the catalyst
      besides making suitable adjustment of its cracking activity based on
      acidity control by regulation of the silica content. For instance, for
      producing a lubricating oil having a high viscosity index by hydrocracking
      of a heavy hydrocarbon oil, it needs to produce a high-boiling-point
      hydrocarbon having a mono- or bi-cyclic compound with alkyl side chain by
      utilizing a ring-scission reaction of a polycyclic aromatic hydrocarbon or
      a hydrocarbon having a condensed ring. In this connection, the present
      inventors have found that it is important to reduce the distribution of
      the pores smaller than about 30 A in radius in the catalyst for allowing
      selective performance of ring-scission reactions of the condensed ring
      compounds in comparison with scission of the carbon-carbon bonds in the
      saturated chain hydrocarbons.
PAR  Such selectivity proves a very important factor for successful performance
      of the reaction because it allows reduction of hydrogen consumption in
      removing the sulfur and nitrogen components in the heavy hydrocarbon oil
      and also prevents lowering of the catalyst activity caused by deposition
      of carbons in the cracking reaction.
PAR  In petroleum refining that is conducted by catalytic conversion,
      particularly hydrocracking, hydrodesulfurization or hydrodenitrification,
      of a heavy hydrocarbon oil, it is essential for checking increase of
      hydrogen consumption or generation of cokes in the excess cracking
      reaction to restrict the silica content in the silica-alumina carrier to
      less than about 30% by weight and to also reduce the volume of the pores
      having a radius of smaller than about 30 A to less than about 25% of the
      volume of the pores having a radius of from about 0 to about 300 A.
PAR  The heavy hydrocarbon oils used in the present invention may be vacuum
      distillates and residues or reduced crudes which may or may not have been
      subjected to a solvent-refining treatment such as deasphalting or
      dearomatization. It is also possible to use the extracts obtained from
      solvent extraction of the lubricating oil base stocks (by using a solvent
      having selective solvent power to aromatic hydrocarbons) or to use "cycle
      oils" produced by catalytic cracking process. These raw oils may be used
      in admixture for performing desired hydrocracking reactions. The catalysts
      used for catalytic conversion of hydrocarbon oils according to the present
      invention can be prepared by supporting a metal of Group VIII and/or a
      metal of Group VI of the Periodic Table, either by impregnation,
      co-precipitation or kneading method, on a carrier which has been prepared
      by introducing an oxycarboxylic acid or its salt or an aminodicarboxylic
      acid or its salt into the system when precipitating or ageing the hydrates
      from the base material of alumina or silica. The silica content in the
      carrier may be suitably selected according to the type of the reaction to
      be carried out, but usually it is within the range of from about 0 to
      about 30% by weight, preferably from 1 to 30% and, for best results, from
      about 10 to about 25% by weight.
PAR  The base materials of silica and alumina used in the present invention may
      be, for example, soluble silicon-containing compounds such as alkali metal
      silicates (where preferably Na.sub.2 O : SiO.sub.2 = 1 : 2 to 1 : 4),
      tetraalkoxysilane, orthosilicic acid ester, etc.; sulfates, nitrates or
      chlorides of aluminum, alkali metal aluminates, or inorganic or organic
      salts of alkoxides or the like. For precipitating the hydrates of silica
      and/or alumina from a solution of such starting materials, a suitable acid
      or base is added and the pH is set within the range from about 6.0 to
      about 11.0. Precipitation and ageing are carried out with heating by
      adding an acid or a base under reflux so as to prevent evaporation of the
      treating liquid and change of pH. The remainder of the catalyst-producing
      process is the same as the commonly employed ones, including the
      filtering, drying and calcination steps. The carrier may also be added
      with magnesia, titania, zirconia or the like. For instance, addition of
      magnesia reduces the strong acid sites while at the same time increases
      the weak acid sites of silica-alumina to improve selectivity of the
      catalyst. The amount of such additive added is usually within the range of
      from about 1 to about 30% by weight.
PAR  The carried metals having hydrogenating activity, which are used in the
      present invention, are selected from the metals in Group VIII and Group VI
      of the Periodic Table, such as iron, cobalt, nickel, palladium, platinum,
      rhodium, iridium, chromium, molybdenum, tungsten, etc., and these metals
      may be used either singly or in combination. In the hydrocracking process
      for producing lubricating oil, the nickel-molybdenum, cobalt-molybdenum or
      nickel-tungsten combination is most preferred. Such catalytic metals are
      used in the form of oxides or sulfides formed from pre-sulfiding. The
      amount of metals to be carried is preferably within the range of from
      about 0.1 to about 20% (by weight), calculated as against the amount of
      the catalyst, in the case of the metals of Group VIII, and from about 5 to
      about 20% (by weight) in the case of the metals of Group VI.
PAR  The catalytic conversion according to the present invention is
      characterized by scission of the carbon-carbon or carbon-sulfur or
      carbon-nitrogen bonds in hydrocarbon oil, and involves the hydrocracking,
      desulfurization or denitrification reactions. It is best suited for
      hydrocracking reactions, particularly, for production of lubricating oil
      fractions having a high viscosity index by using heavy hydrocarbon oils as
      starting materials.
PAR  The catalytic conversion conditions can be suitably selected according to
      the type of raw oil used, desired quality of the oil to be produced and
      other like factors, but in the case of the hydrocracking, the following
      reaction conditions are usually employed: temperature within the range of
      from about 300.degree. to about 450.degree.C, proferably from about
      350.degree. to about 430.degree.C; pressure of from about 50 to about 300
      kg/cm.sup.2, preferably from about 150 to about 250 kg/cm.sup.2 ; liquid
      hourly space velocity of from about 0.1 to about 10.0, preferably from
      about 0.2 to about 2.0; and hydrogen circulation of from about 100 to
      about 4,000 l/l, preferably from about 600 to about 2,000 l/l.
PAR  As apparent from the embodying examples of the present invention and a
      comparative example shown later, the most conspicuous effect of the
      present invention is detected in marked improvement of the viscosity index
      of the produced lubricating oil fraction in the hydrocracking.
PAR  Prescribing the pore structure of the catalyst as in the present invention
      not only influences the extent of cracking of hydrocarbons but also proves
      effective to prevent intrusion of asphalt, resin and other substances into
      the insides of the pores. It also promotes selective ring-scission
      reactions of the condensed rings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph showing the relationship between the percentage of the
      volume of the pores having a radius of from 0 to 30 A to the volume of the
      pores having a radius of from 0 to 300 A [(PV (0 - 30 A)/PV (0 - 300 A)]
      .times. 100) and the relative activity;
PAR  FIG. 2 is a graph showing the relationship between the volume of the pores
      having a radius of from 75 to 75,000 A and the bulk density;
PAR  FIG. 3 is a graph showing the relationship between the volume of the pores
      having a radius of from 75 to 300 A and the bulk density.
DETD
PAC  PREFERRED EMBODIMENT
PAR  The invention will be more apparent from the preferred embodiment and
      working examples set forth hereinbelow.
PAC  DETERMINATION OF THE CATALYST PORE STRUCTURE
PAR  For measurement of the pore structure, it is advisable to use a gas
      adsorption method for the comparatively small pores of less than 300 A in
      radius and a mercury porosimeter method for the comparatively large pores
      of greater than 300 A in radius. (See P. H. Emmertt, "Catalysis", Vol. 1,
      pg. 123, 1959 (Reinhold Publishing Corp.)).
PAR  In the present invention, a mercury porosimeter method (see "Catalytic
      Engineering (Shokubai Kogaku Koza)" Vol. 4, page 70, 1964 (the Chijin
      Shokan & Co.)) was used for determination of the pores having sizes
      ranging from 300 to 75,000 A in radius and a nitrogen gas adsorption
      method for the pores smaller than 300 A in radius.
PAR  In the mercury porosimeter method, the contact angle of mercury relative to
      the catalyst was set at 140.degree. and 480 dyne/cm surface tension was
      given. It was presumed that all the pores were cylindrical in shape.
PAR  Concerning measurement of the pore size distribution according to the
      nitrogen gas adsorption method, various correction methods based on the
      principle of multimolecular adsorption have been proposed, among which the
      BJH method (E. P. Barrett, L. G. Joyner and P. P. Halenda, J. Amer. Chem.
      Soc. 73, 373 (1951)) and the CI method (R. W. Cranston and F. A. Inkley,
      "Advances in Catalysis", Vol. IX, pg. 143, 1957 (New York Academic Press))
      have been most popularly employed. In the BJH method, four different
      correction factors of 0.90, 0.85, 0.80 and 0.75 are applied according to
      the degree of flexture of the pores, but this method has a drawback that
      reduced precision results particularly where the pores are smaller than 35
      A in radius.
PAR  The CI method uses the above-said correction factors as substantial
      variables to overcome the drawback of the BJH method. Although this CI
      method has a shortcoming in that the calculations involved are
      complicated, it is possible with this method (by using it usually on the
      adsorption side of the adsorption isotherm) to obtain a pore size
      distribution which is consistent with the specific surface area values
      obtained by the BET method and with the pore volume values obtained by the
      mercury-helium method.
PAR  The pore structure data used in the present invention were obtained by
      making calculations according to the DH method (D. Dollimore and G. R.
      Heal, J. Appl. Chem., 14, 109 (1964)) by using the adsorption side of the
      adsorption isotherm.
PAR  The DH method is more simple in calculation formula than the CI method but
      is somewhat inferior to the latter method in accuracy. When the DH method
      is applied on the adsorption side of the adsorption isotherm, the obtained
      pore size distribution agrees very well with that obtained by the CI
      method. Each method for measurement of pore size distribution according to
      above-said gas adsorption principle employs Kelvin's equation of
      capillarity as the basic formula for calculation.
PAR  The results of measurement of pore structure, as used in the present
      invention, are therefore ones which were obtained by applying Kelvin's
      equation, as far as the pores of less than 300 A in radius are concerned.
      Although Kelvin's equation tends to lose its accuracy as the pore diameter
      approaches the size of the pre-constituting atoms, no restriction will be
      imposed on the obtained results in actual applications if the measurement
      and calculation methods used are suitably selected.
PAR  As viewed above, there is provided according to the present invention a
      novel catalytic conversion method with high industrial merits,
      characterized in that a heavy hydrocarbon oil is contacted with hydrogen
      in the presence of a catalyst comprising a hydrogenating component
      composited on an alumina carrier containing 0 to 30% by weight of silica
      which has the following pore structural characteristics:
     Pore radius (A)  Pore volume                                              
     ______________________________________                                    
      0 - 300       greater than 0.30 ml/g                                     
     75 - 75,000    less than 0.25 ml/g                                        
      0 - 30        less than 25% of the                                       
                    volume of the pores with                                   
                    0 - 300 A in radius                                        
     75 - 300       less than 40% of the                                       
                    volume of the pores with                                   
                    0 - 300 A in radius                                        
     ______________________________________                                    
PAC  EXAMPLE 1
PAR  Five types of alumina and silica base materials prepared by using aluminum
      sulfate, caustic soda and No. 3 water glass as main starting materials
      were subjected to the same extrusion molding machine so that they were
      shaped into 1.5 mm-diameter cylindrical masses, which were then calcined
      to form carriers. Then, molybdenum and nickel were carried as metal
      components on said carriers to thereby obtain five types of catalysts. The
      results of determination of properties of these catalysts are shown in the
      following table.
TBL  __________________________________________________________________________
                 Catalysts                                                     
     Properties  A      B      C      D      E                                 
     __________________________________________________________________________
     Pore volume (ml/g)                                                        
     Pore radius (A)                                                           
     0   --                                                                    
           30    0.0285 0.1509 0.1055 0.1500 0.1155                            
     30  --                                                                    
           60    0.2040 0.1500 0.2430 0.1245 0.1568                            
     60  --                                                                    
           90    0.1470 0.0398 0.0930 0.0158 0.0603                            
     90  --                                                                    
           120   0.0780 0.0270 0.0335 0.0075 0.0343                            
     120 --                                                                    
           150   0.0405 0.0098 0.0150 0.0030 0.0121                            
     150 --                                                                    
           300   0.0300 0.0225 0.0200 0.0100 0.0380                            
     300 --                                                                    
           75000 0.0250 0.0450 0.0190 0.1200 0.1500                            
     75  --                                                                    
           75000 0.2335 0.1241 0.1175 0.1438 0.2620                            
     0   --                                                                    
           75    0.3195 0.3209 0.4115 0.2870 0.3050                            
     0   --                                                                    
           300   0.5280 0.4000 0.5100 0.3108 0.4170                            
     PV(0 - 30)                                                                
            .times. 100                                                        
                 5.4    37.7   20.7   48.3   27.7                              
     PV(0 - 300)                                                               
     Total pore volume                                                         
                 0.5530 0.4450 0.5290 0.4308 0.5670                            
     (ml/g)                                                                    
     Surface area (m.sup.2 /g)                                                 
                 181    277    283    225    261                               
     Bulk density (g/ml)                                                       
                 0.60   0.81   0.78   0.80   0.60                              
     Side crushing                                                             
     strength (Kg/mm)                                                          
                 4.0    5.7    6.1    4.4    3.3                               
     Compositions                                                              
     (% by weight)                                                             
     NIO         4.8    4.0    5.0    3.6    12.0                              
     MoO.sub.3   17.5   13.6   13.5   18.0   10.4                              
     SiO.sub.2   19.2   17.9   19.0   21.0   18.5                              
     Al.sub.2 O.sub.3                                                          
                 Balance                                                       
                        Balance                                                
                               Balance                                         
                                      Balance                                  
                                             Balance                           
     __________________________________________________________________________
PAL  Catalyst A shown in the above table was then used under the following
      hydrocracking conditions to convert a vacuum distillate feedstock of
      Middle East Crude Oil having properties shown below, and the oil product
      then subjected to distillation to obtain a lubricating oil fraction with a
      boiling point of higher than 360.degree.C having the properties shown
      below.
TBL  ______________________________________                                    
     Vacuum distillate of Middle East Crude Oil                                
     ______________________________________                                    
     Specific gravity (15/4.degree.C)                                          
                         0.9264                                                
     Viscosity (cSt)                                                           
                 at 37.8.degree.C                                              
                             930.3                                             
                 at 98.9.degree.C                                              
                             41.31                                             
     Viscosity index     86.7                                                  
     Pour point (.degree.C)                                                    
                         -10                                                   
     Color (union)       8 (.sup.+)                                            
     Hydrocracking conditions                                                  
     Temperature (.degree.C)                                                   
                         396                                                   
     Pressure (Kg/cm.sup.2)                                                    
                         100                                                   
     Liquid hourly space velocity                                              
                         0.5                                                   
     Hydrogen circulation (1/1)                                                
                         1700                                                  
     Produced lubricating oil fraction (With boiling point                     
     higher than 360.degree.C)                                                 
     ______________________________________                                    
     Yield (volume %)    77.6                                                  
     Specific gravity (15/4.degree.C)                                          
                         0.8900                                                
     Viscosity (cSt)                                                           
                 at 37.8.degree.C                                              
                             160.0                                             
                 at 98.9.degree.C                                              
                             15.2                                              
     Viscosity index     103.1                                                 
     Color (union)       3 (.sup.-)                                            
     Relative activity   118.0                                                 
     ______________________________________                                    
PAL  The relative activity was determined from the following formula:
EQU  O.sub.s /O.sub. i .times. 100
PAL  Where O.sub.i is reactor holding time (V/H/V).sup.-.sup.1 over the catalyst
      (i) tested and O.sub.s is reactor holding time for obtaining the same
      level of viscosity index as the catalyst (i) when using a reference
      catalyst.
PAC  EXAMPLES 2 - 6
PAR  Following the same procedure as in Example 1, catalytic activity of
      catalysts B-E (of Example 1) was compared with that of catalyst F (the
      properties of which are shown below). A lubricating oil fraction having
      the following characteristics was obtained.
TBL  __________________________________________________________________________
               360.degree.C(+) fraction of produced oils                       
               Catalyst                                                        
                      Catalyst                                                 
                             Catalyst                                          
                                    Catalyst                                   
                                           Catalyst                            
               B      C      D      E      *F                                  
     __________________________________________________________________________
     Yield (volume %)                                                          
               71.6   72.5   56.3   82.6   71.5                                
     Specific gravity                                                          
               0.8927 0.8822 0.8929 0.8933 0.8810                              
      (15/4.degree.C)                                                          
     Viscosity (cSt)                                                           
      at 37.8.degree.C                                                         
               209.8  131.5  191.2  242.8  122.5                               
      at 98.9.degree.C                                                         
               17.79  13.67  16.58  19.51  13.15                               
     Viscosity index                                                           
               99.8   107.2  98.6   99.2   108.6                               
     Color (union)                                                             
               31/2   3(-)   31/2   3(+)   3(-)                                
     Relative activity                                                         
               96.6   136.6  92.6   95.3   152.0                               
     __________________________________________________________________________
     *                  Catalyst F                                             
     __________________________________________________________________________
     Pore Volume (ml/g)                                                        
     Pore radius (angstrom)                                                    
      0 - 30            0.0572                                                 
     30 - 60            0.2617                                                 
     60 - 90            0.1063                                                 
      90 - 120          0.0420                                                 
     120 - 150          0.0215                                                 
     150 - 300          0.0213                                                 
      300 - 75000       0.0200                                                 
       75 - 75000       0.1545                                                 
      0 - 75            0.3755                                                 
      0 - 300           0.5100                                                 
     PV(0-30)/PV(0-300) .times. 100                                            
                        11.2                                                   
     Total pore volume (ml/g)                                                  
                        0.5300                                                 
     Surface area (m.sup.2 /g)                                                 
                        210                                                    
     Bulk density (g/ml)                                                       
                        0.69                                                   
     Side crushing strength (Kg/mm)                                            
                        5.3                                                    
     Compositions                                                              
     (% by weight)                                                             
     NiO                4.8                                                    
     MoO.sub.3          13.5                                                   
     SiO.sub.2          19.0                                                   
     Al.sub.2 O.sub.3   Balance                                                
     __________________________________________________________________________
PAC  COMPARATIVE EXAMPLE
PAR  In a similar manner to that described in Example 1, except that a catalyst
      having the hereinbelow displayed properties was used, there was obtained a
      lubricating oil fraction boiling over 360.degree.C having the following
      properties.
TBL  ______________________________________                                    
     Yield (volume %)    80.0                                                  
     Specific gravity (15/4.degree.C)                                          
                         0.8911                                                
     Viscosity (cSt)                                                           
                 at 37.8.degree.C                                              
                             227.40                                            
                 at 98.9.degree.C                                              
                             18.87                                             
     Viscosity index     100.0                                                 
     Color (union)       3 (.sup.+)                                            
     Relative activity   100                                                   
     Catalyst properties                                                       
     Pore radius (A)     Pore volume (ml/g)                                    
     ______________________________________                                    
      0 - 30                0.1300                                             
      0 - 300               0.4778                                             
     75 . 300               0.2400                                             
     PV (0 - 30)/PV (0 -- 300) .times. 100                                     
                            27.2                                               
     Bulk density (g/ml)    0.57                                               
     SiO.sub.2 content (weight %)                                              
                            16.0                                               
     ______________________________________                                    
PAL  As apparent from the foregoing, the catalysts A, C and F according to the
      present invention exhibit markedly improved activity as compared with the
      catalyst of the known properties (Comparative Example) and the catalysts
      B, D and E shown in Example 1 as comparative catalysts (not embraced
      within the present invention).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A catalyst comprising a catalytic metal or compound thereof on a porous
      silica-alumina carrier having a silica content in the range of between 0
      and about 30% by weight and further characterized in that:
PA1  a. the volume of the pores in said catalyst having a radius in the range of
      from about 0 to about 300 A is greater than about 0.30 milliliters per
      gram;
PA1  b. the volume of the pores in said catalyst having a radius in the range of
      from about 0 to about 30 A is less than about 25% of the volume of the
      pores having a radius in the range of about 0 to about 300 A;
PA1  c. a volume of the pores having a radius in the range of from about 75 to
      about 300 A is less than about 40% of the volume of the pores having a
      radius in the range of from about 0 to about 300 A; and
PA1  d. the volume of the pores having a radius in the range of from about 75 to
      about 75,000 A is smaller than about 0.25 milliliters per gram.
NUM  2.
PAR  2. The catalyst composite of claim 1 wherein said catalytic metal or
      compound thereof comprises a metal, an oxide of a metal, a sulfide of a
      metal or mixtures thereof and, wherein said metal is selected from Groups
      VI and/or VIII of the Periodic Table.
NUM  3.
PAR  3. The catalyst composite of claim 2 wherein the metals from Group VI are
      in the amount of from about 5 to about 20% by weight of the catalyst and
      the metals from Group VIII are in the amount of from about 0.1 to about
      20% by weight of the catalyst.
NUM  4.
PAR  4. The catalyst of claim 3 wherein said metal is selected from the group
      consisting of nickel, molybdenum, cobalt, tungsten and mixtures thereof.
NUM  5.
PAR  5. The catalyst of claim 1 wherein said carrier of said catalyst also
      contains an additive selected from the group consisting of magnesia,
      titania, zirconia and mixtures thereof.
NUM  6.
PAR  6. The catalyst of claim 5 wherein said additive comprises between about 1
      and about 30 wt. % of the carrier.
NUM  7.
PAR  7. The catalyst of claim 1 wherein the silica content of the carrier ranges
      from about 10 to about 25% by weight.
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PAL  A catalyst for the diminution of automobile pollution and a method for
      forming the catalyst are described. The catalyst comprises a metal alloy
      substrate having a specified composition, an oxide layer containing a
      large proportion of alumina on the surface of the alloy and a surface
      layer comprising from 60 to 100% platinum and from 0 to 40% palladium.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 454,388 by James A. Ford and Sheldon H. Butt for "Catalyst For The
      Diminution Of Automobile Exhaust Gases," filed Mar. 25, 1974 now abandoned
     .
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of automotive emission controls represents an area which is
      receiving a great deal of attention, particularly as government
      regulations concerning automotive pollution become more and more strict.
      It is now accepted that some sort of catalytic control system will be
      necessary in order that automobiles may meet future regulations,
      particularly with regard to emissions of oxides of nitrogen.
PAR  Past research has demonstrated that noble metals such as platinum and
      palladium are among the most effective known catalysts for the diminution
      of automobile exhaust gases. Unfortunately, these metals are extremely
      expensive and it is necessary that some means be derived to minimize the
      amount of noble metal used while maximizing the surface area. The obvious
      solution is to apply a very thin layer of noble metal to a substrate.
      Substrates which have been experimentally used include ceramics such as
      ceramic honeycombs and metal alloys. The ceramic substrates suffer from
      the defect of being excessively brittle and are susceptible to both
      thermal and mechanical shock. Attempts to apply a thin noble metal layer
      to a metallic substrate have generally been unsuccessful because at the
      high temperature encountered in operation, the noble metal soon diffuses
      into the substrate losing its effectiveness.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention consists of a catalyst for use in the diminution of
      automotive pollution and a method for fabricating catalysts.
PAR  The catalysts described in the present application possess a unique
      combination of effectiveness, durability and low cost. The catalysts of
      the present invention comprise an alloy substrate having extreme
      resistance to high temperature oxidation, nitridation and sulfidation, and
      a metallic layer on the surface of the substrate which comprises a
      platinum-palladium alloy layer. Interposed between the alloy substrate and
      the platinum-palladium layer is an oxide layer containing a major
      proportion of alumina.
PAR  It is a primary object of the present invention to provide a highly
      effective catalyst for the diminution of carbon monoxide and hydrocarbons
      in automotive exhaust gases.
PAR  It is a further object of the present invention to provide a low cost
      catalyst for use in automotive pollution control systems.
PAR  Yet another object of the present invention is to provide a highly durable
      noble metal catalyst for the diminution of air pollution.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the composite catalyst of the present invention, in its final
      layered form.
PAR  FIG. 2 shows in schematic form, the production of a composite catalytic
      material by a vapor deposition process.
PAR  FIG. 3 shows a blank from which expanded metal mesh may be made.
PAR  FIG. 4 shows the blank of FIG. 5 after it has been slit.
PAR  FIG. 5A shows expanded mesh which has been produced from the slit blank
      shown in FIG. 4.
PAR  FIG. 5B shows the indicated portion of FIG. 5A greatly magnified.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention provides a catalyst which consists of a layer of
      noble metal over the surface of a metal-ceramic composite material. In
      particular, the present invention consists of a method for forming the
      metal-ceramic composite and applying a layer of noble metal catalyst to
      the surface thereof. The metal-ceramic composite is extremely resistant to
      thermal and mechanical stresses and also possesses resistance to further
      oxidation, while maintaining adequate mechanical properties at operating
      temperatures. The ceramic layer prevents the noble metal catalytic layer
      from diffusing into the substrate.
PAR  The alloy from which the metal-ceramic composite is formed is a nickel-base
      alloy containing more than 50% by weight of nickel, and preferably more
      than 80% by weight of nickel, and comprising 2 to 6% by weight of
      aluminum, the nickel content thus being within the range of 50 to 98%.
      Additional alloying elements of which one or more may be present are up to
      6% by weight silicon, chromium, magnesium, manganese, cobalt, copper or
      others, and up to 20% iron, so that the resulting useful alloys are
      characterized by a single-phase matrix, wherein aluminum is retained in
      solid solution. In some instances, fine particles of precipitated
      intermetallic complexes may be present within the grains or at grain
      boundaries, such alloys likewise being considered as having a single-phase
      matrix. Alloys having compositions and characteristics as above specified
      are capable upon oxidation at elevated temperatures of producing a
      continuous dense adherent surface layer of oxide comprising a major
      proportion of aluminum oxide, aluminum being generally the most readily
      oxidized metal present in the alloy in substantial proportions. Such
      alloys are also characterized by adequate mechanical strength properties
      at the high operating temperatures, as exemplified by a tensile yield
      strength in excess of 5 ksi at about the maximum temperature encountered
      in service, 700.degree. to 1,000.degree.C. The latter requirement is one
      that cannot be met by low melting alloys such as aluminum base alloys.
PAR  Preferably, the metal substrate in accordance with the invention contains 2
      to 6% by weight aluminum, 0.5 to 4% silicon, 0.001 to 6% chromium, with
      the balance essentially nickel. The most highly preferred substrate alloy
      compositions are those which contain 3 to 5% aluminum, 2 to 3.5% silicon,
      and 3 to 5% chromium. Further elements may likewise be present, as for
      example, 0.001 to 0.4% manganese to facilitate hot rolling of the alloy,
      and 0.001 to 1.0% magnesium for deoxidation of the molten alloy prior to
      casting. Such alloy compositions and properties thereof are as disclosed
      in detail in our U.S. Pat. No. 3,810,754 issued May 14, 1974, the
      disclosure of which is incorporated herein by reference.
PAR  As stated above, the ceramic portion of the composite substrate is
      predominantly comprised of alumina and is formed on the surface by a high
      temperature oxidation step. The thickness of the film will vary widely
      depending upon the alloy composition and the oxidation conditions, but in
      general will range from 100.degree. to 10,000 A and preferably from
      200.degree. to 5,000 A. As those skilled in the art will appreciate the
      oxidation conditions must be chosen with reference to the alloy system
      upon which the oxide is to be formed. In general, however, the oxidation
      conditions will range from 350.degree. to 1,000.degree.C and preferably
      from 500.degree. to 900.degree.C in an oxidizing atmosphere, which may
      contain water vapor, for a time of from 1 minute to 20 hours. It will also
      be appreciated that some control of the oxide film thickness, structure
      and composition may be obtained through control of the oxidation
      conditions. In general, higher temperatures and longer times will lead to
      thicker films. While the structure of the films will generally be largely
      amorphous alumina, at low temperatures the amorphous alumina will contain
      a significant proportion of crystalline gamma alumina, and at higher
      temperatures the amorphous alumina will contain alpha alumina crystals.
      Such films are dense and strongly adherent to the alloy substrate.
PAR  It must be emphasized that the alumina layer must be extremely stable and
      adherent so that the catalytic surface formed thereon does not degrade
      during service. The requirement of adherency may be met by choosing the
      substrate alloy so that its coefficient of thermal expansion is close to
      that of the oxide layer. This minimizes thermal stresses which occur in
      service. Another factor which will improve the adherency of the oxide
      layer will be fulfilled when the volume of the oxide layer formed is close
      to the volume of the metal layer which is consumed during the formation of
      the oxide layer. When this criteria is satisfied spalling and flaking of
      the oxide layer will be minimized. The stability of the oxide layer may be
      improved by forming the oxide layer under conditions which result in the
      formation of high purity alumina so that electrical resistivity of the
      oxide layer is high. Cleanliness of the substrate alloy prior to oxidation
      is important. In order that the oxide layer be uniform, it is highly
      preferred that the substrate alloy be a single phase alloy.
PAR  The present invention will be made more clear through reference to the
      following illustrative examples.
PAC  EXAMPLE I
PAR  A nickel base alloy containing 4.5% aluminum, 3% silicon, and 2% chromium
      was prepared using conventional techniques. The alloy was processed by
      rolling and annealing to a gage of 0.030 inch and was then chemically
      cleaned. Samples of the alloy strip were then oxidized in the presence of
      moist air, as described above, at temperatures of 870.degree. and
      980.degree.C for a time of 20 hours. Subsequent analysis using capacitance
      bridge techniques revealed the presence of alumina films having
      approximate thicknesses of 1900 and 6040 A respectively. Optical
      observations indicated that these films were of uniform density and
      thickness, which covered the surface completely, without any detectable
      defects therein. The noble metal catalyst was applied as described below.
PAC  EXAMPLE II
PAR  As previously noted, the process of the present invention is broadly
      applicable to nickel base single phase alloys comprising 2 to 6% by weight
      of aluminum. Particularly good results have been obtained in a preferred
      embodiment through the use as substrate of nickel base alloys containing 3
      to 5% aluminum, 2 to 3.5% silicon, 3 to 5% chromium, 0.0 to 0.4%
      manganese, 0.0 to 1.0% magnesium and balance nickel.
PAR  Referring to the drawing, FIG. 1 shows the catalyst of the present
      invention in its final layered form. The nickel base alloy substrate 1 of
      the above composition, has on its surface an oxide layer 2 and on the
      surface of the oxide layer 2 is the layer 3 of noble metal catalyst. FIG.
      2 illustrates a preferred method for applying the catalytic layer to the
      oxidized substrate. The nickel-aluminum alloy substrate 1 has on its
      surface an oxide layer 2, comprised mainly of Al.sub.2 O.sub.3. Placed
      within a gas-tight chamber C, in close proximity to the oxidized substrate
      which is to be coated is a crucible 6 which contains the noble metal 7 to
      be deposited, which is heated by a resistance heating element 8, connected
      to a source of electric current 9. The vapor deposition occurs on heating
      the noble metal 7 to a sufficiently high temperature, the processing being
      performed in a vacuum maintained in chamber C by means of vacuum pump P.
PAR  FIGS. 3, 4 and 5 illustrate steps in the production of expanded metal mesh.
      FIG. 3 shows a strip of metal 10, the starting material from which a strip
      of expanded metal is produced. A series of parallel slits 11 are punched
      or cut through the metal strip as shown in FIG. 4, the slits having a
      length to width ratio on the order of 10 to 1. A tensile force is applied
      longitudinally along the strip, in a direction perpendicular to the long
      axis of the slits, as shown by the arrows 12. The tensile force expands
      the slits S resulting in a porous mesh 13 as shown in FIGS. 5A and 5B
      having a plurality of openings, 14 defined by metal strips 15. The
      provision of the catalyst of the present invention in expanded mesh form
      is advantageous because of its high ratio of surface area to weight,
      resulting in increased catalytic activity per unit weight of catalyst
      material. Expanded mesh is particularly adaptable for use in applications
      such as automobile catalytic converters wherein high flow rates of exhaust
      gases must be maintained. Expanded mesh also has a comparatively low heat
      capacity relative to its surface area and thus reaches operating
      temperature rapidly.
PAR  Because of the need to minimize damage to the oxide layer, it is preferred
      that the substrate be converted to expanded mesh form before the oxide
      layer is produced over its surface in the oxidation step. It will be
      understood that other forms of the layered catalyst may be provided which
      display a high ratio of surface area to volume.
PAR  Likewise, other methods may be employed for the deposition of the noble
      metal layer over the oxide surface of the nickel-aluminum alloy substrate.
      For example, this may be effected by the decomposition of a noble metal
      compound heated under vacuum in proximity to the substrate. In such
      processing, as well as in vaporization of the noble metal, the required
      heating may be accomplished, preferably under vacuum, by electrical
      resistance or induction means or by the use of electron beam heating or
      other sputtering techniques, with the application if desired of an
      electric field between the substrate and the supply of catalytic metal.
PAR  The deposition should be controlled to form an effective deposit of noble
      metal catalyst over the oxide surface of the substrate, which deposit has
      a thickness of 100 to 5,000 A, preferably between 200 and 2,000 A.
PAR  The alloy components of the noble metal layer are preferably chosen from
      the group consisting of platinum and palladium. However, other metals such
      as iridium, rhenium, osmium and ruthenium may be present in amounts from
      0.001 to 20%, preferably from 0.001 to 5%, of the total, although their
      catalytic effectiveness is somewhat less than that of platinum or
      palladium. These other metals may occur in technical grades of platinum
      and palladium, which may be used effectively despite some decrease in
      catalytic efficiency. Preferably, the catalytic layer contains from 0.001
      to 40% palladium and balance essentially from 60 to 100% platinum. In the
      most preferred embodiment, the catalytic layer contains 80 to 100%
      platinum and 0.001 to 20% palladium.
PAR  As noted previously, the oxide layer which is formed on the metallic
      substrate prior to the application of the catalytic layer serves to
      prevent the diffusion of the catalytic layer into the substrate. It is
      therefore important during processing that precautions be taken to
      minimize damage to, or disruption of, the oxide layer. For this reason, a
      vapor deposition technique is preferred for the application of the
      catalytic layer.
PAR  While particular embodiments of the invention have been described for the
      purpose of illustration, it will be understood that various modifications
      and adaptations thereof may be made in the scope and spirit of the
      invention as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a catalyst for the removal of carbon monoxide
      and hydrocarbons from automobile exhaust gases comprising the steps of:
PA1  A. providing a substrate of a nickel base single-phase alloy comprising in
      solid solution 2 to 6% by weight aluminum and balance of 50 to 98%
      essentially of nickel, said alloy being capable of forming an adherent
      oxide layer mainly of aluminum oxide;
PA1  B. oxidizing the substrate alloy to produce the adherent alumina-rich layer
      at a temperature of from 350.degree. to 1,000.degree.F for a time of from
      1 minute to 20 hours, said layer having a thickness of from 100 to 10,000
      A; and
PA1  C. applying a layer of metal to the surface of the oxide layer, said layer
      having a thickness from 100 to 5,000 A and containing from .001 to 40%
      palladium, from 0.001 to 20% of a metal chosen from the group consisting
      of iridium, rhenium, osmium, ruthenium, and mixtures thereof, and balance
      essentially platinum.
NUM  2.
PAR  2. A process as in claim 1 wherein the thickness of the oxide layer is from
      200 to 5,000 A.
NUM  3.
PAR  3. A process as in claim 1 wherein the oxidation step is performed at a
      temperature of from 500.degree. to 900.degree.C.
NUM  4.
PAR  4. A process as in claim 1 wherein the metal layer contains up to 20%
      palladium.
NUM  5.
PAR  5. A process as in claim 1 wherein the metal contains up to 5% of a metal
      chosen from the group consisting of iridium, rhenium, osmium, ruthenium,
      and mixtures thereof.
NUM  6.
PAR  6. A process as in claim 1 wherein the substrate alloy contains 2 to 6%
      aluminum, 0.5 to 4.0% silicon, 0.001 to 6.0% chromium, and balance
      essentially nickel.
NUM  7.
PAR  7. A process as in claim 6 wherein the substrate alloy contains 0.001 to
      1.0% magnesium.
NUM  8.
PAR  8. A process as in claim 1 wherein the substrate alloy contains 4.5%
      aluminum, 3% silicon, and 2% chromium.
NUM  9.
PAR  9. A catalyst for the diminution of automobile exhaust gases comprising:
PA1  A. a substrate alloy containing in solid solution 2 to 6% aluminum and
      balance of 50 to 98% essentially of nickel, said alloy being capable of
      forming an adherent oxide layer mainly of alumina;
PA1  B. an adherent alumina-rich layer formed on the surface of the substrate
      alloy by oxidation at 350.degree. to 1,000.degree.F for a time of 1 minute
      to 20 hours, said layer having a thickness of from 200 to 5,000 A; and
PA1  C. a layer of metal on the surface of the oxide layer having a thickness of
      from 200 to 2,000 A and containing from 0.001 to 40% palladium, from 0.001
      to 20% of a metal chosen from the group consisting of iridium, rhenium,
      osmium, ruthenium, and mixtures thereof, and balance essentially platinum.
NUM  10.
PAR  10. A catalyst as in claim 9 wherein the substrate is an alloy containing 2
      to 6% aluminum, 0.5 to 4.0% silicon, 0.001 to 6.0% chromium, and balance
      essentially nickel.
NUM  11.
PAR  11. A catalyst as in claim 9 wherein the substrate is an alloy containing 3
      to 5% aluminum, 2 to 3.5% silicon, 3 to 5% chromium, and balance
      essentially nickel.
NUM  12.
PAR  12. A catalyst as in claim 9 wherein the substrate alloy contains 0.001 to
      1.0% magnesium.
PATN
WKU  039445054
SRC  5
APN  4902475
APT  1
ART  115
APD  19740722
TTL  Catalytic structure
ISD  19760316
NCL  4
ECL  1
EXP  Shine; W. J.
NDR  1
NFG  4
DCD  19920923
INVT
NAM  LaCroix; Roger Claude
CTY  Suresnes
CNT  FR
ASSG
NAM  Comptoir Lyon-Alemond-Louyot
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19730806
APN  73.28721
CLAS
OCL  252466B
XCL  252477R
XCL  4232135
EDF  2
ICL  B01J 2104
ICL  B01J 2342
FSC  252
FSS  466 J;477 R;466 B
FSC  423
FSS  213.2;213.5
UREF
PNO  2720494
ISD  19551000
NAM  Suter et al.
OCL   23288FC
UREF
PNO  3434826
ISD  19690300
NAM  Holzmann
OCL   23288R
UREF
PNO  3773894
ISD  19731100
NAM  Bernstein et al.
XCL  252474
UREF
PNO  3819334
ISD  19740600
NAM  Yoshida et al.
OCL   23288FC
LREP
FRM  Bacon & Thomas
ABST
PAL  A catalytic device is made up of a stack of expanded metal sheets held
      spaced apart by wires between the sheets. The assembly is welded together
      to form a rigid block and the expanded metal sheets having a coating of
      metal aluminide covered with alpha alumina which in turn has a catalytic
      surface thereon.
BSUM
PAR  The present invention relates to catalytic structures and to the means for
      their location within an exhaust system for waste gases.
PAR  In copending application Ser. No. 342,087, filed Mar. 16, 1973, the
      Applicant has already described catalysts and, also, catalytic structures
      prepared from such catalysts, for converting the undesirable gases which
      are commonly found in vehicle exhaust gases. In particular, honeycomb
      structures have been described which are constituted by a stack of thin
      plates which are alternatively flat and wavy. These plates are of
      stainless steel, preferably expanded.
PAR  The expanded stainless steel plates preferably carry (1) a layer of at
      least one aluminide of nickel or of cobalt, (2) a layer of .alpha.-alumina
      and (3) at least one catalytic surface layer, which can be deposited on a
      layer of .gamma. or 7/8 alumina.
PAR  The catalysts or catalytic structures which are most particularly
      utilisable for the purposes mentioned above should have the following
      properties:
PA1  Large surface area with respect to apparent volume; as large as possible a
      contact surface with the fluid to be treated;
PA1  Lowest possible resistance to flow of the fluid; resistance to thermal
      shock;
PA1  Resistance to mechanical shock and to vibrations; resistance to corrosion;
PA1  Maintenance of an effective catalytic action over extended periods.
PAR  The new catalytic structures according to the present invention have these
      properties.
PAR  According to the present invention, a catalytic structure is provided which
      comprises a plurality of sheets of metal or metal alloy carrying (1) a
      layer of at least one aluminide of nickel or cobalt, (2) a layer of
      .alpha. alumina and (3) at least one catalytic surface layer, which can be
      deposited upon a layer of .gamma. or .eta. alumina, wherein the structure
      is formed by stacking flat expanded metal sheets which are spaced from one
      another and disposed within a rigid block, the distance between the sheets
      being 0.5 to 2.5 mm, the transparency of the stack of sheets being from
      20% to 80% and the thickness of the sheets before expansion being from
      0.05 to 0.25 mm.
PAR  The sheets can be maintained at the desired mutual spacing by wires
      interposed so as to form parallel channels of rectangular section. The
      sheets can also be soldered or welded together by means of the interposed
      wires.
PAR  According to one preferred embodiment of the invention, the expanded metal
      sheets have a transparency of 45 to 60% and have mesh openings with a
      diagonal dimension of 1.2 to 4 mm, the width of the strip separating
      adjacent meshes being from 0.1 to 0.4 mm.
PAR  Each expanded sheet structure is defined communally by three groups of
      digits. The first group indicates the length of the greatest diagonal of
      the elementary mesh opening in mm, the second group indicates the width of
      the strip in mm and the third group indicates the thickness of the sheet
      before displacement (expansion) in mm.
PAR  The sheet structures used preferably in the invention are:
PA1  a. 1.45-12-10, having 18,600 meshes per dm.sup.2 and having an optical
      transparency of 52%;
PA1  b. 1.45-12-20 having 18,600 meshes per dm.sup.2 and having a transparency
      of 50%;
PA1  c. 2.5-25-20 comprising 7,400 meshes per dm.sup.2 and having a transparency
      of 48%;
PA1  d. 3-34-20 comprising 3,940 meshes per dm.sup.2 and having a transparency
      of 58%.
PAR  The present invention also relates to a device for locating a catalytic
      structure inside a housing forming part of an exhaust system for waste
      gases, in which the structure is maintained within the housing by means of
      at least one metal pad or spacer disposed on all or part of the exterior
      imperforate surface of such structure. The exterior imperforate surface of
      the structure is exterior surface of the rigid block partially surrounding
      the stack of sheets.
PAR  On leaving the catalytic structure, the waste gases can pass inside an
      exhaust tube located inside the housing provided in the structure and if
      required held within the housing by at least one metal pad or spacer. This
      tube serves in particular to allow the greater part of the waste gases to
      pass through the catalytic structure.
PAR  The device according to the invention can advantageously be completed
      upstream by means of a gas inlet tube, welded to the housing, fitted into
      the structure and provided with director blades allowing the gas stream to
      be oriented so that it flows uniformly through all the catalytic structure
     .
DRWD
PAR  Other features and advantages of the apparatus of the invention will appear
      from the following description of preferred embodiments, given by way of
      illustration in conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a diagrammatic view in perspective of a catalytic structure
      according to the invention;
PAR  FIG. 2 is a diagrammatic view of an expanded sheet;
PAR  FIG. 3 is a longitudinal section of a mounting device for the catalytic
      structure;
PAR  FIG. 4 is a part-elevational part-sectional view along the line IV--IV of
      FIG. 3.
DETD
PAC  EXAMPLE 1
PAL  Formation of a catalytic structure according to the invention of the
      multi-channel type (FIGS. 1 and 2)
PAR  In FIGS. 1 and 2, it will be seen that this structure is constituted by a
      stack of expanded metal sheets, such as 1 and 2, which may be soldered or
      welded together, surrounded by a rigid structure 3. The expanded metal
      sheets referred to herein are a well known structure wherein a sheet of
      metal is provided with rows of staggered slits and tension is then applied
      to the sheet in a direction perpendicular to the slits so that the latter
      open up to define generally diamond shaped openings having one long
      dimension. The sheet is thus provided with a multiplicity of openings
      therethrough. Such sheets are often characterized as having a certain
      transparency, which is the percentage of the total area of the expanded
      sheet constituted by the openings. The foregoing are well known in the
      art. These sheets are maintained at a predetermined distance from one
      another by interposed wires 4, such that channels 5 of rectangular section
      are thus formed. Each sheet measures 35 .times. 80 mm. The stack comprises
      25 sheets. The sheets are of expanded "Inconel" (R.T.M.) and the expansion
      is characterised by:
TBL  largest diagonal dimension                                                
                              3 mm                                             
     width of inter-mesh metal strip                                           
                              0.34 mm                                          
     thickness of sheet before expansion                                       
                              0.2 mm                                           
     overall thickness of the expanded sheet                                   
                              0.4 mm                                           
PAL  They are electrically welded to the expanded metal. The various sheets are
      stacked or welded to one another by electric welding along the
      generatrices of the cylinders which constitute the interposed wires.
PAR  The free cross-section offered to the passage of fluid is about 62% of the
      overall cross-section. For a block comprising 19 sheets, the back pressure
      of a gas at 315.degree.C having a space velocity of 50,000 volumes per
      hour is about 2 mm of water.
PAC  EXAMPLE 2
PAR  This example describes the catalytic efficiency and resistance to shock of
      a catalytic structure such as described in Example 1, comprising 25 sheets
      on which in all 0.3 g of platinum has been deposited.
PAR  The gas, having the following composition by volume, was passed through
      this structure:
TBL         CO           1.45%                                                 
            NO           0.21%                                                 
            C.sub.3 H.sub.8                                                    
                         190 ppm                                               
            CO.sub.2     13.5%                                                 
            O.sub.2      1.45%                                                 
            N.sub.2      83.39%                                                
PAR  The throughput was 50,000 volumes/hour. The gas was heated at an increasing
      temperature and the temperature of the catalyst was recorded and the CO
      content of the effluent gas at the outlet was measured. Catalytic
      efficiency is measured by:
PA1  the maximum conversion yield of CO to CO.sub.2, which should be as high as
      possible;
PA1  the temperature for which the yield is 90%;
PA1  the temperature which corresponds to the maximum yield.
PAR  The values found were:
PA1  maximum yield: 98%;
PA1  temperature of 90% yield: 352.degree.C;
PA1  temperature of maximum yield: 370.degree.C.
PAR  For measuring the resistance to shock, the 25 sheets were formed into a
      rigid block of Inconel, as shown in FIG. 1. The block and its contents
      were then mounted in an envelope resembling that which is mounted in motor
      cars. Elastic metal pads or spacer wedges were then interposed between the
      envelope and the rigid block. The shocks were produced by dropping the
      assembly on a steel sheet from a known height. The intensity of one shock
      is 0.0485 kgm. 775 shocks were effected or 37.5 kgm. After this treatment,
      the structure according to the invention had undergone no loss of material
      and maintained intact its catalytic efficiency.
PAR  It can thus be concluded with surprise that, by reason of a synergistic
      effect between the structure and the catalytic deposit, the catalytic
      efficiency of the catalyst obtained with the structures according to the
      invention is superior to that of the same catalytic deposits applied to
      known supports; the resistance to shocks and vibrations of the
      metallo-ceramic structures according to the invention is out of proportion
      to that of known structures; the advantages which are given are acquired
      without the resistance to the passage of fluids being higher than that of
      the best known catalytic structures.
PAC  EXAMPLE 3
PAL  Formation of a mounting device for a catalytic structure according to the
      invention inside a housing forming part of an exhaust system for waste
      gases
PAR  In FIGS. 3 and 4, a catalytic structure 6 is shown introduced into a
      housing 7. The structure 6 is held rigidly in the vertical sense by two
      metal pads 8 and 9. In the longitudinal direction, the structure 6 is held
      upstream by the extension 10 of an inlet tube 11 for the gases and
      downstream by a pad mounting ring 12 and by an exhaust tube 13 which is
      supported by an outlet pipe 14. The extension 10 of the gas inlet tube 11
      and the tube 13 fit into the structure 6. Director baffles 15 are provided
      inside the tube 11, which allow the gaseous flow to be directed so that it
      passes uniformly through all the structure 6.
PAR  The assembly is rigidly fixed by bolts 16 and flanges 17 and 18. The ring
      12 is constituted, like the pads 8 and 9, by a metal mesh or by corrugated
      expanded sheet metal. Sealing of the device is ensured by ring seals 19.
PAR  The tube 13 allows the greater part of the exhaust gases to pass through
      the structure 6. Consequently, only a slight amount or none at all of the
      gases passes through the pads 8 and 9, despite the absence of a plastic
      joint of asbestos or elastomeric material between the structure 6 and the
      housing 7. The gases arrive at the upstream tube 11 with a high velocity
      and, by their dynamic effect, produce a subpressure in the space 20 and,
      in contrast, an over-pressure in the space 21. This phenomenon reduces or
      completely avoids the loss of gases. Also, it will be seen that in the
      mounting device according to the invention the catalytic structure need
      not be fixed by any rivet or bolt to the various components which guide
      the flow of the gases. This fact allows the device to be lightened and
      thus minimises the effects of shocks and vibrations.
PAR  The channels 5 defined by the sheets 1 and 2 and the interposed wires 4
      allow the gases to flow through the structure 6 without excessive
      turbulence and, consequently, without any excessive back-pressure to this
      flow arising.
PAR  It is desirable to ensure that the temperature of the structure 6 does not
      exceed 700.degree.C. For this, the shape is made accordingly, the external
      surface of the rigid block 3 being made large with respect to the volume
      of the structure, and/or known means are employed, such as the injection
      of fresh air at certain points in the apparatus.
PAR  According to a variant, the assembly of the exterior surface of the rigid
      block 3 can be surrounded by metal fixing pads. The metal pads used in the
      present invention can be made of metal mesh or can be formed by at least
      one corrugated metal sheet held between two flat sheets. The corrugated
      sheet(s) can be of expanded metal.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A catalytic structure comprising:
PA1  a stack of expanded metal sheets arranged in generally parallel relation
      and spaced apart a distance of about 0.5 to 2.5 mm, the transparency of
      each sheet being from 20 to 80% and the thickness of the sheets before
      expansion being from 0.05 to 0.25 mm;
PA1  means holding said sheets in said spaced relation in the form of a rigid
      block; and
PA1  each sheet having thereon a layer of at least one metal aluminide, wherein
      the metal of said metal aluminide is selected from the group consisting of
      nickel and cobalt, said metal aluminide layer being covered with a layer
      of alpha alumina supporting a catalytic surface layer of platinum.
NUM  2.
PAR  2. A structure as defined in claim 1 wherein said means holding said sheets
      in spaced relation include wires extending between adjacent sheets.
NUM  3.
PAR  3. A structure as defined in claim 2 wherein said sheets and wires are
      welded together.
NUM  4.
PAR  4. A structure as defined in claim 1 wherein the transparency of said
      sheets is from 45 to 60%,
PA1  wherein their openings have a largest diagonal dimension of from 1.2 to 4
      mm, and wherein the spacing between said sheets is from 0.1 to 0.4 mm.
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ABST
PAL  Improved water soluble abradant skin cleanser is provided comprising in a
      non-oleaginous hydrous cream base a sparingly soluble relatively soft
      non-toxic non-irritating particulate salt, a non-irritating, non-toxic
      surfactant as a stable cream base, employing at least one derivative of
      sulfuric acid, e.g. sulfate ester salt or sulfonate and water. In a
      preferred embodiment, borax is combined with a substantial amount of an
      alkyleneoxy sulfate ester salt or tauride salt and a small amount of
      water. The cleanser aids in the treatment of oily skin, acne and scalp
      conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Acne is the sum total of the consequences of over activity and disorder
      activity of the oil producing or sebaceous glands of the skin. Adolescence
      is the time of life when sebaceous glands tend to be at peak activity.
      Aberrative conditions can also enhance sebaceous activity. As a result of
      a series of phases, beginning with the formation of a comedo, the comedo
      develops into a papule, which may then become a pustule, followed by a
      cyst, and finally the formation of scar tissue. Each of the phases is
      unsightly and can be embarrassing to a youth concerned with his or her
      appearance.
PAR  While the etiology of the various phases of the acne condition which was
      described above is not definitely known, it is known that the comedo is a
      plug which is the initial phase of the acne condition. The formation of
      the comedo is related to the oiliness of the skin. Therefore, varying
      efforts have been made to enhance the removal of the oil from the skin, so
      as to minimize the formation of the comedo.
PAR  Synthetic detergents have been employed, with or without added
      keratoplastic and keratolytic agents. While these have been helpful in
      some cases, they have often been extremely drying and have failed to
      accomplish the desired desquamation. Topically applied abrasives and
      keratolytic materials have been used also for the treatment of acne.
      Frequently, while these agents have been found to be therapeutic, they
      have also been extremely irritating to the skin. Furthermore, the
      abrasives have tended to give a reddish meat like coloration to the skin
      which is undesirable. Also, the small abrasive particles can become
      embedded in the follicles and skin, be difficult to remove, and act as
      plugs in the pores aiding in the pathogenesis of acne.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,092,111 describes an abrasive paste composition employing a
      hard abrasive. U.S. Pat. No. 2,494,827 discloses detergent composition
      employing water-insoluble crystalline metaphosphates which are made
      soluble by using combinations of cations. Other patents describing skin
      care lotions include U.S. Pat. Nos. 1,073,787, 1,452,093, 1,703,602,
      2,581,278 and 3,062,721.
PAC  SUMMARY OF THE INVENTION
PAR  Novel hydrous abradant cream cleanser compositions are provided for
      treatment of oily skin and acne comprising relatively soft, fine mesh
      inorganic particles, which are sparingly soluble in water, substantially
      uniformly dispersed in a stable cream base. In particular, borates or
      other inorganic salts of comparable properties are dispersed as a
      particulate in a sulfate or sulfonate surfactant cream base containing a
      small amount of water. The subject creams have long shelf life, provide a
      mild abrasive cleansing effect and rapidly dissolve upon rinsing of the
      skin.
DETD
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENTS
PAR  Novel abradant cleansing creams are provided having substantial amounts of
      a relatively soft abradant particulate sparingly soluble inorganic salt in
      a surfactant cream base containing water. Small amounts of other materials
      may also be included to enhance the properties of the cream base. The
      significant ingredients in the composition are, therefore, the inorganic
      abradant salt, the surfactant composition and water.
PAR  The compositions are found to be stable for long periods of time, as
      evidenced by accelerated tests.
PAR  The subject compositions do not liquefy on storage nor does the inorganic
      particulate material settle out. The composition retains its desirably
      creamy texture for long periods of time. In addition, the inorganic
      particulate matter retains its abradant activity, but responds to water
      flooding by dissolving at a reasonable rate. The composition has desirable
      foaming characteristics, despite the foam inhibiting effect of the
      inorganic particulate matter.
PAR  By reason of the excellent properties of the subject composition, when
      taken from the container and used, an abradant effect is obtained from the
      inorganic particles, while the surfactant aids in the removal of oil and
      dry skin released as a result of the action of the inorganic abradant.
      After the skin has been sufficiently abraded, by rinsing with increasing
      amounts of water, the inorganic particles rapidly dissolve leaving the
      skin fresh and clean, free of oil and dead skin. The salt must be
      sparingly soluble in water, normally being soluble in water in an amount
      of less than about 30 weight percent at 40.degree.C and less than about 10
      weight percent at 20.degree.C. The salt should be soluble in water at
      20.degree.C in at least 0.5, usually at least 1 weight percent and,
      preferably, at least about 3 weight percent. The salts must be nontoxic
      and nonirritating to the skin.
PAR  The particles will normally be of about 20-200 mesh and usually at least
      100.mu. . Mixtures of particles may be employed including particles of a
      size up to about 3,500.mu., more usually of up to about 3,000.mu..
      Preferably, the average particle size will be in the range of about 125 to
      750.mu..
PAR  The inorganic salts will generally have a hardness less than 6 Mohs and
      greater than 1 Moh, usually from about 1.5 to 4 Mohs. The hardness and
      size of the particles are both significant in the ability of the particles
      to remove or abrade dead skin from the skin surface. The size of the
      particles will also affect the rapidity at which the particles dissolve
      upon rinsing of the skin. Therefore, the more soluble the inorganic salt,
      generally, the more preferable the larger size particles.
PAR  The salt must be able to retain its character in the presence of water and
      surfactant, so that upon standing, the salt still retains its particulate
      character. Fluctuations in temperature on standing should not
      significantly modify the original size and nature of the particles so as
      to substantially change the physical character of the salts. Upon contact
      with gross amounts of water, the particles should dissolve at a moderate
      rate rather than substantially instantaneously. In this manner, a
      controlled abradant effect is achieved as one partially removes the
      cleanser and skin debris, while still retaining a substantial proportion
      of abradant particles.
PAR  The salts which are employed will be primarily alkali metal salts,
      particularly sodium and potassium, and more particularly sodium. The anion
      will normally be a complex anion, such as borate. Particular salts are
      sodium tetraborate, decahydrate (borax) and potassium pentaborate
      octahydrate. The borax is particularly preferred, because of its excellent
      shelf life and retention of its original physical properties in
      combination with the other materials employed.
PAR  The next material employed is the surfactant, which may be a single
      surfactant or a mixture of surfactants. As the major component of the
      surfactant, a sodium salt of a derivative of sulfuric acid is preferred,
      particularly sulfonates and sulfates, more particularly alkyl sulfonates.
PAR  The preferred sulfates and sulfonates come under the classification,
      "Foaming Agents." Chester, International Review of the Cosmetic,
      Perfumery, Detergent and Allied Industries, 46, 205 (1973); the article is
      entitled, The Function of Cosmetic Components. The sulfates and sulfonates
      are anionic foaming agents.
PAR  In combination with the anionic foaming agents may be employed nonionic
      surfactants, e.g. polyalkyleneoxy compounds, either etherified or
      esterified, where the alkylene group is of from 2 to 3 carbon atoms.
PAR  The sulfate and sulfonate foaming agents which are employed are for the
      most part conventional sulfates and sulfonates which are used to prepare
      creams. The foaming agents have the desired viscosity and feel properties
      associated with creams and are normally recommended by their suppliers for
      this purpose. They are frequently supplied as aqueous concentrates and
      upon the addition of the particulate inorganic salt to form the
      compositions of this invention, there is a significant enhancement of the
      viscosity of the medium. Therefore, the surfactant employed should have an
      initial viscosity which is sufficiently low, so that upon the addition of
      the inorganic salt, the desired texture is achieved or, alternatively,
      other additives may be included which serve to modify the viscosity or
      flow properties of the cream.
PAR  The sulfate ester salts will normally be sodium salts of the monoesters of
      sulfuric acid having one or more alkyleneoxy groups, usually not more than
      about 4, more usually not more than about 3, having the other hydroxy
      group etherified or esterified with a fatty acid or alkyl of at least
      about 10 carbon atoms, usually at least 12 carbon atoms and normally not
      more than 18 carbon atoms. The preferred sulfate esters are those having
      polyethyleneoxy groups having from 2 to 3 units, with the hydroxyl group
      etherified with a fatty alkyl of from 12 to 18 carbon atoms, more usually
      of from 12 to 16 carbon atoms.
PAR  The sulfonates are usually alkyl sulfonates, particularly taurides, where
      the amino group is disubstituted, one of the substituents being a fatty
      acid group of from 12 to 18 carbon atoms, more usually of from 14 to 18
      carbon atoms and the other substituent being a lower alkyl group of from 1
      to 3 carbon atoms, and usually methyl. The taurine derivatives are
      particularly preferred because of their creamy texture and the excellent
      properties of the combination of borax and the taurine derivative.
PAR  In addition to the sulfuric acid derivative detergent or surfactant,
      numerous other surfactants or emulsifiers may also be included in minor
      amounts. Of the nonionic surfactants or emulsifiers, these will normally
      be polyols, such as polyethyleneoxy, polypropyleneoxy, or combinations
      thereof, which may be further etherified or esterified and serve to affect
      the viscosity, feel, stability, etc. of the cream. Particularly, fatty
      acid esters of polyols, e.g. glycerol monopalmitate and polyethyleneoxy
      oleate, find use. The polyols will usually have 2 to 3 alcoholic groups.
      The nonionic surfactants will usually have HLB values in excess of 7 and
      generally less than 18. The nonionic surfactants not only aid
      surfactantcy, but enhance both physical and subjective characteristics of
      the cream to enhance its popular acceptability. The high molecular weight
      polyalkyleneoxy compounds also provide thickening. These compounds will
      normally have molecular weights in the range of 600 to 12,000.
PAR  In addition to nonionics, anionic surfactants may also be employed for
      modifying the viscosity, enhancing surfactantcy, or enhancing foaming.
      Illustrative of this type of compound is the sodium salt of
      laurylsulfoacetate.
PAR  Finally, neutral amides may also be used such as hydroxyalkylated fatty
      acid amides, e.g. n-hydroxypropyl or di(hydroxyethyl) lauramide or
      myristamide. These compounds serve as foam stabilizers (nonionic).
      Chester, supra.
PAR  In addition to the above components, there will normally be a number of
      additional additives to fulfill specific purposes. These additives include
      bacteriostats or bacteriocides, therapeutic agents, e.g. anti-dandruff,
      colorants, perfumes, fatty materials, particularly fatty acids and fatty
      alcohols of from 8 to 18 carbon atoms to enhance feel, and the like, e.g.
      cetyl alcohol.
PAR  Of the total composition, the inorganic particulate matter will vary from
      about 20 to 80 weight percent, preferably from about 25 to 60 weight
      percent and more preferred from about 35 to 60 weight percent.
PAR  The sulfuric acid derived surfactants or foaming agents will generally
      comprise at least 10, usually at least 15, generally not more than 60 and
      usually not more than about 50 weight percent of the total composition. Of
      the cream composition (excluding the inorganic salt) the surfactant will
      generally be in the range of about 15 to 70 weight percent, more usually
      in the range of about 20 to 60 weight percent.
PAR  When the sulfonate e.g. tauride, is the major component of the surfactant,
      the sulfonate will normally be present in from 10 to 50, usually 10 to 30,
      weight percent of the cream composition. When the sulfate e.g. fatty alkyl
      polyoxyalkylene sulfate ester salts, is the major component, the sulfate
      will normally be present in from about 20 to 70, usually 30 to 60, weight
      percent of the cream composition.
PAR  The water will be as initially added at least 3 weight percent of the total
      composition, more usually at least 5 weight percent of the total
      composition and generally not exceed 50 weight percent of the total
      composition, more usually not exceeding about 40 weight percent of the
      total composition. Preferably, the amount of water will be in the range of
      about 10 to 30 weight percent. By initially added is intended that any
      dehydrating effect of the salt or other materials is ignored and the
      amounts refer to that amount of water initially incorporated into the
      composition which is added as other than waters of hydration. Of the cream
      composition, the water will generally range from about 5 to about 65
      weight percent, more usually from about 30 to 60 weight percent. While
      greater amounts of water may be added, particularly with materials at the
      lower range of water solubility, the higher amounts of water will usually
      reduce shelf life.
PAR  The nonionic materials will be added as required to achieve the desired
      viscosity, feel or other improved properties. The nonionic materials will
      normally be employed in relatively small amounts usually not exceeding 12
      weight percent of the total composition, more usually not exceeding 10
      weight percent of the total composition and generally being employed in at
      least about 2 weight percent of the total composition, when employed. In
      the cream, the nonionic materials will generally be present in from about
      2 to 20 weight percent, more usually from about 3 to 12 weight percent.
PAR  The minor additives will be added in small but effective amounts, generally
      not totaling greater than 15 weight percent, more usually totaling not
      greater than about 12 percent of the cream composition. Individual
      additives will generally range from about 0.01 weight percent to 8 weight
      percent, more usually from about 0.05 weight percent to about 6 weight
      percent of the cream composition. Foam boosters and hair conditioners may
      range from 1 to 8 weight percent of the cream compositions.
PAR  The cream compositions can be readily prepared by mixing the various
      ingredients at an elevated temperature with agitation, followed by
      emulsification by mixing with a high speed shearing mixer. Normally, the
      ingredients are added incrementally in accordance with their solubility
      properties so that at each stage the materials are completely dissolved or
      homogeneously dispersed. When formation of the cream is completed, and
      temperature reduced to below 40.degree.C, the inorganic salt may be added
      with agitation so as to homogeneously disperse the inorganic salt.
PAR  In order to demonstrate the subject invention, the following compositions
      were prepared and their properties tested under a variety of conditions.
TBL  Ingredients.sup.1                                                         
                   parts by weight                                             
     Sulfates      1    2    3    4    5    6    7    8    9    10             
     __________________________________________________________________________
     Igepon TC42 (active)                                                      
                   10.5                     21   21.4 24.2                     
     Steol 4N (active)                                                         
                   3                                  6.4  19.6 20.6           
     Standapol CS (active)                                                     
                        25.5 25.5 25.5 25.5                                    
     Standapol ES-40 (active)                                                  
                        31.2 31.2 31.2 31.2                                    
     Standapol ES-2 (active)                6.25 7.5                           
     Lathanol LAL  5                                                           
     non-ionics                                                                
     Arlacel 165   3.5  4    4    4    4    9.8  4.9  7.8  9.8  9.8            
     Standamul O-20                                                            
                   0.225                                                       
     Pluronic F-68                          2    1         4.9  3.9            
     Standamid LD                                          3    3              
     Pluronic L-61                                         2                   
     Standamid SD                                               3              
     Abradant                                                                  
     Borax (40-100 mesh)                                                       
                   50   11   25   150  400  66.7 66.7 66.7 66.7                
     K pentaborate octa-                                                       
     hydrate                                                    66.7           
     Water         27.3 37.8 37.8 37.8 37.8 58   62.3 61.6 53.9 54.6           
     Miscellaneous                                                             
     Cetyl alcohol      1.5  1.5  1.5  1.5  3    3         4    4              
     Irgasan DP300 0.09                                         0.2            
     K sorbate     0.09                                         0.2            
     Maypon UD     0.15                                    1.7  0.7            
     Color and Perfumes                                                        
                   0.35                                                        
     Triethanolamine                                       1.0                 
     __________________________________________________________________________
     .sup.1 Sulfonates                                                         
     Igepon TC42 (35% active)                                                  
                       sodium N-coconut N-methyl tauride                       
     Steol 4N (27-29% active)                                                  
                       sodium lauryl polyoxyethylene sulfate (vis-31 cps,      
                       25.degree.C)                                            
     Standapol CS (60% active)                                                 
                       partially sulfated fatty acid polyethyleneoxy ether     
                       neutralized                                             
     Standapol ES-40 (&gt;58% active)                                             
                       sodium myristyl triether sulfate                        
     Standapol ES-2 (&gt;25% active)                                              
                       sodium lauryl diethyleneoxy sulfate                     
     Lathanol LAL      sodium lauryl sulfoacetate                              
     Non-ionics                                                                
     Arlacel 165       glycerol monostearate + polyethyleneoxy stearate        
     Standamul O-20    polyoxyethylene (20) oleyl ether                        
     Pluronic F-68     polyethyleneoxy polypropyleneoxy condensate (8,350 avg. 
                       m.w.)                                                   
     Standamid LD      lauric (70) myristic (30) diethanolamide                
     Pluronic L-61     polyethyleneoxy polypropyleneoxy condensate (2,000 avg. 
                       m.w.)                                                   
     Standamid SD      modified coconut fatty acid diethanolamide              
     Miscellaneous                                                             
     Irgasan DP300     antibacterial phenolic ether                            
     Maypon UD (35% active)                                                    
                       hair treatment -- anti-dandruff                         
     __________________________________________________________________________
PAR  Example 1 was prepared as follows: Arlacel-165, Standamul 0-20 and Irgasan
      DP-300 were heated to about 65.degree.C with agitation. Steol 4N,
      potassium sorbate, and Maypon UD were combined at 65.degree.C with
      agitation, followed by the addition of the color solution, when the
      potassium sorbate had dissolved. The two mixtures were then combined and
      agitated for three minutes, whereupon 10 percent of the Igepon TC42 was
      added with increasing agitator speed to provide emulsification. After
      allowing the mixture to cool to about 35.degree.-40.degree.C, the
      remainder of the Igepon TC42 was added gradually, followed by the addition
      of Lathanol LAL at a relatively low speed. The perfume was then added with
      low agitation followed by the addition of the borax with low agitation.
PAR  Examples 2 to 5 were prepared as follows. The Arlacel-165 and cetyl alcohol
      were combined and heated at about 60.degree.C, followed by the addition of
      Standapol ES 40 concentrate while maintaining the temperature with
      agitation. The heat was removed and the Standapol CS shampoo base added
      while agitating at a moderate speed until the mixture cooled to room
      temperature. The pH was then adjusted to 5.2 with 0.1 percent citric acid.
      Borax was added with mild agitation.
PAR  The remaining examples were prepared in accordance with the procedures
      previously described, except that Example 8 was adjusted to pH 6.4 with
      citric acid.
PAR  The compositions prepared were all found to be stable at room temperature
      for long periods of time, showed excellent abradant or scrubbing
      characteristics --dissolved at a reasonable rate when flooded with
      water--had good to excellent foaming characteristics and retained their
      creamy texture and desirable feel. Besides the long term shelf life at
      ambient conditions, some of the compositions showed excellent stability
      under elevated temperature accelerated aging conditions. Those
      compositions which had relatively short lives under the severe elevated
      temperature test could be improved by the addition of small amounts of
      viscosity index improvers.
PAR  Physical stability tests were carried out as follows on Examples 6 to 9.
      The mixtures were heated for a period of time at 40.degree.C and any
      changes in the composition noted at the end of the time. The following
      indicates the results obtained.
PAR  Example 6 after 7 weeks, the texture had softened and the particles were
      unchanged;
PAR  Example 7, after three weeks, the base had liquefied indicating the
      desirability of a greater amount of thickener.
PAR  Example 8, after three weeks, the texture and particles wereuunchanged;
PAR  Example 9, after one month, the texture had softened on the surface and the
      particles were unchanged.
PAR  A study was carried out employing the formulation of Example 1. Borax
      particles by themselves of the same mesh (40-100) as the borax particles
      employed in the formulation were stirred for 90 secs. with varying amounts
      of water at 45.degree.C and the percent by weight of the particles
      remaining after being stirred with water was determined. The formulation
      was stirred with water for only 60 secs. The amount of water varied from
      2.5 to 12.5ml of water, and the weight of borax was 1.3g, while the weight
      of the formulation was 2gm. While a somewhat greater weight percent of the
      particles in the formulation did not dissolve at the lower levels of
      water, above 5ml of water, the percent dissolved was substantially the
      same. Therefore, the borax present in the formulation would dissolve as
      the face is rinsed, since the solubility properties of the borax were not
      significantly modified by the presence of the various ingredients in the
      formulation.
PAR  In a second study, the borax and the formulation employed above were mixed
      with 15ml of water and the percent of the borax remaining at various times
      determined. It was found that the borax in the formula dissolved somewhat
      more rapidly then borax by itself, being gone in about 60 seconds, while
      the borax by itself was substantially gone in 75 seconds. Significantly,
      there was still a substantial amount of borax after 20 seconds, in excess
      of ten percent of the original amount, so that as a person rinsed his
      face, the borax would not disappear instantaneously, but would continue to
      provide abradant action. Thus, one would obtain the surfactantcy and
      abradant action for a reasonable period of time to insure a thorough
      scrubbing of the face, without irritation or meaty appearance.
PAR  The subject compositions provide a therapeutic means for treating oily skin
      and acne. The compositions are stable for long periods of time, with the
      abradant material maintaining its abradant character. Good foaming
      characteristics are retained. The compositions can be smoothly and
      uniformly applied to the skin providing for mild abrasion of the skin,
      without irritation or significant reddening of the skin. In this manner,
      dead skin can be removed, as well as other debris, oil removed, and the
      pores cleansed of minor residues which may have become deposited in the
      skin.
PAR  Because of the solubility of the abradant cleanser, none of the particles
      will be captured and retained in any of the pores, nor need there be any
      concern in removing the abradant particles, which has proved annoying with
      non-soluble abradant particles. Also, because the particles are sparingly
      soluble, the amount of abrasive action can be varied in accordance with
      the user. Thus, by controlling the amount of rinsing water, prolonged or
      short term abradant treatment can be applied.
PAR  Althoush the foregoing invention has been described in some detail by way
      of illustration and example for purposes of clarity of understanding, it
      will be obvious that certain changes and modifications may be practiced
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An abradant skin cleansing cream consisting essentially of: from 20 to
      80 weight percent of a slightly water soluble, non-toxic physiologically
      acceptable inorganic salt of a size in the range of about 20 to 200 mesh
      having a hardness greater than 1 Moh, said inorganic salt being a sodium
      or potassium tetraborate or a sodium or potassium pentaborate;
PA1  and from 80 to 20 weight percent respectively of a cream composition
      comprising from about 15 to 70 weight percent of a sodium salt of an
      anionic foaming agent based on a sulfuric acid anion; and
PA1  an amount of water from 5 to 65 weight percent of said cream composition
      and substantially less than the amount required to dissolve said inorganic
      salt at ambient temperature.
NUM  2.
PAR  2. A composition according to Claim 1, wherein said inorganic salt is
      borax.
NUM  3.
PAR  3. A composition according to claim 2, wherein said anionic foaming agent
      is a tauride.
NUM  4.
PAR  4. A composition according to claim 2, wherein said anionic foaming agent
      is an alkylether of an alkyleneoxy sulfate ester.
NUM  5.
PAR  5. An abradant skin cleansing cream composition comprising:
PA1  from 20 to 80 weight percent of borax of a particulate size in the range of
      about 20 to 200 mesh and from 80 to 20 weight percent respectively of a
      cream base composition comprising:
PA1  from 15 to 70 weight percent of a sodium salt of a foaming anionic
      surfactant; from 5 to 65 weight percent of water as initially added; up to
      12 total weight percent of at least one polyol, polyol ester or polyol
      ether nonionic surfactant.
NUM  6.
PAR  6. A composition according to claim 5, wherein said borax is present as
      particles of a size in the range of 100.mu. to 3,500.mu. and in an amount
      of 25 to 60 weight percent and said cream composition is present in an
      amount of from 40 to 75 weight percent respectively, said anionic foaming
      agent includes a tauride which is present in from about 10 to 50 weight
      percent of said cream composition, said water is present in from about 20
      to 60 weight percent of said cream composition, and said nonionic
      surfactant is present in from about 3 to 12 weight percent of said cream
      composition and is a polyol fatty acid ester.
NUM  7.
PAR  7. A composition according to claim 5, wherein said borax is present in
      from about 25 to 60 weight percent of the total composition and said cream
      composition is present in from about 40 to 75 weight percent of the total
      composition, said anionic foaming agent includes fatty alkyl
      polyoxyalkylene sulfate ester sodium salts which are present in from about
      20 to 70 weight percent of said cream composition; said water is present
      in from about 5 to 65 weight percent of said cream composition and said
      nonionic surfactant is present in from about 3 to 12 weight percent of
      said cream composition and is a polyol fatty acid ester.
NUM  8.
PAR  8. A composition according to claim 5, having a small but sufficient amount
      of sodium lauryl sulfoacetate.
NUM  9.
PAR  9. An abradant skin cleansing cream composition having from 35 to 60 weight
      percent of borax of an average particle size in the range of about 125 to
      750.mu. and from 40 to 65 weight percent of a cream base composition
      comprising from about 10 to 50 weight percent of a sodium tauride anionic
      foaming agent; from about 3 to 12 weight percent of a polyol fatty acid
      ester nonionic surfactant; and from about 40 to 60 weight percent water.
NUM  10.
PAR  10. A composition according to claim 9; wherein said tauride is sodium
      N-coconut N-methyl tauride; and having as a foam booster from 0.5 to 8
      weight percent of said cream composition of sodium lauryl sulfoacetate.
NUM  11.
PAR  11. An abradant skin cleansing cream composition comprising from about 35
      to 60 weight percent of borax having an average particle size in the range
      of about 125 to 750.mu. and from 40 to 65 weight percent of a base cream
      composition comprising from about 30 to 60 weight percent of sodium
      polyalkyleneoxy sulfate ester anionic foaming agents; from about 3 to 12
      weight percent of a polyol fatty acid ester; and from about 30 to 60
      weight percent of water.
NUM  12.
PAR  12. A composition according to claim 11, wherein said sulfate ester is at
      least one of the group consisting of sodium myristyl triethyleneoxy
      sulfate and sodium lauryl polyethyleneoxy sulfate.
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ABST
PAL  Resins containing sulfonic acid functionality may be prepared by reacting a
      chloromethylated polymer matrix with thiourea and then oxidizing the
      resulting isothiouronium salt to the sulfonic acid in the presence of
      hydrogen peroxide, either directly or with the intermediate isolation of
      the thiol.
BSUM
PAR  This invention concerns the novel preparation of a sulfonic acid resin.
      More particularly, it concerns the preparation of such a resin by reacting
      a chloromethylated polymeric matrix with thiourea and then further
      oxidizing the resulting isothiouronium chloride in the presence of
      hydrogen peroxide to the sulfonic acid resin. Preferred embodiments
      include the preparation of poly(vinylbenzyl) sulfonic acid resins either
      by directly oxidizing the isothiouronium salt or obtaining the sulfonic
      acid resin through the intermediate isolation of the poly(vinylbenzyl)
      thiol.
PAR  The term chloromethylated as used herein denotes the presence of CH.sub.2
      Cl groups on the side chains of the polymeric matrix.
PAR  It should be noted that the resins as prepared according to the invention
      may be utilized as ion exchange resins, chelating resins, adsorbents or
      they may have specific utility as catalytic resins. The resins of the
      invention may be macroreticular in nature or they may have a gellular
      structure.
PAR  The sulfonic acid resins which are the product of the process of the
      invention are themselves not novel. Resins of this type have been prepared
      by a variety of mechanisms. None of these techniques however offer the
      economic advantage or safety that the process of the invention may show.
      For example, poly(vinylbenzyl) sulfonic acid may be obtained by a reaction
      of poly(vinylbenzyl) methylsulfonium chloride as shown by the following
      mechanism.
      ##SPC1##
PAL  This method of preparation of sulfonic acid resins is further described in
      U.S. Pat. No. 3,300,416.
PAR  Another method of preparing the sulfonic acid resins comprises the reaction
      of amine adducts of poly(vinylbenzyl) chloride with sodium sulfite. This
      technique, described in U.S. Pat. No. 3,277,025 is illustrated by the
      following mechanism.
      ##SPC2##
PAR  Both of these reactions unfortunately suffer some disadvantages. The former
      technique is hampered by the formation of dimethyl sulfide, a highly
      odiferous compound which is potentially toxic in nature. The latter
      technique inherently possesses a distinct economic disadvantage in that
      high temperatures are required to promote the reaction, and an amphoteric
      resin frequently results due to incomplete conversion of the reactants.
PAR  In the constant search of today's industry for optimum processes, the
      surprising discovery of the present invention provides a distinct
      advantage to the art.
PAR  It is therefore an objective of the present invention to provide an
      economical process free of unnecessary and disadvantageous by-products for
      the manufacture of sulfonic acid resins. It is another objective of the
      invention to provide sulfonic acid resins which possess great thermal
      stability.
PAR  The present process which satisfies the above objectives has been made
      possible by the surprising discovery that poly(vinylbenzyl) sulfonic acid
      resins may be obtained when a halomethylated polymer matrix reacted with
      thiourea is oxidized in the presence of hydrogen peroxide. Although the
      invention is more specifically described particularly in the example with
      reference to a preferred embodiment of poly(vinylbenzyl) sulfonic acid, it
      should be clear to the skilled worker in the art that many variations in
      the chemical structure of the starting compounds and final products are
      possible without departing from the scope of the invention. For example,
      as an alternative to using an aromatic polymer matrix as starting compound
      the skilled worker in the art may, according to the invention, prepare
      resins having sulfonic acid functionality by the process of the invention
      using a variety of aliphatic or starting polymers. The only requirement a
      starting polymer must possess is its ability to support halomethylated
      groups, preferably chloromethylated. In general polymer matrices may
      include a crosslinked copolymer of (1) a polyunsaturated monomer,
      containing a plurality of non-conjugated CH.sub.2 =C
PAL  groups, which acts as a crosslinking agent and (2) a monoethylenically
      unsaturated monomer.
PAR  Suitable polyunsaturated crosslinking agents include divinylbenzene,
      divinyltoluenes, divinylnaphthalenes, diallyl phthalate, ethylene glycol
      diacrylate, ethylene glycol dimethacrylate, divinylxylene,
      divinylethylbenzene, divinylsulfone, divinylketone, divinylsulfide, allyl
      acrylate, diallyl maleate, diallyl fumarate, diallyl succinate, diallyl
      carbonate, diallyl malonate, diallyl oxalate, diallyl adipate, diallyl
      sebacate, divinyl sebacate, diallyl tartrate, diallyl silicate, triallyl
      tricarballylate, triallyl aconitate, triallyl citrate, triallyl phosphate,
      N,N'-methylenediacrylamide, N,N'methylene dimethacrylamide, N,
      N'-ethylenediacrylamide, trivinylbenzene, trivinylnaphthalene,
      polyvinylanthracenes and the polyallyl and polyvinyl ethers of glycol
      glycerol, pentacrythritol, resorcinol and the monothio or dithio
      derivatives of glycols.
PAR  Preferred crosslinking monomers include polyvinyl aromatic hydrocarbons,
      such as divinylbenzene and trivinylbenzene, glycol dimethacrylates, such
      as ethylene glycol dimethacrylate, and polyvinyl ethers of polyhydric
      alcohols, such a divinoxyethane and trivinoxypropane. The amount of
      crosslinking agent can be varied widely but since the total utilizable
      capacity of the final resin as an anionexchange resin decreases with an
      increase in the amount of crosslinking agent, an amount of about 2% to
      about 20%, and preferably about 3 to 10%, on a molar basis is usually
      adequate.
PAR  Suitable monoethylenically unsaturated monomers include esters of acrylic
      acid, such as methyl acrylate, ethyl acrylate, propyl acrylate, isopropyl
      acrylate, butyl acrylate, tert-butyl acrylate, ethylhexyl acrylate,
      cyclohexyl acrylate, isobornyl acrylate, benzyl acrylate, phenyl acrylate,
      alkylphenyl acrylate, ethoxymethyl acrylate, ethoxyethyl acrylate,
      ethoxypropyl acrylate, propoxymethyl acrylate, propoxyethyl acrylate,
      propoxypropyl acrylate, ethoxyphenyl acrylate, ethoxybenzyl acrylate,
      ethoxycyclohexyl acrylate, the corresponding esters of methacrylic acid,
      styrene, o-, m- and p-methyl styrenes, and o-, m-, and p-ethyl styrenes,
      vinyltoluene and vinylnaphthalene. A class of monomers of particular
      interest consists of styrene and the esters of acrylic and methacrylic
      acid with a C.sub.1 -C.sub.10 aliphatic alcohol.
PAR  The polymerization reaction is generally carried out in the presence of a
      catalyst. Suitable catalysts which provide free radicals to function as
      reaction initiators include benzoyl peroxide, t-butyl hydroperoxide,
      cumene hydroperoxide, tetralin peroxide, acetyl peroxide, caproyl
      peroxide, t-butyl perbenzoate, t-butyl diperthalate, methyl ethyl ketone
      peroxide.
PAR  The amount of peroxide catalyst required is roughly proportional to the
      concentration of the mixture of monomers. The usual range is 0.01% to 5%
      of catalyst with reference to the weight of the monomer mixture. The
      optimum amount of catalyst is determined in large part by the nature of
      the particular monomers selected, including the nature of the impurities
      which may accompany the monomers.
PAR  Another suitable class of free radical generating compounds which can be
      used as catalysts are the azo catalysts, including for example
      azodiisobutyronitrile, azodiisobutyramide,
      azobis(.alpha.,.alpha.-dimethylvaleronitrile),
      azobis(.alpha.-methylbutyronitrile), dimethyl, diethyl, or dibutyl
      azobis(methylvalerate). These and other similar azo compounds, which serve
      as free radical initiators, contain an -N N- group attached to aliphatic
      carbon atoms, at least one of which is tertiary. An amount of 0.01% to 2%
      of the weight of monomer or monomers is usually sufficient.
PAR  In making the gel type resins, a wide variety of polymerization processes
      well known in the art can be used. However, the preferred method is
      emulsion or suspension polymerization in a liquid, such as water, which is
      not a solvent for the monomeric material. This method produces the polymer
      directly in the form of small spheroids or beads, the size of which can be
      regulated and controlled. By adjustments in the composition of the
      suspending medium and in the rate of agitation during polymerization, the
      suspension polymerization process can be made to produce spheroids or
      beads of a wide range of effective particle sizes.
PAR  In preparing thee macroreticular resins, the polymerization reaction is
      carried out in the presence of a precipitant which is a liquid (a) which
      acts as a solvent for the monomer mixture and is chemically inert under
      the polymerization conditions and (b) which is present in such amount and
      which exerts so little solvating action on the product crosslinked
      copolymer that phase separation of the product copolymer takes place as
      evidenced by the fact that the product copolymer is no more than
      semi-transparent and is preferably opaque when associated with a fluid
      having a different refractive index.
PAR  The determination of the most effective precipitant and the amounts
      required for the formation of a particular copolymer may vary from case to
      case because of the numerous factors involved. However, although there is
      no "universal" or single class of precipitants applicable to all cases, it
      is not too difficult to determine which precipitants will be effective in
      a given situation. The requirements of solubility with the monomer mixture
      and low solvating action on the product copolymer can be tested
      empirically and the solubilities of many monomers and copolymers are well
      known from publications and textbooks.
PAR  Crosslinked copolymers are generally insoluble, but, depending upon the
      degree of crosslinkage, they can be swollen by liquids which might be
      considered as being good "solvents" and if the product crosslinked
      copolymer is so solvated by a liquid that it undergoes swelling, then the
      liquid in question is unsuitable as a precipitant.
PAR  As a further guide in the selection of a suitable precipitant, reference
      may be made to scientific literature, for instance, as discussed in
      Hildebrand and Scott, Solubility of Non-Electrolytes, 3d. ed., New York,
      1950. In general, it may be stated that sufficiently wide differences in
      the solubility parameters of copolymer and solvent, respectively, must
      exist for the precipitant to be effective and that, once an effective
      precipitant has been located, the behaviour of many liquids can be
      predicted from the relative position of the reference polymer and
      precipitant in published tables, within the accuracy of such published
      information. Furthermore, if the solubility parameter of a given polymer
      occupies an intermediate position in these tables, solvents with both
      higher or lower parameters may become effective.
PAR  A minimum concentration of any particular precipitant is required to effect
      phase separation. This is comparable to the observation that many liquid
      systems containing two or more components are homogenous when some
      components are present in only minor amounts; but, if the critical
      concentration is exceeded, separation into more than one liquid phase will
      occur. The minimum concentration of the precipitant in the polymerizing
      mixture will have to be in excess of the critical concentration. The
      amounts in excess of such critical concentration can be varied and they
      will influence to some extent the properties of the product so formed.
PAR  Too high a concentration of the precipitant may be undesirable for
      practicle reasons since the rate of copolymerization may decrease and the
      space-time yields become low. In many cases, the amount of precipitant
      employed may be between 25 percent and 60 percent of the total weight of
      the monomer mixture and the precipitant.
PAR  The amount of precipitant liquid required to effect phase separation varies
      inversely with the degree of crosslinking of the copolymer so that the
      greater the crosslinker content the lesser is the amount of precipitant
      employed.
PAR  As stated above, the chemical character of the precipitant may vary
      appreciably, depending on the monomer mixture which is used. When
      employing aromatic hydrocarbon type monomers, such as, for instance,
      styrene and divinylbenzene, alkanols with a carbon atom content of from 4
      to 10 will, if sufficient crosslinker is used, effect the desired phase
      separation when used in amounts of from 30% to 50% of the total weight of
      monomers and precipitant.
PAR  Saturated aliphatic hydrocarbons containing at least 7 carbon atoms, such
      as heptane and isoctane, may be employed as precipitants for aromatic
      hydrocarbon systems, such as styrene and divinylbenzene. The amounts
      employed can be varied, depending on the degree of crosslinkage, from 30%
      to 50% of the total weight of the monomers and precipitant.
PAR  When employing acrylic esters as the monounsaturated monomers, alkyl esters
      can be effectively employed as precipitants. Typical esters include
      n-hexyl acetate, 2-ethylhexyl acetate, methyl oleate, dibutyl sebacate,
      dibutyl adipate and dibutyl carbonate. The esters must have a carbon atom
      content of at least 7. The concentrations required will vary somewhat with
      the ester being used and with the amount of crosslinking monomer but from
      30% to 50% based on the combined weight of the monomers and the
      precipitant will generally cause the desired phase separation and the
      formation of a macroreticular structure within the polymerized mass.
PAR  Higher aliphatic hydrocarbons containing at least 7 carbon atoms, such as
      heptane and isooctane, amy be employed as precipitants when employing
      acrylic esters as the monoethylenically unsaturated monomers. The amounts
      employed can be varied from 25% to 50% based on the combined weight of
      monomers and precipitant.
PAR  Many polymerization methods can be used in preparing these macroreticular
      resins. The preferred method, however, is suspension polymerization. In
      this case, an additional factor must be considered, namely, the
      solubility, i.e., miscibility, of the precipitant in the suspending
      medium. Since suspension polymerization of most ethylenically unsaturated
      monomers is generally conducted in aqueous media, most frequently it is
      the water-solubility of the precipitant which must be considered. While
      precipitants with water-solubilities as high as 20 grams per 100 grams of
      water can be employed, a low watersolubility is preferred because of
      handling ease, ease of recovery, and processing economies. As is well
      known, however, it is possible to decrease the water-solubilities of
      compounds by adding salts to the aqueous phase and this method also may be
      employed to decrease the watersolubilities of a precipitant liquid. The
      general position is that, when suspension polymerization is used, the
      precipitant must be either immiscible or only partially miscible with the
      suspending medium.
PAR  As noted hereinabove, the reaction product of the chloromethylated matrix
      and thiourea, namely, the isothiouronium salt may be directly oxidized in
      the presence of a suitable oxidizing agent such as hydrogen peroxide, or
      may be alternatively effected by forming the thiol by caustic hydrolysis
      of the isothiouronium salt and subsequently oxidizing this thiol in the
      presence of hydrogen peroxide and preferably acetic acid. The cation
      exchange resins prepared according to the method of the invention may
      exhibit strong acid cation exchange capacities of up to 3.7 meq./g. (dry)
      and have shown superior thermal stability when compared to conventional
      strong acid cation exchange resins. The thermal stability is demonstrated
      in the following Table I and is illustrated by the salt splitting cation
      capacity (SSCC) of the resin. Resin A is prepared according to the method
      of Example III.
TBL                Table I                                                     
     ______________________________________                                    
     Thermal Stability at 200.degree.C.                                        
                  SSCC                                                         
                  Amberlyst 15                                                 
     Time (Hr.)   Comparative Resin                                            
                                   Resin A                                     
     ______________________________________                                    
      0           4.79             3.52                                        
     100          0.70             1.64                                        
     ______________________________________                                    
PAR  The invention will now be described with reference to the following
      Example. All parts and percentages given in the Example and throughout the
      specification are by weight unless otherwise stated. The Examples in no
      way limit the invention but are merely for the purpose of illustration.
DETD
PAC  EXAMPLE I
PAC  Preparation of Poly(vinylbenzylisothiouronium chloride:DVB)
PAR  Chloromethylated Polymer A (40 g., 0.26 structural unit moles) is slurried
      in dioxane (250 ml). Polymer A comprises a macroreticular styrene DVB
      copolymer containing 3% divinylbenzene (DVB) comonomer and utilizing
      methyl isobutyl carbinol (MIBC) as an extender and in the amount of 42%. A
      mixture of thiourea in 2B ethanol (350 ml) is added. The mixture is
      refluxed for 25 hours. The product is washed with 2B ethanol. The
      resulting isothiouranium salt has the following characteristics:
PA1  12.4% S
PA1  10.82%, 10.73% n
PA1  12.87% cl
PA1  50.87% C
PA1  5.69% h
PAC  example ii
PAC  preparation of Poly(vinylbenzyl thiol:DVB)
PAR  The above isothiouronium salt is slurried in 2B ethanol (200 ml.). Sodium
      hydroxide (13 g., 0.33 mole) is added. After refluxing for 7.5 hours the
      mixture is allowed to stand at ambient temperature for three days. The
      product is washed three times with dilute hydrochloric acid, and then with
      distilled water until the pH is neutral. After refluxing in distilled
      water overnight, the beads are again washed with water and then methanol.
      The product analizes as follows:
PA1  19.09% S
PA1  73.20% c
PA1  7.01% h
PAC  oxidation of Poly(vinylbenzyl thiol:DVB)
PAR  Poly(vinylbenzyl sulfide: DVB) on a Polymer B matrix, (about 0.75
      structural unit moles), is washed three times with acetic acid, then
      slurried in acetic acid (150 ml). Polymer B comprises a macroreticular
      styrene DVB copolymer containing 12% divinylbenzene which has been
      obtained by the use of methyl isobutyl carbinol as extender in the amount
      of 31%. The mixture is heated to 40.degree.C. and 35% hydrogen peroxide
      (435 g.) is added dropwise in 1.5 hours. The temperature is kept below
      45.degree.C. during the addition. The reaction is heated at 45.degree.C.
      for one hour, 90.degree.C. for 2 hours, then stirred at ambient
      temperature for 3 days. The product is washed thoroughly with water, 5%
      hydrochloric acid and then water until pH of the wash is neutral. The
      product has the following characteristics:
PA1  % S = 6.9
PA1  Sscc = 2.61 meq./g. dry
PA1  Cec = 5.67 meq./g. dry
PA1  % solids = 23.1
PAC  Example III
PAC  Oxidation of Poly(vinylbenzylisothiouronium chloride: DVB)
PAR  Poly(vinylbenzylisothiouronium chloride:DVB) on a Polymer B matrix, (30g.
      wet; 70% solids, 0.09 structural unit moles), is slurried in distilled
      water (200 g.) containing 50% NaOH (20 g., pH = 13) and then stirred in an
      ice bath for 45 minutes. 35% hydrogen peroxide (52.6 g., 0.54 mole; 6
      equivalents) is added dropwise over eight minutes with an exothermic
      temperature rise from 2.degree.C. to 15.degree.C. during the addition. The
      mixture is stirred at ice bath temperature for 1 hour, then at ambient
      temperature for 24 hours. The beads are siphoned free of the reaction
      mixture and washed copiously with water. The product has the following
      properties:
PA1  9.3% = S
PA1  1.0% = n
PA1  0.68% = cl
PA1  54.7% = Solids
PA1  Sscc = 3.25 meq./g. dry
PA1  Cec = 3.15 meq./g. dry
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing a polymeric resin having sulfonic acid
      functionality which comprises a first step of reacting a halomethylated
      polymer matrix with a thiourea to form an isothiouronium salt and a second
      step of oxidizing the salt to form resin having sulfonic acid
      functionality.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the second step comprises the
      intermediate isolation of a thiol.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein the second step is carried out in
      the presence of hydrogen peroxide.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein the halomethylated polymer is a
      chloromethylated polymer.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the polymer is a macroreticular
      styrene-divinylbenzene copolymer.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein the final product in benzyl
      sulfonic acid resin.
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ABST
PAL  Thermoplastic mixtures suitable for foaming in the extrusion or injection
      molding process consisting of polymerizate mixtures of (A) from 50 to 95%
      by weight of a vinyl chloride polymerizate prepared by free-radical
      polymerization selected from the group consisting of (1) bulk
      polymerization and (2) emulsion and suspension polymerization with
      continuous agitation, of vinyl chloride containing up to 20% by weight of
      ethylenically-unsaturated monomers copolymerizable with vinyl chloride and
      (B) from 5 to 50% by weight of a vinyl chloride polymerizate prepared by
      polymerization of a stable, aqueous monomeric dispersion of vinyl chloride
      containing up to 20% by weight of ethylenically-unsaturated monomers
      copolymerizable with vinyl chloride prehomogenized in the presence of
      emulsifiers and oil-soluble catalysts, and a foaming agent.
PARN
PAC  Prior Application
PAR  This is a continuation of Ser. No. 283,253, filed Aug. 23, 1972, and now
      abandoned.
BSUM
PAC  THE PRIOR ART
PAR  It is known to produce structural foam parts from foamable polyvinyl
      chloride by extrusion or injection molding processes, said structural foam
      partly having low density, evenly distributed and small pores, adjustable
      density of the outer skin, and good physical properties. These properties
      are of particular interest for the fault-free production of walls having
      variable thicknesses and for the production of parts with great wall
      thicknesses. In addition, foamed parts from polyvinyl chloride foam are
      economical because of their low material consumption.
PAR  Heretofore, polyvinyl chloride produced according to the suspension,
      emulsion or bulk polymerization methods has been used as a starting
      material. During the processing of these polymers at elevated
      temperatures, the melt frequently flows poorly in the processing machines
      and during the injection into the tools or nozzles. This causes deposits
      and burns. Furthermore, gas is lost by the breakdown of pores and a
      relatively high density of the end product is obtained.
PAR  Attempts have been made to avoid these disadvantages by the use of high
      doses of external lubricants. This, however, has an adverse effect on the
      physical properties of the melt; the cell walls break easier, and likewise
      parts with a too high density are obtained.
PAR  It was also found in addition that the melt is frequently not uniformly
      plasticized on its way through the processing machines. The expanding or
      foaming agent thus decomposes partly while powdered unmolten material is
      still present. This causes gas losses through the hopper, and likewise
      parts of high density are obtained. Furthermore, the melt is frequently
      not sufficient elastic and viscous in many cases. For this reason, pores
      cannot be formed, because of the poor elasticity of the cell walls, or
      they can form only under high gas pressures. On the other hand, if the
      viscosity of the melt is too low, the pores break up and parts are
      obtained with bubbles and high density. Sometimes the foam collapses even
      before the cell structure is fixed by cooling.
PAR  Previously, in order to avoid these disadvantages, polyvinyl chloride
      copolymers were used instead of polyvinyl chloride homopolymers. Alkyl
      acrylates, alkyl methacrylates, alkyl vinyl ethers, acrylonitrile, fumaric
      acid esters, maleic acid esters, chlorofumaric acid esters, chloromaleic
      acid esters, vinyl esters, such as vinyl acetate, vinylidene chloride, are
      all used as comonomers. The products made therefrom do not show yet fully
      satisfactory properties, and the densities after foaming are frequently
      still too high.
PAR  In addition, it was attempted to reduce the above-mentioned disadvantages
      by adding to polyvinyl chloride other polymers, for example,
      ethylene-vinyl acetate copolymers, methacrylic acid
      ester-butadiene-styrene terpolymers, acrylonitrile-butadiene-styrene
      terpolymers, chlorinated polyethylenes, polyethylenes, polypropylenes and
      polystyrenes. It was found, however, that even with these additions,
      products of high density, irregular pores, partly with bubbles and thus
      with unfavorable physical properties, for example, with low modulus of
      elasticity, low bending, tensile and compressive strength, and frequently
      with a rough and not evenly closed surface were formed.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the development of thermoplastic
      mixtures based on vinyl chloride which are suitable for foaming and avoid
      the above-mentioned drawbacks.
PAR  Another object of the present invention is the development of thermoplastic
      mixtures suitable for foaming in the extrusion or injection molding
      process consisting of polymerizate mixtures of (A) from 50 to 95% by
      weight of a vinyl chloride polymerizate prepared by free-radical
      polymerization selected from the group consisting of (1) bulk
      polymerization and (2) emulsion and suspension polymerization with
      continuous agitation, of vinyl chloride containing up to 20% by weight of
      ethylenically-unsaturated monomers copolymerizable with vinyl chloride and
      (B) from 5 to 50% by weight of vinyl chloride polymerizate prepared by
      polymerization of a stable, aqueous monomeric dipersion of vinyl chloride
      containing up to 20% by weight of ethylenically-unsaturated monomers
      copolymerizable with vinyl chloride prehomogenized in the presence of
      emulsifiers and oil soluble catalysts, and a foaming agent.
PAR  These and other objects of the invention will become more apparent as the
      description thereof proceeds.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found that the above objects can be achieved and the
      drawbacks overcome by replacing from 5 to 50% by weight of the
      conventional vinyl chloride polymerizate in a foamable composition by a
      vinyl chloride polymerizate produced by polymerization of a stable aqueous
      monomeric dispersion of vinyl chloride prehomogenized in the presence of
      emulsifiers and oil-soluble catalysts. More particularly, the invention
      relates to thermoplastic mixtures suitable for foaming in the extrusion or
      injection molding process consisting of polymerizate mixtures of (A) from
      50 to 95% by weight of a vinyl chloride polymerizate prepared by
      free-radical polymerization selected from the group consisting of (1) bulk
      polymerization and (2) emulsion and suspension polymerizations with
      continuous agitation, of vinyl chloride containing up to 20% by weight of
      ethylenically-unsaturated monomers copolymerizable with vinyl chloride and
      (B) from 5 to 50% by weight of a vinyl chloride polymerizate prepared by
      polymerization of a stable, aqueous monomeric dispersion of vinyl chloride
      containing up to 20% by weight of ethylenically-unsaturated monomers
      copolymerizable with vinyl chloride prehomogenized in the presence of
      emulsifiers and oil-soluble catalysts, and a foaming agent.
PAR  Surpisingly, it was found that the addition of the polyvinyl chloride,
      produced according to the prehomogenized special method (component B) to a
      polyvinyl chloride produced according to the conventional methods
      (component A), yields a mixture whose melt has advantageous rheological
      properties with regard to the formation of pores and maintenance of the
      pore structure. The melt has a good external lubricating effect and thus
      does not stick to the hot metal parts during the processing. A breakup of
      the pores and destruction of the form structure are thus avoided. Another
      advantage is that the plasticization of the melt in the worm takes place
      very rapidly, and therefore the gas losses are kept very low. In addition
      the molded bodies produced from the material of the invention show a high
      surface gloss.
PAR  Component A is produced according to the known procedures of the
      suspension, emulsion and bulk polymerization methods. Comonomers which are
      copolymerizable with vinyl chloride, such as vinyl halides, for example,
      vinylidene chloride, vinyl fluoride; vinyl esters, e.g., alkanoic acid
      esters such as vinyl acetate, vinyl propionate, vinyl butyrate, vinyl
      2-ethyl hexanoate, vinyl "Versatate"; vinyl ethers; acrylic, methacrylic,
      fumaric and maleic acids and their mono- or diesters of mono- or
      dialkanols with 1 to 10 carbon atoms and .alpha.-olefins, such as
      ethylene, propylene, butylene, can be copolymerized with the vinyl
      chloride in amounts up to 20% by weight. The K-values of the polyvinyl
      chlorides utilized are mostly between 55 and 70.
PAR  Component B is a polyvinyl chloride produced according to a special method.
      Vinyl chloride is here likewise homogenized, if necessary, together with
      the above-mentioned comonomers, in the aqueous phase with oilsoluble
      catalysts, as well as emulsifiers. Then the polymerization is effected
      without further agitation. Polymerization methods of this type are
      described, for example, in German Published Applications 1,069,387 and
      1,301,529.
PAR  In general, the work is done as follows. A monomeric dispersion is prepared
      from the monomer or monomers, the oil-soluble catalyst, the emulsifiers,
      optionally the protective colloids or buffers as well as water by
      homogenization. The dispersion is then without further agitation
      polymerized at temperatures of between 30.degree.C and 80.degree.C, under
      the autogenic pressure of the monomer (about 1 to 15 atmospheres).
PAR  The emulsification prior to polymerization can be attained by various
      apparatus, for instance, colloid mills, fast-running pumps, vibration
      agitators, ultrasonic devices, nozzles, and fast-running agitators which
      hurl the charged mixture onto deflecting surfaces.
PAR  Also the copolymerization of vinyl chloride with up to 20% by weight of
      ethylenically-unsaturated monomers copolymerizable with vinyl chloride is
      possible. Examples of such monomers are: the vinyl halides, such as vinyl
      fluoride, vinylidene fluoride, vinylidene chloride, vinyl bromide, vinyl
      esters of straight-chain or branched alkanoic acids with 2 to 20,
      preferably 2 to 4, carbon atoms, such as vinyl acetate, vinyl propionate,
      vinyl butyrate, vinyl 2-ethylhexoate, vinyl versatate ("Versatic"  acid is
      registered trademark of the Shell company for the commercially available
      mixtures of carboxylic acid, for instance, with 9 to 19 carbon atoms),
      vinyl isotridecanoic acid esters; vinyl ethers of lower alkanols,
      unsaturated acids, such as alkenedioic acids, for example, maleic,
      fumaric, itaconic, crotonic acids, alkenoic acids, for example, acrylic
      and methacrylic acids, and their mono- or diesters with mono- or dihydric
      alcohols with 1 to 10 carbon atoms; as well as olefins, such as ethylene,
      propylene, isobutylene, styrene and acrylonitrile.
PAR  As catalysts are of interest oil-soluble freeradical formers in amounts of
      from 0.01 to 3% by weight, preferably 0.01 to 0.3% by weight, based on
      monomers, such as diarylperoxides, diacylperoxides, such as diacetyl,
      acetylbenzoyl, dilauroyl, dibenzoyl, bis-2,4-dichlorobenzoylperoxides,
      dialkylperoxides, such as di-tertiary-butyl peroxide, peresters, such as
      tertiary butyl peracetate, tertiary butyl peroctoate, tertiary butyl
      perpivalate; dialkylperoxydicarbonates, such as diisopropyl-,
      diethylhexyl-, dicyclohexyl-, diethylcyclohexyl-peroxydicarbonates; mixed
      anhydrides of organic sulfoperacids and organic acids, such as
      acetylcyclohexylsulfonylperoxide, as well as azo compounds known as
      polymerization catalysts, such as azoisobutyric acid dinitrile and
      boroalkyls. Also mixtures of the named catalysts, such as
      dialkylpercarbonates and lauroylperoxide or
      acetylcyclohexylsulfonylperoxide and azoisobutyric acid dinitrile are
      important.
PAR  The emsulfiers may be ionic or non-ionic. They are used in amounts from 0.1
      to 5% by weight, preferably 0.3 to 3% by weight, based on the monomers. As
      ionic emulsifiers preferably anionic-active substances are of interest.
      Examples for these are alkali and particularly ammonium salts of the fatty
      acids, such a lauric or palmitic acid, of the acid phosphoric acid
      alkylesters, such as sodium diethylhexyl phospate, of the acid fatty
      alcohol sulfuric acid esters, the paraffin sulfonic esters, the
      alkylnaphthalenesulfonic acids and the sulfosuccinic acid dialkylesters.
      Very suitable are also alkali and ammonium salts of fatty acids containing
      epoxy groups, such as ammonium epoxystearate, for instance, the alkali and
      ammonium salts of the reaction products of peracids, such as peracetic
      acid with unsaturated fatty acids, for instance, oleic or linoleic acid
      with formation of perhaps dihyroxystearic acid and hydroxyacetoxystearic
      acid, as well as the alkali and ammonium salts of the reaction products of
      peracids with unsaturated hydroxy fatty acids, such as ricinoleic acid,
      but also cation active emulsifiers such as laurylpyridinium hydrochloride
      may be used at times.
PAR  As examples for the non-ionic emulsifiers may be named partial fatty acid
      esters of polyhydric alcohols, such as glycerin monostearate, sorbitol
      monolaurate or palmitate, partial fatty alcohol esters of polycarboxylic
      acids, polyoxyethylene ethers of fatty alcohols or aromatic hydroxy
      compounds as well as the known polypropylene oxidepolyethylene oxide
      condensation products.
PAR  Optionally protective colloids, such as polyvinyl alcohol, which may also
      contain up to 40 mol percent acetyl groups, may further be added, also
      gelatins and cellulose derivatives, such as water-soluble methylcellulose,
      carboxymethylcellulose, hydroxyethylcellulose as well as mixed
      polymerizates of maleic acid or its half esters with styrene.
PAR  Also the use of buffers, such as sodium carbonate, sodium bicarbonate,
      alkali metal acetates, borax, alkali metal phosphates, ammonia or ammonium
      salts of carboxylic acids, as well as chain length regulators, such as
      aliphatic aldehydes with 2 to 4 carbon atoms, chlorinated hydrocarbons,
      such as di- and trichloroethylene, chloroform, methylene chloride,
      mercaptans, propane and isobutylene is possible. In some cases buffers,
      for instance, secondary alkali metal phosphates, are also added to the
      dispersion after it preparation.
PAR  Furthermore polymeric diluents can be added to the mixtures of the
      invention in amounts of 0.5 to 20% by weight, related to the total amount
      of the mixture, for further improvement of the pore structure and of the
      physical properties of the foamed articles. In particular 0.5 to 10% by
      weight, preferably 0.5 to 2.5% by weight, of ethylene-vinyl acetate
      copolymers with 30 to 60% by weight ethylene, 2 to 20% by weight of vinyl
      chloridevinyl acetate copolymers, 1 to 10% by weight of
      acrylonitrile-acrylic acid ester copolymers or graft polymers on the basis
      of methacrylic acid ester-butadiene-styrene or
      acrylonitrile-butadiene-styrene can be used. Mixtures of these substances
      are also suitable.
PAR  The mixtures of the invention, therefore, in addition to Components A and B
      can contain from 0 to 20% by weight of the above polymeric diluents.
PAR  In addition, the mixtures of the invention may have added thereto (1) from
      0 to 2%, preferably 0.8 to 2%, by weight of conventional lubricants such
      as waxes, higher molecular weight fatty alcohols, higher fatty acid
      esters, alkaline earth salts of higher fatty acids, polyethylenes and
      organopolysiloxanes; (2) from 0 to 3%, preferably 1.5 to 3%, by weight of
      conventional stabilizers such as tin mercaptides, lead compounds, barium
      cadmium stabilizers and calcium-zinc stabilizers; (3) from 0 to 0.2% by
      weight of conventional activators such as zinc oxide or barium stearate;
      (4) cell size regulators such as "Unifins" or "OT4" (trademarked by the
      firm Otto Krahn); (5) from 0 to 5% by weight of conventional plasticizers,
      such as epoxidized soybean oil; and (6) from 0 to 0.5% by weight of
      dyestuffs. The mixtures are prepared with conventional mixing equipment,
      such as fluid mixers.
PAR  The expanding or foaming agent can be used in solid, liquid or gaseous
      form. The most common solid expanding agent, azodicarbonamide, is added
      mostly with an adhesive agent if the mixture is present in granular form,
      or it is already added during the production of the power mixture on a
      high-speed mixer. The expanding agent can already be added during the
      polymerization of the polymers. This results in a particularly fine
      distribution. The azodicarbonamide is added in amounts of from 0.1 to 5%
      by weight based on the total weight of the mixture. If liquid expanding
      agents are used, the gas necessary for the expansion is formed by
      evaporation of the expanding agents in the processing machine.
      Furthermore, the expanding agent can also be injected in the form of gas,
      for example, nitrogen, directly into the plasticized melt in the
      processing machine.
PAR  The processing of the mixtures according to the invention is effected on
      extruders or according to the injection molding method, and molded parts
      of excellent quality are obtained. For example, skirtings and covering
      strips, furniture wall profiles, pipes, facing plates are produced by
      extrusion. Injection-molded parts are used, for example, in the furniture
      industry as ornamentations, in drawers, as heater coverings, in radio and
      television engineering as loudspeaker boxes, front plates, chassis for
      record players; in the packing industry for boxes of all types, cable
      drums, water tanks, cooling and insulating containers, tool chests; in the
      automotive industry as fan housings, battery boxes, sun visors; in the
      building industry as coverings, casing elements and roof tiles. Heels,
      brush bodies, toilet covers and seats, shoe lasts, flower pots and dishes
      can also be produced by injection molding with the foamable PVC mixtures
      of the invention.
PAR  The following examples are illustrative of the practice of the invention
      without being deemed limitative in any respect.
PAC  EXAMPLE 1
PAR  A foamable mixture was prepared from the following components:
TBL                            Parts by                                        
                               Weight                                          
     ______________________________________                                    
     Emulsion polymerized polyvinyl chloride "Vinnol                           
       E 60G" (Wacker-Chemie)    90                                            
     Addition according to the invention                                       
       of the special prehomogenized                                           
       polyvinylchloride "Vinnol P                                             
       68E" (Wacker-Chemie)      10                                            
     Tin mercaptide              3                                             
     Glycerin fatty acid ester   0.5                                           
     "Hoeschst Wax E" (polyethylene)                                           
                                 0.5                                           
     Zinc oxide                  0.1                                           
     Barium stearate             0.1                                           
     Epoxidized soybean oil      4                                             
     Azodicarbonamide            2                                             
     ______________________________________                                    
PAR  This mixture was processed both on an extruder and on an injection molding
      machine. The molded parts obtained were satisfactory. They had a density
      of 0.434 gm/cc (extrusion) and 0.625 gm/cc (injection molded). "Vinnol E
      60G" is a coarse grained emulsion-polymerized polyvinyl chloride
      homopolymerizate having a K-value of 59-61. "Vinnol P 68E" is a specially
      prehomogenized emulsion-polymerized polyvinyl chloride homopolymerizate
      with a K-value of 68.
PAC  EXAMPLE 2
PAR  The same formula as in Example 1, but without the addition of P 68E and
      with 100 parts of "Vinnol E60G" instead, yielded molded parts with a
      density of 0.674 gm/cc (extrusion).
PAC  EXAMPLE 3 (Comparision)
PAR  The same formulas as in Example 1, but instead of the addition of P68E
      according to the invention, with 10 parts "VH 10/60" (copolymer of 90% by
      weight vinyl chloride and 10% by weight vinyl acetate having a K-value of
      60 to 61 [Wacker-Chemie]), yielded a density of 0.555 gm/cc (extrusion).
PAC  EXAMPLE 4
PAR  When using suspension polymerized polyvinyl chloride "Vinnol H60D"
      (Wacker-Chemie) instead of emulsion polymerized polyvinyl chloride in the
      formula of Example 1, a density of 0.531 gm/cc was obtained. Without the
      addition of the prehomogenized polyvinyl chloride according to the
      invention the density was 0.756 gm/cc. "Vinnol H 60D" is a suspension
      polymerized polyvinyl chloride homopolymerizate with a K-value of about
      60.
PAC  EXAMPLE 5
PAR  In the formula according to Example 1, bulk polymerized polyvinyl chloride
      "Vinnol Y61M" (Wacker-Chemie) was used instead of emulsion polymerized
      polyvinyl chloride. Molded bodies with densities of 0.552 gm/cc were
      obtained. Without the addition of P68E, the densities were 0.768 gm/cc.
      "Vinnol Y 61M" is a free-flowing bulk-polymerized polyvinyl chloride
      homopolymerizate with a K-value of 60 to 62.
PAC  EXAMPLE 6
PAR  To the components obtained in Examples 1, 4 and 5 were added in additional
      tests the following components:
PA1  a. 1 part of "VAE 611" (Wacker-Chemie, copolymer of 60% vinyl acetate and
      40% ethylene) or
PA1  b. 1 part of "Novodur P25" (Farbwerke Bayer,
      acrylonitrile-butadiene-sytrene resin) or
PA1  c. 1 part of "K 120 N" (Rohm & Haas, acrylonitrile-acrylic acid ester
      resin).
PAR  No change in the densities of the foamed molded bodies was found with any
      of the new formulas. But improvements of the rheological properties were
      found which can be of importance in complicated profiles.
PAC  EXAMPLE 7
PAR  In the formulas of Examples 1, 4 and 5 the polymer components were changed
      as follows:
PA1  80 parts polyvinyl chloride (E60G, H60D, Y61M)
PA1  10 parts P68E (Wacker-Chemie)
PA1  10 parts "VH 10/60" (copolymer of vinyl chloride and vinyl acetate, 10% by
      weight [Wacker-Chemie]).
PAR  The densities of the foamed molded bodies were hardly changed by the
      addition of "VH 10/60". The rheological properties showed slight
      improvements.
PAR  The preceding specific embodiments are illustrative of the practice of the
      invention. It is to be understood, however, that other expedients known to
      those skilled in the art or disclosed herein may be employed without
      departing from the spirit of the invention or the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Thermoplastic mixtures suitable for foaming in the extrusion or
      injection molding process consisting of polymerizate mixtures of (A) from
      50 to 95% by weight of a vinyl chloride polymerizate prepared by
      free-radical polymerization selected from the group consisting of (1) bulk
      polymerization and (2) emulsion and suspension polymerizations with
      continuous agitation, of vinyl chloride containing up to 20% by weight of
      ethylenically-unsaturated monomers copolymerizable with vinyl chloride and
      (B) from 5 to 50% by weight of a vinyl chloride polymerizate prepared by
      polymerization without further agitation of a stable, aqueous monomeric
      dispersion of vinyl chloride containing up to 20% by weight of
      ethylenically-unsaturated monomers copolymerizable with vinyl chloride
      prehomogenized in the presence of emulsifiers and oil-soluble catalysts,
      and from 0.1 to 5% by weight of said thermoplastic mixtures of
      azodicarbonamide as a foaming agent, said thermoplastic mixtures also
      having from 0 to 20% by weight of polymeric diluents, from 0 to 2% by
      weight of lubricants, 0 to 3% by weight of stabilizers, 0 to 0.2% by
      weight of activators and cell-size regulators, 0 to 5% by weight of
      plasticizers and from 0 to 0.5% by weight of dyestuffs.
NUM  2.
PAR  2. The thermoplastic mixture of claim 1 having a further content of from
      0.5 to 10% by weight, based on the total weight of the mixture, of an
      ethylene-vinyl acetate copolymer containing from 30 to 60% by weight of
      ethylene as said polymeric diluent.
NUM  3.
PAR  3. The thermoplastic mixture of claim 2 wherein said ethylene-vinyl acetate
      copolymer is present in an amount of from 0.5 to 2.5% by weight, based on
      the total weight of the mixture.
NUM  4.
PAR  4. The thermoplastic mixture of claim 1 having a further content of from 2
      to 20% by weight, based on the total weight of the mixture, of vinyl
      chloride-vinyl acetate copolymer as said polymeric diluent.
NUM  5.
PAR  5. The thermoplastic mixture of claim 1 having a further content of from 1
      to 10% by weight, based on the total weight of the mixture, of an acrylic
      resin selected from the group consisting of acrylonitrileacrylic acid
      ester copolymers, butadiene-styrene copolymers grafted with a methacrylic
      acid ester and butadienestyrene copolymers grafted with acrylonitrile as
      said polymeric diluent.
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PAL  Ethylenically unsaturated monomeric esters in the presence of
      keto-dioxolane compounds are polymerized upon exposure to a source of
      radiation.
BSUM
PAR  This invention relates to the use of keto-dioxolane compounds as
      photoinitiators for ethylenically unsaturated monomeric esters.
PAR  The use of photopolymerizable ethylenically unsaturated monomeric materials
      in coating compositions, printing inks, adhesives, and the like is known.
      It is also known that such monomeric materials are converted into polymers
      by the action of radiation and that they will polymerize at an improved
      rate when exposed to radiation in the presence of a photoinitiator.
PAR  It has now been found that polymers of ethylenically unsaturated monomeric
      esters having improved curing speeds can be obtained with no sacrifice of
      quality of the product by carrying out the photopolymerization in the
      presence of a novel keto-dioxolane compound.
PAR  The sensitizers of this invention have the following structure:
      ##EQU1##
      wherein R is alkyl of from one to about nine carbon atoms, e.g., methyl,
      ethyl, propyl, pentyl, octyl, or 2-ethylhexyl; alkyl of from one to about
      nine carbon atoms substituted with at least one halogen (chlorine,
      bromine, iodine, or fluorine), alkoxy, or the like; aryl of six ring
      carbon atoms; aryl of six ring carbon atoms substituted with at least one
      halogen, alkoxy, hydroxy, nitro, carboalkoxy, alkylamino, or the like; or
      cycloalkyl of five to eight ring carbon atoms.
PAR  Examples of such derivatives include, but are not limited to,
      2-trichloromethyl-4-benzoyl-4-phenyl-1,3-dioxolane;
      2-(p-dimethylaminophenyl)-4-benzoyl-4-phenyl-1, 3-dioxolane;
      2-methyl-4-benzoyl-4-phenyl-1, 3-dioxolane, and the like; and mixtures
      thereof.
PAR  The acyloin derivatives of this invention may be prepared by any known and
      convenient means, such as for example by the acid-catalyzed condensation
      of alpha-methylolbenzoin with an aliphatic or an aromatic aldehyde, e.g.,
      p-dimethylaminobenzaldehyde, acetaldehyde, chloral, furfural, and the
      like.
PAR  These keto-dioxolane derivatives are effective initiators in the
      photopolymerization of a broad range of polymerizable ethylenically
      unsaturated monomeric compounds. Such a compound is generally a monomer or
      prepolymer, that is, a dimer, trimer, or other oligomer or mixture of
      copolymer thereof, generally described as the acrylic acid, methacrylic
      acid, itaconic acid, and the like, ester of an aliphatic polyhydric
      alcohol such as for example the di- and polyacrylates, the di- and
      polymethacrylates, and the di- and polyitaconates of ethylene glycol,
      triethylene glycol, tetraethylene glycol, tetramethylene glycol,
      trimethylolethane, trimethylolpropane, butanediol, pentaerythritol,
      dipentaerythritol, tripentaerythritol, other polypentaerythritols,
      sorbitol, d-mannitol, diols of unsaturated fatty acids, and the like.
PAR  Typical compounds include, but are not limited to, trimethylolpropane
      triacrylate, trimethylolethane triacrylate, trimethylolpropane
      trimethacrylate, trimethylolethane trimethacrylate, tetramethylene glycol
      dimethacrylate, ethylene glycol dimethacrylate, triethylene glycol
      dimethacrylate, tetraethylene glycol diacrylate, pentaerythritol
      diacrylate, pentaerythritol triacrylate, pentaerythritol tetraacrylate,
      dipentaerythritol diacrylate, dipentaerythritol triacrylate,
      dipentaerythritol tetraacrylate, dipentaerythritol pentaacrylate,
      dipentaerythritol hexacrylate, tripentaerythritol octoacrylate,
      pentaerythritol dimethacrylate, pentaerythritol trimethacrylate,
      dipentaerythritol dimethacrylate, dipentaerythritol tetramethacrylate,
      tripentaerythritol octamethacrylate, pentaerythritol diitaconate,
      dipentaerythritol trisitaconate, dipentaerythritol pentaitaconate,
      dipentaerythritol hexaitaconate, ethylene glycol dimethacrylate,
      1,3-butanediol diacrylate, 1,3-butanediol dimethacrylate, 1,4-butanediol
      diitaconate, sorbitol triacrylate, sorbitol tetraacrylate, sorbitol
      tetramethacrylate, sorbitol pentaacrylate, sorbitol hexacrylate, and the
      like, and modifications, mixtures, and prepolymers thereof.
PAR  Although the ratio of the amount of ester to the amount of photoinitiator
      may be about 10-90:1-90, it is generally about 90-99:1-10.
PAR  Commonly known modifiers may be incorporated into the formulations using
      these compositions, including plasticizers; wetting agents for the
      colorant, such as dichloromethylstearate and other chlorinated fatty
      esters; leveling agents, such as lanolin, paraffin waxes, and natural
      waxes; and the like. Such modifiers are generally used in amounts ranging
      up to about 3 percent by weight, preferably about 1 percent, based on the
      total weight of the formulation.
PAR  The formulations may be prepared in any known and convenient manner.
      Variables which determine the rate at which a photopolymerizable
      composition will dry include the nature of the substrate, the specific
      ingredients in the composition, the concentration of the photoinitiator,
      the thickness of the material, the nature and intensity of the radiation
      source and its distance from the material, the presence or absence of
      oxygen, and the temperature of the surrounding atmosphere. Irradiation may
      be accomplished by any one or a combination of a variety of methods. The
      composition may be exposed, for example, to actinic light from any source
      and of any type as long as it furnishes an effective amount of ultraviolet
      radiation, since the compositions activatable by actinic light generally
      exhibit their maximum sensitivity in the range of about 2000A. to 7000A.,
      and preferably about 2000A. to 4000A.; gamma radiation emitters; and the
      like; and combinations of these. Suitable sources include, but are not
      limited to, carbon arcs, mercury vapor arcs, pulsed xenon lamps,
      fluorescent lamps with special ultraviolet lightemitting phosphors, argon
      glow lamps, photographic flood lamps, and so forth.
PAR  The time of irradiation must be sufficient to give the effective threshold
      dosage. Irradiation may be carried out at any convenient temperature, and
      most suitably is carried out at room temperature for practical reasons.
      Distances of the radiation source from the work may range from about 1
      inch to 6 feet, and preferably about 5 inches to 4 feet.
PAR  When cured by radiation, the compositions are dry, flexible, abrasion
      resistant, and chemical resistant; also they have excellent ink
      receptivity, hydrophilic-hydrophobic balance, dot resolution, and initial
      roll-up, making them particularly suitable in such applications as
      presensitized lithographic printing plates and photoresists. The
      compositions are also useful as binders for magnetic tape; printing inks;
      adhesives for foils, films, papers, fabrics, and the like; coatings for
      metals, plastics, paper, wood, foils, textiles, glass, cardboard, box
      board, and the like; markers for roads, parking lots, airfields, and
      similar surfaces, and so forth. Stock which may be printed includes paper,
      clay-coated paper, and box board. In addition, the compositions are
      suitable for the treatment of textiles, both natural and synthetic, e.g.,
      in vehicles for textile printing inks or for specialized treatments of
      fabrics to produce water repellency, oil and stain resistance, crease
      resistance, etc.
PAR  When used as vehicles for inks, e.g., printing inks, the compositions may
      be pigmented with any of a variety of conventional organic or inorganic
      pigments, e.g., molybdate orange, titanium dioxide, lithol rubine red,
      diarylide yellow, chrome yellow, phthalocyanine blue, zinc oxide, and
      carbon black, as well as colored with dyes in a conventional amount. The
      vehicle may be used in an amount ranging from about 20 to 99.9 percent and
      the amount of colorant may range from about 0.1 to 80 percent of the
      weight of the total composition.
PAR  Typical laminations using the compositions of this invention as adhesives
      include polymer-coated cellophane to polypropylene, Mylar to a metal such
      as aluminum or copper, polypropylene to aluminum, and the like.
PAR  The compositions may also be utilized for metal coatings and particularly
      for metals which are to be subsequently printed. Glass and plastics may
      also be printed or coated, and the coatings are conventionally applied by
      roller or spray. Pigmented coating systems may be used for various
      polyester and vinyl films; glass; polymer-coated cellophane; treated and
      untreated polyethylene, for example in the form of disposable cups or
      bottles; treated and untreated polypropylene; and the like. Examples of
      metals which may be coated include sized and unsized tin plate.
PAR  Photopolymerizable elements prepared from these compositions comprise a
      support, e.g., a sheet or plate, having superimposed thereon a layer of
      the above-described photopolymerizable material. Suitable base or support
      materials include metals, e.g., steel, aluminum, or copper, plates;
      sheets; and foils; and films or plates composed of various film-forming
      synthetic resins or high polymers, e.g., vinyl chloride polymers;
      vinylidene chloride polymers; vinylidene chloride copolymers with vinyl
      chloride, vinyl acetate, or acrylonitrile; and vinyl chloride copolymers
      with vinyl acetate or acrylonitrile; linear condensation polymers such as
      a polyester, e.g., polyethylene terephthalate; polyamides, etc. Fillers or
      reinforcing agents can be present in the synthetic resin or polymer bases.
      In addition, highly reflective bases may be treated to absorb ultraviolet
      light, or a light absorbtive layer can be transposed between the base and
      photopolymerizable layer.
PAR  Photopolymerizable elements can be made by exposing to radiation selected
      portions of the photopolymerizable layer thereof until addition
      polymerization is completed to the desired depth in the exposed portions.
      The unexposed portions of the layer are then removed, e.g., by the use of
      solvents which dissolve the monomer or prepolymer but not the polymer.
PAR  When used as printing inks, coating compositions, and adhesives, the
      compositions described herein are used without volatile solvents and
      possess many advantages over conventional oleoresinous and solvent-type
      inks and coatings. The substrate need not be pretreated or prepared in any
      way. The use of volatile solvents and the attendant health and fire
      hazards and odor are eliminated. The inks and coatings have excellent
      adhesion to the substrate after exposure to radiation. They have good
      gloss and rub-resistance and withstand temperatures as high as about
      150.degree.C. and as low as about -20.degree.C. The printed or coated
      sheets can be worked and further processed immediately after exposure to
      the energy source.
PAR  The invention and its advantages will be better understood with reference
      to the following illustrative examples, but it is not intended to be
      limited thereto. In the examples, the parts are given by weight unless
      otherwise specified. Unless otherwise indicated, when an ingredient is
      solid at room temperature, the mixture may be heated to melt the solid
      ingredient, but generally not above 100.degree.C., or it may be used in a
      mixture with other liquid ingredients. The atmospheric and temperature
      conditions were ambient unless otherwise noted.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 24.2 grams (0.1 mole) of .alpha.-methylolbenzoin, 14.9 grams
      (0.1 mole) of p-dimethylaminobenzaldehyde, and 1.0 grams of
      p-toluenesulfonic acid was dissolved into 125 ml. of toluene and placed
      into a Dean-Stark apparatus. The reaction mixture was refluxed for 8
      hours, and the theoretical amount of water was collected.
PAR  The solution was cooled, washed with 5% sodium carbonate solution,
      separated, and dried. Concentration under reduced pressure gave 32.3 grams
      of product melting at 118.degree.-120.degree.C.
PAR  Recrystallization from ethanol gave 29.6 grams (79.5% yield) of
      2-(p-dimethylaminophenyl)-4-benzoyl-4-phenyl-1,3-dioxolane (m.p.
      128.degree.-129.degree.C.). The elemental analysis was as follows:
TBL                C          H          N                                     
     Calculated:   77.19      6.21       3.75                                  
     Found:        77.31      6.15       3.73                                  
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except that the starting materials
      were .alpha.-methylolbenzoin and chloral. The product was a 63% yield of
      2-trichloromethyl-4-benzoyl-4-phenyl-1, 3-dioxolane, analyzed as follows:
TBL               C           H         Cl                                     
     Calculated:  54.91       3.50      28.67                                  
     Found:       55.03       3.49      28.50                                  
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was repeated except that the starting materials
      were .alpha.-methylolbenzoin and cinnamaldehyde. The product
      2-cinnamyl-4-benzoyl-4-phenyl-1,3-dioxolane, was obtained in a yield of
      73% and analyzed as follows:
TBL                   C            H                                           
     Calculated:      80.88        5.66                                        
     Found:           80.97        5.62                                        
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was repeated except that the starting materials
      were .alpha.-methylolbenzoin and furfural. The product
      2-furyl-4-benzoyl-4-phenyl-1,3-dioxolane, was obtained in a yield of 78%
      and analyzed as follows:
TBL                   C            H                                           
     Calculated:      74.99        5.03                                        
     Found:           74.56        5.07                                        
PAC  EXAMPLE 5
PAR  A composition comprising 95 parts of isocyanate-modified pentaerythritol
      triacrylate and 5 parts of
      2-(p-dimethylaminophenyl-4-benzoyl-4-phenyl-1,3-dioxolane was coated onto
      a glass slide at a wetfilm thickness of 0.3 mil and irradiated at a
      distance of 1.5 inches from a 100-watt/inch ultraviolet lamp. The coating
      dried to a flexible abrasion-resistant film in 1.5 seconds.
PAC  EXAMPLE 6
PAR  A. The procedure of Example 5 was repeated with each of the following
      sensitizers instead of
      2-(p-dimethylaminophenyl-4-benzoyl-4-phenyl-1,3-dioxolane:
TBL                TABLE I                                                     
     ______________________________________                                    
                             Cure speed,                                       
     Sensitizer              seconds                                           
     ______________________________________                                    
      none                   10.0                                              
     2-trichloromethyl-4-benzoyl-4-phenyl                                      
     1,3-dioxolane           3.0                                               
     2-(p-dimethylaminophenyl)-4-benzoyl                                       
     4-phenyl-1,3-dioxolane  1.3                                               
     ______________________________________                                    
PAR  B. For comparative purposes, sensitizers outside of the scope of this
      invention were tested in the same manner as above with the following
      results:
TBL                TABLE II                                                    
     ______________________________________                                    
                          Cure time,                                           
                          seconds                                              
     ______________________________________                                    
     Benzoin                15                                                 
     .alpha.-methylbenzoin  6.0                                                
     .alpha.-phenylbenzoin  5.5                                                
     .alpha.-benzylbenzoin  7.5                                                
     benzoin acetate        11.5                                               
     .alpha.-methylbenzoin ethylether                                          
                            12                                                 
     benzil                 11                                                 
     benzophenone           25                                                 
     ______________________________________                                    
PAR  Thus it can be seen that compositions containing the specific keto-dioxole
      compounds of this invention (part A) cure considerably faster than
      comparable compositions containing related sensitizers that are not within
      the scope of this invention (part B).
PAC  EXAMPLE 7
PAR  The procedure of Example 5 was repeated with each of the following esters
      instead of isocyanate-modified pentaerythritol triacrylate. The results
      are tabulated below:
TBL                TABLE III                                                   
     ______________________________________                                    
                             Cure speed,                                       
     Ester                   seconds                                           
     ______________________________________                                    
     pentaerythritol tetraacrylate                                             
                             2.1                                               
     triethanolpropane trimethacrylate                                         
                             3.6                                               
     ethylene glycol dimethacrylate                                            
                             7.0                                               
     triethylene glycol diacrylate                                             
                             3.8                                               
     1,3-butanediol diacrylate                                                 
                             5.0                                               
     1,4-butanediol diitaconate                                                
                             7.1                                               
     sorbitol pentaacrylate  4.3                                               
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  A printing ink was prepared from the following:
TBL                       Parts by Weight                                      
     Product of Example 5 90                                                   
     phthalocyanine green 10                                                   
PAR  A glass bottle printed with this green ink was exposed to a 100-watt/inch
      ultraviolet lamp at a distance of 2 inches. The ink dried in 3.0 seconds.
      It had excellent adhesion to the glass and good grease- and
      rub-resistance.
PAC  EXAMPLE 9
PAR  The procedure of Example 8 was repeated with each of the following
      substrates instead of glass: clay-coated sulfite board, 32-pound coated
      paper, aluminum, and tin-free steel. The results were comparable.
PAC  EXAMPLE 10
PAR  A laminate was made of a film of polymer-coated cellophane and a film of
      oriented polypropylene with a mixture of the following ingredients between
      the two: 95 parts of trimethylolethane dimethacrylate and 5 parts of
      2-trichloromethyl-4-benzoyl-4-phenyl-1,3-dioxolane.
PAR  The laminate was exposed at a distance of 2.0 inches from a 100-watt/inch
      ultraviolet lamp. A tight bond was effected in 4.0 seconds.
PAC  EXAMPLE 11
PAR  The procedure of Example 10 was repeated with each of the following
      substrates: Saran-coated cellophane and Saran-coated cellophane,
      corona-discharge surface-treated polyethylene and coated cellophane, and
      polyvinylidene dichloride-coated polypropylene and Mylar.
PAR  The laminations were successful as evidenced by tear seals having bond
      strengths of at least 300 grams per inch.
PAC  EXAMPLE 12
PAR  The procedures of Examples 5-11 were repeated except that instead of being
      exposed to ultraviolet light the samples were passed on a conveyor belt
      beneath the beam of a Dynacote 300,000-volt linear electron accelerator at
      a speed and beam current so regulated as to produce a dose rate of 0.5
      megarad.
PAR  These systems produced resinous materials of varying degrees of hardness in
      films from 0.5 to 20 mils thick having tacky surfaces.
PAC  EXAMPLE 13
PAR  The procedures of Examples 5-11 were repeated except that instead of being
      exposed to ultraviolet light the samples were exposed to a combination of
      ultraviolet light and electron beam radiation in a variety of
      arrangements: ultraviolet light, then electron beam; electron beam, then
      ultraviolet light; ultraviolet light before and after electron beam;
      electron beam before and after ultraviolet radiation; and simultaneous
      electron beam and ultraviolet light radiation. The results were comparable
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 2-Trichloromethyl-4-benzoyl-4-phenyl-1,3-dioxolane.
NUM  2.
PAR  2. 2-(p-Dimethylaminophenyl)-4-benzoyl-4-phenyl-1,3-dioxolane.
NUM  3.
PAR  3. 2-Cinnamyl-4-benzoyl-4-phenyl-1,3-dioxolane.
NUM  4.
PAR  4. 2-Furyl-4-benzoyl-4-phenyl-1,3-dioxolane.
PATN
WKU  039445100
SRC  5
APN  4929675
APT  1
ART  142
APD  19740726
TTL  ABS-formaldehyde novolak
ISD  19760316
NCL  13
ECL  1
EXP  Bleutge; John C.
INVT
NAM  Bowers; Lewis H.
CTY  Scotia
STA  NY
INVT
NAM  Jankowski; Raymond E.
CTY  Schenectady
STA  NY
INVT
NAM  Sullivan; John L.
CTY  Ballston Lake
STA  NY
ASSG
NAM  Schenectady Chemicals, Inc.
CTY  Schenectady
STA  NY
COD  02
CLAS
OCL  260 19UA
XCL  260 38
XCL  260846
XCL  260DIG40
EDF  2
ICL  C08L  902
ICL  C08L  906
ICL  C08L 6110
FSC  260
FSS  846;38;19;DIG. 39;DIG. 40
UREF
PNO  2428298
ISD  19470900
NAM  Spokes et al.
OCL  260DIG.39
UREF
PNO  3020254
ISD  19620200
NAM  Less et al.
OCL  260 38
UREF
PNO  3536783
ISD  19701000
NAM  Jeffreys et al.
OCL  260846
UREF
PNO  3586735
ISD  19710600
NAM  Giller et al.
OCL  260846
UREF
PNO  3738948
ISD  19730600
NAM  Dunnom
OCL  260846
UREF
PNO  3817976
ISD  19740600
NAM  Bakul et al.
OCL  260848
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  An acrylonitrile-butadiene-styrene terpolymer is added to a phenol
      formaldehyde novolak to produce a mixture which materially increases the
      resistance to peelback as compared to the phenol formaldehyde novolak
      alone when used as a shell process foundry resin.
BSUM
PAR  The present invention relates to improved shell process foundry resin
      binders.
PAR  Phenol-formaldehyde novolak resins as is well known in the art are
      permanently thermoplastic or fusible resins prepared by condensing phenol
      with formladehyde under acid conditions using about 0.5 to 1.0 moles,
      generally about 0.7 to 0.9 moles, of formaldehyde per mole of phenol. The
      resins are converted to the infusible condition by adding sufficient
      hexamethylenetetramine for this purpose. Such phenol-formaldehyde novolaks
      admixed with hexamethylenetetramine are well known, in the foundry
      industry.
PAR  It has now been found that the resistance to peelback of shell process
      foundry resins containing phenol-formaldehyde novolak resin binders can be
      improved by incorporating an acrylonitrile-butadiene-styrene (ABS)
      terpolymer into the novolak. Desirably, the ABS terpolymer is added during
      the manufacture of the resin. The most desirable time to add the ABS
      terpolymer is before the novolak is formed. Thus, the ABS terpolymer can
      be added during distillation, after distillation, after obtaining free
      formaldehyde or to the phenol before the formaldehyde is added. The latter
      procedure is preferred. The amount of ABS terpolymer is normally 1 to 10%
      based on the weight of phenol, preferably between 3 and 8%. Up to 20% of
      the ABS terpolymer based on the weight of the phenol can be employed with
      some impairment of properties, particularly in the process of hot coating
      the sand.
PAR  The amount of hexamethylenetetramine is not critical and can be that
      usually employed to cure novolak resins. Thus, there is normally employed
      10 to 18% hexamethylenetetramine, preferably 12 to 15%, based on the
      weight of the novolak. In place of hexamethylenetetramine there can be
      used other conventional hardening agents for novolaks, e.g.,
      paraformaldehyde.
PAR  Any of the conventional acids and acidic materials employed to prepare
      novolak resins can be employed as catalysts, e.g., sulfuric acid, oxalic
      acid, maleic anhydride, sulfamic acid, phenolsulfonic acid, diethyl
      sulfate, toluenesulfonic acid (usually employed as the commercial mixture
      of isomers known as TX acid) and phosphoric acid.
PAR  While the range of formaldehyde to phenol in the novolak can be within the
      range mentioned above, it is preferably within the range of 0.7 to 0.83
      mole of formaldehyde per mole of phenol with the optimum range being 0.72
      to 0.80 mole of formaldehyde per mole of phenol.
PAR  The foundry flake resins of the present invention also preferably contain
      conventional materials such as calcium stearate (a mold lubricant) and
      salicylic acid usually contained in commercial foundry flake resins. The
      total amount of ABS-novolak to sand is that conventionally used in the art
      in making novolak coated sand for use in foundry cores. Usually 2 to 5% of
      the resin, preferably 2 to 3% based on the weight of the sand is employed.
PAR  The use of the ABS polymer with the novolak resin in preparing the shell
      process foundry resin has the advantage of materially increasing the
      resistance to peelback.
PAR  Peelback is described in Metalcasting Dictionary by the American
      Foundrymen's Society as "a problem in shell molding when, upon inverting
      the hot pattern plate, an insufficiently cured shell sand layer separates
      from the pattern, curling away before it can harden for stripping."
      Essentially, what happens is that coated sand (usually coated with a
      phenolic novolak and hexamethylenetetramine) is placed against a hot
      pattern until a desired thickness of cured and partially cured coated sand
      is built up. When this thickness is reached, the pattern is inverted and
      the free-flowing, reusable coated sand falls off the pattern and is
      collected for future use. Underneath this free-flowing layer is a
      partially cured layer that could peel off the surface. This material is
      waste and not reusable. The void left in the shell mold wall creates a
      weak spot and renders the shell mold unusable. Applicants have found that
      by the addition of one percent of an acrylonitrile-butadienestyrene (ABS)
      resin to the novolak, peel back can be minimized if not eliminated.
PAR  In order to anticipate the peel back characteristics of a batch of coated
      sand a quality control peel back test has been developed by the industry
      (see Example 6). During the summer half of the year (mid-April to
      mid-October) peel back seems to occur more often. Using the peel back test
      described in Example 6 it is not uncommon to see thirty weight percent
      peel back with commercial resins. It must be remembered that this test is
      quite severe. It does not necessarily follow that a resin which shows 30
      percent peel back by the quality control test will show 30 percent peel
      back in the foundry. Generally speaking, the resins will show a lesser
      amount of peel back in the foundry. However, this depends on a lot of
      factors such as configuration of the shell mold, ambient conditions such
      as temperature and relative humidity, pattern temperature, etc. If the
      coated sand performs well with respect to peel back during the quality
      control test, one can be reasonably certain it will perform well in the
      foundry.
PAR  There can be employed commercially available ABS terpolymers, e.g., Dow 500
      and Dow 300. Other suitable ABS terpolymers are those identified below as
      ABSON 820X13, ABSON 820X14, ABSON 820X15 and ABSON 820X16. ABSON 820X14
      has a nitrogen content of 6.6% and the other ABSON terpolymers are of
      somewhat lower nitrogen content. Other properties of the ABSON terpolymers
      which are available as powders are set forth below.
TBL                                    ABSON ABS TERPOLYMER RESIN              
     __________________________________________________________________________
     PROPERTIES                                                                
                       820X13  820X14  820X15  820X16                          
     __________________________________________________________________________
     Tensile Strength (psi)                                                    
                       2,900   6,200   5,500   5,800                           
     Ultimate Elongation (%)                                                   
                       200     15      3       3                               
     Izod Impact Strength                                                      
     at R.T.           1.7     1.8     7.5     6.5                             
     -20.degree.F.     1.3     1.4     2.9     1.2                             
     -40.degree.F.     1.2     0.8     1.9     0.8                             
     Hardness, Rockwell R                                                      
                       70      116     103     106                             
     Hardness, Shore D 66      --      75      73                              
     Heat Deflection Temp.                                                     
     264 psi (.degree.F.)                                                      
                       181     203     198     196                             
     Specific Gravity  0.99    1.06    1.04    1.04                            
     Viscosity, Poises .times. 10.sup.3                                        
     Instron Rheometer (225.degree. C) 437.degree.F.                           
     at 1000 sec.sup..sup.-1                                                   
                       6.7     3.1     3.4     3.0                             
     100 sec.sup.-.sup.1                                                       
                       42      15      15      11                              
     10 sec.sup.-.sup.1                                                        
                       270     53      40      23                              
     1 sec.sup.-.sup.1 930     110     80      40                              
     Solution Viscosity (Cps)*                                                 
     Brookfield at 20 RPM                                                      
     10% T.S. in THF, Initial                                                  
                       640     --      38      --                              
     1 Day             640     --      42      --                              
     30 Days           584     --      50      --                              
     10% T.S. in MEK, Initial                                                  
                       9       --      10.5    --                              
     1 Day             9       --      11.5    --                              
     30 Days           8.5     --      10.0    --                              
     __________________________________________________________________________
      *Values normalized with correction factors for various spindle sizes.    
PAR  Unless otherwise indicated, all parts and percentages are by weight.
PAR  In the examples DB-31 Antifoam is a polymethylsilane antifoaming agent
      produced by Dow Corning. Its use is not essential.
PAR  Calcium stearate 60% means that the calcium stearate was added as an
      aqueous dispersion containing 60% solids.
DETD
PAC  EXAMPLE 1
TBL  A. C.P. Phenol         1000.0 Parts                                       
     B. DB-31 Antifoam      0.2 Parts                                          
     C. Con.Sulfuric Acid   2.0 Parts                                          
     D. Abson 820 X 14      50.0 Parts                                         
     E. 37% Formalin        620.0 Parts                                        
     F. Salicylic Acid      50.0 Parts                                         
     G. Calcium Stearate 60%                                                   
                            84.0 Parts                                         
PAR  Components A through D were loaded into a reaction vessel set for reflux.
      The components were heated to 115.degree. and held for 15 minutes, during
      which time the mixture became homogeneous. The heat was removed and
      component E was added dropwise over a 30- to 60-minute period. Enough heat
      was used to maintain a reflux. After all of component E was added, the
      batch was held at reflux (100.degree.C.) until the free formaldehyde in
      the refluxate was less than 0.5%. Three hundred parts of distillate were
      removed. Components F and G were then added and the resulting material was
      distilled to a grindable resin.
PAR  Ball and Ring Softening Point = 92.degree.C. (ASTM E28-67) Yield = 1205
      Parts.
PAC  EXAMPLE 2
     A. C.P. Phenol         1000.0 Parts                                       
     B. DB-31 Anti foam     0.2 Parts                                          
     C. Con. Sulfuric Acid  2.0 Parts                                          
     D. Abson 820 X 15      50.0 Parts                                         
     E. 37% Formalin        620.0 Parts                                        
     F. Salicylic Acid      50.0 Parts                                         
     G. Calcium Stearate 60%                                                   
                            84.0 Parts                                         
PAR  The reaction procedure is the same as in Example 1.
PAR  Ball and Ring Softening Point = 104.degree.C. Yield = 1180 Parts.
PAC  EXAMPLE 3
     A. C. P. Phenol        1000.0 Parts                                       
     B. DB-31 Anti foam     0.2 Parts                                          
     C. Con. Sulfuric Acid  2.0 Parts                                          
     D. Abson 820 X 16      50.0 Parts                                         
     E. 37% Formalin        620.0 Parts                                        
     F. Salicylic Acid      50.0 Parts                                         
     G. Calcium Stearate 60%                                                   
                            84.0 Parts                                         
PAR  The reaction procedure is the same as in Example 1.
PAR  Ball and Ring Softening Point = 95.degree.C. Yield = 1155 Parts.
PAC  EXAMPLE 4
     A. C.P. Phenol         1000.0 Parts                                       
     B. DB-31 Anti foam     0.2 Parts                                          
     C. Con. Sulfuric Acid  2.0 Parts                                          
     D. Abson 820 X 13      50.0 Parts                                         
     E. 37% Formalin        620.0 Parts                                        
     F. Salicylic Acid      50.0 Parts                                         
     G. Calcium Stearate 60%                                                   
                            84.0 Parts                                         
PAR  The reaction procedure is the same as in Example 1.
PAR  Ball and Ring Softening Point = 95.degree.C. Yield =1150 Parts.
PAC  EXAMPLE 5 --Coating Method
     A. Wedron 70-20 Silica Sand                                               
                            11,350.0 Parts                                     
     B. Resin               340.0 Parts                                        
     C. Hexamethylenetetramine                                                 
                            48.0 Parts                                         
     D. Water               180.0 Parts                                        
PAR  The following procedure was used to coat the resins prepared in the
      examples set forth in this application. The coating procedures are well
      known by those skilled in the art.
PAR  1. Material A was heated to 170.degree.C. and placed into a Beardsley-Piper
      Speed muller (25 pound capacity). The sand was allowed to equilibrate to
      155.degree.C.
PAR  2. With the muller operating the resin was added to the sand. The sand and
      resin were allowed to mix for 90 seconds.
PAR  3. At the end of 90 seconds a solution of C and D was added to the muller.
      When the coated sand became free flowing in the muller, it was discharged
      from the muller and allowed to cool to room temperature. The resulting
      coated sand was free flowing.
PAC  EXAMPLE 6--Peelback Test
PAL  Procedure:
PAR  1. Heat a hot plate to 450.degree.F. Take the temperature of the hot plate
      with a pyrometer before each test is run.
PAR  2. Weigh 230 gm. of coated sand into a quart can.
PAR  3. Pour the sand onto the surface of the hot plate and start a timer.
      Regulate the invest time so as to produce a test specimen center thickness
      of one fourth inch. This is done by starting with an arbitrary invest time
      (e.g.,: 15 seconds), measuring the thickness, then increasng or decreasng
      the invest time until the proper thickness is obtained. Specimen thickness
      is determined by averaging three thickness gauge measurements taken near
      the center of the specimen, after it has been removed from the hot plate
      and cooled.
PAR  4. Using the invest time determined in step 3, carry out the peelback test
      as follows:
PAR  5. Weigh and test sand as in step 2 and pour it onto the hot plate. Start
      the electric timer.
PAR  6. After the invest time has elapsed (as determined in step 3), invert the
      hot plate to remove free-flowing sand.
PAR  7. Immediately after inverting (free-flowing sand dumped), place a pan
      under hot plate to catch coated sand that peels from plate.
PAR  8. Return the hot plate to upright position, and take the cured disc from
      the plate.
PAR  9. Record the weight of the disc and peel in pan, in grams.
PAR  10. Calculate the percentage weight peelback.
PA1  For Example:
TBL  Core Weight              400                                              
     Peelback Weight          100                                              
     Total Weight             500                                              
     % Weight Peelback        20%                                              
PAC  EXAMPLE 7
PAR  The resins in Examples 1 through 4 were tested according to the procedures
      outlined in Examples 5 and 6.
TBL  ______________________________________                                    
     Resin      Cold Tensiles (PSI)                                            
                                % Weight Peelback                              
     ______________________________________                                    
     Example 1  538             0                                              
     Example 2  512             0                                              
     Example 3  519             0                                              
     Example 4  490             0                                              
     ______________________________________                                    
PAR  The cold tensile test was according to the procedures outlined in Foundry
      Core Practice by Harry W. Dietert 3rd Edition 1966, page 224. These values
      are the results of six dogbone specimens.
PAC  EXAMPLE 8
TBL  A. C.P. Phenol         1000.0 Parts                                       
     B. Con. Sulfuric Acid  6.0 Parts                                          
     C. ABSON 820 X 13      10.0 Parts                                         
     D. 37% Formalin        649.0 Parts                                        
     E. Calcium Stearate 60%                                                   
                            95.0 Parts                                         
     F. Salicylic Acid      50.0 Parts                                         
PAR  Components A through C were loaded into a reaction vessel set for reflux.
      The components were heated to 115 degrees centigrade and held for 15
      minutes, during which time the mixture became homogeneous. The heat was
      removed and material D was added over a 30 to 60-minute period. Enough
      heat was used to maintain a reflux. After all of component D was added,
      the batch was held at reflux (100.degree.C.) until the free formaldehyde
      in the refluxate was less than 0.5%. Components E and F were added and the
      resulting material was distilled to a grindable resin.
PAR  Ball and Ring Softening Point = 94.degree.C. Yield = 1180 Parts.
PAC  EXAMPLE 9
     A. C. P. Phenol        1000.0 Parts                                       
     B. Con. Sulfuric Acid  6.0 Parts                                          
     C. ABSON 820 X 13      50.0 Parts                                         
     D. 37% Formalin        620.0 Parts                                        
     E. Calcium Stearate 60%                                                   
                            95.0 Parts                                         
     F. Salicylic Acid      50.0 Parts                                         
PAR  Procedure the same as Example 8.
PAR  Ball and ring Softening Point = 91.degree.C. Yield = 1200 Parts.
PAC  EXAMPLE 10
     A. C. P. Phenol        1000.0 Parts                                       
     B. Con. Sulfuric Acid  6.0 Parts                                          
     C. ABSON 820 X 13      100.0 Parts                                        
     D. 37% Formalin        620.0 Parts                                        
     E. Calcium Stearate 60%                                                   
                            95.0 Parts                                         
     F. Salicylic Acid      50.0 Parts                                         
PAR  Ball and Ring Softening Point = 93.degree.C. Yield = 1240 Parts.
PAC  EXAMPLE 11
PAR  The resins in Examples 8 through 10 were tested according to the procedures
      outlined in Examples 5 through 6.
TBL  ______________________________________                                    
     Resin      Cold Tensiles (PSI)                                            
                                % Weight Peelback                              
     ______________________________________                                    
     Example 8  476             0.6                                            
     Example 9  485             0.2                                            
     Example 10 396             0.5                                            
     ______________________________________                                    
PAC  EXAMPLE 12
TBL  A. C. P. Phenol        1000.0 Parts                                       
     B. Con. Sulfuric Acid  6.0 Parts                                          
     C. ABSON 820 X 13      50.0 Parts                                         
     D. 37% Formalin        604.0 Parts                                        
     E. Calcium Stearate 60%                                                   
                            95.0 Parts                                         
     F. Salicylic Acid      50.0 Parts                                         
PAR  Procedure the same as Example 8.
PAR  Ball and Ring Softening Point = 92.degree.C. Yield = 1155 Parts.
PAC  EXAMPLE 13
     A. C. P. Phenol        1000.0 Parts                                       
     B. Con. Sulfuric Acid  6.0 Parts                                          
     C. ABSON 820 X 13      50.0 Parts                                         
     D. 37% Formalin        681.0 Parts                                        
     E. Calcium Stearate 60%                                                   
                            95.0 Parts                                         
     F. Salicylic Acid      50.0 Parts                                         
PAR  Procedure the same as in Example 8.
PAR  Ball and Ring Softening Point = 92.degree.C. Yield = 1225 Parts.
PAC  EXAMPLE 14
     A. C. P. Phenol        1000.0 Parts                                       
     B. Con. Sulfuric Acid  6.0 Parts                                          
     C. ABSON 820 X 13      50.0 Parts                                         
     D. 37% Formalin        699.0 Parts                                        
     E. Calcium Stearate 60%                                                   
                            95.0 Parts                                         
     F. Salicylic Acid      50.0 Parts                                         
PAR  Procedure the same as in Example 8.
PAR  Ball and Ring Softening Point = 109.degree.C. Yield = 1240 Parts.
PAC  EXAMPLE 15
PAR  The resins from Examples 12 through 14 and Example 8 were tested according
      to the procedures outlined in Examples 5 through 6.
TBL  __________________________________________________________________________
            Mole Ratio                                                         
     Resin  Formaldehyde/phenol                                                
                       Cold Tensile PSI                                        
                                  % Weight Peelback                            
     __________________________________________________________________________
     Example 12                                                                
            0.70       473        0.8                                          
     Example 8                                                                 
            0.75       485        2.3                                          
     Example 13                                                                
            0.79       387        0.8                                          
     Example 14                                                                
            0.81       Did not coat properly                                   
     __________________________________________________________________________
PAC  EXAMPLE 16
TBL  A. C.P. Phenol         1000.0 Parts                                       
     B. Con. Sulfuric Acid  6.0 Parts                                          
     C. ABSON 820 .times. 13                                                   
                            50.0 Parts                                         
     D. 37% Formalin        70.0 Parts                                         
     E. 37% Formalin        550.0 Parts                                        
     F. Salicylic Acid      50.0 Parts                                         
     G. Calcium Stearate 50%                                                   
                            95.0 Parts                                         
PAL  Materials A, B and D were added to a reaction vessel set for atmospheric
      reflux. The batch was heated to atmospheric reflux (100.degree.C.) and
      material E was then added dropwise at reflux over a 30 to 60-minute
      period. After all of material E was added, the batch was held at reflux
      until the free formaldehyde in the refluxate was less than one-half
      percent. Materials C, F and G were then added to the reaction vessel and
      the resulting material was distilled to a grindable resin.
PAR  Ball and Ring Softening Point = 91.degree.C. Yield = 1195 Parts.
PAC  EXAMPLE 17
     A. C. P. Phenol        1000.0 Parts                                       
     B. Con. Sulfuric Acid  6.0 Parts                                          
     C. ABSON 820 X 13      50.0 Parts                                         
     D. 37% Formalin        70.0 Parts                                         
     E. 37% Formalin        550.0 Parts                                        
     F. Salicylic Acid      50.0 Parts                                         
     G. Calcium Stearate 60%                                                   
                            95.0 Parts                                         
PAL  Materials A, B and D were added to a reaction vessel set for atmospheric
      reflux. The batch was heated to atmospheric reflux (100.degree.C.) and
      material E was then added dropwise at reflux over a 30 to 60-minute
      period. After all material E was added the batch was held at reflux until
      the free formaldehyde in the refluxate was less than one half percent.
      Materials F and G were added to the reaction vessel and the batch was
      distilled atmospherically to 130.degree.C. At this time material C was
      added and the resulting material was distilled to a grindable resin.
PAR  Ball and Ring Softening Point = 91.degree.C. Yield = 1190 Parts.
PAC  EXAMPLE 18
     A. C.P. Phenol         1000 Parts                                         
     B. Con. Sulfuric Acid  6 Parts                                            
     C. ABSON 820 X 13      50 Parts                                           
     D. 37% Formalin        70 Parts                                           
     E. 37% Formalin        550 Parts                                          
     F. Salicylic Acid      50 Parts                                           
     G. Calcium Stearate 60%                                                   
                            95 Parts                                           
PAL  Materials A, B and D were added to a reaction vessel set for atmospheric
      reflux. The batch was heated to atmospheric reflux (100.degree.C.) and
      material E was added dropwise over a 30 to 60-minute period. After all
      material E was added, the batch was held at reflux until the free
      formaldehyde in the refluxate was less than one-half percent. Materials F
      and G were then added and the batch was then distilled to a grindable
      resin. Material C was then added to the molten resin and allowed to mix.
PAR  Ball and Ring Softening Point = 94.degree.C. Yield = 1160 Parts.
PAC  EXAMPLE 19
PAR  The resins from Examples 16, 17 and 18 were tested according to the
      procedure outlined in Examples 5 and 6.
TBL  ______________________________________                                    
     Resin      Cold Tensile (PSI)                                             
                               % Weight Peelback                               
     ______________________________________                                    
     Example 16 414            0                                               
     Example 17 493            7                                               
     Example 18 457            0                                               
     ______________________________________                                    
PAR  As is customary in the art, salicylic acid is used in an amount of 2 to 6%,
      preferably 4% based on the weight of novolak. The calcium stearate also
      can be used in the customary amount, e.g., 2 to 6%, preferably 4 to 5%,
      based on the weight of the novolak.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a phenol-formaldehyde novolak coated foundry sand composition
      suitable for use in forming a foundry core the improvement comprising
      including with the novolak 1 to 20% based on the phenol in the novolak of
      an acrylonitrile -butadiene-styrene terpolymer resin to form a foundry
      core of lower peelback then said composition without said terpolymer, said
      novolak having been formed from phenol and formaldehyde in the presence of
      an acid catalyst said terpolymer resin having been added prior to the
      completion of the formation of the novolak, said novolak and terpolymer
      being present together in an amount of 2 to 5% of the sand, said coated
      sand being suitable to form a foundry core of low peelback.
NUM  2.
PAR  2. A composition according to claim 1 wherein the phenol-formaldehyde
      novolak contains 0.70 to 0.83 mole of formaldehyde per mole of phenol and
      1 to 10% of said acrylonitrile butadiene-styrene terpolymer resin based on
      the phenol in the novolak.
NUM  3.
PAR  3. A composition according to claim 1 wherein the terpolymer is present in
      an amount of 1 to 10% of the phenol in the novolak.
NUM  4.
PAR  4. A composition according to claim 3 including hexamethylenetetramine in
      an amount sufficient to harden the novolak.
NUM  5.
PAR  5. A novolak foundry core prepared from the composition of claim 4.
NUM  6.
PAR  6. A composition according to claim 1 wherein the coating material includes
      salicylic acid.
NUM  7.
PAR  7. A composition according to claim 6 wherein the coating material includes
      calcium stearate.
NUM  8.
PAR  8. A foundry core made from the composition of claim 7.
NUM  9.
PAR  9. Foundry sand according to claim 2 wherein the amount of formaldehyde is
      0.72 to 0.80 mole per mole of phenol.
NUM  10.
PAR  10. Foundry sand according to claim 9 wherein the resin is present in an
      amount of 2 to 3% of the sand.
NUM  11.
PAR  11. Foundry sand according to claim 1 wherein the
      acrylonitrile-butadiene-styrene terpolymer resin has a nitrogen content of
      6.6 %.
NUM  12.
PAR  12. Foundry sand accordng to claim 1 wherein the
      acrylonitrile-butadiene-styrene terpolymer resin is added in an amount of
      1 to 10% of the phenol prior to the completion of the formation of the
      novolak.
NUM  13.
PAR  13. Foundry sand according to claim 12 wherein salicyclic acid is added to
      the novolak and acrylonitrile-butadiene-styrene terpolymer resin mixture
      after formation of the novolak.
PATN
WKU  039445119
SRC  5
APN  1741969
APT  1
ART  141
APD  19710823
TTL  Chemically modified polymers
ISD  19760316
NCL  33
ECL  1
EXA  Parker; William E.
EXP  Welsh; M. J.
INVT
NAM  Taylor; Lynn J.
CTY  Haslett
STA  MI
ASSG
NAM  Owens-Illinois, Inc.
CTY  Toledo
STA  OH
COD  02
CLAS
OCL  260 23H
XCL  204158R
XCL  204162R
XCL  260 27EV
XCL  260 27R
XCL  260 336R
XCL  427407
XCL  427417
XCL  427385
EDF  2
ICL  C08L 9100
FSC  260
FSS  23 H;27 EV;27 R;33.6 R
FSC  117
FSS  126 R;124 E;94.9 G
FSC  204
FSS  158 R;162 R
UREF
PNO  2455910
ISD  19481200
NAM  Anderson
OCL  260 23H
UREF
PNO  3188165
ISD  19650600
NAM  Magat
OCL    8115.5
UREF
PNO  3386936
ISD  19680600
NAM  Gordy et al.
OCL  260 23H
UREF
PNO  3476698
ISD  19691100
NAM  Dsterrieth
OCL  260 23H
UREF
PNO  3515687
ISD  19700600
NAM  Leistner
OCL  260  2
UREF
PNO  3549572
ISD  19701200
NAM  Minagawa
OCL  260 23H
UREF
PNO  3549587
ISD  19701200
NAM  Nicholson et al.
OCL  260 23H
UREF
PNO  3657171
ISD  19720400
NAM  White
OCL  260 27EV
FREF
PNO  721,439
ISD  19651100
CNT  CA
OCL  260 27EV
LREP
FR2  Wedding; Donald Keith
ABST
PAL  There is disclosed a process for preparing chemically modified polyolefins
      or copolymers thereof which comprises reacting an olefin polymer with a
      co-reactant having a structure containing both a hydrocarbon residue and
      at least one highly polar functional group, said reaction being conducted
      in the presence of a source capable of generating free radicals in the
      presence of heat, light, oxygen, ionizing radiation, etc.
BSUM
PAC  THE INVENTION
PAR  This invention relates to the preparation of novel polymeric materials by
      the chemical modification of polyolefins, olefin copolymers, and other
      polymeric materials with a structure containing saturated aliphatic carbon
      atoms. The resulting modified polymers are highly suitable for use in
      coating, adhesive, and packaging applications.
PAR  More particularly, this invention relates to the chemical combination of a
      polyolefin polymer or copolymer with one or more non-polymeric organic
      compounds having the generalized structure R-X, where R is a linear,
      branched, or cyclic aliphatic hydrocarbon residue containing at least six
      carbon atoms, and X is a polar functional group which is a member of the
      series comprising the following groups:
PA1  Hydroxyl (--OH);
PA1  carboxyl (--COOH);
PA1  amide (--CONH.sub.2);
PA1  mono- or disubstituted amide
PA1  (--CONHR.sub.1 or --CONR.sub.1 R.sub.2), where the substituents R.sub.1 and
      R.sub.2 are the same or different lower alkyls containing one to four
      carbons;
PA1  Amino (--NH.sub.2);
PA1  mono- or disubstituted amino
PAR  (--NHR.sub.1 or --NR.sub.1 R.sub.2), where the substituents R.sub.1 and
      R.sub.2 are the same or different lower alkyls containing one to four
      carbons;
PAR  TRIALKOXYSILYL
      ##EQU1##
      where the substituents R.sub.1, R.sub.2, and R.sub.3 are lower alkyls
      containing one to four carbon atoms;
PA1  Sulfonic acid (--SO.sub.3 H);
PA1  hydrogen sulfate (--OSO.sub.3 H);
PAL  and
PA1  Dihydrogen phosphate (--OPO.sub.3 H.sub.2).
PAR  The group X may also bear one or more units of positive or negative charge,
      as in the case of the following groups:
PA1  Carboxylate (--COO.sup.-);
PA1  sulfonate (--SO.sub.3 .sup.-);
PA1  singly charged sulfate (--OSO.sub.3 .sup.-);
PA1  singly or doubly charged phosphate (--OPO.sub.3 H.sup.- or --OPO.sub.3
      .sup.=);
PAR  ammonium (--NR.sup.+.sub.1 R.sub.2 R.sub.3); where the substituents
      R.sub.1, R.sub.2 and R.sub.3 are hydrogens or lower alkyls containing one
      to six carbons;
PAR  SULFONIUM (--SR.sub.1 .sup.+R.sub.2), where the substituents R.sub.1 and
      R.sub.2 are the same or different lower alkyls containing one to six
      carbons;
PAL  And
PAR  PHOSPHONIUM (--PR.sub.1 .sup.+R.sub.2 R.sub.3), where the substituents
      R.sub.1, R.sub.2 and R.sub.3 are the same or different lower alkyls
      containing one to six carbon atoms.
PAR  In the case of such charged groups, it should be understood that an ion of
      opposite charge is simultaneously present, such as a sodium ion in the
      case of a carboxylate or sulfonate group, and a halide ion in the case of
      an ammonium, sulfonium, or phosphonium group.
PAR  It is further contemplated that the co-reactant R-X may contain aromatic or
      heterocyclic rings as a part of the structure of R, in addition to the
      essential aliphatic hydrocarbon group or groups. Furthermore, it should be
      understood that more than one group of type R, and/or more than one group
      of type X, may be present per molecule of co-reactant R-X.
PAR  It is further contemplated that an anhydride or imide having a long-chain
      alkyl or alkenyl substituent, such as dodecenylsuccinic anhydride or the
      corresponding imide, may be used as the R-X co-reactant.
PAR  Compounds of the type R-X as described hereinbefore, particularly those
      having a single group of type R and a single group of type X, are commonly
      referred to as "surfactants" owing to their surface-active properties.
PAR  This invention consists of effecting the chemical combination of the
      polymeric polyolefin reactant and the nonpolymeric co-reactant (R-X) by
      subjecting a mixture of these two materials, optionally in the presence of
      additional ingredients, to conditions so as to promote the formation of
      reactive free radicals. Under such conditions, free radicals derived from
      the polymer and other free radicals derived from the non-polymeric
      co-reactant, are both formed; chemical bonding between the polymer and the
      co-reactant occurs as a result of radical-radical combination processes.
PAR  The formation of crosslinked polymers by processes involving the formation
      and interaction of free-radical intermediates is known in the prior art.
      In such processes, a crosslink between polymer chains is formed as a
      result of the combination of polymeric radicals. Typically, this is
      accomplished by heating a mixture of a polymer and an organic peroxide to
      a temperature at which the peroxide decomposes to free radicals.
PAR  The formation of graft copolymers by free-radical processes is also known
      in the prior art. In such processes, a polymeric radical is formed, and
      undergoes an addition reaction with the reactive carbon-carbon double bond
      of a vinyl monomer, such as styrene or methyl methacrylate; the resulting
      radical then adds further units of vinyl monomer by successive radical
      addition reactions. Typically, such a graft copolymerization is
      accomplished by heating a mixture of a polymer, a vinyl monomer, and an
      organic peroxide to a temperature at which the peroxide decomposes to
      yield free radicals.
PAR  Likewise, the preparation of physical blends of polymers with certain types
      of non-polymeric additives of the type R-X is known in the prior art.
      Typically, such additives are employed so as to confer anti-static
      properties or to aid in the dispersion of particulate materials in
      polymers or polymer solutions.
PAR  In the practice of the present invention a wide variety of reaction
      conditions may be employed in order to promote the formation of free
      radicals. In particular, heat, light, oxygen, free-radical initiating
      reagents, ionizing radiation, etc., individually or in combination, may be
      employed.
PAR  In one preferred embodiment of this invention, a mixture of a polyolefin or
      olefin copolymer, a fatty acid, and an organic peroxide is heated to a
      temperature sufficient to cause thermal decomposition of the peroxide.
PAR  In the case of such preferred embodiment, examples of the polymeric
      reactant, fatty acid, and peroxide are given hereinafter.
PAR  Examples of polymeric reactants include:
PA1  polyethylene;
PA1  polypropylene;
PA1  poly(1-butene);
PA1  poly(4-methyl-1-pentene);
PA1  ethylene-propylene copolymers;
PA1  ethylene-1-butene copolymers;
PA1  ethylene-1-hexene copolymers;
PA1  ethylene-vinyl acetate copolymers;
PA1  ethylene-ethyl acrylate copolymers;
PAL  and
PA1  ethylene-acrylic acid copolymers.
PA1  Examples of fatty acids include:
PA1  capric acid;
PA1  lauric acid;
PA1  stearic acid;
PA1  palmitic acid;
PA1  myristic acid;
PA1  arachidic acid;
PA1  behenic acid;
PA1  oleic acid;
PA1  linoleic acid;
PA1  linolenic acid;
PA1  eleostearic acid;
PA1  ricinoleic acid;
PA1  erucic acid;
PA1  elaidic acid;
PAL  and
PA1  arachidonic acid.
PAR  Examples of peroxides include: acetyl peroxide; benzoyl peroxide;
      p-chlorobenzoyl peroxide; 2,4-dichlorobenzoyl peroxide; ditoluoyl
      peroxide; decanoyl peroxide; lauroyl peroxide; isobutyryl peroxide;
      diisononanoyl peroxide; pelargonyl peroxide, tert-butyl peroxyacetate;
      tert-butyl peroxymaleic acid; tert-butyl peroxyisobutyrate; tert-butyl
      peroxypivalate; tert-butyl peroxybenzoate; tert-butyl peroxycrotonate;
      tert-butyl peroxy-(2-ethylhexanoate);
      2,5-dimethyl-2,5-bis-(2-ethylhexanoylperoxy)hexane;
      2,5-dimethyl-2,5-bis-(benzoylperoxy)hexane;
      2,5-dimethyl-2,5-bis-(tert-butylperoxy) hexane;
      2,5-dimethyl-2,5-bis-(tert-butylperoxy)-hexyne-3; di-tert-butyl
      diperoxyphthalate; 1,1,3,3-tetramethylbutylperoxy-2-ethyl-hexanoate;
      di-tert-butyl peroxide; di-tert-amyl peroxide; tert-amyl-tert-butyl
      peroxide; 1,1-di-tert-butylperoxy-3,3,5-trimethyl cyclohexane;
      bis-(tert-butylperoxy)-diisopropylbenzene;
      n-butyl-4,4-bis-(tert-butylperoxy)valerate; dicumyl peroxide; acetyl
      acetone peroxide; methyl ethyl ketone peroxide; cyclohexanone peroxide;
      tert-butylperoxy isopropyl carbonate; 2,2-bis-(tert-butylperoxy)butane;
      di-(2-ethylhexyl)peroxydicarbonate; and
      bis-(4-tert-butylcyclohexyl)peroxydicarbonate.
PAR  In a second specific embodiment hereof, a mixture of an olefin polymer or
      copolymer, an organic peroxide, and a long-chain alcohol, amine, or amine
      oxide is heated to a temperature sufficient to cause thermal decomposition
      of the peroxide. Suitable polymeric reactants and peroxides would include
      those mentioned in the case of the first embodiment. Suitable co-reactants
      would include alcohols such as lauryl alcohol, stearyl alcohol, cetyl
      alcohol, and oleyl alcohol; amines such as lauryl dimethyl amine, stearyl
      dimethyl amine, and stearyl amine; and amine oxides such as lauryl
      dimethyl amine oxide, stearyl dimethyl amine oxide, and cetyl dimethyl
      amine oxide.
PAR  In a third specific embodiment, a mixture of an olefin polymer or
      copolymer, an organic peroxide, and a nonionic, cationic, or anionic
      surfactant is heated to a temperature sufficient to cause thermal
      decomposition of the peroxide. Suitable polymeric reactants and peroxides
      would include those mentioned in the case of the first embodiment.
      Surfactants suitable for use as coreactants are given hereinafter.
      Examples of nonionic surfactants include:
PAR  nonyl phenol-ethylene oxide condensation products;
PAR  octyl phenol-ethylene oxide condensation products;
PAR  mono and di glycerides, e.g. monostearin, distearin, monoolein, diolein;
      and
PAR  polyethylene glycol and derivatives, including fatty acid esters (mono and
      di).
PA1  Examples of cationic surfactants include:
PA1  lauryl trimethyl ammonium chloride;
PA1  lauryl pyridinium chloride;
PA1  cetyl trimethyl ammonium bromide;
PA1  cetyl pyridinium bromide;
PA1  cetyl pyridinium chloride;
PA1  cetyl dimethyl benzyl ammonium chloride;
PA1  stearyl dimethyl benzyl ammonium chloride;
PAL  and
PA1  dilauryldimethyl ammonium bromide.
PA1  Examples of anionic surfactants include:
PA1  sodium laurate;
PA1  sodium stearate;
PA1  sodium oleate;
PA1  sodium lauryl sulfate;
PA1  sodium dioctyl sulfosuccinate;
PA1  sodium dinonyl sulfosuccinate;
PA1  sodium dodecylbenzenesulfonate;
PAL  and
PA1  lauryl acid phosphate.
PAR  In a fourth specific embodiment, a mixture of an olefin polymer or
      copolymer, an organic peroxide, and a rosin acid or salt thereof, or an
      aliphatic dicarboxylic or tricarboxylic acid, or salt thereof, is heated
      to a temperature sufficient to cause thermal decomposition of the
      peroxide. Suitable polymeric reactants and peroxides would include those
      mentioned in the case of the first specific embodiment. Suitable
      carboxyl-containing co-reactants and salts include rosin acids and salts
      such as abietic acid, levopimaric acid, calcium resinate, barium resinate,
      and sodium resinate; dicarboxylic acids and salts such as dimer acid,
      sebacic acid, azelaic acid, and sodium sebacate; and tricarboxylic acids
      such as trimer acid.
PAR  In a fifth specific embodiment, a mixture of an olefin polymer or
      copolymer, an organic peroxide, and a fatty acid amide is heated to a
      temperature sufficient to cause thermal decomposition of the peroxide.
      Suitable polymeric reactants and peroxides would include those mentioned
      in the case of the first specific embodiment.
PA1  Suitable fatty acid amides include:
PA1  oleamide;
PA1  erucamide;
PA1  oleic acid diethanolamide;
PA1  lauric acid diethanolamide;
PA1  stearic acid diethanolamide;
PA1  lauric acid N,N-dimethyl amide;
PAL  and
PA1  stearic acid N,N-dimethyl amide.
PAR  In any or all of the preceding embodiments, a mixture of two or more
      co-reactants of type R-X may be utilized in place of a single compound.
PAR  In any or all of the preceding embodiments, the organic peroxide may be
      replaced by another reagent, or combination of reagents, capable of
      generating free radicals under appropriate conditions. Such reagents would
      include the following:
PAC  HYDROPEROXIDES
PA1  tert-Butyl hydroperoxide
PA1  Cumene hydroperoxide
PA1  Diisopropylbenzene hydroperoxide
PA1  2,5-Dimethylhexane-2,5-dihydroperoxide
PA1  p-Menthane hydroperoxide
PA1  1,1,3,3-Tetramethylbutyl hydroperoxide.
PAC  METALLO-ORGANIC REAGENTS USED ALONE OR IN COMBINATION WITH HYDROPEROXIDES:
PA1  Cobalt 2-ethylhexanoate
PA1  Cobalt naphthenate
PA1  Cobalt tallate
PA1  Copper naphthenate
PA1  Copper phthalocyanine
PA1  Copper acetylacetonate
PA1  Ferric acetylacetonate
PA1  Ferrous acetylacetonate
PA1  Ferrous stearate
PA1  Iron neodecanoate
PA1  Iron tallate
PA1  Manganese naphthenate
PA1  Manganese tallate.
PAC  AZO COMPOUNDS
PA1  2-azobis-(isobutyronitrile)
PA1  2-Azobis-(propionitrile)
PA1  Dimethyl-2-azobisisobutyrate
PA1  1-Azobis-(1-cyclohexanecarbonitrile)
PA1  2-Azobis-(2-methylheptanitrile)
PA1  2-Azobis-(2-methylbutyronitrile)
PA1  4-Azobis-(4-cyanopentanoic acid)
PA1  Azodicarbonamide
PAC  QUINONE OXIMES, ETC.
PA1  p-Quinone dioxime
PA1  p-Dibenzoylquinone dioxime
PA1  2,6-Dichloroquinone chlorimide.
PAC  SULFUR COMPOUNDS
PA1  Benzothiazyl disulfide
PA1  Dibenzyl disulfide
PA1  Dixylyl disulfide (various isomers)
PA1  2-(Morpholinothio)benzothiazole
PA1  Dibenzoyl disulfide
PA1  Tetramethylthiuram disulfide
PA1  Diphenyl disulfide
PA1  Di-p-tolyl disulfide
PA1  Tetramethylthiuram monosulfide
PAC  BIBENZYLS
PA1  .alpha.,.alpha.'-dimethoxy-.alpha.,.alpha.'-diphenylbibenzyl
PA1  .alpha.,.alpha.'-Diphenyl-.alpha.-methoxybibenzyl
PA1  .alpha.,.alpha.'-Dimethoxy-.alpha.,.alpha.'-dimethylbibenzyl
PA1  .alpha.,.alpha.'-Dimethoxybibenzyl
PAR  Any or all of the previously described specific embodiments may also be
      carried out by omitting the organic peroxide and carrying out the reaction
      under conditions which lead to the formation of free radicals via partial
      thermal or oxidative decomposition of the polymer and/or the co-reactant.
      Furthermore, a third reactant which readily forms free radicals on
      exposure to oxygen, such as an olefin, ether, or thiol, may be used.
PAR  In the practice of this invention, it is contemplated that the reactive
      composition will ordinarily contain about 60 to 98% by weight of polymer,
      about 1 to 30% by weight of coreactant, and about 1 to 20% by weight of a
      radical initiator or combination of initiators.
PAR  Additional materials, such as fillers, pigments, dyes, plasticizers,
      foaming agents, reinforcing agents, etc., may also be present during the
      reaction, or may be added subsequently. It should be understood that such
      additives are not to be considered in calculating the percentages of
      polymer, co-reactant, and initiator, as specified above.
PAR  In the practice of this invention, the reaction may be conducted in a
      conventional vessel, such as a chemical reactor, and the polymeric product
      may subsequently be fabricated by conventional means, such as molding,
      extrusion, calendaring, solution casting, etc.
PAR  Alternatively, the reactive composition may be prepared and fabricated as a
      film, coating, adhesive, three-dimensional article, etc., and the chemical
      reaction conducted subsequently, in situ, by heating, exposure to oxygen,
      etc.
PAR  The following examples represent some of the best embodiments contemplated
      by the inventor.
DETD
PAC  EXAMPLE I
PAR  A solution of 30 grams (g.) polyethylene (Marlex TR 880), 6 g. stearic
      acid, and 3 g. dicumyl peroxide in ca. 550 milliliters (ml.) hot xylene
      was prepared. Coatings on glass substrates were prepared by casting
      portions of the solution onto warmed microscope slides. After drying, the
      coatings were heated overnight at 135.degree.C. in a vacuum oven.
PAR  The "cured" coatings showed good adhesion to glass. When such a coating
      (thickness 9 mils) was removed and subjected to continuous extraction
      (Soxhlet apparatus) with refluxing n-butanol for 24 hrs., examination of
      the infrared spectrum revealed that the carboxyl-containing material
      (derived from stearic acid) had not been removed by extraction. When a
      physical mixture of polyethylene and stearic acid, without peroxide, was
      prepared and treated similarly, the stearic acid was removed by butanol
      extraction.
PAC  EXAMPLE II
PAR  A solution of 20 g. polyethylene (Marlex TR 880), 4 g. stearic acid, and 2
      g. dicumyl peroxide in 400 ml. hot xylene was prepared. Films were
      obtained by casting the resulting solution onto heated glass microscope
      slides. When such a film was "sandwiched" between two glass slides and the
      combination heated four hours at 145.degree.C., a strong adhesive joint
      was formed.
PAC  EXAMPLE III
PAR  A solution of 8 g. polyethylene (Microthene FN 500), 2 g. oleic acid, and 2
      g. 2,5-dimethyl-2,5-bis(t-butylperoxy)-hexyne-3 in 80 ml. warm xylene was
      prepared, and fabricated into coatings by casting onto warmed glass
      microscope slides with the aid of a fixed-clearance applicator. When such
      a coating was cured by heating 1 hr. at 170.degree.C., the resulting
      coating showed good adhesion to glass (as judged by an adhesive-tape
      test); a sessile drop of distilled water formed a contact angle of
      69.degree. on the cured coating. An additive-free polyethylene film,
      prepared and treated in the same manner, failed the adhesion test and had
      a water contact angle of 89.degree..
PAC  EXAMPLE IV
PAR  A series of coatings, each prepared from 8.0 g. polyethylene (Microthene FN
      510) 2.0 g. 2,5-dimethyl-2,5-bis-(t-butylperoxy)hexyne-3, and 2.0 g. of a
      selected co-reactant, were prepared on glass substrates in the manner
      described in Example III. In the case of the following co-reactants, the
      resulting coatings showed strong adhesion to glass after being cured 2
      hrs. at ca. 150.degree.C.: n-dodecyltriethoxysilane; sodium stearate;
      sodium lauryl sulfate; and cetyltrimethylammonium bromide.
PAC  EXAMPLE V
PAR  Portions of a solution of 8.0 g. ethylene-vinyl acetate copolymer (Elvax
      150, containing ca. 67% ethylene, 33% vinyl acetate), 2.0 g. oleic acid,
      and 2.0 g. 2,5-dimethyl-2,5-bis(t-butylperoxy)hexyne-3 in 80 ml. benzene
      were cast onto glass plates with the aid of a fixed-clearance applicator.
      After curing 2 hrs. under nitrogen at ca. 160.degree.C., the coatings
      passed adhesive tape tests for adhesion, and exhibited water contact
      angles of ca. 40.degree.. Similarly treated coatings, prepared from the
      ethylene-vinyl acetate copolymer along, failed the adhesive tape test and
      exhibited water contact angles of ca. 82.degree..
PAC  EXAMPLE VI
PAR  A series of coatings, each prepared from 8.0 g. ethylenevinyl acetate
      copolymer ("Elvax 420", containing ca. 82% ethylene and 18% vinyl
      acetate), 2.0 g. 2,5-dimethyl-2,5-bis-(t-butylperoxy)hexyne-3, and 2.0 g.
      of a selected co-reactant, were prepared on glass substrates in the manner
      described in Example V. In the case of the following co-reactants, the
      resulting coatings showed strong adhesion to glass after being cured 2
      hrs. at ca. 160.degree.C.: "dimer acid", sodium stearate,
      cetyltrimethylammonium bromide.
PAR  In comparison to the starting polymers, the modified polymers prepared in
      accordance with this invention have a number of useful properties. Such
      properties include increased susceptibility to environmental
      deterioration; increased susceptibility to microbiological attack
      ("biodegradability"); improved adhesion to surfaces such as metal, glass
      and wood; improved receptivity to dyes, inks, and coatings; improved
      wetting of fillers, reinforcing agents, and pigments; anti-static
      properties; improved emulsifiability; and improved solubility in certain
      solvents.
PAR  Such properties suggest a wide variety of practical applications, in such
      areas as coatings, adhesives, packaging films, inks, plastic cups and
      bottles, etc.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing chemically modified olefin homopolymers or
      olefin copolymers which consists of reacting about 60 to about 98% by
      weight of an olefin homopolymer or olefin copolymer with about 1 to about
      30% by weight of a co-reactant, said co-reactant being a non-polymeric
      organic compound having the generalized structure R-X, where R is a
      saturated linear, branched or cyclic aliphatic hydrocarbon residue
      containing at least six carbon atoms, and X is at least one highly polar
      functional group selected from the group consisting of hydroxyl (--OH);
      carboxyl (--COOH); amide (--CONH.sub.2); disubstituted amide (--CONR.sub.1
      R.sub.2), where R.sub.1 and R.sub.2 are the same or different lower alkyls
      containing one to four carbons; amino (--NH.sub.2); disubstituted amino
      (--NR.sub.1 R.sub.2), where R.sub.1 and R.sub.2 are the same or different
      lower alkyls containing one to four carbons; trialkoxysilyl
      ##EQU2##
      where R.sub.1, R.sub.2 and R.sub.3 are lower alkyls containing one to four
      carbons, dihydrogen phosphate (--OPO.sub.3 H.sub.3); carboxylate
      (--COO.sup.-); and ammonium (--NR.sub.1 R.sub.2 R.sub.3), where R.sub.1,
      R.sub.2 and R.sub.3 are hydrogens or lower alkyls containing one to six
      carbons, said reaction being conducted in the presence of about 1% to
      about 20% by weight of a source capable of generating free radicals and in
      the presence of a stimulus selected from heat, light, oxygen, organic
      compound free-radical initiating reagents, and combinations thereof to
      cause said generation of free radicals.
NUM  2.
PAR  2. The process of claim 1 wherein there is reacted an olefin homopolymer or
      olefin copolymer selected from polyethylene, polypropylene,
      poly(1-butene), poly(4-methyl-1-pentene), ethylene-propylene copolymers,
      ethylene-1-butene copolymers, ethylene-1-hexene copolymers, ethylene-vinyl
      acetate copolymers, ethylene-ethyl acrylate copolymers, and
      ethylene-acrylic acid copolymers.
NUM  3.
PAR  3. The process of claim 2 wherein the co-reactant is a fatty acid or fatty
      acid amide.
NUM  4.
PAR  4. The process of claim 2 wherein the co-reactant is selected from rosin
      acid, aliphatic tricarboxylic acid, or salts thereof.
NUM  5.
PAR  5. The process of claim 2 wherein the co-reactant is a nonionic, anionic,
      or cationic surfactant.
NUM  6.
PAR  6. The process of claim 1 wherein the source is an organic peroxide and the
      stimulus is heat.
NUM  7.
PAR  7. The process of claim 1 wherein the source is an azo compound and the
      stimulus is heat.
NUM  8.
PAR  8. The process of claim 1 wherein the source is a quinone oxime and the
      stimulus is heat.
NUM  9.
PAR  9. The process of claim 1 wherein the source is a bibenzyl and the stimulus
      is heat.
NUM  10.
PAR  10. The process of claim 1 wherein the source is a metallo-organic reagent
      selected from the group consisting of cobalt 2-ethylhexanoate, cobalt
      napthenate, cobalt tallate, copper naphthenate, copper phthalocyanine,
      copper acetylacetonate, ferric acetylacetonate, ferrous acetylacetonate,
      ferrous stearate, iron neodecanoate, iron tallate, manganese napthenate
      and manganese tallate, a hydroperoxide selected from the group consisting
      of tert-butyl hydroperoxide; cumene hydroperoxide; diisopropylbenzene
      hydroperoxide; 2,5-dimethylhexane-2,5 dihydroperoxide, p-menthane
      hydroperoxide, and 1,1,3,3-tetramethylbutyl hydroperoxide, or mixtures of
      said metallo-organic reagent and hydroperoxide and the stimulus is heat.
NUM  11.
PAR  11. The process of claim 1 wherein a mixture of the homopolymer or
      co-polymer, co-reactant, and source is formed into a suitable geometric
      shape and the reaction conducted in situ while maintaining such geometric
      shape.
NUM  12.
PAR  12. The process of claim 3 wherein said fatty acid is selected from the
      group consisting of capric acid, lauric acid, stearic acid, palmitic acid,
      myristic acid, arachidic acid, behenic acid, oleic acid, linoleic acid,
      linolenic acid, eleostearic acid, ricinoleic acid, erucic acid, elaidic
      acid, and arachidonic acid.
NUM  13.
PAR  13. The process of claim 6 wherein said organic peroxide is selected from
      the group consisting of acetyl peroxide; benzoyl peroxide; p-chlorobenzoyl
      peroxide; 2,4-dichlorobenzoyl peroxide; ditoluoyl peroxide; decanoyl
      peroxide; lauroyl peroxide; isobutyryl peroxide; diisononanoyl peroxide;
      pelargonyl peroxide; tert-butyl peroxyacetate; tert-butyl peroxymaleic
      acid; tert-butyl peroxyisobutyrate; tert-butyl peroxypivalate; tert-butyl
      peroxybenzoate; tert-butyl peroxycrotonate; tert-butyl
      peroxy-(2-ethylhexanoate); 2,5-dimethyl-2,5-bis-(2-ethylhexanoylperoxy)
      hexane; 2,5-dimethyl-2,5-bis-(benzoylperoxy) hexane;
      2,5-dimethyl-2,5-bis-(tert-butylperoxy) hexane;
      2,5-dimethyl-2,5-bis-(tert-butylperoxy)-hexyne-3; di-tert-butyl
      diperoxyphthalate; 1,1,3,3-tetramethyl-butylperoxy-2-ethyl-hexanoate;
      di-tert-butyl peroxide; di-tert-amyl peroxide; tert-amyl-tert-butyl
      peroxide; 1,1-di-tert-butylperoxy-3,3,5-trimethyl cyclohexane;
      bis-(tert-butylperoxy)-diisopropylbenzene;
      n-butyl-4,4-bis-(tert-butylperoxy)valerate; dicumyl peroxide; acetyl
      acetone peroxide; methyl ethyl ketone peroxide; cyclohexanone peroxide;
      tert-butylperoxy isopropyl carbonate; 2,2-bis-(tert-butylperoxy)butane;
      di-(2-ethylhexyl)peroxydicarbonate; and
      bis-(4-tert-butylcyclohexyl)peroxydicarbonate.
NUM  14.
PAR  14. The process of claim 2 wherein said co-reactant is a long-chain
      alcohol, an amine or an amine oxide.
NUM  15.
PAR  15. The process of claim 14 wherein said long-chain alcohol is selected
      from the group consisting of lauryl alcohol, stearyl alcohol, cetyl
      alcohol, and oleyl alcohol.
NUM  16.
PAR  16. The process of claim 14 wherein said amine is selected from the group
      consisting of lauryl dimethyl amine, stearyl dimethyl amine and stearyl
      amine.
NUM  17.
PAR  17. The process of claim 14 wherein said amine oxide is selected from the
      group consisting of lauryl dimethyl amine oxide, stearyl dimethyl amine
      oxide and cetyl dimethyl amine oxide.
NUM  18.
PAR  18. The process of claim 5 wherein said nonionic surfactant is selected
      from the group consisting of monostearin, distearin, monoolein, diolein
      and polyethylene glycol.
NUM  19.
PAR  19. The process of claim 5 wherein said cationic surfactant is selected
      from the group consisting of lauryl trimethyl ammonium chloride, lauryl
      pyridinium chloride, cetyl trimethyl ammonium bromide, cetyl pyridinium
      bromide; cetyl pyridinium bromide, cetyl pyridinium chloride, cetyl
      dimethyl benzyl ammonium chloride, stearyl dimethyl benzyl ammonium
      chloride and dilauryldimethyl ammonium bromide.
NUM  20.
PAR  20. The process of claim 5 wherein said anionic surfactant is selected from
      the group consisting of sodium laurate, sodium stearate, sodium oleate,
      sodium lauryl sulfate, sodium dioctyl sulfosuccinate, sodium dinonyl
      sulfosuccinate, sodium dodecylbenzenesulfonate and lauryl acid phosphate.
NUM  21.
PAR  21. The process of claim 4 wherein said rosin acid is selected from the
      group consisting of abietic acid and levopimaric acid.
NUM  22.
PAR  22. The process of claim 4 wherein said rosin acid salt is selected from
      the group consisting of calcium resinate, barium resinate and sodium
      resinate.
NUM  23.
PAR  23. The process of claim 4 wherein said aliphatic dicarboxylic acid is
      selected from the group consisting of sebacic acid and azelaic acid.
NUM  24.
PAR  24. The process of claim 4 wherein said aliphatic dicarboxylic acid salt is
      sodium sebacate.
NUM  25.
PAR  25. The process of claim 5 wherein said fatty acid amide is selected from
      the group consisting of oleamide; erucamide; oleic acid diethanolamide;
      lauric acid diethanolamide; stearic acid diethanolamide; lauric acid
      N,N-dimethyl amide; and stearic acid N,N-dimethyl amide.
NUM  26.
PAR  26. The process of claim 7 wherein said azo compound is selected from the
      group consisting of 2-azobis-(isobutyronitrile), 2-azobis-(propionitrile),
      dimethyl-2-azobisiobutyrate, 1-azobis-(1-cyclohexanecarbonitrile),
      2-azobis-(2-methylheptanitrile), 2-azobis-(2-methylbutyronitrile),
      4-azobis-(4-cyanopentanoic acid) and azodicarbonamide.
NUM  27.
PAR  27. The process of claim 8 wherein said quinone oxime is selected from the
      group consisting of p-quinone dioxime, p-dibenzoylquinone dioxime and
      2,6-dichloroquinone chlorimide.
NUM  28.
PAR  28. The process of claim 9 wherein said dibenzyl is selected from the group
      consisting of
      .alpha.,.alpha.'-dimethoxy-.alpha.,.alpha.'-diphenylbibenzyl; .alpha.,.alp
     ha.'-diphenyl-.alpha.-methoxybibenzyl;
      .alpha.,.alpha.'-dimethoxy-.alpha.,.alpha.'-dimethylbibenzyl; and
      .alpha.,.alpha.'-dimethoxybibenzyl.
NUM  29.
PAR  29. A chemically modified olefin homopolymer or olefin copolymer produced
      in accordance with the process of claim 1.
NUM  30.
PAR  30. The process of claim 7 wherein the reaction is conducted in situ on a
      substrate.
NUM  31.
PAR  31. The process of claim 8 wherein the reaction is conducted in situ on a
      substrate.
NUM  32.
PAR  32. The process of claim 9 wherein the reaction is conducted in situ on a
      substrate.
NUM  33.
PAR  33. The process of claim 10 wherein the reaction is conducted in situ on a
      substrate.
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ABST
PAL  The present invention relates to a process for the manufacture of
      heat-curable synthetic resins, based on reaction products of maleic
      anhydride with mixtures of polybutadiene, unsaturated hydrocarbon resins
      and unsaturated fatty acid glyceride esters, which can be diluted with
      water and are suitable for the electrophoretic coating process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  German Published Spec. No. 2,016,223 describes the manufacture of polymeric
      products which can be diluted with water and which consist of 10 - 70% by
      weight of an unsaturated fatty acid ester, 85 - 10% by weight of
      polybutadiene and 5 - 20% by weight of maleic anhydride. On page 4, last
      paragraph, of this German Published Specification it is stated that the
      manufacturing process is carried out by first reacting the unsaturated
      fatty acid ester and the polybutadiene with one another at 180.degree. -
      270.degree. C and then forming the adduct of maleic anhydride. The binders
      thus obtained are stated to give electrophoretically deposited films which
      after stoving have improved corrosion protection, better permanent
      elasticity and good hardness. The bath solutions are stated to have
      excellent storage stability and the binder is supposed to be capable of
      trouble-free deposition even at high potentials. However, the binders
      obtained according to this Published Specification suffer from a series of
      disadvantages. Thus, the electrophoresis baths prepared with these binders
      display only inadequate values of the throwing power. On stoving,
      especially in the case of fairly thick layers (above 24.mu.), the films
      show insufficient hardening in depth and the electrophoretically deposited
      films show marks from drops of water after having been sprayed down with
      water and then stoved.
PAR  These disadvantages are overcome by the synthetic resins manufactured
      according to the process of the invention. The synthetic resins obtained
      according to this process display good to excellent values of the throwing
      power when used as binders in electrophoretic coating baths. The
      electrophoretically deposited films cure well in depth, on stoving at
      about 180.degree. C for 30 minutes, even in the case of thick layers (23 -
      28 .mu.). The electrophoretically deposited films can be sprayed down with
      water and the films show no marks from drops of water after stoving.
PAR  British Pat. Specification No. 1,102,652 describes the manufacture of
      water-soluble binders suitable for the electrophoretic coating process,
      polybutadiene being reacted with maleic anhydride. These electrophoresis
      baths prepared with such binders, however, display inadequate values of
      the throwing power. The films show inadequate hardness after stoving.
PAR  British Pat. Specification No. 1,154,174 describes the manufacture of
      binders which can be diluted with water and are suitable for the
      electrophoretic coating process, and which consist of 40 - 80% by weight
      of polybutadiene, 15 - 55% by weight of unsaturated fatty acid and 5 - 15%
      by weight of fumaric acid. Page 2, lines 38 - 43 of this Patent
      Specification mentions that hydrocarbon resins based on cyclopentadiene or
      piperylene can also be added. These binders also show poor values of the
      throwing power in electrophoresis baths. After spraying down with water
      and stoving, the films obtained show marks from drops of water and are
      inadequately hardened in depth.
PAC  SUMMARY
PAR  The present invention relates to a process for the manufacture of
      heat-curable synthetic resins, based on reaction products of maleic
      anhydride with mixtures of polybutadiene, unsaturated hydrocarbon resins
      and unsaturated fatty acid glyceride esters, which can be diluted with
      water and are suitable for the electrophoretic coating process,
      characterised in that a mixture consisting of:
PAR  a. 20 - 60% by weight of a polybutadiene having an average molecular weight
      of 750 - 2,000 and an iodine number between 300 and 450,
PAR  b. 10 - 60% by weight of a polyisoprene resin having a viscosity between 30
      and 800 cP (measured in 70% strength solution in toluene at 20.degree.C)
      and an iodine number of between 160 and 400, and
PAR  c. 5 - 40% by weight of a fatty acid glyceride ester, wherein the fatty
      acid radical contains 16 - 18 C atoms and the fatty acid glyceride ester
      has an iodine number between 140 and 220,
PAL  is pre-polymerised by heating to 200.degree. - 270.degree. C until the
      reaction mixture of components (a), (b) and (c), which has an initial
      viscosity of about 100 - 300 sec (measured according to DIN 53,211),
      displays viscosities between 500 and 2,000 sec (measured according to DIN
      53,211), the resulting mixture is then reacted with
PAR  d. 10 - 20% by weight of maleic anhydride at 180.degree. - 190.degree. C,
      until no further free maleic anhydride is present, and
PAR  e. in the resulting adduct the anhydride groups present are opened by
      hydrolysis with water or alcoholysis with the amount of monohydric
      alcohols with 1 - 4 C atoms required to form the half-ester.
PAR  In the process of the present invention, it is possible to use, as
      component (a), polybutadienes in the form of homopolymers of butadiene
      with an average molecular weight of 750 - 2,000 and iodine numbers between
      300 and 450.
PAR  By polybutadienes there are to be understood all commercially available
      isomers, both those with cis- and trans-double bonds in the middle
      position and those with vinyl double bonds. The following are particularly
      preferred:
PAR  1. a polybutadiene of average molecular weight approx. 1,400 and iodine
      number 450, wherein 65 - 75% of the double bonds have the 1,4-cis
      configuration, 25 - 35% have the 1,4-trans configuration and less than 1%
      have the 1,2-vinyl configuration;
PAR  2. a polybutadiene of average molecular weight 1,000 to 1,500 and iodine
      number 420, wherein 10% of the double bonds have the 1,4-cis
      configuration, 45% have the 1,4-trans configuration and 45% have the
      1,2-vinyl configuration;
PAR  3. a polybutadiene with a mean molecular weight of 900 and an iodine number
      of 360, the double bonds having the 1,4-cis configuration to the extent of
      10%, the 1,4-trans configuration to the extent of 45% and the 1,2-vinyl
      configuration to the extent of 45%.
PAR  Under polybutadienes there are also to be understood butadiene polymers
      with terminal carboxyl groups or hydroxyl groups, but these do not belong
      to the preferred embodiment. The manufacture of these butadiene polymers
      with terminal carboxyl groups or hydroxyl groups is described in "Rubber
      and Plastics Age", 1964, volume 45, No. 11, page 1,347.
PAR  Suitable components (b) are unsaturated polyisoprene resins which are
      obtained by polymerisation of isoprene. These isoprene resins should have
      iodine numbers between 160 and 400 and viscosities between 30 and 800 cP
      (measured in 70% strength solution in toluene at 20.degree.C). Isoprene
      resins having viscosities between 30 and 200 cP are especially suitable.
PAR  Suitable unsaturated fatty acid glyceride esters are the triglycerides of
      unsaturated fatty acids, such as tall oil fatty acid, soya oil fatty acid,
      linseed oil fatty acid, dehydrated castor fatty acid, wood oil fatty acid,
      groundnut fatty acid, rape oil fatty acid and the like, linseed oil, wood
      oil and dehydrated castor oil being particularly preferred. In the most
      preferred embodiment linseed oil is used as the unsaturated fatty acid
      glyceride ester.
PAR  The polybutadiene (a), the polyisoprene resin (b) and the fatty acid
      glyceride ester (c) are first heated to 200.degree. - 270.degree. C under
      a protective gas. Nitrogen or carbon dioxide are suitable protective
      gases. Heating is continued until the viscosity, of samples which are
      withdrawn, has risen from 100 - 300 sec to 430 - 2,000 sec (DIN 53,211).
      Higher viscosities than those mentioned should be avoided since at higher
      viscosities the addition of maleic anhydride is frequently no longer
      possible without danger of gelling, or the films applied
      electrophoretically using such products do not have adequate levelling.
PAR  If the viscosities of the intermediate product are too low, the values of
      the throwing power of the end product are in general inadequate and the
      films are very sensitive to marks from drops of water. The initial
      viscosities of the mixture of components (a) - (c) are between 100 and 300
      sec (DIN 53,211). After the desired final viscosity has been reached, the
      polymerised mixture is reacted with maleic anhydride. This reaction is
      carried out at 180.degree. - 190.degree. C, it being necessary to take
      great care that the temperature does not go outside this range.
PAR  At lower temperatures, the addition does not take place sufficiently
      rapidly whilst at higher temperatures there is a danger of the batches
      gelling.
PAR  Preferably, polymerisation inhibitors, for example hydroquinone, tert.-amyl
      hydroquinone, diphenylamine, diephenylenediamine, copper or copper salts,
      for example copper naphthenate, are added to the reaction batch. The
      reaction is continued until the free maleic anhydride content has fallen
      to 0%. In general, 3 - 8 hours are required for this purpose. Thereafter,
      the anhydride group in the reaction product (adduct) is opened either by
      treatment with water (hydrolysis) optionally under raised pressure or by
      treatment with saturated aliphatic monohydric alcohols (alcoholysis) with
      1 - 4 C atoms, forming the half-ester.
PAR  These two reactions are preferably accelerated by the addition of catalytic
      amounts of tertiary amines such as triethylamine, tributylamine and the
      like, and are carried out at 80.degree. - 120.degree. C. In general, a
      time of 1 - 2 or more hours is required for this purpose.
PAR  The viscosities of the end products are between 40 and 152 seconds ((DIN
      53,211), measured at 50% strength by weight in ethylene glycol monobutyl
      ether) and the acid numbers should be between 60 and 140.
PAR  After the opening of the anhydride group, the resulting synthetic resins
      are diluted with water-soluble solvents and/or solvents of only limited
      solubility in water. Suitable solvents are, for example, ethanol,
      propanol, isopropanol, ethylene glycol monomethyl ether, monoethyl ether,
      monoisopropyl ether and monobutyl ether and also butanol, diethylene
      glycol, monoethers and diethers of diethylene glycol, methyl ethyl ketone,
      diacetone alcohol and dimethyl-sulphoxide.
PAR  Minor proportions of water-insoluble solvents such as xylene, benzine,
      cyclohexanol, cyclohexanone, nonanol and decanol can be used conjointly.
      The total proportion of solvents should not exceed 30 parts by weight
      (relative to 100 parts by weight of binder solution), and the proportion
      of water-insoluble solvents should be at most 20 parts by weight of the
      amount of solvent employed.
PAR  In order to convert the resulting synthetic resin solution into a state
      where it can be diluted with water, the solution is neutralised almost
      completely, or partially. Preferably, ammonia is used for this purpose.
      Strong organic nitrogen bases of which a 10% strength by weight aqueous
      solution has a pH of at least 8, are also suitable. For example, amines
      such as, for example, dimethylamine and trimethylamine, triethylamine,
      diethylamine, propylamine, butylamine, diethanolamine, triethanolamine,
      N-methylethanolamine, N,N-dimethylethanolamine and diisopropanolamine can
      be used as strong organic nitrogen bases. Alkalis such as sodium hydroxide
      or potassium hydroxide are also suitable.
PAR  All customary pigments, fillers and lacquer auxiliaries can be used for
      pigmenting the binders. Only the use of basic pigments such as, for
      example, zinc oxide, requires careful testing in each individual case.
PAR  The synthetic resins manufactured according to the invention are
      particularly suitable for use as binders for the electrophoretic
      lacquering process, for which the electrophoresis baths should have a
      total solids content between 7 and 20% by weight.
PAR  The synthetic resins manufactured according to the invention are intended
      to be used as binders for lacquers.
PAR  However, these lacquers can also be applied by spraying, dipping or
      flooding onto the articles to be lacquered. The stoving temperature after
      application is about 170.degree. - 180.degree. C for 30 minutes.
PAR  In a preferred embodiment of the invention, the synthetic resin obtained
      according to the process of the invention should contain the components
      used in the following percentages
PAR  a. 20 - 60% by weight of polybutadiene,
PAR  b. 10 - 60% by weight of polyisoprene resin,
PAR  c. 5 - 40% by weight of unsaturated oil and
PAR  d. 10 - 20% by weight of maleic anhydride.
PAR  In the most preferred embodiment of the invention, the synthetic resin
      obtained according to the process of the invention should contain the
      components used in the following percentages:
PAR  a. 45 - 50% by weight of polybutadiene,
PAR  b. 15 - 20% by weight of polyisoprene resin,
PAR  c. 15 - 20% by weight of unsaturated oil and
PAR  d. 17.5 - 20% by weight of maleic anhydride.
PAR  In another preferred embodiment of the invention, the proportion of
      component (a) is between 35 and 60% by weight, component (b) lies in the
      range of 20 to 25%, component (c) is between 15 and 30% by weight and
      component (d) about 15% by weight. The proportions used depend on the
      desired properties of the binder. Thus, proportions of component (b) &gt; 25%
      by weight admittedly give binders with very good values of the throwing
      power, but the mechanical properties of the films produced after stoving
      are unsatisfactory. Proportions of component (c) &gt; 30% by weight in
      general cause a deterioration of the corrosion resistance of the films
      produced by stoving. Proportions of component (d) &gt; 20% by weight lead to
      binders which in electrophoresis baths display very high conductivities
      and which frequently can only be deposited electrophoretically with flaws
      in the film.
PAR  In the above-mentioned preferred or most preferred embodiments of the
      invention, respectively, linseed oil is employed as the unsaturated oil.
PAR  The process of the invention is best carried out as follows. Components
      (a.) to (c.) are mixed under inert gas and then pre-polymerized to the
      desired viscosity by heating to 250.degree. - 270.degree. C. After cooling
      to 120.degree. - 140.degree. C the maleic anhydride and the inhibitor are
      added. After decay of the exotherme reaction the reaction is carried on at
      180.degree. - 190.degree.c until the content of free maleic anhydride has
      fallen to zero. Air has to be kept out of the reacting flask and the
      reaction should not be interrupted after addition of the maleic anhydride.
      Thereafter the resin is cooled to 80.degree. C and the water or alcohol,
      respectively, is added for cleavage of the anhydride group. The reaction
      (alcoholysis) with alcohol works without problems in the course of 1 - 2
      hours at 80.degree. to 100.degree. C; the reaction with water (hydrolysis)
      takes longer time (2 - 3 hours) at 100.degree. C, whereby the use of
      raised pressure is advantageous. Thereafter the mix is diluted with
      solvent at 60.degree. - 70.degree. C.
PAR  Manufacture of polyisoprene resin 1 (component b):
PAR  500 g of toluene are cooled to +5.degree. C whilst stirring. 1,500 g of
      isoprene and a solution of 30 g of boron trifluoride in 800 g of toluene
      are added dropwise simultaneously thereto, the temperature not being
      allowed to rise above 10.degree. C. The reaction is then allowed to
      continue for a further 3 hours at 10.degree. C, and 100 g of sodium
      bicarbonate and 2 g of water are added. The mixture is then filtered and
      concentrated. 950 g of polyisoprene resin having a viscosity of 150 cP
      (measured at 70% strength by weight in toluene at 20.degree. C) and an
      iodine number of 285 remain.
PAR  Manufacture of polyisoprene resin 2:
PAR  The procedure followed is as in the preceding instruction for polyisosprene
      resin 1, except that the post-reaction time is shortened to 30 minutes at
      10.degree. C. 550 g of polyisoprene resin having a viscosity of 56 cP
      (measured at 70% strength by weight in toluene at 20.degree. C) and an
      iodine number of 240 remain.
DETD
PAC  EXAMPLE 1
PAR  500 g of a polybutadiene of iodine number 450 and average molecular weight
      approx. 1,400 with double bonds having the 1,4-cis configuration to the
      extent of 65 - 75%, the 1,4-trans configuration to the extent of 25 - 35%
      and the 1,2-vinyl configuration to the extent of below 1%, are mixed with
      200 g of the unsaturated polyisoprene resin 1 and 150 g of linseed oil.
      The viscosity of the mixture is 130 sec. The batch is heated to
      250.degree. C under inert gas until the viscosity according to 4 DIN
      53,211 is 890 sec. 150 g of maleic anhydride are then added all at once at
      160.degree. C and the temperature is kept at between 180.degree. and
      190.degree. C until the content of free maleic anhydride is practically
      zero. 60 g of methanol and 0.5 g of triethylamine are then added at
      80.degree. C and the temperature is raised to 100.degree. C for one hour.
      This has opened the anhydride groups in the adduct. The synthetic resin is
      then diluted with ethylene glycol monoethyl ether to a solids content of
      75% by weight.
PAR  The synthetic resin is neutralised, applied electrophoretically in layer
      thickness of 25 .mu. and stoved (30 mins at 180.degree. C) to give a
      lacquer film having very good corrosion resistance in the salt spray test,
      and good elasticity. The electrophoresis bath possesses good throwing
      power.
PAC  EXAMPLE 2
PAR  300 g of the polybutadiene described in Example 1 and 350 g of the
      unsaturated polyisoprene resin 2 are mixed with 150 g of linseed oil, the
      viscosity of the batch being 190 sec. The batch is heated to 250.degree. C
      under an inert gas (CO.sub.2) until the viscosity according to DIN 53,211
      is 1,150 sec. It is then cooled to 160.degree. C. Thereafter, 200 g of
      maleic anhydride are added at 160.degree. C and the reaction is carried
      out at 180.degree. - 190.degree. C until the content of free maleic
      anhydride has fallen practically to zero (in about 4 hours). 38 g of water
      and 0.5 g of triethylamine are then added to the resin at 100.degree. C
      and the mixture is heated for 2 hours at 100.degree. C until all the
      anhydride groups have been opened.
PAR  It is then diluted with ethylene glycol monoethyl ether to a solids content
      of 75% by weight.
PAR  The synthetic resin is neutralised, applied electrophoretically as a clear
      lacquer onto steel sheets and stoved (30 mins at 170.degree. C) to give a
      hard film which proves corrosion-resistant in the salt spray test (ASTM B
      117-64). The electrophoresis bath prepared from the resin shows excellent
      values of the throwing power.
PAC  COMPARISON TESTS TO PROVE THE ADVANCE OVER THE ART
PAC  Comparison experiment A
PAR  Following the procedure of German Pat. No. 2,016,223, 400 parts of a
      polybutadiene of iodine number 450 and average molecular weight approx.
      1,400 and 183 parts of soya oil were heated to 260.degree. C until the
      viscosity (measured at 70% strength by weight in xylene) had risen to 25
      seconds according to DIN 53,211 (corresponding to 1,600 seconds measured
      directly according to DIN 53,211). 10 g of copper naphthenate (Cu content
      8% by weight) were added, followed by 75 g of maleic anhydride. After 40
      minutes at 190.degree. C, the batch gelled.
PAC  Comparison experiment B
PAR  The procedure followed was as in comparison experiment A, but the soya oil
      was replaced by an equal amount of linseed oil. After 30 minutes at
      190.degree. C, the batch gelled.
PAC  Comparison experiment C
PAR  The procedure followed was as in comparison experiment B but a
      polybutadiene having an average molecular weight of 1,000 - 1,500 and an
      iodine number of 357, and containing 45% by weight of vinyl groups, 45% by
      weight of trans structures and 10% by weight of cis structures was used.
      After a reaction time of 4 hours at 190.degree. C the content of
      non-bonded maleic anhydride had fallen to zero. The anhydride groups were
      opened by treatment with water and keeping the mixture at 100.degree. C.
      The resulting synthetic resin was diluted to a solids content of 75% by
      weight with ethylene glycol monoethyl ether. The synthetic resin was
      pigmented with a mixture of equal parts of titanium dioxide and aluminum
      silicate and a little carbon black, using a pigment/binder ratio of 0.3 :
      1, and after neutralisation with ammonia the whole was diluted to a solids
      content of 13% by weight. This electrophoresis bath is compared with a
      bath prepared in the same manner, to which the synthetic resin described
      in Example  1 was added as the binder.
TBL                   Binder according                                         
                               Binder according                                
                      to comparison                                            
                               to Example 1                                    
                      experiment C                                             
     __________________________________________________________________________
     Curing in depth at                                                        
                      good     good                                            
     20 .mu. layer thickness                                                   
                 on                                                            
     Curing in depth at                                                        
                      inadequate                                               
                               good                                            
     25 .mu. layer thickness                                                   
                 pickled                                                       
     Marks from drops                                                          
                 steel                                                         
                      strong   slight                                          
     of water                                                                  
     Throwing power*  20/20/15/12                                              
                               20/8/2/0                                        
     __________________________________________________________________________
       *A 50 cm long and 5 cm wide steel strip is introduced into a plastic tub
      of 6 cm diameter which carries a disc-shaped copper cathode at the bottom
      in such a way that the distance of the strip from the cathode is 2 cm.   
PAR  The deposition is carried out at such a voltage that a thickness of 20 .mu.
      was reached 2 cm from the lower edge of the steel strip. The layer
      thickness at 15, 30 and 45 cm distance is measured.
PAR  The invention also relates to the use of the synthetic resins, which can be
      diluted with water, manufactured according to the present process, for the
      manufacture of unpigmented, pigmented and/or filled heat-curable coating
      agents, the resins being used as the sole binder or mixed with other
      binders.
PAR  In a special use of the synthetic resins manufactured according to the
      invention, relatively low molecular, at least hydrophilic, heat-curable
      condensation products, such as reaction products which form aminoplasts,
      and/or phenol-resols and/or etherified phenol-resols, are co-used as
      further binders for coating agents which can be stoved.
PAR  These other binders are explained in detail in Swiss Pat. No. 523,929,
      column 8, line 47 to column 10, line 19.
PAR  In a further special application, such synthetic resins are used for the
      electrophoretic coating process, phenoplasts and/or aminoplasts being
      co-used as other binders, these having been combined with the synthetic
      resins obtained according to the process of the present invention, prior
      to neutralisation, by warming at temperatures of 100.degree. - 150.degree.
      C so that pre-condensation takes place.
PAR  With regard to how to carry out the pre-condensation, reference should be
      made to the comments in Swiss Pat. Specification No. 523,929, column 10,
      line 20 to line 57, which reads:
PAR  In the new polyether-ester carboxylic acid resins we prefer combinations
      which contain 10 to 30% by weight of aminoplast-forming or
      phenoplast-forming condensation products, with respect to the solid
      content.
PAR  For the electrophoretic application process an advantage is gained if the
      heat-curable condensation products of the kind already described above,
      that is to say phenoplasts and/or aminoplasts, are not merely added to and
      mixed with the resins of the present invention before neutralization, but
      the components are subjected to a reaction. The reaction, which can be
      called precondensation, generally takes place at temperatures from
      100.degree. to 150.degree. C, and it is necessary to carry out the
      reaction in a suitable way so as to ensure as far as possible that
      poly-etherification and not esterification of the components takes place.
      A suitable method of carrying out the reaction consists for instance in
      reacting the components in the presence of an acid catalyst such as
      phosphoric acids, p-toluenesulphonic acid, or benzoic acid, at
      temperatures between 100.degree. and 150.degree. C. In this process the
      heating is stopped at once when the acid value has decreased by about 10
      units as compared with the initial acid value of the reaction mixture.
      This may preferably be achieved by using etherified hydrophilic,
      heat-curable condensation products as phenoplasts and/or aminoplasts. In
      order to obtain adequate ether conversion it is also advantageous to carry
      out the reaction under vacuum.
PAR  The ususal methods can be used in applying the combined stoving lacquers
      made from the resins of the present invention to the objects to be
      lacquered; they are more particularly suitable for lacquering sheet metal.
      In regard to this the lacquers have a particular advantage in that they
      can be deposited on the sheet metal by the electrophoretic process. The
      stoving of the lacquers can be carried out at temperatures of about
      80.degree. to 200.degree. and preferably about 100.degree. to 180.degree.
      C and during a time of about 10 to 80 and preferably about 20 to 60
      minutes, depending on the stoving temperature.
TBL  Example                                                                   
          Polybuta-                                                            
                 Polyisoprene                                                  
                        Linseed                                                
                               Wood                                            
                                   Pre-polymerised                             
                                            maleic Anhydride group             
          diene  resin  oil    oil to a viscosity                              
                                            anhydride                          
                                                   opened with                 
          % by weight                                                          
                 % by weight                                                   
                        % by weight                                            
                               % by                                            
                                   of . . . sec                                
                                            % by weight                        
          (as in               weight                                          
                                   according to                                
          Example 2)               DIN 53,211                                  
     __________________________________________________________________________
     3    50     20 .sup.+.sup.+.sup.)                                         
                        12.5   --  1200     17.5   CH.sub.3 OH                 
     4    50     20 .sup.+.sup.+.sup.)                                         
                        12.5   --  1000     17.5   H.sub.2 O                   
     5    40     20 .sup.+.sup.+.sup.)                                         
                        20     --  1137     20     CH.sub.3 OH                 
     6    40     25 .sup.+.sup.)                                               
                        15     --  1100     20     CH.sub.3 OH                 
     7    45     15 .sup..sup.+.sup.+)                                         
                        10     10  1200     20     CH.sub.3 OH                 
     8    45     15 .sup.+.sup.+.sup.)                                         
                        20     --  1200     20     n-propanol                  
     9    40     30 .sup.+.sup.+.sup.)                                         
                        12.5   --  950      17.5   CH.sub.3 OH                 
     10   35     30 .sup..sup.+)                                               
                         5     10  800      20     CH.sub.3 OH                 
     11   30     40 .sup.+.sup.)                                               
                        12.5   --  950      17.5   CH.sub.3 OH                 
     __________________________________________________________________________
      .sup.+.sup.)  means polyisoprene resin 1                                 
      .sup.+.sup.+.sup.) means polyisoprene resin 2                            
TBL  Example                                                                   
          polybuta-                                                            
                 polyisoprene                                                  
                        oil          pre-polymerised                           
                                                 maleic anhydride group        
          diene  resin               to a viscosity                            
                                                 anhydride                     
                                                        opened with            
                                     of . . . sec according                    
          % by weight                                                          
                 % by weight                                                   
                        % by weight  to DIN 53,211                             
                                                 % by weight                   
          (as in                                                               
          Example 2)                                                           
     __________________________________________________________________________
     12   45     20 .sup.+.sup.)                                               
                        15  soya oil 1050        20     CH.sub.3 OH            
     13   45     20 .sup.+.sup.)                                               
                        15  colza oil                                          
                                     1020        20     CH.sub.3 OH            
     14   45     20 .sup.+.sup.)                                               
                        15  tall oil fatty                                     
                                      950        20     CH.sub.3 OH            
                            acid tri-                                          
                            glyceride                                          
                            ester                                              
     15   45     20 .sup.+.sup.)                                               
                        15  peanut oil                                         
                                      920        20     CH.sub.3 OH            
                            fatty acid tri-                                    
                            glyceride                                          
                            ester                                              
     16   45     20 .sup.+.sup.)                                               
                        7.5 soya oil 1000        20     CH.sub.3 OH            
                        7.5 linseed oil                                        
     __________________________________________________________________________
      .sup.+.sup.) means polyisoprene resin 1                                  
     Example                                                                   
          polybutadiene                                                        
                     polyisoprene                                              
                            oil     pre-polymerised                            
                                               maleic anhydride group          
                     resin          to a viscosity                             
                                               anhydride                       
                                                      opened with              
                                    of . . . sec accord-                       
          % by weight                                                          
                     % by weight                                               
                            % by weight                                        
                                    ing to DIN 53,211                          
                                               % by weight                     
     __________________________________________________________________________
     17   45         17.5 .sup.+.sup.+.sup.)                                   
                            20 soya oil                                        
                                    1200       17.5   CH.sub.3 OH              
          iodine number 420                                                    
          10 % 1,4-cis                                                         
          45 % 1,4-trans                                                       
          45 % 1,2-vinyl                                                       
          molecular weight                                                     
          1000 - 1500                                                          
     18   45         17.5 .sup.+.sup.+.sup.)                                   
                            20 soya oil                                        
                                    1000       17.5   CH.sub.3 OH              
          iodine number 360                                                    
          10 % 1,4-cis                                                         
          45 % 1,4-trans                                                       
          45 % 1,2-vinyl                                                       
          molecular weight                                                     
          900                                                                  
     19   the instructions of Example 1 are followed  ethanol                  
     20   the instructions of Example 1 are followed  n-butanol                
     21   the instructions of Example 1 are followed  sec-butanol              
     22   the instructions of Example 1 are followed  isobutanol               
     __________________________________________________________________________
      .sup.+.sup.+.sup.) means polyisoprene resin 2?                           
PAR  The above Examples 3 - 22 were made according to instructions given in
      Example 1, however, by using the raw materials and the amounts as
      mentioned in the Table above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process for the manufacture of heat-curable synthetic resins, based
      on reaction products of maleic anhydride with mixtures of polybutadiene,
      unsaturated hydrocarbon resins and unsaturated fatty acid glyceride
      esters, which can be diluted with water and are suitable for the
      electrophoretic coating process, characterised in that a mixture
      consisting of
PA1  a. 20-60% by weight of a polybutadiene having a number average molecular
      weight of 750-2,000 and an iodine number between 300 and 450,
PA1  b. 10-60% by weight of a polyisoprene resin having a viscosity between 30
      and 800 cP (measured in 70% strength solution in toluene at 20.degree.C)
      and an iodine number of between 160 and 400, and
PA1  c. 5-40% by weight of a fatty acid glyceride ester, wherein the fatty acid
      radical contains 16-18 C atoms and the fatty acid glyceride ester has an
      iodine number between 140 and 220,
PAL  is pre-polymerised by heating to 200.degree.-270.degree. C until the
      reaction mixture of components (a), (b) and (c), which has an initial
      viscosity of about 100 to 300 sec (measured according to DIN 53,211),
      displays viscosities between 500 and 2,000 sec (measured according to DIN
      53,211), the resulting mixture is then reacted with
PA1  d. 10-20% by weight of maleic anhydride at 180.degree.-190.degree. C until
      no further free maleic anhydride is present, and the sum of the percents
      by weight of components (a), (b), c), and (d) being 100 percent by weight,
PA1  e. in the resulting adduct the anhydride groups present are opened by
      hydrolysis with water or alcoholysis with the amount of monohydric
      alcohols with 1-4 C atoms required to form the half-ester.
NUM  2.
PAR  2. Process according to claim 1, characterised in that polybutadienes,
      homopolymers of butadiene with an average molecular weight of 750 - 2,000
      and iodine numbers of between 300 and 450 are employed as component (a).
NUM  3.
PAR  3. Process according to claim 2, characterised in that polybutadienes, all
      commercially available isomers, both those with cis and trans double bonds
      in the middle position and also those with vinyl double bonds, are
      employed.
NUM  4.
PAR  4. Process according to claim 2, characterised in that a polybutydiene with
      an average molecular weight of about 1,400 and an iodine number of 450, 65
      - 75% of the double bonds being in the 1,4-cis configuration, 25 - 35% in
      the 1,4-trans configuration and less than 1% in the 1,2-vinyl
      configuration, is employed.
NUM  5.
PAR  5. Process according to claim 2, characterised in that a polybutadiene with
      an average molecular weight of 1,000 - 1,500, and an iodine number of 420,
      10% of the double bonds being in the 1,4-cis configuration, 45% in the
      1,4-trans configuration and 45% in the 1,2-vinyl configuration, is
      employed.
NUM  6.
PAR  6. Process according to claim 2, characterised in that butadiene polymers
      with terminal carboxyl groups or hydroxyl groups are employed.
NUM  7.
PAR  7. Process according to claim 1, characterised in that triglycerides of
      unsaturated fatty acids, such as tall oil fatty acid, soya oil fatty acid,
      linseed oil fatty acid, dehydrated castor fatty acid, wood oil fatty acid,
      groundnut fatty acid, rape oil fatty acid and the like, and particularly
      preferentially linseed oil, wood oil and/or castor oil, are employed as
      unsaturated fatty acid glyceride esters.
NUM  8.
PAR  8. Process according to claim 1, characterised in that the hydrolysis or
      alcoholysis is carried out at 80.degree. - 120.degree. C and is
      accelerated by addition of catalytic amounts of tertiary amines.
NUM  9.
PAR  9. Process according to claim 1, characterised in that end products with
      viscosities of between 40 and 152 seconds (DIN 53,211) measured at 50%
      strength by weight in ethylene glycol monobutyl ether) and acid numbers of
      between 60 and 140 are manufactured through choice of the reactants and of
      the reaction time.
NUM  10.
PAR  10. Process according to claim 1, characterised in that after the opening
      of the anhydride group (by hydrolysis or alcoholysis) the resulting
      synthetic resins are diluted with solvents which are water-soluble and/or
      only have limited solubility in water.
NUM  11.
PAR  11. Process according to claim 10, characterised in that minor proportions
      of water-insoluble solvents are coused, but the total proportion of
      solvents does not exceed 30 parts by weight (relative to 100 parts by
      weight of binder solution) and the proportion of water-insoluble solvents
      is at most 20 parts by weight of the amount of solvent employed.
NUM  12.
PAR  12. Process according to claim 1, characterised in that the components are
      employed in the following percentages
PA1  a. 20 - 60% by weight of polybutadiene,
PA1  b. 10 - 60% by weight of polyisoprene resin,
PA1  c. 5 - 40% by weight of unsaturated oil and
PA1  d. 10 - 20% by weight of maleic anhydride
PAL  the sum of the amounts employed having to add up to 100% by weight.
NUM  13.
PAR  13. Process according to claim 1, characterised in that polybutadiene with
      a mean molecular weight of 900, an iodine number of 360 is employed, the
      double bonds having the 1,4-cis configuration to the extent of 10%, the
      1,4-trans configuration to the extent of 45% and the 1,2-vinyl
      configuration to the extent of 45%.
NUM  14.
PAR  14. Process for preparing a heat-curable, pigmented or unpigmented coating
      composition which comprises using as a binder therein a synthetic resin
      manufactured according to the process of claim 1.
NUM  15.
PAR  15. Process according to Patent claim 14, wherein the synthetic resins
      employed for the coating composition for the electrophoretic coating
      process having acid numbers between 60 and 140.
NUM  16.
PAR  16. Process according to claim 14, wherein the coating compositions used
      for electrophoretic application having a total solids content of between 7
      and 20% by weight.
NUM  17.
PAR  17. Process according to claim 14, wherein synthetic resins with
      viscosities between 40 and 152 sec (DIN 53,211), measured 1 : 1 in
      ethylene glycol monobutyl ether at 20.degree. C, are used.
NUM  18.
PAR  18. Process according to claim 14, wherein relatively low molecular, at
      least hydrophilic, heat-curable condensation products, such as reaction
      products which form aminoplasts, and/or phenol-resols and/or etherified
      phenol-resols, are co-used as further binders for coating agents which can
      be stoved.
NUM  19.
PAR  19. Synthetic resin manufactured by the process of claim 1.
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ABST
PAL  Aqueous dispersions of particulate vinyl polymers, such as acrylic
      polymers, particularly those prepared by emulsion polymerization, which
      undesirably may be caused to coagulate or agglomerate to form larger
      particles when subjected to purification procedures, and which contain
      contaminants in the aqueous and polymeric phases, are purified and
      deodorized by contact with adsorbent carbon particles, such as petroleum
      coke, at a temperature above the T.sub.g of the dispersed polymer
      particles.
PARN
     This is a division of application Ser. No. 820,305 filed Apr. 29, 1969, now
      abandoned.
BSUM
PAR  This invention relates to the purification of aqueous dispersions of
      particulate vinyl polymers, such as acrylic polymers prepared by emulsion
      polymerization.
PAR  Aqueous dispersions of vinyl polymers often contain impurities, including
      volatile and nonvolatile materials which may impart undesirable properties
      to the polymer such as haze, color and odor, and detract from desirable
      properties such as strength, toughness, flexibility, water resistance and
      electrical properties. Such impurities may include unpolymerized monomers,
      initiators such as potassium persulfate, chain transfer agents such as
      mercaptans, emulsifiers, impurities introduced with these materials, and
      reaction products or degradation products thereof. The impurities may be
      in or on the polymeric particles, as well as in the aqueous phase. A
      number of methods having serious disadvantage are used or have been
      unsuccessfully attempted for purifying such dispersions of polymers. A
      simple, wholly satisfactory method has been sought for decades. Heating
      under a vacuum is used, but commonly foaming problems are encountered, as
      are an increase in particle size and gum formation. Sparging hot
      dispersions with air or nitrogen is sometimes used, but, with air, polymer
      oxidation and discoloration may occur, and again, foaming is likely. Steam
      distillation of impurities is useful if the polymer dispersion is stable
      at elevated temperatures, but this method is costly and may result in
      excessive dilution of the dispersion. Yet another method is the addition
      of a polymerization catalyst at the end of the polymerization step to
      polymerize residual monomer; care must be taken to prevent crosslinking
      and chain scission, however. Most of these methods increase the particle
      size of the dispersed particles and are relatively ineffective in removing
      odor bodies. Because most such latices or dispersions are susceptible to
      coagulation, many of these methods are not always successful.
PAR  Earlier attempts to purify such dispersions by contact with activated
      carbon have failed, possibly because of electrolytes present in the carbon
      or removal of emulsifiers and consequent coagulation, or for some other
      reason, but more likely because the discoveries of the present invention
      had not been made. Like other aqueous colloidal systems, water dispersions
      of vinyl polymers are susceptible to coagulation, and the art suggests
      that active carbon would coalesce or break such suspensions. J. W.
      Hassler, in "Active Carbon," p. 182, Chem. Publ. Co. (1951) cautions
      against contacting emulsions such as milk, butter, and mayonnaise with
      active carbon for the reason that such contact breaks the emulsions. A
      recent article in C and E News, pp. 66 and 67, Sept. 23, 1968, reports
      that a process has been devised for breaking oil-in-water or water-in-oil
      emulsions by passing them through a bed of carbon granules and metal
      particles. Synthetic macroreticular adsorbent resins have also been
      proposed, but few of such resins are useful, and they are relatively
      expensive, an example of a successful procedure utilizing particular
      macroreticular adsorbent resins appearing in Lannus application Ser. No.
      571,734, filed Aug. 11, 1966.
PAR  An object of the present invention is to provide a method for the
      purification of aqueous dispersions of vinyl polymers while overcoming the
      disadvantages of prior proposed methods.
PAR  Another object of the invention is to provide such a method for
      beneficiating dispersions of solid particles of emulsion polymerized
      acrylic polymers.
PAR  An additional object of the invention is to utilize adsorbent carbon for
      accomplishing the other objects of the invention.
PAR  Yet another object of the invention is to provide a method for regenerating
      or revivifying the adsorbent carbon.
PAR  The manner of accomplishing these and other objectives of the invention is
      explained in the following portion of the specification.
PAR  Briefly, the invention includes the discovery that such aqueous dispersions
      of particulate vinyl polymers can be freed of impurities including odor
      producing and other volatile materials, without causing coagulation and
      with no change of particle size, by contacting the dispersion with active
      carbon particles if the dispersion is maintained at a temperature at or
      above the T.sub.g of the particles of dispersed polymer, and in the
      temperature range where the particles become rubbery, and, of course, if
      the impurities are preferentially adsorbed by the carbon. In some cases,
      it is preferred that the dispersion be maintained under superatmospheric
      pressure so that the pressure is in excess of the vapor pressure of
      volatile materials in the dispersion, that a protective colloid
      preferentially adsorbed on the polymer particles rather than the carbon be
      present, and that surface active materials be present. The expression
      "T.sub.g " as used herein has the conventional meaning and is the
      temperature region where the particles transform from a glassy, hard form
      to a softer, more relaxed form. It is to be realized that the T.sub.g of
      the polymer particles, a critical condition in the present invention, is
      lower than that of the pure isolated polymer freed of impurities such as
      water and monomer, the dispersed particles in many cases being hydrated or
      swollen. The swelling of the dispersion particle can be controlled, within
      limits, by the pH, salt content and selected inoffensive solvent or
      plasticizer content of the system. These factors can then be used to
      decrease the T.sub.g of the dispersion particle in cases where this is
      desired. The T.sub.g varies with the identify of the polymer. It may be,
      for example, -40.degree. C., 0.degree. C., 10.degree. C., 40.degree. C.,
      60.degree. C. or any other temperature inherent for a given polymer
      particle. In cases where the T.sub.g is 0.degree. C. or lower, it may be
      desirable to cool the dispersion to near the freezing point to enhance
      stability of the dispersion. Normally, it is preferred to maintain the
      dispersion at well above the T.sub.g. For example, for a T.sub.g of
      10.degree., the dispersion is preferably maintained at a temperature of
      from 20.degree. C. to 100.degree. C., or higher if under pressure. For a
      further discussion of the glass transition temperature (T.sub.g) of
      polymers reference is made to "Polymer Handbook," Brandrup and Immergut,
      Sec. III, pp. 61-63, Interscience, (1966).
PAR  The most surprising discovery of the present invention is that when the
      temperature of the dispersed particles is kept at least as high as the
      T.sub.g thereof, unreacted monomers and other materials which normally
      cause such undesirable properties as an odor unpleasant to some
      individuals, and which materials are contained in the solid polymer
      particles as well as monomers and other impurities emulsified or dissolved
      in the aqueous phase, are removeable by contact with solid particles of
      carbon without coagulation of the dispersion, and with no increase in
      particle size. The solubility of such materials in the particulate polymer
      is confirmed by the fact that when dispersions are analyzed, then
      dewatered and the aqueous phase analyzed, the values show that the polymer
      particles contain volatile impurities.
PAR  The aqueous dispersion of solid particles of a vinyl polymer, e.g., one
      prepared from monomers comprising those having the CH.sub.2 =C&lt; group, may
      be purified according to the invention. Although applicable to suspension
      polymers having relatively large solid beads, the process is of particular
      benefit for treating dispersions of solid polymers prepared by emulsion
      polymerization (sometimes called emulsion polymers or polymer latex),
      emulsified solution polymers, and especially those having a particle size
      of from 0.02 to 10 microns, and more preferably from 0.05 to 1.5 microns
      in size.
PAR  The adsorbent carbon particles must be of a size that they are separable
      from the polymer dispersion, whether the carbon is in the form of a fixed
      bed or a moving bed, or is simply slurried with the polymer and then
      separated by vacuum or pressure filtering, centrifugal filtering, gravity
      settling, or centrifugal settling. The carbon should be hard and abrasion
      resistant. The particles are suitably between about five-sixteenths in.
      and No. 400 mesh, U.S. Sieve Series, from about No. 5 mesh to about No. 50
      mesh being preferred for a carbon bed, and smaller particles than No. 50
      mesh being preferred when the slurry method is used. The desired particle
      size depends somewhat upon the apparent viscosity of the aqueous
      dispersion; a more viscous product requires the use of larger carbon
      particles in a bed, because of the pressure drop. The capacity for
      adsorbed materials, as well as selectivity for given impurities as against
      materials desirably left in the dispersion such as emulsifiers and
      dispersants, and as against water are in part dependent upon surface area,
      pore size, water wettability, total pore volume, and surface polarity or
      degree of oxidation of the surface. Generally, the physically hard "liquid
      phase carbons" adapted for aqueous systems which have the desired physical
      strength, and adsorption capacity, are useful. Suitable materials may have
      a total surface area of from 750 to 2000 square meters per gram, having
      three classes of pores in a given particle, large ones greater than about
      1000 angstroms in diameter, and medium sized pores between 50 and 1000
      angstroms in diameter, which interconnect smaller pores being less than 50
      angstroms in diameter. A particularly useful activated or adsorbent carbon
      is petroleum coke prepared by the destructive distillation of petroleum
      materials having a similar total surface area, and having a large
      proportion, 50 to 80%, of the pores in the size range of 10 to 40
      angstroms, preferably 20 to 30 angstroms, in diameter. Another type is
      coconut shell charcoal. As has been intimated above, passing a sample of
      the dispersion at the specified temperature through a laboratory size
      column of the carbon readily establishes whether or not a given carbon
      will coagulate the dispersion. Commercially available coconut shell and
      petroleum derived carbons which have been found to be particularly useful
      are "Witco 517" and "Witco 718" (Witco Chemical Company, Inc., 277 Park
      Ave., N.Y., N.Y.), "Columbia" grades TS570, LC, and CXC (Union Carbide
      Corporation, 270 Park Ave., N.Y., N.Y.), type "GI" (Barneby Cheney, N.
      Cassady at E. 8th Ave., Columbus, Ohio), and "PCB" (Pittsburgh Activated
      Carbon Company, Box 1346, Pittsburgh, Pa.).
PAR  As has been stated above, any stable aqueous dispersion of a water
      insoluble vinyl polymer may be purified by the method of the invention.
      The term "vinyl polymer" as used herein means a polymer prepared from
      monomers comprising at least one of the following groups:
TBL  vinylidene         CH.sub.2 =C&lt;,                                          
     vinyl              CH.sub.2 =CH--, and                                    
     vinylene           --CH=CH--,                                             
PAL  whether homopolymerizable or not. Examples are the
      .alpha.,.beta.-ethylenically unsaturated monocarboxylic acids and esters
      and amides thereof, .alpha.,.beta.-ethylenically unsaturated aldehydes,
      .alpha.,.beta.-ethylenically unsaturated dicarboxylic acids and esters,
      amides, half esters, and half amides thereof, .alpha.,.beta.-ethylenially
      unsaturated nitriles, hydrocarbons such as .alpha.-olefins, conjugated
      diolefins, vinylaryl compounds, vinyl alkyl ethers, vinyl halides,
      vinylidene halides, vinyl sulfides, vinyl acyloxy compounds (esters of
      saturated carboxylic acids and ethylenically unsaturated alkanols), vinyl
      amines and salts thereof, vinyl ureido monomers, vinyl compounds having
      heterocyclic nitrogen-containing (HN&lt;)groups, and halogen, hydroxyalkyl,
      or aminoalkyl substituted derivatives thereof, whether homopolymers or
      copolymers. The aqueous dispersions of vinyl polymers and methods for
      their preparation form no part of the present invention, and any such
      polymer may be treated in accordance with the present invention. For
      examples of well known vinyl polymers and methods of preparing the same,
      see "Polymer Processes," Schildknecht, Interscience, N.Y. (1956), pp.
      111-174. Mixtures of different polymer dispersions are useful, as are
      aqueous dispersions prepared by first polymerizing in solution or
      suspension in an organic solvent, then dispersing the material in an
      aqueous medium.
PAR  Specific examples of suitable monomers which may be homopolymerized or
      copolymerized to obtain water insoluble polymers for treatment according
      to the invention are acrylic acid, methacrylic acid, itaconic acid, maleic
      acid, phthalic acid, esters and half esters thereof with alkanols having 1
      to 20 carbon atoms, such as methanol, ethanol, butanol, pentadecanol and
      the like, and amides and half amides thereof with ammonia or organic
      amines, acrolein, methacrolein, ethylene, propylene, isobutene, butadiene,
      isoprene, chloroprene, styrene, vinyltoluene, vinyl methyl ether, vinyl
      isobutyl ether, vinyl chloride, vinyl bromide, vinylidene chloride, vinyl
      sulfide, vinyl acetate, vinyl propionate, the vinyl pyridines, primary
      amino compounds such as .beta.-aminoethyl vinyl ether, aminopentyl vinyl
      ether, secondary amino-containing compounds such as secondary amyl t-butyl
      aminoethyl methacrylate, tertiary amino-containing compounds such as
      t-dimethylaminoethyl methacrylate, and the allied amine salts such as the
      chloride or hydroxide, ureido monomers such as are discosed in U.S. Pat.
      Nos. 2,881,155 to Hankins, 3,300,429 to Glavis and Keighly, and 3,356,627
      to Scott, examples being .beta.-ureidoethyl acrylate,
      .beta.-(N,N'-ethyleneureido) ethyl acid maleate, .beta.-ureidoethyl vinyl
      ether, N-vinyl-N,N'ethyleneurea, N-vinyloxyethyl-N,N'-ethyleneurea,
      N-methacrylamidomethyl-N,N'-ethyleneurea, and
      N-dimethylaminoethyl-N'vinyl-N,N'-ethyleneurea, .beta.-hydroxymethyl
      methacrylate, N-hydroxyethylacrylamide, N-methylolacrylamide, and
      N-(dimethylaminoethyl)acrylamide. Homopolymers, copolymers, and graft,
      block, or segmented polymers are included. Conventional methods of
      obtaining the aqueous dispersions are utilized.
PAR  Important steps and conditions to be observed in carrying out the process
      include prewetting and degassing the porous active carbon granules with
      water, and subjecting the dispersion to contact with the carbon while the
      dispersion is at a temperature above the T.sub.g of the polymer as it
      exists in the dispersion and within the temperature range at which the
      dispersed polymer is rubbery or may even be semi-liquid. This latter
      requirement is surprising, since at above the T.sub.g of the dispersed
      polymer particles they are prone to adherence to one another, i.e., they
      are sticky.
PAR  Polymer emulsions often contain residual oxidizing agents. These may be
      residues from the polymerization initiator or catalyst used in the
      polymerization or used as a "chaser" to initiate polymerization of left
      over vinyl monomers after the major polymerization steps have slowed or
      ceased. Residual oxidants may also result from the reaction of the
      initiator, or oxygen from the air, with other species present in the
      system. Dissolved oxygen itself may be such a residual oxidant.
PAR  It has now been found that the presence of residual oxidizing agents is
      undesirable since it may lead to reduced effectiveness of the carbon.
      Testing for residual oxidants is easy so an effective procedure to avoid
      impairment of the carbon is to test for and if necessary reduce the
      residual oxidant content. The test is performed as follows:
PAR  Four milliliters of ethanol, followed by two milliliters of the polymer
      dispersion, acidulated by the addition of concentrated hydrochloric acid
      if it has a pH above 4, are charged into a 13 mm. by 100 mm. test tube.
      The system is stirred, during which action flocculation of the dispersion
      may occur. One milliliter of a 20 weight percent aqueous solution of
      potassium thiocyanate, reagent grade, is added followed by 1 milliliter of
      0.5 weight percent aqueous ferrous sulfate pentahydrate, reagent grade.
      The test tube is stoppered with a cork and centrifuged for about 2.5
      minutes at full speed in a bench top laboratory centrifuge (International
      Clinical Centrifuge Model CL or equivalent). A prepared blank, using water
      in place of the polymer dispersion, is centrifuged at the same time.
      Immediately after centrifugation the tubes are assessed for the
      development of a pink-red color. Color in the dispersion test tube in
      excess of that in the blank indicates residual oxidant in the dispersion.
PAL  Should the polymer dispersion contain residual oxidant, reduction is
      readily accomplished by the addition of sodium hydrosulfite, solid or as
      an aqueous solution, with agitation. The reducing treatment is repeated,
      if necessary, until the test for residual oxidizing agent is negative.
      Reducing agents other than sodium hydrosulfite may also be used.
PAR  Should a carbon sample become oxidized it too may be reduced by treatment
      with sodium hydrosulfite or other reducing agents such as the various
      metal-acid combinations commonly used to produce hydrogen.
PAR  It is occasionally preferred that protective colloids be used, which
      colloids are preferentially adsorbed on the polymer particles as against
      adsorption on the carbon. Examples of such protective colloids are
      polyvinyl alcohol, hydroxyethyl cellulose, carboxymethyl cellulose,
      ammonium salts of styrene maleic anhydride copolymers or half amides
      thereof and polymethyl vinyl ether.
PAR  The pressure on the dispersion is preferably above the vapor pressure of
      volatiles in the dispersion, i.e., in the case of a fixed bed of carbon,
      the dispersion is fed thereto at superatmospheric pressure, such pressure
      being maintained within the column. Such column may be provided with a
      heating jacket if desired.
PAR  Another aspect of the invention is the recovery of adsorbed monomer from
      the active carbon, where practicable, and the revivification of the carbon
      when its adsorption capacity is neared. One simple and highly successful
      method of doing so, particularly in cases when the adsorbed impurities
      include saturated and unsaturated esters such as methyl propionate, methyl
      methacrylate, butyl acrylate, ethyl acrylate and the like or unsaturated
      acids such as acrylic, methacrylic, itaconic, or maleic acids, is to flood
      the carbon with a strong aqueous alkali such as sodium hydroxide. A
      suitable range of concentration in the solution is 0.1-10% of caustic
      soda, by weight. It is preferably heated, to nearly 100.degree. C., or
      higher if pressure is used. The caustic wash is followed by a water wash,
      a dilute acid rinse and another water wash. This step may be followed by
      passing steam at 100.degree.-200.degree. C. through the carbon, although
      the steam treatment may precede the caustic treatment, or not be used at
      all in some cases. In the case of a polymerization in which the extent of
      conversion of monomers to polymer is substantially less than 100%, it may
      be desirable to treat the dispersion to recover monomer, as by flashing
      the dispersion or by various normal distillation techniques, prior to the
      contact with active carbon. In some instances, it is possible to recover
      monomers and other materials from the carbon during revivification. Other
      revivification procedures employ steps in which the carbon is flooded with
      an organic solvent system or a solution of organic solvents in water
      followed by water washing.
PAR  The pH of the dispersions is normally below 7, although an alkaline pH
      gives comparable results for alkali insoluble materials. The temperature
      of the slurry may be the ambient or room temperature, 20.degree. C. to
      30.degree. C., but higher temperatures, up to about 95.degree. C., or even
      higher at elevated pressures, are useful as are lower temperatures. At
      higher temperatures, migration of residual monomer to the surface of the
      polymer particle is faster. On the other hand, in some cases, thermal
      desorption of materials adsorbed on the active carbon may occur, although
      this may be overcome by maintaining adequate pressure on the system.
PAR  The dispersions may contain nonionic or ionic surface active agents, or
      both, although in some cases no dispersant need be present.
PAR  The time of contact between the active carbon and the aqueous dispersion is
      important. From 10 seconds to 5 hours or more are useful, from about 1
      minute to about one hour being satisfactory in most cases.
PAR  Unless otherwise stated, all parts and percentages stated herein are by
      weight.
DETD
PAR  The following examples are illustrative of the invention.
PAC  EXAMPLE 1
PAR  An aqueous dispersion of a copolymer of ethyl arcylate, methyl methacrylate
      and itaconic acid, in a weight ratio of 80/18/2, prepared by a
      conventional emulsion polymerization procedure, containing 50% of solids
      by weight and having an average particle size of about 0.3 microns and
      neutralized to a pH of 6.5 with NaOH, is passed through a water-wet,
      degassed fixed bed of activated petroleum coke at 25.degree. C., the color
      having a particle size of No. 20-40 mesh, a total surface area of 1150
      m.sup.2 /g., a total pore volume of 0.66 cc/g., and having approximately
      54% of the pore volume as pores having a diameter of 10 to 40 angstrom
      units, the coke being grannular. The dispersion is much improved in odor,
      the pH is 6.5, and gas chromatography analysis of the dispersion before
      and after the treatment demonstrates a large reduction in volatile
      materials. Similar results are obtained at 50.degree. C., the polymer
      particles having a T.sub.g of below 20.degree. C. Coatings prepared from
      the two treated dispersions show much improved odor and better color
      stability.
PAC  EXAMPLE 2
PAR  When the carbon of Example 1 drops in efficiency, three samples are
      subjected to different revivifying treatments. In the first, the material
      is washed with hot aqueous sodium hydroxide (at or above 80.degree. C. and
      up to the boiling point at the pressure used) having a concentration of
      4%, followed by water washing, and washing with a dilute acid (0.5%
      H.sub.2 SO.sub.4) rinse, and another water rinse, then by passing steam at
      a pressure of 25 lbs. gauge pressure therethrough. The second and third
      samples are similarly treated, but with only a steam treatment or only the
      caustic treatment. After treatment the first and third samples show a
      greater capacity for adsorbing impurities than does the second sample
      although all were considerably revivified. Similar results are obtained
      with superheated steam at 150.degree. C. In large part, the impurities are
      saturated and unsaturated esters.
PAC  EXAMPLE 3
PAR  An aqueous dispersion of solid (but heated to above the T.sub.g) particles
      having a solids content of about 45% of a copolymer of ethyl acrlate,
      itaconic cid, and vinylidene chloride, in a weight ratio of 10/2/88
      respectively, and the particles in the dispersion having a T.sub.g of
      below 20.degree. C. prepared by a conventional emulsion polymerization
      procedure, is subjected to treatments similar to Example 1 at 25.degree.
      C. or 50.degree. C., but with the coke having been prepared from similar
      coke fines bonded together. The mesh size of the petroleum coke as used in
      treating the dispersion is from No. 12 to No. 30, and the total surface
      area being over 1000 m.sup.2 /g. When subjected to analysis and odor tests
      as in Example 1, the product is shown to be substantially pure as regards
      odor and objectionable volatile materials, and the stability of the color
      of films, formed from the dispersions, is improved.
PAC  EXAMPLE 4
PAR  Example 1 is repeated, but substituting an acrylic polymer having a T.sub.g
      of about 50.degree. C., and the dispersion is maintained at about
      80.degree. C. while being passed through the column of carbon, with
      excellent results.
PAC  EXAMPLE 5
PAR  While the invention is of major importance in the treatment of dispersions
      of solid particles of acrylic polymers, it is also applicable to polymers
      containing a high proportion of polymerized .alpha.,.beta.-ethylenically
      unsaturated carboxylic acids, which may be highly water swollen. As is
      used herein, the term "polymer dispersed in an aqueous medium" is intended
      to embrace such colloid-like dispersions. Repeating Example 1 with an
      aqueous copolymer dispersion at 40.degree. C. and containing 20% of a
      copolymer of 25% of methacrylic acid and 75% of ethyl acrylate at a pH of
      about 3 gives a product much improved in odor and practically devoid of
      objectionable volatile organic materials as evidenced by gas
      chromatography.
PAC  EXAMPLE 6
PAR  When Example 5 is repeated at room temperature (25.degree. C.), at
      40.degree. C. and at 50.degree. C. with a polymer dispersion, at 20%
      solids, of a similar polymer derived from 60% methacrylic acid and 40of
      ethyl acrylate, similar results are obtained.
PAC  EXAMPLE 7
PAR  An aqueous dispersion, 45% solids, prepared by conventional emulsion
      polymerization from 95% ethyl acrylate, 1% acrylamide, and 4% N-methyl
      acrylamide, when treated at room temperature and at 50.degree. C. in
      accordance with the procedure of Example 3 or with coconut shell charcoal
      is similarly improved.
PAC  EXAMPLE 8
PAR  An emulsion polymerized aqueous dispersion containing 46% solids prepared
      from 60% ethyl acrylate, 38% of methyl methacrylate, and 1% each of
      ureidomethyl methacrylate and methacrylic acid brought to a pH of 9.5 with
      ammonia is purified by the method of Example 3, at room temperature
      (25.degree. C.) with excellent results. Similar samples at pH values 7.0
      and 3.2 were treated with excellent results.
PAC  EXAMPLE 9
PAR  Conventional emulsion polymerization is used to prepare a copolymer of 50%
      butyl acrylate, 49% butyl methacrylate and 1% acrylic acid, the dispersion
      having 58% solids by weight. Passing the dispersion maintained at
      50.degree. C. through the column of petroleum coke of Example 1 provides
      an odor-free dispersion containing only a minute amount of organic
      volatile material.
PAC  EXAMPLE 10
PAR  An aqueous dispersion of solid polymeric particles, having a solids content
      of about 50%, prepared from 80% ethyl acrylate, 16% methyl methacrylate,
      and 4% itaconic acid by conventional emulsion polymerization using sodium
      persulfate initiator, is markedly reduced in volatile materials as
      evidence by gas chromatography and has practically no odor after having
      been treated by the method of Example 1, at temperatures of 25.degree. C.
      and 50.degree. C. In this and the preceding examples, the T.sub.g of the
      dispersed polymer particles is well below the temperature at which the
      dispersion is maintained.
PAC  EXAMPLE 11
PAR  Repeating the foregoing examples, but slurrying the dispersions with the
      active carbon, then promptly filtering the carbon from the dispersion,
      gives similar results.
PAC  EXAMPLE 12
PAR  The method of the invention, when combined with other purification
      procedures, is also useful. Thus, when preceded by vacuum stripping,
      contact with ion exchange or organic adsorbent beads such as Amberlite
      XAD-2, or the use of a chaser catalyst such as tertiary butyl
      hydroperoxide for unreacted monomer, treatment of the thus partially
      purified dispersion in accordance with the method of Example 1 gives
      excellent results.
PAR  In each of the above examples, the temperature of the dispersion is
      maintained at above the T.sub.g of the dispersed polymer particles.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of purifying a solid particulate addition polymer prepared from
      monomers having at least one ethylenically unsaturated structure selected
      from the group of structures consisting of CH.sub.2 =C&lt;, CH.sub.2 =CH--,
      and --CH=CH-- in the form of an aqueous dispersion prepared by emulsion
      polymerization, the dispersion being contaminated with low molecular
      weight impurities, comprising the steps of contacting said aqueous
      dispersion with adsorbent carbon, the temperature of the dispersion being
      above the Tg of the dispersed polymer, the adsorbent carbon being between
      about five-sixteenths of an inch and 400 mesh, U.S. Sieve Series, in size,
      and separating said aqueous dispersion and said carbon.
NUM  2.
PAR  2. The method of claim 1 in which said dispersion is passed through a bed
      of said carbon in the form of granules.
NUM  3.
PAR  3. The method of claim 1 in which said contact is made by slurrying said
      carbon in said dispersion.
NUM  4.
PAR  4. A method of purifying a solid particulate polymer prepared from monomers
      having at least one ethylenically unsaturated structure selected from the
      group of structures consisting of CH.sub.2 =C&lt;, CH.sub.2 =CH--, and
      --CH=CH-- in the form of an aqueous dispersion prepared by emulsion
      polymerization, the dispersion being contaminated with low molecular
      weight impurities, comprising the steps of (1) treating the dispersion
      with a reducing agent, (2) contacting the dispersion with an adsorbent
      carbon, the temperature of the dispersion being above the Tg of the
      dispersed polymer, the adsorbent carbon being between about
      five-sixteenths of an inch and 400 mesh, U.S. Sieve Series in size, and
      (3) separating said aqueous dispersion and said carbon.
NUM  5.
PAR  5. A method of purifying an aqueous dispersion of a solid particulate
      acrylic polymer prepared by emulsion polymerization and contaminated with
      low molecular weight impurities, comprising the steps of contacting said
      aqueous dispersion with petroleum coke or coconut shell charcoal, the
      temperature of the dispersion being above the Tg of the dispersed polymer,
      the petroleum coke and coconut shell charcoal being between about
      five-sixteenths of an inch and 400 mesh, U.S. Sieve Series, in size, and
      separating said aqueous dispersion and said coke or charcoal.
NUM  6.
PAR  6. The method of claim 1 in which said polymer is acrylic polymer.
NUM  7.
PAR  7. The method of claim 6 in which said carbon is petroleum coke or coconut
      shell charcoal.
NUM  8.
PAR  8. The method of claim 7 in which said carbon is petroleum coke.
NUM  9.
PAR  9. The method of claim 7 in which said carbon is coconut shell charcoal.
NUM  10.
PAR  10. The method of claim 7 in which said polymer is a polymer of at least
      one of an alkyl acrylate, an alkyl methacrylate, alkyl methacrylate with
      an addition-polymerizable .alpha.,.beta.-ethylenically unsaturated
      carboxylic acid and a vinyl aromatic hydrocarbon.
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PAL  A process for the manufacture of resin coated sand by mixing under
      agitation a mass of sand upon heated and with solid ammonia-catalyzed
      resol having methylol index 15 - 30 and softening point higher than
      80.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for the manufacture of resol type
      resin-coated refractory granules, especially sand, especially adapted for
      use casting core molds, said coating resin being characterized by a
      minimum nitrogen content.
PAR  It has been commonly known to coat granular refractory material, especially
      sand, with novolac type phenolic resin added with 10 - 15 wt. % of
      hexamine as hardening agent, in order to prepare casting molds and cores
      for use in the shell molding technique as a most broadly prevailing means.
PAR  While the use of hexamine as hardening agent for novolac type phenolic
      resin accelerates substantially the hardening velocity thereof, thus
      representing a superior and advantageous feature as the hardener, it
      generates a substantial amount of gaseous nitrogen through thermal
      decomposition of the hexamine by contact with higher temperature molten
      metal in the course of moulding of cast iron or cast steel products,
      thereby inviting numerous gas defects, such as pin holes and blow holes.
      The gaseous nitrogen frequently includes vaporized amine which
      deteriorates in the ambient atmosphere and gives out a noxious smell
      during the preparation stage of the molds and cores as well as the pouring
      stage. Improvements in this respect are strongly desired for the
      prevention of industrial pollution.
PAR  Various proposals have therefore been made for the production of
      sand-coating resin including no, or only such a limited amount of nitrogen
      as to provide substantially no harmful effect. As an example,
      paraformaldehyde has been used as a hardening agent for novolac type
      phenolic resin, since this substance can act as a supply source of
      formaldehyde and harden the phenolic resin upon heating.
PAR  However, when refractory sand coated with paraformaldehyde containing is
      used for the preparation of shell molds and cores, the molds and cores
      frequently are distorted or even damaged due to defective thermal
      hardening of the coated resinous layer, when the shells are taken out of
      their respective master molds. In addition, a smoke of unhealthy poisonous
      gases is released during the hardening operation.
PAR  Further, it is also known to use resol type phenolic resin as the hardener
      for novolac type phenolic resin and conditioned with a catalyst such as an
      alkali or alkali earth metal in the form of oxide or hydroxide thereof.
      With the use of resol type phenolic resin conditioned with catalyst,
      preferably alkali metal oxide or the like, a grave drawback may be
      encountered in that the resin has a strong tendency to absorb moisture due
      to an appreciable residual quantity of the catalyst in the resin
      substrate. This tendency leads to weakening of the strength of the molds
      prepared therefrom and becomes rather appreciable in a high moisture
      environment as met in Japan. By absorbing an appreciable amount of
      moisture, the coated sand, originally having an easily flowing state,
      conglomerates which means a substantial drawback in the art. Due to the
      high viscosity of this kind of resin, highly fluidous resin coated sand
      can only be prepared through a long kneading step, resulting in a high
      difficulty of practical utilization thereof.
PAR  In consideration of the above facts including the adverse effect of the
      residual alkali metal and with the intentional utilization of
      self-hardenability of resol type phenolic resin, intensified attention has
      been directed by those skilled in the art towards the use of resol type
      phenolic resin conditioned with an ammonia catalyst.
PAR  The term "resol type phenolic resin" as used throughout the present
      specification and in the appended claims means such a resin which can be
      prepared from 1 mole of phenol and at least 1 mole of formaldehyde which
      are reacted with each other in the presence of an alkaline catalyst. This
      resin can be classified into two general classes. The first one is such a
      resin normally called "resol" which can be prepared in the presence of
      said alkali metal hydroxide or the like catalyst. The second one is such a
      resin normally called "ammonia-catalyzed resol" which can be prepared in
      the presence of such a catalyst as ammonia, primary amine, such as,
      preferably, monoethyl amine, monomethyl amine, secondary amine, such as,
      preferably, diethyl amine, dimethyl amine, or the like. The said resol is
      obtainable in the form of a viscous liquid and has water solubility and
      hydrophilic properties. It is soluble in organic solvents such as alcohol,
      acetone, and the like, and utilized frequently and broadly as a varnish.
PAR  On the other hand, ammonia-catalyzed resol can be obtained not only in the
      form of a viscous liquid, but also a solid, depending upon the reacting
      conditions; and, as a specific feature, it can be hydrophobic and soluble
      in organic solvents such as alcohol, acetone and the like.
PAR  The solid ammonia-catalyzed resol has the following several predominant
      utilities over the liquid state resin.
PAR  1. It is easily treated in various processing stages due to its solid
      state.
PAR  2. Resol resin has self-condensability, thus being highly limited in its
      storage term and conditions. Liquid state resol resin can generally be
      stored only for approximately three months, while solid state resol can be
      stored as long as 6 months in its stabilized condition.
PAR  However, the following substantial difficulties have been met in the
      preparation of solid state resol.
PAR  In order to guarantee the stabilized storability even in a high temperature
      environment as above specified, the resin must have its softening point
      ranging between 80.degree. and 85.degree.C and, for assuring such
      softening point, the final heating temperature of the resin should be
      higher by about 20.degree.C than the above specified softening point. Due
      to self-condensability of the resol resin, when heated to approximately
      100.degree.C, the condensation of the resin progresses in the mode of a
      chain reaction, and the reaction velocity rises to an extremely
      accelerated rate in such manner that with a 1.degree.C temperature rise,
      it increases about ten times; thus a desired velocity control is
      practically impossible. Reports can be found from the literature of the
      known resin molding or laminating process such that the final processing
      temperature of resol resin is limited to approximately from 70.degree.C to
      75.degree.C, for easy manufacture of the final products.
PAR  In order to manufacture resol resin on a large scale, the reaction vessel
      generally has a volumetric capacity of 3,000 - 10,000 liters. In this
      case, it is inhibitingly difficult to quench such a large amount of the
      resin, once heated up to approximately 100.degree.C, for approximately 30
      minutes on an industrial scale in order to prevent the self-condensation.
      Or more specifically, resins are generally heat-insulating and thus it is
      highly difficult to effectively cool resinous products from outside until
      the core portions thereof have been cooled down. In fact, the
      self-condensing reaction progress rapidly within the interior parts of the
      products under cooling, inviting an exothermic reaction in an abrupt and
      explosive manner and in the solidifying direction.
PAR  In addition to various and profound difficulties as met in the manufacture
      of solid state resol, it should be further noted that difficulties are
      encountered in the manufacture of solid resol resin devoid of aqueous
      moisture content, for assuring a favorable and efficient coating ability
      thereof, as well as an improved storage stability.
PAR  As an example, if removal of the aqueous content from the reaction product
      simply by exposing it under normal pressure to a high temperature
      atmosphere is tried, the thus caused temperature rise of the product will
      further accelerate the reaction, thereby abruptly reducing the number of
      methylol radicals contained therein and subjecting the resin-coated
      granules to a retarded resin-hardening velocity. This will lead naturally
      to a corresponding reduction in the binding strength of the molds or the
      like final products prepared therefrom.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore, a main object of the present invention to provide a
      process for the preparation of a composition comprising refractory
      granules, preferably sand, coated with resin, devoid of the aforementioned
      various conventional drawbacks.
PAR  A further object is to provide a process of the above kind for the
      production of resin-coated granules wherein the resin layer has an
      efficient and quick hardenability and is practically devoid of evaporative
      constituents, or more specifically aqueous content.
PAR  Still a further object is to provide the process of the above kind wherein
      the prepared composition is likely to produce only a minimum amount of
      irritating unhealthy gases and thus highly suitable for use in the
      shell-molding technique.
PAR  These and further objects of the invention will become more apparent from
      the following detailed description of the invention by reference to
      accompanying drawings and several numerical examples to be set forth.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an explanatory chart of the viscosity of ammonia-catalyzed resol
      plotted against the heating time period.
PAR  FIG. 2 is a further chart of the hardening velocity of ammonia-catalyzed
      resol plotted against the methylol index.
PAR  FIG. 3 is a further chart illustrative of the relationship between the cold
      bending strength, kg/cm.sup.2, and the methylol index.
PAR  FIG. 4 is a further chart illustrative of the relationship between the cold
      bending strength and the percentage content of novolac.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  At first, a process for the manufacture of ammonia-catalyzed resol which
      can be used in the process according to this invention will be briefly
      described.
PAR  First, in a reaction vessel of a proper capacity, 1 mole of phenol or its
      equivalent and 1 - 3 moles of formaldehyde or its equivalent are charged,
      together with catalyzing quantity of ammonia, amine or its equivalent, and
      they are heated to a temperature of 50.degree. - 100.degree.C preferably
      50.degree. - 70.degree.C.
PAR  In this way, an addition-condensation reaction will initiate and then, the
      reaction temperature is maintained for a certain predetermined time period
      according to the following Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Temperature, .degree.C                                                    
                     Duration Period, minutes                                  
     ______________________________________                                    
     70              100                                                       
     100             30                                                        
     ______________________________________                                    
PAR  The intermediate values can be properly selected from these exemplarly
      given extreme values.
PAR  Next, the addition-condensation products are treated at reduced pressure
      and at a temperature of 70.degree.C or less, thus the reaction progress
      being suppressed, in order to allow the removal of the contained aqueous
      content from the reaction products. The operation period can extend for
      approximately 60 minutes as a representative example. Due to this removal
      of aqueous content, the reaction products will change their appearance
      from a cream color tone to a yellow and semitransparent one.
PAR  Then, while continuing the thermal condensation, the reaction pressure is
      further reduced so as to remove rapidly the condensation water produced so
      that the reaction products attain the critical condensation temperature
      range of 90.degree. - 120.degree.C, normally and preferably 100.degree.C.
      For this operation, a time period of about 40 - 60 minutes as a
      representative example is consumed.
PAR  Upon attainment of the critical temperature range, the reaction products,
      when in a small batch, for instance less than 100 kgs., are discharged
      into a cooling water pool. If the products are in a large quantity batch,
      for instance larger than 1 ton, the heating temperature is so controlled
      that small quantities thereof are successively heated just enough to
      execute the thermal addition condensation upon attainment of the yellow
      and semitransparent state, until they arrive at the critical temperature
      range. Then, they are successively discharged into a cold water pool for
      quenching.
PAR  Conventionally prepared solid state ammonia-catalyzed resol includes only a
      small quantity of methylol radicals, thus representing a rather slower
      hardening velocity and a small cross linkage density, thereby leading to
      an inferior binding strength of the molds and the like final products
      prepared from sand coated therewith.
PAR  However, by employing the aforementioned precisely controlled manufacturing
      process steps, the number of the included methylol radicals can be
      increased substantially. It should be, however, noted that the presence of
      an excess number of methylol radicals will result in a correspondingly
      smaller molecular weight. In this case, when the composition comprises
      such resin, the heating of the latter will produce a suddenly lowered
      viscosity which will rapidly rise during the course of a rapid and
      substantial hardening reaction. Thus the coated sand is not able to keep
      its freely flowing state for necessary time period until it solidifies.
      This leads to a lowered strength of the baked final products prepared from
      such coated sand, preferably in the form of shell molds and cores. (Refer
      to curve A in FIG. 1.)
PAR  The ammonia-catalyzed resol contains a theoretical amount of approximately
      1% of nitrogen from the ammonia used as the catalyst; although the
      residual amount of nitrogen is substantially smaller than the quantity of
      hexamine (hardening agent) which has been dispensed with. Such residual
      amount of nitrogen corresponds to a delicate lower limit for invitaton of
      defects of the cast products. In the case of the production of high class
      cast iron or cast steel products by use of the shell molds and cores,
      however, such residual nitrogen may react sensitively with the iron or
      steel, as the case may be, giving rise to the formation of undesirable gas
      holes or the like defects in the castings.
PAR  It would be conceivable to use resorcinol or other quick-acting hardening
      accelerators as additives to the resin for accelerating the hardening
      reaction. Such resorcinol constitutes, however, a unified organic compound
      which is easily gasified at an elevated temperature, and thus tends to
      foul the factory atmosphere during the pouring operation of a molten
      metal. A further inherent drawback resides in the blocking of resin-coated
      sand and in the inferior strength of the finally shaped shell products.
      During removal of the castings from the shell molds, breakage thereof and
      peel-back phenomenon can result.
PAR  As will be apparent from the foregoing, the ammonia-catalyzed resol as
      being used in the present invention includes a large quantity of methylol
      radicals, as a predominant feature of the invention.
PAR  As a most reliable measure or index for the determination of contained
      quantity of methylol radicals in the resin, we have adopted throughout the
      specification and in the appended claims, the concept of "methylol index"
      which can be determined in turn in such a way that the prepared resin is
      dissolved in acetone to provide a 50%-acetone solution and an infrared
      absorbtion analysis is performed noting the characteristic absorption of
      benzene core at 1,600 kayser and that of methylol at 1,000 - 1,050 kayser
      of the infrared absorption spectrum. These are measured for defining a
      ratio therebetween which defines said index when expressed in percentage.
PAR  Such ammonia-catalyzed resol having a relatively high value of methylol
      index can be obtained by selecting a proper mixing ratio of phenol or its
      equivalent and formaldehyde and by adopting a properly and precisely
      controlled condensation-cooling process steps. As shown specifically in
      FIG. 2, the hardening velocity will be accelerated with increase of the
      methylol index. On the other hand, as shown in FIG. 3, the cold bending
      strength varies along a peaked curve, having its peak positioned at a
      methylol index of about 25. As may be well supposed from the curve B in
      FIG. 1, ammonia-catalyzed resol having methylol index 25 represents a
      satisfactory cross-linkage density and an optimal viscosity for allowing
      enough flowable condition among the resin-coated sand particles, to be
      kept for a desirously long processing period necessary for performing the
      shell-forming operation.
PAR  In the process according to the invention, a properly selected amount of
      novolac is added to the ammonia-catalyzed resol having a limited range of
      methylol indices, thereby obtaining a favorable and effective mutual
      action, as will become more apparent as the description progresses. In
      FIG. 4 showing several performance curves as obtainable when such addition
      of novolac to ammonia-catalyzed resol has been made, the relationship
      between the cold bending strength and the novolac addition is illustrated.
      As seen, with methylol index exceeding 15, the strength will be improved
      with increase of the addition quantity, until an optimal addition quantity
      of novolac has been attained. With such ammonia-catalyzed resol having the
      methylol index 15, the resin substantially composed of ammonia-catalyzed
      resol represents a peak strength, showing an extreme limit beyond which
      the novolac addition does not benefit the final properties of the resin.
PAR  On the other hand, in the case of ammonia-catalyzed resol having a methylol
      index of 45, even when the strength could be improved by the addition of
      novolac, it shows a critical strength corresponding to that obtainable
      with conventional ammonia-catalyzed resol resins. Therefore,
      ammonia-catalyzed resol having a still higher methylol radicals can not be
      utilized in practical purposes intended by the present invention. It can
      be said further that these ammonia-catalyzed resol resins are highly
      difficult to process into solid resin products or more specifically, solid
      coating layers to provide the composition according to this invention,
      capable of being handled in an easy and convenient way.
PAR  As shown by the dotted line curve C in FIG. 1, the added quantity of
      novolac has a critical limit of about 30 wt. % relative to such
      ammonia-catalyzed resol having a methylol index of 45, because of the fact
      that a further addition of novolac retards the hardening velocity to an
      unacceptable degree and leads to an inferior cross linkage density, thus
      giving rise to inferior baking strength of the final shell products made
      of the resin-coated sand. The most favorable adding quantity of novolac
      may be expressed by the formula:
PA1  methylol index [M] - 15
PAL  when expressed in wt. %, as will be understood from several characteristic
      curves in FIG. 4.
PAR  As may be well understood from the following detailed description, the
      addition of novolac has an intimate relationship with the intended
      prevention of gas defects otherwise frequently appearing in the molded
      castings. As an example, gas defects most frequently appearing in cast
      steel and high quality cast iron products is caused substantially by the
      presence of nitrogen and it has been found that if the amount of dissolved
      nitrogen should exceed about 100 ppm in the molten metal charge, the
      development of gas defects is suddenly accelerated. Generally speaking,
      the molten metal contains already in advance of pouring in shell molds
      approximately 70 - 90 ppm of nitrogen and thus, a further additional
      absorption of small amount of nitrogen may lead rather sensitively to
      invitation of gas defects. It should be further noted that once nitrogen
      is dissolved in the molten iron or steel charge, it is highly difficult to
      remove and a substantial amount thereof will remain as a residue and
      accumulate in the molten charge. This disadvantageous strong tendency has
      been clearly and positively determined by our practical experiments on the
      formation of gas defects in steel and high quality iron castings which are
      more liable to suffer therefrom.
PAR  If the rate of the discarded castings should increase due to such gas
      defects, the production cost will disadvantageously increase. A reduction
      of the nitrogen content in the resin, even of a small amount, will lead to
      a considerable saving in the production cost. By adopting the addition of
      novolac as proposed by the invention, an appreciable reduction of the
      nitrogen content, an increase of the strength of shell molds, and a
      shortening of the baking period thereof can be positively and reliably
      attained.
PAR  In connection with the term "phenol or its equivalent" as used throughout
      the specification and in the appended claims, the equivalent may be
      cresol, xylenol or a mixture of at least two members taken from the group
      consisting of phenol, cresol and xylenol. In the similar way, the term
      "formaldehyde or its equivalent" may be at least a member selected from
      the group consisting of formalin, paraformaldehyde and trioxan.
PAR  In the following, the invention will be further described in detail by
      reference to several numerical examples.
PAC  EXAMPLE 1
PAR  940 kg of carbolic acid, 1,460 kg of 37%-formalin and 36 kg of 28%-aqueous
      ammonia were charged into a stainless steel-made autoclave, 3,000 lit.
      capacity, fitted with reflux condenser, thermometer, agitator and the like
      auxiliaries, and kept at 70.degree.C for 60 minutes for performing an
      addition reaction thereamong. Then, the reaction mixture was carefully
      heated so that the temperature of the charge could not exceed 70.degree.C
      under reduced pressure of 150 mmHg for the removal of approximately 900 kg
      of water from the reaction mixture until the latter became substantially
      transparent and the temperature of the mixture began to rise. While
      removing the condensation water, being formed with rapid progress of the
      condensation reaction, under the same reduced pressure, the reaction was
      continued until the reaction temperature reached 100.degree.C. Upon
      attainment of this temperature, the reaction mixture was rapidly
      discharged into a cold water pool for quenching to a solid resin mass.
PAC  EXAMPLE 2
PAR  940 kg of carbolic acid, 1,620 kg of 37%-formalin and 36 kg of 28%-aqueous
      ammonia were charged into an autoclave as before and heated at 65.degree.C
      for 90 minutes for performing an addition reaction. Then, the reaction
      mixture was carefully heated under reduced pressure of 150 mmHg so as to
      limit the reaction remperature to 70.degree.C or less, for the removal of
      approximately 1,000 kg of condensation water from the charge which then
      became substantially transparent. This reaction mixture was introduced
      directly; or through a provisional reservoir, into a twin-screw type
      kneading reactor at a feed rate of 5 kg/min, so as to carry out a
      condensation reaction in a continuous manner. The condensation water
      formed with the progress of the condensation was removed progressively
      from the kneader under reduced pressure of 150 mmHg, while the reaction
      temperature was carefully controlled, so as not to exceed 100.degree.C.
      The reaction products were successively discharged and quenched by contact
      with cold water, to provide solid resin masses.
PAR  Several characteristics of the solid resin obtained in the following Table
      2.
TBL                Table 2                                                     
     ______________________________________                                    
                      Example 1                                                
                               Example 2                                       
     ______________________________________                                    
     Softening point (as meansured by the ball ring method)                    
                      83       80                                              
     Gel-forming period (on hot plate 150.degree.C), minutes                   
                        50         45                                          
     Methylol index     25         29                                          
     ______________________________________                                    
PAR  Briefly expressed, the process according to the invention is carried out in
      such manner that ammonia-catalyzed resol or a combination of
      ammonia-catalyzed resol and novolac is supplied to hot refractory granules
      and the mixture is agitated.
PAR  In the following, several numerical process examples are given.
PAC  EXAMPLE 3
PAR  30 kg of fluttery sand (Australian siliceous sand, mean particle size
      index: 63) heated to 140.degree.C were charged into a foundry sand mixer,
      70 r.p.m., and 750 g of the resin prepared in the foregoing Example 1 to 2
      were added thereto. Then, the mixture was kneaded for 60 seconds and 600 g
      of water was added the kneading operation being continued. After about 70
      seconds, 30 g of calcium stearate were added and then, the kneading was
      continued for a further 30 seconds. In this way, freely flowable
      resin-coated foundry sand for shell molding was obtained.
PAR  Several characteristics of the thus processed foundry sand were as follows:
TBL                Table 3                                                     
     ______________________________________                                    
                          Example                                              
                                 Example                                       
                          1      2                                             
     ______________________________________                                    
     Bonding temp., .degree.C (J.S.M.A. method)                                
                            100      100                                       
     Hardening period, seconds (on hot plate,                                  
     5 mm thick, 250.degree.C         0                                        
                             48      45                                        
     Bending strength, kg/cm.sup.2 (JIS)                                       
                             87      80                                        
     Peal-backs (J.S.M.A.-method)                                              
                            none     none                                      
     Fluidity               good     good                                      
     Hot tensile strength, kg/cm.sup.2                                         
     (J.S.M.A.-method baked, 60 seconds)                                       
                            8.8      10.5                                      
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  30 kg of similar Australian siliceous sand, heated to 140.degree.C, were
      charged into a sand mixer, 70 r.p.m., and 750 g of a mixer resin
      consisting of 90 wt. % of ammonia-catalyzed resol prepared in Example 1
      and 10 wt. % of novolac were added thereto. Then, the mixture was kneaded
      together for 60 seconds and then 600 g of water was added and the kneading
      operation was continued. After about 70 seconds, 30 g of calcium stearate
      were added and the kneading was continued for a further 30 seconds. Then,
      the mixture was discharged through an exit opening of the machine onto a
      travelling and oscillating conveyor for cooling. In this way, freely
      flowable resin-coated sand was obtained which had the following
      characteristic properties.
TBL                Table 4                                                     
     ______________________________________                                    
     Cold bending strength, kg/cm.sup.2                                        
                           98                                                  
     Hot bending strength, kg/cm.sup.2                                         
                           17                                                  
     Hardening velocity, seconds                                               
                           48                                                  
     (on hot plate, 5mm thick, 250.degree.C)                                   
     Blocking tendency     practically none                                    
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  940 kg of carbolic acid and 2,270 kg of 37%-formalin were charged into an
      autoclave fitted with reflux condenser, agitator and aqueous ammonia
      reservoir tank to which 72 kg of 28%-ammonia water was introduced
      dividedly and through a pH-sensing type automatic dispenser. Then, the
      mixture was kept at 70.degree.C for 120 minutes and then subjected to a
      dehydrating step under reduced pressure. During this step, the reaction
      temperature was kept at 70.degree.C at the maximum. Upon removal of 1,330
      kg of water, the reaction temperature gradually increased to 105.degree.C.
      At this point, the charge was discharged rapidly through a discharging
      outlet of the autoclave for quenching. In this way, a solid resin was
      obtained.
PAR  30 kg of fluttery sand of the same kind as before were charged into a
      kneading reactor of the type as before and then, 750 g of a mixed resin
      consisting of 70 wt. % of the resol obtained above and 30 wt. % of novolac
      were added and kneaded for 60 seconds whereupon 600 g of water were added
      and the kneading was continued. After about 80 seconds, 30 g of calcium
      stearate were added and the kneading was continued for further 60 seconds.
      Then, the charge was discharged onto a travelling and vibrating conveyor
      for quenching. The thus obtained resin-coated sand represented the
      following characteristics.
TBL                Table 5                                                     
     ______________________________________                                    
              Softening point, .degree.C (measured as before)                  
                                      50                                       
     Resin per se                                                              
              Gel-forming period (on hot plate, 150.degree.C)                  
                                      50                                       
              Methylol index          45                                       
              Cold bending strength, kg/cm.sup.2                               
                                      83                                       
              Hot bending strength, kg/cm.sup.2 (as                            
     Coated-  measured directly upon baking                                    
     Sand     at 250.degree.C for 45 seconds)                                  
                                      16                                       
              Hardening velocity, seconds                                      
              (on hot plate, 250.degree.C)                                     
                                      48                                       
              Blocking tendency       slightly                                 
                                      worse                                    
     ______________________________________                                    
PAR  The resin and resin-coated sand obtained by the present invention have the
      following several superior characteristics.
PAR  1. Due to substantial reduction of the nitrogen, otherwise frequently
      encountered gas defects, especially in high quality cast iron (FC 30 -
      JIS) and cast steel products, can be substantially supressed.
PAR  As an evidence thereof will be briefly set forth:
PAR  Shell molds were prepared from coated sand with three types of resins (A),
      (B) and (C).
PAR  The resin (A) consisted of novolac added with 15 wt. % of hexamine.
PAR  The resin (B) consisted of 100 wt. % of ammonia-catalyzed resol of methylol
      index: 30.
PAR  The resin (C) consisted of said resol (B) added with 20 wt. % of novolac.
      Coated sand was prepared in three types by use of these three different
      resins (A), (B) and (C).
PAR  With use of these shell molds, cast iron plates were prepared at a casting
      temperature of 1,460.degree.C, each having a thickness of 35 mm; weight
      10.8 kg. Cast iron was FC 30 (JIS) comprising: C 3.02 wt. %; Si 1.88 wt.
      %; and Mn 0.48 wt. %. The results were as follows, showing a substantial
      improvement.
TBL                Table 6                                                     
     ______________________________________                                    
                Number of   Observed    Developing                             
     Kind of Resin                                                             
                casting Tests                                                  
                            Gas Defects Percentage                             
     ______________________________________                                    
     (A)        58          21          36.2                                   
     (B)        58          9           15.5                                   
     (C)        58          2           3.4                                    
     ______________________________________                                    
PAR  2. Strength reduction and occurrence of blocking due to moisture absorption
      of the resin are highly slight.
PAR  3. Coated sand is highly fluidous. Blowing-in capability of the
      resin-coated sand is superior.
PAR  4. Cold and hot strength of the shell molds prepared from the resin-coated
      sand can be substantially improved. Especially, the cold strength is
      amazingly improved, thereby contributing to substantial reduction of the
      quantity of the coating resin. The improvement of the hot strength
      shortens the baking period and thus improves the productively of the
      castings.
PAR  5. Peal-back can be reduced substantially.
PAR  6. Development of unpleasant ill smelled gases can be reduced to a possible
      minimum.
PAR  7. Hardening can be assured even at the inside center of a heavy core.
TBL                                    Table 7 - A                             
     __________________________________________________________________________
     Item                 Conv. process - 1                                    
                                      Conv. process - 2                        
                          novolac plus                                         
                                      ammonia catalyzed resol                  
                          hexamine    (of methylol index 8)                    
                          15 wt. %    plus resorcin 7%                         
     __________________________________________________________________________
     1. N-content, %       6.0        1.4                                      
     2. Generated gas quantity                                                 
                           100        94                                       
     3. Composition of gas (ammonia)                                           
                           100        9.5                                      
        developed during backing step                                          
     4. Ill smell developed in shell-                                          
                           highly     strong                                   
        forming            strong                                              
     5. Gas defects in cast product                                            
                           plenty     slight                                   
        (FC 30)                                                                
     6. Anti-blocking performance of                                           
        coated sand due to moisture   .DELTA.                                  
        absorption                                                             
     7. Flowability of coated sand, seconds                                    
                           13.6       14.2                                     
     8. In-blowability, (wt. of core)                                          
                           16.4       15.2                                     
     9. Shell separation from master molds                                     
                                      X                                        
     10.                                                                       
        Cracking at shell separation  X                                        
     11.                                                                       
        Pealback rate, %   35         25                                       
     12.                                                                       
        Backing period, seconds (core)                                         
                           90         95                                       
     13.                                                                       
        Uniformity in baking                                                   
                            .DELTA.   X                                        
     14.                                                                       
        Cold bending strength (I), kg/cm.sup.2                                 
                           80         75                                       
     15.                                                                       
        Cold bending strength (II),kg/cm.sup.2                                 
                           55         52                                       
     16.                                                                       
        strength reduction, % due to                                           
                           15         18                                       
        moisture absorption                                                    
     17.                                                                       
        Hot bending strength, kg/cm.sup.2                                      
                           15         15                                       
     18.                                                                       
        Thermal seisure    slight     plenty                                   
     19.                                                                       
        Price of resin     100        115                                      
     __________________________________________________________________________
TBL                                    Table 7 - B                             
     __________________________________________________________________________
                                  **                                           
                            *     Inventive                                    
                                        ***                                    
                            Inventive                                          
                                  process-                                     
                                        Inventive                              
     Item                   process                                            
                                  2 (subst-                                    
                                        process-3                              
     1                      antially                                           
                                  (optimal)                                    
                                  critical)                                    
     __________________________________________________________________________
     1. N-content, %        1.2   0.8   1.0                                    
     2. Generated gas quantity                                                 
                            87    87    87                                     
     3. Composition of gas (ammonia)                                           
        developed during baking step                                           
                            8.0   5.5   6.5                                    
     4. Ill smell developed in shell-forming                                   
                            weak  slightest                                    
                                        slightest                              
     5. Gas defects in cast products (FC 30)                                   
                            slight                                             
                                  none  none                                   
     6. Anti-blocking performance of coated                                    
                                  .DELTA.                                      
        sand due to moisture absorption                                        
     7. Flowability of coated sand, seconds                                    
                            13.0  14.5  12.3                                   
     8. In-blowability, (wt. of core)                                          
                            16.4  16.4  16.4                                   
     9. Shell separation from master molds                                     
     10.                                                                       
        Cracking at shell separation                                           
     11.                                                                       
        Pealback rate, %    5     5     0                                      
     12.                                                                       
        Baking period, seconds (core)                                          
                            68    68    68                                     
     13.                                                                       
        Uniformity in baking                                                   
     14.                                                                       
        Cold bending strength (I), kg/cm.sup.2                                 
                            87    73    95                                     
     15.                                                                       
        Cold bending strength (II),kg/cm.sup.2                                 
                            55    55    58                                     
     16.                                                                       
        Strength reduction, % due to                                           
                            10    15    10                                     
        moisture absorption                                                    
     17.                                                                       
        Hot bending strength, kg/cm.sup.2                                      
                            16    14    17                                     
     18.                                                                       
        Thermal seisure     none  none  none                                   
     19.                                                                       
        Price of resin      91    91    91                                     
     __________________________________________________________________________
       *ammonia catalyzed resol (methylol index 25);                           
       **ammonia catalyzed resol (methylol index 45) plus novolac 30%;         
      ***ammonia catalyzed resol (methylol index 25) plus novolac 10%          
PAR  In connection with the above Tables 7 - A and 7 - B the following remarks
      will be set forth.
PAR  1. These values appearing in line 1 are those of theoretical relative to
      resin amount 100.
PAR  2. These values appearing in line 2 were measured by a gas-development
      measuring apparatus of own design and manufacture and used in the factory
      of the assignee company (Toyota Jidoshokki Seisakusho, Kariya-shi).
      Measured at 1,300.degree.C. Coated sand sample weighed each 5 g.
      Conventional representative coated sand was assumed to have a value of
      100.
PAR  3. These values appearing in line 3 were determined by measurement of
      developed amount of NH.sub.3 per 1 g of resin-coated sand. Conventional
      representative resin-coated sand was taken as 100 for comparison.
PAR  4. These values appearing in line 4 were determined by the mean of the
      observation results executed by three monitors.
PAR  5. 10.5 kg-cast iron plates were prepared and machined at their both
      surfaces for each 1.5 mm - depth, and possible gas defects were observed.
PAR  6. A desiccator charged with saturated aqueous solution of ammonium sulfate
      was used. Resin-coated sand samples were introduced in the desiccator and
      placed therein at room temperature for 24 hours.
PAR  7. Measuring funnel was used and resin coated sand was caused to drop
      therethrough.
PAR  8. A crank case core was prepared each time by blowing-in of coated sand
      under same conditions.
PAR  9. Crank case cores for an engine cylinder block were prepared with
      coated-sand. Repeated core-making operations were counted until
      unallowable troubles should have taken place without use of any parting
      agent. For this judgement, the appearance of the cores has been carefully
      inspected.
PAR  10. Crackings were observed at the surfaces of the core products obtained
      at 9).
PAR  11. J.S.M.A.-method was utilized for determination.
PAR  12. Practical baking period as measured for each of the cores prepared at
      9).
PAR  13. Axial section was made for each of several test pieces after a
      predetermined baking period. Test Piece was of 50 mm .times. 50 mm length.
PAR  14. and 15. According to JIS.
PAR  16. Said test pieces were used. Measurement was made twice per each test
      piece, once directly after the baking and secondly, after lapse of 48
      hours in which the piece was positioned in a desiccator adjusted to
      maintain a 100%-relative humidity.
PAR  17. Test piece was of 22 mm .times. 22 mm .times. 202 mm, length. Baked
      period was 45 sections at 250.degree.C. Measurement was made directly upon
      separation from master mold.
PAR  18. Several crank case molds were reviewed.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      priviledge is claimed are as follows:
NUM  1.
PAR  1. A process for the preparation of a composition of refractory granules,
      comprising:
PA1  1. reacting 1 mole of at least one member selected from the group
      consisting of phenol, cresol and xylenol and 1 - 3 moles of at least one
      member selected from the group consisting of formalin and
      paraformaldehyde, in the presence of a catalytic amount of at least one
      member selected from the group consisting of ammonia, a primary amine and
      a secondary amine at 50.degree. - 70.degree.C for performing an
      addition-condensation reaction;
PA1  2. keeping the reaction mixture under reduced pressure at 70.degree.C or
      lower, as measured by the temperature of the products for dehydration
      until the products become substantially transparent;
PA1  3. further keeping the reaction mixture under reduced pressure for removal
      of aqueous condensate formed by self- condensation until the temperature
      of the reaction mixture reaches 90.degree. - 120.degree.C;
PA1  4. quenching the reaction mixture directly upon arrival of the temperature
      of the reaction mixture at the last mentioned temperature range, thereby
      forming a resol type phenolic resin having a softening point higher than
      80.degree.C; and
PA1  5. thereafter mixing 70 - 100wt. % of said resol type phenolic resin with 0
      - 30wt. % of a novalac-type phenolic resin, together with refractory
      granules kept at a temperature of at least 80.degree.C until the granules
      attain a freely flowing state.
NUM  2.
PAR  2. The process as set forth in claim 1 wherein the resin consists
      substantially of said resol type phenolic resin.
NUM  3.
PAR  3. The process as set forth in claim 2 wherein said resol-type phenolic
      resin contains methylol radicals in a range of 15 - 30 as expressed by
      methylol index.
NUM  4.
PAR  4. The process as set forth in claim 1 wherein said resol-type phenolic
      resin contains methylol radicals with a range of 15 - 45 when expressed by
      methylol index and the content of said novolac-type phenolic resin as
      measured in weight % and expressed by (N) and the amount of said
      resol-type phenolic resin methylol index as measured in weight % (M) are
      controlled mutually by the following formula:
EQU  [N] = [M] - 15.
NUM  5.
PAR  5. A resol-type phenolic resin shaped into solids adapted for coating of
      refractory granules for molds and prepared by the first to fourth steps of
      claim 1.
NUM  6.
PAR  6. A resol-type phenolic resin as set forth in claim 5, methylol radicals
      contained in said resin being in a range of 15 - 45 as expressed by
      methylol index.
NUM  7.
PAR  7. The resin as set forth in claim 5 mixed with solid novolac-type phenolic
      resin.
NUM  8.
PAR  8. A resin composition comprising the resol-type phenolic resin of claim 6,
      mixed with an amount of solid novolac-type phenolic resin in a wt. % as
      expressed by [M] - 15, wherein [M] is the methylol index of said
      resol-type phenolic resin.
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ABST
PAL  A method for producing a phenolic molding is disclosed. The method includes
      the steps of mixing phenol, formaldehyde and a hydraulic cement, forming
      the resulting composition to a predetermined shape and maintaining the
      composition in the predetermined shape until an insoluble, infusible
      article is formed by condensation. At least 10 percent of the hydraulic
      cement must be Portland cement. The mole ratio of formaldehyde to phenol
      must be at least 1:1, and the amount of hydraulic cement must be
      sufficient for reaction with from 1 to 9 times the sum of the water of
      condensation of the phenol with the formaldehyde and the water charged to
      the mix. The use of reinforcing glass fibers in producing phenolic
      moldings is also disclosed, as well as the use of urea and resorcinol in
      addition to the phenol, formaldehyde and hydraulic cement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The production of phenolic moldings is an old art, having involved, over
      the years, the use of two different types of phenol-formaldehyde
      condensate: novolacs and resoles. The novolacs were produced by condensing
      formaldehyde and phenol in a mole ratio of about 1:1 or slightly less, and
      usually in the presence of an acidic condensing agent. Condensation was
      carried essentially to completion, so that the novolac became water
      insoluble and could be separated from associated water and used to
      formulate a molding compound by mixing with a curing agent, usually
      hexamethylenetetraamine and other additives such as fillers,
      reinforcements and mold release agents. Moldings were then produced in
      matched molds by the "heat pressure" method disclosed an an early
      Baekeland patent.
PAR  Moldings have also been made by a casting technique from resoles: partial
      condensates of formaldehyde and phenol in a higher mole ratio, usually at
      least about 1.5:1; condensation is caused by heating, usually in the
      presence of a fixed alkali condensing agent. Condensation is interrupted
      at a desired end point by discontinuing heating and acidifying to a
      desired pH at which room temperature condensation is comparatively slow.
      The casting can then be produced from the partial condensate by adding a
      "hardener," e.g., a solution of hydrochloric or phosphoric acid in
      glycerine or in a glycol, and pouring the resulting composition into a
      mold. Cure proceeds at ambient or a slightly higher temperature. A
      detailed discussion of phenol-formaldehyde condensates appears in the The
      Chemistry of Phenolic Resins, Martin, John Wiley & Sons, Inc. 1956, and
      cited references. Aside from a wide variety of hydraulic cements we can
      also employ magnesium oxysulfate cements, magnesium oxychloride cement and
      gypsum cements. Briefly, hydraulic cements are those inorganic cements
      which set and harden by the addition of water. Specific examples of
      hydraulic cements include aluminous cements, masonry cements, natural
      cements, Portland cements, Portland blast furnace slag cements,
      Portland-pozzolan cement and slag cement. Preferably, Portland cement is
      used alone or in conjunction with the other cements.
PAR  It has also been suggested* that laminates, coatings, moldings and expanded
      foams can be produced from a polyhydric phenol-aldehyde resin containing
      2-6 percent hydraulic cement, based on the weight of the polyhydric
      phenol. The cement is said to lower the viscosity of the resin and to give
      it high temperature strength and fire retarding properties.
FNT  * U.S. Pat. No. 3,502,610.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following Examples illustrate preferred embodiments of the instant
      invention, Example 1 constituting the best mode presently known to the
      inventors. In the Examples, as elsewhere herein, the terms "percent" and
      "parts" refer to percent and parts by weight, unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A phenol-urea-formaldehyde condensate was produced from 1,240 parts phenol,
      2,600 parts 52 percent formaldehyde, 2,500 parts Portland cement, 1,290
      parts urea, 2,500 parts gypsum cement, 2,500 parts alumina, 400 parts zine
      stearate and 800 parts ice. The phenol, formaldehyde, urea and 100 parts
      of the Portland cement were charged to a stainless steel vessel equipped
      with a propeller type agitator and an indirect heat exchanger. This charge
      was agitated for 18 hours, during which time cooling water was circulated
      through the indirect heat exchanger to maintain the temperature of the
      charge at about 68.degree.C. After the preliminary 18 hour reaction
      period, the rest of the Portland cement, the gypsum, the alumina, the zinc
      stearate and the ice were added to the reactant products in the vessel.
      The resulting composition, which was a phenol-formaldehyde condensate was
      co-deposited with chopped glass fiber strand* on a moving polyester film
      approximately 24 inches in width and of indefinite length. A second
      polyester film, also 24 inches in width and of indefinite length was
      brought into contact with the upper surface of the sheet-like mass of
      deposited glass fibers and phenol-formaldehyde condensate, and was moved
      with the mass and the first sheet. Sheets called "Sheet Molding Compound,"
      of the mass of condensate and glass fibers approximately 24 inches by 20
      inches by one-eighth inch were cut from the mass, leaving the polyester
      films on each of the two major sides thereof. Moldings were produced from
      these sheets between matched flat dies: five minutes at 300.degree.F. and
      283 pounds per square inch.
FNT  *The fibers were made of a glass containing about 54 percent SiO.sub. 2, 14
      percent Al.sub.2 O.sub.3 , 4.5 percent MgO, 17.5 percent CaO and 10
      percent B.sub.2 O.sub.3. They were coated with a polyester size containing
      a lubricant and gamma-aminopropyltriethoxysilane.
PAR  Sheets produced as described above were tested for flexural modulus**, for
      flexural strength, for tensile strength*** and for notched Izod impact
      strength****: (1) as molded; (2) after they had been autoclaved for 16
      hours at 227.degree.F., and (3) after they had been immersed in boiling
      water for two hours. Results of this testing are summarized in the
      following Table for several ratios of glass fibers to phenol-formadehyde
      condensate.
FNT  **ASTM D-790.
FNT  ***ASTM D-638.
FNT  ****ASTM D-256.
TBL  ______________________________________                                    
                                Glass fiber                                    
     Sample       Resin density*                                               
                                density                                        
     Designation  on film       on film*                                       
     ______________________________________                                    
     1            341           75                                             
     2            341           60                                             
     3            341           45                                             
     4            341           30                                             
     5            341           27                                             
     ______________________________________                                    
      *Units g/ft..sup.2                                                       
TBL                                                Ft.lbs/in.                  
            PSI .times. 10.sup.3                                               
                        PSI .times. 10.sup.6                                   
                                       PSI .times. 10.sup.3                    
                                                   Notched Izod                
     Sample Flexural Strength                                                  
                        Flexural Modulus                                       
                                       Tensile Strength                        
                                                   Impact Strength             
     Designation                                                               
            A*  B** C***                                                       
                        A    B    C    A   B   C   A    B    C                 
     __________________________________________________________________________
     1      7.15                                                               
                8.21                                                           
                    5.87                                                       
                        1.057                                                  
                             0.871                                             
                                  0.913                                        
                                       3.16                                    
                                           3.36                                
                                               2.71                            
                                                   9.036                       
                                                        9.541                  
                                                             9.473             
     2      7.28                                                               
                6.51                                                           
                    5.36                                                       
                        0.983                                                  
                             0.703                                             
                                  0.777                                        
                                       3.02                                    
                                           3.14                                
                                               2.31                            
                                                   6.963                       
                                                        6.933                  
                                                             7.888             
     3      5.21                                                               
                5.52                                                           
                    4.68                                                       
                        0.727                                                  
                             0.545                                             
                                  0.606                                        
                                       2.29                                    
                                           2.16                                
                                               1.61                            
                                                   4.563                       
                                                        5.925                  
                                                             6.899             
     4      4.04                                                               
                4.62                                                           
                    3.76                                                       
                        0.557                                                  
                             0.559                                             
                                  0.495                                        
                                       1.35                                    
                                           1.50                                
                                               1.26                            
                                                   4.903                       
                                                        4.589                  
                                                             5.582             
     5      4.12                                                               
                3.75                                                           
                    2.71                                                       
                        0.571                                                  
                             0.356                                             
                                  0.426                                        
                                       1.29                                    
                                           1.24                                
                                               0.99                            
                                                   3.062                       
                                                        3.667                  
                                                             4.617             
     __________________________________________________________________________
       *As molded                                                              
       **After 16 hours of autoclaving at 227.degree.F.                        
      ***After two hours in boiling water                                      
PAR  It has been found that the phenolic condensate produced as described above
      has a shelf life sufficiently long, under ordinary ambient conditions,
      that Sheet Molding Compound produced therefrom within four hours is
      satisfactory, and the sheet molding compound, itself, has a shelf life
      greater than three weeks. It will be appreciated that this is adequately
      long to make ordinary use of the material for producing sheets or other
      moldings entirely feasible.
PAR  The data in the foregoing Table show an unexpected result: a comparatively
      slight decrease in the strength of the moldings, as indicated by the data,
      after two hours of autoclaving at 227.degree.F. and after two hours in
      boiling water, indicates that the glass fibers were not appreciably
      affected by the cement. This is unexpected because glass fibers of the
      indicated composition, distributed in reinforcing relationship with a
      hydrated mixture of equal parts of Portland and Gypsum cements, would be
      at least virtually destroyed by sixteen hours of autoclaving at
      227.degree.F. The data in the foregoing Table, on the other hand, indicate
      not more than slight deterioration of the fibers during either autoclaving
      or boiling.
PAR  It has been found that the relative proportions in which the hydraulic
      cement or cements, phenol and formaldehyde can be used in practicing the
      method of the instant invention can be varied within comparatively wide
      limits. For example, in one series of experiments, where the formaldehyde
      to phenol ratio was held constant at 3:1, it was found that a curable,
      workable phenol-formaldehyde condensate could be produced when the amount
      of Portland cement charged varied from one to nine times the weight of the
      sum of the weight of the water charged to the condensation reaction and
      three-fifths of the weight of the formaldehyde so charged. Preferably the
      weight of hydraulic cement is from about one and a half to about five
      times this sum and, most desirably, from about two to four times this sum.
PAR  It has also been found that the mole ratio of formaldehyde to phenol can be
      varied within wide limits in producing a molding according to the method
      of the invention. Indeed, in one sense, there is no upper limit on this
      ratio because Portland cement has been found to cure formaldehyde to an
      infusible condition. As a practical matter, it is usually preferred that
      the mole ratio of formaldehyde to phenol be from about 1.5:1 to about
      4.5:1, most desirably from about 2:1 to about 4:1. It has been found that
      resorcinol can be used in producing a phenol-formaldehyde condensate and a
      phenolic molding according to the invention. In general, the use of
      resorcinol accelerates the reactions, both of those involved in producing
      the original condensate and those involved in producing the final molding.
      Accordingly, resorcinol, when employed, is preferably used in amounts
      ranging from about 1 percent to about 70 percent of the phenol originally
      charged, most desirably from about 3 percent to about 10 percent thereof.
PAR  Several experiments were conducted to determine the relative proportions in
      which Portland cement and gypsum cement can be used in producing molding
      compounds and moldings according to the invention. It had previously been
      determined that 100 percent of Portland cement was operable. Accordingly,
      in this series of experiments, the ratio g/(g+g'), where g represents the
      number of grams of Portland cement used and g' represents the number of
      grams of gypsum used, was varied between 0.5 and 0. In these experiments,
      the mole ratio of phenol to formaldehyde was held constant at 3:1 and,
      apart from the proportions of Portland cement to gypsum, substantially the
      procedure described in Example 1, above, was followed. The systems
      explored were those where the indicated ratio was 0.5, 0.4, 0.3, 0.2, 0.1
      and 0.0. Only the experiment where the ratio was 0.0 failed to cure,
      although the final moldings produced from the system where the ratio was
      0.1 were somewhat pliable after final cure. Accordingly, the minimum value
      for the indicated ratio should be 0.1. Preferably, the ratio is from about
      0.2 to 1 and, most desirably, from about 0.4 to about 0.6.
PAR  It will be noted that urea was used in producing moldings according to the
      invention as described above in Example 1. It has been found that such use
      of urea is advantageous because of (a) the moderating effect the urea has
      on reaction rates, both during the initial condensation and during final
      cure to produce a molding and (b) because the urea acts as a fire
      retardant. To demonstrate the excellent fire resistance of moldings
      produced according to the method of the instant invention, panels were
      produced and were tested for flame spread, fuel contributed and smoke
      developed in comparison with panels which presently are being produced
      commercially. The panels according to the invention were produced from a
      phenol-urea-formaldehyde condensate produced as described in Example 1,
      above, from the charge there set forth plus 20 parts
      1,2-bis-trimethoxysilylethane. Sheets were produced as described in
      Example 1 from the resulting condensate and glass fibers* codeposited with
      the condensate in such proportions that the glass fibers constituted
      substantially 22 percent of the condensate and fibers. Panels 21 inches by
      24 inches by 1/8 inch were then molded from the resulting sheets:
      290.degree.F. for 5 minutes at 60 tons pressure. These panels were tested,
      ASTM E-84 tunnel test against panels which are presently being marketed,
      with the following results.
FNT  *The glass fibers were made of a glass having the composition set forth in
      Example 1 above, and coated with a polyester size containing
      gammamethacryloxypropyltrimethoxysilane.
TBL  ______________________________________                                    
                 Panels Produced                                               
                                Present                                        
                 According to   Commercial                                     
                 the Invention  Panels                                         
     ______________________________________                                    
     Flame Spread  20               90 to 110                                  
     Fuel Contributed                                                          
                   0                25 to  50                                  
     Smoke Developed                                                           
                   2                400 to 500                                 
     ______________________________________                                    
PAL  In each case, a low number for the E-84 tunnel test indicates better
      performance than does a higher number.
PAR  It will be appreciated that urea is preferably used in producing a molding
      according to the invention. When used, urea should constitute at least 10
      percent, based upon the weight of the phenol employed, preferably at least
      50 percent and, most desirably, at least 75 percent. Ordinarily, there is
      no reason to employ more than 150 percent of urea, on the stated basis,
      although even greater amounts are not particularly detrimental. It has
      been found that a molding can be produced according to the method of the
      invention containing about 50 percent of urea, on the stated basis, and
      using formaldehyde and phenol in a 1:1 mole ratio. However, when urea is
      increased above about 50 percent, on the stated basis, the mole ratio of
      formaldehyde to phenol should be increased above 1:1 by about 1 per 100
      percent of added urea, above 50 percent.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for producing a phenolic molding which includes the steps of
      mixing phenol, formaldehyde and a hydraulic cement at least 10 percent of
      which is Portland cement in such proportions that the mole ratio of
      formaldehyde to phenol is at least 1:1 and the weight of the hydraulic
      cement is from one to nine times the sum of the weight of the water
      charged to the mix and three-fifths of the weight of the formaldehyde
      charged to the mix, forming the resulting composition to a predetermined
      shape and maintaining the composition in the predetermined shape until an
      insoluble, infusible article is formed by condensation.
NUM  2.
PAR  2. A method as claimed in claim 1 in which the composition is subjected to
      a temperature above ambient and to super-atmospheric pressure while
      maintained in the predetermined shape.
NUM  3.
PAR  3. A method as claimed in claim 2 wherein the composition additionally
      contains from 10 percent to 150 percent of urea, based upon the weight of
      the phenol.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein the composition additionally
      contains from 1 percent to 70 percent of resorcinol, based upon the weight
      of the phenol.
NUM  5.
PAR  5. A method as claimed in claim 3 wherein the mole ratio of formaldehyde to
      phenol is from about 1.5:1 to about 4.5:1, the weight of hydraulic cement
      is from about 11/2 to about 5 times the sum of the weight of the water
      charged to the mix and three-fifths of the weight of the formaldehyde
      charged to the mix, and wherein the initial mix is maintained at a
      temperature not higher than about 125.degree.F. until partial condensation
      occurs, the partial condensate and glass fibers are collected on a carrier
      sheet, and the condensate is formed to an insoluble, infusible article
      with the glass fibers in reinforcing relationship therein.
NUM  6.
PAR  6. A method as claimed in claim 5 wherein the phenol, formaldehyde, urea
      and a portion of the Portland cement ranging from about two one-hundredths
      to two-tenths of the sum of the weight of the water charged to the mix and
      three-fifths of the weight of the formaldehyde charged to the mix are
      maintained at a temperature not higher than about 125.degree.F. for from
      10 to 24 hours, and wherein the remainder of the Portland cement and of
      the Gypsum cement, if any, are then added to the reaction mixture while
      the temperature thereof is maintained not higher than about 125.degree.F.,
      and wherein it is the resulting partial condensate that is collected with
      glass fibers and formed into an insoluble, infusible article.
NUM  7.
PAR  7. A phenolic molding produced by the method of claim 1.
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ABST
PAL  Disclosed is a hot-melt adhesive composition comprised of an admixture of a
      polyetherester, polystyrene and optionally a filler. The adhesive
      composition exhibits a desirable overall balance of properties, including
      good bond strength, particularly after aging. In a preferred embodiment,
      the adhesive composition can be used to bond poly(vinyl chloride) to wood
      or particleboard.
BSUM
PAR  This invention relates to a hot-melt adhesive that exhibits a desirable
      overall balance of properties, including good bond strength, particularly
      after aging.
PAR  The use of plastics for preparing surfacing and trim components of
      manufactured articles has increased tremendously in the last several
      decades. Today a wide variety of manufactured articles, such as furniture,
      kitchen appliances, electrical appliances, and automotive parts have
      surfaces and trim components prepared from plastics.
PAR  One area where plastics have gained particularly wide acceptance as surface
      components is in the furniture industry. Today application of decorative
      bands, often called edgebands, to the edges of laminated furniture tops is
      a common practice in the manufacture of domestic and commercial furniture.
      In mass-produced furniture items, such as tables and desks, the bands can
      be applied automatically using commercially available edgebanding
      equipment to apply a hot-melt adhesive directly to the edgebands prior to
      installation. The hot-melt adhesives that are currently being used are
      thought to be either ethylene-vinyl acetate copolymer type adhesives or
      polyethylene type adhesives. Ethylene-vinyl acetate copolymer type
      adhesives generally do not perform well when the furniture is kept in a
      hot environment, such as during oven curing of the lacquer finish or
      during shipment in hot weather. Polyethylene type adhesives have
      satisfactory heat resistance, but they are prone to lose bond strength on
      aging on many substrates and they do not provide adequate adhesion to
      plasticized poly(vinyl chloride).
PAR  We have now invented an adhesive composition that exhibits a desirable
      overall balance of properties, including good bond strength, particularly
      after aging.
PAR  As described above, the adhesive composition of this invention exhibits
      good bond strength. In many instances the adhesive compositions of this
      invention exhibit a level of adhesion between poly(vinyl chloride) and
      wood or particleboard such that the bonds exhibit cohesive failure. By the
      term "cohesive failure", and words of similar import, it is meant that the
      bond failure resulted from failure of the substrate and not the adhesive.
      As an example, when a cohesive failure occurs when wood is the substrate,
      fibers are pulled from the wood resulting in a failure of the wood in
      tension. As will be recognized by those skilled in the art, cohesive
      failure represents a maximum bond strength for an adhesive bond.
PAR  One of the most advantageous properties of the adhesive composition of this
      invention is the bond strength after aging. For example, bonds formed from
      the adhesive composition of this invention exhibit cohesive failure
      between plasticized poly(vinyl chloride) and wood or particle board after
      the bond has been aged one month at 50.degree.C. and tested at -17.degree.
      to 50.degree.C. and also after the bond has been aged three months at
      23.degree.C. and tested at -17.degree. to 50.degree.C. or even after the
      bond has been aged 30 minutes at 100.degree.C. and tested at 23.degree.C.
PAR  Another of the advantageous properties of the adhesive composition of this
      invention is the immediate bond strength. By the term "immediate bond
      strength" and words of similar import, it is meant that the strength of
      the bond is measured a short period of time after the composition has
      initially cooled from its application temperature to a lower temperature.
      The adhesive compositions of this invention can be used to prepare bonds
      having an immediate bond strength such that the bonds generally exhibit
      cohesive failure between poly(vinyl chloride) and wood or particleboard
      when tested at -17.5.degree.C., 23.degree.C. and 50.degree.C.
PAR  Still another of the advantageous properties of the adhesive composition of
      this invention is its sandability. The adhesive compositions of the
      invention exhibit substantially the same sandability as particleboard or
      wood; therefore, if a substrate is improperly bonded to wood or
      particleboard it can be removed, the adhesive sanded off and the substrate
      rebonded.
PAR  Still another advantageous property of the adhesive compositions of this
      invention is its melt viscosity. The adhesive compositions of this
      invention have a melt viscosity suitable for application with conventional
      apparatus for applying hot-melt adhesives, such as wheel applicators.
PAR  The unpublished prior art applicants are aware of is a polyester hot-melt
      adhesive sold by Ornsteen Chemical Co. designated Hi-Per 350P, which is
      believed to be composed of 40 mole percent terephthalic acid, 40 mole
      percent isophthalic acid, 20 mole percent sebacic acid, and 100 mole
      percent 1,4-butanediol, and is recommended by the manufacturer for bonding
      poly(vinyl chloride).
PAR  Broadly the adhesive composition of this invention can be described as an
      admixture of a polyetherester, polystyrene and optionally can contain a
      filter.
PAR  More specifically, the adhesive composition of this invention can be
      described as an admixture comprising, based on the weight of the
      composition,
PA1  A. from 95-60 weight percent of a polyetherester having an inherent
      viscosity in the range of 0.5 to 1.4, the polyetherester being comprised
      of
PA1  1. a dicarboxylic acid component comprised of
PA2  a. from 90-60 mole percent terephthalic acid,
PA2  b. from 10-40 mole percent, cis/trans hexahydroterephthalic acid,
PA1  2. a diol component comprised of, based on the weight of the diol
      component,
PA2  a. 80-60 weight percent 1,4-butanediol,
PA2  b. 20-40 weight percent poly(tetramethylene glycol) having an average
      molecular weight in the range of 600-2000, and
PAR  B. from 5-40 weight percent polystyrene having an inherent viscosity in the
      range of 0.2 to 0.7.
PAR  Optionally an inert, inorganic filler (C) can be incorporated into the
      admixture.
DETD
PAR  In this invention, the dicarboxylic acid component of the polyetherester
      compound (A) is comprised of a combination of terephthalic acid and
      cis/trans hexahydroterephthalic acid. Broadly, the range of terephthalic
      acid can be from 90-60 mole percent. More specifically, the range of
      terephthalic acid can be from 75-65 mole percent. Most preferably, the
      amount of terephthalic acid is about 70 mole percent. The amount of
      cis/trans hexahydroterephthalic acid can be broadly from 10-40 mole
      percent, but more preferably can be 25-35 mole percent and most preferably
      is about 30 mole percent. In this invention the term "cis/trans
      hexahydroterephthalic acid" means an equilibrium mixture of about 70-65
      weight percent cis isomer and about 30-35 weight percent trans isomer of
      hexahydroterephthalic acid, which is some times called
      1,4-cyclohexanedicarboxylic acid.
PAR  The diol component of the polyetherester component (A) is comprised of a
      combination of 1,4-butanediol and poly(tetramethylene glycol). Broadly,
      the amount of 1,4-butanediol can be from 80-60 weight percent, based on
      the weight of the diol component. More specifically, the 1,4-butanediol
      can range from 80-70 weight percent. Most preferably, the 1,4-butanediol
      is about 75 weight percent. The poly(tetramethylene glycol) can broadly
      range from 20-40 weight percent, based on the weight of the diol
      component. More specifically, the poly(tetramethylene glycol) can range
      from 30-20 weight percent, and most preferably is about 25 weight percent.
      The molecular weight of the poly(tetramethylene glycol) can broadly be
      from 600-2000 and preferably is about 1000.
PAR  The amount of polyetherester component (A) in the adhesive composition can
      broadly be from 96-60 weight percent, based on the weight of the
      composition, but more preferably can be from 85-30 weight percent, and
      most preferably is about 49 weight percent.
PAR  The inherent viscosity of the polyetherester component (A) can broadly be
      from 0.5 to 1.4. Lower inherent viscosities often result in the
      composition being too brittle while higher inherent viscosities often
      result in compositions which cannot be applied by wheel applicators due to
      their high melt viscosities. More preferably the inherent viscosity of the
      polyetherester component (A) can be from 0.5 to 0.80 and most preferably
      can be from 0.60 to 0.75. The inherent viscosity of polyetherester
      component (A) is measured at 25.degree.C. using 0.23 grams of polymer per
      100 ml. of a solvent composed of 60 volumes of phenol and 40 volumes of
      tetrachloroethane.
PAR  The polyetherester component (A) can be prepared by techniques well known
      in the art such as direct condensation or ester interchange. In a
      preferred embodiment the dicarboxylic acid components are esterified into
      a suitable diester, such as the dimethyl ester, and then reacted with a
      mixture of the glycol components and suitable amounts of an appropriate
      catalyst, such as titanium tetraisopropoxide. After ester interchange, the
      temperature is raised to a high temperature, such as 250.degree.C., and a
      vacuum is applied to the flask to remove excess 1,4-butanediol; the
      polycondensation continues under these conditions until the desired
      inherent viscosity is reached, after which the flask is repressurized with
      nitrogen and the polymer is cooled to a solid.
PAR  The polystyrene component (B) is well known in the art. The polystyrene
      component (B) can contain minor amounts of other unsaturated monomers
      copolymerizable with styrene. One suitable polystyrene component (B) is
      Piccolastic D150 sold by Hercules, Inc., which is thought to be chiefly
      styrene copolymerized with small amounts of other similar monomers.
      Another suitable polystyrene is Styron 686 sold by Dow Chemical Co. which
      is thought to be essentially polystyrene.
PAR  The polystyrene component (B) can broadly range from 5-40 weight percent,
      based on the weight of the composition. More preferably, the polystyrene
      component (B) can range from 10-30 weight percent and more preferably can
      be about 21 weight percent.
PAR  The inherent viscosity of the polystyrene can broadly be from 0.2 to 0.7.
      More preferably, the inherent viscosity of the polystyrene can be from 0.2
      to 0.5, and even more preferably from 0.2 to 0.4. The inherent viscosity
      of the polystyrene is measured at 23.degree.C. in a solution of 0.5 g. of
      polystyrene per 100 ml. of a mixture of 60 weight parts of phenol and 40
      weight parts of tetrachloroethane.
PAR  As described above, the adhesive composition of this invention always
      contains the polyetherester component (A) and the polystyrene component
      (B) and optionally can contain an inert inorganic filler component (C).
      The inert inorganic filler useful in this invention can broadly be
      described as a high-melting solid having particles less than about 500
      micron diameter, such as salts of various metal cations, oxides of metals,
      clays and carbon black. More specifically the inert inorganic filler
      component (C) can be described as an oxide of a transition metal such as a
      carbonate, oxide, phosphate or sulfate, as well as other salts of
      transition metals and alkali and alkaline earth metals, carbon black, and
      mixed salts of metal cations and several anions. Examples of suitable
      inert inorganic fillers include CaCO.sub.3, ZnO, TiO.sub.2 (anatase or
      rutile), SiO.sub.2, Ca.sub.3 (PO.sub.4).sub.2, talc, Na.sub.2 SO.sub.4.
      CaCO.sub.3 is a preferred filler because of its low cost.
PAR  The amount of inert, inorganic filler component (C) can range from 5-40
      weight percent and more preferably can be about 30 weight percent based on
      the weight of the composition.
PAR  The adhesive compositions of this invention can be prepared in accordance
      with techniques well known in the art for forming admixtures. In the
      embodiment of the invention wherein the adhesive composition comprises
      polyetherester component (A) and polystyrene component (B), the
      composition can be prepared by thorough mixing of the correct amounts of
      components (A) and (B) at temperatures at which both components (A) and
      (B) are molten, as for example by extrusion, by use of a sigma-blade mixer
      or by roll milling. Preferably the components are mixed by extrusion.
PAR  In the embodiment of the invention wherein the adhesive composition
      comprises polyetherester component (A), polystyrene component (B) and
      inert, inorganic filler component (C), the composition can be prepared by
      mixing the correct amounts of molten components (A) and (B) together with
      component (C) in finely divided form and them the materials are melt mixed
      by conventional techniques such as extrusion, use of a sigma-blade mixer
      or by roll milling. Although extrusion is the preferred method when the
      size of the filler particles is small, the roll milling technique is
      preferred to reduce the size of the filler particles when the size of the
      filler particles is large.
PAR  The adhesive composition of this invention can contain other components,
      such as stabilizers, pigments, dyes, extenders and numerous other
      conventional modifiers.
PAR  The compositions of this invention are useful as hot-melt adhesives. As is
      well known in the art, the term "hot-melt adhesive" means that the
      adhesive is applied by heating the composition until it assumes the
      character of a viscous liquid, applying the adhesive to the members to be
      bonded and bonding the members together by allowing the adhesive to cool
      to a lower temperature and assume a solid form.
PAR  The compositions of this invention can be used in accordance with methods
      and apparatus well known in the art for applying hot-melt adhesives. For
      example, the composition can be melted and applied from a conventional
      wheel applicator.
PAR  Although the invention has been described in considerable detail with
      particular reference to certain preferred embodiments thereof, variations
      and modifications can be effected within the spirit and scope of the
      invention. More specifically, the adhesive compositions of this invention
      can be used to bond a variety of substrates together. As has been
      disclosed in detail, the adhesive compositions of this invention are
      particularly adapted for bonding plasticized poly(vinyl chloride) to wood
      or particle board. The adhesive compositions of this invention can also be
      used to bond a variety of other substrates such as wood, paper and Formica
      to wood or particleboard.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition comprising, based on the weight of the composition, an
      admixture of
PA1  A. from 95-60 weight percent of a polyetherester having an inherent
      viscosity in the range of 0.5 to 1.4, the polyetherester being comprised
      of
PA2  1. a dicarboxylic acid component comprised of
PA3  a. from 90-60 mole percent terephthalic acid,
PA3  b. from 10-40 mole percent cis/trans hexahydroterephthalic acid,
PA2  2. a diol component comprised of, based on the weight of the diol component
PA3  a. 80-60 weight percent 1,4-butanediol,
PA3  b. 20-40 weight percent poly(tetramethylene glycol) having an average
      molecular weight in the range of 600-2000, and
PA1  B. from 5-40 weight percent polystyrene having an inherent viscosity in the
      range of 0.2 to 0.7.
NUM  2.
PAR  2. A composition comprising, based on the weight of the composition, an
      admixture of
PA1  A. from 85-30 weight percent of a polyetherester having an inherent
      viscosity in the range of 0.50 to 0.80, the polyetherester being comprised
      of
PA2  1. a dicarboxylic acid component comprised of
PA3  a. from 75-65 mole percent terephthalic acid,
PA3  b. from 25-35 mole percent cis/trans hexahydroterephthalic acid,
PA2  2. a diol component comprised of, based on the weight of the diol
      component,
PA3  a. 80-70 weight percent 1,4-butanediol,
PA3  b. 20-30 weight percent poly(tetramethylene glycol) having an average
      molecular weight in the range of 600-2000,
PA1  B. from 10-30 weight percent polystyrene having an inherent viscosity in
      the range of 0.2 to 0.5, and
PA1  C. from 5-40 weight percent of an inert, inorganic filler.
NUM  3.
PAR  3. A composition comprising, based on the weight of the composition, an
      admixture of
PA1  A. about 49 weight percent of a polyetherester having an inherent viscosity
      in the range of 0.60 to 0.75, the polyetherester being comprised of
PA2  1. a dicarboxylic acid component comprised of
PA3  a. about 70 mole percent terephthalic acid,
PA3  b. about 30 mole percent cis/trans hexahydroterephthalic acid,
PA2  2. a diol component comprised of, based on the weight of the diol
      component,
PA3  a. about 75 weight percent 1,4-butanediol,
PA3  b. about 25 weight percent poly(tetramethylene glycol) having an average
      molecular weight of about 1000,
PA1  B. about 21 weight percent polystyrene having an inherent viscosity in the
      range of 0.2 to 0.4, and
PA1  C. about 30 weight percent CaCO.sub.3.
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PAL  This invention is concerned with polyetherimides derived from the reaction
      of an organic diamine and a dianhydride selected from the class consisting
      of a tolane dianhydride and a dichloroethylene diphenylene dianhydride.
BSUM
PAR  This invention is concerned with a new class of polyetherimides. More
      particularly, the invention is concerned with polyetherimides derived from
      the reaction of an organic diamine and a class of dianhydrides selected
      from the class consisting of a tolane dianhydride and a dichloroethylene
      diphenylene dianhydride, wherein the polymer is composed of units of the
      formula
      ##SPC1##
PAL  Where Z is a member selected from the class consisting of the
      ##SPC2##
PAL  Group and the
      ##SPC3##
PAL  Group, R is a divalent organic radical, and n is a whole number in excess
      of 1, e.g., 10 to 10,000 or more.
PAR  The above-described polyetherimides can be made, for example, directly from
      the reaction of dianhydrides of the formula
      ##SPC4##
PAL  Which dianhydrides and method for preparing the same are more particularly
      disclosed and claimed in our copending application Ser. No. 558,222, filed
      concurrently herewith and assigned to the same assignee as the present
      invention. By reference, this copending application is made part of the
      disclosures and teachings of the instant application. Alternatively, the
      3-substituted dianhydrides may replace the 4-substituted dianhydrides
      referred to above.
PAR  Briefly stated, these dianhydrides may be obtained by the reaction of
      either N-methyl-4-nitrophthalimide or N-methyl-3-nitrophthalimide with the
      dialkali metal salt of either tolane or
      1,1-bis(p-hydroxyphenyl)-2,2-dichloroethylene (hereinafter referred to as
      "HDE") having the formula
      ##SPC5##
PAL  To form the corresponding N-methyl bisimide, treating the latter to form
      the corresponding tetraacid and dehydrating the tetraacid to the
      corresponding dianhydride. More particular directions for preparing and
      obtaining the aforesaid two dianhydrides may be found in our
      aforementioned copending application.
PAR  In accordance with our invention, the polyetherimides of formula I can be
      obtained by reacting the dianhydride of formulas IV or V with a diamino
      compound of the formula
EQU  VII  H.sub.2 N--R--NH.sub.2
PAL  advantageously employing a suitable solvent in which to offset interaction.
      Alternatively, the polyetherimides of the present invention can also be
      prepared by a melt polymerization whereby the aforesaid class of
      dianhydrides are reacted with the desired diamino compound of formula VII
      while heating the mixture of ingredients at elevated temperatures with
      concurrent intermixing in an apparatus suitable for the purpose such as a
      Brabender mixing bowl.
PAR  In the above diamino compound, R is a divalent organic radical selected
      from the class consisting of (a) aromatic hydrocarbon radicals having from
      6 to 20 carbon atoms and halogenated derivatives thereof, (b) alkylene
      radicals, C.sub.(2-8) alkylene terminated polydiorganosiloxanes,
      cycloalkylene radicals having from 2 to 20 atoms, and (c) divalent
      radicals included by the formula
      ##SPC6##
PAL  Where Q is a member selected from the class consisting of
      ##EQU1##
      --S--, and --C.sub.x H.sub.2x --, X is a whole number of from 1 to 5,
      inclusive, and m is 0 or 1. Included among the organic diamines of formula
      VII are, for example,
PA0  m-phenylenediamine;
PA0  p-phenylenediamine;
PA0  4,4'-diaminodiphenylpropane;
PA0  4,4'-diaminodiphenylmethane;
PA0  benzidine;
PA0  4,4'-diaminodiphenyl sulfide;
PA0  4,4'-diaminodiphenyl sulfone;
PA0  4,4'-diaminodiphenyl ether;
PA0  1,5-diaminonaphthalene;
PA0  3,3'-dimethylbenzidine;
PA0  3,3'-dimethoxybenzidine;
PA0  2,4-bis(.beta.-amino-t-butyl)toluene;
PA0  bis(p-.beta.-amino-t-butylphenyl)ether;
PA0  bis(p-.beta.-methyl-o-aminopentyl)benzine;
PA0  1,3-diamino-4-isopropylbenzene;
PA0  1,2-bis(3-aminopropoxy)ethane;
PA0  m-xylylenediamine;
PA0  p-xylylenediamine;
PA0  2,4-diaminotoluene;
PA0  2,6-diaminotoluene;
PA0  bis(4-aminocyclohexyl)methane;
PA0  3-methylheptamethylenediamine;
PA0  4,4-dimethylheptamethylenediamine;
PA0  2,11-dodecanediamine;
PA0  2,2-dimethylpropylenediamine;
PA0  octamethylenediamine;
PA0  3-methoxyhexamethylenediamine;
PA0  2,5-dimethylhexamethylenediamine;
PA0  2,5-dimethylheptamethylenediamine;
PA0  3-methylheptamethylenediamine;
PA0  5-methylnonamethylenediamine;
PA0  1,4-cyclohexanediamine;
PA0  1,12-octadecanediamine;
PA0  bis(3-aminopropyl)sulfide;
PA0  N-methyl-bis(3-aminopropyl)amine;
PA0  hexamethylenediamine;
PA0  heptamethylenediamine;
PA0  nonamethylenediamine;
PA0  decamethylenediamine;
PA0  bis(3-aminopropyl)tetramethyldisiloxane;
PA0  bis(4-aminobutyl)tetramethyldisiloxane, etc.,
PAL  and mixtures of such diamines.
PAR  In the practice of the invention, a mixture of essentially equimolar
      amounts of dianhydride of formulas IV and V and the organic diamine of
      formula VII are heated either in a solvent or if in the form of a melt,
      heating is conducted until the mixture is at least partially converted to
      a melt. If employing a melt preparation, stripping along with agitation of
      the melt, facilitates the eventual removal of any organic diamine which is
      used in excess of the amount required for polymer formation. Generally, in
      the melt polymerization technique, temperatures between about 200.degree.
      to 400.degree.C. and preferably 230.degree. to 300.degree.C. can be
      employed.
PAR  Although equimolar amounts of the organic diamine and the dianhydride
      provide for high molecular weight polyetherimides, in certain instances, a
      slight molar excess (about 1 to 5 mol percent) of the organic diamine can
      be employed resulting in the production of polyetherimides having terminal
      amine groups. These polyimides are injection moldable and can be
      reinforced by fillers, such as silica, carbon, fibers, glass fibers, etc.,
      in which the filler comprises on a weight basis from 20 to 200 parts of
      filler per 100 parts of polymer.
PAR  As pointed out in our aforementioned copending application, the dianhydride
      of, for instance, formula IV, can be prepared by reacting
      N-methyl-4-nitrophthalimide with an alkali metal salt of tolane in a
      suitable solvent, to give the corresponding 4,4'-bisimide. This bisimide
      is then hydrolyzed to the corresponding 4,4'-tetraacid by treatment with
      aqueous sodium hydroxide and water and then heating with aqueous
      hydrochloric acid, and finally preparing the dianhydride from the
      tetraacid by treatment with acetic acid and acetic anhydride to form the
      desired tolane dianhydride of formula IV.
PAR  The dianhydride of formula V can be prepared similarly as in the
      preparation of the dianhydride from tolane, but instead employing HDE in
      place thereof and essentially following the same steps. More particular
      directions for preparing these two dianhydrides may be found in our
      aforementioned copending patent application.
PAR  The following examples illustrate but do not limit for persons skilled in
      the art the preparation of polyetherimides from the aforesaid two
      dianhydrides. The oxygen index measurements were obtained in accordance
      with the method described in U.S. Pat. No. 3,519,697, issued July 7, 1970,
      column 5, which by reference is made part of the disclosures of the
      instant application. The percent char at 700.degree.C. in nitrogen was
      determined by the method described by J. A. Parker and E. L. Winkler, in
      NASA Technical Report TR-276 (1967), which is incorporated in the present
      application by reference.
DETD
PAC  EXAMPLE 1
PAR  To a reaction vessel equipped with a nitrogen flow-through stirrer, water
      trap, reflux condenser, and thermometer were added 6.5 grams (0.0129 mol)
      of the tolane dianhydride of formula IV, 1.4282 grams (0.0132 mol)
      m-phenylene diamine, 12 ml. toluene, 26.7 ml. m-cresol and 0.0782 gram
      phthalic anhydride as chain-stopper (which controls the molecular weight
      of the polymer). The reaction mixture was heated at 170.degree.C. under
      nitrogen with stirring for 6 hours, and the solid polymer obtained when
      the mixture was cooled was dissolved in 75 ml. of a 70:30 weight mixture
      of phenol:toluene by heating at the reflux temperature. The resulting hot
      solution was added to methanol, and the formed white precipitate was
      separated and dried in a vacuum oven at 100.degree.C. to give the desired
      polyetherimide having the formula
      ##SPC7##
PAL  where n is a whole number in excess of 1. This polymer had a
      Tg=247.degree.C.; TGA.sub.(N.sbsb.2) =545.degree.C.; TGA.sub.(air)
      =500.degree.C.; an oxygen index=45; and a percent char at
      700.degree.C.(N.sub.2)=73 percent.
PAC  EXAMPLE 2
PAR  Using the same equipment and procedures as in Example 1, 8.02 grams (0.014
      mol) of the dianhydride of formula V, was reacted with 1.5 grams (0.014
      mol) m-phenylene diamine in 15 ml. toluene and 30 ml. m-cresol at
      170.degree.C. for 12 hours. The reaction mixture was cooled, dissolved in
      50 ml. CHCl.sub.3 and added to methanol to give a precipitate, which was
      separated and dried under vacuum to yield 8.04 grams of a polymer having
      an intrinsic viscosity in CHCl.sub.3 of 0.294 dl/g.; an oxygen index of
      56; a percent char at 700.degree.C. (N.sub.2) of 64%; Tg=219.degree.C.;
      TGA.sub.(N.sbsb.2) =470.degree.C.; TGA.sub.(air) =470.degree.C. The
      polymer was composed of recurring units of the formula
      ##SPC8##
PAL  where n is a whole number greater than 1.
PAR  It will also be apparent to those skilled in the art that in addition to
      having recurring units of formula I as the backbone of the polymer, these
      units can be present concurrently with other units of, for instance, those
      of the formula
      ##SPC9##
PAL  where T may be in the 3- or 4-position on the anhydride residue and is a
      radical selected from the class consisting of
      ##SPC10##
PAL  and divalent organic radicals of the general formula
      ##SPC11##
PAL  where X is a member selected from the class consisting of divalent radicals
      of the formulas --C.sub.x H.sub.2x --,
      ##EQU2##
      --O-- and --S--, where m, x and R are as previously defined and p is a
      whole number in excess of 1. Units derived from formula X may be obtained
      by interpolymerizing with the dianhydrides of formula IV and V, and the
      organic diamine of formula VII, a dianhydride of the formula
      ##SPC12##
PAL  where T has the meaning given above. The presence of the recurring unit of
      formula X produces copolymers composed of polyimides and polyetherimides.
PAR  A still further modification may be obtained by employing dianhydrides of
      formula
      ##SPC13##
PAL  where T has the meaning given above and thus furnishes basis for copolymers
      of mixed polyetherimides.
PAR  The following examples illustrate the preparation of copolymers made from
      the dianhydrides recited above to form compositions containing both units
      of formula I and units of formula
      ##SPC14##
PAL  where q is a whole number greater than 1.
PAC  EXAMPLE 3
PAR  Employing the apparatus and conditions recited in Example 1, 3.4119 grams
      (0.0068 mol) of the dianhydride of the formula IV and 3.5375 grams (0.0068
      mol) of BPA dianhydride of the formula
      ##SPC15##
PAL  (the preparation of which is more particularly disclosed in U.S. Pat. No.
      3,787,475, issued Jan. 22, 1974 and in the copending application of
      Darrell R. Heath and Joseph G. Wirth, Ser. No. 281,749, filed Aug. 18,
      1972, the application and patent being assigned to the same assignee as
      the present invention, and which by reference are made part of the
      disclosures and teachings of the instant application) and 1.5 grams
      (0.0139 mol) m-phenylene diamine, together with 0.0822 gram phthalic
      anhydride was dissolved in a mixture of 15 ml. toluene and 28.7 ml.
      m-cresol. The reaction mixture was heated at 170.degree.C. for 16 hours,
      and the viscous solution obtained, dissolved in 30 ml. chloroform, was
      added to methanol to effect precipitation of the desired polymer. This
      polymer was separated, dried in a vacuum at 100.degree.C. to give a
      copolymeric composition composed of recurring structural units of formula
      VIII and units of formula XIII. This copolymer had an intrinsic viscosity
      in m-cresol .eta.=0.63 dl/g.; a T.sub.g =232.degree.C.; TGA (in both air
      and N.sub.2)=550.degree.C.; an oxygen index of 36 and a percent char at
      700.degree.C. in nitrogen of 60%; smoke (D.sub.m corrected)=8 [see article
      by Loftus et al., ASTM Special Technical Publication 422 (1969) wherein
      D.sub.m  is the maximum specific optical density corrected for deposit on
      an optical window].
PAC  EXAMPLE 4
PAR  When Example 3 was repeated with the exception that 25 mol percent of the
      dianhydride of formula IV and 75% mol percent of the dianhydride of
      formula XIV was used, there was obtained a copolymer having the same
      recurring units as in Example 3 but in the molar ratio of the starting
      dianhydrides wherein the intrinsic viscosity (in CHCl.sub.3) .eta.=0.498
      dl/g.; T.sub.g =227.degree.C.; TGA(N.sub.2)=550.degree.C.;
      TGA(air)=475.degree.C.; an oxygen index of 45, and a percent char at
      700.degree.C. when measured in nitrogen of 62 percent.
PAC  EXAMPLE 5
PAR  Employing the equipment and procedures described in Example 1, 2.0 grams
      (0.00347 mol) of the dianhydride of formula V, 5.418 grams (0.01042 mol)
      of the BPA dianhydride of formula XIV, 1.5 grams (0.01389 mol) m-phenylene
      diamine, in 15 ml. toluene and 30 ml. m-cresol were heated at the reflux
      temperature of the mass (170.degree.C.) for 12 hours. The viscous solution
      obtained was cooled, dissolved in 50 ml. chloroform and this latter
      solution added to methanol to precipitate a polymer. The polymer was
      isolated and dried under vacuum to give 7.74 grams of a copolymeric
      composition composed of recurring structural units of formula IX and of
      formula XIII wherein the molar concentrations of the recurring units was
      essentially the same as the molar concentrations of the dianhydrides
      employed. The intrinsic viscosity of this polymer in CHCl.sub.3
      .eta.=0.431 dl/g.; T.sub.g =215.degree.C.; oxygen index=46;
      TGA(N.sub.2)=510.degree.C.; TGA(air)=470.degree.C.; and a percent char at
      700.degree.C. in nitrogen of 62 percent.
PAC  EXAMPLE 6
PAR  Employing the equipment and procedures described in Example 1, 4.0137 grams
      (0.00694 mol) of the HDE dianhydride of formula V, 3.61 grams (0.00694
      mol) of the BPA dianhydride of formula XIV, 1.5 grams (0.0139 mol) of
      m-phenylene diamine, together with 15 ml. toluene and 30.3 ml. m-cresol
      was formed into a solution which was then refluxed at 170.degree.C. for 12
      hours. The viscous composition obtained was dissolved in 30 ml. chloroform
      and the chloroform solution added slowly to an excess of methanol to give
      a precipitate, which was redissolved in CHCl.sub.3 and reprecipitated into
      methanol. The precipitate was isolated and dried at 100.degree.C. in a
      vacuum to give a polymer composed of recurring structural units of formula
      IX and recurring structural units of formula XIII, wherein the recurring
      units were in the molar ratios essentially equivalent to the molar ratios
      of the two dianhydrides used. The intrinsic viscosity of the polymer in
      chloroform .eta.=0.402 dl/g.; T.sub.g =219.degree.C.;
      TGA(N.sub.2)=468.degree.C.; TGA(air)=450.degree.C.; oxygen index=44. The
      percent char at 700.degree.C. measured in nitrogen was equal to 64
      percent.
PAC  EXAMPLE 7
PAR  This example illustrates a method for making a copolymer by means of a
      Brabender mixer ("Plastic-Corder," Torque Rheometer, Model PLV-150, C. W.
      Brabender Instruments Inc., South Hackensack, N.J.); the mixer is equipped
      with a pair of roller type blades positioned within a head provided with
      heat transfer means. More particularly, to this Brabender mixer maintained
      at a temperature of 300.degree. C. under a nitrogen blanket was added a
      well mixed powder consisting of 24 grams (0.04188 mol) of the HDE
      dianhydride of Formula V, 21.78 grams (0.04188 mol) of the BPA dianhydride
      of formula XIV, and 9.047 grams (0.08377 mol) m-phenylene diamine. The
      Brabender was allowed to run for 10 minutes until a polymeric composition
      was obtained. The intrinsic viscosity of this polymer in m-cresol
      .eta.=0.40 dl/g.; T.sub.g =221.degree.C.; TGA(N.sub.2)=500.degree.C.;
      TGA(air)=500.degree.C.; oxygen index =49; the smoke (D.sub.m corrected) =
      10. The polymer was composed of the same recurring units as in Example 6.
PAR  It will of course be apparent to those skilled in the art that in addition
      to the organic diamine employed in the foregoing examples, other organic
      diamines of formula VII can be employed, many examples of which have been
      given before without departing from the scope of the invention. The
      conditions of the reaction can be varied widely and the proportions of
      ingredients and types of ingredients used can also be varied widely
      depending on the desired molecular weight and intrinsic viscosity,
      ingredients used, application intended, etc.
PAR  Finally, it should be recognized that whereas a good part of the
      disclosures and teachings of the instant invention have been directed to
      polymers in which 4-substitution is described in the anhydride residue, it
      is also intended to have polyetherimides included wherein the substitution
      in the anhydride residue is in the 3-position. This can be exemplified by
      the use of anhydrides of the formula
      ##SPC16##
PAL  which in turn when coreacted with the organic diamine would give recurring
      structural units alone or copolymerized of the formula
      ##SPC17##
PAL  where Z, R, and n have the meanings given above.
PAR  The compositions of the present invention have application in a wide
      variety of physical shapes and form, including the use as films, molding
      compounds, coatings, etc. When used as films or when made into molded
      products, these polymers, including laminated products prepared therefrom,
      not only possess good physical properties at room temperature but they
      retain their strength and excellent response to workloading at elevated
      temperatures for long periods of time. Films formed from the polymeric
      compositions of this invention may be used in application where films have
      been used previously. Thus, the compositions of the present invention can
      be used in automobile and aviation applications for decorative and
      protective purposes, and as high temperature electrical insulation for
      motor slot liners, in transformers, as dielectric capacitors, as coil and
      cable wrappings (form wound coil insulation for motors), for containers
      and container linings, in laminating structures where films of the present
      composition or where solutions of the claimed compositions of matter are
      applied to various heat-resistant or other type of materials such as
      asbestos, mica, glass fiber and the like and superposing the sheets one
      upon the other and thereafter subjecting them to elevated temperatures and
      pressures to effect flow and cure of the resinous binder to yield cohesive
      laminated structures. Films made from these compositions of matter can
      also serve in printed circuit applications.
PAR  Alternatively, solutions of the compositions herein described can be coated
      on electrical conductors such as copper, aluminum, etc., and thereafter
      the coated conductor can be heated at elevated temperatures to remove the
      solvent and to effect curing of the resinous composition thereon. If
      desired, an additional overcoat may be applied to such insulated
      conductors including the use of polymeric coatings, such as polyamides,
      polyesters, silicones, polyvinylformal resins, epoxy resins, polyimides,
      polytetrafluoro-ethylene, etc. The use of the curable compositions of the
      present invention as overcoats on other types of insulation is not
      precluded.
PAR  Applications which recommended these resins include their use as binders
      for asbestos fibers, carbon fibers, and other fibrous materials in making
      brakelinings. In addition, molding compositions and molded articles may be
      formed from the polymeric compositions in this invention by incorporating
      such fillers as asbestos, glass fibers, talc, quartz, powder, wood flour,
      finely divided carbon, silica, into such compositions prior to molding.
      Shaped articles are formed under heat, or under heat and pressure in
      accordance with practices well known in the art. In addition, various
      heat-resistant pigments and dyes may be incorporated as well as various
      types of inhibitors depending on the application intended.
PAR  The compositions herein defined may be suitably incorporated with other
      materials to modify the properties of the latter or in turn they may be
      modified by the incorporation of the materials, for example, they may be
      compounded with substances such as natural or synthetic rubbers, synthetic
      resins such as phenolaldehyde resins, alkyd resins, etc.; cellulosic
      materials such as paper, organic esters of cellulose such as cellulose
      acetate, cellulose ether; etc. Because of the favorable oxygen index and
      low smoke index, the incorporation of these polymers in other polymers
      which may not be so favorably disposed, for instance, polycarbonate
      resins, polyphenylene oxide resins, polybutylene terephalate resins, etc.
      in amounts ranging from 5 to 75 percent, by weight, based on the total
      weight of the polyetherimides and the aforesaid resins, can improve the
      properties of the resins in which the polyetherimides of the present
      invention are incorporated.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A polyetherimide corresponding to the formula
      ##SPC18##
PAL  where n is a whole number greater than 1, R is a divalent organic radical
      selected from the class consisting of
PA1  a. aromatic hydrocarbon radicals having from 6-20 carbon atoms and
      halogenated derivatives thereof,
PA1  b. alkylene radicals, C.sub.(2-8) alkylene terminated
      polydiorganosiloxanes, cyclo-alkylene radicals having from 2-20 carbon
      atoms, and (c) divalent radicals included by the formula
      ##SPC19##
PA1   where Q is a member selected from the class consisting of
      ##EQU3##
       --S--, --C.sub.x H.sub.2x -- where x is a whole number from 1 to 5
      inclusive, m is 0 or 1, and Z is a member selected from the groups
      ##SPC20##
NUM  2.
PAR  2. A polyetherimide composed of recurring units of the formula
      ##SPC21##
PAL  where R is divalent organic radical selected from the class consisting of
      (a) aromatic hydrocarbon radicals having from 6-20 carbon atoms and
      halogenated derivatives thereof, (b) alkylene radicals, C.sub.(2-8)
      alkylene terminated polydiorganosiloxanes, cyclo-alkylene radicals having
      from 2-20 carbon atoms, and (c) divalent radicals included by the formula
      ##SPC22##
PAL  where Q is a member selected from the class consisting of
      ##EQU4##
      --S--, --C.sub.x H.sub.2x -- where x is a whole number from 1 to 5
      inclusive, m is 0 or 1, and n is a whole number greater than 1.
NUM  3.
PAR  3. A polyetherimide composed of recurring units of the formula
      ##SPC23##
PAL  where R is a divalent organic radical selected from the class consisting of
      (a) aromatic hydrocarbon radicals having from 6-20 carbon atoms and
      halogenated derivatives thereof, (b) alkylene radicals, C.sub.(2-8)
      alkylene terminated polydiorganosiloxanes, cyclo-alkylene radicals having
      from 2-20 carbon atoms, and (c) divalent radicals included by the formula
      ##SPC24##
PAL  where Q is a member selected from the class consisting of
      ##EQU5##
      --S--, --C.sub.x H.sub.2x --, where x is a whole number from 1 to 5
      inclusive, and m is 0 or 1, and n is a whole number greater than 1.
NUM  4.
PAR  4. A polyetherimide composed of recurring units of the formula
      ##SPC25##
PAL  where n is a whole number greater than 1.
NUM  5.
PAR  5. A polyetherimide composed of recurring structural units of the formula
      ##SPC26##
PAL  where n is a whole number greater than 1.
NUM  6.
PAR  6. Polyetherimide copolymers composed of (A) units of the formula
      ##SPC27##
PAL  where n is a whole number greater than 1, R is a divalent organic radical
      selected from the class consisting of (a) aromatic hydrocarbon radicals
      having from 6-20 carbon atoms and halogenated derivatives thereof, (b)
      alkylene radicals, C.sub.(2-8) alkylene terminated polydiorganosiloxanes,
      cyclo-alkylene radicals having from 2-20 carbon atoms, and (c) divalent
      radicals included by the formula
      ##SPC28##
PAL  where Q is a member selected from the class consisting of
      ##EQU6##
      --S--, --C.sub.x H.sub.2x -- where x is a whole number from 1 to 5
      inclusive, m is 0 or 1, and Z is a member selected from the groups
      ##SPC29##
PAL  and (B) units of the formula
      ##SPC30##
PAL  where T may be in the 3- or 4-position on the anhydride residue and is a
      radical selected from the class consisting of
      ##SPC31##
PAL  and divalent organic radicals of the general formula
      ##SPC32##
PAL  where X has the same meaning as Q, where m, x and R are as previously
      defined, and q is a whole number in excess of 1.
NUM  7.
PAR  7. Polyetherimide copolymers composed of units of the formula
      ##SPC33##
PAL  and units of the formula
      ##SPC34##
PAL  where q and n are whole numbers greater than 1.
NUM  8.
PAR  8. Polyetherimide copolymers composed of units of the formula
      ##SPC35##
PAL  and units of the formula
      ##SPC36##
PAL  where q and n are whole numbers greater than 1.
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ABST
PAL  A method for improving the polymerization of polyamide compositions and the
      improved compositions formed thereby by polymerizing the polyamide in the
      presence of a small molar percent of a phosphonic acid salt of an organic
      diamine. The phosphonic acid salt increases the polymerization rate and
      results in a polymer of improved whiteness.
BSUM
PAR  This invention relates to polyamides having improved properties, and to a
      process for the manufacture of the said polyamides.
PAR  According to the invention there is provided a process for the manufacture
      of polyamides which comprises polymerising a monoaminomonocarboxylic acid
      or lactum thereof having at least two carbon atoms between the amino and
      carboxylic acid groups, or substantially equimolecular proportions of a
      diamine which contains at least two carbon atoms between the amino groups
      and a dicarboxylic acid which contains at least two carbon atoms between
      the carboxylic acid groups, in the presence of from 0.1 to 10.0 molar per
      cent, based on the molecular weight of the recurring units of the
      polyamide chain, of a salt of an organic diamine with a phosphonic acid of
      the formula
      ##EQU1##
      WHEREIN N IS AN INTEGER OF FROM 1 TO 3, AND R.sup.1 is a mono-, di- or
      tri-valent organic radical depending on the value of n.
PAR  The said organic radicals represented by R.sup.1, which are attached to the
      phosphorus atom through a carbon atom of said radical, are preferably
      mono-, di- or tri-valent aliphatic, cycloaliphatic, aryl, aralkyl or
      aralkenyl radicals, or such radicals in which a carbon atom is replaced by
      a hetero atom, in particular the nitrogen atom. The said aliphatic
      radicals are preferably mono-, di- or tri-valent alkane or alkene radicals
      containing up to 12 carbon atoms such as vinyl, methyl, ethyl, propyl,
      butyl, hexyl, octyl, decyl, dodecyl, ethylene, trimethylene, propylene,
      tetramethylene, hexamethylene and 1:3:5-pentyl radicals. The said
      cycloaliphatic radicals are preferably monovalent cyclohexyl and
      C-methylcyclohexyl radicals. The said aralkyl or aralkenyl radicals are
      preferably monovalent monocyclic lower alkyl or alkenyl radicals such as
      benzyl, .beta.-phenylethyl and .beta.-phenylvinyl radicals. The said aryl
      radicals are preferably mono-, di- or tri-valent benzene or naphthalene
      radicals such as phenyl, tolyl, 1- or 2-naphthyl, 1:4-naphthylene, 1:3- or
      1:4-phenylene and 1:5:8-naphthylene radicals. Such aryl radicals can in
      addition contain other substituents such as chlorine atoms. As examples of
      the said radicals in which one of the carbon atoms is replaced by a
      nitrogen atom there may be mentioned radicals of 5- or 6-membered nitrogen
      containing heterocyclic rings such as the piperidino radical, and alkane
      radicals having one of the carbon atoms replaced by a nitrogen atom such
      as alkyl-NH-alkylene-radicals, for example the .beta.-(ethylamino)ethyl
      radical.
PAR  The process of the invention can be carried out under the conditions
      normally employed for polymerising a polymerisable monoaminomonocarboxylic
      acid, or a lactam thereof, or for polymerising a mixture of a diamine and
      a dicarboxylic acid, or for polymerising a mixture of a polymerisable
      monoaminomonocarboxylic acid, a diamine and a dicarboxylic acid, the
      organic diamine salt of the phosphonic acid being added at any stage of
      the polymerisation process. It is however preferred to add the organic
      diamine salt of the phosphonic acid during the initial stages of the
      polymerisation and, above all, at the stage of charging the reactants to
      the polymerisation vessel.
PAR  When starting from an equimolecular proportion of a diamine and a
      dicarboxylic acid the said compounds can be used in the form of a salt of
      each other; thus, for example, hexamethylene diammonium adipate can be
      used instead of a mixture of equimolecular proportions of adipic acid and
      hexamethylene diamine.
PAR  The process of the invention is preferably carried out at a temperature
      between 200.degree. and 400.degree.C., until the required degree of
      polymerisation is obtained.
PAR  The process of the invention can be carried out by either a hatch or
      dis-continuous process, or by a continuous process such as is described in
      British Specifications Nos. 886635, 924630 and 964822.
PAR  As specific examples of phosphonic acids which can be used in the form of
      salts with the organic diamines there may be mentioned methylphosphonic
      acid, ethylphosphonic acid, n-propylphosphonic acid, cyclohexylphosphonic
      acid, phenylphosphonic acid, .beta.-phenylethylphosphonic acid,
      p-tolylphosphonic acid, p-chlorophenylphosphonic acid, 1:4-butane
      diphosphonic acid, 1:5-pentane diphosphonic acid, 1:4-cyclohexane
      diphosphonic acid, p-benzene diphosphonic acid, p-xylylene diphosphonic
      acid, 1:3:5-pentane triphosphonic acid and naphthalene 3:6:8-triphosphonic
      acid.
PAR  It is however preferred that the phosphonic acid is a phosphonic acid of
      the formula:
      ##EQU2##
      wherein R is a monovalent organic radical, preferably an alkyl,
      cycloalkyl, aralkyl or aryl radical, and above all a lower alkyl, a
      cyclohexyl, a monocyclic aryl lower alkyl or a monocyclic aryl radical.
PAR  Throughout this Specification the term "lower alkyl" is used to denote
      alkyl radicals containing from 1 to 4 carbon atoms.
PAR  The organic diamines which are used in the form of salts with the
      phosphonic acids may be any organic compounds which contain two primary,
      secondary or tertiary amino groups or a combination of such groups, such
      as piperazine, 1:4-diazabicyclo-(2:2:2)-octane, 4-dimethylaminopyridine,
      and 4-diethylaminopyridine, but more particularly aliphatic diamines in
      particular aliphatic diamines containing at least two, and preferably not
      more than 18 carbon atoms between the amino groups, such as
      trimethylenediamine, tetramethylenediamine, pentamethylenediamine and
      hexamethylenediamine. When the polyamide is being obtained by
      polymerisation of substantially equimolecular proportions of a diamine and
      a dicarboxylic acid, or a salt thereof, then it is preferred that the
      organic diamine which is in the form of the said salt with the phosphonic
      acid is the same as the diamine which is being polymerised with the
      dicarboxylic acid. Thus, for example, when a mixture of substantially
      equivalent amounts of hexamethylenediamine and adipic acid is being
      polymerised then it is preferred to use a salt of the phosphonic acid and
      hexamethylenediamine.
PAR  The salt of the phosphonic acid with the organic diamine can be the salt of
      either a half or one molecular proportion of organic diamine for each
      ##EQU3##
      group present in the phosphonic acid. Thus when n has a value of 1 it can
      be either a salt of two molecular proportions of the phosphonic acid with
      one molecular proportion of the diamine, or a salt of one molecular
      proportion of the phosphonic acid with one molecular portion of the
      diamine. The organic diamine salt of the phosphonic acid can be added as
      such to the polymerisation mixture, or alternatively there can be added
      the requisite amounts of the phosphonic acid and of the organic diamine in
      which case the salt is formed in situ. As a further alternative when
      polymerising substantially equimolecular proportions of a diamine and a
      dicarboxylic acid only the phosphonic acid need be added, in which event
      the phosphonic acid forms a salt with part of the diamine which is to be
      polymerised, thus resulting in the formation of a polymer having a greater
      percentage of carboxy end groups compared with the amine end groups.
PAR  The amount of the organic diamine salt of the phosphonic acid which is to
      be added to the polymerisation mixture is preferably between 0.2 and 4.0
      molar per cent based on the molecular weight of the recurring units of the
      polyamide chain.
PAR  As examples of the said polymerisable monoaminomonocarboxylic acids, or
      lactams thereof, there may be mentioned .epsilon.-aminocaproic acid,
      caprolactam 9-aminononanoic acid, 11-aminoundecanoic acid,
      17-aminoheptadecanoic acid, dodecanolactam, capryllactam, enantholactam
      and pyrrolidone.
PAR  As examples of the said diamines there may be mentioned diamines of the
      general formula H.sub.2 N(CH.sub.2).sub.m NH.sub.2 wherein m is an integer
      of from 2 to 12, such as trimethylenediamine, tetramethylenediamine,
      pentamethylenediamine, octamethylenediamine and, above all,
      hexamethylenediamine.
PAR  As examples of the said dicarboxylic acids there may be mentioned
      terephthalic acid and isophthalic acid, and preferably the dicarboxylic
      acids of the formula HOOC.Y.COOH wherein Y is a divalent aliphatic radical
      containing at least 2 carbon atoms, and as examples of such acids there
      may be mentioned sebacic acid, octadecanedioic acid, suberic acid, azelaic
      acid, undecanedioic acid, glutaric acid, pimelic acid and, above all,
      adipic acid.
PAR  If desired other ingredients which are commonly added during the formation
      of polyamides, for example delustrants such as titanium dioxide, fillers
      such as powdered glass, asbestos or mica, light stabilisers such as
      manganese salt, heat stabilisers such as copper salts and iodides, and
      molecular weight regulators such as acetic acid, can be added at the
      beginning of, during, or at the end of the polymerisation process of the
      present invention.
PAR  The polyamides obtained by the process of the present invention have
      excellent colour, being much whiter than similar polymers prepared in the
      ahsence of an organic diamine salt of a phosphonic acid. It is also found
      that carrying out the polymerisation of the polyamide-forming components
      in the presence of the said salts results in the formation of polymers of
      higher molecular weight than would otherwise be obtained in the absence of
      said salts, and this is of particular importance since, although polymers
      of similar high molecular weight are known these have previously been
      obtained by increasing the length of the polymerisation cycle which is
      liable to result in increased degradation of the polymers or by using
      specialised equipment, or by subsequent solid phase post polymerisation.
PAR  It is also found that if a preformed polyamide polymer, for example
      polyhexamethylene adipamide, is melted and heated with an organic diamine
      salt of a phosphonic acid the molecular weight of the said polymer is
      increased to a much greater extent than would normally be obtained by
      melting and heating the polymer in the absence of said salt, and this
      forms a further feature of the present invention. If desired instead of
      using a mixture of a preformed polyamide polymer and the said diamine salt
      there can be used a polyamide polymer which already includes a said
      diamine salt.
PAR  This process for increasing the molecular weight of preformed polyamides
      can be conveniently carried out by heating a mixture of the polyamide and
      the organic diamine salt of the phosphonic acid to above the melting point
      of the mixture, in the absence of air, for example by carrying out the
      process under an atmosphere of an inert gas such as nitrogen or in a
      vacuum, until the required increase in molecular weight has been obtained.
      This process of the invention can advantageously be carried out in a
      melt-extruder which operates at reduced pressures. By this process it has
      been found possible to readily obtain polyamides having extremely high
      relative viscosities, for example polyhexamethyleneadipamides having
      relative viscosities in the region of 90 to 100, and such polyamides are
      particularly useful in the production of extruded articles of wide
      cross-section.
PAR  The polyamides produced by the process of the invention can if desired by
      converted into fibres by any of the conventional methods of producing
      fibres from polymers, for example, by melt spinning, and the resulting
      fibres then used in conventional manner.
PAR  A preferred class of polyamides obtained by the process of the invention
      comprises those polyamides which are obtained by adding to the
      polymerisation mixture from 0.1 to 4 molar per cent, based on the
      molecular weight of the recurring units of the polyamide chain, of a salt
      comprising one molecular proportion of an organic diamine and one
      molecular proportion of a phosphonic acid of the formula
      ##EQU4##
      wherein R has the meaning stated above, or the corresponding amounts of
      the organic diamine and phosphonic acid. Fibres prepared from the
      preferred class of polyamides have excellent affinity for acid dyestuffs,
      even when the acid dyestuffs are applied from alkaline dyebaths, and their
      affinity for acid dyestuffs is much greater than that of fibres prepared
      from the corresponding polymers which were prepared in the absence of the
      said salt of phosphonic acid and the organic diamine.
PAR  The phosphonic acid does not form an integral part of the polymer chain
      which consists of recurring --NHCO-- groups separated from each other by a
      chain of at least 2 carbon atoms, and although its presence, in the form
      of a salt with the organic diamine, does not have a deleterious effect on
      the resulting polymer, it is readily removed by subsequent washing of the
      polymer or during subsequent treatment of the fibres in an aqueous bath,
      for example during dyeing of the fibres. Surprisingly, it is found that
      the dye uptake of fibres prepared from the polymers of the invention is
      not reduced if the phosphonic acid is removed by washing prior to dyeing
      of the fibres. Since fibres prepared from the preferred polymers of the
      invention have improved affinity for acid dyestuffs it is usually
      unnecessary to introduce into the polymers other agents, such as
      N:N-bis-(3-aminopropyl)piperazine and N-(.beta.-aminoethyl)piperazine,
      which are known to improve dye uptake, but, if desired, such agents can be
      introduced at the polymerisation stage.
DETD
PAR  The invention is illustrated, but not limited, by the following Examples in
      which the parts and percentages are by weight.
PAC  EXAMPLE 1 in.
PAR  100 parts of hexamethylenediammonium adipate, 0.65 part of phenylphosphonic
      acid, 0.48 part of hexamethylenediamine and 65 parts of water are charged
      to a stainless steel autoclave, which is then heated to 100.degree.C. The
      autoclave is purged with steam, then closed, and heating is continued
      until a pressure of 250 pounds per sq. inc. (p.s.i.) and a temperature of
      220.degree.C. is obtained. Heating is then continued until a temperature
      of 240.degree.C. is obtained whilst the pressure is maintained at 250
      p.s.i. by a slow release of steam from the autoclave. The pressure in the
      autoclave is then slowly reduced to atmospheric pressure while the
      temperature is raised to 270.degree.C. After 65 minutes at this
      temperature the polymer is discharged from the autoclave and converted by
      melt-spinning into fibres.
PAR  These fibres have a much higher affinity for the acid dyestuff, Solway Blue
      BN (C.I. Acid Blue 45) than fibres obtained from a polymer which was
      prepared as described above except that the phosphonic acid and
      hexamethylenediamine (HMD) were omitted from the autoclave, as shown by
      the following Table which gives the % dye uptake of Solway Blue BN on the
      two types of fibre at varying dyebath pH's.
TBL  ______________________________________                                    
                  pH of Dyebath                                                
                              % Dye Uptake                                     
     ______________________________________                                    
     Fibre from polymer                                                        
     prepared in the presence                                                  
                    4.0           7.0                                          
     of phenylphosphonic acid                                                  
                    7.0           3.3                                          
     and HMD        9.0           1.0                                          
     Fibre from polymer                                                        
     prepared in the absence                                                   
                    4.0           1.5                                          
     of phenylphosphonic acid                                                  
                    7.0           0.5                                          
     and HMD        9.0           0.0                                          
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  5240 parts of hexamethylene diammonium adipate, 22.6 parts of cyclohexyl
      phosphonic acid, 15.99 parts of hexamethylene diamine, 6 parts of glacial
      acetic acid, and 2500 parts of water are heated in a stainless steel
      autoclave with stirring to 100.degree.C. The autoclave is purged with
      steam and then closed. Heating is continued until the pressure reaches 250
      p.s.i. and the temperature 210.degree.C. Heating is continued, maintaining
      the pressure at 250 p.s.i. by slow release of steam, until the temperature
      reaches 235.degree.C. Pressure is then slowly reduced to atmospheric while
      the temperature rises to 273.degree.C. over 60 minutes. These final
      conditions are maintained for 10 minutes. The polymer is extruded under
      inert gas pressure in the form of a ribbon, quenched, chipped and dried.
      Melt-spinning of the chip produces yarn of satisfactory physical
      properties.
PAR  The dye uptakes of fibres prepared from this polymer from dyebaths
      containing Solway Blue BN at pH's of 4.0, 7.0 and 9.0 are 6.9, 3.3 and
      1.1% respectively, compared with 1.5, 0.5 and 0.0% respectively for fibres
      prepared as described in this Example except that the cyclohexylphosphonic
      acid and hexamethylenediamine were omitted from the autoclave.
PAC  EXAMPLE 3
PAR  A mixture of 100 parts of hexamethylene diammonium adipate, 0.65 part of
      phenylphosphonic acid, 0.48 part of hexamethylenediamine, 0.65 part of
      N:N'-bis(3-aminopropyl)piperazine, 0.46 part of adipic acid and 65.0 parts
      of water is polymerised using the conditions described in Example 1. The
      resulting polymer is then converted into fibres by known methods. The dye
      uptake of these fibres from dyebaths containing Solway Blue BN at pH's of
      4.0, 7.0 and 9.0 are 8.4%, 4.7% and 1.5% respectively, compared with 4.2%,
      0.6% and 0.1% for fibres prepared as described in this Example except that
      the phenylphosphonic acid and hexamethylenediamine were omitted from the
      mixture.
PAR  A polyamide of similar properties is obtained by replacing the 0.65 part of
      N:N'-bis(3-aminopropyl)piperazine by an equal weight of
      N-(2-aminoethyl)piperazine.
PAC  EXAMPLE 4
PAR  In place of the 0.65 part of phenylphosphonic acid and 0.48 part of
      hexamethylenediamine used in Example 1 there are used
PA1  a. 0.86 part of .beta.-phenylvinylphosphonic acid and 0.54 part of
      hexamethylenediamine, or
PA1  b. 0.43 part of .beta.-phenylethylphosphonic acid and 0.27 part of
      hexamethylenediamine, or
PA1  c. 0.86 part of p-chlorophenylphosphonic acid and 0.51 part of
      hexamethylenediamine, or
PA1  d. 0.86 part of p-tolylphosphonic acid and 0.58 part of
      hexamethylenediamine,
PAL  whereby fibres are obtained which all have a higher affinity for the acid
      dyestuff, Solway Blue BN, than fibres which were prepared in the absence
      of said quantities of the phosphonic acids and hexamethylenediamine.
PAC  EXAMPLE 5
PAR  5240 parts of hexamethylene diammonium adipate, 22.6 parts of cyclohexyl
      phosphonic acid, 15.99 parts of hexamethylene diamine, 226 parts of
      caprolactam, 6 parts of glacial acetic acid and 2500 parts of water are
      heated in a stainless steel autoclave with stirring, to 100.degree.C. The
      autoclave is purged with steam and then closed. Heating is continued until
      the pressure reaches 250 p.s.i. and the temperature 210.degree.C. Heating
      is continued, maintaining the pressure at 250 p.s.i. by slow release of
      steam, until the temperature reaches 235.degree.C. Pressure is then slowly
      released to atmospheric while the temperature rises to 273.degree.C. over
      60 minutes. These final conditions are maintained for 10 minutes. The
      polymer is extruded under inert gas pressure in the form of a ribbon,
      quenched, chipped and dried.
PAR  The resulting polymer is much whiter in colour than a polymer which was
      obtained as described above except that the 22.6 parts of
      cyclohexylphosphonic acid were omitted from the autoclave.
PAC  EXAMPLE 6
PAR  5240 parts of caprolactam, 45.2 parts of cyclohexyl phosphonic acid, 23.2
      parts of hexamethylenediamine and 2500 parts of water are charged to a
      stainless steel autoclave, which is then heated to 100.degree.C. The
      autoclave is purged with steam, then closed, and heating is continued
      until a pressure of 250 p.s.i. and a temperature of 210.degree.C. is
      obtained. Heating is then continued until a temperature of 235.degree.C.
      is obtained whilst the pressure is maintained at 250 p.s.i. by a slow
      release of steam from the autoclave. The pressure in the autoclave is then
      slowly reduced to atmospheric pressure whilst the temperature is raised to
      260.degree.C. After 10 minutes at this temperature the polymer is
      discharged from the autoclave and converted by melt-spinning into fibres.
PAR  These fibres have a much higher affinity for the acid dyestuff, Solway Blue
      BN then fibres obtained from a polymer which was prepared as described
      above except that the cyclohexyl phosphonic acid and hexamethylenediamine
      were omitted from the autoclave.
PAC  EXAMPLE 7
PAR  In place of the 22.6 parts of cyclohexylphosphonic acid and 15.99 parts of
      hexamethylenediamine used in Example 2 there are used 61.4 parts of
      hexamethylenediamine di-(cyclohexylphosphonate).
PAR  The resulting polymer which has a relative viscosity of 51.8 is much whiter
      in colour than the polymer similarly prepared in the absence of the
      hexamethylenediamine di-(cyclohexylphosphonate) and this latter polymer is
      of lower molecular weight as shown by the lower relative viscosity of 45.2
      (8.4% solution in 90% formic acid at 25.degree.C.).
PAC  EXAMPLE 8
PAR  5240 parts of hexamethylene diammonium adipate, 22.6 parts of cyclohexyl
      phosphonic acid, 6 parts of glacial acetic acid and 2500 parts of water
      are heated in a stainless steel autoclave with stirring, to 100.degree.C.
      The autoclave is purged with steam and then closed. Heating is continued
      until the pressure reaches 250 p.s.i. and the temperature 210.degree.C.
      Heating is continued, maintaining the pressure at 250 p.s.i. by slow
      release of steam, until the temperature reaches 235.degree.C. Pressure is
      then slowly reduced to atmospheric while the temperature rises to
      273.degree.C. over 60 minutes. These final conditions are maintained for
      10 minutes. The polymer is extruded under inert gas pressure in the form
      of a ribbon, quenched, chipped and dried.
PAR  The resulting polymer is much whiter in colour than the polymer prepared in
      the absence of the cyclohexyl phosphonic acid, and the molecular weight of
      the polymer (containing the cyclohexyl phosphonic acid) is much higher as
      shown by an increase in relative viscosity of 10.1 units from 45.2 to
      55.3.
PAC  EXAMPLE 9
PAR  70 parts of polyhexamethylene adipamide of relative viscosity 36.9 are
      melted under an atmosphere of nitrogen. 1.2 parts of hexamethylenediamine
      di-(cyclohexyl phosphonate) are added and the mixture stirred for 10
      minutes at 295.degree.C. The mixture is then cooled. The resulting
      polymer, which has an improved affinity for acid dyestuffs, has a relative
      viscosity of 53.2, whereas the relative viscosity of the original polymer
      after being heated for 10 minutes at 295.degree.C. in the absence of the
      said amine salt had only risen to 40.9.
PAC  EXAMPLE 10
PAR  A mixture of 30 parts of hexamethylene diammonium adipate, 0.29 part of
      1:4-butane diphosphonic acid, 0.137 part of hexamethylenediamine and 2.0
      parts of water is heated for 4 hours at 220.degree.C. in a sealed
      container from which all the air has been displaced by nitrogen. The
      container is then opened and heating continued for a further hour at
      290.degree.C. under an atmosphere of steam. The resulting polyamide is
      converted into chip form and dried.
PAR  The resulting polyamide has a higher molecular weight than a polyamide
      similarly prepared except that the 1:4-butane diphosphonic acid and
      hexamethylenediamine were omitted from the charge, as shown by the higher
      relative viscosity of 57.0 as against 41.2 (8.4% solution in 90% formic
      acid at 25.degree.C.), and has a higher affinity for the dyestuff Solway
      Blue BN when applied from an aqueous dyebath at pH's of 4 and 8.
PAC  EXAMPLE 11
PAR  In place of the 0.29 part of 1:4-butane diphosphonic acid and 0.137 part of
      hexamethylenediamine used in Example 10 there are used the quantities of
      the phosphonic acids and the organic diamines listed in the first and
      second columns of the following Table whereby polyamides are obtained
      having the relative viscosities listed in the third column of the Table.
TBL  ______________________________________                                    
                                     Relative                                  
     Phosphonic Acid                                                           
                    Organic Diamine  Viscosity                                 
     ______________________________________                                    
     0.145 part of 1:4-butane-                                                 
                    0.069 part of hexamethyl-                                  
                                     50.1                                      
     diphosphonic acid                                                         
                    enediamine                                                 
     0.36 part of diphenyl                                                     
                    "                56.3                                      
     4:4'-diphosphonic acid                                                    
     0.36 part of n-pentane                                                    
                    0.21 part of hexa-                                         
                                     54.7                                      
     1:3:5-triphosphonic acid                                                  
                    methylenediamine                                           
     ______________________________________                                    
PAC  EXAMPLE 12
PAR  In place of the 0.65 part of phenylphosphonic acid and 0.48 part of
      hexamethylenediamine used in Example 1 there are used the quantities of
      the phosphonic acids and the organic diamines listed in the following
      Table whereby similar results are obtained.
TBL  ______________________________________                                    
     Phosphonic Acid    Organic Diamine                                        
     ______________________________________                                    
     a   0.86 part of methylphosphonic                                         
                            1.4 part of hexamethylene-                         
         acid               diamine                                            
     b   0.86 part of 1-piperidino-                                            
                            0.6 part of hexamethylene-                         
         phosphonic acid    diamine                                            
     c   0.86 part of n-butylphosphonic                                        
                            0.72 part of hexamethylene-                        
         acid               diamine                                            
     d   0.86 part of .beta.-(ethylamino)-                                     
                            0.65 part of hexamethylene-                        
         ethylphosphonic acid                                                  
                            diamine                                            
     e   0.86 part of cyclohexyl-                                              
                            0.68 part of heptamethylene-                       
         phosphonic acid    diamine                                            
     f   0.86 part of cyclohexyl-                                              
                            0.90 part of decamethylene                         
         phosphonic acid    diamine                                            
     g   0.86 part of cyclohexyl-                                              
                            0.59 part of 1:4-diazabi-                          
         phosphonic acid    cyclo-[2:2:2]-octane                               
     ______________________________________                                    
PAL  The relative viscosities of the polyamides obtained in (c) and (d) are 53.2
      and 51.6 respectively compared with a value of 44.7 for a control prepared
      in the absence of said quantities of phosphonic acid and organic diamine.
PAC  EXAMPLE 13
PAR  5240 parts of hexamethylene diammonium adipate, 52.4 parts of cyclohexyl
      phosphonic acid, 0.74 parts of cupric acetate, 12.37 parts of a 55%
      aqueous solution of hydriodic acid, 20.8 parts of hexamethylenediamine and
      2500 parts of water are charged to a stainless steel autoclave, which is
      then heated to 100.degree.C. The autoclave is purged with steam, then
      closed, and heating is continued until a pressure of 250 p.s.i. and a
      temperature of 210.degree.C. is obtained. Heating is then continued until
      a temperature of 235.degree.C. is obtained whilst the pressure is
      maintained at 250 p.s.i. by a slow release of steam from the autoclave.
      The pressure in the autoclave is then slowly reduced to atmospheric
      pressure whilst the temperature is raised to 270.degree.C. After 10
      minutes at this temperature the polymer is discharged from the autoclave
      in the form of a ribbon, quenched, chipped and dried.
PAR  The resulting polymer is much whiter in colour than the polymer prepared in
      the absence of the cyclohexyl phosphonic acid, and the molecular weight of
      the polymer (containing the cyclohexyl phosphonic acid) is much higher as
      shown by an increase in relative viscosity of 5.3 units from 46.6 to 51.9.
PAC  EXAMPLE 14
PAR  5240 parts of hexamethylene diammonium adipate, 9.04 parts of cyclohexyl
      phosphonic acid, 6.4 parts of hexamethylenediamine, 6.0 parts of glacial
      acetic acid and 2500 parts of water are heated in a stainless steel
      autoclave with stirring to 100.degree.C. The autoclave is purged with
      steam and then closed. Heating is continued until the pressure reaches 250
      p.s.i. and the temperature 210.degree.C. Heating is continued, maintaining
      the pressure at 250 p.s.i. by slow release of steam, until the temperature
      reaches 235.degree.C. Pressure is then slowly reduced to atmospheric while
      the temperature rises to 273.degree.C. over 60 minutes. These final
      conditions are maintained for 10 minutes. The polymer is extruded under
      inert gas pressure in the form of a ribbon, quenched, chipped and dried.
PAR  The resulting polymer has a relative viscosity of 42.7 compared with a
      relative viscosity of 34.8 for a polymer similarly prepared but omitting
      the cyclohexylphosphonic acid and hexamethylenediamine.
PAC  EXAMPLE 15
PAR  A mixture of 56 parts of caprolactam, 0.6 part of the salt of two molecular
      proportions of cyclohexylphosphonic acid with one molecular proportion of
      hexamethylenediamine and 10 parts of water is heated for 6 hours at
      225.degree. to 230.degree.C. in an atmosphere of nitrogen. A hard white
      polymer is thereby obtained.
PAC  EXAMPLE 16
PAR  A mixture of 70 parts of capryllactam, 1.4 parts of the salt of two
      molecular proportions of cyclohexylphosphonic acid with one molecular
      proportion of hexamethylenediamine and 10 parts of water is heated for 6
      hours at 250.degree.C. in an atmosphere of nitrogen. A hard white polymer
      is thereby obtained.
PAC  EXAMPLE 17
PAR  A mixture of 50 parts of dodecanolactam, 0.5 part of the salt of two
      molecular proportions of cyclohexylphosphonic acid with one molecular
      proportion of hexamethylenediamine and 10 parts of water is heated for 5
      hours at 260.degree.C. in an atmosphere of nitrogen. A hard white polymer
      is thereby obtained.
PAR  A similar polyamide is obtained when the 10 parts of water used in this
      Example are replaced by 40 parts of benzene.
PAC  EXAMPLE 18
PAR  Polyhexamethylene adipamide containing 1 mol per cent of
      cyclohexylphosphonic acid (which was added to the polymerisation autoclave
      in the form of a salt with hexamethylenediamine) is passed through a 2
      inch screw extruder which is operating under a vacuum of 28 inches of
      mercury at a vent temperature of 250.degree.C., and a screw speed of 60
      r.p.m., the throughput of the polyamide being varied by using a vibrating
      screw feeder for the polyamide. The following Table lists the residence
      time of the polyamide in the extruder and the inherent viscosities of the
      resulting products.
TBL  Residence time in minutes of                                              
     the polyamide in the extruder                                             
                       Inherent viscosity (1/2% solution                       
     screw             in 90% formic acid)                                     
     ______________________________________                                    
     0                 0.93                                                    
     2                 1.0                                                     
     3                 1.2                                                     
     4                 1.3 -5 1.4                                              
     ______________________________________                                    
PAR  The inherent viscosity of a polyhexamethyleneadipamide which did not
      contain any cyclohexylphosphonic acid did not increase when it was
      similarly passed through the screw extruder.
PAC  EXAMPLE 19
PAR  An aqueous solution containing 47% of hexamethylene diammonium adipate,
      0.57% of hexamethylenediamine and 0.19% of cyclohexylphosphonic acid is
      pumped through an austentic steel tube, in the form of a coil, comprising
      56 meters of tube 3.8 mms. internal diameter, followed by 3 meters of 9.7
      mms. internal diameter, 3 meters of 12.7 mms. internal diameter and
      finally 15 meters of 24.2 mms. internal diameter, the tube being
      maintained at a temperature of 290.degree.C. The pressure at the inlet end
      of the tube is 22 atmospheres, whilst the outlet end of the tube is inside
      a vessel which is also maintained at 290.degree.C., and the internal
      pressure of which is substantially atmospheric. Polyhexamethyleneadipamide
      of relative viscosity 51 (8.4% solution in 90% formic acid at
      25.degree.C.) is thereby continuously produced at the rate of 3.8 kgs. per
      hour.
PAR  If the 0.18% of cyclohexylphosphonic acid is omitted from the said aqueous
      solution a polyhexamethyleneadipamide having a relative viscosity of 38 is
      obtained.
CLMS
STM  We claim:
NUM  1.
PAR  1. A polyamide comprising recurring carbonamide groups separated from each
      other by 2 to 18 carbon atoms and 0.1 to 10 molar percent based on the
      molecular weight of the recurring units of the polyamide chain, of a salt
      of an organic diamine of 2 to 18 carbon atoms between amino groups with a
      phosphonic acid of the formula:
      ##EQU5##
      wherein R.sup.1 is an n-valent organic alkyl, cycloalkyl, aryl or aralkyl
      radical and n is an integer of from 1 to 3, said phosphonic acid salt
      being the predominate phosphorus material by molar percent.
NUM  2.
PAR  2. The composition of claim 1 including the addition of a stabilizing
      amount of a copper salt and an iodide.
NUM  3.
PAR  3. The composition of claim 2 wherein the copper salt is cupric acetate.
NUM  4.
PAR  4. The composition of claim 1 in the form of a filament.
NUM  5.
PAR  5. The composition of claim 4 in the form of a filament wherein the
      polyamide is polyhexamethyleneadipamide and the salt is hexamethylene
      diammonium phenylphosphonate.
NUM  6.
PAR  6. The composition of claim 1 wherein the phosphonic acid is a lower alkyl
      phosphonic acid.
NUM  7.
PAR  7. The composition of claim 1 wherein the phosphonic acid is
      cyclohexylphosphonic acid.
NUM  8.
PAR  8. The composition of claim 1 wherein the phosphonic acid is a monocyclic
      aryl phosphonic acid.
NUM  9.
PAR  9. The composition of claim 1 wherein the phosphonic acid is
      phenylphosphonic acid.
NUM  10.
PAR  10. The composition of claim 1 wherein the organic diamine is
      hexamethylenediamine.
NUM  11.
PAR  11. The composition of claim 1 wherein the polyamide is polycaprolactam.
NUM  12.
PAR  12. The composition of claim 1 wherein the polyamide is
      polyhexamethyleneadipamide.
NUM  13.
PAR  13. Process for the manufacture of polyamides which comprises polymerising
      at elevated temperatures a polyamide-forming material selected from the
      group consisting of
PA1  a. monoaminomonocarboxylic acids, and the corresponding lactams, having at
      least two carbon atoms between the amino and carboxylic acids, and
PA1  b. substantially equimolecular proportions of a diamine having at least two
      carbon atoms between the amino groups and a dicarboxylic acid having at
      least two carbon atoms between the carboxylic acid groups, in the presence
      of from 0.1 to 10.0 molar percent, based on the molecular weight of the
      recurring units of the polyamide chain, of a salt of an organic diamine of
      2 to 18 carbon atoms between amine groups with a phosphonic acid of the
      formula:
      ##EQU6##
      wherein R.sup.1 is an n-valent organic alkyl, cycloalkyl, aryl or aralkyl
      radical and n is an integer of from 1 to 3.
NUM  14.
PAR  14. The polyamide produced by the process of claim 13.
NUM  15.
PAR  15. The polyamide produced by the process of claim 13 in the form of a
      filament.
NUM  16.
PAR  16. The process of claim 13 wherein a stabilizing amount of a copper salt
      and an iodide are added to the polyamide-forming material.
NUM  17.
PAR  17. The process of claim 16 wherein the copper salt is cupric acetate.
NUM  18.
PAR  18. Process as claimed in claim 13 wherein caprolactam is polymerised in
      the presence of from 0.1 to 10.0 molar per cent, based on the molecular
      weight of the recurring units of the polyamide chain, of a salt of an
      organic diamine with a phosphonic acid of the formula:
      ##EQU7##
      wherein R.sup.1 is an n-valent organic radical and n is an integer of from
      1 to 3.
NUM  19.
PAR  19. Process as claimed in claim 13 wherein substantially equimolecular
      proportions of adipic acid and hexamethylenediamine are polymerised in the
      presence of from 0.1 to 10.0 molar per cent, based on the molecular weight
      of the recurring units of the polyamide chain, of a salt of an organic
      diamine with a phosphonic acid of the formula:
      ##EQU8##
      wherein R.sup.1 is an n-valent organic radical and n is an integer of from
      1 to 3.
NUM  20.
PAR  20. Process as claimed in claim 13 wherein the phosphonic acid is a lower
      alkylphosphonic acid.
NUM  21.
PAR  21. Process as claimed in claim 13 wherein the phosphonic acid is
      cyclohexylphosphonic acid.
NUM  22.
PAR  22. Process as claimed in claim 13 wherein the phosphonic acid is a
      monocyclic arylphosphonic acid.
NUM  23.
PAR  23. Process as claimed in claim 13 wherein the organic diamine is
      hexamethylenediamine.
NUM  24.
PAR  24. Process as claimed in claim 13 wherein the salt of the organic diamine
      with the phosphonic acid is added after formation of the polyamide and the
      resulting mixture is heated above the melting point of the mixture to
      effect further polymerization.
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PAL  Platinum-catalyzed mixtures of H(CH.sub.3).sub.2 SiO--(C.sub.6
      H.sub.5).sub.2 SiOSi(CH).sub.2 H and monophenylsiloxy/dimethylvinylsiloxy
      copolymer cure to give a strong flexible resin having thermal shock
      resistance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to curable organopolysiloxane compositions.
      In one aspect, the present invention relates to an improved encapsulating
      resin.
PAR  Organosiloxane resins in which the substituent organic groups are methyl,
      phenyl, vinyl and/or other organic groups are well known. These resins are
      cured by a variety of mechanisms, such as by cross-linking through a vinyl
      group or by the platinum catalyzed reaction of .tbd.SiH groups with
      alkenyl radicals, to form hard infusible materials. The properties of
      these organosiloxane resins, such as toughness, high dielectric capacity,
      resistance to thermal decomposition and retention of strength at high
      temperatures, make them useful in many different applications.
PAR  Certain applications, such as encapsulating electrical components and
      coating of coils for electric motors, provide a very severe environment
      for the use of presently available resins. The resins must be strong, yet
      flexible and must retain their strength under repeated thermal shock.
      Also, the resin must cure without the evolution of volatiles, such as
      solvents or water, in order to avoid the formation of bubbles and/or voids
      in the coating. A further requirement is that heat sensitive electronic
      devices require encapsulation with compositions which cure at relatively
      low temperature.
PAR  Presently available silicone resins exhibit some of the properties, but
      none have the desired combination of strength, flexibility, thermal shock
      resistance and low temperature cure.
PAR  Thus, it is an object of the present invention to provide an improved
      curable organopolysiloxane composition.
PAR  It is another object of the invention to provide an encapsulating resin
      which is readily cured at low temperatures to form a strong, flexible
      coating having high thermal shock resistance.
PAR  These and other objects of the invention will be apparent to one skilled in
      the art upon consideration of the following disclosure and appended claims
     .
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, there is provided a curable
      composition consisting essentially of (a) an organopolysiloxane containing
      from 75 to 85 mol percent C.sub.6 H.sub.5 SiO.sub.3/2 units and 15 to 25
      mol percent CH.sub.2 =CH(CH.sub.3).sub.2 SiO.sub.1/2 units, said
      organopolysiloxane having an average of at least 8 silicon atoms per
      molecule; (b) an organopolysiloxane of the formula
      ##EQU1##
      said organopolysiloxane being present in the mixture in an amount
      sufficient to provide 0.9 to 1.1 mol of .tbd.SiH per mol of vinyl
      substituent present in siloxane (a); and (c) a platinum catalyst present
      in an amount sufficient to catalyze the addition reaction of .tbd.SiH with
      CH.sub.2 =CHSi.tbd..
PAR  In the described composition, organopolysiloxane (a) is the base resin, the
      composition of which is critical to obtaining the desired combination of
      physical properties. The monophenylsiloxy content of 75 to 85 mol percent
      and dimethylvinylsiloxy content of 15 to 25 mol percent in the copolymer
      is essential to obtaining a high strength flexible cured material which
      exhibits thermal shock resistance. In a preferred embodiment, the
      copolymer contains about 75 mol percent C.sub.6 H.sub.5 SiO.sub.3/2 units
      and about 25 mol percent CH.sub.2 =CH(CH.sub.3).sub.2 SiO.sub.1/2 units.
      Of course, the vinyl-functional siloxy units act as crosslinking sites in
      the resins.
PAR  The base resin is readily prepared by hydrolysis and condensation of the
      corresponding chlorosilanes. Conventional techniques of hydrolysis and
      condensation can be utilized. Although there is no upper limit on the
      degree polymerization of resin (a), a lower limit of at least eight
      silicon atoms per molecule is necessary to provide physical strength in
      the cured composition. The copolymeric siloxane (a) is a solid which is
      soluble in the low viscosity liquid siloxane (b).
PAR  The hydrogenfunctional siloxane (b), which provides crosslinking of the
      composition is a specific polymer of the formula
EQU  [H(CH.sub.3).sub.2 SiO].sub.2 Si(C.sub.6 H.sub.5).sub.2.
PAL  this polymer is a known crosslinker (see U.S. Pat. No. 2,915,497) and, when
      utilized in combination with the described base resin, provides the cured
      composition with the unique combination of physical properties described
      herein. The siloxane (b) has a viscosity of about 5 cs. at 25.degree.C.
      and acts as a diluent for resin (a) to provide mixtures having a viscosity
      of from about 3000 to greater than 200,000 cs. at 25.degree.C. The amount
      of hydrogen-functional siloxane (b) in the curable composition will vary
      with the amount of resin (a) and with the vinyl content of the resin, but
      in all cases there is sufficient siloxane (b) present to provide from 0.9
      to 1.1 mol of .tbd.SiH per mol of vinyl substituents in the composition.
      To obtain optimum crosslinking efficiency it is preferred that the ratio
      of .tbd.SiH to vinyl substituents be about 1:1.
PAR  The platinum catalyst (c) can be any of the known forms ranging from
      platinum metal to platinum deposited on carriers, such as silica gel or
      powdered charcoal, to platinic chloride, salts of platinum and
      chloroplatinic acid. Any of these forms will function as a catalyst in the
      curable compositions of the invention. Chloroplatinic acid, either as the
      commonly available hexahydrate or the anhydrous acid, is a preferred
      catalyst because of its easy dispersibility in the siloxanes and its lack
      of effect on the color of the curable compositions. Additional platinum
      compounds having utility as catalysts include
EQU  PtCl.sub.2 [P(CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.3).sub.3 ].sub.2,
PAL  platinum bormides, a complex of platinous halide and an olefin such as
      ethylene, propylene, butylene, cyclohexane and styrene, Pt(CH.sub.3
      CN).sub.2 Cl, [Pt(CH.sub.3 CN).sub.2 (CH.sub.3).sub.4 ]Cl.sub.2,
      Pt(NH.sub.3).sub.2 Cl.sub.2, K[PtCl.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 OH],
      PtBr.sub.2 (C.sub.2 H.sub.4).sub.2, K[PtBr.sub.3 (C.sub.2 H.sub.4)],
      PtCl.sub.2 (C.sub.2 H.sub.4), (CH.sub.3).sub.2 C=CH.sub.2.PtCl.sub.2,
      H.sub.2 Pt(CN).sub.4.5H.sub.2 O, H[PtCl.sub.3 (CH.sub.3 CN)],
      Pt(NH.sub.3).sub.2 (CNS).sub.2, [Pt(NH.sub.3).sub.4 ].[PtCl.sub.4 ],
      [PtCl.sub.2 [P(CH.sub.2 CH.sub.3).sub.3 ].sub.2, PtCl.sub.2.PCl.sub.3,
      PtCl.sub.2. [P(OCH.sub.2 CH.sub.3).sub.3 ].sub.2, Pt(OOCH.sub.2 SCH.sub.2
      CH.sub.3).sub.2, Pt(CN).sub.3, (CH.sub.3).sub.4 Pt, (CH.sub.3).sub.3
      Pt--Pt(CH.sub.3).sub.3,
      ##EQU2##
      PtCl.sub.2 CO and PtBr.sub.2 CO.
PAR  There should be at least 0.1 part by weight platinum per million parts by
      weight of the combined total weight of (a), (b) and (c). However, since
      impurities in the system may readily poison the small quantity of catalyst
      it is preferred to employ from 1 to 20 parts per million of platinum. A
      greater amount of platinum does not effect the reaction but economic
      considerations suggest usage within the mentioned limits.
PAR  When the curable compositions of the invention are utilized as coatings for
      electrical devices, it is desirable that the compositions cure without the
      evolution of volatiles which would form voids or bubbles in the coating.
      Voids can be caused by the reaction of .tbd.SiH with .tbd.SiOH which is
      often present in the base resin (a). When necessary, the base resin (a)
      can be reacted with alkaline condensation catalysts, such as sodium
      hydroxide, in a solvent to reduce the hydroxyl content to an acceptable
      level, such as less than one percent as specified in the preferred
      embodiment of the invention.
PAR  Heat stable fillers can be incorporated in the curable compositions of the
      invention. Suitable fillers include glass fibers, finely divided silica,
      crushed quartz, powdered glass, asbestos, talc, carbon black, iron oxide,
      titanium dioxide, magnesium oxide and the like. Other additives such as
      pigments, dyes, oxidation inhibitors and release agents can also be
      utilized.
PAR  The curable compositions can be employed in any conventional manner for
      coating, casting or impregnating. The siloxane resin (a), the
      hydrogen-functional fluid (b) and the platinum catalyst (c) are mixed
      together with any desired filler and additives and the resulting mixture
      is fabricated into the desired form, followed by curing at elevated
      temperatures, for example, 100.degree.-125.degree.C. In some instances, it
      may be desirable to post cure at higher temperatures, for example
      200.degree.C., to improve physical properties.
PAR  The described compositions are particularly useful for impregnating and
      encapsulating electrical equipment, for coating electrical conductors and
      for use as protective coatings on metals and other substrates.
PAR  The following example is intended as illustrative and should not be
      construed as limiting the invention delineated in the claims.
PAC  EXAMPLE
PAR  Base resins containing various amounts of monophenylsiloxy and
      dimethylvinylsiloxy units were prepared by hydrolysis of the corresponding
      chlorosilanes, followed by equilibration in the presence of a base,
      neutralization, and stripping of any volatiles. The silicon-hydride
      crosslinker, [H(CH.sub.3).sub.2 SiO].sub.2 Si(C.sub.6 H.sub.5).sub.2 was
      also prepared by hydrolysis of the corresponding chlorosilanes, followed
      by acid equilibration, neutralization and stripping. Sufficient
      crosslinker was added to each of the different resins to provide 1.0 mol
      of .tbd.SiH per mol of .tbd.SiCH=CH.sub.2 in the composition. A platinum
      catalyst, [(CH.sub.3).sub.3 P].sub.2 PtCl.sub.2 was added in amounts
      sufficient to provide 10 ppm platinum in each composition.
PAR  The compositions were fluid, varying in viscosity. After casting, samples
      were cured at 100.degree.C. for 16 hours. Portions of the resin were
      utilized to prepare samples for thermal shock testing. A small amount (11
      grams) catalyzed composition was placed in a 2-inch diameter aluminum
      dish, de-aired and gelled to the point of having the strength to support a
      steel washer. The washer (1 inch-O.D., 7/16 inch-I.D., 1/16 inch thick and
      weighing 6.6 grams) was placed in the center of the dish atop the gel and
      an additional 14 grams of the composition was poured in the dish to
      provide complete encapsulation of the washer. The samples were cured in an
      air-circulating oven at 100.degree.C. for 16 hours, allowed to cool to
      room temperature and removed from the dishes. Fracture temperature of the
      cured samples was determined by placing the encapsulated washer in a dry
      ice bath, the rate of cooling being followed by positioning a thermometer
      directly above the sample. The fracture temperature was recorded upon
      observation of cracking in the cured resin.
PAR  The physical properties including fracture temperature of the various cured
      compositions are listed below:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Composition of 82 mol% .phi.SiO.sub. 3/2                                  
                                 75 mol% .phi.SiO.sub. 3/2                     
                                              71 mol% .phi.SiO.sub.3/2         
     Base Resin     18 mol% (CH.sub.3).sub.2 ViSiO.sub.1/2                     
                                 25 mol% (CH.sub.3).sub.2 ViSiO.sub.1/2        
                                              29 mol% (CH.sub.3).sub.2         
                                              ViSiO.sub. 1/2                   
     __________________________________________________________________________
     Viscosity of Catalyzed                                                    
                    .about.200,000                                             
                                 3300         1800                             
     Mixture (cs. at 25.degree.C.)                                             
     Hardness                                                                  
     (Durometer-Shore D)                                                       
                    70           65           50                               
     Flex Strength (psi)                                                       
                    4825         4273         419                              
     Tangent Modulus 10.sup.5                                                  
     (psi)          1.24         0.96         0.019                            
     Fracture Temperature (.degree.C)                                          
                    -30          -45          -57                              
     __________________________________________________________________________
PAR  These data demonstrate that the composition of the base resin are critical
      to obtain the combination of high strength, hardness and low fracture
      temperatures. The resin containing 71 mol% .theta.SiO.sub.3/2 units is
      outside the scope of the present invention and while the resin does
      exhibit very good thermal shock resistance, the material has virtually no
      strength.
PAR  As a further comparison, the base resin containing 75 mol%
      .theta.SiO.sub.3/2 and 25 mol% (CH.sub.3).sub.2 CH.sub.2 =CHSiO.sub.1/2
      was utilized in combination with other .tbd.SiH functional crosslinkers. A
      first composition contained sufficient hydrogen-functional copolymer of 35
      mol% .theta..sub.2 SiO, 55 mol% (CH.sub.3)HSiO and 10 mol%
      (CH.sub.3).sub.3 SiO.sub.1/2 to provide 1 mol of .tbd.SiH per mol of
      CH.sub.2 =CHSi.tbd. present in the base resin and was catalyzed with
      sufficient chloroplatinic acid to provide about 10 ppm Pt in the
      composition. Samples were cured for 16 hours at 150.degree.C. The cured
      resin exhibited very high flex strength (.about.7000 psi) but the thermal
      shock samples cracked when removed from the 150.degree.C. oven. A second
      composition, containing a mixture of
      ##EQU3##
      as the crosslinker, was prepared in the same manner. After curing for 16
      hours at 150.degree.C., the material exhibited high flex strength
      (.about.8000 psi) but again the thermal shock resistance was nil; the
      fracture temperature being 150.degree.C.
PAR  It is apparent that only those compositions based on the defined base resin
      and containing the [H(CH.sub.3).sub.2 SiO]Si.theta..sub.2 crosslinker have
      the desired combination of physical properties.
PAR  Reasonable modification and variation are within the scope of the present
      invention which is directed to novel curable organopolysiloxane
      compositions.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A curable composition consisting essentially of a mixture of
PA1  a. an organopolysiloxane containing from 75 to 85 mol percent C.sub.6
      H.sub.5 SiO.sub.3/2 units and 15 to 25 mol percent CH.sub.2
      =CH(CH.sub.3).sub.2 SiO.sub.1/2 units, said organopolysiloxane having an
      average of at least 8 silicon atoms per molecule;
PA1  b. an organopolysiloxane of the formula
      ##EQU4##
      said organopolysiloxane being present in the mixture in an amount
      sufficient to provide about 0.9 to 1.1 mol of .tbd.SiH per mol of vinyl
      substituent present in siloxane (a);
PA1  c. a platinum catalyst present in an amount sufficient to catalyze the
      addition reaction of .tbd.SiH with CH.sub.2 =CHSi.tbd..
NUM  2.
PAR  2. A composition in accordance with claim 1 wherein the platinum catalyst
      (c) is present in an amount sufficient to provide at least 0.1 part by
      weight platinum per million parts of the combined weight of (a) and (b).
NUM  3.
PAR  3. A curable composition in accordance with claim 2 wherein the platinum
      catalyst (c) is present in an amount sufficient to provide from 1 to 20
      parts by weight platinum per million parts of the combined weight of (a)
      and (b).
NUM  4.
PAR  4. A curable composition in accordance with claim 3 wherein the
      organopolysiloxane (a) contains about 75 mol percent C.sub.6 H.sub.5
      SiO.sub.3/2 .
NUM  5.
PAR  5. A curable composition in accordance with claim 3 wherein
      organopolysiloxane (b) is present in an amount sufficient to provide about
      1.0 mol .tbd.SiH per mol of vinyl substituent present in (a).
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ABST
PAL  Cyclolinear polyorganosiloxanes are proposed having the formula
EQU  [XC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n
PAL  Where X is F, Cl or Br and n is from 2 .times. 10 to 2 .times. 10.sup.4 and
      the method for preparing them, that consists in hydrolytic
      polycondensation of the starting phenyltrichlorosilane halide in an
      organic solvent immiscible with water at temperatures from 5.degree. to
      40.degree.C; water is then separated and the solution of the reaction
      products in the organic solvent is washed with water to neutral reaction
      and polymerized in the presence of a nucleophilic catalyst utilized in an
      amount of from 0.002 to 0.25 per cent by weight, at temperatures from
      80.degree. to 250.degree.C, with subsequent isolation of the end product.
      X may be in ortho, metal or para position, or mixed isomers may be used.
BSUM
PAR  This invention relates to polyorganosiloxanes, and more particularly to
      cyclolinear polyorganosiloxanes and the method for preparing them.
PAR  Polymers belonging to the said class of chemical compounds are known in the
      prior art, and the methods for isolating them have been covered in some
      patents.
PAR  Said polyorganosiloxanes are widely used in industry as protective films,
      and for the manufacture of various articles by pressure-moulding.
      Moreover, various compositions can be made on the basis of the said
      polyorganosiloxanes that can be used as coatings protecting articles from
      the action of the atmospheric aggressive agents, and possessing water
      repelling properties, thermal stability, etc.
PAR  Cyclolinear polyorganosiloxanes are known to be obtained from products
      prepared by hydrolytic polycondensation (J. Am. Chem. Soc., 82, 6194
      (1960) (diagram 1), and also from cell-like octaphenylsilsesquioxane, the
      term `silsesquioxane` expressing the ratio 1.5 of oxygen atom to silicon
      atom (diagram 2) (U.S. Pat. No. 3,162,614, (1962) Andrianov, K. A. et al.
      High-molecular compounds`, 8, 1477 (1965) Papers of the Academy of
      Sciences of the USSR, 166, 4, 855 (1966).
PAR  Moreover, the method for preparing cyclolinear polysiloxanes having the
      polymerization coefficient n.gtoreq.25, which, owing to the low molecular
      weight, can undergo various chemical modifications is known in the art. To
      that end, the high-molecular polymer is reconstructed in the presence of
      water, piperidine or 1,4-diazobicyclo(2,2,2)-octane as a catalyst in a
      medium of tetrahydrofuran, into a low-molecular polymer-oligomer (U.S.
      Pat. No. 3,294,738, 1966).
PAR  Cyclolinear polyorganosiloxanes are known with various substituents at the
      silicon atom, such as phenyl, tolyl, 3-methyl-butene-1 radicals, and also
      polymers with phenyl radicals, as well as various aliphatic radicals, from
      methyl to hexyl (U.S. Pat. No. 3,234,170, Andrianov, K. A., Makarova, N.
      N., Inventor's Certificate of the USSR No. 231,813), and alkenyl radicals.
PAR  Introduction into cyclolinear polyorganosiloxanes of various organic
      substituents, that are linked to the silicon atom, makes it possible to
      prepare polyorganosiloxanes possessing various valuable properties, such
      as high thermal stability, tensile strength, deformation, elongation, etc.
      For example, introduction into cyclolinear polyorganosiloxanes of a phenyl
      substituent at the silicon atom increases the thermal stability.
      ##SPC1##
PAR  Besides the properties that are valuable with respect to the industrial use
      of cyclolinear polyorganosiloxanes, they also possess an essential
      disadvantage, namely very low adhesion to solid construction material such
      as glass, metals, plastics, etc.
PAR  The object of this invention is to prepare polyorganosiloxanes that would
      preserve the valuable properties inherent in cyclolinear
      polyorganosiloxanes, such as high tensile strength, deformation,
      elongation, etc., and would also possess higher adhesion to glass, metals,
      plastics, and other construction materials, and also to work out a method
      for preparing such cyclolinear polyorganosiloxanes.
PAR  This object has been attained by synthesizing cyclolinear
      polyorganosiloxanes characterized by the general formula
EQU  [X C.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n
PAL  where X is F, Cl or Br, and n is from 2 .times. 10 to 2 .times.0 10.sup.4.
PAR  The object has been attained by a method for preparing cyclolinear
      polyorganosiloxanes having the general formula
EQU  [XC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n
PAL  where X is F, Cl or Br and n is from 2 .times. 10 to 2 .times. 10.sup.4,
PAR  The object has been attained by a method for preparing cyclolinear
      polyorganosiloxanes having the general formula
EQU  [XC.sub.6 H.sub.4 SiO .sub.1.5 ].sub.n
PAL  where X is F, Cl or Br and n is from 2 .times. 10 to 2 .times. 10.sup.4,
      consisting in that the starting phenyltrichlorosilane halide undergoes
      hydrolytic polycondensation in an organic solvent stable in an acid medium
      and immiscible with water, at temperatures from 5.degree. to 40.degree.C,
      then water is separated, and the solution of the reaction products in the
      organic solvent is washed with water to neutral pH of 6 - 7, and the
      product is polymerized in the presence of a nucleophilic catalyst utilzed
      in a quantity of 0.002 to 0.25 per cent by weight at temperatures from 80
      to 250.degree.C, with subsequent isolation of the end product.
PAR  The introduction of a substituent, a halide, into the phenyl radical which
      is an organic substituent at the silicon atom of the cyclolinear
      polysiloxane, imparts to the proposed polymer high adhesion and preserves
      the high thermal and thermo-oxidative stability and the high
      physico-mechanical properties of the polymer (tensile strength,
      elongation, elastic deformation).
PAR  The cyclolinear structure of the synthesized polymers has been proved by
      elementary analysis, I-R spectra, X-ray studies, hydrodynamic and
      dynamooptical properties of polymer solutions.
PAR  The I-R absorption spectra of the polymer specimens show splitting of the
      absorption band characteristic of anti-symmetric valence oscillations of
      the siloxane bond in the region of 1000 - 1200 cm.sup.-.sup.1, with two
      maxima at 1045 cm.sup.-.sup.1 and 1130-1140 cm.sup.-.sup.1. Two or three
      halos have been found in X-ray patterns. Chlorophenylsilsesquioxane
      polymer is characterized by the following interplane distance:
EQU  d.sub.1 = 13.5 A.,
EQU  d.sub.2 = 4.3 A., and
EQU  d.sub.3 = 8.0 A.;
PAL  the first of which characterized the inter-chain distance between
      macro-molecules.
PAR  The value of the Kuhn segment length A, found to be 180 A., and also the
      number of the monomer units in the Kuhn segment S, found to be 70, show
      that these values are ten times and over higher than the corresponding
      values found for the linear non-cyclic siloxane chain. This proves that
      the polymer molecule has a two-chain structure.
PAR  The hydrodynamic studies made it possible to find the values of "K" and a
      in the Mark-Kuhn-Houwink equation:
EQU  [.eta.]= K .times. M.sup.2
PAL  where
PA1  [.eta.] is the intrinsic viscosity determined experimentally;
PA1  1C and a are equation constants; and
PA1  M is the molecular weight of the polymer as determined by the sedimentation
      or ebulioscopic methods.
PAR  The above equation characterizes the intrinsic viscosity of the polymer as
      a variable dependent on its molecular weight and makes it possible to
      determine the molecular weight of the polymer provided K and a are known.
      The following values of K and a for cyclolinear polyhalide
      diphenylsiloxanes have been found experimentally:
PA1  K = 2.3 .times. 10.sup.-.sup.5 ; a = 1.2 fo M=6.times.10.sup.4 to
      3.times.10.sup.5
PA1  K = 3.5 .times. 3.0 .times. 10.sup.-.sup.2 a = 0.7 for M=5.times.10.sup.5
      to 1.5.times.10.sup.5
PAR  There exists a dependence between the values of M and n in the general
      formula
EQU  [XC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n
PAL  characterizing the proposed cyclolinear polyorganosiloxanes; this
      relationship interconnects the intrinsic viscosity of the polymer [.eta.]
      (determined experimentally with the value n which characterizes the degree
      of polymerization of polyorganosiloxane.
PAR  This inter-relationship is expressed by the ratio of the molecular weight
      of the polymer to the molecular weight of the elementary cell
EQU  [XC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n
PAL  which is 128 + Ax, where A x is the atomic weight of the corresponding
      halide:
      ##EQU1##
PAR  The proposed cyclolinear polyorganosiloxanes are fully soluble in such
      solvents as benzene, toluene, chloroform and cyclohexane. The melting
      point of both low and high-molecular cyclolinear polyorganosiloxanes is
      above their decomposition point. (The melting point was determined both in
      air and in an inert atmosphere). This also proves the cyclic form of the
      macro-molecules of polyorganosiloxane which is only realized in a
      cyclolinear structure of the polymer.
PAR  The proposed polyorganosiloxanes according to the invention can form films.
      Mechanical tests of 45-50 microns thick films, prepared by the methods of
      single and two-fold pouring, have shown that the tensile strength
      increases with growing molecular weight of the polymer according to this
      formula
EQU  .sigma. = f(M)
PAL  where
PA1  .sigma. is the tensile strength in kg/sq.cm;
PA1  f is the function; and
PA1  M is the molecular weight of the polyorganosiloxane.
PAR  The tensile strength may be as high as 300 kg/sq.cm. The tensile strength
      decreases with increasing temperatures.
PAR  The elongation at break increases with temperature and approaches 100 per
      cent, while this value does not exceed 15-20 per cent in the known
      polyphenylsilosesquioxanes.
PAR  Films of the obtained polymer preserve their good adhesive properties
      within a wide range of temperatures (from 70.degree. to 400.degree.C).
PAR  Films can be applied to various materials; they have increased adhesion to
      iron, copper and other metals, to glass, quartz, polyethylene,
      polytetrafluoroethylene, etc.
PAR  The proposed polymers according to the invention are stable at temperature
      to 480.degree.C, and loss in weight is not more than 1-2 per cent at a
      temperature of 550.degree.C.
PAR  The advantage of the proposed polyorganosiloxanes is also their ability to
      form coatings on substrates without any special preparation of the
      surface.
PAR  The proposed cyclolinear polyorganosiloxanes are prepared by the method in
      which, according to the invention, the starting phenyltrichlorisilane
      halide is subject to hydrolytic polycondensation.
PAR  The reaction is carried out in an organic solvent stable in acid medium and
      immiscible with water, at temperatures from 5.degree. to 40.degree.C;
      water is then separated and the solution of the reaction products in the
      organic solvent is washed with water to pH 6 - 7 and polymerized in the
      presence of a nucleophilic catalyst in an amount of 0.002 - 0.25 per cent
      by weight at temperatures from 80.degree. to 250.degree.C, with subsequent
      isolation of the end product.
PAR  Hydrolytic polycondensation of the starting phenyltrichlorosilane halide is
      carried out in an organic solvent in the absence of a catalyst. The
      hydrolysing agent is water taken in excess with respect to
      phenyltrichlorosilane halide. Hydrochloric acid produced in the hydrolysis
      is dissolved in water and produces acid medium thus performing the role of
      a catalyst in the reaction of polycondensation. The conditions for
      realization of the hydrolysis and polycondensation are as follows: the
      organic solvent should be stable in acid medium, insoluble, or at least
      sparingly soluble in water, and ensuring a distinct interface with water.
      The hydrolysis and polycondensation of phenyltrichlorosilane halide should
      be carried out at temperatures from 5 to 40.degree.C, since the hydrolysis
      is an exothermic reaction. Insignificant initial cooling, not requiring
      much cold consumption, ensures further uniform and quiet hydrolysis
      reaction at a sufficient rate and to a sufficient degree. Heat liberated
      in the reaction is sufficient to ensure the optimum rate of the reaction
      so that no external source of heat is required. The polyorganosiloxane
      prepared by the hydrolysis and polycondensation reactions has a low degree
      of polymerization; it contains functional hydroxyl groups connected to the
      silicon atom and can be referred to as a pre-polymer, a compound having
      the characteristics of a polymer but having a relatively low molecular
      weight. The composition and the structure of the pre-polymer is
      characterized by the following structural formula:
EQU  [ XC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.y --[XC.sub.6 H.sub.4 Si(OH)O].sub.z n
PAL  where
PA1  X is Cl, F, or Br;
PA1  y is 0,2 or 4; and
PA1  z is from 4 to 6.
PAR  Further polymerization of the obtained pre-polymer is carried out in the
      presence of a catalyst. To that end, the aqueous phase is separated from
      the pre-polymer solution in an organic solvent, the solution is washed
      with water to neutral reaction, and then the catalyst is added . The
      polymer can be prepared at both low and high temperatures. Thus, according
      to the invention, cyclolinear polyorganosiloxanes having the general
      formula
EQU  [XC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n
PAL  where n = 2 .times. 10 - 1 .times.0 10.sup.2 are prepared by catalytic
      polymerization at temperatures from 80.degree. to 110.degree.C.
PAR  The prepared "low-molecular" cyclolinear polyorganosiloxanes can be
      compared to oligomers, i.e. the polymers having lower molecular weights.
      In contrast to pre-polymers oligomers do not contain hydroxyl functional
      groups joined to the silicon atom and are characterized by the above
      formula where n is from 2 .times. 10 to 1 .times. 10.sup.2.
PAR  Oligomers can be used as an impregnating material in the manufacture of
      plastics containing glass fibre as a filler, or they can be further
      polymerized to prepare polymers having higher degree of polymerization.
PAR  Thus, according to the invention, cyclolinear polyorganosiloxanes having
      the general formula
EQU  [XC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n
PAL  where n is 1 .times. 10.sup.2 - 2 .times. 10.sup.4 are prepared by
      catalytic polymerization at temperatures from 80.degree. to 110.degree.C,
      then the solution is evaporated under vacuum to a concentration of
      polyorganosiloxane of 50 - 70 per cent by weight; then diphenyl, diphenyl
      oxide, or a mixture thereof or ditolylmethane, in a quantity of 1 to 10
      per cent of polyorganosiloxane weight, is added to the obtained solution
      and catalytic polymerization is carried out at temperatures from
      220.degree. to 250.degree.C.
PAR  In accordance with this embodiment of the invention, the reaction of
      pre-polymer polymerization is realized in two steps, namely, condensation
      polymerization (in which water is produced) in dilute (not less than 50
      per cent by weight) solutions at low temperatures (80.degree. -
      110.degree.C) as a result of which the oligomer is produced, and the
      second step in which polymerization proper is effected at high
      temperatures (220.degree.- 250.degree.C) in concentrated solutions (50 -
      70 per cent by weight) in the presence of high-boiling compounds such as
      diphenyl, diphenyl oxide, a mixture thereof, or ditolylmethane, that
      perform the role of high-boiling solvents and of plasticizers of the
      prepared polymer and producing a regulating effect on the molecular weight
      of the polymer.
PAR  In addition to the above two-step process for preparing cyclolinear
      polyorganosiloxanes with intermediate formation of oligomer, the catalytic
      polymerization can be effected in a single stage, in which the processes
      of polycondensation and polymerization are combined, the process being
      carried out at high temperatures, from 220.degree. to 250.degree.C.
PAR  To that end, according to the invention, a catalyst and diphenyl, diphenyl
      oxide, a mixture thereof, or dimethylmethane are added to the solution
      before catalytic polymerization in a quantity from 1 to 10 per cent (with
      respect to the weight of polyorganosiloxane) and the polymerization is
      carried out at a temperature from 220.degree. to 250.degree.C.
PAR  The single-step process of polymerization is especially profitable in
      industrial conditions when the product is prepared on a large industrial
      scale, and the production capacity of chemical apparatus and also the
      requirements for raw materials are of prime importance.
PAR  If polyorganosiloxanes having special properties are required, the two-step
      process with intermediate preparation of oligomers would be preferred,
      since it provides conditions for a wider variation of the factors that are
      important for the molecular weight of polyorganosiloxanes and hence for
      the properties of the polymer.
PAR  For example, in the process with intermediate production of oligomer, it is
      possible to utilize the nucleophilic catalyst in lower concentrations
      (according to the invention, from 0.002 to 0.15 per cent by weight).
PAR  Moreover, by changing the concentration of the high-boiling additive
      (diphenyl, diphenyl oxide, etc) within the range from 1 to 10 per cent by
      weight, and also by varying the time of polymerization at high
      temperature, it is possible to vary the molecular weight of the
      cyclolinear polyorganosiloxane within wide limits.
PAR  For example, intrinsic viscosity [.eta.] for the polymer prepared with the
      nucleophilic catalyst utilized in a concentration of 0.2 per cent by
      weight is 2.5 dl/g, while in the concentration of the catalyst of 0.15 per
      cent by weight the viscosity of the same polymer is 4.0 dl/g.
PAR  Increasing concentration of ditolylmethane from 2.7 per cent to 7.5 per
      cent by weight decreases intrinsic viscosity from 2.5 dl/g to 1.2 dl/g,
      the other conditions remaining unaltered.
PAR  If polymerization is continued for seven minutes, the intrinsic viscosity
      of the specimen is [.eta.]= 0.2 dl/g, and with the time of polymerization
      increasing to sixty minutes the viscosity increases to 3.8 dl/g.
PAR  Various phenyltrichlorosilanes halides (fluoride, chloride, bromide) are
      recommended to be used for preparing cyclolinear polyorganosiloxanes
      according to the invention. All these monomers are suitable for use in the
      proposed method, since they ensure high adhesion in the prepared
      cyclolinear polyorganosiloxanes.
PAR  It is recommended also, according to the invention, to utilize diethyl
      ether, benzene or toluene as organic solvents. These solvents are
      immiscible with water and produce a distinct interface with water. They
      are stable in acid medium and are good solvents for the prepared polymers;
      they do not contaminate the end product with products of side reactions
      and make it possible to carry out the reaction at required temperatures.
PAR  It is recommended according to the invention, to use hydroxides of K, Na
      and Cs as well as organosilicon bases having the formula
EQU  KO[Si(CH.sub.3)O].sub.n .Si(CH.sub.3).sub.2 OH,
PAL  where n is from 3 to 8, or (CH.sub.3).sub.4 NOH, as nucleophilic catalysts.
PAR  The above organosilicon compounds used as nucleophilic catalysts make it
      possible to decrease significantly the quantity of the catalyst required
      for the process, namely to 0.002 per cent by weight.
PAR  To prevent undesirable destruction and oxidation (that are possible with
      polymerization at high temperatures of 220.degree.- 250.degree.C) it is
      recommended according to the invention, to carry out the polymerization
      process in an atmosphere of an inert or a noble gas, e.g. nitrogen or
      argon.
PAR  It has already been noted that cyclolinear polyorganosiloxanes prepared by
      the proposed method have high adhesion properties combined with high
      thermal stability and mechanical strength.
PAR  The comparative characteristics of the proposed polymers and of similar
      (with respect to the composition and structure) known polyorganosiloxanes
      (polyorganosilsesquioxanes) are given in the Table that follows
      hereinbelow.
TBL                                    Table                                   
     __________________________________________________________________________
     Cyclolinear                                                               
               Tensile                                                         
                     Elongation                                                
                           Initial tem-                                        
                                  Adhesion,                                    
     polyorgano-                                                               
               strength                                                        
                     at break                                                  
                           perature of                                         
                                  kg/sq.cm                                     
     siloxane  at 20.degree.C                                                  
                     at 180.degree.C                                           
                           weight loss,                                        
               in kg/cm.sup.2                                                  
                     in %  in .degree.C                                        
     __________________________________________________________________________
     Polyphenylsilses-                                                         
     quioxane  500-600                                                         
                     25    380-480                                             
                                  to 5                                         
     Polyalkylsilses-                                                          
     quioxane  100   15    350-390                                             
                                  to 5                                         
     Polyalkylsilses-                                                          
     quioxane  250-500                                                         
                     45-100                                                    
                           360-480                                             
                                  to 10                                        
     Polychlorophenyl-                                                         
     silsesquioxane                                                            
               200-300                                                         
                     60-100                                                    
                           480-520                                             
                                  50-70                                        
                                  (two-layer                                   
                                  coat)                                        
     __________________________________________________________________________
PAR  The proposed cyclolinear polyorganosiloxanes can be used in all branches of
      industry where polymers having high thermal and radiation resistance and
      also high adhesion are required.
PAR  The method for preparing the proposed cyclolinear polyorganosiloxanes can
      be carried out utilizing common chemical equipment. The method is simple
      in realization and does not require much energy, or rare chemicals.
DETD
PAR  Other advantages of the invention will become subsequently clear from
      examples of its practical embodiment which are given below by way of
      illustration.
PAC  EXAMPLE 1
PAR  m-Chlorophenyltrichlorosilane (I) was hydrolysed in a flask provided with a
      stirrer, a reflux condenser, a thermometer and a dropping funnel. First 20
      ml of water and 10 ml of diethyl ether were placed into the flask and then
      a solution of 8.86 g (0.036 mole) of compound I (b.p. 227.degree.-
      230.degree.C, Cl. 57.53; 57.18) in 10 ml of diethyl ether were added
      through the dropping funnel at a temperature of 25.degree.- 27.degree.C.
      The ether layer was separated, washed with water to neutral reaction,
      dried over Na.sub.2 SO.sub.4, passed through a filter and remaining traces
      of the ether removed by vacuum distillation at 1 - 3 mm Hg to constant
      weight. The yield of a viscous compound (II) was 5.72 g.
PAR  Then 0.55 g of compound II, 0.027 g (5 per cent by weight) of
      ditolylmethane (DTM), 0.59 g of benzene and 0.085 ml of a 0.20N solution
      of KOH in ethyl alcohol (0.2 per cent by weight) were placed into the
      flasks and the polymerization was carried out on a bath at a temperature
      of 245.degree.- 250.degree.C for thirty minutes in a current of a noble
      gas (argon).
PAR  The polymerization product was cooled and dissolved in benzene. The
      solution was then heated with a two-fold excess of methyl alcohol to
      obtain 0.45 g (82 per cent) of asbestos-like compound III having the
      intrinsic viscosity [.eta.]= 4.0 dl/g, which corresponds to the value of n
      = 2 .times. 10.sup.4 ; the melting point was above 450.degree.C.
PAR  Found, in per cent: C 44.60; H 2.55; Si 17.40; 17.43; Cl 20.92; 20.74.
PAR  Calculated for [ClC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n : C 44.04; H 2.46; Si
      17.47; Cl. 21.67.
PAC  EXAMPLE 2
PAR  Compound I was hydrolysed as described in Example 1.
PAR  60 ml of benzene and 50 ml of water were placed in a flask, and at a
      temperature of 40.degree.- 50.degree.C a solution of 42.8 g of compound I
      in 60 ml of benzene was added. The reaction product in benzene solution
      was then washed with water to pH 6 - 7, dried over Na.sub.2 SO.sub.4,
      passed through a filter, and finally compound IV in benzene solution was
      obtained.
PAR  Catalyst polymerization was carried out in a flask provided with a
      Dean-and-Stark receiver and a reflux condenser. 40 ml of the benzene
      solution of compound IV and 0.052 g (0.01 per cent by weight ) of benzene
      solution of
EQU  Si(CH.sub.3) O].sub.n -Si-(CH.sub.3)OH
PAL  were introduced into a flask. The mixture was kept at a temperature of
      80.degree.C (boiling point of the solvent) for 10 hours. 0.4 g of water
      was collected, and the solvent was distilled to give 9.0 g of compond V in
      the form of a vitreous powder having .eta. sp/C 1% solution equal to
      0.035, M = 3,500 (n = 2.times.10).
PAR  Found for compound V, in per cent: C 44.01; 43.85; H 2.74; 2.55, Si 17.45;
      17.50; Cl 21.45; 21.62
PAR  Calculated for [ClC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n : C 44.04; H 2.46; Si
      17.17 Cl 21.67.
PAC  EXAMPLE 3
PAR  The hydrolysis reaction and catalytic polymerization was carried out by a
      procedure similar to that described in Example 2. 40 ml of compound IV and
      (CH.sub.3).sub.4 NOH (0.005 per cent) were introduced into a flask. After
      boiling for six hours, 0.37 ml of water was isolated. The solvent was
      distilled off to liberate 8.7 g of compound VI having .eta. sp/C .sub.1%
      sol = 0.04; M = 3,900; n = 2.times.10.
PAR  Found for compound VI, in per cent: C 44.27; 44.03; H 2.53; 2.48; Si 17.15;
      16.90; Cl 21.40; 21.65.
PAR  Calculated for [ClC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n : C 44.04; H 2.46; Si
      17.17; Cl 21.67.
PAC  EXAMPLE 4
PAR  The hydrolysis reaction and catalytic polymerization was carried out as in
      Example 2. 40 ml of a solution of compound IV and 0.002 per cent by weight
      of
EQU  N(CH.sub.3).sub.4 O [Si(CH.sub.3).sub.2 ].sub.8  N(CH.sub.3).sub.4
PAL  were introduced into a flask.
PAR  The mixture was heated to a temperature of boiling benzene for four hours,
      the formed water was separated, the solution passed through a filter, and
      the solvent removed by distillation to obtain 8.2 g of vitreous compound
      VII having .eta. sp/C.sub.1% sol =0.04, mol. wt. 5,400, n about 2 .times.
      10.
PAR  Found for compound VII, in per cent: C 43.82; 43.64; H 2.34; 2.30; Si
      17.29; 17.28; Cl 21.39; 20.98.
PAR  Calculated for [ClC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n : C44.04; H 2.46; Si
      17.17 Cl. 21.67.
PAC  EXAMPLE 5
PAR  Hydrolysis of a mixture of isomers having the following composition:
      m-chlorophenyltrichlorosilane (I) 90 per cent,
      o-chlorophenyltrichlorosilane (VIII) 10 per cent, was carried out by a
      procedure similar to that described in Example 1. 11.08 g of compound I,
      1.28 g of compound VIII, 26 ml of diethyl ether and 26 ml of water were
      introduced into a flask. 7.60 g of compound IX were obtained. The
      polymerization was carried out by a procedure similar to that described in
      Example 1 in a current of nitrogen. The polymerization charge was 0.52 g
      of compound IX, 0.03 g (5.7 per cent by weight) of DTM, 0.55 ml of benzene
      and 0.30 ml of a 0.08N solution of KOH in alcohol (0.25 per cent by
      weight). In 50 minutes 0.47 g of product IX was obtained which was
      recovered from the solvent by distillation. The product had [.eta.] = 2.0
      dl/g, which corresponds to n 1 to n = 1 .times. 10.sup.4.
PAC  EXAMPLE 6
PAR  Hydrolysis of m-bromophenyltrichlorosilane (X) (b.p. 85.0.degree.-
      85.5.degree.C at p = 1 - 2 mm Hg, Hal found 64.31; 64.20; Hal calculated
      64.10) was carried out by a procedure similar to that described in Example
      1 at a temperature of 5.degree.- 7.degree.C. 8.15 g of compound X, 22 ml
      of diethyl ether, 16 ml of water were subjected to hydrolysis. The
      compound yield was 5.6 g of product XI.
PAR  Found, in per cent: C 34.82; 34.99; H 1.80; 1.74; Si 12.68; 13.16; Br
      38.28; 38.43; OH 3.54; 3.78;
PAR  Calculated for (BrC.sub.6 H.sub.4).sub.2 Si.sub.2 (OH)O.sub.3 : C 34.00; H
      2.11;  Si 13.15; Br 37.70; OH 4.01
PAR  0.56 g of compound XI, 0.03 g (per cent) of DTM, 0.50 g of toluene, 0.08N
      alcoholic solution of KOH (0.15 per cent by weight) were subjected to
      polymerization. In 15 minutes, in conditions similar to those described in
      Example 1, utilizing a current of argon 0.35 g of polymer XII was prepared
      which, upon precipitation from the benzene-alcoholic solution, yielded a
      powder. The characteristics of the polymer are as follows:
EQU  [n]=  0.2 dl/g,
EQU  [n]=  2 .times. 10.sup.2.
PAC  EXAMPLE 7
PAR  Compound XI was subjected to catalytic polymerization under conditions
      similar to those described in Example 2, at a temperature of 110.degree.C.
      5.1 g of compound XI, 20 ml of toluene, 0.5 ml of a 0.08 N solution of KOH
      in alcohol (0.05 per cent by weight) were utilized. After removal of the
      solvent by distillation, 4.9 g of compound XII were obtained.
PAR  Found, in per cent: C 35.48; 35.41; H 1.72; 2.00; Si 13.42; 13.26; Br
      38.90; 38.99.
PAR  Calculated for [BrCH.sub.4 SiO.sub.1.5 ].sub.n : C 34.63; H 1.92 Si 13.50;
      Br 38.41.
PAR  Compound XII was polymerized under conditions similar to those described in
      Example 1. 0.55 g of compound XII, 0.05 g (10 per cent by weight) of
      diphenyl, 0.7 g of toluene, 0.18 ml of a 0.08 N solution of KOH in alcohol
      (0.15 per cent by weight) were subjected to polymerization. In 30 minutes,
      at a temperature of 220.degree.C, the completely soluble compound XIII
      having [.eta.]= 0.2 dl/g, n = 2 .times. 10.sup.2 was prepared and was
      precipitated from benzene-alcoholic solution as a white powder.
PAR  Found, in per cent: C 36.12; 35.91; H 1.48; 1.58 Si 13.55; 13.40; Br.
      39.90.
PAR  Calculated for [BrC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n : C 34.63; H 1.92; Si
      13.50; Br 38.41.
PAC  EXAMPLE 8
PAR  A mixture of compounds I and X was hydrolyzed by the procedure described in
      Example 2.
PAR  22.0 g (0.09 mole) of compound I, 2.9 g (0.01 mole) of compound X, 50 ml of
      benzene and 50 ml of water were utilized. After distillation of the
      solvent, compound XIV was obtained.
PAR  Found: OH 5.05; 4.90.
PAR  1.08 g of compound XIV, 0.01 g (1 per cent) of DTM, 0.15 ml of KOH solution
      (0.14N) (0.12 per cent by weight), 0.87 g of benzene were subjected to
      polymerization. In 20 minutes, at a temperature of 220.degree.-
      225.degree.C, polymer XV having [.eta.]= 0.75 dl/g was prepared.
PAC  EXAMPLE 9
PAR  Compound I was hydrolyzed in benzene at a temperature of 45.degree.C under
      conditions similar to those described in Example 2. 43.0 g of compound I,
      120 ml of benzene and 60 ml of water were introduced into a flask. Then,
      40 ml of compound XVI resulting from the hydrolysis were condensed in the
      presence of 0.015 per cent of KO Si(CH.sub.3).sub.2 O SiOH; for two hours
      at a temperature of 80.degree.C. 40 ml of benzene solution were evaporated
      under vacuum at 10 - 15 mm Hg to a concentration of the solution of 50 per
      cent. To 18 g of the solution in the reaction flask was added 0.1 per cent
      by weight of
EQU  KO[Si(CH.sub.3)O].sub.n -Si-(CH.sub.3).sub.2 OH
PAL  solution in benzene 0.2 g (2.2 per cent by weight) of diphenyloxide and the
      polymerization was carried out at a temperature of 245.degree.C in a
      current of argon. In thirty minutes 6.5 g of the polymer XVII was
      prepared, which was precipitated from the benzene-alcohol mixture and had
      [.eta.]= 1.2 dl/g.
PAC  EXAMPLE 10.
PAR  Compound I was hydrolyzed under conditions similar to those described in
      Example 2.40 ml of the hydrolysis compound XVI were condensed in the
      presence of 0.012 g (0.15 per cent by weight) of NaOH. After six hours of
      boiling at 80.degree.C, 0.35 ml of water was isolated, and then the
      solvent was distilled from the solution to the concentration of the
      solution of 70 per cent. To 13.0 g of the reaction mixture were added 0.72
      g (8.0 per cent by weight) of a mixture of diphenyl and diphenyl oxide (72
      and 28 per cent respectively), 1.0 ml of a 0.215 N solution of NaOH in
      alcohol. In thirty minutes 6.4 g of compound XVIII were prepared having
      [.eta.]= 0.3 dl/g, and n = 4 .times. 10.sup.2.
PAC  EXAMPLE 11
PAR  Compound I was hydrolized under conditions similar to those described in
      Example 2.40 ml of the hydrolysis product XVI were subjected to catalytic
      polymerization in the presence of 0.02 per cent by weight of CsOH for two
      hours at a temperature of 80.degree.C. The reaction product in benzene
      solution was then evaporated to the concentration of 70 per cent under
      vacuum at 10 - 15 mm Hg. To 17.9 g of the solution were added 0.03 per
      cent by weight of CsOH and 0.15 g (1.6 per cent by weight) of diphenyl
      oxide.
PAR  The polymerization was carried out in a current of argon at a temperature
      of 245.degree.- 250.degree.C. Alcohol was then added to the benzene
      solution to precipitate 7.0 g of the polymerized compound XIX having
      [.eta.]= 1.6 dl/g.
PAC  EXAMPLE 12
PAR  m-Fluorophenyltrichlorosilane (XX) (b.p. 205.degree.-207.degree.C) was
      hydrolyzed by the procedure described in Example 1 5 g of compound XX, 25
      ml of cyclohexane and 25 ml of water were utilized. The yield of compound
      XXI was 3.5 g.
PAR  Compound XXI was polymerized under conditions similar to those described in
      Example 1 at a temperature of 250.degree.C. 1.0 g of compound XXI, 0.06 g
      of DTM, 0.8 g of benzene and 0.18 ml of a 0.08 N alcoholic solution of KOH
      were utilized. The yield of compound XXII was 0.8 g [.eta.]= 1.9 dl/g
CLMS
STM  We claim:
NUM  1.
PAR  1. A cyclolinear polyorganosiloxane of the formula:
EQU  [XC.sub.6 H.sub.4 SiO.sub.1.5 ].sub.n
PAL  wherein X is selected from the group consisting of F, Cl and Br, and
      wherein n is 2 .times. 10 - 2 .times. 10.sup.4.
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ABST
PAL  Anaerobically curable compositions comprising a polyalkoxy diacrylate ester
      monomer in which the alcohol moiety contains an aromatic group, and a
      latent initiator for polymerisation, and comprising further an amino
      alcohol acrylate ester reactable with the monomer.
BSUM
PAR  The invention relates to anaerobic adhesives.
PAR  Such adhesives contain, as is well known, a monomer capable of
      polymerisation when excluded from air between metal or other surfaces, a
      latent initiator for the polymerisation, and, optionally, additives such
      as accelerators for the polymerisation and inhibitors of premature
      polymerisation while the composition remains exposed to air.
PAR  The monomers of the anaerobic adhesives of the invention are those of our
      U.K. Patent Application No. 60628/71 (U.S. S/N 341 740 George et al.;
      German Offenlegungsschrift 2 202 040) herein referred to as our earlier
      patent application, which are of the following formula:
      ##SPC1##
PAL  Where:
PA1   the aromatic groups are benzene rings or other aromatic groups substituted
      or not;
PA1   R.sub.1 and R.sub.2 represent hydrogen, alkyl, aryl or hydroxyalkyl
      groups, or halogen; and
PA1   R.sub.3 and R.sub.4 represent
      ##EQU1##
      where N IS AN INTEGER, FOR EXAMPLE 1 TO 20 AND PREFERABLY 1 TO 5, AND
      R.sub.5, R.sub.6 and R.sub.7 represent hydrogen, alkyl or alkoxy groups,
      or halogen.
PAR  Examples of aromatic groups other than benzene are naphthalene, anthracene
      and other polynuclear groups. The alkyl groups may be methyl, ethyl and
      other primary, secondary or tertiary alkyl groups and the hydroxyalkyl
      groups for example, hydroxyethyl. The preferred halogen is chlorine.
PAR  In particular the esters may be esters of alkoxylated derivatives of
      bisphenol A:
      ##SPC2##
PAL  or bisphenol C:
      ##SPC3##
PAL  or similar compounds with substituents in the benzene rings, with
      substituents other than methyl groups on the central carbon atom, or with
      other aromatic groups, substituted or not, in place of the benzene rings.
PAR  A preferred monomer is the dimethacrylate of propoxylated bisphenol A, the
      number of propoxyl residues in the chain being preferably 1 to 5; others
      are propoxylated bisphenol C dimethacrylate, ethoxylated bisphenol A
      dimethacrylate, and ethoxylated bisphenol A di-acrylate.
PAR  The present invention is to incorporate, in anaerobic adhesives containing
      the above monomers and a latent initiator, amino acrylate esters such for
      example as dimethylaminoethyl methacrylate:
      ##EQU2##
PAR  By the use of amino acrylate esters, for example in the range 5-60% and
      preferably 15-25% by weight of the composition, anaerobic adhesives can be
      produced having short curing times on a wide variety of metal surfaces.
PAR  Further it is found unexpectedly that by the use of quinones such as
      1,4-benzoquinone as inhibitors, for example in the range 5-500 ppm, a high
      degree of control over the setting time and stability can be achieved,
      with high final strength.
PAR  Other suitable quinones are acenaphthene quinone and 9,10-anthraquinone but
      the invention is not limited to these.
PAR  The latent initiator or catalyst for polymerisation of the monomers is
      preferably p-menthane hydroperoxide but a wide range of other
      hydroperoxides is suitable, including for example di-isopropyl benzene
      hydroperoxide and cumene hydroperoxide. The hydroperoxides may be used in
      admixture with peroxides particularly dialkyl peroxides such as
      di-tertiarybutyl peroxide. The amounts of initiator are in themselves
      conventional, for example 0.5 to 10.0% by weight of the composition.
PAR  Preferably the compositions contain also an amine, preferably a primary
      amine, as an accelerator for the polymerisation. The use of
      2-aminopyridine gives particularly good results. Other suitable amines are
      4-aminopyridine, 3-aminoquinoline, the N,N-dimethyl derivatives of
      aniline, 4-nitro-aniline, toluidine and 1-naphthylamine, and N,N-diethyl
      aniline. A wide range of other nitrogen or sulphur containing compounds
      can however be used as accelerators, including 2,4-dinitrophenol,
      dodecane-1-thiol, N,N-dimethyl coco amine N-oxide, alpha picoline N-oxide
      and tris methyl aziridine oxide. Again, the amounts added are in
      themselves conventional, for example 0.1 to 5.0% by weight of the
      composition.
PAR  It is however possible to omit a separate accelerator as the amino-acrylate
      esters, being nitrogen compounds, have accelerating properties themselves.
PAR  The following examples illustrate the invention, giving specific
      formulations. Any of the numerous formulations set out in our earlier
      patent application may however be modified by addition of
      aminoalkylacrylates and particularly dimethylaminoethylmethacrylate in the
      amounts set out above, for example 10 or 15% by weight in place of an
      equal amount of the diacrylate ester monomer in each case.
DRWD
PAR  In the examples reference is made to the accompanying drawings, in which:
DETD
PAR  FIG. 1 shows the effect of dimethylaminoethyl methacrylate on cure time of
      the formulations given below. The optimum level is found to be in the
      range 15-25% dimethylaminoethyl methacrylate at a constant inhibitor level
      of 300 ppm p-benzoquinone. The tests are on 5/16 inch BSF high tensile
      steel nuts and bolts in both the figures.
PAR  FIG. 2 shows the effect of inhibitor on the cure time and stability of the
      anaerobic adhesive product. The results show that the important stability
      range of 50-70 minutes at 82.degree.C can be covered without significant
      effect of the inhibitor on setting times to finger tightness. The change
      in these times is small overthe wide range 100 to 300 ppm.
PAR  The formulations used are as follows:
PA1  x parts commercial dimethylaminoethyl methacrylate -- values of up to 80
      (FIG. 1) and of 15 (FIG. 2)
PA1  1.5 parts 2-amino pyridine
PA1  3.5 parts mixed peroxides (9:1 p-menthane hydroperoxide:di-t-butyl
      peroxide)
PA1  (95-x) parts dimethacrylate ester of ethoxylated bisphenol A
PA1  300 ppm p-benzoquinone inhibitor based on the whole formulation or (FIG. 2)
      amounts as shown
PAR  The structural formula of the dimethacrylate ester is:
      ##SPC4##
PAL  where
PA1  R.sub.5 is:
      ##EQU3##
      n being average ca.1
PAR  Table I below shows the effect of dimethylaminoethyl acrylate on cure time
      and strength of such formulations on a wide variety of metal surfaces.
TBL                TABLE I                                                     
     ______________________________________                                    
                             Break                                             
                Time to finger                                                 
                             loose torque                                      
                tightness (minutes)                                            
                             (in/lbs) after                                    
                           3    1      1                                       
                           days day    day                                     
     ______________________________________                                    
     Dimethylamino-                                                            
     ethyl methacrylate                                                        
                  0%      5%      15%  0%   5%   15%                           
     ______________________________________                                    
     Type of metal                                                             
     a)  5/16" fasteners:*                                                     
                                                   Over                        
         H.T. Steel   60      30    10   170  175  200                         
         Brass        10       2    2    40   100  70                          
         Zinc         10      45    15   70   75   120                         
         Chromium     300     40    6    90   110  160                         
         Nickel       50      30    5    90   130  130                         
         Passivated   (Over   (Over                                            
         Stainless steel                                                       
                      7 days) 2 days)                                          
                                    90   nil  nil  75                          
         Stainless steel                                                       
                      (8 hrs.)                                                 
                              20    6    40   110  110                         
         Cadmium      45      30    15   120  100  100                         
     b)  Bush & Pin:**                                                         
         H.T. Steel   45      15    3    1700 1700 1850                        
     ______________________________________                                    
      *B.S.F. nuts & bolts                                                     
      **Pin 1" by 0.5" diameter. Bush 1" outside diameter 0.5" deep, 0.5"      
      diameter bore.                                                           
PAR  This table clearly shows the advantageously wide range of surfaces suitable
      for bonding and the short setting times achieved. Further, the formulation
      is stable over a long period both as a formulation and in respect of the
      strength of the final bond, which is itself high.
PAR  It is believed that the desirable properties of the adhesives of the
      present invention are due to co-reaction of the aminoacrylates with the
      ester monomers during polymerisation, and that the strength shown is due
      at least in part to strong adsorption of aminoacrylate residues at the
      metal surface. It is the strength of adhesion to the bonded surfaces that
      is normally the limiting factor in the bond strength rather than the shear
      strength of the adhesive itself, and the nitrogen atom is believed to play
      an important part in the adhesion. If one uses for example 15% of
      2-hydroxyethylmethacrylate, a commercially available material regarded for
      many purposes as comparable to dimethylaminoethylmethacrylate, the
      desirable results obtainable with the latter are not shown. The final
      break-loose torque is reduced, and further the finger-tight setting time
      is comparable to that of unmodified compositions containing only the
      diacrylate esters monomers.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Anaerobically curable compositions comprising a diacrylate ester monomer
      and hydroperoxide as a latent initiator of polymerization in an amount
      sufficient to initiate polymerization of said monomer, the monomer being
      of the general formula:
      ##SPC5##
PAL  where:
PA1  the aromatic groups are benzene rings or other aromatic groups substituted
      or not;
PA1  R.sub.1 and R.sub.2 represent hydrogen, alkyl, aryl or hydroxyalkyl groups,
      or halogen; and
PA1  R.sub.3 and R.sub.4 represent
      ##EQU4##
      where n is an integer from 1 to 20 and particularly 1 to 5, and R.sub.5,
      R.sub.6 and R.sub.7 represent hydrogen, alkyl or alkoxy groups, or
      halogen, said compositions further comprising 5-60% by weight of the
      composition of dimethylaminoethylmethacrylate.
NUM  2.
PAR  2. Compositions according to claim 1, in which the diacrylate ester is an
      ester of an alkoxylated derivative of bisphenol A:
      ##SPC6##
PAL  or bisphenol C:
      ##SPC7##
NUM  3.
PAR  3. Compositions according to claim 1, in which the dimethylamino
      ethylmethacrylate forms 15-25% by weight of the composition.
NUM  4.
PAR  4. Compositions according to claim 1, in which the hydroperoxide is
      p-menthane hydroperoxide.
NUM  5.
PAR  5. Compositions according to claim 1, comprising also a quinone inhibitor
      against premature polymerisation in the presence of air.
NUM  6.
PAR  6. Compositions according to claim 5, in which the quinone is
      1,4-benzoquinone.
NUM  7.
PAR  7. Compositions according to claim 6, in which the amount of the quinone is
      5-500 ppm based on the composition.
NUM  8.
PAR  8. Compositions according to claim 1, comprising also an amine as an
      accelerator of the polymerisation reaction under anaerobic conditions.
NUM  9.
PAR  9. Compositions according to claim 8, in which the amine is 2-amino
      pyridine.
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ABST
PAL  High modulus, high tenacity aromatic polyhydrazide fiber composed of
PA1  A. a polyterephthal hydrazide unit
PA1  B. a poly p-benzamide unit and
PA1  C. a poly p-phenylene terephthalamide unit, and method of making same.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to high tenacity and high modulus
      polyhydrazide fiber which has excellent heat resistance and chemical
      resistance, and to a process for the preparation thereof.
PAR  More in particular, the invention relates to polyhydrazide fiber composed
      of a homopolymer or copolymer at least 85 mol % of whose polymer chain
      consists of repeating units represented by the formulae (A), (B) and (C)
      in amounts within the range included within a pentagon obtained by
      connecting by straight lines the points Q, S, T, U and V in the triangular
      coordinates in the FIGURE.
      ##SPC1##
PAR  The invention also relates to a process for the preparation of such a
      polyhydrazide fiber, which comprises wet or dry spinning an organic polar
      solvent solution of said copolymer and subjecting the resultant filaments
      to heat treatment.
PAR  Heretofore, a fiber having high tenacity and high Young's modulus has been
      proposed, consisting of an aromatic polymer such as aromatic polyamide,
      aromatic polyamideimide and an aromatic imide. However, because these
      polymers normally have remarkably high melting points and few good
      solvents, it is difficult to apply known spinning techniques to the
      industrial preparation of fiber from these polymers; also, difficulties
      are inevitably encountered in practicing the process.
PAR  For example, in the specification of Belgian patent No. 726,050, a fiber of
      high modulus and high tenacity is described, prepared from poly
      p-phenylene terephthalamides. Poly(p-phenylene terephthalamide) of
      sufficiently high molecular weight to satisfy performance as a fiber is
      soluble only in a strong inorganic acid such as concentrated sulfuric acid
      or hydrofluoric acid, but it is insoluble in ordinary organic or inorganic
      solvents. When a strong acid is used as a solvent, therefore, the
      apparatus and operations for fiber formation are restricted in many
      respects, and it is difficult to prepare fibers from such a
      poly(p-phenylene terephthalamide) on an industrial scale.
PAR  In Journal of Polymer Science, Part A, Vol. 2, pages 1147 - 1156 (1964), an
      aromatic polyhydrazide is described which is a precursor of poly
      (1,3,4-oxadiazole) known as a heat resistant polymer. The process for
      preparing this poly (1,3,4-oxadiazole is also described. It comprises
      reacting various kinds of dicarboxylic acid dihydrazides with dicarboxylic
      acid chloride in organic solvents and ring closing the resulting
      polyhydrazide by heat treatment.
PAR  However, the reaction product obtained by reacting these dicarboxylic acid
      hydrazides with dicarboxylic acid dichloride, especially polyterephthal
      hydrazide obtained by reacting terephthalic acid hydrazide with
      terephthalic acid dihalide, has a symmetrical molecular structure and a
      high crystallinity. So a solution of the polymer in an organic solvent
      cannot be obtained by this known process.
PAR  Therefore, the product cannot be shaped into an article such as fiber or
      film. And, because of insolubility of the said polyterephthal hydrazide in
      an organic solvent, the polymerization process does not proceed smoothly
      and a polymer having a high degree of polymerization is difficult to
      obtain. Concentrated sulfuric acid, known as the only good solvent for
      polyterephthal hydrazide has a fatal drawback in that it decomposes
      polyterephthal hydrazide.
PAR  Accordingly, heretofore fiber from a copolymer containing a large amount of
      a different kind of polymer unit to advance solubility in a solvent, for
      example, fiber from a copolymer having at least 50 mol % of polyisophthal
      hydrazide and at most 50 mol % of polyterephthal hydrazide has been
      proposed. However, the fibers from such copolymers do not develop the
      excellent performance that are inherent in polyterephthal hydrazide, for
      example, high modulus of elasticity, and high resistance to heat and
      solvents.
PAR  Fibers from poly p-benzamide and fiber from ordered poamide hydrazide
      copolymer from p-aminobenzoic acid hydrazide and terephthalic acid
      chloride, have been proposed and each of them has been known to have high
      tenacity and high modulus of elasticity.
PAR  In case of the former homopoly-p-benzamide, however, there is a drawback
      that because stability of a monomer, p-amino-benzoic acid halide or
      thionyl aminobenzoic acid halide is low and so it is difficult to obtain a
      polymer having a sufficient degree of polymerization, it is difficult to
      obtain fiber having excellent physical properties. Similarly, in case of
      the latter specific ordered copolymer, many difficulties are accompanied
      in spinning, especially in the drawing process, and the physical
      properties of the fiber obtained are not sufficient for many purposes.
PAR  The present inventors conducted strenuous research for high tenacity and
      high modulus fiber free from the aforesaid drawbacks composed of a
      homopolymer or copolymer, the main constitutional units of whose polymer
      chain are a polyterephthal hydrazide unit shown by said formula (A)
      (hereinafter referred to as [HT] unit), a poly-p-benzamide unit shown by
      formula (B) (hereinafter referred to as [A] unit) and poly-p-phenylene
      terephthalamide unit shown by formula (C) (hereinafter referred to as [PT]
      unit) reached the present invention as a result.
PAR  An object of the present invention is to provide a poly hydrazide fiber
      having remarkably high modulus of elasticity, which has excellent heat
      resistance and which is substantially insoluble in organic solvents for
      ordinary synthetic polymers. Another object of the present invention is to
      provide a process for the preparation of high modulus and high tenacity
      fiber having excellent spinnability and film forming properties. Other
      objects of the present invention will become apparent from the following
      description.
PAR  It is necessary that a polymer according to the present invention be a
      homopolymer or copolymer, at least about 85 mol % of whose polymer unit
      consists of repeating units of [HT], [A] and [PT] in amounts within the
      range included within a pentagon obtained by connecting by straight lines
      the points Q, S, T, U and V in the triangular coordinates in the FIGURE,
      preferably within the range surrounded by a hexagon obtained by connecting
      by straight lines the points R, S, T, U, V and W in the triangular
      coordinates in the FIGURE.
PAR  The points Q, R, S, T, U, V and W in the triangular coordinates in the
      FIGURE represent the compositions (mol %) appearing in the following
      table.
TBL  ______________________________________                                    
     Points   Q        R      S    T     U    V    W                           
     Unit                                                                      
     ______________________________________                                    
     [HT]     100      75     60   42.5  30   60   70                          
     [A]      0        25     40   42.5  30    0    0                          
     [PT]     0         0      0   15    40   40   30                          
     ______________________________________                                    
PAR  When the polymer chain of the fiber-forming polymer of the present
      invention consists of said [HT], [A] and [PT] units in amounts outside the
      range defined in FIG. 1, a high modulus and high tenacity fiber, excellent
      in heat resistance and chemical resistance, which is an object of the
      present invention, is not obtained. This is mainly because an organic
      solvent solution thereof, namely, a spinning solution, is insufficient in
      stability and poor in spinnability or drawability, and fiber formation is
      impossible or at least difficult. This is also partly because even if
      stable polymer solution can be obtained, the mechanical properties of the
      fiber are inadequate.
PAR  Further, in a polymer constituting a fiber of the present invention, it is
      necessary that at least about 85 mol % of the polymer chain should be
      constituted by said repeating units in amounts within the range defined in
      the FIGURE, and even if the relative amount of the repeating units [HT],
      [A] and [PT] constituting the polymer chain satisfies the range in the
      FIGURE, when the total amount of said three repeating units become less
      than about 85 mol %, the tenacity and modulus of the fiber which are basic
      characteristics of the fiber of the present invention are unfavorably
      reduced.
PAR  However, in order to improve the auxiliary properties such as dyeability
      and flexibility of fibers of the present invention, at unnoticeable
      expense to the basic characters of the fiber, it is possible to
      copolymerize a copolymerization component other than said [HT], [A] and
      [PT] units in an amount not more than 15 mol %.
PAR  With respect to the copolymerization component, for example, the repeating
      units are exemplified by formulae (1) and (2), as follows:
EQU  -- Ar.sub.1 -- Z.sub.1 --                                  ( 1)
EQU  -- ar.sub.1 -- Z.sub.1 -- Ar.sub.2 -- Z.sub.2 --           ( 2)
PAL  wherein Ar.sub.1 and Ar.sub.2 are groups selected from the class consisting
      of
      ##SPC2##
PAL  and a group obtained by replacing an H atom of these groups with an alkyl
      group or a halogen atom. Ar.sub.1 and Ar.sub.2 may be the same or
      different. Z.sub.1 and Z.sub.2 are groups selected from the class
      consisting of --CONH--, --NHCONH-- and --CONHNHCO--. Z.sub.1 and Z.sub.2
      may be the same or different.
PAR  Specifically, structural units such as
      ##SPC3##
PAL  may be copolymerized.
PAR  Further, it is desirable that the polymer of the present invention have an
      inherent viscosity of at least about 1,0, preferably at least about 1.5.
      When the inherent viscosity becomes smaller than 1.0, the physical
      properties of the fiber such as, for example, tenacity and initial modulus
      of elasticity lower, and the spinnability becomes poor.
PAR  It is preferable that the copolymer constituting the fiber of the present
      invention be a random copolymer of the units [HT], [A] and [PT], because
      the random copolymer gives better spinnability and drawability than the
      ordered copolymer, and gives a fiber which is excellent in physical
      properties. On this point, more will be mentioned later.
PAR  Fibers of the present invention have a tenacity of at least about 5 g/d and
      an initial modulus of at least about 300 g/d, the same or better physical
      properties than conventional high tenacity and high modulus fibers.
      Further, as will be mentioned later, the good stability of the polymer
      solution, and hence excellent spinnability, give the fiber of the present
      invention a great industrial advantage over high modulus and high tenacity
      fibers.
PAR  In the process of the present invention, the polymer is obtained by
      solution polymerizing at least one type of acid hydrazide and diamine
      components shown by the following structural formulae and a substantially
      equimolar amount thereto of terephthalic acid halide in an organic
      solvent.
PAR  As a diamine or hydrazide component, however, p-amino benzoic acid
      hydrazide or p-phenylene diamine is not used alone; when they are used, at
      least one of the other two components must be copolymerized.
PAR  The formulae referred to are:
TBL  HTH:                           terephthalic acid dihydrazide              
     AH:                            p-aminobenzoic acid hydrazide              
     P:                             p-phenylenediamine                         
PAR  As will now be apparent, in the polymerization of acid hydrazide or diamine
      with terephthalic acid halide, 2 mols of the polymer structural unit [HT]
      are produced from 1 mol of monomer HTH; from 1 mol of monomer P, 1 mol of
      the polymer structural unit [PT] is produced, and from 1 mol of monomer
      AH, 1 mol of the polymer structural unit [HT] and 1 mol of the polymer
      structural unit [A] are produced.
PAR  As will be apparent from the foregoing explanation, using such monomers
      (HTH, AH and P), the polymer structural unit [HT] always exists in an
      amount the same as or more than that of the structural unit [A]. (In the
      FIGURE, not just any composition of points contained in the right half of
      the triangular coordinates may be selected.) 20 86
PAR  The monomers HTH and AH are respectively obtained by reacting a
      terephthalic acid dialkyl ester (for example, dimethyl terephthalate) and
      P-aminobenzoic acid alkyl ester (for example, ethyl P-aminobenzoate) in
      the presence or absence of a solvent with an excess amount of hydrazine
      hydrate under reflux for 4 - 5 hours.
PAR  The polymerization reaction is carried out by ordinary low temperature
      solution polymerization. As a polymerization solvent, one may use a polar
      solvent of the amide series such as N,N-dimethyl acetamide (DMAC),
      N-methyl-2-pyrrolidone (NMP), hexamethyl phosphoramide, tetramethyl urea
      and N-alkyl substituted urea. In order to improve the solubility and
      stability of the monomer and the polymer produced, it is advisable to
      carry out polymerization in the presence of an inorganic salt such as an
      alkali metal salt or an alkaline earth metal salt such as lithium
      chloride, calcium chloride, magnesium chloride, barium chloride, or
      beryllium chloride, and, in accordance with the polymer composition, a
      tertiary amine such as pyridine or N,N-dimethyl aniline.
PAR  For obtaining a homopolyterephthal hydrazide solution or a polymer solution
      having a large content of [HT] unit, it is advantageous and sometimes
      indispensable to add to said organic polar solvent, a small amount of
      tertiary amine whose PKa value at 25.degree. C is within the range of 4 -
      7, for example, quinoline, pyridine, a substituted aniline such as
      N,N'-dimethylaniline and N,N-diethylaniline, because addition of these
      compounds results in advancement of the stability of the polymer solution.
PAR  Namely, a tertiary amine whose PKa value is smaller than 4.0 has almost no
      capacity of stabilizing the polymer solution of the prsent invention, and
      when it is added, in a process of polymerization, a solid polymer
      separates and precipitates soon after the polymerization starts.
PAR  On the other hand, when adding a tertiary amine whose PKa value is more
      than 7, although the detailed reason is at present unclear, the
      polymerization reaction does not proceed smoothly and it is not possible
      to obtain a colorless, transparent polymer solution. It is considered that
      because the tertiary amine makes a stable complex with the acid halide,
      the reaction is unlikely to proceed smoothly and because the solubility in
      the polar solvent of amine hydrochloride formed is small, uniform
      polymerization is obstructed.
PAR  As an inorganic salt of a metal of Group I and/or II of the Periodic Table,
      for example, lithium bromide, lithium chloride, magnesium chloride,
      magnesium bromide, beryllium chloride and calcium chloride are preferably
      used. In this case, these inorganic salts may be formed in a
      polymerization process. Such inorganic salts may be added in the form of
      an inorganic base such as lithium hydroxide and lithium carbonate, which
      reacts with hydrogen halide formed by the reaction to form the aforesaid
      salts by which said salts are made to exist within the system. It goes
      without saying that both an inorganic salt and an inorganic base may be
      properly used together. However, when adding an inorganic base, because a
      neutral product such as water is produced within the system, the process
      is difficult as compared with using an inorganic salt at the initial stage
      of the reaction to carry out a smooth polymerization reaction and to
      obtain a stable composition.
PAR  These inorganic salts as well as the aforesaid tertiary amines are
      important for stabilization of the polymer solution of the present
      invention. When either the tertiary amine or the inorganic salt does not
      exist, there is a composition range within which a stable polymer
      solution, which is a key to the present invention, cannot be obtained.
DETD
PAR  The following description relates to a preferable process for preparing a
      polymer solution according to the present invention.
PAR  At first, a mixture is made comprising at least one type of the aforesaid
      organic polar solvents, at least one type of HTH, AH and P or a mixture
      thereof with other polymerization components (diamine, acid hydrazide), a
      tertiary amine and an inorganic salt of a metal of Group I and/or II of
      the Periodic Table are mixed. In this case, depending upon the specific
      monomer, inorganic salt and solvent, the resultant mixture may be heated
      to about 80.degree. - 120.degree. D for enhancing the solubility of the
      monomer, HTH. In this case, it is desirable that the amount of the
      tertiary amine added be about 1.0 - 7.0 times (mol) the amount of
      --OCNH--NH--CO-- group in the polymer to be produced. When such amount is
      below about 1.0 times (mol), the stability of the polymer in solution is
      unsatisfactory, although it improves as compared to the case of
      non-addition, and within a few hours after the polymerization is started,
      a polymer separates, at which time it becomes opaque and a shaping
      operation becomes impossible. On the other hand, when the amount added is
      above about 7.0 times (mol), the polymerization reaction is slow and a
      high degree of polymerization cannot be obtained finally. It goes without
      saying that a proper amount of the tertiary amine may be added at the time
      of polymerization and said amine may be further added after completion of
      the polymerization to make the amount added abov 7.0 times altogether.
      However, because there is no particular advantage like advancement of the
      stability of the solution, and it is meaningless to do so. Actually, an
      amount of about 1.8 - 3.0 times (mol) is especially effective. However,
      within the range of the polymer composition of the present invention shown
      in FIG. 1, there is a composition range within which a stable polymer
      solution is obtained without adding an organic base. Generally speaking
      the effect of tertiary amine is manifest when the content of the [HT] unit
      in the polymer composition is large and the polymer solution is stabilized
      by addition of said organic base. As for the amount of the inorganic salt
      to be added, a range of at least about 1% by weight finally based on said
      organic polar solvent, up to the degree of solubility in the
      polymerization system, is preferable. If said amount is below 1% by
      weight, the solubility of the monomer and the polymer produced becomes
      poor and the objects of the present invention cannot be achieve. Also, it
      is desirable that in the organic polar solvent, as in ordinary solution
      polymerization, a compound reacting with the monomer such as an acid
      halide and making it lose the activity, for example, water must be removed
      as much as possible. However, since the reaction of terephthalic acid
      halide and acid hydrazide or diamine is very fast, existence of some
      amount of water and alcohol is permissible.
PAR  Next, terephthalic acid dihalide is incorporated into the solution or
      dispersed system, in a substantially equimolar amount with respect to the
      diamine component. It is added as a solid or as a solution. In this case
      it is not always necessary to add terephthalic acid dihalide all at one
      time; it may be added in several increments with an interval of several
      minutes between. It is appropriate to keep the polymerization temperature
      at -30.degree. to +60.degree. C.
PAR  The reaction proceeds rapidly and after about 1 - 2 hours, a very viscous
      transparent solution is obtained. Depending upon the intended use of the
      products, the preferable degree of polymerization of the polymer and
      viscosity of the solution are regulated. In order to control the degree of
      polymerization, it is permissible to vary the molar ratio of the two kinds
      of monomers from 1 to a slight degree, or to add a very small amount of a
      chain terminating agent. As for the concentration of the polymer, although
      it is dependent upon the purpose for which the solution is to be used, a
      concentration within the range 3.0 - 15% by weight is most practical. A
      concentration of less than 3.0% by weight may be usable. However, a
      polymer solution having such a low polymer concentration is poor in
      spinnability and in film making properties. On the other hand, when the
      polymer concentration in the polymer solution becomes more than 15% by
      weight, the stability of the solution is poor and the polymer separates
      during the polymerization reaction, or within a few hours after completion
      of the polymerization. The stability of the solution of a high polymer
      concentration improves by being stored at a low temperature (from
      -20.degree. to 0.degree. C). A once-precipitated polymer may be dissolved
      again, but it is difficult to obtain a uniform solution composition by
      such means.
PAR  The so-obtained solution of the polyterephthal hydrazide series of the
      present invention is very stable. Even when it is allowed to stand at room
      temperature for a long period of time, no noticeable change is recognized
      which would bring difficulty to shaping or processing such as
      precipitation of polymer and change of the viscosity.
PAR  Because a polymer solution obtained by the polymerizaton reaction mentioned
      above is offered per se as a spinning solution, it is advisable to
      neutralize hydrogen halide formed by the polymerization reaction with an
      inorganic base such as calcium hydroxide, lithium hydroxide or calcium
      acetate, or an organic base such as pyridine or N,N'-dimethyl aniline.
PAR  The viscosity of the polymer solution varies depending upon the degree of
      polymerization (inherent viscosity .eta..sub.inh) of the random copolymer,
      kind of solvent and the kind of additive (salt, base). In order that the
      expected physical properties of the fiber may be obtained, it is necessary
      that the inherent viscosity .eta..sub.inh (measured by a method about
      which mention will be made later) should be at least about 1.0 and, in
      accordance therewith, it is desirable to adjust the polymer concentration
      to about 3 - 15% by weight. When the concentration is less than 3% by
      weight, the viscosity becomes too small and spinning is difficult. On the
      other hand, when the concentration exceeds 15% by weight, the viscosity
      becomes too large, spinning under normal spinning conditions becomes
      difficult and the stability of the polymer solution tends to decrease.
PAR  The polymer of the polyhydrazide series so obtained always has an [HT]
      unit. In case of a copolymer, it has at least one kind of structural unit
      of [A] and [PT] units besides the [HT] unit. By the previously described
      methods it gives a stable dope for spinning, etc.
PAR  As for the spinning method, normal wet- or dry-spinning may be adopted.
      Wet-spinning is carried out by extruding the dope through orifices of the
      spinneret into a coagulating bath, e.g. a water bath maintained at
      20.degree. - 95.degree. C. Other useful coagulants include ethylene
      glycol, a lower alcohol, mixtures of organic solvent and water, mixtures
      of alcohol and water, and aqueous salt baths.
PAR  Dry-spinning is carried out by extruding said polymer solution from
      orifices of the spinneret into a heated column whereby the solvent is
      evaporated.
PAR  The so-obtained as spun filaments are freed of solvent, other additives and
      reaction product by washing with water. Thereafter they undergo drawing
      with heat treatment at a temperature less than 450.degree. for a few
      second to several tens of seconds under tension, at a draw ratio of
      several times. The process of drawing is accomplished in one or several
      steps. The total ratio of draw should be about 1.5 - 4.0. It is also
      possible to obtain more preferable physical properties of the fiber by
      treating the drawn filaments in an atmosphere at a temperature of at least
      about 250.degree. C or in a solvent (or a solvent - water system) at a
      temperature of at least 90.degree. C under relaxation or under a slight
      tension for a few seconds to several tens of minutes.
PAR  The fiber obtained possess a high tenacity and a very high initial modulus,
      i.e., a tenacity of at least 5 g/d, an initial modulus of elasticity of at
      least 300 g/d and often exceeds 500 g/d and an elongation of 1 - 5%, being
      very useful for industrial uses, especially as high performance tire cord
      and reinforced plastic laminate material.
PAR  It has been commonly granted that except for the case of isomorphous
      substitution, a random copolymer is inferior in basic physical properties
      (tenacity and modulus of elasticity) to a homopolymer. What is surprising
      is, heretofore, in spite of the fact taken for granted that a random
      copolymer has higher tenacity and modulus of elasticity than those of a
      homopolymer as in the case of the present invention which is not a case of
      isomorphous substitution.
PAR  Further, the excellent properties of the fiber of the present invention are
      developed in the process of spinning and drawing with heat treatment. The
      physical elucidation has not been completely made. It is, however,
      apparent from observations in the actual drawing operation and various
      physical measurements that in contrast to a homopolymer and a specific
      ordered copolymer which proceeds considerably in crystallinity in the
      state of as spun filaments and makes the subsequent drawing process very
      difficult, in case of a random copolymer constituting the fiber of the
      present invention, the degree of crystallinity before drawing is small and
      orientation at the time of drawing is quite easily accomplished.
PAR  Hereinafter, the present invention will be explained by reference to
      examples.
PAR  In each example, the inherent viscosity (.eta. .sub.inh) of the polymer is
      a value obtained by diluting the polymerization solution to a polymer
      concentration of 0.5 g/100  ml of the solvent by a polymerization solvent
      containing 2.5% by weight of lithium chloride, and measuring at 25.degree.
      C.
PAR  The viscosity of the polymer solution is measured at 25.degree. C using a
      rotary viscometer.
PAR  The tensile characteristics (tenacity, elongation and initial molulus of
      elasticity) of the fiber are abbreviated T/E/Mi and expressed in their
      conventional units (g/d)/(%)/(g/d). Using a tensile tester, these
      characteristics are measured at a sample length of 10 cm and a tensile
      speed of 10 cm/min.
PAC  Referential Example 1
PAR  In 20 ml of dehydrated and purified N-methyl pyrrolidone, 0.971 g (1/200
      mol) of pure terephthalic acid dihydrazide (HTH), 0.85 g of lithium
      chloride and 1 ml (2.2/200 mol) of pyridine were dissolved at room
      temperature. While the resulting solution was cooled with ice water and
      stirred, 1.015 g (1/200 mol) of terephthalic acid chloride recrystallized
      after distillation was added as a powder to the solution at one time.
      After the resultant solution became yellow for a moment, the viscosity of
      said solution rose rapidly and after 1 hour, a colorless, transparent,
      viscous solution was obtained.
PAR  The .eta. .sub.inh of the obtained polymer was 1.18. The viscosity of the
      polymerization solution measured by a rotary viscometer was 307 poises at
      25.degree. C.
PAR  Even after this solution was allowed to stand at room temperature for a
      month, no turbidity developed and no change of viscosity was recognized.
PAC  COMPARATIVE EXAMPLE 1
PAR  Referential Example 1 was repeated except pyridine was not added in
      carrying out polymerization under the same conditions. Within a few
      minutes after terephthalic acid chloride was added, the system became
      turbid and ultimately became completely opaque. It solidified after one
      day and did not fluidize. Any shaping operation, such as film making or
      spinning, was impossible.
PAR  On the other hand, Referential Example 1 was repeated except lithium
      chloride was not added in carrying out polymerization under the same
      conditions. Terephthalic acid dihydrazide did not dissolve, and
      terephthalic acid chloride was added. Immediately, the system became
      opaque and solidified and could not be stirred. After 3 hours, when the
      solidified system was gradually heated to 100.degree. C, the product
      remained an opaque solid and did not become a solution.
PAC  REFERENTIAL EXAMPLE 2
PAR  Referential Example 1 was repeated except pyridine was not added at first
      in carrying out polymerization under the same conditions. Two hours after
      the addition of terephthalic acid dichloride, the system became turbid.
      Then 1 ml of pyridine was added to the system which hardly exhibited any
      fluidization and the mixture was vigorously stirred for awhile. Gradually,
      the system became transparent and 2 hours after addition of pyridine, an
      almost transparent solution was obtained.
PAC  REFERENTIAL EXAMPLE 3
PAR  Except using 25 ml of N-methyl-2-pyrrolidone as a solvent and using other
      various tertiary amines instead of pyridine, Referential Example 1 was
      repeated in carrying out polymerization. The results are shown in Table 1.
      The amount of tertiary amine added was 2.2/200 mol in each case.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Tertiary amine                                                            
                  .eta..sub.inh of                                             
                         Stability of the polymeriza-                          
     added   PKa* polymer                                                      
                         tion solution                                         
     __________________________________________________________________________
     None    --   Could not                                                    
                         Became turbid 2 hours after addition                  
                  be mea-                                                      
                         of terephthalic acid chloride.                        
                  sured                                                        
     Quinoline                                                                 
             4.80 1.25                                                         
     N,N-dimethyl                                                              
     aniline 5.06 1.29   Solution became transparent during                    
     Pyridine                                                                  
             5.17 1.17   polymerization. Stable solution                       
     N,N-diethyl         remained intact after one month.                      
     aniline 6.56 1.40                                                         
     2,4-Lutidine                                                              
             6.79 Exact  Gelled at initial stage of polymeri-                  
                  measur-                                                      
                         zation, gradually fluidizing and                      
                  ing im-                                                      
                         finally slightly turbid.                              
                  possible                                                     
     Triethyl amine                                                            
             10.67                                                             
                  Could not                                                    
                         Yellow precipitate formed immediately                 
                  be mea-                                                      
                         after terephthalic acid chloride was                  
                  sured  added.                                                
     __________________________________________________________________________
      *PKa value: "Great Organic Chemistry", Separate Vol. 2, Asakura Shoten,  
      (1963)                                                                   
PAC  REFERENTIAL EXAMPLE 4
PAR  In 20 ml of N-methyl-2-pyrrolidone, 0.971 g (1/200 mol) of terephthalic
      acid dihydrazide (HTH) and 0.85 g. of lithium chloride were dissolved and
      after the resultant solution was cooled by ice water, various amounts of
      N,N-dimethyl aniline were added thereto. While each of the resultant
      mixtures was stirred, 1.015 g (1/200 mol) of terephthalic acid chloride
      was added as a powder to said mixture at one time.
PAR  The influence of the amounts of N,N-dimethyl aniline in relation to the
      polymerizability and stability of the solution are shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Added amount of                 Polymer                                   
     dimethyl aniline                                                          
                Observations of polymerization                                 
                                     .eta..sub.inh                             
     (g)  (mol)                                                                
     __________________________________________________________________________
     0    0     Became opaque immediately after addition                       
                                     Could not be                              
                of terephthalic acid chloride.                                 
                                     measured                                  
     0.605                                                                     
          1/200 Became slightly opaque after 20 hours,                         
                                     2.48                                      
                becoming completely opaque and did not                         
                fluidize after 48 hours.                                       
     1.21 2/200                      1.90                                      
                Stable solution                                                
     2.42 4/200                      1.62                                      
     __________________________________________________________________________
PAC  REFERENTIAL EXAMPLE 5
PAR  In 20 ml of dehydrated and purified dimethyl acetamide, 0.971 g (1/200 mol)
      of terephthalic acid dihydrazide (HTH), 0.85 g of lithium chloride and
      1.35 ml (2.2/200 mol) of dimethyl aniline were dissolved at 80.degree. C.
      After the resultant solution was cooled to -15.degree. C, 1.015 g (1/200
      mol) of terephthalic acid chloride was added as a powder to the above
      solution. The viscosity increased slowly (as compared to Referential
      Example 1) and the solution obtained became a very viscous transparent
      liquid after 1 hour. After the solution was restored to room temperature,
      further 10 ml of dimethyl acetamide was added to obtain a uniform
      colorless, transparent solution. The .eta. .sub.inh of the polymer was
      3.65.
PAR  After 48 hours, this solution became slightly opaque and the fluidity
      decreased to some extent.
PAC  REFERENTIAL EXAMPLE 6
PAR  In 20 ml of hexamethyl phosphoramide, 0.971 g (1/200 mol) of terephthalic
      acid dihydrazide (HTH), 0.85 g of lithium chloride and 1 ml (2.2/200 mol)
      of pyridine were dissolved and after the resultant solution was cooled to
      0.degree. C, a mixture of 0.743 g (1/300 mol) of terephthalic acid
      chloride and 0.372 g (1/600 mol) of isophthalic acid chloride was added as
      a powder to the solution. The viscosity increased rapidly and after 2
      hours, a colorless, transparent, viscous solution was obtained. The .eta.
      .sub.inh of the polymer was 1.25.
PAR  83% of the structural unit of the polymer obtained was the
      ##SPC4##
PAL  unit, and  17% thereof was the
      ##SPC5##
PAL  unit.
PAR  The polymer solution obtained was stable after being left to stand at room
      temperature for one month.
PAC  REFERENTIAL EXAMPLE 7
PAR  In 20 ml of N-methyl-2-pyrrolidone, 0.7768 g (0.8/200 mol) of terephthalic
      acid dihydrazide (HTH), 0.1081 g (0.2/200 mol) of P-phenylene diamine,
      0.85 g of lithium chloride and 1 ml of pyridine were dissolved and after
      the resultant solution was cooled to 0.degree. C, 1.015 g (1/200 mol) of
      terephthalic acid chloride was added as a powder to said solution. The
      viscosity increased rapidly and after 2 hours, a very viscous, colorless,
      transparent solution was obtained. The solution was stable after it was
      left to stand at room temperature for a long period of time and spinning
      from this solution was possible. This polymer had a .eta. .sub.inh of
      2.41.
PAR  80% of the structural unit of this polymer was
      ##SPC6##
PAL  and 20% thereof was
      ##SPC7##
PAL  and it corresponded to the point P.sub.1 in FIG. 1.
PAC  REFERENTIAL EXAMPLE 8
PAR  In 20 ml of dimethyl acetamide, 0.971 g (1/200 mol) of terephthalic acid
      dihydrazine (HTH), 2.22 g (2/200 mol) of anhydrous calcium chloride and
      1.35 ml (2.2/200 mol) of N,N-dimethyl aniline were heated to 120.degree. C
      and dissolved, and the resulting solution was cooled to - 5.degree. C.
      While the resulting solution was vigorously stirred, 1.015 g (1/200 mol)
      of terephthalic acid chloride was added as a powder. After 1 hour, a
      colorless, transparent, viscous solution was obtained. The .eta. .sub.inh
      of the polymer was 1.62.
PAC  EXAMPLE 1
PAR  In 60 ml of N-methylpyrrolidone, 2.193 g of terephthalic acid dihydrazide
      (HTH), 2.55 g of lithium chloride and 5.4 ml of N,N-dimethyl aniline were
      dissolved, and after the resultant solution was cooled by ice water, 3.045
      g of terephthalic acid dichloride was added in a powder state to said
      solution at one time. While the system was continuously stirred, the
      viscosity of the system increased rapidly and after 2 hours, a colorless,
      transparent, viscous solution was obtained. When the viscosity of said
      solution was measured using a rotary viscometer, the viscosity of this
      polyterephthal hydrazide solution at 25.degree. C was 3020 poises. The
      inherent viscosity (.eta. .sub.inh) of this polyterephthal hydrazide was
      2.81. The polymer concentration based on the entire solution was 6.6% by
      weight. The composition of this polymer is shown by the point Q in the
      FIGURE.
PAR  The solution of polyterephthal hydrazide so obtained was extruded from a
      spinneret having 6 orifices, each having a diameter of 0.08 mm at a speed
      of 0.3 cc/min into water at 20.degree. C and the resultant filaments were
      wound up at a speed of 4.5 m/min (draft ration 0.45) to produce undrawn
      filaments. The tenacity (T), elongation (E) and initial modulus of
      elasticity (Mi) were 2.11 g/d, 28.7% and 69.8 g/d respectively.
PAR  The physical properties of the yarn obtained by drawing the as-spun
      filaments on a hot plate heated at 320.degree. C and 370.degree. C for
      about 10 seconds were as shown in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Heat treating                                                             
                 Draw     T         E      Mi                                  
     temperature ratio    (g/d)     (%)    (g/d)                               
     ______________________________________                                    
     320.degree. C                                                             
                 1.4      5.34      2.6    307                                 
     370.degree. C                                                             
                 1.4      5.23      3.6    263                                 
     ______________________________________                                    
PAR  From the infrared absorption measurements, differential thermal analysis
      and thermal gravimetric analysis of the resulting yarn, it was confirmed
      that the fiber consisted of a polyterephthal hydrazide polymer exhibiting
      no dehydration, ring closure to 1, 3, 4-oxadiazole.
PAC  EXAMPLE 2
PAR  In 90 ml of dimethyl acetamide, 3.884 g of terephthalic acid dihydrazide
      (HTH) and 4.44 g of calcium chloride were dissolved at 120.degree. C.
      After the resulting solution was cooled to - 10.degree. C, 4 ml of
      pyridine were added thereto. While the mixture was stirred, 4.060 g of
      terephthalic acid dichloride powder were added to said mixture. The
      solution obtained was stirred at a temperature from - 10.degree. C to -
      5.degree. C for 1 hour, and thereafter stirred at 25.degree. C for 1 hour
      to produce a viscous, colorless, transparent solution. The polymer
      concentration of this solution was 5.9 % and the viscosity of the solution
      at 25.degree. C was 480 poises. The inherent viscosity of the
      polyterephthal hydrazide obtained was 2.54.
PAR  The resulting solution of polyterephthal hydrazide was extruded from a
      spinneret having 6 orifices, each having a diameter of 0.08 m, at a speed
      of 0.3 ml/min into water. At that time, the temperature of the coagulating
      bath of water and the draft ratio (ratio of the winding speed to the
      extruding speed) were changed to obtain 2 kinds of undrawn filaments. The
      properties of said two kinds of filaments appear in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Temperature of the       T       E     Mi                                 
     coagulating bath                                                          
                   Draft ratio                                                 
                              (g/d)   (%)   (g/d)                              
     ______________________________________                                    
     A       20.degree. C                                                      
                       0.5        2.16  35.0  64.5                             
     B       55.degree. C                                                      
                       1.0        2.11  27.2  85.1                             
     ______________________________________                                    
PAR  The undrawn filaments obtained in Table 2 were subjected to heat treatment
      under various conditions as shown in Table 3. The physical properties of
      the yarns obtained are also shown in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Kind of Conditions of Heat Treatment                                      
                            Yarn quality                                       
     drawn fila-                                                               
     ments (c.f.                                                               
             Temperature                                                       
                      Draw ratio                                               
                            T (g/d)                                            
                                 E (%)                                         
                                      Mi (g/d)                                 
     Table 2)                                                                  
     __________________________________________________________________________
     A       320.degree. C                                                     
                      1.50  5.39 2.3  316                                      
     B       320.degree. C                                                     
                      1.50  4.52 2.4  286                                      
     B       320.degree. C                                                     
                      1.30  4.18 2.7  211                                      
     A       Boiling water                                                     
                      1.50                                                     
             and at 320.degree. C                                              
                      1.10  4.82 2.3  360                                      
     A       Boiling water                                                     
                      1.30                                                     
             and at 320.degree. C                                              
                      1.20  4.74 1.60 412                                      
     __________________________________________________________________________
PAR  From Table 3, it is understood that fibers consisting of 100%
      polyterephthal hydrazide had a very high value of Mi (initial modulus of
      elasticity). As compared to the best polyhydrazide fibers hitherto known
      consisting of 50% of polyterephthal hydrazide and 50% of polyisophthal
      hydrazide whose yarn quality values are T/E/Mi = 6.0/8/151, it is a
      characteristic of the present invention that the value of Mi is
      considerably higher.
PAC  COMPARATIVE EXAMPLE 3
PAR   In preparation of the polymer solution of comparative Example 1, instead
      of terephthalic acid chloride, 3.045 g of a mixture of various ratios of
      terephthalic acid chloride (TPCl) and isophthalic acid chloride (IPCl) was
      used, except which the polymerization was carried out under exactly the
      same conditions to obtain various polymer solutions as shown in Table 4.
      The physical properties of these solutions are also shown in Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
                               Viscosity of                                    
                    Ratio of structural                                        
                               the polymer                                     
                                      Inherent                                 
            Monomer ratio                                                      
                    units polymer (%)                                          
                               solution                                        
                                      viscosity                                
            TPC1                                                               
                IPC1                                                           
                    HT*   HI*  (poise)                                         
                                      (.eta..sub.inh)                          
     __________________________________________________________________________
     A      100  0  100    0   3020   2.81                                     
     (Comparative Example -1)                                                  
     B      70  30  85    15   1400   2.56                                     
     C      50  50  75    25   1610   2.61                                     
     D      40  60  70    30   1280   2.46                                     
     __________________________________________________________________________
      *Structural unit                                                         
      ##SPC8##
PAR  The obtained polymer solutions shown in Table 4 were spun under conditions
      the same as those in comparative Example 1 and subjected to heat treatment
      under the same conditions (320.degree. C, drawing 1.4 times). The physical
      properties of the resulting yarns are shown in Table 5.
TBL                Table 7                                                     
     ______________________________________                                    
     Polymer Polymer structure                                                 
                           T (g/d)  E (%)  Mi (g/d)                            
     solution                                                                  
             HT/IT                                                             
     ______________________________________                                    
     A (Ex-  100/0         5.34     2.6    307                                 
     ample 1)                                                                  
     B       85/15         5.16     4.8    268                                 
     C       75/25         4.84     6.8    225                                 
     D       70/30         4.96     7.2    186                                 
     ______________________________________                                    
PAR  As will be seen from Table 7, as the composition of the polyterephthal
      hydrazide unit changed, the physical properties (E, Mi) changed
      remarkably.
PAC  EXAMPLE 4
PAR  In 100 ml of hexamethylene phosphoramide, 3.207 g (1.6/100 mol) of
      terephthalic acid dihydrazide (HTH) 0.605 g (0.4/100 mol) of
      p-aminobenzoic acid hydrazide (AH) and 3.6 g of anhydrous lithium chloride
      were dissolved and after the resulting solution was cooled to 0.degree. C,
      4.0 ml of pyridine were added thereto. When 4.060 g of terephthalic acid
      chloride powder were added to the resulting solution with stirring, the
      viscosity increased rather slowly and after about 3 hours, a colorless,
      transparent, viscous solution was obtained. The inherent viscosity (.eta.
      .sub.inh) of the resulting polymer was 1.86. The composition of the
      resulting polymer is shown by the point P.sub.2 in the FIGURE, 90% of
      polyterephthal hydrazide unit
      ##SPC9##
PAL  and 10% of polybenzamide unit
      ##SPC10##
PAR  From the polymer solution so obtained, undrawn filaments were prepared
      under the same conditions as in Example 1, which was drawn 1.5 times in
      hot water and then drawn 1.8 times on a hot pin at 320.degree. C to obtain
      yarn, whose physical properties (T/E/Mi) were 6.3 g/d, 2.9% and 520 g/d.
PAC  REFERENTIAL EXAMPLE 9
PAR  Using procedures to be described in further detail hereafter, polymer
      solutions A, B, C, D, E and F corresponding to different copolymerization
      compositions were prepared.
PAC  Polymer solution A
PAR  While nitrogen was blown into a 200 ml three-necked flask equipped with a
      stirring rod, a nitrogen inlet tube and a calcium chloride drying tube,
      the flask was heated by the flame of a Bunsen burner. Into the flask, 100
      ml of dried and dehydrated N-methyl pyrrolidone (NMP), 3.40 g of lithium
      chloride, 1.9419 g (0.01 mol) of terephthalic acid dihydrazide (HTH),
      1.0816 g (0.01 mol) of P-phenylene diamine (P) and 5.40 ml (0.022 mol) of
      N,N-dimethyl aniline were added to this sequence, and the flask was heated
      to about 100.degree. C to dissolve the contents completely.
PAR  The flask was then cooled to - 20.degree. C, and 4.060 g (0.02 mol) of
      terephthalic acid chloride were added as a powder to the contents, in two
      stages of one-half each stage, (interval of 15 minutes) and the resulting
      solution was stirred at a temperature from - 20.degree. C to - 10.degree.
      C. The reaction was continued in this state for 2 hours to obtain a very
      viscous polymer solution (polymer concentration 4.9%). The viscosity of
      the polymer solution obtained was 1800 poises and the inherent viscosity
      (.eta. .sub.inh) of the polymer was 4.74.
PAR  The composition of the random copolymer obtained was shown by the point
      P.sub.3 in FIG. 1, consisting of 67 mol % of polyterephthal hydrazide unit
      (HT) and 33 mol % of poly P-phenylene terephthalamide unit (PT).
PAC  Polymer solution B
PAR  Using the aforesaid reaction apparatus, in 110 ml of NMP, 2.4 g of lithium
      chloride, 1.8744 g (0.0124 mol) of p-amino-benzoic acid hydrazide (AH) and
      1.3408 g (0.124 mol) of p-phenylene diamine (P) were dissolved at room
      temperature. After the resulting solution was cooled to - 25.degree. C,
      5.0348 g (0.0248 mol) of terephthalic acid chloride powder were added to
      said solution in two stages (interval 15 minutes), the resulting solution
      was stirred for 30 minutes, and thereafter the solution was kept cool by
      an ice bath (0.degree. C) for 2 hours and thus reacted to obtain a viscous
      solution, which solution was neutralized by 1.19 g of anhydrous lithium
      hydroxide. The viscosity of the polymer solution obtained (polymer
      concentration 5.2%) was 1440 poises and the inherent viscosity (.eta.
      .sub.inh) of the polymer was 5.32. The composition of the random copolymer
      so obtained is shown by the point P.sub.4 in the FIGURE, consisting of
      33.3 mol % of poly P-phenylene terephthalamide unit [PT], 33.3 mol % of
      polyterephthal hydrazide unit [HT] and 33.3 mol % of poly P-benzamide unit
      [A].
PAC  Polymer solution C
PAR  In 110 ml of NMP, 2.1164 g (0.014 mol) of P-amino-benzoic acid hydrazide
      (AH), 0.6488 g (0.006 mol) of P-phenylene diamine (P) and 1.8 g of lithium
      chloride were dissolved at room temperature, and the resulting solution
      was cooled to - 20.degree. C. Thereafter, 4.0604 g (0.02 mol) of
      terephthalic acid chloride powder were added to said solution in two equal
      stages (interval 15 minutes), the resulting solution was continuously
      stirred for 15 minutes in that state, and thereafter stirring was
      continued for 2 additional hours at 0.degree. C and the solution was
      neutralized by 1.19 g of anhydrous lithium hydroxide to obtain a yellow,
      transparent, viscous solution (polymer concentration 4.4%). The viscosity
      of the polymer solution obtained was 2480 poises and the inherent
      viscosity (.eta. .sub.inh) of the random copolymer is shown by the point
      P.sub.5 in FIG. 1, consisting of 41.2 mol % of polyterephthal hydrazide
      uunit [HT], 41.2 mol % of poly P-benzamide unit [A] and 17.6 mol % of poly
      P-phenylene terephthalamide unit [PT].
PAC  Polymer solution D
PAR  In 100 ml of N,N-dimethyl acetamide, 5.55 g of calcium chloride, 1.5100 g
      (0.01 mol) of P-aminobenzoic acid hydrazide (AH), 0.3890 g (0.002 mol) of
      terephthal acid dihydrazide (HTH) and 0.8660 g (0.008 mol) of P-phenylene
      diamine (P) were dissolved at room temperature, the resulting solution was
      cooled to -20.degree. C, and thereafter, 4.0604 g (0.02 mol) of
      terephthalic acid chloride powder were added to said solution in two equal
      stages (interval 15 minutes). After the solution obtained was stirred
      while being cooled to - 20.degree. C for 15 minutes, the reaction was
      continued for 2 hours in ice water bath at 0.degree. C and the reaction
      product was neutralized by 3.53 g of calcium acetate monohydrate to obtain
      a viscous solution (polymer concentration 4.9%). The viscosity of the
      polymer solution obtained was 1400 poises and the inherent viscosity
      (.eta. .sub.inh) of the copolymer was 5.30.
PAR  The composition of the random copolymer so obtained is shown by the point
      P.sub.6 in FIG. 1, consisting of 43.8 mol % of polyterephthal hydrazide
      unit [HT], 25 mol % of poly P-phenylene terephthalamide unit [PT] and 31.2
      mol % of poly P-benzamide unit [A].
PAC  Polymer solution E
PAR  In 100 ml of NMP, 1.7479 g (0.009 mol) of terephthalic acid dihydrazide
      (HTH), 0.3900 g (0.0036 mol) of P-phenylene diamine (P), 1.120 g (0.0074
      mol) of P-aminobenzoic acid hydrazide (AH) and 0.85 g of lithium chloride
      were dissolved at 90.degree. C. After the resulting solution was cooled to
      -20.degree. C, 4.0604 g (0.02 mol) of terephthalic acid chloride powder
      was added in two equal increments (interval 15 minutes). After 3 hours, a
      yellow, transparent, viscous solution was obtained, which was neutralized
      by 1.68 g of lithium hydroxide monohydrate to obtain a copolymer solution
      whose copolymer concentration was 5.27%. The viscosity of the solution
      obtained was 2400 poises and the inherent viscosity (.eta. .sub.inh) of
      the copolymer was 5.50.
PAR  The composition of this random copolymer is shown by the point P.sub.7 in
      FIG. 1, consisting of 70 mol % of polyterephthal hydrazide unit [HT], 10
      mol % of poly P-phenylene terephthalamide unit [PT] and 20 mol % of poly
      P-benzamide unit [A].
PAC  Polymer solution F
PAR  In 100 ml of NMP, 3.40 g (0.080 mol) of lithium chloride, 2.220 g (0.0147
      mol) of P-aminobenzoic acid hydrazide (AH) and 1.420 g (0.0073 mol) of
      terephthalic acid dihydrazide (HTH) were dissolved at room temperature,
      the resulting solution was cooled to - 15.degree. C and thereafter 4.460 g
      (0.0220 mol) of terephthalic acid dichloride was added to said solution.
      The solution obtained was stirred at - 15.degree. C for 30 minutes.
      Further, the reaction was continued for 2 hours at room temperature and
      thereafter 39 ml of NMP added to the reaction product to dilute the same.
      The diluted solution was neutralized with 1.850 g of lithium hydroxide
      monohydrate. The neutralized solution had a polymer concentration of 4.3%
      and a viscosity of 6100 poises and the .eta. .sub.inh of the copolymer was
      6.72.
PAR  The composition of the random copolymer so obtained is shown by the point
      P.sub.8 in FIG. 1, consisting of 67 mol % of [HT] unit and 33 mol % of [A]
      unit.
PAC  EXAMPLE 5
PAR  Each of the polymer solutions A, B, C, D, E and F obtained in Referential
      Example 9 was defoamed under a reduced pressure, and thereafter extruded
      from a spinneret having 6 orifices, each having a diameter of 0.8 mm, at a
      speed of 0.3 ml/min into a coagulating bath having a length of 100 cm
      composed of an aqueous solution of lithium chloride (at a concentration of
      300 g/1000 ml of water), and the resulting filaments were wound up at a
      speed of 7 m/min to obtain undrawn filaments.
PAR  In the case of the polymer solution C, the winding speed at the time of
      spinning was 8 m/min. In the case of the polymer solution D, an aqueous
      solution of calcium chloride having a concentration of 300 g/1000 ml of
      water was used as a coagulating bath. In the case of the polymer solution
      F, the winding speed at the time of spinning was 6 m/min.
PAR  The undrawn filaments obtained were subject to various draw procedures,
      with heat treatments as shown in Table 8, to obtain yarns A, B, C, D, E
      and F having physical properties as shown in Table 8.
TBL                                    Table 8                                 
     __________________________________________________________________________
     Poly-                                                                     
         Spinning  Drawing and                                                 
                             Sample                                            
                                 Yarn quality Denier                           
     mer Conditions                                                            
                   heat treating                                               
                             Desig-                                            
     solu-         conditions                                                  
                             nation                                            
                                 T    E   Mi                                   
     tion                                                                      
     __________________________________________________________________________
     A   Orifice diameter                                                      
                   Non-treated                                                 
                             A.sub.1                                           
                                 3.3  3.3  91 7.6                              
         0.08 mm, number                                                       
         of orifices 6,                                                        
                   Hot plate at                                                
                             A.sub.2                                           
                                 10.7 2.9 575 6.4                              
         Discharging                                                           
                   326.degree. C, drawn                                        
         speed 0.3 ml/                                                         
                   1.9 times                                                   
         min                                                                   
         Spinning bath                                                         
                   Hot plate at                                                
                             A.sub.3                                           
                                 13.9 2.7 552 6.6                              
         LiCl aqueous                                                          
                   370.degree. C, drawn                                        
         solution (300                                                         
                   1.8 times                                                   
         g/liter)                                                              
         Bath length 1 m                                                       
                   A.sub.3 was left to                                         
                             A.sub.4                                           
                                 14.1 2.7 560 6.6                              
         Winding speed                                                         
                   stand in air                                                
         7 m/min   at 300.degree. C un-                                        
         After spinning                                                        
                   der relaxed                                                 
         under said con-                                                       
                   state                                                       
         ditions, washed                                                       
         in hot water at                                                       
         90.degree. C                                                          
     __________________________________________________________________________
     B   Exactly the                                                           
                   Hot plate at                                                
                             B.sub.1                                           
                                 9.3  2.0 640 5.2                              
         same as A 320.degree. C, drawn                                        
                   1.6 times                                                   
                   Hot plate at                                                
                             B.sub.2                                           
                                 11.0 2.3 625 4.3                              
                   320.degree. C, drawn                                        
                   1.8 times                                                   
                   Hot plate at                                                
                             B.sub.3                                           
                                 14.2 2.8 622 5.1                              
                   380.degree. C, drawn                                        
                   1.6 times                                                   
                   Hot plate at                                                
                             B.sub.4                                           
                                 15.9 2.6 693 4.0                              
                   380.degree. C, drawn                                        
                   2.2 times                                                   
                   B.sub.1 was heated                                          
                             B.sub.5                                           
                                 15.9 2.8 718 4.7                              
                   by hot plate                                                
                   at 380.degree. C,                                           
                   drawn 1.05                                                  
                   times                                                       
                   B.sub.1 was heated                                          
                             B.sub.6                                           
                                 14.7 2.4 713 4.5                              
                   by hot plate                                                
                   at 420.degree. C,                                           
                   drawn 1.05                                                  
                   times                                                       
     __________________________________________________________________________
     C   The same as A                                                         
                   Non-treated                                                 
                             C.sub.1                                           
                                 4.2  2.2 148 10.0                             
         except winding                                                        
         speed which is                                                        
                   Hot plate at                                                
                             C.sub.2                                           
                                 13.3 2.4 712 4.8                              
         8 m/min   320.degree. C, drawn                                        
                   2.3 times                                                   
                   C.sub.2 was heated                                          
                             C.sub.3                                           
                                 16.2 2.4 722 4.0                              
                   on hot plate                                                
                   at 320.degree. C,                                           
                   drawn 1.1                                                   
                   times                                                       
                   Hot plate at                                                
                             C.sub.4                                           
                                 17.6 2.5 755 5.8                              
                   320.degree. C, drawn                                        
                   2.0 times                                                   
                   C.sub.4 was heated                                          
                             C.sub.5                                           
                                 21.4 2.9 814 5.7                              
                   on hot plate                                                
                   at 380.degree. C,                                           
                   drawn 1.05                                                  
                   times                                                       
                   C.sub.4 was heated                                          
                             C.sub.6                                           
                                 17.7 2.6 776 5.2                              
                   on hot plate                                                
                   at 380.degree. C,                                           
                   drawn 1.2                                                   
                   times                                                       
                   C.sub.4 was heated                                          
                             C.sub.7                                           
                                 19.3 2.6 811 5.0                              
                   on hot plate                                                
                   at 380.degree. C,                                           
                   drawn 1.3                                                   
                   times                                                       
                   Hot plate at                                                
                             C.sub.8                                           
                                 16.4 2.4 720 4.4                              
                   320.degree.C, drawn                                         
                   2.2 times                                                   
                   C.sub.8 was heated                                          
                             C.sub.9                                           
                                 20.6 2.6 815 4.2                              
                   on hot plate                                                
                   at 380.degree. C,                                           
                   drawn 1.1                                                   
                   times                                                       
                   C.sub.9 was heated                                          
                             C.sub.10                                          
                                 17.8 2.5 720 4.2                              
                   on hot plate                                                
                   at 380.degree. C,                                           
                   drawn 1.2                                                   
                   times                                                       
     __________________________________________________________________________
     D   The same as A                                                         
                   Non-treated                                                 
                             D.sub.1                                           
                                 3.6  3.7  92 19.3                             
         except spinning                                                       
         bath which is                                                         
                   Hot plate at                                                
                             D.sub.2                                           
                                 11.6 2.8 536 6.8                              
         CaCl.sub.2 aqueous                                                    
                   320.degree. C, drawn                                        
         solution (300                                                         
                   2 times                                                     
         g/liter)                                                              
                   D.sub.2 was heated                                          
                             D.sub.3                                           
                                 17.7 3.2 654 6.4                              
                   on hot plate                                                
                   at 380.degree. C,                                           
                   drawn 1.05                                                  
                   times                                                       
                   Hot plate at                                                
                             D.sub.4                                           
                                 13.9 3.0 610 5.7                              
                   320.degree.C, drawn                                         
                   2.3 times                                                   
                   D.sub.4 was heated                                          
                             D.sub.5                                           
                                 18.6 3.2 659 5.0                              
                   on hot plate                                                
                   at 380.degree. C,                                           
                   drawn 1.1                                                   
                   times                                                       
     __________________________________________________________________________
     E   The same as A                                                         
                   Non-treated                                                 
                             E.sub.1                                           
                                 3.7  3.1  98 15.6                             
                   Hot plate at                                                
                             E.sub.2                                           
                                 14.6 3.5 570 7.6                              
                   320.degree. C, drawn                                        
                   2.0 times                                                   
                   E.sub.2 was heated                                          
                             E.sub.3                                           
                                 19.6 3.1 660 7.2                              
                   on hot plate                                                
                   at 380.degree. C,                                           
                   drawn 1.05                                                  
                   times                                                       
     __________________________________________________________________________
     F   The same as A                                                         
                   Hot plate at                                                
                             F.sub.1                                           
                                 15.2 3.3 600 5.3                              
         except winding                                                        
                   240.degree. C, drawn                                        
         speed which is                                                        
                   2.5 times                                                   
         6 m/min                                                               
                   Hot plate at                                                
                             F.sub.2                                           
                                 17.5 3.4 658 4.4                              
                   320.degree. C, drawn                                        
                   3.0 times                                                   
                   E.sub.2 was heated                                          
                   on hot plate                                                
                   at 350.degree. C,                                           
                   drawn 1.05 times                                            
                             F.sub.3                                           
                                 24.2 4.2 726 4.0                              
                   E.sub.2 was heated                                          
                             F.sub.4                                           
                                 18.5 3.7 646 4.3                              
                   on hot plate                                                
                   at 380.degree. C,                                           
                   drawn 1.05                                                  
                   times                                                       
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  In 70 ml of NMP, 2.1930 g (0.03 mol) of terephthalic acid dihydrazide
      (HTH), 2.55 g of lithium chloride and 5.4 ml of N,N-dimethyl aniline were
      dissolved and after the resulting solution was cooled to - 20.degree. C,
      3.0450 g (0.03 mol) of terephthalic acid chloride was added as a powder
      thereto in two equal stages (interval 15 minutes).
PAR  Stirring was continued and after 2 hours, a colorless, transparent, viscous
      solution (polymer concentration 5.9%) was obtained. The viscosity of this
      solution was 2700 poises and the inherent viscosity of the polymer was
      4.64. The composition of the polymer so obtained was a polyterephthal
      hydrazide [HT] homopolymer represented by the point Q in FIG. 1.
PAR  This solution was spun under conditions the same as in Example 5 (except
      changing the winding speed to 5.5 m/min which was the maximum stable
      winding speed) and treated with hot water to obtain undrawn filaments,
      which were drawn under conditions shown in Table 9 to obtain yarns having
      physical properties shown in Table 9.
TBL                Table 9                                                     
     ______________________________________                                    
     Sample                                                                    
           Drawing conditions*                                                 
                              Denier  Yarn quality                             
     name                     (D)     (T/E/Mi)                                 
     ______________________________________                                    
     A     Hot plate at 320.degree. C, drawn                                   
                              14.6    6.6/2.6/341                              
           1.4 times                                                           
     B     Hot plate at 380.degree. C, drawn                                   
                              14.4    7.2/3.5/385                              
           1.4 times                                                           
     C     Same as A, but drawn 1.05                                           
                              12.8    8.8/3.0/440                              
           times on hot plate at 380.degree. C                                 
     ______________________________________                                    
      *Draw ratio was chosen as large as possible consistent with smooth       
      drawing.                                                                 
PAR  As will be apparent from Table 9, the winding speed (draft) in spinning and
      draw ratio with this composition could not be elevated and hence the
      physical properties of the yarns produced were quite inferior as compared
      with the yarn quality values of the fibers of Example 5, namely, yarns A
      and E. In other words, it is to be understood that the random copolymer,
      constituting the fiber of the present invention, gives a larger draft and
      draw ratio at the time of spinning and drawing than the homopolymer, and a
      highly oriented fiber having excellent tensile characteristics is
      obtained.
PAC  EXAMPLE 7
PAR  In 110 ml of NMP, 2.3304 g (0.012 mol) of terephthalic acid dihydrazide
      (HTH), 1.2094 g (0.008 mol) of P-aminobenzoic acid hydrazide (AH), 2.1 g
      of lithium chloride and 5.3 ml of dimethyl aniline were dissolved. After
      the resulting solution was cooled to - 20.degree. C, 4.0604 g (0.02 mol)
      of terephthalic acid dichloride was added as a powder in equal increments
      and at an interval of 15 minutes. After continuing stirring in a bath at -
      20.degree. C. for 15 minutes, the reaction was continued in a bath at
      0.degree. C for 2 additional hours to obtain a viscous, transparent
      solution (polymer concentration 5.0%). The viscosity of the solution was
      2200 poises and the inherent viscosity of the copolymer was 5.71. The
      composition of the copolymer so obtained is shown by the point P.sub.9 in
      FIG. 1, consisting of 80 mol % of the polyterephthal hydrazide unit [HT]
      and 20  mol % of the poly P-benzamide unit [A].
PAR  The polymer solution so obtained was defoamed under a reduced pressure and
      using the method of Example 5, undrawn filaments were obtained. Further,
      the undrawn filaments obtained were drawn with heat treatment under
      various conditions as shown in Table 8 to obtain yarns having properties
      as shown in Table 10.
TBL                Table 8                                                     
     ______________________________________                                    
     Sample                                                                    
               Drawing conditions*                                             
                               Denier  Yarn quality                            
     name                      (D)     (T/E/Mi)                                
     ______________________________________                                    
     A     Non-treated (yarn treated in hot                                    
                               25.8    3.3/2.8/79                              
           water)                                                              
     B     Not plate at 330.degree. C, drawn 1.5                               
                               14.6     9.6/3.5/402                            
           times                                                               
     C     B was drawn 1.1 times on hot                                        
                               13.2    11.2/3.1/465                            
           plate at 380.degree. C                                              
     D     C was drawn 1.2 times on hot                                        
                               12.6    12.1/3.0/481                            
           plate at 380.degree. C                                              
     ______________________________________                                    
      *Draw ratio was the maximum stable draw ratio at each temperature.       
PAR  The physical properties of yarns shown in Table 8 advance considerably by
      copolymerization of 20 mol % of poly P-benzamide unit [A] as compared with
      a yarn consisting of polyterephthal hydrazide unit [HT] only (Example 6).
      However, when compared with the yarn F in Example 5 ([HT] /[A] = 67/33),
      the physical properties are considerably inferior. Accordingly, it is
      understood that by changes of composition of the copolymer, the physical
      properties of the fiber are also changed.
PAC  EXAMPLE 8
PAR  In 100 ml of NMP, 2.5827 (0.013 mol) of terephthalic acid dihydrazide
      (HTH), 0.7247 g (0.0067 mol) of P-phenylene diamine (P), 3.4 g of lithium
      chloride and 5.4 ml of N,N-dimethyl aniline were dissolved at 90.degree.
      C. After the resulting solution was cooled to - 20.degree. C, 4.0604 g
      (0.02 mol) of terephthalic acid chloride powder was added in two halves
      (interval 15 minutes).
PAR  The reaction was continued to produce a yellow, transparent polymer
      solution having a viscosity of 2400 poises (polymer concentration 5.1%).
      The inherent viscosity (.eta. .sub.inh) of this copolymer was 4.65. The
      composition of the copolymer so obtained was shown by the point P.sub.1 in
      the FIGURE, consisting of 80 mol % of polyterephthal hydrazide [HT] and 20
      mol % of poly P-phenylene terephthalamide [PT].
PAR  The polymer solution so obtained was defoamed under a reduced pressure and
      thereafter spun under conditions exactly the same as those in Example 5 to
      obtain undrawn filaments (filaments treated in hot water). The as-spun
      filaments were drawn with heat treatment under various conditions as shown
      in Table 11 to obtain yarns having tensile characteristics as shown in
      Table 11.
TBL                                    Table 11                                
     __________________________________________________________________________
     Sample                                                                    
             Drawing conditions*                                               
                              Denier                                           
                                  Yarn quality                                 
     name                     (D) (T/E/Mi)                                     
     __________________________________________________________________________
     A   Non-treated (yarn treated in hot water)                               
                              15.2                                             
                                  3.2/3.1/86                                   
     B   Hot plate at 320.degree. C, drawn 1.7 times                           
                              8.6  9.8/2.6/485                                 
     C   Hot plate at 370.degree. C, drawn 1.6 times                           
                              8.8 10.8/2.7/490                                 
     D   Like B, but was drawn 1.05 times on                                   
                              8.4 12.5/3.1/511                                 
         hot plate at 380.degree. C                                            
     __________________________________________________________________________
      *Draw ratio was chosen as high as possible for smooth drawing.           
PAR  From Table 11, it should be understood that fiber from a copolymer having a
      composition of P.sub.1 has higher tenacity and higher modulus as compared
      with Example 6. However, the drawability and yarn quality of said fiber
      are inferior when compared with the fiber A in Example 5.
PAC  COMPARATIVE EXAMPLE 2
PAR  In 100 ml of NMP, l.16518 g (0.006 mol) of terephthalic acid dihydrazide
      (HTH), 1.5140 g (0.014 mol) of P-phenylene diamine (P), 5.3 ml of
      N,N-dimethyl aniline and 3.4 g of lithium chloride were dissolved at an
      elevated temperature. After the resulting solution was cooled to -
      20.degree. C, 4.0604 g (0.02 mol) of terephthalic acid chloride was added
      as a powder thereto in two equal increments (interval 15 minutes) in an
      attempt to prepare a copolymer having a composition shown by the point
      P.sub.10 in FIG. 1. As the viscosity rose, however, the solution became
      opaque, and 2 hours after the terephthalic acid chloride was added, the
      solution became completely opaque. Even when 50 ml of NMP was added, said
      solution was not dissolved. Accordingly, from an organic solvent solution
      of a random copolymer having a composition shown by the point P.sub.10 in
      FIG. 1 [HT]/[PT] = 46/54 mol %), fibers could not be obtained. This
      polymer was soluble in sulfuric acid. However, it was rapidly decomposed
      in sulfuric acid, and it was impossible to obtain a stable spinning
      solution.
PAC  EXAMPLE 9
PAR  In 110 ml of NMP, 1.9048 g (0.0126 mol) of p-aminobenzoic acid hydrazide
      (AH), 0.5840 g (0.0054 mol) of p-phenylene diamine (P), 0.2000 g (0.002
      mol) of 4,4' -diaminodiphenyl ether, and 1.8 g of lithium chloride were
      dissolved at room temperature. While the resulting solution was being
      stirred at room temperature, 4.0604 g (0.02 mol) of terephthalic acid
      chloride were added as a powder in two equal increments (interval 15
      minutes). The reaction was continued for 2 hours and the reaction product
      was neutralized with 1.19 g of anhydrous lithium hydroxide to obtain a
      transparent, viscous solution (polymer concentration 4.4%). The viscosity
      of the polymer solution obtained was 2200 poises and the inherent
      viscosity of the copolymer was 6.36. The composition of the random
      copolymer was such that 90 mol % of the entire repeating units was
      indicated by the point P.sub.5 in FIG. 1 (Referential Example 9, C) and
      the remaining 10 mol % is represented by
      ##SPC11##
PAR  The polymer solution so obtained was spun and the resultant filaments were
      drawn by a method exactly the same as sample C.sub.5 in Example 5.
PAR  The physical properties (T/E/Mi) of the resulting yarn were 20.8 g/d, 3.6%
      and 640 g/d, and as compared with the sample C.sub.5 in Example 5, E was
      higher and Mi was lower, which was an effect of copolymerizing 10 mol % of
      said structural unit.
PAC  EXAMPLE 10
PAR  Polymer solutions G. H. I. J. and K were made by the same methods described
      in the preparation of polymer solution A in Example 5.
PAR  The details of reactants, reaction conditions and the viscosity data of the
      resultant polymers were shown in Table 12. The composition of each polymer
      is shown in the same table.
PAR  Each of the polymer solutions G. H. I. J and K above was defoamed under a
      reduced pressure, thereafter extruded from the spinneret having 6 orifices
      having a diameter of 0.8 mm at a speed of 0.3 ml/min into a coagulating
      bath having a length of 100 cm composed of aqueous solution of calcium
      chloride (a concentration of 300 g/1000  ml of water) and the resultant
      filaments were wound up at a speed of 8 m/min to obtain undrawn filaments.
PAR  The obtained as-spun filaments were washed in boiling water and subjected
      to various drawings with heat treatments as shown in Table 13 to obtain G.
      H. I. J and K having physical properties shown in Table 13.
TBL                Table 12                                                    
     ______________________________________                                    
     Polymer solution    G                                                     
     Solvent (ml)        DMAc (100)                                            
     Inorganic salt (g)  Cacl.sub.2 (2.22)                                     
     Monomer                                                                   
            g                    1.5536                                        
     HTH                                                                       
            mole                 0.008                                         
            g      0.9072                                                      
            mole                 0.006                                         
            g                    0.6488                                        
            mole                 0.006                                         
            g                    4.0600                                        
     TPCl                                                                      
            mole                 0.0200                                        
     Reaction temperature (.degree.C)                                          
                         25                                                    
     Neutralization agent                                                      
                         Ca(CH.sub.3 CO.sub.2).sub.2.H.sub.2 O                 
     Polymer concentration                                                     
                         5.3                                                   
     (wt %)                                                                    
     Solution viscosity  6200                                                  
     (poise)                                                                   
     Inherent viscosity (.eta.inh)                                             
                         6.96                                                  
     Composition (mole %)                                                      
     [HT] unit           65                                                    
     [A] unit            17.5                                                  
     [PT] unit           17.5                                                  
     Point in FIG. 1     P.sub.11                                              
     Polymer solution    H                                                     
     Solvent (ml)        DMAc (100)                                            
     Inorganic salt (g)  CaCl.sub.2 (2.22)                                     
     Monomer                                                                   
            g                    1.9420                                        
     HTH                                                                       
            mole                 0.010                                         
            g                    0.5050                                        
     AH                                                                        
            mole                 0.00334                                       
            g                    0.7202                                        
     P                                                                         
            mole                 0.00666                                       
            g                    4.0600                                        
     TPCl                                                                      
            mole                 0.0200                                        
     Reaction temperature (.degree.C)                                          
                         25                                                    
     Neutralization agent                                                      
                         Ca(CH.sub.3 CO.sub.2).sub.2.H.sub.2 O                 
     Polymer concentration (wt %)                                              
                         5.3                                                   
     Solution viscosity (poise)                                                
                         3100                                                  
     Inherent viscosity (.eta..sub.inh)                                        
                         6.11                                                  
     Composition (mole %)                                                      
     [HT] unit           70                                                    
     [A] unit            10                                                    
     [PT] unit           20                                                    
     Point in FIG. 1     P.sub.12                                              
     Polymer solution    I                                                     
     Solvent (ml)        DMAc (100)                                            
     Inorganic salt (g)  Cacl.sub.2 (2.22)                                     
     Monomer                                                                   
            g                    1.8099                                        
     HTH                                                                       
            mole                 0.00932                                       
            g                    0.2177                                        
     AH                                                                        
            mole                 0.00144                                       
            g                    0.9992                                        
     P                                                                         
            mole                 0.00924                                       
            g                    4.0600                                        
     TPCl                                                                      
            mole                 0.0200                                        
     Reaction temperature (.degree.C)                                          
                         25                                                    
     Neutralization agent                                                      
                         Ca(CH.sub.3 Co.sub.2).sub.2.H.sub.2 O                 
     Polymer concentration (wt %)                                              
                         5.2                                                   
     Solution viscosity (poise)                                                
                         1940                                                  
     Inherent viscosity (.eta..sub.inh)                                        
                         5.78                                                  
     Composition (mole %)                                                      
     [HT] unit           65                                                    
     [A] unit            5                                                     
     [PT]  unit          30                                                    
     Point in FIG. 1     P.sub.13                                              
     Polymer solution    J                                                     
     Solvent (ml)        DMAc (100)                                            
     Inorganic salt (g)  Cacl.sub.2 (2.22)                                     
     Monomer                                                                   
            g                    0.1670                                        
     HTH                                                                       
            mole                 0.00086                                       
            g                    2.047                                         
     AH                                                                        
            mole                 0.01392                                       
            g                    0.5645                                        
     P                                                                         
            mole                 0.00522                                       
            g                    4.0600                                        
     TPCl                                                                      
            mole                 0.0200                                        
     Reaction temperature (.degree.C)                                          
                         25                                                    
     Neutralization agent                                                      
                         Ca(CH.sub.2 CO.sub.2).sub.2                           
     Polymer concentration (wt %)                                              
                         4.9                                                   
     Solution viscosity (poise)                                                
                         7100                                                  
     Inherent viscosity (.eta..sub.inh)                                        
                         7.01                                                  
     Composition (mole %)                                                      
     [HT] unit           45                                                    
     [A] unit            40                                                    
     [PT]                15                                                    
     Point in FIG. 1     P.sub.14                                              
     Polymer solution    K                                                     
     Solvent (ml)        DMAc (100)                                            
     Inorganic salt (g)  CaCl.sub.2 (2.22)                                     
     Monomer                                                                   
            g                    1.0060                                        
     HTH                                                                       
            mole                 0.00518                                       
            g                    0.6713                                        
     AH                                                                        
            mole                 0.00444                                       
            g                    1.1225                                        
     P                                                                         
            mole                 0.01038                                       
            g                    4.0600 TPCl                                   
            mole                 0.0200                                        
     Reaction temperature (.degree.C)                                          
                         25                                                    
     Neutralization agent                                                      
                         Ca(CH.sub.3 CO.sub.2)).sub.2.H.sub.2 O                
     Polymer concentration (wt %)                                              
                         4.9                                                   
     Solution viscosity (poise)                                                
                         4200                                                  
     Inherent viscosity (.eta..sub.inh)                                        
                         6.64                                                  
     Composition (mole %)                                                      
     [HT] unit           50                                                    
     [A] unit            15                                                    
     [PT] unit           35                                                    
     Point in FIG. 1     P.sub.15                                              
     ______________________________________                                    
TBL                                    table 13                                
     __________________________________________________________________________
     Poly-                                                                     
         Spinning  Drawing and                                                 
                            Sample                                             
                                Yarn    Denier                                 
     mer conditions                                                            
                   heat treat-                                                 
                            number                                             
                                quality                                        
     solu-         ing condi-   T/E/Mi                                         
     tion          tions                                                       
     __________________________________________________________________________
     G   Orifice diameter                                                      
                   Non-treated                                                 
                            G.sub.1                                            
                                3.2/22.6/                                      
                                        15.3                                   
         0.08 mm, 6 holes       115                                            
         Discharging speed,                                                    
                   Hot plate at                                                
                            G.sub.2                                            
                                15.6/3.0/                                      
                                        6.9                                    
         0.3 ml/min                                                            
                   320.degree. C,                                              
                                610                                            
                   drawn 2.0                                                   
                   times                                                       
         Spinning bath                                                         
                   G.sub.2 was heated                                          
                            G.sub.3                                            
                                21.5/3.1/                                      
                                        6.5                                    
         CaCl.sub.2 aqueous                                                    
                   on hot plate 740                                            
         solution (300                                                         
                   at 380.degree., drawn                                       
         g/liter)  1.05 times                                                  
         Bath length 1 m,                                                      
         winding speed 8 m/                                                    
         min. After spin-                                                      
         ning washed in hot                                                    
         water at 90.degree. C.                                                
     H   The same as G                                                         
                   Non-treated                                                 
                            H.sub.1                                            
                                3.8/25.0/                                      
                                        16.1                                   
                                126                                            
                   Hot plate at                                                
                   320.degree. C, drawn                                        
                            H.sub.2                                            
                                13.1/3.5/                                      
                                        7.0                                    
                   2.0 times    570                                            
                   H.sub.2 was treated                                         
                            H.sub.3                                            
                                18.8/3.8/                                      
                                        6.6                                    
                   on hot plate at                                             
                                660                                            
                   380.degree. C, drawn                                        
                   1.05 times                                                  
     I   The same as G                                                         
                   Non-treated                                                 
                            I.sub.1                                            
                                4.2/23.0/                                      
                                        14.4                                   
                                145                                            
                   Hot plate at                                                
                   320.degree. C, drawn                                        
                            I.sub.2                                            
                                14.1/3.0/                                      
                                        6.4                                    
                   1.9 times    720                                            
                   I.sub.2 was treated                                         
                            I.sub.3                                            
                                19.6/3.2/                                      
                                        6.2                                    
                   on hot plate at                                             
                                830                                            
                   380.degree. C, drawn                                        
                   1.05 times                                                  
     J   The same as G                                                         
                   Non-treated                                                 
                            J.sub.1                                            
                                3.8/3.8/125                                    
                                        16.2                                   
                   Hot plate at                                                
                            J.sub.2                                            
                                17.3/4.2/580                                   
                                        6.3                                    
                   320.degree. C, drawn                                        
                   2.3 times                                                   
                   J.sub.2 was treat-                                          
                            J.sub.3                                            
                                24.2/4.6/620                                   
                                        6.1                                    
                   ed on hot                                                   
                   plate at 380.degree.                                        
                   C, drawn 1.05                                               
                   times                                                       
     K   The same as G                                                         
                   Non-treated                                                 
                            K.sub.1                                            
                                4.1/20.5/176                                   
                                        15.7                                   
                   Hot plate at                                                
                            K.sub.2                                            
                                16.6/2.9/640                                   
                                        6.3                                    
                   320.degree. C,                                              
                   drawn 2.2                                                   
                   times                                                       
                   K.sub.2 was treat-                                          
                            K.sub.3                                            
                                23.2/3.0/860                                   
                                        6.1                                    
                   ed on hot                                                   
                   plate at 380.degree.,                                       
                   drawn 1.05                                                  
                   times                                                       
     __________________________________________________________________________
PAC  EXAMPLE 11
PAR  In 110 ml of NMP, 21 g of lithium chloride, 2.4702 g (0.01272 mole) of
      terephaldehydrazide (HTH), 0.5504 g (0.00364 mole) of p-amino benzoic acid
      hydrazide (AH), 0.3936 g (0.00364 mole) of p-phenylenediamine and 5.3 ml
      of N,N-dimethyl aniline were dissolved at 90.degree. C. After the
      resulting solution was cooled to 25.degree. C, 4.0604 g (0.02 mole) of
      terephthalic acid chloride powder were added to said solution in two equal
      stages (interval 15 minutes). The reaction was continued for 2 hours in
      water bath to obtain a viscous, transparent solution (polymer
      concentration 5.0%). The viscosity of the solution was 1400 poises and the
      inherent viscosity of the copolymer was 4.64. The composition of the
      copolymer so obtained is shown by the point P.sub.15 in FIG. 1, consisting
      of 80% of polyterephthal hydrazide unit [HT], 10% of poly-p-phenylene
      terephthalamide unit [PT].
PAR  Undrawn filaments and drawn filaments were obtained in the same methods as
      in Example 7. Table 14 shows the drawing conditions and the yarn
      properties.
TBL                Table 14                                                    
     ______________________________________                                    
     Sample   Drawing conditions                                               
                               Denier  Yarn quality                            
     name                      (D)     (T/E/Mi)                                
     ______________________________________                                    
     A      Non-treated (yarn treated                                          
                               24.4    3.8/2.8/81                              
            in hot water                                                       
     B      Hot plate at 330.degree. C, drawn                                  
                               13.7     8.4/3.4/385                            
            1.5 times                                                          
     C      B was drawn 1.1 times on                                           
                               12.6    10.9/3.1/440                            
            hot plate at 380.degree. C                                         
     ______________________________________                                    
CLMS
STM  The following is claimed:
NUM  1.
PAR  1. High modulus and high tenacity aromatic polyhydrazide fiber composed of
      a copolymer, at least 85 mol % of the polymer chain of which consists
      essentially of repeating units from the group consisting of p-phenylene
      terephthalamide (PT), terethphal hydrazide (HT) and para-benzamide (A) in
      amounts within the range surrounded by a hexagon obtained by connecting
      with straight lines the points R, S, T, U, V and W in the triangular
      coordinates in the FIGURE, which is a ternary diagram of compositions
      consisting of (HT), (PT) and (A) and the points R, S, T, U, V and W
      therein represent mol % compositions as follows:
TBL  (HT)  75       60      42.5   30    60     70                             
     (PT)  0        0       15     40    40     30                             
     (A)   25       40      42.5   30    0      0                              
PAL  said copolymer also including not more than 15 mol % of units selected from
      the group consisting of (Ar.sub.1 --Z.sub.1) and (Ar.sub.1 --Z.sub.1
      --Ar.sub.2 --Z.sub.2), wherein Ar.sub.1 and Ar.sub.2 are groups selected
      from the class consisting of
      ##SPC12##
PAL  and a group obtained by replacing an H atom of these groups with an alkyl
      group or halogen, and Ar.sub.1 and Ar.sub.2 may be the same or different;
      Z.sub.1 and Z.sub.2 are groups selected from the class consisting of
      --CONH--, --NHCONH--and --CONH.NHCO--, and Z.sub.1 and Z.sub.2 may be the
      same or different.
NUM  2.
PAR  2. The fiber according to claim 1 wherein said copolymer is a random
      copolymer.
NUM  3.
PAR  3. The fiber according to claim 1 wherein the inherent viscosity of said
      polymer is at least 1.0, said inherent viscosity measured at 25.degree. C
      in a 0.5 gram polymer per 100 ml. dimethyl acetamide solvent solution,
      said solvent containing 2.5% by weight lithium chloride.
NUM  4.
PAR  4. The fiber according to claim 1 having a tenacity of at least 5.0 g/d and
      an initial modulus of elasticity of at least 300 g/d.
PATN
WKU  039445232
SRC  5
APN  4085841
APT  1
ART  143
APD  19731023
TTL  Poly(phenol/diene) resin and rubber adhesive compositions tackified
      therewith
ISD  19760316
NCL  10
ECL  1
EXA  Kulkosky; Peter F.
EXP  Schofer; Joseph L.
INVT
NAM  Gobran; Ramsis
CTY  Roseville Village
STA  MN
ASSG
NAM  Minnesota Mining and Manufacturing Company
CTY  St. Paul
STA  MN
COD  03
CLAS
OCL  260 62
XCL  156333
XCL  156334
XCL  156338
XCL  260  4AR
XCL  260 336R
XCL  260 338R
XCL  260859R
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XCL  260874
XCL  427207
XCL  428500
EDF  2
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FSC  260
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ISD  19640300
NAM  Bown et al.
OCL  260 62
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ISD  19660500
NAM  Kaupp et al.
OCL  260 62
UREF
PNO  3347935
ISD  19671000
NAM  Kaupp et al.
OCL  260619B;62
UREF
PNO  3383362
ISD  19680500
NAM  Gonzenbach
OCL  260 62
UREF
PNO  3491116
ISD  19710200
NAM  Soldatos
OCL  260 62
FREF
PNO  1,694,829
ISD  19650400
CNT  DT
FREF
PNO  2,262,158
ISD  19730700
CNT  DT
LREP
FRM  Alexander, Sell, Steldt and DeLaHunt
ABST
PAL  Non-conjugated dienes are reacted with phenolic compounds in the presence
      of a Friedel-Crafts catalyst to produce poly(phenol/diene) copolymer resin
      having repeating alternate phenol and diene units, a number average
      molecular weight of 600-5000 and a glass transition temperature of
      100.degree.-220.degree.C. The resin, and its partially or fully
      hydrogenated counterpart, can be blended with various rubbery polymers to
      provide adhesive compositions having improved adhesive tack.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to polymeric resinous products produced by
      reacting phenolic compounds with dienes. In another aspect, the invention
      relates to adhesive compositions tackified with the resinous products.
PAR  Low molecular weight reaction products of phenols and dienes are known.
      U.S. Pat. No. 3,336,398, for example, discloses such a resin that has a
      molecular weight of 300-400, indicating that it is no more than a ternary
      adduct, and U.S. Pat. No. 2,471,454 teaches dihydroterpene-substituted
      phenol monomers rather than polymer products. Such monomeric products are
      not useful as tackifiers due to their low molecular weight.
PAR  U.S. Pat. No. 2,864,868 discloses the reaction of conjugated dienes with
      phenols to produce hard, dark resinous products having blocks of
      polymerized diene rather than alternately repeating diene and phenol
      units.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides novel phenol/diene copolymer resins that are
      especially useful as tackifiers for rubbery polymers in adhesive
      compositions. The copolymer resins are produced by reacting certain
      phenolic compounds with non-conjugated dienes in the presence of a
      Friedel-Crafts catalyst. The resultant copolymers have repeating alternate
      diene and phenol units, a number average molecular weight in the range
      600-5000, and a glass transition temperature in the range
      100.degree.-220.degree.C. (The phrase "average molecular weight" as
      hereinafter used designates the number average molecular weight unless
      otherwise specified.) It has been discovered that such copolymer resins
      blend quite well with any of a wide variety of rubbery materials that are
      normally used as base materials for pressure sensitive adhesives, and when
      so blended, impart adhesive tack to these materials.
PAR  Lower molecular weight products of this type, i.e., those copolymers having
      a molecular weight of less than 600, may adequately tackify certain
      adhesive compositions but they soon ooze therefrom due to their softness.
      Higher molecular weight products, i.e., those having a molecular weight
      above 5000, will not blend well with the rubber base materials normally
      used to make the adhesive compositions.
PAR  The non-conjugated dienes used in the reaction to produce the copolymers of
      the invention are organic compounds characterized by having at least two
      loci of unsaturation, e.g., two double bonds, that are separated by a
      saturated moiety which effectively prevents conjugation. Suitable dienes
      of this type include dicyclopentadiene, 4-vinylcyclohexene-1, dipentene,
      1,5-cyclooctadiene, etc. Other compounds which have more than two loci of
      unsaturation can also provide useful reactants, provided conjugation is
      not present. These compounds include trienes such as
      1,5,9-cyclododecatriene and others.
PAR  The phenolic reactant must have at least two ring carbon atoms susceptible
      to alkylation. Phenolic compounds suitable for the reaction include
      phenol, mono-alkyl substituted phenols such as cresol, propyl phenols,
      butyl phenols, amyl phenols, etc., dialkyl substituted phenols such as
      2,3-dimethyl phenol and 2,5-dimethyl phenol, phenolic ethers such as
      anisole, monoalkyl substituted anisoles such as 2-methyl anisole and
      4-methyl anisole, and dialkyl substituted anisoles such as 2,3-dimethyl
      anisole, and 2,5-dimethyl anisole, and others.
PAR  The reaction is carried out in the presence of a Friedel-Crafts catalyst
      such as an acid, e.g., hydrofluoric acid, sulfuric acid, or phosphoric
      acid, or a Lewis acid such as aluminum chloride, aluminum bromide, boron
      trifluoride, boron trifluoride ether and acid complexes, beryllium
      chloride, ferric chloride, zinc chloride, etc. Boron trifluoride and the
      ether and acid complexes thereof are the preferred catalysts.
PAR  The amount of catalyst required, functionally stated, is that amount
      sufficient to cause the reaction to go to completion producing a copolymer
      resin product having a molecular weight in the range 600-5000. This amount
      will generally be about 1-3% of weight of the reactants, exclusive of the
      weight of the catalyst. Less than about 1% by weight catalyst may produce
      a product having an undesirably low molecular weight, i.e., lower than 600
      which, as previously stated may ooze from an adhesive composition. Greater
      than about 3% by weight catalyst produces a product having a relatively
      high molecular weight, although it should be noted that the higher
      molecular weight products are useful as tackifiers up to a molecular
      weight of 5000.
PAR  In the reaction, the phenolic compound should be employed in an amount of 1
      to 1.75 mole per mole of diene. At less than one mole of phenolic compound
      per mole of diene products are incompatible with many rubber base
      materials. At greater than 1.75 mole of phenolic compound per mole of
      diene the product has a low molecular weight (e.g., less than about 500)
      and hence is too soft to be used as a tackifier.
PAR  It has been found that the order of adding the reactants is important to
      produce the desired product. The phenolic compound should always be in an
      excess during the reaction, else homopolymerization of the diene results
      rather than production of a phenol/diene copolymer having repeating
      alternating phenol and diene units. An excess of phenolic compound can be
      maintained by charging the reaction vessel therewith, adding the catalyst,
      and then slowly adding the diene with sufficient agitation to cause rapid
      dispersal.
PAR  The reaction can be carried out at atmospheric pressure but care should be
      taken to substantially exclude moisture, e.g., purging the reaction vessel
      with a dry inert gas. The preferred reaction atmosphere is dry argon or
      nitrogen.
PAR  For convenience in handling and reaction control, the reactants may be
      mixed with an inert liquid reaction medium at about 10 to 40 parts by
      weight reactants per 100 parts total (reaction medium plus reactants),
      preferably at about 15 to 30 parts per 100. The preferred reaction medium
      is also a solvent for at least one of the reactants. Exemplary reaction
      media include aromatic hydrocarbons such as toluene and xylene, aliphatic
      hydrocarbons such as heptane and hexane, and halogenated hydrocarbons such
      as chlorobenzene and dichlorobenzene.
PAR  The reaction temperature is maintained preferably between room temperature
      (about 20.degree.C.) and 130.degree.C. although slightly higher and
      slightly lower temperatures may also be effective. At temperatures above
      about 135.degree.C. chemical modification of some dienes will occur;
      therefore, temperatures substantially above 135.degree.C. should be
      avoided where appropriate.
PAR  The most convenient method of accomplishing the reaction is to charge the
      phenolic compound, reaction medium (if used) and catalyst into a suitable
      reaction vessel -- and, with mixing, dropwise add the diene. The reaction
      will be exothermic and care should be taken to maintain the reaction
      mixture at a temperature of less than about 130.degree.C. Such a result
      can easily be accomplished by very slow addition of diene or by cooling
      the reaction vessel contents. After the addition of the diene is
      completed, heating at about 130.degree.C. and agitation are continued
      until the reaction is complete. Reaction completion is generally achieved
      within 2-4 hours.
PAR  Once the reaction is complete, the product can be isolated, for example, by
      distillation of catalyst, reaction medium (if used), unreacted materials,
      and low molecular reaction products. Non-volatile catalyst or residues can
      be removed by methods known in the art, e.g., extraction, or they may be
      left in the product, if they are inert (or can be rendered inert) with
      respect to the materials with which they will be eventually used.
PAR  The copolymer product is a friable light amber resin which has a molecular
      weight in the range of 600 to 5000 (most preferably 800 to 2000) and a
      glass transition temperature in the range of 100.degree. to 220.degree.C.,
      most preferably 100.degree. to 170.degree.C.
PAR  The copolymer resins of the invention can be used as prepared to tackify
      rubbers such as polychloroprene, chlorinated rubber and
      poly(ethylene/propylene) rubber. Commercially available forms of the
      rubbers include chlorinated ethylene-propylene rubber such as that sold
      under the trade designation "Nordel 1070", chlorosulfonated polyethylene
      such as that sold under the trade designation "Hypalon 20", and
      polychloroprenes such as that sold under the trade designations "Neoprene"
      "AC", "W", and "WHV".
PAR  The copolymer resins of the invention are blended into these rubbers by
      using conventional rubber compounding equipment and techniques, generally
      at about 5 to 200 parts by weight copolymer per 100 parts rubber,
      preferably about 40 to 100 parts tackifier per 100 parts rubber.
PAR  As previously stated, the phenol/diene copolymer resin will itself impart
      improved tack to certain polymers to make them suitable for use as
      pressure sensitive adhesives. It has also been discovered that when these
      resins are partially or fully hydrogenated, the hydrogenated products
      thereof also provide useful tackifiers for rubbery materials which are not
      easily tackified by the unhydrogenated product. In the partially
      hydrogenated products, at least half, but not substantially all, of the
      hydrogenatable carbon atoms are hydrogenated. The hydrogenatable carbon
      atoms are the olefinic carbon atoms and carbon atoms bearing hydroxyl
      groups. Preferably from about 50-60% of the hydrogenatable carbon atom are
      hydrogenated in the partially hydrogenated products.
PAR  Hydrogenation can be achieved by reacting the phenol/diene copolymer, in a
      suitable hydrogenation reaction medium (if desired) in a hydrogen
      atmosphere in a suitable hydrogenation catalyst. The hydrogenation
      temperature can vary between about 50.degree. and 275.degree.C., although
      temperatures in the range 100.degree. to about 250.degree.C. are
      preferred. A hydrogen gas pressure of from about 500 to about 4000 psig
      (preferably 1000-2500) will produce an adequate rate of hydrogenation.
PAR  The hydrogenation reaction vessel should be capable of withstanding the
      hydrogenation temperature and pressure and is constructed as a material
      that is non-reactive with the starting materials and product. Such vessels
      are generally made of stainless steel. The vessel should be fitted with a
      stirrer to agitate the starting materials, a temperature sensing device to
      observe the hydrogenation reaction temperature, an inlet line to introduce
      hydrogen into the vessel a valve on the inlet line, an exhaust line with a
      valve to vent the vessel after the hydrogenation reaction is completed,
      and a pressure sensing device to observe the hydrogen pressure.
PAR  Hydrogenation is achieved by first purging the hydrogenation reaction
      vessel with a dry inert gas such as nitrogen and then charging it with the
      phenol/diene copolymer, reaction medium, and catalyst, sealing the vessel,
      commencing stirring, pressurizing the vessel with hydrogen, heating to the
      appropriate temperature, and continuing to heat (and to stir) the vessel
      until the reaction is complete. The time required is generally about 2-24
      hours but this may vary. Partial hydrogenation may be achieved at shorter
      hydrogenation reaction times (e.g., 0.1-3 hours) while substantially
      complete hydrogenation requires longer reaction times (e.g., 2-24 hours).
PAR  Useful hydrogenation reaction media include saturated hydrocarbon liquids
      such as cyclohexane, heptane, etc. The weight ratio of reaction medium to
      copolymer plus catalyst will generally be from about 1:1 to about 10:1 or
      higher.
PAR  The preferred hydrogenation catalyst is Raney nickel although others (e.g.,
      platinum, ruthenium, nickel complexes with aluminum, e.g., nickel 2-ethyl
      hexanoate/diethyl aluminum reaction product and amines, etc.) may also be
      useful.
PAR  The partially hydrogenated product is a white friable solid which likewise
      has a glass transition temperature in the range of 100.degree. to
      220.degree.C. and an average molecular weight in the range of about 600 to
      5000. The partially hydrogenated product is extremely compatible with
      polyurethane rubbers and when blended therewith provide novel tackified
      polyurethane pressure sensitive adhesive compositions. A useful
      polyurethane rubber is prepared by reacting a block copolymer of ethylene
      glycol and propylene glycol with polytetramethylene ether glycol capped
      with tolylene diisocyanate, and lead octoate catalyst, until essentially
      all traces of isocyanate functionality are absent, and then reacting this
      reaction product with trimethylol propane capped with tolylene
      diisocyanate. Other useful polyurethane resins are well known in the art.
PAR  The substantially completely hydrogenated product is extremely compatible
      with and will tackify natural rubber such as milled pale crepe natural
      rubber, cis-polybutadiene rubber such as that sold under the trade
      designation "Ameripol CB220", styrenebutadiene rubber such as that sold
      under the trade designation "Shell SBR 1011", block copolymers such as the
      block copolymer of styrene and isoprene such as those sold under the trade
      designations "Kraton 1107", and "1108", and block copolymers of styrene
      and butadiene such as "Kraton 1101", and ethylene/propylene rubbers. These
      rubbers are generally well known.
DETD
PAR  Understanding of the invention will be further facilitated by referring to
      the subsequent examples, which indicate, without thereby limiting, ways in
      which the invention may be practiced.
PAC  EXAMPLE 1
PAR  A 5 liter resin flask, fitted with a mechanical stirrer, a dropping funnel,
      a thermometer, a purge gas inlet, and a reflux condenser protected from
      the atmosphere by a calcium chloride drying tube, was first purged with
      dry argon to eliminate atmospheric contamination, and the gas flow
      thereafter maintained at a rate sufficient to preclude such contamination.
      Four moles (600.8 g.) p-t-butylphenol was then charged into the flask and
      heated therein to about 100.degree.C. Therafter 15.2 ml. BF.sub.3
      (CH.sub.3 COOH).sub.2 was added in one batch with sufficient agitation to
      produce a homogeneous mixture. Next, 4 moles (528.8 g.) dicyclopentadiene
      was slowly added through the dropping funnel over a 11/2 hour period of
      time, maintaining the resultant exotherm at about 120.degree.C. Upon
      completion of the addition of the diene, the contents of the flask were
      heated to about 130.degree.C. and maintained at that temperature for an
      additional 4 hours to complete the reaction. After about 1 hour of the
      latter heating period had elapsed, about 220 g. of dry xylene were added
      to facilitate stirring of the flask contents.
PAR  Upon completion of the reaction, the reflux condenser and the dropping
      funnel were removed and the reaction flask was fitted for distillation.
      The xylene, catalyst, unreacted starting materials, and low boiling
      byproducts were distilled off at a pressure of 2-3 mm of Hg with heating
      to 250.degree.C., leaving a honey-like resinous product in the reaction
      flask. This product was poured into an open container lined with a
      non-adherent material and allowed to cool therein to room temperature,
      leaving 1080 g. (96% yield) of an amber friable material which fractured
      as it cooled.
PAR  Table I below, relating to Examples 1-22, reveals some pertinent physical
      properties of the resin prepared above and of other resins prepared in the
      same manner of the reactants shown.
PAR  In the tables below, "M.sub.n " denotes the number average molecular
      weight; "M.sub.w " denotes the weight average molecular weight; "P"
      denotes the ratio of M.sub.w /M.sub.n ; and "T.sub.g " denotes the glass
      transition temperature. M.sub.n and M.sub.w are determined by gel
      permeation chromatography utilizing a "Waters Associates Inc." Gel
      Permeation Chromatography. T.sub.g is determined by differential thermal
      analysis utilizing an "E. I. duPont de Nemours Co." differential thermal
      analysis (DTA) device by the method described by Maurer in Rubber Chem.
      and Tech., v. 42, No. 1, (1969), the chapter entitled "Applications of
      Differential Thermal Analysis and Thermogravimetric Analysis to Elastomer
      Systems".
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Reactants and Quantities Thereof                                          
                                     Catalyst and                              
     Ex.  Diene    Mole                                                        
                      Phenolic Compound                                        
                                Mole Quantity Thereof                          
                                                  M.sub.n                      
                                                      M.sub.w                  
                                                          P   T.sub.g (.degree.
                                                              C)               
     __________________________________________________________________________
     1    dicyclopentadiene                                                    
                   1  p-t-butylphenol                                          
                                1    BF.sub.3 (CH.sub.3 COOH).sub.2            
                                              2%  1270                         
                                                      2100                     
                                                          1.65                 
     2    "        1  "         1.25 "        "   1040                         
                                                      1720                     
                                                          1.65                 
                                                              118              
     3    "        1  "         1.30 "        "   930 1480                     
                                                          1.59                 
     4    "        1  "         1.35 "        "   940 1490                     
                                                          1.59                 
     5    "        1  "         1.40 "        "   900 1280                     
                                                          1.43                 
     6    "        1  "         1.50 "        "   922 1360                     
                                                          1.48                 
     7    "        1  "         1.60 "        "   880 1220                     
                                                          1.39                 
     8    "        1  "         1.75 "        "   850 1160                     
                                                          1.36                 
     9    "        1  "         2    "        "   800 1030                     
                                                          1.29                 
                                                              96               
     10   bis(2-cyclopen-                                                      
          tenyl) ether                                                         
                   1  "         1.35 "        "                                
     11   dipentene                                                            
                   1  "         1.5  "        "                                
     12   1,5-cycloocta-                                                       
          diene    1  "         1.5  "        "                                
     13   dicyclopentadiene                                                    
                   1  p-t-amylphenol                                           
                                1.25 BF.sub.3 (CH.sub.3 COOH).sub.2            
                                              2%  1000                         
                                                      1640                     
                                                          1.65                 
                                                               96              
     14   "        1  "         1    "        "   1250                         
                                                      2600                     
                                                          2.13                 
                                                              122              
     15   "        1  "         1.20 "        "                                
     16   "        1  p-(t-butyl)phenol                                        
                                1.25 "        "               118              
     17   "        1  "         1.35 "        1.6%                             
                                                  758  968                     
                                                          1.28                 
     18   "        1  "         "    "        1.8%                             
                                                  830 1100                     
                                                          1.33                 
     19   "        1  "         "    "         2% 922 1360                     
                                                          1.48                 
     20   "        1  "         "    "        2.2%                             
                                                  883 1240                     
                                                          1.40                 
     21   "        1  "         "    "        2.4%                             
                                                  913 1300                     
                                                          1.42                 
     22   "        1  "         "    "        2.6%                             
                                                  864 1210                     
                                                          1.40                 
     __________________________________________________________________________
PAR  Hydrogenated copolymer resins according to the invention were prepared by
      dissolving copolymer resins at about 20% solids in cyclohexane, charging
      the solution into a stainless steel hydrogenation reaction vessel fitted
      with a thermocouple, pressure gauge, stirrer, hydrogen gas inlet, and
      exhaust valve, adding Raney nickel catalyst (0.1 g. per gram of resin),
      sealing the vessel, and pressurizing with about 1200-2500 psi of hydrogen
      gas. Thereafter the reaction vessel was heated to 250.degree.C. with
      stirring to produce the desired degree of hydrogenation. Hydrogenated
      products (Examples 23-28) are shown in Table II below.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Hydrogenated Products                                                     
     Ex.                                                                       
        Reactants and Quantities Thereof                                       
                                     Catalyst and             Hydrogen-        
     No.                                                                       
        Diene      Mole                                                        
                      Phenolic Compound                                        
                                 Mole                                          
                                     Quantity Thereof                          
                                                  M.sub.n                      
                                                      M.sub.w                  
                                                          P   ation            
     __________________________________________________________________________
                                                              %                
     23 dicyclopentadiene                                                      
                   1  p-(t-butyl) phenol                                       
                                 1.35                                          
                                     BF.sub.3 (CH.sub.3 COOH).sub.2            
                                               2% 980 1570                     
                                                          1.60                 
                                                              27               
     24 "          1  "          "   "         "  920 1470                     
                                                          1.60                 
                                                              44               
     25 "          1  "          "   "         "  840 1340                     
                                                          1.60                 
                                                              62               
     26 "          1  "          "   "         "  800 1240                     
                                                          1.56                 
                                                              86               
     27 "          1  "          "   "         "  780 1230                     
                                                          1.57                 
                                                              95               
     28 "          1  "          "   "         "  760 1180                     
                                                          1.55                 
                                                              99+              
     29 "          1  "          1   "         "  910 1580                     
                                                          1.73                 
                                                              "                
     30 "          1  "          1.25                                          
                                     "         "  875 1370                     
                                                          1.57                 
                                                              "                
     31 "          1  "          1.5 "         "  750 1100                     
                                                          1.46                 
                                                              "                
     32 "          1  "          1.75                                          
                                     "         "  754 1065                     
                                                          1.41                 
                                                              "                
     33 "          1  "          2   "         "  670  890                     
                                                          1.33                 
                                                              "                
     __________________________________________________________________________
PAR  The above-described copolymer resins were used to tackify various rubbery
      base materials as hereinbelow described.
PAR  Copolymer resins were evaluated as tackifers for structural adhesives by
      spraying one major surface of each of a 1 ft. sq. section of birch plywood
      and a 1 ft. sq. section of "Formica" plastic sheeting uniformly with an
      adhesive composition consisting of 40 parts by weight copolymer resin and
      100 parts by weight polychloroprene rubber (sold under the trade
      designation "Neoprene AC") dissolved in heptane, providing approximately 3
      to 3.5 gms. per sq. ft. of dried adhesive on each surface. Thereafter, 4
      .times. 4 inch samples were cut from each and bonded together by joining
      the adhesive covered surfaces using light pressure (about 1 lb. per 61 sq.
      in.) after 5, 15, and 30 minutes, respectively, of "open time". (Open time
      is the amount of time elapsed after the adhesive solution is sprayed upon
      a surface.) After bonding, the bonded parts were separated and subjective
      evaluations were made of the "knitting", "strength", and "delamination".
PAR  Knitting is the ability of an adhesive to form strings as the adhered
      surfaces are separated. An adhesive which has good knitting will form
      uniform strings uniformly between the surfaces. Fair knitting implies some
      gaps are left without strings and/or the strings are not uniform. Poor
      knitting means little or no stringing of the adhesive has occurred.
      Strength is a subjective indication of the amount of force required to
      separate the adhered surfaces. Poor strength implies a weak bond; good
      strength a strong bond. Delamination of the plywood is a further
      indication of the strength of the bond between the adhered surfaces. A
      very strong bond causes the plywood to delaminate.
PAR  The results of the evaluation are shown in Table III below.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Open Time                                                                 
                   5 Minutes     15 Minutes   30 Minutes                       
                   Knit-    Delam-                                             
                                 Knit-   Delam-                                
                                              Knit-    Delam-                  
     Ex.                                                                       
        Copolymer Resin                                                        
                   ting                                                        
                       Strength                                                
                            ination                                            
                                 ting                                          
                                    Strength                                   
                                         ination                               
                                              ting                             
                                                  Strength                     
                                                       ination                 
     __________________________________________________________________________
     34 Example 13 good                                                        
                       poor no   good                                          
                                    poor no   fair                             
                                                  fair no                      
     35 Example 14 good                                                        
                       poor yes  good                                          
                                    good yes  good                             
                                                  good yes                     
     36 Ex. 13:14 (50:50)                                                      
                   good                                                        
                       poor yes  good                                          
                                    good yes  good                             
                                                  good yes                     
     __________________________________________________________________________
PAR  Copolymer resins were evaluated as tackifiers in pressure sensitive
      adhesive compositions for adhesive coated tapes by dissolving the
      copolymer resin in a solvent such as heptane and then dissolving a rubber
      base material in the resin solution to form a homogeneous blend, forming
      approximately a 20% solids solution therein, and coating the solution on 2
      mil polyester film to provide a dried coating thickness of 2 mils.
      Thereafter, the coated film was examined and subjective evaluation of film
      appearance, quality of film, and tack were determined.
PAR  In an adhesive coated transparent tape, it is desired to have a clear
      rather than a hazy film appearance. Likewise, the film should not be
      cracked or show other signs of discontinuity. Additionally, the pressure
      sensitive adhesive should be tacky without being unduly soft.
PAR  The terms "tacky", "some tack" and "nil" relate to the degree of tack noted
      when a hand-held 1.6 mm diameter stainless steel probe was touched to the
      surface of a 4 by 6 inch by 1 mil adhesive layer on a 1 mil polyester
      sheet, as the probe is withdrawn. Tacky means the entire sheet was lifted
      and remained on the end of the probe. Some tack means the sheet was lifted
      slightly but it subsequently fell off the end of the probe. Nil means the
      sheet was not lifted by the probe. (Comparison with tack measurements
      determined by ASTM Method D2979-71 reveals adhesives found to be tacky by
      the above-described test have withdrawal force values from 35 to 110
      grams.)
PAR  The subjective evaluations of the pressure sensitive adhesives are shown in
      Table IV below.
TBL                                    TABLE IV                                
     __________________________________________________________________________
                         Amount of Resin                                       
     Ex.            Resin                                                      
                         (as Parts Resin per   Quality                         
     No.                                                                       
        Rubber Base Material                                                   
                    Ex.No.                                                     
                         100 Parts Rubber)                                     
                                     Film Appearance                           
                                               of Film                         
                                                     Tack                      
     __________________________________________________________________________
     37 natural rubber                                                         
                    29   30          clear     good  tacky                     
     38 "           "    40          "         "     "                         
     39 "           "    50          "         "     "                         
     40 cis-polybutadiene                                                      
                    "    30          slight haze                               
                                               few cracks                      
                                                     "                         
     41 "           "    40          "         "     "                         
     42 "           "    50          "         "     some tack                 
     43 natural rubber                                                         
                    30   30          clear     good  tacky                     
     44 "           "    40          "         "     "                         
     45 "           "    50          "         "     "                         
     46 cis-polybutadiene                                                      
                    "    30          "         "     "                         
     47 "           "    40          "         "     "                         
     48 "           "    50          "         "     "                         
     49 natural rubber                                                         
                    31   30          "         "     "                         
     50 "           "    40          "         "     "                         
     51 "           "    50          "         "     "                         
     52 cis-polybutadiene                                                      
                    31   30          clear     good  tacky                     
     53 "           "    40          "         few cracks                      
                                                     some tack                 
     54 "           "    50          "         "     "                         
     55 natural rubber                                                         
                    32   30          "         good  tacky                     
     56 "           "    40          "         "     "                         
     57 "           "    50          "         "     "                         
     58 cis-polybutadiene                                                      
                    "    30          "         "     "                         
     59 "           "    40          "         "     "                         
     60 "           "    50          "         "     "                         
     61 natural rubber                                                         
                    27   30          "         good  some tack                 
     62 "           "    40          "         "     tacky                     
     63 "           "    50          "         "     tacky-soft                
     64 styrene-butadiene                                                      
        rubber      "    30          "         "     tacky                     
     65 "           "    40          "         cracks                          
                                                     nil                       
     66 "           "    50          "         good  some tack                 
     67 cis-polybutadiene                                                      
                    27   30          clear     good  tacky-soft                
     68 "           "    40          "         "     "                         
     69 "           "    50          "         "     some tack - soft          
     70 styrene-butadiene.sup.1                                                
        block copolymer                                                        
                    "    30          "         "     some tack                 
     71 "           "    40          "         cracks                          
                                                     nil                       
     72 "           "    50          "         cracks                          
                                               and rough                       
                                                     "                         
     73 styrene-isoprene.sup.2                                                 
        block copolymer                                                        
                    "    30          "         good  tacky                     
     74 "           "    40          "         "     "                         
     75 "           "    50          "         "     nil                       
     76 natural rubber                                                         
                    33   30          "         "     tacky - soft              
     77 "           "    40          "         "     "                         
     78 "           "    50          "         "     "                         
     79 cis-polybutadiene                                                      
                    "    30          "         "     "                         
     80 "           "    40          "         "     "                         
     81 "           "    50          "         "     "                         
     __________________________________________________________________________
      .sup.1 Sold under the trade designation "Kraton                          
      .sup.2 Sold under the trade designation "Kraton 1108                     
PAC  EXAMPLE 82
PAR  A polyurethane pressure-sensitive adhesive was prepared by mixing 419 gms.
      of a block copolymer of ethylene glycol and proplene glycol having a
      molecular weight of about 3000 (sold under the trade designation "Pluronic
      L-81"), 120 gms. of polytetraethylene ether glycol capped with tolylene
      diisocyanate having a molecular weight of about 1300 (sold under the
      tradename "Adiprene L-167"), 216 gms. of toluene and 15.5 gms. of a five
      weight percent lead octoate/toluene solution. To 40.3 gms. of this mixture
      was added 2 gms. a 60 weight percent solution (in "Cellosolve" acetate and
      xylene) of trimethylol propane capped with tolylene diisocyanate (sold
      under the trade designation "Mondur CB-60") and 29.4 gms. of a 50 weight
      percent solution in toluene of the tackifier described in Example 25. The
      components of the adhesive composition were extremely compatible and the
      adhesive had excellent adhesion and tack.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for making poly(phenol/diene) resin having alternately
      repeating diene and phenol units, a glass transition temperature in the
      range of 100.degree.-220.degree.C and a number average molecular weight in
      the range 600-5000, said resin thus capable of being homogeneously blended
      into an adhesive composition and thereafter resisting oozing from said
      composition and thereby providing permanent improved adhesive tack in said
      composition, which method comprises: adding in an inert atmosphere and in
      the presence of an effective amount of a Friedel-Crafts catalyst, 1 mole
      of non-conjugated diene with 1-1.75 mole of a phenolic compound having at
      least two ring carbon atoms susceptible of alkylation, at a temperature
      between about 20.degree. and 130.degree.C and heating the mixture at a
      temperature of about 130.degree.C until the reaction is complete, and
      isolating the resulting poly(phenol/diene)resin.
NUM  2.
PAR  2. The method of claim 1 including an additional step of hydrogenating at
      least half of the olefinic carbon atoms and carbon atoms bearing hydroxyl
      groups of said resin.
NUM  3.
PAR  3. The method of claim 2 wherein substantially all of said olefinic carbon
      atoms and said carbon atoms bearing hydroxyl groups are hydrogenated.
NUM  4.
PAR  4. Poly(phenol/diene) resin having alternately repeating diene and phenol
      units, a glass transition temperature in the range
      100.degree.-220.degree.C and a number average molecular weight in the
      range 600-5000, produced by adding, in an inert atmosphere and in the
      presence of a Friedel-Crafts catalyst, 1 mole of non-conjugated diene with
      1-1.75 mole of a phenolic compound having at least two ring carbon atoms
      susceptible of alkylation, at a temperature in the range
      20.degree.-130.degree.C, maintaining the reactants at a temperature of
      about 130.degree.C until the reaction is complete, and isolating the
      poly(phenol/diene) resin.
NUM  5.
PAR  5. The resin of claim 4 wherein at least half but not substantially all of
      the olefinic carbon atoms and carbon atoms bearing hydroxyl groups are
      hydrogenated.
NUM  6.
PAR  6. The resin of claim 4 wherein substantially all of the olefinic carbon
      atoms and carbon atoms bearing hydroxyl group are hydrogenated.
NUM  7.
PAR  7. The resin of claim 4 wherein the phenol component of said resin is
      selected from the group consisting of phenol, monoalkyl substituted
      phenols, dialkyl substituted phenols, phenolic ethers, monalkyl
      substituted anisoles, and dialkyl substituted anisoles.
NUM  8.
PAR  8. The resin of claim 4 wherein the diene is selected from the group
      consisting of dicyclopentadiene, 4-vinylcyclohexene-1, dipentene,
      1,5-cyclooctadiene, and 1,5,9-cyclododecatriene.
NUM  9.
PAR  9. The resin of claim 4 wherein the phenol is t-butylphenol and diene is
      dicyclopentadiene.
NUM  10.
PAR  10. The resin of claim 4 wherein the phenol is t-amylphenol and the diene
      is dicyclopentadiene.
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PAL  A series of novel 1-piperidinesulfonylurea compounds derived from a
      nitrogen-containing monocarboxylic acid have been prepared by reacting an
      appropriate sulfamide with an organic isocyanate or a trisubstituted urea
      equivalent thereof. The sulfamylureas so obtained are useful in therapy as
      oral hypoglycemic agents. Typical members include those compounds derived
      from 2-methoxynicotinic acid, of which
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endomethyl)-3-{4-[2-(2-methoxynicotinamido
     )ethyl]-1-piperidinesulfonyl}urea is a most preferred embodiment.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 464,332, filed Apr.
      26, 1974, now U.S. Pat. No. 3,887,561 which in turn was a division of
      application Ser. No. 305,594, filed Nov. 10, 1972, now U.S. Pat. No.
      3,829,434.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful sulfamylurea derivatives, which
      are effective in reducing blood sugar levels to a remarkably high degree.
      More particularly, it is concerned with certain novel
      4-substituted-1-piperidinesulfonylureas and their base salts with
      pharmacologically acceptable cations, which are useful in therapy as oral
      hypoglycemic agents for the treatment of diabetes.
PAR  In the past, various attempts have been made by numerous investigators in
      the field of organic medicinal chemistry to obtain new and better oral
      hypoglycemic agents. For the most part, these efforts have principally
      involved the synthesis and testing of various new and heretofore
      unavailable organic compounds, particularly in the arc of the
      sulfonylureas. However, in the search for still newer and more improved
      oral hypoglycemic agents, far less is known about the activity of various
      heterocyclic sulfonylureas like 4-substituted-1-piperidinesulfonylureas
      and their derivatives. For instance, J. M. McManus et al. in the Journal
      of Medicinal Chemistry, Vol. 8, p. 766 (1965) report on several
      cyclicsulfamylureas that are active, but none of these compounds possess
      any outstanding clinical advantages over that of either chlorpropamide or
      tolubutamide when used in this connection.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has now been rather
      surprisingly found that certain novel 1-piperidinesulfonylureas (i.e.,
      sulfamylureas) derived from a nitrogen-containing monocarbozylic acid are
      extremely useful when employed as oral hypoglycemic agents for the
      treatment of diabetic subjects. The novel sulfamylurea compounds of this
      invention are all selected from the group consisting of
      1-piperidinesulfonylureas of the formula:
      ##SPC1##
PAL  And the base salts thereof with pharmacologically acceptable cations,
      wherein R is a member selected from the group consisting of
      2-methoxy-3-pyridyl, 2-ethoxy-3-pyridyl, 4-chloro-2-pyridyl and
      8-quinolinyl, and R' is a member selected from the group consisting of
      bicyclo[2.2.1]nept-5-en-2-yl-endo-methyl,
      bicyclo[2.2.1]-hept-2-yl-endo-methyl, 7-oxabicyclo[2.2.1]hept-2-ylmethyl,
      1-adamantyl and cycloalkyl having from five to eight carbon atoms. These
      compounds are all useful in lowering blood sugar levels when administered
      by the oral route of administration.
PAR  Of special interest in this connection are such typical and preferred
      member compounds of the invention as
      1-(bicyclo[2.2.1]-hept-5-en-2-yl-endo-methyl)-3-{4-[2-(2-methoxynicotinami
     do)ethyl]-1-piperidinesulfonyl}urea,
      1-(bicyclo[2.2.1]hept-2-yl-endo-methyl-3-{4-[2-(2-methoxynicotinamido)ethy
     l]-1-piperidinesulfonyl}urea,
      1-(7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl)-3-{4-[2-(2-methoxynicotinamid
     o)ethyl]-1-piperidinesulfonyl}urea,
      1-(7-oxabicyclo-[2.2.1]hept-2-yl-exo-methyl)-3-{4-[2-(2-methoxynicotinamid
     o)ethyl]-1-piperidinesulfonyl}urea,
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(4-chloropicolinamido
     )ethyl]-1-piperidinesulfonyl}-urea,
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(8-quinolinecarboxami
     do)ethyl]piperidinesulfonyl}urea and
      1-cyclohexyl-3-{4-[2-(8-quinolinecarboxamido)ethyl]-1-piperidinesulfonyl}-
     urea, and their corresponding sodium salts. These particular compounds are
      all highly potent as regards their hypoglycemic activity.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the process employed for preparing the novel compounds
      of this invention, an appropriately substituted sulfamide compound of the
      formula:
      ##SPC2##
PAL  is reacted with an organic isocyanate reagent of the formula R'NCO wherein
      R' corresponds to the previously defined 1-substituent on the urea moiety
      of the desired final product. In this way, the corresponding
      1-piperidinesulfonylurea compound is formed where R is defined as
      previously indicated. This particular reaction is normally conducted in a
      basic solvent medium, most desirably employing an aprotic organic solvent
      such as tetrahydrofuran, dimethylsulfoxide or dimethylformamide and
      preferably using a slight excess in moles of a base, like triethylamine or
      sodium hydride (in mineral oil), which may then be admixed with the
      solvent. Many of the aforesaid isocyanate reagents (R'NCO) are either
      known compounds or else they can easily be prepared, using methods
      well-known to those skilled in the art, starting from readily available
      materials. In practice, it is usually preferable to employ at least about
      a molar equivalent of the isocyanate reagent in the aforesaid reaction of
      the present invention, with best results often being achieved by using a
      slight excess of same. Although any temperature below that of reflux may
      be used in order to effect the reaction, it is normally found most
      convenient in practice to employ elevated temperatures so as to shorten
      the required reaction time, which may range anywhere from several minutes
      up to about 24 hours depending, of course, upon the particular
      1-piperidinesulfonylurea actually being prepared. Upon completion of the
      reaction, the product is easily recovered from the spent reaction mixture
      in a conventional manner, e.g., by pouring same into an excess of
      ice-water containing a slight excess of acid, such as hydrochloric acid,
      whereby the desired 1-piperidinesulfonylurea readily precipitates from
      solution and is subsequently collected by such means as suction filtration
      and the like.
PAR  Another method for preparing the subject compounds of this invention
      involves reacting a 1-piperidinesulfamide in the form of an alkali metal
      or alkaline-earth metal salt (either employed as such or else formed in
      situ) with an appropriate 1,1,3-trisubstituted urea of the formula
      (R").sub.2 NCONHR', wherein R" is an aryl group such as phenyl,
      p-chlorophenyl, p-bromophenyl, p-nitrophenyl, p-acteylaminophenyl,
      p-tolyl, p-anisyl, .alpha.-naphthyl, .beta.-naphthyl, and the like. This
      reaction is preferably carried out in the presence of a neutral polar
      organic solvent medium. Typical organic solvents for use in this
      connection include the N,N-dialkyl lower alkanoamides like
      dimethylformamide, dimethylacetamide, diethylformamide and
      diethylacetamide, as well as lower dialkyl sulfoxides such as dimethyl
      sulfoxide, diethyl sulfoxide and di-n-propyl sulfoxide, etc. It is
      desirable that the aforesaid solvent for this reaction be present in
      sufficient amount to dissolve each of the previously mentioned starting
      materials. In general, the reaction is conducted at a temperature that is
      in the range of from about 20.degree.C. up to about 150.degree.C. for a
      period of about 1/2 to about 10 hours. The relative amounts of reagents
      employed are such that the molar ratio of 1-piperidinesulfamide to the
      1,1-diaryl-3-monosubstituted)urea is most diesirably in the preferred
      range of from about 1:1 to about 1:2, respectively. Recovery of the
      desired product from the reaction mixture is then achieved by first
      diluting the reaction solution with water and then adjusting if necessary
      the pH of the resulting solution to a valve of at least about 8.0,
      followed by subsequent extraction of the basic aqueous solution with any
      water-immiscible organic solvent in order to remove the diarylamine
      byproduct of formula (R").sub.2 NH as well as minor amounts of unreacted
      or excess starting material that might possibly be present at this stage.
      Isolation of the desired 1-piperidine-sulfonylurea from the basic aqueous
      layer then follows in due course, viz., by adding a sufficient amount of a
      dilute aqueous acid solution to cause precipitation of the desired
      sulfamylurea to occur.
PAR  The two major type starting materials required for this reaction, viz., the
      1-piperidinesulfamides and the 1,1-diaryl-3-(monosubstituted)ureas, are
      both readily prepared by those skilled in the art in accordance with the
      conventional methods of organic chemistry. For instance, the
      1-piperidinesulfamides, which are novel compounds and are also used as
      starting materials in the previously described isocyanate method, are
      suitably obtained by using classical methods of synthesis starting from
      the known 4-(2-aminoethyl)pyridine and proceeding in accordance with
      standard organic procedure as hereinafter described in the experimental
      section of this specification in some detail (see Preparations A-D and
      Examples I-IV). The 1,1-diaryl-3-(monosubstituted)-ureas, on the other
      hand, are all readily prepared from common organic reagents by employing
      standard procedures well known in the art, e.g., the desired
      1,1,3-trisubstituted urea may be prepared from the corresponding
      disubstituted carbamyl chloride [(R").sub.2 NCOCl] and the appropriate
      amine (R'NH.sub.2) in accordance with the general procedure of J. F. L.
      Reudler, as described in Recueil des Travaux Chimiques des Pays-Bas, Vol.
      33, p. 64 (1914).
PAR  The chemical bases which are used as reagents in this invention to prepare
      the aforementioned pharmaceutically acceptable base salts are those which
      form non-toxic salts with the many herein described acidic
      1-piperidinesulfonylureas, such as
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-4-[2-(2-methoxynicotinamido
     )ethyl]-1-piperidinesulfonyl urea, for example. These particular non-toxic
      base salts are of such nature that their cations are said to be
      essentially non-toxic in character over the wide range of dosage
      administered. Examples of such cations include those of sodium, potassium,
      calcium and magnesium, etc. These salts can easily be prepared by simply
      treating the aforementioned 1-piperidinesulfonylureas with an aqueous
      solution of the desired pharmacologically acceptable base, i.e., those
      oxides, hydroxides or carbonates which contain pharmacologically
      acceptable cations, and then evaporating the resulting solution to dryness
      while preferably being placed under reduced pressure. Alternatively, they
      may also be prepared by mixing lower alkanolic solutions of the said
      acidic compounds and the desired alkali metal alkoxide together, and then
      evaporating the resulting solution in the same manner as before. In either
      case, stoichiometric amounts of reagents must be employed in order to
      ensure completeness of reaction and maximum production of yields with
      respect to the desired final product.
PAR  As previously indicated, the 1-piperidinesulfonylurea compounds of this
      invention are all readily adapted to the rapeutic use as oral hypoglycemic
      agents, in view of their ability to lower the blood sugar levels of
      diabetic and non-diabetic subjects to a statistically significant degree.
      For instance,
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(2-methoxynicotinamid
     o)ethyl]-1-piperidinesulfonyl}urea (as the sodium salt), a typical and
      preferred agent of the present invention, has been found to consistently
      lower blood sugar levels in the normal fasted rat (as well as in fed rats
      and dogs) to a statistically significant degree when given by the
      intraperitoneal route of administration at dose levels ranging from 1.0
      gm./kg. to 15 mg./kg., respepctively, without showing any substantial
      signs of toxic side effects. The other compounds of this invention also
      cause similar side effects. Furthermore, all the herein described
      compounds of this invention can be administered orally, for the present
      purposes at hand, without causing any significant untoward pharmacological
      side reactions to occur in the subject to whom they are so administered.
      In general, these compounds are ordinarily administered at dosage levels
      ranging from about 0.1 mg. to about 2.5 mg. per kg. of body weight per
      day, although variations will necessarily occur depending upon the
      condition and individual response of the subject being treated and the
      particular type of oral formulation chosen.
PAR  In connection with the use of the 1-piperidinesulfonylurea compounds of
      this invention for the treatment of diabetic subjects, it is to be noted
      that they may be administered either alone or in combination with
      pharmaceutically acceptable carriers and that such administratiion can be
      carried out in both single and multiple dosages. More particularly, the
      novel compounds of the invention can be administered in a wide variety of
      different dosage forms, i.e., they may be combined with various
      pharmaceutically acceptable inert carriers in the form of tablets,
      capsules, lozenges, troches, hard candies, powders, aqueous suspension,
      elixirs, syrups and the like. Such carriers include solid diluents or
      fillers, sterile aqueous media and various non-toxic organic solvents,
      etc. Moreover, such oral pharmaceutical compositions can be suitably
      sweetened and/or flavored by means of various agents of the type commonly
      employed for just such a purpose. In general, the
      therapeutically-effective compounds of this invention are present in such
      dosage forms at concentration levels ranging from about 0.5% to about 90%
      by weight of the total composition, i.e., in amounts which are sufficient
      to provide the desired unit dosage.
PAR  For purposes of oral administration, tablets containing variious excipients
      such as sodium citrate, calcium carbonate and dicalcium phosphate may be
      employed along with various disintegrants such as starch and preferably
      potato or tapioca starch, alginic acid and certain complex silicates,
      together with binding agents such as polyvinylpyrrolidone, gelatin and
      acacia. Additionally, lubricating agents such as magnesium sterate, sodium
      lauryl sulfate and talc are often very useful for tabletting purposes.
      Solid compositions of a similar type may also be employed as fillers in
      soft and hard-filled gelatin capsules; preferred materials in this
      connection would also include the high molecular weight polyethylene
      glycols. When aqueous suspepnsions and/or elixirs are desired for oral
      administration, the essential active ingredient therein may be combined
      with various sweetening or flavoring agents, coloring matter or dyes and,
      if so desired, emulsifying and/or suspending agents as well, together with
      such diluents as water, ethanol, propylene glycol, glycerin and various
      like combinations thereof.
PAR  The activity of the compounds of the present invention, as hypoglycemic
      agents, is determined by their ability to lower blood sugar levels in the
      normal fasted rat when tested therein for such purposes according to the
      procedure described by W. S. Hoffman, as reported in the Journal of
      Biological Chemistry, Vol. 120, p. 51 (1937). The latter method measures
      directly the amount of glucose in the blood at any given time and from
      this, the maximum percent decrease in blood sugar can be readily
      calculated and reported as hypoglycemic activity per se. In this way, the
      present 1-piperidinesulfonylurea compounds are shown to markedly reduce
      the blood sugar levels of non-anesthetized rats when administered to them
      at dose levels as low as 1.0 mg./kg.
DETD
PAC  PREPARATION A
PAR  To a rapidly-stirred solution consisting of 148.1 g. (1.0 mole) of phthalic
      anhydride dissolved in 1000 ml. of xylene and also containing 13 ml. of
      triethylamine, there was slowly added in a dropwise manner 122.1 g. (1.0
      mole) of 4-(2-aminoethyl)-pyridine [L. E. Brady et al., Journal of Organic
      Chemistry, Vol. 26, p. 4758 (1961)] dissolved in 1000 ml. of xylene. The
      reaction was slightly exothermic in nature and a heavy orgage-yellow gum
      was observed to precipitate from the stirred system toward the end of the
      addition step. Upon completion of the addition, the resulting reaction
      mixture was refluxed for a period of approximately 2 hours (using a
      Dean-Stark trap to remove the water therefrom) and there was thus obtained
      a completely homogeneous yellow liquid. The latter liquid was then
      decanted while still hot into a 2-liter Erlenmeyer flask and slowly
      allowed to crystallized on cooling to room temperature
      (.about.25.degree.C.). In this manner, there were ultimately obtained 209
      g. (83%) of crystalline 4-(2-phthalimidoethyl)pyridine in the form of a
      white solid material melting at 155.degree.-157.degree.C.
PAR  Anal. Calcd. for C.sub.15 H.sub.18 N.sub.2 O.sub.2 : C, 71.41; H, 4.80; N,
      11.11.
PAR  Found: C, 71.55; H, 4.91; N, 10.75.
PAR  A 15-gal. autoclave was charged with 1.8 kg. (7.13 moles) of
      4-(2-phthallimidoethyl)pyridine, 10.62 gal. of anhydrous methanol
      saturated with dry hydrogen chloride gas and 72.2 g. of platinum oxide
      catalyst. The autoclave and its contents were than placed under 200 p.s.i.
      pressure of hydrogen, while at 50.degree.C. and held at that point until
      95% of the theoretical hydrogen uptake was complete (this required
      approximately 4.33 hours). At the end of this time, the reaction mixture
      was cooled to 24.degree.C., vented and then purged with nitrogen. After
      removal of the catalyst by means of filtration, the resulting filtrate was
      concentrated in vacuo to a fnal volume of ca. 3.0 liters and the solid
      product, which had precipitated from the residual liquid during the course
      of the concentration step, was then recovered by means of collecting same
      on a filter funnel with the aid of suction filtration. Upon washing with
      isopropanol and air-drying to constant weight, there was obtained 1070 g.
      (51%) of crystalline 4-(2-phthalimidoethyl)piperidine hydrochloride in the
      form of a pure white solid (m.p. 235.degree.-242.degree.C.).
      Recrystallization from ethanol-diethyl ether then raised the melting point
      to 240.degree.- 242.degree.C. (analytical sample).
PAR  Anal. Calcd. for C.sub.15 H.sub.18 N.sub.2 O.sub.2.sup.. HCl: C, 61.07; H,
      6.49; N, 9.50. Found: C, 60.79; H, 6.37; N, 9.43.
PAR  A 12-liter three-necked, round-bottomed flask was changed with 1700 g.
      (5.69 mole) of 4-(2-phthalimidoethyl)piperidine hydrochloride, 552 g.
      (5.69 mole) of sulfamide and 5.8 liters of pyridine. The resulting
      reaction mixture was then stirred under reflux conditions for a period of
      24 hours and finally cooled to room temperature (.about.25.degree.C.). The
      cooled mixture was next poured into an ice-water mixture (36 liters) and
      stirred for an additional period of 30 minutes. At this point, the
      precipitated product was collected by means of suction filtration, washed
      with 5.0 liters of 0.1N hydrochloric acid, then with 15 liters of water
      and finally with 3.0 liters of cold ethanol. After air-drying to constant
      weight, there was obtained a 1326 g. (71%) yield of pure
      4-(2-phthalimidoethyl)-1-piperidinesulfonamide, m.p.
      195.degree.-197.degree.C. Recrystallization from ethanol then gave the
      analytical sample as a white solid material (m.p.
      202.degree.-203.degree.C.).
PAR  A 1-liter round-bottomed flask was charged with 28.4 g. (0.084 mole) of
      4-(2-phthalimodoethyl)-1-piperidinesulfonamide, 2.7 g. (0.084 mole) of
      anhydrous hydrazine and 250 ml. of methanol. The resulting white
      suspension was stirred and then refluxed for a period of 90 minutes,
      followed by removal of the most of the methanol via fractional
      distillation. At this point, the reaction mixture was observed to be a
      homogeneous yellow solution. Concentrated hydrochloric acid (350 ml.) was
      then added, and the resulting mixture was refluxed for an additional
      period of 3 hours before being cooled to room temperature. The insoluble
      byproduct, which appeared at this point as a precipitate, was then removed
      by means of suction filtration and the resulting filtrate was thereafter
      evaporated to near dryness while under reduced pressure to give a white
      solid material as the final residual product. The latter was subsequently
      triturated with hot acetone, filtered and air dried to constant weight to
      afford 18.5 g. (91%) of pure 4-(2-aminoethyl)-1-piperidinesulfonamide
      hydrochloride, m.p. 188.degree.-192.degree.C. Recrystallization from
      ethanol then gave the analytical sample (m.p. 195.degree.-197.degree.C.).
PAR  Anal. Calcd. for C.sub.7 H.sub.17 N.sub.3 O.sub.2 S.HCl: C, 34.49; H, 7.44;
      N, 17.24. Found: C, 34.56; H, 7.45; N, 17.24.
PAC  PREPARATION B
PAR  A stirred suspension consisting of 57 g. (0.362 mole) of 2-chloronicotinic
      acid [G. M. Badger et al., Australian Journal of Chemistry, Vol. 18, p.
      1267 (1965)] in 800 ml. of methanol was treated portion-wise with 43 g.
      (0.797 mole) of sodium methoxide. The resulting turbid solution was then
      heated in an autoclave at 110.degree.C. for a period of 11 hours. The
      reaction mixture obtained in this manner was then evaporated to near
      dryness (while under reduced pressure) and the residue was subsequently
      dissolved in 2000 ml. of water, filtered and the resulting filtrate
      thereafter acidified with 1000 ml. of glacial acetic acid. The acidified
      filtrate was then concentrated in vacuo to a volume of ca. 800 ml., cooled
      in an ice bath for a period of approximately one hour and the resulting
      crystalline crop (i.e., precipitate) thereafter collected by means of
      suction filtration. After air drying to constant weight, there were
      obtained 33.3 g. (60%) of final product melting at
      143.degree.-146.degree.C. Crystallization of the latter material from 150
      ml. of acetonitrile then gave 27.6 g. (50%) of pure 2-methoxynicotinic
      acid, m.p. 144.degree.-146.degree.C. [literature m.p.
      144.degree.-146.degree.C., according to Chemical Abstracts, Vol. 68, p.
      12876g (1968)].
PAR  To a suspension of 256 g. (1.675 mole) of 2-methoxynicotinic acid in 5.0
      liters of methylene chloride, there were added 1000 ml. of thionyl
      chloride in one portion and the resulting reaction mixture was then heated
      on a steam bath to the reflux temperature. After a period of two hours at
      the reflux point, the clear solution was cooled and then concentrated in
      vacuo at room temperature to afford a residual oil. The excess thionyl
      chloride present was next removed by adding 500 ml. of benzene and
      subsequently evaporating the mixture to dryness while under reduced
      pressure. This particular purification step was then repeated twice and
      there was ultimately obtained 288 g. of pure 2-methoxynicotinoyl chloride
      as the residue, which solidified on standing and was used as such in the
      next reaction step. The yield of product was nearly quantitative.
PAC  PREPARATION C
PAR  The procedure described in Preparation B is repeated except that sodium
      ethoxide is the reagent of choice employed instead of sodium methoxide. In
      this particular case, using the same molar proportions as before,
      2-chloronicotinic acid is converted to 2-ethoxynicotinic acid in a most
      facile manner. Treatment of the latter material with an excess of thionyl
      chloride then yields 2-ethoxynicotinoyl chloride.
PAC  PREPARATION D
PAR  A suspension of 1.26 g. (0.008 mole) of 4-chloropicolinic acid [H. Meyer et
      al., Chemische Herichte, Vol. 61, p. 2210 (1928)] in 10 ml. of thionyl
      chloride was refluxed on a steam bath until the evolution of hydrogen
      chloride and sulfur dioxide gas both ceased. Excess thionyl chloride was
      then removed by means of evaporation under reduced pressure and there was
      ultimately obtained pure 4-chloropicolinoylchloride as a white residual
      solid, which was used as such in the next reaction step without any
      further purification being necessary. The yield of product obtained in
      this manner was almost quantitative.
PAC  PREPARATION E
PAR  A 500 ml. three-necked, round bottomed flask was charged with 14.6 g.
      (0.119 mole) of endo-2-aminomethylbicyclo[2.2.1]hept-5-ene [P. Wilder et
      al., Journal of Organic Chemistry, Vol. 30, p. 3078 (1965)], 18.0 g.
      (0.178 mole) of triethylamine and 100 ml. of tetrahydrofuran. The mixture
      was then rapidly cooled and stirred in an ice bath, while a solution
      consisting of 27.4 g. (0.119 mole) of N,N-diphenylcarbamoyl chloride
      dissolved in 100 ml. of tetrahydrofuran was slowly added thereto in a
      dropwise manner. After the addition was complete, the reaction mixture was
      stirred at room temperature (.about.25.degree.C.) for a period of one hour
      and the resulting solution was then concentrated in vacuo (to
      approximately one-third of its original volume to remove most of the
      tetrahydrofuran. On cooling, there was obtained a crystalline precipitate,
      which was subsequently collected by means of suction filtration and
      thereafter suspended in 250 ml. of 1N aqueous hydrochloric acid.
      Extraction of the latter aqueous solution with three 200-ml. portions of
      chloroform, followed by drying of the combined organic extracts then gave
      a clear organic solution upon filtration. After evaporating the clear
      filtrate to near dryness while under reduced pressure, there was
      ultimately obtained a heavy viscous oil, which subsequently crystallized
      on trituration with n-hexane. Recrystallization of this latter material
      from diethyl ether/n-hexane then gave pure
      1,1-diphenyl-3-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)urea, m.p.
      129.degree.-130.degree.C. The analytical sample was a crystalline white
      solid.
PAR  Anal. Calcd. for C.sub.21 H.sub.22 N.sub.2 O: C, 79.21; H, 6.96; N, 8.80.
      Found: C, 79.19; H, 7.05; N, 8.93.
PAC  PREPARATION F
PAR  A 3-liter round-bottomed flask was charged with 212 g. (4.0 moles) of
      acrylonitrile, 272 g. (4.0 moles) of furan and 50 mg. of hydroquinone all
      dissolved in a total of one liter of dry benzene. Stirring was then
      commenced, while a solution consisting of 55 ml. (0.5 mole) of titanium
      tetrachloride dissolved in 500 ml. of benzene was added at such a rate
      that the temperature did not exceed 35.degree.C. The resulting mixture was
      then stirred at room temperature (.about.25.degree.C.) for a period of
      five days in order to complete the reaction, followed by treatment with
      500 ml. of 0.5M hydrochloric acid. After filtering the acidified mixture,
      the benzene layer was collected and subsequently saved, while the aqueous
      layer was extracted anew with a fresh portion of benzene. At this point,
      the organic layers were combined, washed with water and then dried over
      anhydrous magnesium sulfate. After removal of the drying agent by means of
      suction filtration and the organic solvent by means of evaporation under
      reduced pressure, there was obtained 156.3 g. (32%) of
      7-oxabicyclo[2.2.1]-hept-5-en-2-ylnitrile in the form of a crude mixture
      of endo- and exo-isomers.
PAR  The above crude mixture (130 g.) was then hydrogenated in 1000 ml. of
      acetone at 50 p.s.i. pressure, using 2 g. of palladium-on-barium sulfate
      as catalyst. After removal of the catalyst by means of suction filtration
      and the solvent by means of evaporation under reduced pressure, there was
      obtained a residual liquid which on fractional distillation gave 55.5 g.
      (42%) of pure endo-7-oxabicyclo[2.2.1]hept-2-ylnitrile (b.p. 45.degree.
      C/0.1 mm. Hg) and 37.9 g. (29%) of pure
      exo-7-oxabicyclo[2.2.1]-hept-2-ylnitrile (b.p. 48.degree.C./0.02 mm. Hg)
      plus 14.7 g. (11%) of an endo/exo mixture.
PAR  Anal. Calcd. for C.sub.7 H.sub.9 NO: C, 68.27; H, 7.37; N, 11.37. Found:
      (endo): C, 67,96; H, 7.21; N, 11.37. (exo): C, 68.32; H, 7.42; N, 11.64.
PAR  To a well-stirred solution consisting of 54.3 g. (0.44 mole) of
      endo-7-oxabicyclo[2.2.1] hept-2-ylnitrile dissolved in 500 ml. of
      methanol, there were added 24 ml. of a slurry of Raney nickel in methanol,
      followed by the dropwise addition of 33.2 g. (0.88 mole) of sodium
      borohydride dissolved in 110 ml. of 4N aqueous sodium hydroxide. The
      latter step was carried out with the aid of external cooling so as to keep
      the temperature of the reaction mixture within the 40.degree.-50.degree.C.
      range. After the addition was complete (and this required approximately 25
      minutes), the mixture was further stirred at ambient temperatures (i.e.,
      without cooling) for a period of 20 minutes, at which point no further gas
      evolution could be detected. The spent reaction mixture was then filtered
      to remove solid impurities, and the resulting filtrate thereafter
      concentrated in vacuo to afford a residue that was subsequently suspended
      in 500 ml. of 1N aqueous sodium hydroxide. After extracting the latter
      basic aqueous solution three times with chloroform, the chloroform
      extracts were combined, dried over anhydrous magnesium sulfate and
      thereafter evaporated to constant volume while under reduced pressure to
      give 55.5 g. (100%) of endo-7-oxabicyclo[2.2.1]hept-2-ylmethylamine (b.p.
      90.degree.C./10 mm. Hg.), which was used as such in the next reaction step
      without any further purification being necessary.
PAR  The procedure described in Preparation E was now repeated to prepare the
      1,1-diphenyl-3-(monosubstituted)urea compound except that
      endo-7-oxabicyclo[2.2.1]hept-2-ylmethylamine obtained as described above
      was the appropriate amine starting material employed in place of
      endo-2-aminomethylbicyclo[2.2.1]hept-5-ene, again using the same molar
      proportions as before, In this particular case, the corresponding final
      product thus obtained was
      1,1-diphenyl-3-(7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl)urea, m.p.
      109.degree.-110.degree.C.
PAR  Anal. Calcd. for C.sub.20 H.sub.22 N.sub.2 O.sub.2 : C, 74.49; H, 6.89; H,
      8.68. Found: C, 74.28; H, 6.93; N, 8.61.
PAC  PREPARATION G
PAR  A methanolic solution of the exo-nitrile compound prepared as described in
      Preparation F was treated in exactly the same manner as that previously
      described for the corresponding endoisomer, with respect to Raney nickel
      and sodium borohydride reduction. In this way, pure
      exo-7-oxabicyclo[2.2.1]hept-2-ylnitrile was converted to
      exo-7-oxabicyclo[2.2.1]hept-2-ylmethylamine in substantially high yield.
      The latter material was used as such in the next reaction step without any
      further purification being necessary.
PAR  The procedure described in Preparation E was repeated once again to prepare
      the desired 1,1-diphenyl-3-(monosubstituted)urea compound except that this
      time exo-7-oxabicyclo[2.2.1]hept-2-ylmethylamine was the starting material
      employed in place of endo-2-aminomethylbicyclo[2.2.1]hept-5-ene, albeit on
      the same molar basis as before. In this particular case, the corresponding
      final product thus obtained was
      1,1-diphenyl-3-(7-oxabicyclo[2.2.1]hept-2-yl-exo-methyl)urea, m.p.
      128.degree.-130.degree.C.
PAR  Anal. Calcd. for C.sub.20 H.sub.22 N.sub.2 O.sub.2 : C, 74.49; H, 6.89; N,
      8.68. Found: C, 74.70; H, 6.75; N, 8.87.
PAC  EXAMPLE I
PAR  A solution consisting of 286.5 g. (1.67 moles) of 2-methoxynicotinoyl
      chloride dissolved in 2.0 liters of chloroform and a solution of 530 g.
      (5.0 moles) of sodium carbonate in 2225 ml. of water were added
      simultaneously at the rate of 25 ml./minute to 407 g. (1.67 moles) of
      4-(2-aminoethyl)-1-piperidinesulfonamide hydrochloride dissolved in 2.75
      liters of water, which also contained 177 g. (1.67 moles) of sodium
      carbonate. Vigorous agitation was maintained throughout the addition step,
      after which the reaction mixture was then further stirred at room
      temperature (.about.25.degree.C.) for 1.5 hours. At this point, the
      precipitated solids which formed were subsequently recovered by means of
      suction filtration and thereafter washed with two separate-500 ml.
      portions of cold acetone. After air-drying to constant weight, the yield
      of crude material amounted to 630 g. of product melting at
      165.degree.-172.degree.C. Recrystallization from 12.5 liters of
      acetonitrile then gave 409 g. (71 %) of pure
      4-[2-(2-methoxynicotinamido)ethyl]-1-piperidinesulfonamide, m.p.
      182.degree.-183.degree.C.
PAR  Anal. Calcd. for C.sub.14 H.sub.22 N.sub.4 O.sub.4 S: C, 49.11; H, 6.48; N,
      16.37. Found: C, 49.24; H, 6.46; N, 16.42.
PAC  EXAMPLE II
PAR  The procedure described in Example I is repeated using 2-ethoxynicotinoyl
      chloride in place of 2-methoxynicotinoyl chloride on the same molar basis
      as before. In this particular case, the corresponding final product thus
      obtained is 4-[2-(2-ethoxynicotinamido)ethyl]-1-piperidinesulfonamide.
PAC  EXAMPLE III
PAR  To a mixture of 1.95 g. (0.008 mole) of
      4-(2-aminoethyl)11-piperidinesulfonamide hydrochloride and 2.22 ml. (0.016
      mole) of triethylamine in 15 ml. of dry tetrahydrofuran, there were added
      1.41 g. (0.008 mole) of 4-chloropicolinoyl chloride dissolved in 15 ml. of
      tetrahydrofuran. The initial addition step was slightly exothermic
      (.about.40.degree.C.) and after completion of same, the resulting reaction
      mixture was stirred at ambient temperatures for a period of approximately
      16 hours. At this point, the thoroughly stirred mixture was poured into 50
      ml. of ice water and subsequently acidified with a few drops of 3N aqueous
      hydrochloric acid. The resulting crystalline precipitate was then
      recovered by means of suction filtration and thereafter recrystallized
      twice from acetonitrile to afford 0.997 g. of pure product. In this way,
      there was ultimately obtained a 36% yield of
      4-[2-(4-chloropicolinamido)ethyl]-1-piperidinesulfonamide, m.p.
      186.degree.-187.degree.C.
PAR  Anal. Calcd. for C.sub.13 N.sub.19 ClN.sub.3 O.sub.4 S: C, 45.00; H, 5.52;
      N, 16.16. Found: C, 45.21; H, 5.38; N, 16.19.
PAC  EXAMPLE IV
PAR  In a 150 ml. three-necked, round bottomed flask equipped with mechanical
      stirrer, reflux condenser and heating mantle, there were placed 3.0 g.
      (0.0173 mole) of quinoline-8-carboxylic acid, 8.1 g. (0.0327 mole) of
      N-ethoxycarbonyl-2-ethoxycarbonyl-2-ethoxy-1,3-dihydroquinoline (EEDQ),
      3.82 g. (0.01635 mole) of 4-(2-aminoethyl)-1 -piperidinesulfonamide
      hydrochloride and 1.66 g. (0.01635 mole) of triethylamine all in a total
      of 50 ml. of tetrahydrofuran. Stirring was commenced and the resulting
      mixture was heated under reflux for a period of approximately 16 hours. At
      the end of this time, the reaction mixture was cooled to room temperature
      (.about.25.degree.C.) and then diluted with 200 ml. of chloroform prior to
      extraction with two-100 ml. portions of 2N aqueous sodium hydroxide. The
      aqueous extracts so obtained were combined and then re-extracted once with
      75 ml. of chloroform prior to being adjusted to a pH value of ca. 7.0 via
      the slow addition of 2N aqueous hydrochloric acid solution thereto. The
      desired product precipitated at this point as a gummy white solid, which
      was collected and thereafter recrystallized from methanol to afford 3.8 g.
      (63%) of pure 4-[2-(8-quinolinecarboxamido)ethyl]-1-piperidinesulfonamide,
      m.p. 205.5.degree.-206.5.degree.C.
PAR  Anal. Calcd. for C.sub.17 H.sub.22 N.sub.4 O.sub.3 S.1/2H.sub.2 O: C,
      54.96; H, 6.23; N, 15.08. Found: C, 55.37; H, 6.38; N, 14.80.
PAC  EXAMPLE V
PAR  To a solution consisting of 407 g. (1.19 mole) of
      4-[2-(2-methoxynicotinamido)ethyl]-1-piperidinesulfonamide and 380 g.
      (1.19 moles) of
      1,1-diphenyl-3-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)urea dissolved in
      3.0 liters of dry N,N-dimethylformamide, there were added 51 g. (1.19
      moles) of 56% sodium hydride (in mineral oil) in one full portion. The
      resulting reaction mixture was then heated to 65.degree.C., at which point
      it became slightly exothermic and the temperature rose to 70.degree.C.
      After a period of stirring for 20 minutes, a homogeneous solution was
      formed and the latter was subsequently poured into two volumes of diethyl
      ether, followed by extraction with one volume of water and acidification
      of the aqueous layer with 6N hydrochloric acid. After extracting the
      latter solution with one volume of ethyl acetate, the organic layer was
      decolorized with charcoal and then dried over anhydrous magnesium sulfate.
      Upon removal of the drying agent by means of suction filtration and the
      solvent by means of evaporation under reduced pressure, there was
      ultimately obtained a viscous oil, which was subsequently dissolved in one
      liter of acetonitrile. The latter solution was filtered while hot, allowed
      to cool to room temperature and then slowly diluted with two liters of
      diethyl ether to give a pale yellow precipitate, which was subsequently
      collected by means of suction filtration. The crystalline material so
      obtained was then air-dried to constant weight to give 374 g. (64%) of
      pure 1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(2-methoxynicoti
     namido)ethyl]--piperidinesulfonyl}urea, m.p. 90.degree.-92.degree.C.
PAR  Anal. Calcd. for C.sub.23 H.sub.35 N.sub.5 O.sub.5 S: C, 56.19; H, 6.77; N,
      14.25. Found: C, 56.27; H, 6.96; N, 13.84.
PAC  EXAMPLE VI
PAR  A mixture of 983 mg. (0.002 mole) of
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(2-methoxynicotinamid
     o)ethyl]-1-piperidinesulfonyl}urea in 50 ml. of tetrahydrofuran containing
      50 mg. of 5% palladium-on-carbon catalyst was hydrogenated at 48 p.s.i.
      pressure for a period of 30 minutes. Upon completion of this step, the
      catalyst was removed by means of suction filtration and the resulting
      filtrate thereafter evaporated to near dryness while under reduced
      pressure to afford a white solid material as the crude residual product.
      After recrystallizing the latter material from acetonitrile, there was
      obtained 550 mg. (56%) of pure
      1-(bicyclo[2.2.1]hept-2-yl-endo-methyl)-3-{4-[2-(2-methoxynicotinamido)eth
     yl]-1-piperidinesulfonyl}urea, m.p. 105.degree.-108.degree.C.
PAR  Anal. Calcd. for C.sub.23 H.sub.35 N.sub.5 O.sub.5 S: C, 55.96; H, 7.15; N,
      14.19. Found: C, 56.10; H, 7.07; N, 14.16.
PAC  EXAMPLE VII
PAR  The procedure described in Example V was repeated except that 900 mg.
      (0.0026 mole) of 4-[2-(4-chloropicolinamido)ethyl]-1-piperidinesulfonamide
      and 930 mg. (0.0029 mole) of
      1,1-diphenyl-3-(bicyclo)[2.2.1]hept-5-en-2-yl-endo-methyl)urea were
      reacted in 5.0 ml. of dry N,N-dimethylformamide in the presence of 130 mg.
      (0.0029 mole) of 56% sodium hydride in mineral oil. The reaction mixture
      was heated at 60.degree.C. for a period of 30 minutes, at which point
      thin-layer chromatography(TLC) analysis showed the conversion to be
      substantially complete. After pouring the mixture into 150 ml. of
      anhydrous diethyl ether, the sodium salt of the product precipitated as a
      white gum. The ether was then decanted and the gum was subsequently
      dissolved in 20 ml. of water. Upon acidification with 5.0 ml. of 3N
      hydrochloric acid and extraction into chloroform, followed by
      decolorization with charcoal and drying over anhydrous magnesium sulfate,
      there was obtained a clear chloroform solution of the desired product.
      Evaporation of the latter solution to complete dryness while under reduced
      pressure then gave 1.11 g. (86.5%) of pure
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(4-chloropicolinamido
     )ethyl]-1-piperidinesulfonyl}urea as an amorphous solid material, m.p.
      75.degree.-80.degree.C.
PAR  Anal. Calcd. for C.sub.22 H.sub.30 CiN.sub.5 O.sub.4 S: C, 53.27; H, 6.10;
      N, 14.12. Found; C, 53.11; H, 6.05 N, 13.89.
PAC  EXAMPLE VIII
PAR  The procedure described in Example V was repeated except that 1.0 g.
      (0.00276 mole) of
      4-[2-(8-quinolinecarboxamido)ethyl]-1-piperidinesulfonamide and 879 mg.
      (0.00276 mole) of
      1,1-diphenyl-3-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)urea were reacted
      in 10 ml. of N,N-dimethylformamide in the presence of 118 mg. (0.00276
      mole) of 56% sodium hydride (in mineral oil). In this manner, there was
      obtained a 210 mg. (14.7%) yield of pure
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(8-quinolinecarboxami
     do)ethyl]-1-piperidinesulfonyl}urea, m.p. 95.degree.C.(decomp.).
PAR  Anal. Calcd. for C.sub.26 H.sub.33 N.sub.5 O.sub.4 S.1/2H.sub.2 O: C,
      59.98; H, 6.58; N,13.45. Found: C, 59.95; H, 6.43; N, 13.48.
PAC  EXAMPLE IX
PAR  The procedure described in Example V was repeated except that 500 mg.
      (0.00145 mole) of
      4-[2-(2-methoxynicotinamido)ethyl]1-piperidinesulfonamide and 218 mg.
      (0.00175 mole) of cyclohexyl isocyanate were reacted in 5.0 ml. of dry
      N,N-dimethylformamide in the presence of 75 mg. (0.00175 mole) of 56%
      sodium hydride (in mineral oil). In this manner, there was obtained a 310
      mg. (36%) yield of
      1-cyclohexyl-3-{4-[2-(2-methoxynicotinamido)ethyl]1-piperidinesulfonyl}ure
     a, m.p. 173.degree.-175.degree.C. after recrystallization from ethanol.
PAR  Anal. Calcd. for C.sub.21 H.sub.33 N.sub.5 O.sub.5 S: C, 53.94; H, 7.11; N,
      14.98. Found: C, 53.72; H, 7.00; N, 14.88.
PAC  EXAMPLE X
PAR  The procedure described in Example V was repeated except that 500 mg.
      (0.00145 mole) of
      4-[2-(2-methoxynicotinamido)ethyl]-1-piperidinesulfonamide and 316 mg.
      (0.00175 mole) of 1-adamantyl isocyanate [H. Stetter et al., Chemische
      Berichte, Vol. 95, p. 2302 (1962)] were reacted in 5.0 ml. of dry
      N,N-dimethylformamide in the presence of 75 mg. (0.00175 mole) of 56%
      sodium hydride (in mineral oil). In this manner, there was obtained a 250
      mg. (33%) yield of pure 1-(1-adamantyl)-3-
      {4-[2-(2-methoxynicotinamido)ethyl]-1-piperidinesulfonyl}urea as a white
      solid material melting at 171.degree.-173.degree.C.
PAR  Anal. Calcd. for C.sub.25 H.sub.37 N.sub.5 O.sub.5 S: C, 57.78; H, 7.18; N,
      13.48. Found: C, 57.46; H, 7.09; N, 13.45.
PAC  EXAMPLE XI
PAR  The procedure described in Example V was repeated except that 1.0 g.
      (0.00276 mole) of
      4-[2-(8-quinolinecarboxamido)ethyl]-1-piperidinesulfonamide and 345 mg.
      (0.00276 mole) of cyclohexyl isocyanate were reacted in 10 ml. of dry
      N,N-dimethylformamide in the presence of 118 mg. (0.00276 mole) of 56%
      sodium hydride (in mineral oil). In this manner, there was obtained 820
      mg. (61%) of pure
      1-cyclohexyl-3-{4-[2-(8-quinolinecarboxamido)ethyl]-1-piperidinesulfonyl}u
     rea in the form of a white solid, m.p. 177.degree.-179.degree.C. (decomp.)
      after recrystallization from acetonitrile.
PAR  Anal. Calcd. for C.sub.24 H.sub.33 N.sub.5 O.sub.4 S: C, 59.11; H, 6.82; N,
      14.36. Found: C, 58.95; H, 6.78; N, 14.69.
PAC  EXAMPLE XII
PAR  The procedure described in Example V was repeated except that 190 mg.
      (0.00055 mole) of
      4-[2-(2-methoxynicotinamido)ethyl]-1-piperidinesulfonamide and 225 mg.
      (0.0007 mole) of
      1,1-diphenyl-3-(7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl)urea were reacted
      in 5.0 ml. of N,N-dimethylformamide in the presence of 34 mg. (0.0007
      mole) of 49% sodium hydride (in mineral oil). The reaction mixture was
      then allowed to stand at room temperature (.about.25.degree.C.) overnight
      (a period of approximately 16 hours) prior to work-up. In this manner,
      there was obtained a 154 mg. (57%) yield of pure
      1-(7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl)-3-{4-[2-(2-methoxynicotinamid
     o)ethyl]-1-piperidinesulfonyl}urea, m.p. 109.degree.-110.degree.C.
PAR  Anal. Calcd. for C.sub.22 H.sub.33 N.sub.5 O.sub.6 S: C, 53.31; H, 6.71; N,
      14.13. Found: C, 53.09; H, 6.51; N, 13.88.
PAC  EXAMPLE XIII
PAR  The procedure described in the preceding Example was repeated again except
      that 1,1-diphenyl-3-(7-oxabicyclo[2.2.1]hept-2-yl-exo-methyl)urea was the
      reagent employed instead of the corresponding endo-isomer. In this
      particular case, the corresponding final product obtained was
      1-(7-oxabicyclo[2.2.1]hept-2-yl-exo-methyl)-3-{4-[2-(2-methoxynicotinamido
     )ethyl]-1-piperidinesulfonyl}urea, m.p. 105 -110.degree.C.
PAR  Anal. Calcd. for C.sub.22 H.sub.33 N.sub.5 O.sub.6 S: C, 53.31; H, 6.71; N,
      14.13. Found: C, 53.28; H, 6.65; N, 13.77.
PAC  EXAMPLE XIV
PAR  The following 1-piperidinesulfonylureas are prepared by employing the
      procedures described in the previous examples, starting from the
      corresponding sulfamide and the appropriate organic isocyanate or
      1,1-diphenyl-3-substituted urea in each instance:
      ##SPC3##
     R                    R'                                                   
     ______________________________________                                    
     2-methoxy-3-pyridyl                                                       
                        cyclopentyl                                            
     2-methoxy-3-pyridyl                                                       
                        cycloheptyl                                            
     2-methyl-3-pyridyl cyclooctyl                                             
     2-ethoxy-3-pyridyl                                                        
                 bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl                      
     2-ethoxy-3-pyridyl                                                        
                 bicyclo[2.2.1]hept-2-yl-endo-methyl                           
     2-ethoxy-3-pyridyl                                                        
                 7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl                      
     2-ethoxy-3-pyridyl                                                        
                 7-oxabicyclo[2.2.1]hept-2-yl-oxo-methyl                       
     2-ethoxy-3-pyridyl 1-adamantyl                                            
     2-ethoxy-3-pyridyl cyclopentyl                                            
     2-ethoxy-3-pyridyl cyclohexyl                                             
     2-ethoxy-3-pyridyl cycloheptyl                                            
     2-ethoxy-3-pyridyl cyclooctyl                                             
     4-chloro-2-pyridyl                                                        
                 bicyclo[2.2.1]hept-2-yl-endo-methyl                           
     4-chloro-2-pyridyl                                                        
                 7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl                      
     4-chloro-2-pyridyl                                                        
                 7-oxabicyclo[2.2.1]hept-2-yl-exo-methyl                       
     4-chloro-2-pyridyl 1-adamantyl                                            
     4-chloro-2-pyridyl cyclopentyl                                            
     4-chloro-2-pyridyl cyclohexyl                                             
     4-chloro-2-pyridyl cycloheptyl                                            
     4-chloro-2-pyridyl cyclooctyl                                             
     8-quinolinyl                                                              
                 bicyclo[2.2.1]hept-2-yl-endo-methyl                           
     8-quinolinyl                                                              
                 7-oxabicyclo[2.2.1]hept-2-yl-endo-methyl                      
     8-quinolinyl                                                              
                 7-oxabicyclo[2.2.1]hept-2-yl-exo-methyl                       
     8-quinolinyl       1-adamantyl                                            
     8-quinolinyl       cyclopentyl                                            
     8-quinolinyl       cycloheptyl                                            
     8-quinolinyl       cyclooctyl                                             
     ______________________________________                                    
PAC  EXAMPLE XV
PAR  A solution consisting of 354 g. (0.72 mole) of
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-{4-[2-(2-methoxynicotinamid
     o)ethyl]-1-piperidinesulfonyl}urea dissolved in 2.0 liters of methanol was
      treated at 0.degree.C. with 38.9 g. (0.72 mole) of sodium methoxide
      divided into five separate portions. The reaction mixture was then
      concentrated in vacuo and the resulting residue thereafter recrystallized
      from 7.0 liters of acetonitrile to give a 353 g. (95%) yield of product,
      viz., the sodium salt of
      1-(bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)3-{4-[2-(2-methoxynicotinamido
     )ethyl]-1-piperidinesulfonyl}urea, m.p. 208.degree.-210.degree.C.
PAR  Anal. Calcd. for C.sub.23 H.sub.32 N.sub.5 O.sub.5 SNa: C, 53.79; H, 6.28;
      N, 13.64. Found: C, 53.54; H, 6.42; N, 13.40.
PAC  EXAMPLE XVI
PAR  The sodium salt of 1-(bicyclo[2.2.1]hept-5-en-2-yl
      endomethyl)-3-{4-[2-(4-chloropicolinamido)ethyl]-1-piperidinesulfonyl}urea
      is prepared by dissolving said compound in anhydrous methanol and then
      adding said solution to another methanolic solution which contains an
      equivalent amount in moles of sodium methoxide. Upon subsequent
      evaporation of the solvent therefrom via freezedrying, there is obtained
      the desired alakli metal salt in the form of an amorphous solid powder
      which is freely soluble in water.
PAR  In like manner, the potassium and lithium salts are also similarly
      prepared, as are the alkali metal salts of all the other acidic
      1-piperidinesulfonylureas of this invention which are reported in the
      previous examples.
PAC  EXAMPLE XVII
PAR  The calcium salt of
      1-cyclohexyl-3-{4-[2-(8-quinolinecarboxamido)ethyl]-1-piperidinesulfonyl}u
     rea is prepared by dissolving said compound in water containing an
      equivalent amount in moles of calcium hydroxide and then freeze-drying the
      mixture. The corresponding magnesium salt is also prepared in like manner,
      as are all the other alkaline-earth metal salts not only of this
      particular compound, but also of those acidic 1-piperidinesulfonylureas
      previously described in Examples V-VIII and X-XIV, respectively.
PAC  EXAMPLE XVIII
PAR  A dry solid pharmaceutical composition is prepared by blending the
      following materials together in the proportions by weight specified below:
TBL  1-(Bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl)-3-                           
      {4-[2-(2-methoxynicotinamido)ethyl]-1-                                   
      piperidinesulfonyl}urea     50                                           
     Sodium citrate               25                                           
     Alginic acid                 10                                           
     Polyvinylpyrrolidene         10                                           
     Magnesium stearate           5                                            
PAL  After the dried composition is thoroughly blended, tablets are punched from
      the resulting mixture, each tablet being of such size that it contains 75
      mg. of the active ingredient. Other tablets are also prepared in a similar
      fashion containing 5, 10, 25 and 50 mg. of the active ingredient,
      respectively, by merely using the appropriate amount of the
      1-piperidinesulfonylurea in each case.
PAC  EXAMPLE XIX
PAR  A dry solid pharmaceutical composition is prepared by combining the
      following materials together in the proportions by weight indicated below:
TBL  1-Cyclohexyl-3-{4-[2-(8-quinolinecarboxamido)ethyl]-                      
      1-piperidinesulfonyl}urea     50                                         
     Calcium carbonate              20                                         
     Polyethylene glycol, average molecular weight, 4000                       
                                    30                                         
PAR  The dried solid mixture so prepared is then thoroughly agitated so as to
      obtain a powdered product that is completely uniform in every respect.
      Soft elastic and hard-filled gelatin capsule containing this
      pharmaceutical composition are then prepared, employing a sufficient
      quantity of material in each instance so as to provide each capsule with
      125 mg. of the active ingredient.
PAC  EXAMPLE XX
PAR  The 1-piperidinesulfonylurea final products of Examples V-XIII were tested
      for hypoglycemic activity in groups of six male albino rats (each weighing
      approximately 190-240 g.) of the Sprague-Dawley strain. No anesthetic was
      used in this study. The rats were fasted for approximately 18-24 hours
      prior to administration, a blood sample was then taken from the tail vein
      of each animal and the test compound was administered intraperitoneally
      (while in solution as the sodium salt in 0.9% saline) at dose levels of
      15, 5.0 and 1.0 mg./kg., respectively. Additional blood samples were then
      taken at 1, 2 and 4 hour intervals after administration of the drug. The
      samples were immediately diluted 1:10 (by volume) with 1.0% heparin in
      0.9% saline. Blood glucose was determined by adapting the method of W. S.
      Hoffman [Journal of Biological Chemistry, Vol. 120, p. 51 (1937)] to the
      Autoanalyzer instrument produced by Technicon Instruments Corporation of
      Chauncey, N.Y. On this basis, the maximum percent decrease in blood sugar
      was calculated and reported as such (i.e., as hypoglycemic activity) for
      the various compounds listed in the table below:
TBL               Hypoglycemic                                                 
                  Activity (Max.% Fall)                                        
     1-Piperidinesulfonylurea                                                  
                     1.0mg./kg.                                                
                              5.0mg./kg.                                       
                                        15mg./kg.                              
     ______________________________________                                    
     Product of Example V                                                      
                    20        34        --                                     
     Product of Example VI                                                     
                    --        28        --                                     
     Product of Example VII                                                    
                    --        23        45                                     
     Product of Example VIII                                                   
                    24        32        --                                     
     Product of Example IX                                                     
                    --        --        41                                     
     Product of Example X                                                      
                    --        --        38                                     
     Product of Example XI                                                     
                    16        38        --                                     
     Product of Example XII                                                    
                    --        33        --                                     
     Product of Example XIII                                                   
                    --        27        --                                     
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sulfamide compound of the formula:
      ##SPC4##
PAL  wherein R is a member selected from the group consisting of
      2-methoxy-3-pyridyl 2-ethoxy-3-pyridyl and 4-chloro-2-pyridyl.
NUM  2.
PAR  2. A compound as claimed in claim 1 wherein R is 2-methoxy-3-pyridyl.
NUM  3.
PAR  3. A compound as claimed in claim 1 wherein R is 4-chloro-2-pyridyl.
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PAL  Crosslinked resins are prepared by reacting an N,N'-bis-imide and a Schiff
      base at a temperature of from 100.degree.C to 280.degree.C. The
      crosslinked resins have good thermal stability and are useful for making
      adhesives, coatings, laminates and molded articles.
BSUM
PAR  This invention relates to new cross-lined resins possessing good thermal
      stability and a process for their preparation.
PAR  More particularly, this invention provides a heat stable curable
      composition comprising
PAR  A. AN UNSATURATED N,N'-bis-imide having the formula
      ##EQU1##
      wherein
PAR  A is an alkylene group containing from 2 to 12 carbon atoms; cycloalkylene
      group containing from 4 to 6 carbon atoms, a xylylene group, an arylene
      group selected from phenylene, tolylene, biphenylene, naphthylene, a
      substituted arylene group of the formula
      ##SPC1##
PAL  Wherein Z is sulfur, carbonyl, --NH, N--(lower)alkyl, --O--, --N-phenyl,
      sulfonyl, an alkylene group of from 1 to 3 carbon atoms, R.sup.6 and
      R.sup.7 are independent and each is hydrogen, chloro, or bromo,
      (lower)alkyl of from 1 to 5 carbon atoms, (lower)alkoxy containing from 1
      to 5 carbon atoms, or a group having the formula
      ##SPC2##
PAL  Where Y is a covalent bond or --NH, and R.sup.8 is phenyl, piperidino,
      hydrogen, diphenylamino or di(lower)alkyl amino;
PAR  Q is a divalent radical containing olefinic unsaturation having the formula
      ##EQU2##
      wherein
PAR  R.sup.3 is hydrogen, methyl, bromo or chloro;
PAR  R.sup.4 is hydrogen, methyl, bromo or chloro;
PAR  B. From about 0.5 to 0.166 mole equivalents per mole equivalent of (a) of a
      Schiff base having the formula
      ##EQU3##
      wherein
PAR  R.sup.1 and R.sup.2 independently is hydrogen, an alkyl group containing
      from 1 to 12 carbon atoms, an aryl group containing from 6 to 12 carbon
      atoms, an alkaryl group containing from 7 to 15 carbon atoms, an aralkyl
      group containing from 7 to 15 carbon atoms, chlorophenyl, alkoxyphenyl
      said alkoxy containing from 1 to 5 carbon atoms or together with the
      carbon to which they are attached form a monocyclic ring containing 5 or 6
      carbon atoms, with the proviso that only one of R.sup.1 or R.sup.2 may be
      hydrogen at the same time;
PAR  R.sup.3 is an alkyl group containing from 1 to 12 carbon atoms, an aryl
      group containing from 6 to 12 carbon atoms, an alkaryl group containing
      from 7 to 15 carbon atoms, an aralkyl group containing from 7 to 15 carbon
      atoms, chlorophenyl, alkoxyphenyl said alkoxy containing from 1 to 5
      carbon atoms, cyclohexyl or cyclopentyl;
PAR  R.sup.4 is an alkylene group containing from 2 to 12 carbon atoms,
      phenylene, tolylene, biphenylene, naphthalene, or an arylene group having
      the formula
      ##SPC3##
PAL  wherein X is --S--, --O--, NH, N-phenyl, sulfonyl, or an alkylene group
      containing from 1 to 3 carbon atoms; and
PAR  A is an alkylene group containing from 2 to 12 carbon atoms; cycloalkylene
      group containing from 4 to 6 carbon atoms, a xylylene group, an arylene
      group selected from phenylene, tolylene, biphenylene, naphthylene, a
      substituted arylene group of the formula
      ##SPC4##
PAL  wherein Z is sulfur, carbonyl, --NH, N--(lower)alkyl, --O--, --N-phenyl,
      sulfonyl an alkylene group of from 1 to 3 carbon atoms, R.sup.6 and
      R.sup.7 are independent and each is hydrogen, chloro, or bromo,
      (lower)alkyl of from 1 to 5 carbon atoms, (lower)alkoxy containing from 1
      to 5 carbon atoms, or a group having the formula
      ##SPC5##
PAL  where Y is a covalent bond or --NH, and R.sup.8 is phenyl, piperidino,
      hydrogen, diphenylamino or di(lower)alkyl amino;
PAL  and to the cross-linked resins obtained therefrom.
PAR  The cross-linked resins of this invention are obtained by reacting the
      unsaturated N,N'-bis-imide with the polySchiff base, in a ratio of
      equivalents of bis-imide to equivalents of Schiff base of between 2:1 and
      6:1, at a temperature of from 100.degree. to 350.degree. and preferably
      from 100.degree.C to 280.degree.C.
PAR  Conventional plastic processing techniques such as autoclave and vacuum bag
      laminating, compression and injection molding can be used to fabricate
      useful objects from this composition which possess good mechanical and
      thermal oxidative properties as well as low void content. The chain
      extended and cross-linked resins of this invention may be used as
      adhesives, laminating resins, coatings for decorative and electrical
      purposes and molding compounds.
PAR  The composition of this invention possesses good melt viscosity. There is a
      good separation between melting point and cure temperature, thus
      eliminating the need for solvents since the material can be handled as a
      fluid melt. The desirable characteristic of moldability is also present.
PAR  Both melting point and cure temperatures are lower than those
      characteristic of conventional polyimides.
PAR  The radical Q is derived from an ethylenically unsaturated anhydride of the
      formula
      ##EQU4##
      wherein Q is as defined hereinbefore, which may be, for example, maleic
      anhydride, citraconic anhydride, chloro maleic anhydride, dichloro maleic
      anhydride, bromo maleic anhydride.
PAR  The unsaturated bis-imides of formula I are prepared by first forming the
      amide-acid by reacting amines of the formula
EQU  H.sub.2 N--A--NH.sub.2
PAL  wherein A is as defined hereinbefore with said unsaturated anhydride in an
      inert solvent such as chloroform at about 25.degree.C with subsequent
      cyclization and dehydration of the amide-acid to the imide by thermal or
      chemical means. Thus, these additives may be imidized by heating the
      amide-acids at a temperature sufficient to effect immidization while
      removing the water formed by azeotropic distillation, e.g., by refluxing
      in toluene at 110.degree.C, or adding acetic anhydride/pyridine mixture to
      the amide-acid in chloroform. The preparation of these compounds are
      described in more detail in U.S. Pat. Nos. 2,444,536 and 3,010,290.
PAR  The Schiff bases of formulas II, III and IV comprise a well known class of
      compounds, and are obtained by reacting an aldehyde or ketone having the
      formulas
      ##EQU5##
      wherein R.sup.1 , R.sup.2 and R.sup.4 are as defined previously with a
      mono or diamine having the formulas:
      ##EQU6##
      or
      ##EQU7##
      wherein R.sup.3 and A are as defined previously, in equivalent amounts in
      an inert solvent. General methods for preparing the Schiff bases involve
      stirring the reactants in 95% ethanol and precipitation and drying of the
      product, or refluxing the reactants in either theoretical or toluene under
      a Dean-Stark trap until the theroretical quantity of water distills over
      and separation and isolation of the Schiff base. Methods for preparing the
      Schiff bases of this invention are disclosed in Houben-Weyl, Methods of
      Organic Chemistry, Volume 11/2 (1958) page 73 ff, and in J.A.C.S., 84,3673
      (1962).
PAR  More particularly, illustrative of the divalent organic radicals
      representative by R.sup.1, R.sup.2, and R.sup.3 are an aryl group
      containing from 6 to 12 carbon atoms, such as phenyl, naphthyl,
      p-nitrophenyl, an alkaryl group containing from 7 to 15 carbon atoms such
      as tolyl, dimethylphenyl, an aralkyl group containing from 7 to 15 carbon
      atoms, such as benzyl, 2-phenylethyl; and an alkoxy aryl group such as
      methoxyphenyl.
PAR  Among the diprimary diamines which are suitable for preparing the
      unsaturated bis-imides of formula I and Schiff base of the present
      invention of formula III include the following:
PA0  4,4'-diamino-2,2'-sulfonediphenylmethane
PA0  ethylenediamine
PA0  m-phenylenediamine
PA0  p-phenylenediamine
PA0  4,4'-diaminodiphenylpropane
PA0  4,4'-diaminodiphenylmethane benzidine
PA0  4,4'-diaminodiphenyl sulfide
PA0  4,4'-diaminodiphenylsulfone
PA0  3,3'-diaminodiphenylsulfone
PA0  4,4'-diaminodiphenyl ether
PA0  4,4'-diaminobenzophenone
PA0  bis-(4-aminophenyl)-N-methylamine
PA0  1,5-diaminonaphthylene
PA0  3,3'-dimethyl-4,4'-diaminobiphenyl
PA0  3,3'-dimethoxybenzidine
PA0  2,4-toluenediamine
PA0  4,4'-methylene bis(o-chloroaniline)
PA0  4,4'-methylene bis(o-methoxyaniline)
PA0  4,4'-methylene bis(o-methylaniline)
PA0  m-xylylenediamine
PA0  p-xylylenediamine
PA0  bis-(4-aminocyclohexyl)-methane
PA0  hexamethylenediamine
PA0  heptamethylenediamine
PA0  octamethylenediamine
PA0  nonamethylenediamine
PA0  decamethylenediamine
PA0  3-methyl-heptamethylenediamine
PA0  4,4'-dimethylheptamethylenediamine
PA0  2,11-diaminododecane
PA0  2,2-dimethylpropylenediamine
PA0  3-methoxyhexamethylenediamine
PA0  4,4'-(p-aminophenyl)dissulfide
PA0  2,5-dimethylhexamethylenediamine
PA0  2,5-dimethylheptamethylenediamine
PA0  5-methylnonamethylenediamine
PA0  1,4-diaminocyclohexane
PA0  1,12-diaminooctadecane
PA0  2,5-diamino-1,3,4-oxadiazole
PA0  H.sub.2 n(ch.sub.2).sub.3 o(ch.sub.2).sub.2 o(ch.sub.2).sub.3 nh.sub.2
PA0  h.sub.2 n(ch.sub.2).sub.3 s(ch.sub.2).sub.3 nh.sub.2
PA0  h.sub.2 n(ch.sub.2).sub.3 n(ch.sub.3) (ch.sub.2).sub.3 nh.sub.2
PA0  2-diphenylamino-4,6-bis(m-aminoanilino)-s-triazine
PA0  2-amino-4,6-bis(m-aminoanilino)-s-triazine
PA0  2-phenyl-4,6-bis(p-aminophenyl)-s-triazine
PA0  2-phenyl-4,6-bis(m-aminophenyl)-s-triazine
PA0  2-phenyl-4,6-bis(4'-aminoanilino)-s-triazine
PA0  2-phenyl-4,6-bis(3'-aminoanilino)-s-triazine
PA0  2-anilino-4,6-bis(4'-aminoanilino)-s-triazine
PA0  2-(N-methylanilino)-4,6-bis(3'l -aminoanilino)-s-triazine
PA0  2-dimethylamino-4,6-bis(3'-aminoanilino)-s-triazine
PA0  2-diphenylamino-4,6-bis(2'-aminoanilino)-s-triazine
PA0  2-diphenylamino-4,6-bis(4'-aminoanilino)-s-
PA0  2-phenyl-4,6-bis(2'-methyl-4'-aminoanilino)-s-triazine
PA0  2-diphenylamino-4,6-bis(3'-aminocyclohexylamino)-s-triazine
PA0  2H, 4,6-piperidino-4,6-bis(3'-aminoanilino)-s-triazine
PA0  2,4-bis(3'-aminoanilino)-s-triazine
PA0  2-diphenylamino-4,6-bis{4-(p-aminophenoxy)anilino}-s-triazine.
PAR  Among the monoamines of formula VII which are suitable for preparing the
      Schiff bases of formulas II and IV include methylamine, butylamine,
      isobutylamine, hexylamine, dodecylamine, cyclohexylamine, benzylamine,
      aniline, toluidine, .alpha.-naphthylamine, and .beta.-naphthylamine.
PAR  Among the carbonyl compounds of formulas V and VI which are most suitable
      for preparing the Schiff bases of formulas III and IV include
      acetaldehyde, propionaldehyde, isobutyraldehyde, butyraldehyde,
      capronaldehyde, caprylaldehyde, caprinaldehyde, tetrahydrobenzaldehyde,
      hexahydrobenzaldehyde, furfural, benzaldehyde, 2-methyl-benzaldehyde,
      p-methoxy-benzaldehyde, .beta.-naphthaldehyde, acetone, methylethylketone,
      dibutylketone, diheptylketone, dodecylketone, dibenzylketone,
      acetophenone, butyrophenone, benzophenone, 2-methylacetophenone,
      4-methoxy-propiophenone, cyclopentanone, cyclohexanone,
      terephthalaldehyde, isophthalaldehyde, glyoxal, glutaraldehyde,
      acetonylacetone, 4,4'-diacetyldiphenylether.
PAR  The quantities of N,N'-bis-imide and of Schiff base are chosen in such a
      manner that the ratio
      ##EQU8##
      is between 2:1 and 6:1.
PAR  When the polySchiff bases are prepared from an aldehyde, the optimum imide
      to Schiff base ratio is 2:1 equivalence, and when the polySchiff base is
      prepared from a ketone, the optimum bis-imide to Schiff base ratio is 3:1
      equivalence. An equivalence is one imide linkage of the bis-imide and one
      amine linkage of the Schiff base.
PAR  The preparation of the new resins of the invention may be carried out in an
      inert polar diluent such as dimethylformamide, N-methylpyrrolidone,
      dimethylacetamide, or tetrahydrofuran. A solvent is advantageously used
      when the application of the polymer formed necessitates the use of a
      solution, because it makes it possible to obtain directly solutions whose
      solids content may be very high.
PAR  The preparation may also be carried out in bulk, by heating the reactants
      which have previously been initimately mixed. Depending upon the physical
      state of the reactants, conventional methods may be employed for mixing
      finely divided solids, or a solution or a dispersion of one of the
      reactants in the other, maintained in the liquid state, may be prepared.
      For many uses, it is advantageous, first to heat the mixture of the two
      reactants at a moderate temperature of the order of 100.degree. to
      250.degree.C for a few minutes to a few hours. The prepolymer thus
      obtained may then be employed in solution in a solvent such as those
      referred to above or in suspension in an inert diluent, or it may be
      shaped by simple hot casting, or again it may be employed as powder. In a
      second phase, the hardening of the prepolymer may be directly effected by
      heating to temperatures of the order of 350.degree.C, optionally under
      pressure.
PAR  The mixture may also be directly brought into the form of the desired
      article and the hardening may be effected by heating, optionally under
      pressure.
PAR  The cured resins are infusible and insoluble. They have excellent
      resistance to thermal stresses, have good dielectric properties and are
      endowed with excellent stability to chemical agents. They may be converted
      into multicellular materials or employed for bonding metals. They are also
      particularly useful for the preparation of laminates based on mineral
      fibres or moulded articles optionally in association with fibrous or
      pulverulent fillers.
PAR  Other appropriate ingredients may be added to the compositions of this
      invention such as fillers, dyes, pigments, thermal and uv stabilizers, and
      the like depending on the end use.
PAR  It has also been found advantageous to optionally add to the compositions
      of this invention a curing catalyst. The curing catalyst aids in
      increasing the rate of cure of the compositions, thus, shortening the
      process time in preparing the fully cured resin. Examples of curing
      catalysts are the organic peroxide compounds such as di-t-butyl peroxide,
      dilauryl peroxide, dicumyl peroxide, tert-butyl peroxide, or tert-butyl
      peroxide benzoate. These curing catalysts are preferably used in a
      concentration range from 0.01% to 5%, and particularly, from 0.25% to 1%,
      based on a total weight of bis-imides and Schiff base.
PAR  To further illustrate the nature of this invention and the process employed
      in preparing the cured resin, the following examples are given below.
DETD
PAC  EXAMPLE 1
PAR  Typical of the methods used to prepare the Schiff bases are as follows:
PAC  A. Preparation of 4,4'-methylenebis{N-(.alpha.-methylbenzylidene)aniline}
PAR  A mixture of 4,4'-methylene dianiline (198 g; 1 mole), acetophenone (240 g;
      2 moles) and a catalytic amount of stannous chloride was refluxed in
      toluene (3L) for 30 hours using a Dean-Stark trap. The theoretical amount
      of water was removed from the system. The toluene was then removed under
      vacuum.
PAR  The residual oil crystallized immediately upon cooling. The resulting solid
      was ground in hexane (1.5L) in a Waring Blender, suction filtered, air
      dried, and finally recrystallized from methyl cellosolve (1500 ml). The
      resulting yellow needles were dried for 24 hours in a vacuum oven at room
      temperature, and had a melting point of 116.degree.-119.degree.C.
PAC  B. Preparation of 4,4'-methylenebis(N-benzylidene aniline)
PAR  Benzaldehyde (212 g; 4 moles) was added in one portion to a solution of
      4,4'-methylene dianiline (396 g; 2 moles) in ethanol (4L) at a temperature
      of 40.degree.C. The product precipitated in white plates after 5 minutes
      of stirring. The product was suction filtered, washed with ethanol (2L)
      followed by water (2L) and dried in a vacuum oven at 60.degree.C for 24
      hours. The product had a melting point of 126.degree.-130.degree.C.
PAR  The following three bis-Schiff bases were prepared similarly to
      4,4'-methylenebis(N-benzylidene aniline)
PAR  a. N, N'-dibenzylidene-m-phenylenediamine m.p. 109.degree.-110.degree.C
PAR  b. N,N'-dibenzylidene-p-phenylenediamine m.p. 139.degree.C-140.degree.C
PAR  c. glyoxal bis-(4-methoxy-anil) m.p. 153.degree.-157.degree.C.
PAC  C. Preparation of N,N'-dibenzylidene ethylenediamine
PAR  A mixture of ethylene diamine (12.02 g; 0.2 mole) and benzaldehyde (42.44
      g; 0.4 mole) in toluene (200 ml) was refluxed for 4 hours using a
      Dean-Stark trap. The toluene was then removed under vacuum. The residual
      oil crystallized on cooling. The resulting product was dried in a vacuum
      oven for 24 hours at room temperature and had a melting point of
      52.degree.-54.degree.C.
PAC  EXAMPLE 2
PAR  Typical of the methods used to prepare the unsaturated N,N'-bis-imides are
      as follows:
PAC  A. Preparation of citraconic N,N'-diphenylmethane-bis-imide
PAR  A solution of 4,4'-methylene dianiline (396 g; 2 moles) in DMF (500 ml) was
      added dropwise to a refluxing solution of citraconic anhydride (448 g; 4
      moles) in toluene (2L). A thick yellow amide-acid precipitate formed upon
      addition. The mixture was refluxed for 16 hours under a Dean-Stark trap. A
      homogeneous solution resulted. The toluene was removed under vacuum and
      the cooled viscous residue was coagulaged from water in a large Waring
      Blender.
PAR  The product was dried at 70.degree.C in a vacuum oven for 48 hours. The
      product had a melting point of 90.degree.-100.degree.C.
PAC  B. Preparation of maleic N,N'-metaphenylene-bis-imide
PAR  To a 3 neck, 200 ml flask equipped with a stirrer and water bath was added
      17.7 gm (0.16 mole) of m-phenylene diamine, 15 gm (0.18 mole) of anhydrous
      sodium acetate and 50 ml of DMF. The mixture was heated to 48.degree.C. To
      the resulting slurry was added 32 gm (0.34 mole) of maleic anhydride,
      forming a clear yellow solution. After about 5 minutes, 42 gm (0.41 mole)
      of acetic anhydride was added. Stirring was continued for 3 hours at
      45.degree.C, after which time a heavy yellow slurry had formed. The mass
      was poured into a rapidly stirred ten fold excess of water. The bright
      yellow solid obtained was filtered off and vacuum dried and had a melting
      point of 197.degree.-199.degree.C.
PAR  In similar manner, by substituting for m-phenylene diamine an equivalent
      amount of the following amines
PA0  a. 4,4'-diaminodiphenylether
PA0  b. 4,4'-diaminodiphenyl
PA0  c. 4,4'-diaminodiphenylsulfone
PA0  d. 4,4'-diaminodiphenylsulfide
PA0  e. ethylenediamine
PA0  f. 4,4'-diaminodiphenylmethane
PA0  g. 2,4-toluenediamine
PAL  there is respectively obtained the following compounds:
PA0  a. maleic N,N'-4,4'-diphenylether-bis-imide
PA0  b. maleic N,N'-4,4'-diphenyl-bis-imide
PA0  c. maleic N,N'-4,4'-diphenylsulfone-bis-imide
PA0  d. maleic N,N'-4,4'-diphenylsulfide-bis-imide
PA0  e. maleic N,N'-ethylene-bis-imide
PA0  f. maleic N,N'-diphenylmethane-bis-imide m.p. 150.degree.C-152.degree.C
PA0  g. maleic N,N'-2,4-toluene-bis-imide m.p. 197.degree.C-198.degree.C
PAR  in a similar manner by substituting for the m-phenylene diamine and maleic
      anhydride and equivalent amount of the following amines and unsaturated
      anhydrides
PA0  a. 4,4'-diaminodiphenylether + dichloro maleic anhydride
PA0  b. 4,4'-diaminodiphenylether + dimethylmaleic anhydride
PA0  c. 4,4'-diaminodiphenylether + itaconic anhydride
PAL  there is respectively obtained the following compounds:
PA0  a. dichloromaleic N,N'-4,4'-diphenylether-bis-imide
PA0  b. dimethylmaleic N,N'-paraphenylether-bis-imide
PA0  c. itaconic N,N'-paraphenylether-bis-imide
PAC  EXAMPLE 3
PAR  A mixture of 4,4'-methylenebis[N-.alpha.-methylbenzylidene) aniline] maleic
      N,N'-diphenylmethane-bis-imide in the mole ratio of 1:3 was advanced for 7
      hours in tetrahydrofuran at reflux temperatures. A lay-up of 12 piles of
      181E A1100 cloth impregnated with this tetrahydrofuran varnish and
      (prepreg resin content 41%) was heated in a simulated autoclave to
      260.degree.F under vacuum over a 15 minute period. It was then "B" staged
      for 1 hour at 260.degree.F with vacuum. A pressure of 90 psi was applied
      and the temperature was raised from 260.degree.F to 350.degree.F over a 30
      minute period. The system was then cured for 1 hour at 350.degree.F, 90
      psi, under vacuum, and cooled under restraint. The laminate was postcured
      unrestrained from room temperature to 260.degree.C (500.degree.F) over a 6
      hour period and at 260.degree.C for 10 hours.
PAR  The resulting laminate had a resin content of 26.14%, a void content of
      0.41%, and a specific gravity of 2.02 g/cc.
PAR  The following physical properties were observed:
TBL            Before Post Cure                                                
                         After Post cure                                       
               PSI       PSI                                                   
                  Room      Room                                               
                  Temperature                                                  
                            Temperature                                        
                                   500.degree.F                                
     __________________________________________________________________________
     Flexural                                                                  
     Strength  55.2 .times. 10.3                                               
                         68.9 .times. 10.3                                     
                                   47.9 .times. 10.3                           
     Flexural Modulus                                                          
                2.35 .times. 10.6                                              
                          2.94 .times. 10.6                                    
                                    2.23 .times. 10.6                          
     Short Bean Shear                                                          
               3180      6703      4146                                        
     __________________________________________________________________________
PAR  The Flexural Strength and Flexural Modulus was determined according to ASTM
      Standard D790 and the Short Bean Shear Strength was determined according
      to ASTM Standard D2344.
PAC  EXAMPLE 4
PAR  A neat mixture of maleic N,N'-diphenylmethane-bis-imide and
      N,N'-dibenzylidene-m-phenylenediamine in a mole ratio of 2 to 1 was
      preparaed. The mixture had a melting point of 90.degree.C and had a gel
      time of 3 minutes at 200.degree.C. The mixture was advanced for 60 minutes
      in an open tray in an oven at 110.degree.C. The cooled advanced powder was
      blended with 50% Daper (powdered quartz) and molded for 1 hour in a
      350.degree.F compression mold at 3000 psi. The resulting placques were
      post cured for 2 hours from room temperature to 500.degree.F and at
      500.degree.F for 22 hours. The Flexural Strength of the cured molded
      placques was determined at room temperature and 500.degree.F according to
      ASTM Standard A-7800 and had a value of 7120 psi and 5270 psi,
      respectively. A portion of the initial mix when cured for 30 minutes at
      350.degree.C had a glass transition temperature greater than 350.degree.C
      as determined by Torsional Braid analysis.
PAC  EXAMPLE 5
PAR  A neat mixture of maleic-N,N'-diphenylmethane-bis-imide and
      4,4'-methylenebis(N-benzylidene aniline) in a mole ratio of 2 to 1 was
      prepared. The mixture had a melting point of 110.degree.C and had a gel
      time of 8 minutes at 200.degree.C. The mixture was advanced for 60 minutes
      in an open tray in an oven at 110.degree.C. The cooled advance powder was
      blended with 50% Daper (powdered quartz) and molded for 1 hour in a
      350.degree.F compression mold at 3000 psi. The resulting placques were
      post cured for 2 hours from room temperature to 500.degree.F and at
      500.degree.F for 22 hours. The Flexural Strength of the cured molded
      placques was determined at room temperature, and 400.degree.F according to
      ASTM Standard A-7800 had a value of 4960 psi and 3880 psi, respectively. A
      portion of the initial mix when cured for 30 minutes at 350.degree.C had a
      glass transition temperature of 340.degree.C as determined by Torsional
      Braid analysis.
PAC  EXAMPLE 6
PAR  A neat mixture of maleic N,N'-metaphenylene-bis-imide and
      4,4'-methylenebis(N-benzylidene aniline) in a mole ratio of 2 to 1 was
      prepared. The mixture had a melting point of 119.degree.C and had a gel
      time of 11 minutes at 200.degree.C. The mixture was advanced for 60
      minutes in an open tray in an oven at 110.degree.C. The cooled advance
      powder was blended with 50% Daper (powdered quartz) and molded for 1 hour
      in a 350.degree.F compression mold at 3000 psi. The resulting placques
      were post cured for 2 hours from room temperature to 500.degree.F and at
      500.degree.F for 22 hours. The Flexural Strength of the cured molded
      placques was determined at room temperature and 400.degree.F according to
      ASTM Standard A-7800 and had a value of 2540 psi and 3920 psi,
      respectively. A portion of the initial mix when cured for 30 minutes at
      350.degree.C had a glass transition temperature of 325.degree.C as
      determined by Torsional Braid analysis.
PAC  EXAMPLE 7
PAR  A heat mixture of maleic N,N'-metaphenylene-bis-imide and
      N,N'-dibenzylidene-m-phenylenediamine in a mole ratio of 2 to 1 was
      prepared. The mixture had a melting point of 100.degree.C and had a gel
      time of 2 minutes at 200.degree.C. The mixture was advanced for 60 minutes
      in an open tray at 110.degree.C. The cooled advance powder was blended
      with 50% Daper (powdered quartz) and molded for 1 hour in a 350.degree.F
      compression mold at 3000 psi. The resulting placques were post cured for 2
      hours from room temperature to 500.degree.F and at 500.degree.F for 22
      hours. The Flexural Strength of the cured mold placques was determined at
      room temperature and 500.degree.F according to ASTM Standard A-7800 and
      had a value of 6800 psi and 4030 psi, respectively. A portion of the
      initial mix when cured for 30 minutes at 350.degree.C had a glass
      transition temperature greater than 350.degree.C as determined by
      Torsional Braid analysis.
PAC  EXAMPLE 8
PAR  A neat mixture of maleic N,N'-diphenylmethane-bis-imide and
      4,4'-methylenebis[N-(.alpha.-methylbenzylidene)amine] in a mole ratio of 3
      to 1 was prepared. The mixture had a melting point of 100.degree.C and had
      a gel time of 21/2 minutes at 150.degree.C. The mixture was advanced for
      60 minutes in an open tray in an oven at 110.degree.C. The cooled advance
      powder was blended with 50% Daper (powdered quartz) and molded for 1 hour
      in a 350.degree.F compression mold at 3000 psi. The resulting placques
      were post cured for 2 hours from room temperature at 500.degree.F and at
      500.degree.F for 22 hours. The Flexural Strength of the cured mold
      placques was determined at room temperature according to ASTM Standard
      A-7800 and had a value of 10,800 psi. A portion of the initial mix when
      cured for 30 minutes at 350.degree.C had a glass transition temperature
      greater than 350.degree.C as determined by Torsional Braid analysis.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stable heat curable composition consisting essentially of (a) an
      unsaturated N,N'-bis-imide having the formula
      ##EQU9##
      wherein A is an alkylene group containing from 2 to 12 carbon atoms;
      cycloalkylene group containing from 4 to 6 carbon atoms, a xylylene group,
      an arylene group selected from phenylene, tolylene, biphenylene,
      naphthylene; a substituted arylene group of the formula
      ##SPC6##
PAL  wherein Z is sulfur, carbonyl, --NH, N--(lower)alkyl, --O--, N-phenyl,
      sulfonyl, an alkylene group of from 1 to 3 carbon atoms, R.sup.6 and
      R.sup.7 are independent and each is hydrogen, chloro, or bromo,
      (lower)alkyl of from 1 to 5 carbon atoms, or (lower)alkoxy containing from
      1 to 5 carbon atoms;
PA1  Q is a divalent radical containing olefinic unsaturation having the formula
      ##EQU10##
      wherein R.sup.3 is hydrogen, methyl, bromo or chloro;
PA1  R.sup.4 is hydrogen, methyl, bromo or chloro;
PA1  From about 0.5 to 0.166 mole equivalents per mole equivalent of (a) of a
      Schiff base having the formula
      ##EQU11##
      wherein R.sup.1 and R.sup.2 independently is hydrogen, an alkyl group
      containing from 1 to 12 carbon atoms, an aryl group containing from 6 to
      12 carbon atoms, an alkaryl group containing from 7 to 15 carbon atoms, an
      aralkyl group containing from 7 to 15 carbon atoms, chlorophenyl,
      alkoxyphenyl, said alkoxy containing from 1 to 5 carbon atoms, or together
      with the carbon to which they are attached form a monocyclic ring
      containing 5 to 6 carbon atoms, with the proviso that only one of R.sup.1
      or R.sup.2 may be hydrogen at the same time; and
PA1  A is an alkylene group containing from 2 to 12 carbon atoms; cycloalkylene
      group containing from 4 to 6 carbon atoms, a xylylene group, an arylene
      group selected from phenylene, tolylene, biphenylene, naphthylene, a
      substituted arylene group of the formula
      ##SPC7##
PAL  wherein Z is sulfur, carbonyl, --NH, --N(lower)alkyl, --O--, --N-- phenyl,
      sulfonyl, an alkylene group of from 1 to 3 carbon atoms, R.sup.6 and
      R.sup.7 are independent and each is hydrogen, chloro, or bromo,
      (lower)alkyl of from 1 to 5 carbon atoms, (lower) alkoxy containing from 1
      to 5 carbon atoms, or a group having the formula
      ##SPC8##
PAL  wherein Y is a covalent bond or --NH, and R.sup.8 is phenyl piperidino,
      hydrogen, diphenylamino or di(lower)alkyl amino.
NUM  2.
PAR  2. A composition according to claim 1 which further contains a peroxide
      curing catalyst.
NUM  3.
PAR  3. A composition according to claim 1 wherein
PAL  a. is an unsaturated N,N'-bis-imide having the formula
      ##EQU12##
      wherein A is m or p-phenylene, biphenylene or alkylene group containing
      from 2 to 12 carbon atoms or a group having the formula
      ##SPC9##
PAL  wherein X is --O--, sulfonyl, or alkylene group containing from 1 to 3
      carbon atoms; and
PA1  Q is a divalent radical containing olefinic unsaturation have the formula
      ##EQU13##
      wherein R.sup.3 is hydrogen or methyl;
PAL  b. is a Schiff base having the formula
      ##EQU14##
      wherein R.sup.1 and R.sup.2 independently is hydrogen, an alkyl group
      containing from 1 to 12 carbon atoms, phenyl group, tolyl, chlorophenyl,
      or alkoxyphenyl, said alkoxy containing from 1 to 5 carbon atoms, with the
      proviso that only one of R.sup.1 and R.sup.2 may be hydrogen at the same
      time;
PA1  A is an alkylene group containing from 2 to 12 carbon atoms; cycloalkylene
      group containing from 4 to 6 carbon atoms, a xylylene group, an arylene
      group selected from phenylene, tolylene, biphenylene, naphthylene, a
      substituted arylene group of the formula
      ##SPC10##
PAL  wherein Z is sulfur, carbonyl, --NH, N--(lower)alkyl, --O--, --N-phenyl,
      sulfonyl, an alkylene group of from 1 to 3 carbon atoms, R.sup.6 and
      R.sup.7 are independent and each is hydrogen, chloro, or bromo,
      (lower)alkyl of from 1 to 5 carbon atoms, (lower)alkoxy containing from 1
      to 5 carbon atoms, or a group having the formula
      ##SPC11##
PAL  where Y is a covalent bond or --NH, and R.sup.8 is phenyl, piperidino,
      hydrogen, diphenylamino or di(lower)alkyl amino.
NUM  4.
PAR  4. A composition according to claim 1 wherein the unsaturated
      N,N'-bis-imide is maleic N,N'-diphenylmethane-bis-imide, and the Schiff
      Base is 4,4'-methylenebis[N-(.alpha.-methylbenzylidene)aniline].
NUM  5.
PAR  5. A composition according to claim 1 wherein the unsaturated
      N,N'-bis-imide is maleic N,N'-diphenylmethane-bis-imide and the Schiff
      Base is N,N'-dibenzylidene-metaphenylenediamine.
NUM  6.
PAR  6. A composition according to claim 1 wherein the unsaturated
      N,N'-bis-imide is maleic N,N'-diphenylmethane-bis-imide and the Schiff
      Base is 4,4'-methylenebis(N-benzylideneaniline).
NUM  7.
PAR  7. A composition according to claim 1 wherein the unsaturated
      N,N'-bis-imide is maleic N,N'-metaphenylene-bis-imide and the Schiff Base
      is 4,4'-methylenebis(N-benzylideneaniline).
NUM  8.
PAR  8. A composition according to claim 1 wherein the unsaturated
      N,N'-bis-imide is maleic N,N'-metaphenylene-bis-imide and the Schiff Base
      is N,N'-dibenzylidene-m-phenylenediamine.
NUM  9.
PAR  9. A composition according to claim 1 wherein the unsaturated
      N,N'-bis-imide maleic N,N'-diphenylmethane-bis-imide and the Schiff Base
      4,4'-methylene-bis]N-(.alpha.-methylbenzylidene)aniline].
NUM  10.
PAR  10. A solution of a composition according to claim 1 in a volatile inert
      solvent for said composition.
NUM  11.
PAR  11. A molding powder consisting essentially of the composition according to
      claim 1.
NUM  12.
PAR  12. The crosslinked, infusible and insoluble resin consisting essentially
      of the product obtained by heating at 100.degree.C to 350.degree.C the
      composition of claim 1.
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ABST
PAL  This invention provides compositions containing polysulfonamides which are
      prepared by the addition polymerization of bis-N-cyanosulfonamides. The
      resins are useful in coating, molding, laminating and casting
      applications.
BSUM
PAR  This invention relates to a new class of nitrogenous polymeric materials.
      More particularly, it relates to poly-sulfonamides which are prepared by
      the addition polymerization of bis-N-cyanosulfonamides, which are novel
      compounds.
PAR  In accordance with this invention a new class of polysulfonamide resins for
      use in coating, laminating, molding and casting applications has been
      discovered. These resins are distinguished by their ease of fabrication,
      low raw material cost and exceptional elevated temperature and electrical
      properties.
PAR  These resins are prepared from polymerizable compositions which contain
      organic groups of the formula (I)
      ##EQU1##
      which unexpectedly have been found to undergo an addition polymerization
      reaction believed to involve the trimerization of the cyano moiety.
PAR  In one embodiment of the invention polymerizable compositions are described
      which contain in their molecules two or more of I attached to one or more
      divalent aromatic aliphatic, cycloaliphatic or heterocyclic radicals.
PAR  The divalent aromatic radicals may be linked by divalent groups such as
      ##EQU2##
      divalent imide AND AMIDE STRUCTURES SUCH AS
      ##SPC1##
PAR  The divalent groups may also be heterocyclic such as thiadiazolyl, pyronyl,
      benzimidazolyl and the like. The divalent aromatic groups may be
      substituted with halogens in order to achieve greater fire retardancy. An
      example of a compound in this embodiment is shown by the following
      structure.
      ##SPC2##
PAR  The divalent aliphatic and cycloaliphatic groups may be alkylene of 1-18
      carbons, preferably 1-7, cycloalkylene of 3-7 carbons, and such radicals
      bearing electronegative substituents such as halogens, especially fluoro.
PAR  In another embodiment of this invention compositions containing I are
      copolymerized with compositions containing two or more cyanamide groups of
      the formula (II)
      ##EQU3##
PAR  These cyanamide groups are attached to one or more divalent aromatic,
      aliphatic or heterocyclic radicals. The divalent radicals can be linked by
      divalent groups such as --S-- and those described above. An example of a
      compound containing the cyanamide groups described in the second
      embodiment is given by the following structure.
      ##SPC3##
PAR  The reaction of such compounds containing two or more cyanamide groups with
      a compound containing only one of I, i.e., monofunctional
      N-cyanosulfonamides, is also encompassed by this embodiment.
PAR  The polymerizable compositions of this invention may be either pure
      compounds or oligmers that cure by an addition polymerization mechanism to
      yield crosslinked resins having a high glass transition temperature and
      good oxidative stability at temperatures up to approximately 500.degree.F.
      Applications as circuit boards, encapsulating resins for electrical use
      (potting compounds), high temperature adhesives, compression and transfer
      molding compounds, powder coatings and resin matrices for inorganic and
      organic fiber composites such as laminates with glass, boron, polyamide
      and graphite fibers, are visualized.
PAR  The N-cyanosulfonamide compounds and cyanamide compounds are prepared by
      the following synthetic routes. The compounds containing two
      N-cyanosulfonamide groups are novel. Their synthesis is illustrated below.
      ##EQU4##
      ##SPC4##
PAR  In structures A and B above, R' is a monovalent aliphatic, cycloaliphatic,
      aromatic or heterocyclic group and R is a divalent aliphatic,
      cycloaliphatic, aromatic, or heterocyclic group linked by divalent groups
      such as
      ##EQU5##
      and --S-- and R' is phenyl,
PAR  The groups R contained within a single molecule may be all the same or
      different, and similarly the groups R' contained within a single molecule
      may be all the same or different. The groups may also be halogenated.
      Preferred structures of the N-cyanosulfonamide compounds include
      ##SPC5##
PAL  (ortho, meta or para) (ortho, meta or para)
PAL  wherein X is
      ##EQU6##
      and a single bond and n is zero to five.
      ##SPC6##
PAL  (ortho, meta or para)
PAL  wherein X is
      ##EQU7##
      ##SPC7##
PAR  In the structures directly above, the
      ##SPC8##
PAL  group can be replaced by
      ##SPC9##
PAL  groups without interfering with the concept of this invention. Similarly,
      any of the hydrogen atoms in these benzenoid radicals may be replaced with
      chlorine, bromine or fluorine groups without lessening utility.
PAR  In the synthesis of the N-cyanosulfonamide compounds by the reaction
      sequences shown under A it is necessary to use a sulfonyl chloride. The
      sulfonyl chloride can be reacted with a biscyanamide derived from a
      diamine or first reacted with a diamine to yield a sulfonamide which is
      then reacted with a cyanogen halide to yield the desired
      N-cyano-sulfonamide compound. Overall yields by either route are in excess
      of 80%. Suitable aromatic sulfonyl chlorides for these reaction sequences
      include benzene sulfonyl chloride, p-chloro-benzene sulfonyl chloride,
      p-toluene sulfonyl chloride, 2-naphthalenesulfonyl chloride and
      anthracene-2-sulfonyl chloride. Suitable aliphatic and cylcoaliphatic
      sulfonyl chlorides are methane sulfonyl chloride, ethane sulfonyl
      chloride, trifluoro-methylsulfonyl chloride, n and iso propyl sulfonyl
      chloride, n and iso butyl sulfonyl chloride, n and iso amyl sulfonyl
      chloride, cyclopentane sulfonyl chloride n-hexyl sulfonyl chloride,
      cyclohexane sulfonyl chloride and n-heptyl and n-octyl sulfonyl chlorides.
      Among the suitable heterocyclic sulfonyl halides are thiophene-2-sulfonyl
      chloride and benzopyran-6-sulfonyl chloride.
PAR  In the synthesis of the N-cyanosulfonamide compounds of alternate structure
      shown under B disulfonyl chlorides can be reacted with an amine like
      aniline to yield the corresponding sulfonamide which is then reacted with
      cyanogen halide or reacted with a cyanamide to yield the desired compound.
      Overall yields by either route are in excess of 80%. Specific examples of
      the preferred aromatic disulfonyl halides used in the present invention
      include: benzene-1,3-disulfonyl chloride; benzene-1,3-disulfonyl bromide;
      2,4,5,6-tetrachloro-benzene-1,3-disulfonyl chloride;
      naphthalene-1,5-disulfonyl chloride; o-xylene-3,5-disulfonyl chloride;
      p-xylene-2,6-disulfonyl chloride; naphthalene-2,7-disulfonyl chloride;
      diphenyl-4,4'-disulfonyl chloride; diphenyl ether-4,4'-disulfonyl
      chloride; diphenyl sulfide-4,4'-disulfonyl chloride; and
      benzophenone-4,4'-disulfonyl chloride. Examples of aliphatic and
      cycloaliphatic disulfonyl halides are methane disulfonyl chloride;
      ethane-1,2-disulfonyl chloride; cylo-hexane disulfonyl chloride;
      propyl-1,3-disulfonyl chloride; and isobutylene-1,3-disulfonyl chloride.
      Examples of heterocyclic disulfonyl halides are
      dibenzothiophene-3,6-disulfonyl chloride; and
      diphenyl-2,2-sulfonyl-4,4'-disulfonyl chloride.
PAR  When the above bis -N- cyanosulfonamide compounds are heated above their
      melting points the fluid melt becomes increasingly viscous and eventually
      thermosets to yield a hard plastic having utility in structural
      applications, i.e., moldings, castings, composites, and for protective
      uses, i.e., coatings. The temperature/time relationship for thermosetting
      is shown below for 4,4'-methylene bis (N-benzene sulfonyl phenyl
      cyanamide), m.p. 129.degree.C.
TBL                Table I                                                     
     ______________________________________                                    
     Polymerization of 4,4'-Methylene bis(N-benzene sulfonyl                   
     phenyl cyanamide)                                                         
     Polymerization Temperature .degree.C.                                     
                             Gel Time                                          
     ______________________________________                                    
     240                     3 minutes                                         
     200                     35 minutes                                        
     190                     5 hours                                           
     185                     7 hours                                           
     180                     10 hours                                          
     ______________________________________                                    
PAR  A differential thermal analysis run with this compound showed a
      polymerization exotherm between approximately 199.degree.-240.degree.C.
      which gave a heat of polymerization of 33.7 kilo cal/mole. The increase in
      the glass transition temperature (Tg) of the polymer at various cure
      temperatures and times measured by a Torsional Braid analyzer is shown
      below.
TBL                Table II                                                    
     ______________________________________                                    
     Torsional Braid Analysis of Poly-4,4'-Methylene                           
     bis(N-benzene sulfonyl phenyl cyanamide)                                  
     Cure Temperature .degree.C.                                               
                    Cure Time in Hours                                         
                                    Tg.degree.C.                               
     ______________________________________                                    
     200            3.5             250                                        
     240            0.5             253                                        
     300            0.5             290                                        
     300            1.0             350                                        
     ______________________________________                                    
PAR  An elemental analysis run on the monomer before curing and after curing at
      300.degree.C. is shown below indicating that the polymer has essentially
      the same elemental analysis as the monomer and has not evolved
      condensation products or oxidized in air at 300.degree.C. to any
      significant extent.
TBL                Table III                                                   
     ______________________________________                                    
     Elemental Analysis of Poly-4,4'-Methylene bis(N-benzene                   
     sulfonyl phenyl cyanamide) after 300.degree.C. Cure in Air                
     Monomer Analysis                                                          
                  Polymer Analysis after 300.degree.C. Cure                    
     ______________________________________                                    
     %C    61.9       63.3                                                     
     %H    4.11       4.22                                                     
     %N    10.6       12.8                                                     
     %S    11.5       10.5                                                     
     ______________________________________                                    
PAR  Heating of the compound N-benzene sulfonyl phenyl cyanamide at
      240.degree.C. for 3 hours gave a product showing, by infrared absorption,
      the presence of the s-triazine ring and absence of nitrile group
      absorption at 2220 cm.sup..sup.-1. A molecular weight measurement by vapor
      phase osmometry showed that the molecular weight had approximately tripled
      which would indicate that a trimerization reaction had taken place.
PAR  A possible, but not necessarily the only polymerization mechanism, for N-
      cyanosulfonamide compounds is illustrated below:
      ##SPC10##
PAL  or alternately
      ##EQU8##
      ##SPC11##
      wherein R is as defined previously.
PAR  The above illustrated polymers are high molecular weight,
      three-dimensional, crosslinked structures, the recuring aromatic and
      heterocyclic rings conferring high thermal stability, chemical inertness
      and water and solvent resistance. These polymers do not soften below their
      decomposition temperatures and have glass transition temperatures (Tg's)
      generally above 300.degree.C. The polymers from monomers of structure I
      are more rigid and have higher Tg's than the more flexible polymers from
      structure II that have a greater distance between the crosslinking sites.
      Thermogravimetric analysis in air shows that these polymers have short
      term stability up to 300.degree.C. with approximately 10% or less weight
      loss reached at 350.degree.C. Physical properties of these polymers are
      retained during isothermal aging at 260.degree.C. over extended periods of
      time.
PAR  The polymerization data in Table I indicates that polymerization below a
      temperature of 200.degree.C. takes place at a relatively slow rate. For a
      number of applications it is desirable to process and fabricate
      thermosetting polymers at as low a temperature as possible and as rapidly
      as possible for economic reasons. On the other hand, the polymerization of
      aromatic bis cyanamides containing two or more groups having the structure
      shown in formula II normally takes place very rapidly at low temperatures
      even in the solid state below the temperature at which the melting point
      is reached. This fact makes the polymers prepared from aromatic bis
      cyanamides of very limited utility since they cannot be maintained in a
      molten state for a sufficient period to be shaped or fabricated into
      finished parts. In fact the melting points of aromatic bis cyanamides
      containing no aliphatic groups cannot be obtained.
PAR  It has unexpectedly been found that the solution to both of these problems,
      i.e., non-melting of aromatic bis cyanamides and slow polymerization of
      the N-cyanosulfonamide compounds at moderate temperatures can be solved by
      the copolymerization of the N-cyanosulfonamide compounds with aromatic bis
      cyanamides at various molecular ratios. At the lower limit it requires
      approximately 0.1 mole of aromatic bis cyanamide per mole of
      N-cyanosulfonamide compound to noticeably accelerate the polymerization
      rate at 180.degree.C. At the upper limit, extremely fast thermosetting
      compositions are achieved at 140.degree.C. with approximately three moles
      of aromatic bis cyanamide to one mole of N-cyanosulfonamide compound. In
      order to allow sufficient time for melt flow and removal of solvent, if
      present, while processing between 140.degree.-180.degree.C., a preferred
      range of approximately 0.5 mole to 3.0 moles of aromatic bis cyanamide
      compound per mole of N-cyanosulfonamide has been found optimal.
PAR  In Table IV it is shown that increasing the molar concentration of bis
      cyanamide in mixtures of N-cyanosulfonamide-bis cyanamide results in a
      more rapid cure as determined by Torsional Braid Analysis measurements of
      Tg's.
TBL                Table IV                                                    
     ______________________________________                                    
     Polymerization of 4,4'-Methylene bis(N-benzene sulfonyl                   
     phenyl cyanamide) (MBSPC) with 4,4'-Methylene bis phenyl                  
     cyanamide (MBPC)                                                          
     Curing Time                                                               
     in Hrs. at                                                                
               Tg of 2:1/  Tg of 1:1/  Tg of 1:3/                              
     178.degree.C.                                                             
               MBSPC:MBPC  MBSPC:MBPC  MBSPC:MBPC                              
     ______________________________________                                    
     0.5       --          177.degree.C.                                       
                                       215.degree.C.                           
     1.0       --          205.degree.C.                                       
                                       --                                      
     1.75      --          227.degree.C.                                       
                                       --                                      
     2.50      178.degree.C.                                                   
                           227.degree.C.                                       
                                       --                                      
     ______________________________________                                    
PAR  By studying the reaction between model compounds of N-cyanosulfonamide-bis
      cyanamide mixtures it was demonstrated that both species preferentially
      react with one another (copolymerize) rather than forming a mixture of
      homopolymers. N-benzene sulfonyl phenyl cyanamide, (0.02 moles), m.p.
      59.degree.C. and phenyl cyanamide (0.04 moles), m.p. 40.degree.C. were
      stirred in the melt for 3 hours at 82.degree.C. at which point the melt
      solidified. The reaction mixture was then dissolved in methyl ethylketone
      and the solution was heated at reflux temperatures overnight. The product
      was isolated by pouring the solution into pentane. It melted at
      85.degree.C. and upon mass spectral measurements gave a parent ion at m/e
      494 (theory 494). Upon heating at 200.degree.C. the product showed by
      infrared analysis the presence of the isomelamine ring. Elemental
      analysis, found C 65.54, H 4.49, N 17.65, S 6.48; Theory: C 65.60, H 4.46,
      N, 17.00, S 6.48.
PAR  A possible mechanism by which the copolymerization reaction between bis
      cyanamides and N-cyanosulfonamides may take place is illustrated below:
      ##SPC12##
      ##SPC13##
PAR  It has been found that the reaction of bis cyanamides and
      N-cyanosulfonamide compounds takes place in two stages. In the first stage
      a soluble, meltable precursor is formed which can be designated by
      structure A above. A is formed by heating the two reactants in solution at
      elevated temperatures. Among the solvents found for this purpose are
      aliphatic ketones, alcohols, and esters. Laminating varnishes containing
      up to 70% resin solids concentrations at low solution viscosities can be
      prepared if the reactants are heated at reflux in solvents with low
      boiling points for periods of approximately 0.5 to 3 hours. Preferred
      solvents for the preparation of these laminating varnishes are methyl
      ethyl ketone, acetone, methanol, ethanol, methyl acetate, ethyl acetate,
      acetonitrile and methyl formate. Mixtures of these solvents can also be
      employed in various ratios including azeotropic compositions. Molding
      powders can be isolated from these solutions by evaporation of the
      solvents or by adding the solutions to a non-solvent for the resin.
      Preferred non-solvents for isolation of the molding powders are
      hydrocarbons like pentane, isopentane, cyclopentane, n-hexane, heptane,
      cyclohexane and mixtures such as low boiling petroleum ether. The molding
      powders of this invention generally melt in the temperature range between
      75.degree. to 140.degree.C.
PAR  Heating of these resins within this temperature range causes them to
      advance so that their melt viscosity increases with time while still
      maintaining solubility and fusibility. In this state they can most
      usefully be processed or fabricated to finished articles by press or
      autoclave molding techniques. Heating of the resins within the temperature
      range approximately between 150.degree.C. to 300.degree.C. causes them to
      crosslink or cure and achieve a structure similar to that shown by B
      above. In this state the resin is insoluble and infusible and has
      excellent mechanical strength for structural applications and good
      electrical properties.
PAR  The infrared spectra of the resins prepared from the bis cyanamides and
      N-cyanosulfonamide compounds of this invention indicate the formation of
      s-triazine ring formation upon curing at temperatures above approximately
      200.degree.C.
PAR  It has long been the desire of polymer chemists to provide a method for the
      convenient processing of polymers containing only aromatic and
      heterocyclic rings like s-triazine because of their known thermal
      stability, high temperature physical properties, and good electrical
      properties. Previous investigators (see U.S. Pat. No. 3,694,408, U.S. Pat.
      No. 3,654,192 and U.S. Pat. No. 3,308,101) were able to obtain solutions
      of polymerizable precursors only in high boiling solvents like
      dimethylacetamide or trifluoromethane sulfonic acid from whence they could
      cast thin films for evaluation. Fabrication of thick sections with these
      resins was extremely difficult if at all possible because of solvent
      removal problems or premature gelation of the resin before forming it inot
      the desired shape. The novel polymerizable precursors of this invention,
      however, can be dissolved at up to 70% concentration in low boiling
      ketones, alcohols, or esters to provide a practical method of preparing
      prepregs of high resin content for laminating and adhesive applications.
      These prepregs and tapes have good drape and tack for shaping around forms
      or tools and can be vacuum-bagged or autoclave processed to yield large
      void free, structural parts. On the other hand, due to the low boiling
      point of these solvents they can be removed at low temperatures without
      causing premature advancement or gelation of the resin. In the solvent
      free state "dry" prepregs, adhesive tapes and molding powders can be
      compression molded to yield void free parts.
PAR  A large number of bis cyanamides have been found to be useful in forming
      copolymers with N-cyano-sulfonamide compounds. Among the preferred
      aromatic bis cyanamides are included m-phenylene bis cyanamide,
      p-phenylene bis cyanamide, 3,3'-bis cyanamidodiphenyl methane, 4,4'-bis
      cyanamidodiphenylmethane, 4,4'-bis cyanamidodiphenylether, m-xylylene bis
      cyanamide, p-xylylene bis cyanamide, 2,4-tolylene bis cyanamide,
      2,6-tolylene bis cyanamide, 4,4'-bis cyanamidodiphenyl, 3,3'- and 4,4'-bis
      cyanamidobenzophenone 4-chloro-1,3-phenylene bis cyanamide,
      dicyanamidodurene, 4,6-dimethyl-1,3-phenylene bis cyanamide,
      2,5-dichloro-1,4-phenylene bis cyanamide,
      2,3,5,6-tetrachloro-1,4-phenylene bis cyanamide, 3,3'-dimethyl-4,4'-bis
      cyanamidodiphenylmethane, 4,4'-bis cyanamidodiphenyl sulfide, 4,4'-bis
      cyanamidodiphenyl sulfone, 4,4'-bis cyanamidodiphenylmethane, 4,4'-bis
      cyanamidodiphenyl sulfide, 4,4'-bis cyanamidodiphenyl sulfone,
      1,4-bis(3'-cyanamidobenzoyl) benzene, 1,3-bis cyanamidonaphthalene,
      1,5-bis cyanamidonaphthalene, tris(4-cyanamidophenyl) methane, and
      3,3'-dichloro-4,4'-bis cyanamidophenylmethane. Other suitable bis
      cyanamides can be derived from the structures below.
      ##SPC14##
PAL  wherein X is
      ##EQU9##
      n is one to five and the
      ##SPC15##
PAL  group is replaced by either
      ##SPC16##
PAL  groups.
PAR  Any of the hydrogen atoms in these benzenoid radicals may be replaced with
      chlorine, bromine, or fluorine groups to increase the fire retardancy of
      the resins.
PAR  Among the suitable aliphatic and cycloaliphatic bis cyanamides are
      pentamethylene bis cyanamide; tetramethylene bis cyanamide;
      bis(4,4'-dicyanamidocyclohexyl)methane; 1,4-cyclohexylene bis cyanamide;
      hexamethylene bis cyanamide; dodecamethylene bis cyanamide; octamethylene
      bis cyanamide.
PAR  Among the suitable heterocyclic bis cyanamides are
      2,5-bis(m-cyanamidophenyl)-1,3,4-oxadiazole;
      2,5-bis(3-cyanamidophenyl)-thiazolo[4,5-d]thiazole;
      4,4'-bis(m-cyanamidophenyl)-2,2'-bithiazole; and
      2,2'-bis(m-cyanamidophenyl)-5,5'-bibenzimidazole.
PAR  Any of the polymeric compositions of this invention can be blended with
      inorganic fillers and fibers or organic fibers to yield reinforced
      composites having either a lower overall cost or enhanced physical and
      electrical properties.
PAR  Addition of solutions of the N-cyanosulfonamide resins to a hydrocarbon
      non-solvent yields finely divided powders which can be given an
      electrostatic charge and applied as a coalesable powder coating to heated
      surfaces.
PAR  Since the polymeric precursors of this invention melt within the
      temperature range from 75.degree.C. to approximately 150.degree.C. they
      can be fabricated with the readily available commercial processing
      equipment utilizing low cost tooling and bagging materials. Good control
      can be maintained at the time of gelation at the fabrication temperature
      so that both rapid or slow processing cycles can be obtained. This is
      achieved by varying the ratio of bis cyanamide to N-cyanosulfonamide
      compound -- the higher this ratio the faster the polymeric compositions
      thermoset. High ratios are preferred for rapid molding cycles and low
      ratios are preferred for the slower vacuum bag and autoclave processing
      cycles. Thus, the melt flow in inches of a 2/1 molar ratio of
      4,4'-methylene bis(N-benzene sulfonyl phenyl cyanamide) to 4,4'-methylene
      bis phenyl cyanamide was measured at two different temperatures until the
      resin thermoset.
PAR  It was demonstrated that melt flow for fabrication can be maintained for as
      long as 20 minutes at 178.degree.C. or 5 minutes at 240.degree.C. with no
      threat of premature gelation.
PAR  The fabricated moldings, composites, and coatings can be given post cures
      for several hours in an oven at temperatures up to 260.degree.C. in order
      to maximize their physical properties. The fully cured resins are not
      attacked by organic solvents, have a low water absorption, low dielectric
      constant, do not support combustion and maintain good mechanical
      properties up to 260.degree.C. The oxidative stability of these resins in
      air at 260.degree.C. is good and the mechanical properties are retained
      for long periods in air at elevated temperatures.
PAR  Applications in circuit boards, potting compounds, honeycomb panels,
      structural parts of airplanes where weight saving is important, hot melt
      adhesives, and protective coatings are visualized as important areas of
      application for these resins.
PAR  The object and advantages of this invention are further illustrated by the
      following examples, but the particular materials and amounts recited in
      these examples as well as other conditions and details, should not be
      construed as limiting this invention.
DETD
PAC  EXAMPLE 1
PAR  To a 3 liter 3-necked flask equipped with a stirrer, additional funnel,
      thermometer and drying tube was charged 525 ml. acetone, 42g (0.169 moles)
      of 4,4'-methylene bisphenylcyanamide and 37.6g (0.372 moles) of
      triethylamine. A solution of 59.8g. (0.338 moles) of benzene sulfonyl
      chloride (99%) in 275 ml. of acetone was added dropwise to the stirred
      solution while maintaining the temperature between 25.degree.-35.degree.C.
      The resulting suspension was stirred vigorously for one hour at room
      temperature. The hydrochloride salt was filtered off and washed with
      acetone until the filter cake was entirely water soluble. The filtrate was
      concentrated to 200 ml. by boiling off the excess acetone. To the
      concentrate was added with stirring 1 liter of methanol to precipitate the
      product. The suspension was cooled to 0.degree.C. and stirred for one hour
      and then filtered.
PAR  The filter cake was washed with a minimum of cold methanol, air dried on
      the filter and then dried at 60.degree.C. and 1 mm. in a vacuum oven for 1
      hour to yield 68.4g (76.5%) of 4,4'-methylene bis(N,N'-benzene-sulfonyl
      phenyl cyanamide), m.p. 123.degree.-125.degree.C. The C 61.30; H 3.82; N
      10.59; S 12.11; Found: C 61.29; H 4.08; N 10.34; S 12.09.
PAC  EXAMPLE 2
PAR  To a 100 ml. 3-necked flask equipped with a stirrer, addition funnel,
      thermometer and drying tube was charged 5.0g (0.02 mole) of
      4,4'-oxybisphenyl cyanamide, 2.50g (0.022 mole) of triethylene diamine and
      40 ml. of acetone. To the reaction mixture was added dropwise a solution
      of 7.06g (0.04 mole) of benzene sulfonyl chloride in 15 ml. of acetone.
      The reaction mixture was stirred for two hours and then poured into 750
      ml. of rapidly stirred water. The resulting precipitate was filtered off,
      washed with water and dried. The product was recrystallized from an
      acetone-methanol mixture to yield 8.0g of pure 4,4'-oxybis-N-benzene
      sulfonyl phenyl cyanamide, m.p. 161.degree.-162.degree.C.
PAC  EXAMPLE 3
PAR  To a 2 liter 3-necked flask equipped with a stirrer, addition funnel,
      thermometer and drying tube was charged 12.4g (0.09 mole) of meta
      phenylene biscyanamide, 9.9g (0.088 mole) of triethylene diamine and 475
      ml. of acetone. To the reaction mixture was added dropwise a solution of
      31.2g (0.176 mole) of benzene sulfonyl chloride dissolved in 40 ml. of
      acetone. The reaction mixture was stirred for 3.5 hours and then poured
      into a rapidly stirred solution of 10% aqueous sodium bicarbonate. The
      resulting precipitate was filtered off, washed with water and
      recrystallized from an acetone-methanol mixture to yield 26.5g (77.1%
      yield) of pure N,N'-benzene sulfonyl-m-phenylene, biscyanamide, m.p.
      143.degree.-144.degree.C.
PAC  EXAMPLE 4
PAR  To a 200 ml. 3-necked flask equipped with a stirrer, addition funnel,
      thermometer and drying tube was charged 2.36g (0.02 mole) of phenyl
      cyanamide, 1.23g (0.011 mole) of triethylene diamine and 25 ml. of
      acetone. A solution of 3.67g (0.01 mole) of p,p'-oxybisbenzene sulfonyl
      chloride in 35 ml. of acetone was added to the reaction mixture. The
      resulting suspension was stirred at room temperature for 5 hours and then
      poured into 750 ml. of 10% NaHCO.sub.3 solution. The precipitated product
      was filtered off, washed with water and dried.
PAR  The crude solid was dissolved in acetone and filtered. The filtrate was
      added to water and the resulting precipitate was collected, washed with
      water and dried in a vacuum oven to yield 4.0g of p,p'-oxybis-(benzene
      sulfonyl N-phenyl cyanamide), m.p. 160.degree.-161.degree.C.
PAC  EXAMPLE 5
PAR  Two grams of 4,4'-methylene bis(N-benzene sulfonyl phenyl cyanamide) in a
      20 ml. beaker was placed in a curing oven heated at a temperature of
      250.degree.C. The compound melted at 124.degree.C. to form an amber liquid
      which within an hour polymerized to form a rigid disc. This disc was post
      cured for one hour at 250.degree.C. followed by one hour at 300.degree.C.
      The disc was insoluble in boiling DMF and an infra red spectral analysis
      showed that the nitrile absorption peak at 4.5 microns had disappeared
      during curing. The thermogravimetric analysis curve showed initial weight
      loss in air occurred between 350.degree. and 400.degree.C.
PAC  EXAMPLE 6
PAR  Fifty grams of 4,4'-methylene bis(N-benzene sulfonyl phenyl cyanamide) in a
      100 ml. beaker was placed in a curing oven at 180.degree.C. for four
      hours. During this period the molten compound became increasingly viscous.
      It was then removed from the oven and found to have a melting point of
      95.degree.C. and to be highly soluble in polar solvents such as acetone,
      MEK, THF and DMF.
PAR  A 50% solids solution in acetone was prepared from this compound and a
      torsional braid was saturated with the solution and dried and heated at
      205.degree.C. for 31/2  hours. The glass transition temperature of the
      polymer was 250.degree.C. Upon heating a saturated torsional braid to
      300.degree.C. for one hour the glass transition temperature was found to
      be above 350.degree.C.
PAR  A film was cast from the acetone solution and cured for 3 hours at
      200.degree.C. and one hour at 260.degree.C. The cured film was
      isothermally aged at 260.degree.C. and found to retain 80.3% of its weight
      after 90 hours of aging.
PAC  EXAMPLE 7
PAR  4,4'-oxy bis(N-benzene sulfonyl phenyl cyanamide), 0.05g, was heated on a
      Fisher-Johns melting point block. The compound melted at
      161.degree.-162.degree.C. and the melt became increasingly viscous as the
      temperature was raised. Within 5 minutes upon reaching a temperature of
      245.degree.C. the melt solidified to form a hard resin that was insoluble
      in hot DMF.
PAC  EXAMPLE 8
PAR  Bis(N-benzene sulfonyl) m-phenylene dicyanamide 0.05g, was heated on a
      Fisher-Johns melting point block. The compound melted at
      143.degree.-144.degree.C. and the melt became noticeably viscous as the
      temperature increased to 210.degree.C. Within 5 minutes upon reaching a
      temperature of 240.degree.C. the melt solidified.
PAC  EXAMPLE 9
PAR  One gram of 4,4'-oxybis-(benzene sulfonyl N-phenyl cyanamide) from Example
      4 was placed in an aluminum dish in a curing oven heated at 215.degree.C.
      The compound melted to form a colorless liquid which crosslinked within
      11/2 hours to form a hard thermoset resin that was insoluble in hot DMF
      and other solvents.
PAC  EXAMPLE 10
PAR  4,4'-methylene bis(N-benzene sulfonyl phenyl cyanamide), 355g (0.672 mole)
      and 4,4'-methylene bis phenyl cyanamide, 83.5g (0.336 mole) were dissolved
      in 293g of methyl ethyl ketone. The solution was refluxed for 18 hours and
      the resulting 60% resin solids varnish was used to saturate 181E glass
      cloth (A1100 finish). The glass cloth in a single pass through the
      laminating varnish retained 35% by weight resin and approximately 2%
      residual methyl ethyl ketone. A twelve ply laminate was prepared by the
      vacuum bag-autoclave process. The plies were maintained under vacuum for
      one hour at 88.degree.C. and then heated at a rate of 1.7.degree.C/minute
      until a temperature of 163.degree.C. was achieved wherein 90 psig pressure
      was applied. The temperature was increased to 178.degree.C. and held for
      one hour at 90 psig pressure. The laminate of 30% resin content was then
      placed in an oven and post cured for six hours at 250.degree.C. The
      laminate had a flexural strength of 72,000 psi and a (1:4) short beam
      shear stength of 6000 psi.
PAC  EXAMPLE 11
PAR  4,4'-methylene bisphenyl cyanamide, 5.2g, was refluxed in 12g of methyl
      ethyl ketone for 18 hours. An insoluble mass formed in the bottom of the
      reaction flask. It was filtered off and dried at 65.degree.C./1 mm.
      pressure. This polymer was insoluble, did not melt or soften when heated
      to 300.degree.C. and could not be fabricated into a structural part.
PAC  EXAMPLE 12
PAR  4,4'-methylene bisphenyl cyanamide, 19.9g, (0.08 moles) and 4,4'-methylene
      bis(N-benzene sulfonyl phenyl cyanamide), 42.3g, (0.08 mole) were
      dissolved in 62g, of methyl ketone and the solution was refluxed for 3
      hours. The solution was then cooled to room temperature and poured into
      700 ml. of rapidly stirred pentane. A white, powdery resin precipitated
      which was filtered off and dried. This resin weighed 61g. Examination of
      this resin on the Differential Scanning calorimeter showed that it melted
      at 114.degree.C., showed polymerization exotherms at 134.degree.C. and
      244.degree.C. and gave a crosslinked resin with a glass transition
      temperature of 327.degree.C.
PAR  The resin was blended with 50% by volume of quartz powder and the mixture
      was heated for 15 minutes at 130.degree.C. to advance the resin. This
      molding powder was compression molded for one hour at 460.degree.F./3000
      psi. The resulting plaque had a room temperature flexural strength of 7640
      psi and a flexural strength at 450.degree.F. of 5970 psi. The flexural
      modulus at room temperature was 1,130,000 psi.
PAC  EXAMPLE 13
PAR  4,4'-methylene bisphenyl cyanamide, 164g (0.663 mole) and 4,4'-methylene
      bis(N-benzene sulfonyl phenyl cyanamide) 350g, (0.633 mole) were refluxed
      for 3 hours in 440g of methyl ethyl ketone to produce a laminating varnish
      containing 60% resin solids. Glass cloth, 181E (amino silane finish) was
      saturated with this varnish. The resulting prepreg containing 6% solvent
      was tacky and drapable. Eight plies of prepreg were heated at
      130.degree.C. for one hour and then layed up in a nylon vacuum bag and
      autoclave processed for one hour at 350.degree.F./90 psi. The resulting
      laminate containing 25% resin had the following physical properties.
TBL  ______________________________________                                    
     Flexural Strength, psi    67,500                                          
     Flexural Modulus, psi     3,490,000                                       
     Short Beam Shear Strength (1:4), psi                                      
                               6990                                            
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  4,4'-methylene bis(N-benzene sulfonyl phenyl cyanamide), 355g, (0.672 mole)
      and 4,4'-methylene bisphenyl cyanamide, 83.5g (0.336 mole) were refluxed
      for 16 hours in 294g of methyl ethyl ketone. Glass cloth (181E) was
      impregnated with this laminating varnish and the resulting prepreg
      containing 35.4% resin content was vacuum bag-autoclaved at
      350.degree.F./90 psi over a two hour period. The laminate was then placed
      in an oven and post cured for eight hours at 500.degree.F. The resulting
      laminate containing 30% resin had the following physical properties.
TBL  ______________________________________                                    
     Flexural Strength, psi   71,800                                           
     Flexural Modulus, psi    2,840,000                                        
     Short Beam Shear Strength (1:4), psi                                      
                              5887                                             
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  The laminating varnish prepared in Example 14 was used to prepare a 181E
      glass cloth prepreg that was heated for 30 minutes at 80.degree.C. to
      remove the solvent. The dry prepreg was then layed up in 4 plies in a
      press and laminated at 350.degree.F./ 500 psi for one hour. The laminate
      was removed from the press and post cured in an oven at 235.degree.C. for
      three hours. This laminate contained 30% resin content and had the
      following physical properties:
TBL  Flexural Strength, psi                                                    
     Room Temp.            64,400                                              
     450.degree.F.         55,100                                              
     Flexural Modulus, psi                                                     
     Room Temp.            3,190,000                                           
     450.degree.F.         3,070,000                                           
PAC  EXAMPLE 16
PAR  A 181E glass cloth laminate containing 21.3% resin was prepared according
      to the procedure of Example 15. Test bars for flexural strength tests were
      cut from this laminate and were placed in a forced draft air oven
      maintained at a temperature of 500.degree.F. The maintenance of flexural
      strength of this laminate during oxidative exposure at 500.degree.F. was
      observed as follows:
TBL  Hours at 500.degree.F.                                                    
                     Flexural Strength, psi                                    
     ______________________________________                                    
      0              104,000                                                   
     100             77,100                                                    
     250             59,000                                                    
     500             39,800                                                    
     ______________________________________                                    
PAC  EXAMPLE 17
PAR  4,4'-methylene bis(N-benzene sulfonyl phenyl cyanamide), 460g, (0.87 mole)
      and 4,4'-methylene bisphenyl cyanamide, 460g, (1.85 moles) were dissolved
      in 1380g of acetone and the solution was refluxed for several minutes. The
      hot solution was then poured into 15 liters of rapidly stirred low boiling
      petroleum ether. A prepolymer precipitated from the petroleum ether as a
      finely divided powder. The prepolymer was dried overnight under vacuum at
      room temperature. The dried prepolymer weighed 913 g (99.2% yield).
PAR  A Differential Thermal Analysis determination on a sample of this
      prepolymer showed that it melted at 111.degree.C. and showed a
      polymerization exotherm that peaked at 133.degree.C. A portion of the
      prepolymer was compression molded at 130.degree.C./ 500 psi for 15 minutes
      to yield a hard disc. This disc was post cured in an oven at 500.degree.F.
      for several hours to complete the crosslinking reaction and optimize
      mechanical strength properties.
PAC  EXAMPLE 18
PAR  4,4'-methylene bis(N-benzene sulfonyl phenyl cyanamide), 211.4g, (0.400
      mole) and 4,4'-methylene bisphenyl cyanamide, 99.5g, (0.400 mole) were
      dissolved in 257g of methyl ethyl ketone and the solution was heated at
      reflux for one hour. This laminating varnish was used to saturate a woven
      fabric composed of polyamide filaments, i.e., PRD-49-111. The saturated
      fabric was heated in an oven at 90.degree.C. for 25 minutes and then at
      120.degree.C. for 10 minutes to remove solvent residues and B-stage the
      resin. Ten plies of the prepreg were compression molded at 1000 psi by
      first heating for 1.5 hours at 350.degree.F. followed by 1.0 hour at
      400.degree.F. The laminate was removed from the press and placed in an
      oven to post cure at 450.degree.F. for 5 hours. The resulting laminate had
      the following physical properties:
TBL  Weight percent resin content                                              
                              50.1                                             
     Flexural strength, psi   42,000                                           
     Flexural modulus, psi    3,430,000                                        
     Short beam shear strength (1:4), psi                                      
                              3750                                             
PAC  EXAMPLE 19
PAR  4,4'-methylene bis(N-benzene sulfonyl phenyl cyanamide), 230g, (0.435 mole)
      and 4,4'-methylene bisphenyl cyanamide, 230g (0.925 mole) were dissolved
      in a mixture of 150g of methanol and 50g of acetone and the solution was
      heated at the reflux temperature for 3 hours. The acetone was then removed
      from this laminating varnish by distilling off the 88-12 acetone-methanol
      azeotrope (B.P. 55.7.degree.C.) while adding additional methanol to the
      varnish to maintain a constant volume. The resulting methanol based
      varnish of 79% resin content was used to saturate 1528 glass cloth (Volan
      A finish). The prepreg containing by weight 46.9% of the varnish was
      B-staged for 15 minutes at 225.degree.F.
PAR  Eight plies of the prepreg were laminated to 1 ounce TC copper foil for 30
      minutes at 350.degree.F./500 psi. The laminate was post cured in an oven
      at 235.degree.C. for 24 hours. The copper foil had a peel strength of 7
      lbs. per-inch of width as laminated. The laminate had the following
      electrical properties before and after water immersion.
TBL  ______________________________________                                    
                             After 24 hours                                    
                     Before  immersion at                                      
                     Immersion                                                 
                             25.degree.C.                                      
     ______________________________________                                    
     Dielectric Constant at 1MHz;                                              
        (77.degree.F.) 4.85      4.92                                          
     Dissipation Factor at 1MHz;                                               
        (77.degree.F.) 0.012     0.011                                         
     ______________________________________                                    
PAC  EXAMPLE 20
PAR  N-benzene sulfonyl phenyl cyanamide 25.8g, (0.10 mole) and 4,4'-methylene
      bis phenyl cyanamide, 49.7g, (0.20 mole) were dissolved in 72g of methyl
      ethyl ketone and the solution was heated at reflux for 30 minutes. The
      resulting laminating varnish of 55% resin solids concentration was used to
      saturate a woven fabric composed of polyamide filaments, i.e., PRD-49-111.
      The prepreg was heated at 90.degree.C. for 0.5 hour to remove solvent
      residues and advance the resin. Seven plies of prepreg were laminated in a
      press at 1000 psi which was heated for 90 minutes at 300.degree.F.
      followed by 120 minutes at 400.degree.F. The laminate containing 51.4%
      resin solids was post cured for 5 hours at 450.degree.F. The post cured
      laminate had a short beam shear strength (1:4) of 2,240 psi and a flexural
      modulus of 3,020,000 psi.
PAC  EXAMPLE 21
PAR  A portion of the laminating varnish from Example 20 was used to saturate a
      torsional braid which was used in the Torsional Braid Apparatus to
      determine the glass transition temperature of the polymer at several
      heating cycles. When the braid was heated for 40 minutes at 178.degree.C.
      the glass transition of the polymer was 250.degree.C. Further heating for
      75 minutes at 250.degree.C. caused the glass transition temperature of the
      polymer to increase to 275.degree.C.
PAR  Precipitation of a portion of the laminating varnish of Example 20 by
      adding the solution to a rapidly stirred non-solvent, pentane, gave a
      quantitative recovery of the solid resin which softened at 60.degree.C.
      and gave a clear melt at 110.degree.C. A sample of the solid resin was
      cured at 250.degree.C. for 90 minutes and submitted for thermogravimetric
      analysis. This resin when heated at 5.degree.C./minute in air lost 4% of
      its weight at 350.degree.C. and 8% of its weight at 400.degree.C.
PAC  EXAMPLE 22
PAR  p-amino benzene sulfonyl N-phenyl cyanamide, 10.9g (0.04 mole) and
      3,3',4',4 -benzophenone tetracarboxylic dianhydride, 6.44g, (0.02 mole)
      were dissolved in 90 ml. of DMF. The solution was heated at reflux for 3
      hours. The solution was then cooled to room temperature and poured slowly
      into 600 ml. of rapidly stirred water. The finely divided precipitate was
      filtered off washed with water and dried at 185.degree.C. in a vacuum
      oven. The imide prepolymer weighed 16.3g (98% yield), theory, C 62.0, H,
      2.88, N 10.10, S 7.69, found: 60.8, H 3.14, N 10.10, S 7.66.
PAR  Infra red analysis confirmed the presence of the imide ring and nitrile
      group. Differential thermal analysis showed that the imide prepolymer
      melted at 169.degree.C. and showed a polymerization exotherm commencing
      between 180.degree.-190.degree.C. A torsional braid curing study showed
      that this polymer had a glass transition temperature of 310.degree.C.
      after a two hour heating period at 300.degree.C.
PAR  The imide prepolymer was dissolved at 30% by weight concentration in
      N-methyl pyrrolidone and the solution was cast as a film. The film was
      heated at 250.degree.C. for one hour to cure the polymer. The cured film
      was oxidatively aged by heating in a forced draft air oven at
      500.degree.F. After 514 hours of aging the film retained 90.3% of its
      original weight.
PAC  EXAMPLE 23
PAR  To a 3 liter 3-necked flask equipped with a stirrer, addition funnel,
      thermometer, and drying tube was charged 93.1g (1.0 mole) of aniline, 111g
      (1.1 moles) of triethylene diamine and 250 ml. of tetrahydrofuran. To this
      reaction mixture was added dropwise a solution of 176.6g (1 mole) of
      benzenesulfonyl chloride in 300 ml. of tetrahydrofuran. The reaction
      mixture was stirred at room temperature for 2.5 hours and was then
      filtered. To the filtrate was added 111g of triethylene diamine and this
      solution was added dropwise to a solution of 87g (1.41 moles) of cyanogen
      chloride in 100 ml. of THF which was maintained at -5.degree.C. with
      cooling, After this addition was complete the stirred reaction mixture was
      allowed to return to room temperature over a 161/2 hour period. The
      reaction mixture was filtered and the filament was added to water to
      precipitate the product. The product was recrystallized from aqueous
      methanol to yield 218g (84.7%) of N-benzene sulfonyl phenyl cyanamide,
      m.p. 65.degree.-66.degree.C.
PAC  EXAMPLE 24
PAR  4,4'-methylene bis(N-benzene sulfonyl phenyl cyanamide), 237g (0.448 mole)
      and 4,4'-methylene bis phenyl cyanamide to 335g (1.35 moles) were
      dissolved in 702g of methyl ethyl ketone and the solution was heated at
      reflux for one hour. The resulting laminating varnish was used to prepare
      a prepreg containing polyamide woven fabric PRD-49-111. The prepreg was
      dried at room temperature under vacuum and eight plies were press
      laminated at 300.degree.F. for 10 minutes followed by one hour at
      400.degree.F. This laminate containing 33.4% by weight resin was post
      cured for 5 hours at 450.degree.F. The post cured laminate had a short
      beam interlaminar shear strength (4:1) of 2000 psi.
PAC  EXAMPLE 25
PAR  4,4'-methylene bis (N-benzene sulfonyl phenyl cyanamide), 10.1g (0.0191
      mole) and 4,4'-methylene bis phenyl cyanamide, 30.0g (0.121 mole) were
      dissolved in 30g of acetone and the solution was refluxed for 10 minutes.
      The hot solution was poured into one liter of rapidly stirred low boiling
      petroleum ether to precipitate the prepolymer as a finely divided powder.
      The dried powder when heated melted at 120.degree.C. and within a few
      seconds thermoset at this temperature. A differential thermal analysis
      showed that the polymerization exotherm peaked between 135.degree. to
      145.degree.C. and could not be observed above 213.degree.C.
PAC  EXAMPLE 26
PAR  Bis(N-benzene sulfonyl)m-phenylene dicyanamide, 17.54g (0.04 mole) and
      m-phenylene dicyanamide, 3.16g (0.02 mole) were dissolved in a mixture of
      20.7g of methyl ethyl ketone and 1.1g of dimethyl formamide. The solution
      was heated at reflux for 16 hours. A portion of this prepolymer solution
      was used to coat a torsional braid and the glass transition temperature,
      Tg, was determined in the torsional Braid Apparatus. The Tg was
      290.degree.C. after heating the braid for 2 hours at 200.degree.C.
      followed by one hour at 260.degree.C.
PAR  A portion of the prepolymer solution was used to cast a film which was
      heated for one hour at 260.degree.C. to cure the film. The film was
      isothermally aged in a forced draft air oven heated at 500.degree.F. After
      1014 hours of aging at 500.degree.F. the filmm retained 66.3% of its
      original weight.
PAC  EXAMPLE 27
PAR  p,p'-oxybis-(benzene sulfonyl N-phenyl cyanamide) from Example 4 was heated
      in a Differential Scanning Calorimeter. A melting point was observed at
      164.degree.C., the onset of polymerization at 210.degree.C., and a
      polymerization exotherm peak at 265.degree.C. When heated in air in a
      Thermal Gravimetric Analysis Apparatus the cured resin retained 90% of its
      original weight at 400.degree.C.
PAC  EXAMPLE 28
PAR  p,p'-oxybis-(benzene sulfonyl N-phenyl cyanamide), 5.31g, (0.01 mole) and
      4,4'-methylene bis phenyl cyanamide, 1.24g (0.005 mole) were dissolved in
      20 ml. of methyl ethyl ketone and the solution was heated at reflux for 16
      hours. The prepolymer was precipitated as a fine powder by pouring this
      solution into 500 ml. of rapidly agitated hexane. The dried prepolymer
      melted at 120.degree.C. and thermoset within 15 minutes after being held
      at a temperature of 215.degree.C. After heating this powder at
      300.degree.C. the glass transition temperature was 290.degree.C.
PAC  EXAMPLE 29
PAR  p,p'-oxybis-(benzene sulfonyl N-phenyl cyanamide, 7.9g, (0.015 mole) and
      4,4'-oxybis phenyl cyanamide, 1.89g (0.0075 mole) were dissolved in 10g of
      methyl ethyl ketone and the solution was heated at reflux for 16 hours.
      This solution was used to case a film which was cured for one hour at
      260.degree.C. The film was isothermally aged in a forced draft air oven at
      500.degree.F. and was found to retain 68% of its original weight after 846
      hours of aging in air at this temperature.
PAC  EXAMPLE 30
PAR  Twenty five grams of N,N'-methane sulfonyl-1,6-hexamethylene biscyanamide
      in a 50 ml. beaker is placed in a curing oven at 200.degree.C. The liquid
      becomes increasingly viscous and finally thermosets within 90 minutes. The
      resulting disc is insoluble in boiling DMF.
PAC  EXAMPLE 31
PAR  N,N'-methane sulfonyl-1,6-hexamethylene biscyanamide, 3.22g (0.01 mole) and
      3.32g (0.02 mole) of 1,6-hexamethylene biscyanamide are stirred together
      in the melt at 90.degree.C. for 1/2 hour to yield a viscous syrup. This
      syrup is then placed in a curing oven at 177.degree.C. for 1 hour. A
      transparent, crosslinked molding is produced that swells only slightly in
      boiling DMF.
PAC  EXAMPLE 32
PAR  2,5-bis(meta cyanamidophenyl)-1,3,5-oxadiazole, 3.0g, (0.01 mole) and 3.22
      g, (0.01 mole) of the imide prepolymer of Example 22 are dissolved in 50
      ml of DMF solution and the solution is used to coat a torsional braid. A
      torsional braid curing study shows that this polymer has a glass
      transition temperature of 250.degree.C. after a 3 hour cure at
      200.degree.C. and a glass transition temperature of 315.degree.C. after a
      two hour heating period at 300.degree.C.
PAC  EXAMPLE 33
PAR  4,4'-methylene bisphenyl cyanamide, 248g, (1.0 mole) and 4,4'-methylene
      bis(N-benzene sulfonyl phenyl cyanamide) 248g, (0.47 mole) are dissolved
      in 500 ml. of acetone and the acetone solution is refluxed for 5 minutes.
      The acetone solution is then poured into 6 liters of rapidly stirred
      petroleum ether to precipitate a white, powdery resin which is filtered
      off and dried under vacuum at room temperature. The dried resin is heated
      for 10 minutes at 90.degree.C. and then placed in a mold and compression
      molded at 300.degree.F./3000 psi for 1 hour. The yellow, transparent
      plaque is removed from the mold and post cured at 500.degree.F. for 2
      hours. A flexural bar from this post cured resin has a flexural strength
      of 16,300 psi and flexural modulus of 616,000 psi.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The addition polymerization product of an N-cyanosulfonamide compound of
      the formula:
      ##EQU10##
      with a bis cyanamide of the formula:
      ##EQU11##
      wherein R is a divalent aromatic, aliphatic, cycloaliphatic or
      heterocyclic radical; and each R' is independently a monovalent aromatic,
      aliphatic, cycloaliphatic or heterocyclic radical.
NUM  2.
PAR  2. A polymer of claim 1 wherein R is an aromatic radical selected from the
      group consisting of phenylene, bisphenylene, naphthylene and the foregoing
      radicals linked by divalent groups selected from the group consisting of
      oxa, carbonyl, lower alkylene, lower alkylidene, sulfonyl, thia,
      arylimino, amido and imido.
NUM  3.
PAR  3. A laminate of a polymer of claim 1 which consists essentially of a
      fibrous substrate impregnated with said polymer.
NUM  4.
PAR  4. A laminate according to claim 3 wherein the fibrous substrate is glass,
      graphite, boron, or aromatic polyamide.
NUM  5.
PAR  5. A molded part of a polymer of claim 1.
NUM  6.
PAR  6. A cast film or coating of a polymer of claim 1.
NUM  7.
PAR  7. A polymer of a bis-N-cyanosulfonamide compound of the formula
      ##EQU12##
      wherein R is a divalent aromatic, aliphatic, cycloaliphatic or
      heterocyclic radical; and each R.sup.1 is independently a monovalent
      aromatic, aliphatic, cycloaliphatic or heterocyclic radical, with 0-10
      moles per mole of the sulfonamide of a bis cyanamide having the formula:
      ##EQU13##
      wherein R is a divalent aromatic, aliphatic, cycloaliphatic or
      heterocyclic radical.
NUM  8.
PAR  8. The polymer of claim 7 wherein 1-10 moles of the bis cyanamide are used.
NUM  9.
PAR  9. The polymer of claim 8 wherein R is a divalent aromatic radical selected
      from the group consisting of phenylene, bisphenylene, naphthylene and the
      foregoing radicals linked by divalent groups selected from the group
      consisting of oxa, carbonyl, lower alkylene, lower alkylidene, sulfonyl,
      thia, arylimino, amido and imido.
NUM  10.
PAR  10. A polymer of claim 7 wherein the N-cyano-sulfonamide has the formula
      ##SPC17##
PAL  and the bis cyanamide has the formula
      ##SPC18##
NUM  11.
PAR  11. A polymer according to claim 7 formed by the polymerization of
      N-cyanosulfonamide and no bis cyanamide.
NUM  12.
PAR  12. A laminate of a polymer of claim 7 which consists essentially of a
      fibrous substrate impregnated with said polymer.
NUM  13.
PAR  13. A laminate according to claim 12 wherein the fibrous substrate is
      glass, graphite, boron, or aromatic polyamide.
NUM  14.
PAR  14. A molded part of a polymer of claim 7.
NUM  15.
PAR  15. A cast film or coating of a polymer of claim 7.
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PAL  A new class of hybrid copolymers which confer improved spray rating,
      resistance to staining, particularly aqueous stains and improved
      resistance to crocking on surfaces is obtained from (I) fluoroaliphatic
      radical-containing component in combination with (II) hydrocarbyl
      radical-containing component together conferring controlled oleophobicity
      and hydrophobicity in air and (III) a balanced combination of hydrophilic
      components conferring oleophobicity in water.
BSUM
PAR  This invention relates to a new class of hybrid copolymers and more
      particularly to the class of hybrid copolymers consisting essentially of
      fluoroaliphatic radical containing acrylates or methacrylates, lower alkyl
      acrylates or methacrylates and at least two polyalkyleneoxide acrylates or
      methacrylates, one of which is a polyethylene glycol acrylate or
      methacrylate and another of which is either polyoxypropylene or
      polyoxytetramethylene acrylate or methacrylate.
PAR  For many years the public has been accustomed to purchasing fabrics or
      garments prepared solely from natural cellulosic or proteinaceous fibres
      (e.g. linen, cotton, wool, silk, etc.) to which various sizing, softening
      and/or repellency enhancing additives have been applied to provide
      improved characteristics. As a result, it has become the practice to add
      one or more complementary materials which compensate for the imperfections
      of the various additives. For example, crease-resistant resins added to
      fabrics consisting wholly or partially of cellulosic fibres provide
      enhanced appearance and minimize ironing, but at the same time, the fabric
      is found to be more receptive to stains, particularly oily stains, and
      release of these stains during cleaning, especially laundering, is found
      to be extremely difficult. Supplementing the fabric finish with a resin
      containing fluoroaliphatic radicals confers a high degree of water and oil
      repellency to the fabric and reduces the tendency to accept stains.
      However, once the fabric is stained by oily materials from ground-in-soil,
      release during laundering became even more difficult.
PAR  Hybrid copolymers containing blocks or segments of both fluoroaliphatic
      radicals and hydrophilic moieties have been described in U.S. Pat. Nos.
      3,574,791 and 3,728,151. The copolymers provide finished fabrics that
      resist both oily and aqueous staining and still permit ready release of
      ground-in oily stains during laundering. Fabrics so finished have proven
      very useful and desirable but, as may be expected, because the optimum
      balance of properties involves a compromise, certain characteristics of
      the finish suffer and fall short of the most desirable overall combination
      of properties. Thus, the presence of the hydrophilic moiety, necessary for
      release of stains, at the same time results in lower water resistance than
      in the unmodified polymer lacking such moieties. Hydrophilic components
      based on polyethyleneoxide also increase the tendency toward "crocking",
      that is, the transfer of dyes, especially in the case of darker, colored
      fabrics, upon being rubbed.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Inventors U.S. Pat. No.     Title                                         
     __________________________________________________________________________
     Ahlbrecht,                                                                
     Reid and Husted                                                           
               2,642,416                                                       
                        Fluorinated Acrylates and Polymers                     
     Ahlbrecht,         Fluorocarbon Acrylate and Methacry-                    
     Brown and Smith                                                           
               2,803,615                                                       
                        late Esters and Polymers                               
     Bovey and Abere                                                           
               2,826,564                                                       
                        Fluorinated Acrylate and Polymers                      
     Ahlbrecht and      Perfluoroalkyl Acrylate Polymers                       
     Smith     3,102,103                                                       
                        and Process of Producing a Latex                       
                        thereof                                                
     Johnson and                                                               
     Raynolds  3,256,230                                                       
                        Polymeric Water and Oil Repellents                     
     Johnson and                                                               
     Raynolds  3,256,231                                                       
                        Polymeric Water and Oil Repellents                     
     Fasick and         Fluorine Containing Esters and                         
     Raynolds  3,282,905                                                       
                        Polymers thereof                                       
     Smith and          Compositions and Treated Articles                      
     Sherman   3,329,661                                                       
                        thereof                                                
     Smith and          Copolymers of Perfluoro Acrylates,                     
     Sherman   3,356,628                                                       
                        Hydroxy Alkyl Acrylates                                
     Farah and          Acrylate and Methacrylate Esters                       
     Gilbert   3,407,183                                                       
                        and Polymers thereof                                   
     Kleiner   3,412,179                                                       
                        Polymers of Acrylyl Perfluoro-                         
                        hydroxamates                                           
     Pacini    3,445,491                                                       
                        Perfluoroalkylamido-alkylthio                          
                        Methacrylates and Acrylates and                        
                        Intermediates therefor                                 
     Eygen and          New Fluorinated Compounds and                          
     Carpentier                                                                
               3,470,124                                                       
                        Their Preparation                                      
     Brace     3,544,537                                                       
                        Poly(perfluoroalkoxy)-polyfluoro-                      
                        alkylacrylate-type Esters and                          
                        Their Polymers                                         
     __________________________________________________________________________
PAR  It is an object of this invention to provide hybrid copolymers having
      improved properties. A further object of the invention is to provide
      fabrics having improved water repellency while retaining oleophobicity in
      air and during laundering. A still further object of the invention is to
      provide colored fabrics having resistance to crocking while retaining
      desirable oleophobicity in air and during laundering. Other objects of the
      invention will become evident hereinelsewhere.
PAR  In accordance with the above and other objects of the invention, it has now
      been found that novel hybrid copolymers which may or may not be block or
      segmented copolymers are obtained by copolymerizations, as will become
      evident hereinafter, which copolymers conferring stain repellency and soil
      release on surfaces coated therewith are obtained from (I) fluoroaliphatic
      radical containing component in combination with (II) hydrocarbyl radical
      containing component, together conferring controlled oleophobicity and
      hydrophobicity in air, and (III) a balanced combination of hydrophilic
      components conferring oleophobicity in water. A presently preferred group
      of these copolymers consists essentially, in percent by weight, of 40 to
      70% fluoroaliphatic radical containing acrylate or methacrylate, 5 to 15%
      lower alkyl acrylate or methacrylate and a balance of at least two
      hydrophilic polyoxyalkylene acrylates or methacrylates, one of which is
      polyoxyethylene acrylate or methacrylate amounting to 20 to 30% of the
      tetrapolymer and another of which is polyoxypropylene or
      polyoxytetramethylene acrylate or methacrylate amounting to 5 to 15% of
      the tetracopolymer.
PAR  Other novel hybrid copolymers of the invention can be made by condensation
      or addition polymerizations of any conventional polymerizeable groups,
      e.g. isocyanates, oxiranes, esters, vinyl ethers and the like.
PAR  The novel hybrid copolymers of the invention are valuable for treatment of
      fabrics and provide an improved balance of properties. They provide stain
      repellency and soil release, with good resistance to crocking.
      Furthermore, at a given level of soil release, these copolymers provide
      higher levels of spray rating than was possible with heretofore available
      copolymers. When the novel copolymers are employed in conjunction with
      known fluoroaliphatic radical containing polymers devoid of
      polyoxyalkylene groups, still further enhanced stain repellency is
      obtained without significant decrease in soil release.
PAR  These novel polymers can be applied from aqueous or non-aqueous solutions
      or suspension by any of the customary procedures to natural or synthetic
      fibres such as polyester, cotton, linen, wool and combinations thereof,
      and they can be used in conjunction with many of the usual finishing aids,
      although care must be take to avoid unduly large amounts of additives that
      are known to absorb oil, such as certain polyethylene-based softeners and
      acrylic-based hand modifiers. Such precautions are well known to fabric
      finishers and are customarily evaluated in small-scale or laboratory
      testing prior to commercial application.
PAR  As stated above, the hybrid copolymers of the invention comprise as a
      principal component a fluoroaliphatic radical containing acrylate or
      methacrylate. Suitable monomers are available, for example, among the many
      described in the patents listed in Table 1. Generically, such monomers are
      termed fluoroaliphatic vinyl monomers, fluoroaliphatic acrylates or
      fluoroaliphatic acrylates or methacrylates. It is essential that the
      monomer contain a fluoroaliphatic radical terminating in a CF.sub.3
      group. The fluoroaliphatic radical should contain at least three fully
      fluorinated carbon atoms which may or may not contain the terminal
      CF.sub.3. A perfluoroalkyl group, C.sub.n F.sub.2n.sub.+1, is preferred
      when n is 3 to 20. The monomer should contain at least 25% by weight of
      fluorine in the form of fluoroaliphatic radicals and preferably at least
      30% and up to as much as 60%. The fluoroaliphatic-radical containing
      monomer provides oil repellency in air and assists in stain and soil
      release during laundering.
PAR  The fluoroaliphatic radical is a fluorinated, saturated, monovalent,
      non-aromatic aliphatic radical of at least 3 carbon atoms. The chain may
      be straight, branched or, if sufficiently large, cyclic, and may be
      interrupted by divalent oxygen atoms or trivalent nitrogen atoms bonded
      only to carbon atoms. Preferably the chain of the fluoroaliphatic radical
      does not contain more than one nitrogen atom for every two carbon atoms in
      the skeletal chain. A fully fluorinated group devoid of hydrogen atoms is
      preferred, but hydrogen or chlorine atoms may be present as substituents
      in the fluorinated aliphatic radical provided that not more than one atom
      of either is present in the radical for every two carbon atoms, and that
      the radical must at least contain a terminal perfluoromethyl group.
      "Terminal" in this connection refers to the position in the skeletal chain
      of the radical which is furthest removed from the backbone chain of the
      segment. Preferably the fluoroaliphatic radical contains not more than 20
      carbon atoms because such a large radical results in inefficient use of
      the fluorine content.
PAR  More particularly, suitable fluoroaliphatic radical-containing acrylate
      monomers include:
PA1  (C.sub.3 F.sub.7).sub.3 CCH.sub.2 O.sub.2 CCH=CH.sub.2
PA1  C.sub.3 f.sub.7 so.sub.2 n(c.sub.3 h.sub.7)c.sub.2 h.sub.4 o.sub.2
      cc(ch.sub.3)=ch.sub.2
PA1  c.sub.8 f.sub.17 (ch.sub.2).sub.3 o.sub.2 cch=ch.sub.2
PA1  c.sub.8 f.sub.17 coch.sub.2 ch.sub.2 ch.sub.2 o.sub.2 cch=ch.sub.2
PA1  c.sub.8 f.sub.17 (ch.sub.2).sub.11 o.sub.2 cc(ch.sub.3)=ch.sub.2
PA1  c.sub.8 f.sub.17 so.sub.2 ch.sub.2 ch.sub.2 o.sub.2 cch=ch.sub.2
PA1  c.sub.8 f.sub.17 soch.sub.2 ch.sub.2 o.sub.2 cch=ch.sub.2
PA1  c.sub.8 f.sub.17 so.sub.2 n(c.sub.2 h.sub.5)(ch.sub.2).sub.2 o.sub.2
      cc(ch.sub.3)=ch.sub.2
PA1  c.sub.12 f.sub.25 so.sub.2 nh(ch.sub.2).sub.11 o.sub.2
      cc(ch.sub.3)=ch.sub.2
PA1  cf.sub.3 c(cf.sub.2 h)f(cf.sub.2).sub.10 ch.sub.2 o.sub.2 cch=ch.sub.2
PA1  cf.sub.3 c(cf.sub.2 cl)F(CF.sub.2).sub.10 (CH.sub.2).sub.2 O.sub.2
      CCH=CH.sub.2
PA1  C.sub.8 f.sub.17 so.sub.2 n(ch.sub.3)ch.sub.2 o.sub.2 cc(ch.sub.3)=ch.sub.2
PA1  c.sub.2 f.sub.5 (ocf.sub.2 cf.sub.2).sub.6 ocf.sub.2 cf.sub.2
      con(ch.sub.3)ch.sub.2 ch.sub.2 o.sub.2 cch=ch.sub.2
PA1  (c.sub.4 f.sub.9 co).sub.2 nch.sub.2 ch.sub.2 o.sub.2 cc(ch.sub.3)=ch.sub.2
      ##EQU1##
PAR  the above and their equivalents are employed with lower alkyl acrylates or
      methacrylates.
PAR  The second component in the hybrid tetracopolymers of the invention is a
      lower alkyl acrylate or methacrylate, C.sub.m H.sub.2m.sub.+1 O.sub.2
      CC(X)=CH.sub.2 where m is 1-4 and X is H or CH.sub.3, used in an amount of
      5-15% by weight of the monomer mixture. This component is found to improve
      the water repellency of the treated fabric and to improve the flow
      characteristics and hence coating characteristics of the tetrapolymer.
      More than about 15% tends to reduce the oil repellency of the product
      excessively as does also the use of monomers in which the lower alkyl
      group is greater than 4 carbon atoms in length. The length of the alkyl
      chain must be short. Although butyl acrylate is useful, it is preferred
      that chains of no more than three carbon atoms be present. Preferred
      monomers include alkyl acrylates or methacrylates wherein the alkyl is
      methyl, ethyl, propyl or isopropyl.
PAR  The hydrophilic portion of the molecules of the hybrid copolymers of the
      invention is made up of a relatively limited group of polyoxyalkylene
      acrylates or methacrylates (sometimes written as (meth)acrylates) in a
      total amount of 25 to 45% by weight of the copolymer.
PAR  The third component is a polyoxyethylene (meth)acrylate which provides
      hydrophilic characteristics which are required for soil-release during
      laundering. The average molecular weight of the polyoxyethylene chain can
      suitably vary from about 2,000 to about 6,000. The starting material may
      be polyoxyethylene diol or mono alkyl ether thereof. Preferably a diol is
      used which is 30 to 50% esterified by (meth)acrylic acid. This component
      is generally a mixture of diol or mono alkyl ether thereof, mono and
      di-esters and can be represented on the average by the general formula
      ##EQU2##
      where X has its previous meaning of H or CH.sub.3, q is about 50 to about
      150 and Y is H or lower alkyl C.sub.m H.sub.2m.sub.+1 as above defined.
      Only occasional molecules will occur in which Y is
      ##EQU3##
      Such esters are readily prepared as described in U.S. Pat. No. 3,574,791,
      Example 19. When there is less than 30% esterification, an undesirably
      large fraction of free polyoxyethylene diol remains, which may be lost
      when treated fabric is laundered. Above about 50% esterification tends to
      give an undesirable level of cross-linking in the tetrapolymer product.
PAR  The relative amount of polyoxyethylene acrylate of methacrylate in the
      tetrapolymer is important. Less than about 20% by weight fails to give
      adequate hydrophilicity in the product and soil release tends to be
      unsatisfactory. Using more than about 30% of the polyoxyethylene acrylate
      or methacrylate results in a product which tends, in addition to promoting
      crocking, to be receptive to water-borne stains, i.e. to have insufficient
      water-repellency for satisfactory performance.
PAR  The fourth component needed for hybrid copolymers of the invention is a
      polyoxypropylene or polyoxytetramethylene acrylate of methacrylate. This
      component in combination with the above polyoxyethylene acrylate or
      methacrylate provides a balance of hydrophilicity in the polymer and thus
      permits attainment of adequate hydrophilicity during laundering without
      undue water sensitivity and with minimum tendency toward crocking by
      substituting in part for the polyoxyethylene component that would
      otherwise be required. Additionally, it is found that inclusion of this
      component provides improved oil repellency to the coated fabric, perhaps
      by providing increased flexibility to the polymer and thereby improving
      the orientation on the fabric surface.
PAR  The polyoxytetramethylene diol average molecular weight can vary from about
      750 to about 4,000. The material available commercially as Polymeg 2,000
      (tradename product of the Quaker Oats Company) is suitable. Esterification
      of from 50 to 90% and preferably 75% with acrylic or methacrylic acid by
      essentially conventional procedures provides a useful acrylate component.
      It is advantageous to stop the esterification at an intermediate stage to
      avoid formation of too much bis ester. This component of the
      tetracopolymer of the invention is generally a mixture of the diol, mono
      and diesters and can be represented on the average by the general formula
      ##EQU4##
      wherein r is 3 or 4, X is H or CH.sub.3, p is about 10 to about 35, and Z
      is H or
      ##EQU5##
PAR  The following brief description illustrates the general procedure used for
      preparing this component: 260 parts of commercial Polymeg 2,000 is placed
      in a vessel with 221 parts of toluene and to it are added 0.25 parts
      hydroquinone dimethyl ether, 0.13 parts of phenothiazine, 22.1 parts of
      methacrylic acid and 2.6 parts of toluene sulfonic acid. Refluxing of the
      mixture is continued until an aliquot is shown by titration to contain
      0.15 to 0.16 milliequivalents of acid per gram. The mixture is cooled and
      2.2 parts of calcium hydroxide added. Agitation is continued for about one
      half hour and the mixture is then filtered (using filter aid if needed) to
      remove precipitates. Solvent is then removed under reduced pressure and
      the residual ester containing phenothiazine and hydroquinone dimethyl
      ether is recovered. The degree of esterification is calculated by dividing
      the saponification equivalent of the isolated product by the hydroxyl
      equivalent weight of the starting diol.
PAR  The tetrapolymer of the invention is obtained by polymerization procedures.
      Solvent polymerization has been found most useful. Any of the conventional
      neutral solvents are suitable, such as toluene, xylene,
      methylisobutylketone, ethyl acetate, 1,1,1-trichloroethane and the like.
PAR  Any conventional free-radical catalysts which is soluble in the solvent
      system can be used. Particularly preferred are azo compounds such as
      azobisisobutyronitrile and peroxides such as t-butyl hydroperoxide.
      Catalyst concentration is suitably 0.1 to 2 percent of the charge.
PAR  Conventional chain transfer agents, such as octyl mercaptan, can be used in
      amounts of 0.25-3% by the weight of monomer to control the molecular
      weight of the polymer product. This is particularly desirable when a
      significant amount of diacrylate is present in the formulation, i.e., when
      the diol moieties average over 50% esterification. Lower amounts are used
      when there is a low degree of esterification of the monomers. Higher
      amounts tend to decrease durability and oil repellency of the treatment.
PAR  Total polymer solids as high as 50% or more can be obtained in the reaction
      mixture, although solid contents of 10-40% are usually of more suitable
      viscosity.
PAR  The product tetrapolymer of the invention can be converted to an aqueous
      latex, for example, by polymerization in a water-miscible solvent followed
      by mixing the solution with water under strong agitation or high shear.
      Usually, the addition to the water of 0.5-5% of an emulsifier is
      desirable. Exemplar emulsifiers include polyoxyethylated alkyl phenol,
      quaternary alkyl ammonium salts, fluoroaliphatic sulfonates, or mixtures
      thereof. If desired, a water immiscible solvent such as ethyl acetate can
      be used and subsequently be removed from the mechanically-formed latex by
      volatilization.
PAR  The product hybrid tetrapolymer, in the form of a solution of latex, can be
      applied to fabric by conventional means, such as spray, pad, or
      roll-coater to provide a treated fabric which, after drying, has
      resistance to oily or aqueous stains, and which releases ground-in soils
      or stains during laundering. Additionally, fabrics dyed to deep tones are
      found to be much more resistant to transfer of dyes by rubbing (crocking)
      than is the case of fabrics treated with previously described hybrid
      fabric treating compositions in which hydrophilicity depended primarily on
      the use of a polyoxyethylene-based component.
PAR  For certain purposes, a polymeric fabric treatment would be desirable which
      improved the oil and water resistance imparted by the product polymer
      without the sacrifice of soil-release properties which results when the
      fluoroaliphatic radical content of the described tetrapolymer is
      increased. It has been found that such an improvement can be obtained by
      blending a tetrapolymer of the invention with a conventional oil and water
      repellent fluoroaliphatic radical containing polymer devoid of
      polyoxyalkylene groups, either as homopolymer or copolymer with a
      fluorine-free monomer. Suitable polymers and copolymers include, for
      example, those described above in Table I as well as fluoroaliphatic
      radical containing polyurethanes or carbodiimides (see, for example, DOS
      No. 2,310,801) and the like. Acrylate and methacrylate polymers and
      copolymers containing 30 to 60% by weight of fluorine in the form of
      fluoroaliphatic radical are particularly preferred. While solutions or
      suspensions of the two systems are useful, the polymers are generally
      insoluble in inexpensive solvents, and mixtures of aqueous latices are
      more convenient for those applications in which water can be tolerated.
PAR  The ratio of fluoroaliphatic polymer devoid of polyoxyalkylene groups to
      soil-releasing hybrid tetracopolymer of the invention is not critical,
      providing at least about 20% by weight of the hydrophilic tetracopolymer
      is present in the mixture to provide sufficient soil releasing
      characteristic. Ratios of 80:20 to 20:80 are found to be useful. The
      resulting polymeric blend should contain at least about 25% by weight of
      carbon-bonded fluorine in the form of fluoroaliphatic radical. The treated
      fabric will generally have polymer deposited thereon to provide
      carbon-bonded fluorine content of 0.02 to 1% by weight of treated fabric,
      usually 0.05 to 0.5%.
DETD
PAR  Now, having described the invention broadly, it is more specifically
      illustrated by examples showing how the invention is practiced and the
      best mode presently contemplated for practicing the invention.
PAC  EXAMPLE 1
PAR  A tetrapolymer of the invention is prepared as follows: In a suitable size
      sealable container, e.g. a bottle of about 115 ml. capacity are combined:
PA1  12.0 gm of N-methyl perfluorooctanesulfonamidobutyl acrylate
PA1  2.0 gm ethyl acrylate
PA1  4.0 gm of 40% esterified polyoxyethylene methacrylate (M.W. 4000)
PA1  2.0 gm of 75% esterified polyoxytetramethylene methacrylate (M.W. 2000)
PA1  20.0 gm of ethyl acetate
PA1  0.15 gm of azobisisobutyronitrile
PA1  0.4 gm of octyl mercaptan
PAL  The bottle is flushed with nitrogen and sealed and is then agitated at
      65.degree.C for 16 hours. The polymer solution contains 50.5% solids and
      is emulsified in water using approximately 0.5 g (2.5% of polymer solids)
      of perfluorooctanesulfonamidopropyl trimethyl ammonium chloride to give an
      aqueous emulsion containing 15.3% solids.
PAR  A textile treating solution or dispersion designated Solution A is prepared
      to contain 0.26% of the above tetrapolymer, 0.17% of the 95:5 copolymer of
      N-methyl perfluorooctanesulfonamidoethyl acrylate and butyl acrylate, 10%
      of a commercially available permanent press resin believed to be a cyclic
      compound of dimethylol ethylene urea (available as Permapress L F in 45%
      solution from Sun Chemical Co.) and 2 of 20% solids zinc nitrate catalyst
      (Catalyst X-4 from Sun Chemical Co.) The solution is applied at 70% wet
      pick-up to 50/50 cotton/linen and 100 per cent cotton fabric and
      designated fabrics A and B from an aqueous pad bath and the fabric is
      dried at 150.degree. C for 10 minutes. A comparison treating bath
      designated Solution B is made using, in place of the two polymers used
      above, 0.43% solids of a hybrid copolymer prepared according to Example 19
      of U.S. Pat. No. 3,574,791 using polyoxyethylene dimethacrylate having
      saponification equivalent 1300 and molecular weight 4000. Solution B is a
      similar bath to solution A and cloth samples are treated similarly.
PAR  Standard tests are employed in the evaluation of the treated fabric samples
      which are conveniently designated by the combination of letters for the
      treating solution and the fabric, i.e. AB, BA, AA and BB. Repeated tests
      using the same combination are designated by adding a number, e.g. AA-1,
      AA-2, etc. Standard tests are provided by the American Association of
      Textile Chemists and Colorists (AATCC) Technical Manual available from the
      Association office, P.O. Box 72215, Research Triangle Park, N.C. 27709.
      The following tests from the 1970 Manual are employed herein:
TBL  Oil Rating       Test No. 118-66                                          
     Water Repellency Test No. 22-67                                           
     Soil Release     Test No. 130-69                                          
     Crocking         Test No. 8-69                                            
PAL  Tests for stain release and staining are carried out as described in U.S.
      Pat. No. 3,574,791, Columns 14 and 15 and are here incorporated by
      reference. The data are displayed in Table 2. The figures for Nujol
      release refer to staining as described in U.S. Pat. No. 3,574,791 for corn
      oil but using Nujol (mineral oil) using the visual method of observation
      for rating.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Sample                                                                    
         Initial Properties  Properties after 5 launderings                    
     __________________________________________________________________________
     Oil     Spray                                                             
                 Nujol Release                                                 
                             Oil Spray                                         
                                     Nujol Release                             
     rating  rating                                                            
                 Trial 1                                                       
                       Trial 2                                                 
                             rating                                            
                                 rating                                        
                                     Trial 1                                   
                                           Trial 2                             
     __________________________________________________________________________
     AA-1                                                                      
         6.0 80  4.5   4.0   2.5 50  4.0   4.5                                 
     AA-2                                                                      
         6.5 85  3.0   3.0   2.0 50  4.0   4.0                                 
     AB  6.0 90  4.5   5.0   2.0 50  4.5   4.5                                 
     BA-1                                                                      
         3.0 50  4.5   4.0   0    0  3.5   4.0                                 
     BA-2                                                                      
         3.0 50  3.5   4.0   0    0  3.5   4.0                                 
     BB  3.0 50  4.5   5.0   0    0  4.5   4.0                                 
     __________________________________________________________________________
PAL  It will be seen that initial values and retention of oil and water
      repellency (oil and spray ratings) are significantly better using polymers
      of the invention.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated to produce three tetrapolymers of
      the invention substituting CH.sub.3 CCl.sub.3 for the 20 gm. ethyl acetate
      used in that example in amounts of 80 g., 40 g. and 30 g. The
      tetrapolymers of the invention are designated C, D and E respectively.
      They are applied to 100% polyester fabrics as dilute solutions in
      trichloroethane in amounts to give 0.2% polymer solids on the fabric and
      then dried at 120.degree.C for 3 minutes. The results are similar to those
      of Example 1 in that the tetrapolymers of the invention are found to
      confer higher initial repellency and soil release and better retention of
      repellency and stain release after five launderings than does the above
      copolymer designated B. They also provide greater resistance to crocking.
PAC  EXAMPLE 3
PAR  A series of tetrapolymers is made by the general procedure of Example 1
      using various ingredients in the percentages tabulated for the
      tetrapolymers designated F through L. In each case, the solvent is ethyl
      acetate; 0.15 g. azobisisobutyronitrile and 0.4 g. octyl mercaptan are
      used.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Ingredient/Polymer                                                        
                     F  G  H  I  J  K  L                                       
     __________________________________________________________________________
     N-Methyl perfluorooctane-                                                 
     sulfonamidobutyl acrylate                                                 
                     60 60 60 60 60 -- 60                                      
     N-Butyl perfluorooctane-                                                  
     sulfonamido ethyl acrylate                                                
                     -- -- -- -- -- 60 --                                      
     Ethyl acrylate  -- -- -- 10 10 10 10                                      
     Butyl acrylate  10 -- -- -- -- -- --                                      
     2-Ethylhexyl acrylate                                                     
                     -- 10 -- -- -- -- --                                      
     Octadecyl acrylate                                                        
                     -- -- 10 -- -- -- --                                      
     Polyoxyethylene (MW 4000)                                                 
     methacrylate, 40%                                                         
     esterified      20 20 20 -- 20 20 20                                      
     Polytetramethylene oxide                                                  
     (MW 2000) methacrylate,                                                   
     75% esterified  10 10 10 10 -- 10 10                                      
     Polyoxypropylene (MW 1000)                                                
     acrylate, 70% esterified                                                  
                     -- -- -- -- 10 -- --                                      
     __________________________________________________________________________
PAR  The several polymers are applied to four different colored 100% polyester
      fabrics (6 to 9 ounces per square yard, double knit and woven) as in
      Example 2 as dilute solutions in trichloroethane.
PAR  Swatches are rated according to the tests noted above for oil and spray
      rating before and after 5 launderings, wet and dry crocking, and stain
      release to mineral oil (Nujol) and salad oil (Wesson). The averages of the
      ratings on the four swatches for each test, and for the eight swatches
      used for the two stain release tests are tabulated in Table 4 in which OR,
      SR and SS represent oil and spray ratings and stain release respectively.
TBL                                    Table 4                                 
     __________________________________________________________________________
                              After                                            
     Crock        Initial     5 launderings                                    
     Polymer                                                                   
          Dry Wet OR  SR  SS  OR  SR  SS                                       
     __________________________________________________________________________
     F    4.4 3.8 6.3 68  3.8 4.0 63  3.3                                      
     G    4.3 3.9 5.8 65  3.7 3.1 60  3.2                                      
     H    4.4 3.9 6.3 68  3.7 4.3 60  3.1                                      
     I    4.1 3.9 6.3 69  4.2 3.4 65  3.5                                      
     J    4.5 4.0 6.0 63  4.0 2.5 63  3.1                                      
     K    4.3 3.6 3.8 15  4.1 1.0 63  3.3                                      
     L    4.4 3.8 5.9 70  4.0 4.5 63  3.6                                      
     untreat-                                                                  
     ed   4.6 4.8 0   15  3.1 0   15  3.3                                      
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hybrid tetracopolymer consisting essentially of the polymer of 40-70%
      fluooroaliphatic radical containing acrylate or methacrylate, 5-15% of an
      acrylate or methacrylate of alkyl of 1-4 carbon atoms, 20-30%
      polyoxyethylene acrylate or methacrylate methacrylate and 5 to 15% of an
      acrylate or methacrylate of polyoxypropylene or polyoxytetramethylene.
NUM  2.
PAR  2. The hybrid tetracopolymer according to claim 1 wherein there is about
      20% of polyoxyethylene methacrylate in which the molecular weight of the
      polyoxyethylene chain is about 4000 and there is about 40% esterification
      of hydroxyl groups by methacrylic acid.
NUM  3.
PAR  3. The hybrid tetracopolymer according to claim 1 wherein there is about
      10% of polyoxytetramethylene methacrylate in which the molecular weight of
      the polyoxytetramethylene chain is about 2000 and about 75% of the
      hydroxyl groups are esterified by methacrylic acid.
NUM  4.
PAR  4. The hybrid tetracopolymer according to claim 1 wherein the
      fluoroaliphatic radical contains a perfluoroalkyl group
EQU  C.sub.n F.sub.2n.sub.+1
PAL  wherein n is 3 to 20.
NUM  5.
PAR  5. The hybrid tetracopolymer according to claim 4 wherein the
      fluoroaliphatic radical containing acrylate or methacrylate is N-methyl
      perfluorooctanesulfonamidobutyl acrylate.
NUM  6.
PAR  6. A composition for the treatment of surfaces for conferring stain
      repellency and soil release thereon comprising a liquid medium having the
      hybrid copolymer of claim 1 uniformly distributed through said medium.
NUM  7.
PAR  7. A composition for the treatment of surfaces according to claim 6
      additionally comprising fluoroaliphatic radical containing polymer devoid
      of polyoxyalkylene groups in proportions by weight to the hybrid copolymer
      of 80 to 20 to 20 to 80.
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ABST
PAL  This invention relates to a solution process for preparing copolymers of a
      conjugated diene hydrocarbon and a vinyl-substituted aromatic hydrocarbon
      using a potassium-modified organolithium catalyst. The Li/K molar ratio is
      varied depending upon whether a random or pseudorandom copolymer is
      desired and depending on whether an aliphatic hydrocarbon or aromatic
      hydrocarbon solvent or a mixture of such solvents is used. The invention
      includes the pseudorandom copolymers formed by the process of the
      invention, such copolymers being characterized, in part, by having blocks
      with two to four units of the vinyl-substituted aromatic hydrocarbon
      interspersed throughout the copolymer chain.
PARN
PAR  This is a division of application Ser. No. 421,458, filed Dec. 3, 1973, now
      abandoned, which, in turn, is a continuation-in-part of Ser. No. 289,042,
      filed Sept. 14, 1972, now abandoned.
BSUM
PAR  This invention relates to the preparation of conjugated diene copolymers by
      a solution process. The improvement consists in the use of a soluble
      cocatalyst which is made up of an organolithium compound and a complex of
      a potassium phenolate. The invention also relates to the pseudorandom
      copolymers which are obtained by this solution process.
PAR  Among the prior art in this field are the following patents. U.S. Pat. No.
      2,975,160, to Zelinski, covers a process for the production of random
      styrene-butadiene rubber. The rubber produced by this process is
      characterized as having an increased vinyl content (as much as 27 percent)
      as a result of the presence of a polar organic compound in the
      polymerization reaction mixture. The process involves the use of an
      organic lithium catalyst and a liquid solvent mixture consisting of a
      hydrocarbon and a polar organic compound. Tetrahydrofuran is the polar
      organic compound of choice in commercial operations. If amounts of styrene
      on the order of 35 percent or higher are desired in the copolymer, even
      higher vinyl contents are attained when using this procedure.
PAR  U.S. Pat. No. 3,094,512, to Short, deals with a process for preparing
      random styrene-budadiene rubber with a low vinyl content. The catalyst is
      an organic lithium compound. The novel feature is that the monomers are
      charged to the polymerization zone at a rate which is less than the normal
      polymerization rate of the system, and it is a requirement that the
      monomers be charged at such controlled rate. Polar compounds are
      substantially excluded from the system in order to obtain low vinyl
      content copolymers.
PAR  U.S. Pat. No. 3,294,768, to Wofford, also deals with the production of
      styrene-butadiene rubber. In this case, a mixed catalyst is used
      comprising an organic lithium compound and an organic salt of sodium,
      potassium or the like. The latter salts are completely insoluble in
      hydrocarbon solvents and, therefore, are added to the raction mixture as a
      solid. This is, at best, difficult and complicated in any large scale or
      continuous operation. The patentee overcomes this drawback by solubilizing
      salts, similar to those used by Wofford, by reaction with alkylated
      phenols.
PAR  U.S. Pat. No. 3,324,191, to Wofford, conducts the polymerization of styrene
      and butadiene in the presence of an organic lithium compound, an organic
      compound of sodium, potassium or the like and a polar material including
      water and alcohols. The use of water and alcohols, added as such, has no
      effect on increasing the solubility of the sodium, potassium or the like
      compounds. The presence of an aromatic hydrocarbon with benzylic hydrogen
      atoms, such as toluene, is required to achieve molecular weight
      regulation. Heat aging is proposed to assist in the solubilization of the
      catalyst, but this tends to be destructive of the catalyst.
PAR  British Pat. No. 994,726 also shows a styrene-butadiene polymerization
      process. It calls for incremental addition of the butadiene, but this is a
      process step which is extremely difficult to control since it is necessary
      to have detailed knowledge of reactor conditions at all times. If the
      reaction is controlled improperly, the products tend to have long blocks,
      especially at the end of the chain.
PAR  U.S. Pat. No. 3,520,858, to Bodnar et al., uses hydrogen with an organic
      lithium catalyst in a solution process for making styrene-butadiene
      rubber. The use of the hydrogen minimizes gel formation and permits a
      large reduction in the amount of catalyst used. The use of hydrogen also
      provides molecular weight regulation. It has been found that the use of
      the catalyst and process of the invention claimed in the present
      application results in a rate of reaction which is four times faster than
      that achieved by the use of the Bodnar et al. catalyst and process.
PAR  The process of the present invention for preparing conjugated diene
      copolymers is based on the use of a cocatalyst comprising an organic
      lithium compound and a potassium salt which is used in the form of a
      complex with water or an alcohol. The use of such a complex provides a
      completely soluble catalyst and thereby permits control of the
      polymerization process to produce copolymers having optimum properties.
      The molecular weight range of the products of this invention is normally
      from about 5,000 to about 1,000,000. The molecular weight of the products
      of this invention is readily determined by dividing the amount of monomer
      used by the moles of lithium catalyst used in making such products.
PAR  A major end-use of the copolymers of this invention is as tire tread
      rubber. For this purpose, the copolymers preferably are completely random
      or pseudorandom, have an 8-23 percent vinyl content, have a low Tg (glass
      transition temperature) and a 15-45 percent content of the
      vinyl-substituted aromatic hydrocarbon. Such properties are readily
      attained by the process of this invention. It has also been found that the
      pseudorandom copolymers of this invention make desirable tire tread
      rubbers. Vulcanizates of copolymers having long styrene blocks have poor
      hysteresis properties, this having the undesirable effect of causing heat
      build-up in tires made from such copolymers.
DRWD
PAR  FIG. 1 is a graph showing the relationship between .DELTA.Tg and mole
      percent of styrene for a pure random styrenebutadiene copolymer and the
      pseudorandom styrene-butadiene copolymer of this invention, respectively.
DETD
PAR  Conjugated dienes for use in this invention preferably contain from four to
      twelve carbon atoms per molecule and include 1,3-butadiene, isoprene,
      1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, 2 methyl-1,3-pentadiene,
      2,3-dimethyl-1,3-pentadiene, 2-phenyl-1,3-butadiene, and
      4,5-diethyl-1,3-octadiene. The vinyl-substituted aromatic hydrocarbons
      that can be used are such hydrocarbons in which the vinyl group is
      attached to a nuclear carbon atom. Examples of preferred vinyl-substituted
      aromatic hydrocarbons are styrene, 1-vinylnaphthalene and 3-methylstyrene.
      Examples of other compounds of this type which can be used include
      3,5-diethylstyrene, 4-n-propylstyrene, 2,4,6-trimethylstyrene,
      4-dodecylstyrene, 3-methyl-5-n-hexylstyrene, 4-phenylstyrene,
      2-ethyl-4-benzylstyrene, 4-p-tolylstyrene, 3,5-diphenylstyrene,
      2,3,4,5-tetraethylstyrene, 3-(4-n-hexylphenyl)styrene,
      3-ethyl-1-vinylnaphthalene, 6-isopropyl-1-vinylnaphthalene,
      3,6-di-p-tolyl-1-vinylnaphthalene, 6-cyclohexyl-1-vinylnaphthalene,
      8-phenyl-1-vinylnaphthalene, 7-dodecyl-2-vinylnaphthalene,
      alpha-methylstyrene, and the like. It is desirable that the
      vinyl-substituted aromatic hydrocarbon be used in an amount of from about
      5 to about 50 parts by weight based on 100 parts by weight of total
      monomers.
PAR  The organic lithium component of the catalyst is similar to the organic
      lithium compounds which have been used in the prior art. The formula is
      RLi, wherein R is a hydrocarbon radical selected from the group consisting
      of aliphatic, cycloaliphatic and aromatic radicals. The R in the formula
      preferably contains from 1 to 20 carbon atoms, although higher molecular
      weight compounds can be used. Examples of suitable organic lithium
      compounds include methyllithium, isopropyllithium, n-butyllithium,
      sec-butyllithium, tert-octyllithium, n-decyllithium, phenyllithium,
      naphthyllithium, 4-butylphenyllithium, p-tolyllithium,
      4-phenylbutyllithium, cyclohexyllithium, 4-butylcyclohexyllithium,
      4-cyclohexylbutyllithium, and the like.
PAR  The other component of the catalyst is a complex having the formula
EQU  R'.sub.y -- Ar-- OK.sup. . HCR"
PAL  wherein R' is an alkyl group containing a minimum of 8 carbon atoms per
      group and a maximum of 26 carbon atoms in one or more such groups, R" is
      selected from the group consisting of hydrogen and aliphatic,
      cycloaliphatic and aromatic hydrocarbon radicals, Ar is an arylene radical
      containing one aromatic ring, and y is an integer from 1 to 3, inclusive.
      Such potassium-containing soluble catalysts are formed by reacting certain
      hydrocarbon soluble alkylphenols with potassium hydroxide or alkoxide to
      give a potassium phenolate in the form of a complex with the reaction
      by-product.
      ##SPC1##
PAL  The best way to prepare such soluble complexes is by reacting, e.g.,
      potassium t-butoxide with the phenol in, e.g., heptane, agitating, if
      desired, the reaction mixture under an inert atmosphere, e.g., nitrogen,
      for several hours at room temperature. Preferred phenols for use in making
      this potassium-containing catalyst component include octylphenol,
      nonylphenol and polyisobutylphenol. The polyisobutyl group in the latter
      compound contains, on the average, 26 carbon atoms.
PAR  Suitable potassium-containing reactants are potassium hydroxide and
      potassium t-butoxide. Other suitable potassium-containing reactants
      include the potassium derivatives of the following alcohols: ethanol,
      3-propenol, propynol, 1-buten-3-ol, methylisopropylcarbinol, n-heptanol,
      triptanol, tri-t-butyl-carbinol, 1-dodecanol, cyclopentanol, cyclohexanol,
      alpha-terpineol, phenylcarbinol, benzylcarbinol, styrylcarbinol, phenol
      and symxylenol.
PAR  The amount of the organic lithium compound to be used is from about 0.1 to
      about 20 millimoles per 100 grams of the mixture of monomeric
      hydrocarbons. The amount of the potassium-containing complex to be used is
      expressed in terms of the Li/K molar ratio of the cocatalyst. This ratio
      should be from about 4/1 to about 25/1 when an aliphatic hydrocarbon
      solvent is used in the polymerization reaction mixture and from about 20/1
      to about 90/1 when an aromatic hydrocarbon solvent is used. When a
      completely random copolymer is desired, the Li/K molar ratio of the
      cocatalyst should be adjusted to from about 4/1 to about 5/1 when an
      aliphatic hydrocarbon solvent is used and to from about 20/1 to about 30/1
      when an aromatic hydrocarbon solvent is used. When it is desired to form a
      pseudorandom copolymer, containing blocks having up to 3 to 4 units of the
      vinyl-substituted aromatic hydrocarbon interspersed throughout the
      copolymer chain, the Li/K molar ratio of the cocatalyst is adjusted to
      from above 5/1  to about 25/1 when an aliphatic hydrocarbon solvent is
      used and to from above 30/1 to 90/1 when an aromatic hydrocarbon solvent
      is used. When a mixture of aliphatic and aromatic hydrocarbon solvents is
      used, a completely random copolymer is obtained by adjusting the Li/K
      molar ratio of the cocatalyst to a value ranging from 4 + (0.24 .times.
      volume percent of the aromatic hydrocarbon solvent) to less than 6 + (0.24
      .times. volume percent of the aromatic hydrocarbon solvent). Similarly,
      when a mixture of aliphatic and aromatic hydrocarbon solvents is used and
      it is desired to obtain a pseudorandom copolymer, the Li/K molar ratio of
      the cocatalyst is adjusted to a value ranging from 6 + (0.24 .times.
      volume percent of the aromatic hydrocarbon solvent) to 25 + (0.65 .times.
      volume percent of the aromatic hydrocarbon solvent). When an aromatic
      hydrocarbon solvent is used alone and it is desired to form a random
      copolymer, a preferred Li/K molar ratio of the cocatalyst is from 25/1 to
      30/1. Similarly, when a pseudorandom copolymer is to be formed, the
      preferred Li/K molar ratio of the cocatalyst is from 75/1 to 85/1 when the
      solvent is an aromatic hydrocarbon and is from 15/1 to 22/1 when the
      solvent is an aliphatic hydrocarbon. In all cases, a preferred range for
      the amount of the organic lithium compound to be used is from 0.25 to 1.5
      millimoles per 100 grams of total hydrocarbon monomers.
PAR  The solvents in which the polymerization reaction is conducted are selected
      from the group consisting of saturated aliphatic hydrocarbons and aromatic
      hydrocarbons which do not contain benzylic hydrogen atoms. Aromatic
      hydrocarbons with benzylic hydrogen atoms produce molecular weight
      regulation, so that such hydrocarbons can be used if such an effect is
      desired. Any aliphatic hydrocarbon is suitable for this purpose as long as
      it is liquid at the polymerization temperature. Suitable saturated
      aliphatic hydrocarbon solvents include 2,5-dimethylhexane, n-decane,
      di-t-amyl, n-hexadecane, cyclohexane and methylcyclohexane. Suitable
      aromatic hydrocarbon solvents include benzene, tert-butyl benzene,
      naphthalene and diphenyl.
PAR  The amount of solvent used is not critical and is normally dictated by the
      viscosity of the reaction mixture which can conveniently be handled. The
      preferred amount is such that the solids content of the solution at the
      end of the polymerization is on the order of 5-15 weight percent.
PAR  The polymerization temperature in the process of this invention is not
      critical. Generally, it is preferred to carry out the polymerization
      reactions at a temperature between 0.degree. and 100.degree. C or higher.
PAR  The pseudorandom copolymers of this invention are novel products. As has
      been indicated, they differ from the completely random copolymers by
      containing blocks having 2 to 4 units of the vinyl-substituted aromatic
      hydrocarbon, in which the vinyl group is attached to a nuclear carbon
      atom, interspersed throughout the copolymer chain. They are also
      characterized by having a vinyl content of from about 7 to about 15 weight
      percent, by having a cis and trans content of from about 30 to about 50
      weight percent, respectively, with the cis to trans ratio always being
      greater than 0.75, and by having a Tg no higher than -70.degree. C at a
      styrene content of from about 10 to about 50 weight percent, based on the
      copolymer. Tire tread stock having a Tg of -70.degree. C and lower has an
      excellent balance of tread wear and traction. An advantage of the
      pseudorandom copolymers is that they can be produced to contain more of
      the inexpensive vinyl-substituted aromatic hydrocarbon without affecting
      the desired properties of the copolymer. This is contrary to the situation
      in the case of the completely random copolymers where an increase in the
      amount of vinyl-substituted aromatic hydrocarbon in the copolymer does
      have a decided effect on the copolymer properties. Desirable amounts of
      the vinyl-substituted aromatic hydrocarbon in the pseudorandom copolymers
      range from about 10 to about 50 weight percent, based on the copolymer.
      The pseudorandom copolymers may be thought of as being tapered in that the
      first polymerized portion of each chain has less styrene than the last
      polymerized portion of each chain. If the vinyl-substituted aromatic
      hydrocarbon is present in the copolymer in larger blocks than those
      specified, vulcanizate properties such as hysteresis can adversely
      affected.
PAR  In general, the unperturbed length of the polybutadiene segments determines
      the Tg of the copolymer. When pure polybutadiene is interrupted by
      progressively more and more randomly dispersed "hard" segments (styrene),
      the Tg progressively increases depending on the number of hard segments.
      In a pure random polymer where the styrene units consist essentially of
      one molecule of styrene, the change in Tg with mole percent of styrene can
      be calculated from the following formula and as shown in FIG. 1:
EQU  y = 1.721(x)
PAL  where x = mole percent of styrene and Y = .DELTA.Tg. The straight line
      relationship shown in FIG. 1 can be used to determine (from the change in
      Tg) the number of styrene segments which are perturbing the polybutadiene
      sequence length.
PAR  The change in Tg experienced per mole percent of styrene in a pseudorandom
      polymer does not follow the straight line relationship but rather obeys
      the following equation and as shown in FIG. 1 where:
EQU  Y = 27.77 [1-e.sup..sup.-.0625(x) ]
PAL  For example, a .DELTA.Tg of 20.degree. in a random polymer is produced by
      12 mole percent of styrene while 20 mole percent of styrene are required
      to produce this result for the pseudorandom polymer. Since the .DELTA.Tg
      depends on the number of hard segments, the number must be the same in
      both polymers, but, since the pseudorandom polymer has more mole percent
      styrene,--some of them have to be in blocks. The maximum and minimum
      percent of styrene in blocks can be calculated as follows:
PAR  With 12 styrene segments (in the non-blocky random polymer), it means that
      you have 12 styrene molecules for every 88 butadiene molecules. The
      average length of the butadiene segment is about seven units giving a rise
      of 20.degree. to the Tg.
TBL  ______________________________________                                    
     .about.S.about.S.about.S.about.S.about.S.about.S.about.S.about.S.about.S.a
     bout.S.about.S.about.S.about.                                             
     (a non blocky random polymer)                                             
     ______________________________________                                    
PAR  In the corresponding pseudorandom polymer, 20 styrene molecules are spaced
      so that the average length of the butadiene segment is still about 7
      units. However, there are eight more styrene molecules per 100 total to be
      incorporated; therefore, the maximum blockiness would arise from the
      formation of units of 2 styrene molecules up to the maximum permitted.
TBL  ______________________________________                                    
             .about.S.about.S.about.S.about.S.about.S.about.S.about.S.about.S.a
             bout.S.about.S.about.S.about.S.about.                             
             SSSSSSSS                                                          
             (pseudorandom polymer)                                            
             (maximum blockiness)                                              
     ______________________________________                                    
PAR  In this particular case, 80% of the styrene is in blocks and 20 percent is
      non-blocky. On the other hand, the minimum percent blockiness would arise
      in the unlikely situation that the styrene makes up blocks of four units
      until the maximum percent styrene is realized resulting in 55 percent of
      the styrene in block form.
TBL  ______________________________________                                    
             .about.S.about.S.about.S.about.S.about.S.about.S.about.S.about.S.a
             bout.S.about.S.about.S.about.S.about.                             
             SSS                                                               
             SSS                                                               
             SS                                                                
             (pseudorandom polymer)                                            
             (minimum blockiness)                                              
     ______________________________________                                    
PAR  Therefore, for a pseudorandom polymer having a .DELTA.Tg of 20.degree. and
      20 mole percent styrene, the maximum percent of blocky styrene is 80
      percent while the minimum is 55 percent.
PAR  The following table serves to illustrate the maximum and minimum percent of
      blocky styrene calculated for the polymers bearing Sample identifications
      21-34, inclusive, in Example VI:
TBL                     Pseudo-  % Block                                       
                                      % Block                                  
     Wt. %                                                                     
          Mole %                                                               
               Random                                                          
                   Polymer                                                     
                        Random                                                 
                            Polymer                                            
                                 Styrene                                       
                                      Styrene                                  
     Styrene                                                                   
          Styrene                                                              
               Tg  Tg   Tg  Tg   Max. Min.                                     
     __________________________________________________________________________
     0    0    -86  0   -97  0                                                 
     12.5 6.9  -74 12   -88  9   40.6 27.5                                     
     25   14.7 -63 23   -80 17   63.9 42.9                                     
     37.5 23.6 -46 40   -75 22   89.8 60.2                                     
     50   34.0 -28 58   -73 24   100.0                                         
                                      78.5                                     
     62.5 46.0 - 6 80                                                          
     75   61.0 +22 108                                                         
     87.5 78.5 +50 136                                                         
     90   82.4 +53 139                                                         
     __________________________________________________________________________
PAL  In general, the outside limits on the amounts of 2-4 unit styrene blocks in
      the copolymers are a minimum of 21.8 percent of the total styrene in the
      copolymers and a maximum of 100 percent.
PAR  There are no large blocks (i.e., larger than 4 styrene units) present in
      the pseudorandom copolymer. This fact is substantiated by Nuclear Magnetic
      Resonance and ozonolysis and explained in the last two paragraphs in
      Example VI.
PAR  The term "pseudorandom" has been adopted as descriptive of the copolymers
      of this invention. The term "pseudo" means "a close resemblance to"--which
      my copolymer actually is and yet distinguishable from a random type
      copolymer.
PAR  The butadiene and the non-block styrene are distributed throughout the
      chain as follows: the blocks of 2-4 styrene molecules are present with the
      non-block single styrene molecule units. Each unit whether in block or
      non-block is bordered by butadiene. The average length of the unperturbed
      butadiene segments is determined by the total number of styrene segments.
      This is an average length which means that there is a distribution of
      butadiene segment lengths whose average length depends on the number of
      styrene segments.
PAR  Further aspects of this invention will be evident from the following
      examples.
PAC  EXAMPLE I
PAR  This example describes the preparation of the catalyst and a typical method
      of preparing random or pseudorandom copolymers of styrene and butadiene.
PAR  a. Soluble Catalyst
PAR  Dissolve 22.0 g (0.1 m) nonyl phenol in dry, anaerobic neptane (to make 100
      ml). Add 11.2 grams of potassium t-butoxide. Shake (under N.sub.2
      atmosphere) for several hours during which time the KOtBu will dissolve to
      give a clear solution. This solution, containing
      ##SPC2##
PAL  is 1.0 molar; such that 1 ml = 1.0 mm.
PAR  This solution is utilized with BuLi to produce random and pseudorandom
      copolymers of styrene and butadiene.
PAR  b. Typical Polymerization for Producing Random Copolymers
PAR  To a 500 ml bottle, capped with a rubber gasket, a teflon sealer and a
      metal cap with holes, are added 300 ml of solvent (dry, anaerobic) (e.g.
      benzene). Next, 30 grams of butadiene and 10 grams of pure styrene are
      added. To this, through the holes in the stopper, is added .02 millimole
      of the above prepared soluble catalyst. Then 0.25 ml of 1.6 N BuLi (in
      hexane) is added. The mixture is allowed to react to completion. This
      usually requires about 2-3 hours at room temperature or a shorter time if
      higher temperatures are employed. The reaction mixture is shortstopped
      with 5 ml of an alcohol (e.g. isopropanol) optionally containing acetic
      acid (sufficient to neutralize the catalyst basicity) and an antioxidant
      such as Santowhite (4,4'-thiobis (6-t-butyl-m-cresol)) crystals. The
      polymer bottle is opened and the contents are flocculated in methanol,
      ethanol, isopropanol, or etc. (1 liter containing 1-2 grams of
      antioxidant). The polymer crumb is separated by filtration and dried in a
      vacuum oven. The yield is 100 percent. This polymer prepared under typical
      conditions referred to above yields a random SBR polymer containing from
      20-22% vinyl (normalized; i.e., converted so that the vinyl, cis and trans
      contents total 100 percent). The Li/K ratio used was 20/1. If an 80/1
      ratio had been used, the product would have been a pseudorandom, low-Tg
      copolymer. If a 20/1 ratio with heptane or another aliphatic solvent had
      been used, the product would have been pseudorandom and more potassium
      salt complex (to give 4/1 Li/K) would have been required to give a random
      copolymer.
PAC  EXAMPLE II
PAR  This example demonstrates the use of the soluble catalyst (prepared
      according to the method detailed in example I) as a randomizing agent for
      styrene and butadiene and the effect of the Li/K ratio in an aromatic
      media.
PAR  In this series of experiments, all polymerizations were performed as
      follows:
PAR  Into a dry, anaerobic bottle was introduced:
PA0  a. 300 ml pure benzene
PA0  b. A variable amount of the soluble salt prepared by reacting polyisobutyl
      phenol* with KOH (as a 0.2 N solution in benzene)
FNT  *Rohm and Haas "polyisobutylphenol 450"
PA0  c. Ten grams of styrene--bottle is then capped, there being holes in the
      stopper through which are introduced the following:
PA0  d. Thirty grams of butadiene
PA0  e. 0.5 ml of 1.6 N BuLi (in hexane)
PAL  Once the BuLi was added, polymerization began immediately. The speed of the
      polymerization was dependent on the amount of potassium salt added. After
      initial shaking, no agitation was used. The polymerizations were started
      at room temperature, and the exothermic heat caused the reaction
      temperature to rise to about 45.degree. C. In order to determine the
      extent of randomization, samples were taken of each bottle at various
      conversions and the % styrene in the formed copolymer was determined by
      refractive index. The results for these samples, where the Li/K ratio was
      varied by changing the amount of potassium salt added, are shown below.
TBL  __________________________________________________________________________
     Sample                                                                    
     Identification                                                            
               1    2    3    4     5     6     7                              
     __________________________________________________________________________
     mm KOArR'.HOR" 100                                                        
               0.4  0.16 0.08 .04   .03   .02   .01                            
     mm BuLi   0.8  0.8  0.8  0.8   0.8   0.8   0.8                            
     Li/K      2/1  5/1  10/1 20/1  27/1  40/0  80/1                           
     % Conversion                                                              
               68   68   24.6 15.7  14    16    10                             
     % Styrene 40.5 36.8 41   28    24    19.5  8                              
     % Conversion                                                              
               72   100  59.5 43    26    38    22                             
     % Styrene 39.1 26   34.6 28    25    21    9                              
     % Conversion                                                              
               75   --   97   85    89    77    37                             
     % Styrene 39.1 --   28.4 25.5  25    21    11                             
     % Conversion                                                              
               100  --   100  100   100   100   100                            
     % Styrene 25   --   25   25    25    25    25                             
     __________________________________________________________________________
PAL  From these data, it can be seen that maximum randomization (equal styrene
      at all stages of polymerization) occurs with the soluble salt at a Li/K
      ratio of 27/1 (a very small amount of potassium salt).
TBL  ______________________________________                                    
            1    2      3      4    5     6     7                              
     ______________________________________                                    
     % Styrene                                                                 
               --*   26     26   27   27    26    25                           
     % cis (**)                                                                
              --     28     30   36   35    37    39                           
     % trans (**)                                                              
              --     39     41   45   47    46    49                           
     % vinyl(**)                                                               
              --     34     28   23   21    18    13                           
     Tg (***) --     -70    -60  -63  -64   -67   -80                          
     NMR      --     R      R    R    R     R     SB                           
     ______________________________________                                    
       *denotes that no data were obtained.                                    
       **determined by infrared spectroscopy.                                  
       ***determined by differential thermal analysis.                         
      R = random styrene.                                                      
      SB = short blocks (3-4 units) of styrene.                                
PAL  It can be seen that vinyl content decreases as the amount of potassium used
      decreases.
PAC  EXAMPLE III
PAR  The purpose of this example is to establish that the soluble potassium
      salts are more potent randomizing agents in an aromatic medium (see
      Example II) when compared with the insoluble KOtBu salt disclosed in the
      prior art (U.S. Pat. No. 3,294,768). This example was carried out in all
      respects the same as Example II except for the potassium salt substitution
      and the insolubility of such salt.
TBL  __________________________________________________________________________
     Sample Identification                                                     
                  8     9     10    11                                         
     __________________________________________________________________________
     KOtBu, mmoles                                                             
                  0.4   0.2   0.13  0.08                                       
     BuLi, mmoles 0.8   0.8   0.8   0.8                                        
     Li/K ratio   2/1   4/1   6/1   10/1                                       
     % Conversion 32    17.5  16    17                                         
     % Styrene    43    31    19    13                                         
     % Conversion 61    50    31    33                                         
     % Styrene    36    29    20    14                                         
     % Conversion 100   61    50    63                                         
     % Styrene    24    29    22    17                                         
     % Conversion --    100   100   100                                        
     % Styrene    --    24    24    24                                         
     __________________________________________________________________________
PAL  The data clearly indicate that maximum randomization occurs at about a 4/1
      - 6/1 Li/K ratio and that the soluble potassium salts shown in Example II
      are more potent randomizing agents in benzene than is the insoluble KOtBu
      catalyst.
PAC  EXAMPLE IV
PAR  In contrast to the series of experiments shown in Example II, this example
      shows the randomization of styrene-butadiene polymerizations using the
      soluble salt in an alkane media. The polymerizations in this series of
      experiments were run under exactly the same conditions as disclosed in
      Example II, except that heptane was used as the solvent.
TBL  ______________________________________                                    
     Sample                                                                    
     Identification                                                            
               12      13        14      15                                    
     ______________________________________                                    
     Li/K ratio                                                                
               2/1     4/1       8/1     16/1                                  
     % Conversion                                                              
               25      11.7      6.4     6.8                                   
     % Styrene 50      23        9       3.2                                   
     % Conversion                                                              
               35      27        20      18                                    
     % Styrene 47      27        15.3    6.8                                   
     % Conversion                                                              
               96      100       100     100                                   
     % Styrene 25      25        25      25                                    
     ______________________________________                                    
PAL  The data clearly show that, in alkane solvents and using the soluble salt,
      the maximum randomization occurs at a Li/K ratio of about 4/1.
PAC  EXAMPLE V
PAR  This example shows the effect of solvent mixtures (alkane/aromatic) on the
      randomizing ability of the soluble potassium salt and on the resultant
      polymer characteristics. In this series of experiments, polymerizations
      were run under exactly the same conditions as disclosed in Example II
      using a Li/K ratio of 20/1 in each experiment, except for the variation in
      the solvent.
TBL  __________________________________________________________________________
     Sample                                                                    
     Identification                                                            
                   16    17    18    19    20                                  
     __________________________________________________________________________
     Solvent                                                                   
     Heptane (ml added)                                                        
                   300   295   250   150   0                                   
     Benzene (ml added)                                                        
                   0     5     50    150   300                                 
     % Conversion  17.4  15.9  13    10.6  16.5                                
     % Styrene     7.9   8.3   9.2   10.8  27                                  
     % Conversion  22.4  23.1  29.4  31.2  47.5                                
     % Styrene     9.2   10    11.8  14.3  27                                  
     % Conversion  100   100   32.8  64.3  67.5                                
     % Styrene     25    25    13.2  15.3  25.4                                
     % Conversion               --*  72    83                                  
     % Styrene                 --    16.3  25                                  
     % Conversion              --     --*  100                                 
     % Styrene                 --    --    25                                  
     Polymer Characteristics                                                   
     % Styrene     24    23    26    27    27                                  
     % cis         41    39    39    40    26                                  
     % trans       52    49    50    51    33                                  
     % vinyl       11    12    12    14    21                                  
     Tg            -85   -87   -84   -78   -63                                 
     __________________________________________________________________________
      *denotes that no data were obtained.                                     
PAR  This example shows that both the extent of randomness and the physical
      characteristics of the respective polymers obtained using the soluble
      potassium randomizing agent depend on the nature of the solvent and those
      characteristics can be varied either by proper choice of solvent or
      solvent mixtures.
PAC  EXAMPLE VI
PAR  In this example, random and pseudorandom polymers are made by polymerizing
      varying amounts of styrene with butadiene to give pseudorandom (in heptane
      solvent) and random (in benzene solvent) copolymers using the soluble
      potassium salt and a Li/K ratio of 20/1. All polymerizations were run
      exactly as shown in Example II, except for the use of heptane solvent as
      indicated. The following data show both types of polymers at different
      styrene levels with the resultant Tg's and block styrene content.
TBL  __________________________________________________________________________
     SOLVENT EFFECT WITH BuLi/KOArR'.HOR" CATALYST                             
     __________________________________________________________________________
     SOLVENT - BENZENE (Li/K = 20/1)                                           
                                 BLOCK STYRENE                                 
     __________________________________________________________________________
     Sample        % Vinyl                                                     
     Identification                                                            
             % Styrene                                                         
                   (Normalized)                                                
                          Tg     NMR  O.sub.3                                  
     __________________________________________________________________________
     21      0            -86    0    0                                        
     22      12.5         -74    0    0                                        
     23      25           -63    0    0                                        
     24      37.5         -46    0    0                                        
     25      50    20-22  -28    0    0                                        
     26      62.5         - 6    0    0                                        
     27      75           +22    0    0                                        
     28      87.5         -87, +50*                                            
                                 interm.                                       
                                      46%                                      
     29      90           -75, +53*                                            
                                 interm.                                       
                                      41%                                      
     long                                                                      
     __________________________________________________________________________
       *The two Tg readings are an indication of blockiness.                   
     SOLVENT - HEPTANE (Li/K = 20/1)                                           
     __________________________________________________________________________
     30      0            -97    0    0                                        
     31      12.5         -88    0    0                                        
     32      25     8-10  -80    short                                         
                                      0                                        
     33      37.5         -75    short                                         
                                      0                                        
     34      50           -73    short                                         
                                      0                                        
     __________________________________________________________________________
PAL  This series of experiments demonstrates that a low Tg is maintained by
      pseudorandom polymers in spite of the fact that no long styrene sequences
      are detectable either by NMR (short = 3-4 units) or by ozonolysis
      procedures. Therefore, using the technique involved in the production of
      pseudorandom polymers, low Tg polymers containing a high % of styrene can
      be prepared. Such polymers, because of the short block length of the
      styrene, have good vulcanizate properties [particularly low heat build-up
      (hysteresis)], low Tg and good abrasion resistance. Vulcanizates having
      these physical properties can be advantageously used in the manufacture of
      such items as automobile tires.
PAR  In determining the amount of block styrene by ozonolysis, the sample is
      first ozonized in hydrocarbon solvent (benzene) and then flocculated in
      alcohol. Block styrene having 5 or more styrene units per block
      precipitates out in the alcohol and can be isolated. In 50/50 blends of
      butadiene and styrene homopolymers, 95 percent of the polystyrene can be
      recovered and accounted for by this technique.
PAC  EXAMPLE VII
PAR  This example illustrates that pseudorandom polymer (characterized by low
      vinyl and low Tg) can be prepared in either alkane or aromatic solvents
      and by controlling the Li/K ratio. Polymerization procedures were the same
      as disclosed in Example II.
TBL  ______________________________________                                    
     Sample Identification                                                     
                      35          36                                           
     ______________________________________                                    
     Solvent          Benzene     Heptane                                      
     Li/K ratio       80/1        20/1                                         
     Polymer Characteristics                                                   
     ______________________________________                                    
     % styrene        25          23                                           
     % cis            39          39                                           
     % trans          49          48                                           
     % vinyl          13          14                                           
     Tg               -80         -80                                          
     NMR              short blocks                                             
                                  short blocks                                 
     ______________________________________                                    
PAC  EXAMPLE VIII
PAR  This example serves to illustrate a pilot plant scale-up of the production
      of a pseudorandom polymer.
PAR  The polymerization was performed in a 50 gallon stirred steel autoclave.
      The reactor charge was as follows:
TBL  Hexane          100     Kg.                                               
     Butadiene       15.4    Kg.                                               
     Styrene         4.6     Kg.                                               
     BuLi            112     millimoles                                        
     KOArR'.HOR"*    2       grams                                             
     Li/K            15/1                                                      
     Reaction Temp.  110-120.degree. F                                         
      *Soluble complex of the potassium salt of nonyl phenol.                  
PAL  The polymerization was allowed to run overnight, 94 percent conversion
      being attained after 6 hours. The overall styrene content of the polymer
      was 24 percent. For the first 25 percent conversion, the polymer contained
      16% styrene; 18% for the second 25 percent, 26 percent for the next 25
      percent and 36% for the last quarter. The properties of this product are:
TBL  % cis            31                                                       
     % trans          39                                                       
     % vinyl          8                                                        
     Tg              -81 (DTA)                                                 
                     -85 (T.P.).sup.1                                          
     M.W. Dis-                                                                 
     tribution.sup.2 narrow                                                    
     Mn.sup.3        163,000                                                   
     Ml.sub.4.sup.4  110                                                       
     NMR             short styrene blocks                                      
      .sup.1 torsion pendulum.                                                 
      .sup.2 determined by gel permeation chromatography.                      
      .sup.3 number average molecular weight; determined by osmometer.         
      .sup.4 Mooney viscosity at 212.degree. F.                                
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing conjugated diene copolymers which comprises
      contacting a monomeric mixture of a conjugated diene hydrocarbon and from
      about 5 to about 50 parts by weight, based on 100 parts by weight of total
      monomers, of a vinyl-substituted aromatic hydrocarbon in which the vinyl
      group is attached to a nuclear carbon atom with a catalyst consisting
      essentially of (a) a complex having the formula
EQU  R'.sub.y - Ar - OK .sup.. HOR"
PAL  wherein R' is an alkyl group containing a minimum of 8 carbon atoms per
      group and a maximum of 26 carbon atoms in one or more such groups, R" is
      selected from the group consisting of hydrogen and aliphatic,
      cycloaliphatic and aromatic hydrocarbon radicals, Ar is an arylene radical
      containing one aromatic ring, and y is an integer from 1 to 3, inclusive,
      and from about 0.1 to about 20 millimoles, per 100 grams of said monomeric
      mixture, of (b) an organolithium compound having the formula R Li wherein
      R is a hydrocarbon radical selected from the group consisting of
      aliphatic, cycloaliphatic and aromatic radicals, said contacting occurring
      in the presence of a solvent which is liquid at the polymerization
      temperature and is selected from the group consisting of saturated
      aliphatic hydrocarbons and aromatic hydrocarbons which do not contain
      benzylic hydrogen atoms, the Li/K molar ratio of the cocatalyst being from
      about 4/1 to about 25/1 when an aliphatic hydrocarbon solvent is used and
      from about 20/1 to 90/1 when an aromatic hydrocarbon solvent is used.
NUM  2.
PAR  2. The process of claim 1 in which a random copolymer is prepared by
      adjusting the Li/K molar ratio of the cocatalyst to from about 4/1 to
      about 5/1 when an aliphatic hydrocarbon solvent is used and to from about
      20/1 to about 30/1 when an aromatic hydrocarbon solvent is used.
NUM  3.
PAR  3. The process of claim 1 in which a random copolymer is prepared by
      adjusting the Li/K molar ratio of the cocatalyst to a value of 4 to less
      than 6 + (0.24 .times. volume percent of the aromatic hydrocarbon solvent)
      when a mixture of aliphatic and aromatic hydrocarbon solvents is used.
NUM  4.
PAR  4. The process of claim 1 in which a pseudorandom copolymer, containing
      blocks having up to 3 to 4 units of said vinyl-substituted aromatic
      hydrocarbon interspersed throughout the copolymer chain, is prepared by
      adjusting the Li/K molar ratio of the cocatalyst to from above 5/1 to
      about 25/1 when an aliphatic hydrocarbon solvent is used and to from above
      30/1 to 90/1 when an aromatic hydrocarbon solvent is used.
NUM  5.
PAR  5. The process of claim 1 in which a pseudorandom copolymer, containing
      blocks having up to 3 to 4 units of said vinyl-substituted aromatic
      hydrocarbon interspersed throughout the copolymer chain, is prepared by
      adjusting the Li/K molar ratio of the cocatalyst to a value of from 6 +
      (0.24 .times. volume percent of the aromatic hydrocarbon solvent) to 25 +
      (0.65 .times. volume percent of the aromatic hydrocarbon solvent) when a
      mixture of aliphatic and aromatic hydrocarbon solvents is used.
NUM  6.
PAR  6. The process of claim 1 in which a random copolymer is prepared using
      butadiene as the diene hydrocarbon and 5 to 50 parts by weight, based on
      100 parts by weight of total monomers, of styrene, (a) a complex formed by
      interacting equimolar amounts of polyisobutylphenol and potassium
      hydroxide and 0.25 to 1.5 millimoles, per 100 grams of total monomers, of
      (b) butyl lithium, the solvent being benzene and the Li/K molar ratio
      being from 25/1 to 30/1.
NUM  7.
PAR  7. The process of claim 6 in which the potassium containing catalyst is a
      complex formed by interacting equimolar amounts of nonyl phenol and
      potassium t-butoxide.
NUM  8.
PAR  8. The process of claim 7 in which the solvent is heptane and the Li/K
      molar ratio is from 4/1 to 5/1.
NUM  9.
PAR  9. The process of claim 1 in which a pseudorandom copolymer is prepared
      using butadiene as the diene hydrocarbon and 5 to 50 parts by weight,
      based on 100 parts by weight of total monomers, of styrene, (a) a complex
      formed by interacting equimolar amounts of polyisobutylphenol and
      potassium hydroxide and 0.25 to 1.5 millimoles per 100 grams of total
      monomers, of (b) butyl lithium, the solvent being benzene and the Li/K
      molar ratio being from 75/1 to 85/1.
NUM  10.
PAR  10. The process of claim 9 in which the solvent is heptane and the Li/K
      molar ratio is from 15/1 to 22/1.
NUM  11.
PAR  11. The process of claim 10 in which the solvent is hexane.
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ABST
PAL  A process for suspension polymerizing butene-1 with 0 to about 20 mol % of
      at least one other .alpha.-alkene of 2 to 10 carbon atoms is disclosed,
      wherein the monomers are polymerized in the presence of a Ziegler
      coordination catalyst using isobutane as the polymerization solvent. The
      polymerization reaction is effected at a temperature of
      20.degree.-70.degree.C. The product polybutene is obtained in the form of
      a suspension which is easily handled and which has high isotactic
      polybutene content.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the production of butene-1 homopolymers
      and copolymers with minor amounts of one or more other .alpha.-alkenes in
      a liquid inert distributing agent or solvent in the presence of Ziegler
      coordination catalysts.
PAR  Ziegler coordination catalysts for the polymerization of .alpha.-alkenes
      are well known to those in the art, and are typically based upon one or
      more compounds of metals of groups IV B, V B, VI B of the Periodic table,
      and one or more organometallic compounds of metals of group I, II, or III
      of the Periodic table. Many variations of the Ziegler coordination
      catalysts are known, including, for instance, supported catalysts,
      catalysts systems which contain additional compounds such as, for
      instance, Lewis bases and other compounds. All of the known polymerization
      catalysts of this type may be used in the present process.
PAR  The polymerization of butene-1 in the presence of Ziegler coordination
      catalysts yields both isotactic polybutene-1 and atactic polybutene-1. It
      is generally desired to obtain polymers having the highest possible
      isotactic polymer content, and therefore the catalyst composition will
      generally be chosen so that a high content of isotactic material in the
      product polybutene-1 is obtained. For instance, a violet titanium
      trichloride and diethylaluminum chloride are commonly used. The isotactic
      polybutene-1 is insoluble or only slightly soluble at temperatures below
      about 45.degree.C in the reaction solvent commonly used for such
      polymerizations. As known in the art, the reaction solvent is an inert
      distributing agent or solvent such as pentane, hexane, heptane, gasoline,
      kerosene and even liquid monomer. Normally, the polymerization in liquid
      monomeric butene-1 is conducted under superatmospheric pressure.
PAR  As noted above, isotactic polybutene-1 is at most only slightly soluble in
      the conventional reaction solvent at temperatures below about 45.degree.C.
      The polymerization of butene-1 at temperatures below 45.degree.C or so
      will normally yield directly a suspension of polybutene which, depending
      upon the particular reaction temperature chosen, is swollen to various
      degrees. Because of the effect on polymerization rate, the polymerization
      temperature is normally chosen as high as possible and thus suspension
      polymerization reactions are normally conducted at temperatures of about
      40.degree.-45.degree.C. As such elevated suspension polymerization
      temperatures, however, quite swollen, sometimes even jelly-like,
      polybutene-1 polymers are obtained, and these polymers are most difficult
      to handle. To overcome some of the problems which are encountered if
      suspensions of swollen polymers are processed, or further worked up,
      special types of stirred reactors have been proposed in German patent
      application No. 1,910,482 (open for public inspection).
PAR  If polymerization is conducted at temperatures in excess of 45.degree.C,
      such as, for instance, 60.degree. to 80.degree.C, a solution of the
      polybutene-1 is normally obtained. The polybutene polymer can be isolated
      from the solution, generally and most suitably by solvent evaporation. If
      the polybutene-1 solution is cooled to temperatures below about
      45.degree.C, a gelatinous mass is obtained which cannot be further
      processed, or which can be further processed only with great difficulty,
      and there is therefore no suitable method of isolating the polybutene-1
      from the polymerization solution without solvent evaporation. In order for
      the desired polymerization rates to be obtained, polymerization
      temperatures of at least 50.degree.C and preferably at least 60.degree.C
      are normally considered necessary. For this reason, butene-1 is normally
      polymerized using solution polymerization techniques.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed towards a process for suspension
      polymerizing butene-1, optionally with minor amounts of one or more other
      .alpha.-alkenes of up to 10 carbon atoms using a Ziegler coordination
      catalyst system. The inert polymerization solvent is isobutane and the
      polymerization is conducted at a temperature of about 20.degree.C to about
      70.degree.C. The resulting polymers are at most only slightly swollen, and
      the suspension of the polymers may be worked up in a relatively simple
      way.
PAC  DESCRIPTION OF THE INVENTION
PAR  Suspensions of polybutene-1 which are substantially unswollen and which can
      be worked up using simple procedures can be obtained by suspension
      polymerizing butene-1 at temperatures of 20.degree.-70.degree.C,
      preferably at temperatures of over 40.degree.C, using isobutane as the
      reaction suspension agent or distributing agent. Isobutane boils at
      -10.degree.C at atmospheric pressure, and this low boiling point makes it
      necessary to conduct the polymerization under pressure, generally about
      autogenic pressure. The polymerization may be conducted at various
      temperatures, within the above noted ranges. Generally, it is desired to
      conduct the polymerization at temperatures above 20.degree.C, as the
      polymerization rate decreases with lower temperatures. Polymerization
      temperatures over 70.degree.C or so are undesirable because the isotactic
      polybutene content will decrease at higher polymerization temperatures,
      with an increase in the atactic polybutene content. Thus the yield of
      isotactic polybutene-1, based upon the amount of starting butene-1,
      decreases fairly rapidly.
PAR  The polybutene-1 does not dissolve in the isobutane at temperatures of over
      40.degree.-50.degree.C, and a substantially unswollen polymer powder that
      is very easy to handle is directly obtained at polymerization temperatures
      of 50.degree.C. It is preferred that the butene-1 is polymerized according
      to the present process at temperatures of 50.degree.-70.degree.C, most
      preferably at temperatures of 60.degree.-70.degree.C
PAR  Various process techniques known to the art for the polymerization of
      .alpha.-alkenes may be used in the process of the present invention. For
      instance, the polymerization may be conducted in the presence of small
      amounts hydrogen to control the molecular weight of the resulting polymer.
      The polymer isolation and catalyst deactivation and, if required, the
      removal of the catalyst by washing may be conducted according to
      conventional techniques. Polymerization may be conducted in a continuous
      or discontinuous manner in one or more stages.
PAR  The process of the present invention may be used to prepare homopolymers of
      butene-1 and copolymers of butene-1 with minor amounts of other
      .alpha.-alkenes. When the comonomer is ethylene and/or propylene, amounts
      of up to 20 mol % may be included in the copolymer. When the comonomer is
      a higher alkene, such as pentene-1, or hexene-1, generally no more than
      about 8 mol % will be included in the copolymer.
PAR  It is preferred that the process of the present invention be conducted so
      that the concentration of polymer in the suspension does not become unduly
      high, as otherwise the suspension will become too thick and difficult to
      stir and/or process. In general, therefore, an amount of isobutane will be
      used such that the polybutene-1 concentration in the suspension is less
      than 30% by weight, more preferably less than 20% by weight. Low
      concentrations are quite easy to process but uneconomic because of the
      large amounts of isobutane that are then required. Therefore, the
      polymerization is most preferably conducted in such a way that the
      concentration of the polybutene-1 in the suspension at the conclusion of
      the polymerization reaction is about 15-20% by weight.
PAR  The transition metal compound is preferably a trivalent or tetravalent
      titanium compound, although other transition metal compounds of metals of
      groups of IV-B, V-B, and VI-B of the Periodic system may be utilized. As
      known to the art (note e.g., Ziegler U.S. Pat. No. 3,070,549, the
      disclosure of which is hereby incorporated by reference) any compound of
      the metals, such as the halogenides, oxyhalogenides, complex halogenides,
      freshly precipitated oxides or hydroxides of organic compounds such as
      alcholates, mixed alcoholates, acetates, benzoates, acetyl acetonates, and
      similar compounds, including mixtures, may be used. Specific examples of
      such compounds of other transition metals include VCl.sub.4, VOCl.sub.3,
      MoCl.sub.5, ZrCl.sub.4 and chromium acetylacetonate.
PAR  The titanium compound or other transition metal compound is generally of
      the formulae:
EQU  ZXp(OR.sup.1)q; ZOXp'(OR.sup.1)q'; or ZO.sub.2 Xp"(OR.sup.1)q"
PAL  wherein Z is at least 1 transition metal of groups IV-B, V-B, and Vi-B of
      the Mendeleef Periodic Table of Elements, X is chlorine or bromine,
      R.sup.1 is selected from the group consisting of alkyl and cycloalkyl
      groups containing from 1 to 12, preferably from 1 to 4, carbon atoms, p
      and q represent values from 0 to 4 with the sum of p and q being 3 or 4;
      p' and q' represent values from 0 to 3 with the sum of p' and q' being 3;
      and p" and q" represent values from 0 to 2  with the sum of p" and q"
      being 2. Preferably, the transition metal compound will consist
      substantially, i.e., at least 80 mole percent, of at least one titanium
      compound. The titanium compound used is preferably a halide, particularly
      a chloride, of trivalent or tetravalent titanium or a compound which has
      been derived therefrom by replacing one or more halogen atoms by an alkoxy
      group, such as tetrabutoxytitanium, diethoxytitanium dibromide,
      dibutoxytitanium dichloride and monoethyoxytitanium trichloride. Of said
      alkoxy compound the tetraalkoxytitanates, and more in particular
      tetrabutoxytitanate, are preferred.
PAR  The organo metallic compounds of metals of the groups I through III of the
      Periodic system generally have the formulae:
EQU  MR.sub.m.sub.-y X.sub.m.sub.-z
PAL  wherein M is a metal of groups I, II or III of the Periodic system, R is
      selected from the group consisting of alkyl, cycloalkyl, aralkyl aryl of
      alkaryl radicals of 1 to 20 carbon atoms, X is a halogen atom, m is the
      valence of M, y is a value from 0 to 1 less than m, and z is a value from
      m to 1. The organometallic compound of the metal of groups I-III of the
      Periodic system is preferably an organo aluminum compound, such as an
      organo aluminum halide. The organo aluminum halide contains 1 or 2 halogen
      atoms per aluminum atom and at least 1 hydrocarbon radical with a carbon
      atom directly linked to the aluminum atom. Examples of preferred aluminum
      compounds are diethylaluminum chloride, diisobutylaluminum chloride,
      diisobutylaluminum bromide, aluminumethyl sesquichloride.
PAR  A major advantage of the present invention is that the suspension
      polymerization in isobutane can be conducted at polymerization
      temperatures in excess of 45 .degree.C, which results in polymerization
      rates which are comparable or of the same order of magnitude as those
      obtained in solution polymerization. An additional advantage of the
      suspension polymerization process of the present invention is that the
      isotacticity of the suspended polybutene-1 is increased by the relative
      solubility of the atactic polybutene-1 in the isobutane.
DETD
PAC  EXAMPLES OF THE INVENTION
PAR  The present invention will be understood more clearly by reference to the
      following examples, which are intended to illustrate and not to limit the
      scope of the invention.
PAC  EXAMPLE 1
PAR  900 grams of isobutane and 2.5 ml of a 2-molar solution of diethyl aluminum
      chloride in gasoline and 1 ml of a 1-molar suspension of
      .delta.-TiCl.sub.3 in gasoline are successively fed to a 2.5-litre
      autoclave provided with a stirrer. The .delta.-TiCl.sub.3 was prepared
      according to Dutch Patent Specification No. 111,634. Thereafter, 350 grams
      of butene-1 were passed into the reactor and heated at 50 .degree.C at
      autogenous pressure. After 2 hours of polymerization, a suspension of
      polybutene-1 was obtained. The polybutene was separated from the isobutane
      and the remaining, unreacted butene by with a yield of polybutene-1 of 92
      grams. The isotactic polybutene-1 content in this polybutene was 99.1
      percent, determined by extraction with diethyl ether for over 5 hours. The
      average particle size of the polymer was 120 .mu..
PAC  COMPARATIVE EXAMPLE A
PAR  Example 1 was repeated except the isobutane was replaced by 1,500 ml of
      gasoline. A solution of polybutene-1 and gasoline was obtained from which
      the polybutene was isolated by flash evaporation, resulting in the
      production of 101 grams of polybutene-1 with an isotactic content of 98
      percent.
PAC  COMPARATIVE EXAMPLE B
PAR  Example 1 was repeated, except 900 grams of butene-1 were used as the
      distributing agent in place of the isobutane. A solution of polybutene-1
      in liquid monomer was obtained, and the polybutene-1 was recovered by
      flash-evaporation. 141.5 grams of polybutene-1 having an isotactic content
      of 97.6 percent was obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for suspension polymerizing butene-1 with 0 to about 20
      mole % of at least one other .alpha.-alkene of up to 10 carbon atoms in
      the presence of a catalytic amount of a Ziegler coordination catalyst
      based upon at least one transition metal compound of a metal of groups IV
      B, V B and VI B and at least one organo-metallic compound of a metal of
      groups I, II, or III in an inert solvent, the improvement comprising using
      isobutane as the inert polymerization solvent and conducting the
      polymerization at a pressure such that the isobutane is a liquid at a
      temperature of about 50.degree.C to about 70.degree.C to obtain the
      butene-1 polymer in a substantially unswollen state.
NUM  2.
PAR  2. Process according to claim 1 wherein the amount of isobutane in the
      system is such that the resulting polybutene-1 suspension contains at most
      30% by weight of polybutene-1 polymer.
NUM  3.
PAR  3. Process according to claim 2 wherein the resulting suspension contains
      about 15 to about 20% by weight of polybutene-1 polymer.
NUM  4.
PAR  4. Process according to claim 1, wherein the polymerization is conducted at
      about autogenic pressure.
NUM  5.
PAR  5. Process according to claim 1 wherein the polymerization temperature is
      60.degree. to 70.degree.C.
NUM  6.
PAR  6. Process according to claim 5 wherein said transition metal compound is a
      titanium compound.
NUM  7.
PAR  7. Process according to claim 6 wherein the organo-metallic compound is an
      organo-aluminum compound.
NUM  8.
PAR  8. Process according to claim 7 wherein the organo-aluminum compound is an
      organo-aluminum halide.
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PAL  Articles such as containers made of a crystalline olefin polymer having
      improved transparency and impact strength obtained by biaxially extending
      an extruded tubular body of said polymer at an orientation temperature
      below the melting point to attain an extension magnification ratio of at
      least 1.5 for each of longitudinal and lateral directions wherein said
      polymer is a statistical random copolymer of propylene and from 0.3% to
      5.0% by weight ethylene having a melt index of 0.6 - 3.0 g/10 min.
      Optionally, from 0.03 to 0.20 part by weight of aluminum p-tert-butyl
      benzoate or sodium p-tert-butyl benzoate are added to 100 parts by weight
      of said copolymer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to articles made of a highly crystalline
      olefin polymer which have improved clarity and impact strength. More
      particularly, the present invention relates to articles such as containers
      obtained by the biaxial orientation blow molding of said olefin polymer.
PAR  2. Description of the Prior Art
PAR  As plastic containers, those made by conventional blow molding techniques
      from raw materials such as high density polyethylene, low density
      polyethylene and polyvinyl chloride, have heretofore been prevalent.
      However, there has recently been extensive interest in obtaining
      containers made by so-called biaxial orientation blow molding and this
      technique has been used to some extent with polyvinylidene chloride,
      polyvinyl chloride, polystyrene, crystalline homopolymers and copolymers
      of olefins such as polypropylene, etc. Techniques that use polypropylene
      or copolymers containing a major proportion thereof as raw material have
      attracted wide interest.
PAR  Biaxial orientation blow molding is a forming method wherein orientation is
      built up in a hollow body by extension in biaxial directions, i.e.
      longitudinal and lateral directions, so as to improve physical properties.
      One such method comprises extending a tubular plastic body formed by
      extrusion molding or injection molding in its longitudinal direction at a
      temperature within the region of the orientation temperature, and then
      further extending also in the lateral direction in a metal mold by blowing
      thereinto a pressurized fluid to shape the body into a desired form and
      this is known as the successive orientation method. Another method
      comprises forming a preliminary product by preforming the tubular body at
      orientation temperature in a metal mold and further blowing a pressurized
      fluid thereinto in a second metal mold having the desired final
      configuration, or blowing a pressurized fluid into said second mold while
      imparting longitudinal extension mechanically to shape into the desired
      form, and this is known as the simultaneous orientation method. Many
      methods have been proposed by, for example, Japanese Pat. Nos. 521,711 and
      662,944, Japanese Pat. publication No. 47-1117, U.S. Pat. Nos. 3,294,885
      and 3,244,778, etc. some of which have been used in practical application
      with various thermoplastic resins as the raw material therefor.
PAR  In particular, containers formed by biaxial extension blow molding of a
      highly crystalline homopolymer or copolymer of olefin such as
      polypropylene may be capable of exhibiting highly useful properties for
      packaging containers due to the great improvements in physical properties
      such as transparency, rigidity, impact strength and gas impermeability
      etc., compared to such containers made by conventional blow molding.
      However, among these properties, transparency is inferior to that of
      polyvinyl chloride containers made by conventional blow molding and impact
      strength is inferior to that of high density polyethylene containers so
      that further improvement is required even in the biaxially oriented
      containers.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide articles such as
      containers formed from highly crystalline olefin polymers which exhibit
      improved transparency and impact strength.
PAR  It is another object of the present invention to provide such articles
      formed by biaxial orientation blow molding.
PAR  It has been found that the foregoing objects may be attained by using in
      the formation of such articles, an olefin polymer having definite physical
      properties or by using a material in which a specially selected nucleating
      agent is added to said polymer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the present invention, the two properties of transparency and
      impact strength are improved from the standpoint of the polymer material
      used. The first embodiment of the present invention relates to articles
      such as hollow containers obtained by using a statistical random copolymer
      of propylene and ethylene having a melt index of from 0.6 to 3.0 g/10 min.
      and an ethylene content of from 0.3 to 5.0% by weight, cooling and
      solidifying a tubular body formed by extrusion molding of said copolymer
      and then extending the body in biaxial directions at an orientation
      temperature below the melting point in such a manner so as to attain an
      extension magnification ratio of at least 1.5 in each of longitudinal and
      lateral directions. The second embodiment of the present invention is
      characterized in that a mixture of from 0.03 to 0.20 part by weight of
      aluminum p-tert-butyl benzoate or sodium p-tert-butyl benzoate and 100
      parts by weight of the statistical random copolymer of the first
      embodiment is used as the raw material.
PAR  In the past, random type propylene-ethylene copolymers have been used
      generally for biaxially oriented films in order to increase
      heat-sealabiliy as well as tear strength, and for injection molded
      products or the like for the purpose of increasing impact strength.
      However, little or no improvement in transparency has been obtained in
      either case. Therefore, it is apparent that the improvements in
      transparency and impact strength, and especially the remarkable increase
      in transparency obtained according to the present invention, are new and
      unexpected. While some increase in one or both of said properties, when
      compared to other blow molded products, can be obtained when such
      propylene ethylene copolymers are subjected to conventional blow molding,
      the increases are not of any significant amount. Noticeable improvements
      in both properties can be achieved only when these copolymers are employed
      in the biaxial orientation blow molding of a tubular body formed by
      extrusion as set forth in the present invention.
PAR  The copolymer used according to the present invention is a statistical
      random copolymer of propeylene and ethylene having a melt index (MI) of
      from 0.6 to 3.0 g/10 min. and an ethylene content of from 0.3 to 5.0% by
      weight. If the MI value is lower than 0.6, transparency and also
      extrudability will be decreased. When the value exceeds 3.0, impact
      strength decreases and the consistency of dimensions obtained during
      extrusion of the tubular body is reduced so that irregularities in wall
      thickness tend to occur. When the ethylene content is less than 0.3%, no
      improvement in transparency or in impact strength will be apparent whereas
      when the ethylene content is above 5.0%, no further increase in
      transparency over that of 5.0% content can be seen and the obtained
      article is impracticable as a packaging container because of marked
      decreases in rigidity and buckling strength.
PAR  The statistical random propylene-ethylene copolymer of the present
      invention can be produced by any conventional production method such as,
      for example, a method in which a propylene-ethylene gas mixture containing
      the desired amount of ethylene is subjected to polymerization under
      definite conditions, a method in which the mixing ratio of both of the
      gases is varied either continuously or intermittently during the
      polymerization, or a method in which the reaction temperature of the
      reaction pressure is varied so as to control the conversion yield of
      ethylene. The control of MI can also be accomplished by conventional means
      such as by the use of chain transfering agents, control of reaction
      temperature, etc.
PAR  The molding procedure is also not restricted, so long as an extruded
      tubular body suitable for use with an orientation blow molding method can
      be obtained. As to the magnification ratio, an extension of at least 1.5
      or more is necessary for each of the longitudinal (axial of the tube) and
      lateral (radial) directions. The magnification ratio of extension in the
      lateral direction is expressed by the ratio of the average outer diameter
      of the blown product to that of the tubular body before extension. This is
      because of the fact that little or no effect of orientation by extension
      will be observed at a magnification ratio of below 1.5, and improvements
      in transparency and impact strength will not be sufficient. The biaxial
      extension may be of a successive or simultaneous nature. Although the
      extruded tubular body may be cut into articles either before or after it
      is extended, it is desirable to quench the tubular body as soon as
      possible upon solidification by cooling directly after extrusion thereof.
      The reason for this is that to obtain substantial improvement of
      transparency of the final product, it is helpful to conduct the
      solidification while suppressing the growth of spheralites in the
      intermediate crosssectional layer of the tubular body wall as much as
      possible. For this purpose, many measures can be used such as, for
      example, the use of water circulating through a refrigerator for the
      cooling water, disposing an air passageway in the central portion of the
      annular extrusion die in order to jet air and moisture therein for cooling
      the product in the direction of extrusion, etc.
PAR  The aluminum p-tert-butyl benzoate or sodium p-tert-butyl benzoate used
      according to the present invention are known as socalled crystallization
      nucleating agents. However, it has been found that other known
      crystallization nucleating agents, such as sebacic acid, magnesium
      carbonate and anhydrous thioglycollic acid, etc., do not exhibit any
      substantial effect for attaining the objects of the presents invention.
      The admixing of the aluminum or sodium salt with the copolymer can be
      carried out either by a dry mixing procedure using apparatus such as a
      Henschell mixer, ribbon blender, etc., in a wet mixing procedure by
      admixing in the form of an aqueous slurry with subsequent drying, in a
      direct compounding procedure or in a master batch procedure. However, it
      is essential to disperse the salt into the resin mass so as to be
      substantially homogeneous.
PAR  In general, transparency of crystalline olefin polymer products depends
      primarily upon the physical smoothness of both surfaces, the degree of
      crystallization in the inner layer, the average crystal size and the
      homogeneity thereof.
PAR  Inspection by a polarizing microscope of the sections of cut pieces from
      each of two formed products, to one of which was added aluminum or sodium
      p-tert-butyl benzoate in accordance with the present invention and the
      other being produced without additive while maintaining the other
      conditions identical, revealed that the crystals in the central portion of
      the cut piece of the product without additive had grown substantially and
      the average crystal size, for example, reached to from about several tens
      to several hundreds of microns whereas the average crystal size of of the
      product with additive was barely about 10 .mu. or so and the crystal size
      distribution was homogeneous. Inspection of the outer surface of each of
      the products using a phase contrast microscope revealed that in the
      product without additive a portion of the coarse crystals extended to the
      surface region so as to decrease surface smoothness, whereas the product
      with additive was constituted from aggregates of very fine crystals and
      the outermost layer thereof had been solidified in a substantially
      amorphous state so that it exhibited an extremely smooth surface. Thus,
      since the physical smoothness of both the external and internal surfaces
      is improved and also since in the region of inner layer, the crystal
      aggregates are homogeneous and of small size and a homogeneous molecular
      orientation is imparted, an improvement in transparency and, thus, a
      formed product with especially high transparent visibility can be
      attained.
PAR  In order to further illustrate the present invention in detail, the
      following example is presented.
PAC  EXAMPLE
PAR  Using propylene-ethylene copolymers in which the ethylene content,
      nucleating agent and amount of additive were different, hollow containers
      were molded under the conditions described hereinafter and, with these
      containers, transparency (haze), impact strength (repeated drop test) and
      rigidity (Young's modulus) were determined. The results obtained were as
      shown in the following Tables 1 and 2.
TBL                Molding Conditions:                                         
     ______________________________________                                    
     Temperature of extrusion die 210.degree.C.                                
     Temperature of resin during molding                                       
                                  230.degree.C.                                
     Cooling water temperature before cut                                      
     off of the tubular body       15.degree.C.                                
     Cooling time before cut off   3 min.                                      
     Dimensions of the tubular body before                                     
     being cut off                                                             
      Outer diameter               22 mm                                       
      Wall thickness               6 mm                                        
      Length                      150 mm                                       
     Extension ratio                                                           
      Longitudinal magnification                                               
                            ca     2.5 times                                   
      Lateral magnification ca     2.0 times                                   
     Average wall thickness of container                                       
                                   0.6 mm                                      
     Shape of container           cylindrical                                  
     Volume of container          300 ml                                       
     Weight of container           20 g                                        
     ______________________________________                                    
PAC  METHOD OF ADDITION OF NUCLEATING AGENT
PAR  A master batch power of copolymer containing 1.0% by weight of nucleating
      agent was prepared in a Henschell mixer and this was pelletized using a 60
      mm extruder at an extrusion temperature of 210.degree.C. The desired
      amount of nucleating agent in each copolymer was adjusted by blending
      these pellets with pellets of copolymer containing no nucleating agent in
      appropriate amounts. In the starting copolymers, no additive except for
      the usual antioxidant was used other than the nucleating agent.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Influence of MI and Ethylene Content                                      
     __________________________________________________________________________
     MI .sup.1)                                                                
            Ethylene .sup.2)                                                   
                    Haze of the formed product (%) .sup.3)                     
                                      Drop .sup.4)                             
                                            Young's .sup.5)                    
     (g/10 min)                                                                
            content Total                                                      
                        External                                               
                             Internal                                          
                                  Inner                                        
                                      strength                                 
                                            modulus                            
            (%)         surface                                                
                             surface                                           
                                  layer                                        
                                      (times)                                  
                                            (Kg/cm.sup.2)                      
     __________________________________________________________________________
     0.5    --      21.2                                                       
                        10.0 5.0  6.2 &gt;20   17,900                             
     1.1    --      15.7                                                       
                        8.5  4.6  2.6 20    16,000                             
     3.0    --      15.8                                                       
                        7.9  4.3  3.6 17    --                                 
     4.0    --      15.5                                                       
                        7.5  4.0  4.0 15    --                                 
     0.6    0.3     19.9                                                       
                        10.0 4.2  5.7 &gt;20   --                                 
     1.3    0.3     14.8                                                       
                        5.4  4.8  4.6 &gt;20   15,800                             
     2.2    0.3     14.5                                                       
                        5.5  5.5  3.5 &gt;20   16,500                             
     4.0    0.3     17.2                                                       
                        3.5  9.4  4.3 &gt;20   --                                 
     1.1    1.5      8.5                                                       
                        3.2  2.7  2.6 &gt;20   14,500                             
     0.3    3.0     11.0                                                       
                        5.4  2.0  3.6 &gt;20   --                                 
     0.6    3.0     12.8                                                       
                        6.0  3.1  3.7 &gt;20   --                                 
     1.1    3.0      8.4                                                       
                        3.0  2.5  2.9 &gt;20   13,400                             
     1.1    6.0      8.5                                                       
                        3.2  2.3  3.0 &gt;20    9,800                             
     __________________________________________________________________________
      Notes on Table 1:                                                        
      .sup.1) According to ASTM-D-1238                                         
      .sup.2) Calculated from infrared absorption spectrum.                    
      .sup.3) A hazeometer model TC-12 from Tokyo Denshoku was used; based on  
      JIS-K-6714; a cut piece from the formed product was used as a sample;    
      external surface haze is obtained by substracting the value of the inner 
      layer haze from the value observed while coating liquid paraffin on the  
      internal surface of the sample; internal surface haze represents a value 
      observed while coating the external surface of the sample with liquid    
      paraffin and substracting therefrom the inner layer haze value; inner    
      layer haze represents a value observed while coating both surfaces of the
      sample with liquid paraffin; total haze is the sum of the above values.  
      .sup.4) Expressed as the number of vertical drops from a height of 120 cm
      onto a concrete surface until rupture occurred, the container being fille
      with an aqueous solution of sodium chloride at -5.degree.C. after being  
      dipped in the same solution for 30 minutes.                              
      .sup.5) Obtained with an Instron universal tension tester according to   
      ASTM-D-638; calculated from the stress-strain curve.                     
TBL                                    Table 2                                 
     __________________________________________________________________________
     Influence of Nucleating Agent                                             
     __________________________________________________________________________
     MI      Ethylene                                                          
                  Nucleating agent                                             
                                Haze of the formed product (%)                 
                                                   Drop                        
     (g/10 min.)                                                               
             content                                                           
                  Sort   Amount .sup.6)                                        
                                Total                                          
                                     External                                  
                                          Internal                             
                                               Inner                           
                                                   strength                    
             (%)                     surface                                   
                                          surface                              
                                               layer                           
                                                   (times)                     
     __________________________________________________________________________
     1.1     --   --     0      15.7 8.5  4.6  2.6 20                          
     1.1     --   Sebacic acid                                                 
                         10     17.4 6.5  4.0  6.9 20                          
     1.1     --   Al-B .sup.7)                                                 
                         1      15.5 7.0  5.3  3.2 20                          
     1.1     --   "      5      13.1 5.5  4.0  3.6 20                          
     1.1     --   "      10     11.2 4.0  3.8  3.4 20                          
     1.1     --   "      20     11.2 4.2  3.0  4.0 --                          
     1.1     --   "      30     11.8 4.3  3.5  4.0 --                          
     1.1     --   Na-B .sup.8)                                                 
                         10     13.0 4.8  4.0  4.2 20                          
     1.1     3    --     0      8.4  3.0  2.5  2.9 &gt;20                         
     1.1     3    Al-B   1      8.2  2.5  2.7  3.0 &gt;20                         
     1.1     3    "      5      7.4  3.0  1.5  2.9 &gt;20                         
     1.1     3    "      10     5.9  0.9  2.0  3.0 &gt;20                         
     1.1     3    "      20     7.0  1.8  2.0  3.2 --                          
     1.1     3    "      30     6.8  1.3  2.2  3.3 --                          
     1.1     3    Sebacic acid                                                 
                         10     10.7 3.4  3.6  3.7 &gt;20                         
     1.1     3    GM .sup.9)                                                   
                         10     9.4  3.1  3.0  3.3 &gt;20                         
     __________________________________________________________________________
     Notes on Table 2:                                                         
     .sup.6) Parts by weight of nucleating agent per 10,000 parts              
     of copolymer.                                                             
     .sup.7) Abbreviation of aluminum p-tert-butyl benzoate.                   
     .sup.8) Abbreviation of sodium p-tert-butyl benzoate.                     
     .sup.9) Abbreviation of                                                   
               CH.sub. 2 CO                                                    
               S.angle..angle.O                                                
               CH.sub. 2 CO                                                    
PAR  As is clear from Tables 1 and 2, containers formed in accordance with the
      present invention are remarkably excellent in transparency and impact
      strength and the decrease in rigidity is only slight as compared to the
      contrast containers.
PAR  The transparency is comparable to containers made by blow molding from
      polyvinyl chloride and the impact strength can also compete with
      containers made of high density polyethylene by blow molding.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An article having improved transparency and impact strength which is
      obtained by cooling and solidifying an extruded tubular body of a highly
      crystalline olefin polymer and thereafter extending it biaxially at an
      orientation temperature below the melting point to attain an extension
      magnification ratio of at least 1.5 for each of longitudinal and lateral
      directions, wherein said polymer is a statistical random copolymer of
      propylene with ethylene having a melt index of 0.6 - 3.0 g/10 min. and an
      ethylene content of from 0.3% to 5.0% by weight and contains a crystalline
      nucleating agent selected from the group consisting of aluminum
      p-tert-butyl benzoate and sodium p-tert-butyl benzoate in an amount of
      from 0.03 to 0.20 part by weight per 100 parts by weight of said
      statistical random copolymer.
NUM  2.
PAR  2. The article according to claim 1 wherein said article is a container.
NUM  3.
PAR  3. The article according to claim 1 wherein said statistical random
      copolymer has an ethylene content of from 1.5% to 5.0% by weight.
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ABST
PAL  Phenyloxy, phenylsulfinyl, phenylthio, phenylsulfonyl, benzyloxy,
      benzylthio, benzylsulfinyl, or benzylsulfonyl, alkyl or alkenyl
      derivatives wherein the alkyl or alkenyl group contains at least 7 carbon
      atoms which are useful in killing and preventing proliferation of insects
      by upsetting their hormone balance.
BSUM
PAC  Summary of the Invention
PAR  In accordance with this invention, it has been found that compounds of the
      formula:
      ##EQU1##
      wherein R.sub.1 is methyl or ethyl; R.sub.2 and R.sub.3 are hydrogen,
      methyl or ethyl; R.sub.4 is hydrogen or methyl; R.sub.5 and R.sub.6 are
      hydrogen or lower alkyl; A is individually hydrogen, hydroxy or halogen;
      B, D and K are individually hydrogen or halogen; E and L are individually
      hydrogen; with A and B taken together forming a carbon to carbon bond; an
      oxygen bridge or a sulfur bridge; with D and E taken together forming a
      carbon to carbon bond; and with K and L taken together forming a carbon to
      carbon bond; X is oxo, thio, sulfinyl, sulfonyl, --O--CH.sub.2 --,
      --S--CH.sub.2 -- or
      ##EQU2##
      W and Y are individually hydrogen, halogen, lower alkyl or lower alkoxy; Z
      is hydrogen, halogen, lower alkyl, formyl, cyano, lower alkylcarbonyl,
      hydroxy-lower alkyl, lower alkoxymethylene, aryloxymethylene,
      aralkoxymethylene, carbamyl and lower alkyl substituted carbamyl; and W
      taken together with either Y or Z when they are substituted on adjacent
      carbon atoms form ethylenedioxy, propylenedioxy, vinylenedioxy or
      1,3-butadien-1,4-ylene; m and n are 0 or 1; and the dotted lines can be
      optionally hydrogenated, with the proviso that when n is 0, K is hydrogen;
      upset the hormone balance of pests such as insects to prevent them from
      growing and reproducing.
PAR  The compounds of formula I are prepared through the condensation of a
      halide of the formula:
      ##EQU3##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, m and n are
      as above; and A', B', D', E and L are individually hydrogen; A' taken
      together with B' form a carbon to carbon bond, an oxygen bridge or a
      sulfur bridge; and D taken together with E and K'  taken together with L
      form a carbon to carbon bond; with a compound of the formula:
      ##SPC1##
PAL  wherein M is a metal of Group I in the periodic table; X' is --O--,
      --O--CH.sub.2 --, --S--, or --S--CH.sub.2 --; and W and Y are as above; Z'
      is hydrogen, halogen, lower alkyl, formyl cyano, lower alkylcarbonyl,
      hydroxy-lower alkyl, lower alkoxycarbonyl, aryloxycarbonyl,
      aralkoxycarbonyl, lower alkoxymethylene, aryloxymethylene,
      aralkoxymethylene, carbamyl and lower alkyl-substituted carbamyl; W taken
      together with either Y or Z when they are substituted on adjacent carbon
      atoms form ethylenedioxy, propylenedioxy, vinylenedioxy or
      1,3-butadien-1,4-ylene; and the dotted lines can be optionally
      hydrogenated, oxidising or reducing an aldehyde obtained if desired,
      amidating an acid obtained or an ester, esterifying an alcohol obtained if
      desired and, also if desired, subjecting a derivative of formula I to
      hydrogenation, oxidation, epoxidation, episulphidation, halogenation,
      hydrohalogenation or hydroxyhalogenation.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The term "halogen" as used throughout this application, includes all four
      halogens, i.e., bromine, chlorine, fluorine and iodine. As used throughout
      this application, the term "lower alkyl" comprehends both straight and
      branched chain saturated hydrocarbon groups containing from 1 to 6 carbon
      atoms, such as methyl, ethyl, propyl, isopropyl, etc. The term "lower
      alkoxy" comprehends lower alkoxy groups containing from 1 to 6 carbon
      atoms such as methoxy, propoxy, ethoxy, etc.
PAR  The term "aryl", as used throughout the application, includes mono-nuclear
      aryl groups such as phenyl which can be unsubstituted or substituted in 1
      or more positions with a hydroxy, methylenedioxy, halogen, nitro, lower
      alkyl or a lower alkoxy substituent, and polynuclear aryl groups such as
      naphthyl, anthryl, phenanthryl, azulyl, etc. which may be substituted with
      1 or more of the aforementioned groups. The term "aryloxy carbonyl"
      comprehends aryloxy-carbonyl groups wherein the aryl moiety is defined as
      above. The preferred aryloxy carbonyl group is phenoxy-carbonyl. The term
      "aralkyloxy carbonyl" comprehends aralkoxy-carbonyl groups wherein aryl is
      defined as above and the alkyl is lower alkyl. The preferred
      aralkoxy-carbonyl group is benzyloxycarbonyl.
PAR  The term "alkoxycarbonyl" as utilized herein includes lower alkoxycarbonyl
      groups wherein lower alkoxy is defined as above. Among the preferred lower
      alkoxycarbonyl groups are included methoxycarbonyl, ethoxycarbonyl and
      isopropoxycarbonyl. The term "lower alkylcarbonyl" as defined herein
      includes the lower alkylcarbonyl groups wherein lower alkyl is defined as
      above. Among the preferred lower alkylcarbonyl groups are included
      methylcarbonyl and ethylcarbonyl. The terms "oxo" and "thio" define oxygen
      and sulphur with two bonds (--O-- and --S--).
PAR  The aryloxymethylene group as used herein includes aryloxymethylene groups
      wherein aryl is defined as above. Among the preferred aryloxymethylene
      groups is included phenyloxymethylene. The term "aralkoxymethylene" as
      used herein includes arloweralkyloxymethylene wherein aryl and lower alkyl
      are defined as above. The preferred aralkyloxymethylene in accordance with
      this invention is benzyloxymethylene. The term "alkoxymethylene" includes
      lower alkoxymethylene groups wherein lower alkyl is defined as above.
      Among the preferred lower alkoxymethylene groups are included
      methoxymethylene, ethoxymethylene or isopropoxymethylene. The carbamyl
      group can be mono-substituted or disubstituted by lower alkyl. Among the
      preferred lower alkyl-substituted carbamyl groups which can be utilized in
      accordance with this invention are included methylcarbamyl,
      N,N-dimethylcarbamyl, ethylcarbamyl, N,N-diethylcarbamyl and
      isopropylcarbamyl.
PAR  The compounds of formula I are useful in the control of pests such as
      Ephestia kuhniella (meal moth), Dysdercus cingulatus (cotton bug).
PAR  In contrast to most of the known pest-control agents which kill, disable or
      repell the pests by acting as contact poisons and feed poisons, the
      compounds of formula I above prevent maturation and proliferaton of these
      pests by interferring with their hormonal system. In insects, for example,
      the formation into the imago, the laying of viable eggs and the
      development of laid normal eggs is disturbed. Furthermore, the sequence of
      generations is interrupted and the insects are indirectly killed.
PAR  The compounds of formula I above are practically non-toxic to vertebrates.
      The toxicity of these compounds is greater than 1000 mg/kg body weight.
      Moreover, these compounds are readily degraded and the risk of
      accumulation is therefore excluded. Therefore, these compounds can be used
      without fear of danger in the control of pests in animals, plants, foods
      and textiles.
PAR  Generally, in controlling invertebrate animals, the compounds of formula I
      above thereof are applied to the material to be protected, e.g.,
      foodstuffs, feeds, textiles, plants in concentrations of from about
      10.sup.-.sup.3 to 10.sup.-.sup.8 gm/cm.sup.2 of the material to be
      protected. Generally, it is preferred to utilize the compounds of formula
      I above in a composition with a suitable inert carrier. Any conventional
      inert carrier can be utilized.
PAR  The compound of formula I can, for example, be used in the form of
      emulsions, suspensions, dusting agents, solutions or aerosols. In special
      cases, the materials to be protected (e.g., foodstuffs, seeds, textiles
      and the like) can also be directly impregnated with the appropriate
      compound or with a solution thereof. Moreover, the compounds can also be
      used in a form which only releases them by the action of external
      influences (e.g., contact with moisture) or in the animal body itself.
PAR  The compound of formula I above can be used as solutions suitable for
      spraying on the material to be protected which can be prepared by
      dissolving or dispersing these compounds in a solvent such as mineral oil
      fractions; cold tar oils; oils of vegetable or animal origins;
      hydrocarbons such as naphthalenes; ketones such as methyl ethyl ketone; or
      chlorinated hydrocarbons such as tetrachloroethylene, tetrachlorobenzene,
      and the like. The compounds of formula I above can also be prepared in
      forms suitable for dilution with water to form aqueous liquids such as,
      for example, emulsion concentrates, pastes or powders. The compounds of
      formula I above can be combined with solid carriers for making dusting or
      strewing powders as, for example, talc, kaolin, bentonite, calcium
      carbonate, calcium phosphate, etc. The compositions containing the
      compound of formula I above can contain, if desired, emulsifiers,
      dispersing agents, wetting agents, or other active substances such as
      fungicides, bacteriacides, nematocides, fertilizers and the like. These
      materials which are to be protected act as bait for the insect. In this
      manner, the insect, by contacting the material impregnated with the
      compound of formula I above, also contacts the compound of formula I
      above.
PAR  It will be appreciated from the foregoing that the invention also includes
      within its scope an agent useful for the control of pests which contains
      as an essential active ingredient or essential active ingredients one or
      more of the phenyl derivatives of formula I in association with a
      compatible carrier material. In addition, the invention includes within
      its scope a method of rendering a locus subject to or subjected to attack
      by pests immune to or free from such attack, said method comprising
      applying to said locus an agent as hereinbefore defined or one or more of
      the phenyl derivatives of formula I.
PAR  Among the phenyl derivatives which are included within formula I are the
      following:
PA1  a. derivatives of the general formula:
      ##SPC2##
PA1   wherein R.sub.1, R.sub.3, R.sub.4, R.sub.6, A, B, X, W, Y and Z are as
      above; and the dotted bonds can be hydrogenated,
PA1  b. derivatives of the general formula:
      ##SPC3##
PA1   wherein R.sub.1, R.sub.3, R.sub.4, R.sub.6, A, B, K, L, X, W, Y and Z are
      as above; and the dotted bonds can be hydrogenated,
PA1  c. derivatives of the general formula:
      ##SPC4##
PA1   wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, A, B, D, E,
      X, W, Y and Z are as above; and the dotted bonds can be hydrogenated, and
PA1  d. derivatives of the general formula:
      ##SPC5##
PA1   wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, A, B, D, E,
      K, L, X, W, Y and Z are as above and the dotted bonds can be hydrogenated.
PAR  With regard to formulae I, IV, V, VI, and VII, the preferred derivatives
      are those in which W signifies hydrogen, Y has the significance given
      earlier and Z signifies hydrogen, halogen, lower alkyl, formyl, lower
      alkoxymethylene, phenyloxymethylene, benzyloxymethylene or carbamyl (which
      may be lower alkyl-substituted) or Y and Z when present on adjacent carbon
      atoms together signify an ethylenedioxy, propylenedioxy, vinylenedioxy or
      1,3-butadien-1,4-ylene group. Also preferred among the compounds of
      formula I, IV, V, VI, and VII are those compounds where the dotted lines
      are not hydrogenated.
PAR  Especially preferred classes of phenyl derivatives of the formula IV are
      compounds having the formula:
      ##SPC6##
PA1   wherein A.sub.1 is hydrogen or chlorine and B.sub.1 is hydrogen or A.sub.1
      and B.sub. 1 taken together form a carbon to carbon bond or an oxygen
      bridge.
PAR  Especially preferred among the compounds of formula V are those compounds
      having the formulae:
      ##SPC7##
PA1   wherein A.sub.2 and B.sub.2 taken together form a carbon to carbon bond or
      an oxygen bridge;
      ##SPC8##
PA1   wherein A.sub.3, B.sub.3, K.sub.1 and L are hydrogen; or A.sub.3 and
      B.sub.3 taken together form a carbon to carbon bond or an oxygen bridge;
      and K.sub.1 and L taken together form a carbon to carbon bond;
      ##SPC9##
PA1   wherein A.sub.3, B.sub.3, K.sub.1 and L are as above;
      ##SPC10##
PA1   wherein A.sub.3, B.sub.3, K.sub.1 and L are as above;
      ##SPC11##
PA1   wherein A.sub.2 and B.sub.2 are as above;
      ##SPC12##
PA1   wherein A.sub.2 and B.sub.2 are as above; and the corresponding sulphinyl
      derivatives, and
      ##SPC13##
PA1   wherein A.sub.2 and B.sub.2 are as above; and the corresponding sulphinyl
      derivatives.
PAR  Especially preferred among the compounds of formula VI above is the
      compound having the formula:
      ##SPC14##
PAR  Especially preferred among the compounds of formula VII above are the
      compounds having the formula:
      ##SPC15##
PA1   wherein A.sub.3, B.sub.3, D.sub.1, E, K.sub.1 and L are hydrogen; or
      A.sub.3 and B.sub.3 taken together are a carbon to carbon bond or an
      oxygen bridge; and D.sub.1 taken together with E, and K.sub.1 taken
      together with L form a carbon to carbon bond,
PAL  and
      ##SPC16##
PA1   wherein A.sub.2 and B.sub.2 are as above.
PAR  Examples of some of the preferred phenyl derivatives of formula I are the
      following:
PA1  p-[(1,5-dimethyl-hexyl)-oxy]-N,N-diethyl-benzamide;
PA1  p-[(1,5-dimethyl-hexyl)-oxy]-N,N-diethyl-m-methoxybenzamide;
PA1  p-[(1,5-dimethyl-hexyl)-oxy]-benzaldehyde;
PA1  m-[(1,5-dimethyl-hexyl)-oxy]-anisole;
PA1  p-[(1,5 -dimethyl-hexyl)-oxy]-benzyl alcohol;
PA1  p-[(1,5-dimethyl-hexyl)-oxy]-anisole;
PA1  p-[(1,5-dimethyl-hexyl)-oxy]-N,N-diisobutyl-benzamide;
PA1  p-[(1,5-dimethyl-hexyl)-oxy]-acetophenone;
PA1  p-[(1,5-dimethyl-hexyl)-oxy]-.alpha.-propoxy-toluene;
PA1  p-[(1,5-dimethyl-hexyl)-oxy]-benzonitrile;
PA1  o-bromo-phenyl 1,5-dimethyl-hexyl ether;
PA1  1-[ (1,5-dimethyl-hexyl)-oxy]-3,5-dimethoxy-benzene;
PA1  2,4-dichlorophenyl 3,7-dimethyl-octyl ether;
PA1  4-[(1,5-dimethyl-hexyl)-oxy]-3 ,5-dimethoxy-pentanophenone;
PA1  p-[(3,7-dimethyl-2,6-octadienyl)-oxy]-N,N-diethyl-m-methoxybenzamide;
PA1  p-[(6,7-epoxy-3,7-dimethyl-oct-2-enyl)-oxy]-N,N-diethyl-m-methoxybenzamide;
PA1  p-[(1,4,5-trimethyl-hex-4-enyl)-oxy]-N,N-diethyl-m-methoxybenzamide;
PA1  p-[(4,5-epoxy-1,4,5-trimethyl-hexyl)-oxy]-N,N-diethyl-m-methoxybenzamide;
PA1  benzyl 3,7-dimethyl-octa-2,6-dienyl ether;
PA1  6-[[(6,7-epoxy-3,7-dimethyl-oct-2-enyl)-oxy]-methyl] -1,4-benzodioxan;
PA1  3,7-dimethyl-octa-2,6-dienyl phenyl sulfide;
PA1  6,7-epoxy-3,7-dimethyl-oct-2-enyl phenyl sulfide;
PA1  3,7-dimethyl-octa-2,6-dienyl phenyl sulfoxide;
PA1  benzyl 3,7-dimethyl-octa-2,6-dienyl sulfide;
PA1  benzyl 6,7-epoxy-3,7-dimethyl-oct-2-enyl sulfoxide;
PA1  3,7,11-trimethyl-dodeca-2,6,10-trienyl phenyl sulfide;
PA1  10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl phenyl sulfide;
PA1  3,7,11-trimethyl-dodeca-2,6,10-trienyl 2-naphthyl sulfoxide;
PA1  10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl phenyl sulfoxide;
PA1  10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl phenyl sulfone; and
PA1  10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl-2-naphthyl sulfone.
PAR  The halide starting materials of formula II can be subdivided into four
      classes as follows:
PA1  a. halides of the general formula:
      ##SPC17##
PAL   wherein R.sub.1, R.sub.3, R.sub.4, R.sub.6, A', B' and Hal are as above;
PA1  b. halides of the general formula:
      ##SPC18##
PAL   wherein R.sub.1, R.sub.3, R.sub.4, R.sub.6, A', B', K', -L and Hal are as
      above;
PA1  c. halides of the general formula:
      ##SPC19##
PAL   wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, A', B', D',
      and E are as above; and Hal is a halogen; and
PA1  d. halides of the general formula:
      ##SPC20##
PAL   wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, A', B', D',
      E, K', L and Hal are as above.
PAR  In accordance with a preferred embodiment of this invention, a halide of
      formula II-a, II-b, II-c or II-d is reacted with a compound of formula III
      in which W signifies hydrogen, Y has the signficance given earlier and Z'
      signifies hydrogen, halogen, lower alkyl, formyl, lower alkoxycarbonyl,
      phenyloxycarbonyl, benzyloxycarbonyl, lower alkoxymethylene,
      phenyloxymethylene, benzyloxymethylene or carbamyl (which may be lower
      alkyl-substituted) or Y and Z' when present on adjacent carbon atoms taken
      together form a ethylenedioxy, propylenedioxy, vinylenedioxy or
      1,3-butadien-1,4-ylene group.
PAR  Especially preferred embodiments of the process provided by the invention
      comprise:
PA1  e. reacting a halide of the general formula:
      ##SPC21##
PAL   wherein Hal is as above; and the dotted bond can be hydrogenated,
PAL  with an alkali metal salt of p-hydroxybenzaldehyde and, if desired
      hydrogenating, epoxidizing or hydrochlorinating the product obtained;
PA1  f. reacting a halide of the general formula:
      ##SPC22##
PAL   wherein Hal is as above;
PAL  with an alkali metal salt of benzyl alcohol and, if desired, the product
      obtained is epoxidized at the terminal unsaturation;
PA1  g. reacting a halide of the general formula:
      ##SPC23##
PAL   wherein Hal is as above; and the dotted bonds can be hydrogenated;
PAL  with an alkali metal salt of 6-hydroxymethyl-1,4-benzodioxan and, if
      desired, subjecting the product obtained to hydrogenation or epoxidation
      at the terminal unsaturation;
PA1  h. reacting a halide of general formula V-bi hereinbefore with an alkali
      metal salt of p-hydroxybenzaldehyde and, if desired, subjecting the
      product obtained to hydrogenation or epoxidation at the terminal
      unsaturation;
PA1  i. reacting a halide of the general formula:
      ##SPC24##
PAL   wherein Hal is as above; and the dotted bonds can be hydrogenated;
PAL  with an alkali metal salt of p-hydroxybenzaldehyde and, if desired,
      subjecting the product obtained to hydrogenation or epoxidation at the
      terminal unsaturation;
PA1  j. reacting a halide of formula V-ai above, with an alkali metal salt of
      thiophenol and, if desired, submitting the product obtained to oxidation
      or epoxidation at the terminal unsaturation;
PA1  k. reacting a halide of formula V-ai hereinbefore with an alkali metal salt
      of thio-p-cresol and, if desired, submitting the product obtained to
      oxidation and/or epoxidation at the terminal unsaturation;
PA1  l. reacting a halide of formula V-ai hereinbefore with an alkali metal salt
      of thio-o-cresol and, if desired, submitting the product obtained to
      oxidation and/or epoxidation at the terminal unsaturation;
PA1  m. reacting a halide of the general formula:
      ##SPC25##
PAL   wherein Hal is as above;
PAL  with an alkali metal salt of p-hydroxybenzaldehyde;
PA1  n. reacting a halide of the general formula:
      ##SPC26##
PAL   wherein Hal is as above; and the dotted bonds can be hydrogenated;
PAL  with an alkali metal salt of p-hydroxybenzaldehyde and, if desired,
      subjecting the product obtained to hydrogenation or epoxidation at the
      terminal unsaturation; and
PA1  o. reacting a halide of the general formula:
      ##SPC27##
PAL   wherein Hal is as above;
PAL  with an alkali metal salt of thiophenol and, if desired, subjecting the
      product obtained to oxidation and/or epoxidation at the terminal
      unsaturation.
PAR  The halide starting materials of formula II and the starting materials of
      formula III are known substances and they can be reacted with each other
      to produce a compound of the formula I above in accordance with methods
      known per se.
PAR  For example, a halide of formula II preferably a chloride or bromide, is
      expediently dissolved in an inert organic solvent and the solution allowed
      to act on a compound of formula III (formed in statu nascendi). The
      compound of formula III (an alkali metal salt) can advantageously be
      formed by reacting the corresponding phenol, alcohol, thiophenol or
      thioalcohol with an alkali metal hydride, alkali metal alcoholate or
      alkali metal hydroxide, preferably sodium hydride, a sodium alcoholate or
      sodium hydroxide in a known manner. The salt formation and the reaction of
      the salt with the halide are expediently carried out in the presence of a
      suitable inert organic solvent. When sodium hydride is used, suitable
      solvents are, for example, dioxan, tetrahydrofuran, dimethylformamide or
      diethyl ether, when sodium methylate is used a suitable solvent is for
      example, methanol or when sodium hydroxide is used suitable solvents are
      for example, methanol, ethanol or acetone. The reaction of the halide with
      a phenol, alcohol, thiophenol or thioalcohol can also be carried out in
      the presence of a carbonate, preferably potassium carbonate.
PAR  The reaction of a halide of formula II with a compound of formula III is
      expediently carried out at a temperature between 0.degree.C. and the
      boiling temperature of the reaction mixture, advantageously in the
      presence of hexamethyl phosphoric acid triamide. The reaction mixture can
      be worked up in a conventional manner. For example, it can be poured onto
      ice and extracted with diethyl ether, the ether extract washed with water,
      dried and evaporated. The resulting derivative of formula I can be
      purified by adsorption; for example, on Kieselgel or aluminum oxide.
PAR  When Z, in the compound of formula I above is formyl, this compound can be
      oxidized to the corresponding acid or reduced to the corresponding alcohol
      in a known manner.
PAR  The oxidation of the formyl group can advantageously be carried out at room
      temperature with the aid of silver oxide formed in an aqueous medium from
      silver nitrate and sodium hydroxide. After the oxidation, the aqueous
      solution is extracted with diethyl ether and the ether extract is
      discarded. By acidification of the aqueous phase, the sodium salt present
      therein is converted into the free acid which can be extracted (e.g., with
      diethyl ether or methylene chloride) and isolated from the extract in a
      conventional manner. The acid obtained in this manner can be converted
      into an amide (which may be lower alkyl-substituted) by conventional
      amidation reactions.
PAR  The reduction of the formyl groups can advantageously be carried out with
      the aid of a metal hydride or alkyl metal hydride in an inert organic
      solvent. Mixed metal hydrides such as, for example, sodium borohydride or
      lithium aluminum hydride and, especially alkylated metal hydrides such as,
      for example, the dialkyl aluminum hydrides, particularly diisobutyl
      aluminum hydride or bis-[methoxyethyleneoxy]-sodium-aluminum hydride, are
      the preferred metal hydrides. Suitable solvents are, inter alia, alkanols
      (especially methanol) when sodium borohydride is used, diethyl ether,
      tetrahydrofuran or dioxan when lithium aluminum hydride is used and
      diethyl ether, hexane, benzene or toluene when diisobutyl aluminum hydride
      is used. The reduction is expediently carried out at a temperature between
      -20.degree.C. and +50.degree.C.
PAR  When Z, in the compound of formula I above is an acid group, the acid can
      be converted into an acid chloride by conventional means such as by
      treatment with thionyl chloride, preferably in the presence of pyridine.
      The acid halide can be transformed into an ester by reaction with an
      alkanol or into an acid amide by reaction with ammonia or a
      monosubstituted amine or a disubstituted amine utilizing conventional
      procedures well known in the art.
PAR  When Z, in the compound of formula I above is a hydroxy methylene group,
      this group can be etherified by conventional procedures such as by
      reaction with an alkyl halide (e.g., with ethyl iodide) in the presence of
      a base, preferably in the presence of sodium hydride, in a solvent such as
      dioxan, tetrahydrofuran, 1,2-dimethoxyethane, dimethylformamide or also in
      the presence of an alkali metal alcoholate in an alkanol at a temperature
      of from 0.degree.C. to room temperature.
PAR  When Z' in a compound of formula III is a lower alkoxycarbonyl,
      aryloxycarbonyl, or aralkoxycarbonyl, the ester obtained is converted into
      an amide (which may be lower alkyl substituted). This conversion can be
      carried out, for example, by treating the ester with an appropriate
      dialkylaminelithium compound. The dialkylaminelithium needed for this
      treatment can expediently be prepared by dissolving a dialkylamine (e.g.,
      diethylamine) in diethyl ether and mixing the resulting solution in the
      cold (preferably at -10.degree.C to -20.degree.C) with a solution of
      butyl-lithium in hexane or tetrahydrofuran and subsequently allowing the
      mixture to react. The diethylamine-lithium obtained is advantageously
      reacted with the ester at room temperature.
PAR  If desired, the derivatives of formula I in which A and B taken together, D
      and E taken together and K and L taken together form a carbon to carbon
      bond can be hydrogenated, oxidized, halogenated, epoxidized,
      episulfidized, hydrohalogenated, or hydroxyhalogenated in accordance with
      methods known per se. In addition, derivatives of formula I in which Z
      signifies formyl can be oxidized or reduced, if desired, in accordance
      with methods known per se.
PAR  The hydrogenation of unsaturated derivatives of formula I can be carried
      out at normal or elevated pressure with catalytically activated hydrogen,
      expediently at a temperature between room temperature and the boiling
      temperature of the solvent used. Suitable catalysts are, for example,
      Raney-nickel or, especially, noble metals such as, for example, palladium
      or platinum. Suitable solvents include ethyl acetate, alkanols such as
      methanol and ethanol and glacial acetic acid. If the hydrogenation is
      carried out in ethyl acetate or in an alkanol (e.g., methanol) under the
      conditions described hereinabove, the side chain is almost exclusively
      saturated. If, on the other hand, the hydrogenation is carried out in the
      presence of glacial acetic acid, not only the side chain but also the
      phenyl ring is saturated. The corresponding cyclohexyl derivatives are
      thus obtained and they can be separated by distillation from cleavage
      products of the hydrogen atom which may also be formed. It should be noted
      that only sulfur free-compounds can advantageously be subjected to this
      type of hydrogenation.
PAR  Thioethers obtained can be oxidized to the corresponding sulfinyl or
      sulfonyl derivatives by oxidation. Particularly suitable oxidizing agents
      are organic peracids, preferably m-chloroperbenzoic acid. The oxidation is
      advantageously carried out in an inert organic solvent, especially in
      methylene chloride, at a temperature between 0.degree.C. and room
      temperature. If 1 mole of peracid is used for each mole of thioether, the
      corresponding sulfinyl derivative is obtained. If 2 moles of peracid are
      used for each mole of thioether, the corresponding sulfonyl derivative is
      obtained.
PAR  The epoxidation of derivatives of formula I can expediently be carried out
      by dissolving the derivative concerned in an inert solvent (especially in
      a halogenated hydrocarbon such as methylene chloride or chloroform) and
      treating the solution obtained with an organic peracid (e.g., with
      perbenzoic acid, m-chloroperbenzoic acid or perphthalic acid) at a
      temperature between 0.degree.C. and room temperature. Alternatively, the
      derivative concerned can be suspended in water and treated with an
      appropriate amount of an inert solvent (e.g., with dioxan, tetrahydrofuran
      or 1,2-dimethoxyethane) such that a homogenous concentrated solution is
      obtained. N-Bromosuccinimide is then introduced portionwise into this
      solution at a temperature between 0.degree.C. and room temperature. The
      resulting bromohydrin can be smoothly converted into the desired epoxide
      by the action of alkali, especially by the action of sodium methylate in
      methanol.
PAR  The introduction of a sulfur bridge into derivatives of formula I can be
      effected in various ways. If, for example, thiourea is allowed to act on a
      halohydrin (preferably on the bromohydrin) of a derivative of formula I
      there is firstly formed an isothiouronium salt. This salt is also formed
      when thiourea is allowed to act on an epoxide of formula I, a temperature
      of from 0.degree. to 30.degree.C. in the presence of a mineral acid. The
      isothiouronium salts obtained can be readily converted into the desired
      epithio derivatives of formula I by treatment with a base.
PAR  The hydrohalogenation of a derivative of formula I is expediently carried
      out by dissolving the derivative concerned in an inert organic solvent
      (e.g., an ether, especially ethyl ether, or an alkanol, especially
      methanol or ethanol), saturating the solution obtained with a hydrogen
      halide either at a low temperature (e.g., a temperature between
      -20.degree.C. and -25.degree.C.) or at a temperature between 0.degree.C.
      and room temperature and working up the reaction solution in a
      conventional manner; for example, by carefully evaporating the solution
      under reduced pressure, dissolving the concentrate in diethyl ether,
      deacidifying, drying and evaporating the extract. If the hydrohalogenation
      is carried out within the aforementioned low temperature range, the
      derivative used is almost exclusively monohydrohalogenated at the terminal
      unsaturation. On the other hand, if the hydrohalogenation is carried out
      at temperatures around and above 0.degree.C. the elements of hydrogen
      halide are added to all double bonds present. Derivatives having an
      allylic ether group are less suitable for the hydrohalogenation described
      hereinbefore, since the ether is, in part, cleaved under the
      hydrohalogenation conditions specified earlier.
PAR  As described hereinbefore in the case of the epoxidation, the
      hydroxyhalogenation of a derivative of formula I can be carried out by
      treating the derivative concerned with an N-halosuccinimide (especially
      with N-bromosuccinimide) and isolating the halohydrin formed.
PAR  The halogenation of a terminal double bond in the compound of formula I can
      be carried out by conventional halogenation procedures. In accordance with
      a preferred embodiment of this invention, the compound of formula I is
      dissolved in a lower aliphatic carboxylic acid (preferably glacial acetic
      acid) or in a chlorinated lower hydrocarbon (preferably carbon
      tetrachloride) and then treated with a solution of the appropriate halogen
      in the same solvent. The resulting mixture can be allowed to stand in the
      presence of an alkali acetate (especially sodium acetate) at a temperature
      between about 0.degree.C. and 60.degree.C., advantageously at room
      temperature. The mixture can be worked up by conventional procedures. For
      example, the mixture can be diluted with water, extracted with diethyl
      ether, the ether extract washed with water and sodium bicarbonate
      solution, dried and evaporated. The derivative which remains behind can be
      purified by crystallization or by chromatography on Kieselgel (silica
      gel).
PAR  Insofar as the side chain is unsaturated, the derivatives of formula I are
      obtained according to the process as a cis/trans isomer mixture. The
      mixture can, for example, be separated into the individual isomeric forms
      by adsorption on a material having selective activity. For example, the
      isomer mixture can be dissolved in an inert organic solvent (e.g., in
      hexane, ether or acetic acid ethyl ether) and adsorbed on Kieselgel. The
      isomers adsorbed in different zones can be eluted with one of the solvents
      named hereinbefore or a mixture thereof and isolated. In individual cases,
      the isomer mixture can also be separated by fractional distillation or by
      fractional crystallization.
PAR  The following examples are illustrative but not limitative of this
      invention. In the examples, the suspension of the hydride mineral oil is
      percent by weight. The ether utilized in these examples was diethyl ether.
      The petroleum ether utilized in these examples has a boiling point of from
      40.degree.C. to 45.degree.C.
DETD
PAC  EXAMPLE 1
PAR  In an inert gas atmosphere, 15.8 g of a 50% suspension of sodium hydride in
      mineral oil are washed with two 50 ml portions of tetrahydro-furan, then
      introduced into 100 ml of tetrahydrofuran and treated dropwise with a
      solution of 40 g of p-hydroxybenzaldehyde in 150 ml of tetrahydro-furan.
      78.0 g of 2-bromo-6-methyl-heptane in 150 ml of hexamethylphosphoric
      triamide are subsequently added dropwise, then the resulting mixture is
      heated under reflux conditions for 2 hours, cooled, poured onto ice and
      exhaustively extracted with diethyl ether. The ether extract is washed
      with water, dried over sodium sulphate and evaporated under reduced
      pressure. The residual oily p-[(1,5-dimethylhexyl)-oxy]-benzaldehyde is
      purified by adsorption on Kieselgel; boiling point =
      155.degree.-158.degree.C/0.1 mmHg.
PAC  EXAMPLE 2
PAR  In the same manner as Example 1: 2-bromo- 6-methyl-heptane was reacted with
      o-bromo-phenol to obtain o-bromo-phenyl 1,5-dimethyl-hexyl ether (boiling
      point = 190.degree.-193.degree.C/17 mmHg);
PAL  2-bromo-6-methyl-heptane was reacted with 3,5-dimethoxy-phenol to obtain
      1-[(1,5-dimethyl-hexyl)-oxy]-3,5-dimethoxy-benzene (boiling point =
      135.degree.C/0.4 mmHg);
PAL  2-bromo-6-methyl-heptane was reacted with
      3-methoxy-4-hydroxy-5-bromo-benzaldehyde to obtain
      5-bromo-4-[(1,5-dimethyl-hexyl)-oxy]-m-anisaldehyde (boiling point =
      190.degree.-193.degree.C/0.1 mmHg); 2-bromo-6-methyl-heptane was reacted
      with p-hydroxy-benzonitrile to obtain
      p-[(1,5-dimethyl-hexyl)-oxy]-benzonitrile (boiling point =
      165.degree.-168.degree.C/1.0 mmHg);
PAL  2-bromo-6-methyl-heptane was reacted with m-methoxy-phenol to obtain
      m-[(1,5-dimethyl-hexyl)-oxy]-anisole (boiling point =
      210.degree.-212.degree.C/12 mmHg);
PAL  2-bromo-6-methyl-heptane was reacted with p-hydroxy-acetophenone to obtain
      p-[(1,5-dimethyl-hexyl)-oxy]-acetophenone (boiling point =
      200.degree.C/1.0 mmHg);
PAL  geranyl bromide was reacted with vanillic acid N,N-diethyl amide to obtain
      p-geranyloxy-m-methoxy-N,N-diethyl-benzamide (boiling point =
      180.degree./0.05 mmHg);
PAL  2-bromo-1,4,5-trimethyl-hex-4-ene was reacted with vanillic acid
      N,N-diethyl amide to obtain
      p-[(1,4,5-trimethyl-hex-4-enyl)-oxy]-m-methoxy-N,N-diethyl-benzamide
      (boiling point = 160.degree.-162.degree.C/0.02 mmHg, n.sub.D.sup.28 =
      1.5185);
PAL  2-bromo-6-methyl-heptane was reacted with vanillic acid N,N-diethyl amide
      to obtain p-[(1,5-dimethyl-hexyl)-oxy]-m-methoxy-N,N-diethyl-benzamide
      (boiling point = 180.degree.-182.degree.C/0.1 mmHg);
PAL  2-bromo-6-methyl-heptane was reacted with p-methoxy-phenol to obtain
      p-[(1,5-dimethyl-hexyl)-oxy]-anisole (boiling point =
      170.degree.-172.degree.C/1.0 mmHg);
PAL  and 2-bromo-6-methyl-heptane was reacted with p-hydroxy-benzonitrile to
      obtain p-[(1,5-dimethyl-hexyl)-oxy]-benzonitrile (boiling point =
      165.degree.-168.degree.C/1.0 mmHg).
PAC  EXAMPLE 3
PAR  5.5 g of
      p-[(1,4,5-trimethyl-hex-4-enyl)-oxy]-m-methoxy-N,N-diethyl-benzamide are
      dissolved in 50 ml of ethanol and hydrogenated under normal conditions in
      the presence of 0.1 g of platinum oxide. After the uptake of 1 mol of
      hydrogen, the hydrogenation is terminated and the catalyst is filtered
      off. The clear filtrate is evaporated under reduced pressure. The residual
      oily p-[(1,4,5-trimethyl-hexyl)-oxy]-m-methoxy-N,N-diethyl-benzamide is
      purified by adsorption on Kieselgel; boiling point =
      158.degree.-160.degree.C/0.02 mmHg; n.sub.D.sup.26 = 1.5060.
PAC  EXAMPLE 4
PAR  A solution of 2 g of p-geranyloxy-m-methoxy-N,N-diethyl-benzamide in 150 ml
      of methylene chloride is treated dropwise at 0.degree.C with a solution of
      1.2 g of 80% by weight m-chloro-perbenzoic acid in 100 ml of methylene
      chloride. After 15 minutes, the resulting mixture is successively washed
      with a 2 % by weight sodium bisulphite aqueous solution, a 5% by weight
      sodium bicarbonate aqueous solution and water, dried over sodium sulphate
      and evaporated under reduced pressure. The residual
      p-[(6,7-epoxy-3,7-dimethyl-oct-2-enyl)-oxy]-m-methoxy-N,N-diethyl-benzamid
     e is purified by adsorption on Kieselgel; n.sub.D.sup.24 =  1.5294.
PAR  In a manner analogous to the foregoing, from
      p-[(1,4,5-trimethyl-hex-4-enyl)-oxy]-m-methoxy-N,N-diethyl-benzamide there
      is obtained
      p-[(4,5-epoxy-1,4,5-trimethyl-hexyl)-oxy]-m-methoxy-N,N-diethyl-benzamide
      (n.sub.D.sup.25 = 1.5108).
PAC  EXAMPLE 5
PAR  3.4 g of sodium are dissolved in 150 ml of absolute ethanol. While stirring
      at room temperature, the solution is treated with 18.6 g of thio-p-cresol.
      The resulting mixture is further stirred at room temperature for 30
      minutes, then treated with 29 g of 2-bromo-6-methyl-heptane under reflux
      conditions for 30 minutes, cooled and treated with 300 ml of water and 300
      ml of diethyl ether. The ether phase is separated off, washed with water,
      and dried over sodium sulphate and evaporated under reduced pressure. The
      residual 1,5-dimethyl-hexyl p-tolyl sulphide boils at
      102.degree.-105.degree.C/0.5 mmHg.
PAC  EXAMPLE 6
PAR  23.7 g of 1,5-dimethyl-hexyl p-tolyl sulphide are dissolved in 250 ml of
      methylene chloride and treated portionwise at 0.degree.-5.degree.C with 13
      g of m-chloro-perbenzoic acid. The resulting mixture is further stirred at
      room temperature for 1 hour and subsequently diluted with 200 ml of
      methylene chloride. The solution obtained is successively washed with
      0.1-N sodium hydroxide solution and water. The methylene chloride phase is
      separated off, dried over sodium sulphate and evaporated under reduced
      pressure. The residual 1,5-dimethyl-hexyl p-tolyl sulphoxide is purified
      by adsorption on Kieselgel; n.sub.D.sup.25 = 1.5248.
PAC  EXAMPLE 7
PAR  23.7 g of 1,5-dimethyl-hexyl p-tolyl sulphide are dissolved in 250 ml of
      methylene chloride. With stirring, the solution is treated portionwise at
      0.degree.-5.degree.C with 36 g of m-chloro-perbenzoic acid. The resulting
      mixture is further stirred at room temperature for 1 hour, then diluted
      with 200 ml of methylene chloride. The solution obtained is successively
      washed with 0.1-N sodium hydroxide solution and water. The methylene
      chloride phase is separated off, dried over sodium sulphate and evaporated
      under reduced pressure. The residual 1,5-dimethyl-hexyl p-tolyl sulphone
      is purified by adsorption on Kieselgel; n.sub.D.sup.25 = 1.5101.
PAC  Example 8
PAR  50 g of a 50% suspension of sodium hydride in mineral oil are washed 3
      times with hexane, then introduced into 300 ml of n,N-dimethyl-formamide
      and treated with 83 g of 6-hydroxy-methyl-1,4-benzodioxan. 108 g of
      1-bromo-3,7-dimethyl-octa-2,6-diene are subsequently added dropwise and
      the resulting mixture is stirred at room temperature for 1 hour, then
      treated with 1000 ml of water and exhaustively extracted with diethyl
      ether. The ether extract is washed with water, dried over sodium sulphate
      and evaporated under reduced pressure. The residual
      6-[[(3,7-dimethyl-octa-2,6-dienyl)-oxy]-methyl]-1,4-benzodioxan is
      purified by adsorption on Kieselgel; n.sub.D.sup.25 = 1.5285.
PAC  EXAMPLE 9
PAR  In a manner analogous to Example 8, 2,4-dichloro-phenol is reacted with
      1-bromo-3,7-dimethyl-octa-2,6-diene to produce 2,4-dichloro-phenyl
      3,7-dimethyl-octa-2,6-dienyl ether (n.sub.D.sup.25 = 1.5368) and benzyl
      alcohol is reacted with 1-bromo- 3,7-dimethyl-octa-2,6-diene to produce
      3,7-dimethyl-octa-2,6-dienyl ether (n.sub.D.sup.25 = 1.5095).
PAC  EXAMPLE 10
PAR  15 g of 2,4-dichloro-phenyl 3,7-dimethyl-octa-2,6-dienyl ether are
      dissolved in 100 ml of ethyl acetate and hydrogenated under normal
      conditions in the presence of 0.5 g of platinum oxide. After the uptake of
      2 mol of hydrogen, the hydrogenation is terminated and the catalyst is
      filtered off. The clear filtrate is evaporated under pressure. The
      residual 2,4-dichloro-phenyl 3,7-dimethyl-octyl ether boils at
      123.degree.-125.degree.C/0.01 mmHg.
PAC  EXAMPLE 11
PAR  In a manner described in Example 10,
      6-[[(3,7-dimethyl-octa-2,6-dienyl)-oxy]-methyl]-1,4-benzodioxan is
      hydrogenated to produce
      6-[[(3,7-dimethyl-octyl)-oxy]-methyl]-1,4-benzodioxan (n.sub.D.sup.25 =
      1.5009).
PAC  EXAMPLE 12
PAR  29.9 g of 2,4-dichloro-phenyl 3,7-dimethyl-octa-2,6-dienyl ether are
      dissolved in 300 ml of methylene chloride. With stirring, the solution is
      treated portionwise at 0.degree.C with 21.8 g of m-chloro-perbenzoic acid.
      The resulting mixture is further stirred for 30 minutes at 0.degree.C and
      subsequently for 30 minutes at room temperature. Methylene chloride is
      then added until a clear solution is obtained. This solution is
      sccessively washed with 0.5-N aqueous sodium hydroxide solution and water,
      dried over sodium sulphate and evaporated under reduced pressure. The
      residual oily 2,4-dichloro-phenyl 6,7-epoxy-3,7-dimetyl-oct-2-enyl ether
      is purified by adsorption on Kieselgel; n.sub.D.sup.25 = 1.5312.
PAC  EXAMPLE 13
PAR  In a manner of Example 12, 3,7-dimethyl-octa-2,6-dienyl benzyl ether is
      epoxidized to produce 6,7-epoxy-3,7-dimethyl-oct-2-enyl benzyl ether
      (n.sub.D.sup.25 = 1.5431); and
      6-[[3,7-dimethyl-octa-2,6-dienyl)-oxy]-methyl]-1,4-benzodioxan is
      epoxidized to produce
      6-[[(6,7-epoxy-3,7-dimethyl-oct-2-enyl)-oxy]-methyl]-1,4-benzodioxan
      (n.sub.D.sup.25 = 1.5529).
PAC  EXAMPLE 14
PAR  11.5 g of sodium are dissolved in 400 ml of absolute ethanol. With stirring
      at room temperature, the solution is successively treated with 55 g of
      thiophenol and 108 g of 1-bromo-3,7-dimethyl-octa-2,6-diene. The resulting
      mixture is stirred at room temperature for 1 hour. Precipitated sodium
      bromide is then filtered off and the filtrate is evaporated, treated with
      500 ml of water and extracted with ether. The ether extract is
      successively washed with water and aqueous sodium bicarbonate solution,
      dried over sodium sulphate and evaporated under reduced pressure. The
      residual 3,7-dimethyl-octa-2,6-dienyl phenyl sulphide boils at
      140.degree.C/0.85 mmHg.
PAC  EXAMPLE 15
PAR  In the same manner as Example 14 the following reations are carried out:
PA1  2-thionaphthol is reacted with 1-bromo-3,7-dimethyl-octa-2,6-diene to
      produce 3,7-dimethyl-octa-2,6-naphthyl sulphide (boiling point =
      138.degree.C/0.25 mmHg;
PA1  thio-p-cresol is reacted with 1-bromo-3,7-dimethyl-octa- 2,6-diene to
      produce 3,7-dimethyl-octa-2,6-dienyl p-tolyl sulphide (boiling point =
      116.degree.-118.degree.C/0.1 mmHg);
PA1  thio-m-cresol is reacted with 1-bromo-3,7-dimethyl-octa-2,6-diene to
      produce 3,7-dimethyl-octa-2,6-dienyl m-tolyl sulphide (b.p.
      122.degree.C/0.07 mmHg);
PA1  thio-o-cresol is reacted with 1-bromo-3,7-dimethyl-octa-2,6-diene to
      produce 3,7-dimethyl-octa-2,6-dienyl o-tolyl sulphide (boiling point =
      125.degree.C/0.08 mmHg);
PA1  and benzyl mercaptan is reacted with 1-bromo-3,4-dimethyl-octa-2,6-diene to
      produce 3,7-dimethyl-octa-2,6-dienyl benzyl sulphide (boiling point =
      128.degree.C/0.08 mmHg).
PAC  EXAMPLE 16
PAR  49.2 g of 3,7-dimethyl-octa-2,6-dienyl phenyl sulphide are dissolved in 200
      ml of methylene chloride and, while stirring at 0.degree.-5.degree.C,
      treated with 43.4 g of m-chloro-perbenzoic acid. The resulting mixture is
      further stirred at room temperature for 30 minutes. 100 ml of methylene
      chloride are added and the resulting solution is washed with water and
      with sodium bicarbonate solution, dried over sodium sulphate and
      evaporated under reduced pressure. The residual
      3,7-dimethyl-octa-2,6-dienyl phenyl sulphoxide is purified by adsorption
      on Kieselgel; n.sub.D.sup.25 = 1.5491.
PAC  EXAMPLE 17
PAR  In a manner analogous to Example 16,
PA1  from 3,7-dimethyl-octa-2,6-dienyl 2-naphthyl sulphide there is obtained
      3,7-dimetyl-octa-2,6-dienyl 2-naphthyl sulphoxide (melting point =
      74.degree.-76.degree.C);
PA1  from 3,7-dimethyl-octa-2,6-dienyl p-tolyl sulphide there is obtained
      3,7-dimethyl-octa-2,6-dienyl p-tolyl sulphoxide (n.sub.D.sup.25 = 1.5488);
PA1  from 3,7-dimethyl-octa-2,6-dienyl m-tolyl sulphide there is obtained
      3,7-dimethyl-octa-2,6-dienyl m-tolyl sulphoxide (n.sub.D.sup.25 = 1.5480);
PA1  from 3,7-dimethyl-octa-2,6-dienyl o-tolyl sulphide there is obtained
      3,7-dimethyl-octa-2,6-dienyl o-tolyl sulphoxide (n.sub.D.sup.25 =
      1.5507);
PA1  and from 3,7-dimethyl-octa-2,6-dienyl benzyl sulphide there is obtained
      3,7-dimethyl-octa-2,6-dienyl benzyl sulphoxide (n.sub.D.sup.25 = 1.5406).
PAC  EXAMPLE 18
PAR  26 g of 3,7-dimethyl-octa-2,6-dienyl p-tolyl sulphide are suspended 25 ml
      of water. The suspension is treated with tetrahydro-furan until a clear
      solution is formed. This solution is treated portionwise with stirring at
      0.degree.-5.degree.C with 17.1 g of N-bromo-succinimide. The reslting
      mixture is stirred for 1 hour, then extracted with 600 ml of ether. The
      ether extract is washed with water, dried over sodium sulphate and
      evaporated under reduced pressure. The residual crude bromo-hydrin is
      treated at room temperature with a sodium ethoxide solution prepared from
      2-3 g of sodium and 200 ml of ethanol and stirred for 5 hours, then
      exhaustively extracted with diethyl ether. The ether extract is washed
      with water, dried over sodium sulphate and evaporated under reduced
      pressure. The residual 6,7-epoxy-3,7-dimethyl-oct-2-enyl p-tolyl sulphide
      is purified by adsorption on Kieselgel: n.sub.D.sup.25 = 1.5410.
PAC  EXAMPLE 19
PAR  In a manner described in Example 18:
PAR  from 3,7-dimethyl-octa-2,6-dienyl phenyl sulphide there is obtained
      6,7-epoxy-3,7-dimethyl-oct-2-enyl phenyl sulphide (n.sub.D.sup.25 =
      1.5560.degree.);
PA1  from 3,7-dimethyl-octa-2,6-dienyl 2-naphthyl sulphide there is obtained
      6,7-epoxy-3,7-dimethyl-oct-2-enyl 2-naphthyl sulphide (n.sub.D.sup. 25 =
      1.6010);
PA1  from 3,7-dimethyl-octa-2,6-dienyl m-tolyl sulphide there is obtained
      6,7-epoxy-3,7-dimethyl-oct-2-enyl m-tolyl sulphide (n.sub.D.sup.25 =
      1.5425);
PA1  from 3,7-dimethyl-octa-2,6-dienyl o-tolyl sulphide there is obtained
      6,7-epoxy-3,7-dimethyl-oct-2-enyl o-tolyl sulphide (n.sub.D.sup.25 =
      1.5450);
PA1  from 3,7-dimethyl-octa-2,6-dienyl phenyl sulphoxide there is obtained
      6,7-epoxy-3,7-dimethyl-oct-2-enyl phenyl sulphoxide (n.sub.D.sup.25 =
      1.5486);
PA1  from 3,7-dimethyl-octa-2,6-dienyl 2-naphthyl sulphoxide there is obtained
      6,7-epoxy-3,7-dimethyl-oct-2-enyl 2-naphthyl sulphoxide (n.sub.D.sup.25 =
      1.5898);
PA1  from 3,6-dimethyl-octa-2,6-dienyl p-tolyl sulphoxide there is obtained
      6,7-epoxy-3,7-dimethyl-oct-2-enyl p-tolyl sulphoxide (n.sub.D.sup.25 =
      1.5409);
PA1  from 3,7-dimethyl-octa-2,6-dienyl m-tolyl sulphoxide there is obtained
      6,7-epoxy-3,7-dimethyl-oct-2-enyl m-tolyl sulphoxide (n.sub.D.sup.25 =
      1.5450);
PA1  and from 3,7-dimethyl-octa-2,6-dienyl o-tolyl sulphoxide there is obtained
      6,7-epoxy-3,7-dimethyl-oct-2-enyl o-tolyl sulphoxide (n.sub.D.sup.25 =
      1.5437).
PAC  EXAMPLE 20
PAR  30 g of a 50% by weight suspension of sodium hydride in mineral oil are
      washed 3 times with petroleum ether, then introduced into 100 ml of
      N,N-dimethyl-formamide and treated at room temperature, with stirring,
      with 18 g of 7-hydroxymethyl-1,5-benzodioxepine. The mixture is further
      stirred at room temperature for 30 minutes, then treated with 28.5 g of
      1-bromo-3,7,11-trimethyl-dodeca-2,6,10-triene and subsequently stirred at
      room temperature for 2 hours, then cooled with ice, treated with 500 ml of
      water and extracted with ether. The ether extract is washed with water,
      dried over sodium sulphate and evaporated under reduced pressure. The
      residual
      7-[[(3,7,11-trimethyl-dodeca-2-6-10-trienyl)-oxy]-methyl]-1,5-benzodioxepi
     ne is purified by adsorption on Kieselgel; n.sub.D.sup.25 = 1.5253.
PAC  EXAMPLE 21
PAR  4 g of
      7-[[(3,7,11-trimethyl-dodeca-2,6,10-trienyl)-oxy]-methyl]-1,5-benzodioxepi
     ne are dissolved in 30 ml of ethyl acetate and hydrogenated under normal
      conditions in the presence of 300 g of platinum oxide. After the uptake of
      3 mol of hydrogen, the hydrogenation is terminated and the catalyst is
      filtered off. The clear filtrate is evaporated under reduced pressure. The
      residual 7-[[(3,7,11-trimethyl-dodecyl)-oxy]-methyl]-1,5-benzodioxepine is
      purified by adsorption on Kieselgel: n.sub.D.sup.25 = 1.4968.
PAC  EXAMPLE 22
PAR  6 g of
      7-[[(3,7,11-trimethyl-dodeca-2,6,10-trienyl)-oxy]-methyl]-1,5-benzodioxepi
     ne are suspended in 6 ml of water. The suspension is treated with
      tetrahydro-furan until a clear solution is obtained. This solution is
      treated portionwise with stirring at 5.degree.-10.degree.C with 2.7 g of
      N-bromo-succinimide. The resulting mixture is stirred for 1 hour, then
      treated with 200 ml of water and extracted with diethyl ether. The ether
      extract is washed with water, dried over sodium sulphate and evaporated
      under reduced pressure. The residual crude bromohydrin is introduced with
      stirring into a solution of 1.0 g of sodium in 50 ml of absolute ethanol.
      The resulting mixture is diluted with 200 ml of water and exhaustively
      extracted with ether. The ether extract is washed with water, dried over
      sodium sulphate and evaporated under reduced pressure. The residual
      7-[[(10,11
      -epoxy-3,7,11-trimethyl-dodeca-2,6,-dienyl)-oxy]-methyl]-1,5-benzodioxepin
     e is purified by adsorption on Kieselgel: n.sub.D.sup.25 = 1.5233.
PAC  EXAMPLE 23
PAR  24.8 g of thio-p-cresol are introduced with stirring into a solution of 4.6
      g of sodium in 150 ml of absolute ethanol. The resulting mixture is
      treated dropwise at 30.degree.C with stirring with 57 g of
      1-bromo-3,7,11-trimethyl-dodeca-2,6,10-triene. The mixture is then heated
      under reflux conditions for 2 hours, cooled, poured onto ice and
      exhaustively extracted with diethyl ether. The ether extract is washed
      with water, dried over sodium sulphate and evaporated under reduced
      pressure. The residual 3,7,11-trimethyl-dodeca-2,6,10-trienyl p-tolyl
      sulphide boils at 145.degree.-150.degree.C/0.05 mmHg.
PAC  EXAMPLE 24
PAR  In a manner analogous to Example 23; from thiophenol and
      1-bromo-3,7,11-trimethyl-dodeca-2,6,10-triene there is obtained
      3,7,11-trimethyl-dodeca-2,6,10-trienyl phenyl sulphide (n.sub.D.sup.20 =
      1.5428); and from 2-thionaphthol and
      1-bromo-3,7,11-trimethyl-dodeca-2,6,10-triene there is obtained
      3,7,11-trimethyl-dodeca-2,6,10-trienyl 2-naphthyl sulphide (n.sub.D.sup.25
      = 1.5881).
PAC  EXAMPLE 25
PAR  A solution of 10 g of thiophenol in 300 ml of acetone is gradually treated
      at room temperature with a solution of 4 g of sodium hydroxide in 7 ml of
      water. 28.5 g of 1-bromo-3,7,11-trimethyl-dodeca-2,6,10-triene are then
      added dropwise at 0.degree.C. The resulting mixture is stirred at room
      temperature for 12 hours, diluted with water and freed from acetone under
      reduced pressure. The aqueous concentrate is exhaustively extracted with
      diethyl ether. The ether extract is successively washed with 1-N aqueous
      sodium hydroxide solution and saturated brine, dried over sodium sulphate
      and evaporated under reduced pressure. The residual
      3,7,11-trimethyl-dodeca-2,6,10-trienyl phenyl sulphide is purified by
      adsorption on aluminum oxide (activity grade III, eluant n - hexane);
      boiling point = 150.degree.C/0.03 mmHg, n.sub.D.sup.20 = 1.5428.
PAC  EXAMPLE 26
PAR  16.4 g of 3,7,11-trimethyl-dodeca-2,6,10-trienyl p-tolyl sulphide are
      suspended in 15 ml of water. The suspension is treated with
      tetrahydro-furan until a clear solution is obtained. This solution is
      treated portionwise with stirring at 0.degree.-5.degree.C with 8.8 g of
      N-bromo-succinimide. The resulting mixture is stirred for 2 hours, then
      extracted with 400 ml of diethyl ether. The ether extract is washed with
      water, dried over sodium sulphate and evaporated under reduced pressure.
      The residual crude bromohydrin is dissolved in 25 ml of absolute ethanol.
      The resulting solution is added with stirring to a solution of 1.15 g of
      sodium in 50 ml of absolute ethanol. The mixture obtained is stirred at
      room temperature for 1 hour, then diluted with water and exhaustively
      extracted with diethyl ether. The ether extract is washed with water,
      dried over sodium sulphate and evaporated under reduced pressure. The
      residual 11,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl p-tolyl sulphide
      is purified by adsorption on Kieselgel; n.sub.D.sup.25 = 1.5411.
PAC  EXAMPLE 27
PAR  In the manner given in Example 26; from
      3,7,11-trimethyl-dodeca-2,6,10-trienyl phenyl sulphide there is obtained
      10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl phenyl sulphide
      (n.sub.D.sup.20 = 1.5419); and from 3,7,11-trimethyl-dodeca-2,6,10-trienyl
      2-naphthyl sulphide there is obtained
      10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl 2-naphthyl sulphide
      (n.sub.D.sup.25 = 1.5444).
PAC  EXAMPLE 28
PAR  32.8 g of 3,7,11-trimethyl-dodeca-2,6,10-trienyl p-tolyl sulphide are
      dissolved in 300 ml of methylene chloride and treated portionwise at
      0.degree.-5.degree.C with 18 g of m-chloro-perbenzoic acid. The resulting
      mixture is further stirred at room temperature for 1 hour, then diluted
      with 200 ml of methylene chloride. The resulting solution is successively
      washed with 0.1-N sodium hydroxide solution and water. The methylene
      chloride phase is separated off, dried over sodium sulphate and evaporated
      under reduced pressure. The residual
      3,7,11-trimethyl-dodeca-2,6,10-trienyl p-tolyl sulphoxide is purified by
      adsorption on Kieselgel; n.sub.D.sup.25 = 1.5414.
PAC  EXAMPLE 29
PAR  In a manner analogous to Example 28; from
      3,7,11-trimethyl-dodeca-2,6,10-trienyl phenyl sulphide there is obtained
      3,7,11-trimethyl-dodeca-2,6,10-trienyl phenyl sulphoxide (n.sub.D.sup.25 =
      1.5423); and from 3,7,11-trimethyl-dodeca-2,6,10-trienyl 2-naphthyl
      sulphide there is obtained 3,7,11-trimethyl-dodeca-2,6,10-trienyl
      2-naphthyl sulphoxide (n.sub.D.sup.25 = 1.5822).
PAC  EXAMPLE 30
PAR  6.9 g of 10,11-epoxy- 3,7,11-trimethyl-dodeca-2,6-dienyl p-tolyl sulphide
      are dissolved in 70 ml of methylene chloride. The solution is cooled to
      0.degree.-5.degree.C and treated portionwise with stirring with 3.5 g of
      m-chloro-perbenzoic acid. The resulting mixture is stirred at room
      temperature for 1 hour, then diluted with 50 ml of methylene chloride. The
      resulting clear solution is successively washed with 0.1-N sodium
      hydroxide solution and water. The methylene chloride phase is separated
      off, dried over sodium sulphate and evaporated under reduced pressure. The
      residual 10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl p-tolyl sulphoxide
      is purified by adsorption on Kieselgel; n.sub.D.sup.25 = 1.5447.
PAC  EXAMPLE 31
PAR  In a manner analogous to Example 30; from
      10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl phenyl sulphide there is
      obtained 10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl phenyl sulphoxide
      (n.sub.D.sup.25 = 1.5430); and from
      10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl 2-naphthyl sulphide there
      is obtained 10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl 2-naphthyl
      sulphoxide (n.sub.D.sup.25 = 1.5797).
PAC  EXAMPLE 32
PAR  A solution of 6.9 g of 10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl
      p-tolyl sulphide in 80 ml of methylene chloride is treated portionwise
      with stirring at 0.degree.-5.degree.C with 7 g of m-chloro-perbenzoic
      acid. The resulting mixture is stirred at room temperature for 1 hour,
      then diluted with 80 ml of methylene chloride. The resulting clear
      solution is successively washed with 0.1-N aqueous sodium hydroxide
      solution and water. The methylene chloride phase is separated off, dried
      over sodium sulphate and evaporated under reduced pressure. The residual
      10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl p-tolyl sulphone is
      purified by adsorption on Kieselgel; n.sub.D.sup.25 = 1.5232.
PAC  EXAMPLE 33
PAR  In a manner analogous to example 32; from
      10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl phenyl sulphide there is
      obtained 10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl phenyl sulphone;
      and from 10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl 2-naphthyl
      sulphide there is obtained 10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl
      2-naphthyl sulphone (n.sub.D.sup.25 = 1.5908).
PAC  EXAMPLE 34
PAR  By the process described in Example 1, 2-bromo-methylheptane is reacted
      with p-hydroxy-benzoic acid methyl ester to produce
      p-[(1,5-dimethyl-hexyl)-oxy]-benzoic acid methyl ester (boiling point =
      132.degree.-133.degree.C/0.1 mmHg; n.sub.D.sup.24 = 1.4883.
PAC  EXAMPLE 35
PAR  42 g of p-[(1,5-dimethyl-hexyl)-oxy]-benzoic acid methyl ester are
      dissolved in 250 ml of benzene and treated dropwise with stirring with 50
      g of 70% by weight sodium dihydro-bis(2-methoxy-ethoxy)-aluminate in
      benzene. The resulting mixture is further stirred at room temperature for
      5 hours, then treated with water. The organic phase is separated off,
      dried over sodium sulphate, carefully filtered (using a filter aid if
      necessary) and evaporated under reduced pressure. The residual
      p-[(1,5-dimethyl-hexyl)-oxy]-benzyl alcohol boils at
      180.degree.-182.degree.C/1.0 mmHg.
PAC  EXAMPLE 36
PAR  By the process described in Example 1, p-[(1,5-dimethyl-hexyl)-oxy]-benzyl
      alcohol is reacted with propyl bromide to give
      p-[(1,5-dimethyl-hexyl)-oxy]-.alpha.-propoxy-toluene (boiling point =
      198.degree.- 200.degree.C/1.0 mmHg).
PAC  EXAMPLE 37
PAR  49 g of dry diethylamine are dissolved in 530 ml of anhydrous ether and
      mixed at -10.degree.C with stirring with 420 ml of a 15% by weight
      solution of butyl-lithium in hexane. The mixture is stirred at room
      temperature for 1 hour. 10 ml of the 1-molar solution of
      diethylamine-lithium thus obtained are treated with a solution of 3 g of
      p-[(1,5-dimethyl-hexyl)-oxy]-benzoic acid methyl ester (see Example 34) in
      30 ml of diethyl ether. The resulting mixture is stirred at room
      temperature for 4 hours, then washed with 0.1-N aqueous hydrochloric acid
      and with water, dried over sodium sulphate and evaporated under reduced
      pressure. The residual p-[(1,5-dimethyl-hexyl)-oxy]-N,N-diethyl-benzamide
      is purified by adsorption on Kieselgel; boiling point =
      205.degree.-208.degree.C/0.1 mmHg.
PAC  EXAMPLE 38
PAR  By the procedure given in Example 37, diisobutylamine is reacted with
      p-[(1,5-dimethyl-hexyl)-oxy]-benzoic acid methyl ester to produce
      p-[(1,5-dimethyl-hexyl)-oxy]-N,N-diisobutyl-benzamide (n.sub.D.sup.24 =
      1.4968).
PAC  EXAMPLE 39
PAR  By the procedure described in Example 1, 2-bromo-6-methyl-heptane is
      reacted with vanillic acid methyl ester to produce
      4-[(1,5-dimethyl-hexyl)-oxy]-m-methoxy-benzoic acid methyl ester (boiling
      point = 198.degree.-200.degree.C/0.1 mmHg).
PAC  EXAMPLE 40
PAR  By the procedure described in Example 38, diethylamine is reacted with
      4-[(1,5-dimethyl-hexyl)-oxy]-m-methoxy-benzoic acid methyl ester to
      produce 4-[(1,5-dimethyl-hexyl)-oxy]-m-methoxy-N,N-diethyl-benzamide
      (boiling point = 180.degree.-182.degree.C/0.1 mmHg).
PAC  EXAMPLE 41
PAR  In Example 41, which relates to tests demonstrating the activity of the
      phenyl derivatives provided by the invention, the various phenyl
      derivatives are referred to by way of the letters indicated in the
      following list:
PA1  A. 2,4-dichloro-phenyl 6,7-epoxy-3,7-dimethyl-oct-2-enyl ether
PA1  B. 3,7-dimethyl-octa-2,6-dienyl benzyl sulphide
PA1  C. 3,7-dimethyl-octa-2,6-dienyl p-tolyl sulphoxide
PA1  D. 1,5-dimethyl-hexyl p-tolyl sulphoxide
PA1  E. p-[(1,5-dimethyl-hexyl)-oxy]-benzaldehyde
PA1  F. p-[(1,5-dimethyl-hexyl)-oxy]-acetophenone
PA1  G. 1-benzyloxy-6,7-epoxy-3,7-dimethyl-oct-2ene
PA1  H. 6-[[(6,7-epoxy-3,7-dimethyl-oct-2-enyl)-oxy]-methyl]-1,4-benzodioxan
PA1  J. 3,7-dimethyl-octa-2,6-dienyl p-tolyl sulphide
PA1  K. 3,7-dimethyl-octa-2,6-dienyl o-tolyl sulphide
PA1  L. 6,7-epoxy-3,7-dimethyl-oct-2-enyl p-tolyl sulphide
PA1  M. 6,7-epoxy-3,7-dimethyl-oct-2-enyl o-tolyl sulphide
PA1  N. 3,7-dimethyl-octa-2,6-dienyl phenyl sulphoxide
PA1  O. 6,7-epoxy-3,7-dimethyl-oct-2-enyl p-tolyl sulphoxide
PA1  P. p-[(1.5-dimethyl-hexyl)-oxy]-benzyl alcohol
PA1  Q. 10,11-epoxy-3,7,11-trimethyl-dodeca-2,6-dienyl p-tolyl sulphone
PA1  R. 10,11-epoxy-3,7,11-trimethyl-dodeca-2,6 -dienyl 2-naphthyl sulphone.
PAR  A cotton disc (10 cm.sup.2) is sprayed with a solution of active substance
      in acetone. After drying, 30-60 freshly laid eggs of the meal moth
      (Ephestia Kuhniella) are placed on the disc. The same is done with an
      untreated cotton disc and a cotton disc sprayed only with acetone. The
      discs are placed in a cage and kept at 25.degree.C and 90% relative
      humidity. The development of the eggs is registered over a period of a few
      days and the results are evaluated (100% egg mortality: no development of
      the embryos in the eggs laid on discs soaked with active substance).
TBL  ______________________________________                                    
     Results                                                                   
     Active  Amount of Number    Number  Mortality                             
     substance                                                                 
             active    of eggs   of larvae                                     
                                         (%)                                   
             substance                                                         
             g/cm.sup.2                                                        
     ______________________________________                                    
     A       10.sup.-.sup.4                                                    
                       37        0       100                                   
             10.sup.-.sup.5                                                    
                       40        1       98                                    
     B       10.sup.-.sup.4                                                    
                       40        3       92                                    
             10.sup.-.sup.5                                                    
                       41        0       100                                   
     C       10.sup.-.sup.4                                                    
                       39        0       100                                   
             10.sup.-.sup.5                                                    
                       47        0       100                                   
     D       10.sup.-.sup.4                                                    
                       37        0       100                                   
             10.sup.-.sup.5                                                    
                       36        0       100                                   
             10.sup.-.sup.6                                                    
                       42        36      14                                    
     E       10.sup.-.sup.4                                                    
                       36        0       100                                   
             10.sup.-.sup.5                                                    
                       57        0       100                                   
             10.sup.-.sup.6                                                    
                       32        1       97                                    
     F       10.sup.-.sup.4                                                    
                       49        0       100                                   
             10.sup.-.sup.5                                                    
                       33        0       100                                   
             10.sup.-.sup.6                                                    
                       36        6       80                                    
     G       10.sup.-.sup.4                                                    
                       80        0       100                                   
             10.sup.-.sup.5                                                    
                       92        13      83                                    
     H       10.sup.-.sup.4                                                    
                       41        4       90                                    
             10.sup.-.sup.5                                                    
                       42        11      74                                    
     L       10.sup.-.sup.4                                                    
                       44        0       100                                   
             10.sup.-.sup.5                                                    
                       60        0       100                                   
     M       10.sup.-.sup.4                                                    
                       63        0       100                                   
             10.sup.-.sup.5                                                    
                       50        23      54                                    
     N       10.sup.-.sup.4                                                    
                       83        0       100                                   
     O       10.sup.-.sup.4                                                    
                       42        4       90                                    
     P       10.sup.-.sup.4                                                    
                       32        0       100                                   
             10.sup.-.sup.5                                                    
                       35        0       100                                   
             10.sup.-.sup.6                                                    
                       32        27      15                                    
     Control                                                                   
     with                                                                      
     acetone --        50        50      0                                     
     Control                                                                   
     without                                                                   
     acetone --        49        46      6                                     
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC28##
PAL   wherein A.sub.3 is hydrogen; and B.sub.3 is hydrogen or taken together
      with A.sub.3 forms a carbon to carbon bond.
NUM  2.
PAR  2. The compound of claim 1 wherein said compound is
      p-[(3,7-dimethyl-octyl)-oxy]-benzaldehyde.
NUM  3.
PAR  3. The compound of claim 1 wherein said compound is
      p-[(3,7-dimethyl-octa-2,6-dienyl)-oxy]-benzaldehyde.
NUM  4.
PAR  4. A compound 1 having the formula:
      ##SPC29##
PAL   wherein A.sub.1 signifies hydrogen; and B.sub.1 signifies hydrogen; or
      A.sub.1 and B.sub.1 together signify a carbon to carbon bond.
NUM  5.
PAR  5. The compound of claim 4 wherein said compound is
      p-(1,5-dimethyl-hexyl)-oxy]-benzaldehyde.
NUM  6.
PAR  6. The compound of claim 4 wherein said compound is
      p-[(1,5-dimethyl-hex-4-enyl)-oxy]-benzaldehyde.
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ABST
PAL  A process for manufacturing a novel resin which comprises reacting, in the
      presence of a Friedel-Crafts catalyst, an aliphatic monovalent alcohol
      with a Diels-Alder addition product, the product being at least one
      compound having the formula
      ##SPC1##
PAL  Wherein each of R.sup.2, R.sup.3, R.sup.4 and R.sup.5 is a hydrogen atom or
      methyl group, each of R.sup.6, R.sup.7, R.sup.8 and R.sup.9 is a hydrogen
      atom or alkyl group having 1 to 4 carbon atoms, X is --COOH, --COOR.sup.a,
      --CN or CONH.sub.2, R.sup.a being an alkyl group having 1 to 4 carbon
      atoms, A is --CH.sub.2 -- or --CH.sub.2 CH.sub.2 --, and m is an integer
      of 1 or 2.
BSUM
PAR  This invention relates to novel resins and a method for producing the same.
      Further, the invention relates to compositions useful as sizing agents for
      paper and emulsifiers for the emulsion polymerization of synthetic
      rubbers.
PAR  Conventionally, rosin and its derivatives have been employed not only as
      emulsifiers for synthetic rubbers and sizing agents for paper making but
      also as tackifiers for pressure-sensitive adhesives, hotmelt compositions
      and various rubbers and as resins for coating compositions and printing
      inks.
PAR  For example, alkali salts of the rosin derivative obtained by the
      disproportionation or hydrogenation of rosin to make the conjugated double
      bonds inactive are extensively used as emulsifiers for emulsion
      polymerization in producing styrene-butadiene rubber,
      acrylonitrile-butadiene-styrene rubber and like synthetic rubbers. This
      derivative is capable of the polymerization reaction and improving the
      processability of the resulting synthetic rubbers and their tackiness.
PAR  Furthermore, when an alkali salt of rosin or rosin derivative such as
      fortified rosin is added in a small amount to a pulp suspension in paper
      making process, it imparts good writing properties and sizing effects to
      the finished paper. Thus rosin and its derivatives are widely used as an
      essential additive in the paper making industry.
PAR  Rosin has further properties of being soluble in many kinds of solvents and
      compatible with various high polymers. The softening point of rosin can be
      varied as desired and its compatibility with various materials can be
      improved by modification with metal compounds, alcohols, polybasic acids,
      phenolic resins, etc. Moreover, when mixed with other materials, rosin
      imparts tackiness to the materials. Accordingly, rosin or its derivatives
      are used extensively as tackifiers for pressure sensitive adhesives,
      hotmelt compositions and various rubbers and also as resins for coating
      compositions, printing inks, road marking compositions and floor tiles.
PAR  Because of these outstanding properties exhibited in a wide variety of
      applications, rosin is very useful as an industrial material. However,
      since it is a naturally occurring material, its supply is not stable and
      there is no possibility of increased production. Accordingly, it has
      become an important problem to synthesize resins having properties similar
      to those of rosin and its derivatives.
PAR  A main object of the invention is to provide a novel-like resin having
      properties and characteristics similar to those of rosin and its
      derivatives and usable as a substitute for rosin as well as derivatives
      thereof.
PAR  Another object of the invention is to provide a process for manufacturing a
      rosin-like resin having the above properties and characteristics from
      materials easily available on a commercial scale.
PAR  Another object of the invention is to provide a composition containing a
      novel resins which can be used for a wide variety of purposes as
      substitutes for compositions containing rosin or its derivatives, such as
      emulsifiers for producing synthetic rubber by emulsion polymerization,
      sizing compositions for paper, pressure-sensitive adhesives, hotmelt
      adhesives, coating compositions, printing inks and the like.
PAR  Another object of the invention is to provide a sizing composition for
      paper, which displays excellent sizing effect as compared not only with
      conventional rosin sizes but also with fortified rosin sizes.
PAR  Another object of the invention is to provide an emulsifying composition
      for producing synthetic rubber by emulsion polymerization, which is
      similar to or superior to conventional emulsifiers containing modified
      rosins.
PAR  These and other advantages and objects of the present invention will be
      apparent from the following description.
PAR  According to this invention the desired resin is prepared by reacting, in
      the presence of a Friedel-Crafts catalyst, a Diels-Alder addition product
      with an aliphatic alcohol having the formula as
EQU  R.sup.1 OH                                                 (I)
PAL  wherein R.sup.1 is an aliphatic straight-chain or branched-chain
      hydrocarbon group having 1 to 18 carbon atoms or an alicyclic hydrocarbon
      group having 5 or 6 carbon atoms and optionally having a substituent of an
      alkyl group having 1 to 12 carbon atoms; said Diels-Alder addition product
      being at least one species selected from the group consisting of (a)
      compounds having the formula of
      ##SPC2##
PAL  wherein each of R.sup.2, R.sup.3, R.sup.4 and R.sup.5 is a hydrogen atom or
      methyl group, each of R.sup.6, R.sup.7, R.sup.8  and R.sup.9 is a hydrogen
      atom or alkyl group having 1 to 4 carbon atoms, X is --COOH, --COOR.sup.a,
      --CN or-- CONH.sub.2, R.sup.a being an alkyl group having 1 to 4 carbon
      atoms, A is --CH.sub.2 -- or --CH.sub.2 CH.sub.2 --, and m is an integer
      of 1 or 2, and (b) compounds having the formula of
      ##SPC3##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.5, X, A and m are the same as
      defined above.
PAR  The aliphatic alcohols to be used in the invention are those having the
      above formula (I) and include monovalent acyclic alcohols and monovalent
      alicyclic alcohols. The acyclic alcohols include primary, secondary or
      tertiary straight-chain and branched-chain alcohols having 1 to 18 carbon
      atoms, preferably 4 to 12 carbon atoms. Examples of the aliphatic alcohols
      to be used are methyl alcohol, ethyl alcohol, propyl alcohol, butyl
      alcohol, pentyl alcohol, hexyl alcohol, heptyl alcohol, octyl alcohol,
      nonyl alcohol, decyl alcohol, undecyl alcohol, dodecyl alcohol, tridecyl
      alcohol, tetradecyl alcohol, pentadecyl alcohol, hexadecyl alcohol,
      heptadecyl alcohol, octadecyl alcohol, cyclopentyl alcohol, cyclohexyl
      alcohol, etc. Of these preferable examples are butyl alcohol, pentyl
      alcohol, hexyl alcohol, heptyl alcohol, octyl alcohol, nonyl alcohol,
      decyl alcohol, lauryl alcohol, 2-ethylhexyl alcohol, n-octanol-2,
      tertiary-butyl alcohol, cyclohexyl alcohol, etc.
PAR  The Diels-Alder addition products having the formulas (II) and (III) above
      are known compounds and can be easily prepared. Preferable methods for
      producing the addition products (II) and (III) are as follows:
PAR  (1) Products having the formula (II) in which m is 1 can be prepared by
      Diels-Alder addition reaction of .alpha., .beta.-unsaturated monobasic
      acid derivatives with conjugated dienes as shown by the following
      equations:
      ##SPC4##
PAL  wherein R.sup.2 to R.sup.9, X and A are the same as defined before.
PAR  The Diels-Alder reaction of .alpha., .beta.-unsaturated monobasic acid
      derivatives (IV) with conjugated cyclic dienes (V) is usually conducted in
      an open or closed reactor at a temperature of 10.degree. to 250.degree. C,
      preferably 10.degree. to 200.degree. C. The reaction atmosphere is
      preferably inert gas atmosphere such as nitrogen, and atmosheric,
      autogenoous or increased pressure is applicable to the reaction. The
      .alpha., .beta.-unsaturated monobasic acid derivative (IV) is preferably
      used in an amount of 0.5 to 2.0 moles per mole of the conjugated diene
      (V). If necessary, organic solvents such as benzene, toluene, xylene,
      n-hexane, cyclohexane, etc., can be employed. The reaction is usually
      completed within 5 minutes to 20 hours in accordance with the reaction
      conditions applied. The resulting 1 : 1 molar addition product (II') can
      be separated from the reaction mixture by distilling off the unreacted
      reactants and solvents, if any. Further, the product (II') itself can be
      isolated by distillation under reduced pressure.
PAR  The addition product thus obtained is then reacted with an acyclic
      conjugated diene (VI) to produce the desired addition product (II - a) to
      be used as a starting material of the invention.
PAR  The above Diels-Alder reaction is usually conducted in a closed reactor at
      a temperature of 100.degree. to 300.degree. C, preferably 150.degree. to
      250.degree. C. Inert gas atmosphere such as nitrogen is preferable and
      autogenous or increased pressure is applicable. The conjugated acyclic
      diene (VI) is used in an amount of 0.5 to 2.0 moles per mole of the
      addition product (II'). If necessary, organic solvents can be used. The
      reaction is usually completed within 0.5 to 10 hours depending on the
      reaction conditions applied. The resulting Diels-Alder addition product
      (II-a) can be separated from the reaction mixture by distilling off the
      unreacted reactants and solvents, if any. The product (II - a) can be
      isolated by distillation under a reduced pressure, if necessary.
PAR  (2) Products having the formula (III) in which m is 1 can be prepared by 1
      : 2 molar Diels-Alder addition reaction of .alpha., .beta.-unsaturated
      monobasic acid derivatives with conjugated cyclic dienes as shown by the
      following equation:
      ##SPC5##
PAL  wherein R.sup.2 to R.sup.5, X and A are the same as defined before.
PAR  In this reaction the conjugated cyclic diene (V) is used in an amount of
      1.5 to 2.5 moles per mole of the .alpha., .beta.-unsaturated monobasic
      acid derivative (IV). The reaction conditions are the same as those
      described in the second step of the method (1) above. The resulting
      addition product (III - a) can be separated from the reaction mixture by
      distilling off the unreacted reactants and solvents, if any. The product
      (III - a) can be isolated by distillation under reduced pressure, if
      necessary.
PAR  (3) Products having the formula (II) in which m is 2 can be prepared by
      equimolar Diels-Alder addition reaction of addition product (III - a)
      obtained by the method (2) above with conjugated acyclic dienes as shown
      by the following equation.
      ##SPC6##
PAL  wherein R.sup.2 to R.sup.9, X and A are the same as defined before.
PAR  In this reaction the conjugated acyclic diene (VI) is used in an amount of
      0.5 to 1.5 moles per mole of the addition product (III - a). The reaction
      conditions are the same as those described in the second step of the
      method (1) above. The resulting reaction product (II - b) can be separated
      from the reaction mixture by distilling off the unreacted reactants and
      solvents, if any. The product (II - b) can be isolated by distillation
      under reduced pressure, if necessary.
PAR  (4) Products having the formula (III) in which m is 2 can be prepared by 1
      : 3 molar Diels-Alder addition reaction of .alpha., .beta.-unsaturated
      monobasic acid derivatives (IV) with conjugated cyclic dienes (V) as shown
      by the following equation:
      ##SPC7##
PAL  wherein R.sup.2 to R.sup.5, X and A are the same as defined before.
PAR  In this reaction the conjugated cyclic diene (V) is usually used in an
      amount of 2.5 to 3.5 moles per mole of the .alpha., .beta.-unsaturated
      monobasic acid derivative (IV). The reaction conditions are the same as
      those described in the second step of the method (1) above. The resulting
      product (III - b) can be separated from the reaction mixture by distilling
      off the unreacted reactants and solvents, if any. The product (III - b)
      can be isolated by distillation under reduced pressure, if necessary.
PAR  A mixture containing two or more of addition products (II - a), (II - b),
      (III - a) and (III - b) may be prepared by Diels-Alder reaction of
      products (II') and/or (III - a) with a mixture of cyclic dienes (V) and
      acyclic dienes (VI).
PAR  The .alpha., .beta.-unsaturated monobasic acid derivatives (IV) to be used
      in the above methods (1) to (4) include, for example, acrylic acid,
      methacrylic acid, crotonic acid and like .alpha., .beta.-unsaturated
      monobasic acids, and alkyl esters, nitriles and acid amides thereof.
      Preferable are methyl acrylate, ethyl acrylate, propyl acrylate, butyl
      acrylate, methyl methacrylate, ethyl methacrylate, propyl methacrylate,
      butyl methacrylate, acrylonitrile, etc.
PAR  The conjugated dienes to be used include conjugated acyclic dienes (VI) and
      conjugated cyclic dienes (V). Examples of the former are butadiene,
      2-methyl-1,3-butadiene (isoprene), 1,3-pentadiene (piperylene),
      2-methyl-1,3-pentadiene, 1,3-hexadiene, 2,4-hexadiene, 2,4-heptadiene,
      etc. Examples of the latter are cyclopentadiene, methylcyclopentadiene,
      1,3-cyclohexadiene, etc. Dimers or codimers of these dienes which produce
      the corresponding monodienes under the reaction conditions are also
      employable. Of these, butadiene, isoprene, piperylene, cyclopentadiene,
      methylcyclopentadiene and dicyclopentadiene are preferable. These
      conjugated dienes can be used alone or in admixture with one another. For
      example, petroleum fractions obtained by cracking of naphtha and
      containing these dienes in mixture can be used for the purpose.
PAR  In the Friedel-Crafts reaction to produce the present resin the starting
      addition products (II) and (III) can be used in a purified form or crude
      form obtained merely by removing unreacted reactants and solvents, if any,
      from the Diels-Alder reaction mixture. Preferable addition products are
      those having the formulas of
      ##SPC8##
PAL  wherein R.sup.2, R.sup.3, R.sup.6 to R.sup.9 and X are the same as defined
      before.
PAR  Another starting material, i.e. aliphatic alcohol (I) is used alone or
      mixed with an equimolar amount of the addition product (II) or (III) to be
      used. Since the alcohol (I) serves as a solvent in the reaction, it can be
      employed in a large excess amount, e.g., in 20 moles per mole of the
      addition product (II) or (III). Preferable amount of the aliphatic alcohol
      (I) is in the range of 2 to 10 moles per mole of the addition product.
PAR  The reaction between the aliphatic alcohol (I) with addition compound (II)
      or (III) to produce the resin of the invention is carried out in the
      presence of a Friedel-Crafts catalyst. The Friedel-Crafts catalysts to be
      used are those conventional in the art and include, for example, hydrogen
      fluoride, phosphoric acid, sulfuric acid, boron trifluoride, boron
      trifluoride-etherate, boron trifluoride-phenolate, aluminum trichloride,
      aluminum tribromide, tin tetrachloride, zinc chloride, activated clay,
      silica-alumina, etc. Preferable are sulfuric acid, boron trifluoride,
      boron trifluoride-etherate, boron trifluoride-phenolate and aluminum
      trichloride. The amount of the catalyst to be used may vary over a wide
      range depending on the catalyst, starting materials, reaction conditions
      and the like, but usually it is in the range of 0.05 to 100 wt%, based on
      the weight of the starting addition product (II) or (III).
PAR  The Friedel-Crafts reaction to produce the present resin is carried out in
      an open or closed reactor at a temperature of 0.degree. to 200.degree. C,
      preferably at 20.degree. to 150.degree. C. If necessary, the reaction may
      be conducted in an inert gas atmosphere such as nitrogen. Although
      increased pressure is applicable, the reaction is usually conducted under
      atmospheric or autogenous pressures. The reaction is usually completed
      within 1 to 10 hours.
PAR  After the reaction, the catalyst used is inactivated with water, acid or
      alkali and removed by filtration and/or washing with water. Thereafter,
      the reaction mixture is distilled to remove unreacted substances and
      solvents, if any, whereby the present resin is obtained as a residue.
PAR  The resin thus obtained is a Friedel-Crafts reaction product of the
      starting aliphatic alcohol (I) and addition product (II) or (III). It has
      been found that the aliphatic alcohol (I) is bonded to the addition
      product (II) or (III) by an ether bond, but the bonded position of the
      alcohol to the addition product (II) or (III) has not been made clear yet.
      Further, it has been found that the alcohol (I) is also bonded to the
      addition product (II) or (III) by an ester bond depending on the kind of
      the group represented by X contained in the latter. For example, such
      ester bond is formed by esterification reaction, when X is --COOH, and by
      ester interchange reaction, when X is --COOR.sup.a. The above
      ester-forming reaction always occurs together with the etherification
      reaction mentioned above. Therefore, the resin obtained by the present
      method contains an ether bond and the group represented by X, which is
      inert to the alcohol, such as --CN or --CONH.sub.2, or contains an ether
      bond and an ester bond. Thus, the resin of the invention may be a mixture
      of the Friedel-Crafts reaction products mentioned above, but irrespective
      of the whether it is such mixture or not the resin displays useful
      properties similar to those of rosin and its derivatives and can be used
      as a substitute for rosin and its derivatives. Therefore, there is no need
      to separate these products from one another.
PAR  The resin thus obtained is subjected to hydrolysis, if necessary, to
      produce the resin acid or salt thereof having a carboxyl group neutralized
      or not neutralized with a base. The hydrolysis can be conducted in a
      conventional manner. When the resin derived from the addition product
      having the formula (II) or (III) in which X is --CN, --COOR.sup.a or
      --CONH.sub.2 (R.sup.a being as defined before) is hydrolyzed in the
      presence of acid, the resin acid having a carboxyl group in the molecule
      can be obtained. The resin acid salt can be obtained by neutralizing with
      an alkali a resin acid thus obtained having a free carboxyl group in the
      molecule. When the hydrolysis is conducted in the presence of a base,
      moreover, a resin acid salt having a carboxyl group neutralized with the
      base can be obtained. The base to be used for neutralization includes, for
      example, sodium hydroxide, potassium hydroxide and like alkali metal
      hydroxides; ammonia; methyl amine, ethyl amine, propyl amine, butyl amine,
      hexyl amine, cyclohexyl amine, aniline and like primary amines; dimethyl
      amine, diethyl amine, dipropyl amine, morpholine, piperidine and like
      secondary amines; trimethyl amine, triethyl amine, pyridine and like
      tertiary amines; and monoethanol amine, diethanol amine, triethanol amine,
      and the like alkanol amines.
PAR  The present resin containing a carboxyl group neutralized or not
      neutralized with base has properties similar to those of rosin or its
      derivatives.
PAR  (1) The present resin containing a carboxyl group is easily dispersible in
      alkaline aqueous solution to produce an alkaline aqueous dispersion which
      has both hydrophilic and hydrophobic properties. Therefore, the dispersion
      displays excellent sizing effect for paper and emulsifying effect. Since
      the alkaline aqueous dispersion is highly stable, it produces no
      precipitation during the storage thereof, and the sizing effect and
      emulsifying effect do not decrease with the passage of time. Particularly,
      the resin has an aliphatic hydrocarbon group introduced by the ether bond
      due to the addition of alcohol, and therefore the balance between
      hydrophobic and hydrophilic properties can be easily adjusted depending on
      the kind of alcohols used. As a consequence, the resin having desired
      degree of sizing or emulsifying effect can be obtained selectively.
PAR  (2) The resin is excellent in resistance to light and heat, since it has
      substantially no reactive carbon-carbon double bond in an alicyclic ring
      due to the addition of alcohol.
PAR  (3) The resin is capable of imparting tackiness to various materials and
      further can be easily modified with alcohols, metal compounds, epoxy
      compounds or phenolic resins in accordance with the uses to be desired,
      utilizing reactive carboxyl groups contained therein. Therefore, it can be
      employed in various uses like rosin or its derivatives, for example, as
      tackifiers for natural and synthetic rubbers, hotmelt compositions, etc.,
      and resins for paints, printing inks, floor tiles, road marking
      compositions, etc. Particularly, the resin is improved in plasticity due
      to the presence of an ether bond.
PAR  Moreover, the resin containing a nitrile group represented by X can be
      modified by converting the nitrile group to amine. This modified resin,
      like rosin amine, can be used as a polyamide modifying agent, adhesive
      agent, sterilizing agent, insecticide, antiseptic agent, emulsifying agent
      and sizing agent for paper making.
PAR  For a better understanding of the invention, examples are given below.
DETD
PAC  EXAMPLE 1
PAR  In a 3 liter autoclave were placed 552 g of dicyclopentadiene (8.36 moles
      calculated as cyclopentadiene), 212 g (4 moles) of acrylonitrile and 300 g
      of xylene. The air in the autoclave was replaced by nitrogen and the
      resulting mixture was heated at 200.degree. C for 3 hours to effect the
      Diels-Alder reaction. After the unreacted substances and xylene were
      distilled off, the resulting reaction mixture was further distilled under
      reduced pressure to give 435.5 g of oily addition product as a fraction
      boiling at 130.degree. to 165.degree. C/5 mm Hg. The addition product thus
      obtained (hereinafterr referred to as "resin-A") had a molecular weight of
      176 (theoretical value 185) and infrared absorption spectra thereof gave
      absorptions at 2250 cm.sup..sup.-1 due to --CN and at 715 cm.sup..sup.-1
      due to the double bond of norbornene ring.
PAR  In a 1liter four-necked flask equipped with a refluxing condenser, dropping
      funnel and thermometer were placed 100 g of the resin -A obtained as above
      and 200 g of lauryl alcohol. To the mixture was added dropwise 19.2 g of
      boron trifluoride-etherate over 15 minutes. After the addition the mixture
      was heated at 110.degree. C for 3 hours to effect the Friedel Crafts
      reaction.
PAR  The resulting reaction mixture was cooled and washed with a suturated
      aqueous solution of sodium carbonate and with water until the mixture
      became neutral. Removal of the unreacted substance and low-boiling
      substances by distillation under reduced pressure gave 170.5 g of balsamic
      resin. Infrared absorption spectra of the resin showed absorptions at 1095
      cm.sup..sup.-1 due to the ether bond and at 2250 cm.sup..sup.-1 due to the
      --CN, but the absorption at 715 cm.sup..sup.-1 due to the double bond of
      norbornene ring disappeared.
PAR  In a 1 liter autoclave were placed 100 g of the resin thus obtained and 303
      g of 10 wt.% aqueous solution of potassium hydroxide and the mixture was
      heated at 200.degree. C for 2 hours for hydrolysis. The resulting mixture
      was subjected to extraction with ethyl ether to remove unsaponified
      product and then neutralized with dilute hydrochloric acid. The resulting
      resin was extracted with ethyl ether and removal of the ethyl ether from
      the extract gave 76.1 g of balsamic resin having the following properties.
TBL  ______________________________________                                    
     Molecular weight                                                          
                  365       (Theoretical value: 390)                           
     Acid value   121       (Theoretical value: 144)                           
     ______________________________________                                    
PAR  Infrared absorption spectra of the resin gave absorptions at 1095
      cm.sup..sup.-1 due to ether bond and at 1680 cm.sup..sup.-1 and 920
      cm.sup..sup.-1 due to carboxyl group.
PAC  EXAMPLE 2
PAR  The resin-A obtained in Example 1 was subjected to Friedel Crafts reaction
      in the same manner as in Example 1, except that 150 g of cyclohexylalcohol
      was used in place of lauryl alcohol. The resulting reaction mixture was
      treated in the same manner as in Example 1 to obtain 124 g of balsamic
      resin.
PAR  In an autoclave were placed 100 g of the resin thus obtained and 393 g of
      10 wt.% aqueous solution of potassium hydroxide and the mixture was heated
      at 200.degree. C for 2 hours for hydrolysis. The resulting reaction
      mixture was subjected to extraction with xylene to remove unsaponified
      product and then neutralized with dilute hydrochloric acid. The
      neutralized resin was extracted with xylene and removal of xylene from the
      extract gave 95.7 g of resin having the following properties.
TBL  ______________________________________                                    
     Molecular weight                                                          
                  303       (Theoretical value: 304)                           
     Acid value   184       (Theoretical value: 185)                           
     Softening point                                                           
                  61.degree.C                                                  
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  The resin-A obtained in Example 1 was subjected to the Friedel Crafts
      reaction in the same manner as in Example 1 except that 200 g of
      n-octanol-2 was used in place of lauryl alcohol. The resulting reaction
      mixture was treated in the same manner as in Example 1 to obtain 143 g of
      balsamic resin.
PAR  The resin thus obtained was hydrolyzed and neutralized in the same manner
      as in Example 2, whereby 96.0 g of balsamic resin having the following
      properties were obtained.
TBL  ______________________________________                                    
     Molecular weight                                                          
                  320       (Theoretical value: 334)                           
     Acid value   161       (Theoretical value: 168)                           
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  206.6 g (2.4 moles) of methyl acrylate was placed in a 1-liter four-necked
      flask equipped with a reflux condenser, dropping funnel and thermometer
      and then 184.8 g (2.8 moles) of cyclopentadiene was added thereto dropwise
      at room temperature over 2 hours. The resulting mixture was heated at
      150.degree. C for 1 hour to effect the Diels-Alder reaction. After the
      unreacted substances were distilled off, the resulting reaction mixture
      was further distilled under reduced pressure to give 356.2 g of addition
      product having the following properties as a fraction boiling at
      88.degree. to 100.degree.C/21 mm Hg.
TBL  ______________________________________                                    
     Molecular weight                                                          
                  152       (Theoretical value: 152)                           
     Saponification                                                            
                  368       (Theoretical value: 369)                           
     value                                                                     
     ______________________________________                                    
PAR  Infrared absorption spectra of the product gave absorptions at 1730
      cm.sup..sup.-1 and 1040 cm.sup..sup.-1 due to --COOCH.sub.3 and at 715
      cm.sup..sup.-1 due to the double bond of norbornene ring
PAR  In an autoclave were placed 257 g of the addition product thus obtained and
      340 g of a petroleum fraction having the following composition.
TBL  ______________________________________                                    
     Trans- 1.3 - pentadiene 24.5 wt.%                                         
     Cis-  1.3 - pentadiene  14.1 wt.%                                         
     Cyclopentene            11.4 wt.%                                         
     Others (free from conjugated dienes)                                      
                             50.0 wt.%                                         
     ______________________________________                                    
PAR  The air in the autoclave was replaced by nitrogen and the mixture was
      heated at 200.degree. C for 3 hours. After the unreacted substances and
      low-boiling substances was distilled off, the reaction mixture was further
      distilled under reduced pressure to obtain 245.2 g of oily resin as a
      fraction boiling at 120.degree. to 164.degree.C/5 mm Hg. The resin thus
      obtained (hereinafter referred to as "resin-B") has a molecular weight of
      214 (theoretical value: 220) and a saponification value of 246
      (theoretical value: 255). Infrared absorption spectra of the resin gave
      absorptions at 1730 cm.sup..sup.-1 and 1040 cm.sup..sup.-1 due to
      --COOCH.sub.3 and at 750 to 800 cm.sup..sup.-1 due to the double bond of
      cyclohexene ring.
PAR  200 g of 2-ethylhexanol was placed in a 1 liter four-necked flask equipped
      with a reflux condenser, dropping funnel and thermometer, to which 35 g of
      98 wt.% sulfuric acid was added dropwise with stirring at room temperature
      over 15 minutes. After the stirring was continued for further 15 minutes,
      100 g of the resin-B obtained as above was added dropwise to the system at
      30.degree. C over 15 minutes. The resulting reaction mixture was heaated
      at 110.degree. C for 3 hours to effect the Friedel Crafts reaction.
PAR  The resulting reaction mixture was washed with water, neutralized with
      aqueous calcium hydroxide and filtered. Removal of unreacted substances
      and fractions boiling at temperature lower than 160.degree.C/5 mm Hg gave
      153.0 g of an oily resin. Infrared absorption spectra of the resin gave
      absorptions at 1730 cm.sup..sup.-1 and 1040 cm.sup..sup.-1 due to
      --COOCH.sub.3 and at 1095 cm.sup..sup.-1 due to the ether bond, but
      absorption at 750 to 800 cm.sup..sup.-1 due to the double bond of
      cyclohexene ring disappeared.
PAR  To 50 g of the resulting resin heated at 120.degree. C was slowly added
      dropwise 33.5 g of 48 wt.% aqueous potassium hydroxide, while the methanol
      produced was distilled off. The temperature of the system was further
      maintained at 120.degree. C for 2 hours to continue the hydrolysis
      reaction. After cooling the reaction mixture was subjected to extraction
      with ethyl ether to remove the unsaponified product and neutralized with
      dilute hydrochloric acid. The neutralized resin was extracted with ethyl
      ether and removal of the ethyl ether from the extract gave 43.5 g of
      balsamic resin having the following properties.
TBL  ______________________________________                                    
     Molecular weight                                                          
                  320       (theoretical value: 336)                           
     Acid value   159       (theoretical value: 167)                           
     ______________________________________                                    
PAR  Infrared absorption spectra of the resin gave absorptions at 1680
      cm.sup..sup.-1 and 920 cm.sup..sup.-1 due to the carboxyl group and at
      1095 cm.sup..sup.-1 due to ether bond.
PAC  EXAMPLE 5
PAR  In a 1 liter four-necked flask was placed 150 g of n-hexyl alcohol, to
      which 40 g of 98 wt.% sulfuric acid was added dropwise at room temperature
      over 15 minutes. After the mixture was stirred for a further 15 minutes,
      100 g of resin-B obtained in Example 4 was added dropwise at 30.degree. C
      over 15 minutes. The resulting mixture was heated at 95.degree. C for 2
      hours to effect the Friedel Crafts reaction. The resulting reaction
      mixture was washed with water, neutralized with aqueous potassium
      hydroxide solution and filtered. Removal of n-hexyl alcohol and fractions
      boiling below 160.degree. C/5 mm Hg gave 144.0 g of oily resin.
PAR  To 100 g of the resulting resin heated at 120.degree. C was added dropwise
      72.8 g of 48 wt.% aqueous potassium hydroxide, while the methanol produced
      was removed. The mixture was further maintained at 120.degree. C for 2
      hours. The resulting reaction mixture was subjected to extraction with
      ethyl ether to remove unsaponified products and neutralized with dilute
      hydrochloric acid. The neutralized resin was extracted with ethyl ether
      and removal of ethyl ether from the extract gave 82.5 g of balsamic resin
      having the following properties.
TBL  ______________________________________                                    
     Molecular weight:                                                         
                  293       (theoretical value: 308)                           
     Acid value:  173       (theoretical value: 182)                           
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  In a 1 liter autoclave were placed 276 g of dicyclopentadiene, 212 g of
      acrylonitrile and 120 g of xylene. The air in the autoclave was replaced
      by nitrogen and the resulting mixture was heated at 170.degree. C for 4
      hours to effect the Diels-Alder reaction. After the unreacted substances
      and xylene were distilled off, the resulting reaction mixture was further
      distilled under reduced pressure to give 453 g of an oily addition product
       .sub.CN
PAL  as a fraction boiling at 85.degree. to 90.degree.C/12mm Hg. The addition
      product thus obtained had a molecular weight of 118 (theoretical value
      119).
PAR  In a 1 liter autoclave were placed 200 g of the resin obtained as above and
      300 g of a petroleum fraction boiling at 20.degree. to 55.degree. C and
      having the following composition.
TBL  ______________________________________                                    
     Cyclopentadiene       15.7    wt.%                                        
     Isoprene              14.1    wt.%                                        
     Piperilene            8.4     wt.%                                        
     Others containing no                                                      
     conjugated dienes     61.8    wt.%                                        
     ______________________________________                                    
      The mixture was heated at 200.degree. C for 3 hours. After the unreacted
      substances were distilled off, the resulting reaction mixture was further
      distilled under reduced pressure to give 126.5 g of oily resin as a
      fraction boiling at 120.degree. to 140.degree.C/5 mm Hg. The molecular
      weight of the resin was 205.
PAR  In a 1 liter four-necked flask equipped with a reflux condenser, dropping
      funnel and thermometer were placed 100 g of the oily resin thus obtained
      and 200 g of n-octyl alcohol. To the mixture was added dropwise 19.5 g of
      boron trifluoride-etherate at room temperature over 15 minutes. After the
      addition the mixture was heated at 110.degree. C for 3 hours to effect the
      Friedel Crafts reaction.
PAR  The resulting mixture was cooled and washed with a saturated aqueous
      solution of sodium carbonate and further with water until the mixture
      became neutral. Removal of the unreacted alcohol and low-boiling
      substances by distillation under reduced pressure gave 157 g of balsamic
      resin.
PAR  In a 1 liter autoclave were placed 100 g of the resulting resin and 303 g
      of 10 wt.% aqueous potassium hydroxide and the mixture was heated at
      200.degree. C for 2 hours for hydrolysis. The resulting reaction mixture
      was subjected to extraction with ethyl ether to remove the unsaponified
      product and neutralized with dilute hydrochloric acid. The neutralized
      resin was extracted with ethyl ether and removal of the ethyl ether from
      the extract gave 96.0 g of balsamic resin. The resin had an acid value of
      160.5.
PAC  EXAMPLE 7
PAR  In a 1 liter autoclave were placed 110 g of methyl ester of the
      8-carboxytetracyclo-[4,4,1.sup.2.5/7.10, 0.sup.1.6 ] dodecene -3, 48 g of
      dicyclopentadiene and 200 g of xylene. The air in the autoclave was
      replaced by nitrogen and the mixture was heated at 220.degree. C for 3
      hours. After xylene and the low-boiling substances boiling at below
      160.degree.C/5 mm Hg were distilled off, the resulting reaction mixture
      was further distilled under reduced pressure to give 65 g of a waxy resin
      boiling at 165.degree. to 195.degree.C/5 mm Hg. The resin had a molecular
      weight of 308 (theoretical value 284).
PAR  In a one-liter four-necked flask were placed 50 g of the resulting resin
      and 150 g of n-butyl alcohol. To the mixture was added dropwise 5 g of
      boron trifluoride-etherate at 50.degree. C over 15 minutes, and the
      resulting mixture was heated at 110.degree. C for 3 hours for the Friedel
      Crafts reaction.
PAR  The resulting reaction mixture was cooled and washed with a saturated
      aqueous solution of calcium carbonate and further with water until the
      mixture became neutral. Removal of the unreacted alcohol gave 61.3 g of
      balsamic resin. To 50 g of the resulting resin heated to 120.degree. C was
      added dropwise 32.7 g of 48 wt.% aqueous potassium hydroxide over 30
      minutes. While adding water gradually and removing the methyl alcohol
      produced, the hydrolysis was conducted for 2 hours. The resulting reaction
      mixture was subjected to extraction with ethyl ether to remove the
      unsaponified product and neutralized with dilute hydrochloric acid. The
      resin was extracted with ethyl ether and removal of ethyl ether from the
      extract gave 41.0 g of the resin having the following properties:
TBL  Molecular weight                                                          
                375        (theoretical value: 344)                            
     Softening point                                                           
                65.0.degree.C                                                  
     Acid value 171.8      (theoretical value: 163.0)                          
PAR  The resins obtained in the above examples were tested in respect of their
      applications as sizing compositions and as emulsifiers for emulsion
      polymerization of synthetic rubber according to the following methods With
      the results given below.
PAR  Each of the resins of Examples 1 to 7, rosin and fortified rosin was
      neutralized with potassium hydroxide in an equimolar amount relative to
      the acid value of the resin to prepare a 25 wt.% aqueous solution thereof.
PAR  1. Sizing composition and sizing effect
PAR  Each of the compositions obtained above was used as a sizing agent for
      paper making. A specified amount of the sizing composition was added to a
      1 wt.% slurry of pulp (LBKP) having a beating degree of 30.degree.SR. An
      aqueous solution of aluminum sulfate was further added to and uniformly
      dispersed in the slurry in a solid amount of 2.5 wt.% based on the dry
      pulp. Using a TAPPI Standard Sheet Machine, the resulting slurry was made
      at 20.degree. C into paper weighing 60 .+-. 1 g/m.sup.2. The paper was
      dried at 100.degree. C for 5 minutes and conditioned at 20.degree. C and
      65% RH. The sizing effect given to the paper was determined according to
      Stockigt method (JIS P 8122).
TBL                Table 1                                                     
     ______________________________________                                    
     Sizing composition                                                        
                       Sizing effect in seconds                                
     No.    Resin          Amount used (wt.%)*                                 
     ______________________________________                                    
                           0.3         0.5                                     
     1      Example 1      19.5        25.2                                    
     2      Example 2      21.2        23.8                                    
     3      Example 3      23.8        28.5                                    
     4      Example 4      20.8        26.2                                    
     5      Example 5      24.2        29.3                                    
     6      Example 6      21.5        26.0                                    
     7      Example 7      20.8        27.2                                    
     8      Rosin          17.6        24.8                                    
     9      Fortified rosin                                                    
                           22.3        27.5                                    
     ______________________________________                                    
      *The amount of sizing composition is percent in solid weight, based on th
      pulp.                                                                    
PAR  2. Emulsifying composition
PAR  Each of the aqueous compositions of the resin obtained in Examples 1 to 5
      was used as an emulsifier for emulsion polymerization according to the
      cold rubber sulfoxylate formulation shown in Table 2 to obtain SBR. The
      conversion and stability of latex are respectively shown in Tables 3 and
      4.
TBL                Table 2                                                     
     ______________________________________                                    
     Materials    Names of materials                                           
                                   Proportions                                 
     used         used             parts by weight                             
     ______________________________________                                    
                  Butadiene        70                                          
     Monomer                                                                   
                  Styrene          30                                          
     Dispersing   Deionized water  200                                         
     medium       (degassed)                                                   
                  Aqueous solution                                             
                  of resin of Examples                                         
     Emulsifier   (as solid)       4.0                                         
                  Naphthalene-                                                 
                  formaldehyde resin                                           
                  sodium sulfonate 0.15                                        
     Molecular    Tertiary                                                     
     weight       dodecylmercaptan 0.1                                         
     adjusting                                                                 
     agent                                                                     
     Polymerization                                                            
     initiator                                                                 
      Oxidizing   p-Menthane                                                   
      agent       hydroperoxide    0.08                                        
      Reducing    Ferrous sulfate  0.0125                                      
      agent       (heptahydrate)                                               
      Secondary   Sodium formaldehyde                                          
                                   0.15                                        
      reducing    sulfoxylate                                                  
      agent                                                                    
     Chelating    EDTA -- 4Na      0.07                                        
     agent                                                                     
     Electrolyte  Sodium phosphate 0.8                                         
                  (dodecahydrate)                                              
     ______________________________________                                    
PAC  Polymerization conditions
PAR  Polymerization temperature : 5.degree.C.
PAR  Reaction time : 9 hours.
PAR  In nitrogen atmosphere.
PAC  Conversion
PAR  Table 3 gives the percent conversion of the products of the various
      preceding examples. It also includes a comparison with a commercial
      disproportionated resin emulsifier under the same conditions.
TBL                Table 3                                                     
     ______________________________________                                    
            Emulsifier    Conversion (%)                                       
     ______________________________________                                    
     Example 1            56.4                                                 
     Example 2            57.6                                                 
     Example 3            67.3                                                 
     Example 4            56.3                                                 
     Example 5            68.5                                                 
     Commercial disproportionated                                              
                          65.1                                                 
     rosin emulsifier                                                          
     ______________________________________                                    
PAC  Stability test of latex
PAR  50 g of 25 wt.% an aqueous solution of the latex obtained in the above
      polymerization was placed in a container and subjected to mechanical
      shearing force at a temperature of 25.degree. C for 5 minutes, under a
      load of 5 kg and at a rotational speed of 1000 r.p.m. The resulting
      coagulate was filtered through an 80-mesh stainless screen and dried to
      determine the percent of coagulate formed.
      ##EQU1##
PAR  The smaller the percent of coagulate formed, the more stable is the latex.
PAR  Table 4 shows the result in comparison with that obtained with the use of
      the commercial disproportionated rosin emulsifier.
TBL                Table 4                                                     
     ______________________________________                                    
     Emulsifier           Coagulate formed (%)                                 
     ______________________________________                                    
     Example 1            1.5                                                  
     Example 2            0.4                                                  
     Example 3            0.5                                                  
     Example 4            1.2                                                  
     Example 5            0.6                                                  
     Commercial disproportionated                                              
                          0.4                                                  
     resin emulsifier                                                          
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for manufacturing novel resin which consists essentially of
      reacting in the presence of Friedel-Crafts catalyst a Diels-Alder addition
      product with an aliphatic alcohol having the formula of
EQU  R.sup.1 OH
PAL  wherein R.sup.1 is an aliphatic straight-chain or branched-chain saturated
      hydrocarbon group having 1 to 18 carbon atoms or alicyclic hydrocarbon
      group having 5 or 6 carbon atoms and having or not having a substituent of
      an alkyl group having 1 to 12 carbon atoms; said Diels-Alder addition
      product being at least one species selected from the group consisting of
      (a) compounds having the formula of
      ##SPC9##
PAL  wherein each of R.sup.2, R.sup.3, R.sup.4 and R.sup.5 is a hydrogen atom or
      methyl group, each of R.sup.6, R.sup.7, R.sup.8 and R.sup.9 is a hydrogen
      atom or alkyl group having 1 to 4 carbon atoms, X is --COOH, --COOR.sup.a,
      --CN or CONH.sub.2, R.sup.a being an alkyl group having 1 to 4 carbon
      atoms, A is --CH.sub.2 -- or --CH.sub.2 CH.sub.2 --, and m is an integer
      of 1 or 2, and (b) compounds having the formula of
      ##SPC10##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.5, X, A and m are the same as
      defined above.
NUM  2.
PAR  2. A process according to claim 1 wherein said catalyst is present in an
      amount of 0.05% to 100% by weight based on said addition product, and the
      reaction is carried out at a temperature of 0.degree. to 200.degree. C.
NUM  3.
PAR  3. A process according to claim 2 in which said Diels-Alder addition
      product has the formula of
      ##SPC11##
PAL  wherein each of R.sup.2, R.sup.3, R.sup.4 and R.sup.5 is a hydrogen atom or
      methyl group, each of R.sup.6, R.sup.7, R.sup.8 and R.sup.9 is a hydrogen
      atom or alkyl group having 1 to 4 carbon atoms, X is --COOH, --COOR.sup.a,
      --CN or --CONH.sub.2, R.sup.a being an alkyl group having 1 to 4 carbon
      atoms, A is --CH.sub.2 -- or --CH.sub.2 CH.sub.2 --, and m is an integer
      of 1 or 2.
NUM  4.
PAR  4. A process according to claim 2 in which said Diels-Alder addition
      product has the formula of
      ##SPC12##
PAL  Wherein each of R.sup.2, R.sup.3, R.sup.4 and R.sup.5 is a hydrogen atom or
      methyl group, X is --COOH, --COOR.sup.a, --CN or --CONH.sub.2, R.sup.a
      being an alkyl group having 1 to 4 carbon atoms, A is --CH.sub.2 -- or
      --CH.sub.2 CH.sub.2 --, and m is an integer of 1 or 2.
NUM  5.
PAR  5. A process according to claim 2 in which said m is 1.
NUM  6.
PAR  6. A process according to claim 2 in which said m is 2.
NUM  7.
PAR  7. A process according to claim 3 in which said R.sup.2 to R.sup.5 are
      hydrogen atoms, A is --CH.sub.2 -- and m is 1.
NUM  8.
PAR  8. A process according to claim 4 in which said R.sup.2 to R.sup.5 are
      hydrogen atoms, A is --CH.sub.2 -- and m is 1.
NUM  9.
PAR  9. A process according to claim 2, in which said aliphatic alcohol is an
      aliphatic acyclic alcohol having a straight-chain or branched-chain
      hydrocarbon group of 4 to 12 carbon atoms.
NUM  10.
PAR  10. A process according to claim 2, in which said aliphatic alcohol is an
      alicyclic alcohol having alicyclic hydrocarbon group of 5 6 carbon atoms.
NUM  11.
PAR  11. A process according to claim 2, in which said X is --COOR.sup.a, --CN
      or --CONH.sub.2, R.sup.a being an alkyl group having 1 to 4 carbon atoms,
      and the resulting resin is hydrolyzed to produce a resin acid.
NUM  12.
PAR  12. A process according to claim 2, in which said X is --COOH and the
      resulting resin is neutralized with a a base to produce a resin acid salt.
NUM  13.
PAR  13. A resin obtained by the method claimed in claim 2 and an alkali salt
      thereof.
NUM  14.
PAR  14. A process according to claim 2 wherein X is COOH or COOR.sup.a.
NUM  15.
PAR  15. A process according to claim 14 comprising reacting X with a base
      whereby a resin acid salt is produced.
NUM  16.
PAR  16. A process according to claim 14 wherein X is COOR.sup.a.
NUM  17.
PAR  17. A process according to claim 11 wherein X is COOR.sup.a.
NUM  18.
PAR  18. The product of the process of claim 14.
NUM  19.
PAR  19. The product of the process of claim 15.
NUM  20.
PAR  20. The product of the process of claim 16.
NUM  21.
PAR  21. The product of the process of claim 17.
NUM  22.
PAR  22. A process according to claim 2 wherein said reaction is carried out for
      a period of 1 to 10 hours.
NUM  23.
PAR  23. A process according to claim 2 wherein the reaction is carried in an
      inert atmosphere.
NUM  24.
PAR  24. A process according to claim 12 wherein said base is taken from the
      class consisting of alkali metal hydroxides primary amines, secondary
      amines, tertiary amines, and alkanol amines.
NUM  25.
PAR  25. A process according to claim 24 wherein said base is taken from the
      class consisting of sodium hydroxide, potassium hydroxide, ammonia, methyl
      amine, ethyl amine, propyl amine, butyl amine, hexyl amine, cyclohexyl
      amine, aniline, dimethyl amine, diethyl amine, dipropyl amine, morpholine,
      piperidine, trimethyl amine, triethyl pyridine, monoethanol amine,
      diethanol amine, and triethanol amine.
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ABST
PAL  A process for the ring-opening polymerisation of cyclic olefins on
      catalysts of
PA1  A. a halide of a metal of Groups VB and VIB of the Periodic System,
PA1  B. an organometallic compound of a metal of Groups IIA, IIIA and IVa of the
      Periodic System, and
PA1  C. optionally a cocatalyst,
PAL  Optionally in an inert organic solvent at temperatures of from -70 to
      +60.degree.C, wherein from 0.1 to 10% by weight, based on monomer, of a
      compound containing a C=C-double bond in conjugation with a CO-double bond
      is added during or after polymerisation in the presence of the active
      catalyst.
BSUM
PAR  It is known to polymerise cyclic olefins with ring-opening on catalysts of
PA1  A. metal halides of Group VB or VIB of the Periodic System,
PA1  B. organometallic compounds of metals of Group IIA, IIIA and IVA of the
      Periodic System, and
PA1  C. optionally cocatalysts
PAL  (German Offenlegungsschriften Nos. 1,770,491; 1,770,844 and British Patent
      No. 1,010,860).
PAR  In general, this polymerisation reaction is carried out with or without an
      organic solvent. The catalysts used can be preformed, although they are
      preferably prepared from their constituents in the presence of the
      monomer.
PAR  In all known polymerisation processes of this kind, rubber-like polymers of
      polyalkenamer structure having a narrow molecular weight distribution are
      obtained from cyclic olefins. Unfortunately, rubbers having a narrow
      molecular weight distribution are generally difficult to process, whereas
      rubbers having a wide molecular weight distribution are generally easy to
      process.
PAR  Accordingly, there is a need for polyalkenamers of a wide molecular weight
      distribution which are relatively easy to process.
PAR  Accordingly, the invention relates to a process for the ring-opening
      polymerisation of cyclic olefins on catalysts of
PA1  A. a metal halide of Groups VB or VIB of the Periodic System,
PA1  B. an organometallic compound of a metal of Groups IIA, IIIA and IVA of the
      Periodic System, and optionally
PA1  C. a co-catalyst,
PAL  Optionally in an inert organic solvent at a temperature of from -70.degree.
      to +60.degree.C, wherein from 0.01 to 10% by weight, based on the total
      monomers, of a compound containing a C=C-double bond in conjugation with a
      CO-double bond is added during or after polymerisation in the presence of
      the active catalyst.
PAR  The polyalkenamers produced in this way show greater non-uniformity.sup.(1)
      and, hence, a wider molecular weight distribution than products produced
      without the addition. Their Defo elasticity is also greatly increased.
      ##EQU1##
PAR  Cyclic olefins which are particularly suitable for the process are, in
      particular, monocyclic or dicyclic olefins having 1, 2 or more
      unsubstituted C=C-double bonds, preferably in non-conjugated arrangement.
      It is particularly preferred to use cyclomonoolefins having 5 or from 7 to
      12 carbon atoms in the ring, such as cyclopentene, cycloheptene,
      cyclooctene, cyclodedecene; monocyclic, especially nonconjugated dienes
      with from 5 to 12 carbon atoms in the ring, such as cyclopentadiene,
      cyclooctadiene or corresponding cyclic trienes, such as cyclododecatriene.
      Polycyclic olefins, such as dicyclopentadiene, norbornene, norbornadiene,
      alkylidene norbornenes, are also suitable. Various monomers of the
      aforementioned kind can also be copolymerised. Cyclopentene is
      particularly preferred.
PAR  The compounds having C=C-bonds in conjugation with CO-bonds which are used
      in accordance with the invention for broadening the molecular weight
      distribution and raising Defo elasticity are, in particular,
      .alpha.-.beta.-unsaturated aliphatic monocarboxylic and polycarboxylic
      acids, .alpha.-.beta.-unsaturated aliphatic aldehydes and
      .alpha.-.beta.-unsaturated aliphatic ketones, and also derivatives of
      these compounds. The following compounds, for example, are suitable:
      acrylic acid and methacrylic acid, their C.sub.1 -C.sub.6 -alkyl esters
      and their nitriles, (e.g. acrylic acid methyl ester, acrylic acid butyl
      ester, methacrylic acid methyl ester, or acrylonitrile), maleic acid,
      maleic acid esters (e.g. maleic acid diethyl ester) and maleic acid
      anhydride, acrolein, methacrolein, vinylketone, divinylketone and
      cyclopentenone.
PAR  The quantity in which these compounds are added is generally from 0.1 to
      10% by weight, based on monomer. In most cases, however, 0.1 to 1% by
      weight are sufficient. For instance, 0.1% by weight of acrolein is
      sufficient to increase non-uniformity U from 11 to 15. In the context of
      the invention, the non-uniformity is the quotient of the weight average of
      the molecular weight and the number average reduced by 1.
PAR  The effect to these additives is surprising because the presence of polar
      compounds is known to inhibit or even completely prevent polymerisation on
      organometallic mixed catalysts of the kind under consideration.
      Surprisingly, there is no significant reduction in conversion when the
      compound containing a C=C-double bond in conjugation with a CO-group is
      added to the polymerisation mixture after formation, but before
      deactivation, of the organometallic catalyst. The compound can be added
      during this period, i.e. at virtually any stage of the polymerisation
      process and, preferably, at the end of polymerisation. The actual time at
      which the compound is added is optional and is generally governed by the
      type and quantity of compound added.
PAR  The polymerisation process itself is known in principle. In general, the
      monomer is dissolved in a suitable solvent and the catalyst components are
      successively added. The monomer is generally used in the form of from 5 to
      50% by weight solutions, preferably in the form of from 10 to 30% by
      weight solutions, in the organic solvent. Examples of suitable solvents
      include aliphatic hydrocarbons, such as butane, pentane, hexane, isooctane
      or cycloaliphatic hydrocarbons such as cyclohexane, also aromatic
      hydrocarbons such as benzene, toluene or xylene. The catalyst component
      (a) i.e. the heavy metal halide, should be present in a quantity of from
      0.1 to 10 mMol per 100 g of monomer, preferably of from 0.5 to 2 mMol per
      100 g of monomer. The molar ratio of the catalyst components (a) : (b) :
      (c) is generally 1 : 0.5-15 : 0-10. Polymerisation is generally carried
      out at a temperature of from -70 to +60.degree.C, preferably at a
      temperature of from -20 to  +20.degree.C.
PAR  Particularly preferred catalysts are combinations of
PA1  a. tungsten or tantalum halides or oxyhalides such as WCl.sub.6, WBr.sub.5,
      WCl.sub.4 O, TaCl.sub.5,
PA1  b. organoaluminium or organo tin compounds, preferably corresponding to the
      general formula
      ##EQU2##
      in which R.sub.1 represents an alkyl group with 1 to 12 carbon atoms;
      R.sub.2 represents an alkyl group with 1 to 12 carbon atoms or halogen
      (e.g. fluorine, chlorine, bromine, iodine); and R.sub.3 represents an
      alkyl group with 1 to 12 carbon atoms, an alkoxy group with 1 to 12 carbon
      atoms or halogen (e.g. fluorine, chlorine, bromine, iodine), or the
      formula Sn(R).sub.4, where R is an alkyl radical with preferably 1 to 6
      carbon atoms. It is particularly preferred to use triethylaluminium,
      trioctylaluminium, triisobutyl aluminium, aluminium diethyl chloride,
      aluminium diethyl bromide, aluminium ethyl dichloride, ethoxy aluminium
      diethyl, tin tetraethyl or tin tetrabutyl.
PAR  Preferred components (c) are
PA1  1. a halogen-containing alcohol corresponding to the formula
      ##EQU3##
      in which X represents chlorine, bromine or iodine; R.sub.1 and R.sub.2
      represent hydrogen, chlorine, bromine, iodine, C.sub.1 -C.sub.6 -alkyl,
      C.sub.6 -C.sub.12 -aryl or alkylaryl; R.sub.3 and R.sub.4 represent
      chlorine, bromine, iodine, hydrogen, C.sub.1 -C.sub.6 -alkyl, C.sub.6
      -C.sub.12 aryl or alkylaryl; in addition to which R.sub.1 and R.sub.3,
      together with the carbon atoms on which they are situated, can form a
      hydrocarbon ring with 5 or more members.  Particularly preferred
      components are 2-chlorethanol, 2-bromethanol, 2-iodethanol,
      1,3-dichlor-2-propanol 2-chlorcyclohexanol 2-chlorcyclopentanol and
      2,2,2-trichlorethanol:
PA1  2. epoxides corresponding to the general formula
      ##EQU4##
      in which R and R' represent hydrogen C.sub.1 -C.sub.6 -alkyl, C.sub.1
      -C.sub.6 -alkoxy, C.sub.1 -C.sub.6 halogen alkyl (e.g. chloralkyl,
      bromalkyl) or hydroxyalkyl, preferably with 3 to 6 carbon atoms, such as
      for example ethylene oxide, propylene oxide, butylene oxide, butadiene
      monoxide, epichlorhydrin, epibromhydrin and allyl glycidyl ether.
PAR  The process according to the invention can be carried out continuously or
      in batches. On completion of polymerisation, the organometallic catalyst
      is deactivated and the polymer is recovered by precipitation or steam
      distillation.
DETD
PAC  EXAMPLE 1
PAR  250 ml cyclopentene (96%) were dissolved in 1200 ml of toluene (containing
      less than 2 ppm of H.sub.2 O). This was followed by the addition of a 1%
      solution of 1-butene in toluene, corresponding to 300 ppm, based on
      cyclopentene. After cooling to -15.degree.C, 6.6 ml of a 0.1 m tungsten
      catalyst were added. The tungsten catalyst had been prepared by reacting
      WCl.sub.6 with chlorethanol in toluene, in a molar ratio of 1 : 1.8. This
      was followed by the addition of 6.6 ml of a 0.3 molar solution of diethyl
      aluminium chloride in toluene. After 3 hours reaction, the conversion
      amounted to 85%. 50% of the solution were let off, the reaction was
      stopped by the addition of methanol and a stabiliser and the reaction
      product precipitated by allowing it to run into isopropanol (test A). The
      remainder was diluted by the addition of 150 ml of toluene, stirred for 15
      minutes and then worked up in the same way as described above (test B).
PAR  The test was repeated in exactly the same way. Half the solution was then
      run off and worked up in the same way as described above (test C). 150 ml
      of a 1% by weight solution of acrolein in toluene were added to the
      remainder of the solution, followed by stirring for 15 minutes (0.1% of
      acrolein, based on cyclopentene) and working up (test D).
PAR  The results are set out in Table 1:
TBL                                    Table 1                                 
     __________________________________________________________________________
     Toluene   Defo Defo  Trans-                                               
                               Acrolein                                        
                                    Conversion                                 
     25.degree.C                                                               
               hardness                                                        
                    elasticity                                                 
                          content   %                                          
     [.eta.]              (%)                                                  
     __________________________________________________________________________
     Test A                                                                    
          2.35 625  17         none 85.0                                       
     Test B                                                                    
          2.30 625  18         "    85.5                                       
     Test C                                                                    
          2.20 550  18    79.3 "                                               
     Test D                                                                    
          2.29 850  26    80.2 0.1 %                                           
                                    87.0                                       
     __________________________________________________________________________
PAR  In test B, there was no change in the properties of the product in relation
      to tests A and C despite dilution with toluene and a 15 minute increase in
      the polymerisation time.
PAR  The addition of acrolein (test D) clearly improves the Defo values, whilst
      only very slightly increasing the viscosity.
PAC  EXAMPLE 2
PAR  Cyclopentene was polymerised in the same way as described in Example 1,
      except that 1% by weight of acrolein, based on cyclopentene (in solution
      in toluene), was added 30 minutes after polymerisation began. The
      conversion of cyclopentene amounted to 71.0%. Polymerisation was carried
      out over a total period of 3 hours, and the polymer was subsequently
      worked up in the same way as described in Example 1. The final conversion
      amounted to 76.3%, i.e. the addition of acrolein during the polymerisation
      reaction did not affect it in any way.
PAC  EXAMPLE 3
PAR  0.1% of acrolein, based on cyclopentene, was added to a polymerisation
      mixture of the kind described in Example 1 before addition of the catalyst
      components. The solution turned reddish in colour. No polymerisation
      occurred.
PAC  EXAMPLE 4
PAR  A polymer solution prepared in accordance with Example 1 was divided before
      deactivation of the catalyst. One half was directly worked up, whilst 0.1%
      by weight of maleic acid anhydride, based on cyclopentene, in the form of
      a solution in toluene was added to the other half, followed by stirring
      for 15 minutes and then working up. Final conversion: 85.7%
TBL  Crude rubber values:                                                      
                   [.eta.] Defo        Defo                                    
                           hardness    visocosity                              
     ______________________________________                                    
     Without maleic acid                                                       
     anhydride     2.61    725         17                                      
     With 0.1 % of maleic                                                      
     acid anhydride                                                            
                   2.59    825         21                                      
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  The procedure was as in Example 4, except that acrylic acid butyl ester
      (0.1% based on cyclopentene) was used instead of maleic acid anhydride.
      Final conversion: 82%.
TBL  ______________________________________                                    
     Crude rubber values:                                                      
                    Defo hardness                                              
                                Defo elasticity                                
     ______________________________________                                    
     Without acrylic acid                                                      
     butyl ester    675         15                                             
     With 0.2 % of acrylic                                                     
     acid butyl ester                                                          
                    625         18                                             
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  1450 ml of a 20% by weight solution of cyclopentene (CPE) in dry toluene
      were introduced into a 2 litre autoclave. The tungsten catalyst mentioned
      in Example 1 (0.2 mMol of W per 100 g of CPE), 0.1 mMol of iodine per 100
      g of CPE and 0.4 mMol of aluminium diethyl chloride per 100 g of CPE, were
      then successively added at room temperature. After a reaction time of 3
      hours, 0.1% of acrolein (based on toluene), dissolved in toluene, was
      added, followed by stirring for 15 minutes and then by working up in the
      same way as described above (A). For comparison, a test was carried out in
      the absence of acrolein (B).
TBL  ______________________________________                                    
     Addition of acrolein                                                      
                  ML-4'/100.degree.C                                           
                              Defo     Defo elas-                              
                              hardness ticity                                  
     ______________________________________                                    
     (A) 0.1 %    97          900      14                                      
     (B) none     95          575       7                                      
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  A 5% by weight solution of acrolein in toluene was continuously added to a
      polymer solution obtained from a continuous cyclopentene polymerisation
      installation, in such a quantity that 0.1% by weight and 0.25% by weight
      of acrolein respectively based on the cyclopentene used, were present.
      After having been in contact with the acrolein for a period of 30 minutes,
      the solution was continuously deactivated with an aqueous ethylene diamine
      solution. The polymer was isolated by coagulation in hot water and dried
      in vacuo at 70.degree.C. For comparison, a parallel test was carried out
      in the absence of acrolein. The results are shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Addition of                                                               
            ML-4'                                                              
                 Defo       Mn   Mw  U                                         
     acrolein    hardness/elasticity                                           
                            10.sup.5                                           
                                 g/mol                                         
                                     (Mw/Mn)-1                                 
     __________________________________________________________________________
     A) none                                                                   
            100  600/6      0.189                                              
                                 2.33                                          
                                     11                                        
     B) 0.1 %                                                                  
            120   900/12    0.155                                              
                                 2.51                                          
                                     15                                        
     C) 0.25 %                                                                 
            136  1650/27    0.153                                              
                                 2.97                                          
                                     18                                        
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the ring-opening polymerisation of a cyclic olefin
      comprising:
PA1  i. polymerising the cyclic olefin in the presence of a catalyst comprising:
PA2  a. a metal halide of Groups VB or VIB of the Periodic System;
PA2  b. an organometallic compound of a metal of Groups IIA, IIIA and IVA of the
      Periodic System; and
PA2  c. optionally a co-catalyst at temperatures of from -70 to +60.degree.C,
      and
PA1  ii. adding from 0.01 to 10% by weight, based on the monomer used, of a Defo
      hardness increasing compound containing a C=C-double bond in conjugation
      with a CO-double bond, either during or after polymerisation.
NUM  2.
PAR  2. A process as claimed in claim 1, in which the metal halide is a tungsten
      or tantalum halide or oxyhalide.
NUM  3.
PAR  3. A process as claimed in claim 1, in which the organometallic compound
      corresponds to the formula
      ##EQU5##
      in which: R.sub.1 is an alkyl group with 1 to 12 carbon atoms;
PA1  R.sub.2 is an alkyl group with 1 to 12 carbon atoms or halogen; and
PA1  R.sub.3 is an alkyl group with 1 to 12 carbon atoms, an alkoxy group with 1
      to 12 carbon atoms or halogen, or corresponds to the formula Sn (R).sub.4
PAL  in which:
PA1  R is an alkyl group with 1 to 6 carbon atoms.
NUM  4.
PAR  4. A process as claimed in claim 1 in which the co-catalyst is either
PA1  i. a halogen-containing alcohol of the formula
      ##EQU6##
      in which: X is chlorine, bromine, or iodine;
PA1  R.sub.1 and R.sub.2, which may be the same or different, are hologen,
      chlorine, bromine, iodine, an alkyl group with from 1 to 6 carbon atoms,
      an aryl group with from 6 to 12 carbon atoms or an alkylaryl group; and
      R.sub.3 and R.sub.4, which may be the same or different are chlorine,
      bromine, iodine, hydrogen, an alkyl group with from 1 to 6 carbon atoms,
      an aryl group with from 6 to 12 carbon atoms or an alkylaryl group, in
      addition to which R.sub.1 and R.sub.3, together with the carbon atoms to
      which they are attached, may form a hydrocarbon ring with 5 or more
      members;
PAL  or
PA1  ii. an expoxide of the formula
      ##EQU7##
      in which: R and R', which may be the same or different, are hydrogen, an
      alkyl group with from 1 to 6 carbon atoms, an alkoxy group with from 1 to
      6 carbon atoms or a hydroxyalkyl group.
NUM  5.
PAR  5. A process as claimed in claim 1, in which the molar ratio of the
      catalyst components (a): (b) : (c) is 1 : 0.5 to 15 : 0 to 10.
NUM  6.
PAR  6. A process as claimed in claim 1, in which the cyclic olefin is a
      monocyclic or dicyclic olefin in which the C=C-double bonds are in a
      non-conjugated arrangement.
NUM  7.
PAR  7. A process as claimed in claim 1 in which the compound containing a
      C=C-double bond in conjugation with a CO-double bond is an
      .alpha.,.beta.-unsaturated aliphatic monocarboxylic or polycarboxylic
      acid, an .alpha.,.beta.-unsaturated aliphatic aldehyde and an
      .alpha.,.beta.-unsaturated aliphatic ketone.
NUM  8.
PAR  8. A process as claimed in claim 1, in which the polymerization is carried
      out in the presence of an inert organic solvent.
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ABST
PAL  Gaseous-phase polymerization of an .alpha.-olefin with a catalyst and
      without a liquid dispersant is carried out under the following conditions:
PA1  1. A solid phase comprising said catalyst and particulate olefin polymer is
      caused principally by mechanical agitation to undergo circulation in the
      up-and-down directions within a reaction chamber of substantially
      vertical-cylinder type, a reaction bed being formed by said circulating
      solid phase;
PA1  2. The ratio of the diameter to height of said reaction bed is of the order
      of from 1 : 0.5 to 1 : 3;
PA1  3. The starting-material .alpha.-olefin is supplied in liquid state into
      the reaction chamber from a point above the reaction bed and vaporized
      within the reaction chamber; and
PA1  4. Heat of polymerization reaction is removed principally by the latent
      heat of vaporization absorbed by said vaporization of the liquid
      .alpha.-olefin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to polymerization of olefins and more
      particularly to a new process and apparatus for producing olefin polymers
      by polymerizing .alpha.-olefins in gaseous phase.
PAR  Throughout this disclosure, including the appended claims, the terms
      "polymerization" and "polymers" are intended to include
      "homopolymerization", "copolymerization" and "homopolymers", "copolymers",
      respectively.
PAR  Various methods of producing crystalline high-molecular polymers by
      catalytic polymerization of .alpha.-olefins such as ethylene and propylene
      have been proposed. The catalysts used in these methods, in general, are
      solids, and of these, various catalysts of excellent stereospecificity are
      known.
PAR  One typical example of these methods is that wherein an .alpha.-olefin is
      caused to contact a polymerization catalyst dispersed in a liquid organic
      dispersing agent. It may be considered that the .alpha.-olefin dissolves
      in this dispersing agent and thereby contacts the catalyst. Processes
      based on this method in which a so-called Ziegler type catalyst is used as
      the polymerization catalyst are being industrially practiced in some
      instances because of several advantages thereof such as facility in
      producing olefin polymers of good crystallinity and stereospecificity and
      facility in controlling the polymerization temperature.
PAR  On the other hand, however, the practice of this method on an industrial
      scale is accompanied by various problems such as the necessity of using a
      large quantity of a purified dispersing agent and the necessity of a
      chemical treatment step for removing catalyst residue from the polymer
      formed since the yield with respect to the catalyst, that is, the ratio of
      the quantity of the olefin polymer formed to the quantity of the catalyst
      or the catalyst component used, is not very high.
PAR  In addition to the above described so-called slurry polymerization method,
      a method wherein polymerization is accomplished by causing an
      .alpha.-olefin in a gaseous phase to contact a catalyst in the substantial
      absence of a liquid dispersing agent. This method is disclosed in the
      specification of Japanese Patent Publication Nos. 1,895/1958 and
      9,892/1959. A process based on this method is, of course, free of the
      problems accompanying the use of a dispersing agent and can be considered
      to be a very economical process.
PAR  In this gaseous-phase process, the polymerization catalyst, which is
      generally a solid is used directly in its solid state, in a state wherein
      it is dispersed in a small quantity of a dispersing agent, in a state
      wherein it is borne on a carrier comprising a granular olefin polymer, an
      inorganic substance such as silica, alumina, titanium oxide, or calcium
      carbonate, or some other substance, or in some other suitable state and
      caused to contact the starting-material olefin in gaseous state. It can be
      easily surmised that the state of gas-solid contact in this process has a
      great effect on this polymerization process.
PAR  Accordingly, a number of proposals have heretofore been made relative to
      this point. For example, in one proposed process, a fludiized bed is
      formed by a solid phase comprising particles of the olefin polymer formed
      and the catalyst and by the starting-material olefin.
PAR  By this process, however, a gas flow velocity of at least 5 to 6 cm/second
      is ordinarily necessary for causing the above mentioned solid phase to
      become fluid, whereby not only is the supply of a large quantity of the
      starting-material olefin necessary, but fine solid-phase particles (the
      inclusion in which of the catalyst must be taken into consideration)
      accompany the starting-material olefin rising in the fluidized bed and are
      thereby discharged out of the system. Furthermore, in addition to regions
      of rapid flow, regions of very slow flow readily occur in the fluidized
      bed. In the latter regions of sluggish flow, there is a tendency of the
      olefin polymer formed to collect and solidify to become lumps, whereby
      continuous operation over a long period necessary for industrial practice
      is not possible.
PAR  As an attempt to solve the above described problems accompanying this
      fluidized-bed process, a process wherein the flow velocity of the gas sent
      toward the fluidized bed is lowered by applying to the fluidized bed an
      auxilliary mechanical agitation or vibration thereby to prevent the
      scattering of the fine solid phase has been proposed. However, even by
      this process, the above described problems cannot be completely solved.
PAR  More specifically, probably because of the decrease in the gas flow
      velocity, the porous or sieve-like partition for preventing fluid solids
      from dropping within the reaction vessel or the gas suction inlet is
      clogged with fine solid particles whereby the gas dispersion becomes
      irregular, or the flow of the gas is stopped. The resulting ununiform
      state of the fluidization gives rise to irregularities in the fluidized
      bed temperature or to agglomeration and solidification of olefin polymers.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a process and apparatus for
      accomplishing gaseous-phase polymerization of olefins with high efficiency
      and without the accompaniment of the above described difficulties. We have
      found that this object and other objects of this invention can be achieved
      by a mode of operation of specific limitations as described hereinafter.
PAR  According to this invention in one aspect thereof, briefly summarized,
      there is provided an improved process for gaseous-phase polymerization of
      an .alpha.-olefin in contact with a catalyst substantially without a
      liquid dispersing agent, the process being characterized in that it is
      carried out under the following conditions:
PAR  1. A solid phase comprising said catalyst and particulate olefin polymer is
      caused principally by mechanical agitation to undergo circulation in the
      up-and-down directions within a reaction chamber of substantially
      vertical-cylinder type, a reaction bed being formed by said circulating
      solid phase;
PAR  2. The ratio of the diameter to height of said reaction bed is of the order
      of from 1 : 0.5 to 1 : 3;
PAR  3. The starting-material .alpha.-olefin is supplied in liquid state into
      the reaction chamber from a point above the reaction bed and vaporized
      within the reaction chamber; and
PAR  4. Heat of polymerization reaction is removed principally by the latent
      heat of vaporization absorbed by said vaporization of the liquid
      .alpha.-olefin.
PAR  According to this invention in another aspect thereof, there is provided
      apparatus for the above described gaseous-phase polymerization of an
      .alpha.-olefin, which apparatus comprises: a reaction chamber of
      substantially vertical cylinder type for effecting contact between a
      gaseous-phase .alpha.-olefin and a solid-phase comprising a polymerization
      catalyst and a particulate olefin polymer; a solid-phase circulation
      mechanism for circulating said solid phase in the up-and-down directions
      within said reaction chamber, said mechanism not extending to the top part
      of the reaction chamber; a device for supplying liquid .alpha.-olefin
      provided within the reaction chamber above said solid-phase circulation
      mechanism; and an extraction device for extracting gaseous-phase
      .alpha.-olefin from the reaction chamber.
PAR  The nature, utility, and further features of this invention will be more
      clearly apparent from the following detailed description beginning with a
      consideration of general aspects and feature of the invention and
      concluding with specific examples of practice illustrating preferred
      embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is an elevational view, partly in vertical section, showing one
      specific example of the apparatus according to this invention;
PAR  FIG. 2 is a cross section of the apparatus shown in FIG. 1 as view upward
      to show one specific example of nozzles for injecting a liquid
      .alpha.-olefin; and
PAR  FIG. 3 is a flow sheet indicating one example of practice of the
      gaseous-phase polymerization of an olefin according to the invention.
PAR  FIG. 4 is a partial elevational view, partly in vertical section, of a
      variation of the apparatus illustrated in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with this invention, instead of rendering a solid phase
      comrpising a catalyst and a particulate olefin polymer into the state of a
      fluidized bed by means of a gaseous-phase olefin, contact of the two
      phases is brought about by mechanical agitation. Moreover, this mechanical
      agitation is attained by a specific mode of operation, that is, by causing
      the above mentioned solid phase to circulate in the up-and-down
      directions. In this manner, the objects of this invention are achieved.
PAR  By the practice of this invention, undesirable occurrences which impair the
      production operation, such as adhesion of solid particles within the
      reaction chamber, agglomeration or lumping of the reactants, clogging of
      parts such as partition plates and gas blowing nozzles, and scattering of
      fine particles outside of the reaction chamber, and which have been
      conspicuous as problems of the prior art are prevented. Furthermore, since
      a fluidized bed is not necessary, an ordinary vessel-type reactor can be
      used instead of a relatively large reactor for a fluidized bed.
PAR  This invention can be practiced, in general, by causing a solid phase
      comprising a polymerization catalyst and a particulate olefin polymer to
      circulate in the up-and-down directions by mechanical agitation within a
      reaction chamber of a substantially vertical-cylinder type thereby to
      contact a gaseous-phase olefin.
PAR  The term "a reaction chamber of substantially vertical-cylinder type" is
      herein used to specify a reaction chamber having substantially circular
      cross sections perpendicular to a certain axis which, moreover, is
      substantially vertical. The length of "cylinder", i.e., the height of this
      vertical-cylinder type reaction chamber, is not necessarily large relative
      to the diameter thereof.
PAR  It is necessary that this reaction chamber be capable of withstanding the
      pressures imposed thereon during the polymerization of .alpha.-olefins.
      Furthermore, it must have various openings in addition to those described
      hereinafter. Another requirement is that this reaction chamber be of a
      nature such that a jacket for a coolant or a heating medium can be
      provided on its outer part.
PAR  The component of the solid phase referred to as a "particulate olefin
      polymer" is ordinarily a polymer prepared separately at the time of
      starting of the polymerization reaction and has function as a catalyst
      carrier. As the reaction progresses, the olefin polymer formed undoubtedly
      comes to occupy the predominant parts of the solid phase. Furthermore
      depending on the necessity, this solid phase may contain, in addition to
      the above mentioned two indispensable components, solid particles which
      are soluble, insoluble, meltable or unmeltable.
PAR  As mentioned briefly hereinbefore, this solid phase circulates within the
      reaction chamber with and up-and-down flow pattern. One of the two most
      typical flow patterns which can be used is that of a downward flow in the
      region near the central axis of the vertical-cylinder reaction chamber and
      an upward flow along and in the vicinity of the inner surface of the
      cylindrical side wall of the chamber (flow pattern A). The other typical
      flow pattern is that of an upward flow in the central-axis region and a
      downward flow along and near the side wall of the chamber (flow pattern
      B).
PAR  In either of these patterns, the descending movement of the solid phase is
      preferably caused by the free fall thereof in the gaseous olefin.
      Accordingly, for establishing a pattern of this nature, any apparatus
      capable of causing particulate bodies to rise can be used. A rotary type
      agitation device is advantageous in that imparting of agitation energy is
      readily possible thereby. Accordingly, for creating the above described
      flow pattern A, a ribbon-agitator type apparatus is suitable, while a
      screw-agitator type apparatus is suitable for creating the flow pattern B.
      The up-and-down circulation of the solid phase may be accompanied by a
      rotational flow relative to the axis of agitation.
PAR  An apparatus of this character for up-and-down circulation is designed to
      have a limited height and to have a certain space in the upper part of the
      reaction chamber. This space is for accommodating a device for injecting
      the starting material olefin, while the limitation of the height of the
      circulation apparatus is necessary for maintaining the conditions relating
      to the size of the reaction bed as described hereinbelow.
PAR  The solid phase which circulates in this manner forms a certain agglomerate
      mass. That is, when the solid phase in the flow patterns A and B ascends
      or descends as it contacts the inner wall surface of the reaction chamber,
      a mass of a substantially vertical-cylinder shape of a diameter equal to
      the inner diameter of the reaction chamber and height corresponding to
      that of the solid-phase circulation apparatus is formed. Furthermore, in
      the case where an inner cylinder is provided within the reaction chamber,
      and a mass is formed within the inner cylinder, the inner diameter of the
      inner cylinder will become the diameter of the mass.
PAR  This mass is contact with the gaseous-phase olefin, in itself, constitutes
      the reaction bed of the polymerization reaction, and, in accordance with
      this invention, this reaction bed is so arranged that its
      diameter-to-height ratio is within the range of apprecimately from 1 : 0.5
      to 1 : 3, preferably from 1 : 0.8 to 1 : 2. The fact that the height of
      the reaction bed does not exceed 3 times the diameter can be said to
      indicate, indirectly, that this reaction bed is not a fluidized bed.
PAR  In the calculation of this ratio, the term "height" designates the distance
      from the lower end to the upper end of the reaction bed, while the term
      "diameter" designates the value of the diameter of the true circle of the
      same area as the cross section of the reaction bed in the case where the
      cross section thereof is not a true circle. In accordance with this
      invention, the height of the reaction bed is ordinarily of the order of
      from 60 to 80 percent of the height of the reaction chamber.
PAR  The starting material .alpha.-olefin is introduced by injecting it in
      liquid state toward the reaction bed from a point thereabove.
PAR  This injection of the olefin is advantageously accomplished by the use of
      one or more nozzles provided with a large number of small orifices
      directed in optimum directions so that the olefin thus introduced
      disperses and contacts substantially in a liquid state the reaction bed,
      particularly the upper surface of the reaction bed. Each nozzle may be of
      any suitable shape such as an annular shape, a disk shape, or a
      straight-line shape.
PAR  While the distance betwen the nozzle or nozzles and the upper surface of
      the reaction bed is not subject particularly to any specification, it is
      desirable that this distance be of a value such that a portion or all of
      the liquid-state olefin thus supplied contacts the reaction bed surface
      substantially in its liquid state. Accordingly, in addition to supplying
      the .alpha.-olefin from a point above the reaction bed, a portion thereof
      may be supplied directly into the reaction bed.
PAR  Control of the polymerization temperature is accomplished principally by
      continuous or non-continuous injection of the liquid .alpha.-olefin and
      preferably by the vaporization thereof in the reaction bed. For high
      efficiency of the reactor, the operation thereof is preferably carried out
      under conditions wherein the quantity of the olefin necessary for
      producing latent heat of vaporization required for removal of the heat of
      polymerization is generally greater than the supplied quantity of the
      olefin necessary for sustaining the polymerization reaction. Accordingly,
      in order to maintain the pressure of the reaction chamber at a specific
      constant value, gaseous-phase olefin is continuously or non-continuously
      extracted.
PAR  While this extraction of gaseous-phase olefin is ordinarily carried out
      through a discharge port provided exclusively for this purpose at the
      upper part of the nozzle for injecting the starting material olefin in
      liquid state, it is also possible to carry out a part or all of this
      extraction together with the extraction of the olefin polymer produced in
      particulate state as described hereinafter.
PAR  It is desirable that this extraction of the gaseous-phase olefin be carried
      out in a manner such that it is not accompanied by unintended particulate
      olefin polymer, or that the up-and-down mechanical circulation of the
      solid phase is not impaired. The olefin thus extracted can be liquefied
      and supplied again to the reaction chamber.
PAR  While it is possible to remove the heat of polymerization sufficiently by
      utilizing the latent heat of vaporization of this liquefied olefin, it is
      also possible if necessary to install an auxiliary cooling device outside
      or inside of the reaction chamber. Perhaps the most common type of cooling
      device for this purpose is a jacket installed around the exterior of the
      reaction chamber and provided with passageways for flow of a coolant
      therethrough.
PAR  In the case of continuous polymerization reaction, it is necessary to take
      the particulate olefin polymer product out of the reaction chamber in a
      continuous or non-continuous manner and to introduce the polymerization
      catalyst into the reaction chamber also in a continuous or non-continuous
      manner.
PAR  The extraction of the particulate olefin polymer product from the reaction
      chamber is relatively simple. Since the reaction chamber is pressurized,
      in general, an opening with a valve is provided in the vicinity of the
      position where the solid phase of the reaction chamber exists, whereby,
      when the valve is opened, the particulate olefin polymer is ejected
      together with the gaseous-phase olefin.
PAR  While the polymerization catalyst may be introduced in the form of a
      catalyst prepared beforehand, in the case where the catalyst comprises
      several components as in a Ziegler type catalyst, for example, the
      components are introduced into the reaction chamber separately or in
      previously combined groups of certain components thereby to form the final
      catalyst system within the reaction chamber.
PAR  In any case, it is possible to introduce the catalyst or a catalyst
      component into the reaction chamber by dissolving or dispersing the same
      in a small quantity of an inert solvent or by causing the same to be borne
      on a solid carrier such as, for example, a particulate olefin polymer or
      an inorganic substance such as silica, alumina, titanium oxide, or calcium
      carbonate.
PAR  In the introduction of the catalyst, the introduced catalyst or catalyst
      component is dispersed uniformly in the reaction bed principally by
      mechanical agitation. It is desirable, however, that in addition the
      catalyst or component be already dispersed uniformly within the reaction
      bed at the inlet, for example, in the state of a mist by a liquid or gas.
PAR  The olefin polymer thus produced is in a particulate state of a particle
      diameter of the order of from 0.01 to 5 mm., representative diameters
      being from 0.1 to 1 mm. This polymer may be used directly without removing
      the catalyst. Depending on the necessity, the catalyst is removed by a
      common procedure, and then any of various auxiliary materials such as a
      stabilizer, moldability agent, blending resin, and filler are added
      depending on the use, whereupon the final product is obtained.
PAC  APPARATUS
PAR  While the aforedescribed circulation of the solid phase comprising the
      polymerization catalyst and the particulate olefin polymer can be
      accomplished by any of the various modes described before, we have found
      that optimum circulation can be attained through the use of a circulation
      device of the ribbon agitator type.
PAR  The ribbon agitator per se is known and ordinarily has one or more ribbon
      vanes fixedly mounted on a rotating shaft. Since the function of the
      ribbon vanes is to cause the particulate solid phase to rise, it is
      preferably of continuous construction from the bottom to the top. However,
      if desired, these vanes may be structures which are split at intermediate
      parts thereof. It is desirable that these ribbon vanes be of a size such
      that the clearance between their outer peripheral parts and the inner wall
      surface of the reaction chamber is made as small as possible.
PAR  When a ribbon-agitator type circulation device is used, the solid phase
      assumes the aformentioned flow pattern A. Accordingly, it is necessary, in
      general, to cause the particulate solid phase which has fallen to the
      vicinity of the lower part of the agitator shaft to be borne on the ribbon
      vane positioned near the inner wall surface of the reaction chamber. It is
      desirable, therefore, to extend the lower end part of each ribbon vane in
      conformance with the contour of the bottom of the reaction chamber to a
      point in the vicinity of the agitator shaft, to provide anchor-shaped
      agitator blades at the lower part of the ribbon vanes, or, as illustrated
      in FIG. 4, to provide inwardly projecting projection la  for example,
      conical projection at the bottom part of the reaction chamber thereby to
      cause the solid phase which has descended to migrate toward the inner
      surface of the the reaction chamber wall.
PAR  In a specific example of the apparatus according to this invention as
      illustrated in FIG. 1, there is provided a reaction chamber constituting
      the principal structure thereof. This reaction chamber is in the form of a
      vertical cylindrical tank with dished upper and lower ends and is provided
      with at least an inlet N-1 for introduction of a liquid .alpha.-olefin,
      inlets N-2 for introduction of a catalyst, a circulation gas outlet N-3 an
      outlet N-4 for extraction of the particulate olefin polymer product, and a
      ribbon vane 3 mounted on a vertical agitator shaft 5 and driven by a motor
      (not shown) as essential parts.
PAR  While the agitator shaft 5 in this example extends downward into the
      chamber l through a sealing gland at the top thereof, it may alternatively
      extend upward through a sealing gland at the bottom. As still another
      modification, a ribbon vane without a central shaft may be used. While an
      agitator blade 2 having an anchor shape conforming to the shape of the
      dish-shape bottom of the reaction chamber l is provided at the lower part
      of the ribbon vane 3, this lower part can be modified in a number of ways.
PAR  The aforementioned inlet N-1 for introduction of the liquid .alpha.-olefin
      communicate with a nozzle 4 for injection of the liquid .alpha.-olefin.
      This nozzle in the instant example is in the form of two parallel tubes,
      as shown in FIG. 2, each having a plurality of minute orifices. The
      number, size, and positions of these orifices are determined by the
      distance between the nozzle and the reaction bed and the diameter of the
      reaction bed. It is desirable that these orifices have a configuration
      such that the liquid .alpha.-olefin will be readily injected as a fine
      spray or mist.
PAC  OPERATION
PAR  One specific example of practice of the olefin gaseous-phase polymerization
      according to the invention is indicated by the flow sheet in FIG. 3.
PAR  An .alpha.-olefin from a line 11 is transferred by a pump 21 to a liquid
      .alpha.-olefin reservoir 7, where the olefin is first stored temporarily.
      From the bottom of the reseroir 7, liquid .alpha.-olefin is drawn by a
      pump 22 through a line 13 and delivered through a line 14 to be introduced
      through the inlet N-1 of the aforedescribed reaction chamber l and thereby
      injected through the nozzle 4. The liquid .alpha.-olefin thus injected is
      vaporized in the reaction bed. A portion of the liquid .alpha.-olefin may
      be supplied directly into the reaction bed through another separate
      nozzle.
PAR  A portion, or a component, or all of the catalyst is pumped by a pump 24
      through a line 16 to be charged into the reaction chamber l through the
      inlet N-2 at the top thereof and (or) through the inlet N-2 in the side
      wall thereof. Depending on the necessity, a portion, or a component, of
      the catalyst is charged by a pump 23 through a line 15 into the
      aforementioned line 14 for supplying liquid olefin or directly into the
      chamber l through an inlet N-2 in the side wall thereof, thereby into the
      reaction bed. It is desirable that this charging of the catalyst or a
      portion thereof be carried out by a method such that it is dispersed
      uniformly and instantaneously by the inlet into the reaction bed.
PAR  When, with the progress of the polymerization reaction, the level of the
      reaction bed reaches a predetermined position, the particulate olefin
      polymer formed is extracted and transferred through a line 17 to a
      separator 8 by utilizing pressure difference. The particulate olefin
      polymer and the accompanying gas are separated in the separator 8 and
      taken out through lines 18 and 19, respectively.
PAR  The .alpha.-olefin which has been excessively vaporized in order to cause
      it to generate latent heat of vaporization is released, for example, by a
      pressure-regulating valve (not shown) and extracted through a line 20 from
      the reaction chamber l to be liquefied in a condenser 6. The olefin thus
      liquefied is returned to the reservoir 7.
PAR  While the velocity at which the liquid .alpha.-olefin is injected through
      the nozzle 4 and the rotational speed of the ribbon agitator is determined
      by the temperature which is to be maintained within the reaction chamber
      and the allowable temperature distribution, the injection velocity is
      ordinarily of the order of from 100 to 2,000 mm/second, while the agitator
      rotational speed is of the order of from 5 to 120 rpm., which corresponds
      to a vane peripheral velocity of the order of from 0.5 to 10
      meters/second.
PAR  While the polymerization temperature is not subject especially to any
      restriction except that it be lower than the softening temperature of the
      .alpha.-olefin polymer to be formed, it is ordinarily from 30.degree. to
      150.degree.C, preferably from 50.degree. to 120.degree.C. The
      polymerization pressure may of any value within a range wherein the
      .alpha.-olefin within the reaction chamber can exist in the gaseous phase,
      practical pressure, ordinarily being from atmospheric pressure to 100
      atmospheres, preferably of the order of from 20 to 80 atmospheres.
PAR  The essential requirement for the polymerization catalyst is that it be
      capable of causing the .alpha.-olefin to polymerize in the gaseous phase
      at a polymerization temperature below the softening point of the
      .alpha.-olefin polymer to be formed and of converting the .alpha.-olefin
      into a crystalline polymer. Examples of such a catalyst are those
      disclosed in the specifications of the aforementioned Japanese Patent
      Publication Nos. 1,895/1958 and 9,892/1959.
PAR  Of these catalysts, the so-called Ziegler-type catalysts are suitable,
      particularly solid catalysts comprising combinations of alkylaluminum
      compounds and titanium compounds. Examples of such alkylaluminum compounds
      are tri-lower alkylaluminums and lower alkylaluminum halides. Examples of
      such titanium compounds are halogen compounds, lower alkoxy compounds, and
      lower alkoxy halogen compounds.
PAR  Various modifications of these catalysts are possible for the purpose of
      improving their polymerization activity, stereospecificity, and the other
      properties and (or) for changing the shapes of the polymers formed.
      Accordingly, it is to be understood that such modified catalysts are also
      usable in the practice of this invention.
PAR  While there is no special limitation with respect to the method of
      preparing the catalyst and the method of introducing the catalyst into the
      reaction chamber, it is preferable to introduce the catalyst in the
      following manner. A catalyst component or a catalyst prepared is dispersed
      or dissolved in a small quantity of a liquid inert organic solvent (for
      example, a hydrocarbon such as propane, butane, pentane, hexane,
      cyclohexane, benzene, and heptane) or in the liquid .alpha.-olefin to
      participate in the reaction, and the resulting dispersion or solution is
      introduced continuously into the reaction chamber at one part or several
      parts thereof by means of a pressurizing metering pump in a manner such
      that the catalyst component or prepared catalyst system is dispersed
      instantaneously at the charging inlet into the reaction bed.
PAR  It is preferable, of course, in the case of a catalyst system, such as
      trialkylaluminum and fine activated titanium trichloride, which readily
      undergoes change (particularly a lowering of polymerization activity) with
      the elapse of time when prepared before-hand outside of the reaction
      chamber, to introduce the catalyst components separately into the reaction
      chamber. Furthermore, it is desirable in all cases of catalyst systems of
      multiple components that they be introduced in a manner such that they are
      dispersed uniformly in the reaction bed to form the catalyst. It is also
      possible at the time of start-up of the operation to cause the catalyst
      system to be borne on particulate olefin polymer to form the reaction bed.
PAR  While the gaseous-phase polymerization of olefins according to this
      invention can be practiced, of course by a batch process, the use of a
      continuous process is advantageous.
PAR  Examples of .alpha.-olefins to which this invention is applicable are
      ethylene, propylene, and butene-1, either singly or as a mixture.
      Furthermore, in order to adjust the molecular weight, it is also possible
      to add to the .alpha.-olefin a small quantity of a known agent for
      adjusting molecular weights of gases, such as hydrogen, hydrogen chloride,
      and lower hydrocarbon halides.
PAR  In order to indicate still more fully the nature and utility of this
      invention, the following specific examples of practice constituting
      preferred embodiments of the invention, comparison examples, and results
      are set forth, it being understood that the example are presented as
      illustrative only, and that they are not intended to limit the scope of
      the invention.
PAC  EXAMPLE 1
PAR  Continuous gaseous-phase polymerization of propylene was carried out with
      the use of a catalyst comprising titanium trichloride and triethylaluminum
      in a weight ratio of 1 : 4, under a reaction pressure of 35 atmospheres,
      at a reaction temperature of 85.degree.C, and by means of a system as
      illustrated in FIG. 3.
PAR  A reactor corresponding to that shown in FIG. 1 was used. The ratio of the
      diameter to the height of this reactor was 1 : 2.4, and the ratio of the
      polypropylene reaction bed height to the reactor diameter was 1.2 : 1.
      Furthermore, the reactor was provided therein with an agitator vane of
      double-ribbon type of a diameter equal to 0.98 times that of the reactor,
      a ribbon width equal to 0.1 times the reactor diameter, and a helical
      pitch equal to 0.75 times the reactor diameter. This agitator vane was
      operated at 60 rpm. to impart principally up-and-down flow in the axial
      directions to the polypropylene within the reactor.
PAR  The reaction temperature was maintained by extracting a portion of the
      reaction gas from the top of the reactor, cooling and liquefying this gas
      in a heat exchanger with water at room temperature, and then spreading
      liquefied propylene uniformly at a velocity of approximately 700
      mm./second over the free surface of the polypropylene reaction bed through
      a spray nozzle for atomizing liquefied propylene. The quantity of the
      propylene circulated for this temperature control was 5.6 parts relative
      to 1 part of the propylene formed.
PAR  By this procedure, it was easily possible to control the temperature
      distribution within the reaction bed to within 2.degree.C, and, with
      respect to 1 part of the titanium trichloride, from 14,000 to 16,000 parts
      of a particulate polypropylene was obtained. The fraction insoluble in
      boiling heptane of this polypropylene was from 78 to 83 percent by weight.
PAR  After 700 hours of continuous operation, the reactor was opened and
      inspected, whereupon it was observed that there was no adhesion or lumping
      of the polypropylene whatsoever on the reactor wall, the agitator vane,
      and the propylene charging inlet. Furthermore, there was no scattering of
      polypropylene powder toward the propylene gas outlet. Accordingly, it was
      apparent that further continuous operation over a long period was
      possible.
PAC  EXAMPLE 2
PAR  Gaseous-phase polymerization of propylene was carried out with the use of a
      catalyst comprising titanium trichloride and diethyl-aluminum chloride in
      a ratio by weight of 1 : 3, under a reaction pressure of 35 atmospheres,
      at a reaction temperature of 85.degree.C, and by means of the same reactor
      and apparatus system as in Example 1.
PAR  For control of the molecular weight of the polymer product, 1.2 percent by
      volume of hydrogen was added to the propylene introduced into the reactor.
PAR  By this procedure, it was easily possible to control the distribution of
      temperature within the reaction bed within 2.degree.C, and from 3,200 to
      3,800 parts of a particulate polypropylene with respect to one part of the
      titanium trichloride was obtained. The fraction insoluble in boiling
      heptane of this polypropylene was from 92 to 94 percent by weight.
PAR  After 700 hours of continuous operation, the reactor was opened and
      inspected. As a result, it was found that there was no adhesion or lumping
      of the polypropylene whatsoever on the reactor wall, the agitator vane,
      and the propylene charging inlet. Furthermore, there was no scattering of
      polypropylene powder toward the propylene gas outlet. Accordingly, it was
      apparent that further continuous operation over a long period was
      possible.
PAC  EXAMPLE 3
PAR  Continuous gaseous-phase polymerization of ethylene was carried out under a
      reaction pressure of 40 atmospheres, at a temperature of 80.degree.C, and
      with the use of a catalyst comprising titanium trichloride and
      triethylaluminum in a ratio by weight of 1 : 4.
PAR  The reactor and apparatus system used were similar to those specified in
      Example 1 except that the cooling of the ethylene circulated for removing
      heat was accomplished by using a refrigerator and cooling and liquefying
      the gaseous ethylene at -15.degree.C by by means of a heat exchanger.
PAR  By this procedure, it was easily possible to control the distribution of
      temperature in the reaction bed within 2.degree.C, and from 18,000 to
      22,000 parts of a particulate polyethylene with respect to one part of the
      titanium trichloride was obtained.
PAR  After 700 hours of continuous operation, the reactor was opened and
      inspected. As a result, it was found that there was no adhesion or lumping
      of the polyethylene whatsoever on the reactor wall, the agitator vane, and
      the ethylene charging inlet. Furthermore, there was no scattering of
      polypropylene powder toward the ethylene gas outlet. Accordingly, it was
      apparent that further continuous operation over a long period was
      possible.
PAC  COMPARISON EXAMPLE 1
PAR  This is a comparison example with respect to Example 1 according to the
      practice of this invention.
PAR  Gaseous-phase polymerization of propylene was carried out under a reaction
      pressure of 35 atmospheres, at a reaction temperature of 85.degree.C, and
      with the use of a catalyst comprising titanium trichloride and
      triethylaluminum in a ratio by weight of 1 : 4.
PAR  The procedure of this Comparison Example 1 differed from that of Example 1
      in that the propylene to participate in the reaction and the liquid
      propylene for heat removal which was supplied for maintaining the reaction
      temperature were charged into the reactor through a nozzle provided in the
      bottom thereof.
PAR  By the above described procedure, the temperature distribution within the
      reaction bed exceeded 10.degree.C, and lumps of polypropylene were found
      to have formed within the reactor. Furthermore, polypropylene was adhering
      to the charging inlet for propylene, and further operation became
      impossible after 100 hours of continuous operation.
PAC  COMPARISON EXAMPLE 2
PAR  This is another comparison example with respect to Example 1 according to
      the practice of this invention.
PAR  Continuous gaseous-phase polymerization of propylene was carried out under
      a reaction pressure of 35 atmospheres, at a temperature of 85.degree.C,
      and with the use of a catalyst comprising titanium trichloride and
      triethylaluminum in a ratio by weight of 1 : 4.
PAR  The procedure of this Comparison Example 2 differed from that of Example 1
      in that a different agitator vane was used. More specifically, an
      anchor-type agitator vane of a diameter equal to 0.98 times the reactor
      diameter, a vane width equal to 0.1 times the reactor diameter, and a
      height equal to 1.5 times the reactor diameter was used and operated at 60
      rpm. to impart a flow principally in the circumferential direction to the
      polypropylene within the reactor.
PAR  By this process, the temperature distribution with the reaction bed reached
      a value above 20.degree.C, and because of adhesion, agglomeration, and
      lumping of the polypropylene, further operation after 12 hours of
      polymerization became impossible.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the production of an olefin polymer by contacting an .alpha.-olefin
      in a gaseous phase with a polymerization catalyst substantially in the
      absence of a liquid dispersing agent thereby to casue said .alpha.-olefin
      to undergo gaseous-phase polymerization, the improved process wherein said
      polymerization is carried out under the following conditions:
PA1  1. a solid phase comprising said catalyst and particulate olefin polymer is
      caused principally by mechanical agitation to undergo circulation in the
      up-and-down directions within a reaction chamber of substantially
      vertical-cylinder type, a reaction bed being formed by said circulating
      solid phase;
PA1  2. the ratio of the diameter to height of said reaction bed is of the order
      of from 1 : 0.5 to 1 : 3
PA1  3. substantially all the starting-material .alpha.-olefin is supplied in a
      liquid state into the reaction chamber from a point above the reaction bed
      and vaporized within the reaction chamber; and
PA1  4. heat of said polymerization reaction is removed principally by the
      latent heat of vaporization absorbed by said vaporization of the liquid
      .alpha.-olefin.
NUM  2.
PAR  2. A process for producing an olefin polymer as claimed in claim 1 in which
      any remaining portion of said starting-material .alpha.-olefin is
      introduced in a liquid state into said reaction bed.
NUM  3.
PAR  3. A process for producing an olefin polymer as claimed in claim 1 in
      which, during the progress of the polymerization, the catalyst is supplied
      to the polymerization system by dispersing the same in the liquid
      start-material .alpha.-olefin.
NUM  4.
PAR  4. A process for producing an olefin polymer as claimed in claim 1 in
      which, during the progress of the polymerization, the catalyst is supplied
      to the polymerization system by dispersing the same in a liquid inert
      solvent.
NUM  5.
PAR  5. A process for producing an olefin polymer as claimed in claim 1 in which
      the .alpha.-olefin is propylene.
NUM  6.
PAR  6. A process for producing an olefin polymer as claimed in claim 1 in which
      the .alpha.-olefin is ethylene.
NUM  7.
PAR  7. Apparatus for gaseous-phase polymerization of olefins comprising a
      reaction chamber of substantially vertical cylinder type for effecting
      contact between a gaseous-phase .alpha.-olefin and a solid-phase
      comprising a polymerization catalyst and a particulate olefin polymer; a
      solid-phase circulation mechanism for circulating said solid phase in the
      up-and-down directions within said reaction chamber, said mechanism not
      extending to the top part of the reaction chamber; a device for supplying
      liquid .alpha.-olefin to said solid-phase, provided within the reaction
      chamber, spaced above said solid-phase circulation mechanism out of
      contact therewith, said device for supplying liquid .alpha.-olefin being
      comprised of at least one nozzle provided with a plurality of small
      orifices so directed that the olefin thus supplied is dispersed and
      contacts the reaction bed substantially in the liquid state; an extraction
      device disposed in said reaction chamber above the level of said device
      for supplying liquid .alpha.-olefin for extracting gaseous-phase
      .alpha.-olefin from the reaction chamber, whereby extraction of said solid
      phase with said gaseous .alpha.-olefin is substantially avoided and a
      device disposed in said reaction chamber for supplying said cataylst to
      said solid phase disposed in the top and/or a side wall of said reaction
      chamber.
NUM  8.
PAR  8. Apparatus for gaseous-phase polymerization of olefins as claimed in
      claim 7 in which said solid-phase circulation mechanism is a ribbon-type
      agitator so shaped that the particulate solid phase which has fallen near
      the lower part of the central axis of the reaction chamber is borne upward
      near the inner surface of the cylindrical side wall of the chamber, and in
      which said reaction chamber is provided with outlet means for withdrawing
      particulate olefin polymer product.
NUM  9.
PAR  9. A process as claimed in claim 1, in which said .alpha.-olefin in the
      liquid state is injected into the reactor by means of at least one nozzle
      provided with a plurality of orifices to direct and disperse the
      .alpha.-olefin in a liquid state onto the reaction bed.
NUM  10.
PAR  10. A process as claimed in claim 1 in which at least part of said excess
      .alpha.-olefin in the gas phase is extracted from said reaction chamber at
      a point above the point where said .alpha.-olefin is supplied in a liquid
      phase to said solid phase, whereby the removal of particulate
      .alpha.-olefin polymer with the thus extracted gaseous .alpha.-olefin is
      substantially avoided.
NUM  11.
PAR  11. Apparatus according to claim 7 in which said circulation mechanism is a
      ribbon type agitator, the lower end part of each ribbon vane being
      extended so as to conform with the contour of the bottom of the reaction
      chamber.
NUM  12.
PAR  12. Apparatus according to claim 7 in which said circulation mechanism is a
      ribbon type agitator provided with anchorshaped agitator blades at the
      lower part of the ribbon vanes.
NUM  13.
PAR  13. Apparatus according to claim 7 in which said circulation mechanism is a
      ribbon type agitator and in which said reaction chamber is provided with
      inwardly projection protuberance at its bottom part, to cause descended
      solid to migrate toward the inner surface of the reaction chamber wall.
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ABST
PAL  Butadiene or isoprene are polymerized in the presence of a catalyst
      prepared by the interaction of (a) an aluminum compound of the general
      formula R.sub.2 AlX wherein R is an alkyl, cycloalkyl or aryl radical and
      X is hydrogen, halogen, or an alkyl, cycloalkyl or aryl radical, with (b)
      a metal halide selected from the group consisting of the chlorides,
      bromides and iodides of titanium and zirconium, the resulting polymer
      having a high degree of flexibility at low temperature.
BSUM
PAR  This invention relates to the polymerization of butadiene and isoprene. In
      some of its aspects the invention pertains to the polymerization of
      butadiene alone, isoprene alone, or mixtures of butadiene with isoprene in
      any proportions to form a synethetic rubbery material having exceptional
      low temperature flexibility. In other aspects the invention provides a new
      type of polymeric material, i.e., high molecular weight rubbery polymers
      of butadiene or isoprene which are flexible at much lower temperatures
      than synthetic rubbers prepared from the same monomers under conventional
      conditions yet are stiffer than such conventional polymers at temperatures
      ranging from somewhat belwo room temperature and above. Still other
      aspects of the invention provide vulcanized polybutadiene or polyisoprene
      having the properties just mentioned. Yet other aspects of the invention
      provide improvements in the polymerization of butadiene and/or isoprene
      with catalysts exemplified by the material obtained by the interaction of
      a trialkylaluminum with titanium tetrachloride.
PAR  There is a great need for elastomeric materials which can be vulcanized,
      which have appreciable strength and body at the ordinary temperatures such
      as 0.degree.C. on up to 100.degree.C. and higher, while retaining
      flexibility at extremely low temperatures, such as minus 30.degree. to
      minus 100.degree.C. and even lower. Such materials are of particular
      importance to the military, for equipment to be used under arctic
      conditions, and particularly for aircraft, rockets, guided missiles and
      the like to be used at extremely high altitudes where very low
      temperatures are encountered.
PAR  The present invention provides an elastomeric material suitable for these
      uses, and having low temperature properties that are outstanding and
      indeed unique. The polymers prepared in accordance with the invention are
      rubbery, can be subjected to all of the conventional processing steps
      including incorporation of vulcanizing agents such as sulfur,
      accelerators, antioxidants, fillers, reinforcing agents, pigments,
      plasticizers, other polymers, and the like, can be milled, mixed in
      Banbury mixers, and handled in the various other ways known to the rubber
      industry, and can be formed by compression molding, extrusion, etc., into
      a wide variety of articles such as pneumatic tires for vehicles, gaskets,
      sealing rings, fabric coating, flexible tubing and the like, followed by
      vulcanization to produce a high strength article having excellent
      flexibility at extreme low temperatures.
PAR  The invention is carried out by polymerizing butadiene-1,3, or isoprene, or
      a mixture of butadiene and isoprene, in the presence or a catalyst
      prepared by the interaction of (a) an aluminum compound of the general
      formula R.sub.2 AlX wherein R is an alkyl, cycloakly, or aryl radical and
      X is hydrogen, halogen, or an alkyl, cycloalkyl or aryl radical, with (b)
      a metal halide selected from the group consisting of the chlorides,
      bromides and iodides of titanium and zirconium. The practice of the
      various aspects of the invention will be described by way of example, with
      particular reference to catalysts prepared by the interaction of
      trialkylaluminums, e.g., triethylaluminum, triisobutylaluminum,
      triocylaluminum, with titanium tetrachloride. Particular reference will
      also be made to the use of butadiene, but it is to be understood that
      isoprene is also meant, and that mixtures of these two conjugated diolefin
      hydrocarbons can be employed in any proportion in order to obtain the
      desired physical characteristics.
PAR  While the polymerization of this invention can be carried out with a
      variety of combinations of variables, it is usually preferred to carry out
      the polymerization at a temperature below about 35.degree.C., and/or by
      the use of trialkylaluminums containing long alkyl groups, e.g., those
      averaging at least 8 carbon atoms per alkyl group. These preferred
      procedures are desirable for the purpose of increasing the yield of the
      polymer.
PAR  Suitable aluminum compounds to be reacted with the chlorides, bromides or
      iodides of titanium or zirconium are those represented by the general
      formula R.sub.2 AlX wherein R is an alkyl, cycloalkyl or aryl radical and
      X is hydrogen, halogen, or an alkyl, cycloalkyl or aryl radical. By way of
      example, but not limitation, the following compounds are mentioned:
PA1  triethylaluminum
PA1  triisobutylaluminum
PA1  trioctylaluminum
PA1  didodecyloctylaluminum
PA1  diisobutylaluminum hydride
PA1  tridodecylaluminum
PA1  diphenylaluminum bromide
PA1  dipropylcyclohexylaluminum
PA1  ditolymethylaluminum
PA1  tri-(.beta.-phenylethyl)aluminum
PA1  diethylaluminum chloride
PA1  diisobutylaluminum chloride
PA1  diisobutylaluminum iodide
PA1  di(.beta.-cyclohexylpropyl)isobutylaluminum
PAL  It is to be understood that mixtures of the foregoing types of aluminum
      compounds can be employed. One can use the total reaction mixtures
      obtained in the formation of such compounds, e.g., by treatment of
      metallic aluminum with alkyl halides resulting in the formation of such
      mixtures as R.sub.2 AlCl plus RAlCl.sub.2, termed alkylaluminum
      sesquihalides.
PAR  The aluminum compounds in question are interacted with one or more
      chlorides, bromides or iodides of titanium or zirconium, the chlorides and
      iodides being preferred. The titanium or zirconium in these halides should
      be in a valence form higher than the lowest possible valence. The
      tetrahalides are especially preferred, although the dihalides, trihalides,
      mixtures of di-, tri- and tetrahalides, etc., can be used. Preferred
      titanium or zirconium compounds are those that are soluble in an organic
      solvent (preferably a hydrocarbon such as hexane, benzene, kerosene, etc.)
      that is used in preparing the catalyst. Titanium or zirconium compounds
      other than the named halides, e.g., those called alcoholates, alkoxides or
      esters by various investigators such as titanium tetramethoxide (also
      called tetramethyl titanate), titanium triethoxide, tripropoxytitanium
      chloride, zirconium tetra-n-butoxide, or fluorides of titanium or
      zirconium, or complexes such as zirconium acetylacetonate, K.sub.2
      TiF.sub.6, or salts of organic acids such as the acetates, benzoates, etc.
      of titanium and zirconium, can be used to prepare catalysts with at least
      some activity and to that extent can be considered equivalents of the
      halides; however, such compounds are usually prepared from the halides and
      hence are more costly, and also are usually less active, so their use is
      economically sound only where in a particular situation favorable effects
      can be obtained such as increased solubility in an organic solvent that is
      used in preparing the catalyst, or polymer of increased molecular weight,
      or faster reaction rate. Although the exact action resulting from
      contacting the aluminum compound with the titanium or zirconium compound
      is not understood, it is believed likely that the zirconium or titanium
      halide is reduced in valence by the reaction of the added aluminum
      compound. The mol ratio of aluminum compound to titanium (or zirconium)
      compound, or stated another and simpler way, the mol ratio of aluminum to
      titanium (or zirconium), can vary over a wide range, suitable values being
      from 0.3:1 to 10:1 on up to 15:1 or higher. It is generally preferred to
      use an Al:Ti mol ratio betweein 2.0:1 and 5:1. The same ratios apply in
      the case of the zirconium compounds. While active catalysts can be
      prepared by a variety of procedures, the simplest and perhaps most
      effective is to add the titanium or zirconium halide to the aluminum
      compound, preferably in the presence of an inert organic solvent. Such
      solvents can suitably be saturated aliphatic and alicyclic, and aromatic,
      hydrocarbons, halogenated hydrocarbons, and saturated ethers. The
      hydrocarbon solvents are generally preferred. By way of example can be
      mentioned liquefied propane, isobutane, normal butane, n-hexane, the
      various isomeric hexanes, cyclohexane, methylcyclopentane,
      dimethylcyclohexane, dodecane, industrial solvents composed of saturated
      and/or aromatic hydrocarbons, such as kerosenes, naphthas, etc.,
      especially when hydrogenated to remove any olefin compounds, and
      especially those ranging in boiling point up to 600.degree.F. Also,
      benzene, toluene, ethylbenzene, cumene, decalin, ethylene dichloride,
      chlorobenzene, diethyl ether, o-dichlorobenzene, dibutyl ether,
      tetrahydrofurane, dioxane.
PAR  It may also be mentioned here that the polymerization can readily be
      effected in the presence of any of the classes of solvents and specific
      solvents just named. If the proportion of such solvent is kept low in the
      reaction mixture, such as from 0 to 0.5 part by weight inert organic
      solvent (i.e., inert to the reactants and catalysts under the conditions
      employed) per 1 part by weight total polymer produced, solvent recovery
      steps are obviated or minimized with consequent advantage. It is often
      helpful in obtaining efficient contact between monomers and catalyst and
      in aiding removal of heat of reaction, to employ larger amounts of
      solvent, for example from 5 to 30 parts by weight solvent per 1 part by
      weight total polymer produced.
PAR  The amount of catalyst required is dependent on the other variables of the
      polymerization reaction, and although amounts as small as 0.01 weight per
      cent based on total weight of monomers charged are sometimes permissible,
      it is usually desirable to use larger amounts, such as from 2 to 5 per
      cent or even considerably higher. When polymerization is effected in the
      presence of a solvent, the catalyst to solvent weight ratio should be at
      least about 0.003:1.
PAR  The diolefin monomer is contacted with the catalyst in any convenient
      manner. A suitable procedure is to introduce it into intimate contact with
      the catalyst, with agitation provided by suitable stirring or by bubbling
      the gaseous monomeric material into a liquid suspension of the catalyst,
      either in the total quantity of monomer to be used during the
      polymerization, or gradually by intermittent or continuous addition to the
      reaction mixture. It is desirable to provide at least enough agitation
      during the polymerization to effect adequate and intimate admixture of the
      butadiene (or isoprene or mixture of the two), with catalyst. Where the
      reaction is carried out at or near atmospheric pressure, it is convenient
      merely to bubble the butadiene into the reaction mixture, at a rate not
      greatly in excess of the maximum rate at which it is taken up by
      polymerization. When isoprene is being charged, it can be introduced
      gradually as a liquid, or as a gas if the temperature is somewhat elevated
      above room temperature. The reaction can be carried out batchwise by
      providing the total diolefin and catalyst in the reaction vessel, such as
      a mechanically stirred or shaken pressure bomb, into which is introduced
      the total diolefin to be used in the reaction. Preferably, however,
      especially in order to provide controlled reaction rates and avoid too
      great an extent of reaction during a limited period of time which would
      cause undesirably high and possibly dangerous rise in temperature and
      pressure, the diolefin is added to such a bomb intermittently or
      continuously at a rate adapted to maintain an essentially constant
      pressure, which may be about atmospheric, or even sub-atmospheric, which
      would seldom be advantageous, or often superatmospheric within the ranges
      described hereinafter. The polymerization of this invention is also
      readily adapted to continuous flow processes. For example, all the monomer
      plus catalyst can be admixed and passed continuously through an elongated
      reaction tube of comparatively small diameter, which is contacted
      externally with a suitable cooling medium to maintain desirable reaction
      temperature. The diolefin and/or the catalyst can be added multipointwise
      along the length of the reaction tube if desired. These and numerous other
      variations of carrying out the polymerization will be well understood by
      those skilled in the polymerization art.
PAR  The catalyst is sensitive to various poisons, among which may be mentioned
      oxygen, water, carbon dioxide, carbon monoxide, and acetylenic compounds
      such as acetylene, vinylacetylene, and the like. For this reason, suitable
      precautions should be taken to protect the catalyst and the reaction
      mixture from such materials. An excess of the aluminum compound,
      particularly mol ratios of aluminum to titanium or zirconium in excess of
      about 4:1, tends to give a certain amount of protection against these
      poisons. The diolefin need not be pure diolefin so long as it is
      reasonably free from poisons. Thus, a mixture of butadiene with butanes,
      with or without some butenes, can be used, and such mixtures are readily
      obtainable from refinery gases and from butadiene manufacturing processes
      such as those involving dehydrogenation of butanes and butenes, thereby
      avoiding the treatment of same to provide the butadiene in highly
      concentrated form. However, it is preferred to separate the butadiene from
      other hydrocarbons and obtain a butadiene content in the feed of at least
      75 weight per cent and preferably abour 90 weight per cent. The same
      consideration apply with respect to isoprene, which can be utilized in
      admixture with other close boiling hydrocarbons, including pentenes if
      desired, but which preferably ranges in purity from 75 to 90 per cent
      isoprene and higher. As has also been mentioned above, a variety of
      solvents can be present during the reaction.
PAR  The polymerization can be effected over a wide range of temperatures, such
      as from the boiling point of butadiene or isoprene at atmospheric or
      superatmospheric pressure down to say minus 40.degree.C. and even lower.
      It is usually preferred that the temperature be maintained at about
      30.degree.C. or below. A temperature ranging up to 100.degree.C. and
      higher is satisfactory. It is seldom advantageous, however, to exceed
      50.degree. or 60.degree.C., and room temperature is quite satisfactory.
PAR  The polymerization reaction is suitably carried out at atmospheric pressure
      or higher. Although sub-atmospheric pressures are permissible, there would
      seldom be any advantage. Pressures ranging from atmospheric up to several
      hundred or even many thousand pounds per square inch, e.g., 50,000 psi.
      and higher, are suitable. While high pressures are not required in order
      to obtain the reaction, they will have a desirable effect on reaction rate
      and in some instances on polymer quality. The choice of whether or not to
      use an appreciably elevated pressure will be one of economic and practical
      considerations taking into account the advantages that can be obtained
      thereby.
PAR  The polybutadiene or polyisoprene is essentially insoluble in the usual
      solvents at room temperature and even at somewhat elevated temperatures,
      so that in most instances the polymer separates out as insoluble soft,
      rubbery flakes as it is formed. The reaction mixture can readily be worked
      up by filtering, centrifuging or otherwise removing the solid polymer from
      the liquid material. The solid polymer is then desirably washed with
      organic solvents for removal of catalyst residues which impart color to
      the polymer. It is often desirable to include a treatment with
      hydrochloric acid dissolved in a suitable organic solvent, e.g., methanol,
      and preferably with a small amount of water present, in order to obtain
      maximum removal of catalyst residues. The polymer can also be washed with
      isobutanol to effect considerable removal of catalytic material. Many
      other procedures and materials can be used to work up the products and all
      such can be employed without departing from the invention. When the rubber
      is to be used in a finished composition or article in which a light color
      is not essential, a simple separation of polymer followed by a single
      washing with organic solvent may often be sufficient, as catalyst residues
      that may remain in the polymer after such treatment will not be
      objectionable because of their color. However, if the rubber is to be used
      for electrical insulation applications, thorough removal of catalyst
      residues is desirable.
PAR  Butadiene is cheaper and more readily available than isoprene. Further,
      polybutadiene has a number of properties that make it superior to
      polyisoprene for many uses. Thus, butadiene is the preferred monomer in
      the practice of the invention. However, it is often desirable to
      copolymerize a mixture of butadiene with isoprene, the latter generally
      being present in the polymer in the smaller proportion by weight. An
      especially valuable copolymer contains from 95 to 70 weight per cent
      butadiene and correspondingly from 5 to 30 weight per cent isoprene, and
      is an elastomer having properties resembling those of the polybutadiene
      but of a somewhat broadened transition range and exceptional low
      temperature flexibility. A copolymer predominating in isoprene can be made
      containing, say, 10, 20, 30 or 40 weight per cent butadiene.
PAR  Sulfur is the preferred vulcanizing agent to use with the polymers of this
      invention. However, other vulcanizing agents, e.g., sulfur monochloride,
      are also effective. Zinc oxide is also a valuable component of mixes to be
      vulcanized. The following recipes are given by way of example of complete
      recipes suitable for curing the polymers of this invention to give
      desirable vulcanized compositions. Those skilled in the art, having had
      the benefit of these examples and the other information disclosed herein,
      will be able to devise a variety of other recipes suited to the particular
      intended use. In the following tabulation of recipes, the parts are by
      weight.
TBL  ______________________________________                                    
     RECIPE I          RECIPE II                                               
     ______________________________________                                    
     Polybutadiene                                                             
                 100.00    Polyisoprene  45.00                                 
     Sulfur      2.00      Sulfur        1.00                                  
     Zinc oxide  3.00      Zinc oxide    20.00                                 
     Blanc Fixe            Whiting       30.00                                 
     (barium sulfate)                                                          
                 55.00                                                         
                           Iron oxide (red)                                    
                                         1.00                                  
     Mercaptobenzothia-                                                        
     zole (zinc salt)                                                          
                 1.00      Chrome yellow 0.50                                  
     Tetramethylthiuram    Lamp black    0.30                                  
     monosulfide 0.25                                                          
                           Mercaptobenzothia-                                  
                                         0.50                                  
     Stearic acid                                                              
                 1.25      zole                                                
                           Diphenylguanidine                                   
                                         0.10                                  
     Vulcanized by heating 6 min.                                              
                       Vulcanized by heating at 260.degree.F.                  
     at 310.degree.F.  for 1 hour.                                             
     ______________________________________                                    
     RECIPE III                                                                
     Butadiene 85/isoprene 15 copolymer                                        
                             100.00                                            
     Sulfur                  2.50                                              
     Zinc oxide              5.00                                              
     EPC carbon black        45.00                                             
     Mercaptobenzothiazole   1.00 to                                           
                             1.5                                               
     Paraflux                10.00                                             
     Vulcanized by heating at 260-275.degree.F. for 5 min.                     
     per 1/32" thickness.                                                      
     ______________________________________                                    
PAL  The components of the various mixtures indicated above are brought into
      intimate admixture with each other in the usual way, as on mill rolls. As
      reinforcing agents, furnace, channel or acetylene black are all suitable
      although of course the properties of the final product will be dependent
      upon the particular black chosen as well as upon other factors. The
      furnace blacks are preferred in many instances. Of particular interest are
      the semi-reinforcing blacks (SRF) such as "Furnex", the high abrasion
      furnace blacks (HAF) such as "Philblack"--A and --O and "Statex" --R, and
      the superabrasion furnace blacks (SAF) such as "Vulcan" --9. Black loading
      will naturally be dependent upon the properties desired in the final
      product, but in general will be within the range of 10 to 70 phr and
      preferably 20 to 50 phr (parts carbon black by weight per 100 parts rubber
      by weight). In addition to or instead of carbon black, other typical
      rubber reinforcing agents, e.g., finely divided silicas, can be employed.
      Also, fillers such as clays and the like, pigments, softeners,
      age-resistors, vulcanization accelerators, curing agents, etc. can be
      employed in proportions chosen to fit the end use of the compound rubber.
      Among the well-known materials commericially available and from which
      choice can be made as desired, there can be mentioned by way of example
      clay, magnesium oxide, lead dioxide, calcium oxide, calcium carbonate,
      iron oxide, titanium dioxide, pumice, powdered leather, asbestoc fibers,
      pine tar. Neozone D, sodium acetate, Santocure, Neozone A, Ureka C,
      El-Sixty, Captax, zinc laurate, diphenyl guanidine, Bardol, Carbonex,
      Polyac, Akroflex C, Acrowax C, Methyl Tuads, Altax; the compositions of
      those materials mentioned by trade-name are well known to those skilled in
      the art, and can be ascertained by reference to the literature of the
      manufacturers as well as standard reference works on chemical trade-names.
PAR  The following specific example is given by way of illustration of one
      suitable combination of catalyst, conditions for catalyst preparation,
      polymerization conditions, and methods of working up the product. It will
      be understood, however, that variations from the exact details given can
      be made without departing from the invention.
DETD
PAC  EXAMPLE
PAR  A 500-ml. flask was set up with motor stirrer, thermometer, condenser,
      nitrogen inlet and funnels for adding catalyst components. These funnels
      were also equipped with nitrogen tubes. Lamp grade nitrogen was used to
      flush the reactor and addition funnels to avoid contact of catalyst
      components and reaction mixture with air. A sparger tube was provided for
      introduction of butadiene, the tube dipping into the liquid reaction
      mixture to a point just above the stirrer blade. Gaseous butadiene was
      first passed through a bubbler to determine the approximate rate of
      addition and then into the reactor through the sparger tube just
      described. Unreacted gas flow rate was approximated by passing it from the
      end of the condenser through a bubbler.
PAR  To the reactor was added 1.14 gram triethylaluminum in 100 ml. kerosene.
      There was then added dropwise 2.85 grams TiCl.sub.4 in 50 ml. kerosene
      while stirring, followed by 50 ml. more kerosene. This was an Al:Ti mol
      ratio of 0.67:1. The catalyst mixture was stirred 10 minutes, and then
      addition of gaseous butadiene started.
PAR  Absorption of butadiene gas was quite rapid, and slowed only to a limited
      extent during the latter part of the run. The butadiene addition was
      continued for a period of 4 hours, 45 minutes, following which the reactor
      was sealed under nitrogen.
PAR  After standing overnight, the reaction mixture was treated with 200 ml.
      methanol containing 10 ml. concentrated aqueous HCl, stirred 30 minutes,
      and filtered; the solids were washed several times with acetone until
      washings were colorless, and placed in the vacuum oven to dry.
PAR  During the run butadiene was bubbled through the reaction mixture at a rate
      considerably faster than the rate of polymerization. A total of 41 grams
      butadiene was passed into the reactor, and the dried polymer recovered was
      6.4 grams.
PAR  During the entire run the reactor had been held at room temperature,
      increaded slightly by the heat of polymerization so that the actual
      temperature in the reactor ranged from 27.degree. to 32.degree.C. The
      pressure was atmospheric.
PAR  The polybutadiene product was molded by compression molding into a test
      sample which was subjected to the Clash-Berg test. This is a measure of
      the stiffness of a plastic specimen as a function of temperature, measured
      by means of a torsional test. It is essentially that described by Clash
      and Berg, Ind. Eng. Chem. 34, 1218 (1942). The brittle temperature
      (T.sub.f) is the temperature at which the rigidity modulus is 135,000 psi.
      The rubber temperature (T.sub.2000) is the temperature at which the
      rigidity modulus is 2000 psi.
PAR  This polymer showed outstanding low temperature properties in the
      Clash-Berg test. The rigidity modulus-temperature curve thus obtained was
      nearly linear. The T.sub.2000 was minus 12.degree.C., which is markedly
      higher than the T.sub.2000 for polybutadienes prepared by conventional
      polymerization processes, such as emulsion polymerization. On the other
      hand, at minus 75.degree.C. (the lowest temperature available in the test
      equipment) the modulus was only 12,000 psi. The 12,000 psi modulus is
      reached by conventional polybutadienes at considerably higher
      temperatures. Thus, the slope of the modulus-temperature curve for the
      polybutadiene of this invention is less than the corresponding slope for
      conventional polybutadienes, which means that the temperature range
      between the two given moduls values is much greater for the material of
      this invention.
PAR  By extrapolation of the curve, the T.sub.f was estimated to be minus
      167.degree.C. Thus, the estimated Stifflex Range (SR) was 155.degree.C.
      (The Stifflex Range is defined as T.sub.2000 minus T.sub.f).
PAR  From these data it is apparent that this polybutadiene has a much lower
      second order transition temperature (approximated by T.sub.f) than
      conventional polybutadiene, and yet is much stiffer at ordinary
      atmospheric temperatures. This very broad transition range is of much
      importance in practical applications of the rubber.
PAR  This polymer when subjected to the action of various solvents at romm
      temperature over a period of one day was insoluble in gasoline and in
      ethylene dichloride, and was swollen by carbon tetrachloride and by
      benzene.
PAR  This polybutadiene can be readily vulcanized by any of the conventional
      vulcanization recipes, such as those employing sulfur. One suitable recipe
      is that given above under the heading Recipe III, with 100 parts of this
      polybutadiene being used in place of the 100 parts copolymer. This mix, on
      heating at 140.degree.C. for 5 minutes per 1/32 inch thickness, gives a
      tough vulcanized polybutadiene of outstanding low temperature flexibility
      and broad transition range.
PAR  It may be noted that in compounding recipes involving the use of carbon
      black or various fillers, reinforcing agents or pigments, such as clay,
      calcium carbonate, etc., in which the final product need not be light
      colored for the intended use, the fresh polymer need not be subjected to
      such severe washing and treatment for removal of catalyst residues as is
      given in the proceding example.
PAR  While the invention has been described herein with particular reference to
      prefeerred embodiments thereof, it will be appreciated that variations
      from the details given herein can be effected without departing from the
      invention in its btoadest aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for polymerizing 1,3-butadiene which comprises contacting said
      1,3-butadiene with a catalyst consisting essentially of (a) a compound
      corresponding to the formula R.sub.3 Al, wherein R is an alkyl radical
      having 2 to 4 carbon atoms and (b) titanium tetraiodide.
NUM  2.
PAR  2. A process for producing rubbery vulcanizable polybutadiene which is
      characterized by improved flexibility at low temperatures, which process
      comprises polymerizing butadiene-1,3 in an inert hydrocarbon medium in the
      presence of a catalyst resulting from the interaction in said medium of
      (a) a trialkyl aluminum of the formula R.sub.3 Al wherein R is an alkyl
      radical containing 2 to 8 carbon atoms and (b) titanium tetraiodide, the
      mole ratio of aluminum to titanium being from 0.3 to 1 to 15 to 1.
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ABST
PAL  Linear ultrahigh molecular weight polyethylene exhibiting a unique
      combination of rigidity and toughness and the process for the preparation
      thereof comprising inducing crystallization of the molten polyethylene at
      temperatures in the range of about 150.degree. to about 270.degree.C. by
      rapidly increasing the pressure applied from an initial level of about 1
      to about 1000 atmospheres or more depending on temperature to a second
      level of about 2000-7000 atmospheres and higher and then cooling rapidly
      while maintaining a pressure sufficient to maintain the linear
      polyethylene in the solid phase until the temperature is below the
      crystalline melting point of linear polyethylene at atmospheric pressure.
      The resulting rigid, tough linear ultrahigh molecular weight polyethylene
      having a crystalline melting point of 142.degree. to 148.degree.C. at
      atmospheric pressure, as measured by differential thermal analysis, and by
      the absence of detectable low-angle X-ray scattering peaks indicative of
      crystalline spacings in the range of 50 A to 2000 A and by the presence of
      a predominance of fold spacings of about 10,000 A as determined by
      electron microscopy, and further characterized by exhibiting at room
      temperature an elastic modulus in the range of 165,000 to 500,000 psi., a
      density of 0.95 to 0.98 gram/cc at 25.degree.C. and a tensile impact
      strength in the range of 125-600 ft.lb/in.sup.2.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to ultrahigh molecular weight linear polyethylene
      exhibiting a unique combination of rigidity and toughness in fabricated
      forms and a process for conversion of normal ultrahigh molecular weight
      linear polyethylene into fabricated articles having a unique morphological
      form and exhibiting unexpected rigidity and toughness.
PAR  2. Description of the Prior Art
PAR  Ultrahigh molecular weight (UHMW) linear polyethylene (LPE) has been known
      for some time. Such products were frequently obtained following the
      polymerization process using coordination catalysts (e.g. reaction
      products of TiCl.sub.4 and aluminum trialkyls) as first disclosed by
      Professor Karl Ziegler of the Max Planck Institute in Mulheim, West
      Germany. Such UHMW polyethylenes were not amenable to processing under
      commercial conditions in the conventional equipment used for plastics
      fabrication by means of injection molding, blow molding or screw
      extrusion. Subsequent process developments led to methods for molecular
      weight control yielding linear polyethylenes suitable for conventional
      processing above the crystalline melting point (128.degree.-134.degree.C.)
      and exhibiting normal viscous flow (melt indices of 0.10 to 50 and even
      higher). Such normal commercial grades usually have a M.sub.w of the order
      of 150,000.
PAR  More recently, means have been disclosed for fabricating UHMW LPE into
      articles exhibiting outstanding toughness, as measured by impact strength,
      but relatively low stiffness, due apparently to the relatively low degree
      of crystallization of the polymers of ultrahigh molecular weight. The
      properties of sheets fabricated by compression molding from UHMW LPE have
      been described in some detail. Representative values listed in Table I
      were disclosed in SPE J, 27, 44 (June 1971).
TBL                TABLE I                                                     
     ______________________________________                                    
     PHYSICAL PROPERTIES OF UHMW LPE                                           
     AS CONVENTIONALLY FABRICATED                                              
     ______________________________________                                    
     Density            about   0.94 g/cc                                      
     Tensile Yield Strength     3000-3100 psi.                                 
     Ultimate Tensile Strength  5500 psi.                                      
     Ultimate Tensile Elongation                                               
                                500-900%                                       
     Tensile Impact Strength    500-1000 ft.lb/in.sup.2                        
     Modulus (in flexure)       85,000 psi.                                    
     Hardness, Rockwell R.      50                                             
     ______________________________________                                    
PAL  From the physical properties tabulated in Table I it is apparent that,
      while UHMW LPE is tough and strong, its density (and hence also its
      crystallinity) and modulus are more characteristic of branched
      polyethylenes of intermediate density.
PAR  The morphology of linear polyethylenes of normal commercial grades having
      normal molecular weights (M.sub.w of the order of 150,000) has been
      extensively studied over the years since first disclosed in the early
      1950's. The linear chains exist in a linear zig-zag conformation and
      crystallize by folding back on themselves to a folded chain (FC)
      conformation having crystal fold-spacings normally in the range of 100 to
      500 A but sometimes, depending on thermal history, over the range of
      50-1000 A in the direction of molecular chains.
PAR  However, in recent years studies have been disclosed of the effects of very
      high pressures on the morphology of standard grades of linear
      polyethylene. Of particular significance in this regard are a series of
      papers published by Professor Bernhard Wunderlich and associates at
      Rensselaer Polytechnic Institute [Journal of Polymer Science: Part A-2, 7,
      2043-2113 (1969)]. Wunderlich's publications describe the effects
      resulting from the application of very high pressures [2000-7000 bars (1
      bar is approximately 0.9869 atm. or 14.504 lb/in.sup.2)] during either
      annealing or crystallization from the melt. It is believed that under
      these conditions initial nucleation into folded chains is followed by
      chain extension in the solid state to give a new morphological form,
      termed extended-chain (EC) crystals. Furthermore, crystallization under
      such super pressures results in a degree of fractionation whereby the
      lower molecular weight fraction of the macromolecules crystallizes first
      as bundles of fully extended chains. Subsequently, most of the higher
      molecular weight fraction also crystallizes into bundles of extended
      chains or still greater lengths. Some of these higher molecular weight
      fractions appear to be folded to a reduced extent. However, a typical
      overall average value for these extended and partially extended chains is
      2500 A.
PAR  The procedure described by Wunderlich involved placing normal polyethylene
      in bronze bellows, heating to a temperature above the atmospheric pressure
      melting point (about 133.degree.C.) and placing the bellows into a heated
      hydrostatic fluid and applying pressures of 2-7 kilobars over a period of
      many hours, sometimes with slow cooling during this time. The resultant
      polyethylenes were characterized as brittle at room temperature, as having
      a density in the range of 0.980-0.993 g/cc and as having a crystalline
      melting point in the region of 141.degree.-142.degree.C. The process was
      repeated generally as described by Wunderlich and it was confirmed that,
      while the resultant EC polyethylenes had densities in the above range and
      were very stiff, they were brittle and friable on bending or striking at
      room temperature and inductile (1-2% elongation at break). Such
      limitations make them unattractive for use in the plastics industry.
PAC  SUMMARY OF THE INVENTION
PAR  There has now been discovered a novel process whereby ultrahigh molecular
      weight linear polyethylene (UHMW LPE) can be converted rapidly and
      economically into UHMW LPE which exhibits a unique, unexpected and
      extremely valuable combination of properties heretofore unobtainable with
      any polyolefin resin.
PAR  The critical feature of the process involves inducing the crystallization
      of UHMW LPE melt at temperatures above about 150.degree.C. by rapidly
      increasing the pressure applied from an initial level of 1 to about 1000
      atmospheres or more depending on temperature to a second level of about
      2000 to about 7000 atmospheres and even higher, if desired, and then
      cooling rapidly while maintaining a pressure sufficient to maintain the
      LPE in the solid phase until the temperature is below the crystalline
      melting point of the LPE at atmospheric pressure. Crystallization into a
      unique rigid tough polyethylene occurs as the LPE passes rapidly through a
      crystallization zone at the liquid-solid phase boundary as the pressure is
      increased.
PAR  In accordance with the invention there now has been discovered rigid tough
      ultrahigh molecular weight linear polyethylene (RT UHMW LPE) characterized
      by an elastic modulus in the range of 165,000 to 500,000 psi., a tensile
      impact strength in the range of 125-600 ft lb/in.sup.2, a crystalline
      melting point in the range of 142.degree. to 148.degree.C. at atmospheric
      pressure, as measured by differential thermal analysis, a density of 0.95
      to 0.98 g/cc at 25.degree.C. and a unique crystalline form characterized
      by the absence of any detectable low-angle x-ray scattering peaks
      indicative of fold spacings in the range of 50-2000 A and by the presence
      as seen in electron microscope photographs of cross sections, of a
      predominance of crystal spacings of about 10,000 A.
PAR  The UHMW LPE of this invention exhibits a unique, unexpected and extremely
      valuable combination of rigidity and toughness heretofore unobtainable
      with any polyolefin resin.
PAR  The RT UHMW LPE of this invention is prepared by a novel process comprising
      subjecting UHMW LPE to high pressures followed by rapid cooling while
      maintaining a sufficient pressure to keep the UHMW LPE in the solid phase
      until the temperature is below the crystalline melting point of the UHMW
      LPE at atmospheric pressure.
PAR  The critical feature of the process involves inducing rapid crystallization
      or rapid recrystallization of UHMW LPE at temperatures above about
      150.degree.C. and at pressures slightly, but not greatly, more than those
      required to crystallize the UHMW LPE at the operating temperature. These
      conditions may be reached in a variety of ways involving combinations of
      heating, cooling, compression and decompression of melted or solid UHMW
      LPE, as described in more detail below. After brief exposure under these
      conditions the UHMW LPE is compressed to a higher pressure and then cooled
      as rapidly as feasible to a temperture below the melting temperature of
      the resin at one atmosphere, so that the pressure may then be reduced to
      one atmosphere and the temperature to room temperature.
PAR  In accordance with the invention a process has been discovered for
      converting ultrahigh molecular weight linear polyethylene, having an
      M.sub.w greater than 800,000 and for example, having a crystalline melting
      point in the range of 131.degree. to 139.degree.C. at atmospheric pressure
      as determined by differential thermal analysis, a reduced specific
      viscosity greater than 8, measured at 135.degree.C. in
      decahydronaphthalene at a concentration of 0.05-0.10% by weight of
      polyethylene after applying a correction to reduce the results to zero
      shear and a crystalline morphology characterized by the presence of
      low-angle X-ray scattering peaks indicative of fold spacings in the range
      of 50 A to 2000 A, into a different crystalline form characterized by a
      crystalline melting point of 142.degree. to 148.degree.C. at atmospheric
      pressure, as measured by differential thermal analysis, and by the absence
      of detectable low-angle X-ray scattering peaks indicative of crystalline
      spacings in the range of 50 A to 2000 A and by the presence of a
      predominance of fold spacings of about 10,000 A, as determined by electron
      microscopy, and further characterized by exhibiting at room temperature an
      elastic modulus in the range of 165,000 to 500,000 psi. a density of 0.95
      to 0.98 grams/cc at 25.degree.C. and a tensile impact strength in the
      range of 125-600 ft.lb/in.sup.2, which comprises inducing crystallization
      of the molten polyethylene at temperatures in the range of 150.degree. to
      270.degree. C. by rapidly increasing the pressure applied from an initial
      level of 1 to about 1000 atmospheres or more depending on temperature to a
      second level of about 2000 to about 7000 atmospheres and higher and then
      cooling rapidly while maintaining a pressure sufficient to maintain the
      linear polyethylene in the solid phase until the temperature is below the
      crystalline melting point of linear polyethylene at atmospheric pressure.
PAR  The process of this invention also involves preparing rigid tough (RT)
      linear polyethylene (LPE) from ultrahigh molecular weight linear
      polyethylene having an M.sub.w greater than 2,000,000, said RT LPE being
      characterized by exhibiting in combination an elastic modulus in the range
      of 270,000 to 460,000 psi., a tensile impact strength in the range of
      140-480 ft.lb/in.sup.2, a crystalline melting point in the range of
      143.degree. to 146.degree.C. at atmospheric pressure as measured by
      differential thermal analysis, and a density at 25.degree.C. in the range
      of 0.96 to 0.98 g/cc., by a process which comprises heating the linear
      polyethylene to a temperature in the range of about 150.degree. to about
      230.degree.C. under substantially atmospheric pressure, rapidly applying a
      presssure to the heated mass of between 3000 and 6000 atmospheres and
      higher over a period of from 0.5 to 300 seconds to force the polyethylene,
      by plastic flow, into a mold, and holding the thus shaped mass under the
      aforesaid pressure to allow crystallization to occur under pressure while
      cooling rapidly to a temperature in the range of 20.degree. to
      120.degree.C., releasing the pressure and removing the shaped article from
      the mold.
PAR  Alternative procedures may be used to initiate the process. Thus, in the
      process involving crystallization the UHMW LPE can first be melted near
      atmospheric pressure and heated to the range of about 150.degree. to about
      210.degree.C. prior to applying pressure rapidly to about 3000 to about
      5000 atmospheres. Alternatively, the UHMW LPE can be simultaneously heated
      and compressed, passing from the solid to the liquid phase, and then again
      to the solid phase.
PAR  The process also involves forming an RT LPE from ultrahigh molecular weight
      linear polyethylene having an M.sub.w greater than 800,000, said RT LPE
      being characterized by exhibiting in combination an elastic modulus in the
      range of 165,000 to 500,000 psi., a tensile impact strength in the range
      of 125 to 600 ft.lb/in.sup.2, a crystalline melting point in the range of
      142.degree. to 148.degree.C. at atmospheric pressure, as measured by
      differential thermal analysis and a density at 25.degree.C. in the range
      of 0.95 to 0.98 g/cc. by compressing the linear polyethylene maintained in
      the solid state to a pressure in the range of 2000-7000 atmospheres while
      heating to a temperature in the range of 170.degree.-260.degree.C., and
      then rapidly recrystallizing the linear polyethylene by decompressing to
      the range of 1-3500 atmospheres and immediately recompressing the linear
      polyethylene at a pressure in the range of 2000-7000 atmospheres, then
      rapidly cooling to a temperature below about 120.degree.C. while
      maintaining a pressure in the range of 500-7000 atmospheres sufficient to
      maintain all of the linear polyethylene in the solid phase, and thereafter
      releasing the pressure and recovering the RT LPE.
PAR  In still another alternative procedure wherein recrystallization is
      involved the UHMW LPE is compressed to about 3000 to 6000 atmospheres and
      heated to at least about 185.degree.C. or into the range of
      185.degree.-230.degree.C., entirely in the solid phase and then subjected
      to a rapid decompression to about 10-1500 atmospheres and then
      recompressed to about 3000-6000 atmospheres. This procedure results in
      recrystallization from the normal folded chain morphology to the novel
      highly extended folded chain morphology with relatively small temperature
      change which minimizes the need for time for heat transfer to occur in the
      crystallization process. Thereafter, the linear polyethylene is cooled
      rapidly to below about 120.degree.C. while maintained under sufficient
      pressure to keep it all in the solid phase. Once the temperature is below
      the temperature of melting at atmospheric pressure, the pressure can be
      rapidly released.
PAR  In another preferred embodiment the process comprises heating ultrahigh
      molecular weight linear polyethylene at or near atmospheric pressure to a
      temperature in the range of about 150.degree. to about 180.degree.C.
      rapidly applying to the heated mass over a period of from 1.0 to 300
      seconds a pressure in the range of 3000 to 5000 atmospheres and then
      cooling to a temperature in the range of 20.degree. to 120.degree.C. as
      rapidly as heat transfer can be accomplished, releasing the pressure and
      obtaining RT UHMW LPE in a unique morphological form. The process is
      operable at pressures above 5000 atmospheres but such higher pressures are
      not required.
PAR  The polyethylene of the present invention is referred to herein as "RT
      polyethylene" or "RT UHMW polyethylene" in view of its unique combination
      of high rigidity and toughness, comparable in the plastics field to that
      of the polycarbonates. Unlike ordinary linear polyethylene or UHMW LPE
      prepared by other methods, this RT polyethylene is malleable, like metals;
      it exhibits unusual hardness and a very low coefficient of friction. It
      can be machined into precision shapes such as gears, nuts and bolts,
      fasteners and the like. It can be further fabricated by solid state
      extrusion under very high pressures into shaped articles such as cups.
PAR  For the purposes of this invention ultrahigh molecular weight linear
      polyethylene (UHMW LPE) is defined as a linear polyethylene having an
      estimated weight-average molecular weight (M.sub.w) in excess of about
      800,000, usually 2,000,000 to 3,000,000, as defined by a melt index (ASTM
      D-1238) of essentially zero and a reduced specific viscosity (RSV) greater
      than about 8, preferably 25 to 30. The RSV is obtained by measuring the
      specific viscosity at 135.degree.C. in decahydronaphthalene at a
      concentration of 0.05 to 0.1% by weight of a solution of the polyethylene
      after applying a correction to reduce the results to zero shear rate and
      after dividing this corrected result by the concentration (c) expressed as
      grams/100 cc of solution at 135.degree.C. The relationships of RSV to
      intrinsic viscosity and to M.sub.w are those developed by R. Chaing as
      presented by P. S. Francis, R. C. Cooke, Jr., and J. H. Elliott, J.
      Polymer Science, 31, 453 (1958). For the purposes of this invention
      satisfactory determinations of RSV may also be obtained from measurements
      of viscosity in other solvents through the correlations presented by M. O.
      De La Cuesta and F. W. Billmeyer, Journal Polymer Science, Part A, 1,
      1721-1734 (1963). The UHMW LPE of this invention includes but is not
      limited to the very high molecular weight linear polyethylene described in
      Properties and Uses of Very High Molecular Weight High-Density
      Polyethylene by W. D. Gloor, Modern Plastics, November, 1961. With some
      samples of extremely high M.sub.w, portions representing the highest
      molecular weight failed to dissolve, so that the determination of M.sub.w
      through solution viscosity in these samples is in error. However, in these
      cases (1) actual values of c are less than computed values, (2)
      viscosities are, thus, less than those which would have been obtained had
      all material dissolved, so that (3) the resulting values of M.sub.w were
      less than those for complete solution. Thus, these values of M.sub.w can
      be construed as minimum values.
PAR  The modulus of elasticity is the ratio of a tensile or a compressive stress
      to the corresponding strain at strains low enough, usually less than 1 to
      2%, that the relation between stress and strain is linear, for practical
      purposes at least. Although the modulus values below were obtained through
      experiments in tension, equally satisfactory values could have been
      obtained through compression or flexure. Whatever the test mode the
      results may be used to interpret and predict behavior broadly through
      formulas that are well known.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram imposed on a phase diagram for the purposes
      of illustrating the temperature, pressure and resulting phase changes of
      one embodiment of the process of this invention.
PAR  FIG. 2 is a schematic diagram imposed on a phase diagram which illustrates
      the temperature, pressure and resulting phase changes which occur in a
      preferred high temperature recrystallization process.
PAR  FIG. 3 is a plot, on a log-log scale, of representative values of tensile
      impact strength (TI), in foot pounds per square inch, versus
      representative values of elastic modulus (E) in pounds per square inch for
      RT polyethylene, as prepared by the process of the present invention
      (defined by the oval region 1) as compared with other forms of linear
      polyethylene and other known thermoplastic resins. This serves to
      illustrate the unique combination of rigidity and toughness exhibited by
      RT polyethylene. The region defined by the circle, 2, defines these
      properties for normal folded chain UHMW LPE. The region defined by the
      oval, 3, defines these properties for high density linear polyethylene of
      normal commercial grade. The region defined by the circle, 4, defines
      these properties for isotactic, highly crystalline polypropylene. The
      region defined by the oval, 5, defines these properties for commercial ABS
      resins. The region defined by the circle 6 defines these properties for
      polyhexamethylene adipamide of 50% R.H. The region defined by the circle 7
      defines these properties for acetal homopolymers. In FIG. 3 the
      polycarbonate region is shown the relative positions of tensile impact
      strength and elastic modulus of various known polymers.
PAR  FIG. 4 is a drawing of two apparatus suitable for fabricating stock
      cylinders of RT polyethylene in a cylindrical mold using a piston to apply
      pressure.
PAR  FIG. 5 is a drawing of apparatus suitable for cold-forming of RT
      polyethylene from cylindrical plugs by plastic flow under very high
      pressure. The mold shown produces a cup-shaped article. Other molds can be
      substituted.
PAR  FIG. 6 (a) is an optical microscopic view of structures in microtomed
      sections observed between crossed polaroids showing "needles" in sample A
      of Example 5 at a magnification wherein the bar shown equals 10 microns.
PAR  FIG. 6 (b) is an optical microscopic view of structures in microtomed
      sections observed between crossed polaroids showing grainy birefringence
      in sample B of Example 6 at a magnification wherein the bar shown equals
      10 microns.
PAR  FIG. 6 (c) is an optical microscopic view of structures in microtomed
      sections observed between crossed polaroids showing ringed spherulites in
      sample C of Example 6 at a magnification wherein the bar shown equals 10
      microns.
PAR  FIG. 7 is a Transmission Electron Microscope (TEM) picture of a microtomed
      section of sample A of Example 6 showing parallel needles at a
      magnification wherein the distance between markers is 10 microns.
PAR  FIG. 8 is a Transmission Electron Microscope (TEM) picture of a microtomed
      section of sample B of Example 6 showing a random fibrous structure at a
      magnification wherein the distance between markers is 10 microns.
PAR  FIG. 9 is a Transmission Electron Microscope (TEM) picture of a microtomed
      section of sample C of Example 6 showing a ringed spherulite structure at
      a magnification wherein the distance between markers is 10 microns.
PAR  The physical properties of the novel RT polyethylene of this invention are
      exemplified in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     PHYSICAL PROPERTIES OF RT LINEAR POLYETHYLENE                             
     ______________________________________                                    
     Density               0.950-0.980 g/cc                                    
     Tensile Yield Strength                                                    
                           3400-4900 psi.                                      
     Ultimate Tensile Strength                                                 
                           4600-5700 psi.                                      
     Elongation at Yield   3-13%                                               
     Ultimate Tensile Elongation                                               
                           70-310%                                             
     Tensile Impact Strength                                                   
                           125-524 ft.lb/in.sup.2                              
     Elastic Modulus       165,000-450,000 psi.                                
     Hardness, Rockwell R  91                                                  
     ______________________________________                                    
DETD
PAR  The combination of properties exhibited by this RT polyethylene is
      completely outside anything previously described for a linear
      polyethylene, isotactic polypropylene or any other previously described
      polyolefin. FIG. 3 illustrates this uniqueness with respect to the
      combination of toughness as measured by tensile impact strength, and
      stiffness.
PAR  In a preferred embodiment RT polyethylene exhibits, in combination, a
      tensile impact strength in the range of 140-300 ft. lbs/in..sup.2 and an
      elastic modulus in the range of 340,000-460,000 psi.
PAR  The morphology of RT polyethylene also is unique. Low-angle X-ray
      diffraction shows a complete absence of any low-angle scattering peaks
      indicating fold spacings in the 50 to 2000 A region characteristic of
      normal linear polyethylene morphology and of the EC morphology of LPE in
      the normal molecular weight range. Rather the polymer exhibits a
      predominance of fold spacings of the order of 10,000 A (1 micron), as
      measured by electron microscopic photographs of cross sections. Since a
      true EC morphology for UHMW LPE with a weight average molecular weight
      (M.sub.w) equal to 2,000,000 would require an average length in
      crystalline array of about 182,000 A (18.2 microns), it is believed that
      this unique morphology involves either the presence of folded chains with
      distances between folds of approximately 10,000 A or a fringed micelle
      with the probability that the crystallites are frequently connected by
      molecular chains extending from one to another. Such anomalies can be
      termed structural "defects" in that they represent departures from
      perfectly ordered arrays. They are the counterparts in polymer morphology
      of defects such as vacancies and dislocations which have proved to be
      vitally important aspects of the structure of metals and other
      crystalline, nonpolymeric materials.
PAR  While the precise role of these "defects" in determining the observed
      physical characteristics of RT polyethylene has not been established, the
      probability exists that the special processing herein described combined
      with UHMW LPE to produce the novel "defect structures" which are partially
      or wholly responsible for the outstanding physical characteristics of the
      RT product.
PAR  The observed combination of physical properties associated with highly
      extended folded chain (HEFC) polyethylene is completely unexpected and not
      predictable from the previously observed properties of either normal FC
      polyethylenes or of the EC polyethylenes described by Wunderlich and
      others.
PAR  In preferred embodiments of the process of this invention RT polyethylene
      is produced as a stock cylindrical shape suitable for machining into
      useful articles. UHMW LPE is charged to a cylindrical mold (FIG. 4(a) or
      4(b)), heated to about 150.degree.-210.degree.C. and melted at
      substantially atmospheric pressure. It is known that the crystalline
      melting point, as measured by dilatometric analyses, rises with increasing
      pressure (see FIG. I, line 1). Therefore, crystallization is induced by
      forcing the piston into the mold rapidly. The pressure required to obtain
      the fabricated article in the form of RT polyethylene is determined by the
      initial temperature and is higher, the higher the starting temperature.
      When the lowest starting temperature is 150.degree.-180.degree.C. the
      lowest effective terminal pressure is about 3000 atmospheres. At a
      starting temperature of 210.degree.C., the lowest effective terminal
      pressure is about 5000 atmospheres.
PAR  Depending upon the size of the sample and mold, and provided that the
      system is substantially free from leakage, compression requires from about
      5 to about 300 seconds. Then the sample must be kept under substantially
      isobaric pressure while cooled rapidly to a temperature below the melting
      point of normal FC UHMW LPE at atmospheric pressure (about
      128.degree.-134.degree.C.) so that upon release of pressure, the UHMW LPE
      will not melt. In a 3/8 inch diameter mold, cooling with water required
      about 5 minutes. In a 2 inch diameter mold, cooling with air required
      about 120 minutes.
PAR  The process of this invention as described herein is also believed to be
      exemplified by reference to FIG. 1. Referring now to FIG. 1, line 1
      defines the phase separation between liquid (molten)polyethylene, above
      line 1, and solid crystalline polyethylene, below line 2. Lines 1 and 2
      define a crystallization zone, 3. The process exemplified commences at
      point 4 with the UHMW LPE heated to 170.degree.C. at or near atmospheric
      pressure. When pressure is rapidly applied, the temperature increases
      along line 5, passing through a crystallization zone 3 where nucleation
      and initial crystallization occur. At point 8, the pressure increase is
      stopped. Isobaric cooling along line 6 to point 9 completes the
      crystallization. Rapid expansion with release of pressure then follows
      line 7, and the fabricated article can then be removed from the mold at
      atmospheric pressure, point 10, at a temperature below the crystalline
      melting point.
PAR  The temperature rise shown in FIG. 1 is due to the exothermal nature of the
      compression process. The actual temperature reached at point 8 is
      estimated, since accurate measurement of internal temperature in the
      compressed LPE at the moment of maximum pressure is very difficult to
      achieve.
PAR  Where heat transfer may be a limiting factor in the rate of production, a
      process exemplified in FIG. 2 can be used, in whcih the UHMW LPE having
      normal FC morphology is heated and compressed entirely in the solid state
      (below line 2) to an initial temperature of about 200.degree.C., or in the
      range from 170.degree. to 260.degree.C., and to an initial pressure of
      2,000 to 7,000 atmospheres. Rapid recrystallization is then induced by
      rapidly decompressing to and into crystallization zone 3 and then
      recompressing to 2,000 to 7,000 atmospheres. Thereafter the LPE is rapidly
      cooled to below its melting point at atmospheric pressure, and preferably
      below about 120.degree.C., while maintaining pressures in the range of 500
      to 7,000 atmospheres sufficient to maintain all of the LPE below line 2 of
      FIG. 2 and, thus, in the solid state.
PAR  Referring now to FIG. II, lines 1 and 2 again define crystallization zone
      3. The process starts at point 4 where the UHMW LPE is at atmospheric
      pressure and at a temperature above room temperature but below the one
      atmosphere melting temperature. The temperature and pressure are increased
      along line 10 to a point 5 in the solid phase at about 200.degree.C., or
      from 170.degree. to 260.degree.C., and below the crystallization zone.
      Then rapid decompression along line 11 causes the UHMW LPE to pass with
      some decrease in temperature into or into and beyond or above the
      crystallization zone. Because the experiment is conducted rapidly and the
      period at reduced pressure is brief, so that equilibrium may well not be
      reached, and because experimental difficulties prevent measurements of
      point-to-point pressures and point-to-point temperatures within the UHMW
      LPE, it is not possible to specify the process exactly for cases in which
      the UHMW LPE passes above the crystallization zone. The path in FIG. 2
      through the crystallization zone 3 and to point 6 shows approximately what
      may be expected for the expansion at equilibrium to 1,000 atmospheres, if
      this can be achieved. For nonequilibrium cases it can be expected that the
      path will be a projection of line 11, more or less, as indicated by the
      broken line to point 15. At point 6, or point 15, about 1,000 atms., or 1
      to about 3,000 atms., decompression is stopped. The UHME LPE then is
      recompressed along line 12, passing from or to and then from
      crystallization zone 3 to a point 7 at 4,000 to 7,000 atms. Cooling with
      some decompression occurs along line 13 to point 8. Rapid decompression
      along line 14 to atmospheric pressure at a point 9 below 125.degree.C.
      then permits recovery of the fabricated article consisting of RT
      polyethylene. Again, as shown by the slope of line 11, decompression is
      endothermic particularly in the recrystallization zone where the
      endothermic recrystallization process occurs. Recompression along line 12
      is exothermic, particularly during recrystallization (zone 3).
PAR  The following Examples illustrate the invention but are not intended to
      limit it since obvious modifications will be apparent.
PAC  EXAMPLE 1
PAR  Thin sheets of RT polyethylene can be very rapidly prepared from
      compression-molded normal FC UHMW LPE in a rapid, stamping process. As an
      example, 1/4  .times. 1/4 inch pieces of 1/8 inch compression-molded FC
      UHMW LPE were placed on a film of Teflon polytetrafluoroethylene resin on
      a hot plate at atmospheric pressure in order to melt the UHMW LPE. The
      temperature of the sensing device was 160.degree.C. on top and
      270.degree.C. on the hot plate side. The temperature thus of the sample
      was about 160.degree.C. on the air side and 270.degree.C. on the hot plate
      side.
PAR  The molten UHMW LPE was then transferred rapidly to the cold (room
      temperature) lower platen of an 8 ton hydraulic press and compressed at
      the full capacity of the press over the range of about 0.5 second to 3
      seconds in separate experiments. Pressure was then immediately released
      and a small sheet of RT polyethylene recovered having about 3X   increase
      in transverse dimensions. The sheet exhibits the combination of
      exceptional stiffness and toughness characteristic of RT polyethylene.
PAC  EXAMPLE 2
PAR  The apparatus shown in FIG. 4(b) was used. A 2 inch diamter rod mold was
      heated at 170.degree.C. and was charged with approximately 1.3 pounds of
      UHMW LPE (nominal M.sub.w about 2,000,000). In order to fully fill the
      mold and eliminate entrapped air, repeated compaction over 1/2 hour was
      required using the 700 ton hydraulic press. A further period of about 11/2
       hours at low pressure and 170.degree.C. mold temperature was allowed for
      completion of heat transfer and melting of the sample. With the sample at
      temperature equilibrium, the two-inch diameter piston was loaded as
      rapidly as feasible (5 to 10 seconds) to the level of 75 tons of force
      (48,000 psi., 3260 atms.) to crystallize the sample. The mold was then
      cooled rapidly while maintaining this pressure, to about room temperature,
      requiring about 150 minutes. Pressure was then released. In order to free
      the product readily, the mold was immersed in dry ice and a  10 inch long
      cylindrical sample recovered. This process is representative of the
      process illustrated in FIG. 1.
PAR  The cylindrical sample proved to be extensively, though not fully converted
      to RT UHMW LPE. This could be judged qualitatively by the white color and
      the great hardness of the converted regions relative to the unconverted FC
      UHMW LPE, and quantitatively by DTA measurements. The unconverted regions
      were found largely toward the wall and toward the bottom of the mold,
      probably because the material in these regions was cooler than the
      material at the mold axis and top. Specimens from the converted regions
      were prepared for testing through machining. Results of this testing are
      shown in Table III. Insofar as feasible the specimens were made and tested
      according to the ASTM methods specified in the Table. However, because the
      dimensions of the RT LPE product and the quantity of this product were
      relatively limited, particularly with respect to the diametral direction
      of the cylindrical product rod, the ASTM procedures could not be followed
      fully. Thus, with respect to ASTM D-1708, (a) specimens were 1/2 inch wide
      at the tabs, rather than the specified 5/8 inch, (b) only two to five
      specimens per test, rather than five minimum, could be run, (c) standard
      deviations were not computed, and (d) tests in more than one direction
      were made only to the extent specified in Table III. During the early
      portions of the ASTM D-1708 determinations, modulus of elasticity was
      determined through the combined output on the testing-machine recorder of
      the standard force cell and of a standard extensometer; during this early
      portion of the experiment the crosshead was operated at a rate of 0.05
      inch/min., rather than the standard 0.5 inch/min. With respect to ASTM
      D-1822, (a) specimens were 1/16, rather than 1/8 inch thick, (b) only two
      to five specimens per test, rather than five minimum, could be run, (c)
      the specimens were clamped securely, but not bolted, (d) tests in more
      than one direction were made only to the extent specified in Table III,
      and (e) standard deviations were not computed.
PAR  The process was repeated at 160.degree.C. mold temperature with similar
      results except that the toughness, as measured by tensile impact strength,
      was increased. Again, the results are shown in Table III.
PAC  EXAMPLE 3
PAR  The malleability of the RT polyethylene product in Example 2 was
      illustrated by biaxial rolling of transverse circular sections from the 2
      inch rod prepared through the 160.degree.C. crystallization in Example 2.
      Because these sections were small in diamter and thus could not be
      uniformly restrained during rolling, the products proved to be somewhat
      irregular in transverse dimensions and in thickness. From the mean
      thicknesses shortly after rolling the deformation ratios were
      approximately (a) 1.9X .times. 1.9X, (b) 2.3X .times. 2.3X, and (c) 2.7X
      .times. 2.7X Later, after some recovery had occurred and when the
      specimens were tested using the procedures outlined in Example 2, the mean
      deformation ratios of the test specimens were approximately (a) 1.8X
      .times. 1.8X, (b) 2.1X .times. 2.1X, and (c) 2.4X .times. 2.4X. The
      properties observed in these tests are summarized in Table III.
PAR  By comparison, the original UHMW LPE used in Examples 2, 3 and 4 in normal
      compression molded from exhibited normal FC morphology by X-ray
      diffraction, a crystalline melting point by DTA of
      134.degree.-136.degree.C. and an elastic modulus of only 83,000 psi.
PAC  EXAMPLE 4
PAR  The rod mold was filled with melted UHMW LPE at 170.degree.C. in the manner
      described in Example 2. With the sample at temperature equilibrium the
      piston was loaded to the level of 7 tons (4,450 psi., 303 atm.) The mold
      was then cooled while maintaining this load to about room temperature,
      producing a rod of UHMW LPE having the normal FC morphology. This was
      recovered through cooling with dry ice as described in Example 2.
PAR  This sample, about 12 inches long, was shortened in a lathe to about 9
      inches and reinstalled in the mold with 11/2  inch long by 2 inch diameter
      (sliding fit in the mold) plugs of tetrafluoroethylene resin at each end
      of the polyethylene rod. The tetrafluoroethylene plugs served to reduce
      leakage at the ends of the mold to acceptable levels during the relatively
      long periods at high temperature and pressure required in the subsequent
      experiment.
PAR  Piston load was then increased to 75 tons (48,000 psi. 3,260 atm.) and the
      mold and its contents were heated to 205.degree.C., the pressure generated
      by the piston load serving to prevent the charge from melting. The
      temperature control system was then adjusted to control at 200.degree.C.
      In about three minutes the temperature of the steel mold reached
      equilibrium at 200.degree.C., leaving the temperature of the central
      portions of the polyethylene charge at or only slightly below the previous
      equilibrium temperature of 205.degree.C. The ram load was then reduced
      sufficiently that the compressed contents of the mold forced the piston to
      emerge from the mold by about 2.3 inches. Ram load was then restored to 75
      tons. The ram load at its minimum value during the expansion was about 2
      tons, corresponding to a nominal pressure of about 1,200 psi. or 80 atm.
      However, because the piston was not allowed sufficient time at minimum
      load to minimize frictional effects, true pressure within the mold at
      minimum load must have been substantially greater.
TBL                                    TABLE III                               
     __________________________________________________________________________
     PROPERTIES OF RT POLYETHYLENE OF EXAMPLES 2, 3 AND 4                      
          MELT                         TENSILE                                 
          TEMP.  MOR- TEST MELTING                                             
                                  VICAT.                                       
                                       STRENGTH.sup.5                          
     EXAM-                                                                     
          AT START                                                             
                 PHOL-                                                         
                      DIREC-                                                   
                           PT. DTA                                             
                                  TEMP..sup.4                                  
                                       PSI.                                    
     PLE  .degree.C.                                                           
                 OGY.sup.1                                                     
                      TION.sup.2                                               
                           PEAK.sup.3 .degree.C.                               
                                  .degree.C.                                   
                                       YIELD                                   
                                            ULTIMATE                           
     __________________________________________________________________________
     2    170    RT   A    145    --   4620 5660                               
     2    170    RT   D    145    --   4900 --                                 
     2    160    RT   A    145    --   4360  5100+                             
     2    160    RT   D    145    138  4790  5270+                             
     3(a) 160    RT   D    145    --   5640 9040                               
     3(b) 160    RT   D    144    --   6190 9880                               
     3(c) 160    RT   D    144    --   6810 12,000                             
     4    205 (solid)                                                          
                 RT   A    144    --   4200 4,900                              
     __________________________________________________________________________
                               TENSILE                                         
                                      IZOD                                     
                    ELONGA-    IMPACT IMPACT ELASTIC                           
               EXAM-                                                           
                    TION.sup.6 %                                               
                               STRENGTH.sup.7                                  
                                      STRENGTH.sup.8                           
                                             MODULUS.sup.9                     
               PLE  YIELD                                                      
                         ULTIMATE                                              
                               FT.LB/IN..sup. 2                                
                                      FT.LB/IN.                                
                                             PSI.                              
     __________________________________________________________________________
               2    2-5   70-160                                               
                               125    &gt; 14   394,000                           
               2    3    --    157    --     440,000                           
               2    4-9   204+ 337    &gt; 19   346,000                           
               2    4    310   524    --     430,000                           
               3(a) 11   147   290    --     279,000                           
               3(b) 9    117   260    --     160,000                           
               3(c) 13   120   284    --     362,000                           
               4    --   200   460    22     308,000                           
     __________________________________________________________________________
      NOTES:                                                                   
      .sup.1 "RT" designates the HEFC morphology unique to RT polyethylene.    
      X-ray shows no spacings in the range of 50-2000 A. Electron-micrographs o
      cross sections show the presence of crystals having about 10,000 A       
      spacing.                                                                 
      .sup.2 A = axial; D = diametrical                                        
      .sup.3 The Du Pont DTA analyzer, Model 900 was used at a heating rate of 
      10.degree.C. per minute. The values shown are minimum values.            
      .sup.4 Determined in accord with ASTM D-1525, as outlined above.         
      .sup.5 The procedure of ASTM D-1708 was used, as outlined above.         
      .sup.6 The procedure of ASTM D-1708 was used, as outlined above.         
      .sup.7 The procedure of ASTM D-1822 was used, as outlined above.         
      .sup.8 The notched specimen and procedure of ASTM D-256 were used.       
      However, the samples did not break so the result is nonstandard.         
      .sup.9 The procedure of ASTM D-1708 was used to obtain modulus in tension
      as outlined above.                                                       
PAL  The period with load less than 75 tons totaled about 5 minutes,
      representing largely the time required to reduce and then to restore
      pressure in the hydraulic system operating the press. The decrease in
      control temperature from 205.degree. to 200.degree.C prior to the
      expansion was included to reduce the temperature gradients generated
      within the polyethylene by adiabatic cooling during the period of
      expansion and in this fashion to promote conversion to RT HDPE. After
      restoring piston load to 75 tons the mold was cooled rapidly while
      maintaining this load to about room temperature. The load was then removed
      and the sample recovered in the fashion described in Example 2. This
      process is representative of the process illustrated in FIG. 2.
PAR  As with the crystallized samples in Example 2, the recrystallized sample
      proved to be only partly converted to RT UHMW LPE. However, reflecting the
      different thermal conditions generated through expansion, as opposed to
      compression, the unconverted regions were found near the axis of the
      cylindrical mold, probably because the material in these regions was
      cooler than the material adjacent to and in thermal contact with the walls
      of the mold. Specimens from the converted regions were prepared and tested
      as described in Example 2 with the results in Table III.
PAC  EXAMPLE 5
PAR  Plugs of RT polyethylene, prepared as previously described in Example 2 can
      be formed into articles (e.g., cup-shaped, tubular, and miscellaneous
      other shapes) by extrusion in the solid state under very high pressure. In
      this way, small cup-shaped articles were formed from cylindrical plugs
      0.50 inch in diameter by 0.86 inch in length (machined from a stock
      cylinder prepared as in Example 2) of RT polyethylene. The apparatus and
      mold used are shown in FIG. V. The mold and extrusion cylinder were heated
      to about 70.degree.C. Pressure was then applied to the cylindrical plug by
      means of a 1/2 inch diameter piston loaded to impose about 18
      tons/in.sup.2 load on the plug. The RT polyethylene then was extruded by
      forward solid-state plastic flow into the mold in about 4 minutes to yield
      cups having a 1 inch diameter and a 1 inch depth. These cups still
      exhibited the 145.degree.C. melting point by DTA and the malleability
      characteristics of RT polyethylene. At higher pressures, the time can be
      reduced.
PAR  The exceptional toughness and malleability of the RT polyethylene was
      demonstrated by pounding the cups heavily with a 1 pound wooden mallet
      which permanently deformed them but without shattering or breaking them.
PAC  EXAMPLE 6 - MICROSCOPIC OBSERVATIONS
PAR  Examination of a sample of ultrahigh molecular weight polyethylene
      crystallized in accordance with the invention has shown a morphology quite
      distinct and different from other polyethylene samples examined. A sample
      of UHMW polyethylene was prepared according to the process of Example 2
      and labeled sample A. A sample of low pressure crystallized normal UHMW
      LPE was labeled sample B. A sample of low pressure crystallized normal MW
      LPE was labeled sample C.
PAR  Microtomed sections were examined with the optical microscope in
      transmitted light between crossed polaroids and shown in FIGS. VI(a), (b)
      and (c). Micrograph VI(a) shows the structure of sample A, which consists
      of roughly aligned needles, ca. 10 microns long by 1 micron wide. This is
      quite different from the structure of sample B shown in micrograph FIG.
      VI(b) where a grainy birefringence is observed, and also quite different
      from the structure of sample C shown in micrograph FIG. 6(c), where the
      more familiar (ringed) spherulitic structure is seen.
PAR  This difference is further illustrated by FIGS. 7 to 9 where structures
      observed in microtomed sections with a transmission electron microscope
      show the parallel needles in sample A, a rather random, fibrous structure
      in sample B, and the ringed spherulitic structure of sample C.
PAR  The morphology of a cryogenic fracture surface of sample A was observed in
      the Scanning Electron Microscope. The surface was composed of striated
      lamellae, interconnected by many fibrils. The long dimensions of the
      lamellae are roughly parallel and the width corresponds to that of the
      needles observed in the thin sections. A similar fracture surface after
      treatment in fuming nitric acid to remove the fibrils was observed in the
      Scanning Electron Microscope. The lamellae were quite evident.
PAR  The Transmission Electron Microscope was used to observe the morphology of
      a two-stage replica of the fracture surface of sample A. The striated
      lamellae and fibrils were again typical. However, these features were not
      seen on the fracture surfaces of samples B and C.
PAR  DTA specimens were taken from positions immediately adjacent to the places
      where the thin sections were microtomed. The melting curves were run at
      10.degree.C./min. heating rate and had single, fairly narrow peaks. The
      melting temperatures as indicated by peak positions were 147.5.degree.C.
      for sample A, 135.degree.C. for sample B and 134.degree.C. for sample C.
PAR  Those physical properties of sample A which depend primarily on
      crystallinity (density, melting temperature, yield stress, and modulus)
      are significantly higher than values that would be predicted for
      polyethylene of its high molecular weight crystallized under more usual
      conditions.
PAR  RT polyethylene is useful in applications where high rigidity and unusual
      toughness are required. In sheet form, specific applications include
      fender liners, gas tanks and other automobile components, particularly in
      applications where the stiffness of ABS resins or acetal resin is required
      but where increased toughness not obtainable with those products is
      needed. Small gears, fasteners and nuts and bolts can be fabricated for
      use where high strength and toughness together with low friction, low
      wear, corrosion resistance and excellent electrical properties are
      required. The well-known physiological inertness and compatibility of
      polyethylene makes RT polyethylene valuable for machining into prosthetic
      parts for surgical uses where the combination of rigidity and toughness
      characteristic of RT polyethylene are desired in vivo. The primary
      limitation on applications for RT polyethylene is that the upper use
      temperature must be below the crystalline melting point. Practically, this
      is limited to about 100.degree.C. as an upper use temperature limit at
      atmospheric pressure.
PAR  The foregoing detailed description has been given for clarity of
      understanding only and no unnecessary limitations are to be understood
      therefrom. The invention is not limited to exact details shown and
      described for obvious modifications will occur to one skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Linear polyethylene characterized by ultrahigh molecular weight, as
      determined from a melt index of essentially zero, indicating substantially
      no viscous flow above the crystalline melting point, an elastic modulus in
      the range of 340,000 to 500,000 psi., a tensile impact strength in the
      range of 140 to 600 ft.lb/in.sup.2, a crystalline melting point in the
      range of 142.degree.-148.degree.C. at atmospheric pressure, as measured by
      differential thermal analysis, a density of 0.95 to 0.98 grams/cc at
      25.degree.C. and a unique crystalline from characterized by the absence of
      any detectable low-angle X-ray scattering peaks indicative of fold
      spacings in the range of 50-2000 A and by the presence, as seen in
      electron microscope photographs of cross sections, of a predominance of
      crystal spacings of about 10,000 A.
NUM  2.
PAR  2. The linear polyethylene of claim 1 wherein the elastic modulus is
      340,000-460,000 psi. and the tensile impact strength in the range of
      140-300 ft.lbs/in.sup.2.
NUM  3.
PAR  3. A rigid tough ultrahigh molecular weight linear polyethylene fabricated
      article characterized by being malleable and by exhibiting an elastic
      modulus in the range of 340,000 to 500,000 psi., a tensile impact strength
      in the range of 140 to 600 ft.lb/in.sup.2, a density of 0.95 to 0.98 g/cc
      at 25.degree.C., a crystalline melting point in the range of
      142-148.degree.C., as measured by differential thermal analysis, and a
      unique crystalline form characterized by the absence of the low-angle
      X-ray scattering peaks indicating an absence of fold spacings of 50-2000 A
      normally observed in crystalline polyethylene, and by the presence, as
      seen in electron microscope photographs of cross sections of a
      predominance of crystal spacings of about 10,000 A.
NUM  4.
PAR  4. The fabricated article of claim 3 in the form of a stock rod, capable of
      being shaped into parts by drawing, machining, rolling, pounding or solid
      state extrusion.
NUM  5.
PAR  5. The fabricated article of claim 3 in the form of stock sheet capable of
      being shaped into articles by drawing machining, rolling or pounding.
NUM  6.
PAR  6. The fabricated article of claim 3 having a generally cup shape.
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ABST
PAL  Alpha-amylase inhibitor is prepared from whole wheat or other wheat
      material by blending the starting material with aqueous alkali, separating
      the juice therefrom, coagulating and separating a protein concentrate from
      the juice, and then applying acetone to the residual juice to precipitate
      the alpha-amylase inhibitor.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to and has among its objects the provision of novel
      methods for preparing alpha-amylase inhibitor. Further objects of the
      invention will be evident from the following description wherein parts and
      percentages are by weight unless otherwise specified.
PAR  An alpha-amylase inhibitor, as the name suggests, is a compound which
      inhibits the action of alpha-amylase, an enzyme which has the ability of
      hydrolyzing starch into maltose. The inhibitor has many applications. It
      may be used, for example, in the preparation of rye bread to improve dough
      development characteristics. In the medical field, the inhibitor has been
      reported as a serum amylase inhibitor and to have the ability of
      suppressing hyperglycemia and hyperinsulinemia. Alpha-amylase inhibitor
      may be used in industrial processes where amylolytic degradation of starch
      is to be avoided, for example, in the wet milling of corn. A further use
      of the inhibitor is as a natural larvicide. Wheat-infesting larvae contain
      alpha-amylase as a digestive aid so that application of the inhibitor to
      these larvae prevents action of alpha-amylase and thus causes them to die
      of starvation.
PAR  As can be seen from the foregoing, the uses of alpha-amylase are manifold.
      Presently, however, the cost of the inhibitor is prohibitive because of
      the high cost of known methods for preparing it. Because of these economic
      factors, the inhibitor cannot be used in many applications where it would
      be advantageous to do so.
PAR  The invention described herein provides a means for obviating the above
      problem. By application of the invention, alpha-amylase inhibitor in a
      highly-active form can be prepared inexpensively and in large quantities
      from wheat material, which term is used herein in a generic sense to
      include wheat grains, wheat flour, and wheat millfeeds, that is, the
      by-products of wheat milling such as bran, shorts, middlings, red dog, and
      the like. Additionally, by the same process, alpha-amylase inhibitor can
      be prepared from rye and sorghum material.
PAR  The process of the invention includes certain steps in common with those
      disclosed in the co-pending application of Robert M. Saunders et al. Ser.
      No. 399,892, filed Sept. 24, 1973, now U.S. Pat. No. 3,859,451, a
      continuation-in-part of Ser. No. 283,690, filed Aug. 25, 1972, now
      abandoned. The disclosures of said prior applications are included herein
      by reference. These common steps are as follows: Wheat material is
      intimately mixed with aqueous alkali, and the juice is then separated from
      the resulting mixture. This juice is acidified. Steam is injected into the
      acidified juice to coagulate a solid protein concentrate which is
      separated from residual juice. The protein concentrate is the desired
      product of the prior applications.
PAR  Our investigations have shown that the residual juice (that remaining after
      separation of the solid protein concentrate) contains the alpha-amylase
      inhibitor. This is a surprising discovery because it would have been
      expected that the inhibitor (being itself a protein) would be either
      destroyed by the coagulation or precipitated along with the protein
      concentrate and thus be associated with this product rather than remaining
      in the residual juice. We have found, moreover, that the alpha-amylase
      inhibitor can be readily precipitated from the residual juice by addition
      of acetone. Thus in accordance with the invention, acetone is mixed with
      the aforesaid residual juice whereby the alpha-amylase inhibitor contained
      therein is precipitated and can be readily separated from the remaining
      liquid.
PAR  The primary advantage of the invention is its simplicity. Highly-active
      alpha-amylase inhibitor can be prepared in one day or less, whereas known
      methods--which involve fractionation with concentrated ammonium sulphate
      followed by treatments including dialysis to remove excess salts--are so
      complex that they require 7 to 14 days. The invention has further economic
      advantages in that the inhibitor can be prepared from inexpensive starting
      materials--namely, wheat millfeeds--and it yields as a by-product protein
      concentrates which are valuable for fortifying foods of all kinds.
PAR  Another advantage is that the alpha-amylase inhibitor produced in
      accordance with the invention displays increased activity over that of the
      inhibitor prepared by known methods. Thus the inhibitor of the invention
      is not only more economically produced, but it is also more active than
      the commercially-available product. Moreover, the inhibitor produced in
      accordance with the invention is completely soluble in water, whereas the
      commercial product is at most 50% soluble in water.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The practice of the invention is described below in detail.
PAR  a. In a first step, wheat material is mixed with aqueous alkali to obtain a
      pH of 8 to 9. If necessary, the wheat material is ground prior to mixing
      with the alkali solution. Grinding is used, for example, where the
      material is wheat in whole or broken grain form. Ammonia, ammonium
      hydroxide, sodium hydroxide, potassium hydroxide, and the like are
      suitable alkalis. The alkali is preferably first dissolved in water, and
      the resulting aqueous solution mixed with the wheat material. Water is
      applied in the proportion of about 3 to 5 lbs. thereof per pound of wheat
      material. Contact between the wheat material and the aqueous alkali is
      maintained for about 10 to 20 minutes. Sodium or potassium bisulfite may
      be added to the mixture to improve the yield and quality of the protein
      concentrate obtained as a by-product in the practice of this invention.
      The amount of bisulphite is generally 0.1 to 1% based on the weight of
      wheat material.
PAR  b. Following treatment with alkali, the mixture is filtered under high
      pressure using a porous bag known in the art as a filter cloth. Generally,
      pressures of 25 to 100 psi. are employed. However, it should be pointed
      out that any conventional means for separating juice from solids can be
      used. Thus, centrifugation is an alternative to the filtration described
      above. Other methods will be apparent to those skilled in the art.
PAR  c. Next, the pH of the juice from above is adjusted to a level of 5.0 to
      6.0 by the application of acid. Any food-grade acid can be used. Thus, one
      may apply hydrochloric acid, sulfuric acid, phosphoric acid, citric acid,
      tartaric acid, and the like to achieve the desired pH.
PAR  d. Following the pH adjustment, steam is applied to the juice to attain a
      temperature of 80.degree. C. Application of the steam is accomplished by
      injection into the juice. The steam acts to coagulate a protein
      concentrate which, as noted above, constitutes a valuable by-product of
      this invention.
PAR  e. The coagulated protein concentrate is separated from the juice by any
      such conventional procedures as centrifugation, decantation, filtration,
      etc.
PAR  As noted hereinabove, Steps (a) to (e) are essentially those described in
      the cited prior applications, and no novelty is claimed in them as such.
PAR  f. The residual juice remaining after removal of the protein concentrate is
      then treated to isolate the desired product. To this end, acetone is mixed
      with the juice in the proportion of 2 volumes of acetone per volume of
      juice, whereby to precipitate the alpha-amylase inhibitor.
PAR  g. The precipitated inhibitor is collected by any such conventional
      procedure as filtration or centrifugation or decanting. Following its
      collection, the product is washed with a solution of 2 volumes acetone and
      1 volume of water, and then washed with pure acetone. After this washing,
      the product is air-dried to remove its content of acetone.
PAR  The character of the isolated alpha-amylase inhibitors varies somewhat
      according to the source, i.e., whether the inhibitor is isolated from
      whole wheat, wheat millfeed, or wheat flour. Generally, the inhibitor will
      contain about 35 to 50% protein and will have an activity which varies
      from 10.sup.4 to 10.sup.5 units of activity per gram of protein (activity
      measurements will be explained hereinafter). The products of the invention
      also contain carbohydrate material but this is of no moment as it does not
      interfere with their use.
PAR  The invention is further demonstrated by the following illustrative
      example.
PAC  EXAMPLE
PAC  Preparation of Alpha-amylase Inhibitor
PAR  Whole wheat was ground through a 20-mesh screen and 100 g. of the ground
      wheat was placed in 500 ml. of water. The pH was adjusted to 9 with 3 N
      NaOH and the mixture was stirred for 15 minutes. Afterwards, the mixture
      was placed in a filter cloth bag and a pressure of 100 psi. was applied to
      the mixture to force the juice through the porous filter cloth. The
      extruded juice was treated with 1 N HCl to adjust the pH to 6.0. Steam was
      injected into the juice until the temperature thereof reached 80.degree.
      C. After cooling to room temperature, the mixture was centrifuged for 10
      minutes at 4000 x g to remove the precipitated protein concentrate.
PAR  The supernatant liquid which was thus separated from the precipitated
      protein concentrate, was mixed with 2 volumes of acetone. A white
      precipitate formed and was collected by filtration. The precipitated
      inhibitor was washed first with 200 ml. of a 2:1 acetone-water mixture and
      then with 100 ml. of pure acetone. The product, a fine white powder, was
      dried. The product was completely soluble in water and was devoid of
      protease activity.
PAR  The above procedure was also applied to wheat shorts, wheat flour, and red
      dog (a wheat flour-milling by-product containing wheat bran and a small
      amount of wheat flour). The yields, protein content, and total units of
      alpha-amylase inhibitory activity are summarized in the table below.
PAR  The activity of the inhibitor is defined as follows: 1 unit of activity is
      the quantity of inhibitor required to cause 66% inhibiton of 3.73 units of
      chick pancreas alpha-amylase. 1 unit of amylase is the amount of amylase
      required to liberate 1 mg. of maltose from starch in 10 minutes.
      Inhibitory activity was assayed as follows: The inhibitor (amount
      equivalent to 5 micrograms of protein) in 0.02 M sodium barbiturate buffer
      (pH 7) containing 0.15 M sodium chloride was incubated with chick pancreas
      alphaamylase for 30 minutes. Then, 10 mg. of soluble starch was added to
      initiate the enzyme reaction. After a period of digestion of 10 minutes,
      the extent of starch digestion was measured with dinitrosalicylic acid
      reagent.
TBL  ______________________________________                                    
                Yield    Protein*  Units of activity                           
     Source     (%)      (%)       per gram of protein                         
     ______________________________________                                    
     Wheat flour                                                               
                1.00     36.3      11.00 .times. 10.sup.4                      
     Whole wheat                                                               
                0.63     48.8      6.35 .times. 10.sup.4                       
     Red dog    1.84     38.8      4.89 .times. 10.sup.4                       
     Wheat shorts                                                              
                2.60     33.1      1.15 .times. 10.sup.4                       
     ______________________________________                                    
      *N .times. 6.25                                                          
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A process for preparing alpha-amylase inhibitor, which comprises
PA1  a. applying an aqueous alkalizer to wheat material to adjust to a pH 8 to
      9,
PA1  b. pressing a juice containing soluble proteins therefrom,
PA1  c. acidifying the juice to a pH of 5.0 to 6.0,
PA1  d. coagulating a solid protein concentrate within the juice by applying
      steam to the juice until its temperature is raised to 80.degree. C.,
PA1  e. separating the so-coagulated solid protein concentrate from the juice,
PA1  f. adding acetone to the residual juice to precipitate the alpha-amylase
      inhibitor contained therein, and
PA1  g. separating the precipitated alpha-amylase inhibitor from the juice.
NUM  2.
PAR  2. A process for preparing from wheat millfeed both alpha-amylase inhibitor
      and a stable protein concentrate useful as a human food supplement, which
      comprises
PA1  a. applying an aqueous alkalizer to the wheat millfeed to adjust to a pH of
      8 to 9,
PA1  b. pressing a juice containing soluble proteins therefrom,
PA1  c. acidifying the juice to a pH of 5.0 to 6.0,
PA1  d. coagulating a solid protein concentrate within the juice by applying
      steam to the juice until its temperature is raised to 80.degree. C.,
PA1  e. separating the so-coagulated solid protein concentrate from the juice,
PA1  f. adding acetone to the residual juice, in the proportion of 2 volumes
      acetone per volume of juice, to precipitate the alpha-amylase inhibitor
      contained therein, and
PA1  g. separating the precipitated alpha-amylase inhibitor from the juice.
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ABST
PAL  In situ process for synthesizing peptides not linked to polymers. The
      peptide derivatives remain in the same reaction vessel throughout the
      chain-lengthening procedure. Preferred apparatus for performing the
      process comprises means for mixing, evaporation and centrifugation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention aims at the efficient synthesis of peptide chains. It
      involves a procedure and an apparatus that allows the execution of this
      procedure with convenience and expediency.
PAR  2. Prior Art
PAR  The numerous and cumbersome operations which are necessary during the
      multi-step synthesis of a peptide chain led to the development of
      solid-phase techniques (cfr. R. B. Merrifield, J. Amer. Chem. Soc., 85,
      2149 (1963) and R. L. Letsinger and M. J. Kornet, J. Amer. Chem. Soc. 85,
      3045 (1963)) and to schemes that are based on soluble polymers (cfr. M. M.
      Shemyakin, Y. A. Ovchinnikov and A. A. Kiryushkin, Tetrahedron Lett. 1965,
      2323). In these techniques, an amino acid (or peptide) is chemically
      attached to a polymeric support and acylation, the removal of blocking
      group, second acylation, etc., are carried out on the polymer-amino acid
      or polymer-peptide combination. The small molecular weight reactants and
      byproducts are easily separated from the large molecular weight product
      and therefore a facilitation of the operations and the automation of these
      operations becomes possible. On the other hand, the use of polymeric
      supports necessitates two steps that are often not simple enough: (a) the
      formation of a bond between the first constituent and the polymer, and (b)
      the cleavage of the bond between the completed peptide chain and the
      polymer. Furthermore, the synthetic procedures based on polymeric support
      suffer from several other disadvantages as well, such as decreased
      availability of analytical controls or the difficulty of purifying
      intermediates if this becomes necessary.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention aims at a convenient and efficient route to synthetic
      peptides through isolated, pure intermediates that -- if necessary -- can
      be further purified at any selected stage. The process of the invention is
      an in situ synthesis process comprising cycles each involving removal of
      an amino-protecting group from a protected peptide not bound to a polymer,
      and acylation with an N-protected amino acid in activated form, the
      characterizing feature of said process being that the peptide derivatives
      remain in the same reaction vessel throughout the chain-lengthening
      procedure.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process of the invention is based on the observation (cfr. M.
      Bodanszky, Ann. New York. Acad. Sci. 88, 655 (1960)) that, especially with
      selective acylating agents, protected peptides can be obtained which in
      turn can be separated from excess acylating agent and byproducts by an
      appropriately chosen combination of solvents, and thereby secured in
      essentially pure form, generally ready for the next chain lengthening
      steps.
PAR  An example of an embodiment of the process of the invention is the
      following:
PAR  A peptide protected at its N-terminal with t-butyloxy-carbonyl group is
      briefly treated with trifluoroacetic acid, this acid removed in vacuo, the
      residue treated with ether and the trifluoroacetate salt is isolated by
      filtration or centrifugation. To a solution of this salt in
      dimethylformamide, an equivalent amount of tertiary base, e.g.,
      triethylamine or diisopropylethylamine, is added followed by the amino
      acid to be incorporated, in protected and activated form, such as
      t-butyloxycarbonyl amino acid o-nitrophenyl ester. To provide practical
      reaction rates and complete acylation of the amino component, the
      acylating agent is applied in excess. The completion of the reaction is
      monitored by color reactions (e.g., disappearance of the ninhydrin color)
      or by measuring the amount of the leaving group (e.g. nitrophenol)
      liberated. This can be done by determining the light absorption of the
      solution at a suitable wavelength. When the completeness of the acylation
      reaction is ascertained, the solvent is removed in vacuo and the residue
      is treated with a "nonsolvent" such as ethyl acetate, that precipitates
      the product, the desired protected peptide, but keeps the excess active
      ester and the byproducts (nitrophenol, diisopropylethylamine
      trifluoroacetate or triethylamine trifluoroacetate) in solution. The solid
      product is separated from the solution by centrifugation or filtration and
      washed with ethyl acetate. The remaining portion of this "nonsolvent" is
      removed by evaporation in vacuo or with the help of a stream of nitrogen.
      The dry, solid product is a protected peptide corresponding to the
      starting material but lengthened by one amino acid residue, and it is now
      ready for the next cycle: deblocking with trifluoroacetic acid, etc.
PAR  It is a characteristic feature of this procedure that the peptide
      derivatives remain in the same reaction vessel throughout the
      chain-lengthening procedure.
PAR  In its broad aspect, the present invention relates to a process for
      synthesizing peptides, comprising deblocking an N-protected non-polymer
      bound peptide derivative and acylating the liberated peptide derivative
      with an N-protected amino acid in activated form, with the characterizing
      feature that the peptide is kept in the same vessel throughout the
      chain-lengthening procedure.
PAR  The term "non-polymer-bound peptide" as used in the present specification
      and claims is intended to indicate a peptide which, contradistinction to
      the peptides and peptide derivatives chain-lengthened according to the
      techniques of Merrifield (loc.cit.) and Shemyakin et al. (loc.cit.), is
      not bound to an insoluble or soluble non-peptide polymer.
PAR  A peptide synthesis usually involves several cycles of chain-lengthening by
      deblocking and acylation, and when carried out according to the principles
      of the present invention, such synthesis can be defined as a synthesis
      comprising cycles, each of which comprises deblocking an N-protected
      non-polymer-bound peptide derivative and acylating the liberated peptide
      derivative with an N-protected amino acid in activated form (or in some of
      the cycles, the acylating reactant may be an N-protected peptide in
      activated form), with the characterizing feature that the peptide
      intermediates are kept in the same vessel throughout said cycles. However,
      if desired, the peptide intermediate may be removed for special
      purification treatments at any stage, and then returned to the vessel for
      further treatment.
PAR  More detailed, a preferred embodiment of the invention relates to a process
      comprising addition of acid to a protected peptide contained in a vessel
      to acidolytically remove an amino-protecting group from the peptide,
      precipitation of the resulting salt of the liberated peptide in the vessel
      by addition of a precipitant thereof, separation of the liquid phase from
      the precipitate while retaining the precipitate in the vessel, washing of
      the precipitate in the vessel, dissolution of the precipitate in the
      vessel by addition of a solvent thereof, addition of a base, acylation of
      the dissolved peptide in the vessel with an N-protected amino acid in
      activated form, precipitation of the resulting protected chain-lengthened
      peptide derivative by addition of a nonsolvent thereof to the vessel,
      separation of the liquid phase from the precipitate while retaining the
      precipitate in the vessel, and washing of the precipitate in the vessel.
PAR  In the first cycle of a process involving a series of cycles comprising
      these operations, the derivative to be acylated may be an amino acid
      instead of a peptide, but too great solubility of shorter chain
      intermediates in common organic solvents that can keep the byproducts etc.
      in solution will often dictate the use of a peptide of a certain chain
      length as starting material.
PAR  The acidolytical removal of an amino-protecting group, e.g. a
      t-butyloxycarbonyl group or a benzyloxycarbonyl group, may be performed
      using an acid suitable for this purpose, e.g. trifluoroacetic acid, HBr in
      acetic acid, or HCl in acetic acid. The acid is added in excess to the
      protected peptide contained in a suitable reaction vessel, and dissolution
      occurs. After the desired reaction time, the acid may preferably be
      removed, suitably by evaporation in vacuo from the vessel. The residue is
      thereafter treated with a precipitant such as dialkyl ether, e.g. dipropyl
      ether, diisopropyl ether or, preferably, diethyl ether, which is then
      separated from the precipitated salt by filtration or centrifugation in
      such a manner that the precipitate remains in the vessel. It is preferred
      to perform a washing operation by addition of another portion of the
      precipitant and renewed separation thereof from the precipitate.
PAR  After the final separation of the precipitant, it may be preferred to dry
      the precipitate, e.g. in vacuo, established by connecting the vessel
      interior to a suitable vacuum source, and/or in a stream of inert gas
      introduced into the vessel. Thereafter, the salt of the liberated peptide
      in the vessel is dissolved by adding a solvent suitable for the acylation,
      e.g. dimethylformamide or dimethylsulfoxide, whereupon a base, suitably a
      tertiary amine or a quaternary ammonium hydroxide, is added. As examples
      of preferred bases may be mentioned triethylamine, diisopropylethylamine,
      and N-methylmorpholine. Simultaneously with or subsequently to the
      addition of the base, the amino acid to be incorporated is added. While
      the incorporation of peptides rather than amino acids is also possible and
      the coupling reaction can be carried out by means of coupling reagents as
      well (cfr. Y. S. Klausner and M. Bodanszky, Synthesis 1972, 453), the
      preferred execution of the procedure is entirely stepwise (cfr. M.
      Bodanszky, Ann. New York, Acad. Sci. 88, 655 (1960)) with single amino
      acid residues in their protected and activated form used for
      chain-lengthening. Optimal results were obtained with amino acids
      protected on their .alpha.-amino group with urethane-type protecting
      groups such as benzyloxycarbonyl or tert.butyloxycarbonyl and activated in
      the form of p-nitrophenyl esters, o-nitrophenyl esters, etc. Also
      symmetrical anhydrides deserve to be mentioned as activated derivatives.
      Functions
      ##EQU1##
      in the side chains of the amino acid residues are protected by
      conventionally used protecting groups (cfr. M. Bodanszky and M. A.
      Ondetti, Peptide Synthesis, Wiley Interscience Publishers, New York, 1966,
      pages 54 - 63). The activation of the protected amino acids can be carried
      out in the reaction vessel, but it is preferred to prepare these reactive
      intermediates separately and to add them in activated, and, if possible
      purified form to the reaction mixture that contains the amino component to
      be acylated. As indicated above, the acylating agent is suitably applied
      in excess, and the acylating agent is preferably added under thorough
      mixing or agitation. Some peptides are, due to the character of their
      side-chain functions, difficult to solve in inert solvents usable for the
      acylation stage, and it may therefore be necessary or desirable to acylate
      them not in dissolved form, but rather in suspension in a suitable
      solvent. The term "dissolution" as used above and in the claims is
      intended to cover also the case where no clear solution, but rather a
      suspension, results.
PAR  When the acylation reaction is completed (which may be ascertained as
      indicated above), the resulting protected chain-lengthened peptide
      derivative is precipitated by addition of a nonsolvent thereof to the
      vessel. However, in most cases it is preferred to remove the major part of
      the solvent before the nonsolvent is added. The removal of the solvent is
      suitably performed by evaporation in vacuo from the vessel. The choice of
      nonsolvent to be used in the precipitation of the chain-lengthened peptide
      derivative will depend on various factors. Usually, the nonsolvent will be
      an organic liquid, but also for example water may in some circumstances
      come into consideration. At any rate, in each case a nonsolvent should be
      chosen which will precipitate the product, the desired protected peptide,
      but keep the excess of acylating agent and the byproducts present in
      solution. Thus, when trifluoroacetic acid has been used in the deblocking
      step, ethyl acetate will often be a suitable nonsolvent. When HCl in
      acetic acid has been used for deblocking, chloroform may be the preferred
      nonsolvent, and another nonsolvent which has been found useful in
      combination with HBr in acetic acid as deblocking agent and
      dimethylformamide as solvent for acylation in the presence of a tertiary
      base is 95% ethanol.
PAR  After the precipitation of the desired chain-lengthened peptide derivative
      with the nonsolvent, the liquid phase comprising the nonsolvent and the
      components dissolved therein is separated from the precipitate by
      filtration or centrifugation in such a manner that the precipitate remains
      in the vessel, and preferably, a further portion of nonsolvent is then
      added to wash the precipitate in the vessel and subsequently separate it
      from the washed precipitate. It is often preferred to subsequently remove
      the remaining portion of the nonsolvent, e.g. by evaporation in vacuo
      and/or by means of a stream of an inert gas such as nitrogen.
PAR  While the process of the invention may be carried out in existing apparatus
      components, possibly with small modification (and, in the below example of
      execution, is indeed, carried out in only slightly modified existing
      apparatus designed for other purposes), one aspect of the invention
      relates to an especially suitable apparatus which makes possible the
      execution of the process of the invention in an especially advantageous
      way.
PAR  In its broadest aspect, the apparatus of the invention is an apparatus for
      performing peptide syntheses, comprising a reaction vessel and means for
      rotating said vessel so as to separate liquid and solid phases in said
      vessel by centrifugal forces. Preferably, means for removing separated
      liquid phase from said vessel constitute integrated parts of the
      apparatus, and also means for promoting evaporation of liquid, including
      means for heating the contents of the vessel, are preferably incorporated
      in the apparatus. The evaporation promoting means may suitably comprise
      means for establishing subatmospheric pressure in the vessel, including a
      conduit connectable to a vacuum source. To obtain proper mixing or
      agitation during the acylation stage, the apparatus preferably comprises
      agitating means.
PAR  One aspect of the apparatus of the invention is a centrifuge provided with
      a mixing device that also permits the evaporation of solvents (and of the
      nonsolvent) in vacuo and/or by a stream of nitrogen or other inert gas. A
      useful form of this apparatus consists of a vertical, cylindrical vessel
      that can be rotated around its vertical axis. At high rotation rates, it
      performs the functions of a sedimentation centrifuge; at lower rates, with
      a scraper-mixer lowered into it, it is a mixing vessel. The vessel is
      equipped with tubes for the addition of reactants and with valves or tubes
      that will syphon off solutions of the byproducts and excess reagents in
      the nonsolvent, and also with a removable vacuum-tight cover with conduit
      which will allow the removal of solvents by distillation in vacuo. During
      distillation, heat is applied, e.g. by means of a heating mantle, to
      provide for the latent-heat of evaporation. The cylindrical vessel is
      constructed from acid-resistant material or is lined with such a material
      (e.g. silver, teflon, polypropylene, etc.). This apparatus permits
      deblocking with e.g. trifluoroacetic acid, removal of this acid,
      precipitation with e.g. ether, separation of the trifluoroacetate salts
      from the ether solutions, drying of these salts, their dissolution in e.g.
      dimethylformamide, the addition of a tertiary base and of a protected
      amino acid in activated form, the monitoring of the acylation reaction by
      withdrawing of small probes, the evaporation of the solvent
      (dimethylformamide), the addition of a nonsolvent (e.g. ethyl acetate),
      separation of the insoluble product, the lengthened peptide chain, from
      the excess acylating agent and byproducts, the washing of the product with
      the nonsolvent and the drying of the product. While a filter centrifuge or
      other devices for separation of solid and liquid can also be applied, the
      preferred instrument is based on sedimentation by centrifugation.
PAR  Since the protected derivatives of peptides with gradually increasing chain
      length remain in the same vessel throughout the chain-lengthening
      procedure, mechanical losses are greatly diminished and the process can be
      automated with the aid of well-known programming devices.
DETD
PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing shows an embodiment of an apparatus 10 for performing in situ
      peptides syntheses. In a housing 12 with a drainage conduit 14, a
      centrifuge vessel 16 having a shaft 18 is rotatably mounted. The
      centrifuge vessel 16 comprises a cylindrical wall section 20 and a lower
      converging wall section 22. In the side walls and the bottom of the
      centrifuge vessel, electrical heating coils 24 are arranged to serve as
      means for heating the contents of the vessel during e.g. evaporation and
      drying operations. Alternatively, a heating mantle (not shown) could be
      arranged around the vessel. In the lower part 22 of the centrifuge vessel,
      valves 26 are mounted through which supernatant liquid can be removed
      during centrifugation when the precipitate has collected along the
      vertical-cylindrical wall 20. The valves may e.g. be operated
      electrically, or they may be designed so as to open at a predetermined
      centrifugal force, possibly with some delay. A cover 28 may be mounted
      vacuum-tightly on the centrifuge vessel 16, using sealing means 30. The
      cover 28 is equipped with a tube 32 having a connecting means 34, e.g. in
      the form of a standard tapered joint as shown, for connection to a
      vacuum-source (not shown) through suitable valve means (not shown). A
      conduit 36 with a valve 38 is mounted in the cover 28 and may be used for
      addition of liquid reactants, and also for the addition of an inert gas
      serving as drying medium. Furthermore, when the conduit 36 is lowered into
      the centrifuge vessel 16, it may be used for suction of liquid from the
      centrifuge vessel, for example when a precipitate has sedimented on the
      vertical wall 20 of the vessel, and the supernatant liquid has collected
      in the bottom part of the centrifuge vessel (in other words, when the
      valves 26 have not been used for withdrawal of liquid during
      centrifugation, or when not all of the supernatant liquid had been removed
      through the valves during the centrifugation). A scraper-stirrer 40
      mounted in the cover 28 is rotatable around the axis of its shaft carrying
      a pulley 44, by means of which the stirrer 40 can be rotated by means of
      e.g. a motor (not shown). When the cover 28 is mounted on the centrifuge
      vessel or removed therefrom, the stirrer 40 may be positioned as indicated
      by the dotted lines so that it does not interfere with the
      mounting-dismounting operations.
PAR  The apparatus 10 permits separation of liquid from precipitate be
      centrifugation at high rotational speeds around the axis of the shaft 18.
      During high speed rotation, the cover 28 may be lifted so that it no
      longer contacts the centrifuge vessel 16, or the seal 30 may be of a type
      which permits high speed rotation of the centrifuge vessel 16 while the
      cover 28 remains non-rotating. Furthermore, during high speed rotation of
      the centrifuge vessel 16, the scraper-stirrer 40 may be positioned as
      indicated by the dotted lines so that it will not give rise to any
      problematic turbulence in the centrifuge contents. Supernatant liquid may
      be removed during the centrifugation operation by means of the valves 26,
      and/or removal of supernantant liquid may be performed by suction of
      through conduit 36 in lowered position after the centrifugation has been
      terminated, the precipitate being sedimented on the cylindrical walls 20.
      After a centrifugation and removal of supernatant liquid, the sedimented
      precipitate may be scraped from the walls by slowly rotating the
      centrifuge vessel 18, the scraper 40 being kept in the position shown by
      the full lines. Mixing and dissolution operations may be easily performed
      in the apparatus 10. Liquids may be added to the centrifuge vessel through
      the conduit 36, and solids may be added e.g. through the tube 32. The
      necessary agitation may be performed either by rotating the centrifuge
      vessel 32 at a suitable speed while keeping the stirrer 40 in a fixed
      position, or by rotating the stirrer 40 in the stationary centrifuge
      vessel, or by combining both types of rotation. Evaporation from the
      centrifuge vessel 16 may be performed by connecting the tube 32 to a
      vacuum source by means of the joint 34. The heat necessary for the
      evaporation or distillation is applied by means of the heating coils 24,
      and if desired, agitation may be performed during evaporation or
      distillation, either by rotating the centrifuge vessel (provided that the
      sealing means 30 is of a type which permits rotation while closing
      vacuum-tightly) or by rotating the stirrer 40, or by a combination of both
      types of rotation. If desired, an inert gas can be introduced through the
      line 36 during distillation. Drying is most conveniently performed in the
      apparatus 10 by applying heat by means of the heating coils, possibly
      applying vacuum and preferably agitating by means of one or both types of
      rotation discussed above, and it is also possible and often preferable to
      use a drying gas introduced through conduit 36.
PAR  As will be understood from the above explanation, the application of a
      centrifuge vessel as reaction vessel for peptide syntheses according to
      the in situ principle offers several advantages, and especially the
      combination of the possibility of centrifugation with the possibility of
      evaporation from the same vessel, as well as mixing within the same
      vessel, secures efficient unit operations which may easily be automated.
      Evidently, several modifications of the apparatus set out in principle
      above may be made, including the replacement of the single conduit 36 with
      several conduits (one for gas introduction, one for addition of acid, one
      for addition of solvent or nonsolvent, one for removal of liquid from the
      vessel, etc.) The structural materials or inner coatings used in the
      apparatus 10 should be so chosen that the apparatus surfaces which are to
      contact reactants, reaction mixtures, byproducts, etc. are resistant
      thereto. Thus, for example, the said surfaces should be resistant to
      moderately strong acids such as trifluoroacetic acid or hydrochloric acid
      in acetic acid, and they should be able to resist solvents such as
      dimethylformamide, dimethylsulfoxide, ether, ethylacetate, ethanol, and
      bases such as triethylamine, diisopropylamine, or N-methylmorpholine.
      Silver, teflon, polypropylene, glass and several other materials are known
      which will fulfil the above conditions.
PAC  EXAMPLE
PAC  tert.Butyloxycarbonyl-L-leucyl-L-leucyl-L-glutaminylglycyl-L-leucyl-L-valin
     amide (I).
PAR  The protected pentapeptide amide,
      tert,butyloxcarbonyl-L-leucvl-L-glutaminylglycyl-L-leucyl-L-valinamide
      (5.81 g, 9.26 mmol), is dissolved in trifluoroacetic acid (15 ml). After
      about 15 min. at room temperature, the trifluoroacetic acid is removed in
      vacuo and the residue treated with ether (50 ml). The precipitated
      trifluoroacetate salt is washed with ether (50 ml), dried in vacuo and
      dissolved in dimethylformamide (60 ml). Triethylamine (2.8 ml) and
      tert.butyloxycarbonyl-L-leucine ortho-nitrophenyl ester (4.89 g, 13.9
      mmol, 50% excess) are added with thorough mixing. From time to time, small
      samples are withdrawn, spotted on filter paper and tested with ninhydrin.
      After the complete disappearance of the amino-component, most of the
      solvent is removed in vacuo and ethyl acetate (50 ml) is added to the
      residue. The precipitate is separated from the solution and is washed with
      ethyl acetate (100 ml). After drying in vacuo, the product, the desired
      hexapeptide I, weighs 6.75 g (98.4%), sinters at 255.degree. and melts
      with decomposition at 263.degree. - 265.degree.; [.alpha.].sub.D.sup.25 -
      47.8.degree. (c 2, AcOH). It gives a single spot (R.sub.f 0.75) on thin
      layers of silica gel in the solvent system n-butanol - acetic acid - water
      (4:1:1). A hydrolysate gives the following amino acid analysis: Glu, 1.0;
      Gly, 1.0; Val, 1.0; Leu, 3.1.
TBL  ______________________________________                                    
     Analysis:                                                                 
     Calculated for C.sub.35 H.sub.64 N.sub.8 O.sub.9 :                        
                      C, 56.74; H, 8.71; N, 15.1.                              
     Found:           C, 56.58; H, 8.61; N, 14.9.                              
     ______________________________________                                    
PAR  The above deprotection step and all subsequent operations may (in smaller
      scale) be carried out in a centrifuge tube prepared from a 28 mm OD glass
      tube ending in a 24/40 standard tapered glass joint. The vessel formed in
      this way (ca. 40 ml) is provided with a drying tube containing cotton
      during the deprotection and with a 24/40 ground glass stopper during
      coupling reactions. A simple bench instrument (International Clinical
      Centrifuge, Model CL) may be used for the separation of solids from the
      supernatant solutions. For evaporation of solvents, the tube may be
      attached to all glass rotary evaporators. The product may be dried and
      weighed in the same tube.
PAR  All the operations described below were carried out in the above-mentioned
      equipment; the intermediates were not removed from the vessel at any time
      during the chain-lengthening steps. Trifluoroacetic acid was used for the
      (partial) deprotection of the peptides and triethylamine for the
      liberation of the amines from their trifluoroacetate salts. Stepwise
      acylation was accomplished with a gradual increase from 20% to 50% excess
      of the respective protected amino acid o-nitrophenyl esters, except in the
      preparation of the tetrapeptide where, to suppress pyroglutamyl peptide
      formation, a 100% excess was applied:
PAR  A sample of t.butyloxycarbonyl-L-valinamide (400 mg, 1.85 mmol) was placed
      in the centrifuge tube and dissolved in trifluoroacetic acid (1 ml). After
      15 min. at room temperature, the excess trifluoroacetic acid was removed
      in vacuo. The trifluoroacetate salt was triturated with ether, the
      solution removed after centrifugation, the solid washed with ether (45 ml
      in 3 portions) and dried in vacuo to give the amide trifluoroacetate (416
      mg, 98%). The amide trifluoroacetate was dissolved in dimethylformamide (2
      ml), triethylamine (270 .lambda.) was added followed by
      tert.butyloxycarbonyl-L-leucineortho-nitrophenyl ester (763 mg, 2.2 mmol).
      After 24 hr the dimethylformamide was removed in vacuo at 35.degree.. The
      residue was triturated and washed with ethyl acetate (15 ml in 5
      portions). The dry product (tert.butyloxycarbonyl-L-leucyl-valinamide)
      weighed 534 mg (90%) (No attempt was made to secure additional material
      from the mother Liquors and washings.). Melting points and R.sub.f values
      were similar to authentic samples.
PAR  Following this procedure, stepwise chain-lengthening was performed to build
      up the hexapeptide I in this small scale apparatus.
CLMS
STM  I claim
NUM  1.
PAR  1. In a process for the synthesis of peptides by the reaction of a peptide
      or amino acid having a free amino group with a coupling peptide or amino
      acid having a protected amino group and an activated carboxyl group,
      wherein additional functional groups are protected, the improvement
      comprising conducting said synthesis in a single reactor vessel comprising
      the steps of charging to said vessel a non-polymerbound peptide or amino
      acid protected on its free amino group by a removable protecting group,
      adding sufficient acid to acidolytically remove the amino-protecting group
      from the peptide or amino acid and form a salt of said peptide or amino
      acid, adding to said vessel an organic solvent precipitant to form a solid
      precipitated peptide or amino acid salt and a liquid phase, separating the
      solid and removing the liquid phase from the vessel while retaining the
      solid peptide or amino acid in said vessel; dissolving or suspending said
      solid peptide or amino acid in a solvent suitable for an acylation
      reaction by adding the solvent to said vessel; acylating the free amino
      group of said peptide or amino acid by adding an organic base and an
      acylating peptide or amino acid having an N-protected amino group and an
      activated carboxyl group whereby said activated carboxyl group of the
      acylating peptide or amino acid reacts with the free amino group of the
      peptide or amino acid to couple said peptides or amino acids in said
      vessel; adding a non-solvent for the resulting coupled peptide to said
      vessel to precipitate the coupled peptide, and separating and removing the
      liquid phase from the vessel to provide the isolated solid peptide
      product, wherein all intermediates formed during said reactions are
      isolated in said reactor vessel.
NUM  2.
PAR  2. A method according to claim 1 wherein the steps are repeated one or more
      times to couple one or more additional peptides or amino acids thereby
      lengthening the peptide chain.
NUM  3.
PAR  3. A method according to claim 1 wherein the nonpolymer bound peptide or
      amino acid is a peptide.
NUM  4.
PAR  4. A method according to claim 1 wherein the non-polymer peptide or amino
      acid is an amino acid.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein separation of liquid phases from
      solid phases is performed by centrifugation of the mixture in the vessel
      and removal of liquid from the vessel.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein separation of the liquid phases
      from solid phases is performed by filtration with removal of the filtrate
      from the vessel.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the acid used in the
      acidolytical removal of the amino-protecting group from the peptide is
      trifluoroacetic acid.
NUM  8.
PAR  8. A process as claimed in claim 1 wherein the acid used in the
      acidolytical removal of the amino-protecting group from the peptide is HCl
      in acetic acid or HBr in acetic acid.
NUM  9.
PAR  9. A process as claimed in claim 1 wherein after acidolytically removing
      the amino-protecting group, the solution is removed from the vessel by
      evaporation in vacuo to provide a residue of a peptide salt or amino acid
      salt.
NUM  10.
PAR  10. A process as claimed in claim 9 wherein the residue is subsequently
      dried by contact with a stream of an inert gas introduced into the vessel.
NUM  11.
PAR  11. A process as claimed in claim 9 wherein the organic solvent precipitant
      of the peptide salt is a dialkyl ether.
NUM  12.
PAR  12. A process as claimed in claim 11 wherein the dialkyl ether is diethyl
      ether.
NUM  13.
PAR  13. A process as claimed in claim 1 wherein the organic solvent used in the
      acylating step is dimethylformamide or dimethylsulfoxide.
NUM  14.
PAR  14. A process according to claim 13 wherein the base used in a tertiary or
      quaternary base.
NUM  15.
PAR  15. A process as claimed in claim 14 wherein the base is selected from the
      group consisting of triethylamine, diisopropylethyl amine, and
      N-methylmorpholine.
NUM  16.
PAR  16. A process as claimed in claim 14 wherein the N-protected amino acid in
      activated form is an activated ester of an N-protectd amino acid.
NUM  17.
PAR  17. A process as claimed in claim 16 wherein the activated ester is a
      p-nitrophenyl or o-nitrophenyl ester.
NUM  18.
PAR  18. A process as claimed in claim 16 wherein the nonsolvent used is a
      liquid in which the protected peptide derivative is substantially
      insoluble, and in which excess active acylating acid derivative and the
      byproducts present are substantially soluble.
NUM  19.
PAR  19. A process as claimed in claim 18 wherein the nonsolvent is ethyl
      acetate.
NUM  20.
PAR  20. A process as claimed in claim 18 wherein the nonsolvent is chloroform.
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ABST
PAL  In preparing organic sulfides by reacting olefins (e.g., butylenes) with a
      sulfur halide to form a sulfohalogenated intermediate which is
      subsequently sulfurized and dehalogenated by reaction with an aqueous
      solution of an alkali metal sulfide compound to form a noncorrosive
      organic sulfide product of high sulfur content, blackening of both the
      intermediate and the final product is prevented by employing an inert gas
      as a purge during formation of the olefin-sulfur halide adduct.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the preparation of organic sulfide compounds of
      improved color from olefinic materials.
PAR  2. Prior Art
PAR  Various proposals have been made for producing organic sulfides by treating
      olefins with sulfur chlorides and then reacting the resulting intermediate
      with compounds containing sulfur. For example, organic polysulfides may be
      prepared by the sulfochlorination of olefins containing 6 or more carbon
      atoms and further treatment with inorganic higher polysulfides according
      to Eby U.S. Pat. No. 2,708,199. In addition, Myers U.S. Pat. No. 3,471,404
      discloses that sulfurization reactions of this nature may be carried out
      by reacting a sulfochlorinated isobutylene intermediate product with a
      mixture of an alkali metal sulfide and free sulfur in a molar ratio of at
      least 2:1 followed by a further prolonged treatment with aqueous sodium
      hydroxide, apparently for reducing high chlorine contents, in producing
      extreme pressure additives. Beretvas et al U.S. Pat. No. 3,068,218
      indicates that sulfochlorinated products of improved color may be obtained
      by sulfochlorinating polymers of propylene, etc. containing 8 or more
      carbon atoms in an aqueous reaction mixture and then sulfurizing the
      intermediate with a solution of sodium sulfide in water and isopropanol in
      producing products with sulfur contents of the order of 10 to 34 % by
      weight. In Kimball U.S. Pat. No. 2,249,312, the sulfochlorinated adduct of
      amylene or higher olefins is treated with sodium sulfide and/or other
      alkaline compounds to produce stable products of relatively low sulfur
      content and generally high chlorine contents.
PAR  In general, prior art organic sulfide compounds have one or more such
      undesirable characteristics as high cost, low sulfur content and corrosive
      attack on metals and alloys used in machinery. Products having a chlorine
      content above 2% and also those produced from sodium polysulfide reactants
      are usually rather corrosive. These disadvantages can be overcome and
      organic sulfide compounds having improved properties, especially as to
      high sulfur content and low corrosion characteristics, obtained by the
      economical process described in application Ser. No. 2,349 filed on Jan.
      12, 1970 by A. G. Horodysky in which the aqueous alkali metal monosulfide
      reactant employed in the final reaction is derived from a spent effluent
      stream resulting from hydrocarbon purification operations and consequently
      of low commercial value. However, it has been found that a very dark or
      black product is occasionally obtained in that process with some olefinic
      hydrocarbon reactants, and the same undesirable product coloration is
      believed to occur quite frequently in the aforesaid prior art methods.
      While there is no evidence that the black color in any way reduces the
      effectiveness of the material as an additive for extreme pressure
      lubricants, such discoloration does seriously affect its marketability.
      Customers have a strong aversion to accepting a black product,
      particularly when the normal color of such material is yellow or orange or
      light red. The instant invention is based upon the discovery of a
      technique for inhibiting such discoloration of the product.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with a process of preparing organic
      sulfides by sulfohalogenating an olefin with a sulfur halide to form a
      sulfohalogenated organic intermediate and thereafter sulfurizing and
      dehalogenating said intermediate by subsequent reaction with an alkali
      metal sulfide, and the invention is characterized by the improvement which
      comprises employing an inert gas as a purge prior to any substantial
      darkening of the olefin-sulfur halide adduct and prior to said subsequent
      reaction.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The inert gas treatment of this invention serves to inhibit the excessive
      darkening or blackening of reaction mixtures for the sulfohalogenation of
      organic compounds in general and also to stabilize the color of the
      resulting adducts during prolonged storage; accordingly, it may be used in
      conjunction with any processes that involve the sulfohalogenation of
      olefinic materials. Thus, it can be utilized in any of the aforementioned
      and other prior art processes in which olefins are sulfohalogenated and
      subsequently subjected to a sulfurization-dehalogenation reaction in the
      production of organic sulfides, for discoloration or blackening frequently
      occur in these processes even when moderate temperatures, good catalysts
      and relatively pure reactants are employed. The novel treatment is
      particularly suitable for use in the economical process described in the
      aforesaid application Ser. No. 2,349 of producing organic sulfides of high
      sulfur content and excellent characteristics as an extreme pressure
      additive by providing a consistently light-colored product which is
      readily saleable. Consequently, the inert gas treatment is described
      hereinafter mainly in respect to that process.
PAR  A wide variety of olefinic substances may be charged to the initial or
      sulfochlorination reaction including olefins with terminal or internal
      double bonds and containing from about 2 to 8 or more carbon atoms per
      molecule in either straight, branched chain or cyclic compounds, and these
      may be exemplified by ethylene, propylene, 1-butene, cis and
      trans-2-butene, isobutylene, diisobutylene, triisobutylene, the pentenes,
      cyclopentene, the hexenes, cyclohexene, the octenes, 1-decene, etc. In
      general, C.sub.3-6 olefins or mixtures thereof are preferred for preparing
      sulfurized products for use as extreme pressure additives as the combined
      sulfur content of the product decreases with increasing carbon content,
      and the miscibility of the product with oil is lower in the case of
      propylene and ethylene derivatives.
PAR  In some embodiments of the invention, isobutylene is particularly preferred
      as the predominant olefinic reactant but it may be employed, desirably in
      major proportion, in mixtures containing one or more other olefins;
      moreover, the charge may contain substantial proportions of saturated
      aliphatic hydrocarbons, as exemplified by methane, ethane, propane,
      butanes, pentanes, etc. Such alkanes are preferably present in minor
      proportion in most instances to avoid unnecessary dilution of the
      reaction, since they neither react nor remain in the products but are
      expelled in the off-gases or by subsequent distillation. However, mixed
      charges can substantially improve the economics of the present process
      since such streams are of lower value than a stream of relatively pure
      isobutylene.
PAR  Volatile olefins are often readily available in liquid form, and it is
      usually desirable to charge olefinic liquids which are vaporized by the
      heat of reaction, as such evaporation provides a substantial cooling
      effect that permits the flow of water for cooling the reactor to be
      reduced considerably for greater economy. Also there are indications that
      the use of a volatile liquid olefin reactant has the unexpected and
      desirable effect of lowering the viscosity of the final product.
PAR  The other reactant in the first stage is preferably sulfur monochloride
      (S.sub.2 Cl.sub.2); but other similar compounds such as sulfur dichloride
      and S.sub.3 Cl.sub.2 as well as the corresponding but more expensive
      sulfur bromides may be employed in an amount which will provide a quantity
      of sulfur corresponding to desirable reactant ratios for sulfur
      monochloride. The molar ratio of olefin to sulfur monohalide may range
      from about 1:1 up to 1.65:1 or more. In the case of butylenes and sulfur
      monochloride, the optimum ratio appears to be between about 1.55:1 and
      1.60:1.
PAR  Although anhydrous reaction conditions are generally regarded as providing
      better results, a small amount of water ranging up to about 1% of the
      weight of the sulfur halide may be present in the initial reaction;
      however it is usually preferred to keep the water content below about 0.5%
      on that basis.
PAR  The sulfohalogenation reaction is exothermic, evolving 500-650 btu./lb. in
      the case of isobutylene, and cooling is necessary to prevent the
      temperature from exceeding about 160.degree.F. with resultant darkening of
      the product and some decrease in the yield. The preferred range of
      reaction temperatures is from about 120.degree. to 135.degree.F. and a
      temperature of about 125.degree.F. appears to be the optimum. Typical
      reaction times for the initial stage of the process range from about 1 to
      15 hours.
PAR  The reaction pressure is not critical here and may be illustrated by
      pressures ranging from about 0 to 100 pounds per square inch gage pressure
      (psig.) depending upon the reaction temperature and the volatility of the
      olefinic material.
PAR  The initial reaction may be catalyzed with a lower aliphatic alcohol
      containing from 1 to 4 carbon atoms, as exemplified by methanol, ethanol,
      propanol and isopropanol. Of these, methanol and ethanol are usually
      preferred, especially the former. An amount of the alcohol ranging from
      about 0.2 to 10% of the weight of the sulfur chloride may be utilized, but
      quantities of the order of 0.5 to 3% are usually preferred. While the
      catalytic alcohol may be introduced into the reactor in the liquid state,
      it is often more desirable to introduce it as a vapor.
PAR  Hydrogen chloride is evolved in the reaction and this gas is vented from
      the reactor. It may be recovered as hydrochloric acid in a water
      absorption system.
PAR  The inert gas must be used in the sulfohalogenation reaction mixture or the
      product of that reaction in preventing or at least in minimizing
      discoloration therein. In any event, the inert gas should be added before
      an undesirable dark color appears, because the treatment is not capable of
      restoring the original light color after the dark coloration has
      developed. In other words, no decolorizing of either a highly colored
      reaction mixture or product upon introducing the inert gas has yet been
      observed. A wide variety of inert gases may be employed for the purpose,
      provided only that the gas is compatible with the selected sulfur halide.
      Suitable compatibility is evidenced by the absence of substantial
      darkening or blackening in a mixture consisting entirely of the gas and
      the sulfur halide when heated to the sulfohalogenation temperatures
      disclosed herein for a substantial period, such as an hour or more. It is
      probably safe to say that any gas that will not react will suffice.
PAR  Neither the darkening of the reaction mixture or product nor the manner in
      which the addition of the gas prevents such discoloration is fully
      understood. Employing excessively high temperaures in the reaction will
      blacken the sulfohalogenation mixture, but darkening from this cause can
      readily be avoided by using the moderate reaction temperatures mentioned
      earlier. However, there are obviously other causes, as blackening occurs
      occasionally even when the reaction temperature is relatively low. There
      is some reason to suspect that 1-butene and trans-2-butene tend to promote
      discoloration or blackening in these reactions. On the other hand, olefin
      charges of high isobutylene content seem less prone toward darkening. In
      some cases, blackening has been observed in the reaction mixture and in
      other cases it has developed during the storage of a bright clear adduct,
      sometimes within about 2 hours and sometimes overnight. Blackening of the
      subsequent sulfurization-dehalogenation reaction and of the final product
      does not occur unless the adduct reactant is already badly discolored.
      Also, light-colored final products display no tendency to darken during
      prolonged storage.
PAR  While the present discovery should not be regarded as restricted to any
      particular theory, it may be possible that the undesirable blackening of
      the adduct is produced by an acid-catalyzed reaction wherein the hydrogen
      chloride evolved in sulfochlorination serves as the catalyst, and also
      that treating the mixture with an inert gas according to the present
      invention serves to remove the hydrogen chloride dissolved in the liquid
      reaction mixture and thereby inhibit such catalytic action. Even though a
      large amount of hydrogen chloride is produced in the reaction, very little
      of it remains in solution by reason of its low solubility in the reaction
      liquor as well as the fact that olefins bubbling through the reaction
      mixture tend to sweep out the hydrogen chloride as a gas.
PAR  In an integrated refinery, aqueous caustic alkali solutions are widely
      employed in the liquid phase purification of a variety of hydrocarbon
      streams, and the spent aqueous liquors resulting from such operations may
      be classified as "inorganic caustics" and "organic caustics". The spent
      inorganic caustic solutions usually have a relatively low content of
      organic compounds and are generally obtained from treating liquid propane,
      butane, butylene, solvent naphthas and alkylation effluents for the
      removal of mercaptans, sulfuric acid and especially hydrogen sulfide. As
      for the spent organic caustic liquors issuing from the treatment of
      catalytic gasolines and heavier distillates, these aqueous solutions
      contain somewhat smaller amounts of the sulfide impurities but large
      proportions (e.g., over 25% by weight) of organic material, chiefly in the
      form of aromatic derivatives, such as phenolic and thiophenolic compounds.
      Although potassium hydroxide is operative for such purification, sodium
      hydroxide solutions are invariably used for economy. After mixing all of
      the spent caustic solutions in a typical refinery, the approximate
      composition of the mixture designated herein as Promor SAS-2, may be
      exemplified as:
TBL                      Weight %                                              
     ______________________________________                                    
     sodium hydroxide      6.1-6.3                                             
     sodium hydrosulfide   4.9-5.4                                             
     sodium cresylates*    14.6-20.4                                           
     sodium sulfate        0.5-0.7                                             
     sodium chloride       0.04-0.06                                           
     oil                   0.3-0.4                                             
     ferrous sulfide       (5-10 ppm.)                                         
     water                 balance                                             
     ______________________________________                                    
      *sodium salts of cresols, thiocresols, phenol, thiophenol and the        
      xylenols.                                                                
PAL  The largest component of the solute in these mixed spent solutions is the
      sodium cresylate mixture which is readily marketable after being recovered
      in the form of crude cresylic acids. The recovery can be accomplished
      economically by treating the caustic solution with the by-product or waste
      hydrogen sulfide from a catalytic hydrodesulfurization unit. This
      treatment springs the cresylate salts as an organic phase by conversion
      into cresylic acids, and it also converts the sodium sulfide and sodium
      hydrodide in the aqueous phase into sodium hydrosulfide. Upon standing,
      the mixture forms two layers with the upper layer varying in color from
      amberto black and containing the cresylic acids and other organic
      compounds while the bottom layer of aqueous sodium hydrosulfide solution
      separates cleanly as a milky white or colorless liquid which is drawn off
      for use in the present process. Thus, the hydrogen sulfide treatment not
      only separates valuable cresylic and thiocresylic compounds and disposes
      of unwanted hydrogen sulfide but also has the desirable effect of
      substantially increasing the sulfur content of the aqueous phase for use
      in the present process.
PAR  The hydrogen sulfide treatment is usually carried essentially to completion
      as indicated by a pH value of about 8.0-8.5, whereupon only a small
      content of organic compounds remain in the aqueous phase. However, in some
      instances, the H.sub.2 S addition may be terminated earlier, for example,
      when the alkali metal hydrosulfide content reaches at least about 75% by
      weight of the dissolved alkali metal compounds. In the latter procedure,
      slightly more of the cresylic compounds are retained in the aqueous
      solution and also in the organic sulfide final product of this invention,
      and such retention may be desirable in view of the known antioxidant
      properties of alkylated phenolic compounds.
PAR  The aqueous phase derived from such treatment has a typical analysis by
      weight of:
TBL  sodium hydrosulfide    16-24                                              
     sodium monosulfide     0-4                                                
     sodium carbonate       1-3                                                
     raw cresylic acids     0.1-1.0                                            
     sodium sulfate         0.7                                                
     sodium chloride         0.05                                              
     water                  balance                                            
PAL  In preparing the sulfurizing reactant of the present process, this solution
      is then treated with a stoichiometric amount of sodium hydroxide (i.e.,
      one mole of NaOH per mole of NaHS) or up to about a 5% excess thereof
      which usually raises the pH to 10-10.5 in converting the sodium
      hydrosulfide to sodium monosulfide.
PAR  While it is usually preferable to employ an alkali metal surfide reactant
      derived from a mixture of both the organic and inorganic types of spent
      caustic alkali solutions, substantial benefits are obtainable with a
      reactant prepared from spent caustic effluent of the inorganic type only.
      The same manner of preparation in the latter case except that there is
      seldom, if ever, any phase separation after the hydrogen sulfide
      treatment.
PAR  A lower aliphatic alcohol is generally added as a mutual solvent for the
      sulfurization-dechlorination reaction. Methanol, ethanol, propanol,
      butanol and isobutanol as well as mixtures thereof may be employed for the
      purpose, and isopropanol is preferred. Although a quantity of alcohol
      amounting to 10% of the weight of the sulfohalogenation adduct provides
      adequate solvent action in the reaction mixture, surprising effects are
      obtained with larger proportions of the alcohol in the reaction mixture in
      that more alcohol up to a quantity of about 50% of the weight of the
      adduct not only provides an unexpected increase in the reaction rate but
      also a striking improvement in sharply reducing the content of undesired
      chlorine in the final product while increasing its sulfur content. Thus it
      is desirable to charge at least 20% alcohol and the range of about 25 to
      40% is preferred. While larger proportions of alcohol may provide some
      additional benefit, the cost of handling and recovering the extra alcohol
      also increases.
PAR  In sulfurizing and dechlorinating the sulfochlorination addition product,
      the aqueous alkali metal monosulfide solution is desirably present in at
      least a stoichiometric quantity, and preferably a slight excess, of
      available alkali metal in order to remove essentially all of the combined
      chlorine from the adduct. In practice, the adduct or intermediate product
      from the sulfochlorination reaction is pumped into the solution of sodium
      monosulfide in water and the alcohol in an amount usually ranging from
      2.52 to 2.70 pounds of adduct per pound of the sodium sulfide (anhydrous
      basis) in providing a slight excess of available sodium.
PAR  In general, this treatment of the adduct may be carried out at temperatures
      between about 150.degree. and 250.degree.F. and the range between about
      170.degree. and 195.degree.F. is usually preferred. The reaction pressure
      may be subatmospheric or elevated up to 50 or more psig. For simplicity,
      it is usually preferable to carry out the reaction at reflux temperature
      of typically 175.degree. to 185.degree.F. under atmopheric pressure in a
      vessel equipped with a reflux condenser.
PAR  The second reaction is continued with occasional sampling of the reaction
      mixture until the organic phase that separates upon standing is found to
      have a suitably low content of combined chlorine usually below 0.5% by
      weight and often less than 0.2%. Typically this may require from about 1
      to 3 hours under preferred conditions depending upon a number of factors
      including the reaction temperature and the proportion of isopropanol or
      other alcohol present in the reaction mixture, but longer reaction times
      may be employed if desired.
PAR  When the chlorine has been reduced to the selected level, the reaction
      mixture is allowed to stand and separate into a lower aqueous sodium
      chloride layer and an upper liquid layer containing the desired organic
      sulfide product. After the brine layer has been drained off, the liquid
      organic product is usually transferred to a wash vessel wherein it is
      washed with an aqueous caustic alkali solution and one or more times with
      water, then allowed to stand until the organic and aqueous layers separate
      whereupon the wash water is withdrawn and discarded. The washing and
      separation of liquid phases may be expedited by the introduction of a
      substantial quantity of an organic solvent, such as hexane, benzene or
      petroleum ether. The caustic alkali wash treatment is not always necessary
      in the instant process for obtaining a product having a good copper
      corrosion strip rating and low chlorine content. The washed product is
      usually dried by heating at moderately elevated temperatures under
      subatmospheric pressure, and its clarity may often be improved by
      filtering the dried product through a bed of bauxite, clay or diatomaceous
      earth particles.
PAR  In addition to the advantages described earlier, other benefits are
      obtained by employing an alkali metal monosulfide reactant derived from
      spent aqueous caustic treating solutions of petroleum refinery origin,
      inasmuch as the organic sulfide product generally displays a higher
      combined sulfur content and is also less corrosive than the products
      obtainable by employing an aqueous solution of a commercial grade of
      either sodium monosulfide or sodium hydrosulfide in the sulfurizing
      dechlorinating reaction. The cause of this unusual effect as well as
      certain other aforementioned advantages of the process is not understood
      at the present time. Moreover, while the chemical composition of the final
      organic sulfide products of the instant process have not been fully
      ascertained, there is evidence that they contain a high proportion of
      -S-S- linkages, and such products do not corrode copper in contrast with
      products containing higher polysulfide linkages.
PAR  For a better understanding of the nature, objects and advantages of this
      invention, reference should be had to the following exampls wherein
      letters are employed to designate comparative examples and numerals are
      used for examples which illustrate the present invention but are not
      intended as limitations thereon. Unless otherwise stated, all proportions
      are set forth in terms of weight and all temperatures as degrees
      Fahrenheit.
DETD
PAC  EXAMPLES
PAR  The table of examples hereinafter sets forth the reaction conditions and
      results obtained in a series of runs wherein two olefinic mixtures were
      sulfochlorinated. In Example 5 the hydrocarbon charge comprised 89% of
      isobutylene and 10% by volume of trans-2-butene. In the remaining
      examples, the hydrocarbon charge mixture had the following composition by
      volume:
     propane               0.90                                                
     n-butane              4.70                                                
     isobutane             3.20                                                
     propylene             0.10                                                
     1-butene              28.10                                               
     isobutylene           49.90                                               
     trans-2-butene        10.50                                               
     cis-2-butene          2.40                                                
     butadiene             0.20                                                
     methyl acetylene      (100 ppm)                                           
                           100.00                                              
PAL  The mixed butenes may contain from about 20 to about 65% isobutylene and
      from about 5 to about 35% of butene-1, all by volume, with corresponding
      amounts of the other components.
PAR  First the full charge of sulfur monochloride was poured into a closed,
      glass lined vessel equipped with an agitator, a gas sparger, an external
      jacket for controlling the temperature by circulating heating or cooling
      fluids, and a vent line at the top for discharging gaseous material to a
      caustic soda scrubber. The vessel was equipped with a separate subsurface
      to introduce the inert gas. The olefinic charge was then introduced in
      vapor from along with a small amount of vaporized methanol through the
      submerged sparger until the absorption of olefins in the reaction mixture
      reached a total of typically about 1.6 moles per mole of sulfur
      monochloride therein. The inert gas sparging was begun before addition of
      olefins and was continued until absorption of olefins was complete.
      Continual stirring was maintained during this exothermic reaction which
      was catalyzed by the methanol, and the vessel was cooled with water to
      maintain the reaction temperature at the level set forth in the table.
      Hydrogen chloride evolved in this step was vented along with unreacted
      hydrocarbons, such as butane, to the scrubber.
PAR  The sodium monosulfide solution employed as the sulfurizing-dechlorinating
      reactant for the subsequent reaction was prepared from a refinery
      hydrosulfide solution. The hydrosulfide solution was the aqueous phase
      separated from an overall refinery mixture of spent caustic soda solutions
      of the inorganic and organic types after treatment with hydrogen sulfide
      in the manner described hereinbefore to produce an aqueous solution of
      chiefly sodium hydrosulfide with some sodium monosulfide and the minor
      amounts of other components mentioned earlier. Caustic soda was added to
      the hydrosulfide solution to convert all of the hydrosulfide and provide a
      charge solution containing 27% of sodium monosulfide in water.
PAR  For the sulfurization-dechlorination reaction, the sodium sulfide solution
      and isopropanol were charged to a stirred vessel equipped with a jacket
      for temperature control and heated to approximtely the specified reaction
      temperature with constant stirring; then the adduct produced in the first
      reaction was added slowly through a dip tube extending below the surface
      of the liquid over a period of 1/2 hour while cooling water was circulated
      through the jacket to restrain the observed temperature exotherm. At the
      end of the reaction time listed in the table, the isopropanol and a
      substantial amount of water were distilled off and agitation was suspended
      to allow the liquid mixture to separate into organic and aqueous brine
      layers. The brine layer was discarded and the organic phase containing the
      product was subjected to three washes, first with an equal volume of 5%
      aqueous sodium hydroxide followed by two washes, each with an equal volume
      of water. After drying the liquid product under a vacuum of 10 inches of
      mercury at 200.degree.F, it was filtered through a bed of bauxite
      particles. Example 1 in the following shows a complete reaction.
     EXAMPLE         1       2   3    4   5   6      7                         
     __________________________________________________________________________
     ADDUCT REACTION                                                           
     Olefin          MB*     MB* MB*  MB* MB* MB*    MB*                       
     Total Olefin Fed, Cu. ft.                                                 
                     15      15  15   15  --  15     15                        
     S.sub.2 Cl.sub.2, gm.                                                     
                     1000    1000                                              
                                 1000 1000                                     
                                          507 1000   1000                      
     Reaction Temp. .degree.F.                                                 
                     132     132 132  133 150 131    131                       
     Reaction Temp. Hrs.                                                       
                     8       8   6    4   2   7.5    7.0                       
     Gas added during MB addition                                              
                     N.sub.2 None                                              
                                 N.sub.2 **                                    
                                      None                                     
                                          None                                 
                                              N.sub.2                          
                                                     N.sub.2                   
     Rate of Flow, SCF/hr.                                                     
                     3.7     --  2.0**                                         
                                      --  --  1.5    1.5                       
     Color of Adduct Yel-Orange                                                
                             Black                                             
                                 Black                                         
                                      Black                                    
                                          Black                                
                                              Lt. Yellow                       
                                                     Yellow                    
     SULFURIZATION                                                             
     Adduct, gms     430                                                       
     Na.sub.2 S Source                                                         
                     Promor SAS-2                                              
     Alcohol         Isopropanol                                               
     Temp, .degree.F.                                                          
                     178                                                       
     Time, hr.       3.5                                                       
     __________________________________________________________________________
       *Mixed butylenes                                                        
      **Nitrogen added prior to MB addition not during fuel addition.          
PAR  While the process of the present invention has been described in detail in
      conjunction with the treatment of a limited number of reactants under
      similar conditions for the purposes of valid comparisons and of fully
      illustrating this invention, it will be readily apparent to those skilled
      in the art that numerous reactants, and reaction conditions are within the
      purview of this invention. Accordingly, the present invention should not
      be construed as limited in any particulars except as may be set forth in
      the appended claims or requied by the prior art.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process of preparing organic sulfides by (1) sulfohalogenating an
      olefin with a sulfur halide to form a sulfohalogenated organic
      intermediate and thereafter (2) sulfurizing and dehalogenating said
      intermediate by subsequent reaction with an alkali metal sulfide, the
      reaction in (1) being run so as not to exceed 160.degree.F and using an
      olefin to sulfur halide ratio of from about 1:1 to about 1:65:1 and the
      reaction in (2) being run at from about 150.degree. to about 250.degree.F
      using at least a stoichiometric amount of alkali metal sulfide, the
      improvement which comprises purging the reaction mixture in (1) with
      nitrogen prior to any substantial darkening of said intermediate.
NUM  2.
PAR  2. A process according to claim 1 wherein the olefin is a mixture
      predominantly consisting of butylenes.
NUM  3.
PAR  3. A process according to claim 2 wherein the mixture comprises about 89%
      of isobutylene and about 10% of trans-2-butylene, both by volume.
NUM  4.
PAR  4. A process according to claim 2 wherein the mixture comprises about 50%
      of isobutylene, about 28% of 1-butene and about 10.5% of trans-2-butene,
      all by volume.
NUM  5.
PAR  5. A process according to claim 1 wherein the sulfur halide is sulfur
      monochloride.
NUM  6.
PAR  6. A process according to claim 1 wherein the initial reaction is catalyzed
      with a lower aliphatic alcohol containing from 1 to 4 carbon atoms.
NUM  7.
PAR  7. A process according to claim 6 wherein the alcohol is methanol.
NUM  8.
PAR  8. A process according to claim 6 wherein the alcohol is present in an
      amount ranging from 0.2 to 10% by weight of the sulfur halide.
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PAL  Organic dyes or dye intermediates are crystallizable in an aqueous medium
      in the presence of finely divided, solid polytetrafluoroethylene
      (hereinafter referred to as "PTFE") resin particles. Crystals of
      desirable, very small size are precipitated more quickly than with
      conventional seeding. This process is particularly useful for
      crystallizing disperse dyes of two types:
PA0  1. azo dyes formed by coupling a diazonium salt with a substituted aromatic
      amine, and
PA0  2. anthraquinone dyes formed by condensing a nitroanthraquinone compound
      with an aromatic amine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that many organic dyestuffs and dye intermediates
      precipitate from solution as amorphous solids, gums, or tars, rather than
      in crystalline form. In such cases it is often necessary to induce
      crystallization of the compound or to inhibit formation of the gummy or
      tarry product. With difficulty crystallizable compounds, it is sometimes
      necessary to resort to a combination of treatments including seeding with
      particles, mechanical agitation and shock. Routinely, an azo dyestuff may
      be extracted with a solvent which does not appreciably dissolve the
      crystallizand but which may dissolve out certain impurities, give an
      interface effect or cause polymorphic transformation. Treatment may
      include digestion with boiling solvent under reflux or extraction in a
      Soxhlet type apparatus followed by appropriate supercooling, or in long
      shaking with the poor solvent in the cold. Sometimes contact with the poor
      solvent for several days at room temperature is effective. Alternatively
      the solution may be subjected to a rubbing or shaking action for several
      hours. Crystallization sets in, probably due to the formation of nuclei.
      Typically bentonite, kieselguhr, silica gel or charcoal may be added to
      aid crystallization.
PAR  The manner in which a dyestuff is formed and the refining process by which
      the product formed is crystallized and purified may result in the product
      having varied physical properties. Variations in physical properties can
      render a dye crystallized by one procedure excellent for a specific use
      and the same dye crystallized in another manner, far less satisfactory for
      the purpose.
PAR  Disperse Azo dyes are formed directly from water-soluble reactants which
      result in an essentially water-insoluble dye. The anthraquinone dyes are
      formed in an organic solvent in which the dye may be soluble. Where the
      dye is soluble in the organic solvent, the reaction mass is `drowned` in a
      liquid medium in which the dye is insoluble, such as in water, a salt
      solution or an acid solution. The specific composition of the liquid
      medium is not as important as its properties, which are that the liquid
      medium be miscible with the solvent and that the solute be relatively
      insoluble in it.
PAR  However, before crystals can grow, it is known that there must exist in the
      solution a number of minute bodies called "centers of crystallization" or
      "nuclei", but how a crystal nucleus is formed is not known with any degree
      of certainty. Different systems require different degrees of
      supersolubility or super-cooling before nucleation will occur, and often
      the conditions required by one particular system vary according to its
      state.
PAR  Probably the best method for inducing crystallization is to inoculate or
      seed the supersaturated solution with small regular-sized particles
      consisting of the material to be crystallized. The seeds should be
      dispersed uniformly throughout the solution by means of gentle agitation.
      (Chemical Engineering Practice, Cremer & David, Vol. 6 pg. 405). In the
      instant invention, the solution is seeded with inert particles of a
      water-wettable polytetrafluoroethylene resin, which unexpectedly gives
      better results than seeding with particles of material to be crystallized.
      Seeding with inert particles effectively nucleates the solution to yield a
      dye in which the resin is occluded, and at the same time, obviates the
      time-consuming process steps conventionally utilized to induce
      crystallization of organic dyestuffs and dye intermediates which
      crystallize with difficulty.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that solutions of organic dyes and dye intermediates
      which crystallize with difficulty, if at all, may be induced to
      crystallize as fine crystals in the presence of finely divided solid PTFE
      particles present in an aqueous phase.
PAR  It is therefore a general object of this invention to provide a new and
      improved process for crystallizing organic dye and dye intermediates which
      are not easily crystallized.
PAR  More particularly, it has been discovered that disperse dyes and disperse
      dye intermediates may be crystallized as a reaction product in the
      presence of finely divided water-wettable particles of PTFE resin, more
      easily than they can be crystallized without the use of these particles.
      In many instances, crystals of azo and anthraquinone dyes may be
      precipitated in the presence of PTFE particles more easily, and exhibit
      better quality, than if the crystals are precipitated by seeding in any
      known manner.
PAR  It is therefore another general object of this invention to provide a
      process for crystallizing an organic disperse dye or disperse dye
      intermediate in the presence of water and microscopic, solid,
      water-wettable particles of PTFE resin.
PAR  It is also another general object of this invention to provide an organic
      disperse dye in finely divided crystalline form or in a crystalline form
      which may subsequently be more easily mechanically comminuted, having
      occluded in each of the majority of the crystals precipitated, at least
      one particle of a water-wettable polytetrafluoroethylene resin which is
      essentially inert with respect to the dyestuff and the solvent from which
      it is crystallized.
PAR  It is a specific object of this invention to provide a process which will
      accelerate the crystallization from solution of difficultly crystallizable
      organic dyestuffs and dye intermediates.
PAR  It is a more specific object of this invention to provide a disperse azo
      dye, disperse anthraquinone dye, or their dye intermediates nucleated with
      finely divided water-wettable particles of PTFE resin at least one of
      which particles remains occluded within each of a majority of crystals of
      the disperse dye or intermediate without substantially affecting the
      desirable properties of the crystals.
PAR  It is still another specific object of this invention to provide crystals
      of a disperse dye, in the majority of which at least one PTFE particle is
      occluded, which crystals may be subsequently mechanically comminuted to
      micron or submicron size with a substantially lessened dusting problem.
PAR  These and other objects, features and advantages of this process and the
      crystals grown thereby, will become apparent to those skilled in the art
      from the following description of preferred forms thereof and the examples
      set forth herein.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THIS INVENTION
PAR  According to the process of this invention, an organic dye or dye
      intermediate may be crystallized from solution in the presence of
      water-wettable, finely divided particles of PTFE resin such as are present
      in an aqueous colloidal dispersion of PTFE. The process is particularly
      applicable to precipitating crystals of difficulty crystallizable organic
      dyes and intermediates which are insoluble or difficultly soluble in
      water.
PAR  It also has particular utility for crystallizing a reaction product held in
      solution in a non-aqueous medium, whether or not the non-aqueous medium is
      soluble in water. The process is most conveniently used in those instances
      where the reaction product is an organic dye which is soluble in a
      non-aqueous medium but insoluble in water, and the non-aqueous medium is
      compatible or miscible with water to a sufficient extent to permit the dye
      to be precipitated from solution. Though, hereinafter reference will be
      made to a `dye` it will be understood that intermediates of the `dye` may
      also be similarly treated. Generally, since intermediates are relatively
      easily crystallizable, since they are comparatively simpler compounds and
      have relatively low molecular weights, this process is less likely to have
      as great value as in the production of dyes. However, it may be used, even
      where crystals are relatively easily obtained, with conventional seeding,
      in those instances where particular properties, such as smaller and more
      uniform crystal size, are desirable, and these properties are obtained by
      seeding with PTFE particles.
PAR  In each embodiment of the instant invention, only finely-divided
      water-wettable PTFE resin particles are used, such as water-wettable
      fibrillatable PTFE in the form of finely divided, solid particles
      commercially available as a colloidal aqueous suspensoid or dispersion
      concentrated to about 60% by weight of polymer, having particles about
      0.05 to about 0.5 micron in size, with average diameters of about 0.2
      micron. U.S. Pat. No. 2,559,752 discloses a process for forming an aqueous
      dispersion of colloidal water-wettable particles of PTFE resin. Another
      type of fibrillatable PTFE generally referred to as "fine powder",
      obtained by coagulation of the dispersion, is less effective as a seeding
      agent because it is not water-wettable. A notable fact is that addition of
      an aqueous dispersion of colloidal PTFE particles to an organic solvent
      which is water-immiscible, results in agglomeration of the PTFE particles
      on the surface, and provides no benefit relative to crystallization. Most
      notably, finely divided forms of other particulate polyhalocarbons and
      polyolefins are ineffective as seeding agents to effect the quicker
      precipitation of crystals of organic dyestuffs or dye intermediates, as
      compared with precipitation in a conventional manner.
PAR  Particular embodiments of the invention described herein are directed to
      disperse dyes which include colors of the azo, azomethine, nitroarene and
      anthraquinone chemical classes. Disperse dyes account for almost all the
      dyeing of cellulose acetate and polyethylene terephthalate textile fibers.
      They are also used in dyeing nylon, where the uniform coloration of the
      fiber is of value. Disperse dyes, in common, show insignificant water
      solubility and must be finely divided as they are known to dye the fiber
      by a mechanism involving a very dilute dispersion in water as an
      intermediate step, followed by solution in the fiber. Especially important
      are the disperse azo and anthraquinone dyes. Among the disperse azo dyes,
      this process is particularly useful for precipitation of monoazo and
      disazo reaction products; among the anthraquinones, the more complex
      derivatives of the aminoanthraquinones are more difficultly crystallizable
      and therefore can profitably utilize this process.
PAR  Though some dyes precipitate from solution when seeded with PTFE particles
      much faster than with bentonite (say) it is not presently known how to
      predict the improvement in rate, or the factors which influence such
      improvement. Best results are generally obtained with water-wettable
      fibrillatable PTFE resin particles. Less surprising, but useful results
      are obtained with water-wettable finely divided suspensoids of polymeric
      fluorinated ethylene propylene resins.
PAR  Crystals precipitated from solution in the presence of PTFE particles are
      not only obtained more easily but are generally smaller in particle size
      than those obtained by conventional seeding. Again, quite unexpectedly,
      the amount of seed particles of PTFE required to obtain quicker
      precipitation is less than the amount of foreign conventional seed
      particles used, and, less than the amount of seed particles of the same
      material normally used.
PAR  Even where relatively large crystals, in the range from about 50 microns to
      about 150 microns, are precipitated from solution, it is found that the
      crystals may be ground, more easily, than conventionally seeded crystals,
      in commonly used comminuting equipment such as top feed mills.
PAR  Seeding difficultly crystallizable disperse dyes with PTFE particles
      results in no noticeable detrimental effects in the dyeing properties of
      the disperse dyes obtained, and they may be treated in the usual manner
      with dispersing agents commonly used in their application.
DETD
PAR  The following examples are only illustrative of the invention, it being
      understood that numerous other dyes and dye intermediates may be
      crystallized in an analogous manner. All `parts` referred to are parts by
      weight, unless specified otherwise.
PAC  EXAMPLE 1
PAR  A. A monoazo disperse dye represented by the structural formula:
      ##SPC1##
PAL  wherein R.sub.1 is a halogen,
PA0  R.sub.2 is alkylene having from 1 to 4 carbon atoms, and,
PA0  R.sub.3 is lower alkyl having 1 to 5 carbon atoms,
PAL  is prepared by coupling an appropriate halogen-containing diazonium salt
      with an equimolar ratio of a substituted aromatic amine in an aqueous
      medium in a known manner under conventional conditions. The resultant azo
      dye "tarred out", that is, resulted in a tarry or gum-like substance, and
      did not precipitate as a solid. Methanol treatment, that is, redissolving
      the tarred-out dye in methanol and reprecipitation in cold water, is
      required to obtain a solid press cake.
PAR  B. The same reaction as described in part A hereinabove is carried out
      under the same conventional conditions, except that 1 per cent by weight,
      based on the theoretical yield of dye, of a 60% dispersion of PTFE resin
      (commercially available as T-30 *Teflon) (*Trademark of Dupont Co.), is
      added to the solution of the coupling component before the solution of
      diazonium salt is added. Solid dye precipitates essentially immediately in
      finely divided crystals. The size of individual crystals is in the range
      from about 30 .mu. to about 105 .mu. and the mass may be conveniently
      filtered. Agglomerates of crystals are also obtained which are easily
      broken up by grinding in a top-feed mill with suitable dispersing agents,
      etc., such as are conventionally used to prepare a dye for use.
PAR  The crystals so obtained are unique in that the majority of individual
      crystals have occluded therewithin at least one primary particle of PTFE.
      This is evidenced by dissolving a mass of the crystals in a suitable
      solvent and recovering the PTFE particles from the solution. Before the
      crystals are dissolved there is no visible trace of the presence of PTFE
      particles. Crystals formed by utilizing PTFE particles as nuclei are
      remarkable in that they are generally smaller and geometrically better
      defined than crystals of the same dyes or intermediates nucleated
      conventionally. Moreover, when ground in a top-feed mill or the like,
      crystals of this invention are surprisingly less dusty and generally
      require less time to be ground to a predetermined size, as compared to
      conventionally obtained crystals.
PAR  As has been stated hereinabove, this invention has particular merit in the
      production of difficultly crystallizable dyes and intermediates; but it is
      also useful with relatively easily crystallizable organic compounds in
      which small crystal size, easy grinding and a much reduced proclivity to
      dust when ground, are desirable.
PAC  EXAMPLE 2
PAR  A. A monoazo disperse dye represented by the structural formula;
      ##SPC2##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 have the same connotation as in
      Example 1 hereinabove, is prepared by coupling an appropriate
      halogen-containing diazonium salt with an equimolar ratio of a substituted
      aromatic amine, in an aqueous medium, in a conventional manner. The dye
      tarred-out and did not solidify even on a prolonged standing. Methanol
      treatment is required to obtain a solid press cake.
PAR  B. The same reaction as described in part A hereinabove is carried out
      under the same conventional conditions, except that 1 per cent by weight
      of solids, based on the theoretical yield of dye, of a 60% dispersion of
      PTFE resin (commercially available As T-30 *Teflon) (*Trademark), is added
      to the solution of the coupling component before the solution of diazonium
      salt is added. Solid dye is precipitated in a tarry form which
      crystallizes after standing for about two days. The size of individual
      crystals is in the range from about 30 .mu. to about 105 .mu. .
      Agglomerates of crystals are also obtained. Though crystal formation is
      slow, crystals formed are small, being less than about 125 .mu. in size.
      Of equal importance is that a methanol treatment is sidestepped.
PAC  EXAMPLE 3
PAR  A. A monoazo disperse dye represented by the structural formula:
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 have the same connotation as in
      example 1 hereinabove, is prepared by coupling an appropriate diazonium
      salt with an equimolar ratio of halogen-containing aromatic amine, in an
      aqueous medium, in a conventional manner. The dye tarred out forming
      "blobs" of such viscosity that stirring had to be discontinued.
PAR  B. The same reaction as described in part A hereinabove is carried out
      under the same conventional conditions, except that 1 per initially, by
      weight of solids, based on the theoretical yeild of dye, of Bentonite is
      added to the solution of the coupling component before the solution of
      diazonium salt is added. Stirring is maintained and at the end of one day
      a semisolid mass is formed with signs of incipient crystallization.
PAR  C. The same reaction as described in part A hereinabove is carried out
      under the same conventional conditions, except that 1 per cent by weight
      of solids, based on the theoretical yield of dye, of T-30*Teflon
      (*Trademark) is added to the solution of the coupling component before the
      solution of diazonium salt is added. The dye is precipitated as a mass of
      crystals in less than 1.5 hours. Individual crystals ranged from 30 .mu.
      to about 105 .mu. and agglomerates of crystals are obtained which are
      easily comminuted.
PAR  D. The same reaction as described in part A hereinabove is carried out
      under the same conventional conditions, except that 1 per cent by weight
      of solids, based on the theoretical yield of dye, of finely divided pure
      crystals of the same dye to be precipitated (obtained from a previous
      preparation) is added to the solution of the coupling component before the
      solution of diazonium salt is added. Solid dye precipitated after 5 hours
      of constant stirring. Individual crystals were generally larger than those
      obtained in part C immediately hereinabove, and agglomerates of crystals
      are more difficult to grind into fine powder.
PAC  EXAMPLE 4
PAR  A. A disazo disperse dye represented by the structural formula:
      ##SPC4##
PAL  wherein R.sub.2 is a lower alkylene having from 1 to 5 carbon atoms is
      prepared by coupling aminozao benzene in equimolar ratio with an amine
      represented by the structural formula:
      ##SPC5##
PAL  wherein R.sub.2 is the same as above, in a known manner, under conventional
      conditions. The resultant disazodye is formed as a tar, intitially, but
      hardens on stirring overnight. No crystals are observed to be formed.
PAR  B. The same reaction as described in part A hereinabove is carried out
      under the same conventional conditions, except that 1 per cent by weight
      of solids, based on the theoretical yield of dye, of a 60% dispersion of
      PTFE resin (commercially available as T-30 *Teflon) (*Trademark), is added
      to the solution of the dinitrile prior to the addition of the diazotized
      aminoazo benzene. Solid dye precipitates essentially immediately in finely
      divided crystalline form, without the formation of tarry product. As in
      prior examples, hereinbefore, the crystals obtained are found to have PTFE
      particles occluded herein.
PAC  EXAMPLE 5
PAR  A. An anthraquinone disperse dye represented by the structural formula:
      ##SPC6##
PAL  wherein R.sub.3 has the same connotation as in Example 1 hereinabove, is
      prepared by condensing a mixture of dihydroxy-dinitro isomers of
      1,8-dihydroxy-1, 5-dinitro-anthraquinone with a substituted aniline
      represented by the structural formula:
      ##SPC7##
PAL  in a Cellosolve solvent in a known manner and under conventional
      conditions. After completion of the reaction, the reaction mixture is
      cooled and poured slowly, with stirring, into 2 N HCl to precipitate
      crystals of the dye. But the dye does not readily precipitate in
      crystalline form.
PAR  B. The same reaction as described in part A hereinabove is carried out
      under the same conventional conditions, except that 1 per cent by weight
      of solids, based on the theoretical yield of dye, of a 60% dispersion of
      PTFE resin (commercially available as T-30 *Teflon) (*Trademark), is added
      to the 2 N HCl solution prior to drowning the batch. The anthraquinone dye
      is readily precipitated in crystalline form with a primary crystal
      particle size in the range from about 30 .mu. to about 125 .mu. .
      Agglomerates of crystals are easily ground as are the primary crystals
      themeslves.
PAC  EXAMPLE 6
PAR  A. An alkoxylated intermediate, useful as a coupling component in a monoazo
      disperse dye, may be prepared conventionally, for example, by ethoxylating
      2-methoxy-5-acetamino aniline in acetic acid at about
      0.degree.-5.degree.c. Sufficient ethylene oxide is added until the diazo
      test is negative. The product obtained, after excess acetic acid is driven
      off, is an oily mass. This oily mass is repeatedly washed with diethyl
      ether before a crystalline product is obtained. The reaction may be set
      forth as follows:
      ##SPC8##
PAL  The crystalline coupling component may then be coupled with a diazotized
      dinitrochloroaniline to yield a difficulty crystallizable disperse dye, in
      a known manner. The dye may thereafter be acetylated as disclosed in U.S.
      Pat. No. 3,179,405.
PAR  B. The same sequence of reactions set forth in part A immediately
      hereinabove is carried out under the same conditions except that about 1%
      by weight of PTFE resin solids present as an aqueous colloidal dispersion
      of T-30 Telfon resin, is added to the reaction mass containing
      2-methoxy-5-acetamino aniline. Instead of an oily reaction product, a
      crystalline product is obtained.
PAR  Alternatively, the PTFE solids may be added in subsequent steps only, but
      it will be apparent that greatest benefit of the nucleating PTFE solids
      will be had with an early addition. It may be preferred to add additional
      PTFE solids to each step to obtain enhanced crystallization, both with
      respect to speed of crystallization and uniformity of small geometrically
      well-defined crystals.
PAC  EXAMPLE 7
PAR  A. An amine intermediate, such as is commonly used to prepare an
      authraquinone dye, is represented by the structural formula:
      ##SPC9##
PAL  wherein R.sub.3 is lower alkyl having from 1 to 5 carbon atoms, is
      conventionally prepared in the following manner: an acylphenone is
      nitrated in mixed acid to form nitroacylphenone. The nitroacetophenone is
      reduced either catalytically under pressure, or in a Meerwein-Ponndorf
      reaction to yield the nitrophenyl alkyl carbinol. The carbinol obtained is
      then reduced with iron powder to form the amine. In the foregoing
      conventional preparation both the carbinol and amine are obtained as oily
      products, so termed because they are less viscous and less dense than a
      tar or gum formed in other examples referred to herein.
PAR  B. The same sequence of reactions set forth in part A immediately
      hereinabove is carried out under the same conditions except that about 1%
      by weight of PTFE resin solids present as an aqueous colloidal dispersion
      of T-30 Teflon resin, is added to the reaction mass containing
      nitroacylphenone. Instead of an oily product, a crystalline, nitrophenyl
      alkyl carbinol is obtained. The crystalline product is easier to work with
      and allows physical characteristics, which may be indicative of the
      quality of the product, to be readily observed.
PAR  Alternatively, the PTFE solids may be added in the subsequent reduction
      step, which as stated hereinabove, conventionally yields a difficultly
      crystallizable amine. In the presence of finely divided PTFE a crystalline
      amine is produced which is easily recovered and handled.
PAR  Where the PTFE resin is added in a prior reaction, to obtain a crystalline
      reaction product with PTFE particles occluded in the crystals, the
      subsequent processing of the product is facilitated due to the presence of
      PTFE solids. For example, if PTFE solids are added in the
      Meerwein-Ponndorf reaction, and the crystals so obtained used in the
      subsequent reduction to the amine, improved crystallization is noted
      though no additional PTFE is added.
PAR  In the foregoing examples about 1% by weight PTFE solids, based on the
      theoretical reaction yield of solids, is used. It will be apparent that
      there is nothing critical about the amount of PTFE solids used for
      nucleation provided there are sufficient nucleating solids present to
      effect the desired improved crystallization. From the submicron primary
      particle size of PTFE solids in a typical suspensoid of water-wettable
      particles it will be apparent that even trace amounts of PTFE in the range
      of about 50 parts per million (on a weight basis) may provide noticeable
      improvement in crystallization. Generally, however, it will be found that
      an amount in the range from about 0.1 percent to about 3 percent by
      weight, based on theoretical yield of solids, will suffice. Even larger
      amounts may be used, but such large amounts provide no additional benefit,
      and serve only to introduce a significant amount of inert solids into the
      dye.
PAR  Best results are obtained with water-wettable PTFE which is used herein to
      illustrate the invention. Other water-wettable fully halogenated
      polyhaloolefinic resins in finely divided, submicron or micron, particle
      sizes may also be used. By the term "fully halogenated" is meant that all
      substitutable hydrogen atoms in a polyolefinic resin have been substituted
      with halogen, preferably selected from fluorine and chlorine.
PAR  Modifications, changes, and improvements to the preferred forms of the
      invention herein disclosed, described and illustrated may occur to those
      skilled in the art who come to understand the principles of its operation
      and the function of finely divided polyhaloolefinic resins as nucleating
      agents. Accordingly, the scope of the patent to be issued herein should
      not be limited to the particular embodiment of the invention set forth
      herein, but rather should be limited by the advance by which the process
      and the organic crystals formed thereby has promoted the art of obtaining
      the crystals from solutions containing them.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for crystallizing an organic essentially water-insoluble
      disperse dye or disperse dye intermediate comprising forming a
      water-insoluble dye or dye intermediate, in the presence of a
      water-wettable, finely divided, particulate polytetrafluoroethylene resin
      having an average primary particle size less than the average size of
      crystals to be deposited and crystallizing said dye or dye intermediate as
      a mass of crystals having an average diameter less than about 150 microns.
NUM  2.
PAR  2. The process of claim 1 wherein said disperse dye is selected from the
      azo, azomethine, nitroarene and anthraquinone chemical classes.
NUM  3.
PAR  3. A process for crystallizing an organic water-insoluble disperse dye or
      dye intermediate comprising dispersing in a liquid reaction mass
      containing a diazonium salt and an aromatic amine or other coupling
      component, a sufficient amount of water-wettable, finely divided
      polytetrafluoroethylene resin, having an average primary particle size in
      the range from about 0.02 micron to about 0.5 micron, to seed said liquid
      reaction mass, and, crystallizing said dye or dye intermediate as a mass
      of crystals having an average size less than about 150 microns, by
      providing each of the majority of said crystals with at least one particle
      of said finely divided water-wettable polytetrafluoroethylene resin.
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ABST
PAL  There are disclosed herein the 3.beta.,
      14-dihydroxy-,3.beta.,5,14-trihydroxy-, 3.beta.,12.beta.,14-trihydroxy-
      and 3.beta.,14,16.beta.-trihydroxy-21,23-epoxy-23-methoxy-24-nor-5.beta.,1
     4.beta.-chola-20,22-diene-22-carbonitriles, as well as their corresponding
      3-acetates, 3-propionates and 3-butyrates and their 3-digitosides and
      3.beta.-cyamarosyl-glucosides as encountered in naturally-occuring
      starting materials. The compounds possess useful cardiotonic activity.
      Also included are the corresponding 22-cyano-5.beta.-card-20(22)-enolides,
      useful as intermediates in the preparation of the compounds of this
      invention and also as cardiotonic agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  This invention relates to 21,23-epoxy-23-methoxy-24-nor-5.beta.
      ,14.beta.-chola-20,22-diene-22-carbonitriles, to
      22-cyano-5.beta.-card-20(22)-enolide intermediates and to methods of
      preparing and using these compounds. the compounds of this invention as
      well as the 22-cyanocardenolide intermediates show cardiotonic activity in
      mammals and this property renders them useful as cardiotonic agents.
PAR  B. Prior Art
PAR  The only known 21,23-epoxy-24-nor-5.beta.,14.beta.-chola-20,22-dienes
      appear to be the 17-[3-furyl] -5.beta.,14.beta.-androstanes described in
      Canadian Pat. No. 803,506, issued Jan. 17, 1969.
PAR  On the other hand, concerning the 22-cyano-5.beta.-card-20(22)-erolide
      intermediates, some 22-substituted cardenolides are known besides the
      naturally-occurring glycosides and aglycones (see for example in German
      Pat. Nos. 1,027,668, 1,920,176, 1,920,394, 2,000,338, 2,001,364 and
      2,015,850 and also in Dutch Pat. No. 72-12308 and Belgian Pat. No.
      751,768.
PAC  SUMMARY OF THE INVENTION
PAR  The
      21,23-epoxy-23-methoxy-24-nor-5.beta.,14.beta.-chola-20,22-diene-22-carbon
     itriles of this invention may be represented by the formula I, in which
      St--OR represents rings
      ##SPC1##
PAL  A, b, c and D of 3.beta.-oxygenated aglycones with their respective
      substituents attached thereto such as digitoxigenin, periplogenin,
      digoxigenin and gitoxigenin, in which R is hydrogen, a lower aliphatic
      acyl group containing from 2 to 4 carbon atoms or glycosidic groups
      naturally associated with the above-mentioned aglycones and in which the
      2-methoxy-3-cyanofuryl group is attached to the steroid moiety St at
      position 17.beta..
PAC  Detailed Description of this Invention
PAR  The compounds of this invention possess important cardiotonic properties
      and are useful as cardiotonic agents.
PAR  Cardiotonic agents have the ability to increase the force of contraction of
      the failing heart and are extensively used in the therapy of congestive
      heart failure, see for example L.F. Fieser and M. Fieser, "Steroids",
      pages 799 and 800.
PAR  The cardiotonic activity of the compounds of this invention may be
      demonstrated by their ability to restore the normal force of contraction
      in mammals in which experimental heart failure has been induced. More
      particularly, the cardiotonic activity of the compounds may be determined
      in the following animal model: Mongrel dogs of both sexes weighing from 6
      to 15 kg are anesthetized for surgery by the intravenous administration of
      approximately 35 mg/kg of sodium pentobarbital. The trachea is then
      cannulated to allow artificial respiration after thoracotomy. The two
      femoral veins are also cannulated for the infusion of sodium pentobarbital
      and the intravenous administration of the compounds to be tested.
      Following thoracotomy and exposure of the right ventricle, a metal-encased
      strain gauge arch with one movable foot, for example the Walton-Brodie
      type, is sutured onto the ventricle for the recording of the force of
      contraction of the heart muscle. The resting tension applied between the
      two feet of the arch is adjusted to give the maximum tension development
      during a cardiac contraction. The systolic, diastolic and mean blood
      pressures are recorded from a femoral artery. The beat to beat heart rate
      is measured by means of a tachograph, triggered by a signal derived from
      the amplified pulse pressure wave. Finally the electrocardiogram is
      simultaneously recorded on a polygraph. Following surgery the
      above-mentioned parameters are recorded until they remain constant.
PAR  Cardiotonic activity may be demonstrated in the following experiment.
      Experimental heart failure is induced in the above described dogs by the
      intravenous administration of sodium pentobarbital at a rate of 0.75
      mg/kg/min until the force of contraction of the heart as measured by the
      strain gauge sutured onto the right ventricle is decreased by
      approximately 50%. In order to maintain the force of contraction at this
      reduced level sodium pentobarbital is continuously infused at the rate of
      0.1 mg/kg/min. Restoration of the force of contraction of the heart muscle
      to its initial level following the administration of test compounds is a
      demonstration of cardiotonic activity. The
      21,23-epoxy-23-methoxy-24-nor-5.beta.,14.beta.-chola-20,22-diene-22-carbon
     itriles and the 22-cyano-5.beta.-card-20(22)enolide intermediates of this
      invention restore the force of contraction of the heart in dogs in which
      experimental heart failure has been induced as described above.
      Consequently they exhibit cardiotonic activity in mammals and their
      property renders them useful as cardiotonic agents.
PAR  The dosages of the
      21,23-epoxy-23-methoxy-24-nor-5.beta.,14.beta.-chola-20,22-diene-22-carbon
     itriles and 10 22-cyano-5.beta.-card-20(22)-enolide intermediates will
      depend on the pharmaceutical aim and the particular compound chosen. The
      compounds are best administered intravenously in sterile solutions or
      suspensions in pharmaceutically acceptable vehicles in doses ranging from
      1 mg to 100 mg/kg. More particularly, in order to restore the force of
      contraction, the compounds are best given by successive administrations in
      the form of sterile suspensions and in doses ranging from 10 to 20 mg/kg
      for the
      21,23-epoxy-23-methoxy-24-nor-5.beta.,14.beta.-chola-20,22-diene-22-carbon
     itriles and in doses of 5 - 10 mg/kg for the
      22-cyano-5.beta.-card-20(22)-enolide intermediates, until the desired
      effect is produced. For maintenance, the compounds are again best
      administered in the form of sterile suspensions but in reduced dosages,
      preferably ranging from 1 mg to 5 mg/kg.
PAC  Process
PAR  The
      21,23-epoxy-23-methoxy-24-nor-5.beta.,14.beta.-chola-20,22-diene-22-carbon
     itriles of this invention are prepared by the process depicted in the
      following flow sheet.
      ##SPC2##
PAR  The starting materials of formula II, in which St--OR is as defined above,
      are naturally-occuring cardiac glycosides such as digitoxin, periplocin,
      gitoxin and digoxin, their corresponding aglycones, or their 3-lower
      aliphatic acyloxy derivatives, for example the 3-acetates, 3-propionates
      and 3-butyrates. The 3-acetates of gitoxigenin and digoxigenin are
      prepared as described in Elsevier's Encyclopedia of Organic Compounds,
      Vol. 14S (1969) pp. 4579S and 4561S respectively. Their corresponding
      3-propionates and 3-butyrates are prepared according to the same
      procedures.
PAR  The starting materials of formula II are oxonized and then hydrolyzed as
      described by Bach et al. in Can. J. Chem., Vol. 46, p. 733 (1969) to
      afford the 21-hydroxy-20-ketones of general formula III, in which St--OR
      is as described above. The 21-hydroxy-20-ketones of formula III are
      subsequently condensed with a lower aliphatic ester of cyanoacetic acid,
      for example methyl or ethyl cyanoacetate, in the presence of a basic
      catalyst, for example an alkali metal alkoxide, preferably sodium
      methoxide or potassium t-butoxide, or an alkali metal hydride, preferably
      sodium hydride, in an inert solvent to afford the
      22-cyano-5.beta.-card-20(22)-enolides of formula IV in which St--OR is as
      described above. 2-Cyano-2-buten-4-olides have been prepared by a similar
      procedure, see A.A. Avetisyan et al., Zh . Org. Khim, Vol. 7, page 962
      (1971), Chem. Abst. Vol. 75, page 63,047q (1971). Finally, the
      22-cyano-5.beta.-card-20(22)-enolides IV are converted to the
      21,23-epoxy-23-methoxy-24-nor-5.beta.,14.beta.
PAR  -chola-20,22-diene-22-carbonitriles I of this invention upon reaction with
      diazomethane.
PAR  In a preferred embodiment of this invention, digitoxigenin acetate or
      digoxin of formula V in which R represents an acetoxy or a tridigitosyloxy
      group are ozinized according to the procedure described by Bach et al.,
      cited above and hydrolyzed to give the corresponding
      14,21dihydroxy-5.beta.,14.beta.-pregnan-20-ones of formula VI. Treatment
      of the latter compounds with ethyl cyanoacetate in the presence of sodium
      methoxide in methanol affords the corresponding
      22-cyano-14-hydroxy-5.beta.-card-20,(22)-enolides of formula VII, which
      upon reaction with diazomethane yield the corresponding
      21,23-epoxy-14-hydroxy-23-methoxy-24-nor-5.beta.,14.beta.-chola-20,22-dien
     e-22-carbonitriles of formula VIII. Compounds VI, VII and VIII,
      respectively correspond to compounds III, IV and I in which St--OR
      represents rings A, B, C and D of digitoxigenin along with the
      sutstituents attached thereto and R represents an acetoxy or
      tridigitosyloxy group.
      ##SPC3##
PAR  The following examples will serve to illustrate the present invention.
DETD
PAC  EXAMPLE 1
PAC    3.beta.,14,21-Trihydroxy-5.beta.,14.beta.-pregnan-20-one 3-acetate
PAR  Ozone is passed through a solution of digitoxigenin acetate (19.8 g) in
      ethyl acetate (1100 ml) cooled at -70.degree. until a blue color appears.
      After bubbling nitrogen until the disappearance of the blue color,
      potassium iodide (11.85 g) and glacial acetic acid (12 ml) are added and
      the mixture is stirred for 1 hour during which time the temperature is
      allowed to rise to room temperature. The solution is then washed
      repeatedly over a period of about 6 hours with a 10% aqueous solution of
      sodium thiosulfate to remove iodine, dried and evaporated affording crude
      3.beta., 14,21-trihydroxy-5.beta.,14.beta.-pregnan-20-one 3-acetate,
      21-glyoxylate.
PAR  Without purification a mixture of this product (20.4 g) and a 0.1N solution
      of hydrochloric acid is left at room temperature for 24 hours. The
      solution is concentrated to a small volume, while keeping the temperature
      of the water bath at about 50.degree.C. The residue is extracted with
      ethyl acetate and ether. The extracts are washed to neutrality, dried and
      evaporated. The title compound is obtained by crystallization from ether,
      m.p. 160.degree. - 164.degree.C.
PAR  In a similar manner the 3-propionate and 3-butyrate of digitoxigenin are
      converted to the 3-propionate and 3-butyrate of
      3.beta.,14,21-trihydroxy-5.beta.,14.beta.-pregnan-20-one respectively when
      treated as above.
PAR  Similarly, digitoxigenin, periplogenin, digoxigenin and gitoxigenin are
      converted to 3.beta.,14,21-tri-hydroxy-5.beta.,14.beta.-pregnan-20-one,
      3.beta.,5,14,21-tetrahydroxy-5.beta.,14.beta.-pregnan-20-one,
      3.beta.,12.beta.,14,21-tetrahydroxy-5.beta.,14.beta.-pregnan-20-one and
      3.beta.,14,16.beta.,21-tetrahydroxy-5.beta.,14.beta.-pregnan-20-one
      respectively when treated as above.
PAR  Again similarly the 3-acetates 3-propionates and 3-butyrates of
      periplogenin, digoxigenin and gitoxigenin are respectively converted to
      the 3-acetates, 3-propionates and 3-butyrates of
      3.beta.,5,14,21-tetrahydroxy-5.beta.,14.beta. -pregnan-20-one,
      3.beta.,12.beta.,14,21-tetrahydroxy-5.beta.,14.beta.-pregnan-20-one and
      3.beta.,14,16.beta.,21-tetrahydroxy-5.beta.,14.beta.
PAR  -pregnan-20-one when treated as above.
PAC  EXAMPLE 2
PAC    3.beta.-Tridigitosyloxy-14,21-dihydroxy-5.beta.,14.beta.-pregnan-20-one
PAR  Ozone is passed through a solution of digitoxin (20 g) in methanol (1200)
      cooled at -70.degree.C until a blue color appears. The solution is allowed
      to warm up to room temperature and is left standing overnight. After
      bubbling nitrogen, a solution of potassium iodide (20 g) in water (30 ml)
      is added followed by glacial acetic acid (0.4 ml). The mixture is then
      washed repeatedly over a period of approximately 6 hours with a solution
      of sodium thiosulfate (15 g of Na.sub.2 S.sub.2 O.sub.3 5H.sub.2 O) in
      water (30 ml) to remove free iodine. Finally a solution of potassium
      bicarbonate (15 g) in water (700 ml) is added and the mixture is stirred
      overnight at room temperature. After filtering off the slight turbidiy,
      the pH of the filtrate is adjusted to 6.5 - 6.8 by the addition of glacial
      acetic acid. The solution is then concentrated to half its volume and the
      resulting precipitate is filtered affording
      3.beta.-tridigitosyloxy-14,21-dihydroxy-5.beta., 14.beta.-pregnan20 -one
      .nu..sub.max.sup.CHCl.sbsp.3  3100 and 3625 (OH) and 1696 cm.sup..sup.-1
      (CO).
PAR  In a similar manner periplocin, digoxin and gitoxin are respectively
      converted to
      3.beta.-cymarosyl-glucosyloxy-5,14,21-trihydroxy-5.beta.,14.beta.-pregnan-
     20-one,
      3.beta.-tridigitosyloxy-12.beta.,14,21-trihydroxy-5.beta.,14.beta.-pregnan
     -20-one and
      3.beta.-tridigitosyloxy-14,16.beta.,21-trihydroxy-5.beta.,14.beta.-pregnan
     -20-one when treated as described above.
PAC  EXAMPLE 3
PAC    22-Cyano-3.beta.,14-dihydroxy-5.beta.-card-20(22)-enolide 3-acetate
PAR  A solution of ethyl cyanoacetate (2.26 g) in methanol (10 ml) is added to
      an ice-cold methanolic solution of sodium methoxide, prepared by reacting
      sodium (0.46 g) and methanol (20 ml). After stirring for 5 minutes, a
      solution of 3.beta.,14,21-trihydroxy-5.beta.,14.beta.-pregnan-20-one
      3-acetate (4.16 g), obtained as described in Example 1, in methanol (15
      ml) is added. The reaction is allowed to proceed at room temperature for 1
      hour. Neutralization with 2N hydrochloric acid affords a precipitate,
      which is purified by crystallization from isopropanol to give the title
      compound, m.p. 247.degree. - 252.degree. .nu..sub.max (KBr pellet) 3500
      (OH), 2230 (CN), (1760 (5-membered lactone), 1707 (acetate) and 1612
      cm.sup..sup.-1 (double bond).
PAR  In a similar manner the 3-propionate and 3-butyrate of
      3.beta.,14,21-trihydroxy-5.beta.,14.beta.-pregnan-20-one, described in
      Example 1, are respectively converted to the 3-propionate and 3-butyrate
      of 22-cyano-3.beta.,14-dihydroxy-5.beta.-card-20(22)-enolide when treated
      as above with ethyl cyanoacetate and sodium methoxide.
PAR  Similarly 3.beta.,14,21-trihydroxy-5.beta.,14.beta.-pregnan-20-one,
      3.beta.,5,14,21-tetrahydroxy-5.beta.,14.beta.-pregnan-20-one,
      3.beta.,12.beta.,14,21-tetrahydroxy-5.beta.,14.beta.-pregnan-20-one and
      3.beta.,14,16.beta.,21-tetrahydroxy-5.beta.,14.beta.-pregnan-20-one,
      obtained in Example 1, are converted to
      22-cyano-3.beta.,14-dihydroxy-5.beta.-card-20(22)-enolide,
      22-cyano-3.beta.,5,14-trihydroxy-5.beta.-card-20(22)-enolide,
      22-cyano-3.beta.,12.beta.,14-trihydroxy-5.beta.-card-20(22)-enolide and
      22-cyano-3.beta.,14,16.beta.-trihydroxy-5.beta.-card-20(22)-enolide,
      respectively, when treated as above.
PAR  Again similarly the 3-acetates, 3-propionates and 3-butyrates of
      3.beta.,5,14,21-tetrahydroxy-5.beta.,14.beta.-pregnan-20-one, 3.beta.,
      12.beta.,14,21-tetrahydroxy-5.beta.,14.beta.-pregnan-20-one and
      3.beta.,14,16.beta.,21-tetrahydroxy-5.beta.,14.beta.-pregnan-20-one,
      obtained in Example 1, are converted to the 3-acetates, 3-propionates and
      3-butyrates of
      22-cyano-3.beta.,5,14-tri-hydroxy-5.beta.-card-20(22)-enolide,
      22-cyano-3.beta.,12.beta.,14-tri-hydroxy-5.beta.-card-20(22)-enolide and
      22-cyano-3.beta.,14,16.beta.-tri-hydroxy-5.beta.-card-20(22)-enolide,
      respectively, when treated as above.
PAC  EXAMPLE 4
PAC   22-Cyano-14-hydroxy-3.beta.-tridigitosyloxy-5.beta.-card-20(22)-enolide
PAR  A solution of ethyl cyanoacetate (3.69 g) in methanol (15 ml) is added to
      an ice-cold methanolic solution of sodium methoxide, prepared from sodium
      (0.75 g) and methanol (38 ml). After stirring for 5 minutes at room
      temperature a solution of
      3.beta.-tridigitosyloxy-14,21-dihydroxy-5.beta.,14.beta.-pregnan-20-one (5
      g), obtained as described in Example 2, in methanol (60 ml) is added. The
      mixture is allowed to react for 1 hour at room temperature, is acidified
      with 2N hydrochloric acid and is extracted with chloroform. The extracts
      are washed to neutrality, dried and evaporated. The residue is
      chromatographed on silica gel. Further purification by crystallization
      from acetone affords the title product, m.p. 245 - 248.degree.,
      .nu..sub.max (KBr pellet) 3540 (OH), 2230(CN), 1766 and 1740 (5-membered
      ring lactone) and 1615 cm.sup.-.sup.1 (double bond).
PAR  In a similar manner,
      3.beta.-cyamarosyl-glucosyloxy-5,14,21-trihydroxy-5.beta.,14.beta.-pregnan
     -20-one,
      3.beta.-tridigitosyloxy-12.beta.,14,21-trihydroxy-5.beta.,14.beta.-pregnan
     -20-one and
      3.beta.-tridigitosyloxy-14,16.beta.,21-trihydroxy-5.beta.,14.beta.-pregnan
     -20-one, obtained in Example 2, are respectively converted to
      22-cyano-3.beta.-cyamarosyl-glycosyloxy-5,14-dihydroxy-5.beta.-card-20(22)
     -enolide,
      22-cyano-12.beta.,14-dihydroxy-3.beta.-tridigitosyloxy-5.beta.-card-20(22)
     -enolide and
      22-cyano-14,16.beta.-dihydroxy-3.beta.-tridigitosyloxy-5.beta.-card-20(22)
     -enolide when treated as above with ethyl cyanoacetate and sodium
      methoxide.
PAC  EXAMPLE 5
PAC  21,23-Epoxy-3.beta.,14-dihydroxy-23-methoxy-24-nor-5.beta.,14.beta.-chola-2
     0,22-diene-22-carbonitrile 3-acetate
PAR  An ethereal solution of diazomethane is added rapidly to an ice-cold
      solution of 22-cyano-3.beta.,14-dihydroxy-5.beta.-card-20(22)-enolide
      3-acetate (6.29), obtained as described in Example 3, in methylene
      chloride (190 ml), until the evolution of nitrogen has ceased. The
      reaction mixture is then stirred at room temperature for 21 hours and the
      solvents are removed by blowing nitrogen over the solution warmed to
      60.degree.. The residue is chromatographed on silica gel, eluted with 30%
      ethylacetate in benzene and crystallization of the eluted product with
      methylene chloride-diisopropyl ether affords the title product, m.p.
      195.degree. - 197.degree.  .nu..sub.max (KBr pellet): 3535 (OH), 2220
      (CN), 1722 (CO of the acetate) and 1610, 1580 (furyl group).  In a similar
      manner the 3-propionate and 3-butyrate of
      22-cyano-3.beta.,14-dihydroxy-5.beta.-card-20(22)-enolide, obtained in
      Example 3, are converted to the 3-propionate and 3-butyrate of
      21,23-epoxy-3.beta.,14-dihydroxy-23-methoxy-24-nor-5.beta.,14.beta.-chola-
     20,22-diene-22-carbonitrile, respectively when treated as above with
      diazomethane.
PAR  Similarly 22-cyano-3.beta.,14-dihydroxy-5.beta.-card-20(22)-enolide,
      22-cyano-3.beta.,5,14-trihydroxy-5.beta.-card-20(22)-enolide,
      22-cyano-3.beta.,12.beta.,14-trihydroxy-5.beta.-card-20(22)-enolide,
      22-cyano-3.beta.,14,16.beta.-trihydroxy-5.beta.-card-20(22)-enolide,
      obtained in Example 3 are converted to
      21,23-epoxy-3.beta.,14.beta.-dihydroxy-23-methoxy-24-nor-5.beta.,14.beta.-
     chola-20,22-diene-22-carbonitrile,
      21,23-epoxy-3.beta.,5,14-trihydroxy-23-methoxy-24-nor-5.beta.,14.beta.-cho
     la-20,22-diene-22-carbonitrile,
      21,23-epoxy-3.beta.,12.beta.,14-trihydroxy-23-methoxy-24-nor-5.beta.,14.be
     ta.-chola-20,22-diene-22-carbonitrile and
      21,23-epoxy-3.beta.,14,16.beta.-trihydroxy-23-methoxy-24-nor-5.beta.,14-ch
     ola-20,22-diene-22-carbonitrile, respectively when treated as above with
      diazomethane.
PAR  Again similarly the 3-acetates, 3-propionates and 3-butyrates of
      22-cyano-3.beta.,5,14-trihydroxy-5.beta.-card-20(22)-enolide;
      22-cyano-3.beta.,12.beta.,14-trihydroxy-5.beta.-card-20(22)-enolide and
      22-cyano-3.beta.,14,16.beta.-trihydroxy-5.beta.-card-20(22)-enolide,
      obtained in Example 3, are converted to the 3-acetates, 3-propionates and
      3-butyrates of
      21,23-epoxy-3.beta.,5,14-trihydroxy-23-methoxy-24-nor-5.beta.,14.beta.-cho
     la-20,22-diene-22-carbonitrile,
      21,23-epoxy-3.beta.,12.beta.,14-trihydroxy-23-methoxy-24-nor-5.beta.,14.be
     ta.-chola-20,22-diene-22-carbonitrile and
      21,23-epoxy-3.beta.,14,16.beta.-trihydroxy-23-methoxy-24-nor-5.beta.,14.be
     ta.-chola-20,22-diene-22-carbonitrile, respectively, when treated as above
      with diazomethane.
PAR  Again similarly
      22-cyano-14-hydroxy-3.beta.-tridigitosyloxy-5.beta.-card-20(22)-enolide,
      22-cyano-3.beta.-cyamarosyl-glucosyloxy-5,14-dihydroxy-5.beta.-card-20(22)
     -enolide,
      22-cyano-12.beta.,14-dihydroxy-3.beta.-tridigitosyloxy-5.beta.-card-20(22)
     -enolide and
      22-cyano-14,16.beta.-dihydroxy-3.beta.-tridigitosyloxy-5.beta.-card-20(22)
     -enolide, described in Example 4, are respectively converted to
      21,23-epoxy-14-hydroxy-23-methoxy-3.beta.-tridigitosyloxy-24-nor-5.beta.,1
     4.beta.-chola-20,22-diene-22-carbonitrile,
      3.beta.-cyamarosyl-glucosyloxy-21,23-epoxy-5,14-dihydroxy-23-methoxy-24-no
     r-5.beta.,14.beta.-chola-20,22-diene-22-carbonitrile,
      21,23-epoxy-12.beta.,14-dihydroxy-23-methoxy-3.beta.-tridigitosyloxy-24-no
     r-5.beta.,14.beta.-chola-20,22-diene-22-carbonitrile and
      21,23-epoxy-14,16.beta.-dihydroxy-23-methoxy-3.beta.-tridigitosyloxy-24-no
     r-5.beta.,14.beta.-chola-20,22-diene-22-carbonitrile when treated as above
      with diazomethane.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of formula
      ##SPC4##
PAL  in which St--OR represents rings A, B, C and D of naturally-occuring
      3.beta.-oxygenated aglycones with their respective substituents attached
      thereto selected from the group consisting of digitoxigenin, periplogenin,
      digoxigenin and gitoxigenin, and R represents a glycosidic group naturally
      associated with the above aglycones and in which the cyanolactone ring is
      attached to the steroid moiety St at position 17.beta..
NUM  2.
PAR  2. 21,23-Epoxy-14-hydroxy-23-methoxy-3.beta.-tridigitosy
     loxy-24-nor-5.beta.,14.beta.-chola-20,22-diene-22-carbonitrile.
NUM  3.
PAR  3. 22-Cyano-14-hydroxy-3.beta.-tridigitosyloxy-5.beta.-card-20(22)-enolide,
      as claimed in claim 1.
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ABST
PAL  Organic sulfoxides such as dimethylsulfoxide are used in the transformation
      of alicyclic ketoximes into the corresponding lactams according to the
      Beckmann rearrangement in the presence of a strong acid cation exchange
      resin as disclosed. Thus cyclohexanone is dissolved in DMSO and contacted
      with a sulfonated copolymer of styrene and divinyl benzene to produce
      caprolactam in a continuous process.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of our earlier copending application Ser.
      No. 252,877 filed May 12, 1972, now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  The transformation of alicyclic ketoximes into the isomeric lactams
      according to the Beckmann rearrangement is usually carried out on an
      industrial scale, such as to form .epsilon.-caprolactam from cyclohexanone
      oxime, in a homogeneous strongly acid phase by means of, e.g., oleum or
      sulfur trioxide dissolved in liquid sulfur dioxide. The lactam-laden
      reaction mixture is then neutralized with ammonia water, after which the
      acid lactam is separated from the resulting solution of ammonium sulfate.
      Ammonium sulfate is subsequently recovered by crystallization from the
      solution that has been freed of lactam.
PAR  According to this process the preparation of .epsilon.-caprolactam is also
      accompanied by the production of a large amount of ammonium sulfate, often
      of the order of 1.7 to 1.9 tons of ammonium sulfate per ton of lactam if
      the conversion has been effected in oleum. Such a by-product is
      commercially undesirable owing to the increasing difficulties in selling
      ammonium sulfate, so that attempts have been made for some time to find
      methods of effecting the intramolecular rearrangement of oxime into lactam
      without by-production of ammonium sulfate.
PAR  It has already been proposed to effect this rearrangement in the gaseous
      phase at a high temperature in the presence of solid acid catalysts, such
      as boron oxide, but this method is technically and economically less
      attractive because the process flow, that is gases instead of liquids,
      occupy relatively large volumes so that the cost of apparatus and the cost
      of processing are high as compared with a processing in the liquid phase.
      Furthermore it seems that the high temperature of the process in the
      gaseous phase is not favorable to the quality of the resulting lactam.
PAR  It has also been proposed to effect the rearrangement under the influence
      of strongly acid cation exchangers in the H.sup.+ form, in which process
      the ion exchanger comes into contact with oxime dissolved in a solvent.
      Cation exchangers that are mentioned as suitable for this process are
      sulphonated copolymers of polystyrene divinyl benzene resins, which are
      commercially available under the registered trade marks of "Amberlyst 15"
      from Rohm and Haas and "Dowex 50" from Dow Chemical.
PAR  Unlike in the rearrangement of oxime into lactam in a homogeneous medium of
      oleum or sulfur trioxide in liquid sulfur dioxide in which the lactam
      formed is liberated by neutralization of the medium with ammonia, a
      neutralization step of this type is omitted provided a strongly acid
      cation exchanger is used.
PAR  According to the process described in the British Patent Specification
      1,029,201, in which cyclohexanone oxime dissolved in a reaction mixture of
      water-free acetic acid and acetic anhydride comes into contact with a
      strongly acid cation exchanger, the resulting lactam combines with the ion
      exchanger. The lactam can then be recovered by separating the ion
      exchanger and reaction liquor, washing the exchanger with water or a
      diluted alcohol solution and then evaporating the solvent from the lactam
      solution obtained. This is a multi-step process with difficulties in
      product and solvent recovery.
PAR  According to the process described in the Japanese Patent Publication
      16,777/66, cyclohexanone oxime is brought into contact with a cation
      exchanger in a reaction mixture of toluene, cyclohexane, and acetic
      anhydride. Here the resulting lactam does not combine with the ion
      exchanger but remains in solution. After separation of ion exchanger and
      reaction liquor, lactam can be recovered from the solution by successively
      evaporating cyclohexane, toluene, and acetic anhydride.
PAR  In these known processes, a water-free organic acid and acid anhydride,
      usually acetic acid and acetic anhydride, and, in some cases, an organic
      solvent or mixture of solvents are always used in the reaction mixture in
      addition to the strongly acid cation exchanger. Depending on the
      circumstances the resulting lactam may combine with the ion exchanger
      used.
PAR  Attachment of the lactam to the ion exchanger is to be avoided. A process
      in which the resulting lactam combines with the ion exchanger and can be
      separated from the ion exchanger by a sodium hydroxide treatment is
      unattractive for commercialization on an industrial scale owing to the
      necessity of using a batch-type process; a process in which the resulting
      lactam remains in solution is much more favorable economically. According
      to such a process the ion exchanger need not be lixiviated with water to
      permit the recovery of the lactam and the required amount of ion exchanger
      will be much smaller than the stoichiometric amount required, that is an
      amount of 1 mole of lactam per gram equivalent of H.sup.+ of the ion
      exchanger. In this manner the ion exchanger only serves as a catalyst for
      the Beckmann rearrangement and does not become loaded with lactam. The
      lactam that remains in solution can be recovered by distillation, but the
      comparatively high temperature needed to evaporate the dissolved acetic
      anhydride adversely affects the quality of the lactam produced.
PAR  Attempts have also been made according to Japanese Patent Publication
      20,619/66 at effecting the Beckmann rearrangement with a strongly acid
      cation exchanger for catalyst, the oxime to be transformed being then
      dissolved in an organic solvent, such as benzene and toluene but, in
      contrast to the method described above, in the absence of an organic acid
      or acid anhydride. In such a process hardly any transformation appears to
      take place at a temperature of about 100.degree. C, and the use of a much
      higher temperature e.g. above 130.degree. C to promote the transformation
      is less desirable, since experience has shown that the ion exchanger
      cannot withstand such high temperatures.
PAR  The present invention is directed to an improved process for transforming
      alicyclic ketoximes, such as cyclohexanone oxime and cyclododecanone
      oxime, into the corresponding lactams under the influence of strongly acid
      solid catalyst, in particular strongly acid cation exchangers in the
      H.sup.+ form, wherein the oxime to be transformed is dissolved in a
      water-free solvent. According to the disclosed process the presence of an
      organic acid or acid anhydride in addition to the solid acid catalyst is
      not needed, thereby reducing the cost of commercialization and operation.
PAR  We have found that the Beckmann rearrangement of oximes can profitably be
      carried out if the oxime is first dissolved in dimethyl sulfoxide (DMSO)
      and is then contacted with a solid strongly acid catalyst. To obtain a
      reasonable reaction rate, it is desirable to use a temperature in excess
      of 85.degree. C but not greater than 130.degree. C, preferably about
      100.degree. to about 120.degree. C.
PAR  Preferably the dimethyl sulfoxide is water-free or substantially
      water-free. Molecular sieves may be employed to remove water from the
      solvent if needed.
PAR  The advantage in using dimethyl sulfoxide for the solvent is that the same
      solvent both activates and regenerates the solid acid catalysts, so that
      the catalysts can be used several times. Also the transformation of oximes
      into lactams by means of solid acid catalysts can be carried out by a
      continuous manner according to the disclosed process. The catalyst is used
      in a dry state, that is free from or substantially free from water to
      achieve best results. If the catalyst contains water it may be dried by
      first washing with anhydrous solvent prior to commencing the process. The
      catalyst may also be dried by heating.
PAR  As used herein the term solid acid catalyst indicates boron oxide or a
      strong-acid cation exchange resin in the H.sup.+ form. These resins
      include the sulfonated copolymers of styrene and divinylbenzene, the
      active group being --C.sub.6 H.sub.4 SO.sub.3
PAR  H, as recognized in the art and described in the Encyclopedia of Polymer
      Science and Technology, Volume 7, pages 692-704, the disclosures of which
      are hereby incorporated by reference. Preferred ion exchange resins have a
      total capacity in meg/q of about 5. The following examples refer to
      "Amberlyst 15," "Amberlite 200" and "Amberlite CG120" resins commercially
      available from Rohm & Haas Co. and "Zeroliet 227" manufactured by United
      Water Softeners.
PAR  The ion exchange resins disclosed herein are regenerated by treatment with
      100 weight percent sulphuric acid, a solution of sulphuric acid in
      dimethyl sulfoxide or a solution of sulfur trioxide in concentrated
      sulphuric acid (oleum).
PAR  The alicyclic ketoximes to be converted according to the disclosed process
      have from 3 to 13 carbon atoms as does the corresponding lactam. Preferred
      and cyclohexanone and cyclododecanone for the commercial importance of
      their corresponding lactams. For example caprolactam may be polymerized
      according to known methods to produce nylon-6.
PAR  The conversion reaction is conveniently conducted at atmospheric pressures
      and, although higher and lower pressures may be used, they will generally
      only add to the cost of equipment, operation or both. The time required
      for completion or substantial completion of the transformation is subject
      to wide variation dependent upon the reactants, catalyst surface area and
      the temperature.
DETD
PAR  The process of the present invention is suited to be carried out in either
      a continuous or discontinuous manner. Where a continuous process is
      intended (see, for instance, examples 10, 11 and 12) the space velocity is
      maintained between 0.01 and 10 mols of oxime per liter of ion exchange
      resin per hour. A discontinuous or batch-type process (see examples 1-9)
      requires a residence time of the DMSO-Oxime solution in contact with the
      exchange resin catalyst of between about 10 and 120 minutes while the
      ratio of oxime, expressed in moles, to amount of exchange resin catalyst,
      expressed in gram equivalents varies from about 100:1 to about 0.1:1.
      Discontinuous-type processing is preferably conducted with stirring so
      that the exchange resin and the DMSO-Oxime solution thoroughly contact
      each other.
PAR  We have observed that, contrary to prior experiences of others, for
      instance British Patent Specification 1,029,201 mentioned above, the
      lactam produced according to our process does not become bound up, adhered
      to or combined with the exchange resin, but rather flows freely and is
      easily separated from the exchange resin and no special measures are
      required to separate the lactam from the exchange resin.
PAR  To obtain a reasonable transformation, according to known processes, it is
      necessary to use a reaction medium which contains, in addition to the
      solid acid catalyst, both a substance that apparently acts as an activator
      for the catalyst such as an organic acid or acid anhydride, and a
      substance that acts as a solvent for the lactam formed. We have found that
      if organic sulfoxides such as dimethyl sulfoxide are used as the solvent
      both functions are performed.
PAR  A further advantage for the use of dimethyl sulfoxide as solvent in the
      Beckmann rearrangement of oximes using a solid acid catalyst is that both
      higher selectivity and higher conversion efficiency are achieved as
      compared with those of the solvents used in prior processes. Thus we have
      found that, for example, at a conversion efficiency of 88 % of the oxime
      fed in 97 % of this oxime has been transformed into the desired lactam.
PAR  Although we do not wish to be bound by any particular theories, it appears
      that in the Beckmann rearrangement the dimethyl sulfoxide activates not
      only acid cation exchangers in the H.sup.+ form, but also other solid acid
      catalysts such as those of the type used in the gaseous phase process of
      the Beckmann rearrangement, such as boron oxides, with or without a
      carrier, so that these solid acid catalysts can also be used in the liquid
      phase, in which the oxime has been dissolved in dimethyl sulfoxide.
PAR  The invention will be further described by the following example.
      Comparative examples are indicated by letters and are not according to the
      present invention, whereas examples that are according to the present
      invention are indicated by numbers. Unless otherwise indicated all parts
      and percentages are by weight.
PAR  Table I summarizes some comparative experimental results from which it
      appears that the use of dimethyl sulfoxide, designated as DMSO, as the
      solvent clearly gives better results as compared with the results obtained
      with other suitable solvents for oxime and lactam as disclosed in known
      processes.
PAR  In the following experiments a 30 % by weight solution of cyclohexanone
      oxime was brought into contact with the ion exchanger "Amberlyst 15" for 2
      hours, while the mixture was thoroughly stirred and an
      ##EQU1##
      ratio of 4 : 1 was maintained. The amount of .epsilon.caprolactam formed
      has been expressed as a percentage of the amount of oxime originally
      present.
TBL                                    Table I                                 
     __________________________________________________________________________
     example                                                                   
          name of solvent                                                      
                     formula   temperature                                     
                                      .epsilon.-caprolactam                    
                               in .degree.C                                    
                                      formed                                   
     __________________________________________________________________________
     A    no solvent           110    3                                        
     B    toluene    C.sub.6 H.sub.5 CH.sub.3                                  
                               106    2                                        
     C    dimethyl formamide                                                   
                     HCON(CH.sub.3).sub.2                                      
                               115    2                                        
     D    sulfolane  (CH.sub.2).sub.4 SO.sub.2                                 
                               118    0.1                                      
     E    liquid sulfur                                                        
                     SO.sub.2  110    1                                        
          dioxide              (32 atm)                                        
     F    mixture of acetic                                                    
                     (CH.sub.3 CO).sub.2 O +                                   
                               100    11.5                                     
          anhydride, toluene,                                                  
          and cyclohexane                                                      
                     C.sub.6 H.sub.5 CH.sub.3 + C.sub.6 H.sub.12               
          in weight ratio of                                                   
          1 : 2 : 1                                                            
     1    DMSO       (CH.sub.3).sub.2 SO                                       
                               110    40                                       
     2    DMSO       (CH.sub.3).sub.2 SO                                       
                               155    25                                       
     __________________________________________________________________________
PAR  If cyclododecanone oxime is used instead of cyclohexanone oxime a 30 %
      conversion into laurinolactam is effected at 110.degree. C with DMSO as a
      solvent under otherwise similar conditions. Similarly the formation of
      laurinolactam is at best only a small percent in the other solvents
      mentioned above.
PAR  The following table, Table II, shows that the strongly acid cation exchange
      resins based on sulfonated copolymers of polystyrene and divinyl resins
      are preferred. According to the experiments conducted relative to Table
      II, a 30 % by weight solution of cyclohexanone oxime in DMSO was contacted
      with various solid acid catalysts for about 2 hours at a temperature of
      about 100.degree. C, while the mixture was stirred thoroughly.
TBL                                    Table II                                
     __________________________________________________________________________
     example                                                                   
          catalyst              temp.                                          
                                     time oxime/                               
                                               .epsilon.-caprolactam           
                                in .degree.C                                   
                                     in h catalyst                             
                                               formed in %                     
                                          ratio                                
                                               by w. of                        
                                               oxime initially                 
                                               present                         
     __________________________________________________________________________
     3    B.sub.2 O.sub.3       130  21/2 1 : 1                                
                                               11.5                            
                                          (parts                               
                       strongly acid      by                                   
                       catalyst mass,     weight)                              
     4    H.sub.3 BO.sub.3 + CaHPO.sub.4                                       
                       as already                                              
                                128  1    1 : 1                                
                                               11                              
                       proposed for                                            
     5    H.sub.3 BO.sub.3 + H.sub.3 PO.sub.4 +                                
                       conversion in                                           
                                130  11/2 1 : 1                                
                                                8                              
                       gaseous phase                                           
          CaSO.sub.4                                                           
     6    "Amberlyst 15"        110  2    4 : 1                                
                                               30                              
                       strongly acid      (mol.                                
                       resins with        oxime/                               
                       SO.sub.3 H groups  equiv.                               
                                          H.sup.+)                             
     7    "Amberlite 200"       110  2    4 : 1                                
                                               32                              
     8    " Amberlite CG120"    110  2    4 : 1                                
                                               28                              
     9    "Zeroliet 227"                                                       
                       resin with                                              
                                110  2    4 : 1                                
                                                6                              
                       SO.sub.3 H and COOH                                     
                       groups                                                  
     __________________________________________________________________________
PAR  Continuous transformations according to the present invention were carried
      out on a laboratory scale by passing a solution of cyclohexanone oxime in
      DMSO through a column filled with 40 to 45 grams of "Amberlyst 15" ion
      exchanger that had been carefully dried at 105.degree. C. The height of
      the column was 40 cm and the internal diameter 2.5 cm.
PAR  Before the ion exchanger was introduced into the column it has been wetted
      with DMSO. The residence time of the oxime-containing solution in the
      column was 60 minutes, so that a space velocity of 1 liter of solution per
      liter of ion exchanger per hour was maintained. Under these conditions
      three experiments were carried out at 110.degree. C as follows:
PAR  Example 10 in which the solvent is DMSO contained 0.2 % by weight of water
      in addition to 10 % by weight of oxime; the ion exchanger was dried in a
      drying kiln at 95.degree. C.
PAR  Example 11 in which the solvent was DMSO that had previously been dried
      over a molecular sieve and which contained only 0.005 % by weight, that is
      only 50 parts by weight of H.sub.2 O per million parts by weight of
      solvent; the ion exchanger was dried in the same way as in Example 10. The
      oxime concentration was also 10 % by weight. Suitable molecular sieves are
      the usual synthetic zeolites e.g. type 3A manufactured by Union Carbide.
PAR  Example 12 in which the solvent was DMSO that had been dried over a
      molecular sieve, so that the solvent contained only 0.04 % by weight of
      water; the oxime concentration was 5 % by weight and the cation exchanger
      was freed of residual moisture by a treatment with oleum; the treatment
      consisted in wetting the exchanger that had been dried at 95.degree. C
      first with 100 % sulfuric acid, then with oleum, again with 100 % sulfuric
      acid, and finally with DMSO.
PAR  The results are shown in FIG. 1 in which the lines 1, 2 and 3 are so
      numbered to correspond with the Examples 10, 11 and 12, respectively.
PAR  The ordinate shows the efficiency of the transformation into lactam (.eta.)
      as a percentage of the amount of oxime passed through in column, and the
      abscissa shows the amount of solution in grams passed through as a molar
      ratio of cyclohexanone oxime to gram equivalent of H.sup.+ of the cation
      exchanger.
PAR  From the figure it appears that the conversion efficiency decreases after
      some time, so that the cation exchanger has to be regenerated to maintain
      optimum conversion efficiency. As is known, strongly acid cation
      exchangers are usually regenerated by passing through an aqueous solution
      of a mineral acid such as hydrochloric acid or sulfuric acid. We have
      found that regeneration with an aqueous solution is not to be recommended,
      since it will then be necessary again to dry the regenerated exchanger
      thoroughly. Regeneration of the cation exchanger can now be accomplished
      effectively by treating the ion exchanger with 100 % by weight sulfuric
      acid or oleum at an ambient or slightly raised temperature such as
      20-50.degree. C, and then removing the acid by washing with the solvent to
      be used in the conversion. Also the ion exchanger may be treated with a
      solution of 10 % by weight of sulfuric acid in the solvent and then washed
      with the solvent only. It has been found that after such a regeneration
      the original capacity of the ion exchanger is restored.
PAR  Curve 3 shows that the process according to the present invention makes it
      possible, under water-free conditions, to obtain a conversion of 7.5 moles
      of oxime per gram equivalent of H.sup.+ of the ion exchanger at an average
      transformation efficiency of 85 % before the ion exchanger has to be
      regenerated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the continuous process for the catalytic conversion of an alicyclic
      ketoxime having from 3 to 13 carbon atoms into the corresponding lactam in
      the presence of a solvent and a strongly acid cation exchange resin
      catalyst in the H.sup.+ form, the improvement comprising first dissolving
      said ketoxime in a dimethyl sulfoxide solvent and then contacting the
      thus-formed solution with said exchange resin catalyst at a temperature of
      from about 85.degree. to about 130.degree. C and at a space velocity of
      from between 0.1 and 10 moles of said ketoxime per liter of said exchange
      resin per hour, thereby producing the corresponding lactam in a continuous
      manner free from adherence to said exchange resin and wherein said
      dimethyl sulfoxide solvent both activates and regenerates said exchange
      resin catalyst.
NUM  2.
PAR  2. The process as claimed in claim 1 wherein the temperature of the
      conversion is between about 100.degree. and about 120.degree. C.
NUM  3.
PAR  3. The process as claimed im claim 1 wherein the ketoxime is cyclohexanone
      oxime or cyclododecanone oxime.
NUM  4.
PAR  4. The process as claimed in claim 1 wherein said ketoxime-dimethyl
      sulfoxide solution is passed through a column of molecular sieves thereby
      removing substantially all water from said solution prior to contact with
      said exchange resin.
NUM  5.
PAR  5. In a process for the catalytic conversion of an alicyclic ketoxime
      having from 3 to 13 carbon atoms into the corresponding lactam in the
      presence of a solvent and a strongly acid cation exchange resin catalyst
      in the H.sup.+ form:
PA1  the improvement comprising first dissolving said ketoxime in a dimethyl
      sulfoxide solvent and thereafter contacting the thus-formed solution with
      said exchange resin catalyst at a temperature from about 85.degree. to
      about 130.degree. C, in a ratio of ketoxime, in moles, to ion exchange
      resin, in gram equivalents, of between about 100:1 and 0.1:1 and for a
      period of contact time of the order of between about 10 and 120 minutes,
      thereby producing the corresponding lactam free from adherence to said
      exchange resin and wherein said dimethyl sulfoxide solvent both activates
      and regenerates said exchange resin catalyst, and thereafter removing the
      thus formed lactam.
NUM  6.
PAR  6. The process as claimed in claim 5 wherein the temperature of the
      conversion is between about 100.degree. and 120.degree. C.
NUM  7.
PAR  7. The process as claimed in claim 5 wherein the ketoxime is cyclohexanone
      oxime or cyclododecanone oxime.
NUM  8.
PAR  8. The process as claimed in claim 5 wherein said ketoxime-dimethyl
      sulfoxide solution is passed through a column of molecular sieves thereby
      removing substantially all water from said solution prior to contact with
      said exchange resin.
NUM  9.
PAR  9. The processes as claimed in claim 1 wherein prior to introducing said
      ketoxime-dimethyl sulfoxide solution the exchange resin is contacted with
      sulfuric acid 100 weight percent, oleum or a solution of sulfuric acid in
      acid organic sulfoxide, thereby regenerating the exchange resin.
NUM  10.
PAR  10. The processes as claimed in claim 5 wherein prior to introducing said
      ketoxime-dimethyl sulfoxide solution the exchange resin is contacted with
      sulfuric acid 100 weight percent, oleum or a solution of sulfuric acid in
      acid organic sulfoxide, thereby regenerating the exchange resin.
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ABST
PAL  Polymerizable quality .epsilon.-caprolactam having an alkalinity of less
      than 0.05 meq. per kg. of lactam is produced in the improved disclosed
      process which includes extracting an aqueous lactam-rich solution with an
      organic solvent having a high distribution coefficient for the lactam with
      respect to the aqueous solution, and evaporating the lactam-rich organic
      solvent solution and recovering by distillation the lactam. Evaporation of
      the organic solvent requires considerably less thermal energy than
      evaporation of a similar aqueous solution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the recovery of .epsilon.-caprolactam, as
      described, amongst others, in the Netherlands Patent Applications
      7,106,341 and 7,106,343. According to these processes
      .epsilon.-caprolactam is extracted using a water-immiscible organic
      solvent for the lactam from a lactam-containing starting solution which is
      still highly acid. The starting solution is obtained by neutralizing about
      half of the sulfuric acid content in a rearrangement mixture containing
      lactam and sulfuric acid with the aid of ammonia water or an ammonium
      sulfate solution which forms an aqueous solution which, in addition to the
      lactam, mainly contains ammonium hydrogen sulfate and possibly a small
      amount of free sulfuric acid or ammonium sulfate, depending on the degree
      of neutralization of the rearrangement mixture. The organic solvent is
      freed from lactam by evaporation and back-extraction with water and the
      organic solvent is again used for the extraction of lactam from the highly
      acid starting solution.
PAR  Processing of the thus-obtained lactam in water solution is additionally
      conducted in the usual way by evaporation of water, first at atmospheric
      pressure until a concentration of approximately 90% by weight of lactam
      has been reached, and subsequently under vacuum conditions to evaporate
      the remaining water.
PAR  For further purification of the product it is customary to have the lactam
      distil over vacuo. Although the lactam reocvered in this way already of
      sufficient purity to satisfy various strict specification demands made on
      lactam intended for polymerization into nylon, such as requirements in
      relation to the melting point, color, clearness and permanganate number,
      even so the thus-treated lactam generally does not satisfy the customary
      alkalinity requirement.
PAR  This requirement specifies that the alkalinity, expressed in meq per kg of
      lactam, shall be below 0.05. The alkalinity is determined by dissolving 40
      grams of lactam in distilled water, then increasing the volume to 200 ml
      and titrating the solution with 0.01 N of hydrochloric acid in the
      presence of a mixing-indicator which changes in the pH range of 5-6;
      preferably the "Tashiro" indicator is used.
PAR  In the lactam recovered in the manner described above, starting from
      different samples of lactam-sulfuric acid rearrangement mixture,
      invariably an alkalinity of more than 0.05 and generally an alkalinity as
      high as about 0.1 was found.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  We have now found that the alkalinity of the lactam can be reduced to the
      required value, that is 0.05 meq per kg of lactam, in a simple, expedient
      manner by extracting the aqueous solution of lactam with a
      water-immiscible organic solvent thereby forming a solution of lactam in
      the organic solvent from which the lactam is subsequently recovered by
      evaporation of the solvent and the lactam is then distilled over in vacuo
      in the usual way.
PAR  Conditions during the back extraction step are similar to those in the
      extraction step preceeding it, that is at temperatures of the order of
      about 20.degree. to about 50.degree. C, conveniently at about ambient
      temperature, and under atmospheric pressure. The use of higher or lower
      pressures gives no particular advantage. Similarly conditions in the
      evaporating step are also related to prior procedures, except that
      somewhat lower temperatures are used, i.e. 60.degree. to 80.degree. C,
      owing to the lower boiling point of the organic solvent as compared to
      water, and the thermal energy requirement is significantly less, as
      explained below.
PAR  According to our experiences all test quantities of lactam produced this
      way satisfied the requirement of an alkalinity of less than 0.05 meq per
      kg of lactam and were acceptable for polymerization into nylon according
      to known procedures.
PAR  Not only does the back-extraction or lactam from the aqueous lactam
      solution using a water-immiscible organic solvent result in a product of
      acceptable, saleable alkalinity, but this procedure inherently provides
      further advantage and that is a decrease of the processing costs.
PAR  If back-extraction as described herein is not carried out all water must be
      removed, usually evaporated, from the aqueous lactam solution, which prior
      to removal generally has a lactam content of 30- 35% by weight. In view of
      the high evaporation heat of water (540 kcal/kg), the evaporation step by
      itself requires a considerable amount of energy. On the other hand and
      according to the procedures described herein, if instead of water one uses
      a suitable organic solvent having a much lower evaporation heat, like
      chloroform (evaporation heat 59 kcal/kg), must be evaporated as a result
      of the back-extraction, a substantial saving on the evaporation cost is
      obtained, as simply less thermal energy is required to accomplish the same
      result. For instance, in the evaporating of the water and chloroform from
      an aqueous lactam solution containing 30% by weight of lactam and 2% by
      weight of chloroform, 1260 keal are necessary per kg of lactam; however,
      by back-extraction with chloroform a solution of 35% by weight of lactam
      and 3.8% by weight of water in chloroform is formed. Overall the
      evaporation of the chloroform and water requires 167 keal per kg of
      lactam, thus a substantial savings is obtained as the thermal energy
      required is only one-tenth that of the aqueous-based solution.
DRWD
PAR  FIG. 1 is a schematic illustration of one manner of conducting the process
      of the present invention; and
PAR  FIG. 2 is a graph plotting alkalinity, in meq/kg, of lactam against time in
      days. The solid line is according to the example while the interrupted or
      dashed line is comparison.
DETD
PAR  One manner of conducting the process of the present invention is
      illustrated schematically in FIG. 1, in which A, B and C represent
      extraction columns. Although this represents a preferred embodiment other
      arrangements can, of course, be made. For instance instead of packed
      extraction columns other extraction equipment may also be used, the
      so-called RDC columns for instance. D.sub.1 and D.sub. 2 represent
      distillation columns.
PAR  A partially (50%) neutralized rearrangement mixture -- actually a solution
      of lactam and ammoium hydrogen sulphate in water -- is supplied via line 1
      to column A, to be extracted countercurrently in column A with an organic
      solvent, for instance chloroform, supplied via line 2. A solution of
      ammonium hydrogen sulphate free from lactam is discharged via line 3,
      while the remaining solvent rich in lactam and also containing dissolved
      water and sulfuric acid is directed into distillation column D.sub.1 via
      line 4 after neutralization of the sulfuric acid (not shown), the solvent
      being concentrated in the distaillation column. That portion of the
      solvent distilled off condenses in the top part of D.sub.1 on the cooling
      coils, the condensate is discharged via line 5 and -- after water which
      has also been distilled over has been separated off -- is recycled and
      again used for the extraction. The concentrated lactam solution is
      directed into extraction column B via line 6, in which column
      back-extraction of lactam takes place with the aid of water supplied via a
      line 7. Solvent which is virtually free from lactam is discharged via line
      8, to be again used as the extraction agent for removal of lactam from the
      partially neutralized rearrangement mixture.
PAR  From the top of column B the solution of lactam in water obtained is
      directed via line 9 to extraction column C where back-extraction of lactam
      takes place with the aid of an organic solvent supplied via line 10. Water
      freed from lactam is recycled via line 7, and the solvent loaded with
      lactam and small quantities of water is led via line 11 into distillation
      column D.sub.2, where the solvent is distilled off and discharged as
      condensate via line 12. Water which is also distilled over will settle in
      separator 13 and be returned as reflux to column D.sub.2 via line 14. The
      organic solvent which is freed from water is returned to the extraction
      column C via the line 10 and recycled.
PAR  From the bottom part of distillation column D.sub.2 a lactam melt
      containing water is then directed via a line 15 to a conventional
      distillation apparatus (not illustrated), where water is removed in vacuo
      and, again in vacuo, lactam is distilled and recovered over.
PAR  In view of the fact that during the treatment steps described above the
      extraction water is kept in continuous circulation via line 7, column B,
      line 9, column C and, again, line 7, impurities washed out of the lactam
      are accumulated in the extraction water circulation system. For this
      reason the system is provided with a supply line 16 for fresh water and
      with a discharge line 17, so that, if necessary, contaiminated water may
      be periodically or continuously replaced as desired.
PAR  It is possible to use and organic extraction agent in extraction column C
      different from that used in column A however this does not offer any
      particular advantage and indeed in order for the operational control to be
      maintained in a direct and simple manner it is preferable as a practical
      matter, to use the same organic solvent in the initial extraction in
      column A and in the back-extraction in column C.
PAR  In view of the acid character of the lactam-containing aqueous starting
      solution, the solvent employed must have a very favorable distribution
      coefficient for lactam with respect to water such as a distribution
      coefficient in the order of 1 to 2 or so. Moreover, in connection with the
      subsequent removal of the solvent by distillation, a relatively low
      boiling point is desirable, that is an organic solvent boiling at about
      60.degree. to about 80.degree.C.
PAR  Chlorinated hydrocarbons selected from the group of chloroform, methylene
      chloride and 1-2 dichloroethane satisfy both demands and are thus the
      preferred solvents.
PAR  The process of the present invention is now described in more detail as a
      further illustration of the process. Unless otherwise indicated all parts
      and percentages are by weight.
PAC  EXAMPLE
PAR  Into an apparatus arrangement illustrated in FIG. 1 with a capacity of
      about 3 kg of lactam per hour a solution obtained by the known Beckmann
      rearrangement of cyclohexanone oxime and neutralization of the so-obtained
      rearrangement mixture is directed continuously via line 1, in a quantity
      of 13 kg per hour. This solution contains 3.39 kg of lactam. Via the line
      2, 10 kg of chloroform per hour are introduced. At the bottom of the
      column A a 24.2% by weight solution of lactam in chloroform is obtained,
      which is concentrated in the distillation column D.sub.1 ; 5.7 kg of a 60%
      by weight solution of lactam (5.7 kg) in chloroform is obtained, which is
      extracted with water (8 kg) in column B, with the formation of aqueous
      solution (11.66 kg) containing 29.6% by weight of lactam and 2% by weight
      of chloroform.
PAR  The lactam contained in this squeous solution is back-extracted with
      chloroform (8 kg) in column C; 11.9 kg of solution with 28.6% by weight of
      lactam and 3% by weight of water are obtained and further processed in
      vacuo in the manner described above in non-drawn columns.
PAR  The measured alkalinity of the lactam so produced is reported on the graph
      of FIG. 2 and indicated by the solid line, covering a period of 120 days;
      the interrupted or dashed line is a comparison and represents the
      alkalinity of lactam recovered from samples of aqueous solution drawn out
      of line 9, which means samples that have not been subjected to
      back-extraction. Accordingly these values are for comparative purposes and
      not according to the present invention.
PAR  No additional extraction water was supplied to the system during the first
      70 days of this continuous test.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the purification and recovery of .epsilon.-caprolactam
      monomer of reduced alkalinity content including the steps of neutralizing
      a rearrangement mixture of the lactam and sulfuric acid to form an aqueous
      solution of lactam and ammonium hydrogen sulfate, extracting the lactam
      from the mixture with a water-immiscible organic solvent for the lactam,
      extracting the lactam/organic solvent solution with water to form an
      aqueous solution of lactam,
PA1  the improvement comprising extracting the thus-obtained aqueous lactam-rich
      solution with a water-immiscible organic solvent having a high
      distribution coefficient for the lactam with respect to the water of the
      aqueous solution forming a solution of the lactam in the organic solvent
      and thereafter evaporating the lactam-rich organic solvent and thereby
      recovering the purified lactam from the evaporation of the organic
      solvent, the thus-recovered lactam having an alkalinity of less than 0.05
      meq. per kg of lactam.
NUM  2.
PAR  2. The process according to claim 1 wherein the solvents used in both
      extraction steps are the same.
NUM  3.
PAR  3. The process according to claim 1 wherein the extraction solvent of step
      (1) is a chlorinated hydrocarbon selected from the group consisting of
      chloroform, methylene chloride and 1,2-dichloroethane.
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ABST
PAL  Derivatives of difunctional compounds such as dicarboxylic acids,
      diisocyanates or diisothiocyanates wherein each functional group is
      reacted with 7-aminocephalosporanic acid or
      7-aminodesacetoxycephalosporanic acid possess antibacterial activity.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of copending application Serial No. 291,442,
      filed Sept. 22, 1972, now U.S. Pat. No. 3,825,536.
BSUM
PAR  The present invention relates to antibacterial agents, and more
      particularly, to antibacterial agents containing at least two
      antibacterial moieties.
PAR  It is an object of the present invention to provide new antibacterial
      agents. Another object is to provide antibacterial agents of improved
      efficacy. A further object is to provide antibacterial agents which
      contain at least two antibacterial moieties. Still another object is to
      provide antibacterial agents from di- or higher polyfunctional compounds.
      These and other objects of the present invention will be apparent as the
      description proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  The antibacterial agents of the present invention comprise derivatives of
      di- or higher polyfunctional compounds such as di- or higher
      polycarboxylic acids or di- or higher polyisocyanates or isothiocyanates
      wherein at least two functional groups are reacted with
      7-aminocephalosporanic acid (7-ACA) or 7-aminodesacetoxycephalosporanic
      acid (7-ADCA).
DETD
PAC  DETAILED DESCRIPTION
PAR  The di- or higher polyfunctional starting compounds of the present
      invention comprise di- or higher polycarboxylic acids or di- or higher
      polyisocyanates or di- or higher polyisothiocyanates. At least two
      functional groups of the starting compound are reacted with the same or
      different antibacterial moiety. The antibacterial moieties of the present
      invention comprise 7-ACA or 7ADCA or derivatives thereof. By way of
      illustration, each carboxyl group of a dicarboxylic acid may be reacted
      with the amino group of 7-ACA or 7-ADCA, or one carboxyl group reacted
      with the amino group of 7-ACA and one carboxyl group reacted with the
      amino group of 7-ADCA.
PAR  In the case of a diisocyanate, each isocyanate group may be reacted with
      the amino group of 7-ACA or 7-ADCA or one isocyanate group may be reacted
      with the amino group of 7-ACA and one isocyanate group reacted with the
      amino group of 7-ADCA.
PAR  Various types of polyfunctional compounds may be used in the present
      invention. The polyfunctional compound may be aliphatic, alicyclic,
      aromatic or heterocyclic. By way of illustration, some examples for each
      group follow.
PAC  I. POLYBASIC ACIDS
PA1  1. aliphatic acids -- oxalic, fumaric, malonic, maleic, succinic, tartaric,
      glutaric, adipic, pimelic, suberic, azelaic, sebacic, etc.
PA1  2. Alicyclic acids -- tetrahydrophthalic, hexahydrophthalic,
      endomethylenetetrahydrophthalic, camphoric, etc.
PA1  3. Aromatic acids -- phthalic, isophthalic, terephthalic, hemimellitic,
      trimellitic, trimesic, pyromellitic, homophthalic,
      o-phenyleneacetic-.beta.-propionic acid, etc.
PA1  4. Heterocyclic acids - pyridine-3,4-dicarboxylic acid, quinolinic acid,
      .gamma. -pyran-2,6-dicarboxylic acid, chelidonic acid,
      pyridine-2,3,4-tricarboxylic acid, thiophene-2,5-dicarboxylic acid, etc.
PAR  It will be understood by those skilled in the art that the polycarboxylic
      acid may be reacted as such or in the form of its acyl anhydride,
      activated ester, acyl halide, i.e., the acyl chloride or acyl bromide,
      etc.
PAC  II. DIISOCYANATES
PA1  1. aliphatic isocyanates -- ethylene diisocyanate,
      propylene-1,2-diisocyanate, butylene-1,3-diisocyanate, tetramethylene
      diisocyanate, pentamethylene diisocyanate, hexamethylene diisocyanate,
      1,2,4-butane triisocyanate, etc., and the corresponding isothiocyanates;
PA1  2. Aromatic isocyanates -- p-phenylene diisocyanate,
      2,4-tolylenediisocyanate, 2,4-chlorophenylene diisocyanate,
      2,6-tolylenediisocyanate, diphenyl-4,4'-diisocyanate, p-isocyanatobenzyl
      isocyanate, diphenylmethane-4,4'-diisocyanate,
      3,3'-bitolylene-4,4'-diisocyanate,
      3,3'-dimethyldiphenylmethane-4,4'-diisocyanate, 1,2,4-benzene
      triisocyanate, 1,2,5-benzene triisocyanate, etc., and the corresponding
      isothiocyanates;
PA1  3. Alicyclic isocyanates -- 1,2-diisocyanocyclohexane,
      1,3-diisocyanocyclohexane, 1,4-diisocyanocyclohexane,
      cyclopentyl-1,3-diisocyanate, etc., and the corresponding isothiocyanates;
PA1  4. Heterocyclic isocyanates -- pyridine-2,6-diisocyanate,
      furan-2,5-diisocyanate, thiophene-2,4-diisocyanate,
      thiophene-2,5-diisocyanate, pyrimidine-4,6-diisocyanate,
      pyrimidine-4,5,6-triisocyanate, etc., and the corresponding
      isothiocyanates.
PAR  The compounds of the present invention include the free acids as well as
      physiologically acceptable metal salts, esters, or salts of
      physiologically acceptable organic bases. Examples of suitable metal salts
      include the alkali metal and alkaline earth metal salts, e.g., the Na, K,
      Mg and Ca. The ammonium ion may be included among the alkali metals.
      Examples of suitable esters include radicals derived from alcohols of up
      to 7 carbon atoms, e.g., methyl, propyl, t-butyl, trichloroethyl,
      pivaloyloxymethyl, benzyl, p-nitrophenyl, trimethyl silyl, trimethyl
      stannyl, methoxymethyl, and the like. Examples of suitable bases include
      substituted ammonium salts, e.g., salts of nontoxic amines such as
      trialkylamines, including triethylamine, procaine, dibenzylamine,
      N-benzyl-.beta.-phenethylamine, N,N'-dibenzylethylenediamine,
      N-(lower)-alkylpiperidine, e.g., N-ethylpiperidine and other amines which
      have been used to form salts with benzylpenicillin and the like. The
      foregoing metal salts or organic bases and esters are prepared according
      to known techniques.
PAR  The compounds of this invention form salts which are also part of the
      invention. Basic salts form with the carboxyl group of the 7-ACA or 7-ADCA
      moiety. It is frequently convenient to isolate and purify the product by
      forming a soluble or insoluble salt, as desired, then regenerating the
      free compound, by neutralization for example.
PAR  The compounds of this invention have a broad spectrum of antibacterial
      activity against both gram positive and gram negative organisms such as
      Staphylococcus aureus, Salmonella schottmuelleri, Pseudomonas aeruginosa,
      Proteus vulgaris, Escherichia coli and Streptococcus pyogenes. They may be
      used as antibacterial agents in a prophylactic manner, e.g., in cleaning
      or disinfecting compositions, or otherwise to combat infections due to
      organisms such as those named above, and in general may be utilized in a
      manner similar to penicillin G and other penicillins and cephalosporins.
      For example, a compound of the invention or a physiologically acceptable
      salt thereof may be used in various animal species in an amount of about
      0.1 to 100 mg/kg daily, orally or parenterally, in single or two to four
      divided doses to treat infections of bacterial origin. Up to about 600 mg
      of a compound of the invention or a salt thereof may be incorporated in an
      oral dosage form such as tablets, capsules or elixirs or in an injectable
      form in a sterile aqueous vehicle prepared according to conventional
      pharmaceutical practice. In cleaning or disinfecting compositions, e.g.,
      in barns or dairy equipment, a concentration of about 0.01 to 1% by weight
      of such compounds admixed with, suspended or dissolved in conventional
      inert dry or aqueous carriers for application by washing or spraying may
      be used.
PAR  The compounds of the present invention may be readily prepared by reacting
      either 7-ACA or 7-ADCA, the carboxyl group of which is protected, with an
      acyl dihalide, or an isocyanate or an isothiocyanate. The reaction takes
      place in an inert solvent such as, for example, chloroform, benzene,
      toluene, ethylene chloride, methylene chloride, dioxane, nitromethane,
      acetonitrile, dimethylformamide or diethyl ether, or mixtures of the
      foregoing solvents. The carboxyl group of either the 7-ACA or 7-ADCA
      moiety may be protected by any convenient ester group which will not
      interfere with reaction between the amino group of either the 7-ACA or
      7-ADCA moiety and either the acyl halide or isocyanate compound. The
      reaction takes place at temperatures in the range of from about
      -30.degree.C to about 20.degree.C.
PAR  While examples of specific polycarboxylic acids and polyisocyanates or
      polyisothiocyanates have been given previously, it is to be understood
      that any polycarboxylic acid, polyisocyanate or polyisothiocyanate may be
      employed according to the present invention provided no substituents are
      present which would interfere with the reaction with the antibacterial
      moiety. With the foregoing understanding, the following paragraphs
      described preferred compounds.
PAR  The aliphatic polycarboxylic acids, examples of which have been given
      previously, comprise polyalkanoic or polyalkenoic acids of from 2 to about
      12 carbon atoms (including those in the carboxyl groups). The acid may be
      substituted, e.g., by a halogen.
PAR  The alicyclic polycarboxylic acids, examples of which have been given
      previously, comprise cycloalkyl or cycloalkenyl compounds of 5 or 6 carbon
      atoms in the ring, and a total of from 7 to about 10 carbon atoms
      (including those in the carboxyl groups), or a bicyclic ring system having
      a total of about 9 carbon atoms (including those in the carboxyl groups).
PAR  The aromatic polycarboxylic acids, examples of which have been given
      previously, comprise benzene polycarboxylic acids having from 8 to 10
      carbon atoms, or homologs thereof having from 9 to about 12 carbon atoms
      (including those in the carboxyl groups).
PAR  The heterocyclic polycarboxylic acids, examples of which have been given
      previously, comprise 5- or 6-membered rings containing a single heteroatom
      which may be N, O or S, and having a total of 4 to 8 carbon atoms
      (including those in the carboxyl groups).
PAR  The aliphatic polyisocyanates or polyisothiocyanates, examples of which
      have been given previously, comprise polyisocyanates or
      polyisothiocyanates of from 2 to about 10 carbon atoms (including those in
      the isocyanate or isothiocyanate groups).
PAR  The aromatic polyisocyanates or polyisothiocyanates, examples of which have
      been given previously, comprise benzene or benzyl polyisocyanates or
      polyisothiocyanates of from 8 to about 10 carbon atoms (including those in
      the isocyanate or isothiocyanate groups) or a benzene isocyanate or
      isothiocyanate joined directly or through a methylene group to a second
      benzene isocyanate or isothiocyanate, respectively, in which case the
      compound has from 14 to about 17 carbon atoms (including those in the
      isocyanate or isothiocyanate groups). The benzene rings may be
      substituted, e.g., by a halogen atom, or by methyl groups as long as the
      upper limits of carbon atoms are not exceeded.
PAR  The alicyclic polyisocyanates or polyisothiocyanates, examples of which
      have been given previously, comprise cycloalkyl compounds of 5 or 6 carbon
      atoms in the ring which carbons may be substituted by a methyl group or by
      a halogen, and which compounds have a total of from 7 to about 10 carbon
      atoms (including those in the isocyanate or isothiocyanate groups).
PAR  The heterocyclic isocyanates or isothiocyanates, examples of which have
      been given previously, comprise 5- or 6-membered rings containing a single
      heteroatom which may be N, O, or S, or two nitrogen heteroatoms, and which
      have a total of from 6 to about 8 carbon atoms (including those in the
      isocyanate or isothiocyanate groups).
PAR  The following examples illustrate the present invention without, however,
      limiting the same thereto. All temperatures are expressed in degrees
      Celsius.
PAC  EXAMPLE 1
PAC  N,N'-Oxalylbis[7-Aminocephalosporanic Acid]
PAR  A solution of 7-aminocephalosporanic acid (2 mmole) and triethylamine (4
      mmole) in 25 mg of pure chloroform is cooled to -10.degree.C.
      Trimethylsilyl chloride (4 mmole) is then added over a 10-minute interval.
      The resulting mixture is stirred for about 30 minutes more. Triethylamine
      (2 mmoles) is again added followed by a solution of oxalyl chloride (1
      mmole) in 10 ml of pure chloroform added over a 10-minute interval, the
      temperature being maintained at -10.degree.C. After an additional 1 hour
      of stirring at this temperature, the reaction mixture is poured into cold
      water and the pH adjusted to about 3.5. The chloroform layer containing
      the product is separated. This organic layer is then layered with water
      and the pH of the aqueous layer adjusted to pH 7.5 with dilute sodium
      hydroxide with vigorous shaking of the mixture. The chloroform layer is
      drawn off and the aqueous solution of the product is layered with ethyl
      acetate. The pH of the aqueous solution is lowered to 3.5; the ethyl
      acetate layer is washed with water and saturated aqueous sodium chloride.
      After drying and evaporating the ethyl acetate layer, the title compound
      is obtained.
PAC  EXAMPLE 2
PAC  N,N'-Succinoylbis[7-Aminocephalosporanic Acid]
PAR  Following the procedure of Example 1 but substituting 1 mmole of succinoyl
      chloride in place of oxalyl chloride, the title compound is obtained.
PAC  EXAMPLE 3
PAC  N,N'-Adipoylbis[7-Aminocephalosporanic Acid]
PAR  Following the procedure of Example 1 but substituting 1 mmole of adipoyl
      chloride in place of oxalyl chloride, the title compound is obtained.
PAC  EXAMPLE 4
PAC  N,N'-Sebacoylbis[7-Aminocephalosporanic Acid]
PAR  Following the procedure of Example 1 but substituting 1 mmole of sebacoyl
      chloride in place of oxalyl chloride, the title compound is obtained.
PAC  EXAMPLE 5
PAC  N,N'-Terephthaloylbis[7-Aminocephalosporanic Acid]
PAR  Following the procedure of Example 1 but substituting 1 mmole of
      terephthaloyl chloride in place of oxalyl chloride, the title compound is
      obtained.
PAC  EXAMPLE 6
PAC  N,N'-Isophthaloylbis[7-Aminocephalosporanic Acid]
PAR  Following the procedure of Example 1 but substituting 1 mmole of
      isophthaloyl chloride in place of oxalyl chloride, the title compound is
      obtained.
PAC  EXAMPLE 7
PAC  N,N'-Phthaloylbis[7-Aminocephalosporanic Acid]
PAR  Following the procedure of Example 1 but substituting 1 mmole of phthaloyl
      chloride in place of oxalyl chloride, the title compound is obtained.
PAC  EXAMPLE 8
PAC  N,N'-Tetrahydrophthaloylbis[7-Aminocephalosporanic Acid]
PAR  Following the procedure of Example 1 but substituting 1 mmole of
      tetrahydrophthaloyl chloride in place of oxalyl chloride, the title
      compound is obtained.
PAC  EXAMPLE 9
PAC  N,N'-Endomethylenetetrahydrophthaloylbis[7-Aminocephalosporanic Acid]
PAR  Following the procedure of Example 1 but substituting 1 mmole of
      endomethylenetetrahydrophthaloyl chloride in place of oxalyl chloride, the
      title compound is obtained.
PAC  EXAMPLE 10
PAC  N,N'-Camphoroylbis[7-Aminocephalosporanic Acid]
PAR  Following the procedure of Example 1 but substituting 1 mmole of camphoroyl
      chloride in place of oxalyl chloride, the title compound is obtained.
PAC  EXAMPLE 11
PAC  N,N'-(3,4-Pyridinedicarbonyl)-bis-[7-Aminocephalosporanic Acid]
PAR  Following the procedure of Example 1 but substituting 1 mmole of
      3,4-pyridinedicarbonyl chloride in place of oxalyl chloride, the title
      compound is obtained.
PAC  EXAMPLE 12
PAC  N,N'-Quinolinoylbis[7-Aminocephalosporanic Acid]
PAR  Following the procedure of Example 1 but substituting 1 mmole of
      quinolinoylbis chloride in place of oxalyl chloride, the title compound is
      obtained.
PAC  EXAMPLE 13
PAC  Ethylenediamine-bis-N,N'-(7-Carbonylaminocephalosporanic Acid)
PAR  Following the procedure of Example 1 but substituting 1 mmole of
      ethylenediisocyanate for oxalyl chloride, the title compound is obtained.
PAC  EXAMPLE 14
PAC  1,4-Phenylenediamine-bis-N,N'-(7-Carbonylaminocephalosporanic Acid)
PAR  Following the procedure of Example 1 but substituting 1 mmole of
      1,4-phenylenediisocyanate for oxalyl chloride, the title compound is
      obtained.
PAC  EXAMPLE 15
PAC  1,4-Cyclohexyldiamine-bis-N,N'-(7-Carbonylaminocephalosporanic Acid)
PAR  Following the procedure of Example 1 but substituting 1 mmole of
      1,4-cyclohexyldiisocyanate for oxalyl chloride, the title compound is
      obtained.
PAC  EXAMPLES 16-30
PAR  Following the procedure of Examples 1 but substituting
      7-aminodesacetoxycephalosporanic acid for 7-aminocephalosporanic acid in
      Examples 1-15, the following compounds are obtained:
     Example                                                                   
            Compound                                                           
     ______________________________________                                    
     16     N,N'-oxalylbis[7-aminodesacetoxycephalo-                           
            sporanic acid]                                                     
     17     N,N'-succinoylbis[7-aminodesacetoxycephalo-                        
            sporanic acid]                                                     
     18     N,N'-adipoylbis[7-aminodesacetoxycephalo-                          
            sporanic acid]                                                     
     19     N,N'-sebacoylbis[7-aminodesacetoxycephalo-                         
            sporanic acid]                                                     
     20     N,N'-terephthaloylbis[7-aminodesacetoxy-                           
            cephalosporanic acid]                                              
     21     N,N'-isophthaloylbis[7-aminodesacetoxy-                            
            cephalopsoranic acid]                                              
     22     N,N'-phthaloylbis[7-aminodesacetoxycephalo-                        
            sporanic acid]                                                     
     23     N,N'-tetrahydrophthaloylbis[7-aminodesacetoxy-                     
            cephalosporanic acid]                                              
     24     N,N'-endomethylenetetrahydrophthaloylbis-                          
            [7-aminodesacetoxycephalosporanic acid]                            
     25     N,N'-camphoroylbis[7-aminodesacetoxycephalo-                       
            sporanic acid]                                                     
     26     N,N'-(3,4-pyridinedicarbonyl)-bis-[7-amino-                        
            desacetoxycephalosporanic acid]                                    
     27     N,N'-quinolinoylbis[7-aminodesacetoxycephalo-                      
            sporanic acid]                                                     
     28     ethylenediamine-bis-N,N'-(7-carbonylamino-                         
            desacetoxycephalosporanic acid)                                    
     29     1,4-phenylenediamine-bis-N,N'-(7-carbonylamino-                    
            desacetoxycephalosporanic acid)                                    
     30     1,4-cyclohexyldiamine-bis-N,N'-(7-carbonyl-                        
            aminodesacetoxycephalosporanic acid)                               
     ______________________________________                                    
PAC  EXAMPLE 31
PAC  2,6-Pyridyldiamine-bis-N,N'-(7-Carbonylaminocephalosporanic Acid)
PAR  Following the procedure of Example 1 but substituting 1 mmole of
      pyridine-2,6 -diisocyanate for oxalyl chloride, the title compound is
      obtained.
PAC  EXAMPLES 32-53
PAR  Following the procedure of Example 1 but substituting for oxalyl chloride 1
      mmole of the compound in Column I, there is obtained a compound of the
      following formula
      ##EQU1##
      wherein R is the radical indicated in Column II and Y is as indicated in
      Column III.
TBL  Example   I              II          III                                  
     __________________________________________________________________________
     32  Propylene-1,2-diisothio-                                              
         cyanate        --CH.sub.2 CH.sub.2 CH.sub.2 --                        
                                          S                                    
     33  Butylene-1,3-diisocyanate                                             
                        --CH.sub.2 CH.sub.2 CH.sub.2 --                        
                                          O                                    
                        .vertline.                                             
                        CH.sub.3                                               
     34  Tetramethylene diiso-                                                 
         cyanate        --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --               
                                          S                                    
     35  Pentamethylene diiso-                                                 
         cyanate        --CH.sub.2 (CH.sub.2).sub.3 CH.sub.2 --                
                                          O                                    
     36  Hexamethylene diisothio-                                              
         cyanate        --CH.sub.2 (CH.sub.2).sub.4 CH.sub.2 --                
                                          S                                    
     37  p-Phenylene diisothio-                                                
         cyanate                          S                                    
     38  2,4-Tolylene diiso-                                                   
         cyanate                          O                                    
     39  2,4-Chlorophenylene di-                                               
         isocyanate                       O                                    
     40  2,6-Tolylene diisothio-                                               
         cyanate                          S                                    
     41  Diphenyl-4,4'-diiso-                                                  
         cyanate                          O                                    
     42  p-Isocyanatobenzyl iso-                                               
         cyanate                          O                                    
     43  Diphenylmethane 4,4'-                                                 
         diisocyanate                     O                                    
     44  Diphenylmethane-4,4'-                                                 
         diisothiocyanate                 S                                    
     45  3,3'-Dimethyldiphenyl-                                                
         methane-4,4'-diiso-                                                   
         cyanate                          O                                    
     46  3,3'-Bitolylene-4,4'-di-                                              
         isocyanate                       O                                    
     47  Cyclohexane-1,2-diiso-                                                
         cyanate                          O                                    
     48  Cyclohexane-1,3-diiso-                                                
         thiocyanate                      S                                    
     49  Cyclopentyl-1,3-diiso-                                                
         cyanate                          O                                    
     50  Furan-2,5-diisocyanate           O                                    
     51  Thiophene-2,4-diiso-                                                  
         cyanate                          O                                    
     52  Thiophene-2,5-diiso-                                                  
         thiocyanate                      S                                    
     53  Pyrimidine-4,6-diiso-                                                 
         cyanate                          O                                    
     __________________________________________________________________________
PAC  EXAMPLE 54
PAC  1,2,4-Benzene-tris-N,N' ,N"-(7-Carbonylaminocephalosporanic Acid)
PAR  Following the procedure of Example 1 but substituting 0.67 mmole of
      1,2,4-benzene triisocyanate for oxalyl chloride, the title compound is
      obtained.
PAC  EXAMPLE 55
PAC  4,5,6-Pyrimidine-tris-N,N', N"-(7-Carbonylaminocephalosporanic Acid)
PAR  Following the procedure of Example 1 but substituting 0.67 mmole of
      pyrimidine-4,5,6-triisocyanate for oxalyl chloride, the title compound is
      obtained.
PAC  EXAMPLE 56
PAC  Succinoyl N-(7-Aminodesacetoxycephalosporanic
      Acid)-N'-(7-Aminocephalosporanic Acid)
PAR  A solution of 1 mmole of 7-ADCA and 2 mmoles of triethylamine in 30 ml of
      pure chloroform at ambient temperature is treated with 1 mmole of pure
      trimethylsilyl chloride. After stirring for 1 hour, 1 mmole of succinic
      anhydride is added with 1 mmole of additional triethylamine. The mixture
      is stirred for about 1 hour. After chilling to 0.degree.C, 1 mmole of
      ethyl chloroformate is then added. After 15 minutes a solution of 1 mmole
      of 7-ACA and 2 mmoles of triethylamine in chloroform is added. The coolant
      is then removed and the reaction allowed to proceed for 1 hour. The
      reaction is then diluted with an equal volume of chloroform and extracted
      with several portions of cold 0.1 N aqueous hydrochloric acid, then washed
      with water. The organic solution is extracted with several volumes of pH
      7.5 phosphate buffer. The aqueous extract is then acidified to about pH
      3.5 and extracted with several volumes of ethyl acetate. The ethyl acetate
      extract is washed with water, then dried (Na.sub.2 SO.sub.4) and
      evaporated at reduced pressure to deposit the title compound.
PAC  EXAMPLES 57-60
PAR  Following the procedure of Example 56 but substituting for succinic
      anhydride one mole of the compound listed in Column I, the product
      obtained is indicated in Column II.
TBL  ______________________________________                                    
     Example                                                                   
            I             II                                                   
     ______________________________________                                    
     57     Terephthalic acid                                                  
                          Terephthaloyl N-(7-amino-                            
                          desacetoxycephalosporanic                            
                          acid)-N'-(7-aminocephalo-                            
                          sporanic acid)                                       
     58     Hexahydrophthalic                                                  
                          Hexahydrophthaloyl N-(7-                             
            acid          aminodesacetoxycephalospor-                          
                          anic acid)-N'-(7-amino-                              
                          cephalosporanic acid)                                
     59     .lambda.-pyran-2,6-                                                
                          .lambda.-pyran-2,6-dioyl N-(7-amino-                 
            dicarboxylic acid                                                  
                          desacetoxycephalosporanic                            
                          acid)-N'-(7-aminocephalo-                            
                          sporanic acid)                                       
     60     Thiophene-2,5-                                                     
                          Thiophene-2,5-dioyl N-(7-                            
            dicarboxylic acid                                                  
                          aminodesacetoxycephalo-                              
                          sporanic acid)-N'-(7-amino-                          
                          cephalosporanic acid)                                
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU2##
      wherein R is furyl or thienyl; X is
      ##EQU3##
      Q is --CH.sub.3 or --CH.sub.2 OCOCH.sub.3 ; Z is hydrogen, an alkali metal
      salt, an alkaline earth metal salt, NH.sub.4, alkyl of 1 to 4 carbons,
      trichloroethyl, pivaloyloxymethyl, benzyl, p-nitrophenyl, trimethylsilyl,
      trimethylstannyl, methoxymethyl, triethylamine, procaine, dibenzylamine,
      N-benzyl-.beta.-phenethylamine, N,N-dibenzylethylenediamine, or
      N-ethylpiperidine; and n is 2, 3 or 4.
NUM  2.
PAR  2. A compound of claim 1 wherein X is
      ##EQU4##
      Q is --CH.sub.3 and n is 2.
NUM  3.
PAR  3. A compound of claim 1 wherein X is
      ##EQU5##
      Q is --CH.sub.2 OCOCH.sub.3 and n is 2.
NUM  4.
PAR  4. A compound of claim 1 wherein X is
      ##EQU6##
      Q is --CH.sub.3 and n is 2.
NUM  5.
PAR  5. A compound of claim 1 wherein X is
      ##EQU7##
      Q is --CH.sub.2 OCOCH.sub.3 and n is 2.
NUM  6.
PAR  6. A compound of claim 1 wherein X is
      ##EQU8##
      Q is --CH.sub.3 and n is 2.
NUM  7.
PAR  7. A compound of claim 1 wherein X is
      ##EQU9##
      Q is --CH.sub.2 OCOCH.sub.3 and n is 2.
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ABST
PAL  A penicillin sulfoxide is heated in the presence of silylating agent to
      produce a novel silyl ester azetidine-2-sulfenate which, by treatment with
      acid, is converted to a desacetoxycephalosporin compound.
PARN
PAC  CROSS-REFERENCE
PAR  This is a continuation-in-part of my co-pending application Ser. No.
      252,078, filed May 10, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The semi-synthetic production of a 7-acylamidodesacetoxycephalosporin
      antibiotic from a penicillin starting material has been of exceptional
      importance since the advent of the invention of Morin and Jackson (U.S.
      Pat. No. 3,275,626) who describe and claim a process for converting a
      penicillin sulfoxide ester to a desacetoxycephalosporanic acid ester.
      Subsequently, improvements were made upon this Morin-Jackson process.
      Robin D. G. Cooper found that the use of certain tertiary carboxamide
      solvents (British Pat. No. 1,204,972) or certain tertiary sulfonamide
      solvents (British Pat. No. 1,204,394) directed the heat rearrangement of
      the penicillin sulfoxide esters more specifically toward production of the
      corresponding desacetoxycephalosporin esters and permitted the use of
      lower temperatures. Hatfield (U.S. Pat. No. 3,591,585) improved upon the
      Cooper contributions by finding that the conversion of a penicillin
      sulfoxide ester to a desacetoxycephalosporin ester by heating under acid
      conditions in the presence of a tertiary carboxamide solvent can be
      further improved by carrying out the reaction in the presence of both a
      sulfonic acid and a means for removing or inactivating water present in
      the reaction mixture.
PAR  The mechanism which is postulated in U.S. Pat. No. 3,275,626 for the
      conversion of the penicillin sulfoxide ester to a
      desacetoxycephalosporanic acid ester is by formation of a sulfenic acid
      involving scission of the S--C.sub.2 bond. This mechanism has now been
      conclusively established, and it furthermore has been shown (R. D. G.
      Cooper, J.A.C.S., 92, (1970) pp. 5010-5011) that, under the conditions of
      reaction, a thermal equilibrium between the sulfoxide starting material
      and the sulfenic acid intermediate is established. One approach which
      would be advantageous in accomplishing the desired conversion of a
      penicillin sulfoxide or ester derivative thereof to its corresponding
      desacetoxycephalosporanic acid or ester derivative would be to trap the
      fleeting and unstable sulfenic acid intermediate in the form of a stable
      and isolatable intermediate. This intermediate could then be isolated and
      subsequently converted to the corresponding desacetoxycephalosporin or
      could be formed under conditions which, without isolation, would permit a
      virtual immediate conversion to the corresponding desacetoxycephalosporin.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide compounds which are stable and
      isolatable intermediates in the conversion of penicillin sulfoxides or
      esters thereof to their corresponding desacetoxycephalosporanic acids or
      esters thereof.
PAR  It is also an object of this invention to provide a process for converting
      penicillin sulfoxides or esters thereof to their corresponding
      desacetoxycephalosporanic acids or esters thereof.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Broadly, this invention relates to novel silyl ester compounds produced
      from penicillin sulfoxides. These silyl esters exhibit a sufficient degree
      of stability to render them isolatable and amenable to characterization.
      The silyl esters of this invention have the formula:
      ##SPC1##
PAL  In the above formula the silicon atom is bonded to three groups
      characterized as R.sub.1. Each R.sub.1 independently is defined as C.sub.1
      -C.sub.4 alkyl or phenyl. Typical of the silyl radicals which can be
      present in the novel ester intermediates of this invention are
      trimethylsilyl, triphenylsilyl, methyldiethylsilyl, propyldimethylsilyl,
      and the like. Generically, the esters of this invention can be named as
      silyl esters of azetidine-2-sulfenates.
PAR  The group R.sub.2 in the above formula is a carboxy protecting group. Such
      groups and their use are well known in the penicillin and cephalosporin
      arts and need no specific exemplification since the man skilled in the art
      is well aware of the large number of such groups which are available.
      Preferred carboxy protecting groups include, for example, C.sub.1 -C.sub.6
      alkyl, 2,2,2-trihaloethyl, 2-iodoethyl, benzyl, nitrobenzyl,
      tetrahydropyranyl, 9-fluorenyl, succinimidomethyl, phthalimidomethyl,
      methoxybenzyl, dimethoxybenzyl, cyanomethyl, nitrophenyl, dinitrophenyl,
      2,4,6-trinitrophenyl, bis(p-methoxyphenyl)methyl, triphenylmethyl,
      benzhydryl, benzyloxymethyl, C.sub.2 -C.sub.6 alkanoyloxymethyl, C.sub.2
      -C.sub.4 alkanoyl, phenacyl, or a radical of the formula
      ##EQU1##
      in which each R.sub.1 is as defined hereinabove, and the like.
PAR  In the above formula, R.sub.3 and R.sub.4 denote an amino protecting group.
      Such groups and their use are now well recognized in the penicillin and
      cephalosporin art and need no specific exemplification. Preferred amino
      protecting groups include, for example, the combination of R.sub.3 being
      hydrogen and R.sub.4 being C.sub.1 -C.sub.8 alkanoyl; azidoacetyl;
      cyanoacetyl; haloacetyl;
      ##EQU2##
      in which Ar is phenyl, thienyl, furyl, pyrrolyl, or phenyl substituted
      with from one to three substituents selected from the group consisting of
      fluorine, chlorine, bromine, iodine, trifluoromethyl, C.sub.1 -C.sub.3
      acyloxy, --OSi(R.sub.1).sub.3, C.sub.1 -C.sub.3 alkyl, C.sub.1 -C.sub.3
      alkoxy, cyano, and nitro;
      ##EQU3##
      in which Ar' is phenyl, pyridyl, or substituted phenyl as defined above,
      and Y is oxygen or sulfur;
      ##EQU4##
      in which Ar is as defined above, and B is C.sub.1 -C.sub.3 acyloxy,
      ##EQU5##
      esterified carboxyl, --CN, --N.sub.3, or --NHR in which R is
      benzyloxycarbonyl, C.sub.1 -C.sub.4 alkoxycarbonyl, cycloalkoxycarbonyl,
      triphenylmethyl,
      ##EQU6##
      2,2,2-trichloroethoxycarbonyl, or --Si(R.sub.1).sub.3 in which R.sub.1 is
      as herein defined; (3-sydnone)C.sub.2 -C.sub.3 alkanoyl;
      ##SPC2##
PAL  in which R' is hydrogen or methoxy; 2-(1H-tetrazol-1-yl)acetyl; and the
      like. Additional preferred amino protecting groups are those defined by
      R.sub.3 and R.sub.4 taken together with the nitrogen atom to which they
      are bonded, and include, for example, phthalimido, a cyclic imide moiety
      of a C.sub.3 -C.sub.12 dicarboxylic acid,
      2,2-dimethyl-5-oxo-4-phenylimidazolidin-1-yl,
      2,2-dimethyl-3-nitroso-5-oxo-4-phenylimidazolidin-1-yl, or the like.
PAR  The novel silyl esters described above are intermediates in the conversion
      of penicillin sulfoxides to desacetoxycephalosporins. As has been
      developed in detail in Morin et al., Journal of the American Chemical
      Society, 91, (1969) pp. 1401-1407, ring expansion of penicillins to
      cephalosporins involves an oxidative cleavage of the C.sub.2 -sulfur bond
      producing a labile sulfenic acid intermediate having a double bond at the
      C.sub.2 carbon. This intermediate is subsequently ring closed to achieve a
      3-cephem cephalosporin. Due to the equilibrium characteristics of the
      reaction as it bears on the sulfenic acid intermediate, it is possible for
      the sulfenic acid to ring close to the 3-cephem cephalosporin or to revert
      to the penicillin structure. Therefore, it is highly desirable to trap the
      sulfenic acid intermediate in the form of a stable derivative which can
      then be further reacted to achieve the desired cephalosporin product. It
      is precisely such a process which is defined as another aspect of this
      invention.
PAR  This invention relates to a process for converting a penicillin sulfoxide
      to a desacetoxycephalosporin by heating the penicillin sulfoxide in an
      inert, substantially anhydrous solvent to a temperature of from about
      75.degree. C. to about 150.degree. C. in the presence of a silylating
      agent and simultaneously or subsequently treating the reaction mixture in
      an acidic medium.
PAR  The process of this invention is distinguishable from prior uses of
      silicon-containing compounds in conjunction with penicillin sulfoxides.
      Gutowski, Tetrahedron Letters, 21, (1970) pp. 1779-1782, describes the
      epimerization of penicillin sulfoxide esters when exposed to a silylating
      agent at room temperature for several days. Belgian Pat. No. 763,104
      teaches a process for reacting a penicillin sulfoxide by heating the
      sulfoxide to a temperature below 160.degree. C. in an anhydrous medium and
      in the presence of a compound containing silicon and halogen and at least
      one nitrogenous base present in a quantity of at least 5 moles per mole of
      the sulfoxide.
PAR  In the process of this invention any silylating agent can be employed which
      will achieve the silylation of the sulfenic acid intermediate formed by
      thermal cleavage of the penicillin sulfoxide. Any such silylating agent
      will contain at least one moiety having the formula --Si(R.sub.1).sub.3 in
      which R.sub.1 is as herein defined, and, furthermore, such moiety will be
      so situated in the silylating agent molecule as to be readily cleavable
      therefrom under the conditions of reaction and thereby available for
      forming the azetidine-2-sulfenate silyl ester. Mixtures of silylating
      agents can likewise be employed. Preferably, any mixture of silylating
      agents will be such that each silylating agent will give rise to the same
      silyl protecting group. Preferred silylating agents include those having
      the following formulae:
PA1  a.
      ##EQU7##
      in which each R.sub.1 independently is C.sub.1 -C.sub.4 alkyl or phenyl,
      R'" is hydrogen, C.sub.1 -C.sub.4 alkyl, or phenyl, and X is
      ##EQU8##
      in which J is hydrogen or --Si(R.sub.1).sub.3, or X is --CW.sub.3 in which
      each W independently is hydrogen, trifluoromethyl, or C.sub.1 -C.sub.3
      alkyl;
PA1  b.
      ##EQU9##
      in which R.sub.1 and W are as herein defined; and c. Z--Si(R.sub.1).sub.3
PA1  in which R.sub.1 is as herein defined and Z is halogen, C.sub.2 -C.sub.3
      alkenyloxy, C.sub.1 -C.sub.3 alkyl--SO.sub.3 --, --O--Si(R.sub.1).sub.3,
      --S--Si(R.sub.1).sub.3, or
      ##EQU10##
      in which R.sub.5 is hydrogen or C.sub.1 -C.sub.3 alkyl, and R.sub.6 is
      C.sub.1 -C.sub.4 alkyl or --Si(R.sub.1).sub.3, or R.sub.5 and R.sub.6
      taken together with the nitrogen atom to which they are bonded form a
      heterocyclic ring having 5 or 6 atoms, up to 3 of which, in addition to
      the already-defined nitrogen atom, independently are nitrogen, sulfur, or
      oxygen.
PAR  Of the above preferred silylating agents, it is more preferred that R.sub.1
      defined therein is phenyl or, taken from the C.sub.1 to C.sub.4 alkyl
      definition, methyl. Most preferably, R.sub.1 is methyl.
PAR  Typical examples of the silylating agents which can be employed in the
      process of this invention include: N,O-bis(trimethylsilyl)acetamide,
      N,O-bis(triethylsilyl)acetamide, N,O-bis(triphenylsilyl)-acetamide,
      N,O-bis(trimethylsilyl)trifluoroacetamide,
      N,O-bis(tripropylsilyl)trifluoroacetamide,
      N,O-bis-(triphenylsilyl)trifluoroacetamide, N-trimethylsilylacetamide,
      N-tributylsilylacetamide, N-triphenylsilylacetamide,
      N-methyl-N-trimethylsilylacetamide, N-ethyl-N-triethylsilylacetamide,
      N-methyl-N-triphenylsilylacetamide, N-trimethylsilyl-N,N'-diphenylurea,
      N-triethyl-silyl-N,N'-diphenylurea, N-triphenylsilyl-N,N'-diphenylurea,
      propenoxytrimethylsilane, ethenoxytriethylsilane,
      propenoxytriphenylsilane, trimethylsilyl methane sulfonate, tripropylsilyl
      ethane sulfonate, triphenylsilyl propane sulfonate, trimethylchlorosilane,
      triethylchlorosilane, triphenylchlorosilane, hexamethyldisilazane,
      hexaethydisilazane, hexaphenyldisilazene, N-trimethylsilyl-t-butylamine,
      N-tripropylsilyl-t-butylamine, N-triphenylsilyl-t-butylamine,
      N-trimethylsilyldiethylamine, N-triethylsilyldimethylamine,
      N-triphenylsilylmethylethylamine, N-trimethylsilylimidazole,
      N-triethylsilylimidazole, N-triphenylsilylimidazole, hexamethyldisiloxane,
      hexapropyldisiloxane, hexaphenyldisiloxane, hexamethyldisilthiane,
      hexaethyldisilthiane, hexaphenyldisilthiane, and the like.
PAR  The conversion of the penicillin sulfoxide in accordance with the process
      of this invention is accomplished by heating the sulfoxide with the chosen
      silylating agent to a temperature of from about 75.degree. C. to about
      150.degree. C. The heating of the sulfoxide is carried out in the presence
      of an appropriate inert, substantially anhydrous solvent. Any solvent can
      be employed which is inert to the penicillin sulfoxide and to the
      silylating agent and which has a sufficiently elevated boiling point to
      achieve the necessary reaction temperature. Suitable solvents include
      benzene, toluene, acetonitrile, dioxane, dimethylformamide,
      dimethylacetamide, and the like. Mixtures of appropriate solvents can also
      be employed.
PAR  The reaction mixture containing the penicillin sulfoxide is heated in the
      presence of a silylating agent at a temperature within the above range for
      a period necessary to effect conversion. This period can be very short or
      somewhat longer depending upon the reactants which are employed.
      Generally, the mixture will be heated for a period of from about 0.5 hours
      to about 24 hours. It is believed that the application of heat to the
      sulfoxide accomplishes a scission of the sulfur-C.sub.2 bond. The scission
      of the sulfur-C.sub.2 bond gives rise to a sulfenic acid type intermediate
      which is susceptible to attack by the silylating agent. The attack by the
      silylating agent traps the intermediate by production of a stable silyl
      ester having the structure of the class of novel intermediates of this
      invention.
PAR  Since one silyl moiety is required for each sulfenic acid moiety, at least
      an equimolar ratio of silylating agent to penicillin sulfoxide generally
      will be necessary. Certain silylating agents are so structured as to
      generate two or more silyl moieties per molecule. Correspondingly lesser
      molar quantities of such silylating agents can be employed. Generally, an
      excess of from about 1.1 to about 4 equivalents of the silylating agent
      will be employed per equivalent of the penicillin sulfoxide.
      Correspondingly, and as will be developed in detail hereinafter, certain
      penicillin sulfoxide starting materials will have additional points at
      which silylation can occur. In such instances one additional equivalent of
      the silyl moiety will be required for each such point of silylation.
PAR  In preparing the silyl ester intermediate of this invention, any of the
      above-mentioned silylating agents can be employed. However, strongly
      alkaline conditions must be avoided, or cleavage of the .beta.-lactam ring
      will occur. Therefore, special precautions must be observed in those
      instances in which a silazane is employed as silylating agent. Since the
      use of a silazane results in the concomitant production of ammonia during
      silylation, care must be exercised to assure the immediate neutralization
      of the ammonia thus produced. This can be accomplished by including in the
      reaction mixture a minor amount of an acid which inactivates the ammonia
      upon its generation. A like result can be achieved by employing a
      combination of the silazane and a halosilane as silylating agent. The
      halosilane will generate a hydrogen halide as byproduct of the silyl ester
      formation, and the hydrogen halide, in turn, will scavenge the ammonia
      generated from the silazane.
PAR  Conversely, care must be exercised in employing a halosilane as silylating
      agent. Since a hydrogen halide is formed during such silylation, the
      acidic conditions thereby developed may cause ring closure immediately to
      occur. In order to avoid this possibility, it is preferred to employ a
      mixture of silylating agents containing a sufficient amount of a silazane
      to neutralize by ammonia formation the hydrogen halide which forms.
PAR  The silyl ester intermediate either can be isolated from the silylation
      reaction mixture, or the silylation reaction mixture can be subjected to
      acid treatment to achieve ring closure of the silyl ester. Alternatively,
      the acid can be included with the penicillin sulfoxide in the reaction
      mixture at the outset of the reaction. Under the latter set of reaction
      conditions, the silyl ester intermediate will be transient, and ring
      closure with decomposition of the silyl ester will occur substantially
      simultaneously with the formation of the silyl ester.
PAR  Various acids can be employed in the ring closure portion of the process of
      this invention. Examples of suitable acids include sulfuric acid,
      phosphoric acid, and other mineral acids; methanesulfonic acid,
      p-toluenesulfonic acid, benzenesulfonic acid, naphthalenesulfonic acid,
      and other sulfonic acids; boron trifluoride, ferric chloride, aluminum
      chloride, and other Lewis acids; and other commonly recognized acidic
      reagents.
PAR  Highly preferred acids are sulfonic acids. Examples of preferred sulfonic
      acids are the C.sub.1 to C.sub.12 -hydrocarbonsulfonic acids such as the
      C.sub.1 to C.sub.12 -alkanesulfonic acids such as methanesulfonic acid,
      ethanesulfonic acid, hexane sulfonic acids, nonanesulfonic acids,
      dodecanesulfonic acids, and the like, as well as the C.sub.4 to C.sub.7
      -cycloalkanesulfonic acids such as cyclobutanesulfonic acid,
      cyclopetanesulfonic acid, cyclohexanesulfonic acid, and
      cycloheptanesulfonic acid, the C.sub.6 to C.sub.12 aryl- and
      alkarylsulfonic acids such as benzenesulfonic acid, dodecylbenzenesulfonic
      acids, alpha- and betanaphthalenesulfonic acids, biphenylsulfonic acids,
      p-toluenesulfonic acid, xylenesulfonic acids, and the like, disulfonic
      acids such as methanedisulfonic acid, benzenedisulfonic acid, and the
      like, benzenetrisulfonic acid, mixtures of sulfonic acids, and such
      sulfonic acids substituted with groups that do not interfere with the ring
      closure reaction, such as chlorine, bromine, nitro, cyano, and the like,
      exemplified by p-chlorobenzenesulfonic acid, 3,5-dibromobenzenesulfonic
      acid, 4-nitro-alpha-naphthalenesulfonic acid, and 4-cyanobenzenesulfonic
      acid. For economic reasons, the preferred sulfonic acids are C.sub.1 to
      C.sub.6 -alkanesulfonic acids such as methanesulfonic acid, ethanesulfonic
      acid, and the simple C.sub.6 to C.sub.8 aryl and alkaryl
      hydrocarbonsulfonic acids such as benzenesulfonic acid, p-toluenesulfonic
      acid, and the like.
PAR  The acidic substance can be employed in a wide range of proportions
      relative to the silyl ester intermediate. In general, the molar ratio of
      the silyl ester intermediate to the acidic substance will be from 1:1 to
      about 100:1. Preferably, a molar ratio of the silyl ester intermediate to
      the acid ranges from about 5:1 to about 15:1. The concentration of the
      silyl ester intermediate in the total solvent system can vary extensively,
      but preferably the silyl ester intermediate constitutes from about 1 to
      about 20 percent by weight of the reaction mixture.
PAR  Preferably, the penicillin sulfoxide which is employed in the process of
      this invention is one having the formula
      ##SPC3##
PAL  in which R.sub.3 is hydrogen and R.sub.4 is hydrogen; C.sub.1 -C.sub.8
      alkanoyl; azidoacetyl; cyanoacetyl; haloacetyl;
      ##EQU11##
      in which Ar is phenyl, thienyl, furyl, pyrrolyl, or phenyl substituted
      with from one to three substituents selected from the group consisting of
      fluorine, chlorine, bromine, iodine, trifluoromethyl, C.sub.1 -C.sub.3
      acyloxy, hydroxy, C.sub.1 -C.sub.3 alkyl, C.sub.1 -C.sub.3 alkoxy, cyano,
      and nitro;
      ##EQU12##
      in which Ar' is phenyl, pyridyl, or substituted phenyl as defined above,
      and Y is oxygen or sulfur;
      ##EQU13##
      in which Ar is as defined above, and B is C.sub.1 -C.sub.3 acyloxy,
      hydroxyl, carboxyl, esterified carboxyl, --CN, --N.sub.3, --NH.sub.2, or
      --NHR in which R is benzyloxycarbonyl, C.sub.1 -C.sub.4 alkoxycarbonyl,
      cycloalkoxycarbonyl, triphenylmethyl,
      ##EQU14##
      or 2,2,2-trichloroethoxycarbonyl; (3-sydnone)C.sub.2 -C.sub.3 alkanoyl;
      ##SPC4##
PAL  in which R' is hydrogen or methoxy; 2-(1H-tetrazol-1-yl)acetyl; or R.sub.3
      and R.sub.4 taken together with the nitrogen atom to which they are bonded
      are phthalimido, a cyclic imide moiety of a C.sub.3 -C.sub.12 dicarboxylic
      acid, 2,2-dimethyl-5-oxo-4-phenylimidazolidin-1-yl, or
      2,2-dimethyl-3-nitroso-5-oxo-4-phenylimidazolidin-1-yl; and R.sub.2 is
      hydrogen, C.sub.1 -C.sub.6 alkyl, 2,2,2-trihaloethyl, 2-iodoethyl, benzyl,
      nitrobenzyl, tetrahydropyranyl, 9-fluoroenyl, succinimidomethyl,
      phthalimidomethyl, methoxybenzyl, dimethoxybenzyl, cyanomethyl,
      nitrophenyl, dinitrophenyl, 2,4,6-trinitrophenyl,
      bis(p-methoxyphenyl)methyl, triphenylmethyl, benzhydryl; benzyloxymethyl,
      C.sub.2 -C.sub.6 alkanoyloxymethyl, C.sub.2 -C.sub.4 alkanoyl, phenacyl,
      or a radical of the formula
      ##EQU15##
      in which each R.sub.1 independently is C.sub.1 -C.sub.4 alkyl or phenyl.
PAR  The above definitions for R.sub.2, R.sub.3 and R.sub.4 represent only a
      portion of the groups now well recognized in the penicillin and
      cephalosporin arts. Penicillin sulfoxides containing any of these well
      known substituents can be readily employed in the ring expansion process
      of this invention.
PAR  As mentioned above, it is contemplated by this invention to employ as
      starting material the sulfoxide of 6-aminopenicillanic acid (6-APA):
      ##SPC5##
PAL  When the above is employed, three points of silylation exist. In accordance
      with the process of this invention, the stable silyl intermediate which
      will result during the thermal cleavage will have the formula
      ##SPC6##
PAL  Thus, inherent in the process of this invention is the generation from
      6-APA of a silyl ester intermediate having both the amino and the carboxy
      moieties suitably protected. Under the acidic conditions at which ring
      closure is accomplished to produce the desacetoxycephalosporin, both
      additional silyl protecting groups will be cleaved to produce the highly
      desirable 7-aminodesacetoxycephalosporanic acid (7-ADCA). The process of
      this invention thus permits the direct conversion of 6-APA sulfoxide to
      7-ADCA. As will be apparent under the conditions of this specific
      conversion, it is essential that the ratio of silylating agent to 6-APA
      sulfoxide be such as will afford a minimum of three silyl moieties per
      each molecule of 6APA sulfoxide.
PAR  It is correspondingly possible to employ as starting material a penicillin
      sulfoxide which has either a free amino function in the 6-position or a
      free carboxy function in the 3-position. In such instances the ratio of
      silylating agent to penicillin sulfoxide will be such as will afford a
      minimum of two silyl moieties per each molecule of the sulfoxide.
PAR  When R.sub.3 of the sulfoxide starting material is hydrogen, R.sub.4 can be
      hydrogen or a silyl protecting group, such as trimethylsilyl,
      triethylsilyl, and the like. When R.sub.3 and R.sub.4 are each hydrogen,
      the resulting silyl ester intermediate which is produced will have one of
      the hydrogens replaced by the silyl protecting group. When R.sub.4 of the
      sulfoxie starting material is a silyl protecting group, such silyl
      protecting group will be retained in the silyl ester intermediate. Upon
      ring-closure to form the desacetoxycephalosporin product, any silyl group
      which would have been present at the 7-amino function will be cleaved to
      produce a cephalosporin in which R.sub.3 and R.sub.4 are both hydrogen.
PAR  Representative of the silyl ester intermediates of this invention as well
      as the penicillin sulfoxides which can be used in and the
      desacetoxycephalosporins which can be prepared by the process of this
      invention are those in which R.sub.2 is, for example, methyl, ethyl,
      n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, t-butyl, amyl, hexyl,
      2,2,2-trichloroethyl, 2,2,2-tribromoethyl, 2-iodoethyl, benzyl,
      p-nitrobenzyl, tetrahydropyranyl, succinimidomethyl, phthalimidomethyl,
      p-methoxybenzyl, cyanomethyl, 3,4-dimethoxybenzyl, p-nitrophenyl,
      2,4-dinitrophenyl, 2,4,6-trinitrophenyl, bis(p-methoxyphenyl)methyl,
      triphenylmethyl, benzhydryl, benzyloxymethyl, acetoxymethyl,
      propionoxymethyl, acetyl, propionyl, phenacyl, and the like.
PAR  R.sub.2 of the sulfoxide starting material can also be hydrogen or a silyl
      protecting group, such as trimethylsilyl, triethylsilyl, triphenylsilyl,
      and the like. When such a starting material is employed, the silyl ester
      intermediate which is produced will be appropriately silylated in its
      carboxyl function. In the instance in which R.sub.2 of the sulfoxide is
      hydrogen the carboxyl function of the silyl ester intermediate will be
      protected with the silyl group of the silylating agent which has been
      employed. In the instance in which R.sub.2 of the sulfoxide is itself a
      silyl protecting group, such group will be retained in the silyl ester
      intermediate. Upon treatment of this silyl ester intermediate with acid to
      produce ring-closure, the silyl group which protects the carboxyl function
      can additionally be cleaved to produce the corresponding free acid
      cephalosporin.
PAR  In those instances in which R.sub.2 is hydrogen or a silyl protecting
      group, and the resulting desacetoxycephalosporin product thus is a free
      acid cephalosporin, it has been discovered that it is highly advantageous
      to isolate the desacetoxycephalosporin product in the form of a salt
      specifically its lithium salt. The free acid desacetoxycephalosporin
      product, although preparable by the process of this invention, is found to
      be isolatable from the resulting reaction mixture only with some
      difficulty and, correspondingly, with some loss of product. This problem
      can be greatly alleviated by converting the free acid product present in
      the reaction mixture to its corresponding salt, specifically its lithium
      salt. Conversion of the free acid desacetoxycephalosporin product to its
      lithium salt can be accomplished by adding to the reaction mixture
      containing the free acid product an amount of a lithium compound
      sufficient at least to convert all of the free acid product to the
      corresponding salt. Typical lithium compounds which can be employed
      include lithium acetate, lithium hydroxide, lithium lactate, lithium
      2-ethylhexanoate, and the like. They can be added to the reaction mixture
      either alone or in an appropriate solvent. Furthermore, they can be added
      to the reaction mixture as such or, when in a solvent, to a residue of the
      reaction mixture containing the free acid cephalosporin product.
PAR  The amino group of the penicillin sulfoxides which are used in and the
      desacetoxycephalosporins which are prepared by the process of this
      invention can incorporate any of a broad range of substituents.
      Representative examples of the R.sub.4 substituent when R.sub.3 is
      hydrogen include the following: formyl, acetyl, propionyl, butyryl,
      valeryl, caproyl, azidoacetyl, cyanoacetyl, chloroacetyl, bromoacetyl,
      phenylacetyl, 2-thienylacetyl, 3-thienylacetyl, 2-furylacetyl,
      3-furylacetyl, 2-pyrrolylacetyl, 3-pyrrolylacetyl, 4-chlorophenylacetyl,
      3-trifluoromethylphenylacetyl, 4-hydroxyphenylacetyl, 3-tolylacetyl,
      4-cumylacetyl, 4-methoxyphenylacetyl, 3-cyanophenylacetyl,
      4-nitrophenylacetyl, phenoxyacetyl, thiophenylacetyl, pyridyloxyacetyl,
      p-nitrophenoxyacetyl, .alpha.-aminophenylacetyl,
      .alpha.-benzyloxycarbamidophenylacetyl,
      .alpha.-t-butoxycarbamidophenylacetyl, .alpha.-formyloxyphenylacetyl,
      .alpha.-cyanophenylacetyl, .alpha.-azidophenylacetyl, 3-sydnoneacetyl,
      2-(1H-tetrazol-1-yl)acetyl, 2-nitrophenylthio,
      2-nitro-4-methoxyphenylthio, and the like. These as well as many other
      groups are now well recognized in the art.
PAR  When R.sub.3 is hydrogen, it is highly preferred that R.sub.4  be
      phenylacetyl or phenoxyacetyl.
PAR  The silyl ester intermediates of this invention can likewise contain any of
      the above substituents as well as many others, with the exception,
      however, that a reactive functional group which may be present in the
      R.sub.2, R.sub.3 or R.sub.4 substituent of the penicillin sulfoxide may
      become silylated during formation of the intermediate. Upon ring closure
      of the thus-formed silyl ester intermediate to produce the
      desacetoxycephalosporin, the additional silyl group will be cleaved to
      generate a cephalosporin having the R.sub.2, R.sub.3 and R.sub.4
      substituents as they existed in the penicillin sulfoxide starting
      material. Illustrative of this is the situation in which R.sub.3 is
      hydrogen and R.sub.4 is .alpha.-aminophenylacetyl. In this instance the
      .alpha.-amino group would be silylated during formation of the silyl ester
      intermediate. Upon subsequent ring closure this silyl group would be
      cleaved to regenerate in the thus-formed cephalosporin an
      .alpha.-aminophenylacetyl group at the nitrogen in the 7-position. In view
      of the above, the definitions of R.sub.2 and R.sub.4 with respect to the
      penicillin sulfoxide and the silyl ester intermediate will in general
      correspond except in those instances in which the starting penicillin
      sulfoxide contains groups which can be silylated. As to such groups,
      R.sub.2 and R.sub.4 in the definition of the silyl ester intermediates is
      modified to account for the silylation effect.
PAR  When R.sub.3 and R.sub.4 are taken together with the nitrogen atom to which
      they are bonded, representative examples of the combination include, for
      example, phthalimido, succinimido,
      2,2-dimethyl-5-oxo-4-phenylimidazolidin-1-yl, and the like.
PAR  The prior art describes literally thousands of penicillin compounds which,
      by the process of this invention, can be converted to
      desacetoxycephalosporin compounds. Any of the penicillin sulfoxides which
      are employed as starting materials in the process of this invention are
      readily available by techniques known in the art. For example, penicillin
      G (benzylpenicillin) or penicillin V (phenoxymethylpenicillin) can be
      converted to their corresponding sulfoxides and these used as starting
      materials in the process of this invention. Both penicillin G and
      penicillin V are available either naturally or biosynthetically, and both
      can be readily cleaved to produce 6-APA. 6-APA can itself be oxidized and
      thereby employed as starting material in this invention. 6-APA also can be
      modified by acylation in the 6-position and/or esterification in the
      3-position according to known techniques, thereby to produce any of the
      basic penicillin structures, which, in turn, can be oxidized in accordance
      with prior art techniques to produce the penicillin sulfoxides employed
      herein as starting materials.
PAR  Desacetoxycephalosporin compounds which are produced by the process of this
      invention from the corresponding penicillin sulfoxides, upon removal of
      any carboxy and/or other protecting group which might be present, are
      useful as antibiotics in therapeutic treatment of diseases caused by
      various Gram-positive and Gram-negative microorganisms.
      7-Aminodesacetoxycephalosporanic acid (7-ADCA), produced from 6-APA
      sulfoxide by the process of this invention, is additionally useful as an
      intermediate to prepare other desacetoxycephalosporin antibiotic
      substances. Furthermore, any of the desacetoxycephalosporin products can
      be cleaved to produce 7-ADCA. The thus-obtained 7ADCA can then be
      acylated, for example, with 2-thiopheneacetyl chloride to obtain
      7-(2-thienyl)acetamido-3-methyl-3-cephem-4-carboxylic acid, a known
      antibiotic.
PAR  Illustrative of the silyl ester intermediates of this invention are the
      following:
PAR  Trimethylsilyl
      3-phthalimido-4-oxo-1-(1'-methoxycarcarbonyl-2'-methyl-2'-propenyl)azetidi
     ne-2-sulfenate.
PAR  Trimethylsilyl
      3-phthalimido-4-oxo-1-(1'-trimethylsilyloxycarbonyl-2'-methyl-2'-propenyl)
     azetidine-2-sulfenate.
PAR  Trimethylsilyl
      3-phenoxyacetamido-4-oxo-1-(1'-p-nitrobenzyloxycarbonyl-2'-methyl-2'-prope
     nyl)azetidine-2-sulfenate.
PAR  Triethylsilyl
      3-phenylacetamido-4-oxo-1-[1'(2,2,2-trichloroethoxycarbonyl)-2'-methyl-2'-
     propenyl]azetidine-2-sulfenate.
PAR  Trimethylsilyl
      3-trimethylsilylamino-4-oxo-1-(1'-trimethylsilyloxycarbonyl-2'-methyl-2'-p
     ropenyl)azetidine-2-sulfenate.
PAR  Trimethylsilyl
      3-(.alpha.-trimethylsilylaminophenylacetamido)-4-oxo-1-(1'-p-nitrobenzylox
     ycarbonyl-2'-methyl-2'-propenyl)azetidine-2-sulfenate.
PAR  Triphenylsilyl
      3-(2'-thienyl)acetamido-4-oxo-1-(1'-benzhydryloxycarbonyl-2'-methyl-2'-pro
     penyl)azetidine-2-sulfenate.
PAR  Tributylsilyl
      3-(4'-hydroxyphenyl)acetamido-4-oxo-1-(1'-benzyloxycarbonyl-2'-methyl-2'-p
     ropenyl)azetidine-2-sulfenate.
PAR  Triphenylsilyl
      3-succinimido-4-oxo-1-[1'-(2-iodo)ethyloxycarbonyl-2'-methyl-2'-propenyl]a
     zetidine-2-sulfenate.
PAR  Trimethylsilyl
      3-(3'-sydnone)acetamido-4-oxo-1-(1'-t-butoxycarbonyl-2'-methyl-2'-propenyl
     )azetidine-2-sulfenate.
PAR  Trimethylsilyl
      3-(.alpha.-trimethylsilyloxyphenylacetamido)-4-oxo-1-(1'-p-hydroxybenzylox
     ycarbonyl-2'-methyl-2'-propenyl)azetidine-2-sulfenate.
PAR  Trimethylsilyl
      3-(2',2'-dimethyl-3'-trimethylsilyl-5'-oxo-4'-phenylimidazolidin-1'-yl)-4-
     oxo-1-(1'-triphenylsilyloxycarbonyl-2-methyl-2'-propenyl)azetidine-2-sulfen
     ate.
PAR  Trimethylsilyl
      3-(2'-furyl)acetamido-4-oxo-1-[1'-(9-fluorenyloxycarbonyl)-2'-methyl-2'-pr
     openyl]azetidine-2-sulfenate.
PAR  Triethylsilyl
      3-(4'-chlorophenyl)acetamido-4-oxo-1-(1'-p-methoxybenzyloxycarbonyl-2'-met
     hyl-2'-propenyl)azetidine-2-sulfenate.
PAR  Trimethylsilyl
      3-formamido-4-oxo-1-(1'-phthalimidomethoxycarbonyl-2'-methyl-2'-propenyl)a
     zetidine-2-sulfenate.
PAR  Tripropylsilyl
      3-(.alpha.-benzyloxycarbamido)phenylacetyl-4-oxo-1-(1'-p-methoxybenzyloxyc
     arbonyl-2'-methyl-2'-propenyl) azetidine-2-sulfenate.
PAR  Trimethylsilyl
      3-(3'-tolyl)acetamido-4-oxo-1-(1'-tetrahydropyranyloxycarbonyl-2'-methyl-2
     '-propenyl)azetidine-2-sulfenate.
PAR  Trimethylsilyl
      3-thiophenoxyacetamido-4-oxo-1-(1'-benzhydryloxycarbonyl-2'-methyl-2'-prop
     enyl)azetidine-2-sulfenate.
PAR  Trimethylsilyl
      3-(2'-pyrrolyl)acetamido-4-oxo-1-(1'-ethoxycarbonyl-2'-methyl-2'-propenyl)
     azetidine-2-sulfenate.
PAR  Trimethylsilyl
      3-(3'-thienyl)acetamido-4-oxo-1-(1'-benzyloxycarbonyl-2'-methyl-2'-propeny
     l)azetidine-2-sulfenate.
PAR  Trimethylsilyl
      3-[2'-(1H-tetrazol-1-yl)acetamido]-4-oxo-1-(1'-p-nitrobenzyloxycarbonyl-2'
     -methyl-2'-propenyl)azetidine-2-sulfenate.
PAR  Typical conversions of penicillin sulfoxides to desacetoxycephalosporins in
      accordance with the process of this invention include the following:
PAR  p-Nitrobenzyl 6-phenoxyacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate to
      obtain p-nitrobenzyl 7-phenoxyacetamido-3-methyl-3-cephem-4-carboxylate.
PAR  t-Butyl 6-(2-thienyl)acetamido-2,2-dimethylpenam-1-oxide-3-carboxylate to
      obtain t-butyl 7-(2-thienyl)acetamido-3-methyl-3-cephem-4-carboxylate.
PAR  2,2,2-Trichloroethyl
      6-.alpha.-aminophenylacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate to
      obtain 2,2,2-trichloroethyl
      7-.alpha.-aminophenylacetamido-3-methyl-3-cephem-4-carboxylate.
PAR  p-Nitrobenzyl
      6-(2',2'-dimethyl-5'-oxo-4'-phenylimidazolidin-1'-yl)-2,2-dimethylpenam-1-
     oxide-3-carboxylate to obtain p-nitrobenzyl
      7-(2',2'-dimethyl-5'-oxo-4'-phenylimidazolidin-1'-yl)-3-methyl-3-cephem-4-
     carboxylate.
PAR  Benzhydryl
      6-(.alpha.-formyloxy)phenylacetamido-2,2-dimethylpenam-1-oxide-3-carboxyla
     te to obtain benzhydryl
      7-(.alpha.-formyloxy)-phenylacetamido-3-methyl-3-cephem-4-carboxylate.
PAR  Benzyl 6-(3-sydnone)acetamido-2,2-dimethylpenam-1-oxide-3-carboxylate to
      obtain benzyl 7-(3-sydnone)acetamido-3-methyl-3-cephem-4-carboxylate.
PAR  2-Iodomethyl
      6-[2-(1H-tetrazol-1-yl)]acetamido-2,2-dimethylpenam-1-oxide-3-carboxylate
      to obtain 2-iodomethyl 7-(1H-tetrazol-1-yl)]acetamido-3-methyl-3-cephem-
      4-carboxylate.
PAR  6-Amino-2,2-dimethylpenam-1-oxide-3-carboxylic acid to obtain
      7-amino-3-methyl-3-cepham-4-carboxylic acid.
PAR  Triphenylmethyl 6-succinimido-2,2-dimethylpenam-1-oxide-3-carboxylate to
      obtain triphenylmethyl 7-succinimido-3-methyl-3-cephem-4-carboxylate.
PAR  Trimethylsilyl
      6-thiophenoxyacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate to obtain
      7-thiophenoxyacetamido-3-methyl-3-cephem-4-carboxylic acid.
PAR  Methyl 6-(2-furyl)acetamido-2,2-dimethylpenam-1-oxide-3-carboxylate to
      obtain methyl 7-(2-furyl)acetamido-3-methyl-3-cephem-4-carboxylate.
PAR  p-Nitrobenzyl
      6-(N-trimethylsilyl)amino-2,2-dimethylpenam-1-oxide-3-carboxylate to
      obtain p-nitrobenzyl 7-amino-3-methyl-3-cephem-4-carboxylate.
PAR  Benzhydryl 6-phenylacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate to
      obtain benzhydryl 7-phenylacetamido-3-methyl-3-cephem-4-carboxylate.
PAR  Benzyl 6-(2-nitrophenyl)sulfenamide-2,2-dimethylpenam-1-oxide-3-carboxylate
      to obtain benzyl
      7-(2-nitrophenyl)-sulfenamide-3-methyl-3-cephem-4-carboxylate.
PAR  p-Nitrobenzyl
      6-(2-nitro-4-methoxyphenyl)sulfenamide-2,2-dimethylpenam-1-oxide-3-carboxy
     late to obtain p-nitrobenzyl
      7-(2-nitro-4-methoxyphenyl)sulfenamide-3-methyl-3-cephem-4-carboxylate.
DETD
PAR  This invention is further illustrated by the following detailed examples.
PAC  EXAMPLE I
PAR  Into a 50 ml., 3-neck flask was placed 752 mg. (2 millimoles) of methyl
      6-phthalimido-2,2-dimethylpenam-1-oxide-3-carboxylate. To the flask were
      then added 10 ml. of benzene, 0.26 ml. (2 millimoles) of
      trimethylchlorosilane, and 0.21 ml. (1 millimole) of hexamethyldisilazane.
      The resulting mixture was stirred and refluxed for about 16 hours at
      78.degree.-80.degree.C. The reaction mixture was then evaporated in vacuo
      to produce a residue of approximately a quantitative yield of
      trimethylsilyl
      3-phthalimido-4-oxo-1-(1'-methoxycarbonyl-2'-methyl-2'-propenyl)-azetidine
     -2-sulfenate.
PAR  Analysis, Calc. for C.sub.20 H.sub.24 N.sub.2 O.sub.6 Si: C, 53.57; H,
      5.39; N, 6.25. Found C, 53.76; H, 5.55; N, 6.42.
PAR  [.delta.].sub.D.sup.27 - 164.4.degree. (Benzene)
PAR  UV.sub.Max 220 m.mu. (.epsilon. = 47,200), 291 m.mu. (.epsilon. = 10,500)
PAR  IR 2990, 2920, 1770, 1760, 1735, 1715, 1390, 1245, 874, 845 and 705
      cm.sup.-.sup.1.
PAR  NMR (.delta.) 0.05 (s, 9H), 2.04 (s, 3H), 3.84 (s, 3H), 5.07 (two
      overlapping s), 5.20 (6s, 1H), 5.84 (s, AB, 2H), 7.86 (m, 4H).
PAR  MS m/e 448, 433, 359, 327, 299, 293, 262, 239, 204, 187, 172 160, 113, 104,
      89, 73.
PAC  EXAMPLE II
PAR  To a suspension of 376 mg. of methyl
      6-phthalimido-2,2-dimethylpenam-1-oxide-3-carboxylate in 10 ml. of benzene
      was added 0.25 ml. of N,O-bis(trimethylsilyl)acetamide. The resulting
      mixture was heated to reflux (about 78.degree.C.) for about 22 hours. The
      reaction mixture was cooled to room temperature and evaporated in vacuo to
      produce a brown gum which exhibited an NMR spectrum consistent for the
      expected trimethylsilyl ester intermediate.
PAC  EXAMPLE III
PAR  To a 50 ml., 3-neck flask was added 752 mg. (2 millimoles) of methyl
      6-phthalimido-2,2-dimethylpenam-1-oxide-3-carboxylate in 10 ml. of
      benzene. To the resulting mixture was added 0.26 ml. (2 millimoles) of
      trimethylchlorosilane and 0.21 ml. (1 millimole) of hexamethyldisilazane.
      The resulting mixture was refluxed overnight after which the mixture was
      cooled to room temperature and evaporated in vacuo to produce a clear very
      viscous liquid. IR analysis established the presence of a .beta.-lactam
      ring. MS analysis indicated the following m/e values: 448, 433, 389, 327,
      359, 299, 293, 262, 239, 204, 187, 172, 160, 152, 130, 120, 113, 104, 89
      and 73. NMR analysis was consistent for the expected trimethylsilyl ester
      intermediate.
PAR  A sample of the above trimethylsilyl ester intermediate was treated with
      one equivalent of methanesulfonic acid in a 1:1 volume mixture of benzene
      and dimethylacetamide. The mixture was permitted to stand at room
      temperature overnight. The reaction mixture was then evaporated to dryness
      in vacuo at about 55.degree.C. The residue was dissolved in a small amount
      of benzene as placed on a 1.5 .times. 21 cm. silica gel column. The sample
      was eluted from the column using 100 ml. quantities of benzene, 5% ethyl
      acetate in benzene, 10% ethyl acetate in benzene, and 15% ethyl acetate in
      benzene. Fractions of 20 ml. each were collected. Methyl
      7-phthalimido-3-methyl-3-cephem-4-carboxylate in a yield of about 50% was
      obtained from fractions 7, 8, 9, and 10.
PAR  Analysis: NMR (CDCl.sub.3) (.delta.) 2,34 (s, 3H), 3.39 (d, J = 16 and 47,
      2H), 3.85 (s, 3H), 5.12 (d, J = 4.5, 1H), 5.42 (d, J = 4.5, 1H), and 7.82
      (m, 4H).
PAR  IR (CHCl.sub.3) 3020, 2970, 1800, 1785, 1725, 1390, 1220, 1110, and 907
      cm.sup.-.sup.1.
PAC  EXAMPLE IV
PAR  A mixture of 752 mg. (2 millimoles) of methyl
      6-phthalimido-2,2-dimethylpenam-1-oxide-3-carboxylate, 393 mg. (3
      millimoles) of N-trimethylsilylacetamide, and 10 ml. of benzene was
      refluxed (78.degree.C) for about 16 hours. The reaction mixture was then
      cooled to room temperature and evaporated in vacuo to a glassy solid
      residue. NMR of the residue was consistent for the trimethylsilyl ester
      intermediate.
PAR  The residue was redissolved in 10 ml. of benzene, and 20 mg. (0.2
      millimole) of methanesulfonic acid dissolved in 2 ml. of a 60:40 mixture
      of dimethylacetamide and benzene was added. The resulting mixture was
      stirred at room temperature for about 16 hours. Thin-layer chromatography
      (TLC) of the reaction mixture showed the presence of a major amount
      (estimated greater than 70%) of methyl
      7-phthalimido-3-methyl-3-cephem-4-carboxylate.
PAC  EXAMPLE V
PAR  Into a 50 ml. 3-neck flask were placed 994 mg. (2 millimoles) of
      p-nitrobenzyl 6-phthalimido-2,2-dimethylpenam-1-oxide-3-carboxylate, 10
      ml. of benzene, 0.26 ml. (2 millimoles) of trimethylchlorosilane, and 0.21
      ml. (1 millimole) of hexamethyldisilazane. The mixture was heated to
      reflux (78.degree.-80.degree.C.) with stirring for about 16 hours. A small
      amount of solid formed in the reaction mixture and was filtered off. The
      filtrate was evaporated to dryness in vacuo to recover a yellow gum which
      by IR and NMR analysis was shown to be trimethylsilyl
      3-phthalimido-4-oxo-1-(1'-p-nitrobenzyloxycarbonyl-2'-methyl-2'-propenyl)-
     azetidine-2-sulfenate.
PAR  NMR (CDCl.sub.3) (.delta.) 0.05 (s, 9H), 2.09 (s, 3H), 5.14 (s, 1H), 5.33
      (two overlapping s, 2H), 5.37 (s, 2H), 5.97 (s, 2H), 7.86 (s, 4H), 7.91
      (q, 4H, J = 90 and 40).
PAR  IR (CHCl.sub.3) 3050, 2960, 1840, 1785, 1725, 1640, 1500, 1100, and 846
      cm.sup.-.sup.1.
PAC  EXAMPLE VI
PAR  To 50 ml. of benzene were added 1.75 grams (5 millimoles)
      6-phthalimido-2,2-dimethylpenam-1-oxide-3-carboxylic acid, 1.3 ml. (10
      millimoles) of trimethylchlorosilane, and 1.05 ml. (5 millimoles) of
      hexamethyldisilazane. The mixture was refluxed (78.degree.-80.degree.C.)
      for about 4.5 hours. The reaction mixture was then cooled to room
      temperature and evaporated in vacuo to produce a residue of trimethylsilyl
      3-phthalimido-4-oxo-1-(1'-trimethylsilyloxycarbonyl-2'-methyl-2'-propenyl)
     -azetidine-2-sulfenate in approximately quantitative yield.
PAR  Analysis, Calc. for C.sub.22 H.sub.30 N.sub.2 O.sub.6 Si.sub.2 : C, 52.15;
      H, 5.97; N, 5.53; S, 6.32. Found C, 51.98; H, 5.85; N, 5.58; S, 6.18.
PAR  [.delta.].sub.D.sup.27 - 45.5.degree. (Benzene)
PAR  IR (CHCl.sub.3) 3010, 2960, 1795, 1775, 1740, 1725, 1382, 1250, 1063, 844,
      and 707 cm.sup.-.sup.1.
PAR  NMR (CDCl.sub.3) (.delta.) 0.05 (s, 9H), 0.37 (s, 9H), 2.05 (s, 3H), 5.01
      (s, 1H), 5.12 (s, 1H), 5.20 (s, 1H), 5.84 (s, AB pattern, 2H), and 7.84
      (m, 4H).
PAR  MS m/e 506, 491, 416, 401, 388, 300, 299, 232, 230, 204, 187, 160, 147,
      132, 114, 104, 73.
PAC  EXAMPLE VII
PAR  To a 250 ml., 3-neck flask were added 50 ml. of benzene, 2.6 grams (about
      20 millimoles) of N-trimethylsilylacetamide, and 1.75 grams (5 millimoles)
      of 6-phthalimido-2,2-dimethylpenam-1-oxide-3-carboxylic acid. The mixture
      was stirred for about 5 minutes, after which solution was about complete.
      The mixture was then heated slowly to reflux (about 80.degree.C.) and
      maintained thereat for about 5 hours. The mixture was then cooled to room
      temperature, during which time a minor amount of solid crystallized out.
      The solid was filtered, and the filtrate was evaporated to dryness in
      vacuo to produce a residue confirmed by NMR analysis to be trimethylsilyl
      3-phthalimido-4-oxo-1-(1'-trimethylsilyloxycarbonyl-2'-methyl-2'-propenyl)
     -azetidine-2-sulfenate.
PAC  EXAMPLE VIII
PAR  To a solution of 380 mg. (1 millimole) of methyl
      6-phenoxyacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate in 15 ml. of
      dry toluene maintained at 40.degree.C. were added 330 mg. (about 2
      millimoles) of N-trimethylsilylacetamide and 0.023 ml. (about 0.2
      millimole) of trimethylchlorosilane. The resulting mixture was refluxed at
      about 111.degree.C. for about 5 hours. The reaction mixture was then
      cooled to room temperature and evaporated in vacuo to a brown gummy solid
      residue. NMR analysis established that the residue contained
      trimethylsilyl 3-phenoxyacetamido-4-oxo-1-(1'-methoxycarbonyl-2'-methyl-2'
     -propenyl)-azetidine-2-sulfenate.
PAR  NMR (CDCl.sub.3) 0.05 (s, 9H), 2.04 (s, 3H), 3.75 (s, 3H), 4.54 (s, 2H),
      5.07 (s, 2H), 5.47 (s, 1H), 5.67 (q, J = 4.5 and 8.0, 1H), 6.17 (d, J =
      4.5, 1H), 7.85 (d, J = 8.0, 1H).
PAC  EXAMPLE IX
PAR  To a solvent mixture of 25 ml. of 60% toluene and 40% acetonitrile were
      added 1.25 grams (2.5 millimoles) of p-nitrobenzyl
      6-phenoxyacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate, 1.0 gram (7.5
      millimoles) of N-trimethylsilylacetamide, and 0.19 ml. (1.5 millimoles) of
      trimethylchlorosilane. The mixture was heated to reflux (about
      87.degree.C.) and maintained thereat for about 20 hours. The mixture was
      then cooled to room temperature, and about 0.17 ml. of methanesulfonic
      acid was added. The mixture was then stirred at room temperature for about
      16 hours. A minor amount of solid formed in the mixture. The solid was
      removed by filtration, and the filtrate was shown by thin-layer
      chromatography (TLC) to contain principally p-nitrobenzyl
      7-phenoxyacetamido-3-methyl-3-cephem-4-carboxylate.
PAC  EXAMPLE X
PAR  To a mixture of 25 ml. of benzene and 18 ml. of dimethylacetamide were
      added 2.5 grams (5 millimoles) of p-nitrobenzyl
      6-phenoxyacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate, 2 grams (about
      15 millimoles) of N-trimethylsilylacetamide, and 0.19 ml. (1.5 millimoles)
      of trimethylchlorosilane. The resulting mixture was heated to reflux
      (91.degree.C.). The mixture was refluxed for about 20 hours, after which
      time it was cooled to room temperature and 0.11 ml. of methanesulfonic
      acid was added. The mixture was then stirred at room temperature for about
      16 hours. The reaction mixture was then evaporated in vacuo to a residue.
      The residue was dissolved in about 20 ml. of benzene. A minor amount of
      insoluble crystalline material remained which was filtered off. The
      filtrate was then passed onto a silica gel chromatographic column, and the
      sample eluted therefrom using successively 200 ml. of 5% ethyl acetate in
      benzene, 1000 ml. of 10% ethyl acetate in benzene, and 400 ml. of 15%
      ethyl acetate in benzene to recover p-nitrobenzyl
      7-phenoxyacetamido-3-methyl-3-cephem-4-carboxylate.
PAC  EXAMPLE XI
PAR  Into a 250 ml. 3-neck flask were placed 25 ml. of dimethylacetamide, 62.5
      ml. of dry toluene, 1.84 grams (14 millimoles) of
      N-trimethylsilylacetamide, and 0.091 ml. (1.4 millimoles) of
      methanesulfonic acid. To the resulting mixture was added 5.0 grams (10
      millimoles) of p-nitrobenzyl
      6-phenoxyacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate. The mixture
      was refluxed (115.degree.C.) for about 1.5hours, after which the resulting
      dark red solution was evaporated in vacuo to a residue of about 10 grams.
      The residue was cooled and seeded with a small amount of p-nitrobenzyl
      7-phenoxyacetamido-3-methyl-3-cephem-4-carboxylate, after which
      crystallization began. Ethanol (50 ml.) was slowly added to complete
      crystallization of the product. The solid was filtered, washed with
      ethanol, and vacuum-dried to yield 2.6 grams of p-nitrobenzyl
      7-phenoxyacetamido-3-methyl-3-cephem-4-carboxylate.
PAC  EXAMPLE XII
PAR  To a mixture of 25 ml. of dimethylacetamide and 62 ml. of dry toluene were
      added 1.31 grams (10 millimoles) of N-trimethylsilylacetamide and 5.0
      grams (10 millimoles) of p-nitrobenzyl
      6-phenoxyacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate. The mixture
      was refluxed at 118.degree.C. for about 0.5 hour, after which the
      resulting light brown solution was cooled to about 80.degree.C. and 0.065
      ml. (1 millimole) of methanesulfonic acid was added. The mixture was then
      refluxed at 118.degree.C. for an additional hour. The brown solution was
      evaporated in vacuo to a residue of about 10 grams. The residue was cooled
      and seeded, after which crystallization began to occur. About 50 ml. of
      ethanol was slowly added, and the resulting mixture was filtered. The
      solid was washed with additional ethanol and vacuum-dried overnight at
      40.degree.C. to yield 2.0 grams of p-nitrobenzyl
      7-phenoxyacetamido-3-methyl-3-cephem-4-carboxylate.
PAC  EXAMPLE XIII
PAR  To a mixture of 50 ml. of benzene and 37.5 ml. of dimethylacetamide was
      added 5.0 grams (10 millimoles) of p-nitrobenzyl
      6-phenoxyacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate. To the
      resulting solution were then added 1.26 ml. (10 millimoles) of
      trimethylchlorosilane and 1.05 ml. (5 millimoles) of hexamethyldisilazane.
      The mixture was refluxed at 95.degree.C, for 14.5 hours, and the resulting
      dark red mixture was then cooled to room temperature. To the mixture was
      then added 0.058 ml. (0.9 millimole) of methanesulfonic acid. The mixture
      was stirred for 15 minutes at about 30.degree.C. and then stirred for
      about 100 minutes at 55.degree.C. The reaction mixture was then evaporated
      to near dryness and 10 ml. of ethanol was added. Crystals began to form
      after about one hour, at which time an additional 30 ml. of ethanol was
      added. The mixture was refrigerated for three days, and the crystals were
      filtered. The crystals were redissolved in 5 ml. of dioxane to which was
      then added 15 ml. of ethanol. Crystals began slowly to form. The crystals
      were filtered, washed with ethanol and dried to yield 550 mg. of
      p-nitrobenzyl 7-phenoxyacetamido-3-methyl-3-cephem-4-carboxylate.
PAC  EXAMPLE XIV
PAR  A mixture of 5.0 grams (10 millimoles) of p-nitrobenzyl
      6-phenoxyacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate in 60 ml. of
      dioxane was prepared and warmed to about 40.degree.C. To this warmed
      mixture were added 1.26 ml. (10 millimoles) of trimethylchlorosilane and
      1.05 ml. (5 millimoles) of hexamethyldisilazane. The resulting mixture was
      heated slowly to a temperature of 100.degree.C. and maintained thereat for
      about 5 hours during which time it turned from a light yellow solution to
      a light brown solution.
PAR  The mixture was then cooled to about 40.degree.C. and 0.04 ml. of boron
      trifluoride etherate was added. The solution turned slightly red and
      stirring at room temperature was continued for about 16 hours. The
      reaction mixture was then evaporated to near dryness in a rotary
      evaporator. The residue was recrystallized from 20 ml. of a 1:3 mixture of
      dioxane and ethanol containing about 1 ml. of dimethylacetamide to produce
      p-nitrobenzyl 7-phenoxyacetamido-3-methyl-3-cephem-4-carboxylate.
PAC  EXAMPLE XV
PAR  To a mixture of 25 ml. of benzene and 19 ml. of dimethylacetamide were
      added 2.45 grams (5 millimoles) of 2,2,2-trichloroethyl
      6-phenoxyacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate, 1.7 grams
      (about 10 millimoles) of N-trimethylsilylacetamide and 0.35 ml. (0.5
      millimole) of methanesulfonic acid. The mixture was refluxed at
      95.degree.-96.degree.C. for 15.5 hours. The reaction mixture was then
      extracted three times with water, and the benzene layer was dried over
      magnesium sulfate. NMR and TLC analyses established the structure of the
      product present in the benzene layer to be 2,2,2-trichloroethyl
      7-phenoxyacetamido-3-methyl-3-cephem-4-carboxylate.
PAR  NMR (CDCl.sub.3) (.delta.) 2.20 (s, 3H), 3.20 and 3.57 (2d, 2H), 4.55 (s,
      2H), 4.87 (d, 2H), 5.03 (d, J=4.5, 1H), 5.83 (d, J=4.5 and 8.0, 1H),
      6.80-7.40 (m, 5H), 7.94 (d, J=8.0, 1H).
PAC  EXAMPLE XVI
PAR  A solution of 1.41 grams (3millimoles) of p-nitrobenzyl
      6-phenylacetamido-2,2-dimethylpenam-1-oxide-3-carboxylate in 30 ml. of
      dioxane was prepared. To the resulting solution were added 17 ml. of dry
      benzene followed by 730 mg. (4.5 millimoles) of N-trimethylsilylacetamide
      and 0.06 ml. of trimethylchlorosilane. The resulting mixture was refluxed
      at 84.degree.C. for 16 hours. The reaction mixture, a light yellow, clear
      solution, was cooled to about 50.degree.C., and 0.002 ml. of
      methanesulfonic acid was added. The mixture was then maintained at about
      50.degree.C., stirred for 2 hours, and then evaporated to dryness in
      vacuo. The residue, unable to be recrystallized from ethanol, remained in
      the form of a gum which, by TLC analysis, was shown to contain
      p-nitrobenzyl 7-phenylacetamido-3-methyl-3-cephem-4-carboxylate.
PAC  EXAMPLE XVII
PAR  To 20 ml. of dioxane was added 700 mg. (3 millimoles) of
      6-aminopenicillanic acid sulfoxide, and the resulting mixture was warmed
      to about 60.degree.C. A tiny drop of trifluoroacetic acid was added
      followed by 1.3 grams (about 10 millimoles) of N-trimethylsilylacetamide,
      the trifluoroacetic acid being added to neutralize a trace of
      triethylamine impurity present in the N-trimethylsilylacetamide. The
      mixture was heated to reflux for about 3 hours, during which time the
      mixture turned to a red-brown color but remained clear. The mixture was
      then evaporated to dryness in vacuo to produce a red-brown gum.
PAR  The gum was dissolved in 20 ml. of dry benzene, and 0.02 ml. of
      methanesulonic acid was added and the mixture stirred at 50.degree.C. for
      2.5 hours. The mixture was cooled to room temperature and 10 ml. of
      methanol was added dropwise followed by 5.0 ml. of water. A solid
      precipitated from the mixture, and the mixture was stirred for about 20
      minutes, filtered, and the filtrate was evaporated under vacuum. The
      residue was then suspended in water, and aqueous sodium bicarbonate
      solution was added to pH 8.0. The solid dissolved at this pH, and the pH
      was then adjusted to 3.5 by addition of acid, and a precipitate formed.
      The precipitate was filtered, and dried in vacuo to give 40 mg. of a
      material established by TLC, IR, and UV to be
      7-amino-3-methyl-3-cephem-4-carboxylic acid.
PAR  IR (mull) 2960, 2870, 1800, 1620, 1530, 1350, 795, and 786 cm.sup.-.sup.1.
PAR  IV max (pH 6.8 buffer) 262 m.mu. (.epsilon. = 72,200) 245 m.mu. (.epsilon.
      = 62,500).
PAC  EXAMPLE XVIII
PAR  To about 100 ml. of toluene were added 3.82 grams of
      6-phenoxyacetamido-2,2-dimethylpenam-1-oxide-3-carboxylic acid, about 4
      grams of N-trimethylsilylacetamide, and 0.07 ml. of methanesulfonic acid.
      The mixture was refluxed at 111.degree.C. for about 16 hours. To the tarry
      dark brown reaction mixture 30 ml. of methanol was added. A TLC of the
      reaction mixture indicated the presence of
      7-phenoxyacetamido-3-methyl-3-cepham-4-carboxylic acid. The reaction
      mixture was evaporated to dryness in vacuo, and 25 ml. of acetonitrile was
      added to the residue. Insolubles were filtered off, and the filtrate was
      evaporated in vacuo. About 25 ml. of ethyl acetate was added to the
      residue. The ethyl acetate solution was extracted with 25 ml. of saturated
      aqueous sodium bicarbonate. The aqueous layer was then separated, washed
      with 25 ml. of ethyl acetate, separated, and slurried with an additional
      25 ml. of ethyl acetate. The pH of the resulting mixture was adjusted to
      about 3.3 by addition of concentrated HCl. The aqueous layer was separated
      from the ethyl acetate layer, and the ethyl acetate layer was washed with
      25 ml. of water. The ethyl acetate was then extracted with 25 ml. of
      saturated aqueous sodium bicarbonate. The aqueous sodium bicarbonate was
      washed twice with 25 ml. of ethyl acetate and then slurried with an
      additional 25 ml. of ethyl acetate and the pH adjusted to about 2.5 by
      addition of concentrated HCl. The ethyl acetate layer was separated and
      washed with 25 ml. of water. Activated charcoal and MgSO.sub.4 was added
      to the ethyl acetate layer; the mixture was stirred for about 30 minutes
      and filtered. The filtrate was evaporated to about 20 ml., seeded, and
      refrigerated to produce crystalline
      7-phenoxyacetamido-3-methyl-3-cephem-4-carboxylic acid.
PAC  EXAMPLE XIX
PAR  To 45 ml. of dry toluene were added 3.1 g. (about 19 millimoles) of
      N-trimethylsilylacetamide and 3.31 g. (7.65 millimoles) of
      N-nitrosohetacillin sulfoxide
      [6-(2,2-dimethyl-3-nitroso-5-oxo-4-phenylimidazolidin-1-yl)-2,2-dimethylpe
     nam-1-oxide-3-carboxylic acid]. The mixture was stirred for about 15
      minutes, and 5 ml. of N,N-dimethylacetamide containing 15 drops of
      methanesulfonic acid were added. The mixture was refluxed at
      110.degree.-111.degree.C. for about 2 hours and then cooled to about
      40.degree.C. Methanol (10ml.) was added, and the solvents were evaporated
      in vacuo. The residue was dissolved in 35 ml. of ethyl acetate, slurried
      with an equal volume of water, and the pH was adjusted to 7 by addition of
      30% sodium hydroxide solution. The aqueous layer was separated from the
      organic layer, and the aqueous layer was slurried with 35 ml. of ethyl
      acetate. The pH of the mixture was adjusted to 2 by addition of 40%
      phosphoric acid. The ethyl acetate layer was separated, dried, and
      evaporated to produce a gummy residue which was dissolved in 30 ml. of
      saturated sodium bicarbonate solution. A solution of 1.32 g. (3.6
      millimoles) of N,N-dibenzylethylenediamine diacetate in 25 ml. of water
      was added, and the solution was stirred for several hours in 50 ml. of
      methyl isobutyl ketone. The mixture was filtered, and the filtered product
      was washed with a mixture of acetone and water to give 0.56 g. of the
      N,N-dibenzylethylenediamine diacetate salt of
      7-(2,2-dimethyl-3-nitroso-5-oxo-4-phenylimidazolidin-1-yl)-3-methyl-3-ceph
     em-4-carboxylic acid, from which 112 mg. of the free acid was crystallized
      in ethyl acetate by addition of phosphoric acid. NMR spectrum of the
      product was consistent with the free acid structure.
PAC  EXAMPLE XX
PAR  To 90 ml. of dry benzene were added 3.5 g. (10 millimoles) of
      6-phthalimido-2,2-dimethylpenam-1-oxide-3-carboxylic acid and 5 g. of
      distilled N-trimethylsilylacetamide. The mixture was stirred at room
      temperature for about 15 minutes and then heated to reflux
      (80.degree.-82.degree.C.) and stirred for about 5 hours. The mixture was
      then cooled to about 45.degree.C., and 0.65 ml. (10 millimoles) of methane
      sulfonic acid in 10 ml. of N,N-dimethylacetamide were added dropwise. The
      mixture was stirred at 45.degree.C. for about 30 minutes, and thin-layer
      chromatography (TLC) of a sample of the reaction mixture indicated the
      presence of 7-phthalimido-3-methyl-3-cephem-4-carboxylic acid.
PAC  EXAMPLE XXI
PAR  To a stirred mixture of 1.75 g. (5 millimoles) of
      6-phthalimido-2,2-dimethylpenam-1-oxide-3-carboxylic acid in 45 ml. of
      benzene were added 1.3 ml. (10 millimoles) of trimethylchlorosilane and
      1.05 ml. (5 millimoles) of hexamethyldisilazane. The mixture was refluxed
      to 80.degree.C. for about 5 hours. A mixture of 0.03 ml. (0.5 millimole)
      of methanesulfonic acid in 5 ml. of N,N-dimethylacetamide was added, and
      the mixture was stirred at room temperature for about 1 hour. Analysis of
      a sample of the reaction mixture by TLC indicated the presence of
      7-phthalimido-3-methy-3-cephem-4-carboxylic acid.
PAC  EXAMPLE XXII
PAR  From a mixture of 80 ml. of toluene and 16 ml. of N,N-dimethylacetamide, 20
      ml. were taken, and 2 g. (about 12.5 millimoles) of
      N-trimethylsilylacetamide were added thereto. To the remainder of the
      solvent mixture 7.0 g. (20 millimoles) of
      6-phenylacetamido-2,2-dimethylpenam-1-oxide-3-carboxylic acid and 8 g.
      (about 50 millimoles) of N-trimethylsilylacetamide were added. The mixture
      was stirred at room temperature for about 30 minutes, and then 52 ml. (8
      millimoles) of methanesulfonic acid were added. The mixture was heated to
      reflux (114.degree.C.). During heating, and when the temperature of the
      mixture reached about 90.degree.C., the previously prepared solution of
      N-trimethylsilylacetamide was added gradually over a 1 hour period. The
      mixture was refluxed for a total of 2.5 hours. The reaction mixture then
      was cooled to room temperature, and 40 ml. of methanol were added. The
      mixture was evaporated in vacuo at about 60.degree.C. The resulting oily
      residue was then added to a solution of 4.2 g. (40 millimoles) of lithium
      acetate in 40 ml. of methanol. The mixture was stirred for about 1 hour,
      and the crystallized lithium salt of
      7-phenylacetamido-3-methyl-3-cephem-4-carboxylic acid was filtered, washed
      with acetone, and dried in vacuo to obtain 1.2 g. (18%). The NMR spectrum
      and TLC were consistent for the expected cephalosporin product.
PAC  EXAMPLE XXIII
PAR  A mixture of 450 ml. of dry toluene and 50 ml. of N,N-dimethylacetamide was
      prepared, and 100 ml. of the mixture were used to dissolve 5 g. (about 31
      millimoles) of N-trimethylsilylacetamide. To the remainder of the solvent
      mixture were added 19.1 g. (54 millimoles) of
      6-phenoxyacetamido-2,2-dimethylpenam-1-oxide-3-carboxylic acid and 20 g.
      (about 125 millimoles) of N-trimethylsilylacetamide. The mixture was
      stirred at room temperature for about 30 minutes, and 1.3 ml. (20
      millimoles) of methanesulfonic acid were then added. The reaction mixture
      was then heated to reflux (about 114.degree.C.). During heating, and when
      the temperature of the mixture reached about 90.degree.C., dropwise
      addition of the previously prepared N-trimethylsilylacetamide solution was
      begun and continued over about a 90 minute period. The reaction mixture
      was allowed to reflux for a total of about 105 minutes. Heating was then
      discontinued, and the reaction mixture was cooled to room temperature in
      an ice bath. Methanol (100 ml.) was added, and the reaction mixture was
      stirred for about 15  minutes. The mixture was evaporated in vacuo at
      60.degree.C. A solution of 30 g. (about 300 millimoles) of lithium acetate
      in 100 ml. of methanol was then added to the oily residue of the reaction
      mixture. The resulting mixture was stirred for about 1 hour at room
      temperature, and the resulting crystalline product was filterd, air dried,
      and then vacuum dried overnight at room temperature to give 13.6 g. (about
      74%) of crude product. The product was purified by slurrying in 25 ml. of
      acetone, filtering, and washing with ether, to give 12.1 g. (65.5%) of the
      lithium salt of 7-phenoxyacetamido-3-methyl-3-cephen-4-carboxylic acid.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing a desacetoxycephalosporin from a penicillin
      sulfoxide of the formula
      ##SPC7##
PAL  in which R.sub.3 is hydrogen and R.sub.4 is hydrogen; C.sub.1 -C.sub.8
      alkanoyl; azidoacetyl; cyanoacetyl; haloacetyl;
      ##EQU16##
      in which Ar is phenyl, thienyl, furyl, pyrrolyl, or phenyl substituted
      with from one to three substituents selected from the group consisting of
      fluorine, chlorine, bromine, iodine, trifluoromethyl, C.sub.1 -C.sub.3
      acyloxy, hydroxy, C.sub.1 -C.sub.3 alkyl, C.sub.1 -C.sub.3 alkoxy, cyano,
      and nitro;
      ##EQU17##
      in which Ar' is phenyl, pyridyl, or substituted phenyl as defined above,
      and Y is oxygen or sulfur;
      ##EQU18##
      in which Ar is as defined above, and B is C.sub.1 -C.sub.3 acyloxy,
      hydroxyl, carboxyl, esterified carboxyl, --CN, --N.sub.3, --NH.sub.2, or
      --NHR in which R is benzyloxycarbonyl, C.sub.1 -C.sub.4 alkoxycarbonyl,
      cycloalkoxycarbonyl, triphenylmethyl,
      ##EQU19##
      or 2,2,2-trichloroethoxycarbonyl; (3-sydnone)-C.sub.2 -C.sub.3 alkanoyl;
      ##SPC8##
PAL  in which R' is hydrogen or methoxy; 2-(1H-tetrazol-1-yl)acetyl; or R.sub.3
      and R.sub.4 taken together with the nitrogen atom to which they are bonded
      are phthalimido, a cyclic imide moiety of a C.sub.3 -C.sub.12 dicarboxylic
      acid, 2,2-dimethyl-5-oxo-4-phenylimidazolidin-1-yl, or
      2,2-dimethyl-3-nitroso-5-oxo-4-phenylimidazolidin-1-yl; and R.sub.2 is
      hydrogen, C.sub.1 -C.sub.6 alkyl, 2,2,2-trihaloethyl, 2-iodoethyl, benzyl,
      nitrobenzyl, tetrahydropyranyl, 9-fluorenyl, succinimidomethyl,
      phthalimidomethyl, methoxybenzyl, dimethoxybenzyl, cyanomethyl,
      nitrophenyl, dinitrophenyl, 2,4,6-trinitrophenyl,
      bis(p-methoxyphenyl)methyl, triphenylmethyl, benzhydryl, benzyloxymethyl,
      C.sub.2 -C.sub.6 alkanoyloxymethyl, C.sub.2 -C.sub.4 alkanoyl, phenacyl,
      or a radical of the formula
      ##EQU20##
      in which each R.sub.1 independently is c.sub.1 -C.sub.4 alkyl or phenyl;
      which comprises heating the penicillin sulfoxide in an inert,
      substantially anhydrous solvent to a temperature of from about
      75.degree.C. to about 150.degree.C. in the presence of from about 1.1 to
      about 4 equivalents of a silylating agent of the formula
PA1  a.
      ##EQU21##
      in which each R.sub.1 independently is C.sub.1 -C.sub.4 alkyl, or phenyl,
      R'" is hydrogen, C.sub.1 -C.sub.4 alkyl, or phenyl, and X is
      ##EQU22##
      in which J is hydrogen or --Si(R.sub.1).sub.3, or X is --CW.sub.3 in which
      each W independently is hydrogen, trifluoromethyl or C.sub.1 -C.sub.3
      alkyl;
PA1  b.
      ##EQU23##
      in which R.sub.1 and W are as herein defined; and c. Z--Si(R.sub.1).sub.3
PA1  in which R.sub.1 is as herein defined and Z is halogen, C.sub.2 -C.sub.3
      alkenyloxy, C.sub.1 -C.sub.3 alkyl--SO.sub.3 --, --O--Si(R.sub.1).sub.3,
      --S--Si(R.sub.1).sub.3, or
      ##EQU24##
      in which R.sub.5 is hydrogen or c.sub.1 -C.sub.3 alkyl, and R.sub.6 is
      C.sub.1 -C.sub.4 alkyl or --Si(R.sub.1).sub.3, or R.sub.5 and R.sub.6
      taken together with the nitrogen atom to which they are bonded form a
      heterocyclic ring having 5 or 6 atoms, up to 3 of which, in addition to
      the already-defined nitrogen atom, independently are nitrogen, sulfur, or
      oxygen;
PAL  and simultaneously or subsequently treating the reaction mixture in an
      acidic medium selected from the group consisting of a mineral acid, a
      sulfonic acid, and a Lewis acid.
NUM  2.
PAR  2. Process of claim 1, wherein the silylating agent is selected from the
      group consisting of N,O-bis-(trimethylsilyl)acetamide,
      N,O-bis(trimethylsilyl)trifluoroacetamide, N-trimethylsilylacetamide,
      N-methyl-N-trimethylsilylacetamide, N-trimethylsilyl-N,N'-diphenylurea,
      propenoxytrimethylsilane, trimethylsilyl methane sulfonate,
      trimethylchlorosilane, dimethylchlorosilane, hexamethyldisilazine,
      N-trimethylsilyl-t-butylamine, N-trimethylsilyldiethylamine,
      N-trimethylsilylimidazole, hexamethyldisiloxane, hexamethyldisilthiane and
      mixtures of any of the above.
NUM  3.
PAR  3. Process of claim 2, wherein the acidic medium comprises a sulfonic acid.
NUM  4.
PAR  4. Process of claim 3, wherein the acidic medium comprises a C.sub.1
      -C.sub.12 hydrocarbonsulfonic acid.
NUM  5.
PAR  5. Process of claim 4, wherein the acidic medium comprises methanesulfonic
      acid.
NUM  6.
PAR  6. Process of claim 5, in which the silylating agent comprises a mixture of
      hexamethyldisilazane and trimethylchlorosilane.
NUM  7.
PAR  7. Process of claim 5, in which the silylating agent comprises
      N-trimethylsilylacetamide.
NUM  8.
PAR  8. Process of claim 5, in which the silylating agent comprises
      N,O-bis-(trimethylsilyl)acetamide.
NUM  9.
PAR  9. Process of claim 3, wherein R.sub.2 is hydrogen or a radical of the
      formula
      ##EQU25##
      and the reaction mixture containing the resulting free acid
      desacetoxycephalosporin is treated with a lithium compound to produce the
      corresponding lithium salt of the desacetoxycephalosporin.
NUM  10.
PAR  10. Process of claim 9, in which the lithium compound is lithium acetate.
NUM  11.
PAR  11. Process of claim 3, in which R.sub.3 is hydrogen and R.sub.4 is
      phenylacetyl or phenoxyacetyl.
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ABST
PAL  New cyanomethylthioacetylcephalosporins of the following general formula,
      and their salts
      ##EQU1##
      wherein R is hydrogen or a salt forming ion of the group consisting of
      aluminum, alkali metal, alkaline earth metal, lower alkylamine,
      phenyl-lower alkylamine, N,N-dibenzylethylenediamine, procaine or lower
      alkylpiperidine; R.sub.1 and R.sub.2 each is hydrogen, lower alkyl, lower
      alkenyl, phenyl, hydroxyphenyl, chlorophenyl, benzyl, phenethyl, or
      R.sub.1 and R.sub.2 together complete a cyclopentyl or cyclohexyl group;
      R.sub.3 is phenyl, substituted phenyl or thienyl, said phenyl substituents
      being halogen, lower alkyl, amino or lower alkoxy; and X is hydrogen,
      lower alkoxy, lower alkylthio or lower alkanoyloxy; are useful as
      antibacterial agents.
PARN
PAC  CROSS REFERENCE TO OTHER APPLICATIONS
PAR  This application is a division of application Ser. No. 278,168, filed Aug.
      4, 1972, now U.S. Pat. No. 3,855,212, Dec. 17, 1974.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new antibacterial
      cyanomethylthioacetylcephalosporins which have the formula
      ##EQU2##
PAR  R represents hydrogen, lower alkyl, aralkyl, tri(lower alkyl)silyl, a salt
      forming ion or the group
      ##EQU3##
      R.sub.1 and R.sub.2, which may be the same or different, each represents
      hydrogen, lower alkyl, lower alkenyl, aryl or aralkyl, each of which
      (other than hydrogen) may be substituted with halogen, lower alkyl or
      lower alkoxy; R.sub.1 and R.sub.2, in addition, may form a carbocyclic
      ring with the carbon to which they are attached; R.sub. 3 represents
      hydrogen, lower alkyl, lower alkenyl, cyclo-lower alkyl, unsaturated
      cyclo-lower alkyl, aryl, which may be substituted with halogen, hydroxy,
      amino, lower alkyl or lower alkoxy, aralkyl or certain heterocyclic
      groups; R.sub.4 represents lower alkyl, aryl or aralkyl; X is hydrogen,
      hydroxy, lower alkanoyloxy, lower alkoxy, lower alkylthio, aroyloxy,
      aralkanoyloxy, the radical of a nitrogen base or a quaternary ammonium
      radical. In addition X and R may represent a bond linking carbon and
      oxygen in a lactone ring.
PAR  The preferred members within each group are as follows: R is hydrogen, or a
      salt forming ion, especially an alkali metal like sodium or potassium;
      R.sub.1 and R.sub.2 each is hydrogen, lower alkyl, especially methyl or
      ethyl, lower alkenyl, especially, allyl, phenyl, hydroxyphenyl,
      chlorophenyl, benzyl or phenethyl, most preferably R.sub.2 is hydrogen
      when R.sub.1 is other than hydrogen, and also R.sub.1 and R.sub.2 together
      complete the cyclopentyl or cyclohexyl ring; R.sub.3 is hydrogen, lower
      alkyl, especially methyl or ethyl, lower alkenyl, especially allyl,
      cyclopentyl, cyclohexyl, phenyl, hydroxyphenyl, aminophenyl, chlorophenyl,
      benzyl, furyl, thienyl, pyrrolidyl or pyridyl; and X is hydrogen, lower
      alkanoyloxy, especially acetoxy, lower alkoxy, especially methoxy, lower
      alkylthio, especially methylthio, or pyridinium.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The various groups represented by the symbols have the meanings defined
      below and these definitions are retained throughout this specification.
PAR  The lower alkyl groups are straight or branched chain hydrocarbon radicals
      having one to seven carbons in the chain, for example, methyl, ethyl,
      propyl, isopropyl, butyl, isobutyl, t-butyl, amyl or the like. The lower
      alkoxy and lower alkylthio groups contain the same radicals. The lower
      alkenyl groups are double bonded, monounsaturated hydrocarbon radicals of
      the same type, the two to four carbon members being preferred, especially
      allyl.
PAR  The cyclo-lower alkyl groups included cycloaliphatic groups having four to
      seven carbons in the ring as cyclobutyl, cyclopentyl, cyclohexyl and
      cycloheptyl. The cyclic groups may also be unsaturated, e.g., cycloalkenyl
      and cycloalkadienyl groups of the same type, e.g., cyclobutenyl,
      cyclopentenyl, cyclohexenyl, cyclopentadienyl, cyclohexadienyl, etc. The
      double bond or bonds may be variously located. A preferred radical is the
      1,4-cyclohexadienyl group.
PAR  The foregoing may be simply substituted as defined above, with one to three
      groups such as halogen, hydroxy, amino, lower alkyl or lower alkoxy,
      preferably only one substituent.
PAR  The aryl groups are phenyl and simply substituted phenyl containing one to
      three substituents (preferably only one) as defined above. The aralkyl
      groups include phenyl-lower alkyl and those similarly substituted on the
      phenyl ring as defined above.
PAR  The lower alkanoyloxy, aroyloxy and aralkanoyloxy groups represented by X
      include the acyl group of acid esters. The lower alkanoyl radicals are the
      acyl radicals of lower fatty acids containing alkyl radicals of the type
      described above. The lower alkanoyloxy groups include, for example,
      acetoxy, propionyloxy, butyryloxy and the like. The aroyloxy groups are
      benzoyloxy and the aralkanoyloxy groups consisting of phenyl-lower
      alkanoyloxy radicals of the type described. X also represents the radical
      of an amine, e.g., a lower alkylamine like methylamine, ethylamine,
      dimethylamine, triethylamine, phenyl-lower alkylamine like dibenzylamine,
      phenyllower alkylpyridinium like N,N'-dibenzylpyridinium, pyridinium,
      1-quinolinium, 1-picolinium, etc. X and R may also join together, as
      indicated above, to form a bond linking carbon and oxygen in a lactone
      ring.
PAR  The heterocyclic groups represented by R.sub.3 are 5- to 6-membered
      monocyclic heterocyclic radicals (exclusive of hydrogen) containing
      nitrogen, sulfur or oxygen in the ring in addition to carbon (not more
      than two hetero atoms), and members of this group simply substituted as
      discussed above with respect to the phenyl groups. The heterocyclic
      radicals include pyridyl, pyrrolidyl, morpholinyl, thienyl, furyl,
      oxazolyl, isoxazolyl, thiazolyl and the like, as well as the simply
      substituted members, especially the halo, lower alkyl (particularly methyl
      and ethyl, lower alkoxy (particularly methoxy and ethoxy), phenyl and
      hydroxy-lower alkyl (particularly hydroxymethyl and hydroxyethyl)
      substituted members.
PAR  The salt forming ions may be metal ions, e.g., aluminum, alkali metal ions
      such as sodium or potassium, alkaline earth metal ions such as calcium or
      magnesium, or an amine salt ion, of which a number are known for this
      purpose, for example, aralkylamine like, dibenzylamine,
      N,N-dibenzylethylenediamine, lower alkylamine like methylamine,
      triethylamine, procaine, lower alkylpiperidine like N-ethylpiperidine,
      etc.
PAR  The compounds of formula I are produced by acylating a compound of the
      formula (II)
      ##SPC1##
PAL  wherein X and R have the meaning defined above, with a reactive derivative
      of an acid of the formula
      ##EQU4##
      wherein R.sub.1, R.sub.2 and R.sub.3 have the meaning defined above and
      R.sub.5 in this case is hydrogen.
PAR  The reactive derivatives of the acids of formula III include, for example,
      acid halides, acid anhydrides, mixed anhydrides of the acid with carbonic
      acid monoesters, trimethylacetic acid or benzoic acid, acid azides, active
      esters like cyanomethyl ester, p-nitrophenyl ester or
      2,4-dinitrophenylester, or active amides like acylimidazoles.
PAR  An acid of formula III may also be reacted with a compound of formula II in
      the presence of a carbodiimide, for example, N,N-dicyclohexylcarbodiimide,
      an isoxazolium salt, for example, N-ethyl-5-phenylisoxazolium-3-sulfonate
      or 2-ethoxy-1,2-dihydroquinoline-1-carboxylic acid ester.
PAR  The acids of formula III and their ester of formula VI are new compounds
      which may be produced from the corresponding derivatives of
      haloacetonitriles having the formula
      ##EQU5##
      wherein R.sub.1 and R.sub.2 have the meaning defined above and hal is
      halogen, especially chlorine, by reaction with a thioacetic acid ester of
      the formula
      ##EQU6##
      wherein R.sub.3 has the meaning defined above and R.sub.5 here is lower
      alkyl, especially methyl or ethyl, in the presence of an acid binding
      agent. The ester formed by this reaction has the formula
      ##EQU7##
      and this is converted, at the conclusion of that reaction, to the free
      acid of formula III by conventional saponification.
PAR  Alternatively, acids of formula III, i.e., wherein R.sub.5 is hydrogen may
      be produced directly by reacting a haloacetonitrile of formula IV with a
      thioacetic acid of formula V, i.e., R.sub.5 is hydrogen in formula V, in
      the presence of a base, e.g., an alkylamine like triethylamine.
PAR  An alternate process for the production of a compound of formula III is by
      the reaction of a thioacetonitrile of the formula
      ##EQU8##
      with a haloacetic acid of the formula
      ##EQU9##
      wherein hal is halogen, preferably chlorine, in the presence of an acid
      binding agent.
PAR  Another route for the synthesis of the esters of formula III, i.e., wherein
      R.sub.5 is lower alkyl, is by converting an ester of
      halomethylmercaptoacetic acid [C.A. 58, 5630 (1963)] with cyanide as
      follows:
      ##EQU10##
PAR  When R is the acyloxymethyl group
      ##EQU11##
      this group may be introduced onto the 7-aminocephalosporanic acid moiety
      either prior to or subsequent to the reaction with the acylating agent by
      treatment with one or two moles of a halomethyl ester of the formula
      ##EQU12##
      wherein hal is halogen, preferably chlorine or bromine, in an inert
      organic solvent such as dimethylformamide, acetone, dioxane, benzene or
      the like at about ambient temperature or below.
PAR  The products of this invention form salts which are also part of the
      invention. Basic salts form with the acid moiety as discussed above when
      the symbol R is hydrogen.
PAR  It will be appreciated that certain of the compounds of this invention
      exist in various states of solvation as well as in different isomeric or
      optically active forms. The various forms as well as their mixtures are
      within the scope of this invention.
PAR  Further process details are provided in examples.
PAR  The compounds of this invention have a broad spectrum of antibacterial
      activity against both gram positive and gram negative organisms such as
      Staphylococcus aureus, Salmonella Schottmuelleri, Pseudomonas aeruginosa,
      Proteus vulgaris, Escherichia coli and Streptococcus pyogenes. They may be
      used as antibacterial agents in a prophylactic manner, e.g., in cleaning
      or as surface disinfecting compositions, or otherwise to combat infections
      due to organisms such as those named above, and in general may be utilized
      in a manner similar to cephalothin and other cephalosporins. For example,
      a compound of formula I or a physiologically acceptable salt thereof may
      be used in various animal species in an amount of about 1 to 100  mg./kg.,
      daily, orally or parenterally, in single or two to four divided doses to
      treat infections of bacterial origin, e.g., 5.0 mg./kg. in mice.
PAR  Up to about 600 mg. of a compound of formula I or a physiologically
      acceptable salt thereof may be incorporated in an oral dosage form such as
      tablets, capsules or elixirs or in an injectable form in a sterile aqueous
      vehicle prepared according to conventional pharmaceutical practice.
PAR  They may also be used in cleaning or disinfecting compositions, e.g., for
      cleaning barns or dairy equipment, at a concentration of about 0.2 to 1%
      by weight of such compounds admixed with, suspended or dissolved in
      conventional inert dry or aqueous carriers for application by washing or
      spraying.
PAR  They are also useful as nutritional supplements in animal feeds.
DETD
PAR  The following examples are illustrative of the invention. All temperatures
      are on the centigrade scale. Additional variations may be produced in the
      same manner by appropriate substitution in the starting material.
PAC  EXAMPLE 1
PAC  2-[(Cyanomethyl)thio]acetic acid methyl ester
PAR  31.8 g. (0.3 mol.) of thioacetic acid methyl ester are added to 150 ml.
      (0.3 mol.) of 2N sodium methylate solution. 22.6 g. (0.3 mol.) of
      chloroacetonitrile dissolved in 30 ml. of methanol are added dropwise
      while cooling and stirring. It is stirred overnight then refluxed for 30
      minutes. The reaction mixture is cooled and the solvent is evaporated. 100
      ml. of water are added to the residue and the aqueous solution is
      extracted twice with ether. The combined ether extracts are decolorized
      with activated carbon and dried with magnesium sulfate. The ether is
      distilled off and the residue is distilled under vacuum. 30.5 g. of
      2-[(cyanomethyl)thio]-acetic acid methyl ester are obtained b.p..sub.10mm
      132.degree.-134.degree..
PAC  EXAMPLE 2
PAC  2-[(Cyanomethyl)thio]acetic acid potassium salt
PAR  14.5 g. (0.1 mol.) of 2=[(cyanomethyl)thio]acetic acid methyl ester are
      dissolved in ethanol and a solution of 6.7 g. (0.12 mol.) of potassium
      hydroxide in 40 ml. of ethanol is added dropwise while cooling. This is
      stirred 4 hours at room temperature and 1 hour at 0.degree.. The resulting
      precipitate is filtered under suction, washed with ethanol and ether and
      dried. 15.4 g. of 2-[(cyanomethyl)thio]acetic acid, potassium salt, m.p.
      203.degree.-205.degree.(dec.) are obtained. The free acid is obtained by
      dissolving the potassium salt in water and treating with an equivalent
      amount of aqueous sulfuric acid. The ether solution is dried and
      concentrated to obtain the free acid.
PAC  EXAMPLE 3
PAC  2-[(Cyanomethyl)thio]acetyl chloride
PAR  30 g. of 2-[(cyanomethyl)thio]acetic acid potassium salt are suspended in
      benzene, 5 drops of pyridine are added and the mixture is cooled to
      10.degree.. At this temperature 76.7 g. of oxalyl chloride in 150 ml. of
      benzene are slowly dropped in with stirring. After the vigorous evolution
      of gas has stopped, the reaction mixture is stirred for 1 hour at room
      temperature. This is then filtered and the filtrate is concentrated at
      room temperature. The residue is distilled under vacuum to obtain 19.8 g.
      of 2-[(cyanomethyl)thio]acetyl chloride, b.p. .sub.0.1mm
      110.degree.-115.degree..
PAC  EXAMPLE 4
PAC  7-[2-[(Cyanomethyl)thio]acetamido]-3-desacetoxycephalosporanic acid
PAR  2.14 g. (0.01 mol.) of 7-amino-3-desacetoxycephalosporanic acid are
      suspended in 50 ml. of water at room temperature. 1.4 ml. of triethylamine
      salt are added and this is stirred until a clear solution is obtained. 50
      ml. of acetone are added and the solution is cooled to
      0.degree.-5.degree.. Simultaneously a solution of 1.65 g. (0.01 mol.) of
      2-[(Cyanomethyl)thio]acetyl chloride in 15 ml. of acetone and a solution
      of 1.4 ml. of triethylamine in 15 ml. of acetone are added dropwise while
      stirring with care that the pH stays in the range 7.5 - 8. This is stirred
      for an additional 30 minutes at 5.degree.. Then 50 ml. of ethyl acetate
      are added, cooled to 0.degree. and acidified with 2N hydrochloric acid to
      pH1.5. The mixture is filtered, the layers are separated, the organic
      phase is washed three times with water, dried with magnesium sulfate and
      the solvent is evaporated in a rotary evaporator. 1.9 g. of
      7-[2-[(cyanomethyl)]thio]-acetamido]-3-desacetoxycephalosporanic acid are
      obtained. The crude product is dissolved in methanol, filtered and 5 ml.
      of a 2 N solution of potassium ethylhexanoate in n-butanol are added. This
      solution is poured into 300 ml. of ether. The precipitate is filtered
      under suction and washed with ether.
PAR  The yield amounts to 1.8 g. of the potassium salt of
      7-[2-[(cyanomethyl)]thio]acetamido]-3-desacetoxycephalosporanic acid, m.p.
      175.degree. (dec.). The amorphous product is crystallized from a little
      methanol, m.p. 197.degree.-200.degree. (dec.).
PAC  EXAMPLE 5
PAC  7-[2-(Cyanomethyl)thio]acetamido]-cephalosporanic acid
PAR  By substituting 7-aminocephalosporanic acid for the
      7-amino-3-desacetoxycephalosporanic acid in the procedure of Example 4,
      there are obtained 7-[2-[(cyanomethyl)thio]-acetamido]cephalosporanic acid
      and the crystalline potassium salt, m.p. 168.degree.-170.degree. (dec.).
PAC  EXAMPLE 6
PAR  To obtain the triethylamine salt of
      7-[2-[(cyanomethyl)thio]-acetamido]cephalosporanic acid, an equivalent
      amount of triethylamine is added to an ethanol solution of
      7-[2-[(cyanomethyl)thio]-acetamido]cephalosporanic acid and the reaction
      product is concentrated at reduced pressure to deposit the product.
PAR  The following additional products are obtained according to the procedure
      of Example 4 by substituting for the 2-[(cyanomethyl)thio]acetyl chloride
      the appropriately substituted derivative and substituting for the 7-ADCA
      the appropriately substituted derivative:
TBL                                    TABLE                                   
     __________________________________________________________________________
                          R.sub.3 S                                            
                          .vertline..angle.                                    
                          CH--CO--NH--CH--CHCH.sub.2                           
                          .vertline..vertline..vertline..vertline.             
                          SC----NC--CH.sub.2 X                                 
                          .vertline..parallel..angle.                          
                          R.sub.1 --C--CNOC                                    
                          .vertline..vertline.                                 
                          R.sub.2 C--OR                                        
                          .parallel.                                           
                          O                                                    
     Example                                                                   
          R           R.sub.1       R.sub.2   R.sub.3       X                  
     __________________________________________________________________________
     7    H           H             H                       H                  
     8    CH.sub.3    CH.sub.3      H         H             H                  
     9    C.sub.2 H.sub.5                                                      
                      C.sub.2 H.sub.5                                          
                                    C.sub.2 H.sub.5                            
                                              CH.sub.3      OH                 
     10   K           C.sub.2 H.sub.5                                          
                                    H         C.sub.3 H.sub.7                  
                                                            pyridinium         
          O                                                                    
          .parallel.                                                           
     11   --CH.sub.2 OC--CH(CH.sub.3).sub.2                                    
                      H             H         C.sub.6 H.sub.5 CH.sub.2         
                                                            OCOCH.sub.3        
          O                                                                    
          .parallel.                                                           
     12   --CH.sub.2 OC--C.sub.6 H.sub.5                                       
                      CH.sub.2 --CH=CH.sub.2 --                                
                                    H         4-ClC.sub.6 H.sub.4 --           
                                                            OCOCH.sub.3        
     13   K                         H         3,4-(CH.sub.3 O).sub.2 C.sub.6   
                                              H.sub.3 --    H                  
     14   C.sub.2 H.sub.5                                                      
                      CH.sub.3      CH.sub.3  3,4,5-(CH.sub.3 O).sub.3 C.sub.6 
                                              H.sub.2 --    OCOCH.sub.3        
     15   H                                   4-CH.sub.3 C.sub.6 H.sub.4       
                                                            OCOCH.sub.3        
     16   lactone (+X)                                                         
                      C.sub.2 H.sub.5                                          
                                    H         3,4-(Br).sub.2 C.sub.6 H.sub.3   
                                              --            lactone (+R)       
     17   K                         H         2,4-(Cl).sub.2 C.sub.6 H.sub.3   
                                              --            OCOCH.sub.3        
     18   K           H             H                       OCOCH.sub.3        
     19   C.sub.2 H.sub.5           H                       OCOCH.sub.3        
     20   Na          H             H                       OCOCH.sub.3        
     21   C.sub.2 H.sub.5 --                                                   
                      CH.sub.3      H         OCOCH.sub.3                      
     22   C.sub.6 H.sub.5 CH.sub.2 --                                          
                                    H                       OOCH.sub.2 C.sub.6 
                                                            H.sub.5            
          O                                                                    
          .parallel.                                                           
     23   --CH.sub.2 OC--CH(CH.sub.3).sub.2                                    
                      --CH.sub.2 OH C.sub.2 H.sub. 5                           
                                              C.sub.6 H.sub.5 --               
                                                            H                  
          O                                                                    
          .parallel.                                                           
     24   --CH.sub.2 O--C--CH(CH.sub.3).sub.2                                  
                                    H         C.sub.2 H.sub.5 --               
                                                            --OOC--C.sub.6     
                                                            H.sub.5            
     25   H                                   C.sub.6 H.sub.5 --               
                                                            H                  
     26   Na                                  C.sub.2 H.sub.5 --               
                                                            H                  
          O                                                                    
          .parallel.                                                           
     27   --CH.sub.2 O--C--CH(CH.sub.3).sub.2 C.sub.6 H.sub.5 --               
                                                            --OCOCH.sub.3      
     28   --Si(CH.sub.3).sub.3                                                 
                      --CH.sub.2 --CH=CH.sub.2                                 
                                    H         C.sub.2 H.sub.5 --               
                                                            H                  
     29   --N(C.sub.2 H.sub.5).sub.3                                           
                      CH.sub.3      H         C.sub.6 H.sub.5 --               
                                                            H                  
     30   Na                        H         C.sub.6 H.sub.5 --               
                                                            --OCOCH.sub.3      
     31   K           H             H                       --SCH.sub.3        
     32   H           H             H                       --OCH.sub.3        
          O                                                                    
          .parallel.                                                           
     33   --CH.sub.2 OCC.sub.6 H.sub.5                                         
                      H             H                       H                  
     34   K           CH.sub.3      CH.sub.3  CH.sub.2 =CH--CH.sub.2 --        
                                                            H                  
     35   H           H             H         CH.sub.3 CH=CH--CH.sub.2         
                                                            --OCOCH.sub.3      
     36   H           H             H         CH.sub.2 =CH--CH.sub.2 --CH.sub.2
                                               --           OCOCH.sub.3        
     37   K           C.sub.2 H.sub.5                                          
                                    H                       H                  
     38   H           H             H         CH.sub.2 =CH--CH.sub.2 --        
                                                            OCOCH.sub.3        
     39   K           CH.sub.3      H                       H                  
     40   H           H             H                       pyridinium         
     41   K           C.sub.2 H.sub.5                                          
                                    H                       H                  
     42   H           H             H                       OCOCH.sub.3        
     43   K           H             H                       H                  
     44   H           H             H                       OCOCH.sub.3        
     45   H           CH.sub.3      H                       H                  
     __________________________________________________________________________
PAC  EXAMPLE 46
PAR  A sterile powder for reconstitution for use intramuscularly is prepared
      from the following ingredients which supply 1000 vials each containing 250
      mg. of active ingredient:
TBL  7-[2-[(cyanomethyl)thio]acetamido]-                                       
     cephalosporanic acid, sterile                                             
                              250     gm.                                      
     Lecithin powder, sterile 50      gm.                                      
     Sodiuim carboxymethylcellulose,                                           
     sterile                  20      gm.                                      
PAR  The sterile powders are aseptically blended and filled into sterile vials,
      and sealed. The addition of 1 ml. of water for injection to the vial
      provides a suspension for intramuscular injection.
PAC  EXAMPLE 47
PAC  DL-2-[(cyanomethyl)thio]-2-phenyl Acetic Acid
PAR  16.8 gms. (0.1 mol.) of DL-2-phenylthioacetic acid and 22.7 gms. (0.225
      mol.) of triethylamine are dissolved in 200 ml. of anhydrous
      tetrahydrofuran. The solution is cooled to 0.degree. to 5.degree. and a
      solution of 7.54 gms. (0.1 mol.) of chloroacetonitrile is added dropwise
      at this temperature. The mixture is stirred at 0.degree. to 5.degree. for
      three hours and then kept overnight at room temperature. The solution is
      concentrated, the residue is taken up with water, acidified with 2N
      hydrochloric acid and extracted several times with ether. The ether
      extracts are washed with water, dried with magnesium sulfate and
      concentrated. The residue crystallizes to yield 20.6 gms. of
      DL-2-[(cyanomethyl)thio]-2-phenyl acetic acid, m.p.
      110.degree.-112.degree.. After recrystallization from benzene, the acid
      melts at 114.degree..
PAC  EXAMPLE 48
PAC  7-[DL-2-[(cyanomethyl)thio]-2-phenylacetamido]cephalosporanic acid
PAR  1.1 gm. (0.0054 mol.) of 7-DL-2-[(cyanomethyl)thio]-2-phenyl acetic acid
      are dissolved in 12.5 ml. of dioxane. A solution of 0.98 gms. of
      2,4-dinitrophenol in 12.5 ml. of dioxane is added, the mixture is cooled
      with ice water and 1.08 gms. of dicyclohexylcarbodiimide are added. This
      is stirred for 30 minutes with cooling and 30 minutes at room temperature,
      and the resulting precipitate (dicyclohexylurea, 1.1 gm.) is filtered
      under suction. The filtrate is concentrated at room temperature under
      vacuum. To the oily residue is added with cooling a solution prepared from
      1.36 gms. (0.05 mols.) of 7-aminocephalosporanic acid and 1.06 gms. of
      triethylamine in 12.5 ml. of methylene chloride. The mixture is stirred
      for 16 hours at room temperature.
PAR  A slight turbidity is removed by filtration and the solution is slowly
      added to 200 ml. of cold, vigorously stirred ether. After filtering under
      suction, the residue is dissolved in a small amount of methylene chloride
      and reprecipitated in the same manner as described above. The yield
      amounts to 1.7 gms. of the triethylamine salt of
      7-]DL-2-[(cyanomethyl)thio]-2-phenylacetamido]cephalosporanic acid. A
      sample of the product shows only a trace of dinitrophenol by thin layer
      chromatography.
PAR  To produce the free acid, 1.6 gms. of the triethylamine salt are dissolved
      in 40 ml. of water, layered over with ethyl acetate and acidified with 2N
      hydrochloride while cooling and stirring. The layers are separated, the
      aqueous layer is extracted several times with ethyl acetate, the combined
      extracts are washed three times with water, decolorized with activated
      charcoal, dried with magnesium sulfate and then the solution is evaporated
      to dryness. The viscous residue is dissolved in 25 ml. of methylene
      chloride and the solution is poured into 200 ml. of vigorously stirred
      petroleum ether. 0.9 gms. of
      7-[DL-2-[(cyanomethyl)thio]-2-phenylacetamido]cephalosporanic acid
      precipitate.
PAR  The potassium salt is produced by dissolving 0.8 gms. of the acid in 10 ml.
      of methanol and to this is added 1.25 ml. of a 2N solution of ethyl
      hexanoate in n-butanol. A light turbidity is filtered off and the solution
      is slowly poured into 200 ml. of vigorously stirred ether. There are
      obtained 0.75 gms. of the potassium salt, m.p. below 60.degree. (dec.).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU13##
      wherein R is hydrogen or the salt forming ion of the group consisting of
      aluminum, alkali metal, alkaline earth metal, lower alkylamine,
      phenyl-lower alkylamine, N,N'-dibenzylethylenediamine, procaine or lower
      alkylpiperidine;
PA1  R.sub.1 and R.sub.2 each is hydrogen, lower alkyl, lower alkenyl, phenyl,
      hydroxyphenyl, chlorophenyl, benzyl, phenethyl, or R.sub.1 and R.sub.2
      together complete a cyclopentyl or cyclohexyl group; R.sub.3 is phenyl,
      substituted phenyl or thienyl, said phenyl substituents being halogen,
      lower alkyl, amino or lower alkoxy; and
PA1  X is hydrogen or lower alkanoyloxy.
NUM  2.
PAR  2. A compound as in claim 1 wherein R.sub. 3 is phenyl.
NUM  3.
PAR  3. A compound as in claim 1 wherein R.sub.3 is thienyl.
NUM  4.
PAR  4. A compound as in claim 1 wherein R is hydrogen or alkali metal, R.sub.1
      and R.sub.2 each is hyrogen, R.sub.3 is phenyl or thienyl and X is
      hydrogen or acetoxy.
NUM  5.
PAR  5. A compound as in claim 1 wherein R.sub.3 is phenyl, R, R.sub.1 and
      R.sub.2 each is hydrogen and X is acetoxy.
NUM  6.
PAR  6. A compound as in claim 1 wherein R.sub.3 is phenyl, R.sub.1 and R.sub.2
      each is hyrogen, R is potassium and X is acetoxy.
NUM  7.
PAR  7. A compound as in claim 1 wherein R.sub.3 is thienyl, R is ethyl, R.sub.1
      is methyl, R.sub.2 is hydrogen and X is acetoxy.
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ABST
PAL  New Iminoisoindolinone pigments of the formula
      ##SPC1##
PAL  Wherein R.sub.1 denotes aromatic radicals, R.sub.2 denotes an H atom, and
      alkyl group containing 1-6 C atoms, a cycloalkyl group containing 5-6 C
      atoms or an isocyclic or heterocyclic aromatic radical, X.sub.3 denotes a
      direct bond or an imino group, the X denote halogen atoms, and Y and Z
      denote halogen atoms, alkoxy or alkylmercapto groups containing 1-6 C
      atoms, cycloalkoxy groups containing 5-6 C atoms, aralkoxy, aryloxy or
      arylmercapto groups, which are useful for pigmenting high molecular
      organic material.
BSUM
PAR  It has been found that new, valuable iminoisoindolinone pigments of the
      formula
      ##SPC2##
PAL  Wherein R.sub. 1 denotes aromatic radicals, R.sub.2 denotes a H atom, an
      alkyl group containing 1-6 C atoms, a cycloalkyl group containing 5-6 C
      atoms or an isocyclic or heterocyclic aromatic radical, X.sub.3 denotes a
      direct bond or an imino group, the X denote halogen atoms, and Y and Z
      denote halogen atoms, alkoxy or alkylmercapto groups containing 1-6 C
      atoms, cycloalkoxy groups containing 5-6 C atoms, aralkoxy, aryloxy or
      arylmercapto groups, are obtained when an isoindolinone of the formula
      ##SPC3##
PAL  Wherein V denotes a group of the formula
      ##EQU1##
      wherein X.sub.2 denotes an imino or thio group and the Y.sub.2 denote
      halogen atoms or alkoxy or secondary amino groups, is condensed with a
      diamine of the formula
      ##EQU2##
      in the molar ratio of 2:1.
PAR  Pigments of particular interest are those of the formula
      ##SPC4##
PAL  Wherein X.sub.1 denotes a H atom or a methyl group, X.sub.2 denotes a H
      atom or a methyl or phenyl group and Y.sub.1 and Z.sub.1 denote chlorine
      atoms or alkoxy groups containing 1-4 C atoms, and especially those
      wherein Y.sub.1 and Z.sub.1 denote chlorine atoms.
PAR  The starting materials used are preferably iminoisoindolinones of the
      formula
      ##SPC5##
PAL  Wherein X and Y.sub.1 and Z.sub.1 have the indicated meaning and R.sub.3
      denotes an alkyl group, containing 1-4 carbon atoms, and especially those
      wherein X and Y.sub.1 and Z.sub.1 denote chlorine atoms. Those starting
      materials wherein Y.sub.1 and Z.sub.1 denote chlorine atoms are known,
      whilst those wherein Y.sub.1 and Z.sub.1 denote alkoxy, cycloalkoxy,
      aralkoxy, aryloxy, alkylthio or arylthio groups can be obtained by the
      process of DOS 2,301,863 by reacting an ammonium salt or ester of
      tetrachloro-o-cyanobenzoic acid, in a hydrophilic organic solvent, with a
      compound of the formula Y.sub.1 Me, wherein Y.sub.1 has the
      above-mentioned meaning and Me denotes an alkali metal atom, and, if
      necessary, esterifying the resulting product and reacting it with a Na
      alcoholate.
PAR  The following may be mentioned as examples of iminoisoindolinones:
      3,3-dimethoxy-4,5,6,7-tetrachloro-isoindolinone,
      3,3-dimethoxy-4,5,6,7--tetrabromo-isoindolinone,
      3,3,6-trimethoxy-4,5,7-trichloro-isoindolinone,
      3,3-dimethoxy-4,5,7-trichloro-6-butoxy-isoindolinone,
      3,3-dimethoxy-4,5,7-trichloro-6-phenoxy-isoindolinone,
      3,3-dimethoxy-4,5,7-trichloro-6-(p-chlorophenoxy)-iso-indolinone,
      3,3-dimethoxy-4,5,7-trichloro-6-(o-methylphenoxy)-isoindolinone,
      3,3-dimethoxy-4,5,7-trichloro-6-methylmercapto-isoindolinone,
      3,3-dimethoxy-4,5,7-trichloro-6-ethylmercapto-isoindolinone and
      3,3,4,6-tetramethoxy-dichloro-isoindolinone.
PAR  The diamines used are preferably those of the formula
      ##SPC6##
PAL  wherein X.sub.1 and X.sub.2 have the indicated meaning.
PAR  The following diamines may be mentioned as examples:
      2,4-bis-(3'-aminophenyl)-s-triazine,
      2-phenyl-4,6-bis-(3'-aminophenyl)-s-triazine,
      2-phenyl-4,6-bis-(4'-aminophenyl)-s-triazine,
      2-phenyl-4,6-bis-(2'-methyl-4'-aminophenyl)-s-triazine,
      2-methyl-4,6-bis-(4'-aminophenyl)-s-triazine,
      2-cyclohexyl-4,6-bis-(3'-aminophenyl)-s-triazine,
      2-(3'-pyridyl)-4,6-bis-(3'-aminophenyl)-s-triazine,
      2-phenyl-4,6-bis-(5'-aminopyridyl-2')-s-triazine,
      2-dimethylamino-4,6-bis-(4'-aminophenyl)-s-triazine,
      2-anilino-4,6-bis-(4'-aminophenyl)-s-triazine and
      2-methylamino-4,6-bis-(4'-aminophenyl)-s-triazine.
PAR  The diamines mentioned are known compounds which can be obtained, for
      example, in accordance with the process of U.S. Pat. No. 3,700,665, by
      condensation of a nitrobenzamidine with a carboxylic acid anhydride.
PAR  The condensation of the halogenoisoindolinone with the amine is carried out
      in part in the cold, but with warming of the intimately mixed components
      if appropriate, and particularly advantageously in the presence of inert
      organic solvents, that is to say organic solvents which do not participate
      in the reaction.
PAR  If 3-imino-, 3-thio- or
      3,3-bis-sec.amino-4,5,6,7-tetrachloroisoindolin-1-ones or alkali metal
      salts of the 3,3-dialkoxy-4,5,6,7-tetrachloroisoindolin-1-ones are used as
      starting materials, water-miscible organic solvents, for example lower
      aliphatic alcohols, such as lower alkanols, for example methanol,
      isopropanol or butanol, lower cyclic ethers, such as dioxane, ethylene
      glycol monomethyl ether or lower aliphatic ketones, such as acetone, are
      used with advantage. In these cases, the condensation takes place even at
      relatively low temperatures. The reaction is advantageously carried out in
      the presence of agents which bind bases; as examples of such agents there
      should be mentioned lower fatty acids, which then simultaneously act as
      solvents, and especially acetic acid.
PAR  When using 3,3-dihalogeno-4,5,6,7-tetrachloroisoindolin-1-ones, organic
      solvents which are free of hydroxyl groups are preferred, such as
      hydrocarbons, for example aromatic hydrocarbons, such as benzene, toluene,
      xylene, tetrahydronaphthalene or diphenyl, or cycloaliphatic hydrocarbons,
      for example cyclohexane, but also halogenated hydrocarbons, such as
      aliphatic halogenated hydrocarbons, for example carbon tetrachloride or
      tetrachloroethylene, or aromatic halogenated hydrocarbons, such as
      chlorobenzene or dichlorobenzenes and trichlorobenzenes, as well as
      aromatic nitro-hydrocarbons, such as nitrobenzenes, ethers, in particular
      aliphatic ethers, such as dibutyl ether, aromatic ethers, such as diphenyl
      ether, or cyclic ethers, such as dioxane, and also ketones, such as
      acetone, or esters, particularly esters of lower fattty acids with lower
      alkanols, such as ethyl acetate, these organic solvents being used in the
      presence of acid-binding agents.
PAR  The new pigments precipitate from the reaction medium immediately after
      they have formed. For some purposes, they can be used direct as the crude
      pigments; however, they can also be improved further in their properties,
      especially with regard to purity, form and hiding power, in accordance
      with methods which are in themselves known, for example by extraction with
      organic solvents or by grinding with grinding auxiliaries which can
      subsequently be removed again, for example salts, or by alkaline
      reprecipitation.
PAR  The new dyestuffs are valuable pigments which can be used, in a finely
      divided form, for pigmenting high molecular organic material, for example
      cellulose ethers and cellulose esters, such as ethylcellulose,
      acetylcellulose and nitrocellulose, polyamides or polyurethanes or
      polyesters, natural resins or synthetic resins, for example aminoplasts,
      especially urea-formaldehyde and melamine-formaldehyde resins, alkyd
      resins, phenoplasts, polycarbonates, polyolefines, such as polystyrene,
      polyvinyl chloride, polyethylene, polypropylene, polyacrylonitrile and
      polyacrylic acid esters, thermoplastic or thermosetting acrylic resins,
      rubber, casein, silicone and silicone resins, individually or as mixtures.
      It is immaterial whether the high molecular compounds mentioned are in the
      form of plastic compositions or melts or in the form of spinning
      solutions, lacquers or printing inks. Depending on the end use, it proves
      advantageous to employ the new pigments as toners or in the form of
      preparations.
PAR  The dyeings obtained are distinguished by high tinctorial strength, high
      purity of colour shade and good fastness to overlacquering, light and
      weathering.
DETD
PAR  In the examples which follow, the percentages denote percentages by weight.
PAC  EXAMPLE 1
PAR  A hot solution of 8.5 g of 2-phenyl-4,6-bis-(4'-aminophenyl)-s-triazine in
      850 ml of 1,2-dichlorobenzene is added to a solution of 17 g of
      3,3,4,5,6,7-hexachloro-isoindolin-1-one in 100 ml of 1,2-dichlorobenzene.
      A greenish-tinged yellow precipitate forms immediately. The suspension is
      heated to 140.degree.-145.degree.C for 2 hours, while stirring.
PAR  The insoluble pigment is filtered off at 120.degree.C and washed with
      methanol, acetone and water. After drying, 16 g of a yellow powder are
      obtained, which can be used, in this form, for colouring plastics and for
      incorporation into lacquers and printing inks. The colourations obtained
      therewith are distinguished by outstanding fastness properties.
PAC  EXAMPLE 2
PAR  17.25 g of 3,4,5,6-tetrachloro-2-cyanobenzoic acid methyl ester and 57.5 ml
      of a 1N sodium methylate solution in methanol are stirred to form a clear
      solution. The sodium salt of
      3,3-dimethoxy-4,5,6,7-tetrachloroisoindolin-1-one is produced. 8.5 g of
      2-phenyl-4,6-bis-(4'-aminophenyl)-s-triazine and 100 ml of
      1,2,-dichlorobenzene are now added, while stirring well. The temperature
      is now raised to 100.degree.C over the course of 3 hours, and maintained
      thereat for 2 hours, whilst methanol distils off. The residue is diluted
      with a further 100 ml of 1,2-dichlorobenzene and acidified with 15 ml of
      glacial acetic acid, and the resulting green-yellow pigment suspension is
      heated to 120.degree.C as rapidly as possible and is filtered immediately.
      After washing with methanol, acetone and water, and drying in vacuo at
      90.degree.-100.degree.C, 19.8 g of the dyestuff described in Example 1 are
      obtained.
PAC  EXAMPLE 3
PAR  If instead of 3,4,5,6-tetrachloro-2-cyanobenzoic acid methyl ester
      equimolecular amounts of 3,4,5,6-tetrabromo-2-cyanobenzoic acid methyl
      ester (melting point 122.degree.-124.degree.C) are used, and the procedure
      indicated is followed, a yellow pigment is obtained, which, when
      incorporated into coloured lacquers, gives colourations of excellent
      fastness to light and to weathering.
PAC  EXAMPLE 4
PAR  If instead of 3,4,5,6-tetrachloro-2-cyanobenzoic acid methyl ester the
      equimolar amount of 3,4,6-trichloro-5-methoxy-2-cyanobenzoic acid methyl
      ester is used, a yellow pigment with comparably good properties is
      obtained.
PAC  EXAMPLES 5-13
PAR  If, in Example 2, the 2-phenyl-4,6-bis-(4'-aminophenyl)-s-triazine is
      replaced by corresponding amounts of the triazines listed in the table
      which follows, yellow pigments with comparably good properties are
      obtained:
PA1  5. 2-phenyl-4,6-bis(2'-methyl-4'-aminophenyl)-s-triazine
PA1  6. 2,4-bis(3'-aminophenyl)-s-triazine
PA1  7. 2,4-bis(4'-aminophenyl)-s-triazine
PA1  8. 2-methyl-bis-(4'-aminophenyl)-s-triazine
PA1  9. 2-cyclohexyl-4,6-bis(3'-aminophenyl)-s-triazine
PA1  10. 2-cyclohexyl-4,6-bis(4'-aminophenyl)-s-triazine
PA1  11. 2-dimethylamino-4,6-bis(4'-aminophenyl)-s-triazine
PA1  12. 2-anilino-4,6-bis(4'-aminophenyl)-s-triazine
PA1  13. 2-p-tolyl-4,6-bis(4'-aminophenyl)-s-triazine
PAC  EXAMPLE 14
PAR  2 g of the pigment prepared according to Example 1 are ground with 36 g of
      alumina hydrate, 60 g of linseed oil varnish of medium viscosity and 2 g
      of cobalt linoleate on a triple-roll mill. The greenish-tinged yellow
      prints produced with the colour paste obtained are deeply coloured and
      have outstanding fastness to light.
PAC  EXAMPLE 15
PAR  0.6 g of the pigment prepared according to Example 2 is mixed with 67 g of
      polyvinyl chloride, 33 g of dioctylphthalate, 2g of dibutyl-tin dilaurate
      and 2 g of titanium dioxide and the mixture is processed for 15 minutes on
      a roll mill at 160.degree.C, to give a thin sheet. The greenish-tinged
      yellow colouration thus produced is deep in colour and fast to migration,
      heat and light.
PAC  EXAMPLE 16
PAR  10 g of titanium dioxide and 2 g of the pigment prepared according to
      Example 2 are ground for 48 hours with 88 g of a mixture of 26.4 g of
      coconut alkyd resin, 24.0 g of melamine-formaldehyde resin (50% solids
      content), 8.8 g of ethylene glycol monomethyl ether and 28.8 g of xylene
      in a ball mill.
PAR  If this lacquer is sprayed onto an aluminium foil, pre-dried for 30 minutes
      at room temperature and stoved for 30 minutes at 120.degree.C, a yellow
      lacquering is obtained, which is very deep in colour and is distinguished
      by very good fastness to overlacquering, light and weathering.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC7##
PAL  wherein R.sub.1 is an aromatic radical of the formula
      ##SPC8##
PAL  wherein X.sub.1 is hydrogen or methyl group, R.sub.2 is hydrogen, an alkyl
      group containing 1-6 C atoms, a cycloalkyl group containing 5-6 C atoms or
      an isocyclic or heterocyclic aromatic radical selected from phenyl, tolyl
      and 3-pyridyl, X.sub.3 is a direct bond or an imino group, the X is
      halogen atoms, and Y and Z are halogen atoms, alkoxy or alkylmercapto
      groups containing 1-6 C atoms, cycloalkoxy groups containing 5-6 C atoms,
      or aryloxy selected from phenoxy, methylphenoxy and chlorophenoxy.
NUM  2.
PAR  2. A Compound of claim 1 of the formula
      ##SPC9##
PAL  wherein X.sub.1 is hydrogen or methyl group, X.sub.2 is hydrogen, methyl or
      phenyl group, and Y.sub.1 and Z.sub.1 are chlorine.
NUM  3.
PAR  3. A compound of claim 2, wherein Y.sub.1 and Z.sub.1 are chlorine atoms.
NUM  4.
PAR  4. A compound of claim 1, of the formula
      ##SPC10##
NUM  5.
PAR  5. A compound of claim 1, of the formula
      ##SPC11##
NUM  6.
PAR  6. A compound of claim 1, of the formula
      ##SPC12##
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ABST
PAL  A process for recovering cyanuric acid values and chlorine from the
      effluent mother liquor occurring in the preparation of an alkali metal or
      alkaline earth metal salts of dichloroisocyanurate or dichloroisocyanuric
      acid or trichloroisocyanuric acid, the foregoing recovery process
      comprising reacting dichloroisocyanurate acid or trichloroisocyanuric acid
      present in the foregoing effluent with a strong mineral acid.
BSUM
PAR  Dichloroisocyanuric acid, trichloroisocyanuric acid and alkali metal and
      alkaline earth metal salts of dichloroisocyanuric acid, as well as
      hydrates, complexes or mixtures thereof, are recognized sources of
      available chlorine in solid bleach and detergent compositions. The most
      popular of these are sodium dichloroisocyanurate and potassium
      dichloroisocyanurate.
PAR  One method employed for preparing the foregoing chlorinated isocyanurate
      salts is described in U.S. Pat. No. 3,035,056. The process there disclosed
      involves, illustratively, reacting chlorine and an isocyanurate of an
      alkali metal, for example, sodium, potassium, or mixtures thereof, in an
      aqueous medium at a temperature in the range of 0.degree.C to 60.degree.C;
      the addition of reactants being substantially stoichiometric in a
      preferred embodiment and occuring at a pH of 6.0 to 8.5. The desired
      chlorinated alkali metal isocyanurate is recovered as a water wet solid by
      standard means such as filtration, decantation, centrifugation or the
      like. The patent suggests discarding the mother liquor effluent or,
      alternatively, subjecting it to vacuum concentration to remove a
      substantial amount of the water in order to induce precipitation of
      additional amounts of the product salts which are dissolved in the water.
      The remaining effluent, with its cyanuric acid values, active chlorine and
      chloride anion is then discarded resulting, not only in an obvious waste
      of those values, but particularly in terms of the nitrogen content of
      these values, a pollution problem as well.
PAR  A further method described in U.S. Pat. No. 3,299,060 involves the reaction
      of chlorine with an alkali metal hydroxide and isocyanuric acid as a
      slurry in an aqueous medium at a pH of from about 6 to 7 and a temperature
      of about 5.degree.C to 65.degree.C to form the desired alkali metal
      dichloroisocyanurate. This method involves recovery of further product
      salt by filtration of the effluent and recycling of part of the effluent
      remaining as aqueous reaction medium.
PAR  U.S. Pat. 2,969,360 describes the preparation of chlorinated cyanuric acids
      involving in a first zone the reaction of cyanuric acid, aqueous alkali
      and a stream of chlorine at pH maintained between 5 and 9 and withdrawal
      from the first zone of a portion of the reaction mixture to a second zone
      in which the pH is maintained at 1.5 to 3.5. The desired dichlorocyanuric
      acid and trichlorocyanuric acid products are retrieved from the second
      zone. The pH achieved by this process, using chlorine addition alone, is
      however insufficient to effect recovery of the significant amounts of
      cyanuric acid values remaining in the reaction mixture.
PAR  IN the U.S. Pat. 3,501,468 there is disclosed, additionally, the
      chlorination of cyanuric acid and a mixture of sodium and potassium
      hydroxide to form chloroisocyanurate complex compounds such as
      [(monotrichloro) tetra-(monopotassiumdichloro)] pentaisocyanurate and
      (monotrichloro) (monopotassiumdichloro) diisocyanurate.
PAR  The primary object of this invention is to provide a process for recovery
      of cyanuric acid from the effluent mother liquor resulting from production
      of salts of chlorinated isocyanuric acid.
PAR  Another object is to provide a process which allows the recovery of
      chlorine values present in the foregoing waste mother liquor.
PAR  A further object is to provide a method which is substantially inexpensive
      in operation and capable, additionally, of ready application to existing
      plant facilities.
PAR  Various other objects and advantages of this invention will be apparent
      from the detailed description appearing hereinafter.
PAR  It has now been discovered, accordingly, that it is possible to recover
      cyanuric values, as well as active chlorine values, from the waste mother
      liquor resulting from the production of alkali metal and alkaline earth
      metal salts of chlorinated isocyanuric acid, and dichloroisocyanuric acid
      and trichloroisocyanuric acid, as well as complexes, hydrates or mixtures
      thereof, obtained by chlorination of the isocyanuric acid or its
      corresponding alkali metal and alkaline earth metal isocyanurates; the
      recovery being effected by reaction of the chlorinated isocyanuric acid
      values present in the solution of aqueous effluent with a strong mineral
      acid, to convert chlorinated isocyanuric acid values to cyanuric acid
      values and to remove available chlorine from solution. The cyanuric acid
      values, which are less soluble than the corresponding dichloroisocyanuric
      acid, its salts or trichloroisocyanuric acid in the saline solution
      constituting the effluent, precipitate out of solution and are recovered
      by conventional techniques such as, for example, filtration. The gaseous
      chlorine resulting from the foregoing reaction is also recovered by
      standard procedures well known to those skilled in the art.
PAR  In the process of producing dichloroisocyanuric acid, trichloroisocyanuric
      acid or the alkali metal or alkaline earth metal salt of
      dichloroisocyanuric acid, as well as hydrates, mixtures or complexes
      thereof by chlorination of the corresponding salt or mixtures of salts in
      an aqueous reaction medium maintained at a pH of about 2 to about 8.5 and
      at a temperature of from about 5.degree.C to 100.degree.C, the chlorinated
      isocyanuric acid or the salt is precipitated from the reaction mixture as
      a crystal. The effluent mother liquor remaining is then, in an additional
      step and according to the present invention, contacted by a strong mineral
      acid to induce pH in the range of about 0.5 to about 0.8 in the mother
      liquor and effect removal of cyanuric acid values therefrom. The most
      prominent reaction in this step is the conversion of dichloroisocyanuric
      acid to cyanuric acid, which is precipitated from the mother liquor within
      the foregoing pH range, with the conversion of available chlorine to
      gaseous chlorine, which is evolved and removed and may be introduced into
      the process of producing the desired chlorinated isocyanurate.
PAR  The chlorination process can produce a mother liquor containing, for
      example, any of the following: trichloroisocyanuric acid,
      dichloroisocyanuric acid, potassium dichloroisocyanurate acid, sodium
      dichloroisocyanurate. The process of this invention recovers the cyanuric
      values from any chlorinator mother liquor as long as it contains Cl-- and
      OCl-- or HOCl.
PAR  The term "alkali metal salts" as employed herein is understood to encompass
      not only sodium and potassium salts of the acids specified but, by way of
      illustration, those of lithium and cesium, as well. The term "alkaline
      earth metal salts" is intended, in like manner, to include within its
      scope, for example, the barium, magnesium and calcium salts of the
      particular acids recited.
PAR  The inorganic acids employed in accordance with the invention, and
      characterized generally as strong mineral acids are those inorganic acids
      which dissociate more strongly than acetic acid, i.e., having a
      dissociation constant greater than that of acetic acid.
PAR  These mineral acids include sulfuric acid, nitric acid, nitrous acid,
      hydrochloric acid, and although less preferred, phosphoric acid. The most
      desirable, as indicated, for use according to the invention are
      hydrochloric acid and sulfuric acid.
PAR  while it is not intended that any particular theory or principle by which
      the objectives of this invention are achieved be relied upon, it is
      believed that the function of the mineral acid on the waste liquor may be
      explained by the following series of equations in which
      dichloroisocyanuric acid is referred to as DCCA and cyanuric acid as CA:
EQU  1(a) DCCA + 2H.sub.2 O .revreaction. CA + 2HOCl
EQU  1(b) 2HOCl + 2H.sup.+ + 2Cl.sup.- .fwdarw. 2H.sub.2 O + 2Cl.sub.2
PAL  The overall reaction may be expressed as follows:
EQU  (2) DCCA + 2H.sup.+ + 2Cl.sup.- .fwdarw. CA + 2Cl.sub.2
PAR  The Cl ion normally is present as a result of the prior chlorination
      reaction and, its concentration may be enhanced, if desired, by HCl, NaCl
      or other Cl ion sources. If no Cl ion is present it may be added to the
      waste liquor.
PAR  With proper notation in the equations above, the equilibrium apply to
      trichloroisocyanuric acid.
PAR  According to this theory or principle the addition hydrochloric acid, used
      illustratively in the foregoing equations, induces the formation of
      chlorine as a result of the reaction of the hydrochloric acid agent with
      the hypochlorous acid existing in equilibrium in equation 1(a). Removal of
      this chlorine drives the equilibrium of each of the foregoing equations to
      the right, with the resulting formation of increased concentrations of
      cyanuric acid in equation 1(a) as well as further gaseous chlorine in
      equation 1(b), and an overall reaction, as indicated, in equation (2).
PAR  In order to secure precipitation of cyanuric acid from the effluent, it is
      most desirable that the pH be within the range of about 0.5 to 0.8 as
      described above, for it is within this range that the cyanuric acid
      produced manifests a solubility lower than that of dichloroisocyanuric
      acid and will separate out of solution at the concentrations that the
      cyanuric acid normally attains, which is in the range of 0.3 to 2% by
      weight in the foregoing mother liquor, and under the other operative
      conditions obtaining in the reactor; namely, the concentration of the
      alkali metal or alkaline earth metal chlorides, or mixtures thereof,
      present in the aqueous medium of the effluent, usually about 6% to 10% by
      weight of the total effluent, and at a temperature within the range of
      10.degree.C to 40.degree.C and usually about 25.degree.C.
PAR  Maintenance of the pH within the parameters of 0.5 to 0.8 provides a ratio
      of about 2.0 to 4.0 of mineral acid equivalents per mole of cyanuric acid.
      At pH below 0.5 the process consumes unnecessary amounts of acid; at pH
      above 0.8 the reaction is slowed; but pH range from 0.2 to 1.2 is
      operative.
PAR  The recovery process is undertaken in a closed reaction vessel at a
      pressure which is not narrowly critical, and may, for example, be
      atmospheric, one of reduced pressure or that resulting from an air sparge
      of the reaction vessel during the recovery reaction. While not critical to
      the result secured, therefore, the use of reduced pressure, e.g. as little
      as 0.7 psia, has been found to be preferred.
PAR  A batch or continuous operation is feasible so long as an effective
      residence time for reaction of mineral acid and effluent of at least 0.2
      hours and, preferably no more than 2.0 hours, in the reactor alone, or in
      combination with a product receiver vessel, is achieved. Long retention is
      not favored for it represents hold up in processing; hence, the shortest
      period in which the reaction can be completed is desired.
PAR  The cyanuric acid precipitated in the reactor or, if desired, in a separate
      product recovery vessel, is removed as indicated, in the form of a slurry
      to a solid-liquid separation vessel, e.g. filter, centrifuge, or the like,
      wherein the cyanuric acid is recovered in crystalline form.
PAR  Thus after the recovery reaction with mineral acid has run its course, or
      has been otherwise terminated, the pH of the reaction vessel having been
      maintained at between 0.5 to 0.8 for a period of from 0.2 or, if desired,
      0.5 to 2.0 hours, the solid cyanuric acid values are recovered by
      filtration of the reactor effluent. The gaseous chlorine is also removed
      and the filtrate, from which cyanuric acid values and chlorine have been
      removed, may be discarded.
PAR  The range of recovery of cyanuric acid has been found to be enhanced
      materially by the use of ultrasonic energy within the reaction vessel
      during the period in which the mineral acid is present therein. While not
      intending to be limited to any particularly theory of operation, it would
      appear that this enhancement of the recovery process according to the
      invention results from the acceleration in separation of chlorine gas from
      the reaction mixture to which the mineral acid has been added with
      consequent cyanuric acid formation. The increase in the rate of evolution
      of gaseous molecular chlorine may, in turn, be attributed, according to
      this theory, to cavitation at the surface of the crystals of chlorinated
      isocyanuric acid present in the reaction product mixtures. The equipment
      used to effect the ultrasonic input is any conventional industrial
      ultrasonic apparatus or, in any event, one that is capable of producing
      cavitation and high level turbulence and shear. Typically, such apparatus
      is functional in its application to slurries as well as solutions.
      Capacities of up to 80 gallons per minute are available.
DETD
PAR  The following examples are further illustrative of the invention. In these
      examples all parts and percentages (%) are by weight unless otherwise
      expressly indicated.
PAC  EXAMPLE I
PAR  This example illustrates the recovery of cyanuric acid according to the
      invention.
PAR  Three kilograms of synthetically prepared dichloroisocyanuric acid mother
      solution which synthetic mixture results typically from the reaction in an
      aqueous solution at a pH 2.0 to 3.5 of substantially stoichiometric
      amounts of chlorine and disodium isocyanurate and having the following
      listed analysis, was fed to a reactor at a steady rate of 39 cubic
      centimeters per minute (cc/min.):
PA1  Analysis:
PA1  2.3% (or 69 grams) dichloroisocyanuric acid
PA1  10.0% (or 300 grams) NaCl
PA1  87.7% (or 2631 grams) H.sub.2 O
PAR  The reactor was a 1000 cubic centimeter reaction pot sealed for operation
      at reduced pressure. The working volume was about 550 cubic centimeters. A
      magnetic stirrer was used to agitate the reactor contents. In this example
      both the reactor and product receiver vessel (to which the reactants were
      transferred when the addition of reactants was completed) were maintained
      at reduced pressure. Agitation did not, however, take place in the product
      receiver vessel.
PAR  The operating conditions are listed in Table I as follows:
TBL                Table I                                                     
     ______________________________________                                    
                          Product Receiver                                     
                  Reactor Vessel                                               
     ______________________________________                                    
     Temperatures, .degree.C                                                   
                    26        25                                               
     pH             0.6       0.6                                              
     Residence time, min.                                                      
                    14        56                                               
     Pressure, pounds per                                                      
     square inch absolute                                                      
                    6.2       3.9                                              
     (psia)                                                                    
     ______________________________________                                    
PAL  The mole ratio of HCl used to cyanuric acid fed to the reactor was found to
      be 3.85 (theory is 2.0). The amount of dried but unwashed cyanuric acid
      recovered was 29.0 grams which assayed 98.4% cyanuric acid and has an
      available chlorine content of 1.5%. This represents a recovery of 63%. The
      filtrate (3000 grams) analyzed 0.5% cyanuric acid and 0.028% available
      chlorine. Thus 33.3% of the cyanuric acid values were in the filtrate.
      Efficiency of the process may be increased by increased residence time.
PAC  EXAMPLE II
PAR  This example illustrates the recovery of cyanuric acid in a manner similar
      to that recited in Example I but under slightly varied conditions of
      temperature and pressure.
PAR  In this example the amount, feed rate and composition of
      dichloroisocyanuric acid containing mother liquor was the same as
      described in Example I. The operating conditions are recited in Table II
      as follows:
TBL                Table II                                                    
     ______________________________________                                    
                          Product Receiver                                     
                  Reactor Vessel                                               
     ______________________________________                                    
     Temperature, .degree.C                                                    
                    26        12                                               
     pH             0.62      0.62                                             
     Residence time, min.                                                      
                    14        56                                               
     Pressure, psia 2.1       2.1                                              
     ______________________________________                                    
PAL  The mole ratio of hydrochloric acid to cyanuric acid was found to be 3.2
      (theory is 2.0). After acidification at the conditions given above, the
      precipitated cyanuric acid was filtered off and dried. This precipitate is
      reported upon in Table III appearing hereinafter. The filtrate was
      analyzed and found to have 0.56% cyanuric acid and 0.07% available
      chlorine.
TBL                Table III                                                   
     ______________________________________                                    
     Wt., grams        26.3                                                    
     %CA*              99.6                                                    
     Wt. of CA* in                                                             
     solids, grams     26.2                                                    
     % Average Chlorine                                                        
                        1.8                                                    
     ______________________________________                                    
      *cyanuric acid?                                                          
PAR  The remaining cyanuric acid values remained in the filtrate. No cyanuric
      acid was decomposed.
PAC  EXAMPLE III
PAR  This example illustrates the recovery of cyanuric acid according to the
      invention at a pressure varying from that of Examples I and II.
PAR  In this example the amount, feed rate and composition of the
      dichloroisocyanuric acid containing mother liquor was the same as
      described in Example I. The reactor was also the same as in Example I
      except that in this case the run was performed under the conditions
      appearing in Table Iv and which vary materially from those of Example I
      only in the pressures and temperatures employed in the reactor and product
      receiver vessel.
TBL                Table IV                                                    
     ______________________________________                                    
                          Product Receiver                                     
                  Reactor Vessel                                               
     ______________________________________                                    
     Temperature, .degree.C                                                    
                    28        10                                               
     pH             0.65      0.65                                             
     Residence time, min.                                                      
                    14        56                                               
     Pressure, psia 14.7      14.7                                             
     ______________________________________                                    
PAL  The mole ratio of HCl used to cyanuric acid fed was found to be 2.49
      (theory is 2.0). The amount of unwashed but dried cyanuric acid recovered
      was 23.9 grams assaying 95.0% cyanuric acid and having 4.3% available
      chlorine. This represents a recovery of 50.5%. The cyanuric acid values
      not recovered were lost as soluble cyanuric acid in the filtrate.
PAC  EXAMPLE IV
PAR  This example illustrates the practice of the invention replacing the
      concentrated hydrochloric acid of the prior examples with concentrated
      sulfuric acid.
PAR  In this example, the amount, feed rate and composition of synthetically
      derived dichloroisocyanuric acid containing mother liquor was the same as
      described in Example I. The reactor was also the same as previously
      described. Concentrated H.sub.2 SO.sub.4 (96%) replaced the hydrochloric
      acid.
PAR  The operating conditions employed were as recited in Table V:
TBL                Table V                                                     
     ______________________________________                                    
                          Product Receiver                                     
                  Reactor Vessel                                               
     ______________________________________                                    
     Temperature, .degree.C                                                    
                    26        26                                               
     pH             0.65      0.65                                             
     Residence time, min.                                                      
                    14        56                                               
     Pressure, psia 0.77      0.77                                             
     ______________________________________                                    
PAL  The mole ratio of concentrated H.sub.2 SO.sub.4 to cyanuric acid content
      was found to be 1.7 (theory is 1.0). The amount unwashed but dried
      cyanuric acid recovered was 30.8 grams and assayed 97.8% cyanuric acid and
      its sodium salt. This represents an initial recovery of 67.0%. The
      cyanuric acid values lost were lost as soluble cyanuric acid in the
      filtrate.
PAC  EXAMPLE V
PAR  This example illustrates the practice of the invention incorporating mother
      liquor composition containing potassium dichloroisocyanurate and potassium
      chloride.
PAR  In this example, the amount of synthetically prepared but typical
      dichloroisocyanuric acid containing mother liquor was the same as in
      Example I. The equipment utilized was also the same. The synthetic mother
      liquor differed from that of Example I, however, in having the following
      compositions:
TBL  potassium dichloroiso-                                                    
                        2.74% or 82.32 grams                                   
     cyanurate                                                                 
     potassium chloride                                                        
                       11.93% or 357.9 grams                                   
     hydrochloric acid  1.14% or 34.2 grams                                    
                        at 37% concentra-                                      
                        tion                                                   
     water             84.19% or 2525.7 grams                                  
PAL  The foregoing mixture is typical of that which would result if chlorination
      to produce dichloroisocyanuric acid were performed with a feed containing
      potassium hydroxide instead of sodium hydroxide. The mole ratio of
      potassium hydroxide to cyanuric acid was 2 to 1 respectively. The
      foregoing mother liquor composition was treated with hydrochloric acid in
      a mole ratio of this latter acid to cyanuric acid of 3.51 to 1
      respectively (theory is 2.0 to 1 respectively). The feed rate to the
      reactor vessel of mother liquor composition was 102 milliliters per
      minute. The operating conditions were as recited in Table VI.
TBL                Table VI                                                    
     ______________________________________                                    
                          Product Receiver                                     
                  Reactor Vessel                                               
     ______________________________________                                    
     Temperature, .degree.C                                                    
                    19        15                                               
     pH             0.5       0.5                                              
     Residence time, min.                                                      
                    5.4       21.4                                             
     Pressure, psia 0.77      0.77                                             
     ______________________________________                                    
PAL  The amount of dried cyanuric acid recovered was 19.0 grams which analyzed
      for a content of 98.3% cyanuric acid. This represented a recovery of
      41.5%. The cyanuric acid values lost were lost as soluble cyanuric acid in
      the filtrate.
PAC  EXAMPLE VI
PAR  This example illustrates the utilization of ultrasonic energy as an adjunct
      to treatment of a synthetically compounded but otherwise typical
      diisocyanuric acid waste liquor feed with a strong mineral acid according
      to the invention.
PAR  A solution of synthetic dichloroisocyanuric acid waste stream typical both
      as to composition and percentages of components was prepared having the
      following constitution:
TBL  Dichloroisocyanuric acid                                                  
                        6.9 grams (2.3%)                                       
     NaCl               30.0 grams (10%)                                       
     HOH               263.1 grams (87.7%)                                     
PAL  This solution was then divided into 4 approximately equal portions, 2 of
      which were treated with concentrated sulfuric acid to effect a pH of 0.5.
      In like manner the remaining two were treated with HCl to effect a pH of
      0.5. One of the sulfuric acid treated and one of the hydrochloric acid
      treated portions or samples were then placed in a 100 watt Bransonic
      Ultrasonic Cleaner for 4 minutes. All four samples were then filtered and
      the filtrate analyzed for dissolved cyanuric acid. The total length of
      time before filtering each of the samples was less than 1 hour. All
      solutions were maintained at room temperatures.
PAR  The result secured in each instance is shown in Table VII which follows:
TBL                Table VII                                                   
     ______________________________________                                    
     Sample Treatment     %CA* In Solution                                     
     ______________________________________                                    
                      With or                                                  
                      Without             After                                
                      Ultrasonic          Described                            
     Run  Acid        Energy      Originally                                   
                                          Treatment                            
     ______________________________________                                    
     1    conc H.sub.2 SO.sub.4 **                                             
                      without     1.5     1.28                                 
     2    conc H.sub.2 SO.sub.4 **                                             
                      with        1.5     0.428                                
                      (4 minutes)                                              
     3    conc HCl**  with        1.5     1.35                                 
     4    conc HCl**  with        1.5     0.741                                
                      (4 minutes)                                              
     ______________________________________                                    
       *cyanuric acid and sodium salt thereof.                                 
      **sample filtered through fine porosity funnel.                          
PAR  It will be seen from the results of this Example VI that ultrasonic
      vibrations applied to the acid treated waste stream will accelerate
      appreciably the rate of recovery of cyanuric acid therefrom.
PAR  It will be evident that the terms and expressions which have been employed
      are used as terms of description and not of limitation. There is no
      intention in the use of such terms and expressions of excluding
      equivalents of the features shown and described or portions thereof and it
      is recognized that various modifications are possible within the scope of
      the invention claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process which comprises
PA1  contacting a strong mineral acid with an aqueous effluent mother liquor
      resulting from chlorination of isocyanuric acid or salts thereof selected
      from the group alkali metal isocyanurates and alkaline earth metal
      isocyanurates, and complexes and mixtures thereof, in an aqueous medium
      maintained at a pH of from about 2 to about 8.5 and from which the
      resulting chlorinated isocyanurate product has been removed in crystalline
      form,
PA1  the improvement comprising adding concentrated strong mineral acid from the
      group hydrochloric and sulfuric in amounts sufficient to induce rapidly a
      pH of about 0.2 to about 1.2 in said mother liquor, thereby to convert
      soluble chlorinated isocyanuric acid values to cyanuric acid values, and
      to remove available chlorine from solution, and to form a slurry
      containing as a solid therein, cyanuric acid precipitated from solution in
      said mother liquor,
PA1  said operation being carried out at a temperature in the range of
      5.degree.C to 100.degree.C for a period of at least 0.2 hour.
NUM  2.
PAR  2. The process of claim 1 wherein the cyanuric acid present in said slurry
      is removed from contact with said mother liquor.
NUM  3.
PAR  3. The process of claim 1 wherein said chlorinated salt of isocyanuric acid
      is the sodium salt thereof.
NUM  4.
PAR  4. The process of claim 1 wherein said chlorinated salt of isocyanuric acid
      is the potassium salt thereof.
NUM  5.
PAR  5. The process of claim 1 wherein said chlorinated salt of isocyanuric acid
      is a mixture of the complexes thereof.
NUM  6.
PAR  6. The process of claim 1 wherein the reaction of said mineral acid in said
      mother liquor is undertaken at reduced pressure.
NUM  7.
PAR  7. The process of claim 1 wherein said contact proceeds under the influence
      of ultrasonic vibration.
PATN
WKU  039445496
SRC  5
APN  4089472
APT  1
ART  122
APD  19731023
TTL  Amino derivatives of 1,4-benzodioxan
ISD  19760316
NCL  8
ECL  1
EXA  Turnipseed; James H.
EXP  Gallagher; Richard J.
INVT
NAM  Lafon; Louis
CTY  Paris
CNT  FR
ASSG
NAM  Laboratoire L. Lafon
CTY  Alfort
CNT  FR
COD  03
PRIR
CNT  UK
APD  19721024
APN  49022/72
CLAS
OCL  2602564N
XCL  260268BC
XCL  2603403
XCL  424250
XCL  424251
EDF  2
ICL  C07D23924
FSC  260
FSS  256.4 N;268 BC
UREF
PNO  3312592
ISD  19670400
NAM  Chodnekar et al.
OCL  260268BC
UREF
PNO  3496183
ISD  19700200
NAM  Toldy et al.
OCL  260268BC
ABST
PAL  1-[2-(1,4-benzodioxanyl)methyl]-4-(2-hydroxyethyl)-piperazine hemifumarate
      and the related compounds of formula:
      ##SPC1##
PAL  In which R is hydrogen or alkyl; and A is --Z--OR.sub.1, --CH.sub.2
      CHOR".sub.1 CH.sub.2 OR'.sub.1, --Z--CO--B or amidino, where Z is a linear
      or branched divalent hydrocarbon chain of 1 to 3 carbon atoms, R'.sub.1
      and R".sub.1, which may be identical or different, are each hydrogen,
      alkyl, or acyl, B is OH, alkoxy, or a secondary, tertiary or
      N-heterocyclic amino radical, and R.sub.1 is alkyl, acyl other than
      nicotinoyl or 3,4,5-trimethoxy-benzoyl, or, when R is other than hydrogen,
      hydrogen, and its acid addition salts, are useful in therapy as
      vasodilators and .alpha.-blocking agents.
BSUM
PAR  The present invention relates to amino derivatives of 1,4-benzodioxan,
      their preparation and their use.
PAR  TOLDY et al. (Acta Chimica Academiae Scientiarium Hungaricae (1966), 49,
      265-286) investigated
      1-[2-(1,4-benzodioxanyl)-methyl]-4-(2-hydroxyethyl)-piperazine as an agent
      for the treatment of digestive ulcers; they stated that it was devoid of
      such activity.
PAR  It has now been found, surprisingly, that the 1,4-benzodioxan derivatives
      of the formula given below are useful in the treatment of cardiovascular
      illnesses and are better tolerated than the known product mentioned above.
PAR  The new amino derivatives of 1,4-benzodioxan of the invention are
PAR  A. 1-[2-(1,4-BENZODIOXANYL)-METHYL]-4-(2-HYDROXYETHYL)-PIPERAZINE
      HEMIFUMARATE, AND
PAR  B. THE COMPOUNDS OF THE FORMULA:
      ##SPC2##
PAL  In which R is hydrogen or alkyl and A is --Z--OR.sub.1, --CH.sub.2
      CHOR".sub.1 CH.sub.2 OR'.sub.1, --Z--CO--B or amidino, where Z is a linear
      or branched divalent hydrocarbon chain of 1 to 3 carbon atoms, R'.sub.1
      and R".sub.1, which may be identical or different, are each hydrogen,
      alkyl, or acyl, B is OH, alkoxy, or a secondary, tertiary of
      N-heterocyclic amino radical, and R.sub.1 is alkyl, acyl other than
      nicotinoyl or 3,4,5-trimethoxybenzoyl, or when R is other than hydrogen,
      hydrogen, and their acid addition salts.
PAR  By amidino group is to be understood as a group possessng the structure
      --C(NH.sub.2):NH optionally substituted on one or both nitrogens, or a
      group of formula:
      ##EQU1##
      included in a ring. Examples of such cyclic amidino groups are
      2-imidazolyl, 2-pyrimidinyl, 2-.DELTA..sup.2 -imidazolidinyl and
      2-(1,4,5,6-tetrahydropyrimidinyl).
PAR  Preferred compounds, in addition to
      1-[2-(1,4-benzodioxanyl)-methyl]-4-(2-hydroxyethyl)-piperazine
      hemifumarate, include the compounds of the formula:
      ##SPC3##
PAL  In which R is hydrogen or alkyl of 1 to 5 carbon atoms, and A is --CH.sub.2
      CH.sub.2 OR.sub.1, --CH.sub.2 CHOR".sub.1 CHOR'.sub.1, 2-pyrimidinyl or
      --CH.sub.2 COB where R'.sub.1 and R".sub.1, which may be identical or
      different, are each hydrogen, alkyl of 1 to 5 carbon atoms, alkanoyl of 1
      to 5 carbon atoms, R.sub.1 is alkyl of 1 to 5 carbon atoms, alkanoyl of 1
      to 5 carbon atoms, or when R is other than hydrogen, hydrogen, and B is a
      secondary, tertiary or N-heterocyclic amino radical, e.g.
      2,6-dimethylanilino-; and their acid addition salts.
PAR  The compounds of the invention may be made by reacting a 1,4-benzodioxan
      derivative of formula
      ##SPC4##
PAL  wherein X is halogen, preferably chlorine, or methanesulphonyloxy and R is
      as defined above, with a compound of the formula:
      ##SPC5##
PAL  wherein A.sub.o is A as defined above, or, when R is hydrogen, CH.sub.2
      CH.sub.2 OH, and optionally converting a base obtained into an acid
      addition salt thereof. The reaction may be carried out in a solvent at the
      reflux temperature of the latter.
PAR  According to a variant of this process, a compound of the formula II is
      reacted with piperazine and the product obtained, which has the formula:
      ##SPC6##
PAL  is condensed with a chlorine-containing compound of the formula
EQU  Cl--A.sub.o                                                (V)
PAL  wherein A.sub.o is as defined above, in a solvent at the reflux temperature
      of the said solvent.
PAR  One or other of these variants can be chosen depending on the instability
      of the functional groups present in the radical A.sub.o.
PAR  Compounds wherein A.sub.o contains an ester group can be formed, for
      example, from a compound in which A.sub.o contains a hydroxyl group by
      known methods of esterification, e.g. by reaction with an acid chloride or
      an acid anhydride.
PAR  The solvents used in the reactions indicated above are preferably anhydrous
      solvents such as, especially, tetrahydrofuran, dimethylformamide, benzene,
      toluene, xylene, a lower alcohol, or a mixture of such solvents.
PAR  The acid addition salts of the compounds of the invention are produced by
      bringing the bases into contact with an appropriate inorganic or organic
      acid.
PAR  The compounds of formula II can be formed from pyrocatechol or one of its
      derivatives of formula VI in accordance with the following scheme:
      ##SPC7##
PAR  The invention includes within its scope pharmaceutical compositions
      containing, combined with a physiologically tolerated excipient, at least
      one compound chosen from the group consisting of
      1-[2-(1,4-benzodioxanyl)-methyl]-4-(2-hydroxyethyl)-piperazine
      hemifumarate, the compounds of the formula I and their non-toxic addition
      salts with acids, as the active ingredient, are proposed.
DETD
PAR  The following Examples illustrate the invention.
PAC  EXAMPLE 1
PAC  1-[2-(1,4-Benzodioxanyl)-methyl]-4-(2-hydroxyethyl)-piperazine
      dihydrochloride (comparison compound).
      ##SPC8##
PAL  Code number LL 1756.
PAR  a. 143 g (1.3 mols) of pyrocatechol, 361 g (3.9 mols) of epichlorohydrin
      and 500 ml of N sodium hydroxide solution are introduced into a 4 l flask
      equipped with a stirrer, condenser, thermometer and heating mantle.
PAR  The mixture is stirred for 1 hour without heating. It is then heated under
      reflux for 3 hours 30 minutes. The solution is cooled in an ice bath. It
      is extracted 3 times with 400 ml of diethyl ether. The ether phase is
      washed twice with 400 ml of N sodium hydroxide solution and then with 200
      ml of water. The organic phase is dried overnight over MgSO.sub.4. The
      MgSO.sub.4 is filtered off and the ether is evaporated. 202 g (yield:
      93.6%) of 2-hydroxymethyl-1,4-benzodioxan are obtained.
PAR  b. 202 g (1.21 mols) of 2-hydroxymethyl-1,4-benzodioxan are introduced into
      a 1 liter flask equipped with a stirrer, condenser and dropping funnel,
      and 288 g (2.42 mols) of thionyl chloride are run in dropwise. Violent
      evolution of HCl is observed. The mixture is heated under reflux until HCl
      ceases to be evolved, that is to say for 1 hour 30 minutes. The mixture is
      then distilled in vacuo after having driven off the excess thionyl
      chloride. 175.5 g (yield: 77.2%) of 2-chloromethyl-1,4-benzodioxan are
      obtained.
PAR  c. 245.5 g (1.33 mols) of 2-chloromethyl-1,4-benzodioxan, 156 g (1.2 mols)
      of 2-ethanol-piperazine, 200 ml of dimethylformamide and 184 g (1.33 mols)
      of K.sub.2 CO.sub.3 are introduced into a 2 l Erlenmeyer flask equipped
      with a stirrer.
PAR  The mixture is stirred and heated at 80.degree.C for 6 hours and at
      100.degree.C also for 6 hours. The mixture is left to cool and the
      precipitate is filtered off and washed with 3 times 50 ml of
      dimethylformamide and then removed. The filtrates are combined and the
      desired hydrochloride is precipitated by means of 400 ml of an 8.8 N
      solution of hydrogen chloride in ethanol. The precipitate of hydrochloride
      is filtered off and washed with ether. The precipitate is dissolved in 300
      ml of distilled water, the solution is cooled in an ice bath and 250 ml of
      sodium hydroxide solution are run in dropwise until the pH is 11 is order
      to obtain the base. Since the latter is soluble in water, it is extracted
      with 3 times 300 ml of ether, introducing inorganic salts into the aqueous
      phase. The ether solution is dried over MgSO.sub.4. The ether is
      evaporated and a clear orange oil is obtained which gradually
      crystallises.
PAR  Since the purity of the product is about 70%, the base is dissolved in a
      liter of refluxing ethanol. 150 ml of 12 N hydrochloric acid are run in
      dropwise and this solution is placed in a refrigerator for 1 hour. The
      solution is filtered, the precipitate is washed with ethanol and the
      product is dried. 186 g of
      1-[2-(1,4-benzodioxanyl)-methyl]-4-(2-hydroxyethyl)-piperazine
      dihydrochloride are obtained. (Yield 44.1%).
PAR  The base is recovered again as indicated above. The base thus purified has
      a melting point of 62.degree.C.
PAC  EXAMPLE 2
PAC  1-[2-(1,4-Benzodioxanyl)-methyl]-4-(2-hydroxyethyl)-piperazine hemifumarate
PAL  Code number CRL 40040.
PAR  10 g of base purified according to Example 1c and 4.06 g of fumaric acid
      are dissolved in 150 ml of refluxing ethanol. The solution is allowed to
      cool slowly to ambient temperature and a heavy precipitate appears. It is
      filtered off and dried and 9 g of hemifumarate are obtained. (Yield 64%).
TBL  ______________________________________                                    
     Analysis  % N calculated:                                                 
                             8.32 hemifumarate                                 
                             7.12 fumarate                                     
               % N found:    8.05                                              
     ______________________________________                                    
PAC  EXAMPLE 3
PAC  1-[2-(1,4-Benzodioxanyl)-methyl]-4-(2,3-dihydroxypropyl)-piperazine
      dihydrochloride.
      ##SPC9##
PAL  Code number CRL 40034.
PAR  18.5 g of 2-chloromethyl-1,4-benzodioxan; 16.9 g of
      N-(2,3-dihydroxypropyl)-piperazine and 30 ml of dimethylformamide are
      introduced into a 250 ml Erlenmeyer flask.
PAR  The mixture is heated at 80.degree.C for 8 hours. The precipitate is
      filtered off, washed with DMF and removed. The hydrochloride is
      precipitated by pouring approximately 30 ml of a 7 N solution of hydrogen
      chloride in ethanol into the DMF solution. An oil forms. The DMF is
      decanted and ether is added in order to wash the oil formed. The ether is
      decanted. The residue is dissolved in the minimum amount of water. The
      solution is treated with sodium hydroxide solution until the pH is 11. The
      solution is extracted with ether and the ether phase is dried over
      MgSO.sub.4. The aqueous phase which results from the extraction with ether
      is separated off and extracted with chloroform, and the chloroform phase
      collected is then dried over MgSO.sub.4. The ether and chloroform phases
      are evaporated separately. In the ether phase, 5.2 g of oil are obtained
      [pure in thin layer chromatography, eluant CHCl.sub.3 -- CH.sub.3 OH --
      NH.sub.4 OH (40:40:20)]; in the chloroform phase, 2 g of oil are obtained
      (impure in thin layer chromatography).
PAR  The 5.2 g of oil resulting from the ether phase are dissolved in 100 ml of
      methanol and the solution is heated under reflux. During the refluxing, 10
      ml of a 7 N solution of hydrogen chloride in ethanol are introduced. The
      mixture is cooled overnight in a refrigerator. On adding acetone, the
      dihydrochloride precipitates.
PAR  5.1 g (yield 13.3%) of product, which is pure in thin layer chromatography
      [eluant: CHCl.sub.3 -- CH.sub.3 OH -- NH.sub.4 OH (40:40:20)], are
      obtained.
PAC  EXAMPLES 4 and 5
PAR  By following the procedure indicated in Example 1, and replacing
      pyrocatechol with 4-methyl-pyrocatechol and 4-4-(tertiary
      butyl)-pyrocatechol, the following products were obtained respectively:
PAR  1-[2-(6- or
      7-methyl-1,4-benzodioxanyl)-methyl]-4-(2-hydroxyethyl)-piperazine
      dihydrochloride -- code number CRL 4024 -- melting at 210.degree.C; and
PAR  1-[2-(6- or 7-{tertiary
      butyl}-1,4-benzodioxanyl)-methyl]-4-(2-hydroxyethyl)-piperazine
      dihydrochloride -- code number CRL 4001 -- melting at 180.degree.C.
PAR  The uncertainty about the position of the methyl and tertiary butyl
      substituents of the benzodioxanyl group results from the method of
      preparation since it is possible for one of the following two cyclisations
      to take place (with R.sub.o = alkyl)
      ##SPC10##
PAR  There are strong reasons to believe that derivatives substituted in the
      6-position were produced.
PAC  EXAMPLE 6
PAC  1-[2-(1,4-Benzodioxanyl)-methyl]-4-[2-(propionyloxy)-ethyl]-piperazine
      dihydrochloride.
      ##SPC11##
PAL  Code number CRL 4011.
PAR  A mixture of 5 g (0.192 mol) of propionic anhydride and 13 g (0.037 mol) of
      LL 1756 (product of example 1c), which is completely soluble in hot acetic
      acid, is heated to the reflux temperature of acetic acid (75 ml), and
      refluxing is maintained for 5 hours. After having allowed the reaction
      mixture to cool, the acetic acid is evaporated and the residual
      crystalline residue is washed several times with ether and once with
      ethanol. 11.73 g (yield 77%) of dihydrochloride, which melts at
      180.degree.C, are obtained.
PAR  This product, analysed by thin layer chromatography, eluant: methanol --
      acetic acid (80:20), is 98% pure.
PAC  EXAMPLE 7
PAC  1-[2-(1,4-Benzodioxanyl)-methyl]-4-[2-(acetyloxy)-ethyl]-piperazine
      dihydrochloride.
      ##SPC12##
PAL  Code number CRL 4010.
PAR  5 g of LL 1756 and 3 ml of acetic anhydride in 50 ml of acetic acid are
      heated at the boiling point for 5 hours. LL 1756 is completely soluble in
      hot acetic acid.
PAR  After cooling, the acetic acid is evaporated and the solid residue is
      washed several times with ether and then once with ethanol. The product is
      dried in vacuo at 50.degree.C. 3.47 g (yield 62%) of dihydrochloride,
      which melts at 180.degree.C (with decomposition), are obtained.
PAR  Analysis % of Cl, theory: 18.06%.  % of Cl, found: 18.31%.
PAC  EXAMPLE 8
PAC  1-[2-(1,4-Benzodioxanyl)-methyl]-4-(2-pyrimidinyl)-piperazine
      dihydrochloride.
      ##SPC13##
PAL  Code number CRL 1767.
PAR  A mixture of 34.0 g (0.18 mol) of 2-chloromethyl-1,4-benzodioxan, 19.3 g
      (0.11 mol) of N-2-pyrimidinyl-piperazine and 25 g (0.18 mol) of K.sub.2
      CO.sub.3 in 30 ml of dimethylformamide is stirred for 48 hours at
      100.degree.C. The solution is filtered and the precipitate is washed with
      DMF. Approximately 55 ml of a 4 N solution of hydrogen chloride in ether
      are added in order to precipitate the product. 200 ml of ether are added
      and the mixture is filtered. The precipitate is washed 3 times with 20 ml
      of ether each time.
PAR  The hydrochloride is dissolved in 300 ml of water and this solution is
      neutralised by means of sodium hydroxide solution until the pH is 11. The
      base precipitates. The mixture is filtered and the precipitate obtained is
      washed with distilled water.
PAR  25.4 g of base are obtained. It is recrystallised from 300 ml of petroleum
      ether + 10 ml of acetone. Some insoluble matter in this mixture is again
      recrystallised from a mixture of 250 ml of petroleum ether and 50 ml of
      acetone.
PAR  The first recrystallisation yields 5.8 g of product and the second yields
      10.5 g of product, that is to say 16.3 g in all.
PAR  The base obtained is dissolved in 200 ml of methanol and 50 ml of a 5 N
      solution of hydrogen chloride in ethanol are added. The dihydrochloride
      precipitates in the refrigerator. It is washed three times with 10 ml of
      ethanol each time. 17.3 g (yield 40.8%) of white dry
      1-[2-(1,4-benzodioxanyl)-methyl]-4-(2-pyrimidinyl)-piperazine
      dihydrochloride, which melts at 160.degree.C (melting point not
      instantaneous), are obtained.
PAC  EXAMPLE 9
PAC  1-[2-(1,4-Benzodioxanyl]-4-(2,6-dimethyl-acetanilido)-piperazine
      dihydrochloride.
      ##SPC14##
PAL  Code number CRL 40035.
PAR  a. 66 g (0.6 mol) of pyrocatechol, 600 ml of N sodium hydroxide solution
      and 166.5 g (1.8 mols) of glycerol epichlorohydrin are mixed. The
      temperature of the mixture rises to 56.degree.C. From then on, the
      reaction mixture is heated to the reflux temperature for 5 hours.
PAR  The mixture is extracted with 3 .times. 200 ml of ether. The ether solution
      is washed with 3 .times. 200 ml of N sodium hydroxide solution and 2
      .times. 100 ml of water. It is dried over MgSO.sub.4. The ether is
      evaporated. 96.6 g (yield: 96.9%) of 2-hydroxymethyl-1,4-benzodioxan
      crystals are obtained.
PAR  b. 44 g of 2-hydroxymethyl-1,4-benzodioxan and 100 ml of pyridine are
      introduced into a 250 ml three-necked flask. An orange solution is
      obtained. Methane sulphonyl chloride is diluted with 50 ml of pyridine
      (brown solution) and is run dropwise, over the course of 30 minutes, into
      the reaction mixture described above. At the end of the running-in
      process, crystals appear. Stirring is then continued for 2 hours. The
      mixture is filtered and the pyridine is evaporated. The crystals seem to
      be pyridine hydrochloride. The residual oil, present in the filtrate from
      which the pyridine has been removed, is taken up again in ethyl acetate
      and yields a new precipitate which is removed.
PAR  Evaporation of the ethyl acetate yields 64.8 g of a yellow oil which is
      insoluble in water (yield: 86.1%), namely 2-(1,4-benzodioxanyl)-methyl
      methanesulphonate.
PAR  c. 30 ml of xylene and 7 g of anhydrous piperazine are introduced into a
      100 ml Erlenmeyer flask with a ground glass neck. Dissolution takes place
      completely on heating, without stirring. A solution of
      2-(1,4-benzodioxanyl)-methyl methanesulphonate is added dropwise to the
      refluxing xylene; at the end of the running-in process, an oil which is
      insoluble in xylene is obtained. The mixture is then heated under reflux
      for 2 hours.
PAR  The mixture is then allowed to cool and is extracted with 2 .times. 20 ml
      of water and then with 20 ml of 4 N sulphuric acid. The phases resulting
      from the extraction are placed in an ice bath and are neutralised with
      sodium hydroxide solution. The mixture is extracted with 3 .times. 20 ml
      of ether. The solution is dried over Na.sub.2 SO.sub.4. The solution is
      filtered and N-[2-(1,4-benzodioxanyl)-methyl]-piperazine dihydrochloride
      is precipitated by means of a solution of hydrogen chloride in ether. 3.1
      g of product (yield: 50.8%) are obtained.
PAR  d. 12.83 g of chloro-2,6-dimethyl-acetanilide, 13.48 g of
      N-[2-(1,4-benzodioxanyl)-methyl]-piperazine dihydrochloride, 8.8 g of
      K.sub.2 CO.sub.3 and 50 ml of dimethylformamide are introduced into a 250
      ml Erlenmeyer flask with a ground glass neck. The mixture is stirred at
      ambient temperature (20.degree.C) for 24 hours and at 80.degree.C for 1
      hour. The precipitate is filtered off, washed with dimethylformamide and
      removed. The filtrates are combined and
      1-[2-(1,4-benzodioxanyl)-methyl]-4-(2,6-dimethylacetanilido)-piperazine
      dihydrochloride, in DMF, is precipitated by means of 30 ml of a 5.4 N
      solution of hydrogen chloride in ether. The precipitate is filtered off
      and drained. It is dissolved in distilled water and treated with sodium
      hydroxide solution until the pH is 11. The base precipitates. It is
      filtered off and dissolved in ether. The ether phase is dried over
      MgSO.sub.4 overnight. The desired dihydrochloride is reprecipitated in a
      mixture of hydrogen chloride and ether. 10 g of product (yield: 28.5%) are
      obtained.
PAR  The results of the pharmacological tests which were undertaken with the
      products of the formula I have been summarised below. These results
      demonstrate a vasodilating activity and an .alpha.-blocking activity of
      the adrenergic receptors.
PAR  The data relating to toxicity have been summarised in the table below.
TBL                TABLE                                                       
     ______________________________________                                    
     Example  LD-50 I.V. Maximum non-toxic dose (1)                            
              in mice                                                          
              (mg/kg)    (mg/kg)                                               
     ______________________________________                                    
     2         97 .+-. 2 90                                                    
     3        260 .+-. 11                                                      
                         &gt;170                                                  
     5        140 .+-. 8 100                                                   
     6        109 .+-. 9 --                                                    
     7         86 .+-. 1 80                                                    
     8        145 .+-. 10                                                      
                         --                                                    
     ______________________________________                                    
      (1) In mice, by intravenous administration.                              
PAC  Vasodilating properties
PAR  During the series of pharmacological tests, the following parameters were
      used:
PA0  Arterial pressure (abbreviated to AP): this parameter, expressed in mm Hg)
      is evaluated in accordance with the usual conditions.
PA0  Arterial resistance: this parameter (expressed in
      dynes/sec./cm.sup.-.sup.5) is calculated according to the ratio
      ##EQU2##
      Cardiac index: this parameter is expressed in (ml/min.)/kg. Systolic
      index: this parameter is equal to the ratio cardiac index/frequency.
PA0  Cardiac work: this parameter (expressed in kgm/min.) is calculated
      according to the relationship: Cardiac work = average AP (mm Hg) .times.
      1.36 = cardiac output (1/min.) .times. 10.sup.-.sup.3.
PA0  Ratio dp/dt: this parameter corresponds to the variation in pressure
      expressed in mm Hg per second (in English: Rate of rise of left
      ventricular pressure).
PAR  The technique used to measure the ratio dp/dt is as follows:
PAR  The cardiac output is determined in Beagle dogs weighing 10 to 15 kg,
      anesthetised with pentobarbital, by injecting Carbiogreen (1 mg in 0.5 ml)
      into the right ventricle. A catheter introduced via the carotid artery
      into the aorta makes it possible to aspirate arterial blood at the rate of
      25 ml/min. and to pass it in front of the photoelectric cell of a Beckman
      cardiodensitometer. The results are interpreted in accordance with the
      Hamilton method.
PAR  In the case of the product of Example 2, the vasodilating properties were
      investigated in dogs.
PAR  On injection into the femoral artery, no effect is observed at doses of
      less than 100 .mu.g/kg. At a dose of 1 mg/kg, the flow rate of the femoral
      artery is increased by 34%; it increases by 90% at a dose of 10 mg/kg; it
      is only increased by 67% at a dose of 20 mg/kg. At these doses, no effect
      is observed on the arterial pressure AP measured in accordance with the
      usual conditions.
PAR  On injection into the vertebral artery, no effect is observed at doses of
      less than 1 mg/kg. At a dose of 10 mg/kg, the flow rate increases by 37%
      and at a dose of 20 mg/kg it only increases by 27%. At these two doses,
      the arterial pressure decreases respectively by 14 and 28% although no
      effect had been observed during the injection into the femoral artery.
PAR  When administered intravenously, the following results were observed:
PAR  In a first test, the product of Example 2, perfused intravenously at a dose
      of 0.25 mg/kg, increases the vertebral flow rate by 90% at the start of
      perfusion but only by 14% at the end of perfusion. Additional injections
      at doses of 0.5 and 5 mg/kg have no effect on the flow rate.
PAR  In a second test, a dose of 0.5 mg/kg is injected at the very start and it
      increases the vertebral flow rate by 135% at the beginning of perfusion
      and by 58% at the end of perfusion. Subseqent injections at doses of 1 and
      2 mg/kg have no effect on the flow rate.
PAR  In both these tests, the pulse rate is increased and this effect persists
      during successive injections.
PAR  A third test is carried out by injecting, without stopping, 0.5, 1, 2 and 4
      mg/kg, that is to say a total of 7.5 mg/kg. The flow rate of the vertebral
      artery increases at each of the injections up to the third, whilst the
      femoral flow rate, which is increased very much by the first injection,
      decreases during the subsequent injections. The flow rate of the
      mesenteric artery is uniformly decreased by 25% at each injection.
PAR  In another test, the product of Example 2, injected at a dose of 2 mg/kg at
      the very start, raises the flow rate of the vertebral artery by 87% for
      more than 1 hour, whilst the flow rate of the femoral artery is only
      increased greatly during the injection.
PAR  The product of Example 2 does not alter the effects of the injection of
      acetylcholine and isoprenalin nor that of the stimulation of the
      peripheral vagus, but it reverses the hypertensive effect of adrenalin in
      a lasting manner.
PAR  Furthermore, the coronary flow rate was observed in anaesthetised dogs
      perfused intravenously at a dose of 5 mg/kg and the following effects were
      noted: A hypotension of 15 to 38% which can last for more than 2 hours; an
      increase of 40% in the differential arterial pressure for 1 hour due to
      lowering of the diastolic arterial pressure; a tachycardia (+ 40%) for a
      period of more than 2 hours, and an increase in the cardiac work: The
      maximum intraventricular pressure increases (+ 56%) for 1 hour, the ratio
      dp/dt increases (+ 180%) for more than 1 hour and the ejection time
      decreases (25 to 30%); a great increase in the coronary flow rate with the
      maximum effect (+ 200%) being shown after 1 hour, whilst 2 hours after the
      injection the flow rate is still increased by 75%.
PAR  To summarise, the product of Example 2 acts as an .alpha.-lytic product,
      which can dilate either the vertebral artery or the femoral artery or
      both. Moreover, it possesses tachycardiac properties at low doses; at a
      higher dose, it is hypotensive. It increases the cardiac work and, in
      parallel fashion, it increases the coronary irrigation.
PAR  In animal pharmacology, the active doses are approximately 1/100th and even
      1/200th of the LD 50 I.V. in mice.
PAR  In clinical studies, good results were obtained in man by administering
      tablets such as:
TBL  1-[2-(1,4-Benzodioxanyl)-methyl] -4-                                      
     (2-hydroxyethyl)-piperazine hemifumarate                                  
                            50 mg                                              
     Excipient, q.s.p.      500 mg to 1,000 mg                                 
     or injectable ampoules such as:                                           
     1-[2-(1,4-Benzodioxanyl)-methyl]-4-                                       
     (2-hydroxyethyl)-piperazine hemifumarate                                  
                            10 mg                                              
     NaCl solution, of concentration 9 g/l, q.s.p. 3 ml ampoule.               
PAR  The product of Example 8 was investigated in dogs anaesthetised by means of
      Nembutal. The product of Example 8 was perfused intravenously over the
      course of 5 minutes at doses of 2.5 and 5 mg/kg. At a dose of 2.5 mg/kg,
      an increase in the differential arterial pressure (+ 50%), a tachycardia
      (+ 19%), a slight femoral vasodilating effect (+ 19%) and a decrease in
      the vertebral flow rate (19%), and practically no effect on the mesenteric
      flow rate, are observed.
PAR  With the product of Example 8, the hypertensive effect of adrenalin is
      reversed, and this manifests itself in an .alpha.-blocking action.
PAR  When administered orally, the product of Example 8 does not alter the flow
      rate of the femoral artery; nor that of the vertebral artery, at doses of
      less than 100 .mu.g/kg. At higher doses, that is to say of 1 to 10 mg/kg
      (at a dose of 10 mg/kg the product passes into the general circulation), a
      rise in the flow rates is noted: + 200% in the case of the femoral flow
      rate and + 60% in the case of the vertebral flow rate for 30 minutes.
PAC  Cardiovascular properties of the product of Example 3
PAR  When administered intravenously to dogs at doses ranging from 1 mg to 13
      mg/kg, the following results are observed:
PA1  An increase in the differential AP,
PA1  little effect on the AP or a slight hypotension,
PA1  a rise in the pulse rate which does not exceed 25%,
PA1  an increase in dp/dt with a shortening of the ejection time,
PA1  the cardiac output is scarcely changed, and
PA1  no effect on the vertebral flow rate;
PA1  when administered intraduodenally, the product passes easily through the
      intestinal barrier; at doses of 10 and 50 mg/kg administered
      intraduodenally, the variations described after intravenous injection are
      found again. A dose of 10 mg/kg administered intraduodenally leads to a
      reversal of the hypertensive effect of adrenalin.
PAR  In conclusion, the product of Example 3 is an .alpha.-blocking agent which
      passes through the intestinal barrier.
PAR  When administered to man in the form of tablets containing 20 mg, (at the
      rate of) 2 to 3 per day, it gave good results in vascular complaints.
PAL  Vasodilating properties of the product of Example 5.
PAR  Local administration: When injected locally into the femoral artery or into
      the vertebral artery of dogs, the product increases both these flow rates
      in proportion to the doses, but with a preference for the femoral flow
      rate.
PAR  General administration:
PAR  Intravenus administration.
PAR  2 dogs received the product of Example 5 successively at doses of 3.75 and
      15 mm/kg, by intravenous administration. The following results are
      observed:
PA1  A femoral vasodilating action for 10 to 15 minutes, not proportional to the
      dose, maximum (+ 60%) from 3.5 mg/kg;
PA1  no vertebral dilating action;
PA1  no effect on the AP up to 15 mg/kg; and
PA1  a bradycardia at this last dose.
PAR  When administered intraduodeanlly, no vasodilating effect is observed in
      dogs receiving successively 3.5, 7, 15 and 35 mg/kg whilst the pulse rate
      decreases from 7 mg/kg.
PAR  To summarise, the product of Example 5 exerts an exclusively peripheral and
      very moderate vasodilating effect. It also possesses an analgesic activity
      of the morphine type when it is injected subcutaneously.
PAC  Vasodilating properties of the product of Example 6
PAR  In the case of intravenous administration, the tests were carried out on 4
      anaesthetised dogs. The product is perfused intravenously over the course
      of 5 minutes at doses of 2.5, 5 and 10 mg/kg and, in one test, is
      administered intraduodenally at a dose of 10 mg/kg. A hypotensive effect
      proportional to the dose is observes. The pulse rate either is not altered
      (2 tests) or is increased. The intraventricular pressure is decreased as
      is the ratio dp/dt. The femoral flow rate is increased in the tests
      wherein an increase in the pulse rate is observed and this effect
      disappears in 15 minutes.
PAR  The vertebral flow rate only increases in one of the two tests wherein the
      pulse rate was increased.
PAR  The product is .alpha.-blocking from a dose of 5 mg/kg administered
      intravenously.
PAR  When administered intra-arterially, the product of Example 6 is injected
      directly into the femoral artery. The flow rate is increased by 200% from
      a dose of 10 .mu.g. Higher doses up to and including 10 mg do not produce
      a greater vasodilation.
PAR  In conclusion, the product of Example 6 is an .alpha.-blocking product from
      a dose of 5 mg/kg administered intravenously. When it increases the
      femoral flow rate, this effect is of short duration and is not
      reproducible. The product passes through the intestinal barrier and the
      activity is found again at 10 mg/kg administered intraduodenally. The
      vasodilating effect produced by a femoral intra-arterial injection is
      maximal from the very start and cannot be increased by higher doses. The
      mechanism of the vasodilating effect thus seems to be exclusively an
      alphalytic mechanism.
PAC  Cardiovascular action of the product of Example 7 in anaesthetised dogs
PAR  The adrenolytic action was investigated and demonstrated in dogs from a
      dose of 2.5 mg/kg administered intravenously (reversal of the hypertension
      due to adrenalin). From this dose, a hypotension and a decrease in the
      left ventricular pressure, in the ratio dp/dt and in the systolic ejection
      time are noted, and this applied in the case of both dogs. The pulse rate
      does not vary markedly.
PAR  In conclusion, it is apparent from these tests that the product of Example
      7 is .alpha.-lytic.
PAR  Furthermore, the dihydrochloride of Example 1 (LL 1756) and the
      corresponding free base described by TOLDY and colleaques were compared
      with the products of the invention.
PAR  On a pharmacodynamic plane, when the said free base is administered orally
      to dogs it does not show any .alpha.-blocking activity since it does not
      make it possible to counteract the hypertensive effects of adrenalin, as
      is the case of the products of the invention and particularly of the
      product of Example 2, the hemifumarate, which decreases the said effects
      at a dose of 5 mg/kg, inhibits them strongly at a dose of 7 mg/kg and
      overcomes the .alpha. + effect of adrenalin at a dose of 10 mg/kg.
PAR  LL 1756 is also .alpha.-blocking when administered parenterally, but in
      clinical tests, LL 1756 and the corresponding free base, both of which are
      soluble in water, caused vertigo in the majority of cases, whilst the
      products of the invention did not give rise to any vertigo.
CLMS
STM  I claim:
NUM  1.
PAR  1. The compound
      1-[2-(1,4-benzodioxanyl)-methyl]-4-(2-hydroxyethyl)-piperazin
      hemifumarate.
NUM  2.
PAR  2. The compound
      1-[2-(1,4-benzodioxanyl)-methyl]-4-(2,3-dihydroxypropyl)-piperazine
      dihydrochloride.
NUM  3.
PAR  3. The compound 1-[2-(6- or
      7-methyl-1,4-benzodioxanyl)-methyl]-4-(2-hydroxyethyl)-piperazine
      dihydrochloride.
NUM  4.
PAR  4. The compound 1-[2-(6- or 7-{tertiary
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      dihydrochloride.
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PAR  6. The compound
      1-[2-(1,4-benzodioxanyl)-methyl]-4-[2-(acetyloxy)-ethyl]-piperazine
      dihydrochloride.
NUM  7.
PAR  7. The compound
      1-[2-(1,4-benzodioxanyl)-methyl]-4-(2-pyrimidinyl)-piperazine
      dihydrochloride.
NUM  8.
PAR  8. The compound
      1-[2-(1,4-benzodioxanyl)-methyl]-4-(2,6-dimethylacetanilido)-piperazine
      dihydrochloride.
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PAL  Vitamin E orotate which is useful in medicines and cosmetics, is produced
      by esterifying vitamin E with an orotyl halide or orotic anhydride or with
      orotic acid in the presence of phosphorous oxychloride.
BSUM
PAR  The present invention relates to vitamin E orotate and a method of
      producing the same.
PAR  The term "vitamin E" used herein refers to .alpha.-tocopherol which
      includes dl-.alpha.-, d-.alpha.-, and l-.alpha.-tocopherols,
      .beta.-tocopherol, .gamma.-tocopherol, .beta.-tocopherol and mixtures of
      two or more of the above-mentioned tocopherols. The .alpha.-tocopherol is
      of the formula:
      ##SPC1##
PAR  .beta.-TOCOPHEROL AND .gamma.-TOCOPHEROL ARE OF FORMULAS SIMILAR TO THAT
      SHOWN ABOVE EXCEPT BOTH ARE WITHOUT ONE METHYL GROUP.
PAR  It is widely known that vitamin E is effective for vasodilation of
      peripheral blood vessels, normalization of liver functions and muscular
      functions, the prevention of blood vessel sclerosis and for promoting
      fertility. Therefore, when ingested or applied on skin surfaces, vitamin E
      is very effective for curing chilblains, exudative erythema, frostbite and
      feeling of cold. However, vitamin E is not or only negligibly, effective
      for moisturizing and retarding aging of human skin.
PAR  Also, it is known that acetic ester of vitamin E tends to be easily
      hydrolyzed, and the hydrolyzed compound emits the unpleasant odor of
      acetic acid. Further, the acetic ester of vitamin E has a relatively low
      moisturizing effect on human skin.
PAR  Orotic acid (1,2,3,6-tetrahydro-2,6-dioxo-4-pyrimidinecarboxylic acid,
      uracil-6-carboxylic acid) is of the formula:
      ##SPC2##
PAL  And is a pecurser of pyrimidine which is a moiety of nucleic acid and,
      therefore, has an influence on the metabolism of the nucleic acid. Also,
      it has been reported that the orotic acid is the same substance as vitamin
      13 which is a factor of animal growth, or an important moiety of vitamin
      13. Orotic acid may be prepared, for example, by the condensation of urea
      and monoethyl ester of oxalacetic acid in methyl alcohol.
PAR  It has been found that the orotic acid is effective for stimulating liver
      functions, promoting haematopoiesis and encouraging the growth of animals.
      Recently, it has also been found that orotic acid is effective for
      moisturizing human skin. However, orotic acid is difficult to utilize in
      either medicines or cosmetics, because of its negligible solubility in
      water and organic solvents. On the other hand, the alkali metal salts of
      orotic acid are soluble in water. However, when such orotic salts are
      utilized in cosmetics or medicines, they merely have a temporary effect,
      because the orotic salts cannot be maintained in organic tissue for a long
      period, due to its high solubility in water.
PAR  The inventors have systematically studied a wide range of orotic acid
      derivatives having a high solubility in water or organic solvents and
      methods of preparing the orotic acid derivatives. As a result of their
      study, the inventors have discovered that the esterification of vitamin E
      with orotic acid results in a relatively high yield of a novel compound,
      that is, vitamin E orotate having a high solubility in the conventional
      organic solvents. Further, it was found that the vitamin E orotate has
      excellent capabilities of promoting the growth of animals and of
      beautifying human skin. These capabilities were not expected from the
      properties of either orotic acid or vitamin E. It is important that the
      pharmaceutical and cosmetic effects of vitamin E orotate be sustained even
      after application or injection has ceased.
PAR  Further, vitamin E orotate is very effective for promoting the growth of
      human hair by stimulating the metabolism of the cells at the roots of
      hairs.
PAR  The objects of the present invention are to provide vitamin E orotate as a
      novel compound having excellent capabilities of promoting the growth of
      animals and beautifying human skin and hair, and methods of producing the
      same.
PAR  The vitamin E orotate of the present invention consists of a tocopheryl
      moiety and an orotyl moiety combined with the tocopheryl moiety through an
      ester linkage.
PAR  The vitamin E orotate of the present invention is produced by the
      esterification of vitamin E with orotyl halides or orotic anhydride or
      with orotic acid in the presence of phosphorous oxychloride.
PAR  The features of the present invention will be apparent from the following
      description and the accompanying drawing which shows an infra-red ray
      absorption spectrum of vitamin E orotate.
PAR  Vitamin E orotate of the present invention may be dl-.alpha.-tocopherol
      orotate, d-.alpha.-tocopherol orotate, l-.alpha.-tocopherol orotate,
      .beta.-tocopherol orotate, .gamma.-tocopherol orotate, .delta.-tocopherol
      orotate or mixtures of two or more of the abovementioned orotates.
PAR  Vitamin E orotate of the present invention may be prepared by the
      esterification of at least one tocopherol selected from .alpha.-, .beta.-,
      .gamma.- and .delta.-tocopherols or mixtures of two or more of the
      above-mentioned tocopherols, with a compound selected from orotyl halides
      and orotic anhydride. In this method, the orotyl halide may be selected
      from orotyl chloride and orotyl bromide. The above-esterification is
      preferably effected in an inert organic solvent selected from, for
      example, benzene, toluene and xylene at a temperature of, preferably,
      60.degree. to 140.degree.C, more preferably, from 80.degree. to
      110.degree.C. The esterification of vitamin E with the orotyl halide may
      be promoted in the presence of a tertiary amine, for example, pyridine or
      picoline, and a lewis acid, for example, aluminum chloride. Also, the
      esterification of vitamin E with orotic anhydride may be accelerated in
      the presence of a tertiary amine, for example, pyridine or picoline.
PAR  The crude vitamin E orotate mixture obtained by the above-stated
      esterification is filtered to remove solid impurities. The resultant
      filtrate is preferably neutralized by treating with a diluted alkaline
      aqueous solution, containing, for example, sodium carbonate or sodium
      bicarbonate, and washed with water. The above-stated neutralization and
      washing may be omitted. The filtrate is concentrated, preferably, in a
      non-oxidizing medium, for example, in a flow of nitrogen gas. The
      concentrated crude vitamin E orotate may be dissolved again in an inert
      solvent, for example, benzene, toluene or xylene, washed with an acid
      aqueous solution containing, for example, acetic acid, and with an
      alkaline aqueous solution as stated above, and then, concentrated once
      again.
PAR  The concentrated crude vitamin E orotate is purified by way of, for
      example, column chromatography. The purified vitamin E orotate is in the
      form of platy crystals.
PAR  The vitamin E orotate of the present invention may be produced by
      esterifying at least one tocopherol selected from .alpha.-, .beta.-,
      .gamma.- and .delta.-tocopherols or mixtures of two or more of the
      above-mentioned tocopherols, with orotic acid in the presence of
      phosphorous oxychloride. The esterification may be effected in an inert
      organic solvent selected, for instance, from benzene, toluene or xylene,
      at a temperature of 70.degree. to 85.degree.C, preferably, from 75.degree.
      to 80.degree.C. After completing the esterification, the reaction mixture
      is gradually poured into an aqueous solution of sodium carbonate while
      stirring, to neutralize phosphoric acid and hydrochloric acid produced in
      the reaction mixture during the esterification. The abovemixture is
      filtered to remove the salts formed by the neutralization of the acids.
      The vitamin E orotate is extracted from the filtrate into an inert organic
      solvent, for instance, benzene, toluene or xylene and is then refined by
      way of, for example, column chromatography.
PAR  The vitamin E orotate of the present invention is a pale yellow platy
      crystal with a melting point of 183.degree. - 188.degree.C and is
      insoluble in water, but is, freely soluble in alcohols, for example, ethyl
      alcohol and isopropyl alcohol; aromatic hydrocarbons, for example,
      benzene, toluene and xylene; aliphatic hydrocarbons, for example,
      n-hexane; chlorinated hydrocarbons, for example, chloroform; and alicyclic
      hydrocarbons, for example, cyclohexane. The infra-red ray absorption
      spectrum of vitamin E orotate of the present invention which has been
      dissolved in ethyl alcohol is shown in the accompanying drawing, and the
      maximum absorption (.alpha..sub.max) thereof is at 287 m.mu..
PAR  Vitamin E orotate of the present invention can be obtained in a relatively
      high yield of 70 - 80% by the methods of the present invention.
PAR  Vitamin E orotate of the present invention is useful in medicines and
      cosmetics. That is, vitamin E has excellent capabilities of stimulating
      liver functions and promoting the growth of animals. Also, vitamin E
      orotate is highly effective for moisturizing human skin, retarding aging
      of human skin and promoting growth of human hair. Therefore, vitamin E
      orotate is useful as an additive for cosmetics, for example, skin creams,
      skin lotions, face powders, skin oil, lipstick, rouges, hair cream, hair
      tonic, hair oil and pomade.
DETD
PAR  Various methods of practicing the present invention are illustrated by the
      following examples. These examples are intended merely to explain the
      present invention and not, in any sense, to limit the manner in which the
      present invention may be practiced.
PAC  EXAMPLE 1
PAR  A 1 liter three-neck flask with reflux condenser and a stirrer was charged
      with a mixture of 62 g of orotic acid which had been previously dried, 160
      g of thionyl chloride, 600 ml of benzene and 2 ml of
      N,N-dimethylformamide. The flask was put in a boiling water bath and the
      mixture was stirred for 3 hours to chlorinate orotic acid. After
      completing the chlorination, the reaction mixture was filtered to separate
      the resultant orotyl chloride. The orotic acid chloride was washed with
      benzene, and dried under reduced pressure. 55.5 g of orotyl chloride was
      obtained.
PAR  A 1 liter three-neck flask with a stirrer and a reflux condenser was
      charged with a mixture of 26.3 g of orotyl chloride and 300 ml of benzene.
PAR  A 200 ml solution containing 45 g of dl-.alpha.-tocopherol and benzene was
      added, by drops and while stirring, to the solution. Thereafter, the
      mixture was heated in a boiling water bath for 3 hours while refluxing and
      stirring. The reaction mixture was filtered, and the filtrate was
      repeatedly washed with an aqueous solution of sodium bicarbonate and
      water. The washed filtrate was concentrated in a flow of nitrogen gas. An
      oily brown product was obtained in an amount of 40 g at a yield of 70%.
      The oily product was refined by way of column chromatography. A pure
      orotic ester of dl-.alpha.-tocopherol (vitamin E) was obtained, which was
      readily crystallized as platy crystals. The obtained vitamin E orotate had
      the following properties.
PAR  Solubility: insoluble in water, but, soluble in alcohols, such as ethyl
      alcohol, benzene, and chloroform.
PAR  Melting point: 183.degree. - 188.degree.C
PAR  Infra-red ray absorption spectrum: shown in the accompanying drawing
PAR  .lambda..sub.max = 287 m.mu. (for a solution in ethyl alcohol)
PAR  E.sub.1cm.sup.1% = 161.3 (at 287 m.mu.)
PAL  wherein E.sub.1cm.sup.1% represents an absorbance of a solution containing
      1% by weight of vitamin E orotate and received in an optical cell at a
      thickness of 1 cm.
PAR  Elementary analysis (C.sub.34 H.sub.52 O.sub.5 N.sub.2).
PAR  Calculated: H, 9.22%; C, 71.79%; N, 4.93%.
PAR  Found: H, 9.38%; C, 71.95%; N, 4.65%.
PAR  The refined vitamin E orotate was subjected to testing the growth of rats.
      9 rats each weighing about 100 g were divided into three groups. They were
      given a mixed feed containing 70 parts by weight of barley, 0.6 part of
      common salt, 1.1 parts of calcium carbonate, 5.0 parts of yeast, 5.0 parts
      of bean oil, 9.0 parts of crude casein and 8.7 parts of fish meal. The
      refined vitamin E orotate was mixed with the feed in a dose of 0.01
      g/kg.day for the first group, 0.1 g/kg.day for the second group and none
      for the third group, for a period of 3 months.
PAR  Since the weight of the rats increased with the lapse of time, weights were
      measured at intervals of 2 weeks, and the dose of vitamin E orotate to be
      mixed with the feed was increased with reference to the measured weight of
      rats.
PAR  The increase in weight of the rats is indicated in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
           Increase of weight (% based on the initial weight)                  
     Group Rearing period                                                      
     2 weeks    1 month     2 months 3 months                                  
     ______________________________________                                    
     1     5        14          23     32                                      
     2     8        20          34     56                                      
     3     2        10          15     20                                      
     ______________________________________                                    
PAR  As Table 1 clearly indicates, the groups of rats dosed with vitamin E
      orotate increased in weight more than the group of rats which was not
      dosed. Further, it is evident that the larger the dose of vitamin E
      orotate, the greater the increase in the weight of the rats.
PAC  EXAMPLE 2
PAR  A mixture of 41.1 g of orotic anhydride with a melting point of
      260.degree.C and 200 ml of pyridine was charged into a 1 liter three-neck
      flask provided with a stirrer and a condenser, and, thereafter, 100 ml of
      a solution containing 44 g of dl-.alpha.-tocopherol in pyridine was
      gradually added by drops into the mixture. The flask containing the
      mixture thus prepared was put in a boiling water bath, and the mixture was
      heated for 3 hours while stirring and refluxing, to esterify
      dl-.alpha.-tocopherol with orotic anhydride. After completing the
      esterification, the reaction mixture was filtered, and the filtrate was
      repeatedly washed with an aqueous solution of sodium bicarbonate and
      water. The washed filtrate was concentrated in a flow of nitrogen gas. 42
      g of oily brown crude product was obtained which corresponds to a yield of
      75%. The crude product was refined by way of column chromatography. The
      oily product was converted to platy crystals. The crystalline product had
      the following properties:
PAR  Solubility: insoluble in water, but soluble in alcohols, for example, ethyl
      alcohol and cetyl alcohol, benzene and chloroform.
PAR  Melting point: 183.degree. - 188.degree.C
PAR  .lambda..sub.max = 287 m.mu. (for an ethyl alcohol solution)
PAR  E.sub.1cm.sup.1% = 161.3 (at 287 m.mu.)
PAR  Elementary analysis (C.sub.34 H.sub.52 O.sub.5 N.sub.2).
PAR  Calculated: H, 9.22%; C, 71.79%; N, 4.93%.
PAR  Found: H, 9.36%; C, 71.85%; N, 4.66%.
PAR  The infra-red ray absorption spectrum was the same as in the accompanying
      drawing.
PAR  The refined vitamin E orotate was tested for effects on moisturizing and
      retarding the aging of human skin.
PAR  To prepare a skin cream, 0.5 part by weight of the refined vitamin E
      orotate was mixed into an oil phase base consisting of 3.0 parts of bees
      wax, 8.0 parts of stearic acid, 3.0 parts of cetyl alcohol, 4.0 parts of
      anhydrous lanolin, 4.0 parts of olive oil, 5.0 parts of sorbitan
      monostearate, 0.1 part of p-hydroxyethyl benzoate and 0.5 part of perfume.
      The mixed oil phase base was emulsified in an aqueous phase base
      consisting of 5.0 parts by weight of propylene glycol, 3.0 parts of
      glycerol, 0.2 part of borax and 63.7 parts of distilled water at
      80.degree.C, and then, the resultant emulsion was gradually cooled to form
      a cream.
PAR  A comparative cream was prepared from the same components as mentioned
      above except that no vitamin E orotate was used.
PAR  In order to test the cosmetic actions of the creams prepared above, each
      cream was applied onto the faces of 20 women, between 25 and 45 years of
      age who suffered from facial wrinkles. The cream was applied twice a day,
      in the morning and in the evening, for 3 successive months.
PAR  Based on the results of the tests, the cosmetic actions of the cream were
      evaluated as illustrated in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
                    Evaluation                                                 
                          Cream       Cream                                    
                          containing  containing no                            
              Degree of   vitamin E   vitamin E                                
     Result   effectiveness                                                    
                          orotate     orotate                                  
     ______________________________________                                    
     Moisturiz-                                                                
              Very effective                                                   
                          18          0                                        
     ing effect                                                                
              Noticeably  1           0                                        
     on skin  effective                                                        
              Slightly    1           10                                       
              effective                                                        
              No effect   0           10                                       
              Slightly    0           0                                        
              negative                                                         
              effective                                                        
              Effective for                                                    
                          18          1                                        
     Anti-    tightening                                                       
              skin                                                             
     aging                                                                     
              No effect   2           18                                       
     effect                                                                    
              Effective for                                                    
                          0           1                                        
     on skin  loosening                                                        
              skin                                                             
     ______________________________________                                    
PAR  In Table 2, the numerals indicate the number of women evaluating the
      respective creams as having the described degree of effectiveness of the
      result
PAR  As Table 2 definitely illustrates, vitamin E orotate contained in the cream
      is very effective for moisturizing the face and preventing the skin from
      aging.
PAC  EXAMPLE 3
PAR  A three-neck flask provided with a thermometer, a condenser and a stirrer
      was charged with 300 ml of benzene, 5.8 g of phosphorous oxychloride. 15.6
      g of orotic acid which had been dried, and 43.1 g of
      dl-.alpha.-tocopherol. The mixture in the flask was heated at a
      temperature of 75.degree. to 80.degree.C for 3 hours while stirring to
      directly esterify dl-.alpha.-tocopherol with orotic acid. AFter completing
      the esterification, the reaction mixture was gradually poured into 100 ml
      of an aqueous solution containing 12.0 g of sodium carbonate while
      stirring, and the mixture was filtered.
PAR  The filtrate was received in a separating funnel to isolate the benzene
      solution phase from the aqueous solution phase. The benzene solution thus
      separated was repeatedly washed with the sodium carbonate solution and
      water. The washed benzene solution was concentrated in a flow of nitrogen
      gas. 41 g of an oily brown crude product was obtained, representing a
      yield of 73%. The crude product was purified by way of column
      chromatography. The pure product was a platy crystalline substance and had
      the same properties as those in Example 1.
PAR  Elementary analysis (C.sub.34 H.sub.52 O.sub.5 N.sub.2).
PAR  Calculated: H, 9.22%; C, 71.79%; N, 4.93%.
PAR  Found: H, 9.37%; C, 71.85%; N, 4.75%.
PAR  The infra-red ray absorption spectrum of the product was the same as in the
      accompanying drawing.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Vitamin E orotate consisting of a tocopheryl moiety selected from
      .alpha.-, .beta.-, .gamma.- and .delta.-tocopheryl groups and an
      unsubstituted orotyl moiety combined with said tocopheryl moiety through
      an ester linkage.
NUM  2.
PAR  2. Vitamin E orotate as claimed in claim 1, wherein said .alpha.-tocopheryl
      group is selected from dl-.alpha.-, d-.alpha.- and l-.alpha.-tocopheryl
      groups.
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PAL  Disubstituted piperazines of the formula:
      ##SPC1##
PAL  Wherein:
PA0  n is 1 or 2;
PA0  X is oxygen or sulfur;
PA0  R is hydrogen or lower alkyl;
PA0  Het is pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, quinolyl, quinazolyl,
      thiazolyl or benzothiazolyl, each optionally substituted by one or more
      lower alkyl, lower alkoxy, phenyl, amino, mono or di-lower-alkylamino, or
      hydroxy, and,
      ##SPC2##
PAL  Is always bonded to the benzene ring.
PAL  These compounds are used as medicines especially in the treatment of
      peripheral vascular disorders, Parkinson's disease, hypertension and as
      antipregnancy drugs.
BSUM
PAR  The present invention provides disubstituted piperazines of the general
      formula I:
      ##SPC3##
PAL  and acid addition salts, especially physiologically tolerable acid addition
      salts thereof, wherein:
PA0  n is an integer selected from 1 and 2;
PA0  X is selected from the group consisting of an oxygen atom and a sulfur
      atom;
PA0  R is selected from the group consisting of a hydrogen atom and an alkyl
      radical having from 1 to 3 carbon atoms inclusive;
PA0  Het is a heterocyclic radical having one or two nitrogen atoms and
      optionally one sulfur atom selected from the group consisting of pyridyl,
      pyrimidinyl, pyridazinyl, pyrazinyl, quinolyl, quinazolinyl, thiazolyl,
      benzothiazolyl, and each of these radicals substituted by one or more
      substituents selected from the group consisting of alkyl and alkoxy
      radicals, each having from 1 to 5 carbon atoms inclusive, phenyl, amino,
      mono and di-alkylamino wherein the alkyl moieties have from 1 to 5 carbon
      atoms inclusive and hydroxy radicals, and,
      ##SPC4##
PAL  Is always bonded to the benzene ring.
PAR  Due to their pharmacological properties, the preferred compounds are the
      compounds of the general formula I wherein n, X and R are as defined above
      and Het is selected from the group consisting of thiazolyl and
      benzothiazolyl radicals both optionally substituted by one or more
      substituents selected from the group consisting of alkyl and alkoxy
      radicals each having from 1 to 5 carbon atoms inclusive, phenyl amino,
      mono- and di-alkylamino radicals wherein the alkyl moieties have from 1 to
      5 carbon atoms inclusive, and hydroxy radicals, and physiologically
      tolerable acid addition salts thereof.
PAR  Among these preferred compounds, the most interesting compounds are those
      having the general formula I wherein n, X and R are as defined above and
      Het is selected from the group consisting of thiazolyl, (C.sub.1 -C.sub.5)
      alkyl thiazolyl, (C.sub.1 -C.sub.5) alkoxy thiazolyl, phenylthiazolyl,
      amino thiazolyl, mono- and di-(C.sub.1 -C.sub.5) alkylamino thiazolyl and
      hydroxythiazolyl radicals, and physiologically tolerable acid addition
      salts thereof.
PAR  The compounds of the general formula I are new and they were prepared
      according to the following processes which are all included in the present
      invention.
PAR  The present invention provides a process for preparing a compound of the
      general formula I which comprises:
PAR  CONDENSING A HALO COMPOUND OF THE GENERAL FORMULA II:
      ##SPC5##
PAL  wherein n, X and R have the meanings given above and Z represents a
      chlorine or bromine atom, and --CH.sub.2 Z is always bonded to the benzene
      ring, with a N-mono substituted piperazine of the general formula III:
      ##SPC6##
PAL  wherein Het has the meaning given above; or
PAR  condensing a halo compound of the general formula IV:
EQU  het--Z                                                     IV
PAL  wherein Het and Z have the meanings given above,
PAL  with a N-monosubstituted piperazine of the general formula V:
      ##SPC7##
PAL  wherein n, X and R have the meanings given above and
      ##SPC8##
PAL  is always bonded to the benzene ring.
PAR  The above processes are advantageously carried out in solution in a polar
      solvent, for example an alcohol having a high boiling point, for example,
      butanol or pentanol or, preferably, an aliphatic amide, for example
      dimethylformamide or dimethylacetamide, or in a non-polar solvent for
      example in aromatic hydrocarbon, for example toluene or xylene. It is
      advantageous to carry out the processes at a temperature in the range of
      from 100.degree. to 140.degree. C in the presence of an acceptor for the
      hydrogen halide formed in the course of the reaction. As acceptors there
      may be mentioned, for example, alkali metal or alkaline-earth metal salts
      of carbonic acid, for example sodium or potassium bicarbonate or carbonate
      or calcium carbonate and organic bases, for example dimethylamine,
      pyridine or triethylamine; if desired there may be used instead an excess
      of the mono-substituted piperazine of the formula III or V, the excess
      acting as an acceptor.
PAR  It is moreover, advantageous, for preparing compounds of the general
      formula I wherein Het is substituted by one or more hydroxy radicals, to
      use a compound of the formula III or IV, wherein Het is correspondingly
      substituted, instead of by free hydroxy radicals, by one or more easily
      hydrogenolizable protected hydroxy radicals, for example one or more
      benzyloxy radicals. The product of the condensation is thereafter
      subjected to hydrogenolysis, by a method known for liberating hydroxy
      groups from protected hydroxy groups, for example in the presence of a
      catalyst, for example palladium on charcoal.
PAR  The present invention also provides a process for preparing a compound of
      the general formula I which comprises submitting a mixture of an aldehyde
      of the general formula VI:
      ##SPC9##
PAL  wherein n, X and R have the meanings given above, and --CHO is always
      bonded to the benzene ring and a N-monosubstituted piperazine of the
      general formula III given above, to an alkylating reduction using hydrogen
      at a pressure .ltoreq.5 atmospheres, in the presence of a small quantity
      of palladium on charcoal, in a slightly polar aprotic solvent, for
      example, ethyl acetate or toluene; the use of a hydrogen pressure
      .ltoreq.5 atmospheres allows an efficient control of the quantity of
      hydrogen which is absorbed in order to minimize the concomitant
      hydrogenolysis reaction of the
      ##SPC10##
PAL  group which is formed.
PAR  Such a process is advantageously carried out by submitting to hydrogenation
      under a hydrogen pressure .ltoreq.5 atmospheres, a substantially equimolar
      mixture of the compounds of the formulae III and VI, in solution in ethyl
      acetate, in the presence of a quantity of palladium on charcoal such that
      the weight of palladium is from 0.15 to 0.2 % of the total weight of the
      reactants of the formulae III and VI at a temperature within the range of
      from 50.degree. to 80.degree. C.
PAR  The present invention also provides a process for preparing a compound of
      the general formula I which comprises condensing an acyl chloride of the
      general formula VII:
      ##SPC11##
PAL  wherein n, X and R have the meanings given above and -COCl is always bonded
      to the benzene ring,
PAL  with a piperazine of the general formula III given above, then reducing the
      so-obtained amide of the general formula VIII:
      ##SPC12##
PAL  wherein n, X, R and Het have the meanings given above and
      ##SPC13##
PAL  is always bonded to the benzene ring.
PAR  One of the most satisfactory way to carry out such a process consists in
      condensing the compounds III and VII in a solvent for example in an
      aromatic hydrocarbon having a low boiling point such, for example, as
      benzene or toluene or in an aliphatic or cycloaliphatic ether such as
      tetrahydrofuran or diozane, at a temperature within the range of from
      60.degree. to 120.degree. C, in the presence of an acceptor for the
      hydrochloric acid formed during the reaction. As acceptors there may be
      used an excess of the piperazine III or a tertiary amine such for example,
      as triethylamine, pyridine, or dimethylaniline.
PAR  A particularly suitable method for reducing the amide VIII consists in
      using lithium aluminium hydride, the reduction being performed in a
      solvent having a low boiling point such for example, as ether or
      tetrahydrofuran, at a temperature within the range of from 35.degree. to
      60.degree. C.
PAR  The present invention also provides a process for preparing a compound of
      the general formula I which comprises condensing a chloro compound of the
      general formula IX:
      ##EQU1##
      wherein Het has the meaning given above, with an amine of the general
      formula X:
      ##SPC14##
PAL  wherein n, X and R have the meanings given above and -- CH.sub.2 NH.sub.2
      is always bonded to the benzene ring.
PAR  Such a condensation is advantageously carried out in a suitable solvent, at
      a temperature within the range of from 130.degree. to 150.degree. C, in
      the presence of an acceptor for the hydrochloric acid, so formed during
      the reaction. As solvents which may be used in such a case there may be
      especially mentioned the alcohols having 5 or 6 carbon atoms such for
      example, as isoamyl alcohol, glycol ethers such, for example, as diglyme,
      and tertiary amides such, for example, as dimethylformamide and dimethyl
      acetamide. As an acceptor, there may be used, advantageously an excess of
      the amine X, or if desired, a tertiary amine such, for example, as
      pyridine or dimethylaniline.
PAR  The chloro compounds of the general formula IX were prepared by
      chlorinating the corresponding hydroxy compounds of the general formula:
      ##EQU2##
      wherein Het has the meanings given above.
PAR  The compounds of the general formula I are weak bases which may be
      converted by treatment with acids into acid addition salts. As acids which
      may be used for the formation of these addition salts there may be
      mentioned, for example, in the mineral series: hydrochloric, hydrobromic,
      sulfuric and phosphoric acids, and in the organic series: acetic,
      propionic, maleic, fumaric, tartaric, citric, oxalic, benzoic,
      methanesulphonic and isethionic acids.
PAR  The compounds of the formula I may be purified by physical methods, for
      example by distillation, crystallization or chromatography, or by chemical
      methods, for example by formation of an addition salt followed by
      crystallization of the latter and decomposition thereof with an alkaline
      agent.
PAR  The compounds of the general formula I and physiologically tolerable salts
      thereof possess valuable pharmacological and therapeutic properties
      especially peripheral vasodilator, anti-Parkinson, antihypertensive and
      antipregnancy properties. They may, therefore, be used as medicines
      especially in the treatment of peripheral vascular disorders, Parkinson's
      disease, hypertension and in the prevention of pregnancy.
PAR  Their toxicity is low and their LD.sub.50 determined in mice varies from
      100 to 715 mg/kg by intraperitoneal route.
PAR  Their neuroleptic properties were evidenced in the rat and mice by
      modifications observed on the stereotypy, motility and excitation.
PAR  In mice, the average efficace dose is about 100 mg/kg by intraperitoneal
      route. At this dose, there were observed a decrease of motility and tonus.
PAR  The scores of CNS stimulation or stereotypy were determined according to
      the method of Quinton and Haliwell, Nature 200, 178 (1963). Scores of up
      to 266 for 3 hours, and up to 419 for 5 hours and a half, were observed
      with doses of 20 to 80 mg/kg I.P.
PAR  The present invention also provides pharmaceutical compositions which
      contains a compound of the general formula I or a physiologically
      tolerable salt thereof in admixture or conjunction with a pharmaceutically
      suitable carrier, such for example, as distilled water, glucose, lactose,
      starch, talc, magnesium stearate, ethyl cellulose or cocoa butter.
PAR  The so-obtained pharmaceutical compositions are advantageously in unit
      dosage form and may contain from 15 to 300 mg of the active ingredient.
PAR  These pharmaceutical compositions may be in form of tablets, dragees,
      capsules, suppositories or injectable or drinkable solutions and may be
      administered by oral, rectal or parenteral route at a dose of 15 to 300
      mg, 1 to 5 times a day.
DETD
PAR  The following examples illustrate the invention, the melting points being
      determined on a Kofler block (K) or in a capillary tube (cap.).
PAC  EXAMPLE 1
PAC  1-(5-coumaranyl methyl)-4-(2-pyrimidinyl) piperazine
      ##SPC15##
PAR  First method:
PAR  A mixture of 16.9 g (0.1 mole) of 5-chloromethyl coumaran, M.P. (K)
      41.degree.-42.degree.C and 32 g (0.2 mole) of 1-(2-pyrimidinyl) piperazine
      in 150 ml of anhydrous toluene was heated for 9 hours at boiling point.
      The salt (1-(2 pyrimidinyl)-piperazine hydrochloride) which had separated
      out was filtered off and then the filtrate was extracted several times
      with normal methanesulfonic acid. The acidic medium was washed with ether
      and was then rendered alkaline with an excess of potassium carbonate. The
      so-obtained base was extracted with chloroform and the chloroform solution
      was washed several times with water, was dried on potassium carbonate and
      was then evaporated under reduced pressure. There were obtained 25 g of
      residue which was recrystallized from 70 ml of ethanol. There were
      obtained 19 g of white cyrstals of 1-(5-coumaranyl
      methyl)-4-(2-pyrimidinyl) piperazine, melting (K) at 102.degree. C.
PAR  Second method:
PAR  A solution of 11.5 g of 2-chloropyrimidine and 22g of 1-(5-coumaranyl
      methyl) piperazine in 150 ml of dimethylformamide in the presence of 28 g
      of dried potassium carbonate was heated for 9 hours at boiling point. The
      salt which had separated out was filtered off the solvent was evaporated
      under a reduced pressure and the so-obtained semicrystalline residue was
      dissolved in 75 ml of boiling ethanol. After cooling, the product was
      suction-filtered off. There were obtained 18 g of white crystals of
      1-(5-coumaranyl methyl)-4-(2-pyrimidinyl) piperazine, melting (K) at
      102.degree. C.
PAR  Third method:
PAR  A solution of 7.5 g of 5-formyl coumaran, B.P./13 mmHg =
      143.degree.-145.degree.C, n.sub.D.sup.22 =  1.597, and 7.5 g of
      1-(2-pyrimidinyl)-piperazine in 400 ml of ethyl acetate was hydrogenated
      for 1 1/2 hours under a pressure of hydrogen .ltoreq.5 atmospheres in the
      presence of 4 g of palladised charcoal (5 % Pd). The temperature was
      maintained at 80.degree.C throughout hydrogenation. After hydrogenation,
      the catalyst was filtered off and the filtrate was extracted several times
      with normal methanesulfonic acid. The acid solution was washed with ether
      and was then rendered alkaline with an excess of potassium carbonate. The
      so-obtained base was extracted several times with ether. The etheral
      extracts were mixed together and were then dried over potassium carbonate.
      The ether was evaporated off and the residue (8g) was recrystallized from
      20 ml of ethanol. There were obtained 5 g of white crystals of
      1-(5-coumaranyl methyl)-4-(2-pyrimidinyl) piperazine, melting (K) at
      102.degree. C.
PAR  Fourth method:
PAR  To a solution of 8.2 g of 1-(2-pyrimidinyl)-piperazine and 5g of anhydrous
      triethylamine in 200 ml of anhydrous tetrahydrofuran, there were added
      dropwise a solution of 9.1 g of 5-coumaranyl carboxylic acid chloride in
      20 ml of tetrahydrofuran. After the completion of the addition, the
      reaction mixture was heated at 60.degree. C for 2 hours, then the
      so-formed precipitate was suction-filtered off. The filtrate was
      evaporated under reduced pressure and the crystalline residue was washed
      with water then recrystallized in 70 ml of ethanol. There were obtained 12
      g of 1-(5-coumaranyl carbonyl)-4-(2-pyrimidinyl) piperazine, melting (K)
      at 149.degree.-150.degree. C.
PAR  A solution of 12 g of 1-(5-coumaranyl carbonyl)-4-(2-pyrimidinyl)
      piperazine and 125 ml of anhydrous tetrahydrofuran was heated, at the
      boiling temperature, in the presence of 1.4 g of lithium aluminium
      hydride, for 18 hours. Then the mixture was cooled and there were
      successively added 2 ml of water, 2 ml of a 2 N sodium hydroxide solution
      and 6 ml of water. The so-formed precipitate of alumina was filtered off
      and the solvent was evaporated under a reduced pressure. The crystallized
      residue was treated with 50 ml of normal hydrochloric acid. The unsoluble
      matter was filtered off; the filtrate was rendered alkaline with an excess
      of potassium carbonate then extracted with ether. After evaporation of
      ether the crystalline residue was taken up with boiling ethanol. There
      were finally obtained after crystallization, 10.2 g of white crystals of
      1-(5-coumaranyl methyl)-4-(2-pyrimidinyl) piperazine, melting (K) at
      102.degree. C.
PAR  Fifth method:
PAR  A mixture of 22 g of 2-[bis-(.beta.-chloroethyl) amino] pyrimidine, 44.7 g
      of 5-aminomethyl coumaran and 300 ml of diglyme was heated at 150.degree.
      C for 12 hours. Then, the solvent was eliminated under a reduced pressure
      and the viscous residue was taken up with 300 ml of water and 300 ml of
      benzene.
PAR  After decantation, the aqueous phase was extracted with benzene. The
      organic phase was then extracted several times with a normal solution of
      methane sulfonic acid and the acid portion was then rendered alkaline with
      an excess of potassium carbonate. The so-obtained oily base was extracted
      with ether. The etheral layer was dried, then ether was evaporated and the
      syrupy residue was dissolved in 500 ml of boiling ethanol. There were
      obtained after crystallization 12 g of white crystals of 1-(5-coumaranyl
      methyl)-4-(2-pyrimidinyl) piperazine, melting (K) at 102.degree. C.
PAC  EXAMPLE 2
PAC  1-(5-coumaranyl methyl)-4-(2-thiazolyl) piperazine
      ##SPC16##
PAR  First method:
PAR  A mixture of 16.9 g (0.1 mole) of 5-chloromethyl coumaran and 33.8 g (0.2
      mole) of 1-(2-thiazolyl) piperazine in 500 ml of anhydrous toluene and 10
      ml of dimethylformamide was heated at 100.degree. C for 6 hours. The salt,
      1-(2-thiazolyl) piperazine hydrochloride, which had separated out was
      filtered off and then the filtrate was extracted several times with normal
      methanesulfonic acid. The acidic medium was washed with ether and was then
      rendered alkaline with an excess of potassium carbonate. The so-obtained
      base was extracted with chloroform and the chloroform solution was washed
      several times with water, was dried on potassium carbonate and was then
      evaporated under reduced pressure. There were obtained a residue which was
      recrystallized from ethanol. There were obtained 11 g of white crystals of
      1-(5-coumaranyl methyl)-4-(2thiazolyl) piperazine, melting (K) at
      95.degree. C.
PAR  Second method:
PAR  A solution of 12 g of 2-chlorothiazole and 22 g of 1-(5-coumaranyl methyl)
      piperazine in 150 ml of dimethylformamide in the presence of 28 g of dried
      potassium carbonate was heated for 9 hours at boiling point. The salt
      which had separated out was filtered off the solvent was evaporated under
      a reduced pressure and the so-obtained semicrystalline residue was
      dissolved in 75 ml of boiling ethanol. After cooling, the product was
      suction-filtered off. There were obtained 18.5 g of white crystals of
      1-(5-coumaranyl methyl)-4-(2-thiazolyl) piperazine, melting at 95.degree.
      C (K).
PAR  Third method:
PAR  A solution of 7.4 g of 5-formyl coumaran B.P./13 mmHg =
      143.degree.-145.degree. C, n.sub.D.sup.22 = 1.597, and 7.6 g of
      1-(2-thiazolyl) piperazine in 400 ml of ethyl acetate was hydrogenated for
      1 1/2 hours under a pressure of hydrogen .ltoreq.5 atmospheres in the
      presence of 4 g of palladised charcoal (5 % Pd). The temperature was
      maintained at 80.degree. C throughout hydrogenation. After hydrogenation,
      the catalyst was filtered off and the filtrate was extracted several times
      with normal methanesulfonic acid. The acid solution was washed with ether
      and was then rendered alkaline with an excess of potassium carbonate. The
      so-obtained base was extracted several times with ether. The etheral
      extracts were mixed together and were then dried over potassium carbonate.
      The ether was evaporated off and the residue was recrystallized from 20 ml
      of ethanol. There were obtained 5 g of white crystals of 1-(5-coumaranyl
      methyl)-4-(2-thiazolyl) piperazine, melting (K) at 95.degree. C.
PAR  Fourth method:
PAR  To a solution of 9 g of 1-(2-thiazolyl) piperazine and 5 g of anhydrous
      triethylamine in 200 ml of anhydrous tetrahydroduran, there were added
      dropwise, a solution of 9.1 g of 5-coumaranyl carboxylic acid chloride in
      20 ml of tetrahydrofuran. After the completion of the addition, the
      reaction mixture was heated at 60.degree. C for two hours, then, the
      so-formed precipitate was suction-filtered off. The filtrate was
      evaporated under reduced pressure and the crystalline residue was washed
      with water then recrystallized in 70 ml of ethanol. There were obtained 12
      g of 1-(5-coumaranyl carbonyl)-4-(2-thiazolyl) piperazine, melting (K) at
      150.degree.-151.degree. C.
PAR  A solution of 10 g of 1-(5-coumaranyl carbonyl)-4-(2-thiazolyl) piperazine
      and 125 ml of anhydrous tetrahydrofuran was heated at the boiling
      temperature, with 1.4 g of lithium aluminium hydride, for 18 hours. Then,
      the mixture was cooled and there were successively added 2 ml of water, 2
      ml of a 2 N sodium hydroxide solution and 6 ml of water. The so-formed
      precipitate of alumina was filtered off and the solvent was evaporated
      under a reduced pressure. The crystallized residue was heated with 50 ml
      of normal hydrochloric acid. The unsoluble matter was filtered off; the
      filtrate was rendered alkaline with an excess of potassium carbonate then
      extracted with ether. After evaporation of ether the crystalline residue
      was taken up with boiling ethanol. There were finally obtained after
      crystallization, 7.3 g of white crystals of 1-(5-coumaranyl
      methyl)-4-(2-thiazolyl) piperazine, melting (K) at 95.degree. C.
PAR  Fifth method:
PAR  A mixture of 11.2 g of 2-[bis-(.beta.-chloroethyl)amino] thiazole, 22.4 g
      of 5-aminomethyl coumaran and 300 ml of diglyme was heated at 150.degree.
      C for 12 hours. Then, the solvent was eliminated under a reduced pressure
      and the viscous residue was taken up with 300 ml of water and 300 ml of
      benzene. After decantation, the aqueous phase was extracted with benzene.
      The organic phase was then extracted several times with a normal solution
      of methane sulfonic acid and the acid portion was then rendered alkaline
      with an excess of potassium carbonate. The so-obtained oily base was
      extracted with ether. The etheral layer was dried, then ether was
      evaporated and the syrupy residue was dissolved in 500 ml of boiling
      ethanol. There were obtained after crystallization 7.1 g of white crystals
      of 1-(5-coumaranyl methyl)-4-(2-thiazolyl) piperazine melting (K) at
      95.degree. C.
PAC  EXEMPLE 3 to 36
PAR  The compounds of the general formula I, the substituents and the melting
      point of which are mentioned in the following table, page 10, were
      prepared according to the processes describes in Examples 1 and 2.
     No. Ex                                                                    
          n X R    Position of                                                 
                              Het                                              
                   --CH.sub.2 --NN--Het Melting Point                          
              *                                                                
                   on the                                                      
                   benzene ring                                                
     __________________________________________________________________________
     1    1 0 H    .beta.               102.degree. C (K)                      
     2    1 0 H    .beta.               95.degree. C (K)                       
     3    1 0 H    .beta.               115-117.degree. C(cap)                 
     4    1 0 .sub.(2) CH.sub.3                                                
                   .beta.               78-79.degree.C(cap)                    
     5    1 0 .sub.(2) CH.sub.3                                                
                   .beta.               100-101.degree.C(cap)                  
     6    1 0 .sub.(2) CH.sub.3                                                
                   .beta.               68-69.degree.C(cap)                    
                                        2 NCl 1/2 H.sub.2 O                    
     7    1 0 H    .beta.                                                      
                                        226-229.degree.C (cap)                 
                                        HCl                                    
     8    1 0 .sub.(2) CH.sub.3                                                
                   .beta.                                                      
                                        229- 230.degree.C(cap)                 
     9    1 0 .sub.(2) CH.sub.3                                                
                   .beta.               156-158.degree.C(cap)                  
                                        2 HCl                                  
     10   1 0 .sub.(2) CH.sub.3                                                
                   .beta.                                                      
                                        243-245.degree.C(cap)                  
                                        2 HCl                                  
     11   1 0 .sub.(2) CH.sub.3                                                
                   .beta.                                                      
                                        220-225.degree.C(cap)                  
     12   1 0 .sub.(2) CH.sub.3                                                
                   .beta.               188-191.degree.C                       
     13   1 0 .sub.(2) CH.sub.3                                                
                   .beta.               104-106.degree.C(cap)                  
                                        2 HCl                                  
     14   1 0 .sub.(2) CH.sub.3                                                
                   .beta.                                                      
                                        196-198.degree.C(cap)                  
                                        2 HCl                                  
     15   1 0 .sub.(2) CH.sub.3                                                
                   .beta.                                                      
                                        275-277.degree.C(cap)                  
     16   1 0 H    .beta.               161-163.degree.C(cap)                  
                                        2 HCl                                  
     17   1 0 H    .beta.                                                      
                                        215-220.degree.C(cap)                  
                                        2 HCl                                  
     18   1 0 H    .beta.                                                      
                                        220-225.degree.C(cap)                  
                                        2 HCl                                  
     19   1 0 H    .beta.                                                      
                                        280-285.degree.C(cap)                  
     20   1 0 (2)CH.sub.3                                                      
                   .beta.               170-172.degree.C(cap)                  
                                        2 HCl                                  
     21   1 0 .sub.(2) CH.sub.3                                                
                   .beta.                                                      
                                        256-258.degree.C(cap)                  
                                        2 HCl                                  
     22   1 0 .sub.(2) CH.sub.3                                                
                   .beta.                                                      
                                        215-220.degree.C(cap)                  
     23   1 0 .sub.(2) CH.sub.3                                                
                   .beta.               157-158.degree.C(cap)                  
     24   1 0 H    .gamma.              105-106.degree.C(cap)                  
     25   2 0 H    .beta.               98-100.degree.C(cap)                   
                                        2 HCl                                  
     26   2 0 H    .beta.                                                      
                                        192-196.degree.C                       
     27   2 0 H    .beta.               103-106.degree.C                       
     28   1 S H    .beta.               127-128.degree.C(cap)                  
     29   1 S H    .beta.               142-143.degree.C(cap)                  
     30   1 S H    .beta.               120-121.degree.C(cap)                  
                                        HCl                                    
     31   2 S H    .beta.                                                      
                                        250-253.degree.C(cap)                  
                                        HCl, H.sub.2 O                         
     32   2 S H    .beta.                                                      
                                        224-227.degree.C(cap)                  
     33   2 S H    .beta.               133-136.degree.C(cap)                  
                                        2 HCl                                  
     34   2 S H    .delta.                                                     
                                        234-238.degree.C(cap)                  
     35   2 S H    .delta.              84-86.degree.C (cap)                   
     36   2 S H    .delta.              80-82.degree.C (cap)                   
     __________________________________________________________________________
      * .sub.(2) CH.sub.3 shows that the methyl group is bonded on the         
      heterocyclic ring in 2- position.                                        
PAR  The starting materials used for preparing the compounds of Examples 3 to 36
      were:
PA0  as regards to the halo compounds of formula II used in the first
      preparative method:
PA0  5-chloromethyl coumaran in examples 3, 7 and 16 to 19;
PA0  2methyl-5-chloromethyl coumaran in examples 4 to 6, 8 to 15 and 20 to 23;
PA0  6-chloromethyl coumaran in example 24;
PA0  6-chloromethyl chroman in examples 25 to 27;
PA0  5-chloromethyl thiocoumaran in examples 28 to 30;
PA0  6-chloromethyl thiochroman in examples 31 to 33; and
PA0  8-chloromethyl thiochroman in examples 34 to 36.
PA0  as regards to the piperazines of formula III used in the first, third and
      fourth preparative methods:
PA0  1(2-pyridyl) piperazine in examples 3,6,25,29,32 and 35;
PA0  1-(2-pyrimidinyl) piperazine in examples 4,26,28,31, and 34;
PA0  1-(2-thiazolyl) piperazine, in examples 5,24,27,30,33 and 36;
PA0  1-(4-methyl-2-thiazolyl) piperazine, in example 7;
PA0  1-(6-methoxy-2-pyridyl) piperazine in examples 8 and 19;
PA0  1-(2-benzothiazolyl) piperazine, in examples 9 and 16;
PA0  1-(6-pyridazinyl) piperazine, in example 10;
PA0  1-(2-pyrazinyl) piperazine, in example 11;
PA0  1-(4-hydroxy-2-pyrimidinyl) piperazine in example 12;
PA0  1(5-hydroxy-2-pyrimidinyl) piperazine in examples 19 and 23;
PA0  1-(4-dimethylamino-2-pyrimidinyl) piperazine in example 13;
PA0  1-(4-amino-2-pyrimidinyl) piperazine in example 20;
PA0  1-(4-methoxy-2-pyrimidinyl) piperazine in example 22;
PA0  1-(6-methyl-2-pyridyl) piperazine, in examples 14 and 17;
PA0  1-(2-quinazolinyl) piperazine, in examples 15 and 21;
PA0  as regards to the halo compounds of formula IV used in the second
      preparative method:
PA0  2-chloropyridine in examples 3,6,25,29,32 and 35;
PA0  2-chloropyrimidine in examples 4,26,28,31 and 34;
PA0  2-chlorothiazole in examples 5,24,27,30,33 and 36;
PA0  2-chloro-4-methyl thiazole in example 7;
PA0  2-chloro-6-methoxy pyridine, in examples 8 and 19;
PA0  2-chlorobenzothiazole in examples 9 and 16;
PA0  6-chloro pyridazine in example 10;
PA0  2-chloropyrazine in example 11;
PA0  2-chloro-4-hydroxy pyrimidine, in example 12;
PA0  2-chloro-5-hydroxy pyrimidine in examples 19 and 23;
PA0  2chloro-4-dimethylamino pyrimidine in example 13;
PA0  2-chloro-4-amino pyrimidine in example 20;
PA0  2-chloro-4-methoxy pyrimidine, in example 22;
PA0  2-chloro-6-methyl pyridine in examples 14 and 17;
PA0  2-chloroquinazoline in examples 15 and 21.
PA0  as regards to the N-monosubstituted piperazines of formula V used in the
      second preparative method:
PA0  1-(5-coumaranyl methyl)piperazine in examples 3,7 and 16;
PA0  1-(2-methyl-5-coumaranyl methyl) piperazine in examples 4 to 6, 8 to 15 and
      20 to 23;
PA0  1-(6-coumaranyl methyl) piperazine in example 24;
PA0  1-(6-chromanyl methyl) piperazine in examples 25 to 27;
PA0  1-(5-thiocoumaranyl methyl) piperazine, in examples 28 to 30;
PA0  1(6-thiochromanyl methyl) piperazine in examples 31 to 33; and
PA0  1-(8-thiochromanyl methyl) piperazine in examples 34 to 36.
PA0  as regards to the aldehydes of formula VI used in the third preparative
      method:
PA0  5-formyl coumaran in examples 3,7 and 16 to 19;
PA0  2-methyl-5-formyl coumaran in example 4 to 6, 8 to 15 and 20 to 23;
PA0  6-formyl coumaran in example 24;
PA0  6-formyl chroman in example 25 to 27;
PA0  5-formyl thiocoumaran in example 28 to 30;
PA0  6-formyl thiochroman in examples 31 to 33; and
PA0  8-formyl thiochroman in examples 34 to 36.
PA0  as regards to the acyle chloride of formula VII used in the fourth
      preparative method:
PA0  5-coumaranyl carboxylic acid chloride in examples 3,7 and 16 to 19;
PA0  2-methyl-5-coumaranyl carboxylic acid chloride in examples 4 to 6, 8 to 15
      and 20 to 23;
PA0  6-coumaranyl carboxylic acid chloride in example 24;
PA0  6-chromanyl carboxylic acid chloride in examples 25 to 27;
PA0  5-thiocoumaranyl carboxylic acid chloride in examples 28 to 30;
PA0  6-thiochromanyl carboxylic acid chloride in examples 31 to 33;
PA0  8-thiochromanyl carboxylic acid chloride in examples 34 to 36.
PA0  as regards to chloro compounds of formula IX used in the fifth preparative
      method:
PA0  2-[bis-(.beta.-chloroethyl) amino] pyridine in examples 3,6,25,29,32 and
      35;
PA0  2-[bis-(.beta.-chloroethyl) amino] pyrimidine in examples 4,26,28,31 and
      34;
PA0  2-[bis-(.beta.chloroethyl) amino] thiazole in examples 5,24,27,30,33 and
      36;
PA0  2-[bis-(.beta.-chloroethyl) amino]-4-methyl thiazole in example 7;
PA0  2-[bis-(.beta.-chloroethyl) amino]-6-methoxy pyridine in examples 8 and 19;
PA0  2-[bis-(.beta.-chloroethyl) amino] benzothiazole in examples 9 and 16;
PA0  6-[bis-(.beta.-chloroethyl) amino] pyridazine in example 10;
PA0  2-[bis-(.beta.-chloroethyl) amino]pyrazine in example 11;
PA0  2-[bis-(.beta.-chloroethyl) amino]-4-hydroxy pyrimidine in example 12;
PA0  2-[bis-(.beta.-chloroethyl) amino]-5-hydroxy pyrimidine in examples 19 and
      23;
PA0  2-[bis-(.beta.-chloroethyl)amino]-4-dimethylamino pyrimdine, in example 13;
PA0  2-[bis-(.beta.-chloroethyl) amino]-4-amino pyrimidine in example 20;
PA0  2-[bis-(.beta.-chloroethyl) amino]-4-methoxy pyrimidine in example 22;
PA0  2-[bis-(.beta.-chloroethyl) amino]-6-methyl pyridine in examples 14 and 17;
      and
PA0  2-[bis-(.beta.-chloroethyl) amino] quinazoline in examples 15 and 21.
PA0  as regards to the amines of formula X used in the fifth preparative method:
PA0  5-aminomethyl coumaran in examples 3, 7 and 16 to 19;
PA0  2-methyl-5-aminomethyl coumaran in examples 4 to 6, 8 to 15 and 20 to 23;
PA0  6-aminomethyl coumaran in example 24;
PA0  6-aminomethyl chroman in examples 25 to 27;
PA0  5-aminomethyl thiocoumaran in examples 28 to 30;
PA0  6-aminomethyl thiochroman in examples 31 to 33; and
PA0  8-aminomethyl thiochroman in examples 34 to 36.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from the group consisting of:
PA1  A. disubstituted piperazines of the formula I:
      ##SPC17##
PAL  wherein:
PA1  n is selected from 1 and 2;
PA1  X is selected from the group consisting of oxygen and sulfur;
PA1  R is selected from the group consisting of hydrogen and alkyl having from 1
      to 3 carbon atoms inclusive;
PA1  Het is selected from the group consisting of thiazolyl, methyl thiazolyl
      benzothiazolyl, and
      ##SPC18##
PAL  is always bonded to the benzine ring, and,
PA1  B. physiologically tolerable acid addition salts thereof.
NUM  2.
PAR  2. A compound of claim 1 which is 1-(5-coumaranyl methyl)-4-(2-thiazolyl)
      piperazine.
NUM  3.
PAR  3. A compound of claim 1 which is 1-(2-methyl
      5-coumaranylmethyl)-4-(2-thiazolyl)piperazine.
NUM  4.
PAR  4. A compound of claim 1 which is 1-(5-coumaranyl methyl)-4-(4-methyl
      2-thiazolyl)piperazine.
NUM  5.
PAR  5. A compound of claim 1 which is 1-(6-coumaranyl
      methyl)-4-(2-thiazolyl)piperazine.
NUM  6.
PAR  6. A compound of claim 1 which is 1-(6-chromanyl
      methyl)-4-(2-thiazolyl)piperazine.
NUM  7.
PAR  7. A compound of claim 1 which is 1-(5-thiocoumaranyl
      methyl)-4-(2-thiazolyl) piperazine.
NUM  8.
PAR  8. A compound of claim 1 which is 1-(6-thiochromanyl
      methyl)-4-(2-thiazolyl)piperazine.
NUM  9.
PAR  9. A compound of claim 1 which is 1-(8-thiochromanyl
      methyl)-4-(2-thiazolyl)piperazine.
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ABST
PAL  Imides such as N-(morpholinothio)phthalimide are used to affect the
      vulcanization characteristics of sulfur vulcanizable polymers by
      increasing the state of vulcanization and/or improving scorch resistance
      and/or increasing the rate of vulcanization.
PARN
PAR  This is a divisional application of application Ser. No. 266,008 filed June
      26, 1972, issued as U.S. Pat. No. 3,838,114.
BSUM
PAR  This invention relates to compounds which generally function to increase
      the state (degree) of vulcanization when used during the sulfur
      vulcanization of rubbers by donating sulfur to the system. This invention
      also relates to compounds which provide a vulcanizable polymer with
      balanced processing and vulcanization characteristics. In addition, it
      relates to compounds which retard vulcanization during the processing of
      vulcanizable rubbery compositions. It also relates to compounds which
      function as activators, that is, secondary accelerators in sulfur type
      vulcanization systems. It also relates to processes for increasing the
      state of vulcanization of sulfur vulcanizable rubbery compositions and
      either increasing scorch delay periods and/or increasing vulcanization
      rates. It also relates to the vulcanized products resulting therefrom.
PAR  The physical properties of a vulcanized composition are related to its
      state of vulcanization. Often, as the state of vulcanization is increased,
      certain physical properties are improved. Rubber additives such as sulfur
      donors can be used therefore to increase the state of vulcanization or to
      permit the use of lesser amounts of free sulfur.
PAR  Scorching during the processing of rubber is due to the premature or
      insipient vulcanization which can occur during any of the steps involved
      in the processing of the rubber prior to the final vulcanization step or
      during storage between said processing steps. Whereas a properly
      compounded unscorched rubber formulation can be die extruded or sheeted
      smoothly from a calendar without lumping, a scorched material often
      becomes wavy or lumpy after sheeting and must be discarded. It is
      therefore desirable that rubber additives be used which reduce scorching.
      Such compounds are commonly referred to as retarders.
PAR  It is often desirable to increase the rate at which rubbery compositions
      are vulcanized. Sulfur vulcanizable rubbery compositions containing free
      sulfur are made to vulcanize more rapidly by the addition of an
      accelerator compound. Often the accelerator compound is referred to as a
      primary accelerator and is used in combination with another accelerator
      called an activator or secondary accelerator which further increases the
      vulcanization rate.
PAR  It is an object of this invention to provide sulfur donors which will
      increase the state of vulcanization of vulcanized rubbery polymers as well
      as compounds which are secondary accelerators (activators) and/or
      retarders (scorch inhibitors). Another object of the present invention is
      to provide processes which will improve the scorch resistance and rate of
      vulcanization of vulcanizable rubbery polymers and also the state of
      vulcanization of sulfur vulcanized rubbers.
PAR  The objects of the present invention are accomplished by a sulfur
      vulcanizable combination of a sulfur vulcanizable rubber and at least one
      compound having the following structural formulae
      ##EQU1##
      wherein A is an N,N'-disubstituted radical selected from the group
      consisting of
PA1  (a) an N,N'-disubstituted radical which is a derivative of a heterocyclic
      diamine,
PA1  (b)
      ##EQU2##
        and (c)
      ##EQU3##
      wherein R is a saturated or olefinic divalent aliphatic radical having 1
      to 7 carbon atoms, such as an alkylene radical or alkenylene radical or a
      saturated or olefinic divalent cyclic aliphatic radical such as a
      cycloalkylene, cycloalkenylene, or arylene radical and wherein R.sup.1 and
      R.sup.2 are selected from the group consisting of alkyl radicals having 1
      to 20 carbon atoms, cyano alkyl radicals having 2 to 21 carbon atoms,
      cycloalkyl radicals having 5 to 20 carbon atoms, aralkyl radicals having 7
      to 20 carbon atoms and aryl radicals (e.g., phenyl, p-tolyl, alkoxyaryl,
      haloaryl and nitroaryl) having 6 to 20 carbon atoms, wherein R.sup.1 and
      R.sup.2 can be joined through a member of the group consisting of
      --CH.sub.2 --, --O--, and --S-- to constitute with the attached nitrogen
      atom a heterocyclic ring, and wherein X is selected from the group
      consisting of alkylene radicals having 2 to 10 carbon atoms, cycloalkylene
      radicals having 5 to 10 carbon atoms and arylene radicals having 6 to 10
      carbon atoms.
PAR  Preferably R is 4,5-cyclohexenylene, orthophenylene, ethylene, or
      1,3-propylene. Preferably
      ##EQU4##
      is morpholino, 2,6-dimethylmorpholino, piperidino, diethylamino,
      diisopropylamino, 3-methylpiperidino, t-butylamino, dicyclohexylamino,
      .beta.-cyanoethylcyclohexylamino, .beta.-cyanoethyl-t-butylamino,
      .beta.-cyanoethyl-n-butylamino, N-phenylcyclohexylamino, N-methylanilino,
      N-ethylanilino, N-ethylbenzylamino, dibenzylamino, N-phenylbenzylamino,
      cyanomethylcyclohexylamino, and cyanomethyl-n-butylamino.
PAR  Preferably when A is an N,N'-disubstituted radical which is a derivative of
      a heterocyclic diamine, the diamine is piperazine, imidazolidine,
      hexahydropyrimidine, or homopiperazine, said amines (radicals) being
      unsubstituted or substituted on the ring carbons by methyl groups, the
      total number of methyl groups being less than three. It should be
      understood that the above radicals need not actually be derived from the
      above diamines but need only be the radicals which can be derived from
      said diamines. That is, the compounds are not limited to their method of
      preparation.
PAR  More preferably A is piperazine, 2,5-dimethylpiperazine, imidazolidine,
      hexahydropyrimidine, homopiperazine, N,N'-dimethylethylenediamine,
      N,N'-dimethyl-1,3-propylenediamine,
      N,N'-dimethyl-1,6-hexamethylenediamine, N,N'-dimethyl-1,4-cyclohexylenedia
     mine, N,N'-dimethyl-p-phenylenediamine, 4,4'-ethylenedi(piperidine),
      4,4'-trimethylenedi(piperidine), 4,4'-tetramethylenedi(piperidine) or
      4,4'-hexamethylenedi(piperidine).
PAR  Compounds which act both as retarders and activators in SBR include
      compounds where R is orthophenylene or 1,2-cyclohex-4-enylene and
      ##EQU5##
      is morpholino, N-phenylcyclohexylamino,
      N-.beta.-cyanoethylcyclohexylamino, N-.beta.-cyanoethyl-n-butylamino,
      N-ethylbenzylamino or N-cyanomethylcyclohexylamino. Where R is one of the
      two radicals described above and
      ##EQU6##
      is N-phenylbenzylamino the compounds are retarders.
PAR  The following compounds illustrate, but do not limit, the imides of the
      present invention.
PA1  N-(morpholinothio)-phthalimide
PA1  N-(2,6-dimethylmorpholinothio)-phthalimide
PA1  N-(piperidinothio)-phthalimide
PA1  N-(3-methylpiperidinothio)-phthalimide
PA1  N-(4-methylpiperidinothio)-phthalimide
PA1  N-(pyrrolidinothio)-phthalimide
PA1  N-(diethylaminothio)-phthalimide
PA1  N-(di-n-propylaminothio)-phthalimide
PA1  N-(diisopropylaminothio)-phthalimide
PA1  N-(di-n-butylaminothio)-phthalimide
PA1  N-(diisobutylaminothio)-phthalimide
PA1  N-(di-n-hexylaminothio)-phthalimide
PA1  N-(di-n-octylaminothio)-phthalimide
PA1  N-(dicyclohexylaminothio)-phthalimide
PA1  N-(n'-methylcyclohexylaminothio)-phthalimide
PA1  N-(dibenzylaminothio)-phthalimide
PA1  N-(morpholinothio)-cis.DELTA..sup.4 -tetrahydrophthalimide
PA1  N-(morpholinothio)-succinimide
PA1  N-(piperidinothio)-succinimide
PA1  N-(morpholinothio)-maleimide
PA1  N-(dibenzylaminothio)-maleimide
PA1  N-(morpholinothio)-glutarimide
PA1  N-(2,6-dimethylmorpholinothio)-glutarimide
PA1  N-(morpholinothio)-1,8-naphthalimide
PA1  N-(n'-methylcyclohexylaminothio)-1,8-naphthalimide
PA1  N-(morpholinothio)-hexahydrophthalimide
PA1  N-(di-n-propylaminothio)-hexahydrophthalimide
PA1  N-(morpholinothio)-adipimide
PA1  N-(4-methylpiperidinothio)-adipimide
PA1  N-(morpholinothio)-5,5-dimethylglutarimide
PA1  N-(3-methylpiperidinothio)-5,5-dimethylglutarimide
PA1  N-(morpholinothio)-[2.2.1]-bicyclohept-4-ene-2,3-dicarboximide
PA1  N-(morpholinothio)-malonimide
PA1  N-(n'-phenylcyclohexylaminothio)-phthalimide
PA1  N-(n'-.beta.-cyanoethylcyclohexylaminothio)-phthalimide
PA1  N-(n'-cyanoethyl-n-butylaminothio)-phthalimide
PA1  N-(n'-ethylbenzylaminothio)-phthalimide
PA1  N-(n'-phenylbenzylaminothio)-phthalimide
PA1  N-(n'-cyanomethylcyclohexylaminothio)-phthalimide
PA1  N,n'-dimethyl-N,N'-bis(phthalimidothio)-ethylenediamine
PA1  N,n'-dimethyl-N,N'-bis(phthalimidothio)-1,3-propylenediamine
PA1  N,n'-dimethyl-N,N'-bis(phthalimidothio)-1,6-hexamethylenediamine
PA1  N,n'-dimethyl-N,N'-bis(phthalimidothio)-1,4-cyclohexanediamine
PA1  N,n'-dimethyl-N,N'-bis(phthalimidothio)-p-phenylenediamine
PA1  1,4-Bis(phthalimidothio)-piperazine
PA1  1,4-Bis(phthalimidothio)-homopiperazine
PA1  1,4-Bis(phthalimidothio)-2,5-dimethylpiperazine
PA1  1,3-Bis(phthalimidothio)-imidazolidine
PA1  1,3-Bis(phthalimidothio)-hexahydropyrimidine
PA1  4,4'-Ethylenedi(piperidinothio)-bis-(phthalimide)
PA1  4,4'-Tetramethylenedi(piperidinothio)-bis(phthalimide)
PA1  4,4'-Hexamethylenedi(piperidinothio)-bis(phthalimide)
PAR  When used with a conventional primary accelerator and sulfur, the compounds
      of structure formula (I) provide a vulcanizable polymer with balanced
      processing and vulcanization characteristics. In many vulcanization
      systems they provide both improved scorch resistance and improved
      activation characteristics. In systems where they provide only improved
      scorch resistance or improved activation characteristics, they do so
      without adversely affecting the scorch resistance or conversely the
      activation characteristics. This is unique in that conventional retarders
      normally adversely affect vulcanization rates, much less improve the rate;
      while conventional activators normally adversely affect scorch, much less
      improve scorch resistance. Whether these compounds act as both activators
      and retarders, or just as an activator, or just as a retarder, is not only
      dependent upon the primary accelerator being used but also upon the
      particular polymer being vulcanized as well as the particular sulfur donor
      compound of the present invention being used. The effect of accelerator
      systems, polymeric environment and different sulfur donor compounds is
      illustrated herein. It should be noted, however, that regardless of the
      accelerator system used or the particular polymer vulcanized, the
      compounds almost always act as sulfur donors. In any case, the imides of
      the present invention will act as one of the following; a sulfur donor, an
      activator or a retarder.
PAR  The imides of the present invention can be prepared by the reaction of an
      aminesulfenyl chloride with an alkali metal salt of an imide.
      Alternatively, the aminesulfenyl chloride may be reacted with an imide in
      the presence of an organic acid acceptor such as pyridine or
      triethylamine. The aminesulfenyl chlorides, in turn, may be prepared using
      any of the available methods described in the literature, for example, by
      chlorination of an N,N'-dithiobis(amine), [German Pat. No. 965,968
      (1954)], or by the reaction of a secondary amine with sulfur dichloride in
      the presence of an organic acid acceptor [German Pat. No. 1,131,222
      (1962)]. Generally a solution of the aminesulfenyl chloride in an inert
      solvent is added to a solution or suspension of the imide (or its alkali
      metal salt), also in an inert solvent.
PAR  Alternatively, the imides can be prepared by reaction of an
      imide-N-sulfenyl chloride with an appropriate amine in the presence of an
      organic acid acceptor such as triethylamine or pyridine, or an excess of
      the amine which is entering into the reaction with the imide-N-sulfenyl
      chloride. The imide-N-sulfenyl chlorides, in turn, are readily prepared as
      described in the literature by reaction of an imide with sulfur dichloride
      in the presence of an organic acid acceptor [U.S. Pat. No. 3,539,538
      (1970)]. Generally, an amine is added to a solution of the
      imide-N-sulfenyl chloride in an inert solvent.
PAR  The performance of the compounds of the present invention as retarders,
      activators or in increasing the state of vulcanization is not dependent
      upon their method of preparation.
PAR  The imides of the present invention can be used with any conventional
      compounding additive such as carbon black, zinc oxide, antidegradants and
      stearic acid. They can be used in a sulfurless system with an accelerator
      (a sulfur donor or otherwise), preferably a primary accelerator, or with a
      sulfur vulcanization agent in the presence of an accelerator. For the
      purposes of this invention, sulfur vulcanizing agent means elemental
      sulfur (free sulfur) or sulfur donating vulcanizing agents, for example,
      an amine disulfide or a polymeric polysulfide. Preferably the imides are
      used with both a sulfur vulcanization agent, preferably free sulfur, and
      an accelerator, preferably a primary accelerator. The invention is
      applicable to vulcanization accelerators of various classes using
      conventional accelerator levels. Regardless of what accelerator is used,
      the imides will still normally act as sulfur donors. For example, rubber
      mixes containing the aromatic thiazole accelerators which include
      N-cyclohexyl-2-benzothiazolesulfenamide, 2-mercaptobenzothiazole,
      N-tert-butyl-2-benzothiazolesulfenamide, 2-benzothiazolyl
      diethyldithiocarbamate and 2-(morpholinothio)-benzothiazole can be used.
      Other thiazole accelerators which may be used include
      2-(aminodithio)-thiazoles and 2-(aminotrithio)-thiazoles such as
      2-(morpholinodithio)-benzothiazole. Amine salts of mercaptobenzothiazole
      accelerators, for example, the t-butylamine salt of mercaptobenzothiazole,
      and like salts of morpholine and 2,6-dimethylmorpholine can be used in the
      invention. Thiazole accelerators other than aromatic can be used. Stocks
      containing accelerators, for example, tetramethylthiuram disulfide,
      tetramethylthiuram monosulfide, aldehyde amine condensation products,
      thiocarbamylsulfenamides, thioureas, xanthates, and guanidine derivatives
      are substantially improved using the process of the present invention.
PAR  The imides of the invention can be used in any sulfur vulcanizable rubber
      including natural and synthetic rubbers and mixtures thereof. Synthetc
      rubbers that can be improved by the process of this invention include
      homopolymers and copolymers of dienes, both conjugated and nonconjugated,
      e.g., 1,3-dienes such as 1,3-butadiene and isoprene. Examples of such
      synthetic rubbers include neoprene (polychloroprene),
      cis-1,4polybutadiene, cis-1,4 polyisoprene, butyl rubber, copolymers of
      1,3-butadiene or isoprene with monomers such as styrene, acrylonitrile and
      methyl methacrylate. Ethylene/propylene terpolymers, for example
      ethylene/propylene/dicyclopentadiene terpolymers also benefit from the
      practice of the present invention.
PAR  The imides can be added to the rubbers by any conventional technique such
      as milling or Banburying.
PAR  All of the working examples herein are intended to illustrate but not limit
      the scope of the present invention. Unless indicated otherwise, all parts
      are parts by weight.
PAR  The following examples, 1 to 7, illustrate the preparation of various
      imides of the present invention, and are not intended to limit the scope
      of the present invention.
DETD
PAC  EXAMPLE 1
PAR  To prepare N-(morpholinothio)-phthalimide, 0.50 mole of chlorine gas was
      added during 1/2 hour to a mixture of 118.0 grams of
      4,4'-dithiobis(morpholine) in 500 ml. of toluene at 0.degree.-5.degree.C.
      The resulting solution of morpholinesulfenyl chloride was added during 1/2
      hour to a mixture of 147 grams (1.0 mole) phthalimide, 120 grams (1.2
      mole) triethylamine, and 1 liter tetrahydrofuran at
      10.degree.-15.degree.C. After 1 hour, the mixture was poured into 1.5
      liters of water, the insoluble solid filtered, washed on the filter with
      water, and recrystallized from 2-propanolbenzene to afford 161.3 grams
      (61.0%) of the product having a melting point of 210.degree.-212.degree.C.
      Analysis of the product showed 10.55 percent nitrogen and 12.13 percent
      sulfur. The percentages calculated for C.sub.12 H.sub.12 N.sub.2 O.sub.2 S
      were 10.68 percent nitrogen and 12.12 percent sulfur.
PAC  EXAMPLE 2
PAR  To prepare N-(diethylaminothio)-phthalimide, 0.20 mole of chlorine gas was
      added during 15 minutes to a solution of 41.5 grams (0.20 mole)
      N,N'-dithiobis(diethylamine) in 100 ml. of carbon tetrachloride at
      0.degree.-5.degree. C. The resulting solution of diethylaminesulfenyl
      chloride was added dropwise to a mixture of 58.7 grams (0.40 mole)
      phthalimide, 48.5 grams (0.48 mole) triethylamine, and 250 ml. of
      tetrahydrofuran at 0.degree.-10.degree. C. After 1/2 hour, the mixture was
      poured into 3 liters of water, extracted with chloroform, the combined
      extracts dried over anhydrous magnesium sulfate, and concentrated in
      vacuo. The resulting solid residue was recrystallized twice from methanol,
      then stirred for 10 minutes in 350 ml. of ice cold 1 percent sodium
      hydroxide, filtered, washed on the filter with water and dried in vacuo.
      The yield of product was 36.7 grams (36.7%) with a melting point of
      73.degree.-75.degree. C. Analysis showed 11.06 percent nitrogen and 12.9
      percent sulfur. The percentages calculated for C.sub.12 H.sub.14 N.sub.2
      O.sub.2 S were 11.20 percent nitrogen and 12.8 percent sulfur.
PAC  EXAMPLE 3
PAR  To prepare N-(piperidinothio)-phthalimide, 0.20 mole of chlorine gas was
      added to a solution of 46.4 grams (0.20 mole) N,N'-dithiobis(piperidine)
      in 100 ml. of carbon tetrachloride during 15 minutes at
      0.degree.-5.degree. C. The resulting solution of piperidinesulfenyl
      chloride was added dropwise during 20 minutes to a mixure of 58.7 grams
      (0.40 mole) phthalimide, 48.5 grams (0.48 mole) triethylamine, and 450 ml.
      of tetrahydrofuran at 0.degree.-10.degree. C. After 1 hour, the mixture
      was poured into 2.5 liters of water, sufficient chloroform added to
      dissolve the insoluble solid, the lower layer drawn off, dried over
      anhydrous magnesium sulfate, and concentrated in vacuo. The resulting
      solid residue was recrystallized twice from 2-propanol-benzene, then
      stirred for 10 minutes in 550 ml. of ice cold 0.5 percent sodium
      hydroxide, filtered, washed on the filter with water and dried in vacuo.
      The yield of product was 62.5 grams (59.6%) with a melting point of
      177.degree.- 179.degree. C. Analysis showed 10.57 percent nitrogen and
      10.8 percent sulfur. The percentages calculated for C.sub.13 H.sub.14
      N.sub.2 O.sub.2 S were 10.69 percent nitrogen and 12.2 percent sulfur.
PAC  EXAMPLE 4
PAR  To prepare N-(diisopropylaminothio)-phthalimide, 0.25 mole of chlorine gas
      was added to a solution of 67.1  grams (0.25 mole)
      N,N'-dithiobis(diisopropylamine) in 100 ml. of carbon tetrachloride during
      15 minutes at 0.degree.-5.degree. C. The resulting solution of
      diisopropylaminosulfenyl chloride was added dropwise during 1/2 hour to a
      stirred mixture of 74.5 grams (0.50 mole) phthalimide, 61.6 grams (0.62
      mole) triethylamine and 250 ml. of tetrahydrofuran at 0.degree.-10.degree.
      C. After 1 hour the mixture was poured into 3 liters of water, extracted
      with chloroform, the combined extracts dried over anhydrous magnesium
      sulfate, and concentrated in vacuo. The oily solid residue was slurried in
      hexane, filtered, then stirred in 650 ml. of ice cold 0.5 percent sodium
      hydroxide for 10 minutes, refiltered, washed with water, and
      recrystallized twice from methanol. The yield of product was 64.5 grams
      (45.6%) with a melting point of 98.degree.-100.degree. C. Analysis showed
      9.94 percent nitrogen and 11.4 percent sulfur. The percentages calculated
      for C.sub.14 H.sub.18 N.sub.2 O.sub.2 S were 10.07 percent nitrogen and
      11.5 percent sulfur.
PAC  EXAMPLE 5
PAR  To prepare N-(morpholinothio)-cis-.DELTA..sup.4 -tetrahydrophthalimide,
      0.10 mole of chlorine gas was added to a solution of 23.6 grams (0.10
      mole) 4,4'-dithiobis(morpholine) in 100 ml. of ethylene dichloride during
      10 minutes at 0.degree.-5.degree. C. The resulting solution of
      morpholinesulfenyl chloride was added dropwise to a mixture of 30.2 grams
      (0.20 mole) cis-.DELTA..sup.4 -tetrahydrophthalimide, 24.2 grams (0.24
      mole) triethylamine, and 250 ml. of ethylene dichloride. After 1 hour the
      reaction mixture was filtered, the filtrate concentrated in vacuo, the
      solid residue slurried in heptane, refiltered, and recrystallized from
      2-propanol benzene. The product was further purified by stirring for 1/2
      hour in 200 ml. of 25 percent potassium carbonate, filtering, washing with
      water, and drying in vacuo. The yield of product was 27.0 grams (50.5%)
      with a melting point of 142.degree.-145.degree. c. Analysis showed 10.47
      percent nitrogen and 11.83 percent sulfur. The percentages calculated for
      C.sub.12 H.sub.16 N.sub.2 O.sub.3 S were 10.45 percent nitrogen and 11.94
      percent sulfur.
PAR  The other compounds included within the practice of the present invention
      can be prepared by using the same or similar techniques as described in
      the preceding working examples. Synthetic routes to these compounds are
      not limited, however, to these particular reactions and procedures.
PAR  Tables I, II, III and IV illustrate the use of various imides of the
      present invention with different rubber stocks. The compositions are
      intended only to be illustrative of the practice of the present invention
      and not limiting. Mooney Scorch tests were performed using the large rotor
      as described in ASTM D 1646-61. A recorder was employed to continuously
      plot viscosity versus time. The number of minutes (t.DELTA.5) required for
      the viscosity curve to rise five points above the minimum was taken as a
      measure of scorch inhibition. Larger values for (t.DELTA.5) indicate a
      greater resistance to scorch or premature vulcanization.
PAR  Data on vulcanizing characteristics were obtained with a Monsanto
      Oscillating Disc Rheometer, as described by Decker, Wise, and Guerry in
      Rubber World, page 68, December 1962. Pertinent data from this instrument
      are: t.sub.4, the minutes required for the Rheometer torque curve to rise
      4  units above the minimum torque value, and t.sub.90, the minutes
      required for the torque curve to reach 90 percent of the difference
      between the maximum and minimum torque values.
PAR  The t.sub.90 value is considered to be the time required to reach the
      optimum vulcanized state. The difference, (t.sub.90 - t.sub.4) is
      indicative of the time necessary for actual vulcanization to take place
      after the scorch delay period has ended, i.e., is a relative measure of
      vulcanization rate. Compounds which increase t.sub.4, but do not greatly
      increase (t.sub.90 - t.sub.4) are preferred since these impart processing
      safety, yet do not require greatly extended vulcanization times.
PAR  .DELTA.Rh is the difference between the maximum and minimum torque obtained
      on the rheometer curve. It is used as a measure of the degree (state) of
      vulcanization.
PAR  The following examples 6 to 26 illustrate the use of the sulfur donors of
      the present invention in both natural rubber and SBR (butadiene/styrene
      elastomer). Stock A was used in examples 6 to 15 while Stock B was used in
      examples 16 to 26. Both stocks were run with no imide (control), 0.5 part
      and 1.0 part of the imide.
TBL                Table I                                                     
     ______________________________________                                    
                  Stock A    Stock B                                           
                  (parts)    (parts)                                           
     ______________________________________                                    
     SBR 1712       --           137.5                                         
     Smoked sheets  100          --                                            
     Carbon black   50           68                                            
     Stearic acid   3            1.5                                           
     Wax            3            --                                            
     Zinc oxide     3            5                                             
     Amine antioxidant                                                         
                    1            --                                            
     Sulfur         2.5          1.5                                           
     2-(Morpholinodithio)-                                                     
                    0.5          1                                             
     benzothiazole                                                             
     Imide          0-0.5-1.0    0-0.5-1.0                                     
     ______________________________________                                    
PAR  The results obtained using Stock A are listed in Table III and the results
      using Stock B in Table IV. The rheometer data was obtained at a
      temperature of 275.degree. F. in natural rubber and 302.degree. F. in SBR.
      The Mooney Scorch data was determined at 250.degree. F. in natural rubber
      and 270.degree. F. in SBR.
PAR  The effect of the imides was measured by comparison with the control, i.e.,
      the stock with no imide present. Ratios of the measurements for the imide
      compounded stocks over the measurements for the control stock are listed
      in the tables. The c subscript indicates that the measurement was made on
      the control stock. Values of .DELTA.Rh/.DELTA.Rh.sub.c which are over 1.00
      indicate that the imide has increased the state of vulcanization. Values
      of (t.sub.90 - t.sub.4)/(t.sub.90 - t.sub.4).sub.c which are less than
      1.0, indicate an activating effect of the imide on the vulcanization rate.
      Values of t.DELTA..sub.5 /t.DELTA..sub.5 .sbsb.c which are over 1.0
      indicate that the imide has increased the scorch delay time, i.e.,
      increased scorch resistance.
PAR  Table II contains a list of the various imides evaluated.
PAC  TABLE II
PAC  Imide
PA1  A n-(morpholinothio)-phthalimide
PA1  B n-(diethylaminothio)-phthalimide
PA1  C n-(piperidinothio)-phthalimide
PA1  D n-(diisopropylaminothio)-phthalimide
PA1  E n-(morpholinothio)-cis-.DELTA..sup.4 -tetrahydrophthalimide
PA1  F n-(n'-phenylcyclohexylaminothio)-phthalimide
PA1  G n-(n'-cyanoethylcyclohexylaminothio)-phthalimide
PA1  H n-(n'-cyanoethyl-n-butylaminothio)-phthalimide
PA1  I n-(n'-ethylbenzylaminothio)-phthalimide
PA1  J n-(n'-phenylbenzylaminothio)-phthalimide
PA1  K n-(n'-cyanomethylcyclohexylaminothio)-phthalimide
TBL                Table III                                                   
     ______________________________________                                    
     Natural Rubber                                                            
                      (t.sub.90 -t.sub.4)                                      
            .DELTA.Rh/.DELTA.Rh.sub.c                                          
                      (t.sub.90 t.sub.4).sub.c                                 
                                  t.DELTA.5/t.DELTA.5.sub.c                    
            (parts)   (parts)     (parts)                                      
     ______________________________________                                    
     Exp. Imide   0.5     1.0   0.5   1.0   0.5   1.0                          
      6   A       1.14    1.20  1.09  1.00  1.50  1.75                         
      7   C       1.20    1.31  0.84  0.92  1.24  1.45                         
      8   D       1.13    1.19  0.91  0.84  0.90  0.87                         
      9   E       1.14    1.23  0.85  0.87  1.32  1.45                         
     10   F       1.03    1.04  1.05  1.13  1.16  1.41                         
     11   G       1.05    1.13  0.93  0.97  1.27  1.55                         
     12   H       1.11    1.18  0.87  0.93  1.42  1.65                         
     13   I       1.15    1.21  0.85  0.88  1.36  1.50                         
     14   J       1.02    1.08  0.99  1.04  1.27  1.47                         
     15   K       1.12    1.19  1.02  1.04  1.27  1.47                         
     ______________________________________                                    
TBL                Table IV                                                    
     ______________________________________                                    
     SBR                                                                       
                      (t.sub.90 -T.sub.4)                                      
            .DELTA.Rh/.DELTA.Rh.sub.c                                          
                      (t.sub.90 -t.sub.4).sub.c                                
                                  t.DELTA.5/t.DELTA.5.sub.c                    
            (parts)   (parts)     (parts)                                      
     ______________________________________                                    
     Exp. Imide   0.5     1.0   0.5   1.0   0.5   1.0                          
     16   A       1.09    1.20  0.78  0.74  1.26  1.42                         
     17   B       1.14    1.24  0.65  0.53  0.92  0.97                         
     18   C       1.09    1.15  0.63  0.51  0.90  0.98                         
     19   D       1.10    1.15  0.73  0.62  0.90  0.87                         
     20   E       1.05    1.13  0.87  0.76  1.05  1.18                         
     21   F       0.99    0.98  0.94  0.90  1.12  1.20                         
     22   G       1.03    1.04  0.90  0.78  1.19  1.27                         
     23   H       1.01    1.05  0.83  0.73  1.20  1.29                         
     24   I       0.98    1.07  0.79  0.63  1.12  1.22                         
     25   J       1.02    1.03  1.02  0.98  1.05  1.18                         
     26   K       1.06    1.11  0.93  0.95  1.06  1.15                         
     ______________________________________                                    
PAR  As shown in Table III, all of the compounds acted as sulfur conors. Most of
      the compounds acted as retarders. Also most acted as activators. All of
      the compounds either performed as an activator or a retarder.
PAR  As shown in Table IV, all but two compounds acted as sulfur donors, and
      these two acted as both activators and retarders. The three compounds
      which did not act as retarders, did act as activators, and the compound
      which did not act as an activator, acted as a retarder.
PAR  N-(morpholinothio)-phthalimide was used in carbon black loaded natural
      rubber (smoked sheet) with 2.5 parts of sulfur at both the 0.5 and 1.0
      part level, with 2-(morpholinodithio)-benzothiazole (0.5 part) in one
      instance and 0.5 part of 2-(2,6-dimethylmorpholinothio)-benzothiazole in
      another. In the former case, the imide acted as a sulfur donor and
      retarder. In the latter instance, it acted as a sulfur donor, activator
      and retarder. The imide was also used with 0.5 part of three other
      accelerators separately. When used with 2-(morpholinothio)-benzothiazole
      and N-cyclohexyl-2-benzothiazolesulfenamide, in both instances it acted as
      a sulfur donor, a retarder and an activator. When used with
      N-t-butyl-2-benzothiazolesulfenamide, it acted as a sulfur donor and a
      retarder, while having only a small adverse effect on the vulcanization
      rate.
PAR  N-(morpholinothio)-phthalimide was used in various other carbon black
      loaded stocks containing free sulfur. In an NBR (butadiene/acrylonitrile)
      stock and a cis-1,4 polyisoprene stock, it was used with a
      primary/secondary accelerator system and sulfur. In both cases the state
      of vulcanization and scorch delay period were increased. In a natural
      rubber/SBR cis-1,4 polybutadiene blend it was used with a primary
      accelerator and sulfur and increased the state and rate of vulcanization
      and the scorch delay time. It was also used in a natural rubber
      composition containing sulfur and a primary accelerator using various
      activators (secondary accelerators). It provided an increased rate and
      state of vulcanization. It was also used with free sulfur and a primary
      accelerator in a natural rubber/SBR blend and in a cis-1,4 polybutadiene
      composition. In both cases the rate and state of vulcanization were
      increased along with the scorch delay period. It was also used in natural
      rubber with both sulfur and a primary accelerator using diphenylguanidine
      in one case as a secondary accelerator and tetramethylthiuram disulfide in
      another instance. In both cases a higher state of vulcanization and
      increased scorch delay time were obtained.
PAR  The imide (0.5 part) was also used in a carbon black loaded smoked sheet
      composition, in one instance with benzothiazyl disulfide (0.5 part), and
      in another instance with 0.5 part of 2-mercaptobenzothiazole. In both
      instances the imide increased the rate and state of vulcanization and
      acted as a retarder.
PAR  The imide was also used in a smoked sheet natural rubber composition at
      both the 0.5 and 1.0 part levels, in one instance with 1.0 part of
      2-(morpholinothio)-benzothiazole and in another instance with 1.0 part of
      2-mercaptobenzothiazole. In every instance the imide acted to increase the
      state of vulcanization. Also, in every instance it increased the rate of
      vulcanization with one exception (the sulfenamide at the 1.0 part level).
      With the sulfenamide it also acted as a retarder. It was also used at the
      0.5 and 1.0 part levels with the 2-(morpholinothio)-benzothiazole in
      combination with sulfur (2.75 part) and tetramethylthiuram disulfide. In
      both instances it increased the state of vulcanization and the scorch
      delay time.
PAR  A natural rubber composition was cured without sulfur using 1, 1.5, and 2.0
      parts of the imide along with, in one instance, 0.5 part of
      2-(morpholinothio)-benzothiazole and in another instance with
      2-(morpholinothio)-benzothiazole. In each instance the state of
      vulcanization and scorch delay period were increased.
PAR  The above examples are not intended to be limiting but rather illustrative.
      Any of the sulfur donors, accelerators and rubbers described earlier
      herein can be substituted in the preceding examples. In addition, the
      levels of the sulfur donors and other components in said examples could be
      altered in accordance with the general teachings herein.
PAR  The additives of this invention can be used at various concentrations as
      low as 0.25 part per 100 parts by weight of rubber and even as low as 0.10
      or even 0.05 part. Conventional levels would frequently be 0.5 and 1.0
      part, although levels as high as 1.5, 3.0, 5.0 and even 10 parts can be
      used. Most frequently the concentration ranges from 0.25 to 5.0 parts,
      more preferably from 0.25 to 3.0 parts and most preferably from 0.25 to
      1.50 parts.
PAR  The sulfur donor compounds of the present invention are preferably added to
      the rubbery polymer at the same time that the accelerator is added,
      although this order of addition is not necessary to the successful
      utilization of the compounds of this invention.
PAR  The compounds of the present invention are effective in the presence of
      organic accelerators whether they are diarylguanidines such as
      diphenylguanidine, or thiazoles, more specifically benzothiazyl amino
      disulfides, such as 2-(morpholinodithio)-benzothiazole, or thiazoles (also
      sulfenamides), more specifically thiazolesulfenamides, and even more
      specifically benzothiazolesulfenamides such as
      2-(morpholinothio)-benzothiazole and
      N-cyclohexyl-2-benzothiazolesulfenamide, i.e., regardless of what type of
      organic accelerator is used. Thiuram sulfides such as tetramethylthiuram
      monosulfide and disulfide and tetraethylthiuram monosulfide and disulfide
      may also be used as well as other benzothiazolesulfenamides such as
      N-(t-butyl)- 2 -benzothiazolesulfenamide.
PAR  Various organic accelerators useful within the practice of this invention
      are described and illustrated in the Vanderbilt Rubber Handbook, 1968
      Edition, R. T. Vanderbilt Company, Inc., particularly at pages 242 and 244
      and also in the bulletin of the Elastomer Chemicals Dept. of the E. I. Du
      Pont de Nemours and Co. (inc.) entitled, "Accelerators, Vulcanizing Agents
      and Retarders, Brochure No. SD A54457."
PAR  The polymers in which the imides of the present invention are incorporated
      remain suitable for their art recognized uses, e.g., in tires and
      industrial products.
PAR  Compounds referred to earlier herein as being retarders and/or activators
      in natural rubber and SBR are merely illustrative and not limiting.
PAR  The balanced processing and vulcanization characteristics are most often
      obtained when free sulfur (elemental sulfur) and a primary accelerator are
      used with the imide.
PAR  Sometimes compounds are both a sulfur donor (and therefore a sulfur
      vulcanizing agent) and an accelerator, e.g.,
      2-(morpholinodithio)-benzothiazole. Such compounds can be used with the
      imides, with or without another sulfur vulcanizing agent and/or another
      accelerator.
PAR  The compounds of the present invention can be used effectively in any
      sulfur vulcanizable polymer and with any organic accelerating agent.
PAR  In addition to other preferred radicals mentioned earlier herein, a
      preferred form of R is the ethenylene radical.
PAR  Wherever the term ".beta.-cyanoethyl" appears earlier herein, the compound
      is an "N-.beta.-cyanoethyl" compound. Likewise wherever "cyanomethyl"
      appears, the compound is an "N-cyanomethyl" compound. Also where the term
      "N'-cyanoethyl" appears, the compound is an "N'-.beta.-cyanoethyl"
      compound.
PAR  Preferably when R is a saturated or olefinic divalent cyclic aliphatic
      radical, it contains 5 to 7 carbon atoms. When R is an arylene radical,
      preferably it contains 6 to 10 carbon atoms.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An imide of the formula
      ##EQU7##
      wherein R is selected from the group consisting of 4,5-cyclohexenylene,
      orthophenylene, ethylene and 1,3-propylene, and A is selected from the
      group consisting of divalent radicals derived from piperazine,
      2,5-dimethylpiperazine, imidazolidine, hexahydropyrimidine,
      homopiperazine, N,N'-dimethylethylenediamine,
      N,N'-dimethyl-1,3-propylenediamine,
      N,N'-dimethyl-1,6-hexamethylenediamine, N,N'-dimethyl-1,4-cyclohexylenedia
     mine, and N,N'-dimethyl-p-phenylenediamine.
NUM  2.
PAR  2. The imide according to claim 1 wherein the imide is selected from the
      group consisting of 1,4-bis-(phthalimidothio)-piperazine and
      1,4-bis(phthalimidothio)-2,5-dimethylpiperazine.
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ABST
PAL  Preparation of a novel heterocyclic peri acid is initiated by reacting
      diaminodimethylbiphenyl with methyl vinyl ketone to produce tetramethyl
      biquinoline. The substituent methyl groups are oxidized subsequently to
      produce a tetraacid, or upon dehydration of the tetraacid, a dianhydride.
      The peri acids of this invention have the following structural formula:
      ##SPC1##
PAL  Where R may be either
      ##EQU1##
      or (--COOH).sub.2 and R' is
PA1  --H, --OCH.sub.3,
      ##SPC2##
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder with the Department of Defense.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The diaminodimethylbiphenyl starting material used to prepare the
      heterocyclic peri acids of the present invention were reported by Carlin
      and Foltz in the Journal of the American Chemical Society, Vol. 78, pages
      1997 to 2000, May 5, 1956. Carlin et al prepared the
      diaminodimethylbiphenyl by reacting aminonitrotoluene with potassium
      iodide in the presence of sodium nitrite to produce iodonitrotoluene. The
      iodonitrotoluene was heated in the presence of copper powder forming
      dinitrodimethylbiphenyl by an Ullmann coupling reaction. Exposure of the
      dinitrodimethylbiphenyl to hydrogen in the presence of a Raney nickel
      catalyst hydrogenated the nitro substituents to amino substituents thereby
      forming diaminodimethylbiphenyl. The reaction mechanism is illustrated as
      follows:
      ##SPC3##
PAR  Biquinoline compounds of the present invention may be used in high
      performance heterocyclic ladder polymers. Examples of polymers similar to
      those in which these biquinoline compounds may be used have been reported
      in the Journal of Polymer Science, Vol. 6, pages 1777 to 1793, (1968) and
      Vol. 8, pages 2079 to 2089, (1970).
PAC  SUMMARY OF THE INVENTION
PAR  Tetracarboxybiquinoline compounds of the present invention are prepared by
      reacting methyl vinyl ketone with 2,2'-diamino-4,4'-dimethylbiphenyl to
      produce 4,4' ,5,5'-tetramethyl-8,8'-biquinoline. The tetramethyl groups on
      the biquinoline molecule are oxidized by aqueous dichromate to produce
      4,4' ,5,5'-tetracarboxy-8,8'-biquinoline. The reaction may be illustrated
      as follows:
      ##SPC4##
PAL  Dehydration of the tetraacid groups will yield the corresponding
      dianhydride having the structure:
      ##SPC5##
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Heterocyclic peri acids may be prepared by reacting two moles of methyl
      vinyl ketone per mole of diaminodimethylbiphenyl in the presence of an
      oxidizing agent and a condensing agent to produce a tetramethylbiquinoline
      condensation product. Acid groups are formed at the methyl substituents
      upon oxidation with a dichromate salt. The reaction may be illustrated
      according to the following:
      ##SPC6##
PAL  Dehydration to the corresponding dianhydride form is accomplished by
      reaction with an organic anhydride, such as acetic anhydride or thermally.
      Conversion to the corresponding dianhydride further purifies the
      biquinoline compound by selectively dissolving the dianhydride so as to
      remove it from the inorganic reactants. This reaction is illustrated as
      follows:
      ##SPC7##
PAR  The diaminodimethylbiphenyl from which the present synthesis is initiated
      is not commercially available, however, the compound can be prepared by
      the method reported by Carlin and FOltz wherein aminonitrotoluene is
      reacted with potassium iodide in the presence of nitrous acid to give
      iodonitrotoluene. Two moles of the iodonitrotoluene are reacted then in
      the presence of copper powder to produce dinitrodimethylbiphenyl.
      Subsequent reduction with hydrogen in the presence of a catalyst produces
      the corresponding amino compound.
PAR  The following examples are illustrative of the procedure used to practice
      this invention. The 2,2'-diamino-4,4'-dimethylbiphenyl was prepared by the
      procedure reported by Carlin and Foltz as discussed previously.
DETD
PAC  EXAMPLE I
PAC   Preparation of 4,4' ,5,5'-Tetramethyl-8,8'-biquinoline
PAR  To a solution of 110 g (0.386 mole) of diaminodimethylbiphenyl
      dihydrochloride, 418 g (1.55 mole) of ferric chloride hexahydrate, and
      10.2 g (0.075 mole) zinc chloride in 500 ml of 95% ethanol heated to
      50.degree.C was added 55.6 g (0.78 mole) of methyl vinyl ketone over a 90
      minute period. The solution was refluxed for 2 hours then allowed to stand
      overnight. Most of the ethanol was removed at reduced pressure and the
      residue made basic with 25% sodium hydroxide while cooling in an ice bath.
      The basic solution was evaporated to dryness and the dark residue was
      extracted 4 times with 400 ml portions of benzene. The extracts were
      evaporated to dryness to give a dark brown residue.
PAR  Extraction of the residue with 150 ml of ethanol resulted in a light brown
      solid which was sublimed at 250.degree.C, and 0.1 torr pressure to give 20
      g (24%) of 4,4' ,5,5'-tetramethyl-8,8'-biquinoline, mp 290- 295.degree.C;
      ir (KBr) 3010, 2950, 2895, 1905, 1590, 1750, 1500, 1455, 1430, 1390
      cm.sup.-.sup.1 ; nmr (CDCl.sub.3) .delta. 2.92 (s, 6H, 2CH.sub.3) 2.95 (s,
      6H, 2CH.sub.3) 7.07 (d, J = 4Hz, 2H, aromatic) 7.47 (m, 4H, aromatic) 8.50
      (d, J = 4Hz, 2H, aromatic). Analytical calculation for C.sub.22 H.sub.20
      N.sub.2 ; C, 84.58; H, 6.45; N, 8.97. Found: C, 84.71; H, 6.50; N, 9.30.
PAC  EXAMPLE II
PAC  Preparation of 4,4' ,5,5'-Tetracarboxy-8,8'-biquinoline
PAR  A mixture of 24.96 g (80 millimole) of tetramethylbiquinoline, 133.5 g (448
      millimole) of sodium dichromate dihydrate and 700 ml of water was placed
      in a stirred Parr pressure apparatus. The mixture was heated and stirred
      for 5 hours at 250.degree.C. The cooled reaction mixture was filtered to
      remove chromic oxide, and the green filter cake was washed with 600 ml of
      hot water. The filtrates were combined and acidified with 6N hydrochloric
      acid. After cooling overnight, the precipitate which had formed was
      collected by filtration, washed with water, and dried to give 32.8 g of
      crude acid. Thin layer chromatography showed the acid to be composed of
      two components. To complete the oxidation, the acid was dissolved in 300
      ml of 10% weight by volume of potassium hydroxide and treated with 200 ml
      of 5% weight by volume of potassium permanganate. After heating the
      mixture at 70.degree.C for 45 minutes, the excess permanganate was
      destroyed with ethanol. The manganese dioxide was removed by filtration
      and acidification of the filtrate with 6N hydrochloric acid gave a product
      that contained only one major component by thin-layer chromotography. The
      acid was redissolved in 400 ml of 10% weight by volume potassium
      hydroxide. The solution was treated with activated carbon, filtered, and
      the filtrate acidified with 6N hydrochloric acid. The light tan solid was
      collected by filtration, washed with water and dried in vacuo to give 30.6
      g of tetraacid, ir (KBr) 1700, 1605, 1505, 1365, 1265, 118 cm.sup.-.sup.1.
PAC  EXAMPLE III
PAC  Preparation of 4,4' ,5,5'-Tetracarboxy-8,8'-biquinoline Dianhydride
PAR  A mixture of 30.0 g (69 millimole) of tetraacid and 400 ml of acetic
      anhydride was heated to 120.degree.C. A greenish yellow solution was first
      obtained then a precipitate formed after approximately 20 minutes of
      heating. The mixture was heated for a total of 2 hours, cooled, and the
      yellow precipitate was collected by filtration, washed with ether, and
      dried to give 19.5 g of crude dianhydride.
PAR  A sample of the crude dianhydride was recrystallized from
      O-dichlorobenzene; m; 362.degree. to 366.degree.C; ir (KBr) 1785, 1735,
      1585, 1300, 1215, 1000 cm.sup.-.sup.1 ; nmr (DMSO-d.sub.6) .delta. 8.32
      (d, 2H, J = 7.5 Hz, aromatic) 8.35 (d, 2H, J = 4 Hz, aromatic) 8.75 (d,
      2H, J = 7.5 Hz) 9.13 (d, 2H, J = 4 Hz, aromatic); mass spectrum, m/e 396,
      352, 324, 280, 252. Analytical calculation for C.sub.22 H.sub.8 N.sub.2
      O.sub.6 : C, 66.67; H, 2.03; N, 7.07. Found: C, 66.59; H, 2.28; N, 6.88.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound having the structure:
      ##SPC8##
PAL  where R is selected from the group consisting of
      ##EQU2##
      and (--COOH).sub.2 and R' is selected from the group consisting of --H,
      ##SPC9##
PAL  and --OCH.sub.3.
NUM  2.
PAR  2. A process for the preparation of a compound having the structure:
      ##SPC10##
PAL  where R is selected from the group consisting of:
      ##EQU3##
      and (--COOH).sub.2 wherein: A. an aminonitrotoluene is reacted with
      potassium iodide to produce a corresponding halonitrotoluene;
PA1  B. heating said halonitrotoluene in the presence of powdered copper to
      produce a corresponding dimethyldinitrobiphenyl;
PA1  C. hydrogenating said dimethyldinitrobiphenyl in the presence of a Raney
      nickel catalyst to produce a corresponding diamino dimethylbiphenyl;
PA1  D. reacting said diamino dimethylbiphenyl with methyl vinyl ketone in the
      presence of inorganic metal chlorides selected from the group consisting
      of ferric chloride and zinc chloride to yield tetramethylbiquinoline;
PA1  E. reacting tetramethylbiquinoline with aqueous dichromate to produce the
      corresponding tetracarboxybiquinoline; and
PA1  F. dehydrating said tetracarboxybiguinoline to the corresponding
      tetracarboxybiquinoline dianhydride by heating or using a dehydrating
      agent selected from the group of acetic anhydride wherein each of the
      above steps includes isolation of the product of each step.
NUM  3.
PAR  3. A process for the preparation of a compound having the structure:
      ##SPC11##
PAL  comprising the steps of reacting stoichiometric amounts according to the
      following:
      ##SPC12##
PAL  wherein each of the above steps includes isolation of the product of each
      step.
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ABST
PAL  4-Desacetoxy-3'-hydroxyvinblastine, a novel indoledihydroindole alkaloid
      obtained in small quantities from Vinca rosea, intermediate for the
      preparation of antimitotic compounds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Several naturally-occurring alkaloids obtainable from Vinca rosea have been
      found active in the treatment of experimental malignancies in animals.
      Among these are leurosine (U.S. Pat. No. 3,370,057), vincaleukoblastine
      (vinblastine or VLB) (U.S. Pat. No. 3,097,137), leurosidine (vinrosidine)
      and leurocristine (VCR or vincristine) (both in U.S. Pat. No. 3,205,220).
      Two of these alkaloids, VLB and leurocristine, are now marketed as drugs
      for the treatment of malignancies, particularly the leukemias and related
      diseases, in humans. Of these marketed compounds, leurocristine is a most
      active and useful agent in the treatment of leukemias, but is also the
      least abundant of the anti-neoplastic alkaloids of Vinca rosea.
PAR  Other dimeric indole alkaloids which have been isolated from Vinca rosea
      but which are less active antimitotically than VLB and leurocristine
      include leurocolombine (2'-hydroxy VLB), vincadioline (3'-hydroxy VLB),
      4-desacetoxy VLB (psuedo VLB), leuroformine and isoleurosine (deoxy VLB
      "B"). Vincadioline is disclosed in copending U.S. application Ser. No.
      466,939 filed May 6, 1974, leuroformine is disclosed in copending U.S.
      application Ser. No. 469,981 filed May 15, 1974, and leurocolombine is
      disclosed in U.S. application Ser. No. 469,982 filed May 15, 1974.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a novel indole-dihydroindole alkaloid,
      4-desacetoxy-3'-hydroxyvinblastine, having the following formula:
      ##SPC1##
PAL  Wherein R and R' and H. Also coming within the scope of this invention is
      4-desacetoxy-3'-hydroxyvinblastine 3,3'-diacetate represented by the above
      formula when R and R' are CO--CH.sub.3 (acetyl).
PAR  Available chemical and physical evidence indicate that
      4-desacetoxy-3'-hydroxyvinblastine has one more hydroxyl than
      4-desacetoxyvinblastine itself and that this hydroxyl is in the
      velbanamine (rather than the vindoline) portion of the molecule. Further
      evidence indicates that the added hydroxyl is most probably at the
      3'-carbon atom as in vincadioline rather than at the 2'-carbon as in
      leurocolombine.
PAR  4'-Desacetoxy-3'-hydroxyvinblastine forms pharmaceutically-acceptable salts
      with non-toxic mineral acids such as sulfuric, hydrochloric, hydrobromic,
      phosphoric and the like acids. Treatment of a solution of
      4-desacetoxy-3'-hydroxyvinblastine in anhydrous ethanol with 1 percent
      ethanolic sulfuric acid yields 4-desacetoxy-3'-hydroxyvinblastine sulfate,
      an amorphous powder, and other salts can be prepared in similar fashion.
PAR  4-Desacetoxy-3'-hydroxyvinblastine is prepared according to the following
      procedure: Defatted leaves of plants containing crude vinca alkaloids;
      i.e., Catharanthus roseus (Vinca rosea), previously moistened with aqueous
      ammonia, are extracted with a water-immiscible solvent such as benzene.
      The benzene is distilled from the extract in the presence of aqueous
      tartaric acid. The tartaric acid layer is extracted with a
      water-immiscible organic solvent and is then made basic by the addition of
      ammonia. The dimeric alkaloids are extracted from the alkaline layer into
      an organic solvent, customarily benzene. Evaporation of the solvent yields
      a mixture of amorphous dimeric alkaoids. The dimeric alkaloid fraction is
      dissolved in ethanol and the corresponding sulfate salts formed by the
      addition of ethanolic sulfuric acid. The crystalline mixed sulfate salts
      are collected and then converted to the corresponding, free bases by
      solution in water, basifying the aqueous solution and extracting the
      alkaloids into a water-immiscible organic solvent, customarily methylene
      dichloride. Evaporation of the solvent yields a mixture of amorphous
      dimeric alkaloids which are redissolved in methylene dichloride and
      chromatographed over alumina (CAMAG - Activity III-IV).
PAR  The alkaloids are eluted in the following order: leurosine, VLB,
      des-N-methyl VLB, leurocristine and vinrosidine. Identification of the
      dimeric alkaloids in the eluant fraction is carried out by standard
      procedures known to the art, as by thin layer chromatography.
DETD
PAR  This invention is further illustrated by the following specific example.
PAC  EXAMPLE
PAC  PREPARATION 4-DESACETOXY-3'-HYDROXYVINBLASTINE
PAR  One-thousand five hundred kilograms of dry Catharanthus roseus leaf were
      extracted five times for one-hour periods, using 28 volumes of benzene
      basified by the addition of 28 percent (w/v) ammonium hydroxide as the
      extracting medium. The benzene extracts were decanted from fibrous
      material, combined and filtered. The filtrate was evaporated from aqueous
      tartaric acid solution which solution was then filtered and the filtrate
      extracted twice at pH = 3.1 with equal volumes of benzene. The benzene
      extracts were separated and discarded. The pH of the filtrate was then
      raised to pH = 6.0 by the addition of concentrated ammonium hydroxide. The
      aqueous phase at pH =6.0 was extracted three times with equal volumes of
      benzene. The benzene extracts were combined and concentrated in vacuo to
      yield as a residue 4695 g. of a crude alkaloid mixture (VRA). The VRA was
      dissolved in ethanol and the pH was adjusted to pH = 4.2 with 3 percent
      ethanolic sulfuric acid. Sulfates of the dimeric alkaloids formed
      immediately as needles, and crystallization was allowed to continue for
      two days. The crystals were separated by centrifugation, washed with
      ethanol and dried. The mixed sulfate salts of leurosine, vincadioline,
      vinblastine and leurocristine, plus a small quantity of leurosine sulfate
      were obtained. The salts were converted to the corresponding free bases by
      dissolving the salts in water, adjusting the pH of the aqueous solution to
      8.0 with 14 N ammonium hydroxide and then extracting the water-insoluble
      bases into methylene dichloride. The methylene dichloride extract was
      filtered, and the solvent removed by evaporation in vacuo. The resulting
      alkaloidal residue was chromatographed over 15 kg. of alumina (Activity
      III-IV, 200 m.sup.2 /g) using an ethyl acetate-methylene dichloride-water
      (25:75:04) solvent system as the eluant. Chromatography was carried out in
      a satinless steel column, 5 cm by 730  cm., at a pressure of 200-400 psi.
      The alumina-to-charge ratio was approximately 300 to 1. The eluate was
      monitored at 280 m.mu., and fractions were separated based upon the peaks
      observed in the ultraviolet profile. Fractions were identified containing
      predominantly leurosine, vinblastine, des-N-methylvinblastine, and
      leurocristine by thin layer chromatography.
PAR  11.75 g. of post-des-N-methylvinblastine, preleurocristine fractions were
      accumulated i.e., fractions containing more than one dimeric alkaloid
      occurring after the peak des-N-methylvinblastine fraction and prior to the
      peak leurocristine fraction, and were converted to the corresponding
      sulfate salts by treatment with an excess of 1 percent ethanolic sulfuric
      acid. The sulfate salts were subjected to a gradient pH separation
      procedure (see U.S. Pat. 3,205,220, Col. 6, line 67 et seq.) According to
      this procedure, a solution of the sulfate salts in citric acid buffer at
      pH = 3.4 is extracted with benzene. The pH of the citric acid solution is
      raised in increments of one-half pH unit, and the resulting aqueous layer
      extracted with benzene. 4-Desacetoxy-3'-hydroxyvinblastine was found to be
      present by thin layer chromatography in extracts at pH = 5.4 and 5.9 100
      mg. of sulfates (VLB and leurocristine were shown by TLC to be the chief
      dimeric alkaloid impurities present), recovered from the pH = 5.4 extract,
      were dissolved in 5 ml. of water and the acidity of the aqueous solution
      adjusted to pH = 9 by the addition of ammonium acetate. The precipitated
      alkaloidal free bases were separated by centrifugation, dissolved in 3
      ml. of methylene chloride and chromatographed at high pressure in a
      stainless steel 5/16 inch by 6 meter column packed with neutral alumina
      [Woelm N-18 (18-30.mu.)] using a linear gradient of 0-5 percent ethanol in
      methylene chloride. The column was operated at about 1100 psi with a
      consequent flow rate of 180 ml/hr. Fractions were collected every 3
      minutes after material began to appear in the column effluent as
      determined by ultra-violet profile. Fractions 30-32 contained
      4-desacetoxy-3'-hydroxyvinblastine, as shown by TLC on silica gel using an
      ether-diethylamine-toluene-methanol (100:5:5:5) solvent system.
PAR  Two preparative TLC chromatographic runs were carried out using the above
      solvent, and 100 mgs. of sulfates from the pH = 5.4 and 5.9 gradient pH
      extracts. Yields of 4-desacetoxy-3'-hydroxyvinblastine obtained were
      slightly higher than the yield from the high pressure chromatography
      procedure.
PAR  4-Desacetoxy-3'-hydroxyvinblastine was acetylated in anhydrous pyridine
      solution using an excess of acetic anhydride. The reaction mixture was
      allowed to stand overnight at room temperature and the volatile
      constituents were then removed by evaporation in vacuo. Preparative thin
      layer chromatography yielded the 3,3'-diacetate (molecular ion = 852) as
      the major reaction product with traces of a monoacetate also present.
PAR  4-Desacetoxy-3'-hydroxyvinblastine (or puedovinblastine diol) prepared and
      purified by the above procedure has the following physical
      characteristics, Proton nmr spectrum. The acetate peak is missing. H-17 is
      shifted to 4.075 .delta. and the vinyl protons coincide in a multiplet at
      5.85 .delta.. There is a broad multiplet at 5.46-5.78 (clearly different
      from 4-desacetyl VLB nmr spectrum).
PAL  Mass Spectrum
PAL  Molecular ion M+ 768 ion fragments at m/e 411,224,102 (characteristic of a
      4-desacetoxy vindoline moiety as in 4-desacetoxy VLB)
PAL  Ion fragments at m/3 170 and 371 (indicating added hydroxyl to velbanamine
      moiety of 4-desacetoxy VLB)
PAL  Di Acetate Spectra
PAL  Ion fragments at m/e 212 and 413 (up 42 mass units from m/e 170 and 371
      fragment in 4-desacetoxy-3'-hydroxyvinblastine vindoline moiety). Acetate
      peaks observed in proton nmr at 1.88, 1.90.delta..
PAR  4-Desacetoxy-3'-hydroxyvinblastine and its 3,3'-diacetate are useful
      intermediates for the preparation of C-3 carboxamides, useful as antitumor
      compounds. These carboxamides are prepared by the procedure more fully set
      forth in copending U.S. application Ser. No. 446,869 filed Feb. 28, 1974.
      According to this procedure, 4-desacetoxy-3'-hydroxyvinblastine and
      hydrazine are reacted in boiling ethanol to form
      4-desacetoxy-3'-hydroxyvinblastine C-3 carboxhydrazide. This latter
      compound is converted to the C-3 carboxazide with sodium nitrite in acidic
      methanol. Reaction of the azide with methylamine or ethanolamine (or other
      similar primary and secondary amines) yields
      4-desacetoxy-3'-hydroxyvinblastine C-3 N-methylcarboxamide and
      4-desacetoxy3'-vinblastine C-3 N-(2-hydroxyethyl) carboxamide for example,
      active as anti-tumor agents. For such use, the compound or a non-toxic
      salt thereof such as the sulfate salt is administered orally in the form
      of capsules or tablets after mixing with suitable pharmaceutical
      excipients, binders, etc. For parenteral administration, an isotonic
      solution of a pharmaceutically acceptable salt of a
      4-desacetoxy-3'-hydroxyvinblastine C- 3 carboxamide is employed. The usual
      dosage of the amide is in the range 0.1 to 1 mg./kg. of mammalian body
      weight once a week or more often if desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. 4-Desacetoxy-3'-hydroxyvinblastine having the formula
      ##SPC2##
NUM  2.
PAR  2. 4-Desacetoxy-3'-hydroxyvinblastine having the following physical
      characteristics:
PA1  proton nmr spectrum;peaks at .delta. 4.075, 5.85, 5.46-5.78 (broad
      multiplet)
PA1  mass spectrum: ions at m/e 768, 411, 371, 224, 170, 102.
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ABST
PAL  N-(7- or 8-substituted-quinolyl-4)-anthranilates of the formula
      ##SPC1##
PAL  Wherein X in the 7 or 8 position is trihalomethyl or trihalomethylthio, Z
      is --(CH.sub.2).sub.n -- or --(CH.sub.2).sub.m --O--(CH.sub.2).sub.p --, n
      is a whole number from 2 to 6, m and p are whole numbers from 2 to 3 and
      Y.sub.1 and Y.sub.2 are alkyl having 1 to 6 carbon atoms, as well as their
      non-toxic, pharmaceutically acceptable acid addition salts having
      analgesic and anti-inflammatory activity and their preparation.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide the novel anthranilates of the
      above formula I and their acid addition salts.
PAR  It is another object of the invention to provide a novel process for the
      preparation of the anthranilates of the above formula I.
PAR  It is a further object of the invention to provide novel analgesic and
      anti-inflammatory compositions.
PAR  It is an additional object of the invention to provide a novel method of
      treating pain and inflammation in warm-blooded animals.
PAR  These and other objects and advantages of the invention will become more
      apparent in the following description of the invention.
PAC  DESCRIPTION OF THE INVENTION
PAR  The novel compounds of the invention are selected from the group consisting
      of N-(7- and 8-substituted-quinolyl-4)-anthranilates of formula I:
      ##SPC2##
PAL  wherein X, in the 7 or 8 position, represents a trihalomethyl or
      trihalomethylthio group, Z represents the --(CH.sub.2).sub.n -- group or
      the --(CH.sub.2).sub.m --O--(CH.sub.2).sub.p -- group, n being a whole
      number between 2 and 6, m and p being whole numbers between 2 and 3, and
      Y.sub.1 and Y.sub.2 represent alkyl groups having 1 to 6 carbon atoms, as
      well as their non-toxic pharmaceutically acceptable acid addition salts.
PAR  In the formula I, the substituent X, which is preferably in the 8 position,
      particularly represents the trifluoromethyl or trifluoromethylthio group,
      most preferably the 8-trifluoromethyl; n represents particularly the
      entire numbers 2, 3 or 4, preferably 2 or 3; and the substituents Y.sub.1
      and Y.sub.2 preferably represent alkyl having from 1 to 4 carbon atoms,
      particularly methyl, ethyl, n-propyl, isopropyl, n-butyl or isobutyl.
PAR  More particularly the compounds of the invention are substituted
      anthranilates selected from the group consisting of N-(7- or
      8-substituted-quinolyl-4)-anthranilates of the formula
      ##SPC3##
PAL  Wherein X is a member in the 7 or 8 position selected from the group
      consisting of trihalomethyl and trihalomethylthio, Z is a member selected
      from the group consisting of --(CH.sub.2).sub.n --, where n is an integer
      from 2 to 6, and --(CH.sub.2).sub.m --O--(CH.sub.2).sub.p --, where m and
      p are each an integer from 2 to 3, and Y.sub.1 and Y.sub.2 are alkyl
      having from 1 to 6 carbon atoms, and their non-toxic, pharmaceutically
      acceptable acid addition salts.
PAR  Among the more interesting compounds of formula I as well as their acid
      addition salts are:
PA0  .beta.-dimethylaminoethyl N-(8-trifluoromethyl-quinolyl-4)-anthranilate,
      and its dihydrochloride,
PA0  .gamma.-dimethylaminopropyl N-(8-trifluoromethyl-quinolyl-4-anthranilate,
      and its dihydrochloride,
PA0  .beta.-dibutylaminoethyl N-(8-trifluoromethyl-quinolyl-4)-anthranilate, and
      its dihydrochloride,
PA0  .beta.-(2'-diethylamino-ethoxy)-ethyl
      N-(8-trifluoromethyl-quinolyl-4)-anthranilate, and its dihydrochloride,
PAL  as are described hereafter in Examples 1 to 8.
PAR  The novel compounds of formula I and their acid addition salts possess
      remarkable anti-inflammatory and analgesic activity. They are useful as
      therapeutics, for example, in the treatment of muscular, articular or
      nervous algias, of dental pains and of migraine headaches, as well as of
      inflammatory reactions, particularly of rheumatic disturbances, of
      lumbagos, of zonas, and also in the complementary treatment of infectious
      or febrile states. Thus the compounds of formula I, as well as their
      pharmaceutically acceptable acid addition salts, can be employed as
      medicaments.
PAR  Examples of suitable acids for the non-toxic pharmaceutically acceptable
      acid addition salts are mineral acids such as hydrochloric acid,
      hydrobromic acid, sulfuric acid, phosphoric acid, etc. and organic
      carboxylic acids such as acetic acid, benzoic acid, tartaric acid, citric
      acid, maleic acid, malonic acid, fumaric acid, etc., or organic sulfonic
      acids, such as methanesulfonic acid or p-toluenesulfonic acid, etc.
PAR  The anti-imflammatory and analgesic compositions of the invention are
      comprised of at least one compound of formula I or its non-toxic,
      pharmaceutically acceptable acid addition salt and a major amount of a
      pharmaceutical carrier. These pharmaceutical compositions may be
      administered parenterally, orally or rectally, or locally in a topical
      application on the skin or mucous membranes.
PAR  To this effect, the pharmaceutical compositions may be in the form of
      injectable solutions or suspensions, of tablets, of capsules, of gelules,
      of drinkable solutes or emulsions, of suppositories, of pomades, or of
      topical creams or powders. These pharmaceutical forms are prepared
      according to the usual methods.
PAR  The novel method of treating pain and inflammations in warm-blooded animals
      comprises administering to warm-blooded animals a safe and effective
      amount of at least one compound of formula I or its non-toxic,
      pharmaceutically acceptable acid addition salts. The said compounds may be
      administered orally, perlingually, transcutaneously, rectally or topically
      on skin or mucous membranes. The usual useful daily dose is 0.9 to 5 mg/kg
      depending upon the method of administration. The total daily dose in the
      adult, for example, can be varied between 100 and 500 mg of active
      principle, when administered orally.
PAR  The compounds of formula I can be prepared according to the usual processes
      for the preparation of esters. In particular, the compounds of formula I
      are prepared by a process which is characterized in that a functional
      derivative of an acid of the formula II:
      ##SPC4##
PAL  wherein X has the above-assigned values, and particularly a lower alkyl
      ester, acid chloride, acid anhydride or mixed anhydride, is reacted with
      an alcohol of the formula III:
      ##EQU1##
      wherein Z, Y.sub.1 and Y.sub.2 have the above-assigned values. The acid
      addition salts of the compounds of formula I are prepared according to the
      usual methods.
PAR  The starting compounds of formulas II and III are either described in the
      literature, or accessible by means of general methods described in the
      literature. Compounds of formula II can be prepared by the processes
      described in Belgian Patent 710,321, or French Patent 1,369,967 or
      copending commonly assigned U.S. Patent application Ser. No. 830,148,
      filed June 3, 1969.
DETD
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it should be understood that the
      invention is not intended to be limited to the specific embodiments.
PAC  EXAMPLE 1
PAC  .beta.-dimethylaminoethyl N-(8-trifluoro-methyl-quinolyl-4)-anthranilate
PAR  50 cc of anhydrous dimethylaminoethanol, 150 mg of an oil suspension
      containing 50% of sodium hydride and 10 gm of methyl
      N-(8-trifluoromethyl-quinolyl-4)-anthranilate were mixed together. The
      mixture was heated for four hours at 90.degree. to 95.degree.C under a
      slightly reduced pressure, then cooled to room temperature. 50 cc of
      methylene chloride, 100 cc of water and 5 cc of a saturated aqueous
      solution of ammonium chloride were added thereto. The organic phase was
      separated, washed with water, and evaporated to dryness. The residue was
      dissolved in 150 cc of isopropyl ether, treated with activated carbon
      black, filtered and the isopropyl ether was concentrated.
PAR  6.3 gm of .beta.-dimethylaminoethyl
      N-(8-trifluoromethyl-quinolyl-4)-anthranilate was obtained, crystallized
      in the form of prisms melting at 86.degree.C.
PAR  In other productions, the product crystallized in the form of needles
      melting at 96.degree.C.
PAR  These two crystalline forms act identically in thin layer chromatography
      and infrared spectrometry.
PAC  EXAMPLE 2
PAC  .beta.-dimethylaminoethyl N-(8-trifluoromethyl-quinolyl-4)-anthranilate
      dihydrochloride
PAR  The dihydrochloride is obtained by the addition of a methanolic solution of
      hydrochloric acid to a methanolic solution of the product obtained in the
      preceding example. By the addition of isopropyl ether, the dihydrochloride
      precipitated. It had a melting point of 195.degree.C.
PAC  EXAMPLE 3
PAC  .gamma.-dimethylaminopropyl N-(8-trifluoromethyl-quinolyl-4)-anthranilate
PAR  50 cc of anhydrous .gamma.-dimethylaminopropanol, 150 mg of an oil
      suspension containing 50% of sodium hydride and 10 gm of methyl
      N-(8-trifluoromethyl-quinolyl-4)-anthranilate were mixed. This mixture was
      heated for four hours to 90.degree. to 95.degree.C under reduced pressure
      (8 to 9 cm of Hg). The reaction mixture was then allowed to stand
      overnight. Then 90 cc of water were added and the reaction mixture was
      cooled to 0.degree.C. for twenty minutes. The precipitate formed was
      separated, redissolved in isopropyl ether, treated with activated carbon
      and recrystallized. .gamma.-dimethylaminopropyl
      N-(8-trifluoromethyl-quinolyl-4)-anthranilate was obtained, having a
      melting point of 120.degree.C.
PAC  EXAMPLE 4
PAC  .gamma.-dimethylaminopropyl N-(8-trifluoromethyl-quinolyl-4)-anthranilate
      dihydrochloride
PAR  The dihydrochloride was obtained by the addition of a methanolic solution
      of hydrochloric acid to a suspension in methanol of the product obtained
      in the preceding example. On addition of isopropyl ether, the
      dihydrochloride precipitated. It had a melting point of 186.degree.C.
PAC  EXAMPLE 5
PAC  .beta.-dibutylaminoethyl N-(8-trifluoromethyl-quinolyl-4)-anthranilate
PAR  By the action of thionyl chloride on
      N-(8-trifluoromethyl-quinolyl-4)-anthranilic acid, the corresponding acid
      chloride was prepared. Five times the theoretical amount of
      .beta.-dibutylaminoethanol was added to this acid chloride while agitating
      at room temperature until complete dissolution.
PAR  The reaction mixture was added to water, agitated and then extracted with
      ether. The ethereal extract was washed, dried and evaporated to dryness
      under reduced pressure. By chromatography through silica gel with elution
      by the mixture ether-petroleum ether (b.p. 64.degree. to
      75.degree.C)-triethylamine (5:5:0.5) and collecting the Rf:0.35 fractions,
      .beta.-dibutylaminoethyl N-(8-trifluoromethyl-quinolyl-4)-anthranilate was
      obtained in the form of a crystallized product having a melting point
      below 50.degree.C.
PAC  EXAMPLE 6
PAC  .beta.-dibutylaminoethyl N-(8-trifluoromethyl-quinolyl-4)-anthranilate
      dihydrochloride
PAR  The dihydrochloride was obtained by the addition of a methanolic solution
      of hydrochloric acid to a methanolic solution of the product obtained in
      the preceding example. By the addition of isopropyl ether, the
      dihydrochloride precipitated. It had a melting point of 185.degree.C.
PAC  EXAMPLE 7
PAC  .beta.-(2'-diethylaminoethoxy)-ethyl
      N-(8-trifluoromethyl-quinolyl-4)-anthranilate
PAR  64 cc of .beta.-(2-diethylaminoethoxy)-ethanol were heated to 50.degree.C
      and 300 mg of an oily suspension containing 50% sodium hydride and 20 gm
      of methyl N-(8-trifluoromethyl-quinolyl-4)-anthranilate were added
      thereto. The mixture was heated to 85.degree.C under a reduced pressure of
      50 mm of mercury for four hours. The reaction mixture was then cooled to
      20.degree.C and poured into 350 cc of water. The precipitate formed was
      separated.
PAR  On recrystallization from isopropyl ether,
      .beta.-(2'-diethylaminoethoxy)-ethyl
      N-(8-trifluoromethyl-quinolyl-4)-anthranilate was obtained, melting at
      72.degree.C.
PAC  EXAMPLE 8
PAC  .beta.-(2'-diethylaminoethoxy)-ethyl
      N-(8-trifluoromethyl-quinolyl-4)-anthranilate dihydrochloride
PAR  The dihydrochloride is obtained by the addition of a methanolic solution of
      gaseous hydrogen chloride to a methanolic solution of the product obtained
      in the preceding example. By the addition of isopropyl ether, the
      dihydrochloride precipitated. It had a melting point of about
      140.degree.C.
PAC  EXAMPLE 9
PAC  Preparation of Tablets
PAR  Tablets were prepared corresponding to the following formula:
TBL  Compound of Example 1    50      mg                                       
     Excipient sufficient for 1 tablet                                         
     containing               350     mg                                       
PAL  The excipient consisted of starch, lactose, talc and magnesium stearate.
PAR  Any of the compounds of the other examples or those included in the generic
      formula I can be substituted in the above formula with the same results.
PAC  PHARMACOLOGICAL DATA
PA0  1. anti-Inflammatory Effect: Naphthoylheparamine Test
PAR  The principle of the test employed is that described by Jequier et al,
      Arch. Int. Pharmacodyn., 152, p. 15 (1954).
PAR  This consists in administering 1 mg of naphthoylheparamine in one single
      injection to the hind paws of rats weighing about 150 gm. This provokes
      the formation of an inflammatory edema. The products being studied were
      administered orally in an aqueous suspension one hour before the irritant
      injection.
PAR  The volume of the paw is measured immediately before and two hours after
      the irritant injection. The increase of the volume of the paw represents a
      measure of the degree of inflammation. Next, the DA.sub.40, that is the
      dose which diminishes the degree of inflammation by 40% with reference to
      the controls, is determined.
PA0  2. Analgesic Effect: Acetic Acid Test
PAR  The test employed was based on the fact noted by Koster et al. (Fed. Proc.
      1959, 18, 412) according to which the intraperitoneal injection of acetic
      acid provoked repeated characteristic movements of stretching and twisting
      which persisted in mice for more than six hours. Analgesics prevent or
      suppress this syndrome which is an exterior manifestation of a diffuse
      abdominal pain.
PAR  A solution of 6 parts per thousand of acetic acid in water containing 10%
      of arabic gum was employed and the dose provoking the syndrome in mice
      under these conditions was 0.01 cc/gm, being 60 mg/kg of acetic acid.
PAR  The analgesics were administered orally to groups of five mice, which had
      not been fed for 24 hours, a half hour before the intraperitoneal
      injection of the acetic acid. The stretchings were observed, noted and
      counted for each mouse, during a period of observation of fifteen minutes
      immediately after the injection of acetic acid.
PAR  The results are expressed on the basis of the DA.sub.50, that is, the dose
      which permits obtaining a 50% diminution of the number of stretchings with
      reference to the control animals.
PAR  The results of the two tests are given in the Table.
TBL                TABLE                                                       
     ______________________________________                                    
                Anti-Infam-     Analgesic                                      
                matory Effect   Effect                                         
     Compound   DA.sub.40       DA.sub.50                                      
     of Example mg/kg           mg/kg                                          
     ______________________________________                                    
     1          8               7                                              
     2          7               8                                              
     4          20              20                                             
     6          11              8                                              
     8          3               8                                              
     ______________________________________                                    
PAR  The preceding specific embodiments are illustrative of the practice of the
      invention. It is to be understood, however, that other expedients known to
      those skilled in the art or disclosed herein may be employed without
      departing from the spirit of the invention or the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Substituted anthranilates selected from the group consisting of N-(7- or
      8-substituted-quinolyl-4)-anthranilates of the formula
      ##SPC5##
PAL  wherein X is trifluoromethyl in the 7 or 8 position, Z is a member selected
      from the group consisting of --(CH.sub.2).sub.n --, where n is an integer
      from 2 to 6, and --(CH.sub.2).sub.m --O--(CH.sub.2).sub.p --, where m and
      p are each an integer from 2 to 3, and Y.sub.1 and Y.sub.2 are alkyl
      having from 1 to 6 carbon atoms, and their non-toxic, pharmaceutically
      acceptable acid addition salts.
NUM  2.
PAR  2. The substituted anthranilates of claim 1 wherein Y.sub.1 and Y.sub.2 are
      alkyl having from 1 to 4 carbon atoms.
NUM  3.
PAR  3. The substituted anthrianilates of claim 2 wherein X is 8-trifluoromethyl
      and n is an integer from 2 to 4.
NUM  4.
PAR  4. Substituted anthranilates of claim 3 selected from the group consisting
      of .beta.-dimethylaminoethyl N-(8-trifluoromethyl-quinolyl-4)-anthranilate
      and its dihydrochloride.
NUM  5.
PAR  5. Substituted anthranilates of claim 3 selected from the group consisting
      of .gamma.-dimethylaminopropyl
      N-(8-trifluoromethyl-quinolyl-4)-anthranilate and its dihydrochloride.
NUM  6.
PAR  6. Substituted anthranilates of claim 3 selected from the group consisting
      of .beta.-dibutylaminoethyl N-(8-trifluoromethyl-quinolyl-4)-anthranilates
      and its dihydrochloride.
NUM  7.
PAR  7. Substituted anthranilates of claim 2 selected from the group consisting
      of .beta.-(2'-diethylamino-ethoxy)ethyl
      N-(8-trifluoromethyl-quinolyl-4)-anthranilate and its dihydrochloride.
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ABST
PAL  Spiro-pyrazoline derivatives of the general formula
      ##SPC1##
PAL  Where Z.sub.1, Z.sub.2, R.sub.1 to R.sub.4 are as defined hereinafter and
      methods for their preparation are disclosed. The compounds are useful as
      organic photoconductors, organic fluorescent materials and as additives
      for silver salt and non-silver salt photographic materials.
PARN
PAR  This is a division of application Ser. No. 276,998, filed Aug. 1, 1972, now
      U.S. Pat. No. 3,859,303.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to spiro-pyrazoline derivatives having a
      novel skeleton and to a method for producing these spiro-pyrazoline
      derivatives having a novel skeleton.
PAR  More specifically, the invention is concerned with derivatives of
      spiro-pyrazoline, such as spiro(indoline-2,5'-pyrazoline),
      spiro(dihydroquinoline-2,5'-pyrazoline),
      spiro(dihydroquinoline-4,5'-pyrazoline), etc., and a method for their
      production comprising reacting a 2-methyleneindoline derivative, a
      2-methylenedihydroquinoline derivative, 4-methylenedihydroquinoline
      derivative or a precursor thereof, such as a 2-methylindolenium salt
      derivative, a 2-methylquinolinium salt derivative, and 4-methylquinolinium
      salt derivative and benzphenylhydrazide chloride derivative in a solvent
      in the presence of an excessive amount of a base.
PAR  2. Description of the Prior Art
PAR  It is known that a hydrazide chloride gives an active intermediate product
      "nitrile imine" in the presence of a tertiary amine and a 1,3-dipole
      cycloaddition reaction with various multi-bonds takes place with this
      active material, as described, e.g., R. Huisgen, Angewandte Chemie, 75,
      604(1963). However, it has never been reported that a spiro bond, as is
      obtained in this invention described hereinafter, is formed by the
      reaction of such a "nitrile imine" and an exo-methylene compound. Also, as
      the result of detailed research it has been confirmed that every
      exo-methylene compound does not always react under the conditions of the
      production method of this invention. Accordingly, it has become clear that
      only certain exo-methylene compounds can form spiro bonds similar to those
      in this invention. For instance, it is reported that when the active
      "nitrile imine" is allowed to stand in an inert solvent, a dimerized
      dihydrotetrazine is obtained. However, when the nitrile imine is reacted
      in the presence of 3-ethyl-2-methylenebenzthiazoline under the reaction
      conditions of this invention, no addition compound (1 : 1) having a spiro
      bond is obtained and only a dimer is isolated.
PAR  An object of the present invention is to provide spiro-pyrazoline
      derivatives having a novel structure, which can be used as organic
      photoconductive materials for electrophotography, organic fluorescent
      materials, and additives for silver salt and non-silver salt photographic
      materials and methods for preparing these derivatives.
PAC  SUMMARY OF THE INVENTION
PAR  The spiro-pyrazoline derivatives of this invention have the following
      general formula
      ##SPC2##
PAL  Wherein Z.sub.1 represents
      ##EQU1##
      or --CH=CH--.sub.n, in which n is 0 or 1; Z.sub.2 is
      --CH=CH--.sub.1.sub.-n when Z.sub.1 is --CH=CH--.sub.n and Z.sub.2 is
      absent when Z.sub.1 is
      ##EQU2##
      (i.e., giving rise to a C--N bond); R.sub.1 represents a hydrogen atom, a
      halogen atom, a nitro group, a lower alkyl group having 1 to 3 carbon
      atoms, a lower alkoxyl group having 1 to 3 carbon atoms, or a lower
      alkoxycarbonyl group having 1 to 3 carbon atoms; R.sub.2 represents a
      lower alkyl group having 1 to 3 carbon atoms, and R.sub.3 and R.sub.4 each
      represents a hydrogen atom, a halogen atom or a nitro group.
PAR  The method of preparing the spiro-pyrazoline derivatives of this invention
      can be generally represented by the following general reaction scheme (1).
PAR  Reaction Scheme (1):
      ##SPC3##
PAL  in which an exo-methylene heterocyclic compound conjugated with a nitrogen
      atom (II) is reacted with a benzphenylhydrazide halide derivative (III) or
      the general reaction scheme (2).
PAR  Reaction Scheme (2):
      ##SPC4##
PAL  in which a quaternary ammonium salt of an exo-methylene heterocyclic
      compound conjugated with a nitrogen atom (IV) is reacted with a
      benzphenylhydrazide halide derivative (III) wherein Z.sub.1, Z.sub.2, n,
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 in the above general reaction
      schemes (1) and (2) are as above defined and X represents a halogen atom
      and Y represents an acid residual group.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As described above, the spiro-pyrazoline derivatives of this invention have
      the general formula (I). Suitable examples of halogen atoms are bromine,
      chlorine and iodine. Suitable examples of lower alkyl groups are methyl,
      ethyl, propyl and isopropyl groups. Suitable examples of lower alkoxy
      groups are methoxy, ethoxy, propoxy and isopropoxy groups and of lower
      alkoxycarbonyl groups are methoxycarbonyl and ethoxycarbonyl. Specific
      examples of acid residual groups are chlorine, bromine, iodine, p-tosylate
      or methyl sulfate.
PAR  Specific examples of the spiro-pyrazoline compounds of the general formula
      (I) are as follows.
      ##SPC5##
      ##SPC6##
      ##SPC7##
      ##SPC8##
PAR  Examples of the exo-methylene heterocyclic compounds conjugated with a
      nitrogen atom (II), which can be used in the method of this invention, are
      1-ethyl-2-methylene-1,2-dihydroquinoline,
      1-ethyl-4-methylene-1,4-dihydroquinoline,
      2-methylene-1,3,3-trimethylindoline,
      3,3-dimethyl-1-ethyl-2-methyleneindoline,
      5-chloro-2-methylene-1,3,3-trimethylindoline,
      2-methylene-5-nitro-1,3,3-trimethylindoline,
      5-ethoxycarbonyl-2-methylene-1,3,3-trimethylindoline,
      2-methylene-1,3,3,5-tetramethylindoline, and the like.
PAR  Also, examples of the quaternary ammonium salt of the exo-methylene
      heterocyclic compound (IV) are 1,2-dimethylquinolimium-p-tosylate,
      1,4-dimethylquinolinium-p-tosylate,
      1,2,3,3-tetramethylindolenium-p-tosylate,
      1-ethyl-2,3,3-trimethylindolenium iodide,
      1-ethyl-2,3,3,5-tetramethylindolenium iodide,
      5-ethoxycarbonyl-1,2,3,3-tetramethylindolenium-p-tosylate,
      1-ethyl-5-methoxy-2,3,3-trimethylindolenium iodide,
      5-nitro-1-propyl-2,3,3-trimethylindolenium bromide,
      1,2-dimethylquinolinium-p-tosylate, and 6-chloro-1,2
      -dimethylquinolinium-p-tosylate.
PAR  These exo-methylene heterocyclic compounds and the quaternary ammonium
      salts thereof are well known in the art as starting materials for the
      preparation of photographic sensitizing dyes and the exo-methylene
      heterocyclic compounds can be prepared by reacting the corresponding
      heterocyclic quaternary ammonium salt as a precursor with an acid-residue.
      The quaternary ammonium salt, for example,
      1,3,3-trimethyl-2-methyleneindoline known as a Fischer's base, can be
      obtained by reacting 2,3,3-trimethylindoline with an alkylating agent such
      as methyl iodide, methyl p-tosylate, dimethyl sulfate or the like to
      produce a 1,2,3,3-tetramethyl indolenium salt which is then reacted with
      an acid residue.
PAR  The above exo-methylene heterocyclic compounds are active substances and
      generally unstable in air. For example, the indoline-type exo-methylene
      heterocyclic compounds usually turn into red-colored substances, and the
      quinoline-type exo-methylene heterocyclic compounds turn into red to black
      colored substances or resinous materials (See, Chemistry, Vol. 8, pp
      505-513 (1953) published by the Riko Shuppan K.K., Japan).
PAR  The examples of benzphenylhydrazide halide derivative (III) are
      benzphenylhydrazide chloride, p-chlorobenz-phenylhydrazide chloride,
      p-nitrobenz-phenyl-hydrazide chloride, benz-p-chlorophenylhydrazide
      chloride, benz-p-nitrophenylhydrazide chloride, and
      phenyl-p-bromohydrazide chloride. These benzphenylhydrazide halide
      derivatives can be prepared from the corresponding benzphenylhydrazide
      derivatives by halogenation in accordance with the well-known methods such
      as those described in R. Huisgen et al., Tetrahedron, Vol. 17, pp 3-29
      (1962). For example, benzphenylhydrazide chloride can be prepared by
      chlorinating benzphenylhydrazide with phosphorus pentachloride.
PAR  The spiro-pyrazoline derivative of this invention (I) can be produced by
      dissolving a mixture of the exo-methylene compound (II) as referred above
      or the quaternary salt thereof (IV) and a benzphenylhydrazide chloride
      derivative (III) in the solvents shown below and adding thereto a base to
      cause the reaction.
PAR  The molar ratio of the exo-methylene compound (II) or the quaternary
      ammonium salt thereof (IV) to the benzphenylhydrazide halide derivative
      (III) can range from 10 to 0.1, preferably, from 2 to 0.2. The amount of
      base somewhat varies depending upon the type of the reaction, i.e., the
      reaction schemes (1) and (2) previously described. In the reaction scheme
      (1) where the starting material is an exo-methylene compound (II) the base
      can be used in an amount of from 1 to 20 moles, preferably from 2 to 10
      moles, per 1 mole of the compound (II).
PAR  In the reaction scheme (2) where the starting material is a quaternary
      ammonium salt (IV), the base can be used in an amount of from 2 to 25
      moles, preferably from 2 to 15 moles, per 1 mole of the compound (II). The
      molar concentration of each of the reactants (III) and (II) or (IV) in the
      reaction mixture can range from 10 to 0.01 moles, preferably from 1 to 0.1
      moles.
PAR  Suitable solvents which can be used in the above reaction are alcohols such
      as: ethers such as ethyl ether, dioxane, tetrahydrofuran, etc.;
      halogenated paraffins such as methylene chloride, chloroform, carbon
      tetracloride, ethylene chloride, trichloroethane, perchloroethane,
      tetrachloroethane, etc.; paraffins such as n-hexane, cyclohexane, heptane,
      etc.; benzene; toluene; and xylene.
PAR  Suitable examples of bases which can be used in the above described
      reaction are tertiary amines, secondary amines, or aromatic amines, such
      as triethylamine, tributylamine, piperidine, morpholine, pyridine, and the
      like and alkali metal hydroxides or salts such as sodium hydroxide,
      potassium hydroxide, sodium carbonate, potassium carbonate, sodium
      acetate, etc.
PAR  Because it has been found that the compound in this invention isomerizes
      under high temperature and acid conditions, the production of the compound
      in this invention must be so conducted that high temperature conditions
      are not employed and basic conditions are maintained during the reaction.
PAR  The base used in the above reaction serves as a scavenger for the hydrogen
      ion (H.sup.+) contained as an impurity in the reactants and the solvent,
      which appears to increase the isomerization of the desired product. Since
      the concentration of the hydrogen ion in the reaction mixture is very low,
      the base may be used in a small amount and the basicity of the reaction
      mixture is not critical in the process of this invention.
PAR  Consequently, in the production of the compound of this invention, it is
      necessary to maintain the reaction temperature at from 0.degree. to
      150.degree.C., preferably at temperatures of from room temperature (about
      20.degree. to 30.degree.C) to about 100.degree.C.
PAR  The reaction period generally required ranges from a few hours to about 48
      hours but when the reaction temperature is about 80.degree.C., the
      reaction period generally is from 30 minutes to about 1 hour.
PAR  After the reaction is completed, the salts are filtered away and the
      filtrate is concentrated, whereby crystals are obtained. The crystals are
      purified by recrystallizing from an appropriate solvent containing a small
      amount of an amine, for example, in an amount of from 0.01% to 5%,
      preferably from 0.1% to 1% by weight.
PAR  The solvent which can be used for the recrystallization includes alcohols
      such as methanol, ethanol or the like; ketones such as acetone,
      methylethyl ketone or the like; aromatic hydrocarbons such as toluene,
      benzene or the like; ethers such as tetrahydrofuran, dioxane or the like;
      alkyl acetates such as methyl acetate, ethyl acetate or the like; and a
      mixture thereof.
PAR  Although any amine may be used so long as it is soluble in the
      recrystallization solvent, the preferred amines are those bases previously
      enumerated for the reaction between the compound (II) or (IV) and the
      compound (III), particularly, tertiary and secondary amines.
PAR  In addition, it has been confirmed that where a compound which is unstable
      in air, such as methylenedihydroquinoline, is used as the starting
      material, a compound having less color is obtained without reducing the
      stability by conducting the reaction in an inert atmosphere such as an
      atmosphere of helium, hydrogen, nitrogen, argon, carbon dioxide gas or the
      like, preferably, nitrogen, argon or helium gas.
PAR  The production of the spiro-pyrazoline derivatives (I) of this invention
      will be described in detail hereinafter.
PAR  Because the spiro-pyrazoline derivatives prepared by the process of this
      invention have not yet been reported in the literature, the compounds were
      confirmed using the results obtained from elementary analysis, infrared
      absorption spectra, ultraviolet absorption spectra, nuclear magentic
      resonance spectra, mass spectrum analysis, etc.
PAR  For instance, the compound prepared by the method of this invention from
      2-methine-1,3,3-trimethylindoline and p-nitro-benzphenylhydrazide chloride
      will be described below.
PAR  The elementary analysis of the compound prepared is as shown in the
      following table and these results are also confirmed by the results of a
      mass spectrum analysis.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         72.79          72.76                                            
     H         5.87           5.89                                             
     N         13.58          13.46                                            
     ______________________________________                                    
PAR  In the infrared absorption spectra of the compound, nitro group absorption
      was found at 1555 cm.sup.-.sup.1 and 1335 cm.sup.-.sup.1 but absorption
      belonging to the .nu..sub.NH group was not found.
PAR  In the nuclear magnetic resonance spectra of the compound, singlet peak of
      3H was found at 1.22 ppm and 1.12 ppm, respectively.
PAR  This shows that the adjacent methyl groups at the 3-position of the
      indoline are not stereochemically equivalent and from this, it is
      concluded that the 2-position of the indoline is an asymetric carbon atom
      of sp.sup.3 type, i.e., form a spiro bond.
PAR  Further, in the nuclear magnetic resonance spectrum the presence of a
      methyl group bonded to nitrogen was found at 2.23, a methylene group of
      the AB type at 3.28, and multiplet 13 nucleus protons at 6.0-8.1.
PAR  The resonance peaks of the AB type is a methylene group at the 4-position
      of pyrazoline ring and the bonding constant (J) was 18.0 c.p.s.
PAR  In the ultraviolet absorption spectra and visible absorption spectra of the
      compound in methanol, the absorption maximums were found at 260 m.mu., 300
      m.mu. (shoulder), and 435 m.mu., which coincide with the absorption
      maximums of indoline and 3-(p-nitrophenyl)-1-phenylpyrazoline-2.
PAR  From the above analyses, it has been confirmed that the compound is
      3'-(p-nitrophenyl)-1'-phenyl-1,3,3-trimethylspiro-(indoline-2,5'-pyrazolin
     e-2) having a novel spiro structure.
PAR  Then the method of this invention will be explained in greater detail by
      referring to the following various examples.
PAC  EXAMPLE 1
PAR  1.7 g of 2-methylene-1,3,3-trimethylindoline and 2.3 g of
      benzphenylhydrazide chloride were dissolved in 50 ml of benzene and after
      adding 2 g of triethylamine to the solution, the mixture was stirred at
      room temperature. After 3 hours the triethylamine hydrochloride formed was
      filtered away and the fluorescent filtrate was concentrated under a
      reduced pressure and the oily residue was crystallized from ethanol,
      whereby 500 mg of colorless crystals of
      1',3'-diphenyl-1,3,3-triethylspiro(indoline-2,5'-pyrazoline-2) was
      obtained. The yield for the product was 14%.
PAR  On the other hand, when the reaction was conducted for 6  hours at room
      temperature, the yield for the product was 44% and when the reaction
      mixture was heated for 30 minutes under refluxing, the same compound as
      above was obtained in a yield of 62%.
PAR  The compounds can be recrystallized from a mixture of ethanol and acetone
      but the solvent for the recrystallization must contain a few drops of a
      base such as triethylamine. That is to say, if a base is not present, the
      compound will isomerize.
PAR  The melting point of the compound was 125.degree.-126.degree.C and on
      melting an isomerized product was newly crystallized at the same time.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         81.71          82.00                                            
     H         6.86           7.02                                             
     N         11.44          11.53                                            
     ______________________________________                                    
PAR  In the infrared absorption spectra of the compound, a slight absorption
      based on the carbon-carbon double bond of pyrazoline was found at 1550
      cm.sup.-.sup.1.
PAC  EXAMPLE 2
PAR  2.1 g of 5-chloro-2-methylene-1,3,3-trimethylindoline and 2.3 g of
      benz-phenylhydrazide chloride were dissolved in 50 ml of benzene and after
      adding 2 g of triethylamine to the solution, the mixture was refluxed for
      30 minutes. Then, by filtering away the triethylamine hydrochloride thus
      formed and treating the filtrate in the same way as described in Example
      1, 2.2 g (53%) of crystals of
      5-chloro-1',3'-diphenyl-1,3,3-trimethylspiro(indoline-3,5'-pyrazoline-2)
      having a melting point of 154.degree.-155.degree.C was obtained.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         74.70          74.55                                            
     H         6.01           6.05                                             
     N         10.45          10.42                                            
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  2.1 g of 5-chloro-2-methylene-1,3,3-trimethylindoline and 2.7 g of
      p-chlorobenz-phenylhydrazide chloride were dissolved in benzene and after
      adding to the solution 2 g of triethylamine, the mixture was allowed to
      stand for 20 hours at room temperature. Thereafter, by treating the
      reaction product in the same way as described in Example 1, 2.2 g (52%) of
      5-chloro-3'-(p-chlorophenyl)-1'-phenyl-1,3,3-trimethylspiro(indoline-2,5'-
     pyrazoline-2) was obtained. The melting point of the compound was
      185.degree.-186.degree.C and the results of the elementary analysis of the
      compound are as shown in the following table.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         69.35          69.26                                            
     H         4.72           4.65                                             
     N         9.67           9.73                                             
     ______________________________________                                    
PAR  In the nuclear magnetic resonance spectra of the compound, a singlet of 3H
      was found at 0.98, 1.13, and 2.11 ppm using TMS internal standard in
      deuterated benzene; a quartet of 2H of the AB type was observed at 2.82
      and 3.18; a bonding constant .vertline.J.vertline.= 18.6 cps.; and
      multiplet of 12H was found at 5.6-7.6.
PAC  EXAMPLE 4
PAR  2.45 g of 5-ethoxycarbonyl-2-methylene-1,3,3-trimethylindoline and 2.3 g of
      benz-phenylhydrazide chloride were reacted and then treated in the same
      way as described in Example 3 to obtain 2.8 g (65%) of
      5-ethoxycarbonyl-1',3'-diphenyl-1,3,3-trimethylspiro-(indoline-2.5'-pyrazo
     line-2).
PAR  Also, when the same reaction was carried out for 1 hour at 55.degree.C, the
      same compound as above was obtained in a yield of 63%.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         76.51          76.48                                            
     H         6.65           6.70                                             
     N         9.56           9.53                                             
     ______________________________________                                    
PAR  The nuclear magnetic resonance spectra (deuterated benzene, TMS internal
      standard) was: 8 value (p.p.m.):
PAR  1.03, 1.21, and 2.14 (each 3H, singlet), 2.99 and 3.36 (2H, bonding
      constant .vertline.J.vertline. = 18.9 cps, AB type quartet), 4.29 (2H,
      .vertline.J.vertline. = 7.2 cps, triplet), 4.29 (2H, .vertline.J.vertline.
      = 7.2 cps, quartet), 5.8-7.3 (13H, multiplet).
PAC  EXAMPLE 5
PAR  1.73 g of methylene-1,3,3-trimethylindoline was reacted with 2.75 g of
      p-nitrobenz-phenylhydrazide chloride in the same way as described in
      Example 3. The triethylamine hydrochloride thus formed was filtered off
      and the filtrate was concentrated to give a red-brown oily material. The
      concentrate was subjected to a silica gel column chromatography using Wako
      Gel C-200 (trade name of silica gel made by Wako Junyaju K.K.) and the
      product was developed by n-hexane. The n-hexane effluent was concentrated
      to give 800 mg (20%) of a fluorescent red-orange compound. By the results
      from the various analyses as previously indicated, the compound obtained
      was confirmed to be
      3'-(p-nitrophenyl)-1'-phenyl-1,3,3-trimethylspiro(indoline-2,5'-pyrazoline
     -2). The melting point of the compound was 160.degree.-162.degree.C.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         72.79          72.76                                            
     H         5.87           5.89                                             
     N         13.58          13.46                                            
     ______________________________________                                    
PAR  Furthermore, when the reaction period of time was extended further to 2
      days, the yield of the product increased to 44%.
PAC  EXAMPLE 6
PAR  When 1.73 g of 2-methylene-1,3,3-trimethylindoline and 2.65 g of
      p-chlorobenz-phenylhydrazide chloride was treated in the same way as
      described in Example 3, 2.25 g (52%) of
      3'-(p-chlorophenyl)-1'-phenyl-1,3,3-trimethylspiro(indoline-2,5'-pyrazolin
     e-2) was obtained. The melting point of the product was
      166.degree.-168.degree.C.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         74.70          74.74                                            
     H         6.01           6.00                                             
     N         10.45          10.46                                            
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  1.87 g of 2-methylene-1,3,3,5-tetramethylindoline was reacted with 3.10 g
      of benz-(p-bromophenyl)hydrazide chloride in the same way as described in
      Example 3 to give 2.4 g (52%) of
      (p-bromophenyl)-3'-phenyl-1,3,3,5-tetramethylspiro-(indoline-2,5'-pyrazoli
     ne-2). The melting point of the product was 175.degree.-176.degree.C.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         69.32          69.30                                            
     H         5.35           5.28                                             
     N         8.68           8.59                                             
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  1.73 g of 2-methylene-1,3,3-trimethylindoline and 2.75 g of
      benz-(p-nitrophenyl)hydrazide chloride were dissolved in 50 ml of ethyl
      ether and after adding to the solution 2 g of triethylamine, the mixture
      was stirred for 2 days at room temperature. When the crystals thus formed
      was recovered by filtration and washed with ethyl alcohol, the
      triethylamine hydrochloride produced as a by-product was dissolved away
      and 2.12 g of orange crystals were obtained. Furthermore, when the
      filtrate obtained in the above filtration step was concentrated under a
      reduced pressure and crystallized from ethyl alcohol, 0.65 g of the orange
      crystals of the same compound as above was also obtained.
PAR  By recrystallizing the compound obtained above from a solvent mixture of
      ethyl alcohol and tetrahydrofuran,
      1'-(p-nitrophenyl)-3'-phenyl-1,3,3-trimethylspiro(indoline-2,5'-pyrazoline
     -2) having a melting point of 182.degree.-183.degree.C was obtained as
      columnar crystals.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         72.79          72.56                                            
     H         5.87           5.89                                             
     N         13.58          13.58                                            
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  2.28 g of 2-methylene-5-nitro-1,3,3-trimethylindoline and 2.31 g of
      benz-phenylhydrazide chloride were dissolved in 50 ml of tetrahydrofuran
      and after adding to the solution 2 g of triethylamine, the mixture was
      stirred for 2 days at room temperature. After filtering away the
      triethylamine hydrochloride formed in the reaction, the filtrate was
      concentrated under a reduced pressure. Then, by crystallizing the oily
      material thus obtained from ethanol and removing the unreacted hydrazide
      chloride, 650 mg of the crystals of 1',
      3'-diphenyl-5-nitro-1,3,3-trimethylspiro-(indoline-2,5'-pyrazoline-2) was
      obtained. The melting point of the product was 150.degree.-151.degree.C.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         72.79          72.65                                            
     H         5.87           5.85                                             
     N         13.58          13.47                                            
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  3.80 g of 1-ethyl-5-methoxy-2,3,3-trimethylindolenium iodide was dissolved
      in a solvent mixture of 30 ml of benzene and 20 ml of ethanol under
      heating. After adding to the solution 4 g of triethylamine, the mixture
      was maintained at 50.degree.C for about 30 minutes and then cooled to room
      temperature. Then, 2.65 g of p-chloro-benz-phenylhydrazide chloride was
      further added to the solution and the mixture was refluxed for 30 minutes.
      The salt thus precipitated was filtered away, the fluorescent filtrate was
      concentrated under a reduced pressure, and the remaining oily material was
      crystallized from ethanol, the crystals being recovered by filtration.
PAR  By recrystallizing the product obtained from a mixture of ethanol, a small
      amount of acetone and a few drops of triethylamine, 2.34 g of
      3'-(p-chlorophenyl)-3,3-dimethyl-1-ethyl-5-methoxy-1'-phenylspiro(indoline
     -2,5'-pyrazoline-2) was obtained in a yield of 52%. The melting point of
      the product was 143.degree.-145.degree.C.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         73.44          73.47                                            
     H         5.54           5.55                                             
     N         7.22           7.25                                             
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  1.72 g of 1-ethyl-2-methylene-1,2-dihydroquinoline and 2.33 g of
      benz-phenylhydrazide chloride were dissolved in benzene and after adding
      to the solution 2 g of triethylamine, the mixture was stirred for 5 hours
      at room temperature. By recovering the crystals thus formed by filtration
      and washing away the triethylamine hydrochloride from the crystals with
      ethanol, 2.60 g of
      1',3'-diphenyl-1-ethyl-spiro(1,2-dihydroquinoline-2,5'-pyrazoline-2) was
      obtained in a yield of 70%. The product was purified by recrystallizing
      from ethanol. The melting point thereof was 109.degree.-110.degree.C.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         82.16          81.96                                            
     H         6.34           6.24                                             
     N         11.50          11.73                                            
     ______________________________________                                    
PAR  In the infrared absorption spectra of the product, the carbon-carbon double
      bond at the 3-position and 4-position of dihydroquinoline was found at
      1640 cm.sup.-.sup.1 and further the carbon-carbon double bond of
      pyrazoline was found at 1550 cm.sup.-.sup.1 as a shoulder.
PAR  In the nuclear magnetic resonance spectra as the .delta. value (p.p.m.) of
      TMS internal standard in deutrerated benzene, the following absorptions
      were observed.
PAR  0.82 (3H, triplet, J  = 7.2 cps), 2.94 (2H, quartet, J  = 7.2 cps), 3.23,
      2.75 (AB type 2H, quartet, J  = 18.6 cps), 5.17 (1H, doublet, 31.6 cps),
      6.24 (1H, doublet, 31.6 cps), 6.3-7.8 (14H, multiplet).
PAR  In addition, when the reaction was conducted in a nitrogen gas atmosphere,
      the same product as described above but less colored was obtained.
PAC  EXAMPLE 12
PAR  3.51 g of 1,4-dimethylquinolinium-p-tosylate was reacted with 2.33 g of
      benz-phenylhydrazide chloride in the same way as described in Example 10
      to give 2.30 g of
      1',3'-diphenyl-1-methylspiro(1H,-4H-dihydroquinoline-4,5'-pyrazoline-2)
      with a yield of 62%. The melting point of the product was
      102.degree.-103.degree.C.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         82.02          82.27                                            
     H         6.02           5.92                                             
     N         11.95          11.89                                            
     ______________________________________                                    
PAC  EXAMPLE 13
PAR  4.00 g of 6-chloro-1,2-dimethylquinolinium-p-tosylate was reacted with 2.33
      g of benz-phenylhydrazide chloride in the way as described in Example 10
      to give 2.05 g (52%) of
      6-chloro-1',3'-diphenyl-1-methylspiro(1,2-dihydroquinoline-2.5'-pyrazoline
     -2). The melting point of the product was 130.degree.-132.degree.C.
TBL  ______________________________________                                    
     Elementary Analysis                                                       
             Calculated   Found                                                
             (%)          (%)                                                  
     ______________________________________                                    
     C         74.73          74.70                                            
     H         5.19           5.21                                             
     N         10.90          10.95                                            
     ______________________________________                                    
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it is apparent that various changes and
      modifications can be made therein without departing from the spirit and
      scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spiro-pyrazoline compound having the formula (I)
      ##SPC9##
PAL  wherein Z.sub.1 represents --CH=CH--.sub.n in which n is 0 or 1; Z.sub.2 is
      --CH=CH--.sub.1.sub.-n ; R.sub.1 represents hydrogen, halogen, nitro,
      lower alkyl having from 1 to 3 carbon atoms, lower alkoxyl of from 1 to 3
      carbon atoms or lower alkoxycarbonyl wherein the alkoxy group has from 1
      to 3 carbon atoms; R.sub.2 represents lower alkyl having from 1 to 3
      carbon atoms; and R.sub.3 and R.sub.4 each represents hydrogen, halogen,
      or nitro.
NUM  2.
PAR  2. The spiro-pyrazoline compound of claim 1 wherein said compound is
      ##SPC10##
NUM  3.
PAR  3. The spiro-pyrazoline compound of claim 1 wherein said compound is
      ##SPC11##
NUM  4.
PAR  4. The spiro-pyrazoline compound of claim 1 wherein said compound is
      ##SPC12##
PATN
WKU  039445577
SRC  5
APN  3962970
APT  1
ART  121
APD  19730911
TTL  Pyridinium salts
ISD  19760316
NCL  8
ECL  1
EXP  Randolph; John D.
INVT
NAM  Phillips; John Norbert
CTY  Yarralumla
CNT  AU
ASSG
NAM  Commonwealth Scientific & Industrial Research Organization
CTY  Canberra
CNT  AU
COD  03
CLAS
OCL  2602949
XCL  2602948E
XCL  2602948R
XCL  424263
EDF  2
ICL  C07D21360
FSC  260
FSS  294.9;294.8 E;294.8 R
OREF
PAL  little et al., J. American Chem. Soc. Vol. 80, pp. 2832 to 2838 (1958);
      Carboni et al., J. Am. Chem. Soc. Vol. 80, pp. 2838 to 2840 (1958) (note
      p. 2839 in particular)
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  The compounds of the invention are of the class of 2-amino-4-substituted
      amino-5-cyano pyridinium salts, useful as fungicidal agents. The
      preparation of these salts by reaction of an N-substituted cyano acetamide
      with a phosphorous halide or oxyhalide is described.
BSUM
PAR  This invention relates to novel pyridinium salts which exhibit useful
      fungicidal properties, to methods for the preparation of these salts, and
      to methods and compositions for controlling the growth of fungi.
PAR  In particular, the present invention relates to novel pyridinium salts of
      the general formula I;
      ##SPC1##
PAL  wherein
PA1  Y is selected from the group consisting of hydrogen and halogen,
      particularly chlorine or bromine;
PA1  R is selected from the group consisting of straight- or branched-chain,
      substituted or unsubstituted alkyl, particularly an alkyl group of one to
      twelve carbon atoms and more particularly an alkyl group of five to ten
      carbon atoms; substituted or unsubstituted cycloalkyl, particularly a
      cycloalkyl group of five to ten carbon atoms; and aralkyl, particularly a
      benzyl or phenethyl group;
PA1  R' is selected from the group consisting of hydrogen, halogen, particularly
      a chlorine or bromine atom; sulphonate; azido; radicals of the formula
      --NH--SO.sub.2 --R.sub.1, wherein R.sub.1 represents a substituted or
      unsubstituted aryl group or a straight or branched-chain, substituted or
      unsubstituted alkyl group; radicals of the formula
      ##EQU1##
      radicals of the formula --CH(CN)--R.sub.2 wherein R.sub.2 represents
      --COOH, --COO-- (lower alkyl) or --NH--CO--NH.sub.2 ; and radicals of the
      formulae
EQU  -- NH -- R",
EQU  -- S -- R" or
EQU  -- O -- R"
PAL  wherein
PA1  R" represents hydrogen, substituted or unsubstituted, straight- or
      branched-chain alkyl, alkenyl or alkynyl, substituted or unsubstituted
      aryl or aralkyl or cyano;
PA1  And A.sup.- represents an anion, particularly a chloride or bromide ion.
PAR  Typical substituents which may be introduced in the alkyl, alkenyl,
      alkynyl, cycloalkyl, aryl or aralkyl groups include halo radicals,
      particularly chloro or bromo radicals, and nitro, lower-alkoxy, pyridyl,
      carboxyl or furyl radicals.
PAR  It will be apparent that when R' represents a sulphonate radical
      (--SO.sub.3.sup.- ) in the above general formula, the anion A.sup.- will
      not be present.
PAR  It will be apparent to persons skilled in this art that by removal of a
      proton from the compounds of general formula I, an imine conjugate base Ia
      will be formed.
      ##SPC2##
PAR  It will also be apparent that where R' represents a radical of the formula
      --XH in which X represents --S-- or --O--, removal of a proton will also
      form a base Ib as set out below.
      ##SPC3##
PAL  Since these compounds may be used either in the form of the salt or in the
      form of the base, references herein to compounds of the general formula I
      are to be understood as references to those compounds either as the salt
      or as the base.
PAR  As typical compounds of the general formula I, there may be mentioned those
      in which Y represents a hydrogen atom, R' represents a chlorine atom and R
      represents n- or iso-butyl, n-hexyl, cyclohexyl, n-heptyl, n-octyl or
      n-nonyl; and those in which Y represents a bromine atom, R' represents a
      chlorine atom and R represents n-hexyl or n-octyl. Other typical compounds
      are set out in the Examples below.
PAR  The compounds of this invention in which Y represents a hydrogen atom, R'
      represents a halogen atom and R is as defined above may be prepared by the
      reaction of an N-substituted cyanoacetamide of the formula II with a
      phosphorous halide or oxyhalide under known reaction conditions to form a
      compound of formula III:
      ##SPC4##
PAR  In a typical procedure, the N-substituted cyanoacetamide is dissolved in an
      organic solvent such as chloroform and phosphorous oxychloride added to
      the solution. The reaction mixture is then warmed on a steam bath under
      reflux for about two hours and the product collected and recrystallised.
PAR  The compounds of the formula III may then be halogenated in the 3-position
      and/or the 6-halo substituent replaced by other radicals represented by R'
      using known techniques to form the other compounds of the general formula
      I. Typical procedures are illustrated in the Examples below.
PAR  It has been found that the compounds of this invention show a range of
      anti-fungal activity and the typical compounds mentioned above have been
      found to completely inhibit spore germination in Monolinia fructicola at 1
      - 100 ppm, to control Phytophthora cinnamomi infection of lupin seedlings
      at 1 - 8 ppm and to prevent infection of tomato seedlings by Fusarium
      oxysporum and cotton seedlings by Rhizoctonia solani when incorporated in
      the soil at 8 kg/ha.
PAR  In another aspect, this invention therefore provides a method of
      controlling fungal infection of plants which comprises treating the fungi,
      the plants, the soil or the plant seeds with an effective amount of a
      compound of formula I.
PAR  The amount of the compound of general formula I necessary to achieve the
      desired control in carrying out the above methods may be readily
      determined by simple experimentation and, by way of example, amounts of
      particular compounds within this general formula which may be used to
      control growth of fungi have been mentioned above.
PAR  In accordance with a further aspect of this invention there are provided
      compositions for controlling the growth of fungi which comprise an inert
      carrier and an effective amount of a compound of the general formula I.
      The compositions according to this aspect may be either liquid or solid as
      desired. The precise formulation employed may be varied according to the
      manner in which it is to be applied, the extent of control desired or
      necessary and the particular type of fungi to be controlled. The most
      advantageous composition for the control of a specific fungi may be
      readily determined by persons of ordinary skill in the art by routine
      experimentations in accordance with the teaching of this invention and the
      various factors set out above.
PAR  The compositions may be formulated with solid inert carriers, such as
      finely divided talc or silica to give powder compositions or vermiculites
      or the like to give granular compositions. Alternatively, liquid inert
      carriers may be used, such as vegetable or mineral oils, to provide spray
      compositions. In addition to the compound of general formula Ia and inert
      carrier, the compositions according to this invention may include other
      active components to assist the formulation and use of the compositions,
      such as emulsifying, dispersing and wetting agents.
PAR  One example of the manner in which the compounds of the present invention
      may be used is by formulation into a composition for spraying cotton
      plants prior to harvesting. A compound of the present invention is
      incorporated into a known spray composition which also includes a
      defoliating agent and the composition containing both active agents is
      sprayed onto the cotton plants to provide fungicidal protection at the
      same time as the plants are defoliated.
DETD
PAR  The following Examples set forth procedures for the preparation of the
      compounds of this invention and illustrate, but in no way limit, the
      present invention.
PAC  EXAMPLE I
PAR  N-methyl cyanoacetamide (9.8., 0.1 mole) was dissolved in chloroform (50
      ml) and phosphorous oxychloride (15.3 g., 0.1 mole) added. The reaction
      mixture was warmed on a steam bath under reflux for 2 hours during which
      time the product, 2-amino-6-chloro-5-cyano-1-methyl-4-methylamino
      pyridinium chloride (compound 1 - table 1) crystallized. It was collected
      and recrystallized from methanol to give a pale yellow solid (9.4 g., 80%)
      [m.p. 250.degree.C, C 41.51 (41.21); H 4.26 (4.32); N 24.11 (24.03); Cl
      30.3 (30.4)]
PAR  Higher homologues in the series were soluble in chloroform and were
      isolated by removal of the solvent in vacuo and treatment of the residue
      with cold methanol.
PAR  Other compounds of formula III, in which HaI represents chlorine and R is
      as set out in Table 1 below, were prepared in a similar manner.
PAR  Examples 2 to 6 illustrate halogenation of compounds of formula III in the
      3-position and substitution in the 6-position.
PAC  EXAMPLE 2
PAR  3.37 gms (.01 mole) of 2-amino-6-chloro-5-cyano-1-n-hexyl-4-n-hexylamino
      pyridinium chloride (compound II - Table 1) was dissolved in methanol and
      1.0 gm (0.01 mole) of triethylamine and 0.8 gms (0.011 mole) of
      n-butylamine added. The solution was refluxed for 1 hour and on cooling
      2.5 gms (60% yield) of
      2-amino-6-n-butylamino-5-cyano-1-n-hexyl-4-n-hexylamino pyridinium
      chloride (compound 42 - Table 2) crystallised out. [m.p. 179.degree. -
      180.degree.C. c 64.88 (64.6) H 9.81 (9.78) N17.11 (17.1)].
PAR  Other derivatives prepared in a similar manner using different pyridinium
      salts and a variety of amines and amides are listed in Table 2.
PAC  EXAMPLE 3
PAR  3.2 gms (.01 mole) of
      2-amino-1-n-butyl-4-n-butylamino-60chloro-5-cyano-pyridinium chloride
      (compound 6 - Table 1) was dissolved in hot water and 1.5 gms (0.012
      moles) of sodium sulphite added. One cooling 2.8 gms (85% yield) of
      2-amino-1-n-butyl-4-n-butylamino-5-cyano-pyridinium betaine-6-sulphonate
      (compound 60 - Table 3) crystallised out and was filtered off. [MPt
      240.degree. - 245.degree.C with decomposition. C 51.31 (51.51) H 6.76
      (6.79) N 16.70 (17.17) S 9.9 (9.8) ].
PAR  Other derivatives prepared in a similar manner (aqueous alcohol could be
      used in the case of less water soluble starting materials) are listed in
      Table 3.
PAC  EXAMPLE 4
PAR  4.85 gms (.01 mole) of 2-amino-6-chloro-5-cyano-1-n-decyl-4-n-decylamino
      pyridinium chloride (compound 16 - Table 1) was suspended in water and 1.8
      gms (0.012 mole) bromine added to the rapidly stirred suspension which was
      heated on a water bath for 30 minutes. On cooling 4.5 gms (75% yield) of
      2-amino-3-bromo-6-chloro-5-cyano-1-n-decyl-4-n-decylamino pyridinium
      bromide (compound 70 Table 4) was filtered off and recrystallised from
      ethanol. [MPt 166.degree. - 168.degree.C. c 51.62 (51.27) H 7.31 (7.40) N
      9.20 (9.20)].
PAR  Other derivatives prepared similarly are listed in Table 4.
PAC  EXAMPLE 5
PAR  a. 2.3 gms (.01 mole) of 2-amino-6-chloro-5-cyano-1-methyl-4-methylamino
      pyridinium chloride (compound 1 - Table 1) was dissolved in water and 0.92
      gms (.01 mole) of thioglycollic acid and 2.0 gms (0.02 mole) of
      triethylamine added. After 30 minutes 1.5 gms (60% yield) of
      2-amino-5-cyano-1-methyl-4-methylamino-pyridinium-betaine-6-thioglycollate
      (compound 74 - Table 5) was filtered off (MPt&gt;240.degree.C).
PAR  b. 3.15 gms (0.01 mole) of
      2-amino-1-n-butyl-4-n-butylamino-6-chloro-5-cyano pyridinium chloride
      (compound 6 - Table 1), 1.24 gms (0.01 mole) of benzyl mercaptan and 1.0
      gm (0.01 mole) of triethylamine was dissolved in dimethylformamide and
      heated at 100.degree.C for 1 hour. The dimethylformamide was evaporated
      off, ethanol added and 2.0 gms (50% yield) of
      2-amino-6-benzylmercapto-1-n-butyl-4-n-butylamino-5-cyano pyridinium
      chloride (compound 75 - Table 5) crystallised out and was recrystallised
      from ethanol (MPt 145.degree. - 147.degree.C).
PAR  c. 4.5 gms (.01 mole) of 2-amino-6-chloro-5-cyano-1-n-octyl-4-n-octylamino
      pyridinium chloride (compound 14 - Table 1) was dissolved in
      dimethylformamide and 2.2 gms (0.01 mole) of sodium diethyldithiocarbamate
      added and the solution refluxed for 60 minutes. This was then cooled,
      filtered and the solvent evaporated off. Methanol was added and 1.6 gms
      (30% yield) of
      2-amino-5-cyano-6-diethylthiocarbamylthio-1-n-octyl-4-n-octylamino
      pyridinium chloride (compound 80 - Table 5) was filtered off and
      recrystallised from methanol (MPt 124.degree. - 126.degree.C.)
PAR  d. 3.7 gms (.01 ml) of 2-amino-6-chloro-5-cyano-1-n-hexyl-4-n-hexylamino
      pyridinium chloride (compound 11 - Table 1) was dissolved in ethanol and
      1.1 gm (.01 mole) thiophenol and 1.0 gm (0.01 mole) of triethylamine
      added. The solution was left 16 hours at room temperature poured into iced
      water and 2.3 gms (50% yield) of
      2-amino-5-cyano-1-n-hexyl-4-n-hexylamino-6-phenylmercapto pyridinium
      chloride (compound 78 - Table 5) filtered off (MPt 227.degree.
      -228.degree.C).
PAR  Analogous compounds prepared by similar methods to those described in
      examples 5(a) (b) (c) and (d) are listed in Table 5.
PAC  EXAMPLE 6
PAR  a. 3.2 gms (.01 mole) of
      2-amino-1-n-butyl-4-n-butylamino-6-chloro-5-cyano-pyridinium chloride
      (compound 6 - Table 1) was dissolved in hot water, 4.0 gms (0.04 mole) of
      triethylamine added and the solution refluxed on a boiling water bath.
      After 2 hours 2.0 gms (75% yield) of
      2-amino-1-n-butyl-4-n-butylamino-5-cyano-pyridine-6-one (compound 87 -
      Table 6) had precipitated and was filtered off. (MPt 177.degree. -
      179.degree.C).
PAR  b. 2.6 gms (.01 mole) of 2-amino-6-chloro-5-cyano-10ethyl-4-ethylamino
      pyridinium chloride (compound 2 - Table 1) was dissolved in water and (.03
      mole) of sodium sulphide added. 2.0 gms (90% yield) of
      2-amino-5-cyano-1-ethyl-4-ethylamino pyridine-6-thione (compound 85 -
      Table 6) immediately precipitated and was filtered off. (MPt 190.degree. -
      192.degree.C).
PAR  c. 2.3 gms (.01 mole) of 2-amino-6-chloro-5-cyano-1-methyl-4-methylamino
      pyridinium chloride (compound 1 - Table 1) was dissolved in water and 0.66
      gms (.01 mole) of malononitrile and 2.0 gms (.02 mole) of triethylamine
      added. After a few minutes 1.7 gms (75% yield of
      2-amino-5-cyano-1-methyl-4-methylamino-6-dicyanomethyl pyridinium chloride
      (compound 83 - Table 6) (MPt&gt;240.degree.C) crystallised out.
PAR  A number of analogous conjugate bases prepared according to the method
      described in (a) (b) and (c) above are listed in Table 6.
PAC  EXAMPLE 7
PAR  0.8 gms (.012 mole) of sodium azide was added to an aqueous solution
      containing 2.6 gms (.01 mole) of
      2-amino-6-chloro-5-cyano-1-ethyl-4-ethylamino pyridinium chloride
      (compound 2 - Table 1) left for 2 hours at room temperature and then
      cooled. 2.0 gms (70% yield) of
      2-amino-6-azido-5-cyano-1-ethyl-4-ethylamino pyridinium chloride
      crystallised out (MPt 164.degree. - 165.degree.C).
PAC  EXAMPLE 8
PAR  3.2 gms (.01 mole) of
      2-amino-1-n-butyl-4-n-butylamino-6-chloro-5-cyano-pyridinium chloride
      (compound 6 - Table 1) was dissolved in dry dimethylformamide, 0.06 gms
      (0.01 mole) of sodium methoxide added, and the mixture refluxed for 60
      minutes, filtered and solvent evaporated off. The solid was recrystallised
      from acetone to give 1.0 gm (30% yield) of
      2-amino-1-n-butyl-4-n-butylamino-5-cyano-6-methoxy pyridinium chloride
      (MPt 187.degree. - 189.degree.C.)
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Compounds of the formula:                                                 
     prepared as in Example I                                                  
     ANALYSIS                                                                  
     Product:                                                                  
     Compound    %                                                             
     No.   R     Yield                                                         
                     MPt (.degree.C)                                           
                           C     H     N     CI                                
     __________________________________________________________________________
     1     Methyl                                                              
                 80  250   41.51 4.26  24.11 30.3                              
                           (41.21)                                             
                                 (4.32)                                        
                                       (24.03)                                 
                                             (30.4)                            
     2     ethyl 80  &gt;250                                                      
     3     n-propyl                                                            
                 75  215-217                                                   
     4     isopropyl                                                           
                 40  196-197                                                   
                           49.89 6.51  19.25                                   
                           (49.81)                                             
                                 (6.27)                                        
                                       (19.37)                                 
     5     alkyl 60  192-194                                                   
     6     n-butyl                                                             
                 85  230-231                                                   
                           52.88 6.94  17.99 22.7                              
                           (53.16)                                             
                                 (7.01)                                        
                                       (17.71)                                 
                                             (22.4)                            
     7     isobutyl                                                            
                 50  237-239                                                   
     8     sec-butyl                                                           
                 30  177-178                                                   
                           52.73 7.06  17.61                                   
                           (53.16)                                             
                                 (7.01)                                        
                                       (17.71)                                 
     9     n-pentyl                                                            
                 80  238-240                                                   
     10    cyclopen-                                                           
                 70  205-207                                                   
                           56.44 6.46  16.40 21.0                              
           tyl             (56.29)                                             
                                 (6.49)                                        
                                       (16.41)                                 
                                             (20.8)                            
     11    n-hexyl                                                             
                 75  202-204                                                   
                           58.21 7.80  15.16 18.8                              
                           (57.90)                                             
                                 (8.04)                                        
                                       (15.00)                                 
                                             (19.0)                            
     12    cyclohexyl                                                          
                 60  213-214                                                   
                           58.51 6.97  15.26 18.8                              
                           (58.53)                                             
                                 (7.10)                                        
                                       (15.17)                                 
                                             (19.2)                            
     13    n-heptyl                                                            
                 80  238-240                                                   
     14    n-octyl                                                             
                 75  233-234                                                   
                           61.85 8.93  13.07 16.4                              
                           (61.52)                                             
                                 (8.91)                                        
                                       (13.04)                                 
                                             (16.5)                            
     15    n-nonyl                                                             
                 75  230-232                                                   
                           63.2  9.19  12.25 15.5                              
                           (63.3)                                              
                                 (9.20)                                        
                                       (12.40)                                 
                                             (15.3)                            
     16    n-decyl                                                             
                 75  226-228                                                   
                           64.3  9.48  11.54 14.6                              
                           (64.7)                                              
                                 (9.69)                                        
                                       (11.78)                                 
                                             (14.3)                            
     17    benzyl                                                              
                 60  192-194                                                   
                           62.09 5.01  14.79 18.1                              
                           (62.34)                                             
                                 (4.67)                                        
                                       (14.55)                                 
                                             (18.4)                            
     18    phenyl-                                                             
                 50  &gt;240                                                      
           ethyl                                                               
     __________________________________________________________________________
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Compounds of the formula:                                                 
     prepared as in Example 2.                                                 
     Starting                 Product                                          
     Compound                 Compound                                         
                                   %                                           
     No.  Reactant                                                             
                  R     R"    No.  Yield                                       
                                       MPt(.degree.C)                          
     __________________________________________________________________________
     1    ammonia methyl                                                       
                        H     19   70  &gt;240                                    
     1    cyanamide                                                            
                  methyl                                                       
                        cyano 20   20  &gt;240                                    
     1    N-propylamine                                                        
                  methyl                                                       
                        n-propyl                                               
                              21   80  &gt;240                                    
     1    allylamine                                                           
                  methyl                                                       
                        allyl 22   70  &gt;240                                    
     1    furfurylamine                                                        
                  methyl                                                       
                        furfuryl                                               
                              23   60  &gt;240                                    
     1    benzylamine                                                          
                  methyl                                                       
                        benzyl                                                 
                              24   80  &gt;240                                    
     1    p-toluenesul- p-toluene-                                             
          phonamide                                                            
                  methyl                                                       
                        sulphonyl                                              
                              25   90  &gt;240                                    
     1    n-octylamine                                                         
                  methyl                                                       
                        n-octyl                                                
                              26   60  203-205                                 
     1    n-dodecylamine                                                       
                  methyl                                                       
                        n-dodecyl                                              
                              27   80  210-214                                 
     1    glycine methyl                                                       
                        carboxy                                                
                              28   80  &gt;240                                    
                        methyl                                                 
     2    2-bromoethyl-                                                        
                  ethyl 2-bromo-                                               
                              29   80  &gt;240                                    
          amine         ethyl                                                  
     2    furfurylamine                                                        
                  ethyl furfuryl                                               
                              30   80  &gt;240                                    
     2    2-picolylamine                                                       
                  ethyl 2-picolyl                                              
                              31   75  233-234                                 
     3    furfurylamine                                                        
                  n-    furfuryl                                               
                              32   75  225                                     
                  propyl                                                       
     4    n-butylamine                                                         
                  isopro-                                                      
                        n-butyl                                                
                              33   85  188-190                                 
                  pyl                                                          
     4    furfurylamine                                                        
                  isopro-                                                      
                        furfuryl                                               
                              34   85  202                                     
                  pyl                                                          
     6    n-butylamine                                                         
                  n-butyl                                                      
                        n-butyl                                                
                              35   80  224                                     
     6    furfurylamine                                                        
                  n-butyl                                                      
                        furf- 36   80  248                                     
                        uryl                                                   
     6    n-octylamine                                                         
                  n-butyl                                                      
                        n-octyl                                                
                              37   60  228-229                                 
     6    glycine n-butyl                                                      
                        carboxy-                                               
                              38   80  &gt;240                                    
                        methyl                                                 
     10   cyanamide                                                            
                  cyclopen-                                                    
                        cyano 39   70  &gt;240                                    
                  tyl                                                          
     11   methylamine                                                          
                  n-hexyl                                                      
                        methyl                                                 
                              40   30  228-230                                 
     11   furfurlamine                                                         
                  n-hexyl                                                      
                        furfuryl                                               
                              41   50  &gt;240                                    
     11   n-butylamine                                                         
                  n-hexyl                                                      
                        n-butyl                                                
                              42   60  179-180                                 
     11   n-hexylamine                                                         
                  n-hexyl                                                      
                        n-hexyl                                                
                              43   70  159-160                                 
     11   n-octylamine                                                         
                  n-hexyl                                                      
                        n-octyl                                                
                              44   50  148-151                                 
     12   methylamine                                                          
                  cyclo-                                                       
                        methyl                                                 
                              45   60  205-207                                 
                  hexyl                                                        
     14   ammonia n-octyl                                                      
                        H     46   90  231-233                                 
     14   methylamine                                                          
                  n-octyl                                                      
                        methyl                                                 
                              47   80  156                                     
     14   cyanamide                                                            
                  n-octyl                                                      
                        cyano 48   90  226                                     
     14   ethylamine                                                           
                  n-octyl                                                      
                        ethyl 49   80  209-211                                 
     14   n-propylamine                                                        
                  n-octyl                                                      
                        n-propyl                                               
                              50   80  170-172                                 
     14   n-butylamine                                                         
                  n-octyl                                                      
                        n-butyl                                                
                              51   80  158-160                                 
     14   furfurylamine                                                        
                  n-octyl                                                      
                        furfuryl                                               
                              52   50  192-194                                 
     14   n-hexylamine                                                         
                  n-octyl                                                      
                        n-hexyl                                                
                              53   60  140-142                                 
     14   n-octylamine                                                         
                  n-octyl                                                      
                        n-octyl                                                
                              54   50  154-156                                 
     16   ammonia n-decyl                                                      
                        H     55   60  240                                     
     17   cyanamide                                                            
                  benzyl                                                       
                        cyano 56   80  &gt;240                                    
     __________________________________________________________________________
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Compounds of the formula:                                                 
     prepared as in Example 3. -                                               
                              ANALYSIS                                         
     Starting  Product                                                         
     Compound  Compound                                                        
                    %                                                          
     No.  R    No.  Yield                                                      
                        MPt(.degree.C)                                         
                              C     H    N     S                               
     __________________________________________________________________________
     1    methyl                                                               
               57   85  &gt;240  39.27 4.26 22.76 13.0                            
                              (39.67)                                          
                                    (4.16)                                     
                                         (23.13)                               
                                               (13.2)                          
     2    ethyl                                                                
               58   80  &gt;240                                                   
     4    isopro-                                                              
               59   80  &gt;240                                                   
          pyl                                                                  
     6    n-butyl                                                              
               60   80  240-245                                                
                              51.31 6.76 16.70 9.9                             
                              (51.51)                                          
                                    (6.79)                                     
                                         (17.17)                               
                                               (9.8)                           
     7    isobutyl                                                             
               61   90  &gt;240                                                   
     12   cyclo-                                                               
               62   60  &gt;240  56.95 6.85 14.61 8.2                             
          hexyl               (57.12)                                          
                                    (6.92)                                     
                                         (14.80)                               
                                               (8.5)                           
     14   n-octyl                                                              
               63   80  240-241                                                
     __________________________________________________________________________
TBL                TABLE 4                                                     
     ______________________________________                                    
     Compounds of the formula:                                                 
     prepared as in Example 4.                                                 
     Starting                   Product                                        
     Compound                   Compound                                       
                                       %                                       
     No.    R         Y         No.    Yield MPt(.degree.C)                    
     ______________________________________                                    
     3      n-propyl  chloro    64     80    125-128                           
     59     iso-propyl                                                         
                      sulphonate                                               
                                65     60    &gt;240                              
     6      n-butyl   chloro    66     60    178-180                           
     11     n-hexyl   chloro    67     50    182-184                           
     14     n-octyl   chloro    68     90    166-167                           
     15     n-nonyl   chloro    69     70    169-171                           
     16     n-decyl   chloro    70     75    166-168                           
     17     benzyl    chloro    71     70    136-138                           
     56     benzyl    cyanamino 72     80    &gt;240                              
     ______________________________________                                    
TBL                TABLE 5                                                     
     ______________________________________                                    
     Compounds of the formula:                                                 
     prepared as in Example 5                                                  
     Starting                    Product                                       
     Compound                    Compound                                      
                                        %                                      
     No.    R         X          No.    Yield                                  
                                             MPt(.degree.C)                    
     ______________________________________                                    
     1      methyl    benzyl     73     40   145-147                           
     1      methyl    carboxy-   74     80   &gt;240                              
                      methyl                                                   
     6      n-butyl   benzyl     75     50   145-147                           
     6      n-butyl   carboxy-   76     50   &gt;240                              
                      methyl                                                   
     6      n-butyl   dimethylthio-                                            
                                 77     70   169-171                           
                      carbamoyl                                                
     11     n-hexyl   phenyl     78     50   227-228                           
     12     cyclohexyl                                                         
                      phenyl     79     50   227-229                           
     14     n-octyl   diethylthio-                                             
                                 80     30   124-126                           
                      carbamoyl                                                
     ______________________________________                                    
TBL                                    TABLE 6                                 
     __________________________________________________________________________
     Compounds of the formula:                                                 
     prepared as in Example 6. -                                               
                                                   MPt (.degree.C)             
     Starting Compound No.                                                     
                 R     XH       Product Compound No.                           
                                            % Yield                            
                                                   (Base form)                 
     __________________________________________________________________________
     1           methyl                                                        
                       hydroxy  81          80     &gt;240                        
     1           methyl                                                        
                       mercapto 82          80     &gt;240                        
     1           methyl                                                        
                       dicyanomethyl                                           
                                83          75     &gt;240                        
     1           methyl                                                        
                       carboethoxy-                                            
                                84          60     &gt;240                        
                       cyanomethyl                                             
     2           ethyl mercapto 85          90     190-192                     
     2           ethyl carboamido-                                             
                                86          70     227-228                     
                       cyanomethyl                                             
     6           n-butyl                                                       
                       hydroxy  87          75     177-179                     
     6           n-butyl                                                       
                       mercapto 88          80     173-175                     
     11          n-hexyl                                                       
                       mercapto 89          70     103-104                     
     __________________________________________________________________________
PAR  The anti-fungal activity of typical compounds according to the present
      invention is illustrated in the results set out in Table 7 below.
TBL                                    TABLE 7                                 
     __________________________________________________________________________
     Com-                                                                      
         Monolinia fruc-                                                       
                  Phytophthora                                                 
                         Rhizoctonia                                           
                                Fusarium oxy-                                  
     pound                                                                     
         ticolaspore                                                           
                  cinnamomi on                                                 
                         solani on                                             
                                sporum on                                      
     No. germination                                                           
                  lupin.sup.2                                                  
                         cotton tomato.sup.4                                   
     __________________________________________________________________________
     13  ++       ++     -      +                                              
     14  ++       ++      ++    +                                              
     17  +        +      -      +                                              
     23  -        -      -       ++                                            
     27  -        30      ++    -                                              
     36  +        +      +      -                                              
     42  ++       ++     -      -                                              
     44  ++       ++     -      +                                              
     46  ++       ++     +      -                                              
     59  -        -       ++    -                                              
     67  ++       +      -      +                                              
     78  ++       ++     +      -                                              
     __________________________________________________________________________
     1.                                                                        
       50% inhibition of spore germination of M. fructicola                    
              .ltoreq.5 ppm ++                                                 
              &gt;5 .ltoreq.50 ppm +                                              
              &gt;50 ppm -                                                        
     2.                                                                        
       Protection of lupin seedlings from infection by                         
     P. cinnamomi                                                              
              .ltoreq.2ppm ++                                                  
              &gt;2 .ltoreq.8ppm +                                                
              &gt;8ppm -                                                          
     3.                                                                        
       Infection of cotton seedlings by Rh. solani                             
       100% protection at 16 kg/ha (soil application) ++                       
       50% protection at 16 kg/ha (soil application) +                         
     4.                                                                        
       Infection of tomato seedlings by F. oxysporum                           
       100% protection 8 kg/ha (soil application) ++                           
       50% protection at 8 kg/ha (soil application) +                          
CLMS
STM  We claim:
NUM  1.
PAR  1. Compound of the formula:
      ##SPC5##
PAL  wherein:
PA1  Y is selected from the group consisting of hydrogen and halogen;
PA1  R is selected from the group consisting of straight or branched-chain alkyl
      or a chloro, bromo, nitro, lower alkoxy, pyridyl, carboxyl or furyl
      substituted alkyl of one to twelve carbon atoms; a cycloalkyl or a chloro,
      bromo, nitro, lower alkoxy, pyridyl, carboxyl or furyl substituted
      cycloalkyl of 5 to 10 carbon atoms; and aralkyl;
PA1  R' is selected from the group consisting of hydrogen; halogen; sulphonate;
      azido; radicals of the formula --NH--SO.sub.2 --R.sub.1 wherein R.sub.1
      represents p-toluyl or a straight-or branched-chain alkyl or a chloro,
      bromo, nitro, lower alkoxy, pyridyl, carboxyl or furyl substituted alkyl
      of one to twelve carbon atoms or radicals of the formula
      ##EQU2##
      radicals of the formula --CH--(CN)--R.sub.2, wherein R.sub.2 represents
      --COOH, --COO (lower alkyl) or --NH--CO--NH.sub.2 ; and radicals of the
      formulae --NH--R", --S--R" or --O--R", wherein R" represents hydrogen, a
      straight- or branched-chain alkyl or a chloro, bromo, nitro, lower alkoxy,
      pyridyl, carboxyl or furyl substituted alkyl of up to 12 carbon atoms,
      alkenyl of at least three carbon atoms or alkynyl, a phenyl, benzyl or
      cyano, furfuryl, carboxymethyl, 2-bromoethyl, 2-picolyl,
      dimethyl-thiocarbamoyl or diethylthiocarbamoyl; and
PA1  A.sup.- represents an anion.
NUM  2.
PAR  2. A compound of the formula
      ##SPC6##
PAL  wherein
PA1  Hal represents halogen; and
PA1  R is as defined in claim 1.
NUM  3.
PAR  3. The compound of the formula
      ##SPC7##
PAL  wherein
PA1  Y is hydrogen, R is n-octyl and R' is chloro.
NUM  4.
PAR  4. The compound of claim 1, wherein R.sub.1 is p-toluyl; wherein when R" is
      alkyl, R" is methyl, ethyl, n-propyl, n-butyl, n-hexyl, n-octyl or
      n-dodecyl andd wherein if R" is alkenyl, then R" is allyl.
NUM  5.
PAR  5. A process for the preparation of a compound of the formula I
      ##SPC8##
PAL  characterized in that a compound of the formula II
      ##EQU3##
      in which each of R, R' and Y is as defined in claim 1, is reacted with a
      phosphorous halide or phosphorous oxyhalide to produce a compound of the
      general formula III
      ##SPC9##
NUM  6.
PAR  6. A process as claimed in claim 5, wherein the compound of formula II is
      dissolved in chloroform, the phosphorous halide or oxyhalide added to the
      solution and the mixture warmed under reflux.
NUM  7.
PAR  7. The process of claim 5, which further includes the step of halogenating
      the compound of formula III in the 3-position.
NUM  8.
PAR  8. The compound of claim 4, wherein when R is aralkyl, R is benzyl or
      phenylethyl.
PATN
WKU  039445585
SRC  5
APN  3160882
APT  1
ART  121
APD  19721218
TTL  Fluorocarbon derivatives of pyridine
ISD  19760316
NCL  12
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EXP  Randolph; John D.
INVT
NAM  Houghton; Leonard Eric
CTY  Runcorn
CNT  EN
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NAM  Hutchinson; John
CTY  Runcorn
CNT  EN
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NAM  Imperial Chemical Industries Limited
CTY  London
CNT  EN
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OCL  260297R
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XCL  252117
XCL  252542
XCL  424263
XCL  2602948F
XCL  260290H
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ICL  C07D21326
FSC  260
FSS  290 HL; 297 R;295.5 R
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PNO  3534056
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NAM  Mailey et al.
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PAL  Chemical Abstracts, Vol. 79, abst. no. 115451 (1973) (Abst. of German
      Offen. No. 2,301,551).
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  Compounds having the general formula [C.sub.n F.sub.2n.sub.-1 (HF).sub.x
      ](C.sub.5 H.sub.4 N)O wherein n is an integer from 3 to 20 and x is 0 or
      1, the group C.sub.5 H.sub.4 N is a pyridine nucleus and 0 is an oxygen
      atom covalently attached to a carbon atom of the nucleus.
BSUM
PAR  This invention relates to novel compounds containing highly fluorinated
      aliphatic groups.
PAR  According to the present invention we provide a compound having the general
      formula [C.sub.n F.sub.2n.sub.-1 (HF).sub.x ]  (C.sub.5 H.sub.4 N)0
      wherein n is an integer from 3 to 20 and x is 0 or 1, the group C.sub.5
      H.sub.4 N is a pyridine nucleus and 0 is an oxygen atom covalently
      attached to a carbon atom of the nucleus.
PAR  In one general form of the invention the oxygen atom covalently links the
      pyridine nucleus (C.sub.5 H.sub.4 N) with the rest of the structure which
      is the fluorocarbon portion (C.sub.n F.sub.2n.sub.-1 (HF).sub.x )--. The
      oxygen atom preferably is linked in the 3-position of the pyridine nucleus
      for these oxypyridine derivatives but it may be in the 2- or the
      4-position if desired. Alternatively the oxygen atom may also be
      covalently attached to the pyridine nucleus by a double bond and in this
      form the ring is in a quinonoid form
      ##SPC1##
PAL  Those oxypyridine derivatives having quinonoid structures are formed when
      the oxygen atom is in the 2- or 4-positions of the nucleus, and in those
      cases the fluorocarbon portion is attached directly to the nitrogen atom
      of the nucleus.
PAR  According to a preferred form of the invention we provide a compound having
      the formula C.sub.n F.sub.2n.sub.-1 --0(C.sub.5 H.sub.4 N) wherein n is an
      integer from 3 to 20, the group C.sub.5 H.sub.4 N is a pyridine nucleus
      attached to the C.sub.n F.sub.2n.sub.-1 group by an ether oxygen.
PAR  The fluorocarbon portion of the structure when x is zero may be a
      perfluoroalkenyl structure C.sub.n F.sub.2n.sub.-1 of branched or
      straight-chain skeleton in which the double bond is preferably attached to
      a carbon atom adjacent to the link to the pyridine nucleus. These are
      especially preferred forms of the invention and the fluorocarbon portion
      is conveniently derived from a branched oligomer of tetrafluoroethylene,
      preferably an oligomer containing 8, 10 or 12 carbon atoms that will
      produce compounds in which the value of n is 8, 10 or 12.
PAR  Alternatively x may be unity and the fluorocarbon structure is then a
      highly-fluorinated alkyl structure containing one hydrogen atom. The
      carbon atom carrying the hydrogen atom is preferably a beta-carbon atom
      relative to the link to the pyridine nucleus. The preferred structure for
      this form of highly-fluorinated alkyl group is thus -- CF.sub.2
      CFHC.sub.n.sub.-2 F.sub.2n.sub.-3 in which n is from 3 to 20, preferably 3
      to 6, and the shortest group -- CF.sub.2 CFHCF.sub.3 is the especially
      preferred form.
PAR  The compounds of this invention may be prepared by reactions between
      perfluorocarbon compounds containing unsaturated groups and hydroxy
      pyridines. The unsaturated groups in the perfluorocarbon compounds may be
      terminal. (e.g. perfluorovinyl) or internal groups, and may include either
      those containing a fluorine on the double bond (e.g. in
      tetrafluoroethylene pentamer) as well as those internal double bonds which
      are fully substituted with perfluoroalkyl groups (e.g. in
      tetrafluoroethylene tetramer).
PAR  The reaction may be carried out in the presence of a proton acceptor for
      example a base which may be organic, preferably a tertiary amine; or
      inorganic, preferably a carbonate or silicate of an alkali-metal.
      Alternatively the proton acceptor may be reacted with the hydroxy pyridine
      prior to the addition of perfluorocarbon compound, for example an
      alkali-metal derivative of the hydroxy pyridine may be prepared and
      subsequently reacted with the perfluorocarbon compound in order to product
      the compounds of this invention.
PAR  The reaction may be conducted in a suitably inert, preferably a polar
      aprotic, solvent, for example a ketone, an N,N-dimethyl carboxylic amide
      or a dialkyl sulphoxide; dimethyl sulphoxide, methyl ethyl ketone and
      dimethylformamide are the preferred solvents.
PAR  The compounds [C.sub.n F.sub.2n.sub.-1 (HF).sub.x ](C.sub.5 H.sub.4 N)O
      containing a perfluoroaklenyl group are useful surface-active compounds
      for the treatment of surfaces, for example porous surfaces and especially
      paper or textile surfaces. The perfluoroalkenyl group imparts to such
      surfaces a change of character, for example a lowering of surface-free
      energy which confers on the surface a degree of repellency to organic
      molecules. Thus surfaces treated with the compounds of this invention have
      a higher degree of oil-repellency than before treatment.
PAR  In addition to the general surface-active properties described above one
      class of compounds of this invention namely those having the structure
      ##SPC2##
PAL  are useful intermediates in the preparation of compounds having a further
      series of useful properties, i.e. compounds containing a cation having the
      general formula
      ##SPC3##
PAL  where R is an alkyl group in conjunction with an an anion.
PAR  The anion may be any anion which does not adversely affect the
      surface-active properties of the cation for example halide, sulphate,
      phosphate, an organic acid anion (e.g. alkyl sulphate) or mixtures
      thereof.
PAR  These compounds may be prepared by quaternisation of the nitrogen atoms of
      the pyridine nucleus with conventional reagents, for example with dialkyl
      sulphates, alkyl halides preferably iodides or alkyl esters of aryl
      sulphonic acids, especially those in which the alkyl group is a lower
      alkyl group C.sub.1 -C.sub.5.
PAR  Such salts are water-soluble compounds useful as cationic surfactants in
      aqueous systems and biocidal compounds for example as anti-bacterial
      compounds or potentiators for other known anti-bacterial compounds such as
      phenolics, hydrochlorites, biguanides, and hydrocarbon quaternaries as
      described in our co-pending UK Application No. 15790/71 (published Belgian
      Pat. No. 783630).
PAR  The compounds useful as intermediates as hereinbefore described have an
      advantage over many other compounds formed from perfluoro compounds and an
      aromatic ring, in that only one chemical step is required to convert to a
      material having a hydrophilic group and which possesses appreciable
      surface activity and often water solubility.
PAR  As an alternative to the quaternisation step the nitrogen may be oxidised
      and amine oxides may be made. These materials also have useful properties
      in aqueous solutions especially as additives to detergent, hypochlorite
      bleach or other cleaning compositions.
PAR  The compounds containing a quinonoid pyridine nucleus also tend to have
      some biochemical reactivity and therefore these compounds are useful as
      insecticides, fungicides or herbicides without further chemistry being
      performed on them.
DETD
PAR  The invention is illustrated but in no way limited by the following
      examples:
PAC  EXAMPLE 1
PAR  To a stirred mixture of tetrafluoroethylene pentamer (500 g, 1 m) anhydrous
      potassium carbonate (138 g, 1 m) in dimethyl sulphoxide (1 liter),
      3-hydroxy pyridine (95 g, 1 m) in dimethyl sulphoxide was added during 20
      minutes. The reaction was conducted by stirring the mixture at 25.degree.C
      for 4 hours. On standing, the mixture separated into two layers. The lower
      layer was removed, washed with water, dried and distilled under vacuum to
      yield 506 g of a colourless liquid boiling at 75.degree.C at 2.5 mm Hg.
PAR  Infra-red analysis showed absorption peaks at 1570, 1470, 1430 cm
      .sup..sup.-1 (C=C and C=N vibrations) and 1237, 1180 cm .sup..sup.-1 (C--F
      vibrations).
PAR  Mass spectrum of the product revealed a molecular ion at M/.epsilon. 575
      corresponding to the expected molecular formula C.sub.15 H.sub.4 F.sub.19
      ON whilst the fluorine nuclear magnetic resonance and proton nuclear
      magnetic resonance spectra were fully consistent with the structure
      ##SPC4##
PAL  By elemental analysis the product was found to contain 31.43% carbon.
      61.33% fluorine, 0.75% hydrogen and 2.67% nitrogen. (C.sub.15 F.sub.19
      H.sub.4 NO requires carbon 31.35%, fluorine 62.8%, hydrogen 0.76% and
      nitrogen 2.44%).
PAC  EXAMPLE 2
PAR  An ethereal solution of the pyridyl ether produced in Example 1 (115g, 0.2
      m) treated with dimethyl sulphate (26g, 0.2 m) deposited white crystals of
      the methosulphate quaternary salt
      ##SPC5##
PAL  on standing. The quaternary salt was observed to have a melting point of
      95.degree.C to 100.degree.C and aqueous solutions gave surface tension
      values of 23.1, 36.2, 52.8 and 61.3 dynes/cm at 1%, 0.1%, 0.01% and 0.001%
      concentrations respectively.
PAC  EXAMPLE 3
PAR  An autoclave (300 ml) charged with 3-hydroxy pyridine (7.1g), potassium
      carbonate (15g), and methylethylketone (80 ml) was purged with nitrogen,
      sealed and pressurised with hexafluoropropene. An exothermic reaction
      ensued and the pressure fell. The vessel was repressurised successively
      until a drop in pressure no longer occurred. The reaction mixture was
      filtered and distilled. A fraction boiling at 60.degree.C to 66.degree.C
      at 7 mm (12g) was collected and shown by mass spectrometry to have parent
      molecular ions at M/.epsilon. 245 and 225.
PAR  Infra-red and nuclear magnetic resonance spectroscopic analysis
      demonstrated the product to be a mixture of
PA1  I. cf.sub.3 cfhcf.sub.2 o(c.sub.5 h.sub.4 n)
PA1  ii. trans CF.sub.3 CF=CFO(C.sub.5 H.sub.4 N) and
PA1  Iii. cis CF.sub.3 CF=CFO(C.sub.5 H.sub.4 N)
PAR  The weight ratio of these components I:II:III in the product was estimated
      to be 20:2:1. Significant absorption peaks in the infra-red spectrum of
      the mixed product occurred at 6.80, 7.00, 7.23, 7.77, 8.4 (broad), 8.97,
      9.78, 9.88, 10.86. 11.14, 11.41, 11.70, 12.12, 12.37, 13.14, 13.30, 14.10,
      14.27.mu.m wavelengths.
PAC  EXAMPLE 4
PAR  A flask fitted with a vibro-stirrer was connected through a condenser to a
      manometer, a hexafluoropropene supply and a vacuum pump. The flask was
      charged with methylethylketone (200 ml), potassium carbonate (22g),
      4-hydroxypyridine (10g), cooled to -20.degree.C, pumped out then
      repressurised to atmospheric pressure with hexafluoropropene. Stirring was
      commenced and as the pressure fell, hexafluoropropene was allowed into the
      system to maintain approximately one atmosphere pressure. The vessel
      temperature during the reaction rose to about -15.degree.C. When no more
      hexafluoropropene was being taken up, the reaction mixture was filtered
      and the solvent was distilled off at atmospheric pressure. The residue was
      distilled at reduced pressure and a main fraction (11.6g,
      130.degree.-134.degree.C/20 mm) was collected and shown by infra-red,
      nuclear magnetic resonance and mass spectrometry (parent molecular ions
      M/.epsilon. 245 and 225) to be a mixture of
      ##SPC6##
PAR  The ratio of these three components I:II:III in the product was estimated
      to be 3.7:3.2:1. Significant absorption peaks in the infra-red specturm
      occurred at 3.25, 5.66, 5.99, 6.18, 7.26, 7.59, 8.26, 8.41, 8.62, 9.12,
      9.44, 10.77, 11.70, 13.42.mu.m wavelength.
PAC  EXAMPLE 5
PAR  A reaction between 2-hydroxypyridine and hexafluoropropene was carried out
      as described for the reaction between hexafluoropropene and
      4-hydroxypyridine. The product (19.4g, 69.degree.-70.degree.C/2-3 mm) was
      identified by nuclear magnetic resonance, infra-red and mass spectrometry
      (parent molecular ions at M/.epsilon. 225 and 245) as a mixture of
      ##SPC7##
PAL  I, ii and III were present in the ratio 21:12:10. Significant absorption in
      the infra-red spectra occurred at 5.90, 6.19, 6.48, 7.30, 7.66, 7.82,
      8.35, 8.60, 8.79, 9.50, 10.12, 10.63, 11.09, 11.50, 11.70, 11.86, 12.20,
      13.16, 13.44, 13.60, 13.70, 14.20.mu.m wavelength.
PAC  EXAMPLE 6
PAR  Tetrafluoroethylene tetramer (120g, 0.3 m) was added dropwise, with
      stirring, to a solution of 3-hydroxypyridine (31.3g, 0.33 m) in
      dimethylsulphoxide (300 ml) containing triethylamine (41.4 ml, 0.3 m)
      during 1 hour. The mixture was stirred at 25.degree.C for an additional 3
      hours and then allowed to separate into two layers.
PAR  The lower layer was washed with water, dried and distilled to yield a
      colourless liquid, boiling point 70.degree.C to 72.degree.C at 5 mm Hg.
PAR  Spectroscopic measurements on the compound were fully consistent with the
      formula
      ##SPC8##
PAR  By elemental analysis the product was found to contain carbon 33.17%,
      hydrogen 0.79%, nitrogen 2.96%, fluorine 56.88%. (C.sub.13 F.sub.15
      H.sub.4 NO requires carbon 32.85%, hydrogen 0.84%, nitrogen 2.95% and
      fluorine 60%).
PAR  The quaternary methosulphate surfactant C.sub.8 F.sub.15 OC.sub.5 H.sub.4
      N.sup.+ CH.sub.3 (CH.sub.3 SO.sub.4 .sup.-) was readily prepared in
      quantitative yield as a white waxy solid (melting point 87.degree.C) by
      treating an ethereal solution of the 3-tetramer ether of pyridine with
      dimethylsulphate.
PAR  Aqueous solutions of this compound had the following surface tensions:
      21.8, 39.0, 57.8, 63.7 dynes/cm at concentrations of 1%, 0.1%, 0.01%,
      0.001% respectively.
PAC  EXAMPLE 7
PAR  a. To a stirred mixture of tetrafluoroethylene pentamer (100g, 0.2 m),
      3-hydroxypyridine (20g, 0.21 m) and dry dimethylformamide (100 ml) was
      slowly added with stirring a solution of methylamine (22g, 0.21 m) in
      dimethylformamide (100 ml). Stirring was continued for 48 hours at room
      temperature after which the reaction mixture was poured into dilute acid
      and a lower layer which formed on standing for a few minutes was run off.
      This lower layer was dissolved in methylene chloride, washed with water,
      dried and then the solvent was removed by distillation. The residue was
      distilled under reduced pressure, 98.degree.-110.degree.C at 3 mm, 95g.
      This distillate was examined by g.l.c. and found to consist of three
      components. Further examination by mass spectrometry and 19.sub.F nuclear
      magnetic resonance spectrometry showed that these components were isomers
      of the pyridyl ether, C.sub.10 F.sub.19 O(C.sub.5 H.sub.4 N). The isomers
      had the structures
      ##EQU1##
      The molar ratio of these three was approximately 2:1:1.
PAR  b. The experiment of Example 7(a) was repeated except that the reaction
      mixture was stirred for 4 hours only at room temperature and the product
      separated in the same manner as described in Example 7(a) immediately
      after the 4 hours reaction period. The ratio of the isomers I: II: III in
      this case was 8:1:1.
PAC  EXAMPLE 8
PAR  The experiment described in Example 7(b) was repeated using acetonitrile as
      the solvent. The product in this case was almost exclusively isomer I,
      with only a trace of II and III.
PAC  EXAMPLE 9
PAR  When a mixture of the isomers of C.sub.10 F.sub.19 OC.sub.5 H.sub.4 N
      (730g, 1.27m) produced by Example 7(a) or 7(b) and dimethylsulphate (197g,
      1.56 m) in methylene chloride (1.2 liter) was gently refluxed for 5 hours,
      the isomeric methosulphates (791g) were precipitated. They were all shown
      to have the formula C.sub.10 F.sub.19 O(C.sub.5 H.sub.4 N.sup.+CH.sub.3)
      (CH.sub.3 .sup.-SO.sub.4) and the proportion of each isomer of the
      C.sub.10 F.sub.19 group present remained unchanged before and after the
      quaternisation of the nitrogen.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound having the general formula
EQU  [C.sub.n F.sub.2n.sub.-1 (HF).sub.x ](C.sub.5 H.sub.4 N)O
PAL  wherein
PA1  n is an integer from 3 to 20
PA1  x is 0 or 1
PA1  the group (C.sub.5 H.sub.4 N) is a pyridine nucleus and
PA1  O is an ether linkage oxygen atom covalently attached to the three position
      carbon atom of the pyridine nucleus and linking the [C.sub.n
      F.sub.2n.sub.-1 (HF).sub.x ] group.
NUM  2.
PAR  2. A compound as claimed in claim 1 wherein x is zero and the formula is
EQU  C.sub.n F.sub.2n.sub.-1 -- O -- (C.sub.5 H.sub.4 N)
NUM  3.
PAR  3. A compound as claimed in claim 1 wherein the group C.sub.n
      F.sub.2n.sub.-1 is a branched perfluoroalkenyl group derived from an
      oligomer of tetrafluoroethylene.
NUM  4.
PAR  4. A compound as claimed in claim 3 wherein in the group C.sub.n
      F.sub.2n.sub.-1 n is 8, 10 or 12.
NUM  5.
PAR  5. A compound as claimed in claim 1 wherein the pyridine nucleus is
      quaternised and forms a cationic surface-active agent.
NUM  6.
PAR  6. A cationic surface-active agent having a cation of the structure
      ##SPC9##
PAL  wherein
PA1  n is an integer from 3 to 20
PA1  x is 0 or 1
PA1  R is an alkyl group
PAL  in conjunction with an anion.
NUM  7.
PAR  7. A cationic surface-active agent as claimed in claim 6 wherein the alkyl
      group R contains up to five carbon atoms.
NUM  8.
PAR  8. A process for the preparation of oxypyridine derivatives of
      perfluoroolefines comprising contacting a perfluoroolefine with a hydroxy
      pyridine in the presence of a proton acceptor and a polar aprotic solvent.
NUM  9.
PAR  9. A process as claimed in claim 8 wherein the proton acceptor is a base.
NUM  10.
PAR  10. A process as claimed in claim 9 wherein the base is an organic tertiary
      amine.
NUM  11.
PAR  11. A process as claimed in claim 9 wherein the base is a carbonate or
      silicate of an alkalimetal.
NUM  12.
PAR  12. A compound as claimed in claim 1 of the formula
      ##SPC10##
PATN
WKU  039445593
SRC  5
APN  3953076
APT  1
ART  121
APD  19730907
TTL  Process for the production of alkyl-substituted unsaturated
      .delta.-lactams
ISD  19760316
NCL  5
ECL  1
EXP  Randolph; John D.
INVT
NAM  Cherubim; Martin
CTY  Rheinkamp-Eick
CNT  DT
INVT
NAM  Abodagga; Faisal
CTY  Rheinkamp-Utfort
CNT  DT
ASSG
NAM  Deutsche Texaco Aktiengesellschaft
CTY  Hamburg
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720914
APN  2245097
CLAS
OCL  260297Z
EDF  2
ICL  C07D20108
ICL  C07D21130
FSC  260
FSS  297 Z
UREF
PNO  3267111
ISD  19660800
NAM  Vill
OCL  260297Z
UREF
PNO  3393199
ISD  19680700
NAM  Daum et al.
OCL  260297Z
OREF
PAL  Klingsberg, Pyridine and Derivatives, Part III, pp. 519-520, Interscience
      Publishers Inc., (1962).
LREP
FR2  Whaley; T. H.
FR2  Ries; C. G.
FR2  Priem; Kenneth R.
ABST
PAL  Alkyl-substituted unsaturated .delta.-lactams are obtained by contacting
      monocyanoethylated ketones with an aqueous acid solution and permitting
      them to react. Alkyl-substituted unsaturated .delta.-lactams of this
      invention are valuable intermediate products useful for organic synthesis
      in the production of pharmaceuticals and plastics.
BSUM
PAR  This application is related to our copending application Ser. No. 447,710,
      filed Mar. 4, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a process for producing alkyl-substituted
      unsaturated lactams.
PAR  2. Discussion of the Prior Art
PAR  It is known to produce lactams from amino acids by splitting off water.
      However, the amino acids that are suitable for this process quite often
      are not readily available. One prior art process comprises hydrogenating
      alkyl-substituted phenols to alkyl-substituted cyclohexanols,
      dehydrogenating the cyclohexanols to the corresponding ketones, forming
      oximes and subjecting them to the Beckmann rearrangement, to obtain
      alkyl-substituted lactams. This procedure is troublesome and uneconomical.
PAR  Surprisingly, it was found that alkyl-substituted unsaturated
      .delta.-lactams are obtained by contacting the suitable monocyanoethylated
      ketones with an aqueous acid solution and permitting them to react.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a process for the production of alkyl-substituted
      unsaturated .delta.-lactams represented by the general formula:
      ##EQU1##
      in which R.sub.1 may be hydrogen or alkyl and R.sub.2 may be hydrogen or
      alkyl. The process comprises admixing one mole of a monocyanoethylated
      ketone of the general formula
      ##EQU2##
      in which R.sub.1 may be hydrogen or alkyl and R.sub.2 may be hydrogen or
      alkyl, with concentrated mineral acid in an aqueous or aqueous-alcoholic
      solution and permitting the mixture to react. The invention is also the
      product of the reaction.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The reaction preferably takes place at a temperature of from about
      40.degree.C. to reflux temperature. After cooling the reacted mixture, the
      lactam may be recovered by extracting it from the reaction mixture.
      Examples of the mineral acid to be used are concentrated sulfuric acid and
      concentrated phosphoric acid. A monocyanoethylated ketone of the
      above-mentioned formula, in which R.sub.1 and R.sub.2 represent hydrogen
      or alkyl having from 1 to 5 carbon atoms, especially from 1 to 3 carbon
      atoms, is preferred.
PAR  A particular embodiment of the invention comprises diluting one mole of a
      ketone of the above-mentioned formula with from 30 to 500 ml of water or a
      water-alcohol mixture containing up to 90 parts of alcohol, preferably an
      aliphatic alcohol having from 1 to 4 carbon atoms, adding from 1 to 150 ml
      of concentrated sulfuric acid dropwise within a period of time of from 3
      to 60 minutes, and subsequently permitting the mixture to react from 1 to
      60 minutes at reflux temperature. Thereafter, the reaction mixture is
      cooled down quickly and worked up to recover the lactam.
PAR  It is known that if dicyanoethylated ketones are admixed with alkaline
      solutions bicyclical lactams are obtained. Properly considered, one could
      have expected to obtain, under the same or similar conditions,
      monocyclical lactams from monocyanoethylated ketones. But all attempts
      made to that effect failed. Consequently, it was most surprising to see
      such a cyclization take place under the indicated conditions. The
      structure of the compounds obtained according to this invention was
      ascertained by carbon, hydrogen, nitrogen analysis (CHN), nuclear magnetic
      resonance (NMR) and infared (IF) spectrographic analysis.
PAR  The process of this invention is suited to produce the alkyl-substituted
      unsaturated .delta.-lactams of the general formula indicated above in pure
      form and good yields and in a rapid manner. These compounds are valuable
      and interesting intermediate products useful for organic syntheses, for
      the production of pharmaceuticals and plastics.
DETD
PAR  The invention is further illustrated by the following example.
PAC  EXAMPLE
PAR  One mole (125 g) of monocyanoethylated methyl ethyl ketone
      (3-mono-(.beta.-cyanoethyl)-butanone-2Thereafter, is diluted with 70 ml of
      water. Thereafer, 140 ml of concentrated sulfuric acid are added dropwise
      to the mixture with stirring over a period of 5 minutes, whereby the
      mixture is heated to reflux temperature. The reaction is continued for an
      additional 8 minutes at the indicated temperature. Subsequently, the
      reaction mixture is poured into ice water and extracted five times with
      250 ml of diethyl ether. The extracts are combined, washed with water and
      dried with CaCl.sub.2. This is followed by evaporating the ether and
      subjecting the remaining residue to fractionation at 0.008 inches of
      mercury. At a temperature between 100.degree. and 110.degree.C. a uniform,
      water-white liquid is obtained, which crystallizes immediately upon
      cooling. The mass of crystals is recrystallized from ethyl acetate.
      Colorless crystals are obtained having a melting point in the range of
      from 128.degree. to 130.degree.C. The yield is 83.8 percent of the
      theoretical value.
PAR  By CHN, NMR and IR analyses the obtained compound was established to be
      3,4-dimethyl-2-aza-cyclohexene(3)-one of the formula:
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing 3,4 dimethyl-2-aza-cyclohexene (3)-one of the
      formula:
PAL  comprising reacting 3-mono-.beta.--cyanoethyl-butanone-2 with a mixture
      consisting of a strong mineral acid in an aqueous or aqueous-alcoholic
NUM  2.
PAR  2. A process as in claim 1 wherein the temperature of the reaction mixture
NUM  3.
PAR  3. A process as in claim 1 wherein the mineral acid is concentrated
NUM  4.
PAR  4. A process as in claim 1 wherein the mineral acid is concentrated
NUM  5.
PAR  5. A process for preparing 3,4-dimethyl-2-aza-cyclohexene (3)-one of the
      formula
      ##EQU4##
      comprising reacting 3-mono-.beta. -cyanoethyl-butanone-2 with a mixture
      consisting of concentrated sulfuric acid in an aqueous solution.
PATN
WKU  039445607
SRC  5
APN  4178688
APT  1
ART  122
APD  19731121
TTL  3-Hydroxy-3-(1,2,5-thiadiazolyloxyalkanol)-3,4-dihydro-2H-1,5-ben
     zodioxepin products
ISD  19760316
NCL  5
ECL  1
EXP  Gallagher; R.
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CTY  Valois
CNT  CA
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NAM  Williams; Haydn W. R.
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APD  19720501
PSC  01
PNO  3812150
RLAP
COD  84
APN  832879
APD  19690609
PSC  01
PNO  3700691
RLAP
COD  82
APN  755442
APD  19680826
PSC  03
CLAS
OCL  260302H
EDF  2
ICL  C07D28510
FSC  260
FSS  302 H
UREF
PNO  3655663
ISD  19720400
NAM  Wasson
OCL  260302D
LREP
FR2  Rose; David L.
FR2  Riedl; Edmunde D.
FR2  Behan; J. Jerome
ABST
PAL  3-Hydroxy-3-(substituted-aminoalkyl-3,4-dihydro-2H-1,5-benzodioxepin
      products are described that exhibit .sym.-advenergic stimulating
      properties and are therefore suitable for use as bronchodilating agents.
      The products are prepared essentially by four principal routes from
      3-oxo-3,4-dihydro-2H-1,5-benzodioxepins. By one route the
      3-oxobenzodioxepin is treated with a nitroalkane to give a
      3-hydroxy-3-nitroalkyl-benzodioxepin the nitro group of which is reduced
      to an amine and the resulting compound reacted with an aldehyde or ketone
      under hydrogenating conditions to introduce the desired substituent into
      the amino function. By a second route the 3-oxobenzodioxepin is reacted
      with an alkali metal nitrile to form the cyanhydrin which upon reduction
      forms the 3-hydroxy-3-aminoalkyl-benzodioxepin that can be treated with a
      ketone or aldehyde to give the desired products or can be reacted with
      sodium nitrite or other agent to form a 3-spiro-benzodioxepin-2-oxirane
      which upon reaction with an amine provides the desired product. The
      3-spiro-benzodioxepin-2'-oxirane also can be obtained by treatment of the
      3-oxo-benzodioxepin with a sulfurylide, A fourth method involves forming a
      benzodioxepin-3-spiro-5'-oxazolidin-2'-one which upon treatment with
      dilute alkali gives the desired 3-hydroxy-3-(substituted
      aminoalkyl)-3,4-dihydro-2H-1,5-benzodioxepin The intermediate
      oxazolidinone compounds can be treated if desired with various agents to
      attach substituents on the benzenoid moiety of the starting substance.
      These oxazolidinones exhibit .beta. -stimulating and skeletal muscle
      relaxant properties.
PARN
PAC  RELATIONSHIP TO OTHER APPLICATIONS
PAR  This application is a division of application Ser. No. 249,422 filed May 1,
      1972 now U.S. Pat. No. 3,812,150 issued May 21, 1974 which in turn is a
      division of the then copending application Ser. No. 832,879 filed June 9,
      1969 now U.S. Pat. No. 3,700,691 issued Oct. 24, 1972 which in turn is a
      continuation in-part of the then copending application Ser. No. 755,442
      filed Aug. 26, 1968 now abandoned.
BSUM
PAR  This invention is concerned with 3,3-disubstituted benzodioxepins which
      exhibit .beta.-aurenergic stimulating properties which make them uniquely
      suitable for use as broncho-dilating agents.
PAR  The novel 3,3-disubstituted benzodioxepins of this invention can be
      illustrated by the structural formula
      ##SPC1##
PAL  And pharmacologically acceptable salts thereof wherein R is selected from
      hydrogen, hydroxy, lower alkyl (C.sub.1-5) and lower alkoxy (C.sub.1-3);
      R.sup.1 is selected from hydrogen, halogen particularly chloro and bromo,
      lower alkyl (C.sub.1-5), nitro, amino, mono- or di-lower alkylamino,
      acylamino wherein the acyl radical is the residue of an alkyl (C.sub.1-3)
      sulfonic acid or an alkyl (C.sub.1-3) carboxylic acid, lower
      carboalkoxyamino, hydroxy or lower alkoxy (C.sub.1-5); X and X.sup.1 are
      selected from hydrogen, lower alkyl (C.sub.1-5) and halogen; R.sub.2 and
      R.sub.3 can be the same or dissimilar and are each separately selected
      from hydrogen, lower alkyl (C.sub.1-5), phenyl or phenyl-lower alkyl
      (C.sub.1-3), lower cycloalkyl,pyridyl and pyridyl-lower alkyl (C.sub.1-3);
      R.sup.4 is selected from hydrogen and lower alkyl (C.sub.1-5), and the
      grouping --NR.sup.5 R.sup.6 represents the amino group or a mono- or
      disubstituted amino group or a nitrogen containing heterocyclic group and
      in particular an --NR.sup.5 R.sup.6 group where R.sup.5 represents
      hydrogen, lower alkyl (C.sub.1-5), and substituted lower alkyl such as
      2-phenyl-2-hydroxyethyl, and R.sup.6 represents (1) lower alkyl having
      advantageously from 1 to 10 carbon atoms and being either straight or
      branched chain, and being either unsubstituted or substituted with one or
      more groups selected from (a) amino or mono- or di-loweralkyl (C.sub.1-5)
      amino, or the amino substituent can be
      ##SPC2##
PAL  wherein R, R.sup.1 and X have the above assigned meanings, (b) cycloalkyl
      having from 3 to 6 carbon atoms, (c) lower alkoxy having from 1 to 3
      carbon atoms, (d) hydroxy substituted lower alkoxy having from 1 to 3
      carbon atoms, (e) hydroxy, (f) phenyl or mono- or poly-substituted phenyl
      wherein the substituents are selected from halo especially chloro or
      bromo, hydroxy and lower alkoxy (C.sub.1-3) or wherein the substituted
      phenyl is the 3,4-methylenedioxyphenyl, (g) a heterocyclic substituent
      such as an indelyl, morpholino or 1,2,5-thiadiazolyloxy, (2) a
      cycloaliphatic such as a cycloalkyl having from 3 to 10 carbon atoms such
      as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, tricyclodecane such
      as adamantyl and the like, or a phenyl-lowercycloalkyl as
      phenyl-cyclohexyl, (3) lower alkenyl having from 3 to 5 carbon atoms, (4)
      lower alkynyl having from 3 to 5 carbon atoms, (5) phenyl or substituted
      phenyl wherein the mono- or poly-substituents are selected from a halogen
      such as chloro and bromo, lower alkyl (C.sub.1-3) and lower alkoxy
      (C.sub.1-3), (6) a heterocyclic substituent such as 2-pyridyl, (7) the
      residue of a guanidine moiety of the structure
      ##EQU1##
      wherein R.sup.7 is hydrogen, lower alkyl, benzyl or phenyl or substituted
      phenyl wherein the substituent is one or more groups selected from halo,
      especially chloro or bromo, lower alkyl (C.sub.1-3), or lower alkoxy
      (C.sub.1-3) (8) the benzodioxepin radical
      ##SPC3##
PAL  wherein R, R.sup.1 and X have the above assigned meanings, but preferably
      they represent hydrogen; and in addition the grouping --NR.sup.5 R.sup.6
      can represent a morpholino, piperazinyl, N-phenylpiperazinyl, 1-aziridinyl
      or 3-(2-iminothiazolidinyl) group.
PAR  The novel 3,3-disubstituted benzodioxepins of this invention advantageously
      are prepared by the reactions illustrated in Flow Diagram I.
      ##SPC4##
PAR  According to the above reaction scheme it is seen that the desired 3,4
      dihydro-2H-1,5-benzodioxepin, product I, is obtained from the 3-keto
      compound A by one of two methods depending upon whether R.sup.4 is
      hydrogen or whether it represents a lower alkyl group of from 1 to 4
      carbons. Additionally, the 3-keto compound A can be directly converted to
      the 3-spiro-2'-oxirane E by use of a sulfur ylide.
PAR  When R.sup.4 is hydrogen, the 3-keto intermediate A in an acidic solvent is
      caused to react with aqueous hydrogen cyanide, conveniently generated in
      situ from sodium or potassium cyanide to provide the 3-hydroxy-3-cyano
      intermediate C which is separated and reduced to provide the
      3-hydroxy-3-aminoalkyl intermediate D. Treatment of intermediate D with
      acetone or other ketone of aldehyde that will yield the group R.sup.6 upon
      reduction provides the desired product I. Intermediate "D" also can be
      treated with an alkali nitrite to form the 3-spiro-2'-oxirane E which when
      reacted with the desired amine forms product I.
PAR  The first step of the above procedure, that is treatment of the 3-keto
      compound A with aqueous alkali cyanide, advantageously is carried out in
      the presence of acetic anhydride or other acidic solvent, e.g., acetic
      acid or alternatively with anhydrous hydrogen cyanide. The reduction of
      intermediate C can be either a catalytic or chemical reduction; catalytic
      reduction preferably being carried out with a transition metal catalyst
      such as platinum, palladium, nickel, ruthenium, rhodium and the like in a
      mixture of a lower alkanol (C.sub.1-4) and acetic acid supplemented if
      necessary with a trace of mineral acid, i.e. hydrochloric acid, or if
      desired chemical reduction can be effected with a metal hydride
      advantageously lithium aluminum hydride or other metal hydrides,
      preferably in diethyl ether or tetrahydrofuran. Each method affords good
      yields of product D.
PAR  Intermediate D then can be converted to the desired 3,3-disubstituted
      benzodioxepin "I" of this invention by either of two routes. One of the
      routes employed for preparing product "I" wherein R.sup.5 is hydrogen,
      involves the reaction of intermediate D with a ketone or aldehyde that
      will yield the group R.sup.6 and subsequent reduction advantageously
      carried out by hydrogenation in the presence of a transition metal
      catalyst in an organic solvent such as a lower alkanol as ethanol,
      propanol, butanol or isomers thereof and the like, employing acidic
      conditions when required or chemical reduction with sodium borohydride can
      be employed.
PAR  The second more general method for preparing product I where R.sup.5 and
      R.sup.6 have the meaning given above involves the reaction of intermediate
      D with an alkyl nitrite or with nitrous acid generated in situ from an
      alkali metal nitrite (sodium or potassium nitrite being quite suitable)
      advantageously carried out in an aqueous medium in the presence of an
      organic acid, acetic acid being preferred, and advantageously with cooling
      to provide a 3-spiro-2'-oxirane E as well as the 3-hydroxy-3-hydroxymethyl
      analog. The novel 3-hydroxy-3-hydroxymethyl products also exhibit
      .beta.-adrenergic stimulating properties, and constitute another feature
      of this invention. The 3-spiro-2'-oxirane E obtained then is reacted with
      the amine, HNR.sup.5 R.sup.6, advantageously in the presence of an organic
      solvent such as a lower alkanol at ambient temperature to give the
      benzodioxepin I. When R.sup.5 represents the amidine group,
      ##EQU2##
      these products also can be prepared by reaction of product I wherein
      R.sup.5 and R.sup.6 represent hydrogen with an S-loweralkylisothiuronium
      salt of the structure
      ##EQU3##
      advantageously with heating up to about the reflux temperature of the
      reaction mixture. When --NR.sup.5 R.sup.6 in product I is the 1-aziridinyl
      group treatment of said compound with sodium thiocyanate under acid
      conditions (pH no greater than 4) provides product I wherein --NR.sup.5
      R.sup.6 is the 3-(2-iminothiazolidinyl) group.
PAR  Product I wherein R, R.sup.1, X and R.sup.5 represent hydrogen can be
      employed as starting materials to prepare end products wherein R, R.sup.1
      and X are other than hydrogen and particularly where R.sup.1 is nitro,
      amino, lower acylamino and hydroxy. These latter compounds can be prepared
      by the methods described above or by initially treating a
      3-hydroxy-3-(R.sup.6 NH-CH.sub.2)-benzodioxepin with phosgene in the
      presence of a base. Phosgene advantageously in admixture with chloroform
      is added dropwise with stirring to a cooled solution of the benzodioxepin
      in the same solvent. The 3-spiro-5'-oxazolidin-2'-one obtained is admixed
      with acetic acid, cooled to the freezing point and treated dropwise with a
      mixture of nitric acid and sulfuric acid to provide the corresponding
      7-nitro-3-spiro-5'-oxazolidin-2'-one compound which in the presence of
      dilute alkali, as aqueous sodium or potassium hydroxide, gives the desired
      7-nitro-3-hydroxy-3-(R.sup.6 NHCH.sub.2 -)benzodioxepin, I-a.
PAR  Catalytic reduction of I-a or its intermediate
      7-nitro-3-spiro-5'-oxazolidin-2'-one, advantageously with palladium or
      Raney Nickel, provides the corresponding 7-amino derivative. The
      7-amino-3-spiro-5'-oxazolidin-2'-one when treated with aqueous alkali
      gives the 7-amino-3-hydroxy-3-(R.sup.6 NHCH.sub.2 --) benzodioxepin, I-b.
PAR  Product I-a also can be converted to the 7-amino analog, I-b, or to the
      7-lower acylamino by first reacting I-a with an aldehyde YCHO, wherein Y
      can be lower alkyl, phenyl or the residue of any commercially available
      aliphatic or aromatic aldehyde, to form the
      7-nitro-2'-Y-3-spiro-5'-oxazolidine which, upon reduction as described
      above, gives the corresponding 7-amino compound which can either be
      treated with aqueous alkali to provide product I-b or treated with a lower
      alkyl sulfonyl halide or a lower alkanoyl halide to give the corresponding
      7-acylamino2'-Y-3-spiro-5' -oxazolidine which when treated with acid,
      especially with a mineral acid or strong organic acid, gives the
      7-acylamino-3-hydroxy-3-(R.sup.6 -NHCH.sub.2 --) benzodioxepin, I-c.
PAR  Diazotization of the 7-amino-3-spiro-5'-oxazolidin-2'-one, prepared as
      described above, gives the corresponding 7-hydroxy compound which, in the
      presence of base, such as barium hydroxide gives 3,7-dihydroxy-3-(R.sup.6
      NHCH.sub.2)benzodioxepin, I-d.
PAR  The 6- and/or 7-hydroxy-benzodioxepins, I, also can be prepared from the
      corresponding 6- and/or 7-alkoxybenzodioxepins by treatment with strong
      mineral acid.
PAR  The 3-spiro-2'-oxirane E can also be prepared by treatment of the 3-keto
      compound A with either dimethylenesulfonium methylide or dimethylsulfonium
      methylide either with cooling or at a temperature up to ambient
      temperature. In practice, the dimethyloxosulfonium methylide is prepared
      under nitrogen from sodium hydride, trimethyloxosulfonium iodide and
      dimethyl sulfoxide. The ketone, A, is added slowly to the mixture at
      ambient temperature and the mixture stirred for about 24 hours. The
      dimethylsulfonium methylide advantageously is prepared from butyl lithium
      and trimethylsulfonium iodide in tetrahydrofuran. The ketone A then is
      added and the reaction mixture held at 0.degree. C. for 1 hour and then
      for a short period at ambient temperature. Isolation in each instance
      provides the desired 3-spiro-2'-oxirane, E.
PAR  To prepare the products wherein R.sup.4 is a lower alkyl group, the ketone
      A initially is reacted with a nitroalkane to give intermediate B which
      upon reduction provides intermediate D. The reaction of the ketone A with
      the nitro-alkane advantageously is carried out in ethanol or other lower
      alkanol or ether in the presence of sodium ethoxide or other alkali metal
      alkoxide to give a salt of B from which the compound is liberated by
      treatment with a weak acid such as acetic acid. The reduction of
      intermediate B to form D is effected advantageously in ethanol (or other
      lower alkanol)-acetic acid with hydrogen and Raney Nickel or palladium.
PAR  While the unsubstituted 3-keto compound A is known, it was obtained in low
      yields as a by-product in the preparation of 1,4-benzodioxane-3-carboxylic
      acid. All attempts by these investigators to prepare the
      3-keto-benzodioxepin either failed or provided very small yields of the
      desired product. A process thus had to be devised for the preparation of
      this ketone which has been found to give very high yields of compound A.
      This novel synthetic route for the preparation of the 3-keto compound A
      can be illustrated as shown in Flow Diagram II.
      ##SPC5##
PAR  According to the reaction scheme illustrated in Flow Diagram II, the
      catechol starting material E is converted to the 3-keto product A by
      initial reaction with a haloalkanonitrile or a haloalkanoic acid ester.
PAR  Treatment of the catechol E with a haol-acetonitrile of the structure
      X-CR.sup.3 R.sup.3 -CN, to afford the 1,2 bis(cyanoalkoxy)-benzene,
      "F.sup.1 " is carried out in one step when R.sup.2 and R.sup.3 each
      represent hydrogen, however, when it is desired to form product "F.sup.1 "
      wherein R.sup.2 and R.sup.3 are other than hydrogen, then the catechol
      (R=R.sup.1 =H) initially is treated with one equivalent of
      halo-acetonitrile, the ortho-cyanomethoxyphenol isolated and then reacted
      with the haloalkanonitrile to give F.sup.1 wherein R.sup.2 and/or R.sup.3
      are other than hydrogen.
PAR  When R or R.sup.1 is other than hydrogen then it is preferred to use the
      appropriately substituted salicylaldehyde which is treated with the
      appropriate haloalkanonitrile, and the resulting compound oxidized by
      peracetic acid followed by mild hydrolysis to give the
      orthocyanoalkoxyphenol which then is treated with haloacetonitrile to
      provide F.sup.1. Product F.sup.1 then is cyclized by treatment with a
      mixture of sodamide and a solvent selected preferably from dimethyl
      sulfoxide (DMSO), dimethylformamide (DMF), sulfolane, benezene, toluene or
      xylene or by treatment with an alkali metal tert.-butoxide or other alkali
      metal, t.-alkanolate in DMSO, DMF, benzene, toluene, xylene, sulfolane or
      a t.-alkanol corresponding to the alkanolate employed, or by treatment
      with sodium or potassium lower alkanolate, sodium hydride,
      potassium-sodium amalgam (1:1) lithio or sodio-N-methylaniline, to form
      the 3-amino-4-cyano-2H-1,5 benzodioxepin G. Best results are obtained when
      this step is carried out in an inert atmosphere such as under nitrogen or
      other inert gas such as argon or other usual inert gas. Intermediate
      G.sup.1 is hydrolyzed and decarboxylated to the ketone A either by first
      refluxing in aqueous acetic acid followed by refluxing with phosphoric
      acid, or by acid alcoholysis followed by heating in aqueous alkanol to
      effect hydrolysis and decarboxylation. While intermediate G.sup.1 is
      illustrated as having the structure 3-amino-4-cyano, its tautomer,
      3-imino-4-cyano-3,4-dihydro-2H-1,5-benzodioxepin may also be present. It
      is understood that when X,X.sup.1, R and/or R.sup.1 is/are other than
      hydrogen, additional isomers are possible. However, upon hydrolysis with
      concomitant decarboxylation by either of the above procedures all
      tautomers or isomers are converted to the 3-keto compound A.
PAR  When X,X.sup.1, and all R's in compound A are hydrogen, this product, if
      desired, can be reacted with an azacycle such as morpholine, piperidine,
      pyrrolidine, and the like to give the 3-azacyclic substituted compound H
      which when treated with an alkylating agent as a lower alkyl iodide or
      bromide, dialkylsulfate or trialkyloxoniumtetrafluoroborate, provides the
      desired 2-mono-substituted-3-keto compound A.
PAR  The second of the principal methods for making compound A from the catechol
      E involves initial reaction of E with a halo-alkanoic acid ester,
      halo-CR.sup.2 R.sup.3 -CO.sub.2 alkyl, to give the
      1,2-bis-alkoxycarbonylalkoxybenzene, F.sup.2. When R.sup.2 and R.sup.3 in
      compound F.sup.2 are each hydrogen, compound F.sup.2 is produced in one
      step. When R.sup.2 and/or R.sup.3 are other than hydrogen, then the
      catechol (X--X.sup.1 --R--R.sup.1 --H) initially is treated with
      haloacetic acid ester, the ortho-alkoxycarbonylmethoxyphenol isolated and
      then reacted with a haloalkanoic acid ester to give F.sup.2 wherein
      R.sup.2 and/or R.sup.3 are other than hydrogen. When X,X.sup.1, R and/or
      R.sup.1 is/are other than hydrogen, preferably the appropriate
      salicylaldehyde is reacted with Z--CR.sup.2 R.sup.3 CO.sub.2 alkyl wherein
      R.sup.2 and/or R.sup.3 is other than hydrogen and the resulting compound
      oxidized by peracetic acid followed by mild hydrolysis to give the
      ortho-alkoxycarbonylalkoxyphenol or the corresponding acid which can be
      reesterified. The ester then is treated with an alkyl haloacetate to
      provide intermediate F.sup.2. Cyclization of compound "F.sup.2 " to form
      G.sup.2 is effected by substantially the same method described above for
      the cyclization of F.sup.1 to provide G1. Hydrolysis and decarboxylation
      of G.sup.2 by acid hydrolysis in a lower alkanol advantageously by
      employing aqueous hydrochloric acid in mathanol or ethanol followed by
      heating gives the desired 3-keto compound A.
PAR  The pharmacologically acceptable salts of the benzodioxepins of this
      invention are prepared by the reaction of product I with an inorganic or
      organic acid such as hydrochloric, hydrobromic, sulfuric, phosphoric,
      formic, acetic, succinic, lactic, malic, tartaric, citric, maleic,
      phenylacetic, benzoic, salicyclic, or p-toluenesulfonic acid or similar
      acids that are known to provide pharmacologically acceptable salts.
PAR  The benzodioxepins however can be employed in pharmaceutical formulations
      either in the form of free bases or in the form of their acid addition
      salts in conjunction or admixture with organic or inorganic solid or
      liquid pharmaceutical excipients. These pharmaceutical formulations can be
      in the form of tablets, solutions, suspensions, emulsions, or aerosols
      suitable for oral or topical administration.
PAR  Unlike hitherto known bronchodilators which generally are short acting, the
      benzodioxepin products of this invention exhibit a long duration of
      activity. The compounds were found when tested according to accepted and
      standard laboratory procedures in guinea pigs to be orally effective
      within a dosage range of from about 1 mg. to about 20 mg./kg. and when
      administered intravenously the effective dosage range was between 10
      microg./kg. to 2 mg./kg. At these dosages the products were acceptably
      tolerated by the animals.
PAR  The 3'-R.sup.6 -6-R-7-R.sup.1
      -3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidin-2'-one compounds
      prepared in the synthesis of the principal products of this invention, are
      also novel and form another feature of this invention. In addition to
      exhibiting bronchodilating properties, these compounds also exhibit muscle
      relaxing properties and are therefore useful in the relief of spastic
      states.
PAR  The following examples will illustrate the preparation of representative
      products of this invention prepared by the above-described procedures. It
      will be understood that while all of the compounds can be prepared by the
      procedure described in the following examples, modifications of the
      procedural steps which would be obvious to the skilled chemist can be
      employed. The following examples therefore are not to be considered as
      limiting the preparation of any particular compound to the precise
      procedural steps described in the examples which are provided solely to
      illustrate the best mode currently known to applicant.
PAR  Where the term benzodioxepin is employed in the disclosure and claims it is
      to be understood to mean 3,4-dihydro-2H-1,5-benzodioxepin.
PAR  The following examples describe the preparation of the novel products of
      this invention by the route A.fwdarw.C.fwdarw.D.fwdarw. I illustrated in
      Flow Diagram I.
DETD
PAC  EXAMPLE 1
PAC  3-hydroxy-3-isopropylaminomethyl-3,4-dihydro2H-1,5 benzodioxipn
      Hydrochloride
PAC  Step A.-- Preparation of 1,2-di-(cyanomethoxy)benzene:
PAR  A mixture of 99 g. (0.9 moles) of catechol, 90.6 g. (1.2 moles) of
      chloroacetonitrile, 168 g. (1.22 moles) of finely powdered potassium
      carbonate, and 600 ml. of acetone is refluxed with stirring for 11/2
      hours. The mixture is treated with 45.3 g. (0.6 mole) of
      chloroacetonitrile and 84 g. (0.608 mole) of potassium carbonate, and
      refluxed for a further 3.5 hours. The mixture is filtered, the solids
      washed with 150 ml. of acetone and the combined filtrate evaporated in
      vacuo to give an oil. The oil which crystallizes is recrystallized from
      ethanol-water (8:1) to give 138 g. (81.5%) of
      1,2-di-(cyanomethoxy)benzene, M.P. 85.0.degree.-86.5.degree. C. Further
      recrystallization from the same solvent system affords the product melting
      at 85.0.degree.-85.5.degree. C.
PAR  Analysis calculated for C.sub.10 H.sub.6 N.sub.2 O.sub.2 : C, 63.82; H,
      4.29; N, 14.89; Found: C, 64,17; H, 4.48; N, 14.94.
PAC  Step B: Preparation of 3-amino-4-cyano-2H-1,5-benzodioxepin
PAR  Sodamide (49.2 g., 1.26 mole) is added with stirring under nitrogen to 370
      ml. of dry dimethyl sulfoxide. After the initial vigorous evolution of
      ammonia has subsided the solution is heated one-half hour at 60.degree. C.
      A solution of 115.8 g. (0.616 mol) of 1,2-di-(cyancmethoxy)benzene in 246
      ml. of dimethyl sulfoxide is added with stirring and cooling (water bath
      at ambient temperature) during 1 hour and the reaction mixture stirred for
      a further two hours at ambient temperature. A mixture of 81.5 ml. of
      acetic acid and 246 ml. of water is added slowly accompanied by stirring
      and cooling. The mixture is poured into 1.2 liters of water and the
      tan-colored solids collected. The solids are recrystallized from
      chloroform to give 75.5 g. (65%) of 3-amino-4-cyano-2H-1,5-benzodioxepin,
      M.P. 167.degree.-169.degree. C. Further recrystallization from chloroform
      affords the product melting at 168.degree.-169.degree. C.
PAR  Analysis calculated for C.sub.10 H.sub.8 N.sub.2 O.sub.2 : C, 63.82; H,
      4.29; N, 14.890 Found: C, 63.80; H, 43.5; N, 14.70.
PAR  Alternatively the above 3-amino-4-cyano-2H-1,5-benzodioxepin can be
      prepared as follows.
PAR  A solution of 9.4 g. (50 millimoles) of 1,2-di(cyanomethoxy)benzene in 20
      ml. of dimethyl sulfoxide is added under nitrogen to a stirred mixture of
      12.3 g. (110 millimoles) of potassium tert.-butoxide in 30 ml. of dimethyl
      sulfoxide cooled in a water bath at ambient temperature. The mildly
      exothermic reaction raises the internal temperature of the mixture to
      42.degree. C. The mixture is stirred a further 2 hours and a solution of
      6.6 ml. of acetic acid in 20 ml. of water added slowly with cooling.
      [Alternatively, the reaction mixture can be poured into the aqueous acetic
      acid solution.] The product is precipitated by pouring the mixture into
      100 ml. of water. The beige-colored solid is collected, washed with water,
      and air dried to give 9.5 g. of crude product, m.p.
      148.degree.-154.degree. C. Thr crude product is recrystallized from 200
      ml. of chloroform to afford 5.8 g. (61.7%) of
      3-amino-4-cyano-2H-1,5-benzodioxepin. A mixed melting point with the
      product obtained above gave no depression.
PAC  Step C: Preparation of 3-oxo-3,4-dihydro-2H-1,5-benzodioxepin
PAR  A mixture of 16.0 g. (85.1 millimoles) of
      3-amino-4-cyano-2H-1,5-benzodioxepin, 18 ml. of water, and 300 ml. of
      acetic acid is refluxed 1/2 hour. The mixture is treated dropwise with 120
      ml. 85% phosphoric acid and then refluxed overnight. The solution is
      cooled to ambient temperature, and poured onto 500 g. of crushed ice.
      Ammonium sulfate (180 g.) is added and the solution continuously extracted
      with ether for several hours. The ethereal solution is evaporated to
      dryness to remove ether and acetic acid, and the residual oil dissolved in
      diethyl ether, washed with 10% sodium carbonate solution, dried, and
      evaporated. The resulting oil is fractionated to give 8.96 g. (64%) of
      3-oxo-3,4-dihydro-2H-1,5-benzodioxepin, b.p. 52.degree.-61.degree. C, at
      0.07 mm pressure, which at first is a colorless oil which solidifies. The
      product is used directly in the next step.
PAC  STEP D:
PAC  Preparation of 3-hydroxy-3-cyano-3,4-dihydro-2H-1,5-benzodioxepin
PAR  A solution of 13.5 g. (208 millimoles) of potassium cyanide in 27 ml. of
      water is added dropwise to a mixture of 18.7 g. (114 millimoles) of
      3-oxo-3,4-dihydro-2H-1,5-benzodioxepin and 21.2 g. (208 millimoles) of
      acetic anhydride with stirring and cooling. The mixture is stirred at
      ambient temperature overnight and then is made alkaline with 10% sodium
      carbonate solution. The product in the form of an oil is extracted with
      diethyl ether, treated with charcoal and dried over calcium sulfate.
      Evaporation of the solvent gives a solid that is recrystallized from
      carbon tetrachloride to give
      3-hydroxy-3-cyano-3,4-dihydro-2H-1,5-benzodioxepin as plates, m.p.
      108.5.degree.-110.degree. C.
PAR  Analysis calculated for C.sub.10 H.sub.9 NO.sub.3 : C, 62.82; H, 4.74; N,
      7.33; Found: C, 62.70; H, 4.52; N, 7.09.
PAR  An alternative method for preparing
      3-hydroxy-3-cyano-3,4-dihydro-2H-1,5-benzodioxepin can be carried out in
      the following manner.
PAR  To a stirred solution of 4.92 g. (30 millimoles) of
      3-oxo-3,4-dihydro-2H-1,5-benzodioxepin in 100 mls. of benzene is added
      dropwise a solution of 30 millimoles of anhydrous hydrogen cyanide in 50
      ml. of benzene. The reaction mixture is stirred overnight at ambient
      temperature, basified with 10% sodium carbonate solution and the organic
      layer separated. The benzene solution is washed once with water and dried
      successively over anhydrous magnesium sulfate and calcium sulfate.
      Evaporation of the solvent under reduced pressure at 40.degree. C. yields
      the crude cyanohydrin which upon purification and mixed melting point
      determination gives no depression with an authentic sample of
      3-hydroxy-3-cyano-3,4-dihydro-2H-1,5-benzodioxepin.
PAC  STEP E:
PAC  Preparation of 3-hydroxy-3-minomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride
PAR  A mixture of 9.5 g. (49.7 millimoles) of
      3-hydroxy-3-cyano-3,4-dihydro-2H-1,5-benzodioxepin, 75 ml. of anhydrous
      ethanol, and 3 ml. of acetic acid is shaken under hydrogen at ambient
      temperature and pressure in the presence of 100 mg. of platinum oxide and
      a little ethanolic-hydrogen chloride. The catalyst is removed and the
      filtrate evaporated to dryness to give 5.2 g. of crude product, m.p.
      207.degree.-214.degree. C. Recrystallization of this crude product from
      isopropanol afford
      3-hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin hydrochloride,
      m.p. 228.degree.-230.degree. C. (clearing at 238.degree. C.)
PAR  Analysis calculated for C.sub.10 H.sub.13 NO.sub.3.HCl: C, 51,84: H, 6.09;
      N, 6.06; Found: C, 52.11; H, 6.13; N, 5.86.
PAR  An alternative method for preparing
      3-hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin can be carried
      out in the following manner.
PAR  3-Hydroxy-3-cyano-3,4-dihydro-2H-1,5-benzodioxepin (30 millimoles) is
      dissolved in 100 ml. of dry diethyl ether and the solution added dropwise
      during a period of 0.75 hours under dry nitrogen to a stirred slurry of
      3.8 g. (100 millimoles) of lithium aluminum hydride in 100 ml. of dry
      ether. The mixture is stirred under reflux for 2.25 hours and treated
      carefully with 3.8 ml. of water. An easily-filterable precipitate of
      metallic compounds is obtained by the dropwise addition of 5.7 ml. of 10%
      sodium hydroxide solution followed by 11.4 ml. of water. The ethereal
      solution is filtered and the filter-cake then is washed with 50 ml. of
      diethyl ether. The combined filtrate is dried over anhydrous magnesium
      sulfate and again over calcium sulfate before evaporation in a rotary
      film-evaporator to yield 5.13 g. (87%) of the free base as a colorless
      solid m.p. 60.degree.-63.degree. C. (to a turbid melt). This product, upon
      recrystallization from benzene from which it separates as colorless plates
      melts at 66.degree.-68.degree. C. A solution of 3.0 g. of the base
      dissolved in dry diethyl ether is treated with a slight excess of
      approximately 5N ethanolic-hydrogen chloride solution affording 2.82 g. of
      3-hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin hydrochloride.
      This product gives no depression in melting point when admixed with
      authentic material prepared by the catalytic reduction of the cyanohydrin,
      as described above.
PAC  STEP F:
PAC  Preparation of
      3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride
PAR  A mixture of 3.92 g. (16.95 millimoles) of 3-
      hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin hydrochloride, 1.39
      g. (16.95 millimoles) of anhydrous sodium acetate, and 80 ml. of anhydrous
      ethanol is stirred under nitrogen for 20 minutes. Acetone (1.08 g., 18.6
      millimoles) is added and the mixture stirred for 30  minutes. The mixture
      is hydrogmated at ambient temperature and pressure for 11/2 hours over 100
      mg. of platinum oxide. The catalyst is removed, the solution evaporated to
      a syrup, 60 ml. of dry diethyl ether added, and a slight excess of 9.7N
      ethanolic-hydrogen chloride solution added. The solids are collected to
      give 4.65 g. of crude product, m.p. 172.degree.-175.degree.C. The product
      is recrystallized from isopropanol to give 3.05 g. (65%) of
      3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride, m.p. 178.5.degree.-180.0.degree. C.
PAR  Analysis calculated for C.sub.13 H.sub.19 NO.sub.3 ,HCl: C, 57.04; H, 7.36;
      N, 5.11; Found: C, 56.95; H, 7.29; N, 4.89.
PAR  An alternative method for preparing the benzodioxepin of step F can be
      carried out in the following manner.
PAR  3-Hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin (195 mg., 1
      millimole) is dissolved in isopropanol (3 ml.) and treated with acetone
      (64 mg., 1.1 millimoles). On standing overnight, the solution deposits a
      crystalline solid (glistening plates), and this is reduced in situ by the
      addition of sodium borohydride (75.6 mg., 2 millimoles). After stirring
      the mixture at ambient temperature for 3 hours water (20 ml.) is added and
      then 2.75N hydrochloric acid (1.5 ml.). The solution is extracted with
      ether (10 ml.) and the extract rejected. Glycerol (1 ml.) is added and the
      solution then is basified with 2N sodium hydroxide (5 ml.) to liberate the
      free base. The latter is extracted with ether (25 ml.), the ethereal
      solution washed with water (2 .times. 10 ml.) and then dried thoroughly
      over magnesium sulphate followed by calcium sulphate. Addition of 5N
      ethanolic hydrogen chloride solution to the solution of base precipitated
      the 3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride (136 mg., 49.6%). No depression of melting point is observed
      when the product is admixed with an authentic specimen of the compound.
PAC  EXAMPLE 2
PAC  3-hydroxy-3-quanidinomethyl-3,4-dihydro-2H-1,5-benzodioxepin sulfate
PAR  3-hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin from Example 1,
      Step E, (1.95 g., 10 millimoles) and 2.78 g. (10 millimoles) of
      S-methylisothiourea sulfate in 15 mls. of dimethylformamide and 2 mls. of
      water is heated at 90.degree.-100.degree. C. for 5 hours. The solvent is
      evaporated in vacuo and the residue recrystallized from ethanol to give
      3-hydroxy-3-guanidinomethyl-3,4-dihydro-2H-1,5-benzodioxepin sulfate.
PAC  EXAMPLE 3
PAC  3-Hydroxy-3-(3-phenylguanidinomethyl)-3,4-dihydro-2H-1,5-benzodioxepin
      hydriodide
PAR  A mixture of S-methyl-N-phenylisothiourea hydriodide (2.94 g., 10
      millimoles), 3-hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin 1.95
      g. (10 millimoles) from Example 1, Step E, and 20 mls. of ethanol is
      warmed until evolution of methyl mercaptan ceases and then is refluxed for
      two hours. The solution then is evaporated to a small volume and diluted
      with ether to give
      3-hydroxy-3-(3-phenylguanidinyl)-methyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydriodide.
PAC  EXAMPLE 4
PAC  3-hydroxy-3-(3-ethylguanidinyl)methyl-3,4-dihydro 2H-1,5-benzodioxepin
      hydiodide
PAR  A mixture of S-methyl-N-ethylisothiourea hydriodide (2.46 g., 10
      millimoles), 3-hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin 1.95
      g. (10 millimoles) from Example 1, Step E, and 20 ml. of ethanol is
      refluxed for four hours. The solution then is evaporated to a small volume
      and diluted with ether to afford
      3-hydroxy-3-(3-ethylguanidinyl)methyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydriodide.
PAC  EXAMPLE 5
PAC  3-hydroxy-3-[(2-phenylcyclohexyl)aminomethyl]-3,4-dihydro-2H-1,5-benzodioxe
     pin hydrochloride
PAR  By replacing the acetone employed in Example 1, Step F (or alternate Step
      F) by an equivalent quantity of 2-phenylcyclohexanone and then following
      essentially the same procedures described therein, there is obtained
      3-hydroxy-3-[(2-phenylcyclohexyl)aminomethyl]-3,4-dihydro-2H-1,5-benzodiox
     epin hydrochloride, m.p. 213.5-215.degree. C.
PAC  EXAMPLE 6
PAC  3-Hydroxy-3-([2-(3-cyclohexyl)propyl]aminomethyl)-3,4-dihydro-2H-1,5-benzod
     ioxepin hydrochloride
PAR  By replacing the acetone employed in Example 1, Step F (or alternate Step
      F) by an equivalent quantity of cyclohexylacetone and then following
      essentially the same procedure described therein, there is obtained
      3-hydroxy-3-([2-(3-cyclohexyl)propyl]aminomethyl-3,4-dihydro-2H-1,5-benzod
     ioxepin hydrochloride.
PAC  EXAMPLE 7
PAC  3-hydroxy-3-dimethylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride
PAR  3-Hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin (3.2 g., 0.0164
      mole) from Example 1, Step E, is added to formic acid (4.3 g., 0.082
      mole). Formalin (3 ml.), is added and the solution then heated on a steam
      bath for 17 hours. The yellow liquid is stripped, basified with 20% sodium
      hydroxide (10 ml.) and twice extracted with ether (50 ml.). The ether
      extracts are combined and washed with water, then dried over magnesium
      sulfate and calcium sulfate then evaporated yielding 3.4 g. of an oil
      which upon acidification with ethanolic-hydrogen chloride crystallizes as
      the hydrochloride melting at 118.degree.-120.degree. C.
PAC  EXAMPLE 8
PAC  3-Hydroxy-3-methylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride
PAC  Step A: preparation of
      3-hydroxy-3-formamidomethyl-3,4-dihydro-2H-1,5-benzodioxepin
PAR  A mixture of 1.49 g. of 97% formic acid and 3.21 g. of acetic anhydride is
      heated in a water bath for 2 hours (internal temperature did not exceed
      55.degree. C.) then cooled and added dropwise to a slurry of 5.86 g. of
      3-hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin from Example 1,
      Step E, in 60 ml. anhydrous ether. A gummy white solid forms which slowly
      dissolves with stirring at ambient temperature overnight. The clear liquid
      obtained is washed twice with water, twice with 10% sodium carbonate and
      twice with water. The ether then is evaporated affording 2.5 g. of
      semi-solid material.
PAR  An oil, insoluble in either water or ether, is collected with the water and
      then removed by shaking the mixture with chloroform. Upon stripping the
      chloroform layer there is obtained 3.6 g. of
      3-hydroxy-3-formamidomethyl-3,4-dihydro-2H-1,5-benzodioxepin in the form
      of a semi-solid.
PAC  Step B: Preparation of 3-methylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride
PAR  3-hydroxy-3-formamidomethyl-3,4-dihydro-2H-1,5-benzodioxepin (5.8 g.) in
      200 ml. anhydrous ether is added to lithium aluminum hydride (2.0 g.) in
      40 ml. of anhydrous ether dropwise in one hour. The mixture then is
      refluxed for 2 hours and the excess lithium aluminum hydride then
      decomposed with water (5.0 ml.) followed by 10% sodium hydroxide (3.6 ml.)
      followed by 6.0 ml. of water. The white solid formed is filtered and the
      filtrate dried over magnesium sulfate then over calcium sulfate. It is
      stripped affording 3.8 g. of oil. The oil is acidified with 11N
      hydrochloric acid in ethanol to give 3.7 g. of
      3-hydroxy-3-methylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride, m.p. 189.degree.-205.degree.C. Following several
      recrystallizations from ethanol, the product melts at 217-219.degree.C.
PAR  Other benzodioxepins prepared by the methods described in Example 1 are
      identified in Table I. In particular the ketone, acetone, employed in Step
      F of Example 1 is replaced by the carbonyl compound identified in the
      following table, which, following substantially the same procedure there
      described, gives the benzodioxepins I having the R.sup.6 substituent
      specified in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Ex.                                                                       
        Carbonyl                   Empirical                                   
                                           m.p.    Analysis                    
     No.                                                                       
        Reactant      R.sup.6       Formula                                    
                                           .degree.C.                          
                                                   C   H  Cl  N  P             
     __________________________________________________________________________
        CH.sub.3                                                               
        .vertline.                                                             
      9 C.sub.2 H.sub.5 --C=O                                                  
                   --CH(CH.sub.3)(C.sub.2 H.sub.5)                             
                                 C.sub.14 H.sub.21 NO.sub.3.HCl                
                                          183-184                              
                                               Calc.                           
                                                   58.43                       
                                                       7.71                    
                                                          12.32                
                                                              4.87             
                                               Found                           
                                                   58.66                       
                                                       7.66                    
                                                          12.55                
                                                              4.83             
     10                          C.sub.19 H.sub.23 NO.sub.4.H.sub.3 PO.sub.4   
                                          127-129                              
                                               Calc.          3.28             
                                                                 7.25          
                                               Found          3.28             
                                                                 7.38          
     11                                                                        
                                 C.sub.21 H.sub.24 N.sub.2 O.sub.3.HCl         
                                          190-191                              
                                               Calc.                           
                                                   64.86                       
                                                       6.48                    
                                                          9.12                 
                                                              7.20             
                                          (dec.)                               
                                               Found                           
                                                   64.65                       
                                                       6.46                    
                                                          9.25                 
                                                              7.13             
     12                          C.sub.19 H.sub.22 ClNO.sub.3.HCl              
                                          163-165                              
                                               Calc.                           
                                                   59.38                       
                                                       6.03                    
                                                          18.45                
                                                              3.64             
                                               Found                           
                                                   59.56                       
                                                       6.15                    
                                                          18.30                
                                                              3.83             
     13                          C.sub.20 H.sub.25 NO.sub.3.HCl                
                                          180-183                              
                                               Calc.                           
                                                   66.02                       
                                                       7.20                    
                                                          9.74                 
                                                              3.85             
                                               Found                           
                                                   66.12                       
                                                       7.12                    
                                                          9.65                 
                                                              3.91             
     14 CH.sub.3 --CHO                                                         
                   --C.sub.2 H.sub.5                                           
                                 C.sub.12 H.sub.17 NO.sub.3.HCl                
                                          181.5-                               
                                               Calc.                           
                                                   55.49                       
                                                       6.99                    
                                                          13.65                
                                                              5.39             
                                          183  Found                           
                                                   55.72                       
                                                       6.73                    
                                                          13.49                
                                                              5.49             
     15                          C.sub.17 H.sub.19 NO.sub.3.HCl                
                                          214-216                              
                                               Calc.                           
                                                   63.45                       
                                                       6.26                    
                                                          11.02                
                                                              4.35             
                                               Found                           
                                                   63.62                       
                                                       6.39                    
                                                          10.89                
                                                              4.37             
     16                          C.sub.18 H.sub.21 NO.sub.3.HCl                
                                          229-231                              
                                               Calc.                           
                                                   64.38                       
                                                       6.60                    
                                                          10.56                
                                                              4.17             
                                               Found                           
                                                   64.39                       
                                                       6.27                    
                                                          10.74                
                                                              4.23             
     17                          C.sub.19 H.sub.23 NO.sub.3.HCl                
                                          170-174                              
                                               Calc.                           
                                                   65.23                       
                                                       6.91                    
                                                          10.13                
                                                              4.00             
                                               Found                           
                                                   65.59                       
                                                       6.89                    
                                                          10.20                
                                                              4.14             
                                 C.sub.20 H.sub.23 NO.sub.5.HCl                
                                          188-189.5                            
                                               Calc.                           
                                                   60.00                       
                                                       6.14                    
                                                          9.00                 
                                                              3.56             
     18                                        Found                           
                                                   61.02                       
                                                       6.14                    
                                                          8.91                 
                                                              3.38             
     19                          C.sub.22 H.sub.29 NO.sub.6.HCl                
                                          220-221.5                            
                                               Calc.                           
                                                   60.06                       
                                                       6.87                    
                                                          8.06                 
                                                              3.18             
                                               Found                           
                                                   60.24                       
                                                       6.91                    
                                                          7.96                 
                                                              3.09             
     19-a                        C.sub.19 H.sub.21 NO.sub.5                    
                                          112-114                              
                                               Calc.                           
                                                   66.46                       
                                                       6.16   4.08             
                                               Found                           
                                                   66.56                       
                                                       6.14   3.65             
     __________________________________________________________________________
PAR  Table II also describes additional products made by the procedure of
      Example 1. The products identified here are prepared by replacing the
      catechol employed in Step A of Example 1 by an equimolecular quantity of
      the catechol "E" having the R and R.sup.1 substituents given in the table
      which is carried through the procedures described in Steps A - E of
      Example 1 to provide the 3-hydroxy-3-aminomethyl compound D. Compound D
      thus obtained upon reaction with acetone according to the procedure
      described in Step F of Example 1 provides the 3,3-disubstituted I having
      the substituents R and R.sup.1 given in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Example          Empirical                                                
                              m.p.      Analysis                               
     No.  R    R.sup.1                                                         
                      Formula .degree.C.                                       
                                        C    H   Cl   N                        
     __________________________________________________________________________
     20   H    CH.sub.3                                                        
                   C.sub.14 H.sub.21 NO.sub.3.HCl                              
                             175-177                                           
                                   Calc.                                       
                                       58.42                                   
                                            7.71                               
                                                12.32                          
                                                     4.87                      
                                   Found                                       
                                       58.66                                   
                                            7.70                               
                                                12.53                          
                                                     5.00                      
     21   H    Cl  C.sub.13 H.sub.18 ClNO.sub.3.HCl                            
                             171-172.5                                         
                                   Calc.                                       
                                       50.66                                   
                                            6.21                               
                                                23.01                          
                                                     4.54                      
                                   Found                                       
                                       50.49                                   
                                            6.17                               
                                                23.15                          
                                                     4.69                      
     22   --OCH.sub.3                                                          
               H   C.sub.14 H.sub.21 NO.sub.4.C.sub.4 H.sub.4 O.sub.4          
                             155-157                                           
                                   Calc.                                       
                                       56.39                                   
                                            6.57     3.65                      
                                   Found                                       
                                       56.38                                   
                                            6.51     3.97                      
     __________________________________________________________________________
PAR  The preparation of the benzodioxepin bearing an R.sup.4 substituent by the
      reaction of the 3-keto intermediate "A" with a nitro-alkane, thus
      following the route A .fwdarw. B .fwdarw. D .fwdarw. I is illustrated by
      the examples below. It will be understood that other nitro-alkanes and
      other 3-oxo-benzodioxepins can be employed as starting materials as well
      as other aldehydes or ketones of the type described as suitable above. It
      also is possible to employ the nitro-alkane in the route A .fwdarw. B
      .fwdarw. D .fwdarw. E .fwdarw. I shown in Flow Diagram I.
PAC  EXAMPLE 23
PAC  3-hydroxy-3-(1-isopropylaminoethyl)-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride
PAC  Step A.--Preparation of
      3-hydroxy-3-(1-nitroethyl)-3,4-dihydro-2H-1,5-benzodioxepin:
PAR  To a solution of 3-oxo-3,4-dihydro-2H-1,5-benzodioxepin (9.84 g., 60
      millimoles) prepared as described in Example 1, Steps A-C in anhydrous
      ethanol (30 ml.) is added nitro-ethane (10 ml.) and the mixture cooled to
      0.degree.-5.degree. C. A solution of sodium (1.5 g., 65 millimoles) in
      anhydrous ethanol (30 ml.) then is added dropwise with stirring at about
      5.degree. C. Stirring is continued at this temperature for 1 hour and for
      another hour at ambient temperature. Dry ether (60 ml.) is added and the
      mixture then stirred overnight. More dry ether (60 ml.) is added and the
      solid is collected after stirring the mixture for 2 hours to give 5.73 g.
      of product after drying in a desiccator.
PAR  Evaporation of the mother liquors to a syrup and dilution with dry ether
      (ca. 50 ml.) yielded a further 5.32 g. of product.
PAR  Treatment of a suspension of the combined yield of product in dry ether
      with a slight excess of acetic acid liberated
      3-hydroxy-3-(1-nitroethyl)-3,4-dihydro-2H-1,5-benzodioxepin  which is
      isolated from the ethereal solution after washing the latter with water
      and then drying it thoroughly first over magnesium sulfate and then over
      calcium sulfate.
PAC  Step B.--Preparation of
      3-(1-aminoethyl)-3-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin hydrochloride:
PAR  The crude nitro compound (5.34 g., 22.3 millimoles) dissolved in a mixture
      of ethanol (30 ml.) and acetic acid (2 ml.) is hydrogenated at 45.degree.
      C. and atmospheric pressure in the presence of Raney nickel (ca. 2.5 g.).
      On working up the product as its hydrogen chloride salts as described in
      Step E of Example 1, there is obtained
      3-(1-amiinoethyl)-3-hydroxy-3,4-dihydro-2H- 1,5-benzodioxepin
      hydrochloride, m.p. 178.degree.-183.degree. C. after crystallization from
      a mixture of isopropanol and ether.
PAR  Analysis calculated for C.sub.11 H.sub.15 NO.sub.3.HCl: C, 53.77; H, 6.56;
      CL, 14.43; N, 5.70. Found: C, 54.00; H, 6.58; Cl, 14.68; N, 5.79.
PAC  Step C.--Preparation of
      3-hydroxy-3-(1-isopropylaminoethyl)-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride:
PAR  By replacing the 3-hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride employed in Step F of Example 1 by an equivalent quantity of
      3-hydroxy-3-(1-aminoethyl)-3,4-dihydro-2H-1,5-benzodioxepin hydrochloride
      and employing the same reaction conditions called for in Example 1, Step
      F, there is obtained
      3-hydroxy-3-(1-isopropylaminoethyl)-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride, M.P. 206.degree.-211.degree. C. It was purified by
      recrystallization from ethanol giving a product of M.P.
      215.degree.-7.degree. .
PAR  C.sub.14 H.sub.21 NO.sub.3, HCl requires: C, 58.43; H, 7.71; Cl, 12.32; N,
      4.87 . Found: C 58.43; H, 7.55; Cl, 12.59; 5.04.
PAC  EXAMPLE 24
PAC  3-Hydroxy-3-[1-(isopropylamino)propyl]-3,4-dihydro-2H-1,5-benzodioxepin
      Hydrochloride
PAC  Step A: Preparation of
      3-hydroxy-3-(1-aminopropyl)-3,4-dihydro-2H-1,5-benzodioxepin hydrochloride
PAR  By following the procedures described in Steps A and B of Example 23, but
      replacing the nitro-ethane by an equivalent quantity of 1-nitropropane,
      there is obtained
      3-hydroxy-3-(1-aminopropyl)-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride, m.p. 197.degree.-198.degree. C. after crystallization from
      isopropanol.
PAR  Analysis calculated for C.sub.12 H.sub.17 NO.sub.3.HCl: C. 55.49; H, 6.99;
      Cl, 13.65; N, 5.39: Found: C, 55.28; H, 7.04; Cl, 13.99; N, 5.57.
PAC  Step B: Preparation of
      3-hydroxy-3-[1-(isopropylamino)propyl]-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride
PAR  This product is prepared by the procedure described in Example 1, Step F,
      except the 3-hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      employed therein is replaced by an equivalent quantity of
      3-hydroxy-3-(1-aminopropyl)-3,4-dihydro-2H-1,5-benzodioxepin.
PAR  By following the procedure called for in Example 23, Step C, but employing
      the carbonyl reactant identified in Table III, there are obtained
      additional products I having an R.sup.4 substituent. Illustrative examples
      are provided in the following Table.
TBL                                    TABLE III                               
     __________________________________________________________________________
          "D"                                                                  
     Example                                                                   
          Intermediate                                                         
     No.  from Example                                                         
                 R.sup.4                                                       
                       Carbonyl Reactant                                       
                                     R.sup.5                                   
     __________________________________________________________________________
                       CH.sub.3                                                
                       .vertline.                                              
     25   23     --CH.sub.3                                                    
                       C.sub.2 H.sub.5 --C=O                                   
                                     --CH(CH.sub.3)(C.sub.2 H.sub.5)           
     26   23     --CH.sub.3                                                    
     27   24     --CH.sub.2 CH.sub.3                                           
     28   23     --CH.sub.3                                                    
     29   24     --CH.sub.2 CH.sub.3                                           
     30   23     --CH.sub.3                                                    
     31   23     --CH.sub.3                                                    
     32   24     --CH.sub.2 CH.sub.3                                           
     33   23     --CH.sub.3                                                    
     34   23     --CH.sub.3                                                    
                       CH.sub.3 --CHO                                          
                                     --C.sub.2 H.sub.5                         
     35   23     --CH.sub.3                                                    
     36   24     --CH.sub.2 CH.sub.3                                           
     37   23     --CH.sub.3                                                    
     38   24     --CH.sub.2 CH.sub.3                                           
     39   24     --CH.sub.2 CH.sub.3                                           
                       CH.sub.3 --CHO                                          
                                     --C.sub.2 H.sub.5                         
     40   23     --CH.sub.3                                                    
     41   23     --CH.sub.3                                                    
     __________________________________________________________________________
PAR  Additional illustrative examples of products made by Example 23 procedure
      are provided in Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
        "A"                                                                    
     Ex.                                                                       
        Intermediate                                                           
     No.                                                                       
        from Example                                                           
               R    R.sup.1                                                    
                         R.sup.4                                               
                               Carbonyl Reactant                               
                                           R.sup.5                             
     __________________________________________________________________________
     42 20     H    --CH.sub.3                                                 
                         --CH.sub.3                                            
                               (CH.sub.3).sub.2 C=O                            
                                           --CH(CH.sub.3).sub.2                
                               CH.sub.3                                        
                               .vertline.                                      
     43 20     H    --CH.sub.3                                                 
                         --CH.sub.3                                            
                               C.sub.2 H.sub.5 =C=O                            
                                           --CH(CH.sub.3)(C.sub.2 H.sub.5)     
     44 22     --OCH.sub.3                                                     
                    H    --CH.sub.3                                            
     45 21     H    Cl   --CH.sub.3                                            
     46 21     H    Cl   --CH.sub.2 CH.sub.3                                   
     47 20     H    --CH.sub.3                                                 
                         --CH.sub.3                                            
     48 22     --OCH.sub.3                                                     
                    H    --CH.sub.2 CH.sub.3                                   
     49 22     --OCH.sub.3                                                     
                    H    --CH.sub.2 CH.sub.3                                   
     50 21     H    Cl   --CH.sub.2 CH.sub.3                                   
     51 21     H    Cl   --CH.sub.3                                            
     52 20     H    --CH.sub.3                                                 
                         --CH.sub.3                                            
     53 22     --OCH.sub.3                                                     
                    H    --CH.sub.2 CH.sub.3                                   
     54 21     H    Cl   --CH.sub.3                                            
                               CH.sub.3 --CHO                                  
                                           --C.sub.2 H.sub.5                   
     55 21     H    Cl   --CH.sub.3                                            
     56 21     H    Cl   --CH.sub.3                                            
     __________________________________________________________________________
PAR  The following examples illustrate the preparation of the
      3,3-disubstituted-benzodioxepins I by forming the 3-spiro-2'-oxirane which
      when reacted with an amine gives the desired product I, that is the route
      D .fwdarw. E .fwdarw. I illustrated in Flow Diagram I. It will be
      appreciated that anyone of the intermediate compounds D described in this
      disclosure as well as others falling within the scoep of its definition
      can be employed as starting substance and any amine of structure HNR.sup.5
      R.sup.6 can be substituted for the particular amine employed to provide
      the desired product I.
PAC  EXAMPLE 57
PAC  3-Hydroxy-3-t.-butylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride
PAC  Step A: Preparation of 3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane
PAR  A solution of sodium nitrite (6.9 g.: 0.1 mole) in water (50 ml.) is added
      slowly over a period of 1/2 hour with stirring to a solution of
      3-hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin hydrochloride
      (23.17 g.; 0.1 mole), in water (200 ml.) containing acetic acid (0.1 ml.)
      while maintaining the reaction mixture at a temperature between about
      -4.degree. to 0.degree. C. When the addition is completed the reaction
      mixture then is allowed to warm to ambient temperature. The solid that
      forms is collected and washed with a little water to yield 14.84 g. of
      crude product, m.p. 132.degree.-144.degree. C. Following recrystallization
      from methanol (approximately 30 parts V/W) there is obtained 11.65 g.
      (65.38) of 3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane, m.p.
      147.degree.-149.degree. C.
PAR  Analysis calculated for C.sub.10 H.sub.10 O.sub.3 : C, 67.40; H, 5.66; O,
      26.94; Found: C, 67.46; H, 5.46; O, 27.37.
PAR  Recrystallization of the crude product of Step A from chloroform also
      provides purified product that does not depress the melting point when
      taken in admixture with the purified product of Step A.
PAR  The mother liquor remaining after the removal of the crude product in Step
      A is extracted with ether yielding an oil (1.3 g.) which crystallizes from
      carbon tetrachloride to afford 300 mgs. of
      3-hydroxy-3-hydroxymethyl-3,4-dihydro-2H-1,5-benzodioxepin, M.P.
      120.degree.-123.degree. C. Recrystallization of the diol from water (6
      ml.) provides 254 mgs. of product, M.P. 124.5.degree.-125.5.degree. C.
PAR  Analysis calculated for C.sub.10 H.sub.12 O.sub.4 : C, 61.21; H, 6.17.
      Found: C, 61.16; H, 6.28.
PAR  The diol obtained as described above also exhibits .beta.-adrenergic
      stimulating properties and therefore is useful as a bronchial dilating
      agent.
PAC  Step B.--Preparation of
      3-hydroxy-3-t.-butylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride:
PAR  The 3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane (1.78 g.), obtained
      as described in Step A, is stirred at ambient temperature with
      t.-butylamine (3.2 ml.) in methanol (25 ml.) for 42 hours. The solution
      then is evaporated to 2.6 g. of oil which is separated and dissolved in
      ether and then acidified with 11N HCl in ethanol (2.5 ml.) to give 2.0 g.
      of crude product, m.p. 169.5.degree.-177.degree. C. After
      recrystallization from isopropanol containing decolorizing charcoal there
      is obtained
      3-hydroxy-3-t.-butylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride, m.p. 186.5.degree.-186.0.degree. C.
PAR  Analysis calculated for C.sub.14 H.sub.21 NO.sub.3.HCl: C, 58.43; H, 7.71;
      Cl, 12.32; N, 4.87; Found: C, 58.16; H, 7.62; Cl, 12.54; N, 5.04.
PAC  EXAMPLE 58
PAC  3-hydroxy-3-(2-dimethylaminoethyl)aminomethyl 2,4
      dihydro-2H-1,5-benzodioxepin dihydrochloride
PAR  3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane (3.56 g., 20
      millimoles) from Example 57, Step A, is stirred with 5.3 g. (60
      millimoles) of unsymmetrical dimethylethylenediamine in 50 ml. of methanol
      for 48 hours at 30.degree.-40.degree. C. The solution is evaporated to
      remove methanol and excess dimethylethylenediamine. The residual oil is
      dissolved in diethyl ether and acidified with ethanolichydrogen chloride
      to give crude product hydrochloride. This product is dissolved in ethanol,
      treated with charcoal, and filtered. Concentration of the filtrate and
      refrigeration affords
      3-hydroxy-3-(2-dimethylaminoethyl)aminomethyl-3,4-dihydro-2H-1,5-benzodiox
     epin dihydrochloride.
PAR  The following example describes the preparation of the 3-spiro-2'-oxirane E
      from a 3-oxo-benzodioxepin A employing a sulfur ylide. While the example
      describes the use of dimethyloxosulfonium methylide in the preparation of
      the 3-spiro-2'-oxirane, the desired oxirane can also be obtained by
      replacing the sulfur ylide by dimethylsulfonium methylide prepared in situ
      by the process heretofore described.
PAC  EXAMPLE 59
PAC  3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane
PAR  3-Oxo-3,4-dihydro-2H-1,5-benzodioxepin (1.64 g.; 10 millimoles) from
      Example 1, Step C, is added slowly with stirring during 15 minutes at
      ambient temperature to a solution of dimethyloxosulfonium methylide
      prepared under nitrogen from 15 millimoles of sodium hydride, 15
      millimoles of trimethyloxosulfonium iodide, and 30 mls. of dimethyl
      sulfoxide. The mixture is stirred for 24 hours at ambient temperature and
      then 2 hours at 45.degree.-50.degree. C. The mixture is cooled and poured
      onto 50 g. of ice and repeatedly extracted with diethyl ether. The
      ethereal extract is washed with water, dried over anhydrous magnesium
      sulfate and evaporated. The crude product is crystallized from methanol to
      afford the 3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane identical
      with the product prepared from
      3-hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin as described in
      Example 57, Step A.
PAR  The other 3-oxo-3,4-dihydro-2H-1,5-benzodioxepins described specifically in
      this disclosure or falling within the scope of the definition of the
      3-keto compound A can be substituted for the particular 3-keto starting
      substance in Example 59 to provide the desired 3-spiro-2'-oxirane of
      structure E.
PAR  Additional compounds prepared by the process described in Example 57 are
      identified in Table V. The products of Table V are prepared by replacing
      the t.-butylamine employed in Step B of Example 57 by an equimolecular
      quantity of the amine having the structure HNR.sup.5 R.sup.6 identified in
      Table V and then following substantially the same procedure described in
      Step B.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Example                  Empirical  m.p. Analysis                         
     No.    --NR.sup.5 R.sup.6                                                 
                              Formula    .degree.C.                            
                                                  C   H  Cl   N  S             
     __________________________________________________________________________
          CH.sub.2                                                             
     60   --NH--CH.angle..vertline.                                            
                              C.sub.13 H.sub.17 NO.sub.3.sup.                  
                                         187-l                                 
                                              Calc.                            
                                                  57.46                        
                                                      6.68                     
                                                         13.05                 
                                                             5.15              
          CH.sub.2                       189  Found                            
                                                  57.39                        
                                                      6.76                     
                                                         12.78                 
                                                             5.27              
     61   --NH--C(CH.sub.3).sub.2 --C.tbd.CH                                   
                              C.sub.15 H.sub.19 NO.sub.3.sup.. HCl             
                                         190.5-                                
                                              Calc.                            
                                                  60.50                        
                                                      6.77                     
                                                         11.91                 
                                                             4.70              
                                         192.5                                 
                                              Found                            
                                                  60.25                        
                                                      6.86                     
                                                         12.04                 
                                                             4.88              
     62   --NHO               C.sub.14 H.sub.19 NO.sub.4.sup.. HCl             
                                         173- Calc.                            
                                                  55.72                        
                                                      6.68                     
                                                         11.75                 
                                                             4.64              
                                         176  Found                            
                                                  55.60                        
                                                      6.85                     
                                                         11.61                 
                                                             4.78              
     63   --NH--C(CH.sub.3).sub.2 --CH.sub.2 OH                                
                              C.sub.14 H.sub.21 NO.sub.4.sup.. C.sub.4 H.sub.4 
                              O.sub.4    138.5-                                
                                              Calc.                            
                                                  56.39                        
                                                      6.57   3.65              
                                         140  Found                            
                                                  56.48                        
                                                      6.78   3.77              
     64                       C.sub.20 H.sub.24 N.sub.2 O.sub.3                
                                         127- Calc.                            
                                                  70.57                        
                                                      7.11   8.23              
                                         128  Found                            
                                                  70.81                        
                                                      7.44   7.88              
     65                       C.sub.15 H.sub.16 N.sub.2 O.sub.3                
                                              Calc.                            
                                              Found                            
     66                       C.sub.20 H.sub.27 NO.sub.3.sup.. HCl             
                                         267- Calc.                            
                                                  65.65                        
                                                      7.71                     
                                                          9.69                 
                                                             3.83              
                                         276  Found                            
                                                  66.04                        
                                                      7.87                     
                                                          9.86                 
                                                             4.09              
     67   --NH--(CH.sub.2).sub.2 --O (CH.sub.2).sub.2 --OH                     
                              C.sub.14 H.sub.21 NO.sup. . HCl                  
                                         157- Calc.                            
                                                  52.58                        
                                                      6.93                     
                                                         11.09                 
                                                             4.38              
                                         158.5                                 
                                              Found                            
                                                  52.26                        
                                                      6.53                     
                                                         11.42                 
                                                             4.30              
     68   --NH--(CH.sub.2).sub.3 --NHO                                         
                              C.sub.17 H.sub.26 N.sub.2 O.sub.4.sup.. 2HCl     
                                         270- Calc.                            
                                                  51.65                        
                                                      7.14                     
                                                         17.94                 
                                                             7.09              
                                         281  Found                            
                                                  51.88                        
                                                      7.52                     
                                                         17.64                 
                                                             6.85              
     69   --NH--CH.sub.2 --CHOH--CH.sub.2 --O------H                           
                              C.sub.15 H.sub.19 N.sub.3 O.sub.5 S.sup..        
                              C.sub.2 H.sub.2 O.sub. 4                         
                                         177- Calc.                            
                                                  46.05                        
                                                      4.77   9.48              
                                                                 7.23          
          .parallel..parallel.           180  Found                            
                                                  46.18                        
                                                      5.10   9.53              
                                                                 7.52          
          NN                                                                   
          .angle.                                                              
          S                                                                    
     70                       C.sub.16 H.sub.17 NO.sub.3.sup.. HCl             
                                         190- Calc.                            
                                                  62.44                        
                                                      5.89                     
                                                         11.52                 
                                                             4.55              
                                         195  Found                            
                                                  62.40                        
                                                      5.99                     
                                                         11.75                 
                                                             4.37              
     71                       C.sub.26 H.sub.36 N.sub.2 O.sub.6.sup.. 2HCl     
                                         274- Calc.                            
                                                  57.25                        
                                                      7.02                     
                                                         13.00                 
                                                             5.14              
                                         277  Found                            
                                                  57.15                        
                                                      7.02                     
                                                         13.26                 
                                                             5.32              
     72                       C.sub.18 H.sub.21 NO.sub.4.sup.. HCl             
                                         200- Calc.                            
                                                  61.45                        
                                                      6.30                     
                                                         10.08                 
                                                             3.98              
                                         202  Found                            
                                                  61.65                        
                                                      6.50                     
                                                         10.32                 
                                                             3.90              
     72-a                     C.sub.22 H.sub.27 NO.sub.3.sup.. HCl             
                                         213.5-                                
                                              Calc.                            
                                                  67.77                        
                                                      7.24                     
                                                          9.09                 
                                                             3.59              
                                         2.5.0                                 
                                              Found                            
                                                  67.92                        
                                                      7.40                     
                                                          9.55                 
                                                             3.58              
     __________________________________________________________________________
      .sup.1 2 mole of epoxide to 1 mole of the diamine employed in synthesis. 
PAR  Additional 3,3-disubstituted-benzodioxepins made by the reaction of
      3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane and an amine of the
      structure HNR.sup.5 R.sup.6 by the process described in Example 57, Step
      B, are described in Table VI.
TBL                TABLE VI                                                    
     ______________________________________                                    
     Ex.                                                                       
     No.  R.sup.5             R.sup.6                                          
     ______________________________________                                    
     73   H                                                                    
     74   H                                                                    
     75   H                                                                    
     76   .vertline.(CH.sub.2).sub.2 --N--(CH.sub.2).sub.2 .vertline.          
          --------.vertline.--------                                           
          H                                                                    
     77   .vertline.(CH.sub.2).sub.2 --N--(CH.sub.2).sub.2 .vertline.          
          --------.vertline.--------                                           
          CH.sub.3                                                             
     78   H                   --CH.sub.2 --CH=CH.sub.2                         
     79   H                   --CH.sub.2 --C=CH.sub.2                          
                              .vertline.                                       
                              CH.sub.3                                         
     80   H                   --CH(CH.sub.3).sub.2                             
     81   H                                                                    
     82   H                                                                    
     83   H                                                                    
     84   H                   --CH.sub.2 (CH.sub.2).sub.5 NH.sub.2             
     ______________________________________                                    
PAR  The following examples describe the preparation of certain
      3,3-disubstituted-benzodioxepins having at least one substituent attached
      to its benzenoid moiety.
PAC  EXAMPLE 85
PAC  3-Hydroxy-3-isopropylaminomethyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin
      Hydrochloride
PAC  Step A.--Preparation of
      7-Nitro-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane:
PAR  A mixture of 0.11 mole of nitronium tetrafluoroborate and 60 g.
      tetramethylene sulfone is stirred at 10.degree. C. and 0.1 mole of
      3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane, prepared as described
      in Example 57, Step A, added during 30 minutes. The cooling bath then is
      removed and the mixture stirred an additional 20 minutes at 35.degree. C.,
      poured into ice and water, the product extracted with ether, the ether
      solution dried over magnesium sulfate and evaporated. The product obtained
      following crystallization from a mixture of chloroform and petroleum ether
      is 7-nitro-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane.
PAC  Step B: Preparation of
      3-hydroxy-3-isopropylaminomethyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin
      Hydrochloride
PAR  By replacing the 3-spiro-2'-oxirane and the t.-butylamine employed in Step
      B of Example 57 by equivalent quantities of
      7-nitro-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane and
      isopropylamine respectively and then following substantially the same
      procedure there described, there is obtained
      3-hydroxy-3-isopropylaminomethyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride.
PAC  EXAMPLE 86
PAC  3-Hydroxy-3-isopropylaminomethyl-7-amino-3,4-dihydro-2H-1,5-benzodioxepin
      Hydrochloride
PAC  Step A.--Preparation of
      3-Acetoxy-3-(N-acetylisopropylaminomethyl)-7-nitro-3,4-dihydro-2H-1,5-benz
     odioxepin:
PAR  Treatment of
      3-hydroxy-3-isopropylaminomethyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin,
      obtained as described in Example 85, with excess acetic anhydride and
      heating overnight on a water bath affords the
      3-acetoxy-3-(N-acetylisopropylaminomethyl)-7-nitro-3,4-dihydro-2H-1,5-benz
     odioxepin.
PAC  Step B.--Preparation of
      3-Acetoxy-3-(N-acetylisopropylaminomethyl)-7-amino-3,4-dihydro-2H-1,5-benz
     odioxepin:
PAR  The
      3-acetoxy-3-(N-acetylisopropylaminomethyl)-7-nitro-3,4-dihydro-2H-1,5-benz
     odioxepin when dissolved in ethyl acetate is reduced at low pressure over
      platinum with hydrogen to give
      3-acetoxy-3-(N-acetylisopropylaminomethyl)-7-amino-3,4-dihydro-2H-1,5-benz
     odioxepin.
PAC  Step
      C.--3-Hydroxy-3-(isopropylaminomethyl)-7-amino-3,4-dihydro-2H-1,5-benzodio
     xepin hydrochloride:
PAR  3-Acetoxy-3-(N-acetylisopropylaminomethyl)-7-amino-3,4-dihydro-2H-1,5-benzo
     dioxepin (33.6 g., 0.1 mole) is refluxed for 10 hours with 400 ml. of
      methanol containing 20 g. (0.5 mole) of sodium hydroxide. The solvent is
      removed at low temperature in vacuo and the residue treated with 200 ml.
      of water. The mixture is extracted with diethyl ether and the combined
      ethanol phases washed with water and dried over anhydrous magnesium
      sulfate. The solvent is evaporated and the product,
      3-hydroxy-3-(isopropylaminomethyl)-7-amino-3,4-dihydro-2H-1,5-benzodioxepi
     n hydrochloride isolated as the hydrochloride salt.
PAC  EXAMPLE 87
PAC  3-Hydroxy-3-isopropylaminomethyl-7-methanesulfonamido-3,4-dihydro-2H-1,5-be
     nzodioxepin Hydrochloride
PAC  Step A.--Preparation of
      3-Acetoxy-3-(N-acetylisopropylaminomethyl)-7-methanesulfonamido-3,4-dihydr
     o-2H-1,5-benzodioxepin:
PAR  Methanesulfonyl chloride (0.1 mole) is added dropwise to a stirred solution
      of 0.1 mole of
      3-acetoxy-3-(N-acetoxyisopropylaminomethyl)-7-amino-3,4-dihydro-2H-1,5-ben
     zodioxepin, from Example 86, Step B, in 120 ml. of pyridine held at
      10.degree.-15.degree.C. The mixture is stirred for several hours at
      ambient temperature, then heated to 90.degree.C. for 0.5 hours, cooled,
      and added to an ice-water mixture. The mixture is extracted with ether,
      washed, dried over magnesium sulfate, and the solvent removed to give
      3-acetoxy-3-(N-acetylisopropylaminomethyl)-7-methanesulfonamido-3,4-dihydr
     o-2H-1,5-benzodioxepin.
PAC  Step B.--Preparation of
      3-Hydroxy-3-isopropylaminomethyl-7-methanesulfonamido-3,4-dihydro-2H-1,5-b
     enzodioxepin:
PAR  3-Acetoxy-3-(N-acetylisopropylaminomethyl)-7-methanesulfonamido-3,4-dihydro
     -2H-1,5-benzodioxepin (4.2 g., 10 millimole) in 20 ml. methanol is treated
      with 2 g. (50 millimoles) of sodium hydroxide in 20 ml. of methanol. The
      mixture is refluxed for 3 hours, cooled, and diluted with 400 mls. of
      water, neutralized with acid and extracted with ether. The combined
      ethereal solutions are washed with water, dried over anhydrous sodium
      sulfate, and evaporated to give
      3-hydroxy-3-isopropylaminomethyl-7-methanesulfonamido-3,4-dihydro-2H-1,5-b
     enzodioxepin.
PAC  EXAMPLE 88
PAC  3-Hydroxy-3-isopropylamino-7-carbethoxyamine-3,4-dihydro-2H-1,5-benzodioxep
     in
PAC  Step A.--Preparation of
      3-Acetoxy-3-(N-acetylisopropylaminomethyl)-7-carbethoxyamine-3,4-dihydro-2
     H-1,5-benzodioxepin:
PAR  3-Acetoxy-3-N-acetylisopropylaminomethyl-7-amino-3,4-dihydro-2H-1,5-benzodi
     oxepin (0.1 mole) from Example 86, Step B, in chloroform is treated with
      0.11 mole of ethyl chloroformate and pyridine in chloroform. The mixture
      after stirring and heating in a water bath for several hours is diluted
      with water, extracted with ether, the combined ethereal extracts washed,
      dried and evaporated to give
      3-acetoxy-3-(N-acetylisopropylaminomethyl)-7-carbethoxyamino-3,4-dihydro-2
     H-1,5-benzodioxepin.
PAC  Step B.--Preparation of
      3-Hydroxy-3-isopropylaminomethyl-7-carbethoxyamino-3,4-dihydro-2H-1,5-benz
     odioxepin:
PAR  3-Acetoxy-3-(N-acetylisopropylaminomethyl)-7-carbethoxyamino-3,4-dihydro-2H
     -1,5-benzodioxepin (4.1 g., 10 millimoles) is warmed five hours at
      40.degree.C. with 6 ml. of concentrated hydrochloric acid and 34 ml. of
      ethanol. The solution is cooled, taken to the basic side with sodium
      hydroxide, diluted with water, and extracted with diethyl ether to give
      3-hydroxy-3-isopropylaminomethyl-7-carbethoxyamino-3,4-dihydro-2H-1,5-benz
     odioxepin.
PAC  EXAMPLE 89
PAC  3,7-Dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
PAR  3-Acetoxy-3-(N-acetylisopropylaminomethyl-7-amino-3,4-dihydro-2H-1,5-benzod
     ioxepin from Example 86, Step B, dissolved in dilute sulfuric acid is
      treated with sodium nitrite in water and the mixture heated on a water
      bath for 0.5 hours. The mixture is cooled, neutralized with base,
      extracted with ether, the ethereal extract washed, dried, and evaporated
      to give
      3,7-dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin.
PAC  EXAMPLE 90
PAC  3-Hydroxy-3-isopropylaminomethyl-7-methoxy-3,4-dihydro-2H-1,5-benzodioxepin
PAR  3,7-Dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin (2.53
      g.; 10 millimoles) from Example 89 dissolved in 50 ml. of diethyl ether is
      left 10 hours at ambient temperature with 0.46 g. (11 millimoles) of
      diazomethane in 25 ml. of diethyl ether. Excess diazomethane is destroyed
      by addition of a few drops of acetic acid. The solution then is washed
      with water, dried over anhydrous sodium sulfate, and evaporated to dryness
      to give
      3-hydroxy-3-isopropylaminomethyl-7-methoxy-3,4-dihydro-2H-1,5-benzodioxepi
     n.
PAR  The products of Examples 85 through 90 can also be prepared following
      substantially the same procedures described in these examples but instead
      of employing the 3-spiro-2'-oxirane starting substances in Example 85,
      Step A, one uses an oxarolidinone which can be prepared from product I by
      treatment with dibutyl carbonate and metallic sodium or by treatment with
      phosgene. The following example illustrates the preparation of the
      oxazolidinone and its use in preparing the desired 7-substituted compounds
      of Examples 85 through 90.
PAC  EXAMPLE 91
PAC  3-Hydroxy-3-isopropylaminomethyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin.
PAC  Step A.--Preparation of 3'
      -isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5' -oxazolidin-2'-one:
PAR  A mixture of
      3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin (11.85
      g.; 50 millimoles), prepared as described in Example 1, and dibutyl
      carbonate (13.1 g.) with a small piece of metallic sodium is heated in an
      oil bath. The temperature then is slowly raised to 170.degree. C. with
      removal of butanol. Finally, the mixture is heated between
      170.degree.-200.degree. C. with removal of excess dibutyl carbonate. The
      cooled reaction product is dissolved in benzene, washed with water, dried
      over sodium sulfate, and the solvent evaporated to give
      3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidin-2'-one
     , m.p. 121.degree.-122.degree. C.
PAC  Step B.--Preparation of
      3'-isopropyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one:
PAR  By replacing the 3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane
      employed in Example 85, Step A, by a equivalent amount of
      3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidin-2'-one
      and following substantially the same procedure there described, there is
      obtained
      3'-isopropyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one, m.p. 145.5.degree.-147.degree. C.
PAC  Step C.--Preparation of
      3-hydroxy-3-isopropylaminomethyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin:
PAR  A mixture of 0.15 mole of the oxazolidinone from Step B above and 15 g.
      (0.38 mole) of sodium hydroxide in 100 ml. of water and 200 ml. of 95%
      ethanol is refluxed, the solution evaporated to a small volume and the
      product extracted with diethyl ether. Evaporation of the solvent gives
      3-hydroxy-3-isopropylaminomethyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin.
PAC  EXAMPLE 92
PAC  3-Hydroxy-3-isopropylaminomethyl-7-methanesulfonamido-3,4-dihydro-2H-1,5-be
     nzodioxepin
PAC  Step A.--Preparation of
      3'-isopropyl-7-amino-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one:
PAR  By replacing the
      3-acetoxy-3-N-acetylisopropylaminomethyl-7-nitro-3,4-dihydro-2H-1,5-benzod
     ioxepin used in Example 86, Step B, by an equivalent quantity of
      3'-isopropyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one obtained as described in Example 91, Step B, and then following
      substantially the procedure described in Example 86, Step B, there is
      obtained
      3'-isopropyl-7-amino-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one.
PAC  Step B.--Preparation of
      3'-isopropyl-7-methanesulfonamido-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro
     -5'-oxazolidin-2'-one:
PAR  By reacting the oxazolidinone obtained in Step A with methanesulfonyl
      chloride and employing the other reaction conditions and procedure
      described in Example 87, Step A, there is obtained
      3'-isopropyl-7-methanesulfonamido-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro
     -5'-oxazolidin-2'-one.
PAC  Step C.--Preparation of
      3-hydroxy-3-isopropylaminomethyl-7-methanesulfonamido-3,4-dihydro-2H-1,5-b
     enzodioxepin:
PAR  This product is prepared by substituting the oxazolidinone compound of Step
      B above for that employed in Example 91, Step C, and following essentially
      the same reaction there described.
PAC  EXAMPLE 93
PAC  3-Hydroxy-3-isopropylaminomethyl-7-carbethoxyamino-3,4-dihydro-2H-1,5-benzo
     dioxepin
PAC  Step A.--Preparation of
      3'-isopropyl-7-ethoxycarbonylamino-3,4-dihydro-2H-1,5-benzodioxepin-3-spir
     o-5'-oxazolidin-2'-one:
PAR  By replacing the
      3-acetoxy-3-N-acetyliospropylamino-7-amino-3,4-dihydro-2H-1,5-benzodioxepi
     n reactant in Example 88, Step A, by the
      5'-isopropyl-7-amino-3,4-dihydro-2H-1,5-benzodioxepin-3-Spiro-5-oxazolidin
     -2'-one, prepared as described in Example 92, Step A, and then following
      substantially the same procedure described in Example 88, Step A, there is
      obtained
      3'-isopropyl-7-carbethoxyamino-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'
     -oxazolidin-2'-one.
PAC  Step B.--Preparation of
      3-hydroxy-3-isopropylaminomethyl-7-carbethoxyamino-3,4-dihydro-2H-1,5-benz
     odioxepin:
PAR  This oxazolidinone from Step A above is refluxed in ethanol containing
      anhydrous hydrogen chloride. The solution is neutralized, evaporated to a
      small volume, diluted with water and extracted with ether. The dried
      etheral solution is evaporated to give the desired product.
PAC  EXAMPLE 94
PAC  3,7-Dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
PAC  Step A.--Preparation of
      3'-isopropyl-7-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazoli
     din-2'-one:
PAR  This product is prepared by following the procedure and employing the
      reactants and reaction conditions described in Example 89 except the
      3-acetoxy-3-N-acetylisopropylaminomethyl-7-amino-3,4-dihydro-2H-1,5-benzod
     ioxepin there employed is replaced by the oxazolidinone obtained as
      described in Example 92, Step A.
PAC  Step B.--Preparation of
      3,7-dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin:
PAR  This product is prepared by substituting the oxazolidinone compound of Step
      A above for that employed in Example 91, Step C, and following essentially
      the same reaction there described.
PAC  EXAMPLE 95
PAC  3-Hydroxy-3-isopropylaminomethyl-7-methoxy-3,4-dihydro-2H-1,5-benzodioxepin
PAC  Step A.--Preparation of
      3'-isopropyl-7-methoxy-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazoli
     din-2'-one:
PAR  This compound is prepared by employing the same reactants, reaction
      conditions and procedure outlined in Example 90 except the
      3,7-dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin is
      replaced by an equivalent quantity of
      3'-isopropyl-7-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazoli
     din-2'-one from Example 94, Step A.
PAC  Step B.--Preparation of
      3-hydroxy-3-isopropylaminomethyl-7-methoxy-3,4-dihydro-2H-1,5-benzodioxepi
     n:
PAR  This product is prepared by substituting the oxazolidinone compound of Step
      A above for that employed in Example 91, Step C, and following essentially
      the same reaction there described.
PAC  EXAMPLE 96
PAC  3,6-Dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      Hydrochloride
PAC  Step A.--Preparation of 2-methoxy-2-methyl-4-hydroxy-1,3-benzodioxole:
PAR  A mixture of pyrogallol (25.2 g., 0.2 mole) and trimethyl orthoacetate
      (26.4 g., 0.22 mole) is treated with one drop of concentrated sulfuric
      acid and the reaction mixture then stirred under nitrogen in an oil bath
      at 103.degree.-105.degree. C. Methanol formed in the reaction is distilled
      up a short column and collected. After 1 hour, more trimethyl orthoacetate
      (2 g., 0.016 mole) and another drop of sulfuric acid are added and the
      temperature of the oil bath raised to 108.degree.-110.degree. C. for a
      further hour. Methanol (9.6 ml.) is collected. On cooling, the dark brown
      oil crystallizes and is dissolved in ether (120 dissolved the ethereal
      solution is washed with 2% sodium carbonate solution (50 ml.) and then
      with saturated sodium chloride solution. Evaporation of the dried ethereal
      solution yields 31.2 g. of a pale yellow solid. The crude product is
      dissolved in boiling carbon tetrachloride (280 ml.) and some solid (mainly
      pyrogallol) is removed by filtration. On cooling, the solution yields
      24.24 g. (66.6%) of 2-methoxy-2-methyl-4-hydroxy-1,3-benzodioxole, m.p.
      106.degree.-109.degree. C. Upon further recrystallization of the compound
      from carbon tetrachloride, with treatment with charcoal and activated
      alumina, the product melts at 114.5.degree.-115.5.degree. C.
PAR  Analysis calculated for C.sub.9 H.sub.10 O.sub.4 : C, 59.33; H, 5.53.
      Found: C, 59.70; H, 5.83.
PAC  Step B.--Preparation of 2-Methoxy-2-methyl-4-benzyloxy-1,3-benzodioxole;
PAR  To a suspension of sodium hydride (2.4 g., 0.1 mole) in freshly distilled
      hexamethyl-phosphoramide (24 ml.) is added dropwise with stirring under
      dry nitrogen a solution of 2-methoxy-2-methyl-4-hydroxy-1,3-benzodioxole
      (18.2 g., 0.1 mole) in hexamethylphosphoramide (36 ml.) and stirring is
      continued at ambient temperature until hydrogen evolution essentially
      ceases. Benzyl chloride (12.65 g., 0.1 mole) is added and the mixture
      stirred at 75.degree.-80.degree. C. for 5 hours. The mixture then is
      poured onto ice and adjusted to ca. pH 6 with acetic acid. The product is
      extracted with ether, and the ethereal solution washed with 2% sodium
      carbonate solution (50 ml.) and then with saturated sodium chloride
      solution. After drying over magnesium sulphate and then calcium sulfate,
      the ethereal solution is evaporated to give
      2-methoxy-2-methyl-4-benzyloxy-1,3-benzodioxole which can be crystallized
      from di-isopropyl ether.
PAC  Step C.--Preparation of 3-benzyloxy catechol:
PAR  A mixture of 2-methoxy-2-methyl-4-benzyloxy-1,3-benzodioxole (13.6 g., 0.05
      mole), methanol (210 ml.) and 5N hydrochloric acid (210 ml.) is stirred
      under reflux in an atmosphere of nitrogen for 10 hours. Most of the
      methanol is distilled off under vacuum and the product then extracted with
      ether. The ethereal solution is washed with water, dried over magnesium
      sulfate followed by calcium sulfate and evaporated to dryness to yield the
      crude 3-benzyloxy-catechol which can be recrystallized from di-isopropyl
      ether.
PAC  Step D.--Preparation of
      3-amino-4-cyano-6-benzyloxy-3,4-dihydro-2H-1,5-benzodioxepin:
PAR  By replacing catechol employed in Step A of Example 1 by an equivalent
      quantity of 3-benzyloxycatechol and following substantially the same
      procedures described in Steps A and B of Example 1 there are obtained
      sequentially 1,2-di(cyanomethoxy)-3-benzyloxybenzene and then
      3-amino-4-cyano-6-benzyloxy-3,4-dihydro-2H-1,5-benzodioxepin and/or the
      9-benzyloxy isomer.
PAC  Step E.--Preparation of
      3,6-dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride:
PAR  The 3-amino-4-cyano-6-benzyloxy-3,4-dihydro-2H-1,5-benzodioxepin and/or its
      9-benzyloxy isomer is converted to
      3-oxo-6-benzyloxy-3,4-dihydro-2H-1,5-benzodioxepin by the procedure
      described in Example 1, Step C, and the 3-keto compound then reacted with
      potassium cyanide by either the process of Step D of Example 1 or the
      alternative procedure there described to provide
      3-hydroxy-3-cyano-6-benzyloxy-3,4-dihydro-2H-1,5-benzodioxepin. This
      product then is reduced with lithium aluminum hydride by the method
      outlined in the alternate of Step E, Example 1, to give
      3-hydroxy-3-aminomethyl-6-benzyloxy-3,4-dihydro-2H-1,5-benzodioxepin which
      when reacted with acetone and then reduced by the process of Step F,
      Example 1, there is obtained
      3,6-dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride.
PAR  Additional 3,3-disubstituted-benzodioxepins having at least one substituent
      attached to the benzenoid moiety that can be prepared from the appropriate
      catechol by any of the major routes illustrated in Flow Diagram II
      followed by any of the procedures illustrated in Flow Diagram I are
      identified in the following Table. For convenience the catechols
      identified in Table VII are converted to the 3-oxo-benzodioxepin by
      substantially the same methods described in Example 1, Steps A through C
      (that is route E .fwdarw. F.sup.1 .fwdarw. G.sup.1 .fwdarw. A in Flow
      Diagram II). The other route (that is E .fwdarw. F.sup.2 .fwdarw. G.sup.2
      .fwdarw. A) described in Examples 108 and 109 could have been employed to
      provide the 3-oxo-benzodioxepin A and the following table is to be
      understood as applying to this route as well. Also, for convenience the
      end products I are prepared by the procedures described in Examples 1,
      Steps D through F, Example 23 or Example 57, as indicated in the table
      (that is route A .fwdarw. C .fwdarw. D .fwdarw. I; A .fwdarw. B .fwdarw. D
      .fwdarw. I, and A .fwdarw. C .fwdarw. D .fwdarw. E .fwdarw. I) although
      the other modifications illustrated in Flow Diagram I and in the Examples
      could equally be employed.
TBL                                    TABLE VII                               
     __________________________________________________________________________
                                                         Method For            
     Ex.                                                 A - I                 
     No. R        R.sup.1 X     R.sup.4                                        
                                      R.sup.3  R.sup.6   Ex.                   
                                                               Steps           
     __________________________________________________________________________
     97  H      (CH.sub.3).sub.3 C--                                           
                        H       H     H      --CH(CH.sub.3).sub.2              
                                                         1     D-F             
     98  H      (CH.sub.3).sub.3 C--                                           
                        CH.sub.3                                               
                                H     H      --CH(CH.sub.3).sub.2              
                                                         57    A-B             
     99  H      (CH.sub.3).sub.3 C--                                           
                        (CH.sub.3).sub.3 C--                                   
                                H            --CH(CH.sub.3).sub.2              
                                                         123   C               
     100 H      (CH.sub.3).sub.2 CH--                                          
                        (CH.sub.3).sub.2 CH--                                  
                                H     H      --C(CH.sub.3).sub.3               
                                                         57    A-B             
     101 (CH.sub.3).sub.2 CH--                                                 
                H       (CH.sub.3).sub.2 CH--                                  
                                H     H      --CH(CH.sub.3).sub.2              
                                                         1     D-F             
     102 (CH.sub.3).sub.2 CH--                                                 
                H       H       CH.sub.3                                       
                                      H                  23    A-C             
     103 H      (CH.sub.3).sub.2 CH                                            
                        H       H     H      --C(CH.sub. 3).sub.3              
                                                         57    A-B             
     104 CH.sub.3 O--                                                          
                H       H       --CH.sub.2 CH.sub.3                            
                                      H                  24    A-B             
     105 CH.sub.3 --                                                           
                H       H       H            --CH(CH.sub.3).sub.2              
                                                         123   C               
     106 H      CH.sub.3 --                                                    
                        H       H     H      --C(CH.sub.3).sub.3               
                                                         57    A-B             
     107 H      NO.sub.2                                                       
                        H       H     H                  57    A-B             
     __________________________________________________________________________
PAC  EXAMPLE 108
PAC  3-Hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      Hydrochloride
PAC  Step A.--Preparation of 1,2-bis-carbomethoxymethoxybenzene (or
      1,2-benzene-bis methyl glycolate):
PAR  Methyl bromoacetate (57 g.) is added portionwise to a mixture of catechol
      (24 g.), potassium carbonate (62 g.), potassium iodide (3 g.) and acetone
      (500 ml.). The reaction gradually warmed up and a precipitate formed. The
      reaction mixture then was stirred overnight at ambient temperature and the
      precipitated substance removed by filtration. The acetone solution was
      distilled to remove the acetone whereupon an oily residue was obtained
      which was crystallized from methanol yielding 27 g. of
      1,2-bis-carbomethoxymethoxybenzene.
PAC  Step B: Preparation of
      3-oxo-4-carbomethoxy-3,4-dihydro-2H-1,5-benzodioxepin.
PAR  Potassium t.-butoxide (15.8 g.) dissolved in DMSO (130 ml.) is added
      dropwise over a 45 minute period to 1,2-bis-carbomethoxymethoxybenzene
      (18.3 g.) in DMSO (30 ml.) under an atmosphere of nitrogen. The mixture
      then is stirred 3 hours at ambient temperature and a mixture of acetic
      acid (16 ml.) and water (200 ml.) is added. The reaction mixture is
      extracted with benzene, the powdery material removed by filtration and the
      benzene then dried over magnesium sulfate and the benzene then evaporated
      leaving 3-oxo-4-carbomethoxy-3,4-dihydro-2H-1,5-benzodioxepin that is used
      in the following step without purification.
PAC  Step C: Preparation of 3-oxo-3,4-dihydro-2H-1,5-benzodioxpin.
PAR  3-Oxo-4-carbomethoxy-3,4-dihydro-2H-1,5-benzodioxepin (110 g.) is added to
      a mixture of methanol (210 ml.), concentrated hydrochloric acid (50 ml.)
      and water (160 ml.) and the mixture then is refluxed for 18 hours. The
      product is extracted with ether, and the ether extract washed with four 50
      ml. portions of sodium bicarbonate solution, then twice with 50 ml.
      portions of water. After drying the washed ether extract over magnesium
      sulfate and evaporation to remove the solvent there is obtained
      3-oxo-3,4-dihydro-2H-1,5-benzodioxepin.
PAC  Step D: Preparation of
      3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride
PAR  The 3-oxo-3,4-dihydro-2H-1,5-benzodioxepin is converted to the desired
      3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride by the procedures described in Example 1.
PAC  EXAMPLE 109
PAC  2-(2-Pyridyl)-3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodiox
     epin hydrochloride.
PAC  Step A: Preparation of 2-(2-Pyridyl)-2-(2-carboxymethoxyphenoxy)-acetic
      acid.
PAR  A mixture of 2-hydroxyphenoxy acetic acid (16.8 g. 0.1 mole) and 80 ml. of
      5N aqueous sodium hydroxide (0.4 mole) is stirred until solution is
      effected, then the solution treated with 2-bromo-2-(2-pyridyl)-acetic acid
      (21.6 g. 0.1 mole), and refluxed for 20 hours. The cooled solution is
      taken to neutrality and the diacid crystallized from benzene to give
      2-(2-pyridyl)-2-(carboxymethoxyphenoxy)-acetic acid.
PAC  Step B: Preparation of methyl
      2-(2-pyridyl)-2-(2-carbomethoxymethoxyphenoxy)-acetate.
PAR  A solution of the above diacid (30.3 g. 0.1 mole) p-toluenesulfonic acid (3
      g.) and 300 mls. of methanol is refluxed for twenty-four hours and the
      solvent then removed, and replaced by diethyl ether. The ethereal solution
      is washed with water, 5% sodium bicarbonate, then again with water, dried
      over anhydrous sodium sulfate, and evaporated to give methyl
      2-(2-pyridyl)-2-(2-carbomethoxymethoxyphenoxy) acetate.
PAC  Step C.--Preparation of
      2-(2-pyridyl)-3-oxo-3,4-dihydro-2H-1,5-benzodioxepin:
PAR  By following substantially the same procedure described in Example 108,
      Steps B and C, but substituting methyl
      2-(2-pyridyl)-2-(2-carbomethoxymethoxyphenoxy)-acetate for the
      1,2-bis-(carbomethoxymethoxy)benzene there is obtained sequentially
      2-(2-pyridyl)-3-oxo-4-carbomethoxy-3,4-dihydro-2H-1,5-benzodioxepin and
      then 2-(2-pyridyl)-3-oxo-3,4-dihydro-2H-1,5-benzodioxepin.
PAC  Step D.--Preparation of
      2-(2-pyridyl)-3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodio
     xpin hydrochloride:
PAR  This product is prepared by replacing the 3-oxobenzodioxepin employed in
      Example 1, Step D, by an equivalent quantity of
      2-(2-pyridyl)-3-oxo-3,4-dihydro-2H-1,5-benzodioxepin and then employing
      the other reactants and reaction conditions of Steps D through F of
      Example 1.
PAR  Other compounds exemplary of those that can be prepared by the processes
      called for in Example 109 are identified in Table VIII. These
      2-substituted-benzodioxepins are made by replacing the
      2-bromo-2-(2-pyridyl)-acetic acid employed in Step A of Example 109 by an
      equivalent quantity of the haloacetic acid identified in the following
      table and then following the procedures of Example 109 Steps A and B,
      Example 108, Steps B and C and finally Steps D through F of
TBL                                    TABLE VIII                              
     __________________________________________________________________________
     Ex. No.                                                                   
           X R.sup.2                                                           
                    Carbonyl Reactant                                          
                                   R.sup.6                                     
     __________________________________________________________________________
     110   Br       (CH.sub.3).sub.2 C=O                                       
                                 --CH(CH.sub.3).sub.2                          
     111   Br       (CH.sub.3).sub.2 C=O                                       
                                 --CH(CH.sub.3).sub.2                          
     112   Br       (CH.sub.3).sub.2 C=O                                       
                                 --CH(CH.sub.3).sub.2                          
     113   Cl                                                                  
             CH.sub.3 CH.sub.2 --                                              
                    (CH.sub.3).sub.2 C=O                                       
                                 --CH(CH.sub.3).sub.2                          
     114   Br                                                                  
     115   Br                                                                  
     116   Cl                                                                  
             CH.sub.3 CH.sub.2 --                                              
     117   Br                                                                  
     118   Br                                                                  
     119   Br                                                                  
     120   Cl                                                                  
             CH.sub.3 CH.sub.2 --                                              
     121   Br                                                                  
     122   Br                                                                  
     __________________________________________________________________________
PAC  EXAMPLE 123
PAC  2-Phenyl-3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride
PAC  Step A. Preparation of 2-(2-hydroxyphenoxy)acetonitrile
PAR  A mixture of catechol (11 g., 0.1 mole), chloroacetonitrile (5.3 g., 0.07
      mole), finely powdered potassium carbonate (11.1 g., 0.08 mole) and
      acetone (75 ml.) is refluxed with stirring for 2 hours. The mixture then
      is treated with chloroacetonitrile (3.8 g., 0.05 mole) and potassium
      carbonate (7.6 g., 0.055 mole) and refluxed for 4 hours. The mixture is
      filtered, the solids washed with more acetone and the combined filtrate
      evaporated in vacuo to give an oil. The oil is dissolved in dilute sodium
      hydroxide solution, extracted with ether to remove
      1,2-dicyanomethoxybenzene and the alkali solution acidified and extracted
      with ether. The extract is evaporated to dryness and the residue distilled
      in vacuo to give 2-(2-hydroxyphenoxy)acetonitrile.
PAC  Step B. Preparation of 2-phenyl-2-(2-cyanomethoxyphenoxy)acetonitrile
PAR  A mixture of 2-(2-hydroxyphenoxy)acetonitrile (14.9 g., 0.1 mole),
      2-chloro-2-phenylacetonitrile (15.2 g., 0.1 mole), finely powdered
      potassium carbonate (13.8 g., 0.1 mole) and 80 ml. of acetone is refluxed
      3 hours. The mixture is then treated with 2-chloro-2-phenylacetonitrile
      (7.6 g., 0.05 mole) and potassium carbonate (6.9 g., 0.5 mole) and
      refluxed six hours. The mixture is filtered, the solids washed with
      acetone and the combined filtrate evaporated in vacuo to give an oil.
      Crystallization of the oil affords
      2-phenyl-2-(2-cyanomethoxyphenoxy)acetonitrile.
PAC  Step C. Preparation of
      2-phenyl-3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride
PAR  This product is prepared by the procedures described in Example 1, Steps B
      through F, employing the same reactants and reaction conditions there
      described except the 1,2-di(cyanomethoxy)benzene is replaced by an
      equivalent quantity of 2-phenyl-2-(2-cyanomethoxyphenoxy)acetonitrile.
PAR  Additional 2-substituted-benzodioxepins that are made by the procedures of
      Example 123 are identified in Table IX. These products are prepared by
      replacing the 2-chloro-2-phenylacetonitrile employed in Step B of Example
      109 by an equivalent quantity of the halonitrile identified in the table
      which when worked up by the methods and conditions described in Example
      123 and Steps B through F of Example 1 provide the
      2-substituted-benzodioxepins identified in the following table. In some
      instances the acetone employed in Step F of Example 1 is replaced by
      another ketone or aldehyde which is identified in the table to provide the
      R.sup.5 and R.sup.6 substituents.
TBL                                    TABLE IX                                
     __________________________________________________________________________
     Ex. No.                                                                   
           X   R.sup.2                                                         
                     R.sup.3                                                   
                           Carbonyl Reactant                                   
                                         R.sup.6                               
     __________________________________________________________________________
     124   Br        H     (CH.sub.3).sub.2 CO                                 
                                         --CH(CH.sub.3).sub.2                  
     125   Cl                                                                  
             CH.sub.3                                                          
                     H                                                         
     126   Cl                                                                  
             CH.sub.3 CH.sub.2 --                                              
                     H                                                         
     127   Cl                                                                  
             CH.sub.3 (CH.sub.2).sub.2 --                                      
                     H                                                         
     128   Cl                                                                  
             (CH.sub. 3).sub.2 CH--                                            
                     H     (CH.sub.3).sub.2 CO                                 
                                         --CH(CH.sub.3).sub.2                  
     129   Br                                                                  
             CH.sub.3 (CH.sub.2).sub.3 --                                      
                     H                                                         
     130   Cl                                                                  
             (CH.sub.3).sub.2 CHCH.sub.2 --                                    
                     H                                                         
     131   Cl                                                                  
             CH.sub.3                                                          
                     CH.sub.3                                                  
                           (CH.sub.3).sub.2 CO                                 
                                         --CH(CH.sub.3).sub.2                  
     132   Cl                                                                  
             CH.sub.3                                                          
                     CH.sub.3 CH.sub.2 --                                      
     133   Cl        H                                                         
     134   Br        H                                                         
                           CH.sub.3                                            
                           .vertline.                                          
     135   Cl                                                                  
             CH.sub.3                                                          
                     CH.sub.3                                                  
                           C.sub.2 H.sub. 5 --C=O                              
                                         --CH(CH.sub.3)(C.sub.2 H.sub.5)       
     136   Br                                                                  
             CH.sub.3 (CH.sub.2).sub.3 --                                      
                     H                                                         
     137   Cl        H     CH.sub.3 --CHO                                      
                                         --C.sub.2 H.sub.5                     
     138   Cl                                                                  
             CH.sub.3                                                          
                     CH.sub.3 CH.sub.2 --                                      
     139   Cl                                                                  
             CH.sub.3 CH.sub.2                                                 
                     H                                                         
     __________________________________________________________________________
PAC  EXAMPLE 140
PAC  2-Methyl-3-hydroxy-3-isopropylaminomethyl-7-chloro-3,4-dihydro-2H-1,5-benzo
     dioxepin hydrochloride
PAC  Step A. Preparation of 3-chloro-6-(1-cyanoethoxy)-benzaldehyde
PAR  A mixture of 5-chlorosalicylaldehyde (78 g., 0.5 mole), finely powdered
      anhydrous potassium carbonate (103.5 g., 0.75 mole) and acetone (500 ml.)
      is stirred under reflux and 2-chloropropionitrile (33.6 g., 0.375 mole) is
      added over a period of about 5 minutes. The mixture is heated under reflux
      for 1.5 hours and then treated with potassium carbonate (34.5 g., 0.25
      mole) followed by more 2-chloropropionitrile (11.2 g., 0.125 mole).
      Heating and stirring are continued for 31/2 hours, after which the
      reaction mixture is filtered and the filter-cake washed with acetone.
      Evaporation of the combined filtrate gives
      3-chloro-6-(1-cyanoethoxy)-benzaldehyde which is recrystallized from
      aqueous methanol.
PAC  Step B. Preparation of 3-chloro-6-(1-cyanoethoxy)-phenylformate
PAR  To a solution of 3-chloro-6-(1-cyanoethoxy)benzaldehyde (73.3 g., 0.35
      mole) in acetic acid (350 ml.) is added an approximately 1M solution of
      peracetic acid (0.71 equivalents) in acetic acid. The reaction temperature
      is kept in the range 40.degree.-45.degree.C. by cooling. After the
      addition of the peracetic acid, the mixture is stirred at ambient
      temperature overnight. Residual peracetic acid is estimated by titrating a
      small aliquot, before evaporating the reaction mixture under vacuum to a
      small volume. Ether is added and the ethereal solution then washed with
      water and with 6% sodium bicarbonate solution. After a final wash with
      water, the ethereal solution is dried and evaporated to afford
      3-chloro-6-(1-cyanoethoxy)-phenyl-formate which is purified by
      recrystallization from benzene petroleum ether.
PAC  Step C. Preparation of 3-chloro-6-(1-cyanoethoxy)phenol
PAR  3-Chloro-6-(1-cyanoethoxy)-phenyl-formate (56.4 g., 0.25 mole) is added to
      a solution of 85% potassium hydroxide (17.1 g., 0.26 mole) in 95% alcohol
      (200 ml.) at ambient temperature, and the mixture then stirred overnight
      under nitrogen. The reaction mixture is treated with a slight excess of
      dilute hydrochloric acid, and most of the alcohol removed under reduced
      pressure. The product is extracted with ether, the ethereal extract is
      washed with water, then with 5% sodium carbonate solution and again with
      water. The ethereal extract then is dried over magnesium sulfate and then
      over calcium sulfate and the ether removed by evaporation yielding
      3-chloro-6-(1-cyanoethoxy)-phenol, which is crystallized from
      chloroform-petroleum ether.
PAC  Step D. Preparation of 3-chloro-6-(1-cyanoethoxy)-phenoxyacetonitrile
PAR  A mixture of 3-chloro-6-(1-cyanoethoxy)-phenol (34.6 g., 0.175 mole),
      finely powdered anhydrous potassium carbonate (37.2 g., 0.27 mole) and
      acetone (250 ml.) is stirred under reflux while chloroacetonitrile (9.8
      g., 0.13 mole) is added over a period of about 5 minutes. The mixture then
      is heated under reflux with vigorous stirring for 1.5 hours, whereupon
      more potassium carbonate (12.5 g., 0.09 mole) and chloroacetonitrile (3.4
      g., 0.045 mole) are added. Stirring and heating are continued for 3.5
      hours, then the mixture is filtered and the filter-cake washed with
      acetone. Evaporation of the combined filtrate affords
      3-chloro-6-(1-cyanoethoxy)-phenoxyacetonitrile which is recrystallized
      from aqueous alcohol.
PAC  Step E. Preparation of
      2-methyl-3-hydroxy-3-isopropylaminomethyl-7-chloro-3,4-dihydro-2H-1,5-benz
     odioxepin hydrochloride
PAR  By replacing the 1,2-di-(cyanomethoxy)benzene employed in Example 1, Step
      B, by an equivalent quantity of 3-chloro-6-(1-cyanoethoxy)
      phenoxyacetonitrile and then following the same procedures and employing
      the same reaction conditions described in Example 1, Steps B through F,
      there are obtained, sequentially
PA1  2-methyl-3-amino-4-cyano-7-chloro-2H-1,5-benzodioxepin,
PA1  2-methyl-7-chloro-3-oxo-3,4-dihydro-2H-1,5-benzodioxepin,
PA1  2-methyl-3-hydroxy-3-cyano-7-chloro-3,4-dihydro-2H-1,5-benzodioxepin,
PA1  2-methyl-3-hydroxy-3-aminomethyl-7-chloro-3,4-dihydro-2H-1,5-benzodioxepin,
      and
PA1  2-methyl-3-hydroxy-3-isopropylaminomethyl-7-chloro-3,4-dihydro-2H-1,5-benzo
     dioxepin hydrochloride.
PAL  Isomers that are formed during some of the above procedures are separated
      from the identified compounds by known methods.
PAC  EXAMPLE 141
PAC  2-methyl-3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride
PAC  Step A.--Preparation of
      3-hydroxy-3-morpholino-3,4-dihydro-2H-1,5-benzodioxepin:
PAR  3-oxo-3,4-dihydro-2H-1,5-benzodioxepin (3.0 g., ca. 0.03 mole) from Steps
      A-C of Example 1, is dissolved in dry toluene (40 ml.). p-Toluenesulfonic
      acid (200 mg.) and morpholine (3.5 g., 0.04 mole) are added and an
      immediate exothermic reaction gives
      3-hdyroxy-3-morpholine-3,4-dihydro-2H-1,5-benzodioxepin as a white
      precipitate, m.p. 86.degree.-89.degree.C.
PAC  Step B.--Preparation of 3-morpholine-2H-1,5-benzodioxepin:
PAR  The white precipitate is resuspended and stirred under reflux for about
      half an hour until no more water is being collected in a Dean-stark trap.
      Water (0.7 ml.) is obtained (theoretical 0.54 ml.). Evaporation of the
      solution afforded 8.2 g. (theory 6.99 g.) of
      3-morpholino2H-1,5-benzodioxepin as an oil. Addition of isopropyl ether to
      the oil left undissolved 300 mg. of the p-toluenesulfonic acid salt of the
      product as a solid, m.p. 100.degree.-104.degree.C. Evaporation of the
      mother liquors yield an oil (7.3 g.) which on crystallization from a
      mixture of isopropyl ether/petroleum ether yielded an additional 1.6 g. of
      product.
PAR  The above compound can also be prepared without the use of an acidic
      catalyst in the following manner.
PAR  A mixture of the ketone (5.0 g., 0.03 mole), morpholine (3.0 ml, 0.033
      mole) and benzene (40 ml.) are heated under reflux under nitrogen for 5
      hours at which time no further water is being collected in the trap.
      Removal of the benzene under vacuum affords the product as an oil which
      crystallized on cooling and triturating.
PAC  Step C.--Preparation of 2-methyl-3-oxo-3,4-dihydro-2H-1,5-benzodioxepin:
PAR  Treatment of the 3-morpholino-2H-1,5-benzodioxepin dissolved in benzene
      with a slight excess of methyl iodide gives the
      2-methyl-3-morpholine-3,4-dihydro-2H-1,5-benzodioxepin. Hydrolysis of this
      intermediate with dilute hydrochloric acid gives
      2-methyl-3-oxo-3,4-dihydro-2H-1,5-benzodioxepin.
PAC  Step D.--Preparation of
      2-methyl-3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride:
PAR  By replacing the 3-oxo-3,4-dihydro-2H-1,5-benzodioxepin employed in Step D
      of Example 1 by an equivalent quantity of
      2-methyl-3-oxo-3,4-dihydro-2H-1,5-benzodioxepin and following the same
      procedures and employing the same reagents and conditions described in
      Steps D through F of Example 1, there is obtained
      2-methyl-3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride.
PAC  EXAMPLE 142
PAC  3-Hydroxy-3-[di(2-hydroxy-2-phenylethyl)aminomethyl]-3,4-dihydro-2H-1,5-ben
     zodioxepin hydrochloride
PAR  3-Hydroxy-3-aminomethyl-3,4-dihydro-2H-1,5-benzodioxepin (2.30 g., 11.8
      millimole) and styrene oxide (1.42 g., 11.8 millimole) are dissolved in
      methanol (12 ml.) and the solution then is stirred at ambient temperature
      for 48 hours. Evaporation of the reaction mixture gives 3.64 g. of a syrup
      which is chromatographed on a dry silica gel (150 g.) column which had
      been deactivated with about 25 ml. of water and packed in a 1 3/4 inches
      glass column. The first three fractions obtained upon elution with a 1:1
      mixture of ether and chloroform are combined and dissolved in dry ether
      (50 ml.) and treated with a slight excess of ethanolic hydrogen chloride.
      The solid material is separated and dissolved in boiling ethanol (16 ml.)
      clarified with charcoal and filtered. The solvent was removed from the
      filtrate by evaporation yielding
      3-hydroxy-3-[di-(2-hydroxy-2-phenylethyl)aminomethyl)-3,4-dihydro-2H-1,5-b
     enzodioxepin hydrochloride, m.p. 221.degree.-222.degree. C. (dec.).
PAR  Analysis calculated for C.sub.26 H.sub.23 NO.sub.5.HCl: C, 66.17; H, 6.41;
      Cl, 7.51; N, 2.97; Found: C, 65.76; H, 6.58; Cl, 7.77; N, 3.26.
PAR  The following examples describe alternative methods for preparing compounds
      of this invention.
PAC  EXAMPLE 143
PAC  3-Hydroxy-3-isopropylaminomethyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin
PAC  Step A: Preparation of
      3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidin-2'-one
PAR  To a solution of phosgene (15.5 g.; 0.157 mole) in chloroform (100 ml.)
      cooled to 5-8.degree. C. in a cooling bath is added a solution of
      3-isopropylaminomethyl-3-hdyroxy-3,4-dihydro-2H-1,5-benzodioxepin,
      prepared as described in Example 1, (24.8 g.; 0.1045 mole) in chloroform
      (100 ml.) dropwise with stirring. The addition, which takes about 1 hour,
      results in the formation of a precipitate. To the suspension is added
      triethylamine (44.7 ml.; ca. 0.32 mole) dropwise at the same temperature.
      Then the reaction mixture is allowed to warm to room temperature and then
      stirred for 1 hour, poured into water (200 ml.) and the chloroform
      solution separated and washed consecutively with 10% hydrochloric acid (25
      ml.), water (25 ml.), 5% sodium hydroxide solution (25 ml.) and water (2
      .times. 25 ml.). The solution is dried over anhydrous magnesium sulphate
      and evaporated to a solid residue that is recrystallized from carbon
      tetrachloride (90 ml.) to give 20.3 g. (73.8%) of
      3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidin-2'-one
     , m.p. 118.degree.-120.degree. C. Further recrystallization from
      di-isopropyl ether raises the m.p. to 121.degree.-122.degree. C.
PAR  Analysis calculated for C.sub.14 H.sub.17 NO.sub.4 : C, 63.86; H, 6.51; N,
      5.32; Found: C, 64.08; H, 6.72; N, 5.17.
PAC  Step B: Preparation of
      3'-isopropyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one
PAR  A solution of
      3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidin-2'-one
      (24.8 g.; 94.2 mmole) in acetic acid (100 ml.) is cooled in an ice bath to
      the point at which freezing begins. A mixture of 90% nitric acid and
      concentrated sulfuric acid (54 mls., containing 1.2 ml. of nitric acid (d
      1.5) to each 10 ml. of sulfuric acid, (ca. 124 mmole) is added dropwise
      with stirring over a period of 20 minutes, the cooling bath then is
      removed and stirring continued for 2 hours. A slight rise in the
      temperature of the reaction mixture will be noticed (to 34.degree. C.) and
      the color darkens slightly. The nitration can be followed by thin layer
      chromatography (TLC) on silica gel using multiple development with 1:1
      carbon tetrachloride/chloroform. The reaction mixture is poured into water
      (400 ml.) and the crude product extracted with methylene chloride (3
      .times. 100 ml.). After washing the extract successively with water (100
      ml.), 10% sodium carbonate (75 ml.) and again with water (100 ml.), it is
      dried over magnesium sulphate and evaporated to a syrup. The syrup is
      crystallized by boiling it with ethanol (50 ml.) yielding 15.58 g. (53.8%)
      of
      3'-isopropyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one, m.p. 140.degree.-144.degree. C. and a second crop is obtained by
      concentrating the mother liquor to ca. 25 ml. to give an additional 3.44
      g. (11.8%) of compound, m.p. 130.degree.-140.degree. C.
PAR  Fractional crystallization of the first and second fractions, from ethanol
      (ca. 15-16 parts V/W, yields a total of 16.37 g., (56.3%) of the 7-nitro
      compound, m.p. 145.degree.-147.degree. C. pure enough for the next stages.
PAR  Analysis calculated for C.sub.14 H.sub.16 N.sub.2 O.sub.6 : C, 54.54; H,
      5.23; N, 9.09. Found: C, 54.46; H, 5.77; N, 9.29.
PAC  Step C.--Preparation of
      3-hydroxy-3-isopropylaminomethyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin:
PAR  A mixture of
      3'-isopropyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one (7.98 g.; 25.9 mmole), dioxane (60 ml. and 45% aqueous potassium
      hydroxide solution (16 ml.) in a nitrogen-filled steel pressure-vessel is
      heated in a rocking-furnace at 150.degree.-160.degree. C. for 16 hours.
      The reaction mixture then is poured into ether (100 ml.) and the organic
      layer separated. The aqueous solution is extracted with ether (100 ml.)
      and the combined ethereal solution is washed twice with saturated sodium
      chloride solution (2 .times. 100 ml.) and then with water (100 ml.). The
      ethereal solution is extracted with 2.75N hydrochloric acid (40 ml.; 0.11
      mole) and twice with water (2 .times. 40 ml.). The combined acid and
      aqueous extracts is basified with 2.5N sodium hydroxide solution (70 ml.;
      0.175 mole) and the liberated base extracted with ether (2 .times. 100
      ml.). After drying the ethereal solution over anhydrous magnesium sulfate
      and then over calcium sulfate mixed with a little charcoal, it is
      evaporated to an oil that soon crystallizes providing
      3-hydroxy-3-isopropylaminomethyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin
      as a bright yellow solid, yield 6.33 g., (86.7%), m.p. 95-96.5` C.
      Recrystallization from di-isopropyl ether (63 ml.) affords 4.56 g.,
      (62.4%) of product, m.p. 97.5.degree.-99.degree. C.
PAR  Analysis calculated for C.sub.13 H.sub.18 N.sub.2 O.sub.5 : C, 55.31; H,
      6.43; N, 9.92. Found: C, 55.14; H, 6.67; N, 9.81.
PAC  EXAMPLE 144
PAC  7-amino-3-isopropylaminoemethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin
PAR  3-Isopropylaminomethyl-3-hydroxy-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin
      prepared as described in Example 143, (1.5 g., 5.32 mmole) in ethanol (25
      ml.) is hydrogenated at room temperature and a pressure of 40 p.s.i. in
      the presence of 5% palladium on charcoal (400 ml.). The solution then is
      filtered and evaporated to an oil, that crystallizes from di-isopropyl
      ether (15 ml.) yielding 1.11 g. (82.7%) of crude product. On
      recrystallization of the solid from benzene (11 ml.) with treatment with a
      little charcoal, there is obtained 990 mg. (73.8%) of
      7-amino-3-isopropylaminomethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin,
      m.p. 96.degree.-97.degree. C.
PAR  Analysis calculated for C.sub.13 H.sub.20 N.sub.2 O.sub.3 : C, 61.88; H,
      7.99; N, 11.10. Found: C, 61.73; H, 7.86; N, 11.29.
PAC  EXAMPLE 145
PAC  3,7-dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
PAC  Step A.--Preparation of
      7-amino-3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one:
PAR  A mixture of
      3'-isopropyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one (960 mg.; 3.12 mmole), ethanol (30 ml.) and 5% palladium on
      charcoal (500 mg.) is shaken with hydrogen at 50 p.s.i. pressure. Hydrogen
      uptake is rapid and complete. After 1 hour, the catalyst is filtered off
      and the solvent removed in a rotary film evaporator to afford 720 mg.,
      (88.1%) of
      7-amino3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidin
     -2'-one, m.p. 157.degree.-159.degree. C. Recrystallization from ethanol (5
      ml.) gives 445 mg., (51.3%) of product, m.p. 163.degree.-164.degree. C.
PAR  Analysis calculated for C.sub.14 H.sub.18 N.sub.2 O.sub.4 : C, 60.42; H,
      6.52; N, 10.07; Found: C, 60.53; H, 6.66; N, 9.93.
PAR  Treatment of the 3-spiro-5'-oxazolidin-2'-one thus obtained with aqueous
      alkali by substantially the same method described in Example 143, Step C,
      provides
      7-amino-3-isopropylaminomethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin.
PAC  Step B: Preparation of
      7-hydroxy-3'-isopropyl-3,4-dihydro12H-1,5-benzodioxepin-3-spiro-5'-oxazoli
     din-2'-one
PAR  A solution of
      7-amino-3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one (3.27 g.; 11.75 mmole) in 10% sulfuric acid (65 ml.) is diazotised
      with 20% sodium nitrite solution (4.05 ml.; 11.75 mmole) at
      0.degree.-5.degree. C. After stirring the mixture for 30 minutes at room
      temperature, excess nitrous acid is destroyed by the addition of urea
      using potassium iodide paper as an indicator, and the solution then is
      poured into a well-stirred boiling suspension of silica gel (15 g.) in 10%
      sulfuric acid (130 ml.) over a period of about 10 minutes. The mixture is
      stirred at the boiling point for about 30 minutes by which time a test for
      diazonium ions (using alkaline .beta.-naphthol as an external indicator)
      is negative. When cool, the solids are collected, washed with a little
      water and dried at 60.degree. C. in air. In order to obtain a homogeneous
      solid, it is boiled with ethanol for a few minutes and evaporated to
      dryness in a rotary film evaporator. The silica gel impregnated with crude
      product then is placed at the top of a column of silica gel deactivated
      with 15% of water, (column dimensions 18 .times. 11/4 ins) and development
      of the dry column is carried out with 1:1 ether/chloroform. The product is
      obtained by evaporation of the first 300 ml. of eluate, providing 1.62 g.,
      (49.4%). The crude product is recrystallized from ethanol (20 ml.)
      affording a first crop of 0.93 g. (28.3%) m.p. 215.5.degree.-217.5.degree.
      C. and a second crop of 0.58 g. (17.7%) m.p. 211.degree.-213.degree. C.
      Recrystallization from ethanol provided product in the form of prisms,
      m.p. 216.5.degree.-217.5.degree. C.
PAR  Analysis calculated for C.sub.14 H.sub.17 NO.sub.5 : C, 60.20; H, 6.14; N,
      5.02; Found: C, 59.89; H, 6.17; N, 4.80.
PAC  Step C: Preparation of
      3,7-dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
PAR  A mixture of
      7-hydroxy-3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazoli
     din-2'-one (200 mg.; 0.716 mmole), barium hydroxide octahydrate (1.08 g.;
      3.42 mole) and water (3.2 ml.) in an evacuated sealed glass tube (a Carius
      tube) is heated in a rocking oven at 160.degree.-165.degree. C. for 16
      hours. The reaction mixture then is poured into boiling water (60 ml.)
      with stirring and vigorous passage of carbon dioxide until all barium ions
      have been removed from solution (pH ca. 6.8 by narrow range paper: no
      precipitate when a small portion is tested with sulfate ions). The
      solution is filtered through a little celite and evaporated to dryness
      under reduced pressure, affording 187 mg. of pale brown scaly solid. The
      crude product is purified by dry column chromatography on silica gel
      deactivated with 15% of water, using 3% methanol in ether for the
      development. The desired product is the second component to be eluted from
      the column, 70.5 mg., (38.9%). After drying at 60.degree. C. in air, the
      solid still contains water of crystallization and has m.p. ca.
      108.degree.-110.degree. C. The anhydrous compound is obtained by drying
      the hydrate at 80.degree. C./0.1 m.m. for 1 hour and then has m.p.
      133.degree.-134.5.degree. C. Recrystallization from benzene (ca. 30 parts
      V/W) provides
      3,7-dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin,
      m.p. 133.5.degree.-135.degree. C.
PAR  Analysis calculated for C.sub.13 H.sub.19 NO.sub.1 : C, 61.64; H, 7.56; N,
      5.53; Found: C, 61.80; H, 7.20; N, 5.72.
PAC  EXAMPLE 146
PAC  3-Hydroxy-3-isopropylaminomethyl-7-methylsulfonamido-3,4-dihydro-2H-1,5-ben
     zodioxepin
PAC  Step A: Preparation of
      3'-isopropyl-7-nitro-2'-phenyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'
     -oxazolidine
PAR  A mixture of
      3-hydroxy-3-isopropylaminomethyl-7-nitro-3,4-dihydro-2H-1,5-benzodioxepin,
      prepared as described in Example 143, (1.41 g., 5 mmole), benzaldehyde
      (0.53 g.; 5 mmole), acetic acid (1 drop) and isopropanol (10 ml.) is
      distilled slowly: isopropanol is added at the rate required to keep the
      volume of the reaction mixture constant. After 3 hours, the reaction
      mixture is set aside at ca. 5.degree. C. and the product that precipitates
      then is filtered off and recrystallized from isopropanol (ca. 20 ml.),
      yielding 620 mg. (33.5%) of
      3'-isopropyl-7-nitro-2'-phenyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'
     -oxazolidine, m.p. 151.degree.-152.degree. C. Further recrystallization of
      the product from isopropanol affords the product in the form of pale
      yellow prisms, m.p. 152.5.degree.-153.5.degree. C.
PAR  Analysis calculated for C.sub.20 H.sub.22 N.sub.2 O.sub.5 : C, 64.85; H,
      5.99; N, 7.57. Found: C, 64.98; H, 6.36; N, 7.47.
PAC  Step B: Preparation of
      7-amino-3'-isopropyl-2'-phenyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'
     -oxazolidine:
PAR  3'-isopropyl-7-nitro-2'-phenyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-
     oxazolidine (370 mg.; 1 mmole) in ethyl acetate (10 ml.) is hydrogenated at
      room temperature and pressure in the presence of 5% palladium on charcoal
      (50 mg.). When 3 moles of hydrogen has been absorbed (73 ml. at 23.degree.
      C.) the catalyst is filtered off and the filtrate evaporated to a solid
      foam; yield 340 mg. (100%). Because of the lability of this compound, it
      is used in the next stage without purification.
PAC  Step C: Preparation of
      3'-isopropyl-7-methansulphonamido-2'-phenyl-3,4-dihydro-2H-1,5-benzodioxep
     in-3-spiro-5'-oxazolidine
PAR  The crude
      7-amino-3'-isopropyl-2'-phenyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'
     -oxazolidine (352 mg.) is dissolved in dry ether (23 ml.) and
      1,4-diazabicyclo[2,2,2]-octane (118 mg.; 1.065 mmole) is added. Methane
      sulphonyl chloride (105 mg.; 1.065 mmole) dissolved in dry ether (5 ml.)
      is added dropwise with stirring and the reaction mixture then is stirred
      at room temperature for 1 hour. The solid is filtered off and discarded:
      evaporation of the mother liquors affords 387.2 mg. (91%) of crude
      product.
PAC  Step D.--Preparation of
      3-hydroxy-3-isorpopylaminomethyl-7-methanesulphonamido-3,4-dihydro-2H-1,5-
     benzodioxepin:
PAR  The crude
      3'-isopropyl-7-methanesulphonamido-2'-phenyl-3,4-dihydro-2H-1,5-benzodioxe
     pin-3-spiro-5'-oxazolidine (227 mg.; 0.543 mmole) is dissolved in methanol
      (3 ml.) and oxalic acid dihydrate (70 mg.; 0.55 mmole) is added. The
      mixture is stirred to effect solution of the oxalic acid and then set
      aside at room temperature for three hours by which time a crystalline
      solid separates, yielding 107.9 mg., (47.3%) of
      3-hydroxy-3-isopropylaminomethyl-7-methanesulphonamido-3,4-dihydro-2H-1,5-
     benzodioxepin hydrogen oxalate, m.p. 207.degree.-209.degree.C. (dec.).
      Recrystallization of the product from methanol (ca. 50 parts V/W) affords
      pure oxalate, m.p. 214.degree.-215.degree.C. (dec.).
PAR  Analysis calculated for C.sub.14 H.sub.22 N.sub.2 O.sub.5 S .(COOH).sub.2 :
      C, 45.70; H, 5.75; N, 6.66; S, 7.63. Found: C, 45.08; H, 5.74; N, 6.54; S,
      7.77.
PAR  By replacing the 3-spiro-5'-oxazolidine employed in Step D by an equivalent
      quantity of
      7-amino-3'-isopropyl-2'-phenyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'
     -oxazolidine (Step B product) and following substantially the same
      procedure described in Step D, there is obtained the product of Example
      144, i.e.,
      3-hydroxy-3-isopropylaminomethyl-7-amino-3,4-dihydro-2H-1,5-benzodioxepin.
PAC  EXAMPLE 147
PAC  7-Dimethylamino-3-isopropylaminomethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzodi
     oxepin
PAC  Step A.--Preparation of
      7-dimethylamino-3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-o
     xazolidin-2'-one:
PAR  A mixture of
      7-nitro-3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one, prepared as described in Example 143, Step B, (925 mg.; 3 mmole),
      ethanol (5.1 ml.), water (6.3 ml.), acetic acid (0.18 ml.), 40% aqueous
      formaldehyde (1.23 ml.) and 10% palladium on charcoal (200 mg.) is
      hydrogenated at 50 p.s.i. at room temperature until the theoretical amount
      of hydrogen is absorbed. The catalyst is filtered off and the filtrates
      are evaporated to dryness. Recrystallization of the solid residue from
      ethanol affords 540 mg. (58.8%) of
      7-dimethylamino-3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-o
     xazolidin-2'-one, m.p. 135.degree.-137.5.degree. C.
PAR  Analysis calculated for C.sub.16 H.sub.22 N.sub.2 O.sub.4 : C, 62.72; H,
      7.24; N, 9.14; Found: C, 62.58; H, 7.22; N, 9.07.
PAC  Step B. Preparation of
      7-dimethylamino-3-isopropylaminomethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzod
     ioxepin
PAR  By replacing the
      7-nitro-3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one employed in Example 143, Step C, by an equivalent quantity of
      7-dimethylamino-3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-o
     xazolidin-2'-one and following substantially the same procedure described
      in Example 143, Step C, there is obtained
      7-dimethylamino-3-isopropylaminomethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzod
     ioxepin.
PAC  EXAMPLE 148
PAC  7-Ethoxycarboxamido-3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5
     '-oxazolidin-2'-one
PAR  A solution of ethyl chloroformate (342 mg.; 3.15 mmole) in chloroform (5
      ml.) is added dropwise with stirring at room temperature to a mixture of
      7-amino-3'-isopropyl-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-5'-oxazolidi
     n-2'-one, prepared as described in Example 144, (556 mg.; 2 mmole) and
      triethylamine (333 mg.; 3.3 mmole) in chloroform (6 ml.). The reaction
      mixture is stirred overnight at room temperature and then is poured into
      water (15 ml.). The chloroform layer is separated and washed in succession
      with 10% hydrochloric acid (3 ml.), water (3 ml.), 10% sodium carbonate
      solution (3 ml.) and finally again with water (2 .times. 3 ml.), then is
      dried over magnesium sulfate and evaporated to an oil (700 mg.).
      Recrystallization from ethyl acetate (5 ml.) gives 562 mg. (80.3%) of
      product, m.p. 164.degree.-167.5.degree. C. On further recrystallization
      from the same solvent the m.p. is raised to 167.degree.-9.degree. C.
PAR  Analysis calculated for C.sub.17 H.sub.22 N.sub.2 O.sub.6 : C, 58.28; H,
      6.33; N, 8.00. Found: C, 58.33; H, 6.47; N, 7.90.
PAC  EXAMPLE 149
PAC  3-Aziridinylmethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin
PAR  3,4-Dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane prepared as described
      in Example 57, Step A, (5.3 g.; 0.0298 mole) is added to a solution of
      ethylene imine (4.8 ml.; 0.09 mole) in methanol (60 ml.) and the mixture
      is stirred at room temperature for 20 hours. On evaporating the solution
      to dryness under reduced pressure, an orange oil (7.1 g.) is obtained,
      which solidifies and is recrystallized from diisopropyl ether with
      treatment with charcoal to yield 5.15 g. (78.2%) of
      3-aziridinylmethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin, m.p.
      98.degree.-99.5.degree. C.
PAC  EXAMPLE 150
PAC  3-(3-Hydroxy-3,4-dihydro-2H-1,5-benzodioxepin-3-ylmethyl)-2-iminothiazolidi
     ne
PAR  Solutions of concentrated hydrochloric acid (1.83 ml.) in ethanol (5 ml.)
      and 3-aziridinylmethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin (see
      Example 149) (2.4 g.; 0.011 mole) in ethanol (5 ml.) are added
      simultaneously to a stirred solution of sodium thiocyanate (0.81 g.; 0.01
      mole) in ethanol (12.5 ml.); the rates being controlled so that the pH of
      the reaction mixture is kept below 4. The mixture is heated at
      45.degree.C. for 1 hour and precipitated sodium chloride is filtered off.
      The filtrate is evaporated to dryness and the residue shaken with a
      mixture of isopropanol and ether to afford 2.32 g., (68.2%) of
      3-(3-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin-3-ylmethyl)-2-iminothiazolid
     ine in the form of a pink solid, m.p. 200.degree.-203.degree.C. to a turbid
      melt.
PAR  Analysis calculated for C.sub.13 H.sub.16 N.sub.2 O.sub.3 S . HCl: C,
      42.29; H, 5.41; Cl, 11.19; N, 8.84; S, 10.12. Found: C, 49.32; H, 5.74;
      Cl, 11.17; N, 8.83; S, 9.90.
PAC  EXAMPLE 151
PAC  3-tert-Butylaminomethyl-3-hydroxy-6-methoxy-3,4-dihydro-2H-1,5-benzodioxepi
PAC  Step A.--Preparation of
      6-methoxy-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane:
PAR  Dry dimethylsulfoxide (12 ml.) is added with stirring and cooling
      (water-bath at room temperature) to a mixture of sodium hydride (0.264 g.;
      11 mmole) and trimethylsulfoxonium iodide (2.42 g.; 11 mmole) under dry
      nitrogen. The mixture is stirred for 30 minutes by which time evolution of
      hydrogen essentially ceases. A slurry of
      6-methoxy-3-oxo-3,4-dihydro-2H-1,5-benzodioxepin (1.94 g.; 10 mmole) in
      dry dimethyl sulfoxide (3 ml.) is added slowly with stirring and slight
      cooling and the dropping funnel is rinsed through with the same solvent (2
      ml.). The reaction mixture is stirred for 2 hours at room temperature and
      1 hour at 50.degree.C., then poured into water (50 ml.) and extracted with
      ether (3 .times. 15 ml.). Some ether insoluble gum is discarded. The
      extract is dried over magnesium sulfate and if there are signs of
      crystallization, methylene chloride (20 ml.) can be added before the
      drying agent is filtered off. Evaporation of the solution yields a
      semi-solid residue (834 mg.) which is slurried with methanol (2 ml.) and
      filtered off yielding 588 mg. (29%) of
      6-methoxy-3,5-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane m.p.
      106.degree.-110.degree.C. On recrystallization of this solid from methanol
      (7 parts volume/weight) gives epoxide melting at
      110.5.degree.-111.5.degree.C.
PAR  Analysis calculated for C.sub.11 H.sub.12 O.sub.4 : C, 63.45; H, 5.81.
      Found: C, 63.33; H, 5.69.
PAC  Step B.--Preparation of
      3-tert-butylaminomethyl-3-hydroxy-6-methoxy-3,4-dihydro-2H-1,5-benzodioxep
     in:
PAR  A suspension of
      6-methoxy-3,4-dihydro-2H-1,5-benzodioxepin-3-spiro-2'-oxirane (520 mg.;
      2.5 mmole) in a mixture of tert-butylamine (548 mg.; 7.5 mmole) and
      methanol (4 ml.) is stirred at room temperature for 16 hours, by which
      time the solid dissolves, and reaction is complete as shown by thin layer
      chromatography (TLC). Evaporation of the solution yields 726 mg. of
      product in the form of an oil. A solution of the crude amine (698.5 mg.;
      2.48 mmole) in ethyl acetate (7 ml.) is added to a hot solution of maleic
      acid (290 mg.; 2.5 mmole) in ethyl acetate (4 ml.). After allowing the
      mixture to stand for an hour at room temperature, the product is
      collected, washed with ethyl acetate and dried at 60.degree.C. in air
      yielding 909 mg. (91.6%) of
      3-tert-butylaminomethyl-3-hydroxy-6-methoxy-3,4-dihydro-2H-1,5-benzodioxep
     in hydrogen maleate, m.p. 188.degree.-190.5.degree.C. (dec.) after
      softening at ca. 184.degree. C. Recrystallization from ethanol (16 ml.)
      provides 686 mg. (69.1%) of product, m.p. 193.degree.-195.degree. C.
      (dec.).
PAR  Analysis calculated for C.sub.15 H.sub.23 NO.sub.4 . C.sub.4 H.sub.4
      O.sub.4 : C, 57.42; H, 6.85; N, 3.52. Found: C, 57.37; H, 6.82; N, 3.80.
PAC  EXAMPLE 152
PAC  3,6-Dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrobromide
PAR  3-Hydroxy-3-isopropylaminomethyl-6-methoxy-3,4-dihydro-2H-1,5-benzodioxepin
     , prepared as described in Example 22, (600 mg.) is dissolved in 10 ml. of
      48% hydrobromic acid and refluxed for 10 hours. The resulting yellow-red
      solution is evaporated to dryness in vacuo, the residue dissolved in
      ethanol, warmed with charcoal and filtered. The filtrate is evaporated to
      dryness to give a foamy semi-solid. The semi-solid is triturated with
      ethyl acetate to give 596 mg. of crystalline
      3,6-dihydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrobromide, m.p. 193.degree.-195.degree. C. Recrystallization several
      times from a mixture of methanolethyl acetate raises the melting point to
      196.degree.-197.degree. C. (with gassing).
PAR  Analysis calculated for C.sub.13 H.sub.19 NO.sub.4 .HBr: C, 46.72; H, 6.03;
      N, 4.19; Br, 23.91. Found: C, 47.00; H, 6.39; N, 4.05; Br, 24.02.
PAC  EXAMPLE 153
PAC  3-Guanidinomethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin . H.sub.2
      SO.sub.4
PAR  A mixture of 3-aminomethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin,
      prepared as described in Example 1, Step E, (2.02 g.; 10.35 mmole),
      S-methylisothiouronium sulfate (2.88 g.; 10.35 mmole), dimethylformamide
      (15 ml.) and water (2 ml.) is heated at 90.degree.-100.degree. C. for 5
      hours. The mixture is allowed to cool to room temperature and unreacted
      methylisothiouronium sulfate is filtered off. Evaporation of the solution
      to dryness and recrystallization of the residue from an aqueous
      acetone/ethanol mixture yields 0.73 g. (24.6%) of
      3-guanidinomethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin . H.sub.2
      SO.sub.4, m.p. 245.degree.-247.degree. C. (dec.).
PAR  Analysis calculated for (C.sub.11 H.sub.15 N.sub.3 O.sub.3).sub.2 . H.sub.2
      SO.sub.4 : C, 46.15; H, 6.11; N, 14.68; Found: C, 46.40; H, 6.04; N,
      15.20.
PAC  EXAMPLE 154
PAC  3-Hydroxy-3-(3-phenylguanidinomethyl)-3,4-dihydro-2H-1,5-benzodioxepin
PAR  A mixture of 3-aminomethyl-3-hydroxy-3,4-dihydro-2H-1,5-benzodioxepin (1.95
      g.; 10 mmole), S-methyl-N-phenylisothiouronium iodide (2.94 g.; 10 mmole)
      and ethanol (20 ml.) is heated under reflux for 12 hours. Evaporation of
      the solution affords a pale yellow oil, that on alkaline work-up yields
      3-hydroxy-3-(3-phenylguanidinomethyl)-3,4-dihydro-2H-1,5-benzodioxepin,
      m.p. 184.degree.-187.degree. C. (from 1,2-dimethoxyethane).
PAR  Analysis calculated for C.sub.17 H.sub.19 N.sub.3 O.sub.3 : C, 65.16; H,
      6.11; N, 13.41; Found: C, 64.87; H, 6.41; N, 13.55.
PAR  The invention further provides pharmaceutical compositions comprising, as
      active ingredient, at least one of the compounds according to the
      invention in association with a pharmaceutical carrier or excipient. The
      compounds may be presented in a form suitable for sublingual, oral,
      rectal, topical, or parenteral administration. Thus, for example,
      compositions for oral administration can be solid or liquid and can take
      the form of capsules, tablets, coated tablets, suspensions, solutions,
      etc., such compositions comprising carriers or excipients conventionally
      used in the pharmaceutical art. Thus suitable tabletting or encapsulating
      excipients include lactose, potato and maize starches, talc, dicalcium
      phosphate, stearic acid, magnesium stearate, powdered cellulose, or other
      known innocuous substances.
PAR  Compositions for sublingual administration can take the form of soluble
      tablets.
PAR  Liquid compositions can be in the form of aqueous solutions or suspensions
      together with suitable flavoring and coloring ingredients conventionally
      used in the pharmaceutical art.
PAR  For parenteral administration, the carrier or excipient can be a sterile,
      parenterally acceptable liquid, e.g., pyrogen free water, or a
      parenterally acceptable oil, e.g., arachis oil.
PAR  In compositions for rectal administration, the carrier can comprise a
      suppository base, e.g., cocoa butter, a glyceride, or a polyethylene
      glycol or mixtures thereof.
PAR  For topical use the drug can be administered in the form of a spray of a
      suitable solution or suspension.
PAR  Advantageously, the compositions can be formulated as dosage units, each
      unit being adapted to supply a fixed dose of active ingredient. Sublingual
      tablets, oral tablets, coated tablets, capsules, ampoules, suppositories
      and pressurized sprays are examples of preferred dosage unit forms
      according to the invention. Each dosage unit adapted for sublingual or
      oral administration can conveniently contain 1 to 20 mg., and preferably 2
      to 10 mg., of the active ingredient; each dosage unit adapted for
      parenteral administration can conveniently contain 0.1 to 5 mg., and
      preferably 0.1 to 1.0 mg. of the active ingredient; the pressurized spray
      can conveniently contain 2 to 20 mg. per ml. of the active ingredient in a
      dispersing unit which will deliver a controlled dosage of 0.05 to 0.5 mg.
PAR  In the following examples, pharmaceutical compositions according to the
      invention are illustrated, other acid addition salts, or other active
      compounds can be substituted for that named, as desired.
PAR  The pharmaceutical compositions of the following examples contain
      3-hydroxy-3-isopropylaminomethyl-3,4-dihydro-2H-1,5-benzodioxepin
      hydrochloride as active ingredient.
PAC  EXAMPLE 155
PAR  A sublingual tablet is prepared by conventional methods containing
TBL                          Mg.                                               
     Active compound          5                                                
     Lactose, U.S.P.         110                                               
     Gum acacia               13                                               
     Magnesium stearate       2                                                
PAC  EXAMPLE 156
PAR  Capsules are prepared by conventional methods containing per capsule
TBL                          Mg.                                               
     Active compound          5                                                
     Magnesium stearate       2                                                
     Lactose, U.S.P.         193                                               
PAC  EXAMPLE 157
PAR  An injectable solution is prepared by conventional methods containing per
      unit dosage
TBL                           Mg.                                              
     Active compound           1                                               
     Sodium chloride           9                                               
     Distilled water, q.s. to 1.0                                              
PAR  While the invention has been illustrated by certain specific members of the
      novel 3,3-disubstitutedbenzodioxepins, made by certain specific methods
      and formulated into certain specific dosage forms, it is to be understood
      that the invention is not to be considered limited by or to the specific
      embodiments illustrated but is to encompass other members of the novel
      products falling within the scope of the generic disclosure and claims as
      well as other methods or modifications of the methods described for their
      preparation as well as other formulations, all of which would be obvious
      in view of the teaching herein to one skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A 3,3-disubstituted-benzodioxepin having the structure
      ##SPC6##
PAL  and acid addition salts thereof wherein
PA1  R is selected from hydrogen, hydroxy, lower alkyl and lower alkoxy;
PA1  R.sup.1 is selected from hydrogen, chloro, bromo, lower alkyl, nitro,
      amino, C.sub.1-3 alkylsulfonylamino, C.sub.1-3 alkoxycarbonylamino, lower
      carbalkoxyamino, hydroxy and lower alkoxy;
PA1  X and X.sup.1 are selected from hydrogen, lower alkyl and halogen;
PA1  R.sup.2 is selected from hydrogen, lower alkyl, phenyl, phenyl-lower alkyl
      and lower cycloalkyl;
PA1  R.sup.3 is selected from hydrogen, lower alkyl, phenyl and phenyl-lower
      alkyl;
PA1  R.sup.4 is selected from hydrogen and lower alkyl;
PA1  R.sup.5 is selected from hydrogen, lower alkyl, and
      2-phenyl-2-hydroxyethyl;
PA1  R.sup.6 is hydroxyalkyl of a maximum of 4 carbon atoms substituted with
      .omega.-(1,2,5-thiadiazolyloxy).
NUM  2.
PAR  2. A 3,3-disubstituted-benzodioxepin as claimed in claim 1 wherein
      R,R.sup.1,X,X.sup.1,R.sup.2,R.sup.3 and R.sup.5 each represent hydrogen.
      R.sup.4 represents lower alkyl and R.sup.6 has the meaning assigned in
      claim 1.
NUM  3.
PAR  3. A 3,3-disubstituted-benzodioxepin as claimed in claim 1 wherein R,
      R.sup.1,X,X.sup.1,R.sup.2,R.sup.3,R.sup.4, and R.sup.5 each represent
      hydrogen and R.sup.6 has the meaning assigned in claim 1.
NUM  4.
PAR  4. A 3,3-disubstituted-benzodioxepin as claimed in claim 1 wherein
      R,R.sup.1,X,X.sup.1,R.sup.3 and R.sup.5 each represent hydrogen and
      R.sup.2,R.sup.4 and R.sup.6 have the meaning assigned to each in claim 1.
NUM  5.
PAR  5. A product as claimed in claim 3, wherein R.sup.6 is
      3-(1,2,5-thiadiazolyloxy)-2-hydroxypropyl.
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ABST
PAL  Novel thiazolidines, a process for their manufacture, and odorant and/or
      flavorant compositions containing the novel compounds are disclosed.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the fields of odorants and/or fragrances.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to thiazolidines as odorant and/or flavoring
      substances. More particularly, the invention is concerned with odorant
      and/or flavoring compositions containing thiazolidines and with a method
      of imparting an odor and/or flavor to products using thiazolidines. The
      invention is also concerned with certain thiazolidines per se and a
      process for the manufacture thereof.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The odorant and/or flavoring compositions provided by the present invention
      contain as an essential odor- and/or flavor-imparting ingredient a
      thiazolidine of the general formula
      ##EQU1##
      wherein R.sup.1 represents a hydrogen atom and
PA1  R.sup.2 represents an aliphatic C.sub.2-10 hydrocarbon group (other than a
      C.sub.3-6 isoalkyl group), an aliphatic C.sub.1-10 hydrocarbon group
      substituted by a group X, or a group R.sup.3 ;
PA1  R.sup.3 represents an araliphatic C.sub.7-10 hydrocarbon group, a 5- or 6-
      membered monocyclic, carbocyclic or heterocyclic aromatic group, a
      dioxolane group which may be sutstituted or a group --COOR.sup.4,
PA1  X represents an oxo group which may be ketalised or a group --COOR.sup.4,
      --SR.sup.5 or --OR.sup.5 ;
PA1  R.sup.4 represents a C.sub.1-6 alkyl group and R.sup.5 represents a
      hydrogen atom or a C.sub.1-6 alkyl or C.sub.1-6 acyl group or
PA1  R.sup.1 and R.sup.2 each independently represents an aliphatic C.sub.1-10
      hydrocarbon group, which may be substituted by a group X, or a group
      R.sup.3 or
PA1  R.sup.1 and R.sup.2 together represent a --(CH.sub.2).sub.4-7 group.
PAR  Aliphatic C.sub.2-10 hydrocarbon groups can be straight-chain or
      branched-chain, unsaturated, preferably mono-olefinically unsaturated, or
      saturated groups. C.sub.3-6 isoalkyl groups are the isopropyl, isobutyl,
      isopentyl and isohexyl groups. Examples of araliphatic C.sub.7-10
      hydrocarbon groups are the benzyl and phenethyl groups. Examples of 5- or
      6-membered monocyclic, carbocyclic or heterocyclic aromatic groups are the
      phenyl, furyl, pyrrolyl, thienyl, imidazolyl, thiazolyl, pyridyl and
      pyrazyl groups. An example of a dioxolane group which may be substituted
      is the 2,2-dimethyl-4-dioxolanyl group. A C.sub.1-6 acyl group is
      preferably derived from an aliphatic monocarboxylic acid such as formic
      acid, acetic acid or propionic acid. Examples of ketalised oxo groups are
      the dimethoxy, diethoxy, methylenedioxy, ethylenedioxy and phenylenedioxy
      groups.
PAR  Examples of thiazolidines of formula I in which R.sup.1 represents a
      hydrogen atom are 2-ethyl-, 2-propyl-, 2-butyl-, 2-secbutyl-, 2-pentyl-,
      2-hexyl-, 2-heptyl-, 2-(2-methylthioethyl)-, 2-ethoxycarbonyl-,
      2-hydroxymethyl-, 2-phenyl-, 2-benzyl-, 2-(2-furyl)- and
      2-(2-pyrrolyl)-thiazolidine. Examples of thiazolidines of formula I in
      which R.sup.1 and R.sup.2 each independently represent an aliphatic
      C.sub.1-10 hydrocarbon group, which may be substituted by a group X, or a
      group R.sup.3 or in which R.sup.1 and R.sup.2 together represent a
      --(CH.sub.2).sub.4-7 group are 2-methyl-2-(4-methyl-3-penten-1-yl)-,
      2-acetyl-2-methyl-, 2-methyl-2-isopropyl-, 2-(1-hydroxyethyl)-2-methyl-,
      2-hydroxymethyl-2-methyl-, 2-ethoxycarbonyl-2-methyl-, 2,2-dimethyl-,
      2,2-dipropyl-, 2-ethyl-2-methyl-, 2-hexyl-2-methyl-, 2,2-tetramethylene-
      and 2,2-pentamethylene-thiazolidine.
PAR  A group of novel thiazolidines which are subgeneric to the compounds of
      formula I referred to earlier, and which also form part of this invention,
      can be generically formulated thus:
      ##EQU2##
      wherein R.sup.6 represents a hydrogen atom or the methyl, ethyl,
      ethoxycarbonyl, ethoxycarbonylmethyl or acetoxymethyl group and
PA1  R.sup.7 represents the butyl, secbutyl, pentyl, decyl, 4-methyl-3-pentenyl,
      dimethoxymethyl, 2-methylthioethyl, 2-furyl, 2-(5-methylfuryl), 2-thienyl,
      2-(5-methylthienyl), 2-pyrrolyl, 2-(N-methylpyrrolyl), pyridyl or
      4-(2,2-dimethyldioxolanyl) group when R.sup.6 represents a hydrogen atom;
      or represents the isopropyl, isobutyl, 4-methyl-3-pentenyl,
      1-hydroxyethyl, acetyl, propionyl, acetoxymethyl, 2-(1-acetoxyethyl),
      3-hydroxypropyl or 2,2-dimethoxyethyl group when R.sup.6 represents the
      methyl group; or represents the butyl or acetyl group when R.sup.6
      represents the ethyl group; or represents the ethoxycarbonyl or
      1-ethoxycarbonyl-ethyl group when R.sup.6 represents the ethoxycarbonyl
      group; or represents the ethoxycarbonylmethyl group when R.sup.6
      represents the ethoxycarbonylmethyl group; or represents the acetoxymethyl
      group when R.sup.6 represents the acetoxymethyl group.
PAR  The thiazolidines of formula I or formula II can be manufactured according
      to known procedures; for example, by condensing cysteamine with a keto
      compound of the formula R.sup.1 --CO--R.sup.2 or R.sup.6 --CO--R.sup.7.
      The condensation can be carried out in the presence of, or in the absence
      of, a solvent. Suitable solvents include water, alcohols such as methanol,
      ethanol etc, ethers such as diethyl ether, dioxan, tetrahydrofuran etc,
      hydrocarbons such as benzene, toluene etc, halogenated hydrocarbons such
      as methylene chloride, chloroform etc, amides such as dimethylformamide
      etc. Preferred solvents are methanol and ethanol (method A hereinafter) or
      benzene (method B hereinafter), the condensation proceeding particularly
      well in the latter case with azeotropic removal of the water which is
      formed. The molar proportion of cysteamine to keto compound conveniently
      amounts to 1:1, although one or both condensation components can be
      employed in excess. Cysteamine can be used as such or in the form of an
      ammonium salt with an organic or inorganic acid. In the latter case,
      cysteamine can be liberated in situ by means of a base. It can also be
      generated in situ from suitable precursors (e.g. from ethyleneimine with
      hydrogen sulphide).
PAR  The keto component can be used as such or in protected form (e.g. as the
      acetal or ketal), in the latter case the condensation conditions being
      chosen so that the free keto compound is formed in situ. The condensation
      is conveniently carried out at a temperature between 0.degree.C and
      150.degree.C, preferably between room temperature and the boiling
      temperature of the solvent used. The duration of the condensation amounts
      to between about 5 minutes and 24 hours depending on the temperature and
      reactivity of the keto compound used. The condensation is advantageously
      carried out in an inert gas atmosphere (e.g. nitrogen or argon).
PAR  The isolation of the condensation product can be carried out according to
      known methods; for example, by concentrating the solution, taking up the
      residue in an organic extraction agent, washing and drying the organic
      phase and distillation or by filtering the concentrated solution through
      aluminium oxide and subsequent distillation.
PAR  The thiazolidines of formula I are distinguished by particular fragrance
      and flavour qualities, different notes in the foreground appearing
      according to the nature of the substituents in the 2-position. The aroma
      spectrum of the thiazolidines of formula I can extend from ester
      like-fruit like, green, mushroom- and vegetable-like (bean, asparagus,
      onion, radish), through nutty, butter-like, fatty, caramellous to smoky,
      spicy, meaty or fish-like.
PAR  The thiazolidines of formula I can accordingly be used for the
      aromatization of foodstuffs such as soups, vegetables, sauces etc. The
      pronounced flavour qualities of the thiazolidines enable them to be used
      in finished products in small concentrations (e.g. in the range of 0.01-10
      ppm, preferably 0.1-1 ppm).
PAR  The thiazolidines of formula I can be mixed with usual carrier materials
      and/or diluents, if desired with other flavour-imparting ingredients and
      if necessary with emulsifiers, to form aromatizing agents which confer to
      foodstuffs, for example, a spicy or a vegetable flavour or which intensify
      such a flavour. The thiazolidines of formula I can, however, also be added
      alone to the products to be aromatized. In this case, particular attention
      must be paid, when carrying out the addition, to providing a homogeneous
      distribution of the thiazolidine in the product to be aromatized. Where
      the thiazolidines are used as components for the manufacture of artificial
      aromas, these aromas can be formulated, for example, as liquids, pastes or
      powders. The products can, for example, be spray-dried, vacuum-dried or
      lyophilized. The formulation of such artificial aromas as well as the
      aromatization of foodstuffs can be carried out in a manner which is known
      per se [see J. Merory; Food flavourings, composition, manufacture and use;
      Avi Publ. Co. Inc. Westport (1968)].
PAR  The following Examples illustrate the manner in which the thiazolidines
      aforesaid can be prepared:
PAC  METHOD A:
PAC  EXAMPLE 1
PAR  37.0 g (0.2 mol) of 6-methyl-hepten-(5)-one-(2) were dissolved in 50 ml of
      ethanol and treated under an inert gas atmosphere with a solution of 15.43
      g (0.2 mol) of cysteamine in 500 ml of ethanol. The mixture was heated for
      2 hours under reflux to 100.degree.C. The solution was then concentrated
      on a rotary evaporator and the residue subjected to a fractional
      distillation (Widmer column) under a high vacuum. There were obtained
      27.38 g (yield 74% of theory) of
      2-methyl-2-(4-methyl-3-penten-1-yl)-thiazolidine of boiling point
      .sub.0.04 74.degree.-76.degree.C; n.sub.D.sup.20 = 1.5150. IR:
      .nu..sub.max = 1445, 1378, 790 cm.sup.-.sup.1. Odour: green, sulphurous;
      flavour: green, aldehyde-like.
PAC  EXAMPLE 2
PAR  4.3 g (0.05 mol) of diacetyl were added under an argon atmosphere to a
      solution of 3.85 g (0.05 mol) of cysteamine in 40 ml of methanol, whereby
      a warming of the mixture was observed. Thereafter, the mixture was heated
      to boiling under an argon atmosphere for 30 minutes. The solvent was
      removed on a rotary evaporator and the gas-chromatographically uniform
      crude product was subjected to short-path distillation in a bulb tube.
      There were thereby obtained 6 g (yield 83% of theory) of
      gas-chromatographically uniform 2-acetyl-2-methyl-thiazolidine of boiling
      point .sub.0.03 65.degree.C; n.sub.D.sup.20 = 1.5217. IR: .nu..sub.max =
      1710, 1430, 1360, 1155, 1075, 855, 790 cm.sup.-.sup.1. Odour: buttery,
      caramellous note, nutty, reminiscent of biscuit; flavour: diacetyl-like in
      the direction of caramel-butter, faintly nutty.
PAC  METHOD B:
PAC  EXAMPLE 3
PAR  15.43 g (0.2 mol) of cysteamine and 29.0 g (0.2 mol) of isopropyl methyl
      ketone were treated with 200 ml of benzene and boiled under an inert gas
      atmosphere for 14 hours on a water-separator. The solution was
      concentrated on a rotary evaporator and filtered over 25 g of neutral
      aluminium oxide (activity I). The aluminium oxide was then flushed with
      ether. The filtrate was again concentrated and subsequently distilled
      under a high vacuum through a Widmer column. 22.51 g (yield 77% of theory)
      of 2-isopropyl-2-methylthiazolidine (n.sub.D.sup.20 = 1.5085) passed over
      in a boiling range of 40.degree.-42.degree.C and at a pressure of 0.009 mm
      Hg. IR: .nu..sub.max = 1440, 1370, 790 cm.sup.-.sup.1. Odour: camphorous,
      woody; flavour: greenish.
PAC  EXAMPLE 4
PAR  In an analogous manner to that described in the previous Examples, the
      thiazolidines listed in the following Table can be manufactured:
TBL                                    Table                                   
     __________________________________________________________________________
     Thiazolidine   B.p./mm Hg                                                 
                              n.sub.D.sup.20                                   
                                   Yield                                       
                                       IR (cm.sup.-.sup.1)                     
                                               Olfactory interpretation        
     __________________________________________________________________________
     2-(1-Hydroxyethyl)-2-                                                     
                    58.degree.-62.degree.C/0.05                                
                              --   67% 1450, 1370,                             
                                               Odour: burnt,                   
     methyl-thiazolidine                                                       
                    M.p. 35.degree.-40.degree.C                                
                                       1105, 805                               
                                               caramellous.                    
                                               Flavour: buttery-fatty,         
                                               faint burnt note.               
     2-Acetyl-2-ethyl-                                                         
                    62.degree.-64.degree.C/0.04                                
                              1.515                                            
                                   41% 1715, 1435,                             
                                               Odour: burnt, meaty.            
     thiazolidine/2-methyl-2-          1378, 850                               
     propionyl-thiazolidine                    Flavour: nutty, meaty.          
     2-Ethyl-2-butyl-                                                          
                    45.degree.-48.degree.C/0.04                                
                              1.5009                                           
                                   34% 1455, 1378,                             
                                               Odour: pyrazine-like,           
     thiazolidine                      830     milk-like, caramellous.         
                                               Flavour: weakly minty,          
                                               (spearmint) weakly nutty.       
     2-Isobutyl-2-methyl-                                                      
                    50.degree.-53.degree.C/0.009                               
                              1.5010                                           
                                   58% 1465, 1375,                             
                                               Odour: green, flowery,          
     thiazolidine                      770     sweetish.                       
                                               Flavour: greenish,              
                                               ester-like, fruity.             
     2-Secbutyl-thiazolidine                                                   
                    60.degree.C/0.04                                           
                              1.5059                                           
                                   75% 1460, 1380,                             
                                               Odour: green, fruity,           
                                       1190, 830                               
                                               pyridine-like.                  
                                               Flavour: weakly roasted,        
                                               somewhat nut-like.              
     2-(2-methylthioethyl)-                                                    
                    85.degree.C/0.04                                           
                              1.5645                                           
                                   69% 1440, 930,                              
                                               Odour: potato-like,             
     thiazolidine                      830     slightly roasted.               
                                               Flavour: potato-like,           
                                               slightly fatty.                 
     2-Butyl-thiazolidine                                                      
                    60.degree.C/0.08                                           
                              1.5031                                           
                                   63% 1455, 1185,                             
                                               Odour: green-penetrating,       
                                        825, 790                               
                                               bean-like, somewhat             
                                               sulphurous note.                
                                               Flavour: greenish,              
                                               earthy, towards green           
                                               tomatoes, raw potatoes.         
     2-Pentyl-thiazolidine                                                     
                    60.degree.C/0.08                                           
                              1.5002                                           
                                   83% 1455, 1190,                             
                                               Odour: greenish, spicy-         
                                        855, 810                               
                                               earthy, vegetable-like          
                                               towards                         
                                               beans, asparagus, tomato).      
                                               Flavour: strongly green,        
                                               somewhat fatty, cucumber-       
                                               like, towards asparagus         
                                               or tomato.                      
     2-(2-Furyl)-thiazolidine                                                  
                    M.p.      --   84% 1450, 1160,                             
                                               Odour: smoky, spicy,            
                    51.5.degree.-58.5.degree.C                                 
                                       1115, 930,                              
                                               meaty, salami-like.             
                                        840, 815                               
                                               Flavour: mushroom-like,         
                                               earthy.                         
     2-(2-Pyrrolyl)-                                                           
                    M.p. 110.degree.-111.degree.C                              
                              --   72% 1455, 1440                              
                                               Flavour: weakly flowery,        
     thiazolidine                      1190, 1100,                             
                                               somewhat nut-like and           
                                       1030, 915,                              
                                               coffee-like.                    
                                        885, 825                               
     2-Hydroxymethyl-2-methyl-                                                 
                    M.p. 38.degree.-45.degree.C                                
                              --   55% 1455, 1375,                             
                                               Odour: meaty, bread-            
     thiazolidine                      1075, 805                               
     like, hazel-nut like.                                                     
                                               Flavour: nutty, meaty.          
     2-Ethoxycarbonyl-2-methyl-                                                
                    93.degree.-96.degree.C/0.04                                
                              1.4985                                           
                                   67% 1730, 1440,                             
                                               Odour: spicy, greenish-         
     thiazolidine                      1180, 835                               
                                               fruity.                         
                                               Flavour: fruity,                
                                               caramellous, sweetish,          
                                               woody.                          
     2-Ethoxycarbonyl-                                                         
                    M.p. 27.degree.-29.degree.C                                
                              --   90% 1740, 1450,                             
                                               Odour: fruity, smoky,           
     thiazolidine                      1295, 820                               
                                               pyrazine-like.                  
                                               Flavour: weakly fruity,         
                                               woody trace, somewhat           
                                               smoky.                          
     2-Hydroxymethyl-                                                          
                    105.degree.C/0.04                                          
                              --   37% 1462, 1380,                             
                                               Odour: green, woody,            
     thiazolidine   M.p. 47.degree.-48.degree.C                                
                                       1065, 950                               
                                               roasted, spicy.                 
                                               Flavour: greenish,              
                                               somewhat bitter.                
     2,2-Tetramethylene-                                                       
                    48.degree.-50.degree.C/0.04                                
                              1.5409                                           
                                   57% 1440, 1325,                             
                                               Odour: greenish, fishy,         
     thiazolidine                      810     meaty.                          
                                               Flavour: roasted,               
                                               fishy, meaty.                   
     2,2-Pentamethylene-                                                       
                    57.degree.-60.degree.C/0.04                                
                              --   76% 1445, 882,                              
                                               Odour: pyrazine-like,           
     thiazolidine   M.p. 29.degree.-31.degree.C                                
                                       798     smoky, nutty.                   
                                               Flavour: earthy, nutty,         
                                               broth-like.                     
     2-Methyl-2-propyl-                                                        
                    35.degree.-36.degree.C/0.04                                
                              1.5040                                           
                                   67% 1460, 1375,                             
                                               Odour: woody, fruity,           
     thiazolidine                      790     nutty-fatty.                    
                                               Flavour: onion-like,            
                                               fruity.                         
     2-Methyl-2-pentyl-                                                        
                    74.degree.-75.degree.C/0.04                                
                              1.4979                                           
                                   60% 1460, 1375,                             
                                               Odour: green, flowery,          
     thiazolidine                      790     sweet.                          
                                               Flavour: flowery, sweet,        
                                               greenish.                       
     2-Hexyl-2-methyl-                                                         
                    79.degree.-81.degree.C/0.04                                
                              1.4955                                           
                                   60% 1460, 1375,                             
                                               Odour: cocoa-like, fatty,       
     thiazolidine                      800     fruity.                         
                                               Flavour: fatty-waxy,            
                                               cocoa-like trace.               
     2,2-Dipropyl-thiazolidine                                                 
                    60.degree.-62.degree.C/0.04                                
                              1,4991                                           
                                   29% 1460, 1380,                             
                                               Odour: pyrazine-like,           
                                       795     ester-like, green, slight       
                                               caramel note.                   
                                               Flavour: greenish,              
                                               sulphurous.                     
     2-Butyl-2-methyl-                                                         
                    43.degree.-45.degree.C/0.04                                
                              1.5021                                           
                                   37% 1460, 1375,                             
                                               Odour: ester-like, milk-        
     thiazolidine                       805, 785                               
                                               like, green, slightly burnt     
                                               Flavour: caramellous,           
                                               nutty.                          
     2-Heptyl-thiazolidine                                                     
                    79.degree.-81.degree.C/0.04                                
                              1.4959                                           
                                   72% 1460, 1380,                             
                                               Odour: ester-like,              
                                        840, 805                               
                                               green, bean-pod like,           
                                               ivy, slightly flowery.          
                                               Flavour: aldehydic-fatty,       
                                               greenish-flowery.               
     2-Octyl-thiazolidine                                                      
                    98.degree.-99.degree.C/0.04                                
                              1.4938                                           
                                   71% 1460, 1380,                             
                                               Odour: pyrazine-like,           
                                       810     meaty, roasted.                 
                                               Flavour: strong                 
                                               aldehydic-fatty, metallic.      
     2,2-Diethyl-thiazolidine                                                  
                    37.degree.C/0.01                                           
                              1.5086                                           
                                   75% 1460, 1375,                             
                                               Odour: meaty, fishy,            
                                       835     sardine-like, slightly fatty.   
                                               Flavour: solvent-like           
                                               (acetone).                      
     2-Benzyl-thiazolidine                                                     
                    80.degree.C/0.06                                           
                              --   38% 1605, 1500,                             
                                               Odour: greenish,                
                    M.p.               1460, 1190,                             
                                               flowery, slightly               
                    33.5.degree.-34.5.degree.C                                 
                                       1120, 805,                              
                                               phenylacetaldehyde-like.        
                                        760, 705                               
                                               Flavour: sweet, flowery         
                                               such as phenyl-                 
                                               acetaldehyde.                   
     2,2-Dimethyl-thiazolidine                                                 
                    80.degree.C/8                                              
                              1.5085                                           
                                   84% 1440, 1360,                             
                                               Odour: meat-, pyridine-         
                                       1115, 1060,                             
                                               like, roasted,                  
                                       790     somewhat fatty.                 
                                               Flavour: pyrazine-like,         
                                               somewhat meaty, slightly        
                                               roasted, slightly               
                                               bread-like.                     
     2-Propyl-thiazolidine                                                     
                    55.degree.C/0.3                                            
                              1.5081                                           
                                   72% 1460, 1190,                             
                                               Odour: pungent,                 
                                        920, 810                               
                                               pyridine-like, harsh            
                                               radish-like, slightly           
                                               metallic.                       
                                               Flavour: pungent                
                                               green, slightly caramellous.    
                                               note, towards bread.            
     2-Phenyl-thiazolidine                                                     
                    M.p. 109.degree.-110.degree.C                              
                              --   90% 1495, 1450,                             
                                               Odour: weakly greenish-         
                                       1180, 825                               
                                               leafy, earthy.                  
                                               Flavour: weakly greenish.       
     2-Hexyl-thiazolidine                                                      
                    65.degree.C/0.08                                           
                              1.4970                                           
                                   73% 1455, 1190,                             
                                               Odour: green, towards           
                                        930, 820                               
                                               green beans, somewhat           
                                               fatty note.                     
                                               Flavour: strongly green,        
                                               towards beans, somewhat         
                                               fatty.                          
     2-Ethyl-thiazolidine                                                      
                    62.degree.-63.degree.C/11                                  
                              --   88% 1460, 1195,                             
                                               Odour: pyridine-ammonia         
                                        915, 835,                              
                                               like, strong, slightly          
                                       780     nutty background.               
                                               Flavour: slightly fruity,       
                                               after-taste: leeks,             
                                               mustard-like.                   
     2-Ethyl-2-methyl-                                                         
                    50.degree.C/0.07                                           
                              1.5080                                           
                                   59% 1460, 1440,                             
                                               Odour: pungent,                 
     thiazolidine                      1375, 1120, pyridine-like, towards      
                                       1090, 805,                              
                                               fish, meat,                     
                                       775     camphorous background,          
                                               woody.                          
                                               Flavour: ammonia-like.          
     2-Ethyl-2-propyl-                                                         
                    69.degree.-70.degree.C/0.01                                
                              1.5027                                           
                                   63% 3320, 1460,                             
                                               Odour: spicy, slightly          
     thiazolidine                      1375, 1115,                             
                                               milky.                          
                                       825                                     
     2-Ethoxycarbonylmethyl-2-                                                 
                    69.degree.-72.degree.C/0.02                                
                              1.5086                                           
                                   34% 3340, 1730,                             
                                               Odour: ester-like,              
     methyl-thiazolidine               1610, 1445,                             
                                               sulphurous, green,              
                                       1370, 1175                              
                                               somewhat spicy.                 
     2-(2-Ethoxycarbonylethyl)-                                                
                    101.degree.-104.degree.C/0.03                              
                              1.5038                                           
                                   54% 3350, 1730,                             
                                               Odour: sulphurous,              
     2-methyl-thiazolidine             1445, 1375,                             
                                               meat-like, sweetish.            
                                       1180, 800                               
     2-Methyl-2-nonyl-                                                         
                    108.degree.-112.degree.C/0.03                              
                              1.4895                                           
                                   57% 3320, 1465,                             
                                               Odour: slightly fish and        
     thiazolidine                      1375, 1135,                             
                                               amine-like, tunny-like.         
                                        790, 730                               
     2-Dimethoxymethyl-                                                        
                    52.degree.-55.degree.C/0.01                                
                              1.5027                                           
                                   49% 3340, 1440,                             
                                               Odour: meat-like,               
     thiazolidine                      1375, 1105,                             
                                               slightly roasted.               
                                       1090                                    
     2-Decyl-thiazolidine                                                      
                    115.degree.-125.degree.C/0.03                              
                              --   14% 3300, 1465,                             
                                               Odour: woody earthy,            
                    M.p. 25.degree.-30.degree.C                                
                                        805, 715                               
                                               quinoline-like.                 
     2-Acetoxymethyl-2-methyl-                                                 
                    70.degree.-72.degree.C/0.02                                
                              1.5070                                           
                                   58% 3350, 1740,                             
                                               Odour: roasted,                 
     thiazolidine                      1450, 1380,                             
                                               spicy, peanut-like.             
                                       1235, 1035                              
     2-(1-Acetoxyethyl)-2-                                                     
                    66.degree.-70.degree.C/0.02                                
                              1.5004                                           
                                   40% 3350, 1740,                             
                                               Odour: sulphurous,              
     methyl-thiazolidine               1445, 1370,                             
                                               slightly burnt, kohlrabi.       
                                               1240, 1055                      
     2,2-Bis(acetoxymethyl)-                                                   
                    122.degree.--123.degree.C/0.03                             
                              1.5149                                           
                                   50% 3350, 1740,                             
                                               Odour: spicy, roasted,          
     thiazolidine                      1440, 1375,                             
                                               pyrazine-like,                  
                                       1235, 1015                              
                                               bread-like.                     
                                               Flavour: bread-like,            
                                               somewhat burnt.                 
     2,2-Bis(ethoxycarbonyl)-                                                  
                    115.degree.-117.degree.C/0.04                              
                              --   45% 3340, 1735,                             
                                               Odour: sweet, fruity,           
     thiazolidine   M.p. 31.degree.-33.degree.C                                
                                       1450, 1370,                             
                                               somewhat burnt.                 
                                       1025                                    
     2-(3-Hydroxypropyl)-2-                                                    
                    109.degree.-111.degree.C/0.02                              
                              1.5290                                           
                                   56% 3300, 1450,                             
                                               Odour: roasted,                 
     methyl-thiazolidine                                                       
                    M.p. 23.degree.C   1380, 1210,                             
                                               burnt, sulphurous.              
                                       1070                                    
     2-(2,2-Dimethoxyethyl)-2-                                                 
                    68.degree.-71.degree.C/0.02                                
                              1.4978                                           
                                   40% 3360, 1445,                             
                                               Odour: spicy, meat-             
     methyl-thiazolidine               1375, 1125,                             
                                               like, fatty, salami.            
                                       1050, 790                               
     2-Ethoxycarbonyl-2-(1-                                                    
                    105.degree.-110.degree.C/0.05                              
                              1.4902                                           
                                   29% 3360, 1735,                             
                                               Odour: roasted,                 
     ethoxycarbonyl-ethyl)-            1465, 1370,                             
                                               peanut-like, bread-like.        
     thiazolidine                      1250, 1190                              
                                               Flavour: bread-like.            
     2-[2-(5-Methylthienyl)]-                                                  
                    M.p. 66.degree.-67.degree.C                                
                                   31% 1445, 839,                              
                                               Odour: spicy, green,            
     thiazolidine                      805     slightly phenolic, celery-      
                                               like.                           
     2-[2-(5-Methylfuryl)]-                                                    
                    M.p. 46.degree.-48.degree.C                                
                                   38% 1456, 1178,                             
                                               Odour: mushroom-like,           
     thiazolidine                      1160, 1023,                             
                                               slightly roast.                 
                                       838                                     
     2-(2-Pyridyl)-thiazolidine                                                
                    123.degree.-124.degree.C/0.3                               
                                   54% 1476, 1457,                             
                                               Odour: woody, cedarwood-        
                                       1436, 1186,                             
                                               like, somewhat smoky,           
                                       1002, 833,                              
                                               meaty, sausage-like.            
                                       790                                     
     2,2-Bis(ethoxycarbonyl-                                                   
                    126.degree.-134.degree.C/0.06                              
                              1.4911                                           
                                   36% 3350, 1735                              
                                               Odour: fatty, slightly          
     methyl)-thiazolidine              1470, 1370,                             
                                               greenish, salami-like,          
                                       1180, 1030                              
                                               meaty.                          
                                               Flavour: slightly               
                                               greenish, mushroom-like,        
                                               meaty.                          
     2-(4-Methyl-3-pentenyl)-                                                  
                    58.degree.-62.degree.C/0.01                                
                              1.5209                                           
                                   47% 3300, 1670,                             
                                               Odour: green, amine-            
     thiazolidine                      1450, 1380,                             
                                               like, vegetable-like,           
                                       830     slightly flowery.               
     2-[4-(2,2-Dimethyl-                                                       
                    84.degree.-87.degree.C/0.02                                
                              1.5128                                           
                                   75% 3340, 1475,                             
                                               Odour: sardine-like,            
     dioxolanyl)]-thiazolidine         1375, 1210,                             
                                               slightly roasted.               
                                       1070, 850                               
                                               Flavour: nutty-earthy,          
                                               towards peanuts.                
     2-(2-Thienyl)-thiazolidine                                                
                    106.degree.-107.degree.C/0.35                              
                                   47% 1450, 1235,                             
                                               Odour: spicy, slightly          
                    M.p. 44.degree.-46.degree.C                                
                                       1195, 1180,                             
                                               sulphurous, smoky.              
                                        929, 857,                              
                                               Flavour: smoky, phenolic.       
                                       833                                     
     2-[2-(N-methyl-pyrrolyl)]-                                                
                    105.degree.-106.degree.C/0.2                               
                                   50% 1495, 1448,                             
                                               Odour: slightly metallic,       
     thiazolidine                      1300, 1193,                             
                                               fatty.                          
                                        848, 790                               
     __________________________________________________________________________
PAR  The following Examples illustrate typical odorant and/or flavouring
      compositions provided by the invention:
PAC  EXAMPLE A
TBL  Composition (Smoke Aroma)                                                 
                        A          B                                           
                      Parts by Weight                                          
     ______________________________________                                    
     Methylisoeugenol   0.5        0.5                                         
     Pyruvic acid       3.0        3.0                                         
     Heliotropin        3.0        3.0                                         
     Furfurol           5.0        5.0                                         
     Eugenol            5.0        5.0                                         
     Vanillin           9.0        9.0                                         
     Guaiacol           20.0       10.0                                        
     2,2-Pentamethylene-thiazolidine                                           
                        --         10.0                                        
     Alcohol            954.5      954.5                                       
                        1000.0     1000.0                                      
     ______________________________________                                    
PAR  The partial replacement of guaiacol in aroma composition A by
      2,2-pentamethylene-thiazolidine gives a more typical smoky note.
PAC  EXAMPLE B
TBL  Composition (Licorice Aroma)                                              
                        A          B                                           
                      Parts by Weight                                          
     ______________________________________                                    
     Dimethylresorcin (10% alcohol)                                            
                        2.0        2.0                                         
     Isobutylquinoline (10% alcohol)                                           
                        5.0        5.0                                         
     Mousse de Chene (10% alcohol)                                             
                        10.0       10.0                                        
     Corylone           30.0       30.0                                        
     Methylionone       60.0       60.0                                        
     Maltol             10.0       10.0                                        
     Anethol synth.     160.0      100.0                                       
     2,2-Dimethylthiazolidine                                                  
                        --         60.0                                        
     Alcohol            723.0      723.0                                       
                        1000.0     1000.0                                      
     ______________________________________                                    
PAR  The partial replacement of Anethol synth. in aroma composition A by
      2,2-dimethylthiazolidine gives a slightly greenish, nut-like note which is
      strongly reminiscent of licorice.
PAC  EXAMPLE C
TBL  Composition (Hazelnut Aroma)                                              
                        A      B      C                                        
                        Parts by weight                                        
     __________________________________________________________________________
     Maltol             2.0    2.0    2.0                                      
     Acetylmethylcarbinol                                                      
                        2.0    2.0    2.0                                      
     Acetophenone       3.0    3.0    3.0                                      
     Acetanisole        3.0    3.0    3.0                                      
     Furfurylmercaptan  5.0    5.0    5.0                                      
     Cinnamic acid amyl ester                                                  
     (10% in alcohol)   5.0    5.0    5.0                                      
     Vanillin           10.0   10.0   10.0                                     
     Diacetyl (10% in alcohol)                                                 
                        10.0   10.0   10.0                                     
     Aldehyde C 18      10.0   10.0   10.0                                     
     Phenylacetic acid amyl ester                                              
     (10% in alcohol)   10.0   10.0   10.0                                     
     Phenylacetaldehyde 10.0   10.0   10.0                                     
     Corylone           15.0   15.0   15.0                                     
     Benzaldehyde       100.0  100.0  100.0                                    
     Dimethylresorcinol 350.0  300.0  270.0                                    
     2-Acetyl-2-ethyl-thiazolidine/                                            
     2-methyl-2-propionyl-thiazolidine                                         
     mixture            --     50.0   --                                       
     2-Ethoxycarbonyl-2-methyl-                                                
                        --     --     80.0                                     
     thiazolidine                                                              
     Alcohol            465.0  465.0  465.0                                    
                        1000.0 1000.0 1000.0                                   
     __________________________________________________________________________
PAR  The partial replacement of dimethylresorcinol in aroma composition A by a
      2-acetyl-2-ethyl-thiazolidine/2-methyl-2-propionyl-thiazolidine mixture or
      by 2-ethoxycarbonyl-2-methyl-thiazolidine gives a nut-like note which is
      strongly reminiscent of hazelnut.
PAC  EXAMPLE D
TBL  Composition (Bean Aroma)                                                  
                       A      B      C                                         
                       Parts by Weight                                         
     __________________________________________________________________________
     Methylchavicol (1% in alcohol)                                            
                       0.5    0.5    0.5                                       
     Garlic (1% in alcohol)                                                    
                       2.0    2.0    2.0                                       
     Thymol (1% in alcohol)                                                    
                       0.5    0.5    0.5                                       
     Isobutyric acid piperonyl ester                                           
     (1% in alcohol)   3.0    3.0    3.0                                       
     Nona-2,6-dienal (1% in alcohol)                                           
                       5.0    5.0    5.0                                       
     Acetic acid linalyl ester (1% in                                          
                       5.0    5.0    5.0                                       
     alcohol)                                                                  
     3-Hexenyl-acetylacetate                                                   
                       10.0   10.0   10.0                                      
     2-(2-Methylthioethyl)-                                                    
     thiazolidine      --     1.0    --                                        
     2-Pentylthiazolidine                                                      
                       --     --     0.5                                       
     Alcohol           974.0  973.0  973.5                                     
                       1000.0 1000.0 1000.0                                    
     __________________________________________________________________________
PAR  The addition of 2-(2-methylthioethyl)-thiazolidine and/or
      2-pentylthiazolidine to aroma composition A gives an intense
      vegetable-like note which is reminiscent of beans.
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ABST
PAL  Antibiotic U-43,795, producible by culturing Streptomyces sviceus in an
      aqueous nutrient medium has the following structure
      ##EQU1##
      The absolute configuration of U-43,795 was determined to be .alpha.S, 4S,
      5R .alpha.-amino-3-chloro-4-hydroxy-2-isoxazoline-5-acetic acid. It is an
      amphoteric compound and can exist in different ionic forms according to
      the pH of the environment. At low pH, U-43,795 exists in the acid-addition
      salt form, at a higher pH in a zwitterion form, and at still higher pH in
      a metal salt form.  U-43,795 inhibits the growth of Bacillus subtilis and
      Sarcina lutea, and can be used to inhibit such microorganisms in various
      environments.
GOVT
PAR  The invention described herein was made in the course of, or under
      Contracts PH43-NCl-68-1023 and NIH-NCl-C-73-3707 with the National Cancer
      Institute, National Institutes of Health, Bethseda, Md. 20014.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Antibiotic AT-125 (U-42,126), producible by culturing Streptomyces sviceus
      in an aqueous nutrient medium has the following structure:
      ##EQU2##
PAR  The absolute configuration of AT-125 was determined to be (.alpha.S,
      5S)-.alpha.-amino-3-chloro-2-isoxazoline-5-acetic acid. Like U-43,795, it
      is also an amphoteric compound and can exist in different ionic forms
      according to the pH of the environment. At low pH, AT-125 exists in the
      acid-addition salt form, at a higher pH, in a zwitterion form, and at
      still higher pH in a metal salt form.
PAR  Also, AT-125 inhibits the growth of Bacillus subtilis, Saccharomyces
      pastorianus, Penicillium oxalicum, Candida albicans, Saccharomyces
      cerevisiae and Escherichia coli, and can be used to inhibit such
      microorganisms in various environments.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  U-43,795 is an amphoteric antibiotic which is producible concurrently with
      antibiotic AT-125 by culturing an AT-125-producing actinomycete in an
      aqueous nutrient medium. U-43,795 has the property of adversely affecting
      the growth of Gram-positive bacteria, for example, Bacillus subtilis and
      Sarcina lutea. It also has marginal activity against Salmonella gallinarum
      and Bacillus cereus.
PAR  Accordingly, the novel antibiotic of the subject invention can be used
      alone or in combination with other antimicrobial agents to prevent the
      growth of, or reduce the number of bacteria, as disclosed above, in
      various environments. For example, it can be used for treating breeding
      places of silkworms, to prevent or minimize infections which are well
      known to be caused by Bacillus subtilis.
DETD
PAC  DETAILED DESCRIPTION
PAC  Characterization of U-43,795
PAR  The structure of U-43,795, consistent with determined spectral and
      analytical data is
      ##EQU3##
      and its ion and zwitterion forms.
PAR  The NMR spectrum of a saturated solution of U-43,795 in D.sub.2 O was
      determined on a Varian XL-100-15 spectrometer. The 100 MHz spectrum was
      not first order and clearly indicated the presence of three
      nonexchangeable protons. The methine proton on C-4 was seen as an apparent
      doublet at 5.34 .delta. with line separation of 8.2 Hz. The neighboring
      proton on C-5 was seen as an apparent doublet of doublets centered at 5.19
      .delta. with line separations of 3.4 Hz and 8.2 Hz. The signal for the
      amino acid methine was an apparent doublet at 4.43 .delta. with line
      separation of 3.4 Hz.
PAR  The IR spectrum of a Nujol mull of U-43,795 partial hydrate was determined
      on a Perkin Elmer 421 spectrophotometer. Peaks (except Nujol) were found
      at 3620, 3140, 2710, 2620, 1660, 1640 sh, 1610 sh, 1585, 1525, 1385, 1325,
      1310, 1270, 1255, 1180, 1135, 1110, 1075, 980, 915, 900, 865, 805, and 705
      cm.sup.-.sup.1 (sh = shoulder).
PAC  Circular Dichroism
PAR  U-43,795 in water exhibits [.THETA.].sub.223.sup.max + 60,000 and
      [.THETA.].sub.202.sup.max - 47,000.
PAC  TLC
PAR  Chromatographing U-43,795 on a silica gel precoated plate (Quanta gram)
      shows a single zone after spraying the plate with ninhydrin solution. A
      Rf. of 0.55 is obtained by developing the plate with
      tetrahydrofuran:acetone:water in the ratio of 50:30:20.
PAR  The chemical structure of U-43,795 in the crystalline form was established
      rigorously by X-ray diffraction. Crystalline U-43,795 can be named
      chemically as .alpha.S, 4S, 5R
      .alpha.-amino-3-chloro-4-hydroxy-2-isoxazoline-5-acetic acid.
PAR  Molecular Weight:
PAR  Rigorous X-ray structure established a hydrate of U-43,795 as C.sub.5
      H.sub.7 ClN.sub.2 O.sub.4.H.sub.2 O or molecular weight as 212.59.
PAR  Solubilities:
PAR  Soluble in H.sub.2 O and slightly soluble in methanol. Relatively insoluble
      in ethyl acetate, ether, benzene and chloroform.
PAR  Antimicrobial Properties of U-43,795
PAR  The following results were obtained with a standard disc plate assay using
      13 mm. paper discs and a concentration of 3 mg./ml. of U-43,795.
TBL                       Zone of Inhibition (mm)                              
     Microorganism        around a 13 mm. Paper Disc                           
     __________________________________________________________________________
     Bacillus cereus      trace                                                
     Bacillus subtilis (in synthetic agar)                                     
                          48                                                   
     Bacillus subtilis (in nutrient agar)                                      
                          0                                                    
     Lactobacillus casei  0                                                    
     Sarcina lutea        23                                                   
     Staphylococcus aureus                                                     
                          0                                                    
     Mycobacterium avium  0                                                    
     Escherichia coli (in nutrient agar)                                       
                          0                                                    
     Escherichia coli (in synthetic agar)                                      
                          0                                                    
     Salmonella schottmuelleri                                                 
                          0                                                    
     Salmonella gallinarum                                                     
                          25 hazy                                              
     Proteus vulgaris     0                                                    
     Klebsiella pneumoniae                                                     
                          0                                                    
     Saccharomyces pastorianus                                                 
                          0                                                    
     Penicillium oxalicum 0                                                    
     Saccharomyces cerevisiae                                                  
                          trace                                                
     Streptococcus faecalis                                                    
                          38 very hazy                                         
     Pseudomonas fluorescens                                                   
                          0                                                    
     Glomerella cingulata trace                                                
     __________________________________________________________________________
PAC  THE MICROORGANISM
PAR  The actinomycete used according to this invention for the production of
      U-43,795 is Streptomyces sviceus. One of its strain characteristics is the
      production of antibiotic AT-125 and antibiotic U-43,795.
PAR  A sub-culture of the living microorganism was deposited and can be obtained
      from the permanent collection of the Northern Utilization and Research
      Division, Agricultural Research Services, U.S. Department of Agriculture,
      Peoria, Ill. Its accession number in this repository is NRRL 5439.
PAR  The taxonomy of Streptomyces sviceus, as determined by Alma Dietz of the
      Upjohn Research Laboratory, is published in Volume 3 of Antimicrobial
      Agents and Chemotherapy, March 1973, at pages 425-431. Said publication is
      incorporated herein by reference thereto.
PAC  Fermentation and Recovery of Antibiotic U-43,795
PAR  The new compound of the invention is produced when the elaborating organism
      is grown in an aqueous nutrient medium under submerged aerobic conditions.
      It is to be understood also that for the preparation of limited amounts,
      surface cultures and bottles can be employed. The organism is grown in a
      nutrient medium containing a carbon source, and an assimilable nitrogen
      compound or proteinaceous material. Preferred carbon sources include
      glucose, brown sugar, sucrose, glycerol, starch, cornstarch, lactose,
      dextrin, molasses, and the like. Preferred nitrogen sources include corn
      steep liquor, yeast, autolyzed brewer's yeast with milk solids, soybean
      meal, cottonseed meal, cornmeal, milk solids, pancreatic digest of casein,
      distillers' solids, animal peptone liquors, meat and bone scraps, and the
      like. Combinations of these carbon and nitrogen sources can be used
      advantageously. Trace metals, for example, zinc, magnesium, manganese,
      cobalt, iron and the like need not be added to the fermentation medium
      since tap water and unpurified ingredients are used as medium components.
PAR  Production of the compound of the invention can be effected at any
      temperature conducive to satisfactory growth of the microorganism, for
      example between about 18.degree. and 40.degree. C., and preferably between
      about 20.degree. and 32.degree.C. Ordinarily, optimum production of the
      compound is obtained in about 2 to 10 days. The medium normally remains
      weakly acidic (pH 5.5 - 7.0) during the fermentation. The final pH is
      dependent, in part, on the buffers present, if any, and in part on the
      initial pH of the culture medium which is advantageously adjusted to about
      pH 7.0 prior to sterilization.
PAR  When growth is carried out in large vessels and tanks, it is preferable to
      use the vegetative form, rather than the spore form, of the microorganism
      for inoculation to avoid a pronounced lag in the production of the new
      compound and the attendant inefficient utilization of the equipment.
      Accordingly, it is desirable to produce a vegetative inoculum in a
      nutrient broth culture by inoculating this broth culture with an aliquot
      from a soil or a slant culture. When a young, active vegetative inoculum
      has thus been secured, it is transferred aseptically to large vessels or
      tanks. The medium in which the vegetative inoculum is produced can be the
      same as, or different from, that utilized for the production of the new
      compound, as long as it is such that a good growth of the microorganism is
      obtained.
PAR  The new antibiotic of the invention, U-43,795, is an amphoteric compound.
      It is soluble in H.sub.2 O and slightly soluble in CH.sub.3 OH.
PAR  A variety of procedures can be employed in the isolation and purification
      of U-43,795, for example, absorption procedures followed by elution with a
      suitable solvent, column chromatography, partition chromatography, and
      crystallization  from solvents.
PAR  In a preferred recovery process, U-43,795 and concurrently produced AT-125
      are recovered from their culture medium by filtration through a medium
      porosity diatomite, for example FW 40 supplied by Eagle Picher. Other
      suitable diatomites are marketed under the trade names Super Cel (Johns
      Manville's fine diatomite), Dicalite 4200 (Great Lakes), and Miraflo 40
      (Eagle Picher).
PAR  The clear beer is percolated through a chromatographic column packed with a
      styrene type sulfonic acid resin. Dowex 50 in the hydrogen form is
      preferred, advantageously highly crosslinked, for example Dowex 50 .times.
      16. Other suitable resins are marketed under the tradenames Amberlite
      IR-120, Nalcite HCR, Chempro C-20, Permutit Q and Zeokarb 225. After
      appropriate washing of the column the antibiotic is eluted with a base,
      NH.sub.4 OH is preferred. The antibiotically-active eluates obtained from
      the above chromatographic column are pooled and concentrated.
PAR  In a preferred purification procedure, the resulting aqueous concentrate,
      described above, at a neutral pH (6.2 - 7.8) is percolated through a
      column containing a weakly basic styrene type polyamine resin. Amberlite
      IR 45 (OH.sup.-) is preferred. Other resins which can be used are
      Amberlite IR 4B, Nalcite WBR, DeAcidite E and Duolite A.2.
PAR  The column is washed with deionized water, 50% aqueous MeOH, and 90%
      aqueous MeOH, and then eluted with HOAc in 90% MeOH. Active eluate
      fractions are pooled, then evaporated to dryness under reduced pressure to
      give a residue. MeOH can be substituted by H.sub.2 O.
PAR  The residue, obtained as described above, containing both U-43,795 and
      AT-125, is then subjected to chromatographic separation using silica gel
      60 (Number 7734 from E. Merck Darmstadt) and the solvent system methyl
      ethyl ketone:acetone:water in the proportions 65:20:15. This procedure
      affords relatively pure preparations of U-43,795 and AT-125.
PAR  The titer of AT-125 in the beer during various stages of recovery
      operations can be monitored by a disc-plate assay using Bacillus subtilis
      cultivated in a synthetic medium of the following composition:
     Na.sub.2 HPO.sub.4.7H.sub.2 O                                             
                         1.7 g.                                                
     KH.sub.2 PO.sub.4   2.0 g.                                                
     (NH.sub.4).sub.2 SO.sub.4                                                 
                         1.0 g.                                                
     MgSO.sub.4          0.1 g.                                                
     Glucose             2.0 g.                                                
     Bacto Agar*         15.0 g.                                               
     Distilled water     1 liter                                               
     Metallic ion stock solution**                                             
                         1 ml.                                                 
     *Bacto Agar provided by Difco Laboratories, Detroit, Michigan             
     **Metallic ion stock solution consists of the following:                  
TBL  NaMoO.sub.4 .2H.sub.2 O                                                   
                        200 .mu.g/ml.                                          
     CoCl.sub.2         100 .mu.g/ml.                                          
     CuSO.sub.4         100 .mu.g/ml.                                          
     MnSO.sub.4         2 mg./ml.                                              
     CaCl.sub.2         25 mg./ml.                                             
     FeCl.sub.2 .4H.sub.2 O                                                    
                        5 mg./ml.                                              
     ZnCl.sub.2 *       5 mg./ml.                                              
      *ZnCl.sub.2 has to be dissolved separately using a drop of 0.1 N HCl for 
      10 ml. of water. The stock solution is heated to bring all the compounds 
      in solution, kept standing for 24 hours, and sterile filtered.           
PAR  This medium is inoculated with a spore suspension of B. subtilis (1.5
      .times. 10.sup.10 cells/ml.) at a rate of 0.5 ml./liter. The beer samples
      are applied to 12.5 mm. diameter adsorbent paper discs (0.08 ml./disc),
      the assay system is incubated overnight at 37.degree. C., and the zones of
      inhibition are measured. The potency of the sample is related to the
      diameter of the inhibition zone by means of the usual standard curve.
PAR  This medium when seeded with B. subtilis can also be used for the detection
      of antibiotic AT-125. U-43,795 can be detected by bioautography in
      relatively pure samples, i.e., samples free of antibiotic AT-125. In this
      procedure, papergrams are developed with the upper phase of a solvent
      mixture of 1-butanol, methanol, benzene, and H.sub.2 O (2:1:1:1). After
      development the sheets are dried and the papergrams are then laid on
      transparent papergram trays containing the seeded medium and withdrawn
      after about 20 minutes. The trays are incubated overnight as above, and
      inhibition zones observed.
PAR  Since U-43,795 is an amphoteric compound, it forms salts with acids, alkali
      metals (including ammonia), alkaline earth metals (including magnesium and
      aluminum), and amines. Metal salts can be prepared by dissolving U-43,795
      in water, and adding a dilute metal base until the pH of the solution is 7
      to 8. U-43,795 metal salts include the sodium, potassium and calcium
      salts. Amine salts, including those with organic bases such as primary,
      secondary, and tertiary, mono-, di-, and polyamines can also be formed
      using the above-described or other commonly employed procedures. Further,
      ammonium salts can be made by well-known procedures. Other salts are
      obtained with therapeutically effective bases which impart additional
      therapeutic effects thereto. Such bases are, for example, the purine bases
      such as theophyllin, theobromin, caffein, or derivatives of such purine
      bases; antihistaminic bases which are capable of forming salts with weak
      acids; pyridine compounds such as nicotinic acid amide, isonicotinic acid
      hydrazide, and the like; phenylalkylamines such as adrenalin, ephedrin,
      and the like; choline, and others.
PAR  Acid salts can be made by neutralizing U-43,795 with the appropriate acid
      to below about pH 7.0, and advantageously to about pH 2 to pH 6. Suitable
      acids for this purpose include hydrochloric, sulfuric, phosphoric,
      sulfamic, hydrobromic, and the like. Acid and base salts of U-43,795 can
      be used for the same biological purposes as the parent compound.
PAR  U-43,795 is active against Bacillus subtilis and can be used in petroleum
      product storage to control this microorganism which is a known slime and
      corrosion producer in petroleum products storage. Still further, since
      U-43,795 is active against Bacillus subtilis, it can be used to minimize
      or prevent odor in fish or fish crates caused by this organism; or
      U-43,795 can be used to swab laboratory benches and equipment in a
      bacteriology laboratory contaminated with Bacillus subtilis and/or Sarcina
      lutea.
PAR  U-43,795 is active against L1210 murine leukemia in laboratory mice, and,
      thus, can be used to treat said mice.
PAR  U-43,795 can be acylated under standard acylating conditions with an
      appropriate acid halide or anhydride, or sulfonyl halide to give the
      corresponding bis acyl derivative wherein the 4-hydroxyl and .alpha.-amino
      hydrogen are acylated. The acylation is carried out in the presence of a
      weak acid-binding agent.
PAR  Suitable acid-binding agents include amines such as pyridine, quinoline,
      and isoquinoline, and buffer salts such as sodium acetate. The preferred
      base is pyridine. Carboxylic acids suitable for acylation include (a)
      saturated or unsaturated, straight or branched chain aliphatic carboxylic
      acids, for example, acetic, propionic, butyric, isobutyric,
      terbutylacetic, valeric, isovaleric, caproic, caprylic, decanoic,
      dodecanoic, lauric, tridecanoic, myristic, pentadecanoic, palmitic,
      margaric, stearic, acrylic, crotonic, undecylenic, oleic, hexynoic,
      heptynoic, octynoic acids, and the like; (b) saturated or unsaturated,
      alicyclic carboxylic acids, for example, cyclobutanecarboxylic acid,
      cyclopentanecarboxylic acid, cyclopentenecarboxylic acid,
      methylcyclopentenecarboxylic acid, cyclohexanecarboxylic acid,
      dimethylcyclohexanecarboxylic acid, dipropylcyclohexanecarboxylic acid,
      and the like; (c) saturated or unsaturated, alicyclic aliphatic carboxylic
      acids, for example, cyclopentaneacetic acid, cyclopentanepropionic acid,
      cyclohexaneacetic acid, cyclohexanebutyric acid, methylcyclohexaneacetic
      acid, and the like; (d) aromatic carboxylic acids, for example, benzoic
      acid, toluic acid, naphthoic acid, ethylbenzoic acid, isobutylbenzoic
      acid, methylbutylbenzoic acid, and the like; and (e) aromatic aliphatic
      carboxylic acids, for example, phenylacetic acid, phenylpropionic acid,
      phenylvaleric acid, cinnamic acid, phenylpropiolic acid, and
      naphthylacetic acid, and the like. Also, suitable halo-, nitro-, hydroxy-,
      amino-, cyano-, thiocyano-, and lower alkoxyhydrocarbon carboxylic acids
      include hydrocarboncarboxylic acids as given above which are substituted
      by one or more of halogen, nitro, hydroxy, amino, cyano, or thiocyano, or
      loweralkoxy, advantageously loweralkoxy of not more than six carbon atoms,
      for example, methoxy, ethoxy, propoxy, butoxy, amyloxy, hexyloxy, and
      isomeric forms thereof. Examples of such substituted hydrocarbon
      carboxylic acids are:
PA1  mono-, di- and trichloroacetic acid;
PA1  .alpha.- and .beta.-chloropropionic acid;
PA1  .alpha.- and .gamma.-bromobutyric acid;
PA1  .alpha.- and .delta.-iodovaleric acid;
PA1  mevalonic acid;
PA1  2- and 4-chlorocyclohexanecarboxylic acid;
PA1  shikimic acid;
PA1  2-nitro-1-methyl-cyclobutanecarboxylic acid;
PA1  1,2,3,4,5,6-hexachlorocyclohexanecarboxylic acid;
PA1  3-bromo-2-methylcyclohexanecarboxylic acid;
PA1  4- and 5-bromo-2-methylcyclohexanecarboxylic acid;
PA1  5- and 6-bromo-2-methylcyclohexanecarboxylic acid;
PA1  2,3-dibromo-2-methylcyclohexanecarboxylic acid;
PA1  2,5-dibromo-2-methylcyclohexanecarboxylic acid;
PA1  4,5-dibromo-2-methylcyclohexanecarboxylic acid;
PA1  5,6-dibromo-2-methylcyclohexanecarboxylic acid;
PA1  3-bromo-3-methylcyclohexanecarboxylic acid;
PA1  6-bromo-3-methylcyclohexanecarboxylic acid;
PA1  1,6-dibromo-3-methylcyclohexanecarboxylic acid;
PA1  2-bromo-4-methylcyclohexanecarboxylic acid;
PA1  1,2-dibromo-4-methylcyclohexanecarboxylic acid;
PA1  3-bromo-2,2,3-trimethylcyclopentanecarboxylic acid;
PA1  1-bromo-3,5-dimethylcyclohexanecarboxylic acid;
PA1  homogentisic acid, o-, m-, and p-chlorobenzoic acid;
PA1  anisic acid;
PA1  salicyclic acid;
PA1  p-hydroxybenzoic acid;
PA1  .beta.-resorcylic acid;
PA1  gallic acid;
PA1  veratric acid;
PA1  trimethoxybenzoic acid;
PA1  trimethoxycinnamic acid;
PA1  4,4'-dichlorobenzilic acid;
PA1  o-, m-, and p-nitrobenzoic acid;
PA1  cyanoacetic acid;
PA1  3,4- and 3,5-dinitrobenzoic acid;
PA1  2,4,6-trinitrobenzoic acid;
PA1  thiocyanoacetic acid;
PA1  cyanopropionic acid;
PA1  lactic acid;
PA1  ethoxyformic acid (ethyl hydrogen carbonate);
PAL  and the like.
PAR  The acylation, advantageously, is conducted by treating a solution of
      U-43,795 in an acid anhydride with a small amount of base and heating the
      resulting mixture, if desired, for a short period at about 100.degree. C.
      to complete the reaction. Water can be added to the reaction mixture to
      hydrolyze the acylating agent and the desired product can be isolated by
      conventional procedures. Further, the bis acyl derivative can be converted
      under standard esterification procedures as disclosed in Szmuszkovicz J.
      Org. Chem. 29, 843 (1964) to yield the corresponding bis acyl esterified
      derivative. The sequence of these reactions can be depicted as follows:
TBL  "Bis acyl" derivatives                                                    
     .dwnarw. Standard acylating conditions                                    
     .dwnarw. with appropriate acid halide or                                  
     .dwnarw. anhydride, or sulfonyl halide                                    
     .dwnarw.                                                                  
                            A =                                                
                               hydrocarbon car-                                
                               boxylic acid acyl                               
                               of 2-18 carbon                                  
                               atoms, inclusive,                               
                               halo-, nitro-,                                  
                               hydroxy-, amino-,                               
                               cyano-, thiocyano-,                             
                               and lower-alkoxy-                               
                               substituted hydro-                              
                               carbon carboxylic                               
                               acid acyl of from                               
                               2 to 18 carbon                                  
                               atoms, inclusive,                               
                               or, --SO.sub.2 R where                          
                               R = CH.sub.3 or                                 
     .dwnarw. Conversion to mixed anhydride                                    
     .dwnarw. with EtO--CO--Cl or to acid                                      
                               standard                                        
     .dwnarw. chloride followed by reaction                                    
                               esterification                                  
     .dwnarw. with appropriate alcohols or                                     
                               procedures                                      
     .dwnarw. amines                                                           
     .dwnarw.                                                                  
     A as above                                                                
        H     where R' = alkyl of 1-20 carbon                                  
     B =                                                                       
        --N--R'                                                                
              atoms, inclusive, and isomeric                                   
              forms thereof                                                    
     =  --O--R'                                                                
PAR  Examples of alkyl of from 1 to 20 carbon atoms, inclusive, and isomeric
      forms thereof, which are within the scope of the subject invention are as
      follows: methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
      nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
      hexadecyl, heptadecyl, octadecyl, nonadecyl and eicosyl, and the isomeric
      forms thereof.
PAR  Further, U-43,795 can be converted to aminoacyl nitrogen derivatives by
      standard reactions [See R. A. Boissonnas Advances in Organic Chem. 3, 159
      (1963)] by first reacting the amino nitrogen with a suitable protective
      group, for example carbobenzyloxy (Cbz) chloride or carboethoxy
      phthalimide, or by utilizing selective acylating conditions with acyl
      anhydrides. The resulting compound can then be esterified using standard
      esterification procedures followed by hydrolysis of the amino nitrogen
      blocking group. The sequence of the above reactions can be depicted as
      follows:
     "Monoacyl" nitrogen derivatives                                           
     .dwnarw. carbobenzyloxy chloride or                                       
     .dwnarw. carboethoxy phthalimide or                                       
                                  aqueous                                      
     .dwnarw. selective acylating conditions                                   
                                  base                                         
     .dwnarw. with acyl anhydrides                                             
     .dwnarw.                                                                  
                                  O                                            
                                  .parallel.                                   
                              D = H,                                           
                                  --C--O--CH.sub.2 --.phi.                     
                              or,                                              
                              or, hydrocarbon carboxylic                       
                              acid acyl of 2-18 carbon                         
                              atoms, inclusive; halo-,                         
                              nitro-, hydroxy-, amino-,                        
                              cyano-, thiocyano-, and                          
                              loweralkoxy-substituted                          
                              hydrocarbon carboxylic                           
                              acid acyl of from 2 to 18                        
                              carbon atoms, inclusive.                         
     .dwnarw. standard esterification                                          
     .dwnarw. procedures (+ amide formation)                                   
     .dwnarw.                                                                  
                           standard                                            
                           removal                                             
                           of Cbz or                                           
                           phthalimido                                         
                           blocking                                            
                           groups                                              
     B = --NR                                                                  
           where R = alkyl of 1-20 carbon atoms,                               
     = --OR                                                                    
           inclusive, and isomeric forms thereof                               
     D as above                                                                
PAR  Further, U-43,795 can be converted to monoacyl oxygen derivatives by first
      protecting the amino nitrogen, as disclosed above, and then acylating the
      protective group by standard acylating conditions, also as disclosed
      above. The amino blocking group can then be removed or the protected
      acylate can be esterified using standard esterification conditions as
      disclosed above, to yield the esterified amino acyl oxygen derivative. The
      sequence of the above reaction can be depicted as follows:
      ##EQU4##
PAR  The acyl and ester groups are as given above for the bis acyl derivatives
      of U-43,795.
PAR  The above derivatives of U-43,795 can be used for the same purposes as
      disclosed above for U-43,795.
PAR  The following examples are illustrative of the process and products of the
      invention, but are not to be construed as limiting. All percentages are by
      weight and all solvent mixture proportions are by volume unless otherwise
      noted.
PAC  EXAMPLE 1
PAC  A. Fermentation
PAR  A soil stock of Streptomyces sviceus, NRRL 5439, is used to inoculate
      500-ml. Erlenmeyer seed flasks containing 100 ml. of sterile medium
      consisting of the following ingredients:
TBL  Dextrose          25 g./l.                                                
     Pharmamedia*      25 g./l.                                                
     Tap water q.s.    to 1 liter                                              
      *Product of Trader's Oil Mill Company, Fort Worth, Texas.                
PAR  The seed medium presterilization pH is 7.2. The seed inoculum is grown for
      2 days at 28.degree. C. on a Gump rotary shaker operating at 250 r.p.m.
      Seed inoculum, prepared as described above, is used to inoculate 500-ml.
      Erlenmeyer fermentation flasks containing 100 ml. of sterile fermentation
      medium consisting of the following ingredients:
TBL  NH.sub.4 Cl         5 g./l.                                               
     Cerelose            2 g./l.                                               
     Cornstarch          10 g./l.                                              
     Washed yeast        2.5 g./l.                                             
     KaySoy*             20 g./l.                                              
     Lard oil            1 ml.                                                 
     Tap water q.s.      to 1 liter                                            
      *Finely milled fat extracted soybean meal.                               
PAR  The presterilization pH is adjusted to 7.2 with 4 N NaOH. The fermentation
      flasks are inoculated at the rate of 5 ml. of seed inoculum per 100 ml. of
      fermentation medium. The fermentation flasks are grown for 2-3 days at a
      temperature of 32.degree. C. on a Gump rotary shaker operating at 250
      r.p.m.
PAC  B. Recovery
PAR  Whole beer (250 liters) from an AT-125 and U-43,795 fermentation as
      described above, is filtered through a medium porosity diatomite. The
      resulting clear beer is percolated at pH 7-8 through 25 liters of freshly
      regenerated Dowex 50 .times. 16 (H.sup.+) in a chromatographic column. The
      column is washed with 50 liters of deionized H.sub.2 O and then eluted
      with 120 liters of 1 N NH.sub.4 OH; 6 liter fractions are collected. The
      most active fractions (inhibition zones &gt;50 mm.) are determined by
      applying dipped, air-dried discs to a tray of Bacillus subtilis (grown in
      synthetic medium as described previously). The active fractions are pooled
      and concentrated under reduced pressure to remove excess NH.sub.4 OH.
PAC  C. Purification
PAR  (1) Weakly basic styrene type polyamine resin column
PAR  The active aqueous concentrated Dowex 50 eluate, prepared as described
      above, at pH 7-7.5, is percolated through a column containing 4 liters of
      Amberlite IR 45 (OH.sup.-). The column is washed with 8 liters of
      deionized H.sub.2 O, 4 liters of 50 percent aqueous MeOH and 8 liters of
      90 percent aqueous MeOH, and then eluted with 0.5 N HOAc in 90 percent
      MeOH: 2 l. fractions are collected. The most active fractions by Bacillus
      subtilis assay, are pooled and evaporated to dryness under reduced
      pressure.
PAR  (2) Silica gel chromatography
PAR  The following procedure employs silica gel 60 (Number 7734 from E. Merck
      Darmstadt) and is carried out on the IR 45 (OH.sup.-) residues obtained as
      described above. Active fractions (containing 6.55 gms., 934 BU/mg. or
      5.84 percent AT-125) from an IR 45 column, as described above, are
      evaporated to dryness and the HOAc chased with water. The resulting
      residue is suspended in 328 ml. H.sub.2 O and evaporated onto 33 gms. of
      silica gel. The flask is rinsed with 5 gms. of fresh silica gel.
      Homogenous powder is chromatographed on a column of silica gel prepared by
      slurrying 600 gms. of silica gel in methyl ethyl ketone:acetone:water
      (65:20:15). The column is eluted with 7200 ml. of that solvent, initially
      collecting 1200 ml. (Number 0) and then cutting 500 ml. fractions (1-12).
      The results are as follows:
TBL                5.lambda. Spotted on                                        
          B.S.S. Zone.sup.2                                                    
                  Silica Gel Plate                                             
     No.  (1-10).sup.1                                                         
                  Ninhydrin Detection                                          
                              TLC.sup.3                                        
     __________________________________________________________________________
     0     0                                                                   
     1     0      No Zone                                                      
     2     23H    No Zone                                                      
     3    29      Strong      U-43,795                                         
     4    30      Strong      U-43,795                                         
     5    57      Medium      U-43,795 + AT-125                                
     6    70      Medium      AT-125                                           
     7    70      Medium/weak AT-125                                           
     8    60      Weak        AT-125                                           
     9    55      Weak                                                         
     10   47      Weak                                                         
     11   32      Weak                                                         
     12    0                                                                   
     __________________________________________________________________________
      .sup.1 1-10 dilutions of fractions were spotted.                         
      .sup.2 B.S.S. Zone refers to the zone of inhibition (in mm.) on a B.     
      subtilis disc plate assay as described above.                            
      .sup.3 Methyl ethyl ketone:acetone:water (65:20:15) on silica gel plate. 
      Ninhydrin detection.                                                     
PAR  Fractions 3 and 4 are pooled and evaporated under reduced pressure at
      40.degree. C; the residue is triturated with MeOH affording 1.37 gm. of
      essentially pure U-43,795. Recrystallization from aqueous MeOH affords the
      analytically pure U-43,795 in the form of its crystalline hydrate. Water
      of hydration can be removed by drying.
PAR  Similarly, crystallization of fractions 6-8 afforded 0.37 gm. of
      essentially pure AT-125 which yielded analytically pure AT-125 on
      recrystallization from aqueous MeOH.
PAR  Salts of U-43,795 hydrate can be made as disclosed above for U-43,795
      non-hydrate. U-43,795 hydrate and its salts can be used for the same
      purposes as U-43,795 nonhydrate, as disclosed above.
PAR  A biounit of activity (BU) is defined as that quantity of antibiotic
      necessary to achieve a 20 mm. zone of inhibition from a 1/2 inch disc
      treated with 0.08 ml. of its solution. The disc plate assay is as
      described previously.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition of matter, essentially pure antibiotic U-43,795, which can
      be represented by the following structural formula:
      ##EQU5##
      and its salts.
NUM  2.
PAR  2. Acid addition salts of antibiotic U-43,795, the compound of claim 1.
NUM  3.
PAR  3. Cationic salts of antibiotic U-43,795, the compound of claim 1.
NUM  4.
PAR  4. Zwitterion form of antibiotic U-43,795, the compound of claim 1.
NUM  5.
PAR  5. A composition of matter, essentially pure antibiotic U-43,795 hydrate,
      which can be represented by the following structural formula:
      ##EQU6##
      and its salts.
NUM  6.
PAR  6. Acid addition salts of antibiotic U-43,795 hydrate, the compound of
      claim 5.
NUM  7.
PAR  7. Cationic salts of antibiotic U-43,795 hydrate, the compound of claim 5.
NUM  8.
PAR  8. Zwitterion form of antibiotic U-43,795 hydrate, the compound of claim 5.
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ABST
PAL  1-AMINO-5-ALKOXY-PYRAZOLE COMPOUNDS OF THE FORMULA:
      ##EQU1##
      wherein R.sub.1 represents a lower alkyl group having 1 to 4 carbon atoms,
      R.sub.2 and R.sub.3, which may be identical or different, represent a
      hydrogen atom, a lower alkyl group, a phenyl group, a phenyl group
      substituted by one or more groups selected from lower alkyl, halogen,
      nitro and lower alkoxy; R.sub.4 represents an amino group, a mono-lower
      alkyl amino group or a di-lower alkyl amino group; as well as their salts
      with a mineral or organic acid.
PAL  A method for the preparation thereof, consisting essentially in internally
      transforming, in the presence of hydrazine, a 5-hydrazino-isoxazole (or
      5-halogenoisoxazole) derivative and alkylating the 5-hydroxy-derivative
      obtained with a suitable diazoalkane.
PARN
PAR  This application is a division of applicants' copending application Ser.
      No. 323 605 filed Jan. 15, 1973 now U.S. Pat. No. 3,887,578.
BSUM
PAR  The present invention relates to new and useful 1-amino-5-alkoxy-pyrazole
      compounds corresponding to the general formula (I):
PAR  1-amino-5-alkoxy-pyrazole compounds of the formula:
      ##EQU2##
      wherein R.sub.1 represents a lower alkyl group having 1 to 4 carbon atoms,
      R.sub.2 and R.sub.3, which may be identical or different, represent a
      hydrogen atom, a lower alkyl group, a phenyl group, a phenyl group
      substituted by one or more groups selected from lower alkyl, halogen,
      nitro and lower alkoxy; R.sub.4 represents an amino group, a mono-lower
      alkyl amino group or a di-lower alkyl amino group; as well as their salts
      with a mineral or organic acid.
PAR  The terms "lower alkyl" and "lower alkoxy" designate an alkyl or alkoxy
      group having 1 to 4 carbon atoms.
PAR  The invention also relates to a method for the preparation of compounds of
      the general formula (I) which comprises internally transforming, in the
      presence of hydrazine a derivative of 5-hydrazino-isoxazole of formula
      (II):
      ##EQU3##
      where R.sub.2 and R.sub.3 retain the above definition, which may be
      prepared in situ from a 5-halogeno-isoxazole treated with hydrazine,
      according to the process described in the copending application Ser. No.
      323,605 filed Jan. 15, 1973. The 5-hydroxy derivatives isolated from the
      products thus obtained are then alkylated with a suitable alkylation
      agent, such as diazomethane in order to produce the
      1-amino-5-alkoxy-pyrazole compounds of formula (I)
PAR  The invention also relates to a method for preparing salts of compounds of
      general formula (I). This method consists in causing the corresponding
      mineral or organic acids to act on these compounds.
PAR  The new 1-amino-5-alkoxy-pyrazole compounds of general formula (I) and
      their pharmaceutically acceptable organic or mineral acid salts according
      to the present invention have an anti-depressive, analgesic,
      anti-histaminic and spasmolytic effect.
PAR  The compounds according to the general formula (I) where R.sub.4 represents
      NH.sub.2 may be prepared by the following method:
PAR  A 5-hydroxy derivatives is first prepared from a suitable derivative of
      5-hydrazino-isoxazole by internal transposition in the presence of
      hydrazine, according to the following scheme:
      ##EQU4##
PAR  5-hydrazino-isoxazole may be prepared in situ by causing a
      5-halogeno-isoxazole to react with anhydrous hydrazine.
PAR  The reaction is advantageously effected by dissolving 1 mole of
      5-hydrazino-isoxazole in a large quantity, preferably 20-30 moles, of
      anhydrous hydrazine and by heating the solution for 2 to 2,5 hours at
      90.degree. - 100.degree.C.
PAR  The 5-hydroxy derivatives isolated from the products of the internal
      transposition hereabove described are alkylated by a suitable diazoalkane.
      Alkylation is preferably obtained by dissolving 1 mole of
      1-amino-5-hydroxy-pyrazole in a very small amount of methanol and adding
      an excess amount, preferably 2 to 2,5 moles, of diazoalkane in an ether
      solution.
PAR  The compounds according to the general formula (I) in which R.sub.1 is an
      alkyl group and R.sub.4 an amino group disubstituted by two identical or
      different alkyl groups, are prepared by alkylation of the compounds
      obtained as hereabove described by a suitable alkyl halide or dialkyl
      sulfate. The proportion of 1-amino-5-alkoxy-pyrazole to alkylation agent
      varies according to whether it is desired to produce di-alkylation of the
      nitrogen of the amino group bonded to the pyrazolic ring in position 1. If
      it is wished to obtain different alkyl groups as substituents on the
      nitrogen of the amino group, two different monoalkylations must be
      effected with different alkyl halides or sulfates.
PAR  Alkylation by alkyl halides is preferably effected by treating
      1-amino-5-alkoxy-pyrazole in an alcoholic solution, with an alkyl halide
      in the presence of a sodium alcoholate, keeping the solution under reflux
      for 1 - 2 hours.
PAR  Alkylation by di-alkyl sulfates is preferably effected by treating
      1-amino-5-alkoxy-pyrazole, in an alcoholic solution, with an excess amount
      of di-alkyl sulfate in the presence of an alkaline hydrate, under reflux,
      at 60.degree. - 80.degree.C, for 3 - 4 hours.
PAR  The following examples illustrate the invention without limiting the same:
DETD
PAC  EXAMPLE 1
PAC  1-amino-3-phenyl-4-methyl-5-methoxy-pyrazole
EQU  R.sub.4 = NH.sub.2 ; R.sub.3 = C.sub.6 H.sub.5 ; R.sub.2 = CH.sub.3 ;
      R.sub.1 = CH.sub.3
PAR  10 g of 3-phenyl-4-methyl-isoxazolyle- 5-hydrazine are treated with 50 ml
      anhydrous hydrazine, and the solution is heated for 3 hours. The solution
      is concentrated until a limited volume is obtained. It is then diluted
      with water and extracted with ether. The aqueous stage is treated with
      active carbon. It is filtered and acidified to a pH 5 - 6 with
      concentrated hydrochloric acid. It is allowed to stand in the refrigerator
      and 6 g of 1-amino-3-phenyl-4-methyl-5-hydroxy-pyrazole is obtained. This
      is recovered with methanol and treated with 2.5 g diazomethane in an
      etheralcohol solution.
PAR  After evaporation of the ethereal solution, a residue is obtained which is
      extracted repeatedly when heated, with ligroin. After decanting and
      cooling the solution, 1-amino-3-phenyl-4-methyl-5-methoxy-pyrazole is
      obtained. After crystallization in the ligroin and purification by
      sublimation in a vacuum, the product has a melting point of 92.degree.
      -94.degree.C.
TBL  ______________________________________                                    
     Analysis :      C.sub.11 H.sub.13 N.sub.3 O                               
     Calculated                                                                
              :      C 65.01 %   H 6.45 % N 20.67 %                            
     Found    :      C 65.28 %   H 6.50 % N 20.96 %                            
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  By using the same method as described in example 1 the following compounds
      have been prepared:
PAR  1-amino-3-phenyl-5-methoxy-pyrazole obtained from the corresponding
      3-phenyl-isoxazolyl-5-hydrazine. This product has a melting point of
      158.degree.-160.degree.C.
PAR  1-amino-3 methyl-4-phenyl-5-methoxy-pyrazole obtained from the
      corresponding 3-methyl-4-phenyl-isoxazolyl-5-hydrazine. This product has a
      melting point of 93.degree.-94.degree.C.
PAC  PHARMACOLOGICAL STUDY
PAR  The products according to the present invention have a depressive effect on
      the central nervous system. This depressive effect is manifested by a
      sedative and myorelaxant action. These products also have analgesic,
      anti-histaminic and spasmolytic effects.
PAR  The study showed, for example, that the product 1-amino
      -3-phenyl-5-methoxy-pyrazole has a depressive action on the central
      nervous system, consisting in a sedative, myorelaxant and anti-convulsive
      effect. This product also has a marked spasmolytic effect. The study was
      carried out on mice, rats and dogs.
PAR  The average lethal dose (LD.sub.50) taken orally by mice is ca. 1000 mg/kg.
PAC  PHARMACEUTICAL COMPOSITIONS
PAR  The new compounds according to the present invention may be administered in
      the conventional ways: orally, peritoneally, rectally, diluted in supports
      utilized in the pharmaceutical field, for example, in the form of gels,
      capsules, compressed tablets, pills, sirups, emulsions, solutions,
      injections and suppositories.
PAR  Lactose, amidon, polyvinylpyrrolidone, magnesium stearate, talc,
      microcrystalline cellulose, and/or carboxymethylcellulose, may be used as
      solid diluents for the preparation of the compressed tablets.
PAR  Bi-distilled water, a mixture of bi-distilled water and propyleneglycol,
      and propylene glycol may be used as diluents in the preparation of
      injectable solutions.
PAR  The following compounds are particularly suitable for use as solid diluents
      in the preparation of suppositories: triglycerides, saturated fatty acids,
      cocoa butter and polyethyleneglycol.
PAR  All formulations suitable for these administration methods, may be used.
      The medicament is used as an active constituent with a pharmaceutically
      acceptable vehicle.
PAR  The following formulation is provided by way of example as being suitable
      for the preparation of compressed tablets:
TBL  1-amino-3-phenyl-4-methyl-5-methoxy-pyrazole                              
                                  100 mg                                       
     Lactose                      100 mg                                       
     Amidon                       60 mg                                        
     Polyvinylpyrrolidone         8 mg                                         
     Talc                         4 mg                                         
     Magnesium stearate           3 mg                                         
PAR  The following are suitable formulations for preparing injectable solutions:
TBL  1.  1-amino-3-phenyl-4-methyl-5-methoxy-pyrazole                          
                                      50 mg                                    
         Propylene glycol             1 ml                                     
         Bi-distilled water (sterile and apyrogenic)                           
         to make                      2 ml                                     
         pH of the solution 5.7                                                
     2.  1-amino-3-phenyl-4-methyl-5-methoxy-pyrazole                          
                                      200 mg                                   
         Benzyl alcohol               0.1 ml                                   
         Peanut oil                                                            
         to make                      2 ml                                     
PAR  The following may be used in the preparation of suppositories:
TBL  1-amino-3-phenyl-4-methyl-5-methoxy-pyrazole                              
                                  50 mg                                        
     Triglycerides of satured fatty acids                                      
     to make                      1.5  g                                       
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 1-amino-5 alkoxy-pyrazole compounds of the formula:
      ##EQU5##
      wherein R.sub.1 represents a lower alkyl group having 1 to 4 carbon atoms,
      R.sub.2 and R.sub.3, which may be identical or different, represent a
      hydrogen atom, a lower alkyl group, a phenyl group, a phenyl group
      substituted by one or more groups selected from lower alkyl, halogen,
      nitro and lower alkoxy; R.sub.4 represents an amino group, a mono-lower
      alkyl amino group or a di-lower alkyl amino group; as well as their
      pharmaceutically acceptable salts with a mineral or organic acid.
NUM  2.
PAR  2. A compound as defined in claim 1 wherein said compound is:
      1-amino-3-phenyl-5-methoxy-pyrazole.
NUM  3.
PAR  3. A compound as defined in claim 1 wherein said compound is:
      1-amino-3-phenyl-4-methyl-5-methoxy-pyrazole.
PATN
WKU  039445640
SRC  5
APN  4553659
APT  1
ART  121
APD  19740327
TTL  Preparation of .beta.-copper phthalocyanine without milling
ISD  19760316
NCL  1
ECL  1
EXP  Moatz; Harry I.
INVT
NAM  Hanke; Albert Robert
CTY  Scotch Plains
STA  NJ
ASSG
NAM  E. I. Du Pont de Nemours and Company
CTY  Wilmington
STA  DE
COD  02
RLAP
COD  72
APN  281970
APD  19720818
PSC  03
CLAS
OCL  2603145
EDF  2
ICL  C09B 4704
FSC  260
FSS  314.5
UREF
PNO  2359737
ISD  19441000
NAM  Lacey et al.
OCL  260314.5
OREF
PAL  Smith et al., J. Oil Col. Chem. Assoc., Vol. 49, pp. 614-630 (1966).
PAL  Anderson et al., Official Gazz., Oil, Paint & Color Chemists Assoc., pp.
      184-199 (1963).
ABST
PAL  Pigmentary-grade .beta.-copper phthalocyanine (or .beta.-CPC) is prepared
      without the need for a final milling step by high turbulence drowning of
      an H.sub.2 SO.sub.4 solution of crude CPC in water followed by admixture
      with
PA1  A. a water-immiscible halogenated organic liquid and
PA1  B. fine-particle size .beta.-CPC to serve as crystallizing seed,
PAL  Followed by recovery of the pigment.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 281,970 filed Aug. 18, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Products composed essentially of the .beta.-crystal form of CPC have
      achieved considerable importance as pigments because of outstanding
      properties with respect to stability, tint, and color intensity. Quite
      commonly, however, the attainment of such products has required the
      utilization of costly milling techniques, particularly when the more
      useful small particle sizes are desired. Thus, for example, a step of
      phase conversion may be typically necessary to ensure that all of the CPC
      is in the .beta.-form, yet it is also conductive to the growth of crystals
      to an excessively large size. Hence there has often been no alternative
      but to ball mill or similarly finish the resultant material.
PAR  A technique widely used for preparing CPC in small particle form involves
      dissolving crude CPC in sulfuric acid and reprecipitating it in a large
      volume of water under agitation. However, the product formed is
      .alpha.-CPC, which is characterized by a reddish tint and lack of
      stability. One modification of this technique, aimed at producing a stable
      CPC is described in British Pat. No. 824,558. According to the procedure
      described therein crude CPC is dissolved in a mixture of sulfuric acid
      with an aliphatic glycol in the presence of an aromatic hydrocarbon
      solvent and then reprecipitated by adding the solution to vigorously
      stirred water. The product so produced is more stable than the .alpha.-CPC
      produced by the unmodified technique described above, but is described as
      having the reddish tint characteristic of the .alpha.-phase and would
      therefore require an additional processing step for conversion to the
      .beta.-phase, characterized by a greenish shade.
PAR  A technique for the production of .beta.-CPC in a small particle size,
      i.e., of &gt; 40 m.sup.2 /gram, without the need for a milling step would
      accordingly be highly attractive.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a process for the production of CPC
      pigment by the steps of preparing a solution of crude CPC in concentrated
      sulfuric acid of at least 70 weight percent strength, drowning the
      sulfuric acid solution in water or dilute acid flowing at a velocity in
      excess of the critical velocity to provide high turublence and produce a
      slurry of CPC crystals, and thereafter recovering CPC as a pigment. In
      particular an improvement is provided for obtaining copper phthalocyanine,
      having a surface area of at least 40 m.sup.2 /gram, in the .beta. phase
      without milling by maintaining the slurry, intermediate to the drowning
      and recovery steps, under agitation at an acid concentration of less than
      40 weight percent and at a temperature of less than about 45.degree.C. for
      at least about 5 minutes in the presence of
PA1  a. a quantity of a water-immiscible halogenated organic liquid at least
      equal in weight to the crude CPC employed, and
PA1  b. .beta.-CPC as seed, the particle size thereof being not greater than
      about 0.05 .mu. and its specific surface area being at least 75 m.sup.2
      /gram, the seed being employed in at least about a 5 weight percent
      quantity relative to the crude CPC.
PAR  The production of CPC in the foregoing manner permits not only the
      attainment of products essentially composed of the .beta.-crystal form of
      CPC without the need for a milling step, but additionally it is entirely
      practical to obtain a particle size of the resultant material which is
      such that the specific surface area is at least about 40 m.sup.2 /gram.
PAR  The process of the present invention will now be described in greater
      detail with reference to the following procedural steps.
PAR  1. Crude CPC in any crystal modification (or a mixture of the crystal
      modifications) is dissolved in sulfuric acid of at least 70, and
      preferably at least 96, weight percent strength. A convenient weight ratio
      is about one part of CPC to from 5 to 10 parts of the acid.
PAR  2. This acid solution of the crude phthalocyanine is drowned into water
      under conditions of "high turbulence" or "turbulent flow". These terms, as
      referred to in this specification, have been defined in the prior art
      (Detrick et al., U.S. Pat. No. 2,334,812) as the motion of a liquid in a
      pipe at a velocity greater than its critical velocity which is
      characterized by the presence of innumerable eddy currents, as
      distinguished from the straight lines of laminar flow where the liquid,
      although induced to rotate under agitation in currents, still flows for an
      appreciable time without interruption. The entire specification of that
      patent to Detrick et al. is hereby incorporated into the present
      specification by reference.
PAR  In "Principles of Chemical Engineering" by Walker Lewis and McAdams, second
      edition, (1927) pp. 73-77, on page 74 it is pointed out that in case of
      every fluid flowing through a tube, as the velocity is increased some
      point is reached where the type of motion suddenly changes from straight
      line motion to a second type known as turbulent motion, which is
      characterized by the presence of innumerable eddy currents in the stream.
      On page 75 of the same text, "critical velocity" is defined as the
      velocity at which the type of motion changes from straight line to
      turbulent flow.
PAR  According to the process of the present invention, velocities of the
      drowning liquid through the turbulent flow tube in excess of the critical
      velocity give an initial pigment particle of very small dimensions, much
      finer than those obtained by the usual drowning methods.
PAR  Effective results have been obtained under a wide variety of conditions
      with respect to the degree of dilution and the temperature rise
      accompanying the dilution. The ratio of acid to water in the drowning step
      controls the temperature rise during this step. The use of about 10 parts
      of water per part of acid is a convenient ratio for drowning which gives a
      temperature rise in the order of about 15.degree.-20.degree.C. This has
      been found to give excellent results. Such a process is readily operable
      on a large scale where it is possible to pump the acid solution under
      pressure.
PAR  3. Following the high-turbulence drowning, preferably immediately
      thereafter, the drowned slurry containing CPC crystals in the .alpha.
      form, is then admixed with the water-immiscible halogenated organic liquid
      and the .beta.-CPC seed to effect formation of .beta.-CPC in the desired
      particle size. Among the water-immiscible halogenated organic liquids that
      are useful in the process of this invention are orthodichlorobenzene,
      trichloroethylene, carbon tetrachloride, perchloroethylene, chloroform and
      trichloromethane. These organic liquids, as well as others such as xylene,
      are disclosed in British Pat. No. 824,558 for use with an aliphatic glycol
      to produce a stabilized pigmentary form of CPC. The amount of the organic
      liquid should be at least equal on a weight basis to the crude CPC
      employed, and preferably will be at least five times as much.
PAR  The .beta.-CPC seed which is incorporated as a part of the slurry mixture
      must be smaller than the desired final crystal size of the pigment. This
      means that the seed should be smaller than about 0.05 micron, i.e., it
      should have a specific surface of at least about 75 square meters per gram
      assuming the particles to be spheres. In the examples given hereinafter,
      seed in the proper particle size range is prepared by milling of crude CPC
      in the presence of aluminum sulfate, and an organic solvent in accordance
      with U.S. Pat. No. 3,030,370 (Jackson). Other procedures for obtaining the
      .beta.-phase seed, provided it has the character described, may be
      utilized. The amount of seed which is to be used may vary from about 5% by
      weight, based on the crude CPC employed, up to a maximum amount which is
      limited only by economic considerations.
PAR  Optionally there may be used, along with the organic liquid and seed, a
      surfactant to serve as a wetting agent for the pigment. The inclusion of
      such is preferred since it permits forming of a good emulsion of the
      organic liquid and a more uniform dispersion of the pigment therein. It
      has been found that a large aqueous/nonaqueous interface hastens
      phase-conversion and ensures maintenance of the pigmentary particles in a
      finely-divided form. The presence of a surfactant assists in accomplishing
      these results. Any surfactant which will reduce the surface tension
      between the aqueous and nonaqueous phases and hence allow the formation of
      such an emulsion will be found satisfactory. These agents include ionic
      and nonionic compositions. The following surfactants have been found
      useful when used singly or in combination: ethylene oxide reacted with
      acetylenic glycol, the amine salt of lauryl sulfate, the sodium salt of
      lauryl sulfate, and the sodium salt of saturated hydrocarbon sulfonate.
      Although the presence of these surfactants is preferred in carrying out
      the process of the invention, it is possible to obtain a satisfactory
      pigmentary product without the use of surfactants if the stirring is
      vigorous enough to get sufficient contact between the aqueous and
      nonaqueous phases of the slurry during the conversion and crystal
      development stage.
PAR  The acid concentration during treatment of the slurry with organic liquid
      and seed should be less than about 40 weight percent. Acid concentrations
      higher than this slow up the transformation to .beta.-phase and yield
      products that are redder than typical .beta.-phase CPC. The optimum
      temperature of the solution depends on the choice of water-immiscible
      organic liquid and the acid concentration. The more active the liquid in
      converting the CPC to the .beta.-phase, the lower the temperature should
      be. Also, the higher the acid concentration of the solution, the lower the
      temperature should be, since both of these factors directly affect the
      particle size of the precipitated crystals. The maximum temperature of the
      solution during the step for particle size growth and crystal development
      should be about 45.degree.C. and preferably should be around 20.degree.C.
PAR  Although a one or two-hour period of agitation at approximately room
      temperature has been found satisfactory for the development of pigmentary
      particles in the drowned slurry, this agitation period may be varied from
      about 5 minutes, if high-speed high-shear agitation is practiced, to about
      4 hours if less severe agitation is practiced.
PAR  4. After phase conversion has been effected, the water-immiscible organic
      liquid is removed, e.g., by flash distillation, and recovery of the
      pigmentary .beta.-CPC product by the usual steps of filtration, washing,
      and drying.
PAR  In order to describe more completely and specifically the process of this
      invention, the following examples are given. These are for purposes of
      illustration only and not in limitation of the invention. Parts and
      percentages therein are by weight unless otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  A first solution is prepared by dissolving 40 grams of crude copper
      phthalocyanine in 250 ml of 98% sulfuric acid and then cooling the
      solution to approximately 5.degree. C. In a separate large vessel a
      mixture is prepared of 400 ml water, 400 ml trichloroethylene, 3 grams of
      a surfactant (hexadecyl trimethylamine hydrochloride, sold commercially as
      a 50% active material), and 160 grams of a mill powder containing
      .beta.-copper phthalocyanine seed of a particle size less than 0.05 .mu.
      and a surface area of greater than 75 m.sup.2 /gram. The mill powder is
      prepared by ball milling 20.8 parts of crude copper phthalocyanine with
      about 123 parts of hydrated aluminum sulfate and about 16 parts of
      perchloroethylene.
PAR  The acid solution containing crude copper phthalocyanine is intially
      high-turbulence drowned by introducing it into the center of a stream of
      water flowing through a constricted tube in a state of turbulent flow,
      that is at a velocity above the critical velocity for the tube or pipe
      used. The acid is introduced through a small pipe located at the center
      line of the larger tube and parallel to it, extending through the
      constriction and ending at the point where the outside pipe resumes it
      original size. The acid is run into the water in the same direction of
      flow. Five liters of water at 5.degree.C. are used for the drowning step,
      thus resulting in a slurry having a temperature of 22.degree.C.
PAR  Immediately after the merger of the acid solution and the water in the
      drowning step, the resultant slurry is run into the vessel containing the
      mixture of water, trichloroethylene, surfactant and seed. The resultant
      suspension is stirred at room temperature for 1 hour to complete
      conversion to the .beta. phase and develop the desired particle size. The
      pigment, the major portion of which is dispersed in the organic liquid
      phase of the suspension, is then recovered by filtration, washing and
      drying.
PAR  The pigment is tested for strength in a standard varnish-drier rubout and
      is found to be stronger than a standard .beta.-copper phthalocyanine
      pigment prepared by usual grinding techniques; i.e., less of the Example 1
      pigment being required to achieve a match in terms of depth of color.
PAC  EXAMPLE 2
PAR  The procedure given in Example 1 is repeated except that 400 grams
      perchloroethylene are used in lieu of the trichloroethylene, the
      surfactant is omitted, and the final suspension is stirred for 2 hours
      instead of 1 hour while maintaining the temperature at 22.degree.C. The
      suspension is permitted to stand without agitation for 10 minutes after
      which the water layer is decanted and the slurry of pigment in
      perchloroethylene is filtered. The recovered pigment is dried and is found
      by X-ray diffraction analysis to be almost completely .beta.-phase copper
      phthalocyanine. Its strength is rated superior to that of a standard
      .beta.-phase pigment.
PAC  EXAMPLE 3
PAR  A 10 gram portion of crude copper phthalocyanine is dissolved in 100 ml of
      98% sulfuric acid and high-turbulence drowned as in Example 1. Thereafter
      it is introduced into a mixture of 400 ml perchloroethylene, 400 ml water,
      17 grams of sodium lauryl sulfate as a surfactant, and 8.3 grams of mill
      powder prepared as in Example 1.
PAR  Promptly thereafter the suspension is recirculated through a Manton-Gaulin
      homogenizer at a pressure of 5,000 pounds for approximately 7 minutes and
      is then filtered and dried.
PAR  By X-ray diffraction the pigment is shown to be essentially all in the
      .beta.-crystal phase. In varnish-drier rubouts it is stronger than a
      standard .beta.-phase copper phthalocyanine of commerce.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the production of copper phthalocyanine pigment by the
      steps of preparing a solution of crude copper phthalocyanine in
      concentrated sulfuric acid of at least 70 weight percent strength,
      drowning the sulfuric acid solution in water or dilute acid flowing at a
      velocity in excess of the critical velocity to provide high turbulence and
      produce a slurry of copper phthalocyanine crystals, and thereafter
      recovering copper phthalocyanine as a pigment, the improvement, for
      obtaining copper phthalocyanine having a surface area of at least 40
      m.sup.2 /gram in the .beta. phase without milling, wherein intermediate to
      the drowning and recovery steps the slurry is maintained under high-speed
      high-shear agitation with an homogenizer at an acid concentration of less
      than 40 weight percent and at a temperature of less than about
      45.degree.C. for about 5-10 minutes in the presence of
PA1  a. a quantity of a water-immiscible halogenated organic liquid at least
      equal in weight to the crude copper phthalocyanine employed, said organic
      liquid being selected from the group consisting of orthodichlorobenzene,
      trichloroethylene, chloroform, perchloroethylene, carbon tetrachloride and
      trichloromethane, and
PA1  b. .beta.-copper phthalocyanine as seed, the particle size thereof being
      not greater than about 0.05.mu. and its specific surface area being at
      least 75 m.sup.2 /gram, the seed being employed in about a 5 weight
      percent quantity relative to the crude copper phthalocyanine.
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ABST
PAL  Alkali metal salts of carbazole are prepared by heating carbazole and
      alkali metal hydroxides with stirring in an organic solvent which forms an
      azeotrope with water, and removing the resulting water as an azeotrope
      from the reaction system.
PAL  The resulting alkali metal salts of carbazole are useful as a material for
      the preparation of vinyl carbazole for use in electrophotography. The
      reaction is promoted particularly by the presence of a small amount of
      water in the reaction system prior to heating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to process for preparing alkali metal salts of
      carbazole having high purity.
PAR  2. Description of the Prior Art
PAR  The alkali metal salts of carbazole are important as intermediates for the
      preparation of vinyl carbazole. Known methods for preparing the alkali
      metal salts of carbazole include, for example, a method which involves
      subjecting carbazole to an alkali fusion (Japanese Pat. No. 170,858), or a
      method wherein carbazole is reacted with metallic sodium in the presence
      of gasseous ammonia at an elevated temperature and an elevated pressure
      (Japanese Pat. No. 169,946). These conventional methods, however, suffer
      from the disadvantage that not only are there difficulties in the alkali
      fusion or the use of a high pressure reaction, but also the alkali salt of
      carbazole produced has a black brown color and is poor in purity to an
      extent that it is unsuitable as a starting material to prepare vinyl
      carbazole to be used in preparing modern day electrophotographic
      materials.
PAR  It is an object of this invention to provide a process for preparing alkali
      metal salts of carbazole, which can be operated safely and easily
      industrially. Another object of this invention is to provide a process for
      preparing alkali metal salts of carbazole useful for producing vinyl
      carbazole of high purity suitable for use in electrophotography.
PAC  SUMMARY OF THE INVENTION
PAR  Our investigations were conducted with the expectation that a feasible rate
      of reaction would be obtainable even with a nonhomogeneous reaction if the
      carbazole and an alkali metal hydroxide were heated with stirring in an
      organic solvent, such as toluene or xylene, which forms an azeotrope
      together with water, the effluent steam is cooled and condensed, and the
      resulting water in a small amount is removed thereby promoting the process
      of the reaction to the product side. As a result, it was found that
      greenish yellow carbazole alkali metal salts can be prepared by heating
      carbazole and an alkali metal hydroxide with stirring in an organic
      solvent which forms an azeotrope together with water, such as xylene or
      toluene, separating the water from the resulting azeotrope, and recycling
      only the solvent to the reaction system thereby to remove the resulting
      water from the reaction system.
PAR  The carbazole alkali metal salts obtained by this method have a high
      purity. Such purity can not be obtained by a purification of the black
      brown carbazole alkali metal salts obtained in the conventional methods
      unless they are decolorized and recrystallized about 10 times. It has also
      been found that the vinyl carbazole obtained from this carbazole alkali
      metal salt has markedly superior properties for use in electrophotography
      as compared with the vinyl carbazole obtained by other methods.
PAR  We have additionally found that the rate of reaction of this invention can
      be accelerated by making the above described nonhomogeneous reaction more
      homogeneous. Consequently, we have found that when a small amount of water
      is added to the reaction system prior to the heating step employed in the
      above described reaction and then an alkali metal hydroxide is reacted
      with carbazole in this wet condition, the alkali metal hydroxide is well
      dispersed at the time of heating and reacts very smoothly with the
      carbazole. The reaction proceeds at a rate which is more than about 5
      times faster than the rate of reaction in the absence of water prior to
      heating. The acceleration of the reaction rate in this manner was quite
      unexpected since carbazole alkali metal salts are decomposed with water.
      According to the present invention, there is provided a process for
      preparing an alkali metal salt of carbazole, which comprises heating
      carbazole and an alkali metal hydroxide with stirring in an organic
      solvent which forms an azeotrope with water, and removing the formed water
      as an azeotrope from the reaction system.
PAR  According to another aspect of this invention, there is provided a process
      for preparing an alkali metal salt of carbazole, which comprises heating
      carbazole and an alkali metal hydroxide in the presence of a small amount
      of water with stirring in an organic solvent which forms an azeotrope with
      water, and removing the resulting water as an azeotrope from the reaction
      system.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Suitable organic solvents forming an azeotrope with water having a boiling
      point above 100.degree.C which can be used in the present invention are
      aromatic hydrocarbons such as toluene and xylene, and halogenated
      hydrocarbons such as tetrachloroethylene.
PAR  Of the above described materials, xylene is especially preferred. The
      amount of the organic solvent or reaction medium is not particularly
      limited so long as it can maintain the reaction system flowable during
      stirring. Usually, a suitable amount of the organic solvent is about 3.5
      to 5 times, preferably 4 times, by weight to the total amount by weight of
      the carbazole and the alkali metal hydroxide. Examples of suitable alkali
      metal hydroxides are sodium hydroxide and potassium hydroxide, the latter
      being especially preferred. Preferably, the alkali metal hydroxide is used
      in a finely divided form, e.g., a powder form. An appropriate amount of
      the alkali metal hydroxide is about an equimolar amount, e.g., a molar
      ratio of 1:1 to 1:1.1 preferably 1:1.1 based on the amount of carbazole.
      When water is to be added to the reaction system for promoting the
      reaction, it is preferably added before heating. The amount of water
      generally used is about 0.3 to 0.35  mole, preferably 0.33 mol, per mole
      of the alkali metal hydroxide.
PAR  The reaction is generally performed at the boiling point of the organic
      solvent used, for example, at a temperature of 100.degree. to
      120.degree.C. Preferred results are obtained with preferably a temperature
      of at least 100.degree.C. In performing the reaction, the azeotrope should
      be collected outside the reaction system so that it can not return
      directly to the reaction system.
PAR  In this way only the upper organic solvent layer is recycled to the
      reaction system to allow the reaction to proceed automatically. The
      reaction ends when the amount of effluent water reaches the theoretical
      calculated amount. The reaction time is, for example, about 2.5 to 4
      hours, more generally about 3 hours in xylene, when the reaction is
      performed and water is added beforehand to promote the reaction, and about
      13 to 17 hours, more generally 15 hours when water is not added
      beforehand.
PAR  Thus, the alkali metal salts of carbazole are formed.
PAR  For producing vinyl carbazole, the reaction mixture so obtained is directly
      subjected to an ethylolation reaction.
PAR  In order to obtain the carbazole alkali metal salts as crystals, the
      reaction mixture is cooled, and the resulting crystals are separated from
      the organic solvent by filtration, followed by drying the crystals,
      thereby to form high purity carbazole alkali metal salt crystals. If
      desired, the crystals can be recrystallized from tetrahydrofuran to obtain
      a purer product.
PAR  Synthesis of N-vinyl carbazole from the alkali metal carbazole salt is
      known in the art, for example, as described in German Pat. No. 618,120,
      British Pat. No. 641,437 and U.S. Pat. Nos. 3,037,861 and 3,232,755. The
      following Examples illustrate the invention more specifically. Unless
      otherwise indicated, all parts and percents are by weight.
DETD
PAC  EXAMPLE 1
PAR  A 2-liter four-necked flask equipped with a thermometer, a water receiver
      and a stirrer was charged with 167 g (1 mol) of carbazole and 56 g (1 mol)
      of powdered potassium hydroxide and 700 ml. of xylene was added. The
      mixture was boiled by heating with stirring. The vaporous azeotropic
      mixture obtained was condensed, and the water was separated and led to the
      water receiver. Over a period of about 15 hours, 18 ml. of water was
      recovered, and the reaction was stopped. The carbazole potassium salt
      despersed in xylene was separated by filtration and dried to afford 190 g
      (yield 93%) of the carbazole potassium salt as light yellow crystals.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except that 6 ml. of water was
      added to the materials charged. The reaction was completed in about 3
      hours with a recovery of 24 ml. of water.
PAR  The reaction mixture was treated in the same way as described in Example 1
      to afford 200 g (yield 98%) of carbazole potassium salt.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing an alkali metal salt of carbazole, which
      comprises heating
PA1  a. carbazole,
PA1  b. an alkali metal hydroxide, and
PA1  c. water, wherein the molar ratio of water to said alkali metal hydroxide
      is about 0.3:1 to 0.35:1 and wherein said water is added to the reaction
      system prior to said heating,
PAL  with stirring in
PA1  d. an organic solvent which forms an azeotrope with water, and removing the
      water formed in the reaction as an azeotrope from the reaction system.
NUM  2.
PAR  2. The process of claim 1, wherein said alkali metal hydroxide is sodium
      hydroxide or potassium hydroxide.
NUM  3.
PAR  3. The process of claim 2, wherein said alkali metal hydroxide is potassium
      hydroxide.
NUM  4.
PAR  4. The process of claim 1, wherein said alkali metal hydroxide and said
      carbazole are present in about equimolar amounts.
NUM  5.
PAR  5. The process of claim 1, wherein said organic solvent is an aromatic
      hydrocarbon solvent, a halogenated hydrocarbon solvent or a mixture
      thereof.
NUM  6.
PAR  6. The process of claim 5, wherein said organic solvent is toluene or
      xylene.
NUM  7.
PAR  7. The process of claim 1, wherein the weight ratio of the weight of said
      organic solvent to the combined weight of said carbazole and said alkali
      metal hydroxide is about 3.5 : 1 to 5 : 1.
NUM  8.
PAR  8. The process of claim 1, wherein said heating is at a temperature of at
      least 100.degree.C.
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ABST
PAL  New tricyclic substituted aminoalcohols of the formula:
      ##SPC1##
PAL  Wherein
PA1  X is ethylene, vinylene, oxygen, sulfur, or oxamethylene,
PA1  A is straight-chained or branched alkylene of from 2 to 5 carbon atoms,
PA1  R.sub.1 is alkyl of up to 3 carbon atoms; and
PA1  R.sub.2 is cyclohexyl or phenyl;
PAL  And the physiologically compatible salts thereof; possess outstanding and
      valuable cardiac and circulatory activity.
BSUM
PAR  The present invention relates to new tricyclic substituted aminoalcohol
      compounds and to therapeutic compositions containing them.
PAR  German Pat. No. 1,568,145 describes certain tricyclic substituted
      aminoalcohols with valuable cardiac and circulatory activity; however,
      only those compounds are effectively disclosed in which the amino group
      still bears a free hydrogen atom.
PAR  We have now found that a special group of these tricyclic substituted
      aminoalcohols in which the nitrogen atom of the amino group bears, as
      third substituent, an alkyl radical, possesses especially advantageous
      properties, particularly with regard to the length of action.
PAR  Thus, according to the present invention, there are provided tricyclic
      substituted aminoalcohols of the formula:
      ##SPC2##
PAL  Wherein
PA1  X is ethylene, vinylene, oxygen, sulfur, or oxamethylene,
PA1  A is straight-chained or branched alkylene of from 2 to 5 carbon atoms,
PA1  R.sub.1 is alkyl of up to 3 carbon atoms; and
PA1  R.sub.2 is cyclohexyl or phenyl;
PAL  And the physiologically compatible salts thereof.
PAR  The new compounds (I) of the present invention can be prepared by reacting
      a compound of the formula:
      ##SPC3##
PAL  With a compound of the formula:
      ##EQU1##
      wherein A, X and R.sub.2 have the same meanings as above and one of the
      symbols Y and Z represents a reactive group, whereas the other one is an
      --NH--R.sub.1 group, wherein R.sub.1 has the same meaning as above, and
      R.sub.3 is hydrogen or, together with Z, represents an additional valency
      bond, whereafter, if desired, the compounds obtained are converted into
      their physiologically compatible salts.
PAR  The reaction of the compounds of formulae (II) and (III) can be
      accomplished simply by heating the reaction components. If desired,
      however, the reaction can be carried out in the presence of an inert, high
      boiling solvent.
PAR  If, instead of the epoxides of formula (III), there are used the
      corresponding halohydrins, then, for the binding of the hydrogen halide
      split off, it is preferable to add a base, for example, an excess of the
      amine of formula (II).
PAR  The reactive residue Y or Z, respectively, in formulae (II) and (III) can
      be, for example, halogen, mesyloxy or tosyloxy.
PAR  The basic reaction products can be reacted with inorganic and organic acids
      to give the corresponding physiologically compatible salts. As inorganic
      acids, there can be used, for example, hydrohalic acids, sulfuric acid and
      phosphoric acid and as organic acids, for example, acetic acid, lactic
      acid, maleic acid, fumaric acid, tartaric acid and citric acid.
DETD
PAR  The following Examples illustrate the invention:
PAC  EXAMPLE 1
PAC  Preparation of
      N-Methyl-N-([2-(6,11-dihydrodibenz[b,e]oxepin-11-yl-ethyl]-1-amino-3-pheno
     xypropan-2-ol
PAC  Method A
PAR  27.15 g. (0.15 mol) 1-phenoxy-2-hydroxy-3-methylaminopropane were heated
      under reflux for 6 hours with 47.7 g. (0.15 mol)
      11-mesyloxyethyl-6,11-dihydrodibenz[b,e]oxepine in 150 ml. dioxan in the
      presence of 21.9 g. (0.17 mol) ethyl diisopropylamine. The reaction
      mixture was subsequently evaporated in a vacuum and the residue was taken
      up in ether, with the addition of some ethyl acetate, shaken out twice
      with water and the organic phase separated off and evaporated in a vacuum.
      The residue consisted of 44.6 g. (74% of theory) of the
      chromatographically almost pure end product, which was taken up in 50 ml.
      alcohol. This was mixed with an alcoholic solution of fumaric acid and
      diluted with ether. The reaction mixture was left to stand overnight,
      whereafter the precipitate obtained was filtered off with suction. There
      were obtained 28.9 g. (40.9% of theory) of the fumarate of
      N-methyl-N-[2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-ethyl]-1-amino-3-pheno
     xy-propan- 2-ol, which had a melting point of 131.degree. - 132.degree.C.
      After recrystallization from isopropanol, with the addition of some ether,
      the melting point remained unchanged.
PAR  The starting materials were prepared in the following manner:
PAC  6,11-Dihydrodibenz[b,e]oxepin-11-yl-acetic acid
PAR  30 g. (0.128 mol) 6,11-dihydrodibenz[b,e]oxepin-11-yl-acetonitrile were
      heated under reflux for 8 hours in 300 ml. alcohol with 40 g. sodium
      hydroxide and 40 ml. water. Subsequently, the reaction mixture was
      substantially evaporated in a vacuum and the residue was taken up in water
      and then extracted with ether. The aqueous phase was then acidified and
      the precipitate was filtered off with suction. After drying, there were
      obtained 30 g. (92.5% of theory) of the desired
      6,11-dihydrodibenz[b,e]-oxepin-11-yl-acetic acid, which had a melting
      point of 114.degree. - 115.degree.C.
PAC  Ethyl 6,11-dihydrodibenz[b,e]oxepin-11-yl-acetate
PAR  29 g. (0.114 mol) 6,11-dihydrodibenz[b,e]oxepin-11-yl-acetic acid were
      heated under reflux for 4 hours in 200 ml. ethanolic hydrochloric acid.
      The reaction mixture was subsequently evaporated to give 31.1 g. (96.6% of
      theory) of the desired ester in crude form. After high vacuum
      distillation, there were obtained 27.4 g. (85.1% of theory) ethyl
      6,11-dihydrodibenz[b,e]oxepin-11-yl-acetate, which had a boiling point of
      170.degree. - 173.degree.C./0.1 mm.Hg.
PAC  6,11-Dihydrodibenz[b,e]oxepin-11-yl-ethanol
PAR  27 g. (0.096 mol) ethyl 6,11-dihydrodibenz[b,e]-oxepin-11-yl-acetate were
      added dropwise, with cooling, to a suspension of 3.8 g. (0.1 mol) lithium
      aluminum hydride in 300 ml. ether. The reaction mixture was subsequently
      stirred for 2 hours at ambient temperature, decomposed by the addition of
      a saturated aqueous solution of sodium chloride and the precipitated
      hydroxides were filtered off with suction and the filtrate was evaporated.
      The residue consisted of practically pure
      6,11-dihydrodibenz[b,e]oxepin-11-yl-ethanol in a yield of 22.4 g. (97.5%
      of theory). 10 g. of this product were distilled in a high vacuum. There
      were obtained 9.0 g. of the product with a boiling point of 158.degree. -
      159.degree.C./0.2 mm.Hg.
PAC  11-Mesyloxyethyl-6,11-dihydrodibenz[b,e]oxepine
PAR  22 g. (0.092 mol) 6,11dihydrodibenz[b,e]oxepin-11-yl-ethanol were mixed in
      75 ml. pyridine at 0.degree.C. with 23.5 ml. (0.3 mol)
      methane-sulfochloride. The reaction mixture was subsequently stirred for
      30 minutes at 0.degree.C. and for 60 minutes at ambient temperature and
      the reaction mixture was then poured on to ice. The mixture obtained was
      subsequently extracted with ether, the ethereal layer was shaken out with
      dilute hydrochloric acid and with water and the organic layer was dried
      and evaporated. The desired mesylate was obtained in yield of the crude
      product of 28.1 g. (96.6% of theory). A sample thereof was triturated with
      ligroin to give 11-mesyloxyethyl-6,11-dihydrodibenz[b,e]oxepine with a
      melting point of 64.degree. - 66.degree.C.
PAC  1-Phenoxy-2-hydroxy-3-methylaminopropane
PAR  50 g. (0.333 mol) phenyl glycidyl ether were heated in 250 ml.
      tetrahydrofuran, saturated with methylamine, for 4 hours at 100.degree.C.
      in an autoclave. The tetrahydrofuran was subsequently distilled off. There
      was obtained a residue of about 60 g. (practically 100% yield)
      1-phenoxy-2-hydroxy-3-methylaminopropane. High vacuum distillation of this
      product gave 47.4 g. (78.57% of theory)
      1-phenoxy-2-hydroxy-3-methylaminopropane, which had a boiling point of
      120.degree. - 125.degree.C./0.2 mm.Hg.
PAC  Method B
PAR  4 g. (0.0158 mol) 11-methylaminoethyl-6,11-dihydrodibenz[b,e]oxepine and
      2.6 g.(0.0173 mol) phenyl glycidyl ether were heated for 4 hours at
      120.degree.C. The reaction mixture was then cooled and dissolved in
      alcohol and the alcoholic solution thus obtained was mixed with an
      alcoholic solution of fumaric acid. After the addition of some ether, 5.0
      g. (68.6% of theory) of the fumarate of
      N-methyl-N-[2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)ethyl]-1-amino-3-phenox
     ypropan-2-ol crystallized out; it had a melting point of 131.degree. -
      132.degree.C. The melting point remained unchanged after recrystallizing
      once from isopropanol/ether.
PAR  The starting materials were prepared in the following manner:
PAC  11-Formylaminoethyl-6,11-dihydrodibenz[b,e]oxepine
PAR  23.9 g. (0.1 mol) 11-aminoethyl-6,11-dihydrodibenz[b,e]oxepine were heated
      under reflux for 5 hours with 80 ml. ethyl formate, with the addition of 2
      ml. water. Subsequently, the reaction mixture was evaporated in a vacuum,
      the residue was taken up in ether and the ethereal solution was shaken out
      with dilute hydrochloric acid and subsequently with water. The organic
      phase was evaporated, after drying. There was obtained a residue of 25.4
      g. (95.1% of theory) 11-formylaminoethyl-6,11-dihydrodibenz[b,e]oxepine,
      which was chromatographically pure and can be further worked up in this
      form.
PAC  11-Methylaminoethyl--6,11-dihydrodibenz[b,e]oxedine.
PAR  25.0 g. (0.094 mol) 11-formylaminoethyl-6,11-dihydrodibenz[b,e]oxepine were
      reduced with 7.1 g. (0.187 mol) lithium aluminum hydride in 500 ml.
      anhydrous ether and 30 ml. tetrahydrofuran by stirring for 2.5 hours at
      ambient temperature. The reaction mixture was left to stand overnight,
      then decomposed with a saturated aqueous solution of sodium chloride and
      the inorganic material filtered off with suction. The organic layer was
      shaken out with 1N hydrochloric acid and the aqueous acidic layer
      subsequently rendered alkaline. The separated oil was isolated by
      extraction with ether. After evaporating the dried ethereal extract, there
      were obtained 21.1 g. (89.0% of theory) crude
      11-methylaminoethyl-6,11-dihydrodibenz[b,e]oxepine. After high vacuum
      distillation, there were obtained 18.2 g. (77% of theory) of pure product,
      which had a boiling point of 154.degree.-16.degree.C./0.1 mm.Hg.
PAR  The following compounds were obtained in an analogous manner, according to
      Method A or B:
PAR  N-Methyl-N-[2-xanthen9-yl)-ethyl]-1-phenoxy-3-aminopropan-2-ol by the
      reaction of N-methyl-N-2-(xanthen-9-yl)-ethylamine (hydrochloride: m.p.
      241.degree. - 242.degree.C., obtained from
      N-formyl-N-2-(xanthen-9-yl)-ethylamine; m.p. 120.degree. - 121.degree.C.)
      with phenyl glycidyl ether; yield 48% of theory; m.p. of the
      hydrochloride: 241.degree. - 242.degree.C.;
PAR  N-methyl-N-[2-(thiaxanthen-9-yl)-ethyl]-1-phenoxy-3-aminopropan-2-ol by the
      reaction of N-methyl-N-2-(thiaxanthen-9-yl)-ethylamine (b.p. 150.degree. -
      153.degree.C./0.05 mm.Hg.; from N-formyl-N-2-(thiaxanthen9-yl)-ethylamine;
      m.p. 92.degree. - 94.degree.C.) with phenyl glycidyl ether; yield 76.7% of
      theory; m.p. of the oxalate 121.degree.C.
PAR  N-methyl-N-[2-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)ethyl]-1-pheno
     xy-3-aminopropan-2-ol by the reaction of
      1-mesyloxy-2-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)-ethane (b.p.
      77.degree. - 80.degree.C.) with 1-phenoxy-2-hydroxy-3-methylaminopropane;
      yield 52% of theory; m.p. of the oxalate: 130.degree. - 132.degree.C.;
PAR  N-ethyl-N-[1,1-dimethyl-2-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)-e
     thyl]-1-phenoxy-3-aminopropan-2-ol by the reaction of
      N-ethyl-N-1,1-dimethyl-2-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)-e
     thylamine (b.p. 136.degree. - 145.degree.C./0.05  mm.Hg.; from
      N-acetyl-N-1,1-dimethyl-2-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)-
     ethylamine; m.p. 139.degree. - 142.degree.C.) with phenyl glycidyl ether;
      yield 76.2% of theory; m.p. of the hydrochloride: 165.degree. -
      167.degree.C.;
PAR  N-methyl-N-[3-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)propyl]-1-phen
     oxy-3-aminopropan-2-ol by the reaction of
      1-mesyloxy-3-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten- 5-yl)-propane
      (m.p. 72.degree. - 74.degree.C.) with
      1-phenoxy-2-hydroxy-3-methylaminopropane; yield 45.2% of theory; the
      compound was isolated as its amorphous citrate;
PAR  N-ethyl-N-[2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-ethyl]-1-phenoxy-3-amino
     propan-2-ol by the reaction of
      1-mesyloxy-2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-ethane (m.p. 64.degree.
      - 66.degree.C.) with 1-phenoxy-2-hydroxy-3-ethylamino-propane; yield 50%
      of theory; m.p. of the oxalate: 127.degree. - 128.degree.C.;
PAR  N-methyl-N-[3-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-propyl]-1-phenoxy-3-ami
     nopropan-2-ol by the reaction of
      1-mesyloxy-3-(6,11-dihydrodibenz[b,e]-oxepin-11-yl)-propane (m.p.
      88.degree. - 90.degree.C.) with 1-phenoxy-2-hydroxy-3-methylaminopropane;
      yield 53% of theory; m.p. of the oxalate: 100.degree. - 103.degree.C.;
PAR  N-methyl-N-[2-(6,11-dihydrodibenz[b,e]oxepin-
      11-yl)-propyl]-1-phenoxy-3-aminopropan- 2-ol by the reaction of
      N-methyl-N-2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-propyl-1-amine (b.p.
      158.degree. - 160.degree.C./0.05 mm.Hg.; from
      N-formyl-N-2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-propyl- 1-amine (oil))
      with phenyl glycidyl ether; yield 41.5% of theory; m.p. of the oxalate:
      136.degree. - 138.degree.C.;
PAR  N-methyl-N-[2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-ethyl]-1-cyclohexyloxy-
     3-aminopropan-2-ol by the reaction of
      N-methyl-N-2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-ethylamine (b.p.
      154.degree. - 161.degree.C./0.1 mm.Hg.) with 1-cyclohexyl glycidyl ether;
      yield 64.5% of theory; the compound was isolated as its amorphous oxalate;
      and
PAR  N-methyl-N-[2-(5H-dibenzo[a,d]cyclohepten-5-yl)-ethyl]-1-phenoxy-3-aminopro
     pan-2-ol by the reaction of
      N-methyl-N-2-(5H-dibenzo[a,d]cyclohepten-5-yl)ethylamine (b.p. 145.degree.
      - 150.degree.C./0.01 mm.Hg.; from
      N-formyl-N-2-(5H-dibenzo[a,d]cyclohepten- 5-yl)-ethylamine (oil)) with
      phenyl glycidyl ether; yield 74.5% of theory; m.p. of the oxalate:
      134.degree. - 135.degree.C.
PAR  The pharmacological effectiveness of the compounds in accordance with the
      invention and namely their effectiveness as cardiac and circulatory agents
      was evaluated by the increase in the heart minute volume. A criterion of
      the improvement of the blood supply to the organs lies in the increase of
      the heart minute volume as measured in the aorta of unanesthetized dogs
      following oral application of an appropriate pharmaceutical.
PAR  The tests were carried out on unanesthetized dogs having electromagnetic
      flowmeters chronically implanted in the aorta ascendens. The mechanical
      zero line was determined by means of simultaneously chronically implanted
      sealing flaps or by means of the exact adjustment of an electronic gate of
      the electro flowmeter. The test compounds were administered to the animal
      through stomach tubes. All of the compounds were employed dissolved in 10
      ml distilled water to which 5% "Lutrol 9" (polyethylene oxide molecular
      weight - 400) had been added.
PAR  The following compounds were employed in the test procedure:
PA1  A --
      n-methyl-N-[2-(6,11-dihydrodibenz[b,e]oxepin-11-yl-ethyl]-1-amino-3-phenox
     y-propan-2-ol
PA1  B --
      n-methyl-N-[3-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-propyl]-1-phenoxy-3-am
     inopropan-2-ol
PA1  C --
      n-ethyl-N-[2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-ethyl]-1-phenoxy-3-amin
     opropan-2-ol D --
      N-Methyl-N-[2-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)-ethyl]-1-phe
     noxy-3-aminopropan-2-ol
PA1  E --
      n-ethyl-N-[1,1-dimethyl-2-(10,11-dihydro-5H-dibenzo[a,d]-cyclohepten-5-yl)
     -ethyl]-1-phenoxy-3-aminopropan-2-ol
PA1  F --
      n-methyl-N-[3-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)-propyl]-1-ph
     enoxy-3-aminopropan-2-ol
PA1  G --
      n-methyl-N-[2-(6,11dihydrodibenz[b,e]oxepin-11-yl)-propyl]-1-phenoxy-3-ami
     nopropan- 2-ol
PA1  H --
      n-methyl-N-[2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-ethyl]-1-cyclohexyloxy
     -3-aminopropan-2-ol
PA1  I -- n-methyl-N-[2-(5H-dibenzo[a,d]cyclohepten-
      5-yl)-ethyl]-1-phenoxy-3-aminopropan- 2-ol
PA1  J -- n-methyl-N-[2-thiaxanthen-9-yl)-ethyl]-1-phenoxy-3-aminopropan-2-ol
PA1  K* -- complamin { xantinolnicotinate =
      7-[2-Hydroxy-3-(N-methyl-.beta.-hydroxyethylamino)-propyl]-theophylline}
PA1  L* --
      n-methyl-N-[2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-ethyl]-1-(3-methyl-phe
     noxy)-2-hydroxy-3-amino-propane.
FNT  *Included for comparison purposes.
PAR  The compounds in accordance with the invention exhibit, i.e., are possessed
      of, special cardiac and circulatory activities and specifically of
      circulation stimulating activities. In the test procedures, the known
      compound (COMPLAMIN), xantinolnicotinate =
      7-[2-hydroxy-3-(N-methyl-.beta.-hydroxyethylamino)-propyl]theophylline
      (Compound K), and
      N-methyl-N-2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-ethyl]-1-(3-methyl-phen
     oxy)-2-hydroxy-3-aminopropane (Compound L) were employed as comparison
      compounds.
PAR  The results were as follows:
TBL                TABLE                                                       
     ______________________________________                                    
     INCREASE IN THE BLOOD TIME VOLUME IN THE                                  
     AORTA OF UNANESTHETIZED DOGS                                              
                            MAX. INCREASE                                      
                            OF BLOOD TIME                                      
                DOSES       VOLUME IN %                                        
                MG/KG       AS COMPARED TO                                     
     COMPOUND   ORAL        THE CONTROL (=100%)                                
     ______________________________________                                    
     K          25.0        110                                                
     L          0.5         115                                                
     A          0.5         149                                                
     B          0.5         140                                                
     C          0.5         167                                                
     D          0.5         125                                                
     E          0.5         137                                                
     F          0.5         135                                                
     G          0.5         128                                                
     H          0.5         123                                                
     I          0.5         120                                                
     J          0.5         133                                                
     ______________________________________                                    
PAC  Results
PAR  It can be seen from the preceding Table that 25.0 mg/kg xantinolnicotinate
      (oral) produced an increase in the heart minute volume of from 100 to
      110%. The result was reproducible in each instance so that it can be taken
      as the comparison value. The novel compounds of the invention were
      administered in a dosage of 0.5 mg/kg, that is 1/50 of the dose of
      xantinolnicotinate. This consequently establishes for the compounds of the
      invention a marked superiority with respect to effect produced i.e.,
      increase in heart minute volume in relation to xantinolnicotinate and this
      was true for every compound tested. Furthermore, it is evident that all
      compounds of the invention are more effective than the compound
      N-methyl-N-[2-(6,11-dihydrodibenz[b,e]oxapin-11-yl)-ethyl]-1-(3-methyl-phe
     noxy)-2-hydroxy-3-aminopropane.
PAR  Thus, it can be seen that the compounds of the invention administered in
      low dosages (0.5 mg/kg, oral) produce in the unanesthetized dog an
      increase in the peripheral blood circulation of the organs by an emptying
      of of venous blood storage depots, i.e, through an increase in the heart
      minute volume.
PAR  As indicated hereinbefore, the compounds of the present invention are
      useful for the treatment of conditions associated with cardiac and
      impaired circulatory phenomena and for this purpose the active compounds
      are associated with a pharmaceutically acceptable carrier in a form
      suitable for administration both perorally or parenterally.
PAR  The dosage of the novel compounds of the present invention for the
      treatment of the conditions as set out above, depends on the age, weight
      and condition of the patient being treated. Generally speaking, for adult
      oral administration, the preferred unit dosage is 1 mg - 50 mg of active
      compound with a suitable pharmaceutical diluent and/or lubricant.
PAR  The new compounds (I) according to the present invention and salts thereof
      can be administered enterally and parenterally in liquid or solid form.
      Thus, the present invention provides pharmaceutical compositions
      comprising at least one of the new compounds of the present invention, in
      admixture with a solid or liquid pharmaceutical diluent or carrier. As
      injection medium, it is preferred to use water which contains the usual
      additives for injection solutions, for example stabilizing agents,
      solubilizing agents and buffers. Additives of this kind include, for
      example, tartrate and citrate buffers, ethanol, complex-forming agents
      (for example ethylenediamine-tetraacetic acid and the non-toxic salts
      thereof) and high molecular weight polymers (for example liquid
      polyethylene oxide) for viscosity regulation. Solid carrier materials
      include, for example, starch, lactose, mannitol, methyl cellulose, talc,
      highly dispersed silicic acids, high molecular weight fatty acids (for
      example stearic acid), gelatine, agar-agar, calcium phosphate, magnesium
      stearate, animal and vegetable fats and solid high molecular weight
      polymers (for example polyethylene glycols). Compositions which are
      suitable for oral administration can, if desired, contain flavoring and/or
      sweetening materials.
PAR  It will be understood that athe the and examples are illustrative but not
      limitative of the present invention and that other embodiments within the
      spirit and scope of the invention will suggest themselves to those skilled
      in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Tricyclic substituted aminoalcohol compound of the formula
      ##SPC4##
PAL  wherein
PA1  X is ethylene, vinylene, oxygen, sulfur, or oxamethylene,
PA1  A is straight-chained or branched alkylene of from 2 to 5 carbon atoms,
PA1  R.sub.1 is alkyl of up to 3 carbon atoms; and
PA1  R.sub.2 is cyclohexyl or phenyl;
PAL  and the physiologically compatible salts thereof.
NUM  2.
PAR  2. Aminoalcohol compound as claimed in claim 1 wherein X is ethylene.
NUM  3.
PAR  3. Aminoalcohol compound as claimed in claim 1 wherein X is vinylene.
NUM  4.
PAR  4. Aminoalcohol compound as claimed in claim 1 wherein X is oxygen.
NUM  5.
PAR  5. Aminoalcohol compound as claimed in claim 1 wherein X is sulfur.
NUM  6.
PAR  6. Aminoalcohol compound as claimed in claim 1 wherein X is oxamethylene.
NUM  7.
PAR  7. Aminoalcohol compound as claimed in claim 1 wherein R.sub.2 is
      cyclohexyl.
NUM  8.
PAR  8. Aminoalcohol compound as claimed in claim 1 wherein R.sub.2 is phenyl.
NUM  9.
PAR  9. Aminoalcohol compound as claimed in claim 1 designated
      N-methyl-N-[2-(6,11-dihydrodibenz[
      b,e]oxepin-11-yl-ethyl]-1-amino-3-phenoxy-propan-2-ol.
NUM  10.
PAR  10. Aminoalcohol compound as claimed in claim 1 designated
      N-ethyl-N-[1,1-dimethyl-2-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)-
     ethyl]-1-phenoxy-3-aminopropan-2-ol.
NUM  11.
PAR  11. Aminoalcohol compound as claimed in claim 1 designated
      N-methyl-N-[3-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)propyl]-1-phe
     noxy-3-aminopropan-2-ol.
NUM  12.
PAR  12. Aminoalcohol compound as claimed in claim 1 designated
      N-ethyl-N-[2-(6,11-dihydrodibenz[b,e]oxepin-11-yl)-ethyl]-1-phenoxy-3-amin
     opropan-2-ol.
NUM  13.
PAR  13. Aminoalcohol compound as claimed in claim 1 designated
      N-methyl-N-[3-(6,11-dihydrodibenz[b,e]oxepin-11-yl)propyl]-1-phenoxy-3-ami
     nopropan-2-ol.
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ABST
PAL  This invention relates to 4,5,6,7-tetrahydrobenzo[b]b]thien-4-yl
      isocyanates and 4,5,6,7-tetrahydrobenzo[b]thien-4-yl isothiocyanates and
      methods for the preparation thereof. These compounds are useful in the
      manufacture of substituted urea derivatives which are useful as animal
      growth regulants and herbicides.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to 4,5,6,7-tetrahydrobenzo[b]-thien-4-yl isocyanates
      and isothiocyanates represented by the formula:
      ##SPC1##
PAL  Wherein X is a member selected from the group consisting of sulfur and
      oxygen; Y is a member selected from the group consisting of hydrogen,
      halogen, cyano, alkyl C.sub.1 -C.sub.4 and methyl carbonyl; and Z is a
      member selected from the group consisting of hydrogen and alkyl C.sub.1
      -C.sub.4. The invention also relates to a method for the preparation of
      the above-said compounds.
PAR  In accordance with this invention, the above-identified isocyanates can be
      prepared by reacting the appropriate
      4,5,6,7-tetrahydrobenzo[b]thien-4-amine or amine salt with phosgene,
      preferably under anhydrous conditions, e.g., a blanket of inert gas such
      as nitrogen. The reaction with the amine is initially carried out at a
      temperature between about 0.degree.C. and 40.degree.C., preferably
      10.degree.C. to 20.degree.C., and then heated to between about
      50.degree.C. and 100.degree.C., and preferably from 60.degree.C. to
      80.degree.C., while the reaction of the amine salt is carried out between
      50.degree.C. and 150.degree.C., and preferably at 100.degree.C. to
      120.degree.C. The reaction is usually also conducted in the presence of an
      organic solvent such as hydrocarbons, benzene, toluene, xylene,
      chlorobenzene or other chlorinated hydrocarbons.
PAR  The isothiocyanate of the above formula can be prepared by reacting the
      appropriate 4,5,6,7-tetrahydrobenzo[b]-thien-4-amine with equimolar
      amounts of carbon disulfide, triethylamine, and a carbodiimide represented
      by the formula: Q--N=C=N--Q, where Q is cyclohexyl, cycloheptyl, alkyl
      C.sub.4 -C.sub.8, or the like. This reaction is generally conducted in the
      presence of a solvent such as tetrahydrofuran or an ether such as diethyl
      ether, at a temperature between about -10.degree.C. and +80.degree. C.,
      and preferably between -10.degree.C. and +50.degree.C. The product can be
      isolated by distillation or by dry-column chromatography, and the reaction
      may be illustrated as follows:
      ##SPC2##
PAL  Wherein Q is cyclohexyl, cycloheptyl or alkyl C.sub.4 -C .sub.6.
PAR  Alternatively, the isothiocyanate can also be prepared by the reaction of
      1,1'-thiocarbonyldiimidazole with 4,5,6,7-tetrahydrobenzo[b]thien-4-amine
      in the presence of a solvent such as methylene chloride, tetrahydrofuran,
      ethyl acetate, chlorobenzene or chlorinated hydrocarbons such as
      chloroform at ambient temperature, or between about 20.degree.C. to
      100.degree.C., and preferably between 20.degree.C. and 80.degree.C. The
      reaction may be illustrated as follows:
      ##SPC3##
PAR  These 4,5,6,7-tetrahydrobenzo[b]thien-4-yl isocyanates and isothiocyanates
      can be converted to 4,5,6,7-tetrahydrobenzo[b]thien-4-ylurea compounds
      which are highly effective as animal growth regulants and herbicidal
      agents.
PAR  Conversion of said isocyanates and isothiocyanates to said
      4,5,6,7-tetrahydrobenzo[b]thien-4-ylureas can be achieved by reacting
      approximately equimolar amounts of an appropriately substituted
      4,5,6,7-tetrahydrobenzo[b]thien-4-yl isocyanate or isothiocyanate and an
      appropriately substituted amine. The reaction can be graphically
      illustrated as follows:
      ##SPC4##
PAL  wherein X is sulfur or oxygen; Y is a member selected from the group
      consisting of hydrogen, halogen, cyano, alkyl C.sub.1 -C.sub.4 and methyl
      carbonyl; Z represents a member selected from the group consisting of
      hydrogen and alkyl C.sub.1 -C.sub.4 ; R.sup.2 is a member selected from
      the group consisting of hydrogen, alkyl C.sub.1 --C.sub.12 ; cycloalkyl
      C.sub.3 -C.sub.6, allyl, methallyl, 2-butenyl,
      ##SPC5##
PAL  benzyloxyl, hydroxyl, alkoxyl C.sub.1 -C.sub.4 and propargyl; R.sub.1 is a
      member selected from the group consisting of hydrogen, alkyl C.sub.1
      -C.sub.6, cycloalkyl C.sub.3 -C.sub.6 and
      ##SPC6##
PAL  n is an integer selected from 1 and 2, and when
      ##EQU1##
      is taken together it is morpholino, piperidino or pyrrolidino.
PAR  In practice, the reaction is usually conducted with a slight excess (i.e.,
      up to 20% excess) of the amine in the presence of a solvent, such as
      described above. Although the reaction may be conducted at
      superatmospheric pressure and temperatures as high as 100.degree.C., it is
      generally preferable to conduct the reaction at atmospheric pressure at a
      temperature between 0.degree.C. and 80.degree.C.
PAR  As indicated, the 4,5,6,7-tetrahydrobenzo[b]thien-4-yl isocyanates and
      isothiocyanates of this invention are useful in the manufacture of
      substituted urea derivatives which are growth-promoting agents for animals
      such as poultry, fur-bearing and farm animals; and use of said
      growth-promoting agents also provides the added advantage of improving
      feed conversion for said animals.
PAR  In practice, a growth-promoting amount of a
      4,5,6,7-tetrahydrobenzo[b]thien-4-ylurea is administered to a host animal
      usually in, or with, the animal's feed. However, said compound may also be
      administered as a subcutaneous implant under the skin of said animal or as
      a parenteral injection. When administered in the feed of chickens,
      turkeys, sheep, cattle, goats, and the like, usually about 0.0001% to
      0.08% by weight, and preferably 0.001% to 0.04% by weight of the
      4,5,6,7-tetrahydrobenzo[b]thien-4-ylurea, is effective for increasing
      growth rate and improving feed conversion. When administered to said
      animals as a parenteral injection or subcutaneous implant, usually in
      amounts that will supply about 0.001 mg. to 0.2 mg., and preferably 0.005
      mg. to 0.10 mg. per kg. of body weight per day of the active compound,
      said compound will produce the desired improvement in weight gain and
      enhance feed conversion.
PAR  In tests conducted with day-old chicks, it was found that from 1 ppm. to 9
      ppm. of 4,5,6,7-tetrahydrobenzo[b]thien-4-ylurea, administered in the
      chick feed, produced a 3.3% to 6.6% improvement in weight gain over
      untreated controls, and likewise produced a 2.7% to 4.7% improvement in
      feed conversion. This utility is further described in my copending
      application Ser. No. 436,826, filed Jan. 25, 1974.
PAR  The 4,5,6,7-tetrahydrobenzo[b]thien-4-ylurea prepared from the isocyanates
      and isothiocyanates of this invention are also useful as herbicidal
      agents. They are effective for controlling undesirable broadleaf and grass
      weeds when applied to soil containing seeds of said undesirable weeds, or
      when applied to the foilage of such plants. Usually about 5 pounds to 15
      pounds, and preferably about 8 pounds to 10 pounds per acre of the active
      compound, is sufficient to provide control of the undesirable plants.
DETD
PAC  SPECIFIC DISCLOSURE OF THE INVENTION
PAR  This invention is further illustrated by the following examples which
      describe the preparation of the present compounds, their conversion to
      active compounds and the testing thereof.
PAC  EXAMPLE 1
PAC  Preparation of 4,5,6,7-Tetrahydrobenzo[b]thien-4-ylisocyanate
PAR  A sample of 47.6 grams of 4,5,6,7-tetrahydrobenzo[b]-thien-4-amine
      hydrochloride is stirred in 150 ml. of water, and 350 ml. of 10% sodium
      hydroxide is added. The mixture is shaken and extracted with benzene
      twice. The extract is dried and evaporated to dryness to afford the amine,
      which is stored under nitrogen. The amine is then added dropwise to 866
      ml. of 12.5% phosgene solution (benzene) in nitrogen atmosphere at
      20.degree.C. After stirring for an hour at room temperature, the mixture
      is gradually heated to 60.degree.C. and kept at this temperature for 7
      hours. The mixture is cooled to room temperature and evaporated to dryness
      to afford a residue, which is distilled to give 22.4 grams, boiling point
      98.degree.C. to 101.degree.C./0.6Torr., of
      4,5,6,7-tetrahydrobenzo[b]thien-4-yl isocyanate.
PAR  The reaction may also be carried out in toluene, xylene, chlorobenzene and
      chlorinated hydrocarbons.
PAR  Alternatively 5.7 grams of 4,5,6,7-tetrahydrobenzo-[b]thien-4-amine
      hydrochloride is stirred in 20 ml. of toluene at 97.degree.C., and
      phosgene is slowly introduced into the mixture via a capillary delivery
      tube. The mixture is heated to reflux temperature, and the flow of
      phosgene is continued until most of the amine hydrochloride disappears.
      The mixture is then filtered to remove unreacted amine hydrochloride, and
      the filtrate is evaporated to dryness under reduced pressure to give the
      4,5,6,7-tetrahydrobenzo[b]thien-4-yl isocyanate.
PAC  EXAMPLES 2 through 8
PAR  Using the procedure described in Example 1, and substituting the proper
      4,5,6,7-tetrahydrobenzo[b]thien-4-amine hydrochloride, the following
      isocyanates are prepared:
      ##SPC7##
TBL           Example                                                          
                     Z       Y                                                 
     ______________________________________                                    
              2      H       CH.sub.3                                          
              3      CH.sub.3                                                  
                             H                                                 
              4      CH.sub.3                                                  
                             CH.sub.3                                          
              5      H       CH.sub.3 CO--                                     
              6      H       Br                                                
              7      H       CN                                                
              8      H       Cl                                                
     ______________________________________                                    
PAC  EXAMPLE 9
PAC  Preparation of 4,5,6,7-Tetrahydrobenzo[b]thien-4-ylisothiocyanate
PAL  Method A
PAR  A sample (47.5 grams) of 4,5,6,7-tetrahydrobenzo-[b]thien-4-ylamine
      hydrochloride is stirred in methylene chloride/water, and 5% sodium
      hydroxide solution is added gradually until the pH is about 10. The
      methylene chloride layer is removed, and the aqueous layer is extracted
      with methylene chloride. The organic layers are combined, dried over
      magnesium sulfate, and evaporated to dryness to afford the oily amine. The
      amine is stirred in 500 ml. of ethyl acetate under nitrogen atmosphere,
      and 25.4 grams of triethylamine is added. After about 15 minutes, 20.9
      grams of carbon disulfide is added to give a copious precipitate. An
      additional 200 ml. of ethyl acetate is added, and the solid is pulverized
      with a spatula. After an hour of stirring, 51.5 grams of
      dicyclohexylcarbodiimide is added, and stirring continued for an overnight
      period. Subsequently, the mixture is heated at about 50.degree.C. for 2
      hours and cooled. The solid is removed by filtration and washed with ethyl
      acetate. The filtrate is evaporated to afford a mixture of solid and
      mostly oil. The solid is removed by filtration after ether is added. The
      ether filtrate is evaporated to dryness to afford the crude
      isothiocyanate, which is purified by chromatography on a drycolumn of
      silica gel using 65/35 (volume/volume) of petroleum ether/methylene
      chloride. Other higher boiling alkyl esters of aliphatic acids,
      dimethoxyethane, tetrahydrofuran, diethyl ether, diethylene glycol
      dimethyl ether, and other inert solvents may be used as solvents.
PAL  Method B p
PAR  The same isothiocyanate is obtained by allowing equivalent quantities of
      the benzothiophene amine and 1,1'-thiocarbonyldiimidazole to react in
      chloroform or methylene chloride at room temperature for an hour.
      Evaporation of the solvent gives
      4,5,6,7-tetrahydrobenzo[b]thien-4-ylisothiocyanate and imidazole. Other
      inert solvents such as chlorinated hydrocarbons, ethyl acetate,
      tetrahydrofuran and dimethoxyethane may be used.
PAC  EXAMPLES 10 through 16
PAR  In the manner described in Example 9, using the proper
      4,5,6,7-tetrahydrobenzo[b]substituted thien-4-ylamine hydrochloride, the
      following isothiocyanates are prepared:
      ##SPC8##
TBL           Example                                                          
                     Z       Y                                                 
     ______________________________________                                    
              10     H       CH.sub.3                                          
              11     CH.sub.3                                                  
                             H                                                 
              12     CH.sub.3                                                  
                             CH.sub.3                                          
              13     H       CH.sub.3 CO--                                     
              14     H       Br                                                
              15     H       CN                                                
              16     H       Cl                                                
     ______________________________________                                    
PAC  EXAMPLE 17
PAC  Preparation of 1-Methoxy-3-(4,5,6,7-tetrahydrobenzo[b]thien-4-yl)urea
PAR  A mixture of 5 grams of methoxyamine hydrochloride in 60 ml. of methylene
      chloride is stirred and cooled to 15.degree.C., and 6 grams of
      triethylamine in 15 ml. of methylene chloride is added. After 20 minutes
      of stirring, 5.38 grams of 4,5,6,7-tetrahydrobenzo[b]thien-4-yl isocyanate
      is added dropwise. After stirring an additional 0.5 hour at 15.degree.C.
      to 20.degree.C., the mixture is stirred at room temperature for 0.5 hour.
      The mixis then filtered, and the filtrate is washed with water and
      saturated sodium bicarbonate solution. The filtrate is dried (magnesium
      sulfate) and evaporated to dryness to afford the title compound which is
      recrystallized from acetone/hexane to give the product with melting point
      138.5.degree.C. to 141.20 C.
PAC  EXAMPLES 18 through 24
PAR  The following ureas are prepared in the manner described in Example 17 by
      using the desired 4,5,6,7-tetrahydro[b]substituted thien-4-yl isocyanate
      with the proper amine hydrochloride.
TBL  Example                                                                   
          R.sub.1                                                              
             R.sub.2                                                           
                   Z   Y    Melting Point .degree.C.                           
     __________________________________________________________________________
     18   H  C.sub.2 H.sub.5                                                   
                   H   CH.sub.3                                                
                            205-208                                            
     19   H  sec-C.sub.4 H.sub.9                                               
                   CH.sub.3                                                    
                       H    196-198                                            
     20   H  sec-C.sub.4 H.sub.9                                               
                   CH.sub.3                                                    
                       CH.sub.3                                                
                             181-183.5                                         
     21   H  H     H   CH.sub.3 CO--                                           
                            218-220                                            
     22   H  H     H   Cl   194-198                                            
     23   H  H     H   CN   210-214                                            
     24   H  H     H   Br     206.5-209.5                                      
     __________________________________________________________________________
      ##SPC9##
PAC  EXAMPLES 25 through 29
PAR  The following compounds were prepared by allowing equivalent amounts of the
      appropriate amines to react with the corresponding isothiocyanates in
      methylene chloride, ethanol or benzene.
TBL  Example                                                                   
            R.sub.1                                                            
                   R.sub.2 Z     Y     melting Point .degree.C.                
     ______________________________________                                    
     25     H      C.sub.2 H.sub.5                                             
                           H     CH.sub.3                                      
                                        116-118.5                              
     26     H      C.sub.2 H.sub.5                                             
                           CH.sub.3                                            
                                 H     121-125                                 
     27     H      C.sub.2 H.sub.5                                             
                           CH.sub.3                                            
                                 CH.sub.3                                      
                                       153-157                                 
     28     H      C.sub.2 H.sub.5                                             
                           H     H     111-117                                 
     29     H      OCH.sub.3                                                   
                           CH.sub.3                                            
                                 H     74-77                                   
     ______________________________________                                    
      ##SPC10##
PAC  EXAMPLE 30
PAC  Preparation of 2-Chloro-4,5,6,7-tetrahydrobenzo[b]thien-4-amine
      ##SPC11##
PAR  A sample of 11.4 grams of 4,5,6,7-tetrahydrobenzo[b]-thien-4-amine
      hydrochloride is stirred in 150 ml. of chloroform at about 10.degree.C.,
      and 6.1 ml. of sulfuryl chloride is added dropwise. The mixture is stirred
      for 3.5 hours at room temperature, and then about 20 ml. of 50% sodium
      hydroxide solution is added gradually to dissolve the suspended solid. The
      mixture is then poured into water and extracted with chloroform twice. The
      extracts are dried, evaporated to dryness, and the residue is distilled to
      give 7.4 grams of 2-chloro-4,5,6,7-tetrahydrobenzo[b]thien-4-amine,
      boiling point 94.degree.C. to 98.degree.C./0.5 Torr.
PAC  EXAMPLE 31
PAC  Preparation of N-(2-Acetyl-4,5,6,7-tetrahydrobenzo[b]thien-4-yl)acetamide
      ##SPC12##
PAR  N-Acetyl-4,5,6,7-tetrahydrobenzo[b]thien-4-amine (19.5 grams) is stirred in
      300 ml. of methylene chloride in nitrogen atmosphere, and 17 ml. of acetyl
      chloride is added. The mixture is cooled to about 10.degree.C., and 28.1
      ml. of stannic chloride is added slowly. After stirring for 1.5 hours at
      room temperature, the mixture is cooled to about 10.degree.C., and 450 ml.
      of 1.2N hydrochloric acid is added. The mixture is shaken, and the
      methylene chloride solution is separated and washed with 1N hydrochloric
      acid, followed by saturated sodium bicarbonate solution. On drying and
      evaporating to dryness, crystals are obtained. Recrystallization from
      acetone/hexane gives 15.4 grams, melting point 167.5.degree.C. to
      172.degree.C., of
      N-(2-acetyl-4,5,6,7-tetrahydrobenzo[b]thien-4-yl)acetamide.
PAC  EXAMPLE 32
PAC  Preparation of 2-Acetyl-4,5,6,7-tetrahydrobenzo[b]thien-4-amine
      hydrochloride
      ##SPC13##
PAR  The product from Example 31, N-(2-acetyl-4,5,6,7-tetrahydrobenzo[b]
      thien-4-yl)acetamide (7.25 grams), is heated with 90 ml. of 1N
      hydrochloric acid at reflux temperature for 8.5 hours and cooled. The
      mixture is diluted with water and extracted with methylene chloride. The
      aqueous layer is then evaporated to dryness using 2-propanol for
      facilitating removal of water. This gives 4.85 grams of 2-acetyl
      4,5,6,7-tetrahydrobenzo[b]thien-4-amine hydrochloride.
PAC  EXAMPLE 33
PAC  Preparation of 2-Cyano-N-formyl-4,5,6,7-tetrahydrobenzo[b]thien-4-amine
      ##SPC14##
PAR  A mixture of 40.9 grams of
      2-bromo-N-formyl-4,5,6,7-tetrahydrobenzo[b]thien-4-amine, 16.2 grams of
      cuprous cyanide and 47 ml. of dry dimethylformamide is heated at reflux
      temperature for 4 hours, and then cooled to about 60.degree.C. and poured
      into 270 ml. of water. The mixture is extracted with toluene several
      times, and the toluene extracts are washed with 1.2N hydrochloric acid and
      saturated sodium chloride, respectively. On drying, 5.7 grams of crude
      product is obtained. The aqueous mother liquor is treated with 97.3 grams
      of ferric chloride hexahydrate and 30 ml. of concentrated hydrochloric
      acid and shaken. It is then extracted with toluene several times, and the
      extracts are washed further with 1.2N hydrochloric acid, saturated sodium
      bicarbonate solution and brine, respectively. On drying and evaporation of
      toluene, an additional 2.5 grams of product is obtained. The two crops are
      combined and recrystallized from acetone/hexane to afford 4.8 grams of
      2-cyano-N-formyl-4,5,6,7-tetrahydrobenzo[b]thien-4amine, melting point
      131.degree.C. to 134.degree.C.
PAC  EXAMPLE 34
PAC  Preparation of 2-Cyano-4,5,6,7-tetrahydrobenzo[b]thien-4-amine
      hydrochloride
      ##SPC15##
PAR  A mixture of 4.8 grams of
      2-cyano-N-formyl-4,5,6,7-tetrahydrobenzo[b]thien-4-amine in 70 ml. of 1N
      hydrochloric acid is refluxed for an hour and evaporated to dryness to
      afford 4.7 grams of 2-cyano-4,5,6,7-tetrahydrobenzo[b]thien-4-amine
      hydrochloride, melting point 241.degree.C. to 246.degree.C. (dec.).
PAC  EXAMPLE 35
PAC  Preparation of 2-Bromo-N-formyl-4,5,6,7-tetrahydrobenzo[b]-thien-4-amine
      ##SPC16##
PAR  A sample of 54.3 grams of N-formyl-4,5,6,7-tetrahydrobenzo[b]thien-4-amine
      is stirred in 270 ml. of acetic acid and 90 ml. of water. Bromine (53
      grams) in 120 ml. of acetic acid is added gradually. After stirring for
      0.5 hour at room temperature, 61.5 grams of sodium acetate in 225 ml. of
      water is added. More water is added, and the mixture is extracted with
      ether. Methylene chloride is added to the ether solution to prevent
      crystallization, and the solution is evaporated to dryness. The residue is
      crystallized from acetone/hexane/ether to give 61 grams, melting point
      104.degree.C. to 108.degree.C., of
      2-bromo-N-formyl-4,5,6,7-tetrahydrobenzo[b]-thien-4-amine.
PAC  EXAMPLE 36
PAC  Preparation of 2-Bromo-4,5,6,7-tetrahydrobenzo[b]thien-4-amine
      hydrochloride
PAR  Acid hydrolysis of 2-bromo-N-formyl-4,5,6,7-tetrahydrobenzo[b]thien-4-amine
      (Example 35 ) with 1N hydrochloric acid after refluxing for one hour and
      evaporating to dryness affords
      2-bromo-4,5,6,7-tetrahydrobenzo[b]thiophen-4-amine hydrochloride.
PAC  EXAMPLES 37 - 39
PAR  This general procedure is used to prepare the following amines.
PAR  The benzo[b]thiophen-4(5H)-one (13 mm.) is dissolved in 65 mm. of
      formamide, and 1.52 ml. of 97% formic acid is added. The mixture is
      stirred, heated to 160.degree.C. for several hours, and analyzed by
      gas-liquid chromatography for completion of the reaction. After the
      required time of heating, the mixture is cooled to 50.degree.C. and poured
      into water. The resulting crystals are then collected, washed with water,
      and dried. The product, N-(4,5,6,7-tetrahydro-substituted
      benzo[b]thien-4-yl)formamide, is then hydrolyzed with 1N hydrochloric acid
      for 1 to 2 hours; the mixture is cooled, extracted with methyl ene
      dichloride, and after evaporating to dryness under reduced pressure,
      affords the crystalline amine hydrochloride.
TBL  Example       Compound  Melting Point .degree.C.                          
     __________________________________________________________________________
     37                      241-242 (dec.)                                    
     38                      199-204                                           
     39                      245-248 (dec.)                                    
     __________________________________________________________________________
PAC  EXAMPLE 40
PAC  Mouse Growth Regulant Evaluation
PAR  Six-week old female Carworth CF-1 mice, averaging 18 to 21 grams in weight,
      are placed ten to a cage and fed Purina Laboratory Chow ad libitum for
      thirteen days. At the end of this feeding period, the mice are weighed and
      fed, for a twelve-day period, diets containing the experimental compounds.
      At the end of the test feeding period, the mice are weighed and the gain
      for the period recorded. This gain is then compared to the gain of control
      animals. Experimental compounds are fed at from 200 ppm to 400 ppm in the
      diet. The diet used is reported below and data obtained are reported in
      Table I, where growth enhancement is reported as percent increase over
      controls. Control animals received the same diet as test animals but
      without test compound added.
PAR  Animals receiving test compound were generally noticeably larger than
      control animals and had better looking pelts than the control animals.
TBL  ______________________________________                                    
     DIET                                                                      
     Crude protein not less than                                               
                           23.0%                                               
     Crude fat not less than                                                   
                           4.5%                                                
     Crude fiber not more than                                                 
                           6.0%                                                
     Ash not more than     9.0%                                                
     ______________________________________                                    
PAC  INGREDIENTS
PAL  Meal and bond meal, dried skimmed milk, wheat germ meal, fish meal, animal
      liver meal, dried beet pulp, ground extruded corn, ground oat groats,
      soybean meal, dehydrated alfalfa meal, cane molasses, animal fat preserved
      with BHA, vitamin B.sub.12 supplement, calcium pantothenate, choline
      chloride, folic acid, riboflavin supplement, brewers' dried yeast,
      thiamin, niacin, vitamin A supplement, D activated plant sterol, vitamin E
      supplement, calcium carbonate, dicalcium phosphate, iodized salt, ferric
      ammonium citrate, iron oxide, manganous oxide, cobalt carbonate, copper
      oxide, zinc oxide.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Growth Enhancement Evaluations in Mice Obtained with Compounds having the 
     Structure:                                                                
                              Drug Concen-                                     
                                          % Weight Gain                        
     X Y   Z R.sub.1      R.sub.2                                              
                              tration in Diet (ppm)                            
                                          Over Controls                        
     __________________________________________________________________________
     O H   H H            H   400         119.6                                
     O H   H OCH.sub.3    H   400         68.5                                 
     O H   H CH.sub.3     CH.sub.3                                             
                              400         55.1                                 
     O H   H OCH.sub.3    CH.sub.3                                             
                              400         106.8                                
     O H   H OH           H   400         102.9                                
     O H   H CH(CH.sub.3).sub.2                                                
                          H   400         88.0                                 
     S H   H H            C.sub.2 H.sub.5                                      
                              400         54.6                                 
     O  Br H H            H   400         76.3                                 
     O H   H              H   400         72.3                                 
     O H   H H            CH.sub.3                                             
                              400         104.9                                
     O H   H CH.sub.2 --CH=CH.sub.2                                            
                          H   400         48.4                                 
     O H   H H            C.sub.2 H.sub.5                                      
                              200         87.6                                 
     S H   H H            CH.sub.3                                             
                              400         88.5                                 
     O H   H OH           CH.sub.3                                             
                              400         49.6                                 
     __________________________________________________________________________
PAC  EXAMPLE 41
PAC  Growth Enhancement and Feed Efficiency Evaluations in Sheep Given an
      Implant Containing Test Compound
PAR  To determine the effect of a 4,5,6,7-tetrahydrobenzo-[b]thien-4-ylurea
      compound on sheep, Wether lambs are randomly allotted to pens in groups of
      six. The sheep are weighed and permitted food and water ad libitum. The
      feed is weighed daily, and uneaten feed from the previous day is collected
      and weighed. Test lambs receive the same unmedicated diet as control
      animals, but test animals receive one or more subcutaneous implants
      containing test compound at the base of the ear. The formulation of the
      implant used is given below. At the end of the six-week treatment period,
      the lambs are again weighed, and total feed consumed is calculated.
PAR  In these tests, six replicates of six lambs each per treatment are used and
      each animal receives from about 11 mg. to 105 mg. of test compound.
PAR  Average 6-week weight gains are presented in Table 11 and feed per pound of
      gain is presented in Table III. From these data it can be seen that lambs
      implanted with 11 mg. or 99 mg. of test compound showed approximately a
      10% increase in weight gain over untreated controls 6 weeks after
      implantation. Feed utilization for the same period was also improved by
      about 5% over untreated controls.
TBL  LAMB DIET                                                                 
                          %                                                    
     Ground Corn Cob      15.0                                                 
     Ground Yellow Corn   48.0                                                 
     Soybean Oil Meal (49%)                                                    
                          10.0                                                 
     Dehydrated Alfalfa Meal                                                   
                          15.0                                                 
     Molasses             10.0                                                 
     Iodized Salt         0.5                                                  
     Dicalcium Phosphate  1.0                                                  
     Premix               0.5                                                  
                          100.0                                                
     Premix for One Ton                                                        
     Tra-Min No. 3.sup.(1)                                                     
                        454        grams                                       
     Vitamin A (30,000 .mu./g)                                                 
                        133                                                    
     Vitamin D.sub.3 (200,000 .mu./g)                                          
                        5                                                      
     Corn Oil           100                                                    
     Ground Corn        3848                                                   
                        4540                                                   
     (1) Tra-Min No. 3:                                                        
                     Calcium   21.00%                                          
                     Manganese 12.50%                                          
                     Iron      6.00%                                           
                     Zinc      5.00%                                           
                     Copper    0.65%                                           
                     Iodine    0.35%                                           
                     Cobalt    0.25%                                           
     Pellet Implant                                                            
     4,5,6,7-Tetrahydrobenzo-                                                  
                        11.0 mg.                                               
     [b]thien-4-ylurea                                                         
     Glyceryl 12-hydroxy-                                                      
                        10.50 mg.                                              
     stearate                                                                  
     Magnesium stearate 0.50 mg.                                               
                        22.00 mg.                                              
TBL                                    TABLE II                                
     __________________________________________________________________________
     Average Six-Week Weight Gain (kg./Lamb)                                   
                     Replication                                               
             Number Drug                                                       
     Treatment                                                                 
             Implants.sup.a                                                    
                     1    2   3   4   5   6  Average                           
     __________________________________________________________________________
     Control 0       8.50 8.70                                                 
                              9.93                                             
                                  6.50                                         
                                      7.03                                     
                                          6.75                                 
                                             7.90                              
     4,5,6,7-                                                                  
             1       11.25                                                     
                          9.32                                                 
                              9.20                                             
                                  8.63                                         
                                      8.05                                     
                                          6.68                                 
                                             8.86                              
     tetra-  9       10.83                                                     
                          9.60                                                 
                              8.75                                             
                                  7.20                                         
                                      8.53                                     
                                          7.20                                 
                                             8.69                              
     hydrobenzo-                                                               
     [b]thien-4-                                                               
     ylurea                                                                    
     __________________________________________________________________________
      .sup.a Approximate weight: 22 mg. each                                   
      Composition: 50% drug + 50% castorwax                                    
TBL                                    TABLE III                               
     __________________________________________________________________________
     Average Six-Week Feed/Gain per Pen                                        
                     Replication                                               
             Number Drug                                                       
     Treatment                                                                 
             Implants.sup.a                                                    
                     1   2   3   4   5   6   Average                           
     __________________________________________________________________________
     Control 0       7.88                                                      
                         6.77                                                  
                             7.41                                              
                                 8.82                                          
                                     9.18                                      
                                         8.16                                  
                                             8.04                              
     4,5,6,7-                                                                  
             1       6.63                                                      
                         6.58                                                  
                             7.41                                              
                                 8.21                                          
                                     8.05                                      
                                         8.49                                  
                                             7.57                              
     tetra-  9       6.51                                                      
                         6.75                                                  
                             7.80                                              
                                 8.38                                          
                                     7.56                                      
                                         7.97                                  
                                             7.49                              
     hydrobenzo-                                                               
     [b]thien-4-                                                               
     ylurea                                                                    
     __________________________________________________________________________
      .sup.a Approximate weight: 22 mg. each                                   
      composition: 50% drug + 50% castorwax                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. The compound 4,5,6,7-tetrahydrobenzo[b]thien-4-yl isocyanate.
NUM  2.
PAR  2. The compound, 2-methyl-4,5,6,7-tetrahydrobenzo[b]thien-4-ylisocyanate.
NUM  3.
PAR  3. The compound, 3-methyl-4,5,6,7-tetrahydrobenzo[b]thien-4-ylisocyanate.
NUM  4.
PAR  4. The compound,
      2,3-dimethyl-4,5,6,7-tetrahydrobenzo[b]thien-4-ylisocyanate.
NUM  5.
PAR  5. The compound, 2-bromo-4,5,6,7-tetrahydrobenzo[b]thien-4-ylisocyanate.
NUM  6.
PAR  6. The compound, 2-chloro-4,5,6,7-tetrahydrobenzo[b]thien-4-ylisocyanate.
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ABST
PAL  A method is disclosed wherein selectively halogenated ketals, and
      ultimately, halogenated ketones are prepared by treating secondary
      alcohols or halohydrins with halogen in an organic solvent under
      conditions of ordinary temperature and pressure. This method obviates the
      need for extreme times, temperatures and complex equipment while resulting
      in higher yields than obtained heretofore.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to a new and improved method for the preparation of
      selectively halogenated ketals and ketones from secondary alcohols or
      halohydrins, more specifically, selectively chlorinated or brominated
      ketals and ketones.
PAR  2. Description of the Prior Art
PAR  Heretofore, it has been extremely difficult to obtain selectively and
      symmetrically dihalogenated ketones and ketals. Oxidation of chlorohydrin
      (1-chloro-2-propanol) to chloroacetone has been reported in the literature
      to occur by any of the following reactions:
PA1  A. K.sub.2 Cr.sub.2 O.sub.7 + H.sub.2 SO.sub.4
PA1  b. HNO.sub.3
PA1  c. HOCl -- Markownikoff Ann. 153, 254-255 (1870)
PA1  D. Ca(OCl).sub.2 -- Suknewitsch, Tschilingarjan Ber. 69, 1539 (1936).
PAL  None of the aforementioned references disclose or suggest oxidations by
      Cl.sub.2 or Br.sub.2. Farkas et al. in J. Am. Chem. Soc. 71, 2827 et seq.,
      disclose the oxidation of alcohols by bromine in the presence of bromate
      ion. The object, however, of the Farkas et al. disclosure is to avoid
      substitution. Furthermore, there is no disclosure in Farkas et al.
      relative to selective and symmetrical dihalogenation. Additionally, prior
      art chlorinations and brominations yielded mixtures of halogenated ketones
      which were difficult to separate. The separation of isomers aspect of this
      invention is considered to be an additional novel feature of the instant
      application.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to a novel method for the preparation of selectively
      and symmetrically halogenated, more specifically, selectively chlorinated
      or brominated ketals and ketones. The instant process differs from
      processes known heretofore in that the reaction takes place in a solvent
      selected from monohydric and polyhydric alcohols at conditions of ordinary
      temperature and pressure.
PAR  The methods for preparing these halogenated derivatives may be illustrated
      as follows:
      ##EQU1##
      (B) CAN FURTHER REACT TO FORM
      ##EQU2##
      (R will be more fully described hereunder.) Separation of (a) and (b) or
      (c) can be accomplished easily.
PAR  The symmetrically halogenated products, (c), may be hydrolyzed under acidic
      conditions to produce halogenated ketones. For example:
      ##EQU3##
      Succintly stated, the method of the instant invention simultaneously
      accomplishes an oxidation, halogenation and acetylation in one process.
PAR  Although chlorination of secondary alcohols and chlorohydrins have been
      illustrated, the reactants may be brominated in the same manner. It is to
      be understood that a bromohydrin would be the starting material when a
      1-halogenated-2-propanol is contemplated.
PAR  Accordingly, it is an object of this invention to provide a method of
      preparing selectively halogenated ketals which comprises treating with a
      halogen selected from the group consisting of chlorine and bromine
      compounds of the formula:
      ##EQU4##
      wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4 may be a straight chain
      alkyl group of from 1 to 20 carbon atoms, an alkylaryl group wherein the
      alkyl moiety is a straight chain of from 1 to 20 carbon atoms, a branched
      chain alkyl group of from 3 to 20 carbon atoms, and phenyl, provided that
      when either of the pair of R.sub.1, R.sub.2, and R.sub.3, R.sub.4 are
      phenyl or a branched chain, the other member of the pair is alkyl as
      previously defined, or R.sub.1 and R.sub.2 or R.sub.3 and R.sub.4 may
      further be taken together to form a cycloalkyl ring having at least 6
      carbon atoms, and wherein X is chlorine or bromine, said treatment being
      in an organic solvent selected from the group consisting of monohydric and
      polyhydric alcohols wherein the ratio of said solvent to secondary alcohol
      or halohydrin is from about 5:1 to about 20:1 and at a temperature of from
      about  0.degree.C to about 80.degree.C. Starting materials having mixed
      structures, i.e., straight and branched chain alkyl groups (as defined
      above) on the same carbinol are within the scope of this disclosure.
PAR  It is a further object of the invention to obtain in high yields
      selectively and symmetrically dihalogenated ketones and ketals wherein the
      symmetrically dihalogenated products are easily separable from other
      isomeric reaction products.
PAR  It is also an object of this invention to provide a more economical and
      feasible method for the preparation of compounds which find use as
      fungicides, treating agents useful in the fiber industry, resinification
      agents in the formation of resinous aromatic hydrocarbons, pesticides and
      plasticizers.
PAR  The novel process of the instant invention may be exemplified as follows:
      ##EQU5##
      The symmetrically chlorinated products of either (a) or (b) may be
      hydrolyzed under acidic conditions to produce chlorinated ketones. For
      example:
      ##EQU6##
PAR  As aforestated, this method affects an oxidation, halogenation and
      acetylation in one process. What has been illustrated above are the two
      general routes, according to the instant invention for the formation of
      selectively and symmetrically dichlorinated ketones and ketals. Although
      chlorine has been illustrated, bromine may also be used with similar
      results.
PAR  One of the stated objects of the invention is the fact that a symmetrical
      dihalogenated product is easily separable from the isomeric reaction
      products. As aforestated, the symmetrically formed dichloro ketal differs
      from the unsymmetrically formed products in that chlorination stops at the
      symmetrical stage while the unsymmetrical, e.g.
      ##EQU7##
      can be chlorinated further to yield, e.g.
      ##EQU8##
      The separation of the symmetrical product from the unsymmetrical product
      is generally accomplished by crystallization at -70.degree.C.
PAR  The major advantage of this method over prior art is that the latter
      discloses no means of producing dichlorinated ketals from secondary
      alcohols in a one-step process. The oxidation occurs under anhydrous
      conditions, and it is believed that the methyl hypochlorite formed is
      acting as an oxidizing agent producing ketone and hydrogen chloride, which
      is the catalyst for ketal formation. For example,
      ##EQU9##
      The initial oxidation produces its own catalyst so that reactions 2b and
      3b can occur in the same reaction vessel.
PAR  The method of the present invention is conveniently carried out by slowly
      bubbling halogen gas through an alcoholic solution of the secondary
      alcohol or halohydrin at room temperature and atmospheric pressure. The
      method requires no special apparatus. All that is required is control of
      the halogen gas being introduced and stirring. Reactions for the secondary
      alcohols are typically short in duration, give products of high purity,
      produce no undesirable products of decomposition and are nearly
      quantitative based on molecular halogen.
PAR  Previously mentioned was the selective and symmetrical aspect of the
      instant invention. The process is selective in that only carbon atoms that
      are alpha to the carbinol (--COH) group are halogenated. Another
      surprising feature is that when a straight chain carbinol is treated
      according to the process of this invention the selectivity persists
      regardless of the chain length. Additionally, the selectivity will persist
      where the carbinol being treated is one having a mixed structure, i.e. a
      straight chain portion and another portion comprising either a branched
      chain or some type of ring structure. The halogenation will take place
      predominantly on the straight chain portion of the compound and
      substituted at the carbon alpha to the carbinol group.
PAR  It is our belief, although not intending to be bound by such, that both the
      selectivity and degree of halogenation obtained by the instant invention
      are due to steric hindrance. Steric hindrance, of course, is the
      nonoccurrence of an expected chemical reaction, due to inhibition by a
      particular atomic grouping. The steric hindrance is present, initially, in
      the ketal itself by virtue of the alkoxy groups present in the compound.
      This steric hindrance causes the reaction to take place at the alkyl
      portion of the molecule. The second role played by steric hindrance
      relates to the degree of halogenation. Where the starting carbinol is a
      straight chain compound, the product obtained by the instant process is
      predominantly a symmetrically dihalogenated ketal. When the starting
      material is of mixed structure the resultant product can be a
      monohalogenated or polyhalogenated ketal. In both instances, the products
      are selectively halogenated and also can be acid hydrolyzed to the
      respective halogenated ketones.
PAR  When the first halogen substitution takes place, the ketal that is formed
      in the initial stages of the reaction, a sterically hindered moiety
      results, e.g.
      ##EQU10##
      By virtue of such steric hinderance the next halogen substitution will
      occur primarily at (b).
PAR  As a matter of fact, what is believed to be occurring simultaneously are
      the following reactions:
      ##EQU11##
PAR  As aforestated, it is believed that hydrohalogen acid, viz., HCl or HBr, a
      known catalyst for ketal formation, is produced in the halogenation step.
      Stated otherwise, the initial halogenation step produces its own catalyst
      for the production of the monohalogenated ketal that ultimately results in
      high yields of symmetrically dihalogenated ketals. It is also reasonable
      to conclude that in view of the considerable amount of alcohol used,
      stable hypohalites as well as the hydrohalogen are also formed, which are
      contributing to the initial halogenation as the primary halogenating
      agent.
PAR  Typical secondary alcohols that may be used cover a broad spectrum. They
      are selected from compounds of the formula:
      ##EQU12##
      wherein R.sub.1 and R.sub.2 may be straight chain alkyl groups of from 1
      to 20 carbon atoms such as isopropanol, 2-butanol, 2-pentanol, 3-pentanol,
      2-hexanol, 3-hexanol and the like.
PAR  R.sub.1 and R.sub.2 may also be selected from alkylaryl groups wherein the
      alkyl moiety may be a straight chain of from 1 to 20 carbon atoms
      exemplified by compounds such as secondary phenethyl alcohol,
      1-phenyl-2-propanol and the like. It has been found that when R.sub.1 is
      phenyl, for example .alpha.-methylbenzyl alcohol, a
      monochloro-1,3-dioxolone derivative is formed when using a
      halogen/ethylene glycol system. The result is a monohalogenated product
      which is resistant to further chlorination because of the extreme steric
      hindrances of the phenyl and dioxolane groups. The reaction is exemplified
      as follows:
      ##SPC1##
PAR  R.sub.1 and R.sub.2 may further be taken together to form a cycloalkyl ring
      having at least 6 carbon atoms. Exemplary compounds of this category are
      illustrated by the following: cyclohexanol, cycloheptanol, cyclooctanol,
      cyclononanol, cyclodecanol and the like.
PAR  R.sub.1 and R.sub.2 may be a branched chain alkyl group of from 3 to 20
      carbon atoms provided that when either of R.sub.1 or R.sub.2 is a branched
      chain the other member is a straight chain alkyl group as previously
      defined. Examples of these compounds are: 3-methyl-2-butanol,
      3-methyl-2-pentanol, 4-methyl-2-butanol, 4,4-dimethyl-2-pentanol, methyl
      isopropyl carbinol, methyl-t-butyl carbinol and the like.
PAR  Typical halohydrins that may be used in the process of the instant
      invention are selected from the compounds having the formula:
      ##EQU13##
      wherein R.sub.3 and R.sub.4 are the same as R.sub.1 and R.sub.2 which have
      been previously defined. X may be either chlorine or bromine. In all
      instances, however, X will be alpha to the carbinol. Compounds falling
      into this category are chlorohydrin, bromohydrin, 3-chloro-2-pentanol,
      3-bromo-2-pentanol, 3-chloro-2-hexanol, 3-bromo-2-heptanol,
      1-phenyl-3-chloro-2-propanol, 1-phenyl-3-bromo-2-propanol,
      2-chloro-1-cyclohexanol, 2-bromo-1-cyclohexanol,
      3-methyl-3-chloro-2-butanol, 4,4-dimethyl-3-chloro-2-pentanol,
      4,4-dimethyl-3-bromo-2-pentanol, 3,3-dimethyl-1-chloro-2-butanol,
      3,3-dimethyl-1-bromo-2-butanol.
PAR  The solvent media may be selected from mono and polyhydric alcohols. While
      we do not wish to be bound by any particular mechanism, it is our view
      that the use of methanol or any alcohol containing only C--H groups to
      which the --OH groups are attached prevents the ketal from decomposing
      into a ketone and the respective alcohol. It appears that the use of the
      above-mentioned type of alcohols shifts the equilibrium to the right. This
      prevention of decomposition of ketal is accomplished by insuring that
      there is an excess of the alcohol as compared to the ketal, said ratio
      being from about 5:1 to about 20:1, preferably about 10:1, most preferably
      about 5:1 in favor of the alcohol. The use of an excess of alcohol also
      insures the obtention of predominantly selectively and symmetrically
      dihalogenated product. While any mono and polyhydric alcohols having 1-5
      carbons are generally usable in the instant invention, most preferred are
      those wherein the number of hydroxyl groups is equal to the number of
      carbon atoms and each carbon atom is hydroxylated. Alcohols falling into
      this category are alcohols such as methanol, ethylene glycol, glycerol,
      sorbitol. Alcohols higher than glycerol are generally solids, therefore it
      will be necessary that heat be applied to initiate the reaction.
PAR  Alcohols such as ethanol and 2,3-butanediol are within the scope of this
      invention, however, some oxidation of the alcohol will occur. Tolerable
      amounts of alcohol oxidation can readily be determined by utilizing the
      instant process. However, clean reactions, i.e., no alcohol oxidation, are
      obtained when the preferred alcohols are used.
PAR  The preferred alcohols are believed to form hypohalites which participate
      in the initial halogenation by providing either chloronium or bromonium
      ions. In addition, it has been found that at the end of the reaction the
      starting alcohol is reformed from its hypohalite. This reformation is
      believed to occur either during or as a result of the halogenation step.
PAR  Although the invention is preferably carried out at ordinary conditions of
      temperature and pressure, a wide range of temperatures and pressures is
      contemplated, i.e., from about 0.degree.C to about 80.degree.C, preferably
      from about 20.degree.C to about 40.degree.C and most preferably fmon about
      25.degree.C to about 30.degree.C and from about 1 to about 10 atmospheres
      of pressure. The solvents, as previously stated, may be selected from mono
      or polyhydric alcohols. Elsewhere in the specification the criticality of
      the alcohol solvents has been discussed. The proportion of chlorine and
      bromine used will depend upon the degree of halogenation desired, however
      a molar ratio of about 2:1 to about 5:1 of halogen to secondary alcohol or
      halohydrin is preferred. The reaction should be carried out with moderate
      stirring accompanied by a slow introduction of halogen in order to avoid
      possible explosions that may be caused by high concentrations of
      hypohalite resulting from incomplete reactions of same with secondary
      alcohol or halohydrin.
PAR  The acids used to accomplish the hydrolysis of the halogenated ketals to
      the halogenated ketones can be any of the conventional mineral acids such
      as hydrochloric, sulfuric, phosphoric, chloric, chlorous, hydrobromic,
      hydrofluoric, sulfurous, di and trifluoroacetic. Generally, any acid
      containing an electron withdrawing group may be used. The acid conditions
      contemplated herein are strong acid conditions, i.e., undiluted acid.
DETD
PAR  The following Examples are intended to be illustrative and in no way are to
      be construed as limiting the invention.
PAC  EXAMPLE 1
PAR  The following reactions will illustrate the selectivity of halogenation as
      realized by the invention. The reaction is accomplished by simply bubbling
      halogen gas through an alcoholic solution of secondary alcohol or
      chlorohydrin. All the reactions are conducted in a 250 ml three-necked
      flask at room temperature and atmospheric pressure accomplished by
      moderate agitation. The ratio of halogen to secondary alcohol or
      halohydrin is 1:1 molar basis and the ratio of solvent to reactant, i.e.,
      halohydrin or secondary alcohol is about 5:1. The ensuing equations will
      illustrate the yield and selectivity of the instant invention. In all
      cases the product was extracted with ether and the ether layer washed with
      water to remove the ethylene glycol, when used. When methanol was used as
      solvent, the resulting solution is either treated with water or subjected
      to a vacuum to remove the solvent.
PAR  Products are analyzed by NMR run in CDCl.sub.3 containing 1% TMS.
PAR  To a 250 ml. three-necked flask, equipped with a mechanical stirrer, is
      added 6 grams isopropanol (0.1 mole) and 100 mls methanol. Chlorine gas is
      bubbled in slowly. Every 10 minutes, 1 ml of solution is removed and
      analyzed by NMR. After a total of 0.3 moles of chlorine has been added the
      reaction is stopped. The solution is cooled to -70.degree.C and 6 grams of
      ##EQU14##
      crystallized out. NMR shows two peaks in the ratio of 4:6. The OCH.sub.3
      protons appear at 3.28 and the CH.sub.2 Cl at 3.63.delta.. The filtrate is
      rich in
      ##EQU15##
      (11 grams collected) and its NMR showed the OCH.sub.3 protons are at
      3.28.delta., the CH.sub.3 protons at 1.52.delta. and the
      ##EQU16##
      protons at 5.79.delta.. Chlorination of this compound yields
      ##EQU17##
      The NMR spectra shows the OCH.sub.3 protons at 3.47.delta., the CH.sub.2
      Cl at 4.15.delta. and the
      ##EQU18##
      at 6.07.delta..
PAC  EXAMPLE 2
PAR  To a 250 ml, three-neck flask equipped with a mechanical stirrer, is added
      9 grams (0.1 mole) 1-chloro-2-propanol and 80 mls methanol chlorinated
      slowly, and removed samples every 15 minutes for analyses via NMR. After
      0.3 moles of Cl.sub.2 has been added, the product is cooled to
      -70.degree.C and 2 grams of
      ##EQU19##
      (11% yield) was collected by filtration. The rest of the solution
      consisted mainly of unreacted 1-chloro-2-propanol.
PAC  EXAMPLE 3
PAR  A 250 ml, three-neck flask equipped with stirrer is charged with 14 grams
      (0.11 moles) .alpha.-methyl benzyl alcohol and 100 mls ethylene glycol.
      The mixture is chlorinated slowly until 0.10 mole Cl.sub.2 has passed
      through. The solid which has precipitated out is filtered and washed with
      water. Eight grams (0.04 mole) of product is collected.
      ##SPC2##
PAL  Nmr:
PA1  1. ch.sub.2 cl at 3.75.delta. one peak
PA1  2. Protons 1, 2, 3, 4
PA2  2 multiplets
PA3  one at 3.79-4.00.delta.
PA3  one at 4.00-4.25.delta.
PAL  The two multiplets exhibit ABCD coupling i.e. all the protons are not
      identical due to being in different environments
PA1  3. Phenyl protons -- multiplet 7.2-7.7.delta.
PAL  The proton ratio is 5:2:2:2.
PAC  EXAMPLE 4
PAR  According to the procedure of Example 1, 6.1 gm (0.05 mole) of phenethyl
      alcohol and 100 mls of ethylene glycol are charged into a 250 ml
      three-necked flask. Br.sub.2 is added slowly, dropwise, thereto at about
      room temperature (16 gms Br.sub.2 = 0.1 mole). 5 gms (41.7% yield) of
      ##SPC3##
PAL  was crystallized out at -70.degree.C.
PAC  EXAMPLE 5
PAR  According to the procedure of Example 4, 10 gms (0.2 moles) of isopropanol
      and 100 ml of methanol are charged to a 250 ml three-necked flask. 60 gms
      of Br.sub.2 (0.38 mole) is added, dropwise, over a period of 3 days. The
      solution was cooled to -70.degree.C and 27.5 gm (51% yield) of
      ##EQU20##
      was recovered.
PAC  EXAMPLE 6
PAR  According to the procedure of Example 4, 8.8 gms (0.1 mole) of methyl
      isopropyl carbinol along with 100 gms of ethylene glycol is placed into a
      250 ml three-necked flask. 32 gms (0.2 mole) of Br.sub.2 is added dropwise
      over a 2 hour period. The solution is then extracted with ether and washed
      with water. 17.1 (81% yield) gms of
      ##EQU21##
PAC  EXAMPLE 7
PAR  According to the procedure of Example 4, 5.1 gms (0.051 mole) of
      methyl-t-butyl carbinol and 100 ml of ethylene glycol are charged to a 250
      ml three-necked flask. 16 gm (0.1 mole) Br.sub.2 is added slowly,
      dropwise, over a period of 2 hours. The solution is extracted with ether
      and washed with water. 10.5 gms of product which consisted of
      ##EQU22##
      in a mole % ratio of a:b 82.6%:17.4%.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing selectively halogenated ketals which comprises
      treating with a halogen selected from the group consisting of chlorine and
      bromine, compounds of the formula:
      ##EQU23##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are a straight chain alkyl
      group of from 1 to 20 carbon atoms, an alkyaryl group wherein the alkyl
      moiety is a straight chain of from 1 to 20 carbon atoms, R.sub.1, R.sub.2,
      R.sub.3 and R.sub.4 may be a branched chain alkyl group of from 3 to 20
      carbon atoms provided that when either of the pair of R.sub.1, R.sub.2 or
      R.sub.3, R.sub.4 is a branched chain the other member is a straight chain
      alkyl group as previously defined, R.sub.1, R.sub.2, R.sub.3 and R.sub.4
      may also be phenyl provided that when either of the pair of R.sub.1,
      R.sub.2 or R.sub.3, R.sub.4 is phenyl the other member is a straight chain
      group as previously defined, R.sub.1, R.sub.2, or R.sub.3 and R.sub.4 may
      further be taken together to form a cycloalkyl ring having at least 6
      carbon atoms, X is chlorine or bromine, said treatment being in solution
      in an organic solvent selected from the group consisting of (a) monohydric
      and polyhydric alcohols of 1 to 5 carbon atoms wherein each C--H group has
      an hydroxyl group attached thereto, (b) ethanol (c) 2,3-butanediol and (d)
      propylene glycol and wherein the ratio of said solvent to secondary
      alcohol or halohydrin is from about 5:1 to about 20:1 and at a temperature
      of from about 0.degree.C to about 80.degree.C.
NUM  2.
PAR  2. A method according to claim 1 wherein the molar ratio of said halogen to
      said secondary alcohol or halohydrin is from about 2:1 to about 5:1.
NUM  3.
PAR  3. A method according to claim 1 wherein the secondary alcohol is selected
      from the group consisting of isopropanol, 2-pentanol, 3-hexanol,
      sec-2-phenethyl alcohol, 1-phenyl-2-propanol, cyclohexanol, cyclooctanol,
      3-methyl-2-butanol, 4,4-dimethyl-2-pentanol, methyl-t-butyl carbinol.
NUM  4.
PAR  4. A method according to claim 1 wherein the halohydrin is selected from
      the group consisting of chlorohydrin, bromohydrin, 3-chloro-2-pentanol,
      3-bromo-2-heptanol, 1-phenyl-3-bromo-2-propanol,
      4,4-dimethyl-3-chloro-2-pentanol, 3,3-dimethyl-1-bromo-2-butanol.
NUM  5.
PAR  5. A method according to claim 1 wherein the ratio of alcohol to secondary
      alcohol or halohydrin is from about 5:1 to about 10:1.
NUM  6.
PAR  6. A method of preparing selectively and symmetrically dihalogenated ketals
      which comprises treating with a halogen selected from the group consisting
      of chlorine and bromine, compounds of the formula:
      ##EQU24##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are a straight chain alkyl
      group of from 1 to 20 carbon atoms, an alkyaryl group wherein the alkyl
      moiety is a straight chain of from 1 to 20 carbon atoms, R.sub.1, R.sub.2,
      or R.sub.3 and R.sub.4 may further be taken together to form a cycloalkyl
      ring having at least 6 carbon atoms, X is chlorine or bromine, said
      treatment being in solution in an organic solvent selected from the group
      consisting of (a) monohydric and polyhydric alcohols of 1 to 5 carbon
      atoms wherein each C--H group has an hydroxyl group attached thereto, (b)
      ethanol (c) 2,3-butanediol and (d) propylene glycol and wherein the ratio
      of said solvent to secondary alcohol or halohydrin is from about 5:1 to
      about 20:1 and at a temperature of from about 0.degree.C to about
      80.degree.C.
NUM  7.
PAR  7. A method according to claim 6 wherein the molar ratio of said halogen to
      said secondary alcohol or halohydrin is from about 2:1 to about 5:1.
NUM  8.
PAR  8. A method according to claim 6 wherein the secondary alcohol is selected
      from the group consisting of isopropanol, 2-pentanol, 3-hexanol,
      sec-2-phenethyl alcohol, 1-phenyl-2-propanol, cyclohexanol, cyclooctanol,
      3-methyl-2-butanol, 4,4-dimethyl-2-pentanol, methyl-t-butyl carbinol.
NUM  9.
PAR  9. A method according to claim 6 wherein the halohydrin is selected from
      the group consisting of chlorohydrin, bromohydrin, 3-chloro-2-pentanol,
      3-bromo-2-heptanol, 1-phenyl-3-bromo-2-propanol,
      4,4-dimethyl-3-chloro-2-pentanol, 3,3-dimethyl-1-bromo-2-butanol.
NUM  10.
PAR  10. A method according to claim 6 wherein the ratio of alcohol to secondary
      alcohol or halohydrin is from about 5:1 to about 10:1.
NUM  11.
PAR  11. A method for the preparation of selectively and symmetrically
      dichlorinated ketals which comprises treating with gaseous chlorine,
      compounds of the formula
      ##EQU25##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are a straight chain alkyl
      group of from 1 to 20 carbon atoms, an alkylaryl group wherein the alkyl
      moiety is a straight chain of from 1 to 20 carbon atoms, wherein X is
      chlorine or bromine, R.sub.1, R.sub.2, or R.sub.3 and R.sub.4 may further
      be taken together to form a cycloalkyl ring having at least 6 carbon atoms
      in methanol wherein the ratio of methanol to secondary alcohol or
      halohydrin is from 5:1 to about 20:1 and at a temperature of about
      25.degree.C.
NUM  12.
PAR  12. A method for preparing a monohalo 1,3-dioxolane which comprises
      treating .alpha.-methyl benzyl alcohol with a halogen selected from the
      group consisting of bromine and chlorine, said treatment being in ethylene
      glycol wherein the ratio of ethylene glycol to .alpha.-methyl benzyl
      alcohol is from about 5:1 to about 20:1 and at a temperature of from about
      0.degree.C to about 80.degree.C.
PATN
WKU  039445690
SRC  5
APN  3921042
APT  1
ART  122
APD  19730827
TTL  Aminomethyl-substituted 1-naphthol phthalides and naphthalides
ISD  19760316
NCL  21
ECL  1
EXA  Tighe; Anne Marie T.
EXP  Daus; Donald G.
INVT
NAM  Bloom; Stanley M.
CTY  Waban
STA  MA
INVT
NAM  Idelson; Elbert M.
CTY  Newton Lower Falls
STA  MA
INVT
NAM  Simon; Myron S.
CTY  West Newton
STA  MA
INVT
NAM  Waller; David P.
CTY  Arlington
STA  MA
ASSG
NAM  Polaroid Corporation
CTY  Cambridge
STA  MA
COD  02
RLAP
COD  74
APN  177497
APD  19710902
PSC  01
PNO  3779753
CLAS
OCL  2603433R
XCL  26032614R
XCL  2603432R
EDF  2
ICL  C07D30777
FSC  260
FSS  343.3;343.4;343.2 R
UREF
PNO  499927
ISD  18930600
NAM  Monnet
OCL  260343.4
UREF
PNO  3301870
ISD  19670100
NAM  Terzijska et al.
OCL  260343.4
LREP
FR2  Campell; Sybil A.
ABST
PAL  This invention relates to a class of phthalein indicator dyes useful as
      optical filter agents in photographic processes to protect a selectively
      exposed photosensitive material from further exposure during processing in
      the presence of incident light. Such dyes comprise 3,3-disubstituted
      phthalides and 3,3-disubstituted naphthalides wherein the 3,3 substituents
      are p-hydroxy carbocyclic aryl radicals wherein one or both of the
      radicals possess a --CH.sub.2 --NRR' group ortho to the p-hydroxy group
      and the --CH.sub.2 --NRR' group(s) is capable of rendering the indicator
      dye substantially non-diffusible in aqueous solution.
PARN
PAC  Cross Reference to Related Applications
PAR  This application is a division of application Ser. No. 177,497 filed Sept.
      2, 1971, now U.S. Pat. No. 3,779,753.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to novel chemical compounds, and more
      specifically, it relates to a new class of phthalein indicator dyes. In a
      particular aspect it relates to certain phthaleins useful as optical
      filter agents in photographic processes for protecting an exposed
      photosensitive material from post-exposure fogging during development in
      the presence of extraneous incident light and to such photographic uses.
PAR  2. Description of the Prior Art
PAR  A number of photographic processes by which images may be developed and
      viewed within seconds or minutes after exposure have been proposed. Such
      processes generally employ a processing composition which is suitably
      distributed between two sheet-like elements, the desired image being
      carried by one of said sheet-like elements. The resulting images may be in
      black-and-white, e.g., in silver, or in one or more colors. Processing may
      be conducted in or outside of a camera. The most useful of such processes
      are the diffusion transfer processes which have been proposed for forming
      silver or dye images, and several of these processes have been
      commercialized. Such processes have in common the feature that the final
      image is a function of the formation of an image-wise distribution of an
      image-providing reagent and the diffusion transfer of said distribution to
      or from the stratum carrying the final image, whether positive or
      negative.
PAR  U.S. Pat. No. 3,415,644 discloses a composite photosensitive structure,
      particularly adapted for use in reflection type photographic diffusion
      transfer color processes. This structure comprises a plurality of
      essential layers including, in sequence, a dimensionally stable opaque
      layer; one or more silver halide emulsion layers having associated
      therewith dye image-providing material which is soluble and diffusible, in
      alkali, at a first pH, as a function of the point-to-point degree of its
      associated silver halide emulsion's exposure to incident actinic
      radiation; a polymeric layer adapted to receive solubilized dye
      image-providing material diffusing thereto; a polymeric layer containing
      sufficient acidifying capacity to effect reduction of a processing
      composition from the first pH to a second pH at which the dye
      image-providing material is substantially nondiffusible; and a
      dimensionally stable transparent layer. This structure may be exposed to
      incident actinic radiation and processed by interposing, intermediate the
      silver halide emulsion layer and the reception layer, an alkaline
      processing composition providing the first pH and containing a
      light-reflecting agent, for example, titanium dioxide to provide a white
      background. The light reflecting agent (referred to in said patent as an
      "opacifying agent") also performs an opacifying function, i.e., it is
      effective to mask the developed silver halide emulsions and also acts to
      protect the photoexposed emulsions from postexposure fogging by light
      passing through the transparent layer if the photoexposed film unit is
      removed from the camera before image formation is complete.
PAR  In a preferred embodiment, the composite photosensitive structure includes
      a rupturable container, retaining the alkaline processing composition
      having the first pH and light-reflecting agent, fixedly positioned
      extending transverse a leading edge of the composite structure in order to
      effect, upon application of compressive pressure to the container,
      discharge of the processing composition intermediate the opposed surfaces
      of the reception layer and the next adjacent silver halide emulsion.
PAR  The liquid processing composition distributed intermediate the reception
      layer and the silver halide emulsion, permeates the silver halide emulsion
      layers of the composite photosensitive structure to initiate development
      of the latent images contained therein resultant from photoexposure. As a
      consequence of the development of the latent images, dye image-providing
      material associated with each of the respective silver halide emulsion
      layers is individually immobilized as a function of the point-to-point
      degree of the respective silver halide emulsion layer photoexposure,
      resulting in imagewise distributions of mobile dye image-providing
      materials adapted to transfer, by diffusion, to the reception layer to
      provide the desired transfer dye image. Subsequent to substantial dye
      image formation in the reception layer, a sufficient portion of the ions
      of the alkaline processing composition transfers, by diffusion, to the
      polymeric neutralizing layer to effect reduction in the alkalinity of the
      composite film unit to the second pH at which dye image-providing material
      is substantially nondiffusible, and further dye image-providing material
      transfer is thereby substantially obviated.
PAR  The transfer dye image is viewed, as a reflection image, through the
      dimensionally stable transparent layer against the background provided by
      the reflecting agent, distributed as a component of the processing
      composition, intermediate the reception layer and next adjacent silver
      halide emulsion layer. The thus-formed stratum effectively masks residual
      dye image-providing material retained in association with the developed
      silver halide emulsion layer subsequent to processing.
PAR  In the copending U.S. patent application Ser. No. 786,352 of Edwin H. Land,
      filed Dec. 23, 1968, now abandoned and Ser. No. 101,968 filed Dec. 28,
      1970, now U.S. Pat. No. 3,647,437 in part a continuation of Ser. No.
      786,352, an organic light-absorbing reagent (or optical filter agent),
      such as a dye, which is present as a light-absorbing species at the first
      pH and which may be converted to a substantially non-light-absorbing
      species at the second pH is used in conjunction with the light-reflecting
      agent to protect the selectively exposed silver halide emulsions from
      post-exposure fogging when development of the photoexposed emulsions is
      conducted in the presence of extraneous incident actinic radiation
      impinging on the transparent layer of the film unit.
PAR  In the processes of aforementioned applications Ser. Nos. 786,352, now
      abandoned, and 101,968, now U.S. Pat. No. 3,647,437, and in other
      photographic processes, it is preferred to use, as the optical filter
      agent, a dye that is substantially non-diffusible in the photographic
      processing composition in order to achieve optimum efficiency as a
      radiation filter and to prevent diffusion of optical filter agent into
      layers of the film unit where its presence may be undesirable. The present
      invention is concerned with pH-sensitive dyes, namely, certain phthaleins
      of hydroxy-substituted carbocyclic aryl compounds, i.e., phenols and
      1-naphthols, useful as optical filter agents that are substantially
      non-diffusible in aqueous solution.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the primary object of the present invention to provide
      novel indicator dyes.
PAR  It is a further object of the present invention to provide phenol and
      1-naphthol phthalein indicator dyes useful as optical filter agents in
      photographic processes for preventing post-exposure fogging of a
      selectively exposed photosensitive material during development in the
      presence of incident light.
PAR  It is a further object of the present invention to provide products,
      compositions and processes for the development of photosensitive materials
      in which the novel phthalein indicator dyes are used.
PAR  Other objects of this invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the processes involving the several
      steps and the relation and order of one or more of such steps with respect
      to each of the others, and the products and compositions possessing the
      features, properties and the relation of elements which are exemplified in
      the following detailed disclosure, and the scope of the application of
      which will be indicated in the claims.
PAR  According to the present invention, there is provided a novel class of
      indicator dyes selected from 3,3-disubstituted phthalides and
      3,3-disubstituted naphthalides wherein the 3,3 substituents are
      p-hydroxycarbocyclic aryl radicals, one or both of said radicals
      possessing a --CH.sub.2 --NRR' group ortho to the para-hydroxy group, said
      --CH.sub.2 --NRR' group or groups being capable of rendering the dye
      substantially non-diffusible in aqueous solution. These dyes will be
      defined with greater particularity hereinafter.
PAR  Like phthalein dyes, generally, the dyes of the present invention exhibit
      reversibly alterable spectral absorption characteristics in response to
      changes in environmental pH. They have a colored, light-absorbing form in
      alkaline media at a first pH value above their pKa and a substantially
      colorless form, i.e., a form which is substantially non-light-absorbing in
      the visible spectrum at a second pH below their pKa. By pKa is meant the
      pH at which about 50% of the dye is present in its light-absorbing form
      and about 50% is present in its non-light-absorbing form.
PAR  It will be appreciated that such compounds will find utility in titrations
      and other analytical procedures where phthalein indicator dyes are
      commonly employed, for example, to measure changes in pH value as
      reflected by the change in color of the dye from one color to another or
      from colored to colorless or vice versa. The indicator dyes of the present
      invention, however, because they are substantially non-diffusible in
      aqueous media and because of certain other properties, are especially
      useful as optical filter agents in photographic processes where
      development of a selectively exposed photosensitive material is performed
      at least in part outside the confines of a camera in the presence of
      extraneous incident actinic radiation.
PAR  For a fuller understanding of the nature and objects of the present
      invention, reference should be had to the following detailed description.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the present invention, it has been found that phenol and
      1-naphthol phthaleins which are substantially non-diffusible in aqueous
      media may be obtained by condensing the phthalein dye or dye-intermediate,
      with formaldehyde and a primary or secondary amine to introduce a suitable
      "anchor" or "immobilizing" --CH.sub.2 --NRR' group into the 2-position of
      the p-hydroxyphenyl or p-hydroxynaphthyl radical(s), i.e., ortho to the
      functional hydroxy group. It also has been found that a substantial
      increase in pKa results when both the R and R' substituents of the
      --CH.sub.2 --NRR' group are other than hydrogen. Because of the higher
      pKa, the dye may be rendered colorless at a higher pH in aqueous alkaline
      processing media. Thus, upon pH reduction, they may be cleared more
      rapidly than simple phenol and naphthol phthaleins in photographic
      processes where it is desired to view image formation soon after the
      initial stages of development.
PAR  As noted above, the novel indicator dyes of the present invention comprise
      two p-hydroxycarbocyclic aryl radicals bonded to a phthalide or
      naphthalide ring-closing moiety, one or both, and preferably, both of the
      carbocyclic aryl radicals being substituted ortho to the p-hydroxy group
      with a --CH.sub.2 --NRR' group. When both radicals are so substituted, the
      --CH.sub.2 --NRR' groups may be the same or different, and preferably, are
      the same. The p-hydroxycarbocyclic aryl radicals are selected from two
      p-hydroxyphenyl radicals and two p-hydroxynaphthyl radicals. Typical of
      the indicator dyes of the present invention are those represented by the
      formula:
      ##SPC1##
PAL  wherein A and A', the same, represent the carbon atoms necessary to
      complete a radical selected from phenyl and naphthyl; Y represents the
      group --CH.sub.2 --NRR' wherein R is hydrogen, alkyl, aryl or acyl and R'
      is alkyl, aryl or alkaryl; and X represents the atoms necessary to
      complete a ring-closing moiety selected from a phthalide and a
      naphthalide. Preferably, the A' radical contains an ortho substituent Y',
      i.e.,
      ##SPC2##
PAL  wherein Y' represents the group --CH.sub.2 --NRR' and said R and said R'
      both have the same meaning given above.
PAR  Examples of substituents that may comprise R and R' are branched and
      preferably straight chain alkyl groups, such as, methyl, ethyl, propyl,
      butyl, hexyl, octyl, nonyl, decyl, dodecyl, hexadecyl, octadecyl, and
      eicosanyl; aryl groups, such as, phenyl, and naphthyl; and alkaryl groups,
      such as, phenyldecyl, phenyloctyl, phenylhexyl, p-octylphenyl and
      p-dodecylphenyl. Examples of acyl substituents are those of the formula
      ##EQU1##
      wherein R'" is alkyl, aryl, or alkaryl, such as, the respective groups
      enumerated above.
PAR  Since the --CH.sub.2 --NRR' group or groups should render a given dye
      substantially non-diffusible in a given aqueous solution, the respective
      R' substituent(s) will be selected so that together with the respective R
      substituent(s), the resulting dye is substantially immobile in solution.
      For example, when the R substituent(s) is hydrogen, relatively long chain
      alkyl groups, such as, dodecyl or octadecyl may be selected as the R'
      substituent(s), whereas an alkyl group with a lesser number of carbon
      atoms may be adequate to achieve substantial non-diffusibility of the dye
      where the R substituent(s) is a relatively long chain group(s).
PAR  The indicator dyes defined above and as represented in the foregoing
      formula may contain substituents other than those specified on the
      p-hydroxycarbocyclic aryl radicals and/or the ring-closing moiety. Typical
      substituents include alkyl, such as, methyl, ethyl, propyl; alkoxy, such
      as, methoxy, ethoxy, butoxy; halo, such as, fluoro, chloro, bromo; and
      solubilizing groups as exemplified by hydroxy, carboxy and sulfo. It will
      bee recognized, however, that such additional substituents should not
      interfere with the function of the dye for its intended ultimate use and
      also that substituents, such as, the solubilizing or other groups may be
      included in the --CH.sub.2 --NRR' group(s) rather than being substituted
      directly on the carbocyclic radicals and/or the ring-closing moiety.
      Preferably, the dyes of the present invention are symmetrical, i.e., bis
      phthalides and naphthalides wherein the two phenyl or the two naphthyl
      radicals contain the same substituents in the same positions so that they
      are identical.
PAR  Specific examples of indicator dyes within the scope of the present
      invention are as follows
      ##SPC3##
PAR  In preparing the dyes of the present invention, the --CH.sub.2 --NRR' group
      or groups may be introduced by reacting a dye intermediate and/or a
      phthalide or naphthalide indicator dye with formaldehyde and a primary or
      secondary amine. For example, a dye intermediate, such as,
      3-hydroxy-3-(4'-hydroxynaphthyl) naphthalide-1,8 may be condensed with
      formaldehyde and the appropriate amine to yield the corresponding
      (3'--CH.sub.2 --NRR'--4'--hydroxynaphthyl) naphthalide intermediate. This
      intermediate may then be reacted with a 1-naphthol under Friedel Crafts
      conditions to yield the complete dye. The naphthol reacted with the dye
      intermediate may contain a --CH.sub.2 --NRR' group or this group may be
      introduced subsequent to forming the complete dye by reacting the complete
      dye with formaldehyde and amine. Where the R substituent or the
      methylamino group(s) is hydrogen, the dye intermediate or the complete dye
      may be reacted with an acylating agent, e.g., acetyl chloride to convert
      the amino to amido group(s). By employing the foregoing procedure, phenol
      and 1-naphthol phthalides and naphthalides may be prepared which contain
      one or two --CH.sub.2 --NRR' groups, the same or different.
PAR  As noted above, the indicator dyes of the present invention are preferably
      symmetrical. Both phenol and both naphthol radicals contain the same
      substituents in the same positions including identical --CH.sub.2 --NRR'
      groups. Such dyes may be prepared more conveniently by simply reacting a
      phenol or 1-naphthol phthalide or naphthalide with formaldehyde and an
      amine and then treating product with an acylating agent where appropriate
      and desired to produce the amido group.
PAR  It will be appreciated that the phenol or 1-naphthol radical(s) of the
      phthalein dye or dye intermediate employed as the starting material should
      have a free 2-position, i.e., a free position ortho to the p-hydroxy group
      for the condensation reaction with formaldehyde and the amine. The amine
      used may be any primary amine that will provide the desired R' substituent
      described above or any secondary amine that will provide the desired R and
      R' substituents. Where the methylamino groups are subsequently acylated,
      any of the agents commonly used in acylation reactions may be employed.
      Both the condensation reaction and acylation reaction may be carried out
      in a conventional manner.
DETD
PAR  The following Examples are given to further illustrate the present
      invention and are not intended to limit the scope thereof.
PAC  EXAMPLE 1
PAC  Preparation of the compound of formula (10)
PAR  Analytical grade 1-naphtholphthalein.2CHCl.sub.3 (2 equivalents) was
      dissolved in ethanol (1g./5ml.) in a 3-neck round-bottom flask fitted with
      mechanical stirrer, thermometer, and dropping funnel. n-Dodecyl amine (5
      equivalents) was dissolved in ethanol (1g./10ml.) and added in one portion
      to the reaction vessel. To this well-stirred solution, formalin
      (containing 2.1 equivalents formaldehyde) in ethanol (1 ml./5ml.) was
      added dropwise over 1 hour at a rate such that the temperature of the
      reaction mixture did not exceed 30.degree.C. and the mixture stirred at
      room temperature about 14 hours. The reaction mixture was filtered and
      washed with ethanol into a round-bottom flask and evaporated on a rotary
      evaporator with the heating bath maintained at &lt;30.degree.C. The residual
      dark paste was triturated with excess hexane (approximately 1 g./40ml..)
      until an easily filterable solid was obtained. The solid was collected and
      triturated again with hexane, collected and washed well with hexane to
      ensure that all unconverted dodecylamine had been removed. An analytical
      sample was obtained by crystallization from boiling hexane. The bulk of
      the crude sample was dissolved in hot chloroform (1g./5ml.), filtered, and
      diluted with 10 volumes hexane and allowed to stand several hours. The
      title compound was recovered in about 70-80% by weight.
PAC  EXAMPLE 2
PAC  Preparation of the compound of formula (11)
PAR  The product obtained in Example 1 above was dissolved in dry pyridine
      (1g./10ml.) in a flame-dried round-bottom flask fitted with a dropping
      funnel to give an intense sienna solution which was chilled in an ice bath
      to about 5.degree.C. Acetyl chloride (10 equivalents) was added dropwise.
      After a short time a solid separated and the reaction mixture turned
      bright yellow. When addition was complete, the cooling bath was removed
      and the reaction mixture allowed to come to room temperature. The reaction
      mixture was poured into dilute hydrochloric acid; the off-white solid was
      triturated, collected, washed thoroughly with dilute hydrochloric acid,
      and dried to give a pale yellow solid.
PAR  The crude tetraacetate was dissolved in methanol (1g./40ml.) and filtered.
      Dilute alkali was added, and the reaction mixture was stirred 1 hour at
      room temperature. The intensely blue solution was filtered to remove minor
      amounts of insoluble materials and the filtrate precipitated into dilute
      hydrochloric acid. The precipitate was collected, washed and dried and
      recrystallized from ethyl acetate/hexane to yield the title compound.
PAC  EXAMPLE 3
PAC  Preparation of the compound of formula (14)
PAR  Following the procedure of Example 1,
      3-hydroxy-3-(4'-hydroxynaphthyl)phthalide was reacted with n-dodecylamine
      and formalin and then acetylated according to the procedure of Example 2.
      The intermediate thus obtained was treated with aqueous sodium hydroxide
      and then reacted with an equivalent of 1-naphthol in the presence of
      phosphorus oxychloride to yield the title compound.
PAC  EXAMPLE 4
PAC  Preparation of the compound of Formula (1)
PAR  Following the procedure of Example 1, analytical grade phenol phthalein was
      reacted with formalin and n-dodecylamine to yield the title compound.
PAR  Each of the indicator dyes prepared in the above examples was coated in a
      layer of gelatin over another layer comprising gelatin carried on a
      support. This element was then superposed with a second element comprising
      a polymeric layer of polyvinyl alcohol and poly-4-vinylpyridine carried on
      a transparent support. An aqueous alkaline solution having a pH in excess
      of about 12 and comprising water, potassium hydroxide and titanium dioxide
      was spread between the superposed elements. Optical density was measured
      over a period of about 2 minutes through the transparent support of the
      second element commencing upon spreading of the aqueous solution to
      determine whether or not indicator dye was migrating through the layer of
      aqueous solution to the polymeric layer. The density measurements as
      measured by reflection at the .lambda..sub.max for each dye revealed that
      substantially no increase in density occurred during the 2 minute interval
      indicating that each of the dyes was substantially non-diffusible from its
      original position in the first element.
PAR  As noted above, it has been found that the pKa of the indicator dyes
      containing --CH.sub.2 --NRR' group(s) wherein R is other than hydrogen,
      e.g., acetyl, exhibit a higher pKa than those dyes where the R substituent
      is hydrogen. For example, the pKa value measured for the indicator dye of
      Example 1 was approximately 7 which is in substantially the same range as
      the pKa for 1-naphtholphthalein which has two pKa's, one at about 7 and a
      second at about 8. In comparison, the pKa values measured for the
      indicator dyes of Examples 2 and 3 were 10.1 and 9.2, respectively.
      Because of the substantial increase in pKa for dyes of the latter type,
      such dyes may be rendered colorless at a high pH. Such dyes are
      particularly useful as optical filter agents in photographic processes,
      e.g., diffusion transfer processes performed at a comparatively high pH
      where it is desired to clear the dye relatively rapidly upon reduction of
      the pH to permit early viewing of the image.
PAR  The pH sensitive indicator dyes of the present invention may be used as
      optical filter agents in any photographic process including conventional
      tray processing and diffusion transfer photographic techniques. In such
      processes, the dye or dyes during development of a selectively exposed
      photosensitive material will be in a position and in a concentration
      effective to absorb a given level of non-selective radiation incident on
      and actinic to the photosensitive material. The dyes may be initially
      disposed in the film unit, for example, in a layer(s) coextensive with one
      or both surfaces of the photosensitive layer. Where selective exposure of
      the photosensitive material is made through a layer containing the
      indicator dye, then the dyes should be in a non-light-absorbing form until
      the processing solution is applied. Alternately, the dyes may be initially
      disposed in the processing composition in their light-absorbing form, for
      example, in the developing bath in tray processing or in the layer of
      processing solution distributed between the photosensitive elemtn and the
      superposed image-receiving element (or spreader sheet) in diffusion
      transfer processing. The particular indicator dye or dyes selected should
      have an absorption spectrum corresponding to the sensitivity of the
      photosensitive layer, so as to afford protection over the predetermined
      wavelength range required by the particular photosensitive material
      employed and should have a pka such that they are in their colored form,
      i.e., light-absorbing form at the pH at which the photographic process is
      performed. Most commercially useful photographic processes are performed
      under alkaline conditions. Diffusion transfer processes, for example,
      usually employ highly alkaline processing solutions having a pH in excess
      of 12.
PAR  In photographic processes where the optical filter agent is retained in a
      stratum through which the final image is to be viewed, the color of the
      indicator dye may be discharged subsequent to image formation by adjusting
      the pH of the system to a value at which the dye is substantially
      non-light absorbing in the visible spectrum. In photographic processes
      performed at an alkaline pH, the optical filter agent, such as, a dye or
      dyes of the present invention are rendered substantially colorless by
      reducing the environmental pH. In processes where the optical filter agent
      is removed or separated from the layer containing the final image or
      retained in a layer that does not interfere with viewing of the final
      image, it is unnecessary to convert the indicator dye to its
      non-light-absorbing form, though the color may be discharged if desired.
PAR  The concentration of indicator dye is selected to provide the optical
      transmission density required, in combination with other layers
      intermediate the silver halide emulsion layer(s) and the incident
      radiation, to prevent nonimagewise exposure, i.e., fogging, by incident
      actinic light during the performance of the particular photographic
      process. It has been found, by interposing neutral density (carbon
      containing) filters over a layer of titanium dioxide, that a transmission
      density of approximately 6.0 from said neutral density filters was
      effective to prevent fogging of a diffusion transfer multicolor film unit
      of the type described in said U.S. Pat. No. 3,415,644 having a transparent
      support layer and an Equivalent ASA Exposure Index of approximately 75,
      when processed for one minute in 10,000 foot candles of color corrected
      light, a light intensity approximating the intensity of a noon summer sun.
      The transmission density required to protect such a film unit under the
      stated conditions may also be expressed in terms of the "system"
      transmission density of all the layers intermediate the silver halide
      layer(s) and the incident light; the "system" transmission density
      required to protect color film units of the aforementioned type and
      photographic speed has been found to be on the order of 7.0 to 7.2. Lesser
      levels of optical transmission density would, of course, provide effective
      protection for shorter processing times, lesser light intensities and/or
      films having lower exposure indices. The transmission density and the
      indicator dye concentration necessary to provide the requisite protection
      from incident light may be readily determined for any photographic process
      by following the above described procedure or obvious modifications
      thereof.
PAR  Since most commercial photographic processes employ photosensitive
      materials sensitive to and exposable by actinic radiation throughout the
      visible spectrum, e.g., black-and-white panchromatic silver halide
      emulsions and multilayer silver halide emulsion elements, it is preferred
      to use a second dye(s) in conjunction with the subject dye(s) that has a
      principal absorption in a second and at least partially different
      predetermined wavelength range such that the combination of dyes will
      afford protection from non-selective incident actinic radiation over the
      range of 400 to 700 nm. The second dye employed may be non-color-changing
      but preferably, is also pH sensitive, i.e., has reversibly alterable
      spectral absorption characteristics in response to changes in the
      environmental pH so that it may be rendered light-absorbing or
      non-light-absorbing as desired. Illustrative of such dyes are phthaleins
      derived from indoles, such as, indole phthalein. The second dye also may
      be initially present in the film unit or in the processing composition as
      discussed above either together with or separate from the subject dyes and
      subsequent to processing may be removed from the film unit or retained
      within the film structure, provided it is in a form or position such that
      it does not interfere with viewing of the image produced.
PAR  Dyes may be selected from those described above that are particularly
      useful as optical filter agents in diffusion transfer processes, for
      example, those employing composite diffusion transfer photosensitive
      elements including a film pack or roll wherein superposed photosensitive
      and image-receiving elements are maintained as a laminate after formation
      of the final image. Such elements include at least one transparent support
      to allow viewing of the final image without destroying the structural
      integrity of the film unit. Preferably, the support carrying the
      photosensitive layer(s) is opaque and the support carrying the
      image-receiving layer is transparent and selective photoexposure of the
      photosensitive layer(s) and viewing of the final image both are effected
      through the latter support. The final image is viewed as a reflection
      print, i.e., by reflected light, provided by a reflecting agent initially
      disposed in the processing composition applied and maintained intermediate
      the image-receiving and next adjacent photosensitive layer or by a
      preformed layer of reflecting agent initially positioned intermediate the
      image-receiving and next adjacent photosensitive layer. It will be
      understood that a preformed reflecting layer, while it should be capable
      of masking the photosensitive layer(s) subsequent to image formation,
      should not interfere with selective photoexposure of the photosensitive
      material prior to processing.
PAR  When utilizing reflection-type composite film units, the indicator dye or
      dyes employed as the optical filter agent(s) may be positioned initially
      in a layer of the film unit, e.g., in a layer between the image-receiving
      and next adjacent photosensitive layer through which photoexposure is
      effected provided it is incorporated under conditions, i.e., at a pH such
      that it will not absorb actinic radiation intended to selectively expose
      the photosensitive material to form a latent image therein. For example,
      the optical filter agent may be in a layer coated over either the
      image-receiving layer or the next adjacent photosensitive layer and should
      remain substantially non-light-absorbing until a processing composition is
      applied provided a pH at which the indicator dye is capable of being
      rapidly converted to its light-absorbing form to provide light protection
      when the film unit is removed from the camera. Rather than being initially
      disposed in the film unit, the indicator dye may be initially present in
      the processing composition applied intermediate the image-receiving and
      next adjacent photosensitive layer subsequent to photoexposure. The dye,
      when initially disposed in the processing composition, will be in its
      light-absorbing form.
PAR  The dyes selected as optical filter agents should exhibit at the initial pH
      of the processing, maximum spectral absorption of radiation at the
      wavelengths to which the film unit's photosensitive silver halide layer or
      layers are sensitive, and preferably, should be substantially immobile or
      nondiffusible in the alkaline processing composition in order to achieve
      optimum efficiency as a radiation filter and to prevent diffusion of
      filter agent into layers of the film unit where its presence may be
      undesirable. Recognizing that the filter agent absorption will detract
      from image-viewing characteristics by contaminating reflecting pigment
      background, the selected agents should be those exhibiting major spectral
      absorption at the pH at which processing is effected and minimal
      absorption at a ph below that which obtains during transfer image
      formation. Accordingly, the selected optical filter agent or agents should
      possess a pKa below that of the processing pH and above that of the
      environmental pH subsequent to transfer image formation.
PAR  As discussed previously, the concentration of indicator dye is selected to
      provide the optical transmission density required, in combination with
      other layers intermediate the silver halide emulsion layer(s) and the
      incident radiation, to prevent nonimagewise exposure, i.e., fogging, by
      incident actinic light during the performance of the particular
      photographic process. In the processes where the indicator dye or dyes
      selected as optical filter agents are used in conjunction with a
      reflecting agent or agents, the optical filter agents and reflecting
      agents together should possess the optical transmission density necessary
      to protect the photosensitive material for the particular photographic
      process. The optimum concentration of optical filter agent(s) or filter
      agent(s) together with reflecting agent(s) may be readily determined
      empirically for each photographic system.
PAR  While substantially any reflecting agent may be employed for the layer of
      reflecting agent, either preformed or applied as a component of the
      processing composition, it is preferred to select an agent that will not
      interfere with the color integrity of the dye transfer image, as viewed by
      the observer, and, most preferably, an agent which is aesthetically
      pleasing to the viewer and does not provide a background detracting from
      the information content of the image. Particularly desirable reflecting
      agents will be those providing a white background, for viewing the
      transfer image, and specifically those conventionally employed to provide
      background for reflection photographic prints and, especially, those
      agents possessing the optical properties desired for reflection of
      incident radiation.
PAR  As examples of reflecting agents, mention may be made of barium sulfate,
      zinc sulfide, titanium dioxide, barium stearate, silver flake, silicates,
      alumina, zirconium oxide, zirconium acetyl acetate, sodium zirconium
      sulfate, kaolin, mica, and the like.
PAR  Illustrative of the photographic use of the indicator dyes of the present
      invention as optical filter agents, a photographic film unit was prepared
      by coating, in succession, on a gelatin subbed, 4 mil. opaque polyethylene
      terephthalate film base, the following layers:
PAR  1. a layer of the cyan dye developer
      1,4-bis-(.beta.-[hydroquinonyl-.alpha.-methyl]-ethylamino)-5,8-dihydroxy-a
     nthraquinone dispersed in gelatin and coated at a coverage of about 80
      mgs./ft..sup.2 of dye and about 100 mgs./ft..sup.2 of gelatin;
PAR  2. a red-sensitive gelatino-silver iodobromide emulsion coated at a
      coverage of about 225 mgs./ft..sup.2 of silver and about 50 mgs./ft..sup.2
      of gelatin;
PAR  3. a layer of the acrylic latex sold by Rohm and Haas Co., Philadelphia,
      Pa., U.S.A., under the trade designation AC-61 and polyacrylamide coated
      at a coverage of about 150 mgs./ft..sup.2 of AC-61 and about 5
      mgs/ft..sup.2 of polyacrylamide;
PAR  4. a layer of the magenta dye developer
      2-(p-[.beta.-hydroquinonylethyl]-phenylazo)-4-isopropoxy-1-naphthol
      dispersed in gelatin and coated at a coverage of 70 mgs./ft..sup.2 of dye
      and about 120 mgs./ft..sup.2 of gelatin;
PAR  5. a green-sensitive gelatino-silver iodobromide emulsion coated at a
      coverage of about 120 mgs./ft..sup.2 of silver and 60 mgs./ft..sup.2 of
      gelatin;
PAR  6. a layer comprising the acrylic latex sold by Rohm and Haas Co. under the
      trade designation B-15 and polyacrylamide coated at a coverage of about
      100 mgs./ft..sup.2 of B-15 and about 10 mgs./ft..sup.2 of polyacrylamide;
PAR  7. a layer of the yellow dye developer
      4-(p-[.beta.-hydroquinonylethyl]-phenylazo)-3-(N-n-hexyl-carboxamido)-1-ph
     enyl-5-pyrazolone and the auxiliary developer 4'-methylphenyl hydroquinone
      dispersed in gelatin and coated at a coverage of about 50 mgs./ft..sup.2
      of dye, about 15 mgs./ft..sup.2 of auxiliary developer and 50
      mgs./ft..sup.2 of gelatin;
PAR  8. a blue-sensitive gelatino-silver iodobromide emulsion coated at a
      coverage of about 75 mgs./ft..sup.2 of silver and about 75 mgs./ft..sup.2
      of gelatin; and
PAR  9. a layer of gelatin coated at a coverage of about 50 mgs./ft..sup.2 of
      gelatin.
PAR  Then a transparent 4 mil. polyethylene terephthalate film base was coated,
      in succession, with the following illustrative layers:
PAR  1. a 7:3 mixture, by weight, of polyethylene/maleic acid copolymer and
      polyvinyl alcohol at a coverage of about 1400 mgs./ft..sup.2, to provide a
      polymeric acid layer;
PAR  2. a graft copolymer of acrylamide and diacetone acrylamide on a polyvinyl
      alcohol backbone in a molar ratio of 1:3.2:1 at a coverage of about 800
      mgs./ft..sup.2, to provide a polymeric spacer layer; and
PAR  3. a 2:1 mixture, by weight, of polyvinyl alcohol and poly-4-vinylpyridine,
      at a coverage of about 900 mgs./ft..sup.2 and including about 20
      mgs./ft..sup.2 phenyl mercaptotetrazole, to provide a polymeric
      image-receiving layer.
PAR  The two components thus prepared were then taped together in laminate form,
      at their respective edges, by means of a pressure-sensitive binding tape
      extending around, in contact with, and over the edges of the resultant
      laminate.
PAR  A rupturable container comprising an outer layer of lead foil and an inner
      liner or layer of polyvinyl chloride retaining an aqueous alkaline
      processing solution comprising:
     Water                    100     cc.                                      
     Potassium hydroxide      11.2    gms.                                     
     Hydroxyethyl cellulose (high                                              
     viscosity) [commercially available                                        
     from Hercules Powder Co., Wilmington,                                     
     Delaware, under the trade name                                            
     Natrasol 250]            3.4     gms.                                     
     N-phenethyl-.alpha.-picolinium bromide                                    
                              2.7     gms.                                     
     Benzotriazole            1.15    gms.                                     
     Titanium dioxide         50.0    gms.                                     
                              2.08    gms.                                     
      ##SPC4##
PAL  was then fixedly mounted on the leading edge of each of the laminates, by
      pressure-sensitive tapes interconnecting the respective containers and
      laminates, such that, upon application of compressive pressure to a
      container, its contents may be distributed, upon rupture of the
      container's marginal seal, between the polymeric image-receiving layer and
      next adjacent gelatin layer.
PAR  The photosensitive composite film units were exposed through step wedges to
      selectively filter radiation incident on the transparent polyethylene
      terephthalate layer and processed by passage of the exposed film units
      through appropriate pressure-applying members, such as suitably gapped,
      opposed rolls, to effect rupture of the container and distribution of its
      contents. During processing, the multicolor dye transfer image formation
      may be viewed through the transparent polyethylene terephthalate layer
      against the titanium dioxide background provided by distribution of the
      pigment containing processing composition between the polymeric
      image-receiving layer and gelatin layer 9 of the photosensitive component.
      The film unit may be exposed to incident light and the formation of the
      image may be viewed upon distribution of the processing composition by
      reason of the protection against incident radiation afforded the
      photosensitive silver halide emulsion layers by the optical filter agents
      and by reason of the effective reflective background afforded by the
      titanium dioxide.
PAR  The film unit detailed above is similar to that shown in FIG. 2 and related
      FIGS. 3 and 4 of aforementioned copending U.S. patent application Ser. No.
      101,968 now U.S. Pat. No. 3,647,437. The negative component of the film
      unit including the photosensitive strata and associated dye-image-forming
      material; the positive component including the timing, neutralizing and
      dyeable layers; and the processing composition including its components,
      such as, the alkaline material and various addenda are described in detail
      in application Ser. No. 101,968 now U.S. Pat. No. 3,647,437. For
      convenience, the specification of this application is specifically
      incorporated herein.
PAR  Besides the above photosensitive element, the dyes of the present invention
      may be employed in composite photosensitive elements, in general, where
      the dyeable stratum along with any associated layers may be contained
      together with the photosensitive strata as a unitary film unit which may
      be termed an integral negative-positive film unit comprising a negative
      component including the aforementioned essential layers and a positive
      component including at least the dyeable stratum in which the color
      transfer image is to be formed. The essential layers are preferably
      contained on a transparent dimensionally stable layer or support member
      positioned closest to the dyeable stratum so that the resulting transfer
      image is viewable through this transparent layer. Most preferably another
      dimensionally stable layer which may be transparent or opaque is
      positioned on the opposed surface of the essential layers so that the
      aforementioned essential layers are sandwiched or confined between a pair
      of dimensionally stable layers or support members, at least one of which
      is transparent to permit viewing therethrough of a color transfer image
      obtained as a function of development of the exposed film unit in
      accordance with the known color diffusion transfer processes. It will be
      appreciated that all of these film units, like the specific one detailed
      above, may optionally contain other layers performing specific desired
      functions, e.g., spacer layers, pH-reducing layers, etc.
PAR  As examples of such integral negative-positive film units for preparing
      color transfer images viewable without separation are those described and
      claimed in aforementioned U.S. Pat. No. 3,415,644 and in U.S. Pat. Nos.
      3,415,645, 3,415,646, 3,473,925, and 3,573,043; as well as those described
      in copending application Ser. No. 65,084, filed Aug. 19, 1970, now U.S.
      Pat. No. 3,672,890, in the name of Edwin H. Land; and Ser. Nos. 39,646 and
      39,666 of Howard G. Rogers, filed May 22, 1970, now U.S. Pat. Nos.
      3,594,165 and 3,594,164.
PAR  In general, the film units of the foregoing description, e.g., those
      described in the aforementioned patents and/or copending applications, are
      exposed to form a developable image and thereafter developed by applying
      the appropriate processing composition to develop exposed silver halide
      and to form, as a function of development, an imagewise distribution of
      diffusible dye image-providing material which is transferred, at least in
      part by diffusion, to the dyeable stratum to impart thereto the desired
      color transfer image, e.g., a positive color transfer image. Common to all
      of these systems is the provision of a reflecting layer between the
      dyeable stratum and the photosensitive strata to mask effectively the
      latter and to provide a background for viewing the color image contained
      in the dyeable stratum, whereby this image is viewable without separation,
      from the other layers or elements of the film unit. As discussed
      previously, this reflecting layer is provided prior to photoexposure,
      e.g., as a preformed layer included in the essential layers of the laminar
      structure comprising the film unit, and in others it is provided at some
      time thereafter, e.g., by including a suitable light-reflecting agent, for
      example, a white pigment, such as, titanium dioxide, in the processing
      composition. As an example of such a preformed layer, mention may be made
      of that disclosed in the copending applications of Edwin H. Land, Ser.
      Nos. 846,441, filed July 31, 1969, now U.S. Pat. No. 3,615,421 and 3,645,
      filed Jan. 19, 1970 now U.S. Pat. No. 3,620,724. The reflecting pigment
      may be generated in situ as is disclosed in the copending applications of
      Edwin H. Land, Ser. Nos. 43,741 and 43,742, both filed June 5, 1970 now
      U.S. Pat. Nos. 3,647,434 and 3,647,435, respectively. In a particularly
      preferred form, such film units are employed in conjunction with a
      rupturable container, such as, that used above, containing the processing
      composition having the light-reflecting agent incorporated therein which
      container is adapted upon application of pressure of distributing its
      contents to develop the exposed film unit and to provide the
      light-reflecting layer.
PAR  As noted previously, the photographic use of the dyes of the present
      invention as optical filter agents to prevent post-exposure fogging of a
      selectively exposed photosensitive material is not limited to diffusion
      transfer processes nor to such processes employing composite
      photosensitive elements. While the use of such dyes in composite
      multicolor diffusion transfer film units is a particularly preferred
      embodiment of the present invention, these dyes may be used with equally
      effective results in any photographic process where it is desired to
      protect a photosensitive material from incident radiation actinic to the
      photosensitive material within the wavelength range capable of being
      absorbed by the dye. For example, the subject dyes may be used in
      conventional tray photographic processing as a component of the processing
      bath, or they may be present in a layer coextensive with one or both
      surfaces of a layer of photosensitive material to be processed using
      conventional tray procedures, provided that they are non-light-absorbing
      prior to photoexposure and also subsequent to developing the latent image
      unless the layer containing the dye is to be removed subsequent to
      processing. In such procedures, the photoexposed photosensitive material
      will, of course, be transferred from the camera to the processing bath in
      the absence of radiation actinic to the material.
PAR  The subject dyes also may be employed in diffusion transfer processes where
      the photosensitive and image-receiving elements are separated subsequent
      to the formation of a transfer image or where a spreader sheet is
      separated from the photosensitive element to reveal a final image in the
      negative. In addition to the composite diffusion transfer structures
      described above, the subject dyes may be used with composite diffusion
      transfer film units where the final image is to be viewed by transmitted
      light. Also they may be used in composite film units specifically adapted,
      for example, for forming a silver transfer image, for developing a
      negative silver image by monobath processing, for obtaining an additive
      color image, and for obtaining a dye image by the silver dye bleach
      process which structures are described in detail in aforementioned
      copending U.S. application Ser. No. 101,968, now U.S. Pat. No. 3,647,437,
      particularly with reference to FIGS. 10 to 13 of the application's
      drawings.
PAR  In view of the foregoing, it will be readily apparent that the subject dyes
      are useful generally in photographic processes for producing silver,
      monochromatic and multi-color images using any photosensitive material
      including conventional and direct positive silver halide emulsions.
      Depending upon the selected photosensitive material, one or more of the
      dyes may be used alone or in combination with another optical filter
      agent, such as another light-absorbing dye, which second dye may be
      non-color-changing or another pH sensitive dye. If the selected dye or
      dyes do not possess the desired stability in the processing composition
      for long term storage therein, they may be initially disposed in the film
      structure or stored in a double-compartmented pod or in one of two
      associated pods separate from the processing solution until such time as
      the pod(s) are ruptured whereupon the dyes are admixed with the processing
      solution.
PAR  Since certain changes may be made in the above product and process without
      departing from the scope of the invention herein involved, it is intended
      that all matter contained in the above description shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An indicator dye having the formula
      ##SPC5##
PAL  wherein A and A' are
      ##SPC6##
PAL  Y is --CH.sub.2 --NRR' wherein R is hydrogen or acyl having the formula
      ##EQU2##
      wherein R'" is alkyl having 1 to 20 carbon atoms, naphthyl, phenyl,
      phenylalkyl wherein said alkyl contains 1 to 12 carbon atoms and
      p-alkylphenyl wherein said p-alkyl has 1 to 12 carbon atoms and R' is a
      hydrocarbon group selected from alkyl having 1 to 20 carbon atoms,
      naphthyl, phenyl, phenylalkyl wherein said alkyl has 1 to 12 carbon atoms
      and p-alkylphenyl wherein said p-alkylcontains 1 to 12 carbon atoms; Y' is
      hydrogen or --CH.sub.2 --NRR' the same as Y; and X represents the atoms
      necessary to complete a ring-closing moiety selected from phthalide and
      naphthalide.
NUM  2.
PAR  2. An indicator dye as defined in claim 1 wherein said dye is phthalide.
NUM  3.
PAR  3. An indicator dye as defined in claim 1 wherein said A and A' are
      ##SPC7##
NUM  4.
PAR  4. An indicator dye as defined in claim 3 wherein said Y' is --CH.sub.2
      --NRR' the same as Y.
NUM  5.
PAR  5. An indicator dye as defined in claim 4 wherein R' is alkyl.
NUM  6.
PAR  6. An indicator dye as defined in claim 5 wherein R is hydrogen.
NUM  7.
PAR  7. An indicator dye as defined in claim 2 wherein said A and A' are
      ##SPC8##
NUM  8.
PAR  8. An indicator dye as defined in claim 7 wherein said Y' is hydrogen.
NUM  9.
PAR  9. An indicator dye as defined in claim 8 wherein R' is alkyl.
NUM  10.
PAR  10. An indicator dye as defined in claim 9 wherein R is acyl.
NUM  11.
PAR  11. An indicator dye as defined in claim 7 wherein said Y' is --CH.sub.2
      --NRR' the same as Y.
NUM  12.
PAR  12. An indicator dye as defined in claim 11 wherein R' is alkyl.
NUM  13.
PAR  13. An indicator dye as defined in claim 12 wherein R is hydrogen.
NUM  14.
PAR  14. An indicator dye as defined in claim 12 wherein R is acyl.
NUM  15.
PAR  15. An indicator dye as defined in claim 5 wherein R' is n-dodecyl.
NUM  16.
PAR  16. An indicator dye as defined in claim 15 wherein R is hydrogen.
NUM  17.
PAR  17. An indicator dye as defined in claim 9 wherein R' is n-dodecyl.
NUM  18.
PAR  18. An indicator dye as defined in claim 17 wherein R is acetyl.
NUM  19.
PAR  19. An indicator dye as defined in claim 12 wherein R' is n-dodecyl.
NUM  20.
PAR  20. An indicator dye as defined in claim 19 wherein R is hydrogen.
NUM  21.
PAR  21. An indicator dye as defined in claim 19 wherein R is acetyl.
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PAL  Phthalanols disubstituted in the 3-position, e.g.
      3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-1-methyl-1-phthalanol,
      prepared by alkylating corresponding phthalides, are useful as
      anti-inflammatory agents.
PARN
PAR  This is a division of application Ser. No. 298,601 filed Oct. 18, 1972, now
      U.S. Pat. No. 3,838,174, which is a continuation-in-part of copending
      application Ser. No. 224,603, filed Feb. 8, 1972, now abandoned.
BSUM
PAR  This invention pertains to 3,3-disubstituted phthalanols. More
      particularly, it concerns 1-alkyl-3,3-phenyl and
      substitutedphenyl-1-phthalanols, intermediates and acid addition salts
      thereof, and processes for their preparation.
PAR  The phthalanols of this invention may be represented by the following
      structural formula:
      ##SPC1##
PAL  Where
PA1  R.sub.1, r.sub.2 and R.sub.3, each, independently, represent lower alkyl,
      i.e. alkyl of 1-4 carbon atoms, e.g. methyl, ethyl, propyl, isopropyl,
      butyl, and the like, or
PA1  R.sub.2 and R.sub.3 together represent (CH.sub.2).sub.x
PAL  Where x is 4, 5, 6 or 7,
      ##EQU1##
      where z represens O, S, or N--R.sub.4 where R.sub.4 represents lower alkyl
      as defined above,
PAL  And
PA1  R.sub.5 and R.sub.6 each, independently, represent hydrogen, halo of atomic
      weight 19-36, trifluoromethyl, lower alkyl, as defined above, and lower
      alkoxy, i.e. alkoxy having 1-4 carbon atoms, such as methoxy, ethoxy,
      isopropoxy, and the like,
PAL  Provided that R.sub.6 may not represent halo at the 6-position, or lower
      alkyl at the 7-position.
PAR  The compounds of formula (I) are prepared from corresponding compounds of
      formula (II) according to the following reaction scheme:
      ##SPC2##
PAL  Where R.sub.2, R.sub.3, R.sub.5 and R.sub.6 and the provisos are as
      previously defined.
PAR  Compounds (II) may be converted into compounds (I) by treating the former
      in inert solvents with a compound of the formula
EQU  R.sub.1 M                                                  (III)
PAL  where
PA1  R.sub.1 is as defined above, and
PA1  M represents Li or MgX,
PAL  where X is halo having an atomic weight of about 35 to 102, followed by
      conventional hydrolysis, e.g. with water, saturated ammonium chloride
      solution, and the like. Solvents which may be used include ethyl ether,
      tetrahydrofuran and the like, or hydrocarbons such as benzene, toluene,
      pentane and the like. The reaction temperature is desirably about
      -10.degree.C to +10.degree.C, preferably about 0.degree. C and the
      reaction may be carried out for about 1-5 hours. The particular time,
      temperature of reaction, and solvent used is not critica. The critical.
      may be carried out under the same conditions as the organo-metallic
      addition.
PAR  Compounds (II) represent a still further aspect of this invention and may
      be prepared according to the following reaction scheme:
      ##SPC3##
PAL  Where R.sub.2, R.sub.3, R.sub.5 and R.sub.6 are as set out above, as are
      the provisos respecting compounds (II), provided also that respecting
      compounds (IV), R.sub.6 may not represent halo at a position meta to the
      amido moiety or lower alkyl at a position ortho to the amido moiety, and
PA1  R.sub.o represents lower alkyl, as defined above, or phenyl.
PAR  According to the above process, compound (IV) is heated in inert
      hydrocarbon or halogenated hydrocarbon solvent, e.g. benzene, toluene,
      pentane, o-dichlorobenzene and the like. The reaction may be carried out
      at a temperature of about 80.degree.-200.degree.C., and conveniently at
      the reflux temperature of the solvent utilized. The temperature and
      solvent are not critical in obtaining compounds (II).
PAR  The compounds of formula (IV) are novel and are obtainable according to the
      following reaction scheme:
      ##SPC4##
PAL  where R.sub.o, R.sub.2, R.sub.3, R.sub.5 and R.sub.6 are as set out above
      as are the provisos respecting compounds (IV), provided also that
      respecting compounds (V), R.sub.6 may not represent halo at a position
      meta to the amido moiety or lower alkyl at a position ortho to the amido
      moiety.
PAR  Compounds (IV) are prepared by first lithiating compounds (V), e.g. by use
      of a lower alkyl or aryl lithium compound, such as n-butyl lithium, in
      inert hydrocarbon or ether solvent, e.g. benzene, toluene, ethyl ether,
      tetrahydrofuran and the like to obtain a dilithio intermediate thereof,
      which in turn is normally not recovered but is treated with a benzophenone
      (VI) to obtain compounds (IV). The lithiation is preferably performed at a
      temperature between about -60.degree. to +10.degree.C. for about 1-3
      hours. The temperature and solvent used are not critical.
PAR  Unless indicated otherwise, the products of each of the reactions described
      above are recovered by conventional techniques such as crystalization,
      filtration, trituration, and the like.
PAR  Certain of the compounds of formulas (III), (V) and (VI) are known and may
      be prepared according to methods disclosed in the literature. The compound
      of formula (III), (V) and (VI) not specifically disclosed may be prepared
      by methods analogous to those in the literature from known compounds.
PAR  It will be understood that certain of the compounds of formulas (I), (II),
      and (IV) exist in racemic form or in the form of optically active isomers.
      The separation and recovery of the respective isomers may be readily
      accomplished employing conventional techniques and such isomers are
      included within the scope of the invention.
PAR  Compounds (I), (II), (IV) and (VI) may exist in the form of their acid
      addition salts. Said salts and their respective free bases may be
      converted from one to the other by conventional techniques and are
      chemically interchangeable for purposes of the above described processes.
PAR  The compounds of formula (I) above are useful because they possess
      pharmacological properties in animals, such as mammals. In particular, the
      compounds may be used as anti-inflammatory agents as indicated by their
      activity in rats orally administered active agent at a dose of 10-100
      mg/kg of animal body weight. Edema is induced by carrogeenan and the rats
      are treated according to the method of Winter (Proc. Soc. Exp. Biol.,
      111:544, 1962).
PAR  For such usage, the compounds of formula (I) may be combined with a
      pharmaceutically acceptable carrier or adjuvant, and may be administered
      orally in such forms as tablets, capsules, elixers, suspensions and the
      like, or parenterally in the form of an injectable solution or suspension.
      The dosage will vary depending upon the mode of administration utilized
      and the particular compounds employed.
PAR  As indicated above, the compounds of formula (I) may be similarly
      administered in the form of their non-toxic pharmaceutically acceptable
      acid addition salts. Such salts possess the same order of activity as the
      free base, are readily prepared by reacting the base with an appropriate
      acid and accordingly are included within the scope of the invention.
      Representative of such salts are the mineral salts, such as hydrochloride,
      hydrobromide, sulfate, phosphate and the like and the organic acid salts,
      such as the succinate, benzoate, acetate, p-toluensulfonate,
      benzensulfonate and the like.
PAR  As noted avove, the compounds of formula (I) exist as optical isomers. In
      some cases greater pharmacological activity or other beneficial attribute
      may be found for a particular isomer and in such instances administration
      of such isomer may be preferred.
PAR  In general, satisfactory results are obtained when the compounds (I) are
      administered orally at a daily dosage of from about 1-200 mg/kg of animal
      body weight, preferably given in divided doses, 2 to 4 times a day or in
      sustained release form. For most larger mammals (e.g., primates) the total
      daily dosage is from about 75-1000 mg per day. Dosage forms suitable for
      internal use comprises from about 20 to about 500 mg of the active
      compound in intimate admixture with a solid or liquid pharmaceutically
      acceptable carrier of diluent.
PAR  Tablets and capsules containing the ingredients indicated below may be
      prepared by conventional techniques and are useful in treating
      inflammation at a dose of one tablet or capsule 2 to 4 times a day.
TBL  __________________________________________________________________________
                             Weight (mg.)                                      
             Ingredients                                                       
                             Tablet capsule                                    
     __________________________________________________________________________
     3-(4-chlorophenyl)-3-(2-dimethylaminomethyl                               
     phenyl)-1-methyl-1-phthalanol                                             
                             50      50                                        
     tragacanth              10     --                                         
     lactose                 197.5  250                                        
     corn starch             25     --                                         
     talcum                  15     --                                         
     magnesium stearate      2.5    --                                         
     Total                   300.0 mg.                                         
                                    300.0 mg.                                  
     __________________________________________________________________________
PAR  The following pharmaceutical compositions are formulated with the indicated
      amount of active agent using conventional techniques. The injectable
      solution and the oral liquid solution represent formulations useful in the
      treatment of inflammation:
TBL                          Injectable                                        
                                   Liquid                                      
                             Weight %                                          
                                   Weight %                                    
     __________________________________________________________________________
     3-(4-chlorophenyl)-3-(2-dimethylaminomethyl                               
     phenyl)-1-methyl-1-phthalanol                                             
                             10    0.5 to 3.5                                  
     sodium alginate         0.5   --                                          
     sodium benzoate         --    0.1 to 0.5                                  
     simple syrup            --    30 to 70                                    
     lecithin                0.5   --                                          
     sodium chloride         as desired                                        
     flavor                  --    as desired                                  
     color                   --    as desired                                  
     sorbitol solution 70% USP                                                 
                             --    10 to 30                                    
     buffer agent to adjust pH for desired                                     
     stability               as desired                                        
                                   as desired                                  
     water                   to desired                                        
                                   to desired                                  
                             volume                                            
                                   volume                                      
     __________________________________________________________________________
DETD
PAC  EXAMPLE
PAC  3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-1-methyl-1-phthalanol
PAC  Steps 1 and 2: .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-.alpha.-hydroxy-N-methyl-o-toluamide
PAR  To a flask equipped with a stirrer, dropping funnel, condenser and gas
      inlet tube maintained under a nitrogen atmosphere there is added at room
      temperature 19.7 g (0.146 mole) of N-methyl benzamide and 400 ml. dry
      tetrahydrofuran. The reaction flask is immersed in an ice bath and cooled
      to an internal temperature of 5.degree.C. Stirring is initiated and 204
      ml. of 1.6 M. n-butyl lithium (.about.0.321 mole) in hexane is added
      dropwise over about 1 hour maintaining the temperature below 8.degree.C.
      The resulting dilithio salt is stirred at 5.degree.C. for an additional
      hour and then a solution of 40 g. (0.146 mole) of
      4'-chloro-2-dimethylaminomethyl benzophenone in 500 ml. tetrahydrofuran is
      added dropwise over about 1 hour maintaining the temperature between -10
      to 10.degree.C. The resulting mixture is stirred at 5.degree.C. for 1 hour
      longer and 150 ml. of saturated ammonium chloride is added maintaining the
      temperature at about  10.degree.C. The layers are separated and the
      organic phase dried over ahydrous magnesium sulfate, filtered and
      evaporated in vacuo. The residue is crystallized from ether to give
      .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-.alpha.-hydroxy-N-methyl-o-toluamide; m.p.
      154.degree.-156.degree.C.
PAR  When the above process is carried out and in place of N-methyl benzamide
      there is used
PA1  a. o-chloro-N-phenyl benzamide,
PA1  b. N-methyl-p-toluamide,
PA1  c. N-methyl-m-trifluoromethyl benzamide,
PA1  d. o-ethoxy-N-methylbenzamide,
PA1  e. p-chloro-N-methylbenzamide, or
PA1  f. p-methoxy-N-methylbenzamide,
PAL  there is obtained
PA1  a. 3-chloro-.alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-.alpha.-hydroxy-N-phenyl-2-toluamide,
PA1  b. .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-4,N-dimethyl .alpha.-hydroxy-2-toluamide,
PA1  c. .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-.alpha.-hydroxy-N-methyl-4-trifluoromethyl-2-toluamide,
PA1  d. .alpha.-(4-chlorophenyl)-.alpha.-(dimethylaminomethyl
      phenyl)-3-ethoxy-.alpha.-hydroxy-N-methyl-2-toluamide,
PA1  e. .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-4-chloro-.alpha.-hydroxy-N-methyl-2-toluamide, or
PA1  f. .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-4-methoxy-.alpha.-hydroxy-N-methyl-2-toluamide, respectively.
PAR  When the above process is carried out and in place of
      4'-chloro-2-dimethylaminomethyl benzophenone there is used
PA1  g. 2-dimethylaminomethyl benzophenone,
PA1  h. 2'-methoxy-2-piperidinomethyl benzophenone,
PA1  i. 2-morpholinomethyl-3'-trifluoromethyl benzophenone,
PA1  j. 4'-ethyl-2-thiomorpholinomethyl benzophenone,
PA1  k. 2-(N-methylpiperazinomethyl)-benzophenone,
PA1  l. 2-dimethylaminoethyl-4'-methylbenzophenone, or
PA1  m. 2-morpholinomethyl benzophenone,
PAL  there is obtained
PA1  g. .alpha.-(2-diethylaminomethyl
      phenyl)-.alpha.-hydroxy-N-methyl-.alpha.-phenyl-o-toluamide,
PA1  h.
      .alpha.-hydroxy-.alpha.-(2-methoxyphenyl)-N-methyl-.alpha.-(2-piperidinome
     thyl phenyl)-o-toluamide,
PA1  i. .alpha.-hydroxy-N-methyl-.alpha.-(2-morpholinomethyl
      phenyl)-.alpha.-(3-trifluoromethylphenyl)-o-toluamide,
PA1  j.
      .alpha.-hydroxy-.alpha.-(4-ethylphenyl)-N-methyl-.alpha.-(2-thiomorpholino
     methyl phenyl)-o-toluamide,
PA1  k.
      .alpha.-hydroxy-N-methyl-.alpha.-[2-(N-methylpiperazinomethyl)phenyl]-.alp
     ha.-phenyl-o-toluamide,
PA1  l. .alpha.-(4-methylphenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-.alpha.-hydroxy-N-methyl-o-toluamide, or
PA1  m. .alpha.-hydroxy-N-methyl-.alpha.-[2-(morpholinomethyl phenyl]
      .alpha.-phenyl-o-toluamide, respectively.
PAC  Step 3. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl) phthalide
PAR  A mixture of 40.8 g. (0.1 mole of
      .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-.alpha.-hydroxy-N-metyl-o-toluamide and 200 ml. o-dichlorobenzene
      is refluxed for 20 hours, cooled and the solvent is removed in vacuo. The
      residue is triturated with ether and the resulting solid is recrystallized
      from ether-methylene chloride (1:1) to give
      3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl) phthalide; m.p.
      138.5.degree. - 140.degree.C.
PAR  When the process of step 3 above is carried out and in place of
      .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-.alpha.-hydroxy-N-methyl-o-toluamide there is used
PA1  a. 3-chloro-.alpha.-(4-chlorophenyl-.alpha.-(2-dimethylaminomethyl
      phenyl)-.alpha.-hydroxy-N-phenyl-2-toluamide,
PA1  b. .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-5,N-dimethyl-.alpha.-hydroxy-2-toluamide,
PA1  c. .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-.alpha.-hydroxy-N-methyl-4-trifluoromethyl-2-toluamide,
PA1  d. .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-3-ethoxy-.alpha.-hydroxy-N-methyl-2-toluamide,
PA1  e. .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-4-chloro-.alpha.-hydroxy-N-methyl-o-toluamide,
PA1  f. .alpha.-(4-chlorophenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-4-methoxy-.alpha.-hydroxy-N-methyl-2-toluamide,
PA1  g. .alpha.-(2-diethylaminomethyl
      phenyl)-.alpha.-hydroxy-N-methyl-.alpha.-phenyl-o-toluamide,
PA1  h.
      .alpha.-hydroxy-.alpha.-(2-methoxyphenyl)-N-methyl-.alpha.-(2-piperidinome
     thyl phenyl)-o-toluamide,
PA1  i. .alpha.-hydroxy-N-methyl-.alpha.-(2-morpholinomethyl
      phenyl)-.alpha.-(3-trifluoromethylphenyl)-o-toluamide,
PA1  j.
      .alpha.-hydroxy-.alpha.-(4-ethylphenyl)-N-methyl-.alpha.-(2thiomorpholinom
     ethyl phenyl)-o-toluamide,
PA1  k.
      .alpha.-hydroxy-N-methyl-.alpha.-[2-(N-methylpiperazinomethyl)phenyl]-.alp
     ha.-phenyl-o-toluamide,
PA1  l. .alpha.-(4-methylphenyl)-.alpha.-(2-dimethylaminomethyl
      phenyl)-.alpha.-hydroxy-N-methyl-o-toluamide, or
PA1  m. .alpha.-hydroxy-N-methyl-.alpha.-[2-(morpholinomethyl)phenyl]
      .alpha.-phenyl-o-toluamide,
PAL  there is obtained
PA1  a. 7-chloro-3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl) phthalide,
PA1  b. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-5-methyl phthalide,
PA1  c. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-6-trifluoromethyl
      phthalide,
PA1  d. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-7-ethoxy phthalide,
PA1  e. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-5-chloro phthalide,
PA1  f. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-5-methoxy phthalide,
PA1  g. 3-(2-diethylaminomethyl phenyl)-3-phenyl phthalide,
PA1  h. 3-(2-methoxyphenyl)-3-(2-piperidinomethyl phenyl phthalide,
PA1  i. 3-(2-morpholenomethyl phenyl)-3-(3-trifluoromethylphenyl) phthalide,
PA1  j. 3-(4-ethylphenyl)-3-(2-thiomorpholinomethyl phenyl) phthalide,
PA1  k. 3-[2-(N-methylpiperazinomethyl)phenyl]-3-phenyl phthalide,
PA1  l. 3-(4-methylphenyl)-3-(2-dimethylaminomethyl phenyl) phthalide, or
PA1  m. 3-[2-(morpholinomethyl)phenyl]-3-phenyl phthalide, respectively.
PAC  Step 4. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl
      phenyl)-1-methyl-1-phthalanol.
PAR  A solution of 9.8 g. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)
      phthalide (0.026 mole) in 60 ml. of ether and 10 ml. of tetrahydrofuran is
      cooled to 0.degree.C. and 26 ml. of 1.5 M. methyl lithium (0.039 mole) in
      25 ml. of ether was added dropwise in about 0.5 hr. while maintaining the
      temperature at about 0.degree.C. The resulting mixture is stirred for 2
      hours at 0.degree.C. and then treated with 50 ml. of water. The resulting
      solid is filtered, washed with ether and recrystallized from methylene
      chloride/methanol (1:1) to give
      3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-1-methyl-1-phthalanol;
      m.p. 206.5.degree. to 207.degree.C.
PAR  When the process of step 4 above is carried out and in place of
      3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl) phthalide, there is
      used
PA1  a. 7-chloro-3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl) phthalide,
PA1  b. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-5-methyl phthaide,
PA1  c. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-6-trifluoromethyl
      phthalide,
PA1  d. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-7-ethoxy phthalide,
PA1  e. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-5-chloro phthalide,
PA1  f. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl)-5-methoxy phthalide
PA1  g. 3-(2-diethylaminomethyl phenyl)-3-phenyl phthalide,
PA1  h. 3-(2-methoxyphenyl)-3-(2-piperidinomethyl phenyl) phthalide,
PA1  i. 3-(2-norpholenomethyl phenyl)-3-(3-trifluoromethylphenyl) phthalide,
PA1  j. 3-(4-ethylphenyl)-3-(2-thiomorpholinomethyl phenyl)phthalide,
PA1  k. 3-[2-N(methylpiperazinomethyl) phenyl]-3-phenyl phthalide,
PA1  l. 3-(4-methylphenyl)-3-(2-dimethylaminomethyl phenyl) phthalide, or
PA1  m. 3-[2-(morpholinomethyl)phenyl]-3-phenyl phthalide,
PAL  there is obtained
PA1  a. 7-chloro-3-(4-chlorophenyl)-3-(2-dimethylaminomethyl
      phenyl)-1-methyl-1-phthalanol,
PA1  b. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl
      phenyl)-1,5-dimethyl-1-phthalanol,
PA1  c. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl
      phenyl)-1-methyl-6-trifluoromethyl-1-phthalanol,
PA1  d. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl
      phenyl)-7-ethoxy-1-methyl-1-phthalanol,
PA1  e. 3-(4-chlorophenyl)-3-(2-dimethylaminomethyl
      phenyl)-5-chloro-1-methyl-1-phthalanol,
PA1  f. 3-(4-clorophenyl)-3-(2-dimethylaminomethyl
      phenyl)-5-methoxy-1-methyl-1-phthalanol,
PA1  g. 3-(2-diethylaminomethyl phenyl)-1-methyl-3-phenyl-1-phthalanol,
PA1  h. 3-(2-methoxyphenyl)-1-methyl-3-(2-piperidinomethyl phenyl)-1-phthalanol,
PA1  i. 1-methyl-3-(2-morpholinomethyl
      phenyl)-3-(3-trifluoromethyl-phenyl)-1-phthalanol,
PA1  j. 3-(4-ethylphenyl)-1-methyl-3-(2-thiomorpholinomethyl
      phenyl)-1-phthalanol,
PA1  k. 1-methyl-3-[2-(N-methylpiperazinomethyl) phenyl]-3-phenyl-1-phthalanol,
PA1  l. 3-(4-methylphenyl)-3-(2-dimethylaminomethyl
      phenyl)-1-methyl-1-phthalanol, or
PA1  m. 1-methyl-3-[2-(morpholinomethyl phenyl]-3-phenyl-1-phthalanol,
      respectively.
PAR  When the above procedure of step 4 is carried out and in place of methyl
      lithium there is used n-propyl magnesium or n-ethyl lithium, the
      corresponding phthalanols indicated above but substituted at the
      1-position with a n-propyl moiety or n-ethyl moiety respectively in place
      of a methyl group are obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC5##
PAL  where
PA1  R.sub.2 and R.sub.3 each, independently, represent lower alkyl,
PAL  or
PA1  R.sub.2 and R.sub.3 together represent (CH.sub.2).sub.x
PAL  where x represents 4, 5, 6 or 7,
      ##EQU2##
      where  z represents O, S, or N-R.sub.4 where
PA1  R.sub.4 represents lower alkyl,
PA1  R.sub.5 and R.sub.6 each, independently, represent H, halo of atomic weight
      19-36, lower alkyl, lower alkoxy or trifluorometyl,
PAL  provided that R.sub.6 may not represent halo at the 6-position or lower
      alkyl at the 7-position,
PAL  or an acid addition salt thereof.
NUM  2.
PAR  2. A compound according to claim 1 which is
      3-(4-chlorophenyl)-3-(2-dimethylaminomethyl phenyl) phthalide.
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ABST
PAL  Pharmaceutical compositions having anti-arthritic activity comprising an
      ester derivative of pulvinic acid and methods of producing anti-arthritic
      activity by administering internally said compositions. Certain of the
      pulvinic acid derivatives are novel compounds per se.
PARN
PAR  This is a division of application Ser. No. 191,051 filed Oct. 20, 1971, now
      U.S. Pat. No. 3,826,839 which is a continuation-in-part of application
      Ser. No. 94,974 filed Dec. 3, 1970, now abandoned.
BSUM
PAR  This invention relates to novel pharmaceutical compositions having
      anti-arthritic activity and to methods of producing anti-arthritic
      activity by administering said compositions. More specifically, the
      compositions of this invention comprise an ester derivative of pulvinic
      acid as the active medicament.
PAR  The novel pharmaceutical compositions of this invention, in dosage unit
      form, comprise a nontoxic pharmaceutical carrier and an ester derivative
      of pulvinic acid of the following general structural formula:
      ##SPC1##
PAL  Wherein:
PA1  R represents methyl or ethyl; and
PA1  R.sub.1 and R.sub.2 each represent hydrogen, chlorine, dichloro, bromine,
      fluorine, methyl, lower alkoxy of from 1 to 4 carbon atoms, dimethoxy,
      trimethoxy, methylthio, methylsulfinyl, methylenedioxy in adjacent
      positions, trifluoromethyl or combinations of chlorine, bromine, fluorine,
      methyl and lower alkoxy of from 1 to 4 carbon atoms. The substituents in
      the R.sub.2 benzene ring are designated by a prime (').
PAR  Advantageously the compositions of this invention comprise a compound of
      formula I above where R is methyl and R.sub.1 and R.sub.2 are each
      hydrogen, chlorine, fluorine, methyl, methoxy, methylenedioxy, ethoxy,
      n-butoxy, methylthio or methylsulfinyl. Preferably R is methyl, R.sub.1 is
      hydrogen and R.sub.2 is hydrogen, chlorine, fluorine, methyl, methoxy,
      methylenedioxy, n-butoxy, methylthio or methylsulfinyl.
PAR  The compounds of formula I above are either known or are prepared by the
      synthetic method outlined as follows:
      ##SPC2##
PAL  In which R, R.sub.1 and R.sub.2 are as defined above for formula I. Thus a
      phenylacetonitrile is condensed with ethyl oxalate in an alcoholic
      solution of an alkali metal lower alkoxide, such as sodium methoxide or
      ethoxide to give the ethyl 3-cyano-3-phenylpyruvate. This compound is
      further condensed with a phenylacetonitrile in an alcoholic solution of an
      alkali metal lower alkoxide, such as sodium methoxide or ethoxide to yield
      the 2,5-diphenyl-3,4-dioxoadiponitrile. The above condensations may also
      be carried out using a metal hydride, such as sodium hydride, in diglyme.
      The adiponitrile derivative is refluxed for a short period of time, for
      example one or two hours, in an aqueous acid solution such as
      water/glacial acetic acid/concentrated sulfuric acid mixture and the
      resulting pulvinic acid is refluxed with acetic anhydride to furnish the
      corresponding pulvinic acid lactone of formula II above. The dilactone is
      ring opened to the products of formula I by brief refluxing in the
      appropriate alkanol, that is methanol or ethanol, containing a mineral
      acid such as hydrochloric acid. Alternatively, the lactone of formula II
      is ring opened by treatment with methanolic potassium hydroxide at ambient
      or lower temperature for from 30 minutes to several hours to give the
      methyl ester products of formula I.
PAR  When R.sub.1 and R.sub.2 are different in the above synthetic sequence, the
      ring opening of the dilactone of formula II gives a mixture of positional
      isomers, namely compounds of formula I and compounds of the following
      formula:
      ##SPC3##
PAL  The ratio of isomers obtained is variable and depends on the nature of
      R.sub.1 and R.sub.2. The isomers can be separated by fractional
      crystallization and/or chromatographic procedures. Their identity is
      determined from the nuclear magnetic resonance patterns of the aromatic
      protons. This identification can be confirmed by degradative ozonolysis. A
      useful modification of standard fractional crystallization procedures is
      the employment of a base such as an alkali metal alkoxide, for example
      sodium methoxide, in the recrystallization solvent. More specifically a
      mixture of isomers obtained as above is dissolved in methanol containing
      sodium methoxide, cooled to separate one isomer and the filtrate is
      acidified with for example dilute mineral acid to give the other isomer.
PAR  Certain of the compounds of formula I above are novel compounds and as such
      form a part of this invention. These compounds may be represented by the
      following formula:
      ##SPC4##
PAL  wherein:
PA1  R represents methyl or ethyl; and
PA1  R.sub.1 and R.sub.2 each represent hydrogen, dichloro, n-butyoxy,
      methylthio, methylsulfinyl, methylenedioxy in adjacent positions or
      combinations of chlorine, bromine, fluorine, methyl and lower alkoxy of
      from 1 to 4 carbon atoms, provided that both R.sub.1 and R.sub.2 are not
      hydrogen.
PAR  The anti-arthritic activity of the compositions of this invention is
      measured by the ability of the active medicament to inhibit or suppress
      adjuvant-induced polyarthritis in rats. The active medicaments of formula
      I produce marked inhibition of the development of adjuvant arthritis in
      rats at daily oral doses of from 1 mg. to 50 mg. per kilogram of body
      weight. Adjuvant arthritis in rats is produced by a single injection of
      0.75 mg. of Mycobacterium butyricum suspended in white paraffin (N.F.)
      into a hindpaw (left footpad). The injected paw becomes inflamed and
      reaches a maximum volume in 3-5 days (primary lesion). The animals exhibit
      a decrease in body weight gain during this initial period. Adjuvant
      arthritis (secondary phase) occurs after a delay of approximately 10 days
      and is characterized by inflammation of the non-injected sites (right hind
      leg), decrease in body weight gain and further increases in the volume of
      the injected hind leg. The compounds of formula I administered in the
      doses described above beginning on the day of adjuvant injection and
      continuing for 17 days, thereafter, exclusive of days 4, 5,  11 and 12
      protect the animals against development of both primary and secondary
      lesions of adjuvant arthritis.
PAR  The pharmacological profile of the compositions of this invention is
      further enhanced by the analgesic and antipyretic activity produced by the
      compounds of formula I at anti-arthritic doses as demonstrated in standard
      pharmacological test procedures.
PAR  The pharmaceutical compositions of this invention are prepared in
      conventional dosage unit forms by incorporating an amount of a compound of
      formula I sufficient to produce anti-arthritic activity with a nontoxic
      pharmaceutical carrier according to accepted procedures. Preferably the
      compositions will contain an ester derivative of pulvinic acid of formula
      I in an amount of from about 10 mg. to about 50 mg. per dosage unit.
PAR  The pharmaceutical carrier employed may be, for example, either a solid or
      liquid. Exemplary of solid carriers are lactose, terra alba, sucrose,
      talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and
      the like. Exemplary of liquid carriers are syrup, peanut oil, olive oil,
      water and the like. Similarly the carrier or diluent include any time
      delay material well known to the art, such as glyceryl monostearate or
      glyceryl distearate alone or with a wax.
PAR  A wide variety of pharmaceutical forms can be employed. Thus, if a solid
      carrier is used the preparation can be tableted, placed in a hard gelatin
      capsule in powder or pellet form or in the form of a troche or lozenge.
      The amount of solid carrier will vary widely but preferably will be from
      about 25 mg. to about 1 g. If a liquid carrier is used, the preparation
      will be in the form of a syrup, emulsion, soft gelatin capsule, sterile
      injectable liquid such as a ampule or an aqueous or nonaqueous liquid
      suspension.
PAR  The pharmaceutical dosage unit forms described hereinabove exclude simple
      non-sterile solutions of the active medicament in water or in common
      organic solvents and exclude simple aqueous suspensions of the active
      medicament in the absence of a suspending agent.
PAR  The method in accordance with this invention comprives administering
      internally to an animal organism an ester derivative of pulvinic acid of
      formula I above, usually combined with a pharmaceutical carrier, in an
      amount sufficient to produce anti-arthritic activity. The active
      medicament will be administered in a dosage unit, preferably in an amount
      of from about 10 mg. to about 50 mg. The route of administration may be
      orally or parenterally, the oral route being preferred. Advantageously
      equal doses will be administered one to three times daily with the daily
      dosage regimen being from about 10 mg. to about 150 mg. When the method
      described above is carried out anti-arthritic activity is produced with a
      minimum of side effects.
PAR  The pharmaceutical preparations are made following the conventional
      techniques of the pharmaceutical chemist involving mixing, granulating and
      compressing when necessary, or variously mixing and dissolving the
      ingredients as appropriate to the desired end product.
PAR  The following examples illustrate the preparation of compounds of formula I
      and their incorporation into pharmaceutical compositions of this
      invention, and as such are not to be considered as limiting the invention
      set forth in the claims appended hereto.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 117.1 g. (1.0m.) of phenylacetonitrile and 326 ml. (2.4m.) of
      ethyl oxalate is added to an ethanol solution of sodium ethoxide (prepared
      by dissolving 23.8 g., 1.08m. of sodium in 500 ml. of absolute ethanol)
      and refluxed two hours. After cooling, diluting with 2500 ml. of water and
      extracting with ether, the solution is acidified with acetic acid. The
      solid is removed and washed with water to give ethyl
      3-cyano-3-phenylpyruvate, m.p. 127.degree.-129.degree. C.
PAR  Ethyl 3-cyano-3-phenylpyruvate (50.0 g., 0.23 m.) and 41.0 g. (0.35 m.) of
      phenylacetonitrile are added to an alcoholic solution of sodium ethylate
      [prepared from 13.4 g. (0.58 g. atom) of sodium and 360 ml. of absolute
      ehtanol] and the resulting yellow solution is refluxed for one and
      three-quarter hours. The cooled solution is diluted with 700 ml. of water
      and acidified by slow addition of acetic acid. After further cooling in
      ice, the suspension is filtered and the removed solid washed with water
      and dried to give 2,5-diphenyl-3,4-dioxoadiponitrile, m.p.
      284.degree.-286.degree. C. (d.).
PAR  A mixture of 30.0 g. (0.104 m.) of 2,5-diphenyl-3,4-dioxoadiponitrile in
      260 ml. of water, 380 ml. of glacial acetic acid and 190 ml. of
      concentrated sulfuric acid is refluxed for one hour. The suspension is
      cooled, poured onto 900 ml. of ice-water and the solid removed and washed
      to give pulvinic acid, m.p. 215.degree.-216.5.degree. C.
PAR  Pulvinic acid (19.0 g., 0.0616 m.) is refluxed in 250 ml. of acetic
      anhydride for 15 minutes. The cooled solution is stirred into 1200 ml. of
      ice and water and the oily mass crystallized by stirring in 500 ml. of
      ethanol. The yellow solid is removed, washed with ethanol and dried to
      yield pulvinic acid lactone, m.p. 221.5.degree. -223.degree. C.
PAR  A mixture of 3.5 g. (0.012 m.) of pulvinic acid lactone in 250 ml. of
      methanol containing 5 ml. of hydrochloric acid (36%) is refluxed 15
      minutes forming a yellow solution. The reaction mixture is concentrated to
      50 ml. under reduced pressure, cooled and the crystallized solid, methyl
      pulvinate, is washed and dried, m.p. 148.degree.-149.5.degree. C.
PAC  EXAMPLE 2
PAR  Pulvinic acid lactone, 3.3 g., is refluxed in 200 ml. of absolute ethanol
      containing 5 ml. of hydrochloric acid (36%) for 15 minutes and then
      evaporated to give the solid ethyl pulvinate, m.p.
      124.5.degree.-125.5.degree. C.
PAC  EXAMPLE 3
PAR  A mixture of 45.3 g. (0.31 m.) of p-chlorophenylacetonitrile and 107 g.
      (0.72 m., 99 ml.) of diethyl oxalate in an alcoholic sodium ethylate
      solution [prepared by dissolving 7.13 g. (0.31 g.-atoms) of sodium in 120
      ml. of absolute ethanol] is refluxed with stirring for two hours. The
      cooled reaction mixture is diluted with 700 ml. of water, acidified with
      acetic acid and cooled to ice bath temperature. The resulting solid is
      recrystallized from aqueous methanol to give ethyl
      3-cyano-3-(p-chlorophenyl)-pyruvate, m.p. 134.degree.-135.degree. C.
PAR  Ethyl 3-(p-chlorophenyl)-3-cyanopyruvate (40 g., 0.16 m.) and
      p-chlorophenylacetonitrile (49.8 g., 0.33 m.) are added to an alcoholic
      solution of sodium ethylate [prepared from 7.36 g., (0.32 g.-atom) of
      sodium and 190 ml. of absolute ethanol] and the resulting solution is
      refluxed for two hours. The reaction mixture is diluted with water,
      acidified with acetic acid and cooled to ice bath temperature to yield,
      2,5-di-(p-chlorophenyl)-3,4-dioxoadiponitrile, m.p. 280.degree. C.
PAR  A solution of 15 g. (0.042 m.) of
      2,5-di-(p-chlorophenyl)-3,4-dioxoadiponitrile in a mixture of 150 ml. of
      water, 210 ml. of acetic acid and 105 ml. of concentrated sulfuric acid is
      stirred and refluxed for two hours. The reaction mixture is diluted with
      500 ml. of water and cooled to ice bath temperature to yield
      4,4'-dichloropulvinic acid, m.p. 255.degree. C. The acid is refluxed in
      acetic anhydride to obtain the corresponding 4,4'-dichloropulvinic acid
      lactone.
PAR  A mixture of 5.6 g. (0.0156 m.) of 4,4'-dichloropulvinic acid lactone in
      250 ml. of methanol containing 5 ml. of hydrochloric acid is refluxed for
      15 minutes. The reaction mixture is concentrated to 50 ml. under reduced
      pressure, cooled and the crystallized solid removed, washed and dried to
      give methyl 4,4'-dichloropulvinate, m.p. 175.degree.-177.degree. C.
PAR  Similarly, by employing m-chlorophenylacetonitrile in the initial reaction
      described above to obtain ethyl 3-cyano-3-(m-chlorophenyl)-pyruvate, m.p.
      72.degree.-74.degree. C., followed by reaction with
      m-chlorophenylacetonitrile and the subsequent synthetic steps there is
      prepared the isomeric product, methyl 3,3'-dichloropulvinate, m.p.
      176.degree.-179.degree. C.
PAC  EXAMPLE 4
PAR  Following the procedures outlined in Examples 1 and 3,
      p-methoxyphenylacetonitrile is reacted with diethyl oxalate in alcoholic
      sodium ethoxide solution to give ethyl
      3-cyano-3-(p-methoxyphenyl)-pyruvate which is then similarly reacted with
      phenylacetonitrile to yield
      2-(p-methoxyphenyl)-5-phenyl-3,4-dioxoadiponitrile, m.p.
      256.degree.-258.degree. C.
PAR  A solution of the adiponitrile in water, acetic acid and concentrated
      sulfuric acid is refluxed for two hours and the resulting crude mixture of
      4- and 4'-methoxypulvinic acid is refluxed in acetic anhydride to give
      4-methoxypulvinic acid lactone, 204.degree.-208.degree. C.
PAR  A mixture of 4.0 g. of 4-methoxypulvinic acid lactone and 500 ml. of
      methanol containing 6 ml. of hydrochloric acid (36%) is refluxed until a
      clear solution forms. The solution is evaporated to dryness and the solid
      is boiled in acetone and cooled to give methyl 4'-methoxypulvinate, m.p.
      200.degree.-202.degree. C.
PAR  The acetone filtrate is evaporated to a dark oil which is stirred in
      ice-cold acetone until a thick solid forms. This is filtered to yield
      methyl 4-methoxypulvinate, m.p. 117.degree.-119.degree. C.
PAR  Similarly, by employing (m-bromo-p-methyoxphenyl)-acetonitrile in the
      initial reaction described above to obtain ethyl 3-cyano-
      3-(m-bromo-p-methoxyphenyl)-pyruvate followed by reaction with
      phenylacetonitrile and the subsequent synthetic steps there are prepared
      methyl 3'-bromo-4'-methoxypulvinate and methyl 3-bromo-4-methoxypulvinate.
PAC  EXAMPLE 5
PAR  Following the procedures outlined in Examples 1 and 3,
      p-methylphenylacetonitrile and diethyl oxalate are reacted in alcoholic
      sodium ethoxide to obtain ethyl 3-cyano-3-(p-methylphenyl)-pyruvate, m.p.
      86.degree.-88.degree. C. The latter is reacted with
      p-methylphenylacetonitrile to give
      2,5-di-(p-methylphenyl)-3,4-dioxoadiponitrile, m.p.
      270.degree.-272.degree. C.
PAR  The adiponitrile is refluxed with water, acetic acid and concentrated
      sulfuric acid to give 4,4'-dimethylpulvinic acid, m.p.
      246.degree.-250.degree. C., which is refluxed in turn with acetic
      anhydride to yield 4,4'-dimethylpulvinic acid lactone. The lactone is ring
      opened with methanol and hydrochloric acid to the product, methyl
      4,4'-dimethylpulvinate, m.p. 187.degree.-189.degree. C.
PAR  Similarly, employing (2-methoxy-5-methylphenyl)-acetonitrile as the
      reactant above there results as the final product, methyl
      2,2'-dimethoxy-5,5'-dimethylpulvinate.
PAC  EXAMPLE 6
PAR  By employing the procedures set forth in Examples 1 and 3,
      p-fluorophenylacetonitrile is reacted with diethyl oxalate in alcoholic
      sodium ethoxide to give ethyl 3-cyano-3-(p-fluorophenyl)-pyruvate.
      Reaction of the latter under similar conditions with
      p-fluorophenylacetonitrile results in
      2,5-di-(p-fluorophenyl)-3,4-dioxoadiponitrile.
PAR  The adiponitrile is refluxed in water, acetic acid and concentrated
      sulfuric acid to yield 4,4'-difluoropulvinic acid which is treated with
      acetic anhydride to obtain 4,4'-difluoropulvinic acid lactone. The lactone
      ring is opened with methanol and hydrochloric acid to give methyl
      4,4'-difluoropulvinate, m.p. 151.degree. C.
PAR  Similarly, by utilizing m-trifluoromethylphenylacetonitrile or
      (m-chloro-p-fluorophenyl)-acetonitrile as the initial reactants as
      described above there are ultimately produced methyl
      3,3'-bistrifluoromethylpulvinate, m.p. 144.degree. C., and methyl
      3,3'-dichloro-4,4'-difluoropulvinate, respectively.
PAC  EXAMPLE 7
PAR  As described in Example 1, ethyl 3-cyano-3-phenylpyruvate is reacted with
      3,4,5-trimethyoxphenylacetonitrile in an alcoholic solution of sodium
      ethoxide to give 2-(3' ,4'
      ,5'-trimethoxyphenyl)-5-phenyl-3,4-dioxoadiponitrile. The latter is
      refluxed in a mixture of water, glacial acetic acid and concentrated
      sulfuric acid to give a mixture of 3,4,5- and 3' ,4'
      ,5'-trimethoxypulvinic acid which is then refluxed in acetic anhydride to
      result in the formation of 3,4,5-trimethoxypulvinic acid lactone.
PAR  A mixture of 8.7 g. of 3,4,5-trimethoxypulvinic acid lactone and 700 ml. of
      methanol containing 12 ml. of hydrochloric acid (36%) is refluxed for two
      hours to form a clear solution, and then cooled to precipitate methyl
      3,4,5-trimethoxypulvinate, m.p. 209.degree.-211.degree. C.
PAR  The filtrate is evaporated to dryness and the residue is dissolved in 500
      ml. of hot methanol, cooled and the solid which precipitates is filtered
      (a mixture of both isomers). The filtrate is allowed to sit for one-half
      hour and the yellow solid which forms is collected to give methyl 3',4'
      ,5'-trimethoxypulvinate, m.p. 170.degree.-172.degree. C.
PAC  EXAMPLE 8
PAR  By following the procedures outlined in Examples 1 and
      3,3,4-dimethoxyphenylacetonitrile is reacted with diethyl oxalate in
      alcoholic sodium ethoxide solution to give ethyl 3-cyano-3-(3'
      ,4'-dimethoxyphenyl)-pyruvate, m.p. 139.degree.-140.degree. C. This
      compound is similarly reacted with 3,4-dimethoxyphenylacetonitrile which
      results in the formation of
      2,5-di-(3',4'-dimethoxyphenyl)-3,4-dioxoadiponitrile. The latter is
      refluxed with water, acetic acid and sulfuric acid to obtain
      3,4,3',4'-tetramethoxypulvinic acid, 285.degree. C., which is treated with
      acetic anhydride to give the corresponding acid lactone.
PAR  3,4,3',4'-Tetramethoxypulvinic acid lactone (4.0 g.) is dissolved in 2%
      absolute methanolic potassium hydroxide (700 ml.) and set aside for 30
      minutes at room temperature, then diluted with 700 ml. of water and
      acidified with hydrochloric acid. The yellow solid that separates is
      treated with aqueous sodium hydrogen carbonate and filtered again. The
      filtrate is acidified and the solid removed, washed and dried to give
      methyl 3,4,3', 4'-tetramethoxypulvinate, m.p. 195.degree.-196.degree. C.
PAR  Similarly, by employing p-methoxyphenylacetonitrile or
      m-methoxyphenylacetonitrile as the initial reactants as described above
      there are obtained as final products, methyl 4,4'-dimethoxypulvinate, m.p.
      177.degree.-178.degree. C. and methyl 3,3'-dimethoxypulvinate, m.p.
      154.degree.-157.degree. C., respectively.
TBL  ______________________________________                                    
     EXAMPLE 9                                                                 
     Ingredients            Mg./Tablet                                         
     ______________________________________                                    
     Methyl pulvinate       10                                                 
     Calcium sulfate, dihydrate                                                
                            150                                                
     Sucrose                25                                                 
     Starch                 15                                                 
     Talc                    5                                                 
     Stearic Acid            3                                                 
     ______________________________________                                    
PAL    The sucrose, calcium sulfate and methyl pulvinate are thoroughly mixed
      and granulated with hot 10% gelatin solution. The wetted mass is passed
      through a No. 6 mesh screen directly onto drying trays. The granules are
      dried at 120.degree. F. and passed through a No. 20 mesh screen, mixed
      with the starch, talc and stearic acid, and compressed into tablets.
TBL  ______________________________________                                    
     EXAMPLE 10                                                                
     Ingredients          Mg./Capsule                                          
     ______________________________________                                    
     Methyl pulvinate     50                                                   
     Magnesium stearate    5                                                   
     Lactose              350                                                  
     ______________________________________                                    
PAL  The above ingredients are screened through a No. 40 mesh screen, mixed and
      filled into No. 0 hard gelatin capsules.
PAC  EXAMPLE 11
PAR  To a solution of 6.6 g. (0.044 m.) of p-chlorophenylacetonitrile and 20 ml.
      of dry glyme is added 6.2 g. (0.13 m.) of sodium hydride (50% in oil).
      Ethyl 3-cyano-3-phenylpyruvate, 9.55 g. (0.044 m.) is added in portions at
      -10.degree. C. and then the mixture is stirred at room temperature
      overnight. The reaction mixture is diluted with 150 ml. of water,
      extracted with ether, acidified with 15 ml. of acetic acid and the solid
      is filtered to yield 2-(p-chlorophenyl)-5-phenyl-3,4-dioxoadiponitrile,
      m.p. 210.degree. C. (dec.).
PAR  A solution of the adiponitrile in water, acetic acid and concentrated
      sulfuric acid is refluxed for two hours and the resulting crude mixture of
      4- and 4'-chloropulvinic acid is refluxed in acetic anhydride to give
      4-chloropulvinic acid lactone, m.p. 213.degree.-214.degree. C.
PAR  A mixture of 9.0 g. of 4-chloropulvinic acid lactone in 500 ml. of methanol
      containing 15 ml. of hydrochloric acid (36%) is refluxed for 15 minutes.
      The clear reaction mixture is cooled slowly to give methyl
      4'-chloropulvinate, m.p. 155.degree.-200.degree. C.
PAR  Similarly, by employing m,p-dichlorophenylacetonitrile in the initial
      reaction described above to obtain
      2-(m,p-dichlorophenyl-5-phenyl-3,4-dioxoadiponitrile followed by the
      subsequent synthetic steps there is prepared 3,4-dichloropulvinic acid
      lactone. The latter, 12.5 g. (0.035 m.), is dissolved in a solution of 48
      g. of potassium hydroxide in 1500 ml. of methanol. After standing for one
      hour at room temperature the solution is acidified with hydrochloric acid
      and diluted with water to separate methyl 3',4'-dichloropulvinate, m.p.
      162.5.degree.-164.degree. C.
PAC  EXAMPLE 12
PAR  Following the procedures of Examples 1 and 3,
      2-(p-methylphenyl)-5-phenyl-3,4-dioxoadiponitrile (m.p.
      255.degree.-256.degree. C.) is refluxed with water, acetic acid and
      concentrated sulfuric acid to give a crude mixture of 4- and
      4'-methylpulvinic acid. The latter is refluxed in acetic anhydride to give
      4-methylpulvinic acid lactone, m.p. 211.degree.-213.degree. C.
PAR  A mixture of 7.4 g. (0.02 m.) of 4-methylpulvinic acid lactone and 500 ml.
      of methanol containing 15 ml. of hydrochloric acid (36%) is refluxed for
      two hours. After cooling and diluting with water the mixture is
      recrystallized from methanol to yield methyl 4-methylpulvinate, m.p.
      153.degree.-155.degree. C., and from the filtrate methyl
      4'-methylpulvinate, m.p. 136.degree.-138.degree. C.
PAC  EXAMPLE 13
PAR  A solution of 3.2 g. (0.01 m.) of methyl pulvinate and 1.6 ml. (4.7 g, 0.03
      m.) of bromine in 50 ml. of chloroform is allowed to stand overnight at
      room temperature. The excess bromine is removed by washing with sodium
      thiosulfate solution and the chloroform solution is concentrated to
      separate methyl 4'-bromopulvinate, m.p. 167.5.degree.-169.degree. C.
PAC  EXAMPLE 14
PAR  Following the procedures outlined in Examples 1 and 3,
      3,4-methylenedioxyphenylacetonitrile is reacted with diethyl oxalate in
      alcoholic sodium ethoxide solution to give ethyl
      3-cyano-3-(3',4'-methylenedioxyphenyl)-pyruvate which is reacted with
      phenylacetonitrile to yield
      2-(3',4'-methylenedioxyphenyl)-5-phenyl-3,4-dioxoadiponitrile.
PAR  A solution of the adiponitrile in water, acetic acid and concentrated
      sulfuric acid is refluxed for two hours and the resulting crude mixture of
      3,4- and 3',4'-methylenedioxypulvinic acid is refluxed in acetic anhydride
      to give 3,4-methylenedioxypulvinic acid lactone.
PAR  The lactone, 10.0 g., is stirred in a solution of 40 g. of potassium
      hydroxide in 1 l. of methanol at about 10.degree. C. for one hour, diluted
      with 700 ml. of water, filtered and then acidified. The solid is dissolved
      in about 100 ml. of chloroform and chromatographed, eluting with
      chloroform. The eluate is evaporated to give, after recrystallization from
      methanol-acetone, methyl 3',4'-methylenedioxypulvinate, m.p.
      191.5.degree.-192.5.degree. C.
PAR  The filtrates from recrystallization were evaporated and the solid is
      dissolved in methanol containing sodium methoxide, cooled and filtered to
      remove 3',4'-isomer. The filtrate is acidified to give the 3,4-isomer
      which is again dissolved in methanol containing sodium methoxide and
      filtered. This filtrate is acidified with 10% hydrochloric acid and
      filtered, washed with water and dried to yield pure methyl
      3,4-methylenedioxypulvinate, m.p. 157.degree.-160.degree. C.
PAC  EXAMPLE 15
PAR  By reacting ethyl 3-cyano-3-(3',4'-methylenedioxyphenyl)-pyruvate with
      3,4-methylenedioxyphenylacetonitrile following procedures set forth in
      Examples 1 and 3 there is obtained
      2,5-di-(3',4'-methylenedioxyphenyl)-3,4-dioxoadiponitrile.
PAR  The adiponitrile is refluxed in water, acetic acid and concentrated
      sulfuric acid to yield 3,4,3',4'-bismethylenedioxypulvinic acid which is
      treated with acetic anhydride to give 3,4,3',4'-bismethylenedioxypulvinic
      acid lactone.
PAR  A mixture of 3.78 g. (0.01 m.) of the above lactone in 410 ml. of 2%
      methanolic potassium hydroxide is stirred at room temperature for four
      hours, filtered and the filtrate acidified with hydrochloric acid. The
      solid filtered from this is treated with sodium bicarbonate and the
      soluble material is again acidified to yield methyl
      3,4,3',4'-bismethylenedioxypulvinate, m.p. 178.degree.-180.degree. C.
PAC  EXAMPLE 16
PAR  As described in Example 1, ethyl 3-cyano-3-phenylpyruvate is reacted with
      p-methylthiophenylacetonitrile in an alcoholic solution of sodium ethoxide
      to give 2-(p-methylthiophenyl)-5-phenyl-3,4-dioxoadiponitrile. The latter
      is refluxed in a mixture of water, glacial acetic acid and concentrated
      sulfuric acid to give a mixture of 4- and 4'-methylthiopulvinic acid which
      is then refluxed in acetic anhydride to result in the formation of
      4-methylthiopulvinic acid lactone.
PAR  A mixture of 6.0 g. of the above lactone in a solution of 24.0 g. of
      potassium hydroxide in 750 ml. of methanol is allowed to stand at room
      temperature for one-half hour, diluted with 700 ml. of water and then
      acidified with concentrated hydrochloric acid. The solid is filtered,
      washed with water, dried and recrystallized from methanol-acetone. A
      second recrystallization gives methyl 4-methylthiopulvinate, m.p.
      147.5.degree.-150.degree. C.
PAR  All the filtrates are combined, concentrated and cooled to give methyl
      4'-methylthiopulvinate, m.p. 149.degree.-150.5.degree. C.
PAC  EXAMPLE 17
PAR  To a cold solution (-10.degree. C.) of 2.07 g. of methyl
      4-methylthiopulvinate in 30 ml. of chloroform is added a cold solution of
      1.11 g. of m-chloroperbenzoic acid in 25 ml. of chloroform, dropwise over
      about 15 minutes. The resulting solution is stirred in the cold for
      one-half hour and then evaporated in vacuo. The residue is taken up in
      methanolacetone, filtered, concentrated and cooled to yield methyl
      4-methylsulfinylpulvinate, m.p. 213.degree.-215.degree. C. (dec.).
PAR  Similarly, methyl 4'-methylthiopulvinate is reacted as described above to
      furnish methyl 4'-methylsulfinylpulvinate, m.p. 184.degree.-185.degree. C.
PAC  EXAMPLE 18
PAR  By following the procedures outlined in Examples 1 and 3,
      p-methylthiophenylacetonitrile is reacted with diethyl oxalate in
      alcoholic sodium ethoxide solution to give ethyl
      3-cyano-3-(p-methylthiophenyl)-pyruvate. This compound is similarly
      reacted with p-methylthiophenylacetonitrile which results in the formation
      of 2,5-di-(p-methylthiophenyl)-3,4-dioxoadiponitrile. The latter is
      refluxed with water, acetic acid and sulfuric acid to obtain
      4,4'-dimethylthiopulvinic acid which is treated with acetic anhydride to
      give the corresponding acid lactone.
PAR  4,4'-Dimethylthiopulvinic acid lactone (3.5 g.) is dissolved in 700 ml. of
      methanol containing 14.0 g. of potassium hydroxide and stirred for one
      hour at room temperature. The mixture is cooled by adding 200 ml. of ice
      water and then acidified with cold dilute hydrochloric acid to precipitate
      methyl 4,4'-dimethylthiopulvinate, m.p. 173.degree.-174.degree. C.
PAC  EXAMPLE 19
PAR  Following the procedures of Example 4 and employing
      p-ethyoxyphenylacetonitrile as the initial reactant there is obtained
      4-ethoxypulvinic acid lactone. The latter (9.0 g.) is added to a solution
      of 36.0 g. of potassium hydroxide in 900 ml. of methanol and the mixture
      is allowed to stand at room temperature for one-half hour. The reaction
      mixture is diluted with about 600 ml. of water, filtered and acidified
      with concentrated hydrochloric acid. The oily solid is recrystallized from
      methanol-acetone to give a mixture of methyl 4- and 4'-ethoxypulvinate.
      The mixture is dissolved in methanol containing sodium methoxide to
      fractionally crystallize pure methyl 4'-ethoxypulvinate, m.p.
      151.degree.-152.degree. C.
PAC  EXAMPLE 20
PAR  To a solution of 40.0 g. of potassium hydroxide in 1200 ml. of methanol is
      added 10.5 g. of 4-ethoxypulvinic acid lactone and the mixture is stirred
      at room temperature for one and one-half hours. This mixture is cooled,
      diluted with about 600 ml. of water and acidified with hydrochloric acid.
      The oily solid is filtered, washed with water, dried and dissolved in 60
      ml. of hot acetone. Cooling precipitates pure methyl 4-ethoxypulvinate,
      m.p. 153.degree.-154.degree. C.
PAC  EXAMPLE 21
PAR  Following the procedures outlined in Example 4 and employing
      m-methoxyphenylacetonitrile as the initial reactant there is obtained
      3-methoxypulvinic acid lactone. The latter (10.0 g.) is added to a
      solution of 40.0 g. of potassium hydroxide dissolved in 1 l. of methanol,
      cooled to -50.degree. C. The resulting mixture is stirred at -50.degree.
      to -25.degree. C. for about two and one-half hours, diluted with water and
      warmed to about 15.degree. C. The filtered solution is acidified with
      hydrochloric hydrochloric acid and the filtered solid is washed with
      water. The dried solid is recrystallized from methanol-acetone to give
      methyl 3'-methoxypulvinate, m.p. 168.degree.-170.degree. C.
PAR  Similarly, by employing (m-chloro-p-methoxyphenyl)-acetonitrile or
      (2-chloro-5-methylphenyl)-acetonitrile as the initial reactants as
      described above these are obtained as final products, methyl
      3'-chloro-4'-methoxypulvinate and methyl 2'-chloro-5'-methylpulvinate,
      respectively.
PAC  EXAMPLE 22
PAR  Following the procedures of Example 4 and employing
      o-methoxyphenylacetonitrile as the initial reactant there is obtained
      2-methoxypulvinic acid lactone. The latter (6.0 g.) is added to a solution
      of 24.0 g. of potassium hydroxide in 1200 ml. of methanol, stirred and
      allowed to stand at room temperature for one hour. The resulting solution
      is diluted with water, acidified with hydrochloric acid and the solid
      filtered to give a mixture of methyl 2- and 2'-methoxypulvinate.
PAR  The mixture is recrystallized from methanol-acetone to give pure methyl
      2-methoxypulvinate, m.p. 155.5.degree.-157.degree. C. The filtrate is
      evaporated to dryness, taken up in benzene and then cyclohexane is added
      to precipitate methyl 2' -methoxypulvinate, m.p. 131.5.degree.-133.degree.
      C.
PAC  EXAMPLE 23
PAR  Following the procedures of Example 4 and employing
      p-n-butoxyphenylacetonitrile as the initial reactant there is obtained
      4-n-butoxypulvinic acid lactone. The latter (8.0 g.) is added to a cooled
      solution of 32.0 g. of potassium hydroxide in 800 ml. of methanol. After
      stirring for one-half hour the mixture is diluted with 600 ml. of water
      and acidified to form an oil. The oil is slurried in water and dried to
      give a glass which is taken up in methanol-acetone. This solution is
      cooled and the solid precipitate is fractionally recrystallized to give
      methyl 4-n-butoxypulvinate, m.p. 103.degree.-105.degree. C.
PAR  A fraction which is a mixture of 4- and 4'-isomers is placed in a solution
      of 0.5 g. of sodium methoxide in about 50 ml. of methanol and heated to
      dissolution. Cooling precipitates a solid which is filtered, washed with
      methanol containing a small amount of 10% hydrochloric acid and dried to
      give methyl 4'-n-butoxypulvinate, m.p. 101.degree.-104.degree. C.
PAR  Similarly, by employing (m-chloro-methylphenyl)-acetonitrile as the
      reactant in the above synthetic sequence there are obtained as final
      products, methyl 3-chloro-2-methylpulvinate and methyl
      3'-chloro-2'-methylpulvinate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A chemical compound of the formula:
      ##SPC5##
PAL  in which:
PA1  R is methyl or ethyl; and
PA1  R.sub.1 and R.sub.2 are substituents selected as follows so that for a
      given R.sub.1 in column 1 the corresponding R.sub.2 is in the adjacent
      position of column 2:
TBL  R.sub.1               R.sub.2                                             
     ______________________________________                                    
     hydrogen            3-bromo-4-methoxy                                     
     3-bromo-4-methoxy   hydrogen                                              
     2-methoxy-5 methyl  2-methoxy-5-methyl                                    
     3-chloro-4-fluoro   3-chloro-4-fluoro                                     
     hydrogen            3,4-dichloro                                          
     4-methylthio        hydrogen                                              
     hydrogen            4-methylthio                                          
     4-methylsulfinyl    hydrogen                                              
     hydrogen            4-methylsulfinyl                                      
     4-methylthio        4-methylthio                                          
     hydrogen            3-chloro-4-methoxy                                    
     hydrogen            2-chloro-5-methyl                                     
     3-chloro-2-methyl   hydrogen                                              
     hydrogen            3-chloro-2-methyl.                                    
     ______________________________________                                    
NUM  2.
PAR  2. A chemical compound according to claim 1 in which R is methyl and
      R.sub.1 is hydrogen.
NUM  3.
PAR  3. A chemical compound according to claim 2 in which R.sub.2 is methylthio.
NUM  4.
PAR  4. A chemical compound according to claim 2 in which R.sub.2 is
      methylsulfinyl.
NUM  5.
PAR  5. A chemical compound according to claim 1 in which R is methyl and
      R.sub.1 and R.sub.2 are each methylthio.
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ABST
PAL  A .delta.- or .epsilon.- lactone is heated in the vapour phase and the
      presence of a cracking catalyst to form a monounsaturated acyclic
      carboxylic acid. For example .epsilon.-caprolactone gives .delta. -
      .epsilon. hexenoic acid. This acid is then cyclised by heating with a
      strong protonating agent. In the example the product is
      .gamma.-caprolactone or 4-hexanolactone.
BSUM
PAR  The present invention relates to isomerisation and in particular to the
      production of .gamma.- lactones by the isomerisation of .delta.- or
      .epsilon.-lactones.
PAR  It has hitherto been known to produce acyclic unsaturated carboxylic acids
      by heating .epsilon.- caprolactones to temperatures from at least
      400.degree.C to greater than 800.degree.C, and such a process is disclosed
      in U.S. Pat. No. 2,876,258. It has also been disclosed in U.S. Pat. No.
      3,037,052 that .beta., or .gamma., .delta.-acyclic unsaturated carboxylic
      acids may be cyclised to the corresponding .gamma.- lactone by heating in
      the presence of a macro-reticular cation exchange resin in the dehydrated
      acid form. Other methods, also using strong protonating agents, of
      converting olefinic acids to .gamma.-lactones are known and are described
      in `Quarterly Reviews` 1964 page 211 - 255 (published by Chemical Society)
      by M. F. Ansell and M. H. Palmer.
PAR  According to the present invention there is provided a process for the
      production of a .gamma.- lactone which comprises, (a) heating a .delta.-
      and/or .epsilon.-lactone in the vapour phase at a temperature below
      400.degree.C in the presence of a cracking catalyst to form a
      mono-unsaturated acyclic carboxylic acid and (b) cyclising the
      mono-unsaturated carboxylic acid by contacting it with a catalyst
      comprising a strong protonating agent.
PAR  It seems that the cracking catalyst should have a high surface area to be
      effective and we have found that zeolites and alumino silicates are
      satisfactory. Moreover refractory oxides may, in general, be used and
      alumina, silica and zirconia, particularly in the activated form, have
      proved very satisfactory.
PAR  Activated refractory oxide material is well known in the art to refer to an
      oxide which has been hydrated and calcined. A preferred refractory oxide
      is activated alumina such as may be purchased under the trade mark ACTAL
      from Laporte Industries Limited. It has been found that the grade of
      activated alumina sold as ACTAL 1 is particularly suitable. Normally the
      catalyst in the form of a catalyst bed is heated to and maintained at the
      desired temperature by independent heating means such as an electrical
      resistance element.
PAR  The feed lactone is preferably vapourised and preheated before being passed
      over the bed of catalyst. Preferably the temperature of the catalyst is
      from 300.degree.C to 380.degree.C. Advantageously water vapour is present
      in the catalyst zone since its presence has been found to suppress side
      reactions and lengthen the useful life of activated refractory oxide
      material catalysts. Conveniently the water vapour is metered into the feed
      lactone stream before it is vapourised.
PAR  By the terms .gamma.-, .delta.- and .epsilon.- lactones are meant lactones
      having a total of 4, 5 and 6 carbon atoms respectively in the lactone
      ring.
PAR  Thus by the term .epsilon.- lactone is meant a compound or compounds each
      having the formula:
      ##EQU1##
PAR  wherein each group R is any group selected from methyl, ethyl, n-propyl and
      iso-propyl groups and hydrogen, chlorine and bromine atoms, provided that
      the total number of carbon atoms in the formula does not exceed 12 and
      provided that there are no more than 2 halogen atoms in the formula.
PAR  Preferably the .epsilon.- lactone is .epsilon.-caprolactone, i.e. all the
      groups R are hydrogen, or a methyl .epsilon.- caprolactone, a mixture of
      isomeric methyl .epsilon.-caprolactones or a mixture of isomeric methyl
      .epsilon.-caprolactones with .epsilon.-caprolactones.
PAR  In the case of a .delta.- lactone the formula is:
      ##EQU2##
      wherein R and R.sup.1 have the meaning of R above, modified in that the
      maximum number of carbon atoms is 10. We prefer in fact to use a
      mono-methyl substituted .delta.- lactone, i.e. .delta.- caprolactone,
      conveniently the .delta.- caprolactone wherein the substitution is at
      R.sup.1.
PAR  It has been found that heating a .delta.- or .epsilon.-lactone at a
      temperature of from 250.degree.C to 400.degree.C in the presence of an
      activated refractory oxide material catalyst may lead to a very high yield
      of unsaturated acid and for example, heating .epsilon.- caprolactone at
      350.degree.C in the presence of activated alumina gives between 60% and
      80% by weight of hexenoic acid. In addition, there is normally a
      substantial yield (from 15% - 20 %) of .gamma.- lactone at the end of this
      first stage. Thus the yield of useful products from the heating of a
      .delta.or .epsilon.- lactone may approach 100% of the lactone input.
PAR  The strong protonating agent may be one or more of a strong acid such as
      sulphuric acid, toluene-p-sulphonic acid, formic acid, oxalic acid or
      trifluoroacetic acid, a cation exchange resin in the free acid form, a
      strongly acidic mixture containing hydrogen ions such as hydrogen halides
      in acetic acid or a similar protonating substance. A preferred strong
      protonating agent is a cation exchange resin in the free acid form. The
      cation exchange resin is preferably a macro-reticular exchange resin such
      as that sold by Rohm and Haas as AMBERLYST 15. AMBERLYST is a registered
      Trade Mark.
PAR  According to another aspect of the present invention there is provided a
      process for the production of a .gamma.- lactone which comprises cyclising
      an acyclic carboxylic acid in which an olefinic bond is present in the
      .delta. - .epsilon. position by contacting it with a cation exchange resin
      in the free acid form at a temperature of from 100.degree.C to
      200.degree.C.
PAR  It will be understood from the above that the cyclising step may be carried
      out in the presence of .gamma.-lactone. The unsaturated acyclic carboxylic
      acid is normally in the liquid phase and is conveniently contacted
      continuously in a column with the strong protonating agent which may be a
      liquid or a solid.
PAR  Preferably the temperature of the contacting is from 120.degree.C to
      160.degree.C. The reaction with the strong protonating agent may result in
      a small amount of .delta.- lactone remaining or being formed and this may
      be removed from the .gamma.- lactone by, for example, distillation and
      then recycled over the catalyst. Unreacted acid may also be recovered by
      distillation and recycled.
PAR  The present invention also provides .gamma.- lactones whenever made
      according to the process of the present invention. The .gamma.- lactones
      are particularly useful as solvents for certain polymeric materials such
      as polystyrene, cellulose butyrate acetate and polyurethane and as
      flavours.
DETD
PAR  A specific embodiment of the present invention will now be described by way
      of example only.
PAC  EXAMPLE
PAR  A tubular glass reactor equipped with electrical heating elements was
      packed with 120 mls of 7 - 10 mesh BSS activated alumina (sold as ACTAL 1
      by General Chemicals Division, Widnes of Laporte Industries Limited).
      Mixtures of .epsilon.- caprolactone and water were fed from a metering
      pump to a heated vapouriser and then to the reactor maintained at
      350.degree.C. The feed rate of .epsilon.- caprolactone was kept constant
      as the amount of water was varied. The reaction product was condensed and
      analysed by titrimetry and gas liquid chromatography. The results are
      given in Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
         MOLAR       YIELD  YIELD                                              
         RATIO RESI- OF HEXE-                                                  
                            OF .gamma.-                                        
                                  MASS RE-                                     
     RUN WATER DENCE NOIC ACID                                                 
                            CAPRO-                                             
                                  COVERY                                       
     NO. TO .epsilon.-                                                         
               TIME         LACTONE                                            
                                  % BY                                         
         CAPRO-                                                                
               (SECS.)                                                         
                     % BY   % BY  WEIGHT                                       
         LACTONE     WEIGHT WEIGHT                                             
     __________________________________________________________________________
     1   39:1  2.25  81.0   16.2  99.9                                         
     2   9:1   9.0   71.2   17.5  98.1                                         
     3   1:1   45.0  62.3   16.8  97.3                                         
     __________________________________________________________________________
PAR  The product of Run 2 was separately fed to a column containing AMBERLYST 15
      cation exchange resin in the H.sup.+ form (100 mls) at a rate of about 0.5
      bed volumes per hour. The column was electrically heated and its
      temperature maintained at 140.degree.C. The column effluent was analysed
      for .gamma.- and .epsilon.- caprolactones and for hexenoic acid. The
      results are given in Table II. About 80 bed volumes of product were
      collected with little or no change in the composition.
TBL                Table II                                                    
     ______________________________________                                    
     PRODUCT   TOTAL ACID, YIELD OF   YIELD OF                                 
     FROM      AS HEXENOIC .delta.- CAPRO-                                     
                                      .gamma.- CAPRO-                          
     RUN       ACID, %     LACTONE %  LACTONE %                                
     NO.       BY WEIGHT   BY WEIGHT  BY WEIGHT                                
     ______________________________________                                    
     2         11%         1%         87%                                      
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of a .gamma.-caprolactone comprising
PA1  a. heating an .epsilon.-caprolactone in the vapour phase at a temperature
      below 400.degree.C in the presence of a cracking catalyst selected from
      the group consisting of aluminosilicates and refractory oxides to form a
      mono-unsaturated acyclic carboxylic acid and
PA1  b. cyclising said mono-unsaturated acyclic carboxylic acid by contacting it
      with a catalyst comprising a strong protonating agent, selected from the
      group consisting of strong acids, cation exchange resins in the free acid
      form, and strongly acidic mixtures containing hydrogen ions.
NUM  2.
PAR  2. The process of claim 1, wherein the cracking catalyst is activated
      alumina.
NUM  3.
PAR  3. The process of claim 1, wherein the feed lactone is passed over the
      cracking catalyst whilst it is maintained at a temperature between
      300.degree.C and 380.degree.C.
NUM  4.
PAR  4. The process of claim 1, wherein water vapour is present in the catalyst
      zone.
NUM  5.
PAR  5. The process of claim 1, wherein the feed lactone is
      .epsilon.-caprolactone or a methyl .epsilon.-caprolactone.
NUM  6.
PAR  6. The process of claim 1, wherein the unsaturated acyclic carboxylic acid
      is in the liquid phase and is contacted continuously in a column with the
      strong protonating agent which is a solid, the cyclising being effected at
      a temperature in the range 120.degree.C to 160.degree.C.
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ABST
PAL  Iso-lasalocid (an isomer of lasalocid A) is produced by a species of
      Streptomyces. The isomer, its halogen derivatives and its salts exhibit
      antibacterial and antiprotozoal activity and are useful as antibacterial
      and antiprotozoal agents.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention relates to a new antibiotic and to methods for its
      production by fermentation, its isolation and its use as an antibacterial
      and antiprotozoal agent.
PAR  The microorganism producing the antibiotic useful in this invention is a
      Streptomyces organism isolated from a sample of soil collected at Hyde
      Park, Massachusetts. Lyophilized tubes of the culture bearing the
      laboratory designation X-537 were deposited with the U.S. Department of
      Agriculture, Agricultural Research Service, Northern Utilization Research
      and Development Division, Peoria, Ill. The culture, given identification
      number NRRL 3382 by the Agricultural Research Service, has been made
      available to the public through NRRL.
PAR  The antibiotic material, heretofore identified as antibiotic X-537A
      (Lasalocid A), upon laboratory analysis has been found to be 6-
      {7(R)-[5(S)-ethyl-5-
      (5(R)-ethyltetrahydro-5-hydroxy-6(S)-methyl-2H-pyran-2(R)-yl)
      tetrahydro-3(S)-methyl-2(S)-furyl]-4(S)-hydroxy-3(R),5(S)-dimethyl-6-oxono
     yl} -2,3-cresotic acid, i.e., a compound of the formula:
      ##SPC1##
PAR  As indicated above, the present invention relates to an isomer of
      antibiotic Lasalocid A its derivatives and its pharmaceutically acceptable
      salts. The specific isomer to which the invention relates is a compound of
      the formula:
      ##SPC2##
PAL  Having the name:
      6-[7(R)-[5(S)-ethyl-5-(5(S)-ethyltehahydro-5-(1(R)-hydroxyethyl)-furan-2(R
     )-yl)-tetrahydro-3(S)-methyl-2(S)-furyl[-4(S)-hydroxy-3(R),5(S)-dimethyl-6-
     oxononyl]-2,3-cresotic acid.
PAR  The isomer is prepared by the fermentation of a suitable medium with
      Streptomyces X-537 under aerobic submerged conditions, with the pH of the
      frementation broth adjusted to about neutral, i.e., about 6.5 to 7.5. The
      medium utilized contains a nitrogen source, such as yeast, a yeast derived
      product, corn meal, bean meal and the like, with soybean meal being the
      most preferred; salts such as potassium phosphate, calcium carbonate, and
      trace elements; a carbohydrate source, such as sugar, molasses and the
      like, with starch being the most preferred; and a vegetable or animal fat
      or oil such as soybean oil or lard oil to provide carbon source and foam
      control. The fermentation is carried out at slightly elevated
      temperatures, i.e., between about 25.degree. and 35.degree.C., with the
      preferred incubation temperature being about 31.degree.C. After an
      incubation of about 4 to 9 days, the fermentation broth is filtered and
      the antibiotic recovered by extraction.
PAR  After the fermentation is complete, a variety of procedures can be employed
      for the isolation and purification of the isomer. Suitable isolation and
      purification procedures includes solvent extraction techniques, such as
      batchwise extraction or counter-current continuous flow liquid-liquid
      extraction columns and gel permeation chromatography in a non-aqueous
      system.
PAR  The pharmaceutically acceptable salts of the isomer can be prepared by
      conventional means. These salts are prepared from the free acid form of
      the antibiotic or its derivatives by methods well known in the art, for
      example, by washing the free acid in solution with a suitable base or
      salt. Examples of such pharmaceutically acceptable basic substances
      capable of forming salts for the purpose of the present invention include
      alkali metal bases such as sodium hydroxide, potassium hydroxide, lithium
      hydroxide and the like; alkaline earth metal bases such as calcium
      hydroxide, barium hydroxide and the like; and ammonium hydroxide. Alkali
      metal or alkaline earth metal salts suitable for forming pharmaceutically
      acceptable salts can include anions such as carbonates, bicarbonates and
      sulfates.
PAR  The halogen derivatives of Iso-lasalocid A are compounds of the formula:
      ##SPC3##
PAL  wherein X is selected from the group consisting of chlorine, bromine and
      iodine.
PAR  Among the many procedures suitable for production of the halogen
      derivatives of Iso-lasalocid A there may be included bromination utilizing
      bromine, chlorination utilizing chlorine or iodination utilizing iodine
      monchloride and the like.
PAR  The relative antibiotic activity of the Iso-lasalocid A in in vitro testing
      against a number of gram positive bacteria was calculated by comparing
      pure antibiotic lasalocid A and Iso-lasalocid A using the cup-plate agar
      diffusion technique. The calculated values of the Iso-lasalocid A were
      based on an activity of 100 for lasalocid A and are shown in the table
      below.
TBL  ______________________________________                                    
      Organism      Percentage relative activity of                            
                    Iso-lasalocid A based on                                   
                    lasalocid A = 100                                          
     ______________________________________                                    
     Mycobacterium phlei                                                       
                    0.4 -        2                                             
     Staphylococcus aureus                                                     
                    3 -          11                                            
     Sarcina lutea  10 -         30                                            
     Bacillus sp. TA                                                           
                    13 -         50                                            
     Bacillus sp. E 40 -         100                                           
     Bacillus subtilis           75                                            
     Bacillus simplex            100                                           
     ______________________________________                                    
PAR  Iso-lasalocid A is active orally in rats (CD.sub.50 =34 mg/kg) against
      Entamoeba histolytica and subcutaneously in mice (CD.sub.50 =268 mcg/kg)
      against a local infection of Trichomonas vaginalis.
DETD
PAR  The nature and objects of the present invention can be more fully
      understood by making reference to the following examples.
PAC  EXAMPLE 1
PAC  Preparation of Iso-lasalocid A
PAR  The streptomyces organism was grown in aerated submerged culture in the
      shaken flasks. The pH of the broth was adjusted by the addition of KOH
      solution to 6.5-7.5, then the broth was sterilized. A tank fermentation
      was used herein, a 5-10% inoculum consisting of 3-day-old submerged growth
      from aerated bottles was used in the tank. The medium contained 2% yellow
      split peas, 1% cornstarch, 0.1% K.sub.2 HPO.sub.4 and 2% lard oil. The
      fermentation was carried out at 28.degree.C under positive air pressure,
      with air-flows of 5-10 cu. ft. of air per minute per 40- to 80-gallon
      liquid charge. The broth was harvested after 6 days fermentation,
      filtered, and the antibiotic was recovered by extraction. The extraction
      was carried out as follows:
PAR  204 Liters of broth were filtered and the wet filter cake was suspended in
      100 liters of ethyl actate and the mixture was stirred overnight at room
      temperature. The mixture was then filtered and the water layer was
      separated and discarded. The ethyl acetate solution, assaying 30 million
      Bacillus E units, was concentrated in vacuo to 3 liters, washed with 10%
      sodium carbonate solution, and dried with anhydrous sodium sulfate.
PAR  On further concentration to 300 ml and dilution with 350 ml of petroleum
      ether (B.P. 50-60.degree.C), 41 g of solid material, assaying 25 million
      Bacillus E. units, separated. This solid material was then extracted in a
      Soxhlet apparatus with 4 liters petroleum ether (B.P. 50-60.degree.C) for
      40 hours. The extract was taken to dryness in vacuo, the crystalline
      residue suspended in petroleum ether and filtered. Iso-lasalocid A is
      found in the filtrate.
PAC  EXAMPLE 2
PAC  Isolation of Iso-lasalocid A
PAR  A portion of the concentrated filtrate from the large scale preparation of
      Example 1 was chromatographed on a 200 tube (each 80 ml capacity)
      countercurrent distribution apparatus. The sample was dissolved in 160 ml
      of the mixed phases (heptane-ethyl acetate-methanol-water, 27:18 18:2) and
      the solution placed in the first two tubes. After 380 transfers, the
      following tubes were pooled and the solids recovered after the evaporation
      contained:
PA1  A. mixture of lasalocid homolgs B, C, D and E
PA1  B. lasalocid A
PA1  C. crude Iso-lasalocid A
PAR  Fraction C, which was in crude form and contained sodium and potassium as
      salts, was dissolved in methylene chloride and washed with 0.1 N HCL to
      convert it to the purified Iso-lasalocid A free acid.
PAR  The Iso-lasalocid A which was isolated had a melting point of
      183.degree.-185.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of the Sodium Salt of Iso-lasalocid A
PAR  Approximately 100 mg. of Iso-lasalocid A was dissolved in methylene
      chloride and treated with a saturated solution of sodium carbonate. The
      solvent layer was concentrated with hexane to give 104 mg. of the
      crystalline Iso-lasalocid sodium salt (m.p. 183.degree.-183.5.degree.C).
PAC  EXAMPLE 4
PAC  Preparation of the Potassium Salt of Iso-lasalocid A
PAR  Approximately 387 mg. of Iso-lasalocid A was dissolved in 200 ml of ethyl
      acetate and treated with 0.2 N KOH. The solvent layer was dried over
      K.sub.2 CO.sub.3 and concentrated under vacuum to a colorless foam
      weighing approximately 360 mg.
PAC  EXAMPLE 5
PAC  Preparation of the Barium Salt of Iso-lasalocid A
PAR  Approximately 0.77 g of Iso-lasalocid A was dissolved in methylene chloride
      and heated with a saturated solution of Ba (OH).sub.2. The solvent layer
      was separated and concentrated under vacuum to a foam weighing
      approximately 0.62 g.
PAC  EXAMPLE 6
PAC  Preparation of the Bromine Derivative of Iso-lasalocid A
PAR  To a solution of 3,672 g of the sodium salt of Iso-lasalocid A in 500 ml.
      of methylene chloride at 3.degree.C was added slowly, over a period of 1
      hours, 0.323 ml of bromine in 50 ml of methylene chloride. After 1 hour,
      the solution was allowed to slowly warm up to 15.degree.C and 1 liter of
      water was added. The solvent layer was removed, washed in turn with
      aqueous sodium bisulfite, aqueous sodium carbonate and water. The solution
      was dried over Na.sub.2 SO.sub.4 and concentrated to an oil from which 2.1
      g of crystals were recovered after addition of acetone/hexane. The
      crystalline material was dissolved in methylene chloride and washed with 1
      N HCl. The solvent layer was concentrated to a small volume and after
      addition of acetone/hexane, the brominated Iso-lasalocid A was
      recrystallized from aqueous methanol. The brominated Iso-lasalocid A had a
      melting point of 185.degree.-186.degree.C.
PAR  The relative antibiotic activity of the bromo derivative in vitro testing
      against Bacillus TA was calculated by comparing a pure antibiotic
      lasalocid A and the bromo derivative of Iso-lasalocid A using the
      cup-plate agar diffusion technique. The bromo derivative had a percent
      relative in vitro activity of 75.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC4##
PAL  or the pharmaceutically acceptable salts thereof.
NUM  2.
PAR  2. A compound of the formula
      ##SPC5##
PAL  wherein X is selected from the group consisting of chlorine, bromine and
      iodine, or the pharmaceutically acceptable salts thereof.
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ABST
PAL  Azido-containing silane compositions of matter useful as coupling agents in
      the production of polymer composite articles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel azido-silane compositions of matter and
      their uses.
PAR  While the prior art has heretofore disclosed azido containing silane
      compounds, e.g. U.S. Pat. Nos. 3,705,911 and 3,706,592, it has not been
      found to disclose or utilize the action of the azido-silane compositions
      of matter of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that novel azido-silane compositions of matter
      can be prepared which have the advantage of being excellent coupling
      agents to promote bonding between inorganic substrates, such as siliceous,
      metallic or metal oxide materials and organic polymers.
PAR  Accordingly, it is an object of this invention to provide novel
      azido-silane compositions of matter. It is another object of this
      invention to provide composite articles comprising a filler or
      reinforcement base member and a polymeric matrix. Other objects and
      advantages of this invention will become readily apparent from the
      following description and appended claims.
PAR  More specifically, one aspect of this invention is directed to a
      solubilized azido-containing silane composition of matter produced by a
      process which comprises reacting in the presence of a solvent
PAR  A. AN AZIDO-CONTAINING CARBOXYLIC ACID HALIDE OF THE FORMULA
EQU  (N.sub.3 X).sub.a --Ar--(R).sub.n --COHal
PAL  wherein X is a radical selected from the group consisting of sulfonyl and
      formyl radicals, a is an integer of from 1 to 2, Ar is an aryl radical, R
      is a divalent alkylene radical having from 1 to 17 carbon atoms, wherein n
      has a value of 0 or 1; and Hal represents a halogen radical, with (b) an
      amino-containing silane having the formula
      ##EQU1##
      WHEREIN R.sup.2 is an monovalent hydrocarbon radical, b has a value of 0
      to 2, Y is a hydrolyzable group selected from the class consisting of
      alkoxy and aryloxy radicals and wherein R' is an organic radical directly
      bonded to the silicon atom of said silane through a carbon to silicon
      bond, said organic radical further containing at least one nitrogen atom
      which has a hydrogen atom bonded directly to it, said solvent being
      present in an amount sufficient to solubilize the azido-containing silane
      product of (a) and (b).
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The azido-containing compounds, and/or methods for their production,
      employed in the instant invention are well known in the art, e.g. they can
      easily be prepared by halogenation of the corresponding azido-containing
      carboxylic acid. As pointed out such compounds include carboxylic acid
      halides of the formula
EQU  (N.sub.3 X).sub.a --Ar--(R).sub.n --COHal
PAL  wherein X is a radical selected from the group consisting of sulfonyl
      (SO.sub.2) and formyl (COO) radicals, a is an integer of from 1 to 2, Ar
      is an aryl radical or a hydroxy-substituted aryl radical, preferably
      phenylene or hydroxy-phenylene, R is an alkylene radical having from 1 to
      17 carbon atoms, n has a value of 0 or 1, preferably 0. The most preferred
      acids are those containing the azidosulfonyl radical. The most preferred
      azido-containing compound is
      ##SPC1##
PAL  3-(azidosulfonyl) benzoyl chloride.
PAR  The amino-containing silane compounds, and/or methods for their
      preparation, employed in the instant invention are also well known in the
      art. As pointed out above, such silanes include those of the formula
      ##EQU2##
      wherein R.sup.2 is a monovalent hydrocarbon radical having from 1 to 12
      carbon atoms, b has a value of 0 to 2, preferably O, Y is a member
      selected from the class consisting of alkoxy and aryloxy radicals having
      from 1 to 12 carbon atoms and wherein R' is an organic radical directly
      bonded to the silicon atom of said silane through a carbon to silicon
      bond, said organic radical further containing at least one nitrogen atom
      which has a hydrogen atom bonded directly to it.
PAR  Illustrative of R' are any organic radicals directly bonded to the silicon
      atom of said silane through a carbon to silicon bond, said organic radical
      further containing at least one nitrogen atom which has a hydrogen atom
      directly bonded to it (e.g. --NH). For instance among the more preferred
      organic radicals are those selected from the group consisting of
      aminoalkylene radicals such as amino methyl, beta-aminomethyl,
      gamma-aminopropyl, delta-aminobutyl and the like; aminoaryl radicals such
      as aminophenyl and the like; alkylene polyamine radicals such as
      N-(beta-aminoethyl)-gamma-aminopropyl, N-(beta-aminoethyl)-aminoethyl),
      N-(gamma-aminopropyl)-gamma-aminoisobutyl, N-beta-amino
      (polyethyleneimine) propyl, and the like; and polyazamide radicals such as
      taught in U.S. Pat. No. 3,746,738.
PAR  Most preferably R' represents an amino radical of the formula
      ##EQU3##
      wherein R.sup.3, R.sup.4 and R.sup.6 individually represent a radical
      selected from the group consisting of hydrogen and a monovalent
      hydrocarbon radical having from 1 to 12 carbon atoms, at least one
      R.sup.3, R.sup.4 and R.sup.6 group being hydrogen, and each R.sup.5 group
      individually represents a divalent alkylene radical having from 1 to 10
      carbon atoms, such as methylene, ethylene, propylene, butylene, hexylene,
      decylene, and the like, and y is 0 or a positive integer, preferably y has
      a value of 1 to 4. Preferably R.sup.5 is a divalent alkylene radical
      having from 2 to 6 carbon atoms especially ethylene and propylene.
PAR  Illustrative monovalent hydrocarbon radicals that may be represented by
      R.sup.2, R.sup.3, R.sup.4 and R.sup.6 include such radicals as alkyl
      (e.g., methyl, ethyl, propyl, pentyl, dodecyl, and the like); cycloalkyl
      (such as cyclobutyl, cyclohexyl, and the like); aryl (such as phenyl,
      naphthyl, biphenyl, and the like); alkaryl (such as 4-methylphenyl,
      2,4-diethylphenyl, and the like); arylalkyl (such as benzyl,
      beta-phenylethyl, and the like); and the like. Preferably, the monovalent
      hydrocarbon radical is a member selected from the group consisting of
      phenyl and lower alkyl radicals of 1 to 4 carbon atoms, especially a
      methyl radical.
PAR  Illustrative of Y groups are alkoxy radicals (such as methoxy, ethoxy,
      propoxy, isopropoxy, dodecyloxy, and the like), and aroyloxy radicals
      (such as phenoxy, naphthyloxy, biphenyloxy, and the like). Preferably Y is
      a lower alkoxy radical of 1 to 4 carbon atoms, especially methoxy or
      ethoxy.
PAR  Silane compounds that can be employed in accordance with this invention
      include those described in U.S. Pat. Nos. 2,832,754; 2,942,019; 2,971,864;
      3,321,350; and 3,746,738, the disclosures of which are incorporated herein
      by reference thereto. Specific examples of such amino-containing silane
      compounds include
PA0  aminomethyltrimethoxysilane,
PA0  gamma-aminopropyltrimethoxysilane,
PA0  gamma-methylaminopropyltrimethoxysilane,
PA0  gamma-aminopropyltriethoxysilane,
PA0  gamma-aminopropyltripropoxysilane,
PA0  gamma-aminopropylmethyldiethoxysilane,
PA0  gamma-aminopropylethyldiethoxysilane,
PA0  gamma-aminopropylphenyldiethoxysilane,
PA0  gamma-aminoisobutyltrimethoxysilane,
PA0  delta-aminobutyltriethoxysilane,
PA0  delta-aminobutylmethyldiethoxysilane,
PA0  beta-aminoethyltriethoxysilane,
PA0  epsilon-aminopentylphenyldibutoxysilane,
PA0  N-(beta-aminoethyl)-gamma-aminopropyltrimethoxysilane,
PA0  N-(beta-dimethylaminoethyl)-gamma-aminopropyltrimethoxysilane,
PA0  N-(beta-aminoethylaminoethyl)-gamma-aminopropyltrimethoxysilane,
PA0  N-(gamma-aminopropyl)-gamma-aminoisobutylmethyldiethoxysilane,
PA0  N-(beta-aminoethyl)-gamma-aminopropyltriethoxy-silane,
PA0  1,4-aminophenyltrimethoxysilane,
PA0  beta-amino(polyethyleneimine) propyltrimethoxy-silane,
PAL  silane containing polyazamides obtained e.g. by reacting a
      gamma-glycidoxypropyl-trimethoxysilane with a polyazamide polymer as
      taught in U.S. Pat. No. 3,746,738, and the like. The most preferred
      silanes are those wherein R.sup.3, R.sup.4, and R.sup.6 are hydrogen
      atoms, especially N-beta-(aminoethyl)-gamma-aminopropyltrimethoxysilane.
PAR  The solvent employed by the instant invention in the production of the
      azido-containing silane compositions can be any non-aqueous solvent that
      will solubilize the product mixture of the azido-containing carboxylic
      acid halide and silane compounds used herein. Such solvents include
      conventional organic solvents such as alcohols (e.g. methanol, ethanol,
      propanol, and the like); ethers (e.g. diethylether, dipropylether,
      dimethoxyethane, and the like); ketones (e.g. acetone, methylethylketone,
      diethylketone, and the like); esters (e.g. methylacetate, ethylacetate,
      methylacetoacetate, ethylacetoacetate, methylpropionate, and the like);
      and the like. Preferably the solvent is one which is water soluble. The
      amount of solvent employed is not narrowly critical and obviously need
      only be at least that amount sufficient to solubilize the azido-containing
      silane composition of matter product and of course merely depends on the
      starting materials employed. Of course higher amounts of solvent can be
      employed if desired.
PAR  The azido-silane compositions of this invention are easily prepared as
      solvent solutions by mixing the solvent, the amino-containing silane
      compound and the azido-containing acid halide compound to form the
      solubilized product mixture of said compounds as witnessed by the clear
      product solution obtained. The azido-containing compound and
      amino-contaning silane compound are normally employed in substantially
      equal molar quantities, that is to say from about 0.9 to about 1.1 moles
      of the azido-containing compound to about 1.1 to about 0.9 moles of
      amino-containing silane. The conditions of the mixing procedure to produce
      the azido-silane compositions of this invention are not narrowly critical.
      For instance the order of addition of ingredients may be varied and the
      mixing may be conducted at any suitable temperature and pressure. In
      general it is preferred to first form a solvent solution of the
      amino-containing silane compound and then slowly add the azido-containing
      compound, except when an alcoholic solvent is employed, then it is
      preferred to first form a solvent solution of the amino-containing silane
      compound and then add the azido-containing compound. In general the mixing
      procedure is carried out at from 0.degree.C to room temperature
      (20.degree.C-30.degree.C) and the reaction being exothermic allowed to
      proceed at temperatures up to the reflux point of the solvent. Of course,
      the reaction temperature is merely one of convenience and any suitable
      temperature can be employed. When an alcoholic solvent is employed however
      it is preferred to mix the ingredients and maintain the reaction
      temperature at -50.degree.C to +10.degree.C., preferably from -15.degree.C
      to +5.degree.C., so as to eliminate or at least minimize any possible side
      reactions which might occur. Of course the reaction is preferably
      conducted under atmospheric pressure although higher or lower pressures
      may be employed if desired. Moreover, if desired and azido-silane product
      solution may be first formed in one solvent and then the dried salt
      obtained therefrom added to a different solvent. Of course, it is obvious
      that mixtures of different solvents, different azido-containing compounds
      and/or different amino-containing silanes can be employed if desired. When
      the amino-containing silane compound employed is one which contains only
      one nitrogen atom, e.g. gamma-aminopropyltriethoxysilane, it is further
      desirable to employ a conventional acid acceptor such as a tertiary amine,
      e.g. triethylamine, tripropylamine dimethylbenzylamine,
      dimethyloctylamine, pyridine, and the like, to remove the acid (e.g. HCl)
      by-product from the reaction system. Moreover, if desired, an additional
      mole of any of the amino-containing silane compounds which contain only
      one nitrogen atom can be used as the acid acceptor. Such as acid acceptor
      is not required nor desired when the amino-containing silane compound
      employed is one which contains two nitrogen atoms, e.g.
      N-beta-(aminoethyl)-gamma-amino-propyltrimethoxysilane.
PAR  While not wishing to be bound by any precise structural configuration of
      the product mixture of the solubilized azido-silane compositions of this
      invention, for want of an illustration it is considered that, if desired,
      generic type strutures may be given to the product mixtures of the
      solubilized azido-silane compositions of this invention. For example, the
      product mixture of 3-(azidosulfonyl) benzoyl chloride and
      gamma-aminopropyltriethoxysilane might be represented by the formula
      ##SPC2##
PAL  while the product mixture of 3-(azidosulfonyl) benzoylchloride and
      N-beta-(aminoethyl)-gamma-amino-propyltrimethoxysilane might be
      represented by the formula
      ##SPC3##
PAR  Of course it is to be understood that in addition to the above mentioned
      solubilized azido-containing silane composition, the instant invention
      also includes the azido-containing compounds obtained upon removal of the
      solvent. Clearly the solvent can be removed if desired, e.g. for the
      purpose of shipping or storage of a solid product, and the procedure
      employed for removal of the solvent is obviously not critical, any
      conventional method desired can be used, such as evaporation of the
      solvent, and the like.
PAR  Another aspect of this invention is directed to aqueous compositions of the
      solubilized azido-containing silane compositions of matter of this
      invention comprising from about 0.1 to about 20 parts by weight of the
      above defined solubilized azido-containing silane compositions of matter
      of this invention and from about 99.9 to about 80 parts by weight of
      water. Such aqueous compositions may be in the form of solutions,
      dispersions or emulsions depending upon the water solubility of the
      azido-containing silane product and the solvent used in producing same.
      For example it has been surprisingly discovered that the novel ionic
      azido-containing silane products produced by employing amino-containing
      silanes containing two nitrogen atoms (e.g.
      N-beta-aminoethyl)-gamma-aminopropyltrimethoxy-silane) along with
      water-soluble solvents are easily soluble in water and form stable aqueous
      solutions. The preferred aqueous solutions of this invention are
      especially suitable for use as sizing and finishing agents in the fiber
      galss industry where water is overwhelmingly the preferred solvent. In
      forming the preferred aqueous solutions of this invention it is not
      necessary to remove the water-soluble solvent employed in production of
      the azido-silane product athough such may be done is desired. Of course it
      is to be understood that since the amino-containing silane compounds
      employed in this invention contain hydrolyzable groups (e.g. alkoxy
      radicals) the aqueous azido-silane product mixture compositions of this
      invention include and encompass the hydrolyzates and condensates of said
      azido-silane products. In addition it is obvious that the instant
      invention is also directed to the novel azido-containing compounds
      obtained opon removal of the water and any other solvent present in said
      aqueous compositions and such may be removed by any conventional manner.
PAR  The azido-silane compositions of matter of this invention can be used as
      coupling agents to enhance the adhesion of various substrates with a broad
      variety of polymers. The use of coupling agents to promote such bonding is
      well known in the art as witnessed for example by U.S. Pat. Nos.
      2,832,754; 2,971,864; 3,258,477; 3,661,628; 3,671,562, 3,705,911;
      3,706,592, and the like, the disclosures of which are incorporated herein
      by reference thereto.
PAR  More particularly the azido-silane compositions of matter of this invention
      have been found to be useful in promoting coupling and bonding between
      inorganic substrates, such as siliceous, metallic or metallic oxide
      materials and organic polymers.
PAR  Materials or substrates to which the organic polymers may be bonded
      include, siliceous materials such as glass, asbestos, sand, clay, talc,
      Wollastonite (calcium metasilicate), feldspar, concrete, ceramic
      materials, and the like; metals such as aluminum, copper, cadmium,
      chromium, magnesium, nickel, silver, tin, titanium, zinc, and the like;
      the alloys of such metals as brass, bronze, steel, and the like including
      metals which have been surface treated with phosphates, chromates, and the
      like; metal oxides such as aluminum oxide, iron oxides, lead oxides,
      titanium dioxide, zinc oxide and the like. If desired the organic polymers
      can even be bonded to other polymers through the azido-silane coupling
      agents. Of course it is understood that the particular configuration of
      the inorganic substrate to which the organic polymer is bonded is not
      critical and that the inorganic materials can be in any various form such
      as sheets, plates, blocks, wires, cloth, fibers, filaments, particles,
      powders, and the like.
PAR  Organic polymers that may be bonded to such inorganic substrates are well
      known in the art and include any of a wide variety of polymers mentioned
      in the patents cited above. Illustrative of some of the more preferred
      polymers are thermoplastic resins such as polyethylene, polypropylene,
      polystyrene, poly(vinyl chloride), polycarbonates, polyesters, nylon,
      polyacrylonitrile, and the like, as well as copolymers and terpolymers
      thereof; thermoset resins such as unsaturated polyesters, expoxies,
      phenolics, melamine, and the like; elastomers such as natural rubber,
      styrene butadiene rubber, neoprene, ethylene propylene monomer rubber,
      ethylene propylene diene (e.g. hexadiene, ethylidene norborene, etc.)
      rubber, and the like. Of course like the base substrates the particular
      form of the organic polymer is not critical. The most preferred organic
      polymers are polyolefin thermoplastic resins, especially, polypropylene.
PAR  The procedures and conditions employed in bonding organic polymers and
      substrates through the use of coupling agents are well known in the art
      and any conventional method can be employed with the azido-silane
      compositions of this invention.
PAR  Thus as pointed out above an additional object of this invention can be
      described as an article of manufacture comprising a substrate selected
      from the group consisting of siliceous materials, metals, metal oxides and
      polymers coated with the novel azido-silane compositions of matter of this
      invention. Further article of manufacture comprise an organic polymer
      bonded to a substrate selected from the group consisting of siliceous
      materials, metals, metal oxides and polymers through an azido-silane
      composition of matter of this invention. As pointed out above the most
      preferred substrate is a siliceous material, preferably glass and fiber
      glass while the preferred organic polymer is a polyolefin, especially
      polypropylene.
PAR  As pointed out the process employed in preparing the articles of
      manufacture of this invention is not critical and any conventional process
      can be employed. For example the material or substrate can be coated with
      an azido-silane composition of matter of this invention, allowed to dry
      and then coated with the organic polymer followed by curing the polymer on
      the coated substrate. Alternatively the azido-silane and the organic
      polymer can be deposited together on the substrate and then cured or the
      polymer can be first treated with the azido-silane compound and then
      coated on to the substrate and cured. Thus, there is provided a coupling
      agent at the interface of the substrate and organic polymer, said coupling
      agent being the azido-silane reaction products, their hydrolyzates and
      condensates of this invention. The temperature at which the bonding
      reaction is carried out can be varied over a wide range depending upon the
      specific compounds employed. In general heat temperatures will normally be
      in the range of from about 100.degree.C. to about 350.degree.c., or
      higher. If desired the bonding between the substrate, azido-silane
      compositions and organic polymer may also be carried out by the use of
      ultra-violet light radiation, X-rays, and the like. The various amounts of
      compounds employed of course merely depend upon the azido-silane employed,
      the surface area to be covered, the organic polymer to be bonded to the
      material, and the like. Moreover, the method of coating the substrate is
      not critical and the azido-silane compositions of this invention can be
      sprayed, brushed, poured or rolled on to the surface of the material, and
      the like, or alternatively the material or substrate can be dipped into
      the solution of the azido-silane compositions of this invention. Thus it
      will be readily apparent to those skilled in the art that the azido-silane
      compositions of matter of this invention lend themselves to any
      conventional process where organic polymers are to be bonded to substrates
      such as siliceous materials, metals, metal oxides and other polymers.
PAR  The azido-silane compositions of matter of this invention have a number of
      advantages, for example they are very stable even under acidic conditions.
      Moreover, the physical properties and characteristics, such as flexural
      strength, tensile strength, falling dart impact, heat distortion
      temperature, and the like, of the resulting composites have been found to
      be considerably bettered as a result of the improved bonding between the
      organic polymer and substrates brought about by the action of the
      azido-silane compositions of this invention.
PAR  The following examples are illustrative of the present invention and are
      not to be regarded as limitative. It is to be understood that all of the
      parts, percentages and proportions referred to herein and in the appended
      claims are by weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  11.3 grams (50 milimoles) of 3-(azidosulfonyl) benzoic acid and 31 grams
      (261 millimoles) of thionyl chloride were added to a 200 ml. round bottom
      flask equipped with a magnetic stirrer, nitrogen sparge, reflux condenser
      and heating mantle. The mixture was stirred for 3 hours at 65.degree.C.
      and then the excess thionyl chloride was stripped under vacuum. A 75 per
      cent yield of 3-(azido-sulfonyl) benzoyl chloride was obtained and
      identified by spectroscopic analysis. Said benzoyl chloride was a
      straw-yellow liquid that slowly crystallized at room temperature and had a
      melting point of 41.degree.C. and a refractive index of N.sub.D.sup.24.5 =
      1.5751.
PAC  EXAMPLE 2
PAR  23 grams (0.1 mole) of
      N-beta-(aminoethyl)-gamma-aminopropyltrimethoxysilane dissolved in 30
      grams of dimethoxy-ethane were added to a 200 ml. round bottom flask
      equipped with a magnetic stirrer, addition funnel, nitrogen sparge and
      cooling bath and the solution cooled to 0.degree.C - 5.degree.C. 25 grams
      (0.1 mole) of 3-(azidosulfonyl) benzoyl chloride in 18 grams of
      dimethoxyethane were added dropwise to the silane solution and the mixture
      stirred for 10 minutes at 0.degree.C - 5.degree.C. and then for one hour
      at room temperature. A quantitative yield of the desired ionic
      azido-silane product solution was obtained and spectroscopic analysis of
      the solution showed formation of the desired azido-silane composition of
      matter. After stripping all the ether solvent the desired azido-silane
      reaction product was again identified by spectroscopic analysis.
PAR  Similar results may be obtained by employing other solvents such as
      acetone, methyl acetate and the like in place of the above dimethoxyethane
      ether solvent.
PAC  EXAMPLE 3
PAR  23 grams (0.1 mole) of
      N-beta-(aminoethyl)-gamma-aminopropyltrimethoxysilane dissolved in 60 ml.
      (48 grams) of methanol were added to a 200 ml. round-bottom flask equipped
      with a magnetic stirrer, addition funnel, nitrogen sparge and cooling bath
      and the solution cooled to at least about -5.degree.C. 25 grams (0.1 mole)
      of 3-(azidosulfonyl) benzoyl chloride were added dropwise over fifteen
      minutes to the chilled silane solution. The mixture was stirred for 1
      hour; the temperature rose to room temperature and there was obtained a
      reddish brown azido-silane reaction mixture in methanol. Spectroscopic
      analysis of the reaction product mixture showed formation of the desired
      ionic azido-silane composition of matter in an 80 - 85% yield together
      with a 15 - 20% by-product yield of the methyl ester of 3-(azidosulfonyl)
      benzoic acid.
PAC  EXAMPLE 4
PAR  A 6 per cent water solution of the azido-silane dimethoxyethane ether
      product solution prepared as in Example 2 was used to size priscine glass
      fibers and the fibers then dried and chopped into 1/4 inch lengths. The
      sized chopped strand was then mixed with polypropylene resin to give a
      blend containing 30 per cent by weight of glass. The blend was injection
      molded at 480.degree.F., (mold temperature 120.degree.F., injection
      pressure 12,000 psi.) using a three ounce Van Dorn injection molder of 75
      ton clamp pressure to yield test specimens of glass-reinforced
      polypropylene.
PAR  The test specimens showed a flexural strength of 14,800 psi., a tensile
      strength of 9,700 psi. and a heat-distortion temperature of 302.degree.F.
      By comparison test specimens prepared from
      gamma-aminopropyltriethoxysilane coated chopped fiber glass strands and
      polypropylene showed a flexural strength of 9,900 psi., a tensile strength
      of 5,600 psi. and a heat-distortion temperature of 288.degree.F., while
      test specimens prepared from commercial chopped fiber glass strands
      (specified for use in polypropylene) showed a flexural strength of 10,500
      psi., a tensile strength of 6,600 psi. and a heat-distortion temperature
      of 298.degree.F.
PAC  EXAMPLE 5
PAR  A 6 per cent water solution of the azido-silane methanol product solution
      prepared as in Example 3 was used to size priscine glass fibers and the
      fibers then dried and chopped into 1/4 inch lengths. The sized chopped
      strand was then mixed with modified polyphenylene oxide (Noryl) to give a
      blend a containing 30 per cent by weight of glass. The blend was injection
      molded at 535.degree.F. (mold temperature 210.degree.F., injection
      pressure 20,000 psi.) using a three ounce VanDorn injection molder of 75
      ton clamp pressure to yield test specimens of glass-reinforced modified
      polyphenylene oxide.
PAR  The test specimens showed a flexural strength of 22,600 psi., a tensile
      strength of 15,100 psi. and a heat-distortion temperature of 274.degree.F.
      By comparison test specimens prepared from commercial chopped fiber glass
      strands (specified for use in modified polyphenylene oxide, e.g. Noryl)
      showed a flexural strength of 20,900 psi., a tensile strength of 13,800
      psi. and a heat-distortion temperature of 277.degree.F.
PAR  Various modifications and variations of this invention will be obvious to a
      worker skilled in the art and it is to be understood that such
      modifications and variations are to be included within the purview of this
      application and the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solubilized azido-containing silane composition of matter produced by
      a process which comprises reacting in the presence of a non-aqueous
      solvent
PA1  a. an azido-containing carboxylic acid halide of the formula
EQU  (N.sub.3 X).sub.a --Ar--(R).sub.n --COHal
PAL  wherein X is a radical selected from the group consisting of sulfonyl and
      formyl radicals, a is an integer of from 1 to 2, Ar is an aryl radical, R
      is a divalent alkylene radical having from 1 to 17 carbon atoms, wherein n
      has a value of 0 or 1; and Hal represents a halogen radical, with (b) an
      amino-containing silane having the formula
      ##EQU4##
      wherein R.sup.2 is a monovalent hydrocarbon radical, b has a value of 0 to
      2, Y is a hydrolyzable group selected from the class consisting of alkoxy
      and aryloxy radicals and wherein R' is an organic radical directly bonded
      to the silicon atom of said silane through a carbon to silicon bond, said
      organic radical further containing at least one nitrogen atom which has a
      hydrogen atom bonded directly to it, said solvent being present in an
      amount sufficient to solubilize the azido-containing silane product of (a)
      and (b).
NUM  2.
PAR  2. A solubilized azido-containing silane composition of matter as defined
      in claim 1, wherein the non-aqueous solvent is selected from the group
      consisting of alcohols, ethers, ketones and esters.
NUM  3.
PAR  3. A solubilized azido-containing silane composition of matter as defined
      in claim 2, wherein X is a sulfonyl radical; a is 1; Ar is phenylene; n is
      0; Hal is chlorine; b is 0; Y is an alkoxy radical having from 1 to 12
      carbon atoms and R' is an organic radical selected from the group
      consisting of aminoalkylene, aminoaryl, alkylene polyamine and polyazamide
      radicals.
NUM  4.
PAR  4. A solubilized azido-containing silane composition of matter as defined
      in claim 3 wherein Y is a lower alkoxy radical having from 1 to 4 carbon
      atoms and R' is an amino radical of the formula
      ##EQU5##
      wherein R.sup.3, R.sup.4 and R.sup.6 individually represent a radical
      selected from the group consisting of hydrogen and a monovalent
      hydrocarbon radical having from 1 to 12 carbon atoms, at least one
      R.sup.3, R.sup.4 and R.sup.6 group being hydrogen; each R.sup.5 group
      individually represents a divalent alkylene radical having from 1 to 10
      carbon atoms; and y is 0 or a positive integer.
NUM  5.
PAR  5. A solubilized azido-containing silane composition of matter as defined
      in claim 4 wherein R.sup.3, R.sup.4 and R.sup.6 individually represent a
      radical selected from the group consisting of hydrogen and a methyl
      radical; y has a value of 1 to 4; and each R.sup.5 group individually
      represents a divalent alkylene radical having from 2 to 6 carbon atoms.
NUM  6.
PAR  6. A solubilized azido-containing silane composition of matter as defined
      in claim 5 wherein R.sup.3, R.sup.4 and R.sup.6 are hydrogen radicals.
NUM  7.
PAR  7. A solubilized azido-containing silane composition of matter as defined
      in claim 6, wherein the azido-containing compound is 3-(azidosulfonyl)
      benzoyl chloride and the amino-containing silane is
      N-beta-(aminoethyl)-gamma-aminopropyltrimethoxysilane.
NUM  8.
PAR  8. An azido-containing silane composition of matter as defined in claim 1,
      obtained upon removal of the solvent.
NUM  9.
PAR  9. An aqueous composition comprising from about 0.1 parts by weight to
      about 20 parts by weight of a solubilized azido-containing silane
      composition of matter as defined in claim 1, and from about 99.9 parts by
      weight to about 80 parts by weight of water.
NUM  10.
PAR  10. An aqueous composition comprising from about 0.1 parts by weight to
      about 20 parts by weight of a solubilized azido-containing silane
      composition as defined in claim 4, and from about 99.9 parts by weight to
      about 80 parts by weight of water.
NUM  11.
PAR  11. An aqueous solution comprising from about 0.1 parts by weight to about
      20 parts by weight of a solubilized azido-containing silane composition as
      defined in claim 5, and from about 99.9 parts by weight to about 80 parts
      by weight of water.
NUM  12.
PAR  12. An aqueous solution as defined in claim 11, wherein R.sup.3, R.sup.4
      and R.sup.6 are hydrogen atoms.
NUM  13.
PAR  13. An aqueous solution as defined in claim 12, wherein the
      azido-containing compound is 3-(azido-sulfonyl) benzoyl chloride and the
      amino-containing silane is N-beta-(aminoethyl)-gamma-aminopropyltrimethoxy
      silane.
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ABST
PAL  Tetranitro aryl ether compounds are prepared by aromatic nucleophilic
      substitution of various aryl diols with 4-fluoro-1,2-dinitrobenzene. By
      reducing the nitro moieties of the tetranitro compounds, tetraamino aryl
      ether compounds are obtained. These latter compounds are useful as
      monomers in preparing thermally stable polymers having good solubility
      parameters.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States for all governmental purposes without the
      payment of any royalty.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to aryl ether compounds and to a process for their
      synthesis. In one aspect it relates to aromatic tetraamino ether monomeric
      compositions.
PAC  BACKGROUND OF THE INVENTION
PAR  Workers in the field are constantly searching for polymeric materials
      having high temperature properties, i.e., the ability to retain their
      physical and chemical characteristics as well as their dimensional
      stability at elevated temperatures of the order of 500.degree.C and above.
      Regarding problems being encountered or anticipated in the applications of
      high temperature nonmetallic materials, the aromatic heterocyclic polymers
      have been found to be particularly useful in a variety of aerospace
      applications. For example, such polymers can be used on the skin or
      leading edges of high speed aircraft, on the nose cone and heat shields of
      atmospheric escape and re-entry vehicles, in the fabrication of various
      rocket engine components, and the like. Unfortunately, the fused and
      highly aromatic nature of these ring systems, which give them their
      exceptional stability, tends to render them intractable.
PAR  It is an object of the present invention, therefore, to provide new and
      improved tetrafunctional amino monomers which can be used in the
      preparation of thermally stable polymers having improved solubility
      parameters.
PAR  Another object of the invention is to provide tetranitro aryl ether
      compounds which are employed as intermediates in the synthesis of the
      amino monomers.
PAR  A further object of the invention is to provide a process for synthesizing
      the tetranitro aryl ether compounds.
PAR  A still further object of the invention is to provide a process for
      synthesizing the tetrafunctional amino monomers.
PAR  Other objects and advantages of the invention will become apparent to those
      skilled in the art upon consideration of the accompanying disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in an arylene-oxy compound having the
      following formula:
      ##SPC1##
PAL  Wherein R is NO.sub.2, NH.sub.2 or NH.sub.3 Cl and Ar is a divalent
      aromatic radical. Examples of divalent aromatic radicals include the
      following:
      ##SPC2##
PAL  When R is NO.sub.2, the compounds represented by the above formula are
      tetranitro aryl ether compounds which are the intermediates used in
      preparing the tetrafunctional amino monomers of this invention. The
      monomers themselves are defined by the formula when R is NH.sub.2 or
      NH.sub.3 Cl. As seen from the foregoing structural formula, the monomers
      contain aromatic ether linkages. When the monomers undergo a condensation
      reaction with a suitable comonomer, the ether linkages impart several
      sites for bond rotation within the polymer chains, thus improving
      solubility parameters. As a result the polymers are rendered more
      processable, thereby alleviating the problem of intractability of
      conventional aromatic polymers. The monomers can be polymerized with
      conventional comonomers so as to prepare benzimidazo, quinoxaline,
      phenylquinoxaline and pyrone polymers. In particular, the monomers are
      useful in preparing benzimidazobenzophenanthroline polymers by their
      polycondensation with multifunctional aromatic carboxylic acids, such as
      1,4,5,8-naphthalene tetracarboxylic acid, as disclosed in our copending
      application Ser. No. 474,562, filed on 5-30-74, now U.S. Pat. No.
      3,925,311. The disclosure of this copending application is incorporated
      herein by reference.
PAR  In one embodiment, the present invention resides in a process for preparing
      the tetranitro aryl ether compounds which are intermediates for
      synthesizing the tetrafunctional amino monomers. Thus, the compounds are
      synthesized by aromatic nucleophilic substitution of various aryl diols
      with 4-fluoro-1,2-dinitrobenzene. The reaction involved is illustrated by
      the following equation:
      ##SPC3##
PAL  In this equation, Ar is as indicated above. Examples of aryl diols which
      can be employed include 1,3-dihydroxybenzene; 1,4-dihydroxybenzene;
      1,1'-dihydroxybiphenyl; 4,4'-dihydroxydiphenylsulfone;
      1,5-dihydroxynaphthalene; 2,6-dihydroxynaphthalene;
      4,4'-dihydroxydiphenylsulfide; 4,4' -dihydroxybenzophenone;
      bis(4-hydroxyphenyl)diphenylmethane; 4,4'-dihydroxydiphenylether; and
      4,4'-dihydroxydiphenylmethane.
PAR  As depicted in the above equation, the reaction is conducted in a reaction
      medium, which is a solvent for the reactants and the reaction product, in
      the presence of a base. Furthermore, the reaction is carried out in an
      inert atmosphere, such as that provided by nitrogen, helium, argon, and
      the like. The temperature employed usually ranges from about -5.degree.C
      to 150.degree.C, and the reaction period is generally from about 1 to 24
      hours.
PAR  Examples of solvents that can be employed include pyridine,
      N,N'-dimethylacetamide; dimethylsulfoxide, dimethylformamide,
      hexamethylphosphoramide, tetramethylsulfone, N-methyl- -pyrrolidone, and
      the like. It is often preferred to utilize pyridine as the solvent.
PAR  In general, inorganic or organic bases can be used in the process.
      Exemplary compounds include sodium hydride, lithium hydride, calcium
      hydride, sodium hydroxide, potassium hydroxide, lithium hydroxide, barium
      hydroxide, sodium methoxide, sodium ethoxide, potassium tert-butoxide, and
      the like.
PAR  Although stoichiometric amounts of the 4-fluoro-1,2-dinitrobenzene and the
      aryl diol can be used, it is usually preferred to employ a molar excess of
      the former compound. Thus, the mol ratio of 4-fluoro-1,2-dinitrobenzene to
      aryl diol usually falls in the range of about 2 to 5, preferably 2 to 3,
      to 1. It is generally preferred to use a slight molar excess of the base,
      based on the amount of the aryl diol. Thus, the mol ratio of the base to
      the aryl diol is usually in the range of about 1.0 to 1.5 to 1.
PAR  At the end of the reaction period, the reaction mixture is poured into a
      dilute acid solution, thereby precipitating a crude product from solution.
      Examples of suitable acids include hydrochloric acid, formic acid, and
      acetic acid. After recovery of the crude product, e.g., by decantation of
      the aqueous phase or by extraction with methylene chloride, it is then
      purified so as to obtain a high purity product.
PAR  Purification of the crude product can be accomplished by any suitable
      means. In one procedure, the crude product is dissolved in chloroform
      after which the solution is washed successively with dilute hydrochloric
      acid, saturated sodium bicarbonate or sodium chloride solution, and water.
      After drying over magnesium sulfate, the solvent is evaporated, thereby
      giving a product in the form of an oil. The oil is then chromatographed on
      silica gel by elution with hexane, benzene, ethyl acetate, or mixtures
      thereof. The oil is then dissolved in an organic solvent, such as ethanol,
      benzene, hexane, cyclohexane, acetone or mixtures thereof, after which the
      product is allowed to crystallize from solution. It is often advantageous
      to carry out more than one crystallization in order to increase the purity
      of the product. In another procedure for purifying the product, the crude
      product is washed with water and then vacuum dried to yield a solid
      material. After dissolving this material in boiling tetrahydrofuran, the
      resulting solution is treated with charcoal and filtered. The solution is
      then reheated to boiling, and ethanol is slowly added. Storage of the
      resulting mixture at a subzero temperature, e.g., about -10.degree. to
      -20.degree.C, for about 12 to 24 hours, yields a purified product. Further
      purification of the product can be obtained by following the
      above-described crystallization procedure.
PAR  In another embodiment, the present invention resides in a process for
      converting the intermediate tetranitro aryl ether compounds to the
      aromatic tetraamino monomers. This is accomplished by reduction of the
      intermediate with hydrazine or hydrazine hydrate in the presence of a
      catalyst as illustrated by the following equation:
      ##SPC4##
PAL  In the above equation, Ar is as indicated hereinabove. When it is desired
      to obtain a tetraamino hydrochloride as the product, the tetraamino
      compound is contacted with concentrated hydrochloric acid. Because the
      tetraamino hydrochlorides are often more stable than the tetraamines, it
      is frequently preferred to use the former compounds as monomeric
      materials.
PAR  The reduction reaction is conducted under a blanket of an inert gas such as
      those mentioned hereinbefore. In one procedure, the intermediate, i.e.,
      the tetranitro aryl ether compound, is dissolved in a solvent therefor,
      e.g., an alcohol such as methanol, ethanol, isopropanol, or tert-butanol.
      Catalyst is then added to the solution followed by addition of hydrazine
      or hydrazine hydrate. The solution is thereafter heated under reflux
      conditions for a period of about 2 to 24 hours. At the end of this period,
      the reaction mixture is cooled, e.g., to about 5.degree. to 10.degree.C,
      and filtered under an inert gas. The solvent is then removed by vacuum
      distillation to provide the tetraamine monomer of this invention. In a
      preferred procedure, the cooled reaction mixture is filtered into cold
      concentrated hydrochloric acid. The resulting precipitate of hydrazine
      hydrochloride and tetraamine hydrochloride is recovered, e.g., by
      filtration, partially dried, and then dissolved in water. A concentrated
      ammonium hydroxide, sodium hydroxide, sodium carbonate or sodium
      bicarbonate solution is added to the resulting solution, thereby
      precipitating the desired tetraamino aryl ether product. After separation
      of the product as by decantation or filtration, it is dried under a
      vacuum. By dissolving the product in an organic solvent, such as ethanol,
      tetrahydrofuran, benzene, hexane, cyclohexane, or acetone, either alone,
      in admixture with one another, or in admixture with water, and then
      allowing the product to crystallize from solution, a highly purified
      product can be obtained. By repeating the dissolution and crystallization
      procedure, the purity of the product can be increased.
PAR  The catalyst used in the reduction reaction consists essentially of
      palladium, platinum or Raney nickel on a charcoal support. The catalyst
      contains about 5 to 10 weight percent of the metal. The amount of catalyst
      used generally ranges from about 0.1 to 5 weight percent, based upon the
      weight of the intermediate. Either anhydrous hydrazine or hydrazine
      hydrate can be utilized as the reducing agent. As to the amount used, the
      mol ratio of hydrazine to the intermediate is at least 4 to 1. It is
      usually preferred to use an excess of the hydrazine, e.g., 4.1 to 6 mols
      of the hydrazine per mol of the intermediate.
PAR  A more complete understanding of the invention can be obtained by referring
      to the following illustrative examples which are not intended, however, to
      be unduly limitative of the invention.
DETD
PAC  EXAMPLE I
PAR  a. 1,3-Bis(3,4-dinitrophenoxy)benzene
PAR  1,3-Dihydroxybenzene (2.20 g, 20 mmoles) was added to a 200 ml flask
      equipped with a nitrogen inlet, magnetic stirrer and thermometer and
      containing 1.90 g of a 57 percent dispersion of sodium hydride in 100 ml
      of dry pyridine. After the initial evolution of hydrogen subsided, the
      resulting suspension of sodium recorcinate was heated at 50.degree.C for 1
      hour, and then chilled to -5.degree.C with a salt-ice bath. Solid
      4-fluoro-1,2-dinitrobenzene (9.16 g, 60 mmoles) was added all at once to
      the flask in the salt-ice bath which was allowed to warm overnight to room
      temperature. The reaction mixture was poured into 2N HCl (400 ml), and the
      aqueous phase was decanted from the resulting red tar. The tar was taken
      up in chloroform (300 ml), washed 5 times with 100 ml of 2N HCl, followed
      by washing with saturated NaHCO.sub.3 solution (100 ml) and water, and
      dried over MgSO.sub.4. Evaporation of solvent yielded 11.98 g of red oil
      which was chromatographed on silica gel (180 g) by elution with
      hexane-benzene mixtures. The yield of the desired product in the form of a
      yellow solid was 6.50 g (57 percent). Two recrystallizations from ethanol
      provided an analytical sample (melting point 107.degree.-108.5.degree.C).
PAR  Analysis - Calc'd for C.sub.18 H.sub.10 N.sub.4 O.sub.10 (percent): C,
      48.88; H, 2.28; N, 12.67. Found (percent): C,49.27; H,2.28; N,12.70.
PAR  b. 1,3-Di(3,4-diaminophenoxy)benzene hydrochloride
PAR  In a 1 liter 3-neck flask equipped with a magnetic stirrer, heating mantle,
      reflux condenser, addition funnel and gas dispersion tube, a suspension of
      1,3-bis(3,4-dinitrophenoxy)benzene (7.00 g, 0.016 mmole) in absolute
      ethanol (600 ml) was heated under reflux for one hour with nitrogen
      bubbling below the liquid surface. Heating was terminated and after
      boiling had subsided, 10 percent palladium on charcoal (0.80 g) was added,
      followed by dropwise addition of hydrazine hydrate (16 ml). The reaction
      was heated under reflux for 3 hours, cooled to 7.degree.C, and suction
      filtered through Celite filter aid under nitrogen. The solvent was removed
      in vacuo to produce the tetraamine as brown solid which was dissolved in
      tetrahydrofuran (200 ml), followed by addition of concentrated
      hydrochloric acid (200 ml). The resulting purple precipitate was collected
      and, while still wet, dissolved in water (100 ml), heated with Norit
      purified charcoal, and filtered. Addition of concentrated hydrochloric
      acid (200 ml) and storage overnight at -15.degree.C yielded the tetraamino
      hydrochloride product (4.68 g, 62 percent) as a pink solid (melting point
      232.degree.-6.degree.C).
PAR  Analysis - Calc'd for C.sub.18 H.sub.22 N.sub.4 O.sub.2 Cl.sub.4 (percent):
      C,46.18; H,4.74; N,11.97. Found (percent): C,45.95; H,4.38; N,11.82.
PAC  EXAMPLE II
PAR  a. 2,2'-Bis(3,4-dinitrophenoxy)biphenyl
PAR  A 57 percent dispersion of sodium hydride in oil (6.3 g, 0.15 mole) was
      added to a stirred solution of 4-fluoro-1,2-dinitrobenzene. A solution of
      1,1'-dihydroxybiphenyl (0.6 g, 0.046 mmole) in pyridine (50 ml) was added
      dropwise over a 45 minute period. Reaction temperature was maintained
      below 40.degree.C by periodic use of an ice bath. The reaction mixture was
      stirred for 18 hours, poured into 2N HCl (800 ml), and extracted with
      methylene chloride. The extract was washed with 2N HCl, water, and
      saturated sodium chloride solution, and dried over magnesium sulfate.
      Evaporation of the solvent yielded 26.3 g of red oil. Chromatography on
      silica gel with hexane-benzene mixtures produced 16.2 g (67 percent) of
      the desired product. The analytical sample was obtained by
      recrystallization of a portion of the product from a cyclohexane-benzene
      mixture.
PAR  Analysis - Calc'd for C.sub.24 H.sub.14 N.sub.4 O.sub.10 (percent):
      C,55.61; H,2.72; N,10.81. Found (percent): C,55.58; H,2.78; N,10.73
PAR  b. 2,2'-Bis(3,4-diaminophenoxy)biphenyl
PAR  A stirred mixture of 2,2'-bis(3,4-dinitrophenoxy)biphenyl (22.0 g, 0.0425
      mole) and 10 weight percent palladium on charcoal (2.2 g) in absolute
      ethanol (500 ml) was heated to reflux under nitrogen, and a solution of
      hydrazine hydrate (43 ml) in ethanol (100 ml) was added dropwise over a
      period of 40 minutes. The reaction mixture was heated at reflux for 17
      hours, chilled in an ice bath, and suction filtered through Celite filter
      aid into one liter of stirred, cold, concentrated hydrochloric acid. The
      resulting precipitate of hydrazine hydrochloride and desired tetraamine
      hydrochloride was collected, partially dried and dissolved in water (1
      liter). Concentrated ammonium hydroxide solution (300 ml) was added and
      the resulting precipitate collected and vacuum dried to produce 14.9 g (88
      percent) of 2,2'-bis(3,4-diaminophenoxy)biphenyl). A portion of the
      product was recrystallized from ethanol-water to provide an analytical
      sample (melting point 172.degree.-174.degree.C).
PAR  Analysis - Calc'd for C.sub.24 H.sub.22 N.sub.4 O.sub.2 (percent): C,72.34,
      H,5.57; N,14.06. Found (percent): C,72.12; H,5.42; N,13.83.
PAC  EXAMPLE III
PAR  a. 1,5-Bis(3,4-dinitrophenoxy)naphthalene
PAR  1,5-Dihydroxynaphthalene (3.20 g, 0.020 mmole) was added to a stirred
      suspension of sodium hydride (1.68 g of a 57 percent dispersion) in dry
      pyridine (100 ml). The mixture was heated under nitrogen at 50.degree.C
      for 1 hour, chilled to -2.degree.C, and 1,2-dinitro-4-fluorobenzene (11.20
      g, 0.060 mole) added all at once. After stirring for 3 hours at
      -5.degree.C, the reaction mixture was poured into 2N HCl (500 ml) and the
      brown precipitate collected, washed with water, and vacuum dried to yield
      10.7 g of pale brown solid. The crude product was dissolved in boiling
      tetrahydrofuran (900 ml), treated with charcoal, filtered, and the volume
      reduced by evaporation of solvent to 350 ml. The solution was reheated to
      boiling and 95 percent ethanol (200 ml) was slowly added. Storage at
      -15.degree.C for 18 hours produced 6.22 g (63 percent) of the desired
      product as a yellow solid (melting point 224.degree.-228.degree.C). An
      analytical sample (melting point 231.degree.-232.degree.C) was obtained by
      recrystallizing a small portion of the product several times from
      tetrahydrofuran-ethanol.
PAR  Analysis - Calc'd for C.sub.22 H.sub.12 N.sub.4 O.sub.10 (percent):
      C,53.67; H,2.46; N,11.38. Found (percent): C,54.09; H,2.35; N,11.21.
PAR  b. 1,5-Bis(3,4-diaminophenoxy)naphthalene
PAR  A stirred mixture of 1,5-bis(3,4-dinitrophenoxy)naphthalene (6 g, 0.0122
      mole) and 10 percent palladium on charcoal (0.6 g) in absolute ethanol
      (300 ml) was heated to reflux under nitrogen. A solution of hydrazine
      hydrate (8 ml) in ethanol (30 ml) was added dropwise over a period of 40
      minutes. The reaction mixture was heated at reflux for 6 hours, chilled in
      an ice bath, and suction filtered through Celite filter aid into one liter
      of stirred, cold, concentrated hydrochloric acid. The resulting
      precipitate of hydrazine hydrochloride and the desired tetraamino
      hydrochloride was collected, partially dried, and dissolved in water (300
      ml). Concentrated ammonium hydroxide solution (60 ml) was added and the
      resulting precipitate collected and vacuum dried to produce 4.5 g (90
      percent) of the desired 1,5-bis(3,4-diaminophenoxy)naphthalene.
      Recrystallization from benzene gave a white product (melting point
      230.degree.-231.degree.C).
PAR  Analysis - Calc'd for C.sub.22 H.sub.20 N.sub.4 O.sub.2 (percent): C,70.94;
      H,5.41; N,14.46. Found (percent): C,71.30; H,5.40; N,14.37.
PAC  EXAMPLE IV
PAR  a. 4,4'-Bis(3,4-dinitrophenoxy)diphenyl sulfone
PAR  4,4'-Dihydroxydiphenyl sulfone (5 g, 0.020 mol) was added under nitrogen to
      a stirred suspension of sodium hydride (57 percent dispersion in oil, 1.70
      g, 0.040 mol) in pyridine (100 ml). After stirring for 30 minutes, solid
      4-fluoro-1,2-dinitrobenzene (9.2 g, 0.060 mol) was added all at once.
      After stirring at room temperature for 5 hours, the reaction mixture was
      poured into 2N HCl. The resulting red tar was taken up in acetone and
      precipitated with water to yield a red solid (12.0 g). Chromatography on
      silica gel with hexane-ethyl acetate mixtures yielded 8.0 g (69 percent)
      of crude product. Several recrystallizations from acetone-hexane mixture
      gave a purified product (melting point 197.degree.-198.5.degree.C).
PAR  Analysis - Calc'd for C.sub.24 H.sub.14 N.sub.4 O.sub.12 S (percent):
      C,49.49; H,2.42; N,9.62; S,5.50. Found (percent): C,49.60; H,2.40; N,9.52;
      S,5.65.
PAR  b. 4,4'-Bis(3,4-diaminophenoxy)diphenyl sulfone
PAR  A stirred mixture of 4,4'-bis(3,4-dinitrophenoxy)diphenyl sulfone (1.6 g,
      2.74 mmoles) and 10 percent palladium on charcoal (0.15 g) in absolute
      ethanol (150 ml) was heated to reflux under nitrogen. A solution of
      hydrazine hydrate (5 ml) in ethanol (30 ml) was added dropwise over a
      period of 10 minutes. The reaction mixture was heated at reflux for 16
      hours, chilled in an ice bath, and suction filtered through Celite filter
      aid into stirred, cold, concentrated hydrochloric acid (300 ml). The
      resulting precipitate of hydrazine hydrochloride and the tetraamino
      hydrochloride was collected, vacuum dried, and dissolved in water (100
      ml). Addition of concentrated ammonium hydroxide (15 ml) produced 0.8 g
      (63 percent) of the desired product 4,4'-bis(3,4-diaminophenoxy)diphenyl
      sulfone (melting point 105.degree.-110.degree.C).
PAR  Analysis - Calc'd for C.sub.24 H.sub.22 N.sub.4 O.sub.4 S (percent):
      C,62.32; H,4.79; N,12.11; S,6.93. Found (percent): C,61.95; H,4.30;
      N,11.92; S,6.54.
PAR  As will be evident to those skilled in the art, modifications of the
      present invention can be made in view of the foregoing disclosure. Such
      modifications come within the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. As a new composition of matter, an arylene-oxy compound having the
      following formula:
      ##SPC5##
PAL  where R is NO.sub.2, NH.sub.2 or NH.sub.3 Cl, and wherein Ar is
      ##SPC6##
NUM  2.
PAR  2. The composition of claim 1 in which R is NO.sub.2.
NUM  3.
PAR  3. The composition of claim 1 in which R is NH.sub.2.
NUM  4.
PAR  4. The composition of claim 1 in which R is NH.sub.3 Cl.
NUM  5.
PAR  5. The composition of claim 1 in which Ar is
      ##SPC7##
NUM  6.
PAR  6. The composition of claim 1 in which Ar is
      ##SPC8##
NUM  7.
PAR  7. The composition of claim 1 in which Ar is
      ##SPC9##
NUM  8.
PAR  8. The composition of claim 1 in which Ar is
      ##SPC10##
NUM  9.
PAR  9. The composition of claim 1 in which Ar is
      ##SPC11##
NUM  10.
PAR  10. A process for preparing a tetranitro aryl ether compound which
      comprises reacting 4-fluoro-1,2-dinitrobenzene with an aryl diol having
      the following formula: HO-Ar-OH, wherein Ar is
      ##SPC12##
PAL  the reaction being conducted in a solvent under an inert atmosphere and in
      the presence of an organic or inorganic base; and recovering the
      tetranitro aryl ether compound.
NUM  11.
PAR  11. The process according to claim 10 in which the mol ratio of
      4-fluoro-1,2-dinitrobenzene to the aryl diol is in the range of about 2 to
      5 to 1; the mol ratio of the base to the aryl diol is in the range of
      about 1.0 to 1.5 to 1; and the reaction is conducted at a temperature
      ranging from about -5.degree.C to 150.degree.C for a period ranging from
      about 1 to 24 hours.
NUM  12.
PAR  12. The process according to claim 11 in which the tetranitro aryl ether
      compound is dissolved in a solvent; a catalyst and hydrazine or hydrazine
      hydrate are added to the resulting solution, said catalyst consisting
      essentially of palladium, platinum or Raney nickel on a charcoal support;
      and the solution is heated in an inert atmosphere under reflux conditions
      for a period of about 2 to 24 hours, thereby providing a reaction mixture
      containing a tetraamino aryl ether compound.
NUM  13.
PAR  13. The process according to claim 12 in which the solvent is evaporated
      from the reaction mixture, thereby providing a solid tetraamino aryl ether
      compound.
NUM  14.
PAR  14. The process according to claim 12 in which the reaction mixture is
      cooled; the cooled reaction mixture is mixed with concentrated
      hydrochloric acid, thereby precipitating hydrazine hydrochloride and a
      tetraamine hydrochloride aryl ether compound; the precipitate is dissolved
      in water; to the resulting solution a concentrated solution of ammonium
      hydroxide, sodium hydroxide, sodium carbonate or sodium bicarbonate is
      added, thereby precipitating a tetraamino aryl ether compound; and the
      tetraamino aryl ether compound is separated and dried.
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ABST
PAL  The invention relates to novel 7-substituted-steroids of the oestrane
      series of the general formula:
      ##SPC1##
PAL  In which
PAL  Ring A including carbon atom 6 is
      ##SPC2##
PA1  R.sub.1 = an alkyl group with 1-4 C-atoms,
PA1  R.sub.2 = oxygen or (.alpha.Y)(.beta.Z), in which Y = hydrogen or a
      saturated or unsaturated alkyl group with 1-4 C-atoms and Z = a free,
      esterified or etherified hydroxyl group,
PA1  R.sub.3 = hydrogen or a free or esterified hydroxyl group,
PA1  R.sub.4 = an alkylene- or alkylidene group with 1-3 C-atoms,
PA1  R.sub.5 = hydrogen or a free, esterified or etherified hydroxyl group,
PA1  R.sub.6 = H.sub.2, O, H(OH), H(Oalkyl) or H(Oacyl),
PA1  X = H, an acyl group or an alkyl-, aralkyl-, cycloalkyl- or heterocyclic
      alkyl group, and
PAL  A double bond is present starting from carbon atom 5, and to processes for
      their preparation.
PAL  These novel steroids possess anabolic, androgenic, oestrogenic,
      progestative, ovulation-inhibiting and gonad-inhibiting properties.
BSUM
PAR  The invention relates to novel steroids of the oestrane series substituted
      in 7-position and to processes for their preparation.
PAR  Steroids of the oestrane series alkylated in the 7-position are generally
      known, for example the 7.alpha.-methyloestrenes. The introduction of a
      7.alpha.-methyl-group is generally attended with an increase of the
      biological activities. A novel group of steroids substituted in the
      7-position and having surprisingly strong and valuable properties was
      prepared now.
PAR  The invention relates therefore to novel steroids with the general formula:
      ##SPC3##
PAL  In which ring A including carbon atom 6 is
      ##SPC4##
PA1  R.sub.1 = an alkyl group with 1-4 C-atoms,
PA1  R.sub.2 = oxygen or (.alpha.Y) (.beta.Z), in which Y = hydrogen or a
      saturated or unsaturated alkyl group with 1-4 C-atoms and Z = a free,
      esterified or etherified hydroxyl group,
PA1  R.sub.3 = hydrogen or a free or esterified hydroxyl group,
PA1  R.sub.4 = an alkylene- or alkylidene group with 1-3 C-atoms,
PA1  R.sub.5 = hydrogen or a free, esterified or etherified hydroxyl group,
PA1  R.sub.6 = H.sub.2, O, H(OH), H(Oalkyl) or H(Oacyl),
PA1  X = H, an acyl group or an alkyl-, aralkyl-, cycloalkyl- or heterocyclic
      alkyl group, and
PAL  A double bond is present starting from carbon atom 5.
PAR  A special group is the group of novel steroids with the general formula:
      ##SPC5##
PAL  In which ring A is
      ##SPC6##
PAL  And X, R.sub.5 and R.sub.6 have the meanings given hereinbefore, R.sub.7 is
      methyl or ethyl and Q is a saturated or unsaturated alkyl group with 1-4
      C-atoms.
PAR  The compounds according to the invention appear to possess very valuable
      anabolic, androgenic, oestrogenic, progestative, ovulation-inhibiting and
      gonad-inhibiting properties. Especially, the
      7.alpha.-methoxymethyl-17.alpha.-ethynyl-compounds according to the
      invention appear to have a very strong oestrogenic activity. The
      17-oxo-compounds prepared in accordance with the invention are important
      intermediates for therapeutically valuable steroids.
PAR  The novel compounds can be prepared in various ways.
PAR  It is possible, for example, to start from a .DELTA..sup.4,6
      -oestradien-3-one and having Corey's reagent
      (dialkyl-sulphoxoniumalkylide, for example, dimethylsulphoxoniummethylide
      or diethylsulphoxoniumethylide) reacted with it. For this reaction the
      starting steroid should not carry other free oxo-groups, as interfering
      side reactions may occur then. A 3-oxo-.DELTA..sup.4
      -6,7-alkylidene-steroid comes into existence which by means of
      borontrifluoride-etherate in methanol is converted into the methylether of
      the corresponding .DELTA..sup.4 -3-oxo-7-hydroxyalkyl-compound.
PAR  In this way it is possible, for example, to convert .DELTA..sup.4,6
      -17.beta.-hydroxy-oestradien-3-one with dimethylsulphoxoniummethylide into
      .DELTA..sup.4 -6,7-methylene-17.beta.-hydroxy-oestren-3-one. A mixture of
      the 6.alpha., 7.alpha.- and the 6.beta.,7.beta.-compound is formed then,
      which is separated in its components, for example by chromatography or by
      a repeated partial crystallisation. Thereupon the
      6.alpha.,7.alpha.-methylene-compound is reacted with BF.sub.3
      -etherate/methanol, during which reaction the .DELTA..sup.4
      -7.alpha.-methoxymethyl-17.beta.-hydroxy-oestren-3-one is formed. It is
      also possible to have the isomeric mixture reacted with BF.sub.3
      -etherate/methanol and thereafter separating, for example
      chromatographically, the formed mixture of the 7.alpha.-methoxymethyl- and
      7.beta.-methoxymethyl compound.
PAR  If in the case of the reaction with BF.sub.3 -etherate ethanol is taken
      instead of methanol, a 7-ethoxymethyl-oestrene is obtained.
PAR  If one starts from .DELTA..sup.4,6 -oestradiene-3,17-dione, the 17-keto
      group is first protected by ketalisation, after which the 17-ketal is
      reacted with the dimethylsulphoxoniummethylide.
PAR  In the subsequent reaction with BF.sub.3 -etherate/alkanol, the
      17-ketal-group is hydrolysed at the same time. A .DELTA..sup.4
      -7-alkoxymethyl-oestrene-3,17-dione is obtained.
PAR  If the diethylsulphoxoniumethylide is taken as Corey's reagent, a
      7-(1'-alkoxy-)ethyl-group is obtained as substituent in the 7-position.
PAR  From the ether of the 7-hydroxyalkyl compounds the free hydroxylalkyl
      compound can be obtained by hydrolysis, for example by means of a strong
      acid, such as dinitrobenzenesulphonic acid or HI.
PAR  The 7.alpha.-hydroxymethyl-compounds according to the invention can also be
      obtained by having a .DELTA..sup.4,6 -oestradien-3-one reacted with an
      alkalimetal cyanide, for example KCN, at a temperature between 35.degree.
      C and 135.degree. C in an inert solvent mixture, for example
      dimethylformamide/water. The cyanide is added to the 6-7 double bond,
      resulting in a .DELTA..sup.4 -7.alpha.-cyano-oestren-3-one. By hydrolysis
      of the CN-group the corresponding 7.alpha.-carboxyl-compound is obtained.
      After protecting the 3-oxo-group in the form of the 3-ketal, the
      7.alpha.-carboxyl-group can be reduced to the
      7.alpha.-hydroxymethyl-group. It is also possible to reduce the
      7.alpha.-CN-group to the 7.alpha.-aminomethyl-group, which by way of
      aminolysis can be converted into the 7.alpha.-hydroxymethyl-group.
PAR  The 7.alpha.-substituted compounds according to the invention can further
      be obtained by applying a 1,6-Grignard-reaction to a .DELTA..sup.4,6
      -oestradien-3-one. .DELTA..sup.4,6 -17.beta.-hydroxyoestradien-3-one, for
      example, is reacted with an alkoxyalkylmagnesiumchloride, for example
      methoxymethylmagnesiumchloride. As a reagent also
      lithiumdialkoxyalkylcopper can be applied, for example
      lithiumdimethoxyethylcopper. In this way a .DELTA..sup.4
      -7.alpha.-alkoxyalkyl-oestradien-3-one is obtained, for example a
      .DELTA..sup.4 -7.alpha.-methoxymethyl-oestradien-3-one, from which, if
      desired, the corresponding 7.alpha.-hydroxyalkyl compound can be obtained
      by hydrolysis of the ether group.
PAR  Another alternative for preparing the 7-substituted compounds according to
      the invention exists therein that one starts from a 7-oxo-steroid of the
      oestrane-series or possibly a 7-hydroxy-steroid, the 7-hydroxy-group of
      which is oxidized first, and the 7-oxo-steroid is brought in reaction with
      a Wittig reagent being a phosphorane with the general formula:
      ##EQU1##
      in which A.sub.1, A.sub.2 and A.sub.3 represent an alkyl- or arylgroup,
      for example, a methyl-, ethyl- or phenylgroup, A.sub.4 is hydrogen,
      methyl, ethyl, an etherified or not etherified hydroxymethyl- or
      hydroxyethylgroup or an alkoxygroup, for example methoxy, or ethoxy, and
      A.sub.5 is hydrogen, methyl or ethyl, with the understanding that the
      substituents A.sub.4 and A.sub.5 are chosen in such a way that in the
      finally obtained steroid the definition for R.sub.4 is complied with. For
      preference triphenylphosphonium-alkylide-compounds are applied. Oxogroups
      present in the molecule elsewhere are temporarily protected against the
      effects of the Wittig reagent, for example, by ketalization.
PAR  The Wittig reagent is prepared by having a triaryl- or trialkylphosphine
      reacted with an alkyl- or alkoxyalkyl-halogenide in which case the
      corresponding triaryl (or trialkyl-) phosphonium (alkoxy) alkylhalogenide
      is produced. Under the influence of a base the last-mentioned compound can
      be converted into the desired triaryl- or trialkylphosphonium (alkoxy)
      alkylide.
PAR  As, however, the last-mentioned compounds are not stable and are easily
      converted or decomposed under the influence of air or moisture, such
      compounds are by preference allowed to be produced in situ. The reaction
      with the 7-oxo-steroid is usually performed therefore by adding a solution
      of the 7-oxo-steroid to a mixture of a trialkyl- or triarylphosphine and
      an (alkoxy) alkylhalogenide together with a suitable base, in the presence
      of a suitable organic solvent and excluding oxygen, for example in
      nitrogen atmosphere.
PAR  As (alkoxy) alkylhalogenide, is taken for example: methylchloride,
      ethylchloride, methoxymethylchloride, methoxyethylchloride,
      propylchloride, isopropylchloride.
PAR  As suitable bases can be mentioned alkalimetal compounds of aliphatic,
      aromatic or araliphatic hydrocarbons, for example butyllithium,
      phenyllithium or triphenylmethylsodium, alkylmagnesiumhalogenides, for
      example ethylmagnesiumbromide, alkalimetalamides, alkalimetalalcoholates
      and dimsylsodium (the reaction product of sodiumhydride and
      dimethylsulphoxide).
PAR  As solvents are applied dimethylsulphoxide, aliphatic ethers such as
      dimethylether, diethylether, dioxane or tetrahydrofuran and aromatic
      hydrocarbons, for example benzene or toluene.
PAR  After the reaction with the Wittig reagent an obtained 7-alkoxyalkylidene
      compound is hydrogenated for example in pyridine or ethylacetate with
      H.sub.2 /Pd on carbon or H.sub.2 /PtO.sub.2 during which a mixture of the
      corresponding 7.alpha.- and 7.beta.-alkoxyalkyl-derivatives is formed and
      an obtained 7-alkylidene-compound is converted into the
      7-hydroxyalkyl-steroid by means of diborane during which likewise a
      mixture of the 7.alpha.- and 7.beta.-derivatives is formed. The isomers
      can be separated, for example by way of chromatography and/or partial
      crystallization.
PAR  In this way, for example, .DELTA..sup.1,3,5(10)
      -3-hydroxy-oestratriene-7,17-dione-3-methylether-17-ketal can be converted
      with triphenyl-phosphoniummethoxymethylene into the corresponding
      7-methoxy-methylene-compound, which by hydrogenation of the exocyclic
      double bond in the 7-position and hydrolysis of the ketal-group in the
      17-position can be converted into .DELTA..sup.1,3,5(10)
      -3-hydroxy-7.xi.-methoxymethyl-oestratrien-17-one-3-methylether. The same
      starting material can, by means of triphenylphosphoniummethylene, be
      converted into .DELTA..sup.
      1,3,5(10)-3-hydroxy-7-methylene-oestratrien-17-one-3-methylether-17-ketal
      from which by means of diborane the .DELTA..sup.1,3,5(10)
      -3-hydroxy-7.xi.-hydroxymethyl-oestratrien-17-one-3-methylether can be
      obtained. The mixtures of isomers are finally separated in the 7.alpha.-
      and 7.beta.-derivatives.
PAR  After the introduction of a 7-substituent according to the invention, the
      substituents desired in the steroids elsewhere, in so far as not yet
      present, are introduced according to a method known per se. A possibly
      present hydroxyl-group in the 16-position is, for preference, already
      present in the starting steroids. A possibly present hydroxylgroup in the
      7-substituent and/or in the 3,16 and/or 17-position can be esterified or
      etherified, if desired.
PAR  A present 3-oxo-.DELTA..sup.4 -grouping can, if desired, be converted into
      a 3-hydroxy-A-aromatic-grouping, for example microbiologically with the
      aid of Arthrobacter simplex or chemically, for example by first converting
      the 3-oxo-.DELTA..sup.4 -grouping in the enolacetate, brominating the
      enolacetate in the 6-position, for example by means of N-bromo-acetamide
      and treating the bromo derivative with an acid owing to which under
      splitting off of HBr the A-ring becomes aromatic.
PAR  The 3-oxo-.DELTA..sup.4 -grouping can, if desired, following a method known
      per se, via a conversion into the 3-enolacylate, a reduction of the double
      bond between the carbon atoms 3 and 4 and hydrolysis of the 3-acylate,
      also be converted into a 3.beta.-hydroxy-.DELTA..sup.5 -grouping, after
      which, if desired, the 3.beta.-hydroxy-group is esterified or etherified
      or is split off.
PAR  A present aromatic A-ring with a 3-methylethergroup can, if desired, be
      converted into a 3-oxo-.DELTA..sup.4 -grouping by way of the
      Birch-reduction method (reduction with an alkali metal in liquid NH.sub.3)
      and conversion of the .DELTA..sup.2,5(10) -3-enolether by heating with a
      diluted strong acid. Hydrolysis of the .DELTA..sup.2,5(10) -3-enolether at
      room temperature with a weak acid, for example acetic acid, results in the
      3-oxo-.DELTA..sup.5(10) -compound.
PAR  A present 3-oxo-or 3-hydroxy-group can, if desired, be split off for the
      preparation of the 3-desoxo-compounds.
PAR  The 3-oxo-group is converted for that purpose by reaction with a mercaptane
      or dithiol in the presence of BF.sub.3, the etherate of it or ZnCl.sub.2
      into the thioketal group which is subsequently split off reductively, for
      example by treatment with an alkali metal, preferably lithium, in the
      presence of liquid ammonia or a lower aliphatic primary amine, such as
      methylamine or ethylamine.
PAR  A 3-hydroxy-group can be split off by converting same in the first place
      into a 3-halo- or 3-sulphonyloxy-group by halogenating with, for example,
      phosphorustrichloride or thionyl-chloride or sulphonylation with, for
      example, methanesulphonic acid, benzene-sulphonic acid, toluenesulphonic
      acid or the corresponding acid chlorides thereof, subsequently splitting
      off the 3-halo- or 3-sulphonyloxy-group reductively by treating with an
      alkali metal in liquid ammonia, a lower aliphatic amine, such as
      methylamine, or an alcohol, such as ethanol, or by treating with an alkali
      metal-aluminiumhydride, for example LiAlH.sub.4.
PAR  The substituents desired in position 13 are preferably present already in
      the starting products. The 13.beta.-alkyl-group can be a methyl-, ethyl-,
      propyl-, isopropyl-, butyl- or isobutylgroup.
PAR  The substituents desired in position 17 can be present already in the
      starting products, In so far as not yet present, they can be introduced,
      if desired, as yet, according to a method known per se.
PAR  A present 17-hydroxygroup can be oxidized to a 17-oxo-group, for example by
      way of the Oppenauer method or by means of chromiumtrioxide. A present
      17-oxo-group can be reduced, if desired, to a 17-hydroxygroup, for example
      by reduction with NaBH.sub.4 in alkaline methanol.
PAR  The introduction of a saturated or unsaturated alkylgroup in position 17 is
      performed by having the 17-oxosteroid reacted with a metal-derivative of a
      saturated or unsaturated, substituted or unsubstituted, aliphatic
      hydrocarbon, followed if necessary by a reduction of the thus introduced
      side-chain.
PAR  The metal-derivative can be a Grignard-compound, for example the magnesium
      bromide of the hydrocarbon concerned or an alkyllithium-compound. A
      special way of performance of the condensation reaction for the
      preparation of the 17.beta.-hydroxy-17.alpha.-alkynyl-compounds consists
      in that the 17-oxo-steroid is reacted with a triple unsaturated
      hydrocarbon in the presence of an alkali metal or an alkali metal
      compound, such as an alkalimetal amide or alcoholate, or with a metal
      compound of a triple unsaturated hydrocarbon, such as an alkalimetal- or
      earthalkalimetal-compound.
PAR  The 17-alkylation can also be performed in two phases, by preparing first,
      by way of a condensation-reaction, the
      17.beta.-hydroxy-17.alpha.alkynyl-compound and converting same by
      reduction, for example with the aid of hydrogen in the presence of a
      catalyst, such as nickel or Pd/BaSO.sub.4, into the corresponding
      17.alpha.-alkenyl- or 17.alpha.-alkyl-compound.
PAR  The hydrocarbon radical possibly present in the final products in position
      17 can be, for example, a methyl-, propyl-, butyl-, isopropyl-, vinyl-,
      propenyl-, isopropenyl-, allyl-, methallyl-, ethynyl-, propynyl-,
      propargyl-, butynyl-, butadienyl-, butadiynyl-, propadienyl- or
      butenynyl-radical.
PAR  The estergroup possibly present in the final products in the positions 3,
      16 and/or 17 and/or in the 7-substituent may be derived from an anorganic
      acid, such as phosphoric acid or from a saturated or unsaturated organic
      carboxylic acid with 1-18 carbon atoms. The conversion of a hydroxygroup
      into an estergroup can be performed according to a method known per se,
      for example by reacting the hydroxysteroid with the acid concerned or a
      functional derivative of it, such as the anhydride or the halogenide. The
      esterification of the 17.beta.-hydroxy-group, which is formed during the
      17-alkylation, can also be performed by having the reaction product of the
      condensation of the 17-oxo-steroids with a metal derivative of an
      unsaturated hydrocarbon radical, without a preceding hydrolysis, reacted
      with the corresponding acid or a functional derivative of it. The
      esterification can, for example, also be performed by having the steroid
      reacted with a carboxylic acid anhydride, such as acetic acid anhydride in
      the presence of 4-dimethylamino-pyridine, preferably at the same time in
      the presence of a tertiary amine, such as trimethylamine.
PAR  As examples of the organic carboxylic acids to be applied in the
      esterification are mentioned: formic acid, acetic acid, propionic acid,
      butyric acid, valeric acid, capric acid, undecylic acid, lauric acid,
      tridecylic acid, myristic acid, pentadecylic acid, oleic acid, palmitic
      acid, stearic acid, adamantane carboxylic acid, trimethyl-acetic acid,
      diethylacetic acid, cyclohexane carboxylic acid, cyclopentylpropionic
      acid, cyclohexylbutyric acid, cyclohexylpropionic acid, undecylenic acid,
      benzoic acid, phenyl acetic acid, phenylpropionic acid, phenyl butyric
      acid, malonic acid, succinic acid, glutaric acid, pimelinic acid and
      tartaric acid. As said, also functional derivatives of same can be
      applied, such as the anhydrides or acid chlorides.
PAR  The ether groups present in the final products in the positions 3 and/or 17
      and/or in the 17-substituent can be derived from an aliphatic, aromatic,
      araliphatic or heterocyclic hydrocarbon. Examples of such ether groups are
      the methylether-, ethylether-, butylether-, cyclopentylether-,
      tetrahydropyranylether-, cyclohexylether- and vinylethylether groups.
PAR  The esterification of a hydroxyl group can be performed according to
      standard methods. The hydroxy group possibly present in the 7-substituent
      can, for example, be converted into the methoxy group by means of
      diazomethane in ether or methanol in the presence of fluoroboric acid or
      BF.sub.3 -etherate. An alkoxy group can also be formed by having the
      hydroxy group reacted with an alkyliodide, for example methyliodide or
      ethyliodide, in the presence of silveroxide or silvercarbonate or in the
      presence of sodiumhydride in dimethylsulphoxide.
PAR  A partial etherification, that is to say the etherification of, for
      example, the 17.beta.-group, during which the etherification of a present
      3-hydroxy-group is not wanted, can be performed by temporarily protecting,
      in a suitable way, the hydroxy group that is not to be etherified. Thus
      the 17.beta.-hydroxy group in the presence of a 3-hydroxy-A-aromatic-group
      can be converted into the tetrahydropyranylgroup by protecting the
      3-hydroxy group in the form of a benzoate of it and removing the benzoate
      group in position 3 after the introduction of the ether group in position
      17.
PAR  The compound obtained by the process of the invention can be administered
      parenterally or orally in the form of suspensions, emulsions, or solid
      pharmaceutical dosage units, such as tablets, pills or coated tablets,
      usually after being mixed with auxiliaries and, if required, other active
      components.
PAR  The invention is illustrated by the following examples:
DETD
PAC  EXAMPLE I
PAR  A solution of 30 gm of .DELTA..sup.4,6 -oestradiene-3,17-dione in 1200 ml
      of benzene and 60 ml of ethylene glycol were refluxed in the presence of
      0.6 g. of p-toluene sulphonic acid under separation of water for 1 hour.
      After cooling down to 20.degree. C, 6 ml of pyridine were added and after
      that the reaction mixture was washed to neutral with a 5% sodium hydrogen
      carbonate solution and water. The organic phase was evaporated and
      crystallized from acetonitril, by which 23 grams of .DELTA..sup.4,6
      -oestradiene-3,17-dione 17-ethylene-ketal were obtained with a melting
      point of 133.degree.-136.degree. C and [.alpha.].sub.D.sup.20 =
      -57.degree. (chloroform).
PA1  b. To the dimethylsulphoxoniummethylide-reagent, obtained by having 22 gm.
      of trimethylsulphoxoniumiodide in 670 ml of dimethylsulphoxide reacted
      with 4.8 grams NaH (50% oil-suspension) for 20 minutes at room
      temperature, 23 gm of .DELTA..sup.4,6 -oestradiene-3,17-dione
      17-ethyleneketal were added. After 15 hours' stirring at room temperature,
      the reaction mixture was poured out into water and the resulting
      precipitate was filtered off. Chromatography of the reaction product over
      silicagel and elution with benzene/ethylacetate (8:2) resulted in 13.8 gm
      of the isomermixture 6.xi.,7.xi.-methylene-.DELTA..sup.4
      -oestrene-3,17-dione 17-ethyleneketal in a ratio of
      6.alpha.,7.alpha.-methylene- and 6.beta.,7.beta.-methylene-compound of
      3:1.
PA1  c. A solution of 13.8 gm of 6.xi.,7.xi.-methylene-.DELTA..sup.4
      -oestrene-3,17-dione 17-ethyleneketal in 138 ml of 70% acetic acid was
      stirred for 1 hour at 50.degree. C and poured out after that in 1500 ml of
      ice water. Extraction by means of methylene chloride and washing with
      water to neutral resulted in 10.8 gm of
      6.xi.,7.xi.-methylene-.DELTA..sup.4 -oestrene-3,17-dione.
PA1  d. To a solution of 10.8 gm of 6.xi., 7.xi.-methylene-.DELTA..sup.4
      -oestrene-3,17-dione in 165 ml of methanol were added 1.5 ml of BF.sub.3
      -etherate after which the reaction mixture was boiled for 1 hour. After
      pouring out into water the reaction mixture was extracted by means of
      methylene chloride, washed to neutral and evaporated. The crude product
      was chromatographed over silicagel and crystallized from acetonitril to
      obtain: 2.5 gm of 7.alpha.-methoxymethyl-.DELTA..sup.4
      -oestrene-3,17-dione with a melting point of 178.degree.-180.degree. C and
      [.alpha.].sub.D.sup.20 = +109.degree. (chloroform). By repeated
      crystallizations 0.6 gm of 7.beta.-methoxymethyl-.DELTA..sup.4
      -oestrene-3,17-dione with a melting point of 151.degree.-152.degree. C was
      obtained. From the 7-methoxymethyl compounds the corresponding
      7-hydroxymethyl compounds were obtained by hydrolysis of the ethergroup
      with the aid of BF.sub.3 -etherate and acetic acid anhydride.
PA1  e. In the same manner as described in (a) up to and inclusive (d)
      .DELTA..sup.4,6 -oestradiene-3,17-dione was converted with
      diethylsulphoxoniumethylide and BF.sub.3 -etherate/methanol into
      7.alpha.-(1'-methoxy-)ethyl-.DELTA..sup.4 -oestrene-3,17-dione and the
      corresponding 7.beta.-compound, from which by means of hydrolysis of the
      ethergroup the corresponding 7.alpha.- and
      7.beta.-(1'-hydroxy)-ethyl-compounds were obtained.
PAC  EXAMPLE II
PA1  a. To a suspension of 3.5 gm of 7.alpha.-methoxymethyl-.DELTA..sup.4
      -oestrene-3,17-dione in 35 ml of methanol and 3.5 ml of ethanedithiol were
      added 3.5 ml of BF.sub.3 -etherate at 0.degree. C. After stirring the
      mixture at this temperature for 1 hour the precipitate formed was filtered
      off, washed with cold methanol and dried. In this way 3.3 g. of
      7.alpha.-methoxymethyl-.DELTA..sup.4 -oestrene-3,17-dione
      3-ethylenedithioketal were obtained with a melting point of
      174.degree.-176.degree. C and [.alpha.].sub.D.sup.20 = +122.degree.
      (chloroform).
PA1  b. A suspension of 3.3 gm of 7.alpha.-methoxymethyl-.DELTA..sup.4
      -oestrene-3,17-dione 3-ethylenedithioketal, 0.5 gm NaBH.sub.4 and 132 ml
      of ethanol were stirred in a N.sub.2 -atmosphere at 5.degree.-12.degree. C
      for 2 hours. After that the reaction mixture was neutralized with 2 ml of
      50% acetic acid and diluted with water. The precipitate was filtered off.
      In this way 3.3 gm of crude
      7.alpha.-methoxymethyl-7.beta.-hydroxy-.DELTA..sup.4 -oestren-3-one
      3-ethylenedithioketal were obtained.
PA1  c. A solution of 3.3 gm of crude
      7.alpha.-methoxymethyl-17.beta.-hydroxy-.DELTA..sup.4 -oestren-3-one
      3-ethylenedithioketal in 15 ml of tetrahydrofuran were added to a solution
      of 1.4 gm of sodium in 50  ml of liquid ammonia at -40.degree. C. After 30
      minutes' stirring the excess of sodium was destroyed and the reaction
      mixture worked up by extraction. Crystallization from acetonitril resulted
      in 2.0 gm of 7.alpha.-methoxymethyl-.DELTA..sup.4 -oestren-17.beta.-ol
      with a melting point of 135.degree.-138.degree. C and
      [.alpha.].sub.D.sup.20 = +14.degree. (chloroform). In the same way
      7.beta.-methoxymethyl-.DELTA..sup.4 -oestren-17.beta.-ol was obtained by
      starting from 7.beta.-methoxymethyl-.DELTA..sup.4 -oestrene 3,17-dione.
      From the 17.beta.-hydroxy-compounds obtained the 17.beta.-esters derived
      from acetic acid and phenylpropionic acid, were prepared.
PAC  EXAMPLE III
PAR  To a solution of 2.0 gm of 7.alpha.-methoxymethyl-.DELTA..sup.4
      -oestren-17.beta.-ol in 115 ml of acetone, 2.0 ml of 8 N CrO.sub.3 were
      added dropwise in 15 minutes at a temperature of -10.degree. C. After
      stirring for 15 minutes and working up of the product precipitated in
      water, by filtration, 1.4 gm of 7.alpha.-methoxymethyl-.DELTA..sup.4
      -oestren-17-one with a melting point of 148.degree.-150.degree. C and
      [.alpha.].sub.D.sup.20 = +93.degree. (chloroform) were obtained by way of
      crystallization from acetone.
PAR  In the same way 7.beta.-methoxymethyl-.DELTA..sup.4 -oestren-17-one was
      obtained as an oil by starting from the corresponding
      17.beta.-hydroxy-compound.
PAC  EXAMPLE IV
PAR  A solution of 1.5 gm of 7.alpha.-methoxymethyl-.DELTA..sup.4
      -oestren-17-one in 5 ml of dry tetrahydrofuran were added to a potassium
      acetylide-suspension in 25 ml of tetrahydrofuran. After reacting for 45
      minutes at 0.degree.-5.degree. C the reaction mixture was worked up by
      extraction and chromatography over silicagel. Crystallization from pentane
      gave 1.0 gm of 7.alpha.-methoxymethyl-17.alpha.-ethinyl-.DELTA..sup.4
      -oestren-17.beta.-ol with a melting point of 71.degree.-73.degree. C and
      [.alpha.].sub.D.sup.20 = +68.degree. (chloroform).
PAR  In the same way 7.beta.-methoxymethyl-17.alpha.-ethinyl-.DELTA..sup.4
      -oestren-17.beta.-ol was obtained as an oil, starting from
      7.beta.-methoxymethyl-.DELTA..sup.4 -oestren-17-one.
PAR  By esterification the obtained 17.beta.-hydroxy-compounds were converted
      into the 17.beta.-acylates, derived from acetic acid, valeric acid, lauric
      acid and phenylpropionic acid.
PAC  EXAMPLE V
PAR  A solution of 2 gm of 7.alpha.-methoxymethyl-.DELTA..sup.4 -oestrene-3,17-
      dione in 20 ml of acetic acid anhydride, 10 ml of acetylchloride and 1 ml
      of pyridine were refluxed for 3 hours. After cooling down to room
      temperature the reaction mixture was poured out into water and the
      precipitate was filtered off. After drying in vacuum the crude
      3-hydroxy-7.alpha.-methoxymethyl-.DELTA..sup.3,5 -estradien-17-one
      3-acetate was dissolved in 100 ml of t-butanol and 16 ml of water. To this
      solution was added portionwise 0.9 gm of N-bromoacetamido for 5 minutes.
      After 15 minutes' stirring the excess of N-bromo-acetamide is removed by
      adding an aqueous sodium bisulphite-solution. After working up by
      extraction the residue was heated on a waterbath until the HBr-development
      came to a stop.
PAR  Chromatography and crystallization from acetone gave 1.2 gm of
      3-hydroxy-7.alpha.-methoxymethyl-.DELTA..sup.1,3,5 -oestradien-17-on,
      melting point 179.degree.-180.degree. C, [.alpha.].sub.D.sup.20 =
      +123.degree. (in CHCl.sub.3).
PAC  Example VI
PAR  To a suspension of potassium acetylide, prepared from 3.8 gm of
      potassium-t-butylate in 30 ml of tetrahydrofuran and acetylene, 0.9 gm of
      3-hydroxy-7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10) -oestratrien-17-one
      in 5 ml of tetrahydrofuran was added. After a 2 hours' reaction at
      0.degree.-5.degree. C the reaction mixture was worked up by pouring out
      into water and filtering off of the precipitate. By crystallization from
      di-isopropylether, 0.6 gm of
      7.alpha.-methoxymethyl-17.alpha.-ethinyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,17.beta.-diol were obtained with a melting point of
      177.degree.-178.degree. C and [.alpha.].sub.D.sup.20 = -6.degree. (in
      CHCl.sub.3).
PAC  EXAMPLE VII
PAR  To a solution of 0.9 gm of
      3-hydroxy-7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10) -oestratrien-17-on
      in 18 ml of methanol were added consecutively at -5.degree. C a solution
      of 0.18 gm of NaOH in 1.8 ml of water and 0.3 gm of NaBH.sub.4. After 1.5
      hours' stirring at 0.degree. C the reaction mixture was poured out and
      filtered off. In this way 0.9 gm of
      7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,17.beta.-diol, with a melting point of
      202.degree.-203.degree. C and [.alpha.].sub.D.sup.20 = +38.degree. (in
      CHCl.sub.3), were obtained.
PAC  EXAMPLE VIII
PA1  a. To a solution of 0.9 gm of 7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10)
      oestratriene-3,17.beta.-diol in 3.5 ml of acetone were added a solution of
      1.4 gm of NaOH in 18 ml of water after which 0.9 ml of benzoylchloride
      were added dropwise at 40.degree. C. After working up by means of
      extraction and chromatography 1.0 gm of
      7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10) -oestratriene-3,17.beta.-diol
      3-benzoate was obtained.
PA1  b. A solution of 1.0 gm of 7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,17.beta.-diol 3-benzoate in 17 ml of tetrahydrofuran and
      3.2 ml of dihydropyran were stirred for 1 hour with 25 mg of
      paratoluenesulphonic acid at room temperature. The reaction mixture was
      worked up by extraction. In this way a residue of 1.1 gm of
      7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10) -oestratriene-3,17.beta.-diol
      3-benzoate 17-pyranyl-ether were obtained.
PA1  c. A suspension of 1.1 gm of 7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,17.beta.-diol 3-benzoate 17-pyranylether in 100 ml of
      methanol was stirred for 2 hours with 0.2 gm of NaOH in 0.5 ml of water at
      room temperature. After that the reaction mixture was acidified with 50%
      acetic acid, extracted with methylenechloride and washed to neutral. After
      evaporating in vacuo the residue was gaschromatographed over silicagel and
      the purified fractions were collected. In this way 0.9 gm of
      7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10) -oestratriene-3,17-diol
      17.beta.-pyranylether as a mixture of the 2-pyranylether isomers with
      [.alpha.].sub.D.sup.20 = +29.degree. (chloroform) were obtained.
PAC  EXAMPLE IX
PA1  a. To a solution of 1.32 gm of 17.beta.-hydroxy-.DELTA..sup.4,6
      -oestradien-3-one 17-acetate in 18 ml of dimethylformamide and 1.8 ml of
      water were added 0.54 gm of KCN and 0.32 gm of NH.sub.4 Cl. The mixture
      was stirred for 3 hours at a temperature of 85.degree. C and in a N.sub.2
      -atmosphere, after that poured out into ice water and extracted with
      ethylacetate. The extract was washed with water to neutral. After drying
      on sodium sulphate the solvent was distilled of in vacuo after which the
      crude product was crystallized from diethylether. The result was that
      7.alpha.-cyano-17.beta.-hydroxy-.DELTA..sup.4 -oestren-3-one 17-acetate
      with a melting point of 195.degree.-198.degree. C was obtained.
PA1  b. To a solution of 4.8 gm of 7.alpha.-cyano-17.beta.-hydroxy-.DELTA..sup.4
      -oestren-3-one 17-acetate in 130 ml of methanol a solution of 0.9 gm of
      potassium carbonate in 20 ml of methanol was added, after which the
      mixture was stirred for 1 hour, under reflux and in nitrogen atmosphere.
      The mixture was cooled down after that, acidified by means of acetic acid
      to pH 6.5 and then diluted with ice water. The crystals of
      7.alpha.-cyano-17.beta.-hydroxy-.DELTA..sup.4 -oestren-3-one obtained were
      filtered off, washed with water to neutral and after that dried in vacuo.
PA1  c. To a solution of 1.29 gm of
      7.alpha.-cyano-17.beta.-hydroxy-.DELTA..sup.4 -oestren-3-one in 15 ml of
      benzene, 1.4 ml of ethanediol, 2 ml of ethylorthoformiate and 3.0 mg of
      para-toluenesulphonic acid were added, after which the reaction mixture
      was stirred at room temperature in nitrogen atmosphere for 11/4 hour.
      After pouring out into ice water neutralisation was effected by means of a
      NaHCO.sub.3 -solution and then extracted with methylene chloride, after
      which the extract was washed with water to neutral and dried on
      sodiumsulphate. After distillation of the solvent in vacuo,
      3,3-ethylenedioxy-7.alpha.-cyano-.DELTA..sup.5 -oestren-17.beta.-ol was
      obtained.
PA1  d. To a solution of 4.7 gm of
      3,3-ethylenedioxy-7.alpha.-cyano-.DELTA..sup.5 -oestren-17.beta.-ol in 18
      ml of dry tetrahydrofuran and 18 ml of 2,3-dihydropyran, 0.15 ml of
      POCl.sub.3 was added, after which the mixture was stirred at room
      temperature for 3 hours under exclusion of moisture. The mixture was
      poured out into water, and after that extracted with methylene chloride.
      The extract was washed with water to neutral and dried on sodium-sulphate.
      Distillation of the solvent in vacuo gave the 17.beta.-pyranylether of
      3,3-ethylenedioxy-7.alpha.-cyano-.DELTA..sup.5 -oestren-17.beta.-ol.
PA1  e. To a solution of 2.9 gm of
      3,3-ethylenedioxy-7.alpha.-cyano-.DELTA..sup.5 -oestren-17.beta.-ol
      17.beta.-pyranylether in 80 ml of ethyleneglycol were added a solution of
      5 gm of KOH in 20 ml of water, after which the mixture was stirred for 24
      hours in a nitrogen atmosphere and at reflux temperature. The reaction
      mixture was cooled down, poured out into ice water and acidified with
      diluted sulphuric acid. The crystals of the thus obtained
      3,3-ethylenedioxy-17.beta.-hydroxy-.DELTA..sup.5
      -oestrene-7.alpha.-carboxylic acid 17.beta.-pyranylether were filtered
      off, washed with water and dried in vacuo at room temperature.
PA1  f. To a suspension of 4 gm of LiAlH.sub.4 in 100 ml of dry benzene was
      added a solution of 3,3 gm of
      3,3-ethylenedioxy-17.beta.-hydroxy-.DELTA..sup.5
      -oestrene-7.alpha.-carboxylic acid-17.beta.-pyranylether in 100 ml of dry
      benzene, after which the reaction mixture was stirred for 4.5 hours at
      reflux temperature. The mixture was cooled after that and the excess of
      LiAlH.sub.4 was decomposed with ethylacetate. The mixture was diluted then
      with water and extracted with benzene. The benzene extracts were washed
      with water to neutral. After drying on sodiumsulphate the solvent was
      distilled off in vacuo, resulting in
      3,3-ethylenedioxy-7.alpha.-hydroxymethyl-.DELTA..sup.5
      -oestren-17.beta.-ol-17.beta.-pyranylether, from which by hydrolysis in
      acetone with hydrochloric acid
      7.alpha.-hydroxymethyl-17.beta.-hydroxy-.DELTA..sup.4 -oestren-3-on was
      released.
PAC  EXAMPLE X
PA1  a. A mixture of 0.96 gm NaH (50% suspension in oil) in 18 ml of
      dimethylsulphoxide was stirred in a nitrogen atmosphere for 1.5 hour at a
      temperature of +75.degree. C and subsequently cooled down to room
      temperature. After that a solution of 4.3 gm of
      3,3-ethylenedioxy-7.alpha.-hydroxymethyl-.DELTA..sup.5
      -oestren-17.beta.-ol 17-pyranylether in 40 ml of dimethylsulphoxide was
      added stirring the mixture in a nitrogen atmosphere at room temperature
      for 0.5 hour. After adding 3.7 ml of methyliodide the reaction mixture was
      stirred for another 3 hours at room temperature. The mixture was poured
      out into ice water and extracted with methylenechloride after which the
      extract was washed with water to neutral. After drying the extract on
      sodiumsulphate the solvent was distilled off in vacuo, resulting in
      3,3-ethylenedioxy-7.alpha.-methoxymethyl-.DELTA..sup.5
      -oestren-17.beta.-ol 17.beta.-pyranylether.
PA1  b. To a solution of 6.9 gm of
      3,3-ethylenedioxy-7.alpha.-methoxymethyl-.DELTA..sup.5
      -oestren-17.beta.-ol 17.beta.-pyranylether in 200 ml of acetone were added
      10 ml of 2,3 N hydrochloric acid, after which the mixture was stirred in a
      nitrogen atmosphere for 13/4 hour. The mixture was poured out into ice
      water. The crystals of the thus obtained
      7.alpha.-methoxymethyl-17.beta.-hydroxy-.DELTA..sup.4 -oestren-3-on were
      filtered off, washed with water to neutral and dried in vacuo.
PAC  EXAMPLE XI
PA1  a. In a nitrogen atmosphere 1.73 gm of NaH (50% suspension in oil) was
      added to 17 ml of dimethylsulphoxide. The mixture was stirred at
      75.degree. C for one hour and cooled down afterwards to 0.degree. C. Under
      nitrogen a solution of 12.8 gm of methyltriphenylphosphoniumbromide in 36
      ml of dimethylsulphoxide were added to the mixture. The thus obtained
      mixture was stirred at room temperature for 15 minutes, after which a
      solution of 4.0 gm of 3-hydroxy-.DELTA..sup.1,3,5(10)
      -oestratriene-7,17-dion-3-methylether-17,17-ethyleneketal in 60 ml of
      tetrahydrofuran were added during a period of 10 minutes. The reaction
      mixture was stirred for 4 hours at 50.degree. C. After cooling the mixture
      was poured out into water and extracted with ether. The ether-extract was
      evaporated in vacuo and the residue was chromatographed over a column of
      silicagel, during which 3-hydroxy-7,7-methylene-.DELTA..sup.1,3,5(10)
      -oestratrien-17-on-3-methylether-17,17-ethyleneketal was isolated.
PA1  b. To a solution of 0.8 gm of LiAlH.sub.4 in 70 ml of ether was added at
      5.degree. C a solution of 2 gm
      of3-hydroxy-7,7-methylene-.DELTA..sup.1,3,5(10)
      -oestratrien-17-on-3-methylether-17,17-ethyleneketal in 40 ml of ether and
      3.6 ml of BF.sub.3 -etherate. The reaction mixture was stirred for 2 hours
      at 0.degree. C, after which the excess of hydride was destroyed by means
      of acetone. The precipitate was filtered off and the mother-liquor was
      evaporated to dryness. The residue was dissolved in 70 ml of
      tetrahydrofuran. To this solution was added at 0.degree. C a solution of
      9.4 gm of KOH in 96 ml of water and 54 ml of a 30% hydrogen
      peroxide-solution. After stirring for 1 hour at 0.degree. C the reaction
      mixture was poured out into water. Extraction with ether and evaporation
      of the extract gave a residue from which by way of chromatography over a
      silicacolumn, 1.1 gm of
      3-hydroxy-7.alpha.-hydroxymethyl-.DELTA..sup.1,3,5(10)
      -oestratrien-17-one-3-methylether-17,17-ethyleneketal and 0.5 gm of the
      corresponding 7.beta.-hydroxymethyl compound were isolated.
PA1  c. 1 gm of 3-hydroxy-7.alpha.-hydroxymethyl-.DELTA..sup.1,3,5(10)
      -oestratrien-17-one-3-methylether-17,17-ethyleneketal was dissolved in 10
      ml of acetone. To the solution 0.1 gm of p-toluenesulphonic acid was
      added. The reaction-mixture was stirred for 16 hours at room temperature.
      After the addition of a saturated NaHCO.sub.3 -solution the
      reaction-mixture was poured out into ice water. The precipitate was
      filtered off, washed with water and dried in vacuo. After crystallization
      0.8 gm of 3-hydroxy-7.alpha.-hydroxy-methyl-.DELTA..sup.1,3,5(10)
      -oestratrien-17-one-3-methylether was obtained. From the
      17,17-ethyleneketal of the corresponding 7.beta.-hydroxymethyl compound,
      the 3-hydroxy-7.beta.-hydroxymethyl-.DELTA..sup.1,3,5(10)
      -oestratrien-17-one-3-methylether was obtained in a similar way. By
      esterification the corresponding 7.alpha.- and 7.beta.-acyloxymethyl
      compounds were obtained, derived from acetic acid, propionic acid, capric
      acid, phenylpropionic acid, undecylenic acid and succinic acid.
PAC  EXAMPLE XII
PA1  a. A mixture of 6.6 gm of triphenylphosphine and 2.1 gm of
      methoxymethylchloride in 160 ml of ether were refluxed for 52 hours. After
      being cooled the solution was filtered and the extract was re-crystallized
      from chloroform/ethylacetate, resulting in 6.7 gm of
      methoxymethyltriphenylphosphoniumchloride.
PA1  b. 6.7 gm of methoxymethyltriphenylphosphoniumchloride were suspended in 80
      ml of tetrahydrofuran. When stirring and in a nitrogen atmosphere 20 ml of
      n-butyllithium were added dropwise in 15 minutes. The brownreddish
      solution was stirred for 2 hours. To this solution was added at room
      temperature when stirring and in a nitrogen atmosphere a solution of 1.1
      gm of 3-hydroxy-.DELTA..sup.1,3,5(10)
      -oestratriene-7,17-dione-3-methylether-17,17-ethyleneketal in 30 ml of
      tetrahydrofuran. After that the reaction mixture was refluxed for 6 hours.
      After cooling the precipitate was sucked off and washed with a
      tetrahydrofuran-ether mixture. The filtrate was poured out into water and
      extracted with a tetrahydrofuran-ether mixture. The collected
      tetrahydrofuran-ether mixtures were evaporated in vacuo. From the residue
      3-hydroxy-7,7-methoxymethylene-.DELTA..sup.1,3,5(10)
      -oestratrien-17-one-3-methylether-17,17-ethylene-ketal was isolated by
      chromatography over a silica column.
PA1  c. 1 gm of 3-hydroxy-7,7-methoxymethylene-.DELTA..sup.1,3,5(10)
      -oestratrien-17-one-3-methylether-17,17-ethyleneketal in 60 ml of ethanol
      was hydrogenated with H.sub.2 with the aid of 0.25 gm of PtO.sub.2 as
      catalyst. After the reaction the mixture is filtrated over hyflo. The
      filtrate was evaporated in vacuo. From the residue
      3-hydroxy-7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10)
      -oestratrien-17-one-3-methylether-17,17-ethyleneketal and the
      corresponding 7.beta.-methoxymethyl-compound was isolated by way of
      chromatography over a silicacolumn. In the way as described in Example XI
      (c) the corresponding 17-ketones were set free from the 17-ketals.
PAC  EXAMPLE XIII
PA1  a. A solution of 0.5 ml of sulphuric acid in 25 ml of isopropenyl acetate
      was added to a solution of 19.3 g of
      3-hydroxy-7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10) -oestratrien-17-one
      in 290 ml of isopropenyl acetate. The mixture was heated for 5 hours while
      distilling off 140 ml of isopropenyl acetate. After cooling 30 g of sodium
      acetate was added and the mixture was evaporated to dryness in vacuo.
      After stirring with some water the residue was extracted with ether. The
      combined ether-layers were washed neutral, dried and evaporated to
      dryness. The residue was chromatographed on silicagel yielding 15.9 g of
      7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10),16 -oestratetraene-3,17-diol
      diacetate (m.p. 131.degree.-132.degree. C).
PA1  b. 15.9 g of the diacetate obtained under (a) were dissolved in 80 ml of
      ethyl acetate. To this solution 70 ml of a solution of monoperphtalic acid
      (0.94 M) were added. After putting aside for 1.5 hours at room temperature
      the solution was washed with 1 N NaOH-solution and then washed with water
      till neutral. Drying and evaporation of the solution yielded a residue of
      16.0 g. of
      7.alpha.-methoxymethyl-16.alpha.,17.alpha.-epoxy-.DELTA..sup.1,3,5(10)
      -oestratriene-3,17.beta.-diol diacetate (m.p. 143.degree.-145.degree. C).
PA1  c. 16.0 g of the epoxy-compound, obtained under (b) was dissolved in 140 ml
      of methanol. To this solution a solution of 5.5 g of NaOH in 11 ml of
      water and 70 ml of methanol was added. After stirring for 10 minutes at
      40.degree. C the mixture was cooled down to -10.degree. C, whereafter 1.5
      g of sodiumboronhydride were added. Stirring at -10.degree. C for 1.5
      hours was followed by stirring at +30.degree. C for 1/2 hour, whereafter
      the reaction mixture was diluted with water and neutralized with acetic
      acid (50%). Extraction with ethyl acetate, neutralization of the combined
      organic layers, drying and evaporation to dryness in vacuo yielded 13.0 g
      crude 7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,16.alpha.,17.beta.-triol (amorphous).
PA1  d. 13.0 g of the crude product obtained under (c) was dissolved in 32 ml of
      dimethylformamide and 32 ml of actetone. After adding 240 mg of p-toluene
      sulphonic acid hydrate the solution was refluxed for 15 minutes. After
      cooling the solution was diluted with water and extracted with ethyl
      acetate. The combined organic layers were washed till neutral, dried and
      evaporated to dryness in vacuo. The residue was chromatographed on
      silicagel. Crystallization from ethyl/ethanol (96%) gave 2.4 g of
      7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,16.alpha.,17.beta.-triol. 1/2 H.sub.2 O (m.p. 161.degree.
      C with decomposition, [.alpha.].sub.D.sup.20 = -33.degree. in pyridine).
PAC  EXAMPLE XIV
PAR  A solution of 1.0 g of 7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,16.alpha.,17.beta.-triol in 20 ml pyridine, to which 6.0 g
      succinic acid anhydride was added, was heated at 70.degree. C in a
      nitrogen atmosphere for 16 hours. After the addition of 40 ml of water the
      mixture was heated at 50.degree.-55.degree. C for another 3 hours, then
      cooled down to 2.degree. C and diluted with 110 ml of 2N sulphuric acid.
PAR  The mixture was extracted with ether and the combined ether-layers were
      washed to remove sulphate, dried, treated with decolorisation carbon and
      evaporated to dryness in vacuo. Chromatography of the residue on silicagel
      yielded 1.4 g 7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,16.alpha.,17.beta.-triol
      16.alpha.,17.beta.-dihemisuccinate (amorphous, [.alpha.].sub.D.sup.20 =
      -39.degree. in pyridine).
PAC  EXAMPLE XV
PAR  A solution of 2.0 g of
      3-hydroxy-7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10) -oestratrien-17-one
      in 20 ml of dry ether was added to 75 ml acetic acid anhydride. After
      cooling to 0.degree.C 9 ml of fresh distilled borontrifluoride-etherate
      were added. The mixture was kept at 0.degree. C for 12 hours and was then
      poured out into ice-water. After 2 hours the mixture was extracted with
      ether. The combined ether-layers were washed with water containing some
      sodiumbicarbonate, dried and evaporated to dryness, yielding a residue of
      1.95 g.
PAR  Chromatography of the residue and crystallization from ether gave
      3-hydroxy-7.alpha.-hydroxymethyl-.DELTA..sup.1,3,5(10) -oestratrien-17-one
      diacetate (m.p. 114.degree.-116.degree. C, [.alpha.].sub.D.sup.20 =
      +74.degree. in CHCl.sub.3).
PAC  EXAMPLE XVI
PAR  To a solution of 1.0 g of
      3-hydroxy-7.alpha.-hydroxymethyl-.DELTA..sup.1,3,5(10) -oestratrien-17-one
      diacetate in 30 ml of methanol 1.2 g of KOH in 6 ml of water were added.
      The mixture was put aside for 16 hours, poured out into water and further
      processed by extraction and evaporation of the extract to dryness.
PAR  The residue was treated with potassiumacetylide as described in Example VI.
      Crystallization of the reaction-product from acetonitril gave 0.7 g of
      7.alpha.-hydroxymethyl-17.alpha.-ethynyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,17.beta.-diol (m.p. 118.degree.-120.degree. C,
      [.alpha.].sub.D.sup.20 = -2.degree. in CHCl.sub.3).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A 7-substituted steroid of the oestrane series, selected from the group
      consisting of 7.alpha.-methoxymethyl-17.alpha.-ethynyl-.DELTA..sup.4
      -oestren-17.beta.-ol,
      7.alpha.-methoxymethyl-17.alpha.-ethynyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,17.beta.-diol,
      7.alpha.-hydroxymethyl-17.alpha.-ethynyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,17.beta.-diol, and
      7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,16.alpha.,17.beta.-triol.
NUM  2.
PAR  2. 7.alpha.-methoxymethyl-17.alpha.-ethynyl-.DELTA..sup.4
      -oestren-17.beta.-ol.
NUM  3.
PAR  3. 7.alpha.-methoxymethyl-17.alpha.-ethynyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,17.beta.-diol.
NUM  4.
PAR  4. 7.alpha.-hydroxymethyl-17.alpha.-ethynyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,17.beta.-diol.
NUM  5.
PAR  5. 7.alpha.-methoxymethyl-.DELTA..sup.1,3,5(10)
      -oestratriene-3,16.alpha.,17.beta.-triol.
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ABST
PAL  Pregnane-21-oic acids of the formula
      ##SPC1##
PAL  Wherein X is a hydrogen atom, a fluorine atom, or methyl; Y is a hydrogen
      atom, a fluorine atom, or a chlorine atom; Z is methylene, carbonyl,
      .beta.-hydroxymethylene, .beta.-acyloxymethylene or when Y is a chlorine
      atom, .beta.-fluoromethylene or .beta.-chloromethylene; V is methylene,
      ethylidene or vinylidene; R.sub.1 is a hydrogen atom or acyl, and
      physiologically acceptable salts thereof with bases and physiologically
      acceptable 21-esters thereof, possess topical anti-inflammatory activity
      with substantially no systemic activity.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  This invention relates to novel pharmacologically active pregnane-21-oic
      acid derivatives, pharmaceutical compositions comprising them and their
      use and to processes for the preparation thereof.
PAC  SUMMARY OF THE INVENTION
PAR  In a composition aspect, this invention relates to novel pregnane-20-oic
      acids and derivatives of the general formula I
      ##SPC2##
PAL  wherein X is a hydrogen atom, a fluorine atom, or methyl; Y is a hydrogen
      atom, a fluorine atom, or a chlorine atom; Z is methylene, carbonyl,
      .beta.-hydroxymethylene, .beta.-acyloxymethylene or when Y is a chlorine
      atom, .beta.-fluoromethylene or .beta.-chloromethylene; V is methylene
      (&gt;CH.sub.2), ethylidene (&gt;CHCH.sub.3) or vinylidene (&gt;C=CH.sub.2); R.sub.1
      is a hydrogen atom or acyl, and R.sub.2 is a hydrogen atom, the cation of
      a physiologically acceptable base, or the residue of a physiologically
      acceptable alcohol, and    represents a single or double bond.
PAR  In another composition aspect, this invention relates to pharmaceutical
      compositions comprising a compound of Formula I. In process aspects, this
      invention relates to processes for the production of the novel compounds
      of this invention and processes for their use as topical anti-inflammatory
      agents.
PAC  DETAILED DISCUSSION
PAR  Examples of classes of compounds of this invention embraced by Formula I
      are those wherein:
PA1  A. R.sub.1 is H;
PA1  b. R.sub.1 is .alpha.-alkanoyl of 1-8 carbon atoms;
PA1  C.    is a double bond, especially those of each of (a) and (b);
PA1  D. R.sub.2 is H, especially those of each of (a), (b) and (c);
PA1  E. R.sub.2 is alkyl of 1-8 carbon atoms, especially those of each of (a),
      (b) and (c);
PA1  F. V is &gt;CH.sub.2 especially those of each of (a), (b), (c), (d) and (e).
PA1  G. V is
      ##EQU1##
      especially those of each of (a), (b), (c), (d) and (e). H. V is
      ##EQU2##
      especially those of each of (a), (b), (c), (d) and (e). I. X is H,
      especially those of each of (a), (b), (c), (d) (e), (f), (g) and (h).
PA1  J. X is CH.sub.3, especially those of each of (a), (b), (c), (d), (e), (f),
      (g) and (h).
PA1  K. X is F, especially those of each of (a), (b), (c), (d), (e), (f), (g)
      and (h).
PA1  L. Y is H and Z is .beta.-hydroxymethylene or carbonyl, especially those of
      each of (a), (b), (c), (d), (e), (f), (g), (h), (i), (j) and (k).
PA1  M. Y is Cl and F is .beta.-hydroxymethylene or carbonyl, especially those
      of each of (a), (b), (c), (d), (e), (f), (g), (h), (i), (j) and (k).
PA1  N. Y and Z are Cl, especially those of (a), (b), (c), (d), (e), (f), (g),
      (h), (i), (j) and (k).
PA1  o. Y and Z are H, especially those of (a), (b), (c), (d), (e), (f), (g),
      (h), (i), (j) and (k).
PAR  Because activity resides in the pregnanoic acid steroidal structure, the
      11, 17, and 21 mono- di- and tri- esters of the unesterified 11.beta.-OH,
      17.alpha.-OH and 21-COOH compounds possess the anti-inflammatory activity
      of the unesterified compounds.
PAR  Thus, in addition to .beta.-hydroxymethylene, Z can be
      .beta.-acyloxymethylene. When Z is .beta.-acyloxymethylene, the acyl group
      is preferably that of a hydrocarbon carboxylic acid of 1-8 carbon atoms.
      Equivents of such esters are those of any aliphatic, cycloaliphatic, or
      aromatic carboxylic acid of up to 12 carbon atoms, which forms a
      physiologically acceptable ester of the free acids, e.g., alkanoyl of 1-8,
      preferably 2-6, carbon atoms, including formyl, acetyl, propionyl,
      butyryl, pentanoyl and hexanoyl, or the acyl radical of aromatic,
      carboxylic acids, preferably hydrocarbon, of 6-12 carbon atoms, e.g.,
      benzoyl.
PAR  Similarly, in addition to being a hydrogen atom, R.sub.1 can also be the
      acyl radical of a hydrocarbon carboxylic acid of 1-8 carbon atoms or of an
      equivalent acid described above.
PAR  When R.sub.1 is acyl, the acyl group is preferably the same as the acyl
      group when Z is .beta.-acyloxymethylene.
PAR  The 21-free acids (R.sub.2 =H) can form salts with alkaline metals, ammonia
      and amines. Included in the pregnanoic acid derivatives of this invention
      are the physiologically acceptable metal and ammonium salts of the free
      21-acids (R.sub.2 = the cation of a base, for example, an alkali metal
      ion, e.g., a sodium ion, a potassium ion, or an ammonium ion, e.g.,
      ammonium, triethylammonium, pyridinium.
PAR  When R.sub.2 is the radical of a physiologically acceptable alcohol, the
      group is preferably alkyl of 1-8 carbon atoms. Equivalents thereof are
      esters of other aliphatic or cycloaliphatic, saturated or unsaturated,
      optionally is substituted alcohol of 1-8 carbon atoms, which form
      physiologically acceptable 21-esters, viz., R.sub.2 is an optionally
      substituted hydrocarbon R group.
PAR  Examples of substituents on the optionally substituted hydrocarbon R groups
      are: lower alkyl, e.g., methyl, ethyl, propyl, isopropyl, butyl, or
      tert.-butyl; aryl groups, e.g., phenyl; cycloalkyl, e.g., cyclopropyl,
      cyclopentyl, or cyclohexyl; hydroxy; lower alkoxy, e.g., methoxy, ethoxy,
      propoxy, butoxy-or tert.-butoxy; a free or esterified carboxyl group and
      the sodium and potassium salts thereof; amino and the acid addition salts
      thereof, e.g., mono- or di-lower-alkylamino, e.g., methylamino,
      dimethylamino, ethylamino, diethylamino, propylamino, or butylamino, and
      the salts thereof.
PAR  Preferred salts of the amino, mono-lower-alkylamino or di-lower-alkylamino
      groups are the hydrochlorides, hydrobromides, sulfates, phosphates,
      oxalates, maleates and tartrates.
PAR  The optionally substituted hydrocarbon R group preferably is of 1-12 carbon
      atoms. Specific examples of suitable R groups are: methyl, carboxymethyl,
      ethyl, 2-hydroxyethyl, 2-methoxyethyl, 2-aminoethyl, 2-dimethylaminoethyl,
      2-carboxyethyl, propyl, allyl, cyclopropylmethyl, isopropyl,
      3-hydroxypropyl, propinyl, 3-aminopropyl, butyl, sec.-butyl, tert.-butyl,
      2-butyl, cyclobutyl, pentyl, isopentyl, tert.-pentyl, 2-methylbutyl,
      cyclopentyl, hexyl, cyclohexyl, cyclohex-2-enyl, cyclopentylmethyl,
      heptyl, benzyl, 2-phenylethyl, octyl, bornyl, isobornyl, menthyl, nonyl,
      decyl, 3-phenylpropyl, 3-phenylprop-2-enyl, dodecyl, tetradecyl,
      hexadecyl, and octadecyl.
PAR  In a process aspect, this invention relates to the preparation of novel
      pregnane-21-oic acid derivatives of general Formula I which comprises:
PAR  a. oxidizing, in an alcohol containing cyanide ions and buffered to pH 4-7
      with atmospheric oxygen or with manganese (IV) oxide, a compound of
      general Formula II
      ##SPC3##
PAL  wherein   , X, Y, Z, V, and R.sub.1 have the same values as given for
      Formula I, or a hydrate or hemiacetal thereof; or
PAR  b. oxidizing, in an inert solvent with the amount of manganese (IV) oxide
      or lead (IV) oxide sufficient for the oxidation, a compound of general
      Formula III
      ##SPC4##
PAL  wherein   , X, Y, Z, V, R.sub.1, and R.sub.2 have the values given for
      Formula I; or
PAR  c. conducting a conventional dehydrogenation on a compound of general
      Formula I wherein    is a single bond, to produce a pregnane-21-oic acid
      derivative of general Formula I which is unsaturated in the 1-position; or
PAR  d. adding hypochlorous acid, chlorine, or a mixture of fluorine and
      chlorine to the .DELTA..sup.9(11) -double bond of a compound of general
      Formula IV in a conventional manner
      ##SPC5##
PAL  wherein   , X, V, R.sub.1 and R.sub.2 have the values given for Formula I,
      to produce a pregnane-21-oic acid derivative of general Formula I wherein
      Y is a chlorine atom, or
PAR  e. opening the epoxide ring of a compound of general Formula V
      ##SPC6##
PAL  wherein   , X, V, R.sub.1 and R.sub.2 have the values given for Formula I,
      with hydrogen fluoride or hydrogen chloride in a conventional manner to
      produce a pregnane-21-oic acid derivative of Formula I wherein Y is a
      fluorine atom or chlorine atom and Z is a .beta.-hydroxymethylene group.
PAR  Optionally thereafter, a hydroxy group present in the 11- position is
      oxidized to an 11-keto group, an ester of general Formula I is reacted in
      the presence of alkaline catalyst with the desired final alcohol or an
      ester is saponified and optionally again esterified with the desired
      alcohol.
PAR  The pregnanoic acid derivatives of general Formula I can be produced from
      compounds of general Formula II by reacting the latter in a lower alcohol
      with an amount, necessary for the reaction, of an oxidizing heavy metal
      salt, such as, for example, silver oxide, lead(IV) oxide, minium (red
      lead), vanadium(V) oxide, or active manganese (IV) oxide. However, the
      yields of desired reaction product obtained by this procedure are normally
      extremely unsatisfactory. Surprisingly, relatively good yields of desired
      products are obtained by oxidizing a compound of general Formula II or a
      hydrate or hemiacetal thereof, in accordance with process variant (a),
      with atmospheric oxygen or manganese(IV) oxide in a lower aliphatic
      alcohol which contains cyanide ions and has been buffered to pH 4-7.
PAR  In the process of this invention according to modification (a), active
      manganese(IV) oxide is used, as customarily employed for oxidation
      reactions. See L. F. Fieser and M. Fieser, Reagents for Organic Synthesis;
      John Wiley and Sons, Inc., New York, London, Sydney (1967), pp. 637 et
      seq.
PAR  For this variant of the process, alcohols utilized are preferably primary
      or secondary aliphatic or cycloaliphatic alcohols of 1-12 carbon atoms,
      such as, for example, methanol, ethanol, propanol, hexanol, cyclohexanol,
      isopropyl alcohol, butanol, butan-2-ol, pentanol, benzyl alcohol and
      octanol.
PAR  This reaction is conducted using cyanide ions as catalyst. Reagents
      yielding cyanide ions are preferably alkali metal cyanides, e.g., sodium
      or potassium cyanide. Preferably, 0.01 to 10 moles, especially 0.1 to 1.0
      mole, of ionizable cyanide per mole of compound II are employed. If the
      reagents yielding cyanide ions are alkali cyanides, the reaction is
      conducted by adding an amount of a mineral acid, e.g., sulfuric acid,
      phosphoric acid, or hydrogen chloride, a sulfonic acid, e.g.,
      p-toluenesulfonic acid, or a carboxylic acid, e.g., formic or acid,
      required for buffering the alkali cyanide.
PAR  The process according to variant (a) is preferably accomplished in the
      presence of a dipolar aprotic solvent. Suitable dipolar aprotic solvents
      are, for example, dimethylformamide, N-methylacetamide, dimethylacetamide,
      N-methylpyrrolidone, dimethylsulfoxide, sulfolane, dimethylsulfone,
      hexamethylphosphoric triamide, and n-alkylcyanides of 1-5 carbon atoms in
      the alkyl residue, such as, for example, acetonitrile.
PAR  The reaction is suitably conducted by using, as the solvent, per gram of
      compound II, 2 ml. to 200 ml. of a mixture consisting of 5 to 50% lower
      alcohol and 50 to 95% of a dipolar aprotic solvent.
PAR  The reaction is advantageously carried out at a reaction temperature of
      from -20.degree. C to +100.degree.C and preferably 0.degree. C to
      +50.degree. C. The reaction time required for complete reaction depends on
      the reaction temperature and the selection of the reactants. For example,
      using atmospheric oxygen, a reaction time of 5-120 minutes is usually
      employed. Using active manganese(IV) oxide, a reaction time of 1-30
      minutes is generally sufficient.
PAR  The starting compounds of general Formula II can be produced in a
      conventional manner, for example, by reacting the corresponding 21-hydroxy
      steroids for 20-120 minutes at room temperature with copper(II) acetate
      and atmospheric oxygen in a lower primary alcohol of 1-4 carbon atoms.
      During this reaction, mixtures of the free aldehydes and their hemiacetals
      are obtained which can be used without further purification as starting
      compounds for the process of this invention according to variant (a).
PAR  The pregnanoic acid derivatives of general Formula I can be prepared from
      the corresponding 20-hydroxy compounds of general Formula III by oxidizing
      the latter in an inert solvent with manganese (IV) oxide or lead(IV)
      oxide, in accordance with the process described in German Unexamined
      Laid-Open Application DOS No. 2,204,361 and U.S. Pat. No. 3,824,260.
      However, when conducting this reaction, care must be taken by means of an
      exact control of the reaction conditions that only the quantity of
      oxidizing agent required for the reaction is consumed, because the
      thus-formed pregnanoic acid derivatives of general Formula I, in contrast
      to the conventional pregnanoic acid derivatives, are in most cases of
      little stability under the reaction conditions utilized, and are split
      very easily by oxidation to compounds of general Formula VI
      ##SPC7##
PAR  The process of this invention according to variant (b) can be conducted in
      the inert solvents customarily employed in the steroid chemistry for
      oxidation reactions. Suitable solvents are, for example, hydrocarbons,
      such as cyclohexane, benzene, toluene and xylene; chlorinated
      hydrocarbons, such as methylene chloride, chloroform, carbon
      tetrachloride, tetrachloroethylene and chlorobenzene; ketones, such as
      acetone, methyl ethyl ketone, methyl isobutyl ketone and acetophenone; and
      preferably ethers, such as diethyl ether, diisopropyl ether, dibutyl
      ether, tetrahydrofuran, dioxane and glycol dimethyl ether; or alcohols,
      such as methanol, ethanol, isopropanol and tert.-butanol. The process of
      this invention can also be conducted in mixtures of these solvents.
PAR  The process of this invention according to variant (b) can be effected
      using manganese(IV) oxide or lead(IV) oxide. For this modification, active
      manganese(IV) oxide is preferably used, as customary in steroid chemistry
      for oxidation reactions.
PAR  The reaction according to variant (b) is preferably accomplished at a
      reaction temperature of from 0.degree. to 50.degree. C.
PAR  To ensure that only the amount of manganese(IV) oxide or lead(IV) oxide
      required for the oxidation is consumed, it is advantageous to withdraw
      samples from the reaction mixture at various time intervals in a
      preliminary experiment and examine these samples analytically, for
      example, by means of thin-layer chromatography, to determine the optimum
      reaction time, which is very much dependent on the structure of the
      20-hydroxy compounds employed. Normally, the optimum reaction time is 5-30
      minutes when the reaction is effected at room temperature.
PAR  On the other hand, it is also possible to determine by means of preliminary
      tests how much lead(IV) oxide or active manganese (IV) oxide is necessary
      for the oxidation.
PAR  Preferred starting compounds of general Formula III are those compounds
      wherein the 20-hydroxy group is in the .alpha.-position. However, normally
      it is also possible to convert 20.beta.-hydroxy compounds of general
      Formula III into the pregnanoic acid derivatives of general Formula I
      according to the process of this invention.
PAR  The starting materials of process variant (b) can be produced from the
      corresponding 20-hydroxy-20-oxopregnane derivatives. For this purpose, the
      latter compounds are dissolved in an alcohol, the solution is combined
      with copper(II) acetate, and the mixture is stirred for several days at
      room temperature. The mixture is then combined with aqueous ammonia;
      extracted with methylene chloride, for example; and the organic phase is
      washed with water, dried, and concentrated under vacuum. A crude product
      is thus obtained consisting of a mixture of the 20.alpha.- and
      20.beta.-hydroxy steroids. This mixture can be separated by dhromatography
      or by fractional crystallization, or it can be used without further
      purification as the starting substance for the process of this invention
      according to modification (b).
PAR  The process of this invention according to variants (c), (d), and (e), as
      well as the subsequent reactions which can be optionally conducted, can be
      carried out, for example, under the conditions described in German
      Unexamined Application DOS No. 2,264,003 and United States application
      Ser. No. 426,702, filed Dec. 20, 1973.
PAR  Examples of pregnane-20-oic acid derivatives of general Formula I which can
      be prepared by the process of this invention are:
PA1  11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic acid
PA1  11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-oic acid
PA1  9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-
     oic acid
PA1  6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-
     oic acid
PA1  9.alpha.-chloro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-
     oic acid
PA1  11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.,16.alpha.-dimethyl-1,4-pre
     gnadiene-21-oic acid
PA1  9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.,16.alpha.-
     dimethyl-1,4-pregnadiene-21-oic acid
PA1  9.alpha.-chloro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.,16.alpha.-
     dimethyl-1,4-pregnadiene-21-oic acid
PA1  11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.beta.-methyl-1,4-pregnadiene-21-
     oic acid
PA1  9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.beta.-methyl-1,4
     -pregnadiene-21-oic acid
PA1  9.alpha.-chloro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.beta.-methyl-1,4
     -pregnadiene-21-oic acid
PA1  6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.beta.-methyl-1,4
     -pregnadiene-21-oic acid
PA1  6.alpha.,9.alpha.-difluoro-11.beta.,17.alpha.-dihydroxy-3,20
      -dioxo-16.beta.-methyl-1,4-pregnadiene21-oic acid
PA1  6.alpha.-fluoro-9.alpha.-chloro-11.beta.,
      17.alpha.-dihydroxy-3,20-dioxo-16.beta.-methyl-1,4-pregnadiene-21-oic acid
PA1  11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadiene-21-oic
      acid
PA1  9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pr
     egnadiene-21-oic acid
PA1  9.alpha.-chloro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pr
     egnadiene-21-oic acid
PA1  6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pr
     egnadiene-21-oic acid
PA1  11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1,4-pregnadiene-21
     -oic acid
PA1  9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-4-
     pregnene-21-oic acid
PA1  9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1,
     4-pregnadiene-21-oic acid
PA1  6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-4-
     pregnene-21-oic acid
PA1  6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1,
     4-pregnadiene-21-oic acid
PA1  9.alpha.-fluoro-17.alpha.-hydroxy-3,11,20-trioxo-16.alpha.-methyl-1,4-pregn
     adiene-21-oic acid
PA1  6.alpha.-fluoro-17.alpha.-hydroxy-3,11,20-trioxo-16.alpha.-methyl-1,4-pregn
     adiene-21-oic acid
PA1  17.alpha.-hydroxy-3,20-dioxo-16.alpha.-methyl-1,4-pregnadiene-21-oic acid
PA1  6.alpha.,9.alpha.-difluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha
     .-methyl-1,4-pregnadiene-21-oic acid
PA1  6.alpha.-fluoro-9.alpha.-chloro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.
     alpha.-methyl-1,4-pregnadiene-21-oic acid
PA1  11.beta.-fluoro-9.alpha.-chloro-17.alpha.-hydroxy-3,20-dioxo-16.alpha.-meth
     yl-1,4-pregnadiene-21-oic acid
PA1  9.alpha.,11.beta.-difluoro-17.alpha.-hydroxy-3,20-dioxo-16.alpha.-methyl-1,
     4-pregnadiene-21-oic acid
PA1  6.alpha.,11.beta.-difluoro-9.alpha.-chloro-17.alpha.-hydroxy-3,20-dioxo-16.
     alpha.-methyl-1,4-pregnadiene-21-oic acid
PA1  6.alpha.,9.alpha.,11.beta.-trifluoro-17.alpha.-hydroxy-3,20
      -dioxo-16.alpha.-methyl-1,4-pregnadiene-21-oic acid
PA1  6.alpha.,9.alpha.-difluoro-11.beta.,17.alpha.-dihydroxy-3,20
      -dioxo-16-methylene-1,4-pregnadiene-21-oic acid and
PA1  6.alpha.-fluoro-9.alpha.-chloro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-
     methylene-1,4-pregnadiene-21-oic acid;
PAL  and the sodium salts, the methyl esters, the ethyl esters, the propyl
      esters, the isopropyl esters, the butyl esters, the pentyl esters, and the
      hexyl esters of each of these acids;
PA1  11.beta.-hydroxy-17.alpha.-acetyloxy-3,20-dioxo-4-pregnene-21-oic acid
PA1  11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-4-pregnene-21-oic acid
PA1  11.beta.-hydroxy-17.alpha.-acetyloxy-3,20-dioxo-1,4-pregnadiene-21-oic acid
PA1  11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-1,4-pregnadiene-21-oic
      acid
PA1  9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-acetyloxy-3,20-dioxo-1,4-pregnad
     iene-21-oic acid
PA1  9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-1,4-pregna
     diene-21-oic acid
PA1  9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-acetyloxy-3,20-dioxo-16.alpha.-m
     ethyl-1,4-pregnadiene-21-oic acid
PA1  9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-propionyloxy-3,20-dioxo-16.alpha
     .-methyl-1,4-pregnadiene-21-oic acid
PA1  9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-16.alpha.-
     methyl-1,4-pregnadiene-21-oic acid
PA1  9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-acetyloxy-3,20-dioxo-16.beta.-me
     thyl-1,4-pregnadiene-21-oic acid
PA1  9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-propionyloxy-3,20-dioxo-16.beta.
     -methyl-1,4-pregnadiene-21-oic acid
PA1  9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-16.beta.-m
     ethyl-1,4-pregnadiene-21-oic acid
PA1  6.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-acetyloxy-3,20-dioxo-16.alpha.-m
     ethyl-1,4-pregnadiene-21-oic acid
PA1  6.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-16.alpha.-
     methyl-1,4-pregnadiene-21-oic acid
PA1  17.alpha.-acetyloxy-3,20-dioxo-4-pregnene-21-oic acid
PA1  17.alpha.-acetyloxy-3,20-dioxo-1,4-pregnadiene-21-oic acid
PA1  17.alpha.-butyryloxy-3,20-dioxo-1,4-pregnadiene-21-oic acid
PA1  17.alpha.-acetyloxy-3,11,20-trioxo-1,4-pregnadiene-21-oic acid, and
PA1  17.alpha.-butyryloxy-3,11,20-trioxo-1,4-pregnadiene-21-oic acid;
PAL  and the methyl, ethyl, aminoethyl, 2-methoxyethyl, propyl, propenyl,
      2-hydroxypropyl, isopropyl, butyl, isobutyl, sec.-butyl, tert.-butyl,
      amyl, isoamyl, -methylbutyl, cyclopentyl, hexyl, cyclohexyl, heptyl,
      benzyl, menthyl, octyl, and decyl esters of each of these acids.
PAR  The compounds of general Formula I are valuable medicinal agents and
      intermediates for the production of medicinal agents.
PAR  The novel pregnane-21-oic acid derivatives of general Formula I are
      particularly distinguished by a pronounced antiinflammatory activity upon
      topical application, whereas they are substantially inactive systemically.
      Moreover, their activity has a rapid onset, a high intensity and long
      duration of effectiveness. They exhibit a favorable resorptive capacity
      and relatively good stability in galenic preparations.
PAR  The novel compounds are suitable, in combination with the carriers,
      pharmaceutically acceptable customary in galenic pharmacy and adapted for
      topical administration, for the local treatment of contact dermatitis,
      eczemas of a great variety of types, neurodermatoses, erythrodermia,
      burns, pruritus vulvae et ani, rosacea, erythematodes cutaneus, psoriasis,
      lichen ruber planus et verrucosus, and similar skin diseases.
PAR  These pharmaceutical compositions can be produced in the usual manner by
      formulating the effective agents. together with a suitable additive, into
      the desired form of administration, such as, for example, solutions,
      lotions, ointments, creams and plasters. In the thus-formulated medicinal
      agents, the effective agent concentration is dependent on the form of
      application. In case of lotions and ointments, an effective agent
      concentration of 0.001 to 1% is preferably employed.
PAR  Moreover, the novel compounds, optionally in combination with the customary
      vehicles and auxiliary agents, are also well suitable for the preparation
      of inhalants, e.g., aerosol.
DETD
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding desceiption, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative and not limitative of
      the remainder of the disclosure in any way whatsoever. In the following
      Examples, the temperatures are set forth uncorrected in degrees Celsius;
      unless otherwise indicated, all parts and percentages are by weight.
PAC  I SYNTHESES
PAC  EXAMPLE 1
PAR  a. 5.0 g. of 11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dione is
      dissolved in 500 ml. of methanol and combined with a suspension of 1.25 g.
      of copper(II) acetate in 500 ml. of methanol. The mixture is agitated for
      2 hours at room temperature under the introduction of air, and then the
      mixture is diluted with methylene chloride, washed with ammonium chloride
      solution and water, and the organic phase is dried over sodium sulfate and
      concentrated under vacuum, thus obtaining 5.0 g. of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadien-21-al as a crude
      product.
PAR  b. 2.8 g. of the thus-obtained aldehyde is dissolved in 90 ml. of methylene
      chloride and 50 ml. of methanol and mixed with 3 ml. of concentrated
      acetic acid and 700 mg. of potassium cyanide. The reaction mixture is
      stirred for 15 minutes at room temperature, then diluted with methylene
      chloride and washed with water. The organic phase is dried over sodium
      sulfate and evaporated. The residue is chromatographed on silica gel,
      recrystallized from acetone-hexane, and the product is 443 mg. of the
      methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-oic acid, m.p.
      215.5.degree..
PAC  EXAMPLE 2
PAR  a. 5.0 g. of
      9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methyl-1,4-preg
     nadiene-3,20-dione is converted, as described in Example 1(a), into
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadien-21-al.
PAR  b. 2.5 g. of the thus-obtained product is dissolved in 100 ml. of methanol.
      The solution is combined with 2.5 ml. of concentrated acetic acid and 400
      mg. of potassium cyanide and stirred under the access of air for 25
      minutes at room temperature. The mixture is then diluted with methylene
      chloride, washed with water, dried over sodium sulfate, and concentrated
      under vacuum. The crude product is chromatographed on silica gel and
      recrystallized from acetone-hexane, thus obtaining 719 mg. of the methyl
      ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid, m.p. 191.6.degree..
PAC  EXAMPLE 3
PAR  2.5 g. of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadien-21-al is dissolved in 100 ml. of butanol, mixed with 2.5 ml.
      of acetic acid and 400 mg. of potassium cyanide, and agitated for 30
      minutes at room temperature. The solution is diluted with methylene
      chloride, washed with water, dried over sodium sulfate, and concentrated
      by evaporation under vacuum. The crude product is chromatographed on
      silica gel. Recrystallization from acetone-hexane yields 67 mg. of the
      butyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid, m.p. 172.8.degree..
PAC  EXAMPLE 4
PAR  a. 6.0 g. of 11.beta.,17.alpha.,21-trihydroxy-4-pregnene-3,20-dione is
      converted, as described in Example 1(a), into
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnen-21-al.
PAR  b. 5.0 g. of the thus-obtained product is reacted under the conditions set
      forth in Example 2(b). Chromatography and recrystallization from
      acetone-hexane yield 825 mg. of the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic acid, m.p.
      216.6.degree..
PAC  EXAMPLE 5
PAR  A solution of 500 mg. of the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-oic acid in 300
      ml. of butanol is cooled in an argon atmosphere to 0.degree. and mixed
      with 5 ml. of a 1% solution of potassium tert.-butylate in butanol. After
      one minute, the mixture is acidified with 1% acetic acid and diluted with
      methylene chloride. The solution is washed neutral with water, dried over
      sodium sulfate, and concentrated under vacuum. The crude product is
      recrystallized from acetonehexane, thus producing 400 mg. of the butyl
      ester of 11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-oic
      acid, m.p. 153.1.degree..
PAC  EXAMPLE 6
PAR  300 mg. of the methyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-16.alpha.-methyl-3,20-dioxo-1
     ,4-pregnadiene-21-oic acid is interesterified under the conditions
      described in Example 4, thus obtaining 121 mg. of the butyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid, m.p. 164.5.degree..
PAC  EXAMPLE 7
PAR  500 mg. of the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic acid is
      converted into the butyl ester as described in Example 4. After
      recrystallization from methylene chloride-diisopropyl ether, 133 mg. of
      the butyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic acid is
      obtained, m.p. 119.5.degree..
PAC  EXAMPLE 8
PAR  250 mg. of the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic acid is
      dissolved in 50 ml. of methanol containing about 10% water. Under the
      exclusion of oxygen, the solution is combined with 0.5 ml. of 2N sodium
      hydroxide solution, and the mixture is diluted with water after 30 minutes
      and then extracted with methylene chloride. The aqueous phase is acidified
      with hydrochloric acid and thereafter extracted with diethyl ether. The
      ether extract is dried and evaporated under vacuum; the residue is
      recrystallized from methylene chloride-diisopropyl ether, thus yielding
      102 mg. of 11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic acid,
      m.p. 238.5.degree. (decomposition).
PAC  EXAMPLE 9
PAR  300 mg. of the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic acid is
      dissolved in 45 ml. of acetone. The solution is cooled to 0.degree. and
      combined with 0.45 ml. of a solution containing 267 mg. of chromium(VI)
      oxide and 0.23 ml. of concentrated sulfuric acid per milliliter. After 5
      minutes, the mixture is introduced under stirring into ice water, and the
      thus-obtained precipitate is filtered off. The product is dried and
      recrystallized from acetone-hexane, yielding 232 mg. of the methyl ester
      of 17.alpha.-hydroxy-3,11,20-trioxo-4-pregnene-21-oic acid, m.p.
      229.7.degree..
PAC  EXAMPLE 10
PAR  Under the conditions indicated in Example 1, 500 mg. of
      6.alpha.,9.alpha.-difluoro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-meth
     yl-1,4-pregnadiene-3,20-dione is converted into the methyl ester of
      6.alpha.,9.alpha.-difluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alph
     a.-methyl-1,4-pregnadiene-21-oic acid.
PAC  EXAMPLE 11
PAR  Under the conditions disclosed in Example 1(a) and Example 3, 1.0 g. of
      9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-1,4-pregn
     adiene-3,20-dione is reacted, yielding after recrystallization from
      ether-petroleum ether 440 mg. of the butyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.beta.-methyl-1,
     4-pregnadiene-21-oic acid, m.p. 186.0.degree..
PAC  EXAMPLE 12
PAR  Under the conditions indicated in Example 1, 300 mg. of
      11.beta.,17.alpha.,21-trihydroxy-6.alpha.-methyl-1,4-pregnadiene-3,20-dion
     e is reacted, thus obtaining 80 mg. of the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadiene-21
     -oic acid.
PAC  EXAMPLE 13
PAR  Under the conditions set forth in Example 1, 500 mg. of
      9.alpha.-chloro-11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dion
     e is converted into 138 mg. of the methyl ester of
      9.alpha.-chloro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21
     -oic acid.
PAC  EXAMPLE 14
PAR  Under the conditions disclosed in Example 1, 750 mg. of
      11.beta.,17.alpha.,21-trihydroxy-16-methylene-1,4-pregnadiene-3,20-dione
      is reacted. After recrystallization from ether-diisopropyl ether, 210 mg.
      of the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadiene-21-oi
     c acid is produced, m.p. 179.degree..
PAC  EXAMPLE 15
PAR  a. 20.0 g. of 11.beta.,17.alpha.,21-trihydroxy-1,4-pregnadiene-3,20-dione
      is dissolved in 1 liter of methanol. The solution is combined with 10 g.
      of copper(II) acetate and allowed to stand for 4 weeks under access of
      air. Thereafter, the methanol is extensively removed under vacuum; the
      residue is combined with 10% strength ammonium hydroxide solution and
      extracted with methylene chloride. The organic phase is washed repeatedly
      with water, dried, and concentrated. The residue is chromatographed on
      silica gel. Recrystallization from acetone-hexane yields 2.40 g. of the
      methyl ester of
      11.beta.,17.alpha.,20.xi.-trihydroxy-3-oxo-1,4-pregnadiene-21-oic acid,
      m.p. 254.0.degree..
PAR  b. 500 mg. of the methyl ester of
      11.beta.,17.alpha.,20.xi.-trihydroxy-3-oxo-1,4-pregnadiene-21-oic acid is
      dissolved in 100 ml. of dioxane and combined with 25 g. of activated
      manganese(IV) oxide. The mixture is agitated for 7 minutes at room
      temperature, the manganese(IV) oxide is filtered off, and the filtrate is
      concentrated under vacuum. The residue is recrystallized from
      acetone-hexane, thus obtaining 218 mg. of the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-oic acid, m.p.
      206.9.degree..
PAC  EXAMPLE 16
PAR  a. 20.0 g. of
      9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methyl-1,4-preg
     nadiene-3,20-dione is reacted in 500 ml. of butanol with 10 g. of
      copper(II) acetate, as described in Example 15. The crude product is
      chromatographed. Recrystallization from acetone-hexane yields 1.97 g. of
      the butyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.,20.alpha.-trihydroxy-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid, m.p. 203.9.degree..
PAR  b. A solution of 500 mg. of the butyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.,20.alpha.-trihydroxy-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid in 100 ml. of dioxane is combined with 5 g. of
      manganese(IV) oxide and agitated for 18 hours at room temperature. The
      reaction mixture is filtered off from the manganese dioxide, the solvent
      is evaporated, and the mixture is recrystallized from acetone-hexane, thus
      producing 192 mg. of the butyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid, m.p. 171.degree..
PAC  EXAMPLE 17
PAR  Under the conditions described in Example 1, 5.0 g. of
      9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-4-pregnene-3,20-dione is
      reacted, thus obtaining 688 mg. of the methyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic
      acid, m.p. 228.3.degree. (from acetone-hexane).
PAC  EXAMPLE 18
PAR  Under the conditions set forth in Example 5, 800 mg. of the methyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnane-21-oic
      acid is reacted, thus obtaining 407 mg. of the butyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic
      acid, m.p. 139.7.degree. (from acetone-hexane).
PAC  EXAMPLE 19
PAR  a. 4.0 g. of
      11.beta.,17.alpha.,21-trihydroxy-6.alpha.-methyl-1,4-pregnadiene-3,20-dion
     e is dissolved in 300 ml. of methanol, combined with 1.5 g. of copper(II)
      acetate, and agitated for 2 hours while passing air through the mixture.
      The latter is combined with methylene chloride, washed with dilute
      ammonium chloride solution and water, dried over sodium sulfate, and
      evaporated under vacuum at 30.degree., thus obtaining 4.7 g. of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadien-21-
     al as the crude product.
PAR  b. 1.0 g. of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadien-21-
     al is dissolved under nitrogen in 25 ml. of anhydrous acetonitrile. The
      solution is combined with 8 ml. of absolute ethanol, 1.6 ml. of
      concentrated acetic acid, 2 g. of active manganese(IV) oxide, as well as
      350 mg. of potassium cyanide. The mixture is stirred for 4 minutes at room
      temperature and then filtered off from the manganese dioxide. The filtrate
      is diluted with chloroform, washed with water, dried over sodium sulfate,
      and concentrated under vacuum. The residue is chromatographed on silica
      gel. With 35-60% ethyl acetate-hexane and after recrystallization from
      ether-hexane, 490 mg. of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadiene-21
     -oic acid ethyl ester is obtained, m.p. 205.7.degree..
PAC  EXAMPLE 20
PAR  1.5 g. of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadien-21-
     al is dissolved under nitrogen in 10 ml. of anhydrous methanol and 35 ml.
      of dimethylformamide. The mixture is combined with 2.5 ml. of concentrated
      acetic acid, 3 g. of active manganese(IV) oxide, and 530 mg. of potassium
      cyanide and agitated for 4 minutes at room temperature. The mixture is
      then worked up and chromatographed as described in Example 19(b). Yield:
      415 mg. of the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadiene-21
     -oic acid, m.p. 152.4.degree..
PAC  EXAMPLE 21
PAR  1.3 g. of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadien-21-
     al is reacted in 25 ml. of sulfolane with 8 ml. of propanol, 1.6 ml. of
      acetic acid, 2 g. of manganese(IV) oxide, and 350 mg. of potassium
      cyanide, analogously to Example 19(b). Yield: 225 mg. of the propyl ester
      of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadiene-21
     -oic acid, m.p. 200.0.degree. (from ether-hexane).
PAC  EXAMPLE 22
PAR  1.0 g. of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadien-21-
     al is reacted analogously to Example 19(b) in 25 ml. of N-methylpyrrolidone
      with 8 ml. of butanol, 1.6 ml. of acetic acid, 2 g. of manganese(IV)
      oxide, as well as 350 mg. of potassium cyanide. Yield: 487 mg. of the
      butyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadien-21-
     oic acid, m.p. 189.1.degree. (from ether-hexane).
PAC  EXAMPLE 23
PAR  a. A solution of 2.5 g. of
      11.beta.,17.alpha.,21-trihydroxy-16-methylene-1,4-pregnadiene-3,20-dione
      in 150 ml. of methanol is combined with 1.07 g. of copper(II) acetate and
      agitated for 2.5 hours at room temperature while conducting air through
      the mixture. The solution is then diluted with methylene chloride, washed
      with ammonium chloride solution and water, dried, and evaporated. The
      residue consists of 2.3 g. of amorphous
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadien-21-al.
PAR  b. A solution of 1.0 g. of the thus-obtained aldehyde in 25 ml. of
      acetonitrile and 8 ml. of butanol is mixed with 1.6 ml. of concentrated
      acetic acid, 2 g. of active manganese(IV) oxide, and 350 mg. of potassium
      cyanide and agitated for 5 minutes at room temperature. The manganese
      dioxide is removed by filtration, and the filtrate is diluted with
      chloroform and washed with water. The organic phase is dried with sodium
      sulfate and evaporated at 50.degree. under vacuum. The residue of 1.05 g.
      is chromatographed on silica gel. With 45-50% ethyl acetate-hexane and
      after recrystallization from ether-diisopropyl ether, 284 mg. of the butyl
      ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadiene-21-oi
     c acid is obtained, m.p. 178.7.degree..
PAC  EXAMPLE 24
PAR  Under the conditions described in Example 23(b), but in the presence of
      propanol in place of butanol, 1.0 g. of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadien-21-al
      yields 286 mg. of the propyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadiene-21-oi
     c acid, m.p. 166.4.degree. (from etherdiisopropyl ether).
PAC  EXAMPLE 25
PAR  A solution of 1.0 g. of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadien-21-al
      in 8 ml. of ethanol and 25 ml. of hexamethylphosphoric triamide is
      combined with 1.6 ml. of concentrated acetic acid, 2 g. of manganese(IV)
      oxide, as well as 350 mg. of potassium cyanide. The mixture is stirred for
      10 minutes at room temperature. The reaction product is isolated,
      chromatographed, and recrystallized from acetone-hexane as described in
      Example 23(b), yielding 400 mg. of the ethyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadiene-21-oi
     c acid, m.p. 156.7.degree..
PAC  EXAMPLE 26
PAR  A solution of 1.7 g. of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadien-21-al
      in 12 ml. of methanol and 35 ml. of dimethyl sulfoxide is combined with
      2.4 ml. of acetic acid, 4.5 g. of manganese(IV) oxide, as well as 530 mg.
      of potassium cyanide; the mixture is agitated for 3 minutes at room
      temperature. The reaction product is isolated, chromatographed, and
      recrystallized from ether-diisopropyl ether, as described in Example
      23(b). Yield: 490 mg. of the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadiene-21-oi
     c acid, m.p. 181.4.degree..
PAC  EXAMPLE 27
PAR  Analogously to Example 19, but with the use of methanol in place of
      ethanol, the methyl ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid is produced, m.p. 182.6.degree.
PAC  EXAMPLE 28
PAR  Analogously to Example 19, the ethyl ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid is prepared, m.p. 140.5.degree..
PAC  EXAMPLE 29
PAR  In analogy to Example 19, but using propanol instead of ethanol, the propyl
      ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid is obtained, m.p. 134.3.degree..
PAC  EXAMPLE 30
PAR  Analogously to Example 19, but with butanol in place of ethanol, the butyl
      ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid is prepared, m.p. 169.6.degree..
PAC  EXAMPLE 31
PAR  In analogy to Example 19, the ethyl ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21
     -oic acid is prepared, m.p. 238.5.degree..
PAC  EXAMPLE 32
PAR  Analogously to Example 19, but using butanol instead of ethanol, the butyl
      ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21
     -oic acid is produced, m.p. 193.4.degree..
PAC  EXAMPLE 33
PAR  The ethyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21 -oic acid, m.p. 184.2.degree., is prepared analogously to
      Example 19.
PAC  EXAMPLE 34
PAR  In analogy to Example 19, but employing isopropyl alcohol in place of
      ethanol, the isopropyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid is prepared, m.p. 174.7.degree..
PAC  EXAMPLE 35
PAR  Analogously to Example 19, but with pentanol instead of ethanol, the pentyl
      ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid is obtained, m.p. 165.5.degree..
PAC  EXAMPLE 36
PAR  In analogy to Example 19, the ethyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-oic acid is
      produced, m.p. 225.9.degree..
PAC  EXAMPLE 37
PAR  a. 2.0 g. of
      11.beta.,21-dihydroxy-17.alpha.-butyryloxy-4-pregnene-3,20-dione is
      dissolved in 150 ml. of methanol and combined with 1.2 g. of copper(II)
      acetate. The solution is stirred for 2 hours while passing air
      therethrough. The reaction mixture is then diluted with methylene
      chloride, washed with ammonium chloride solution and water, dried over
      sodium sulfate, and concentrated under vacuum at 30.degree.. Yield: 2.17
      g. of 11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-4-pregnen-21-al as
      a crude product.
PAR  b. 1.0 g. of
      11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-4-pregnen-21-al is
      dissolved, under a nitrogen atmosphere, in 5 ml. of absolute methanol and
      30 ml. of acetonitrile. This solution is combined with 1.6 ml. of
      concentrated actic acid, 2 g. of manganese(IV) oxide, as well as 350 mg.
      of potassium cyanide; the mixture is allowed to react for 8 minutes at
      room temperature. The manganese dioxide is filtered off, the filtrate is
      diluted with chloroform, washed with water, and dried over sodium sulfate.
      After evaporation of the solvent, 1.25 g. of an oil is obtained which is
      chromatographed on silica gel. With 40-45% ethyl acetate-hexane and after
      recrystallization from ether-petroleum ether, 360 mg. of the methyl ester
      of 11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-4-pregnene-21-oic acid
      is obtained, m.p. 197.7.degree..
PAC  EXAMPLE 38
PAR  1.0 g. of 11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-4-pregnen-21-al
      is reacted in 25 ml. of acetonitrile with 8 ml. of butanol, 1.6 ml. of
      concentrated acetic acid, 3 g. of manganese(IV) oxide, and 350 mg. of
      potassium cyanide. After 10 minutes, the reaction product is isolated and
      chromatographed as described in Example 37(b). After recrystallization
      from ether-petroleum ether, 340 mg. of the butyl ester of
      11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-4-pregnene-21-oic acid is
      obtained, m.p. 111.7.degree..
PAC  EXAMPLE 39
PAR  a. A solution of 6.0 g. of
      21-hydroxy-17.beta.-acetoxy-4-pregnene-3,20-dione in 300 ml. of methanol
      is combined with 2.7 g. of copper(II) acetate and agitated for 1 hour at
      room temperature while introducing air into the mixture. The latter is
      then diluted with methylene chloride, washed with ammonium chloride
      solution and water, dried over sodium sulfate, and concentrated under
      vacuum. The yield is 6.7 g. of
      17.alpha.-acetoxy-3,20-dioxo-4-pregnen-21-al as a crude product.
PAR  b. 2.6 g. of 17.alpha.-acetoxy-3,20-dioxo-4-pregnen-21-al is dissolved in
      21 ml. of butanol and 65 ml. of dimethylformamide. The solution is
      subsequently mixed with 4.2 ml. of concentrated acetic acid, 7.8 g. of
      active manganese(IV) oxide, and 915 mg. of potassium cyanide and strongly
      agitated for 10 minutes at room temperature. The manganese(IV) oxide is
      removed by filtration; the filtrate is diluted with chloroform, washed
      with water, and dried with sodium sulfate. The solvent is evaporated and
      the residue chromatographed. With 13-19% ethyl acetatehexane, 557 mg. of
      an oil is obtained which is crystallized from ether-petroleum ether.
      Yield: 275 mg. of the butyl ester of
      17.alpha.-acetoxy-3,20-dioxo-4-pregnene-21-oic acid, m.p. 139.5.degree..
PAC  EXAMPLE 40
PAR  4.0 g. of 17.alpha.-acetoxy-3,20-dioxo-4-pregnen-21-al is agitated at room
      temperature for 5 minutes in 100 ml. of N-methylpyrrolidone with 32 ml. of
      methanol, 6.4 ml. of concentrated acetic acid, 12 g. of manganese(IV)
      oxide, and 1.4 g. of potassium cyanide. The reaction product is then
      isolated as set forth in Example 39(b). After recrystallization from
      acetone-petroleum ether, 1.98 g. of the methyl ester of
      17.alpha.-acetoxy-3,20-dioxo-4-pregnene-21-oic acid is obtained, m.p.
      190.3.degree..
PAC  EXAMPLE 41
PAR  Analogously to Example 37, but with butanol in place of methanol, 11.beta.,
      21-dihyroxy-17.alpha.-propionyloxy-1,4-pregnadiene-3,20-dione is converted
      into the butyl ester of
      11.beta.-hydroxy-17.alpha.-propionyloxy-3,20-dioxo-1,4-pregnadiene-21-oic
      acid.
PAC  EXAMPLE 42
PAR  In analogy to Example 37, but using ethanol instead of methanol,
      11.beta.,21-dihydroxy-17.alpha.-propionyloxy-1,4-pregnadiene-3,20-dione is
      converted into the ethyl ester of
      11.beta.-hydroxy-17.alpha.-propionyloxy-3,20-dioxo-1,4-pregnadiene-21-oic
      acid.
PAC  EXAMPLE 43
PAR  Under the conditions described in Example 39, but with isopropyl alcohol in
      place of butanol,
      9.alpha.-fluoro-11.beta.,21-dihydroxy-17.alpha.-acetoxy-16.alpha.-methyl-1
     ,4-pregnadiene-3,20-dione is converted into the isopropyl ester of
      9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-acetoxy-3,20-dioxo-16.alpha.-me
     thyl-1,4-pregnadiene-21-oic acid.
PAC  EXAMPLE 44
PAR  Under the conditions recited in Example 39, 9.alpha.-fluoro-11.beta.,
      21-dihydroxy-17.alpha.-propionyloxy-16.beta.-methyl-1,4-pregnadiene-3,20-d
     ione is converted into the butyl ester of
      9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-propionyloxy-3,20-dioxo-16.beta
     .-methyl-1,4-pregnadiene-21-oic acid.
PAC  EXAMPLE 45
PAR  Under the conditions described in Example 37,
      9.alpha.-fluoro-11.beta.,21-dihydroxy-17.alpha.-benzoyloxy-16.beta.-methyl
     -1,4-pregnadiene -3,20-dione is converted into the methyl ester of
      9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-benzoyloxy-3,20-dioxo-16.beta.-
     methyl-1,4-pregnadiene-21-oic acid.
PAC  EXAMPLE 46
PAR  Under the conditions disclosed in Example 37, but with the use of pentanol
      in place of methanol,
      6.alpha.-fluoro-11.beta.,21-dihydroxy-17.alpha.-butyryloxy-1,4-pregnadiene
     -3,20-dione is converted into the pentyl ester of
      6.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-1,4-pregn
     adiene-21-oic acid.
PAC  EXAMPLE 47
PAR  Under the conditions set forth in Example 37,
      11.beta.,21-dihydroxy-17.alpha.-acetoxy-6.alpha.-methyl-1,4-pregnadiene-3,
     20-dione is converted into the methyl ester of
      11.beta.-hydroxy-17.alpha.-acetoxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadi
     ene-21-oic acid.
PAC  EXAMPLE 48
PAR  Under the conditions described in Example 39,
      6.alpha.,9.alpha.-difluoro-11.beta.,21-dihydroxy-17.alpha.-acetoxy-16.alph
     a.-methyl-1,4-pregnadiene-3,20-dione is converted into the butyl ester of
      6.alpha.,9.alpha.-difluoro-11.beta.-hydroxy-17.alpha.-acetoxy-3,20-dioxo-1
     6.alpha.-methyl-1,4-pregnadiene-21-oic acid.
PAC  EXAMPLE 49
PAR  Under the reaction conditions described in Example 37, but using propanol
      instead of methanol,
      9.alpha.,11.beta.-dichloro-21-hydroxy-17.alpha.-propionyloxy-1,4-pregnadie
     ne-3,20-dione is converted into the propyl ester of 9.alpha.,
      11.beta.-dichloro-17.alpha.-propionyloxy-3,20-dioxo-1,4-pregnadiene-21-oic
      acid.
PAC  EXAMPLE 50
PAR  Under the conditions set forth in Example 39, but with ethanol in place of
      butanol, 21-hydroxy-17.alpha.-propionyloxy-1,4-pregnadiene-3,11,20-trione
      is converted into the ethyl ester of
      17.alpha.-propionyloxy-3,11,20-trioxo-1,4-pregnadiene-21-oic acid.
PAC  EXAMPLE 51
PAR  Under the conditions set forth in Example 39,
      21-hydroxy-11.beta.,17.alpha.-diacetoxy-1,4-pregnadiene-3,20-dione is
      converted into the butyl ester of
      11.beta.,17.alpha.-diacetoxy-3,20-dioxo-1,4-pregnadiene-21-oic acid.
PAC  II. PHARMACEUTICAL PREPARATIONS
PAC  EXAMPLE A
PAR  Composition for an Ointment:
PA1  0.01 % Butyl ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid
PA1  2.50 % "Allercur" hexachlorophenate, micronized, particle size about 8 .mu.
      (Allercur = registered trademark for
      1-p-chlorobenzyl-2-pyrrolidylmethylbenzimidazole)
PA1  6.00 % "Hostaphat" KW 340 (tertiary ester of o-phosphoric acid and wax
      alcohol tetraglycol ether)
PA1  0.10 % Sorbic acid
PA1  10.00 % Neutral oil ("Migloyol 812")
PA1  3.50 % Stearyl alcohol
PA1  1.50 % Lanolin, anhydrous DAB [German Pharmacopoeia] 6
PA1  76.39 % Desalted water
PAC  EXAMPLE B
PAR  Composition for an Ointment:
PA1  0.01 g. Butyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid
PA1  5.00 g. White wax, DAB 6
PA1  5.00 g. Lanolin, anhydrous DAB 6
PA1  20.00 g. Vaseline, white DAB 6
PA1  25.00 g. Amphocerin K "Dehydag"
PA1  14.97 g. Paraffin oil, liquid DAB 6
PA1  30.00 g. Desalted water
PA1  0.02 g. "Crematest" perfume oil No. 6580 "Dragee"
PAC  EXAMPLE C
PAR  Composition of Eye Drops (Oily):
PA1  100 mg. of the butyl ester of 11.beta.,
      17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-oic acid is dissolved in
PA1  100 ml. of castor oil.
PAR  After the addition of 200 mg. of chloramphenicol (or another bacteriostatic
      agent), the solution is filtered under sterile conditions and dispensed
      aseptically.
PAC  EXAMPLE D
PAR  Composition for Ear Drops
PA1  100 mg. of the propyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.beta.-methyl-1,
     4-pregnadiene-21-oic acid is dissolved in 1,2-propylene glycol/ethyl
      alcohol
PA1  (9:1). Then, 200 mg. of chloramphenicol is added to the solution which had
      been replenished to 100 ml.
PAC  EXAMPLE E
PAR  Production of an Inhalant:
PA1  1,000 g. of micronized butyl ester of
      11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-4-pregnene-21-oic acid
      (average particle size smaller than 7 .mu.) and
PA1  39,000 g. of ground lactose
PAL  are mixed together. Respectively 40 mg. of the mixture is filled into
      capsules.
PAR  The inhalant can be administered, after opening of the capsule, by
      breathing the mixture, preferably by sniffing. Alternatively, a
      "Spinhaler" is utilized for the application of the inhalant.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically and specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pregnane-21-oic acid derivative of the formula
      ##SPC8##
PAL  wherein X is a hydrogen atom, a fluorine atom, or methyl; Y is a hydrogen
      atom, a fluorine atom, or a chlorine atom; Z is methylene, carbonyl, a
      .beta.-hydroxymethylene, .beta.-acyloxymethylene whereby acyl is the acyl
      radical of a hydrocarbon carboxylic acid of 1-8 carbon atoms, or when Y is
      a chlorine atom, .beta.-fluoromethylene or .beta.-chloromethylene; V is
      &gt;CH.sub.2, &gt;CHCH.sub.3 or &gt; C=CH.sub.2 ; R.sub.1 is a hydrogen atom or the
      acyl radical of a hydrocarbon carboxylic acid of 1-8 carbon atoms, and
      R.sub.2 is a hydrogen atom or alkyl of 1-8 carbon atoms, and the bond
      represents a single or double bond, and, when R.sub.2 is H, the
      physiologically acceptable metal and ammonium salts thereof.
NUM  2.
PAR  2. A compound of claim 1, wherein R.sub.2 is alkyl of 1-8 carbon atoms.
NUM  3.
PAR  3. A compound of claim 2, wherein R.sub.1 is H.
NUM  4.
PAR  4. A compound of claim 3, wherein Z is .beta.-hydroxymethylene or carbonyl.
NUM  5.
PAR  5. The compound of claim 1, the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-oic acid.
NUM  6.
PAR  6. The compound of claim 1, the methyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid.
NUM  7.
PAR  7. The compound of claim 1, the butyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid.
NUM  8.
PAR  8. The compound of claim 1, the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic acid.
NUM  9.
PAR  9. The compound of claim 1, the butyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-oic acid.
NUM  10.
PAR  10. The compound of claim 1, the butyl ester of
      11.beta.,17.alpha.-dihydroxy-30,20-dioxo-4-pregnene-21-oic acid.
NUM  11.
PAR  11. The compound of claim 1, the
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic acid.
NUM  12.
PAR  12. The compound of claim 1, the methyl ester of
      17.alpha.-hydroxy-3,11,20-trioxo-4-pregnene-21-oic acid.
NUM  13.
PAR  13. The compound of claim 1, the methyl ester of
      6.alpha.,9.alpha.-difluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alph
     a.-methyl-1,4-pregnadiene -21-oic acid.
NUM  14.
PAR  14. The compound of claim 1, the methyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.beta.-methyl-1,
     4-pregnadiene-21-oic acid.
NUM  15.
PAR  15. The compound of claim 1, the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadiene-21
     -oic acid.
NUM  16.
PAR  16. The compound of claim 1, the methyl ester of
      9.alpha.-chloro-11.beta.,17.alpha.-dihydroxy-3,20
      -dioxo-1,4-pregnadiene-21-oic acid.
NUM  17.
PAR  17. The compound of claim 1, the methyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadiene-21-oi
     c acid.
NUM  18.
PAR  18. The compound of claim 1, the methyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic
      acid.
NUM  19.
PAR  19. The compound of claim 1, the butyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-4-pregnene-21-oic
      acid.
NUM  20.
PAR  20. The compound of claim 1, the ethyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadiene-21
     -oic acid.
NUM  21.
PAR  21. The compound of claim 1, the propyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadiene-21
     -oic acid.
NUM  22.
PAR  22. The compound of claim 1, the butyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadiene-21
     -oic acid.
NUM  23.
PAR  23. The compound of claim 1, the butyl ester of
      11.beta.-17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadiene-21-oi
     c acid.
NUM  24.
PAR  24. The compound of claim 1, the propyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadiene-21-oi
     c acid.
NUM  25.
PAR  25. The compound of claim 1, the ethyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16-methylene-1,4-pregnadiene-21-oi
     c acid.
NUM  26.
PAR  26. The compound of claim 1, the methyl ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid.
NUM  27.
PAR  27. The compound of claim 1, the ethyl ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid.
NUM  28.
PAR  28. The compound of claim 1, the propyl ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid.
NUM  29.
PAR  29. The compound of claim 1, the butyl ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid.
NUM  30.
PAR  30. The compound of claim 1, the ethyl ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21
     -oic acid.
NUM  31.
PAR  31. The compound of claim 1, the butyl ester of
      6.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21
     -oic acid.
NUM  32.
PAR  32. The compound of claim 1, the ethyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid.
NUM  33.
PAR  33. The compound of claim 1, the isopropyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid.
NUM  34.
PAR  34. The compound of claim 1, the pentyl ester of
      9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-3,20-dioxo-16.alpha.-methyl-1
     ,4-pregnadiene-21-oic acid.
NUM  35.
PAR  35. The compound of claim 1, the ethyl ester of
      11.beta.,17.alpha.-dihydroxy-3,20-dioxo-1,4-pregnadiene-21-oic acid.
NUM  36.
PAR  36. The compound of claim 1, the butyl ester of
      11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-4-pregnene-21-oic acid.
NUM  37.
PAR  37. The compound of claim 1, the methyl ester of
      11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-4-pregnene-21-oic acid.
NUM  38.
PAR  38. The compound of claim 1, the butyl ester of
      17.alpha.-acetoxy-3,20-dioxo-4-pregnene-21-oic acid.
NUM  39.
PAR  39. The compound of claim 1, the methyl ester of
      17.alpha.-acetoxy-3,20-dioxo-4-pregnene-21-oic acid.
NUM  40.
PAR  40. The compound of claim 1, the butyl ester of
      11.beta.-hydroxy-17.alpha.-propionyloxy-3,20-dioxo-1,4-pregnadiene-21-oic
      acid.
NUM  41.
PAR  41. The compound of claim 1, the ethyl ester of
      11.beta.-hydroxy-17.alpha.-propionyloxy-3,20-dioxo-1,4-pregnadiene-21-oic
      acid.
NUM  42.
PAR  42. The compound of claim 1, the isopropyl ester of
      9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-acetoxy-3,20-dioxo-16.alpha.-me
     thyl-1,4-pregnadiene-21-oic acid.
NUM  43.
PAR  43. The compound of claim 1, the butyl ester of
      9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-propionyloxy-3,20-dioxo-16.beta
     .-methyl-1,4-pregnadiene-21-oic acid.
NUM  44.
PAR  44. The compound of claim 1, the methyl ester of
      9.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-benzoyloxy-3,20-dioxo-16.beta.-
     methyl-1,4-pregnadiene-21-oic acid.
NUM  45.
PAR  45. The compound of claim 1, the pentyl ester of
      6.alpha.-fluoro-11.beta.-hydroxy-17.alpha.-butyryloxy-3,20-dioxo-1,4-pregn
     adiene-21-oic acid.
NUM  46.
PAR  46. The compound of claim 1, the methyl ester of
      11.beta.-hydroxy-17.alpha.-acetoxy-3,20-dioxo-6.alpha.-methyl-1,4-pregnadi
     ene-21-oic acid.
NUM  47.
PAR  47. The compound of claim 1, the butyl ester of 6.alpha.,
      9.alpha.-difluoro-11.beta.-hydroxy-17.alpha.-acetoxy-3,20-dioxo-16.alpha.-
     methyl-1,4-pregnadiene-21-oic acid.
NUM  48.
PAR  48. The compound of claim 1, the propyl ester of
      9.alpha.,11.beta.-dichloro-17.alpha.-propionyloxy-3,20-dioxo-1,4-pregnadie
     ne-21-oic acid.
NUM  49.
PAR  49. The compound of claim 1, the ethyl ester of
      17.alpha.-propionyloxy-3,11,20-trioxo-1,4-pregnadiene-21-oic acid.
NUM  50.
PAR  50. The compound of claim 1, the butyl ester of
      11.beta.,17.alpha.-diacetoxy-3,20-dioxo-1,4-pregnadiene-21-oic acid.
NUM  51.
PAR  51. A pharmaceutical composition adapted for topical administration
      comprising an anti-inflammatorily effective concentration therein of a
      compound of claim 1, in admixture with a pharmaceutically acceptable
      carrier adapted for topical administration.
NUM  52.
PAR  52. A method for the treatment of an inflammatory condition of the skin
      which comprises applying topically to the inflammed area an
      anti-inflammatorily effective amount of a composition of claim 51.
NUM  53.
PAR  53. A process for the production of a pregnane-21-oic acid or derivative
      thereof of claim 1, which comprises oxidizing a compound of the formula
      ##SPC9##
PAL  wherein    X, Y, Z. V, and R.sub.1 have the values given therein or a
      hydrate or hemiacetal thereof, with atmospheric oxygen or with
      manganese(IV) oxide, in an alcohol containing cyanide ions and buffered to
      pH 4-7.
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PAL  Organic compounds exhibit superconducting-like behavior, as to magnetic and
     lectrical properties, at elevated temperatures above 21.degree.K, where
      21.degree.K is the transition temperature of most known metallic
      superconducting materials. The structure of the organic materials
      according to this invention is a plurality of superconducting clusters,
      forming islands within a matrix of insulating material. The ratio of the
      clusters to the matrix material is a minimum at 1:10.sup.4. The organic
      compound comprises two distinct atomic groups termed an R group and COOM
      group combining as R--COOM with the COOM group clustering to form
      superconducting islands, within the R material matrix.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Present superconductors have a transition temperature in the neighborhood
      of 21.degree.K. While the advantages of the use of superconductors in some
      applications are well known, there are many disadvantages in their use.
      The disadvantages include the requirement of maintaining this material at
      extremely low temperatures, which requires elaborate refrigeration
      machinery and which contributes towards inefficiency of the application of
      superconductors to some apparatus. For example, the refrigeration power
      needed to compensate for the evaporation of liquid helium is between 500
      to 1,000 watts for every watt of heat dissipation of the liquid helium.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to materials and methods of making materials which
      have superconducting transition temperatures above 21.degree.K. The
      advantages of the use of such materials is that less refrigeration power
      is needed to maintain the higher superconducting temperature of these
      materials, and therefore the efficiency of use of these materials is
      thereby increased.
PAR  The structure of these materials is substantially that of an insulator with
      superconducting-like clusters that form islands throughout the bulk of the
      material, in an approximate ratio of 1:10.sup.4. These materials can be
      considered fractional superconducters because the islands are merely
      superconducting clusters dispersed randomly in the bulk insulating matrix.
PAR  As such, these materials have application in electronics such as in very
      high Q circuits, in extremely wide band wave guides, in electrical
      machinery, in magnets hydrodynamic systems, and in fusion systems. They
      also can be used to make superconducting components, such as ultra-wide
      band data transmission systems, superconducting switches, superconducting
      energy storage devices, and for other uses in the areas of radio, radar
      microwave elements, and navigational systems.
PAC  DISCLOSURE OF THE INVENTION
PAR  A schematic construction of the organic superconducting compound R-COOM
      according to this invention is shown as
      ##SPC1##
PAR  The selection of the R group of atoms controls the transition temperature
      of the compound, whereas the COOM group of atoms control the intensity of
      superconductivity or superconducting quality. Superconductivity is
      achieved when the molecules are so oriented that the COOM group atoms are
      arranged in a cluster achieving a minimum critical mass, and the R group
      atoms surrounding their respective COOM atoms forming the bulk matrix, as
      shown in FIG. 1a or FIG. 1b.
PAR  Within the meaning of this invention the superconducting materials have the
      general formula (RCOO.sup.-) .sub.x M.sup.x wherein R is selected from the
      group consisting of a metal, an aliphatic organic radical, cyclic organic
      radical, and aromatic organic radical and a heterocyclic organic radical.
      M is a cation which may either be singly charged e.g. H.sup.+, Na.sup.+
      etc) or multiply charged and x is the valence of M. In this regard it
      should be noted that x is preferably 1, M is preferably H or a metal
      cation, and most preferably an alkali metal cation (particularly Na) and R
      is preferably a derivative of cholic acid (a cyclic organic radical) or a
      metal such as Li or Cu.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The superconducting materials of the present invention are of the formula
      (RCOO.sup.-) .sub.x M.sup.x wherein R is selected from the group
      consisting of a metal, a cyclic organic radical, an aliphatic organic
      radical, an aromatic organic radical and a heterocyclic organic radical; M
      is a cation which may be singly or multiply charged and x is the valence
      of M.
PAR  Particularly good materials of the above formula are materials wherein R is
      a cyclic organic radical and particularly wherein R is a cholic acid
      derivative.
PAR  The (COO) .sub.x M.sup.x portion of the superconductors of this invention
      are derived from the carboxyl group. Although it is preferred that M be
      singly charged it can also be multiply charged. Among the preferred
      materials of M are hydrogen and metal cations, with H and alkali metal
      cations being preferred, H and Na being the most preferred materials. When
      M is multiply charged, it is preferably calcium or magnesium.
PAR  The method of producing these cholanate superconducting compounds simply
      requires the reaction of a material having at least a double covalent bond
      such as carboxylic acid or carboxylic salt with an organic acid. In the
      case of the specific compounds in FIGS. 2 to 5, sodium hydroxide is
      reacted with an acid, having the appropriate cholanate group to form one
      of the respective compounds shown.
PAR  Another preferred series of compounds of the formula (RCOO.sup.-) .sub.x
      M.sup.x are those wherein R is a metal and particularly where R is either
      Li or Cu. Thus the compound copper sodium formate having the structure
      ##EQU1##
      and lithium sodium formate having the structure
      ##EQU2##
      are particularly preferred. These compounds may be formed by the following
      reaction sequences.
PAC  Copper Sodium Formate
EQU  HCOO.sup.- Na.sup.+ + Cl.sub.2 heat  ClCOO.sup.- Na.sup.+ + HCl (1)
EQU  CuH + ClCOO.sup.- Na.sup.+ .sub.heat CuCOO.sup.- Na.sup.+ + HCl (2)
PAC  Lithium Sodium Formate
EQU  HCOO.sup.- Na.sup.+ + Cl.sub.2 heat ClCOO.sup.- Na.sup.+ + HCl (1)
EQU  LiH + ClCOO.sup.- Na.sup.+ .sub.heat LiCOO.sup.- Na.sup.+ + HCl (2)
PAL  These compounds are prepared as follows:
PAC  EXAMPLE I
PAR  COPPER SODIUM FORMATE: 1.2 moles of sodium formate is first chlorinated by
      passing chlorine gas through a sodium formate suspension using antimony
      chloride as a catalyst. 0.1% of the sodium formate, under the application
      of heat, in the reaction zone forms chlorosodium formate which is
      precipitated out and filtered. This chlorosodium formate is then reacted
      on a mole-to-mole basis with copper hydride in a glass distillation set-up
      with the application of heat using a heating mantel. The resulting
      hydrogen chloride is vented through a glass column in the reaction vessel.
      The residual copper sodium formate and copper hydride is alcohol and water
      washed, thus separating the copper sodium formate. The solvent is
      evaporated slowly under vacuum to achieve proper orientation of the
      molecules.
PAC  EXAMPLE II
PAR  LITHIUM SODIUM FORMATE: 1.2 moles of sodium formate is first chlorinated by
      passing chlorine gas through a sodium formate suspension using antimony
      chloride as a catalyst. 0.1% of the sodium formate, under the application
      of heat in the reaction zone forms chlorosodium formate which is
      precipitated out and filtered. This chlorosodium formate is then reacted
      on a mole-to-mole basis with lithium hydride in a glass distillation
      set-up with the application of heat using a heating mantel. The resulting
      hydrogen chloride is vented through a glass column in the reaction vessel.
      The residual lithium sodium formate and copper hydride is alcohol and
      water washed, thus removing the lithium sodium formate. The solvent is
      then evaporated slowly under vacuum to achieve proper orientation of the
      molecules.
PAR  It should be noted that better results have been achieved when R is a metal
      rather than when R is some type of organic radical.
PAR  The method of forming the COOM clusters and the surrounding matrix of the R
      part of each respective molecule such as the cholanates shown in FIGS. 2-5
      and the metallic compounds shown above and described by the chemical
      formula, is well know in the art. However, these compounds will not be
      superconducting when originally formed. To make them superconducting, it
      is necessary to arrange or orient the COOM parts of each compound in a
      cluster, and to make the R part of each respective part, surround the
      cluster to thus form the matrix as shown in FIGS. 1a and 1b. This is
      accomplished by first forming the compound, in solution or in a liquid
      state. In solution, the COOM parts will form clusters, but they will be an
      unstable structure not capable of superconductivity. It is thus necessary
      to convert the solution to a solid state while retaining the orientation
      or arrangement of the COOM clusters as shown in FIG. 1b. This is
      accomplished by desiccating the compound formed in solution or evaporating
      the solvent in a vacuum.
PAR  The orientation of COOM clusters is possible in water when the atomic
      structure of the COOM part is hydrophilic while the atomic structure of
      the R part is hydrophobic. Separating and clustering of the R and COOM
      parts is due to the affinity of the COOM part for water, and the self
      exclusion of the R part from water. In water solution, this
      hydrophobic-hydrophilic combination causes the orientation of clusters as
      described above. It is then necessary to remove the water by dessication
      or evaporation to solidify the R--COOM molecule in the proper orientation
      to give the compound its superconductive property. Thus the additional
      limitation imposed upon these superconducting R--COOM molecules is that
      one part, either the R or COOM part be hydrophobic and the other
      respective part be hydrophilic. Under this condition, the water solution
      will force the COOM parts of each molecule to cluster and form the
      superconducting islands and the R parts to disperse and form the
      surrounding matrix.
PAR  Of course when other solvents are utilized, a similar condition must exist
      in order to form the necessary grouping of the molecules.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing a superconductive material of the formula
      (RCOO.sup.-).sub. x M.sup.x, wherein R is selected from the group
      consisting of a metal, a cyclic organic radical, an aliphatic organic
      radical, an aromatic organic radical, and a heterocyclic organic radical;
      M is a cation; and x is the valence of M, comprising the steps of:
PA1  preparing a water solution of the material at room temperature;
PA1  establishing a vacuum over said solution; and
PA1  evaporating slowly the solvent to cause the constituent molecules to orient
      with the COOM group in clusters surrounded by a matrix of the R group.
NUM  2.
PAR  2. A superconducting material produced by the steps of:
PA1  passing chlorine gas through a sodium formate suspension;
PA1  using antimony chloride as a catalyst;
PA1  applying heat in the reaction zone to form chlorosodium formate;
PA1  precipitating said chlorosodium formate;
PA1  filtering said chlorosodium formate from the other constituents;
PA1  reacting said precipitated and filtered chlorosodium formate on a
      mole-to-mole with copper hydride with the application of heat;
PA1  distilling the resulting copper sodium formate having the general formula
      R--COOM, wherein R is the copper and COOM is the sodium formate, and the
      remaining copper hydride to remove hydrogen chloride;
PA1  washing with water and alcohol the residual copper sodium formate and
      copper hydride to dissolve and separate out the copper sodium formate; and
PA1  evaporating slowly the solvent containing said copper sodium formate to
      achieve orientation of the molecules to achieve clustering of the
      superconducting COOM portion of the molecule with a surrounding matrix of
      the R portion.
NUM  3.
PAR  3. The superconducting material produced by claim 2 wherein:
PA1  lithium hydride replaces said copper hydride in the reacting step to
      produce lithium sodium formate.
NUM  4.
PAR  4. The method of making a superconducting material produced by claim 2
      wherein:
PA1  said superconducting COOM portion is hyrophillic: and said R portion is
      hydrophobic.
NUM  5.
PAR  5. The superconducting material produced by claim 3 wherein:
PA1  said superconducting COOM portion is hydrophillic: and said R portion is
      hydrophobic.
NUM  6.
PAR  6. The method of preparing the superconductive material of claim 1 wherein
      x is equal to 1.
NUM  7.
PAR  7. The method of preparing the superconductive material of claim 6 wherein
      M is selected from the group consisting of hydrogen (H) and an alkali
      metal.
NUM  8.
PAR  8. The method of preparing the superconductive material of claim 7 wherein
      M is selected from the group consisting of hydrogen (H) and sodium (Na).
NUM  9.
PAR  9. The method of preparing the superconductive of claim 1 wherein R is a
      metal.
NUM  10.
PAR  10. The method of preparing the superconductive material of claim 9 wherein
      x is 1.
NUM  11.
PAR  11. The method of preparing the superconductive material of claim 9 wherein
      M is selected from the group consisting of hydrogen (H) and an alkali
      metal.
NUM  12.
PAR  12. The method of preparing the superconductive material of claim 11
      wherein M is selected from the group consisting of hydrogen (H) and Sodium
      (Na).
NUM  13.
PAR  13. The method of preparing the superconductive material of claim 1 wherein
      R is a cyclic organic radical.
NUM  14.
PAR  14. The method of preparing the superconductive material of claim 13
      wherein said cyclic organic radical is a cholic acid derivitive.
NUM  15.
PAR  15. The method of preparing the superconductive material of claim 14
      wherein said cholic acid derivitive is selected from the group consisting
      of a cholate salt, a desoxycholate salt, a lithocholate salt, and a
      cholanate salt.
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein
PA1  R.sub.1 and R.sub.2 are each hydrogen or methyl, and
PA1  R.sub.3 is chlorine, bromine or nitro, and non-toxic, pharmacologically
      acceptable acid addition salts thereof; the compounds as well as their
      salts are useful as tranquilizers.
PARN
PAR  This is a continuation-in-part of copending application Ser. No. 194,001
      filed Oct. 29, 1971, now U.S. Pat. No. 3,862,136.
BSUM
PAR  This invention relates to novel
      2-amino-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-ones and non-toxic,
      pharmacologically acceptable acid addition salts thereof, as well as to a
      method of preparing these compounds.
PAR  More particularly, the present invention relates to a novel class of
      compounds represented by the formula
      ##SPC2##
PAL  Wherein
PA1  R.sub.1 and R.sub.2 are each hydrogen or methyl, and
PA1  R.sub.3 is chlorine, bromine or nitro, and non-toxic, pharmacologically
      acceptable acid addition salts thereof.
PAR  The compounds embraced by formula I above may be prepared by reacting a
      compound of the formula
      ##SPC3##
PAL  Wherein
PA1  R.sub.3 has the same meanings as in formula I, and
PA1  X is halogen, --OR.sub.4 or --SR.sub.4, where R.sub.4 is alkyl of 1 to 4
      carbon atoms,
PAL  With an amine of the formula
      ##EQU1##
      wherein R.sub.1 and R.sub.2 have the same meanings as in formula I.
PAR  More particularly, the reaction is carried out by first dissolving the
      starting compound of the formula II in an inert organic solvent, such as
      diethyleneglycol diethyl ether, dioxane or tetrahydrofuran, and either
      introducing into the solution the gaseous amine or adding to the solution
      the liquid amine or a solution of the amine of the formula III. Depending
      upon the particular starting compound, the addition of the amine is
      carried out while cooling the solution, at room temperature or at a
      moderately elevated temperature.
PAR  A compound of the formula I may also be prepared by reacting the starting
      compound of the formula II in the above-described manner with ammonia and
      subsequently methylating or dimethylating the resulting primary amino
      group in the 2-position by conventional methods with a methylating agent,
      such as a methyl halide, methyl sulfate or dimethyl sulfate, or by means
      of the Leuckart-Wallach Reaction [see Berichte 18, 2341 (1885), and
      Annalen 272, 100 (1892)].
PAR  The starting compounds of the formula II are also new; those wherein X is
      halogen may be prepared by reacting a compound of the formula
      ##SPC4##
PAL  Wherein R.sub.3 has the same meanings as in formula I, with an inorganic
      acid halide, preferably a phosphorus pentahalide, in the presence of an
      anhydrous inert organic solvent, such as dioxane, at a temperature between
      about -50.degree. and +50.degree.C. Those compounds of the formula II
      wherein X is --SR.sub.4 or --OR.sub.4, as defined above, may be obtained
      by selective conversion of the keto-group in the 2-position of the
      correspondng compound of the formula IV into the thiol group followed by
      alkylation, or by reacting a compound of the formula IV with the
      corresponding trialkyloxonium fluoroborate, as described in our U.S. Pat.
      No. 3,711,467 issued Jan. 16, 1973.
PAR  However, a compound of the formula II wherein X is --OR.sub.4 or
      --SR.sub.4, as defined above, may also be prepared by reacting a
      corresponding compound of the formula II wherein X is halogen with a
      correspondng alkanol or alkylmercaptan, respectively.
PAR  If the starting compound in the above process for the preparation of a
      compound of the formula I is a corresponding compound of the formula II
      wherein X is halogen, it is not necessary to isolate it from the reaction
      solution reslting from the reaction between the compound of the formula IV
      and the phosphorus pentahalide; the reaction with the amine of the formula
      III may be carried out in this reaction solution containing the imide
      halide.
PAR  The compounds of the formula I are organic bases and therefore form acid
      addition salts with inorganic or organic acids. Examples of non-toxic,
      pharmacologically acceptable acid addition salts are those formed with a
      hydrohalic acid, sulfuric acid, methanesulfonic acid, toluenesulfonic
      acid, 8-chlorotheophylline or the like.
PAR  Specific examples of end products of the formula I or non-toxic acid
      addition salts thereof which are obtained by the above-described
      procedures are the following:
PA1  2-amino-7-bromo-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one,
PA1  2-amino-7-chloro-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one,
PA1  2-amino-7-nitro-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one,
PA1  7-chloro-2-methylamino-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one,
PA1  2-methylamino-7-nitro-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one,
PA1  7-chloro-2-dimethylamino-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one,
      and
PA1  2-dimethylamino-7-nitro-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one.
PAR  The following examples illustrate the present invention and will enable
      others skilled in the art to understand it more completely. It should be
      understood, however, that the invention is not limited solely to the
      particular examples given below.
DETD
PAC  EXAMPLE 1
PAC  2-Amino-7-chloro-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one and its
      hydrochloride
PAR  A solution of 15 gm of
      7-chloro-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepine-2,4-dione in 500 ml of
      dry diethyleneglycol dimethylether was admixed at 15.degree.C. with 40 gm
      of phosphorus pentachloride and 0.4 ml of dimethylformamide, and the
      mixture was allowed to stand for 30 minutes. Thereafter, the reaction
      solution was poured into a solution of dry ammonia in methanol, the mixed
      solution was diluted with water and extracted three times with methylene
      chloride, and the combined extracts were evaporated in vacuo. The residue
      was dissolved in 60 ml of absolute acetone, the solution was acidified
      with an excess of ethereal hydrochloric acid, ether was added to the acid
      solution, and the precipitate formed thereby, the hydrocloride of
      2-amino-7-chloro-5-phenyl-  4H-3,5-dihydro-1,5-benzodiazepin-4-one, was
      collected by vacuum filtration. The filter cake was washed with ether and
      suspended in water, the aqueous suspension was made alkaline with ammonia
      and then extracted with ethyl acetate, and the product was crystallized
      out by addition of ether, yielding 5.8 gm (39% of theory) of the compound
      of the formula
      ##SPC5##
PAL  having a melting point of 242.degree.-243.degree.C.
PAC  EXAMPLE 2
PAC  2-Amino-7-bromo-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one, its
      hydrochloride and its methanesulfonate
PAR  13 gm of
      7-bromo-5-phenyl-1H-2,3,4,5-tetrahydro-1,5-benzodiazepine-2,4-dione were
      dissolved in one liter of hot dioxane, the solution was allowed to cool to
      15.degree.C., and then, while stirring the solution, 50 gm of phosphorus
      pentabromide were added thereto. The mixture was allowed to react for 30
      minutes, and then, while cooling and stirring, a vigorous stream of dry
      ammonia was passed therethrough until the resulting suspension reacted
      alkaline, taking care that the temperature did not rise about 20.degree.C.
      Subsequently, the suspension was evaporated in vacuo, the residue was
      admixed with aqueous ammonia, the resulting mixture was extracted several
      times with methylene chloride, and the combined extracts were washed with
      water until neutral, dried with magnesium sulfate and evaporated in vacuo.
      The residue was taken up in acetone, the resulting solution was acidified
      with ethereal hydrochloric acid, and the precipitate formed thereby, i.e.
      the hydrochloride of
      2-amino-7-bromo-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one, was
      collected by vacuum filtration. The filter cake was washed with ether and
      suspended in aqueous ammonia, the suspension was extracted with methylene
      chloride, the extract solution was dried with magnesium sulfate and
      evaporated, and the residue was recrystallized from isopropyl ether,
      yielding 8.2 gm (63% of theory) of the compound of the formula
      ##SPC6##
PAL  having a melting point of 248.degree.-249.degree.C.
PAR  Its methanesulfonate had a melting point of 276.degree.-277.5.degree.C.
PAC  EXAMPLE 3
PAC  2-Dimethylamino-5-phenyl-7-nitro-4H-3,5-dihydro-1,5-benzodiazepin-4-one
PAR  2 gm of 2-amino-5-phenyl-7-nitro-4H-3,5-dihydro-1,5-benzodiazepin-4-one, 5
      ml of methyl iodide and 1 gm of sodium methylate were dissolved in 30 ml
      of dimethylacetamide, and the ensuing exothermic reaction was interrupted
      after 30 minutes. Thereafter, the reaction solution was evaporated, the
      residue was taken up in ethyl acetate, and the resulting solution was
      extracted with water. The organic phase was dried with magnesium sulfate
      and then evaporated, and the residue was recrystallized from ether,
      yielding 87% of theory of the compound of the formula
      ##SPC7##
PAL  having a melting point of 219.degree.-220.degree.C.
PAC  EXAMPLE 4
PAR  Using a procedure analogous to that described in Example 1,
      2-amino-5-phenyl-7-nitro-4H-3,5-dihydro-1,5-benzodiazepin-4-one, m. p.
      219.degree.-220.degree.C., of the formula
      ##SPC8##
PAL  was prepared from
      5-phenyl-7-nitro-1H-2,3,4,5-tetrahydro-1,5-benzodiazepine-2,4-dione.
PAC  EXAMPLE 5
PAR  Using a procedure analogous to that described in Example 1,
      2-methylamino-5-phenyl-7-chloro-4H-3,5-dihydro-1,5-benzodiazepin-4-one, m.
      p. 218.degree.-219.degree.C., of the formula
      ##SPC9##
PAL  was prepared from
      2-ethoxy-5-phenyl-7-chloro-4H-3,5-dihydro-1,5-benzodiazepin-4-one and
      methylamine.
PAC  EXAMPLE 6
PAR  Using a procedure analogous to that described in Example 1,
      2-dimethylamino-5-phenyl-7-chloro-4H-3,5-dihydro-1,5-benzodiazepin-4-one,
      m. p. 142.degree.-145.degree.C., of the formula
      ##SPC10##
PAL  was prepared from
      2-amino-5-phenyl-7-chloro-4H-3,5-dihydro-1,5-benzodiazepin-4-one and
      dimethylacetamide.
PAC  EXAMPLE 7
PAR  Using a procedure analogous to that described in Example 1,
      2-methylamino-5-phenyl-7-nitro-4H-3,5-dihydro-1,5-benzodiazepin-4-one, m.
      p. 217.degree.-219.degree.C., of the formula
      ##SPC11##
PAL  was prepared from
      2-ethoxy-5-phenyl-7-nitro-4H-3,5-dihydro-1,5-benzodiazepin-4-one and
      methylamine.
PAC  EXAMPLE 8
PAR  Using a procedure analogous to that described in Example 1,
      2-amino-5-phenyl-7-nitro-4H-3,5-dihydro-1,5-benzodiazepin-4-one of the
      formula
      ##SPC12##
PAL  was prepared from
      5-phenyl-7-nitro-1H-2,3,4,5-tetrahydro-1,5-benzodiazepin-2,4-dione and
      ammonia. Its methanesulfonate had a melting point of
      238.degree.-239.5.degree.C.
PAR  The compounds according to the present invention, that is, those embraced
      by formula I and their non-toxic, pharmacologically acceptable acid
      addition salts, have useful pharmacodynamic properties. More particularly,
      the compounds of the instant invention exhibit tranquilizing activities in
      warm-blooded animals, such as mice, rats and minks.
PAR  In addition, the compounds of the present invention are useful as
      intermediates for the preparation of other tranquilizers of the
      benzodiazepine class.
PAR  For pharmaceutical purposes the compounds according to the present
      invention are administered to warm-blooded animals perorally or
      parenterally as active ingredients in customary pharmaceutical dosage unit
      compositions, that is, compositions in dosage unit form consisting
      essentially of an inert pharmaceutical carrier and one effective dosage
      unit of the active ingredient, such as tablets, coated pills, capsules,
      wafers, powders, solutions, suspensions, emulsions, syrups, suppositories
      and the like. One effective tranquilizing dosage unit of the compounds
      according to the present invention is from 0.0083 to 0.84 mgm/kg body
      weight, preferably from 0.0166 to 0.42 mgm/kg, and the preferred daily
      dose is from 0.083 to 2.5 mgm/kg body weight.
PAR  The following examples illustrate a few pharmaceutical dosage unit
      compositions comprising a compound of the present invention as an active
      ingredient and represent the best modes contemplated of putting the
      invention into practical use. The parts are parts by weight unless
      otherwise specified.
PAC  EXAMPLE 9
PAC  Coated Pills
PAR  The pill core composition is compounded from the following ingredients:
TBL  2-Amino-5-phenyl-7-bromo-4H-3,5-                                          
      dihydro-1,5-benzodiazepin-4-                                             
      one . HCl             5.0     parts                                      
     Lactose                28.5    parts                                      
     Corn starch            15.0    parts                                      
     Gelatin                1.0     parts                                      
     Magnesium stearate     0.5     parts                                      
     Total                  50.0    parts                                      
PAC  Preparation
PAR  The benzodiazepinone compound is intimately admixed with the lactose and
      the corn starch, the mixture is moistened with an aqueous 10% solution of
      the gelatin, the moist mass is forced through a 1 mm-mesh screen, the
      resulting granulate is dried at 40.degree.C. and again passed through the
      screen, the dry granulate is admixed with the magnesium stearate, and the
      composition is compressed into 50 mgm-pill cores which are subsequently
      coated in conventional manner with a thin shell consisting essentially of
      a mixture of sugar, titanium oxide, talcum and gum arabic, and finally
      polished with beeswax. Each coated pill contains 5 mgm of the
      benzodiazepinone compound and is an oral dosage unit composition with
      effective tranquilizing action.
PAR  The same result is obtained when an equal amount of one of the following
      4H-3,5-dihydro-1,5-benzodiazepin-4-ones is substituted for the
      benzodiazepinone compound in the above pill core composition:
PA1  2-Amino-7-chloro-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one; or
PA1  2-Amino-7-nitro-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one.
PAC  EXAMPLE 10
PAC  Suppositories
PAR  The suppository composition is compounded from the following ingredients:
TBL  2-Amino-5-phenyl-7-bromo-4H-3,5-                                          
      dihydro-1,5-benzodiazepin-4-one                                          
                            5.0      parts                                     
     Suppository base (e.g. cocoa butter)                                      
                            1695.0   parts                                     
     Total                  1700.0   parts                                     
PAC  Preparation
PAR  The finely pulverized benzodiazepinone compound is blended with the aid of
      an immersion homogenizer into the suppository base which had previously
      been melted and cooled to 40.degree.C. 1700 mgm-portions of the resulting
      composition are poured at 35.degree.C. into cooled suppository molds and
      allowed to harden. Each suppository contains 5 mgm of the
      benzodiazepin-one compound and is a rectal dosage unit composition with
      effective tranquilizing action.
PAR  The same result is obtained when an equal amount of
      2-amino-7-nitro-5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one is
      substituted for the benzodiazepinone compound in the above suppository
      composition.
PAR  Analogous results are obtained when any one of the other compounds embraced
      by formula I or a non-toxic acid addition salt thereof is substituted for
      the particular benzodiazepinone in Examples 9 and 10. Likewise, the amount
      of active ingredient in these illustrative examples may be varied to
      achieve the dosage unit range set forth above, and the amounts and nature
      of the inert pharmaceutical carrier ingredients may be varied to meet
      particular requirements.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention or the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC13##
PAL  wherein
PA1  R.sub.1 and R.sub.2 are each hydrogen or methyl, and
PA1  R.sub.3 is chlorine, bromine or nitro, or a non-toxic, pharmacologically
      acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1, which is 2-amino-7-bromo
      -5-phenyl-4H-3,5-dihydro-1,5-benzodiazepin-4-one or a non-toxic,
      pharmacologically acceptable acid addition salt thereof.
NUM  3.
PAR  3. A compound of claim 1, which is 2-amino-7-nitro
      -5-phenyl-4H-1,5-dihydro-1,5-benzodiazepin-4-one or a non-toxic,
      pharmacologically acceptable acid addition salt thereof.
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PAL  Compounds of the formula:
      ##SPC1##
PAL  In which
PA1  R.sup.2 is --H or alkyl of 1 to 6 carbon atoms;
PA1  R.sup.3 is --H, alkyl of 1 to 6 carbon atoms or phenyl;
PA1  R.sup.4 is --H, alkanoyloxy of 2 to 6 carbon atoms, or
      ##SPC2##
PA1   when R.sup.5 is --H;
PA1  R.sup.5 is --H or an alkali metal;
PA1  n is one of the integers 0 and 1;
PAL  Or an alkali metal salt thereof,
PAL  Are gram positive and gram negative antibacterial agents.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention there is provided a group of
      antibacterial agents of the formula
      ##SPC3##
PAL  In which
PA1  R.sup.2 is --H or alkyl of 1 to 6 carbon atoms;
PA1  R.sup.3 is --H, alkyl of 1 to 6 carbon atoms or phenyl;
PA1  R.sup.4 is --H, alkanoyloxy of 2 to 6 carbon atoms, or
      ##SPC4##
PA1    when R.sup.5 is --H;
PA1  R.sup.5 is --H or an alkali metal;
PA1  n is one of the integers 0 and 1; or an alkali metal salt thereof.
PAR  The alkali metal intended to be embraced by the preceding description of
      the compounds of this invention is either sodium or potassium. The alkyl
      groups contain from 1 to 6 carbon atoms and include such radicals as
      methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl, n-pentyl, n-hexyl and
      the like. The expression lower alkanoyloxy embraces the lower fatty
      acyloxy moieties such as acetoxy, propanoyloxy, butanoyloxy, amyloxy,
      hexanoyloxy, and the like.
PAR  The N-carboxymethyl esters of this invention are prepared by a base induced
      ring opening of a 7-[(4-oxo-2-thioxo-3-thiazolindinyl)
      acetamido]cephalosporanic acid derivative of Formula I
      ##SPC5##
PAL  in which R.sup.3, R.sup.4, R.sup.5 and n are defined above. Compounds of
      Formula I are prepared by coupling the appropriately substituted
      7-amino-cephalosporanic acid derivative with an appropriately substituted
      precursor acid derivative of the formula:
      ##SPC6##
PAR  The latter reaction procedes smoothly in an inert organic solvent at a
      temperature of from about -40.degree. to about +25.degree.C. When the free
      carboxylic acid is employed, the reaction is performed in the presence of
      a condensing agent such as carbonyl diimidazole; dicyclohexylcarbodiimide;
      dicyclohexylcarbodiimide in the presence of N-hydroxysuccinimide or
      1-hydroxybenzotriazole; isobutylchloroformate; and the like. These and
      similar condensing agents which are operable in the preparation of the
      antibacterial agents of this invention are presented in Spencer et al., J.
      Med. Chem. 9, pp. 746-750 (1966); Micetich et al., J. Med. Chem. 15, pp.
      333-335 (1972); Klausner et al., Synthesis, pp. 453-463 (1972) and U.S.
      Pat. No. 3,338,896.
PAR  Alternatively, the precursor carboxylic acid derivative may be converted by
      known means to an acid halide which is then used in aqueous medium to
      acylate the free amino group of either a tertiary amine salt or an alkali
      metal salt of the 7-amino-cephalosporanic acid. In addition, the
      carboxylic acid halide precursor may be used to react in organic solution
      with either a tertiary amine salt or a silylated, phosphorylated or
      saccharinated derivative of the 7-amino-cephalosporanic acid derivative.
PAR  The precursor carboxylic acid derivatives are prepared by the method of
      Zuber et al., Helv. Chim. Acta., 35, 1744 (1952); Minka, Farmat sevt. Zh.
      (Kiev) 18(5), 32-5 (1963); C.A. 60, 5476a; or Brown, Chem. Rev., 61, 463
      (1961). The generally preferred scheme is:
      ##SPC7##
PAL  in which the groups R.sup.3 and n are described, supra.
PAR  The compounds of this invention are antibacterials effective against
      gram-positive and gram-negative test organisms as well as penicillin
      resistant staphylococcus at an inhibitory concentration at or below 250
      micrograms per milliliter using the well-known and scientifically accepted
      agar serial dilution technique. The compounds have also been shown to be
      active in vivo. Thus, the compounds of this invention are useful in the
      fields of comparative pharmacology and microbiology and may be used in the
      treatment of bovine mastitis, as growth promotors in animals and for the
      treatment of infections amenable to treatment with penicillins and
      cephalosporins.
PAR  The in vivo activity of the antibacterial agents of this invention was
      established by subcutaneously administering a dose of the compound being
      tested at zero time and 6 hours after infection to a randomized group of
      mice which had been infected with a specific infective agent, such as
      Escherichia coli, etc., via intraperitoneal injection of 0.5 milliliters
      of the infective agent in 5 per cent gastric mucin. The mice were then
      observed for 14 days and any deaths were recorded daily. The curative dose
      (CD.sub.50) was then reported in terms of the milligrams per mouse needed
      for complete control of the infective agent.
DETD
PAR  The following examples are presented for purposes of illustration and
      should not be construed as limitations upon the true scope of this
      invention. The biological activity data presented after each example
      illustrates the compounds activity against specific bacteria of the
      designated strain in terms of the minimum inhibitory concentration of the
      compound in micrograms per milliliter to completely inhibit the test
      organism.
PAR  The abbreviations for the bacteria employed in the testing are as follows:
PA1  St au -- staphylococcus aureus
PA1  Ba su -- bacillus subtilis
PA1  Ne ca -- neisseria catarrhalis
PA1  Sa pa -- salmonella paratyphi
PA1  Kl pn -- klebsiella pneumoniae
PA1  Es co -- escherichia coli
PA1  Bo br -- bordetella brochiseptica
PA1  Es in -- escherichia intermedia
PA1  Pr vu -- proteus vulgaris
PA1  Pr mi -- proteus mirablis
PA1  Sa ty -- salmonella typhosa
PA1  Sh so -- shigella sonnei
PAC  EXAMPLE 1
PAC  7-[2-(Dithiocarboxyamino)acetamido]cephalosporanic acid N-carboxymethyl
      ester
PAR  To a slurry of
      7-[(4-oxo-2-thioxo-3-thiazolidinyl)-acetamido]cephalosporanic acid (12.0
      g, 0.027 moles) in water (170 ml) is added dropwise at 5.degree.C. sodium
      hydroxide (54.0 ml of 1.00 M solution, 0.054 moles) over 30 minutes.
      During the addition the pH rises from 2.5 initially to 8.2 and dissolution
      takes place. The solution is filtered and freeze-dried to give the title
      compound as the disodium salt, 13.50 g. orange solid; mp.
      130.degree.-280.degree.C. (d);
PAL  .lambda..sub.max.sup. KBr 5.62, 6.18 .mu.; .lambda..sub.max.sup. EtOH 260
      m.mu. (.epsilon.9,600), 294 m.mu. (.epsilon. 4,860);
PAL  Nmr has 2.12, 3.93 and 4.49 ppm singlets.
PAR  Elemental Analysis for C.sub.15 H.sub.15 N.sub.3 O.sub.8 S.sub.3
      Na.sub.2.2H.sub.2 O:  Calc'd: C, 33.15; H, 3.52; N, 7.73; S, 17.71;
      H.sub.2 O, 6.63.   Found: C, 33.93; H, 3.40; N, 7.74; S, 15.19; H.sub.2 O,
      5.40.
PAR  Acidification of the disodium salt affords the title compound.
TBL  ______________________________________                                    
     Bacterium      Strain      MIC (.mu.g/ml)                                 
     ______________________________________                                    
     BA SU          663         .244                                           
     ST AU          6538P       .976                                           
     ST AU          Smith       .976                                           
     ST AU          CHP         3.90                                           
     ST AU          53-180      3.90                                           
     NE CA          8193        250                                            
     ES CO          9637        62.5                                           
     ES IN          65-1        250                                            
     SA PA          11737       7.81                                           
     KL PN          10031       31.3                                           
     BO BR          4617        15.6                                           
     PR VU          6896        15.6                                           
     ______________________________________                                    
PAR  The in vivo curative dose (CD.sub.50) from several tests averaged for:
TBL  Bacterium      Strain       CD.sub.50 (mg)                                
     ______________________________________                                    
     ES CO          920          4.48                                          
     PR MI          PR-3         1.96                                          
     SA TY          SAD-12       1.41                                          
     ST AU          Smith        4.37                                          
     SH SO          SH-1         2.66                                          
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  7-[3-(Dithiocarboxyamino)propionamido]cephalosporanic acid N-carboxymethyl
      ester
PAR  Using the method described in Example 1 but substituting
      7-[3-(4-oxo-2-thioxo-3-thiazolidinyl)propionamido]cephalosporanic acid
      (4.59 g, 0.01 moles) for
      7-[(4-oxo-2-thioxo-3-thiazolidinyl)acetamido]cephalosporanic acid and 20.0
      ml of 1.00 M sodium hydroxide solution after freeze-drying gives the title
      compound, as the disodium salt 5.32 g. orange solid; mp
      140.degree.-145.degree.C. (d);
PAL  .lambda..sub.max.sup. KBr 5.65, 5.80 (shoulder), 6.23 .mu.;
      .lambda..sub.max.sup. EtOH 260 m.mu. (.epsilon.10,800);
PAL  Nmr has 2.12 and 3.85 ppm singlets.
PAR  Elemental Analysis for C.sub.16 H.sub.17 N.sub.3 O.sub.8 S.sub.2 Na.sub.2
      .2H.sub.2 O:  Calc'd: C, 34.47; H, 3.80; N, 7.53; S, 17.25; H.sub.2 O,
      6.47.   Found: C, 34.89; H, 3.70; N, 7.56; S, 17.68; H.sub.2 O, 5.02.
TBL  ______________________________________                                    
     Bacterium      Strain      MIC (.mu.g/ml)                                 
     ______________________________________                                    
     BA SU          663         .488                                           
     ST AU          6538P       .976                                           
     ST AU          Smith       .976                                           
     ST AU          CHP         3.90                                           
     ST AU          53-180      3.90                                           
     NE CA          8193        125                                            
     ES CO          9637        15.6                                           
     SA PA          11737       .976                                           
     KL PN          10031       31.3                                           
     BO BR          4617        7.81                                           
     PR VU          6896        1.95                                           
     ______________________________________                                    
PAC  EXAMPLE 3
PAC  7-[2-(Dithiocarboxyamino)phenylacetamido]cephalosporanic acid
      N-carboxymethyl ester
PAR  Using the method described in Example 1 but substituting
      7-[(4-oxo-2-thioxo-3-thiazolidinyl)phenylacetamido]cephalosporanic acid
      (1.0 g, 0.00192 moles) for 7-[(4-oxo-2-thioxo-3-thiazolidinyl)acetamido]
      cephalosporanic acid and 3.80 ml of 1.00 M sodium hydroxide solution after
      freeze-drying gives the title compound, 0.95 g brown solid; mp.
      140.degree.-148.degree.C. (d);
PAL  .lambda..sub.max.sup. KBr 5.65, 6.20 .mu.; NMR has 2.12 and 3.88 ppm
      singlets.
PAR  Elemental Analysis for C.sub.21 H.sub.19 N.sub.3 O.sub.8 S.sub.3 Na.sub.2.1
      1/2H.sub.2 O:  Calc'd: C, 41.31; H, 3.63; N, 6.88; S, 15.75.   Found: C,
      41.04; H, 3.73; N, 6.69; S, 13.64.
PAR  The title compound exhibited in vivo activity at a CD.sub.50 of 6.0
      milligrams/mouse against ES CO-920.
TBL  ______________________________________                                    
     Bacterium      Strain      MIC (.mu.g/ml)                                 
     ______________________________________                                    
     BA SU          663         3.90                                           
     ST AU          6538P       7.81                                           
     ST AU          Smith       7.81                                           
     ST AU          CHP         31.3                                           
     ST AU          53-180      15.6                                           
     NE CA          8193        250                                            
     ES CO          9637        31.3                                           
     ES IN          65-1        250                                            
     SA PA          11737       15.6                                           
     EN AE          13048       250                                            
     KL PN          10031       31.3                                           
     BO BR          4617        125                                            
     PR VU          6896        7.81                                           
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC8##
PAL  in which
PA1  R.sup.2 is --H or alkyl of 1 to 6 carbon atoms;
PA1  R.sup.3 is --H, alkyl of 1 to 6 carbon atoms or phenyl;
PA1  R.sup.4 is --H, alkanoyloxy of 2 to 6 carbon atoms, or
      ##SPC9##
PA1    when R.sup.5 is --H;
PA1  R.sup.5 is --H or an alkali metal;
PA1  n is one of the integers 0 and 1;
PAL  or an alkali metal salt thereof.
NUM  2.
PAR  2. The compound of claim 1, which is
      7-[2-(dithiocarboxyamino)acetamido]cephalosporanic acid N-carboxymethyl
      ester or an alkali metal salt thereof.
NUM  3.
PAR  3. The compound of claim 1, which is
      7-[3-(dithiocarboxyamino)propionamido]cephalosporanic acid N-carboxymethyl
      ester or an alkali metal salt thereof.
NUM  4.
PAR  4. The compound of claim 1 which is
      7-[2-(dithiocarboxyamino-2-phenyl)acetamido]cephalosporanic acid
      N-carboxymethyl ester or an alkali metal salt thereof.
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ABST
PAL  Certain 5-substituted-2,4-diphenylpyrimidines of the formula:
      ##SPC1##
PAL  Wherein R is acetyl, 1-hydroxy-1-ethyl, 1-amino-1-ethyl,
      1-hydroxy-2-isopropylamino-1-ethyl, 5,6-dihydroimidazo[2,1-b]thiazol-3-yl,
      2-amino-1-hydroxy-1-ethyl, and 1-hydroxy-2-phthalimide-1-ethyl possess
      pharmacological activity as anticonvulsant agents.
BSUM
PAR  This invention relates to chemical compounds. In particular it is concerned
      with compounds of the formula:
      ##SPC2##
PAL  Wherein R is acetyl, 1hydroxy-1-ethyl, 1-amino-1-ethyl,
      1-hydroxy-2-isopropylamino-1-ethyl, 5,6-dihydroimidazo[2,1-b]thiazol-3-yl,
      2-amino-1-hydroxy-1-ethyl, and 1-hydroxy-2-phthalimido-1-ethyl. The
      compounds of this invention possess pharmacological activity affecting the
      central nervous system. When administered perorally to mice they exhibit
      anticonvulsant action. Their anticonvulsant property is evidenced in the
      control of pentylenetetrazol induced convulsions. When administered orally
      in doses ranging from 50-200 mg/kg in 0.5 percent aqueous methyl cellulose
      to mice intravenously receiving 45 mg/kg of pentylenetetrazol, these
      compounds counteract the convulsive property of pentylenetetrazol.
DETD
PAR  In order that this invention may be readily available to and understood by
      those skilled in the art the following examples are appended.
PAC  EXAMPLE I
PAC  A. 2-Ethoxymethylene-1-phenyl-1,3-butanedione
PAR  To 200 g (1.23 moles) of benzoylacetone was added 320 g (2.16 moles) of
      ethyl orthoformate followed by 360 g (3.52 moles) acetic anhydride. The
      mixture was stirred and refluxed for 3.0 hours and the pot temperature
      dropped from 120.degree. to 100.degree. during the reflux period. The
      reflux condenser was removed and the volatile products were distilled at
      pot temperatures up to 140.degree.. The remaining acetic anhydride and
      ethyl orthoformate were removed on a rotary evaporator at 100.degree.. The
      residue crystallized at room temperature and was recrystallized from
      toluene to give in two crops 206 g (77%) of the product, m.p.
      68.degree.-71.degree..
PAR  The analytical sample, m.p. 68.degree.-71.degree., was obtained by
      recrystallization from toluene.
PAR  Anal. Calcd. for C.sub.13 H.sub.14 O.sub.3 : C, 71.54; H, 6.47. Found: C,
      71.65; H, 6.47.
PAC  B. 2,4-Diphenyl-5-pyrimidyl Methyl Ketone
PAR  To 1500 ml of methanol stirred at room temperature was added quickly 108 g
      (2.0 moles) of sodium methoxide. The solution was allowed to stand at
      ambient temperature for 90 min, then cooled to 15.degree. while 348 g (2.0
      moles) of benzamidine hydrochloride monohydrate was added quickly with
      vigorous stirring. While the mixture was initially cooled and stirred at
      0.degree., a solution of 436 g (2.0 moles) of A in 800 ml methanol was
      added over 30 minutes. The mixture was stirred at ambient temperature for
      18 hours, then stirred and refluxed for an additional 4 hours before
      methanol (2200 ml) was distilled off at atmospheric pressure. Chloroform
      (1000 ml) and water (500 ml) were added to the residue and the mixture was
      stirred at ambient temperature for 20 minutes.
PAR  The organic layer was separated and the aqueous layer was extracted with
      150 ml portions of chloroform. The combined organic extracts were washed
      with 500 ml water, dried (MgsO.sub.4), and concentrated to dryness in
      vacuo to give 562 g of an oily residue which crystallized at room
      temperature.
PAR  The residue was dissolved in 1600 ml boiling ethanol and the solution was
      stored at ambient temperature 30 minutes. The mixture was allowed to stand
      at ambient temperature for 15 hours and then filtered. The crystalline
      product was washed with 250 ml ethanol, and air dried to give 254 g (46%)
      of 2,4-diphenyl-5-pyrimidyl methyl ketone m.p. 100.degree.-108.degree..
PAR  An analytical sample of 2,4-diphenyl-5-pyrimidyl methyl ketone, m.p.
      107.degree.-110.degree., was obtained by recrystallization from ethanol.
PAR  Anal. Calcd. for C.sub.18 H.sub.14 N.sub.2 O: C, 78.81; H, 5.14; N, 10.21.
      Found: C, 78.46; H, 5.11; N, 10.15.
PAR  The filtrate and washings from the isolation of the product were
      concentrated to 1600 ml, allowed to cool to room temperature, and seeded.
      The mixture was allowed to stand at ambient temperature for 24 hours and
      filtered. An additional 6.3 g of 2,4-diphenyl-5-pyrimidyl methyl ketone
      was obtained.
PAR  Additional standing at room temperature for 80 hours gave 5.20 g of a
      mixture of the ketone and 2-phenyl-4-methyl-5-pyrimidyl phenyl ketone.
PAR  The filtrate was concentrated to 500 ml in a stainless steel beaker. The
      solution was cooled to room temperature. The mixture was stored at room
      temperature for 72 hours. The solid was filtered, washed with three 100 ml
      portions of ethanol, and air dried to give 212 g of solid product.
PAR  Recrystallization of the product from 500 ml absolute ethanol gave 157 g
      (29%) of 2-phenyl-4-methyl-5-pyrimidyl phenyl ketone.
PAR  An analytical sample, m.p. 68-72.degree., was obtained by recrystallization
      from absolute ethanol.
PAR  Anal. Calcd. for C.sub.18 H.sub.14 N.sub.2 O: C, 78.81; H, 5.14, N, 10.21.
      Found: C, 78.64; H, 5.18, N, 10.29.
PAC  EXAMPLE II
PAC  .alpha.-Methyl-2,4-diphenyl-5-pyrimidinemethanol
PAR  To a mixture of 41.1 g (0.15 mole) of 2,4-diphenyl-5-pyrimidyl methyl
      ketone in 500 ml methanol stirred at 5.degree.-10.degree. was added over
      20 minutes 11.4 g (0.30 mole) sodium borohydride. The resulting solution
      was stirred at 5.degree.-10.degree. for 30 minutes and then stirred at
      ambient temperatures for 2 hours. The solvents were removed in vacuo and
      the residue was partitioned between 500 ml CHCl.sub.3 and 500 ml water.
      The aqueous layer was extracted with two 500 ml portions of CHCl.sub.3.
      The combined CHCl.sub.3 extracts were washed with 250 ml water, dried
      (MgSO.sub.4), and concentrated to dryness in vacuo.
PAR  Crystallization from 100 ml toluene gave, in two crops, 34 g (82%) of the
      carbinol, m.p. 108.degree.-113.degree.. Recrystallization from heptane
      gave an analytical sample, m.p. 110.degree.-113.degree..
PAR  Anal. Calcd. for C.sub.18 H.sub.16 N.sub.2 O: C, 78.23; H, 5.84; N, 10.14.
      Found: C, 78.39; H, 5.90; N, 10.06.
PAC  EXAMPLE III
PAC  A. .alpha.-{[(2,4-Diphenyl-5-pyrimidinyl)-1-ethylidene]aminomethyl}benzyl
      Alcohol
PAR  A mixture of 61.2 g (0.223 mole) of 2,4-diphenyl-5-pyrimidyl methyl ketone,
      30.6 g (0.223 mole) of .beta.-hydroxyphenethylamine and 3.0 g
      p-toluenesulfonic acid monohydrate in 750 ml toluene was stirred and
      refluxed using a Dean-Stark apparatus for 11.0 hours, amt. H.sub.2 O
      evolved: 4:10 ml; theoretical amt.: 4.0 ml. The toluene was removed in
      vacuo and the residue was dissolved in 1000 ml chloroform. The solution
      was washed with 300 ml H.sub.2 O, dried (MgSO.sub.4), and concentrated to
      dryness in vacuo. Recrystallization of the residue from ethanol gave in
      three crops 72 g (82%) of the product, m.p. 140.degree.-144.degree..
PAR  Anal Calcd. for C.sub.26 H.sub.23 N.sub.3 O: C, 79.36; H, 5.90; N, 10.68.
      Found: C, 79.64; H, 5.91; N, 10.70.
PAC  B. 5-{1-[(.beta.-Hydroxyphenethyl)amino]ethyl}-2,4-diphenylpyrimidine
      Hydrochloride
PAR  To a suspension of 64.8 g (0.165 mole) of A in 1000 ml CH.sub.3 OH stirred
      at 5.degree.-10.degree. was added over 5 min 12.54 g (0.33 mole) of sodium
      borohydride. The solution was stirred at 5.degree.-10.degree. for 1 hour
      and then stirred at ambient temperatures for 16 hours.
PAR  The solution was stripped and the residue was partitioned between 300 ml
      CHCl.sub.3 and 300 ml H.sub.2 O. The aqueous layer was extracted with two
      100 ml portions of CHCl.sub.3 and the combined CHCl.sub.3 extracts were
      washed with 200 ml H.sub.2 O, dried (MgSO.sub.4), and concentrated to
      dryness in vacuo.
PAR  The residue was dissolved in 190 ml boiling isopropanol. To the cooled
      solution was added 100 ml CH.sub.3 OH saturated with HCl. The mixture was
      stored at 0.degree. for 20 hours, the solid filtered, washed with two -50
      ml portions of isopropanol, and air dried to give 57.0 g (805) of product,
      m.p. 214.degree.-219.degree.. An analytical sample, m.p.
      221.degree.-227.degree., was obtained by recrystallization from
      acetonitrile. .
PAR  Anal. Calcd. for C.sub.26 H.sub.25 N.sub.3 O.HCl: C, 72.29; H, 6.07; N,
      9.78. Found: C, 72.27, H, 6.18; N, 9.81.
PAC  C. 1-(2,4-diphenyl-5-pyrimidyl)ethylamine Dihydrobromide
PAR  A mixture of 40.0 g (0.093 mole) of B and 400 ml 48% HBr was stirred and
      refluxed at 125.degree.-126.degree. for 3.5 hours. The mixture was then
      cooled and stirred in an ice-bath for 30 minutes and the solid was
      filtered using a medium sintered glass funnel. The solid was washed with
      four 100 ml portions of ethyl acetate and air dried to give 35.3 g (87%)
      of the product, m.p. 294.degree.-296.degree.. An analytical sample, m.p.
      293.degree.-296.degree., was obtained by recrystallization from absolute
      ethanol-ethyl acetate.
PAR  Anal. Calcd. for C.sub.18 H.sub.17 N.sub.3.2HBr: C, 49.45; H, 4.38; N,
      9.61. Found: C, 49.89; H, 4.61; N, 9.49.
PAC  EXAMPLE IV
PAC  A. 2,4-Diphenyl-5-pyrimidyl bromomethyl ketone
PAR  An 86 g (0.31 mole) portion of 2,4-diphenyl-5-pyrimidyl methyl ketone in
      1.1 l of dioxane was treated with 136 g (0.61 mole) of cupric bromide
      using rapid stirring. The reaction mixture was stirred for 15 hours at
      ambient temperature, refluxed for 3 hours, cooled, stirred for 2
      additional hours and filtered. The off-white solid was washed with two 300
      ml portions of chloroform. The filtrate and washings were combined and
      concentrated to dryness under reduced pressure to give a gray crystalline
      solid.
PAR  The crude product was recrystallized from 2 l of absolute ethanol to give
      an off-white solid which was washed with 200 ml of absolute ethanol and
      air dried, m.p. 131.degree.-133.degree.. Yield 57 g (52%).
PAC  B. .alpha.-Bromomethyl-2,4-diphenyl-5-pyrimidinemethanol
PAR  To a suspension of 71 g (0.20 mole) of A in 1.5 l of anhydrous methanol was
      added 15.2 g (0.40 mole) of sodium borohydride at 10.degree.-15.degree.
      using rapid stirring over 0.3 hours. The reaction mixture was stirred at
      ambient temperature for 2.3 hours and poured with rapid stirring into 2.5
      l of cold (10.degree.-15.degree.) water. The hydrolysis mixture was
      extracted with one 2 l and two 500 ml portions of chloroform, dried over
      magnesium sulfate and filtered. The filtrate was concentrated under
      reduced pressure to give 67.5 g (95%) of the crude product, a viscous
      yellow-orange oil.
PAC  C. .alpha.-(Isopropylaminomethyl)-2,4-diphenyl-5-pyrimidinemthanol
      hydrochloride
PAR  A 67.5 g (0.19 mole) portion of B in 150 ml of isopropylamine was treated
      with 26.2 g (0.19 mole) of K.sub.2 Co.sub.3 and 24.0 g (0.14 mole) of KI.
      The reaction mixture was refluxed gently using a water bath, at
      40.degree.-42.degree., for 24 hours, stored overnight at room temperature
      and concentrated under reduced pressure. The residue was taken up in 1.5 l
      of water, stirred and extracted with 1.2 l of chloroform. The extract was
      washed with 1 l of water, dried over MgSO.sub.4 overnight, filtered and
      concentrated under reduced pressure to give 72 g of a crude light brown
      oil which crystallized, m.p. 86.degree.-95.degree..
PAR  The crude free base was taken up in 300 ml of isopropanol and adjusted to
      pH.sub.2 with 400 ml of methanolic HCl. The acidified solution was
      filtered and concentrated to dryness to give 74 g of the crude
      hydrochloride, a light brown solid, m.p. 193.degree.-197.degree..
PAR  The crude hydrochloride was recrystallized from 600 ml of ethanol, washed
      with ethanol-ether and air dried, m.p. 207.degree.-208.degree. dec. Yield:
      40 g (57%).
PAR  An analytical sample, m.p. 203.degree.-206.degree., was recrystallized from
      acetonitrile.
PAR  Anal. Calcd. for C.sub.21 H.sub.23 N.sub.3 O.HCl: C 68.19; H, 6.54; N,
      11.36. Found: C, 67.90; H, 6.59; N, 11.30.
PAC  EXAMPLE V
PAC  5,6-Dihydro-3-(2,4-diphenyl-5-pyrimidyl)imidazo[2,1-b]thiazole Hydrobromide
PAR  A 21.1 g (0.060 mole) portion of the compound of Example IV-a in 250 ml of
      ethanol was treated with 6.1 g (0.060 mole) of ethylenethiourea using
      rapid stirring. The reaction mixture was refluxed for 5 hours, stored
      overnight at room temperature, cooled for 2 hours with stirring and
      filtered. The solid was washed with 25 ml of ethanol, ether and air dried,
      m.p. 290.degree.-292.degree. dec. Yield: 22 g (86%).
PAR  The analytical sample, m.p. 292.degree.-294.degree. dec., was
      recrystallized from ethanol.
PAR  Anal. Calcd. for C.sub.21 H.sub.16 N.sub.4 S.HBr: C, 57.67; H, 3.92; N,
      12.81. Found: C, 57.55; H, 4.03; N, 12.74.
PAC  EXAMPLE VI
PAC  .alpha.-(Phthalimidomethyl)-2,4-diphenyl-5-pyrimidinemethanol
PAR  A 33.5 g (0.095 mole) portion of the compound of Example IV-B in 430 ml of
      dimethyl sulfoxide was treated with 19.2 g (0.104 mole) of potassium
      phthalimide and heated with stirring at 90.degree. - 95.degree. for 20
      hours. The reaction mixture was poured into 3 l of cold tap water, warmed
      to 35.degree., stirred for 2 hours and filtered. The cream colored solid
      was washed with 800 ml of water, air dried and dried to a constant weight
      of 60.degree., m.p. 149.degree.-159.degree., Yield: 37 g (93%).
PAR  The crude product was recrystallized from 1 l of ethanol, washed with 100
      ml of ethanol and air dried to give 27 g (68%) of a cream colored solid,
      m.p. 178.degree.-180.degree..
PAR  An analytical sample, m.p. 179.degree.-180.degree. was recrystallized from
      ethanol.
PAR  Anal. Calcd. for C.sub.26 H.sub.19 N.sub.3 O.sub.3 : C, 74.09; H, 4.54; N,
      9.97. Found: C, 73.65; H, 4.49; N, 9.91.
PAC  EXAMPLE VII
PAC  .alpha.-Aminomethyl-2,4-diphenyl-5-pyrimidinemethanol hydrochloride
PAR  A 40 g (0.095 g) portion of the compound of Example VI in 1.2 l of ethanol
      was treated with 120 ml of 85% hydrazine hydrate. The reaction mixture was
      refluxed for 18 hours. The slurry was cooled to room temperature,
      acidified with 1.3 l of 10% HCl, refluxed for 2 hours, cooled to
      30.degree. and adjusted to pH 9-10 with 1.4 l of 10% NaOH. The basic
      aqueous mixture was extracted with five 1 l portions of chloroform. The
      chloroform extracts were washed with four 1 l portions of H.sub.2 O, dried
      over MgSO.sub.4 for 3 hours, filtered and concentrated under reduced
      pressure to give 25.5 g (93%) of the crude, light yellow, base (free),
      m.p. 129.degree.-134.degree..
PAR  The crude free base was taken up in 150 ml of warm methanol and adjusted to
      pH 2-3 with methanolic HCl. The solution was concentrated to dryness under
      reduced pressure leaving 28.5 g (92%) of the hydrochloride, a light yellow
      solid, m.p. 223.degree.-227.degree. dec.
PAR  The crude product was boiled with 200 ml of ethyl acetate for 20 min. The
      slurry was filtered, washed with an additional 100 ml of ethyl acetate,
      and air dried, m.p. 227.degree.-230.degree. dec. Yield: 23.5 g (76%).
PAR  An analytical sample, m.p. 242.degree.-243.degree. dec., was recrystallized
      from ethyl acetate-isopropanol (2:1).
PAR  Anal. Calcd. for C.sub.18 H.sub.17 N.sub.4 O.HCl: C, 65.95; H, 5.53; N,
      12.82. Found: C, 65.66; H, 5.62; N, 12.97.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The compound 2,4-diphenyl-5-pyrimidyl methyl ketone.
NUM  2.
PAR  2. The compound .alpha.-methyl-2,4-diphenyl-5-pyrimidinemethanol.
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ABST
PAL  Ergoline carbamates are disclosed, which have proven to be effective
      spasmolytic and vasodilatory drugs. They are derivatives of
      D-6-methyl-8.beta.-(methanol)-9,10-didehydroergoline (also called
      lysergol). Three convenient methods for their preparation are also
      disclosed. The toxicity of these compounds is extremely low.
BSUM
PAR  In the present invention the preparation and the use are described of novel
      compounds having the general formula:
      ##SPC1##
PAL  Wherein the radicals R.sub.A and R.sub.B have the following meaning:
      R.sub.A is the group
      ##EQU1##
      wherein R.sub.1 and R.sub.2, in their turn, are H, aliphatic or alicyclic
      alkyls, straight or branched, containing from 1 to 12 carbon atoms,
      phenyl, alkylbenzene or a phenethyl substituted in the aromatic ring
      and/or the aliphatic chain, with alkyls, hydroxyls, methoxyls, aminic
      groups, dioxymethylene groups, in variable number and combination as
      clearly shown in the part concerning the examples, R.sub.B is a hydrogen
      atom, an alkyl group with a number of carbon atoms comprised between 1 and
      5 or the radical --(CH.sub.2).sub.2 R.sub.3, (wherein R.sub.3 is CN,
      CONHR.sub.4, and R.sub.4 is --(CH.sub.2).sub.1-5 CH.sub.3, or
      --(CH.sub.2).sub.1-7). Lastly, x  y, still in the general formula is the
      radical --CH.sub.2 --CH&lt; or the unsaturated radical --CH = C&lt;.
PAR  As the starting product there is used
      D-6-methyl-8.beta.-(methanol)-9,10-didehydroergoline (known also with the
      name of lysergol) having the general formula above wherein R.sub.A
      =R.sub.B = H, x  y = --CH=C&lt;, as obtained according to the method
      disclosed in the Italian Patent No. 945,968 of 29.9.1971, or by using
      general chemical methods of the known art using various precursors, or
      reduction products of the double bond of lysergol using the conventional
      methods in which R.sub.A =R.sub.B =H, x  y = --CH.sub.2 --CH&lt;, that is,
      D-6-methyl-8.beta.-(methanol)-ergoline, or
      D-6-methyl-8.beta.-(methanol)-10.beta.-ergoline. For the manufacture of
      these compounds it has been found that the methods reported in the
      following are the most suitable.
PAR  According to the first method (A) the compound of general formula (I)
      (wherein
      ##EQU2##
      and R.sub.B has the above indicated meaning), obtained by reaction of the
      compound of general formula I (wherein R.sub.A =H) with phenyl
      chloroformate
      ##EQU3##
      IN PIRIDINE OR ANOTHER INERT SOLVENT WITH AN ADDITION OF A TERTIARY
      ORGANIC BASE (SUCH AS A TRIALKYLAMINE), IS REACTED WITH ONE OF THE
      COMPOUNDS OF GENERAL FORMULA HNR.sub.1 R.sub.2 (R.sub.1 and R.sub.2 have
      the same meaning indicated above) in excess in an anhydrous aprotic polar
      solvent.
PAR  More particularly, in its essential lines, the preparation method A is
      carried out as follows and as shown in the pattern reported below:
      ##SPC2##
PAR  The substance of general formula (I)
      ##EQU4##
      (one equivalent) is dissolved in an anhydrous aprotic polar solvent (for
      example (CH.sub.3).sub.2 N--COH, (CH.sub.3).sub.2 SO: [(CH.sub.3).sub.2
      N].sub.3 PO) so as to obtain a concentration of 15% -- 20% approx.
      according to the solubilities and this solution is supplemented, with
      stirring and at room temperature, with a 10% solution (approx.) in one of
      the solvents indicated above containing 2.15 molar equivalent of a
      compound HNR.sub.1 R.sub.2. The mixture is maintained stirred at a
      temperature comprised between 60.degree.C and 80.degree.C for a period of
      from 2 to 26 hours. As the conversion is completed, the mixture is poured
      in water and ice; a semisolid product precipitates, which can be (a)
      filtered and crystallized from an appropriate solvent, or (b) the aqueous
      phase can be extracted with chloroform, the combined extracts washed with
      water and dried over Na.sub.2 SO.sub.4, etc., and evaporated to dryness in
      a vacuo. The residue, as directly crystallized after having been dissolved
      in an appropriate solvent (or solvent mixture) or, also, prior to
      crystallization, can be purified with appropriate conventional methods,
      such as chromatography, treatment with activated carbon, and so forth.
PAR  According to the method (B) the corresponding isocyanate is used,
      O=C=N--R.sub.2 and the procedure is as follows
PAR  A suspension of one equivalent of the substance of general formula (I)
      (R.sub.A =H) in anhydrous benzene, toluene, xylene or acetonitrile, is
      refluxed with 1.2 molar equivalents of substituted isocyanate O=C=NR.sub.2
      during 3 to 5 hours. Thereafter, the as formed precipitate is collected on
      a filter and purified as above. The reaction pattern is as follows:
      ##SPC3##
PAL  As already outlined for the compounds of the present invention having the
      formula I X  Y is --CH.sub.2 --CH&lt;, or --CH = C&lt;
PAR  In the case in which the starting compound already contains the second of
      said groups, the methods (A) and (B) indicated above can either be
      preceded or followed by a hydrogenation step, according to whether in the
      final product the presence of a double bond is desired or not.
PAR  In the case in which in the starting compound X  Y is &lt;C=C&lt;, the methods
      (A) and (B) can either be preceded or followed by a particular
      hydrogenation step as illustrated hereinafter.
PAR  The compound (X  Y = &lt;C = C&lt;) in a 5% solution in an alcohol (preferably
      ethanol), containing 10% of glacial acetic acid is hydrogenated by using
      catalyst of the platinum type or palladated carbon type, palladated
      calcium or strontium carbonate type, and the like. The hydrogenation can
      be carried out under atmospherical pressures or slightly above, up to 3 to
      4 atmospheres.
PAR  After having attained the theoretically calculated consumption (usually
      during 1 to 10 hours), the catalyst is collected on a filter and the
      alcohol is evaporated off in a vacuo (20 to 40 millimeters of mercury,
      abs.). The residue is diluted with thrice its volume of water and the
      solution neutralized with sodium bicarbonate. The as formed precipitate is
      thoroughly washed with water and purified by using the conventional
      methods, such as for example crystallization, chromatography and the like.
DETD
PAR  In the list to follow there are reported the examples of the novel
      compounds as prepared according to the present invention.
PAC  I. D-6-methyl-8.beta.-(carbamoylmethyl)-9,10-didehydroergoline.
PAR  Melting point (m.p. 182.degree.-183.degree.C (benzene); [.alpha.].sub.D
      .sup.20 + 33.2.degree. (c=1, C.sub.5 H.sub.5 N), UV (MeOH) 311 nm
      (.epsilon. =7830), 241 nm (flex, .epsilon. =17,200), IR (KBr): 1603, 1720
      cm.sup..sup.-1.
PAR  For C.sub.17 H.sub.19 N.sub.3 O.sub.2 (297.4) Calcd. C% = 68.67; H% =
      6.44;N% = 14.14; Found: C, 68.55; H, 6.30; n, 14.15
PAC  II.
      D-6-methyl-8.beta.-sec.butylaminocarbonyloxymethyl)-9,10-didehydroergoline
     .
PAR  m.p. 197.degree.-199.degree.C (benzene) ; [.beta.].sub.D.sup.20 = +
      46.7.degree. (c=1, C.sub.5 H.sub.5 N), UV (MeOH 312 nm (.epsilon. =8500);
      IR (KBr) ; 1705, 1602 cm.sup..sup.-1, (CHCl.sub.3): 1712,1602
      cm.sup..sup.-1.
PAR  For C.sub.21 H.sub.27 N.sub.3 O.sub.2 (353.5) Calcd. C% = 71.36 ; H% =
      7.70; N% = 11.89; Found: C, 71.38; H, 7.62; N, 11.69
PAC  III. D-6-methyl-8.beta.-(phenylcarbamoylmethyl)-9,10-didehydroergoline.
PAR  m.p. 223.degree.-226.degree.C (methanol) [.beta.].sub.D.sup.20 =
      +16.5.degree. (c=1, C.sub.5 H.sub.5 N), UV (MeOH) 309 nm (.epsilon. =8300)
      ; 232 nm (.epsilon. =40700); IR (CHCl.sub.3): 1735, 1601 cm.sup..sup.-1.
PAR  For C.sub.23 H.sub.23 N.sub.3 O.sub.2 (373.5) Calcd. C% = 73.97;H% 6.21; N%
      = 11.25; Found: C, 74.02; H, 6.20; N, 11.44
PAC  IV. D-6-methyl-8.beta.-(N,N-dimethylcarbamoylmethyl)-9,10-dihydroergoline.
PAR  m.p. 160.degree.--162.degree.C (benzene) [.alpha.].sub.D.sup.20
      =+38.9.degree. (c=1, C.sub.5 H.sub.5 N); UV (MeOH)=312 nm (.epsilon.
      =8300); IR (KBr) = 1687, 1602 cm.sup..sup.-1.
PAR  For C.sub.19 H.sub.23 N.sub.3 O.sub.2 (325.4) Calcd. C%=70.13; H%=7.12;
      N%=12.91; Found: C, 70.31; H, 7.11; H, 12.86
PAC  V. D-6-methyl-8.beta.-(N,N-diethylcarbamoylmethyl)-9,10-didehydroergoline.
PAR  m.p. 110.degree.-118.degree.C (benzene) [.beta.].sub.D.sup.20 =
      +43.2.degree. (c=0.5, C.sub.5 H.sub.5 N): 305 nm (.epsilon. =8600); IR
      (NaCl): 1672, 1608 cm.sup..sup.-1.
PAR  For C.sub.21 H.sub.27 N.sub.3 O.sub.2 (353.5) Calcd. C%=71.36; H%=7.70;
      N%=11.89; Found: C, 71.37; H, 7.45; N, 11.48
PAC  VI D-6-methyl-8.beta.-(1-adamantylcarbamoylmethyl)-9,10-didehydroergoline.
PAR  m.p. 243.degree.+249.degree.C (benzene) [.alpha.].sub.D .sup.20 =
      +23.2.degree. (c=1.3, C.sub.5 H.sub.5 N); UV (MeOH) 298 nm (.epsilon.
      =10300); 243 -(perhydroazoninylcarbonyloxymethyl)-nm (.epsilon. =17350);
      IR (KBr): 1730, 1602, 3480 cm.sup..sup.-1.
PAR  For C.sub.27 H.sub.33 N.sub.3 O.sub.2 (431.6) Calcd. C%= 75.14; H%=7.71;
      N%=9.74; Found: C, 75.06; H, 7.55; N, 9.80
PAC  VII.
      D-6-methyl-8.beta.-(perhydroazoninylcarbonyloxymethyl)-9,10-didehydroergol
     ine.
PAR  m.p. 175.degree.-177.degree.C (EtOAc) [.alpha.].sub.D.sup.20 =
      +41.3.degree. (c=0.5, C.sub.5 H.sub.5 N), UV (MeOH) 314 nm (.epsilon.
      =9240); IR (CHCl.sub.3) 1680, 1605 cm.sup..sup.-1.
PAR  For C.sub.25 H.sub.33 N.sub.3 O.sub.2 (407.6) Calcd. C%=73.68; H%=8.16;
      N%=10.31: Found: C, 73.59; D, 8.51; N, 10.20
PAC  VIII.
      D-6-methyl-8.beta.-(azetidinylcarbonyloxymethyl)-9,10-didehydroergoline.
PAR  m.p. 218.degree.-221.degree.C (benzene) [.alpha.].sub.D .sup.20 =
      +36.5.degree.(c=1.0, C.sub.5 H.sub.5 N); UV (MeOH) 313 nm (.epsilon.
      =8150), 242 nm (.epsilon. =17450); IR (CHCl.sub.3); 1690, 1603, 3360
      cm.sup.-.sup.1.
PAR  For C.sub.20 H.sub.23 N.sub.3 O.sub.2 (337.40) Calcd. C%= 71.19; H%=6.87;
      N%=12.45 Found: C, 71.26; H, 6.83; N, 12.55
PAC  IX. D-6-methyl-8.beta.-(propylaminocarbonyloxymethyl)-9,
      10-didehydroergoline.
PAR  m.p. 173.degree.-175.degree.C (benzene) [.alpha.].sub.D .sup.20 =
      +26.5.degree.(c=0.7, C.sub.5 H.sub.5 N); UV (MeOH) 311 nm
      (.epsilon.=8920), 242 nm (.epsilon.=21300), IR (CHCl.sub.3), 1603, 1705,
      3360 cm.sup.-.sup.1
PAR  For C.sub.20 H.sub.25 N.sub.3 O.sub.2 (339.4) Calcd. C%=70.77; H%=7.42; N%
      =12.38; Found: C, 70.62; H, 7.21; N, 12.23.
PAC  X. D-6-methyl-8.beta.-pyrrolydylcarbonyloxymethyl)-9, 10-didehydroergoline.
PAR  m.p. 232.degree.-234.degree.C (benzene); [.alpha.].sub.D .sup.20
      =+34.degree.(c=1, C.sub.5 H.sub.5 N), UV (MeOH) 311 nm (.epsilon. =8900)
      241 nm (.epsilon. =18950); IR (CHCl.sub.3); 1603, 1682, 3380
      cm.sup.-.sup.1
PAR  For C.sub.21 H.sub.25 H.sub.3 O.sub.2 (351.5) Calcd. C%=71.77; H%=7.17;
      N%=11.96 Found: C, 71.91; H, 7.17; N, 11.94
PAC  XI. D-6-methyl-8.beta.-(piperidinocarbonyloxymethyl)-9,
      10-didehydroergoline.
PAR  m.p. 240.degree.-242.degree.C (benzene-petroleum ether) [.alpha.].sub.D
      .sup.20 = +30.4.degree.(c=1, C.sub.5 H.sub.5 N); UV (MeOH); 312 nm
      (.epsilon.=8230); IR (KBr) 1601, 1684 cm.sup.-.sup.1.
PAR  For C.sub.22 H.sub.27 N.sub.3 O.sub.2 (365.5) Calcd. C%=72.38; H%=7.45;
      N%=11.50 Found: C, 72.00; H, 7.37; N, 11.22
PAC  XII.
      D-6-methyl-8.beta.-(perhydroazepinylcarbonyloxymethyl)-9,10-didehydroergol
     ine.
PAR  m.p. 203.degree.-205.degree.C (benzene-petroleum ether; [.alpha.].sub.D
      .sup.20 = +40.8.degree.. (c=1, C.sub.5 H.sub.5 N); UV (MeOH) 311 nm
      (.epsilon. =8000), 241 nm (.epsilon. =18420) IR (CHCl.sub.3): 1605, 1680,
      3480 cm.sup.-.sup.1.
PAR  For C.sub.23 H.sub.29 N.sub.3 O.sub.2 (379.5) Calcd. C%=72.79; H%=7.70;
      N%=11.07; Found: C, 72.81; H, 7.53; N, 11.16
PAC  XIII.
      D-6-methyl-8.beta.-(perhydroazocinylcarbonyloxymethyl)-9,10-didehydroergol
     ine.
PAR  m.p. 175.degree.-178.degree.C (ethyl acetate) [.alpha.].sub.D .sup.20 =
      +44.3.degree.(c=1, C.sub.5 H.sub.5 N) UV (MeOH) 312 nm (.epsilon.=9350);
      IR (KBr): 1685, 1735 cm.sup.-.sup.1
PAR  For C.sub.24 H.sub.31 N.sub.3 O.sub.2 (393.5) Calcd. C%=73.25; H%=7.94;
      N%=10.68; Found: C, 73.10; H, 8.15; N, 10.42
PAC  XIV. D-6-methyl-8.beta.-(.DELTA..sup.3
      -piperidinocarbonyloxymethyl)-9,10-didehydroergoline.
PAR  m.p. 221.degree.-223.degree.C (methanol); [.alpha.].sub.D .sup..degree. =
      -70.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH) 312 nm (.epsilon.=8790); IR
      (KBr): 1601, 1660, 1682 cm.sup.-.sup.1
PAR  For C.sub.22 H.sub.25 N.sub.3 O.sub.2 (363.5) Calcd. C%=72.70; H%=6.93;
      N%=11.56; Found; C, 72.57; H, 6.85; N, 11.27
PAC  XV. D-6-methyl-8.beta.-morpholinocarbonyloxymethyl)-9,
      10-didehydroergoline.
PAR  m.p. 201.degree.-203.degree.C (methanol)-.alpha.].sub.D .sup.20 =
      +37.5.degree. (c=1, C.sub.5 H.sub.5 N); UV (MeOH) 312 nm (.epsilon.
      =8950); IR (KBr or CHCl.sub.3); 1602, 1689 cm.sup.-.sup.1
PAR  For C.sub.21 H.sub.25 N.sub.3 O.sub.2 (367.5) Calcd. C%=68.64; H%=6.86;
      N%=11.44; Found: C, 68.50; H, 6.82; N, 11.33
PAC  XVI.
      D-6-methyl-8.beta.-(4-methylpiperazinylcarbonyloxymethyl)-9,10-didehydroer
     goline.
PAR  m.p. 256.degree.-257.degree.C (CHCl.sub.3 +(CH.sub.3).sub.2 CO),
      [.alpha.].sub.D .sup.20 = +35.5.degree.(c=1, C.sub.5 H.sub.5 N) UV (MeOH)
      312 nm (.epsilon. =8550); IR (KBr) 1601, 1687 cm.sup.-.sup.1
PAR  For C.sub.22 H.sub.28 N.sub.4 O.sub.2 (380.5) Calcd. C%=69.45; H%=7.42;
      N%=14.72; Found: C, 69.14; H, 7.16; N, 14.42
PAC  XVII
      D-6-methyl-8.beta.-(4-phenyl-piperazinylcarbonyloxymethyl)-9,10-didehydroe
     rgoline.
PAR  m.p. 167.degree.-169.degree.C (benzene) [.alpha.].sub.D .sup.20 =
      +32.5.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH) 312 nm (.epsilon. =8600);
      IR (KBr) 1600, 1684 cm.sup.-.sup.1
PAR  For C.sub.27 H.sub.30 N.sub.4 O.sub.2 (442.6) Calcd. C%=73.28; H%=6.83;
      N%=12.66; Found: C, 73.63; H, 6.87; N, 12.48
PAC  XVIII.
      D-6-methyl-8.beta.-(veratrylaminocarbonyloxymethyl)-9,10-didehydroergoline
     .
PAR  m.p. 148.degree.-152.degree.C (methanol) [.alpha.].sub.D .sup.20 =
      +25.2.degree. (c=1, C.sub.5 H.sub.5 N) UV (tartrate) (MeOH) 312 nm
      (.epsilon. =8600), 287 nm (.epsilon. =8070) IR (KBr): 1720, 1305, 1590,
      1265 cm.sup.-.sup.1.
PAR  For C.sub.30 H.sub.35 N.sub.3 O.sub.10 (597.6) Calcd. C%=60.29; H%=5.90;
      N%=7.03; Found: C, 60.44; H, 6.23; N, 7.33 XIX.
      D-6-methyl-8.beta.-(pyridyl-3-methylaminocarbonyloxymethyl)-9,10-didehydro
     ergoline.
PAR  m.p. 175.degree.-176.degree.C (benzene) [.alpha.].sub.D .sup.20 =
      +31.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH) 312 nm (.epsilon. =7660);
      IR (KBr) = 1710, 1596, 1580, 1500 cm.sup.-.sup.1
PAR  For C.sub.23 H.sub.24 N.sub.4 O.sub.2 (388.5) Calcd. C%=71.11; H%=6.23;
      N%=14.42; Found: C, 70.80; H, 6.13; N, 14.16
PAC  XX.
      D-6-methyl-8.beta.-(phenethylaminocarbonyloxymethyl)-9,10-didehydroergolin
     e.
PAR  m.p. 140.degree.-142.degree.C (benzene); [.alpha.].sub.D .sup.20 =
      +19.3.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH) 312 nm (.epsilon. =8840);
      IR (CHCl.sub.3); 1604, 1715 cm.sup.-.sup.1
PAR  For C.sub.25 H.sub.27 N.sub.3 O.sub.2 (401.5) Calcd. C%=74.79; H%=6.78;
      N%=10.47; Found: C, 74.75; H, 6.68; N, 10.36
PAC  XXI.
      D-6-methyl-8.beta.-(2-morpholinoethylaminocarbonyloxymethyl)-9,10-didehydr
     oergoline.
PAR  m.p. 186.degree.-188.degree.C (methanol); [.alpha.].sub.D .sup.20 =
      +26.6.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH) 312 nm (.epsilon. =8460);
      IR (KBr) 1603, 1720 cm.sup.-.sup.1.
PAR  For C.sub.23 H.sub.30 N.sub.4 O.sub.3 (410.5) Calcd. C%=67.29; H%=7.37;
      N%=13.65; Found: C, 67.41; H, 7.01; N, 13.65
PAC  XXII.
      D-6-methyl-8.beta.-(piperonylmethylaminocarbonyloxymethyl)-9,10-didehydroe
     rgoline.
PAR  m.p. 182.degree.-183.degree.C (methanol) [.alpha.].sub.D .sup.20 =
      +40.2.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH) 314 nm (.epsilon. =8860),
      292 nm, (.epsilon. =10030) IR (CHCl.sub.3); 1712, 1678, 1605, 1245
      cm.sup.-.sup.1
PAR  For C.sub.26 H.sub.27 N.sub.3 O.sub.4 (445.5) Calcd. C%=70.10; H%=6.11;
      N%=9.43; Found: C, 70.00; H, 6.01; N, 9.53
PAC  XXIII.
      D-6-methyl-8.beta.-(3,4-dihydroxyphenethylaminocarbonyloxymethyl)-9,10-did
     ehydroergoline.
PAR  m.p. 140.degree.-150.degree.C (ethyl acetate-benzene) [.alpha.].sub.D
      .sup.20 = +15.1.degree. (c=0.5, C.sub.5 H.sub.5 N); UV (MeOH) 290-317 nm
      (.epsilon. =7960); IR (KBr): 1700, 1603, 3380, 3450 cm.sup.-.sup.1
PAR  For C.sub.25 H.sub.27 N.sub.3 O.sub.4 (433.50) Calcd. C%=69.27; H%=6.28;
      N%=9.69; Found: C, 68.84; H, 6.42; N, 9.49
PAC  XXIV.
      D-6-methyl-8.beta.-(3,4-dimethoxyphenethylaminocarbonyloxymethyl)-9,10-did
     ehydroergoline.
PAR  m.p. 75.degree.-80.degree.C (acetonitrile) [.alpha.].sub.D .sub.20 =
      +23.9.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH) 312 nm (.epsilon. =7600),
      287 nm (.epsilon. =6880) IR (KBr): 1690, 1606, 1590, 1265 cm.sup.-.sup.1
PAR  For C.sub.27 H.sub.31 N.sub.3 O.sub.4 (461.6) Calcd. C%=70.26; H%=6.77;
      N%=9.10; Found: C, 70.25; H, 6.60; N, 9.09
PAC  XXV.
      D-6-methyl-8.beta.-(.alpha.-methylphenethylaminocarbonyloxymethyl)-9,10-di
     dehydroergoline.
PAR  m.p. 197.degree.-199.degree.C (ethanol) [.alpha.].sub.D .sup.20 =
      +38.2.degree. (c=1, c.sub.5 H.sub.5 N) UV (tartrate) (MeOH) 314 nm
      (.epsilon. =7850), 240 nm, (.epsilon. =17850) IR (CHCl.sub.3): 1602, 1700
      cm.sup.-.sup.1
PAR  For C.sub.26 H.sub.29 N.sub.3 O.sub.2 . 1/2 C.sub.4 H.sub.6 O.sub.6 (490.6)
      Calcd. C%= 68.55; H%=6.57; N%=8.56; Found: C, 69.02; H, 6.53; N, 8.81
PAC  XXVI
      D-6-methyl-8.beta.-(triptaminylcarbonyloxymethyl)-9,10-didehydroergoline.
PAR  m.p. 143.degree.-145.degree.C (benzene-petroleum ether) [.alpha.].sub.D
      .sup.20 = +16.3.degree. (c=1, C.sub.5 H.sub.5 N); UV (MeOH) 312 nm
      (.epsilon. =7400), 293 nm (.epsilon. =10350), 285 nm (= 9600); IR
      (CHCl.sub.3); 1715, 1606, 3380, 3530 cm.sup.-.sup.1
PAR  For C.sub.27 H.sub.28 N.sub.4 O.sub.2 (440.5) Calcd. C%= 73.61; H%= 6.41;
      N%= 12.72; Found: C, 73.65; 6.17; N, 13.02
PAC  XXVIII. D-6-methyl-8.beta.-(carbamoylmethyl)-ergoline.
PAR  m.p. 248.degree.-250.degree.C (methanol) [.alpha.].sub.D .sup.20 =-
      87.8.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 293 nm (.epsilon. =5200),
      282 nm (.epsilon. =6350) IR (KBr): 1700, 1605 cm.sup.-.sup.1
PAR  For C.sub.17 H.sub.21 N.sub.3 O.sub.2 (299.4)Calcd. C%=68.21; H%=7.07;
      N%=14.04; Found: C, 68.30; H, 6.90; N, 14.04
PAR  XXVIII. D-6-methyl-8.beta.-sec.butylaminocarbonyloxymethyl)-ergp;ome/
PAR  m.p. 165.degree.-166.degree.C (benzene-petroleum ether) [.alpha.].sub.D
      .sup.20 = -59,7.degree. (c=1, C.sub.5 H.sub.5 N); UV(MeOH) 292 nm
      (.epsilon. =5350), 282 nm (.epsilon. =6650); IR (KBr): 1690, 1809
      cm.sup.-.sup.1
PAR  For C.sub.21 H.sub.29 N.sub.3 O.sub.2 (355.5) Calcd. C%=70.96; H%=8.22;
      N%=11.82; Found: C, 70.91; H, 8,19; N, 11.71
PAC  XXIX. D-6-methyl-8.beta.-(phenylcarbamoylmethyl)-ergoline.
PAR  m.p. 245.degree.-247.degree.C (methanol); [.alpha.].sub.D.sup.20 =
      -75.4.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH); 292 nm (.epsilon.
      =6130), 282 nm (.epsilon. =7840), 225 nm (.epsilon. =43100); 210 nm
      (.epsilon. =51000); IR (CHCl.sub.3); 1732, 1603cm.sup.-.sup.1.
PAR  For C.sub.23 H.sub.25 N.sub.3 O.sub.2 (375.5) Calcd. C%=73.58; H%=6.71;
      N%=11.19, Found: C, 73.43; H, 6.66; N, 11.20
PAC  XXX. D-6-methyl-8.beta.-(N,N-dimethylcarbamoylmethyl)-ergoline.
PAR  m.p. 245.degree.-247.degree.C (methanol) [.alpha.].sub.D.sup.20 =
      -82.4.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon.
      =4750), 282 nm (.epsilon. =5780), 215 nm (.epsilon. =49600); IR
      (CHCl.sub.3); 1685, 1610 cm.sup.-.sup.1
PAR  For C.sub.19 H.sub.25 N.sub.3 O.sub.2 (327.4) Calcd. C%=69.70; H%=7.70;
      N%=12.84; Found: C, 69.80; H, 7.71; N, 12.87
PAC  XXXI. D-6-methyl-8.beta.-(N,N-diethylcarbamoylmethyl)-ergoline.
PAR  m.p. 153.degree.-155.degree.C (ethyl acetate) [.alpha.].sub.D.sup.20 =
      -69.2.degree. (c=0.5, C.sub.5 H.sub.5 N); UV (MeOH); 292 nm (.epsilon.
      =5240), 282 nm (.epsilon. =5800) IR (KBr): 1692 cm.sup.-.sup.1
PAR  For C.sub.21 H.sub.29 N.sub.3 O.sub.2 (355.5) Calcd. C%=70.96; H%=8.22;
      N%=11.82; Found: C, 70.22; H, 8.23; N, 11.57
PAC  XXXII. D-6-methyl-8.beta.-(1-adamantylcarbamoylmethyl)-ergoline.
PAR  m.p. 279.degree.-280.degree.C (benzene-petroleum ether).
      [.alpha.].sub.D.sup.20 = -80.6.degree. (c=1.2, C.sub.5 H.sub.5 N); UV
      (MeOH): 292 nm (.epsilon. =5150), 282 nm (.epsilon. =6070); IR (KBr):
      1728, 1603 cm.sup.-.sup.1
PAR  For C.sub.27 H.sub.35 N.sub.3 O.sub.2 (433.6) Calcd. C%=74.79; H%=8.14;
      N%=9.69; Found: C, 74.66; H, 8.04; N, 9.56
PAC  XXXIII. D-6-methyl-8.beta.-(perhydroazoninylcarbonyloxymethyl)-ergoline.
PAR  m.p. 157.degree.-160.degree.C (methanol); [.alpha.].sub.D.sup.20 =
      -59.0.degree. (c=0.55, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon.
      =5650); 282 nm (.epsilon. =6850), 226 nm (.epsilon. =32200); IR
      (CHCl.sub.3): 1675 cm.sup.-.sup.1
PAR  For C.sub.25 H.sub.35 N.sub.3 O.sub.2  (409.6) Calcd C%=73.31; H%=8.61;
      N%=10.26; Found: C, 72.98; H, 8.79; N, 10.11
PAC  XXXIV. D-6-methyl-8.beta.-(azetidinylcarbonyloxymethyl)-ergoline.
PAR  m.p. 228.degree.-229.degree.C (methanol)-[.alpha.].sub.D .sup.20 =
      -76.5.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon. =
      6640); IR (KBr) 1688, 1601, 3480 cm.sup.-.sup.1
PAR  For C.sub.20 H.sub.25 N.sub.3 O.sub.2 (339.40) Calcd. C%=70.77; H%=7.42;
      N%=12.38; Found; C, 70.75; H, 7.40; N, 12.43
PAC  XXXV. D-6-methyl-8.beta.-(propylaminocarbonylmethyl)-ergoline.
PAR  m.p. 174.degree.-176.degree.C (benzene-petroleum ether) [.alpha.].sub.D
      .sup.20 = -75.0.degree. (c=1.3, C.sub.5 H.sub.5 N); UV (MeOH); 293 nm
      (.epsilon. =5330); 282 nm (=6500) 178 nm (.epsilon. =6180); IR (Kbr):
      1698, 1606, 3380 cm.sup.-.sup.1
PAR  For C.sub.20 H.sub.27 N.sub.3 O.sub.2 (341.5) Calcd. C%=70.35; H%=7.97;
      N%=12.39; Found: C, 70.30; H, 7.67; N, 12.69
PAC  XXXVI. D-6-methyl-8.beta.-(pyrrolidylcarbonyloxymethyl)-ergoline.
PAR  m.p. 216.degree.-218.degree.C (benzene)-[.alpha.].sub.D .sup.20 = -
      78.2.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon. =5150),
      282 nm (.epsilon. =6320), 225 nm (.epsilon. =55650); IR (CHCl.sub.3):
      1680, 1608 cm.sup.-.sup.1
PAR  For C.sub.21 H.sub.27 N.sub.3 O.sub.2 (353.5) Calcd. C%=71.36; H%=7.70;
      N%=11.89; Found: C, 71.52; H, 7.58; N, 11.80
PAC  XXXVII. D-6-methyl-8.beta.-(piperidinocarbonyloxymethyl)-ergoline.
PAR  m.p. 237.degree.-238.degree.C (methanol)-[.alpha.].sub.D .sup.20 =
      -59.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon. =5350);
      282 nm (.epsilon. =6660) IR (KBr): 1682, 1618, 1605, 3480 cm.sup.-.sup.1
PAR  For C.sub.22 H.sub.29 N.sub.3 O.sub.2 (367.5) Calcd. C%=71.90; H% =7.95;
      N%=11.43; Found: C, 72.08; H, 7.92; N, 11.48
PAC  XXXVIII. D-6-methyl-8.beta.-(perhydroazepinylcarbonyloxymethyl)-ergoline.
PAR  m.p. 171.degree.-173.degree.C (methanol)-[.alpha.].sub.D .sup.20 =
      -61.5.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon.
      =5340), 282 nm (.epsilon. =6600), 222 nm (.epsilon. =34300); IR (KBr):
      1680, 1603 cm.sup.-.sup.1
PAR  For C.sub.23 H.sub.31 N.sub.3 O.sub.2 (381.5) Calcd. C%=72.41; H%=8.19;
      N%=11.01; Found: C, 72.33; H, 8.04; N, 11.04
PAC  IXL. D-6-methyl-8.beta.-(perhydroazocinylcarbonyloxymethyl)-ergoline.
PAR  m.p. 210.degree.-212.degree.C (ethanol)-[.alpha.].sub.D .sup.20 =
      -63.0.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH); 292 nm (.epsilon.
      =5500), 282 nm (.epsilon. =6670), 226 nm (.epsilon. =28100); IR (KBr):
      1690 cm.sup.-.sup.1
PAR  For C.sub.24 H.sub.33 N.sub.3 O.sub.2 . 1/2 C.sub.4 H.sub.6 O.sub.6
      (470.5): Calcd. C%=66.36; H%=7.71; N%=8.94; Found: C, 66.41; H, 7.82; N,
      8.98
PAC  XL. D-6-methyl-8.beta.-(.DELTA..sup.3
      -piperidinocarbonyloxymethyl)-ergoline.
PAR  m.p. 213.degree.-215.degree.C (benzene) [.alpha.].sub.D.sup.20 =
      -70.degree. (c=1, C.sub.5 H.sub.5 N) UV MeOH): 292 mn (.epsilon.=5300),
      282 nm (.epsilon.=6780) IR (CHCl.sub.3): 1685, 1660, 1610 cm.sup.-.sup.1
PAR  For C.sub.22 H.sub.27 N.sub.3 O.sub.2 (365.5) Calcd. C%=72.30; H%=7.45;
      N%=11.50; Found: C, 72.45; H, 7.24; N, 11.28
PAC  XLI. D-6-methyl-8.beta.-(morpholinocarbonyloxymethyl)-ergoline.
PAR  m.p. 194.degree.-195.degree.C (benzene) [.alpha.].sub.D.sup.20 =
      -72.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon.=5430),
      282 nm (.epsilon.=6920) IR (KBr): 1690, 1612, 1470 cm.sup.-.sup.1
PAR  For C.sub.21 H.sub.27 N.sub.3 O.sub.2 (369.5) Calcd. C%=68.27; H%=7.37;
      N%=11.37; Found: C, 68.16; H, 7.20; N, 11.36
PAC  XLII. D-6-methyl-8.beta.-(4-methyl-piperazinylcarbonyloxymethyl)-ergoline.
PAR  m.p. 268.degree.-270.degree.C (CHCl.sub.3 --(CH.sub.3).sub.2 --CO)
      [.alpha.].sub.D.sup.20 = -71.8.degree. (c=1, (C.sub.5 H.sub.5 N); UV
      (MeOH): 292 nm (.epsilon.=5130), 282 nm (.epsilon.=6230); IR (KBr): 1685,
      1605 cm.sup.-.sup.1
PAR  For C.sub.22 H.sub.30 N.sub.4 O.sub.2 (382.5) Calcd. C%=69.08; H%=7.91;
      N%=14.65; Found: C, 68.82; H, 7.55; N, 14.40
PAC  XLIII. D-6-methyl-8.beta.-(4-phenyl-piperazinylcarbonyloxymethyl)-ergoline.
PAR  m.p. 178.degree.-180.degree.C (benzene) [.alpha.].sub.D.sup.20 =
      -61.3.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH + 5% CHCl.sub.3): 292 nm
      (.epsilon.=6940), 282 nm (.epsilon.=8000); IR (KBr): 1685, 1600
      cm.sup.-.sup.1
PAR  For C.sub.27 H.sub.32 N.sub.4 O.sub.2 (444.6) Calcd. C%=72.95; H%=7.26;
      N%=12.60; Found: C, 73.09; H, 7.00; N, 12.49
PAC  XLIV. D-6-methyl-8.beta.-(veratrylaminocarbonyloxymethyl)-ergoline.
PAR  m.p. 158.degree.-160.degree.C (ethyl acetate) [.alpha.].sub.D.sup.20 =
      -53.7.degree. (c=1, C.sub.5 H.sub.5 N); UV (MeOH): 292 nm
      (.epsilon.=5130), 282 nm (.epsilon.=9500); IR (KBr): 1712, 1608, 1590,
      1260 cm.sup.-.sup.1
PAR  For C.sub.26 H.sub.31 N.sub.3 O.sub.4 (449.6) Calcd. C%=69.47; H%=6.95;
      N%=9.35; Found: C, 69.42; H, 6.84; N, 9.41
PAC  XLV. D-6-methyl-8.beta.-(pyridyl-3-methylaminocarbonyloxymethyl)-ergoline.
PAR  m.p. 139.degree.-141.degree.C (methanol) [.alpha.].sub.D.sup.20 =
      -59.4.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon.=5520),
      282 nm (.epsilon.=5960), 275 nm (.epsilon.=10.200), 265 nm
      (.epsilon.=10.400), 259 nm (.epsilon.=10300); IR (KBr): 1720, 1610, 1580,
      1500 cm.sup.-.sup.1
PAR  For C.sub.23 H.sub.26 N.sub.4 O.sub.2 (390.5) Calcd. C%=70.75; H%=6.71;
      N%=14.35; Found: C, 70.77; H, 6.87; N, 14.37
PAC  XLVI. D-6-methyl-8.beta.-(phenethylaminocarbonyloxymethyl)-ergoline.
PAR  m.p. 155.degree.-156.degree.C (methanol) [.alpha.].sub.D.sup.20 =
      -60.2.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon.=5080),
      282 nm (.epsilon.=6100) IR (KBr): 1695, 1610 cm.sup.-.sup.1
PAR  For C.sub.25 H.sub.29 N.sub.3 O.sub.2 (403.5) Calcd. C%=74.41; H%=7.24;
      N%=10.41; Found: C, 74.52; H, 7.27; N, 10.37
PAC  XLVII.
      D-6-methyl-8.beta.-(2-morpholinoethylaminocarbonyloxymethyl)-ergoline.
PAR  m.p. 146.degree.-148.degree.C (methanol) [.alpha.].sub.D.sup.20 =
      -56.3.degree. (c=1, C.sub.5 H.sub.5 N); UV (MeOH): 292 nm
      (.epsilon.=5310), 282 nm (.epsilon.=6530) IR (KBr): 1698, 1606
      cm.sup.-.sup.1
PAR  For C.sub.23 H.sub.32 N.sub.4 O.sub.3 (412.5) Calcd. C%=66.97; H%=7.82;
      N%=13.58; Found: C, 66.61; H, 7.75; N, 13.35
PAC  XLVIII.
      D-6-methyl-8.beta.-(piperonylmethylaminocarbonyloxymethyl)-ergoline.
PAR  m.p. 176.degree.-177.degree.C (methanol) [.alpha.].sub.D.sup.20 =
      -48.7.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon.=5130),
      282 nm (.epsilon.=10600); IR (KBr): 1712, 1680, 1608, 1245 cm.sup.-.sup.1
PAR  For C.sub.26 H.sub.29 N.sub.3 O.sub.4 (447.5) Calcd. C%=69.78; H%=6.53;
      N%=9.39; Found: C, 69.65; H, 6.39; N, 9.47
PAC  IL.
      D-6-methyl-8.beta.-(3,4-dihydroxyphenethylaminocarbonyloxymethyl)-ergoline
     .
PAR  m.p. 168.degree.-175.degree.C (methanol) [.alpha.].sub.D.sup.20 =
      -12.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon.=6450),
      283 nm (.epsilon.=8140) IR (KBr): 1695, 1603, 3420 cm.sup.-.sup.1
PAR  For C.sub.25 H.sub.29 N.sub.3 O.sub.4 . C.sub.2 H.sub.4 O.sub.2 (479.6):
      Calcd. C%=65.44; H%=6.71; N%=8.76; Found: C, 65.44; H, 6.71; N, 8.54
PAC  L.
      D-6-methyl-8.beta.-(3,4-dimethoxyphenethylaminocarbonyloxymethyl)-ergoline
     .
PAR  m.p. 120.degree. (acetone) [.alpha.].sub.D.sup.20 = -47.5.degree. (c=1,
      C.sub.5 H.sub.5 N) UV (MeOH): 293 nm (.epsilon.=5100), 282 nm
      (.epsilon.=9120) IR (KBr): 1690, 1608, 1590, 1260 cm.sup.-.sup.1
PAR  For C.sub.27 H.sub.33 N.sub.3 O.sub.4 (463.6 Calcd. C%=69.96; H%=7.18;
      N%=9.06; Found: C, 68.94; H, 6.90; N, 8.81
PAC  LI.
      D-6-methyl-8.beta.-(.alpha.-methylphenethylaminocarbonyloxymethyl)-ergolin
     e.
PAR  m.p. 219.degree.-222.degree.C (methanol) [.alpha.].sub.D.sup.20 =
      -49.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon.=5440),
      282 (.epsilon.=6640) IR (KBr): 1730, 1705, 1608 cm.sup.-.sup.1
PAR  For C.sub.26 H.sub.31 N.sub.3 O.sub.2 . 1/2 C.sub.4 H.sub.6 O.sub.6
      (492.6): Calcd. C%=68.27; H%=6.96; N%=8.53; Found: C, 68.57; H, 7.05; N,
      8.72
PAC  LII. D-6-methyl-8.beta.-(tryptaminylcarbonyloxymethyl)-ergoline.
PAR  m.p. 200.degree.-202.degree.C (chloroform); [.alpha.].sub.D.sup.20 =
      -62.degree. (c=1, C.sub.5 H.sub.5 N) UV (MeOH): 292 nm (.epsilon.=9350),
      282 nm (.epsilon.=11150), 276 nm (.epsilon.=10630), 220 nm
      (.epsilon.=58700) IR (KBr): 1730, 1698, 1615, 1608, 1550, 1500
      cm.sup.-.sup.1
PAR  For C.sub.27 H.sub.30 N.sub.4 O.sub.2 (442.6) Calcd. C%=73.28; H%=6.83;
      N%=12.66; Found: C, 72.89; H, 6.72; N, 13.04
PAR  The novel compounds, as obtained according to the present invention,
      display pharmacological actions on several regions and organs, already at
      extremely low dosages. It has been found that the novel products unfold
      effects on the peripheral circulatory system as vasodilatory-agents, on
      the central nervous system they act as stimulants. The compounds are also
      endowed with antiserotoninic actions and spasmolytic actions on the
      gastrointestinal smooth muscles. The active dosages are comprised between
      1 and 500 micrograms per kilogram, in vivo.
PAR  More particularly, a few of the novel compounds manifest a few of the above
      enumerated activities in a selective way, so as to make their use possible
      for the therapeutics.
PAR  Actually, the compound XXXVIII, as well as the compounds XXXIII, IXL have
      shown to have a spasmolytic action which is particularly conspicuous on
      the isolated smooth muscles of the bowel and the gall bladder in guinea
      pigs. The active concentrations are comprised between 2 and 20 micrograms
      per ml. This compound also displays a spasmolytic action on the muscles of
      the blood vessels in dogs. The range of the active dosages is comprised
      between 20 and 100 micrograms/kilogram e.v. In vitro, the compound XXXVIII
      releases the muscles of the aorta of rabbits at concentrations of 50-100
      micrograms/ml. The therapeutic index is favourable for an indication of
      the product as an antispastic of the gastro-intestinal system and the
      biliary tract.
PAR  The compound XXV, in its turn, is endowed with interesting actions which
      stimulated the central nervous system. On isolated organs (ileum of guinea
      pigs, deferent vessel of rats) the product displays also a considerable
      spasmolytic activity, acting at dosages from 1 to 10  micrograms/ml. These
      effects are displayed also in vivo on the muscles of the peripheral
      vessels at dosages of 20-200 micrograms/kilogram e.v. The compound LI has
      been found to have lost the stimulating effects on the central nervous
      system, whereas the spasmolytic properties on the bowel and vessel
      muscles, both in vitro and in vivo are retained. The active dosages are
      comprised between 5 and 20 micrograms/ml in vitro, and from 50 to 500
      micrograms/kilogram e.v. The acute toxicity of the compound LI has proven
      to be extremely low and consequently the therapeutic index is favorable
      for its use as a spasmolytic of the smooth muscles of the vessels and
      organs other than vessels.
PAR  Lastly, another compound of the series, the IV, has been found to be
      endowed with a strong peripheral vasoconstrictive hypertensive action, in
      vivo, in dogs, at dosages comprised between 1 and 50 micrograms/kilogram
      e.v. and in cats from 6 to 50 micrograms/kilogram e.v. The effect is
      proportional to the dosage. The compound, on the basis of the tests which
      have been carried out, is a stimulant of the alpha-adrenergic receptors.
      In addition, the compound IV acts on the trachea of guinea pigs as a
      releasing agent at the concentration of 0.5-1 microgram/ml. On the ileum
      of the same animals, as a spasmolytic at a concentration of 50-100
      micrograms/ml and on the uterus and stomach of rats as an antiserotoninic
      at the concentration of 0.05-0.1 micrograms/ml. These latter effects are
      displayed also in vivo at the level of the smooth muscles of the vessels
      (active dosages = 5-10 micrograms/kilogram e.v.) and of the central
      nervous system (active dosages = 0.5-1 milligrams/kilogram s.c.). The
      compound on the basis of the pharmacological and toxicological properties
      which have been detected can be employed for the treatment of headaches.
PAR  For the therapeutical use the novel compounds can be employed as such or in
      the form of appropriate salts with both mineral and organic acids. In
      addition, they can be appropriately formulated in suitable pharmaceutical
      compositions in the form of tabloids or dragees or drops for the oral
      administration, ampoules for the parenteral use, and suppository for the
      rectal administration. It is also possible to prepare delayed release
      preparations so as to ensure a therapeutical action which is prolonged in
      time. For all of these preparations, the fillers and the methods as
      commonly adopted in the pharmaceutical practice are employed.
PAR  The following examples illustrate in more detail the several methods
      according to the invention for the preparation of the compounds having the
      formula (I).
PAC  EXAMPLE 1 (Method A)
PAR  Lysergol (R.sub.A = R.sub.B = H, x  y = --CH=C &lt;), 40 grams, is dissolved
      in anhydrous piridine (500 mls) and to the solution, cooled to 0.degree.C
      with ice, there is added very slowly with stirring phenyl chloroformate
      (32.8 grams). On completion of the addition the mixture is allowed to
      reach the room temperature and is maintained stirred during 7 hours. The
      mixture is then poured over water and ice. The as formed precipitate is
      washed thoroughly with water, then with methanol, and dried. It is
      recrystallized from 3500 mls benzene (filtration over carbon) to obtain
      D-6-methyl-8.beta.-(phenoxy-carbonyloxymethyl)-9,10 didehydroergoline, in
      a state of purity, having a m.p. of 218.degree.-220.degree.C.
PAR  The latter compound (100 grams) is dissolved in anhydrous (CH.sub.3).sub.2
      NCHO (1670 mls) under a dry nitrogen blanket, in an oxygen-free
      environment. To this solution there is added perhydroazepine (58.3 grs) at
      room temperature, whereafter it is heated to 70.degree.-75.degree.C and is
      maintained at this temperature during 6 hours, still with stirring under a
      nitrogen blanket. The precipitate is poured over ice and water (10
      liters), collected on a filter, washed with water on the filter. It is
      dried over P.sub.2 O.sub.5, and, upon drying, it is recrystallized from
      benzene (1500 mls) (filtration over carbon).
PAR  Pure D-6-methyl-8.beta.-(perhydroazepinylcarbonyloxymethyl)-9,10
      -didehydroergoline (XII) is thus obtained, with a m.p.
      203.degree.-205.degree.C, [.alpha.].sub.D.sup.20 = +40.8.degree. (in
      C.sub.5 H.sub.5 N).
PAC  EXAMPLE 2 (Method A)
PAR  D-6-methyl-8.beta.-(phenoxycarbonyloxymethyl)-9,10-didehydro-ergoline (12
      grs.) is dissolved in anhydrous Me.sub.2 SO (200 mls) under dry nitrogen
      and in the absence of oxygen. To this solution there is added
      .alpha.-methylphenethylamine (9.6 grs.) in anhydrous Me.sub.2 SO (10 mls)
      at room temperature and the mixture is maintained at
      70.degree.-75.degree.C during 5 hours with a slight stirring. The mixture
      is poured over ice and water and the precipitate is collected on a filter
      and thoroughly washed with water on the filter. Upon drying over P.sub.2
      O.sub.5 in a vacuo, the product is recrystallized with 200 mls of benzene
      (filtered over activated carbon) and 300 mls. petroleum ether. The
      crystallized product is filtered through a silica-gel column (80 grs)
      eluting it with a mixture of benzene plus 3% methanol to discharge the
      color. The eluates are concentrated to a reduced volume and the product is
      separated in the form of tartrate. This is obtained by adding to the
      solution one molar equivalent of tartaric acid. The as separated tartrate
      is filtered and dried in a vacuo. It is purified by recrystallizing it
      from absolute ethanol. The salt, bis
      [D-6-methyl-8.beta.-(.alpha.-methylphenetylaminocarbonyloxymethyl)-9,10-di
     dehydroergoline] tartrate (XXV) has a m.p. 197.degree.-199.degree.C,
      [.alpha.].sub.D.sup.20 = +38.2 (C.sub.5 H.sub.5 N).
PAR  Similarly to the compound of the Examples 1, 2, the compounds I, II,
      IV-XXVIII, XXX-LII are prepared. In this case of the compounds XXVII and
      following, the starting compounds are substance of general formula (I)
      wherein R.sub.A =R.sub.B =H, x  y = --CH.sub.2 --CH&lt;.
PAC  EXAMPLE 3 (Method B)
PAR  To a suspension of lysergol (R.sub.A =R.sub.B =H, x  y = --CH=C&lt;) (10 grs)
      in anhydrous benzene (250 mls) there is added, with stirring, phenyl
      isocyanate (6.15 grs) and the whole is refluxed with stirring during 7
      hours. The as formed product is cooled and collected on a filter, washed
      with benzene and then with gasoline. (The waters are evaporated to dryness
      and the residue taken up with ether and filtered; the precipiate is
      combined with the principal precipitate indicated above). Crystallization
      is carried out with acetone (600 mls) (filtration on carbon) giving a
      yield of 11.5 grs of
      D-6-methyl-8.beta.-(phenylcarbamoylmethyl)-9,10-didehydroergoline, having
      a m.p. 223.degree.-226.degree.C; [.alpha.].sub.D.sup.20 = +16.5 (C.sub.5
      H.sub.5 N).
PAC  EXAMPLE 4 (Method C)
PAR  D-6-methyl-8.beta.-(morpholinocarbonyloxymethyl)-9,10-didehydroergoline
      (XV), 3.0 grs. (R.sub.A = --CON(CH.sub.2).sub.2 O, R.sub.B = H, x  y =
      --CH=C&lt;) is dissolved in a mixture of anhydrous EtOH and the 10% of acetic
      acid, (70 mls) and there are added 1.2 grams of 10% palladated carbon.
      Hydrogenation is carried out in a Parr type apparatus with an initial
      pressure of hydrogen of about 3 atmospheres. Upon consumption of 197 mls
      of H.sub.2 (40 minutes approx.) the reactor is scavenged with nitrogen,
      the catalyst is collected on a filter and the alcohol evaporated in a
      vacuo (25 mmsHg) at a temperature below 50.degree.C. The residue is
      diluted with water, neutralized with NaHCO.sub.3, the precipitate is
      collected on a filter and washed on the filter with water, methanol and
      ether. This raw product for purification is dissolved in 60 mls methanol,
      treated with activated carbon and filtered. Upon two crystallizations one
      obtains D-6-methyl-8.beta. -(morpholinocarbonyloxymethyl)-ergoline (XLI,
      2.3 grs), m.p. 194.degree.-195.degree.C, [.alpha.].sub.D.sup.20 =
      -72.degree. (c=1, C.sub.5 H.sub.5 N).
PAR  According to what has been suggested in Example 4, the compounds Nos.
      XXVII-IXL, XLI-LII are prepared.
PAR  With the above indicated methods, all the previously enumerated compounds
      from I to LII have been prepared.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. D-6-methyl-8.beta.-(N,N-dimethylcarbamoylmethyl)-9,10-didehydroergoline.
NUM  2.
PAR  2. D-6-methyl-8.beta.-(N,N-diethylcarbamoylmethyl)-9,10-didehydroergoline.
NUM  3.
PAR  3. D-6-methyl-8.beta.-(1-adamantylcarbamoylmethyl)-9,10-didehydroergoline.
NUM  4.
PAR  4. D-6-methyl-8.beta.-(perhydroazoninylcarbonyloxymethyl)-9,10-didehydroerg
     oline.
NUM  5.
PAR  5. D-6-methyl-8.beta.-(pyrrolidylcarbonyloxymethyl)-9,10-didehydroergoline.
NUM  6.
PAR  6. D-6-methyl-8.beta.-(piperidinocarbonyloxymethyl)-9,10-didehydroergoline.
NUM  7.
PAR  7. D-6-methyl-8.beta.-(perhydroazocynylcarbonyloxymethyl)-9,10-didehydroerg
     oline.
NUM  8.
PAR  8. D-6-methyl-8.beta.-(.DELTA..sup.3
      -piperideinocarbonyloxymethyl)-9,10-didehydroergoline.
NUM  9.
PAR  9. D-6-methyl-8.beta.-(pyridyl-3-methylaminocarbonyloxy
     methyl)-9,10-didehydroergoline.
NUM  10.
PAR  10. D-6-methyl-8.beta.-(piperon
     ylmethylaminocarbonyloxymethyl)-9,10-didehydroergoline.
NUM  11.
PAR  11. D-6-methyl-8.beta.-(triptaminylcarbonyloxymethyl)-9
     ,10-didehydroergoline.
NUM  12.
PAR  12. D-6-methyl-8.beta.-(N,N-dimethylcarbamoylmethyl)-ergoline.
NUM  13.
PAR  13. D-6-methyl-8.beta.-(N,N-diethylcarbamoylmethyl)-ergoline.
NUM  14.
PAR  14. D-6-methyl-8.beta.-(1-adamantylcarbamoylmethyl)-ergoline.
NUM  15.
PAR  15. D-6-methyl-8.beta.-(perhydroazoninylcarbonyloxymethyl)-ergoline.
NUM  16.
PAR  16. D-6-methyl-8.beta.-(pyrrolidylcarbonyloxymethyl)-ergoline.
NUM  17.
PAR  17. D-6-methyl-8.beta.-(piperidinocarbonyloxymethyl))-ergoline.
NUM  18.
PAR  18. D-6-methyl-8.beta.-(perhydroazocynylcarbonyloxymethyl)-ergoline.
NUM  19.
PAR  19. D-6-methyl-8.beta.-(.DELTA..sup.3
      -piperideinocarbonyloxymethyl)-ergoline.
NUM  20.
PAR  20. D-6-methyl-8.beta.-(pyridyl-3-methylaminocarbonyloxymethyl)-ergoline.
NUM  21.
PAR  21. D-6-methyl-8.beta.-(piperonylmethylaminocarbonyloxymethyl)-ergoline.
NUM  22.
PAR  22. D-6-methyl-8.beta.-(triptaminylcarbonyloxymethyl)-ergoline.
NUM  23.
PAR  23. D-6-methyl-8.beta.-(azetidinylcarbonyloxymethyl)-9,10-dideh
     ydroergoline.
NUM  24.
PAR  24. D-6-methyl-8.beta.-(perhydroazepinylcarbonyloxymethyl)-9,10-didehydroer
     goline.
NUM  25.
PAR  25. D-6-methyl-8.beta.-(azetidinylcarbonyloxymethyl)-ergoline.
NUM  26.
PAR  26. D-6-methyl-8.beta.-(perhydroazepinylcarbonyloxymethyl)-ergoline.
PATN
WKU  039445836
SRC  5
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APD  19750227
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NCL  4
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STA  NY
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XCL  260 78TF
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UREF
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ABST
PAL  The invention is concerned with dianhydrides derived from phenolphthalein
      and from bisphenol fluorenone by a process which can include the reaction
      of an N-methyl-nitrophthalimide with the dialkali metal salt of either of
      the aforementioned two dihydroxy compounds.
BSUM
PAR  This invention is concerned with novel dianhydrides. More particularly, the
      invention relates to a novel class of dianhydrides having the formula
      ##SPC1##
PAL  Where Z is a member of the class consisting of the
      ##SPC2##
PAL  Radical and the
      ##SPC3##
PAL  Radical.
PAR  Two specific dianhydrides coming with the scope of formula I may be
      identified as a phenolphthalein dianhydride (hereinafter referred to as
      PDA) having the formula
      ##SPC4##
PAL  And bisphenol fluorenone dianhydride (hereinafter identified as FDA) having
      the formula
      ##SPC5##
PAL  Alternatively, the phenolphthalein and bisphenol fluorenone residues may be
      attached to the dianhydride portions in the 3-position, depending on the
      position of the nitro group.
PAR  Generally, the aforesaid class of dianhydrides may be obtained by effecting
      reaction between 3-nitro or 4-nitro-N-methylphthalimide having the formula
      ##SPC6##
PAL  And a member selected from the class consisting of bisphenol fluorenone
      having the formula
      ##SPC7##
PAL  Or phenolphthalein.
PAR  The bisphenol fluorenone of formula VI can be prepared in a manner
      disclosed by P. W. Morgan in Macromolecules, V. 3, pg. 536 (1970), whereby
      fluorenone is reacted with phenol in the presence of .beta.-mercapto
      propionic acid and anhydrous HCl.
PAR  I have found that the reaction between the N-methyl-nitrophthalimide and
      either the phenolphthalein or the bisphenol fluorenone is advantageously
      carried out in a suitable solvent, for example, one consisting essentially
      of dimethyl sulfoxide or sulfolane, and toluene, or benzene, in about
      equal weight. More specifically, a reaction vessel is charged with either
      the phenolphthalein or the bisphenol fluorenone, a sufficient amount of
      aqueous sodium hydroxide is added to form the disodium salt of the
      particular dihydroxy compound in the mixture of the toluene and
      dimethylsulfoxide. The mixture is advantageously heated to a temperature
      of about 60.degree. to 75.degree. C. for a time until the reaction is
      completed and the diimide is formed. Since a slight molar excess of about
      5% of the N-methyl-nitrophthalimide is employed, it is desirable to remove
      this excess and thereby to isolate the bisimide of the particular
      dihydroxy reaction product. By treating the bisimide with an additional
      amount of aqueous sodium hydroxide in water at elevated temperatures, and
      then acidifying the reaction mass with hydrochloric acid, it is possible
      to obtain a tetraacid intermediate derivative which in turn can be
      subjected to heating at reflux with acetic acid and acetic anhydride, or
      by thermal dehydration at 175.degree. to 200.degree. C., to dehydrate the
      tetraacid to form the desired dianhydride.
DETD
PAR  In order that those skilled in the art may better understand how the
      present invention may be practiced, the following examples are given by
      way of illustration and not by way of limitation.
PAC  EXAMPLE 1
PAR  To a three-neck reaction vessel equipped with a mechanical stirrer, reflux
      condenser, Dean-Stark water trap, and heating means was added 110.35 grams
      (0.347 mole) phenolphthalein, 82.90 grams of 50% aqeuous sodium hydroxide,
      550 ml. toluene, and 550 ml. dimethylsulfoxide. The mixture was heated to
      130.degree. C. and stirred under nitrogen until the waterazeotrope which
      began to evolve stopped collecting. A calcium hydride trap was attached in
      place of the Dean-Stark trap and the last race of moisture was eliminated.
      Under a stream of nitrogen at 60.degree. C., 150.24 grams (5% molar
      excess) N-methyl-4-nitrophthalimide was added. The reaction mixture was
      stirred for 12 hours at about 60.degree. C., after which the excess
      toluene was removed at reduced pressure and approximately 500 ml. of 1%
      aqueous acetic acid was added slowly to the residue. This mixture in turn
      was stirred for another 45 minutes and the obtained 4,4'-bisimide having
      the formula
      ##SPC8##
PAL  was filtered, slurried in hot methanol, filtered again and dried at
      80.degree. C. in a vacuum oven to give 178.76 grams of the desired
      purified bisimide melting at 189.degree.-191.degree. C. About 159 grams of
      the aforesaid 4,4'-bisimide of formula VII was added to a reaction vessel
      equipped with a reflux condenser together with 160 grams of 50% aqueous
      sodium hydroxide and 320 ml. of water. The mixture was heated at its
      reflux temperature for 24 hours, cooled to room temperature and acidified
      with an excess of 1N hydrochloric acid. The mixture was heated to reflux
      and stirred until the tetraacid crystallized. The mixture was cooled,
      filtered, and the filter cake was washed with water. The product thus
      obtained was dried for about 18 hours in a vacuum oven at 80.degree. C. to
      give 157.67 grams of the corresponding tetraacid having the formula
      ##SPC9##
PAL  A mixture of 150 grams (0.23 mol) of the tetraacid together with 500 ml.
      acetic acid and 82.9 grams acetic anhydride was heated at the reflux
      temperature of the mass and stirred for about 12 hours and then cooled to
      room temperature. The dianhydride crystallized readily and was filtered to
      give 110 grams of the desired phenolphthalein dianhydride of formula IV
      having a melting point of 195.degree. C.
PAC  EXAMPLE 2
PAR  The bis fluorenone dianhydride of formula V was prepared similarly as the
      phenolphthalein dianhydride in example 1. More particularly, to the same
      reaction vessel used in example 1 was added 50 grams (0.1429 mol)
      bisphenol flourenone, 22.864 grams of 50% aqueous sodium hydroxide, 250
      ml. toluene and 250 ml. dimethylsulfoxide. The mixture was heated to
      130.degree. C. and stirred under nitrogen while removing the water
      azeotrope over a period of about 12 hours. A calcium hydride water trap
      was attached in place of the Dean-Stark water trap to remove the last
      traces of water from the reaction mixture. While maintaining the reaction
      mixture at 60.degree. C. under a stream of nitrogen, 61 grams (5% molar
      excess) N-methyl-4-nitrophthalimide was added to the mixture using 75 ml.
      anhydrous dimethylsulfoxide and 75 ml. anhydrous toluene to assist in the
      addition. The reaction was stirred for 12 hours at 60.degree. C., after
      which the reaction mixture was fractionally distilled to remove the
      toluene under reduced pressure. After cooling to room temperature, about
      250 ml. of 1% aqueous acetic acid solution was slowly added to the
      reaction residue. This mixture was stirred for 45 minutes at room
      temperature and the corresponding 4,4'-N-methyl bisimide was collected by
      filtration. The filter cake was washed with water and dried in a
      40.degree. C. vacuum oven for 24 hours. The bisimide thus obtained was
      stirred in 300 ml. refluxing anhydrous methanol for about 1 hour and the
      purified 4,4'-bisimide was again collected by filtration, washed in
      methanol and dried in a vacuum oven at 70.degree. C. for 24 hours. The
      yield of the bisimide having the formula
      ##SPC10##
PAL  was equal to 92.32 grams and had a melting point of 208.degree.-
      210.degree. C. To a reaction vessel equipped with reflux condenser and
      mechanical stirrer was added 85 grams (0.124 mol) of the above-identified
      4,4'-bisimide, 85 grams 50% aqueous sodium hydroxide and 170 grams water.
      The mixture was heated at its reflux temperature for about 24 hours,
      cooled to room temperature and acidified with an excess of 1N hydrochloric
      acid. The aqueous acid solution was heated to reflux and stirred until the
      tetraacid crystallized over a period of about one hour. The mixture was
      cooled, filtered and dried in a vacuum oven at 80.degree. C. to give 83.7
      grams of the tetraacid corresponding to the formula
      ##SPC11##
PAL  The dianhydride was prepared by adding 78 grams (0.112 mol) of the
      tetraacid, 260 ml. acetic acid and 34 grams acetic anhydride to a reaction
      vessel and the mixture was refluxed for 12 hours, cooled and filtered to
      give the desired bisphenol fluorenone dianhydride corresponding to formula
      V. To purify the latter, the dianhydride was crystallized from a mixture
      of toluene and 5%, by weight, acetic anhydride with Norit as a
      decolorizing agent to give 66.44 grams of the desired dianhydride of
      formula V having a melting point of 237.degree. - 238.degree. C.
PAC  EXAMPLE 3
PAR  The dianhydrides of formula I where the radicals of formulas II and III are
      in the 3-position on the dianhydride residues instead of the 4-position,
      may be prepared similarly as in examples 1 and 2 with the exception that
      instead of using N-methyl-4-nitrophthalimide, one employs
      N-methyl-3-nitrophthalimide. By employing the above-described procedures,
      one will obtain the two anhydrides corresponding to the formula
      ##SPC12##
PAR  The above-described dianhydrides can be reacted with organic diamines, for
      example, 4,4'-diaminodiphenyl methane, m-phenyldiamine,
      4,4'-diaminodiphenyl oxide, etc., to give polymers having extremely good
      high temperature and flame-retardant properties. Polyetherimide polymers
      derived in the above manner are more particularly disclosed and claimed in
      my copending application, Ser. No. 553,659, filed concurrently herewith
      and assigned to the same assignee as the present invention. By reference
      this application is made part of the disclosure of the instant
      application. The polyetherimides thus obtained can be used in various
      molding applications, for instance, as housings for appliances and for
      motors, as brake linings, etc., especially where heat resistance and other
      improved physical properties are essential.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A composition of matter having the formula
      ##SPC13##
PAL  where Z is a member selected from the class consisting of the
      ##SPC14##
PAL  group and the
      ##SPC15##
PAL  group.
NUM  2.
PAR  2. A composition having the formula
      ##SPC16##
NUM  3.
PAR  3. A composition having the formula
      ##SPC17##
NUM  4.
PAR  4. A composition having the formula
      ##SPC18##
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      group is disclosed herein for use as anti-inflammatory agents.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Steroids having the formula
      ##SPC1##
PAL  Are useful as anti-inflammatory agents. In formula I, and throughout the
      specification, the symbols are as defined below:
PA1  R.sub.1 can be hydrogen, hydroxy, halogen or acyloxy;
PA1  R.sub.2 and R.sub.3 can be the same or different and can be hydrogen,
      alkyl, or aryl;
PA1  R.sub.4 can be hydrogen and R.sub.5 can be hydroxy, or together R.sub.4 and
      R.sub.5 can be =0; and
PA1  R.sub.6 can be hydrogen, methyl, or fluorine.
PAR  The dotted lines in the 1,2-position of the steroids of this invention
      represent the optional presence of ethylenic unsaturation.
PAR  The term "alkyl", as used throughout the specification, refers to both
      branched and straight chain alkyl groups having 1 to 8 carbon atoms. Alkyl
      groups having 1 to 4 carbon atoms are preferred.
PAR  The term "aryl", as used throughout the specification, refers to phenyl or
      phenyl substituted with one or more halogen, alkyl, and alkoxy groups.
      Phenyl and monosubstituted phenyl are the preferred aryl groups.
PAR  The term "acyloxy", as used throughout the specification, refers to groups
      wherein the acyl portion is a physiologically acceptable acid residue
      derived from an organic or inorganic acid. Exemplary monocarboxylic acids
      are those having the formula R-COOH wherein R is alkyl, cycloalkyl,
      arylalkyl or aryl; e.g., acetic, propionic, valeric,
      cyclohexanecarboxylic, phenylacetic, benzoic, and toluic acids. Exemplary
      polycarboxylic acids are malonic, succinic, glutaric, adipic, pimelic, and
      phthalic acids. Exemplary inorganic acids are sulfuric, nitric, and
      phosphoric acids. Preferred acyloxy groups are those having the formula
      alkyl
      ##EQU1##
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The steroids of formula I are physiologically active substances which
      possess glucocorticoid and anti-inflammatory activity and hence can be
      used in lieu of known glucocorticoids in the treatment of rheumatoid
      arthritis, for which purpose they can be administered in the same manner
      as hydrocortisone, for example, the dosage being adjusted for the relative
      potency of the particular steroid. In addition, the steroids of this
      invention can be used topically in lieu of known glucocorticoids in the
      treatment of skin conditions such as dermatitis, psoriasis, sunburn,
      neurodermatitis, eczema, and anogenital pruritus.
PAR  When given orally, the compounds of this invention may be used in a daily
      dosage range of 0.1 to 200 milligrams per 70 kilograms, preferably 0.3 to
      100 milligrams per 70 kilograms. If administered topically, the compounds
      of this invention may be used in the range of 0.01 to 5.0% by weight,
      preferably 0.05 to 2.0% by weight, in a conventional cream or lotion. The
      topical mode of administration is preferred.
PAR  The steroids of formula I can be prepared using as starting materials
      steroids having the formula
      ##SPC2##
PAL  And butadienes having the formula
      ##EQU2##
      A steroid of formula II and a butadiene of formula III can be reacted to
      form a steroid of formula I using the DielsAlder reaction. The preferred
      catalysts for the reaction are anhydrous aluminum chloride and anhydrous
      aluminum bromide. The reaction can be run in an organic solvent, e.g. a
      halogenated hydrocarbon such as dichloromethane. The above described
      Diels-Alder reaction is highly selective and takes place exclusively at
      the double bond in the 16-position, even in the presence of the
      .DELTA..sup.1,4 -3-keto function. In those instances wherein the butadiene
      is unstable in the presence of a Lewis acid catalyst, the Diels-Alder
      reaction is run in the presence of a free radical inhibitor at elevated
      temperatures.
PAR  If the steroid starting material of formula II contains an 11.beta.-hydroxy
      group, it is desirable to first protect the group before running the
      Diels-Alder reaction. While many means of protecting the 11-functional
      group will be apparent to a person skilled in the steroid art, one
      particularly desirable method is the acylation of the group. The acylation
      reaction can be run using an acid anhydride, e.g. acetic anhydride in the
      presence of a Lewis catalyst, e.g. boron trifluoride etherate. After the
      Diels-Alder reaction has been run, the protective group can be removed
      using a conventional technique.
PAR  Additional methods for the preparation of the compounds of this invention
      will be readily apparent to a person of ordinary skill in the steroid art.
      For example, those steroids of this invention having a halogen in the
      21-position can be prepared from the corresponding 21-hydroxy steroid by
      reacting the later with an alkyl or aryl sulfonyl halide (e.g.,
      methanesulfonyl chloride or p-toluenesulfonyl chloride), in the presence
      of an organic base such as pyridine, to yield a 21-alkyl (or
      aryl)sulfonyloxy steroid. The 21-alkyl(or aryl)sulfonyloxy steroid
      intermediate can be reacted with an alkali metal halide (e.g. potassium
      fluoride, lithium chloride, lithium bromide, sodium iodide, etc.) to yield
      the corresponding 21-halo steroid.
PAR  Using procedures well known to those of ordinary skill in the steroid art
      it is also possible to prepare a 21-acyloxy steroid of this invention from
      the corresponding 21-hydroxy steroids. Other variations will be apparent
      to the practitioner of this invention.
DETD
PAR  The following examples are specific embodiments of this invention.
PAC  EXAMPLE 1
PAC  9-Fluoro-11.beta.,21-dihydroxy-1',2'-dimethylpregna-1,4-dieno[16.alpha.,17-
     d]cyclohexene-3,20-dione
PAC  A. 11.beta.,21-bis(Acetyloxy)-9-fluoropregna-1,4,16-triene-3,20-dione
PAR  A solution of 5 g of
      9-fluoro-11.beta.,21-dihydroxypregna-1,4,16-triene-3,20-dione, 21-acetate,
      50 ml each of acetic anhydride and dichloromethane and 2.5 ml of boron
      trifluoride etherate is stirred at room temperature under nitrogen for 2.5
      hours. Because the reaction is slow, another 1.5 ml of boron trifluoride
      etherate is added and the reaction is continued for another 1.5 hours. The
      resulting solution is diluted with 200 ml of dichloromethane, washed with
      a saturated sodium bicarbonate solution and water, dried over anhydrous
      sodium sulfate and evaporated in vacuo to give 5.2 g of a solid. This is
      chromatographed on a column of 100 g of silica gel. Elution with 1:4
      hexane-chloroform gives 4.8 g of material. Crystallization from
      chloroform-hexane gives 4.2 g of the title compound, melting point
      294-296.degree.C.
PAC  B.
      9-Fluoro-11.beta.,21-dihydroxy-1',2'-dimethylpregna-1,4-dieno[16.alpha.,17
     -d]cyclohexene-3,20-dione
PAR  A solution of 1.8 g of
      11.beta.,21-bis(acetyloxy)-9-fluoropregna-1,4,16-triene-3,20-dione and 600
      mg of anhydrous aluminum chloride in 35 ml of dichloromethane is stirred
      for 1 hour under nitrogen to afford a homogeneous solution. To this is
      added dropwise a solution of 2,3-dimethyl-1,3-butadiene (3.0 ml) in dry
      dichloromethane (5.0 ml). After 1 hour the mixture is diluted with
      dichloromethane (250 ml), washed with a 10% sodium bicarbonate solution
      and water, dried over anhydrous sodium sulfate, and evaporated in vacuo to
      give 6.3 g of an oil. This is dissolved in 1:3 hexane-chloroform and
      chromatographed on a column of silica gel (150 g). Elution with 3:2
      hexane-chloroform and 1:1 hexane-chloroform gives 1.8 g of a homogeneous
      solid. This is dissolved in a mixture of tetrahydrofuran (50 ml) and
      methanol (40 ml), and a 10% potassium carbonate solution (0.95 ml) is
      added and stirred under nitrogen at 0.degree.C for  2.0 hours and at room
      temperature for 4.5 hours. The resulting solution is neutralized with 5%
      acetic acid. The solvent is then partially removed in vacuo and the slurry
      is extracted with chloroform. The chloroform solution is washed with
      water, dried over anhydrous sodium sulfate and evaporated in vacuo to give
      1.5 g of a foam. This is dissolved in chloroform and chromatographed on a
      column of silica gel (60 g). Elution with 1:3 hexane-chloroform and
      chloroform gives 1.2 g of material. Crystallization from chloroform-hexane
      gives 760 mg of the title compound, melting point
      256.degree.-258.degree.C.
PAR  Analysis--Calculated for C.sub.27 H.sub.35 FO.sub.4 : C, 73.27; H, 7.97; F,
      4.29. Found: C, 73.08; H, 7.74; F, 4.18.
PAC  EXAMPLE 2
PAC  21-(Acetyloxy)-9-fluoro-11.beta.-hydroxy-1',2'-dimethylpregna-1,4-dieno[16.
     alpha.,17-d]cyclohexene-3,20-dione
PAR  A solution of 400 mg of
      9-fluoro-11.beta.,21-dihydroxy-1',2'-dimethylpregna-1,4-dieno[16.alpha.,17
     -d]cyclohexene-3,20-dione (prepared as described in Example 1) in 25 ml of
      pyridine is stirred at room temperature under nitrogen overnight with 0.4
      ml of acetic anhydride. The resulting solution is poured into cold 5%
      hydrochloric acid and extracted with chloroform. The chlorform solution is
      washed with water, dried over anhydrous sodium sulfate and evaporated in
      vacuo to give 410 mg of foam. This material is dissolved in 1:4
      hexane-chloroform and chromatographed on a 20 g-silica gel column. Elution
      with 1:3 hexane-chloroform and 1:9 hexane-chloroform followed by
      crystallization from acetone-hexane gives 320 mg of the title compound,
      melting point 236.degree.-237.degree.C.
PAR  Analysis--Calculated for C.sub.29 H.sub.37 FO.sub.5 : C, 71.87; H, 7.70; F,
      3.92. Found: C, 72.17; H, 7.66; F, 3.75.
PAC  EXAMPLE 3
PAC  21-Chloro-9-fluoro-11.beta.-hydroxy-1',2'-dimethylpregna-1,4-dieno[16.alpha
     .,17-d]cyclohexene-3,20-dione
PAC  A.
      9-Fluoro-11.beta.-hydroxy-21-mesyloxy-1',2'-dimethylpregna-1,4-dieno[16.al
     pha.,17-d]cyclohexene-3,20-dione
PAR  A solution of 400 mg of
      9-fluoro-11.beta.,21-dihydroxy-1',2'-dimethylpregna-1,4-dieno[16.alpha.,17
     -d]cyclohexene-3,20-dione (prepared as described in example 1) in 20 ml of
      pyridine is stirred at 0.degree.C under nitrogen for 6 hours with 0.4 ml
      of methanesulfonyl chloride. The resulting solution is poured into cold 5%
      hydrochloric acid and extracted with chloroform. The chloroform solution
      is washed with water, dried over anhydrous sodium sulfate and evaporated
      in vacuo to give 490 mg of the title compound.
PAC  B.
      21-Chloro-9-fluoro-11.beta.-hydroxy-1',2'-dimethylpregna-1,4-dieno[16.alph
     a.,17-d]cyclohexene-3,20-dione
PAR  A solution of 490 mg of
      9-fluoro-11.beta.-hydroxy-21-(mesyloxy)-1',2'-dimethylpregna-1,4-dieno[16.
     alpha.,17-d]cyclohexene-3,20-dione and 500 mg of lithium chloride in 35 ml
      of dimethylformamide is refluxed for 2 hours under nitrogen. The resulting
      solution is cooled, poured into ice-water and stirred for 30 minutes. The
      solid is filtered and dissolved in chloroform. The chloroform solution is
      washed with 5% hydrochloric acid, water, dried over anhydrous sodium
      sulfate and evaporated in vacuo to give 290 mg of residue. This is
      dissolved in 1:3 hexane-chloroform and chromatographed on a 20 g-silica
      gel column. Elution with 2:3 hexane-chloroform and 1:4 hexane-chloroform
      gives 280 mg of material. Crystallization from acetone-hexane gives 250 mg
      of the title compound, melting point 236-237.degree.C.
PAR  Analysis--Calculated for C.sub.27 H.sub.34 ClFO.sub.3 : C, 70.34; H, 7.43;
      Cl, 7.69; F, 4.12.
PAR  Found: C, 70.28; H, 7.28; Cl, 7.55; F, 3.97.
PAC  EXAMPLE 4
PAC  9-Fluoro-11.beta.,21-dihydroxypregna-1,4-dieno-[16.alpha.,17-d]cyclohexene-
     3,20-dione
PAR  A solution of 1.4 g of
      11.beta.,21-bis(acetyloxy)-9-fluoropregna-1,4,16-triene-3,20-dione
      (prepared as described in example 1A) and 550 mg of anhydrous alumium
      chloride in 30 ml of dichloromethane is stirred under a condensor (cooled
      with ice-acetone) for 1 hour at room temperature under nitrogen to afford
      a homogeneous solution. 1,3-Butadiene (4-5 ml) is condensed by the
      ice-acetone condensor and is added dropwise to the above homogeneous
      solution and stirred for 25 minutes. After the addition of 1,3-butadiene
      in the same manner three more times, the solution is stirred overnight at
      room temperature under nitrogen. The resulting mixture is diluted with 200
      ml of chloroform, washed with a saturated sodium bicarbonate solution and
      water, dried over anhydrous sodium sulfate and evaporated in vacuo to give
      1.8 g of a foam. This is dissolved in 2:3 hexane-chloroform and is
      chromatographed on a column of silica gel (50 g). Elution with 2:3
      hexane-chloroform gives 1.5 g of material. This is dissolved in a mixture
      of tetrahydrofuran (50 ml) and methanol (30 ml) and a 10% potassium
      carbonate solution (1.0 ml) is added and stirred under nitrogen at room
      temperature overnight. The resulting solution is neutralized with 5%
      acetic acid and evaporated in vacuo. The slurry is diluted with water and
      extracted with chloroform. The chloroform solution is washed with water,
      dried over anhydrous sodium sulfate and evaporated in vacuo to give 1.6 g
      of a foam. This is dissolved in 1:4 hexane-chloroform and chromatographed
      on a 30 g-silica gel column. Elution with 1:4 hexane-chloroform and
      chloroform gives 910 mg of material. Crystallization from
      chloroform-hexane gives 630 mg of the title compound, melting point
      244-245.degree.C.
PAR  Analysis--Calculated C.sub.25 H.sub.31 FO.sub.4 : C, 72.44; H, 7.54; F,
      4.58.
PAR  Found: C, 72.33; H, 7.37; F, 4.49.
PAC  EXAMPLE 5
PAC  21-(Acetyloxy)-9-fluoro-11.beta.-hydroxypregna-1,4-dieno[16.alpha.,17-d]cyc
     lohexene-3,20-dione
PAR  A solution of 300 mg of
      9-fluoro-11.beta.,21-dihydroxypregna-1,4-dieno[16.alpha.,17-d]cyclohexene-
     3,20-dione (prepared as described in example 4) in 10 ml of pyridine and
      0.2 ml of acetic anhydride is stirred at room temperature under nitrogen
      overnight. The resulting solution is poured into cold 5% hydrochloric acid
      and extracted with chloroform. The chloroform solution is washed with
      water, dried over anhydrous sodium sulfate and evaporated in vacuo to give
      350 mg of a foam. This is dissolved in 1:3 hexane-chloroform and
      chromatographed on a column of silica gel (20 g). Elution with 1:3
      hexane-chloroform and crystallization from acetone-hexane gives 230 mg of
      the title compound, melting point 187-188.degree.C.
PAR  Analysis--Calculated for C.sub.27 H.sub.33 FO.sub.5 : C, 71.02; H, 7.29; F,
      4.12.
PAR  Found: C, 71.01; H, 7.14; F, 3.95.
PAC  EXAMPLE 6
PAC  21-Chloro-9-fluoro-11.beta.-hydroxypregna-1,4-dieno[16.alpha.,17-d]cyclohex
     ene-3,20-dione
PAC  A.
      9-Fluoro-11.beta.-hydroxy-21-(mesyloxy)-pregna-1,4-dieno[16.alpha.,17-d]cy
     clohexene-3,20-dione
PAR  A solution of 450 mg of
      9-fluoro-11.beta.,21-dihydroxypregna-1,4-dieno[16.alpha.,17-d]cyclohexene-
     3,20-dione (prepared as described in example 4) in 10 ml of pyridine is
      stirred at 0.degree.C under nitrogen for 4 hours with 0.4 ml of
      methanesulfonyl chloride. The resulting solution is poured into cold 5%
      hydrochloric acid and extracted with chloroform. The chloroform solution
      is washed with water, dried over anhydrous sodium sulfate and evaporated
      in vacuo to give 550 mg of the title compound.
PAC  B.
      21-Chloro-9-fluoro-11.beta.-hydroxypregna-1,4-dieno[16.alpha.,17-d]cyclohe
     xene-3,20-dione
PAR  A solution of 550 mg of
      9-fluoro-11.beta.-hydroxy-21-(mesyloxy)-pregna-1,4-dieno[16.alpha.,17-d]cy
     clohexene-3,20-dione and 600 mg of lithium chloride in 30 ml of
      dimethylformamide is refluxed for 2 hours under nitrogen. The resulting
      solution is cooled, poured into ice-water, and stirred for 30 minutes. The
      solid is filtered and dissolved in chloroform. The chloroform solution is
      washed with 5% hydrochloric acid and water, dried over anhydrous sodium
      sulfate and evaporated in vacuo to give 0.6 g of a residue. This is
      dissolved in 2:3 hexane-chloroform and chromatographed on a silica gel
      column (20 g). Elution with 3:2 chloroform-hexane and 4:1
      chloroform-hexane gives 360 mg of material. Crystallization from
      acetone-hexane gives 270 mg of the title compound, melting point
      256.degree.-257.degree.C.
PAR  Analysis--Calculated for C.sub.25 H.sub.30 ClFO.sub.3 : C, 69.35; H, 6.98;
      Cl, 8.19; F, 4.39.
PAR  Found: C, 69.07; H, 6.77; Cl, 8.09; F, 4.19.
PAC  EXAMPLE 7
PAC  9-Fluoro-1',2'-dimethylpregn-4-eno-[16.alpha.,17-d]cyclohexene-3,11,20-trio
     ne
PAC  A. 9-Fluoropregna-4,16-diene-3,11,20-trione
PAR  To a solution of 8.5 ml of dry pyridine in 220 ml of dry dichloromethane is
      added 5.1 g of chromium trioxide in small portions. When all the solid has
      dissolved, 25 g of dry Celite is added followed (with stirring) by a
      solution of 3.0 g of
      9-fluoro-11.beta.-hydroxypregna-4,16-diene-3,20-dione. The mixture is then
      stirred at room temperature for 30 minutes, filtered and the solids are
      washed with a small amount of dichloromethane. The filtrate and the
      washings are combined, washed with 5% hydrochloric acid, a dilute sodium
      bicarbonate solution and water, dried and evaporated to afford the product
      as a solid. One crystallization from acetone-hexane gives 2.65 g of the
      title compound, melting point 208.degree.-211.degree.C.
PAC  B.
      9-Fluoro-1',2'-dimethylpregn-4-eno-[16.alpha.,17-d]cyclohexene-3,11,20-tri
     one
PAR  To a suspension of 15 mg of anhydrous aluminum chloride in 4.0 ml of dry
      dichloromethane is added a solution of 200 mg of
      9-fluoropregna-4,16-diene-3,11,20-trione and 0.4 ml of
      2,3-dimethyl-1,3-butadiene. The solution is then stirred at room
      temperature for 68 hours. The reaction is continued for an additional 24
      hours after the addition of 5.0 ml of dichloromethane, 55 mg of anhydrous
      aluminum chloride and 0.4 ml of 2,3-dimethylbutadiene. The mixture is then
      poured into water and extracted with chloroform. The chloroform extract is
      washed with a 10% sodium carbonate solution and water, dried and
      evaporated to afford a mixture of the starting material and the product.
      Isolation of the product and crystallization from acetone-hexane gives the
      title compound, melting point 202.degree.-203.degree.C.
PAC  EXAMPLE 8
PAC  9-Fluoro-11.beta.,21-dihydroxy-2'-phenylpregna-1,4-dieno[16.alpha.,17-d]cyc
     lohexene-3,20-dione
PAR  A solution of 1.0 g of
      11.beta.,21-bis(acetyloxy)-9-fluoropregna-1,4,16-triene-3,20-dione
      (prepared as described in example 1A), 1.5 g of 2-phenyl-1,3-butadiene and
      220 mg of 4,4'-thiobis-6-tert-butyl-m-cresol in 25 ml of diethylbenzene is
      stirred at 195.degree.C under nitrogen for 20 hours. To this is added 0.2
      ml of 2-phenyl-1,3-butadiene every 3 hours until 2.8 ml has been added.
      The diethylbenzene is then distilled off in vacuo to leave an oil. This is
      dissolved in 3:2 chloroform-hexane and passed through a 30 g-silica gel
      column. Elution with 3:2 chloroform-hexane gives 1.15 g of material. This
      is again dissolved in 3:2 chloroform-hexane and chromatographed on a 45
      g-silica gel column. Elution with 1:1 chloroform-hexane gives 960 mg of
      material. This is dissolved in 1:1 tetrahydrofuran-methanol and a 10%
      potassium carbonate solution (1.0 ml) is added and stirred under nitrogen
      at room temperature overnight. The resulting solution is neutralized with
      5% acetic acid. The solvent is partially removed in vacuo and the slurry
      is diluted with water and extracted with chloroform. The chloroform
      solution is washed with water, dried over anhydrous sodium sulfate and
      evaporated in vacuo to give 710 mg of foam. This is dissolved in 1:3
      hexane-chloroform and chromatographed on a 50 g-silica gel column. Elution
      with 1:3 hexane-chloroform and 1:9 hexane-chloroform gives 494 mg of
      material. Crystallization from ethyl acetate-hexane gives 305 mg of the
      title compound, melting point 255.degree.-256.degree. C.
PAR  Analysis--Calculated for C.sub.31 H.sub.35 FO.sub.4 : C, 75.89; H, 7.19; F,
      3.87.
PAR  Found: C, 75.83; H, 7.03; F, 4.17.
PAC  EXAMPLE 9
PAC  21-(Acetyloxy)-9-fluoro-11.beta.-hydroxy-2'-phenylpregna-1,4-dieno[16.alpha
     .,17-d]cyclohexene-3,20-dione
PAR  A solution of 286 mg of
      9-fluoro-11.beta.,21-dihydroxy-2'-phenylpregna-1,4-dieno[16.alpha.,17-d]cy
     clohexene-3,20-dione (prepared as described in example 8) and 0.25 ml of
      acetic anhydride in 20 ml of pyridine is stirred at room temperature under
      nitrogen for 2.5 hours. The resulting solution is poured into cold 5%
      hydrochloric acid and extracted with chloroform. The chloroform solution
      is washed with water, dried over anhydrous sodium sulfate and evaporated
      in vacuo to give a foam. This is dissolved in 1:9 hexane-chloroform and
      chromatographed on a 40 g-silica gel column. Elution with
      chloroform-hexane (4:1, 3:1, and 9:1) gives 226 mg of material.
      Crystallization from ethyl acetate-hexane gives 194 mg of the title
      compound, melting point 145.degree.-146.degree.C.
PAR  Analysis--Calculated for C.sub.33 H.sub.37 FO.sub.5 : C, 74.41; H, 7.00; F,
      3.57.
PAR  Found: C, 74.26; H, 6.88; F, 3.60.
PAC  EXAMPLES 10 -13
PAR  Following the procedure of example 1, but substituting the steroid listed
      in column I for 9-fluoro-11.beta.,21-dihydroxypregna-1,4,16-triene,
      21-acetate and the butadiene listed in column II for
      2,3-dimethyl-1,3-butadiene, the steroid listed in column III is obtained.
TBL  __________________________________________________________________________
     Example    Column I        Column II    Column III                        
     __________________________________________________________________________
     10   6.alpha.,9-difluoro-11.beta.,21-di-                                  
                          2,3-diphenyl-1,3-                                    
                                       6.alpha.,9-difluoro-11.beta.,21-dihydrox
                                       y-                                      
          hydroxypregna-1,4,16-tri-                                            
                          butadiene    1',2'-diphenylpregna-1,4-dieno-         
          ene-3,20-dione, 21-acetate   [16.alpha.,17-d]cyclohexene-3,20-dione  
     11   9-fluoro-11.beta.,21-dihydroxy-                                      
                          2,3-di-(p-chloro-                                    
                                       1',2'-di-(p-chlorophenyl)-9-            
          6.alpha.-methylpregna-4,16-diene-                                    
                          phenyl)-1,3-butadiene                                
                                       fluoro-11.beta.,21-dihydroxy-6.alpha.-  
          3,20-dione, 21-acetate       methylpregn-4-eno[16.alpha.,17-d]-      
                                       cyclohexene-3,20-dione                  
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steroid having the formula
      ##SPC3##
PAL  or the 1,2-dehydro derivative thereof, wherein R.sub.1 is hydrogen,
      hydroxy, halogen, or acyloxy; R.sub.2 and R.sub.3 are the same or
      different and are hydrogen, alkyl, or aryl; R.sub.4 is hydrogen and
      R.sub.5 is hydroxy, or together R.sub.4 and R.sub.5 are =O; and R.sub.6 is
      hydrogen, methyl, or fluorine.
NUM  2.
PAR  2. A steroid in accordance with claim 1 wherein R.sub.2 and R.sub.3 are
      both hydrogen.
NUM  3.
PAR  3. A steroid in accordance with claim 1 wherein R.sub.2 and R.sub.3 are
      both alkyl.
NUM  4.
PAR  4. A steroid in accordance with claim 1 wherein R.sub.4 is hydrogen and
      R.sub.5 is hydroxy.
NUM  5.
PAR  5. A steroid in accordance with claim 1 wherein together R.sub.4 and
      R.sub.5 are =O.
NUM  6.
PAR  6. A steroid in accordance with claim 1 wherein R.sub.6 is hydrogen.
NUM  7.
PAR  7. The steroid in accordance with claim 1 having the name
      9-fluoro-11.beta.,21-dihydroxy-1',2'dimethylpregna-1,4-dieno[16.alpha.,17-
     d]cyclohexene-3,20-dione.
NUM  8.
PAR  8. The steroid in accordance with claim 1 having the name
      21-(acetyloxy)-9-fluoro-11.beta.-hydroxy-1',2'-dimethylpregna-1,4-dieno[16
     .alpha.,17-d]cyclohexene-3,20-dione.
NUM  9.
PAR  9. The steroid in accordance with claim 1 having the name
      21-chloro-9-fluoro-11.beta.-hydroxy-1',2'-dimethylpregna-1,4-dieno[16.alph
     a.,17-d]cyclohexene-3,20-dione.
NUM  10.
PAR  10. The steroid in accordance with claim 1 having the name
      9-fluoro-11.beta.,21-dihydroxypregna-1,4-dieno[16.alpha.,17-d]-cyclohexene
     -3,20-dione.
NUM  11.
PAR  11. The steroid in accordance with claim 1 having the name
      21-(acetyloxy)-9-fluoro-11.beta.-hydroxypregna-1,4-dieno[16.alpha.,17-d]cy
     clohexene-3,20-dione.
NUM  12.
PAR  12. The steroid in accordance with claim 1 having the name
      21-chloro-9-fluoro-11.beta.-hydroxypregna-1,4-dieno[16.alpha.,17-d]cyclohe
     xene-3,20-dione.
NUM  13.
PAR  13. The steroid in accordance with claim 1 having the name
      9-fluoro-1',2'-dimethylpregn-4-eno[16.alpha.,17-d]cyclohexene-3,11,20-trio
     ne.
NUM  14.
PAR  14. The steroid in accordance with claim 1 having the name
      9-fluoro-11.beta.,21-dihydroxy-2'-phenylpregna-1,4-dieno[16.alpha.,17-d]cy
     clohexene-3,20-dione.
NUM  15.
PAR  15. The steroid in accordance with claim 1 having the name
      21-(acetyloxy)-9-fluoro-11.beta.-hydroxy-2'-phenylpregna-1,4-dieno[16.alph
     a.,17-d]cyclohexene-3,20-dione.
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PAL  Beef tallow is partitioned into five well defined fractions, each having
      its own distinctive fatty acid and glyceride composition and its own
      distinctive thermal characteristics, by a precise multi-step
      crystallization. Two of the five fractions are crystalline, one is a
      plastic solid and two are liquid. One of the liquid fractions accounts for
      60% of the tallow and has a variety of uses in the formulation of salad
      oils, margarines and liquid and plastic shortenings. The composition and
      properties of the plastic solid fraction are very similar to those of
      cocoa butter and when it is mixed with cocoa butter it does not produce
      any significant change in thermal characteristics. In fact, an increment
      of one of the crystalline fractions or of one of the liquid fractions can
      be blended with an increment of the solid plastic fraction to make
      products that are compatible with cocoa butter and that have desirable
      thermal characteristics. However, when an increment of the other
      crystalline fraction is blended with an increment of the solid plastic
      fraction, the resulting product has undesirable thermal characteristics.
BSUM
PAR  Beef tallow is a complex material consisting predominently of esters of
      glycerol and fatty acids. The majority of the fatty acids have from 14 to
      18 carbons in their chain length and are both saturated and unsaturated.
      For the purposes of this invention a typical beef tallow has the following
      fatty acid composition:
TBL  Acid             Percent                                                  
     ______________________________________                                    
     hexadecanoic     26                                                       
     hexadecenoic      5                                                       
     octadecanoic     15                                                       
     octadecenoic     44                                                       
     ______________________________________                                    
PAL  The remaining 10% of the beef tallow fatty acids occur in minor
      concentrations.
PAR  The physical characteristics of tallow or of tallow fractions depend not
      only on the component fatty acids but also on the manner in which these
      acids are distributed on the glyceride molecule. The number of component
      glycerides is very large since only five fatty acids can theoretically
      produce 125 triglycerides, including all position isomers. To simplify the
      problem of composition, fats are frequently described in percentages of
      fatty acids and types of closely related glycerides. By designating the
      saturated and unsaturated acyl groups as S and U, respectively, the
      following six triglyceride types can be formulated depending on the number
      and position of saturated and unsaturated groups in each:
TBL  Glyceride Types                                                           
     1        2        3        4      5      6                                
     ______________________________________                                    
     S        S        S        S      U      U                                
     S        S        U        U      S      U                                
     S        U        S        U      U      U                                
     ______________________________________                                    
PAR  Beef tallow contains a great number of glycerides which exhibit a variety
      of physical properties. Some are solid or semi-solid at room temperature
      while others are liquid. Combined in their natural state they make tallow
      a material with very limited uses.
PAR  Consequently, it is an object of this invention to prepare from tallow,
      glyceride mixtures having predetermined physical characteristics thus
      increasing the usefulness of tallow and making it the source of a variety
      of tailor-made fats with specific utilities.
PAR  Another object of the invention is to prepare from beef tallow, specific
      glyceride mixtures, each with its own distinctive thermal characteristics
      and its own specific utility.
PAR  Still another object of this invention is to prepare from tallow, specific
      glyceride mixtures, each with its own distinctive glyceride composition.
PAR  A further object of this invention is to prepare from tallow, specific
      glyceride mixtures that can be made into or added to a variety of food
      products.
PAR  In general, according to the present invention, beef tallow is partitioned
      into five well defined fractions, each having its own distinctive fatty
      acid and glyceride composition and its own distinctive thermal
      characteristics, by a precise multi-step crystallization. Although acetone
      is the preferred solvent, other solvents such as petroleum ether, methyl
      ethyl ketone or methyl isobutyl ketone may be used. Two of the five
      fractions are crystalline, one is a plastic solid and two are liquid.
PAR  Heretofore, the physical and chemical characteristics of these five
      fractions would have been described by their melting point, solid-fat
      index and iodine values. These classical analytical values yield little
      specific information on the complex chemical nature of the component
      glycerides or the multi-crystalline behavior they exhibit. In order to
      prepare glyceride mixtures having specific physical characteristics and to
      describe each mixture in terms that are meaningful relative to its
      chemical composition and physical behavior, we used modern and
      sophisticated techniques of thermal analysis and gas liquid chromatography
      (GLC).
PAR  Thermal energy is absorbed or evolved during a physical or chemical change
      in a sample. Differential scanning calorimetry (DSC) is an application of
      thermal analysis in which these physical or chemical changes are measured
      directly in energy units. From the thermal profile, the relative purity of
      a crystalline compound as well as the melting point, the heat of fusion,
      the specific heat and in the case of fatty materials, the polymorphic form
      or forms can be determined. Glycerides in common with almost all long
      chain compounds exhibit the phenomemon of polymorphism or the ability to
      exist in more than one crystal form. Polymorphism is more easily observed
      in natural fats when they are relatively simple in composition and consist
      of a few predominating glycerides. Glycerides can exist in at least 3 or
      more polymorphic forms. The Beta is the highest melting and most stable
      form, Beta prime is intermediate and Alpha is the lowest melting form of
      the crystalline fat.
PAR  An understanding of polymorphic change is essential for the satisfactory
      blending and tempering of those fats which must maintain a certain
      physical appearance during preparation and storage. The polymorphic form
      of the triglycerides determines the consistency, plasticity, graininess
      and other physical properties. Cocoa butter is an outstanding example of a
      strongly polymorphic fat. It is readily temperable to a stable Beta
      crystalline form, and fat fractions suitable as a replacement for cocoa
      butter must have similar thermal characteristics.
PAR  Gas liquid chromatography is a powerful tool for the separation of many
      complex mixtures. Fatty acids and similar compounds have long been
      analyzed by GLC, but it is only in recent times that columns and
      techniques have been available to analyze the high molecular weight
      triglycerides. With this tool, we have been able to characterize beef
      tallow and other fats including tallow fractions and cocoa butter in exact
      terms of the carbon number of the component triglycerides. The GLC curve
      of the component glycerides is characteristic of the composition and the
      composition is more readily obtained this way than by the previous
      procedure of separating glyceride classes.
PAR  In effect, using these powerful techniques we have obtained for each
      fraction or product a thermal profile which defines the thermal
      characteristics of the fraction and a composition profile which defines
      the component glycerides.
PAR  This invention differs from other solvent crystallization processes because
      it was specifically designed to prepare from beef tallow specific
      individual glyceride mixtures, each having its own distinctive thermal
      characteristics and its own distinctive glyceride composition. The novelty
      and the advantages of this invention over known fractionation and
      crystallization procedures are easily demonstrated by a direct comparison
      with other well-known prior art processes for fractionating and
      crystallizing beef tallow. For example, when the processes described in
      Examples 2 and 4 of U.S. Pat. No. 2,975,062 were scrupulously followed,
      the products or fractions obtained had completely different glyceride
      compositions and DSC thermal profiles than those of the products of the
      present invention. Thus, the products were entirely different than those
      of this invention and were totally unsuited to our objectives. In
      addition, this invention utilizes all of the tallow in preparing useful
      products based on glyceride composition and thermal profile.
PAR  The effectiveness of the process of this invention and the characteristics
      of the fractions obtained are shown in Tables I and II.
PAR  Thus, from the multitude of glycerides of beef tallow of the
      saturated-unsaturated acid combinations previously described, that is,
      types 1,2,3,4,5 and 6, specific glycerides are segregated according to
      their behavior pattern in solvents such as acetone at various
      temperatures. These fractions have a physical nature far different than
      that of the original tallow but they are still complex mixtures of
      glycerides. In describing these fractions according to a major glyceride
      type, it is not intended to imply that only this type of glyceride is
      present to the exclusion of all others in the fraction. On the contrary,
      the fraction composition illustrated by the major glyceride type (Table I)
      includes minor amounts of at least one additional type of glyceride. The
      glyceride composition of the fractions will be more specifically expressed
      later by our unique GLC profile of the fractions. From these profiles, the
      relationship of the component fatty acids as glycerides is conveniently
      expressed and quantitated.
PAR  The fatty acid composition of the five fractions is listed in Table II. The
      major saturated fatty acids, tetradecanoic (C.sub.14), hexadecanoic
      (C.sub.16), and octadecanoic (C.sub.18) are the S portion of glyceride
      types 1,2,3,4 and 5; while the unsaturated acids, hexadecenoic
      (C.sub.16:1) and octadecanoic (C.sub.18:1) are the U portion of the
      glyceride types 2,3,4,5 and 6.
PAR  The glyceride composition of each of the five fractions described with
      reference to the number of carbon atoms in the fatty acid portion of the
      glyceride is shown in Table III.
PAR  Thermal profiles of each fraction as well as of cocoa butter and mixtures
      of both were obtained under similar conditions in a differential scanning
      calorimeter. Approximately 10 mg. of sample was used for each profile, the
      output signal from the instrument to the recorder was attentuated 16X, the
      heating rate was 10.degree.C. per minute, the chart speed of the recorder
      was one inch per minute and the atmosphere around the sample was purged at
      the rate of 13 ml. per minute. Prior to running the thermal profile, each
      sample was cooled in the instrument to -15.degree.C. after which it was
      heated and the profile recorded. That portion of the profile where melting
      took place is shown in the figures associated with each of the fractions
      and mixtures.
DRWD
PAR  Fraction 1 of this invention is a high melting crystalline solid which is
      essentially trisaturated glycerides with a minor amount of disaturated
      monounsaturated glycerides. The DSC thermal profile and the GLC
      composition profile of this fraction are shown in FIGS. 1A and 1B,
      respectively.
DETD
PAR  Fraction 1 as shown by its thermal curve is a sharp, high melting product.
      It softens at about 40.degree.C., starts melting rapidly at about
      50.degree.C. and is completely melted at about 57.degree.C. This fraction
      can be used to harden shortenings and margarine stock in place of
      hydrogenated oils. Not only is the hydrogenation step eliminated but the
      product is free of oleic acid isomers common to partially hydrogenated
      oils. It can also be blended with liquid oils with or without catalytic
      rearrangement to formulate specialty shortenings. Its high ratio of
      stearic acid makes it valuable for many non-food uses including cosmetic
      bases, pharmaceuticals, soaps and as a commercial source of stearic and
      palmitic acids.
PAR  Fraction 2 is also a crystalline solid and is similar to Fraction 1 in many
      ways. Its thermal and GLC profiles are shown in FIG. 2A and 2B,
      respectively. It softens and starts melting at about 42.degree.C. and is
      completely melted at 51.degree.C. Fraction 2 is also composed mainly of
      trisaturated glycerides and a minor amount of disaturated monounsaturated
      glycerides but it is slightly lower melting than Fraction 1 and can be
      utilized in much the same way. A unique use of this fraction in
      conjunction with Fraction 3 will be discussed later. The solid glycerides,
      Fractions 1 and 2, are useful in any application where high melting
      glycerides are needed. Their resemblance to hydrogenated stearines in
      melting characteristics makes them useful as hardening fats in shortening
      and margerine formulations where they can be used to control plasticity
      and to increase the plastic range without the expense of hydrogenation.
PAR  The thermal and GLC profiles of Fraction 3 are shown in FIGS. 3A and 3B.
      Fraction 3 is a semisolid or plastic solid having composition and
      properties very close to those of cocoa butter. The similarity of
      properties is seen by comparing the DSC thermal profile of Fraction 3
      (FIG. 3A) with that of cocoa butter (FIG. 4). Both soften at about
      20.degree.C., start melting rapidly at about 30.degree.C., and melt
      completely at about 37.degree.C. The similarity of the fatty acid
      composition and component glycerides of Fraction 3 with those of cocoa
      butter is seen by comparing the GLC profile of Fraction 3 (FIG. 3B) with
      that of cocoa butter (FIG. 5). In both Fraction 3 and cocoa butter the
      major glycerides are disaturated monounsaturated with minor amounts of
      trisaturated and monosaturated diunsaturated glycerides.
PAR  Fraction 3 which, as seen, is similar in thermal characteristics and
      glycerides to cocoa butter can thus be used as a confectionery fat or as a
      cocoa butter extender. It has excellent compatibility with cocoa butter
      and when mixed with cocoa butter produces little change in the thermal
      characteristics. This is shown by the comparison of the DSC thermal curve
      of pure cocoa butter (FIG. 4) and a 50/50 mixture of cocoa butter and
      Fraction 3 (FIG. 6A). Each begins melting at about 30.degree.C. and is
      completely melted at about 37.degree.C. The GLC curve of this mixture is
      seen in FIG. 6B.
PAR  Fractions 4 and 5 comprise the liquid portion of beef tallow and contain
      mainly monosaturated, diunsaturated and triunsaturated glycerides. They
      are similar in properties and composition as seen by a comparison of their
      thermal and GLC profiles; Fraction 4, FIGS. 7A and 7B, respectively, and
      Fraction 5, FIGS. 8A and 8B, respectively. Fraction 4 has a slightly
      higher melting range than Fraction 5 and has utility similar to that of
      Fraction 2. As seen in FIGS. 7A and 7B, Fractions 4 and 5 are not
      completely solid at -15.degree.C. The final melting of that portion of
      each fraction that is solid is shown in the profiles. In each case the
      solid portion is completely melted at about 5.degree.C.
PAR  Fraction 5 is the major fraction and accounts for 60% of the tallow. As a
      liquid fat Fraction 5 has many uses. It is an ideal starting material for
      the manufacture of solid oil or it can be blended with Fractions 1 and 2
      as starting material for margarine. Alone, it is also a good speciality
      shortening for use in the automated bread making industry. In the non-food
      category, it can be used as an excellent base for the manufacture of
      synthetic sperm oil, for the manufacture of foam plastics, and for making
      lotions, creams, and ointments in cosmetics and pharmaceuticals.
PAR  For some confectionery uses, either higher or lower temperature ranges than
      those exhibited by Fraction 3 of this invention or by natural cocoa butter
      may be desirable. Higher temperature range products are made by adding
      increments of Fraction 2 to Fraction 3. The resulting products are stable
      materials containing all the desirable characteristics of Fraction 3, in
      particular its compatibility with cocoa butter. These products of higher
      melting range contain only minor amounts of geometric and positional
      isomers of oleic acid unlike similar materials prepared from oils
      requiring hydrogenation. The compatibility of a modified Fraction 3, 80%
      Fraction 3 and 20% Fraction 2, with cocoa butter is shown in FIG. 9 by the
      DSC thermal profile of a 50/50 mixture of it and cocoa butter. This
      modified fraction begins to melt at about 29.degree.C. and is completely
      melted at about 38.degree.C.
PAR  Likewise, lower melting range products are made by adding increments of
      Fraction 4 to Fraction 3. These lower melting products are also compatible
      with cocoa butter and are desirable for the enrobing of ice cream and
      other similar uses.
PAR  The ability to blend increments of Fraction 2 or 4 with Fraction 3 to make
      products that have a desired thermal range and that are compatible with
      cocoa butter exemplifies the uniqueness of this invention. Although
      Fractions 1 and 2 seem to be quite similar, the crystal nature of Fraction
      1 is such that when added alone or with Fraction 2 to Fraction 3, it
      produces undesirable characteristics in the resulting product. This is
      demonstrated in FIG. 10 which shows a DSC thermal profile of a 50/50
      mixture of cocoa butter and a product containing 80% Fraction 3 and 20%
      Fraction 1. The sample softens at about 10.degree.C. and starts rapidly
      melting at about 18.degree.C. Although the lower melting triglycerides
      melt at about 22.degree.C. as evidenced by the peak, the higher melting
      triglycerides melt over a range of temperatures until the sample is
      completely melted at 39.degree.C. The inclusion of the higher melting
      glycerides of Fraction 1 with the fraction resembling cocoa butter
      (Fraction 3) accentuates the "bloom problem" associated with chocolate
      confections. Consequently, for the purposes of this invention, it is
      imperative that the higher melting glycerides of tallow be removed in two
      successive crystallizations to yield two fractions.
PAR  For fatty food uses, the fractions all have high levels of acceptance
      colorwise, odorwise, and tastewise. For specialized uses requiring
      extremes of blandness or color, the fractions can be deodorized or
      decolorized by any of the accepted commercial procedures. Fractions 3, 4
      and 5 are susceptible to oxidative rancidity but they can be oxidatively
      stabilized quite adequately by the addition of appropriate approved
      antioxidants. All the fractions are extremely stable to hydrolytic
      rancidity.
PAR  Although, at present, only those products made from edible tallow can be
      used for human consumption, the process of this invention can be applied
      to inedible as well as to edible tallow.
PAR  This invention is illustrated by the following examples:
PAC  EXAMPLE I
PAR  1000 grams of edible beef tallow similar in fatty acid composition to that
      previously described was added to 10 liters of acetone. The mixture was
      warmed to about 40.degree.C. until all of the tallow was in solution. The
      solution was allowed to cool at 25.degree.C., without stirring, for 16-20
      hours. At this time, filtration was carried out under moderate vacuum
      using an ordinary Buchner funnel. The collected precipitate (Fraction 1)
      was washed once with 200 ml. of acetone previously cooled to the
      temperature of the crystallization. The yield of Fraction 1 was 75 grams.
      The filtrate solution was adjusted to a solvent ratio of 10 to 1 and the
      next crystallization step carried out at a temperature of 2.degree.C. for
      a period of 16-18 hours. The precipitate was collected as before and the
      filtrate after removal of solvent was designated as Fraction 5, yield, 600
      grams. The precipitate from 2.degree.C. crystallization was redissolved in
      acetone at a solvent/sample ratio of 20 to 1 and the solution was allowed
      to crystallize for 16-18 hours at 15.degree.C. without stirring. The
      precipitate from this crystallization was collected in the same manner and
      designated Fraction 2. The yield of Fraction 2 was 75 grams. The filtrate
      from this crystallization was adjusted to a 15 to 1 solvent/sample ratio
      and the solution was allowed to crystallize at 2.degree.C. for a period of
      16-18 hours. The collected precipitate from this crystallization was
      designated Fraction 3. The filtrate after removal of solvent was
      designated Fraction 4. The yield of Fraction 3 was 200 grams while the
      yield of Fraction 4 was 50 grams.
PAR  Following is the above fractionation in outline form:
TBL  1000 grams Tallow                                                         
             crystallization temp., 25.degree.C.                               
                "    time, 18 hrs.                                             
             solvent - acetone                                                 
             solvent ratio 10:1                                                
     filter                                                                    
     Precipitate  Filtrate                                                     
     Fraction 1     crystallization temp., 2.degree.C                          
     yield, 75 g       "    time, 18 hrs.                                      
                    solvent - acetone                                          
                    solvent ratio 10:1                                         
               filter                                                          
     Precipitate               Filtrate                                        
       crystallization temp., 15.degree.C                                      
                               Fraction 5                                      
          "    time, 18 hrs.   yield, 600 g                                    
       solvent - acetone                                                       
       solvent ratio 20:1                                                      
     filter                                                                    
     Precipitate                                                               
               Filtrate                                                        
     Fraction 2                                                                
                 crystallization temp., 2.degree.C                             
     yield, 75 g                                                               
                    "    time, 18 hrs.                                         
                 solvent - acetone                                             
                 solvent ratio 15:1                                            
             filter                                                            
     Precipitate     Filtrate                                                  
     Fraction 3      Fraction 4                                                
     yield, 200 g    yield, 50 g                                               
PAR  Utility of the tallow fractions isolated in Example 1 is illustrated in the
      next four examples. Since these fractions can be used in many other ways
      and formulations, the following illustrations are not intended to be
      limiting in any way.
PAC  EXAMPLE 2
PAR  Formulation of a Non-hydrogenated Shortening Fat.
PAR  In the selective hydrogenation of oils for shortening bases, there is
      usually an increase of 20% or more of saturated acids over that present in
      the original oil. With the hydrogenation of the polyunsaturated fatty
      acids of the liquid oil to monounsaturated acid, there are produced large
      amounts of trans acids. These trans acids impart desirable plastic
      properties to the shortening similar to that imparted by saturated acids.
      However, recently, in the lay press and in the scientific journals, the
      nutritional value of isomers resulting from the hydrogenation step has
      been questioned. Plastic shortenings not subjected to this criticism are
      formulated using a mixture of corn oil, or cottonseed oil or similar oils
      and from 35 to 50% of Fraction 1 of this invention or of a 50/50
      combination of Fractions 1 and 2 according to the desired consistency of
      the final product. When the liquid oil in the formulation is one of the
      oils high in linoleic acid content and low in linolenic acid, a shortening
      is produced with desirable nutritional and keeping qualities. The low
      content of linolenic acid reduces the tendency of the shortening to revert
      in flavor, yet the content of the essential linoleic acid is high. Also,
      with the addition of solid glycerides of this invention, the concentration
      of trans acids in the product is low.
PAC  EXAMPLE 3
PAC  Preparation of a Margarine Base Stock
PAR  Fraction 1 of this invention and to a lesser extent Fraction 2 of this
      invention are excellent sources of solid triglycerides. One of the common
      techniques for improving the consistency of liquid oil margarine bases
      (safflower oil or corn oil) is the addition of solid triglycerides to the
      liquid oil. These solid triglycerides or "hardstocks" are usually produced
      by hydrogenating other liquid oils (cottonseed or soybean oil) to a low
      iodine number. Fractions 1 and 2 of this invention are a ready source of
      solid triglycerides and are used to produce margarines by blending 5 to
      40% of either of these fractions or a 50/50 mixture of both with an
      appropriate liquid oil such as safflower or corn oil. The addition of only
      5 to 15% by weight of the solid glycerides to the base margarine oil
      produces the so-called "soft margarines." Higher concentrations of the
      solid glyceride fractions, 20 to 355 by weight produces the normal plastic
      margarines. The margarines produced from the above mixtures also contain
      other material such as milk solids, mono or diglycerides, lecithin, water
      and accepted flavor and coloring ingredients. The use of the solid
      glyceride fractions of this invention eliminates the necessity of
      selectively hydrogenating oil stocks for the production of solid
      triglycerides. Another advantage of this invention is that the solid
      triglycerides produced by this invention have only minor amounts of the
      trans acids about which, as previously stated, there is a question of
      nutritional value. Both the "soft" margarines and the "normal" margarines
      are also made from fat blends of the tallow fractions and the edible oil
      that have been catalytically rearranged by
PAC  EXAMPLE 4
PAC  Formulation of a Confectionary Fat
PAR  Fraction 3 of this invention is a unique material whose thermal properties
      and composition have been described. This fraction is very similar in
      triglyceride composition and thermal properties to cocoa butter. Because
      of this, it can be used in many confections to replace cocoa butter or it
      can be used with cocoa butter over a wide range or proportions without
      undesirable thermal effects such as formation of eutectic mixtures and
      consequent lowering of the melting characteristics. Fraction 3 is a basic
      material for confectionary uses, in that its melting range is effectively
      raised or lowered by the addition of increments of either Fraction 2 or of
      Fraction 4. Thus, with our invention it is possible to produce a
      confectionary fat suitable for all types of confectionery coatings. The
      addition of 5 to 20% of Fraction 4 to the basic Fraction 3 produces a
      fatty material of lower melting range that is useful in chocolate type
      coatings such as whip toppings or ice cream coatings.
PAR  The addition of 5 to 20% of Fraction 2 to Fraction 3 produces a
      confectionery fat of higher melting range than cocoa butter yet suitable
      for many confectionery coatings and centers as well as coatings for
      cookies and biscuits and other bakery products.
PAC  EXAMPLE 5
PAC  Formulations of Salad Oils, Margarines, Liquid Shortenings, and Plastic
      Shortenings from Fraction 5
PAR  A wide variety of oils can normally be used for salad oils. The natural
      salad oils such as olive oil, sunflower oil and safflower oil do not form
      solids when stored at the usual refrigerator temperatures of 45.degree.F.
      Other oils must be given a preliminary winterizing whereby higher melting
      solid triglycerides are removed from the oils. The liquid oil of this
      invention, Fraction 5, does not require winterizing to remain liquid at
      45.degree.F. However, if it is required that the oils be liquid after long
      term storage at colder temperatures, such as 40.degree.F, a
      crystallization inhibitor is added. Fraction 5 is compatible with any of
      the approved inhibitors and it can be winterized by standard winterization
      processes or by additional solvent crystallization to remove about 2 to 5%
      of the higher melting disaturated monounsaturated glycerides.
PAR  Fraction 5 can be modified by any mild rearrangement process using sodium
      methoxide or similar catalyst. Complete rearrangement of Fraction 5 gives
      a maximum distribution of the saturated fatty acids producing a decrease
      in the disaturated monounsaturated glycerides and a corresponding increase
      in the monosaturated diunsaturated glycerides. This change in glyceride
      composition of Fraction 5 produces a lowering of the melting range and the
      rearranged fraction will stay liquid at temperatures substantially lower
      than the 40.degree.F.
TBL                Table I                                                     
     ______________________________________                                    
            Yield    Nature                                                    
     Fraction                                                                  
            %        of Fraction                                               
                                Major Glyceride Type                           
     ______________________________________                                    
     1      7.5      Solid      trisaturated - No. 1                           
                     (crystalline)                                             
     2      7.5      Solid      trisaturated - No. 1                           
                     (crystalline)                                             
     3      20.0     Solid      disaturated - No. 2, No. 3                     
                     (plastic)                                                 
     4      5.0      Liquid     monosaturated- No. 4, No. 5                    
                                triunsaturated No. 6                           
     5      60.0     Liquid     monosaturated- No. 4, No. 5                    
                                triunsaturated No. 6                           
     ______________________________________                                    
TBL                Table II                                                    
     ______________________________________                                    
                Fraction                                                       
                  1       2       3     4     5                                
     Acid         %       %       %     %     %                                
     ______________________________________                                    
     tetradecanoic                                                             
               14:0   4.0     6.0   3.0   4.0   3.0                            
     hexadecanoic                                                              
               16:0   37.0    36.0  32.0  24.0  21.0                           
     hexadecenoic                                                              
               16:1   1.0     1.0   2.0   5.0   5.0                            
     octadecanoic                                                              
               18:0   41.0    34.0  28.0  11.0  8.0                            
     octadecenoic                                                              
               18:1   16.0    21.0  33.0  52.0  58.0                           
     others           1.0     2.0   2.0   4.0   5.0                            
     ______________________________________                                    
TBL                Table III                                                   
     ______________________________________                                    
     Carbon                                                                    
     Number     Fraction                                                       
     ______________________________________                                    
                1        2        3      4      5                              
                %        %        %      %      %                              
     48         12       15       tr      4      5                             
     50         31       28       30     18     22                             
     52         39       36       49     45     44                             
     54         18       21       21     33     29                             
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for partitioning beef tallow into five well defined fractions
      whereby each fraction had its own distinctive fatty acid and glyceride
      composition and its own thermal characteristics and whereby two of said
      fractions are crystalline, two are liquid and one is a plastic solid,
      comprising the steps of:
PA1  a. dissolving the tallow in acetone, said acetone and tallow being at a
      ratio of 10 to 1 on a volume/weight basis;
PA1  b. crystallizing the solution from step (a) at about 25.degree.C. for about
      12 to 20 hours;
PA1  c. filtering the solution and collecting the precipitate formed in step
      (b), said precipitate being a high melting crystalline solid composed
      essentially of trisaturated glycerides and a minor amount of disaturated
      monounsaturated glycerides having a gas-liquid chromatographic profile
      indicating a composition containing 12%, 31%, 39% and 18% of glycerides
      having carbon numbers of 48, 50, 52 and 54, respectively, and a thermal
      profile indicating softening of the crystalline solid at about
      40.degree.C., rapid melting beginning at about 50.degree.C. and complete
      melting at about 57.degree.C.;
PA1  d. crystallizing the filtrate from step (c) at about 2.degree.C. for about
      16 to 18 hours, the ratio of acetone to solute having been adjusted to 10
      to 1 on a volume/weight basis;
PA1  e. filtering the solution and collecting the precipitate formed in step
      (d);
PA1  f. removing the solvent from the filtrate of step (e) to obtain a liquid
      fat composed essentially of monosaturated, triunsaturated glycerides
      having a gas-liquid chromatographic profile indicating a composition
      containing 5%, 22%, 44% and 29% of glycerides having carbon numbers of 48,
      50, 52 and 54, respectively, and a thermal profile indicating that it is
      not completely solid at -15.degree.C. and that the portion which does
      solidify at -15.degree.C. melts at about 5.degree.C.;
PA1  g. dissolving the precipitate from step (e) in acetone at an acetone/solute
      ratio of 20 to 1 and crystallizing at about 15.degree.C. for about 16 to
      18 hours;
PA1  h. filtering the solution and collecting the precipitate formed in step
      (g), said precipitate being a crystalline solid composed essentially of
      trisaturated glycerides and a minor amount of disaturated monounsaturated
      glycerides having a gas-liquid chromatographic profile indicating a
      composition containing 15%, 28%, 36% and 21% of glycerides having carbon
      numbers of 48, 50, 52, and 54, respectively, and a thermal profile
      indicating softening and commencement of melting at about 42.degree.C. and
      complete melting at about 51.degree.C.;
PA1  i. crystallizing the filtrate from step (h) at about 2.degree.C. for about
      16 to 18 hours, the ratio of acetone to solute having been adjusted to 15
      to 1 on a volume/weight basis;
PA1  j. filtering the solution and collecting the precipitate formed in step (i)
      said precipitate being a plastic solid composed essentially of disaturated
      glycerides with minor amounts of trisaturated and monounsaturated
      diunsaturated glycerides having a gas-liquid chromatographic profile
      indicating a composition containing a trace %, 30%, 49% and 21% of
      glycerides having carbon numbers of 48, 50, 52 and 54, respectively, and a
      thermal profile indicating softening at about 20.degree.C., rapid melting
      beginning at about 30.degree.C. and complete melting at about 37.degree.C;
      and
PA1  k. removing the acetone from the filtrate of step (j) to obtain a liquid
      fat composed essentially of monosaturated, trinunsaturated glycerides
      having a gas-liquid chromatographic profile indicating a composition
      containing 4%, 18%, 45% and 33% of glycerides having carbon numbers of 48,
      50, 52 and 54, respectively, and a thermal profile indicating that it is
      not completely solid at -15.degree.C. and that the portion which does
      solidify at -15.degree.C. melts at about 5.degree.C.
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ABST
PAL  Water soluble salts of antimony (V) glycol esters are useful flame
      retardants for such meterials as textiles or polymeric resins. These flame
      retardants are applied together with a source of organic halogen. A
      typical such salt is tri(ethylenedioxy)hydrogen antimony (V), sodium salt.
PARN
PAR  This is a division of application Ser. No. 204,704, filed Dec. 3, 1971, now
      U.S. Pat. No. 3,836,557.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel, water-soluble, stable salts of antimony
      (V) glycol esters, useful as flame retardants.
PAR  Various antimony compounds have been used heretofore as flame retardants.
      The most commonly used compound is antimony trioxide. When used as a flame
      retardant for fabrics, antimony trioxide has the drawback of being
      insoluble in water or other common solvents, and it thus cannot be
      introduced within the fiber. Antimony trioxide applied to the outside of
      the fiber is subjected to mechanical wear and abrasion and is readily lost
      from the surface, unless special binders are used. These binders, such as
      ethylenevinyl acetate copolymer, make the fabric stiff and they are
      suitable only for use in tents, tarpaulins, etc.
PAR  Antimony (V) salts, such as antimony pentachloride, are decomposed by water
      with the liberation of the corresponding acid, such as hydrochloric acid.
      They are, therefore, unsuitable for use as flame retardants in many
      situations. Various antimonates, such as sodium antimonate or potassium
      antimonate, also are known; however, their low solubility in water limits
      their use. Antimony (V) esters also are known. Some of the esters are
      highly sensitive to moisture, decomposing readily in moist air. Several
      esters of antimony (III) and antimony (V) are disclosed in U.S. Pat. No.
      3,031,425 to be useful flame retardants. While conventional antimony (V)
      esters are soluble in organic solvents and can be incorporated into
      organic polymers, they are less suitable for use in hydrophilic fibers or
      fabrics, such as cotton, which always contain water within the fibers.
PAR  There is a need, therefore, for water-stable, flame retardant antimony
      compositions which can be introduced into hydrophilic materials and can be
      insolubilized therein.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, there are provided novel salts of antimony (V)
      glycol esters, which have the following Formula (1):
      ##EQU1##
      WHEREIN EACH OF R.sub.1 and R.sub.2 independently is hydrogen or methyl; M
      is the cation of lithium, sodium, potassium, magnesium, calcium,
      strontium, barium, zinc, cadmium, guanidinium, ethylenediammonium, or
      ammonium having the following formula (2):
      ##EQU2##
      wherein each of R.sub.3, R.sub.4, and R.sub.5 independently is hydrogen,
      methyl, ethyl, or 2-hydroxyethyl; and x is the valence of the cation and
      has the value of 1 or 2.
PAR  The novel salts of antimony (V) esters of the present invention are useful
      flame retardants for textile materials or polymeric resins to which they
      are applied, provided a source of organic halogen also is present.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The novel compounds of this invention are reasonably stable in water at
      room temperature above a pH of about 2.5. Below a pH of about 2.5, rapid
      hydrolysis of the esters occurs and antimony oxides precipitate. The
      preferred pH range, within which the novel compounds are most stable, is
      about 6-9. The stability in water of these compounds varies with the
      cation, the salts of univalent cations being more stable than the salts of
      divalent cations.
PAR  Representative salts of antimony (V) esters of the present invention
      include those listed below in Table I. They are named as salts of
      tri(alkylenedioxy)hydrogen antimony (V), i.e. the compound which would be
      obtained by substituting H for M in Formula (1), above.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Tri(ethylenedioxy)hydrogen antimony (V)                                   
                           , sodium salt                                       
     "                     , lithium salt                                      
     "                     , potassium salt                                    
     "                     , zinc salt                                         
     "                     , barium salt                                       
     "                     , strontium salt                                    
     "                     , calcium salt                                      
     "                     , cadmium salt                                      
     "                     , magnesium salt                                    
     "                     , ammonium salt                                     
     "                     , trimethylammonium salt                            
     "                     , guanidinium salt                                  
     "                     , triethylammonium salt                             
     tri(methylethylenedioxy)hydrogen                                          
     antimony (V)          , sodium salt                                       
     "                     , ammonium salt                                     
     "                     , guanidinium salt                                  
     tri(ethylenedioxy)hydrogen antimony(V)                                    
                           , ethanolammonium salt                              
     tri(ethylenedioxy)hydrogen antimony(V)                                    
                           , ethylenediammonium salt                           
     tri(dimethylethylenedioxy)hydrogen                                        
     antimony (V)          , sodium salt                                       
     __________________________________________________________________________
PAR  These salts can be characterized by their elemental composition and their
      nuclear magnetic resonance spectra, as shown in Examples 2-5, below. It is
      noteworthy that these salts are much more stable in water than the parent
      acids, which decompose extremely rapidly in water. A typical such acid is
      tri(ethylenedioxy)hydrogen antimony (V).
PAR  The stability in water of the novel salts of this invention also depends on
      the nature of the cation, the less amphoteric the cation the more stable
      being the salt. This can be shown by heating aqueous solutions of the
      salts. A comparison of the stability of several salts of
      tri(ethylenedioxy)hydrogen antimony (V) in distilled water is presented in
      Table II, below:
TBL                TABLE II                                                    
     ______________________________________                                    
     Cation Temperature at Which a Precipitate is Formed                       
     ______________________________________                                    
     Na.sup.+                                                                  
            No precipitate after 1 minute at 100.degree.C                      
     Mg.sup.+.sup.+                                                            
            Precipitate forms at about 90.degree.C                             
     Ba.sup.+.sup.+                                                            
            Precipitate forms at about 75.degree.C                             
     Zn.sup.+.sup.+                                                            
            Precipitate forms at about 65.degree.C                             
     ______________________________________                                    
PAR  No precipitate forms when aqueous solutions of the ammonium and guanidium
      salts are heated for 1 minute at 100.degree.C, indicating that the
      stability of these salts is comparable to that of the sodium salt.
PAR  The salts of these antimony (V) esters can be made by neutralization of the
      corresponding acids (hydrogen compounds) with appropriate bases, such as
      hydroxides or carbonates. The neutralization is carried out in a solvent
      that must satisfy the following two requirements:
PAR  1. the parent acid must be soluble in it, and
PAR  2. the addition of water, in amounts up to 30
PAR  Weight percent of the total solvent mixture, must not result in the
      formation of antimony oxide precipitates. The only solvents meeting these
      requirements are glycols with vicinal hydroxyl groups. In each case, the
      preferred solvent is the glycol used to make the ester. For example,
      ethylene glycol should be used for the tri(ethylenedioxy)esters and
      1,2-dihydroxy propane for the tri(methylethylenedioxy) esters. This is
      preferred to avoid undesirable ester interchange.
PAR  The salts can be made in these solvents in the presence of up to about 30
      weight percent of water, based on the total weight of the solvent mixture.
      When larger quantities of water are present, the base catalyzed hydrolysis
      of the ester interferes with the preparation of pure salts. When
      crystalline salts are to be isolated, it is usually preferred to keep the
      water content of the medium below about 15% by weight of the total solvent
      mixture.
PAR  During the neutralization reaction, the temperature of the solution should
      be kept below that at which the salt decomposes; usually, however, a
      temperature below 35.degree.C. is preferred.
PAR  The starting acids (hydrogen compounds) are made by a reaction of antimony
      trioxide with appropriate glycol having vicinal hydroxyl groups and
      hydrogen peroxide to oxidize antimony to the pentavalent state. The
      reaction can be carried out by adding hydrogen peroxide to either (1) a
      slurry of antimony trioxide in the glycol or (2) a solution of an antimony
      (III) ester of the glycol. The preparation of tri(ethylenedioxy)hydrogen
      antimony (V) is described in Example 1, below, to illustrate this process.
PAR  The salts of divalent cations, which are less soluble than those of
      univalent cations, can also be made from the latter by metathesis with a
      soluble salt of the divalent cation in mixtures of vicinal hydroxyl
      glycols and water. By properly selecting the concentration and
      temperature, the divalent salt will precipitate and may be recovered in
      reasonably pure form.
PAR  These pentavalent antimony ester salts can be used in combination with an
      organic halogen source to impart flame retardancy to textiles and to
      various polymeric materials. When aqueous or alcoholic solutions of these
      salts are applied to cellulose-containing materials, antimony is carried
      into the fibers, where it can be insolubilized by heating or by lowering
      the pH to below about 2.5. The location of antimony oxides deep within the
      fiber makes them more resistant to laundering and weathering. The solid
      antimony oxides which precipitate are more finely divided and, hence, more
      efficient than commercial antimony trioxide as a flame retardant.
PAR  The preferred solvents for applying the novel antimony ester salts to
      cellulosic materials are water, ethylene glycol, 1,2-dihydroxypropane,
      2,3-dihydroxybutane, and their mixtures. The source of halogen is best
      incorporated into the cellulosic material after solid antimony oxides have
      been precipitated.
PAR  Chlorwax 500 (a hydrocarbon containing about 60% chlorine, sold by Diamond
      Shamrock Corp.) and Dechlorane Plus 25 (a chlorinated organic compound
      sold by Hooker Chemical Co.) are examples of halogen sources that can be
      used with these pentavalent antimony ester salts on textiles. The halogen
      will be either chlorine or bromine.
PAR  These pentavalent antimony salts can be used at levels ranging from about
      0.5 to 10% by weight, based on the finished article. Below 0.5% poor flame
      retardancy is observed, and above 10% additional improvements in flame
      retardancy are not sufficient to justify the higher cost. The amount of
      the halogen is from about 5% to 30% based on the weight of the finished
      article.
PAR  The dry pentavalent antimony ester salts can also be incorporated into
      various polymers such as halogenated polyester resins to enhance their
      flame retardancy. The finely ground salt is stirred thoroughly into a
      halogenated, unsaturated polyester, such as Diamond Shamrock's Dion resin.
      Benzoyl peroxide can then be added, and a solid polyester panel can be
      fabricated whose flame retardancy rating in the HLT-15 test is higher than
      in a panel made from the Dion resin alone. The HLT-15 test is described by
      R. E. McMahon et al., 25th Annual Technical Conference, 1970, Reinforced
      Plastics/ Composites Division of the Society of the Plastics Industry,
      Inc., in Section 9-C, pages 1-12.
PAR  It is not necessary to use an additional halogen source when the polymer
      itself already is halogenated. Other polymeric materials that can be made
      flame retardant by the process of the present invention include the
      following: halogenated polyurethanes, plasticized polyvinyl chloride,
      halogenated epoxy resins, and halogenated polycarbonates.
DETD
PAR  The following examples will serve to illustrate the pentavalent antimony
      ester salts, their method of synthesis and their use as flame retardant
      materials. In these examples, all percentages are by weight.
PAC  EXAMPLE 1
PAR  This example describes the preparation of crystalline
      tri(ethylenedioxy)hydrogen antimony (V) from antimony trioxide, ethylene
      glycol, and hydrogen peroxide. Seven hundred and ninety grams of H grade
      antimony trioxide supplied by the McGean Chemical Company of Cleveland,
      Ohio [5.43 moles of Sb (III)]and 3750 grams of ethylene glycol were added
      to a 5 liter round-bottom flask equipped with two dropping funnels, a
      mechanical stirrer, vacuum distillation apparatus, and a thermometer. The
      pressure of the system was reduced to 216 torr., and the slurry was heated
      vigorously. When the temperature reached about 150.degree.C., the solution
      began to boil, liberating the water formed in the reaction of the ethylene
      glycol and the antimony trioxide. After about 45 minutes, 200 ml. of
      distillate was collected and the temperature rose to 160.degree.C. At this
      point about 1/3 of the Sb.sub.2 O.sub.3 had reacted.
PAR  The pressure of the system was reduced to 190 torr., and the dropwise
      addition of a 30.2% solution of hydrogen peroxide was started. Five
      hundred and thirty-six grams (4.75 moles H.sub.2 O.sub.2) of hydrogen
      peroxide was added over a 3-hour, 13 minute period. During this period the
      water was removed continuously by distillation with about four parts of
      ethylene glycol per part water. This distillate contained about 100 ppm
      H.sub.2 O.sub.2. Ethylene glycol was added to maintain the weight of the
      solution at about 4000 grams. As the oxidation and esterification
      reactions proceeded, more Sb.sub.2 O.sub.3 reacted and dissolved. After
      about 60% of the peroxide was added, the solution became clear. The
      temperature of the solution remained between 145.degree.C. and
      150.degree.C.
PAR  When the starting Sb.sub.2 O.sub.3 contained orthorhombic crystals,
      filtration at this point was necessary in order to remove this insoluble
      material.
PAR  After this part of the addition was completed the solution was analyzed for
      Sb(III). The method was a potentiometric titration with a bromide-bromate
      solution of the sample dissolved in hydrochloric acid. The end point was
      determined by a sudden increase in the potential of a platinum-calomel
      electrode system. The solution of mixed Sb(III) and Sb(V) ethylene glycol
      esters was found to contain 156 grams of Sb(III) (1.27 moles). Thus, 4.16
      moles of the starting Sb(III) were converted to Sb(V) by 4.75 moles of
      hydrogen peroxide; an 87.5% utilization of peroxide was realized. An
      additional 143 grams of 30.2% hydrogen peroxide (1.27 moles) was now added
      in a similar manner as the first portion. The solution was again analyzed
      and found to contain 70.5 gm. of Sb(III) (.63 mole). A 50% utilization of
      the peroxide was obtained in the second addition.
PAR  To complete the reaction, the solution was cooled to 110.degree.C. and 70
      grams of peroxide solution was added over a 1-minute period at atmospheric
      pressure. After 2 minutes the solution temperature was 122.degree.C. This
      step converted about 70% of the remaining Sb(III) to Sb(V).
PAR  Then, the water and some excess ethylene glycol were removed by vacuum
      distillation. The pressure was gradually reduced to 5 torr., and the
      solution temperature was about 100.degree.C. When the weight of solution
      was reduced to about 3500 gm. the Sb(V) ethylene glycol ester began to
      crystallize from the solution. Excess glycol was removed until the solids
      content of the slurry was so high that stirring became difficult. The
      weight of the slurry was 2220 grams, and its temperature was then about
      120.degree.C.
PAR  The vacuum was released and 1200 ml. of tetrahydrofuran was added to dilute
      the slurry and to facilitate its filtration. The crystals were filtered
      under a blanket of dry nitrogen. The wet crystals were then washed with
      2.5 liters of tetrahydrofuran and dried at room temperature with a stream
      of dry nitrogen. Fourteen hundred and sixty-nine grams of
      tri(ethylenedioxy)hydrogen antimony (V) were obtained. The crystalline
      product contained 40.5% Sb(V) and 0.025% Sb(III). The Sb(V) was determined
      by dissolving the crystals in hydrochloric acid, adding potassium iodide
      and titrating the liberated iodine with sodium thiosulfate solution.
      (Details of the analytical procedure are given in Standard Methods of
      Chemical Analysis published by D. Van Nostrand and Co., Inc., Princeton,
      N.J. , pp. 75-76, 1939.)
PAR  The Sb(III) was analyzed according to the procedure given earlier in this
      example.
PAR  Calc'd. for C.sub.6 H.sub.13 O.sub.6 Sb: C, 23.8, H, 4.3: Sb, 40.3%. Found:
      C, 23.9; H, 4.3; Sb, 40.6%.
PAR  To complete the material balance, the mother liquor was titrated and found
      to contain 23.8 grams of Sb(III) and 34.5 grams of Sb(V). Thus, 99% of the
      antimony charged was accounted for and 90.0% of it was converted to
      crystalline tri(ethylenedioxy) hydrogen antimony (V).
PAC  EXAMPLE 2
PAR  The tri(ethylenedioxy)hydrogen antimony (V), sodium salt was prepared as
      follows.
PAR  Tri(ethylenedioxy)hydrogen antimony (V) (150 g; 0.497 mole) was dissolved
      in a solution consisting of 650 g of ethylene glycol and 80 g of distilled
      water. The pH of this solution was 0.4. A 50% aqueous sodium hydroxide
      solution (38.5 g; 0.480 mole) was added slowly to the stirred solution
      over a 40 minute period; the temperature was kept between 29.degree. and
      35.degree.C with gentle cooling. At this time, the pH was 6.9. Crystals of
      tri(ethylenedioxy)hydrogen antimony (V), sodium salt began to separate
      near the end of the sodium hydroxide addition. Approximately forty minutes
      after the end of the sodium hydroxide addition a thick slurry of crystals
      was present. The slurry was cooled to 0.degree.-5.degree.C, held at that
      temperature for thirty minutes, and then filtered. The white, crystalline
      product was washed with acetone and dried under nitrogen. The yield was
      79.2% of crystals melting at 128.5.degree.-130.0.degree.C.
PAR  Calc'd. for C.sub.6 H.sub.12 NaO.sub.6 Sb.3 ethylene glycol: C, 28.2; H,
      5.9; Na, 4.5; O,37.6; Sb, 23.8%. Found: C, 28.1; H, 6.0; Sb, 23.8%.
PAR  N.M.R. and I.R. spectroscopic data for this salt are given in Table III of
      Example 5.
PAR  When this salt was subsequently dried over phosphorus pentoxide at
      110.degree.C. and 0.2  mm of mercury, the three ethylene glycol moles of
      crystallization were removed. The resulting crystals were distinctly
      hexagonal. They appeared to sinter at about 180.degree.C., but did not
      melt below 260.degree.C.
PAR  Calc'd for C.sub.6 H.sub.12 NaO.sub.6 Sb: C, 22.2; H, 3.7; Na, 7,1; O,
      29.6; Sb, 37.4%. Found: C, 21.9; H, 4.4; Sb, 37.7%.
PAC  EXAMPLE 3
PAR  To a solution of tri(ethylenedioxy)hydrogen antimony (V), sodium salt (37.2
      g; 0.104 mole) in a mixture consisting of 650 g of ethylene glycol and 80
      g of water was added 14.2 g of a 50% aqueous zinc chloride solution (7.1 g
      active; 0.052 mole). The solution was placed in a refrigerator at about
      5.degree.C for three days. The crystals which separated were filtered,
      washed sequentially with acetone and diethyl ether, and then dried under
      nitrogen. The dense, white crystals (12.0 g) melted at
      154.degree.-157.degree.C.
PAR  Calc'd for C.sub.12 H.sub.24 O.sub.12 Sb.sub.2 Zn.7H.sub.2 O: C, 18.3; H,
      4.8; O,38.2; Sb, 30.6; Zn, 8.2%. Found: C, 18.3; H, 4.7; Sb, 29.5; Zn,
      8.2%.
PAR  N.M.R. and I.R. spectroscopic data for this salt are given in Table III of
      Example 5.
PAC  EXAMPLE 4
PAR  A solution of tri(ethylenedioxy)hydrogen antimony (V) (5.0 g; 0.0166 mole)
      in a mixture of 23 g of ethylene glycol and 3 g of water was prepared.
      Guanidine carbonate (1.50 g; 0.0083 mole) was added with stirring. When
      carbon dioxide evolution ceased, the solution was left standing at room
      temperature for three days. The fine needles which separated were filtered
      and washed with ether. The melting point was higher than 260.degree.C.
PAR  Calc'd. for C.sub.7 H.sub.18 N.sub.3 O.sub.6 Sb.2H.sub.2 O: C, 21.1; H,
      5.7; N, 10.6; Sb, 30.6%. Found: C, 21.6; H, 4.7; N, 10.6; Sb, 31.1%.
PAR  N.M.K. and I.R. spectroscopic data for this salt are given in Table III of
      Example 5.
PAC  EXAMPLE 5
PAR  The N.M.R. spectra of the salts of this invention support the assigned
      structure of these salts. In Table III are spectral data for the sodium,
      zinc, and guanidine salts, along with the free acid for comparison.
      Hexadeuterodimethyl sulfoxide was used as the solvent and
      tetramethylsilane (TMS) was used as the internal standard. All peak
      positions are repeated as .delta. from TMS.
TBL                                    TABLE III                               
     __________________________________________________________________________
             Peak                                                              
                          Relative                                             
     Compound    Multiplicity                                                  
                          Area    Assignment                                   
     __________________________________________________________________________
     Free Acid                                                                 
             5.72                                                              
                 Singlet  --      Acidic hydrogen                              
             3.65                                                              
                 Singlet  --      Hydrogens in ethylenedioxy bridges           
             3.45                                                              
                 Singlet  --      Hydrogens in ethylene glycol methylenes      
                                  (trace of ethylene glycol present)           
     Sodium Salt                                                               
             4.50                                                              
                 Broad singlet                                                 
                          18      Ethylene glycol of crystallization           
     .3C.sub.2 H.sub.6 O.sub.2                                                 
             3.52                                                              
                 Singlet          Hydrogens in ethylenedioxy bridges (the      
                  equal   56                                                   
             3.41                                                              
                 Singlet          addition of several drops of water moved     
                                  the 4.50 peak under the 3.52 peak, and the   
                                  spectrum became identical with that of the   
                                  zinc salt shown below)                       
     Zinc Salt                                                                 
             3.52                                                              
                 Singlet                                                       
                      (broadened base)                                         
                                  Hydrogens in ethylenedioxy bridges with      
             3.42                                                              
                 Singlet                                                       
                      (3.52 peak much                                          
                                  H.sub.2 O of crystallization under 3.52      
                                  peak.                                        
                      larger than 3.42                                         
                      peak)                                                    
     Guanidine                                                                 
             4.61                                                              
                 Singlet  32      Guanidine hydrogens and hydrated water       
     Salt    3.66                                                              
                 Broad singlet    Hydrogens in ethylenedioxy bridges.          
                          44                                                   
             3.58                                                              
                 Singlet                                                       
     Ethylene                                                                  
             4.60                                                              
                 Singlet  42      Hydroxyl hydrogens                           
     Glycol  3.45                                                              
                 Singlet  81      Methylene hydrogens                          
     Sodium Salt                                                               
             3.52                                                              
                 Singlet          Hydrogens in ethylenedioxy                   
     __________________________________________________________________________
                                  bridges.                                     
PAR  The I.R. spectra of the salts of this invention have four or five highly
      characteristic bands in the 850-1200 cm.sup..sup.-1 region; the data are
      summarized in Table IV. The most notable spectral change is the shift of
      1088 cm.sup..sup.-1 ethylene glycol peak to the 1105-1108 cm.sup..sup.-1
      region; this peak also becomes much weaker.
TBL                TABLE IV                                                    
     ______________________________________                                    
                            Order of Intensity                                 
                            (the lowest number de-                             
     Compound   Peak (cm.sup.-.sup.1)                                          
                            notes the highest intensity)                       
     ______________________________________                                    
     Ethylene glycol                                                           
                1088        1                                                  
                1040        1                                                  
                885         2                                                  
                865         3                                                  
     Sodium salt                                                               
                1105        4                                                  
     .3C.sub.2 H.sub.6 O.sub.2                                                 
                1075        2                                                  
                1038        1                                                  
                895         3                                                  
                877         2                                                  
     Zinc salt  1108        4                                                  
                1040        1                                                  
                898         2                                                  
                877         3                                                  
     Guanidine Salt                                                            
                1108        4                                                  
                1033        1                                                  
                890         3                                                  
                875         2                                                  
     Sodium Salt                                                               
                1105        3                                                  
                1088        3                                                  
                1038        1                                                  
                890         2                                                  
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  The potassium salt of tri(ethylenedioxy)hydrogen antimony (V) can be
      prepared according to the method of Example 2 by substituting potassium
      hydroxide for sodium hydroxide.
PAC  EXAMPLE 7
PAR  The magnesium salt of tri(ethylenedioxy)hydrogen antimony (V) can be
      prepared according to the method of Example 3 by substituting magnesium
      chloride for the zinc chloride.
PAC  EXAMPLE 8
PAR  The ammonium salt of tri(ethylenedioxy)hydrogen antimony (V) can be
      prepared according to the method of Example 4 by substituting ammonium
      carbonate for the guanidine carbonate.
PAC  EXAMPLE 9
PAR  The tri(methylethylenedioxy)hydrogen antimony (V), sodium salt can be
      prepared according to the method of Example 2 by substituting
      tri(methylethylenedioxy)hydrogen antimony (V) for the triethylenedioxy
      hydrogen antimony (V), and 1,2-dihydroxypropane for the ethylene glycol.
PAC  EXAMPLE 10
PAR  The tri(ethylenedioxy)hydrogen antimony (V), (150 g; 0.497 mole) can be
      dissolved in a mixture consisting of 650 g of ethylene glycol and 80 g of
      distilled water. This solution can be further diluted with 130 g of
      distilled water. This solution can then be treated with 38.5 g of a 50%
      aqueous sodium hydroxide solution according to Example 2; the
      triethylenedioxy hydrogen antimony (V), sodium salt is formed.
PAC  EXAMPLE 11
PAR  The barium salt of tri(ethylenedioxy)hydrogen antimony (V) can be prepared
      according to the method of Example 3 by substituting barium chloride for
      the zinc chloride.
PAC  EXAMPLE 12
PAR  A 10 g sample of tri(ethylenedioxy)hydrogen antimony (V), sodium salt
      (0.031 mole) was dissolved in 17 ml of distilled water at room
      temperature; this was a 37% by weight solution. This solution was stirred
      while 4.2 g of a 50% aqueous zinc chloride (0.015 mole) solution was added
      dropwise over a period of several minutes. A white precipitate began to
      form shortly after the first few drops of the zinc chloride solution had
      been added. The slurry was stirred for ten minutes, and then it was
      filtered. The solids were washed sequentially with 10 ml of water and 50
      ml of acetone. The dry crystals had the same melting point and spectra as
      the salt prepared in Example 3.
PAC  EXAMPLE 13
PAR  A 7.0 .times. 25.4 cm sample of 80 .times. 80 cotton print cloth was padded
      to a 100% add-on with a 16% solution of (triethylenedioxy)hydrogen
      antimony (V), zinc salt in ethylene glycol. The fabric was dried in a
      forced draft textile curing oven at 149.degree.C (300.degree.F) for 2
      minutes. The fabric was then placed in an atmosphere of steam for ten
      minutes. The fabric was then dried at 79.degree.C (175.degree.F) for 1
      minute and allowed to equilibrate with the atmosphere. The fabric had a
      16.1% pick-up of the antimony salt. The fabric was then washed for 5
      minutes in cold water, dried and weighed again after equilibration. The
      fabric still contained 12.3% of the antimony compound. The fabric was
      white after this test.
PAR  In a similar experiment, a sample of 80 .times. 80 cotton cloth was padded
      to a 100% add-on with a 16% slurry of antimony trioxide. The fabric was
      dried for 2 minutes at 149.degree.C (300.degree.F). The fabric was allowed
      to equilibrate with the atmosphere; the add-on was 11.5%. The fabric was
      then washed in cold water for 5 minutes, dried and weighed again after
      equilibration. The fabric contained 2.8% antimony compound. The fabric was
      white after this test.
PAR  These two tests show that the antimony oxides deposited within the fiber by
      the tri(ethylenedioxy)hydrogen antimony (V), zinc salt treatment are more
      difficult to remove than the antimony trioxide deposited on the surface of
      the fibers.
PAC  EXAMPLE 14
PAR  Suitable flame retarded fabric can be prepared by treating fabric first
      with tri(ethylenedioxy)hydrogen antimony (V), zinc salt according to
      Example 13. The fabric can then be coated with an emulsion consisting of
      75% Chlor 500 (a liquid, chlorinated hydrocarbon) and 25% Elvax (an
      ethylene-vinylacetate copolymer). The application rate of this emulsion is
      adjusted to give an add-on of approximately 20%. This fabric will then
      pass the American Association of Textile Chemists and Colorists vertical
      flame test 34-1969.
PAC  EXAMPLE 15
PAR  In another flame retardant application tri(ethylenedioxy)hydrogen antimony
      (V), zinc salt was ground to pass a 60 mesh screen. This powder (1.5 g)
      was then stirred thoroughly into 50 g of Dion FR6399 (a brominated,
      unsaturated polyester resin formulation sold by Diamond Shamrock Co.).
      This combination was stirred for 20 minutes at 35.degree.-40.degree.C.
      Then 0.5 g of benzoyl peroxide was added, and the mixture was stirred at
      42.degree.C for 20 minutes. This mixture was then poured into a mold, and
      pressed at 29,000 psi on the 2.56 in. diameter (6.50 cm) piston according
      to the following heating schedule:
TBL  Time                  Temperature                                         
     ______________________________________                                    
     15 minutes            69.degree.C (175.degree.F)                          
     20 minutes            107.degree.C (225.degree.F)                         
     20 minutes            135.degree.C (275.degree.F)                         
     ______________________________________                                    
PAR  The press was then cooled to 121.degree.C (250.degree.F) with air, and then
      to 65.degree.C (149.degree.F) with water before removing the mold.
PAR  The panel was cut into test samples and tested in the HLT-15 flammability
      test. It had a rating of 100, whereas samples made from the untreated
      resin had a rating of only 80. In this test, a higher bating corresponds
      to a better flame resistance of the material.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the preparation of a compound of the formula
      ##EQU3##
      wherein each of R.sub.1 and R.sub.2 independently is hydrogen or methyl:
PA1  M is the cation of lithium, sodium, potassium, magnesium, calcium,
      strontium, barium, zinc, cadmium, guanidinium, ethylenediammonium, or
      ammonium having the following formula
      ##EQU4##
      wherein each of R.sub.3, R.sub.4, and R.sub.5 independently is hydrogen,
      methyl, ethyl or 2-hydroxyethyl; and
PA1  x is the valence of the cation and has the value of 1 or 2;
PA1  said process comprising the reaction of the compound of formula
      ##EQU5##
      with the hydroxide or carbonate of the cation M.sup..sup.+ x in a glycol
      containing vicinal hydroxy groups, at a temperature below the
      decomposition temperature of the resulting salt; in the presence of 0-30
      weight percent of water based on the total solvent mixture.
NUM  2.
PAR  2. The process of claim 1 wherein the water content of the solvent is 0-15
      weight percent of the total solvent mixture.
NUM  3.
PAR  3. The process of claim 1, wherein the solvent is at least one of ethylene
      glycol and 1,2-dihydroxypropane.
NUM  4.
PAR  4. A process for the preparation of a compound having the formula
      ##EQU6##
      said process comprising a metathetic exchange between a compound of the
      formula
      ##EQU7##
      and a soluble salt of the cation M.sub.A.sup..sup.+ 2 in a solvent
      consisting of a mixture of 0-70% by weight of a glycol containing vicinal
      hydroxyl groups and 30-100% by weight of water;
PA1  each of R.sub.1 and R.sub.2 being independently hydrogen or methyl;
PA1  M.sub.a being the cation of magnesium, calcium, strontium, barium, zinc, or
      cadmium; and
PA1  M.sub.b being the cation of lithium, sodium, potassium, or ammonium.
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ABST
PAL  A hydroxypolyfluoroalkyl-containing silane derivative having the formula
      ##EQU1##
      WHEREIN EACH OF R.sup.1 and R.sup.3 is alkyl; each of R.sup.2 and R.sup.4
      is alkylene; X is alkoxyl, alkyl, hydroxy, chlorine or hydrogen and at
      least one of the groups represented by X is alkoxyl, hydroxy, chlorine or
      hydrogen; p is 0 to 2, q is 0 or 1, r is 0 to 5, y is 1 or 2 and x is 2 or
      3, provided that the sum of p and qr is at least 1 and the sum of x and y
      is 4; z is 1 or 2 and is equal to or less than y; and Z is a group
      represented by
      ##EQU2##
      WHEREIN R.sup.1, R.sup.2, R.sup.3, R.sup.4, p, q and r are the same as
      above and each of R.sup.5 and R.sup.6 is a hydrogen or
      ##EQU3##
      and at least one of the groups represented by R.sup.5 and R.sup.6 is
      ##EQU4##
      R.sub.f being a perfluoroalkyl group: the above compound being useful as
      water- and oil-repellent agent.
BSUM
PAR  This invention relates to novel hydroxypolyfluoroalkyl-containing silane
      derivatives and the manufacture thereof.
PAR  An object of this ivention is to providee novel
      hydroxypolyfluoroalkyl-containing silane derivatives especially useful as
      water- and oil-repellent agents and a process for producing the above
      derivatives.
PAR  Another object of the invention is to provide water- and oil-repellent
      compositions containing the above derivatives as an effective ingredient.
PAR  These and other objects and advantages of the present invention will be
      apparent from the following description.
PAR  The hydroxypolyfluoroalkyl-containing silane derivatives of the present
      invention are those represented by the following formula:
      ##EQU5##
      WHEREIN EACH OF R.sup.1 and R.sup.3 is an alkyl group having 1 to 5 carbon
      atoms; each of R.sup.2 and R.sup.4 is an alkylene group having 1 to 5
      carbon atoms; X is an alkoxyl group having 1 to 5 carbon atoms, alkyl
      group having 1 to 5 carbon atoms, hydroxyl group, chlorine atom or
      hydrogen atom and at least one of the groups represented by X is an
      alkoxyl group having 1 to 5 carbon atoms, hydroxyl group, chlorine atom or
      hydrogen atom; p is zero or an integer of 1 or 2, q is zero or one, r is
      zero or an integer of 1 to 5, y is an integer of 1 or 2 and x is an
      integer of 2 or 3, provided that the sum of p and q.r is at least 1 and
      the sum of x and y is 4; z is an integer of 1 or 2 equal to or less than
      that represented by y; and Z is a group represented by
      ##EQU6##
      wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, p, q and r are the same as
      defined above and each of R.sup.5 and R.sup.6 is a hydrogen atom or
      ##EQU7##
      and at least one of the groups represented by R.sup.5 and R.sup.6 is
      ##EQU8##
      R.sub.f being a straight-chain or branched-chain perfluoroalkyl group
      having 3 to 21 carbon atoms; each of said R.sup.2, R.sup.4, R.sup.5,
      R.sup.6 and X being different or same when plural in number.
PAR  The silane derivatives of the present invention are soluble in various
      organic solvents and can impart excellent water- and oil-repellency to
      versatile porous and non-porous materials such as cloth, paper, leather,
      metal, glass, plastics, etc. Especially, the articles treated with the
      present compounds display durable water- and oil-repellency with a high
      order of antifriction property. This durability is ensured even if the
      article to be treated is made of non-porous inorgnic materials. The reason
      why the coatings formed on the articles treated with the present compounds
      have excellent durability and antifriction property has not been made
      clear yet, but it is supposedly attributable to the fact that the present
      compounds have in the molecule functional groups represented by X and
      functional alcoholic hydroxyl groups.
PAR  Preferable silane derivatives of the inventon are those having the formula
      ##EQU9##
      wherein R.sup.2, R.sup.4, R.sup.5, R.sup.6, r, x, y and z are the same as
      defined above, R.sup.7 is a hydrogen atom or
      ##EQU10##
      R.sub.f being the same as defined above and X' is an alkoxyl group having
      1 to 5 carbon atoms or an alkyl group having 1 to 5 carbon atoms and at
      least one of the groups represented by X' is an alkoxyl group having 1 to
      5 carbon atoms.
PAR  Among these particularly preferable are (1) those having the formula (II)
      above in which at least one of groups represented by R.sup.5 and R.sup.7
      is
      ##EQU11##
      R.sub.f being the same as defined above and R.sup.6 is a hydrogen atom;
      (2) those having the formula (II) in which x is an integer of 3 and y and
      z are each an integer of 1; (3) those having the formula (II) in which
      R.sup.2 is --(CH.sub.2).sub.2 -- and R.sup.4 is an alkylene group having 3
      to 5 carbon atoms; and (4) those having the formula (II) in which R.sub.f
      is a perfluoroalkyl group having 9 to 17 carbon atoms.
PAR  According to one of preferred processes for producing the present silane
      derivatives they can be prepared by reacting perfluoroalkylpropylene
      epoxides having the formula
      ##EQU12##
      wherein R.sub.f is the same as defined before with aminoalkyl silane
      derivatives having the formula
      ##EQU13##
      wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, X, p, q, r, x and y are the
      same as defined above.
PAR  In the above reaction the epoxy group contained in the epoxide (III) is
      reacted with one or more of the hydrogen atoms of amino groups in the
      aminoalkyl silane derivative (IV) to produce the present compound.
      Therefore, it is preferable to use the epoxide (III) in an approximately
      stoichiometric amount, depending on the desired compound (I) to be
      obtained. The reaction can be usually conducted at a temperature of
      20.degree. to 200.degree.C, preferably 80.degree. to 150.degree.C, under
      atmospheric pressure. If necessary, organic solvents inert to the reaction
      can be used. Examples thereof are ethyl formate, butyl formate, amyl
      formate, ethyl acetate, butyl acetate and like esters, ethyl ether,
      isopropyl ether, n-butyl ether, dichloroethylether, anisol, dioxane,
      tetrahydrofuran and like ethers, carbon tetrachloride, trichloromethane,
      trichloroethane, tetrachloroethane and like chlorohydrocarbons,
      trichlorotrifluoroethane, dichlorotetrafluoroethane,
      tetrachlorodifluoroethane, chlorodifluoromethane, dichlorofluoromethane,
      and like chlorofluorohydrocarbons, acetone and like ketones having 2 to 6
      carbon atoms. The silane derivative (I) thus obtained can be separated
      from the resulting reaction mixture by conventional methods, for example,
      by recrystallization.
PAR  The epoxides (III) to be used as a starting material are known compounds
      and can be easily prepared, for example, by reacting an iodine containing
      alcohol having the formula R.sub.f CH.sub.2 CHICH.sub.2 OH wherein R.sub.f
      is the same as defined before with an aqueous solution of alkali metal
      hydroxide at an elevated temperature. Preferable epoxides (III) are those
      having the formula (III) in which R.sub.f is a perfluoroalkyl group having
      9 to 17 carbon atoms and examples thereof are as follows:
      ##EQU14##
PAR  Another starting material, aminoalkyl silane derivative (IV) is also known
      and can be produced, for example, by reacting a trichlorosilane of the
      formula HSiCl.sub.3 with an .omega.-chloro-alkene-1 of the formula
      Cl(CH.sub.2).sub.n.sub.-2 CH=CH.sub.2, wherein n is an integer of 1 to 5,
      to produce an .omega.-chloro- trichlorosilico alkane of Cl(CH.sub.2).sub.n
      SiCl.sub.3, n being the same as defined above, reacting the
      .omega.-chloro- trichlorosilico alkane with an aliphatic alcohol of the
      formula C.sub.m H.sub.2m.sub.+1 OH, m being 1 to 5, to produce a
      .omega.-chloroalkyl silane derivative of Cl(CH.sub.2).sub.n Si(OC.sub.m
      H.sub.2m.sub.+1).sub.3, n and m being the same as defined above, and then
      reacting the .omega.-chloroalkyl silane derivative with an amine of
      H.sub.2 N(CH.sub.2 CH.sub.2 NH).sub.t H, t being 2 to 5, to produce the
      desired aminoalkyl silane derivative (IV) of the formula H.sub.2
      N(CH.sub.2 CH.sub.2 NH).sub.t (CH.sub.2).sub. n Si(OC.sub.m
      H.sub.2m.sub.+1).sub.3, n, m and t being the same as defined above. The
      aminoalkyl silane derivative (IV) can also be obtained by reacting the
      above chloroalkyl silane derivative of the formula Cl(CH.sub.2).sub.n
      Si(OC.sub.m H.sub.2m.sub.+1).sub.3, n and m being the same as defined
      above, with ammonia to produce the desired aminoalkyl silane derivatives
      (IV) of the formula H.sub.2 N(CH.sub.2).sub.n Si(OC.sub.m
      H.sub.2m.sub.+1).sub.3, n and m being the same as defined above.
      Preferable aminoalkyl silane derivatives (IV) are those having the formula
EQU  [NH.sub.2 --(R.sup.2 --NH).sub.r --R.sup.4 ].sub.y SiX'.sub.x (V)
PAL  wherein R.sup.2, R.sup.4, r, y and x are the same as defined before and X'
      is an alkoxyl group having 1 to 5 carbon atoms or an alkyl group having 1
      to 5 carbon atoms and at least one of groups represented by X' is an
      alkoxyl group having 1 to 5 carbon atoms. The most preferable are (1)
      those having the above formula (V) in which x is an integer of 3 and y is
      an integer of 1 and (2) those having the above formula (V) in which
      R.sup.2 is --(CH.sub.2).sub.2 -- and R.sup.4 is an alkylene group having 3
      to 5 carbon atoms. Examples thereof are as follows:
EQU  H.sub.2 N(CH.sub.2 CH.sub.2 NH).sub.2 (CH.sub.2).sub.3 Si(OCH.sub.3).sub.3
EQU  h.sub.2 n(ch.sub.2 ch.sub.2 nh).sub.3 (ch.sub.2).sub.3 si(OCH.sub.3).sub.3
EQU  h.sub.2 n(ch.sub.2 ch.sub.2 nh).sub.4 (ch.sub.2).sub.3 si(OCH.sub.3).sub.3
EQU  h.sub.2 n(ch.sub.2 ch.sub.2 nh).sub.5 (ch.sub.2).sub.3 si(OCH.sub.3).sub.3
EQU  h.sub.2 n(ch.sub.2).sub.2 nh(ch.sub.2).sub.3 si(OCH.sub.3).sub.3
PAR  the present silane derivatives (I) are solid or greasy substances at room
      temperature and soluble in ketones having alkyl groups of 1 to 7 carbon
      atoms such as acetone, methylethyl ketone, etc., ethers such as dioxane,
      tetrahydrofuran, etc., and chlorofluorohydrocarbons such as
      trichlorofluoromethane, trichlorotrifluoroethane,
      tetrachlorodifluoroethane, etc., but insoluble in methanol, benzene,
      heptane, etc. The silane derivatives (I) per se of the invention are
      excellent in stability and the organic solvent solution thereof is also
      stable. The stability of the solution increases in proportion to the
      number of carbon atoms of the perfluoroalkyl group (R.sub.f) contained in
      the present silane derivative (I).
PAR  As disclosed above, the silane derivative (I) of the present invention can
      easily be prepared by reacting the epoxide (III) with the aminoalkyl
      silane derivative (IV) and have a property capable of imparting excellent
      durable water- and oil-repellency with a high antifriction property not
      only to fibrous materials but also to non-porous materials. It is known in
      the art that water- and oil-repellent compound can be prepared from the
      epoxide (III). However, according to the known method the epoxide (III) is
      reacted with acrylic acid (or methacrylic acid) to produce
      2-hydroxy-1,1,2,3,3-pentahydroperfluoroalkyl acrylate (or methacrylate)
      and then the resulting acrylate (or methacrylate) is subjected to emulsion
      polymerization to obtain water- and oil-repellent compound. According to
      this method, not only two steps of reactions, i.e., esterification
      reaction and polymerization reaction are necessary but also the resulting
      compound fails to impart durable water- and oil-repellency having
      antifriction property to non-porous materials.
PAR  The present silane derivative (I) is mixed with a carrier such as an
      organic solvent to prepare a water- and oil-repellent composition.
      According to one of preferred methods at least one of the present
      compounds (I) is dissolved in an organic solvent to produce solution-type
      composition. The concentration thereof is preferably in the range of 0.1
      to 20 weight percent. The composition can be applied to an article by
      various methods, for example, by dipping, coating, spraying, etc.,
      followed by drying, whereby excellent durable water- and oil-repellent
      coating having a high order of antifriction property can be formed on the
      article.
PAR  The articles to be treated include not only porous materials such as paper,
      cloth, leather and like fibrous materials but also non-porous materials
      such as products of steel, aluminum, copper and like metal, glass,
      polyethylene, polyvinylchloride, polypropylene, polyacrylate,
      polymethacrylate, polystyrene, polyurethane and like plastics, etc.
      Particularly, it is to be noted that the present compound (I) can impart
      excellent durable water- and oil-repellency having a high antifriction
      property to non-porous inorganic materials. For example, when windshield
      glass of aeroplane is treated with the present water- and oil-repellent
      composition, it exhibits excellent water- and oil-repellency for a long
      period of time free from adherance of water-droplets which will make
      visibility poor. Further, when the inner surface of a glass bottle is
      treated with the present composition, the liquid contained therein can be
      completely taken out therefrom without leaving any droplets of the liquid.
DETD
PAR  For a better understanding of the invention examples are given below.
PAC  EXAMPLE 1
PAR  In a 100-ml four-necked glass flask equipped with a stirrer, thermometer
      and reflux condenser were placed 52.6 g (0.1 mole) of
      ##EQU15##
      and 22.2 g (0.1 mole) of H.sub.2 N(CH.sub.2).sub.2 NH(CH.sub.2).sub.3
      Si(OCH.sub.3).sub.3. The mixture was heated with stirring at 80.degree.C.
      After 2 hours the peaks of both starting materials were found to have
      disappeared completely by gas chromatography. The mixture was further
      heated at 80.degree.C for 1 hour. The reaction mixture was cooled to room
      temperature to obtain solid substance. Recrystallization from the solution
      of the solid substance in a 1 : 1 weight ratio mixture of
      trichlorotrifluoroethane and carbon tetrachloride gave 45.3 g of
      ##EQU16##
      as a waxy solid, white in color.
PAR  The product was easily soluble in trichlorotrifluoroethane and carbon
      tetrachloride, but hardly soluble in chloroform. Elementary analysis of
      the product gave the following results:
      ##EQU17##
PAR  Infrared absorption analysis gave absorptions completely different from
      both starting materials. For example, the absorption at 3000 to 3100
      cm.sup..sup.-1 due to the presence of epoxy group of the starting epoxide
      disappeared.
PAC  EXAMPLE 2
PAR  In the same flask as in example 1 were placed 52.6 g (0.1 mole) of
      ##EQU18##
      and 11.1 g (0.05 mole) of H.sub.2 N(CH.sub.2).sub.2 NH(CH.sub.2).sub.3
      Si(OCH.sub.3).sub.3. The mixture was heated with stirring at 80.degree.C.
      After 4 hours the peaks of both starting materials were found to have
      disappeared by gas chromatography. Thereafter, the mixture was further
      heated at 80.degree.C for 1 hour. The resulting reaction mixture was
      dissolved in trichlorotrifluoroethane, and chloroform was added dropwise
      to the solution for reprecipitation, whereby 52.8 g of
      ##EQU19##
      was obtained as a waxy solid, white in colour. The product thus obtained
      was found to be a single compound by programed temperature gas
      chromatography.
PAR  The product was easily soluble in trichlorotrifluoroethane,
      tetrachlorodifluoroethane and carbon tetrachloride, but hardly soluble in
      chloroform. Elementary analysis of the product gave the following results:
      ##EQU20##
PAC  EXAMPLE 3
PAR  In the same flask as in example 1 were placed 100 g of an epoxide mixture
      shown below, 19 g (0.0855 mole) of H.sub.2 N(CH.sub.2).sub.2 NH
      (CH.sub.2).sub.3 Si(OCH.sub.3).sub.3 and 100 g of a 9 : 1 weight ratio
      mixture of CCl.sub.2 FCCl.sub.2 F and CClF.sub.2 CClF.sub.2.
PAR  The epoxide mixture used:
PA1  1. Formula
      ##EQU21##
      wherein v is an integer of 3 to 7. 2. Composition
TBL  v              wt%         mole                                           
     3              55          0.1045                                         
     4              26          0.0416                                         
     5              12          0.0165                                         
     6               5          0.0061                                         
     7               2          0.0022                                         
     Total          100         0.1709                                         
PAR  The resulting starting mixture was heated with stirring at 70.degree.C.
      After 8 hours the peaks of both starting materials were found to have
      disappeared completely by gas chromatography. Thereafter, the mixture was
      further heated at 80.degree.C for 1 hour and then treated in the same
      manner as in example 2, whereby 112 g of
      ##EQU22##
      v being the same as above, was obtained as a waxy solid, white in colour.
      The product was easily soluble in trichlorotrifluoroethane,
      tetrachlorodifluoroethane and carbon tetrachloride, but hardly soluble in
      chloroform.
PAC  EXAMPLE 4
PAR  100 g of the same epoxide mixture as in example 3 was reacted with 38 g
      (0.171 mole) of H.sub.2 N(CH.sub.2).sub.2 NH(CH.sub.2).sub.3
      Si(OCH.sub.3).sub.3 in the same manner as in example 1, except that the
      reaction was conducted at 90.degree.C. After 2 hours the peaks of both
      starting materials were found to have disappeared completely by gas
      chromatography. Thereafter, the mixture was further heated at 80.degree.C
      for 1 hour and treated in the same manner as in example 2, whereby 127 g
      of
      ##EQU23##
      v being the same as defined above, was obtained as a waxy solid, white in
      color. The product was easily soluble in trichlorotrifluoroethane,
      tetrachlorodifluoroethane and carbon tetrachloride, but hardly soluble in
      chloroform.
PAR  Each of the products obtained in examples 1 to 4 was dissolved in
      trichlorotrifluoroethane to prepare four kinds of water- and oil-repellent
      compositions containing the product in a concentration of 1 wt.%. A glass
      plate was washed with water, degreased with methanol and then with
      trichlorotrifluoroethane and dried. The cleaned glass plate was dipped in
      each composition and dried in air for 30 minutes.
PAR  Contact angle, relative to water and to n-hexadecane, of each glass plate
      thus treated was measured at 25.degree.C, using a goniometer (Erma Contact
      Anglometer, Goniometer Type, Model G-I, M-2010A, product of Erma Kogaku
      K.K., Japan). Further, the glass plate thus treated was rubbed 100 times
      with a 5-cm stroke with polyester-cotton blended cloth wrapped round an
      iron piece having a diameter of 5 cm and weighing 500 g, the cloth being
      replaced by new one every 10 strokes. Thereafter the contact angle thereof
      was measured in the same manner as above.
PAR  For comparison, two glass plates were respectively treated in the same
      manner as above using a 1 wt.% trichlorotrifluoroethane solution of
      2-hydroxy-1,1,2,3,3-pentahydroperfluoroalkyl methacrylate polymer
      (comparison 1) and a 1 wt.% trichlorotrifluoroethane solution of H.sub.2
      N(CH.sub.2).sub.2 NH(CH.sub.2).sub.3 Si(OCH.sub.3).sub.3 (comparison 2).
      Contact angle of each glass plate thus obtained was measured in the same
      manner as above.
PAR  The results are shown in Table 1 below:
TBL                Table 1                                                     
     ______________________________________                                    
     Contact angle (degrees)                                                   
            Before rubbing                                                     
                          After rubbing                                        
     Sample   Water    n-Hexadecane                                            
                                  Water  n-Hexadecane                          
     ______________________________________                                    
     Contrast  85      Less than 10                                            
                                  --     --                                    
     (Untreated)                                                               
     Example 1                                                                 
               98      67         100    65                                    
     Example 2                                                                 
              103      66         101    66                                    
     Example 3                                                                 
              104      72         107    71                                    
     Example 4                                                                 
              105      73         107    72                                    
     Comparison 1                                                              
              104      72          90    45                                    
     Comparison 2                                                              
               90      Less than 10                                            
                                  --     --                                    
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  In a 100-ml four-necked glass flask equipped with a stirrer, thermometer
      and reflux condenser were placed 52.6 g (0.1 mole) of
      ##EQU24##
      and 14.6 g (0.05 mole) of
      ##EQU25##
      The resulting mixture was heated with stirring at 80.degree.C for 3 hours.
      By gas chromatography the peaks of both starting materials were found to
      have disappeared completely. The reaction mixture was cooled and
      recrystallized in the same manner as in example 1, whereby 64.7 g of
      ##EQU26##
      was obtained as a waxy solid, white in color. The product was easily
      soluble in trichlorotrifluoroethane, tetrachlorodifluoroethane and carbon
      tetrachloride, but hardly soluble in chloroform. The elementary analysis
      of the product gave the following results:
TBL           F          C          N       Si                                 
     Found    53.5%      31.8%      4.3%    2.0%                               
     Calcd.   53.7%      32.1%      4.2%    2.1%                               
PAC  EXAMPLE 6
PAR  In the same manner as in example 5 were reacted 52.6 g (0.1 mole) of
      ##EQU27##
      and 20.6 g (0.1 mole) of
      ##EQU28##
      The resulting reaction mixture was cooled and recrystallized in the same
      manner as in example 1, whereby 68.3 g of
      ##EQU29##
      was obtained as a waxy solid, white in color.
PAR  The product was easily soluble in trichlorotrifluoroethane,
      tetrachlorodifluoroethane and carbon tetrachloride, but hardly soluble in
      chloroform. The elementary analysis of the product gave the following
      results:
TBL           F          C          N       Si                                 
     Found    49.2%      33.2%      3.6%    3.9%                               
     Calcd.   49.3%      32.8%      3.8%    3.8%                               
PAC  EXAMPLE 7
PAR  In the same manner as in example 5 were reacted 52.6 g (0.1 mole) of
      ##EQU30##
      and 35.1 g (0.1 mole) of H.sub.2 N(CH.sub.2 CH.sub.2 NH).sub.4
      (CH.sub.2).sub.3 Si(OCH.sub.3).sub.3, except that the reaction temperature
      was 100.degree.C. The resulting reaction mixture was cooled and
      recrystallized in the same manner as in example 1, whereby 83.5 g of
      ##EQU31##
      was obtained as a waxy solid, white in colour. The product was easily
      soluble in trichlorotrifluoroethane, tetrachlorodifluoroethane and carbon
      tetrachloride but hardly soluble in chloroform. Elementary analysis
      thereof gave the following results:
TBL           F          C          N       Si                                 
     Found    40.9%      34.7%      7.9%    3.2%                               
     Calcd.   41.2%      35.6%      8.0%    3.2%                               
PAC  EXAMPLE 8
PAR  In the same manner as in example 5 were reacted 52.6g (0.1 mole) of
      ##EQU32##
      and 20.7 g (0.1 mole) of NH.sub.2 (CH.sub.2).sub.5 Si(OCH.sub.3).sub.3.
      The resulting reaction mixture was cooled and recrystallized in the same
      manner as in example 1, whereby 70.4 g of
      ##EQU33##
      was obtained as a waxy solid, white in colour. The product was easily
      soluble in trichlorotrifluoroethane, tetrachlorodifluoroethane and carbon
      tetrachloride but hardly soluble in chloroform. The elementary analysis
      thereof gave the following results:
TBL           F          C          N       Si                                 
     Found    48.8%      32.1%      2.0%    3.7%                               
     Calcd.   49.2%      32.7%      1.9%    3.8%                               
PAC  EXAMPLE 9
PAR  32.6 g (0.1 mole) of
      ##EQU34##
      and 32.0 g (0.1 mole) of
      ##EQU35##
      were reacted in the same manner as in example 1. The resulting reaction
      mixture was cooled and recrystallized in the same manner as in example 1,
      whereby 61.2 g of
      ##EQU36##
      was obtained as a waxy solid, white in colour.
PAR  The product was easily soluble in trichlorotrifluoroethane,
      tetrachlorodifluoroethane and carbon tetrachloride but hardly soluble in
      chloroform. Elementary analysis thereof gave the following results:
TBL           F          C          N       Si                                 
     Found    31.8%      40.8%      8.5%    4.3%                               
     Calcd.   32.4%      40.9%      8.7%    4.3%                               
PAC  EXAMPLE 10
PAR  32.6 g (0.1 mole) of
      ##EQU37##
      and 16.0 g (0.05 mole) of
      ##EQU38##
      were reacted in the same manner as in example 5. The resulting reaction
      mixture was cooled and recrystallized same manner as in example 1, whereby
      44.1 g of
      ##EQU39##
      was obtained as a waxy solid, white in colour.
PAR  The product was easily soluble in trichlorotrifluoroethane,
      tetrachlorodifluoroethane and carbon tetrachloride, but hardly soluble in
      chloroform. Elementary analysis thereof gave the following results:
TBL           F          C          N       Si                                 
     Found    42.7%      36.9%      6.0%    2.9%                               
     Calcd.   43.0%      37.0%      5.8%    2.9%                               
PAR  Water- and oil-repellency of the compounds obtained in examples 5 to 10
      were determined in the same manner as disclosed before with the results
      shown in Table 2 below.
TBL                Table 2                                                     
     ______________________________________                                    
     Contact angle (degrees)                                                   
            Before rubbing                                                     
                          After rubbing                                        
     Sample   Water    n-Hexadecane                                            
                                  Water  n-Hexadecane                          
     ______________________________________                                    
     Example 5                                                                 
              104      68         102    67                                    
     Example 6                                                                 
              101      67         103    66                                    
     Example 7                                                                 
              101      66         101    66                                    
     Example 8                                                                 
              103      69         102    67                                    
     Example 9                                                                 
               97      59          95    57                                    
     Example 10                                                                
              101      63         100    62                                    
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A hydroxypolyfluoroalkyl-containing silane derivative having the formula
      ##EQU40##
      wherein each of R.sup.1 and R.sup.3 is an alkyl group having 1 to 5 carbon
      atoms; each of R.sup.2 and R.sup.4 is an alkylene group having 1 to 5
      carbon atoms; X is an alkoxyl group having 1 to 5 carbon atoms, alkyl
      group having 1 to 5 carbon atoms, hydroxyl group, chlorine atom or
      hydrogen atom and at least one of the groups represented by X is an
      alkoxyl group having 1 to 5 carbon atoms, hydroxyl group, chlorine atom or
      hydrogen atom; p is zero or an integer of 1 or 2, q is zero or an integer
      of 1, r is zero or an integer of 1 to 5, y is an integer of 1 or 2 and x
      is an integer of 2 or 3, provided that the sum of p and qr is at least 1
      and the sum of x and y is 4; z is an integer of 1 or 2 equal to or less
      than that represented by y; and Z is a group represented by
      ##EQU41##
      wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, p, q and r are the same as
      defined above and each of R.sup.5 and R.sup.6 is a hydrogen atom or
      ##EQU42##
      and at least one of the groups represented by R.sup.5 and R.sup.6 is
      ##EQU43##
      R.sub.f being a perfluoroalkyl group having 3 to 21 carbon atoms; each of
      said R.sup.2, R.sup.4, R.sup.5, R.sup.6 and X being different or same when
      plural in number.
NUM  2.
PAR  2. The hydroxypolyfluoroalkyl-containing silane derivative having the
      formula
      ##EQU44##
      wherein each of R.sup.2 and R.sup.4 is an alkylene group having 1 to 5
      carbon atoms; X' is an alkoxyl group having 1 to 5 carbon atoms or alkyl
      group having 1 to 5 carbon atoms and at least one of the groups
      represented by X' is an alkoxyl group having 1 to 5 carbon atoms; r is
      zero or an integer of 1 to 5, y is an integer of 1 or 2 and x is an
      integer of 2 or 3, provided that the sum of x and y is 4; z is an integer
      of 1 or 2 equal to or less than that represented by y; and each of
      R.sup.5, R.sup.6 and R.sup.7 is a hydrogen atom or
      ##EQU45##
      and at least one of the groups represented by R.sup.5, R.sup.6 and R.sup.7
      is
      ##EQU46##
      R.sub.f being a perfluoroalkyl group having 3 to 21 carbon atoms.
NUM  3.
PAR  3. The hydroxypolyfluoroalkyl-containing silane derivative according to
      claim 2, in which at least one of the groups represented by said R.sup.5
      and R.sup.7 is
      ##EQU47##
      R.sub.f being a perfluoroalkyl group having 3 to 21 carbon atoms, and said
      R.sup.6 is a hydrogen atom.
NUM  4.
PAR  4. The hydroxypolyfluoroalkyl-containing silane derivative according to
      claim 2, in which said x is an integer of 3 and y and z are each an
      integer of 1.
NUM  5.
PAR  5. The hydroxypolyfluoroalkyl-containing silane derivative according to
      claim 2, in which said R.sup.2 is --(CH.sub.2).sub.2 -- and said R.sup.4
      is an alkylene group having 3 to 5 carbon atoms.
NUM  6.
PAR  6. The hydroxypolyfluoroalkyl-containing silane derivative according to
      claim 2, in which said R.sub.f is a perfluoroalkyl group having 9 to 17
      carbon atoms.
NUM  7.
PAR  7. A process for producing a hydroxypolyfluoroalkyl-containing silane
      derivative, which comprises reacting a perfluoroalkylpropylene epoxide
      having the formula
      ##EQU48##
      wherein R.sub.f is a perfluoroalkyl group having 3 to 21 carbon atoms with
      an aminoalkyl silane derivative having the formula
      ##EQU49##
      wherein each of R.sup.1 and R.sup.3 is an alkyl group having 1 to 5 carbon
      atoms; each of R.sup.2 and R.sup.4 is an alkylene group having 1 to 5
      carbon atoms; X is an alkoxyl group having 1 to 5 carbon atoms, alkyl
      group having 1 to 5 carbon atoms, hydroxyl group, chlorine atom or
      hydrogen atom and at least one of the groups represented by X is an
      alkoxyl group having 1 to 5 carbon atoms, hydroxyl group, chlorine atom or
      hydrogen atom; and p is zero or an integer of 1 or 2, q is zero or an
      integer of 1, r is zero or an integer of 1 to 5, y is an integer of 1 or 2
      and x is an integer of 2 or 3, provided that the sum of p and qr is at
      least 1 and the sum of x and y is 4; each of said R.sup.2, R.sup.4 and X
      being different or same when plural in number.
NUM  8.
PAR  8. The process according to claim 7, in which said R.sub.f of the epoxide
      is a perfluoroalkyl group having 9 to 17 carbon atoms.
NUM  9.
PAR  9. The process according to claim 7, in which said epoxide is one species
      selected from the group consisting of
      ##EQU50##
NUM  10.
PAR  10. The process according to claim 7, in which said amino-alkyl silane
      derivative has the formula
EQU  [NH.sub.2 --(R.sup.2 --NH).sub.r --R.sup.4 ].sub.y SiX'.sub.x
PAL  wherein each of R.sup.2 and R.sup.4 is an alkylene group having 1 to 5
      carbon atoms; X' is an alkoxyl group having 1 to 5 carbon atoms or an
      alkyl group having 1 to 5 carbon atoms and at least one of the groups
      represented by X' is an alkoxy group having 1 to 5 carbon atoms; r is zero
      or an integer of 1 to 5, y is an integer of 1 or 2 and x is an integer of
      2 or 3, provided that the sum of x and y is 4.
NUM  11.
PAR  11. The process according to claim 10, in which said x is an integer of 3
      and y is an integer of 1.
NUM  12.
PAR  12. The process according to claim 10, in which said R.sup.2 is
      --(CH.sub.2).sub.2 -- and R.sup.4 is an alkylene group having 3 to 5
      carbon atoms.
NUM  13.
PAR  13. The process according to claim 7, in which said aminoalkyl silane
      derivative is one species selected from the group consisting of
EQU  H.sub.2 N(CH.sub.2 CH.sub.2 NH).sub.2 (CH.sub.2).sub.3 Si(OCH.sub.3).sub.3,
EQU  h.sub.2 n(ch.sub.2 ch.sub.2 nh).sub.3 (ch.sub.2).sub.3 si(OCH.sub.3).sub.3,
EQU  h.sub.2 n(ch.sub.2 ch.sub.2 nh).sub.4 (ch.sub.2).sub.3 si(OCH.sub.3).sub.3,
EQU  h.sub.2 n(ch.sub.2 ch.sub.2 nh).sub.5 (cn.sub.2).sub.3 si(OHC.sub.3).sub.3
      and
EQU  H.sub.2 N(CH.sub.2).sub.2 NH(CH.sub.2).sub.3 Si(OCH.sub.3).sub.3.
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ABST
PAL  This invention relates to the manufacture of such valuable chemicals as
      polyhydric alcohols, their ether and ester derivatives, oligomers of such
      alcohols and monohydric alcohols and their ether and ester derivatives by
      reacting hydrogen and oxides of carbon in the presence of a rhodium
      carbonyl complex and a trialkanolamine borate.
BSUM
PAR  This invention is concerned with the manufacture of polyhydric alcohols,
      their ether and ester derivatives, and oligomers of such alcohols. This
      invention also produces monohydric alcohols, such as methanol, and their
      ether and ester derivatives.
PAR  Polyhydric alcohols are presently being produced synthetically by the
      oxidation of petroleum derived materials. Owing to the limited
      availability of petroleum sources, the cost of these petroleum derived
      materials has been steadily increasing. Many have raised the dire
      prediction of a significant oil shortage in the future. The consequence of
      this has been the recognition of the need for a new low cost source of
      chemicals which can be converted into such polyhydric alcohols.
PAR  This invention is directed to the process of making polyhydric aliphatic
      alcohols, and to their ether, ester and oligomer derivatives. In
      particular, this invention is concerned with the diols and triols
      containing 2 or 3 carbon atoms, their ethers, ester and oligomer
      derivatives. A byproduct of this invention is the manufacture of the
      lesser valuable, but valuable nevertheless, monohydric alkanols such as
      methanol, ethanol and propanols, and their ether and ester derivatives.
      The products of the process of this invention contain carbon, hydrogen and
      oxygen.
PAR  There are described in U.S. Pat. 3,833,634,   issued Sept. 3, 1974, and
      copending application Ser. No. 462,109, filed Apr. 18, 1974, processes for
      reacting hydrogen and oxides of carbon in the presence of rhodium carbonyl
      complex catalysts. One problem associated with these processes is
      preventing the loss of the catalyst during the reaction. Inasmuch as the
      rhodium used in the catalyst is an extremely expensive metal, having a
      current dealer's price of about $285. per troy ounce, it is particularly
      desirable to avoid any significant loss of such rhodium values during the
      course of the reaction.
PAR  In accordance with the practice of the present invention these losses of
      rhodium may be significantly reduced when the aforementioned reactions of
      hydrogen and oxides of carbon are conducted in the presence of a
      trialkanolamine borate.
PAR  The process of the present invention involves the production of alkane
      diols and triols having from 2 to 3 carbon atoms in the molecule by
      reacting in a suitable solvent a mixture of hydrogen and oxides of carbon
      in the presence of a rhodium carbonyl complex and a trialkanolamine
      borate.
PAR  Illustrative of the trialkanolamine borates useful in the practice of the
      present invention are those of the formula B(OR).sub.3 N wherein R is a
      straight or branched chain alkylene radical having from 1 to 14 carbon
      atoms, preferably 1 to 3 carbon atoms in the alkylene chain. These
      trialkanolamine borates may be prepared according to the methods disclosed
      in U.S. Pat. Nos. 3,103,531 and 2,785,192 and the articles Ind. Eng.
      Chemistry, 49, 174 (1957) and J. Am. Chem. Soc., 82, 853 (1960) both by
      Steinberg and Hunter.
PAR  The use of trialkanolamine borates of the formula:
      ##SPC1##
PAL  wherein R.sub.1, R.sub.2, and R.sub.3 are at least one of hydrogen or lower
      alkyl, preferably methyl, represents a preferred embodiment of the present
      invention. Illustrative of these preferred borates are triethanolamine
      borate and triisopropanolamine borate.
PAR  The rhodium carbonyl complexes suitable for use in the practice of the
      present invention are those wherein the complex is at least one of (1)
      rhodium in complex combination with carbon monoxide, (2) rhodium in
      complex combination with carbon monoxide and hydrogen, (3) rhodium in
      complex combination with carbon monoxide and at least one Lewis base, (4)
      rhodium in complex combination with carbon monoxide, hydrogen and at least
      one Lewis base, and (5) mixtures thereof.
PAR  Moreover, the rhodium carbonyl complexes of this invention may be in the
      form of rhodium carbonyl clusters. P. Chini, in a review article entitled
      "The Closed Metal Carbonyl Clusters" published in Review (1968),
      Inorganica Chimica Acta, pages 30-50 states that a metal cluster compound
      is a "a finite group of metal atoms which are held together entirely,
      mainly, or at least to a significant extent, by bonds directly between the
      metal atoms even though some non-metal atoms may be associated intimately
      with the cluster". The rhodium carbonyl cluster compounds of this
      invention contain rhodium bonded to rhodium or rhodium bonded to another
      metal, such as cobalt, and/or iridium. The preferred rhodium carbonyl
      cluster compounds of this invention are those which contain
      rhodium-rhodium bonds. These compounds desirably contain carbon and oxygen
      in the form of carbonyl (--C--O), in which the carbonyl may be "terminal",
      "edge-bridging", and/or "face-bridging". They may also contain hydrogen
      and carbon in the froms other than carbonyl. The following are
      illustrative of what is believed to be the structure of two distinct
      rhodium carbonyl clusters and both are suitable for use in this invention.
      ##SPC2##
EQU  Rh.sub.6 (CO).sub.16
      ##SPC3##
EQU  [Rh.sub.12 (CO).sub.30 ].sup.2.sup.-
PAR  The structures of the rhodium carbonyl clusters may be ascertained by X-ray
      crystal diffraction, nuclear magnetic resonance spectra (NMR), or infrared
      spectra as disclosed in the article entitled "Synthesis and Properties of
      the Derivatives of the [Rh.sub.12 (CO).sub.30 ].sup.2.sup.- Anion" by P.
      Chini and S. Martinengo; appearing in Inorganica Chimica Acta, 3:2
      pp.299-302, June (1969). Of particular analytical utility in the present
      invention is the use of infrared spectroscopy which allows for
      characterization of the particular rhodium carbonyl complex present during
      the operation of the process of the present invention.
PAR  The rhodium carbonyl complex is, as characterized above, a rhodium
      containing compound in which the rhodium is complexed with CO. This can be
      achieved with just carbon monoxide or in addition to the carbon monoxide
      there may be included hydrogen and/or other organic or inorganic Lewis
      base materials to create the complex. In the last case, "complex" means a
      coordination compound formed by the union of one or more electronically
      rich molecules or atoms capable of independent existence with one or more
      electronically poor molecules or atoms, each of which is also capable of
      independent existence. The precise role of these Lewis bases in the
      practice of the present invention is not fully appreciated at present.
      They may be functioning as ligands and/or forming counter-ions under the
      reaction conditions of the present process or they may be functioning just
      merely as Lewis bases and neutralizing or tying up a molecular species
      which if allowed to remain "free" or in its non-based-bound state would
      adversely affect the productivity of the present invention.
PAR  Organic Lewis bases which are suitable in the practice of the present
      invention contain at least one Lewis base oxygen atom, said atoms
      possessing a pair of electrons available for the formation of coordinate
      bonds. In suitable embodiments the organic Lewis bases contain from 1 and
      upwards to 4 Lewis base atoms, preferably from 1 to 3 such atoms, and most
      preferably 1 or 2 Lewis base atoms. These organic Lewis bases are said to
      be multidentate or polydentate, that is to say, they are bidentate,
      tridentate, or quadridentate, depending on whether 2, 3 or 4 Lewis base
      atoms are involved.
PAR  Suitable organic nitrogen Lewis bases most generally contain carbon,
      hydrogen, and nitrogen atoms. Suitable organic oxygen Lewis bases most
      generally contain carbon, hydrogen, and oxygen atoms. Suitable organic
      aza-oxa Lewis bases most generally contain carbon, hydrogen, oxygen, and
      nitrogen atoms. The carbon atoms can be acyclic and/or cyclic such as
      aliphatic cycloaliphatic, aromatic (including fused and bridged) carbon
      atoms, and the like. Preferably, the organic Lewis bases contain from 2 to
      60, most preferably 2 to 40 carbon atoms. The nitrogen atoms can be in the
      form of imino (--N=), amino (--N--), nitrillo (N.tbd.), etc. Desirably,
      the Lewis base nitrogen atoms are in the form of imino nitrogen and/or
      amino nitrogen. The oxygen atoms can be in the form of groups such as
      hydroxyl (aliphatic or phenolic), carboxyl
      ##EQU1##
      carbonyloxy
      ##EQU2##
      oxy (--O--), carbonyl
      ##EQU3##
      etc., all of said groups containing Lewis base oxygen atoms. In this
      respect, it is the "hydroxyl" oxygen in the
      ##EQU4##
      group and the "oxy" oxygen in the
      ##EQU5##
      group that are the Lewis base atoms. The organic Lewis bases may also
      contain other atoms and/or groups such as alkyl, cycloalkyl, aryl, chloro,
      thiaalkyl, trialkylsilyl, and the like.
PAR  Illustrative organic oxygen Lewis bases include, by way of illustrations,
      glycolic acid, methoxyacetic acid, ethoxyacetic acid, diglycolic acid,
      thiodiglycolic acid, diethyl ether, tetrahydrofuran, dioxane,
      tetrahydropyran, pyrocatechol, citric acid, 2-methoxyethanol,
      2-ethoxyethanol, 2-n-propoxyethanol, 2-n-butylethanol,
      1,2,3-trihydroxybenzene, 1,2,4-trihydroxybenzene,
      2,3-dihydroxynaphthalene, cyclohexane-1,2-diol, oxetane,
      1,2-dimethoxybenzene, 1,2-diethoxybenzene, methyl acetate, ethanol,
      1,2-dimethoxyethane, 1,2-diethoxyethane, 1,2-di-n-propoxyethane,
      1,2-di-n-butoxyethane, pentane-2,4-dione, hexane-2,4-dione,
      heptane-3,5-dione, octane-2,4-dione, heptane-3,5-dione, octane-2,4-dione,
      1-phenylbutane-1,3-dione, 3-methylpentane-2,4-dione; the mono- and dialkyl
      ethers of propylene glycol, of diethylene glycol, of dipropylene glycol;
      and the like.
PAR  Illustrative of the Lewis base nitrogen compounds suitable for use in the
      practice of the present invention are the aliphatic and aromatic primary,
      secondary and tertiary amines. This includes the mono-, di-, tri-, and
      polyamines and those compounds in which the Lewis base nitrogen forms part
      of a ring structure as in pyridine, quinoline, pyrimidine, morpholine,
      hexamethylenetetramine, their substituted derivatives, and the like. Also
      included are those compounds which contain both a Lewis base nitrogen atom
      and a Lewis base oxygen atom such as the alkanolamines, for example
      ethanolamine, diethanolamine, and the like; the various hydroxy
      substituted pyridines and the like. The use of these Lewis base nitrogen
      compounds in addition to the trialkanolamine borates, though operable in
      the present invention, do not represent a highly preferred mode of
      operation of the present invention.
PAR  Illustrative of the inorganic Lewis bases useful in the practice of the
      present invention are ammonia, hydroxides and halides, such as chloride,
      bromide, iodide, or fluoride; or mixtures thereof.
PAR  Any of the above Lewis bases may be provided to the reaction in compound
      form or as ligands which are in complex combination with the rhodium
      carbonyl compound initially charged to the reactor.
PAR  The precise role of the rhodium carbonyl complexes, such as the rhodium
      carbonyl clusters characterized previously, in the reaction of hydrogen
      with oxides of carbon to produce polyhydric alcohols is not fully
      appreciated at this time. Under the reaction conditions of the present
      process the carbonyl complexes are believed to be anionic in their active
      forms. Rhodium carbonyl anions are known to be involved in the following
      set of reactions as indicated by S. Martinengo and P. Chini, in Gazz.
      Chim. Ital., 102, 344 (1972) and the references cited therein.
      ##EQU6##
PAR  Infrared spectra under reaction conditions of the present process have
      shown both the Rh(CO).sub.4 .sup.- and [Rh.sub.12 (CO).sub.34-36
      [.sup.2.sup.- anions to be present at various concentrations at different
      times of the reaction. Therefore the set of reactions and equilibria shown
      in I above may represent the active rhodium carbonyl species responsible
      for polyhydric alcohol formation or may be merely symptomatic of some
      further intermediate transitory rhodium carbonyl structure which serves to
      convert the carbon monoxide and hydrogen to the polyhydric alcohol.
PAR  Assuming the active catalytic species is a rhodium carbonyl complex anion,
      or the formation of the active species under reaction conditions is
      directly dependent on the existence of these anions, allows one to better
      explain, in terms of reaction rates, productivity and catalyst stability,
      the role in solution the trialkanolamine borates, particularly
      triisopropanolamine borate, play in the reaction whereby hydrogen and an
      oxide of carbon are converted to the polyhydric alcohol. As reported by
      Hogen-Esch and Smid in the Journal of the American Chemical Society, 88,
      307 (1966), triisopropanolamine borate induces the formation of
      solvent-separated from tight ion pairs. The trialkanolamine borates may
      enhance the reactivity of the rhodium carbonyl anions by minimizing any
      tendency these anions have to form "contact ion pairs" thereby producing a
      rhodium carbonyl anion having a higher reactivity in solution under the
      reaction conditions employed.
PAR  The reaction of the present invention is conducted in what is believed to
      be a homogeneous liquid phase, which means that the catalyst, the
      trialkanolamine borate and the reaction products formed from the reaction
      are in solution. Though the reaction to produce alcohols is essentially
      homogeneous there may be small amounts of insoluble catalyst particles
      depending upon the reaction conditions chosen.
PAR  The solubilization of the rhodium carbonyl complex is typically dependent
      upon the solvent used to effect the homogeneous mixture. The desired
      solvent is any liquid material which dissolves or keeps in solution the
      components of the homogeneous mixture taken from the reactor. It must be a
      solvent for the trialkanolamine borate, the reaction products and the
      rhodium carbonyl complex.
PAR  Illustrative solvents which are generally suitable in making the
      homogeneous mixture include, for example, ethers such as tetrahydrofuran,
      tetrahydropyran, diethyl ether, 1,2-dimethoxybenzene, 1,2-diethoxybenzene,
      the mono- and dialkyl ethers of ethylene glycol, of propylene glycol, of
      butylene glycol, of diethylene glycol, of dipropylene glycol, of
      triethylene glycol, of tetraethylene glycol, of dibutylene glycol, of
      oxyethyleneoxypropylene glycol, etc.; alkanols such as methanol, ethanol,
      propanol, isobutanol, 2-ethylhexanol, etc.; ketones such as acetone,
      methyl ethyl ketone, cyclohexanone, cyclopentanone, etc.; esters such as
      methyl acetate, ethyl acetate, propyl acetate, butyl acetate, methyl
      propionate, ethyl butyrate, methyl laurate, etc.; water;
      gamma-butyrolactone, delta-valerolactone; substituted and unsubstituted
      tetrahydrothiophene-1,1-dioxides (sulfolanes) as disclosed in U.S.
      application Ser. No. 537,885 filed on even date herewith, the disclosure
      at pages 6 and 7 of the specification of which is incorporated herein by
      reference; and others. The mono and dialkyl ethers of tetraethylene
      glycol, gamma-butyrolactone, particularly sulfolane and
      3,4-bis(2-methoxyethoxy)sulfolane, are the preferred solvents.
PAR  The novel process is suitably effected over a wide superatmospheric
      pressure range of from about 800 psia to about 50,000 psia. Pressures as
      high as 50,000 psia and higher can be employed but with no apparent
      advantages attendant thereto which offset the unattractive plant
      investment outlay required for such high pressure equipment.
PAR  In one embodiment of this invention the upper pressure limitation is
      approximately 12,000 psia. Effecting the present process below about
      12,000 psia, especially below about 8000 psia, and preferably at pressures
      below about 6000 psia, results in cost advantages which are associated
      with low pressure equipment requirements. A suitable pressure range for
      effecting the reaction is from about 1000 psia to about 12,000 psia,
      preferably from about 4000 to about 12,000 psia.
PAR  In a preferred embodiment of the present invention the pressures referred
      to above represent the total pressures of hydrogen and oxides of carbon in
      the reactor.
PAR  When practicing the present invention at pressures below about 12,000 psia
      the rate of desired product formation can be quite slow in certain
      solvents and in order to obtain a faster reaction rate there is provided
      to the reaction a promoter in the form of a salt. Suitable salts useful in
      the practice of the present invention include any organic or inorganic
      salt which does not adversely affect the production of polyhydric
      alcohols.
PAR  Illustrative of the salts useful in the practice of the present invention
      are the ammonium salts and the salts of the metals of Group I and Group II
      of the Periodic Table (Handbook of Chemistry and Physics - 50th Edition)
      for instance the halide, hydroxide, alkoxide, phenoxide and carboxylate
      salts such as sodium fluoride, cesium fluoride, cesium pyridinolate,
      cesium formate, cesium acetate, cesium benzoate, cesium p-methylsulfonyl
      benzoate (CH.sub.3 SO.sub.2 C.sub.6 H.sub.4 COO)Cs, rubidium acetate,
      magnesium acetate, strontium acetate, ammonium formate, ammonium benzoate
      and the like. Preferred are the cesium and ammonium carboxylate salts,
      most preferably their formate, benzoate and para-lower alkyl sulfonyl
      benzoate salts.
PAR  Also useful in the practice of the present invention are organic salts of
      the following formula:
      ##EQU7##
      wherein R.sub.1 through R.sub.6 in formulas (II) and (III) above are any
      organic radicals which do not adversely affect the production of
      polyhydric alcohols by reacting oxides of carbon with hydrogen in the
      presence of the aforedefined rhodium carbonyl complex, such as a straight
      or branched chain alkyl group, having from 1 to 20 carbon atoms in the
      alkyl chain, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, octyl,
      2-ethylhexyl, dodecyl, and the like; or a cycloaliphatic group including
      the monocyclic and bicyclic groups cyclopentyl, cyclohexyl, and
      bicyclo[2.2.1] heptyl groups, and the like or an aryl, alkylaryl, or
      aralkyl group such as phenyl, naphthyl, xylyl, tolyl, t-butylphenyl,
      benzyl, beta-phenylethyl, 3-phenylpropyl and the like; or a functionally
      substituted alkyl such as beta-hydroxyethyl, ethoxymethyl, ethoxyethyl,
      phenoxyethyl, and the like; or a polyalkylene ether group of the formula
      (C.sub.n H.sub.2n O).sub.x --OR wherein n has an average value from 1 to
      4, x has an average value from 2 to about 150, and R may be hydrogen or
      alkyl of 1 to about 12 carbon atoms. Illustrative of such polyalkylene
      ether groups are poly(oxyethylene), poly(oxypropylene),
      poly(oxyethyleneoxypropylene), poly(oxyethyleneoxybutylene), and the like.
      Y in formulas II and III above may be any anion which does not adversely
      affect the production of polyhydric alcohols in the practice of the
      present invention such as hydroxide; a halide, for instance fluoride,
      chloride, bromide and iodide; a carboxylate group, such as formate,
      acetate, propionate, and benzoate and the like; an alkoxide group such as
      methoxide, ethoxide, phenoxide, and the like; a functionally substituted
      alkoxide or phenoxide group such as methoxyethoxide, ethoxyethoxide,
      phenoxyethoxide and the like; a pyridinolate or quinolate group; and
      others. Preferably Y in formulas II and III, above, is a carboxylate, most
      preferably formate, acetate and benzoate.
PAR  A suitable method for preparing the bis(triorgano phosphine)iminium slats
      is disclosed in an article by Appel, R. and Hanas, A. appearing in Z.
      Anorg. u. Allg. Chem., 311, 290, (1961).
PAR  Other organic salts useful in the practice of the present invention include
      the quaternized heterocyclic amine salts such as the pyridinium,
      piperidinium, morpholinium, quinolinium salts and the like, e.g.,
      N-ethylpyridinium fluoride, N-methylmorpholinium benzoate,
      N-phenylpiperidinium hydroxide, N,N'-dimethyl-2,2-bipyridinium acetate,
      and the like.
PAR  In one of the embodiments of the present invention, the anion of the above
      salt promoters may be any of the rhodium carbonyl anions. Suitable rhodium
      carbonyl anions include [Rh.sub.6 (CO).sub.15 ].sup.2.sup.- ; [Rh.sub.6
      (CO).sub.15 Y].sup.- wherein Y may be halogen, such as chlorine, bromine,
      or iodine, [Rh.sub.6 (CO).sub.15 (COOR")].sup.- wherein R" is lower alkyl
      or aryl such as methyl, ethyl, or phenyl; [Rh.sub.6 (CO).sub.14
      ].sup.2.sup.- ; [Rh.sub.7 (CO).sub.16 ].sup.3.sup.- ; and [Rh.sub.12
      (CO).sub.30 ].sup.2.sup.-.
PAR  Under reaction conditions where a salt promoter is employed the salt is
      desirably added with the initial charge of reactants in amounts of from
      about 0.5 to about 2.0 moles, preferably from about 0.8 to about 1.6
      moles, and most preferably from about 0.9 to 1.4 moles of salt for every
      five atoms of rhodium present in the reaction mixture.
PAR  The trialkanolamine borate is used in amounts of at least about 0.1 mole of
      trialkanolamine borate for every one mole of rhodium present in the
      reaction mixture. Preferably the trialkanolamine borate is used in amounts
      of from about 0.5 mole to about 2 moles of trialkanolamine borate for
      about every one mole of rhodium present in the reaction mixture. Though
      amounts of the trialkanolamine borate outside this stated range may be
      used, no marked advantages have been observed.
PAR  The quantity of catalyst employed is not narrowly critical and can vary
      over a wide range. In general, the novel process is desirably conducted in
      the presence of a catalytically effective quantity of the active rhodium
      species which gives a suitable and reasonable reaction rate. Reaction
      proceeds when employed as little as about 1 .times. 10.sup..sup.-6 weight
      percent, and even lesser amounts of rhodium metal based on the total
      weight of reaction mixture. The upper concentration limit can be quite
      high, e.g., about 30 weight percent rhodium, and higher, and the realistic
      upper limit in practicing the invention appears to be dictated and
      controlled more by economics in view of the exceedingly high cost of
      rhodium metal and rhodium compounds. Depending on various factors such as
      the promoter of choice, the partial pressures of hydrogen and oxides of
      carbon, the total operative pressure of the system, the operative
      temperature, the choice of the organic co-diluent, and other
      considerations, a catalyst concentration of from about 1 .times.
      10.sup..sup.-5 to about 5 weight percent rhodium (contained in the complex
      catalyst) based on the total weight of reaction mixture, is generally
      desirable in the practice of the invention.
PAR  The operative temperature which may be employed can vary over a wide range
      of elevated temperatures. In general, the novel process can be conducted
      at a temperature in the range of from about 100.degree. C. and upwards to
      approximately 375.degree. C., and higher. Operative temperatures outside
      this stated range, though not excluded from the scope of the invention, do
      not fall within certain desirable embodiments of the invention. At the
      lower end of the temperature range, and lower, the rate of reaction to
      desired product becomes markedly slow. At the upper temperature range, and
      beyond, signs of some catalyst instability are noted. Notwithstanding this
      factor, reaction continues and polyhydric alcohols and/or their
      derivatives are produced. Additionally, one should take notice of the
      equilibrium reaction for forming ethylene glycol:
EQU  2 CO + 3H.sub.2 HOCH.sub.2 CH.sub.2 OH
PAL  at relatively high temperatures the equilibrium increasingly favors the
      left hand side of the equation. To drive the reaction to the formation of
      increased quantities of ethylene glycol, higher partial pressures of
      carbon monoxide and hydrogen are required. Processes based on
      correspondingly higher operative pressures, however, do not represent
      preferred embodiments of the invention in view of the high investment
      costs associated with erecting chemical plants which utilize high pressure
      utilities and the necessity of fabricating equipment capable of
      withstanding such enormous pressures. Suitable operative temperatures are
      between about 150.degree. C. to about 300.degree. C., and desirably from
      about 190.degree. C. to about 275.degree. C.
PAR  The novel process is effected for a period of time sufficient to produce
      the desired polyfunctional oxygen-containing products and/or derivatives
      thereof. In general, the residence time can vary from minutes to several
      hours, e.g., from a few minutes to approximately 24 hours, and longer. It
      is readily appreciated that the residence period will be influenced to a
      significant extent by the reaction temperature, the concentration and
      choice of the catalyst, the total gas pressure and the partial pressure
      exerted by its components, the concentration, and other factors. The
      synthesis of the desired product(s) by the reaction of hydrogen with an
      oxide of carbon is suitably conducted under operative conditions which
      give reasonable reaction rates and/or conversions.
PAR  The relative amounts of oxide of carbon and hydrogen which are initially
      present in the reaction mixture can be varied over a wide range. In
      general, the mole ratio of CO:H.sub.2 is in the range of from about 20:1
      to about 1:20, suitably from about 10:1 to about 1:10, and preferably from
      about 5:1 to about 1:5.
PAR  It is to be understood, however, that molar ratios outside the aforestated
      broad range may be employed. Substances or reaction mixtures which give
      rise to the formation of carbon monoxide and hydrogen under the reaction
      conditions may be employed instead of mixtures comprising carbon monoxide
      and hydrogen which are used in preferred embodiments in the practice of
      the invention. For instance, polyhydric alcohols are obtained by using
      mixtures containing carbon dioxide and hydrogen. Mixtures of carbon
      dioxide, carbon monoxide and hydrogen can also be employed. If desired,
      the reaction mixture can comprise steam and carbon monoxide.
PAR  The novel process can be executed in a batch, semi-continuous, or
      continuous fashion. The reaction can be conducted in a single reaction
      zone or a plurality of reaction zones, in series or in parallel, or it may
      be conducted intermittently or continuously in an elongated tubular zone
      or series of such zones. The material of construction should be such that
      it is inert during the reaction and the fabrication of the equipment
      should be able to withstand the reaction temperature and pressure. The
      reaction zone can be fitted with internal and/or external heat
      exchanger(s) to thus control undue temperature fluctuations, or to prevent
      any possible "run-away" reaction temperatures due to the exothermic nature
      of the reaction. In preferred embodiments of the invention, agitation
      means to vary the degree of mixing of the reaction mixture can be suitably
      employed. Mixing induced by vibration, shaker, stirrer, rotatory,
      oscillation, ultrasonic, etc., are all illustrative of the types of
      agitation means which are contemplated. Such means are available and
      well-known to the art. The catalyst may be initially introduced into the
      reaction zone batchwise, or it may be continuously or intermittently
      introduced into such zone during the course of the synthesis reaction.
      Means to introduce and/or adjust the reactants, either intermittently or
      continuously, into the reaction zone during the course of the reaction can
      be conveniently utilized in the novel process especially to maintain the
      desired molar ratios of and the partial pressures exerted by the
      reactants.
PAR  As intimated previously, the operative conditions can be adjusted to
      optimize the conversion of the desired product and/or the economics of the
      novel process. In a continuous process, for instance, when it is preferred
      to operate at relatively low conversions, it is generally desirable to
      recirculate unreacted synthesis gas with/without make-up carbon monoxide
      and hydrogen to the reaction. Recovery of the desired product can be
      achieved by methods well-known in the art such as by distillation,
      fractionation, extraction, and the like. A fraction comprising rhodium
      catalyst, generally contained in byproducts and/or normally liquid organic
      diluent, can be recycled to the reaction zone, if desired. All or a
      portion of such fraction can be removed for recovery of the rhodium values
      or regeneration to the active catalyst and intermittently added to the
      recycle stream or directly to the reaction zone.
PAR  The active forms of the rhodium carbonyl clusters may be prepared by
      various techniques. They can be preformed and then introduced into the
      reaction zone. Alternatively, any of the host of rhodium-containing
      substances as well as any of the low pressure promoters illustrated
      previously can be employed in lieu of tetrarhodium dodecacarbonyl. The
      organic Lewis bases or other promoters such as the aforedefined low
      pressure salt promoters, can also be added thereto. The rhodium carbonyl
      complex or cluster forming reaction can be effected under a carbon
      monoxide pressure, with or without H.sub.2, of about 1 to 15 atmospheres,
      and higher, using a temperature of about 30.degree. C to about 100.degree.
      C for a period of time ranging from minutes to a few days, generally from
      about 30 minutes to about 24 hours. The resulting rhodium carbonyl complex
      contained in the solvent is catalytically active in this process. In
      preparing the aforesaid complexes, one can suitably employ from about 0.01
      to about 25 moles salt or Lewis base nitrogen promoter per mole of rhodium
      (contained in the rhodium compound used as a rhodium source). Ratios
      outside this stated range can be employed especially when it is desirable
      to use diluent quantities of the promoters.
PAR  The equipment arrangement and procedure which provides the capability for
      determining the existence of anionic rhodium carbonyl complexes or
      clusters having defined infrared spectrum characteristics, during the
      course of the manufacture of polyhydric alcohols from carbon monoxide and
      hydrogen, pursuant to this invention is disclosed and schematically
      depicted in U.S. Patent application Ser. No. 462,109, filed Apr. 18, 1974,
      the disclosure of which is incorporated herein by reference.
PAR  A particularly desirable infrared cell construction is described in
      copending U.S. Patent application, Ser. No. 451,437, filed Mar. 15, 1974,
      and its disclosure of a preferred cell construction is incorporated herein
      by reference.
PAR  The "oxide of carbon" as covered by the claims and as used herein is
      intended to mean carbon monoxide and mixtures of carbon dioxide and carbon
      monoxide, either introduced as such or formed in the reaction. Preferably,
      the oxide of carbon is carbon monoxide.
DETD
PAR  The following examples are merely illustative and are not presented as a
      definition of the limits of the invention.
PAC  EXAMPLE 1
PAR  A 150 ml. capacity stainless steel reactor capable of withstanding
      pressures up to 7,000 atmospheres was charged with a premix of 75 cubic
      centimeters (cc) of sulfolane, 3.0 millimoles (mmol), 0.77 grams, of
      rhodium dicarbonylacetylacetonate, and 0.63 mmol. of triisopropanolamine
      borate. The reactor was sealed and charged with a gaseous mixture,
      containing equal molar amounts of carbon monoxide and hydrogen, to a
      pressure of 8,000 pounds per square inch (psig). Heat was applied to the
      reactor and its contents; when the temperature of the mixture inside the
      reactor reached 190.degree. C., as measured by a suitably placed
      thermocouple, an additional adjustment of carbon monoxide and hydrogen
      (H.sub.2 :CO=1:1 mole ratio) was made to bring the pressure back to 8000
      psig. The temperature was maintained at 220.degree. C for 4 hours. During
      this period of time additional carbon monoxide and hydrogen was added
      whenever the pressure inside the reactor dropped below about 7500 psig.
      With these added repressurizations the pressure inside the reactor was
      maintained at 8000 psig .+-.  400 psig over the entire 4 hour period.
PAR  After the 4 hour period, the vessel and its contents were cooled to room
      temperature, the excess gas vented and the reaction product mixture was
      removed. Analysis of the reaction product mixture was made by gas
      chromatographic analysis using a Hewlett Packard FM model 810 Research
      Chromatograph.
PAR  Analysis of the product mixture showed 1.67 grams of ethylene glycol, 1.78
      grams of methanol, and a rhodium recovery of 86 percent (80% + 6% in wash)
      based on the total rhodium charged to the reactor.
PAR  Rhodium recovery was determined by atomic absorption analysis of the
      contents of the reactor after the venting of the unreacted gases at the
      end of the reaction. A further analysis was run on a "wash" of the reactor
      and the results of the two analysis were combined and reported as the
      rhodium recovered. The wash of the reactor consisted of charging to the
      reactor 100 cc of the solvent used for that experiment, and bringing the
      reactor and its contents to a temperature of 160.degree. C and a pressure
      of 14,000 to 15,000 psig and maintaining these conditions for a period of
      30 minutes. The reactor was then cooled and the unreacted gases vented and
      an atomic absorption analysis for rhodium was run on the reactor's
      contents. The rhodium recovery values therefore would be the percent
      rhodium based on the total rhodium charged to the reactor that is soluble
      or suspended in the reaction mixture and the wash after the specified
      reaction time.
PAR  The same equipment and procedure used in Example 1 were used in all the
      examples in Tables I through VI except for the reactants and conditions
      specified. The product weights in Tables I-VI are reported in grams.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     TRIISOPROPANOLAMINE BORATE IN SULFOLANE.sup.a                             
     __________________________________________________________________________
          .degree.C                                                            
     Example                                                                   
          Temperature                                                          
                 Borate, mmoles                                                
                         MeOH, g                                               
                               Glycol, g                                       
                                     Rh Recovered, %                           
     __________________________________________________________________________
     1    220.degree.                                                          
                 0.63    1.78  1.67  80 + 6                                    
     2    240.degree.    2.41  3.75  74 + 6                                    
     3    240.degree.                                                          
                 1.25    3.30  5.35  82 + 8                                    
     4    220.degree.                                                          
                 2.5     1.96  2.99  77 + 7                                    
     5    240.degree.    3.26  5.29  62 + 6                                    
     6    260.degree.    5.17  6.52  63 + 6                                    
     7    270.degree.    2.00  1.50  57 + 5                                    
     8    220.degree.                                                          
                 5.0     2.00  2.89  79 + 7                                    
     9    270.degree.    5.19  4.94  64 + 4                                    
     __________________________________________________________________________
      .sup.a 1/1 H.sub.2 /CO, 8000 psig, 4 hr., 3.0 mmoles Rh(CO).sub.2 acac, 7
      ml sulfolane.                                                            
TBL                                    TABLE II                                
     __________________________________________________________________________
     TRIISOPROPANOLAMINE BORATE/HCO.sub.2 Cs IN SULFOLANE.sup.a                
     __________________________________________________________________________
              Borate                                                           
                   HCO.sub.2 Cs,                                               
     Example                                                                   
          Temp.                                                                
              mmoles                                                           
                   mmole MeOH, g                                               
                               Glycol, g                                       
                                     Rh Recovered, %                           
     __________________________________________________________________________
     10   220.degree.                                                          
              1.25 0.50  2.07  3.26  87 + 9                                    
     11   220.degree.                                                          
              2.5  0.50  2.40  3.33  85 + 8                                    
     12   220.degree.                                                          
              5.0  0.50  2.69  3.45  84 + 5                                    
     13   240.degree.                                                          
              0    0.50  4.07  1.50  72 + 5                                    
     14   240.degree.                                                          
              2.5  0.50  4.19  5.65  77 + 3                                    
     15   250.degree.                                                          
              0    0.65  4.40  4.70   65 + 18                                  
     16   250.degree.                                                          
              2.5  0.65  4.44  6.03  80 + 5                                    
     17   260.degree.                                                          
              2.5  0.65  4.50  6.00   77 + 10                                  
     18   260.degree.                                                          
              5.0  0.65  4.61  6.50  80 + 9                                    
     19   240.degree.                                                          
              2.5  0.65  4.37  6.09  84 + 4                                    
     20   240.degree.                                                          
              2.5  0.75  4.68  5.39  79 + 5                                    
     21   240.degree.                                                          
              2.5  0.875 4.31  5.65  79 + 4                                    
     22   270.degree.                                                          
              2.5  0.65  4.35  4.50  57 + 7                                    
     23   280.degree.                                                          
              2.5  0.65  4.15  2.85   49 + 12                                  
     __________________________________________________________________________
      .sup.a 1/1 H.sub.2 /CO, 8000 psig, 4 hr., 3.0 mmoles Rh(CO).sub.2 acac, 7
      ml sulfolane.                                                            
TBL                                    TABLE III                               
     __________________________________________________________________________
     TRIETHANOLAMINE BORATE (TEAB) IN SULFOLANE.sup.a                          
     __________________________________________________________________________
                  .degree.C                                                    
     Example                                                                   
          Borate, mmoles                                                       
                  Temp.                                                        
                      MeOH, g                                                  
                            Glycol, g                                          
                                  Rh Recovered, %                              
     __________________________________________________________________________
     24   TEAB, 2.5                                                            
                  220.degree.                                                  
                      2.33  2.22  84 + 5                                       
     25   TEAB, 5.0                                                            
                  220.degree.                                                  
                      2.03  1.82  74 + 7                                       
     26   TEAB, 2.5                                                            
                  240.degree.                                                  
                      3.71  4.91  86 + 5                                       
     27   TEAB, 2.5                                                            
                  250.degree.                                                  
                      3.60  4.90  80 + 9                                       
     __________________________________________________________________________
      .sup.a 1/1 H.sub.2 /CO, 8000 psig, 4 hr, 3.0 mmoles Rh(CO).sub.2 acac, 75
      ml sulfolane, 0.65 mmole HCO.sub.2 Cs.                                   
TBL                                    TABLE IV                                
     __________________________________________________________________________
     MISCELLANEOUS CO-PROMOTERS AND TRIISOPROPANOLAMINE BORATE IN              
     SULFOLANE.sup.a                                                           
     __________________________________________________________________________
     Example                                                                   
          Co-Promoter, mmoles                                                  
                      Borate, mmoles                                           
                              MeOH, g                                          
                                    Glycol, g                                  
                                          Rh Recovered, %                      
     __________________________________________________________________________
     28   --          2.5     5.17  6.52  63 + 6                               
     29   HCO.sub.2 Cs.sup.b, 0.5                                              
                              6.47  6.40  79 + 5                               
     30   Ph.sub.3 SiH.sup.c, 0.5                                              
                              3.52  4.40  57 + 5                               
     31   5.0                 3.76  4.80  63 + ?                               
     32   HCO.sub.2 Cs, 0.65                                                   
                      5.0     4.61  6.50  80 + 9                               
     33   CH.sub.3 CO.sub.2 NH.sub.4.sup.d, 0.65                               
                              4.46  5.55  78 + 5                               
     34   PhCO.sub.2 NH.sub.4.sup.e, 0.65                                      
                              4.75  6.00  80 + 5                               
     35   NH.sub.4 O.sub.2 CCO.sub.2 NH.sub.4, 0.65                            
                              3.64  4.90  62 + ?                               
     __________________________________________________________________________
      .sup.a 1/1 H.sub.2 /CO, 8000 psig, 4 hr, 3.0 mmoles Rh(CO).sub.2 acac, 75
      ml sulfolane, 260.degree.C                                               
      .sup.b cesium formate                                                    
      .sup.c triphenyl silane                                                  
      .sup.d ammonium acetate                                                  
      .sup.e ammonium benzoate                                                 
TBL                                    TABLE V                                 
     __________________________________________________________________________
     TRIISOPROPANOLAMINE BORATE IN TETRAGLYME.sup.a                            
     __________________________________________________________________________
     Example                                                                   
          Temperature                                                          
                 Salt, mmole Borate, mmoles                                    
                                     MeOH, g Glycol, g                         
                                                     Rh Recovered,             
     __________________________________________________________________________
                                                     %                         
     36   220.degree.                                                          
                 PhCO.sub.2 Cs.sup.b, 0.65 mmole                               
                             0       1.82, 1.44.sup.e                          
                                             4.21, 4.25.sup.e                  
                                                     75 + 6, 81 + 13.sup.e     
                             2.5     1.80    4.00    85 + 8                    
     37   230.degree.                                                          
                 PhCO.sub.2 Cs, 0.65 mmole                                     
                             0       2.15    3.48    63 + 24                   
                             2.5     3.90    5.05    78 + 21                   
     38   240.degree.                                                          
                 PhCO.sub.2 Cs, 0.65 mmole                                     
                             0       2.15    2.90    27 + 52                   
                             2.5     3.23    5.67    61 + 31                   
                             5.0     2.43    4.08    32 + 58                   
     39   220.degree.                                                          
                 NH.sub.4 OAc.sup.c, 0.65 mmole                                
                             0       1.45    0.50    55 + 26                   
                             2.5     1.15    0.50    55 + 24                   
     40   220.degree.                                                          
                 PhCO.sub.2 NH.sub.4.sup.d, 0.65 mmole                         
                             0       1.24    0.63    49 + 38                   
                             2.5     1.70    0.60    72 + 25                   
     __________________________________________________________________________
      .sup.a 1/1 H.sub.2 /CO, 8000 psig, 4 hr, 3.0 mmoles Rh(CO).sub.2 acac, 75
      ml tetraglyme.                                                           
      .sup.b cesium benzoate                                                   
      .sup.c ammonium acetate                                                  
      .sup.d ammonium benzoate                                                 
      .sup.e duplicate experiments                                             
TBL                                    TABLE VI                                
     __________________________________________________________________________
     TRIISOPROPANOLAMINE BORATE IN MIXED SOLVENTS.sup.a                        
     __________________________________________________________________________
     Example Solvent (v/v)   MeOH, g                                           
                                   Glycol, g                                   
                                         Rh Recovered, %                       
     __________________________________________________________________________
     41   Tetraglyme (75/0)  3.23  5.67  61 + 31                               
     42   Tetraglyme/butyrolactone (65/10)                                     
                             3.20  6.00  75 + 9                                
     43   Tetraglyme/water (65/10)                                             
                             3.54  4.28  28 + 41                               
     44   Tetraglyme/tetrahydrofuran (65/10)                                   
                             3.23  5.20  61 + 32                               
     45   Tetraglyme/sulfolane (65/10)                                         
                             4.01  6.40  73 + 15                               
     46   Tetraglyme/acetone (65/10)                                           
                             3.00  4.30  47 + 40                               
     __________________________________________________________________________
      .sup.a 1/1 H.sub.2 /CO, 8000 psig, 4 hr, 3.0 mmoles Rh(CO).sub.2 acac, 2.
      mmoles triisopropanolamine borate, 0.65 mmole PhCO.sub.2 Cs, 240.degree..
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process of making alkane diols and triols having from 2 to 3 carbon
      atoms in the molecule which comprises reacting in a homogeneous liquid
      phase mixture of hydrogen and oxides of carbon in the presence of a
      rhodium carbonyl complex and a trialkanolamine borate at a pressure of
      from about 1000 psia to about 50,000 psia correlated with a temperature of
      about 100.degree. C to about 375.degree. C sufficient to produce said
      diols and triols.
NUM  2.
PAR  2. The process of claim 1 wherein the temperature is from about 150.degree.
      C to about 300.degree. C.
NUM  3.
PAR  3. The process of claim 2 wherein the temperature is from about 190.degree.
      C to about 275.degree. C.
NUM  4.
PAR  4. The process of claim 2 wherein the reaction is effected in the presence
      of an organic solvent.
NUM  5.
PAR  5. The process of claim 4 wherein the trialkanolamine borate has the
      formula N(OR).sub.3 B wherein R is a straight or branched chain alkylene
      radical having from 2 to 14 carbon atoms in the radical.
NUM  6.
PAR  6. The process of claim 5 wherein the solvent is sulfolane.
NUM  7.
PAR  7. The process of claim 6 wherein the trialkanolamine borate is
      triisopropanolamine borate.
NUM  8.
PAR  8. The process of claim 5 wherein the reaction is effected in the presence
      of a salt.
NUM  9.
PAR  9. The process of claim 8 wherein the salt is at least one of Group I
      metal, Group II metal, ammonium and bis(triorganophosphine)iminium salts.
NUM  10.
PAR  10. The process of claim 9 wherein the solvent is sulfolane.
NUM  11.
PAR  11. The process of claim 9 wherein the solvent in the dimethyl ether of
      tetraethylene glycol.
NUM  12.
PAR  12. The process of claim 9 wherein the salt is cesium formate.
NUM  13.
PAR  13. The process of claim 9 wherein the salt is cesium benzoate.
NUM  14.
PAR  14. The process of claim 9 wherein the salt is ammonium acetate.
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ABST
PAL  Compounds of the formula
      ##EQU1##
      in which X represents a free carboxyl group or in the second place an
      esterified or amidated carboxyl group; R represents a 1-cycloalkenyl
      residue; Ph represents an ortho-phenylene residue or especially a
      para-phenylene residue; and R.sub.1 and R.sub.2 each represents a hydrogen
      atom or a monovalent or together a divalent aliphatic or araliphatic
      hydrocarbon residue, e.g. the
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid, are useful as
      analgetic and antiinflammatoric agents.
PARN
PAC  CROSS-REFERENCES TO OTHER APPLICATIONS
PAR  This application is a division of copending application Ser. No. 92,327,
      filed Nov. 23, 1970, now U.S. Pat. No. 3,822,309, which, in turn, is a
      continuation-in-part of my copending application Ser. No. 862,443, filed
      Sept. 30, 1969 now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with new .alpha.-phenyl-fatty acid
      compounds of the formula
      ##EQU2##
      in which X represents a free carboxyl group or in the second place an
      esterified or amidated carboxyl group; R represents a 1-cycloalkenyl
      residue; Ph represents an ortho-phenylene residue or especially a
      para-phenylene residue; and R.sub.1 and R.sub.2 each represents a hydrogen
      atom or a monovalent or together a divalent aliphatic or araliphatic
      hydrocarbon residue, and their salts, as well as pharmaceutical
      preparations containing those compounds and a process for treating pain
      and inflammation which consists in administering to a warm blooded being
      such pharmaceutical preparations.
PAR  The 1-cycloalkenyl residues may be unsubstituted or contain one or several
      substituents. They consist, for example, of 4 to 8, especially 5 to 7,
      cyclic members, such as possibly mono- or polysubstituted 1-cyclobutenyl
      or 1-cyclooctenyl residues and especially 1-cyclopentenyl, 1-cyclohexenyl
      or 1-cycloheptenyl residues. Suitable substituents are, for example,
      aliphatic hydrocarbon residues, especially those mentioned below,
      primarily lower alkyl, alkoxy, alkenyloxy, hydroxyl, oxo or primary,
      secondary or tertiary amino groups, which may be substituted by the
      residues mentioned below for the carbamyl groups.
PAR  The phenylene residues Ph may be unsubstituted or contain one, two or more
      substituents, for example the following: Alkyl residues such as lower
      alkyls, especially those mentioned below, alkoxy residues, halogen atoms,
      trifluoromethyl groups or amino, nitro or hydroxyl groups.
PAR  Bivalent aliphatic hydrocarbon residues are, for example, alkylidene
      residues, such as lower alkylidene residues, especially methylidene or
      ethylidene residues.
PAR  Suitable monovalent aliphatic or araliphatic hydrocarbon residues are, for
      example, alkyl, alkenyl, alkinyl, aralkyl or aralkenyl groups, and
      especially those groups in which the aliphatic residues are lower ones and
      contain, for example, six carbon atoms at most.
PAR  Lower alkyl residues are, for example, methyl, ethyl, propyl or isopropyl
      groups, or linear or branched butyl, pentyl or hexyl residues bound in any
      desired position.
PAR  Lower alkenyl residues are, for example, allyl or methallyl residues.
PAR  A lower alkinyl residue is in the first place a propargyl residue.
PAR  Lower aralkyl and aralkenyl residues are more especially phenyl-lower alkyl
      and phenyl-lower alkenyl residues.
PAR  As phenyl-lower alkyl residues there may be mentioned, for example, 1- or
      2-phenylethyl or benzyl residues whose phenyl nucleus may be substituted,
      for example, by lower alkyl or alkoxy groups, halogen atoms,
      trifluoromethyl groups or similar residues.
PAR  Phenyl-lower alkenyl residues are, for example, 1- or 2-phenylethenyl
      residues or cinnamyl residues whose phenyl nucleus may be substituted like
      the phenyl-lower alkyl residues.
PAR  Alkoxy residues are especially lower alkoxy residues, for example, methoxy,
      ethoxy, propoxy, isopropoxy, butoxy or amyloxy groups; specially suitable
      halogen atoms are fluorine, chlorine or bromine atoms.
PAR  Esterified carboxyl groups are especially those which are esterified with
      aliphatic, cycloaliphatic or araliphatic alcohols. Particularly suitable
      esterifying alcohols are lower alkanols, cycloalkanols or phenylalkanols
      which may contain further substituents, for example methanol, ethanol,
      propanols, butanols, hexanols, cyclopentanols, cyclohexanols or
      phenyl-lower alkanols which may be substituted for instance as shown above
      for the phenyl-lower alkyl residues, such as benzyl alcohols or
      phenylethanols.
PAR  Substituents of aliphatic alcohols are especially amino groups, preferably
      amino groups which are substituted as shown below for the amide groups,
      and are primarily di-lower alkylamino groups, for example dimethylamino or
      diethylamino groups, or piperidino groups.
PAR  Substituents of aliphatic alcohols are especially hydroxy groups which can
      also be bonded to ketal or acetal groupings by ketones or aldehyds.
      Ketones and aldehydes are in this context chiefly aliphatic ketones and
      aldehydes, above all lower alkanones and alkanals such, for example, as
      acetone, formaldehyde or acetaldehyde.
PAR  The amide nitrogen atom in the amidated carboxyl groups (carbamyl groups)
      is unsubstituted, mono- or disubstituted, for example, by preferably lower
      residues of aliphatic character which contain, for example, not more than
      8 carbon atoms and which may be interrupted by hetero atoms, such as
      oxygen, nitrogen or sulphur atoms and/or may be substituted by functional
      groups such as hydroxyl, amino or mercapto groups or halogen atoms. As
      amide substituents there may be mentioned, for example, alkyl, alkenyl or
      alkylene residues which may be interrupted by oxygen, sulphur or nitrogen
      atoms and/or may be substituted by functional groups such as hydroxyl,
      amino or mercapto groups or by halogen atoms. Especially suitable amide
      substituents are lower alkyls such as methyl, ethyl, propyl, isopropyl;
      linear or branched butyl, pentyl, hexyl or heptyl linked in any desired
      position; lower alkenyl residues for instance allyl or methallyl; lower
      alkylene residues, for example butylene-(1,4), pentylene-(1,5),
      hexylene-(1,6) or heptylene-(2,6); cycloalkyl or cycloalkyl-alkyl residues
      or corresponding residues interrupted by the said hetero atoms, for
      example lower alkoxyalkyl, alkylmercaptoalkyl or mono- or
      dialkylaminoalkyl residues, for example 2-methoxy-ethyl, 2-ethoxyethyl,
      3-methoxypropyl, 2-methylmercaptoethyl, or dimethyl-, methylethyl- or
      diethylaminoalkyl groups, alkyleneaminoalkyl groups or oxa-, aza- or
      thia-alkyleneamino-alkyl groups, in which the alkylene or oxa-, aza- or
      thia-alkylene residues may be, for example, those mentioned below, or
      oxa-, aza- or thia-alkylene residues such as 3-oxa-, 3-aza- or
      3-thia-pentylene-(1,5), 3-methyl-, 3-ethyl-3-aza-hexylene-(1,6),
      3-azahexylene-(1,6) or 4-methyl-4-aza-heptylene-(2,6) or residues of this
      type that are substituted by functional groups, such as 3-chlorethyl- or
      3-hydroxyethyl-3-aza-pentylene-(1,5), phenyl or phenylalkyl residues which
      may be unsubstituted or whose phenyl residue may be substituted especially
      as shown above for the phenyl-lower alkyl residues.
PAR  The amino group of the amidated carboxyl group (carbamyl group) is more
      especially a free or a mono- or di-lower alkylated amino group or a
      possibly C-lower alkylated pyrrolidino, piperidino, morpholino,
      thiomorpholino, piperazino, N'-lower alkylpiperazino or N'-(hydroxy-lower
      alkyl)-piperazino group, for example the N'-methylpiperazino group or the
      N'-(.beta.-hydroxyethyl)-piperazino group or N'-phenylpiperazino group, or
      an amino group substituted by a hydroxyl or amino group.
PAR  The new compounds possess valuable pharmacological properties, especially
      an analgesic (such as antinociceptive) and an anti-inflammatory action.
      Thus, in the Writhing test on the mouse, on oral administration of 1 to
      200, especially 10 to 200 mg/kg, they display a distinct antinociceptive
      action and in the kaolin oedema text on the rat paw or oral administration
      of a dose from 1 to 200 mg/kg a distinct anti-inflammatory action. The new
      compounds therefore are useful as analgesic (such as antinociceptive and
      anti-inflammatory agents.
PAR  The new compounds are also valuable intermediates for the manufacture of
      other useful substances, especially of pharmacologically active compounds.
PAR  Thus, for example, the new compounds may be used for the manufacture of the
      corresponding cycloalkyl compounds described in the literature by reducing
      the 1-cycloalkenyl groups to cycloalkyl groups in the usual manner, for
      example, by catalytic reduction.
PAR  Because of their importance those compounds of the formula I should be
      mentioned, wherein R.sub.1 stands for lower alkyl, R.sub.2 stands for
      hydrogen or lower alkyl and X represents a carboxyl group esterified with
      glycerine, it being possible for the hydroxyl groups of the glycerine that
      do not participate in the ester bond to be bonded also to ketal or acetal
      groupings by ketones or aldehydes, above all lower alkanones or alkanals,
      such as acetone or formaldehyde.
PAR  There should be highlighted primarily those of the above described
      glycerineesters in which R represents the 1-cyclohexenyl residue and Ph
      denotes the para-phenylene residue, such as the
      .alpha.-[p-(1cyclohexenyl)-phenyl]-propionic
      acid-2,3-0-isopropylidene-1-glycerine ester and the
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid-1-glycerine ester.
PAR  Special mention deserve the compounds of the general formula
      ##EQU3##
      in which R and X have the above meanings, each of the radicals R.sub.1 and
      R.sub.2 represents a hydrogen atom, an alkyl, alkenyl, alkinyl, aralkyl or
      aralkenyl residue or both radicals together represent an alkylidene
      residue and Ph.sub.1 represents an ortho-phenylene residue or especially a
      para-phenylene residue which is substituted by one or several alkyl or
      alkoxy residues, halogen atoms or trifluoromethyl groups or is preferably
      unsubstituted.
PAR  Of special importance are the compounds of the general formula
      ##EQU4##
      in which X has the above meaning, Ph.sub.1 ' stands for a p-phenylene
      residue optionally substituted as indicated just above, R.sub.3 represents
      a 1-cycloalkenyl residue which may be substituted by one or several lower
      alkyl, lower alkenyl or phenyl residues or is preferably unsubstituted,
      and R.sub.4 and/or R.sub.5 each represents a hydrogen atom or primarily an
      alkyl or alkenyl residue.
PAR  Specially valuable because of their good antiinflammatory and analgesic
      (antinociceptive) action are the compounds of the formula
      ##EQU5##
      in which R' represents a 1-cycloalkenyl residue which is substituted by
      lower alkoxy groups and/or especially lower alkyl groups or is preferably
      unsubstituted and contains 5, 6 or 7 cyclic members; Ph' represents a
      para-phenylene residue which may be substituted by one or several
      trifluoromethyl groups, lower alkoxy groups, lower alkyl groups and/or
      especially by halogen atoms, or which is preferably unsubstituted; R.sub.1
      ' and R.sub.2 ' each represents a lower alkyl residue or a hydrogen atom,
      and R.sub.x represents a lower alkoxy group such as methoxy or ethoxy, or
      a free amino group, a mono- or dilower alkylamino or -hydroxy-lower
      alkylamino group or a possibly C-lower alkylated pyrrolidino, piperidino,
      morpholino, N'-lower alkyl-piperazino, N'-hydroxy-lower alkyl-piperazino
      or N'-phenyl-piperazino or in the first place a hydroxyl group.
PAR  Specially valuable are the compounds of the formula
      ##SPC1##
PAL  in which R" represents a possibly lower alkylated 1-cyclopentenyl,
      1-cyclohexenyl or 1-cycloheptenyl residue; R.sub.1 " represents a lower
      alkyl, especially a methyl residue, or a hydrogen atom, and R.sub.z
      represents a hydroxyl group or in the second place a lower alkoxy group,
      especially one that contains at most 4 carbon atoms, or a free amino
      group, and more expecially the
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid of the formula
      ##SPC2##
PAL  which, for example in form of its sodium salt on oral administration of a
      dose from 1 to 10 mg/kg in the Writhing test (phenyl-para-quinone) on the
      mouse displays a distinct antinociceptive action and in the kaolin paw
      oedema test on the rat on oral administration of a dose from 1 to 10 mg/kg
      has a distinct anti-inflammatory action.
PAR  Another compound which should be specially mentioned is the
      .alpha.-[3-chloro-4-(1-cyclohexenyl)-phenyl]-propionic acid of the formula
      ##SPC3##
PAL  which, for example, an oral administration of a dose of 0.1 mg/kg in the
      Adjuvans arthritis test on rats, exhibits a distinct anti-arthritic
      action, and in the kaolin paw oedema test on rats on oral administration
      of a dose of 1 mg/kg, exhibits a marked anti-inflammatory action. This
      compound also exhibits a marked analgetic (antinociceptive) action, as can
      be shown in the Writhing-test (p-benzoquinone) on the mouse on oral
      administration of a dose of 1-10 mg/kg.
PAR  The new compounds are manufactured by known methods.
PAR  According to a preferred process in a compound of the formula
      ##EQU6##
      in which R, Ph, R.sub.1 and R.sub.2 have the above meanings and Y
      represents a residue convertible into a free, esterified or amidated
      carboxyl group, Y is converted into a free, esterified or amidated
      carboxyl group.
PAR  The residue Y is, for example, the cyano group which can be converted into
      a free, esterified or amidated carboxyl group in the usual manner, for
      example by hydrolysis or alcoholysis.
PAR  The hydrolysis to the amidated or free carboxyl group is carried out in
      known manner, for example in the presence of a strong base, such as an
      alkali metal hydroxide, for example sodium or potassium hydroxide, or in
      the presence of a strong acid, for example a mineral acid such as
      hydrochloric acid, and, in the given case, in hydrolyzing to the free
      carboxyl group, with addition of an oxidant, such as nitrous acid.
PAR  The alcoholysis to an esterified carboxyl group is carried out in the usual
      manner, for example by reaction with an appropriate alcohol, for example
      in the presence of a mineral acid such as sulphuric acid, and
      advantageously in the presence of ammonium chloride.
PAR  It is also possible to perform the alcoholysis by preparing first an
      imino-ether, for example by reacting the nitrile with the alcohol in the
      presence of hydrogen chloride, preferably at low temperatures, e.g.
      -10.degree. C. The so formed iminoether may then be subjected to mild
      hydrolysis, such as with dilute sulfuric acid under gentle warming, to
      yield the ester.
PAR  The residue Y may also be a functionally modified carboxyl group containing
      an oxo group, except an esterified or amidated carboxyl group, such as an
      acid halide, for example acid chloride grouping which can be converted
      into a free, esterified or amidated carboxyl group, for example by
      reaction with water, an alcohol, ammonia or an amine containing at least
      one hydrogen atom on the nitrogen atom, e.g. also hydrazine or
      hydroxylamine. The reaction is carried out in the usual manner, if desired
      in the presence of an acid acceptor, such as an organic or inorganic base,
      or if desired of a catalyst and/or oxidant, if desired in an acidic or
      neutral medium.
PAR  The residue Y may also be an aminothiocarbonyl group, such as a
      morpholino-thiocarbonyl group, which can be converted into the free
      carboxyl group by hydrolysis, for example in the manner described above
      for the hydrolysis of cyano groups, preferably by acid hydrolysis, for
      example in the presence of sulfuric acid and glacial acetic acid.
PAR  Y may also represent a residue convertible into a carboxyl group by
      oxidation, such as a formyl group or a reactive derivative of a formyl
      group, such as a hydrate, and may be converted into a carboxyl group by
      oxidation. Suitable oxidants for the oxidation of the formyl group are,
      for example, silver oxide in an alkali, for example in sodium hydroxide
      solution.
PAR  Substituents in resulting compounds can be introduced, modified or
      eliminated to suit the definition of the final products.
PAR  Thus, for example, in a resulting compound residues X can be converted into
      one another.
PAR  Esterified carboxyl groups and amidated carboxyl groups (that is to say
      carbamyl groups) can be converted into free carboxyl groups in the usual
      manner, for example by hydrolysis, preferably in the presence of a strong
      base or strong acid, for example those mentioned above. If desired, an
      oxidant, such as nitrous acid, may be used in the hydrolysis of carbamyl
      groups.
PAR  Free or esterified carboxyl groups can also be converted into carbamyl
      groups in the usual manner, for example by reaction with ammonia or with
      an amine containing at least one hydrogen atom on the nitrogen atom, e.g.
      also hydrazine or hydroxylamine and possibly dehydratization of the
      intermediately formed ammonium salt.
PAR  Free carboxyl groups can be esterified in the usual manner, for example by
      reaction with an appropriate alcohol, advantageously in the presence of an
      acid such as a mineral acid, for example sulphuric or hydrochloric acid,
      or in the presence of a water-binding agent, such as
      bicyclohexyl-carbodiimide, or by reaction with an appropriate diazo
      compound, for example with a diazoalkane. Esterification may also be
      performed by reacting a salt of the acid, for example the sodium salt,
      with a reactively esterified alcohol, for example a halogenide, such as
      the chloride.
PAR  Free carboxyl groups can also be converted, for example in the usual
      manner, into acid halide or anhydride groupings, for example by reaction
      with a halide of phosphorus or sulphur such as thionylchloride, phosphorus
      pentachloride or tribromide, or with an acid halide such as a chloroformic
      acid ester. The acid anhydride or halide groups can then be converted into
      esterified carboxyl or carbamyl groups respectively in the usual manner,
      by reaction with suitable alcohols, if desired in the presence of an acid
      acceptor, such as an organic or inorganic base, or with ammonia.
PAR  Furthermore, substituents R.sub.1 and/or R.sub.2 respectively can be
      introduced into resulting compounds in which R.sub.1 and/or R.sub.2 are
      hydrogen atoms. For instance a corresponding compound, in the first place
      an ester or an amide, may be converted into the .alpha.-metal salt, for
      example by reaction with a strong base such as an amide, hydride or
      hydrocarbon compound of an alkali metal, such as sodamide or sodium
      hydride or phenyl lithium or butyl lithium, and then reacted, preferably
      without isolation, with a reactive ester of an appropriate alcohol, for
      example an alcohol of the formula R.sub.1 OH or R.sub.2 OH respectively.
      Reactive esters are more especially those with strong inorganic or organic
      acids, preferably with hydrohalic acid such as hydrochloric, hydrobromic
      or hydriodic acid, with sulphuric acid or with arylsulphonic acids such as
      benzene-, p-toluene- or p-bromobenzene-sulphonic acid.
PAR  Depending on the reaction conditions and starting materials there may be
      obtained salt-forming final products in free form or in form of their
      salts which can be converted in the usual manner one into the other or
      into different salts. Thus, acid final products (that is to say such as
      contain a free carboxyl group) are obtained in free form or in form of
      their salts with bases. Resulting free acid compounds can be converted in
      the usual manner, for example by reaction with appropriate basic agents,
      into the salts with bases, especially therapeutically acceptable salts
      with bases, for example salts with organic amines or into metal salts.
      Suitable metal salts are in the first place alkali metal salts or alkaline
      earth metal salts, such as sodium, potassium, magnesium or calcium salts.
      From the salts free acids can be liberated in the usual manner, for
      example by reaction with an acid agent. Final products with a basic
      character can likewise be obtained in free form or in the form of their
      salts. The salts of the basic final products can be converted into the
      free bases in known manner, for example with alkalies or ion exchange
      resins. When the free bases are reacted with organic or inorganic acids,
      especially acids capable of forming therapeutically useful salts, they
      give rise to salts. As such acids there may be mentioned for instance the
      hydrohalic acids, sulphuric acids, phosphoric acids, nitric acid,
      perchloric acid; aliphatic, alicyclic, aromatic or heterocyclic carboxylic
      or sulphonic acids such as formic, acetic, propionic, succinic, glycolic,
      lactic, malic, tartaric, citric, ascorbic, maleic, hydroxymaleic or
      pyruvic acid; phenylacetic, benzoic, p-aminobenzoic, anthranilic,
      p-hydroxybenzoic, salicylic, p-aminosalicylic, embonic, methanesulphonic,
      ethanesulphonic, hydroxyethanesulphonic, ethylenesulphonic acid;
      halobenzenesulphonic, toluenesulphonic, napthalenesulphonic acids or
      sulphanilic acid; methionine, tryptophan, lysine or arginine.
PAR  These and other salts, for example the picrates, are also suitable for
      purifying the new compounds, for example by converting the free compounds
      into their salts, isolating the salts and reconverting them into the free
      compounds. In view of the close relationship between the new compounds in
      free form or in form of their salts what has been said above and
      hereinafter with reference to the free compounds concerns also the
      corresponding salts wherever possible and useful.
PAR  Depending on the chosen starting materials and reaction conditions and on
      the number of asymmetric carbon atoms the new compounds may be obtained as
      optical antipodes, racemates or isomer mixtures (for example racemate
      mixtures).
PAR  Resulting isomer mixtures (racemate mixtures) can be resolved into the two
      stereoisomeric (diastereomeric) pure isomers (for example racemates) on
      the basis of the physicochemical differences of the constituents in known
      manner, for example by chromatography and/or fractional crystallization.
PAR  Racemates obtained can be resolved into the diastereomers, from which the
      antipodes can be liberated by treatment with suitable agents. This
      resolution may be carried out in known manner, for example by
      recrystallization from an optically active solvent, or with the aid of
      microorganisms or by reaction of a free carboxylic acid with an optically
      active base capable of forming salts with the racemic compound and
      separation of the salts thus obtained, for example on the basis of their
      different solubilities. A particularly frequently used optically active
      base is, for example, the D- and L-forms of cinchonine. It is advantageous
      to isolate the more active of the two antipodes.
PAR  Resulting racemates of basic compounds can also be resolved into the
      diastereomers by reaction with an optically active acid capable of forming
      salts with the racemic compound and separation of the salts thus obtained,
      for example on the basis of their different solubilities, and from the
      diastereomers the antipodes can be liberated by treatment with suitable
      reagents. Particularly frequently used optically active acids are, for
      example, the D- and L-forms of tartaric acid, di-o-toluyltartaric acid,
      malic acid, mandelic acid, camphorsulphonic acid or quinic acid.
PAR  The invention includes also any variant of the present process in which an
      intermediate obtained at any stage thereof is used as starting material
      and any remaining step(s) is/are carried out or in which a starting
      material is formed under the reaction conditions, or a reactant may be
      used in form of a salt.
PAR  The reactions of this invention are advantageously carried out with
      starting materials that give rise to the final products in the groups
      specially mentioned above and in the first place to the specifically
      described or emphasized final products.
PAR  The starting materials are known or, insofar as they are new, they can be
      manufactured by known methods.
PAR  The nitriles of the formula
      ##EQU7##
      preferably used as starting materials are obtained, for example, when a
      compound of the formula
      ##EQU8##
      in which Hal represents a halogen atom such as a chlorine or bromine atom,
      is converted into a corresponding ketal or, respectively, acetal, for
      example, a lower alkylene-ketal, such as an ethylene-ketal or a di-lower
      alkyl-ketal, such as a dimethyl-ketal, the resulting compound is converted
      with magnesium into the corresponding Grignard reagent which is then
      reacted with a corresponding cycloalkanone. In the resulting
      [1-hydroxy-cycloalkyl] compound the hydroxyl group is eliminated,
      advantageously in the presence of an acid, with formation of a 1,2-double
      bond and in the resulting compound of the formula
      ##EQU9##
      the oxo group is reduced to the hydroxyl group. The hydroxyl group is then
      converted in the usual manner, for example by reaction with a halide of
      phosphorus or sulphur such as phosphorus oxychloride or thionylchloride or
      a similar bromide, into a corresponding halogen atom which can then be
      converted into the cyano group by reaction with a salt of hydrocyanic acid
      such as sodium cyanide. Compounds in which R.sub.2 is not hydrogen can be
      manufactured by introducing the residue R.sub.2, for example into the
      nitrile, for instance in a manner similar to that described above for the
      esters and amides, via the .alpha.-metal salt and reaction with a reactive
      ester of an appropriate alcohol.
PAR  The compounds of the formula
      ##EQU10##
      described above may be used also for preparing the starting materials of
      the formula VII wherein Y stands for an aminothiocarbonyl and both R.sub.1
      and R.sub.2 stand for hydrogen. This is done by way of the well known
      Willgerodt reaction, using sulfur and ammonia or an amine, especially a
      secondary amine such as morpholine.
PAR  The new compounds can be used, for example, in form of pharmaceutical
      preparations that contain them in free form or in form of their salts,
      especially the therapeutically acceptable alkali metal salts, in
      conjunction or admixture with an organic or inorganic, solid or liquid
      pharmaceutical excipient suitable, for example, for enteral, parenteral or
      local administration. Suitable excipients are substances that do not react
      with the new compounds, for example water, gelatin, lactose, starches,
      stearyl alcohol, magnesium stearate, talcum, vegetable oils, benzyl
      alcohols, gums, propyleneglycols, white petroleum jelly or other known
      medicinal excipients. The pharmaceutical preparations may be, for example,
      tablets, dragees, capsules, suppositories, creams or ointments, or in
      liquid form solutions (for example elixirs or syrups), suspensions or
      emulsions. They may be sterilized and/or contain assistants such as
      preserving, stabilizing, wetting or emulsifying agents, solubilizers,
      salts for regulating the osmotic pressure or buffers. They may also
      contain further therapeutically valuable substances. The pharmaceutical
      preparations are formulated by known methods.
PAR  The following examples illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  A solution of 50.3 g of .alpha.-[para-(1-cycloheptenyl)-phenyl]-propionic
      acid nitrile and 26 g of potassium hydroxide in 400 ml of ethanol and 80
      ml of water is refluxed for 36 hours. The ethanol is evaporated under
      reduced pressure and the residue dissolved in water. The aqueous solution
      is first extracted by agitation with ether, then acidified with
      concentrated hydrochloric acid, and extracted again with ether. The
      ethereal extracts are washed with water, dried over sodium sulfate,
      evaporated under reduced pressure and recrystallized from ether+petroleum
      ether to obtain .alpha.-[para-(1-cycloheptenyl)-phenyl]-propionic acid of
      the formula
      ##SPC4##
PAL  in the form of colorless crystals melting at 105.degree.-107.degree. C.
PAR  The sodium salt is obtained by dissolving this carboxylic acid in the
      calculated quantity of ethanolic sodium hydroxide solution and evaporation
      in vacuo. Its decomposition point is 229.degree.-233.degree. C.
PAR  The .alpha.-[para-(1-cycloheptenyl)-phenyl]-propionic acid nitrile used as
      starting material can be prepared as follows:
PAR  A well-stirred suspension of 14.6 g of magnesium chips which have been
      washed with chloroform and activated with iodine, in 150 ml of absolute
      tetrahydrofuran is mixed dropwise at 60.degree. C with a solution of 97.6
      g of 2-(para-bromo-phenyl)-2-methyl-1,3-dioxolan in 500 ml of
      tetrahydrofuran. The dropwise addition is made in such manner that after
      the onset of the reaction the temperature does not rise above 60.degree.
      C. At the end, the batch is heated at 60.degree. C for 30 minutes, the
      cooled to 20.degree. C and treated dropwise with 67 g of cycloheptanone
      while stirring. The reaction mixture is heated at 50.degree.-60.degree. C
      for one hour, then evaporated. The residue is treated with ice and 200 ml
      of a saturated aqueous ammonium chloride solution. There follow extraction
      with ether, drying over sodium sulfate and evaporation. The residue is
      recrystallized from ether+petroleum ether to obtain
      2-[para-(1'-hydroxy-cycloheptyl)-phenyl]-2-methyl-1,3-dioxolan as a
      colorless crystalline compound of melting point 78.degree.-80.degree. C.
PAR  A solution of 43 g of this compound in 240 ml of glacial acetic acid and 90
      ml of 2N-hydrochloric acid is heated at 100.degree. C for one hour. After
      cooling 300 ml of water are added and the whole extracted with ether,
      washed with 2N-sodiumbicarbonate solution, and the ethereal extracts are
      dried over sodium sulfate and evaporated. The oily residue is distilled in
      a high vacuum and gives para-(1-cycloheptenyl)-acetophenone as a viscous
      oil boiling at 140.degree. C under a pressure of 0.04 mm of Hg.
PAR  A solution of 49 g of this ketone in 100 ml of methanol is stirred dropwise
      into a solution, cooled to 0.degree. C, of 11 g of sodium borohydride in
      500 ml of methanol and 100 ml of water. The reaction solution is stirred
      for another hour and a half at 5.degree. to 10.degree. C and then allowed
      to stand at room temperature for 16 hours. Finally, 600 ml of water are
      added and the batch is extracted with methylene chloride, dried over
      sodium sulfate and evaporated. In this manner,
      1-hydroxy-1-[para-(1-cycloheptenyl)-phenyl]-ethane is obtained as an oily,
      colorless residue.
PAR  49 g of this hydroxy compound are dissolved in 400 ml of absolute benzene,
      mixed with 28 ml of thionyl chloride and allowed to stand at room
      temperature for 2 hours, then evaporated under reduced pressure. A
      solution of the resulting
      1-chloro-1-[para-(1-cycloheptenyl)-phenyl]-ethane in 100 ml of
      dimethylsulfoxide is stirred into a suspension, heated at
      50.degree.-60.degree. C, of 26 g of sodium cyanide in 150 ml of
      dimethylsulfoxide. The reaction was allowed to proceed for another hour at
      this temperature, the batch is then cooled and mixed with 150 ml of water,
      followed by extraction with a 1:1 mixture of ether and ethyl acetate. The
      organic ether extracts are washed with water, dried over sodium sulfate
      and evaporated to give crude
      .alpha.-[para-(1-cycloheptenyl)-phenyl]-propionic acid nitrile in the form
      of a viscous brown oil which is suitable for the afore-described
      hydrolysis.
PAC  EXAMPLE 2
PAR  A solution of 27.5 g of .alpha.-[para-(1-cyclopentenyl)-phenyl]-propionic
      acid nitrile and 16.5 g of potassium hydroxide in 200 ml of ethanol and 40
      ml of water is refluxed for 30 hours. The batch is then evaporated under
      reduced pressure, the residue dissolved in water and the solution
      extracted with ether. The clear aqueous solution is acidified with
      5N-hydrochloric acid and extracted with ether. The ethereal extracts are
      dried over sodium sulfate and evaporated. The solid residue is
      recrystallized from ether+petroleum ether, and
      .alpha.-[para-(1-cyclopentenyl)-phenyl]-propionic acid of the formula
      ##SPC5##
PAL  obtained in the form of colorless crystals melting at
      137.degree.-140.degree. C.
PAR  The sodium salt is obtained by dissolving this carboxylic acid in the
      calculated quantity of ethanolic sodium hydroxide solution and
      precipitation with ether.
PAR  The .alpha.-[para-(1-cyclopentenyl)-phenyl]-propionic acid nitrile used as
      starting material can be prepared as follows:
PAR  A well-stirred suspension of 7.3 g of magnesium chips, which have been
      washed with chloroform and activated with iodine, in 150 ml of absolute
      tetrahydrofuran is treated dropwise at 60.degree. C with a solution of
      48.6 g of 2-(para-bromo-phenyl)-2-methyl-1,3-dioxolan in 100 ml of
      tetrahydrofuran. The dropwise addition is made in such manner that after
      the onset of the reaction the temperature does not rise above 60.degree.
      C. Finally, the batch is heated at 60.degree. C for 30 minutes, then
      cooled to 20.degree. C, and stirred during the dropwise addition of 21.6 g
      of cyclopentanone. The reaction mixture is heated at 50-60.degree.C for
      one hour, then evaporated, and the residue mixed with ice and 200 ml of
      saturated aqueous ammonium chloride solution. The batch is extracted with
      ether, the ethereal solution dried over sodium sulfate and evaporated. The
      residue is recrystallized from ether+petroleum ether, and
      2-[para-(1'-hydroxy-cyclopentyl)-phenyl]-2-methyl-1,3-dioxolan obtained
      which melts at 90.degree.-91.degree.C.
PAR  A solution of 15 g of this compound in 80 ml of glacial acetic acid and 30
      ml of 2-N-hydrochloric acid is heated at 100.degree.C for 1 hour. After
      cooling, the solution is diluted with 200 ml of water and extracted with
      ether. The ether layers are washed with 2N-sodium bicarbonate solution,
      dried over sodium sulfate, and evaporated. The residue, on
      recrystallization from ether+petroleum ether, gives
      para-(1-cyclopentyl)-acetophenone melting at 100.degree.-102.degree.C.
PAR  A solution of 30 g of this ketone in 200 ml of methanol is added dropwise
      while stirring to a solution, cooled to 0.degree.C, of 7.8 g of sodium
      borohydride in 300 ml of methanol and 60 ml of water. Stirring is
      continued for another hour and a half at 5.degree.-10.degree.C, the
      mixture allowed to stand for 16 hours, mixed with water and extracted with
      methylene chloride. The methylene chloride extracts are dried over sodium
      sulfate, evaporated, and the residue recrystallized from ether+petroleum
      ether to obtain 1-hydroxy-1-[ para-(1-cyclopentenyl)-phenyl]-ethane of
      melting pont 90.degree.-92.degree.C.
PAR  Solution of 35.5 g of this hydroxy compound in 150 ml of absolute benzene
      is mixed with 21 ml of thionyl chloride and stirred for 2 hours at room
      temperature. The batch is then evaporated under reduced pressure, and the
      resulting crude, oily 1-chloro-1-[para-(1-cyclopentenyl)-phenyl]-ethane
      dissolved in 50 ml of dimethylsulfoxide and stirred into a suspension,
      heated at 50.degree.-60.degree.C, of 23 g of sodium cyanide in 400 ml of
      dimethylsulfoxide. The batch is kept at this temperature for one hour,
      then cooled, diluted with 300 ml of water, and extracted with a 1:1
      mixture of ether and ethyl acetate. The organic extracts are washed with
      water, dried over sodium sulfate, evaporated, and the crude, oily
      .alpha.-[para-(1-cyclopentenyl)-phenyl]-propionic acid nitrile obtained
      which can be used for the above-described hydrolysis as it is.
PAC  EXAMPLE 3
PAR  A solution of 24 g of a mixture of
      .alpha.-[para-(6-methyl-1-cyclohexenyl)-phenyl]-propionic acid nitrile and
      .alpha.-[para-(2-methyl-1-cyclohexenyl)-phenyl]-propionic acid nitrile and
      11 g of potassium hydroxide in 200 ml of ethanol and 70 ml of water is
      refluxed for 15 hours. The ethanol is evaporated under reduced pressure
      and the residue dissolved in water and extracted with ether. The aqueous
      solution is acidified with 5N-hydrochloric acid and extracted with ether.
      The oily ether-residue is dissolved in ether and treated with a solution
      of sodium ethanolate in ethanol which causes a mixture of the sodium salt
      of .alpha.-[para-(6-methyl-1-cyclohexenyl)-phenyl]-propionic acid and of
      the sodium salt of
      .alpha.-[para-(2-methyl-1-cyclohexanyl)-phenyl]-propionic acid of the
      formula
      ##SPC6##
PAL  to precipitate. The mixture is isolated by filtration, washing with
      acetone+ether and drying under reduced pressure at 60.degree.C.
PAR  The .alpha.-[para-(methyl-1-cyclohexenyl)-phenyl]-propionic acid nitrile
      mixture used as starting material can be prepared as follows:
PAR  A well-stirred suspension of 8.8. g of magnesium chips which have been
      washed with chloroform and activated with iodine, in 150 ml of absolute
      tetrahydrofuran is treated dropwise at 60.degree.C with a solution of 23 g
      of 2-(para-bromo-phenyl)-2-methyl-1,3-dioxolan in 450 ml of absolute
      tetrahydrofuran. The dropwise addition is made in such manner that after
      the onset of the reaction the temperature does not rise above 60.degree.C.
      The batch is finally heated at 60.degree.C for another 30 minutes, then
      cooled to 5.degree.C, and 41 g of 2-methylcyclohexanone then stirred in
      dropwise. The reaction mixture is heated at 50.degree.-60.degree.C for one
      hour, then filtered and evaporated in a rotary evaporator. The residue is
      treated with ice and a saturated aqueous ammonium chloride solution. The
      mixture is extracted with ether, dried over sodium sulfate and evaporated.
      The residue is recrystallized from ether+petroleum ether and
      2-[para-(2'-methyl-1'-hydroxy-cyclohexyl)-phenyl]-2-methyl-1,3-dioxolan
      obtained which melts at 77.degree.-80.degree.C.
PAR  A solution of 33 g of this compound in 150 ml of glacial acetic acid is
      mixed with 80 ml of 2N-hydrochloric acid and heated at 100.degree.C for
      one hour. The mixture is cooled, treated with 700 ml of water, extracted
      with 2 .times. 300 ml of petroleum ether, dried over sodium sulfate, and
      evaporated. The residue is distilled in a high vacuum, and a 7:3 mixture
      of para-(6-methyl-1-cyclohexenyl)-acetophenone and
      para-(2-methyl-1-cyclohexenyl)-acetophenone obtained as a faintly
      yellowish oil which boils at 130.degree.-140.degree.C under a pressure of
      0.2 mm of Hg.
PAR  A solution of 23 g of the ketone mixture described above is added dropwise
      while stirring to a solution, cooled to 5.degree.C, of 4 g of sodium
      borohydride in 200 ml of methanol and 40 ml of water. The mixture is
      stirred for another hour and a half at 5.degree. to 10.degree.C, then
      allowed to stand for 16 hours, treated with 600 ml of water, extracted
      with methylene chloride, dried over sodium sulfate and evaporated in
      vacuo. The residue is distilled in a high vacuum, and a mixture of
      1-hydroxy-1-[para-(6-methyl-1-cyclohexenyl)-phenyl]-ethane and
      1-hydroxy-1-[para-(2-methyl-1-cyclohexenyl)-phenyl]-ethane obtained as a
      colorless oil boiling at 120.degree.-140.degree.C under a pressure of 0.1
      mm of Hg.
PAR  A solution of 23 g of this mixture in 200 ml of absolute benzene is allowed
      to stand at room temperature for 16 hours in the presence of 11.5 ml of
      thionyl chloride. The mixture is evaporated under reduced pressure, and
      the resulting crude oily mixture of
      1-chloro-1-[para-(6-methyl-1-cyclohexenyl)-phenyl]-ethane and
      1-chloro-1-[para-(2-methyl-1-cyclohexenyl)-phenyl]-ethane is dissolved in
      30 ml of dimethylsulfoxide and the solution added dropwise while stirring
      to a suspension, heated at 50.degree.C. of 18 g of sodium cyanide in 120
      ml of dimethyl-sulfoxide. The reaction is allowed to proceed for another 2
      hours at 70.degree.-80.degree.C, the batch then cooled and treated with
      300 ml of water. The ethereal extract is evaporated and the residue is a
      7:3 mixture of .alpha.-[para-(6-methyl-1-cyclohexenyl)-phenyl]-propionic
      acid nitrile and .alpha.-[para-(2-methyl-1-cyclohexenyl)-phenyl]-propionic
      acid nitrile which can be used as it is for the above-described
      hydrolysis.
PAC  EXAMPLE 4
PAR  A solution of 18 g of
      .alpha.-[para-(4-methyl-1-cyclohexenyl)-phenyl]-propionic acid nitrile and
      9.2 g of potassium hydroxide in 120 ml of ethanol and 70 ml of water is
      refluxed for 24 hours. The ethanol is evaporated in a rotary evaporator
      under reduced pressure and the residue mixed with 400 ml of water, then
      extracted with ether. The aqueous solution is acidified with
      2N-hydrochloric acid and extracted by agitation with ether. The ethereal
      solution is dried over magnesium sulfate and evaporated, and the residue
      is recrystallized from ether+petroleum ether to obtain
      .alpha.-[para-(4-methyl-1-cyclohexenyl)-phenyl]-propionic acid of the
      formula
      ##SPC7##
PAL  in the form of pale yellow crystals of melting point
      100.degree.-104.degree.C.
PAR  The sodium salt is obatined by dissolving this carboxylic acid in the
      calculated quantity of ethanolic sodium hydroxide solution and
      precipitation with ether.
PAR  The .alpha.-[para-(4-methyl-1-cyclohexenyl)-phenyl]-propionic acid nitrile
      used as starting material can be prepared as follows:
PAR  A well-stirred suspension of 7.3 g of magnesium chips, which had been
      washed with chloroform and activated with iodine, in 150 ml of absolute
      tetrahydrofuran is treated dropwise at 60.degree.C with a solution of 48.6
      g of 2-(para-bromophenyl)-2-methyl-1,3-dioxolan in 100 ml of
      tetrahydrofuran. When the reaction has set in, the remainder of the
      solution is added dropwise, care being taken to keep the temperature from
      rising above 60.degree.C. Finally, the batch is heated at
      50.degree.-60.degree.C for another hour, then cooled to 20.degree.C and
      treated dropwise with 34 g of 4-methyl-cyclohexanone. The reaction is
      allowed to proceed for another hour at 50.degree.-60.degree.C. The batch
      is evaporated and the residue mixed with ice and a saturated aqueous
      ammonium chloride solution. There follow extraction with ether, drying
      over magnesium sulfate and evaporation. The residue is recrystallized from
      ether+pentane to obtain
      2-[para-(4'-methyl-1'-hydroxy-cyclohexyl)-phenyl]-2-methyl-1,3-dioxolan
      melting at 125.degree.-127.degree.C.
PAR  A solution of 15 g of this compound in 80 ml of glacial acetic acid is
      mixed with 30 ml of 2N-hydrochloric acid and heated at 100.degree.C for
      one hour. Water is added and the batch extracted with ether. The ethereal
      solution is washed with 2N-bicarbonate solution and with water, dried over
      magnesium sulfate, and evaporated. The solid residue obtained is
      recrystallized from ether+petroleum ether to obtain
      para-(4-methyl-1-cyclohexenyl)-acetophenone melting at 50-52.degree.C.
PAR  8.8 g of para-(4-methyl-1-cyclohexenyl)-acetophenone are stirred
      portionwise into a solution, cooled to 0.degree.C, of 1.8 g of sodium
      borohydride in 80 ml of methanol and 15 ml of water. Stirring is continued
      at 5.degree.-10.degree.C for an hour and a half and at room temperature
      for 4 hours, 200 ml of water are added, and the batch then extracted with
      3 .times. 100 ml of methylene chloride. The methylene chloride residue is
      recrystallized from petroleum ether and yields
      1-hydroxy-1-[para-(4-methyl-1-cyclohexenyl)-phenyl]-ethane of melting
      point 65.degree.-67.degree.C.
PAR  A solution of 4.3 g of this compound in 60 ml of absolute benzene is
      stirred at room temperature for 2 hours with 2.5 ml of thionyl chloride.
      The batch is evaporated under reduced pressure, the crude, oily
      1-chloro-1-[para-(4-methyl-1-cyclohexenyl)-phenyl]-ethane is dissolved in
      20 ml of absolute dimethylsulfoxide, and the resulting solution is added
      dropwise to a suspension of 2.3 g of sodium cyanide in 30 ml of absolute
      dimethylsulfoxide. The batch is heated for 3 hours at
      50.degree.-60.degree.C, then cooled, treated with 150 ml of water, and
      extracted with a 1:1 mixture of ether and ethyl acetate. The extract is
      washed with water, dried over magnesium sulfate, and evaporated. The
      brown, oily residue consists predominantly of .alpha.-[
      para-(4-methyl-1-cyclohexenyl)-phenyl]-propionic acid nitrile and can be
      used as it is for the hydrolysis described above.
PAC  EXAMPLE 5
PAR  A solution of 24 g of
      .alpha.-[para-(4-methoxy-1-cyclohexenyl)-phenyl]-propionic acid nitrile
      and 10 g of potassium hydroxide in 200 ml of ethanol and 70 ml of water is
      refluxed for 24 hours. The solution it then evapored under reduced
      pressure, the residue dissolved in water and extracted with ether, the
      aqueous phase is acidified with 5N-hydrochloric acid, and the oil that
      precipitates is extracted with ether. The oily ethereal residue is
      dissolved in ether, mixed with a solution of sodium ethanolate in ethanol
      after which the sodium salt of
      .alpha.-[para-(4-methoxy-1-cyclohexenyl)-phenyl]-propionic acid of the
      formula
      ##SPC8##
PAL  precipitates. It is isolated by filtration, washing with acetone+ether and
      drying in vacuum at 60.degree.C.
PAR  The .alpha.-[para-(4-methoxy-1-cyclohexenyl)-phenyl]-propionic acid nitrile
      used as starting material can be prepared as follows:
PAR  A well-stirred suspension of 14.5 g of magnesium chips, which have been
      washed with chloroform and activated with iodine, in 150 ml of absolute
      tetrahydrofuran is treated dropwise at 60.degree.C with a solution of 121
      g of 2-(para-bromophenyl)-2-methyl-1,3-dioxolan in 500 ml of absolute
      tetrahydrofuran. The dropwise addition is made in such manner that once
      the reaction has set in the temperature does not rise above 60.degree.C.
      At the end, the batch is heated at 60.degree.C for 30 minutes, then cooled
      to 5.degree.C, and 77 g of 4-methoxycyclohexanone are stirred in dropwise.
      The reaction mixture is heated at 50.degree.-60.degree.C for one hour,
      then filtered and evaporated in a rotary evaporator. The residue is
      treated with ice and a saturated aqueous ammonium chloride solution. The
      mixture is extracted with ether, dried over sodium sulfate and evaporated.
      The residue is recrystallized from ether+petroleum ether, and
      2-[para-(4-methoxy-1-hydroxy-cyclohexyl)-phenyl]-2-methyl-1,3-dioxolan
      obtained which melts at 137.degree.-140.degree.C.
PAR  A solution of 55 g of this compound in 120 ml of glacial acetic acid is
      mixed with 20 ml of concentrated hydrochloric acid and 40 ml of water. The
      mixture is heated at 80.degree.-90.degree.C for 2 hours, cooled, mixed
      with 2000 ml of water, and extracted with ether. The ethereal residue is
      distilled in a high vacuum at 160.degree.-170.degree.C under a pressure of
      0.1 mm of Hg. and finally recrystallized from petroleum ether to obtain
      para-(4-methoxy-1-cyclohexenyl)-acetophenone of melting point
      40.degree.-42.degree.C.
PAR  To a solution, cooled to 5.degree.C, of 4.5 g of sodium borohydride in 200
      ml of methanol and 40 ml of water are added 24 g of the aforementioned
      ketone, the mixture is stirred for 2 hours at 5.degree.-10.degree.C, mixed
      with 500 ml of water, extracted with methylene chloride, and evaporated.
      The oily residue is distilled in a high vacuum at 160.degree.-180.degree.C
      (0.1 mm Hg.). A solution of 24 g of the resulting oily
      1-hydroxy-1-[para-(4-methoxy-1-cyclohexenyl)-phenyl]-ethane in 250 ml of
      absolute benzene is treated with 12 ml of thionyl chloride and stirred at
      room temperature for 3 hours. After evaporation under reduced pressure,
      the crude, oily 1-chloro-1-[para-(4-methoxy-1-cyclohexenyl)-phenyl]-ethane
      is added to a suspension, heated at 50.degree.C, of 18 g of sodium cyanide
      in 100 ml of dimethylsulfoxide. The reaction is allowed to proceed for
      another hour at 65.degree. C, the batch then cooled, treated with 400 ml
      of water, and extracted with ether. The ethereal residue is crude
      .alpha.[para-(4-methoxy-1-cyclohexenyl)-phenyl]-propionic acid nitrile and
      it can be used as it is for the afore-described hydrolysis.
PAC  EXAMPLE 6
PAR  A solution of 9.5 g of .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionitrile in
      a solution of 5 g of potassium hydroxide in 150 ml of ethanol and 50 ml of
      water is refluxed for 24 hours. The ethanol is evaporated under vacuum and
      the residue mixed with 200 ml of water. The insoluble phase is filtered
      off, mixed with active carbon and filtered off. The clear aqueous solution
      is acidified with 2N-hydrochloric acid and extracted with
      methylenechloride. The methylenechloride solution is dried over magnesium
      sulphate and evaporated and the residue recrystallized from
      ether+petroleum ether, whereupon
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid of the formula
      ##SPC9##
PAL  is obtained in colourless crystals melting at 106.degree.-108.degree.C. The
      sodium salt is obtained by dissolving this carboxylic acid in the
      calculated quantity of ethanolic sodium hydroxide solution and evaporation
      under vacuum; decompositions point: (245.degree.C)
      248.degree.-250.degree.C.
PAR  The .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionitrile used as starting
      material in this Example is prepared thus:
PAR  A well-stirred suspension of 9.8 g of magnesium chips (previously washed
      with chloroform and activated with iodine) in 150 ml of absolute
      tetrahydrofuran is mixed dropwise at 60.degree.C with a solution of 96 g
      of 2-(p-bromophenyl)-2-methyl-1,3-dioxolan in 150 ml of tertahydrofuran.
      The dropwise addition is regulated so that the temperature does not rise
      above 60.degree.C once the reaction has set in. Towards the end the batch
      is heated for 30 minutes at 60.degree.C, then cooled to 5.degree.C and 35
      g of cyclohexanone are stirred in dropwise. After having heated the
      reaction mixture for 1 hour at 50.degree.-60.degree.C, it is filtered and
      evaporated in a rotary evaporator. The residue is mixed with ice and a
      saturated aqueous ammoniumchloride solution, extracted with ether, dried
      over magnesium sulphate and evaporated. The residue is recrystallized from
      ether+petroleum ether and yields
      2-[p-(1'-hydroxy-1'-cyclohexyl)-phenyl)]-2-methyl-1,3-dioxolan melting at
      117.degree.-118.degree.C.
PAR  A solution of 80 g of this compound in 200 ml of glacial acetic acid is
      mixed with 30 ml of concentrated hydrochloric acid and 50 ml of water, and
      the mixture is heated for 3 hours on a waterbath at 80.degree.C. Water is
      added until no more turbidity appears, and the settled-out crystals are
      filtered off and dried and recrystallized from petroleum ether, to yield
      p-(1-cyclohexenyl)-acetophenone melting at 76.degree.-77.degree.C.
PAR  A solution of 7 g of sodium borohydride in 300 ml of methanol and 80 ml of
      water is cooled to 5.degree.C and 50 g of p-(1-cyclohexenyl)-acetophenone
      are stirred in portionwise. The batch is stirred on for 2 hours at room
      temperature, the solution is concentrated to half its volume in a rotary
      evaporator, mixed with 1 litre of water and extracted with 3 .times. 500
      ml of methylenechloride. The methylenechloride residue is recrystallized
      from petroleum ether and furnishes
      1-hydroxy-1-[p-(1-cyclohexenyl)-phenyl]-ethane melting at
      60.degree.-62.degree.C.
PAR  A solution of 20 g of 1-hydroxy-1-[p-(1-cyclohexenyl)-phenyl]-ethane in 300
      ml of absolute benzene is stirred at room temperature in the presence of
      10 ml of thionylchloride. The batch is evaporated under vacuum and the
      crude, oily 1-chloro-1-[p-(1-cyclohexenyl)-phenyl]-ethane dissolved in 50
      ml of dimethylsulphoxide and stirred dropwise into a suspension of 15 g of
      sodium cyanide in 300 ml of dimethylsulphoxide. The batch is stirred for
      15 hours at 70.degree.C, then cooled, 400 ml of water are added and the
      whole is extracted with a 1:1-mixture of ether+ethyl acetate. The extract
      is dried over magnesium sulphate, filtered and evaporated under vacuum.
      Distillation of the residue under a high vacuum given
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionitrile as a yellow oil which
      boils at 125.degree.-130.degree.C under 0.1 mm Hg pressure.
PAC  EXAMPLE 7
PAR  7 g of .alpha.-[para-(1-cyclohexenyl)-phenyl]-propionic acid chloride are
      added dropwise to a solution, cooled to 10.degree.C, of 10 ml of pyridine
      in 25 ml of ethanol. The mixture is allowed to stand at room temperature
      for 3 hours, then evaporated under reduced pressure, and the residue is
      dissolved in ether and the ethereal solution washed with water,
      2N-hydrochloric acid, saturated sodium bicarbonate solution and again with
      water. The ethereal extracts are dried over sodium sulfate and evaporated,
      then distilled in a high vacuum to yield
      .alpha.-[para-(1-cyclohexenyl)-phenyl]-propionic acid ethyl ester of the
      formula
      ##SPC10##
PAL  in the form of a colorless oil boiling at 130.degree.-140.degree.C under a
      pressure of 0.1 mm of Hg.
PAR  The .alpha.-[para-(1-cyclohexenyl)-phenyl]-propionic acid chloride used as
      starting material can be prepared as follows:
PAR  A solution of 17 g of .alpha.-[para-(1-cyclohexenyl)-phenyl]-propionic acid
      in 100 ml of absolute benzene is treated with 8 ml of thionyl chloride and
      then heated at 80.degree.-90.degree.C for one hour. The solution is
      evaporated under reduced pressure, the residue dissolved in 3 .times. 50
      ml of absolute benzene, followed each time by evaporation under reduced
      pressure. There is thus obtained as residue
      .alpha.-[para-(1-cyclohexenyl)-phenyl]-propionic acid chloride which can
      be used as it is for the manufacture of the afore-described ester.
PAC  EXAMPLE 8
PAR  Gaseous ammonia is passed into a solution of 7 g of
      .alpha.-[para-(1-cyclohexenyl)-phenyl]-propionic acid chloride in 100 ml
      of absolute benzene while stirring at room temperature until saturation is
      achieved. The batch is then evaporated to dryness, treated with 100 ml of
      water, and extracted with methylene chloride. The solid residue from the
      evaporated methylene chloride extract is recrystallized from ethyl
      acetate+petroleum ether and .alpha.-[
      para-(1-cyclohexenyl)-phenyl]-propionic acid amide of the formula
      ##SPC11##
PAL  obtained in the form of colorless crystals melting at
      155.degree.-157.degree.C.
PAC  EXAMPLE 9
PAR  A hot solution of 50 g of .alpha.-[para-(1-cyclohexenyl)-phenyl]-propionic
      acid in 1850 ml of ethanol is mixed with a hot solution of 63.9 g of
      cinchonidine in 1850 ml of ethanol. The mixture is allowed to cool slowly
      and after 16 hours, the crystals of the cinchonidine salt of the enriched
      (+)-.alpha.-[para-(1-cyclohexenyl)-phenyl]-propionic acid that have
      precipitated are filtered off. Repeated fractional crystallization
      according to the usual scheme yields the pure cinchonidine salt of the
      dextro-rotary acid. In each case the crystals are recrystallized from a 4%
      ethanolic solution, while the mother liquors which contain mainly the
      cinchonidine salt of the levorotating acid are caused to crystallize by
      evaporation to two-thirds of their volumes. The middle fractions are
      separated by dissolution with the application of heat, and slow cooling.
PAR  The pure cinchonidine salt of the dextro-rotating acid is suspended in
      ether and agitated with 2N-hydrochloric acid until both phases are clear.
      The ethereal layer is washed with water, dried over sodium sulfate, and
      evaporated to obtain (+)-.alpha.-[para-(1-cyclohexenyl)-phenyl]-propionic
      acid melting at 101.degree.-102.degree.C; [.alpha.].sub.D.sup.20 = +
      53.degree.C. (ethanol, c = 1).
PAR  In an analogous manner the dextro-rotating acid can be obtained with
      (-)-.alpha.-phenylethylamine instead of cinchonidine.
PAR  The fractions which contain practically pure cinchonidine salt of the
      levo-rotating acid are suspended in ether and agitated with
      2N-hydrochloric acid until both phases are clear. The ethereal solution is
      washed with water, dried over sodium sulfate, and, evaporated. The residue
      is reacted in hot ethanol with the calculated quantity of
      (+)-.alpha.-phenyl-ethylamine and the resulting salt subjected to
      fractional crystallization. From the pure fraction,
      (-)-.alpha.-[para-(1-cyclohexenyl)-phenyl]-propionic acid melting at
      101.degree.-102.degree.C, [.alpha.].sub.D.sup.20 = - 53.degree., can be
      isolated.
PAR  By heating a 1% solution of an antipode in 2N-sodium hydroxide solution at
      100.degree.C for 16 hours, partial racemization is achieved. The optical
      rotation of the (-) antipode thus drops from -53.degree. to -24.degree..
PAC  EXAMPLE 10
PAR  3 g of .beta.-diethylaminoethyl chloride are added to a warm solution of 3
      g of the sodium salt of .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid
      in 50 ml of ethanol and 20 ml of dimethylformamide and the whole is
      allowed to stand for 3 hours. The reaction mixture is then evaporated in
      vacuo, the residue rendered alkaline with ammonia and extracted with
      ether. The ethereal residue is dissolved in a little ethanol and treated
      with ethanolic hydrochloride acid and ether, the hydrochloride of
      .beta.-diethylamino-ethyl ester of
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid of the formula
      ##SPC12##
PAL  being obtained in the form of colorless crystals melting at 132.degree. -
      134.degree.C.
PAC  EXAMPLE 11
PAR  A solution of 6 g of .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid
      chloride in 10 ml of toluene is added dropwise with stirring at room
      temperature to a solution of 6 g of .beta.-dimethylamino-ethylamine in 40
      ml of toluene. The reaction mixture is stirred for two hours, then
      extracted with 2N hydrochloric acid, the hydrochloric acid solution washed
      with ethyl acetate and rendered alkaline with 4N sodium hydroxide
      solution. The batch is extracted with ethyl acetate, washed with water,
      dried over sodium sulphate and evaporated in vacuo. The solid residue is
      recrystallized from methylene chloride and petroleum ether to yield
      N-(.beta.-dimethylamino-ethyl)-.alpha.-[p-(1-cyclohexenyl)-phenyl]-propion
     ic acid amide of the formula
      ##SPC13##
PAL  in the form of colorless crystals melting at 77.degree.-78.degree.C. The
      hydrochloride melts at 123.degree.-126.degree.C.
PAC  EXAMPLE 12
PAR  A solution of 17 g of silver nitrate in 35 ml of water is added to a
      solution of 7.1 g of .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic
      aldehyde in 70 ml of ethanol, and the batch is then treated dropwise with
      a solution of 10 g of sodium hydroxide in 25 ml of water, the internal
      temperature being prevented from rising above 45.degree.C by suitable
      cooling. The batch is stirred for 2 hours at room temperature, filtered
      through Celite, rinsed with ethanol and the filtrate evaporated to 70 ml.
      The aqueous alkaline solution is extracted with ether, then acidified with
      2N hydrochloric acid and the precipitated acid taken up in methylene
      chloride. The methylene chloride solution is dried over magnesium sulphate
      and evaporated and the residue recrystallized from ether, to yield
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid as colourless crystals
      melting at 106.degree. - 108.degree.C. The compound is identical with the
      acid obtained as described in Example 6.
PAR  The .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic aldehyde used as starting
      material may be prepared as follows:
PAR  A solution of sodium ethanolate in ethanol (7.2 g of sodium dissolved in
      200 ml of ethanol) is added within 45 minutes dropwise at 0.degree. -
      5.degree.C, with stirring, to a solution of 38 g of chloracetic acid ethyl
      ester and 19.4 g of p-(1-cyclohexenyl)-acetophenone in 200 ml of absolute
      toluene. Stirring is continued for 16 hours at room temperature, the main
      quantity of ethanol is evaporated in a rotary evaporater in vacuo, the
      reaction mixture is diluted with toluene and extracted with ice-water. The
      toluene layer dried over sodium sulphate and evaporated in vacuo yields a
      brown oil which is fractionated in a high vacuum.
      .beta.-Methyl-.beta.-[p-(1-cyclohexenyl)-phenyl]-glycidic acid ethyl ester
      is obtained in the form of a pale yellow oil boiling at 150.degree. -
      155.degree.C under 0.15 mm pressure of mercury.
PAR  9.6 g of this ester are dissolved in 40 ml of ethanol and treated with a
      solution of 0.78 g of sodium in 60 ml of ethanol. 0.72 ml of water is
      added and the batch is allowed to stand for 20 hours at room temperature.
      The preciptated sodium salt is filtered off, dissolved in 400 ml of water,
      adjusted to pH 3 with 2N hydrochloric acid and refluxed under nitrogen for
      6 hours. The reaction mixture is cooled, extracted with chloroform, dried
      over Na.sub.2 SO.sub.4, evaporated and the oily residue fractionated in a
      high vacuum. .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic aldehyde,
      boiling at 178.degree. - 190.degree.C under 0.14 mm pressure of mercury,
      is obtained.
PAC  EXAMPLE 13
PAR  A solution of 23 g of .alpha.-[p-(1-cyclohexenyl)-phenyl]-butyric acid
      nitrile and 10 g of potassium hydroxide in 200 ml of ethanol and 80 ml of
      water is refluxed for 36 hours. The ethanol is evaporated and the residue
      mixed with 100 ml of water, when a precipitate forms that is
      recrystallized after filtration from ether and petroleum ether and yields
      the .alpha.-[p-(1-cyclohexenyl)-phenyl]-butyric acid amide of the formula
      ##SPC14##
PAL  in the form of white crystals melting at 148.degree.-149.degree.C.
PAR  The filtered alkaline solution is acidified with 2N hydrochloric acid,
      extracted with ether and the ethereal extracts are dried over sodium
      sulphate and evaporated in vacuo. The residue that is recrystallized from
      petroleum ether yields as main product the
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-butyric acid of the formula
      ##SPC15##
PAL  in the form of white crystals melting at 101.degree.-103.degree.C.
PAR  The .alpha.-[p-(1-cyclohexenyl)-phenyl]-butyric acid nitrile used as
      starting material can be manufactured as follows:
PAR  A solution of 119 g of p-bromo-propiophenone and 100 g of ethylene glycol
      in 1000 ml of benzene is mixed with 1 ml of concentrated sulphuric acid
      and refluxed for 10 hours while separating the water that forms. The
      excess glycol is separated in a separating funnel and the benzene solution
      washed with sodium carbonate solution and with water. After drying the
      benzene solution over sodium sulphate, it is evaporated in vacuo to
      constant weight. The oily residue constitutes the pure
      2-(p-bromophenyl)-2-ethyl-1,3-dioxolan that shows no further carbonyl
      bands in the IR spectrum.
PAR  To a well stirred suspension of 5.3 g of magnesium chips, which have been
      washed with chloroform and activated with iodine, in 150 ml of absolute
      tetrahydrofuran there is added dropwise at 65.degree.C a solution of 51.4
      g of 2-(p-bromo-phenyl)-2-ethyl-1,3-dioxolan in 100 ml of absolute
      tetrahydrofuran. The dropwise addition is carried out in such a manner
      that after the onset of the reaction, the temperature does not rise above
      65.degree.C. At the conclusion, a further 50 ml of absolute
      tetrahydrofuran is added and the reaction mixture heated for one hour to
      70.degree.C. It is cooled to 20.degree.C, mixed dropwise with 20 g of
      cyclohexanone while stirring, and stirred for a further 3 hours at
      35.degree.-40.degree.C, then evaporated in vacuo in a rotary evaporater.
      After recrystallization from ether+petroleum ether, the solid residue
      yields the 2-[p-(1-hydroxy-cyclohexenyl)-phenyl]-2-ethyl-1,3-dioxolan in
      the form of a colourless crystalline compound (m.p. 92-93.degree.C).
PAR  A solution of 25 g of this compound in 200 ml of glacial acetic acid, 12 ml
      of concentrated hydrochloric acid and 20 ml of water is heated to
      60.degree.-70.degree.C over the course of 11/2  hours. The batch is cooled
      and then mixed with 250 ml of water, when a solid white precipitate forms.
      The precipitate is filtered off, washed with water, and the crystals are
      dissolved in methylene chloride and the solution is ddried over sodium
      sulphate. After evaporation in vacuo, the residue is crystallized from
      petroleum ether and the p-(1-cyclohexenyl)-propiophenone is obtained in
      the form of white crystals melting at 78.degree.-79.degree.C.
PAR  A solution of 25 g of this ketone in 50 ml of methanol is stirred dropwise
      into a solution, cooled to 0.degree.C, of 5 g of sodium borohydride in 300
      ml of methanol and 40 ml of water. The reaction solution is allowed to
      stand for 16 hours at room temperature, evaporated to one half its volume
      and mixed with 100 ml of water. The batch is extracted with methylene
      chloride, the methylene chloride extracts are washed with water, dried
      over sodium sulphate and evaporated in vacuo. The oily residue solidifies
      on standing and constitutes the
      1-hydroxy-1-[p-(1-cyclohexenyl)-phenyl]-propane (m.p.
      46.degree.-47.degree.C).
PAR  20 g of this hydroxy compound is dissolved in 200 ml of benzene, mixed with
      100 ml of thionyl chloride and allowed to stand for 2 hours at room
      temperature, then evaporated in vacuo. A solution of the resulting
      1-chloro-1-[p-(1-cyclohexenyl)-phenyl]-propane in 100 ml of
      dimethylsulphoxide is added to a suspension of 10 g of sodium cyanide in
      100 ml of dimethylsulphoxide and heated for 4 hours to 60.degree.C. The
      batch is cooled, mixed with water and extracted twice on each occasion
      with 500 ml of a mixture of ether and ethyl acetate (1:1). The organic
      extracts are dried over sodium sulphate and evaporated to give the crude
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-butyric acid nitrile in the form of a
      faintly brown oil.
PAC  EXAMPLE 14
PAR  A solution of 20 g of .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid in
      150 ml of absolute methanol is mixed with 8 ml of concentrated sulphuric
      acid and refluxed for 2 hours. The batch is evaporated in vacuo in a
      rotary evaporator, mixed with ice and water, carefully rendered alkaline
      with saturated sodium carbonate solution and extracted with ether. The
      ethereal extracts, which are dried over sodium sulphate and evaporated in
      vacuo, yield after distillation under a high vacuum the
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid methyl ester of the
      formula
      ##SPC16##
PAL  having a boiling point of 140.degree.-145.degree.C (0.1 mm Hg).
PAC  EXAMPLE 15
PAR  A solution of 4.7 g of hydroxylamine-hydrochloride in 50 ml of absolute
      methanol is mixed with a solution of 2.3 g of sodium in 50 ml of absolute
      methanol, cooled to 0.degree.C and filtered off from the precipitated
      sodium chloride. 8.13 g of .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic
      acid methyl ester is added to the filtrate and the reaction solution
      allowed to stand for 16 hours. The batch is then evaporated in vacuo, the
      solid residue dissolved in 1000 ml of water, mixed with 2N hydrochloric
      acid until the reaction is acid and extracted with ether. The ethereal
      extract, which is dried over sodium sulphate and evaporated in vacuo,
      yields a solid residue from which, by recrystallization from
      ether+petroleum ether, the
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionhydroxamic acid of the formula
      ##SPC17##
PAL  is obtained in the form of a white crystalline substance having a melting
      point of 145.degree.-146.degree. C.
PAC  EXAMPLE 16
PAR  Ammonia is introduced via a potassium hydroxide-tower into a 750 ml
      three-necked flask fitted with a stirring mechanism and a carbon dioxide
      cooler and which is cooled with an acetone + carbon dioxide bath, until
      200 ml of liquid ammonia has collected in it. 1.53 g of sodium is added to
      the ammonia in small portions and 50 mg of Fe(NO).sub.3.9 H.sub.2 O is
      added to the solution, which has become deep blue. After 15 minutes, the
      colour of the reaction solution changes to grey-brown. A solution of 14.64
      g of .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid methyl ester in 20
      ml of ether is added dropwise and the reaction mixture stirred for half an
      hour. Afterwards, the reaction solution is mixed dropwise with a solution
      of 8.52 g of methyl iodide in 50 ml of ether and allowed to react further
      for 11/2 hours. After adding 3.5 g of ammonium chloride, the ammonia is
      evaporated, the residue dissolved in methylene chloride and washed with
      water. The methylene chloride extracts, which are dried over sodium
      sulphate and evaporated in vacuo, yield after distillation under a high
      vacuum the .alpha.-[p-(1-cyclohexenyl)-phenyl]-isobutyric acid methyl
      ester of the formula
      ##SPC18##
PAL  having a boiling point of 150.degree.-155.degree. C (0.05 mm Hg).
PAC  EXAMPLE 17
PAR  A solution of 11 g of .alpha.-[p-(1-cyclohexenyl)-phenyl]-isobutyric acid
      methyl ester in 100 ml of ethanol is mixed with 20 ml of 10N sodium
      hydroxide solution and heated for 2 hours to 60.degree.-70.degree. C. This
      batch is evaporated in vacuo, the residue dissolved in water, washed with
      ether and the aqueous phase rendered alkaline with 2N hydrochloric acid.
      Extraction with ether is effected, the ethereal extractes are washed with
      water, dried over sodium sulphate and evaporated. The solid residue, after
      recrystallization from ligroin, yields the
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-isobutyric acid of the formula
      ##SPC19##
PAL  in the form of white crystals (m.p. 142.degree.-144.degree. C).
PAC  EXAMPLE 18
PAR  To a solution of 21.2 g of 1,2-O-isopropylideneglycerine in 70 ml of
      absolute pyridine there is added dropwise at 5.degree. C, while stirring,
      a solution of 40 g of .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid
      chloride in 30 ml of absolute benzene and the mixture allowed to stand for
      16 hours at room temperature. The batch is evaporated in vacuo in a rotary
      evaporator, the residue mixed with ice, extracted with ether and the ether
      phase washed three times in succession with 100 ml of 2N hydrochloric acid
      on each occasion, twice with 100 ml of water and once with 100 ml of
      saturated sodium hydrogen carbonate solution. After drying over sodium
      sulphate, evaporation in vacuo and distillation under a high vacuum has
      been effected, the .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic
      acid-1,2-O-isopropylidene-3-glycerine ester of the formula
      ##SPC20##
      is obtained as an oil having a boiling point of 170.degree.-175.degree. C
      (0.01 mm Hg).
PAC  EXAMPLE 19
PAR  A solution of 28 g of .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid
      1,2-O-isopropylidene-3-glycerine ester in 1500 ml of 60% strength acetic
      acid is heated for 1 hour to 60.degree. C. The batch is evaporated in
      vacuo in a rotary evaporator, the residue mixed with ice, rendered
      alkaline with a saturated sodium hydrogen carbonate solution and extracted
      with ether. The ethereal extracts, which are washed with water and dried
      over sodium sulphate, are evaporated in vacuo. On distillation under a
      high vacuum, the .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic
      acid-1-glycerine ester of the formula
      ##SPC21##
PAL  is obtained as a viscous oil having a boiling point of 150.degree. (0.04 mm
      Hg), and which solidifies to a solid product with a melting point of
      50.degree.-52.degree. C.
PAC  EXAMPLE 20
PAR  A solution of 10 g of .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid
      methyl ester in 50 ml of methanol is mixed with 20 ml of hydrazin hydrate
      and allowed to stand for 16 hours at room temperature. After the reaction
      mixture has been evaporated to half its volume, crystallization occurs.
      The residue is cooled, the crystals that have been deposited are filtered
      and recrystallized from methylene chloride + petroleum ether, with the
      .alpha.[p-(1-cyclohexenyl)-phenyl]-propionic acid hydrazide of the formula
      ##SPC22##
PAL  being obtained in the form of white crystals that melt at
      127.degree.-128.degree. C.
PAC  EXAMPLE 21
PAR  A solution of 34 g of .alpha.-[p-(1-cyclooctenyl)-phenyl]-propionic acid
      nitrile in 300 ml of ethanol is mixed with a solution of 16 g of potassium
      hydroxide in 60 ml of water and refluxed for 36 hours. The ethanol is
      evaporated in vacuo and the residue dissolved in 350 ml of water. The
      aqueous solution is first shaken out with ether, then acidified with
      concentrated hydrochloric acid and extracted once more with ether. The
      ethereal extract is washed with water, and after being dried over sodium
      sulphate and evaporated in vacuo, yields a yellow oil. The
      .alpha.-[p-(1-cyclooctenyl)-phenyl]-propionic acid of the formula
      ##SPC23##
      is obtained by distillation under a high vacuum in the of a viscous oil
      having a boiling point of 190.degree.-195.degree. C (0.1 mm Hg).
PAR  The solid sodium salt (m.p. 135.degree.-140.degree. C) is obtained by
      dissolving this carboxylic acid in ether, mixing the solution with the
      calculate amount of ethanolic sodium hydroxide, evaporating the mixture,
      and triturating the residue with acetone.
PAR  The .alpha.-[p-(1-cyclooctenyl)-phenyl]-propionic acid nitrile used as
      starting material can be manufactured as follows:
PAR  To a well stirred suspension of 31 g of magnesium chips, which have been
      washed with chloroforme and activated with iodine, in 400 ml of absolute
      tetrahydrofuran there is added dropwise at 60.degree. C a solution of 244
      g of 2-(p-bromophenyl)-2-methyl-1,3-dioxolan in 600 ml of tetrahydrofuran.
      The dropwise addition is carried out in such a manner that after the onset
      of the reaction, the temperature does not rise above 60.degree. C. At the
      conclusion, the reaction mixture is heated for one hour to 60.degree. C,
      then cooled to 15.degree. C and, while stirring, 164 g of cyclooctanone
      are added dropwise. After the reaction mixture has been allowed to
      continue to react for one hour at room temperature, it is evaporated in
      vacuo. The residue is mixed with ice and 450 ml of a saturated aqueous
      ammonium chloride solution. After extraction with ether, the ether phases
      are washed with water, dried over sodium sulphate and evaporated in vacuo.
      After fractional distillation under a high vacuum, the 2-[p-(
     1-hydroxy-cyclooctyl)-phenyl]-2-methyl-1,3-dioxolan is obtained in the form
      of a colourless, viscous oil having a boiling point of
      150.degree.-162.degree. C (0.05 mm Hg).
PAR  A solution of 85 g of this compound in 480 ml of glacial acetic acid and
      150 ml of 2N hydrochloric acid is heated for one hour to 100.degree. C.
      The mixture is cooled, evaporated in vacuo, the residue mixed with water
      and extracted with ether. The ethereal extracts, which are washed with 2N
      sodium bicarbonate solution, are dried over sodium sulphate and evaporated
      in vacuo. On distillation under a high vacuum, the
      p-(1-cyclooctenyl)-acetophenone is obtained as a viscous, light yellow oil
      having a boiling point of 134.degree.-136.degree. C (0.15 mm Hg).
PAR  To a solution, cooled to 0.degree. C, of 14 g of sodium borohydride in 500
      ml of methanol and 120 ml of water there is added, while stirring, a
      solution of 70 g of p-(1-cyclooctenyl)-acetophenone in 200 ml of methanol,
      and the mixture is stirred for 2 hours at 5.degree.-10.degree. C and
      allowed to stand for 2 hours at room temperature. After 500 ml of methanol
      are evaporated in vacuo, the residue is mixed with 500 ml of water and
      extracted with methylene chloride. The methylene chloride extracts are
      washed with water, dried over sodium sulphate and evaporated in vacuo. The
      practically colourless oily residue constitutes the crude
      1-hydroxy-1-[p-(1-cyclooctenyl)-phenyl]-ethane, which is then directly
      processed further.
PAR  A solution of 69.2 g of this hydroxy compound in 700 ml of absolute benzene
      is mixed with 50 ml of thionyl chloride and 5 drops of dimethylformamide,
      and allowed to stand for 3 hours at room temperature. After the reaction
      mixture has been evaporated in vacuo, the resulting
      1-chloro-1-[p-(1-cyclooctenyl)-phenyl]-ethane is dissolved in 150 ml of
      dimethylsulphoxide and the solution stirred into a suspension of 34.5 g of
      sodium cyanide in 200 ml of dimethylsulphoxide that has been heated to
      50.degree.-60.degree.C. The mixture is allowed to continue reacting for
      one hour at this temperature, then cooled, mixed with 300 ml of water and
      extracted with a mixture of ether + ethyl acetate (1:1). The organic
      extracts are washed with water, dried over sodium sulphate and evaporated.
      The residue yields, after distillation under a high vacuum, the
      .alpha.-[p-(1-cyclooctenyl)-phenyl]-propionic acid nitrile in the form of
      a yellow oil having a boiling point of 165.degree.-172.degree. C (0.15 mm
      Hg).
PAC  EXAMPLE 22
PAR  A solution of 5 g of p-(1-cyclohexenyl)-phenylacetonitrile in 100 ml of
      absolute ethanol is cooled to -10.degree. C. During the course of one
      hour, dry HCL gas is introduced, while stirring, into the solution, which
      is left to stand for 16 hours, then evaporated in vacuo in a rotary
      evaporator to a volume of 30 ml. The reddish coloured alcoholic solution
      is poured into 100 ml of saturated sodium carbonate solution, which has
      been mixed with 100 g of ice, and the mixture is extracted twice with 150
      ml of ether on each occasion. The ether solution is washed first with
      saturated sodium chloride solution, then extracted with 100 ml of ice cold
      2N H.sub.2 SO.sub.4. The sulphonic acid extract is heated for 30 minutes
      at 60.degree. C on the water bath, in the course of which a colourless oil
      separates. The aqueous solution is shaken out with ether, the ethereal
      extracts are washed with water, dried over sodium sulphate, filtered and
      evaporated. The residue is distilled under a high vacuum and the ethyl
      p-(1-cyclohexenyl)-phenylacetate of the formula
      ##SPC24##
PAL  is obtained in the form of a colourless oil having a boiling point of
      130.degree.-135.degree. C (0.5 mm Hg).
PAR  The p-(1-cyclohexenyl)-phenyl-acetonitrile used in this Example as starting
      material can be prepared in the following way:
PAR  To a solution of 7 g of p-(1-cyclohexenyl)-phenylbromide in 100 ml of
      absolute ether there is added at 5.degree. C, while stirring and in an
      atmosphere of nitrogen, 50 ml of a solution of 4.3 g of n-butyl-lithium in
      absolute ether. The mixture is allowed to reach room temperature, stirred
      for 30 minutes at 30.degree. C, then cooled to 20.degree. C and a solution
      of 4 g of N-methyl-N-formyl-aniline in 50 ml of absolute ether is added
      dropwise, when the internal temperature rises to 30.degree. C. After the
      reaction mixture has been allowed to continue to react for 30 minutes at
      room temperature, it is poured into 100 ml of ice cold 2N hydrochloric
      acid and extracted with ether. The ether layers are washed with water,
      dried over sodium sulphate and evaporated in vacuo. The residue is
      distilled under a high vacuum and yields the
      p-(1-cyclohexenyl)-benzaldehyde having a boiling point of
      110.degree.-120.degree. C (0.2 mm Hg).
PAR  1 g of sodium borohydride is added to a solution, cooled to 0.degree. C, of
      5 g of this aldehyde in 30 ml of methanol and 10 ml of water, while
      stirring. The mixture is stirred for 15 minutes at 5.degree. C, 150 ml of
      water are added and the batch extracted with methylene chloride. The
      methylene chloride residue is distilled under a high vacuum, and the
      p-(1-cyclohexenyl)-benzylalcohol having a boiling point of
      120.degree.-125.degree. C (0.1 mm Hg) is obtained which, after
      recrystallization from ether + petroleum ether, melts at
      70.degree.-71.degree. C.
PAR  A solution of 4 g of this alcohol in 50 ml of toluene is mixed with 1 ml of
      thionyl chloride and heated for 10 minutes to 80.degree. C. The batch is
      evaporated in vacuo, the oily p-(1-cyclohexenyl)-benzylchloride dissolved
      in 30 ml of dimethylsulphoxide and added to a stirred suspension, heated
      to 50.degree. C, of 2 g of pulverized, dry sodium cyanide in 50 ml of
      dimethylsulphoxide. The mixture is allowed to continue to react for 2
      hours at 70.degree. C, then poured into 150 ml of water, extracted with
      ether, and the residue is distilled under a high vacuum. The solid
      p-(1-cyclohexenyl)-phenyl-acetonitrile having a boiling point of
      145.degree. C (0.15 mm Hg) is thus obtained, which melts at
      71.degree.-73.degree. C after recrystallization from petroleum ether.
PAR  The p-(1-cyclohexenyl)-benzaldehyde described in this Example as
      intermediate can also be manufactured as follows:
PAR  A solution of 22.9 g of 2-(p-bromophenyl)-1,3-dioxolan in 100 ml of
      tetrahydrofuran is added dropwise, at 60.degree. C, to a well stirred
      suspension of 2.65 g of magnesium chips, which have been washed with
      chloroform and activated with iodine, in 100 ml of absolute
      tetrahydrofuran. The dropwise addition is carried out in such a manner
      that after the onset of the reaction, the temperature does not rise above
      60.degree. C. At the conclusion, the reaction mixture is heated for one
      hour, then cooled to 30.degree. C and, while stirring, 11 g of
      cyclohexanone are added dropwise. After being heated for 1 hour to
      50.degree. C, the reaction mixture is evaporated in vacuo in a rotary
      evaporator and the residue mixed with ice and a saturated ammonium
      chloride solution. Extraction with ether is effected, and the ethereal
      extracts are dried over sodium sulphate and evaporated. The residue is
      distilled under a high vacuum and yields the
      2-[p-(1-hydroxy-cyclohexyl)-phenyl]-1,3-dioxolan having a boiling point of
      160.degree.-170.degree. C (0.05 mm Hg), which becomes solid on standing
      and melts at 95.degree.-97.degree. C after recrystallization from ether +
      petroleum ether.
PAR  A solution of 10 g of this compound in 30 ml of glacial acetic acid is
      mixed with 3 ml of concentrated hydrochloric acid and 5 ml of water and
      heated for one hour in an atomosphere of nitrogen at 100.degree. C. After
      being cooled to room temperature, the batch is mixed with ice and
      extracted with ether. The ethereal extracts are washed with saturated
      sodium bicarbonate solution and with water, dried over sodium sulphate and
      evaporated. The residue yields, after distillation under a high vacuum,
      the p-(1-cyclohexenyl)-benzaldehyde having a boiling point of
      110.degree.-120.degree. C (0.2 mm Hg).
PAC  EXAMPLE 23
PAR  A solution of 2 g of ethyl p-(1-cyclohexenyl)-phenyl-acetate in 50 ml of
      ethanol is mixed with 15 ml of 2N NaOH and heated for 2 hours to
      60.degree. C. After the bulk of the ethanol has been distilled off in
      vacuo, the residue is mixed with 20 ml of water, acidified with 2N
      hydrochloric acid and extracted with ether. The ethereal extracts are
      dried over sodium sulphate, filtered and evaporated. The solid residue is
      recrystallized from petroleum ether and yields the
      p-(1-cyclohexenyl)-phenyl-acetic acid of the formula
      ##SPC25##
PAL  in the form of colourless crystals (m.p. 120.degree.-121.degree. C).
PAC  EXAMPLE 24
PAR  A solution of 13 g of p-(1-cyclohexenyl)-phenylthioacetomorpholide in 30 ml
      of glacial acetic acid is mixed with 5 ml of concentrated sulphuric acid
      and 6 ml of water, and heated for 4 hours at 100.degree. C. The batch is
      then cooled to 0.degree. C, adjusted with 4N sodium hydroxide solution to
      pH 8, evaporated in vacuo in a rotary evaporator, the residue mixed with
      water and activated charcoal, filtered and acidified with 4N hydrochloric
      acid. Extraction with ether is effected, the ethereal extracts are dried
      over sodium sulphate, filtered and evaporated in vacuo. The solid residue
      is recrystallized from ether + petroleum ether and the
      p-(1-cyclohexenyl)-phenyl-acetic acid of the melting point
      118.degree.-120.degree. C is obtained which is identical with the compound
      obtained as described in Example 23.
PAR  The p-(1-cyclohexenyl)-phenyl-thioacetomorpholide used in this Example as
      starting material, can be manufactured as follows:
PAR  A mixture of 20 g of p-(1-cyclohexenyl)-acetophenone, 9 g of morpholine and
      3.5 g of sulphur is heated for one hour at 100.degree. C and for 15
      minutes at 150.degree. C. The mixture is then cooled, mixed with ethanol,
      and the crystals that have been deposited are filtered. After
      recrystallization twice from ethanol + petroleum ether, the
      p-(1-cyclohexenyl)-phenyl-thioacetomorpholide of the formula
      ##SPC26##
PAL  is obtained in the form of crystals that melt at 154-156.degree. C.
PAC  EXAMPLE 25
PAR  A solution of 5 g of .alpha.-[3-chloro-4-(1-cyclohexenyl)-phenyl]-propionic
      acid nitrile and 5 g of potassium hydroxide in 200 ml of ethanol and 50 ml
      of water is boiled for 15 hours under reflux. After evaporation of the
      ethanol in vacuo, the aqueous residue is extracted with ether. After the
      ether phase has been dried over sodium sulphate and evaporated in vacuo,
      the solid residue is recrystallised from ether-petroleum ether, whereby
      .alpha.-[3-chloro-4-(1-cyclohexenyl)-phenyl]-propionic acid amide of
      formula
      ##SPC27##
PAL  is obtained as colourless crystals of melting point 125.degree.-125.degree.
      C.
PAR  The aqueous alkaline phase is clarified by filtration through diatomaceous
      earth (Hyflo), acidified with 2 N hydrochloric acid and extracted with
      ether. The ether extract is washed with water, dried over sodium sulphate
      and evaporated in vacuo. The oily residue is dissolved in petroleum ether,
      the solution is treated with active charcoal and filtered, and the
      filtrate is concentrated in vacuo. On standing, crystallisation occurs.
      The mixture is filtered and
      .alpha.-[3-chloro-4-(1-cyclohexenyl)-phenyl]-propionic acid of formula
      ##SPC28##
PAL  is thus obtained as colourless crystals of melting point
      97.degree.-99.degree. C.
PAR  The sodium salt is obtained by dissolving this carboxylic acid in the
      calculated amount of ethanolic sodium hydroxide solution and evaporating
      in vacuo.
PAR  The .alpha.-[3-chloro-4-(1-cyclohexenyl)-phenyl]propionic acid nitrile used
      as the starting material in this example can be manufactured as follows:
PAR  A mixture of 19.8 g of 4-bromo-3-chlor-acetophenone, 18.5 g of ethylene
      glycol, 500 ml of toluene and 0.2 ml of concentrated sulphuric acid is
      boiled for 2 hours under reflux in an apparatus provided with a water
      separator, care being taken for the water formed to be separated off
      periodically. After cooling to room temperature, the toluene solution is
      extracted by shaking with saturated sodium bicarbonate solution and with
      water, and is dried over sodium sulphate and evaporated in vacuo. The oily
      residue is distilled in a high vacuum and
      2-(4-bromo-3-chlorophenyl)-2-methyl-1,3-dioxolane of boiling point
      85.degree.-93.degree. C (0.03 mm Hg) is thus obtained as a pale yellow
      oil.
PAR  65 ml of a 1.5 N solution of butyl-lithium in ether are added dropwise over
      the course of 60 minutes, whilst stirring and under a nitrogen atmosphere,
      to a solution, cooled to -70.degree. C, of 27.7 g of
      2-(4-bromo-3-chlorophenyl)-2-methyl-1,3-dioxolane in 500 ml of absolute
      ether. After the mixture has been allowed to continue reacting for 30
      minutes at -70.degree. C, 9.8 g of cyclohexanone are added dropwise over
      the course of 15 minutes. The reaction solution is brought to room
      temperature and stirred for a further 30 minutes at 30.degree. C. It is
      then treated with ice and with saturated ammonium chloride solution, and
      the ether layer is washed with ice-cold 2 N hydrochloric acid. The ether
      extract is dried over sodium sulphate, evaporated in vacuo, and
      fractionated in a high vacuum. The fraction which distils within the range
      of 190.degree.-210.degree. C (0.1 mm Hg) represents the crude 2-[
      3-chloro-4-(1-hydroxy-1-cyclohexyl)-phenyl]-2-methyl-1,3-dioxolane.
PAR  9 g of this compound are boiled for one hour under reflux with 150 ml of
      glacial acetic acid and 50 ml of concentrated hydrochloric acid. After
      cooling to room temperature, the mixture is diluted with 200 ml of water
      and extracted with ether. The ether extracts are dried over sodium
      sulphate and evaporated in vacuo. The oily residue is fractionated in a
      high vacuum. The fraction which distils at 140.degree.-145.degree. C (0.1
      mm Hg) represents 3-chloro-4-(1-cyclohexenyl)-acetophenone.
PAR  7 g of 3-chloro-4-(1-cyclohexenyl)-acetophenone are added in portions,
      whilst stirring, to a solution of 1 g of sodium borohydride in 100 ml of
      methanol and 20 ml of water, cooled to 0.degree. C. The mixture is stirred
      for a further 2 hours at 10.degree. C, treated with ice and water, and
      extracted with methylene chloride. The methylene chloride extracts are
      washed with water, dried over sodium sulphate and evaporated in vacuo. The
      residue represents crude
      1-hydroxy-1-[3-chloro-4-(1-cyclohexenyl)-phenyl]-ethane.
PAR  A solution of 7 g of this hydroxy compound in 150 ml of absolute benzene is
      mixed with 2 ml of thionyl chloride and the mixture is boiled for 5
      minutes under reflux. It is left to stand for a further 2 hours at room
      temperature and then evaporated in vacuo. The residue consists of
      1-chloro-1-[3-chloro-4-(cyclohexenyl)-phenyl]-ethane.
PAR  A solution of 8 g of this compound in 20 ml of dimethylsulphoxide is added
      dropwise, whilst stirring, to a suspension of 2 g of sodium cyanide in 30
      ml of dimethylsulphoxide, warmed to 70.degree. C. After the mixture has
      been allowed to react for a further 30 minutes at 110.degree. C, the
      reaction mixture is poured into 300 ml of ice water and extracted with
      ether. The ether extracts are washed with water, dried over sodium
      sulphate and evaporated in vacuo. After evaporation in vacuo, crude
      .alpha.-[3-chloro-4-(1-cyclohexenyl)-phenyl]-propionic acid nitrile is
      obtained and this can be directly used for the hydrolysis described above.
PAC  EXAMPLE 26
PAR  In an analogous manner as described in Example 9
      .alpha.-[meta-chloro-para-(1-cyclohexenyl)-phenyl]-propionic acid can be
      resolved into its levorotatory and dextrorotatory forms.
PAC  EXAMPLE 27
PAR  Tablet containing 20 mg of the sodium salt of
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid may be prepared, for
      example, with the following ingredients:
     Ingredients            Per tablet                                         
     ______________________________________                                    
     Active substance       20.0 mg                                            
     Wheat starch           45.0 mg                                            
     Lactose                60.0 mg                                            
     Colloidal silicic acid 5.0 mg                                             
     Talc                   9.0 mg                                             
     Magnesium stearate     1.0 mg                                             
                            140.0 mg                                           
     ______________________________________                                    
PAC  Method
PAR  The active substance is mixed with part of the wheat starch, with lactose
      and colloidal silicic acid, and the mixture passed through a sieve. A
      further part of the wheat starch is pasted with 5 times the quantity of
      water on a water-bath and the powdery mixture kneaded with this paste
      until a weakly plastic mass is formed. The plastic mass is passed through
      a sieve of about 3 mm mesh, dried, and the dried granulate passed through
      a sieve. The remaining wheat starch, talc and magnesium stearate are
      added. The resulting mixture is compressed into tablets weighing 140 mg.
PAC  EXAMPLE 28
PAR  In an analogous manner as described in the Examples 1-8 and 10-25 the
      following compounds may be prepared:
PA1  .alpha.-[para-(1-cyclobutenyl)-phenyl]-butyric acid methyl ester,
PA1  .alpha.-[ortho-(4-dimethylamino-1-cyclohexenyl)-phenyl]-propionic acid,
PA1  .alpha.-[ortho-(3-chlor-1-cyclohexenyl)-phenyl]-acrylic acid-benzyl ester,
PA1  .alpha.-[para-(3-chlor-1-cyclohexenyl)-meta-ethoxy-phenyl]-crotonic acid
      mono-methylamide,
PA1  .alpha.-[para-(4-brom-1-cyclohexenyl)-meta-trifluoromethyl-phenyl]-cinnamic
      acid-cyclohexyl ester,
PA1  .alpha.-[para-(4-oxo-1-cyclohexenyl)-meta-chloro-phenyl]-.beta.-phenyl-prop
     ionic acid-diisopropylamide,
PA1  .alpha.-[para-(4-allyloxy-1-cyclohexenyl)-meta-nitro-phenyl]-isobutyric
      acid,
PA1  .alpha.-[para-(1-cycloocytenyl)-phenyl]-propionic acid-morpholide,
PA1  .alpha.-[para-(1-cyclohexenyl)-meta-amino-phenyl]-propionic
      acid-N-methylpiperazide-hydrochloride,
PA1  .alpha.-[para-(2-chloro-1-cyclohexenyl)-phenyl]-propionic acid,
PA1  .alpha.-[para-(1-cyclohexenyl)-ortho-fluoro-phenyl]-propionic acid,
PA1  .alpha.-[para-(1-cyclohexenyl)-meta-methyl-phenyl]-propionic
      acid-penta-methylene-amide,
PA1  .alpha.-[para-(1-cyclohexenyl)-meta-chloro-phenyl]-propionic
      acid-tert.butyl-ester,
PA1  .alpha.-[para-(1-cyclohexenyl)-phenyl]-isobutyric acid,
PA1  .alpha.-[para-(1-cyclohexenyl)-phenyl]-isovaleric acid,
PA1  .alpha.-[para-(1-cyclohexenyl)-phenyl]-.beta.-(para-chloro-phenyl)-propioni
     c acid,
PA1  para-(1-cyclopentenyl)-phenylacetic acid,
PA1  .alpha.-[para-(4-methyl-1-cyclohexenyl)-phenyl]-isobutyric acid,
PA1  .alpha.-[meta-chloro-para-(1-cyclohexenyl)-phenyl]-propion-hydroxamic acid.
PAC  EXAMPLE 29
PAR  14 g of methylamine is added to 24.4 g of
      .alpha.-[(1-cyclohexenyl)-phenyl]-propionic acid methyl ester in 100 ml of
      absolute ethanol and the reaction mixture heated in an autoclave for 30
      hours to 140.degree. C. The batch is evaporated to dryness in vacuo, the
      residue dissolved in 200 ml of methylene chloride, and extracted with 100
      ml of N hydrochloric acid. The organic phase, which is washed with water,
      until neutral and dried over sodium sulphate, is evaporated in vacuo. The
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionic acid methyl amide of the
      formula
      ##SPC29##
PAL  is crystallized from methanol + water in the form of small, glistening
      disc-shaped crystals which melt at 118.degree.-120.degree..
CLMS
STM  I claim:
NUM  1.
PAR  1. A member selected from the group consisting of compounds of the formula
      ##EQU11##
      in which Ph stands for a member selected from the group consisting of
      ortho-phenylene, ortho-phenylene substituted by a member selected from the
      group consisting of lower alkyl, lower alkoxy, halogen, trifluoromethyl,
      amino, nitro and hydroxy, para-phenylene and paraphenylene substituted by
      a member selected from the group consisting of lower alkyl, lower alkoxy,
      halogen, trifluoromethyl, amino, nitro and hydroxy, R stands for a member
      selected from the group consisting of 1-cycloalkenyl having 4-8 ring
      carbon atoms and 1-cycloalkenyl having 4-8 ring carbon atoms substituted
      by a member selected from the group consisting of lower alkyl, lower
      alkoxy, lower alkenyloxy, hydroxy, oxo, amino, mono-lower alkylamino,
      di-lower alkylamino, lower alkyleneamino, lower oxaalkyleneamino, lower
      thiaalkyleneamino and lower azaalkyeneamino and R.sub.1 and R.sub.2 each
      stands for a member selected from the group consisting of hydrogen, lower
      alkyl, lower alkenyl, lower alkinyl, phenyl-lower alkyl, phenyl-lower
      alkyl substituted by a member selected from the group consisting of lower
      alkyl, lower alkoxy, halogen and trifluoromethyl, phenyl-lower alkenyl and
      phenyllower alkenyl substituted by a member selected from the group
      consisting of lower alkyl, lower alkoxy, halogen and trifluoromethyl, and
      when taken together R.sub.1 and R.sub.2 stand for lower alkylidene.
NUM  2.
PAR  2. A compound as claimed in claim 1, in which Ph stands for a member
      selected from the group consisting of para-phenylene and
      meta-halogeno-para-phenylene, R.sub.2 stands for hydrogen, R.sub.1 for
      methyl and R stands for a member selected from the group consisting of
      1-cyclopentenyl, 1-cyclohexenyl and 1-cycloheptenyl.
NUM  3.
PAR  3. A compound as claimed in claim 1 and being the
      .alpha.-[p-(1-cyclohexenyl)-phenyl]-propionitrile.
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ABST
PAL  Temporary protection of amino groups by the group of the formula I
      ##EQU1##
      in which R.sub.1 represents lower alkyl, R.sub.2 lower alkyl or phenyl and
      R.sub.3 phenyl, and wherein the phenyl radicals are unsubstituted or
      substituted by lower alkyl, phenyl or lower alkylphenyl groups.
PARN
      This is a division of application Ser. No. 239,721, filed Mar. 30, 1972
      (now U.S. Pat. No. 3,875,207), which is in turn a continuation-in-part of
      application Ser. No. 698,118 filed Jan. 16, 1968 (now abandoned).
BSUM
PAR  The present invention provides a new process for the temporary protection
      of amino groups in peptide syntheses by acylating the amino group and then
      eliminating the acyl group introduced.
PAR  As is known it is in general necessary when synthesizing peptides by
      coupling aminoacids or peptides to block any functional groups not
      participating in the coupling reaction, for example the terminal amino
      group or the terminal carboxyl group, the amino and carboxyl groups of the
      sidechains and possibly further groups such as mercapto, guanidino or
      hydroxyl groups. While at this stage a considerable choice of protective
      groups are available, they are still not quite satisfactory, especially so
      when long-chain and delicate peptides are to be synthesized. The problem
      involved is above all that in such cases hydrogenolytic elimination is out
      of the question (because of sulfurous aminoacids present) and the peptides
      are not sufficiently stable towards hydrolytically acting acid or
      especially alkaline agents so that the hydrolytic elimination of all
      protective groups in the last stage of the synthesis entails considerable
      losses of costly material.
PAR  It is another difficulty that the protective group located at the coupling
      end must be eliminated again after every coupling reaction, whereas the
      other protective groups should be retained until the synthesis is
      complete. These two types of protective groups must therefore, on one
      hand, be selectively eliminable with respect to each other and, on the
      other hand, both types must be eliminable under mild conditions.
PAR  In the peptide field, there exists therefore a need for protective groups
      which
PA1  A. can be split off under mild conditions, preferably in a neutral or acid
      medium, so that peptide bonds of sensitive peptides are not affected;
PA1  B. which can be split off without the use of catalysts when the peptide
      contains sulfurous aminoacids, for example cystine;
PA1  C. which give good yields in each condensation method, for instance mixed
      anhydride method, solid phase method;
PA1  D. which can be split off with a selectivity of about 100% from other
      protective groups required in the peptide synthesis;
PA1  E. which can easily be introduced into aminoacids or peptides.
PAR  No ideal protective groups for all kinds of peptides are available.
      Depending on the peptide to the synthesized, it is necessary to use a
      different combination of protective groups.
PAR  As side-chain protective groups eliminable under mild acidic conditions the
      tertiary butyloxycarbonyl group (BOC) has proved particularly suitable for
      protecting the amino groups and the tertiary butyl ester group (tBu) for
      protecting the carboxyl groups, and in addition the tertiary butyl ether
      group is available for protecting hydroxyl groups. Apart from these groups
      the trityl group for example when used an an .alpha.-amino protective
      group, can be selectively eliminated, since in a weakly acidic medium it
      is much faster eliminable, for example in 80% acetic acid at room
      temperature 20,000 times faster. Unfortunately, however, the suitability
      of the trityl group as amino protective grouping is very limited. Owing to
      a steric hindrance it cannot be used in coupling according to the method
      of the activated esters and of the mixed anhydrides (except in the case of
      glycine) and even in the carbodiimide method it gives poor yields.
      Therefore, it is unsuitable for use in the synthesis of peptides starting
      from the carboxyl end, for example by the new method of the solid phase
      synthesis (cf. Merrifield, J.AM.CHEM.SOC. 85, 2149 [1963]). The trityl
      group has also other disadvantages because it is difficult to introduce
      and compounds protected by the trityl group are not very stable.
PAR  The present invention is based on the observation that protective groups of
      the formula
      ##EQU2##
      where R.sub.1 is lower alkyl, R.sub.2 lower alkyl or phenyl and R.sub.3
      represents phenyl - can be used with advantage in the synthesis of
      long-chain, delicate peptides, in fact with better results than known
      protective groups, for example the trityl group. The phenyl radicals in
      the above formula represent an unsubstituted phenyl ring or a phenyl ring
      substituted by one or two lower alkyl, phenyl or lower alkylphenyl groups.
      The substituents are above all in para-position, though they may also be
      in ortho-position or in the ortho- and parapositions. The lower alkyls
      contain at most 5 carbon atoms and are in the first place methyl or ethyl
      or, for example, propyl or butyl radicals. The lower alkyl groups are
      linear, though - especially in the case of the phenyl substituents - they
      may also be branched.
PAR  The new groups are distinguished by the fact that they are eliminable under
      very mild acidic conditions, for example at room temperature in about 60
      to 90% aqueous acetic, chloracetic or formic acid or in a mixture of at
      least two of these acids and 10 to 40 % of water. Since the speed at which
      they are eliminated is at least 600 times greater than that of the BOC
      group, they can be eliminated selectively with respect to this group and
      also to the tertiary butyl ester group, the tertiary butyl ether group and
      the trityl-mercapto protective group. They are therefore particularly
      suitable as .alpha.-amino protective groups in the synthesis of delicate
      peptides containing acid-labile sidechain protective groups, such as the
      groups just mentioned. Since they display no signs of a steric hindrance,
      they can be used in any desired coupling method and especially also in the
      solid phase synthesis.
PAR  An object of the invention is therefore a process for the temporary
      protection of amino groups in peptide syntheses by acylating the amino
      group to be protected before carrying out the coupling step(s) by a
      protective group of the formula I
      ##EQU3##
      in which R.sub.1 represents lower alkyl, R.sub.2 lower alkyl or phenyl,
      and R.sub.3 stands for phenyl, and wherein the phenyl radicals are
      unsubstituted or substituted by lower alkyl, phenyl or lower alkylphenyl
      groups and splitting off the protective group after the coupling step(s)
      has (have) been carried out.
PAR  An object of the invention are aminoacids and peptides and derivatives
      thereof which are protected by a group of the formula I as defined above.
      A further object of the invention are means for introducing the new acyl
      groups.
PAR  As mentioned above, the new protective groups are especially useful for
      protecting aminoacids or peptides and derivatives thereof used in peptide
      syntheses. By peptides are to be understood in the first line those
      peptides which occur in nature and are, for instance, described in the
      text book "The Peptides" by Schroder and Lubke, Academic Press, New York
      and London, Volumes I and II, 1965-66, and also synthetic analogues of
      such peptides which differ from them by having one or more aminoacids
      exchanged by other aminoacids, those exchange aminoacids being known in
      the peptide field. By peptides are further to be understood partial
      sequences of the natural or synthetic peptides just mentioned. As
      aminoacids occurring in the peptides as building elements or structural
      units there may be mentioned the 20 code aminoacids, cf. for instance Sci.
      American October 1960, pg. 55, and homologues, structural isomers and
      optical isomers thereof, for instance amino - lower alkanoic acids with at
      most 7 carbon atoms other than those occurring as code aminoacids, for
      instance .alpha.-amino butyric acid, norvaline, norleucine,
      .beta.-alanine, .gamma.-aminobutyric acid, .alpha.,.beta.-diaminopropionic
      acid, further, for instance, hydroxyproline, normethionine, phenylglycine,
      ornithine, citrulline, N-methyl-tyrosine and other N-lower alkyl
      amino-acids, further racemic and D-aminoacids.
PAR  Derivatives of peptides are especially those which have substantially the
      same activity as the peptides themselves, for instance C-terminal amides,
      especially N-unsubstituted amides, but also N-mono- or N-disubstituted
      amides, such as N-monoalkyl or N-dialkyl amides having up to 18,
      especially 1 to 5 carbon atoms in the alkyl group, or C-terminal esters,
      for instance alkyl esters having in the alkyl group up to 18, especially 1
      to 5 carbon atoms. Other derivatives are those which are generally used as
      intermediates in the synthesis of peptides, for instance activated esters,
      hydrazides azides, mixted anhydrides and peptides or derivatives in which,
      besides the amino group protected according to the invention, one or more
      functional groups selected from amino, carboxyl, hydroxy, mercapto, and
      guanidino groups are protected in known manner by protective groups.
PAR  Such derivatives are also described in the above-mentioned text-book of
      Schroder and Lubke or in publications of Wieland et al. "Peptidsynthesen",
      I to V, Angew. Chem. 63 (1951) 7-14; l.c. 66 (1954), 507-512; l.c. 69
      (1957), 362-372; l.c. 71 (1959), 417-425, l.c. 75 (1963), 539-551.
      Derivatives especially to be mentioned are lower alkyl esters for instance
      methyl ester, ethyl ester, tertiary butyl ester, tertiary amyl ester,
      benzyl ester, p-nitrobenzyl ester, p-methoxybenzyl ester,
      2,2,2-trichloroethyl ester, 2-iodoethyl ester, p-nitrophenyl ester,
      2,4-dinitrophenyl ester, 2,4,6- or 2,4,5-trichlorophenyl ester,
      2,3,4,5,6-pentachlorphenyl ester, N-hydroxy- succinimide ester, and other
      activated esters as mentioned for instance in U.S. Pat. No. 3,035,041;
      further C-terminal hydrazides and azides, further mixed anhydrides, for
      instance anhydrides with carbonic acid lower alkyl ester such as carbonic
      acid methyl ester or anhydrides with lower alkanoic acids which may be
      halogen-substituted, for instance with formic acid, pivaloic acid,
      trichloracetic acid; further derivatives of aminoacids or peptides in
      which one or more functional groups such as amino, carboxyl, hydroxy,
      mercapto and/or guanidino groups are protected.
PAR  It should be noted that the protective groups of the invention can be used
      in any method of peptide synthesis, and that they are also especially
      useful in the solid phase method. They can be used in connection with any
      protective groups, but it is of particular advantage to use them in
      connection with protective groups which can be split off by means of
      acids, for instance the BOC group, the tert. butylester group and the
      tert. butyl ether group and analogous groups, because the new groups have
      an excellent selectivity which respect to these known groups, which are
      preferably used in the synthesis of sensitive peptides.
PAR  The new protective groups are introduced in known manner, similar to the
      BOC group, for example by way of the azide method or the method of the
      activated esters (for example phenyl esters, p-nitrophenyl ester,
      hydroxysuccinimide ester) or by reaction of carbinols of the formula
      R.sub.1 R.sub.2 R.sub.3 C--OH with the isocyanic acid esters corresponding
      to the aminoacids.
PAR  The following Examples illustrate the introduction and elimination of the
      new group in the case of some natural .alpha.-aminoacids and of peptides
      synthesized from natural .alpha.-aminoacids. In the same manner the groups
      are used with other amino-acids and peptides.
DETD
PAC  EXAMPLE 1
PAC  Introducing the 2-phenyl-isopropyloxycarbonyl group
PAR  1. A mixture of 5.35 g (41.5 mmols) of isocyanateacetic acid ethyl ester, 4
      ml of pyridine and 5.64 g (41.5 mmols) of phenyl-dimethylcarbinol is
      heated for 38 hours at 50.degree. C. The yellow solution is taken up in 60
      ml of ether, at 0.degree. C agitated with molar citric acid and with
      water, dried over sodium sulfate and evaporated to dryness under vacuum.
      The residue is triturated with petroleum ether, the solid substance is
      filtered off and refluxed in 70 ml of hexane. The undissolved matter is
      filtered off, the filtrate concentrated to half its volume, filtered
      through 0.5 g of active carbon and the
      N-(2-phenyl-isopropyloxycarbonyl)-glycine ethyl ester is allowed to
      crystallize out; it melts at 69.degree.-70.degree. C. The thin-layer
      chromatogram of the product in chloroform reveals it to be unitary; Rf =
      0.4.
PAR  A solution of 675 mg (2.55 mmols) of the ester in 10 ml of dioxane is mixed
      with 1.47 ml of 1.91N--NaOH and stirred for 11/2 hours at room
      temperature. The clear solution is diluted with 20 ml of water, twice
      extracted with ether, and the extract is washed twice with a small
      quantity of water. The combined aqueous solutions are acidified at
      0.degree. C with citric acid to pH 2, twice extracted with ether, the
      ethereal extract is wahsed neutral, dried and filtered. Dicyclohexylamine
      is then added to the ethereal solution until an alkaline reaction has been
      established, whereupon on cratching the salt begins to crystallize out.
      The ethereal solution is concentrated to about 10 ml, kept for a few hours
      at 0.degree. C and allowed to crystallize, then the crystals of
      N-(2-phenylisopropyloxycarbonyl)-glycine-dicyclohexyl ammonium salt are
      filtered off and washed with ether. They melt at 162.degree. to
      163.degree. C with slight decomposition.
PAR  2. 60 Grams of phenyldimethylcarbinol (0.44 mol) in 450 ml of absolute
      methylenechloride and 53 ml of absolute pyridine (0.66 mol) are mixed at
      -5.degree. C within 30 minutes with 67 ml of chlorocarbonic acid phenyl
      ester (0.53 mol) in 250 ml of absolute methylenechloride; a thick
      suspension forms which is stirred on for 20 hours at 0.degree. C, then
      poured out over a little ice and 100 ml of methylenechloride. The
      resulting methylenechloride solution is repeatedly washed with water at
      0.degree. C, dried over sodium sulfate and evaporated to dryness under
      vacuum at 20.degree. C. The resulting, instable mixed carbonate is
      immediately dissolved in 180 ml of methanol, while being cooled with ice
      mixed with 52 ml of hydrazinehydrate (1.06 mols) and kept at room
      temperature for another 20 hours. The solution is then diluted with 600 ml
      of ether, washed with water at 0.degree. C, then 5  times with 0.5N-sodium
      hydroxide solution and with water until the washings run neutral, dried
      over sodium sulfate and evaporated to dryness under vacuum at 50.degree.
      C. The residue (61 g) is distilled under a high vacuum, to yield 52.1 g of
      2-phenyl-isopropyloxycarbonyl hydrazide in the form of a colorless,
      viscous oil which boils at 95.degree.-98.degree. under 10.sup.-.sup.3 mm
      Hg pressure.
PAR  20.6 Grams of the above hydrazide (0.106 mol) are dissolved in 320 ml of
      dimethylformamide, cooled to -20.degree. to -30.degree. C and mixed with
      160 ml of 1.94N-hydrochloric acid, while keeping the temperature below
      -20.degree. C, and then 23.2 ml of 5-molar sodium nitrite solution are
      dropped in at -15.degree. to -10.degree. C. The whole is stirred on for 15
      minutes at the same temperature and then adjusted to pH = 6 to 7 with
      saturated potassium carbonate solution. The mixture is extracted with 800
      and with 400 ml of ether, the two ethereal extracts are washed at
      0.degree. C three times with water, combined, dried over sodium sulfate
      and evaporated to dryness under vacuum at 30.degree. C. The residue is
      cautiously distilled under a high vacuum and yields 17.5 g of the azide as
      a yellowish oil boiling at 47.degree.-51.degree.  C under 0.005 mm Hg. The
      infrared spectrum contains the expected bands (azide band at 4.6 and
      4.7.mu. [split up], carbonyl band at 5.8.mu.).
PAR  2.45 G (12 mmols) of 2-phenyl-isopropyloxycarbonylazide in 14 ml of
      dimethylformamide are mixed with 5.75 g of N.sup..epsilon. -tertiary
      butyloxycarbonyl-L-lysine methyl ester acetate (18 mmols) and 2 ml of
      dimethylformamide, and in the course of 11/2 hours at 0.degree. C 4.15 ml
      of triethylamine are slowly stirred in dropwise. The clear solution is
      kept for 3 days in a refrigerator, then diluted with 50 ml of ether and at
      0.degree. C repeatedly agitated with 0.1 molar citric acid solution and
      then with water until the washings run neutral, dried over sodium sulfate
      and evaporated to dryness. The residue is dried under a high vacuum until
      its weight remains constant and forms a chromatographically unitary,
      viscous oil. [.alpha.].sub.D.sup.20 = +6.degree. + 0.5.degree. (c = 2 in
      chloroform). Yield: 4.83 g = 95% of the theoretical of
      N.sup..alpha.-(2-phenyl-isopropyloxycarbonyl)-N.sup..epsilon.-tertiary
      butyloxycarbonyl-L-lysine methyl ester.
PAR  In the same manner as described under (1) the
      paradiphenyl-isopropyloxycarbonyl group can be introduced into the glycine
      ethyl ester, to yield the N-(2-p-diphenyl-isopropyloxycarbonyl)-glycine
      ethyl ester which crystallizes from methanol and melts at 122.degree. C.
PAC  EXAMPLE 2
PAC  Introducing the 2-p-tolyl-isopropyloxycarbonyl group
PAR  A mixture of 6.22 g (41.5 mmols) of p-tolyl-dimethylcarbinol, 4 ml of
      absolute pyridine and 5.35 g (41.5 mmols) of isocyanateacetic acid ethyl
      ester is heated for 38 hours at 50.degree. C and then worked up as
      described in Example 1, to yield 9.8 g of
      N-(2-p-tolyl-isopropyloxycarbonyl)-glycine ethyl ester as a yellow oil; Rf
      = 0.25-0.35 in chloroform. For hydrolysis the ester is dissolved in 100 ml
      of 80% methanol and on the pH meter rapidly mixed with 24 ml of
      1.9N-sodium hydroxide solution, whereupon the pH rises to 11.8. After 7
      minutes, 2N-hydrochloric acid is added until pH 8.5 is reached. The
      resulting solution is concentrated under vacuum to about half its volume,
      50 ml of water are added and the whole is extracted twice with ether. The
      ether solutions are washed twice with water, the combined aqueous
      solutions acidified at 0.degree. C with citric acid to pH = 2 and
      extracted with ether. The ethereal extract is washed neutral, dried over
      sodium sulfate, filtered, alkalinized with dicyclohexylamine, concentrated
      to about 30 ml, mixed with an equal volume of petroleum ether and allowed
      to crystallize, to yield 8.4 g of the
      N-(2-p-tolylisopropyloxycarbonyl)-glycine dicyclohexyl ammonium salt
      melting at 145.degree.-147.degree. and, after recrystallization from ethyl
      acetate, at 147.degree.-148.degree. C with decomposition.
PAC  EXAMPLE 3
PAC  Eliminating the 2-phenyl-isopropyloxycarbonyl group
PAR  1. 418.6 Mg of N-(2-phenyl-isopropyloxycarbonyl)-glycine dicyclohexyl
      ammonium salt are dissolved at room temperature in 4.2 ml of a mixture of
      7 parts by volume of glacial acetic acid, 1 part by volume of 82.8% formic
      acid and 2 parts by volume of water. After 4 hours thin-layer
      chromatographic analysis reveals that about 95% of the protecting groups
      have been eliminated. After standing for 6 hours at room termperature, 20
      ml of acetone are added, the precipitated glycine is filtered off and
      thoroughly washed with acetone; it gives a clear aqueous solution and is
      chromatographically unitary. Yield: 68.5 mg = 91.4% of theory. Under
      identical conditions tertiary butyloxycarbonyl-glycine ethyl ester remains
      unchanged.
PAR  2. 71.7 Mg (0.27 mmol) of N-(2-phenyl-isopropyloxycarbonyl)-glycine ethyl
      ester are dissolved at 25.degree. C in 1.35 ml of 80% acetic acid. After
      different intervals specimens of 0.2 ml each are taken, introduced into 4
      ml of dimethylformamide and titrated with 0.1N-perchloric acid in glacial
      acetic acid (to determine the quantity of liberated glycine ethyl ester).
      The half-time value for the elimination of the protective group is about 2
      hours. After 24 hours quantitative elimination has been achieved, and even
      in the thin-layer chromatogram no trace of starting material can be
      detected. Under identical conditions the N-protective group of N-tertiary
      butyloxycarbonyl-glycineethyl ester remains unchanged.
PAR  In an identical manner N-(2-p-diphenyl-isopropyloxycarbonyl)-glycine ethyl
      ester is split quantitatively within 31/2 hours.
PAR  3. 68.8 mg of N-(2-phenyl-isopropyloxycarbonyl)-glycine ethyl ester are
      dissolved at room temperature in 2.6 ml of 60% chloracetic acid. After
      different intervals specimens of 0.20 ml each are taken, added to 4 ml of
      dimethylformamide and titrated with 0.1N-perchloric acid in glacial acetic
      acid. After 15 minutes the compound has been quantitatively split. The BOC
      group takes about 1900 times longer to be eliminated. In the following
      Table the splitting speeds for various acids and acid mixtures are listed:
TBL                           Quantitative                                     
     Hydrolyzing medium       splitting                                        
                              after                                            
     ______________________________________                                    
     60% acetic acid          12 hours                                         
     90% acetic acid          50 hours                                         
     75% formic acid          immediately                                      
     methanol + 82.8% formic acid 1 : 1                                        
                              11 hours                                         
     glacial acetic acid + 82.8% formic acid +                                 
      water 7 : 1 : 2         4 1/2 hours                                      
     glacial acetic acid + 82.8% formic acid +                                 
      water 7 : 1 : 2 + sodium chloride                                        
                              40 minutes                                       
     ______________________________________                                    
PAR  4. A solution of 439.7 mg (1.04 mmols) of
      N.sup..alpha.-(2-phenyl-isopropyloxycarbonyl)-N.sup..epsilon.-tertiary
      butyloxycarbonyl-L-lysine methyl ester in 4.4 ml of 80% acetic acid is
      kept for 48 hours at room temperature. Thin-layer chromatography after
      this time reveals that the N.sup..alpha.-protective group has been
      eliminated practically quantitatively but the N.sup..epsilon.-tertiary
      butyloxycarbonyl group has not been affected. The solution is evaporated
      to dryness under vacuum, and the residue is dried under a high vacuum at
      45.degree. C, then dissolved in a small quantity of ether, whereupon slow
      crystallization sets in; to complete this, an approximately equal quantity
      of petroleum ether is added, the whole is left to itself for a few hours
      at 0.degree. C and then filtered, to furnish 269 mg of crystalline
      N.sup..epsilon. -tertiary butyloxycarbonyl-L-lysine methyl ester acetate,
      melting at 80.degree. - 81.degree. C. The mother liquor further contains
      some N.sup..epsilon.-tertiary butyloxycarbonyl-lysine methyl ester.
PAC  EXAMPLE 4
PAC  Eliminating the 2-p-tolyl-isopropyloxycarbonyl group
PAR  1. 432.6 Mg (1 mmol) of N-(2-p-tolyl-isopropyloxycarbonyl)-glycine
      dicyclohexyl ammonium salt are dissolved in 4.3 ml of a mixture of 7 parts
      by volume of glacial acetic acid, 1 part by volume of 82.8% formic acid
      and 2 parts by volume of water and stirred at room temperature. After 15
      minutes and after 30 minutes a thin-layer chromatographic analysis each is
      carried out which reveals that after 15 minutes the splitting is about 95%
      and after 30 minutes quantitative. Likewise after 30 minutes, the solution
      is mixed with 20 ml of acetone, allowed to crystallize for a short time at
      0.degree. C, and the glycine is then filtered off and thoroughly washed
      with acetone. Yield: 69.5 mg = 92.7% of crystalline glycine.
PAR  2. When N-(2-p-tolyl-isopropyloxycarbonyl)-glycine ethyl ester is treated
      as described in Example 3 (2) for the corresponding
      2-phenyl-isopropyloxycarbonyl compound with 80% acetic acid at 25.degree.
      C, the protective group is split off quantitatively within 11/2 hours.
PAC  EXAMPLE 5
PAC  Introducing the 2-p-diphenyl-isopropyloxycarbonyl group
PAR  a. With the azide in aminoacid ester
PAR  106 Grams (0.5 mol) of p-diphenyldimethylcarbinol in 500 ml of
      methylenechloride and 60 ml of pyridine are mixed within 30 minutes at
      -5.degree. C with a solution of 76 ml of chlorocarbonic acid phenyl ester
      in 250 ml of methylenechloride; the resulting suspension is stirred for 14
      hours at 0.degree. C, whereupon an almost clear solution is obtained which
      is evaporated to dryness under vacuum at 30.degree. C in a rotary
      evaporator. The crystalline residue, consisting of
      2-(p-diphenyl)-isopropyloxycarbonyl-phenyl ester, is dried for 1 hour
      under a high vacuum at room temperature, then mixed with 200 ml of
      dimethylformamide and 125 ml hydrazine-hydrate and while cooling with cold
      water the whole is stirred for 6 hours. The clear solution is slowly mixed
      with 1 liter of water while being cooled with ice, allowed to crystallize
      overnight at 0.degree. C, and the crystals are then filtered off and
      washed with N-sodium hydroxide solution and water and dried under vacuum
      at 50.degree. C. The resulting 2-(p-diphenyl)-isopropyloxycarbonyl
      hydrazide is recrystallized from 200 ml of carbon tetrachloride and 40 ml
      of petroleum ether. Yield: 103.0 g (= 76% of theory); melting point
      108.degree.-109.degree. C.
PAR  While stirring a solution of 27 g (0.1 mol) of this hydrazide in 270 ml of
      acetonitrile at -25.degree. C it is mixed with a solution of 50 ml of
      6N-hydrochloric acid in 100 ml of acetonitrile and then with 22 ml of
      5-molar sodium nitrite solution. After stirring the batch for 15 minutes
      at -15.degree. C it is adjusted with 2N-soda solution to pH 6 to 7 and the
      solution is poured into much ice water. After stirring for a short time,
      the azide solidifies; it is filtered off and washed with ice water. The
      residue is dissolved in ether, the water separated, the ethereal solution
      dried over sodium sulfate and evaporated at room temperature under vacuum,
      to yield 28.3 g (= 100% of theory) of the azide in the form of a
      crystalline yellowish powder melting at 48.degree.-52.degree. C.
PAR  While stirring 3.37 g (20 mmols) of L-valine-methyl-ester hydrochloride in
      10 ml of dimethylformamide at 0.degree. C there are added 2.8 ml of
      triethylamine, 6.2 g of the above azide and 5 ml of dimethylformamide.
      After 10 minutes another 2.8 ml of triethylamine are added and the whole
      is stirred on overnight at room temperature. The reaction mixture is
      diluted with 100 ml of ether, at 0.degree. C repeatedly extracted with 0.1
      molar citric acid solution and water, dried over sodium sulfate and
      evaporated to dryness under vacuum. The resulting ester is hydrolyzed as
      it is obtained. For this purpose the crude product is dissolved in 75 ml
      of isopropanol, mixed with 12 ml of 2N-sodium hydroxide solution, and the
      whole is stirred for 21/2 hours at 40.degree. C. Ether and water are then
      added to the solution, the aqueous solution is separated and mixed once
      more with water. The combined aqueous solutions are covered with ether,
      adjusted at 0.degree. C with molar citric acid to pH = 2 and extracted
      with ether. The ethereal solution is washed neutral and dried, and then
      rendered alkaline with cyclohexylamine, whereupon the cyclohexyl ammonium
      salt crystallizes out. The ethereal solution is concentrated to about 50
      ml, mixed with 50 ml of petroleum ether and allowed to crystallize at
      0.degree. C. The crystalline product is filtered off and washed with
      ether+petroleum ether (1 : 1), to yield 6.5 g of
      N-2-(p-diphenyl)-isopropyloxycarbonyl-L-valine cyclohexyl ammonium salt
      melting at 178.degree.-180.degree. C with decomposition.
PAR  b. With the azide in amino acids: 1.17 g (10 mmols) of L-valine are
      dissolved with heating in 9.1 g of a 10% aqueous solution of
      tetramethylammonium hydroxide. The solution is evaporated under vacuum at
      80.degree. C, and the residue is taken up three times in 5 ml of
      dimethylformamide and evaporated under vacuum. The crystalline residue is
      stirred with 20 ml of dimethylformamide at room temperature, mixed with
      2.8 g of 2-p-diphenyloxycarbonyl azide, then with 3 ml of triethylamine
      and the suspension is stirred for 1 hour at room temperature, then mixed
      with ether and water, and the aqueous solution is separated, the ethereal
      solution extracted twice more with a little water and the combined aqueous
      solutions are acidified at 0.degree. C to pH = 2. The aqueous solutions
      are extracted with ether, the ethereal extracts washed neutral, dried over
      sodium sulfate, filtered and rendered alkaline with cyclohexylamine. The
      cyclohexyl ammonium salt begins to crystallize immediately and is isolated
      as described under (a), to furnish 2.96 g of
      N-2-(p-diphenyl)-isopropyloxycarbonyl-L-valine-cyclohexyl  ammonium salt
      melting at 178.degree.-180.degree. with decomposition.
PAR  c. With activated ester in aminoacids
PAR  1.17 Grams (10 mmols) of L-valine are dissolved in 4.55 ml of a
      2.2N-methanolic solution of benzyltrimethylammonium hydroxide, evaporated
      to dryness under vacuum, once more dissolved in 10 ml of dimethylformamide
      and again evaporated under vacuum. The residue is taken up in 5 ml of
      dimethylformamide, mixed with 4.0 g of 2-(p-diphenyl)-isopropyloxycarbonyl
      phenyl ester and the whole is stirred for 4 hours at 50.degree. C. The
      clear solution is mixed with 30 ml of water and 30 ml of ether and
      agitated; the aqueous phase is separated and adjusted at 0.degree. C to pH
      = 2 with citric acid and extracted with ether. The ethereal extract is
      washed neutral, dried, filtered and mixed with 1.9 ml of cyclohexylamine,
      whereupon the cyclohexyl ammonium salt of
      N-2-(p-diphenyl)-isopropyloxycarbonyl-L-valine begins to crystallize
      immediately and is isolated as described under (a). The yield amounts to
      3.15 g. Melting point 178.degree.-180.degree. C with decomposition.
PAR  In an identical manner the following N-2-(p-diphenyl)-isopropyloxycarbonyl
      derivatives can be prepared:
TBL  Derivative              melting point                                     
     ______________________________________                                    
     glycine-dicyclohexylammonium salt                                         
                          192-193.degree.C (decomp.)                           
     L-leucine            227-230.degree.C (decomp.)                           
     L-proline-dicyclohexylammonium salt                                       
                          173-175.degree.C (decomp.)                           
     N.sup..epsilon.-tertiary butyloxycarbonyl-L-ly-                           
     sine-dicyclohexylammonium salt                                            
                          amorphous                                            
     L-tyrosine-cyclohexylammonium salt                                        
                          248-252.degree.C (decomp.)                           
                          sinters at 158.degree.C                              
     L-phenylalanine-dicyclohexylammonium                                      
     salt                 116-119.degree.C (decomp.)                           
     L-glutamic acid-.gamma.-tertiary butylester-                              
     cyclohexylammonium salt                                                   
                          174-175.degree.C (decomp.)                           
     L-serine-tertiary butylether-cyclo-                                       
     hexylammonium salt   180-181.degree.C (decomp.)                           
     L-methionine-dicyclohexylammonium                                         
     salt                 142-143.degree.C                                     
     ______________________________________                                    
PAR  2-(p-Diphenyl)-isopropyloxycarbonyl phenyl ester is prepared in the
      following manner:
PAR  21.2 Grams of p-diphenyl-dimethylcarbinol (0.1 mol) in 100 ml of
      methylenechloride and 12 ml of pyridine are mixed at -5.degree. C within
      30 minutes with a solution of 18.8 g of chlorocarbonic acid phenyl ester
      in 50 ml of methylenechloride. The batch is then stirred for 18 hours at
      0.degree. C, poured over ice water, the organic phase is isolated,
      repeatedly washed with water, dried and evaporated under vacuum at
      30.degree. C. The crystallizate obtained on recrystallization from ethyl
      acetate is washed with ethyl acetate+petroleum ether (2:1) and dried under
      vacuum at room temperature, to yield 25.8 g of
      2-(p-diphenyl)-isopropyloxycarbonyl phenyl ester melting at
      115.degree.-116.degree. C with decomposition.
PAC  EXAMPLE 6
PAC  Eliminating the N-2-(p-diphenyl)-isopropyloxycarbonyl group from different
      aminoacids
PAR  90.9 Mg (0.20 mmol) of N-2-(p-diphenyl)-isopropyloxycarbonyl-L-valine
      cyclohexylammonium salt are dissolved at 25.degree. C in 2.0 ml of 80%
      acetic acid. After different intervals specimens of 0.2 ml each are taken,
      added to 4 ml of dimethylformamide and titrated with 0.1N-perchloric acid
      in glacial acetic acid. After 31/2 hours the protective group has been
      quantitatively eliminated.
PAR  In an identical manner the splitting times of the following compounds in
      80% acetic acid are determined:
TBL  N-2-(p-diphenyl)-isopropyloxycarbonyl                                     
                            Quantitative                                       
     aminoacid              elimination                                        
                            takes . . . hours                                  
     ______________________________________                                    
     Glycine-dicyclohexylammonium salt                                         
                              3 1/2                                            
     L-leucine                3                                                
     L-proline-dicyclohexylammonium salt                                       
                              3 2/3                                            
     N.sup..epsilon.-tertiary butyloxycarbonyl-L-lysine-                       
     dicyclohexylammonium salt                                                 
                              4 2/3                                            
     L-tyrosine-cyclohexylammonium salt                                        
                              2 1/3                                            
     L-phenylalanine-dicyclohexylammonium salt                                 
                              3 1/2                                            
     L-glutamic acid-.gamma.-tertiary butylester-                              
     cyclohexylammonium salt  4 1/5                                            
     L-serine-tertiary butylether-cyclohexyl-                                  
     ammonium salt            3                                                
     ______________________________________                                    
PAC  EXAMPLE 7
PAC  Eliminating the N-2-(p-diphenyl)-isopropyloxycarbonyl group from
      N.sup..alpha.-2-(p-diphenyl)-isopropyloxycarbonyl-N.sup..epsilon.-BOC-L-ly
     syl-N.sup..epsilon.-BOC-L-lysine methyl ester
PAR  a. 160.0 mg of
      N.sup..alpha.-2-(p-diphenyl)-isopropyloxycarbonyl-N.sup..epsilon.-BOC-L-ly
     syl-N.sup..epsilon.-BOC-L-lysine methyl ester are dissolved in 2.2 ml of a
      mixture of glacial acetic acid + 82.8% formic acid + water (7 : 1 : 2
      parts by volume). After different intervals specimens of 0.3 ml each are
      taken, added to 4 ml of dimethylformamide and titrated with
      0.1N-perchloric acid in glacial acetic acid. After 55 minutes the
      N.sup..alpha.-protective group has been quantitatively eliminated, whereas
      the N.sup..epsilon.-BOC groups have remained unaffected.
PAR  b. A solution of 240 mg of the above dipeptide derivative in 1.7 ml of
      methylenechloride is mixed at room temperature with 1.3 ml of a solution
      of 37.5 g of chloracetic acid in 12.5 ml of water. From the homogeneous
      solution specimens of 0.5 ml each are taken after different intervals,
      added to 1.5 ml of methanol and immediately chromatographed on silicagel
      in the system secondary butanol + glacial acetic acid + water (67 : 10 :
      23). It is found that after 15 minutes the N.sup..alpha.-protective group
      has been completely eliminated, whereas the N.sup..epsilon.-BOC groups
      have remained unchanged.
PAR  The starting material may be prepared thus:
PAR  A mixture of 666 mg (1 mmol) of
      N.sup..alpha.-2-(p-diphenyl)-isopropyloxycarbonyl-N.sup..epsilon.-BOC-lysi
     ne dicyclohexylammonium salt and 4 ml of dimethylformamide is mixed at
      -15.degree. C with 0.125 ml of pivaloylchloride. The whole is stirred for
      15 minutes at -10.degree. C and a solution of 320 mg (1 mmol) of
      N.sup..epsilon.-BOC-lysine methyl ester acetate in 3 ml of
      dimethylformamide is added and the batch is stirred for 2 hours at
      0.degree. C, then taken up in ethyl acetate, at 0.degree. C repeatedly
      washed with 0.1 molar citric acid solution, with 2N-soda solution and with
      water, dried and evaporated to dryness under vacuum. The residue is
      dissolved in a little ether, whereupon crystallization sets in rapidly, to
      yield 632 mg of
      N.sup..alpha.-2-(p-diphenyl)-isopropyloxycarbonyl-N.sup..epsilon.-BOC-lysy
     l-N.sup..epsilon.-BOC-lysine methyl ester melting at 87.degree.-89.degree.
      C with decomposition. After recrystallization from ethyl acetate +
      petroleum ether the melting point is still the same.
PAC  EXAMPLE 8
PAC  Eliminating the N-2-(p-diphenyl)-isopropyloxycarbonyl group from
      N-2-(p-diphenyl)-isopropyloxycarbonyl-L-prolyl-L-leucyl-L-(.gamma.-tertiar
     y butyl ester)-glutamyl-L-phenylalanine-tertiary butyl ester
PAR  1.10 G of N-2-(p-diphenyl)-isopropyloxycarbonyl-Pro-Leu-Glu(OtBu)-Phe-OtBu
      are stirred for 21/4 hours with 6.5 ml of a mixture of glacial acetic acid
      + 82.8% formic acid + water (7 : 1 : 2 by volume). While cooling with ice,
      the batch is rendered alkaline with saturated potash solution, extracted
      with ethyl acetate, washed neutral, dried and evaporated to dryness under
      vacuum. The residue is triturated with a small quantity of petroleum ether
      and recrystallized from 75% methanol, to yield 0.65 g of
      H-Pro-Leu-Glu(OtBu)-Phe-OtBu melting at 188.degree.-190.degree. C.
PAR  The starting material is accessible in the following manner:
PAR  5.35 Grams (10 mmols) of N-2-(p-diphenyl)-isopropyloxycarbonyl-proline
      dicyclohexylammonium salt in 40 ml of dimethylformamide are mixed at
      -15.degree. C with 1.25 ml of pivaloylchloride, stirred for 15 minutes at
      -10.degree. C and a solution of 5.8 g of H-Leu-Glu(OtBu)-Phe-OtBu acetate
      in 30 ml of dimethylformamide is dropped in. The mixture is allowed to
      react for 2 hours at 0.degree. C, then diluted with ethyl acetate and the
      solution is agitated at 0.degree. C twice each with water, 0.1 molar
      citric acid solution, 2N-soda solution and water. The ethyl acetate
      solution is dried over sodium sulfate and evaporated to dryness; the
      residue is dissolved in ether and caused to crystallize, to yield 6.75 g
      of N-2-(p-diphenyl)-isopropyloxycarbonyl-Pro-Leu-Glu(OtBu)-Phe-OtBu which,
      after recrystallization from 85% methanol, melts at 188.degree. C with
      decomposition.
PAC  EXAMPLE 9
PAC  Using the N-2-(p-diphenyl)-isopropyloxycarbonyl group in the solid phase
      synthesis
PAR  Manufacturing carbobenzoxy-L-phenylalanyl-L-(N.sup..epsilon.-tertiary
      butyloxycarbonyl)-lysyl-glycine hydrazide:
PAR  2.15 Grams of BOC-glycine resin [styrene + divinylbenzene copolymer
      containing 0.25 milliequivalent of BOC-glycine/gram resin = 0.5 mmol] are
      stirred for 3 minutes with 10 ml of dioxane, then filtered. Then 10 ml of
      4N-hydrochloric acid in dioxane are added and the whole is stirred for 30
      minutes at room temperature and washed with 3 .times. 10 ml of dioxane and
      methylenechloride, stirring in each case with the solvent for 3 minutes.
      The batch is then mixed with 10 ml of a mixture of methylenechloride +
      triethylamine (9 : 1) and stirred for 10 minutes and rinsed with 6 .times.
      10 ml of methylenechloride. The H-glycine resin is stored under
      methylenechloride.
PAR  0.83 Gram of N.sup..alpha.
      -2-(p-diphenyl)-isopropyloxycarbonyl-N.sup..epsilon.-BOC-lysine
      dicyclohexylammonium salt (1.25 mmols) are dissolved in methylenechloride
      and agitated at 0.degree. C 3 times each with 0.2 molar citric acid and
      water. The methylene chloride solution is dried, filtered and concentrated
      to a few ml under vacuum. This solution is added to the above resin,
      stirred for 5 minutes, then a solution of 290 mg of
      dicyclohexylcarbodiimide in a little methylenechloride is added. The batch
      is stirred for 3 hours, filtered and washed with 3 .times. 10 ml each of
      methylenechloride, dimethylformamide, dimethylformamide + methanol (1 : 1)
      and methylenechloride. The
      N.sup..alpha.-2-(p-diphenyl)-isopropyloxycarbonyl-N.sup..epsilon.
      -BOC-Lys-Gly resin is then suspended in 5 ml of methylenechloride and 3.7
      ml of a solution of 37.5 g of chloracetic acid in 12.5 ml of water is
      added, the whole stirred on for 11/2 hours and then washed as described
      above with methylenechloride, dioxane, methylenechloride,
      methylenechloride + triethylamine (9 : 1) and methylenechloride. The
      resulting H-Lys(BOC)-Gly resin is mixed with 0.37 g of
      carbobenzoxy-L-phenylalanine (Z-Phe-OH) in 8 ml of methylenechloride and
      stirred for 5 minutes, then 290 mg of dicyclohexylcarbodiimide in a little
      methylenechloride is added and the whole is stirred for 3 hours. The
      Z-Phe-Lys(BOC)-Gly resin is again filtered as described above and washed
      with methylenechloride, dimethylformamide, dimethylformamide + methanol (1
      : 1), methanol and ethanol, then stirred for 15 hours with 10 ml of
      ethanol + hydrazine hydrate (3 : 1), filtered off and repeatedly washed
      with ethanol. The combined filtrates are evaporated to dryness under
      vacuum, and the residue is freed from hydrazine hydrate by being dried in
      a high vacuum over concentrated sulfuric acid at 50.degree. C. The residue
      is dissolved in 5 ml of boiling ethanol, a small quantity of undissolved
      matter is filtered off and the filtrate is mixed hot with about 15 ml of
      water. The batch is seeded, then allowed to cool slowly to room
      temperature, and the product which crystallizes out is filtered off and
      washed with ethanol + water (1 : 3), to furnish 185 mg of
      Z-Phe-Lys(BOC)-Gly-NHNH.sub.2 melting at 163.degree.-164.degree. C.
PAC  EXAMPLE 10
PAC  Preparation of L-prolyl-L-tyrosyl-(N.sup..epsilon.-tertiary
      butyloxycarbonyl)-L-lysyl-L-methionine hydrazide with the use of the
      2-para-diphenylisopropyloxycarbonyl group
PAR  a. 6.7 g (10 mmols) of
      N.sup..alpha.-2-(para-diphenyl)-isopropyloxycarbonyl-N.sup..epsilon.-BOC-L
     -lysine-dicyclohexylammonium salt in 40 ml of dimethylformamide are stirred
      at -15.degree. C while being treated with 1.25 ml of pivaloyl chloride,
      then stirred at -10.degree. C for 5 minutes. Under a current of nitrogen,
      2.0 g of L-methionine-methylester hydrochloride and 1.4 ml of
      triethylamine are then added, and the batch stirred at 0.degree. C for 3
      hours. It is then diluted with ethyl acetate, washed at 0.degree. C 3
      times with 0.1-molar citric acid solution, and at room temperature three
      times with 2N-potassium carbonate solution and three times with water,
      then dried and evaporated to dryness under reduced pressure. The crude
      product (6.5 g) is filtered through a column of 150 g of silica gel, and
      4.7 g of
      N.sup..alpha.-2-(para-diphenyl)-isopropyloxycarbonyl-N.sup..epsilon.-BOC-L
     -lysyl-L-methionine-methyl ester obtained in the form of a colorless resin.
      Rf =  0.55 in chloroform + acetone (8:2).
PAR  b. 3.15 G (5 mmols) of this dipeptide ester are stirred for an hour and a
      half with 50 ml of a mixture of glacial acetic acid, 82.8% formic acid and
      water (7 : 1 : 2 by volume), then poured into a mixture of 50 ml of ethyl
      acetate and 20 ml of saturated potassium carbonate solution at 0.degree.
      C. The ethyl acetate solution is washed with water, dried and carefully
      evaporated. The resulting N.sup..epsilon.-BOC-L-lysyl-L-methioninemethyl
      ester is unstable and must be processed immediately.
PAR  c. To this end, the residue is dissolved at 0.degree. C in 18 ml of
      acetonitrile under nitrogen, treated with a solution of 2.10 g (5 mmols)
      of N-2-(para-diphenyl)-isopropyloxycarbonyl-L-tyrosin (liberated from the
      cyclohexylammonium salt by means of citric acid) in 2 ml of
      dimethylformamide and 1.15 g of dicyclohexyl-carbodiimide, and stirred at
      0.degree. C for 20 hours. The dicyclohexylurea which precipitates is
      filtered off, the filtrate evaporated, the residue triturated with ether +
      petroleum ether, filtered off, and reprecipitated from ethyl acetate +
      petroleum ether. There are obtained 2.8 g of
      N-2-(para-diphenyl)-isopropyloxycarbonyl-L-tyrosyl-N.sup..epsilon.-BOC-L-l
     ysyl-L-methionine-methylester in the form of a powder which is unitary
      according to thin layer chromatography; Rf = 0.2 in chloroform + acetone
      (8:2).
PAR  d. 2.38 g (3 mmols) of this tripeptide ester are stirred with 30 ml of a
      mixture of glacial acetic acid + 82.8% formic acid + water (7 : 1 : 2 by
      volume) for 1 hour at room temperature. The solution is poured into ice
      water, extracted twice with ether, the aqueous solution rendered alkaline
      with saturated potassium carbonate solution, and extracted with ethyl
      acetate. On evaporation of the ethyl acetate there remain 1.33 g of
      L-tyrosyl-N.sup..epsilon.-BOC-L-lysyl-L-methioninemethyl ester in the form
      of a colorless foam. Rf = 0.5 in chloroform + methanol (85:15).
PAR  e. 1.11 G (2 mmols) of this tripeptide ester and 0.71 g (2 mmols) of
      N-2-(para-diphenyl)-isopropyloxycarbonyl-L-proline (liberated from the
      dicyclohexylammonium salt) are dissolved in 6 ml of acetonitrile, the
      solution treated at 0.degree. C with 450 mg of dicyclohexylcarbodiimide,
      and stirred at 0.degree. C for 18 hours. The dicyclohexylurea which
      precipitates is filtered off, the filtrate diluted with ethyl acetate,
      extracted by agitation at 0.degree. C three times with 0.1-molar citric
      acid, at room temperature with 2N-potassium carbonate solution and water,
      then dried, and evaporated to dryness under reduced pressure.
      N-2-(para-diphenyl)-isopropyloxycarbonyl-L-prolyl-L-tyrosyl-N.sup..epsilon
     .-BOC-L-lysyl-L-methionine-methyl ester is obtained in quantitative yield
      (1.8 g).
PAR  f. The methyl ester is stirred for 1 hour with 22 ml of a 7 : 1 : 2-mixture
      of glacial acetic acid, 82.8% formic acid and water. The solution is
      treated with iced water, extracted twice with ether, the aqueous solution
      is given an alkaline reaction with saturated potassium carbonate solution,
      and extracted with ethyl acetate. After drying, the ethyl acetate is
      completely expelled under reduced pressure. There remain behind 1.02 g of
      L-prolyl-L-tyrosyl-N.sup..epsilon.-BOC-L-lysyl-L-methionine-methyl ester;
      Rf = 0.25 in chloroform + methanol (85:15). The product can be
      crystallized from acetonitrile. Melting point, 177.degree.-180.degree. C.
PAR  g. 326 Mg (0.5 mmol) of the tetrapeptide ester are dissolved in 1 ml of hot
      methanol, treated at room temperature with 0.25 ml of hydrazine hydrate
      while nitrogen passes over, then kept under seal for 18 hours. The product
      which crystallizes is filtered off and washed with water. 225 Mg of
      L-prolyl-L-tyrosyl-N.sup..epsilon.-BOC-L-lysyl-L-methionine hydrazide of
      melting point 206.degree.-207.degree. C are obtained.
PAC  EXAMPLE 11
PAC  Preparation of L-prolyl-L-tyrosyl-N.sup..epsilon.-tertiary
      butyloxycarbonyl-L-lysyl-L-methionine hydrazide by the solid phase
      synthesis with the use of the 2-(para-diphenyl)-isopropyloxycarbonyl group
PAR  a. In a nitrogen atmosphere in a reaction vessel of 50 ml capacity
      according to Merrifield, 4.9 g of BOC-methionine resin
      (styrol-divinylbenzene-copolymer containing 0.18 m equivalent
      BOC-methionine/g resin = 0.88 mmol) are agitated in turn with the
      following reagents which are each filtered off before the next is used:
PA1  1. 25 ml of dioxan for 4 minutes;
PA1  2. 20 ml of 4N-HCl in dioxan for 60 minutes;
PA1  3. 3 .times. 20 ml of dioxan for 3 minutes each time;
PA1  4. 3 .times. 20 ml of ethanol for 3 minutes each time;
PA1  5. 3 .times. 20 ml of chloroform for 3 minutes each time;
PA1  6. 20 ml of chloroform + triethylamine (9:1) for 10 minutes;
PA1  7. 3 .times. 20 ml of chloroform for 3 minutes each time;
PA1  8. 4 .times. 20 ml of methylene chloride for 3 minutes each time.
PAR  The resulting methionine resin is stored moist with methylene chloride (it
      contains a total of 17 ml of methylene chloride). From 1.87 g of
      N.sup..alpha.-2-(para-diphenyl)-isopropyloxycarbonyl-N.sup..epsilon.-terti
     ary butyloxycarbonyl-L-lysine-dicyclohexylammonium salt the protected
      L-lysine is liberated as described in Example 9. The resulting methylene
      chloride solution is added to the aforementioned resin, the whole agitated
      for 10 minutes, then a solution of 730 mg of dicyclohexylcarbodiimide in 3
      ml of methylene chloride is added, and the whole agitated for 4 hours. The
      resin is then washed while being agitated with
PA1  3 .times. 20 ml of methylene chloride (3 minutes each time);
PA1  3 .times. 20 ml of methanol (3 minutes each time); and
PA1  3 .times. 20 ml of methylene chloride (3 minutes each time).
PAR  The resulting
      N.sup..alpha.-2-(para-diphenyl)-isopropyloxycarbonyl-N.sup..epsilon.-BOC-L
     -lysyl-L-methionine resin (which contains 17 ml of methylene chloride) is
      treated with 12.6 ml of a 75% aqueous chloracetic acid solution and
      agitated for an hour and a half to eliminate the
      N.sup..alpha.-2-(para-diphenyl)-isopropyloxycarbonyl group. The resin is
      filtered off and washed while being agitated with:
PA1  3 .times. 20 ml of methylene chloride (3 minutes each time);
PA1  4 .times. 20 ml of ethanol (3 minutes each time);
PA1  25 ml of chloroform (3 minutes);
PA1  20 ml of chloroform + triethylamine (9:1) (10 minutes);
PA1  3 .times. 20 ml of chloroform (3 minutes each time);
PA1  3 .times. 20 ml of methanol (3 minutes each time); and
PA1  3 .times. 20 ml of methylene chloride (3 minutes each time).
PAR  In a manner analogous to that described above, the resulting
      N.sup..epsilon.-BOC-L-lysyl-L-methionine resin is reacted with
      N-2-(para-diphenyl)-isopropyloxycarbonyl-L-tyrosine. To this end, 1.6 g of
      the cyclohexylammonium salt of this compound are stirred at 0.degree. C
      with 25 ml of ethyl acetate and 20 ml of a 1-molar citric acid solution
      until dissolution is complete. The aqueous layer is separated, the ethyl
      acetate solution is washed, dried, and evaporated to dryness in vacuo. The
      crystalline residue is dissolved in 1 ml of dimethyl formamide, diluted
      with 10 ml of methylene chloride, and the solution added to the
      aforementioned resin. At the same time, 710 mg of hydroxysuccinimide are
      added. The batch is agitated for 10 minutes, and a solution of 700 mg of
      dicyclohexylcarbodiimide in 5 ml of methylene chloride then added, and the
      whole is agitate for 4 hours. The resin is then washed as described above
      with methylene chloride, methanol and methylene chloride. For the
      elimination of the N-2-(para-diphenyl)-isopropyloxycarbonyl group with
      chloroacetic acid the above procedure is followed exactly.
      L-Tyrosyl-N.sup..epsilon.-BOC-L-lysyl-L-methionine resin is obtained which
      is condensed with N-2-(para-diphenyl)-isopropyloxycarbonyl-L-proline in
      methylene chloride (obtained from a solution of 1.34 g of the
      dicyclohexylammonium salt in methylenechloride by liberation with citric
      acid). The resulting methylene chloride solution is agitated with the
      resin for 10 minutes, a solution of 580 mg of dicyclohexylcarbodiimide in
      5 ml of methylene chloride is added, and the whole agitated for 18 hours.
      The resin is filtered off, washed as afore-described, and the
      N-2-(para-diphenyl)-isopropyloxycarbonyl group split off with chloracetic
      acid. After the usual washing procedures, the resulting
      L-propyl-L-tyrosyl-N.sup..epsilon.-BOC-L-lysyl-L-methionine resin is
      agitated with 20 ml of ethanol, filtered and, under a weak current of
      nitrogen, stirred with 7 ml of ethanol and 3 ml of hydrazine hydrate for
      17 hours. The resin is filtered off and washed ten times with 10 ml of 95%
      ethanol each time. The combined filtrates are evaporated under reduced
      pressure at 50.degree. C and the residue dried in a high vacuum over
      sulfuric acid. The crude product is dissolved in 25 ml of 0.1N-acetic acid
      and 80 ml of ethyl acetate, and the aqueous solution agitated with 2
      .times. 50 ml of ethyl acetate. The three ethyl acetate solutions are
      extracted twice with 10 ml each time of 0.1-normal acetic acid. The three
      aqueous extracts are combined and lyophilized. Further purification is
      performed by chromatography over 7 g of CM-Sephadex (Registered Trade
      Mark) by means of a gradient consisting of 300 ml of 0.01-molar ammonium
      acetate and 300 ml of 0.05 molar ammonium acetate pH 6.5. The pure
      fractions are combined and lyophilized. 320 Mg of the acetate of
      L-prolyl-L-tyrosyl-N.sup..epsilon.-BOC-L-lysyl-L-methionine hydrazide are
      obtained. The product is fully identical with the product described in
      Example 10. Rf = 0.35 in the thin-layer chromatogram, system s-butanol +
      glacial acetic acid + water (67:10:23). The basic product is liberated
      from the acetate by means of potassium carbonate solution and then
      crystallizes from aqueous methanol. Melting point 206.degree.-207.degree.
      C (with decomposition).
PAC  EXAMPLE 12
PAC  Preparation of
      N-2-(para-diphenyl)-isopropyloxycarbonyl-L-leucyl-L-valyl-S-trityl-L-cyste
     inyl-glycyl-L-glutamic acid-di-tertiary butyl ester.
PAR  The starting material, S-trityl-L-cysteinyl-glycyl-L-glutamic
      acid-di-tertiary butylester, can be prepared as follows: From
      carbobenzoxy-glycine and L-glutamic acid-di-tertiary butyl ester,
      carbobenzoxyglycyl-L-glutamic acid-di-tertiary butylester is obtained by
      the mixed anhydride method. Melting point, 74.degree.-76.degree. C. The
      glycyl-L-glutamic acid-di-tertiary butylester obtained therefrom by
      hydrogenation is reacted with N,S-di-trityl-L-cystein and
      dicyclohexylcarbodiimide and yields
      N,S-Di-trityl-L-cysteinyl-glycyl-L-glutamic acid-di-tertiary butylester
      melting at 98.degree.-110.degree. C. On elimination of the N-trityl group
      with 80% acetic acid, S-trityl-L-cysteinyl-glycyl-L-glutamic
      acid-di-tertiary butyl ester is obtained.
PAR  N-2-(para-diphenyl)-isopropyloxycarbonyl-L-valin (liberated from 1.91 g
      (4.2 mmols) of the cyclohexylammonium salt by means of citric acid) is
      dissolved in 20 ml of ethyl acetate, and the solution treated with 0.59 ml
      (4.2 mmols) of triethylamine and, after cooling to -10.degree. C, with
      0.56 ml (4.2 mmols) of chlorocarbonic acid-isobutyl ester. The batch is
      stirred for 10 minutes at -10.degree. C before a solution of 2.78 g (4.2
      mmols) of the above tripeptide-diester in 25 ml of ethyl acetate is added
      dropwise, and then stirred on for 15 minutes at -10.degree. C and 1 hour
      at room temperature. After dilution with ethyl acetate, the batch is
      extracted by agitation with 0.5-molar citric acid, N-sodium bicarbonate,
      and water at 0.degree. C, dried, and evaporated to dryness. The residue is
      crystallized from acetone + ether to obtain 2.91 g of
      N-2-(para-diphenyl)-isopropyloxycarbonyl-L-valyl-S-trityl-L-cysteinyl-glyc
     yl-L-glutamic acid-di-tertiary butyl ester melting at
      184.degree.-186.degree. C. Rf = 0.6 in chloroform + methanol (95:5).
PAR  1 G (1 mmol) of this tetrapeptide ester is stirred at room temperature for
      1 hour with 10 mlof a mixture of glacial acetic acid, 82.8% formic acid,
      and water (7:1:2 by volume). After the addition of 10 ml of water and 40
      ml of chloroform, the batch is given an alkaline reaction with
      concentrated ammonia at 0.degree. C, the chloroformic solution separated,
      washed, dried and evaporated to dryness. The residue is triturated with
      petroleum ether to obtain 0.76 g of
      L-valyl-S-trityl-L-cysteinyl-glycyl-L-glutamic acid-di-tertiary butyl
      ester in the form of an oil which is unitary according to thin-layer
      chromatography. Rf = 0.25 in chloroform + methanol (95:5). At 0.degree. C,
      238 mg of dicyclohexylcarbodiimide are added to 370 mg (1 mmol) of
      N-2-(para-diphenyl)-isopropyloxy carbonyl-L-leucine and 768 mg of the
      above tetrapeptide ester in 7 ml of tetrahydrofuran, and the whole is
      stirred at 0.degree. C for 4 hours. Filtering off the dicyclohexylurea is
      followed by dilution with ethyl acetate, washing at 0.degree. C with 0.5
      molar citric acid, N-sodiumbicarbonate and water, drying, and evaporation.
      By elution with ethyl acetate in the chromatography on silica gel, 775 mg
      of
      N-2-(para-diphenyl)-isopropyloxycarbonyl-L-leucyl-L-valyl-S-trityl-L-cyste
     inyl-glycyl-L-glutamic acid-di-tertiary butylester are obtained as a
      unitary product. Rf = 0.55 in chloroform + methanol (9:1); Rf = 0.63 in
      tolueneacetone (1:1).
PAC  EXAMPLE 13
PAC  Introduction of the 1,1-diphenyl-ethoxycarbonyl group
PAR  8.2 G of diphenyl-methyl-carbinol, 5.35 g of isocyanate-acetic acid ethyl
      ester and 4 ml of pyridine are heated at 50.degree. C for 48 hours. The
      solution is diluted with 100 ml of ether, extracted at 0.degree. C with
      0.1-molar citric acid solution and water, dried over sodium sulfate, and
      evaporated completely under reduced pressure. There are obtained 10.6 g of
      viscous oil consisting of 1,1-diphenyl-ethoxycarbonyl-glycine-ethyl ester.
      Rf = 0.7 in the thin-layer chromatography in chloroform + methanol (95:5).
PAC  EXAMPLE 14
PAC  Splitting off the 1,1-diphenyl-ethoxy-carbonyl group
PAR  207.8 Mg of 1,1-diphenylethoxycarbonyl-glycine-ethyl ester are dissolved at
      25.degree. C in 3.15 ml of 80% acetic acid. At different times, test
      portions of 0.20 ml are taken, added to 4 ml of dimethylformamide, and the
      liberated glycine ethyl ester titrated with 0.1N-perchloric acid. The
      half-life period for the elimination of the protective group is about 30
      minutes. After 5 hours the elimination is quantitative.
PAC  EXAMPLE 15
PAC  Introduction of the 1,1-diphenyl-propyloxycarbonyl group
PAR  3.2 G of diphenyl-ethyl-carbinol, 1.9 g of isocyanate acetic acid ethyl
      ester and 1.6 ml of pyridine are heated at 50.degree. C for 72 hours. The
      solution is diluted with 50 ml of ether, washed several times at 0.degree.
      C with 0.1-molar citric acid solution and water, dried over sodium
      sulfate, and completely evaporated under reduced pressure. After
      elimination of 2.3 g of diphenylethylcarbinol by means of petroleum ether,
      1,1-diphenyl-propyloxycarbonyl-glycine-ethyl ester is obtained in the form
      of an oil; Rf = 0.2 in the thin-layer chromatogram in chloroform.
PAC  EXAMPLE 16
PAC  Elimination of the 1,1-diphenyl-propyloxycarbonyl group
PAR  409 Mg of 1,1-diphenyl-propyloxycarbonyl-glycine-ethyl ester are dissolved
      at 22.degree. C in 80% acetic acid. At different times test portions of
      0.5 ml are taken, added to 4 ml of dimethylformamide, and the liberated
      glycine ethylester titrated with 0.1N-perchloric acid. The half-life
      period for the elimination of the protective group is about 50 minutes.
      After 8 hours the protective group is split off quantitatively.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula II
      ##EQU4##
      in which R.sub.1 is lower alkyl, R.sub.2 is lower alkyl or phenyl and
      R.sub.3 is phenyl and wherein phenyl is unsubstituted or substituted by
      lower alkyl, phenyl or lower alkylphenyl and X stands for phenyloxy or
      p-nitrophenyloxy.
NUM  2.
PAR  2. A compound of claim 1, wherein R.sub.1 and R.sub.2 each represents a
      methyl or ethyl group, R.sub.3 has the same meaning as in claim 1, and X
      is phenyloxy.
NUM  3.
PAR  3. A compound of claim 1, wherein R.sub.3 represents a phenyl, tolyl or
      biphenylyl group, and R.sub.2 stands for lower alkyl, and X is phenyloxy.
NUM  4.
PAR  4. A compound of claim 1, wherein R.sub.1 stands for methyl or ethyl,
      R.sub.2 and R.sub.3 each stands for phenyl, and X is phenyloxy.
NUM  5.
PAR  5. A compound of claim 1, wherein the
      ##EQU5##
      group is the 2-phenyl-isopropyloxycarbonyl group or the
      1,1-diphenylethyloxycarbonyl group.
NUM  6.
PAR  6. A compound of claim 1, wherein the
      ##EQU6##
      group is the 2-para-tolylisopropyloxycarbonyl group, and X is phenyloxy.
NUM  7.
PAR  7. A compound of claim 1, wherein the
      ##EQU7##
      group is the 2-(para-biphenylyl)-isopropyloxycarbonyl group, and X is
      phenyloxy.
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ABST
PAL  Enolic monoether and diether of adipic dialdehyde such as
      6-methoxy-5-hexene-1-al, 1,6-dimethoxy-1,5-hexadiene, 1,6-bis-(2 hydroxy
      propoxy)-1,5-hexadiene are prepared by heating to a sufficiently high
      temperature for a Cope rearrangement, e.g., 150.degree. to 450.degree. C.
      of the corresponding monoether or diether of 1,5-hexadiene-3,4-diol.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of U.S. Pat. application Ser. No.
      711,842, filed Mar. 11, 1968, now abandoned, which is in turn a
      continuation-in-part of application, Ser. No. 702,524, filed Feb. 2, l968,
      now U.S. Pat. No. 3,787,484.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  This invention relates to enolic monoether and diether of adipic dialdehyde
      and the method for preparing the same.
PAR  II. Description of the Prior Art
PAR  Cope rearrangement is a well known reaction for the rearrangement of
      1,5-hexadienic compounds. In a special situation when the 1,5-hexadienic
      compound is substituted at the 3 or possibly the 4 position with a
      hydroxyl group, the normal Cope rearrangement is modified because the
      rearrangement product, which would be an enol, cannot exist alone and
      rearranges itself into a corresponding carboxylic derivative. The term
      "Oxy-Cope Rearrangement" has been proposed to describe this variant of the
      general reaction (see for example J. Am. Chem. Soc., 1964, 86, pp. 5017-
      5018). In addition, it is known that when the rearrangement is carried out
      with a disecondary 1,5-hexadiene-3,4-diol, the normal product of Oxy-Cope
      rearrangement which would be an adipic dialdehyde, is not isolatable since
      it is cyclized immediately by internal crotonization into a cyclopentenic
      aldehyde (see for example Ann. Chim. 1934, 1,p. 55 C.R. Acad. Sc. Paris
      1966, 262, page 567 - series C).
PAR  Such an evolution is not unexpected because the extraordinary instability
      of the adipic dialdehyde has long been recognized. The instability of the
      adipic dialdehyde is due to the easiness of its structure to cyclize by
      internal aldolization or crotonization, for example, even during simple
      heating of their aqueous solutions. This instability coupled with the fact
      that there exists no economic process for making these compounds offer an
      explanation why these products up to now have not been industrially
      developed despite their particularly reactive dialdehyde structure. In
      fact, it is known that the dialdehydes are extremely valuable products
      because of their many applications particularly in the fields of textile
      dressings, in the paper industry, for chemical synthesis, for the
      preparation of polyacetals, as well as their known application as
      disinfectants, as bactericides and others.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered that monoether and diether of adipic dialdehyde of the
      formulas
      ##EQU1##
      and
      ##EQU2##
      respectively, wherein each R is a hydrogen atom, an alkyl radical
      containing 1 to 4 carbon atoms, or a phenyl radical which may be inertly
      substituted and each R' is an alkyl radical containing 1 to 4 carbon atoms
      which may be substituted by one or more halogen, hydroxy or nitrile
      groups, when they are heated either alone or in the form of a mixture to a
      temperature sufficiently high for a Cope rearrangement, transform to their
      corresponding enolic monoether and diether of adipic aldehyde of the
      formulas
      ##EQU3##
      and
      ##EQU4##
      respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Even though the starting materials for the process of this invention are
      disubstituted at the 3 and 4 positions, we found that the Cope
      rearrangement took place normally without further rearrangement or
      transformation to produce the enolic monoether or diether of the adipic
      dialdehyde
EQU  OCH -- CH.sub.2 -- CH.sub.2 -- CH.sub.2 -- CH.sub.2 -- CHO
PAR  the rearrangement takes place with good yields and the products obtained
      are sufficiently stable to undergo the necessary isolation and
      purification treatments, as well as for long term storage. The present
      invention thus offers an efficient and economic method for the production
      of stable new derivatives of adipic aldehyde which have applications
      either alone by virtue of their own structure or as agents for the
      synthesis of adipic dialdehyde.
PAR  The starting materials, the carboxylic monoether and diether of
      1,5-hexadiene-3,4-diol of the formulas
      ##EQU5##
      and
      ##EQU6##
      can be prepared readily by etherification of the corresponding
      1,5-hexadiene-3,4-diol which in turn are obtained by reductive
      dimerization of unsaturated .alpha.,.beta.  aldehydes such as acrolein,
      methacrolein, crotonaldehyde and cinnamaldehyde and its ring substituted
      derivatives.
PAR  R of the starting materials is hydrogen or a hydrocarbon radical.
      Preferably the hydrocarbon radical is selected from the group consisting
      of alkyl and aryl radicals including such radicals when inertly
      substituted. When R is an alkyl, it typically may be a straight chain
      alkyl or a branched alkyl containing 1 to 4 carbon atoms including methyl,
      ethyl-n-propyl, i-propyl, n-butyl, t-butyl, and i-butyl. When R is an
      aryl, it may be phenyl which may be mono-, bi- or tri-substituted by
      groups including alkyl containing 1 to 4 carbon atoms; halogens notably,
      fluoro, chloro and bromo radicals; and hydroxy, methoxy, ethoxy, carboxy,
      carbomethoxy, carboethoxy and methylol radicals. R' of the starting
      material is an alkyl radical containing 1 to 4 carbon atoms which may be
      substituted by one or more halogen, hydroxy or nitrile groups.
PAR  Etherification of 1,5-hexadiene-3,4-diol may be carried out in the usual
      manner, such as by the action of methyl or ethyl sulfate or alkyl halides
      to prepare the saturated carboxylic monoether or diether of the diol, or
      by the action of alkylene oxide e.g. ethylene or propylene oxide to
      prepare the hydroxy alkylene ether of the diol, as described in French
      patent application Ser. No. 85,818, filed Dec., 1966 by the assignee of
      this application, or by cyanoethylation, e.g., by the action of
      acrylonitrile, to prepare the ether containing the nitrile group in R'
      radical.
PAR  The selectivity of the present reaction was heretofore unknown. It is known
      that ethers with allylic characteristics are thermally not very stable and
      are subject to almost quantitative pyrolytic transformation to form an
      olefinic chain by transferring a hydrogen atom from the saturated radical
      to the allylic radical and to derive an aldehyde or a ketone from the
      saturated radical. (See for example J. Chem. Soc (b), 1966, p. 1245). A
      similar process involving the monoether and diether of adipic dialdehyde
      used as the starting material of the process of this invention, would lead
      to a conjugated 2,4-hexadiene, and one would fear that the conjugation is
      undesirable in this reaction.
PAR  The rearrangement reaction of the ethers of 1,5-hexadiene-1,6-diol is
      carried out by heating these materials either alone or in a mixture to a
      temperature between about 150.degree. and 450.degree. C. This operation
      can be carried out in the liquid phase, by heating the starting materials
      themselves, or their solution in an inert, thermally stable solvent, such
      as an aliphatic or an aromatic hydrocarbon or an ether, for example,
      diphenyl ether.
PAR  The Cope rearrangement can be carried out at atmospheric pressure and can
      be effected, for example, at the boiling temperature of the mixture, or
      else if necessary, the operation can be carried out in an autoclave or a
      sealed tube. The rearrangement can also be carried out under reduced
      pressure and it is possible, when the operation is carried out at the
      boiling point of the system, to distill off part or all of the mixture
      during the reaction.
PAR  It is advantageous to add a small amount of a polymerization inhibitor,
      such as hydroquinone, the monomethyl ether of hydroquinone,
      t-butylcatechol, p-phenylenediamine or a copper salt in the amount of 0.01
      to 1%. The required heating time, which is variable according to the
      temperature used and the nature of the product used, is generally in the
      order of about 0.5 to 5 hours.
PAR  The Cope rearrangement can also be carried out in a gas phase, by passing
      the starting ether vapors, possibly diluted with an inert gas such as
      nitrogen, carbon dioxide, or argon, through an empty tube, or one filled
      with inert packing designed to homogenize the temperature in the reactor.
      Such a packing can be made up of glass or steel balls, ceramic rings,
      sand, etc. The packing can be in the form of a fixed bed, or in the form
      of a fluidized bed using the inert gas and vapors as fluidizing gas. The
      residence time of the vapors in such a reactor can vary over wide limits;
      for example, the operation can be carried out with residence times between
      about 1 and 500 seconds.
PAR  The new compounds according to the invention can find numerous applications
      in various fields. In the first place, as has already been said, they can
      be used for synthesizing corresponding adipic dialdehyde since, like
      enolic ethers in general, they are easily hydrolized in a slightly acid
      medium. The compounds according to the invention can be utilized for
      example as agents for water disinfecting, in textiles, as bactericides, as
      reticulation and insolutilizing agents for proteins or for
      polyhydroxylated polymers, in textile dressings, in paper treatment, in
      the reticulation of polyvinyl alcohols, or other hydroxylated polymers,
      etc.
PAR  On the other hand, the unsaturated groups of the product of this invention
      can be put to use to carry out the reactions of polymerization or
      copolymerization with vinyl monomers such as vinyl acetate, vinyl ethers,
      acrylic and methacrylic nitriles or esters, styrene, the .alpha.-olefins,
      etc. To sum up, these are very interesting raw materials and are suitable
      for the synthesis of numerous bi- or polyfunctional compounds, such as the
      1,6-hexanediols, 1,6-diamino hexane, etc.
PAR  The following non-limiting examples illustrate the preparation of several
      ethers according to the invention.
PAC  EXAMPLE I
PAC  Preparation of 6-methoxy-5-hexene-1-al
PAC  H.sub.3 C -- O -- CH = CH -- CH.sub.2 --CH.sub.2 -- CH.sub.2 CHO
PAR  As starting material there was used 4-methoxy- 1,5-hexadiene-3-o1 prepared
      by the action of methyl sulfate on 3,4-dihydroxy-1,5-hexadiene
      (divinylglycol), which had the following properties:
PA1  B.p.sub.50 =  88.degree. -  88.5.degree.c.
PA1  n.sub.D.sup.20 =  1.450;
PA1  d.sub.4.sup.20 =  0.944
PAR  Gas chromatography analysis of this product shows that it was above about
      95% pure (it contained about 1% of dimethylether.)
PAR  The Cope rearrangement was carried out in the vapor phase, in a reactor
      consisting of a stainless steel tube 2 cm. in diameter and 100 cm. in
      length, bent into a U-shape and furnished with glass balls 3 mm in
      diameter and filled up to 30 cm. The reactor was placed in an electric
      furnace and heated to 330.degree. C. There was introduced into the reactor
      drop by drop under a stream of nitrogen at the rate of 10 liters/hour,
      measured under normal conditions, 15 grams per hour of
      4-methoxy-1,5-hexadiene- 3-o1 which was vaporized immediately on contact
      with the glass balls. At the outlet of the reactor the mixture of vapors
      and nitrogen was cooled by a refrigerant, which condensed the greater part
      of the reaction products, then by a solid carbon dioxide refrigerant. The
      operation took 2 hours using 30 grams of raw material (0.15 mole).
PAR  There were collected 28.5 grams of pyrolysate, analysis of which gave the
      following results:
PA1  29% by weight of untransformed 4-methoxy- 1,5-hexadiene-3-o1 (i.e., 29% of
      the amount used);
PA1  1% by weight of untransformed 3,4-dimethoxy-1,5-hexadiene;
PA1  41% by weight of 6-methoxy-5-hexene-1-al;
PA1  4.0% by weight of 1,6-dimethoxy,5-hexadiene.
PAR  The yield was 58% of 6-methoxy-5-hexene-1-al. The product was isolated by
      fractional distillation which was a colorless liquid with the following
      properties:
PA1  B.p.sub.25 =  92.5.degree. - 94.5.degree.c;
PA1  n.sub.D.sup.20 =  1.448; and
PA1  d.sub.4.sup.20 =  0.951
PAL  It was a mixture of cis-trans isomers. The characteristic bands of the
      infrared spectrum of the product in (cm.sup.-.sup.1) were as follows:
PAR  1725, 2725 (aldehyde group); 735, 930, 1655, 1665, 3010, 3050 (double
      bond);  1110, 2830 (CH.sub.3 O--).
PAR  The two isomers were identified by gaseous chromatography separation using
      a column of polyethyleneglycol. The cis isomer represents about two thirds
      of the mixture.
PAC  EXAMPLE II
PAC  Preparation of a Mixture of 6-methoxy-5-hexene-1-al and
      1,6-dimethoxy-1,5-hexadiene, (the latter having the following formula:
PAC  CH.sub.3 O -- CH = CH -- CH.sub.2 -- CH.sub.2 --CH = CH -- OCH.sub.3
PAR  The starting material used for the Cope rearrangement was a mixture
      consisting of 83% by weight of 3,4-dimethoxy-1,5-hexadiene and 15.5% by
      weight of 4-methoxy-1,5-hexadiene-3-o1 prepared by reacting methyl sulfate
      with divinylglycol in the presence of sodium hydroxide. The
      characteristics of the starting material were as follows:
PA1  B.p..sub.50 =  73.degree. -  78.degree.c;
PA1  n.sub.D.sup.20 =  1.435; and
PA1  d.sub.4.sup.20 =  0.902.
PAR  The rearrangement was carried out under the same conditions as set forth in
      Example I, (i.e. temperature 330.degree. C., and 15 gm/hr. of starting
      material in 10 liter per hour of nitrogen carrier). After 2 hours of
      reaction in which 30 grams (0.211 mole) of starting material were used,
      the pryolysate collected was 27.9 grams, analysis of which gave the
      following results:
PAR  20% by weight of untransformed 3,4-dimethoxy-1,5-hexadiene (i.e. 0.039
      mole);
PAR  3% by weight of 4-methoxy-1,5-hexadiene-3-o1 (i.e. 0.007 mole)
PAR  13.5% by weight of 6-methoxy-5-hexene-1-al (0.03 mole).
PAR  The amount of starting materials transformed was  0.211 - (0.39 +  0.007) =
      0.165 mole;  and the amount of rearranged product was  0.095 +  0.030 =
      0.125. The rate of transformation in mass was 78% and the yield  of the
      rearrangement was 75- 76%.
PAR  Fractional distillation collected a mixture of 1,6-dimethyl-1,5-hexadiene
      (76.5% by weight) and 6-methyl-1,5-hexene-1-al (21.7% by weight). The
      product was colorless;
PA1  B.p.sub.25 =  82.degree. -  90.degree.c;
PA1  n.sub.D.sup.20 =  1.454;
PA1  d.sub.4.sup.20 =  0.919.
PAC  EXAMPLE III
PAC  Preparation of 1,6-bis(2-hydroxypropoxy)-1,5-hexadiene
      ##EQU7##
PAR  The starting material 3,4-bis(2-hydroxypropoxy)-1,5-hexadiene was prepared
      by adding 2 molecules of propylene oxide to one molecule of divinylglycol
      in accordance with the method described in French patent application
      mentioned previously.
PAR  The reactor described in the previous Examples was used for the Cope
      rearrangement. The temperature of the heating stage was 350.degree. -
      365.degree. C. The nitrogen carrier used was at a rate of 10 liter per
      hour carrying 17.8 grams per hour of starting material to the reactor.
      There were collected 14.6 g. of pyrolysate of which 37% by weight was the
      non-transformed starting material, and 55% by weight was
      1,6-bis(2-hydroxypropoxy)1,5 -hexadiene.
PAR  The total transformation rate was 70% and the yield was 64% of the theory.
PAR  Fractional distillation produced 7.3 grams of a thick product which was a
      colorless liquid
PA1  B.p..sub.0.5 =  120.degree. -  125.degree.c;
PA1  n.sub.D.sup.20 =  1.477;
PA1  d.sub.4.sup.20 =  1.047.
PAL  Infrared spectrum analysis showed the presence of cis and trans double
      bonds, and gas chromatography separated the two isomers. The frequency
      characteristics of the IR spectrum (in cm.sup..sup.-1) was as follows:
PAR  735, 925, 1655, 1670; 3045 (double bonds),  1100 (ether); and  3520, 3620
      (OH).
PAC  EXAMPLE IV
PAC  Preparation of 1,6-bis(2-cyanoethoxy)-1,5-hexadiene:
PAC  CNCH.sub.2 CH.sub.2 OCH = CHCH.sub.2 CH.sub.2 CH = CHOCH.sub.2 CH.sub.2 CN
PAR  the starting material used was 3,4-bis(2-cyanoethoxy)-1,5-hexadiene
      prepared by cyanoethylation of divinylglycol which had the following
      characteristics:
PA1  B.p..sub.0.5 =  135.degree. - 140.degree.c;
PA1  n.sub.D.sup.20 =  1.468;
PA1  d.sub.4.sup.20 =  1.026.
PAR  The Cope rearrangement was carried out in a reactor as described using a
      temperature in the range of 350.degree. - 360.degree. C while introducing
      the 50 grams of starting material thereinto for a period of 3 hours using
      a current of nitrogen equal to 10 liters per hour. The pyrolysate
      collected weighed 47.5 grams of which 66% was the product and 13% was the
      non-transformed material. The rate of transformation was 87% and the yield
      of 1,6-bis-(2-cyanoethoxy)-1,5-hexadiene based on the initial material
      consumed was 71%.
PAR  Fractional distillation produced 29.4 grams of 1,6-bis(
     2-cyanoethoxy)-1,5-hexadiene in the form of a colorless liquid.
PA1  B.p..sub.0.5 =  152.degree. -  155.degree.c;
PA1  n.sub.D.sup.20 =  1.474;
PA1  d.sub.4.sup.20 =  1.035.
PAR  Infrared spectrum analysis presented the following band characteristics (in
      cm.sup.-.sup.1):
PAR  740, 930, 1660, 1670, 3050, 3075 (slope cis and trans double donds); and
      2220, 2260 (CN)
PAL  A weak IR band at 1725 cm.sup.-.sup.1 indicated the presence of impure
      aldehyde.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preparing enolic monoether or diether of adipic dialdehyde
      which method comprises the step of heating to a temperature between about
      150.degree. and 450.degree. C and in the presence of an inert and
      thermally stable solvent for a Cope rearrangement a monoether or diether
      of the formulas
      ##EQU8##
      or
      ##EQU9##
      respectively, wherein each R is a hydrogen atom, an alkyl of 1 to 4 carbon
      atoms, phenyl, or phenyl having substituted therein an alkyl of 1 to 4
      carbon atoms, a halogen, hydroxyl, methoxy, ethoxy, carboxy, carbomethoxy,
      carboethoxy, or methylol substituent, and each R' is an alkyl of 1 to 4
      carbon atoms or a halogen, hydroxy, or cyano mono-substituted alkyl of 1
      to 4 carbon atoms, and recovering the corresponding enolic monoether or
      diether of adipic aldehyde of the formulas
      ##EQU10##
      or
      ##EQU11##
      respectively.
NUM  2.
PAR  2. A method according to claim 1 wherein the Cope transformation is carried
      out in the presence of a polymerization inhibitor.
NUM  3.
PAR  3. A method for preparing enolic monoether or diether of adipic dialdehyde
      which method comprises the step of heating to a temperature between about
      150.degree. and 450.degree. C and in the vapor phase for a Cope
      rearrangement a monoether or diether of the formulas
      ##EQU12##
      or
      ##EQU13##
      respectively, wherein each R is a hydrogen atom, an alkyl radical of 1 to
      4 carbon atoms, phenyl, or phenyl having substituted therein an alkyl of 1
      to 4 carbon atoms, a halogen, hydroxyl, methoxy, ethoxy, carboxy,
      carbomethoxy, carbomethoxy, carboethoxy, or methylol substituent; and each
      R' is an alkyl of 1 to 4 carbon atoms or a halogen, hydroxy, or cyano
      monosubstituted alkyl of 1 to 4 carbon atoms, and recovering the
      corresponding enolic monoether of diether of adipic aldehyde of the
      formulas
      ##EQU14##
      or
      ##EQU15##
      respectively.
NUM  4.
PAR  4. A method according to claim 3 wherein the Cope rearrangement is carried
      out in the presence of an inert gas.
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ABST
PAL  A method of producing unsaturated nitriles by reaction of an unsaturated
      hydrocarbon with ammonia and oxygen in a reactor having a fluidized
      catalyst bed comprising a regeneration zone and a reaction zone,
      characterized by introducing between about 3 percent and about 90 percent
      of the total amount of ammonia supplied to the reaction to the
      regeneration zone together with oxygen and introducing the remainder of
      the ammonia to the reaction zone together with the hydrocarbon feed.
PARN
PAR  This is a continuation in part of my copending application Serial No.
      39592, filed May 22, 1970 for Method of Producing Unsaturated Nitriles,
      now abandoned.
BSUM
PAR  This invention relates to the oxidation of unsaturated hydrocarbon-ammonia
      mixtures to unsaturated nitriles and more particularly to an improvement
      in the manufacture of an unsaturated nitrile by a process which involves
      the catalytic vapor phase reaction of oxygen, ammonia, and an unsaturated
      hydrocarbon in a reactor containing a fluidized catalyst.
PAR  Various processes are known in the art for manufacturing unsaturated
      aliphatic, and aromatic nitriles. For example, U.S. Pat. Nos. 2,499,055,
      2,828,325, 2,904,580, 3,005,517, 3,044,966, 3,050,546, 2,197,419,
      3,198,750, 3,200,084, 3,248,340, 3,312,710, 3,354,197, 3,365,482,
      3,404,947, 3,431,292, 3,433,823, 3,442,771, 3,472,892; British Pat. Nos.
      874,593, 904,418, 1,195,037, and 1,246,108; Belgium Pat. Nos. 592,434,
      593,097, 598,511, 603,030, 612,136, 615,605, 603,031; Canadian Pat. No.
      619,497 and French Pat. No. 1,278,289 teach various processes and
      catalysts for the ammoxidation of an olefin to produce an unsaturated
      nitrile. According to these teachings, an olefin such as propylene or
      isobutylene, a cycloalkene such as cyclohexene, or an alkyl or
      alkenyl-substituted benzene or naphthalene such as toluene, phenylpropene
      or methylnaphthalene is reacted with ammonia and molecular oxygen in the
      vapor phase in the presence of a selected catalyst to produce the
      corresponding unsaturated nitrile.
PAR  Persons skilled in the art are familiar with several modifications in
      processes of the character described intended to provide improved results
      and economic savings on a commercial scale. For example, U.S. Pat. No.
      3,230,246 suggests that if such process is carried out in a reactor having
      two or more serially connected catalytic reaction chambers or zones in
      which the gases being contacted experience very short contact times, the
      operating results are superior to those obtained under the same reaction
      conditions in a conventional reactor having a single compartment or
      reaction zone with the same volume as the total combined volumes of the
      serially connected compartments or zones. However, even with a reactor
      having several serially connected catalytic reaction zones, the activity
      of the catalyst tends to decline in a relatively short period of time,
      necessitating periodic interruption of the process to permit catalyst
      regeneration, e.g., by contacting the catalyst with air at an elevated
      temperature.
PAR  With respect to solving this latter problem, U.S. Pat. No. 3,427,343
      discloses a further modification which requires that the oxygen always
      contact the catalyst in the substantial absence of olefin and ammonia. The
      oxygen is introduced in the first of several serially connected reaction
      zones, and the other reactants are introduced into a reaction zone that is
      downstream from the zone to which the oxygen is initially fed. Although
      the correct explanation for the superior results obtained by the separate
      introduction of oxygen is not known, the compartment or reaction zone into
      which the oxygen is introduced is referred as the "catalyst regeneration
      zone" to signify that the catalyst is regenerated or restored to a
      previous high valence oxidation state as the result or contact thereof by
      molecular oxygen in the absence of olefin and ammonia. This modification
      has been found to maintain the catalyst activity at a uniformly high
      level, with the result that the process may be carried out continuously
      for a long time without any substantial drop in percent conversion of feed
      or yield of desired product. However, with this modification a substantial
      proportion of the olefin feed is lost by oxidation to carbon monoxide and
      carbon dioxide.
PAR  Accordingly, the essential and primary object of the present invention is
      to improve on prior art processes such as those described in the above
      mentioned patents by providing a further modification which significantly
      reduces the amount of unsaturated hydrocarbon feed lost by oxidation to CO
      and CO.sub.2 and the need for serial reaction zones.
PAR  In its broadest sense, the invention is an improved method of producing an
      unsaturated nitrile by the reaction of oxygen, ammonia and an unsaturated
      hydrocarbon in a fluid bed reactor having at least two serially connected
      catalyst-containing zones, with one a catalyst-regenerating zone and the
      other a dense-phase fluidized bed reaction zone, the method essentially
      comprising contacting the catalyst in the regeneration zone with oxygen
      plus between about 3 and about 90 percent of the total amount of ammonia
      supplied to the reaction. The ammonia may be admixed with the oxygen or
      fed separately to the catalyst regeneration zone. The remainder of the
      ammonia is introduced to the reaction zone together with the unsaturated
      hydrocarbon feed.
DRWD
PAR  Other objects and advantages and specific details of the invention are set
      forth or rendered obvious by following detailed specification which is to
      be considered together with the associated drawing which schematically
      illustrates the preferred form of apparatus for practicing the invention.
DETD
PAR  It has been discovered that the loss of hydrocarbon feed, e.g., propylene,
      by conversion to CO.sub.2 and CO when oxygen is fed separately to the
      catalyst regeneration zone as taught by U.S. Pat. No. 3,427,343, is due to
      the presence of hydrocarbon absorbed on the catalyst particles recycled
      from other sections of the reactor. Unsaturated hydrocarbons such as
      propylene, isobutylene, etc., tend to be absorbed by the catalyst but very
      little, if any, ammonia is absorbed by the catalyst. Accordingly, if
      oxygen alone is introduced to the regeneration zone as taught by U.S. Pat.
      No. 3,427,343, it reacts readily with the absorbed hydrocarbon to produce
      CO.sub.2 and CO. This undesired oxidation reaction can be minimized by
      supplying ammonia to the regeneration zone in a quantity sufficient to
      react with the absorbed hydrocarbon to produce the desired unsaturated
      nitrile product. Although all of the ammonia normally supplied to the
      reactor may be fed to the regeneration zone, it is not necessary to do so
      since the concentration of hydrocarbon in that zone is low. On the other
      hand, at least about 3 percent of the total ammonia feed is required to be
      delivered to the regeneration zone to avoid conversion of absorbed
      hydrocarbon to CO.sub.2 and CO. Accordingly in practice between about 3
      and about 90 percent (and preferably 10 to 30 percent) of the total
      ammonia feed is delivered to the regeneration zone, with the remainder
      being introduced to the same reaction zone or zones as the unsaturated
      hydrocarbon.
PAR  Among the unsaturated hydrocarbons which may be used in the practice of
      this invention are: (A) olefins, e.g., propylene; butene-I; butene-2;
      isobutylene; pentene-I; pentene-2; 3-methylbutene-I; 2-methyl-butene-2;
      hexene-I; hexene-2; 4-methyl-pentene-I; 3,3-dimethyl-butene-I; 4
      methyl-pentene-2; and octene-I; (B) cyclic unsaturated hydrocarbons, e.g.,
      cyclopentene; cyclohexene; and 3-methyl cyclohexene: and (C) aromatic
      hydrocarbons such as toluene, xylene, phenylpropene, methylnaphthalene,
      etc., as well as homologs and analogs thereof, and also mixtures of the
      same. The preferred reactants are mono-olefins having the structure
      ##EQU1##
      where R is a member selected from the group consisting of hydrogen or a
      methyl radical, the invention having particular application to the
      production of acrylonitrile and methacrylonitrile from propylene and
      isobutylene respectively.
PAR  Any source of molecular oxygen may be used. Preferably it is introduced in
      the form of air for economic reasons. The molar ratio of oxygen to
      unsaturated hydrocarbon should be in the range of 0:5 : 1 to 3 : 1. For
      conversion of propylene and isobutylene, best results are achieved with a
      molar ratio of oxygen to olefin in the range of 1 : 1 to 2 : 1.
PAR  U.S. Pat. Nos. 3,427,343 and 3,230,246 disclose that the molar ratio of
      ammonia to olefin should be between 0.05 : 1 to 5 : 1 (although there is
      no real upper limit, there is generally no point in exceeding the 5 : 1
      ratio). However, these same references also teach that the lower limit
      should be at least 1 : 1 if formation of oxygenated derivatives of the
      olefin is to be avoided. Accordingly in industrial practice it is
      customary to increase the amount of ammonia by at least 10 percent and
      more often 15-25 percent above that required to maintain the
      stoichiometric ratio of 1 : 1. This invention does not require more
      ammonia than has been used heretofore but rather makes it possible to
      operate closer to the stoichometric ratio of 1 : 1 and still avoid
      formation of any substantial amount of oxygenated olefin derivatives.
PAR  As in prior art processes, water may be used in the reaction mixture (in
      amounts such as described in said U.S. Pat. Nos. 3,230,246 and 3,427,343)
      to obtain well-known beneficial effects, but reactions not involving water
      are also to be considered within the scope of this invention.
PAR  Any one of a plurality of well-known ammoxidation catalysts which will
      function to catalyze the reaction of oxygen, ammonia, and an unsaturated
      hydrocarbon to produce the corresponding unsaturated nitrile may be used
      to practice this invention. For example, in converting propylene and
      isobutylene to acrylonitrile and methacrylonitrile, respectively, the
      catalyst may consist of the combined oxides of antimony and uranium
      prepared as described in U.S. Pat. No. 3,427,343. Other usable catalysts
      are the bismuth, tin, and antimony salts of phosphomolybdic acid and
      molybdic acid, bismuth silicomolybdate, bismuth silicophosphomolybdate,
      and bismuth phosphotungstate, as disclosed in U.S. Pat. Nos. 2,904,580,
      2,941,007, 3,044,966, 3,050,546, and 2,941,007. Additional preferred
      catalysts useful in the invention are the combined oxides of antimony and
      iron, antimony and thorium, antimony and cerium, and antimony and
      manganese, as well as catalysts of the type disclosed in U.S. Pat. Nos.
      2,499,055, 2,828,325, 3,142,697, 3,186,955, 3,312,710, 3,200,081,
      3,200,084, 3,248,340, 3,264,225, 3,328,315, 3,341,471 and 3,433,823. Still
      other catalysts which may be used are described in U.S. Pat. No.
      2,481,826, British Pat. Nos. 874,593, 904,418, 1,195,037 and 1,246,108,
      French Pat. No. 1,278,289, Canadian Pat. No. 619,497, and Belgium Pat.
      Nos. 592,434, 593,097, 598,511, 603,030, 612,136, 615,605 and 603,031. The
      catalysts may be prepared by various methods known to those skilled in the
      art of catalyst preparation. They may be formed as pellets or spheres in
      accordance with conventional techniques, with the particles consisting
      solely of the catalyst or of a silica or other support impregnated with
      the catalyst. Preferably, the catalyst particle size is in the order of 50
      to 100 microns (i.e., 100 mesh or finer), but larger or smaller size
      particles may be used.
PAR  The process is conducted at those temperatures and pressures which are
      typical of processes for conversion of unsaturated hydrocarbons to
      unsaturated nitriles, the temperature and pressure requirements being
      determined by the reaction mixture and the desired product. For example,
      for conversion of propylene and isobutylene to acrylonitrile and
      methacrylonitrile, respectively, the temperature may be in the range of
      500.degree. to 1,000.degree.F, preferably 750.degree.-925.degree.F, and
      the pressure should be atmospheric or slightly higher, but no more than
      3-5 atmospheres. Preferably the pressure should be 5-30 psig.
PAR  The optimum contact time will, of course, vary with the unsaturated
      hydrocarbon being treated. In general the contact time may be in the range
      of 0.1 to 50 seconds, preferably from 1 to 15 seconds.
PAR  While the process may be carried out on an intermittent basis, inn practice
      it is carried out continuously for economic reasons. The reactor must
      comprise at least two catalyst-containing zones communicating with each
      other, the first-in-line being equipped with means for introducing
      molecular oxygen and ammonia, either separately or admixed, and the other
      being equipped with means for introducing the hydrocarbon feed (and also
      that part of the ammonia not introduced to the first-in-line zone).
      Additionally, the reactor should comprise a catalyst-disengaging zone in
      which the catalyst is disengaged from the reactor effluent. As an optional
      feature, the reactor may also include means such as cyclones of filters
      for recovering fines elutriated from the catalyst bed or beds. The
      catalyst separating from the reactor effluent is recycled to the
      first-in-line catalyst-containing zone for regeneration and reaction of
      catalyst-absorbed hydrocarbon with ammonia and oxygen.
PAR  Preferably the invention is practiced using a reactor in which the
      different catalyst containing zones are in a vertical relationship, with
      the catalyst regeneration zone to which the oxygen and ammonia are
      introduced being at the bottom, followed in turn by the dense phase
      fluidized bed reaction zone and the disengaging zone. If desired, the
      reactor may comprise more than one dense phase reaction zone or the
      reaction zone may be subdivided into a plurality of chambers or
      compartments set apart by a series of spaced foraminous members or
      perforated trays which may, for example, be flat, conical, or pyramidal
      screens, gratings, or perforated plates (with the openings therein sized
      for optimum operation), according to the practice described in U.S. Pat.
      Nos. 3,230,246 and 2,427,343. Where the reactor comprises a plurality of
      reaction zones, it is preferred that the hydrocarbon be introduced into a
      zone which is at least one removed downstream from the catalyst
      regeneration zone into which oxygen and ammonia are introduced as above
      described.
PAR  For better control of reaction temperature, it may be desirable to include
      heat exchanger coils or tubes within the reaction zone or zones.
PAR  The products of the reaction may be recovered by any of several different
      methods known to those skilled in the art, preferably by scrubbing the
      gaseous reactor effluent with cold water or other appropriate solvent.
      Unreacted hydrocarbon and oxygen recovered from the effluent may be
      recycled through the reactor.
PAR  The invention will be better understood by reference to the drawing which
      illustrates schematically one form of reactor suitable for carrying out
      the improved process herein described. In the drawing, a vertical reactor
      2 contains at its bottom end a gaseous fluid distributor grid 4 having
      openings for throughflow of reactant gases and which functions as a
      catalyst bed support. The reactor may also have a perforated baffle plate
      6 extending across its cross-section to facilitate establishing two zones
      8 and 10 with a selected catalyst fluidized as described below. Molecular
      oxygen, preferably in the form of air, is introduced to the bottom of the
      reactor by a line 12. Ammonia gas is introduced to the bottom of the
      reactor by a line 14 and to zone 10 by a line 16. Unsaturated hydrocarbon
      is introduced to zone 10 via a line 18. The oxygen and the ammonia feeds
      introduced via lines 12 and 14 pass upward through the grid 4 and the
      baffle 6 at a velocity sufficient to fluidize the catalyst solids withing
      the zones 8 and 10, i.e., sufficient to maintain the catalyst particles in
      a turbulent suspension. The fluid catalyst bed in the zone 10 is
      maintained at a selected height below the top of the reactor so as to
      provide a disengaging zone 20 in which the catalyst particles are
      disengaged from the reactor effluent. A cyclone separator 24 is provided
      in the disengaging zone to separate catalyst fines entrained in the
      reactor effluent. The cyclone separator is provided with a dip-leg 26 for
      returning the separated fines back to the regeneration zone. Alternatively
      the fines separated by the cyclone 24 may be recycled too the zone 10. The
      effluent is removed from the reactor by means of a line 28 leading to a
      product recovery unit 30 where the nitrile product is recovered by any of
      the methods known to those skilled in the art, e.g., by scrubbing with
      water or other suitable solvent. The unreacted hydrocarbon and any
      unreacted molecular oxygen may be recycled to the reactor as shown by the
      borken line 32 leading to zone 10. In the operation of the reactor,
      catalyst is continuously circulated through the several zones, with the
      catalyst being continually regenerated in zone 8 by the molecular oxygen
      and the reaction whereby the hydrocarbon feed is converted to the desired
      nitrile product occurs continuously in the fluidized bed reaction zone 10.
      Additionally whatever unsaturated hydrocarbon is absorbed by the recycled
      catalyst particles is converted to the desired nitrile product in
      regeneration zone 8 by reaction with the ammonia and oxygen introduced via
      lines 12 and 14.
PAR  The gas velocities should permit a contact time in the range of 0.1 to 50
      seconds in each of the zones 8 and 10, and preferably a contact time of 1
      to 15 seconds. As used herein the term "contact time" is defined as the
      length of time in seconds which a unit volume of gas measured under the
      conditions of reaction is in contact with the unit volume of catalyst.
PAR  By way of example, conversion of propylene and isobutylene to acrylonitrile
      and methacrylonitrile respectively using the apparatus shown in the
      drawings may be carried out using a catalyst consisting of the combined
      oxides of antimony and uranium prepared as described in U.S. Pat. No.
      3,427,343 and with an average particle size of about 100 microns. The
      propylene or isobutylene feed, oxygen in the form of air, and ammonia are
      introduced at rates providing a molar ratio of oxygen to olefin of 1.5 to
      1 and a molar ratio of ammonia to olefin of about 1 to 1. About 10 percent
      of the total ammonia feed is delivered to the regeneration zone and the
      remainder is delivered to the reaction zone 10. Additionally, water may be
      introduced to the reaction zone at a rate providing a molar ratio of water
      to olefin of about 4:1. The reactions are carried out at a temperature in
      the range of 750.degree.-925.degree. and a pressure of 5-30 psig. The gas
      velocities are set so as to provide a contact time of about 5 seconds.
PAR  It will be appreciated that this same process may be used for producing
      nitriles other than acrylonitrile and methacrylonitrile, by the
      ammoxidation of the corresponding hydrocarbon, e.g., 2 - butenenitrile
      from 2 - butene; 2 - pentenenitrile from 2 - pentene; 2 - methyl - 2
      -butenenitrile from 2 - methyl - 2 - butene; 2 - hexenenitrile from 2 -
      hexene; 2 - methyl - 2 - pentenenitrile from 2 - methyl - 2 - pentene; 3 -
      methyl - 2 - pentenenitrile from 3 - methyl - 2 - pentene; 1, 4 - cyano
      [1, 4 - butadiene] from 2, 4 - hexadine; [1, 5 - cyano 1, 4 - pentadiene]
      from 2, 4 heptadiene; benzonitrile from toluene; tolunitrile;
      phthalonitrile, and iso- and terephthalonitrile from the xylene isomers; 1
      - phenylpropene - nitrile from 1 - phenylpropene; naphthylnitrile from
      methylnaphthalene; 1, 4 - cyanonaphthalene from 1, 4 -
      dimethylnaphthalene; 1, 2, 4 - tricyanobenzene and 1, 3, 5 -
      tricyanobenzene from pseudocumene and mesitylene, respectively; 1, 2, 4, 5
      - tetracyanobenzene from durene; and cyanopyridine from picoline or from
      2, 5 - lutidine; etc.
PAR  Of course the invention may be practiced otherwise than as specifically
      described and illustrated. Thus the ammonia and air may be admixed prior
      to entering the bottom end of the reactor or the ammonia supplied to the
      regeneration zone may be introduced directly to that zone or at a point
      near to the distribution grid 4, in which case the oxygen feed also may be
      introduced immediately below the grid 4 so as to assure adequate mixing
      with the ammonia.
PAR  The essential advantages derived from the practice of this invention
      comprises a reduction in the amount of hydrocarbon feed lost by oxidation
      to CO and CO.sub.2, the ability to achieve superior yield without having
      to resort to a plurality of serial reactors or reaction zones (although
      the invention permits the use of serial reactors or reaction zones if
      desired), ability to operate efficiently with molar ratios of ammonia to
      hydrocarbon close to or at the stoichiometric ratio of 1 : 1 without
      formation of any substantial quantity of oxygenated hydrocarbon
      derivatives, and high average level of catalyst activity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing an unsaturated nitrile by the reaction of an
      unsaturated hydrocarbon selected from the class consisting of
      mono-olefinically unsaturated alkenes having at least 3 carbon atoms, and
      cycloalkenes, alkyl and alkenyl substituted benzenes and naphthalenes with
      ammonia and oxygen in a reactor containing a fluidized bed of an
      ammoxidation catalyst characterized by a catalyst regeneration zone and a
      reaction zone located above the said regeneration zone, said process
      comprising the steps of introducing all of the unsaturated hydrocarbon
      supplied to said reaction into said reaction zone, introducing said oxygen
      into said regeneration zone, introducing between about 3 percent and about
      90 percent of the total amount of ammonia supplied to said reaction to
      said regeneration zone and introducing the remainder of said total amount
      of ammonia to said reaction zone, maintaining a reaction temperature
      between about 500.degree. and 1000.degree.F in said reaction zone, and
      passing said hydrocarbon, ammonia and oxygen upwardly through said
      reaction zone.
NUM  2.
PAR  2. The process of claim 1 wherein said oxygen is supplied in the form of
      air.
NUM  3.
PAR  3. The process of claim 2 wherein said bed is fluidized by said air.
NUM  4.
PAR  4. The process of claim 1 further including recovering the effluent product
      from said reaction at the top of said reactor, separating catalyst fines
      from said effluent product, and recycling said fines to said regeneration
      zone.
NUM  5.
PAR  5. The process of claim 1 wherein 10-30 percent of the total amount of
      ammonia supplied to said reaction is introduced to said regeneration zone
      and the remainder is supplied to said reaction zone.
NUM  6.
PAR  6. The process of claim 1 wherein the molar ratio of total ammonia to total
      hydrocarbon introduced to said reactor is in the range of about 0.05:1 to
      5:1.
NUM  7.
PAR  7. The process of claim 1 wherein said hydrocarbon is propylene or
      isobutylene and the product of said reaction is acrylonitrile or
      methacrylonitrile respectively.
NUM  8.
PAR  8. The process of claim 1 wherein said reaction zone comprises a series of
      communicating compartments with each compartment containing said fluidized
      catalyst.
NUM  9.
PAR  9. A process for producing an unsaturated nitrile by the reaction of an
      unsaturated olefin with ammonia and oxygen in a reactor containing a
      fluidized bed of an ammoxidation catalyst characterized by a catalyst
      regeneration zone and a reaction zone located above the said regeneration
      zone, said olefin being a mono-olefin having the structure
      ##EQU2##
      where R is hydrogen or methyl, said process comprising the steps of
      introducing all of said unsaturated olefin into said reaction zone,
      introducing all of said oxygen into said regeneration zone, introducing
      between 3 and about 90 percent of the total amount of ammonia supplied to
      said reaction to said regeneration zone and introducing the remainder of
      said total amount of ammonia to said reaction zone, maintaining a reaction
      temperature between about 500.degree. and 1000.degree.F in said reaction
      zone, and passing said olefin, ammonia and oxygen upwardly through said
      reaction zone for reaction in the presence of said catalyst.
NUM  10.
PAR  10. A process according to claim 9 wherein said olefin is propylene and
      said unsaturated nitrile is a acrylonitrile.
NUM  11.
PAR  11. A process according to claim 9 wherein said olefin is propylene and
      said unsaturated nitrile is methacrylonitrile.
NUM  12.
PAR  12. In a process for producing an unsaturated nitrile by reacting a
      mono-olefinically unsaturated olefin with ammonia and oxygen in a reactor
      containing a fluidized bed of an ammoxidation catalyst characterized by a
      catalyst regeneration zone and a reaction zone maintained at a temperature
      between about 500.degree. and 1000.degree.F located above said
      regeneration zone, said olefin being propylene or isobutylene, said oxygen
      being introduced to said regeneration zone and said olefin being
      introduced only to said regeneration zone, the improvement comprising
      introducing about 3 to about 90 percent of the total amount of ammonia
      supplied to said reaction to said regeneration zone and introducing the
      remainder of said total amount of ammonia to said reaction zone.
NUM  13.
PAR  13. The process of claim 1 wherein said unsaturated hydrocarbon comprises a
      mono-olefinically unsaturated alkene selected from the group consisting of
      propylene, butene-I, butene-2, isobutylene, pentene-I, pentene-2,
      3-methyl-butene-I, 2-methybutene-2, hexene-I, hexene-2,
      4-methyl-pentene-I, 3,3-dimethylbutene-I, 4 methyl-pentene-2, and
      octene-I; a cyclic unsaturated hydrocarbon selected from the group
      consisting of cyclopentene, cyclohexene, and 3-methyl cyclohexene; and an
      aromatic hydrocarbon selected from the group consisting of toluene,
      xylene, phenylpropene and methylnaphthalene.
NUM  14.
PAR  14. The process of claim 12 wherein said mono-olefinically unsaturated
      olefin is selected from the group consisting of propylene, butene-I,
      butene-2; isobutylene, pentene-I, pentene-2, 3-methyl-butene-I,
      2-methyl-butene-2, hexene-I, hexene-2, 4-methyl-pentene-I,
      3,3-dimethyl-butene-I, 4 methyl-pentene-2, and octene-I.
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ABST
PAL  This invention is a group of 3-oxa PGE-type compounds, and processes for
      making them. These compounds are useful for a variety of pharmacological
      purposes, including antiulcer, inhibition and platelet aggregation,
      increase of nasal patency, labor inducement at term, and wound healing.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of my copending application Ser. No.
      332,201, filed Feb. 13, 1973, now abandoned, which was a
      continuation-in-part of my then copending application Ser. No. 272,444,
      filed July 17, 1972, now abandoned, which was a continuation-in-part of my
      copending application Ser. No. 47,169, filed June 17, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions of matter, and to methods and
      intermediates for producing them. In particular, the several aspects of
      this invention relate to novel analogs of some of the known
      prostaglandins, for example, prostaglandin E.sub.1 (PGE.sub.1),
      prostaglandin E.sub.2 (PGE.sub.2), prostaglandin F.sub.1
      (PGF.sub.1.sub..alpha. and PFG.sub.1.sub..beta.), prostaglandin F.sub.2
      (PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta.), prostaglandin A.sub.1
      (PGA.sub.1), prostaglandin A.sub.2 (PGA.sub.2), prostaglandin B.sub.1
      (PGB.sub.1), prostaglandin B.sub.2 (PGB.sub.2), the corresponding PG.sub.3
      's, and the dihydro PG.sub.1 derivatives, to novel methods for producing
      those novel prostaglandin analogs, and to novel chemical intermediates
      useful in those novel methods.
PAR  Each of the above-mentioned known prostaglandins is a derivative of
      prostanoic acid which has the following structure and atom numbering:
      ##SPC1##
PAL  A systematic name for prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.alpha.-yl]heptanoic acid.
PAR  PGE.sub.1 has the following structure:
      ##SPC2##
PAR  PGF.sub.1.sub..alpha. has the following structure:
      ##SPC3##
PAR  PGF.sub.1.sub..beta. has the following structure:
      ##SPC4##
PAR  PGA.sub.1 has the following structure:
      ##SPC5##
PAR  PGB.sub.1 has the following structure:
      ##SPC6##
PAR  Each of the known prostaglandins PGE.sub.2, PGF.sub.2.sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-5 and C-6 are linked with a cis carbon-carbon double bond. For example,
      PGE.sub.2 has the following structure:
      ##SPC7##
PAR  Each of the known PG.sub.3 prostaglandins has a structure the same as that
      of the PG.sub.2 compounds except that in each, C-17 and C-18 are linked
      with a cis carbon-carbon double bond. For example, PGE.sub.3 has the
      following structure:
      ##SPC8##
PAR  Each dihydro derivative of PGE.sub.1, PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGA.sub.1, and PGB.sub.1 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-13 and C-14 are linked with a carbon-carbon single bond. For example,
      dihydro-PGE.sub.1 has the following structure:
      ##SPC9##
PAR  The prostaglandin formulas mentioned above each have several centers of
      asymmetry. As drawn, formulas II to IX each represents the particular
      optically active form of the prostaglandin obtained from certain mammalian
      tissues, for example, sheep vesicular glands, swine lung, and human
      seminal plasma, or by reduction or dehydration of a prostaglandin so
      obtained. See, for example, Bergstrom et al., Pharmacol. Rev. 20, 1
      (1968), and references cited therein. The mirror image of each formula
      represents a molecule of the enantiomer of that prostaglandin. The racemic
      form of the prostaglandin consists of equal numbers of two types of
      molecules, one represented by one of the above formulas and the other
      represented by the mirror image of that formula. Thus, both formulas are
      needed to define a racemic prostaglandin. See Nature 212, 38 (1966) for
      discussion of the stereochemistry of the prostaglandins.
PAR  In formulas I-IX, as well as in the formulas given hereinafter, broken line
      attachments to the cyclopentane ring indicate substituents in alpha
      configuration, i.e., below the plane of the cyclopentane ring. Heavy solid
      line attachments to the cyclopentane ring indicate substituents in beta
      configuration, i.e., above the plane of the cyclopentane ring.
PAR  Prostaglandins with carboxyl-terminated side chains attached to the
      cyclopentane ring in beta configuration are also known. These are
      derivatives of 8-iso-prostanoic acid which has the following formula:
      ##SPC10##
PAL  A systematic name for 8-iso-prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.beta.-yl]heptanoic acid.
PAR  The side-chain hydroxy at C-15 in formulas II to IX is in alpha (S)
      configuration. See Nature 212, 38 (1966) for discussion of the
      stereochemistry of the prostaglandins.
PAR  PGE.sub.1, PGE.sub.2, dihydro-PGE.sub.1, and the corresponding
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds, and their esters,
      acylates, and pharmacologically acceptable salts, are extremely potent in
      causing various biological responses. For that reason, these compounds are
      useful for pharmacological purposes. See, for example, Bergstrom et al.,
      Pharmacol. Rev. 20, 1 (1968), and references cited therein. A few of those
      biological respnses are systemic blood pressure lowering in the case of
      the PGE and PGA compounds as measured, for example, in anesthetized
      (pentobarbital sodium) pentoliniumtreated rats with indwelling aortic and
      right heart cannulas; stimulation of smooth muscle as shown, for example,
      by tests on strips of guinea pig ileum, rabbit duodenum, or gerbil colon;
      potentiation of other smotth muscle stimulants; antilipolytic activity as
      shown by antagonism of epinephrine-induced mobilization of free fatty
      acids or inhibition of the spontaneous release of glycerol from isolated
      rat fat pads; inhibition of gastric secretion in the case of the PGE and
      PGA compounds as shown in dogs with secretion stimulated by food or
      histamine infusion; activity on the central nervous system; controlling
      spasm and facilitating breathing in asthmatic conditions; decreasing blood
      platelet adhesiveness as shown by platelet-to-glass adhesiveness, and
      inhibition of blood platelet aggregation and thrombus formation induced by
      various physical stimuli, e.g., arterial injury, and various biochemical
      stimuli, e.g., ADP, ATP, serotonin, thrombin, and collagen; and in the
      case of the PGE and PGB compounds, stimulation of epidermal proliferation
      and keratinization as shown when applied in culture to embryonic chick and
      rat skin segments.
PAR  Because of these biological responses; these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE compounds, are useful
      in mammals, including man, as nasal decongestants. For this purpose, the
      compounds are used in a dose range of about 10 .mu.g. to about 10 mg. per
      ml. of a pharmacologically suitable liquid vehicle or as an aerosol spray,
      both for topical application.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., and PGA compounds are useful in
      the treatment of asthma. For example, these compounds are useful as
      bronchodilators or as inhibitors of mediators, such as SRS-A, and
      histamine which are released from cells activated by an antigen-antibody
      complex. Thus, these compounds control spasm and facilitate breathing in
      conditions such as bronchial asthma, bronchitis, bronchiectasis, pneumonia
      and emphysema. For these purposes, these compounds are administered in a
      variety of dosage forms, e.g., orally in the form of tablets, capsules, or
      liquids; rectally in the form of suppositories; parenterally,
      subcutaneously, or intramuscularly, with intravenous administration being
      preferred in emergency situations; by inhalation in the form of aerosols
      or solutions for nebulizers; or by insufflation in the form of powder.
      Doses in the range of about 0.01 to 5 mg. per kg. of body weight are used
      1 to 4 times a day, the exact dose depending on the age, weight, and
      condition of the patient and on the frequency and route of administration.
      For the above use these prostaglandins can be combined advantageously with
      other anti-asthmatic agents, such as sympathomimetics (isoproterenol,
      phenylephrine, ephedrine, etc.); xanthine derivatives (theophylline and
      aminophylline); and corticosteroids (ACTH and predinisolone). Regarding
      use of these compounds see South African Pat. No. 681,055.
PAR  The PGE and PGA compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secretion, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful whenever
      it is desired to inhibit platelet aggregation, to reduce the adhesive
      character of platelets, and to remove or prevent the formation of thrombi
      in mammals, including man, rabbits, and rats. For example, these compounds
      are useful in the treatment and prevention of myocardial infarcts, to
      treat and prevent post-operative thrombosis, to promote patency of
      vascular grafts following surgery, and to treat conditions such as
      atherosclerosis, arteriosclerosis, blood clotting defects due to lipemia,
      and other clinical conditions in which the underlying etiology is
      associated with lipid imbalance or hyperlipidemia. For these purposes,
      these compounds are administered systemically, e.g., intravenously,
      subcutaneously, intramuscularly, and in the form of sterile implants for
      prolonged action. For rapid response, especially in emergency situations,
      the intravenous route of administration is preferred. Doses in the range
      about 0.005 to about 20 mg. per kg. of body weight per day are used, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are especially
      useful as additives to blood, blood products, blood substitutes, and other
      fluids which are used in artificial extracorporeal circulation and
      perfusion of isolated body portions, e.g., limbs and organs, whether
      attached to the original body, detached and being preserved or prepared
      for transplant, or attached to a new body. During these circulations and
      perfusions, aggregated platelets tend to block the blood vessels and
      portions of the circulation apparatus. This blocking is avoided by the
      presence of these compounds. For this purpose, the compound is added
      gradually or in single or multiple portions to the circulating blood, to
      the blood of the donor animal, to the perfused body portion, attached or
      detached, to the recipient, or to two or all of those at a total steady
      state dose of about 0.001 to 10 mg. per liter of circulating fluid. It is
      especially useful to use these compounds in laboratory animals, e.g.,
      cats, dogs, rabbits, monkeys, and rats, for these purposes in order to
      develop new methods and techniques for organ and limb transplants.
PAR  PGE compounds are extremely potent in causing stimulation of smooth muscle,
      and are also highly active in potentiating other known smooth muscle
      stimulators, for example, oxytocic agents, e.g., oxytocin, and the various
      ergot alkaloids including derivatives and analogs thereof. Therefore,
      PGE.sub.2, for example, is useful in place of or in combination with less
      than usual amounts of these known smooth muscle stimulators, for example,
      to relieve the symptoms of paralytic ileus, or to control or prevent
      atonic uterine bleeding after abortion or delivery, to aid in expulsion of
      the placenta, and during the puerperium. For the latter purpose, the PGE
      compound is administered by intravenous infusion immediately after
      abortion or delivery at a dose in the range about 0.01 to about 50 .mu.g.
      per kg. of body weight per minute until the desired effect is obtained.
      Subsequent doses are given by intravenous, subcutaneous, or intramuscular
      injection or infusion during puerperium in the range 0.01 to 2 mg. per kg.
      of body weight per day, the exact dose depending on the age, weight, and
      condition of the patient or animal.
PAR  The PGE and PGA compounds are useful as hypotensive agents to reduce blood
      pressure in mammals, including man. For this purpose, the compounds are
      administered by intravenous infusion at the rate about 0.01 to about 50
      .mu.g. per kg. of body weight per minute or in single or multiple doses of
      about 25 to 500 .mu.g. per kg. of body weight total per day.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful in place
      of oxytocin to induce labor in pregnant female animals, including man,
      cows, sheep, and pigs, at or near term, or in pregnant animals with
      intrauterine death of the fetus from about 20 weeks to term. For this
      purpose, the compound is infused intravenously at a dose of 0.01 to 50
      .mu.g. per kg. of body weight per minute until or near the termination of
      the second stage of labor, i.e., expulsion of the fetus. These compounds
      are especially useful when the female is one or more weeks post-nature and
      natural labor has not started, or 12 to 60 hours after the membranes have
      ruptured and natural labor has not yet started. An alternative route of
      administration is oral.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful for
      controlling the reproductive cycle in ovulating female mammals, including
      humans and animals such as monkeys, rats, rabbits, dogs, cattle, and the
      like. By the term ovulating female mammals is meant animals which are
      mature enough to ovulate but not so old that regular ovulation has ceased.
      For that purpose PGF.sub.2.sub..alpha., for example, is administered
      systemically at a dose level in the range 0.01 mg. to about 20 mg. per kg.
      of body weight of the female mammal, advantageously during a span of time
      starting approximately at the time of ovulation and ending approximately
      at the time of menses or just prior to menses. Intravaginal and
      intrauterine are alternative routes of administration. Additionally,
      expulsion of an embryo or a fetus is accomplished by similar
      administration of the compound during the first third of the normal
      mammalian gestation period.
PAR  The PGE and PGF compounds are useful in causing cervical dilation in
      pregnant and nonpregnant female mammals for purposes of gynecology and
      obstetrics. In labor induction and in clinical abortion produced by these
      compounds, cervical dilation is also observed. In cases of infertility,
      cervical dilation produced by PGE and PGF compounds is useful in assisting
      sperm movement to the uterus. Cervical dilation by prostaglandins is also
      useful in operative gynecology such as D and C (Cervical Dilation and
      Uterine Curettage) where mechanical dilation may cause perforation of the
      uterus, cervical tears, or infections. It is also useful in diagnostic
      procedures where dilation is necessary for tissue examination. For these
      purposes, the PGE and PGF compounds are administered locally or
      systemically. PGE.sub.2, for example, is administered orally or vaginally
      at doses of about 5 to 50 mg. per treatment of an adult female human, with
      from one to five treatments per 24 hour period. pGE.sub.2 is also
      administered intramuscularly or subcutaneously at doses of about one to 25
      mg. per treatment. The exact dosages for these purposes depend on the age,
      weight, and condition of the patient or animal.
PAR  As mentioned above, the PGE compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGA compounds and derivatives and salts thereof increase the flow of
      blood in the mammalian kidney, thereby increasing volume and electrolyte
      content of the urine. For that reason, PGA compounds are useful in
      managing cases of renal disfunction, especially those involving blockage
      of the renal vascular bed. Illustratively, the PGA compounds are useful to
      alleviate and correct cases of edema resulting, for example, from massive
      surface burns, and in the management of shock. For these purposes, the PGA
      compounds are preferably first administered by intravenous injection at a
      dose in the range of 10 to 1000 .mu.g. per kg. of body weight or by
      intravenous infusion at a dose in the range 0.1 to 20 .mu.g. per kg. of
      body weight per minute until the desired effect is obtained. Subsequent
      doses are given by intravenous, intramuscular, or subcutaneous injection
      or infusion in the range 0.05 to 2 mg. per kg. of body weight per day.
PAR  The PGE and PGB compounds promote and accelerate the growth of epidermal
      cells and keratin in animals, including humans, useful domestic animals,
      pets, zoological specimens, and laboratory animals. For that reason, these
      compounds are useful to promote and accelerate healing of skin which has
      been damaged, for example, by burns, wounds, and abrasions, and after
      surgery. These compounds are also useful to promote and accelerate
      adherence and growth of skin autografts, especially small, deep (Davis)
      grafts which are intended to cover skinless areas by subsequent outward
      growth rather than initially, and to retard rejection of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the cite where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separate or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. To illustrate, a wet dressing for topical
      application to second and/or third degree burns of skin area 5 to 25
      square centimeters would advantageously involve use of an isotonic aqueous
      solution containing 1 to 500 .mu.g./ml. of the PGB compound or several
      times that concentration of the PGE compound. Especially for topical use,
      these prostaglandins are useful in combination with antibiotics, for
      example, gentamycin, neomycin, polymyxin B, bacitracin, spectinomycin, and
      oxytetracycline, with other antibacterials, for example, mafenide
      hydrochloride, sulfadiazine, furazolium chloride, and nitrofurazone, and
      with corticoid steroids, for example, hydrocortisone, prednisolone,
      methylprednisolone, and fluprednisolone, each of those being used in the
      combination at the usual concentration suitable for its use alone.
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel 3-oxa and 4-oxa
      prostaglandin analogs, and processes for making them.
PAR  The novel prostaglandin analogs of this invention each have an oxygen
      (--O--) in place of the methylene (--CH.sub.2 --) moiety at the 3-position
      or at the 4-position of the prostanoic acid formula (I). For example,
      3-oxa-PGE.sub.1, one of the novel compounds of this invention, is
      represented by the formula:
      ##SPC11##
PAL  The novel compound, 4-oxa-PGE.sub.1 is represented by the formula:
      ##SPC12##
PAR  Some of the novel prostaglandin analogs of this invention have a smaller or
      greater number of carbon atoms than the formulas shown above, in either
      the carboxy-terminated side chain or the alkyl-terminated side chain.
PAR  For example, five of the novel prostaglandin analogs of this invention are
      represented by the formulas:
      ##SPC13##
      ##SPC14##
PAL  Based on its relationship to PGE.sub.1 and prostanoic acid, the compound of
      formula XIII is named 3-oxa-4-nor-PGE.sub.1 ; the compound of formula XIV
      is named 4-oxa-4a,4b-dihomo-13,14-dihydro-15-beta-PGF.sub.1 .sub..alpha.;
      the compound of formula XV is named 3-oxa-19,20-dinor-PGA.sub.2 ; the
      compound of formula XVI is named 3-oxa-5,6-dehydro-20-methyl-PGB.sub.2 ;
      and the compound of formula XVII is named 3-oxa-4a-homo-PGF.sub.3
      .sub..beta..
PAR  These names for the compounds of formulas XIII to XVII are typical of the
      names used hereinafter for the novel compounds of this invention. These
      names can better be understood by reference to the structure and numbering
      system of prostanoic acid (Formula I, above). That formula has seven
      carbon atoms in the carboxy-terminated chain and eight carbon atoms in the
      hydroxy-containing chain. In these names, "3-oxa" and "4-oxa" indicate an
      oxa oxygen (--O--) in place of the 3-methylene and 4-methylene,
      respectively of the PG compound.
PAR  The use of "nor" or "dinor" in the names for the novel compounds of this
      invention indicates the absence of one or two of the chain carbon atoms
      and the attached hydrogen atoms. The number or numbers in front of nor, or
      dinor indicate which of the original prostanoic acid carbon atoms are
      missing in the named compound.
PAR  The use of "homo" or "dihomo" as in the names of the formula-XIV and -XVII
      examples indicate one or two additional carbon atoms in the
      carboxy-terminated side chain. In the name of the formula-XIV example
      "4a,4b-dihomo" indicates two additional carbon atoms specifically between
      the oxygen atom at 4 and the C-5 carbon atom. There are, therefore, eight
      carbon atoms and one oxygen atom in that side chain instead of the six
      carbon atoms and one oxygen atom of the normal 3-oxa structure of this
      invention.
PAR  In the name of the formula-XVI example, "20-methyl" indicates that a methyl
      group replaces a hydrogen on C-20. The methyl-terminated chain of that
      example therefore has nine carbon atoms.
PAR  Where there is branching or fluoro substitution in the side chains, the
      points of attachment to the side chains are indicated in the conventional
      manner, following the atomic numbering of the prostanoic acid skeleton
      (I).
PAR  Novel compounds of this invention with epi configuration for the hydroxy at
      C-15 are so designated by using "15-beta" in the name. An example is the
      name given above for the compound of formula XIV. If 15-beta does not
      appear in the name, the natural configuration for the C-15 hydroxy,
      identified as the "S" configuration for PGE.sub.1, is to be assumed.
PAR  The following formulas represent the novel 3-oxa and 4-oxa compounds of
      this invention in the same optically active form as the naturally occuring
      prostaglandins.
      ##SPC15##
         Formulas XVIII to XXVII represent 3-oxa and 4-oxa compounds of the PGE
      type. Formulas XXVIII to XXXVII represent 3-oxa and 4-oxa compounds of the
      PGF type. Formulas XXXVIII to XLVII represent 3-oxa and 4-oxa compounds of
      the PGA type. Formulas XLVIII to LVII represent 3-oxa and 4-oxa compounds
      of the PGR type.
PAR  In formulas XVIII to LVII, R.sub.1 is hydrogen, alkyl of one to 12 carbon
      atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, phenyl substituted with one to
      3 chloro or alkyl of one to 4 carbon atoms, inclusive, or ethyl
      substituted in the .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2,
      or 3 iodo. R.sub.2 is alkyl of one to 10 carbon atoms, inclusive,
      substituted with zero to 3 fluoro. Q is
      ##EQU1##
      wherein R.sub.3 is hydrogen or alkyl of one to 4 carbon atoms, inclusive.
      R.sub.9 is alkyl of one to 4 carbon atoms, inclusive, substituted with
      zero, one, 2 or 3 fluoro. R.sub.5, R.sub.6, R.sub.7, and R.sub.8 are
      hydrogen or alkyl of one to 4 carbon atoms, inclusive. The divalent moiety
      --C.sub.n H.sub.2n -- represents alkylene of one to 10 carbon atoms,
      inclusive, with one to 5 carbon atoms, inclusive, between --CH.sub.2 --
      and --O--. The divalent moiety --C.sub.m H.sub.2m -- represents alkylene
      of one to 9 carbon atoms, inclusive, with one to 4 carbon atoms,
      inclusive, between --CH.sub.2 -- and --O--. The divalent moiety --C.sub.p
      H.sub.2p -- represents alkylene of one to 8 carbon atoms, inclusive, with
      one, 2, or 3 carbon atoms between --CH=CH-- or --C.tbd.C-- and --O--. The
      divalent moiety --C.sub.q H.sub.2q -- represents alkylene of one to 7
      carbon atoms, inclusive, with one or 2 carbon atoms between --CH=CH-- or
      --C.tbd.C-- and --O--. The divalent moiety --C.sub.j H.sub.2j --
      represents alkylene of one to 4  carbon atoms, inclusive. The wavy line
      .about. indicates attachment of the hydroxyl group to the ring in alpha or
      beta configuration.
PAR  Formulas XVIII through LVII include the separate isomers wherein Q is
      either
      ##EQU2##
      i.e., where the hydroxyl is in either alpha (natural) or beta
      configuration. Referring to the prostanoic acid atom numbering (formula I
      above), the point of attachment corresponds to C-15, and, herein,
      regardless of the variation in the C-1 to C-7 carboxy chain, these epimers
      are referred to as "C-15 epimers".
PAR  Formulas XXVIII through XXXVII wherein the C-9 hydroxyl (following
      prostanoic acid atom numbering) is attached to the cyclopentane with a
      wavy line .about. include both PGF.sub..alpha.- and PGF.sub..beta.-type
      compounds.
PAR  Included in formulas XX, XXI, xXX, XXXI, XL, XLI, l, and LI are both the
      cis and the trans compounds with respect to the C-5 to C-6 double bond in
      the carboxyl-terminated side chain. In all of the compounds containing the
      C.sub.13 -to-C.sub.14 double bond, that double bond is in trans
      configuration, and the chain containing that moiety is attached to the
      cyclopentane ring in beta configuration in compounds encompassed by
      formulas XVIII to XLVII.
PAR  The novel 3-oxa and 4-oxa compounds of this invention include racemic
      compounds and both optically active enantiomeric forms thereof. As
      discussed hereinabove, two structural formulas are required to define
      accurately these racemic compounds. The formulas as drawn herein are
      intended to represent compounds with the same configuration as the
      naturally-occurring prostaglandins. However, for convenience in the charts
      herein only a single structural formula is used, for example in Chart E,
      to define not only the optically acive form but also the racemic compounds
      which generally undergo the same reactions.
PAR  Formula XVIII represents 3-oxa-PGE.sub.1 (formula XI hereinabove) when
      C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, Q is
      ##EQU3##
      R.sub.1, R.sub.5, and R.sub.6 are hydrogen, and R.sub.2 is n-pentyl.
PAR  With regard to formulas XVIII to LVII, examples of alkyl of one to 4 carbon
      atoms, inclusive, are methyl, ethyl, propyl, butyl, and isomeric forms
      thereof. Examples of alkyl of one to 8 carbon atoms, inclusive, are those
      given above, and pentyl, hexyl, heptyl, octyl, and isomeric forms thereof.
      Examples of alkyl of one to 12 carbon atoms, inclusive, are those given
      above, and nonyl, decyl, undecyl, dodecyl, and isomeric forms thereof.
      Examples of cycloalkyl of 3 to 10 carbon atoms, inclusive, which includes
      alkyl-substituted cycloalkyl, are cyclopropyl, 2-methylcyclopropyl,
      2,2-dimethylcyclopropyl, 2,3-diethylcyclopropyl, 2-butylcyclopropyl,
      cyclobutyl, 2-methylcyclobutyl, 3-propylcyclobutyl,
      2,3,4-triethylcyclobutyl, cyclopentyl, 2,2-dimethylcyclopentyl,
      3-pentylcyclopentyl, 3-tert-butylcyclopentyl, cyclohexyl,
      4-tert-butylcyclohexyl, 3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl,
      cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl. Examples of aralkyl
      of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl, 1-phenylethyl,
      2-phenylpropyl, 4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl), Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  Examples of alkyl of one to 10 carbon atoms, inclusive, substituted with
      one to 3 fluoro, are fluoromethyl, 2-fluoroethyl, 2-fluorobutyl,
      3-fluorobutyl, 4-fluorobutyl, 5-fluoropentyl, 4-fluoro-4-methylpentyl,
      3-fluoroisoheptyl, 8-fluorooctyl, 3,4-difluorobutyl, 4,4-difluoropentyl,
      5,5-difluoropentyl, 5,5,5-trifluoropentyl, and 10,10,10-trifluorodecyl.
PAR  Examples of alkylene within the various scopes of C.sub.j H.sub.2j, C.sub.m
      H.sub.2m, C.sub.n H.sub.2n, C.sub.p H.sub.2p, and C.sub.q H.sub.2q, as
      those are defined above, are methylene, ethylene, trimethylene,
      tetramethylene, pentamethylene, and those alkylene with one or more alkyl
      substituents on one or more carbon atoms thereof, e.g., --CH(CH.sub.3)--,
      --C(CH.sub.3).sub.2 --, --CH(CH.sub.2 CH.sub.3)--, --CH.sub.2
      --CH(CH.sub.3)--, --CH(CH.sub.3)--CH(CH.sub.3)--, --CH.sub.2
      --C(CH.sub.3).sub.2 --, --CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --, --CH.sub.2
      --CH.sub.2 --CH(CH.sub.2 CH.sub.2 CH.sub.3)--,
      --CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2 --CH.sub.2 --, --CH.sub.2
      --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --, and --CH.sub.2
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH(CH.sub.3)--.
PAR  The novel formula XVIII-XXVII PGE-type 3-oxa and 4-oxa compounds, the novel
      formula XXVIII-XXXVII PGF.sub..alpha.-type and PGF.sub..beta.-type 3-oxa
      and 4-oxa compounds, the novel formula XXXVIII-XLVII PGA-type 3-oxa and
      4-oxa compounds, and the novel formula XLVIII-LVII PGB-type 3-oxa and
      4-oxa compounds, and their racemic forms, each cause the biological
      responses described above for the PGE, PGF.sub..alpha., PGF.sub..beta.,
      PGA, and PGB compounds, respectively, and each of these novel compounds is
      accordingly useful for the above-described corresponding purposes, and is
      used for those purposes in the same manner as described above.
PAR  The known PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds
      uniformly cause multiple biological responses even at low doses. For
      example, PGE.sub.1 and PGE.sub.2 both cause vasodepression and smooth
      muscle stimulation at the same time they exert antilipolytic activity.
      Moreover, for many applications, these known prostaglandins have an
      inconveniently short duration of biological activity. In striking
      contrast, the novel formula XVIII-to-LVII analogs and their racemic forms
      are substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have a substantially longer
      duration of biological activity. Therefore, each of these novel
      prostaglandin analogs is useful in place of one of the corresponding
      above-mentioned known prostaglandins for at least one of the
      pharmacological purposes indicated above for the latter, and is
      surprisingly and unexpectedly more useful for that purpose because it has
      a different and narrower spectrum of biological activity than the known
      prostaglandin, and therefore is more specific in its activity and causes
      smaller and fewer undesired side effects than the known prostaglandin.
      Moreover, because of its prolonged activity, fewer and smaller doses of
      the novel prostaglandin analog can frequently be used to attain the
      desired result.
PAR  To obtain the optimum combination of biological potency specificity and
      duration of activity, certain compounds within the scope of formulas XVIII
      to LVII are preferred. For example, it is preferred that the
      carboxyterminated chain in each formula contain a chain of six atoms
      between the carboxyl and the cyclopentane ring. One of those six atoms
      will be the oxa atom and the other five will be carbon atoms. Accordingly
      and with reference to formulas XVIII to LVII, it is preferred that
      --C.sub.n H.sub.2n -- represent a 3-carbon divalent chain, that --C.sub.m
      H.sub.2m -- represent a 2-carbon divalent chain, and that --C.sub.p
      H.sub.2p -- represent a divalent carbon atom. These preferences do not
      exclude additional carbon atoms (alkyl groups) as branching.
PAR  A seven-atom carboxy terminated chain is not included in the compounds of
      formulas XXI, XXIII, XXVII, XXXI, XXXIII, XXXVII, XLI, XLIII, XLVII, LI,
      LIII, and LVII, i.e., formulas wherein the carboxy-terminated side chain
      is 4-oxa and contains a carbon-carbon double or triple bond. In each of
      those compounds, the q of --C.sub.q H.sub.2q is at least one, and at least
      seven atoms, one oxygen (oxa) and six carbons, are present between the
      carboxyl and the cyclopentane ring. In these compounds, the preference is
      for that minimum chain, i.e., q is one.
PAR  Another preference for the compounds of formulas XVIII to LVII is that
      R.sub.3, R.sub.5, R.sub.6, R.sub.7, and R.sub.8 be hydrogen or methyl. All
      of those R groups can be hydrogen, all can be methyl, or there can be any
      of the possible combinations of hydrogen and methyl, It is especially
      preferred for prolonged duration of biological activity that both R.sub.5
      and R.sub.6 be methyl, and/or that R.sub.3 be methyl.
PAR  Certain variations in the nature of R.sub.2 in formulas XVIII-XXV,
      XXVIII-XXXV, XXXVIII-XLV, and XLVIII-LV are especially important. In the
      known prostaglandins, e.g., PGE.sub.1, the portion of the molecule
      corresponding to R.sub.2 in the above-mentioned formulas is pentyl. It is
      preferred that R.sub.2 be pentyl in formulas XVIII-XXV, XXVIII-XXXV,
      XXXVII-XLV, and XLVIII-LV. It is also preferred that R.sub.2 be straight
      chain alkyl of 3 to 7 carbon atoms, inclusive, with or without a fluoro
      substituent at the 1-position, e.g., --CHF--(CH.sub.2).sub.g --CH.sub.3
      wherein g is one to 5. Alternately, R.sub.2 is represented by
      ##EQU4##
      wherein R.sub.4 is hydrogen or fluoro and g is 1, 2, 3, 4, or 5. Pentyl
      and 1-fluoropentyl are, of course, included in this preference.
PAR  In compounds of formulas XXVI, XXVII, XXXVI, XXXVII, XLVI, XLVII, LVI, and
      LVII, it is preferred that C.sub.j H.sub.2j be methylene and that R.sub.9
      be ethyl.
PAR  Another advantage of the novel compounds of this invention, especially the
      preferred compounds defined hereinabove, compared with the known
      prostaglandins, is that these novel compounds are administered effectively
      orally, sublingually, intravaginally, buccally, or rectally, in addition
      to usual intravenous, intramuscular, or subcutaneous injection or infusion
      methods indicated above for the uses of the known prostaglandins. These
      qualities are advantageous because they facilitate maintaining uniform
      levels of these compounds in the body with fewer, shorter, or smaller
      doses, and make possible self-administration by the patient.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type 3-oxa and 4-oxa
      compounds encompassed by formulas XVIII to LVII including the special
      classes of compounds described above, are used for the purposes described
      above in the free acid form, in ester form, or in pharmacologically
      acceptable salt form. When the ester form is used the ester is any of
      those within the above definition of R.sub.1. However, it is preferred
      that the ester be alkyl of one to 12 carbon atoms, inclusive. Of those
      alkyl, methyl and ethyl are especially preferred for optimum absorption of
      the compound by the body or experimental animal system; and straight-chain
      octyl, nonyl, decyl, undecyl, and dodecyl are especially preferred for
      prolonged activity in the body or experimental animal.
PAR  Pharmacologically acceptable salts of these formula XVIII-to-LVII compounds
      useful for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron, are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      n-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris-(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)-diethanolamine, galactamine,
      N-methylglucamine, n-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  The 3-oxa and 4-oxa PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type
      compounds encompassed by formulas XVIII to LVII including the special
      classes of compounds described above, are also used for the purposes
      described above in free hydroxy form or in the form wherein the hydroxy
      moieties are transformed to lower alkanoate moieties, e.g., --OH to
      --OCOCH.sub.3. Examples of lower alkanoate moieties are acetoxy,
      propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy,
      octanoyloxy, and branched chain alkanoyloxy isomers of those moieties.
      Especially preferred among these alkanoates for the above described
      purposes are the acetoxy compounds. These free hydroxy and alkanoyloxy
      compounds are used as free acids, as esters, and in salt form all as
      described above.
PAR  As discussed above, the compounds of formulas XVIII to LVII are
      administered in various ways for various purposes; e.g., intravenously,
      intramuscularly, subcutaneously, orally, intravaginally, rectally,
      buccally, sublingually, topically, and in the form of sterile implants for
      prolonged action. For intravenous injection or infusion, sterile aqueous
      isotonic solutions are preferred. For that purpose, it is preferred
      because of increased water solubility that R.sub.1 in the formula
      XVIII-to-LVII compound be hydrogen or a pharmacologically acceptable
      cation. For subcutaneous or intramuscular injection, sterile solutions or
      suspensions of the acid, salt, or ester form in aqueous or non-aqueous
      media are used. Tablets, capsules, and liquid preparations such as syrups,
      elixirs, and simple solutions, with the usual pharmaceutical carriers are
      used for oral sublingual administration. For rectal or vaginal
      administration, suppositories prepared as known in the art are used. For
      tissue implants, a sterile tablet or silicone rubber capsule or other
      object containing or impregnated with the substance is used.
PAR  The 3-oxa and 4-oxa PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type
      compounds encompassed by formulas XVIII to LVII are produced by the
      reactions and procedures described and exemplified hereinafter.
PAR  The various 3-oxa and 4-oxa PGF.sub..alpha.-type and PGF.sub..beta.-type
      compounds encompassed by formulas XXVIII-XXXVII are prepared by carbonyl
      reduction of the corresponding PGE type compounds encompassed by formulas
      XVIII-XXVII. For example, carbonyl reduction of 3-oxa PGE.sub.1 gives a
      mixture of 3-oxa PGF.sub.1.sub..alpha. and 3-oxa PGF.sub.1.sub..beta..
PAR  These ring carbonyl reductions are carried out by methods known in the art
      for ring carbonyl reductions of known prostanoic acid derivatives. See,
      for example, Bergstrom et al., Arkiv Kemi 19, 563 (1963), Acta Chem.
      Scand. 16, 969 (1962), and British Pat. Specification No. 1,097,533. Any
      reducing agent is used which does not react with carbon-carbon double
      bonds or ester groups. Preferred reagents are
      lithium(tri-tert-butoxy)aluminum hydride, the metal borohydrides,
      especially sodium, potassium and zinc borohydrides, and metal trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride. The mixtures of alpha
      and beta hydroxy reduction products are separated into the individual
      alpha and beta isomers by methods known in the art for the separation of
      analogous pairs of known isomeric prostanoic acid derivatives. See, for
      example, Bergstrom et al., cited above, Granstrom et al., J. Biol. Chem.
      240, 457 (1965), and Green et al., J. Lipid Research 5, 117 (1964).
      Expecially preferred as separation methods are partition chromatographic
      procedures, both normal and reversed phase, preparative thin layer
      chromatography, countercurrent distribution procedures, and column
      chromatography.
PAR  The various 3-oxa and 4-oxa PGA-type compounds encompassed by formulas
      XXXVIII-XLVII are prepared by acidic dehydration of the corresponding PGE
      type compounds encompassed by formulas XVIII-XXVII. For example, acidic
      dehydration of 3-oxa PGE.sub.1 gives 3-oxa PGA.sub.1.
PAR  These acidic dehydrations are carried out by methods known in the art for
      acidic dehydrations of known prostanoic acid derivatives. See, for
      example, Pike et al., Proc. Nobel Symposium II, Stockholm (1966),
      Interscience Publishers, New York, pp. 162-163 (1967); and British Pat.
      Specification No. 1,097,533. Alkanoic acids of 2 to 6 carbon atoms,
      inclusive, especially acetic acid, are preferred acids for this acidic
      dehydration. Dilute aqueous solutions of mineral acids, e.g., hydrochloric
      acid, especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration,
      although these reagents may cause partial hydrolysis of an ester reactant.
PAR  The various 3-oxa and 4-oxa PGB-type compounds encompassed by formulas
      XLVII-LVII are prepared by basic dehydration of the corresponding PGE type
      compounds encompassed by formulas XVIII-XXVII, or by contacting the
      corresponding PGA compounds encompassed by formulas XXXVIII-XLVII with
      base. For example, both 3-oxa PGE.sub.1 and 3-oxa PGA.sub.1 give 3-oxa
      PGB.sub.1 on treatment with base.
PAR  These basic dehydrations and double bond migrations are carried out by
      methods known in the art for similar reactions of known prostanoic acid
      derivatives. See, for example, Bergstrom et al., J. Biol. Chem. 238,3555
      (1963). The base is any whose aqueous solution has pH greater than 10.
      Preferred bases are the alkali metal hydroxides. A mixture of water and
      sufficient of a water-miscible alkanol to give a homogeneous reaction
      mixture is suitable as a reaction medium. The PGE-type or PGA-type
      compound is maintained in such a reaction medium until no further PGB-type
      compound is formed, as shown by the characteristic ultraviolet light
      absorption near 278 nm for the PGB type compound.
      ##SPC16##
PAR  The various transformations of 3-oxa and 4-oxa PGE type compounds of
      formulas XVIII to XXV to the corresponding 3-oxa and 4-oxa
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type compounds are shown in
      Chart A, wherein Q, R.sub.1, R.sub.2, and .about. are as defined above,
      and wherein A is --CH.sub.2 --CH.sub.2 -- or trans --CH=CH--, Q is
      ##EQU5##
      and V is --C.sub.n H.sub.2n --O--CR.sub.5 R.sub.6 --, --C.sub.m H.sub.2m
      --O--CR.sub.5 R.sub.6 -- CR.sub.7 R.sub.8 --, --CH=CH--C.sub.p H.sub.2p
      --O--CR.sub.5 R.sub.6 -- (cis or trans), --CH=CH--C.sub.q H.sub.2q --
      O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 -- (cis or trans),
      --C.tbd.C--C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6 --, or
      --C.tbd.C--C.sub.q H.sub.2q --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --,
      wherein R.sub.5, R.sub.6, R.sub.7, R.sub.8, C.sub.n H.sub.2n, C.sub.m
      H.sub.2m, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as defined above,
      with the proviso that V is --C.sub.n H.sub.2n --O--CR.sub.5 R.sub.6 -- or
      --C.sub.m H.sub.2m --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 -- when A is
      --CH.sub.2 --CH.sub.2 --. The 3-oxa and 4-oxa PGE.sub.3 type compounds of
      formulas XXVI and XXVII are transformed to the corresponding 3-oxa and
      4-oxa PGF.sub.3.sub..alpha., PGF.sub.3.sub..beta., PGA.sub.3, and
      PGB.sub.3 compounds by analogous reactions.
PAR  The various 3-oxa and 4-oxa dihydro-PGE.sub.1,
      dihydro-PGF.sub.1.sub..alpha., dihydro-PGF.sub.1.sub..beta.,
      dihydro-PGA.sub.1, and dihydro-PGB.sub.1 type compounds encompassed by
      formulas XXIV, XXV, XXXIV, XXXV, XLIV, XLV, LIV, and LV are prepared by
      carbon-carbon double bond reduction of the corresponding PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type compound containing a
      trans double bond in the hydroxy-containing side chain. A cis or trans
      double bond or an acetylenic bond can also be present in the
      carboxy-terminated side chain of the unsaturated reactant, and will be
      reduced at the same time to --CH.sub.2 CH.sub.2 --. For example,
      dihydro-3-oxa-PGE.sub.1 is produced by reduction of 3-oxa-PGE.sub.1,
      3-oxa-PGE.sub.2, or 5,6-dehydro-3-oxa-PGE.sub.2.
PAR  These reductions are carried out by reacting the unsaturated PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, or PGB type compound with diimide,
      following the general procedure described by van Tamelen et al., J. Am.
      Chem. Soc., 83, 3726 (1961). See also Fieser et al., "Topics in Organic
      Chemistry," Reinhold Publishing Corp., New York, pp. 432-434 (1963) and
      references cited therein. The unsaturated acid or ester reactant is mixed
      with a salt of azodiformic acid, preferably an alkali metal salt such as
      the disodium or dipotassium salt, in the presence of an inert diluent,
      preferably a lower alkanol such as methanol or ethanol, and preferably in
      the absence of substantial amounts of water. At least one molecular
      equivalent of the azodiformic acid salt is used for each multiple bond
      equivalent of the unsaturated reactant. The resulting suspension is then
      stirred, preferably with exclusion of oxygen, and the mixture is made
      acid, advantageously with a carboxylic acid such as acetic acid. When a
      reactant wherein R.sub.1 is hydrogen is used, that carboxylic acid
      reactant also serves to acidify an equivalent amount of the azodiformic
      acid salt. A reaction temperature in the range about 10.degree. to about
      40.degree. C. is usually suitable. Within that temperature range, the
      reaction is usually complete within less than 24 hours. The desired
      dihydro product is then isolated by conventional methods, for example,
      evaporation of the diluent, followed by separation from inorganic
      materials by solvent extraction.
PAR  In the case of the 3-oxa and 4-oxa unsaturated PGE, PGF.sub..alpha., and
      PGF.sub..beta. type reactants, the reductions to the corresponding 3-oxa
      and 4-oxa dihydro-PGE.sub.1, dihydro-PFG.sub.1.sub..alpha., and
      dihydro-PGF.sub.1.sub..beta. compounds are also carried out by catalytic
      hydrogenation. For that purpose, palladium catalysts, expecially on a
      carbon carrier, are preferred. It is also preferred that the hydrogenation
      be carried out in the presence of an inert liquid diluent, for example,
      methanol, ethanol, dioxane, ethyl acetate, and the like. Hydrogenation
      pressures ranging from about atmospheric to about 50 p.s.i., and
      hydrogenation temperatures ranging from about 0.degree. to about
      100.degree. C. are preferred. The resulting dihydro product is isolated
      from the hydrogenation reaction mixture by conventional methods, for
      example, removal of the catalyst by filtration or centrifugation, followed
      by evaporation of the solvent.
PAR  Diimide reductions and catalytic hydrogenations to produce the various
      novel 3-oxa and 4-oxa dihydro compounds of this invention from the
      corresponding 3-oxa and 4-oxa PGE.sub.1, PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGA.sub.1, and PGB.sub.1 type compounds are shown in
      Chart B, wherein Q, R.sub.1, R.sub.2, and .about. are as defined above,
      and W is --C.sub.n H.sub.2n --O--CR.sub.5 R.sub.6 -- or --C.sub.m H.sub.2m
      --o--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --, wherein C.sub.n H.sub.2n,
      C.sub.m H.sub.2m, R.sub.5, R.sub.6, R.sub.7, and R.sub.8 are as defined
      above.
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PAR  These diimide reductions and catalytic hydrogenations to produce the same
      novel 3-oxa and 4-oxa dihydro compounds of this invention from the
      corresponding 3-oxa and 4-oxa PGE.sub.2, PGF.sub.2.sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 type compounds and also
      from the corresponding compounds with a trans-ethylenic or an acetylenic
      linkage in place of the cis-ethylenic linkage in the carboxyl-terminated
      side chain, are shown in Chart C, wherein Q, R.sub.1, R.sub.2, and .about.
      are as defined above, U is cis--CH=CH--, trans--CH=CH--, or --C.tbd.C--,
      and Y is --C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6 -- or --C.sub.q H.sub.2q
      -- O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --, wherein p, q, R.sub.5,
      R.sub.6, R.sub.7, and R.sub.8 are as defined above.
PAR  The 3-oxa and 4-oxa compounds of the PGE.sub.2, PGF.sub.2.sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 type wherein the
      carbon-carbon double bond in the carboxy-terminated side chain is in cis
      configuration are prepared by reduction of the corresponding acetylenic
      3-oxa and 4-oxa compounds, i.e., those with a carbon-carbon triple bond in
      place of said carbon-carbon double bond. For that purpose, there are used
      any of the known reducing agents which reduce an acetylenic linkage to a
      cis-ethylenic linkage. Especially preferred for that purpose are diimide
      or hydrogen and a catalyst, for example, palladium (5%) on barium sulfate,
      especially in the presence of pyridine. See Fieser et al., "Reagents for
      Organic Synthesis," pp. 566-567, John Wiley & Sons, Inc., New York, N.Y.
      (1967). These reductions are shown in Chart D, wherein Q, R.sub.1,
      R.sub.2, and .about. are as defined above, and Y is --C.sub.p H.sub.2p
      --O--CR.sub.5 R.sub.6 -- or --C.sub.q H.sub.2q --O--CR.sub.5 R.sub.6 --
      CR.sub.7 R.sub.8 --. These 3-oxa and 4-oxa cis compounds of the PGE.sub.2,
      PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 type
      are also prepared as described hereinafter.
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PAR  The 3-oxa and 4-oxa PGE type compounds of formulas XVIII to XXIII except
      wherein R.sub.1 is hydrogen, and the 3-oxa and 4-oxa PGA type compounds of
      formulas XXXVIII to XLIII except wherein R.sub.1 is hydrogen are prepared
      by the series of reactions shown in Chart E, wherein Q, R.sub.2, and V are
      as defined above, R.sub.11 and R.sub.12 are alkyl of one to 4 carbon
      atoms, inclusive R.sub.10 is the same as the above definition of R.sub.1
      except that R.sub.10 does not include hydrogen, R.sub.13 is alkyl of one
      to 5 carbon atoms, inclusive, and .about. indicates exo or endo
      configuration with respect to the moiety attached to the cyclopropane
      ring.
PAR  The 3-oxa and 4-oxa PGE.sub.1 type compounds of formulas XVIII and XIX, the
      3-oxa and 4-oxa 5,6-dehydro-PGE.sub.2 type compounds of formulas XXII and
      XXIII, the 3-oxa and 4-oxa PGA.sub.1 type compounds of formulas XXXVIII
      and XXXIX, and the 3-oxa and 4-oxa 5,6-dehydro-PGA.sub.2 type compounds of
      formulas XLII and XLIII are also prepared by the series of reactions shown
      in Chart F, wherein Q, R.sub.2, R.sub.9, R.sub.10, and R.sub.13, are as
      defined above, Z is --C.sub.n H.sub.2n --O--CR.sub.5 R.sub.6 --, --C.sub.m
      H.sub.2m --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --, --C.tbd.C--C.sub.p
      H.sub.2p --O--CR.sub.5 R.sub.6 --, or --C.tbd.C--C.sub.q H.sub.2q
      --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --, and .about. indicates exo or
      endo configuration with respect to the moiety attached to the cyclopropane
      ring.
PAR  It should be observed regarding the series of reactions shown in Charts E
      and F, that the reactions starting with glycol LX in Chart E are similar
      to the reactions starting with glycol LXVII in Chart F. The only
      differences here are the definitions of the divalent moieties V (Chart E)
      and Z (Chart F). V includes saturated, cis and trans ethylenic, and
      acetylenic divalent moieties. Z is limited to the saturated and acetylenic
      divalent moieties encompassed by V.
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PAL  In other words, final 3-oxa and 4-oxa PGE type compounds of formula LXII
      (Chart E) encompass compounds of formulas XVIII to XXIII. Final 3-oxa and
      4-oxa PGA type compounds of formula LXIII (Chart E) encompass compounds of
      formulas XXXVIII to XLIII. On the other hand, final 3-oxa and 4-oxa PGE
      type compounds of formula LXIX (Chart F) encompass only compounds of
      formulas XVIII, XIX, XXII, and XXIII, and final 3-oxa and 4-oxa PGA type
      compounds of formula LXX (Chart F) encompass only compounds of formulas
      XXXVIII, XXXIX, XLII, and XLIII.
PAR  As will subsequently appear, an acetylenic intermediate of formula LIX,
      formula LX, or formula LXVII is transformed by reduction to the
      corresponding cis or trans ethylenic intermediates of formulas LIX or LX,
      and an acetylenic intermediate of formulas LIX, LX, or LXVII, or a cis or
      trans ethylenic intermediate of formulas LIX or LX is transformed by
      reduction to the corresponding saturated intermediate of formulas LIX, LX,
      or LXVII.
PAR  The initial bicyclo-ketone reactant of formula LXV in Chart F is also used
      as an initial reactant to produce the initial bicyclo-ketone cyclic ketal
      reactant of formula LVIII in Chart E. The reactions of Chart G will
      produce cyclic ketal LVIII. Therein THP is tetrahydropyranyl, and .phi. is
      phenyl.
PAR  The bicyclo-ketone reactant of formula LXV exists in four isomeric forms,
      exo and endo with respect to the attachment of the --CH=CH--R.sub.2
      moiety, and cis and trans with respect to the double bond in that moiety.
      Each of those isomers separately or various mixtures thereof are used as
      reactants according to this invention to produce substantially the same
      final 3-oxa or 4-oxa PGE or PGA type product mixture.
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PAR  The process for preparing either the exo or endo configuration of the
      formula-LXV bicyclo-ketone is known to the art. See Belgian Pat. No.
      702,477; reprinted in Farmdoc Complete Specifications, Book 714, No.
      30.905, page 313, Mar. 12, 1968. See West Germany Offenlegungsschrift No.
      1,937,912; reprinted in Farmdoc Complete Specifications, Book No. 14, No.
      6869 R, Week R.sub.5, Mar. 18, 1970.
PAR  In said Belgian Pat. No. 702,477, a reaction sequence capable of forming
      exo ketone LXV is as follows: The hydroxy of 3-cyclopentenol is protected,
      for example, with a tetrahydropyranyl group. Then a diazoacetic acid ester
      is added to the double bond to give an exo-endo mixture of a
      bicyclo[3.1.0]hexane substituted at 3 with the protected hydroxy and at 6
      with a esterified carboxyl. The exo-endo mixture is treated with a base to
      isomerize the endo isomer in the mixture to more of the exo isomer. Next,
      the carboxylate ester group at 6 is transformed to an aldehyde group,
      --CHO. Then, said aldehyde group is transformed by the Wittig reaction, in
      this case to a moiety of the formula --CH=CH--R.sub.2 which is in exo
      configuration relative to the bicyclo ring structure. Next, the protective
      group is removed to regenerate the 3-hydroxy which is then oxidized, for
      example, by the Jones reagent, i.e., chromic acid (see J. Chem. Soc. 39
      (1946)), to give said exo ketone LXV.
PAR  Separation of the cis-exo and trans-exo isomers of LXV is described in said
      Belgian Pat. No. 702,477.  However, as mentioned above, that separation is
      usually not necessary since the cis-trans mixture is useful as a reactant
      in the next process step.
PAR  The process described in said Belgian Pat. No. 702,477 producing the exo
      form of bicyclo-ketone LXV uses, as an intermediate, the exo form of a
      bicyclo [3.1.0]hexane substituted at 3 with a protected hydroxy, e.g.,
      tetrahydropranyloxy, and at 6 with an esterified carboxyl. When the
      corresponding endo compound is substituted for that exo intermediate, the
      process in said Offenlegungsschrift No. 1,937,912 leads to the endo form
      of bicyclo-ketone LXV. That endo compound to be used has the formula:
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PAL  Compound LXXIV is prepared by reacting
      endo-bicyclo[3.1.0]-hexane-3-ol-6-carboxylic acid methyl ester which is
      then reacted with dihydropyran in the presence of a catalytic amount of
      POCl.sub.3 to give the desired compound. This is then used as described in
      said Offenlegungsschrift No. 1,937,912 to produce the endo form of
      bicyclo-ketone LXV.
PAR  As for exo LXV, the above process produces a mixture of endo-cis and
      endo-trans compounds. These are separated as described for the separation
      of exo-cis and exo-trans LXV, but this separation is usually not necessary
      since, as mentioned above, the cis-trans mixture is useful as a reactant
      in the next process step.
PAR  In the processes of said Belgian patent and said Offenlegungsschrift,
      certain organic halides, e.g., chlorides and bromides, are necessary to
      prepare the Wittig reagents used to generate the generic moiety,
      --CH=CH--R.sub.2 of bicyclo-ketone LXV. These organic chlorides and
      bromides R.sub.2 --CH.sub.2 --Cl and R.sub.2 --CH.sub.2 --Br, are known in
      the art or can be prepared by methods known in the art.
PAR  To illustrate the availability of these organic chlorides consider first
      the above-described 3-oxa and 4-oxa PGE-type compounds of formulas XVIII
      to XXVII wherein G is alkyl of one to 10 carbon atoms, inclusive,
      substituted with zero, one, 2, or 3 fluoro.
PAR  For those products wherein R.sub.2 is alkyl of one to 10 carbon atoms,
      substituted with zero to 3 fluoro atoms, there are available the monohalo
      hydrocarbons, e.g., bromo(or chloro-)methane, -ethane, -propane, -pentane,
      -octane, and -decane; and the monohalofluorohydrocarbons, e.g., CH.sub.2
      FCl, CH.sub.2 FCH.sub.2 Br, CHF.sub.2 CH.sub.2 Cl, CF.sub.3 CH.sub.2 Br,
      F(CH.sub.2).sub.3 Br, CH.sub.3 CF.sub.2 CH.sub.2 Cl, CF.sub.3
      (CH.sub.2).sub.2 Br, F(CH.sub.2).sub.4 Cl, CH.sub.3 CF.sub.2 CH.sub.2
      CH.sub.2 Cl, C.sub.4 H.sub.9 CFHCH.sub.2 Br, CF.sub.3 (CH.sub.2).sub.3 Cl,
      CF(CH.sub.2).sub.2 BrCH.sub.3, CH.sub.2 F(CH.sub.2).sub.4 Cl, C.sub.2
      H.sub.5 CF.sub.2 (CH.sub.2).sub.2 Cl, CF.sub.3 (CH.sub.2).sub.4 Cl,
      CH.sub.3 (CH.sub.2).sub.4 CF.sub.2 (CH.sub.2).sub.2 CH.sub.2 Cl, and
      CH.sub.3 (CH.sub.2).sub.3 CF.sub.2 (CH.sub.2).sub.3 CH.sub.2 Cl, as
      described in "Aliphatic Fluorine Compounds", A. M. Lovelace et al., Am.
      Chem. Soc. Monograph Series 1958, Reinhold Publ. Corp. Those halides not
      available are prepared by methods known in the art by reacting the
      corresponding primery alcohol R.sub.2 -CH.sub.2 OH with PCl.sub.3,
      PBr.sub.3, or any of the other halogenating agents useful for this
      purpose. Available alcohols include CH.sub.3 CH(CF.sub.3)CH.sub.2 OH,
      (CH.sub.3).sub.2 CHCH.sub.2 CH.sub.2 OH, (CH.sub.3).sub.3 CCH.sub.2 OH,
      CF.sub.3 CH(CH.sub.3)CH.sub.2 CH.sub.2 OH, for example. For those halides
      of the formula R.sub.2 --CH.sub.2 --Hal wherein Hal is chloro or bromo
      R.sub.2  is R.sub.14 (CH.sub.2).sub.d, d being 1, 2, 3, or 4, and R.sub.14
      being isobutyl, tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl, or
      4,4,4-trifluorobutyl, the intermediate alcohols are prepared as follows.
PAR  In the case of R.sub.14 being isobutyl or tert-butyl, known alcohols are
      converted to bromides, thence to nitriles with sodium cyanide, thence to
      the corresponding carboxylic acids by hydrolysis, and thence to the
      corresponding primary alcohols by reduction, e.g. with lithium aluminum
      hydride, thus extending the carbon chain one carbon atom at a time until
      all primary alcohols are prepared.
PAR  In the case of R.sub.14 being 3,3-difluorobutyl, the necessary alcohols are
      prepared from keto carboxylic acids of the formula, CH.sub.3
      --CO--(CH.sub.2).sub.r --COOH, wherein r is 2, 3, 4, 5, or 6. All of those
      acids are known. The methyl esters are prepared and reacted with sulfur
      tetrafluoride to produce the corresponding CH.sub.3 --CF.sub.2
      --(CH.sub.2).sub.r --COOCH.sub.3 compounds, which are then reduced with
      lithium aluminum hydride to CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.r
      --CH.sub.2 OH. These alcohols are then transformed to the bromide or
      chloride by reaction with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.14 being 4,4-difluorobutyl, the initial reactants are
      the known dicarboxylic acids, HOOC--(CH.sub.2).sub.f --COOH, wherein f is
      3, 4, 5, 6, or 7. These dicarboxylic acids are esterified to CH.sub.3
      OOC--(CH.sub.2).sub.f --COOCH.sub.3 and then half-saponified, for example
      with barium hydroxide, to give HOOC--(CH.sub.2).sub.f --COOCH.sub.3. The
      free carboxyl group is transformed first to the acid chloride with thionyl
      chloride and then to an aldehyde by the Rosenmund reduction. Reaction of
      the aldehyde with sulfur tetrafluoride then gives CHF.sub.2
      --(CH.sub.2).sub.f --COOCH.sub.3 which by successive treatment with
      lithium aluminum hydride and PB.sub.r3 or PCl.sub.3 gives the necessary
      bromides or chlorides, CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Br or
      CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Cl.
PAR  In the case of R.sub.14 being 4,4,4-trifluorobutyl, aldehydes of the
      formula CH.sub.3 OOC--(CH.sub.2).sub.f --CHO are prepared as described
      above. Reduction of the aldehyde with sodium borohydride gives the alcohol
      CH.sub.3 OOC--(CH.sub.2).sub.f --CH.sub.2 OH. Reaction with a hydrogen
      halide, for example hydrogen bromide, gives the corresponding
      halocarboxylic acid which by reaction with sulfur tetrafluoride gives the
      necessary CF.sub.3 --(CH.sub.2).sub.f --CH.sub.2 --Br or CF.sub.3
      --(CH.sub.2).sub.f --CH.sub.2 --Cl.
PAR  For the above reactions of SF.sub.4, see U.S. Pat. No. 3,211,723 and J.
      Org. Chem. 27, 3164 (1962).
PAR  As mentioned above, formula XVIII-to-LVII compounds with an alpha-fluoro
      substituent in a straight chain 3 to 7-carbon R.sub.2, i.e., R.sub.2 being
      --CHF--(CH.sub.2).sub.g --CH.sub.3 wherein g is 1, 2, 3, 4, or 5,
      represent preferred embodiments among the novel 3-oxa and 4-oxa compounds
      of this invention. Among those, for example, is 3-oxa-16-fluoro-PGE.sub.1.
      The formula-LXV bicycloketones necessary to produce those monofluoro
      compounds are advantageously prepared by reacting either of the
      above-mentioned bicyclo-aldehydes, exo or endo, with a Wittig reagent
      prepared from CH.sub.3 --(CH.sub.2).sub.g --CO--CH.sub.2 --Br and
      triphenylphosphine. The aldehyde group is thereby transformed to
      ##EQU6##
      The resulting unsaturated ketone is reduced to the corresponding
      ##EQU7##
      compound. Then --OH in that group is replaced with fluoro by known
      methods, for example, directly by reaction with
      2-chloro1,1,1-trifluorotriethylamine or indirectly, for example, by
      transforming the hydroxy to tosyloxy or mesyloxy, and reacting the
      resulting compound with anhydrous potassium fluoride in diethylene glycol.
PAR  The transformation of bicyclo-ketone-olefin LXV to glycol LXXIII is carried
      out by reacting olefin LXV with a hydroxylation reagent. Hydroxylation
      reagents and procedures for this purpose are known in the art. See, for
      example, Gunstone, Advances in Organic Chemistry, Vol. 1, pp. 103-147,
      Interscience Publishers, New York, N.Y. (1960). Especially useful
      hydroxylation reagents for this purpose are osmium tetroxide and performic
      acid (formic acid plus hydrogen peroxide). Variosu isomeric glycols are
      obtained depending on such factors as whether olefin LXV is cis or trans
      and endo or exo, and whether a cis or a trans hydroxylation reagent is
      used. These various glycol mixtures can be separated into individual
      isomers by silica gel chromatography. However, this separation is usually
      not necessary, since all isomers of a particular glycol are equally useful
      as intermediates according to this invention and the processes outlined in
      Chart E to produce final products of formulas LXII and LXIII, and then,
      according to Chart A, B, C, and D to produce the other final products of
      this invention.
PAR  The transformation of glycol LXXIII to the cyclic ketal of formula LVIII
      (Chart E) is carried out by reacting said glycol with a dialkyl ketone of
      the formula
      ##EQU8##
      wherein R.sub.11 and R.sub.12 are alkyl of one to 4 carbon atoms,
      inclusive, in the presence of an acid catalyst, for example potassium
      bisulfate or 70% aqueous perchloric acid. A large excess of the ketone and
      the absence of water is desirable for this reaction. Examples of suitable
      dialkyl ketones are acetone, methyl ethyl ketone, diethyl ketone, methyl
      propyl ketone, and the like. Acetone is preferred as a reactant in this
      process.
PAR  Referring again to Chart E, cyclic ketal LVIII is transformed to cyclic
      ketal LIX by alkylating with an alkylation agent of the formula
      Hal--CH.sub.2 --V--COOR.sub.10 wherein R.sub.10 and V are as defined
      above, and Hal is chlorine, bromine, or iodine. Similarly, referring to
      Chart F, olefin LXV is transformed to olefin LXVI by alkylating with an
      alkylation agent of the formula Hal--CH.sub.2 --Z--COOR.sub.10 wherein
      R.sub.10, Z, and Hal are as defined above.
PAR  Any of the alkylation procedures known in the art to be useful for
      alkylating cyclic ketones with alkyl halides and haloalkanoic esters are
      used for the transformations of LVIII to LIX and LXV to LXVI. See. for
      example, the abovementioned Belgian Pat. No. 702,477 for procedures useful
      here and used there to carry out similar alkylations, e.g., employing the
      bicyclo enamines.
PAR  For these alkylations, it is preferred that Hal be bromo or iodo. Any of
      the usual alkylation bases, e.g., alkali metal alkoxides, alkali metal
      amides, and alkali metal hydrides, are useful for this alkylation. Alkali
      metal alkoxides are preferred, especially tert-alkoxides. Sodium and
      potassium are preferred alkali metals. Especially preferred is potassium
      tert-butoxide. Preferred diluents for this alkylation are tetrahydrofuran
      and 1,2-dimethoxyethane. otherwise, procedures for producing and isolating
      the desired formula LIX and LXVI compounds are within the skill of the
      art.
PAR  These alkylation procedures produce mixtures of alpha and beta alkylation
      products, i.e., a mixture of the formula-LIX products wherein the
      --CH.sub.2 --V--COOR.sub.10 moiety is attached in alpha configuration,
      with corresponding compounds having that moiety attached in beta
      configuration, or a mixture of the formula-LXVI products with
      corresponding compounds having the --CH.sub.2 --Z--COOR.sub.10 moiety in
      the beta configuration. When about one equivalent of base per equivalent
      of formula LXV or LVIII ketone is used, the alpha configuration usually
      predominates. Use of an excess of base and longer reaction times usually
      result in production of larger amounts of beta products. These alphabeta
      isomer mixtures are separated at this stage or at any subsequent stage in
      the multi-step processes shown in Charts E and F. Silica gel
      chromatography is preferred for this separation.
PAR  The necessary alkylating agents for the above-described alkylations, i.e.,
      compounds of the formulas Hal--CH.sub.2 --V--COOR.sub.10 and Hal--CH.sub.2
      --Z--COOR.sub.10, are prepared by methods known in the art.
PAR  There are eight groups of compounds encompassed by these two genera of
      alkylating agents. Alkylating agents of the formula Hal--CH.sub.2
      --Z--COOR.sub.10 include compounds of the following formulas:
      ##EQU9##
      Alkylating agents of the formula Hal--CH.sub.2 --V--COOR.sub.10 include
      the above-listed compounds of formulas LXXV, LXXVI, LXXVII, and LXXVIII,
      and also compounds of the following formulas:
      ##EQU10##
PAR  These alkylating agents of formulas LXXV to LXXXII are accessible to those
      of ordinary skill in the art. For example, the 3-oxa alkylating agents of
      formulas LXXV, LXXVII, LXXIX, and LXXX are advantageously prepared by
      reacting an alpha-hydroxy ester or acid of the formula HO--CR.sub.5
      R.sub.6 --COOR.sub.1, wherein R.sub.1, R.sub.5, and R.sub.6 are as defined
      above, with a compound of the formula, J--CH.sub.2 --C.sub.n H.sub.2n --G,
      J--CH.sub.2 --C.tbd.C--C.sub.p H.sub.2p --G, and J--CH.sub.2
      --CH=CH--C.sub.p H.sub.2p --G, respectively, wherein C.sub.n H.sub.2n and
      C.sub.p H.sub.2p are as defined above, J is chloro, bromo, iodo, or a
      group transformable to one of those, for example, tetrahydropyranyloxy or
      mesyloxy, and G is chloro, bromo, iodo, mesyloxy, tosyloxy, or the like,
      in the presence of a strong base, for example, sodium hydride when R.sub.1
      is a carbon-containing group, and lithium diisopropyl amide when R.sub.1
      is hydrogen. Alternatively, an alpha-bromo ester or acid of the formula
      Br--CR.sub.5 R.sub.6 --COOR.sub.1 wherein R.sub.1, R.sub.5, and R.sub.6
      are as defined above, is reacted in the presence of a similar strong base
      with a compound of the formula J--CH.sub.2 -- C.sub.n H.sub.2n --oH,
      J--CH.sub.2 --C.tbd.C--C.sub.p H.sub.2p --oH, or J--CH.sub.2
      --CH=CH--C.sub.p H.sub.2p --OH. When both R.sub.5 and R.sub.6 in the ester
      are alkyl, it is preferred to use the hydroxy acid or ester route. When
      there are two alkyl groups in C.sub.n H.sub.2n or C.sub.p H.sub.2p on the
      carbon to which --OH or --G is attached, it is preferred to use the bromo
      acid or ester route. When a formula LXXV, LXXVII, LXXIX, or LXXX
      alkylating agent is desired wherein both R.sub.5 and R.sub.6 are alkyl and
      C.sub.n H.sub.2n or C.sub.p H.sub.2p  has two alkyl groups attached to the
      carbon to which --O-- is attached, it is preferred that G be mesyloxy or
      tosyloxy, or that the Br of the bromo acid or ester be replaced with
      mesyloxy or tosyloxy, whereupon bases and reaction conditions known in the
      art may be used, for example, potassium tert-butoxide in dimethyl
      sulfoxide. Alternatively, this group of tetraalkyl compounds is
      advantageously prepared by using the hydroxy acid or ester route with a
      compound wherein G is chloro, or by using the bromo acid or ester route
      wherein the bromo is replaced with chloro, using freshly precipitated wet
      magnesium hydroxide in an inert solvent suspension as the base.
      Alternatively this group of tetraalkyl compounds is advantageously
      prepared by the hydroxy acid or ester route wherein G is iodo, and silver
      oxide is used as the base. Any of these alternative routes is, of course,
      useful to make the other compounds within the scope of formulas LXXV,
      LXXVII, LXXIX, and LXXX.
PAR  An alternative procedure generally applicable to the production of the
      alkylating agents of formulas LXXV, LXXVII, LXXIX, and LXXX comprises
      reacting a compound of the formula J--CH.sub.2 --C.sub.n H.sub.2n --OH,
      J--CH.sub.2 --C.tbd.C--C.sub.p H.sub.2p --OH, or J--CH.sub.2 --CH=CH--
      C.sub.p H.sub.2p --OH with an ethylene oxide of the formula
      ##EQU11##
      wherein R.sub.5 and R.sub.6 are as defined above, in the presence of an
      acid catalyst, e.g., hydrochloric acid, sulfuric acid, or boron
      trifluoride. The alcohol which is usually the major protuct, i.e.,
      J--CH.sub.2 --C.sub.n H.sub.2n --O--CR.sub.5 R.sub.6 --CH.sub.2 OH,
      J--CH.sub.2 --C.tbd.C--C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6 --CH.sub.2
      OH, or cis or trans J--CH.sub.2 --CH=CH--C.sub.p H.sub.2p --O--CR.sub.5
      R.sub.6 --CH.sub.2 OH, is isolated, oxidized to the corresponding
      carboxylic acid with Jones reagent, and the acid esterified (R.sub.10).
PAR  The 4-oxa alkylating agents of formulas LXXVI, LXXVIII, LXXXI, and LXXXII
      are advantageously prepared as described above for the 3-oxa compounds,
      combining compounds of the formula J--CH.sub.2 --C.sub.m H.sub.2m -- G,
      J--CH.sub.2 --C.sub.m H.sub.2m -- OH, J--CH.sub.2 --C.tbd.C--C.sub.q
      H.sub.2q --G, J--CH.sub.2 --C.tbd.C--C.sub.q H.sub.2q --OH, J--CH.sub.2
      --CH=CH--C.sub.q H.sub.2q -- G, and J--CH.sub.2 --CH=CH--C.sub.q H.sub.2q
      --OH, with .beta.-hydroxy acids or esters and .beta.-halo acids or esters
      of the formulas HO--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --COOR.sub.1 and
      Br--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --COOR.sub.1, or trimethylene
      oxides of the formula
      ##EQU12##
      All of the procedures, preferences, and alternatives described above for
      the preparation of the 3-oxa alkylating agents are applicable to the
      preparation of these 4-oxa alkylating agents.
PAR  The alkylating agents of formulas LXXV to LXXXII are esters. When an alpha
      or beta hydroxy acid or bromo acid is used as a reactant as described
      above, the resulting product is a carboxylic acid. This acid is esterified
      to the corresponding formulas LXXV-to-LXXXII alkylating agent by known
      procedures. As will be described hereinafter, the ester moiety R.sub.10 is
      chosen according to the desired type of final 3-oxa or 4-oxa
      prostaglandin-like product.
PAR  The alpha-hydroxy, alpha-halo, beta-hydroxy, and beta-halo acids and esters
      and the ethylene and trimethylene oxides used as described above to
      produce the formula LXXV to LXXXII alkylating agents are all known in the
      art or are readily accessible through known methods to those of ordinary
      skill in the art.
PAR  The other reactants of the formulas J--CH.sub.2 --C.sub.n H.sub.2n --oH,
      J--CH.sub.2 --C.sub.m H.sub.2m --OH, J--CH.sub.2 --C.tbd.C--C.sub.p
      H.sub.2p --OH, J--CH.sub.2 --CH=CH--C.sub.p H.sub.2p --OH, J--CH.sub.2
      --C.tbd.C--C.sub.q H.sub.2q --OH, J--CH.sub.2 --CH=CH--C.sub.q H.sub.2q
      --OH, and the corresponding reactants with halogen, mesyloxy, or tosyloxy
      in place of --OH also are known in the art or are readily accessible
      through known methods to those of ordinary skill in the art.
PAR  For example, consider the compounds
      ##EQU13##
      wherein THP represents 2-tetrahydropyranyl, and each free valence-- is
      attached to hydrogen or to alkyl, with a total of zero to 9 attached alkyl
      carbon atoms. Said compounds are within the scope of J--CH.sub.2 --C.sub.n
      H.sub.2n --OH as above defined, and are advantageously prepared by
      hydroxylating by known methods, olefins of the formula
      ##EQU14##
      to give the glycols
      ##EQU15##
      which are transformed by known methods to the above tetrahydropyranyl
      ethers. These ethers are also transformed by known methods to
      ##EQU16##
      compounds within the scope of J--CH.sub.2 --C.sub.n H.sub.2n --G as above
      defined.
PAR  Consider the compounds
      ##EQU17##
      wherein THP is as above defined, and the free valences are attached to
      hydrogen or to alkyl, with a total of zero to 8 attached alkyl carbon
      atoms. Said compounds are within the scope of J--CH.sub.2 --C.sub.n
      H.sub.2n --OH as above defined, and are advantageously prepared by known
      methods from beta-hydroxyesters of the formula
      ##EQU18##
      wherein R.sub.15 is methyl or ethyl and the free valences are attached to
      hydrogen or to alkyl. Said esters are available through methods known in
      the art, e.g., the Reformatsky reaction. Said compounds are also
      transformed by known methods to
      ##EQU19##
      compounds within the scope of J--CH.sub.2 --C.sub.n H.sub.2n --G as above
      defined.
PAR  Consider the compounds
      ##EQU20##
      wherein THP is as defined above and the free valences are attached to
      hydrogen or to alkyl, with a total of zero to 7 attached alkyl carbon
      atoms. Said compounds are within the scope of J--CH.sub.2 --C.sub.n
      H.sub.2n --OH as above defined, and are advantageously prepared by known
      methods from the known succinic acid half esters of the formula
      ##EQU21##
      wherein R.sub.15 is methyl or ethyl, the carboxyl end being transformed to
      THP--O--CH.sub.2 --, and then the --COOR.sub.15 end being transformed to
      ##EQU22##
      both by known methods. Said compounds are also transformed by known
      methods to
      ##EQU23##
      compounds within the scope of J--CH.sub.2 --C.sub.n H.sub.2n --G as above
      defined.
PAR  Consider the compounds
      ##EQU24##
      wherein THP is as defined above and the free valences are attached to
      hydrogen or to alkyl, with a total of zero to 6 attached alkyl carbon
      atoms. Said compounds are within the scope of J--CH.sub.2 --C.sub.n
      H.sub.2n --OH as above defined, and are advantageously prepared by known
      methods from
      ##EQU25##
      wherein THP and the free valence attachments are as above defined, and
      R.sub.15 is methyl or ethyl. These ester reactants are prepared by known
      methods from
      ##EQU26##
      reactants whose preparation is described in the proceeding paragraph. Said
      compounds are also transformed by known methods to
      ##EQU27##
      compounds within the scope of J--CH.sub.2 --C.sub.n H.sub.2n --G as above
      defined. In a similar manner, compounds of the formulas
      ##EQU28##
      wherein the free valences are attached to hydrogen or to alkyl, with a
      total of zero to 5 attached alkyl carbon atoms, are prepared from
      ##EQU29##
      compounds.
PAR  Consider the compounds
      ##EQU30##
      wherein THP is as above defined, and the free valences are attached to
      hydrogen or to alkyl, with a total of zero to seven attached alkyl carbon
      atoms. Said compounds are within the scope of of J--CH.sub.2
      --C.tbd.C--C.sub.p H.sub.2p --OH, as above defined, and are prepared by
      known methods from reactants of the formula
      ##EQU31##
      which are known in the art or are prepared by known methods. See, for
      example, U.S. Pat. No. 3,108,140. Said compounds are also transformed by
      known methods to
      ##EQU32##
      compounds within the scope of J--CH.sub.2 --C.tbd.C--C.sub.p H.sub.2p --G
      as above defined.
PAR  Consider the compounds
      ##EQU33##
      wherein THP is as above defined, and the free valences are attached to
      hydrogen or to alkyl, with a total of zero to six attached alkyl carbon
      atoms. Said compounds are within the scope of J--CH.sub.2
      --C.tbd.C--C.sub.p H.sub.2p --OH, as above defined, and are prepared by
      known methods form the known or easily accessible beta-hydroxy esters of
      the formula
      ##EQU34##
      wherein R.sub.15 is methyl or ethyl. The hydroxy end of those is changed
      to --O--THP and the R.sub.15 OOC--end is changed to
      ##EQU35##
      both by known methods. Then
      ##EQU36##
      is changed by known methods first to HC.tbd.C-- and then to HO--CHH.sub.2
      --C.tbd.C--. Finally
      ##EQU37##
      is transformed by known methods to
      ##EQU38##
      The latter is also transformed by known methods to THP--O--CH.sub.2
      --C.tbd.C--C--C--Br, compounds within the scope of J--CH.sub.2
      --C.tbd.C--C.sub.p H.sub.2p --G as above defined.
PAR  Another route to compounds
      ##EQU39##
      as above defined comprises Reformatsky-type reactions to propargyl
      bromides of the formula
      ##EQU40##
      with ketones or aldehydes
      ##EQU41##
      to give
      ##EQU42##
      See, for example, J. Chem. Soc. (London) 2696 (1949). Then --OH is changed
      to --O--THP and HC.tbd.C-- is changed to HO--CH.sub.2 --C.tbd.C--, both by
      known methods. Finally,
      ##EQU43##
      is changed to
      ##EQU44##
      by known methods.
PAR  Consider the compounds
      ##EQU45##
      wherein THP is as above-defined, and the free valences are attached to
      hydrogen or to alkyl, with a total of zero to 5 attached alkyl carbon
      atoms. Said compounds are within the scope of J--CH.sub.2
      --C.tbd.C--C.sub.p H.sub.2p --OH as above defined, and are prepared by
      known methods from the known succinic acid half esters of the formula
      ##EQU46##
      wherein R.sub.15 is methyl or ethyl. The carboxyl end is changed to Br--
      and the -COOR.sub.15 end is changed to
      ##EQU47##
      both by known methods. Then, BR- is changed first to HOOC- and then to
      ##EQU48##
      both by known methods. Then
      ##EQU49##
      is changed first to HC.tbd.C- and then to HO-CH.sub.3 -C.tbd.C-, both by
      known methods. Finally,
      ##EQU50##
      is transformed by known methods to
      ##EQU51##
      The latter is also transformed by knowm methods to
      ##EQU52##
      compounds within the scope of J-CH.sub.2 -C.tbd.C-CpH.sub.2 p-G as above
      defined.
PAR  Another route to compounds of the formulas
      ##EQU53##
      both types within the scope of J-CH.sub.2 -C.tbd.C-CpH.sub.2 p-OH as above
      defined comprises reaction of
      ##EQU54##
      by known procedures. These latter reactants are known or easily accessible
      by known methods.
PAR  The reactants of formulas J-CH.sub.2 -C.sub.m H.sub.2m -OH and J-CH.sub.2
      -C.sub.m H.sub.2m -G are prepared as described above for the preparation
      of the corresponding C.sub.n H.sub.2n compounds, due consideration being
      given to the definition differences between CnH.sub.2 n and CmH.sub.2 m.
      Similarly, reactants of formulas J-CH.sub.2 -C.tbd.C-CqH.sub.2q -OH and
      J-CH.sub.2 -C.tbd.C-CqH.sub.2 q-G are prepared as described above for the
      preparation of the corresponding CpH.sub.2 p compounds, due consideration
      being given to the definition differences between CpH.sub.2 p and
      CqH.sub.2 q.
PAR  The cis and trans ethylenic reactants of formulas J-CH.sub.2
      -CH=CH-CpH.sub.2 p-OH, J-CH.sub.2 -CH=CH-CpH.sub.2 p-G, J-CH.sub.2
      -CH=CH-CqH.sub.2 q-OH, and J-CH.sub.2 -CH=CH-CqH.sub.2 q-G are prepared by
      cis or trans reduction of the corresponding acetylenic reactant prepared
      as above described, or by cis or trans reduction of any earlier acetylenic
      intermediate in which both ends of the acetylenic bond are substituted,
      i.e., not hydrogen as in the moiety HC.tbd.C-. Alternatively, this cis or
      trans reduction is carried out on any subsequent acetylenic reaction
      product leading up to and including the final acetylenic alkylating agent
      of formula LXXVII or LXXVIII.
PAR  For these cis reductions of the acetylenic bonds, it is advantageous to use
      hydrogen plus a catalyst which catalyzes hydrogenation of -C.tbd.C- only
      to cis-CH=CH-. Such catalysts and procedures are well known to the art.
      See, for example, Fieser et al., "Reagents for Organic Synthesis", pp.
      566-567; John Wiley & Sons, Inc., New York, N.Y. (1967). Palladium (5%) on
      barium sulfate, especially in the presence of pyridine as a diluent, is a
      suitable catalyst for this purpose. Alternative reagents useful to
      transform these acetylenic compounds to cis-ethylenic compounds are
      bis-3-methyl-2-butylborane ("disiamylborane") and diisobutylaluminum
      hydride.
PAR  For trans reductions of the acetylenic bond, except for those compounds
      containing halogen, it is advantageous to use sodium or lithium in liquid
      ammonia or a liqiud alkylamine, e.g., ethylamine. When the moiety
      HO-CH.sub.2 -C.tbd.C- is present in the acetylenic compound being reduced,
      the use of lithium aluminum hydride gives trans reduction of the triple
      bond. Procedures for these trans reductions are known in the art. See, for
      example, Fieser et al., above cited, pp. 577, 592-594, and 603, and J. Am.
      Chem. Soc. 85, 622 (1963).
PAR  Referring again to Chart E, after alkylation as discussed above, cyclic
      ketal LIX is transformed to glycol LX by reacting the cyclic ketal with an
      acid with pK less than 5. Suitable acids and procedures for hydrolyzing
      cyclic ketals to glycols are known in the art. Suitable acids are formic
      acid, hydrochloric acid, and boric acid. Especially preferred as diluents
      for this reaction are tetrahydrofuran and .beta. -methoxyethanol.
PAR  Referring again to Chart F, after alkylation as discussed above, olefin
      LXVI is hydroxylated to glycol LXVII. As discussed above, the divalent
      moiety -Z- includes the moieties -C.sub.n H.sub.2n -O-CR.sub.5 R.sub.6 -,
      C.sub.m H.sub.2m -O-CR.sub.5 R.sub.6 -CR.sub.7 R.sub.8 -, wherein
      -C.tbd.C-C.sub.p H.sub.2p -O-CR.sub.5 R.sub.6 -, and -C.tbd.C-C.sub.q
      H.sub.2q -O-CR.sub.5 R.sub.6 -CR.sub.7 R.sub.8 -, wherein Cm.sub.2
      m,C.sub.n H.sub.2n, C.sub.p H.sub.2p, C.sub.q H.sub.2q, R.sub.6, R.sub.7,
      and R.sub.8 are as defined above. When Z is -C.sub.n H.sub.2n -O-CR.sub.5
      R.sub.6 - or -C.sub.m H.sub.2m -O-CR.sub.5 R.sub.6 -CR.sub.7 R.sub.8 -,
      this hydroxylation of LXVI is carried out as described above for the
      hydroxylation of olefin LXV to glycol LXXIII, i.e., with any of the known
      reagents and procedures described in Gunstone, above cited. When Z is
      -C.tbd.C-C.sub.p H.sub.2p -O-CR.sub.5 R.sub.6 - or -C.tbd.C-C.sub.q
      H.sub.2q -O-CR.sub.5 R.sub.6 -CR.sub.7 R.sub.8 -, some of the reagents and
      procedures described by Gunstone tend to attack the acetylenic linkage as
      well as the ethylenic linkage of the formula LXVI olefin. Therefore it is
      preferred to use a hydroxylation reagent and procedure which attacks the
      ethylenic linkage preferentially. For this, it is preferred to carry out
      hydroxylation of these acetylenic formula LXVI olefins with organic
      peracids, e.g., performic acid, peracetic acid, perbenzoic acid, or
      m-chloroperbenzoic acid, as described by Gunstone, above cited, pp.
      124-130.
PAR  As discussed above regarding the hydroxylation of unalkylated olefin LXV to
      unalkylated glycol LXXIII, various isomeric glycols are obtained by
      hydroxylation of the formula LXVI alkylated olefin. The particular
      formula- LXVII glycol or glycol mixture obtained depends on such factors
      as whether the olefin LXVI is cis or trans and endo or exo, and whether a
      cis or a trans hydroxylation takes place. However, all of the isomeric
      formula-LXVI erytho and threo glycols and the various glycol mixtures each
      are useful as an intermediate according to this invention and the
      processes of Chart F to produce final products of formulas LXIX and LXX,
      and then according to Charts, A, B, C, and D, to produce the other final
      products of this invention. Therefore, it is usually not necessary to
      separate individual formula-LXVI glycol isomers before proceeding further
      in the synthesis, although that separation is accomplsihed by silica gel
      chromatography.
PAR  Referring again to Charts E and F, bis-alkanesulfonic acid esters LXI and
      LXVIII are prepared by reacting glycols LX and LXVII, respectively, with
      an alkanesulfonyl chloride or bromide, or with an alkanesulfonic acid
      anhydride, the alkyl in each containing one to 5 carbon atoms, inclusive.
      Alkanesulfonyl chlorides are preferred for this reaction. The reaction is
      carried out in the presence of a base to neutralize the byproduct acid.
      Expecially suitable bases are tertiary amines, e.g., dimethylaniline or
      pyridine. It is usually sufficient merely to mix the two reactants and the
      base, and maintain the mixture in the range 0.degree. to 25.degree.C. for
      several hours. The formula LXI and LXVIII bis-sulfonic acid esters are
      then isolated by procedures known to the art.
PAR  Referring now to Chart E, bis-sulfonic acid esters LXI are transformed
      either to 3-oxa or 4-oxa PGE-type compounds LXII, or to 3-oxa or 4-oxa
      PGA-type compounds LXIII. Referring to Chart F, bis-sulfonic acid esters
      LXVIII are transformed either to 3-oxa or 4-oxa PGE type compounds LXIX,
      or to 3-oxa or 4-oxa PGA type compounds LXX.
PAR  The transformations of LXI and LXVIII to the PGE type compounds LXII and
      LXIX respectively, are carried out by reacting bis-esters LXI and LXVIII
      with water in the range about 0.degree. to about 60.degree. C. In making
      3-oxa-PGE.sub.1 or 4-oxa-PGE.sub.1, 25.degree. C. is a suitable reaction
      temperature, the reaction then proceeding to completion in about 5 to 20
      hours. It is advantageous to have a homogenous reaction mixture. This is
      accomplished by adding sufficient of a water-soluble organic diluent which
      does not enter into the reaction. Acetone is a suitable diluent. The
      desired product is isolated by evaporation of excess water and diluent if
      one is used. The residue contains a mixture of formula LXII or formula
      LXIX C-15 epimers which differ in the configuration of the side chain
      hydroxy, that being either "natural" (.alpha.) or "epi" (.beta.). These
      are separated from byproducts and from each other by silica gel
      chromatography. A usual byproduct is the mono-sulfonic acid ester of
      formula LXIV (Chart E) or formula LXXI (Chart F). These mono-sulfonic acid
      esters are esterified to the formula LXI or LXVIII bis-sulfonic acid
      esters, respectively, in the same manner described above for the
      transformation of glycol LX or LXVII to bis-ester LXI or LXVIII and thus
      are recycled back to additional formula LXII or LXIX final product.
PAR  The transformations of LXI and LXVIII to the PGA type compounds LXIII and
      LXX, respectively, are carried out by heating bis-esters LXI and LXVIII in
      the range 40.degree. to 100.degree. C. with a combination of water, a base
      characterized by its water solution having a pH 8 to 12, and sufficient
      inert water-soluble organic diluent to form a basic and substantially
      homogenous reaction mixture. A reaction time of one to 10 hours is usually
      used. Preferred bases are the water-soluble salts of carbonic acid,
      especially alkali metal bicarbonates, e.g., sodium bicarbonate. A suitable
      diluent is acetone. The products are isolated and separated as described
      above for the transformation of bis-esters LXI and LXVIII to PGE type
      products LXII and LXIX. The same mono-sulfonic acid esters LXIV and LXXI
      observed as byproducts in those tranformations are also observed during
      preparation of PGA type products LXIII and LXX.
PAR  For the transformations of bis-sulfonic acid esters LXI and LXVIII to final
      products LXII, LXIII, LXIX, and LXX, it is preferred to use the bis-mesyl
      esters, i.e., compouonds LXI and LXVIII wherein R.sub.13 is methyl.
PAR  Referring again to Charts E and F, the configuration of the --CH.sub.2
      --V--COOR.sub.10 moiety in the formual-LXI bis-esters or the configuration
      of the --CH.sub.2 --Z--COOR.sub.10 moiety in the formula-LXVIII bis-esters
      does not change during these transformations of LXI to LXII, LXIII, and
      LXIV, and of LXVIII to LXIX, LXX, and LXXI. Therefore, when in formula
      LXI, for example, V is --CH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.2 -- and
      R.sub.2 is pentyl, natural and 15-epi 3-oxa-PGE.sub.1 esters (LXII) are
      obtained when --CH.sub.2 --V--COOR.sub.10 is attached initially (LXI) in
      alpha configuration, and natural and 15-epi 8-iso-3-oxa-PGE.sub.1 esters
      are obtained when the moiety is attached in beta configuration. Similarly,
      when in formula LXI, V is cis--CH=CHCH.sub.2 OCH.sub.2 -- or
      --C.tbd.CCH.sub.2 OCH.sub.2 -- and R.sub.2 is pentyl, natural and 15-epi
      3-oxa-PGE.sub.2 esters and natural and 15-epi
      5,6-dehydro--PGE.sub.-pGE.sub.2 esters are obtained when --CH.sub.2
      --V--COOR.sub.10 is attached initially in alpha configuration, and the
      corresponding 8-iso compounds are obtained when that moiety is attached in
      beta configuration. The same retention of --CH.sub.2 --V--COOR.sub.10
      configuration occurs when formula LXIII and LXIV compounds are produced,
      and a similar retention of --CH--Z--COOR.sub.10 configuration occurs when
      formula LXIX, LXX, and LXXI compounds are produced from formula LXVIII
      bis-esters.
PAR  The 3-oxa and 4-oxa PGE.sub.3 -type compounds encompassed by formulas XXVI
      and XXVII are prepared by the transformations shown in Chart H, wherein
      C.sub.j H.sub.2j, Q, R.sub.9, R.sub.10, R.sub.13, THP, Y, and .about. are
      as defined above.
PAR  Starting material LXXII, previously discussed (Chart G) is converted to the
      formula -LXXXIII compound by several steps known in the art, employing
      first a Wittig reaction of a phosphonium salt of a haloalkyne of the
      formula Br--CH.sub.2 --C.sub.j H.sub.2j --C.tbd.C--R.sub.9 wherein C.sub.j
      H.sub.2j, and R.sub.9 are as defined above. See, for example, U. Axen et
      al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Compound LXXXIII is then alkylated with an alkylation agent of the formula
      Hal--CH.sub.2 --C.tbd.C--Y--COOR.sub.10 wherein Y, R.sub.10, and Hal are
      as defined above, i.e., Y is --C.sub.p H.sub.2p --O--CR.sub.5 R.sub.6 --
      or --C.sub.q H.sub.2q --O--CR.sub.5 R.sub.6 --CR.sub.7 R.sub.8 --,
      R.sub.10 is the same as the definition of R.sub.1 except that R.sub.10
      does not include hydrogen, and Hal is chloro, bromo, or iodo. These
      alkylating agents have been discussed above in connection with Charts D
      and E and the procedures for alkylation are similar to those employed in
      preparing the acetylenic compounds above. See also Axen et al., references
      cited.
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PAR  Accordingly, for the preparation of 3 -oxa-PGE.sub.3 compounds of formula
      XXVI wherein C.sub.p H.sub.2p is methylene, there is used an alkylating
      agent of the formula Hal--CH.sub.2 --C.tbd.C--CH.sub.2 --O--CH.sub.2
      --COOR.sub.10 prepared as discussed above in connection with alkylating
      agent LXXVII.
PAR  Referring again to Chart H, after alkylation, compound LXXXIV is
      hydroxylated to glycol LXXXV. Hydroxylation reagents and procedures for
      this purpose are known in the art. See also Axen et al., references cited.
PAR  Bis(alkanesulfonic acid) esters LXXXVI are prepared by reacting glycol
      LXXXV with an alkanesulfonyl chloride or bromide, for example
      methanesulfonyl chloride in the presence of a tertiary amine, by methods
      known in the art.
PAR  Referring again to Chart H, bis(sulfonic acid) esters LXXXVI are
      transformed to oxa-phenylene bisdehydro PGE.sub.3 -type compounds LXXXVII
      by reaction with water in the range about 0.degree. to about 60.degree.
      C., preferably in an acetone-water mixture, as known in the art and
      discussed hereinabove. See also Axen, references cited.
PAR  Transformation of LXXXVII to the PGE.sub.3 -type compounds LXXXVIII is
      accomplished by hydrogenation of LXXXVII using a catalyst which catalyzes
      hydrogenation of --C.tbd.C-- only to cis-CH=CH--, as known in the art and
      discussed hereinabove. Preferred is Lindlar catalyst in the presence of
      quinoline, see Axen, references cited.
PAR  The product is a mixture of formula-LXXXVIII C-15 epimers which are
      separated from by-products and from each other by silica gel
      chromatography.
PAR  The transformations of the formula-LXXXVIII pGE.sub.3 -type products to the
      corresponding PGF.sub.3, PGA.sub.3, and PGB.sub.3 products are carried out
      by the steps shown in Chart A, discussed hereinabove.
PAR  The formula-LXII and LXIX 3-oxa and 4-oxa PGE-type compounds and the
      formula-LXIII and LXX 3-oxa and 4-oxa PGA-type compounds shown in Charts E
      and F and the formula-LXXXVIII 3-oxa and 4-oxa PGE.sub.3 -type compounds
      shown in Chart H are all R.sub.10 carboxylic acid esters, wherein R.sub.10
      is as defined above. Moreover, when those PGE-type and PGA-type R.sub.10
      esters are used to prepare the other 3-oxa and 4-oxa prostaglandin-like
      compounds according to Charts A, B, C, and D, corresponding R.sub.10
      esters are likely to be produced, especially in the case of the 3-oxa and
      4-oxa PGF-type compounds. For some of the uses described above, it is
      preferred that the novel formula XVIII-to-LVII 3 oxa and 4-oxa
      prostaglandin-like compounds of this invention be in free acid form, or in
      salt form which requires the free acid as a starting material. The
      PGF-type esters of formulas XXVII-XXXVII and the PGB-type compounds of
      formulas XLVIII-LVII are easily hydrolyzed or saponified to the free acids
      by the usual known procedures, especially when R.sub.1 (R.sub.10) is alkyl
      of one to 4 carbons, inclusive, preferably methyl or ethyl.
PAR  On the other hand, the PGE-type esters of formulas XVIII-XXVII and the
      PGA-type esters of formulas XXXVIII-XLVII are difficult to hydrolyze or
      saponify without causing unwanted structural changes in the desired acids.
      There are several other procedures to make the free acid forms of these
      PGE- and PGA-type compounds.
PAR  One of those procedures is applicable mainly in preparing the free acids
      from the corresponding alkyl esters wherein the alkyl group contains one
      to 8 carbon atoms, inclusive. That procedure comprises subjecting the
      alkyl ester to the acylase enzyme system of a microorganism species of
      Subphylum 2 of Phylum III, and thereafter isolating the acid. See West
      Germany Offenlegungsschrift No. 1,937,678; reprinted in Farmdoc Complete
      Specifications, Book No. 13, No. 6863 R, Week R5, Mar. 18, 1970.
PAR  Expecially preferred for this purpose are species of the orders Mucorales,
      Hypocreales, Moniliales, and Actinomycetales. Also especially preferred
      for this purpose are species of the families Mucoraceae,
      Cunninghamellaceae, Nectreaceae, Moniliaceae, Dematiaceae,
      Tuberculariaceae, Actinomycetaceae, and Streptomycetaceae. Also especially
      preferred for this purpose are species of the genera Absidia, Circinella,
      Gongronella, Rhizopus, Cunninghamella, Calonectria, Aspergillus,
      penicillium, Sporotrichum, Cladosporium, Fusarium, Nocardia and
      Streptomyces. Examples of microorganisms falling within the scope of those
      preferred orders, families, and genera are listed in U.S. pat. No.
      3,290,226.
PAR  This enzymatic ester hydrolysis is carried out by shaking the PG-type alkyl
      ester in aqueous suspension with the enzyme contained in a culture of one
      of the above-mentioned microorganism species until the ester is
      hydrolyzed. A reaction temperature in the range 20.degree. to 30.degree.
      C. is usually satisfactory. A reaction time of one to 20 hours is usually
      sufficient to obtain the desired hydrolysis. Exclusion of air from the
      reaction mixture, for example, with argon or nitrogen is usually
      desirable.
PAR  The enzyme is obtained by harvest of cells from the culture, followed by
      washing and resuspension of the cells in water, and cell disintegration,
      for example, by stirring with glass beads or by sonic or ultrasonic
      vibrations. The entire aqueous disintegration mixture is used as a source
      of the enzyme. Alternatively and preferably, however, the cellular debris
      is removed by centrifugation or filtration, and the aqueous supernatant or
      filtrate is used.
PAR  In some cases, it is advantageous to grow the microorganism culture in the
      presence of an alkyl ester of an aliphatic acid, acid containing 10 to 20
      carbon atoms, inclusive, and said alkyl containing one to 8 carbon atoms,
      inclusive, or to add such an ester to the culture and maintain the culture
      without additional growth for one to 24 hours before cell harvest.
      Thereby, the enzyme produced is sometimes made more effective in
      transforming the PG-type ester to the free acid. An example of a useful
      alkyl ester for this purpose is methyl oleate.
PAR  This enzymatic hydrolysis is also applicable to the above PFG- and PGB-type
      alkyl esters.
PAR  Another procedure for making the free acid form of the above PGE- and
      PGA-type compounds involves treatment of certain haloethyl esters of those
      acids with zinc metal and an alkanoic acid of 2 to 6 carbon atoms,
      preferably acetic acid. Those haloethyl esters are the esters wherein
      R.sub.10 is ethyl substituted in the .beta.-position with 3 chloro, 2 or 3
      bromo, or one, 2, or 3 iodo. of those haloethyl moieties,
      .beta.,.beta.,.beta.-trichloroethyl is preferred. Zinc dust is preferred
      as the physical form of the zinc. Mixing the haloethyl ester with the zinc
      dust at about 25.degree. C. for several hours usually causes substantially
      complete replacement of the haloethyl moiety of the ester with hydrogen.
      The free acid is then isolated from the reaction mixture by procedures
      known to the art. This procedure is also applicable to the production of
      PFG- and PGB-type free acids.
PAR  Referring to Charts E and F, formula LIX cyclic ketals and formula LXVI
      olefins wherein R.sub.10 is haloethyl as above defined are necessary as
      intermediates for this route to the final PGE, PGF, pGA, and PGB type free
      acids. These haloethyl ester intermediates can be prepared by alkylation
      of cyclic ketal LVIII (Chart E) or olefin LXV (Chart F), respectively,
      with the appropriate formula LXV to LXXXII alkylating agent wherein
      R.sub.10 is haloethyl as above defined. However, preferred routes to the
      formula LIX and LXVI haloethyl ester intermediates are shown in Charts I
      and J.
PAR  In Charts I and J, r.sub.2, R.sub.11, R.sub.12, V, Z, and .about. are as
      defined above. Haloethyl represents ethyl substituted in the
      .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo,
      preferably --CH.sub.2 CCl.sub.3. R.sub.16 represents alkyl of one to 4
      carbon atoms, inclusive, preferably methyl or ethyl.
PAR  Compound LXXXIX in Chart I is within the scope of compound LIX in Chart E.
      Compound LXV in Chart J is within the scope of compound LXVI in Chart F.
      Ketones LXXXIX and XCV are reduced to corresponding hydroxy compounds XC
      and XCVI, respectively, with a carbonyl reducing agent, e.g., sodium
      borohydride, as descried above in discussion of Chart A. Then, hydroxy
      esters XC and XCVI are saponified by known procedures to hydroxy acids XCI
      and XCVII, respectively. These two hydroxy acids are transformed to keto
      haloethyl esters XCIV and C, respectively, by oxidation of the hydroxy
      group to keto and esterification of the carboxyl group to
      --COO--haloethyl. As shown in Charts I and J, these two reactions are
      carried out in either order. However, it is preferred to oxidize first and
      then esterify.
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PAR  Hydroxy acids XCI and XCVII are oxidized to keto acids XCIII and XCIX,
      respectively, and hydroxy haloesters XCII and XCVIII are oxidized to keto
      haloesters XCIV and C, respectively, by reaction with an oxidizing agent
      which does not attack other parts of these molecules, especially the
      cyclic ketal group of compounds XCI and XCII or the ethylenic linkage of
      compounds XCVII and XCVIII. An especially useful reagent for this purpose
      is the Jones reagent. Acetone is a suitable diluent for this purpose, and
      a slight excess of oxidant and temperatures at least as low as about
      0.degree. C., preferably about -10.degree. to about -20.degree. C. Should
      be used. The oxidation proceeds rapidly and is usually complete in about 5
      to about 30 minutes. Excess oxidant is destroyed, for example, by addition
      of a lower alkanol, advantageously isopropyl alcohol, and the aldehyde is
      isolated by conventional methods, for example, by extraction with a
      suitable solvent, e.g., diethyl ether. Other oxidizing agents can also be
      used. Examples are mixtures of chromium trioxide and pyridine or mixtures
      of dicyclohexylcarbodiimide and dimethyl sulfoxide. See, for example, J.
      Am. Chem. Soc. 87, 5661 (1965).
PAR  Haloethyl esters XCII, xCIV, xCVIII, and C are prepared by reacting acids
      XCI, XCIII, xCVII, and XCIX, respectively, with the appropriate
      haaloethanol, e.g., .beta.,.beta.,.beta.-trichloroethanol, in the presence
      of a carbodiimide, e.g., dicyclohexylcarbodiimide, and a base, e.g.,
      pyridine, preferably in the presence of an inert liquid diluent, e.g.,
      dichloromethane, for several hours at about 25.degree. C.
PAR  Still another method of obtaining the free acid form of these 3-oxa and
      4-oxa PG type compounds, preferred for the PGE analogs, but useful for the
      PGF, pGA, and PGB analogs as well, is by enzymatic hydrolysis using an
      esterase enzyme composition obtained from the marine invertebrate Plexaura
      homomalla (Esper), 1792. Plexaura homomalla is a member of the subsclass
      Octocorallia, order Gorgonacea, suborder Holaxonia, family Plexauridae,
      genus Plexaura. See, for example, Bayer, "The Shallow-Water Octocorallia
      of the West Indian Region", Martinus Nijhoff, The Hague (1961). Colonies
      of these Plexaura homomalla are abundant on the ocean reefs in the zone
      from the low-tide line to about 25 fathoms in the tropical and subtropical
      regions of the western part of the Atlantic Ocean, from Bermuda to the
      reefs of Brazil, including the eastern shore reefs of Florida, the
      Caribbean island and mainland reefs, and the Gulf of Mexico island and
      mainland reefs. These colonies are bush-like or small tree-like in habit
      and are readily identified for collection as Plexaura homomalla (Esper),
      1792, by those of ordinary skill in this art. Two forms exist, the "R"
      form and the "S" form. See W. P. Schneider et al., J. Am. Chem. Soc. 94,
      2122 (1972).
PAR  The esterase enzyme composition is produced by the steps:
PA0  (1) extracting colonies or colony pieces of the marine invertebrate
      Plexaura homomalla (Esper), 1792, forma R or forma S, with liquid acetone
      for a sufficient time to remove substantially all soluble lipids, and
PA0  (2) recovering the acetone-insoluble matter as said composition.
PAR  The colonies of Plexaura homomalla are used either in their as-harvested
      form or in broken or chopped pieces. It is immaterial whether they are
      used fresh from their natural ennvironment, or after freezing and thawing,
      or even after drying under amient conditions.
PAR  The extraction with acetone may be done batch-wise, as by stirring in a
      container, or by percolation, or by continuous methods of extraction known
      in the art. If stirring is used, it is advantageous to first chop the
      Plexaura homomalla into small pieces, for exammple less than 3 mm. in
      greatest dimension. The product is accordingly then a powder consisting of
      pieces smaller than 3 mm. Contact with acetone is continued until
      substantially all of the soluble lipids are removed. normally one hour is
      sufficient, although a longer time is required for whole colonies and a
      shorter time is sufficient for chopped colonies with efficient extraction.
      The end-point can be determined simply by examination of the acetone, as
      by evaporation and by physical measurements on any residue thus obtained.
      The extraction temperature is kept below 50.degree. C. to avoid
      denaturation of the enzyme, and is preferably in the range 20.degree. to
      30.degree. C. Lower temperatures may be used but the extraction then
      proceeds more slowly. The extraction is generally done at atmospheric
      pressure, but it may be carried out at higher or lower pressures provided
      the acetone is in a liquid state when contacting the Plexaura homomalla.
PAR  The acetone-insoluble enzyme composition is recovered from the acetone by
      decantation, filtration, centrifugation, or other convenient method for
      separating solids and liquids. A small amount of adherent acetone, for
      example, 10% of the weight of the composition, may be left on the product
      but it is preferred that the amount be lowered to less than 1%, for
      example by drying under ambient conditions or under reduced pressure. The
      product can then be stored without deterioration, preferably at about
      -20.degree. C.
PAR  In utilizing the above esterase enzyme composition for the purposes of this
      invention, the 3-oxa or 4-oxa PG-type ester is contacted with a mixture of
      the enzyme composition and water. The ester is conveniently added as a
      solution, for example in ethanol or benzene, to about 50-100 times its
      weight of water. The enzyme ccomposition is added in an amount about 1-15
      times the weight of ester. The mixture is stirred until the ester is
      hydrolyzed, generally about 18-24 hours at 25.degree. C. Temperatures of
      about 0.degree.-0.degree. C. may be employed, although about 25.degree. C.
      is preferred. The progress of hydrolysis is readily followed by analysis,
      for example by thin-layer chromatography by methods known in the art. See,
      for example, Hamberg et al., J. Biol. Chem. 241, 257 (1966). Finally,
      several volumes of acetone are added and the soluble acid products are
      recovered by filtration concentration, and extraction using methods known
      in the art.
PAR  As described above, the alkylations of cyclic ketal LVIII to LIX (Chart E)
      and olefin LXV to LXVI (Chart F) usually produces a mixture of alpha and
      beta alkylation products with respect to the --CH.sub.2 --V--COOR.sub.10
      and --CH.sub.2 --Z--COOR.sub.10 moieties. Also as described above, those
      two isomers lead to different final products, alpha leading to the PG type
      series, and beta leading to the 8-iso-PG type series. If a compound in one
      or the other of those two series is preferred, there are two methods for
      favoring production of the preferred final product.
PAR  One of those methods involves isomerization of the final product of
      formulas XVIII to XXVII. Either the alpha isomer of a formula
      XVIII-to-XXVII compound, ester or free acid, or the corresponding beta
      isomer is maintained in an inert liquid diluent in the range of 0.degree.
      to 80.degree. C. and in the presence of a base characterized by its water
      solution having a pH below about 10 until a substantial amount of the
      isomer has been isomerized to the other isomer, i.e., alpha to beta or
      beta to alpha. Preferred bases for this purpose are the alkali metal salts
      of carboxylic acids, especially alkanoic acids of 2 to 4 carbon atoms,
      e.g., sodium acetate. Examples of useful inert liquid diluents are
      alkanols of one to 4 carbon atoms, e.g., ethanol. This reaction at about
      25.degree. takes about one to about 20 days. Apparently an equilibrium is
      established. The mixtures of the two isomers, alpha and beta, are
      separated from the reaction mixture by known procedures, and then the two
      isomers are separated from each other by known procedures, for example,
      chromatography, recrystallization, or a combination of those. The less
      preferred isomer is then subjected to the same isomerization to produce
      more of the preferred isomer. In this manner, by repeated isomerizations
      and separation, substantially all of the less preferred isomer of the
      formula XVIII-to-XXVII compound is transformed to more preferred isomer.
PAR  The second method for favoring productin of a preferred formula
      XVIII-to-XXVII isomer involves any one of the keto intermediates of
      formulas LIX, LX, LXVI, or LXVII (Charts E and F). Either the alpha form
      or the beta form of one of those intermediates is transformed to a mixture
      of both isomers by maintaining one or the other isomer, alpha or beta, in
      an inert liquid diluent in the presence of a base and in range 0.degree.
      to 100.degree. C. until a substantial amount of the starting isomer has
      been isomerized to the other isomer. Preferred bases for this
      isomerization are alkali metal amides, alkali metal alkoxides, alkali
      metal hydrides, and triarylmethyl alkali metals. Especially preferred are
      alkali metal tert-alkoxides of 4 to 8 carbon atoms, e.g., potassium
      tert-butoxide. This reaction at about 25.degree. C. proceeds rapidly (one
      minute to several hours). Apparently an equilibrium mixture of both
      isomers is formed, starting with either isomer. The isomer mixtures in the
      equilibrium mixture thus obtained are isolated by known procedures, and
      then the two isomers are separated from each other by known procedures,
      for example, chromataography. The less preferred isomer is then subjected
      to the same isomerization to produce more of the preferred isomer. In this
      manner, by repeated isomerizations and separations, substantially all of
      the less preferred isomer of any of these intermediates is transformed to
      the more preferred isomer. Cyclic acetalketone intermediates of formula
      LIX are preferred over the other intermediates for this isomerization
      procedure.
PAR  Certain 15-alkyl 3-oxa and 4-oxa PGE, PGF, pGA, and PGB type compounds of
      formula XVIII to LVII wherein R.sub.3 is alkyl of one to 4 carbon atoms,
      inclusive, preferably methyl or ethyl, are preferred over the
      corresponding 3-oxa and 4-oxa PGE, PGF, pGA, and PGB type compounds in
      which R.sub.3 is hydrogen for the above-described pharmacological
      purposes.
PAR  These 15-alkyl prostaglandin analogs are surprisingly and unexpectedly more
      useful than the corresponding 15-hydrogen compounds for the reason that
      they are substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have a substantially longer
      duration of biological activity. For that reason, fewer and smaller doses
      of these 15-alkyl prostaglandin analogs are needed to attain the desired
      pharmacological results.
PAR  Although the above-mentioned 15-alkyl compounds are produced by the methods
      outlined above in Charts A-H, the preferred methods are set forth in Chart
      K as follows.
PAR  In Chart K, R.sub.19 is alkyl of one to 4 carbon atoms, inclusive, and A,
      Hal, R.sub.1, V, and .about. are as heretofore defined. Also in Chart K,
      r.sub.17 is (1) r.sub.2 as defined above or
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      wherein C.sub.j H.sub.2j and R.sub.9 are as defined above; and R.sub.18 is
      R.sub.1 as defined above or silyl of the formula --Si--(T).sub.3 wherein T
      is alkyl of one to 4 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, or phenyl substituted with one to 2 fluoro,
      chloro, or alkyl of one to 4 carbon atoms, inclusive. The various T's of a
      --Si(T).sub.3 moiety are alike or different. For example, a --Si(T).sub.3
      can be trimethylsilyl, dimethylphenylsilyl, or methylphenylbenzylsilyl.
      Examples of alkyl of one to 4 carbon atoms, inclusive, are methyl, ethyl,
      propyl, isopropyl, isobutyl, sec-butyl, and tertbutyl. Examples of aralkyl
      of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl,
      .alpha.-phenylethyl, 3-phenylpropyl, .alpha.-naphthylmethyl, and
      2-(.beta.-naphthyl)ethyl. Examples of phenyl substituted with one or 2
      fluoro, chloro, or alkyl of one to 4 carbon atoms, inclusive, are
      p-chlorophenyl, m-fluorophenyl, o-tolyl, 2,4-dichlorophenyl,
      p-tert-butylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
      ##SPC24##
PAR  In Chart K, the final 3-oxa and 4-oxa PGF.sub..alpha. and
      PGF.sub..beta.-type products are those encompassed by formulas CIV and CV
      which are within the scope of PGF-type compounds of formula XXVIII-XXXVII
PAR  The initial optically active or racemic reactants of formula CI in Chart K,
      i.e., the 3oxa and 4-oxa PGF.sub.1 -, PGF.sub.2 -, pGF.sub.3 -,
      dehydro-PGF.sub.2 -, and dihydro-PGF.sub.1 -type compounds in their
      .alpha. and .beta. forms, and their esters, are prepared by methods
      described herein. These acids and esters of formula CI are transformed to
      the corresponding intermediate 15-oxo acids and esters of formula CII by
      oxidation with reagents such as 2,3-dichloro-5,6-dicyano-1,4-benzoquinone,
      activated manganese dioxide, or nickel peroxide (see Fieser et al.,
      "Reagents for Organic Syntheses," pp. 215, 637, and 731). Alternatively,
      and especially for the formula-CI reactants wherein A is --CH.sub.2
      CH.sub.2 --, and V is Y as defined above, these oxidations are carried out
      by oxygenation in the presence of the 15-hydroxy-prostaglandin
      dehydrogenase of swine lung (see Arkiv for Kemi 25, 293 (1966)). These
      reagents are used according to procedures known in the art. See, for
      example, J. Biol. Chem. 239, 4097 (1964).
PAR  Referring again to Chart K, intermediate compounds CII are transformed to
      silyl derivatives CIII by procedures known in the art. See, for example,
      Pierce, "Silylation of Organic Compounds," Pierce Chemical Co., Rockford,
      Ill. (1968). Both hydroxy groups of the formula-CII reactants are thereby
      transformed to --O--Si--(T).sub.3 moieties wherein T is as defined above,
      and sufficient of the silylating agent is used for that purpose according
      to known procedures. When R.sub.1 in intermediate CII is hydrogen, the
      --COOH moiety thereby defined is simultaneously transformed to
      --COO--Si--(T).sub.3, additional silylating agent being used for this
      purpose. This latter transformation is aided by excess silylating agent
      and prolonged treatment. When R.sub.1 in formula CII is alkyl, then
      R.sub.18 in formula CIII will also be alkyl. The necessary silylating
      agents for these transformations are known in the art or are prepared by
      methods known in the art. See, for example, Post, "Silicones and Other
      Organic Silicon Compounds, "Reinhold Publishing Corp., New York, N.Y.
      (1949).
PAR  Referring again to Chart K, intermediate silyl compounds CIII are
      transformed to the final compounds of formulas CIV and CV by first
      reacting the silyl compound with a Grignard reagent of the formula
      R.sub.19 MgHal wherein R.sub.19 is as defined above, and Hal is chloro,
      bromo, or iodo. For this purpose, it is preferred that Hal be bromo. This
      reaction is carried out by the usual procedure for Grignard reactions,
      using diethyl ether as a reaction solvent and saturated aqueous ammonium
      chloride solution to hydrolyze the Grignard complex. The resulting disilyl
      or trisilyl tertiary alcohol is then hydrolyzed with water to remove the
      silyl groups. For this purpose, it is advantageous to use a mixture of
      water and sufficient of a water-miscible solvent, e.g., ethanol to give a
      homogenous reaction mixture. The hydrolysis is usually complete in 2 to 6
      hours at 25.degree. C., and is preferably carried out in an atmosphere of
      an inert gas, e.g., nitrogen or argon.
PAR  The mixture of 15-.alpha. and 15-.beta. isomers obtained by this Grignard
      reaction and hydrolysis is separated by procedures known in the art for
      separating mixtures of prostanoic acid derivatives, for example, by
      chromatography on neutral silica gel. In some instances, the lower alkyl
      esters, expecially the methyl esters of a pair of 15-.alpha. and 15-.beta.
      isomers are more readily separated by silica gel chromatography than are
      the corresponding acids. In those cases, it is advantageous to esterify
      the mixture of acids as described below, separate the two esters, annd
      then, if desired, saponify the esters by procedures known in the art for
      saponification of prostaglandins F.
PAR  Although formula-CIV and --CV compounds wherein A is --CH.sub.2 CH.sub.2 --
      V is Y as defined above may be produced according to the processes of
      Chart K, it is preferred to produce those novel dihydro-PGF.sub.1 analogs
      by hydrogenation of one of the corresponding unsaturated compounds, i.e.,
      a compound of formula CIV or CV wherein A is trans --CH=CH-- and V is
      either saturated or unsaturated as defined above. This hydrogenation is
      advangateously carried out catalytically, for example, in the presence of
      a 5% palladiumon-charcoal catalyst in ethyl acetate solution at 25.degree.
      C. and one atmosphere pressure of hydrogen.
PAR  The novel 15-alkyl 3-oxa or 4-oxa PGE-type acids and esters of formula
      XVIII to XXVII are prepared from the corresponding PGF compounds,
      heretofore described, by oxidation. For this purpose, an oxidizing agent
      is used which selectively oxidizes secondary hydroxy groups to carbonyl
      groups in the presence of carbon-carbon double bonds. The PGF .sub..beta.
      isomers are preferred starting materials when the carboxyl side chain is
      alpha, although the corresponding .alpha.-hydroxy isomers are also usefl
      for this purpose.
PAR  Oxidation reagents useful for this transformation are known to the art. An
      especially useful reagent for this purpose is the Jones reagent. Acetone
      is a suitable diluent for this purpose, and a slight excess beyond the
      amount necessary to oxidize one of the secondary hydroxy groups of the
      15-alkyl PGF reactant is used. Reaction temperatures at least as low as
      about 0.degree. C. should be used. Preferred reaction temperatures are in
      the range -10.degree. to -50.degree. C. The oxidation proceeds rapidly and
      is usually complete in about 5 to 20 minutes. The excess oxidant is
      destroyed, for example by addition of a lower alkanol, advantageously,
      isopropyl alcohol, and the PGE-type product is isolated by conventional
      methods.
PAR  Examples of other oxidation reagents useful for this purpose are silver
      carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of chromium
      trioxide and pyridine (Tetrahedron Letters 3363 (1968), J. Am. Chem. Soc.
      75, 422 (1953), and Tetrahedron, 18, 1351 (1962)), mixtures of sulfur
      trioxide in pyridine and dimethyl sulfoxide (J. Am. Chem. Soc. 89, 5505
      (1967)), and mixtures of dicyclohexylcarbodiimide and dimethyl sulfoxide
      (J. Am. Chem. Soc. 87, 5661 (1965)).
PAR  The novel 15-alkyl 3-oxa or 4-oxa PGA-type acids and esters of formulas
      XXXVIII to XLVII are prepared from the 15-alkyl 3-oxa or 4-oxa PGE
      compounds, heretofore described, by dehydration. For this purpose, a
      dehydrating agent is used which removes the hydroxy group from the
      alicyclic ring in the presence of a hydroxy group on a tertiary carbon
      atom.
PAR  Dehydration agents useful for this transformation are known in the art. Any
      of the known substantially neutral dehydrating agents is used for these
      reactions. See Fieser et al., "reagents for Organic Syntheses", John Wiley
      & Sons, Inc., New York, 1967. Preferred dehydrating agents are mixtures of
      at least an equivalent amount of a carbodiimide and a catalytic amount of
      a copper (11) salt. Especially preferred are mixtures of at least an
      equivalent amount of dicyclohexylcarbodiimide and a catalytic amount of
      copper (11) chloride. An equivalent amount of a carbodiimide means one
      mole of the carbodiimide for each mole of the PGE-type reactant. To ensure
      completeness of the reaction, it is advantageous to use an excess of the
      carbodiimide, i.e., 1.5 to 5 or even more equivalents of the carbodiimide.
PAR  The dehydration is advantageously carried out in the presence of an inert
      organic diluent which gives a homogeneous reaction mixture with respect to
      the PGE-type reactant and the carbodiimide. Diethyl ether is a suitable
      diluent. It is advantageous to carry out the dehydration in an atmosphere
      of an inert gas, e.g., nitrogen, helium, or argon. The time required for
      the dehydration will depend in part on the reaction temperature. With the
      reaction temperature in the range 20.degree. to 30.degree.C., the
      dehydration usually takes place in about 40 to 60 hours. The PGA-type
      product is isolated by methods known in the art, e.g., filtration of the
      reaction mixture and concentration of the filtrate. If desired, the
      product is purified by methods known in the art, advantageously by
      chromatography on silica gel.
PAR  The 3-oxa-PGE.sub.1 compounds encompassed by formula XVIII and the
      3-oxa-PGF.sub.1 .sub..alpha. compounds encompassed by formula XXVIII are
      also prepared by the transformations shown in Charts L and M. Therein
      R.sub.1, R.sub.2, and .about. are as defined above and Q' is
      ##EQU56##
PAR  In Chart L, wherein are shown the steps leading to intermediate CXI of
      Chart M, R.sub.20 is either
      ##SPC25##
PAL  wherein R.sub.29 is alkyl of one to 4 carbon atoms, inclusive, phenylalkyl
      of 7 to 10 carbon atoms, inclusive, or nitro, and s is zero to 5,
      inclusive, provided that not more than two R.sub.29 's are other than
      alkyl, and that the total number of carbon atoms in the R.sub.29 's does
      not exceed 10 carbon atoms;
      ##SPC26##
PAL  wherein R.sub.30 is alkyl of one to 4 carbon atoms, inclusive;
      ##SPC27##
PAL  wherein R.sub.29 and s are as defined above; or (4) acetyl. Use of acetyl
      or p-phenylbenzoyl is known in the art (see Corey et al., J. Am. Chem.
      Soc. 93, 1491 (1971)).
PAR  In Chart L, R.sub.21 is a "blocking group", which is defined as any group
      which replaces hydrogen of the hydroxyl groups, which is not attacked by
      nor is reactive to the reagents used in the respective transformations to
      the extent that the hydroxyl group is, and which is subsequently
      replaceable by hydrogen at a later stage in the preparation of the
      prostaglandin-like products. Several blocking groups are known in the art,
      e.g., tetrahydropyranyl and substituted tetrahydropyranyl (see Corey,
      Proceedings of the Robert A. Welch Foundation Conferences on Chemical
      Research. XII Organic Synthesis, pp. 51-79. (1969).
      ##SPC28##
PAR  Those which have been found useful in this series of transformations
      include (a) tetrahydropyranyl; (b) tetrahydrofuranyl; and (c) a group of
      the formula
      ##EQU57##
      wherein R.sub.25 is alkyl of one to 18 carbon atoms, inclusive, cycloalkyl
      of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms,
      inclusive, phenyl, or phenyl substituted with one, 2, or 3 alkyl of one to
      4 carbon atoms, inclusive, wherein R.sub.26 and R.sub.27 are the same or
      different, being hydrogen, alkyl of one to 4 carbon atoms, inclusive,
      phenyl or phenyl substituted with one, 2, or 3 alkyl of one to 4 carbon
      atoms, inclusive, or, when R.sub.26 and R.sub.27 are taken together,
      --(CH.sub.2)a-- or --(CH.sub.2)b--O--(CH.sub.2)c-- wherein a is 3, 4, or
      5, b is one, 2, or 3, and c is one, 2, or 3 with the proviso that b plus c
      is 2, 3, or 4, and wherein R.sub.28 is hydrogen or phenyl.
PAR  Furthermore, in Chart L, Q" is either
      ##EQU58##
      wherein R.sub.21 is a blocking group as defined above.
PAR  The starting materials represented by formula CVI in Chart L are known in
      the art or are prepared by methods known in the art. See, for example,
      E.J. Corey et al., J. Am. Chem. Soc. 91, 5675 (1969) for the dl (racemic)
      form and 92, 397 (1970) for the optically active form. Likewise see
      Belgian Pat. No. 781,979, Oct. 12, 1972, or West German Offenlegunsschrift
      No. 2,217,044, Oct. 26, 1972. See Derwent Farmdoc 71483T-B, T48.
PAR  In that Belgian patent an iodolactone of the formula
      ##SPC29##
PAL  is subjected to an acylating agent, for example an acid, an anhydride, or
      an acyl halide, to replace the hydrogen of the hydroxyl group with
      R.sub.20. The resulting compound is next deiodinated, for example with
      zinc dust or tributyltin hydride. That product is then demethylated, as
      with boron tribromide. Finally, the aldehyde is formed by oxidation, as
      with Collins reagent (pyridine-CrO.sub.3).
PAR  Continuing with Chart L, the formula-CVII compound is obtained by Wittig
      alkylation of CVI, using the sodio derivative of an appropriate
      alkylphosphonate of the general formula (R.sub.31 O).sub.2 P(O)CH.sub.2
      C(O)--R.sub.2 wherein R.sub.2 is as defined above and R.sub.31 is
      preferably alkyl of one to 8 carbon atoms, inclusive.
PAR  As examples of phosphonates useful for this purpose there are:
      ##EQU59##
      The phosphonates are prepared and used by methods known in the art. See
      D.H. Wadsworth et al., J. Org. Chem. 30, 680 (1965).
PAR  Conveniently, the appropriate aliphatic acid ester is condensed with
      dimethyl methylphosphonate in the presence of n-butyllithium. For this
      purpose, acids of the general formula
      ##EQU60##
      wherein g and R.sub.4 are as defined above are used in the form of their
      lower alkyl esters, preferably methyl or ethyl. These aliphatic acids of
      various chain length, with or without fluoro substitution within the scope
      of
      ##EQU61##
      are known in the art. The fluoro-substituted acids are readily available,
      e.g. 2-fluorobutyric, 2-fluorovaleric, 2-fluorohexanoic,
      2-fluoroheptanoic, and 2-fluorooctanoic acids.
PAR  Continuing with Chart L, the formula-CVIII compound is obtained as a
      mixture of alpha and beta isomers by reduction of CVII. For this
      reduction, use is made of any of the known ketonic carbonyl reducing
      agents which do not reduce ester or acid groups or carbon-carbon double
      bonds when the latter is undesirable. Examples of those are the metal
      borohydrides, especially sodium, potassium, and zinc borohydrides, lithium
      (tri-tert-butoxy)-aluminum hydride, metal trialkoxy borohydrides, e.g.,
      sodium trimethoxyborohydried, lithium borohydride, diisobutyl aluminum
      hydride, and when carbon-carbon double bond reduction is not a problem,
      the boranes, e.g., disiamylborane.
PAR  For production of natural-configuration PG-type compounds, the desired
      15-alpha form of the formula-CVIII compound is separated from the 15-beta
      isomer by silica gel chromatography.
PAR  The formula-CIX compound is then obtained by deacylation of CVIII with an
      alkali metal carbonate, for example potassium carbonate in methanol at
      about 25.degree. C.
PAR  Previously, the preparation of a bicyclic lactone diol within the scope of
      formula CIX
      ##SPC30##
PAL  was reported by E. J. Corey et al., J. Am. Chem. Soc. 91, 5675 (1969), and
      later disclosed in an optically active form by E. J. Corey et al., J. Am.
      Chem. Soc. 92, 397 (1970). Conversion of this intermediate to PGE.sub.2
      and PGF.sub.2.alpha., either in racemic or optically active form, was
      disclosed in those publications.
PAR  Continuing with Chart L, compound CX is obtained by introducing blocking
      groups R.sub.21. When the blocking group is tetrahydropyranyl or
      tetrahydrofuranyl, the appropriate reagent, e.g., 2,3-dihydropyran or
      2,3-dihydrofuran, is used in an inert solvent such as dichloromethane, in
      the presence of an acid condensing agent such as p-toluenesulfonic acid or
      pyridine hydrochloride. The reagent is used in slight excess, preferably
      1.0 to 1.2 times theory. The reaction is carried out at about
      20.degree.-50.degree. C.
PAR  When the blocking group is of the formula
      ##EQU62##
      as defined above, the appropriate reagent is a vinyl ether, e.g. isobutyl
      vinyl ether or any vinyl ether of the formula R.sub.25
      -O-C(R.sub.26)=CR.sub.27 R.sub.28 wherein R.sub.25, R.sub.26, R.sub.27,
      and R.sub.28 are as defined above; or an unsaturated cyclic or
      heterocyclic compound, e.g. 1-cyclohex-1-yl methyl ether or
      5,6-dihydro-4-methoxy-2H-pyran. See C. B. Reese et al., J. Am. Chem. Soc.
      89, 3366 (1967). The reaction conditions for such vinyl ethers and
      unsaturates are similar to those for dihydropyran above.
PAR  The lactol CXI is obtained on reduction of the formula-CX lactone without
      reducing the 13,14-ethylenic group. For this purpose, diisobutylaluminum
      hydride is used. The reduction is preferably done at -60.degree. to
      -70.degree. C.
PAR  The stereochemistry of the side chain is preserved in transforming CVIII to
      CIX to CX to CXI. For example, a 3-alpha compound CVIII yields a 3-alpha
      compound CXI.
PAR  Referring to Chart M, the steps are shown whereby compound CXI is
      transformed to either 3-oxa-PGF.sub.1 .sub..alpha. compounds (CXVI) or
      3-oxa-PGE.sub.1 compounds (CXVIII). Therein, Q', Q", R.sub.1, R.sub.2, and
      R.sub.21 are as defined above. R.sub.22 is either methyl or ethyl, and
      R.sub.23 is either hydrogen or a blocking group R.sub.21.
PAR  The formula-CXII compound is obtained from the formula-CXI lactol by the
      Wittig reaction, with a (carbalkoxymethylene)triphenyl phosphorane,
      R.sub.22 OOC-CH=P(C.sub.6 H.sub.5).sub.3. The reaction is conveniently
      carried out at 25.degree. C.
PAR  The formula-CXIII compound is then obtained by reduction of the ethylenic
      group in the carboxyl chain. For this purpose a reducing agent is used
      which does not reduce the --CH=C(Q")--R.sub.2 group, for example hydrogen
      in the presence of a catalyst such as palladium on carbon or rhodium on
      alumina. Mild conditions are sufficient such as low pressure and
      temperatures of 0.degree. to 40.degree. C.
PAR  The formula-CXIV alcohol is obtained from the formula-CXIII compound by
      reduction, for example with lithium aluminum hydride or lithium trimethoxy
      aluminum hydride. A solvent such as diethyl ether or tetrahydrofuran is
      conveniently used.
PAR  The formula-CXV compound is obtained by a Williamson synthesis, condensing
      the formula-CXIV alcohol with a haloacetate, Hal--CH.sub.2 --COOR.sub.1
      wherein Hal is chloro, bromo, or iodo and R.sub.1 is as above defined, in
      the presence of a base. For the base, there is used for example,
      n-butyllithium, phenyllithium, triphenylmethyllithium, sodium hydride, or
      potassium t-butoxide. When R.sub.23 is hydrogen it is preferred that only
      one molecular equivalent of the base be used; when R.sub.23 is a blocking
      group excess of the base may be used. The acetate is employed in about
      100% excess. Instead of a haloacetic acid ester, a salt, for example
      lithium chloroacetate is useful. After the condensation, the salt is
      transformed to the CXV compound by methods known in the art. The
      condensation is conveniently run in a solvent such as dimethyl formamide,
      tetrahydrofuran, dimethyl sulfoxide, or hexamethylphosphoramide.
PAR  The CXV intermediate is transformed to the formula-CXVI 3-oxa-PGF.sub.1
      .sub..alpha.-type product by hydrolysis of the blocking groups, for
      example in dilute acetic acid, aqueous citric acid, or aqueous phosphoric
      acid-tetrahydrofuran.
PAR  The formula-CXVII pGE.sub.1 -type compound is obtained by oxidation of the
      formula CXV-compound, for example by either the Jones or Collins reagents.
      Thereafter, the blocking groups are removed by hydrolysis to yield the
      formula-CXVIII 3-oxa-PGE.sub.1 -type products. The 3-oxa-PGE.sub.2
      compounds encompassed by formula XX and the 3-oxa-PGF.sub.2 .sub..alpha.
      compounds encompassed by formula XXX are also prepared by the
      transformations shown in Chart N. Therein Q', Q", R.sub.1, R.sub.2,
      R.sub.21, and R.sub.22, are as defined above for Charts L and M.
PAR  Starting material CXII is provided by the first step of Chart M as shown
      above. Next, the formula-CXIX alcohol is obtained by reduction, for
      example with lithium aluminum hydride or lithium trimethoxy aluminum
      hydride. A solvent such as diethyl ether or tetrahydrofuran is
      conveniently used. Thereafter, the steps by which the formula-CXXI
      PGF.sub.2 .sub..alpha.-type compounds and the formula-CXXIII PGE.sub.2
      -type compounds are formed are by using the same reagents and conditions
      employed for preparing the corresponding formula-CXVI PGF.sub.1
      .sub..alpha.-type and formula-CXVIII PGE.sub.1 -type compounds represented
      in Chart M and discussed above.
PAR  The 4-oxa-PGF.sub.1 .sub..alpha. compounds encompassed by formula-XXIX are
      also prepared by the transformations shown in Chart O. Therein Q', Q",
      R.sub.1, R.sub.2, and R.sub.21 are as defined above for Charts L and M.
PAR  Starting material CXI is provided by the steps of Chart L above. Next, the
      formula-CXXIV allyl compound is obtained by reaction of the lactol with a
      Wittig reagent. For a discussion of the conditions of various Wittig
      reactions, see for example "Organic Reactions", Vol. 14, p. 270, R. Adams
      et al. edit., Wiley, 1965. The formula-CXXV compound is obtained by
      methods known in the art or discussed herein. Hydroboration then yields
      the formula-CXXVI alcohol. See, for example, "Hydroboration", H. C. Brown,
      W. A. Benjamin, Inc., New York, 1962.
      ##SPC31##
PAL  Thereafter, the formula-CXXVII allyl compound is obtained by the Williamson
      ether synthesis, employing allyl chloride. Hydroboration yields the
      formula-CXXVIII alcohol which is readily oxidized with the Jones reagent
      to the formula-CXXIX acid wherein R.sub.1 is hydrogen. Blocking groups
      R.sub.21 are removed by methods described above to yield the formula-CXXX
      4-oxa-PGF.sub.1 .sub..alpha. product. If compound CXXIX is esterified,
      compound CXXX is obtained as an ester.
PAR  The 5-nor-4-oxa-PGE.sub.1 compounds encompassed by formula XIX and the
      5-nor-4-oxa-PGF.sub.1 .sub..alpha. compounds encompassed by formula XXIX
      are also prepared by the transformations shown in Chart P. Therein Q', Q",
      R.sub.1, R.sub.2, and R.sub.21 are as defined above.
PAR  Starting material CX is obtained by the steps of Chart L. Next, the
      formula-CXXXI alcohol is obtained by reduction. For this purpose sodium
      borohydride, lithium aluminum hydride, or diisobutylaluminum hydride are
      useful. Generally the reaction is carried out within a temperature range
      of 0.degree.-50.degree. C. Thereafter, successive steps employing the
      Williamson ether synthesis, hydroboration, and oxidation yield the
      formula-CXXXIV acid. Removal of blocking groups R.sub.21 yields the
      formula-CXXXVI 5-nor-4-oxa-PGE.sub.1 acid. Esters are obtained, for
      example by esterifying acid CXXXIV to form compound CXXXV and thence
      compound CXXXVI.
PAR  Formula CXXXVII 5-nor-4-oxa-pGF.sub.1 compounds are obtained by reduction
      of the formula-CXXXVI compounds, for example with sodium borohydride, and
      thereafter separating the 9-alpha and 9-beta compounds by methods known in
      the art or described herein.
      ##SPC32##
PAR  The final formula XVIII-to-LVII compounds or their corresponding racemates
      prepared by the processes of this invention, in free acid form, are
      transformed to pharmacologically acceptable salts by neutralization with
      appropriate amounts of the corresponding inorganic or organic base,
      examples of which correspond to the cations and amines listed above. These
      transformations are carried out by a variety of procedures known in the
      art to be generally useful for the preparation of inorganic, i.e., metal
      or ammonium, salts, amine acid addition salts, and quaternary ammonium
      salts. The choice of procedure depends in part upon the solubility
      characteristics of the particular salt to be prepared. In the case of the
      inorganic salts, it is usually suitable to dissolve the formula
      XVIII-to-LVII acid in water containing the stoichiometric amount of a
      hydroxide, carbonate, or bicarbonate corresponding to the inorganic salt
      desired. For example, such use of sodium hydroxide, sodium carbonate, or
      sodium bicarbonate gives a solution of the sodium salt. Evaporation of the
      water or addition of a water-miscible solvent of moderate polarity, for
      example, a lower alkanol or a lower alkanone, gives the solid inorganic
      salt if that form is desired.
PAR  To produce an amine salt, the formula XVIII-to-LVII acid is dissolved in a
      suitable solvent of either moderate or low polarity. Examples of the
      former are ethanol, acetone, and ethyl acetate, Examples of the latter are
      diethyl ether and benzene. At least a stoichiometric amount of the amine
      corresponding to the desired cation is then added to that solution. If the
      resulting salt does not precipitate, it is usually obtained in solid form
      by addition of a miscible diluent of low polarity or by evaporation. If
      the amine if relatively volatile, any excess can easily be removed by
      evaporation. It is preferred to use stoichiometric amounts of the less
      volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      formula XVIII-to-LVII acid with the stoichiometric amount of the
      corresponding quaternary ammonium hydroxide in water solution, followed by
      evaporation of the water.
PAR  The final formula XVIII-to-LVII acids or esters or their corresponding
      racemates prepared by the processes of this invention are transformed to
      lower alkanoates by interaction of the formula XVIII-to-LVII hydroxy
      compound with a carboxyacylating agent, preferably the anhydride of a
      lower alkanoic acid, i.e., an alkanoic acid of one to 8 carbon atoms,
      inclusive. For example, use of acetic anhydride gives the corresponding
      diacetate. Similar use of propionic anhydride, isobutyric anhydride, and
      hexanoic acid anhydride gives the corresponding carboxyacylates.
PAR  The carboxyacylation is advantageously carried out by mixing the hydroxy
      compound and the acid anhydride, preferably in the presence of a tertiary
      amine such as pyridine or triethylamine. A substantial excess of the
      anhydride is used, preferably about 10 to about 10,000 moles of anhydride
      per mole of the hydroxy compound reactant. The excess anhydride serves as
      a reaction diluent and solvent. An inert organic diluent, for example,
      dioxane, can also be added. It is preferred to use enough of the tertiary
      amine to neutralized the carboxylic acid produced by the reaction, as well
      as any free carboxyl groups present in the hydroxy compound reactant. The
      carboxyacylation reaction is preferably carried out in the range about
      0.degree. to about 100.degree. C. The necessary reaction time will depend
      on such factors as the reaction temperature, and the nature of the
      anhydride and tertiary amine reactants. With acetic anhydride, pyridine,
      and a 25.degree. C. reaction temperature, a 12 to 24-hour reaction time is
      used.
PAR  The carboxyacylated product is isolated from the reaction mixture by
      conventional methods. For example, the excess anhydride is decomposed with
      water, and the resulting mixture acidified and then extracted with a
      solvent such as diethyl ether. The desired carboxyacylate is recovered
      from the diethyl ether extract by evaporation. The carboxyacylate is then
      purified by conventional methods, advantageously by chromatography.
PAR  By this procedure, the formula XVIII-to-XXVII PGE-type compounds are
      transformed to dialkanoates, the formula XXVIII-to-XXXVII PGF-type
      compounds are transformed to trialkanoates, and the formula
      XXXVIII-to-LVII PGA-type and PGB-type compounds are transformed to
      monoalkanoates.
PAR  When a PGE-type dialkanoate is transformed to a PGF-type compound by
      carbonyl reduction as shown in Chart A, a PGF-type dialkanoate is formed
      and is used for the above-described purposes as such or is transformed to
      a trialkanoate by the above-described procedure. In the latter case, the
      third alkanoyloxy group can be the same as or different than the two
      alkanolyoxy groups present before the carbonyl reduction.
PAR  The 3-oxa and 4-oxa prostaglandin compounds described herein, as well as
      most of the intermediates, except for LVIII and LXV, each has at least one
      center of asymmetry and each can exist in racemic (dl) form and in either
      enantiomeric optically active form i.e., d and l. The formulas XVIII to
      LVII as drawn each represents the optically active form with the same
      configuration as the naturally-occurring prostaglandins. A formula
      defining the enantiomer is the mirro image of the formula as drawn. Both
      formulas are necessary to define accurately the corresponding racemic
      form. In the charts, only the formulas for one optically active form are
      shown, but the transformations therein depicted are intended to apply to
      either enantiomorphic form and also the racemic mixture.
PAR  When an optically active (d or l) final compound is desired, it is made by
      resolution of the racemic compound or by use of a resolved asymmetric
      intermediate. These resolutions are carried out by procedures known in the
      art. For example, when final compound XVIII to LVII is a free acid, the dl
      form thereof is resolved into the d and l forms by reacting said free acid
      by known general procedures with an optically active base, e.g., brucine
      or strychnine, to give a mixture of two diastereoisomers which are
      separated by known general procedures, e.g., fractional crystallization,
      to give the separate diastereoisomeric salts. The optically active acid of
      formula XVIII to LVII is then obtained by treatment of the salt with an
      acid by known general procedures.
PAR  Another procedure for obtaining optically active 3-oxa and 4-oxa PGF-type
      compounds is by stereoselective microbiological reduction of the racemic
      3-oxa and 4-oxa PGE compounds. For this purpose actively fermenting
      baker's yeast is employed. The PGE compound is contacted with a
      yeast-sugar-water mixture at about 25.degree. C. for 24-48 hours. There is
      produced by reduction a mixture of the PGF.sub..alpha. compound and the
      enantiomeric PGF.sub..beta. compound, which are separable by silica gel
      chromatography for example. Accompanying this transformation, carboxylic
      ester groups are removed by hydrolysis.
PAR  Still another method referring to the processes discussed above and
      especially to Charts E,F, and H, is by resolution of cyclic ketal LIX,
      olefin LXVI, or glycols LX, LXVII or LXXXV in their free acid form into
      separate d and l forms. They are then esterified and transformed further
      to the corresponding optically active form of the final products XVIII to
      LVII as described above.
PAR  Alternatively, bicyclo ketone reactants LX, LXVII, or LXXXV, in exo or endo
      form, are transformed to ketals with an optically active 1,2-glycol, e.g.,
      D-(-)-2,3-butanediol, by reaction of said 1,2-glycol with the formula LX,
      LXVII, or LXXXV compound in the presence of a strong acid, e.g.,
      p-toluenesulfonic acid. The resulting ketal is a mixture of
      diastereoisomers which is separated into the d and l diastereoisomers,
      each of which is then hydrolyzed with an acid, e.g., oxalic acid, to the
      original keto compound, now in optically active form. These reactions
      involving optically active glycols and ketals for resolution purposes are
      generally known in the art. See, for example, Chem. Ind. 1664 (1961) and
      J. Am. Chem. Soc. 84, 2938 (1962). Dithiols may be used instead of
      glycols.
PAR  With reference to the processes of charts L, M, N, O, and P, the final
      optically active 3-oxa and 4-oxa products corresponding to formulas XVIII
      to LVII are obtained by starting with the proper optically active aldehyde
      CVI as discussed above. Likewise the corresponding racemic products are
      obtained by starting with the racemic (dl) aldehyde CVI or subsequent
      racemic intermediate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples and
      preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer Model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  NMR spectra are recorded on a Varian A-60 spectrophotometer on
      deuterochloroform solutions with tetramethylsilane as an internal standard
      (downfield).
PAR  Mass spectra are recorded on an Atlas CH-4 mass spectrometer with a TO-4
      source (ionization voltage 70 ev).
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column.
PAR  "Brine", herein, refers to an aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography is made up from
      ethyl acetate-acetic acid- 2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAR  "Skellysolve-B" refers to mixed isomeric hexanes.
PAR  Silica gel chromatography, as used herein, is understood to include
      elution, collection of fractions, and combination of those fractions shown
      by TLC (thin layer chromatography) to contain the desired product free of
      starting material and impurities
PAC  PREPARATION 1
PAC  Endo-bicyclo[3.1.0]hexan-3ol-6-carboxylic acid methyl ester
PAR  A mixture of endo-bicyclo[3.1.0]hex-2-ene-6-carboxylic acid methyl ester
      (103 g.) and anhydrous diethyl ether (650 ml.) is stirred under nitrogen
      and cooled at -5.degree. C. A one molar solution (284 ml.) of diborane in
      tetrahydrofuran is added dropwise during 30 minutes while keeping the
      temperature below 0.degree. C. The resulting mixture is then stirred and
      allowed to warm to 25.degree. C. during 3 hrs. Concentration under reduced
      pressure gives a residue which is dissolved in 650 ml. of anhydrous
      diethyl ether. The solution is cooled to 0.degree. C., and 3 N. aqueous
      sodium hydroxide solution (172 ml.) is added dropwise under nitrogen and
      with vigorous stirring during 15 min., keeping the temperature at
      0.degree. to 5.degree. C. Next, 30% aqueous hydrogen peroxide (94 ml.) is
      added dropwise with stirring during 30 min. at 0.degree. to 5.degree. C.
      The resulting mixture is stirred an hour while warming to 25.degree. C.
      Then, 500 ml. of brine is added, and the diethyl ether layer is separated.
      The aqueous layer is washed with four 200 ml. portions of ethyl acetate,
      the washings being added to the diethyl ether layer, which is then washed
      with brine, dried, and concentrated to give 115 g. of residue. This
      residue is distilled under reduced pressure to give 69 g. of a mixture of
      the methyl esters of endo-bicyclo[3.1.0]hexan-3-ol-6-carboxylic acid and
      endo-bicyclo[3.1.0]hexan-2-ol-6-carboxylic acid; b.p.
      86.degree.-95.degree. C. at 0.5 mm.
PAC  PREPARATION 2
PAC  Endo-bicyclo[3.1.0]hexan-3-ol-6-carboxylic acid methyl ester
      tetrahydropyranyl either
PAR  The 2-ol and 3-ol mixture (66 g.) obtained according to Preparation 1 in 66
      ml. of dihydropyran is stirred and cooled at 15.degree.-20.degree. C.
      during addition of 3 ml. of anhydrous diethyl ether saturated with
      hydrogen chloride. The temperature of the mixture is then kept in the
      range 20.degree. to 30.degree. C. for one hour with cooling, and is then
      kept at 25.degree. for 15 hrs. Concentration gives a residue which is
      distilled under reduced pressure to give 66 g. of a mixture of the methyl
      esters-tetrahydropyranyl ethers of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxylic acid and
      endo-bicyclo[3.1.0]hexan-2-ol-6-carboxylic acid; b.p.
      96.degree.-104.degree. C. at 0.1 mm.
PAC  PREPARATION 3
PAC  Endo-6-hydroxymethylbicyclo[3.1.0]hexan-3-ol-3-tetrahydropyranyl ether
PAR  A solution of the mixture (69 g.) of products obtained according to
      Preparation 2 in 300 ml. of anhydrous diethyl ether is added dropwise
      during 45 min. to a stirred and cooled mixture of lithium aluminum hydride
      (21 g.) in 1300 ml. of anhydrous diethyl ether under nitrogen. The
      resulting mixture is stirred 2 hrs. at 25.degree. C., and is then cooled
      to 0.degree. C. Ethyl acetate (71 ml.) is added, and the mixture is
      stirred 15 min. Water (235 ml.) is then added, and the diethyl ether layer
      is separated. The water layer is washed twice with diethyl ether and twice
      with ethyl acetate. A solution of Rochelle salts is added to the aqueous
      layer, which is then saturated with sodium chloride and extracted twice
      with ethyl acetate. All diethyl ether and ethyl acetate solutions are
      combined, washed with brine, dried and concentrated to give 61 g. of a
      mixture of the 3-tetrahydropyranyl ethers of
      endo-6-hydroxymethylbicyclo[3.1.0]hexan 3-ol and
      endo-6-hydroxymethylbicyclo[3.1.0]hexan-2-ol.
PAC  PREPARATION 4:
PAC  Endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
PAR  A solution of the mixture (34 g.) of products obtained according to
      Preparation 3 in 1000 ml. of acetone is cooled to -10.degree. C. Jones
      reagent (75 ml. of a solution of 21 g. of chromic anhydride, 60 ml. of
      water, and 17 ml. of concentrated sulfuric acid), precooled to 0.degree.
      C., is added dropwise with stirring during 10 min. at -10.degree. C. After
      10 min. of additional stirring at -10.degree. C., isopropyl alcohol (35
      ml.) is added during 5 min., and stirring is continued for 10 min. The
      reaction mixture is then poured into 8 l. of an ice and water mixture. The
      resulting mixture is extracted 6 times with dichloromethane. The combined
      extracts are washed with aqueous sodium bicarbonate solution, dried, and
      concentrated to give 27 g. of a mixture of the tetrahydropyranyl ethers of
      endo-bicyclo[3.1.0]hexane-3-ol-6-carboxaldehyde and
      endo-bicyclo[3.1.0]hexane-2-ol-6 -carboxaldehyde.
PAC  PREPARATION 5:
PAC  Endo-6-(cis-and trans-1-heptenyl-bicyclo[3.1.0]hexan-3-ol tetrahydropyranyl
      ether
PAR  Refer to Chart G. A mixture of hexyl bromide (100 g.). triphenylphosphine
      (160 g.), and toluene (300 ml.) is stirred and heated at reflux for 7 hrs.
      The mixture is then cooled to 10.degree. C., and the crystals which
      separate are collected by filtration, washed with toluene, and dried to
      give 147 g. of hexyltriphenylphosphonium bromide; m.p.
      197.degree.-200.degree. C.
PAR  A mixture of hexyltriphenylphosphonium bromide (102 g.) and benzene (1200
      ml.) is stirred under nitrogen during addition of a solution of butyl
      lithium in hexane (146 ml. of a 15% solution-w/v). The resulting mixture
      is stirred 30 min. Then a solution of the mixture (27 g.) of products
      obtained according to Preparation 4 in 300 ml. of benzene is added
      dropwise with stirring during 30 min. The mixture is heated and stirred at
      70.degree. C. for 2.5 hrs., and then is cooled to 25.degree. C. The
      resulting precipitate is collected by filtration and washed with benzene.
      The filtrate and benzene wash are combined, washed with water, and dried
      to give 58 g. of a mixture of the tetrahydropyranyl ethers of endo-6-(cis-
      and trans-1-heptenyl)bicyclo[3.1.0]hexan-3-ol and endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-2-ol.
PAC  PREPARATION 6:
PAC  Endo-6-(cis- and trans-1-heptenyl)-bicyclo[3.1.0]hexan-3-ol
PAR  Refer to Chart G. Oxalic acid (3 g.) is added to a solution of the mixture
      (58 g.) of products obtained according to Preparation 5 in 1500 ml. of
      methanol. The mixture is heated under reflux with stirring for 1.5 hrs.
      Concentration under reduced pressure gives an oil which is dissolved in
      dichloromethane. That solution is washed with aqueous sodium bicarbonate
      solution, dried, and concentrated under reduced pressure. The residue is
      dissolved in an isomeric hexane mixture (Skellysolve B), and
      chromatographed on 600 g. of wet-packed silica gel. The column is eluted
      with 2 l. of Skellysolve B, and then successively with 1 l. of 2.5%, 2 l.
      of 5%, 2 l. of 7.5%, 5 l. of 10%, and 3 l. of 15% ethyl acetate in
      Skellysolve B. Concentration of the combined fractions corresponding to
      the 10% and 15% ethyl acetate gives 16 g. of a mixture of endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-3-ol and endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-2-ol.
PAC  PREPARATION 7:
PAC  Endo-6-(cis- and trans-1-heptenyl)-bicyclo[3.1.0]hexan-3-one (Formula LXV:
      R.sub.2 is pentyl, and .about. is endo)
PAR  Refer to Chart G. A solution of the mixture (15 g.) of products obtained
      according to Preparation 6 in 450 ml. of acetone is cooled to -10.degree.
      C. and stirred while adding 30 ml. of Jones reagent (Preparation 4)
      dropwise during 10 min. The resulting mixture is stirred 10 min. at
      -10.degree. C. Then, isopropyl alcohol (15 ml.) is added and stirring is
      continued for 10 min. The mixture is poured into 2400 ml. of water. The
      water is extracted 5 times with dichloromethane. The combined extracts are
      washed with aqueous sodium bicarbonate solution, dried, and concentrated
      to give an oil. The oil is chromatographed on 500 g. of silica gel
      wet-packed with isomeric hexanes (Skellysolve B), eluting successively
      with 2 l. of Skellysolve B, 2 l. of 2.5% ethyl acetate in Skellysolve B,
      and 10 l. of 5% ethyl acetate in Skellysolve B. The first 1.5 l. of the 5%
      ethyl acetate in Skellysolve B eluate is concentrated to give 5.9 g. of
      the title compound; R.sub.f 0.62 on thin layer chromatography with silica
      gel plates developed with 20% ethyl acetate in cyclohexane.
PAR  Following the procedures of Preparations 5, 6, and 7, but using in
      Preparation 5 butyl bromide, pentyl bromide, heptyl bromide, and octyl
      bromide in place of hexyl bromide, there are obtained the 1-pentenyl,
      1-hexenyl, 1-octenyl, and 1-nonenyl compounds corresponding to the product
      of Preparation 7.
PAR  Also following the procedures of Preparations 5, 6, and 7, but using in
      Preparation 5, primary bromides of the formula X--(CH.sub.2).sub.d
      --CH.sub.2 Br, wherein d is one, 2, 3, or 4, and X is isobutyl,
      tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl, 4,4,4-trifluorobutyl,
      and 3,3,4,4,4-pentafluorobutyl, in place of hexyl bromide, there are
      obtained compounds corresponding to the product of Preparation 7 with
      X--(CH.sub.2).sub.d --CH=CH--in place of the 1-heptenyl moiety.
PAR  Also following the procedures of Preparations 5, 6, and 7 but using in
      Preparation 5 the other bromides of the formula
      ##EQU63##
      wherein g and R.sub.17 are as defined above in place of hexyl bromide,
      there are obtained compounds corresponding to the products of Preparation
      7 with
      ##EQU64##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedures of Preparations 5, 6, and 7 but using in
      Preparation 5, exo-bicyclo[3.1.0]hexane reactants in place of each of the
      endo reactants defined in Preparation 5 and after Preparation 7, the exo
      compounds corresponding to the endo product of Preparation 7 and each of
      the endo products defined after Preparation 7 are obtained. The necessary
      exo bicyclo[3.1.0]hexane reactants are prepared as described in Belgian
      Pat. No. 702,477.
PAR  By the above-described procedures, each of the reactants encompassed by
      formula LXV, above, is prepared.
PAC  PREPARATION 8:
PAC  Endo-6-(1-2-dihydroxyheptyl)-bicyclo[3.1.0]hexan-3-one (Formula LXXIII
      R.sub.2 is pentyl, and .about. is endo)
PAR  Refer to Chart G. A solution of potassium chlorate (1.0 g.) and osmium
      tetroxide (0.065 g.) in 25 ml. of water is added with stirring to a
      solution of the product (1.0 g.) of Preparation 7. The mixture is stirred
      vigorously for 5 hrs. at 50.degree. C. Then, the nearly colorless mixture
      is concentrated under reduced pressure. The residue is extracted
      repeatedly with dichloromethane, and the combined extracts are dried and
      concentrated to give 1.2 g. of a dark oil. This oil is chromatographed on
      100 g. of silica gel, and eluted successively with 300 ml. of 10% ethyl
      acetate in a mixture of isomeric hexanes (Skellysolve B), with 500 ml. of
      25% ethyl acetate in Skellysolve B, and then with 50% ethyl acetate in
      Skellysolve B, collecting 100 ml. eluate fractions. Fractions 13-19 (50%
      ethyl acetate) were combined and concentrated to give 867 mg. of the title
      compound.
PAR  Following the procedure for Preparation 8 but using as reactants the endo
      and the exo 1-pentenyl, 1-hexenyl, 1-octenyl, and 1-nonenyl compounds
      corresponding to the 1-heptenyl bicyclo[3.1.0]hexane reactant of
      Preparation 8, the corresponding endo and exo 1,2-dihydroxypentyl,
      1,2-dihydroxyhexyl, 1,2-dihydroxyoctyl, and 1,2-dihydroxynonyl
      bicyclo[3.1.0]hexane products are obtained.
PAR  Also following the procedure of Preparation 8 but using as reactants the
      endo and the exo compounds with X--(CH.sub.2).sub.d --CH=CH--in place of
      the 1-heptenyl moiety of the reactant of Preparation 8, the corresponding
      X--(CH.sub.2).sub.d --CHOH--CHOH--bicyclo[3.1.0]hexane products are
      obtained.
PAR  Also following the procedure of Preparation 8 but using as reactants, endo
      and exo bicyclo[3.1.0]hexane compounds of the formula
      ##SPC33##
PAL  wherein g and R.sub.17 are as defined above, those compounds being prepared
      as described above, the corresponding
      ##EQU65##
       products are obtained.
PAC  PREPARATION 9:
PAC  Endo-6-(1,2-dihydroxyheptyl)-bicyclo[3.1.0]hexan-3-one acetonide (Formula
      LVIII: R.sub.2 is pentyl, R.sub.11 and R.sub.12 are methyl, .about. is
      endo)
PAR  Refer to Chart G. A solution of the product (8.41 g.) of Preparation 8 and
      700 mg. of potassium bisulfate in 140 ml. of acetone is stirred at
      25.degree. C. for 64 hrs. Then, sodium carbonate monohydrate (710 mg.) is
      added, and the mixture is stirred 10 min. The acetone is evaporated at
      reduced pressure, and water is added. The aqueous solution is extracted
      repeatedly with dichloromethane, and the extracts are combined, washed
      with water, dried, and concentrated to give 9.3 g. of an oil. The oil is
      chromatographed on 400 g. of silica gel, being eluted with 2 l. of 10%
      ethyl acetate in Skellysolve B, and then with 4 l. of 15% ethyl acetate in
      Skellysolve B. The 15% ethyl acetate eluates are concentrated to give 7.4
      g. of the title compound; infrared absorption at 3000, 1745, 1370, and
      1045 cm.sup.-.sup.1 ; NMR peaks at 4.2-3.8 (multiplet), 3.5 (doublet),
      2.9-2.0  (multiplet), 1.25 (singlet), and 0.91 (triplet) .delta..
PAR  Following the procedure of Preparation 9 but using as reactants the exo
      1,2-dihydroxyheptyl, the endo and the exo 1,2-dihydroxypentyl,
      1,2-dihydroxyhexyl, 1,2-dihydroxyoctyl, and 1,2-dihydroxynonyl compounds
      corresponding to the 1,2-dihydroxyheptyl bicyclo[3.2.1]hexane reactant of
      Preparation 9, the corresponding acetonides are obtained.
PAR  Also following the procedure of Preparation 9 but using as reactants the
      endo and exo compounds with X--(CH.sub.2).sub.d --CHOH--CHOH--in place of
      the 1,2-dihydroxyheptyl moiety of the reactant of Preparation 9, the
      corresponding acetonides are obtained.
PAR  Also following the procedure of Preparation 9 but using as reactants the
      endo and exo compounds with
      ##EQU66##
      in place of the 1,2-dihydroxyheptyl of the reactant of Preparation 9, the
      corresponding acetonides are obtained.
PAC  EXAMPLE 1:
PAC  dl-Ethyl
      3-oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]heptanoat
     e (Formula LXVI: R.sub.2 is pentyl, R.sub.10 is ethyl, Z is
      --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo)
PAR  Refer to Chart F. A solution of potassium tertbutoxide (8.8 g.) in 500 ml.
      of nitrogen-purged tetrahydrofuran is added during 45 min. to a stirred
      solution of endo-6-(1-heptenyl)-bicyclo[3.1.0]hexan-3-one (10.0 g., the
      product of Preparation 7) and ethyl 7-iodo-3-oxaheptanoate (42.6 g.) in
      250 ml. of tetrahydrofuran under nitrogen at 25.degree. C. The resulting
      mixture is acidified at once with 120 ml. of 5% hydrochloric acid, and
      then is concentrated under reduced pressure below 40.degree. C. to remove
      most of the tetrahydrofuran. Water (400 ml.) is added to the residue, and
      the mixture is extracted with three 400-ml. portions of ethyl acetate. The
      combined extracts are washed successively with aqueous sodium thiosulfate
      solution and brine, dried, and concentrated under reduced pressure. The
      residue (46.5 g.) is chromatographed over 4 kg. of silica gel wet-packed
      with 8 l. of 5% ethyl acetate in a mixture of isomeric hexanes
      (Skellysolve B), eluting with 8 l. each of 5-10%, 10-15%, 15-20%, and
      20-25% ethyl acetate in Skellysolve B (gradients), then with 2 l. 30%, 2
      l. 35%, and 2 l. 40% ethyl acetate in Skellysolve B, and finally with 4 l.
      of 50-100% ethyl acetate in Skellysolve B (gradient), collecting 400-ml.
      fractions. TLC with 20% ethyl acetate in Skellysolve B shows which
      fractions contain only the desired alkylation product. Those fractions are
      combined and concentrated to give 4.7 g. of the title compound; NMR peaks
      at 4.7-5.9 (multiplet), 4.21 (quartet), 4.05 (singlet), and 3.57 (triplet)
      .delta.. A small amount of the corresponding  2.beta.-yl isomer is
      isolated in later chromatographic fractions.
PAC  EXAMPLE 2:
PAC  dl-Ethyl
      2,2-dimethyl-3-oxa-7-[exo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2-yl]hepta
     noate (Formula LXVI: R.sub.2 is pentyl, R.sub.10 is ethyl, Z is
      --(CH.sub.2).sub.3 OC(CH.sub.3).sub.2 --, .about. is endo)
PAR  Refer to Chart F. A solution of potassium tertbutoxide (3.8 g.) in 1000 ml.
      of nitrogen-purged tetrahydrofuran is added during 70 min. to a stirred
      solution of exo-6-(1-heptenyl)-bicyclo[3.1.0]hexan-3-one (5.0 g.) and
      ethyl 2,2-dimethyl-7-iodo-3-oxaheptanoate in 500 ml. of anhydrous
      tetrahydrofuran under nitrogen at 0.degree. C. The resulting mixture is
      acidified with 50 ml. of 5% hydrochloric acid and then concentrated under
      reduced pressure below 40.degree. C. to remove most of the
      tetrahydrofuran. Water (400 ml.) is added to the residue, and the mixture
      is extracted repeatedly with ethyl acetate. The combined extracts are
      washed successively with aqueous sodium thiosulfate solution and brine,
      dried, and concentrated under reduced pressure. The residue (25.5 g.) is
      chromatographed on a column prepared by wet-packing 2 kg. of silica gel
      with 4 l. of 5% ethyl acetate in Skellysolve B, eluting with 8 l. of a 5
      to 22.5% ethyl acetate gradient in Skellysolve B. TLC with 10% ethyl
      acetate shows which fractions contain the desired alkylation products.
      Those fractions are combined and concentrated to give, separately, 1.1 g.
      of dl-ethyl
      2,2-dimethyl-3-oxa-7-[exo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]heptanoate and 0.75 g. of the corresponding beta isomer, dl-ethyl
      2,2-dimethyl-3-oxa-7-[exo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl
     ]heptanoate.
PAR  Following the procedures of Examples 1 or 2, but using in place of the
      bicyclo[3.1.0]hexane reactant, each of endo and exo forms of the various
      formula-LXV bicyclo[3.1.0]-hexane reactants whose preparation is described
      following Preparation 7, for example, formula-LXV bicyclo compounds
      wherein R.sub.2 is propyl, butyl, hexyl, or heptyl, or wherein R.sub.2 is
      --(CH.sub.2).sub.d --X wherein d is 0, 1, 2, 3, or 4, and X is isobutyl,
      tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl, 4,4,4-trifluorobutyl, or
      3,3,4,4,4-pentafluorobutyl, or wherein R.sub.2 is --CHR.sub.17
      --(CH.sub.2).sub.g --CH.sub.3 wherein g is one, 2, 3, 4, or 5, those being
      prepared as described above, there are obtained alpha and beta exo and
      endo compounds corresponding to the products of Examples 1 and 2 with one
      of these R.sub.2 moieties in place of the pentyl moiety (the R.sub.2
      portion of 1-heptenyl) of those products. As for Example 1, with excess
      base and a longer reaction time, these alternative products contain
      substantial amounts of the corresponding beta isomer which is separated
      from the alpha isomer as described above.
PAR  Also following the procedure of Examples 1 and 2, but using in place of the
      iodo alkylating agents of those Examples, ethyl 7-iodo-4-oxaheptanoate,
      ethyl 7-iodo-3-oxa-5-heptynoate, and ethyl 8-iodo-4-oxa-6-octynoate, there
      are obtained alpha and beta exo and endo compounds corresponding to the
      products of Examples 1 and 2 with --(CH.sub.2).sub.3 OCH.sub.2 CH.sub.2
      COOEt, --CH.sub.2 C.tbd.CCH.sub.2 OCH.sub.2 COOEt, and --CH.sub.2
      C.tbd.CCH.sub.2 OCH.sub.2 CH.sub.2 COOEt, respectively, wherein Et is
      ethyl, in place of the --(CH.sub.2).sub.4 OCH.sub.2 COOEt and
      --(CH.sub.2).sub.4 OC(CH.sub.3).sub.2 COOEt moieties of the products of
      Examples 1 and 2. As described above, both alpha and beta products are so
      obtained. In the same manner but using, according to Examples 1 and 2,
      other esters of the Example 1 and 2 alkylating agents and of the other
      above-mentioned alkylating agents within the scope of R.sub.10  as
      above-defined, e.g., the methyl, isopropyl, tert-butyl, octyl, cyclohexyl,
      benzyl, and phenyl esters, there are obtained the corresponding esters of
      the alpha and beta bicyclo[3.1.0]hexane alkylation products.
PAR  Also following the procedure of Examples 1 and 2 but using in combination
      each of the above-described alternative formula-LXV bicyclo[3.1.0]hexane
      reactants and each of the above-described alternative omega-halo
      alkylation reactants, there are obtained formula-LXVI compounds
      corresponding to the products of Examples 1 and 2 but different therefrom
      with respect to both the carboxylate-terminated side chain and the side
      chain attached to the cyclopropane ring of the product.
PAR  Also following the procedure of Examples 1 and 2, but using in place of the
      iodo alkylating agents of those Examples, each of the other alkylating
      agents within the scope of Hal--CH.sub.2 --Z--COOR.sub.10 as above
      defined, i.e., alkylating agents of formulas LXXV, LXXVI, LXXVII, and
      LXXVIII as above-described, there are obtained alpha and beta exo and endo
      compounds corresponding to the products of Examples 1 and 2 with each of
      the other --CH.sub.2 --Z--COOR.sub.10 side chains in place of the
      --(CH.sub.2).sub.4 OCH.sub.2 COOEt and --(CH.sub.2).sub.4
      OC(CH.sub.3).sub.2 COOEt side chains of the Example 1 and 2 products. For
      example, using as alkylating agents in the Example 1 and 2 procedure,
      I(CH.sub.2).sub.4 OCH(CH.sub.3)COOEt, ICH(CH.sub.3)-(CH.sub.2).sub.3
      OCH.sub.2 COOEt, I(CH.sub.2).sub.3 OCH.sub.2 COOEt, I(CH.sub.2).sub.5
      OCH.sub.2 COOEt, ICH.sub.2 CH(CH.sub.3)CH.sub.2 CH.sub.2 OCH.sub.2 COOEt,
      ICH.sub.2 CH.sub.2 C(CH.sub.2 CH.sub.3).sub. 2 CH.sub.2 OCH.sub.2 COOEt,
      I(CH.sub.2).sub.3 C(CH.sub.3).sub.2 OCH.sub.2 COOEt, I(CH.sub.2).sub.3
      OCH.sub.2 CH.sub.2 COOEt, I(CH.sub.2).sub.2 OCH.sub.2 CH.sub.2 COOEt,
      I(CH.sub.2).sub.4 OCH.sub.2 CH.sub.2 COOEt, I(CH.sub.2).sub.3
      OCH(CH.sub.3)CH.sub.2 COOEt, I(CH.sub.2).sub.3 OC(CH.sub.3).sub.2 CH.sub.2
      COOEt, I(CH.sub.2).sub.3 OCH.sub.2 C(CH.sub.3).sub.2 COOEt,
      ICH(CH.sub.3)CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 COOEt, ICH.sub.2
      CH(CH.sub.3)CH.sub.2 OCH.sub.2 CH.sub.2 COOEt, ICH.sub.2 CH.sub.2
      C(CH.sub.3).sub.2 OCH.sub.2 CH.sub.2 COOEt, ICH.sub.2 C(CH.sub.2
      CH.sub.3).sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 COOEt, ICH.sub.2
      C.tbd.CCH.sub.2 OCH.sub.2 COOEt, ICH(CH.sub.3)C.tbd.CCH.sub.2 OCH.sub.2
      COOEt, ICH.sub.2 C.tbd.CCH.sub.2 CH.sub.2 OCH.sub.2 COOEt, ICH.sub.2
      C.tbd.CCH.sub.2 OCH(CH.sub.3)COOEt, ICH.sub.2 C.tbd.CCH.sub.2
      OC(CH.sub.3).sub.2 COOEt, ICH.sub.2 C.tbd.CCH(CH.sub.3)OCH.sub.2 COOEt,
      ICH.sub.2 C.tbd.CC(CH.sub.3).sub.2 OCH.sub.2 COOEt, ICH.sub.2
      C.tbd.C-CH.sub.2 OCH.sub.2 CH.sub.2 COOEt, ICH(CH.sub.3)C.tbd. CCH.sub.2
      OCH.sub.2 CH.sub.2 COOEt, ICH.sub.2 C.tbd.CCH.sub.2 CH.sub.2 OCH.sub.2
      CH.sub.2 COOEt, ICH.sub.2 C.tbd.CCH.sub.2 OCH(CH.sub.3)CH.sub.2 COOEt,
      ICH.sub.2 C.tbd.CCH.sub.2 OC(CH.sub.3).sub.2 CH.sub.2 COOEt, ICH.sub.2
      C.tbd.CCH(CH.sub.3)OCH.sub.2 CH.sub.2 COOEt,  ICH.sub.2
      C.tbd.CC(CH.sub.3).sub.2 OCH.sub.2 CH.sub.2 COOEt, ICH.sub.2
      C.tbd.CCH.sub.2 OCH.sub.2 C(CH.sub.3).sub.2 COOEt there are obtained exo
      and endo alpha and beta alkylated bicyclo[3.1.0]hexanes each having a
      carboxylate-terminated side chain corresponding to one of the above
      specific omegaiodo alkylating agents. For example, the side chain will be
      alpha or beta --(CH.sub.2).sub.4 OCH(CH.sub.3)COOEt when the alkylating
      agent is I(CH.sub.2).sub.4 OCH(CH.sub.3)COOEt.
PAR  Also following the procedure for Examples 1 and 2, but using in combination
      each of the alternative alkylating agents within the scope of
      Hal--CH.sub.2 --Z--COOR.sub.10, including the specific examples of those
      just mentioned, and each of the above-described formula-LXV alternative
      bicyclo[3.1.0]-hexane reactants, there are obtained formula-LXVI exo and
      endo alpha and beta compounds corresponding to the products of Examples 1
      and 2 but different therefrom with respect to both the
      carboxylate-terminated side chain and the side chain attached to the
      cyclopropane ring of the product. In the same manner, alternative
      alkylating agents within the scope of Hal-CH.sub.2 -Z-COOR.sub.10 wherein
      R.sub.10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl, octyl,
      cyclohexyl, benzyl, and phenyl, are used.
PAC  EXAMPLE 3
PAC  dl-Ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate Acetonide (Formula LIX: R.sub.2 is pentyl, R.sub.11 and R.sub.12
      are methyl, V is --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo).
PAR  Refer to Chart E. Following the procedure of Example 1,
      endo-6-(1,2-dihydroxyheptyl)-bicyclo[3.1.0]hexan-3-one acetonide
      (Preparation 9) is alkylated with ethyl 7-iodo-3-oxaheptanoate to give the
      title compound.
PAR  Following the procedure of Example 3 but using in place of the
      bicyclo[3.1.0]hexane acetonide reactant, each of the exo and endo forms of
      the various formula-LVIII bicyclo- [3.1.0]hexane cyclic ketals whose
      preparation is described following Preparation 9, for example,
      formula-LVIII bicyclo acetonides wherein R.sub.2 is propyl, butyl, hexyl,
      or heptyl, or wherein R.sub.2 is --(CH.sub.2).sub.d --X wherein d is zero,
      one, 2, 3, or 4, and X is isobutyl, tert-butyl, 3,3-difluorobutyl,
      4,4-difluorobutyl, 4,4,4-trifluorobutyl, or 3,3,4,4,4-pentafluorobutyl, or
      wherein R.sub.2 is --CHR.sub.17 --(CH.sub.2).sub.g --CH.sub.3 wherein g
      and R.sub.17 are as defined above, those being prepared as described
      above, there are obtained alpha and beta exo and endo compounds
      corresponding to the product of Example 3 with one of these R.sub.2
      moieties in place of the pentyl moiety of that product.
PAR  Also following the procedure of Example 3, but using in place of ethyl
      7-iodo-3-oxaheptanoate, ethyl 7-iodo-4-oxaheptanoate, ethyl
      cis-7-iodo-3-oxa-5-heptenoate, ethyl trans-7-iodo-3-oxa-5-heptenoate,
      ethyl cis-8-iodo-4-oxa-6-octenoate, ethyl trans-8-iodo-4-oxa-6-octenoate,
      ethyl 7-iodo-3 -oxa-5-heptynoate, and ethyl 8-iodo-4-oxa-6-octynoate,
      there are obtained alpha and beta exo and endo compounds corresponding to
      the product of Example 3 with --(CH.sub.2).sub.3 OCH.sub.2 CH.sub.2 COOEt,
      cis- and trans- --CH.sub.2 CH=CHCH.sub.2 OCH.sub.2 COOEt, cis- and trans-
      -CH.sub.2 CH=CHCH.sub.2 OCH.sub.2 CH.sub.2 COOEt, --CH.sub.2
      C.tbd.CCH.sub.2 OCH.sub.2 COOEt, and --CH.sub.2 C.tbd.CCH.sub.2 OCH.sub.2
      CH.sub.2 COOEt, respectively, wherein Et is ethyl, in place of the
      --(CH.sub.2).sub.4 OCH.sub.2 COOEt moiety of the Example 3 product. As
      described above, both alpha and beta products are so obtained. In the same
      manner but using, according to Example 3, other esters of the Example 3
      alkylating agent and of the other above-mentioned alkylating agents within
      the scope of R.sub.10 as above-defined, e.g., the methyl, isopropyl,
      tert-butyl, octyl, cyclohexyl, benzyl, and phenyl esters, there are
      obtained the corresponding esters of these alpha and beta exo and endo
      bicyclo[3.1.0]hexane cyclic ketal alkylation products.
PAR  Also following the procedure of Example 3 but using in combination each of
      the above-described alternative formula XLV bicyclo[3.1.0]hexane cyclic
      ketal reactants and each of the above-described omega-halo alkylation
      reactants, there are obtained formula-LIX compounds corresponding to the
      product of Example 3 but different therefrom with respect to both the
      carboxylate-terminated side chain and the side chain attached to the
      cyclopropane ring of the product.
PAR  Also following the procedure of Example 3, but using in place of the ethyl
      7-iodo-3-oxaheptanoate, each of the other alkylating agents within the
      scope of Hal--CH.sub.2 --V--COOR.sub.10, as above defined, i.e.,
      alkylating agents of formulas LXXVto-LXXXII, inclusive, as
      above-described, there are obtained formula-LIX alpha and beta products
      corresponding to the product of Example 3 with each of the other
      --CH.sub.2 --V--COOR.sub.10 side chains in place of the --(CH.sub.2).sub.4
      OCH.sub.2 COOEt side chain of the Example 3 product. For example, using as
      alkylating agents in the Example 3 procedure, the cis and the trans isomer
      of the following:  ICH.sub.2 CH=CHCH.sub.2 OCH.sub.2 COOEt,
      ICH(CH.sub.3)CH=CHCH.sub.2 OCH.sub.2 COOEt,  ICH.sub.2 CH=CHCH.sub.2
      CH.sub.2 OCH.sub.2 COOEt, ICH.sub.2 CH=CHCH.sub.2 OCH(CH.sub.3)COOEt,
      ICH.sub.2 CH=CHCH.sub.2 OC(CH.sub.3).sub.2 COOEt, ICH.sub.2
      CH=CHCH(CH.sub.3)OCH.sub.2 COOEt,  ICH.sub.2 CH=CHC(CH.sub.3).sub.2
      OCH.sub.2 COOEt, ICH.sub.2 CH=CHCH.sub.2 OCH.sub.2 CH.sub.2 COOEt,
      ICH(CH.sub.3)CH=CHCH.sub.2 OCH.sub.2 CH.sub.2 COOEt, ICH.sub.2
      CH=CHCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 COOEt,  ICH.sub.2 CH=CHCH.sub.2
      OCH(CH.sub.3)CH.sub.2 COOEt, ICH.sub.2 CH=CHCH.sub.2 OC(CH.sub.3).sub.2
      CH.sub.2 COOEt,  ICH.sub.2 CH=CHCH(CH.sub.3)OCH.sub.2 CH.sub.2 COOEt,
      ICH.sub.2 CH=CHC(CH.sub.3).sub.2 OCH.sub.2 CH.sub.2 COOEt,  ICH.sub.2
      CH=CHCH.sub.2 OCH.sub.2 C(CH.sub.3).sub.2 COOEt and also the list of
      specific saturated and acetylenic 3-oxa and 4-oxa omega-iodo ethyl esters
      given above, there are obtained formula-LIX alpha and beta alkylated
      bicyclo[3.1.0]hexane cyclic ketals each having a carboxylate-terminated
      side chain corresponding to one of these specific omega-iodo alkylating
      agents. For example, the side chain will be alpha or beta
      --(CH.sub.2).sub.4 OCH(CH.sub.3)COOEt when the alkylating agent is
      I(CH.sub.2).sub.4 OCH(CH.sub.3)COOEt.
PAR  Also following the procedure of Example 3, but using in combination each of
      the alternative alkylating agents within the scope of Hal--CH.sub.2
      --Z--COOR.sub.10, including the specific examples of those just mentioned,
      and each of the above-described alternative formula-LVIII
      bicyclo[3.1.0]hexane cyclic ketal reactants, there are obtained
      formula-LIX exo and endo alpha and beta compounds corresponding to the
      product of Example 3 but different therefrom with respect to both the
      carboxylate-terminated side chain and the side chain attached to the
      cyclopropane ring of the product. In the same manner, alternative
      alkylating agents within the scope of Hal--CH.sub.2 --V--COOR.sub.10
      wherein R.sub.10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl,
      octyl, cyclohexyl, benzyl, and phenyl, are used.
PAC  EXAMPLE 4
PAC  dl-3-Oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]heptano
     ic acid (Formula LXVI: R.sub.2 is pentyl, R.sub.10 is hydrogen, Z is
      --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo)
PAR  Refer to Chart F. A solution of sodium borohydride (1.5 g.) in 10 ml. of
      water is added with stirring to a solution of ethyl
      3-oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]heptanoat
     e (5.0 g.) in 110 ml. of absolute ethanol at 0.degree. C. The mixture is
      stirred for 2.5 hours at 0.degree. to 5.degree. C. Then, 40 ml. of acetone
      is added, and, after 5 min., the mixture is concentrated under reduced
      pressure. The residue is extracted with dichloromethane, and the extract
      is washed successively with dilute hydrochloric acid and brine, dried, and
      concentrated to give dl-ethyl
      3-oxa-7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-hepta
     noate; NMR peaks at 5.2-5.87 (multiplet), 4.0-4.38 (quartet), 4.01
      (singlet), 3.5 (triplet) .delta..
PAR  This hydroxy ester is dissolved in a mixture of methanol (100 ml.) and 45%
      aqueous potassium hydroxide solution (30 ml.), and the solution is stirred
      under nitrogen at 25.degree. C. for 15 hrs. Two volumes of water is then
      added, and the mixture is acidified with cold hydrochloric acid and then
      extracted with a mixture of dichloromethane and diethyl ether (1:3). The
      extract is washed with brine, dried, and concentrated to give
      dl-3-oxa-7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]hep
     tanoic acid.
PAR  Jones reagent (7 ml.; Preparation 4) is added to a solution of this hydroxy
      acid in 120 ml. of acetone at 0.degree. C. The mixture is stirred 5 min.
      at 0.degree. C. Then, 5 volumes of water is added, and the mixture is
      extracted with a mixture of dichloromethane and diethyl ether (1:3). The
      extract is washed successively with dilute hydrochloric acid and brine,
      dried, and concentrated to give 4.5 g. of the title compound; NMR peaks at
      10.4 (singlet), 4.7-5.9 (multiplet), 4.06 (singlet), 3.54 (triplet)
      .delta..
PAR  Following the procedure of Example 4, but using in place of the
      formula-LXVI 3-oxobicyclo[3.1.0]hexane ester, each of the specific endo
      and exo, alpha and beta, saturated and acetylenic esters described in and
      after Example 2 is reduced with sodium borohydride to give the
      corresponding 3-hydroxybicyclo[3.1.0]hexane ester. That hydroxy ester is
      then saponified as described in Example 4 to the corresponding
      3-hydroxybicyclo[3.1.0]hexane acid. That hydroxy acid is then oxidized as
      described in Example 4 to the corresponding 3-oxobicyclo[3.1.0]hexane
      acid.
PAC  EXAMPLE 5
PAC  dl-3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]heptanoic acid Acetonide (Formula LIX: R.sub.2 is pentyl, R.sub.10 is
      hydrogen, R.sub.11 and R.sub.12 are methyl, V is --(CH.sub.2).sub.3
      OCH.sub.2 --, .about. is endo)
PAR  Refer to Chart E. Following the procedure of Example 4, dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate acetonide is reduced with sodium borohydride to dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-
     yl]heptanoate acetonide. That hydroxy ester is then saponified as described
      in Example 4 to
      dl-3-oxa-7-[endo-6-(1,2-dihydroxy-heptyl)-3-hydroxybicyclo[3.1.0]hex-2.alp
     ha.-yl]heptanoic acid acetonide. That hydroxy acid is then oxidized as
      described in Example 4 to the title compound.
PAR  Following the procedure of Example 5 but using in place of the formula-LIX
      3-oxobicyclo[3.1.0]hexane ester acetonide, each of the specific endo and
      exo, alpha and beta, saturated, cis and trans ethylenic, and acetylenic
      ester cyclic ketals described after Example 3 is reduced with sodium
      borohydride to give the corresponding 3-hydroxy-bicyclo[3.1.0]hexane ester
      cyclic ketal. That hydroxy ester is then saponified as in Example 5 to the
      corresponding 3-hydroxybicyclo[3,1.0]hexane acid cyclic ketal. That
      hydroxy acid is then oxidized as in Example 5 to the corresponding
      3-oxobicyclo[3.1.0]hexane acid cyclic ketal.
PAC  EXAMPLE 6
PAC  dl-.beta.,.beta.,.beta.-Trichloroethyl
      3-Oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-heptanoat
     e (Formula LXVI: R.sub.2 is pentyl, R.sub.10 is
      .beta.,.beta.,.beta.-trichloroethyl, Z is --(CH.sub.2).sub.3 OCH.sub.2 --,
      .about. is endo)
PAR  Refer to Chart F. Successively, .beta.,.beta.,.beta.-trichloroethanol (25
      ml.), pyridine (15 ml.), and dicyclohexylcarbodiimide (4.0 g.) are added
      to a solution of
      dl-3-oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]heptano
     ic acid, (Example 4, 2.0 g.) in 100 ml of dichloromethane. This mixture is
      stirred 3 hrs. under nitrogen at 25.degree. C. Water (50 ml.) is then
      added, and the mixture is stirred 10 min. The dichloromethane is
      evaporated under reduced pressure and the residue is extracted repeatedly
      with ethyl acetate. The combined extracts are washed with ice-cold 3N
      hydrochloric acid. Then, the extracts are washed successively with aqueous
      sodium bicarbonate solution and brine, dried, and concentrated under
      reduced pressure. The residue is chromatographed on 600 g. of silica gel,
      eluting with 10 l. of a 20-100% ethyl acetate-Skellysolve B gradient,
      collecting 250-ml. fractions. The middle fractions which show the presence
      of a product on TLC with the A-IX system are combined and concentrated
      under reduced pressure. The residue is chromatographed on 200 g. of silica
      gel impregnated with silver nitrate, eluting with 4 l. of a 20-100% ethyl
      acetate-Skellysolve B gradient, collecting 50-ml. fractions. The middle
      fractions which show a product free of starting materials on TLC with the
      A-IX system are combined and concentrated under reduced pressure to give
      the title compound.
PAR  Following the procedure of Example 6, but using in place of the formula-LII
      3-oxobicyclo[3.1.0]hexane acid, each of the specific endo and exo, alpha
      and beta, saturated and acetylenic acids defined after Example 4, there
      are obtained the corresponding .beta.,.beta.,.beta.-trichloroethyl esters
      of those 3-oxobicyclo[3.1.0]hexane acids.
PAC  EXAMPLE 7
PAC  dl-.beta.,.beta.,.beta.-Trichloro
      3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate Acetonite (Formula LIX: R.sub.2 is pentyl, R.sub.10 is
      .beta.,.beta.,.beta.-trichloroethyl, R.sub.11 and R.sub.12 are methyl, V
      is --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo).
PAR  Refer to Chart E. Following the procedure of Example 6,
      dl-3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo-[3.1.0] heptanoic
      acid acetonide (Example 5) is esterified to the corresponding
      .beta.,.beta.,.beta.-trichloroethyl ester.
PAR  Following the procedure of Example 7, each of the specific formula-LIX exo
      and endo, alpha and beta, saturated, cis and trans ethylenic, and
      acetylenic 3-oxo-bicyclo[3.1.0]hexane acids defined after Example 5 is
      transformed to the corresponding .beta.,.beta.,.beta.-trichloroethyl
      ester.
PAC  EXAMPLE 8
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate (Formula LXVII: R.sub.2 is pentyl, R.sub.10 is ethyl, Z is
      --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo).
PAR  Refer to Chart F. Osmium tetroxide (0.15 g.) and a solution of potassium
      chlorate (2.0 g.) in 24 ml. of water at 50.degree. C. are added to a
      solution of dl-ethyl 3-oxa-7-[
      endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]heptanoate (Example
      1, 2.5 g.) in 50 ml. of tetrahydrofuran at 50.degree. C. The mixture is
      stirred vigorously at 50.degree. C. for 3 hrs. The resulting mixture is
      evaporated under reduced pressure and the residue is extracted with
      dichloromethane. The extract is dried and concentrated to give a residue
      which is chromatographed on 450 g. of silica gel wet-packed with 950 ml.
      of 50% ethyl acetate-Skellysolve B (v/v), eluting with 3 l. 50%, 1 l. 60%,
      1 l. 70%, 1 l. 80%, and 1 l. 100% ethyl acetate in Skellysolve B,
      collecting 120-ml. fractions. Fractions 30-36 and 38-47 are separately
      combined and concentrated to give, respectively, 0.75 g. of a less polar
      glycol and 1.05 g. of a more polar glycol, both being isomeric forms of
      dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.
      -yl]heptanoate; NMR peaks for both glycols at 4.22 (quartet), 4.02
      (singlet), and 3.54 (triplet) .delta..
PAC  EXAMPLE 9
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate (Formula LXVII: R.sub.2 is pentyl, R.sub.10 is ethyl, Z is
      --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo)
PAR  Osmium tetroxide (0.50 g.) and a solution of potassium chlorate (7.2 g.) in
      80 ml. of water at 50.degree. C. are added to a solution of dl-ethyl
      3-oxa-7-[endo-6-(1-heptenyl)-3-oxo-bicyclo[3.1.0]hex-2.alpha.-yl]heptanoat
     e (Example 1, 9.0 g.) in 175 ml. of tetrahydrofuran at 50.degree. C. The
      mixture is stirred vigorously at 50.degree. C. for 3.5 hrs. The resulting
      mixture is concentrated under reduced pressure, and the residue is
      extracted with dichloromethane. The extract is dried and concentrated to
      give a residue which is chromatographed on 2 kg. silica gel wet-packed
      with 4 1. of 50% ethyl acetate-Skellysolve B (v/v) containing 20 ml. of
      ethanol, eluting with two gradients, the first combining 4 1. 50% ethyl
      acetate in Skellysolve B with 4 1. of 75% ethyl acetate in Skellysolve B,
      and the second combining 4 l. 75% ethyl acetate in Skellysolve B with 4 l.
      ethyl acetate, stripping with ethyl acetate, collecting 400-ml. fractions.
      Fractions 19 to 35 are combined and concentrated under reduced pressure to
      give 7.18 g. of mixture of isomeric forms of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate corresponding to both the less polar and the more polar glycols
      of Example 8.
PAC  EXAMPLE 10
PAC  dlEthyl
      3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     heptanoate (Formula LXVII: R.sub.2 is pentyl, R.sub.10 is ethyl, Z is
      --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo)
PAR  A solution of osmium tetroxide (2.54 g.) in 20 ml. of pyridine at
      50.degree. is added to a solution of dl-ethyl
      3-oxa-7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-heptanoat
     e (Example 1, 3.50 g.) in 25 ml. of pyridine at 5.degree. C. The resulting
      mixture gradually turns black, and is stirred at 25.degree. C. for 24 hrs.
      Then 400 ml. of petroleum ether is added, and the precipitate which forms
      is separated by filtration, washed with petroleum ether, and dissolved in
      250 ml. of dioxane. This solution is cooled to 0.degree. C., and is then
      saturated with hydrogen sulfide gas. The precipitated osmium dioxide is
      removed by filtration, and the dioxane is removed under reduced pressure
      to give a glycol mixture substantially the same as that obtained in
      Example 8.
PAC  EXAMPLE 11:
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     heptanoate (Formula LXVII: R.sub.2 is pentyl, R.sub.10 is ethyl, Z is
      --(CH.sub.2).sub.3 OCH.sub.2 --, .about. endo)
PAR  Hydrogen peroxide (0.9 ml. of 30% aqueous solution) is added with stirring
      to a solution of dl-ethyl
      3-oxa-7-[endo6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]heptanoate
      (Example 1, 3.5 g.) and sodium carbonate (5.3 g.) in 100 ml. formic acid
      (98%) at 0.degree. C. under nitrogen. The resulting mixture is allowed to
      warm to 25.degree. C., and is stirred under nitrogen at 25.degree. C. for
      one hour. Concentration under reduced pressure gives a residue which is
      dissolved in 100 ml. of methanol. A solution of sodium carbonate (30 g.)
      in 100 ml. of water is added to the methanol solution, and the mixture is
      stirred 4 hrs. at 25.degree. C. The mixture is then acidified and
      extracted with dichloromethane. The extract is dried and concentrated to
      give a mixture of isomeric forms of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate. The individual glycols in this mixture are separated as
      described in Example 8, or the mixture of glycols is used as a further
      reactant without separation, as in Example 9.
PAR  Following the procedure of Examples 8, 9, 10, or 11 but using the
      hex-2.beta.-yl isomer in place of the hex-2.alpha.-yl isomer of bicyclo
      reactant, dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]he
     ptanoate is obtained.
PAR  Also following the procedures of Examples 8, 9, 10, or 11, each of the
      specific formula-LXVI exo and endo, alpha and beta, saturated and
      acetylenic bicyclo[3.1.0]hexane olefinic esters defined above after
      Examples 1 and 2 is oxidized to mixtures of the corresponding isomeric
      dihydroxy compounds.
PAR  Also following the procedures of Examples 8, 9, 10, or 11, each of the
      specific formula-LXVI exo and endo, alpha and beta, saturated and
      acetylenic bicyclo[3.1.0]hexane olefinic
      .beta.,.beta.,.beta.-trichloroethyl esters defined above in and after
      Example 6 is oxidized to mixtures of the corresponding isomeric dihydroxy
      compounds.
PAC  EXAMPLE 12:
PAC  dl-Ethyl 3 -Oxa-
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-heptan
     oate (Formula LX: R.sub.2 is pentyl, R.sub.10 is ethyl, V is
      --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is endo)
PAR  Refer to Chart E. Concentrated hydrochloric acid (2.5 ml.) is added to a
      solution of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     heptanoate acetonide (Example 3, 2.0 g.) in a mixture of 50 ml. of
      tetrahydrofuran and 2.5 ml. of water. The mixture is stirred at 25.degree.
      C. under nitrogen for 6 hrs. The resulting mixture is then concentrated
      under reduced pressure, and the residue is extracted with ethyl acetate.
      The extract is washed with brine, dried, and concentrated to give
      essentially the same dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate mixture obtained in Examples 8 and 9.
PAR  Following the procedure of Example 12 but using in place of the acetonide,
      each of the specific formula-LIX exo and endo, alpha and beta, saturated,
      cis and trans ethylenic, and acetylenic bicyclo[3.1.0 ] hexane acetonide
      esters defined above after Example 3, there are obtained the corresponding
      formula-LX dihydroxy compounds.
PAR  Also following the procedure of Example 12 each of the specific formula-LIX
      exo and endo, alpha and beta, saturated, cis and trans ethylenic, and
      acetylenic bicyclo-[3.1.0]hexane acetonide
      .beta.,.beta.,.beta.-trichloroethyl esters defined in and after Example 7
      is hydrolyzed to the corresponding dihydroxy
      .beta.,.beta.,.beta.-trichloroethyl ester.
PAC  EXAMPLE 13:
PAC  dl-Ethyl
      3-oxa-7-[endo-6-)1,2-dihydroxyheptyl)-3-oxobicyclo3-oxobicyclo[3.1.0]hex-2
     .alpha.-yl]-cis-5-heptenoate Acetonide (Formula LIX: R.sub.2 is pentyl,
      R.sub.10 is ethyl, R.sub.11 and R.sub.12 are methyl, V is
      cis--CH=CHCH.sub.2 OCH.sub.2 --, .about. is endo)
PAR  Refer to Chart E. A solution of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     5-heptynoate acetonide (0.5 g.) in 10 ml. of pyridine is hydrogenated in
      the presence of a 5% palladium on barium sulfate catalyst (150 mg.) at
      25.degree. C. and one atmosphere. During 300 min., 90 ml. of hydrogen is
      absorbed. The resulting mixture is filtered and concentrated to about
      one-third the original volume. Four volumes of ethyl acetate is added, and
      the remaining pyridine is removed by addition of ice and one N
      hydrochloric acid. The ethyl acetate layer is separated, washed
      successively with one N hydrochloric acid and brine, dried, and
      concentrated. The residue is chromatographed on 250 g. of silica gel which
      has previously been acid-washed to pH 4 (Silicar CC4, 100- 200 mesh,
      Mallincrodt Co.), eluting with 3 1. of a 25-5% ethyl acetate-Skellysolve B
      gradient, collecting 100-ml. fractions. The fractions shown to have the
      desired product free of starting material by TLC with the A-IX system are
      combined and concentrated under reduced pressure to give the title
      compound.
PAR  Following the procedure of Example 13, each of the specific formula-LIX exo
      and endo, alpha and beta, acetylenic bicyclo[3.1.0]hexane ester cyclic
      ketals defined above after Example 3, and also each of the corresponding
      specific acetylenic .beta.,.beta.,.beta.-trichloroethyl ester cyclic
      ketals defined above in Example 7 and thereafter is hydrogenated to the
      corresponding cis-ethylenic cyclic ketal. Following the procedure of
      Example 12, each of those specific formula-LIX exo and endo, alpha and
      beta, cis-ethylenic bicyclo[3.1.0]-hexane cyclic ketals is then hydrolyzed
      with hydrochloric acid to the corresponding formula-LX cis-ethylenic
      dihydroxy ester, including the .beta.,.beta.,.beta.-trichloroethyl ester.
PAR  Also following the procedure of Example 13, but using in place of the
      acetonide, each of the specific formula-LX and each of the specific
      formula-LXVII exo and endo, alpha and beta, acetylenic
      bicyclo[3.1.0]hexane dihydroxy esters, including
      .beta.,.beta.,.beta.-trichloroethyl esters, defined above after Examples
      11 and 12 is hydrogenated to the corresponding cis-ethylenic dihydroxy
      ester, including the .beta.,.beta.,.beta.-trichloroethyl ester.
PAC  EXAMPLE 14:
PAC  dl-Ethyl
      3-oxa-6-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     trans-5-heptenoate Acetonide (Formula LIX: R.sub.2 is pentyl, R.sub.10 is
      ethyl, R.sub.11 and R.sub.12 are methyl, V is trans--CH=CHCH.sub.2
      OCH.sub.2 --, .about. is endo)
PAR  Refer to Chart E. A solution of dl-ethyl
      3-oxa-7[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-5
     -heptynoate acetonide (1.0 g.) in 20 ml. of tetrahydrofuran is cooled to
      -10.degree. C. This solution is added to a fresh solution of lithium metal
      (0.1 g.) in 30 ml. of liquid ammonia in a glass-lined autoclave. The
      autoclave is sealed, and the reaction mixture is stirred for 16 hrs. at
      25.degree. C. ambient temperature. Then the autoclave is opened, and the
      ammonia allowed to evaporate. Water (20 ml.) is added, and the resulting
      solution is acidified with one N hydrochloric acid, and then extracted
      with ethyl acetate. The extract is washed successively with aqueous sodium
      bicarbonate solution and brine, dried, and concentrated under reduced
      pressure. The residue is chromatographed as described for the
      corresponding cis compound in Example 12 to give the title compound.
PAR  Following the procedure of Example 14, each of the specific formula-LIX exo
      and endo, alpha and beta acetylenic bicyclo[3.1.0]hexane ester cyclic
      ketals defined above after Example 3, and also each of the corresponding
      specific acetylenic .beta.,.beta.,.beta.-trichloroethyl ester cyclic
      ketals defined above in Example 7 and thereafter is reduced to the
      corresponding trans-ethylenic cyclic ketal. Following the procedure of
      Example 12, each of those specific formula-LIX exo and endo, alpha and
      beta, trans-ethylenic bicyclo[3.1.0]-hexane cyclic ketals is then
      hydrolyzed to the corresponding formula-LX trans-ethylenic dihydroxy
      ester, including the .beta.,.beta.,.beta.-trichloroethyl ester.
PAR  Also following the procedure of Example 14, but using in place of the
      acetonide, each of the specific formula-LX and each of the specific
      formula-LXVII exo and endo, alpha and beta, acetylenic
      bicyclo[3.1.0]hexane dihydroxy esters, including
      .beta.,.beta.,.beta.-trichloroethyl ester, defined above after Examples 11
      and 12 is reduced to the corresponding transethylenic dihydroxy ester,
      including the .beta.,.beta.,.beta.-trichloroethyl ester.
PAC  EXAMPLE 15:
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dimesyloxy-heptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-heptanoate (Formula LXVIII: R.sub.2 is pentyl, R.sub.10 is ethyl,
      R.sub.11 and R.sub.12 are methyl, Z is --(CH.sub.2).sub.3 OCH.sub.2 --,
      .about. is endo)
PAR  Refer to Chart F. Methanesulfonyl cohloride (2.0 ml.) is added dropwise
      with stirring to a solution of the less polar form of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]h
     eptanoate (745 mg.; Example 8) in 20 ml. of pyridine at 0.degree. C. under
      nitrogen. The mixture is stirred at 0.degree. C. for 2.5 hrs. under
      nitrogen. Then, ice chips (30 g.) are added, and the resulting mixture is
      stirred 10 min. This mixture is mixed with 250 ml. of a mixture of
      dichloromethane and diethyl ether (1:2, v/v). That mixture is washed
      successively with cold one N hydrochloric acid, water, aqueous sodium
      bicarbonate solution, and brine. The organic layer is separated, dried,
      and concentrated under reduced pressure to give 830 mg. of the title
      compound; nMR singlet peaks at 3.05 and 3.08 .delta..
PAR  The above procedure is repeated with the more polar form of ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]
     heptanoate (1045 mg.; Example 8) to give an isomeric dimesylate of the same
      formula and with the same NMR peaks.
PAC  EXAMPLE 16:
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]
     -heptanoate (Formula LXVIII: R.sub.2 is pentyl, R.sub.10 is ethyl, R.sub.11
      and R.sub.12 are methyl, Z is --(CH.sub.2).sub.3 OCH.sub.2 --, .about. is
      endo)
PAR  Refer to Chart F. Methanesulfonyl chloride (20 ml.) is added dropwise with
      stirring during 2 minutes to a solution of the mixture (7.18 g.) of ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     heptanoate isomers obtained in Example 9 in 150 ml. of pyridine at
      -15.degree. C. The mixture is stirred 2.5 hrs. at 0.degree. C. under
      nitrogen. A mixture of isomeric forms of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl
     ]heptanoate is then obtained from the resulting mixture as described in
      Example 15.
PAR  Following the procedures of Examples 15 and 16, the racemic forms of ethyl
      3-oxo-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]he
     ptanoate, .beta.,.beta.,.beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]
     heptanoate, .beta.,.beta.,.beta.-trichloroethyl
      3oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo(3.1.0]hex-2.beta.-yl]-he
     ptanoate, ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     cis-5-heptenoate, ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl-31oxobicyclo[3.1.0]hex-2.beta.-yl]-ci
     s-5-heptenoate, .beta.,.beta.,.beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     cis-5-heptenoate, .beta.,.beta.,.beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-c
     is-5-heptenoate, ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.
      -yl]-trans-5-heptenoate, ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3,1.0]-hex-2.beta.-yl]-
     trans-5-heptenoate, .beta., .beta.,.beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     trans-5-heptenoate, .beta.,.beta.,.beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-t
     rans-5-heptenoate, ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     5-heptynoate, ethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.yl]-5-
     heptynoate, .beta.,.beta.,.beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     5-heptynoate, and .beta.,.beta.,.beta.-trichloroethyl
      3-oxa-7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-5
     -heptynoate are each transformed to the corresponding 1,2-dimesyloxyheptyl
      compound.
PAR  Also following the procedure of Examples 15 and 16, each of the
      endo-4-oxa-1,2-dihydroxyheptyl esters corresponding to the
      endo-3-oxa-1,2-dihydroxyheptyl ester of Examples 15 and 16 and to each of
      the 15 other above-listed endo-3-oxa-1,2-dihydroxyheptyl esters is
      transformed to the corresponding endo-4-oxa-1,2-dimesyloxyheptyl ester.
PAR  Also following the procedures of Examples 15 and 16, each of the 16
      exo-3-oxa-1,2-dihydroxyheptyl ester and each of the 16
      exo-4-oxa-1,2-dihydroxy esters corresponding to the above-defined 16
      endo-3-oxa, 1,2-dihydroxyheptyl esters and the above-defined 16
      endo-4-oxa-1,2-dihydroxyheptyl esters, respectively, is transformed to the
      corresponding exo-3-oxa-1,2-dimesyloxyheptyl ester and the corresponding
      exo-4-oxa-1,2-dimesyloxyheptyl ester.
PAR  Also following the procedures Examples 15 and 16, each of the other
      specific exo and endo, alpha and beta, saturated, cis and trans ethylenic,
      and acetylenic, 3-oxa and 4-oxa glycols defined above after Examples 11,
      12, 13, and 4 is transformed to the corresponding dimesyloxy compound.
PAC  EXAMPLE 17:
PAR  dl-3-Oxa-PGE.sub.1 Ethyl Ester (Formula LXII: Q is
      ##EQU67##
      R.sub.2 is pentyl, R.sub.10 is ethyl, V is --(CH.sub.2).sub.3 OCH.sub.2
      --)
PAR  Refer to Chart E. A solution of dl-ethyl
      3-oxa-7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]
     hex-2.alpha.-yl]heptanoate (830 mg., Example 15; obtained from the less
      polar glycol of Example 8) in a mixture of acetone (25 ml.) and water
      (12.5 ml.) is maintained at 25.degree. C. for 16 hrs. Additional water (25
      ml.) is then added, and the acetone is removed under reduced pressure. The
      remaining water solution is extracted with a mixture of deithyl ether and
      dichloromethane (2:1), and the extract is washed successively with 10%
      aqueous sodium bicarbonate solution and brine, dried, and concentrated to
      give 0.40 g. of residue.
PAR  The above procedure is repeated with the dimesylate obtained in Example 15
      from more polar glycol (1.045 g.) of Example 8. TLC behavior shows that
      the residue (0.80 g.) from this procedure is similar in composition to the
      residue from the above procedure.
PAR  The two residues are combined (1.20 g.) and chromatographed on a column
      prepared by wet-packing 500 g. of silica gel with one l. of 50% ethyl
      acetate in Skellysolve B, eluting with a gradient of 3 l. of 50% ethyl
      acetate in Skellysolve B with 3 l. of ethyl acetate, and then with 1.5 l.
      of 10% ethanol in ethyl acetate, collecting 110-ml. fractions. Fractions
      7-17 are combined and concentrated to give 520 mg. of a mixture of
      isomeric forms of
      3-oxa-7-[endo-6-(1-hydroxy-2-mesyloxyheptyl)-3-oxobicyclo[3.1.0]-hex-2.alp
     ha.-yl]heptanoate. Fractions 46-54 are combined to give 225 mg.
      dl-15-epi-3-oxa-PGE.sub.1 ethyl ester; NMR peaks at 5.64-5.74 (multiplet),
      4.0-4.39 (quartet), 4.01 (singlet), 3.5 (triplet) .delta.. Fraction 60
      (ethanol-ethyl acetate) is evaporated to give 235 mg. of
      dl-3-oxa-PGE.sub.1 ethyl ester; NMR peaks at 5.5-5.7 (multiplet), 4.0-4.39
      (quartet), 4.01 (singlet), 3.5 (triplet) .delta..
PAR  Following the procedure of Example 17, the mixture of dimesylates of
      Example 16 is transformed to 0.99 g. of dl-15-epi-3-oxa-PGE.sub.1 ethyl
      ester and 0.99 of dl-3-oxa-PFE.sub.1 ethyl ester.
PAR  Following the procedure of Example 17, each of the specific dimesylates
      defined in the first paragraph after Example 16 is transformed to the
      racemic forms of 8-iso-3-oxa-PGE.sub.1 ethyl ester,
      8-iso-15-epi-3-oxa-PGE.sub.1 ethyl ester, 3-oxa-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester, 15-epi-3-oxa-PGE.sub.1,
      .beta.,.beta.,.beta.-trichloroethyl ester, 8-iso-3-oxa-PGE.sub.1,
      .beta.,.beta.,.beta.-trichloroethyl ester, 8-iso-15-epi-3-oxa-PGE.sub.1
      .beta.,.beta.,.beta.,-trichloroethyl ester, 3-oxa-PGE.sub.2 ethyl ester,
      15-epi-3-oxa-PGE.sub.2 ethyl ester, 8-iso-3-oxa-PGE.sub.2 ethyl ester,
      8-iso-15-epi-3-oxa-PGE.sub.2 ethyl ester, 3-oxa-PGE.sub.2 .beta.,.beta.
      ,.beta.-trichloroethyl ester, 15-epi-3-oxa-PGE.sub.2
      .beta.,.beta.,.beta.-trichloroethyl ester, 8-iso-3-oxa-PGE.sub.2
      .beta.,.beta.,.beta.-trichloroethyl ester, 8-iso-15-epi-3-oxa-PGE.sub.2
      .beta.,.beta. ,.beta.-trichloroethyl ester,
      trans-5,6-dehydro-3-oxa-PGE.sub.1 ethyl ester, trans-5,6-dehydro-15-epi-3
      -oxa-PGE.sub.1 ethyl ester, trans-5,6-dehydro-8-iso-3-oxa-PGE.sub.1 ethyl
      ester, trans-5,6-dehydro-8-iso-15-epi-3-oxa-PGE.sub.1 ethyl ester,
      trans-5,6-dehydro-3-oxa-pGE.sub.1 .beta.,.beta. ,.beta.-trichloroethyl
      ester, trans-5,6-dehydro-15-epi-3-oxa-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester,
      trans-5,6-dehydro-8-iso-3-oxa-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester,
      trans-5,6-dehydro-8-iso-15-epi-3-oxa-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester, 5,6-dehydro-3-oxa-PGE.sub.2
      ethyl ester, 5,6-dehydro-15-epi-3-oxa-PGE.sub.2 ethyl ester,
      5,6-dehydro-8-iso-3-oxa-PGE.sub.2 ethyl ester,
      5,6-dehydro-8-iso-15-epi-3-oxa-PGE.sub.2 ethyl ester,
      5,6-dehydro-3-oxa-PGE.sub.2 .beta.,.beta.,.beta.-trichloroethyl ester,
      5,6-dehydro-15-epi-3-oxa-PGE.sub.2 .beta.,.beta.,.beta.-trichloroethyl
      ester, 5,6-dehydro-8-iso-3-oxa-PGE.sub.2, .beta.,.beta.
      ,.beta.-trichloroethyl ester, and 5,6-dehydro-8-iso-15-epi-3-oxa-PGE.sub.2
      .beta.,.beta.,.beta.-trichloroethyl ester, respectively.
PAR  Also following the procedure of Example 17, each of the 16
      endo-4-oxa-1,2-dimesyloxyheptyl esters corresponding to the
      endo-3-oxa-1,2-dimesyloxyheptyl esters used as reactant in Example 17 or
      in the paragraph above is transformed to the corresponding
      4-oxa-protaglandin E ester.
PAR  Also following the procedure of Example 17, each of the specific 16
      exo-3-oxa-1,2-dimesyloxyheptyl esters defined above and each of the
      specific 16 exo-4-oxa-1,2-dimesyloxy esters defined above is transformed
      to the same corresponding 3-oxa-prostaglandin E ester and
      4-oxa-prostaglandin E ester and 4-oxa-prostaglandin E ester, respectively.
PAR  Also following the procedure of Example 17, each of the other specific exo
      and endo, alpha and beta, saturated, cis and trans ethylenic, and
      acetylenic 3-oxa and 4-oxa dialkanesulfonic acid esters defined above
      after Example 16, including the .beta.,.beta.,.beta.-trichloroethyl
      esters, is transformed to the corresponding 3-oxa- and
      4-oxa-prostaglandin-like E ester.
PAR  In each of the transformations described above after Example 17, the
      monomesylate corresponding to the monomesylate product of Example 17 is
      also obtained.
PAC  EXAMPLE 18:
PAC  dl-Ethyl
      3-Oxa-7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[(3.1.0]hex-2.alpha.-yl
     ]heptanoate
PAR  Following the procedure of Example 15, the 520 mg. of dl-ethyl
      3-oxa-7-[endo-6-(1-hydroxy-2-mesyloxyheptyl)-3-oxobicyclo[3.1.0
      ]hex-2.alpha.-yl]heptanoate obtained as a byproduct in Example 17 is
      reacted with methanesulfonyl chloride to give the corresponding
      1,2-dimesyloxyheptyl compound, used as reactant in Example 17.
PAR  Following the procedure of Example 18, each of the monomesylates obtained
      as a byproduct during production of each of the 3-oxa and 4-oxa
      prostaglandin-like esters defined after Example 17 is transformed to the
      corresponding dimesylate.
PAC  EXAMPLE 19:
PAR  dl-3-Oxa-PGE.sub.1 (Formula XVIII: Q is
      ##EQU68##
      C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, R.sub.2 is pentyl, R.sub.1,
      R.sub.5, and R.sub.6 are hydrogen)
PAR  Zinc dust (400 mg.) is added to a solution containing dl-3-oxa-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester (100 mg.) in 5 ml. of a mixture
      of acetic acid and water (9:1 v/v). This mixture is stirred under nitrogen
      2 hrs. at 25.degree. C. Ethyl acetate (4 volumes) is then added, followed
      by additin of one N. hydrochloric acid (one vol.). The ethyl acetate layer
      is separated, washed with water and then with brine, dried, and
      concentrated. The residue is chromatographed on 15 g. of acid-washed
      silica gel (Silicar CC4), being eluted with 100 ml. of 50%, 100 ml. of
      80%, and 200 ml. of 100% ethyl acetate in Skellysolve B, collecting 20-ml.
      fractions. The fractions containing dl-3-oxa-PGE.sub.1 and no starting
      material or dehydration products as shown by TLC are combined and
      evaporated to give dl-3-oxa-PGE.sub.1.
PAR  Following the procedure of Example 19, dl-15-epi-3-oxa-pGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester is transformed to
      dl-15-epi-3-oxa-PGE.sub.1.
PAR  Also following the procedure of Example 19, each of the specific
      .beta.,.beta.,.beta.-trichloroethyl esters defined in the second paragraph
      after Example 17 is transformed to the racemic forms of
      8-iso-3-oxa-PGE.sub.1, 8-iso-15-epi-3-oxa-PGE.sub.1, 3-oxa-PGE.sub.2,
      15-epi-3-oxa-PGE.sub.2, -iso-3-oxa-PGE.sub.2,
      8-iso-15-epi-3-oxa-PGE.sub.2, trans-5,6-dehydro-3-oxa-PGE.sub.1,
      trans-5,6-dehydro-15-epi-3-oxa-PGE.sub.1,
      trans-5,6-dehydro-8-iso-3-oxa-PGE.sub.1,
      trans-5,6-dehydro-8-iso-15-epi-3-oxa-PGE.sub.1,
      5,6-dehydro-3-oxa-PGE.sub.2, 5,6-dehydro-15-epi-3-oxa-PGE.sub.2,
      5,6-dehydro-8-iso-3-oxa-PGE.sub.2, and
      5,6-dehydro-8-iso-15-epi-3-oxa-PGE.sub.2, respectively.
PAR  Also following the procedure of Example 19, the .beta.,.beta.
      ,.beta.-trichloroethyl esters of each of 4-oxa-prostaglandin E compounds
      corresponding to the .beta.,.beta. ,.beta.-trichloroethyl esters of each
      of the above 3-oxa-prostaglandin E compounds is transformed to the
      corresponding dl-4-oxa-prostaglandin E free acid.
PAR  Also following the procedure of Example 19, each of the other
      .beta.,.beta.,.beta.-trichloroethyl esters of 3-oxa- and
      4-oxaporstaglandin-like E compounds defined above after Example 17 is
      transformed to the corresponding dl-3-oxa- and 4-oxaprostaglandin-like E
      free acid.
PAC  EXAMPLE 20
PAC  Enzymatic Hydrolysis of dl-3-Oxa-PGE.sub.1 Ethyl Ester
PAC  A. Enzyme preparation
PAR  A medium is prepared consisting 2% corn steep liquor (a mixture of equal
      parts of cerelose and glucose) in tap water. This is brought to pH 4.5 by
      adding hydrochloric acid, and 1% of methyl oleate is added. Four 500 ml.
      flasks each containing 100 ml. of the above medium are inoculated with
      Cladosporum resinae (Cl-11, ATCC 11,274) and are placed on a shaker at
      room temperature (about 28.degree. C.) for 4 days. The culture is then
      placed in 40 ml. centrifuge tubes and centrifuged at about 2000 rmp. in a
      clinical centrifuge. The liquid is decanted from the centrifuge tubes and
      the collected cells are washed with cold water. The washed cells from 2
      centrifuge tubes are suspended in 50 ml. of ice cold 0.05 M ph 7.0
      phosphate buffer and placed in small Waring blender cup chilled with ice.
      Glass beads are added and the suspended cells are churned in the blender
      for 15 minutes. The resulting suspension of broken cells is centrifuged in
      a clinical centrifuge at about 2000 r.p.m. for  15 min. at room
      temperature, then the supernatant liquid is collected. This supernatant
      liquid contains Cladosporium resinae acylase and is used directly for the
      hydrolysis of alkyl esters or is stored, preferably frozen, until needed.
PAR  B. Esterase hydrolysis
PAR  Ten milliliters of the supernatant liquid containing Cladosporium resinae
      acylase, prepared as described in part A of this example and 50 mg. of
      dl-3-oxa-PGE.sub.1 ethyl ester (Example 17) are shaken at room temperature
      under nitrogen for about 19 hrs., then 70 ml. of acetone is added and the
      mixture is filtered giving a filtrate and an insoluble residue. The
      filtrate is concentrated under reduced pressure and gives 40-50 mg. of a
      slightly yellow oil comprising 3-oxa-PGE.sub.1. Both this oil and the
      insoluble residue are combined and chromatographed over 10 g. of
      acid-washed silica gel (Silicar CC-4, Mallinckrodt). Elution is with mixed
      hexanes (Skellysolve B) containing increasing amounts of ethyl acetate,
      collecting 50 ml. fractions as follows:
TBL  Fraction         Solvent                                                  
     ______________________________________                                    
     1      Skellysolve B                                                      
     2      40 ml.   Skellysolve B -                                           
                                  10 ml. ethyl acetate                         
     3      30       "            20     "                                     
     4      25       "            25     "                                     
     5      20       "            30     "                                     
     6      10       "            40     "                                     
     7       5       "            45     "                                     
     8      ethyl acetate                                                      
     9      ethyl acetate                                                      
     10     ethyl acetate                                                      
     11     ethyl acetate                                                      
     12     100 ml. of ethyl acetate                                           
     ______________________________________                                    
PAL  Fractions 6 to 12 are combined and concentrated to give 3-oxa-PGE.sub.1
      with substantially the same properties as that obtained according to
      Example 19.
PAR  Following the procedure of Example 20, each of the specific methyl, ethyl,
      and other alkyl ester defined above after Example 17 is hydrolyzed
      enzymatically to the corresponding dl-3-oxa- or 4-oxa prostaglandin-like E
      free acid.
PAC  EXAMPLE 21
PAR  dl-3-Oxa-PGF.sub.1.sub..alpha. Ethyl Ester and
      dl-3-Oxa-PGF.sub.1.sub..beta. Ethyl Ester (Formula XXVIII: Q is
      ##EQU69##
      C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, R.sub.1 is ethyl, R.sub.2 is
      pentyl, R.sub.5 and R.sub.6 are hydrogen, .about. is alpha or beta)
PAR  Refer to Chart A. A solution of sodium borohydride (0.30 g.) in 1 ml. of
      water is added with stirring to a solution of dl-3-oxa-PGE.sub.1 ethyl
      ester (Example 17, 600 mg.) in 25 ml. of absolute ethanol at 0.degree. C.
      The mixture is stirred 2.5 hrs. at 0.degree. C. Then, 15 ml. of acetone is
      added and, 10 min. later, 3 volumes of water is added. The mixture is
      acidified with dilute hydrochloric acid and then extracted with
      dichloromethane. The extract is washed with brine, dried, and
      concentrated. The residue is chromatographed on 400 g. of silica gel
      wet-packed with 800 ml. of chloroform containing 60 ml. of absolute
      ethanol, eluting with 2 l. of 12.5% and 2 l. of 15% absolute ethanol in
      chloroform, collecting 100-ml. fractions. Fractions 1-5 are combined and
      concentrated to give 122 mg. of dl-3-oxa-PGF.sub.1.sub..alpha. ethyl
      ester, m.p. 44.degree.-5.degree. C. after recrystallization from a mixture
      of diethyl ether and Skellysolve B. Fractions 9-7 are combined and
      evaporated to give 238 mg. of dl-3-oxa-PGF.sub.1.sub..beta. ethyl ester;
      m.p. 77.degree.-78.degree. C. after recrystallization from diethyl ether.
PAR  Following the procedure of Example 21, dl-3-oxa-PGE.sub.1 is transformed to
      dl-3-oxa-PGF.sub.1.sub..alpha. and dl-3-oxa-PGF.sub.1.sub..beta..
PAR  Also following the procedure of Example 21, the ethyl ester and free acid
      forms of the racemic forms of 15-epi-3-oxa-PGF.sub.1.sub..alpha.,
      15-epi-3-oxa-PGF.sub.1.sub..beta., 8-iso-3-oxa-PGF.sub.1.sub..alpha.,
      8-iso-3-oxa-PGF.sub.1.sub..beta.,
      8-iso-15-epi-3-oxa-PGF.sub.1.sub..alpha., 8-iso-15-epi-3-oxa-PGF.sub.1.sub
     ..beta., 3-oxa-PGF.sub.2.sub..alpha., 3-oxa-PGF.sub.2.sub..beta.,
      15-epi-3-oxa-pGF.sub.2.sub..alpha., 15-epi-3-oxa-PGF.sub.2.sub..beta.,
      8-iso-3-oxa-PGF.sub.2.sub..alpha., 8-iso-3-oxa-PGF.sub.2.sub..beta.,
      8-iso-15-epi-3-oxa-PGF.sub.2.sub..alpha.,
      8-iso-15-epi-3-oxa-PGF.sub.2.sub..beta.,
      trans-5,6-dehydro-3-oxa-PGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-3-oxa-PGF.sub.1.sub..beta.,
      trans-5,6-dehydro-15-epi-3-oxa-pGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-15-epi-3-oxa-PGF.sub.1.sub..beta.,
      trans-5,6-dehydro-8-iso-3-oxa-PGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-8-iso-3-oxa-pGF.sub.1.sub..beta.,
      trans-5,6-dehydro-8-iso-15-epi-3-oxa-PGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-8-iso-15-epi- 3-oxa-PGF.sub.1.sub..beta.,
      5,6-dehydro-3-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-3-oxa-PGF.sub.2.sub..beta.,
      5,6-dehydro-15-epi-3-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-15-epi-3-oxa-PGF.sub.2.sub..beta.,
      5,6-dehydro-8-iso-3-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-8-iso-3-oxa-PGF.sub.2.sub..beta.,
      5,6-dehydro-8-iso-15-epi-3-oxa-PGF.sub.2.sub..alpha., 5,6
      -dehydro-8-iso-15-epi-3-oxa-PGF.sub.2.sub..beta.,
      4-oxa-PGF.sub.1.sub..alpha., 4-oxa-PGF.sub.1.sub..beta.,
      15-epi-4-oxa-PGF.sub.1.sub..alpha., 15-epi-4-oxa-PGF.sub.1.sub..beta.,
      8-iso-4-oxa-PGF.sub.1.sub..alpha., 8-iso-4-oxa-PGF.sub.1.sub..beta.,
      8-iso-15-epi-4-oxa-PGF.sub.1.sub..alpha.,
      8-iso-15-epi-4-oxa-PGF.sub.1.sub..beta., 4-oxa-PGF.sub.2.sub..alpha.,
      4-oxa-PGF.sub.2.sub..beta., 15-epi-4-oxa-PGF.sub.2.sub..alpha.,
      15-epi-4-oxa-pGF.sub.2.sub..beta., 8-iso-4-oxa-PGF.sub.2.sub..alpha.,
      8-iso-4-oxa-PGF.sub.2.sub..beta.,
      8-iso-15-epi-4-oxa-PGF.sub.2.sub..alpha., 8-iso-15-epi-4-oxa-PGF.sub.2.sub
     ..beta., trans-5,6-dehydro-4-oxa-PGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-4-oxa-PGF.sub.1.sub..beta.,
      trans-5,6-dehydro-15-epi-4-oxa-PGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-15-epi-4-oxa-PGF.sub.1.sub..beta., trans,
      5,6-dehydro-8-iso-4-oxa-PGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-8-iso-4-oxa-PGF.sub.1.sub..beta.,
      trans-5,6-dehydro-8-iso-15-epi-4-oxa-pGF.sub.1.sub..alpha.,
      trans-5,6-dehydro-8-iso-15-epi-4-oxa-PGF.sub.1.sub..beta.,
      5,6-dehydro-4-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-4-oxa-PGF.sub.2.sub..beta.,
      5,6-dehydro-15-epi-4-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-15-epi-4-oxa-PGF.sub.2.sub..beta.,
      5,6-dehydro-8-iso-4-oxa-PGF.sub.2.sub..alpha.,
      5,6-dehydro-8-iso-4-oxa-PGF.sub.2.sub..beta.,
      5,6-dehydro-8-iso-15-epi-4-oxa-PGF.sub.2.sub..alpha., and
      5,6-dehydro-8-iso-15-epi-4-oxa-PGF.sub.2.sub..beta. are prepared by
      reduction of the corresponding dl-3-oxa-or 4-oxa-PGE type ethyl ester or
      free acid.
PAR  Also following the procedure of Example 21, each of the other 3-oxa- and
      4-oxa-PGE-type-esters and free acids defined above after Examples 17 and
      19 is transformed to the corresponding 3-oxa- and
      4-oxa-PGF.sub..alpha.-type and PGF.sub..beta.-type ester and free acid.
PAC  EXAMPLE 22
PAR  dl-3-Oxa-PGA.sub.1 Ethyl Ester and Free Acid (Formula XXXVIII: Q is
      ##EQU70##
      C.sub.n H.sub.2n is --(CH.sub.1).sub.3 --, R.sub.1 is ethyl or hydrogen,
      R.sub.2 is pentyl, R.sub.5 and R.sub.6 are hydrogen)
PAR  Refer to Chart A. A solution of 3-oxa-PGE.sub.1 ethyl ester (Example 17,
      400 mg.) in a mixture of tetrahydrofuran (5 ml.) and 0.5 N hydrochloric
      acid (5 ml.) is maintained under nitrogen at 25.degree. C. for 5 days. The
      resulting mixture is diluted with one volume of brine and extracted with a
      mixture of diethyl ether and dichloromethane (3:1). The extract is washed
      with brine, dried, and concentrated. The residue (380 mg.) is dissolved in
      diethyl ether, and the solution is extracted with cold 5% aqueous sodium
      bicarbonate solution to give an aqueous layer A and a diethyl ether layer
      B. Aqueous layer A is acidified with dilute hydrochloric acid and then
      extracted with dichloromethane. This extract is washed with brine, dried,
      and concentrated to give 300 mg. of dl13-oxa-PGA.sub.1 free acid; NMR
      peaks at 7.38-7.63 (multiplet), 6.1-6.3 (multiplet), 7.0 (singlet),
      5.57-5.7 (multiplet), 4.05 (singlet), and 3.53 (triplet) .delta.. Diethyl
      ether layer B is evaporated to give 62 mg. of dl-3-oxa-PGA.sub.1  ethyl
      ester; NMR peaks at 7.35-7.6 (multiplet), 6.1-6.25 (multiplet), 5.6-5.75
      (multiplet), 4.23 (quartet), 4.02 (singlet), and 3.52 (triplet) .delta..
PAC  EXAMPLE 23
PAR  dl-3-Oxa-PGA.sub.1 Ethyl Ester
PAR  Refer to Chart A. A solution of 3-oxa-PGE.sub.1 ethyl ester in a mixture of
      glacial acetic acid (9 ml.) and water (1 ml.) is heated under nitrogen at
      60.degree. C. for 18 hrs. Then, the acetic acid and water are evaporated
      under reduced pressure, and the residue is chromatographed on 50 g. of
      acid-washed silica gel, eluting with a 25-100% gradient of ethyl acetate
      in Skellysolve B. The fractions containing the desired product free of
      starting material as shown by TLC are combined and concentrated to give
      dl-3-oxa-PGA.sub.1 ethyl ester with substantially the same physical
      properties as when prepared by the procedure of Example 22.
PAR  Following the procedure of Example 22 or of Example 23, dl-3-oxa-PGE.sub.1
      free acid is transformed to dl-3-oxa-PGA.sub.1 free acid.
PAR  Also following the procedure of Example 22 or Example 23, the ethyl ester
      and free acid forms of the racemic forms of 15-epi--oxa-PGA.sub.1,
      8-iso-s-oxa-PGA.sub.1, 8-iso-15-epi-3-oxa-PGA.sub.1, 3-oxa-PGA.sub.2,
      14-epi-3-oxa-pGA.sub.2, 8-iso-3-oxa-PGA.sub.2,
      8-iso-15-epi-3-oxa-PGA.sub.2, trans-5,6-dehydro-3-oxa-PGA.sub.1,
      trans-5,6-dehydro-15-epi-3-oxa-PGA.sub.1,
      trans-5,6-dehydro-8-iso-3-oxa-PGA.sub.1,
      trans-5,6-dehydro-8-iso-15-epi-3-oxa-PGA.sub.1,
      5,6-dehydro-3-oxa-pGA.sub.2, 5,6-dehydro-15-epi-3-oxa-PGA.sub.2,
      5,6-dehydro-8-iso-3-oxa-PGA.sub.2,
      5,6-dehydro-8-iso-15-epi-3-oxa-PGA.sub.2, 4-oxa-PGA.sub.1,
      15-epi-4-oxa-PGA.sub.1, 8-iso-4-oxa-PGA.sub.1,
      8-iso-15-epi-4-oxa-PGA.sub.1, 4-oxa-PGA.sub.2, 15-epi-4-oxa-PGA.sub.2,
      8-iso-4-oxa-PGA.sub.2, 8-iso-15-epi-4-oxa-PGA.sub.2,
      trans-5,6-dehydro-4-oxa-PGA.sub.1,
      trans-5,6-dehydro-15-epi-4-oxa-PGA.sub.1,
      trans-5,6-dehydro-8-iso-4-oxa-PGA.sub.1,
      trans-5,6-dehydro-8-iso-15-epi-4-oxa-PGA.sub.1,
      5,6-dehydro-4-oxa-PGA.sub.2, 5,6-dehydro-15-epi-4-oxa-PGA.sub.2,
      5,6-dehydro-8-iso-4-oxa-PGA.sub.2, and
      5,6-dehydro-8-iso-15-epi-4-oxa-PGA.sub.2 are prepared by dehydration of
      the corresponding dl-3-oxa- or 4-oxa-PGE-type ethyl ester or free acid.
PAR  Also following the procedure of Example 22 or of Example 23, each of the
      other 3-oxa- and 4-oxa-pGE type esters and free acids defined above after
      Examples 17 and 19, including the .beta.,.beta.,.beta.-trichloroethyl
      esters, is transformed to the corresponding 3-oxa- and 4-oxa-PGA type
      ester and free acid.
PAC  EXAMPLE 24: dl-3-oxa-PGA.sub.1 Ethyl Ester.
PAR  Refer to Chart E. A solution of dl-ethyl
      3-oxa-7[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-
     heptanoate (from 800 ml. of less polar glycol; Example 15) in 75 ml. of
      acetone is mixed with 10 ml. of water and 20 ml. of saturated aqueous
      sodium bicarbonate solution. The mixture is refluxed under nitrogen for 4
      hrs. Then, the mixture is cooled, acidified with 5% hydrochloric acid, and
      extracted with ethyl acetate. The extract is washed with brine, dried, and
      evaporated to give dl-3-oxa-PGA.sub.1 ethyl ester with substantially the
      same physical properties as when prepared by the procedures of Examples 22
      and 23.
PAR  Following the procedure of Example 24, each of the dimesylates defined
      after Example 17 is transformed to the corresponding 3-oxa- or
      4-oxa-PGA-type ester, including the .beta.,.beta.,.beta.-trichloroethyl
      esters, each of those esters corresponding to the 3-oxa- or 4-oxa-PGE type
      esters prepared as described in and after Example 17.
PAC  EXAMPLE 25:
PAC  dl-3-Oxa-PGA.sub.1 Free Acid
PAR  Following the procedure of Example 19, dl-3-oxa-pGA.sub.1, 62
      ,.beta.,.beta.-trichloroethyl ester is transformed to dl-3-oxa-PGA.sub.1
      free acid, with substantially the same physical properties as when
      prepared according to Example 22.
PAC  EXAMPLE 26:
PAR  dl-3-Oxa-PGB.sub.1 (Formula XLVIII: Q is
      ##EQU71##
      C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, R.sub.1, R.sub.5, and R.sub.6
      are hydrogen, R.sub.2 is pentyl)
PAR  Refer to Chart A. A solution of dl-3-oxa-PGE.sub.1 (200 mg.) in 100 ml. of
      50% aqueous ethanol containing 10 grams of potassium hydroxide is kept at
      25.degree. C. for 10 hrs. under nitrogen. Then, the solution is cooled at
      10.degree. C. and neutralized by addition of 3 normal hydrochloric acid at
      10.degree. C. The resulting solution is extracted repeatedly with ethyl
      acetate, and the combined ethyl acetate extracts are washed with water and
      then with brine, dried, and concentrated to give the title compound.
PAR  Following the procedure of Example 26, dl-3-oxa-PGA.sub.1 is transformed to
      dl-3-oxa-PGB.sub.1 with substantially the same physical properties as when
      prepared from dl-3-oxa-PGE.sub.1.
PAR  Also following the procedure of Example 26, the racemic forms of
      15-epi-3-oxa-PGB.sub.1, 3-oxa-PGB.sub.2, 15 -epi-3-oxa-PGB.sub.2,
      trans-5,6-dehydro-3-oxa-PGB.sub.1,
      trans-5,6-dehydro-15epi-3-oxa-PGB.sub.1, 5,6-dehydro-3-oxa-PGB.sub.2,
      5,6-dehydro-15-epi-3-oxa-PGB.sub.2, 4-oxa-PGB.sub.1,
      15-epi-4-oxa-PGB.sub.1, 4-oxa-PGB.sub.2, 15-epi-4-oxa-PGB.sub.2,
      trans-5,6-dehydro-4-oxa-PGB.sub.1,
      trans-5,6-dehydro-15-epi-4-oxa-PGB.sub.1, 5,6-dehydro-4-oxa-PGB.sub.2, and
      5,6-dehydro-15-epi-4-oxa-PGB.sub.2 are prepared from the corresponding
      3-oxa- and 4-oxa-PGE type acids and also from the corresponding 3-oxa- and
      4-oxa-PGA type compounds defined above after Examples 19, 20, 22, and 25.
PAC  EXAMPLE 27:
PAR  dl-13,14-Dihydro-3-oxa-PGE.sub.1 (Formula XXIV: Q is
      ##EQU72##
      C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, R.sub.5 and R.sub.6 are
      hydrogen, R.sub.2 is pentyl)
PAR  Refer to Chart B. A solution of dl-3-oxa-PGE.sub.1 (Example 19, 100 mg.) in
      10 ml. of ethyl acetate is shaken with hydrogen at about one atmosphere
      pressure at 25.degree. C. in the presence of 5% palladium on charcoal (15
      mg.). One equivalent of hydrogen is absorbed in about 90 min. The
      hydrogenation is then stopped, and the catalyst is removed by filtration.
      The filtrate is concentrated, and the residue is chromatographed on 25 g.
      of silica gel, eluting with a 50-100% ethyl acetate gradient in
      Skellysolve B. Those fractions shown by TLC to contain the desired product
      free of the starting product and dehydration products are combined and
      concentrated to give the title compound.
PAR  Following the procedure of Example 27, dl-3-oxa-PGE.sub.1 ethyl ester is
      reduced to dl-13,14-dihydro-3-oxa-PGE.sub.1 ethyl ester.
PAR  Also following the procedure of Example 27, dl-3-oxa-PGE.sub.2,
      trans-5,6-dehydro-3-oxa-PGE.sub.1, and dl-5,6-dehydro-3-oxa-PGE.sub.2 are
      each reduced to dl-13,14-dihydro-3-oxo-PGE.sub.1 using two equivalents of
      hydrogen for the first two reactants, and three equivalents of hydrogen
      for the third reactant.
PAR  Also following the procedure of Example 27, the ethyl ester and the free
      acid form of the racemic forms of 13,14-dihydro-15-epi-3-oxa-PGE.sub.1,
      13,14-dihydro-8-iso-3-oxa-PGE.sub.1,
      13,14-dihydro-8iso-15-epi-3-oxa-PGE.sub.1, 13,14-dihydro-4-oxa-PGE.sub.1,
      13,14-dihydro-15-epi-4-oxa-PGE.sub.1, 13,14-dihydro-8-iso-4-oxa-PGE.sub.1,
      and 13,14-dihydro-8-iso-15-epi-4-oxa-PGE.sub.1 are prepared by catalytic
      hydrogenation of the ethyl ester and free acid form of the corresponding
      3-oxa and 4-oxo-PGE-type compound, using equivalents of hydrogen
      appropriate to the degree of unsaturation of the reactant, i.e., one
      equivalent for the PGE.sub.1 type, two equivalents for the PGE.sub.2 type
      and trans-5,6-dehydro-PGE.sub.1 type, and three equivalents for the
      5,6-dehydro-PGF.sub.2 type.
PAR  Also following the procedure of Example 27, dl-3-oxa-PGF.sub.1.sub..alpha.
      and its ethyl ester are reduced to dl-13,14
      -dihydro-3-oxa-PGF.sub.1.sub..alpha. and the ethyl ester of that,
      respectively.
PAR  Also following the procedure of Example 27, the ethyl ester and the free
      acid form of the racemic forms of
      13,14-dihydro-3-oxa-PGF.sub.1.sub..beta., 13,14-dihydro-15-epi-3-oxa-PGF.s
     ub.1.sub..alpha., 13,14-dihydro-15-epi-3-oxa-PGF.sub.1.sub..beta.,
      13,14-dihydro-8-iso-3-oxa-PGF.sub.1.sub..alpha.,
      13,14-dihydro-8-iso-3-oxa-PGF.sub.1.sub..beta.,
      13,14-dihydro-8-iso-15-epi-3-oxa-pGF.sub.1.sub..alpha.,
      13,14-dihydro-8-iso-15-epi-3-oxa-pGF.sub.1.sub..beta.,
      13,14-dihydro-4-oxa-PGF.sub.1.sub..alpha.,
      13,14-dihydro-4-oxa-PGF.sub.1.sub.3/8,
      13,14-dihydro-15-epi-4-oxa-PGF.sub.1.sub..alpha.,
      13,14-dihydro-15-epi-4-oxa-PGF.sub.1.sub..beta.,
      13,14-dihydro-8-iso-4-oxa-PGF.sub.1.sub..alpha.,
      13,14-dihydro-8-iso-4-oxa-PGF.sub.1.sub..beta.,
      13,14-dihydro-8-iso-15-epi-4-oxa-PGF.sub.1.sub..alpha., and
      13,14-dihydro-8-iso-15-epi-4-oxa-PGF.sub.1.sub..beta. are prepared by
      catalytic hydrogenation of the ethyl ester and free acid form of the
      corresponding 3-oxa and 4oxa-PGF type compound, using equivalents of
      hydrogen appropriate to the degree of unsaturation of the reactant.
PAR  Also following the procedure of Example 27, each of the esters and free
      acid forms of the other 3-oxa- and 4-oxa-PGE type and PGF type compounds
      defined above after Examples 17, 19, and 21 is catalytically hydrogenated
      to the corresponding dihydro compound.
PAC  EXAMPLE 28:
PAR  dl-13,14-Dihydro-3-oxa-PGA.sub.1 (Formula XLIV: Q is
      ##EQU73##
      C.sub.n H.sub.2n is --(CH.sub.2).sub.3 --, R.sub.1, R.sub.5, and R.sub.6
      are hydrogen, R.sub.2 is pentyl)
PAR  Refer to Chart B. A suspension of disodium azodiformate (50 mg.) is 5 ml.
      of absolute ethanol is added to a stirred solution of dl-3-oxa-PGA.sub.1
      (50 mg.) in 10 ml. of absolute ethanol under nitrogen at 25.degree. C. The
      mixture is made acid with glacial acetic acid, and then is stirred under
      nitrogen at 25.degree. C. for 8 hrs. The resulting mixture is concentrated
      under reduced pressure, and the residue is mixed with a mixture of diethyl
      ether and water (1:1). The diethyl ether layer is separated, dried, and
      concentrated to give the title compound.
PAR  Following the procedure of Example 28, dl-3-oxa-PGA.sub.1 ethyl ester is
      reduced to dl-13,14-dihydro-3-oxa-PGA.sub.1 ethyl ester.
PAR  Also following the procedure of Example 28, the racemic forms of
      3-oxa-PGA.sub.2, trans-5,6-dehydro-3-oxa-PGA.sub.1, and
      5,6-dehydro-3-oxa-PGA.sub.2 are each reduced to
      13,14-dihydro-3-oxa-PGA.sub.1, using amounts of the disodium azodiformate
      reactant appropriate to the degree of unsaturation of the reactant.
PAR  Also following the procedure of Example 28, the ethyl ester and the free
      acid form of the racemic forms of 13,14-dihydro-15-epi-3-oxa-PGA.sub.1,
      13,14-dihydro-8-iso-3-oxa-PGA.sub.1, 13,14-dihydro-8-iso-15-epi-PGA.sub.1,
      13,14-dihydro-4-oxa-PGA.sub.1, 13,14-dihydro-15-epi-4-oxa-PGA.sub.1,
      13,14-dihydro-8-iso-4-oxa-PGA.sub.1, and
      13,14-dihydro-8-iso-15-epi-4-oxa-PGA.sub.1 are prepared by diimide
      reduction of the corresponding 3-oxa- and 4-oxa-PGA type compound, using
      amounts of diimide appropriate to the degree of unsaturation of the PGA
      type reactant.
PAR  Also following the procedure of Example 28, the ethyl ester and the free
      acid form of the racemic forms of 13,14-dihydro-3-oxa-PGB.sub.1,
      13,14-dihydro-15-epi-3-oxa-PGB.sub.1, 13,14-dihydro-4-oxa-PGB.sub.1, and
      13,14-dihydro-15-epi-4-oxa-PGB.sub.1 are prepared by diimide reduction of
      the corresponding 3-oxa-and 4-oxa-PGB type compound, using amounts of
      diimide appropriate to the degree of unsaturation of the PGB type
      reactant.
PAR  Also following the procedure of Example 28, each of the esters and free
      acid forms of the other 3-oxa- and 4-oxa-PGA type and PGB type compounds
      defined above in and after Examples 22, 23, 24, 25, and 26 is reduced with
      diimide to the corresponding dihydro compound.
PAC  EXAMPLE 29:
PAC  dl3-Oxa-PGB.sub.1 Methyl Ester
PAR  A solution of diazomethane (about 0.5 g.) in diehtyl ether (25 ml.) is
      added to a solution of dl-3-oxa-PGB.sub.1 (Example 26, 50 mg.) 25 ml. of a
      mixture of methanol and diethyl ether (1:1). The mixture is allowed to
      stand at 25.degree. C. for 5 min. Then, the mixture is concentrated to
      give the title compound.
PAR  Following the procedure of Example 29, each of the other specific 3-oxa and
      4-oxa PGB type, PGA type, PGE type, and PGF type free acids defined above
      is converted to the corresponding methyl ester.
PAR  Also following the procedure of Example 29, but using in place of the
      diazomethane, diazoethane, diazobutane, 1-diazo-2-ethylhexane, and
      diazocyclohexane, there are obtained the corresponding ethyl, butyl,
      2-ethylhexyl, and cyclohexyl esters of 3-oxa-PGB.sub.1. In the same
      manner, each of the other specific 3-oxa and 4-oxa PGB type, PGA type, PGE
      type, and PGF type free acids defined above is converted to the
      corresponding ethyl, butyl, 2-ethylhexyl, and cyclohexyl esters.
PAC  EXAMPLE 30:
PAC  dl-3-Oxa-PGE.sub.1 Methyl Ester Diacetate
PAR  Acetic anhydride (5 ml.) and pyridine (5 ml.) are mixed with
      dl-3-oxa-PGE.sub.1 methyl ester (20 mg.), and the mixture is allowed to
      stand at 25.degree. C. for 18 hrs. The mixture is then cooled to 0.degree.
      C., diluted with 50 ml. of water, and acidified with 5% hydrochloric acid
      to pH 1. That mixture is extracted with ethyl acetate. The extract is
      washed successively with 5% aqueous sodium bicarbonate solution, water,
      and brine, dried, and concentrated to give the title compound.
PAR  Following the procedure of Example 30 but replacing the acetic anhydride
      with propionic anhydride, isobutyric anhydride, and hexanoic acid
      anhydride, there are obtained the corresponding dipropionate,
      diisobutyrate and dihexanoate derivatives of dl-3-oxa-PGE.sub.1 methyl
      ester.
PAR  Also following the procedure of Example 30, each of the 3-oxa and 4-oxa PGE
      type, PGF type, pGA type, and PGB type esters and free acids defined above
      is transformed to the corresponding acetate, propionates, isobutyrates,
      and hexanoates, the PGE derivatives being dicarboxyacylates, the PGF type
      derivatives being tricarboxyacylates, and the PGA type and PGB type
      derivatives being monocarboxyacylates.
PAC  EXAMPLE 31:
PAC  dl-3-Oxa-PGE.sub.1 Sodium Salt
PAR  A solution of dl-3-oxa-PGE.sub.1 (Example 19, 100 mg.) in 50 ml. of a
      water-ethanol mixture (1:1) is cooled to 5.degree. C. and neutralized with
      an equivalent amount of 0.1 N aqueous sodium hydroxide solution. The
      neutral solution is concentrated to give the title compound.
PAR  Following the procedure of Example 31 but using potassium hydroxide,
      calcium hydroxide, tetramethylammonium hydroxide, and
      benzyltrimethylammonium hydroxide in place of sodium hydroxide, there are
      obtained the corresponding salts of dl-3-oxa-PGE.sub.1.
PAR  Also following the procedure of Example 31 each of the 3-oxa and 4-oxa PGE
      type, PGF type, PGA type, and PGB type acids defined above is transformed
      to the sodium, potassium, calcium, tetramethylammonium, and
      benzyltrimethylammonium salts.
PAC  EXAMPLE 32:
PAR  dl-3-Oxa-PGE.sub.3 Methyl Ester (Formula XXVI: Q is
      ##EQU74##
      (C.sub.j H.sub.2j, and C.sub.p H.sub.2p are --CH.sub.2 --, R.sub.1  is
      methyl, R.sub.4 is ethyl, and R.sub.5 and R.sub.6 are hydrogen) and its
      15.beta. epimer
PAR  1. Refer to chart H. Following the procedure of Preparations 5, 6, and 7,
      but replacing hexyltriphenyl-phosphonium bromide with (hex-3-ynyl)
      triphenylphosphonium bromide (Axen et al., CHem. Comm. 1970, 602) there
      are obtained successively endo-6-(cis- and trans-1-hepten-4-ynyl)-bicyclo[
      3.1.0]hexan-3-ol tetrahydropyranyl ether; endo-6-(cis- and
      trans-1-hepten-4ynyl) bicyclo[3.1.0]hexan-3-ol; and the formula-LXXIII
      endo-6-(cis and trans-1-hepten-4-ynyl) bicyclo [3.1.0]hexan-3-one. The
      desired formula-LXXIII intermediate is isolated after silica gel
      chromatography.
PAR  2. There is next prepared the compound corresponding to formula-LXXXIV by
      alkylation. Following the procedures of Example 2, the product of step 1
      above is reacted with methyl 7chloro-3-oxa-hept-5ynoate to yield dl-methyl
      7-[endo-6-(cis- and
      trans-1-hepten-4-ynyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-hept-5-y
     noate.
PAR  3. Glycol LXXXV is next prepared, following the procedure of Example 8 and
      reacting the product of step 2 with osmium tetroxide. Without separating
      the isomeric glycols, the bismesylate corresponding to formula LXXXVI is
      then prepared following the procedures of Example 15. Thereafter,
      following hydrolysis of the bismesylate by the procedures of Example 17,
      the bisdehydro-PGE.sub.3 -type compound corresponding to formula LXXXVII
      is recovered. Silica gel chromatography is used to separate the respective
      C-15 epimers.
PAR  4. Thereafter, each of the C-15 epimers of step 3 above is hydrogenated in
      pyridine using 5% palladium on barium sulfate catalyst at 25.degree. C.
      and one atmosphere and the products subjected to silica gel chromatography
      to yield the title compounds.
PAR  The various Preparations and Examples given above describe the preparation
      of racemic intermediates and final products. Each of intermediates and
      final products named and defined above is also obtained in each of the
      enantiomeric forms, d and l, by resolution of that compound or by
      resolution of an intermediate used to prepare that compound. For example,
      d-3-oxa-PGA.sub.1 free acid is prepared by resolution of dl-3oxa-PGA.sub.1
      free acid (Example 22) or by dehydration as in Example 22 of optically
      active 3-oxa-PGE.sub.1 free acid with the same absolute configuration.
      These resolutions are carried out by procedures known in the art, for
      example, those described hereinabove.
PAC  EXAMPLE 33:
PAR  2,3,4-Trinor-PGF.sub.2.sub..alpha., Ethyl Ester, Bis(tetra-hydropyranyl
      ether) (Formula CXII: --CH=CH-- is in cis configuration, Q" is
      ##EQU75##
      R.sub.2 is n-pentyl, R.sub.21 is THP, i.e., tetrahydro-pyranyl, and
      R.sub.22 is ethyl); and its 5,6-trans isomer
PAR  Refer to Chart M. The starting material is the formula-CXI compound,
      3.alpha.5.alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-trans-1-octenyl)-1.al
     pha.cyclopentaneacetaldehyde .gamma.-lactol bis (tetrahydropyranyl ether).
      See E. J. Corey et al., J. Am. Chem. Soc. 92, 397 (1970). The optically
      active isomer is used which will lead to a prostaglandin-type compound of
      the natural configuration. The formula-CXI compound (10.0 g.) is dissolved
      in 150 ml. of obsolute ethanol containing 3 drops of acetic acid. To the
      solution is added (carbethoxy-methylene)triphenyl phosphorane (10 g.) and
      the mixture is stirred at about 25.degree. C. for 72 hrs. The mixture is
      concentrated under reduced pressure to a volume of about 35 ml., mixed
      with ice and dilute sodium bicarbonate solution, and shaken with ethyl
      acetate. The organic phase is washed with brine, dried over magnesium
      sulfate, and concentrated to a residue. The residue is slurried in 100 ml.
      of diethyl ether and filtered. The filtrate is concentrated to a residue
      which is subjected to silica gel chromatography, eluting with 20-40% ethyl
      acetate in Skellysolve B (mixed isomeric hexanes). Besides unreacted
      starting material there are recovered the title compound, 1.1g., its
      5,6-trans isomer, 1.63 g., and a mixture of the two isomers, 3.89 g. The
      NMR spectrum of the title compound has peaks at 6.52-5.74, 5.70-5.39,
      4.72, 4.37-4.00 (quartet), 1.38-1.15 (triplet), and 0.87 .delta.. The NMR
      spectrum of the 5,6-trans isomer has peaks at 7.30-5.75, 5.66-5.38, 4.70,
      4.37-4.00 (quartet), 1.38-1.15 (triplet), and 0.87 .delta.:
PAC  EXAMPLE 34:
PAR  2,3,4-Trinor-PGF.sub.1.sub..alpha., Ethyl Ester, Bis(tetrahydropyranyl
      ether) (Formula CXIII : Q" is
      ##EQU76##
      R.sub.2 is n-pentyl, R.sub.21 is THP, and R.sub.22 is ethyl)
PAR  Refer to Chart M. The formula-CXII PGF.sub.2.sub..alpha.  compound (Example
      33, 1.10 g.) is mixed with a 5%-palladium-on-carbon catalyst (0.3 g.) in
      30 ml. of ethyl acetate and hydrogenated at slightly above atmospheric
      pressure. When about 41 ml. of hydrogen is consumed, the catalyst is
      filtered off and the filtrate concentrated under reduced pressue to yield
      the title compound, 1.10 g. The NMR spectrum has peaks at 5.70-5.39, 4.72,
      4.37-4.00 (quartet), 1.38-1.15 (triplet), and 0.87 .delta..
PAC  EXAMPLE 35:
PAR  4.alpha.-(4-Hydroxybutyl)-5.beta.-(3'.alpha.-hydroxy-1'-trans-octenyl)cyclo
     pentane- 1.alpha., 3.alpha.-diol, 1,3'-Bis(tetrahydropyranyl ether)
      (Formula CXIV: Q" is
      ##EQU77##
      R.sub.2 is n-pentyl, R.sub.21 is THP, and R.sub.23 is hydrogen)
PAR  Refer to Chart M. The formula-CXIII PGF.sub.1.sub..alpha. compound (Example
      34, 1.1 g.) in 30 ml. of diethyl ether added with added with stirring to a
      mixture of lithium aluminum hydride (0.3 g.) in 60 ml. of diethyl ether
      over a 10 minute period. The mixture is heated under reflux for 2 hrs.,
      cooled, and treated with 0.35 ml. of water added cautiously dropwise
      followed by 0.35 ml. of 15% aqueous sodium hydroxide solution and then 1.0
      ml. of water. The solids are removed by filtration and filtrate is
      concentrated under reduced pressure to give the title compound.
PAC  EXAMPLE 36:
PAR  3-Oxa-PGF.sub.1.sub..alpha., 11,15 -Bis(tetrahydropyranyl ether), Ethyl
      Ester (Formula CXV: Q" is
      ##EQU78##
      R.sub.1 is ethyl, R.sub.2 is n-pentyl, R.sub.1 is THP, and R.sub.23 is
      hydrogen)
PAR  Refer to Chart M. The formula-CXIV 4-hydroxybutyl compound (Example 35, 1.7
      g.) together with 15 ml. of dimethylsulfoxide and 5 ml. of
      tetrahydrofuran, is treated with 2.28 ml. of 1.6 M n-butyllithium in
      hexane, with stirring and cooling. After 5 min., there is added 5 ml. of
      dimethyformamide. The solution is stirred and cooled to 0.degree. C. and
      lithium chloroacetate (0.70 g.) is added. The mixture is stirred at
      0.degree. C. for 2 hrs. and at about 25.degree. C. for 22 hrs., then
      diluted with 200 ml. of ice water, acidified with a cold solution of 3 ml.
      of concentrated hydrochloric acid in 50 ml. of water, and immediately
      extracted with dichloromethane. The organic phase is washed with cold
      water and brine, and dried over magnesium sulfate. At this stage the
      solution contains 3-oxa-PGF.sub.1.sub..alpha., 11,15-bis(tetrahydropyranyl
      ether).
PAR  To the above solution is added excess ethereal diazoethane and after a few
      minutes the excess reagent is destroyed with acetic acid. The mixture is
      washed with a mixture of sodium bicarbonate solution and brine, and then
      brine, dried and concentrated under reduced pressure. The residue is
      subjected to silica gel chromatography, eluting with 60-100% ethyl acetate
      in Skellysolve B to yield the title compound, 0.71 g. The NMR spectrum has
      peaks at 5.2-5.58, 4.6, 3.99-4.29, 3.95 (singlet), and 3.35-3.55 .delta..
PAC  EXAMPLE 37:
PAR  3-Oxa-PGF.sub.1.sub..alpha., Ethyl Ester (Formula CXVI: Q' is
      ##EQU79##
      R.sub.1 is ethyl and R.sub.2 is n-pentyl)
PAR  Refer to Chart M. The formula-CXV bis(tetrahydropyranyl ether) (Example 36,
      0.7 g.) is mixed with 15 ml. of acetic acid and 7.5 ml. of water and
      heated at about 38.degree. C. for 2.5 hrs. The mixture is diluted with ice
      and water and shaken with ether-dichloromethane (3:1). The organic phase
      is washed with cold dilute sodium bicarbonate, water, and brine, and dried
      and concentrated. The residue is subjected to silica gel chromatography,
      eluting with 12.5-15% ethanol in chloroform, to yield the title compound.
PAC  EXAMPLE 38:
PAR  3-Oxa-PGE.sub.1, Ethyl Ester (Formula CXVIII: Q' is
      ##EQU80##
      R.sub.1 is ethyl, and R.sub.2 is n-pentyl)
PAR  Refer to Chart M. The formula-CXV 3-oxa-PGF.sub.1.sub..alpha., 11,15
      tetrahydropyranyl ether), ethyl ester (Example 36, 0.7 g.) in 25 ml. of
      acetone at -20.degree. C. is treated with 0.67 ml. of Jones reagent (J.
      Chem. Soc. 39 (1946) ). The mixture is stirred at -20.degree. C. for 15
      min., diluted with ice and water, and immediately extracted with
      ether-dichloromethane (3:1). The organic phase is washed with ice cold
      dilute hydrochloric acid and brine, dried and concentrated to give the
      formula-CXVII 3-oxa-PGE.sub.1, 11,15-bis(tetrahydropyranyl ether), ethyl
      ester, 0.66 g. The NMR spectrum has peaks at 5.35-5.7, 4.64, 3.98-4.3,
      3.95 (singlet) and 3.36-3.53 .delta.: infrared spectral absorption at 1740
      cm.sub..sup.-1.
PAR  The formula-CXVII intermediate above is hydrolyzed to remove
      tetrahydropyranyl groups following the procedure of Example 37.
      Thereafter, using silica gel chromatography, and eluting with 1-5% ethanol
      in ethyl acetate, there is obtained the title compound, 0.28 g., having
      the same NMR spectrum as the product of Example 17 above.
PAC  EXAMPLE 39:
PAR  3.sub..alpha.
      -Allyl-2-[(3'S)-3'-hydroxy-1'-trans-octenyl]cyclopentane-1.alpha.,
      4.alpha.-diol, 1,3'-Bis-(tetrahydropyranyl ether) (Formula CXXIV: Q" is
      ##EQU81##
      R.sub.2 is n-pentyl, and R.sub.21 is THP)
PAR  Refer to Chart O. Methyltriphenylphosphonium bromide (17.5 g.) is added to
      a solution of sodio dimethylsulfinylcarbanide prepared from sodium hydride
      (57%, 2.02 g.) and 75 ml. of dimethyl sulfoxide at 65.degree.-70.degree.
      C. and cooled to 15.degree. C. The mixture is stirred at
      15.degree.-25.degree. C. for 20 min., cooled to 15.degree. C., and to it
      is added a solution of the formula-CXI
      3.sub..alpha.,5.sub..alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-trans-1
      -octenyl)-1.alpha.-cyclopentaneacetaldehyde .gamma.-lactol
      bis(tetrahydropyranyl ether) (10 g.) in 20 ml. of dimethyl sulfoxide. See
      E. J. Corey et al., J. Am. Chem. Soc. 92, 397 (1970). That optically
      active isomer is used which will lead to a prostaglandin-type compound of
      the natural configuration. The resulting mixture above is stirred at about
      25.degree. C. for 2.5 hrs., then shaken with water and 500 ml. of diethyl
      ether. The organic phase is washed with water and brine, dried, and
      concentrated under reduced pressure. The residue is triturated with
      diethyl ether and, then, Skellysolve B, to yield triphenylphosphine oxide
      (3.5 g.) and a residue which is chromatographed on a silica gel column to
      yield the title compound, 5.6 g., having R.sub.f 0.8 (TLC on silica gel
      plates in ethyl acetate-Skellysolve B (1:1)) and NMR spectal peaks at
      4.9-6.2 and 4.7 .delta..
PAC  EXAMPLE 40:
PAR  2.alpha., 4.alpha.-Dihydroxy-5
      [(3'S)-3'-hydroxy-1'-transoctenyl]cyclopentane-1.alpha.-propanol, 2,3',
      4-Tris-(tetrahydropyranyl ether) (Formula CXXVI: Q" is
      ##EQU82##
      R.sub.2 is n-pentyl, and R.sub.21 is THP)
PAR  Refer to Chart O. There is first prepared the formula-CXXV
      tris(tetrahydropyranyl) ether. A mixture of the formula-CXXIV
      3-allyl-2-[(3'S)-3'-hydroxy-1'-trans-octenyl]-cyclopentane-1.alpha.,
      4.alpha.-diol, 1,3-bis(tetrahydropyranyl ether) (Example 39, g.), 15 ml.
      of freshly distilled dihydropyran, and 0.3 g. of pyridine hydrochloride in
      100 ml. of dichloromethane is stirred under nitrogen at about 25.degree.
      C. for 18 hrs. The mixture is diluted with 500 ml. of cold diethyl ether,
      washed with ice-cold 0.1 N hydrochloric acid, water, 5% aqueous sodium
      bicarbonate, and brine, dried, and concentrated under reduced pressure.
      The product is subjected to silica gel chromatography, eluting with 5-25%
      ethyl acetate in Skellysolve B, to yield the tris(tetrahydropyranyl
      ether).
PAR  To a solution of the above compound (5.2 g.) in 50 ml. of dry
      tetrahydrofuran at 0.degree. C. under nitrogen is added with stirring 10
      ml. of disiamylborane (bis(1,2-dimethylpropyl)borane) (1M. in
      tetrahydrofuran). After one hr. at 0.degree. C. there is added one ml. of
      water and (cautiously) a solution of one ml. of 50% aqueous sodium
      hydroxide in 20 ml. of methanol. To this mixture is added 15 ml. of 15%
      hydrogen peroxide, maintaining the temperature below 40.degree. C. After
      stirring one hr. at about 25.degree. C., the mixture is shaken with brine
      and ethyl acetate. The organic phase is washed with brine, dried, and
      concentrated. The residue is taken up in xylene and again concentrated
      under reduced pressure. The product is subjected to silica gel
      chromatography eluting with 30-50% ethyl acetate in Skellysolve B to yield
      the title compound.
PAC  EXAMPLE 41:
PAC  3.alpha.-Allyloxypropyl-2-[(3'S)-3'-hydroxy-1'-trans-octenyl]cyclopentane-1
     .alpha., 4.alpha.-diol,  1,3', 4 -Tris(tetrahydropyranyl ether) (Formula
      CXXVII: Q" is
      ##EQU83##
      R.sub.2 is n-pentyl, and R.sub.21 is THP)
PAR  Refer to Chart O. N-Butyllithium (6.25 ml. of 1.6 M. solution in hexane) is
      added dropwise to a stirred solution of the formula-CXXVI
      2.alpha.,4.alpha.-dihydroxy-5-[(3'S)-3'-hydroxy-1'-trans-octenyl]cyclopent
     ane-1.alpha.-propanol,2,3',4-tris(tetrahydropyranyl ether) (Example 40, 5.4
      g.) in 40 ml. of tetrahydrofuran. There is then added 10 ml. of freshly
      distilled allyl chloride and 40 ml. of dimethylformamide. After stirring
      about 0.5 hr., the mixture is shaken with water and diethyl ether. The
      organic phase is washed with water and brine, dried, and concentrated. The
      product is subjected to silica gel chromatography, eluting with 5-20%
      ethyl acetate in Skellysolve B.
PAC  EXAMPLE 42:
PAR  2-Decarboxy-2-hydroxymethyl-4-oxa-PGF.sub.1.sub..alpha.,
      9,-11,15-Tris(tetrahydropyranyl ether) Formula CXXVIII: Q" is
      ##EQU84##
      R.sub.2 is n-pentyl, and R.sub.21 is THP)
PAR  Refer to Chart O. Following the procedure of Example 40, the formula-CXXVII
      3.sub..alpha.-allyloxypropyl-2[(3'S)-3'-hydroxy-1'-trans-octenyl]cyclopent
     ane-1.sub..alpha.,4.sub..alpha.-diol, 1,3',4-tris(tetrahydropyranyl ether)
      (Example 41, 5.8 g.) is reacted with disiamylborane and hydrogen peroxide
      to yield the title compound.
PAC  EXAMPLE 43
PAR  4-Oxa-PGF.sub.1.sub..alpha. Tris(tetrahydropyranyl ether). (Formula CXXIX:
      Q" is
      ##EQU85##
      R.sub.2 is n-pentyl, R.sub.21 is THP, and R.sub.1 is hydrogen
PAR  Refer to Chart O. The formula-CXXVIII
      2-decarboxy-2-hydroxymethyl-4-oxa-PGF.sub.1.sub..alpha.,
      9,11,15-tris(tetrahydropyranyl ether) (Example 42, 3.0 g.) in 50 ml. of
      acetone is treated at -20.degree. C. with 3 ml. of Jones reagent over a
      period of about one min. Thereafter the mixture is stirred for 30 min, and
      shaken with ethyl acetate (300 ml.) and brine (200 ml.). The organic phase
      is washed with water and brine, dried, and concentrated. The product is
      subjected to silica gel chromatography to yield the title compound.
PAC  EXAMPLE 44:
PAR  4-Oxa-PGF.sub. 1.sub..alpha. (Formula CXXX: Q' is
      ##EQU86##
      R.sub.2 is n-pentyl, and R.sub.1 is hydrogen)
PAR  Refer to Chart O. The formula-CXXIX 4-oxa-PGF.sub.1.sub..alpha.,
      tris(tetrahydropyranyl ether) (Example 43, 1.0 g.) is stirred with 25 ml.
      of glacial acetic acid, 12.5 ml. of water, and 3 ml. of tetrahydrofuran at
      40.degree. C. for 4 hrs. Thereafter the mixture is freeze-dried and the
      residue is subjected to silica gel chromatography, eluting with 60% ethyl
      acetate in Skellysolve B to 100% ethyl acetate to yield the title
      compound.
PAC  EXAMPLE 45:
PAR  4-Oxa-PGF.sub.1.sub..alpha., Methyl Ester, Tris(tetrahydropyranyl ether)
      Formula CXXIX: Q"is
      ##EQU87##
      R.sub.2 is n-pentyl, R.sub.21 is THP, and R.sub.1 is methyl)
PAR  Refer to Chart O. There is first prepared the formula-CXXIX
      4-oxa-PGF.sub.1.sub..alpha., tris(tetrahydropyranyl ether) following the
      procedure of Example 43. The acid (3.0 g.) is then treated with excess
      ethereal diazomethane for a few minutes. The excess diazomethane is
      destroyed by addition of acetic acid and the mixture is washed with dilute
      sodium bicarbonate and brine, dried, and concentrated. The product is
      subjected to silica gel chromatography to yield the title compound.
PAC  EXAMPLE 46:
PAR  4-Oxa-PGF.sub.1.sub..alpha., Methyl Ester (Formula CXXX: Q' is
      ##EQU88##
      R.sub.2 is n-pentyl, and R.sub.1 is methyl)
PAR  Refer to Chart O. The formula-CXXIX 4-oxa-PGF.sub.1.sub..alpha., methyl
      ester, tris(tetrahydropyranyl ether) (Example 45, 1.0 g.) is stirred with
      25 ml. of glacial acetic acid, 12.5 ml. of water, and 3 ml. of
      tetrahydrofuran at 40.degree. C. for 4 hrs. The mixture is then diluted
      with 150 ml. of ethyl acetate and shaken with cold dilute sodium hydroxide
      solution. The organic phase is washed with brine, dried, and concentrated.
      The product is subjected to silica gel chromatography, eluting with 8-16%
      ethanol in chloroform to yield the title compound.
PAC  EXAMPLE 47:
PAR  2.sub..alpha.,4.sub..alpha.-Dihydroxy-5-[(3'S)-3'-hydroxy-1'-trans-octenyl]
     cyclopentane-1.alpha.-ethanol, 3', 4-Bis-(tetrahydropyranyl ether) (Formula
      CXXXI: Q" is
      ##EQU89##
      R.sub.2 is n-pentyl, and R.sub.21 is THP)
PAR  Refer to Chart P. The formula-CX
      3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-trans-1-octenyl)-1.a
     lpha.-cyclopentaneacetaldehyde .gamma.-lactol bis(tetrahydropyranyl ether)
      (6.3 g.) in 50 ml. of ethanol at 0.degree. C. is treated, while stirring,
      with a solution of sodium borohydride (0.6 g.) in 10 ml. water. After 10
      min. the mixture is shaken with 20 ml. of water, 250 ml. of ethyl acetate,
      and 150 ml. of brine. The organic phase is washed with brine, dried, and
      concentrated under reduced pressure to yield the title compound, 6.3 g.,
      having R.sub.f 0.2 (TLC on silica gel in 50% ethyl acetate in Skellysolve
      B).
PAC  EXAMPLE 48:
PAR  3.sub..alpha.-Allyloxyethyl-2-[(3'S)-3'-hydroxy-1'-trans-octenyl]cyclopenta
     ne-1.sub..alpha.,4.sub..alpha.-diol, 1,3'-Bis-(tetrahydropyranyl ether)
      (Formula CXXXII: Q"is
      ##EQU90##
      R.sub.2 is n-pentyl, and R.sub.21 is THP)
PAR  Refer to Chart P. The formula-CXXXI
      2.sub..alpha.,4.sub..alpha.-dihydroxy-5-[(3'S)-3'-hydroxy-1'-trans-octenyl
     ]cyclopentane-1.alpha.-ethanol, 3',4-bis(tetrahydropyranyl ether) (Example
      47, 8.1 g.) in 40 ml. of tetrahydrofuran at -15.degree. C. under nitrogen
      is treated, while stirring, with 11.5 ml. of 1.6 M. n-butyllithium in
      hexane added dropwise over a 5-min. period. To the clear solution is added
      15 ml. of freshly distilled allyl chloride and 40 ml. of dimethyl
      formamide. The mixture is stirred at about 25.degree. C. for 24 hrs. and
      is then shaken with 400 ml. of water and 500 ml. of ether. The organic
      phase is washed with water and brine, dried, and concentrated under
      reduced pressure. The residue is subjected to silica gel chromatography,
      eluting with 50% ethyl acetate in Skellysolve B, to obtain the title
      compound, 2.0 g., having NMR spectral peaks at 5.0-6.2, 4.7, and 3.87-4.0
      .delta.. EXAMPLE 49:
PAR  2-Decarboxy-2-hydroxymethyl-5-nor-4-oxa-PGF.sub.1.sub..alpha.,
      9,11,15-Tris(tetrahydropyranyl ether) (FormulaA(XXXIII: Q"is
      ##EQU91##
      R.sub.2 is n-pentyl, and R.sub.21 is THP)
PAR  Refer to Chart P. The formula-CXXXII
      3.sub..alpha.-allyloxyethyl-2-[(3'S)-3'-hydroxy-1'-trans-octenyl]cyclopent
     ane-1.sub..alpha.,4.sub..alpha.-diol, 1,3'-bis(tetrahydropyranyl ether)
      (Example 48, 2.0 g.) in 20 ml. of tetrahydrofuran at 0.degree. C. under
      nitrogen is treated, while stirring, with 10 ml. of 1M. disiamylborane in
      tetrahydrofuran added dropwise. The mixture is stirred at 0.degree. C. for
      an additional hour, then treated with 2 ml. of water added cautiously.
      Then a solution of 1 ml. of 50% aqueous sodium hydroxide in 25 ml. of
      methanol is added followed by 15 ml. of 15% hydrogen peroxide solution
      added dropwise while stirring, maintaining the temperature below
      40.degree. C. The mixture is stirred an additional hour at about
      25.degree. C., then shaken with 100 ml. of brine and ethyl acetate. The
      organic phase is washed with brine, dried, and concentrated under reduced
      pressure. Xylene is added and the mixture concentrated under vacuum at
      about 40.degree. C./0.5 mm to yield the title compound, having R.sub.f 0.3
       (TLC on silica gel in ethyl acetate) and NMR spectral peaks at 5.3-5.6
      and 4.7 .delta..
PAC  EXAMPLE 50
PAR  5-Nor-4-oxa-PGE.sub.1, Bis(tetrahydropyranyl ether) (Formula CXXXIV: Q" is
      ##EQU92##
      R.sub.2 is n-pentyl, and R.sub.21 is THP); and Methyl Ester (Formula
      CXXXV: R.sub.1 is methyl)
PAR  Refer to Chart P. The formula-CXXXIII
      2-decarboxy-2-hydroxymethyl-5-nor-4-oxa-PGF.sub. 1.sub..alpha.,
      9,11,15-tris(tetrahydropyranyl ether) (Example 49, 1.9 g.) in 40 ml. of
      acetone at -20.degree. C. under nitrogen is treated, while stirring, with
      4 ml.of Jones reagent over a one-min. period. The mixture is stirred at
      -20.degree. C. for an additional 35 min., then shaken with 300 ml. of
      ethyl acetate and 200 ml. of brine. The organic phase is washed with water
      and brine, dried, and concentrated under reduced pressure. The residue is
      subjected to silica gel chromatography, eluting with 50-70% ethyl acetate
      in Skellysolve B to yield 5-nor-4-oxa-PGE.sub.1, bis-(tetrahydropyranyl
      ether), 1.3 g.
PAR  The above acid is treated in diethyl ether solution with an excess of
      ethereal diazomethane. After one min., acetic acid is added to destroy
      excess diazomethane. The mixture is washed with dilute aqueous sodium
      bicarbonate and brine, dried, and concentrated under reduced pressure. The
      residue is subjected to silica gel chromatography, eluting with 40-50%
      ethyl acetate in Skellysolve B to yield the title compound methyl ester,
      0.85 g., having NMR spectral peaks at 5.5-5.7, 4.7, 3.7 (singlet), and
      2.4-2.62 (triplet) .delta..
PAC  EXAMPLE 51:
PAR  5-Nor-4-oxa-PGE.sub.1, Methyl Ester (Formula CXXXVI: Q' is
      ##EQU93##
      R.sub.1 is methyl, and R.sub.2 is n-pentyl)
PAR  Refer to Chart P. The formula-CXXXV 5-nor-4-oxa-PGE.sub.1,
      bis(tetrahydropyranyl ether), methyl ester, (Example 50, 0.85 g.) is
      stirred with 20 ml. of acetic acid, 10 ml. of water, and 2 ml. of
      tetrahydrofuran at 40.degree. C. for 4 hrs. The mixture is diluted with
      150 ml. of cold ethyl acetate and washed with ice-cold dilute sodium
      hydroxide (15 ml. of 50% aqueous sodium hydroxide and 85 ml. of water).
      The organic phase is washed with aqueous sodium bicarbonate and brine,
      dried, and concentrated. The residue is subjected to silica gel
      chromatography, eluting with 0-4% methanol in ethyl acetate, to yield the
      title compound, 0.41 g., an oil, having NMR spectral peaks at 5.58-5.70,
      3.70 (singlet), and 2.44-2.65 (triplet) .delta.; and mass spectral peaks
      (TMS derivative) at 485, 469, 429, 410, 379, 370, 339, and 285.
PAC  EXAMPLE 52
PAR  -Nor-4-oxa-PGF.sub.1.sub..alpha., Methyl Ester (Formula CXXXVII: Q'is
      ##EQU94##
      R.sub.1 is methyl, R.sub.2 is n-pentyl, and .about. is alpha); and
      5-Nor-4-oxa-PGF.sub.1.sub..beta., Methyl Ester (Formula CXXXVII: .about.
      is beta)
PAR  Refer to Chart P. The formula-CXXXVI 5-nor-4-oxa-PGE.sub.1, methyl ester
      (Example 51, 0.29 g.) in 10 ml of methanol at 0.degree. C. is added to a
      stirred solution of sodium borohydride (0.075 g.) in 0.75 ml. of water.
      The mixture is stirred at 0.degree. C. for 10 min. and diluted with 100
      ml. of ethyl acetate. The mixture is washed with brine, dried, and
      concentrated, The residue is subjected to silica gel chromatography,
      eluting with 0-15% ethanol in chloroform, to yield the
      PGF.sub.1.sub..alpha. title compound, 60 mg., an oil, having NMR spectral
      peaks at 5.4-5.55, 3.70 (singlet), and 2.49-2.7 (triplet) .delta.; mass
      spectral peaks (TMS derivative) at 559, 543, 503, 484, 469. 413, 394, 323,
      and 173; and R.sub.f 0.45 (TLC on silica gel in 10% ethanol in
      chloroform).
PAR  There is likewise obtained in the later-eluting (more polar)fractions the
      corresponding PGF.sub.1.sub..beta. title compound, 170 mg., m.p.
      96.degree.-97.degree. C., having NMR spectral peaks at 5.4-5.55, 3.70
      (singlet), and 2.49-2.7 (triplet) .delta.; mass spectral peaks as observed
      above the PGF.sub.1.sub..alpha. compound; and R.sub.f 0.35 (TLC on silica
      gel in 10% ethanol in chloroform).
CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula:
      ##SPC34##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      C.sub.n H.sub.2n is alkylene of one to 10 carbon atoms, inclusive, with
      one to 5 carbon atoms, inclusive, between --CH.sub.2 -- and --O--; wherein
      Q is
      ##EQU95##
      wherein R.sub.3 is hydrogen or methyl; wherein R.sub.1 is hydrogen, alkyl
      of one to 4 carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms,
      inclusive, aralkyl of 7 to 12 carbon atoms, inclusive, phenyl, phenyl
      substituted with one, 2, or 3 chloro or alkyl of one to 4 carbon atoms,
      inclusive, or ethyl substituted in the .beta.-position with 3 chloro;
      wherein R.sub.2 is
      ##EQU96##
      wherein R.sub.4 is hydrogen or fluoro and g is one, 2, 3, 4, or 5; and
      wherein R.sub.5, R.sub.6 are hydrogen or alkyl of one to 4 carbon atoms,
      inclusive; including the lower akanoates thereof, and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. A racemic compound according to claim 1.
NUM  3.
PAR  3. An optically active compound according to claim 1.
NUM  4.
PAR  4. A compound according to claim 3 wherein C.sub.n H.sub.2n is straight
      chain alkylene of one to 5 carbon atoms, inclusive.
NUM  5.
PAR  5. A compound according to claim 4 wherein C.sub.n H.sub.2n is
      trimethylene.
NUM  6.
PAR  6. A compound according to claim 5 wherein R.sub.5 and R.sub.6 are hydrogen
      or methyl, being the same or different.
NUM  7.
PAR  7. A compound according to claim 6 wherein R.sub.5 and R.sub.6 are
      hydrogen.
NUM  8.
PAR  8. A compound according to claim 7 wherein R.sub.2 is pentyl.
NUM  9.
PAR  9. A compound according to claim 8 wherein Q is
      ##EQU97##
      wherein R.sub.3 is hydrogen or methyl.
NUM  10.
PAR  10. A compound according to claim 8 wherein Q is
      ##EQU98##
      wherein R.sub.3 is hydrogen or methyl.
NUM  11.
PAR  11. A compound according to claim 10 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, including the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  12.
PAR  12. A compound according to claim 11 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive.
NUM  13.
PAR  13. A compound according to claim 12 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  14.
PAR  14. 3-Oxa-PGE.sub.1, a compound according to claim 13.
NUM  15.
PAR  15. 3-Oxa-PGE.sub.1, methyl ester, a compound according to claim 13.
NUM  16.
PAR  16. 15 -Methyl-3-oxa-PGE.sub.1, a compound according to claim 13.
NUM  17.
PAR  17. 15-Methyl-3-oxa-PGE.sub.1, methyl ester, a compound according to claim
      13.
NUM  18.
PAR  18. An optically active compound of the formula:
      ##SPC35##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      C.sub.p H.sub.2p is alkylene of one to 8 carbon atoms, inclusive, with
      one, 2, or 3 carbon atoms, between --CH=CH-- and --O--; wherein Q is
      ##EQU99##
      wherein R.sub.3 is hydrogen or methyl; wherein R.sub.1 is hydrogen, alkyl
      of one to 4 carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms,
      inclusive, aralkyl of 7 to 12 carbon atoms, inclusive, phenyl, phenyl
      substituted with one, 2, or 3 chloro or alkyl of one to 4 carbon atoms,
      inclusive, or ethyl substituted in the .beta.-position with 3 chloro;
      wherein R.sub.2 is
      ##EQU100##
      wherein R.sub.4 is hydrogen or fluoro and g is one, 2, 3, 4, or 5; and
      wherein R.sub.5 and R.sub.6 are hydrogen or alkyl of one to 4 carbon
      atoms, inclusive; including the lower alkanoates thereof, and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  19.
PAR  19. A racemic compound according to claim 18.
NUM  20.
PAR  20. An optically active compound according to claim 18.
NUM  21.
PAR  21. A compound according to claim 20 wherein C.sub.n H.sub.2n is straight
      chain alkylene of one to 5 carbon atoms, inclusive.
NUM  22.
PAR  22. A compound according to claim 21 wherein C.sub.n H.sub.2n is
      trimethylene.
NUM  23.
PAR  23. A compound according to claim 22 wherein R.sub.5 and R.sub.6 are
      hydrogen or methyl, being the same or different.
NUM  24.
PAR  24. A compound according to claim 23 wherein R.sub.5 and R.sub.6 are
      hydrogen.
NUM  25.
PAR  25. A compound according to claim 24 wherein R.sub.2 is pentyl.
NUM  26.
PAR  26. A compound according to claim 25 wherein Q is
      ##EQU101##
      wherein R.sub.3 is hydrogen or methyl.
NUM  27.
PAR  27. A compound according to claim 25 wherein Q is
      ##EQU102##
      wherein R.sub.3 is hydrogen or methyl.
NUM  28.
PAR  28. A compound according to claim 27 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, including the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  29.
PAR  29. A compound according to claim 28 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive.
NUM  30.
PAR  30. A compound according to claim 29 wherein R.sub.1 is hydrogen methyl, or
      ethyl.
NUM  31.
PAR  31. A compound according to claim 30 wherein the C-5 to C-6 double bond in
      the carboxyl-terminated side chain is in the cis configuration.
NUM  32.
PAR  32. 3-oxa-PGE.sub.2, -Oxa-PGE.sub.compound according to claim 31.
NUM  33.
PAR  33. 3-Oxa-PGE.sub.2, methyl ester, a compound according to claim 31.
NUM  34.
PAR  34. 15-Methyl-3-oxa-PGE.sub.2, a compound according to claim 31.
NUM  35.
PAR  35. 15-Methyl-3-oxa-PGE.sub.2, methyl ester, a compound according to claim
      31.
NUM  36.
PAR  36. An optically active compound of the formula:
      ##SPC36##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      C.sub.p H.sub.2p is alkylene of one to 8 carbon atoms, inclusive, with
      one, 2, or 3 carbon atoms, between --C.tbd.C-- and --O--; wherein Q is
      ##EQU103##
      wherein R.sub.3 is hydrogen or methyl; wherein R.sub.1 is hydrogen, alkyl
      of one to 4 carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms,
      inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or alkyl of
      one to 4 carbon atoms, inclusive, or ethyl substituted in the
      .beta.-position with 3 chloro; wherein R.sub.2 is
      ##EQU104##
      wherein R.sub.4 is hydrogen or fluoro and g is one, 2, 3, 4, or 5; and
      wherein R.sub.5 and R.sub.6 are hydrogen or alkyl of one to 4 carbon atoms
      inclusive; including the lower alkanoates thereof, and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  37.
PAR  37. A racemic compound according to claim 36.
NUM  38.
PAR  38. An optically active compound according to claim 36.
NUM  39.
PAR  39. A compound according to claim 38 wherein C.sub.n H.sub.2n is straight
      chain alkylene of one to 5 carbon atoms, inclusive.
NUM  40.
PAR  40. A compound according to claim 39 wherein C.sub.n H.sub.2n is
      trimethylene.
NUM  41.
PAR  41. A compound according to claim 40 wherein R.sub.5 and R.sub.6 are
      hydrogen or methyl, being the same or different.
NUM  42.
PAR  42. A compound according to claim 41 wherein R.sub.5 and R.sub.6 are
      hydrogen.
NUM  43.
PAR  43. A compound according to claim 42 wherein R.sub.2 is pentyl.
NUM  44.
PAR  44. A compound according to claim 43 wherein Q is
      ##EQU105##
      wherein R.sub.3 is hydrogen or methyl.
NUM  45.
PAR  45. A compound according to claim 43 wherein Q is
      ##EQU106##
      wherein R.sub.3 is hydrogen or methyl.
NUM  46.
PAR  46. A compound according to claim 45 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, including the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  47.
PAR  47. A compound according to claim 46 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive.
NUM  48.
PAR  48. A compound according to claim 47 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  49.
PAR  49. 3-Oxa-5,6-didehydro-PGE.sub.1, a compound according to claim 48.
NUM  50.
PAR  50. 3-Oxa-5,6-didehydro-PGE.sub.1, methyl ester, a compound according to
      claim 48.
NUM  51.
PAR  51. 15-Methyl-3-oxa-5,6-didehydro--PGE.sub.1, a compound according to claim
      48.
NUM  52.
PAR  52. 15-Methyl-3-oxa-5,6-didehydro-PGE.sub.1, methyl ester, a compound
      according to claim 48.
NUM  53.
PAR  53. An optically active compound of the formula:
      ##SPC37##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      C.sub.n H.sub.2n is alkylene of one to 10 carbon atoms, inclusive, with
      one to 5 carbon atoms, inclusive, between --CH.sub.2 -- and --O--; wherein
      Q is
      ##EQU107##
      wherein R.sub.3 is hydrogen or methyl;  wherein R.sub.1 is hydrogen, alkyl
      of one to 4 carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms,
      inclusive, aralkyl of 7 to 12 carbon atoms, inclusive, phenyl, phenyl
      substituted with one, 2, or 3 chloro or alkyl of one to 4 carbon atoms,
      inclusive, or ethyl substituted in the .beta.-position with 3 chloro;
      wherein R.sub.2 is
      ##EQU108##
      wherein R.sub.4 is hydrogen or fluoro and g is one, 2, 3, 4, or 5; and
      wherein R.sub.5 and R.sub.6 are hydrogen or alkyl of one to 4 carbon
      atoms, inclusive, including the lower alkanoates thereof, and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  54.
PAR  54. A racemic compound according to claim 53.
NUM  55.
PAR  55. An optically active compound according to claim 53.
NUM  56.
PAR  56. A compound according to claim 55 wherein C.sub.n H.sub.2n is straight
      chain alkylene of one to 5 carbon atoms, inclusive.
NUM  57.
PAR  57. A compound according to claim 56 wherein C.sub.n H.sub.2n is
      trimethylene.
NUM  58.
PAR  58. A compound according to claim 57 wherein R.sub.5 and R.sub.6 are
      hydrogen or methyl, being the same or different.
NUM  59.
PAR  59. A compound according to claim 58 wherein R.sub.5 and R.sub.6 are
      hydrogen.
NUM  60.
PAR  60. A compound according to claim 59 wherein R.sub.2 is pentyl.
NUM  61.
PAR  61. A compound according to claim 60 wherein Q is
      ##EQU109##
      wherein R.sub.3 is hydrogen or methyl.
NUM  62.
PAR  62. A compound according to claim 60 wherein Q is
      ##EQU110##
      wherein R.sub.3 is hydrogen or methyl.
NUM  63.
PAR  63. A compound according to claim 62 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, including the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  64.
PAR  64. A compound according to claim 63 wherein R.sub.1 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive.
NUM  65.
PAR  65. A compound according to claim 64 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  66.
PAR  66. 3-Oxa-13,14-dihydro-PGE.sub.1, a compound according to claim 65.
NUM  67.
PAR  67. 3-Oxa-13,14-dihydro-PGE.sub.1, methyl ester, a compound according to
      claim 65.
NUM  68.
PAR  68. 15-Methyl-3-oxa-13,14-dihydro-PGE.sub.1, a compound according to claim
      65.
NUM  69.
PAR  69. 15-Methyl-3-oxa-13,14-dihydro-PGE.sub.1, methyl ester, a compound
      according to claim 65. .
NUM  70.
PAR  70. An optically active compound of the formula:
      ##SPC38##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      C.sub.j H.sub.2j is alkylene of one to 4 carbon atoms, inclusive; wherein
      C.sub.p H.sub.2p is alkylene of one to 8 carbon atoms, inclusive, with
      one, 2, or 3 carbon atoms between
      ##EQU111##
      and --O--; wherein Q is
      ##EQU112##
      wherein R.sub.3 is hydrogen or alkyl of one to 4 carbon atoms, inclusive,
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, or ethyl substituted in the
      beta position with 3 chloro; wherein R.sub.9 is alkyl of one to 4 carbon
      atoms, inclusive, substituted with zero, one, 2, or 3 fluoro; and wherein
      R.sub.5 and R.sub.6 are hydrogen or alkyl of one to 4 carbon atoms,
      inclusive; including the lower alkanoates thereof, and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
PATN
WKU  039445941
SRC  5
APN  4187067
APT  1
ART  127
APD  19731123
TTL  Polyalkylene glycol esters of hindered phenols substituted alkanoic acid
ISD  19760316
NCL  11
ECL  1
EXP  Terapane; John F.
DCD  19911116
INVT
NAM  Kleiner; Eduard K.
CTY  New York
STA  NY
INVT
NAM  Spivack; John D.
CTY  Spring Valley
STA  NY
ASSG
NAM  Ciba-Geigy Corporation
CTY  Ardsley
STA  NY
COD  02
RLAP
COD  72
APN  52724
APD  19700716
PSC  03
CLAS
OCL  260473S
XCL   44 70
XCL  252407
XCL  260 4585S
XCL  426321
EDF  2
ICL  C07C 6976
ICL  C07C 6978
FSC  260
FSS  473 S
UREF
PNO  3422059
ISD  19690100
NAM  Taylor et al.
OCL  260473S
UREF
PNO  3497549
ISD  19700200
NAM  Dexter et al.
OCL  260473S
FREF
PNO  2,133,374
ISD  19720100
CNT  DT
OCL  260473S
FREF
PNO  874,236
ISD  19610800
CNT  UK
OCL  260473S
FREF
PNO  7,364,045
ISD  19730900
CNT  JA
OCL  260473S
LREP
FR2  Shust; Nestor W.
ABST
PAL  Compounds of the formula:
      ##EQU1##
      WHEREIN X is oxygen or sulfur,
PA1  a is an integer from 2 to 6,
PA1  b is an integer from 3 to 40, and
PA1  R is
      ##SPC1##
PAL  Wherein
PA1  R.sub.1 is an alkyl group of 1 to 8 carbon atoms,
PA1  R.sub.2 is hydrogen or an alkyl group of 1 to 8 carbon atoms, and
PA1  X is an integer from 0 to 6
PAL  Are useful as antioxidants for organic materials normally subject to
      oxidative deterioration, such as polyacetals, polypropylene, and nylon, in
      amounts of from about 0.005 to about 5% by weight of the composition.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 52,724, filed July 16, 1970, now abandoned.
BSUM
PAC  DETAILED DISCLOSURE
PAR  The present invention deals with novel hindered phenolic esters of
      oligomeric glycols and thioglycols and organic materials subject to
      oxidative deterioration stabilized with said compounds.
PAR  The hindered phenolic esters of oligomeric glycols and thioglycols are of
      the formula
      ##EQU2##
      WHEREIN X is oxygen or sulfur
PA1  a is an integer from 2 to 6,
PA1  b is an integer from 3 to 40, and
PA1  R is
      ##SPC2##
PAL  Wherein
PAR  R.sub.1 is an alkyl group from 1 to 8 carbon atoms,
PAR  R.sub.2 is hydrogen or an alkyl group from 1 to 8 carbon atoms, and
PAR  X IS AN INTEGER FROM 0 TO 6.
PAR  Although R.sub.2 can be hydrogen, it is preferable that both R.sub.1 and
      R.sub.2 are alkyl groups of 1 to 8 and preferably of 1 to 4 carbons.
      Particularly preferable is when both said groups are branched alkyl or
      when R.sub.1 is branched alkyl and R.sub.2 is either methyl or a branched
      alkyl group such as isopropyl, tert-butyl and tert-octyl. Most preferably
      R.sub.1 and R.sub.2 are tert-butyl and tert-octyl groups. The R.sub.2
      group can be either in the ortho position to the hydroxyl group or in meta
      position to the hydroxyl and para to R.sub.1. Preferably, however, R.sub.2
      is in the ortho position to the hydroxyl.
PAR  The integer a is from 2 to 6, but for economic reasons integer 2 is
      preferred. The integer b is from 3 to 40, but a particularly important
      range is from 3 to 30. The integer x is from 0 to 6 but 0 and 2 are
      particularly preferred.
PAR  The compounds of the present invention may be prepared from the appropriate
      acids, acid chlorides or lower alkyl esters and glycols or thioglycols
      using well-known esterification methods. Starting materials for preparing
      the compounds of this invention are commercially available and/or can be
      prepared according to procedures familiar to those skilled in the art.
PAR  An alternative method, in the case of esters of this invention derived from
      hindered hydroxyphenyl propionic acid, comprises esterifying the
      oligomeric glycol or thioglycol with acrylic acid and thereafter adding
      the hindered phenol via a Michael addition.
PAR  Listed below are the illustrative examples of glycols and thioglycols that
      can be employed in preparing the compounds of this invention:
PA1  Diethylene glycol
PA1  Triethylene glycol
PA1  Tetraethylene glycol
PA1  Polyethylene glycol of the formula
EQU  HO(CH.sub.2 CH.sub.2 O).sub.n H
PAL  where n is 5 to 40
PA1  Dipropylene glycol
PA1  Tripropylene glycol
PA1  Tetrapropylene glycol
PA1  Polypropylene glycol
PA1  2-{2-(3-hydroxyethoxy)propoxy}ethanol
PA1  3-{3-(2-hydroxypropoxy)ethoxy}propanol
PA1  2-{2-(2-hydroxypropoxy)ethoxy}propanol
PA1  2-{2-(2-hydroxyethyl)thioethyl}thioethanol.
PAR  The phenolic ester compounds of the present invention are useful as
      stabilizers of organic materials normally subject to oxidative
      deterioration. Such organic materials include: synthetic organic polymeric
      substances such as vinyl resins formed from the polymerization of vinyl
      halides or from the copolymerization of vinyl halides with unsaturated
      polymerizable compounds, e.g., vinyl esters, .alpha.,.beta.-unsaturated
      aldehydes and unsaturated hydrocarbons such as butadienes and styrene;
      poly-.alpha.-olefins such as polyethylene, polypropylene, polybutylene,
      and the like, including copolymers of poly-.alpha.-olefins; polydienes
      such as polybutadiene and polyisoprene; polyurethanes such as are prepared
      from polyols and organic polyisocyanates; polyamides such as
      polyhexamethylene adipamide and polycaprolactam; polyesters such as
      polymethylene terephthalates; polycarbonates; polyacetals; polystyrene;
      polyethyleneoxide; and copolymers such as those of high impact polystyrene
      containing copolymers of butadiene and styrene and those formed by the
      copolymerization of acrylonitrile, butadiene and/or styrene;
      ethylene-propylenediene(EPDM)rubber. Other materials which can be
      stabilized by the active compounds of the present invention include
      lubricating oils of the aliphatic ester type, e.g., di(2-ethylhexyl)
      azelate, pentaerythritol tetracaproate, and the like; animal and vegetable
      derived oils, e.g., linseed oil, fat, tallow, lard, peanut oil, cod liver
      oil, castor oil, palm oil, corn oil, cotton seed oil, and the like;
      hydrocarbon material such as gasoline, mineral oil, fuel oil, drying oil,
      cutting fluids, waxes, resins, and the like; fatty acids such as soaps and
      the like.
PAR  Although the phenolic esters of this invention are very useful in
      stabilizing all of the substrates listed above, they are particularly
      effective in the stabilization of polyolefins such as polyethylene and
      polypropylene, polyacetals, EPDM rubber, styrene-butadiene (SBR) rubber
      and polybutadiene.
PAR  Besides the antioxidant activity the compounds of this invention are also
      effective as light stabilizers. In such instances it is often advantageous
      to employ them in combination with known antioxidants such as for example
      di-n-octadecyl (3,5-di-t-butyl-4-hydroxybenzyl)phosphonate.
PAR  In general the stabilizers of this invention are employed in amounts of
      from about 0.005 to about 5% by weight of the composition. A particularly
      advantageous range is from about 0.01%, with from about 0.05% to about 1%
      most preferred.
PAR  The stabilizers employed in this invention may be used alone or in
      combination with other stabilizers or additive materials. Especially
      useful in certain cases is a composition containing an active compound of
      the present invention with a synergists dilauryl .beta.--thiodipropionate.
PAR  Especially useful with the stabilizer compounds of the present invention
      are synergists of the formula:
      ##EQU3##
      wherein
PAR  R is an alkyl group having from 6 to 24 carbon atoms; and
PAR  n is an integer from 1 to 6.
PAR  Other antioxidants, antiozonants, thermal stabilizers, ultraviolet light
      absorbers, coloring materials, dyes, pigments, metal chelating agents,
      etc., may also be used, in combination, with the compounds of the present
      invention.
PAR  The following examples set forth the manner and the process of making
      typical embodiments of the invention, without being a limitation thereof,
      and include the best mode contemplated for carrying out the invention.
DETD
PAC  EXAMPLE 1
PAC  a. Polytetramethylene ether glycol
      bis-{3-(3,5-di-tert.-butyl-4-hydroxyphenyl)propionate}
PAR  200 milligrams of lithium hydride and 168 grams of polytetramethylene ether
      glycol (mol. wt. 670) are warmed together in a nitrogen atmosphere at
      about 50.degree.C until the gas evolution stops. 154 grams of methyl
      3-(3,5-di-tert.-butyl-4-hydroxyphenyl) propionate is then added, the
      reaction vessel is thoroughly purged with nitrogen and heated at
      138-138.degree.C for 1.5 hours at atmospheric pressure and at a
      148.degree.-150.degree.C and 15 mm. Hg. pressure for an additional 3.75
      hours. 20.8 ml of methanol is collected during this period. The reaction
      mixture is cooled to room temperature and neutralized with 3 grams of
      acetic acid. The reaction mixture is then dissolved in 700 ml of benzene,
      successively washed with water, saturated sodium bicarbonate solution,
      saturated sodium chloride, and finally water. The benzene solution is then
      dried over sodium sulfate and the solvent removed at reduced pressures.
      Yield: 264 grams of a viscous residual oil.
PAR  Analysis: Equivalent Weight on titration with  tetrabutylammonium hydroxide
      - 580  Refractive Index (n.sub.D.sup.22) - 1.4960
PAC  b. polytetramethylene ether glycol
      bis-{3-(3,5-di-tert.-butyl-4-hydroxyphenyl)propionate}
PAR  The general procedure employed in A is repeated but reacting 220 grams of
      polytetramethylene ether glycol (mol. wt. 2000) and 73.5 grams of methyl
      3-(3,5-di-tert.-butyl-4-hydroxyphenyl)propionate in the presence of 95
      milligrams of lithium hydride as catalyst. The product is isolated as a
      viscous almost colorless, oil.
PAR  Analysis: Equivalent weight on tritration with  tetrabutylammonium
      hydroxide - 1119  Refractive Index (n.sub.D.sup.22) - 1.4807
PAC  EXAMPLE 2
PAR  The procedure of Examole 1 (a) is repeated, but employing in place of the
      methyl 3-(3,5-di-tert.-butyl-4-hydroxyphenyl)-propionate,
      stoichiometrically equivalent amounts of the following esters:
PAR  a. methyl 3,5-di-t-butyl-4-hydroxyphenylacetate
PAR  b. methyl 3,5-di-t-butyl-4-hydroxybenzoate
PAR  c. methyl 6-(3,5-di-t-butyl-4-hydroxyphenyl) hexanoate
PAL  to yield the corresponding esters of polytetramethylene ether glycol.
PAC  EXAMPLE 3
PAC  Tetraethylene glycol bis{3-(3,5-di-tert.-butyl-4-hydroxyphenyl)propionate}
PAR  4.1 grams of sodium methylate is added to 48.5 grams of tetraethylene
      glycol at 60.degree.C in a dry nitrogen atmosphere and stirred until
      dissolved. 100 grams of methyl
      3-(3,5-di-tert.-butyl-4-hydroxyphenyl)propionate is added and the reaction
      mixture heated at 150.degree.-154.degree.C. 10.2 ml of methanol is
      collected in a Dean Stark trap over a period of 2 hours. The reaction
      mixture is then heated at 20 mm Hg. pressure for an additional 25 hours
      during which an additional 9.5 ml of methanol is collected. The reaction
      mixture is dissolved in a solvent mixture of about 700 ml of benzene and
      ether, and neutralized with glacial acetic acid. The solution is then
      washed with water, sodium carbonate solution, water, and finally dried
      over sodium sulfate. The crude product is recovered by removing the
      benzene and ether solvent under reduced pressure. Unreacted methyl
      3-(3,5-di-tert.-butyl-4-hydroxyphenyl) propionate and other volatile
      impurities are removed by distillation with a wiped film evaporator, the
      wall temperature being first 180.degree.  to 200.degree.C, then
      255.degree.C, the pressure being in the range of 1 to 5 microns. The
      product thus isolated is a syrupy liquid.
TBL  ______________________________________                                    
     Analysis                                                                  
                Neutralization Equivalent                                      
                Weight                                                         
     ______________________________________                                    
     Calculated:   357.5                                                       
     Found:        378                                                         
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  Triethylene glycol bis{3-(3,5-di-tert.-butyl-4-hydroxyphenyl)propionate}
PAR  193 grams of methyl 3-(3,5-di-tert.-butyl-4-hydroxyphenyl)propionate and
      0.266 grams of lithium hydride are mixed together in a dry nitrogen
      atmosphere. 45 grams of triethylene glycol were added and the reaction
      mixture heated on an oil bath for 10.75 hours at a temperature of
      115.degree. and for an additional 5 hours at 115.degree.-152.degree.C.
      17.5 ml of methanol is collected during this period. The reaction mixture
      is cooled to room temperature and 3.6 ml of acetic acid added. The mixture
      is poured into 600 ml of heptane. The product crystallizes upon seeding,
      is filtered, recrystallized twice from 800 ml of heptane. Yield 163.4 g of
      white crystalline product. m.p. 109.5.degree.-110.degree.C.
PAR  Analysis for C.sub.40 H.sub.62 O.sub.8 : Calculated: C, 71.61, H, 9.32
      Found: C, 71.35, H, 9.39
PAC  EXAMPLE 5
PAC  Polyethylene glycol bis{3 -(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PAR  13.7 grams of polyethylene glycol {H(OCH.sub.2 CH.sub.2).sub.8-9 OH,
      Carbowax 400} are dissolved in dry pyridine. To the solution there is
      slowly added 22 grams of a 33% benzene solution of
      3-(3,5-di-tert.-butyl-4-hydroxyphenyl)propionyl chloride. During the
      addition of the chloride the temperature is maintained at 13.degree. to
      15.degree.C. The reaction mixture is then maintained at room temperature
      for one hour and thereafter the precipitated pyridine hydrochloride is
      removed by filtration. The filtrate is washed with 2N hydrochloric acid
      and water. The benzene layer is dried over sodium sulfate and the solvent
      removed. The resulting milky viscous oil is dried at high vacuum yielding
      31 grams of mixed diesters.
PAC  EXAMPLE 6
PAR  The general procedure of Example 5 is repeated but employing polyethylene
      glycol of different molecular weights as follows:
PAR  a. molecular weight 950 - 1050: Carbowax 1000
PAR  b. molecular weight 500 - 600: Carbowax 1500 W.
PAC  EXAMPLE 7
PAC  Triethyleneglycol-bis-{3-(3-tert.butyl-4-hydroxy-5-methylphenyl)propionate}
PAR  15 grams of triethyleneglycol (0.10 moles), and 0.48 grams of lithium amide
      were heated together with 55.5 grams of ethyl 3-{(3-tert.-butyl-5-methyl)
      propionate} at 125.degree.C when ethanol began to evolve. The reaction
      mixture was then heated at 130.degree. to 135.degree.C for 105 hours and
      at 155.degree. to 157.degree. for 3.75 hours during which 11.4 ml of
      ethanol was distilled. Finally, the melt was heated at 155.degree. to
      157.degree.C at 15 mm Hg for 1.5 hours. 1.6 grams of glacial acetic acid
      was added to the melt at 50.degree.C the color changing from purple to
      yellow. The product was dissolved in 150 ml of benzene and the turbid
      solution successively washed with water, 6N aqueous hydrochloric acid, 2N
      aqueous sodium hydroxide and finally water until neutral. After drying
      over anhydrous sodium sulfate, the benzene was removed by distillation at
      reduced pressures. The isolated residue was triturated with heptane, and
      cyclohexane during which crystallization occured. The crystals were
      filtered and recrystallized from a solvent mixture of 150 ml isopropanol
      and 60 ml of water and finally recrystallized from nitromethane. White
      crystals were obtained melting at 76.degree. to 78.degree.C.
PAC  EXAMPLE 8
PAC  Triethylene glycol-bis-(3,5-di-t-butyl-4-hydroxybenzoate)
PAR  21.5 grams of 3,5-di-tert.-butyl-4-hydroxybenzoyl chloride (0.08 moles)
      dissolved in dry toluene to make 81.7 ml was added dropwise at 10.degree.
      to 15.degree.C over a period of 10 minutes to a dispersion of 6.0 grams of
      triethyleneglycol (0.04 moles) and 10.3 grams of N,N-dimethylaniline
      (0.085 moles) in 250 ml of dry toluene. The turbid reaction mixture was
      then allowed to stir overnight at room temperature (about 19 hours). The
      reaction mixture was then heated at 80.degree. to 85.degree.C for 2 hours.
      The reaction mixture was then filtered of insolubles and the toluene
      filtrate was successively washed with water, 2N sodium hydroxide, and
      water until neutral. After drying the toluene solution over anhydrous
      sodium sulfate, the toluene was removed by distillation at reduced
      pressure. The residue from toluene was crystallized first from n-heptane,
      and then from a solvent mixture of 200 ml of heptane and 15 ml of
      isopropanol, and finally from n-heptane. White crystals of the desired
      product melted at 88.degree. to 91.degree.C.
PAC  Oven Aging Tests
PAR  Since the oxidation of organic material is slow at ambient temperatures,
      even in the absence of antioxidants, the testing of the effects of
      antioxidants must be conducted at high temperatures in order to obtain
      results within a convenient time.
PAR  The procedure used involved thoroughly blending unstabilized polypropylene
      powder, (Hercules Profax 6501) with a stabilizer as shown in Table I
      below. The blended material was then milled on a two-roller mill at
      182.degree.C for 5 minutes, after which time the stabilized polypropylene
      was sheeted from the mill and allowed to cool.
PAR  The milled polypropylene sheet was then cut into smaller pieces and pressed
      for seven minutes on a hydraulic press at 218.degree.C and 2,000 pounds
      per square inch pressure. The resultant sheet of 25 mil thickness was
      tested for resistance to accelerated aging in a forced draft oven at
      150.degree.C. The first sign of decomposition (e.g., cracking or browning
      on the edges) is noted as the failure time.
TBL                TABLE I                                                     
     ______________________________________                                    
     Oven Aging of Polypropylene at 150.degree.C                               
     Ex.                              Time to                                  
     No.            % of Stabilizer   Failure                                  
     ______________________________________                                    
     9      None                  3       hrs.                                 
     10     0.1% Compound of Ex. 4                                             
            0.3% DSTDP            1150    hrs.                                 
     11     0.1% Compound of Ex. 1(a)                                          
            0.3% DSTDP            1250    hrs.                                 
     12     0.1% Compound of Ex. 1(b)                                          
            0.3% DSTDP            620     hrs.                                 
     13     0.2% Compound of Ex. 7                                             
                                  485     hrs.                                 
     14     0.1% Compound of Ex. 7                                             
            0.3% DSTDP            1790    hrs.                                 
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  A mixture of nylon 66 flakes and .5% by weight of the compound of Example 4
      is extruded from a commercial three-quarter inch 24:1 L/D extruder at
      about 280.degree.C. The stabilized sample when heated in a forced air oven
      at 140.degree.C retains over 50% of the original specific viscosity for
      108 hours whereas an unstabilized sample retains over 50% original
      viscosity for 14 hours.
PAC  EXAMPLE 16
PAR  0.5 grams of the compound of Example 4 and an equal amount of rosin acid
      together with 50 ml of water are homogenized to form a stable dispersion.
      This dispersion is added to 500 ml of SBR latex emulsion (SYNPOL 1500,
      Texas U.S. Chemical Co.) in a two liter beaker with vigorous stirring. The
      emulsion is coagulated by the addition of 6% sodium chloride solution with
      vigorous stirring until a pH of 3.5 is reached and the stirring then
      continued for approximately one-half hour. The dispersion is strained
      through a cheesecloth and then rinsed with distilled water. 5 .times. 5
      inch .times. 25 mil plaques are pressed at 125.degree.C for 3 minutes
      under 20 tons of ram force. The blocks are cut into 1 inch .times. 1 1/2
      inch specimens, placed on aluminum sheets and exposed in a forced draft
      oven at 100.degree.c and examined at following intervals 12, 24, 48 and 96
      hours. The 0.5 gram samples of the specimens are each then dissolved in
      100 ml of toluene and the viscosity of the resulting solution determined
      with a Cannon Fenske Series 75 viscometer at 75.degree.C in a constant
      temperature water bath. The toluene solutions are also tested for gel
      content. Results obtained compare to that of unstabilized SBR are given in
      the following table.
TBL                TABLE II                                                    
     ______________________________________                                    
     Percent Retention of Specific Viscosity                                   
     of Emuslion SBR at Indicated Aging Time                                   
                  12 hrs. 24 hrs.   41 hrs.                                    
     ______________________________________                                    
     Unstabilized   Gel       Gel       Gel                                    
     Compound of Ex. 4                                                         
                    92        92        .parallel.                             
     Compound of Ex. 1                                                         
                    61        55        Gel                                    
     Compound of Ex. 2                                                         
                    57        Gel       Gel                                    
     ______________________________________                                    
PAC  EXAMPLE 17
PAR  0.5 grams of the compound of Example 4 are incorporated in 100 grams of
      unstabilized polyacetal resin by mixing with a Brabender Plasticorder at
      200.degree.C for 7 minutes as follows: During 0-15 seconds rpm is 20 and
      one-half the pellets of polyacetal are added to the mixing chamber; 15-30
      seconds, rpm 20, the stabilizer compound is added; 30 seconds-1 minute,
      rpm 20, add remained pellets of polyacetal resin; 1-2 1/2 minutes raise
      RPM slowly to 100 pack and close; 2 1/2-7 minutes maintain rpm at 100. The
      molten sample is then quenched with distilled water and removed. The
      sample is then pressed into 25 mil sheet at 230.degree.C and 6000 p.s.i.
      Small strips (5.000 grams) of the 25 ml polyacetal sheet are weighed in a
      previously weighed culture tube (25 .times. 125 mm). The tubes are then
      placed on a metal rack on a rotating shelf in a forced draft oven at
      230.degree.C for 45 minutes. After removal from the oven, the tubes
      containing the samples are weighed and the weight loss is calculated as a
      % of the original weight. The stabilized sample loses less than 2% of its
      original weight.
PAC  EXAMPLE 18
PAR  Commercial polyacetal resin (Celon) was extracted three times with freshly
      distilled ethylene dichloride. The extractions were carried out with
      stirring at 65.degree.C for 24 hours the first two times and for 4 hours
      the third time. The resulting antioxidant-free resin, after drying under
      vacuum to remove solvent, was used for antioxidant testing. The solvent
      extraction removed the antioxidant completely but did not extract the acid
      acceptor dicyandiamide.
PAR  0.25 g of the antioxidant to be tested was incorporated into 50 g of the
      extracted resin by milling for 7 minutes at 200.degree.C on the Brabender
      Plasti-Corder. The milled formulation was subsequently pressed into a 40
      mil sheet at 215.degree.C and 350 psi for 90 seconds then cooled quickly
      in a cold press at 350 psi. These sheets are subsequently remolded for 2
      minutes at contact pressure and for 3 minutes at 350 psi at 215.degree.C
      to give plaques 1 1/2 in. .times. 2 1/4 in. by 125 mil.
PAR  Duplicate samples are weighed and aged in a forced draft oven at
      140.degree.C and weight loss is determined periodically. Time to 4% weight
      loss is determined by graphing the data obtained and extrapolating to 4%
      loss. The results are presented in the following Table:
TBL                TABLE III                                                   
     ______________________________________                                    
     Polyacetal Oven Aging                                                     
                        Hours to 4%                                            
     Antioxidant        Weight Loss                                            
     ______________________________________                                    
     0.5% Compound of Ex. 1                                                    
                        1850                                                   
     0.5% Compound of Ex. 7                                                    
                        2060                                                   
     ______________________________________                                    
PAC  EXAMPLE 19
PAR  The antioxidant present in the EPDM rubber (Epsyn 70A from Copolymer Rubber
      Co), was extracted by dissolving the rubber three times in toluene and
      reprecipitating it with isopropanol. The rubber from the third
      reprecipitation was dried to constant weight under vacuum.
PAR  Toluene solutions were prepared containing 2.5% by weight of the extracted
      EPDM rubber and 0.0025% by weight of the antioxidant to be evaluated
      (antioxidant concentration in rubber was 0.1% by weight of rubber). Five
      drops of the resulting solution was placed in 1 in. diameter, sodium
      chloride disc, spread quickly to obtain uniform coverage, and the solvent
      was evaporated quickly to give a thin rubber film. The thickness of the
      film was determined by the C-H infrared absorption band at 1460
      cm.sup..sup.-1 using the baseline method. The desired thickness
      corresponded to a C-H absorbance of 0.25 at 1460 cm.sup..sup.-1. In this
      thickness region the period to failure was found to be proportional to
      thickness.
PAR  The rubber film on sodium chloride disc was placed in a draft oven at
      150.degree.C which was operated at the minimum draft setting. The samples
      were checked periodically for the carbonyl absorbance at 1715
      cm.sup..sup.-1 by the baseline method. A sample was considered to have
      failed when 0.02 carbonyl absorbance was reached. After the result of
      hours to failure was obtained, it was corrected to compensate for any
      difference in thickness that may exist between the film sample (as
      determined above) and the desired thickness of 0.25 at 1460
      cm.sup..sup.-1. The date are given in the following table.
TBL                TABLE IV                                                    
     ______________________________________                                    
     EPDM Rubber Oven Aging                                                    
            Antioxidant  Hours to Failure                                      
     ______________________________________                                    
     None                 1.8                                                  
     0.1% Compound of Ex. 1                                                    
                         11.2; 12.8                                            
     0.1% Compound of Ex. 2                                                    
                          5.4;  4.7; 4.5                                       
     0.1% Compound of Ex. 4                                                    
                         13.1                                                  
     ______________________________________                                    
PAC  EXAMPLE 20
PAR  Solution polymerized polybutadiene (Solprene 201 from Phillip Petroleum
      Co), (30 g) was dissolved in toluene (500 ml) with stirring and added
      slowly into 2500 ml isopropanol with vigorous stirring. The precipitated
      rubber was separated by filtration. This solution-precipitation treatment
      was repeated twice. The finally precipitated rubber was dried in a vacuum
      oven at room temperature. A 5% by weight solution of this unstabilized
      rubber was prepared in toluene and stored under a nitrogen atmosphere.
PAR  The samples were prepared following the procedure described in Example 19
      and the resulting samples were tested in the same manner as EPDM rubber
      samples in Example 19. The data obtained from this test is reported in the
      table below.
TBL                TABLE V                                                     
     ______________________________________                                    
     Polybutadiene Rubber Oven Aging                                           
            Antioxidant  Hours to Failure                                      
     ______________________________________                                    
     None                 2                                                    
     0.1% Compound of Ex. 1                                                    
                         33; 28; 34; 29                                        
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU4##
      wherein a is an integer from 2 to 6,
PA1  b is an integer from 3 to 40, and
PA1  R is
      ##SPC3##
PAL  wherein
PA1  R.sub.1 and R.sub.2 are alkyl group of 1 to 8 carbon atoms,
PA1  x is an integer from 0 to 6.
NUM  2.
PAR  2. A compound of claim 1 wherein R.sub.1 and R.sub.2 are tertiary alkyl of
      4 to 8 carbon atoms.
NUM  3.
PAR  3. A compound of claim 1 wherein R.sub.1 and R.sub.2 are tert-butyl groups.
NUM  4.
PAR  4. A compound as claimed in claim 3 wherein a is 2.
NUM  5.
PAR  5. A compound as claimed in claim 3 wherein a is 4.
NUM  6.
PAR  6. A compound of claim 4 wherein x is 2.
NUM  7.
PAR  7. A compound of claim 5 wherein x is 2.
NUM  8.
PAR  8. A compound of claim 1 which is polytetramethylene ether glycol
      bis{3-(3,5-di-tert.-butyl-4-hydroxyphenyl)propionate}.
NUM  9.
PAR  9. A compound of claim 1 which is tetraethylene glycol
      bis{3-(3,5-di-tert.-butyl-4-hydroxyphenyl)propionate}.
NUM  10.
PAR  10. A compound of claim 1 which is triethylene glycol
      bis{3-(3,5-di-tert.-butyl-hydroxyphenyl)propionate}.
NUM  11.
PAR  11. A compound of claim 1 which is polyethylene glycol
      bis{3-(3,5-di-tert.-butyl-4-hydroxyphenyl)propionate}.
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ABST
PAL  This invention is a group of PGF.sub.1.sub..alpha. -type oxaphenylene
      compounds, and processes for making them. These compounds are useful for a
      variety of pharamcological purposes, including inhibition of platelet
      aggregation, treatment of asthma, labor inducement at term, and cervical
      dilation.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 302,567, filed Oct. 30, 1972, which was a continuation-in-part of my
      then copending application Ser. No. 121,572, filed Mar. 5, 1971 and since
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions of matter, and to methods and
      intermediates for producing them. In particular, the several aspects of
      this invention relate to novel oxa-phenylene analogs of some of the known
      prostaglandins, for example, prostaglandin E.sub.1 (PGE.sub.1),
      prostaglandin E.sub.2 (PGE.sub.2), progstaglandin F.sub.1
      (PGF.sub.1.sub..alpha.  and PGF.sub.1 .sub..beta.), prostaglandin F.sub.2
      (PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.), prostaglandin A.sub.1
      (PGA.sub.1), prostaglandin A.sub.2 (PGA.sub.2), prostaglandin B.sub.1
      (PGB.sub.1), prostaglandin B.sub.2 (PGB.sub.2), the corresponding PG.sub.3
      's, and the dihydro PG.sub.1 derivatives, to novel methods for producing
      those novel prostaglandin analogs, and to novel chemical intermediates
      useful in those novel methods.
PAR  Each of the above-mentioned known prostaglandins is a derivative of
      prostanoic acid which has the following structure and atom numbering:
      ##SPC1##
PAL  A systematic name for prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.alpha.-yl]heptanoic acid.
PAR  PGE.sub.1 has the following structure:
      ##SPC2##
PAR  PGF.sub.1 .sub..alpha. has the following structure:
      ##SPC3##
PAR  PGF.sub.1 .sub..beta. has the following structure:
      ##SPC4##
PAR  PGA.sub.1 has the following structure:
      ##SPC5##
PAR  PGB.sub.1 has the following structure:
      ##SPC6##
PAR  Each of the known prostaglandins PGE.sub.2, PGF.sub.2 .sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-5 and C-6 are linked with a cis carbon-carbon double bond. For example,
      PGE.sub.2 has the following structure:
      ##SPC7##
PAR  Each of the known PG.sub.3 prostaglandins has a structure the same as that
      of the PG.sub.2 compounds except that in each, C-17 and C-18 are linked
      with a cis carbon-carbon double bond. For example, PGE.sub.3 has the
      following structure:
      ##SPC8##
PAR  Each dihydro derivative of PGE.sub.1, PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGA.sub.1, and PGB.sub.1 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-13 and C-14 are linked with a carbon-carbon single bond. For example,
      dihydro-PGE.sub.1 has the following structure:
      ##SPC9##
PAR  The prostaglandin formulas mentioned above each have several centers of
      asymmetry. As drawn, formulas II to IX each represents the particular
      optically active form of the prostaglandin obtained from certain mammalian
      tissues, for example, sheep vesicular glands, swine lung, and human
      seminal plasma, or by reduction or dehydration of a prostaglandin so
      obtained. See, for example, Bergstrom et al., Pharmacol. Rev. 20, 1
      (1968), and references cited therein. The mirror image of each formula
      represents a molecule of the enantiomer of that prostaglandin. The racemic
      form of the prostaglandin consists of equal numbers of two types of
      molecules, one represented by one of the above formulas and the other
      represented by the mirror image of that formula. Thus, both formulas are
      needed to define a racemic prostaglandin. See Nature 212, 38 (1966) for
      discussion of the stereochemistry of the prostaglandins.
PAR  In formulas I-IX, as well as in the formulas given hereinafter, broken line
      attachments to the cyclopentane ring indicate substituents in alpha
      configuration, i.e., below the plane of the cyclopentane ring. Heavy solid
      line attachments to the cyclopentane ring indicate substituents in beta
      configuration, i.e., above the plane of the cyclopentane ring.
PAR  Prostaglandins with carboxyl-terminated side chains attached to the
      cyclopentane ring in beta configuration are also known. These are
      derivatives of 8-iso-prostanoic acid which has the following formula:
      ##SPC10##
PAL  A systematic name for 8-iso-prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.beta.-yl]heptanoic acid.
PAR  The side-chain hydroxy at C-15 in formulas II to IX is in alpha (S)
      configuration. See Nature 212, 38 (1966) for discussion of the
      stereochemistry of the prostaglandins.
PAR  PGE.sub.1, PGE.sub.2, dihydro-PGE.sub.1, and the corresponding
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds, and their esters,
      acylates, and pharmacologically acceptable salts, are extremely potent in
      causing various biological responses. For that reason, these compounds are
      useful for pharmacological purposes. See, for example, Bergstrom et al.,
      Pharmacol. Rev. 20, 1 (1968), and references cited therein. A few of those
      biological responses are stimulation of smooth muscle as shown, for
      example, by tests on strips of guinea pig ileum, rabbit duodenum, or
      gerbil colon; potentiation of other smooth muscle stimulants;
      antilipolytic activity as shown by antagonism of epinephrine-induced
      mobilization of free fatty acids or inhibition of the spontaneous release
      of glycerol from isolated rat fat pads; inhibition of gastric secretion in
      the case of the PGE and PGA compounds as shown in dogs with secretion
      stimulated by food or histamine infusion; activity on the central nervous
      system; controlling spasm and facilitating breathing in asthmatic
      conditions; decreasing blood platelet adhesiveness as shown by
      platelet-to-glass adhesiveness, and inhibition of blood platelet
      aggregation and thrombus formation induced by various physical stimuli,
      e.g., arterial injury, and various biochemical stimuli, e.g., ADP, ATP,
      serotonin, thrombin, and collagen; and in the case of the PGE and PGB
      compounds, stimulation of epidermal proliferation and keratinization as
      shown when applied in culture to embryonic chick and rat skin segments.
PAR  Because of these biological responses; these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE compounds, are useful
      in mammals, including man, as nasal decongestants. For this purpose, the
      compounds are used in a dose range of about 10 .mu.g. to about 10 mg. per
      ml. of a pharmacologically suitable liquid vehicle or as an aerosol spray,
      both for topical application.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., and PGA compounds are useful in
      the treatment of asthma. For example, these compounds are useful as
      bronchodilators or as inhibitors of mediators, such as SRS-A, and
      histamine which are released from cells activated by an antigen-antibody
      complex. Thus, these compounds control spasm and facilitate breathing in
      conditions such as bronchial asthma, bronchitis, bronchiectasis, pneumonia
      and emphysema. For these purposes, these compounds are administered in a
      variety of dosage forms, e.g., orally in the form of tablets, capsules, or
      liquids; rectally in the form of suppositories; parenterally,
      subcutaneously, or intramuscularly, with intravenous administration being
      preferred in emergency situations; by inhalation in the form of aerosols
      or solutions for nebulizers; or by insufflation in the form of powder.
      Doses in the range of about 0.01 to 5 mg. per kg. of body weight are used
      1 to 4 times a day, the exact dose depending on the age, weight, and
      condition of the patient and on the frequency and route of administration.
      For the above use these prostaglandins can be combined advantageously with
      other anti-asthmatic agents, such as sympathomimetics (isoproterenol,
      phenylephrine, ephedrine, etc); xanthine derivatives (theophylline and
      aminophylline); and corticosteroids (ACTH and predinisolone). Regarding
      use of these compounds see South African Pat. No. 681,055.
PAR  The PGE and PGA compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secretion, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful whenever
      it is desired to inhibit platelet aggregation, to reduce the adhesive
      character of platelets, and to remove or prevent the formation of thrombi
      in mammals, including man, rabbits, and rats. For example, these compounds
      are useful in the treatment and prevention of myocardial infarcts, to
      treat and prevent post-operative thrombosis, to promote patency of
      vascular grafts following surgery, and to treat conditions such as
      atherosclerosis, arteriosclerosis, blood clotting defects due to lipemia,
      and other clinical conditions in which the underlying etiology is
      associated with lipid imbalance or hyperlipidemia. For these purposes,
      these compounds are administered systemically, e.g., intravenously,
      subcutaneously, intramuscularly, and in the form of sterile implants for
      prolonged action. For rapid response, especially in emergency situations,
      the intravenous route of administration is preferred. Doses in the range
      about 0.005 to about 20 mg. per kg. of body weight per day are used, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are especially
      useful as additives to blood, blood products, blood substitutes, and other
      fluids which are used in artifical extracorporeal circulation and
      perfusion of isolated body portions, e.g., limbs and organs, whether
      attached to the original body, detached and being preserved or prepared
      for transplant, or attached to a new body. During these circulations and
      perfusions, aggregated platelets tend to block the blood vessels and
      portions of the circulation apparatus. This blocking is avoided by the
      presence of these compounds. For this purpose, the compound is added
      gradually or in single or multiple portions to the circulating blood, to
      the blood of the donor animal, to the perfused body portion, attached or
      detached, to the recipient, or to two or all of those at a total steady
      state dose of about 0.001 to 10 mg. per liter of circulating fluid. It is
      especially useful to use these compounds in laboratory animals, e.g.,
      cats, dogs, rabbits, monkeys, and rats, for these purposes in order to
      develop new methods and techniques for organ and limb transplants.
PAR  PGE compounds are extremely potent in causing stimulation of smooth muscle,
      and are also highly active in potentiating other known smooth muscle
      stimulators, for example, oxytocic agents, e.g., oxytocin, and the various
      ergot alkaloids including derivatives and analogs thereof. Therefore,
      PGE.sub.2, for example, is useful in place of or in combination with less
      than usual amounts of these known smooth muscle stimulators, for example,
      to relieve the symptoms of paralytic ileus, or to control or prevent
      antonic uterine bleeding after abortion or delivery, to aid in expulsion
      of the placenta, and during the puerperium. For the latter purpose, the
      PGE compound is administered by intravenous infusion immediately after
      abortion or delivery at a dose in the range about 0.01 to about 50 .mu.g.
      per kg. of body weight per minute until the desired effect is obtained.
      Subsequent doses are given by intravenous, subcutaneous, or intramuscular
      injection or infusion during puerperium in the range 0.01 to 2 mg. per kg.
      of body weight per day, the exact dose depending on the age, weight, and
      condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful in place
      of oxytocin to induce labor in pregnant female animals, including man,
      cows, sheep, and pigs, at or near term, or in pregnant animals with
      intrauterine death of the fetus from about 20 weeks to term. For this
      purpose, the compound is infused intravenously at a dose of 0.01 to 50
      .mu.g. per kg. of body weight per minute until or near the termination of
      the second stage of labor, i.e., expulsion of the fetus. These compounds
      are especially useful when the female is one or more weeks post-mature and
      natural labor has not started, or 12 or 60 hours after the membranes have
      ruptured and natural labor has not yet started. An alternative route of
      administration is oral.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful for
      controlling the reproductive cycle in ovulating female mammals, including
      humans and animals such as monkeys, rats, rabbits, dogs, cattle, and the
      like. By the term ovulating female mammals is meant animals which are
      mature enough to ovulate but not so old that regular ovulation has ceased.
      For that purpose PGF.sub.2.sub..alpha., for example, is administered
      systemically at a dose level in the range 0.01 mg. to about 20 mg. per kg.
      of body weight of the female mammal, advantageously during a span of time
      starting approximately at the time of ovulation and ending approximately
      at the time of menses or just prior to menses. Intravaginal and
      intrauterine are alternative routes of administration. Additionally,
      expulsion of an embryo or a fetus is accomplished by similar
      administration of the compound during the first third of the normal
      mammalian gestation period.
PAR  As mentioned above, the PGE compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGA compounds and derivatives and salts thereof increase the flow of
      blood in the mammalian kidney, thereby increasing volume and electrolyte
      content of the urine. For that reason, PGA compounds are useful in
      managing cases of renal dysfunction, especially those involving blockage
      of the renal vascular bed. Illustratively, the PGA compounds are useful to
      alleviate and correct cases of edema resulting, for example, from massive
      surface burns, and in the management of shock. For these purposes, the PGA
      compounds are preferably first administered by intravenous injection at a
      dose in the range of 10 to 1000 .mu.g. per kg. of body weight or by
      intravenous infusion at a dose in the range 0.1 to 20 .mu.g. per kg. of
      body weight per minute until the desired effect is obtained. Subsequent
      doses are given by intravenous, intramuscular, or subcutaneous injection
      or infusion in the range 0.05 to 2 mg. per kg. of body weight per day.
PAR  The PGE and PGB compounds promote and accelerate the growth of epidermal
      cells and keratin in animals, including humans, useful domestic animals,
      pets, zoological specimens, and laboratory animals. For that reason, these
      compounds are useful to promote and accelerate healing of skin which has
      been damaged, for example, by burns, wounds, and abrasions, and after
      surgery. These compounds are also useful to promote and accelerate
      adherence and growth of skin autografts, especially small, deep (Davis)
      grafts which are intended to cover skinless areas by subsequent outward
      growth rather than initially, and to retard rejection of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the cite where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separate or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. To illustrate, a wet dressing for topical
      application to second and/or third degree burns of skin area 5 to 25
      square centimeters would advantageously involve use of an isotonic aqueous
      solution containing 1 to 500 .mu.g./ml. of the PGB compound or several
      times that concentration of the PGE compound. Especially for topical use,
      these prostaglandins are useful in combination with antibiotics, for
      example, gentamycin, neomycin, polymyxin B, bacitracin, spectinomycin, and
      oxytetracycline, with other antibacterials, for example, mafenide
      hydrochloride, sulfadiazine, furazolium chloride, and nitrofurazone, and
      with corticoid steroids, for example, hydrocortisone, prednisolone,
      methylprednisolone, and fluprednisolone, each of those being used in the
      combination at the usual concentration suitable for its use alone.
PAR  The PGE and PGF compounds are useful in causing cervical dilation in
      pregnant and nonpregnant female mammals for purposes of gynecology and
      obstetrics. In labor induction and in clinical abortion produced by these
      compounds, cervical dilation is also observed. In cases of infertility,
      cervical dilation produced by PGE and PGF compounds is useful in assisting
      sperm movement to the uterus. Cervical dilation by prostaglandins is also
      useful in operative gynecology such as D and C (Cervical Dilation and
      Uterine Curettage) where mechanical dilation may cause performation of the
      uterus, cervical tears, or infections. It is also useful in diagnostic
      procedures where dilation is necessary for tissue examination. For these
      purposes, the PGE and PGF compounds are administered locally or
      systemically. PGE.sub.2, for example, is administered orally or vaginally
      at doses of about 5 to 50 mg. per treatment of an adult female human, with
      from one to five treatments per 24 hour period. PGE.sub.2 is also
      administered intramuscularly or subcutaneously at doses of about 1 to 25
      mg. per treatment. The exact dosages for these purposes depend on the age,
      weight, and condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds are useful
      in reducing the undesirable gastrointestinal effects resulting from
      systemic administration of anti-inflammatory prostaglandin synthetase
      inhibitors, and are used for that purpose by concomitant administration of
      the prostaglandin and the anti-inflammatory prostaglandin synthetase
      inhibitor. See Partridge et al., U.S. Pat. No. 3,781,429, for a disclosure
      that the ulcerogenic effect induced by certain non-steroidal
      anti-inflammatory agents in rats is inhibited by concomitant oral
      administration of certain prostaglandins of the E and A series, including
      PGE.sub.1, PGE.sub.2, PGE.sub.3, 13,14-dihydro-PGE.sub.1, and the
      corresponding 11-deoxy-PGE and PGA compounds.
PAR  The anti-inflammatory synthetase inhibitor, for example, indomethacin,
      aspirin, or phenylbutazone is administered in any of the ways known in the
      art to alleviate an inflammatory condition, for example, in any dosage
      regimen and by any of the known routes of systemic administration. The
      prostaglandin is administered along with the anti-inflammatory
      prostaglandin synthetase inhibitor either by the same route of
      administration or by a different route. For example, if the
      anti-inflammatory substance is being administered orally, the
      prostaglandin is also administered orally or, alternatively, is
      administered rectally in the form of a suppository or, in the case of
      women, vaginally in the form of a suppository or a vaginal device for slow
      release, for example as described in U.S. Pat. No. 3,545,439.
      Alternatively, if the anti-inflammatory substance is being administered
      rectally, the prostaglandin is also administered rectally or,
      alternatively, orally or, in the case of women vaginally. It is especially
      convenient when the administration route is to be the same or both
      anti-inflammatory substance and prostaglandin, to combine both into a
      single dosage form.
PAR  The dosage regimen for the prostaglandin in accord with this treatment will
      depend upon a variety of factors, including the type, age, weight, sex and
      medical condition of the mammal, the nature and dosage regimen of the
      anti-inflammatory synthetase inhibitor being administered to the mammal,
      the sensitivity of the particular individual mammal to the particular
      synthetase inhibitor with regard to gastrointestinal effects, and the
      particular prostaglandin to be administered.
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel oxa-phenylene
      prostaglandin analogs, and process for making them.
PAR  The novel prostaglandin analogs of this invention each have an oxa oxygen
      (--O--) and a divalent phenylene moiety
      ##SPC11##
PAL  in the carboxyl-terminated side chain of the prostanoic acid structure (I)
      or the 8-iso-prostanoic acid structure (X). These divalent groups are
      located between the carboxyl group and the cyclopentane ring, and are
      either in addition to the 6 methylene portions of said chain or in place
      of 1 to 5 of said methylene portions. Bonding to the phenylene ring is
      either ortho, meta, or para. The oxa group is between the phenylene moiety
      and the carboxyl group.
PAR  Some of the novel prostaglandin analogs of this invention also have, in
      addition, a benzene ring as part of the C-13 to C-20 chain of the
      prostanoic acid structure (I) or 8-iso-prostanoic acid structure (X). That
      benzene ring is present as a substituted or unsubstituted phenyl moiety
      attached as a substituent to one of the methylenes between C-15 and the
      terminal methyl of the prostanoic acid or 8-isoprostanoic acid structure.
      Alternatively, the substituted or unsubstituted phenyl moiety is attached
      to the terminal or omega carbon of the C-16 to C-20 portion of the chain,
      replacing one of the hydrogens of the terminal methyl, the entire terminal
      methyl, or the terminal methyl plus one to four of the methylenes adjacent
      to that terminal methyl.
PAR  For example, five of the novel prostaglandin analogs of this invention are
      represented by the formulas:
      ##SPC12##
PAL  Based on its relationship to PGE.sub.1 and prostanoic acid, the compound of
      formula XI is named 3-oxa-4,5-inter-p-phenylene-PGE.sub.1. Similarly the
      compound of formula XII is named
      15(R)-3-oxa-3,6-inter-m-phenylene-4,5-dinor-13,14-dihydro-PGF.sub.1.sub..a
     lpha., the compound of formula XIII is named
      8-iso-3-oxa-19-phenyl-4,7-inter-m-phenylene-5,6-dinor-PGA.sub.1, the
      compound of formula XIV is named
      3-oxa-16-(4-chloro-phenyl)-3,5-inter-o-phenylene-4,17,18,19,20-pentanor-PG
     F.sub.2 .sub..beta., and the compound of formula XV is named
      5,6-dehydro-4-oxa-4,5-inter-m-phenylene-PGB.sub.2.
PAR  These names for the compounds of formulas XI to XV are typical of the names
      used hereinafter for the novel compounds of this invention. These names
      can better be understood by reference to the structure and numbering
      system of prostanoic acid (Formula I, above). That formula has 7 carbon
      atoms in the carboxy-terminated chain and 8 carbon atoms in the
      hydroxy-containing chain. In these names, "3-oxa" and "4-oxa" indicate an
      oxa oxygen (--O--) in place of the 3-methylene and 4-methylene,
      respectively of the PG compound.
PAR  The use of "nor", "dinor", "trinor", "tetranor", "pentanor", "hexanor", and
      the like in the names for the novel compounds of this invention indicates
      the absence of one or more of the chain carbon atoms and the attached
      hydrogen atoms. The number or numbers in front of nor, dinor, etc.,
      indicate which of the original prostanoic acid carbon atoms are missing in
      the named compound.
PAR  Each of the names of the novel compounds of this invention contains
      (inter-p-phenylene), (inter-m-phenylene), or (inter-o-phenylene), preceded
      by two numbers. That indicates that p-phenylene, m-phenylene, or
      o-phenylene has been inserted between (inter) the 2 carbon atoms so
      numbered in the formula of prostanoic acid.
PAR  Thus, formula XIII differs from prostanoic acid in that an oxa oxygen
      replaces carbon 3, carbons 5 and 6 of prostanoic acid are missing,
      m-phenylene has been inserted between carbons 4 and 7 of prostanoic acid,
      and a phenyl has been attached to carbon 19 of prostanoic acid. Formula
      XIII also, of course, is an A type prostaglandin, having a carbonyl oxygen
      and a 10:11 double bond.
PAR  Novel compounds of this invention with the carboxyl-terminated chain
      attached to the cyclopentane ring in beta configuration are 8-iso
      compounds (formula X), and are so designated by using "8-iso" in the name.
      An example is the name given above for the compound of formula XIII. If
      8-iso does not appear in the name, attachment of the carboxy-terminated
      chain in alpha configuration is to be assumed.
PAR  Novel compounds of this invention with epi configuration for the hydroxy at
      C-15 are so designated by using " 15(R)" in the name. See, for example,
      the name given above for the formula-XII compound. Alternately, "15-beta"
      is used. See. R. S. Cahn, Journal of Chemical Education Vol. 41, page 116
      (1964) for a discussion of S and R configurations. If "15(R)" or "15-beta"
      does not appear in the name, the natural configuration for the
      C-15-hydroxy, identified as the "S" configuration for PGE.sub.1, is to be
      assumed.
PAR  Some of the novel compounds of this invention differ structurally in other
      ways from the known prostanoic acid derivatives, having for example, more
      or fewer carbon atoms in either chain, and having one or more alkyl and/or
      fluoro substituents in the chains.
PAR  The following formulas represent the novel oxaphenylene compounds of this
      invention.
      ##SPC13##
      ##SPC14##
      ##SPC15##
      ##SPC16##
PAL  Formulas XVI-XIX, and XXXII represent oxa-phenylene compounds of the PGE
      type. Formulas XX-XXIII, and XXXIII represent oxa-phenylene compounds of
      the PGF type. Formulas XXIV-XXVII, and XXXIV represent oxa-phenylene
      compounds of the PGA type. Formulas XXVIII-XXXI, and XXXV represent
      oxa-phenylene compounds of the PGB type.
PAR  In formulas XVI to XXXV, the wavy line .about. indicates attachment of the
      hydroxyl or the side chain to the cyclopentane ring in alpha or beta
      configuration;
PAR  G is (1) alkyl of 2 to 10 carbon atoms, inclusive, substituted with zero,
      one, 2, or 3 fluoro or (2) a monovalent moiety of the formula
      ##SPC17##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of 1 to 10
      carbon atoms, inclusive, substituted with 0, 1, or 2 fluoro, with one to 7
      carbon atoms, inclusive, between
      ##EQU1##
      and the ring, wherein T is alkyl of 1 to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of 1 to 4 carbon atoms, inclusive, and wherein s is 0,
      1, 2, or 3, with the proviso that not more than two T's are other than
      alkyl; R.sub.1 is hydrogen, alkyl of 1 to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of 1 to 4 carbon atoms, inclusive, or ethyl substituted in the
      .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo;
PAR  Q is
      ##EQU2##
      wherein R.sub.2 is hydrogen or alkyl of 1 to 4 carbon atoms, inclusive;
      R.sub.3 and R.sub.4 are hydrogen or methyl; and R.sub.5 is alkyl of 1 to 4
      carbon atoms, inclusive, substituted with 0, 1, 2, or 3 fluoro.
PAR  Likewise, in formulas XVI to XXXV, C.sub.g H.sub.2g represents a valence
      bond or alkylene of 1 to 4 carbon atoms, inclusive, with 1 or 2 chain
      carbon atoms between --CH.sub.2 -- and the ring; C.sub.j H.sub.2j
      represents a valence bond or alkylene of 1 or 2 carbon atoms with one
      chain carbon atom between the chain unsaturation and the ring; C.sub.n
      H.sub.2n is alkylene of 1 to 4 carbon atoms, inclusive; C.sub.p H.sub.2p
      represents a valence bond or alkylene of 1 to 4 carbon atoms, inclusive,
      with 1 or 2 chain carbon atoms between the ring and --O--, wherein C.sub.g
      H.sub.2g and C.sub.p H.sub.2p together represent 0 to 8 carbon atoms,
      inclusive, with total chain lengths 0 to 3 carbon atoms, inclusive, and
      wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p together represent 0 to 6
      carbon atoms, inclusive, with total chain lengths 0 to 3 carbon atoms,
      inclusive.
PAR  Regarding the meaning of C.sub.g H.sub.2g, C.sub.j H.sub.2j, and C.sub.p
      H.sub.2p as defined above, the novel compounds of this invention include
      compounds wherein a carbon atom of the phenylene moiety is attached
      directly to the C-7 methylene or the C-5 =CR.sub.4 -- in ortho, meta, or
      para orientation relative to the oxa-containing portion of the carboxyl
      chain. When C.sub.g H.sub.2g represents alkylene, the chain of carbon
      atoms which connects the C-7 methylene to a carbon atom of phenylene will
      be 1 or 2 carbon atoms long. When C.sub.j H.sub.2j represents alkylene,
      the chain of carbon atoms which connects =CR.sub.4 -- to a carbon atom of
      phenylene will be 1 carbon atom long. C.sub.p H.sub.2p represents a
      valence bond or alkylene of 1 to 6 carbon atoms, inclusive, with one or 2
      carbon atoms between the ring and the --O--. Any or all of these alkylene
      chains are unsubstituted or substituted with alkyl carbons in the form of
      one or more alkyl groups within the total carbon content of each chain as
      specified above, i.e., a maximum of 4 carbon atoms of C.sub.g H.sub.2g, 2
      carbons for C.sub.j H.sub.2j, and 4 carbons for C.sub.p H.sub.2p. When
      C.sub.g H.sub.2g or C.sub.j H.sub.2j is alkylene, it is the same as or
      different than C.sub.p H.sub.2p, 8 carbon atoms being the maximum total
      carbon content and 3 carbon atoms being the maximum total chain length for
      the combination of C.sub.g H.sub.2g and C.sub.p H.sub.2p, and 6 carbon
      atoms being the maximum total carbon content and 3 carbon atoms being the
      maximum total chain length for the combination of C.sub.j H.sub.2j and
      C.sub.p H.sub.2p. To illustrate these definitions, when C.sub.g H.sub.2g
      is ethylene, C.sub.p H.sub.2p is methylene, or one of them is a valence
      bond and the other is ethylene, but both are not ethylene. In this first
      illustration, where the total chain length of C.sub.g H.sub.2g and C.sub.
      p H.sub.2p is 3 carbon atoms, up to 5 carbon atoms are in the alkyl
      substituents.
PAR  Formulas XVI through XXXV include the separate isomers wherein Q is either
      ##EQU3##
      i.e. where the hydroxyl is in either alpha (natural) or beta
      configuration. Referring to the prostanoic acid atom numbering (formula I
      above), the point of attachment corresponds to C-15, and, herein,
      regardless of the variation in the C-1 to C-7 carboxy chain, these epimers
      are referred to as "C-15 epimers".
PAR  Formulas XX-XXIII, and XXXIII wherein the C-9 hydroxyl (following
      prostanoic acid atom numbering) is attached to the cyclopentane with a
      wavy line .about. include both PGF.sub..alpha.- and PGF.sub..beta.-type
      compounds.
PAR  Included in Formulas XVII, XXI, XXV, and XXIX, are both the cis and the
      trans compounds with respect to the C-5 to C-6 double bonds in the
      carboxyl-terminated side chain. In all of the compounds containing the
      C.sub.13 to C.sub.14 double bond, that double bond is in trans
      configuration, and the chain containing that moiety is attached to the
      cyclopentane ring in beta configuration in compounds encompassed by
      formulas XVI to XXXV.
PAR  The novel oxa-phenylene compounds of this invention include racemic
      compounds and both optically active enantiomeric forms thereof. As
      discussed hereinabove, two structural formulas are required to define
      accurately these racemic compounds. The formulas as drawn herein are
      intended to represent compounds with the same configuration as the
      naturally-occurring prostaglandins. However, for convenience in the charts
      herein only a single structural formula is used, for example in Chart D,
      to define not only the optically active form but also the racemic
      compounds which generally undergo the same reactions.
PAR  Formula XVI represents 3-oxa-4,5-inter-p-phenylene-PGE.sub.1 (formula XI
      hereinabove) when C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is
      methylene, G is n-pentyl, Q is
      ##EQU4##
      R.sub.1 is hydrogen, C.sub.g H.sub.2g and C.sub.p H.sub.2p are attached to
      the phenylene in para orientation, and the carboxyl-terminated side chain
      is attached to the cyclopentane ring in alpha configuration.
PAR  With regard to formulas XVI to XXXV, examples of alkyl of 1 to 4 carbon
      atoms, inclusive, are methyl, ethyl, propyl, butyl, and isomeric forms
      thereof. Examples of alkyl of 1 to 8 carbon atoms, inclusive, are those
      given above, and pentyl, hexyl, heptyl, octyl, and isomeric forms thereof.
      Examples of alkyl of 1 to 12 carbon atoms, inclusive, are those given
      above, and nonyl, decyl, undecyl, dodecyl, and isomeric forms thereof.
      Examples of cycloalkyl of 3 to 10 carbon atoms, inclusive, which includes
      alkyl-substituted cycloalkyl, are cyclopropyl, 2-methylcyclopropyl,
      2,2-dimethylcyclopropyl, 2,3-diethylcyclopropyl, 2-butylcyclopropyl,
      cyclobutyl, 2-methylcyclobutyl, 3-propylcyclobutyl,
      2,3,4-triethylcyclobutyl, cyclopentyl, 2,2-dimethylcyclopentyl,
      3-pentylcyclopentyl, 3-tert-butylcyclopentyl, cyclohexyl,
      4-tert-butylcyclohexyl, 3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl,
      cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl. Examples of aralkyl
      of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl, 1-phenylethyl,
      2-phenylpropyl, 4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by 1 to 3 chloro or
      alkyl of 1 to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  Examples of alkyl of 2 to 10 carbon atoms, inclusive, substituted with 1 to
      3 fluoro, are 2-fluoroethyl, 2-fluorobutyl, 3-fluorobutyl, 4-fluorobutyl,
      5-fluoropentyl, 4-fluoro-4-methylpentyl, 3-fluoroisoheptyl, 8-fluorooctyl,
      3,4-difluorobutyl, 4,4-difluoropentyl, 5,5-difluoropentyl,
      5,5,5-trifluoropentyl, and 10,10,10-trifluorodecyl.
PAR  Examples of alkylene within the various scopes of C.sub.g H.sub.2g, C.sub.j
      H.sub.2j, C.sub.p H.sub.2p, C.sub.n H.sub.2n, and C.sub.t H.sub.2t, as
      those are defined above, are methylene, ethylene, trimethylene,
      tetramethylene, pentamethylene, hexamethylene, and heptamethylene, and
      those alkylene with one or more alkyl substituents on 1 or more carbon
      atoms, thereof, e.g., --CH(CH.sub.3)--, --C(CH.sub.3).sub.2 --,
      --CH(CH.sub.2 CH.sub.3)--, --CH.sub.2 --CH(CH.sub.3)--,
      --CH(CH.sub.3)--CH(CH.sub.3)--, --CH.sub.2 --C(CH.sub.3).sub.2 --,
      --CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --, --CH.sub.2 --CH.sub.2
      --CH(CH.sub.2 CH.sub.2 CH.sub.3)--, --CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH(CH.sub.3)--,
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 C(CH.sub.3).sub.2
      --, --CH(CH.sub.3)--CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --CH.sub.2
      --CH(CH.sub.3)--, and --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --C(CH.sub.3 .sub.2 --.
PAR  Examples of alkylene substituted with 1 or 2 fluoro and within the scope of
      C.sub.t H.sub.2t, as defined above, are --CHF--CH.sub.2 --, CHF--CHF--,
      --CH.sub.2 --CH.sub.2 --CF.sub.2 --, --CH.sub.2 --CHF--CH.sub.2 --,
      --CH.sub.2 --CH.sub.2 --CF(CH.sub.3)--, --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CF.sub.2 --, and --CHF--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --.
PAR  Examples of
      ##SPC18##
PAL  as defined above are phenyl, p-tolyl, m-tolyl, o-tolyl, p-fluorophenyl,
      m-fluorophenyl, o-fluorophenyl, p-chlorophenyl, m-chlorophenyl,
      o-chlorophenyl, p-trifluoromethylphenyl, m-trifluoromethylphenyl,
      p-trifluoromethylphenyl, p-hydroxyphenyl, m-hydroxyphenyl,
      o-hydroxyphenyl, p-methoxyphenyl, m-methoxyphenyl, o-methoxyphenyl,
      p-tetrahydropyranyloxyphenyl, m-tetrahydropyranyloxyphenyl,
      o-tetrahydropyranyloxyphenyl, o-ethylphenyl, m-isopropylphenyl,
      p-tert-butylphenyl, p-butoxyphenyl, 3,4-dimethylphenyl, 2,4-diethylphenyl,
      2,4,6-trimethylphenyl, 3,4,5-trimethylphenyl, 2,4-dichlorophenyl,
      3,4-difluorophenyl, 2-chloro-4-methylphenyl, 2-fluoro-4-methoxyphenyl,
      3,5-dimethyl-4-fluorophenyl, 2,6-dimethyl-4-hydroxyphenyl, and
      2,4-di(trifluoromethyl)phenyl.
PAR  The novel formula XVI-XIX, and XXXII PGE-type oxa-phenylene compounds, the
      novel formula XX-XXIII, and XXXIII PGF.sub..alpha.-type and
      PGF.sub..beta.-type oxa-phenylene compounds, the novel formula XXIV-XXVII,
      and XXXIV PGA-type oxa-phenylene compounds, and the novel formula
      XXVIII-XXXI and XXXV PGB-type oxa-phenylene compounds each cause the
      biological responses described above for the PGE, PGF.sub..alpha.,
      PGF.sub..beta., PGA, and PGB compounds, respectively, and each of these
      novel compounds is accordingly useful for the above-described
      corresponding purposes, and is used for those purposes in the same manner
      as described above.
PAR  The known PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds
      uniformly cause multiple biological responses even at low doses. For
      example, PGE.sub.1 and PGE.sub.2 both cause vasodepression and smooth
      muscle stimulation at the same time they exert antilipolytic activity.
      Moreover, for many applications, these known prostaglandins have an
      inconveniently short duration of biological activity. In striking
      contrast, the novel prostaglandin analogs of formulas XVI to XXXV are
      substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have a substantially longer
      duration of biological activity. Therefore, each of these novel
      prostaglandin analogs is useful in place of one of the corresponding
      above-mentioned known prostaglandins for at least one of the
      pharmacological purposes indicated above for the latter, and is
      surprisingly and unexpectedly more useful for that purpose because it has
      a different and narrower spectrum of biological activity than the known
      prostaglandin, and therefore is more specific in its activity and causes
      smaller and fewer undesired side effects than the known prostaglandin.
      Moreover, because of its prolonged activity, fewer and smaller doses of
      the novel prostaglandin analog can frequently be used to attain the
      desired result.
PAR  To obtain the optimum combination of biological response specificity,
      potency, and duration of activity, certain compounds within the scope of
      formulas XVI to XXXV are preferred. For example, in compounds of formulas
      XVI, XIX, XX, XXIII, XXIV, XXVII, XXVIII, and XXXI, it is preferred that
      the carboxyl-terminated side chain contain a total of 2 to 4 chain carbon
      atoms, inclusive, excluding the phenylene and --COOR.sub.1, and including
      the C-7 methylene. In other words, preferred compounds of these formulas
      are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent
      0, 1, or 2 chain carbon atoms. Especially preferred compounds of these
      formulas are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p each
      represent a valence bond, and those wherein C.sub.g H.sub.2g represents a
      valence bond and C.sub.p H.sub.2p represents a single chain carbon atom,
      especially methylene.
PAR  In compounds of formulas XVII, XVIII, XXI, XXII, XXV, XXVI, XXIX, XXX,
      XXXII, XXXIII, XXXIV, and XXXV, it is preferred that the
      carboxyl-terminated side chain contain a total of 4 or 5 chain carbon
      atoms, excluding the phenylene and --COOR.sub.1, and including --CH.sub.2
      --CR.sub.3 =CR.sub.4 -- and --CH.sub.2 --C.tbd.C--. In other words,
      preferred compounds of these formulas are those wherein C.sub.j H.sub.2j
      and C.sub.p H.sub.2p together represent 0 or 1 chain carbon atoms.
      Included in these compounds are those wherein C.sub.j H.sub.2j and C.sub.p
      H.sub.2p each represent a valence bond, and those wherein C.sub.j H.sub.2j
      represents a valence bond, and C.sub.p H.sub.2p represents a single chain
      carbon atom, especially methylene.
PAR  As used herein, a chain carbon atom is part of the direct chain of carbon
      atoms linking the C-7 methylene or =CR.sub.4 -- to the phenylene, the
      phenylene to the oxa, and the oxa to --COOR.sub.1. Thus, the chain
      --CH(CH.sub.3)--C(CH.sub.3).sub.2 -- contains 5 carbon atoms but only 2
      chain atoms.
PAR  Another preference for the carboxy-terminated side chain in compounds of
      formulas XVI to XXXV is that the phenylene be a meta-phenylene.
PAR  Another preference for the compounds of formulas XVI to XXXV is that
      R.sub.2, R.sub.3, and R.sub.4 are hydrogen or methyl. All of those R
      groups can be hydrogen, all can be methyl, or there can be any of the
      possible combinations of hydrogen and methyl.
PAR  Certain variations in the nature of G in the compounds of formulas XVI to
      XXXV are especially important. In the known PG.sub.1 and PG.sub.2
      prostaglandins, e.g., PGE.sub.1, the portion of the molecule corresponding
      to G in formulas XVI to XXXI is n-pentyl. When G is unsubstituted alkyl or
      fluoro-substituted alkyl as defined above, there is a preference which
      results in compounds with optimum combinations of biological properties:
      namely that G is straight chain alkyl of 3 to 7 carbon atoms, inclusive,
      with or without a fluoro substituent at the 1-position, e.g.,
      --CHF--(CH.sub.2).sub.a --CH.sub.3, wherein a is 1, 2, 3, 4, or 5.
      Especially preferred among these are n-pentyl and 1-fluoropentyl.
PAR  When G is substituted alkyl, it is preferred that the 1-position be mono-
      or di-substituted with one or two alkyl groups containing from one to 4
      carbon atoms, inclusive. Especially preferred are formula XVI-to-XXXV
      compounds wherein G is substituted at the 1-position with methyl and/or
      ethyl, e.g. --CH(CH.sub.3)--(CH.sub.2).sub.c --CH.sub.3, --CH(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, --C(CH.sub.3).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, --C(C.sub.2 H.sub.5).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, or --C(CH.sub.3)(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, wherein c is 2, 3, or 4.
PAR  When G represents
      ##SPC19##
PAL  as defined above, it is preferred for compounds with optimum combination of
      biological properties that C.sub.t H.sub.2t be a valence bond, i.e., t is
      0, or alkylene of 1 to 4 carbon atoms, inclusive, i.e., --(CH.sub.2).sub.d
      -- wherein d is 1, 2, 3, or 4, with or without a fluoro or alkyl
      substituent on the carbon adjacent to the hydroxy-substituted carbon (C-15
      in PGE.sub.1), e.g., --CHF--(CH.sub.2).sub.e --,
      --CH(CH.sub.3)--(CH.sub.2).sub.e --, or --C(CH.sub.3).sub.2
      --(CH.sub.2).sub.e --, wherein e is 0, 1, 2, or 3. Further, it is
      preferred that the phenyl ring when present and substituted, be
      substituted at least at the para position.
PAR  In compounds of formulas XXXII to XXXV, it is preferred that C.sub.n
      H.sub.2n be methylene and that R.sub.5 be ethyl.
PAR  Another way of expressing the above preferences for G is that when G is
      alkyl or fluoro-substituted alkyl it be a group represented by
      ##EQU5##
      wherein a is 1, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of 1 to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
PAR  Furthermore, when G is
      ##SPC20##
PAL  it is preferred that when C.sub.t H.sub.2t is alkylene or
      fluoro-substituted alkylene it be a group represented by
      ##EQU6##
      wherein e is 0, 1, 2, or 3, and wherein R.sub.21 and R.sub.22 are as
      defined above.
PAR  Still another preference is that Q be
      ##EQU7##
      wherein R.sub.2 is as defined hereinabove.
PAR  Another advantage of the novel compounds of this invention, especially the
      preferred compounds defined hereinabove, compared with the known
      prostaglandins, is that these novel compounds are administered effectively
      orally, sublingually, intravaginally, buccally, or rectally, in addition
      to usual intravenous, intramuscular, or subcutaneous injection or infusion
      methods indicated above for the uses of the known prostaglandins. These
      qualities are advantageous because they facilitate maintaining uniform
      levels of these compounds in the body with fewer, shorter, or smaller
      doses, and make possible self-administration by the patient.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are used for the purposes described
      above in the free acid form, in ester form, or in pharmacologically
      acceptable salt form. When the ester form is used, the ester is any of
      those within the above definition of R.sub.1. However it is preferred that
      the ester be alkyl of 1 to 12 carbon atoms, inclusive. Of those alkyl,
      methyl and ethyl are especially preferred for optimum absorption of the
      compound by the body or experimental animal system; and straight-chain
      octyl, nonyl,, decyl, undecyl, and dodecyl are especially preferred for
      prolonged activity in the body or experimental animal.
PAR  Pharmacologically acceptable salts of these formula XVI-to-XXXV compounds
      useful for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron, are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      etheylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      N-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris-(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)-diethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are also used for the purposes
      described above in free hydroxy form or in the form wherein the hydroxy
      moieties are transformed to lower alkanoate moieties, e.g., --OH to
      --OCOCH.sub.3. Examples of lower alkanoate moieties are acetoxy,
      propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy,
      octanoyloxy, and branched chain alkanoyloxy isomers of those moieties.
      Especially preferred among these alkanoates for the above described
      purposes are the acetoxy compounds. These free hydroxy and alkanoyloxy
      compounds are used as free acids, as esters, and in salt form all as
      described above.
PAR  As discussed above, the compounds of formulas XVI to XXXV are administered
      in various ways for various purposes; e.g., intravenously,
      intramuscularly, subcutaneously, orally, intravaginally, rectally,
      buccally, sublingually, topically, and in the form of sterile implants for
      prolonged action. For intravenous injection or infusion, sterile aqueous
      isotonic solutions are preferred. For that purpose, it is preferred
      because of increased water solubility that R.sub.1 in the formula
      XVI-to-XXXV compound be hydrogen or a pharmacologically acceptable cation.
      For subcutaneous or intramuscular injection, sterile solutions or
      suspensions of the acid, salt, or ester form in aqueous or non-aqueous
      media are used. Tablets, capsules, and liquid preparations such as syrups,
      elixirs, and simple solutions, with the usual pharmaceutical carriers are
      used for oral sublingual administration. For rectal or vaginal
      administration, suppositories prepared as known in the art are used. For
      tissue implants, a sterile tablet or silicone rubber capsule or other
      object containing or impregnated with the substance is used.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV are produced by the
      reactions and procedures described and exemplified hereinafter.
PAR  The various PGF.sub..alpha.-type and PGF.sub..beta.-type oxa-phenylene
      compounds encompassed by formulas XX-XXIII and XXXIII are prepared by
      carbonyl reduction of the corresponding PGE type compounds encompassed by
      formulas XVI-XIX and XXXIII. For example, carbonyl reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives a mixture of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta..
PAR  These ring carbonyl reductions are carried out by methods known in the art
      for ring carbonyl reductions of known prostanoic acid derivatives. See,
      for example, Bergstrom et al., Arkiv Kemi 19, 563 (1963), Acta Chem.
      Scand. 16, 969 (1962), and British Patent Specification No. 1,097,533. Any
      reducing agent is used which does not react with carbon-carbon double
      bonds or ester groups. Preferred reagents are
      lithium(tri-tert-butoxy)aluminum hydride, the metal borohydrides,
      especially sodium, potassium and zinc borohydrides, and metal trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride. The mixtures of alpha
      and beta hydroxy reduction products are separated into the individual
      alpha and beta isomers by methods known in the art for the separation of
      analogous pairs of known isomeric prostanoic acid derivatives. See, for
      example, Bergstrom et al., cited above, Granstrom et al., J. Biol. Chem.
      240, 457 (1965), and Green et al., J. Lipid Research 5, 117 (1964).
      Especially preferred as separation methods are partition chromatographic
      procedures, both normal and reversed phase, preparative thin layer
      chromatography, and countercurrent distribution procedures.
PAR  The various PGA-type oxa-phenylene compounds encompassed by formulas
      XXIV-XXVII and XXXIV are prepared by acidic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII. For example, acidic dehydration of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1.
PAR  These acidic dehydrations are carried out by methods known in the art for
      acidic dehydrations of known prostanioc acid derivatives. See, for
      example, Pike et al., Proc. Nobel Symposium II, Stockholm (1966),
      Interscience Publishers, New York, pp. 162-163 (1967); and British Patent
      Specification No. 1,097,533. Alkanoic acids of 2 to 6 carbon atoms,
      inclusive, especially acetic acid, are preferred acids for this acidic
      dehydration. Dilute aqueous solutions of mineral acids, e.g., hydrochloric
      acid, especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration,
      although these reagents may cause partial hydrolysis of an ester reactant.
PAR  The various PGB-type oxa-phenylene compounds encompassed by formulas
      XXVIII-XXXI and XXXV are prepared by basic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII, or by contacting the corresponding PGA type compounds encompassed
      by formulas XXIV-XXVII and XXXIV with base. For example, both
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 give
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 on treatment with base.
PAR  These basic dehydrations and double bond migrations are carried out by
      methods known in the art for similar reactions of known prostanoic acid
      derivatives. See, for example, Bergstrom et al., J. Biol. Chem. 238, 3555
      (1963). The base is any whose aqueous solution has pH greater than 10.
      Preferred bases are the alkali metal hydroxides. A mixture of water and
      sufficient of a water-miscible alkanol to give a homogeneous reaction
      mixture is suitable as a reaction medium. The PGE-type or PGA-type
      compound is maintained in such a reaction medium until no further PGB-type
      compound is formed, as shown by the characteristic ultraviolet light
      absorption near 278 m.mu. for the PGB type compound.
PAR  The various transformations of PGE-type oxa-phenylene compounds of formulas
      XVI-XIX to the corresponding PGF.sub..alpha., PGF.sub..beta., PGA and PGB
      type oxa-phenylene compounds are shown in Chart A, wherein G, Q, R.sub.1,
      and .about. are as defined above, wherein E' is --CH.sub.2 CHR.sub.9 -- or
      trans--CH=CR.sub.9 --, wherein R.sub.26 and R.sub.9 are hydrogen or alkyl
      of 1 to 4 carbon atoms, inclusive, and wherein J' is
      ##SPC21##
PAL  wherein V is C.sub.g H.sub.2g, cis or trans
      ##EQU8##
      or --C.tbd.C--C.sub.j H.sub.2j wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j,
      C.sub.p H.sub.2p, R.sub.3, and R.sub.4 are as defined above, and wherein
      C.sub.q H.sub.2q represents alkylene of 1 to 6 carbon atoms, inclusive,
      with 1, 2, or 3 carbon atoms between --O-- and --COOR.sub.1.
PAR  The various 13,14-dihydro-PGE.sub.1, --PGF.sub.1, --PGA.sub.1, and
      --PGB.sub.1, type oxa-phenylene compounds encompassed by formulas XIX,
      XXIII, XXVII, and XXXI are prepared by carbon-carbon double bond reduction
      of the corresponding PGE, PGF, PGA, and PGB type compound containing a
      trans double bond in the hydroxy-containing side chain. A cis or trans
      double bond or a triple bond can also be present in the carboxy-terminated
      side chain of the unsaturated reactant, and will be reduced at the same
      time to --CH.sub.2 CH.sub.2 --. For example,
      13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is
      produced by reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2, or
      5,6-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2.
PAR  These reductions are carried out by reacting with the unsaturated PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, or PGB type oxa-phenylene compound
      with diimide, following the general procedure described by van Tamelen et
      al., J. Am. Chem. Soc. 83, 3725 (1961).
      ##SPC22##
      See also Fieser et al., "Topics in Organic Chemistry," Reinhold Publishing
      Corp., New York, pp. 432-434 (1963) and references cited therein. The
      unsaturated acid or ester reactant is mixed with a salt azodiformic acid,
      preferably an alkali metal salt such as disodium or dipotassium salt, in
      the presence of an inert diluent, preferably a lower alkanol such as
      methanol or ethanol, and preferably in the absence of substantial amounts
      of water. At least one molecular equivalent of the azodiformic acid salt
      is used for each multiple bond equivalent of the unsaturated reactant. The
      resulting suspension is then stirred, preferably with exclusion of oxygen,
      and the mixture is made acid, advantageously with a carboxylic acid such
      as acetic acid. When a reactant wherein R.sub.1 is hydrogen is used, the
      carboxylic acid reactant also serves to acidify an equivalent amount of
      the azodiformic acid salt. A reaction temperature in the range of about
      10.degree. to about 40.degree. C. is usually suitable. Within that
      temperature range, the reaction is usually complete within less than 24
      hours. The desired dihydro production is then isolated by conventional
      methods, for example, evaporation of the diluent, followed by separation
      from inorganic materials by solvent extraction.
PAR  In the case of the oxa-phenylene unsaturated PGE, PGF.sub..alpha., and
      PGF.sub..beta. type reactants, the reductions to the corresponding
      dihydro-PGE.sub.1, dihydro-PGF.sub.1 .sub..alpha., and dihydro-PGF.sub.1
      .sub..alpha. type oxa-phenylene compounds are also carried out by
      catalytic hydrogenation. For that purpose, palladium catalysts, especially
      on a carbon carrier, are preferred. It is also preferred that the
      hydrogenation be carried out in the presence of an inert liquid diluent,
      for example, methanol, ethanol, dioxane, ethyl acetate, and the like.
      Hydrogenation pressures ranging from about atmospheric to about 50 p.s.i.,
      and hydrogenation temperatures ranging from about 10.degree. to about
      100.degree. C. are preferred. The resulting dihydro product is isolated
      from the hydrogenation reaction mixture by conventional methods, for
      example, removal of the catalyst by filtration or centrifugation, followed
      by evaporation of the solvent.
PAR  Diimide reductions and catalytic hydrogenations to produce the various
      novel formula XIX, XXIII, XXVII, and XXXI 13,14-dihydro compounds of this
      invention from the corresponding PGE, PGF, PGA and PGB type oxa-phenylene
      compounds of the PG.sub.1, PG.sub.2, trans-5,6-dehydro-PG.sub.1, and
      5,6-dehydro-PG.sub.2 series are shown in Chart B. G, J', Q, R.sub.1,
      R.sub.9, R.sub.26, and .about. are as defined above, and L' is
      ##SPC23##
PAL  wherein C.sub.g H.sub.2g, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above.
PAR  The oxa-phenylene compounds of the PGE.sub.2, PGF.sub.2, PGA.sub.2, and
      PGB.sub.2 type wherein the carbon-carbon double bond in the
      carboxy-terminated side chain is in cis configuration are prepared by
      reduction of the corresponding acetylenic oxa-phenylene compounds, i.e.,
      those with a carbon-carbon triple bond in place of said carbon-carbon
      double bond. For that purpose, there are used any of the known reducing
      agents which reduce an acetylenic linkage to a cis-ethylenic linkage.
      Especially preferred for that purpose are diimide, or hydrogen and a
      catalyst, for example, palladium (5%) on barium sulfate, especially in the
      presence of pyridine. See Fieser et al., "Reagents for Organic Synthesis,"
      pp. 566-567, John Wiley and Sons, Inc., New York, N.Y. (1967).
      ##SPC24##
PAL  These reductions are shown in Chart C, wherein G, Q, R.sub.1, R.sub.9,
      R.sub.26 and .about. are as defined above, and M' is
      ##SPC25##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are
      defined above. These oxa-phenylene cis compounds of the PGE.sub.2,
      PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 type
      are also prepared as described hereinafter.
PAR  The oxa-phenylene PGE-type compounds of formulas XVI-XIX except wherein
      R.sub.1 is hydrogen, and the oxa-phenylene PGA-type compounds of formulas
      XXIV-XXVII except wherein R.sub.1 is hydrogen are prepared by the series
      of reactions shown in Chart D, wherein G, J', R.sub.2, R.sub.9, and
      R.sub.26 are as defined above; G' is the same as G except that T is
      replaced by T', wherein T' is the same as T above except that R.sub.9 is
      not hydrogen; R.sub.10 is the same as the above definition of R.sub.1
      except that R.sub.10 does not include hydrogen; R.sub.11 and R.sub.12 are
      alkyl of 1 to 4 carbon atoms, inclusive R.sub.13 is alkyl of 1 to 5 carbon
      atoms inclusive; and .about. indicates attachment of --CHR.sub.26
      --J'--COOR.sub.10 to the cyclopentane ring in alpha or beta configuration,
      and attachment of the moiety to the cyclopropane ring in exo and endo
      configuration.
PAR  The oxa-phenylene PGE.sub.1 -type compounds of formula XVI, the
      oxa-phenylene 5,6-dehydro-PGE.sub.2 type compounds of formula XVIII, the
      oxa-phenylene PGA.sub.1 -type compounds of the formula XXIV and the
      oxa-phenylene 5,6-dehydro-PGA.sub.2 type compounds of formula XXVI are
      also prepared by the series of reactions shown in Chart E, wherein G, G',
      R.sub. 2, R.sub.9, R.sub.10, R.sub.13, and R.sub.26 are as defined above;
      Z' is L' or --C.tbd.C--M'-- wherein L' and M' are as defined above; and
      .about. indicates attachment of --CHR.sub.26 --Z'--COOR.sub.10 to the
      cyclopentane ring in alpha or beta configuration, and attachment of the
      moiety to the
      ##SPC26##
      ##SPC27##
      ##SPC28##
PAL  cyclopropane ring in exo or endo configuration.
PAR  It should be observed regarding the series of reactions shown in Charts D
      and E, that the reactions starting with glycol XXXVIII in Chart D are
      similar to the reactions starting with glycol XLV in Chart E. The only
      differences here are the definitions of the divalent moieties J' (Chart D)
      and Z' (Chart E). J' includes saturated, cis and trans ethylenic, and
      acetylenic divalent moieties. Z' is limited to the saturated and
      acetylenic divalent moieties encompassed by J'. In other words, final
      oxa-phenylene PGE-type compounds of formula XL (Chart D) encompass
      compounds of formulas XVI to XVIII. Final oxa-phenylene PGA-type compounds
      of formula XLI (Chart D) encompass compounds of formulas XXIV to XXVI. On
      the other hand, final oxa-phenylene PGE-type compounds of formula XLVII
      (Chart E) encompass only compounds of formulas XVI and XVIII, and final
      oxa-phenylene PGA-type compounds of formula XLVIII (Chart E) encompass
      only compounds of formula XXIV and XXVI.
PAR  As will subsequently appear, an acetylenic intermediate of formulas XXXVII,
      XXXVIII, or XLV is transformed by step-wise reduction to the corresponding
      cis or trans ethylenic intermediates of formulas XXXVII or XXXVIII; and an
      acetylenic intermediate of formulas XXXVII, XXXVIII or XLV or a cis or
      trans ethylenic intermediate of formulas XXXVII or XXXVIII is transformed
      by reduction to the corresponding saturated intermediate of formulas
      XXVII, XXXVIII, or XLV.
PAR  The initial bicyclo-ketone reactant of formula XLIII in Chart E is also
      used as an initial reactant to produce the initial bicyclo-ketone cyclic
      ketal reaction of formula XXXVI in Chart D. The following reactions will
      produce cyclic ketal XXXVI, wherein THP is tetrahydropyranol, and .phi.is
      phenyl:
      ##SPC29##
PAR  The bicyclo-ketone reactant of formula XLIII exists in four isomeric forms,
      exo and endo with respect to the attachment of the --CR.sub.9 =CR.sub.2 G
      moiety, and cis and trans with respect to the double bond in that same
      moiety. Each of those isomers separately or various mixtures thereof are
      used as reactants according to this invention to produce substantially the
      same final oxa-phenylene PGE or PGA type product mixture.
PAR  The process for preparing either the exo or endo configuration of the
      formula-XLIII bicyclo-ketone is known to the art. See. U.S. Pat. No.
      3,776,940 and Belgian Pat. No. 702,477, and Derwent Farmdoc No. 30,905.
PAR  See West Germany Offenlegungsschrift No. 1,937,912; reprinted in Farmdoc
      Complete Specifications, Book No. 14, No. 6869 R, Week R.sub.5, Mar. 18,
      1970.
PAR  In said U.S. Pat. No. 3,776,940 a reaction sequence capable of forming exo
      ketone XLIII is as follows: The hydroxy of 3-cyclopentenol is protected,
      for example, with a tetrahydropyranyl group. Then a diazoacetic acid ester
      is added to the double bond to give an exo-endo mixture of a
      bicyclo[3.1.0]hexane substituted at 3 with the protected hydroxy and at 6
      with an esterified carboxyl. The exo-endo mixture is treated with a base
      to isomerize the endo isomer in the mixture to more of the exo isomer.
      Next, the carboxylate ester group at 6 is transformed to an aldehyde group
      or ketone group, --CHO or
      ##EQU9##
      wherein R.sub.9 is as defined above. Then, said aldehyde group or said
      keto group is transformed by the Wittig reaction, in this case to a moiety
      of the formula --CR.sub.9 =CR.sub.2 G which is in exo configuration
      relative to the bicyclo ring structure. Next, the protective group is
      removed to regenerate the 3-hydroxy which is then oxidized, for example,
      by the Jones reagent, i.e., chromic acid (see J. Chem. Soc. 39 (1946)), to
      give said exo ketone XLIII.
PAR  Separation of the cis-exo and trans-exo isomers of XLIII is described in
      said U.S. Pat. No. 3,776,940. However, as mentioned above, that separation
      is usually not necessary since the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  The process described in said U.S. Pat. 3,776,940 for producing the exo
      form of bicyclo-ketone XLIII uses, as an intermediate, the exo form of a
      bicyclo [3.1.0]hexane substituted at 3 with a protected hydroxy, e.g.,
      tetrahydropranyloxy, and at 6 with an esterified carboxyl. When the
      corresponding endo compound is substituted for that exo intermediate, the
      process in said Offenlegungsschrift No. 1,937,912 leads to the endo form
      of bicyclo-ketone XLIII. That endo compound to be used has the formula
      ##SPC30##
PAL  Compound LII is prepared by reacting
      endo-bicyclo[3.1.0]-hex-2-ene-6-carboxylic acid methyl ester with diborane
      in a mixture of tetrahydrofuran and diethyl ether, a reaction generally
      known in the art, to give endo-bicyclo[3.1.0] -hexane-3-ol-6-carboxylic
      acid methyl ester which is then reacted with dihydropyran in the presence
      of a catalytic amount of POCl.sub.3 to give the desired compound. This is
      then used as described in said German Offenlegungsschrift No. 1,937,912 to
      produce the endo form of bicyclo-ketone XLIII.
PAR  As for exo XLIII, the above process produces a mixture of endo-cis and
      endo-trans compounds. These are separated as described for the separation
      of exo-cis and exo-trans XLIII, but this separation is usually not
      necessary since, as mentioned above, the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  In the process of said U.S. patent and said Offenlegungsschrift, certain
      organic halides, e.g., chlorides and bromides, are necessary to prepare
      the Wittig reagents used to generate the generic moiety, --CR.sub.9
      =CR.sub.2 G of bicyclo-ketone XLIII. These organic chlorides and bromides
      ##EQU10##
      are known in the art or can be prepared by methods known in the art.
PAR  To illustrate the availability of these organic chlorides consider first
      the above-described oxa-phenylene PGE-type compounds of formulas XVI to
      XIX wherein R.sub.2 is hydrogen and G is either (1) alkyl of 1 to 10
      carbon atoms, inclusive, substituted with 0, 1, 2, or 3 fluoro or
      ##SPC31##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of 1 to 10
      carbon atoms, inclusive, substituted with 0, 1, or 2fluoro, with 1 to 7
      carbon atoms, inclusive, between
      ##EQU11##
      and the ring; wherein T is alkyl of 1 to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of 1 to 4 carbon atoms, inclusive, and s is 0, 1, 2, or
      3, with the proviso that not more than two T's are other than alkyl.
PAR  For those products wherein G is alkyl of 2 to 10 carbon atoms, substituted
      with 0-3 fluoro atoms, there are available the monohalo hydrocarbons,
      e.g., bromo-(or chloro-) -ethane, -propane, -pentane, -octane, and
      -decane; and the monohalofluorohydrocarbons, e.g., CH.sub.2 FCH.sub.2 BR,
      CHF.sub.2 CH.sub.2 Cl, CF.sub.3 CH.sub.2 Br, F(CH.sub.2).sub.3 Br,
      CH.sub.3 CF.sub.2 CH.sub.2 Cl, CF.sub.3 (CH.sub.2).sub.2 Br,
      F(CH.sub.2).sub.4 Cl, CH.sub.3 CF.sub.2 CH.sub.2 CH.sub.2 Cl, C.sub.4
      H.sub.9 CFHCH.sub.2 Br, CF.sub.3 (CH.sub.2).sub.3 Cl, CF.sub.3
      (CH.sub.2).sub.2 BrCH.sub.3, CH.sub.2 F(CH.sub.2).sub.4 Cl, C.sub.2
      H.sub.5 CF.sub.2 (CH.sub.2).sub.2 Cl, CF.sub.3 (CH.sub.2).sub.4 Cl,
      CH.sub.3 (CH.sub.2).sub.4 CF.sub.2 (CH.sub.2).sub.2 CH.sub.2 Cl, and
      CH.sub.3 (CH.sub.2).sub.3 CF.sub.2 (CH.sub.2).sub.3 CH.sub.2 Cl, as
      described in "Aliphatic Fluorine Compounds", A. M. Lovelace et al., Am.
      Chem. Soc. Monograph Series, 1958, Reinhold Publ. Corp. Those halides not
      available are prepared by methods known in the art by reacting the
      corresponding primery alcohol G--CH.sub.2 OH with PCl.sub.3 PBr.sub.3, or
      any of the other halogenating agents useful for this purpose. Available
      alcohols include CH.sub.2 CH(CF.sub.3)CH.sub.2 OH, (CH.sub.3).sub.2
      CHCH.sub.2 CH.sub.2 OH, (CH.sub.3).sub.3 CCH.sub.2 OH, CF.sub.3
      CH(CH.sub.3)CH.sub.2 CH.sub.2 OH, for example. For those halides of the
      formula G--CH.sub.2 --Hal wherein Hal is chloro or bromo, G is R.sub.27
      --(CH.sub.2).sub.h --, h being 1, 2, 3, or 4, and R.sub.27 being isobutyl,
      tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl, or 4,4,4-trifluorobutyl,
      the intermediate alcohols are prepared as follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, known alcohols are
      converted to bromides, thence to nitriles with sodium cyanide, thence to
      the corresponding carboxylic acids by hydrolysis, and thence to the
      corresponding primary alcohols by reduction, e.g., with lithium aluminum
      hydride, thus extending the carbon chain one carbon atom at a time until
      all primary alcohols are prepared.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the necessary alcohols are
      prepared from keto carboxylic acids of the formula, CH.sub.3
      --CO--(CH.sub.2).sub.r --COOH, wherein r is 2, 3, 4, 5, or 6. All of those
      acids are known. The methyl esters are prepared and reacted with sulfur
      tetrafluoride to produce the corresponding CH.sub.3 --CF.sub.2
      --(CH.sub.2).sub.r --COOCH.sub.3 compounds, which are then reduced with
      lithium aluminum hydride to CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.r
      --CH.sub.2 OH. These alcohols are then transformed to the bromide or
      chloride by reaction with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the initial reactants are
      the known dicarboxylic acids, HOOC--(CH.sub.2).sub.f --COOH, wherein f is
      3, 4, 5, 6, or 7. These dicarboxylic acids are esterified to CH.sub.3
      OOC--(CH.sub.2).sub.f --COOCH.sub.3 and then half-saponified, for example
      with barium hydroxide, to give HOOC--(CH.sub.2).sub.f --COOCH.sub.3. The
      free carboxyl group is transformed first to the acid chloride with thionyl
      chloride and then to an aldehyde by the Rosenmund reduction. Reaction of
      the aldehyde with sulfur tetrafluoride then gives CHF.sub.2
      --(CH.sub.2).sub.f --COOCH.sub.3 which by successive treatment with
      lithium aluminum hydride and PBr.sub.3 or PCl.sub.3 gives the necessary
      bromides or chlorides, CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Br or
      CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Cl.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, aldehydes of the
      formula CH.sub.3 OOC--(CH.sub.2).sub.f --CHO are prepared as described
      above. Reduction of the aldehyde with sodium borohydride gives the alcohol
      CH.sub.3 OOC--(CH.sub.2).sub.f --CH.sub.2 OH. Reaction with PBr.sub.3 or
      PCl.sub.3 then gives CH.sub.3 OOC--(CH.sub.2).sub.f CH.sub.2 --Hal.
      Saponification of that ester gives the carboxylic acid which by reaction
      with sulfur tetrafluoride gives the necessary CF.sub.3 --(CH.sub.2).sub.f
      --CH.sub.2 --Br or CF.sub.3 --(CH.sub.2).sub.f --CH.sub.2 --Cl.
PAR  For the above reactions of SF.sub.4, see U.S. Pat. No. 3,211,723 and J.
      Org. Chem. 27, 3164 (1962).
PAR  For those products wherein R.sub.2 is hydrogen and G is
      ##SPC32##
PAL  the halides necessary to prepare those compounds, if not readily available,
      are advantageously prepared by reacting the corresponding primary alcohol,
      ##SPC33##
PAL  with PCl.sub.3, PBr.sub.3, HBr, or any of the other halogenating agents
      known in the art to be useful for this purpose. Some of the readily
      available halides are shown in Table I wherein s, T, and t of the formula
      for the intermediate halides are as defined above, and Hal is chloro,
      bromo, or iodo. Thus, compound No. 1 of Table I is represented by the
      formula wherein s and t are 0, and Hal is chloro, i.e.
      ##SPC34##
PAL  namely .alpha.-clorotoluene or benzyl chloride; compound No. 8 of Table I
      is represented by the formula wherein s is 0,t is 2, and Hal is bromo,
      i.e.
      ##SPC35##
PAL  namely 1-bromo-3-phenylpropane or 3-bromopropylbenzene; and compound No. 63
      of Table I represented by the formula wherein s is 3, T is methyl in the
      2-, 4- and 5-positions with respect to the C.sub.t H.sub.2t substitution,
      t is 2, and Hal is bromo, i.e.,
      ##SPC36##
PAL  namely 1 -(3-bromopropyl)-2,4,5-trimethylbenzene.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Intermediate Halides                                                      
     represented by the formula                                                
     No.           s         T         t       Hal                             
     ______________________________________                                    
     1             0         --        0       Cl                              
     2             0         --        0       Br                              
     3             0         --        0       l                               
     4             0         --        1       Cl                              
     5             0         --        1       Br                              
     6             0         --        1       l                               
     7             0         --        2       Cl                              
     8             0         --        2       Br                              
     9             0         --        2       l                               
     10            0         --        3       Cl                              
     11            0         --        3*      Cl                              
     12            0         --        3       Br                              
     13            0         --        4       Cl                              
     14            1         2-CH.sub.3                                        
                                       0       Cl                              
     15            1         2-C.sub.2 H.sub.5                                 
                                       0       Cl                              
     16            1         4-C.sub.2 H.sub.5                                 
                                       0       Cl                              
     17            1         2-CF.sub.3                                        
                                       0       Cl                              
     18            1         4-OCH.sub.3                                       
                                       0       Cl                              
     19            1         3-CH.sub.3                                        
                                       0       Br                              
     20            1         4-CH.sub.3                                        
                                       0       Br                              
     21            1         4-C.sub.5 H.sub.11                                
                                       0       Br                              
     22            1         4-Cl      0       Br                              
     23            1         2-CF.sub.3                                        
                                       0       Br                              
     24            1         3-CF.sub.3                                        
                                       0       Br                              
     25            1         4-CH.sub. 3                                       
                                       0       l                               
     26            1         4-F       1       Cl                              
     27            1         3-Cl      1       Br                              
     28            1         4-Cl      1       Br                              
     29            1         4-F       1       Br                              
     30            1         2-Cl      2       Br                              
     31            1         3-Cl      2       Br                              
     32            1         4-Cl      2       Br                              
     33            1         4-F       3*      Br                              
     34            1         2-Cl      4       Br                              
     35            1         2-CH.sub.3                                        
                                       0       Cl                              
                             4-CH.sub.3                                        
     36            2         2-CH.sub.3                                        
                                       0       Cl                              
                             5-CH.sub.3                                        
     37            2         2-CH.sub.3                                        
                                       0       Cl                              
                             6-CH.sub.3                                        
     38            2         3-CH.sub.2                                        
                                       0       Cl                              
                             4-CH.sub.3                                        
     39            2         2-CH.sub.3                                        
                                       0       Cl                              
                             4-Cl                                              
     40            2         2-CH.sub.3                                        
                                       0       Br                              
                             5-CH.sub.3                                        
     41            2         2-CH.sub.3                                        
                                       0       Br                              
                             6-CH.sub.3                                        
     42            2         3-CH.sub.3                                        
                                       0       Br                              
                             5-t-butyl                                         
     43            2         3-CH.sub.3                                        
                                       0       Br                              
                             4-Cl                                              
     44            2         2-CH.sub.3                                        
                                       0       Br                              
                             3-Br                                              
     45            2         3-OCH.sub.3                                       
                                       0       Cl                              
                             4-OCH.sub.3                                       
     46            2         3-OCH.sub.3                                       
                                       0       Cl                              
                             5-OCH.sub.3                                       
     47            2         3-OCH.sub.3                                       
                                       0       Br                              
                             5-OCH.sub.3                                       
     48            2         2-CH.sub.3                                        
                                       1       Cl                              
                             4-CH.sub.3                                        
     49            2         2-CH.sub.3                                        
                                       1       Br                              
                             4-CH.sub.3                                        
     50            2         3-CH.sub.3                                        
                                       1       Br                              
                             4-CH.sub.3                                        
     51            2         3-OCH.sub.3                                       
                                       1       Br                              
                             4-OCH.sub.3                                       
     52            2         3-OCH.sub.3                                       
                                       1       Br                              
                             5-OCH.sub.3                                       
     53            2         3-OCH.sub.3                                       
                                       1       l                               
                             4-OCH.sub.3                                       
     54            2         3-OCH.sub.3                                       
                                       2       Br                              
                             4-OCH.sub.3                                       
     55            2         3-OCH.sub.3                                       
                                       2       Br                              
                             5-OCH.sub.3                                       
     56            2         3-OCH.sub.3                                       
                                       4       Br                              
                             5-OCH.sub.3                                       
     57            3         2-CH.sub.3                                        
                                       0       Cl                              
                             4-CH.sub.3                                        
                             5-CH.sub.3                                        
     58            3         2-CH.sub.3                                        
                                       0       Cl                              
                             4-CH.sub.3                                        
                             6-CH.sub.3                                        
     59            3         4-CH.sub.3                                        
                                       0       Cl                              
                             2-OCH.sub.3                                       
                             5-OCH.sub.3                                       
     60            3         2-CH.sub.3                                        
                                       0       Br                              
                             3-CH.sub.3                                        
                             6-CH.sub.3                                        
     61            3         2-CH.sub.3                                        
                                       0       Br                              
                             4-CH.sub.3                                        
                             6-CH.sub.3                                        
     62            3         2-CH.sub.3                                        
                                       0       Br                              
                             3-OCH.sub.3                                       
                             6-OCH.sub.3                                       
     63            3         2-CH.sub.3                                        
                                       2       Br                              
                             4-CH.sub.3                                        
                             5-CH.sub.3                                        
     ______________________________________                                    
             --CH--                                                            
     *-branched                                                                
             .vertline.                                                        
             Et                                                                
PAR  Next, considering the intermediate halides for producing oxa-phenylene
      PGE-type compounds of formulas XIII to XVI wherein R.sub.2 is alkyl of one
      to 4 carbon atoms, inclusive (A), and G is either of the two types (1) or
      (2) above, these organic chlorides and bromides,
      ##EQU12##
      are known to the art or can be prepared by methods known in the art.
PAR  For type A-(1) above, i.e. wherein R.sub.2 is alkyl and G is alkyl of 1 to
      10 carbon atoms and 0-3 fluoro atoms, there are available such
      monohalofluorohydrocarbons as CHF.sub.2 CHClCH.sub.3, CF.sub.3
      CHBrCH.sub.3, CF.sub.3 CH.sub.2 CHBrCH.sub.3, CH.sub.3 CF.sub.2
      CHClCH.sub.3, CF.sub.3 CHClC.sub.2 H.sub.5, and C.sub.2 H.sub.5 CF.sub.2
      CHClCH.sub.3, for example. Those not readily available are prepared from
      the corresponding secondary alcohol
      ##EQU13##
      wherein R.sub.2 is as defined above, with PCl.sub.3, PBr.sub.3, or any of
      the other halogenating agents known in the art to be useful for this
      purpose. Such alcohols include, for example, CH.sub.2 FCH(OH)CH.sub.2 F,
      CF.sub.3 (CH.sub.2).sub.2 CH(OH)CH.sub.3, CF.sub.3
      CH(OH)(CH.sub.2)CH.sub.3, CF.sub.3 CH(OH)(CH.sub.2).sub.3 CH.sub.3,
      CF.sub.3 CH(OH)C(CH.sub.3).sub.3, and CF.sub.3 CH(OH)(CH.sub.2).sub.5
      CH.sub.3. For those halides of the formula G--CHR.sub.2 --Hal, wherein G
      is R.sub.27 --(CH.sub.2).sub.h --, using the definitions of Hal, h,
      R.sub.2, and R.sub.27 above, the intermediate alcohols are prepared as
      follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, lower molecular
      weight primary alcohols are transformed to the corresponding longer-chain
      carboxylic acids and thence to the corresponding secondary alcohols by
      preparing the intermediate ketones,
      ##EQU14##
      by known procedures, for example G--COCl + (R.sub.2).sub.2 Cd, thereafter
      reducing the ketone to the secondary alcohol with sodium borohydride.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the procedure described
      above is applicable to converting CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.2
      --COOCH.sub.3 described above to
      ##EQU15##
      These alcohols are then transformed to the bromide or chloride by reaction
      with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the corresponding
      secondary alcohols are prepared as described above, using intermediates
      prepared for the primary alcohols of this type above.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, corresponding secondary
      alcohols are prepared by transforming CH.sub.3 OOC--(CH.sub.2).sub.f --CHO
      to CH.sub.3 OOC--(CH.sub.2).sub.f --C(R.sub.2)O by known methods and then
      proceeding with that ketone as described above for the corresponding
      aldehyde.
PAR  For type A-(2) halides, i.e. R.sub.2 is alkyl and G is
      ##SPC37##
PAL  some of the readily available halides are shown in Table II. Thus, compound
      No. 1 of Table II is represented by the formula wherein s=0, R.sub.2
      =methyl, t=0, and Hal=Cl, i.e.
      ##SPC38##
PAL  namely (1-chloroethyl)benzene; and compound No. 13 of Table II is
      represented by the formula wherein s=2, T=methyl, R.sub.2 =methyl, t=1,
      and Hal=Br, i.e.
      ##SPC39##
PAL  namely 4-(2-bromopropyl)-o-xylene or
      1-(2-bromopropyl)3-methyl-4-methylbenzene.
TBL                TABLE II                                                    
     ______________________________________                                    
     Intermediate Halides                                                      
     represented by the Formula                                                
     No.          s       T        R.sub.2  t   Hal                            
     ______________________________________                                    
     1            0       --       CH.sub.3 0   Cl                             
     2            0       --       C.sub.2 H.sub.5                             
                                            0   Cl                             
     3            0       --       C.sub.2 H.sub.5                             
                                            0   Br                             
     4            0       --       CH.sub.3 0   l                              
     5            0       --       CH.sub.3 1   Cl                             
     6            0       --       n-C.sub.3 H.sub.7                           
                                            1   Cl                             
     7            0       --       CH.sub.3 1   Br                             
     8            0       --       C.sub.2 H.sub.5                             
                                            2   Cl                             
     9            1       4-C.sub.2 H.sub.5                                    
                                   CH.sub.3 0   Cl                             
     10           1       4-F      CH.sub.3 0   Cl                             
     11           1       4-Cl     C.sub.2 H.sub.5                             
                                            0   Br                             
     12           1       4-F      C.sub.2 H.sub.5                             
                                            0   Br                             
     13           2       3-CH.sub.3                                           
                                   CH.sub.3 1   Br                             
                          4-CH.sub.3                                           
     14           2       3-OCH.sub.3                                          
                                   CH.sub.3 1   Br                             
                          4-OCH.sub.3                                          
     15           2       2-OCH.sub.3                                          
                                   CH.sub.3 1   Br                             
                          6-OCH.sub.3                                          
     ______________________________________                                    
PAR  Other intermediate halides of the general formula
      ##SPC40##
PAL  may be obtained from the secondary alcohols as discussed above. The
      secondary alcohols, wherein R.sub.2 is alkyl, are prepared by transforming
      the --COOH of the corresponding carboxylic acid,
      ##SPC41##
PAL  to a ketone by known procedures, e.g. by way of the acyl chloride and a
      dialkylcadmium. Reduction of the ketone with sodium borohydride then
      yields the secondary alcohol,
      ##SPC42##
PAR  Hydroxyl groups on the aromatic ring are suitably protected during these
      reactions by first forming the corresponding tetrahydropyranyl ether with
      dihydropyran; the hydroxyl groups are restored by mild acid hydrolysis as
      is well known in the art.
PAR  In the case of C.sub.t H.sub.2t substituted with one or 2 fluoro atoms,
      there are a number of routes to the intermediate halides. The
      corresponding alcohols, for example .beta.-fluorophenethyl alcohol,
      .beta.-fluoro-.alpha.-methyl-phenethyl alcohol,
      .beta.-fluoro-.alpha.,.beta.-dimethyl-phenethyl alcohol and the like, are
      reacted with PCl.sub.3, PBr.sub.3 or HBr to form the halide.
      Alternatively, the carboxylic acid having one less carbon atom in the
      chain than the desired intermediate halide, i.e.
      ##SPC43##
PAL  where g = t-1, is converted by a series of known methods to the
      2,2-difluorohalide. Thus, the free carboxyl group is transformed first to
      the acid chloride with thionyl chloride and thence by way of the nitrile
      to the .alpha.-keto-acid. The carboxyl group is reduced to the alcohol
      with diborane and then converted to the .alpha.-keto halide. Finally, by
      reaction of the keto group with sulfur tetrafluoride, there is obtained
      ##SPC44##
PAR  As mentioned above, formula XVI-to-XXXI compounds with an alpha-fluoro
      substituent in a straight chain 3-to-7-carbon G, i.e., G being
      --CHF--(CH.sub.2)a --CH.sub.3 wherein a is 1, 2, 3, 4, or 5, represent
      embodiments among the novel oxa-phenylene compounds of this invention.
      Among those, for example, is
      3-oxa-16-fluoro-3-7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1. The
      formula-XLIII bicyclo-ketones necessary to produce those mono-fluoro
      compounds are advantageously prepared by reacting either of the
      above-mentioned bicyclo-aldehydes, exo or endo, with a Wittig reagent
      prepared from CH.sub.3 --(CH.sub.2)a --CO--CH.sub.2 -Br and
      triphenylphosphine. The aldehyde group is thereby transformed to
      ##EQU16##
      The resulting unsaturated ketone is reduced to the corresponding
      ##EQU17##
      compound. The --OH in that group is replaced with fluoro by known methods,
      for example, directly by reaction with
      2-chloro-1,1,2-trifluorotriethylamine or indirectly, for example, by
      transforming the hydroxy to tosyloxy or mesyloxy, and reacting the
      resulting compound with anhydrous potassium fluoride in diethylene glycol.
      Similarly, the oxa-phenylene PG-type compounds wherein G is
      ##SPC45##
PAL  having an alpha-fluoro substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1) represent preferred
      embodiments of this invention. In preparing the formula-XLIII
      bicyclo-ketone intermediates, there is used a Wittig reagent prepared from
      ##SPC46##
PAL  and triphenylphosphine. Following the steps above, the resulting
      unsaturated ketone containing the moiety
      ##SPC47##
PAL  is reduced to the corresponding secondary alcohol. The --OH in that group
      is replaced by fluoro by known methods.
PAR  Another preference mentioned above is that the 1-position of G in the
      formula XVI-to-XXXI compounds be mono- or di-substituted with alkyl of 1
      to 4 carbon atoms, particularly methyl or ethyl. In the steps of the
      synthesis shown in Charts D and E, G is then G'" --CR.sub.21 R.sub.22 --
      wherein R.sub.21 and R.sub.22 are methyl or ethyl and G'" is preferably
      alkyl of 2 to 6 carbon atoms or
      ##SPC48##
PAL  wherein k is 0, 1, 2, or 3. Thus, preparing the formula-XLIII intermediate
      olefin, a Wittig reagent is prepared from a halo compound of the general
      formula G'" --CR.sub.21 R.sub.22 --CR.sub.2 H--Hal wherein Hal is chloro
      or bromo. These compounds are known in the art or can be prepared by
      methods known in the art, including those methods described above.
PAR  For example, when G'" is CH.sub.3 CH.sub.2).sub.3 --, R.sub.2 and
      R.sub.(CH.sub. are hydrogen, and R.sub.22 is methyl, there is employed
      1-bromo(or -chloro)-2-methylhexane. If the halo compound is not available,
      the corresponding carboxylic acid is transformed to the alcohol and thence
      to the halide. Thus, 2,2-diethylvaleric acid yields
      1-bromo-2,2-diethylpentane, wherein G'" is CH.sub.3 (CH.sub.2).sub.2 --,
      R.sub.2 is hydrogen, and R.sub.21 and R.sub.22 are ethyl.
PAR  2-Ethylhexanoic acid yields 3-chloromethylheptane, wherein G'" is CH.sub.3
      (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22  is
      ethyl. 2-Ethyl-2-methylhexanoic acid yields
      3-bromo-methyl-3-methylheptane, wherein G'" is CH.sub.3 (CH.sub.2).sub.3
      --, R.sub.2 is hydrogen, R.sub.21 is methyl, and R.sub.22 is ethyl.
      2-Phenylpropionic acid yields 1-bromo-2-phenylpropane, wherein G'" is
      phenyl, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22 is methyl.
      2-Methyl-2-phenylbutyric acid yields 1-bromo-2-methyl-2-phenylbutane,
      wherein G'" is phenyl, R.sub.2 is hydrogen, R.sub.21 is methyl, and
      R.sub.22 is ethyl. 2-Methyl-4-(2,4,5-trimethoxyphenyl)butyric acid yields
      1-chloro-2-methyl-4-(2,4,5-trimethoxyphenyl)butane, wherein G'" is
      (2,4,5-trimethoxyphenyl)ethyl, R.sub.2 and R.sub.21 are hydrogen, and
      R.sub.22 is methyl.
PAR  Mono-alkyl substituted alkanoic acids useful for preparing the above halo
      intermediates are prepared by alkylation of an .alpha.-keto acid, G'"
      --CO--COOH, e.g.
      ##SPC49##
PAL  (prepared via the acid chloride and thence the nitrile) by means of a
      Grignard reagent, R.sub.22 MgHal for example.
PAR  The transformation of bicyclo-ketone-olefin XLIII to glycol LI is carried
      out by reacting olefin XLIII with a hydroxylation reagent. Hydroxylation
      reagents and procedures for this purpose are known in the art. See, for
      example, Gunstone, Advances in Organic Chemistry, Vol. I, pp. 103-147,
      Interscience Publishers, New York, N.Y. (1960). Especially useful
      hydroxylation reagents for this purpose are osmium tetroxide and performic
      acid (formic acid plus hydrogen peroxide). Various isomeric glycols are
      obtained depending on such factors as whether olefin XLIII is cis or trans
      and endo or exo, and whether a cis or a trans hydroxylation reagent is
      used. These various glycol mixtures can be separated into individual
      isomers by silica gel chromatography. However, this separation is usually
      not necessary, since all isomers of particularly glycol are equally useful
      as intermediates according to this invention and the processes outlined in
      Chart D to produce final products of formulas XL and XLI, and then,
      according to Chart A, B, and C to produce the other final products of this
      invention.
PAR  The transformation of glycol LI to the cyclic ketal of formula XXXVI (Chart
      D) is carried out by reacting said glycol with a dialkyl ketone of the
      formula
      ##EQU18##
      wherein R.sub.11 and R.sub.12 are alkyl of 1 to 4 carbon atoms, inclusive,
      in the presence of an acid catalyst, for example potassium bisulfate or
      70% aqueous perchloric acid. A large excess of the ketone and the absence
      of water is desirable for this reaction. Examples of suitable dialkyl
      ketones are acetone, methyl ethyl ketone, diethyl ketone, methyl propyl
      ketone, and the like. Acetone is preferred as a reactant in this process.
PAR  Referring again to Chart D, cyclic ketal XXXVI is transformed to cyclic
      ketal XXXVII by alkylating with an alkylation agent of the formula
      ##EQU19##
      wherein R.sub.10, R.sub.26, and J' are as defined above, and Hal is
      chlorine, bromine, or iodine. Similarly, referring to Chart E, olefin
      XLIII is transformed to olefin XLIV by alkylating with an alkylation agent
      of the formula
      ##EQU20##
      wherein R.sub.10, R.sub.26, Z', and Hal are as defined above.
PAR  Any of the alkylation procedures known in the art to be useful for
      alkylating cyclic ketones with alkyl halides and haloalkanoic esters are
      used for the transformations of XXXVI to XXXVII and of XLIII to XLIV. See,
      for example, the above-mentioned Belgian Pat. No. 702,477 for procedures
      useful here and used there to carry out similar alkylations, e.g.,
      employing the bicyclo enamines.
PAR  For these alkylations, it is preferred that Hal be bromo or iodo. Any of
      the usual alkylation bases, e.g., alkali metal alkoxides, alkali metal
      amides, and alkali metal hydrides, are useful for this alkylation. Alkali
      metal alkoxides are preferred, especially tert-alkoxides. Sodium and
      potassium are preferred alkali metals. Especially preferred is potassium
      tert-butoxide. Preferred diluents for this alkylation are tertrahydrofuran
      and 1,2-dimethoxyethane. Otherwise, procedures for producing and isolating
      the desired formula-XXXVII and -XLIV compounds are within the skill of the
      art.
PAR  These alkylation procedures produce mixtures of alpha and beta alkylation
      products, i.e. a mixture of formula-XXXVII products wherein part has the
      --CHR.sub.26 --J'--COOR.sub.10 moiety attached in alpha configuration, and
      wherein part has that moiety attached in beta configuration, or a mixture
      of the formula-XLIV products with the --CHR.sub.26 --Z'--COOR.sub.10
      moiety in both alpha and beta configurations. When about one equivalent of
      base per equivalent of formula-XXXVI or -XLIII ketone is used, the alpha
      configuration usually predominates. Use of an excess of base and longer
      reaction times usually result in production of larger amounts of beta
      products. These alpha-beta isomer mixtures are separated at this stage or
      at any subsequent stage in the multi-step processes shown in Charts D and
      E. Silica gel chromatography is preferred for this separation.
PAR  The necessary alkylating agents for the above-described alkylations, e.g.
      compounds of the formulas
      ##EQU21##
      are prepared by methods known in the art. There are four groups of
      compounds encompassed by these two genera of alkylating agents.
PAR  Alkylating agents of the formula
      ##EQU22##
      include compounds of the formulas:
      ##SPC50##
PAR  Alkylating agents of the formula
      ##EQU23##
      include the above-listed compounds of formuls LIII and LIV, and also
      compounds of the following formulas
      ##SPC51##
PAR  These alkylating agents of formulas LIII to LVI are accessible to those of
      ordinary skill in the art. In one route, the
      ##EQU24##
      compounds are obtained from aldehyde or ketone reactants by a series of
      transformations as follows:
      ##EQU25##
      For example, methyl m-formylphenoxyacetate on reduction with sodium
      borohydride yields methyl m-(hydroxymethyl)-phenoxyacetate, which in turn
      is transformed to the formula-LIX compound, methyl
      m-(chloromethyl)phenoxyacetate, with thionyl chloride.
PAR  Those formula-LVII or formula-LVIII reactants which are not commercially
      available are advantageously prepared by adaptation of the Williamson
      ether syntheses, e.g. employing a hydroxy reactant and a halo-substituted
      acid or ester. Thus, the reaction
      ##SPC52##
PAL  wherein Hal is chloro, bromo, or iodo, preferably iodo, proceeds in the
      presence of strong base, for example sodium hydride when R.sub.1 is a
      carbon-containing group, and lithium diisopropyl amide when R.sub.1 is
      hydrogen. Within definitions of C.sub.g H.sub.2g, C.sub.p H.sub.2p, and
      C.sub.q H.sub.2q, suitable reactants are readily available or are prepared
      by methods known to those skilled in the art.
PAR  Thus, when R.sub.26 is hydrogen, and considering the variations of C.sub.g
      H.sub.2g and C.sub.p H.sub.2p, the aldehyde reactants include (o, m, or
      p)-hydroxybenzaldehyde, (o, m, or p-hydroxyphenyl)acetaldehyde, (o or
      p)-hydroxyhydrocinnamaldehyde, 4-(o or p-hydroxyphenyl)butyraldehyde,
      o-(2-hydroxyethyl)benzaldehyde, and the like. Other aldehyde reactants are
      also accessible by methods known to those skilled in the art. For example,
      (o, m, or p-hydroxyethyl)benzaldehydes are obtained from (o, m, or
      p)-bromostyrene by the series of reactions:
      ##SPC53##
PAL  The reaction with ethylene oxide is carried out on a Grignard reagent
      prepared from the bromostyrene and magnesium. Substituted ethylene oxides
      are used to obtain substituted C.sub.p H.sub.2p chains, e.g. propylene
      oxide, 1,2-epoxy-2-methylpropane, 1,2-epoxybutane,
      1,2-epoxy-2,3-dimethylbutane, and the like. Instead of using ozone to form
      the aldehyde, hydroxylation and oxidation with osmium tetroxide and
      periodic acid are optional (see J. Org. Chem. 21, 478, 1956).
PAR  Compounds with C.sub.g H.sub.2g chains are obtained by replacing
      ##SPC54##
PAL  e.g. 1-allyl-4-bromobenzene 1-allyl-2-chlorobenzene, 4-(o, m, or
      p-chlorophenyl)-1-butene, and the like. Compounds with C.sub.p H.sub.2p
      chains are obtained by replacing ethylene oxide with suitable alkylating
      agents, e.g. trimethylene oxide, 1,3-epoxybutane, 1,3-epoxy-3-methylbutane
      and the like, or suitable reactions steps.
PAR  Other variations of the above reactions and reactants will be apparent to
      those skilled in the art. Thus, an alkene-substituted phenol is condensed
      with a halo-substituted acid or ester and thereafter transformed as an
      aldehyde to the halo alkylating agent within the scope of formula LIX by
      the following steps:
      ##SPC55##
PAR  Available for this series of reactions are (o, m, or p)-vinylphenol,
      p-allylphenol, 4-(o, m, or p-hydroxyphenyl)-1-butene, and the like.
PAR  Alternatively, a haloalkylphenol is condensed with a halo-substituted acid
      or ester by the reaction:
      ##SPC56##
PAL  Available are p-(2-bromoethyl)phenol, p-(3-bromobutyl)-phenol, and the
      like.
PAR  Considering the halo-substituted acid or ester reactants in the above ether
      syntheses and the variations of C.sub.q H.sub.2q, there are a wide variety
      of reactants available, which will lead to the desired formula-LIX
      alkylating agent. For example:
      ##EQU26##
      wherein R.sub.23 is hydrogen or alkyl of 1 to 5 carbon atoms, inclusive;
      Br--(CH.sub.2).sub.2 --COOH, Br--C(CH.sub.3).sub.2 --COOH, Br--C(C.sub.2
      H.sub.5).sub.2 --COOH, BrC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      Br--CH(CH.sub.3)--CH.sub.2 --COOH, Br--(CH.sub.2).sub.3)--COOCH.sub.3,
      Cl--CH(C.sub.2 H.sub.5)--CH.sub.2 --COOCH.sub.3, Cl--CH(n--C.sub.3
      H.sub.7)--CH.sub.2 --COOCH.sub.3, Br--CH(CH.sub.3)--(CH.sub.2).sub.2
      --COOC.sub.2 H.sub.5, Br--CH(CH.sub.3)--CH.sub.2
      --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Br--CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Br--C(CH.sub.3).sub.2 --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Cl--CH(n--C.sub.4 H.sub.9)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Cl--C(CH.sub.3).sub.2 --CH.sub.2 --COOC.sub.2 H.sub.5, Br--CH(n--C.sub.2
      H.sub.7)--(CH.sub.2).sub.2 --COOH, and Cl--CH(C.sub.2 H.sub.5)--(CH.sub.
      2).sub.2 --COOH are available. The preferred iodo reactants are obtained
      by methods known to those skilled in the art.
PAR  When C.sub.q H.sub.2q has two alkyl groups attached to the .omega. or
      .omega.-1 carbon atom of the halo-substituted acid or ester reactants, it
      is preferred that halo be replaced with mesyloxy or tosyloxy prior to the
      ether synthesis, and that relative mild bases and reaction conditions be
      used, for example, potassium tert-butoxide in dimethyl sulfoxide.
PAR  In another route to the formula-LIX alkylating agents, the Williamson ether
      synthesis employs hydroxy-esters or acids of the formula HO--C.sub.q
      H.sub.2q --COOR.sub.1 for condensation with halo-substituted reactants as
      follows:
      ##SPC57##
PAR  For example, .alpha.,.alpha.'-dibromo-o-xylene is contacted with ethyl
      glycolate in the presence of sodium hydride to yield ethyl
      O-(bromomethyl)-benzyloxyacetate.
PAR  Typical halo reactants which are useful for this reaction are
      .alpha.-bromo-(o, m, or p)-chlorotoluene, 1-bromo-(2 or
      3)-(2-bromoethyl)benzene, 1-(3-bromopropyl)-(1 or 2)-chlorobenzene, and
      1-(4-bromobutyl)-1-chlorobenzene.
PAR  When C.sub.p H.sub.2p has two alkyl groups attached to the carbon atom to
      which Hal is attached, it is preferred that this Hal be replaced with
      mesyloxy or tosyloxy prior to the ether synthesis and that relatively mild
      bases and reaction conditions be used.
PAR  Considering the hydroxy acid or ester reactants, there are available a wide
      range of suitable compounds within the scope of HO--C.sub.q H.sub.2q
      --COOR.sub.1 which will lead to the desired formula-LIX alkylating agent.
      For example: HOCH(CH.sub.3)--COOCH.sub.3, HOC(CH.sub.3).sub.2 --COOH,
      HOCH(C.sub.2 H.sub.5)--COOH, HOC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      HO(CH.sub.2).sub.2 --COOC.sub.2 H.sub.5, HOCH(CH.sub.3)--CH.sub.2 --COOH,
      HOCH(n--C.sub.3 H.sub.7)--COOH, HOC(n--C.sub.3 H.sub.7)(CH.sub.3)--COOH,
      HOCH(C.sub.2 H.sub.5)--CH.sub.2 --COOH, HOCH(CH.sub.3)--(CH.sub.2).sub.2
      --COOH, HOCH(n-C.sub.4 H.sub.9)--COOH, HOC(n--C.sub.4
      H.sub.9)(CH.sub.3)--COOH, HOCH(n--C.sub.3 H.sub.7)--CH.sub.2
      --COOCH.sub.3, HOCH(C.sub.2 H.sub.5)--(CH.sub.2).sub.2 --COOH,
      HOCH(n--C.sub.5 H.sub.11)--COOH, HOCH(n--C.sub.4 H.sub.9)--CH.sub.2
      --COOH, HOCH(n--C.sub.3 H.sub.7)--(CH.sub.2).sub.2 --COOH are available.
PAR  When a formula-LIX alkylating agent is desired in which there are two alkyl
      substituents on both carbon atoms attached to the oxa --O--, it is
      preferred that, if the halo-acid route be used, the halo atom on the acid
      be chloro and that freshly precipitated wet magnesium hydroxide in an
      inert solvent suspension be used as the base; and if the hydroxy-acid
      route be used, the --C.sub.p H.sub.2p --Hal group is preferrably --C.sub.p
      H.sub.2p --Cl. If the hydroxy-acid route is used with --C.sub.p H.sub.2p
      --I, silver oxide is used as the base.
PAR  The alkylating agents of formulas LIII to LVI are esters. Any of the above
      acid forms are readily converted to esters. Variations in R.sub.10 within
      the definition of R.sub.10 herein, are readily made by methods known in
      the art. The ester moiety is chosen according to the desired type of final
      oxa-phenylene PG-type product.
PAR  Formula-LVII aldehyde reactants which lead to the formula LIX alkylating
      agents are also obtained by reaction of halo-substituted aldehydes with
      hydroxy acids or ester reactants. Thus, there are employed
      o-(bromoethyl)benzaldehyde, p-chlorohydratropaldehyde, and the like.
PAR  When R.sub.26 is alkyl, the formula-LIX
      ##EQU27##
      alkylating agents are prepared from the corresponding reactants wherein
      R.sub.26 is methyl, ethyl, propyl, or butyl, or their isomers. For example
      m-bromo-.alpha.-methylstyrene reacts as follows:
      ##SPC58##
PAL  Typical halo-substituted ketones available for this purpose include (2',
      3', or 4')-(bromo, chloro, or iodo)-acetophenone, (3' or
      4')-bromopropiophenone, (3' or 4')-chlorobutyrophenone, and 4'-(bromo or
      chloro)-valerophenone. Other reactants leading to the R.sub.26
      (alkyl)-substituted formula-LIX alkylating agents are accessible to those
      skilled in the art.
PAR  Although the above methods are generally useful for preparing alkylating
      agents within the scope of formulas
      ##EQU28##
      above, there are preferred methods for preparing the formula-LIV compounds
      containing --C.tbd.C--C.sub.j H.sub.2j -- moiety.
PAR  Considering compounds of the formula
      ##SPC59##
PAL  there is employed as starting material (o, m, or p-)vinylanisole in the
      following series of transformations:
      ##SPC60##
PAL  Herein, THP represents tetrahydropyranyl and R.sub.28 represents
      ##SPC61##
PAL  The reagents and conditions for bringing about these transformations are
      known to those skilled in the art. Thus, in step a, reacting first with
      bromine and then with sodium amide in liquid ammonia yields the acetylenic
      derivative (see J. Am. Chem. Soc. 56, 2064, 1934). Step b utilizes boron
      tribromide for example. Step c proceeds either with ethylene chlorohydrin
      and a strong base, e.g., NaOH or KOH, followed by dihydropyran in the
      presence of an acid catalyst, or with the tetrahydropyranyl ether of the
      chlorohydrin and a strong base. Step d utilizes R.sub.26 COCl in the
      presence of a strong base, e.g., sodium amide, phenyllithium, or sodium
      triphenylmethane. Alternatively, if R.sub.26 is desirably hydrogen,
      paraformaldehyde is employed (see J. Am. Chem. Soc. 92, 6314 (1970). The
      reaction in step e is done with a metal hydride, e.g., sodium borohydride.
      In step f thionyl chloride yields the formula-LX chloro compounds.
      Finally, in step g the THP moiety is selectively removed by mild
      hydrolysis in acid medium and the terminal --CH.sub.2 OH moiety is
      oxidized to --COOH, e.g. with the Jones reagent. The alkylating agent is
      converted by known means to an ester, as defined by R.sub.10, to yield the
      desired compounds.
PAR  Considering the compounds of the formula
      ##SPC62##
PAL  the above series of transformations are used, except that in c ClCH.sub.2
      CH.sub.2 OH is replaced by Cl--C.sub.q H.sub.2q --CH.sub.2 OH. There are
      obtained in step f compounds of the formula
      ##SPC63##
PAL  wherein C.sub.q H.sub.2q, Hal, R.sub.26 and THP are as defined above.
      Thereafter these formula-LXI compounds are transformed as in step g above
      to the desired compounds.
PAR  Considering the compounds of the formula
      ##SPC64##
PAL  there are employed as starting materials the ar-halostyrenes. These are
      transformed by the following steps:
      ##SPC65##
PAR  Thereafter, these formula-LXII compounds are transformed as in step g above
      to the desired compounds. In step a, the halo compounds are converted to a
      Grignard reagent with magnesium and thence reacted with ethylene oxide. In
      step b, the hydroxy group is converted to --OTHP with dihydropyran, the
      acetylenic moiety is formed as in step a leading to the formula-LX
      compounds above, and the THP moiety removed by mild acid hydrolysis. In
      step c, the chain is extended by reaction with Hal--CH.sub.2 CH.sub.2 OH,
      preferably the bromo or iodo derivatives, in the presence of strong base,
      e.g., phenyl lithium, sodium triphenylmethane, or sodium hydride.
      Thereafter, in step d the transformations follow the general scheme of
      steps d-f leading to the formula-LX compound to yield the formula-LXII
      compounds. Transformation as in step g above yields the desired compounds.
PAR  Considering the compounds of the formula
      ##SPC66##
PAL  the series of transformations in the paragraph immediately preceeding are
      used, except that in step c Hal--CH.sub.2 CH.sub.2 OH is replaced by
      Hal--C.sub.q H.sub.2q --CH.sub.2 OH. There are obtained in step d
      compounds of the formula
      ##SPC67##
PAL  These formula-LXIII compounds are transformed as in step g above to the
      desired esters.
PAR  Considering the compounds of the formula
      ##SPC68##
PAL  there are employed as starting materials anisolyl aliphatic acids, e.g.,
      anisolylacetic acid, in the following steps:
      ##SPC69##
PAL  In step a, the carboxyl group is reduced with a metal hydride, e.g. lithium
      aluminum hydride. In step b, where Ts represents the toluenesulfonyl
      ("tosyl") moiety, the reaction is carried out with toluenesulfonyl
      chloride and pyridine. In step c, the acetylenic moiety is introduced with
      lithium acetylide (see J. Am. Chem. Soc. 80, 6626, 1958) to yield the
      formula-LXIV intermediates. Subsequent steps in d to form the formula-LXV
      compounds follow from steps b-f for the formula-LX compounds above.
      Finally, the formula-LXV compounds are transformed as in step g above to
      the desired esters.
PAR  Considering the compounds of the formula
      ##SPC70##
PAL  there are employed as starting materials benzenedialiphatic acids, e.g.,
      benzenediacetic acid, in the following steps:
      ##SPC71##
PAL  In step a, the carboxyl groups are reduced with a metal hydride, e.g.
      lithium aluminum hydride. In step b, reaction with toluenesulfonyl halide
      yields the bistosyl derivative. In step c one tosyloxy group is replaced
      by reaction with HO--C.sub.q H.sub.2q --CH.sub.2 OTHP in the presence of
      sodium hydride in an inert solvent, e.g. dimethyl formamide. In step d,
      the acetylenic moiety is introduced as in forming the formula-LXIV
      compounds above. Subsequent steps in e to form the formula-LXVI compounds
      follow from steps b-f for the formula-LX compounds above. Finally, the
      formula-LXVI compounds are transformed as in step g above to the desired
      esters.
PAR  Variations in the above formula LX-to-LXVI compounds and their
      corresponding ester alkylating agents as to chain length or branching in
      the C.sub.g H.sub.2g, C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q
      H.sub.2q moieties and as to the identity of R.sub.1 or R.sub.26, within
      the scope of these terms as herein defined, are available to those skilled
      in the art making use of the principles disclosed herein.
PAR  Other modifications which are encompassed within this disclosure include
      the use of alkylating agents wherein Hal is replaced by
      hydrocarbonsulfonyl, e.g. tosyl or mesyl (methanesulfonyl) groups.
      Furthermore, the formula-LX, -LXI, -LXII, -LXIII, -LXV, and -LXVI
      compounds are alternatively employed as alkylating agents, instead of the
      corresponding esters, and the alkylated formula-XXXVI and -XLIII compounds
      subsequently converted to the desired formula-XXXVII and -XLIV compounds
      by mild hydrolysis to remove the THP moiety, oxidation to convert the
      --CH.sub.2 OH moiety to --COOH, and, optionally, esterification to the
      desired R.sub.1 identity.
PAR  The cis and trans ethylenic alkylating agents of formulas LV and LVI above
      are preferably prepared by cis or trans reduction of the corresponding
      formula-LIV acetylenic compounds prepared as above, or by cis or trans
      reduction of any earlier acetylenic intermediate in which both ends of the
      acetylenic bond are substituted, i.e., not hydrogen as in the moiety
      HC.tbd.C--. Alternatively, this cis or trans reduction is carried out on
      any subsequent acetylenic reaction product leading up to and including the
      final acetylenic alkylating agent of formula LIV.
PAR  For these cis reductions of acetylenic bonds, it is advantageous to use
      hydrogen plus a catalyst which catalyzes hydrogenation of --C.tbd.C-- only
      to cis --CH=CH--. Such catalysts and procedures are well known to the art.
      See, for example, Fieser et al., "Reagents for Organic Syntheses", pp.
      566-567; John Wiley and Sons, Inc., New York, N.Y. (1967). Palladium (5%)
      on barium sulfate, especially in the presence of pyridine as a diluent, is
      a suitable catalyst for this purpose. Alternative reagents useful to
      transform these acetylenic compounds to cis-ethylenic compounds are
      bis(3-methyl-2-butyl)borane ("disiamylborane") and diisobutyl-aluminum
      hydride.
PAR  For trans reductions of the acetylenic bond, except for those compounds
      containing halogen, it is advantageous to use sodium or lithium in liquid
      ammonia or a liquid alkylamine, e.g., ethylamine. When the moiety
      HO--CH.sub.2 --C.tbd.C-- is present in the acetylenic compound being
      reduced, the use of lithium aluminum hydride gives trans reduction of the
      triple bond. Procedures for these trans reductions are known in the art.
      See, for example, Fieser et al., above cited, pp. 577, 592-594, and 603,
      and J. Am. Chem. Soc. 85, 622 (1963).
PAR  The alkylating agents of the formulas
      ##SPC72##
      are available by methods known to those skilled in the art.
PAR  Thus, the above-described intermediates within the scope of
      ##SPC73##
PAL  are transformed to the phosphoranes and condensed with halo-substituted
      ketones of the formula
      ##EQU29##
      wherein THP is tetrahydropyranyl, by the Wittig reaction (Organic
      Reactions, Vol. 14, p. 270, Wiley, 1965). Mixtures of the cis and trans
      isomers of formulas LXVII and LXVIII are usually obtained, which are
      separable by methods known in the art. Higher proportions of the cis
      isomers are obtained in the presence of Lewis bases; higher proportions of
      the trans isomers result by employing the phosphonate modification (D. H.
      Wadsworth et al., J. Org. Chem. 30, 680 (1965)). Thereafter, hydrogen on
      the terminal carboxyl group is replaced with R.sub.10, THP is replaced
      with hydrogen, and the terminal hydroxyl group replaced with Hal, for
      example with PBr.sub.3 or PCl.sub.3.
PAR  Alternatively, an intermediate of the formula
      ##SPC74##
PAL  is condensed by the Wittig reaction with a phosphorane or phosphonate
      derived from
      ##EQU30##
      Subsequently, the terminal hydroxy group is replaced with Hal by suitable
      reagents, for example PBr.sub.3 or PCl.sub.3.
PAR  Concerning the alkylation of the cyclopentane ring, another useful
      alkylation procedure utilizes an intermediate enamine. That enamine is
      prepared by mixing either the formula-XXXVI ketal or the formula-XLIII
      olefin ketone with a secondary amine of the formula
      ##EQU31##
      wherein R.sub.24 and R.sub.25 are alkyl or alkylene linke together through
      carbon or oxygen to form together with a nitrogen a 5 to 7-numbered
      heterocyclic ring. Examples of suitable amines are diethylamine,
      dipropylamine, dibutylamine, dihexylamine, dioctylamine,
      dicyclohexylamine, methylcyclohexylamine, pyrrolidine,
      2-methylpyrrolidine, piperidine, 4-methylpiperidine, morpholine,
      hexamethylenimine, and the like.
PAR  The enamine is prepared by heating a mixture of the formula-XXXVI ketal or
      the formula-XLIII olefin ketone with an excess of the amine preferably in
      the presence of a strong acid catalyst such as an organic sulfonic acid,
      e.g., p-toluenesulfonic acid, or an inorganic acid, e.g., sulfuric acid.
      It is also advantageous to carry out this reaction in the presence of a
      water-immiscible diluent, e.g., benzene or toluene, and to remove water by
      azeotropic distillation as it is formed during the reaction. Then, after
      water formation ceases, the enamine is isolated by conventional methods.
PAR  The enamine is then reacted with a haloester,
      ##EQU32##
      to give the desired formula-XXXVII or -XLIV product. This reaction of the
      enamine is carried out by the usual procedures. See "Advances in Organic
      Chemistry," Interscience Publishers, New York, N.Y., Vol. 4, pp. 25-47
      (1963) and references cited therein. In addition to halogen, R.sub.29 in
      ##EQU33##
      can also be tosylate, mesylate, and the like. It is especially preferred
      that R.sub.29 be bromine or iodine. Dimethylsulfoxide is especially useful
      as a diluent in the reaction of the enamine with the haloester.
PAR  Referring again to Chart D, after alkylation as discussed above, cyclic
      ketal XXXVII is transformed to glycol XXXVIII by reacting the cyclic ketal
      with an acid with pK less than 5. Suitable acids and procedures for
      hydrolyzing cyclic ketals to glycols are known in the art. Suitable acids
      are formic acid, hydrochloric acid, and boric acid. Especially preferred
      as diluents for this reaction are tetrahydrofuran and
      .beta.-methoxyethanol.
PAR  Referring again to Chart E, after alkylation as discussed above, olefin
      XLIV is hydroxylated to glycol XLV. As discussed above, the divalent
      moiety --Z'-- includes the moieties
      ##SPC75##
PAL  wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j, and C.sub.q H.sub.2q are as
      defined above. When Z' is
      ##SPC76##
PAL  this hydroxylation of XLIV is carried out as described above for the
      hydroxylation of olefin XLIII to glycol LI, i.e., with any of the known
      reagents and procedures described in Gunstone, above cited. When Z' is
      ##SPC77##
PAL  some of the reagents and procedures described by Gunstone tend to attack
      the acetylenic linkage as well as the ethylenic linkage of the
      formula-XLIV olefin. Therefore it is preferred to use a hydroxylation
      reagent and procedure which attacks the ethylenic linkage preferentially.
      For this, it is preferred to carry out hydroxylation of these acetylenic
      formula-XLIV olefins with organic peracids, e.g., performic acid,
      peracetic acid, perbenzoic acid, and m-chloro-perbenzoic acid, as
      described by Gunstone, above cited, pp. 124-130.
PAR  As discussed above regarding the hydroxylation of unalkylated olefin XLIII
      to unalkylated glycol LI, various isomeric glycols are obtained by
      hydroxylation of the formula-XLIV alkylated olefin. The particular
      formula-XLV glycol or glycol mixture obtained depends on such factors as
      whether the olefin XLIV is cis or trans and endo or exo, and whether a cis
      or trans hydroxylation takes place. However, all of the isomeric
      formula-XLIV glycols and the various glycol mixtures are equally useful as
      intermediates according to this invention and the processes of Chart E to
      produce final products of formulas XLVII and XLVIII, and then according to
      Charts A, B, and C, to produce the other final products of this invention.
      Therefore, it is usually not necessary to separate individual formula-XLV
      glycol isomers before proceeding further in the synthesis, although that
      separation can be accomplished by silica gel chromatography.
PAR  It is preferred that glycols XXXVIII and XLV of Charts D and E,
      respectively, be free of phenolic hydroxyl substituents before the
      alkanesulfonation step. If any of the intermediate formula-XXXVIII or
      formual XLV compounds have phenolic hydroxyls, these hydroxyls are readily
      converted to tetrahydropyranyloxy (OTHP) by reaction with dihydropyran,
      e.g. in the presence of a catalytic amount of POCl.sub.3. The --OTHP group
      is subsequently replaced by OH under mildly acidic conditions.
PAR  Referring again to Charts D and E, bis(alkanesulfonic acid) esters XXXIX
      and XLVI are prepared by reacting glycols XXXVIII and XLV, respectively,
      with an alkanesulfonyl chloride or bromide, or with an alkanesulfonic acid
      anhydride, the alkyl in each containing 1 to 5 carbon atoms, inclusive.
      Alkanesulfonic chlorides are preferred for this reaction. The reaction is
      carried out in the presence of a base to neutralize the byproduct acid.
      Especially suitable bases are tertiary amines, e.g., dimethylaniline or
      pyridine. It is usually sufficient merely to mix the two reactants and the
      base, and maintain the mixture in the range 0.degree. to 25.degree. C. for
      several hours. The formula-XXXIX and XLVI bis(sulfonic acid) esters are
      then isolated by procedures known to the art.
PAR  Referring now to Chart D, bis(sulfonic acid) esters XXXIX are transformed
      either to oxa-phenylene PGE-type compounds XL, or to oxa-phenylene
      PGA-type compoupnds XLI. Referring to Chart E, bis(sulfonic acid) esters
      XLVI are transformed either to oxa-phenylene PGE-type compounds XLVII, or
      to oxa-phenylene PGA-type compounds XLVIII.
PAR  The transformations of XXXIX and XLVI to the PGE-type compounds XL and
      XLVII, respectively, are carried out by reacting bis-esters XXXIX and LXVI
      with water in the range about 0.degree. to about 60.degree.C. In making
      the oxa-phenylene PGE.sub.1 compounds, 25.degree. C. is a suitable
      reaction temperature, the reaction then proceeding to completion in about
      5 to 20 hours. It is advantageous to have a homogenous reaction mixture.
      This is accomplished by adding sufficient of a water-soluble organic
      diluent which does not enter into the reaction. Acetone is a suitable
      diluent. The desired product is isolated by evaporation of excess water
      and diluent if one is used. The residue contains a mixture of formula-XL
      or formula-XLVII C-15 epimers which differ in the configuration of the
      side chain hydroxy, that being either "natural" or "epi", i.e. .alpha. or
      .beta.. These are separated from by-products and from each other by silica
      gel chromatography. A usual by-product is the mono-sulfonic acid ester of
      formula XLII (Chart D) or formula XLIX (Chart E). These mono-sulfonic acid
      esters are esterified to the formula-XXXIX or -XLVI bis(sulfonic acid)
      esters, respectively, in the same manner described above for the
      transformation of glycol XXXVIII or XLV to bis-ester XXXIX or XLVI and
      thus are recycled back to additional formula-XL or -XLVII final product.
PAR  The transformations of XXXIX and XLVI to the PGA type compounds XLI and
      XLVIII, respectively, are carried out by heating bis-esters XXXIX and XLVI
      in the range 40.degree. to 100.degree. C. with a combination of water, a
      base characterized by its water solution having a pH 8 to 12, and
      sufficient inert water-soluble organic diluent to form a basic and
      substantially homogenous reaction mixture. A reaction time of one to 10
      hours is usually used. Preferred bases are the water-soluble salts of
      carbonic acid, especially alkali metal bicarbonates, e.g., sodium
      bicarbonate. A suitable diluent is acetone. The products are isolated and
      separated as described above for the transformation of bis-esters XXXIX
      and XLVI to PGE-type products XL and XLVII. The same mono-sulfonic acid
      esters XLII and XLIX observed as by-products in those transformations are
      also observed during preparation of PGA-type products XLI and XLVIII.
PAR  For the transformations of bis(sulfonic acid) esters XXXIX and XLVI to
      final products XL, XLI, XLVII, and XLVIII, it is preferred to use the
      bis-mesyl esters, i.e., compounds XXXIX and XLVI wherein R.sub.13 is
      methyl.
PAR  Referring again to Charts D and E, the configuration of the
      ##EQU34##
      moiety in the formula-XXXIX bis-esters or the configuration of the
      ##EQU35##
      moiety in the formula-XLVI bis-esters does not change during these
      transformations of XXXIX to XL, XLI, and XLII, and of XLVI to XLVII,
      XLVIII, and XLIX. Therefore, when in formula XXXIX for example, J' is
      ##SPC78##
PAL  G' is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9 and R.sub.26 are
      hydrogen, natural- and epi-configuration
      3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL) are obtained when
      ##EQU36##
      is attached initially (XXXIX) in alpha configuration, and natural- and
      epi-configuration 8-iso-3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL)
      are obtained when that moiety is attached in beta configuration.
      Similarly, when in formula XXXIX, J' is
      ##SPC79##
PAL  G' is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9, and R.sub.26 are
      hydrogen, natural- and epi-configuration
      5,6-dehydro-3-oxa-4,5-inter-p-phenylene-PGE.sub.2 esters are obtained when
      ##EQU37##
      is attached initially in alpha configuration, and the corresponding 8-iso
      compounds are obtained when that moiety is attached in beta configuration.
      The same retention of
      ##EQU38##
      configuration occurs when formula-XLI and XLII compounds are produced, and
      a similar retention of
      ##EQU39##
      configuration occurs when formula-XLVII, XLVIII, and XLIX compounds are
      produced from formula-XLVI bis-esters
PAR  The PGE.sub.3 -type oxa-phenylene compounds encompassed by formula XXXII
      are prepared by the transformations shown in Chart F, wherein C.sub.n
      H.sub.2n, M', Q, R.sub.2, R.sub.5, R.sub.9, R.sub.10 R.sub.13, THP, and
      .about. are as defined above.
      ##SPC80##
PAR  Starting material L, previously discussed, is converted to the formula-LXIX
      compound by several steps known in the art, employing first a Wittig
      reaction of a phosphonium salt of a haloalkyne of the formula
      BR--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5 wherein C.sub.n
      H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See, for example, U.
      Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Compound LXIX is then alkylated with an alkylation agent of the formula
      Hal--CH.sub.2 --C.tbd.C--M'--COOR.sub.10 wherein M', R.sub.10, and Hal are
      as defined above, i.e. M' is
      ##SPC81##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above, R.sub.10 is the same as the definition of R.sub.1 except
      that R.sub.10 does not include hydrogen, and Hal is chloro, bromo, or
      iodo. These alkylating agents have been discussed above in connection with
      Charts D and E and the procedures for alkylation are similar to those
      employed in preparing the acetylenic compounds above. See also Axen et
      al., referenses cited.
PAR  Accordingly, for the preparation of
      3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 compounds of formula XXXII
      wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds, there is
      used an alkylating agent of the formula
      ##SPC82##
PAL  prepared, for example, from compound LX as discussed above.
PAR  Referring again to Chart F, after alkylation, compound LXX is hydroxylated
      to glycol LXXI. Hydroxylation reagents and procedures for this purpose are
      known in the art. See also Axen et al., references cited.
PAR  Bis(alkanesulfonic acid) esters LXXII are prepared by reacting glycol LXXI
      with an alkanesulfonyl chloride or bromide, for example methanesulfonyl
      chloride in the presence of a tertiary amine, by methods known in the art.
PAR  Referring again to Chart F, bis(sulfonic acid) esters LXXII are transformed
      to oxa-phenylene bisdehydro PGE.sub.3 -type compounds LXXIII by reaction
      with water in the range about 0.degree. to about 60.degree. C., preferably
      in an acetone-water mixture, as known in the art and discussed
      hereinabove. See also Axen, references cited.
PAR  Transformation of LXXIII to the PGE.sub.3 -type compounds LXXIV is
      accomplished by hydrogenation of LXXIII using a catalyst which catalyzes
      hydrogenation of --C.tbd.C-- only to cis--CH=CH--, as known in the art and
      discussed hereinabove. Preferred is Lindlar catalyst in the presence of
      quinoline, see Axen, references cited.
PAR  The product is a mixture of formula-LXXIV C-15 epimers which are separated
      from by-products and from each other by silica gel chromatography.
PAR  The transformations of the formula-LXXIV PGE.sub.3 -type products to the
      corresponding PGF.sub.3, PGA.sub.3, and PGB.sub.3 products are carried out
      by the steps shown in Chart A, discussed hereinabove.
PAR  The formula-LX and XLVII oxa-phenylene PGE-type compounds and the
      formula-XLI and XLVIII oxa-phenylene PGA-type compounds shown in Charts D
      and E and the formula-LXXIV oxa-phenylene PGE.sub.3 -type compounds shown
      in Chart F are all R.sub.10 carboxylic acid esters, wherein R.sub.10 is as
      defined above. Moreover when those PGE-type and PGA-type R.sub.10 esters
      are used to prepare the other oxa-phenylene prostaglandin-like compounds
      according to Charts A, B, and C, corresponding R.sub.10 esters are likely
      to be produced, especially in the case of the oxa-phenylene PGF-type
      compounds. For some of the uses described above, it is preferred that the
      novel formula XVI-to-XXXV oxa-phenylene prostaglandin-like compounds of
      this invention be in free acid form, or in salt form which requires the
      free acid as a starting material. Likewise, when a formula XVI-to-XXXV
      oxa-phenylene prostaglandin-like compound is available as an ester, say
      the methyl ester, and another ester is desired, it is usually necessary to
      convert the available ester to the free acid form and from it prepare the
      desired ester. Esters are prepared by methods known in the art or
      described herein, for example by reaction with diazohydrocarbons.
PAR  The PGF-type esters of formulas XX-XXIII and XXXIII and the PGB-type
      compounds of formulas XXVIII-XXXI and XXXV are easily hydrolyzed or
      saponified to the free acids by the usual known procedures, especially
      when R.sub.1 (R.sub.10) is alkyl of 1 to 4 carbons, inclusive, preferably
      methyl or ethyl.
PAR  On the other hand, the PGE type esters of formulas XVI-XIX and XXXII and
      the PGA type esters of formulas XXIV-XXVII and XXXIV are difficult to
      hydrolyze or saponify without causing unwanted structural changes in the
      desired acids. There are two other procedures to make the free acid forms
      of these PGE- and PGA-type compounds.
PAR  One of those procedures is applicable mainly in preparing the free acids by
      subjecting their alkyl esters to the acylase enzyme system of a
      microorganism species of Subphylum 2 of Phylum III, and thereafter
      isolating the acid. See West Germany Offenlegungsschrift No. 1,937,678;
      Derwent Farmdoc No. 6863R. This enzymatic hydrolysis is also applicable to
      the above PGF- and PGB-type alkyl esters. Another method using an esterase
      enzyme composition from P. homomalla is described in U.S. Pat. No.
      3,761,356.
PAR  Another procedure for making the free acids of the above PGE- and PGA-type
      compounds involves treatment of certain haloethyl esters of those acids
      with zinc metal and an alkanoic acid of 2 to 6 carbon atoms, preferably
      acetic acid. Those haloethyl esters are the esters wherein R.sub.10 is
      ethyl substituted in the .beta.-position with 3 chloro, 2 or 3 bromo, or
      one, 2, or 3 iodo. Of those haloethyl moieties,
      .beta.,.beta.,.beta.-trichloroethyl is preferred. Zinc dust is preferred
      as the physical form of the zinc. Mixing the haloethyl ester with the zinc
      dust at about 25.degree. C. for several hours usually causes substantially
      complete replacement of the haloethyl moiety of the formula XVI-XIX,
      XXXII, XXIV-XXVII, and XXXIV ester with hydrogen. The free acid is then
      isolated from the reaction mixture by procedures known to the art. This
      procedure is also applicable to the production of PGF- and PGB-type free
      acids.
PAR  Formula-XXXVII cyclic ketals and formula XLIV olefins wherein R.sub.10 is
      haloethyl as above defined are necessary as intermediates for this route
      to the final PGE, PGF, PGA, and PGB type free acids. These formula-XXXVII
      and -XLIV haloethyl ester intermediates can be prepared by alkylation of
      cyclic ketal XXXVI (Chart D) or olefin XLIII (Chart E), respectively, with
      the appropriate formula LIII-to-LVI or LXVII-LXVIII alkylating agent
      wherein R.sub.10 is haloethyl as above defined. However, preferred routes
      of the formula-XXXVII and -XLIV haloethyl ester intermediates are shown in
      Charts G and H.
PAR  In Charts G and H, G, J', R.sub.2, R.sub.9, R.sub.26, R.sub.11, R.sub.12,
      Z', and .about. are as defined above. Haloethyl represents ethyl
      substituted in the .beta.-position with 3 chloro, or 2 or 3 bromo, or 1,
      2, or 3 iodo, preferably --CH.sub.2 CCl.sub.3. R.sub.15 represents alkyl
      of 1 to 4 carbon atoms, inclusive, preferably methyl or ethyl.
      ##SPC83##
      ##SPC84##
PAR  Compound LXXVI in Chart G is within the scope of compound XXXVII in Chart
      D. Compound LXXXII in Chart H is within the scope of compound XLIV in
      Chart E. These ketones LXXVI and LXXXII are reduced to corresponding
      hydroxy compounds LXXVII and LXXXIII, respectively, with a carbonyl
      reducing agent, e.g., sodium borohydride, as described above in discussion
      of Chart A. Then, hydroxy esters LXXVII and LXXXII are saponified by known
      procedures to hydroxy acids LXXVIII and LXXXIV, respectively. These two
      hydroxy acids are transformed to keto haloethyl esters LXXXI and LXXXVI,
      respectively, by oxidation of the hydroxy group to keto and esterification
      of the carboxyl group to --COO-haloethyl. As shown in Charts G and H,
      these two reactions are carried out in either order. However, it is
      preferred to oxidize first and then esterify.
PAR  Hydroxy acids LXXVIII and LXXXIV are oxidized to keto acids LXXX and
      LXXXVI, respectively, and hydroxy haloesters LXXIX and LXXXV are oxidized
      to keto haloesters LXXXI and LXXXVII, respectively, by reaction with an
      oxidizing agent which does not attack other parts of these molecules,
      especially the cyclic ketal group of compounds LXXVIII and LXXIX or
      ethylenic linkage of compounds LXXXIV and LXXXV. An especially useful
      reagent for this purpose is the Jones reagent, i.e., acidic chromic acid.
      Acetone is a suitable diluent for this purpose, and a slight excess of
      oxidant and temperatures at least as low as about 0.degree. C., preferably
      about -10.degree. to about -20.degree. C. should be used. The oxidation
      proceeds rapidly and is usually complete in about 5 to about 30 minutes.
      Excess oxidant is destroyed, for example, by addition of a lower alkanol,
      advantageously isopropyl alcohol, and the aldehyde is isolated by
      conventional methods, for example, by extraction with a suitable solvent,
      e.g., diethyl ether. Other oxidizing agents can also be used. Examples are
      mixtures of chromium trioxide and pyridine or mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide. See, for example, J. Am.
      Chem. Soc. 87, 5661 (1965).
PAR  Haloethyl esters LXXIX, LXXXI, LXXXV, and LXXXVII are prepared by reacting
      agents LXXVIII, LXXX, LXXXIV, and LXXXVI respectively, with the
      appropriate haloethanol, e.g., .beta.,.beta.,.beta.-trichloroethanol, in
      the presence of a carbodiimide, e.g., dicyclohexylcarbodiimide, and a
      base, e.g., pyridine, preferably in the presence of an inert liquid
      diluent, e.g., dichloromethane, for several hours at about 25.degree. C.
PAR  As described above, the alkylations of cyclic ketal XXXVI to XXXVII (Chart
      D) and olefin XLIII and XLIV (Chart E) usually produce mixtures of alpha
      and beta alkylation products with respect to the
      ##EQU40##
      moieites. Also as described above, those two isomers lead to different
      final products, alpha leading to the PG-type series and beta leading to
      the 8-iso-PG-type series. If a compound in one or the other of those two
      series is preferred, there are two methods for favoring production of the
      preferred final product.
PAR  One of those methods involves isomerization of the final product of
      formulas XVI to XXXV. Either the alpha isomers of a formula XVI-to-XXXV
      compound, ester or free acid, or the corresponding beta isomer is
      maintained in an inert liquid diluent in the range 0.degree. to 80.degree.
      C. and in the presence of a base characterized by its water solution
      having a pH below about 10 until a substantial amount of the isomer has
      been isomerized to the other isomer, i.e., alpha to beta or beta to alpha.
      Preferred bases for this purpose are the alkali metal salts of carboxylic
      acids, especially alkanoic acids of 2 to 4 carbon atoms, e.g., sodium
      acetate. Examples of useful inert liquid diluents are alkanols of one to 4
      carbon atoms, e.g., ethanol. This reaction at about 25.degree. takes about
      one to about 20 days. Apparently an equilibrium is established. The
      mixtures of the two isomers, alpha and beta, are separated from the
      reaction mixture by known procedures, and then the two isomers are
      separated from each other by known procedures, for example,
      chromatography, recrystallization, or a combination of those. The less
      preferred isomer is then subjected to the same isomerization to produce
      more of the preferred isomer. In this manner by repeated isomerizations
      and separations, substantially all of the less preferred isomer of the
      formula XVI-to-XXXV compound is transformed to more preferred isomer.
PAR  The second method for favoring production of a preferred formula
      XVI-to-XXXV isomer involves any one of the keto intermediates of formulas
      XXXVII, XXXVIII, XLIV, XLV, LXX, or LXXI (Charts D, E, and F). Either the
      alpha form or the beta form of one of those intermediates is transformed
      to a mixture of both isomers by maintaining one or the other isomer, alpha
      or beta, in an inert liquid diluent in the presence of a base and in range
      0.degree.to 100.degree. C, until a substantial amount of the starting
      isomer has been isomerized to the other isomer. Preferred bases for this
      isomerization are alkali metal amides, alkali metal alkoxides, alkali
      metal hydrides, and triarylmethyl alkali metals. Especially preferred are
      alkali metal tert-alkoxides of 4 to 8 carbon atoms, e.g., potassium
      tert-butoxide. This reaction at about 25.degree. C. proceeds rapidly (1
      minute to several hours). Apparently an equilibrium mixture of both
      isomers is formed, starting with either isomer. The isomer mixtures in the
      equilibrium mixture thus obtained are isolated by known procedures, and
      then the two isomers are separated from each other by known procedures,
      for example, chromatogaphy. The less preferred isomer is then subjected to
      the same isomerization to produce more of the preferred isomer. In this
      manner, by repeated isomerizations and separations, substantially all of
      the less preferred isomer of any of these intermediates in transformed to
      the more preferred isomer. Cyclic ketalketone intermediates of formula
      XXXVII are preferred over the other intermediates for this isomerization
      procedure.
PAR  The novel oxa-phenylene PGE, PGF, PGA and PGB type compounds of formula XVI
      to XXXV wherein R.sub.2 is alkyl of 1 to 4 carbon atoms, inclusive,
      preferably methyl or ethyl, are preferred over the corresponding
      oxa-phenylene PGE, PGF, PGA, and PGB type compounds in which R.sub.2 is
      hydrogen for the above-described pharmacological purposes.
PAR  These 15-alkyl prostaglandin analogs are suprisingly and unexpectedly more
      useful than the corresponding 15-hydrogen compounds for the reason that
      they are substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have substantially longer
      duration of biological activity. For that reason, fewer and smaller doses
      of these 15-alkyl prostaglandin analogs are needed to attain the desired
      pharmacological results.
PAR  Although the above-mentioned 15-alkyl compounds are produced by the methods
      outlined above in Charts A-F, the preferred methods are set forth in Chart
      I and J as follows.
PAR  In Chart I is shown the transformation of 15-alkyl PGF-type acids and alkyl
      esters to the corresponding PGE-type acids and alkyl esters by oxidation.
      For this purpose, an oxidizing agent is used which selectively oxidizes
      secondary hydroxy groups to carbonyl groups in the presence of
      carbon-carbon double bonds. Formula LXXXVIII in Chart I includes optically
      active compounds as shown and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those, i.e.,
      wherein the configuration at C-15 is .beta. rather than .alpha. as shown.
      Also in Chart I, E', G, J', R.sub.1, and R.sub.26 are as defined above,
      and R.sub.16 is alkyl of 1 to 4 carbon atoms.
PAR  For the transformations of Chart I, the .beta.-hydroxy isomers of reactant
      LXXXVIII are preferred starting materials when the carboxyl side chain is
      alpha, although the corresponding .alpha.-hydroxy isomers are also useful
      for this purpose.
PAR  Oxidation reagents useful for the transformation set forth in Chart I are
      known to the art. An especially useful reagent for this purpose is the
      Jones reagent, i.e., acidified chromic acid. See J. Chem. Soc. 39 (1946).
      A slight excess beyond the amount necessary to oxidize one of the
      secondary hydroxy groups of the formula-LXXXVIII reactant is used. Acetone
      is a suitable diluent for this purpose. Reaction temperatures at least as
      low as about 0.degree. C. should be used.
      ##SPC85##
      ##SPC86##
PAL  Preferred reaction temperatures are in the range -10.degree. to -50.degree.
      C. The oxidation proceeds rapidly and is usually complete in about 5 to 20
      minutes. The excess oxidant is destroyed, for example by addition of a
      lower alkanol, advantageously, isopropyl alcohol, and the formula-LXXXIX
      PGE-type product is isolated by conventional methods.
PAR  Examples of other oxidation reagents useful for the Chart H transformations
      are silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (Tetrahedron Letters 3363 (1968), J. Am.
      Chem. Soc. 75, 422 (1953), and Tetrahedron, 18, 1351 (1962)), mixtures of
      sulfur trioxide in pyridine and dimethyl sulfoxide (J. Am. Chem. Soc. 89,
      5505 (1967)), and mixtures of dicyclohexylcarbodiimide and dimethyl
      sulfoxide (J. Am. Chem. Soc. 87, 5661 (1965)).
PAR  The novel 15-alkyl oxa-phenylene PGF.sub..alpha.- and PGF.sub..beta.-type
      acids and esters of formulas XX-XXIII and XXXIII wherein R.sub.2 is 1 to 4
      carbon atoms, inclusive, are preferably prepared from the corresponding
      15-hydrogen compounds by the sequence of transformations shown in Chart J,
      wherein formulas XC through XCIV, inclusive, include optically active and
      racemic natural- and epi-configuration compounds of those formulas and the
      mirror images thereof. Also in Chart J, R.sub.16 is alkyl of 1 to 4 carbon
      atoms, inclusive, and E', G, Hal, J', R.sub.1, R.sub.26, and .about. are
      as heretofore defined; G" in formula XCII is the same as G except that T
      is replaced by T", wherein T" is the same as T above except that, in
      R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. Also in Chart J, R.sub.8
      is alkyl of 1 to 4 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, or phenyl substituted with one or 2 fluoro,
      chloro, or alkyl of 1 to 4 carbon atoms inclusive, and R.sub.17 is R.sub.1
      as defined above or silyl of the formula-Si--(R.sub.8).sub.3 wherein
      R.sub.8 is as defined above. The various R.sub.8 's of a
      --Si(R.sub.8).sub.3 moiety are alike or different. For example, a
      --Si(R.sub.8).sup.3 can be trimethylsilyl, dimethylphenylsilyl, or
      methylphenylbenzylsilyl. Examples of alkyl of 1 to 4 carbon atoms,
      inclusive, are methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
      sec-butyl, and tert-butyl. Examples of aralkyl of 7 to 12 carbon atoms,
      inclusive, are benzyl, phenethyl, .alpha.-phenylethyl, 3-phenylpropyl,
      .alpha.-naphthylmethyl, and 2-(.beta.-naphthyl)ethyl. Examples of phenyl
      substituted with one or 2 fluoro, chloro, or alkyl of 1 to 4 carbon atoms,
      inclusive, are p-chlorophenyl, m-fluorophenyl, o-tolyl,
      2,4-dichlorophenyl, p-tert-butylphenyl, 4-chloro-2-methyl-phenyl, and
      2,4-dichloro-3 -methylphenyl.
PAR  In Chart J, the final PGF.sub..alpha. and PGF.sub..beta.-type products are
      those encompassed by formulas XCIII and XCIV, respectively.
PAR  The initial optically active or racemic reactants of formula XC in Chart J
      i.e., the oxa-phenylene PGF.sub.1 -, PGF.sub.2 -, 5,6-dehydro-PGF.sub.2 -,
      and dihydro-PGF.sub.1 -type compounds in their .alpha. and .beta. forms,
      and their esters, are prepared by methods described herein. Thus, racemic
      oxa-phenylene dihydro-PGF.sub.1 .sub..alpha.- and -PGF.sub.1
      .sub..beta.-type compounds, and their esters are prepared by catalytic
      hydrogenation of the corresponding racemic oxa-phenylene PGF.sub.1
      .sub..alpha. or PGF.sub.2 .sub..beta., and PGF.sub.1 .sub..beta. or
      PGF.sub.2 .sub..beta.type compounds, respectively, e.g. in the presence of
      5% palladium-on-charcoal catalyst in ethyl acetate solution at 25.degree.
      C. and 1 atmosphere pressure of hydrogen.
PAR  The heretofore-described acids and esters of formula XC are transformed to
      the corresponding intermediate 15-dehydro acids and esters of formula XCI,
      by oxidation with reagents such as
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone, activated manganese dioxide, or
      nickel peroxide (see Fieser et al., "Reagents for Organic Syntheses," John
      Wiley & Sons, Inc., New York, N.Y. pp. 215, 637, and 731). Alternatively,
      and especially for the formula-XC reactants wherein E' is --CH.sub.2
      CH.sub.2 and J' is L as defined above, these oxidations are carried out by
      oxygenation in the presence of the 15-hydroxyprostaglandin dehydrogenase
      of swing lung (see Arkiv for Kemi 25, 293 (1966)). These reagents are used
      according to procedures known in the art. See, for example, J. Biol. Chem.
      239, 4097 (1964).
PAR  Referring again to Chart J, intermediate compounds of formula XCI are
      transformed to silyl derivatives formula XCII by procedures known in the
      art. See, for example, Pierce, "Silylation of Organic Compounds," Pierce
      Chemical Co., Rockford, Ill. (1968). Both hydroxy groups of the
      formula-XCI reactants are thereby transformed to --O--Si(R.sub.8).sub.3
      moieties wherein R.sub.8 is as defined above, and sufficient of the
      silylating agent is used for that purpose according to known procedures.
      When R.sub.1 in the formula-XCI intermediate is hydrogen, the --COOH
      moiety thereby defined is simultaneously transformed to
      --COO--Si(R.sub.8).sub.3, additional silylating agent being used for this
      purpose. This latter transformation is aided by excess silylating agent
      and prolonged treatment. Likewise, when R.sub.6 in T of the formula-XCI
      intermediate is hydrogen, the phenolic hydroxyl thereby defined is
      simultaneously transformed to --O--Si(R.sub.8).sub.3 in the silylation
      step. G" in formula XCII, as defined above, therefore is the same as G
      except that T is replaced by T", wherein T" is the same as T above except
      that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. When R.sub.1 in
      formula XCI is alkyl, then R.sub.17 in formula XCII will also be alkyl.
      The necessary silylating agents for these transformations are known in the
      art or are prepared by methods known in the art. See, for example, Post,
      "Silicones and Other Organic Silicon Compounds," Reinhold Publishing
      Corp., New York, N.Y. (1949).
PAR  Referring again to Chart J the intermediate silyl compounds of formula XCII
      are transformed to the final compounds of formulas XCIII and XCIV by first
      reacting the silyl compound with a Grignard reagent of the formula
      R.sub.16 MgHal wherein R.sub.16 is as defined above, and Hal is chloro,
      bromo, or iodo. For this purpose, it is preferred that Hal be bromo. This
      reaction is carried out by the usual procedure for Grignard reactions,
      using diethyl ether as a reaction solvent and saturated aqueous ammonium
      chloride solution to hydrolyze the Grignard complex. The resulting disilyl
      trisily, or tetrasilyl tertiary alcohol is then hydrolyzed with water to
      remove the silyl groups. For this purpose, it is advantageous to use a
      mixture of water and sufficient of a water-miscible solvent, e.g., ethanol
      to give a homogeneous reaction mixture. The hydrolysis is usually complete
      in 2 to 6 hours at 25.degree. C., and is preferably carried out in an
      atmosphere of an inert gas, e.g., nitrogen or argon.
PAR  The mixture of 15-.alpha. and 15-.beta. isomers obtained by this Grignard
      reaction and hydrolysis is separated by procedures known in the art for
      separating mixtures of prostanoic acid derivatives, for examle, by
      chromatography on neutral silica gel. In some instances, the lower alkyl
      esters, especially the methyl esters of a pair of 15-.alpha. and 15-.beta.
      isomers are more readily separated by silica gel chromatography than are
      the corresponding acids. In those cases, it is advantageous to esterify
      the mixture of acids as described below, separate the two esters, and
      then, if desired, saponify the esters by procedures known in the art for
      saponification of prostaglandins F.
PAR  Although fromula-XCIII and -XCIV compounds wherein E' is --CH.sub.2
      CHR.sub.9 --and J' is L' as defined above may be produced according to the
      processes of Chart J, it is preferred to produce those novel
      dihydro-PGF.sub.1 analogs by hydrogenation of one of the corresponding
      unsaturated compounds, i.e., a compound of formula XCIII or XCIV wherein E
      is trans --CH=CR.sub.9 --and J' is either L', --CH=CH--M'--,
      --C.tbd.C--M'-, M' being defined above. This hydrogenation is
      advantageously carried out catalytically, for example, in the presence of
      a 5% palladium-on-charcoal catalyst in ethyl acetate solution at
      25.degree. C. and one atmosphere pressure of hydrogen.
PAR  The novel 15-alkyl oxa-phenylene PGA-type and PGB-type acids and esters of
      formula XXIV-XXXI and XXXIV-XXXV are prepared from the 15-alkyl
      oxa-phenylene PGE compounds, heretofore described, by dehydrations and
      double bond migrations previously described, as shown in Chart A. Likewise
      the 15-alkyl PGB-type compounds are prepared by contacting the 15-alkyl
      PGA-type compounds with base. For the transformation of the 15-alkyl
      PGE-type compounds to the 15-alkyl PGA-type compounds of this invention
      (Chart K), it is preferred that a dehydrating agent be used which removes
      ##SPC87##
      the hydroxy group from the alicyclic ring in the presence of a hydroxy
      group on a tertiary carbon atom. In Chart K, E', G, J', R.sub.1, R.sub.2,
      R.sub.26, and .about. are as defined above. Formula XCV as shown includes
      optically active compounds and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those. Any of
      the known substantially neutral dehydrating agents is used for these
      reactions. See Fieser et al., cited above. Preferred dehydrating agents
      are mixtures of at least an equivalent amount of a carbodiimide and a
      catalytic amount of a copper (II) salt. Especially preferred are mixtures
      of at least an equivalent amount of dicyclohexyl carbodiimide and a
      catalytic amount of copper (II) chloride. An equivalent amount of a
      carbodiimide means one mole of the carbodiimide for each mole of the
      formula-XCV reactant. To ensure completeness of the reaction, it is
      advantageous to use an excess of carbodiimide, i.e., 1.5 to 5 or even more
      equivalents of the carbodiimide.
PAR  The dehydration is advantageously carried out in the presence of an inert
      organic diluent which gives a homogeneous reaction mixture with respect to
      the formula-XCV reactant and the carbodiimide. Diethyl ether is a suitable
      diluent. It is advantageous to carry out the dehydration in an atmosphere
      of an inert gas, e.g., nitrogen, helium, or argon. The time required for
      the dehydration will depend in part on the reaction temperature. With the
      reaction temperature in the range 20.degree. to 30.degree.C., the
      dehydration usually takes place in about 40 to 60 hours.
PAR  The formula-XCVI product is isolated by methods known in the art, e.g.,
      filtration of the reaction mixture and evaporation of the filtrate. The
      product is then purified by methods known in the art, advantageously by
      chromatography on silica gel.
PAR  The final formula XVI-to-XXXV compounds prepared by the processes of this
      invention, in free acid form, are transformed to pharmacologically
      acceptable salts by neutralization with appropriate amounts of the
      corresponding inorganic or organic base, examples of which correspond to
      the cations and amines listed above. These transformations are carried out
      by a variety of procedures known in the art to be generally useful for the
      preparation of inorganic, i.e., metal or ammonium, salts, amine acid
      addition salts, and quaternary ammonium salts. The choice of procedure
      depends in part upon the solubility characteristics of the particular salt
      to be prepared. In the case of the inorganic salts, it is usually suitable
      to dissolve the formula XVI-to-XXXV acid in water containing the
      stoichiometric amount of a hydroxide, carbonate, or bicarbonate
      corresponding to the inorganic salt desired. For example, such use of
      sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a solution
      of the sodium salt. Evaporation of the water or addition of a
      water-miscible solvent of moderate polarity, for example, a lower alkanol
      or a lower alkanone, gives the solid inorganic salt if that form is
      desired.
PAR  To produce an amine salt, the formula XVI-to-XXXV acid is dissolved in a
      suitable solvent of either moderate or low polarity. Examples of the
      former are ethanol, acetone, and ethyl acetate. Examples of the latter are
      diethyl ether and benzene. At least a stoichiometric amount of the amine
      corresponding to the desired cation is then added to that solution. If the
      resulting salt does not precipitate, it is usually obtained in solid form
      by addition of a miscible diluent of low polarity or by evaporation. If
      the amine is relatively volatile, any excess can easily be removed by
      evaporation. It is preferred to use stoichiometric amounts of the less
      volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      formula XVI-to-XXXV acid with the stoichiometric amount of the
      corresponding quaternary ammonium hydroxide in water solution, followed by
      evaporation of the water.
PAR  The final formula XVI-to-XXXV acids or esters prepared by the processes of
      this invention are transformed to lower alkanoates by interaction of the
      formula XVI-to-XXXV hydroxy compound with a carboxyacylating agent,
      preferably the anhydride of a lower alkanoic acid, i.e., an alkanoic acid
      of one to 8 carbon atoms, inclusive. For example, use of acetic anhydride
      gives the corresponding diacetate. Similar use of propionic anhydride,
      isobutyric anhydride, and hexanoic acid anhydride gives the corresponding
      carboxyacylates.
PAR  The carboxyacylation is advantageously carried out by mixing the hydroxy
      compound and the acid anhydride, preferably in the presence of a tertiary
      amine such as pyridine or triethylamine. A substantial excess of the
      anhydride is used, preferably about 10 to about 10,000 moles of anhydride
      per mole of the hydroxy compound reactant. The excess anhydride serves as
      a reaction diluent and solvent. An invert inorganic diluent, for example,
      dioxane, can also be added. It is preferred to use enough of the tertiary
      amine to neutralize the carboxylic acid produced by the reaction, as well
      as any free carboxyl groups present in the hydroxy compound reactant.
PAR  The carboxyacylation reaction is preferably carried out in the range about
      0.degree. to about 100.degree. C. The necessary reaction time will depend
      on such factors as the reaction temperature, and the nature of the
      anhydride and tertiary amine reactants. With acetic anhydride, pyridine,
      and a 25.degree. C. reaction temperature, a 12 to 24-hour reaction time is
      used.
PAR  The carboxyacylated product is isolated from the reaction mixture by
      conventional methods. For example, the excess anhydride is decomposed with
      water, and the resulting mixture acidified and then extracted with a
      solvent such as diethyl ether. The desired carboxyacylate is recovered
      from the diethyl ether extract by evaporation. The carboxyacylate is then
      purified by conventional methods, advantageously by chromatography.
PAR  By this procedure, the formula XVI-XIX and XXXII PGE-type compounds are
      transformed to dialkanoates, the formula XX-XXIII and XXXIII PGF-type
      compounds are transformed to trialkanoates, and the formula XXIV-XXXI and
      XXXIV-XXXV PGA-type and PGB-type compounds are transformed to
      monoalkanoates.
PAR  When a PGE-type dialkanoate is transformed to a PGF-type compound by
      carbonyl reduction as shown in Chart A, a PGF-type dialkanoate is formed
      and is used for the above-described purposes as such or is transformed to
      a trialkanoate by the above-described procedure. In the latter case, the
      third alkanoyloxy group can be the same as or different from the two
      alkanoyloxy groups present before the carbonyl reduction.
PAR  Molecules of each of the compounds encompassed by formulas XVI to XXXV and,
      except for XLIII and L, of each intermediate formula each have at least
      one center of asymmetry, and each can exist in racemic form and in either
      enantiomeric form, i.e., d and l. A formula accurately defining the d form
      would be the mirror image of the formula which defined the l form. Both
      formulas are necessary to define accurately the corresponding racemic
      form. The various formulas XVI-to-XXXV as drawn each represents the
      optically active form with the same configuration as the
      naturally-occurring prostaglandins.
PAR  When an optically active (d or l ) final compound is desired, that is made
      by resolution of the racemic compound or by resolution of one of the
      asymmetric racemic intermediates. These resolutions are carried out by
      procedures known in the art. For example, when final compound XVI to XXXV
      is a free acid, the dl form thereof is resolved into the d and l forms by
      reacting said free acid by known general procedures with an optically
      active base, e.g., brucine or strychnine, to give a mixture of two
      diastereoisomers which are separated by known general procedures, e.g.,
      fractional crystallization, to give the separate diastereisomeric salts.
      The optically active acid of formula XVI to XXXV is then obtained by
      treatment of the salt with an acid by known general procedures.
      Alternatively, the free acid form of cyclic ketal XXXVII, olefins XLIV or
      LXX, or glycols XXXVIII, XLV, or LXXI is resolved into separate d and l
      forms and then esterified and transformed further to the corresponding
      optically active form of the final product XVI to XXXV as described above.
PAR  In another method, bicyclo ketone reactants XXXVIII, XLV, or LXXI in exo or
      endo form, are transformed to ketals with an optically active 1,2-glycol,
      e.g., D-(--)-2,3-butanediol, by reaction of said 1,2-glycol with the
      formula-XXXVIII, XLV, or LXXI compound in the presence of a strong acid,
      e.g., p-toluenesulfonic acid. The resulting ketal is a mixture of
      diastereoisomers which is separated into the d and l diastereoisomers,
      each of which is then hydrolyzed with an acid, e.g., oxalic acid, to the
      original keto compound, now in optically active form. These reactions
      involving optically active glycols and ketals for resolution purposes are
      generally known in the art. See, for example, Chem. Ind. 1664 (1961) and
      J. Am. Chem. Soc. 84, 2938 (1962). Dithiols may be used instead of
      glycols.
PAR  Still another procedure for obtaining optically active oxa-phenylene
      PGF-type compounds is by stereoselective microbiological reduction of the
      racemic oxa-phenylene PGE compounds. For this purpose actively fermenting
      baker's yeast is employed. The PGE compound is contacted with a
      yeast-sugar-water mixture at about 25.degree. C. for 24-48 hours. There is
      produced by reduction a mixture of the PGF.sub..alpha. compound and the
      enantiomeric PGF.sub..beta. compound, which are separable by silica gel
      chromatography for example. Accompanying this transformation, carboxylic
      ester groups are removed by hydrolysis. Accordingly, from
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester, there
      are obtained natural configuration
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. and
      enantiomeric
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta..
PAR  An alternate method of synthesis is provided hereinafter for a group of
      oxa-phenylene analogs within the scope of formulas XVI and XX above,
      represented by the following formulas XCVII-CIV:
      ##SPC88##
      ##SPC89##
      ##SPC90##
PAL  and the racemic mixtures of those compounds and their respective
      enantiomers represented by the mirror images of the above formulas. The
      terms C.sub.p H.sub.2p, C.sub.t H.sub.2t, R.sub.1, R.sub.2, T, and s are
      as defined above; R.sub.30 is alkyl of 2 to 10 carbon atoms, inclusive,
      substituted with zero, one, 2, or 3 fluoro.
PAR  The alternate method of synthesis disclosed hereinafter is also useful for
      preparing oxa-phenylene 17,18-didehydro prostaglandin analogs within the
      scope of formulas CV-CVIII:
      ##SPC91##
      ##SPC92##
PAL  wherein C.sub.n H.sub.2n, C.sub.p H.sub.2p, R.sub.1, R.sub.2 and R.sub.5
      are as defined and used above.
PAR  These 17,18-didehydro analogs of formulas CV-CVIII together with compounds
      of formulas XXXII and XXXIII above are within the scope of 17,18-didehydro
      PGE- and PGF-type compounds represented by the formulas:
      ##SPC93##
PAL  and
      ##SPC94##
PAL  wherein .about. indicates attachment of the hydroxyl or the side chain to
      the cyclopentane ring in alpha or beta configuration; wherein V is (1)
      C.sub.g H.sub.2g or (2) --CH=CH-- C.sub.j H.sub.2j --, wherein C.sub.g
      H.sub.2g represents a valence bond or alkylene of one to 4 carbon atoms,
      inclusive, with one or 2 chain carbon atoms between --CH.sub.2 -- and the
      phenylene ring, and wherein C.sub.j H.sub.2j represents a valence bond or
      alkylene of one or 2 carbon atoms with one chain carbon atom between
      --CH=CH-- and the phenylene ring; wherein C.sub.n H.sub.2n is alkylene of
      one to 4 carbon atoms, inclusive; wherein C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 4 carbon atoms, inclusive, with one or
      2 chain carbon atoms between the ring and --O--; wherein C.sub.g H.sub.2g
      and C.sub.p H.sub.2p together represent zero to 8 carbon atoms, inclusive,
      with total chain lengths zero to 3 carbon atoms, inclusive; wherein Q is
      ##EQU41##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive; and wherein R.sub.5 is alkyl of
      one to 4 carbon atoms, inclusive, substituted with zero, one, 2, or 3
      fluoro.
PAR  The corresponding 17,18-didehydro PGA- and PGB-type compounds are available
      by methods disclosed herein or known in the art, for example by acid or
      base dehydration of the formula-CXXXVII PGE-type compounds.
PAR  The alternate method of synthesis utilizes oxetane intermediates having the
      grouping
      ##SPC95##
PAL  prepared from bicyclo hexene starting materials.
PAR  Reference to Chart L will make clear the steps by which starting material
      CIX is transformed to product CXVIII. The formula-CIX compound wherein
      R.sub.31 and R.sub.32 together are --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 -- and .about. is endo, i.e.
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal, is
      available either in racemic or optically active form. See U.S. Pat. No.
      3,711,515.
PAR  In Chart L the symbols used therein have the same meanings as defined
      above, as to C.sub.p H.sub.2p, G, Q, R.sub.1, R.sub.2, R.sub.31, R.sub.32,
      R.sub.39, R.sub.42, and .about.. R.sub.43 represents hydrogen, carboxyacyl
      R.sub.39, benzoyl, substituted benzoyl, mono-esterified phthaloyl, and
      substituted naphthoyl. Furthermore, in Chart L and likewise in the other
      charts of this specification, the formulas as drawn represent specific
      optical isomers following the conventions applied herein to the end
      products. However, for purposes of convenience and brevity it is intended
      that such representations of the process steps for the optically active
      intermediates are applicable to those same process steps as used for the
      corresponding racemic intermediates.
PAR  Both the endo and exo forms of bicyclo hexene CIX are available or are made
      by methods known in the art, in either their racemic or optically active
      forms. See. U.S. Pat.
      ##SPC96##
      ##SPC97##
      No. 3,711,515. Either the endo or exo starting material will yield the
      ultimate analogs of formula CXVIII by the processes of Chart L.
PAR  In step (a) oretane CX is obtained by reaction of the formula-CIX bicyclo
      hexene with an aldehyde of the formula
      ##SPC98##
PAL  wherein C.sub.p H.sub.2p represents a valence bond or alkylene of one to 4
      carbon atoms, inclusive, with one or 2 carbon atoms in the chain between
      the phenylene ring and --O--, and wherein R.sub.39 is carboxyacyl of the
      formula
      ##EQU42##
      wherein R.sub.40 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, wherein alkyl or aralkyl
      are substituted with zero to 3 halo atoms.
PAR  The formula-CXIX aldehydes are available or readily prepared by methods
      known in the art. Examples of such compounds within the scope of formula
      CXIX are:
      ##SPC99##
      ##SPC100##
PAR  The formation of oxetane CX is accomplished by photolysis of a mixture of
      the bicyclo hexene and the aldehyde in a solvent. The bicyclo hexene is
      preferably used in excess over the molar equivalent, for example 2 to 4
      times the theoretical equivalent amount. The solvent is a photochemically
      inert organic liquid, for example liquid hydrocarbons, including benzene
      or hexane, 1,4-dioxane, and diethyl ether. The reaction is conveniently
      done at ambient conditions, for example 25.degree. C., but may be done
      over a wide range of temperature, from about -78.degree. C. to the boiling
      point of the solvent. The irradiation is done with mercury vapor lamps of
      the low or medium pressure type, for example those peaking at 3,500 A.
      Such sources are available from The Southern New England Ultraviolet Co.,
      Middletown, Conn. Alternatively, those lamps which emit a broad spectrum
      of wavelengths and which may be filtered to transmit only light of
      .lambda..about.3000-3700 A may also be used. For a review of photolysis
      see D. R. Arnold in "Advances in Photochemistry," Vol. 6, W. A. Noyes et
      al., Wiley-Interescience, New York, 1968, pp. 301-423.
PAR  In step (b) the cleavage of the oxetane ring to yield the formula-CXI
      compounds is accomplished with an alkali metal in the presence of a
      primary amine or alcohol. Preferred is lithium in ethylamine, or sodium in
      ethyl alcohol. See L. J. Altman et al., Synthesis 129 (1974). The cleavage
      transformation may also be accomplished by catalytic hydrogenation over an
      inert metal catalyst, e.g. Pd on carbon, in ethyl acetate or ethanol.
PAR  In step (c) the formula CXI diol is prepared for step (d) by preferably
      blocking the two hydroxyl groups with carboxyacyl groups within the scope
      of R.sub.39, i.e.
      ##EQU43##
      as defined above. For example, the diol is treated with an acid anhydride
      such as acetic anhydride, or with an acyl halide in a tertiary amine.
      Expecially preferred is pivaloyl chloride in pyridine.
PAR  Other carboxyacylating agents useful for this transformation are known in
      the art or readily obtainable by methods known in the art, and include
      carboxyacyl halides, preferably chlorides, bromides, or fluorides, i.e.
      R.sub.40 C(O)Cl, R.sub.40 C(O)Br, or R.sub.40 C(O)F, and carboxyacid
      anhydrides, (R.sub.40 C-).sub.2 O, wherein R.sub.40 is as defined above.
      The preferred reagent is an acid anhydride. Examples of acid anhydrides
      useful for this purpose are acetic anhydride, propionic anhydride, butyric
      anhydride, pentanoic anhydride, nonanoic anhydride, trideconoic anhydride,
      steric anhydride, (mono, di, or tri) chloroacetic anhydride,
      3-chlorovaleric anhydride, 3-(2-bromoethyl)-4,8-dimethylnonanoic
      anhydride, cyclopropaneacetic anhydride, 3-cycloheptanepropionic
      anhydride, 13-cyclopentanetridecanoic anhydride, phenylacetic anhydride,
      (2 or 3)-phenylpropionic anhydride, 13-phenyltridecanoic anhydride,
      phenoxyacetic anhydride, benzoic anhydride, (o, m, or p)-bromobenzoic
      anhydride, 2,4 (or 3,4)-dichlorobenzoic anhydride,
      p-trifluoromethylbenzoic anhydride, 2-chloro-3-nitrobenzoic anhydride, (o,
      m, or p)-nitrobenzoic anhydride, (o, m, or p)-toluic anhydride,
      4-methyl-3-nitrobenzoic anhydride, 4-octylbenzoic anhydride, (2,3, or
      4)-biphenylcarboxylic anhydride, 3-chloro-4-biphenylcarboxylic anhydride,
      5-isopropyl-6-nitro-3-biphenylcarboxylic anhydride, and (1 or 2)-naphthoic
      anhydride. The choice of anhydride depends upon the identity of R.sub.40
      in the final acylated product, for example when R.sub.40 is to be methyl,
      acetic anhydride is used; when R.sub.40 is to be 2-chlorobutyl,
      3-chlorovaleric anhydride is used.
PAR  When R.sub.40 is hydrogen,
      ##EQU44##
      is formyl. Formylation is carried out by procedures known in the art, for
      example, by reaction of the hydroxy compound with the mixed anhydride of
      acetic and formic acids or with formylimidazole. See, for example, Fieser
      et al., Reagents for Organic Synthesis, John Wiley and Sons, Inc., pp. 4
      and 407 (1967) and references cited therein. Alternatively, the formula
      CXI diol is reacted with two equivalents of sodium hydride and then with
      excess ethyl formate.
PAR  In formula CXII, R.sub.43 may also represent a blocking group including
      benzoyl, substituted benzoyl, monoesterified phthaloyl and substituted
      naphthoyl. For introducing those blocking groups, methods known in the ary
      are used. Thus, an aromatic acid of the formula R.sub.39 OH, wherein
      R.sub.39 is as defined above, for example benzoic acid, is reacted with
      the formula-CXI compound in the presence of a dehydrating agent, e.g.
      sulfuric acid, zinc chloride, or phosphoryl chloride; or an anhydride of
      the aromatic acid of the formula (R.sub.39).sub.2 O, for example benzoic
      anhydride, is used.
PAR  Preferably, however, an acyl halide, e.g. R.sub.39 Cl, for example benzoyl
      chloride, is reacted with the formula-CXI compound in the presence of a
      tertiary amine such as pyridine, triethylamine, and the like. The reaction
      is carried out under a variety of conditions using procedures generally
      known in the art. Generally, mild conditions are employed, e.g.
      20.degree.-60.degree. C., contacting the reactants in a liquid medium,
      e.g. excess pyridine or an inert solvent such as benzene, toluene or
      chloroform. The acylating agent is used either in stoichiometric amount or
      in excess.
PAR  As examples of reagents providing R.sub.39 for the purposes of this
      invention, the following are available as acids (R.sub.39 OH), anhydrides
      ((R.sub.39).sub.2 O), or acyl chlorides (R.sub.39 Cl): benzoyl;
      substituted benzoyl, e.g. (2-, 3-, or 4-)methylbenzoyl, (2-, 3-, or
      4-)ethylbenzoyl, (2-, 3-, or 4-)isopropylbenzoyl, (2-, 3-, or
      4-)tert-butylbenzoyl, 2,4-dimethylbenzoyl, 3,5-dimethylbenzoyl,
      2-isopropyltoluyl, 2,4,6-trimethylbenzoyl, pentamethylbenzoyl,
      .alpha.-phenyl-(2-, 3-, or 4-(toluyl, 2-, 3-, or 4-phenethylbenzoyl, 2-,
      3-, or 4-nitrobenzoyl, (2,4-, 2,5-, or 3,5-)dinitrobenzoyl,
      4,5-dimethyl-2-nitrobenzoyl, 2-nitro-6-phenethylbenzoyl,
      3-nitro-2-phenethylbenzoyl; mono-esterified phthaloyl, e.g.
      ##SPC101##
PAL  isophthaloyl, e.g.
      ##SPC102##
PAL  or terephthaloyl, e.g.
      ##SPC103##
PAL  (1- or 2-)naphthoyl; and substituted naphthoyl, e.g. (2-, 3-, 4-, 5-, 6-,
      or 7-)-methyl-1-naphthoyl, (2- or 4-)ethyl-1-naphthoyl,
      2-isopropyl-1-naphthoyl, 4,5-dimethyl-1-naphthoyl,
      6-isopropyl-4-methyl-1-naphthoyl, 8-benzyl-1-naphthoyl,
      8-benzyl-1-naphthoyl, (3-, 4-, 5-, or 8-)-nitro-1-naphthoyl,
      4,5-dinitro-1-naphthoyl, (3-, 4-, 6-, 7- or
      -)-methyl-8)-methyl-1-naphthoyl, 4-ethyl-2-naphthoyl, and (5- or
      8-)-nitro-2-naphthoyl. There may be employed, therefore, benzoyl chloride,
      4-nitrobenzoyl chloride, 3,5-dinitrobenzoyl chloride, and the like, i.e.
      R.sub.39 Cl compounds corresonding to the above R.sub.39 groups. If the
      acyl chloride is not available, it is made from the corresponding acid and
      phosphorus pentachloride as is known in the art.
PAR  In step (d), the formula -CXII acetal is converted to aldehyde CXIII by
      acid hydrolysis, known in the art, using dilute mineral acids, acetic or
      formic acids, and the like. Solvents such as acetone, dioxane, and
      tetrahydrofuran are used.
PAR  For steps (e) through (h) it is optional whether R.sub.42 be hydrogen or a
      "blocking group" as defined below. For efficient utilization of the Wittig
      reagent it is preferred that R.sub.42 be a blocking group. If the
      formula-CXII compound is used wherein R.sub.43 is hydrogen, the
      formula-CXIII intermediate will have hydrogen at R.sub.42. If R.sub.42 is
      to be a blocking group, that may be readily provided prior to step (e) by
      reaction with suitable reagents as discussed below.
PAR  The blocking group, R.sub.41, is any group which replaces hydrogen of the
      hydroxyl groups, which is not attacked by nor is reactive to the reagents
      used in the respective transformations to the extent that the hydroxyl
      group is, and which is subsequently replaceable by hydrogen at a later
      stage in the preparation of the prostaglandin-like products.
PAR  Several blocking groups are known in the art, e.g. tetrahydropyranyl,
      acetyl, and p-phenylbenzoyl (see Corey et al., J. Am. Chem. Soc. 93, 1491
      (1971)).
PAR  Those which have been found useful include (a) carboxyacyl within the scope
      of R.sub.39 above, i.e. acetyl, and also benzoyl, naphthoyl, and the like;
      (b) tetrahydropyranyl; (c) tetrahydrofuranyl; (d) a group of the formula
      ##EQU45##
      wherein R.sub.48 is alkyl of 1 to 18 carbon atoms, inclusive, cycloalkyl
      of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms,
      inclusive, phenyl, or phenyl substituted with 1, 2, or 3 alkyl of 1 to 4
      carbon atoms, inclusive, wherein R.sub.49 and R.sub.50 are the same or
      different, being hydrogen, alkyl of 1 to 4 carbon atoms, inclusive, phenyl
      or phenyl substituted with 1, 2, or 3 alkyl of 1 to 4 carbon atoms,
      inclusive, or, when R.sub.49 and R.sub.30 are taken together,
      --(CH.sub.2).sub.u -- or --(CH.sub.2).sub.v --O--(CH.sub.2).sub.w --
      wherein u is 3, 4, or 5, v is 1, 2, or 3, and w is 1, 2, or 3 with the
      proviso that v plus w is 2, 3, or 4, and wherein R.sub.51 is hydrogen or
      phenyl; or (e) --Si(A).sub.3 wherein A is alkyl of 1 to 4 carbon atoms,
      inclusive, phenyl, phenyl substituted with 1 or 2 fluoro, chloro, or alkyl
      of 1 to 4 carbon atoms, inclusive, or aralkyl of 7 to 12 carbon atoms,
      inclusive.
PAR  In replacing the hydrogen atoms of the hydroxyl groups with a carboxyacyl
      blocking group, methods known in the art are used. The reagents and
      conditions are discussed above for R.sub.43 on compound CXII.
PAR  When the blocking group is tetrahydropyranyl or tetrahydrofuranyl, the
      appropriate reagent, e.g. 2,3-dihydropyran or 2,3-dihydrofuran, is used in
      an inert solvent such as dichloromethane, in the presence of an acid
      condensing agent such as p-toluenesulfonic acid or pyridine hydrochloride.
      The reagent is used in slight excess, preferably 1.0 to 1.2 times theory.
      The reaction is carried out at about 20.degree.-50.degree. C.
PAR  When the blocking group is of the formula
      ##EQU46##
      as defined above, the appropriate reagent is a vinyl ether, e.g. isobutyl
      vinyl ether or any vinyl ether of the formula R.sub.48
      --O--C(R.sub.49)=CR.sub.50 R.sub.51 wherein R.sub.48, R.sub.49, R.sub.50,
      and R.sub.51 are as defined above; or an unsaturated cyclic or
      heterocyclic compound, e.g. 1-cyclohex-1-yl-methyl ether
      ##SPC104##
PAL  or 5,6-dihydro-4-methoxy-2H-pyran
      ##SPC105##
PAL  See C. B. Reese et al., J. Am. Chem. Soc. 89, 3366 (1967). The reaction
      conditions for such vinyl ethers and unsaturates are similar to those for
      dihydropyran above.
PAR  When the blocking group is silyl of the formula --Si(A).sub.3, the
      formula-CXIII compound is transformed to a silyl derivative of formula
      CXIII by procedures known in the art. See, for example, Pierce,
      "Silylation of Organic Compounds," Pierce Chemical Co., Rockford, Ill.
      (1968). The necessary silylating agents for these transformations are
      known in the art or are prepared by methods known in the art. See, for
      example, Post "Silicones and Other Organic Silicon Compounds," Reinhold
      Publishing Corp., New York, N.Y. (1949). These reagents are used in the
      presence of a tertiary base such as pyridine at temperatures in the range
      of about 0.degree. to +50.degree. C. Examples of trisubstituted
      mono-chlorosilanes suitable for this purpose include
      chlorotrimethylsilane, chlorotriisobutylsilane, chlorotriphenylsilane,
      chlorotris(p-chlorophenyl)silane, chlorotri-m-tolylsilane, and
      tribenzylchlorosilane. Alternately, a chlorosilane is used with a
      corresponding disilazane. Examples of other silylating agents suitable for
      forming the formula-CXIII intermediates include pentamethylsilylamine,
      pentaethylsilylamine, N-trimethylsilydiethylamine,
      1,1,1-triethyl-N,N-dimethylsilylamine,
      N,N-diisopropyl-1,1,1,-trimethylsilylamine,
      1,1,1-tributyl-N,N-dimethylsilylamine
      N,N-dibutyl-1,1,1-trimethylsilylamine,
      1-isobutyl-N,N,1,1-tetramethylsilylamine,
      N-benzyl-N-ethyl-1,1,1-trimethylsilylamine,
      N,N,1,1-tetramethyl-1-phenylsilylamine,
      N,N-diethyl-1,1-dimethyl-1-phenylsilylamine,
      N,N-diethyl-1-methyl-1,1-diphenylsilylamine,
      N,N-dibutyl-1,1,1-triphenylsilylamine, and
      1-methyl-N,N,1,1-tetraphenylsilylamine.
PAR  In step (e) the aldehyde group is transformed by the Wittig reaction to a
      moiety of the formula --CH=CR.sub.2 G. For this purpose a phosphonium salt
      prepared from an organic chloride or bromide of the formula
      ##EQU47##
      is employed, wherein G and R.sub.2 are as defined above. These organic
      chlorides or bromides are known in the art or are readily prepared by
      methods known in the art. See for example the above-identified German
      Offenlegungsschrift No. 2,209,990. As to the Wittig reaction, see, for
      example, U.S. Pat. No. 3,776,941 and references cited therein.
PAR  In step (f) compound CXV is obtained by deblocking if necessary. When
      C.sub.p H.sub.2p is a valence bond, and R.sub.42 is a hindered
      carboxyacyl, e.g.
      ##EQU48##
      R.sub.41 on the phenolic hydroxy is selectively replaced with hydrogen by
      hydrolysis with sodium or potassium hydroxide in ethanol-water. Instead of
      ethanol, other water-miscible solvents may be substituted, for example
      1,4-dioxane, tetrahydrofuran, or 1,2-dimethoxyethane. The selective
      hydrolysis is preferably carried out at -15.degree. to 25.degree. C.
      Higher temperatures may be used but with some decrease in selectivity.
PAR  Total hydrolysis of R.sub.42 blocking groups on compound CXIV is
      accomplished, when R.sub.42 is carboxyacyl, with an alkali alkoxide in an
      alcoholic solvent, preferably sodium methoxide in methanol at a
      temperature from 25.degree. C. to reflux. When R.sub.42 is
      tetrahydropyranyl, aqueous acid, e.g. dilute acetic acid, is used at
      25.degree. to 50.degree. C. When R.sub.42 is trialkylsilyl, either aqueous
      acid or base are used at 25.degree. to 50.degree. C.
PAR  Continuing with Chart L, in step (g) a Williamson synthesis is employed to
      obtain compound CXVI. The formula-CXV alcohol or phenol is condensed with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 wherein Hal
      is chloro, bromo, or iodo and R.sub.1 is as defined above. Normally the
      reaction is done in the presence of a base such as n-butyllithium,
      phenyllithium, triphenylmethyllithium, sodium hydride, potassium
      t-butoxide, sodium hydroxide, or potassium hydroxide.
PAR  The transformation from compound CXVI to product CXVIII may be accomplished
      by any of several routes known in the art. See U.S. Pat. No. 3,711,515.
      Thus, by step (h), the alkenene CXVI is hydroxylated to glycol CXVII. For
      this purposes osmium tetroxide is a suitable reagent, for example in
      conjunction with N-methylmorpholine oxide-hydrogen peroxide complex (see
      Fieser et al., "Reagents for Organic Synthesis," p. 690, John Wiley and
      Sons, Inc., New York (1967)). Thereafter, several methods are available
      for obtaining the formula-CXVIII product. In one method the glycol is
      converted to a bis(alkanesulfonic acid) ester and subsequently hydrolyzed
      to CXVIII by methods known in the art (see, for example German
      Offenlegungsschrift No. 1,937,676, Derwent Farmdoc No. 6862R). Another
      method is by way of a diformate by formolysis of the glycol (see U.S. Pat.
      No. 3,711,515).
PAR  Still another method is by way of a cyclic ortho ester. For this purpose,
      glycol CXVII is reacted with an ortho ester of the formula
      ##EQU49##
      wherein R.sub.46 is hydrogen, alkyl of 1 to 19 carbon atoms, inclusive, or
      aralkyl of 7 to 12 carbon atoms, inclusive, substituted with zero to 3
      halo atoms; and R.sub.47 is methyl or ethyl. There is then formed a cyclic
      ortho ester of the formula
      ##SPC106##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1, R.sub.2 R.sub.42, R.sub.46, R.sub.47,
      and .about. are as defined above. The reaction goes smoothly in a
      temperature range of -50.degree. C. to +100.degree. C., although for
      convenience 0.degree. C. to +50.degree. C. is generally preferred. From
      1.5 to 10 molar equivalents of the ortho ester are employed, together with
      an acid catalyst. The amount of the catalyst is usually a small fraction
      of the weight of the glycol, say 1%, and typical catalysts include
      pyridine hydrochloride, formic acid, hydrogen chloride, p-toluenesulfonic
      acid, trichloroacetic acid, or trifluoroacetic acid. The reaction is
      preferably run in a solvent, for example benzene, dichloromethane, ethyl
      acetate, or diethyl ether. It is generally completed within a few minutes
      and is conveniently followed by TLC (thin layer chromatography on basic
      silica gel plates).
PAR  The ortho ester reagents are known in the art or readily available by
      methods known in the art. See for example S. M. McElvain et al., J. Am.
      Chem. Soc. 64, 1925 (1942), starting with an appropriate nitrile. Examples
      of useful ortho esters include:
PA1  trimethyl orthoformate,
PA1  triethyl orthoacetate,
PA1  triethyl orthopropionate,
PA1  trimethyl orthobutyrate,
PA1  triethyl orthovalerate,
PA1  trimethyl orthooctanoate,
PA1  trimethyl orthophenylacetate, and
PA1  trimethyl ortho (2,4-dichlorophenyl)acetate.
PAL  Preferred are those ortho esters wherein R.sub.46 is alkyl of 1 to 7 carbon
      atoms; especially preferred are those wherein R.sub.46 is alkyl of 1 to 4.
PAR  Next, the cyclic orthoester CXX is reacted with anhydrous formic acid to
      yield a diol diester of the formula
      ##SPC107##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1 R.sub.2, R.sub.42, R.sub.46, and
      .about. are as defined above.
PAR  By "anhydrous formic acid" is meant that it contains not more than 0.5%
      water. The reaction is run with an excess of formic acid, which may itself
      serve as the solvent for the reaction. Solvents may be present, for
      example dichloromethane, benzene, or diethyl ether, usually not over 20%
      by volume of the formic acid. There may also be present organic acid
      anhydrides, for example acetic anhydride, or alkyl orthoesters, for
      example trimethyl orthoformate, which are useful as drying agents for the
      formic acid. Although the reaction proceeds over a wide range of
      temperatures, it is conveniently run at about 20.degree.-30.degree. C. and
      is usually completed within about 10 minutes.
PAR  Finally, the diol diester CXXI is converted to product CXVIII by methods
      known in the art, for example by hydrolysis in the presence of a base in
      an alcoholic medium. Examples of the base are sodium or potassium
      carbonate or sodium or potassium alkoxides including methoxides or
      ethoxides. The reaction is convenienty run in an excess of the solvolysis
      reagent, for example methanol or ethanol. The temperature range is from
      -50.degree. C. to 100.degree. C. The time for completion of the reaction
      varies with the nature of R.sub.46 and the base, proceeding in the case of
      alkali carbonates in a few minutes when R.sub.46 is hydrogen but taking up
      to several hours when R.sub.46 is ethyl, for example.
PAR  When the solvolysis proceeds too long or when conditions are too severe,
      ester groups at R.sub.1 may be removed. They are, however, readily
      replaced by methods known in the art. For example, the alkyl, cycloalkyl,
      and aralkyl esters are prepared by interaction of the formula-CXVIII acids
      with the appropriate diazohydrocarbon. For example, when diazomethane is
      used, the methyl esters are produced. Similar use of diazoethane,
      diazobutane, 1-diazo-2-ethylhexane, diazocyclohexane, and
      phenyldiazomethane, for example, gives the ethyl, butyl, 2-ethylhexyl,
      cyclohexyl, and benzyl esters, respectively.
PAR  Esterification with diazohydrocarbons is carried out by mixing a solution
      of the diazohydrocarbon in a suitable inert solvent, preferably diethyl
      ether, with the acid reactant, advantageously in the same or a different
      inert diluent. After the esterification reaction is complete, the solvent
      is removed by evaporation, and the ester purified if desired by
      conventional methods, preferably by chromatography. It is preferred that
      contact of the acid reactants with the diazohydrocarbon be no longer than
      necessary to effect the desired esterification, preferably about one to
      about ten minutes, to avoid undesired molecular changes. Diazohydrocarbons
      are known in the art or can be prepared by methods known in the art. See,
      for example Organic Reactions, John Wiley & Sons, Inc., New York, N. Y.,
      Vol. 8, pp. 389-394 (1954).
PAR  An alternative method for esterification of the carboxyl moiety comprises
      transformation of the free acid to the corresponding silver salt, followed
      by interaction of that salt with an alkyl iodide. Examples of suitable
      iodides are methyl iodide, ethyl iodide, butyl iodide, isobutyl iodide,
      tere-butyl iodide, cyclopropyl iodide, cyclopentyl iodide, benzyl iodide,
      phenethyl iodide, and the like. The silver salts are prepared by
      conventional methods, for example, by dissolving the acid in cold dilute
      aqueous ammonia, evaporating the excess ammonia at reduced pressure, and
      then adding the stoichiometric amount of silver nitrate.
PAR  The phenyl and substituted phenyl esters are prepared by silylating the
      acid to protect the hydroxy groups, for example, replacing each --OH with
      --O--Si--(CH.sub.3).sub.3. Doing that may also change --COOH to
      --COO--Si--(CH.sub.3).sub.3. A brief treatment of the silylated compound
      with water will change --COO--Si--(CH.sub.3).sub.3 back to --COOH.
      Procedures for this silylation are known in the art. Then, treatment of
      the silylated compound with oxalyl chloride gives the acid chloride which
      is reacted with phenol or the appropriate substituted phenol to give a
      silylated phenyl or substituted phenyl ester. Then the silyl groups, e.g.,
      --O--Si--(CH.sub.3).sub.3 are changed back to --OH by treatment with
      dilute acetic acid. Procedures for these transformations are known in the
      art.
PAR  Referring to Chart M, there are shown process steps by which the
      formula-CIX bicyclo hexene is transformed first to an oxetane CXXII with a
      fully developed side chain.
      ##SPC108##
      ##SPC109##
      ##SPC110##
PAL  and ultimately to a PGE analog. In Chart M, R.sub.44 is hydrogen or alkyl
      of 1 to 4 carbon atoms, inclusive, and R.sub.45 is hydrogen, alkyl of 1 to
      4 carbon atoms, inclusive, or silyl of the formula (A).sub.3 Si-- wherein
      A is as defined herein above.
PAR  In step (a) of Chart M, there is employed an aldehyde of the formula
      ##SPC111##
PAL  wherein C.sub.p H.sub.2p and R.sub.44 are as defined above. Such aldehydes
      are available or readily prepared by methods known in the art. Examples of
      such compounds include:
      ##SPC112##
      ##SPC113##
PAR  The conditions for step (a) of Chart M are essentially the same as for step
      (a) of Chart L. Thereafter, step (b) for cleavage of the oxetane ring,
      steps (c) and (d) leading to the formula-CXXV aldehyde, and the Wittig
      reaction of step (e) are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Refering to step (g) of Chart M, the hydroxyl on the cyclopentane ring at
      the C-9 position is oxidized to an oxo group.
PAR  Oxidation reagents useful for this transformation are known in the art. A
      useful reagent for this purpose is the Jones reagent, i.e., acidified
      chromic acid. See J. Chem. Soc. 39 (1946). A slight excess beyond the
      amount necessary to oxidize the C-9 secondary hydroxy groups of the
      formula -CXXVII reactant is used. Acetone is a suitable diluent for this
      purpose. Reaction temperatures at least as low as about 0.degree. C.
      should be used. Preferred reaction temperatures are in the range 0.degree.
      to -50.degree. C. An especially useful reagent for this purpose is the
      Collins reagent, i.e. chromium trioxide in pyridine. See J. C. Collins et
      al., Tetrahedron Lett., 3363 (1968). Dichloromethane is a suitable diluent
      for this purpose. Reaction temperatures of below 30.degree. C. should be
      used. Preferred reaction temperatures are in the range 0.degree. to
      +30.degree. C. The oxidation proceeds rapidly and is usually complete in
      about 5 to 20 minutes.
PAR  Examples of other oxidation reagents useful for this transformation are
      silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (J. Am. Chem. Soc. 75, 422 (1953), and
      Tetrahedron, 18, 1351 (1962)), t-butylchromate in pyridine (Biochem. J.
      84, 195 (1962)), mixtures of sulfur trioxide in pyridine and
      dimethylsulfoxide (J. Am. Chem. Soc. 89, 5505 (1967)), and mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide (J. Am. Chem. Soc. 87,
      5661 (1965)).
PAR  Step (h) of Chart M and subsequent steps by which the product CXXX is
      obtained are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring next to Chart N the process steps are shown whereby aldehyde
      CXIII of Chart L is transformed to a 17,18-tetradehydro-PG analog CXXXVI
      and a 17,18-didehydro-PG analog CXXXVII.
PAR  In step (a) of Chart N, a Wittig reagent is employed which is prepared from
      a phosphonium salt of a haloalkyne of the formula
EQU  Cl--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  or
EQU  Br--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  wherein C.sub.n H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See,
      for example, U. Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Thereafter, in steps (b) to (d) and subsequent steps yielding the
      17,18-tetradehydro compound CXXXVI the reagents
      ##SPC114##
      ##SPC115##
PAL  and conditions are similar to those employed for the corresponding
      reactions shown in Chart L.
PAR  Transformation of CXXXVI to the formula-CXXXVII compounds is accomplished
      by hydrogenation of CXXXVI using a catalyst which catalyzes hydrogenation
      of --C.tbd.C-- only to cis--CH=CH--, as known in the art. See, for
      example, Fieser et al., "Reagents for Organic Syntheses," pp. 566-567,
      John Wiley and Sons, Inc., New York (1967). Preferred is Lindlar catalyst
      in the presence of quinoline, see Axen, references cited.
PAR  The intermediates of Charts L, M, and N, including those compounds
      represented by formulas CX, CXI, CXII, CXIII, CXIV, CXV, CXVI, CXVII,
      CXXII, CXXIII, CXXIV, CXXV, CXXVI, CXXVII, CXXVIII, CXXIX, CXXXII,
      CXXXIII, CXXXIV, CXXXV, and CXXXVI are frequently not isolated but used
      directly for a subsequent process step. When they are isolated, they are
      purified by methods known in the art, for example partition extraction,
      fractional crystallization, and, preferably, silica gel column
      chromatography.
PAR  The products represented by formulas CXVIII, CXXX, and CXXXVII obtained
      from these intermediates are often a mixture of 15-.alpha. and 15-.beta.
      isomers. These are separated by methods known in the art, for example, by
      chromatography on neutral silica gel. In some instances, particularly
      where R.sub.2 is alkyl, the lower alkyl esters are more readily separated
      than are the corresponding acids. In those cases wherein R.sub.1 is
      hydrogen, it is advantageous to esterify the mixture of acids, as with
      diazomethane, to form the methyl esters, separate the two epimers, and
      then, if desired, replace the carboxyl methyl with hydrogen by methods
      known in the art.
PAR  When an optically active intermediate or starting material is employed,
      subsequent steps yield optically active intermediates or products. That
      optical isomer of bicyclo hexene CIX is used which will yield product
      CXVIII for example, in the configuration corresponding to that of the
      naturally occurring prostaglandins. When the racemic form of the
      intermediate or starting material is employed, the subsequent
      intermediates or products are obtained in their racemic form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples and
      preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer Model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  NMR spectra are recorded on a Varian A-60, A-60D, or T-60 spectrophotometer
      using deuterochloroform solutions with tetramethylsilane as an internal
      standard (downfield).
PAR  Mass spectra are recorded on a CEC Model 110B Double Focusing High
      Resolution Mass Spectrometer or an LKB Model 9,000 Gas Chromatograph-Mass
      Spectrometer (ionization voltage 70 ev).
PAR  Circular dichroism curves are recorded on a Cary 60 recording
      spectropolarimeter.
PAR  Specific rotations are determined for solutions of a compound in the
      specified solvent with a Perkin-Elmer Model 141 Automatic Polarimeter.
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column.
PAR  "Brine," herein, refers to an aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography is made up from
      ethyl acetate-acetic acid-2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAR  "Skellysolve-B" refers to mixed isomeric hexanes.
PAR  Silica gel chromatography, as used herein, is understood to include
      elution, collection of fractions, and combination of those fractions shown
      by TLC (thin layer chromatography) to contain the desired product free of
      starting material and impurities.
PAC  PREPARATION 1
PAR  dl-Endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene.
PAR  A solution of formula-XLIII endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 29 of West Germany
      Offenlegungsschrift No. 1,937,912, cited above) (15 g.), 25 ml. of
      pyrrolidine, and 200 ml. of benzene is heated under reflux while removing
      the water formed by distillation. After 2 hrs. the benzene is replaced by
      50 ml. of toluene which is then removed in vacuo to give the title
      compound. This material gives an infrared spectrum having absorption
      attributable to the enamine double bond at 1610 cm.sup.-.sup.1 and free of
      carbonyl absorption.
PAC  PREPARATION 2
PAR  Methyl m-(Chloromethyl)phenoxyacetate (Formula LIII: C.sub.g H.sub.2g and
      C.sub.p H.sub.2p are valence bonds in meta relationship, C.sub.q H.sub.2q
      is methylene, Hal is chloro, R.sub.26 is hydrogen, and R.sub.10 is
      methyl).
PAR  a. m-Formylphenoxyacetic Acid. To a solution of m-hydroxybenzaldehyde (48.8
      g.) and sodium hydroxide (16.16 g.) in 500 ml. of water is added a
      solution prepared from chloroacetic acid (75 g.) and sodium hydroxide (32
      g.) in 100 ml. of water. The mixture is heated under reflux for 2 hrs.,
      cooled, and the pH is adjusted to pH 1 or 2. The mixture is extracted with
      dichloromethane-ether and the extract is dried and concentrated. The solid
      is taken up in saturated aqueous sodium bicarbonate, extracted with ether
      and the aqueous phase is made acidic. The aqueous phase is extracted with
      dichloromethane. The organic layer is concentrated and the residue is
      recrystallized from water to give m-formylphenoxyacetic acid (34.0 g.)
      m.p. 114.degree.-117.degree..
PAR  b. Methyl M-Formylphenoxyacetate. A solution of the product of step a (30.0
      g.) in 400 ml. of diethyl ether-tetrahydrofuran is treated with an excess
      of ethereal diazomethane generated from
      N-methyl-N'-nitro-N-nitro-soguanidine (32.5 g.) and 200 ml. of 30%
      potassium hydroxide. The organic extract is washed with 5% sodium
      hydroxide, dried and concentrated to give methyl m-formylphenoxyacetate
      (17 g.), as a light yellow oil.
PAR  c. Methyl m-(Hydroxymethyl)phenoxyacetate. A solution of the product of
      step b (30.0 g.) in 200 ml. of methanol, cooled in an ice bath to
      0.degree., is treated with sodium borohydride (1.55 g.) in 30 ml. of cold
      water. After the addition, stirring is continued for 20 min., the methanol
      is removed, and 60 ml. of brine is added. The aqueous phase is extracted
      with ether and the ether solution is washed, first with 5% aqueous
      hydrochloric acid, then brine, and dried. Removal of the solvent yields
      methyl m-(hydroxymethyl)phenoxyacetate(27.0 g.).
PAR  d. Methyl m-(Chloromethyl)phenoxyacetate. To the product of step c (27.0
      g.) is added 20 ml. of thionyl chloride with stirring. Following the
      addition, the reaction mixture is stirred at 25.degree. for 30 min. and at
      reflux for 30 min. After cooling the reaction mixture, it is dissolved in
      ether and washed carefully with water, saturated aqueous sodium
      bicarbonate and brine. The organic layer is dried, concentrated and
      distilled to give the title compound (11.0 g.) b.p.
      98.degree.-110.degree./0.03 mm.
PAR  Following the procedures of Preparation 2, but replacing chloroacetic acid
      with 3-chloropropionic acid, there is obtained, successively,
      3-(m-formylphenoxy)propionic acid and its methyl ester, methyl
      3-[m-(hydroxymethyl)phenoxy]-propionate, and the formula-LIII compound,
      methyl 3-[m-(chloromethyl)phenoxy]propionate.
PAR  Alternatively, Michael addition of m-hydroxy benzaldehyde to methyl
      acrylate, with base catalysis, and reduction of the product with sodium
      borohydride gives methyl 3-[m-(hydroxymethyl)phenoxy]propionate.
PAC  PREPARATION 3
PAR  Ethyl o-(Bromomethyl)benzyloxyacetate (Formula LIII: C.sub.g H.sub.2g is a
      valence bond, C.sub.p H.sub.2p and C.sub.q H.sub.2q are methylene, C.sub.g
      H.sub.2g and C.sub.p H.sub.2p are in ortho relationship, Hal is bromo,
      R.sub.26 is hydrogen, and R.sub.10 is ethyl).
PAR  To a mixture of .alpha.,.alpha.'-dibromo-o-xylene (100 g.), ethyl glycolate
      (47 g.), and dimethylformamide (500 ml.) is added with stirring over a
      1-hour period at 0.degree.-5.degree. C., 18 g. of 57% sodium hydride. The
      mixture is stirred for 16 hrs. at about 25.degree. C. and is then
      concentrated on a rotating evaporator at 40.degree.-50.degree. C. under
      vacuum. The residue is diluted with 1 liter of a mixture of isomeric
      hexanes (Skellysolve B) and diethyl ether (1:2 by volume) and the organic
      solution is washed successively with dilute hydrochloric acid, dilute
      potassium hydroxide solution, water, and brine, and is finally dried and
      concentrated. The residue is chromatographed on a column prepared by
      wet-packing 3 kg. of silica gel (Brinkman) with 6 l. of 15% ethyl acetate
      in Skellysolve B and 30 ml. of absolute ethanol. Gradient elution of the
      column with 16 l. of 15-35% ethyl acetate in Skellysolve B gives fractions
      of 400 ml. each of which are combined on the basis of thin layer
      chromatography (TLC). From fractions 18-27 there is obtained 35 g. of the
      title compound. This material has .lambda..sub.max. in ethanol at 231
      m.mu. (.epsilon. 7550) with shoulders at 272 (.epsilon. 700) and 278 m.mu.
      (.epsilon. 462). It has key absorptions in its NMR spectrum at about 7.3
      (apparent singlet), 4.7 (singlet), 4.64 (singlet), 4.06 (singlet),
      4.0-4.35 (quartet), and 1.1-1.34 (triplet) .delta.. It has mass spectral
      peaks at 206, 199, 201, 185, and 183.
PAC  PREPARATION 4
PAR  Endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (Formula XLIII: G
      is
      ##SPC116##
PAL  R.sub.3 and R.sub.4 are hydrogen; and .about. is endo).
PAR  a. There is first prepared (3-phenylpropyl)triphenylphosphonium bromide. A
      solution of 597.3 g. of 1-bromo-3-phenylpropane and 786 g. of
      triphenylphosphine in 1500 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs., then the mixture is cooled and the solid product is
      separated by filtration. The solid is then slurried with toluene in a
      Waring blender, separated by filtration, and dried for 18 hrs. at
      70.degree. C. under reduced pressure to give 1068 g. of
      (3-phenylpropyl)triphenylphosphonium bromide; m.p.
      210.5.degree.-211.5.degree. C.
PAR  b. A suspension of 314 g. of the product of step a in 3 l. of benzene is
      stirred at room temperature (25.degree. C.) under nitrogen, and 400 ml. of
      1.6 M butyllithium in hexane is added over a 20 min. period. The mixture
      is heated at 35.degree. C. for 30 minutes, then is cooled to -15.degree.
      C. and a solution of 100 g. of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 30-min. period. This mixture is
      heated at 70.degree. C. for 2.5 hrs., cooled, and filtered. The filtrate
      is washed three times with water, dried over sodium sulfate, and
      concentrated to 170 g. of crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether.
PAR  A solution of 340 g. (two runs) of this crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether and 20 g. of oxalic acid in 3600 ml. of methanol
      is heated at reflux for 3.5 hrs. The mixture is cooled and the methanol is
      evaporated under reduced pressure. The residue is mixed with
      dichloromethane, and the dichloromethane solution is washed with aqueous
      sodium bicarbonate, dried over sodium sulfate, and concentrated to 272 g.
      of the endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]hexan-3-ol.
PAR  A solution of 93 g. of the above
      endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]hexan-3-ol in 2570 ml. of
      acetone is cooled to -5.degree. C. and 160 ml. of Jones reagent (in the
      proportions 42 g. of chromic anhydride, 120 ml. of water, and 34 ml. of
      concentrated sulfuric acid) is added over a period of 30 min. while
      cooling to maintain a temperature of -5.degree. C. The mixture is allowed
      to stand for 10 min. longer; then 100 ml. of isopropyl alcohol is added
      and the mixture is swirled for 5 min. The mixture is then diluted with 6
      l. of water and extracted several times with dichloromethane. The organic
      layers are separated, washed with dilute hydrochloric acid, water, dilute
      aqueous sodium bicarbonate, and brine, then are dried over sodium sulfate,
      combined and concentrated to 83 g. of crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one.
PAR  Crude endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (162 g.,
      two runs) is dissolved in isomeric hexanes (Skellysolve B) and
      chromatographed over 5 kg. of silica gel wet-packed with Skellysolve B,
      eluting successively with 11 l. of Skellysolve B, 62 l. of 2.5% ethyl
      acetate in Skellysolve B, and 32 l. of 5% ethyl acetate in Skellysolve B.
      The last 8 l. of the 2.5% ethyl acetate in Skellysolve B eluates and the
      32 l. of 5% ethyl acetate in Skellysolve B eluates are combined and
      concentrated to 75.8 g. of the title compound; infrared absorption at
      3000, 1750, 1610, 1500, 1455, 1405, 1265, 1150, 778, 750 and 702
      cm.sup.-.sup.1., N.M.R. peaks at 7.18 (singlet) and 4.75-6.0 (broad
      multiplet) .delta..
PAC  PREPARATION 5
PAR  Endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-one. (Formula XLIII:
      G is
      ##SPC117##
PAL  R.sub.2 and R.sub.9 are hydrogen; and .about. is endo).
PAR  a. There is first prepared (4-phenylbutyl)triphenylphosphonium bromide. A
      solution of 145 g. of 4-phenyl-1-bromobutane and 179 g. of
      triphenylphosphine in 350 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs. The mixture is then cooled slowly and ether is added
      giving a precipitate of (4-phenylbutyl)triphenylphosphonium bromide which
      is washed thoroughly with benzene/ether and dried 18 hrs. at 50.degree. C.
      under reduced pressure, 268 g., m.p. 139.degree.-140.degree. C.
PAR  b. A suspension of 242 g. of the product of step a in 2.3 l. of dry benzene
      at 25.degree. C. is stirred and 300 ml. of 1.6 M butyllithium in hexane is
      added over a 15-min. period. The mixture is stirred at 30.degree. C. for 1
      hour, then is cooled to 10.degree. C. and a solution of 75 g. of
      endobicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether in
      200 ml. of benzene is added over a 15-min. period. The mixture is heated
      at 65.degree.-70.degree. C. for 3 hours, cooled and filtered. The filtrate
      is washed with water and brine, dried over sodium sulfate, and
      concentrated under reduced pressure to give 117 g. of crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether showing a single spot, R.sub.f 0.75, on thin layer
      chromatography with silica gel plates developed with 20% ethyl acetate in
      cyclohexane.
PAR  A solution of 117 g. of the above crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether and 6 g. of oxalic acid in 2500 ml. of methanol is
      heated under reflux for 2.5 hrs. The methanol is then removed by
      distillation under reduced pressure and the residue is diluted with water
      and extracted with dichloromethane. The dichloromethane extracts are
      combined, washed with aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 95.7 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol. The
      entire crude product is chromatographed over 1.5 kg. of silica gel
      wet-packed with Skellysolve B, eluting successively with 5 l. of
      Skellysolve B, 4 l. of 2.5%, 6 l. of 5%, 9 l. of 7.5%, 12 l. of 10%, 8 l.
      of 15%, 10 l. of 20% and 10 l. of 30% ethyl acetate in Skellysolve B,
      taking 600 ml. fractions. The last fraction of 10% ethyl acetate in
      Skellysolve B, all the 15% and 20% ethyl acetate in Skellysolve B eluates,
      and the first 3 fractions of 30% ethyl acetate in Skellysolve B are
      concentrated to 60.5 g. of purified
      endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-ol.
PAR  A solution of 60.5 g. of the above purified alcohol in 1600 ml. of acetone
      is cooled to -10.degree. C. and 103 ml. of Jones reagent is added
      dropwise. After addition is complete the mixture is stirred for 10 min. at
      0.degree. C. and 65 ml. of isopropyl alcohol is added. The mixture is
      poured into 8 l. of water and extracted several times with
      dichloromethane. The dichloromethane extracts are combined, washed with
      dilute hydrochloric acid, aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 56 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-one. The crude
      ketone is slurried in Skellysolve B and chromatographed over 2300 g. of
      silica gel wet packed in Skellysolve B, eluting successively with 6 l. of
      Skellysolve B, 16 l. of 2.5% ethyl acetate in Skellysolve B, then gradient
      elution with 5 l. of 2.5% and 5 l. of 5% ethyl acetate in Skellysolve B
      and finally 16 l. of 5% ethyl acetate in Skellysolve B, taking 625 ml.
      fractions. The last fraction of the gradient eluates and the first 19
      fractions of 5% ethyl acetate in Skellysolve B are concentrated to give
      23.6 of the title compound; infrared absorption at 2980, 1745, 1600, 1490,
      1450, 1260, 1145, 770, 750 and 702 cm.sup.-.sup.1., N.M.R. peaks at 7.17
      (singlet), 6.0-5.4 (multiplet), and 5.2-4.7 (broad multiplet) .delta..
PAC  PREPARATION 6
PAR  Endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one Acetonide
PAR  (Formula XXXVI wherein G is
      ##SPC118##
PAL  R.sub.2 and R.sub.9 are hydrogen, R.sub.11 and R.sub.12 are methyl, and
      .about. is endo).
PAR  a. There is first prepared the formula-LI dihydroxy compound. To a solution
      of endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (10.0 g.,
      Preparation 4) in about 100 ml. of tetrahydrofuran is added, with
      stirring, a solution of potassium chlorate (10.0 g.) and osmium tetroxide
      (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously for 5
      hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure. The residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and concentrated to
      an oil. This oil is chromatographed on about 1000 g. of silica gel, and
      eluted successively with 3 l. of 10% ethyl acetate in a mixture of
      isomeric hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in
      Skellysolve B, and then with 50% ethyl acetate in Skellysolve B,
      collecting 500 ml. eluate fractions. Fractions 13-19 (50% ethyl acetate)
      are combined and evaporated to dryness to give dl-endo-6
      (1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexane-3-one (Formula LI).
PAR  b. A solution of the product of step a (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 minutes. The acetone is evaporated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated to about 9.3 g. of an oil. The oil is
      chromatographed on 400 g. of silica gel, being eluted with 2 l. of 10%
      ethyl acetate in Skellysolve B, and then with 4 l. of 15% ethyl acetate in
      Skellysolve B. The 15% ethyl acetate eluates are concentrated to about 7.4
      g. of the formula-XXXVI compound,
      endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one acetonide.
PAC  PREPARATION 7
PAR  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
      (Formula LIV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26 is
      hydrogen and R.sub.10 is methyl).
PAR  a. To a cold, stirred solution of m-vinylanisole (13.4 g.) in 40 ml. of
      diethyl ether is slowly added a solution of bromine (15.9 g.) in 60 ml. of
      diethyl ether. The ether solution is used directly in converting the
      product, m-(1,2-dibromoethyl)anisole to m-methoxyphenylacetylene by
      dehydrohalogenation (see T. H. Vaughn, J. Am. Chem. Soc. 56, 2064, 1934).
      The ether solution above is slowly added, with vigorous stirring, to a
      mixture of sodium amide prepared from sodium (4.6 g.) in about 200 ml. of
      liquid ammonia. When the reaction is complete, the volume is reduced about
      one-half, and an equal volume of water is cautiously added. A layer
      containing the product is separated, washed with dilute hydrochloric acid,
      dried, and distilled.
PAR  b. To a solution of the product of step a above in 250 ml. of
      dichloromethane, maintained at 0.degree. C. under nitrogen, is added
      dropwise over about a 1-hour period with vigorous stirring a solution of
      about 15 ml. of boron tribromide in 200 ml. of dichloromethane. Cooling
      and stirring continue for 1 hour. When the reaction is complete as shown
      by TLC, there is added cautiously a solution of sodium carbonate in water
      to neutralize the mixture. Thereafter, the solution is saturated with
      sodium chloride (added as a solid), and the organic phase is separated and
      combined with additional ethyl acetate washings of the aqueous phase. The
      organic solutions are washed with brine, dried over sodium sulfate, and
      concentrated under reduced pressure to yield the acetylenic phenol.
PAR  c. To the product of step b (11.8 g.), is added gradually a solution of
      sodium ethoxide (prepared from sodium and absolute ethanol). Thereafter,
      ethylene chlorohydrin (8.0 g.) is added in small portions. When all has
      been added, the mixture is heated at reflux for about 1 hour or until
      completion, then filtered hot. The combined filtrate and ethanol washings
      are concentrated to remove alcohol, and the product distilled under
      reduced pressure.
PAR  To the hydroxyethyl ether (16.2 g.) as obtained above, cooled to
      15.degree.-20.degree. C., is added 20 ml. of dihydropyran and 100 ml. of
      diethylether, and, with stirring, 1 ml. of anhydrous diethyl ether
      saturated with hydrogen chloride. After the exothermic reaction hs
      diminished, the mixture is kept at 25.degree. C. for 15 hours. The mixture
      is washed with aqueous sodium bicarbonate, water, and dried, then
      concentrated under reduced pressure to yield the tetrahydropyranyl ether.
PAR  d and e. To a solution of the product of step c (10 g.) in anhydrous
      tetrahydrofuran (180 ml.) at -78.degree. C. under argon is added the
      equivalent molecular amount of n-butyllithium in hexane. The resulting
      solution is stirred at -78.degree. C. for an additional 30 minutes. A
      suspension of dry paraformaldehyde (two equivalents) in anhydrous
      tetrahydrofuran is added and the mixture warmed to room temperature over a
      30-min. period. It is stirred an additional 1 hour and poured into brine,
      then extracted with ether, dried, and concentrated to yield the hydroxy
      compound.
PAR  f. The hydroxy compound of step e is converted to the bromo compound by
      first forming the mesyl derivative by reaction with methanesulfonyl
      chloride (4 ml.) in pyridine (80 ml.) at -20.degree. C. The mixture is
      stirred 1 hour at -20.degree. C., and then is poured into a stirred
      mixture of 3 normal hydrochloric acid (300 ml.) and ice water (500 ml.).
      This mixture is extracted with diethyl ether, the extract is washed with
      cold 1 N hydrochloric acid and brine, then dried and concentrated. To a
      solution of the residue (mesyl derivative) in dry acetone (100 ml.) is
      added lithium bromide (5 g.) and the mixture stirred and heated at reflux
      1 hour, then kept at 25.degree. C. for 15 hours. The acetone is evaporated
      under reduced pressure, and the residue is extracted with diethyl ether.
      The extract is washed with water and brine, then dried and concentrated.
      The residue is chromatographed on silica gel, eluting with 10% ethyl
      acetate in Skellysolve B. Fractions shown by TLC to contain the product
      are combined and concentrated to give the formula-LX intermediate.
PAR  g. The product of step f above is converted to the corresponding carboxylic
      acid and its methyl ester as follows. The tetrahydropyranyloxy group is
      replaced by hydroxyl by contacting the product of f with a mixture of
      acetic acid/water/tetrahydrofuran (20/10/3) at 40.degree. C. for 2 hours,
      thereafter removing solvents under reduced pressure.
PAR  The substituted glycol from above is oxidized to the acid in acetone
      solution, using a slight excess of Jones reagent (21 g. chromic
      anhydride/60 ml. water/17 ml. conc. sulfuric acid) while cooling to
      maintain a temperature of -5.degree. to 0.degree. C. After about 60 min.,
      isopropyl alcohol is added, the mixture is stirred for 10 min., and then
      poured into ice water. The acid product is isolated by extraction with
      chloroform, drying over sodium sulfate, and concentration under reduced
      pressure.
PAR  The acid from above is converted to the methyl ester by reaction with
      diazomethane in diethyl ether at about 10.degree.-25.degree. C., followed
      by concentration to yield the desired title compound.
PAR  Following the procedures of Preparation 7, but replacing m-vinylanisole
      with methyl (o, m, or p-)vinylbenzyl ether, there are obtained,
      respectively, methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate.
PAC  PREPARATION 8
PAR  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Formula LV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationships. C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (2.0 g.,
      Preparation 7) in 10 ml. of pyridine is hydrogenated in the presence of a
      5% palladium on barium sulfate catalyst (150 mg.) at 25.degree. C. and 1
      atmosphere. the resulting mixture is filtered and evaporated to about
      one-third the original volume. Four volumes of ethyl acetate is added, and
      the remaining pyridine is removed by addition of ice and 1 N hydrochloric
      acid. The ethyl acetate layer is separated, washed successively with 1 N
      hydrochloric acid and brine, dried, and evaporated. The residue is
      chromatographed on 250 g. of silica gel which has previously been
      acid-washed to pH 4 (Silicar CC.sub.4, 100-200 mesh, Mallincrodt Co.),
      eluting with 3 l. of 25-75% ethyl acetate-Skellysolve B gradient,
      collecting  100-ml. fractions. The fractions shown to have the desired
      product free of starting material by TLC are combined and concentrated
      under reduced pressure to give the title compound containing the cis
      --CH=CH moiety.
PAR  Following the procedures of Preparation 8, but replacing methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate with methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, or methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetra-nor-9-undecynoate (from
      the paragraphs following Preparation 7), there is obtained the
      corresponding formula-LV enoate compounds in which cis--CH=CH-- has
      replaced --C.tbd.C--.
PAC  PREPARATION 9
PAR  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate.
      (Formula LVI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of the compound represented by the formula
      ##SPC119##
PAL  (1.0 g., Preparation 7, step e) in 20 ml. of tetrahydrofuran is cooled to
      -10.degree. C. This solution is added to a fresh solution of lithium
      aluminum hydride (110% of theory) in tetrahydrofuran. The reaction mixture
      is stirred for 16 hours at 25.degree. C. ambient temperature. Then, water
      (20 ml.) is added, and the resulting solution is acidified with 1 N
      hydrochloric acid, and then extracted with ethyl acetate. The extract is
      washed successively with aqueous sodium bicarbonate solution and brine,
      dried, and evaporated under reduced pressure. The residue is
      chromatographed on silica gel, eluting with a 25-75% ethyl
      acetate-Skellysolve B gradient, combining fractions shown to have the
      desired product by TLC, and removing solvent from those combined fractions
      under reduced pressure to yield a compound represented by the formula
      ##SPC120##
PAR  Thereafter, following the procedures of Preparation 7, steps f through g,
      there is obtained the title compound containing the trans--CH=CH-- moiety.
PAR  Following the procedures of Preparation 9, but replacing thst nonynoate
      with the compound having the formula
      ##SPC121##
PAL  wherein the THP-terminated moiety is attached to the ring in ortho, meta,
      or para configuration, there is obtained the corresponding formula LVI
      compound in which trans --CH=CH-- has replaced -C.tbd.C--.
PAC  PREPARATION 10
PAR  Optically Active Bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde
PAR  Following the procedure of Preparation 1 of U.S. Pat. No. 3,711,515,
      racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde is prepared from
      bicyclo[2.2.1]hepta-2,5-diene and peracetic acid.
PAR  The racemic compound is resolved by the procedure of Example 13 of U.S.
      Pat. No. 3,711,515, forming an oxazolidine as follows.
PAR  Racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (12.3 g.) and
      l-ephedrine (16.5 g.) are dissolved in about 150 ml. of benzene. The
      benzene is removed under vacuum and the residue taken up in about 150 ml.
      of isopropyl ether. The solution is filtered, then cooled to -13.degree.
      C. to yield crystals of
      2-endo-bicyclo-[3.1.0]hex-2-en-6-yl3,4-dimethyl-5-phenyl-oxazolidine, 11.1
      g., m.p. 90.degree.-92.degree. C. Three recrystallizations from isopropyl
      ether, cooling each time to about -2.degree. C., yield crystals of the
      oxazolidine, 2.2 g., m.p. 100.degree.-103.degree. C., now substantially a
      single isomeric form as shown by NMR.
PAR  The above re-crystallized oxazolidine (1.0 g.) is dissolved in a few ml. of
      dichloromethane, charged to a 20 g. silica gel column and eluted with
      dichloromethane. The silica gel is chromatography-grade (Merck), 0.05-0.2
      mm. particle size, with about 4-4 5 g. of water per 100 g. Fractions of
      the eluate are collected, and those shown by thin layer chromatography
      (TLC) to contain the desired compound are combined and evaporated to an
      oil (360 mg.). This oil is shown by NMR to be the desired title compound,
      substantially free of the ephedrine, in substantially a single
      optically-active isomeric form. points on the circular dichroism curve are
      (.lambda. in nm.,.theta.): 350, 0; 322.5, -4,854; 312, -5,683; 302.5,
      -4,854; 269, 0; 250, 2,368; 240, 0; and 210, -34,600.
PAC  EXAMPLE 1
PAC  dl -Methyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Formula XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC122##
PAL  and .about. is alpha and endo).
PAR  A. A solution prepared from
      endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene (Preparation
      b 1, 5.0 g.) and methyl m-(chloromethyl)-phenoxyacetate (Preparation 2,
      4.4 g.) in 60 ml. of dioxane is stirred under a nitrogen atmosphere at
      about 25.degree. C for 2 days and then heated under reflux for 7 hrs. To
      the reaction mixture is added water. The solution is heated on a steam
      bath, cooled and extracted with ether. The extract is washed, first with
      dilute (about 5% hydrochloric acid, then brine, and dried and
      concentrated. The residue is chromatographed on 700 g. of silica gel
      prepared with 20% ether-isomeric hexane mixture (Skellysolve B) and eluted
      with 1.5 l. of 20% ether-Skellysolve B, 1.5 l. of 25% ether-Skellysolve B,
      and 1.5 l. of 30% ether-Skellysolve B, collecting 100-ml. fractions.
      Fractions 25-31 give the title compound (1.7 g.).
PAR  B. Alternate synthesis. - A solution of potassium tert-butoxide (9.0 g.) in
      500 ml. of nitrogen-purged tetrahydrofuran is added dropwise during 45
      min. to a stirred solution of the formula-XLIII bicyclo olefin,
      endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 9 of West
      Germany Offenlegungsschrift No. 1,937,912, cited above) (10.0 g.), and
      methyl m-(chloromethyl)phenoxyacetate (Preparation 2, 13 g.) in 250 ml. of
      tetrahydrofuran under nitrogen at 25.degree. C. The resulting mixture is
      acidified at once with 120 ml. of 5% hydrochloric acid, and then is
      concentrated under reduced pressure below 40.degree. C. to remove most of
      the tetrahydrofuran. Water (400 ml.) is added to the residue, and the
      mixture is extracted with three 400-ml. portions of ethyl acetate. The
      combined extracts are washed successively with aqueous sodium thiosulfate
      solution and brine, dried, and concentrated under reduced pressure. The
      residue is chromatographed over 4 kg. of silica gel wet-packed with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with
      ether-Skellysolve B mixtures having 20-30% ether. Fractions shown by TLC
      to contain the desired alkylation product are combined to yield the
      formula-XLIV (Chart E) alkylated olefin title compound.
PAR  Following the procedure of Example 1-B but replacing the formula-XLIII
      (Chart E) endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one with the
      corresponding bicyclo olefins prepared by reaction of the
      -tetrahydropyranyl ether of endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde
      with intermediate quaternary phosphonium halides (see above-cited West
      Germany Offenlegungsschrift No. 1,937,912) prepared from 1-bromobutane,
      1-chloropentane, 1-bromoheptane, and 1-chlorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3, 4, 6, and 7 carbon atoms, respectively.
PAR  Also following the procedure of Example 1-B but employing instead
      formula-XLIII bicyclo olefins prepared from 1-bromo-2-fluorobutane,
      1-chloro-2-fluoro-pentane, 1-bromo-2-fluorohexane,
      1-bromo-2-fluoroheptane, and 1-chloro-2-fluorooctane, there are obtained
      the corresponding formula-XLIV aklyated olefin compounds wherein G is
      straight chain alkyl of 3 to 7 carbon atoms, inclusive, with a fluoro
      substituent at the 1-position.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula R.sub.27 --(CH.sub.2).sub.b --CH.sub.2 Br, wherein b is 1, 2, 3,
      or 4, and R.sub.27 is isobutyl, tert-butyl, 3,3-difluorobutyl,
      4,4-difluorobutyl, 4,4,4-trifluorobutyl, and 3,3,4,4,4-pentafluorobutyl,
      there are obtained compounds corresponding to the formula-XLIV product of
      Example 1-B with R.sub.27 --(CH.sub.2).sub.b --CH=CH-- in place of the
      1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula:
PAL  Ch.sub.3 --(ch.sub.2).sub.c --CR.sub.21 R.sub.22 --CH.sub.2 Br wherein c is
      2, 3, or 4, and R.sub.21 and R.sub.22 are methyl or ethyl, e.g. CH.sub.3
      --(CH.sub.2).sub.2 --C(C.sub.2 H.sub.5).sub.2 --CH.sub.2 --Br, CH.sub.3
      --(CH.sub.2).sub.3 --CH(CH.sub.3)--CH.sub.2 --Br, CH.sub.3
      --(CH.sub.2).sub.3 --CH(C.sub.2 H.sub.5)--CH.sub.2 --Cl, CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3).sub.2 --CH.sub.2 --Br, and CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3)(C.sub.2 H.sub.5)--CH.sub.2 --Br, there
      are obtained the corresponding formula-XLIV alkylated olefin compounds
      wherein G is mono- or di-substituted at the 1-position with methyl or
      ethyl.
PAR  Also following the procedure with Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from .alpha.-bromotoluene,
      (2-bromoethyl)benzene, (5-chloropentyl)benzene, (6-bromohexyl)benzene, and
      (7-iodoheptyl)benzene; from (1-chloroethyl)benzene,
      (1-bromopropyl)benzene, (2-bromopropyl)benzene, (3-chloropentyl)benzene,
      (4-bromopentyl)benzene, (6-bromononyl)benzene and (7-bromononyl)benzene;
      from 1-bromo-2-phenylpropane, 1-bromo-2-methyl-2-phenylpropane,
      1-chloro-2-ethyl-3-phenylpropane, 1-bromo-2-methyl-4-phenylbutane, and
      1-bromo-2,2-dimethyl-5-phenylpentane; from .alpha.-bromo-m-xylene,
      .alpha.-chloro-p-ethyltoluene, .alpha.-bromo-p-chlorotoluene,
      .alpha.'-chloro-.alpha.,.alpha.,.alpha.-trifluoro-m-xylene,
      1-(2-bromoethyl)-4-fluorobenzene, 1-(5-bromopentyl)-2-chlorobenzene,
      4-(3-iodopropyl)-1,2-dimethoxybenzene, and
      1-(3-bromohexyl)-2,4,6-trimethylbenzene; and from
      (2-bromo-1-fluoroethyl)benzene, (2-bromo-1-fluoropropyl)benzene,
      (2-chloro-1-fluoro-1-methylpropyl)benzene,
      (5-bromo-4-fluoropentyl)benzene, (7-iodo-6-fluoropentyl)benzene,
      (4-bromo-3,3-difluorobutyl)benzene, and
      (6-bromo-5,5-difluorohexyl)benzene, there are obtained the corresponding
      formula-XLIV alkylated olefin compounds wherein G is
      ##SPC123##
PAL  including compounds wherein C.sub.t H.sub.2t is substituted with 1 or 2
      fluoro atoms.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from the secondary bromides of the formula
      ##EQU50##
      wherein G and R.sub.2 are as defined above, R.sub.2 being alkyl, there are
      obtained formula-XLIV alkylated olefins corresponding to the product of
      Example 1-B with
      ##EQU51##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo[3.1.0]-hexane reactants with
      ##EQU52##
      in place of
      ##EQU53##
      wherein R.sub.9 is as defined above, there are obtained formula-XLIII
      alkylated olefins corresponding to the product of Example 1-B with
      ##EQU54##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo[3.1.0]hexane reactants with
      ##EQU55##
      in place of
      ##EQU56##
      and primary and secondary bromides of the formula
      ##EQU57##
      (as above defined), there are obtained formula-LIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##EQU58##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but using a larger amount of
      potassium tert-butoxide (16 g.) and maintaining the reaction mixture for 8
      hrs. at 25.degree. C. before addition of hydrochloric acid, a product is
      obtained which contains substantial amounts of both the above-described
      2.alpha.-yl isomer and the corresponding 2.beta.-yl isomer. These isomers
      are separated by the above-described silica gel chromatography.
PAR  Also following the procedure of Example 1-B but using exo formula-XLIII
      bicyclo olefins in place of the endo reactant of Example 1-B, there are
      obtained the corresponding exo formula-XLIV alkylated olefins.
PAR  Also following the procedure of Example 1-B but replacing the methyl
      m-(chloromethyl)phenoxyacetate alkylating agent with the formula-LIII and
      -LIV compounds, methyl 3-[m-(Chloromethyl)phenoxy]propionate, methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate, and methyl
      10-bromo-3 -oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, there are
      obtained alpha and beta, exo and endo, formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##SPC124##
PAL  replaced with
      ##SPC125##
PAL  respectively. In the same manner, but using, according to Example 1-B,
      other esters of the above-described formula-LIII and -LIV alkylating
      agnets within the scope of R.sub.10 as above-defined, e.g., the isopropyl,
      tert-butyl, octyl, cyclohexyl, benzyl, and phenyl esters, there are
      obtained the corresponding formula-XLIV esters.
PAR  Also following the procedure of Example 1-B but using in combination each
      of the above-described alternative formula-XLIII bicyclo olefins and each
      of the above-described alternative formula-LIII or -LIV omega-halo
      alkylation agents, there are obtained formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring in the product.
PAR  Also following the procedure of Example 1-B, but using in place of the
      formula-LIII halo alkylating agent of that Example, each of the other
      alkylating agents within the scope of
      ##EQU59##
      as above defined, i.e., alkylating agents of formulas LIII and LIV as
      above-described, there are obtained alpha and beta exo and endo
      formula-XLIV compounds corresponding to the product of Example 1-B with
      each of the other
      ##EQU60##
      side chains in place of the
      ##SPC126##
PAL  side chain of the Example 1-B product. For example, using as formula-LIII
      alkylating agents in the Example 1-B procedure, the following compounds
      wherein Et is ethyl;
      ##SPC127##
      ##SPC128##
PAL  there are obtained exo and endo, alpha and beta, formula-XLIV alkylated
      bicyclo[3.1.0]hexanes each having a carboxylate-terminated side chain
      corresponding to one of the specific omega-halo alkylating agents. For
      example, the side chain will be alpha or beta
      ##SPC129##
PAL  when the alkylating agent is
      ##SPC130##
PAR  Also following the procedure of Example 1-B, but using in combination each
      of the alternative alkylating formula-LIII and -LIV agents within the
      scope of
      ##EQU61##
      including the specific examples of those just mentioned, and each of the
      above-described formula-XLIII alternative bicyclo[3.1.0]hexane olefin
      reactants, there are obtained formula-XLIV exo and endo, alpha and beta,
      compounds corresponding to the products of Example 1-B, but different
      therefrom with respect to both the carboxylate-terminated side chain and
      the side chain attached to the cyclopropane ring of the product. In the
      same manner, alternative alkylating agents within the scope of
      ##EQU62##
      wherein R.sub.10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl,
      octyl, cyclohexyl, benzyl, phenyl, and .beta.,.beta.,.beta.-trichloroethyl
      are used.
PAC  EXAMPLE 2
PAR  dl-Methyl
      7-[Endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (Formula XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC131##
PAL  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Example 1, 1.7 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added with stirring osmium tetroxide (200
      mg.) followed by potassium chlorate (1.2 g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and 1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Fractions 26-30 contain one
      isomer (faster moving, less polar) of the title compound (350 mg.).
      Fractions 32-37 contain the other slower-moving (more polar) isomer (450
      mg.). These materials show infrared spectral absorption at 330
      cm.sup.-.sup.1.
PAR  Following the procedure of Example 2 but using the hex-2.beta.-yl isomer in
      place of the hex-2.alpha.-yl isomer of the bicyclo reactant, dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-heptanoate is obtained.
PAR  Also following the procedure of Example 2, each of the formula-XLIV exo and
      endo, alpha and beta, saturated and acetylenic bicyclo[3.1.0]hexane esters
      defined above after Example 1 is oxidized to mixtures of the corresponding
      isomeric formula-XLV dihydroxy compounds.
PAC  EXAMPLE 3
PAR  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester (Formula
      XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl, Q is
      ##EQU63##
      R.sub.1 is methyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      ##EQU64##
PAR  Refer to Chart E. To a solution of the formula-XLV dihydroxy compound,
      dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (800 mg. of a mixture of the
      slower and faster moving isomers of Example 2) in 10 ml. of pyridine,
      cooled to 0.degree., is added 1.2 ml. of methane-sulfonyl chloride. The
      reaction mixture is stirred for 2  hrs. and 20 g. of ice is added. The
      mixture is extracted with ether-dichloromethane (1:1) and the organic
      layer is washed successively with dilute hydrochloride acid, water,
      saturated aqueous sodium bicarabonate, and brine, dried, and concentrated.
      The residue, containing the bismesylate, is treated with 15 ml. of acetone
      and 10 ml. of water and stirred for 8-16 hrs. at 25.degree.. The acetone
      is removed in vacuo and the remaining solution is extracted with
      dichloromethane. The extract is dried and concentrated and the residue is
      chromatographed on 150 g. of silica gel using 500 ml. ethyl acetate
      followed by 3% methanol ethyl acetate as eluting solvent while collecting
      30-ml. fractions. Fractions 15-24 are combined and concentrated to yield
      the 15-.beta. PGE.sub.1 title compound (50 mg.); mass spectral peak at
      404; ultraviolet absorption at 216 (.epsilon. = 8100), 264 (.epsilon. =
      1100), 272 (.epsilon. = 1600) and 278  (.epsilon. = 1500m.mu.. Fractions
      26-35 are combined and concentrated to yield a residue which is
      re-chromatographed on 10 g. of silica gel using the same solvent system
      and collecting 1.5 ml. fractions. Fractions 22-29 are combined and
      concentrated to give the PGE.sub.1 title compound (75 mg.); mass spectral
      peak at 404; ultraviolet absorption at 216 (.epsilon. = 7700), 264, 272
      (.epsilon. = 1500), and 278 (.epsilon. = 1400) m.mu..
PAR  Following the procedures of Example 3, each of the formula-XLV
      dl-endo-1,2-dihydroxy oxa-phenylene esters following Example 2 is
      transformed to the corresponding dl-endo-1,2-dimesyloxy oxa-phenylene
      ester, and thence to the corresponding PGE type compound or its isomers.
PAR  Also following the procedures of Example 3, each of the formula-XLV and
      dl-exo-1,2-dihydroxy oxa-phenylene esters corresponding to the above
      dl-endo-1,2-dihydroxy esters is transformed to the corresponding
      dl-exo-1,2-dimesyloxy ester, and thence to the corresponding PGE type
      compound or its isomers.
PAR  By the above-outlined procedures, following the steps of Chart E, there are
      obtained the specific PGE-type esters represented by figures XVI and
      XVIII, e.g. the esters of the dl-oxa-phenylene PGE.sub.1 compounds and
      5,6-dehydro-PGE.sub.2 compounds, including their 8-iso and 15-epi (.beta.)
      forms. For example,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene-18-phenyl-4,19,20-trinor-PGE.su
     b.2 methyl ester and its 15-epimer are obtained from dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl-3-ox
     a-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10 hereinafter)
      by way of the dihydroxy and bis(mesylate) intermediates of Chart E,
      following Example 3, as represented by the following formulas:
      ##SPC132##
PAR  Also following the procedure of Example 3, but replacing methanesulfonyl
      chloride with an alkanesulfonyl chloride or bromide or with an
      alkanesulfonic acid anhydride, wherein the alkane moiety contains 2 to 5
      atoms, inclusive, there is obtained from each dihydroxy compound the
      corresponding bis(sulfonic acid) esters encompassed by formula XLVI.
PAR  In each of the above transformations in Example 3, the monosulfonic acid
      ester is also obtained as a by-product, which is reacted with additional
      alkanesulfonyl halide or alkanesulfonic acid anhydride to give the
      corresponding bis(sulfonic acid) ester and thence recycled back to
      additional formula-XLVII product.
PAR  For satisfactory yields of the bis-sulfonic acid ester, R.sub.10 is not
      hydrogen. Those intermediate compounds in which R.sub.10 is haloethyl,
      e.g., .beta.,.beta.,.beta.-trichloroethyl, are especially useful in the
      sequence of reactions leading to the acid form of the prostaglandin-like
      products. Each of the exo and endo, alpha and beta, saturated and
      unsaturated oxa-phenylene bis(alkanesulfonic acid) esters is transformed
      to the corresponding oxa-phenylene PGE type compound encompassed by
      formula-XLVII.
PAC  EXAMPLE 4
PAR  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. Methyl
      Ester and
      dl-3-Oxa-3,7-inter-m-phenylene-4,5,6,-trinor-PGF.sub.1.sub..beta. Methyl
      Ester  (Formula XX: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence
      bonds in relationship, G is n-pentyl, Q is
      ##EQU65##
      R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and either alpha or beta for the ring hydroxyl).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 20 ml. of tetrahydrofuran, 2.0 ml. of
      hexamethyldisilazane, and 0.15 ml. of trimethylsilyl chloride is stirred
      at 25.degree. for 20 hrs. The reaction mixture is concentrated in vacuo,
      benzene is added, the solution concentrated and this procedure is
      repeated. The residue is dissolved in 10 ml. of methanol, cooled in an
      ice-methanol bath, and sodium borohydride (60 mg.) in 20 ml. of cold water
      is added dropwise. The methanol is removed and the aqueous phase is
      extracted with dichloromethane, and the resulting dichloromethane solution
      is dried and concentrated in vacuo. The residue is chromatographed on 45
      g. of silica gel using 70 ml. of ethyl acetate and then a gradient of 0-8%
      methanol ethyl acetate as eluting solvent, collecting 10-ml. fractions.
      Fractions 22-36 are combined and concentrated to yield the
      PGF.sub.1.sub..alpha. -type title compound (100 mg.); mass spectral peak
      for tris-trimethylsilyl derivative at 622. Fractions 37-42 are combined
      and concentrated to yield a residue which is chromatographed on a
      preparative silica gel plate using 5% methanol-methylene chloride as
      eluting solvent. From the plate is obtained the PGF.sub.1.sub..beta. -type
      title compound (25 mg.); mass spectral peak for tris-trimethylsilyl
      derivative at 622.
PAR  Following the procedure of Example 4,
      dl-3-oxa-4,7inter-o-phenylene-5,6-dinor-PGE.sub.1 ethyl ester (Example 8
      hereinafter) is transformed to
      dl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1.sub..alpha. and
      -PGF.sub.1.sub..beta. ethyl esters.
PAR  Also following the procedure of Example 4,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene-18-phenyl-4,19-20-trinor-PGE.su
     b.2  methyl ester (following Example 3) is transformed to the corresponding
      PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta. type compounds.
PAR  Also following the procedure of Example 4, the alkyl ester and free acid
      forms of formula-XX to -XXIII oxa-phenylene PGF compounds in their various
      spatial configurations, e.g., the PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta.,
      trans-5,6-dehydro-PGF.sub.1.sub..alpha.  and -PGF.sub.1.sub..beta. type
      compounds and their 8-iso and 15-beta isomers, are prepared by reduction
      of the corresponding formula XVI-to -XIX PGE-type alkyl ester or free
      acid, including those described above after Example 3.
PAC  EXAMPLE 5
PAR  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Formula-XXIV:
      C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-C.sub.5 H.sub.11, Q is
      ##EQU66##
      R.sub.1 is hydrogen; and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 4 ml. of tetrahydrofuran and 4 ml. of 0.5 N
      hydrochloric acid is left standing at 25.degree. for five days. Brine
      solution and dichloromethane-ether (1:3) are added and the mixture is
      stirred. The organic layer is separated, dried and concentrated. The
      residue is dissolved in either which is washed with saturated aqueous
      sodium bicarbonate, dried and concentrated. The aqueous phase is quickly
      acidified with hydrochloric acid and extracted with dichloromethane which
      in turn is dried and concentrated. The residue is again dissolved in
      ether, extracted with aqueous sodium bicarbonate, and the aqueous phase is
      worked up as reported above. This procedure is repeated one additional
      time to yield the title compound (120 mg.). This material has mass
      spectral peaks at 372, 354, 189, and 185; and .lambda. max., in ethanol,
      215 m.mu. (.epsilon. 12,400), 272 (.epsilon. 2250) and 278 (.epsilon.
      2150).
PAR  Following the procedure of Example 5, the formula XIV-to -XIX PGE compounds
      in their various spatial configurations described after Example 3 are
      transformed to the corresponding formula XXIV-to -XXVII PGA compounds,
      either as esters or as free acids.
PAC  EXAMPLE 6
PAR  dl-Ethyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     -o-phenylene-5,6-dinor-heptanoate (Formula-XLIV: G is n-pentyl; R.sub.2,
      R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC133##
PAL  and .about. is alpha and endo).
PAR  The enamine of the formula-XLIII bicyclo-olefin is first prepared as
      follows. A mixture of endo-6-(cis- and
      trans-1-heptenyl)-bicyclo[3.1.0]hexan-3-one (10 g.), benzene (200 ml.),
      and pyrrolidine (15 ml.) is heated at reflux under a Dean-Stark water trap
      for 2 hrs. Thereafter about 140 ml. of distillate is taken off over a
      period of about 30 min. To the remaining liquid is added 100 ml. of
      toluene and the mixture is concentrated on a rotating evaporator under
      vacuum. A second portion of toluene (50 ml.) is added, and the mixture
      concentrated to give the enamine residue.
PAR  The above enamine, together with ethyl o-(bromomethyl)-benzyloxyacetate
      (Preparation 3 above, 15 g.), and dry tetrahydrofuran (200 ml.) is heated
      at reflux for 4 hrs. and thereafter stirred at about 25.degree. C. for 16
      hrs. Water (25 ml.) is added and the mixture heated for 20 min. on a steam
      bath. Thereafter, the volatiles are moved under vacuum, the residue is
      diluted with ether, and the organic solution is washed successively with
      dilute acid, water, dilute base, water, and brine, and finally dried and
      concentrated under vacuum. The residue is chromatographed on a column
      prepared by wet-packing 1300 g. of silica gel (E. Merck) with 2.5 l. of
      25% diethyl ether in Skellysolve B and 13 ml. of absolute ethanol. The
      column is eluted with 2 l. of 25% ether in Skellysolve B and then
      gradient-eluted with 8 l. of 25-50% ether-Skellysolve B. Fractions of
      about 200 ml. are combined on the basis of TLC data. From fractions 24-31
      there is obtained 2.9 g. of the desired formula-XLIV title compound as a
      mixture of cis and trans forms. This material has key absorptions in its
      NMR spectrum at about 7.21 (apparent singlet), 5.38-5.8 (multiplet), 4.62
      (singlet), 4.06 (singlet), and 4.0 4.35 (quartet) .delta.. It has mass
      spectral lines at 398 and 294.
PAC  EXAMPLE 7
PAR  dl-Ethyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     4,7-inter-o-phenylene-5,6-dinor heptanoate (Formula-XLV: G' is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC134##
PAL  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-ethyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     -o-phenylene-5,6-dinor-heptanoate, as a mixture of its isomers (Example 6,
      2.8 g.) in dry tetrahydrofuran (150 ml.) at 50.degree. C. is added 0.15 g.
      of osmium tetroxide followed by 2.8 g. of potassium chlorate in 60 ml. of
      water. The mixture is stirred vigorously at 50.degree. C. for about 1.5
      hrs. and is then concentrated under vacuum. The residue is extracted with
      dichloromethane. The extract is washed with water and brine, and then
      finally dried and concentrated under vacuum. The residue is
      chromatographed on a column prepared by wet-packing 500 g. of silica gel
      (E. Merck) with 1 liter of 50% ethyl acetate in Skellysolve B and 5 ml. of
      absolute ethanol. The column is eluted with 1 l. of 50% ethyl acetate in
      Skellysolve B and then gradient eluted with 4 l. of 50-75% ethyl acetate
      in Skellysolve B. Fractions of 100 ml. each are combined on the basis of
      TLC data. From fractions 12-29 there is obtained 2.6 g. of the title
      compound.
PAC  EXAMPLE 8
PAR  dl-3-Oxa-4,7-inter-o-phenylen-5,6-dinor-PGE.sub.1 Ethyl Ester (Formula-XIV:
      C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU67##
      R.sub.1 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 Ethyl ester (Q
      is
      ##EQU68##
PAR  Refer to Chart E. The formula-XLVI bismesylate is first prepared as
      follows. To a mixture of dl-ethyl
      7-[endo-6-(1,2-dihydroxyhepthyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -4,7-inter-o-phenylene-5,6-dinor-heptanoate (Example 7, 2.6 g.) and 30 ml.
      of dry pyridine at 0.degree. C. is added, with stirring, 2.7 ml. of
      methanesulfonyl chloride over a one-minute period. The mixture is stirred
      at 0.degree. C. for 2.5 hrs., then cooled to about -10.degree. C. and
      diluted with 2 ml. of water added dropwise over a 5-minute period. Ice (20
      g.) is added, and, after stirring the mixture for 5 min., about 150 ml. of
      ether-dichloromethane (3:1) is added. The organic solution was washed
      successively with dilute hydrochloric acid, water, dilute sodium
      bicarbonate solution, and brine, and finally dried and concentrated under
      vacuum to yield a mixture of the mesylates.
PAR  The residue of mesylates is converted to the PGE-type product by contacting
      with a mixture of acetone (100 ml.) and water (50 ml.) at about 25.degree.
      C. for 16 hrs. Additional water (100 ml.) is added and the mixture
      concentrated under vacuum to remove acetone. The residue is extracted with
      a mixture of ether-dichloromethane (3:1) and the organic extract is washed
      with dilute sodium bicarbonate solution and brine, then dried and
      concentrated under vacuum. The residue (2.5 g.) is chromatographed on a
      column prepared by wet-packing 500 g. of silica gel (E. Merck) with one
      liter of ethyl acetate and 5 ml. of absolute ethanol. The column is eluted
      with 2.6 liters of ethyl acetate, then 400 ml. of 2% ethanol in ethyl
      acetate, then 500 ml. of 4% ethanol in ethyl acetate and finally with 2
      liters of 10% ethanol in ethyl acetate, collecting fractions of 100 ml.
      Fractions are combined on the basis of TLC data.
PAR  From fractions 8-14 is obtained 350 mg. of the 15-.beta.PGE.sub.1 title
      compound. This material has .lambda..sub.max. 279 m.mu. (.epsilon. 19,400)
      in alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.2 (apparent singlet), 5.25-5.48 (multiplet), 4.58 (singlet), 4.06
      singlet, and 4.0-4.35 (quartet) .delta.; and mass spectral peaks at 414,
      396, 310, and 292.
PAR  From fractions 18-37 is obtained 496 mg. of the PGE.sub.1 title compound.
      This material has .lambda..sub.max. 279 m.mu. (.epsilon. 21,750) in
      alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.18 (apparent singlet), 5.25-5.41 (multiplet), 4.58 (singlet), 4.02
      (singlet), and 3.99-4.34 (quartet) .delta.; and mass spectral peaks at
      414, 396, 310, and 292.
PAC  EXAMPLE 9
PAR  dl-methyl
      9-[Endo-6-(1,2-dihydroxy-2-methyl-heptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-
     yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate Acetonide
      (Formula-XXXVII, Chart D: G is n-pentyl; J' is
      ##SPC135##
PAL  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha).
PAR  Refer to the sequence of reactions from formula-L to formula XXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-XLIII olefin. Following the
      procedure for the Wittig synthesis in Examples 27, 28, and 29 of West
      Germany Offlegungsschrift No. 1,937,912, cited above, but employing the
      tetrahydropyranyloxy ether of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde and the Wittig ylide of
      2-chloroheptane, there is obtained
      dl-endo-6-(2-methyl-1-heptenyl)-3-oxobicyclo-[3.1.0]-hexan-3-one.
PAR  b. To a solution of the product of step a above (approximately 10.0 g.) in
      water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and evaporated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l, of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give the formula-L1 product,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one.
PAR  c. A solution of the product of step b above (about 8,0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is evaporated at reduced pressure,
      and water is added. The aqueous solution is extracted respectedly with
      dichloromethane, and the extracts are combined, washed with water, dried,
      and evaporated. The residue is chromatographed on 400 g. of silica gel,
      being eluted with 2 l. of 10% ethyl acetate in Skellysolve B, and then
      with 4 l. of 15% ethyl acetate in Skellysolve B. The 15% ethyl acetate
      eluates are evaporated to give the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  d. To prepare the formula-XXXVII compound (Chart D), the ketal above is
      alkylated following the procedure of Example 1-B, but using the
      formula-XXXVI ketal above instead of the formula-XLIII bicyclo olefin,
      and, replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Preparation 8, above), thereby yielding the desired formula-XXXVII title
      compound.
PAR  As shown in Chart D, the formula-XXXVII alkylated ketal is transformed via
      the formula-XXXVIII glycol, thence the mesylate, to a PGE-type compound.
      Concentrated hydrochloric acid (2.5 ml.) is added to a solution of the
      formula-XXXVII product above (about 2.0 g.) in a mixture of 50 ml. of
      tetrahydofuran and 2.5 ml. of water. The mixture is stirred at 25.degree.
      C. under nitrogen for 6 hrs. The resulting mixture is then concentrated
      under reduced pressure, and the residue is extracted with ethyl acetate.
      The extract is washed with brine, dried, and concentrated to
      dl-methyl-9[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0.]hex-
     2.alpha.-yl]-3-oxa-3,7- inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (formula-XXXVIII). Thereafter, following the procedure of Example 3, there
      is obtained dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2
      methyl ester.
PAR  Following the procedure of Example 9, but using formula-XLIII exo reactants
      in place of the endo reactant, there are obtained exo products in each
      corresponding intermediate of Example 9.
PAR  With excess base (e.g., 26 g.) and a longer reaction time (e.g., 24 hrs. at
      25.degree. C.) during the alkylation step, the production of a substantial
      amount of the beta isomer is assured.
PAR  Following the procedures of Examples 9-d, but using the trans-7-nonenoate
      of Preparation 9, above, instead of the cis-7-nonenoate, there is obtained
      the corresponding formula-XXXVII alkylated ketal wherein the carboxy side
      chain is in trans configuration instead of cis.
PAR  Also following the procedures of Example 9, but replacing the formula-XLIII
      olefin with each of the endo and exo forms of the formula-XLIII bicyclo
      olefins described in the paragraphs following Example 1, there are
      obtained the corresponding alpha and beta, exo and endo, alkylated ketals
      within the scope of formula XXXVII.
PAR  Also following the procedures of Example 9-d, but replacing methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6,-trinor-cis-7-nonenoate with
      the formula-LV compounds of the paragraphs following Preparations 8 and 9,
      viz. cis or trans methyl 9-bromo-3
      -oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonenoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decenoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecenoate, there
      are obtained the corresponding formula-XXXVII compounds. Thereafter, these
      alkylated ketals are transformed following the steps of Chart D as
      described in Example 9 to the corresponding PGE.sub.2 type compounds.
PAR  Also following the procedure of Example 9-d, but using in place of the
      nonenoate alkylating agent, methyl
      m-(chloromethyl)phenoxyacetate(Preparation 2), ethyl
      o-(bromoethyl)benzyloxyacetate (Preparation 3), methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate
      (following Preparation 7), there are obtained alpha and beta, exo and
      endo, compounds corresponding to the product of Example 9 with
      ##SPC136##
PAL  in place of the
      ##SPC137##
PAL  moiety of the Example-9 formula-XXXVII product. In the same manner, but
      using formula LIII-to -LVI alkylating agents within the scope of the
      formula
      ##EQU69##
      there are obtained the corresponding formula-XXXVII products.
PAR  Also following Example 9-d, other esters of the nonenoate alkylating agent
      and of the other above-mentioned alkylating agents within the scope of
      R.sub.10 as above-defined, e.g., the methyl, isopropyl, tert-butyl, octyl,
      .beta.,.beta.,.beta.-trichloroethyl, cyclohexyl, benzyl, and phenyl
      esters, there are obtained the corresponding esters of these alpha and
      beta, exo and endo, formula-XXXVII bicyclo[3.1.0]hexane cyclic ketal
      alkylation products.
PAR  Also following the procedure of Example 9 but using in combination each of
      the above-described alternative formula-XLIII bicyclo[3.1.0]hexane olefin
      reactants (e.g. following Example 1) and each of the above-described
      omega-halo alkylation reactants within the scope of
      ##EQU70##
      (e.g. following Example 1) there are obtained formula-XXXVII compounds
      corresponding to the product of Example 9 but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring of the product, and in their respective
      alpha or beta and exo or endo configuration.
PAR  Following the procedure of Example 9 but using in place of the acetonide
      each of the specific formula-XXXVII exo and endo, alpha and beta,
      saturated, cis and trans ethylenic, and acetylenic bicyclo[3.1.0]hexane
      cyclic ketal esters defined above, there are obtained the corresponding
      formula-XXXVIII dihydroxy compounds, and thence the corresponding PGE type
      compounds.
PAC  EXAMPLE 10
PAR  dl-Methyl
      7-[Endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLIV, Chart E; G
      is
      ##SPC138##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC139##
PAL  and .about. is endo and alpha).
PAR  Refer to Chart E. Following the procedures of Example 1-B, but replacing
      endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one with
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (Preparation 4),
      and replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), there is obtained the title compound.
PAC  EXAMPLE 11
PAR  dl-Methyl
      7-[Endo-6-(6-(4-phenyl-1,2-dimesyloxybutyl)-3-oxobicyclo[3.1.0.]hex-2.alph
     a.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLVI,
      Chart E; G' is
      ##SPC140##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; R.sub.10 and R.sub.13 are
      methyl; Z' is
      ##SPC141##
PAL  and .about. is alpha and endo).
PAR  a. There is first prepared the formula-XLV dihydroxy compound. Following
      the procedures of Example 2, but replacing dl-methyl 7
      -endo-6-(1-heptenyl)-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-heptanoate
      with dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10), there are
      obtained isomers of the desired formula-XLV compound, dl-methyl
      7-[endo-6-(4-phenyl-1,2-dihydroxybutyl)-3
      -oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trino
     r-7nonynoate.
PAR  b. Following the procedures of Example 3, but replacing that formula-XLV
      dihydroxy heptanoate compound with the formula-XLV nonynoate compound of A
      above, there is obtained the desired formula-XLVI dimesyloxy title
      compound.
PAC  EXAMPLE 12
PAR  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-4-phenylbutyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate Acetonide
      (Formula-XXXVII, Chart D: G is
      ##SPC142##
PAL  J' is
      ##SPC143##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha).
PAR  Refer to the sequence of reactions from formula L to formula XXXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-Ll dihydroxy compound. To a solution
      of the formula-XLIII olefin (Preparation 4, above, approximately 10.0 g.)
      in water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and concentrated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      (formula-Ll).
PAR  b. A solution of the product of step a above (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree.  C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is concentrated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated. The residue is chromatographed on 400 g. of
      silica gel, being eluted with 2 l. of 10% ethyl acetate in Skellysolve B,
      and then with 4 l. of 15% ethyl acetate in Skellysolve B. The 15% ethyl
      acetate eluates are concentrated to the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  c. To prepare the formula-XXXVII compound, the ketal above is alkylated
      following the procedure of Example 1-B, but replacing methyl
      m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate
      (Preparation 9, above), thereby yielding the title compound.
PAR  Following the procedures of Example 9, the formula-XXXVII compound is
      transferred via the formula-XXXVIII and -XXXIX compounds to the
      corresponding formula-XL PGE-type compound.
PAC  EXAMPLE 13
PAR  9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic Acid Acetonide
      (Formula-LXXX, Chart G: G is n-pentyl; J' is
      ##SPC144##
PAL  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.11, and R.sub.12 are
      methyl; and .about. is alpha and endo.
PAR  Refer to Chart G. A solution of sodium borohydride (1.5 g.) in 10 ml. of
      water is added with stirring to a solution of formula-LXXVI dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide (5.0
      g.) in 110 ml. of absolute ethanol at 0.degree. C. The mixture is stirred
      for 2.5 hrs. at 0.degree. to 5.degree. C. Then, 40 ml. of acetone is
      added, and, after 5 min., the mixture is evaporated under reduced
      pressure. The residue is extracted with dichloromethane, and the extract
      is washed successively with dilute hydrochloric acid and brine, dried, and
      concentrated to the formula -LXXVII compound, dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.alph
     a.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide.
PAR  This formula-LXXVII cyclic ketal hydroxy ester is dissolved in a mixture of
      methanol (100 ml.) and 45% aqueous potassium hydroxide solution (30 ml.),
      and the solution is stirred under nitrogen at 25.degree. C. for 15 hrs.
      Two volumes of water are then added, and the mixture is acidified with
      cold hydrochloric acid and then extracted with a mixture of
      dichloromethane and diethyl ether (1:3). The extract is washed with brine,
      dried, and concentrated to the formula-LXXVIII compound.
PAC  EXAMPLE 14
PAR  dl-7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-int
     er-o-phenylene-5,6-dinor-heptanoic Acid (Formula-LXXXVI, Chart H: G is
      n-pentyl; Z' is
      ##SPC145##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; and .about. is alpha and
      endo).
PAR  Refer to Chart H. Following the procedure of Example 13, the formula-LXXXII
      compound, dl-ethyl
      7-[endo-6-(1-heptenty)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     -o-phenylene-5,6-dinor-heptanoate is reduced with sodium borohydride to the
      formula-LXXXIII compound, dl-ethyl
      7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-i
     nter-o-phenylene-5,6-dinor-heptanoate. That hydroxy ester is then
      saponified as described in Example 13 to the formula-LXXXIV compound,
      dl-7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,
     7-inter-o-phenylene-5,6-dinor-heptanoic acid. That hydroxy acid is then
      oxidized as described in Example 13 to the title compound.
PAR  Following the procedure of Example 14 but substituting for that
      formula-LXXXII compound, the formula-LXXXII compound of Example 10, viz.
      dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate, there is obtained on
      reduction the corresponding formula-LXXXIII compound,
      dl-methyl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[
      3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoat
     e; there is likewise obtained on saponification the corresponding
      formula-LXXXIV compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-
     yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid; and there is
      likewise obtained on oxidation the corresponding formula-LXXXVI compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxabicyclo[3.1.0]hex-2.alpha.-yl]-
     3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid.
PAR  Following the procedure of Example 14, but using in place of the
      formula-LXXXII 3-oxobicyclo[3.1.0]hexane ester, each of the specific
      formula-LXXXII endo and exo, alpha and beta, saturated and acetylenic
      esters described in and following the Examples 1, 6, and 10 is reduced
      with sodium borohydride to give the corresponding formula-LXXXIII
      3-hydroxy-bicyclo[3.1.0]hexane ester. That hydroxy ester is then
      saponified as described in Example 13 to the corresponding formula-LXXXIV
      3-hydroxybicyclo[3.1.0]hexane acid. That hydroxy acid is then oxidized as
      described in Example 13 to the corresponding formula-LXXXVI
      3-oxobicyclo[3.1.0]hexane acid.
PAC  EXAMPLE 15
PAR  dl-15-Dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. Methyl Ester (Formula-XCI, Chart J: E' is trans --CH=CH--, G
      is n-pentyl, J' is
      ##SPC146##
PAL  R.sub.1 is methyl, R.sub.26 is hydrogen, and .about. is alpha).
PAR  Refer to Chart J. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. methyl
      ester (Example 4, about 0.5 g.) in 24 ml. of dioxane is stirred at
      50.degree. C. under nitrogen and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
      (0.37 g.) is added. The mixture is stirred at 50.degree. C. for 24 hrs.,
      cooled to room temperature, and filtered. The filter cake is washed with
      tetrahydrofuran, and the filtrate and wash are combined and concentrated
      under reduced pressure. The residue is taken up in dichloromethane and
      washed with brine, then dried over sodium sulfate and concentrated under
      reduced pressure. The residue is chromatographed over 90 g. of silica gel
      wet-packed in 8% ethanol in dichloromethane, eluting with 300 ml. of 2%,
      300 ml. of 3%, 225 ml. of 7.5% and 245 ml. of 10% ethanol in
      dichloromethane, taking 15-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to the title
      compound.
PAC  EXAMPLE 16
PAR  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. Methyl Ester (Formula-XX: C.sub.g H.sub.2g and C.sub.p
      H.sub.2p are valence bond in meta relationship, G is n-pentyl, Q is
      ##EQU71##
      R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart J. A solution of 0.413 g. of
      dl-15-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (Example 15, about 0.4 g.), hexamethyldisilazane
      (3 ml.) and trimethylchlorosilane (0.5 ml.) in 20 ml. of tetrahydrofuran
      is allowed to stand at about 25.degree. C. for 20 hrs. The mixture is
      filtered and the filtrate is concentrated under reduced pressure. Xylene
      (10 ml.) is added to the residue and removed by concentration under
      reduced pressure. The residue is dissolved in anhydrous ether and 110% of
      the theoretical amount of 3 M methyl magnesium bromide in ether is added.
      The mixture is allowed to stand 20 min. at about 25.degree. C. and poured
      into 100 ml. of saturated aqueous ammonium chloride. The ether layer is
      separated, the aqueous layer is extracted with ether, and the ether
      extracts are combined and washed with brine, dried over sodium sulfate,
      and concentrated under reduced pressure. The residue is dissolved in 300
      ml. of ethanol and 30 ml. of water containing 3 drops of glacial acetic
      acid, and the mixture is stirred for 2 hrs. at about 25.degree. C. The
      mixture is concentrated under reduced pressure to an aqueous residue and
      the residue is extracted with dichloromethane. The dichloromethane extract
      is concentrated under reduced pressure to give a residue which is
      chromatographed over 60 g. of silica gel wet-packed in 8% ethanol in
      dichloromethane, eluting with 200 ml. of 5% and 800 ml. of 10% ethanol in
      dichloromethane and taking 10-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to yield the
      title compound. Other fractions yield the 15-epimer.
PAR  Likewise, using the corresponding
      3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha. or PGF.sub.1
      .sub..beta. compound instead of the above oxa-phenylene compounds, there
      are obtained the corresponding 15-dehydro PGF.sub.1 .sub..alpha. or
      PGF.sub.1 .sub..beta.-type compounds, and finally the
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha.
      or -PGF.sub.1 .sub..beta. ethyl esters and their 15-epimers.
PAC  EXAMPLE 17
PAR  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XIX C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds
      in meta relationship, G is n-pentyl, Q is
      ##EQU72##
      R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart B. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 100 mg.) in 10 mg. of ethyl acetate is shaken with hydrogen at
      about 1 atmosphere pressure at 25.degree. C. in the presence of 5% rhodium
      on charcoal (15 mg.). After approximately 1 equivalent of hydrogen is
      absorbed, the hydrogenation is stopped, and the catalyst is removed by
      filtration. The filtrate is concentrated, and the residue is
      chromatographed on 25 g. of silica gel, eluting with 50-100% ethyl acetate
      gradient in Skellysolve B. Those fractions shown by TLC to contain the
      desired product free of the starting product and hydrogenolysis products
      are combined and concentrated to the title compound.
PAR  Following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester is reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 ethyl ester.
      Likewise, dl-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester is
      reduced to dl-13,14-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1
      methyl ester.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.2,
      -trans-5,6-dehydro-PGE.sub.1, and -5,6-dehydro-PGE.sub.2 are each reduced
      to dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1, using 2
      equivalents of hydrogen for the first two reactions, and 3 equivalents of
      hydrogen for the third. Likewise, the corresponding
      dl-3-oxa-4,7-o-phenylene-5,6-dinor- compounds are reduced to dl-13,14,
      -dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula XVI-to -XVIII PGE compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGE.sub.1 compound by catalytic hydrogenation, using equivalents of
      hydrogen appropriate to the degree of unsaturation of the reactant, i.e.,
      one equivalent for the PGE.sub.1 type, two equivalents for the PGE.sub.2
      type and trans-5,6-dehydro-PGE.sub.1 type, and three equivalents for the
      5,6-dehydro-PGE.sub.2 type.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and its ethyl
      ester are reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-PGF.sub.1 .sub..alpha. and
      its ethyl ester, respectively.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula-XX to -XXII PGF compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGF.sub.1 .sub..alpha. or PGF.sub.1 .sub..beta. compound by catalytic
      hydrogenation, using equivalents of hydrogen appropriate to the degree of
      unsaturation of the reactant.
PAC  EXAMPLE 18
PAR  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      (Formula-XXVII: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU73##
      R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart B. A suspension of disodium azodiformate (50 mg.) in 5 ml.
      of absolute ethanol is added to a stirred solution of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Example 5, 50 mg.) in
      10 ml. of absolute ethanol under nitrogen at 25.degree. C. The mixture is
      made acid with glacial acetic acid, and then is stirred under nitrogen at
      25.degree. C. for 8 hrs. The resulting mixture is concentrated under
      reduced pressure, and the residue is mixed with a mixture of diethyl ether
      and water (1:1). The diethyl ether layer is separated, dried, and
      concentrated to the title product.
PAR  Following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl ester is
      reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene4,5,6-trinor-PGA.sub.1 methyl
      ester.
PAR  Also following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-PGA.sub.2, -trans-5,6-dehydro-PGA.sub.1,
      and 5,6-dehydro-PGA.sub.2 are each reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1, using
      amounts of the disodium azodiformate reactant appropriate to the degree of
      unsaturation of the reactant.
PAR  Also following the procedure of Example 18, the methyl ester and the free
      acid form of the formula-XVI to -XVIII PGE type compounds, the formula-XX
      to -XXII PGF type compounds, the formula-XXIV to -XXVI PGA type compounds,
      and the formula-XXVIII to -XXX PGB type compounds are transformed to the
      corresponding 13,14-dihydro PGE.sub.1, PGF.sub.1, PGA.sub.1, or PGB.sub.1
      type compound by diimide reduction, using amounts of disodium azodiformate
      reactant appropriate to the degree of unsaturation of the PGE, PGF, PGA,
      or PGB type reactant.
PAC  EXAMPLE 19
PAR  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester
      (Formula-XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU74##
      R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart D. A solution of the formula-XXXIX bismesylate, dl-methyl
      7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo
      3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene4,5,6-trinor-heptanoate
      (Example 3, about 10 g.) in 75 ml. of acetone is mixed with 10 ml. of
      water and 20 ml. of saturated aqueous sodium bicarbonate solution. The
      mixture is refluxed under nitrogen for 4 hrs. Then, the mixture is cooled,
      acidified with 5% hydrochloric acid, and extracted with ethyl acetate. The
      extract is washed with brine, dried, and concentrated to give the title
      product.
PAR  Following the procedure of Example 19, each of the bismesylates defined in
      Example 3 is transformed to the corresponding PGA-type ester, including
      the .beta.,.beta.,.beta.-trichloroethyl esters. Thereafter, each of the
      .beta.,.beta.,.beta.-trichloroethyl esters is transformed to the
      corresponding PGA-type free acid by the procedure of Example 23, below.
PAC  EXAMPLE 20
PAR  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 (Formula-XXVIII:
      C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU75##
      R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 (200 mg.) in 100 ml.
      of 50% aqueous ethanol containing about one gram of potassium hydroxide is
      kept at 25.degree. C. for 10 hrs. under nitrogen. Then, the solution is
      cooled to 10.degree. C. and neutralized by addition of 3 N. hydrochloric
      acid at 10.degree. C. The resulting solution extracted repeatedly with
      ethyl acetate, and the combined ethyl acetate extracts are washed with
      water and then with brine, dried, and concentrated to give the title
      compound.
PAR  Following the procedure of Example 20,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 is also transformed
      to the PGB.sub.1 -type title compound.
PAR  Following the procedure of Example 20, each of the formula XVI-to -XIX PGE
      compounds and formula XXIV-to -XXVII PGA compounds are transformed to the
      corresponding PGB compounds.
PAC  EXAMPLE 21
PAR  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence
      bonds in meta relationship, G is n-pentyl; Q is
      ##EQU76##
      R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart I. A solution of
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (95 mg.) in 40 ml. of acetone is cooled to
      -10.degree. C. To it is added 110% of the theoretical amount of Jones
      reagent (in the proportions of 21 g. of chromic anhydride, 60 ml. of
      water, and 17 ml. of concentrated sulfuric acid), precooled to 0.degree.
      C., with vigorous stirring. After about 10 min., isopropyl alcohol (1 ml.)
      is added to the cold reaction mixture. After 5 min., the mixture is
      filtered and the filtrate is concentrated at reduced pressure, and the
      residue is mixed with 5 ml. of brine. The mixture is extracted repeatedly
      with ethyl acetate, and the combined extracts are washed with brine, dried
      with anhydrous sodium sulfate, and concentrated at reduced pressure. The
      residue is chromatographed on 20 g. of neutral silica gel, eluting with
      50% ethyl acetate in Skellysolve B. Concentration of the eluates gives the
      title product.
PAR  Following the procedure of Example 21, there is substituted for the
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester, the free acid, the propyl ester, the octyl
      ester, the cyclopentyl ester, the benzyl ester, the phenyl ester, the
      2,4-dichlorophenyl ester, the 2-tolyl ester, of the
      .beta.,.beta.,.beta.-trichloroethyl ester, there is obtained the
      corresponding
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound.
PAR  Following the procedure of Example 21, but substituting for the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester, the methyl ester of each of the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta.,
      -PGF.sub.2 .sub..alpha., -PGF.sub.2 .sub..beta., -5,6-dehydro-PGF.sub.2
      .sub..alpha., -5,6-dehydro-PGF.sub.2 .sub..beta., -dihydro-PGF.sub.1
      .sub..alpha., and -dihydro-PGF.sub.1 .sub..beta. compounds in their
      various natural or 15-epi configurations and optical isomers is
      transformed to the corresponding PGE-type compound.
PAR  Following the procedure of Example 21, each of the various
      15-alkyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester compounds, including the 15-ethyl, 15-propyl, 15-butyl, and
      15-substituted isomeric forms of propyl and butyl, is transformed to the
      corresponding PGE type compound.
PAR  Also following the procedure of Example 21, each of the 15-alkyl PGF-type
      acids and esters within the scope of formula-LXXXVIII (Chart I) is
      transformed to a 15-alkyl PGE-type acid or ester encompassed by
      formula-LXXXIX.
PAC  EXAMPLE 22
PAR  dl-15-Methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGA.sub.1 Methyl Ester
      (Formula XXIV: C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p is
      methylene, C.sub.g H.sub.2g and C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU77##
      R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart K. A mixture of the formula-XCV
      15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester
      (Example 21, 6 mg.), dicyclohexylcarbodiimide (20 mg.), copper (II)
      chloride dihydrate (2 mg.), and diethyl ether (2 ml.) is stirred under
      nitrogen at 25.degree. C. for 16 hrs. Then, additional
      dicyclohexylcarbodiimide (20 mg.) is added, and the mixture is stirred an
      additional 32 hrs. at 25.degree. C. under nitrogen. The resulting mixture
      is filtered, and the filtrate is concentrated under reduced pressure. The
      residue is chromatographed by preparative thin layer chromatography with
      the A-IX system to give the title compound.
PAR  Following the procedure of Example 22, but substituting for the
      oxa-phenylene PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.2,
      -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are obtained the
      corresponding formula-XCVI compounds, viz., the methyl esters of
      dl-15-methyl 3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGA.sub.2,
      -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, but substituting for the
      phenyl-substituted PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      -PGE.sub.2, -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are
      obtained the corresponding formula-XCVI compounds, viz., the methyl esters
      of dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1,
      -PGA.sub.2, -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, each of the formula-XCV (Chart
      K) compounds defined above in Example 21 is transformed to the
      corresponding formula-XCVI compound.
PAC  EXAMPLE 23
PAR  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1  (Formula XVI:
      C.sub.g H.sub.2p and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU78##
      R.sub.1 is hydrogen, and .about. is alpha).
PAR  Zinc dust (420 mg.) is added to a solution containing
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester (100 mg.) in 5 ml. of a mixture
      of acetic acid and water (9:1 v/v). This mixture is  under nitrogen 2 hrs.
      at 25.degree.C. Ethyl acetate (4 volumes) is then added, followed by
      addition of 1 N. hydrochloric acid (one volume). The ethyl acetate later
      is separated, washed with water and then with brine, dried, and
      evaporated. The residue is chromatographed on 15 g. of acidwashed silica
      gel (Silicar CC4), being eluted with 100 ml. of 50%, 100 ml. of 80%, and
      200 ml. of 100% ethyl acetate in Skellysolve B, collecting 20-ml.
      fractions. The fractions containing the desired product and no starting
      material or dehydration products as shown by TLC are combined and
      concentrated to the title compound.
PAR  Following the procedure of Example 23, each of the
      .beta.,.beta.,.beta.-tribromoethyl, -triiodoethyl,
      .beta.,.beta.-dibromoethyl, -diiodoethyl, and the .beta.-iodoethyl esters
      of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is converted to
      the free acid of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 by
      reaction with zinc dust and acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.trichloroethyl ester of
      dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 following Example
      9 above is converted to the respective free acid compound using zinc dust
      with either propionic, butyric, pentanoic, or hexanoic acid instead of
      acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.-trichloroethyl ester of each of the PGE, PGF, PGA,
      and PGF type compounds represented by formulas XVI-XXXV in their various
      structural configurations and optical isomers is treated with zinc dust
      and acetic acid to obtain the corresponding free acid form of the
      compound. The esters are prepared by the procedures disclosed herein,
      using as intermediates formula-XXXVII cyclic ketals or formula-XLIV or
      -LXX olefins wherein R.sub.10 is haloethyl, e.g.,
      .beta.,.beta.,.beta.-trichloroethyl. These intermediates are prepared
      either by alkylation of the respective formula-XXXVI cyclic ketal (Chart
      D) or formula-XLIII or -LXIX olefin (Charts E and F) with the appropriate
      alkylating agent wherein R.sub.10 is haloethyl, or by the transformation
      of the alkylated cyclic ketal or olefin by the steps shown in Charts G and
      H using procedures disclosed herein, yielding intermediates LXXIX, LXXXI,
      LXXXV, or LXXXVII.
PAC  EXAMPLE 24
PAR  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      -PGF.sub.1 .sub..beta.  (Formula XX; C.sub.g H.sub.2g and C.sub.p H.sub.2p
      are valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU79##
      R.sub.1 is hydrogen, and .about. is alpha or beta).
PAR  A solution of 146 mg. of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. ethyl
      ester in a mixture of 4.5 ml. of methanol and 1.5 ml. of water is cooled
      to 5.degree. C. and 0.6 ml. of 45% aqueous potassium hydroxide is added.
      The mixture is allowed to stand 3.5 hrs. at 25.degree. C., then is diluted
      with 75 ml. of water and extracted once with ethyl acetate to remove any
      neutral material. The aqueous layer is separated, made acid with dilute
      hydrochloric acid and extracted 4 times with ethyl acetate. The extracts
      are combined and washed 3 times with water, once with brine, dried over
      sodium sulfate, and concentrated to give the PGF.sub.1.sub..alpha. -type
      title compound.
PAR  Following the procedure of Example 24, the methyl ester of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta.  is
      transformed to the free acid, i.e. the formula-XX pGF.sub.1.sub..beta.
      -type title compound.
PAR  Following the procedure of Example 24, the methyl or ethyl esters of the
      various oxa-phenylene PGF-type compounds and their isomers are transformed
      to the corresponding free-acid oxa-phenylene PGF-type compounds.
PAC  EXAMPLE 25
PAR  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.  Methyl Ester
      (Formula XXI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU80##
      R.sub.1 is methyl, R.sub.3 and R.sub.4 are hydrogen, and .about. is
      alpha).
PAR  Refer to Chart C.
      dl-5,6-Dehydro-3-oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.
      methyl ester (200 mg.) in pyridine (4 ml.) and methanol (10 ml.) is
      hydrogenated in the presence of a 5%-palladium-on-barium sulfate catalyst
      (200 mg.) at 25.degree. and atmospheric pressure. The reaction is
      terminated when slightly more than one equivalent of hydrogen is absorbed.
      The mixture is filtered and evaporated. Ethyl acetate is added and
      residual pyridine is removed by addition of ice and 3 N. hydrochloric
      acid. The ethyl acetate layer is washed with 1 N. hydrochloric acid and
      then with brine, dried, and concentrated to yield the title product.
PAR  Following the procedure of Example 25, the 5,6-dehydro oxa-phenylene
      PGF.sub.2 compounds following Example 4 are reduced to the corresponding
      PGF.sub.2 compounds. Likewise, the 5,6-dehydro oxa-phenylene PGE, PGA, and
      PGB compounds disclosed herein are reduced to the corresponding PGE.sub.2,
      PGA.sub.2, and PGB.sub.2 compounds.
PAC  EXAMPLE 26
PAR  dl-.beta.,.beta.,.beta.-Trichloroethyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.alph
     a.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate Acetonide
      (Formula LXXIX, Chart G: G is n-pentyl, J' is cis
      ##SPC147##
PAL  haloethyl is .beta.,.beta.,.beta.-trichloroethyl, R.sub.2, R.sub.11, and
      R.sub.12 are methyl, R.sub.9 and R.sub.26 are hydrogen, and .about. is
      alpha and endo).
PAR  Refer to chart G. Successively, .beta.,.beta.,.beta.-trichloroethanol (25
      ml.), pyridine (15 ml.), and dicyclohexylcarbodiimide (4.0 g.) are added
      to a solution of formula-LXXVIII compound
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic acid
      acetonide (Example 13, 2.0 g.) in 100 ml. of dichloromethane. This mixture
      is stirred 3 hrs. under nitrogen at 25.degree. C. Water (50 ml.) is then
      added, and the mixture is stirred 10 min. The dichloromethane is
      concentrated under reduced pressure, and the residue is extracted
      repeatedly with ethyl acetate. The combined extracts are washed with
      ice-cold 3 N. hydrochloric acid. Then, the extracts are washed
      successively with aqueous sodium bicarbonate solution and brine, dried,
      and concentrated under reduced pressure. The residue is chromatographed on
      600 g. of silica gel, eluting with 10 l. of a 20-100% ethyl
      acetate-Skellysolve B gradient, collecting 50ml. fractions. The middle
      fractions which show a product free of starting materials on TLC are
      combined and concentrated under reduced pressure to give the title
      compound.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid acetonide, each of the
      specific endo and exo, alpha and beta, saturated and unsaturated
      formula-LXXVIII hydroxy acid ketals defined after Example 13, there are
      obtained the corresponding .beta.,.beta.,.beta.-trichloroethyl esters of
      those 3-hydroxybicyclo[3.1.0]hexane acids.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid ketal, each of the
      specific formula-LXXX 3-oxo-acid ketals defined after Example 13, there
      are obtained the corresponding formula-LXXXI
      .beta.,.beta.,.beta.-trichloroethyl esters of those 3-oxo-acid ketals.
PAR  Following the procedure of Example 26 but using in place of the
      formula-LXXVIII 3-hydroxy-acid ketal, each of the specific formula-LXXXIV
      (Chart H) 3-hydroxy and formula-LXXXVI 3-oxo acids defined after Example
      14, there are obtained the corresponding formula-LXXXV and formula-LXXXVII
      .beta.,.beta.,.beta.-trichloroethyl esters of those acids, respectively.
PAR  Following the procedures of Examples 3 and 9, each of the formula-LXXXI
      cyclic ketal haloethyl esters of Example 26 is transformed to the
      corresponding formula-XL (Chart D) 3-oxa or 4-oxa phenyl-substituted
      PGE.sub.1 .beta.,.beta.,.beta.trichloroethyl ester. Thence, following the
      procedure of Example 23, each of the esters is transformed to the
      oxa-phenylene phenylene PGE.sub.1 acid compound wherein R.sub.10 of
      formula-XL is replaced with hydrogen.
PAR  Following the procedure of Examples 2 and 3 each of the formula-LXXXVII
      olefin haloethyl esters of Example 26 is transformed to the corresponding
      formula-XLVII (Chart E) oxa-phenylene PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the procedure
      of Example 23, each of the esters is transformed to the corresponding
      PGE.sub.1 -type acid compound wherein R.sub.10 of formula-XL is replaced
      with hydrogen.
PAC  EXAMPLE 27
PAR  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trino-PGA.sub.1 Methyl Ester (Formula
      XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU81##
      R.sub.1 is methyl, and .about. is alpha).
PAR  A solution of diazomethane (about 50% excess) in diethyl ether (25 ml.) is
      added to a solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-pGA.sub.1 (Example 5, 50 mg.)
      in 25 ml. of a mixture of methanol and diethyl ether (1:1). The mixture is
      allowed to stand at 25.degree. C. for 5 min. Then the mixture is
      concentrated to give the title compound.
PAR  Following the procedure of Example 27, each of the other specific
      phenyl-substituted PGB type, PGA type, PGE type, and PGF type free acids
      defined above is converted to the corresponding methyl ester.
PAR  Also following the procedure of Example 27, but using in place of the
      diazomethane, diazoethane, diazobutane, 1-diazo-2-ethylhexane, and
      diazocyclohexane, there are obtained the corresponding ethyl, butyl,
      2-ethylhexyl, and cyclohexyl esters of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1. In the same manner,
      each of the other specific phenyl-substituted PGB type, PGA type, PGE
      type, and PGF type free acids defined above is converted to the
      corresponding ethyl, butyl, 2-ethylhexyl, and cyclohexyl esters.
PAC  EXAMPLE 28
PAR  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      Diacetate.
PAR  Acetic anhydride (5 ml.) and pyridine (5 ml.) are mixed with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 20 mg.), and the mixture is allowed to stand at 25.degree. C.
      for 18 hrs. The mixture is then cooled to 0.degree. C., diluted with 50
      ml. of water, and acidified with 5% hydrochloric acid to pH 1. That
      mixture is extracted with ethyl acetate. The extract is washed
      successively with 5% hydrochloric acid, 5% aqueous sodium bicarbonate
      solution, water, and brine, dried and concentrated to give the title
      compound.
PAR  Following the procedure of Example 28 but replacing the acetic anhydride
      with propionic anhydride, isobutyric anhydride, and hexanoic acid
      anhydride, there are obtained the corresponding dipropionate,
      diisobutyrate and dihexanoate derivatives of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester.
PAR  Also following the procedure of Example 28, but replacing the
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha.  and
      -PGF.sub.1.sub..beta., and
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha
     .  and -PGF.sub.1 .sub..beta., there are obtained the corresponding
      triacetate derivatives of the 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF
      compounds.
PAR  Also following the procedure of Example 28, each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type esters and free acids defined
      above is transformed to the corresponding acetates, propionates,
      isobutyrates, and hexanoates, the PGE-type derivatives being
      dicarboxyacylates, the PGF-type derivatives being tricarboxyacylates, and
      the PGA-type and PGB-type derivatives being monocarboxyacylates.
PAC  EXAMPLE 29
PAR  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Sodium Salt.
PAR  A solution of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      (Example 23, 100 mg.) in 50 ml. of a water-ethanol mixture (1:1) is cooled
      to 5.degree. C. and neutralized with an equivalent amount of 0.1 N,
      aqueous sodium hydroxide solution. The neutral solution is concentrated to
      give the title compound.
PAR  Following the procedure of Example 29 but using potassium hydroxide,
      calcium hydroxide, tetramethylammonium hydroxide, and
      benzyltrimethylammonium hydroxide in place of sodium hydroxide, there are
      obtained the corresponding salts of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1.
PAR  Also following the procedure of Example 29 each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type acids defined above is
      transformed to the sodium, potassium, calcium, tetramethylammonium, and
      benzyltrimethylammonium salts.
PAR  The various Preparations and Examples given above describe the preparation
      of racemic intermediates and final products. Each of the intermediates and
      final products named and defined above is also obtained in each of the
      enantiomeric forms, d and l, by resolution of that compound or by
      resolution of that intermediate used to prepare that compound. For
      example, natural configuration
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid is prepared
      by resolution of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1
      free acid (Example 5) or by dehydration as in Example 5 of optically
      active 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 free acid with
      the same absolute configuration. These resolutions are carried out by
      procedures known in the art, and may be used to obtain prostaglandin-like
      materials having the spatial configuration of the natural prostaglandins,
      as typified by the following Examples 30-32.
PAC  EXAMPLE 30
PAR  Natural Configuration 3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 and
      PGF.sub.2 .sub..alpha. Methyl Esters (Formula-XVII and -XXI: wherein
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU82##
      R.sub.1 is methyl; R.sub.3 and R.sub.4 are hydrogen; and .about. is
      alpha).
PAR  The process shown in Chart D is used to prepare the PGE.sub.2 -type
      compound first. The formula-XXXVII cyclic ketal intermediate wherein G is
      n-pentyl; J' is
      ##SPC148##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha is prepared following
      the procedures of Example 9.
PAR  The formula-XXXVII compound is resolved as its optical isomers by the
      method of Corey et al., J. Am. Chem. Soc. 84, 2938 (1962), by reacting
      this keto compound with optically active L(+)-2,3-butanedithiol in the
      presence of p-toluene-sulfonic acid. The diastereomeric ketals are
      completely resolved on a preparative chromatographic column, and are then
      hydrolyzed separately, following the procedure of Example 9, to the
      formula-XXXVIII dihydroxy compounds. Transformation to the formula-XVII
      PGE.sub.2 -type compounds is accomplished by the procedures of Example 3.
      Of the separate diastereoisomers, one corresponds to the configuration of
      natural PGE.sub.2 and the other to its enantiomer. Conversion of the
      PGE.sub.2 -type compound having the configuration of the natural product
      to the PGE.sub.2.sub..alpha. -type methyl ester is done by borohydride
      reduction following the procedure of Example 4. The natural
      configuration-PGF.sub.2.sub..alpha. -type free acid is formed from the
      methyl ester by saponification, following the procedure of Example 24.
PAC  EXAMPLE 31
PAR  Natural Configuration 3-Oxa-3,5-inter-o-phenylene-4-nor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g is ethylene; C.sub.p H.sub.2p is a
      valence bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q
      is
      ##EQU83##
      R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart E.
PAR  A. Methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (Formula-XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC149##
PAL  and .about. is alpha and endo).
PAR  1. Methyl 2-(3-hydroxypropyl)phenoxyacetate. To a solution of potassium
      t-butoxide (11.2 g.) in 150 ml. of dry tetrahydrofuran at
      0.degree.-5.degree. C. is added with stirring 3-(o-hydroxyphenyl)propanol
      (15.2 g.) followed in a few minutes by methyl bromoacetate (20 g.). The
      cooling bath is removed and the mixture is stirred at ambient temperature
      until the reaction mixture becomes essentially neutral. The mixture is
      concentrated in vacuo at 30.degree. C. and the residue is shaken with
      ether and water. The organic layer is washed with dilute potassium
      hydroxide solution, water, brine, and is dried over sodium sulfate and
      then concentrated in vacuo. The residue is distilled in a high vacuum to
      afford methyl 2-(3-hydroxypropyl)phenoxyacetate.
PAR  2. Methyl 2-(3-chloropropyl)phenoxyacetate. A mixture of methyl
      2-(3-hydroxypropyl)phenoxyacetate (step A-1, 25 g.) and thionyl chloride
      (20 ml.) is heated to reflux for 1-2 hrs. The excess thionyl chloride is
      removed in vacuo and the residue is distilled in a high vacuum to afford
      methyl 2-(3-chloropropyl)phenoxyacetate.
PAR  3. Methyl 2-(3-iodopropyl)phenoxyacetate. A mixture of methyl
      2-(3-chloropropyl)phenoxyacetate (step A-2, 24.3 g.), acetone (250 ml.)
      and sodium iodide (30 g.) is heated to reflux with stirring for about 40
      hrs. The mixture is cooled, filtered and the filtrate is concentrated in
      vacuo at about 30.degree. C. The residue is diluted with ether and the
      solution is washed with water, dilute sodium thiosulfate solution, brine
      and is dried over magnesium sulfate and then concentrated in vacuo. The
      product, methyl 2-(3-iodopropyl)phenoxyacetate, is used directly in the
      next step.
PAR  4. Following the procedure of Example 1-B, but replacing the methyl
      m-(chloromethyl)phenoxyacetate with methyl 2-(3-iodopropyl)phenoxyacetate
      (step A-3, 18 g.) and allowing the alkylation reaction to proceed for
      about 5 min. before acidification with hydrochloric acid, there is
      obtained the desired formula-XLIV methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inter
     -o-phenylene-4-nor-heptanoate.
PAR  Following the procedure of Example 30, the above racemic formula-XLIV
      compound is resolved as two optically active isomers. These are both
      transformed by the subseqeunt steps of this example to the formula-XVI
      PGE.sub.1 -type compounds, one of which corresponds to the configuration
      of natural PGE.sub.1 and the other to its enantiomer.
PAR  B. Methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxo-bicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,5-inter-o-phenylene-4-nor-heptanoate (Formula-XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC150##
PAL  and .about. is alpha and endo). To a solution of methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (step A, above, 1,8 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added, with stirring, osmium tetroxide
      (200 mg.) followed by potassium chlorate (1.2g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and 1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Those fractions containing
      the formula-XLV compound, in its isomeric erythro and threo forms free of
      starting material and impurities, are combined and concentrated.
PAR  C. Title compound. To a solution of the formula-XLV dihydroxy compound
      (step B, above, 0.8 g.) in 10 ml. of pyridine, cooled to 0.degree., is
      added 1.2 ml. of methane-sulfonyl chloride. The reaction mixture is
      stirred for 2 hrs. and 20 g. of ice is added. The mixture is extracted
      with ether-dichloromethane (1:1) and the organic layer is washed
      successively with dilute hydrochloride acid, water, saturated aqueous
      sodium bicarbonate, and brine, dried, and concentrated. The residue,
      containing the bis-mesylate is treated with 15 ml. of acetone and 10 ml.
      of water and stirred for 8- 16 hrs. at 25.degree.. The acetone is removed
      in vacuo and the remaining solution is extracted with dichloromethane. The
      extract is dried and concentrated and the residue is chromatographed on
      150 g. of silica gel using 500 ml. ethyl acetate followed by 3% methanol
      ethyl acetate as eluting solvent while collecting 30-ml. fractions. Those
      fractions containing the formula-XLVII product, free of starting material
      and impurities, are combined and concentrated to give the title compound;
      principle NMR spectral peaks at  6.57-7.3 (multiplet); 5.42-5.65
      (multiplet); 4.60 (singlet) and 3.76 (singlet) .delta..
PAC  EXAMPLE 32
PAR  Natural Configuration
      3-Oxa-3,5-inter-o-phenylene-4-nor-PGF.sub.1.sub..alpha. Methyl Ester
      (Formula-XX: C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is a valence
      bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q is
      ##EQU84##
      R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and for the ring hydroxyl).
PAR  Refer to Chart A. Following the procedure of Example 4, the formula-XVI
      PGE.sub.1 -type compound of Example 31 is transformed to the title
      compound; principle NMR spectral peaks at 6.57-7.3 (multiplet); 5.33-5.56
      (multiplet); 4.62 (singlet) and 3.75 (singlet) .delta..
PAC  EXAMPLE 33
PAR  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester (Formula-XXXII;
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, C.sub.n H.sub.2n is methylene, Q is
      ##EQU85##
      R.sub.1 is methyl, R.sub.5 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl ester Q is
      ##EQU86##
PAR  a. Refer to Chart F. Following the procedure of Preparation 4b, a solution
      of 100 g. of endo-bicyclo-[3.1.0]hexan-3-ol-6-carboxaldehyde
      3-tetrahydropyranyl ether in 200 ml. of benzene is reacted with 250 g. of
      (hex-3-ynyl)triphenylphosphonium bromide (Axen et al., Chem. Comm. 1970,
      602) in 3 l. of benzene at about -15.degree. C. The mixture is warmed to
      70.degree. C. for 2.5 hours., cooled and filtered. The crude product is
      hydrolyzed to the 3-hydroxy compound and then oxidized to the 3-oxo ketone
      with Jones reagent. The desired formula-LXIX intermediate is isolated
      after silica gel chromatography.
PAR  b. There is next prepared the formula-LXX compound by alkylation. Following
      the procedures of Example 1-B, the product of step a above is reacted with
      methyl 9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate
      (Preparation 7) to yield
      7-[endo-6-(cis-1-hepten-4-ynyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
PAR  c. Glycol LXXI is next prepared, employing the product of step b and
      following the procedures of Example 2. Without separating the isomeric
      glycols, the bismesylate corresponding to formula-LXXII is then prepared
      following the procedures of Example 3. Thereafter, following hydrolysis of
      the bismesylate by the procedures of Example 3, the bisdehydro E.sub.3
      type compound corresponding to formula-LXXIII is recovered. Silica gel
      chromatography yields the respective C-15 epimers.
PAR  d. Following the procedures of Preparation 8, each of the C-15 epimers of
      step C above is hydrogenated to yield the corresponding title compounds.
PAC  EXAMPLE 34
PAR  1-Bicyclo[3.1.0.]hex-2-ene-6-endo-carboxaldehyde Neopentyl Glycol Acetal
      (Formula CIX: R.sub.31 and R.sub.32 taken together are --CH.sub.2
      --C(CH.sub.3).sub.2 --CH.sub.2 -- and .about. is endo).
PAR  A mixture of 2,2-dimethyl-1,3-propanediol (900 g.), 5 l. of benzene and 3
      ml. of 85% phosphoric acid is heated at reflux. To it is added, in 1.5
      hr., a solution of optically active
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (Prep.10, 500 g.) in 1 liter
      of benzene. Provision is made to take off azeotropically distilled water
      with a Dean-Stark trap. After 3 hr. the mixture is cooled and extracted
      with 2 liters of 5% sodium bicarbonate. The organic phase is dried over
      sodium sulfate and concentrated under reduced pressure. The resulting
      semisolid residue is taken up in methanol and recrystallized, using a
      total of 1200 ml. of methanol to which 600 ml. of water is added, then
      chilled to -13.degree. C. to yield 300 g. of the title compound, m.p.
      52.degree.-55.degree. C., and having NMR peaks at 0.66, 1.20, 0.83-2.65,
      3.17-3.8, 3.96, and 5.47-5.88 .delta., [.alpha.].sub.D - 227.degree.
      (C=0.8976 in methanol), and R.sub.f 0.60 (TLC on silica gel in 25% ethyl
      acetate in mixed isomeric hexanes). Further work-up of the mother liquors
      yields 50-100 g. of additional product.
PAR  Following the procedures of Example 34 but replacing the aldehyde with
      optically active bicyclo[3.1.0]hex-2-ene-6-exo-carboxaldehyde (see U.S.
      Pat. No. 3,711,515), there is obtained the corresponding formula-CIX
      acetal.
PAR  Following the procedures of Example 34 but using either the endo or exo
      form of the aldehyde and substituting for 2,2-dimethyl-1,3-propanediol one
      of the following glycols: ethylene glycol, 1,2-propanediol,
      1,2-hexanediol, 1,3-butanediol, 2,3-pentanediol, 2,4-hexanediol,
      2,4-octanediol, 3,5-nonanediol, 3,3-dimethyl-2,4-heptanediol,
      4-ethyl-4-methyl-3,5-heptanediol, phenyl-1,2-ethanediol and
      1-pentyl-1,2-propanediol, there are obtained the corresponding formula-CIX
      acetals.
PAC  EXAMPLE 35
PAR  d-8-(m-Acetoxyphenyl)-7-oxa-tricyclo-[4.2.0.0.sup.2,4
      ]octane-6-endo-carboxaldehyde Neopentyl Glycol Acetal (Formual CX: C.sub.p
      H.sub.2p is a valence bond with attachment in the meta position, R.sub.31
      and R.sub.32 taken together are --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2,
      R.sub.39 is
      ##EQU87##
PAC  and .about. is endo).
PAR  Refer to Chart L, step (a). A solution of the formula-CIX
      l-bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal
      (Example 34, 5.82 g.) and m-acetoxybenzaldehyde (1.64 g.) in 25 ml. of
      benzene is charged to a Pyrex photolysis vessel equipped with an
      immersible water-cooled cold-finger and a fritted gas inlet tube.
      Dissolved oxygen is removed by bubbling nitrogen through the solution. The
      mixture is then irradiated at 350 nm. with a Rayonet Type RS Preparative
      Photochemical Reacter (The Southern New England Ultraviolet Co.,
      Middletown, Conn.) equipped with 6 RUL 3500 A lamps. After 24 hr. the
      photolysate is concentrated under reduced pressure to a pale yellow oil,
      10 g., which is subjected to silica gel chromatography. Elution with
      10-70% ethyl acetate in Skellysolve B (mixture of isomeric hexanes) yields
      separate fractions of the recovered starting materials and the formula-CX
      title compound, a pale yellow oil, 0.86 g., having NMR peaks at 0.68.
      1.20, 0.8-2.5, 2.28, 2.99, 3.12-3.88, 3.48, 4.97-5.52, and 6.78-7.60
      .delta.; infrared absorption bands at 3040, 2950, 2860, 2840, 1765, 1610,
      1590, 1485, 1470, 1370, 1205, 1115, 1020, 1005, 990, 90, 790, and 700
      cm.sup.-.sup.1 ; mass spectral peaks at 358, 357, 116, 115, 108, 107, 79,
      70, 69, 45, 43, and 41; [.alpha.].sub.D + 55.degree. (C=0.7505 in 95%
      ethanol); and R.sub.f 0.18 (TLC on silica gel in 25% ethyl acetate in
      mixed isomeric hexanes).
PAR  Following the procedures of Example 35 but replacing the formula-CIX acetal
      with the formula-CIX compounds disclosed following Example 34, there are
      obtained the corresponding formula-CX compounds in their endo or exo forms
      and with corresponding exemplification of R.sub.31 and R.sub.32.
PAR  Likewise following the procedures of Example 35 but replacing
      m-acetoxybenzaldehyde with aldehydes within the scope of formula CXIX
      above, as to C.sub.p H.sub.2p, the attachment position on the phenyl ring,
      and the carboxyacyl group R.sub.39, or defined above, the corresponding
      formula-CX oxetanes are obtained wherein .about. is endo or exo, and
      R.sub.31 and R.sub.32 correspond to the glycols employed after Example 34
      above. Specifically, the following formula-CXIX aldehydes are employed:
      ##SPC151##
      ##SPC152##
PAC  EXAMPLE 36
PAR  d-2-Exo-[m-(pivaloyloxy)benzyl]-3-exo-bicyclo[3.1.0]-hexane-6-endo-carboxal
     dehyde Neopentyl Glycol Acetal (Formula CXII : C.sub.p H.sub.2p is a
      valence bond with attachment in the meta position, R.sub.31 and R.sub.32
      taken together are --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43
      is
      ##EQU88##
      and .about. is endo).
PAR  (I). Refer to Chart L, steps (b) and (c). A mixture of lithium (0.25 g.) in
      70 ml. of ethylamine is prepared at 0.degree. C. and cooled to -78.degree.
      C. A solution of the formula-CX
      d-8-(m-acetoxyphenyl)-7-oxa-tricyclo[4.2.0.0.sup.2,4
      ]-octane-6-endo-carboxaldehyde neopentyl glycol acetal (Example 35, 1.83
      g.) in 10 ml. of tetrahydrofuran is added dropwise in about 5 min. After
      stirring at -78.degree. C. for about 3.5 hr. the reaction is quenched with
      solid ammonium chloride and water-tetrahydrofuran. Unreacted lithium is
      removed, the mixture is warmed slowly to about 25.degree. C., and
      ethylamine is removed. The residue is neutralized with dilute acetic acid,
      mixed with 200 ml. of brine, and extracted with ethyl acetate. The organic
      phase is washed with brine and a mixture of brine and saturated aqueous
      sodium bicarbonate (1:1), and dried over sodium sulfate. Concentration
      under reduced pressure yields the formula-CXI diol as a pale tan foamed
      oil, 1.64 g., having R.sub.f 0.03 (TLC on silica gel in 25% ethyl acetate
      in mixed isomeric hexanes).
PAR  (II). The product of part (I) is dissolved in 30 ml. of pyridine and
      treated with 1.5 ml. of pivaloyl chloride over a period of 22 hr. at about
      25.degree. C. The reaction mixture is mixed with water, then brine and
      extracted with ethyl acetate. The organic phase is washed successively
      with brine, water, saturated aqueous copper (II) sulfate, saturated
      aqueous sodium bicarbonate, and brine, and dried over sodium sulfate.
      Concentration under reduced pressure yields a residue, 2.53 g., which is
      subjected to silica gel chromatography to yield the formula-CXII title
      compound, 1.87 g., having NMR peaks at 0.71, 1.20, 1.33, 0.9-3.1,
      3.28-4.00, 4.17, 4.7-5.2, and 6.77-7.53 .delta.; mass spectral peaks at
      486, 485, 115, 73, 72, 57, 44, 43, 42, 41, 30, 29, 15; [.alpha.].sub.D
      +10.degree. (C=0.8385 in ethanol); and R.sub.f 0.50 (TLC on silica gel in
      25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 37
PAR  d-2-Exo-(m-acetoxybenzyl)-3-exo-acetoxybicyclo]3.1.0]hexane-6-endo-carboxal
     dehyde Neopentyl Glycol Acetal (Formula CXII : C.sub.p H.sub.2p is a
      valence bond with attachement in the meta position, R.sub.31 and R.sub.32
      taken together are --CH.sub.2 C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43 is
      ##EQU89##
      and .about. is endo).
PAR  Following the precedures of Example 36-(II) but replacing pivaloyl chloride
      with acetic anhydride, and using 1.01 g. of the formula-CXI diol, there is
      obtained the title compound, 0.75 g., having NMR peaks at 0.72, 1.22,
      1.98, 2.27, 0.8-3.0, 3.28-3.85, 4.17, 4.75-5.22, and 6.8-7.47 .delta.;
      mass spectral peaks at 402, 401, 115, 107, 73, 69, 45, 44, 43, 42, 41,
      30;[.alpha.].sub.D +7.degree. (C=0.7060 in ethanol); and R.sub.f 0.66 (TLC
      on silica gel in 50% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 38
PAR  2-Exo-[m-(pivaloyloxy)benzyl[-3-exo-(pivaloyloxy)bicyclo[3.1.0]hexane-6-end
     o-carboxaldehyde (Formula CXIII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, R.sub.42 is
      ##EQU90##
      and .about. is endo).
PAR  Refer to Chart L step (d). The formula --CXII acetal, i.e.
      d-2-exo-[m-pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-bicyclo[3.1.0]hexane-6-
     endo-carboxaldehyde neopentyl glycol acetal (Example 36, 0.48 g.) is
      treated at 0.degree. C. with 25 ml. of 88% formic acid for 4 hr. The
      mixture is diluted with 200 ml. of brine and extracted with ethyl acetate.
      The organic phase is washed with brine and saturated aqueous sodium
      bicarbonate, and dried over magnesium sulfate. Concentration under reduced
      pressure yields an oil, 0.55 g., which is subjected to silica gel
      chromatography. Elution with 5-15% ethyl acetate in Skellysolve B yields
      the formula-CXIII title compound as an oil, 0.37 g., having NMR peaks at
      1.20, 1.33, 0.6-3.2, 5.1-5.5, 6.6-7.5, and 9.73 .delta.;  and R.sub.f 0.50
      (TLC on silica gel in 25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 39
PAR  2-Exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-6-endo-(cis-1-heptenyl)-b
     icyclo[3.1.0]hexane (Formula CXIV: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.42 is
      ##EQU91##
      R.sub.2 is hydrogen, and .about. is endo); and
      2-Exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0
     ]hexane (Formula CXV : C.sub.p H.sub.2p is a valence bond in the meta
      position, G is n-pentyl, R.sub.2 and R.sub.42 are hydrogen, and .about. is
      endo).
PAR  (I). Refer to Chart L, steps (e) and (f). The Wittig ylid reagent is
      prepared in 10 ml. of benzene from n-hexyltriphenylphosphonium bromide
      (0.79 g.) and n-butyllithium (0.6 ml. of 2.32 M. solution in hexane) at
      about 25.degree. C. for 0.5 hr. After the precipitated lithium bromide has
      settled, the solution is removed and added to a cold (0.degree. C.) slurry
      of the formula-CXIII aldehyde (Examples 38, 0.37 g.). After 15 min. there
      is added 1.0 ml. of acetone and the mixture is heated to 60.degree. C. for
      10 min. The mixture is concentrated under reduced pressure. The residue is
      washed with 10% ethyl acetate in Skellysolve B and these washings are
      concentrated to the formula-CXIV title compound, an oil, 0.33 g. having
      NMR peaks at 1.18, 1.33, 0.6-3.2, 4.5-6.0 and 6.67-7.62 .delta.; and
      R.sub.f 0.78 (TLC on silica gel in 25% ethyl acetate in Skellysolve B).
PAR  (II.) The above product of part (I) is transformed to the formula-CXV diol
      by treatment with sodium methoxide (2.5 ml. of a 25% solution in methanol)
      for 4 hr., followed by addition of 0.5 g. of solid sodium methoxide and
      further stirring for 15 hr. at 25.degree. C., then at reflux for 6 hr. The
      mixture is cooled, mixed with 300 ml. of brine, and extracted with ethyl
      acetate. The organic phase is washed with brine, dried over magnesium
      sulfate, and concentrated under reduced pressure to a residue, 0.27 g. The
      residue is subjected to silica gel chromatography, eluting with 25-35%
      ethyl acetate in Skellysolve B, to yield the formula-CXV title compound an
      an oil, 0.21 g., having NMR peaks at 0.87, 0.6-3.25, 3.88-4.35, 4.82-5.92,
      and 6.47-7.33 .delta.; and R.sub.f 0.13 (TLC on silica gel in 25% ethyl
      acetate in Skellysolve B).
PAR  Following the procedures of Examples 36, 38, and 39 but replacing the
      formula CX oxetane with each of those obtained following Example 35, there
      are obtained successively the corresponding formula-CXI, -CXII, -CXIII,
      and -CXIV compounds wherein C.sub.p H.sub.2p and its attachment position
      on the phenyl ring correspond to the specific aldehydes employed following
      Example 35. These are obtained in both their endo and exo forms.
PAR  Further following the procedures of Example 39, but replacing the Wittig
      ylid reagent with one prepared from a compound of the formula
EQU  Br--P(C.sub.6 H.sub.5).sub.3 --CHR.sub.2 --G
PAL  wherein --CHR.sub.2 --G is each of the following:
PA1  --(CH.sub.2).sub.3 --CH.sub.3
PA1  --(ch.sub.2).sub.4 --ch.sub.3
PA1  --(ch.sub.2).sub.6 --ch.sub.3
PA1  --(ch.sub.2).sub.7 --ch.sub.3
PA1  --ch(ch.sub.3)--(ch.sub.2).sub.5 --ch.sub.3
PA1  --ch.sub.2 --ch(ch.sub.3)--(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --c(ch.sub.3).sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch(ch.sub.3)--c(c.sub.2 h.sub.5).sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --chf--(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --cf.sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch(ch.sub.3)--cf.sub.2 --(ch.sub.2).sub.3 --ch.sub.3
      ##SPC153##
      ##SPC154##
PA1  --(ch.sub.2).sub.2 --c.tbd.c--c.sub.2 h.sub.5
PA1  --ch.sub.2 --ch(ch.sub.3)--c.tbd.c--c.sub.2 h.sub.5
PA1  --ch.sub.2 --c(ch.sub.3).sub.2 --c.tbd.c--c.sub.2 h.sub.5
PAL  or
PA1  --CH(CH.sub.3)--CH.sub.2 --C.tbd.C--C.sub.2 H.sub.5
PAL  there are obtained the corresponding compounds within the scope of formula
      CXIV wherein C.sub.p H.sub.2p and its attachment to the phenyl ring
      correspond to the specific compounds of Example 39 and those illustrated
      in the paragraph immediately thereafter, in both their endo and exo forms.
PAC  EXAMPLE 40
PAR  2-Exo-{m-[(carboxy)methoxy]{-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3
     .1.0]hexane (Formula CXVI : C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1, R.sub.2, and
      R.sub.42 are hydrogen, and .about. is endo).
PAR  Refer to Chart L, step (g). The formula-CXV diol, i.e.
      2-exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-hepentyl)bicyclo[3.1.0
     ]hexane (Example 39, 0.19 g.) is treated in 8 ml. of dioxane with
      bromoacetic acid (0.61 g.) and 6 ml. of 1N. aqueous sodium hydroxide.
      After the mixture has been heated at reflux for 3 hr., with sodium
      hydroxide solution added when necessary to maintain a pH of about 10, the
      mixture is cooled, diluted with 100 ml. of water, and extracted with
      diethyl ether. The aqueous phase is acidified to pH 1-2 and extracted with
      ethyl acetate to yield the formula-CXVI title compound, a pale yellow oil,
      0.20 g. Recovered formula- CXV diol is obtained from the diethyl ether
      organic phase on drying and concentrating, 0.025 g.
PAR  Following the procedures of Examples 40 but replacing bromoacetic acid with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 as defined
      herein and specifically illustrated as follows
PA1  Cl--CH.sub.2 --COOCH.sub.3
PA1  Br--CH.sub.2 --COOC.sub.2 H.sub.5
PA1  Cl--CH.sub.2 --COOC.sub.8 H.sub.17 (n)
PA1  I--ch.sub.2 --cooch.sub.2 c.sub.6 h.sub.5
PA1  cl--CH.sub.2 --COO(m--Cl--C.sub.6 H.sub.4)
PAL  there are obtained the corresponding formula-CXVI compounds wherein R.sub.1
      is respectively methyl, ethyl, n-octyl, benzyl, and m-chlorophenyl.
PAR  Likewise following the procedures of Example 40 with each of the
      formula-CXIV compounds disclosed following Example 39 and using each of
      the haloacetates specifically identified above, there are obtained the
      corresponding formula-CXVI compounds.
PAC  EXAMPLE 41
PAR  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha.  (Formula CI
      : C.sub.p H.sub.2p is a valence bond with attachment in the meta position,
      R.sub.30 is n-pentyl, and R.sub.1 and R.sub.2 are hydrogen).
PAR  (I). Refer to Chart L. The formula-CXVI alkene is transformed to the title
      compound applying the procedures disclosed in U.S. Pat. No. 3,711,515.
      Thus, compound CXVI (Example 40) is hydroxylated by the procedures of
      Example 39 of that patent to the formula-CXVII glycol of Chart L, using
      osmium tetroxide either alone or in combination with N-methylmorpholine
      oxide-hydrogen peroxide complex.
PAR  The glycol is then either (1) sulfonated, for example to yield the
      bismesylate, and then hydroyzed to a mixture of the title compound and its
      15-epimer, applying the procedures of Example 7 of that patent, or (2)
      treated with substantially 100% formic acid to form the diformate of CI
      and thereafter hydroyzed to a mixture of the title compound and its 15
      epimer, applying the procedures of Examples 20 and 21 of that patent. The
      epimers are separated by silica gel chromatography to yield the title
      compound and its 15-epimer.
PAR  (II). A third route from glycol CXVII to the title compound is by way of a
      formula-CXX cyclic ortho ester
      ##SPC155##
PAL  wherein C.sub.p H.sub.2p, R.sub.46, R.sub.47 and .about. are as defined
      above. The glycol CXVII is treated as a 1-20% solution in benzene with
      trimethyl orthoformate (1.5-10 molar equivalents) and a catalytic amount
      (1% of the weight of the glycol) of pyridine hydrochloride at about
      25.degree. C. The reaction is followed by TLC (thin layer chromatography)
      and is complete in a few minutes. There is thus obtained the formula-CXX
      cyclic ortho ester in 100% yield.
PAR  The cyclic ortho ester is then treated with 20 volumes of 100% formic acid
      at about 25.degree. C. In about 10 min. the reaction mixture is quenched
      in water or aqueous alkaline bicarbonate solution and extracted with
      dichloromethane. The organic phase is shaken with 5% aqueous sodium
      bicarbonate, dried over sodium sulfate, and concentrated to yield the
      formula CXXI diester, in this example identical with the diformate of
      compound CI. The diformate is contacted with 10-50 volumes of anhydrous
      methanol and 10-20% of its weight of potassium carbonate at about
      25.degree. C. until the formyl groups are removed. The mixture of
      15-epimers thus obtained is then separated to yield the formula-CI title
      compound and its 15-epimer.
PAR  Following the procedures of Example 41, each of the formula-CXVI alkenes
      disclosed following Example 40 is converted into the corresponding
      oxa-phenylene PGF.sub..alpha. analog and its 15-epimer. There are likewise
      formed the corresponding oxa-phenylene 17,18-didehydro-PGF.sub..alpha.
      analogs as shown in Chart N.
PAC  EXAMPLE 42
PAR  2-Exo-[m-(carboxymethoxy)benzyl]-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyc
     lo[3.1.0]hexane (Formula CXXVII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1 and R.sub.2 are
      hydrogen, and .about. is endo).
PAR  Refer to Chart M, steps (a)-(f). There is first prepared the formula-CXXII
      oxetane. Following the procedures of Examples 34 and 35 but replacing the
      m-acetoxybenzaldehyde of Example 35 with an aldehyde within the scope of
      ##SPC156##
PAL  as to C.sub.p H.sub.2p, the attachment position on the phenyl ring, and the
      carboxyl group R.sub.44, as defined above, the corresponding formula-CXXII
      oxetanes are obtained with a fully developed side chain. Specifically, the
      following formula-CXXXI aldehydes are employed:
      ##SPC157##
PAR  Thereafter, following the procedures of Examples 36, 38, and 39, but
      replacing the formula-XX ocetane of Example 36 with those obtained by the
      procedure disclosed in the above paragraph of this example, there are
      obtained the corresponding formula-CXXVI products. Likewise following
      those procedures of Examples 36, 38, and 39, but replacing the Wittig ylid
      reagent of Example 39 with each one disclosed after Example 39, and
      applying it to each of the above formula-CX compounds of this example,
      there are obtained the corresponding formula-CXXVI compounds with those
      specific side-chains.
PAR  Finally, the blocking groups on each CXXVI compound are removed by methods
      disclosed herein or known in the art to yield the formula-CXXVII title
      compound and the corresponding formula-CXXVII compounds from those
      formula-CXXVI compounds above.
PAC  EXAMPLE 43
PAR  2-Exo-{m-[(methoxycarbonyl)methoxy]benzyl}3-exo
      hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0]hexane (Formula CXXVII:
      C.sub.p H.sub.2p is a valence bond with attachment in the meta position, G
      is n-pentyl, R.sub.1 is methyl, R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M. The formula-CXXVII acid (Example 40, 0.20 g.) is treated
      in methanol solution at 0.degree. C. with a solution of diazomethane in
      diethyl ether (prepared from N-methyl-N-nitroso-N'-nitroguanidine (2.0 g.)
      and potassium hydroxide (6 ml. of 40% aqueous solution)) until a permanent
      yellow color is produced, and the mixture is concentrated to yield the
      title compound, a pale tan oil.
PAC  EXAMPLE 44
PAR  l-6-Endo-(cis-1-heptenyl)-2-exo-{m-[(methoxycarbonyl)methoxy]benzyl}bicyclo
     [3.1.0]-hexan 3-one (Formula CXXVIII: C.sub.p H.sub.2p is a valence bond
      with attachment in the meta position, G is n-pentyl, R.sub.1 is methyl,
      R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M, step (g). The formula-CXXVII methyl ester is oxidized to
      the bicyclic hexanone as follows. The formula-CXXVII methyl ester (Example
      41, 0.21 g.) is added in 2 ml. of dichloromethane to a solution of Collins
      reagent (prepared from pyridine (0.53 g.) and chromium trioxide (0.34 g.)
      in 10 ml. of dichloromethane) at about 25.degree. C. for 15 min. The
      mixture is then shaken with a mixture of 60 ml. of diethyl ether, ice, and
      25 ml. of 1 N. aqueous sodium hydroxide, and the organic phase is
      separated. The organic phase is washed with 1 N. aqueous sodium hydroxide,
      1.2 N. aqueous hydrochloric acid, and brine, dried, and concentrated under
      reduced pressure. The residue, a colorless oil, 0.19 g., is subjected to
      silica gel chromatography, eluting with 5- 20% ethyl acetate in
      Skellysolve B. There is thus obtained the formula-CXXVIII title compound,
      a colorless oil, 0.13 g., having NMR peaks at 0.87, 0.6-3.3, 3.77, 4.60,
      4.5-5.1, 5.37-5.95, and 6.58-7.40 .delta.; [.alpha.].sub.D -39.degree.
      (C=0.8380 in 95% ethanol); and R.sub.f 0.42 (TLC on silica gel in 25%
      ethyl acetate in Skellysolve B).
PAR  Following the procedures of Examples 43 and 44, each of the
      above-identified formula-CXXVII compounds following Example 42 is oxidized
      to the corresponding formula-CXXVIII compound.
PAC  EXAMPLE 45
PAR  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, Methyl Ester (Formula
      XCVII: C.sub.p H.sub.2p is a valence bond with attachment in the meta
      position, R.sub.1 is methyl, R.sub.30 is n-pentyl, and R.sub.2 is
      hydrogen).
PAR  Following the procedures of Example 41, the formula-CXXVIII alkene is
      transformed in several steps to the title compound.
PAR  Likewise, following the same procedures, each of the formula-CXXVIII
      alkenes disclosed following Example 44 is converted into the corresponding
      oxa-phenylene PGE analog and its 15 -epimer.
PAR  Following the procedures of Examples 34-45, each of the endo intermediates
      is replaced by the corresponding exo intermediate to yield the
      corresponding exo intermediate or the ultimate oxa-phenylene PG analog.
PAR  Likewise following the procedures of Examples 34-45, each of the optically
      active isomers is replaced by the corresponding racemic mixture to yield
      the corresponding racemic intermediate or ultimate oxa-phenylene PG
      analog.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula:
      ##SPC158##
PAL  or a racemic mixture of that compound and the enantiomer thereof, wherein
      C.sub.g H.sub.2g represents a valence bond or alkylene of 1 to 4 carbon
      atoms, inclusive, with 1 or 2 chain carbon atoms between --CH.sub.2 -- and
      the phenylene ring; wherein C.sub.p H.sub.2p represents a valence bond or
      alkylene of 1 to 4 carbon atoms, inclusive, with 1 or 2 chain carbon atoms
      between the ring and the --O--; wherein C.sub.g H.sub.2g and C.sub.p
      H.sub.2p together represent zero to 8 carbon atoms, inclusive, with total
      chain lengths 0 to 3 carbon atoms, inclusive; wherein G is (1) alkyl of 2
      to 10 carbon atoms, inclusive, substituted with 0,1, 2, or 3 fluoro or (2)
      a monovalent moiety of the formula
      ##SPC159##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of 1 to 10
      carbon atoms, inclusive, substituted with 0,1, or 2 fluoro, with 1 to 7
      carbon atoms, inclusive, between
      ##EQU92##
      and the ring, wherein T is alkyl of 1 to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of 1 to 4 carbon atoms, inclusive, and wherein s is 0,1,
      2, or 3, with the proviso that not more than two T's are other than alkyl;
      wherein Q is
      ##EQU93##
      wherein R.sub.2 is hydrogen or alkyl of 1 to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of 1 to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with 1,2, or 3 chloro or
      alkyl of 1 to 4 carbon atoms, inclusive; wherein .about. indicates
      attachment of the side chain to the cyclopentane ring in alpha or beta
      configuration; including the lower alkanoates thereof and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. A compound according to claim 1 wherein G is alkyl of 2 to 10 carbon
      atoms, inclusive, substituted with 0,1, 2, or 3 fluoro.
NUM  3.
PAR  3. A compound according to claim 2 wherein .about. indicates attachment of
      the side chain to the cyclopentane ring in alpha configuration.
NUM  4.
PAR  4. A compound according to claim 3 wherein Q is
      ##EQU94##
NUM  5.
PAR  5. A compound according to claim 4 wherein R.sub.1 is hydrogen or alkyl of
      1 to 12 carbon atoms.
NUM  6.
PAR  6. A compound according to claim 4 wherein R.sub.1 is hydrogen, methyl, or
      ethyl.
NUM  7.
PAR  7. A compound according to claim 5 wherein a 2 is hydrogen.
NUM  8.
PAR  8. A compound according to claim 5 wherein R.sub.2 is methyl or ethyl.
NUM  9.
PAR  9. A compound according to claim 5 wherein C.sub.g H.sub.2g is a valence
      bond.
NUM  10.
PAR  10. A compound according to claim 9 wherein C.sub.p H.sub.2p is methylene.
NUM  11.
PAR  11. A compound according to claim 9 wherein C.sub.p H.sub.2p is a valence
      bond.
NUM  12.
PAR  12. A compound according to claim 11 wherein G is
      ##EQU95##
      wherein a is 1, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of 1 to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
NUM  13.
PAR  13. A compound according to claim 12 wherein a is 2, 3, or 4, and wherein
      R.sub.21 and R.sub.22 are hydrogen, methyl, ethyl, or fluoro, being the
      same or different.
NUM  14.
PAR  14. 3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha., a
      compound according to claim 11.
NUM  15.
PAR  15. 3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha., methyl
      ester, a compound according to claim 11.
NUM  16.
PAR  16. 15(S)-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha., a compound according to claim 11.
NUM  17.
PAR  17. 16,16-Dimethyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha., a compound according to claim 11.
NUM  18.
PAR  18. A compound according to claim 1 wherein G is a monovalent moiety of the
      formula
      ##SPC160##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of 1 to 10
      carbon atoms, inclusive, substituted with 0, 1, or 2 fluoro with 1 to 7
      carbon atoms, inclusive, between
      ##EQU96##
      and the ring, wherein T is alkyl of 1 to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of 1 to 4 carbon atoms, inclusive, and wherein s is 0,
      1, 2, or 3, with the proviso that not more than two T's are other than
      alkyl.
NUM  19.
PAR  19. A compound according to claim 18 wherein .about. indicates attachment
      of the side chain to the cyclopentane ring in alpha configuration.
NUM  20.
PAR  20. A compound according to claim 19 wherein Q is
      ##EQU97##
NUM  21.
PAR  21. A compound according to claim 20 wherein R.sub.1 is hydrogen or alkyl
      of 1 to 12 carbon atoms.
NUM  22.
PAR  22. A compound according to claim 20 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  23.
PAR  23. A compound according to claim 21 wherein R.sub.2 is hydrogen.
NUM  24.
PAR  24. A compound according to claim 21 wherein R.sub.2 is methyl or ethyl.
NUM  25.
PAR  25. A compound according to claim 21 wherein C.sub.g H.sub.2g is a valence
      bond.
NUM  26.
PAR  26. A compound according to claim 25 wherein C.sub.p H.sub.2p is methylene.
NUM  27.
PAR  27. A compound according to claim 25 wherein C.sub.p H.sub.2p is a valence
      bond.
NUM  28.
PAR  28. A compound according to claim 27 wherein G is
      ##SPC161##
PAL  wherein e is 0, 1, 2, or 3; wherein R.sub.21 and R.sub.22 are hydrogen,
      alkyl of 1 to 4 carbon atoms, inclusive, or fluoro, being the same or
      different, with the proviso that R.sub.22 is fluoro only when R.sub.21 is
      hydrogen or fluoro; wherein T is alkyl of 1 to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of 1 to 4 carbon atoms, inclusive, and wherein s is 0,
      1, 2, or 3, with the proviso that not more than two T's are other than
      alkyl.
NUM  29.
PAR  29. A compound according to claim 28 wherein R.sub.21 and R.sub.22 are
      hydrogen, methyl, ethyl, or fluoro, being the same or different.
NUM  30.
PAR  30. 3-Oxa-3,7-inter-m-phenylene-17-phenyl-4,5,6,18,19,20-hexanor-PGF.sub.1
      .sub..alpha., a compound according to claim 27.
NUM  31.
PAR  31. 15(S)-15-Methyl-3-oxa-3,7-inter-m-phenylene-
     17-phenyl-4,5,6,18,19,20-hexanor-PGF.sub.1 .sub..alpha., a compound
      according to claim 27.
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ABST
PAL  Mono- and dialkyl-resorcylic esters of the general formula
      ##SPC1##
PAL  Wherein R.sup.1 is hydrogen or an alkyl radical containing up to three
      carbon atoms, R.sup.2 represents an alkyl radical (preferably a lower
      alkyl radical such as methyl or ethyl) and R.sup.3 represents methyl or
      ethyl, are prepared by reacting the corresponding dihydroresorcylic esters
      having the general formula
      ##SPC2##
PAL  With organic N-haloamides. Halocaprolactams, and especially
      N-chlorocaprolactam, are preferred reactants.
BSUM
PAR  This invention relates to the preparation of mono- and dialkyl-resorcylic
      esters of the general formula 1 wherein R.sup.1 is hydrogen or an alkyl
      radical containing up to 3 carbon atoms, R.sup.2 represents an alkyl
      radical having up to 3 carbon atoms, preferably a methyl or ethyl radical
      and R.sup.3 represents methyl or ethyl. The resorcylates of formula 1 are
      valuable in perfumery. Among them are highly prized oak moss fragrance
      materials such as Pat. No. 3,6-dimethylresorcylate and methyl
      3-ethyl-6-methyl-resorcylate. While various synthetic methods are known
      for the preparation of resorcylic esters, such methods are generally
      uneconomic. For example, a method described by A. Sonn, Ber. 62B, 3012
      (1929), involves utilisation of the expensive palladium for the
      aromatization of dihydroresorcylic esters. A further method described by
      A. Sonn (loc.cit.), involves converting 3,6-dimethyl-5-bromoresorcylic
      esters into the corresponding resorcylates by catalytic hydrogenolysis
      over a palladium catalyst. Another method which employs chlorine for the
      aromatization of 3,6-dialkyl-dihydroresorcylates (U.S. Pat.No. 3,634,491)
      affords, in practice, impure reaction products in rather poor yields
      (17-50%). Purification of these reaction products can be achieved only at
      a considerable additional loss of material. With other halogens, such as
      for instance bromine, this reaction fails completely.
PAR  It has now been found that very pure resorcylic esters of the class above
      designated can be prepared in high yield (up to 85%), in a technically
      very simple and commercially feasible manner.
PAR  In general the process of this invention may be represented schematically
      by equation A wherein R.sup.1 represents a hydrogen atom or an alkyl
      radical containing up to 3 carbon atoms; R.sup.2 represents an alkyl
      radical having up to 3 carbon atoms, preferably a methyl or ethyl radical
      and R.sup.3 represents methyl or ethyl.
PAR  Most of the intermediate dihydroresorcylic esters represented by the
      tautomeric formulae 2 are known compounds (cf. A. Sonn, Ber. 62B, 3012
      (1929); U.S. Pat. No. 3,634,491). As far as they are new, known methods
      can be employed for their preparation, as is illustrated by reaction
      scheme B, wherein R.sup.1, R.sup.2 and R.sup.3 have the same meaning as
      above.
PAR  Any organic N-haloamide can succesfully be utilized as an aromatizing agent
      in the process of this invention. More specifically suitable N-haloamides
      include aliphatic amides such as N-chloro and N-bromacetamide; aromatic
      amides such as N-bromobenzamide and N-chloroacetanilide; cyclic amides
      such as N-bromo and N-chlorocaprolactam and cyclic imides such as N-chloro
      and N-bromosuccinimide, the corresponding phthalimides and
      N,N-dihalohydantoins. In view of the large variety in mode of reaction
      usually entered into by the various N-haloamides mentioned above - which
      encompasses allylic bromination or chlorination, addition to double bonds,
      aromatic substitution (i.e. bromination or chlorination of the aromatic
      nucleus) etc. (see "Houben Weyl" Methoden der Organischen Chemie, Vol. 5/3
      p. 796-811 (1962) - the manner, and even more, the unexpected uniformity
      and high selectivity of their reaction with the different mono and
      dialkyl-resorcylates is quite surprising, the more so as both the starting
      dihydroresorcylates and the aromatic products have various functional
      groups and substituents which are known to be, as a rule, very reactive
      towards some and in certain cases towards all of the N-haloamides cited
      above, depending on the functional group.
PAR  Taking into account various factors such as availability and price of the
      N-haloamides on one hand and yield and technological feasibility of the
      aromatization process on the other, the halocaprolactams and especially
      N-chlorocaprolactam is the aromatization agent of choice. Aromatizations
      of various mono- and dialkyl-dihydroresorcylates by N-chloro-caprolactam
      proceed in all cases very smoothly affording the corresponding
      resorcylates in very high state of purity and in uniformly high yields,
      varying in most cases within the narrow margin of 80% to 85%. It may be of
      interest to note that unlike some of the other haloamides cited above, the
      only type of reaction reported in the chemical literature for
      N-chlorocaprolactam is its thermal rearrangement to
      .alpha.-chlorocaprolactam (U.S. Pat. No. 3,045,009).
PAR  All of the N-haloamides cited above are known compounds which are either
      commercially available or can very easily be made from their corresponding
      amides.
PAR  The process of this invention is suitably carried out by dissolving or
      suspending the dihydroresorcylic ester and the N-haloamide in a solvent
      such as benzene, carbon tetrachloride or water and heating the reaction
      mixture for several hours. The solid reaction products are recovered and
      isolated by simple conventional techniques such as filtration of the
      reaction mixture or selective extraction. Although a wide variety of both
      polar and non-polar solvents may be used in the process of this invention,
      it is preferred to use hydrocarbons, especially aromatic hydrocarbons,
      such as benzene, or chlorinated hydrocarbons, such as carbon
      tetrachloride. In using N-haloamides as aromatizing agents there is no
      preference between a polar or a non-polar solvent. The reaction proceeds
      as smoothly, and with practically the same yields, in a non-polar solvent,
      such as benzene or carbon tetrachloride, as in a highly polar solvent,
      such as water. The reaction temperature is dependent on the solvent and
      the nature of the reactants. However, the reaction is usually carried out
      at the reflux temperature of the reaction solvent since lower temperatures
      are in general of no practical advantage, mainly resulting in longer
      reaction times. The reaction time depends on various factors such as
      reaction temperature, solvent and the nature of the reactants. As a rule,
      aromatizations conducted at reflux temperatures with N-chloroamides
      require considerably shorter reaction times (1-12 hours) than those
      conducted with N-bromoamides (up to 24 hours).
DETD
PAR  In order to illustrate this invention further, but without limiting the
      same, the following examples are given:
PAC  EXAMPLE 1
PAC  Methyl 3,6-dimethyl-dihydroresorcylate
PAR  In a 4-L three-necked flask fitted with a mechanical stirrer, a dropping
      funnel, a thermometer and a reflux condenser protected by a calcium
      chloride drying tube, is placed a solution of 200 g of sodium methoxide in
      1400 ml of methanol. To the stirred solution is added, at room
      temperature, 313 g of dimethyl malonate over a period of 15 minutes. The
      reaction mixture is stirred for an additional 15 minutes and 272,5 g of a
      mixture of 4-hexen-3-one (56%) and 5-chlorohexan-3-one (44%) (prepared
      from propene and propionyl chloride, according to the method of R. B.
      Woodward et al, J.AM.Chem.Soc., 74, 4239 (1952); b.p.
      65.degree.-79.degree. C/60 mm) is added rapidly. The reaction mixture is
      stirred at reflux temperature for 9 hours. The solvent is distilled off
      under reduced pressure and the residue is dissolved in water. The aqueous
      solution is acidified with dilute hydrochloric acid. The solid product is
      filtered off and washed thoroughly with water, yielding 402 g (86%) of
      methyl 3,6-dimethyl-dihydroresorcylate, m.p. 156.degree.-157.degree. C.
PAC  EXAMPLE 2
PAC  Methyl 3,6-dimethyl-resorcylate
PAR  In a 1-L round-bottomed flask fitted with a reflux condenser and a calcium
      chloride drying tube, are placed 99 g of methyl
      3,6-dimethyl-dihydroresorcylate, 96 g of N-bromocaprolactam (B. Taub and
      J. B. Hino, J. Org.Chem. 25, 263 (1960) and 200 ml of carbon
      tetrachloride. The reaction mixture is refluxed for 24 hours and then
      cooled to room temperature. The reaction mixture is stirred for several
      minutes with 500 ml. of water, cooled to 0.degree. C and filtered. The
      solid product is washed with 20 ml of cold carbon tetrachloride and then
      with water. At this stage the product contains 10-20% of co-precipitated
      caprolactam and traces of unreacted methyl 3,6-dimethyl-dihydroresorcylate
      which are removed in the following manner. The product is dissolved in 300
      ml of boiling methanol; 1 L of 2% potassium bicarbonate solution is added
      slowly with stirring to the warm methanolic solution effecting
      reprecipitation of the pure reaction product. The mixture is cooled to
      0.degree. C and filtered. The product is washed thoroughly with water and
      dried, yielding 79.5 g (81%) of methyl 3,6-dimethyl resorcylate
      (identified by NMR, IR and mass spectral analysis) m.p. 139.5.degree. -
      140.5.degree. C.
PAC  EXAMPLE 3
PAC  Methyl 3,6-dimethyl-resorcylate
PAR  In a 0.5-L round bottomed flask fitted with a reflux condenser and a
      calcium chloride drying tube, is placed a solution of 49.5 g of methyl
      3,6-dimethyl-dihydroresorcylate and 48 g of N-bromocaprolactam in 250 ml
      of benzene. The reaction mixture is refluxed for 24 hours, then cooled to
      30.degree. C, transferred to a separatory funnel and washed successively
      with 200 ml. of water, 500 ml of 0.2 molar sodium carbonate solution and
      200 ml of water. The organic layer is then cooled to 5.degree. C and
      extracted with 750 ml of cold 0.4N sodium hydroxide solution and 250 ml of
      cold water. The combined aqueous solutions are acidified with a slight
      excess of 15% hydrochloric acid, added slowly enough to ensure
      precipitation of a finely divided product. The temperature is maintained
      at 0.degree. C throughout the acidification. The solid product is filtered
      off, washed thoroughly with water and dried, yielding 27 g (75%) of methyl
      3,6-dimethyl-resorcylate. M.p. 139.degree.-140.degree. C.
PAC  EXAMPLE 4
PAC  Methyl 3,6-dimethyl-resorcylate
PAR  In a 0.5-L three-necked flask fitted with a mechanical stirrer, a
      thermometer and a reflux condenser, protected by a calcium chloride drying
      tube, are placed a solution of 36.9 g of N-chlorocaprolactam (H. Beyer and
      J. Korosi, Ber. 94, 480 (1961)) in 250 ml of benzene and 49.5 g of methyl
      3,6-dimethyl-dihydroresorcylate. The reaction mixture is warmed up slowly
      with stirring until the appearance of a sudden exothermic reaction
      (usually occurring at 70.degree.-75.degree. C) at which point the heating
      bath is removed. After the vigorous reaction has subsided, the heating
      bath is replaced and the reaction mixture is stirred at reflux temperature
      for an additional 3.5 hours. The reaction mixture is then cooled to
      30.degree. C and worked up in the same manner as described in Example 3.
      There is obtained 39.5 g (80%) of methyl 3,6-dimethyl-resorcylate melting
      at 140.degree.-141.degree. C.
PAC  EXAMPLE 5
PAC  Methyl 3,6-dimethyl-resorcylate
PAR  In a 0.5-L three-necked flask fitted with a mechanical stirrer and a reflux
      condenser are placed 9.9 g of methyl 3,6-dimethyl-dihydroresorcylate, 7.4
      g of N-chlorocaprolactam and 100 ml of water. The reaction mixture is
      stirred at room temperature for 5 hours and then at 50.degree. C for an
      additional 2 days. The reaction mixture is cooled to 0.degree. C and
      filtered. The solid product is dissolved in 10 ml of methanol. The
      methanolic solution is then added slowly with stirring to 100 ml of a 5%
      potassium bicarbonate solution, effecting reprecipitation of the pure
      reaction product. The mixture is cooled to 0.degree. C and filtered. The
      product is washed thoroughly with water and dried, yielding 7.8 g (80%) of
      methyl 3,6-dimethyl-resorcylate melting at 140.degree.-141.degree. C.
PAC  EXAMPLE 6
PAC  Methyl 3,6-dimethyl-resorcylate
PAR  In a 0.5-L three-necked flask fitted with a mechanical stirrer and a reflux
      condenser, protected by a calcium chloride drying tube, are placed 19.8 g
      of methyl 3,6-dimethyl-dihydroresorcylate, 9.4 g of N-chloroacetamide (K.
      J. P. Orton and A. E. Bradfield, J.Chem.Soc. 1927, 986) and 100 ml of
      benzene. The reaction mixture is refluxed with stirring for 3,5 hours and
      then cooled to room temperature. The reaction mixture is stirred for
      several minutes with 200 ml of water cooled to 5.degree. C and filtered.
      The product is washed with water, 5% sodium carbonate solution and finally
      with water, yielding 14 g (71%) of methyl 3,6-dimethyl-resorcylate.
PAC  EXAMPLE 7
PAC  Methyl 3,6-dimethyl-resorcylate.
PAR  In a 0.5-L three-necked flask fitted with a mechanical stirrer and a reflux
      condenser protected by a calcium chloride drying tube, are placed 19.8 g
      of methyl 3,6-dimethyl-dihydroresorcylate, 17.8 g of freshly
      recrystallized N-bromosuccinimide, 0.1 g of benzoyl peroxide and 100 ml of
      benzene. The reaction mixture is stirred at reflux temperature for 24
      hours. Approximately half of the solvent is distilled off and the residue
      is stirred for several minutes with 200 ml of water, cooled to 5.degree. C
      and filtered. The product is washed thoroughly with water, 5% sodium
      carbonate solution and finally with water, yielding 14.3 g (72%) of methyl
      3,6-dimethyl-resorcylate.
PAC  EXAMPLE 8
PAR  Example 7 is repeated with omission of benzoyl peroxide. Methyl
      3,6-dimethyl-resorcylate is obtained in a lower yield (61%).
PAC  EXAMPLE 9
PAC  Methyl 3,6-dimethyl-resorcylate
PAR  In a 250-ml round-bottomed flask fitted with a reflux condenser, protected
      by a calcium chloride drying tube, are placed 19.8 g of methyl
      3,6-dimethyl-dihydroresorcylate, 13.4 g of N-chlorosuccinimide and 100 ml
      of benzene. The reaction mixture is refluxed for 8 hours and then worked
      up in the same manner as described in Example 7. There is obtained 12.5 g
      (64%) of methyl 3,6-dimethyl-resorcylate.
PAC  EXAMPLE 10
PAC  Methyl 3,6-dimethyl-resorcylate
PAR  In a 250-ml three-necked flask fitted with a mechanical stirrer, a
      thermometer and a reflux condenser protected by a calcium chloride drying
      tube, is placed a solution of 13.6 g of N-chloroacetanilide (C. D. Barney
      and C. W. Porter, J.Am.Chem.Soc. 52, 1721 (1930) in 80 ml of benzene. To
      the stirred solution is added, in one portion, 15.8 g of methyl
      3,6-dimethyl-dihydroresorcylate. The reaction starts at once with a
      considerable evolution of heat. After the reaction subsides, the reaction
      mixture is refluxed for 3 hours and then worked up in the same manner as
      described in Example 3. There is obtained 10.7 g (68%) of methyl
      3,6-dimethyl-resorcylate.
PAC  EXAMPLE 11
PAC  Methyl 3,6-dimethyl-resorcylate
PAR  In a 250-ml three-necked flask fitted with a mechanical stirrer and a
      reflux condenser protected by a calcium chloride drying tube, are placed
      9.9 g of methyl 3,6-dimethyl-dihydroresorcylate, 10 g of N-bromobenzamide
      (British Pat. No. 928,897) and 50 ml of benzene. The reaction mixture is
      refluxed for stirring for 2 hours, cooled to room temperature, diluted
      with ether and filtered. The filtrate is transferred to a separatory
      funnel and washed successively with water, 0.2 molar sodium carbonate
      solution and again with water. The organic layer is then cooled to
      5.degree. C and extracted with cold 0.4N sodium hydroxide solution. The
      aqueous solution is acidified with a slight excess of 15% hydrochloric
      acid. The temperature is maintained at 0.degree. C throughout the
      acidification. The solid product is filtered off, washed thoroughly with
      water and dried, yielding 7.1 g (72%) of methyl 3,6-dimethyl-resorcylate.
PAC  EXAMPLE 12
PAR  Example 11 is repeated with addition of 0.05 g of benzoyl peroxide. Methyl
      3,6-dimethyl-resorcylate is obtained in a somewhat higher yield (75,5%).
PAC  EXAMPLE 13
PAC  Methyl 3,6-dimethyl-resorcylate
PAR  In a 250-ml three-necked flask fitted with a mechanical stirrer and a
      reflux condenser protected by a calcium chloride drying tube, are placed
      15.1 g of methyl 3,6-dimethyl-dihydroresorcylate, 16.5 g of
      N-chlorosaccharin (Houben-Weyl, Methoden der Organischen Chemie Band V/3,
      pag. 809, 1962) and 80 ml of benzene. The reaction mixture is stirred at
      reflux temperature for 8 hours, cooled to room temperature and then worked
      up in the same manner as described in Example 11. There is obtained 9.4 g
      (63%) of methyl 3,6-dimethyl-resorcylate.
PAC  EXAMPLE 14
PAC  Methyl 3,6-dimethyl-resorcylate
PAR  In a 250-ml three-necked flask fitted with a mechanical stirrer and a
      reflux condenser protected by a calcium chloride tube are placed 9.9 g of
      methyl 3,6-dimethyl-dihydroresorcylate, 4.9 g
      1,3-N,N-dichloro-5,5-dimethylhydantoin and 100 ml of carbon tetrachloride.
      The reaction mixture is stirred for 2 hours at room temperature,
      thereafter for an additional 7 hours at reflux temperature and then left
      overnight at room temperature. The reaction mixture is diluted with 100 ml
      of ether, stirred for 30 minutes and filtered off. The filtrate is worked
      up in the same manner as described in Example 11. There is obtained 7.3 g
      (74%) of methyl 3,6-dimethyl-resorcylate.
PAC  EXAMPLE 15
PAC  Ethyl 3,6-dimethyl-resorcylate
PAR  In a 0.5-L three-necked flask fitted with a mechanical stirrer, a
      thermometer and a reflux condenser protected by a calcium chloride tube,
      are placed a solution of 17.1 g of N-chlorocaprolactam in 50 ml of carbon
      tetrachloride and 24.6 g of ethyl 3,6-dimethyl-dihydroresorcylate
      (prepared according to the method described in Example 1; m.p.
      85.0.degree. - 86.5.degree. C). The reaction mixture is warmed slowly,
      with stirring, until the appearance of an exothermic reaction, at which
      point the heating bath is removed. After the vigorous reaction has
      subsided, the heating bath is replaced and the reaction mixture is stirred
      at reflux temperature for an additional 3.5 hours. The reaction mixture is
      worked up in the same manner as described in Example 2. There is obtained
      20 g (82%) of ethyl 3,6-dimethyl-resorcylate (identified by NMR, IR and
      mass spectral analysis): m.p. 125,5.degree. - 127.degree. C.
PAC  EXAMPLE 16
PAC  Methyl 3-ethyl-6-methyl-dihydroresorcylate
PAR  By substituting a mixture of 5-hepten-4-one and 6-chloroheptan-4-one
      (prepared from propene and butyryl chloride) for the ketone mixture of
      example 1, there is obtained methyl 3-ethyl-6-methyl-dihydroresorcylate;
      m.p. 122.5.degree. - 123.degree. C.
PAC  EXAMPLE 17
PAC  Methyl 3-ethyl-6-methyl-resorcylate
PAR  In a 250-ml three-necked flask fitted with a mechanical stirrer a
      thermometer and a reflux condenser protected by a calcium chloride drying
      tube, are placed a solution of 12.6 g of N-chlorocaprolactam in 100 ml of
      benzene and 18 g of methyl 3-ethyl-6-methyl-dihydroresorcylate. The
      reaction mixture is stirred at reflux temperature for 9 hours and then
      worked up in the same manner as described in Example 3. There is obtained
      15 g (82%) of methyl 3-ethyl-6-methyl-resorcylate (identified by IR and
      NMR spectral analysis); m.p. 103.2.degree. - 104.7.degree. C.
PAC  EXAMPLE 18
PAC  Methyl 3-methyl-6-propyl-dihydroresorcylate
PAR  A solution of 18.8 g of sodium methoxide, 46.9 g of dimethyl malonate and
      44.8 g of 4-octen-3-one in 160 ml of methanol is kept at reflux
      temperature for 8 hours. The reaction mixture is worked up in the same
      manner as described in Example 1. There is obtained 67.2 g (84%) of methyl
      3-methyl-6-propyl-dihydroresorcylate, m.p. 112.3.degree. - 114.1.degree.
      C.
PAC  EXAMPLE 19
PAC  Methyl 3-methyl-6-propyl-resorcylate
PAR  By substituting methyl 3-methyl-6-propyl-dihydroresorcylate for methyl
      3,6-dimethyl-dihydroresorcylate (Examples 2-9), there is obtained methyl
      3-methyl-6-propyl-resorcylate; recrystallized from toluene m.p.
      117.4.degree. - 118.9.degree. C.
PAC  EXAMPLE 20
PAC  Methyl 3-methyl-resorcylate
PAR  In a 1-L three-necked flask fitted with a mechanical stirrer and a reflux
      condenser protected by a calcium chloride drying tube, are placed a
      solution of 60.5 g of N-chlorocaprolactam in 400 ml of benzene and 75.5 g
      of methyl 3-methyl-dihydroresorcylate, prepared from 5-chloropentan-3-one
      (R. B. Woodward et al., J.Am.Chem.Soc. 74, 4223 (1952)) and dimethyl
      malonate; m.p. 126.5.degree. - 127.9.degree. C. The reaction mixture is
      stirred at reflux temperature for 8 hours, then cooled to 30.degree. C,
      transferred to a separatory funnel and washed successively with water, 0.2
      molar sodium carbonate solution and again with water. The organic layer is
      then cooled to 5.degree. C and extracted with cold 0.4N sodium hydroxide
      solution. The aqueous solution is acidified with a slight excess of 15%
      hydrochloric acid. The temperature is maintained at 0.degree. C throughout
      the acidification. The solid product is filtered off, washed thoroughly
      with water and dried, yielding 63.5 g (85%) of methyl
      3-methyl-resorcylate (identified by NMR, IR and mass spectral analysis).
      M.p. 130.5.degree. - 131.6.degree. C).
PAC  EXAMPLE 21
PAC  Ethyl 3-methyl-resorcylate
PAR  In a 250-ml three-necked flask fitted with a mechanical stirrer and a
      reflux condenser, are placed a solution of 14.7 g of N-chlorocaprolactam
      in 100 ml of benzene and 19.8 g of ethyl 3-methyl-dihydroresorcylate
      (prepared from 5-chloropentan-3-one and diethyl malonate; m.p.
      85.2.degree. - 86.7.degree. C). The reaction mixture is stirred at reflux
      temperature for 8 hours, cooled to 30.degree. C and worked up in the same
      manner as described in Example 20. There is obtained 14.5 g (74%) of ethyl
      3-methylresorcylate, melting at 129.1.degree. - 129.6.degree. C.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the preparation of mono- and di-alkylresorcylic esters of
      the general formula
      ##SPC3##
PAL  wherein R.sup.1 is hydrogen or an alkyl radical containing up to three
      carbon atoms, R.sup.2 represents an alkyl radical having up to three
      carbon atoms, and R.sup.3 represents methyl or ethyl, which consists
      essentially of reacting the corresponding dihydroresorcylic esters
      represented by the general formula
      ##SPC4##
PAL  with an N-bromo- or N-chloro- derivative of an amide selected from the
      class consisting of acetamide, aromatic amides, caprolactam, succinimide,
      phthalimide, saccharin, and N,N-dihalohydantoins, in an inert solvent at a
      temperature between room temperature and the reflux temperature of the
      solvent employed.
NUM  2.
PAR  2. The process of claim 1 wherein the haloamide is N-chlorocaprolactam.
NUM  3.
PAR  3. The process of claim 1 wherein the haloamide is N-bromocaprolactam.
NUM  4.
PAR  4. The process of claim 1 wherein the haloamide is N-bromosuccinimide.
NUM  5.
PAR  5. The process of claim 1 wherein the haloamide is N-chlorosuccinimide.
NUM  6.
PAR  6. The process of claim 1 wherein the haloamide is N,N-dichloro-dimethyl
      hydantoin;
NUM  7.
PAR  7. The process of claim 1 wherein the haloamide is N-chloroacetamide.
NUM  8.
PAR  8. The process of claim 1 wherein the haloamide is N-chlorosaccharin.
NUM  9.
PAR  9. The process of claim 1 wherein the haloamide is N-chloro acetanilide.
NUM  10.
PAR  10. The process of claim 1 wherin the haloamide is N-bromobenzamide.
NUM  11.
PAR  11. The process of claim 1 wherein each of R.sup.1, R.sup.2 and R.sup.3 is
      a methyl radical.
NUM  12.
PAR  12. The process of claim 1 wherein R.sup.1 and R.sup.2 are each a methyl
      radical and R.sup.3 is an ethyl radical.
NUM  13.
PAR  13. The process of claim 1 wherein R.sup.2 and R.sup.3 are each a methyl
      radical and R.sup.1 is hydrogen.
NUM  14.
PAR  14. The process of claim 1 wherein R.sup.1, R.sup.2 and R.sup.3 are each a
      methyl radical and the N-haloamide is N-chlorocaprolactam.
NUM  15.
PAR  15. The process of claim 1 wherein R.sup.2 and R.sup.3 are each a methyl
      radical, R.sup.1 is hydrogen and the haloamide is N-chlorocaprolactam.
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ABST
PAL  The present invention relates to novel halogenated derivatives of esters of
      linear C.sub.8 alcohols and aliphatic monocarboxylic acids and a process
      for the preparation of such compounds.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of my copending
      application Ser. No. 387,951, filed Aug. 13, 1973, now U.S. Pat. No.
      3,890,375, entitled "Chemical Compound and Process," which is incorporated
      herein by reference thereto.
BSUM
PAR  The present invention relates to novel halogenated derivatives of esters of
      linear C.sub.8 alcohols.
PAR  Accordingly the present invention comprises esters of linear C.sub.8
      alcohols of the general formula:
EQU  Z(CH.sub.2).sub.3 .Z.sup.1.CH.sub.2 .O.CO.R                (I)
PAL  or
EQU  Z(CH.sub.2).sub.3 .CH(Z).O.CO.R                            (II)
PAL  wherein
PA1  Z is XCH.sub.2 .CHX--,
PA1  and Z.sup.1 is --CHX.CHX-- ,
PA1  and X is Cl or Br,
PA1  And R is hydrogen or a monovalent saturated aliphatic radical.
PAR  Preferably, R is hydrogen or lower alkyl.
PAR  Specific examples of such compounds are 2,3,7,8-tetrachloro-1-octyl acetate
      and 2,3,7,8-tetrachloro-1-octyl propionate.
PAR  The carboxylic acid moiety in the ester group is derived from a saturated
      aliphatic monocarboxylic acid, preferably an alkanoic acid of one to seven
      carbon atoms. Thus, when formic acid is used as the alkanoic acid, R is
      hydrogen, and when an alkanoic acid of two to seven carbon atoms is
      employed, R is lower alkyl. Suitable alkanoic acids have straight or
      branched chains and include formic acid, acetic acid, propionic acid,
      2-methyl or 3-methyl butanoic acid, hexanoic acid, etc.
PAR  According to a further aspect of the present invention, a process for
      preparing compounds of the formula (I) or (II) as hereinbefore defined
      comprises reacting in the liquid phase an octodienyl ester with halogen at
      ambient temperatures.
PAR  By the term "halogen" is meant throughout the specification chlorine or
      bromine.
PAR  By the term "linear C.sub.8 alcohols" it is meant throughout the
      specification that the carbon chain in the alcohol is linear. Thus the
      hydroxyl group of the alcohol could be in the 1- or 3-position of the
      carbon chain.
PAR  By the term "lower alkyl" it is meant throughout the specification a
      monovalent saturated straight or branched hydrocarbon chain of one to six
      carbon atoms.
PAR  The octodienyl ester may suitably be prepared by reaction in the liquid
      phase butadiene with a carboxylic acid in the presence of a Group VIII
      metal catalyst as described in British Patent Specification No. 1,274,072.
      The techniques used for this stage should be well known to a person
      skilled in the art.
PAR  The carboxylic acid moiety in the ester grouping is derived from a
      saturated aliphatic monocarboxylic acid. These acids may contain in
      addition inert substituents, e.g. halogens or alkyl groups, in the
      aliphatic chain. Suitable examples of carboxylic acids which may be used
      are described above.
PAR  The product from the above esterification reaction is a mixture of 1- and
      3-octadienyl monoesters.
PAR  The mixture of 1- and 3-octadienyl esters thus obtained may be used for the
      halogenation step after separation from the catalyst solution by
      liquid/liquid extraction and removal of volatile olefins by distillation.
      The halogenation is carried out in the liquid phase by dissolving the
      octadienyl esters in a solvent. The solvents used for this purpose should
      preferably be more volatile than the esters and be inert to halogen, e.g.
      a halogenated hydrocarbon such as carbon tetrachloride or chloroform.
      Basic solvents such as pyridine may also be present. The appropriate
      halogen gas, e.g. chlorine, is then passed through the solution of the
      octadienyl esters.
PAR  The halogenation may be carried out in the dark and/or in the presence of a
      free radical inhibitor such as tertiary butyl catechol or oxygen. It may
      also be carried out in the presence of a Lewis acid such as ferric
      chloride.
PAR  The halogenation step may be carried out at ambient temperatures. By
      "ambient temperatures" is meant temperatures below 60.degree.C, suitably
      below 40.degree.C.
PAR  The halogenation step may be carried out at atmospheric, super-atmospheric
      or sub-atmospheric pressures.
PAR  The mixture of saturated halogenated derivatives thus obtained is then
      recovered by removal of the solvent and halogen by distillation under
      reduced pressure, of by liquid/liquid extraction, drying and removing the
      solvent by distillation.
PAR  The esters of linear C.sub.8 alcohols described here may be used as
      plasticizers in polymeric material such as PVC, as components of
      lubricants and in heat exchange fluids.
DETD
PAR  The invention is further illustrated with reference to the following
      Examples:
PAC  EXAMPLE 1
PAR  2,7-octadien-1-yl acetate (16.8g; 0.10 mole) was dissolved in carbon
      tetrachloride (100 ml) and the solution cooled below 0.degree.C by means
      of a cooling coil. A slow stream of oxygen was passed through the solution
      and the glass vessel covered with aluminium foil to exclude light.
      Chlorine was passed into the solution for 1.5 h at such a rate (90 ml.
      min.sup..sup.-1) that, with cooling, the temperature did not rise above
      0.degree.C. The reaction solution was washed with an aqueous solution of
      sodium sulphate/sodium bicarbonate, water (twice), and dried over
      magnesium sulphate. The residue remaining after removal of the carbon
      tetrachloride under reduced pressure was steam stripped at 70.degree.C for
      15 h and then vacuum stripped at 70.degree.C for 6h. The reaction product
      (23g) was analysed on a 1 foot .times. 1/2 inch 5% silicone gum rubber on
      chromosorb W column. Three products were present in amount greater than 5
      area per cent on the gas liquid chromatograph chart. The product
      distribution observed was:
     GC Peak     Compound            %                                         
     ______________________________________                                    
     A         1,2,3,7,8-pentachlorooctane                                     
                                     17                                        
     B         1,3,7,8-tetrachloro-2-octyl                                     
                                     19                                        
               acetate                                                         
     C         2,3,7,8-tetrachloro-1-octyl                                     
                                     39                                        
               acetate                                                         
     D         Several minor components                                        
                                     25                                        
     ______________________________________                                    
PAL  1,2,3,7,8-Pentachlorooctane
PAR  Peak A was separated by solid liquid chromatography. Mass spectral analysis
      was consistent with the formula C.sub.8 H.sub.13 Cl.sub.5. The neculear
      magnetic resonance spectrum of 1,2,3,7,8-pentachlorooctane in CDCl.sub.3
      was as follows:
      ##EQU1##
PAR  C.sub.8 H.sub.13 Cl.sub.5 requires: C, 33.5%; H, 4.57%; Cl, 61.9%. Found:
      C, 33.6%; H, 4.39%; Cl, 63.2%.
PAL  1,3,7,8-tetrachloro-2-octyl acetate
PAR  Peak B was separated by solid liquid chromatography followed by preparative
      gas liquid chromatography. Mass spectral analysis was consistent with the
      formula C.sub.10 H.sub.16 O.sub.2 Cl.sub.4. The nuclear magnetic resonance
      spectrum ob 1,3,7,8-tetrachloro-2-octyl acetate appeared as follows:
      ##EQU2##
      Proton decoupling at 8.22 .tau. (tau) resulted in no simplification of the
      4.85 multiplet.
PAR  C.sub.10 H.sub.16 O.sub.2 Cl.sub.4 requires: C, 38.7%; H, 5.20%; Cl, 45.7%.
      Found: C, 37.3%; H, 5.06%; Cl, 47.7%.
PAL  2,3,7,8-tetrachloro-1-octyl acetate
PAR  Peak C was separated by solid liquid chromatography followed by preparative
      gas liquid chromatography. Mass spectral analysis was consistent with the
      formula C.sub.10 H.sub.16 O.sub.2 Cl.sub.4. The nuclear magnetic resonance
      spectrum of 2,3,7,8-tetrachloro-1-octyl acetate in CDCl.sub.3 was as
      follows:
      ##EQU3##
PAR  C.sub.10 H.sub.16 O.sub.2 Cl.sub.4 requires: C, 38.7%; H, 5.20%; Cl, 45.7%;
      MW, 310. Found: C, 38.7%; H, 4.99%; Cl, 46.8%; Mol. Wt. 325.
PAR  As can be seen from this Example, the process also results in the formation
      of the 2-ester besides the 1- and/or 3-esters.
PAC  EXAMPLE 2
PAR  1,7-Octadien-3-yl acetate (168g; 0.10 mole) in carbon tetrachloride (150
      ml) was treated with chlorine as described in example 1 except that the
      chlorine was passed at 50 ml min.sup..sup.-1 for 3h. The reaction product
      (26.4 g) was isolated and analysed by gas liquid chromatography as
      described in Example 1. Three products were present in amounts greater
      than 5 area percent:
TBL  GC Peak     Compound             %                                        
     ______________________________________                                    
     A        1,2,3,7,8-pentachlorooctane                                      
                                      33                                       
     B        1,2,7,8-tetrachloro-3-octyl acetate                              
                                      55                                       
     C        unidentified            11                                       
     ______________________________________                                    
PAL  1,2,3,7,8-Pentachlorooctane
PAR  Peak A was separated by solid liquid chromatography. Identification was
      based on a comparison of its mass spectrum and its nuclear magnetic
      resonance spectrum with those of 1,2,3,7,8-pentachlorooctane from Example
      1. They also had the same gas liquid chromatograph retention times.
PAL  1,2,7,8-tetrachloro-3-octyl acetate
PAR  Peak B was separated by solid liquid chromatography. Mass spectral analysis
      was consistent with the formula C.sub.10 H.sub.16 O.sub.2 Cl.sub.4. The
      nuclear magnetic resonance spectrum of 1,2,7,8-tetrachloro-3-octyl acetate
      was as follows:
      ##EQU4##
      Proton decoupling at 8.22 .tau. (tau) simplified the 4.75 multiplet to a
      double-doublet.
PAR  C.sub.10 H.sub.16 O.sub.2 Cl.sub.4 requires: C, 38.7%; H, 5.20%; Cl, 45.7%.
      Found: C, 38.9%; H, 5.13%; Cl, 45.4%.
PAC  EXAMPLE 3
PAR  2,7-Octadien-1-yl acetate (6.7g; 0.04 mole) was dissolved in chloroform (36
      ml) containing pyridine (4 ml) and then treated with chlorine at 40 ml
      min.sup..sup.-1 for 57 min in the same manner as described in Example 1
      except that the temperature was kept below -15.degree.C. The reaction
      solution was diluted with chloroform (100 ml), washed with water, and
      dried over magnesium sulphate. The chloroform was removed under reduced
      pressure and the residue stripped as in Example 1. GLC analysis indicated
      that the product (10.8 g) contained 2,3,7,8-tetrachloro-1-octyl acetate
      (95%).
PAC  EXAMPLE 4
PAL  Tetrachlorooctyl propionates
PAR  Octadienyl propionates (91g), prepared by the reaction of butadiene with
      propionic acid in the presence of a palladium catalyst, were dissolved in
      carbon tetrachloride (200 ml). The solution was cooled below 0.degree.C by
      means of an ice/salt bath and cooling coil, a slow stream of oxygen was
      passed through the solution, and the glass reaction vessel was covered
      with aluminum foil to exclude light. Chlorine gas was passed into the
      solution at such a rate that, with cooling, the temperature did not rise
      above 0.degree.C. The end of the reaction was signalled by a drop in
      temperature of the reaction solution. The reaction solution was washed
      with aqueous sodium thiosulphate solution, sodium carbonate solution,
      water, and dried over magnesium sulphate. Removal of the carbon
      tetrachloride under reduced pressure gave tetrachlorooctyl propionates
      (154g) as an oil.
PAR  C.sub.11 H.sub.18 O.sub.2 Cl.sub.4 requires: C, 38.7%; H, 5.2%; Cl, 45.8%;
      MW 310. Found: C, 37.2%; H, 4.7%; Cl, 46.9%; MW 333.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ester of a linear C.sub.8 alcohol of the general formula:
EQU  Z(CH.sub.2).sub.3 .Z.sup.1.CH.sub.2 .O.CO.R
PAL  or
EQU  Z(CH.sub.2).sub.3 .CH(Z).O.CO.R
PAL  wherein
PA1  Z is XCH.sub.2.CHX--,
PA1  Z.sup.1 is --CHX.CHX-- ,
PA1  X is Cl or Br, and
PA1  R is hydrogen, lower alkyl of 1-6 carbon atoms or halogenated lower alkyl
      of 1-6 carbon atoms.
NUM  2.
PAR  2. The compound of claim 1, wherein R is hydrogen.
NUM  3.
PAR  3. The compound of claim 1, wherein R is lower alkyl of 1- 6 carbon atoms.
NUM  4.
PAR  4. The compound of claim 1, wherein R is hydrogen or alkyl of one to three
      carbon atoms.
NUM  5.
PAR  5. 2,3,7,8-tetrachloro-1-octyl propionate.
NUM  6.
PAR  6. 2,3,7,8-tetrachloro-1-octyl acetate.
NUM  7.
PAR  7. 1,2,7,8-tetrachloro-3-octyl acetate.
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ABST
PAL  Amine salts of aromatic and aliphatic carboxylic acids are produced by
      hydrolysis of a corresponding nitrile, imide, amide or mixtures thereof in
      the presence of an amine, and stripping of evolved ammonia. The amine
      salts may be used in separation of certain isomeric acids, and are useful
      as intermediates in the production of the corresponding carboxylic acids
      and derivatives thereof, such as esters and anhydrides.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the production of amine salts of aromatic
      and aliphatic mono- and polycarboxylic acids. Such salts, as disclosed in
      our copending application Ser. No. 436,861, filed Jan. 28, 1974, have
      utility as intermediates in the preparation of the corresponding
      carboxylic acids and derivatives thereof, such as esters and anhydrides.
      Amine salts may also be useful in the separation of isomeric carboxylic
      acids. U.S. Pat. No. 2,664,440, for example, discloses the separation of
      isophthalic and terephthalic acids by conversion of the acids to the amine
      salts, which are more readily separated, by fractional crystallization,
      followed by reconversion to the acid.
PAR  Amine salts of carboxylic acids are usually produced by reacting the acid
      with an amine, often in aqueous solution. The usual commercial method of
      producing aromatic carboxylic acids and their anhydrides is by air
      oxidation of a corresponding lower alkyl (e.g. methyl-, ethyl- or propyl-)
      benzene, in the presence of a catalyst. Aliphatic carboxylic acids, both
      saturated and unsaturated, can also be made by air oxidation, in the
      presence of a catalyst, from the corresponding paraffin or olefin
      containing a terminal methyl group. Such processes generally result in the
      production of undesirable by-products, e.g., other carboxylic acids and
      aldehydes, in addition to the desired acid or anhydride. Generally, such
      by-products must be removed for the acid to be commercially useful.
PAR  Another method of producing carboxylic acids is by conversion of the
      corresponding hydrocarbons to nitriles, followed by conversion of the
      nitriles to acids, e.g. by hydrolysis. Aromatic carboxylic acids have been
      produced by both catalytic and non-catalytic hydrolysis of a corresponding
      nitrile, with stripping of ammonia from the hydrolysis product, and by
      hydrolysis to ammonium salts and thermal decomposition of the salts to the
      free acid. In such processes, however, large amounts of steam or other
      stripping gas and other utilities may be required. Additionally,
      subsequent purification of the acid may be required to eliminate
      nitrogenous by-products, such as intermediate products of the nitrile
      hydrolysis.
PAR  It has also been known to similarly produce various carboxylic acids, or
      ammonium salts thereof, by hydrolysis of the corresponding amides or
      imides.
PAR  It is an object of this invention to provide a new, improved process for
      hydrolysis of aromatic and aliphatic nitriles.
PAR  A second object of the present invention is to produce amine salts of
      aromatic and aliphatic mono-and polycarboxylic acids without requiring the
      production of the acid as an intermediate compound. Another object of the
      present invention is to provide amine salts for use as intermediates in
      the production of carboxylic acids and derivatives thereof. A third object
      of this invention is to produce amine salts of carboxylic acids from
      corresponding nitriles, amides, imides or mixtures thereof. Yet another
      object of this invention is to prepare amine salts of carboxylic acids
      from corresponding hydrocarbons. Still another objective of this invention
      is to provide amine salt intermediates for the production of carboxylic
      acids from corresponding hydrocarbons without also producing undesirable
      oxidation by-products.
PAC  SUMMARY OF THE INVENTION
PAR  In one aspect, the invention described herein comprises the aqueous
      hydrolysis of nitriles, imides, amides and/or mixtures thereof in the
      presence of an amine, with removal of evolved ammonia, preferably by
      stripping, to produce the amine salt or salts of the corresponding
      carboxylic acids.
PAR  In another aspect, the invention comprises the production of amine salts of
      carboxylic acids from corresponding hydrocarbons by first contacting such
      hydrocarbon with ammonia, either in the presence of free oxygen and a
      catalyst or in the presence of a catalyst which can supply oxygen to the
      reaction to form the corresponding nitrile or mixture of nitrile and imide
      followed by hydrolyzing the nitrile or nitrile-imide mixture in the
      presence of an amine, as above.
DETD
PAC  DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS
PAR  For convenience, the nature of the invention will be primarily illustrated
      in the following text by the production of amine salts of phthalic acid
      from the products of the reaction between ortho-xylene, ammonia and
      oxygen, by hydrolysis in the presence of trimethylamine. However, as
      discussed in detail hereinbelow, the process is applicable to a wide
      variety of carboxylic acids and amines.
PAR  Processes for preparing mono-and polynitriles by catalytic reaction of
      corresponding hydrocarbons with ammonia and oxygen are well known in the
      art. Generally speaking, such processes involve the use of free oxygen
      (usually as air), in which case the process is usually referred to as
      ammoxidation. Alternatively, as disclosed in U.S. application 147,159,
      filed May 26, 1971, copending herewith, and assigned to the assignee
      hereof, the process can also be carried out in the absence of free oxygen,
      in the presence of a catalyst which contains oxygen combined therein, and
      which is utilized to both catalyze the reaction and supply the oxygen, the
      catalyst being partially reduced in the process. Such a process may be
      referred to as ammonolysis.
PAR  Such reaction (in the case of methyl-substituted benzenes) produces
      primarily the nitrile corresponding to the methylbenzene, or in the case
      of polymethylbenzenes, a mixture of the desired polynitrile and other
      nitriles. In the case of methylbenzenes having one or more pairs of methyl
      groups in the ortho position with respect to each other, the reaction
      products will contain some amount of the corresponding cyclic imide (e.g.
      phthalimide.)
PAR  The reaction, in general, for compounds which do not have two methyl groups
      in the ortho position on the aromatic ring can be represented as:
      ##SPC1##
PAR  In the case of aromatic compounds having one or more pairs of methyl groups
      in the ortho position on the aromatic ring, however, additional reactions
      are also possible. In the case of ortho-xylene, for instance, the
      following reactions may occur:
      ##SPC2##
PAR  Generally, in the reaction of ortho-xylene to produce phthalonitrile, all
      three reactions will occur to some extent, and the product will contain
      some o-tolunitrile and phthalimide.
PAR  In commercial practice today, phthalimide is regarded as an undesirable
      by-product or contaminant and steps are taken to prevent its formation or
      separate it from the desired nitrile. As will be pointed out below,
      however, the presence of phthalimide will not be detrimental in the
      utilization of the present invention, as it will be converted to the
      desired amine salt. Phthalimide may in fact be considered desirable in
      that it is hydrolyzed even more readily than the nitrile.
PAR  Analogously, the reaction of other aromatic compounds having ortho-dimethyl
      (or other lower-alkyl) configurations, such as durene, pseudocumene and
      ortho-dimethylnaphthalenes, with ammonia and oxygen will result in the
      production of some imide, which can be converted to the desired amine salt
      by the process of our invention without necessitating its separation from
      the desired nitrile.
PAR  Other nitriles, such as o-tolunitrile, will also be hydrolyzed to amine
      salts of their corresponding carboxylic acids. Separation of these
      nitriles or the amine salts or other carboxylic acid derivatives, from the
      desired product, may be necessary to avoid contamination of the final
      product.
PAR  The ammoxidation or ammonolysis reactions are generally conducted at
      temperatures of 600.degree. to 1000.degree. F, total pressures of 1 to 5
      atmospheres, residence times of 1 to 30 seconds and feed compositions
      containing from stoichiometric amounts of reactants to large excesses of
      O.sub.2 and NH.sub.3 with or without diluents.
PAR  The products of the ammoxidation or ammonolysis reaction are, according to
      the invention, then subjected to an aqueous hydrolysis step under pressure
      and at elevated temperatures, in the presence of an amine, which may be
      either a primary, secondary, or tertiary amine, with continous removal of
      ammonia evolved, to convert the reaction products to the amine salt of the
      corresponding mono-or polycarboxylic acid and ammonia.
PAR  The hydrolysis of the phthalonitrile-phthalimide mixture with
      trimethylamine proceeds according to the following reactions, depending on
      the feed:
      ##SPC3##
PAR  The hydrolysis is carried out at temperatures of between 150.degree. and
      500.degree. F, preferably between 200.degree. and 450.degree. F, under
      autogenous pressure of the system. The ammonia evolved is removed from the
      reaction products, preferably by countercurrent stripping with steam or
      other suitable inert gas (e.g. helium, methane, paraffins, etc.).
PAR  In one preferred embodiment, the hydrolysis is carried out in a continuous
      fashion, preferably in a vertically disposed reactor, with continuous
      introduction of reactants and withdrawal of products. Alternatively, the
      hydrolysis could be conducted as a batch process. In the first case,
      ammonia is preferably stripped by introducing the stripping gas into the
      hydrolysis reactor countercurrently to the flow of reactants, so that all
      operations can be carried out in one reactor. If a volatile amine is
      utilized, some will be stripped along with the ammonia and provision
      should be made for separation and recycling or refluxing the amine to the
      reactor. As mentioned subsequently, hydrolysis of certain nitriles may
      require stripping of ammonia as it is formed; this method permits such
      stripping. Alternatively, for most nitriles, the reaction products can be
      continuously stripped in a second piece of apparatus. In a batch
      operation, stripping will generally be performed in a subsequent step,
      either in the same or another piece of apparatus.
PAR  As the hydrolysis reaction (reactions 2a or 2b) will be carried out in
      excess water and the amine salts are water-soluble, the products will
      remain in solution and the mixture will contain, for example, phthalate,
      hydroxyl, ammonium, and trimethylammonium ions, as depicted in the
      following reactions 3-5:
EQU  (CH.sub.3).sub.3 N + H.sub.2 O .revreaction. (CH.sub.3).sub.3 NHOH
      .revreaction. [(CH.sub.3).sub.3 NH].sup.+ + [OH].sup.-    (3)
EQU  nh.sub.3 + h.sub.2 o .revreaction. nh.sub.4 oh .revreaction. [nh.sub.4
      ].sup.+ + [oh].sup.-                                      (4)
EQU  (ch.sub.3).sub.3 n + [nh.sub.4 ].sup.+ .revreaction. [(ch.sub.3).sub.3
      nh].sup.+ + nh.sub.3                                      (5)
PAR  analogous reactions take place for salts of other amines and other acids as
      this class of compounds is generally watersoluble, and the products of the
      reaction will, in general, be an aqueous solution containing carboxyl
      anions and alkyl substituted ammonium cations.
PAR  Since aliphatic amines are more basic than ammonia (for example the
      dissociation constant of ammonia is 4.75, that of trimethylamine is 4.20,
      and that of triethylamine 3.36) the equilibrium of reaction 5 will be
      shifted to the right and that of reaction 3 will be more to the right than
      that of reaction 4. The higher concentration of hydroxyl ions will
      therefore effect hydrolysis of the ammoxidation or ammonolysis reaction
      products more rapidly than will ammonium hydroxide (i.e., ammonia) alone.
      In addition, separation of ammonia for recycle to the ammoxidation or
      ammonolysis reactor is facilitated (reaction 5).
PAR  One advantage of the present invention is that carboxylic acids and
      derivatives thereof may be produced from the reaction products of the
      amine hydrolysis-ammonia stripping step without actual recovery of the
      amine salts from the aqueous solution. However, it may be in some cases
      advantageous to recover these salts, as for example in the case in which
      the process is being performed to effect the separation of terephthalic
      and isophthalic acids, e.g., as disclosed in U.S. Pat. No. 2,664,440,  in
      which case the salts will be separated and recovered by fractional
      crystallization. Additionally, the solution can be treated by evaporation
      or other conventional methods to recover the amine salts as solids, in the
      event that these salts are to be stored or shipped for further treatment
      in another location or at a subsequent time.
PAR  The amine utilized in this reaction cay be any amine which is preferably at
      least as basic as ammonia and has sufficient solubility in water under the
      processing conditions employed to ensure adequate hydroxyl ion
      concentration. In selecting the amine, consideration should be given to
      the possibilities of complications (e.g. side reactions or reactions
      between two amine molecules) which may occur in some situations when
      amines are having additional functional groups are utilized. For example,
      depending on operating conditions, amines having functional groups such as
      ethers, halogen atoms, nitro groups of unsaturation, may undergo,
      respectively, cleavage, hydrolysis, thermal decomposition or
      polymerization or addition reactions. Use of a hydroxylamine may involve
      the possibility of an esterification reaction with the nitrile. On the
      other and, alkanolamines having relatively low volatility and adequate
      water solubility may be useful because of these properties, for example,
      in the hydrolysis of cyanohydrins.
PAR  The amines utilized may be primary, secondary or tertiary. Aliphatic
      amines, including cyclical amines such as hexamethylenetetraamine are
      preferred, with low molecular weight tertiary aliphatic amines preferred,
      particularly trimethylamine. Other suitable aliphatic amines are, for
      example, methylamine, dimethylamine, ethylamine, diethylamine,
      dimethylethylamine, diethylmethylamine, triethylamine, triethylenediamine,
      hexamethylenetetraamine, N,N,N', N'-tetramethyl-1,3-butanediamine and
      quinuclidine. Aromatic amines with an alkyl group between the amine group
      and aromatic group would also be useful. Typical examples are benzylamine
      and xylylamine and N-substituted analogues thereof. Pyridine and some of
      its methylsubstituted derivatives such as picolines and lutidines should
      also be effective, given sufficient time and temperature, because of their
      solubility in water, even though they are less basic than ammonia, as
      ammonia is much more volatile and can be stripped off as it forms.
PAR  Treatment of unsaturated aliphatic nitriles, particularly those in which
      the C--C unsaturation is conjugated with the unsaturated cyano group,
      requires precautions to prevent addition of ammonia or amines across the
      carbon-carbon double bond, producing compounds other than those desired.
      For example, methyacrylonitrile will add ammonia across the double bond to
      form 2-methyl-2-aminopropionitrile, which will hydrolyze to the amine salt
      of the corresponding acid rather than that of methyacrylic acid. Thus
      tertiary amines must be utilized here since primary and secondary amines
      can also add across the double bond similarly to ammonia while tertiary
      amines cannot. It is believed that tertiary amines, being more basic than
      ammonia, may also serve to block ammonia from adding across olefinic
      bonds, especially when present in large excess. Close regulations of
      feed:reactant ratios coupled with regulation of stripping to remove
      ammonia from the reaction mixture as it forms should also be performed to
      help prevent ammonia addition.
PAR  The widest choice of amines is permitted when the amine salt is to be
      recovered as such; subject to the limitations mentioned above, from the
      primary, secondary, and tertiary amines suitable for the reaction, the
      most appropriate amine may be chosen. If the amine salt is to be utilized
      as an intermediate in the production of other compounds, e.g. acids,
      anhydrides, esters, or other derivatives of the acids, by processes
      involving heating (e.g. thermal decomposition of amine salts to the free
      acid and amine), tertiary amines are preferred. Amine salts of acids with
      primary or secondary amines may decompose on heating, with the formation
      of mono-or dialkylamides or N-alkylimides. This is particularly true in
      the case of amine salts of aromatic acids having carboxyl groups in the
      ortho position on the ring, e.g. phthalic acid. These will decompose on
      heating even more readily than other amine salts, forming the
      corresponding N-alkylimide. Though these can be recycled to the hydrolysis
      step, as mentioned subsequently, it is preferable to avoid their formation
      by using tertiary amines.
PAR  The process of this invention, in addition to being suitable for producing
      amine salts of phthalic acid, can be generally used to prepare amine salts
      of a wide range of carboxylic acids, both aliphatic and aromatic,
      including heterocyclic, saturated and unsaturated, with and without
      substituents. These are prepared from corresponding nitriles or, as
      discussed hereinafter, from corresponding amides or imides.
PAR  The process can be used, for example, to prepare amine salts of the
      following aromatic mono-and polycarboxylic acids from corresponding
      nitriles, amides, and/or imides: benzoic, phthalic, isophthalic,
      terephthalic, trimellitic, trimesic, hemimellitic, pyromellitic,
      prehnitic, mellitic, naphthoic, 1,8-naphthalene-dicarboxylic,
      2,6-naphthalene-dicarboxylic and other naphthalene di-and polycarboxylic
      acids, 2-, 3-and 4-biphenyl carboxylic acids, diphenic acid (2,2'-biphenyl
      dicarboxylic acid) and other biphenyl di-and polycarboxylic acids, 1-, 2-
      and 9-anthroic acids, tetrachlorophthalic acid, terephthalamic acid,
      4-hydroxyisophthalic acid, phthalaldehydic acid, o-, m- and p-anisic
      acids, o-, m- and p-hydroxybenzoic acids, vanillic acid, o-, m- and
      p-toluic acids and other carboxylic acids having substituents on the
      aromatic ring in addition to the carboxyl group, such as alkyl, alkoxy,
      hydroxy, halo, amine, etc.
PAR  The process may be used as well for the preparation of amine salts of
      aromatic acids containing one or more heterocyclic atoms in the aromatic
      ring, for example, nicotinic, isonicotinic, picolinic and furoic acids.
PAR  Saturated aliphatic carboxylic acids whose amine salts may be prepared by
      the process of this invention include, e.g.: acetic, propionic, butyric,
      isobutyric, valeric, caproic, malonic, succinic, propylmalonic, adipic,
      glutaric, 2-methylglutaric, mucic, tartaric and citric. Among the
      unsaturated aliphatic acids whose amine salts may similarly be prepared
      are acrylic, methacrylic, ethylacrylic, .beta. ,.beta.-dimethylacrylic,
      crotonic, maleic, fumaric, allylmalonic, sorbic, and the various fatty
      acids. Additionally, amine salts of both saturated and unsaturated
      aliphatic acids with additional substituents on the carbon chain, e.g.,
      chloroacetic acid may be produced.
PAR  Also suitable for use in the process are naphthenic nitriles, producing the
      amine salts of naphthenic mono- and polycarboxylic acids.
PAR  As mentioned previously, imides can also be hydrolyzed to the amine salt of
      the corresponding carboxylic acids by the present process, either as the
      sole feed or in a mixture with the nitrile. This becomes particularly
      important in the production of amine salts of certain acids, for example,
      phthalic acid, since the present commercial processes for production of
      phthalonitrile generally also produce phthalimide as well (see equation
      1c), sometimes in substantial quantities. Ordinarily the phthalimide must
      be separated from the nitrile before the nitrile can be further used. In
      the present invention, however, a mixture of nitrile and imide is quite
      satisfactory as a hydrolysis feed.
PAR  The feed may also include, individually or as a mixture with imides,
      nitriles or each other, intermediate hydrolysis products of the nitrile
      such as amides, including mixed cyano-amides (e.g. p-cyanobenzamide), and
      other similar compounds having a mixture of substituents.
PAR  The nature of the invention is further illustrated by the following
      examples.
PAC  EXAMPLE 1
PAR  An equimolar mixture of phthalimide and phthalonitrile were charged to an
      autoclave with a 15 mole % excess of 25% aqueous trimethylamine. The
      mixture was heated for 4 hours at 150.degree. C with a stirring and
      ammonia was stripped off. After cooling, the reaction mixture was a clear
      solution. The total absence of solids indicated a high degree of
      hydrolysis. Acidification of the solution resulted in the precipitation of
      a white solid which was identified as phthalic acid by infrared analysis.
      The homogeneous solution thus contained primarily ammonium and
      trimethylammonium phthalates.
PAC  EXAMPLE 2
PAR  Under similar conditions the product of an ammonolysis of ortho-xylene,
      consisting primarily of phthalonitrile and phthalimide was heated in the
      presence of water and an excess of triethylamine. Since triethylamine and
      water are incompletely miscible, the reaction medium consisted of two
      liquid phases. After 4 hours, at 200.degree. C, and stripping of ammonia,
      a clear homogeneous solution was obtained, showing the hydrolysis to be
      essentially complete.
PAC  EXAMPLE 3
PAC  Preparation of triethylenediamine-benzoic acid salt
PAR  Benzonitrile (20.6g, 0.2 mole), triethylenediamine (TEDA) (12.3g, 0.11
      moles), and water (77 ml) were charged to a 400 ml stainless steel
      cylinder fitted with a pressure gauge, pressure relief valve, needle
      valve, and thermocouple. The benzonitrile was insoluble in water-amine
      solution and formed a separate layer. The mixture was heated with
      occasional shaking at 300.degree.F for 24 hours. At this point, the
      cylinder was vented with the vent gases passed through dilute hydrochloric
      acid.
PAR  An additional 12.3g TEDA and 50 ml H.sub.2 O were added and the mixture
      heated an additional 6 hours at 300.degree.F. After cooling to room
      temperature, the cylinder was vented through the HCl and the reaction
      mixture, now a homogeneous solution was transferred to a glass,
      round-bottomed flask. The mixture was heated to reflux with a slow
      nitrogen sweep through the flask. Water and amine were condensed and
      returned. Ammonia was continuously stripped from the reaction mixture.
PAR  Evaporation of the flask contents under vacuum at room temperature yielded
      an off-white solid which was shown by its infrared spectrum to be the TEDA
      salt of benzoic acid.
PAC  EXAMPLE 4
PAC  Preparation of diethylamine-adipic acid salt
PAR  Adiponitrile (10.8g, 0.1 mole), diethylamine (29.2g, 0.4 mole), and water
      (51 ml) were heated in the stainless steel cylinder described above for 16
      hours at 275.degree.F and 4 hours at 300.degree.F. After cooling and
      venting, the now homogeneous solution was refluxed as described in example
      1. Stripping was stopped when 0.3 moles of ammonia and amine had been
      liberated from the reaction mixture.
PAR  Infrared analysis (AgCl cell) of the solution showed it to be a solution of
      the desired amine salt.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for hydrolizing at least one member selected from the group
      consisting of the nitriles, amides and imides of benzoic acid, phthalic
      acid, isophthalic acid, terephthalic acid, trimellitic acid, trimesic
      acid, hemimellitic acid, pyromellitic acid, prehnitic acid, mellitic acid,
      naphthalic acid, 1,8-naphthalene-dicarboxylic acid,
      2,6-naphthalene-dicarboxylic acid, 2-, 3- and 4-biphenyl carboxylic acids,
      diphenic acid, 1-, 2- and 9-anthroic acids, tetrachlorophthalic acid,
      terephthalamic acid, 4-hydroxyisophthalic acid, phthalaldehydic acid, o-,
      m- and p-toluic acids, nicotinic acid, isonicotinic acid, picolinic acid,
      furoic acid, acetic acid, proprionic acid, butyric acid, isobutyric acid,
      valeric acid, caproic acid, malonic acid, succinic acid, propylmalonic
      acid, adipic acid, glutaric acid, 2-methylglutaric acid, mucic acid,
      tartaric acid, citric acid, acrylic, methacrylic acid, ethylacrylic acid,
      .beta.,.beta.-dimethylacrylic acid, crotonic acid, maleic acid, fumaric
      acid, allymalonic acid and sorbic acid, comprising:
PA1  effecting said hydrolysis with an aqueous amine solution at a temperature
      of from 100.degree.F to about 500.degree.F; said amine being selected from
      the group consisting of alkyl amines, hexamethylenetetramine, pyridine,
      picolines, lutidines, benzyl amine and xylylamine; and removing evolved
      ammonia to produce the amine salt of the acid.
NUM  2.
PAR  2. The process of claim 1 wherein the amine is an alkyl amine.
NUM  3.
PAR  3. The process of claim 2 wherein the amine is a tertiary amine.
NUM  4.
PAR  4. The process of claim 3 wherein the amine is trimethyl amine.
NUM  5.
PAR  5. The process of claim 3 wherein the amine is triethyl amine.
NUM  6.
PAR  6. The process of claim 2 wherein said member is a nitrile.
NUM  7.
PAR  7. The process of claim 6 wherein said nitrile is an aromatic nitrile.
NUM  8.
PAR  8. The process of claim 7 wherein said aromatic nitrile contains two cyano
      groups substituted on adjacent carbon atoms.
NUM  9.
PAR  9. The process of claim 8 wherein the amine is a tertiary amine.
NUM  10.
PAR  10. The process of claim 1 wherein said nitrile is terephthalonitrile.
NUM  11.
PAR  11. The process of claim 10 wherein said amine is an alkyl amine.
NUM  12.
PAR  12. The process of claim 11 wherein said amine is trimethyl amine.
NUM  13.
PAR  13. The process of claim 11 wherein said amine is triethyl amine.
NUM  14.
PAR  14. The process of claim 1 wherein said member is a mixture of
      phthalonitrile and phthalimide and the amine is a tertiary amine.
NUM  15.
PAR  15. The process of claim 14 wherein said amine is an alkyl amine.
NUM  16.
PAR  16. The process of claim 15 wherein said amine is trimethyl amine.
NUM  17.
PAR  17. The process of claim 15 wherein said amine is triethyl amine.
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ABST
PAL  New and useful substituted ethane diphosphonic acids and salts and esters
      thereof as exemplified by the ester compound having the formula
      ##EQU1##
      tetraethyl, 1,2 dihydroxy ethane-1,1-diphosphonate and processes for
      preparing the same which generically comprise the "de-oxiranization" of an
      epoxy ethane diphosphonate having the formula
      ##EQU2##
      wherein R.sub.3 is hydrogen, a metal ion, or an organic radical.
PARN
PAR  This is a division of application Ser. No. 283,147, filed Aug. 23, 1972,
      now U.S. Pat. No. 3,833,690, which in turn was a division of Ser. No.
      27,988, filed Apr. 13, 1970, now U.S. Pat. No. 3,705,191.
BSUM
PAR  The present invention relates to a new class of ethane diphosphonate
      compounds and processes for preparing such compounds. More particularly,
      the present invention has as its primary object providing ethane
      diphosphonic acids as well as the salts and esters thereof, and processes
      for preparing the same.
PAR  According to the present invention, there is provided a new and useful
      class of ethane diphosphonate compounds corresponding to the following
      formula:
      ##EQU3##
      In the above formula I, R.sub.1 can be from the group oxygen; halogen;
      hydroxy; --CN; --N(R.sub.4).sub.2, where R.sub.4 is from the group
      hydrogen and alkyl containing from one to 30 carbon atoms, preferably from
      one to eight carbon atoms and more preferably from one to four carbon
      atoms; --XR.sub.5, where X is from the group oxygen and sulfur and R.sub.5
      is from the group alkyl containing from one to 30 carbon atoms, preferably
      one to eight carbon atoms, more preferably one to four carbon atoms;
      C.sub.6 H.sub.5 (phenyl) and CH.sub.2.sup.. C.sub.6 H.sub.5 (benzyl);
      acetoxy; --SO.sub.3 R.sub.4 where R.sub.4 is the same as defined above;
      benzoyl; --CO.sub.2 H; and --CH(COOR.sub.6).sub.2, where R.sub.6 is an
      alkyl group containing from one to 30 carbon atoms, preferably from one to
      eight carbon atoms, and more preferably from one to four carbon atoms.
PAR  In the aforegoing general formula I, R.sub.2 is from the group R.sub.1,
      except oxygen, and hydrogen. It is to be understood that R.sub.2 then is
      never oxygen and R.sub.2 is only hydrogen when R.sub.1 is oxygen.
      Additionally, it is to be understood that in all cases, except when
      R.sub.1 is oxygen and R.sub.2 is hydrogen, at least R.sub.1 or R.sub.2 is
      a hydroxy group. In other words and for exemplary purposes only, when
      R.sub.1 is chlorine, R.sub.2 must be a hydroxy group.
PAR  In conjunction with the proviso that R.sub.2 is only hydrogen when R.sub.1
      is oxygen with reference to the aforegoing general formula I, n is an
      integer having a value of 1 or 2 and n is only 1 when R.sub.1 is oxygen.
PAR  In formula I, R.sub.3 is from the group metal ions, hydrogen, alkyl,
      alkenyl, aryl, alkyl, aryl, cyclic and alicyclic. The aforementioned metal
      ions are from the group of metals which includes without limitation alkali
      metals such as sodium, lithium and potassium; alkaline earth metals, such
      as calcium and magnesium; aluminum; zinc; cadmium; manganese; nickel;
      cobalt; cerium; lead; tin; iron; chromium; and mercury. Also included are
      ammonium ions and alkyl ammonium ions. In particular, those alkyl ammonium
      ions derived from amines having a low molecular weight, such as below
      about 300, and more particularly the alkyl amines, alkylene amines, and
      alkanol amines containing not more than two amine groups, such as ethyl
      amine, diethyl amiane, propyl amine, propylene diamine, hexyl amine,
      2-ethylhexylamine, N-butylethanol amine, triethanol amine, and the like,
      are the preferred amines. It is to be understood that the preferred metal
      ions are those which render the compound a water-soluble salt.
PAR  In conjunction with the foregoing general formula I and more specifically
      when the ethane diphosphonate is in the ester form thereof, i.e., R.sub.3
      is an organic radical heretofore mentioned, the preferred substituents are
      the following:
PA1  a. alkyl -- containing from about one to about 18 carbon atoms;
PA1  b. alkenyl -- containing from about one to about 18 carbon atoms;
PA1  c. aryl -- phenyl, naphthyl, anthryl, or phenanthryl;
PA1  d. alkyl aryl -- hydroxy, halogen, lower alkyl, (alkaryl) having from one
      to about 6 carbon atoms, and amino substituted phenyl, naphthyl, anthryl,
      or phenanthryl;
PA1  e. cyclic -- containing from about four to about eight carbon atoms and
      there may be present in the ring either a nitrogen, sulfur, oxygen or
      phosphorus atom; and
PA1  f. alicyclic -- containing from about four to about 10 carbon atoms.
PAL  It is to be understood that all of the compounds falling within the above
      formula I and as heretofore defined are generically described herein as
      "ethane diphosphonates." In other words then, the acids, salts and esters
      and mixtures thereof are all generically described herein as ethane
      diphosphonates.
PAR  In general, the ethane diphosphonates are prepared by contacting an epoxy
      ethane diphosphonate having the following formula:
      ##EQU4##
      wherein R.sub.3 is the same as defined above, with a de-oxiranization
      agent which opens the ring of said epoxy compound to form the ethane
      diphosphonates falling within formula I. It is to be understood that the
      term "epoxy ethane diphosphonate" used herein generically describes and
      encompasses the acid, salt and ester forms, and said term is designated at
      times herein EEDP for the sake of brevity.
PAR  The de-oxiranization agents which effect this "ring opening" are from the
      group ammonia, primary amines, secondary amines, acids, malonates,
      alcohols, mercaptans, Lewis acid catalysts and mixtures thereof. The
      specific application of these de-oxiranization agents are disclosed in the
      processes which are described hereinafter.
PAR  The aforementioned epoxy ethane diphosphonates which are one of the basic
      starting materials in conjunction with the preparation of the ethane
      diphosphonates falling within formula I are disclosed and described, as
      well as methods for preparing the same, in a co-pending application,
      entitled "Substituted Epoxy Ethane Polyphosphonic Acids, Esters and Salts
      Thereof," of Al Fred Kerst which is filed concurrently with the present
      application and which is incorporated herein by reference. For exemplary
      purposes only, this starting material, i.e., the epoxy ethane
      diphosphonate, utilized to prepare the ethane diphosphonates of the
      present invention, can be prepared by reacting the disodium salt of
      ethylene diphosphonic acid, i.e.,
      ##EQU5##
      with hydrogen peroxide in the presence of a catalyst such as sodium
      tungstate. The above ethylene diphosphonate, also sometimes referred to in
      the art as vinylidene diphosphonate, is known in the art (in its ester
      form and processes for preparing the same) as exemplified by U.S. Pat. No.
      3,062,792, which is incorporated herein by reference. The aforementioned
      disodium salt can be obtained from the ester (U.S. Pat. No. 3,062,792) by
      mineral acid hydrolysis followed by reaction with sodium hydroxide. The
      ethylene diphosphonic acids and salts per se and processes for preparing
      the same are described in Canadian Pat. No. 811,736, which is incorporated
      herein by reference.
PAR  The following subject matter specifically illustrates the preparation of
      the ethane diphosphonates from EEDP.
DETD
PAC  HYDROLYSIS OF EPOXY ETHANE DIPHOSPHONATE
PAR  The hydrolysis of epoxy ethane diphosphonate to produce the dihydroxy
      ethane phosphonate proceeds according to the following general reaction:
      ##EQU6##
      wherein R.sub.3 is the same as defined above. The aforementioned reaction
      may be carried out by mixing the epoxy ethane diphosphonate in a
      sufficient volume of water, i.e., at least stoichiometric quantities,
      preferably a molar ratio of water to EEDP of 1:1 to 20:1, and heating the
      resultant mass until substantially complete hydrolysis occurs. The use of
      greater than stoichiometric quantities of water functions as a diluent for
      the reaction system. It is also found that substantially water-miscible
      organic diluents which have a boiling point between about 50.degree. C and
      150.degree. C, preferably from about 70.degree. C to about 100.degree. C,
      such as dioxane, acetone, lower alcohols (e.g., methanol, ethanol,
      propanol and butanol) are suitable as a reaction medium or diluent in
      which the above-described hydrolysis reaction can be conducted.
PAR  The hydrolysis reaction may be accelerated by the addition of an acid
      catalyst (e.g., from 0.1 to 10% by weight based on the total weight of
      EEDP) such as HClO.sub.4, H.sub.2 SO.sub.4, HCl, benzene sulfonic acid,
      and the like. However, the use of an acid catalyst is not necessary in
      order to carry out the aforementioned reaction when R.sub.3 of the EEDP is
      hydrogen in all cases or at least where three hydrogen atoms are present,
      but is desirable when EEDP is in the salt, partial salt, ester or partial
      ester form. Generally, the heating of the epoxy ethane diphosphonate in
      water takes place at a temperature above about 50.degree. C, preferably
      from about 80.degree. C to about 150.degree. C, either under atmospheric,
      sub-atmospheric (e.g., 1/2 to 760 mm Hg), or super atmospheric (e.g., 1 to
      10 atmospheres) conditions, and for a sufficient period of time, for
      example, from about five minutes to about two hours or more, depending
      upon the particular epoxy ethane diphosphonate utilized as a starting
      material, and also if an acid catalyst is utilized, to facilitate an
      accelerated reaction.
PAR  In conjunction with the preparation of the compounds falling within the
      above Formula III from the salt form of the compounds falling within
      Formula II, i.e., R.sub.3 in each case is a metal ion, it is desirable
      that the salt form of Formula II compounds be converted to the acid form,
      i.e., where R.sub.3 in each case is hydrogen, prior to the hydrolysis step
      in order to obtain high conversion yields. (However, converting the salts
      of Formula II to the acid form is not essential for the production of
      salts of Formula III.) More specifically, this conversion of the salt form
      to the acid form is accomplished by passing, for example, an aqueous
      solution containing the disodium salt of EEDP through a hydrogen ion
      exchange resin such as those which are commercially available under the
      trade names Amberlite IR 120 and Dowex 50. The resultant acid form usually
      having a pH below 4 can be hydrolyzed according to the general process
      heretofore described.
PAR  In conjunction with the over-all hydrolysis of the acid and ester forms of
      EEDP, it is desirable, after heating in the hydrolysis step, to remove the
      water from the resulting mass by evaporation, for example, under vacuum,
      e.g., 1/2 to 760 mm Hg, preferably from 1 to 50 mm Hg., at a temperature
      of from about -10.degree. C to about 150.degree. C, preferably from about
      -10.degree. C to about 50.degree. C. Subsequently, a water-immiscible,
      inert solvent such as benzene, toluene, hexane, heptane, isopropyl ether,
      or octane, cyclo-hexane and the like, is added to the residue product in
      the reaction vessel and the resultant mixture is azeotropically distilled
      at a temperature of from about 50.degree. C to about 140.degree. C until
      substantially no water is observed in the distillate. The desired product
      formed can be identified by standard analyses such as P.sup.31 and H.sup.1
      nuclear magnetic resonance (abbreviated herein as NMR), elemental
      analysis, infra red spectrum and the like, depending upon the particular
      physical and/or chemical form of the product. It is to be understood that
      these analytical techniques are also applicable to ascertaining the
      identification of any of the compounds falling within the above-described
      Formula I.
PAR  As illustrative of the ethane diphosphonates which can be prepared
      according to the aforementioned hydrolysis reaction of EEDP, there may be
      mentioned, without limitation, the following compounds:
PA1  1. H.sub.2 C(OH)C(OH)(PO.sub.3 H.sub.2).sub.2 : 1,2 dihydroxy
      ethane-1,1-diphosphonic acid
PA1  2. H.sub.2 C(OH)C(OH)(PO.sub.3 NaH).sub.2 : disodium 1,2 dihydroxy
      ethane-1,1-diphosphonate
PA1  3. H.sub.2 C(OH)C(OH)[PO.sub.3 (C.sub.2 H.sub.5).sub.2 ].sub.2 : tetraethyl
      1,2 dihydroxy ethane-1,1-diphosphonate
PA1  4. H.sub.2 C(OH)C(OH)(PO.sub.3 HC.sub.6 H.sub.5).sub.2 : diphenyl 1,2
      dihydroxy ethane-1,1-diphosphonate
PA1  5. H.sub.2 C(OH)C(OH)(PO.sub.3 K.sub.2).sub.2 : tetrapotassium 1,2
      dihydroxy ethane-1,1-diphosphonate
PA1  6. H.sub.2 C(OH)C(OH)(PO.sub.3 Zn).sub.2 : dizinc 1,2 dihydroxy
      ethane-1,1-diphosphonate
PA1  7. H.sub.2 C(OH)C(OH)(PO.sub.3 HC.sub.4 H.sub.9).sub.2 : dibutyl 1,2
      dihydroxy ethane-1,1-diphosphonate
PAC  AMMONOLYSIS OR EPOXY ETHANE DIPHOSPHONATE
PAR  The reaction of the epoxy ethane diphosphonate with a nitrogenous material
      from the group ammonia or primary and secondary amines (generically
      described herein as ammonolysis) yields "amine"-hydroxy derivatives
      according to the following general reaction:
      ##EQU7##
      wherein R.sub.3 is the same as heretofore defined. In the above reaction,
      (R.sub.4).sub.2 NH designates ammonia, primary amine or secondary amine,
      and R.sub.4 has the same connotation as heretofore set forth and is from
      the group hydrogen and alkyl containing from one to 30, preferably from
      one to eight carbon atoms. As shown in the above reaction, a mixture of
      two isomers (1-amino -2-hydroxy and 2- amino -1-hydroxy ethane
      diphosphonate) are formed; [the word "amino" is used in this case to
      designate --NH.sub.2 or --N(R.sub.4).sub.2 ].
PAR  It is found in all cases that the major product formed in conjunction with
      the above reaction is the 2- amino 1-hydroxy ethane diphosphonate. Where
      one so desires, the isomers can be separated by conventional
      chromatographic methods. However, it is found that one isomer does not
      substantially interfere with the other isomer in conjunction with end-use
      applications and consequently, separation of the two isomers is not
      necessary. This particular facet of these two isomers is also found to be
      applicable to the other isomeric mixtures of the ethane diphosphonates
      described hereinafter.
PAR  The above ammonolysis reaction is generally conducted at a temperature
      between about -40.degree. C and about 150.degree. C, and under atmospheric
      conditions. However, it is within the scope of the present invention that
      super-atmospheric, for example from about 1 to about 10 atmospheres, and
      sub-atmospheric, for example 1/2 to 760 mm Hg, conditions may be utilized
      where one so desires. It is preferred in carrying out the aforementioned
      ammonolysis reaction that the amine be utilized in excess of that
      stoichiometrically required to react with the epoxy ethane diphosphonate;
      for example, a mole ratio of 100:1 of ammonia to EEDP permits the ammonia
      to function also as a reaction medium. Any amount of amine can be used in
      excess of that stoichiometrically required as long as there is no
      substantial adverse effect to the formation of the desired end product. In
      conjunction with the aformentioned reaction and when the starting EEDP is
      in the ester form, an inert organic solvent such as benzene, toluene,
      hexane, heptane, halocarbon such as carbon tetrachloride, chloroform,
      methylene chloride, isopropyl ether, octane, cyclo-hexane and the like may
      be utilized, where one so desires, in order to, inter alia, facilitate
      easier handling of the reaction mass, temperature control, better yields.
PAR  In conjunction with the general ammonolysis reaction heretofore shown and
      specifically where the compounds falling within Formula II are in the acid
      form (i.e., R.sub.3 is hydrogen), the resultant ethane diphosphonate
      isomeric mixture is in the ammonium salt form and further processing steps
      are required in order to prepare the desired ethane diphosphonate in the
      acid form. Specifically, at least stoichiometric quantities of an alkaline
      earth metal (i.e., barium, strontium, calcium and magnesium) hydroxide,
      for example, barium hydroxide (in water) is added to the isomeric mixture
      and which results in the formation of the barium salts of compounds
      falling within formulae IV and V. (This is established by elemental
      analysis of the dry material and by nuclear magnetic resonance, NMR,
      spectrum of the P.sup.31 and H.sup.1 atoms.) The barium salts are
      separated from the reaction mixture by the addition of a water-soluble
      organic solvent such as ethanol, followed by filtration and washing with
      an inert liquid, nonaqueous organic solvent such as methanol, ethanol,
      acetone, dimethyl formamide and the like, to remove the residual water.
      The filter cake which is the barium salt is dried at a suitable
      temperature (e.g., 10.degree. C to 75.degree. C) in order to remove this
      solvent and then subsequently slurried with an organic material such as
      ether. Either a substantially anhydrous sulfuric acid or an aqueous
      solution thereof (or any mineral acid which will form a salt precipitate
      with the cation) in an organic material such as ether, is then reacted
      with the barium saltether slurry to form the fully protonated, i.e., acid
      form, of the ethane diphosphonate and a barium sulfate precipitate.  A
      halohydrocarbon, such as chloroform, is added to the end products to
      assist the separation of the ethane diphosphonate from the barium sulfate.
      After stirring to insure complete reaction, the barium sulfate is filtered
      off and the remaining solution is then subjected to low temperature (e.g.
      from -5.degree. C to 30.degree. C) - low vacuum distillation (e.g. from
      1/2 to 28 mm Hg) to remove the halohydrocarbon. The resultant residue is
      then subjected to azeotropic drying (i.e., the distillation according to
      the procedure heretofore mentioned in conjunction with the preparation of
      the compounds of Formula III) to yield the acid form (R.sub.3 is hydrogen)
      of the compounds falling within Formulae IV and V. This overall procedure
      to convert the ammonium salt to the fully protonated form is referred to
      herein as the "alkaline earth metal treatment" for the sake of brevity.
PAR  As illustrative of the ethane diphosphonates which can be prepared
      according to the aforementioned ammonolysis of EEDP, there may be
      mentioned, without limitation, the following compounds:
PA1  8. H.sub.2 C(NH.sub.2)C(OH)(PO.sub.3 H.sub.2).sub.2 :
      2-amino-1-hydroxyethane-1,1-diphosphonic acid
PA1  9. H.sub.2 C(OH)C(NH.sub.2)(PO.sub.3 H.sub.2):
      2-hydroxy-1-aminoethane-1,1-diphosphonic acid
PA1  10. H.sub.2 C(NH.sub.2)C(OH)(PO.sub.3 Na.sub.2).sub.2 : tetrasodium
      2-amino-1-hydroxyethane-1,1-diphosphonate
PA1  11. H.sub.2 C(NHCH.sub.3)C(OH)(PO.sub.3 H).sub.2 :
      2-methylamino-1-hydroxyethane-1,1-diphosphonic acid
PA1  12. H.sub.2 C(NHCH.sub.3)C(OH)[PO.sub.3 (C.sub.2 H.sub.5).sub.2 ].sub.2 :
      tetraethyl 2-methylamino-1-hydroxyethane-1,1-diphosphonate
PA1  13. H.sub.2 C[N(C.sub.2 H.sub.5)2]C(OH)(PO.sub.3 H.sub.2).sub.2 :
      2-diethylamino-1-hydroxyethane-1,1-diphosphonic acid
PA1  14. H.sub.2 C(NH.sub.2)C(OH)[PO.sub.3 (C.sub.2 H.sub.5).sub.2 ].sub.2 :
      tetraethyl 2-amino-1-hydroxyethane-1,1-diphosphonate
PA1  15. H.sub.2 C[NC.sub.4 H.sub.9).sub. 2 ]C(OH)(PO.sub.3 Zn).sub.2 : dizinc
      2-dibutylamino-1-hydroxyethane-1,1-diphosphonate
PA1  16. H.sub.2 C(NH.sub.2)C(OH)(PO.sub.3 HC.sub.4 H.sub.9).sub.2 : dibutyl
      2-amino -1-hydroxy ethane-1,1-diphosphonate
PAC  REACTION OF EPOXY ETHANE DIPHOSPHONATE WITH ACIDS
PAR  The reaction of the epoxy ethane diphosphonates with an acid having the
      generic formula HZ (hereinafter defined) yields a variety of ethane
      diphosphonates according to the following reaction:
      ##EQU8##
      In the above reaction, HZ designates certain inorganic and organic acids.
      Specifically, the cation Z, is from the group halogen (such as chlorine,
      bromine, fluorine and the like), --CN, acetoxy (CH.sub.3 COO--), sulfonate
      (--SO.sub.3 R.sub.4 wherein R.sub.4 has the same connotation as heretofore
      set forth and is from the group hydrogen and alkyl), benzoyl (C.sub.6
      H.sub.5 CO--), and carboxy (HOOC--).
PAR  As shown in the above reaction, a mixture of two isomers are formed. It is
      found in all cases that the major products formed are those compounds
      falling within the above Formula VI, i.e., in which the hydroxy group is
      attached to the carbon containing the two phosphonate groups.
PAR  The above-described acid reaction is generally conducted at a temperature
      between about -10.degree. C and 150.degree. C, preferably between about
      0.degree. C and 100.degree. C. It is to be understood that the above acid
      reaction can be carried out under atmospheric conditions,
      super-atmospheric (e.g. 1 to 10 atmospheres), and sub-atmospheric (e.g.
      1/2 to 760 mm Hg) conditions; however, it is preferred that the acid
      reaction be carried out under atmospheric conditions.
PAR  While the above-described acid reaction may be carried out utilizing
      stoichiometric amounts of the epoxy ethane diphosphonate and said acid,
      i.e., HZ, it is preferred that the acid, HZ, be utilized in excess of that
      stoichiometrically required to react with the epoxy ethane diphosphonate.
      For exemplary purposes only, a mole ratio of from about 2:1 to about 10:1
      (i.e., excess of acid) in carrying out the foregoing reaction is found
      desirable. It is also within the scope of the present invention that the
      acid reaction, where one so desires, may be carried out in the presence of
      an inert solvent such as an alcohol (for example methanol and ethanol),
      ethers (e.g. tetrahydrofuran and ethyl ether), and a halocarbon such as
      chloroform, and carbon tetrachloride, in order, inter alia, to facilitate
      easier handling of the reaction mass, temperature control and the like.
PAR  As illustrative of the ethane diphosphonates which can be prepared
      according to the aforementioned acid reaction with EEDP, there may be
      mentioned, without limitation, the following compounds:
PA1  17. H.sub.2 C(Cl)C(OH)(PO.sub.3 H.sub.2).sub.2 :
      2-chloro-1-hydroxyethane-1,1-diphosphonic acid
PA1  18. H.sub.2 C(OH)C(Cl)(PO.sub.3 H.sub.2).sub.2 ;
      2-hydroxy-1-chloroethane-1,1-diphosphonic acid
PA1  19. H.sub.2 C(CN)C(OH)(PO.sub.3 KH).sub.2 : dipotassium
      2-cyano-1-hydroxyethane-1,1-diphosphonate
PA1  20. H.sub.2 C(OOCCH.sub.3)C(OH)(PO.sub.3 HC.sub.2 H.sub.5).sub.2 : diethyl
      2-acetoxy-1-hydroxyethane-1,1-diphosphonate
PA1  21. H.sub.2 C(SO.sub.3 H)C(OH)(PO.sub.3 H.sub.2).sub.2 :
      2-sulfo-1-hydroxyethane-1,1-diphosphonic acid
PA1  22. H.sub.2 C(OCC.sub.6 H.sub.5)C(OH)(PO.sub.3 HC.sub.6 H.sub.5).sub.2 :
      diphenyl 2-benzoyl-1-hydroxyethane-1,1-diphosphonate
PA1  23. H.sub.2 C(F)C(OH)(PO.sub.3 HNa.sub.2 : disodium
      2-fluoro-1-hydroxyethane-1,1-diphosphonate
PA1  24. H.sub.2 C(SO.sub.3 C.sub.2 H.sub.5)C(OH)(PO.sub.3 H.sub.2).sub.2 :
      2-ethylsulfo-1-hydroxyethane-1,1-diphosphonic acid
PA1  25. H.sub.2 C(Br)C(OH)[PO.sub.3 (C.sub.4 H.sub.9).sub.2 ].sub.2 :
      tetrabutyl 2-bromo-1-hydroxyethane-1,1-diphosphonate
PA1  26. H.sub.2 C(CN)C(OH)[PO.sub.3 (CH.sub.3).sub.2 ].sub.2 : tetramethyl
      2-cyano-1- hydroxyethane-1,1-diphosphonate
PAC  REACTION OF EPOXY ETHANE DIPHOSPHONATE WITH REACTIVE METHYLENE GROUPS
PAR  The reaction of the epoxy ethane diphosphonate with a malonate (hereinafter
      defined) yields a variety of ethane diphosphonates according to the
      following reaction:
      ##EQU9##
      In the above reaction, the malonate, Formula VIII, has a metallic cation,
      M.sup.+, attached to the middle carbon atom, and M is preferably an alkali
      metal cation such as sodium, lithium, or potassium. R.sub.6 in the
      malonate Formula VIII has the same connotation as heretofore set forth and
      is an alkyl group containing from one to 30 carbon atoms, preferably lower
      alkyl containing one to 8 (more preferably one to four) carbon atoms. As
      shown in the above reaction, a mixture of the two isomers (Formulae IX and
      X) are formed. It is found in all cases that the major products formed are
      the compounds falling within Formula IX, i.e., wherein the hydroxy group
      is attached to the carbon atom which has the two phosphonyl groups.
PAR  The above malonate-epoxy reaction is generally conducted at a temperature
      between about 5.degree. C and about 240.degree. C, preferably from about
      10.degree. C and about 140.degree. C, and under atmospheric conditions.
      However, it is within the scope of the present invention that
      super-atmospheric (e.g., 1 to 10 atmospheres) and sub-atmospheric (e.g.,
      1/2 to 760 mm Hg) conditions may be utilized where one so desires. While
      the above-described malonate-epoxy reaction may be conducted by utilizing
      stoichiometric quantities of both reactants, it is within the scope of the
      present invention that excess quantities of the malonate can be utilized
      where one so desires. Furthermore, an inert solvent such as ether (such
      asisopropyl ether and n-butyl ether), tetrahydrofuran, benzene or toluene
      may also be utilized where one so desires in order to, inter alia,
      facilitate easier handling of the reaction mass, control reaction
      temperatures, and the like.
PAR  In conjunction with the preparation of the compounds falling within the
      above Formulae IX and X from the salt and acid forms of the compounds
      falling within Formula II, it is desirable that both the salt and acid
      forms of the Formula II compounds be converted to the ester form, i.e.,
      where R.sub.3 is an organic group, prior to the reaction with the
      malonate. More specifically, the conversion of the salt form to the acid
      form (Formula II), for example, by undergoing the aforementioned "alkaline
      earth metal hydroxide treatment" or by passing, for example, an aqueous
      solution containing the salt of EEDP through a hydrogen ion exchange resin
      such as those which are commercially available under the trade names
      Amberlite IR 120 and Dowex 50. The resultant acid form then can be
      converted to the ester form by the procedure outlined by S. J. Fitch in
      the Journal of the American Chemical Society, Vol. 86, pages 61-64,
      January, 1964, and which procedure is incorporated herein by reference.
      The resultant esters of compounds falling within Formula II are converted
      via the "de-oxiranization" procedure immediately set forth above to
      compounds falling within Formulae IX and X wherein R.sub.3 is an organic
      group, i.e., the ester form. The salts and acids of Formulae IX and X can
      be obtained respectively by reacting the ester with a mineral acid (i.e.,
      acid hydrolysis) and then reacting the acid with a metal hydroxide
      solution to form a salt.
PAR  As illustrative of the ethane diphosphonates which can be prepared
      according to the aforementioned malonate reaction with EEDP, there may be
      mentioned, without limitation, the following compounds:
PA1  27. HC(COOC.sub.2 H.sub.5).sub.2 CH.sub.2 (OH)(PO.sub.3 H.sub.2).sub.2 :
      diethyl (2-hydroxy-2,2-diphosphonoethyl) malonate
PA1  28. H.sub.2 C(OH)C(PO.sub.3 H.sub.2).sub.2 CH(COOC.sub.2 H.sub.5).sub.2 :
      diethyl (2-hydroxy-1,1-diphosphonoethyl) malonate
PA1  29. HC(COOC.sub.4 H.sub.9).sub.2 CH.sub.2 C(OH)(PO.sub.3 H.sub.2).sub.2 :
      dibutyl (2-hydroxy-2,2-diphosphonoethyl) malonate
PA1  30. H.sub.2 C(OH)C(PO.sub.3 Na.sub.2).sub.2 CH(COOCH.sub.3).sub.2 :
      dimethyl (tetrasodium 2-hydroxy-2,2-diphosphonoethyl) malonate
PA1  31. H.sub.2 C(COOCH.sub.3).sub.2 CH.sub.2 C(OH)(PO.sub.3 H.sub.2).sub.2 :
      dimethyl (2-hydroxy-2,2-diphosphonoethyl) malonic acid
PA1  32. HC(COOC.sub.2 H.sub.5).sub.2 CH.sub.2 C(OH)[PO.sub.3 (C.sub.2
      H.sub.5).sub.2 ].sub.2 : diethyl (tetraethyl
      2-hydroxy-2,2-diphosphonoethyl) malonate
PAC  REACTION OF EPOXY ETHANE DIPHOSPHONATE WITH ALCOHOLS AND MERCAPTANS
PAR  The reaction of the epoxy ethane diphosphonate with certain alcohols and
      mercaptans generically designated as R.sub.5 XH (hereinafter defined)
      yield a variety of ethane diphosphonates according to the following
      reaction:
      ##EQU10##
      In the above reaction, R.sub.5 xh generically designates an alcohol or a
      mercaptan; X is from the group sulfur and oxygen and R.sub.5 has the same
      connotation as heretofore set forth and is from the group alkyl containing
      one to 30, preferably lower alkyl containing from one to 8, carbon atoms,
      C.sub.6 H.sub.5 (phenyl) and CH.sub.2 C.sub.6 H.sub.5 (benzyl). As shown
      in the above reaction, a mixture of two isomers is formed. It is found in
      all cases that the major product formed is a compound falling within
      Formula XI, i.e., wherein the hydroxy group is attached to the carbon atom
      containing the two phosphonyl groups.
PAR  The above reaction between the epoxy ethane disphosphonate and the alcohol
      or mercaptan is generally conducted at a temperature between 5.degree. C
      and 180.degree. C, preferably from about 10.degree. C and 100.degree. C,
      and under atmospheric conditions. However, it is within the scope of the
      present invention that super-atmospheric (e.g. 1 to 10 atmospheres) and
      sub-atmospheric (e.g. 1/2 to 760 mm Hg) conditions may be utilized where
      one so desires.
PAR  In conducting the aforementioned reaction, it is desirable to utilize a
      metallic material such as metallic sodium or lithium or potassium (in at
      least stoichiometric amounts) or an acid catalyst (generally in less than
      stoichiometric amounts) such as those materials heretofore defined. While
      the aforementioned reaction may be carried out utilizing stoichiometric
      quantities of both the epoxy ethane diphosphonate and the alcohol or
      mercaptan, excess quantities in any amounts of the aforesaid alcohols or
      mercaptans may be utilized where one so desires as long as there are no
      substantial adverse effects in producing the desired product.
PAR  The alcohols utilized are the monoatomic aliphatic alcohols containing from
      one to 30 carbon atoms, preferably from one to eight carbon atoms,
      including the respective isomers thereof. Typical alcohols include, for
      example, methanol, ethanol, propanol and n-butyl alcohol. It is also
      within the scope of this invention to utilize alcohols such as phenol and
      benzyl alcohol.
PAR  The mercaptans utilized are the aliphatic mercaptans containing from one to
      about 30 carbon atoms, preferably from one to eight carbon atoms, and
      include, for exemplary purposes only, methyl mercaptan, ethyl mercaptan,
      propyl mercaptan and n-butyl mercaptan. The isomers of the various
      mercaptans are also included within the present invention.
PAR  In conjunction with the preparation of the compounds falling within the
      above Formulae XI and XII from the salt and acid forms of the compounds
      falling within Formula II, it is desirable that both the salt and acid
      forms of the Formula II compounds be converted to the ester form, i.e.,
      where R.sub.3 is an organic group, prior to the reaction with the
      particular alcohol or mercaptan. This conversion of the salt and acid
      forms to the ester form is accomplished according to the same procedure
      outlined heretofore in conjunction with the EEDP-malonate process
      reaction.
PAR  As illustrative of the ethane diphosphonates which can be prepared
      according to the aforementioned reaction of EEDP with ether alcohols or
      mercaptans, there may be mentioned, without limitation, the following
      compounds:
PA1  33. H.sub.2 C(OCH.sub.3)C(OH)(PO.sub.3 H.sub.2).sub.2 : 2-methoxy
      -1-hydroxy ethane-1,1-diphosphonic acid
PA1  34. H.sub.2 C(OH)C(OCH.sub.3)(PO.sub.3 H.sub.2).sub.2 : 2-hydroxy
      -1-methoxy ethane-1,1-diphosphonic acid
PA1  35. H.sub.2 C(OC.sub.2 H.sub.5)C(OH)(PO.sub.3 NaH).sub.2 : disodium
      2-ethoxy -1-hydroxy ethane-1,1-diphosphonate
PA1  36. H.sub.2 C(SCH.sub.3)C(OH)(PO.sub.3 H.sub.2).sub.2 : 2-thiomethyl
      -1-hydroxy ethane-1,1-diphosphonic acid
PA1  37. H.sub.2 C(SC.sub.2 H.sub.5)C(OH)[PO.sub.3 (C.sub.6 H.sub.5).sub.2
      ].sub.2 : tetraphenyl 2-thioethyl -1-hydroxy, ethane-1,1-diphosphonate.
PA1  38. H.sub.2 C(OCH.sub.3)C(OH)(PO.sub.3 HC.sub.4 H.sub.9).sub.2 : dibutyl
      2-methoxy -1-hydroxy ethane-1,1-diphosphonic acid
PA1  39. H.sub.2 C(SCH.sub.3)C(OH)(PO.sub.3 HCH.sub.3).sub.2 : dimethyl
      2-thiomethyl, 1-hydroxy ethane-1,1-diphosphonic acid
PA1  40. H.sub.2 C(OC.sub.6 H.sub.5)C(OH)(PO.sub.3 H.sub.2).sub.2 : 2-phenoxy
      -1-hydroxy ethane-1,1-diphosphonic acid
PA1  41. H.sub.2 C(OC.sub.6 H.sub.5)C(OH)(PO.sub.3 HC.sub.2 H.sub.5).sub.2 :
      diethyl 2-phenoxy -1-hydroxy ethane-1,1-diphosphonic acid
PA1  42. H.sub.2 C(SC.sub.6 H.sub.5)C(OH)(PO.sub.3 H.sub.2).sub.2 :
      2-thiophenyl, 1-hydroxy ethane-1,1-diphosphonic acid
PAC  ACID CATALYZED REARRANGEMENT OF EPOXY ETHANE DIPHOSPHONATES
PAR  The reaction of the epoxy ethane diphosphonate in the presence of a metal
      halide Lewis acid which functions as an acid catalyst yields the oxy
      derivative of the epoxy ethane diphosphonate according to the following
      reaction:
      ##EQU11##
      In conjunction with the above-described reaction, a wide variety of metal
      halide Lewis acids can be utilized in order to effect an acid catalyzed
      rearrangement of the epoxy ethane diphosphonate. There may be mentioned
      for exemplary purposes only and without any limitation metal halide Lewis
      acids such as boron trifluoride, zinc chloride, magnesium bromide, ferric
      chloride, stannic chloride, titanium chloride, zirconium chloride,
      aluminum chloride and the like. In conjunction with the utilization of the
      Lewis acid for the acid catalyzed rearrangement, it is preferred to first
      dissolve or suspend the metal halide in a non-aqueous inert aprotic
      solvent such as nitromethane, dichloromethane, nitrobenzene, nitropropane,
      chlorobenzene, dichlorobenzene, dichloroethane, tetrachloroethane,
      perchloroethylene, petroleum ether, carbon tetrachloride, chloroform,
      carbon disulfide, ethyl ester, benzene and the like, and then contact the
      resultant solution or slurry with the EEDP material. The amount of solvent
      utilized is not a limiting factor as long as that amount chosen does not
      substantially adversely affect the preparation of the desired end product.
PAR  The acid catalyzed rearrangement of the epoxy ethane diphosphonate is
      generally conducted with the epoxy ethane diphosphonate and a Lewis acid
      catalyst (and, if desired, an inert aprotic solvent such as ethyl ether)
      at a temperature between about -20.degree. C and 150.degree. C, and under
      atmospheric conditions. Higher or lower temperatures can be utilized,
      e.g., as low as -50.degree. C and as high as 250.degree. C, depending, for
      example, upon the boiling point of said solvent. It is within the scope of
      the present invention that super-atmospheric (e.g., from about 1 to 10
      atmospheres) and sub-atmospheric (e.g. 1/2 to 760 mm Hg) conditions and
      also in an inert atmosphere such as nitrogen or helium may be utilized
      where one so desires.
PAR  The quantity of Lewis acid catalyst utilized in conjunction with the acid
      catalyzed rearrangement will vary somewhat, depending upon the type of
      metal halide Lewis acid catalyst utilized, the temperature at which the
      reaction takes place, and, in some instances, the pressure of the system.
      It is to be understood that any amount of Lewis acid catalyst can be
      utilized as long as that amount is not substantially detrimental to
      achieving the desired end product. It is found that from about 0.01 to
      about 4 mole equivalents of said catalyst for each mole of EEDP starting
      material suffices to form the aforesaid "oxy" derivative in satisfactory
      yields.
PAR  As illustrative of the ethane diphosphonates which can be prepared
      according to the aforementioned acid catalyzed rearrangement of EEDP,
      there may be mentioned, without limitation, the following compounds:
PA1  43. HC(O)C(H)(PO.sub.3 H.sub.2).sub.2 : 2-oxy ethane-1,1-diphosphonic acid
PA1  44. HC(O)(H)(PO.sub.3 NaH).sub.2 : disodium 2-oxy ethane-1,1-diphosphonate
PA1  45. HC(O)(H)[PO.sub.3 (C.sub.2 H.sub.5).sub.3 ].sub.2 : tetraethyl 2-oxy
      ethane-1,1-diphosphonate
PA1  46. HC(O)(H)(PO.sub.3 HC.sub.6 H.sub.5).sub.2 : diphenyl 2-oxy
      ethane-1,1-diphosphonate
PA1  47. HC(O)C(H)(PO.sub.3 K.sub.2).sub.2 : tetrapotassium 2-oxy
      ethane-1,1-diphosphonate
PA1  48. HC(O)C(H)(PO.sub.3 HCH.sub.3).sub.2 : dimethyl 2-oxy
      ethane-1,1-diphosphonate
PAC  CYANIDE REACTION WITH EPOXY ETHANE DIPHOSPHONATES
PAR  An alternative process for preparing the cyano and carboxy derivatives from
      epoxy ethane diphosphonate, the reaction respectively of an alkali
      cyanide, generically designated MCH (hereinafter described), and the
      subsequent hydrolysis of the resulting product proceeds according to the
      following general reaction:
      ##EQU12##
      In the above reaction, specifically with the utilization of MCM, M
      represents an alkali metal cation preferably sodium, llithium or
      potassium. As shown in the above reactions, a mixture of two isomers are
      formed in each case, and the major product formed is the compound falling
      within Formula XIV or XVI, i.e., wherein the hydroxy group is attached to
      the carbon atom containing the two phosphonyl groups.
PAR  The above alkali cyanide-epoxy reaction is generally conducted at a
      temperature between about -10.degree. C and 150.degree. C, preferably
      between about 0.degree. C and 100.degree. C, and under atmospheric
      conditions. However, it is within the scope of the present invention that
      super-atmospheric (e.g., 1 to 10 atmospheres) and sub-atmospheric (e.g.,
      1/2 to 760 mm Hg) conditions may be utilized where one so desires.
PAR  While the above-described cyanide-epoxy reaction is generally carried out
      with the utilization of stoichiometric quantities of both reactants, it is
      also within the scope of the present invention to utilize excess
      quantities of the cyanide material. For exemplary purposes only, a mole
      ratio of from about 1.1:1 to about 10:1 (i.e., excess MCN) in carrying out
      this reaction is preferred.
PAR  It is to be understood that a combination and concurrent use of the double
      salts of the cyanide, for example, sodium and potassium cyanide (NaCN and
      KCN) can be utilized in order to prepare the compounds falling within the
      Formulae XIV and XV. These new compounds then can be utilized as such or
      act as chemical intermediates for the formation of additional derivatives
      of the ethane diphosphonates as shown in the above Formulae XVI and XVII,
      i.e., where the two isomers having the --CN substituent are hydrolyzed to
      form a mixture of two isomers having carboxy groups in place of the
      cyanide groups. This hydrolysis may be carried out in any conventional
      manner, for example, by mixing the cyanide isomeric mixture with an
      aqueous solution containing from about 1% to about 60% by weight of a
      mineral acid such as hydrochloric acid or sulfuric acid and then heating
      (e.g., 50.degree. C to 150.degree. C) under reflux conditions for a
      sufficient period of time, for example, from about thirty minutes to about
      2 hours or more, in order to yield the "carboxy" isomeric mixture of
      Formulae XVI and XVII.
PAR  In accordance with the processes heretofore described in the
      "de-oxiranization" of the epoxy ethane diphosphonate falling within
      Formula II, it is to be understood that the resultant ethane diphosphonate
      products, whether they be an isomeric mixture or a single compound, may be
      isolated from the resultant reaction mass through the use of conventional
      techniques such as solvent extraction, evaporization, centrifugation or
      the like, and further purified, if necessary, through re-crystallization,
      chromatography or the like. In the case of the production of the isomeric
      mixtures heretofore mentioned, conventional selective chromatographic
      techniques can be utilized where one so desires to obtain a single isomer
      such as those described in Canadian Pat. No. 812,741 which is incorporated
      herein by reference. However, in conjunction with the utility of the
      ethane diphosphonates, it is found that one isomer does not substantially
      interfere with the other isomer, and consequently separation of the two
      isomers is not necessary.
PAR  The aforedescribed new processes of "de-oxiranization" are unique in
      preparing the new and useful organophosphorus compounds, i.e., the ethane
      diphosphonates of the present invention, since these processes, inter
      alia, represent an inexpensive method to manufacture said ethane
      diphosphonates, control reaction conditions, and produce high yields.
PAR  The acid and salt forms of the ethane diphosphonates falling within Formula
      I of the present invention have unique utility in the field of treating
      water or aqueous systems and function as both a sequestering agent and as
      a "threshold" agent. It is to be understood that the term "threshold" as
      utilized herein refers to the chemical and/or physical phenomenon that
      less than stoichiometric quantities of the particular ethane diphosphonate
      can effectively prevent the precipitation of various metallic ions such as
      calcium, iron, copper and cobalt. In other words, the "threshold"
      treatment of water is that technique by means of which less than
      stoichiometric quantities of the treating agent are added to interfere
      with the growth of crystal nuclei and thereby prevent the deposition of
      insoluble deposits. The term is applied, for example, to the treatment of
      water with polyphosphates and is discussed in references such as U.S. Pat.
      No. 2,038,316, and the article by Reitmeier and Buehrer in the Journal of
      Physical Chemistry, Vol. 44, pages 535 to 574 (1939). An additional
      explanation of the threshold effect will be found in the publications of
      Hatch and Rice appearing in Industrial Engineering and Chemistry of
      January, 1939, and August, 1945. All of the aforementioned publications
      are to be considered as incorporated herein by reference.
PAR  The acid and ester forms of the ethane diphosphonates falling within
      Formula I have unique utility in the field of flame retardancy for
      cellulosic materials and specifically function as flame retardants
      therefor.
PAR  In addition to the end-use applications set forth immediately above, the
      ethane diphosphonates of the present invention represent new, unique
      organo-phosphorus structures which also can function as chemical
      intermediates in order to prepare other materials. In other words, the
      ethane diphosphonates react with various organic and/or inorganic
      materials to form a variety of derivatives thereof, due to the fact that
      the substituents on the carbon atoms of the ethane portion, in addition to
      the phosphonyl groups, represent highly reactive radicals or difunctional
      groups and can be removed therefrom and/or coupled with other organic or
      inorganic radicals.
PAR  The following examples are presented to illustrate the invention, with
      parts and percentages by weight being used in the examples unless
      otherwise indicated.
PAC  EXAMPLE I
PAR  Into a reaction vessel equipped with a thermometer, mechanical stirrer and
      reflux condenser are charged 102 grams of EEDP acid and 500 milliliters of
      water. The resultant slurry is heated to 90.degree. C and maintained at
      this temperature for approximately 3 hours. At the end of this time a
      solution is formed and the water in the solution is evaporated under
      vacuum, 1/2 mm Hg, until a tacky material is formed. Approximately 500
      milliliters of benzene is then added to the tacky material in the reaction
      vessel, and the resultant slurry is azeotropically distilled at a
      temperature of 80.degree. C, utilizing a reflux condenser equipped with a
      Dean Starke trap, until no water is observed in the distillate collected
      in the aforementioned trap. P.sup.31 and H.sup.1 NMR analyses show that
      1,2-dihydroxy ethane-1,1-diphosphonic acid (herein designated as compound
      No. 1) is produced.
PAC  EXAMPLE II
PAR  Approximately 102 grams of disodium salt of EEDP (heretofore described as
      compound No. 2) contained in 500 milliliters water is passed through a
      column of a strong cation exchange resin at an average rate of 130 grams
      per minute. This column, which is 2 inches in diameter and 34 inches high,
      consists of water insoluble beads of the hydrogen or acid form of a strong
      cation exchange resin, which is commercially available under the trademark
      "Dowex 50," consisting of water insoluble beads of a copolymer of
      styrene-AR-ethyl-vinyl benzene and divinyl benzene and which copolymer
      contains nuclear sulfonic acid groups and which copolymer is described in
      Vol. 69, pages 28-30, of the Journal of the Americal Chemical Society
      (which is incorporated herein by reference), having a capacity of 4.25
      milligram equivalents per gram. The aqueous solution containing EEDP is
      allowed to pass through said column until a composite effluent from the
      column has a pH of about 1.0 (glass electrode) and which composite
      effluent is essentially free of sodium ions. This composite effluent is an
      aqueous solution containing EEDP in the acid form. This EEDP acid in
      solution is then subjected to the same process as described in Example I,
      and the aforementioned, 1,2-dihydroxy-ethane-diphosphonic acid is
      produced. The disodium salt of 1,2-dihydroxy ethane-1,1-diphosphonic
      diphosphonic acid is obtained by reacting two molar equivalents of NaOH
      (in solution) with one molar equivalent of said acid. P.sup.31 and H.sup.1
      NMR and elemental analyses show the formation of disodium 1,2-dihydroxy
      ethane-1,1-diphosphonate following the procedure immediately set forth
      above. The tetrapotassium salt (designated as compound No. 5 herein) is
      prepared by reacting four molar equivalents of KOH with one molar
      equivalent of said acid. The dizinc salt (designated as compound No. 6
      herein) is prepared by reacting two molar equivalents of solid
      Zn(OH).sub.2 with one molar equivalent of said acid. The tetraethyl ester
      (designated as compound No. 3 herein) is formed by reacting four molar
      equivalents of triethyl orthoformate with one molar equivalent of said
      acid. The triethyl and monoethyl esters of said acid are also prepared by
      hydrolyzing the tetraethyl ester in H.sub.2 SO.sub.4 as is shown by
      P.sup.31 and H.sup.1 NMR, elemental analyses and infra red analysis of
      reaction samples taken at different time levels during the aforementioned
      H.sub.2 SO.sub.4 hydrolysis. In other words, the tetraethyl ester is first
      formed by the reaction of the triethyl orthoformate with said acid. During
      the subsequent acid hydrolysis, esters groups are removed to form the
      triethyl ester, the diethyl ester, the monoethyl ester, and the acid pre
      se if hydrolysis proceeds to completion. Other total esters and partial
      esters (i.e., butyl, propyl, etc.) are prepared by utilizing the
      appropriate trialkyl formate.
PAC  EXAMPLE III
PAR  Approximately 100 grams of the tetraethyl ester of EEDP (having the
      structure of Formula II wherein R.sub.3 in all cases is C.sub.2 H.sub.5),
      500 milliliters of water and 50 milliliters of a 5% by weight HCl solution
      are charged into the reaction vessel described heretofore in Example I.
      The resultant mixture is heated for approximately four hours at 90.degree.
      C and then subjected to evaporation at 50.degree. C under vacuum (10 mm
      Hg) for a period of approximately 85 minutes in order to remove
      substantially all the water. The resultant material in the reaction vessel
      is a liquid oily-type mass. Approximately 500 milliliters of benzene is
      added to this liquid oily mass and the resultant mixture is subjected to
      azeotropic distillation in order to remove all water from the system as
      described in conjunction with Example I heretofore set forth. This
      azeotropic distillation (80.degree. C) takes place over a period of
      approximately 1 hour and the analysis by P.sup.31 and H.sup.1 NMR and
      elemental analyses show that tetraethyl, 1,2-dihydroxy ethane
      diphosphonate, having the structural formula shown in the Abstract (also
      designated compound No. 3 herein), is formed.
PAC  EXAMPLE IV
PAR  Into a conventional round-bottom reaction vessel equipped with a dry-ice
      condenser and mechanical stirrer and containing approximately 100 grams of
      EEDP acid is charged, dropwise, liquid ammonia which has been condensed at
      -50.degree. C by passing gaseous ammonia from a conventional storage
      cylinder through the aforementioned dry-ice condenser. This addition of
      the liquid ammonia to the EEDP takes place over a period of approximately
      3 hours, with continuous stirring, in order to yield a mole ratio of
      ammonia to EEDP acid of 10:1. At the end of 3 hours the dry-ice condenser
      is removed and the unreacted ammonia is distilled off by slowly heating
      the contents of the reaction vessel to approximately 20.degree. C.
      P.sup.31 and H.sup.1 NMR and elemental analyses show that there is
      produced two isomers, in the ammonia salt form, having the following
      formula:
      ##EQU13##
PAR  The pure acid forms of the isomeric mixture of the ethane diphosphonates of
      Formulae XVIII and XIX are obtained in the following manner. First, the
      isomeric mixture is reacted with stoichiometric amounts of barium
      hydroxide (in water). The barium-containing isomeric product is then
      separated from the reaction mixture by the addition of 500 milliliters of
      ethanol followed by filtration and washing with three separate portions of
      100 milliliters of acetone in order to remove the residual water. The
      filter cake which is the barium-containing isomeric mixture, is dried in a
      drum dryer for 38 minutes at a temperature of approximately 75.degree. C.
      The dried material is subsequently slurried with 500 milliliters of ether;
      250 milliliters of ether containing 50 grams of anhydrous H.sub.2 SO.sub.4
      is added to said slurry in order to form the fully protonated ammonia
      containing ethane diphosphonate and a barium sulfate precipitate.
      Approximately 200 milliliters of chloroform is added to the end product in
      order to aid in the separation of the aforementioned fully protonated acid
      from the barium sulfate. After stirring to insure complete reaction, the
      barium sulfate is filtered off and the remaining solution is subjected to
      evaporation at a low temperature (20.degree. C) vacuum distillation (7 mm
      Hg) to form a tacky material which is then subjected to azeotropical
      distillation using benzene as the solvent. P.sup.31 and H.sup.1 NMR and
      elemental analyses show that the ethane diphosphonates, hereetofore
      described as compounds Nos. 8 and 9, are formed.
PAC  EXAMPLE V
PAR  Following the procedure outlined in the above Example IV, the ammoniated
      form of the tetraethyl ester of ethane diphosphonate is prepared, with the
      exception that no intermediate NH.sub.4.sup.+ salt is formed, and thus the
      barium hydroxide "treatment" is eliminated. The starting material is the
      tetraethyl epoxy ethane diphosphonate. After the addition of the ammonia,
      P.sup.31 and H.sup.1 NMR and elemental analyses show the formation of two
      isomers having the formulae
      ##EQU14##
      and
      ##EQU15##
PAC  EXAMPLE VI
PAR  Methylaminohydroxyethane diphosphonic acid is prepared according to the
      process described in the aforementioned Example V by substituting
      methylamine gas for the ammonia gas. Chemical analysis shows the formation
      of an isomeric mixture having formulae H.sub.2 C(NHCH.sub.3)C(OH)[PO.sub.3
      (C.sub.2 H.sub.5).sub.2 ].sub.2 and H.sub.2 C(OH)C(NHCH.sub.3)[PO.sub.3
      (C.sub.2 H.sub.5).sub.2 ].sub.2.
PAC  EAMPLE VII
PAR  Diethylaminohydroxyethane diphosphonic acid is prepared according to the
      procedure outlined in Example V with the exception that diethylamine
      replaces the ammonia gas and the dry-ice condenser is replaced with a
      water-cooled condenser. P.sup.31 and H.sup.1 NMR and elemental analyses
      show the formation of two isomers having the formulae H.sub.2 C[NC.sub.2
      H.sub.5).sub.2 ]C(OH)[PO.sub.3 (C.sub.2 H.sub.5).sub.2 ].sub.2 and H.sub.2
      C(OH)C[N(C.sub.2 H.sub.5).sub.2 ][PO.sub.3 (C.sub.2 H.sub.5).sub.2
      ].sub.2.
PAC  EXAMPLE VIII
PAR  Into a reaction vessel such as that described in Example I are charged 100
      grams of EEDP acid and 500 milliliters of carbon tetrachloride. The
      reaction vessel is immersed in an ice bath in order to maintain the
      temperature of the contents therein at approximately 5.degree. C. Over a
      period of approximately 6 hours and with continuous stirring, hydrogen
      chloride gas is bubbled into the EEDP solution at a rate in order to have
      a final mole ratio of HCl to EEDP acid of 10:1. At the end of six hours,
      the resultant solution is evaporated at 85.degree. C to dryness. P.sup.31
      and H.sup.1 NMR and elemental analyses show the formation of the isomers
      having the formulae H.sub.2 C(Cl)C(OH)(PO.sub.3 H.sub.2).sub.2 and H.sub.2
      C(OH)C(Cl)(PO.sub.3 H.sub.2).sub.2, herein designated, respectively, as
      compound Nos. 17 and 18.
PAC  EXAMPLE IX
PAR  Example VIII is repeated with the exception that 120 grams of glacial
      acetic acid is utilized in place of the hydrogen chloride gas and is mixed
      all at one time with the EEDP acid contained in the carbon tetrachloride
      solution without the aid of the ice bath. P.sup.31 and H.sup.1 NMR and
      elemental analyses show the formation of two isomers having the formulae
      H.sub.2 C(OOCCH.sub.3)C(OH)(PO.sub.3 H.sub.2).sub.2 and H.sub.2
      C(OH)C(OOCCH.sub.3)(PO.sub.3 H.sub.2).sub.2. The ethyl and butyl esters of
      these isomers are prepared according to the procedure outlined in the last
      paragraph of Example II.
PAC  EXAMPLE X
PAR  Into a reaction vessel such as that described in Example I are charged 100
      grams (0.38 moles) of the tetra methyl ester of EEDP, 450 milliliters of
      acetonitrile and 23 grams (0.40 mol) of sodium potassium cyanide. The
      resultant mass is then heated at reflux (approximately 75.degree. C) for a
      period of approximately 20 hours with stirring. Samples taken from the
      subsequently cooled (20.degree. C) mixture show, via P.sup.31 and H.sup.1
      NMR and elemental analyses, the formation of H.sub.2 C(CN)C(OH)[PO.sub.3
      (CH.sub.3).sub.2 ].sub.2 (herein designated as compounds No. 26) and
      traces of H.sub.2 C(OH)C(CN)[(PO.sub.3 (CH.sub.3).sub.2 ].sub.2. The
      phenyl, ethyl, and butyl partial and full esters of these isomers are
      prepared according to the above procedure by utilizing as a starting
      material the respective ester of EEDP. The sodium potassium and zinc salts
      of these isomers are prepared, respectively, by first subjecting the
      aforesaid esters to complete or partial acid hydrolysis followed by
      reacting stoichiometric quantities of the isomeric acid form mixture with,
      individually, an aqueous solution of sodium, potassium and zinc hydroxide.
PAC  EXAMPLE XI
PAR  Into a reaction vessel such as that described in Example I are charged 500
      grams of the acid form of EEDP and 150 milliliters of 95% H.sub.2
      SO.sub.4. The resultant mass is then heated at 80.degree. C for a period
      of approximately 5 minutes with intermittent stirring. P.sup.31 and
      H.sup.1 NMR and elemental analyses show the formation of 2-sulfo,
      1-hydroxy ethane-1,1-diphosphonic acid (herein designated as compound No.
      21) and 2-hydroxy-1-sulfoethane-1,1-diphosphonic acid. The sodium,
      magnesium and zinc salts of these isomers are prepared, respectively, by
      reacting the isomeric mixture with 100% excess stoichiometric quantities
      of the respective metal hydroxide solution in order to form said salts.
PAC  EXAMPLE XII
PAR  Into a reaction vessel such as that described in Example I are charged 75
      grams of the diphenyl ester of EEDP and 150 grams of benzoic acid
      dissolved in 500 milliliters of ethyl ether. The resultant mass is then
      refluxed (35.degree. C) for a period of approximately 2 hours. P.sup.31
      and H.sup.1 NMR and elemental analyses show the formation of an isomeric
      mixture of H.sub.2 C(OCC.sub.6 H.sub.5)C(OH)(PO.sub.3 HC.sub.6
      H.sub.5).sub.2 and H.sub.2 C(OH)C(OCC.sub.6 H.sub.5)(PO.sub.3 HC.sub.6
      H.sub.5).sub.2.
PAC  EXAMPLE XIII
PAR  Into a reaction vessel such as that described in Example I are charged 23
      grams (1 mole) of sodium metal in 200 milliliters of dry tetrahydrofuran.
      The reaction vessel is immersed in an ice bath in order to maintain the
      temperature of the contents therein at approximately 5.degree. C.
      Approximately 160 grams (1 mole) of ethyl malonate are then slowly added
      over a period of 5 minutes to the reaction vessel. Into said reaction
      vessel are charged dropwise approximately 300 grams (0.95 mole) of the
      tetraethyl ester of EEDP, and the resultant mass is refluxed (65.degree.
      C) for 10 hours. The reaction mass is cooled to 10.degree. C via an ice
      bath and 37 grams of HCl is added over 5 minutes with continuous stirring.
      The NaCl precipitates and is removed by filtration. The filtrate is
      subjected to a low temperature (15.degree. C) - low vacuum (10 mm Hg)
      distillation to remove the solvent and the resultant mass is analyzed.
      P.sup.31  and H.sup.1 NMR and elemental analyses show the formation of
      HC(COOC.sub.2 H.sub.5).sub.2 CH.sub.2 C(OH[PO.sub.3 (C.sub.2
      H.sub.5).sub.2 ].sub.2 and gas chromatography shows a trace amount of
      H.sub.2 C(OH)C[PO.sub.3 (C.sub.2 H.sub.5).sub.2 ].sub.2 CH(COOC.sub.2
      H.sub.5).sub.2. The phenyl, methyl and butyl esters of these isomers are
      prepared, respectively, by reacting at least stoichiometric quantities of
      phenyl malonate, methyl malonate and butyl malonate with the full or
      complete phenyl, methyl, ethyl or butyl ester of EEDP according to the
      procedure set forth above in Example XIII. In each case an isomeric
      mixture is formed with a predominance of the 1-hydroxy-2-malonyl
      substituted product being present.
PAR  The above isomeric mixture (i.e., hexaethyl ester) is reacted with 250
      milliliters of a 50% dioxane water mixture for a period of 24 hours at
      80.degree. C to form the complete phosphonate-malonate acid. This acid
      mixture is reacted with 1 liter of 8 N NaOH to form the hexa-sodium salt,
      i.e., HC(COONa).sub.2 CH.sub.2 C(OH)(PO.sub.3 Na.sub.2).sub.2 and trace
      ammonia of H.sub.2 C(OH)C(PO.sub.3 Na.sub.2).sub.2 CH(COONa).sub.2.
PAC  EXAMPLE XIV
PAR  Into a conventional reaction vessel are charged 51 grams of the tetraethyl
      ester of EEDP, 200 milliliters of propyl alcohol and 5 grams of sodium
      metal, which is dissolved in the propyl alcohol. The resulting mixture is
      heated to and maintained at 30.degree. C, with continuous stirring, for 85
      minutes. The resultant mass is cooled to 10.degree. C and then 40
      milliliters (abbreviated ml. herein) of a 20% by weight NCl aqueous
      solution is added to the aforementioned cooled mass, and the resultant
      material intimately stirred for a period of two minutes. The material is
      then filtered in a Buchner funnel; and the filtrate is collected and
      evaporated at 95.degree. C to substantial dryness. The resultant solids
      are recrystallized in 100 ml. of water and dried again. P.sup.31 and
      H.sup.1 NMR and elemental analyses show the formation of two isomers which
      have the formulae H.sub.2 C(C.sub.3 H.sub.7 O)C(OH)[PO.sub.3 (C.sub.2
      H.sub.5).sub.2 ].sub.2 and H.sub.2 C(OH)C(OH)(C.sub.3 H.sub.7 O)[PO.sub. 3
      (C.sub.2 H.sub.5).sub.2 ].sub.2, with only trace amounts of the latter
      compound being present.
PAC  EXAMPLE XV
PAR  Into a reaction vessel such as that described in Example I are charged 104
      grams of the acid form of EEDP and 250 milliliters of phenol. The
      resultant mass is then heated at about 100.degree. C with reflux for a
      period of approximately 8 hours. This reflux period is followed by vacuum
      (1/2 mm Hg) evaporation (80.degree. C) to remove the excess phenol. The
      residue material is analyzed via P.sup.31 and H.sup.1 NMR and elemental
      analyses and show the formation of an isomeric mixture having formulae
      H.sub.2 C(C.sub.6 H.sub.5 O)C(OH)(PO.sub.3 H.sub.2).sub.2 and H.sub.2
      C(OH)C(C.sub.6 H.sub.5 O)(PO.sub.3 H.sub.2).sub.2. The phenyl, ethyl and
      butyl esters of these isomers are prepared according to the procedure
      outlined in the last paragraph of Example II, utilizing, respectively, the
      esterification against triphenyl orthoformate, triethyl orthoformate and
      tributyl orthoformate. The sodium, potassium and zinc salts of these
      isomers are prepared respectively by reacting stoichiometric quantities of
      the isomeric mixture (in acid form) with the respective metal hydroxide
      solution in order to form said salts.
PAC  EXAMPLE XVI
PAR  Into a reaction vessel such as that described in Example I are charged 104
      grams of the acid form of EEDP and 250 milliliters of ethyl mercaptan
      which is at 20.degree. C. The resultant mass is then heated at 55.degree.
      C with reflux for a period of approximately 6 hours. This reflux period is
      followed by vacuum (5 mm Hg) evaporation (40.degree. C) to remove the
      excess ethyl mercaptan. The residue material is analyzed via P.sup.31 and
      H.sup.1 NMR and elemental analyses and show the formation of an isomeric
      mixture having formulae H.sub.2 C(SC.sub.2 H.sub.5)C(OH)(PO.sub.3
      H.sub.2).sub.2 and H.sub.2 C(OH)C(SC.sub.2 H.sub.5)(PO.sub.3
      H.sub.2).sub.2.
PAC  EXAMPLE XVII
PAR  Example XVI is individually repeated three times, utilizing separately
      phenyl, methyl and butyl mercaptans in place of the ethyl mercaptan of
      Example XVI. The phenylthio, methyl thio and butyl thio derivatives of
      EEDP are formed in a similar fashion as the ethylthio derivative of
      Example XVI. The sodium, potassium and zinc salts of the resultant
      isomeric mixtures are prepared respectively by reacting stoichiometric
      quantities of the respective isomeric mixture with the respective metal
      hydroxide solution in order to form said salts.
PAC  EXAMPLE XVIII
PAR  Into a conventional reaction vessel equipped with a reflux condenser are
      charged 51 grams of the acid form of EEDP and 148 grams of isopropyl ether
      and 50 grams of zinc chloride. The resultant mass is heated under reflux
      for 4 hours at a temperature of approximately 70.degree. C. The resultant
      product is filtered in order to remove the zinc chloride, and the filtrate
      is then subjected to evaporation at 90.degree. C in order to remove the
      excess isopropyl ether. P.sup.31 and H.sup.1 NMR and elemental analyses
      show the formation of a compound having the formula HC(O)CH(PO.sub.3
      H.sub.2).sub.2. Example XVIII is twice separately repeated utilizing in
      place of zinc chloride and isopropyl ether (1) magnesium bromide and ethyl
      ether and (2) boron trifluoride and benzene. In each repeat, P.sup.31 and
      H.sup.1 NMR and elemental analyses show the formation of 2-oxy
      ethane-1,1-diphosphonic acid.
PAC  EXAMPLE XIX
PAR  In order to demonstrate one of the unique utilities of the compounds
      falling within Formula I heretofore described, the following example is
      carried out, illustrating the sequestering ability of the acid and salt
      forms of the novel ethane diphosphonates.
PAR  The testing procedure consists of pipetting an aliquot volume of 2.5%
      ferric chloride solution into a beaker and adding thereto enough sodium
      hydroxide or hydrochloric acid to give the desired pH. The solution is
      stirred for 15 minutes, followed by the addition of an aliquot of 2.5% of
      the sequestering agent solution, i.e., the particular ethane diphosphonate
      (in the salt form) dissolved in water. After final pH adjustment with
      sodium hydroxide or hydrochloric acid, the solution is shaken for 48 hours
      to reach equilibrium. The solution is then centrifuged at 12,000 rpm for
      approximately 80 minutes to remove colloidal ferric hydroxide and an
      aliquot of the supernatant solution is titrated iodometrically or analyzed
      by X-ray fluorescence with use of an appropriate calibration curve in
      order to determine the ferric iron concentration. The ferric iron
      concentrations and sequestering agent concentrations found in parts per
      million (p.p.m.) are converted to a weight basis and expressed as pounds
      of iron sequestered by 100 pounds of sequestering agent.
PAR  Following the above described procedure, each of the compounds Nos. 1, 2,
      5, 6, 8, 9, 10, 11, 13, 17, 18, 19, 21, 23, 24, 27, 28, 29, 30, 31, 33,
      34, 35, 36, 40, 42, 43, 44 and 47 heretofore described and prepared
      according to the procedures outlined in this specification, including
      Examples I through XVIII, is individually tested. In each case it is found
      that the sequestering agents of the instant invention demonstrate an
      unexpected and unique ability to sequester ferric iron over a wide range
      of pH conditions, i.e., from about 4 to about 10.5, and that the average
      amount (in pounds) of iron sequestered by 100 pounds of the respective
      sequestering agent (compound No). over the 4 to 10.5 pH range is 13, 15,
      14, 5, 8, 7, 10, 11, 10, 12, 11, 9, 11, 7, 11, 6, 4, 7, 5, 6, 12, 12, 5,
      11, 8, 6, 12, 8 and 7.
PAR  The above Example XIX is repeated several times with the exception that
      other metal ion-containing solutions such as calcium, copper, nickel and
      chromium are utilized in place of the ferric (chloride) solution. In each
      case utilizing the aforementioned compounds the average sequestration
      values of these latter mentioned ions respectively are found to be
      substantially similar to those set forth above.
PAR  Example XIX is again repeated several times, utilizing as a sequestering
      agent trisodium nitrilo triacetate .sup.. 2H.sub.2 O, sodium citrate, and
      potassium gluconate. It is found that the pounds of iron sequestered by
      100 pounds of the aforementioned sequestering agents respectively are 7.0,
      6.5 and 2.9 over the same pH range of 4 to 10.5. It can readily be seen,
      then, that the novel ethane diphosphonates (in the acid or salt forms) of
      the present invention when utilized as sequestering agents are equally as
      effective as the widely used organic sequestering agents under compartive
      conditions and in some cases are superior thereto. Furthermore, when said
      ethane diphosphonates of the present invention are utilized as
      sequestering agents, they exhibit an effectiveness as such over a side
      range of pH conditions. This is highly advantageous in permitting their
      respective use in many and varied applications.
PAC  EXAMPLE XX
PAR  As illustrative of another demonstration of utility of the present
      invention ethane diphosphonates falling within Formula I, it is found that
      these materials also exhibit threshold properties, i.e., they can be
      utilized in less than stoichiometric quantities to prevent the
      precipitation of salts of mineral acids, such as CaCO.sub.3, in aqueous
      systems. Specifically, a test is conducted in which each of the compounds
      set forth in Example XIX is separately and independently mixed at
      25.degree. C with 250 milliliters of water containing CaCl.sub.2. To the
      resultant mixture is added NaHCO.sub.3. The pH in each case is adjusted to
      7 and maintained thereat with sufficient NaOH or NCl. The amounts of
      CaCl.sub.2, NaHCO.sub.3 and ethane diphosphonate used are sufficient to
      provide 5,000 ppm of CaCO.sub.3 and 10 ppm of ethane diphosphonate. It is
      observed in each case that these less than stoichiometric quantities of
      said threshold agents effect a substantially clear solution for a period
      of at least 48 hours. Starting the results in a different manner, 10 parts
      per million of the ethane diphosphonate threshold agent is effective in
      providing a clear solution without precipitation which contains
      substantially greater than stoichiometeric quantities of calcium carbonate
      therein.
PAC  EXAMPLE XXI
PAR  In order to demonstrate the utility of the esters of the ethane
      diphosphonate compounds falling within Formula I, approximately 50 grams
      of each of compounds Nos. 3, 4, 7, 12, 14, 16, 20, 22, 25, 26, 32, 37, 38,
      39, 41, 45, 46 and 48, heretofore described and prepared according to the
      procedures outlined in this specification, including Examples I through
      XVIII, are separately and individually mixed with an inert solvent in a
      500 milliliter beaker, in this case carbon tetrachloride, in order to
      prepare a 10% by weight (solution or) slurry of each ester. After the
      separate slurries are prepared, a separate and individual swatch of a 3
      inches .times. 3 inches undyed cotton cellulose is intimately contacted
      with each slurry by submerging such swatch in the slurry for approximately
      five minutes. The separate swatches are withdrawn from the beakers
      containing these slurries (or solutions) and are dried for 15 minutes in
      an oven which is maintained at a temperature of approximately 80.degree.
      C. After a lapse of fifteen minutes at 80.degree. C, the temperature is
      elevated and the swatches are then subjected to a temperature of
      approximately 150.degree. C for 10 minutes in order to "set up" a reaction
      between the specific esters with the surface groups on the cotton
      cellulose.
PAR  The individual, dried swatches of "treated" cotton are individually tested
      for flame retardancy by positioning a swatch over a bunsen burner. The
      flame is adjusted to a point at which the tip of the flame is
      approximately 1 inch beneath the cotton swatch and untreated cotton swatch
      is used as a control for comparative purposes. The flame underneath each
      of the individual cotton swatches (including the control) is maintained
      for approximately 35 seconds, and then is removed. Visual observations are
      made. The results of this test show that the control sample, i.e., the
      cotton swatch which was not treated with any esters heretofore mentioned,
      is completely destroyed. However, with each of the individually treated
      cotton swatches, there is primarily only charring, and the flame on the
      material is extinguished within about 5 seconds upon the removal of the
      bunsen burner away from the cotton swatches. Thus, it can readily be seen
      that one of the unique applications of the esters of the ethane
      diphosphonates falling within Formula I is their use as a fire retardant
      for cellulose material, for example, cotton clothing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ethane diphosphonate having the formula
      ##EQU16##
      wherein X is a halogen and each R.sub.3 is individually selected from the
      group consisting of hydrogen, alkali metal ions, and ammonium ions.
NUM  2.
PAR  2. The diphosphonate compound of claim 1 wherein the halogen is selected
      from the group consisting of chlorine, fluorine, and bromine.
NUM  3.
PAR  3. The diphosphonate compound of claim 1 wherein R.sub.3 is hydrogen.
NUM  4.
PAR  4. The diphosphonate compound of claim 1 wherein R.sub.3 is an alklai metal
      ion selected from the group consisting of sodium, potassium, and lithium
      and mixtures thereof.
NUM  5.
PAR  5. 2-hydroxy-1-chloroethane-1,1-diphosphonic acid.
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ABST
PAL  Process for preparing
      5-fluoro-2-methyl-1-(p-methylsulfinylbenzylidene)-indene-3-acetic acid by
      reacting fluorobenzene with an acid halide, to form an indanone, reaction
      of the indanone with a methylthio (or methylsulfinyl)benzyl compound to
      form 5-fluoro-2-methyl-1-(p-methylthiobenzyl) or
      (p-methylsulfinylbenzyl)-indene and reacting said indene with a glyoxylic
      acid. The invention also relates to intermediates thereof and processes
      for said intermediates.
PARN
PAC  RELATED CASES
PAR  This application is a continuation-in-part of U.S. Ser. No. 426,864 filed
      Dec. 20, 1973, now U.S. Pat. No. 3,870,753, and U.S. Ser. No. 486,031
      filed July 5, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The above-mentioned indene-3-acetic acid is a known compound having
      anti-inflammatory activity as described in U.S. Pat. No. 3,654,349. The
      compound has been prepared by a number of methods as disclosed in the
      above-mentioned patent as well as U.S. Pat. No. 3,732,292 issued May 8,
      1973 and U.S. application Ser. No. 33,972 filed May 1, 1970, now
      abandoned. In one of the methods described in U.S. Pat. No. 3,732,292,
      5-fluoro-2-methyl-1-(p-methylsulfinylbenzyl)-indene is disclosed as an
      intermediate. This intermediate is reacted with a glycolic acid ester and
      the product is subsequently oxidized to the ester of
      5-fluoro-2-methyl-1-(p-methylsulfinylbenzyl)-indenylidene-3-acetic acid
      which is then isomerized and hydrolyzed to achieve the desired compound.
      Also in U.S. Ser. No. 33,972, the preparation of the indanone intermediate
      of this invention is described for the preparation of the indene starting
      material therein. The preparation of said indanone, however, is quite
      different from the present preparation and involves reacting
      3-nitrobenzaldehyde with propionic anhydride to form the appropriate
      nitrocinnamic acid, reducing said compound to the corresponding amino
      compound and further reaction to form the
      .alpha.-methyl-3-fluorohydrocinnamic acid. This compound, in turn, is
      cyclized to form the indanone.
PAR  It is an object of this invention to provide new processes for preparing
      5-fluoro-2-methyl-1-(p-methylsulfinylbenzylidene)-indene-3-acetic acid. It
      is a further object to prepare this compound via new processes which are
      advantageous over the process described above. It is still a further
      object to prepare the intermediate indanone in a much shorter path, with
      higher yields than previously described.
PAC  DETAILS OF THE INVENTION
PAR  In accordance with one aspect of this invention, it has been found that the
      subject compound can be readily prepared by a combination of reaction
      steps; namely, by reacting 5-fluoro-2-methyl-1-(p-methylthiobenzyl)-indene
      with glyoxylic acid, its ester, salt or other derivative which can form
      the free acid or salt under the reaction conditions of the process to form
      5-fluoro-2-methyl-1-(p-methylthiobenzyl)-indenylidene-3-acetic acid, ester
      or salt which compound is then isomerized and subsequently oxidized to
      yield the desired product. (Steps 4, 6 and 7 of Flow Sheet I).
      Alternatively, the indenylidene-3-acetic acid compound may be first
      oxidized and then isomerized. In another aspect of this invention,
      5-fluoro-2-methyl-1-(p-methylsulfinylbenzyl)-indene is reacted with
      glyoxylic acid, its ester or salt to form directly
      5-fluoro-2-methyl-1-(p-methylsulfinylbenzyl)-indenylidene-3-acetic acid,
      which compound is subsequently isomerized to the desired product. (Steps 4
      and 5 of Flow Sheet I). The 5-fluoro-2-methyl-1-(p-methylsulfinyl-(or
      methylthio)-benzyl)-indenylidene-3-acetic acids are novel compounds and
      make up another aspect of this invention. These compounds are useful as
      intermediates for the preparation of
      5-fluoro-2-methyl-1-(p-methylsulfinylbenzylidene)-indene-3-acetic acid, as
      well as final products, as it has been found that they similarly possess
      anti-inflammatory activity and could be useful for the same purpose as
      described for the final product of this process.
PAR  In still another aspect of this invention, the
      5-fluoro-2-methyl-1-(p-methylthiobenzyl
      or-(p-methylsulfinylbenzyl-))-indene is prepared by reaction of
      5-fluoro-2-methyl-1-indanone with a p-methylthiobenzyl or p-methylsulfinyl
      compound under Grignard or Wittig conditions to form
      5-fluoro-2-methyl-1-(p-methylthio-(or p-methylsulfinyl)-benzyl)-indene,
      which in turn is further reacted as described above. (Steps 3 to 5 or 3,
      4, 6, and 7 of Flow Sheet I.)
PAR  In a still further aspect of this invention, the
      5-fluoro-2-methyl-1-indanone is prepared by reaction of an appropriate
      ketone under Friedel Crafts conditions to form the desired
      5-fluoro-2-methyl-1-indanone which is further reacted as described above.
      (Steps 2 to 5 or 2 to 4, 6 and 7 of Flow Sheet I.)
PAR  Finally in still another aspect of this invention, the ketone is prepared
      by reaction of fluorobenzene with an appropriate acid halide under Friedel
      Crafts conditions to form the desired ketone and further reacted as
      described above. (Steps 1 to 5 or 1 to 4, 6 and 7 of Formula I.) In this
      step, the Friedel Crafts reaction may be allowed to continue such that the
      intermediate ketone formed is cyclized in situ to the 5-fluoro-2-methyl
      indanone.
PAR  The invention and its several aspects may be further described by the
      following Flow Sheet.
      ##SPC1##
PAR  More specifically, the condensation reaction between the
      5-fluoro-2-methyl-1-(p-methylthio-(or methylsulfinyl-)benzyl)-indene and
      glyoxylic acid is carried out in the presence of a strong base.
      Accordingly, bases such as alkali and alkali earth hydroxides (NaOH, KOH)
      especially in the presence of a quaternary ammonium halide as catalyst
      (such as C.sub.1-6 trialkylbenzyl ammonium halide or tetra C.sub.1-6 alkyl
      ammonium halide, i.e., 0.1 to 1.0 mole halide to hydroxide), alkali or
      alkali earth C.sub.1-5 alkoxide (NaOCH.sub.3, K-tertbutoxide), tetra
      C.sub.1-6 alkyl ammonium hydroxide or benzyl tri-C.sub.1-5 alkyl ammonium
      hydroxides (benzyltrimethyl ammonium hydroxide)-(Triton B)- may be used.
      Preferably, trialkylbenzyl ammonium hydroxide or tetra-alkyl ammonium
      hydroxide is used as the strong base. The reaction can be carried out
      without a solvent, but preferably a solvent is used which is either added
      to the reaction mixture or employed in conjunction with the strong base.
      C.sub.1-5 alkanols (methanol, butanol), aromatic solvents such as benzene,
      pyridine and toluene or dioxane, acetonitrile, dimethylformamide,
      triglyme, dimethylsulfoxide, water and mixtures of water and organic
      solvents may be employed. In fact, any solvent in which the indene and
      glyoxylic acid are sufficiently soluble can be employed. Preferably, the
      solvent is C.sub.1-5 alkanol, especially methanol. The mole ratio of base
      to glyoxylic acid should be at least slightly more than one mole to one,
      but preferably about 1.1 to about 4.0 moles of base to glyoxylic acid and
      especially 1.2 to 2.5. The mole ratio of glyoxylic acid to indene is not
      critical and may conveniently be from about 1 to 3.0 moles to one and
      preferably about 1.5 to 1.0 moles of indene. Alternatively, one may use
      the alkali or alkali earth salt or aryl or alkyl ester, especially
      C.sub.1-5 alkyl, i.e., methyl, ethyl, butyl in place of the glyoxylic free
      acid or any other acid salt of a strong base, as the starting material.
      Under these circumstances, the amount of strong base employed in the
      reaction with glyoxylic acid salt or ester need be no more than a
      catalytic amount, although the ratio indicated above may also be employed.
      The order of addition of the reactants is not critical; however, it is
      preferred to add the glyoxylic acid compound to the reaction mixture of
      indene and base. The time of reaction is not critical, the reaction being
      carried out until substantial completion. Preferably, however, the
      reaction is carried out from 15 minutes to about 5 hours and especially
      from about 1/2 to 3 hours. The reaction may be carried out from about
      0.degree.C to about 150.degree.C, preferably from about 10.degree.C to
      80.degree.C and especially from 35.degree.C to 60.degree.C.
PAR  After the condensation reaction is complete, the isomerization of the thus
      formed 5-fluoro-2-methyl-1-(p-methylthio-(or
      methylsulfinyl)-benzyl)-indenylidene-3-acetic acid, in the form of its
      acid addition salt or ester, may be carried out without isolation; that
      is, the same reaction mixture from the glyoxylic acid reaction can be used
      for the isomerization. This is particularly true when one desires to carry
      out the isomerization under basic conditions, since the reaction mixture
      from the previous step is already basic and merely continued reaction will
      lead to the isomerization product. On the other hand, one may wish to use
      other strong bases for the isomerization. Such bases as those described
      for the previous reaction may be employed. Preferably, however, the
      isomerization is carried out with the use of acid, and accordingly the
      reaction product from the previous step is preferably first isolated.
      Various organic and/or inorganic acids may be employed such as C.sub.1-5
      alkylsulfonic acids (methanesulfonic), arylsulfonic acids (toluene
      sulfonic acid), acidic ion exchange resins (i.e., Dowex 50),
      arylcarboxylic acids (p-nitrobenzoic acid), aliphatic acids (alkanoic
      acids such as acetic acid, propionic acid, trichloroacetic acid and
      trifluoroacetic acid), mineral acids (phosphoric acid, hydrochloric acid,
      hydrobromic acid and sulfuric acid), but preferably mineral acids or
      mixtures of mineral acids and organic acids (preferably C.sub.2-5 alkanoic
      acids) such as hydrochloric and acetic acid, hydrobromic and propionic
      acid are employed. The ratio of acid to indenylidene is not critical and
      one may therefore suitably use catalytic quantities of acid. All that is
      necessary is that the reaction mixture be made acid in the event that it
      may be basic. It is preferred, however, to use about 0.1 to 50 moles of
      acid to indenylidene and especially 1.0 to 20. The reaction may be carried
      out with our without a solvent, and when solvents are employed those
      previously mentioned for the glyoxylic acid reaction, which are inert, may
      be used, as well as halogenated hydrocarbons such as aliphatic halides
      (ethylene dichloride) or halobenzenes. Preferably, the reaction is carried
      out with an acid or a halogenated hydrocarbon as solvent. When a weak acid
      is employed as solvent it is preferred to also employ a strong acid such
      as the arylsulfonic acids or mineral acids. For example, one could use the
      unsubstituted alkanoic acids (i.e., acetic acid) as solvent and the
      arylsulfonic (toluene-sulfonic acid) and especially mineral acids (i.e.,
      hydrochloric acid). When halogenated hydrocarbons are employed as
      solvents, it is preferred to use mineral acids as catalysts and especially
      an anhydrous mineral acid such as hydrogen chloride. The time and
      temperature of reaction is not critical, the higher the temperature the
      shorter the reaction time needed to substantially complete the reaction.
      Accordingly, the reaction may be carried out at a temperature of about
      0.degree.C to about 150.degree.C and preferably from about 50.degree.C to
      110.degree.C. Similarly, the reaction time is preferably at least 30
      minutes and may be up to one or more days. After completion of the
      isomerization reaction, the product may be isolated by standard techniques
      such as filtration, extraction or removal of the acid solvent by
      evaporation.
PAR  When one uses the p-methylthio compound as the starting material, oxidation
      of the methylthio group to the desired methylsulfinyl group may be carried
      out at any stage of the reaction process such as immediately after
      reaction with glyoxylic acid or after isomerization, but preferably after
      isomerization. The oxidation may be carried out by any number of standard
      techniques such as oxidation with H.sub.2 O.sub.2, basic periodates or
      hypohalites, preferably the alkaline or alkaline earth periodates and
      hypohalites or organic peracids such as peracetic acid and monoperphthalic
      acid. Preferably, however, the oxidizing agent is H.sub.2 O.sub.2. The
      reaction is preferably carried out in the presence of a solvent. For such
      purposes C.sub.1-5 alkanoic acids (acetic acid), halogenated hydrocarbons
      (chloroform), ethers (dioxane), C.sub.1-5 alkanols (isopropanol) or
      mixtures thereof may be used.
PAR  The mole ratio of oxidizing agent to indene compound may be from 0.5 to 10
      but preferably from 0.8 to 1.5. The reaction time and temperature are not
      critical, the reaction being carried out until substantial completion.
      Preferably, however, the time of reaction is from 1 to 18 hours and
      especially 2 to 6 hours at a temperature of 10.degree.C to 80.degree.C and
      especially 25.degree.C to 50.degree.C.
PAR  In the event that one desires to use an ester of glyoxylic acid, the final
      free acid compound is readily obtained during the isomerization especially
      if some water is present and when the isomerization is carried out at
      elevated temperatures. The type of ester used is not critical since it can
      be made to readily come off during the reaction. Accordingly aliphatic,
      aromatic or heterocyclic esters may be employed such as alkyl (methyl,
      t-butyl, phenyl, alkenyl) or aryl (benzyl, phenyl). Glyoxylic acid salts
      may also be used such as the pharmaceutically acceptable salts as well as
      others which are converted to the free acid by hydrolysis, such salts as
      alkali or alkali earth (Na, K, Ca, Li) as well as salts of the metals
      previously described in the Friedel Crafts reaction.
PAR  The 5-fluoro-2-methyl-1-(p-methylthio-( or methylsulfinyl)-benzyl)-indene
      may be prepared from 5-fluoro-2-methyl-1-indanone by reaction with a
      p-methylthio(or methylsulfinyl)benzyl compound under Grignard or Wittig
      type conditions. This indene contains the double bond in the 1 to 2
      position. However, under certain conditions, in its formation some of the
      tautomeric indene compounds are present. When these isomers are reacted in
      the presence of a base as in the reaction with glyoxylic acid, the same
      indenyl anion is formed which reacts with glyoxylic acid in the same way,
      giving the indene compound. For example, the Grignard of
      p-methylthiobenzyl chloride or the Wittig reagent of
      p-methylsulfinylbenzyl triphenylphosphonium chloride is reacted with
      5-fluoro-2-methyl-1-indanone under Grignard or Wittig conditions,
      respectively. In the case of the Grignard reaction, the benzyl indene
      compound is obtained directly; whereas with the Wittig reaction, one
      obtains for the most part the benzylidene indane compound. In this latter
      case, the benzylidene is isomerized to the benzyl compound under acid
      conditions by well known means for isomerization.
PAR  More specifically, the benzyl group is attached to the indanone compound
      via a Grignard or Wittig reaction under well known conditions. For
      example, in the Grignard reaction to metallic magnesium in absolute ether
      is added the appropriate benzyl halide (Cl, Br, F, I) -(p-methylthiobenzyl
      halide or p-methylsulfinylbenzyl halide)- and the reaction mixture heated
      preferably from 25.degree. to 35.degree.C. Although more or less than an
      equimolar amount of magnesium may be used, it is advantageous to use 3-6
      fold excess relative to the benzyl halide. Although diethylether is
      usually used as the solvent, other ethers may be similarly used such as
      di-n-butyl, diisopentyl ethers, anisole, cyclic ethers such as
      tetrahydropyran, 4-methyl-1,3-dioxane, diphydropyran, tetrahydrofurfuryl
      methyl ether, ethyl ether, furan and 2-ethoxytetrahydrofuran. Tertiary
      amines such as dimethylaniline, hydrocarbons such as benzene and toluene,
      as well as many other type solvents described in the literature can be
      also used. The Grignard reagent thus prepared may be suitably used as is
      for reaction with the indanone. The indanone and Grignard are admixed
      (preferably indanone to Grignard) at a temperature of from about
      0.degree.C to the boiling point of the solvent and preferably 20 to
      35.degree.C. The concentrations of reactants are not critical; however for
      best results, about equimolar quantities of each are used. The complex
      thus formed is reacted as is usually done with Grignard reactions with an
      acid. Inorganic mineral acids such as HCl, H.sub.2 SO.sub.4 and phosphoric
      acids may be used as well as organic or aliphatic acids such as acetic,
      propionic or methanesulfonic. Usually, at least a 5-10% molar excess of
      acid to complex is used. It is preferred to add the acid to the complex
      reaction mixture usually as a dilute solution in water, although other
      solvents for the acid may also be used such as alcohols, ethers or
      aromatic hydrocarbons. The reaction temperature is usually 0.degree. to
      100.degree.C, although 20.degree. to 40.degree.C is preferred.
PAR  In the Wittig reaction, for example, triphenylphosphine or a substituted
      triphenylphosphine is reacted with the appropriate benzyl halide
      (p-methylthio or p-methylsulfinylbenzyl halide) in the melt or in the
      presence of suitable solvents to form the intermediate phosphonium salt.
      Such solvents as (aromatic) benzene, nitrobenzene, xylene (ethers) diethyl
      ether, acetonitrile or dimethylformamide, (aliphatic) nitromethane, formic
      acid, acetic acid and ethylacetate as well as many others described in the
      literature may be used. The preparation of the phosphonium salt is carried
      out under temperatures well known to the art such as from 0.degree. to
      200.degree.C and especially 25.degree. to 75.degree.C, at atmospheric
      pressure as well as under pressure. The molar concentration of the
      triphenylphosphine to the benzyl halide may suitably vary from 2 moles to
      1 mole and preferably 1.2 moles to 1 mole. The phosphonium salt is not
      necessarily isolated and is converted to the Wittig reagent employing
      either the organometallic or alkoxide method. In the former method, phenyl
      lithium or n-butyl lithium is the usual proton acceptor and diethyl ether
      or tetrahydrofuran, the solvent. In the latter method an alkali metal
      alkoxide may be uses as the proton acceptor and corresponding alcohols as
      the solvent.
PAR  The Wittig reagent is usually not isolated but rather is allowed to react
      in the same reaction vessel. The reaction of the bases with the
      phosphonium salt is suitably carried out on about an equimolar basis,
      although an excess of base may be advantageously used. The reaction may be
      carried out at a temperature of from 0.degree.C to the boiling point of
      the solvent and preferably from 25.degree. to 50.degree.C. After addition
      of the base, the indanone compound is then added, suitably about equimolar
      with the Wittig reagent, although more or less may be used. The reaction
      may be carried out at temperatures of from 0.degree.C to the boiling point
      of the solvent but preferably 25.degree. to 50.degree.C until the reaction
      is substantially complete. The indene intermediate may then be isolated by
      standard techniques. In those cases wherein the Wittig reagent is first
      isolated, the reaction with the indanone may be readily carried out in a
      variety of inert solvents. Solvents such as ether, benzene, ethylacetate,
      hexane or petroleum ether may be suitably used.
PAR  The 5-fluoro-2-methyl-1-indanone is prepared from a ketone of the formula:
      ##EQU1##
      wherein A is methyl or together with G forms methylidene; B is hydrogen,
      methyl or halo (Cl, Br, F, I); G is methyl, CH.sub.2 R or together with A
      forms methylidene, wherein R is halo (Cl, Br, F, I), hydroxy, its ethers
      or esters (such as from alkanols -(especially C.sub.1-5 alkanols),
      alkanoic acids -(especially C.sub.2-5 alkanoic acids), aromatic acids
      -(especially C.sub.7-9 aromatic acids), mineral acids, i.e., methanol,
      propanol, acetic acid, propionic acid, methane sulfonic acid,
      p-toluenesulfonic acid, phosphoric acid, and the like) or --N--(C.sub.1-5
      alkyl).sub.2 especially methyl and ethyl; and when A and G together is
      methylidene, B is methyl; when A and G are each methyl, B is halo; and
      when A is methyl and B is hydrogen, G is CH.sub.2 R; is reacted under
      Friedel Crafts conditions to form 5-fluoro-2-methyl-1-indanone.
      Preferably, the ketone starting material is
      2-bromo-4'-fluoro-2-methylpropionphenone (when A and G are each methyl and
      B is halogen) but may suitably also be 4'-fluoro-2-methylacrylophenone,
      3-chloro-4'-fluoro-2-methylpropionphenone,
      4'-fluoro-3-hydroxy-2-methylpropiophenone or
      3-dimethylamino-4'-fluoro-2-methylpropiophenone. The reaction is suitably
      carried out under normal Friedel Crafts conditions. For example, the
      ketone is reacted in the presence of such Friedel Crafts catalysts as
      Lewis acids, metal alkyls and alkoxides, Bronsted acids, acidic oxides and
      sulfides, cation exchange resins, metathetic cation forming agents and
      stable carbonium and related complexes. Lewis acids such as those of the
      acid halide type (metal halides), i.e., aluminum chloride or bromide,
      BeCl.sub.2, CdCl.sub.2, ZnCl.sub.2, BF.sub.3, BCl.sub.3, BBr.sub.3,
      GaCl.sub.3, GaBr.sub.3, TiCl.sub.4, TiBr.sub.4, ZrCl.sub.4, SnCl.sub.4,
      SnBr.sub.4, SbCl.sub.5, SbCl.sub.3, BiCl.sub.3, FeCl .sub.3 and UCl.sub.4
      may be suitably used. Also, when the ketone is the .alpha. or
      .beta.-haloisobutyrophenone, the metals per se may be used as catalysts,
      since in the course of the reaction the halo compound reacts with the
      metal forming the corresponding metal halide, which in turn assists in
      furthering the reaction. This class of Friedel Crafts catalysts is
      preferred and particularly the use of an aluminum or iron halide. The
      metal alkyl and alkoxides which can be suitably used are, for example,
      aluminum or boron alkyls (methyl, ethyl, propyl) or alkoxides (methoxide,
      ethoxide or propoxide). Bronsted acids which can be suitably used are, for
      example, sulfuric, phosphoric, polyphosphoric, perchloric, chlorosulfonic,
      fluorosulfonic, alkyl and arylsuflonic (ethane, p-toluene) and related
      aromatic sulfonic acids, as well as chloroacetic and trifluoroacetic
      acids. The acidic oxides and sulfides useful as catalysts include a great
      variety of solid oxides and sulfides. Of particular usefulness are
      aluminum, silica and mixtures of aluminum and silica, although catalysts
      other than silica-aluminum compositions such as BeO, Cr.sub.2 O.sub.3,
      P.sub.2 O.sub.5, TiO.sub.2, ThO.sub.2, Al.sub.2 (SO.sub.4).sub.3, Al.sub.2
      O.sub.3 . x Cr.sub.2 O.sub.3, Al.sub.2 O.sub.3 . Fe.sub.2 O.sub.3,
      Al.sub.2 O.sub.3 . CoO, Al.sub.2 O.sub.3, MnO, Al.sub.2 O.sub.3 . Vl.sub.2
      O.sub.3, Cr.sub.2 O.sub.3 . Fe.sub.2 O.sub.3, MoS.sub.2 or MoS.sub.3 may
      be also used. In addition, cation exchange resins which are solid acids
      are useful as catalyst, as well as methathetic cation forming agents such
      as anhydrous silver salts (AgClO.sub.4, AgBF.sub.4, AgSbF.sub.6,
      AgPF.sub.6, AgAsF.sub.6 and Ag.sub.3 PO.sub.4).
PAR  Although the concentration of Friedel Crafts catalyst is not critical, it
      is preferred to employ from 1.1 to 2.0 moles of catalyst to one mole of
      ketone and preferably 1.4 to 1.8 moles per mole of ketone. The reaction is
      suitably carried out in a solvent which is normally used for the Friedel
      Crafts reaction. Accordingly, such organic solvents as CS.sub.2,
      fluorobenzene, polyhalogenated aromatic hydrocarbon, nitrobenzene,
      aliphatic hydrocarbon, halogenated aliphatic hydrocarbons and
      nitroalkanes. The reaction is carried out at a temperature of from about
      0.degree.C to about 150.degree.C and preferably 20 to 100.degree.C for a
      period of time sufficient to substantially complete the reaction.
PAR  The ketone starting material is readily prepared by condensing an
      appropriate acid halide of the formula:
      ##EQU2##
      wherein A, B and G are as previously described and Z is halo, with
      fluorobenzene under Friedel Crafts conditions as described previously.
      Further, if desired, the acid halide may be condensed with the
      fluorobenzene to form the ketone and in situ go directly to the
      5-fluoro-2-methyl-1-indanone. In the event that this procedure is desired
      additional Friedel Crafts catalyst is employed sufficient to carry out the
      two steps.
DETD
PAR  The following examples are given by way of illustration.
PAC  EXAMPLE 1
PAC  4'-Fluoro-3-hydroxy-2-methylpropiophenone
PAR  A mixture of 45.7 g. (0.3 moles) of 4'-fluoropropiophenone, 9 g. (0.3
      moles) of paraformaldehyde, 4 g. (0.03 mole) of anhydrous potassium
      carbonate and 200 ml. of methyl alcohol is stirred at 35.degree.C for two
      days. The reaction is quenched in water and acidified with hydrochloric
      acid. The product is extracted into benzene. The benzene layer is washed
      with water and concentrated in vacuo to give
      4'-fluoro-3-hydroxy-2-methylpropiophenone.
PAC  EXAMPLE 2
PAC  5-Fluoro-2-methyl-1-indanone from 4'-fluoro-3-hydroxy-2-methylpropiophenone
PAR  A mixture of 18.2 g. (0.10 mole) of
      4'-fluoro-3-hydroxy-2-methylpropiophenone and 12 g. of phosphorous
      pentoxide in 100 ml. of xylene is refluxed for one hour. The reaction is
      cooled, water is added and the xylene layer is washed with aqueous sodium
      hydroxide and water. The organic layer is then concentrated in vacuo to
      give 5-fluoro-2-methyl-1-indanone.
PAC  EXAMPLE 3
PAC  2-Bromo-4'-fluoro-2-methylpropiophenone
PAR  A slurry of 14 g. (0.105 mole) of anhydrous aluminum chloride in 14.4 g.
      (0.150 mole) of fluorobenzene and 24 ml. of carbon disulfide is cooled to
      15.degree.C. To it is added 23.8 g. (0.100 mole) of
      .alpha.-bromoisobutyryl bromide over 10-15 minutes at
      15.degree.-20.degree.C. The reaction is stirred for five minutes at
      20.degree.C and then quenched on ice. The product is extracted into
      chloroform. The chloroform layer is washed with aqueous sodium
      bicarbonate, dried over anhydrous sodium sulfate and concentrated to give
      2-bromo-4'-fluoro-2-methylpropiophenone.
PAC  EXAMPLE 4
PAC  5-Fluoro-2-methyl-1-indanone from 2-bromo-4'-fluoro-2-methylpropiophenone
PAR  To a slurry of 120.2 g. (0.90 mole) of anhydrous aluminum chloride in 54
      ml. of carbon disulfide is added 122.6 g. (0.50 mole) of
      2-bromo-4'-fluoro-2-methylpropiophenone at 15.degree.-20.degree.C over one
      hour. The mixture is warmed to 50.degree.C over one hour, stirred at
      50.degree.C for three hours and quenched in ice. The product is extracted
      into toluene. The toluene layer is washed with aqueous sodium hydroxide
      and water and concentrated in vacuo to give 5-fluoro-2-methyl-1-indanone.
PAC  EXAMPLE 5
PAC  4'-Fluoro-2-methylacrylophenone
PAR  A slurry of 29.4 g. (0.220 mole) of anhydrous aluminum chloride in 38.4 g.
      (0.40 mole) of fluorobenzene under nitrogen is cooled to 15.degree.C.
      Methylacryl chloride (21.9 g., 0.200 mole) is then added dropwise over 30
      minutes while holding the temperature at 15.degree.-20.degree.C. The
      mixture is warmed to 30.degree.C over 10 minutes, stirred at 30.degree.C
      for 10 minutes and quenched in ice. The product is extracted into hexane.
      The hexane layer is dried over anhydrous sodium sulfate and concentrated
      in vacuo to give 4'-fluoro-2-methylacrylophenone.
PAC  EXAMPLE 6
PAC  5-Fluoro-2-methyl-1-indanone from 4'-fluoro-2-methylacrylophenone
PAR  Fifty grams (0.30 moles) of 4'-fluoro-2-methylacrylophenone is added to a
      slurry of 60.1 g. (0.45 moles) of anhydrous aluminum chloride in 27 ml. of
      carbon disulfide at 20.degree.-25.degree.C over one hour. The mixture is
      heated to 45.degree.C over one hour and stirred at 45.degree.C for one
      hour. The reaction is quenched in ice. The oily aqueous layer is extracted
      with toluene. The toluene layer is washed with aqueous sodium hydroxide
      and water and concentrated in vacuo to give 5-fluoro-2-methyl-1-indanone.
PAC  EXAMPLE 7
PAC  3-Chloro-4'-fluoro-2-methylpropiophenone
PAR  To a slurry of 22.7 g. (0.17 mole) of anhydrous aluminum chloride and 9.6
      g. (0.10 mole) of fluorobenzene is added 14.1 g. (0.10 mole) of
      .beta.-chloroisobutyrylchloride over 30 minutes at 20.degree.-25.degree.C.
      The mixture is aged for 30 minutes at 20.degree.-25.degree.C and then
      quenched in ice. The product is extracted into hexane. The hexane layer is
      dried over anhydrous sodium sulfate and concentrated in vacuo to give
      3-chloro-4'-fluoro-2-methylpropiophenone.
PAC  EXAMPLE 8
PAC  5-Fluoro-2-methyl-1-indanone from 3-chloro-4'-fluoro-2-methylpropiophenone
PAR  Ten grams (0.05 mole) of 3-chloro-4'-fluoro-2-methylpropiophenone is added
      to 20 ml. of concentrated sulfuric acid at 20.degree.-25.degree.C and the
      mixture is warmed to 50.degree.C. After stirring for three hours at
      50.degree.C, the reaction is quenched in ice. The product is extracted
      into hexane. The hexane layer is concentrated in vacuo to give
      5-fluoro-2-methyl-1-indanone.
PAC  EXAMPLE 9
PAC  3-Dimethylamino-4'-fluoro-2-methylpropiophenone
PAR  A mixture of 15.2 g. (0.10 mole) of 4'-fluoropropiophenone, 8.2 g. (0.10
      mole) of dimethylamine hydrochloride, 3.6 g. (0.12 mole) of
      paraformaldehyde in 20 ml. of absolute alcohol was stirred at
      95.degree.-100.degree.C for three hours. The mixture is cooled and the
      precipitated product is filtered. The product is dissolved in water, made
      alkaline with sodium hydroxide. The free base is extracted into ether. The
      ether layer is dried over anhydrous sodium sulfate and concentrated in
      vacuo to give 3-dimethylamino-4'-fluoro-2methylpropiophenone
PAC  EXAMPLE 10
PAC  5-Fluoro-2-methyl-1-indanone from
      3-dimethylamino-4'-fluoro-2-methylpropiophenone
PAR  A mixture of 42 g. (0.20 mole) of
      3-dimethylamino-4'-fluoro-2-methylpropiophenone and 100 ml. of
      concentrated sulfuric acid is warmed to 90.degree.C over one hour and
      stirred at 90.degree.C for two hours. The reaction is cooled and quenched
      in ice and the product extracted into toluene. The toluene layer is washed
      with aqueous sodium hydroxide and water and concentrated in vacuo to give
      5-fluoro-2-methyl-1-indanone.
PAC  EXAMPLE 11
PAC  5-Fluoro-2-methyl-1-indanone from fluorobenzene and .alpha.-bromoisobutyryl
      bromide
PAR  To a slurry of 120.2 g. (0.90 mole) of anhydrous aluminum chloride in 54
      ml. of carbon disulfide and 51.4 g. (0.535 mole) of fluorobenzene under
      nitrogen is added 115 g. (0.50 mole) of .alpha.-bromoisobutyryl bromide.
      The addition is accomplished at 15.degree.-20.degree.C over 75 minutes.
      The reaction is warmed to 50.degree.C over 75 minutes, stirred at
      50.degree.C for 3 1/2 hours and then quenched in ice. Toluene is added to
      extract the product. The toluene layer is washed with aqueous sodium
      hydroxide and water and concentrated in vacuo to give 79 g. (96%) of
      5-fluoro-2-methyl-1-indanone.
PAC  EXAMPLE 12
PAC  5-Fluoro-2-methyl-1-(p-methylthiobenzyl)-indene
PAR  Twenty-five grams (1.04 moles) of magnesium turnings were placed in a dried
      flask under N.sub.2 with 400 ml. of ether. Ten ml. of 0.05 molar
      p-methylthiobenzyl magnesium chloride in ether is added and the mixture is
      warmed to 30.degree.C. About 2-3% of 39.7 g. (0.23 moles) of
      p-methylthiobenzyl chloride in 75 ml. of toluene is added. After 3-5
      minutes of stirring an exotherm to 32.degree.-33.degree.C occurs
      signifying initiation of the reaction. After aging for 5 minutes, the rest
      of the benzyl chloride is added dropwise over 90 minutes. The reaction is
      aged for 30 minutes with stirring. 5-Fluoro-2-methyl-1-indanone (32.6 g.,
      0.199 mole) is added dropwise over 45 minutes. After aging for 30 minutes,
      the milky supernatant mixture is decanted from the magnesium. The flask
      and residual magnesium are rinsed with toluene. The reaction is then
      quenched by the addition of 120 ml. of 3N sulfuric acid. The lower layer
      is discarded. To the organic layer is added 80 ml. of 1:10 concentrated
      sulfuric acid, acetic acid and the two-phase mixture, stirred vigorously
      for one hour and water (100 ml.) is added. The bottom layer is discarded
      and the organic layer is washed with 100 ml. of water and 200 ml. of 2N
      sodium hydroxide. After a final water wash the organic layer is
      concentrated to give 5-fluoro-2-methyl-1-(p-methylthiobenzyl)-indene.
      Similarly, when p-methylsulfinylbenzyl chloride is used in place of
      p-methylthiobenzyl chloride in the above example, the corresponding
      p-methylsulfinylbenzyl indene is obtained.
PAC  EXAMPLE 13
PAC  p-Methylthiobenzyltriphenylphosphonium chloride
PAR  17.3 of p-methylthiobenzyl chloride is added to 28 g. of triphenylphosphine
      in 80 ml. of benzene. The reaction was heated for 4 hours, then cooled and
      the product, p-methylthiobenzyltriphenylphosphonium chloride, was
      collected by filtration. There is obtained 19 g., melting point
      257.degree.-258.degree.C.
PAR  In a similar manner, when p-methylsulfinylbenzyl chloride is used, the
      product is p-methylsulfinylbenzyltriphenylphosphonium chloride, melting
      point 258.degree.-262.degree.C with gasing.
PAC  EXAMPLE 14
PAC  5-Fluoro-2-methyl-1-(p-methylthiobenzyl)-indene
PAC  A. 5-Fluoro-2-methyl-1-(p-methylthiobenzylidene)-indane
PAR  169 Mg. (1.5 mm) of potassium t-butoxide is dissolved in 2 ml. of DMSO and
      treated with 651 mg. (1.5 mm) of p-methylthiobenzyltriphenylphosphonium
      chloride dissolved in 1 ml. of DMSO. To this solution is added 270 mg.
      (1.65 mm) of 5-fluoro-2-methyl-1-indanone in 2 ml. of DMSO. The solution
      is heated at 75.degree.C for 15.5 hours. Benzene and water are added and
      the benzene layer is washed five times with water. The benzene layer is
      dried over Na.sub.2 SO.sub.4 and evaporated to dryness under vacuum. The
      weight is 915.6 mg. This material is eluted through 8 g. of silica gel
      with benzene to remove triphenylphosphine oxide. The eluate weights 372
      mg. after removal of solvent. This is rechromatographed through 15 g. of
      silica gel using hexane and 95.9 mg. of
      5-fluoro-2-methyl-1-(p-methylthiobenzylidene)-indane is isolated, melting
      point 67.degree.-70.degree.C.
PAC  B. 5-Fluoro-2-methyl-1-(p-methylthiobenzyl)-indene
PAR  50 Mg. of the benzylidene compound from A above is mixed with 1 ml. of
      acetic acid containing 100 mg. of sulfuric acid and the reaction mixture
      stirred for 1 hour at room temperature. The mixture is then diluted with
      water and extracted with ether. The ether extract is concentrated in vacuo
      to give the subject compound.
PAR  Similarly, when the p-methylsulfinylbenzyl triphenylphosphonium chloride is
      used, the corresponding p-methylsulfinylbenzyl indene compound is
      obtained.
PAC  EXAMPLE 15
PAC  5-Fluoro-2-methyl-1-(p-methylsulfinylbenzyl)-indene
PAR  500 mg. (1.755 mm) of 5-fluoro-2-methyl-1-(p-methylthiobenzyl)-indene is
      dissolved in 5 ml. of chloroform. To this solution is added 30% hydrogen
      peroxide (equivalent to 2.645 mm). The reaction mixture is aged for one
      hour at room temperature followed by the addition of 5 ml. of glacial
      acetic acid and aged for an additional hour. The reaction mixture is then
      diluted with 25 ml. of 1:1 benzene-ether and extracted with 6 .times. 25
      ml. of 3% aqueous sodium chloride. The solution is then dried over sodium
      sulfate and evaporated in vacuo to yield an oil. Recrystallization from
      ice-cold isopropanol gives
      5-fluoro-2-methyl-1-(p-methylsulfinylbenzyl)-indene.
PAC  EXAMPLE 16
PAC  5-Fluoro-2-methyl-1-(p-methylthiobenzyl)-indenylidene-3-acetic acid
PAR  To 41.8 g. (147 mmole) of the preceeding indene (from Example 12) is added
      150 ml. of methanolic Triton B solution (53.2 g., dry basis; 317.5 mmole)
      and the batch, under a nitrogen atmosphere, is brought to 35.degree.C.
      14.63 G. glyoxylic acid (198 mmole) is added and the batch, which warms to
      50.degree.-55.degree.C is aged one hour at 50.degree.C. It is then diluted
      with 250 ml. of water and acidified with dilute sulfuric acid. The product
      obtained in 90% yield is recrystallized to give the pure subject product,
      melting point 185.5.degree.-188.degree.C.
PAR  When sodium hydroxide and tetramethylammonium chloride or
      tetramethylammonium hydroxide is used in place of Triton B in the above
      example, the indenylidene-3-acetic acid is obtained.
PAR  Similarly, when 5-fluoro-2-methyl-1l -(p-methylsulfinylbenzyl)indene is
      used in place of the corresponding methylthio compound in the above
      example, there is obtained
      5-fluoro-2-methyl-1-(p-methylsulfinylbenzyl)-indenylidene-3-acetic acid.
PAC  EXAMPLE 17
PAC  5-Fluoro-2-methyl-1-(p-methylthiobenzylidene)-indene-3-acetic acid
PAR  A suspension of 34.2 g. of
      5-fluoro-2-methyl-1-(p-methylthiobenzyl)-indenylidene-3-acetic acid (from
      Example 16) in 342 ml. of glacial acetic acid and 137 ml. of concentrated
      HCl is stirred under a nitrogen atmosphere at 90.degree.C for 10 hours.
      The reaction is cooled over 2 to 3 hours to room temperature and aged an
      additional 3 hours at 20.degree.-25.degree.C. The batch is filtered,
      washed with 70:30 acetic acid-water (ca. 100 ml.) then water-washed to
      remove excess acid. There is obtained 93% of product, melting point
      180.degree.-183.degree.C.
PAR  Similarly when
      5-fluoro-2-methyl-1-(p-methylsulfinylbenzyl)-indenylidene-3-acetic acid is
      used in the above example in place of the corresponding methylthio
      compound, there is obtained
      5-fluoro-2-methyl-1-(p-methylsulfinylbenzylidene)-indene-3-acetic acid.
      The reaction may be conducted in an aprotic solvent such as
      1,2-dichloroethane under 100 p.s.i.g. of HCl gas at
      50.degree.-100.degree.C.
PAC  EXAMPLE 18
PAC  5-Fluoro-2-methyl-1-(p-methylsulfinylbenzylidene)-indene-3-acetic acid
PAR  Seventeen grams (50 mmole) of the product from Example 17 is stirred in 94
      ml. of chloroform and 40 ml. of acetic acid under nitrogen and the
      temperature brought to 30.degree.C. To this slurry is added 5.3 ml. of
      9.6N aqueous H.sub.2 O.sub.2 (51 mmole) over one minute. The temperature
      is brought to 35.degree.C. The batch is aged a total of 6 hours,
      maintaining 35.degree.C internal temperature. After the age period, 125
      ml. of water is added and the CHCL.sub.3 layer concenetrated to a small
      volume in vacuo. The residue is crystallized from 75 ml. of ethanol and
      the slurry cooled to 0.degree.-5.degree.C and aged at
      0.degree.-5.degree.C. The product is filtered and washed with 15 ml. of
      cold (0.degree.-5.degree.C) 2BA ethanol and dried in vacuo at 80.degree.C.
      The product weighs 16.3 g. (92%), melting point 183.degree.-185.degree. C.
PAR  Similarly, when sodium periodate or potassium hypochlorite is used in place
      of hydrogen peroxide in the above example, there is obtained the desired
      compound.
PAC  EXAMPLE 19
PAC  2-Dimethylaminomethyl-4'-fluoropropiophenone
PAR  A slurry of 14 g. (0.105 mole) of anhydrous aluminum chloride in 14.4 g.
      (0.150 mole) of fluorobenzene and 24 ml. of carbon disulfide is cooled to
      15.degree.C. To it is added 0.100 mole of
      .alpha.-(dimethylaminomethyl)propionyl bromide hydrobromide over 10-15
      minutes at 15.degree.-20.degree.C. The reaction is stirred for five
      minutes at 20.degree.C and then quenched on ice. The product is extracted
      into chloroform. The chloroform layer is washed with aqueous sodium
      bicarbonate, dried over anhydrous sodium sulfate and concentrated to give
      2-bromo-4'-fluoro-2-methylpropiophenone.
PAC  EXAMPLE 20
PAC  5-Fluoro-2-methyl-1-(p-methylthiobenzyl)-indene
PAR  13.44 Grams (0.56 mole) of magnesium turnings are placed in a dried flask
      under N.sub.2 with 125 ml. of ether and a crystal of iodine. Six ml. of 65
      ml. solution of 24.2 g. (0.14 mole) of p-methylthiobenzyl chloride in
      ether is added. After 3 to 5 minutes of stirring the iodine color
      disappears and the reaction begins. After aging for 5 minutes, the rest of
      the benzyl chloride is added dropwise over 45 minutes. It is rinsed in
      with 10 ml. of ether and the reaction aged for 2 hours with stirring. 21
      Grams (0.128 mole) of 5-fluoro-2-methyl-1-indanone dissolved in 50 ml. of
      ether is added dropwise over 30 minutes. After aging for 1 hour, the milky
      supernatent mixture is decanted from the magnesium into 100 ml. of acetic
      acid. The flask and residual magnesium are rinsed into the acid solution
      with 4 .times. 50 ml. of benzene. Two hundred ml. of water are added, the
      layers are separated and the organic layer is washed with 5 .times. 200
      ml. water. It is stripped to dryness after drying over Na.sub.2 SO.sub.4.
      The crude reaction product is crystallized from hexane to give pure
      5-fluoro-2-methyl-1-(p-methylthiobenzyl)-indene, melting point
      58.degree.-59.degree.C.
PAC  EXAMPLE 21
PAC  5-Fluoro-2-methyl-1-(p-methylthiobenzylidene)-indene-3-acetic acid
PAR  A suspension of 34 grams of
      5-fluoro-2-methyl-1-(p-methylthiobenzyl)-indenylidene-3-acetic acid in 150
      ml. of ethylene dichloride is heated to 70.degree.C in a glass lined
      autoclave. Anhydrous hydrogen chloride is admitted unitl the pressure
      reaches 95 pounds. The reaction is stirred under these conditions for 10
      hours and the excess gas is then vented. The product slurried is cooled to
      0-5.degree.C and after one hour is filtered and washed with fresh ethylene
      dichloride. The yield product is 80%.
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ABST
PAL  Phthalic acids of improved quality are obtained direct from oxidation of
      xylenes with molecular oxygen in oxidation zone having less than one
      equivalent of strongly acidic inorganic acid per equivalent of catalyst
      metal present in addition to a liquid phase acetic acid solution of one or
      more heavy metal oxidation catalyst and bromine releasing bromide
      compound. Particularly useful inorganic acids are those having ionization
      constant K.sub.A greater than 1.0 .times. 10.sup.-.sup.2, e.g.
      hydrobromine, nitric, sulfuric and phosphoric acids. Such quality
      improvement is manifested by decreased aldehydic acid and toluic acid
      impurity contents.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The discovery of the unique catalysis afforded by the acetic acid solution
      of the joint use of one or more heavy metal oxidation catalysts and a
      source of bromide ion for the liquid phase oxidation at a temperature from
      50 to 275.degree.C. of aliphatic-substituted aromatic compounds with
      molecular oxygen to aromatic polycarboxylic acid products was first
      disclosed in U.S. Pat. No. 2,833,816 which issued May 6, 1958. The use of
      said unique catalysis for such oxidation of xylenes under liquid phase
      conditions at 50.degree. to 275.degree.C. made feasible for the first time
      large scale commercial catalytic liquid phase production of the phthalic
      acids. Since 1958 many improved modes of conduct of such oxidations using
      the unique combination of heavy metal and bromide ion have been disclosed
      as advancements of that art. Some improvements were directed to yield
      improvement per unit of time and other improvements were directed to
      improved quality and yield of the phthalic acid products. In general the
      improved modes of conduct for said liquid phase oxidation using the unique
      catalysis involved use of either constant temperature or constant
      pressure; scheduling different rates of oxygen supply; use of sources of
      oxygen having oxygen contents below and above the oxygen content of air;
      regulation of water content of acetic acid solvent in the oxidation zone;
      sequentially staging of two or series connected oxidation zones operated
      at different temperatures, pressures, oxygen concentration or water
      concentration; use of different combinations of heavy metals and/or types
      of bromide iron source, e.g. ionic and combined bromine; and combinations
      thereof as applied to batchwise, semi-continuous and continuous
      operations. Such improved modes of operation using the unique catalysis
      did provide for yield increase of phthalic acid products from the yields
      demonstrated by the methods of U.S. Pat. No. 2,833,816. For example the
      yields of iso- and terephthalic acids from the corresponding isomeric
      xylenes were increased to 90-92 mole percent from 75-80 mole percent
      demonstrated by said patent with attendant improved decrease of partially
      oxidized xylene to such intermediates as aldehydobenzoic acid and toluic
      acid which contaminated said phthalic acid products.
PAR  Commercially feasible methods were devised for purifying the phthalic acid
      products from such improved modes of conduct of the aforementioned liquid
      phase oxidation using the unique catalysis. Such purifications were
      directed either to obtension of substantially colorless products for use
      in unsaturated polyesters or to obtension of iso- and terephthalic acid
      product of a purity of at least 99.9 weight percent for direct reaction
      with a diol for the preparation of polyesters of the high molecular weight
      required for film and fiber manufacture. However, little attention was
      given since 1958 to the introduction of a new component into the unique
      catalytic liquid phase oxidation to decrease partially oxidized xylene
      contaminants of phthalic acid products recovered from said oxidations.
PAR  It has been known since 1958 that oxidations of o-, m- or p-xylenes in the
      presence of the unique catalysis at temperatures in the range of
      50.degree. to 120.degree.C. using oxygen gas as oxidant produced ortho-,
      iso- or terephthalic acid products containing relatively large amounts, 2
      to 10 weight percent, of 2-, 3- or 4-formylbenzoic acid and like amounts
      of o-, m- or p-toluic acids. Oxidations under liquid phase conditions in
      the presence of the unique catalysis at temperatures above 120.degree.C.,
      i.e., in the range of 120.degree. to 275.degree.C., using oxygen gas or
      air as source of molecular oxygen did decrease the contaminating
      formylbenzoic and toluic acid contaminants in ortho-, iso- and
      terephthalic acid products from the corresponding xylenes to below one
      weight percent, e.g. 0.5-1.0 weight percent. The improved modes of conduct
      of the catalytic liquid phase oxidation did little to improve low
      temperature (i.e., 50.degree.-100.degree.C.) oxidations but did increase
      phthalic acid product yields for the higher temperature oxidations.
PAR  To make more effective, on a pounds per hour throughput basis, the various
      commercially available purification routes for phthalic acids it is highly
      desirable to obtain such phthalic acids direct from oxidation of xylenes
      in a higher quality by some means in addition to such improved modes of
      conduct of liquid phase oxidation using the unique catalysis.
PAC  SUMMARY OF INVENTION
PAR  Phthalic acids are obtained in higher quality by the oxidation of xylenes
      with molecular oxygen at a temperature in the range of 50.degree. to
      275.degree.C. in an oxidation zone containing a strongly acidic inorganic
      acid in addition to the liquid phase acetic acid solvent solution of heavy
      metal oxidation catalyst and bromide ion providing the unique catalysis.
      The strongly acidic inorganic acid so used decreases by about 30 to about
      60% the amount of formylbenzoic or toluic acid contaminant of the desired
      phthalic acid product and act as activators of the unique catalysis.
      Bromine containing inorganic acids not only cause said decrease in
      aldehydo acid but also can be effectively used as the source of bromine
      ion component of the unique catalysis. The strongly acidic acids are used
      in small amounts below two, preferably within the range of 0.1 to 1.9
      equivalent of such acid per equivalent of metal oxidation catalyst present
     .
DETD
PAC  SPECIFIC EMBODIMENTS
PAR  The strongly acidic acids useful according to this invention are those
      having an ionization constant K.sub.A greater than 1 .times.
      10.sup..sup.-2. Typical illustrative acids are hydrobromic acid, acids of
      phosphorus, nitric acid, sulfurous acid and sulfuric acid. When
      hydrobromic acid is used according to this invention the 0.1 to 1.9
      equivalent per equivalents of total catalyst metal is in addition to the
      amount of bromine needed for the unique catalysis. The strong mono- or
      dibasic inorganic acid can be added to acetic acid solvent or added as a
      separate stream during oxidation. Since the amount of such strong
      inorganic acid used is relatively small and such acids are soluble in
      acetic acid, it is preferred to introduce the strong inorganic acid as
      part of the acetic acid solution of catalyst components.
PAR  The amount of acetic acid used in the catalytic liquid phase oxidation can
      vary from 2 to 20 weight parts per weight part of the xylene to be
      oxidized. For low temperature oxidation, 50.degree. to 120.degree.C. and
      atmospheric to 50 p.s.i.g. pressure the unique catalysis is provided by
      acetic acid solutions containing cobalt or cobalt and manganese at 13 to
      112 weight percent (calculated as the metals and not salts) and 16-116
      weight percent of bromide ion based on aromatic compound to be oxidized.
      For the higher temperature, 120.degree. to 275.degree.C., there can be
      used cobalt, manganese mixtures of cobalt and manganese or cobalt,
      manganese and cerium among the later defined suitable heavy metals in
      total metal concentrations (as distinguished from their salts) of 0.01 to
      1.0 weight percent and bromide ion concentrations of 0.01 to 1.0 weight
      percent based on the aromatic compound. Bromide ion can be provided by
      elemental bromine, ionic bromides such as hydrogen bromide, sodium bromide
      or ammonium bromide or by co-valent bromine-containing compounds which do
      not ionize to bromide ion such as potassium bromate, tetrabromoethane,
      benzylbromide or bromobenzene or bromoacetic acid but which provide
      bromide ion at the temperature at which the oxidation is conducted.
      Mixtures of ionic and co-valent bromine compounds can be used as source of
      bromide ion for the oxidation. For the higher temperature oxidation heavy
      metals having an atomic weight between about 50 and about 200 other than
      cobalt, manganese and cerium or in addition thereto can be used.
PAR  The minimum pressure used in the oxidation zone is that pressure which will
      provide acetic acid in the liquid phase at temperatures of 50.degree. to
      275.degree.C. The source of molecular oxygen oxidant can be any
      gas-containing molecular oxygen in concentrations from 10 to 100 volume
      percent. For the low temperature (50.degree.-120.degree.C.) oxidation the
      source of molecular oxygen can be oxygen gas or mixtures thereof with air
      or inert gas (e.g. nitrogen or CO.sub.2) containing at least 50 volume
      percent oxygen. But for the higher temperature oxidation (120.degree. to
      275.degree.C.) the source of molecular oxygen can contain not more than 50
      volume percent oxygen as in air or mixtures of oxygen gas with air or
      inert gas to provide controllable oxidation, which is exothermic, at such
      higher temperatures.
PAR  The catalytic liquid phase oxidations for which this invention provides the
      aforementioned beneficial improvements have their most practicable
      application under the following temperature conditions. The low
      temperature (50.degree.-120.degree.C.) oxidation using high cobalt or
      cobalt and manganese to xylene and acetic acid ratios to provide most
      feasible production of phthalic acids especially terephthalic acid from
      p-xylene, per unit of time when conducted using oxygen gas, temperatures
      of 110.degree. to 120.degree.C. at pressures of 40 to 60 p.s.i.g. even
      though liquid phase conditions in the oxidation zone can be maintained at
      pressures of 0 (atmospheric pressure) to 5 p.s.i.g. Such 110.degree. to
      120.degree.C. oxidations of p-xylene in the absence of strong acidic
      inorganic acid provide terephthalic acid product recovered direct (e.g. by
      filtration) from fluid oxidation effluent in 80-92 mole precent yields in
      80-120 minute residence periods but contaminated with 5.4 to 1.3 weight
      percent p-formylbenzoic acid and 0.6 to 0.4 weight percent p-toluic acid.
      The higher temperature (120.degree.-275.degree.C.) oxidation using both
      lower acetic acid and heavy metal (Co, Mn and/or Ce) ratios to xylene
      provide most feasible production of phthalic acids, especially iso- or
      terephthalic acid from m- or p-xylene, per unit of time when conducted at
      temperatures in the range of 175.degree. to 250.degree.C. and oxidation
      zone pressures of 150 to 400 p.s.i.g. Such oxidations of p-xylene at
      200.degree.-210.degree.C. and pressure of 180-210 p.s.i.g., for example in
      the absence of strongly acidic inorganic acid provide terephthalic acid
      product recovered direct from fluid oxidation effluent in 90-92 mole
      percent yields contaminated with but 0.5 to 0.8 weight percent
      p-formylbenzoic acid and 0.2 to 0.4 weight percent p-toluic acid in 40 to
      60 minute residence periods.
PAR  However, by the present inventive use of strongly acidic inorganic acid
      having K.sub.A above 1.0 .times. 10.sup..sup.-2 in the above oxidations of
      p-xylene the amount of contaminant p-formylbenzoic and p-toluic acids in
      terephthalic acid recovered direct from fluid oxidation effluent are each
      decreased by from about 30 to about 60%.
PAR  The following illustrative examples are provided to enable one skilled in
      this art to understand and practice the present invention.
PAR  The illustrative example demonstrates the beneficial improvements afforded
      by the use of typically representative strong inorganic acids of K.sub.A
      above 1.0 .times. 10.sup..sup.-2 in the oxidation of p-xylene with air to
      terephthalic acid. These p-xylene oxidations are made with air at 250
      p.s.i.g. oxidation zone pressure and the oxidation zone temperatures later
      indicated and inorganic acids later indicated. Otherwise reactants and
      catalyst are:
TBL  100% Acetic Acid  1313    Grams                                           
     Water             50      Grams                                           
     p-Xylene          348     Grams                                           
     Total Co and Mn Metals                                                    
                       0.12    Weight Percent                                  
                       on      Acetic Acid                                     
     Bromine (Mixture of                                                       
                       0.06    Weight Percent                                  
      ionic and solvent)                                                       
                       on      Acetic Acid                                     
PAR  The oxidation reactions are conducted in an oxidation vessel having a
      valved air inlet at the bottom; a valved dip-leg p-xylene inlet; a heating
      mantle, a water cooled reflux condenser with a pressure regulating valve
      in its gas discharge line; a gas-vapor transfer line connecting the vapor
      space of said otherwise sealed vessel with said condenser; and a gas
      sampling top line which has a dry ice (solid CO.sub.2) cooled trap and an
      oxygen analyzer in said gas discharge line beyond the pressure reducing
      valve and condenser. To such oxidation vessel there is charged the acetic
      acid having dissolved therein the water and sources of cobalt, manganese
      and bromine. The pressure regulating valve is set at operating pressure
      and the oxidation vessel is pressured to said pressure with nitrogen gas.
      The acetic acid solution is heated to oxidation temperature which causes
      substantially all the nitrogen gas to be discharged from the system.
      Thereafter the 348 grams of p-xylene is pumped and air injected
      simultaneously into the hot acetic acid solution at correlated rates to
      provide, on acetic acid free basis, a small amount (1 to 5% by volume) of
      oxygen in the condenser discharge gas. After all the xylene has been
      pumped in, air injection alone is continued for at least about 10 to 20
      minutes (difference between "Run Time" and "Pump Time") until the oxygen
      content of the condenser discharge gas is 20 percent by volume. The
      reaction vessel contents are discharged with the aid of nitrogen gas
      pressure cooled to about 50.degree.C. and charged to a filter to recover
      terephthalic acid product. The reaction vessel is rinsed to remove all
      solids therefrom and these solids are added to the filter cake to obtain
      total product. The total product is washed with warm acetic acid, dried,
      analyzed for p-formylbenzoic acid (4-CBA) and p-toluic acid contents and
      its acid number determined. The foregoing oxidation is a semi-continuous
      process, one of the improved methods of conduct of the aforementioned
      unique catalytic liquid phase oxidation methods. The conditions and
      results of nine such oxidations, eight using various acids including
      strong inorganic acids using no added acid for comparative basis are
      listed in TABLE I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     EFFECT OF ADDED ACID ON p-XYLENE OXIDATION                                
     Example No.  Comp.                                                        
                       1     2     3    4    5    6     7     8                
     __________________________________________________________________________
     Acid Added   None Maleic      Oxalic                                      
                                        HBr  HNO.sub.3                         
                                                  H.sub.2 SO.sub.4             
                                                              H.sub.3 PO.sub.4 
     __________________________________________________________________________
     Acid/Metal, equivalent                                                    
                  0    1.9   3.7   4.8  1.9  1.0  0.2   2.0   0.2              
     Temperature .degree.F.,                                                   
      Initial     410  380   380   380  382  374  376   380   400              
      Maximum     427  422   420   423  422  424  422   394   421              
      Average     410  415   415   415  415  415  415   380   415              
     Run Time, Minutes                                                         
                  87   87    92    85   85   82   82    33    85               
     Pump Time, Minutes                                                        
                  66   66    66    66   66   66   66    26    66               
     Dry Product %*                                                            
                  80   118   113   91   127  127  117   0     106              
     Acid No. (Theory 675)                                                     
                  660  672   670   669  673  673  674   --    673              
     4-CBA %      1.37 1.13  1.23  1.35 0.96 0.60 0.52  --    0.55             
     p-toluic Acid %                                                           
                  0.30 0.28  0.34  0.34 0.15 0.11 0.10  --    0.11             
     Terephthalic Acid %                                                       
                  95.86                                                        
                       98.86 97.01 97.03                                       
                                        95.59                                  
                                             95.40                             
                                                  96.10 --    95.27            
     __________________________________________________________________________
       *Based on p-xylene charge.                                              
PAR  During oxidation according to Example 7, all indicates of oxidation had
      essentially ceased (20 volume percent O.sub.2 in condenser exhaust gas)
      after 15 minutes of p-xylene pumping, pumping was stopped at 26 minutes
      but air injection was continued to the 33rd minute during which time the
      20 volume percent oxygen in the condenser exhaust gas was still indicated
      and then the run was terminated. The use of phosphoric acid at acid metal
      equivalent of 2.0 also adversely effected p-xylene oxidation but not to
      the oxidation inhibiting effect of sulfuric acid in Example 7. In fact the
      use of 2.0 equivalents of phosphoric acid per equivalent of catalyst metal
      resulted in a 128% dry product yield. Said product had an acid number of
      668 and a 4-CBA content of 1.59% (more than 15% above the comparative) and
      p-toluic acid content of about 50% above the comparative example.
PAR  Maleic and oxalic acids are strongly acidic and, as the data in TABLE I
      demonstrate, do not inhibit the oxidation of p-xylene to terephthalic
      acid. While those strong organic acids did effect some decrease of
      p-formylbenzoic acid (4-carboxybenzaldehyde) from the comparative
      oxidation, the effects were not as significant as the effects provided by
      the use of strong inorganic acids.
PAR  From oxidations of p-xylene such as conducted according to Examples 4-8, it
      is concluded that the use of strongly acidic (K.sub.A of at least 1
      .times. 10.sup..sup.-2) inorganic acids in the range of 0.1 to 1.9
      equivalents per equivalent of catalyst metal is beneficial with respect to
      decreasing p-formylbenzoic and p-toluic acid contaminants in recovered
      terephthalic acid. Conduct of the semi-continuous oxidation or continuous
      of p-xylene at temperatures in the range of 380.degree.-425.degree.F. but
      at oxidation zone pressures of 300-400 p.s.i.g. (therefore at higher
      oxygen concentrations), the use of strongly acidic inorganic acids as
      before defined in the use range of 0.2 to 1.9, more preferably 0.2-1.0,
      equivalents per equivalent of catalyst metal can effect decrease of
      p-formylbenzoic and p-toluic acid contaminants in recovered terephthalic
      acid by 30-60% of the level of such contaminants from their ranges of
      0.5-1.0% obtained in the absence of such strong inorganic acids and
      increase terephthalic acid yield by equivalent amounts over the 90-92 mole
      percent yields. Likewise the use of 0.1-1.9, and more preferably 0.5-1.0,
      equivalents of the strong inorganic acids per equivalent of catalyst metal
      (equivalent of all catalyst metal present) also effects decrease of
      formylbenzoic acid and toluic acid contaminants in o-phthalic and
      isophthalic acids produced from their respective xylene isomers.
CLMS
STM  The Invention Claimed Is:
NUM  1.
PAR  1. A method of producing a phthalic acid of improved quality from the
      oxidation of a xylene with molecular oxygen in an oxidation zone in the
      presence of a liquid phase acetic acid solution of a system of catalysis
      comprising a combination based on xylene of 0.1 to 112 weight percent
      heavy metal oxidation catalyst and from 0.01 to 116 weight percent bromine
      in said zone, which method consists essentially having in said liquid
      phase acetic acid solution the inorganic acid hydrobromic acid, sulfuric
      acid or phosphoric acid in an amount of from 0.1 to 1.9 equivalents
      thereof per equivalent of catalyst metal in addition to acidic bromine in
      said catalysis combination.
NUM  2.
PAR  2. The method of claim 1 wherein the xylene is p-xylene and the equivalents
      of inorganic acid to equivalent of catalyst metal is in the range of 0.2
      to 1.0.
NUM  3.
PAR  3. The method of claim 2 wherein the inorganic acid is hydrobromic acid.
NUM  4.
PAR  4. The method of claim 2 wherein the inorganic acid is sulfuric acid.
NUM  5.
PAR  5. The method of claim 2 wherein the inorganic acid is phosphoric acid.
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ABST
PAL  An after-treatment or purification process for oxidation products produced
      by the air oxidation of a mixture of p-toluic acid methyl ester and
      p-xylene to provide terephthalic acid wherein the oxidation products are
      heated to an elevated temperature under pressure and a substance such as
      p-xylene, water, a lower carboxylic acid containing from 1 - 4 carbon
      atoms and mixtures thereof is added thereto. Subsequently, the desired
      terephthalic acid is separated from the resultant reaction mixture.
PARN
PAR  This is a continuation of application Ser. No. 568,405 filed July 28, 1966
      now abandoned.
BSUM
PAR  This invention relates to an improved process for the preparation of
      terephthalic acid. More particularly, it relates to a process for the
      production of terephthalic acid by an after-treatment of certain oxidation
      products. Even more particularly, the invention relates to a process for
      the preparation of terephthalic acid which involves an after-treatment of
      the oxidation products obtained in accordance with the process described
      in German Pat. No. 1,041,945 (which corresponds to U.S. Pat. No.
      2,894,978).
PAR  The oxidation of p-xylene with oxidizing agents containing at least one
      bound oxygen, such as nitric acid, for example, gives an end product
      terephthalic acid which must be subjected to an intensive purification in
      case such terephthalic acid is to be used in the preparation of, for
      example, alkyd resins or polyester fibers, filaments or films.
PAR  The oxidation of p-xylene in the liquid phase with oxygen or air at
      elevated temperatures in the presence of soluble catalysts gives, as a
      practical matter, only p-toluic acid as the end product. Correspondingly,
      the oxidation of p-xylene in acetic acid and in the presence of soluble
      catalysts and so-called initiators, such as bromine compounds, for
      example, yields predominantly terephthalic acid in addition to p-toluic
      acid. However, strict requirements in properties must be satisfied by the
      material of the vessel or container employed when using, for example,
      acetic acid and bromine compounds. Thus, temperatures around 200.degree.C.
      and pressures around 20 to 30 atmospheres are necessary in order to obtain
      the terephthalic acid stage. And, in order to attain a technically
      utilizable terephthalic acid, additional purification steps are required.
PAR  In an attempt to overcome some of these and other problems, German Pat. No.
      949,564, proposes the further oxidation of p-toluic acid up to the
      terephthalic acid stage by oxidation of the p-toluic acid methyl ester.
      While it is very difficult to further oxidize free p-toluic acid, the
      oxidation of the p-toluic acid methyl ester to the terephthalic acid
      monomethyl ester proceeds with great ease.
PAR  The joint oxidation of p-xylene together with p-toluic acid methyl ester in
      accordance with German Pat. No. 1,041,945, simultaneously yields unreacted
      p-toluic acid methyl ester, p-toluic acid, terephthalic acid monomethyl
      ester and free terephthalic acid. During the proposed subsequent
      esterification, a mixture of p-toluic acid methyl ester and terephthalic
      acid dimethyl ester is obtained which is separated by distillation. The
      p-toluic acid methyl ester is returned to the oxidation step, and the
      terephthalic acid dimethyl ester is isolated for further treatment to
      yield the corresponding polyester. The end product of this described
      process is characterized by a high degree of purity since no difficulty
      removable chemicals producing secondary reactions are employed in the
      course thereof. The free terephthalic acid obtained in the process
      according to said German Pat. No. 1,041,945, is not isolated as such.
      Instead, it is esterified with methanol during the course of the process.
PAR  For specific purposes, for example, in the preparation of alkyd resins, the
      industry starts with free terephthalic acid for technical and economic
      reasons. The purity of the terephthalic acid which may be achieved with
      the means and processes known to date suffices for such purposes. In a few
      instances, so-called "fiber-pure" or grade terephthalic acid has been
      prepared which, by direct reaction with ethylene glycol, may be processed
      to give polyesters which are suitable for making fibers. However, attempts
      to isolate the terephthalic acid produced in accordance with the process
      of German Pat. No. 1,041,945, from the oxidation products in which it is
      present in an amount of from 16 to 20 percent by weight and to utilize the
      same for technical purposes or applications has failed because of the
      unsatisfactory quality thereof. The free terephthalic acid which is
      separated as a methanol-insoluble matter or a xylene insoluble matter has
      a saponification of from 630 to 645; the calculated saponification number
      thereof is 676. Simple purification methods, such as reprecipitation above
      the ammonium or alkali metal salt, acid washings and the like, fail to a
      lesser or greater extent in achieving the quality of terephthalic acid
      needed. Thus, the task of isolating a terephthalic acid which is largely
      technically pure or is adapted to be readily further purified from the
      oxidation products obtained in accordance with the process of German Pat.
      No. 1,041,945, has remained without solution, even though there is a
      technical and economic need therefor in view of the advantages of this
      process as discussed above.
PAR  One of the objects of the present invention is to provide an improved
      process for the preparation of terephthalic acid which overcomes the
      disadvantages and deficiencies of the prior art methods.
PAR  Another object of the present invention is to provide a process for
      producing terephthalic acid of high purity whch may be carried out in an
      efficacious and simple manner.
PAR  A further object of the invention is to provide terephthalic acid of high
      purity which may be used in a variety of applications.
PAR  These and other objects and advantages of the present invention will become
      apparent to those skilled in the art from a consideration of the following
      specification and claims.
DETD
PAR  In accordance with the present invention, it has been found that
      terephthalic acid of high quality may be isolated from the oxidation
      products obtained according to the process described in the said German
      Pat. No. 1.041,945, if these oxidation products are subjected to the
      subsequent or after-treatment described herein. This subsequent treatment
      comprises mixing the obtained oxidation product with p-xylene, water, or a
      lower carboxylic acid (80-100 percent) having from 1 to 4 carbon atoms, or
      mixtures thereof, and simultaneously raising the temperature of the
      resultant solution to from 210.degree.-280.degree.C., preferably
      220.degree.-250.degree.C.
PAR  Mixing of the oxidation product with the said additives may be effected
      either after an intermediate storage or directly upon the completion of
      the oxidation, either in the oxidation vessel itself or in one or a
      plurality of suitable vessels. Such "vessels" may also be a system of
      pipes. The amount of additive to be employed may range, for example, up to
      about 50 percent by weight of p-xylene, up to about 15 percent by weight
      of water and up to about 30 percent by weight of a lower carboxylic acid,
      such as acetic acid, the percentages being based upon the weight of the
      oxidation product.
PAR  In carrying out the steps of the present invention, it is expedient to
      maintain the pressure which was employed during the oxidation. The
      temperature employed as well as the period of time of after-treatment are
      important in achieving the beneficial results of the improvement of the
      present invention. Moreover, the particular admixture employed has an
      effect upon the purity of the resultant terephthalic acid as well as upon
      the amount thereof. For example, an addition of from 2 to 10 percent by
      weight of water, based on the weight of oxidation product, produces an
      increase of isolable terephthalic acid of from 40 to 60 percent by weight.
      Other advantages of the after-treatment of the present invention reside in
      the improved manipulation and better feed of the oxidation products as
      well as upon the color of the terephthalic acid obtained. Thus, for
      example, the saponification number of the terephthalic acid obtained in
      accordance with the method of working proposed by the present invention is
      676. As mentioned above, the calculated saponification number is also 676.
PAR  The amount of time of subsequent treatment, once the appropriate
      temperature has been attained, should be between 1/2 hour and 4 to 5
      hours. On the average, 1 hour is sufficient. If the reaction is controlled
      appropriately, the heating uptime thereof may suffice to achieve the
      effect according to the present invention.
PAR  The separation of the terephthalic acid from the subsequently treated
      oxidation product is carried out following the subsequent treatment either
      directly from the hot oxidation product or from the hot suspension which
      is produced by the addition of an organic solvent thereto. If the latter
      method is used, an organic solvent is employed in which all of the
      components, with the exception of terephthalic acid, such as p-toluic
      acid, p-toluic acid methyl ester, terephthalic acid monomethyl ester and
      by-products, are soluble. A suitable solvent for this purpose is p-xylene.
PAR  While the isolation of the free terephthalic acid from an untreated
      oxidation product, i.e., not subsequently treated as described in the
      present application, requires approximately from 8 to 10 times the amount
      thereof by weight of p-xylene in order to obtain a separation of the
      terephthalic acid from the by-products, only from 2 to 3 times the amount
      of terephthalic acid by weight of p-xylene is sufficient for the
      separation of the free terephthalic acid formed in accordance with the
      after-treatment process of the present invention. The easier separability
      is noticeably apparent since the suspension prepared from a subsequently
      treated oxidation product, in accordance with the present invention,
      displays a "sandy" character in p-xylene. On the other hand, a suspension
      obtained from an oxidation product which has not been subjected to the
      aftertreatment described herein, and although containing more solvent, has
      a "greasy" or "smeary" character.
PAR  The separation of the terephthalic acid from the oxidation product, the
      solution or the suspension is effected by decanting, filtering or
      centrifuging the same while hot. Quite suitable therefor is a so-called
      "Seitz filter". Depending upon the particular work-up method and
      conditions employed, scaling centrifuges equipped with a washing device
      may also be advantageously employed.
PAR  Terephthalic acid obtained from oxidation products in accordance with the
      process of German Pat. No. 1,041,945, which has not been subsequently
      treated in accordance with the present invention shows a distinctly
      violet-gray discoloration and has a saponification number of approximately
      635. However, terephthalic acid obtained from substantially treated
      oxidation products shows only a very faint coloration and a saponification
      number of from 675-676 (calculated: 676).
PAR  The resultant filtrate is employed either directly in further oxidations or
      is brought, by distillation of the p-xylene, to the quantitative
      proportion required in accordance with German Pat. No. 1,041,945. The
      filtrate may also be esterified with methanol, either in the presence of
      the p-xylene, a portion of the p-xylene, or after the complete
      distillation of the p-xylene. Such an esterification may be carried out
      either after each batch or at intervals in order to convert the p-toluic
      acid present into the oxidizable p-toluic acid methyl ester. This
      represents a summary of the operational steps which may be employed,
      however, it is to be understood that correspondingly modified working
      steps may be utilized for particular operational or economic reasons.
PAR  The terephthalic acid obtained in accordance with the subsequent treatment
      proposed by the present invention may be employed, as mentioned above,
      without any further purification for many purposes, such as, for example,
      in the preparation of alkyd resins, which is a well known procedure. If it
      is desired to prepare polyester fibers by the direct reaction of the
      terephthalic acid with ethylene glycol, it may be necessary to
      additionally purify the same according to one of the processes known in
      the prior art therefor.
PAR  Table 1 shows some specific embodiments of the present invention, as well
      as some comparative experiments with respect thereto. These Examples are
      given merely as illustrative of the present invention and are not to be
      considered as limiting. Unless otherwise noted, the percentages therein
      are by weight, based on the weight of oxidation product employed.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Subsequent Treatment               Terephthalic                           
                                                 Oxida-                        
                                        Acid Obtained                          
                                                 tion                          
     Experi-                                                                   
          Additions      Time Temper-                                          
                                   Pressure Saponi-                            
                                                 Product                       
     ment (%)            (hours)                                               
                              ature                                            
                                   (atmos-                                     
                                        Yield                                  
                                            fication                           
                                                 Desig-                        
     No.                      (.degree.C.)                                     
                                   pheres)                                     
                                        (%) No.  nation                        
     __________________________________________________________________________
     1        --         --   --   --   20.3                                   
                                            641  5/117                         
     2        --         --   --   --   16.5                                   
                                            640  6/104                         
     3        --         --   --   --   16.0                                   
                                            633  7/8                           
     4    15% p-xylene   4    250  7    24.2                                   
                                            676  5/117                         
     5    20% p-xylene   1    275  10.5 21.2                                   
                                            676  6/104                         
     6    100%                                                                 
              glacial acetic acid                                              
                         1    250  16.0 16.8                                   
                                            663  6/104                         
     7    33% do.        1    250  16.0 19.3                                   
                                            673  6/104                         
     8    10% do.        2    250  6.0  22.6                                   
                                            676  6/104                         
     9    10% do.        1/2  275  10.5 22.2                                   
                                            676  6/104                         
     10   5%  water      1    200  7.0  24.3                                   
                                            649  5/117                         
     11   5%  water      2    200  7.0  29.0                                   
                                            659  5/117                         
     12   5%  water      3    200  7.0  30.5                                   
                                            662  5/117                         
     13   5%  water      2    210  8.5  30.3                                   
                                            676  5/117                         
     14   5%  water      1    225  9.0  28.5                                   
                                            672  5/117                         
     15   5%  water      2    225  9.0  30.5                                   
                                            676  5/117                         
     16   5%  water      1/2  240  11.5 28.0                                   
                                            676  7/8                           
     17   5%  water      1/2  250  12.0 25.2                                   
                                            676  5/117                         
     18   5%  water      2    250  12.0 32.6                                   
                                            676  5/117                         
     19   5%  water      4    250  12.0 31.6                                   
                                            676  5/117                         
     20   7.5%                                                                 
              water      4    250  13.0 32.6                                   
                                            676  7/8                           
     21   10% water      2    250  13.0 29.2                                   
                                            676  6/104                         
     22   15% water      4    250  13.0 32.9                                   
                                            676  5/117                         
     23   30% p-xylene                                                         
          3%  water      2    250  18.0 21.4                                   
                                            676  6/104                         
     24   16% glacial acetic acid                                              
          5%  water      1    250  16.0 30.4                                   
                                            676  6/104                         
     25   5%  water      1/2  275  20.0 27.4                                   
                                            676  6/104                         
     __________________________________________________________________________
PAR  As noted above, the present invention relates to an improvement of the
      process described in the present applicant's German Pat. No. 1,041,945,
      issued Oct. 30, 1958. The details of this process may be obtained
      specifically from this patent, but certain features thereof are described
      hereinbelow in order to facilitate a better understanding of the present
      invention.
PAR  The said patented process involves conducting the combined oxidation of
      xylene or the isomeric mixtures thereof and the esters of the
      corresponding toluic acids produced therefrom in such a manner that the
      ester is present in excess at the beginning thereof, the oxidation being
      controlled suitably in such a way that substantially as much toluic acid
      is formed by the oxidation of the xylenes as esters of the toluic acids
      are oxidized to phthalic acid monoesters. Thereafter, the oxidation
      reaction mixture is esterified, the diester of the benzene dicarboxylic
      acid is separated, and the obtained toluic acid ester is oxidized,
      together with fresh xylene, in the above-described manner. It is
      particularly advantageous to control the oxidation in such a manner that
      when the desired degree of oxidation is reached, there is practically no
      xylene left in the reaction mixture.
PAR  The advantage of the combined oxidation of xylenes and toluic acid esters
      resides, on the one hand, in that when the oxidation is terminated, there
      is present essentially a mixture of the oxidation products (toluic acid
      and benzene dicarboxylic acid monoester) together with unreacted toluic
      acid ester, which is endowed with a considerably higher dissolving power
      for the oxidation products than the xylenes, so that it is possible to
      continue the oxidation process to higher oxidation degrees or to obtain,
      at the same degree of oxidation, substantially more readily fluid and thus
      more easily manipulatable reaction mixtures than in the case where the
      xylenes are present as the solvent remaining upon the termination of the
      oxidation. On the other hand, by means of this process, an extraordinarily
      simple operation is attained, since the reaction vessel, as well as the
      esterification system, process continually the same amounts of substances
      of the same type. A further advantage of oxidizing xylenes in an excess of
      toluic acid esters resides in that less by-products are formed which are
      produced in the oxidation of the xylenes.
PAR  This process is conducted under the reaction conditions conventional for
      the oxidation of alkylaromatic hydrocarbons and esters of alkylaromatic
      carboxylic acids, at a temperature between 80.degree. and 250.degree.C.,
      preferably between 110.degree. and 200.degree.C., at normal or elevated
      pressure and in the presence of catalysts. Preferred catalysts are metal
      compounds which are soluble in the reaction mixture, such as the various
      valence states of cobalt or manganese, for example, salts of cobalt with
      fatty acids of from 6 to 12 carbon atoms or of aromatic carboxylic acids,
      such as toluic acid. The process may be carried out batch-wise as well as
      continuously.
PAR  The concentration of the xylenes used in the toluic acid esters is actually
      of no decisive importance in this process. However, since one of the
      advantages of the process lies in the high dissolving power of the ester
      for the oxidation products, it is preferable to select a concentration
      thereof which is relatively high. Thus, for example, in the case of
      oxidizing p-xylene in a mixture with methyl-p-toluate, this concentration
      preferably ranges from about 35-40 parts of xylene 65-60 parts of ester,
      because the amount of ester serving as the dissolving or dispersing agent
      passing through the esterification stage unchanged is then small.
PAR  Another point to be noted with respect to this process is that the
      condition that there be formed as much toluic acid by oxidizing the
      corresponding xylene as esters of the toluic acids are oxidized to
      phthalic acid monoesters needs to be maintained only within certain
      limits. If, for example, in one of the batches, less toluic acid ester has
      been oxidized than xylene, a larger quantity of ester is present after the
      esterification step, and this quantity can be oxidized, in the next batch,
      with correspondingly less xylene, so that a certain self-regulation is
      obtained.
PAR  It should also be noted that this process can be carried out with the
      isomeric xylenes per se or with mixtures thereof, as well as the various
      isomeric toluic acid esters which can likewise be used each per se or in a
      mixture with one another.
PAR  The following Examples serve to illustrate the process in accordance with
      German Pat. No. 1,041,945, of which the present invention is an
      improvement.
PAC  EXAMPLE I
PAR  At the beginning, a mixture of 1.2 kg. p-xylene (96 percent solution) and
      4.8 kg. of pure methyl-p-toluate was charged into a compression-proof
      oxidation vessel of a capacity of 10 liters, this vessel being connected
      with a reflux condenser with a water trap. This mixture was mixed with 12
      g. of the cobalt salt of preliminary run coconut oil fatty acid as the
      catalyst. The oxidation was conducted at 5 atmospheres excess pressure
      with 1.08 m.sup.3 /hr of air (measured at normal pressure) at
      160.degree.C., until after 20 hours the acid number of the reaction
      mixture had risen to 205. At this instant, there was practically no xylene
      left in the reaction mixture. The reaction product was esterified by
      treating the same for 30 hours with 20l. of methanol at 65.degree.C. in
      the presence of 180 g. of sulfuric acid (98 percent). After cooling, 2.1
      kg. of dimethyl terephthalate (saponification value = 578; acid number =
      0.6; m.p. = 140.5.degree.C.) was filtered off; the filtrate was freed from
      excess methanol, and the residue was freed from sulfuric acid by washing.
      There was obtained 4.88 kg. of methyl toluate (saponification value = 402;
      acid number=6). The methyl toluate was mixed with 1.12 kg. of fresh
      xylene, as well as 5 g. of catalyst, and the oxidation was continued as
      described above. After 18 hours, the oxidation mixture had reached the
      acid number of 288 and the saponification value of 495. The esterification
      process as described above was conducted, and there was obtained 2.75 kg.
      of dimethyl terephthalate. The remaining p-toluic acid methyl ester was
      increased to a volume of 6 kg. by adding p-xylene thereto, and the
      oxidation was continued.
PAC  EXAMPLE II
PAR  Into a compression-proof oxidation vessel having a capacity of 60 liters
      and otherwise constructed as set forth in Example I, a mixture of 10 kg.
      of p-xylene (96 percent) and 20 kg. of industrial methyl-p-toluate was
      charged and mixed with 60 g. of the cobalt salt of preliminary run coconut
      oil fatty acid as the catalyst. The oxidation was conducted at 1.5
      atmospheres excess pressure with 5.4 m.sup.3 /hr of air at 140.degree.C.
      until, after 18 hours, the acid number of the reaction mixture had reached
      305. At this point, no xylene was present in the reaction mixture. The
      reaction mixture was esterified with methanol under pressure, and the
      esterification product was subsequently introduced into methanol for
      separating the terephthalic acid dimethyl ester. There was filtered off
      14.3 kg. of dimethyl terephthalate (acid number = 1.2; saponification
      value = 576; m.p. = 140.degree.C.). The remaining toluic acid methyl ester
      was charged again with p-xylene to 30 kg. and further oxidized, as
      described above.
PAC  EXAMPLE III
PAR  Into a compression-proof oxidation vessel having a capacity of 60 liters,
      15 kg. of m-xylene (98 percent) and 30 kg. of industrial m-toluic acid
      methyl ester were charged. The oxidation vessel was provided with a feed
      conduit for air, a heating device, a cooling device, and a reflux
      condenser with a water trap. The waste air was passed through a tower
      charged with active charcoal. The catalyst used was 67.5 g. of the cobalt
      salt of preliminary run coconut oil fatty acid. Additionally, 2.5 kg. of
      m-xylene was filled into the water trap. At a pressure of 1.5 atmospheres
      gauge and a temperature of 140.degree.C., 3 liters per minute per kg. of
      air was passed through the reaction mixture. After 12 hours, the oxidation
      was terminated. There was obtained 49.02 kg. of oxidation mixture (acid
      number = 305; saponification value = 510). The mixture did not contain any
      residual m-xylene. From the activated charcoal, 2.43 kg. of xylene could
      be recovered. Some of the mixture adhered to the walls of the reaction
      vessel. The mixture was esterified under pressure with methanol. The
      thus-obtained crude ester was of the following composition, in accordance
      with the analysis thereof:
PA1  38.3 percent m-toluic acid methyl ester
PA1  53.3 percent isophthalic acid dimethyl ester
PA1   7.0 percent higher boiling components.
PAR  By distillation, 20.6 kg. of pure isophthalic acid dimethyl ester was
      obtained (acid number = 0.7; saponification value = 575; m.p.
      64.degree.C.).
PAR  The distillation forerunnings gave m-toluic acid methyl ester, the
      distillation intermediate runnings gave m-toluic acid methyl ester and the
      last distillation runnings were again brought to a volume of 45 kg. by
      adding m-xylene thereto, and then oxidized as described above. The crude
      ester resulting therefrom had the following composition:
PA1  38.3 percent m-toluic acid methyl ester
PA1  53.0 percent isophthalic acid dimethyl ester
PA1   7.0 percent higher boiling components
PAR  By distillation, 22.4 kg. of pure isophthalic acid dimethyl ester was
      obtained having the same characteristics as above. The process was
      continued with identical results.
PAR  The invention being thus described, it will be obvious that the same may be
      varied in many ways. Such variations are not to be regarded as a departure
      from the spirit and scope of the invention, and all such modifications are
      intended to be included within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An after-treatment process for oxidation products, that are obtained by
      the air oxidation of a mixture of p-toluic acid methyl ester in excess and
      p-xylene and that contain p-toluic acid methyl ester, p-toluic acid,
      terephthalic acid monomethyl ester and terephthalic acid, to isolate pure
      terphthalic acid which comprises heating said oxidation products to an
      elevated temperature and under pressure and adding a substance selected
      from the group consisting of water, a mixture of p-xylene and water, and a
      mixture of acetic acid and water and separating the pure terephthalic acid
      from the reaction mixture.
NUM  2.
PAR  2. The process of claim 1, wherein said elevated temperature is between
      about 210.degree. and 280.degree.C.
NUM  3.
PAR  3. The process of claim 1, wherein said elevated temperature is between
      about 220.degree. and 250.degree.C.
NUM  4.
PAR  4. The process of claim 1, wherein the period of time of said
      after-treatment process ranges from between the necessary heating up time
      and 5 hours.
NUM  5.
PAR  5. The process of claim 1, wherein said after-treatment process is carried
      out continuously.
NUM  6.
PAR  6. The process of claim 5, wherein said continuous after-treatment process
      is carried out in a system of pipes.
NUM  7.
PAR  7. The process of claim 1, wherein said p-xylene is employed in an amount
      of up to about 50 percent by weight, said water in an amount of up to
      about 15 percent by weight, and said acetic acid in an amount of up to
      about 30 percent by weight, said percentages being based upn the weight of
      the oxidation product.
NUM  8.
PAR  8. The process of claim 1, wherein said oxidation products contain on the
      order of from 16 to 20 percent by weight of terephthalic acid.
NUM  9.
PAR  9. The process of claim 1, wherein said pure terephthalic acid has a
      saponification number of 676.
NUM  10.
PAR  10. The process of claim 1, wherein said substance is water.
NUM  11.
PAR  11. The process of claim 1, wherein said substance is a mixture of p-xylene
      and water.
NUM  12.
PAR  12. The process of claim 1, wherein said substance is a mixture of acetic
      acid and water.
NUM  13.
PAR  13. An after-treatment process for oxidation products, that are obtained by
      the air oxidation of a mixture of p-toluic acid methyl ester in excess and
      p-xylene and that contain p-toluic acid methyl ester, p-toluic acid,
      terephthalic acid monomethyl ester and terephthalic acid, to isolate pure
      terephthalic acid which comprises heating said oxidation products to an
      elevated temperature of between about 210.degree. and 280.degree.C. and
      under pressure and adding a substance selected from the group consisting
      of water, a mixture of p-xylene and water, and a mixture of acetic acid
      and water, the period of time of said after-treatment process ranging from
      between the necessary heating up time and five hours, and separating the
      pure terephthalic acid from the reaction mixture.
NUM  14.
PAR  14. The process of claim 13, wherein said temperature is between about
      220.degree. and 250.degree.C.
NUM  15.
PAR  15. The process of claim 14, wherein said after-treatment process is
      carried out continuously.
NUM  16.
PAR  16. The process of claim 13, wherein said p-xylene is employed in an amount
      of up to about 50 percent by weight, said water in an amount of up to
      about 15 percent by weight and said acetic acid in an amount of up to
      about 30 percent by weight, said percentages being based upon the weight
      of oxidation product.
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ABST
PAL  Production of propionic acid and propionic anhydride with the repression of
      polyketone formation by carboxylating ethylene utilizing a catalyst system
      essentially composed of an iridium compound in the substantial absence of
      added halide components.
PARN
PAR  The present patent application is a continuation-in-part of Ser. No.
      232,256 filed Mar. 6, 1972, now abandoned.
BSUM
PAR  This invention relates to an improved process for the preparation of
      propionic acid and propionic anhydride and mixtures thereof. More
      particularly it relates to processes employing improved catalyst systems
      for the reaction of ethylene with carbon monoxide in the presence of
      water, propionic acid and mixtures thereof to yield propionic acid,
      propionic anhydride and mixtures thereof. More specifically, the said
      improved catalyst systems are essentially comprised of solutions
      containing certain iridium-containing complexes and organo-containing
      ligands. However, these solutions do not contain any added
      halogen-containing promoter compounds.
PAR  Processes for the preparation of carboxylic acids and anhydrides from
      olefins, and other ethylenically unsaturated compounds, carbon monoxide,
      and water are well known in the art and have been directed to the
      production of carboxylic acids and derivatives. The prior art teaches the
      use of a number of catalysts for the synthesis of carboxylic acids by
      reaction of olefins with carbon monoxide and water at elevated
      temperatures and pressures. Catalysts such as boric, arsenic and
      monochloroacetic acids; acetyl chloride on active carbon; boron
      trifluoride; barium and calcium halides; salts and carbonyls of nickel,
      cobalt, palladium and rhodium, especially halides; have been reported to
      function for the production of carboxylic acids, anhydrides, and esters
      from reaction of olefins and carbon monoxide in the presence of water or
      other hydroxylic compounds at temperatures from 130.degree. -175.degree.C
      and pressures up to 1,000 atmospheres (1000 kg/cm.sup.2.
PAR  One disadvantage of carboxylation processes described in the prior art
      (U.S. Pat. Nos. 3,579,551 and 3,579,552) is that they employ a promoter
      component in addition to the metal catalyst component. More specifically,
      many prior art catalyst systems contain a Group VIII metal and a halide
      promoter, i.e., Cl.sup.-, Br.sup.-, and I.sup.- present as salts, free
      halogen or hydrohalic acids. The presence of these halide promoters in
      these prior art catalyst systems, however, has been found in some
      circumstances to lead to the formation of the volatile and highly
      corrosive hydrogen halides and alkyl halides derived from the reaction of
      these promoters with the olefin and water reactants in the course of the
      reaction. These halogen promoted systems, therefore, require expensive
      corrosion-resistant alloys in the construction of the reaction vessels and
      distillation equipment. A further disadvantage of these prior art
      halide-promoted catalyst systems is that upon distillation of the reaction
      product the volatile hydrogen halides, halogens and alkyl halides derived
      from the reactants also distill away from the metal catalyst system.
      Consequently, recovery systems have to be devised to allow the recycling
      of these expensive halide promoters to the reaction vessel. These problems
      seriously detract from the usefulness of the catalyst systems in processes
      described in the prior art.
PAR  In another process, shown in U.S. Pat. No. 3,437,676, it is disclosed that
      the carboxylation proceeds in the presence of a divalent palladium complex
      in the presence of hydrochloric acid, the acid content being up to 10 wt.
      percent of the liquid medium. However, the data of Examples 45-54 in this
      patent vividly illustrate a significant yield loss, e.g., 10 wt. to 30 wt.
      %, to polyketone by-product when ethylene is used as the feestock. This
      undesirable unique behavior of ethylene in other carboxylation processes
      is well-known and has been discussed in more detail by Falbe ("Carbon
      Monoxide in Organic Synthesis," Springer-Verlag, New York, 1970, p. 84).
      Palladium complexes appear to be particularly susceptible for the
      undesirable polyketone formation.
PAR  Other carboxylation processes described in the prior art claim the use of
      secondary components and/or special solvent systems to increase the normal
      acid to branched acid product ratio. Thus in U.S. Pat. No. 3,641,074
      palladium is found to be an especially effective catalyst for the
      carboxylation of octene-1 to C.sub.9 -acid products having a high
      normal/branched isomer ratio in the presence of hydrogen gas and/or an
      "acid acceptor" such as lithium acetate. However hydrogen is undesirable
      as it hydrogenates a portion of the olefin feedstock to paraffins thus
      lowering the desired acid or anhydride yields. The iridium catalysts of
      the present invention are quite effective for the carboxylation of
      ethylene to propionic acid and/or anhydride in the absence of hydrogen.
      Furthermore the addition of an acid acceptor such as lithium acetate to
      the palladium catalysts are required in U.S. Pat. No. 3,641,074, to reduce
      the concentration of reactive acid e.g. HCl, and thus aid in maintaining
      the active form of the complex catalyst. However, the iridium catalysts of
      the present invention function better at lower pH's (high acidities) and
      thus acid acceptors are unnecessary.
PAR  Furthermore the iridium catalysts of the present invention catalyze only
      the carboxylation of ethylene to propionic acid and anhydride without the
      formation of polyketones, such as are formed as major by-products when
      palladium is used as the catalyst, for example in the Badische patent.
PAR  In another carboxylation process (U.S. Pat. No. 3,661,949) the use of a
      palladium catalyst in the presence of an iron co-catalyst is described. In
      this process the iron serves to increase the normal/branched isomer
      distribution of the acids and/or anhydrides produced. The palladium-iron
      catalyst system appears to be especially useful for producing higher
      normal/branched nine carbon atom acid ratios from octene-1. Since the
      iridium catalysts of the present invention only catalyze the carboxylation
      of ethylene to propionic acid and/or anhydride, isomers are not possible
      and the iron co-catalyst would serve no useful purpose. This is desirable
      since loss of iron via volatilization of the iron carbonyl or
      precipitation can be eliminated as well as the higher carbon monoxide
      pressures which are required to keep the iron carbonyl in solution.
PAR  In still another carboxylation process (U.S. Pat. No. 3,668,249) the use of
      a solvent containing a high percentage of the branched-acid isomer to
      increase the normal/branched acid ratios is described. Once again it is
      not necessary for the catalysts of the present invention to be utilized
      with branched-acid solvents, since the products are always 100% normal
      propionic acid and/or anhydride regardless of the solvent used.
PAR  In general, the latter three patents described in the preceding paragraphs
      all attempt to increase the normal/branched acid product ratios through
      the addition of additional gases, modifiers, or co-catalysts. However, in
      the present process for the carboxylation of ethylene to propionic acid
      and/or anhydride, product isomers are not possible and therefore none of
      the modifications described in the Union Oil patents are applicable.
PAR  Quite unexpectedly, it has now been found that certain iridium complexes
      function as catalysts for carboxylation of ethylene in the absence of any
      promoter or modifier such as iodide, hydrogen, or lithium acetate, and
      yield no polyketone by-products whatsoever. The iridium catalysts which
      are thus formed are not only active and stable in the absence of halide
      promoters, but have the further advantage that they show no tendency to
      form corrosive or volatile derivatives in the reaction. In addition they
      are effective only for the carboxylation of ethylene to propionic acid
      and/or anhydride and have been found not to catalyze the carboxylation of
      higher olefins to higher acids and anhydrides, e.g., octene-1 to C.sub.9
      -acids.
PAR  It is an object of this invention to provide a process by which ethylene
      may be carboxylated to propionic acid and propionic anhydride without the
      formation of polyketone by-products. A further object of this invention is
      to provide a process which carboxylates ethylene to propionic acid and
      propionic anhydride employing a catalyst system essentially composed of an
      iridium compound in the substantial absence of added halide promoters.
      Other objects of the invention will be apparent from the following
      description of the invention.
PAR  In accordance with the present invention, ethylene is converted selectively
      by reaction in the liquid phase with carbon monoxide, and at least one
      member of the group consisting of water, propionic acid, and mixtures
      thereof. The reaction is conducted at temperatures from about 50.degree.
      to 300.degree.C, preferably 125.degree. to 225.degree.C and at partial
      pressures of carbon monoxide from 1 psia to 15,000 psia (0.07 to 1050
      kg/cm.sup.2), preferably 5 psia to 3000 psia (0.35 to 210 kg/cm.sup.2), in
      the presence of an improved catalyst system comprised of an iridium
      complex described hereinafter.
PAR  As referred to above, for the purposes of the present invention, the
      improved catalyst systems consist essentially of iridium in complex
      combination with carbon monoxide and an organo-containing ligand from the
      following group: a tertiary organophosphorus compound, a tertiary
      organoarsenic compound, a tertiary organoantimony compound, a monoolefinic
      compound and a diolefinic compound. Free halide or other promoter
      components are not necessary for these catalyst systems and are also
      undesirable since they create separation and corrosion problems as
      discussed above.
PAR  The iridium component of the complex catalyst is prepared from iridium
      species such as organometallic compounds, coordination compounds, and
      simple salts which do not contain free halide ion. Certain
      iridium-organometallic complexes containing a halide/iridium atomic ratio
      up to 2:1, e.g., chlorocarbonylbistriphenylphosphineiridium(I),
      IrCl(CO)(Ph.sub.3 P).sub.2, or
      hydroidodichlorocarbonylbistriphenylphosphineiridium(III), HlrCl.sub.2
      (CO)(Ph.sub.3 P).sub.2, may also be employed as catalyst precursors since
      the halogen-iridium bond in these complexes is maintained during the
      carbonylation process and the subsequent separation procedures. It is
      noted that the symbol (I) and (III) indicates the oxidation state of the
      metal. The use of simple halide salts such as IrCl.sub.3 or Na.sub.2
      IrCl.sub.6 where the halide/iridium ratio is 3:1 or greater, results in
      the generation of free chloride anion in the reaction mixture and thus
      does not eliminate the corrosion and separation problems described above.
      A preferred range of this halide/iridium atomic ratio is 0:1 to 2:1.
      Examples of suitable iridium compounds are shown in the following partial
      list of suitable compounds.
PA1  Hydridodicarbonylbistriphenylphosphineiridium(I), HIr(CO).sub.2 (Ph.sub.3
      P).sub.2
PA1  Chlorocarbonylbistriphenylphosphineiridium(I), IrCl(CO)(Ph.sub.3 P).sub.2
PA1  Chlorocarbonylbistributylphosphineiridium(I), IrCl(CO)[C.sub.4
      H.sub.9).sub.3 P].sub.2
PA1  Iodocarbonylbistriparatolyphosphineiridium(I), IrI(CO)[ p-CH.sub.3 C.sub.6
      H.sub.4).sub.3 P].sub.2
PA1  Acetatocarbonylbistriphenylphosphineiridium(I), Ir(CH.sub.3
      COO)(CO)(Ph.sub.3 P).sub.2
PA1  .mu.,.mu.-dichlorobis-1,5-cyclooctadienediiridium(I), [IrCl(1,5-C.sub.8
      H.sub.12)].sub.2
PA1  Bromocarbonylbistriphenylarsineiridium(I), IrBR(CO)(Ph.sub.3 As).sub.2
PA1  Tetraphenylarsonium dipropionatodicarbonyliridate(I), [(C.sub.6
      H.sub.5).sub.4 As] [Ir(CH.sub.3 CH.sub.2 COO).sub.2 (CO).sub.2 ]
PA1  Acetylacetonatodicarbonyliridium(I), Ir(C.sub.5 H.sub.7 O.sub.2)(CO).sub.2
PA1  Hydridodichlorocarbonylbistriphenylarsineiridium(III), IrHCl.sub.2
      (CO)(Ph.sub.3 As).sub.2
PA1  Trihydridotristriphenylphosphineiridium(III), IrH.sub.3 (Ph.sub.3 P).sub.3
PA1  .mu., .mu.-dichlorodicarbonyltetrakiscyclooctenediiridium(I),
      [IrCl(CO)(C.sub.8 H.sub.14).sub.2 ].sub.2
PA1  Dodecarbonyltetrairidium(O), Ir.sub.4 (CO).sub.12
PA1  Iridium(III) perchlorate trihydrate, Ir(ClO.sub.4).sub.3.sup.. 3H.sub.2 O
PAR  In the above table Ph represents the phenyl group.
PAR  Preferred examples of iridium complexes include
      hydridodicarbonylbistriphenylphosphineiridium(I), and
      .mu.,.mu.-dichlorobis- 1,5-cyclooctadienediiridium(I).
PAR  The organo-containing ligand component of the catalyst complex combination
      is selected from the group consisting of a tertiary organophosphorus
      compound, a tertiary organoarsenic compound, a tertiary organoantimony
      compound, a monoolefinic compound, and a diolefinic compound. Each organo
      moiety of the organophosphorus, -arsenic, and -antimony compounds is
      composed of an alkyl or alkoxy radical containing from 1 to 30 carbon
      atoms or an aryl or aryloxy radical containing from 6 to 30 carbon atoms.
      Consequently, the tertiary containing alkyl or alkoxy radicals have from 3
      to 90 carbon atoms, and those containing aryl and aryloxy radicals have
      from 18 to 90 carbon atoms. The aryl and arloxy radicals are preferred.
      Each of the organo moieties is monovalently bonded to the trivalent Group
      VA element, i.e., phosphorus, arsenic, or antimony, through a carbon atom
      or an aliphatic etheric oxygen atom. The organo moieties can also contain
      other substituents such as cyano and halo, e.g., chloro. The term
      "aliphatic etheric oxygen atom," as used herein, is meant to convey the
      --O-- group which is present in, for instance, the trialkylphosphites or
      the triarylphosphites. The described organophosphorus, organoarsenic, and
      organoantimony compounds all have available one unshared pair of electrons
      on the Group VA atoms which is capable of forming a coordinate bond with
      the iridium. The tertiary compounds are preferred, although the equivalent
      secondary and primary compounds may also be employed.
PAR  As stated above, monoolefinic and diolefinic compounds are also desirable
      as ligand components in the catalyst complex combination of this
      invention. The olefinic unit or units may be contained in an aliphatic,
      cyclic, acyclic, or polycyclic portion of the compound and may have from 2
      to 40 carbon atoms. The monoolefinic compounds are capable of forming one
      coordinate bond with the iridium while the diolefinic compounds are
      capable of forming two coordinate bonds.
PAR  Examples of suitable organo-containing ligands include triphenylphosphine,
      triphenylarsine, triphenylstibine, tributylphosphine,
      tri(p-tolyl)phosphine, triphenylphosphite, methyldiphenylphosphine,
      trinapthylphosphite, tri(p-chlorophenyl)phosphine,
      tri(p-cyanophenyl)phosphine, tri(p-methoxyphenyl)phosphine, cyclooctene,
      cycloheptene, 1,5-cyclooctadiene, butadiene, norbornadiene, and
      1,3-pentadiene.
PAR  The liquid reaction medium employed with the said improved catalyst system
      may be any solvent compatible with the improved catalyst system and may
      include pure olefins or saturated hydrocarbons or mixtures thereof.
      Additionally, water, propionic acid or mixtures thereof may be employed as
      solvents.
PAR  If the desired product of the reaction between the ethylene and carbon
      monoxide is propionic acid, water is added to the reaction medium to an
      amount at least stoichiometric with the ethylene reactant either at the
      initiation of the reaction or in lesser amounts as the reaction proceeds.
      If the desired reaction product is propionic anhydride, propionic acid as
      a solvent is preferably added to the reaction medium or alternatively,
      less than stoichiometric portion of water may be added to the reaction
      medium.
PAR  The present catalytic systems enable the production of 100% carboxylic acid
      or anhydrides, as desired, i.e., 100% selectivity.
PAR  The present invention is based upon the production of propionic acid and
      propionic anhydride by the transformation of ethylene with the repression
      of polyketones.
PAR  The reaction rate is dependent upon catalyst concentration and temperature.
      Concentrations of the metal compound of the catalyst system in the liquid
      phase, between 10.sup.-.sup.6 moles/liter 10.sup..sup.-.sup.1 moles/liter,
      are normally employed, with the preferred range being 10.sup.-.sup.4
      moles/liter to 10.sup.-.sup.2 moles/liter. Higher concentrations even to
      the extent of 1 mole/liter may, however, be used if desired. Higher
      temperatures also favor higher reaction rates.
PAR  The active, improved catalytic system is preferably supplied as a catalyst
      solution. The solution can also include liquid reactants, products and
      mixtures thereof which function as solvents or reaction media.
DETD
PAR  The following examples illustrate specific embodiments of the invention,
      but are not limitative of the scope thereof.
PAC  EXAMPLE 1
PAR  A batch reactor is charged with the following ingredients: 0.309 g(0.4
      mmole) of hydridodicarbonylbistriphenylphosphineiridium(I), HIr(CO).sub.2
      (Ph.sub.3 P).sub.2, as catalyst precursor and 80 ml of propionic acid as
      the solvent.
PAR  The reactor is pressured to 50 psig (3.5 kg/cm.sup.2) with carbon monoxide
      and then heated to 195.degree.C. After reaching the desired reaction
      temperature, 195.degree.C, the reactor is then pressured to 700 psig (49
      kg/cm.sup.2) with a 50/50 mole % CO/C.sub.2 H.sub.4 gas blend. The
      reaction is carried out at constant pressure by feeding the gas blend from
      a high pressure reservoir into the reactor. During the reaction time of
      ca. 40 hrs., 1660 psig (14.8 liters) of feed gas is consumed.
PAR  The reaction mixture is subsequently analyzed by gas chromatography,
      indicating
PA1  52 wt.% propionic anhydride
PA1  45 wt.% propionic acid
PAL  without the production of any polyketones.
PAR  Propionic acid is not produced in this example. The reduction of the amount
      of propionic acid stoichiometrically corresponds to the amount of
      propionic anhydride produced in this example.
PAR  The reaction mixture is subsequently distilled under one atmosphere of
      carbon monoxide until only 20 ml of catalyst residue remain in the
      distillation pot. This residue is diluted with 60 ml of propionic acid and
      the resulting solution recharged to the autoclave using the same heat-up
      procedure and conditions as described above. During this second reaction
      time of 23 hours, ca. 630 psig (5.6 liters) of feed gas is consumed.
PAR  The reaction mixture is subsequently analyzed by gas chromatography,
      indicating
PA1  42 wt. % propionic anhydride
PA1  58 wt. % propionic acid.
PAR  No polyketones are formed.
PAR  The reaction mixture is again distilled to remove the product propionic
      acid after which the catalyst residue is recharged to the reactor with
      resultant retention of the original activity.
PAR  In contradistinction to the above results, the use of palladium in U.S.
      Pat. No. 3,437,676 in Example 45 gives ethyl propionate as the major
      product, but with about 30 wt. % of undesirable polyketones.
PAC  EXAMPLE 2
PAR  A batch reactor is charged with the following ingredients: 0.312 g (0.4
      mmole) of chlorocarbonylbistriphenylphosphineiridium(I), IrCl(CO)(Ph.sub.3
      P).sub.2, as the catalyst precursor and as the reactants, 80 ml of aqueous
      propionic acid (containing 4 ml of H.sub.2 O and 76 ml of propionic acid).
      Thus the acid concentration is 95% by weight.
PAR  The reactor is pressured to 50 psig (3.5 kg/cm.sup.2) with carbon monoxide
      and then heated to 195.degree.C. After reaching the desired temperature,
      195.degree.C, the reactor is pressured to 700 psig (49 kg/cm.sup.2), with
      a 50/50 mole % CO/C.sub.2 H.sub.4 gas blend. The reaction is carried out
      at constant pressure by feeding the gas blend from a high pressure
      reservoir into the reactor. During the reaction time of 24 hours, 2290
      psig (20.5 liters) of feed gas is consumed.
PAR  The reaction mixture is subsequently analyzed by gas chromatography,
      indicating
PA1  32 wt. % propionic anhydride
PA1  65 wt. % propionic acid.
PAL  Thus, both propionic anhydride and propionic acid are produced (but without
      any polyketones being formed).
PAR  In another experiment, this same reaction is terminated after the
      consumption of 0.22 mole of carbon monoxide and 0.22 mole of ethylene,
      which corresponds to 100% conversion of the water to propionic acid. Thus,
      the product consists entirely of propionic acid.
PAR  In still another experiment, the residue after product distillation is
      recycled and found to be almost equally active, but again with no
      formation of polyketones.
PAR  This recycle test also demonstrates that the chlorine ligand of
      IrCl(CO)(Ph.sub.3 P).sub.2 is not dissociated from the complex, and is not
      present as free chloride ion, nor as ethyl chloride, inasmuch as no
      chloride is lost during the distillation step. Consequently, there is no
      promoter action due to extraneous HCl or organic chloride, dissociation
      products; instead the chloride bond of the iridium complex remains fixed.
PAR  As further examples of useful iridium complexes, equivalent reactivity
      under the same conditions result from the use of the same molar
      concentrations of hydridodichlorotristriphenylarsineiridium(III),
      HIrCl.sub.2 (Ph.sub.3 As).sub.3 or
      hydridodiiodocarbonylbistritolylstibineiridium(III), HIrI.sub.2 (CO)
      [(CH.sub.3 C.sub.6 H.sub.4).sub.3 Sb].sub.2. However, the use of
      IrCl.sub.3 at an equivalent concentration in a similar test shows only a
      very slow reaction rate.
PAR  In contradistinction to the above results, the use of palladium in U.S.
      Pat. No. 3,437,676 in Example 45 gives ethyl propionate as the major
      product, but with about 30 wt. % of undesirable polyketones.
PAC  EXAMPLE 3
PAR  A batch reactor is charged with the following ingredients: 0.132 g(0.4
      mmole Ir) of .mu.,.mu.-dichlorobiscyclooctadienediiridium(I);
      [IrCl(COD)].sub.2 where COD is 1,5-cyclooctadiene, as the catalyst
      precursor and 80 ml of propionic acid as the solvent.
PAR  The reactor is pressured to 50 psig (3.5 kg/cm.sup.2) with carbon monoxide
      and then heated to 195.degree.C. After reaching the desired reaction
      temperature, 195.degree.C, the reactor is pressured to 700 psig (49
      kg/cm.sup.2) with a 50/50 mole % CO/C.sub.2 H.sub.4 gas blend. The
      reaction is carried out at constant pressure by feeding the gas blend from
      a high pressure reservoir into the reactor. During the reaction of ca. 21
      hrs,. 1905 psig (17.1 liters) of feed gas is consumed.
PAR  The reaction mixture is subsequently analyzed by gas chromatography
      indicating
PA1  62 wt. % propionic anhydride
PA1  35 wt. % propionic acid
PAL  no polyketones are formed.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is also employed in additional experiments. In
      the present example, the use of a cobalt catalyst,
      hexacarbonylbistriphenylphosphinedicobalt(O), Co.sub.2 (CO).sub.6
      (Ph.sub.3 P).sub.2 is shown. The solvent for this cobalt compound is
      acetic acid which is charged with 2.8 molar water present. It is found
      that the gas uptake is only 70 psig (0.6 liters) over a 24 hour period.
      Yields of propionic acid and anhydride are negligible (0.6% by weight).
      This example definitely shows the inferiority of the analogous cobalt
      catalyst system for ethylene carboxylation relative to the iridium
      catalyst system of Example 1.
PAC  EXAMPLE 5
PAR  The use of a rhodium catalyst is shown with the employment of
      hydridocarbonyltristriphenylphosphinerhodium(I), HRh(CO)(Ph.sub.3
      P).sub.3. The solvent for this rhodium compound is propionic acid, which
      is employed without any water being present. In a 24-hour run, it is found
      that no uptake of ethylene--carbon monoxide occurs, so that no carboxylic
      acid is obtained. The reaction temperature in this experiment is
      175.degree.C. In a comparative experiment utilizing an iridium catalyst at
      the same temperature, the catalyst precursor
      hydridodicarbonylbistriphenylphosphineiridium(I), HIr(CO).sub.2 (Ph.sub.3
      P).sub.2, is also dissolved in propionic acid in the absence of water. The
      product in this instance is a propionic anhydride. This example definitely
      shows the inferiority of the analogous rhodium catalyst system for
      ethylene carboxylation relative to the iridium catalyst system of Example
      1.
PAC  EXAMPLE 6
PAR  This example shows the use of an alkyl phosphine ligand in the catalyst
      complex. The procedure of Example 1 is followed utilizing as the catalyst
      chlorocarbonylbistributylphosphineiridium(I), IrCl(CO)(Bu.sub.3 P).sub.2.
      The solvent for the aforesaid catalyst component is propionic acid
      containing 2.8 molar water. The gas uptake (psig) over a 24.8-hour period
      is greater than 1,430 psig (12.8 liters). The product distribution is 24.2
      wt. % propionic acid.
PAR  No polyketones are formed.
PAR  Table I below summarizes the results of Examples 1, 2, 3 and 6:
TBL                TABLE I                                                     
     ______________________________________                                    
     Catalyst       [H.sub.2 O].sub.o (M.)                                     
                                 Analysis (wt. %)                              
     ______________________________________                                    
     IrH(CO).sub.2 (Ph.sub.3 P).sub.2                                          
                    0            52% C.sub.3 anhydride                         
                                 45% C.sub.3 acid                              
     IrCl(CO)(Ph.sub.3 P).sub.2                                                
                    2.8          32% C.sub.3 anhydride                         
                                 65% C.sub.3 acid                              
     [IrCl(1,5-C.sub.3 H.sub.12 ].sub.2                                        
                    0            62% C.sub.3 anhydride                         
                                 35% C.sub.3 acid                              
     IrCl(CO)(Bu.sub.3 P).sub.2                                                
                    2.8          74% C.sub.3 anhydride                         
                                 24% C.sub.3 acid                              
     ______________________________________                                    
      [Ir].sub.o = 5 .times. 10.sup.-.sup.3 M., Temp. = 195.degree.C, Press. = 
      700 psig, Olefin = C.sub.2 H.sub.4 Gas Feed = 50/50 mole% CO/C.sub.2     
      H.sub.4, Solvent = Propionic Acid                                        
PAL  The above data shows that iridium catalysts are highly effective in the
      selective carboxylation of ethylene to propionic anhydride in the absence
      of added halide promoters, without the production of polyketones.
PAC  EXAMPLE 7
PAR  The above general procedure of Example 2 is also employed in the following
      tests employing cobalt, palladium and rhodium as catalysts and ethylene as
      the feedstock. The test data are summarized herewith in Table II, together
      with the data of Example 2 for comparison:
TBL                TABLE II                                                    
     ______________________________________                                    
     Catalyst      Temp. (.degree.C)                                           
                               Analysis (wt.%)                                 
     ______________________________________                                    
     IrCl(CO)(Ph.sub.3 P).sub.2.sup.1                                          
                   195.degree. 52% C.sub.3 anhydride                           
                               45% C.sub.3 acid                                
     Co.sub.2 (CO).sub.6 (Ph.sub.3 P).sub.2                                    
                   195.degree. 0.6% C.sub.3 acid                               
     RhH(CO)(PH.sub.3 P).sub.3                                                 
                   175.degree. 0% C.sub.3 acid or anhy-                        
                               dride                                           
     PdCl.sub.2 (Ph.sub.3 P).sub.2                                             
                   125.degree. 0% C.sub.3 acid or anhy-                        
                               dride                                           
     ______________________________________                                    
      [Metal].sub.o = 5 .times. 10.sup..sup.-3 M., Press. = 700 psig, Olefin = 
      C.sub.2 H.sub.4, Gas Feed = 50/50 mole % CO/C.sub.2 H.sub.4, Solvent =   
      HOAc, [H.sub.2 O].sub.o = 2.8 M.                                         
      .sup.1 Example 2, Solvent = Propionic Acid.                              
      .sup.2 [H.sub.2 O].sub.o = O.M.                                          
PAR  The results of these experiments clearly demonstrate the superiority of
      iridium over cobalt, rhodium, and palladium catalysts for the
      carboxylation of ethylene to propionic acid and anhydride in the absence
      of added halide promoters. Palladium is also unique in causing the
      production of polyketones, as is also recognized in the prior art (U.S.
      Pat. No. 3,437,676).
PAC  EXAMPLE 8
PAR  The above general procedures are employed in Example 8 but with various
      olefinic feedstocks. The data are summarized below, together with Example
      2 for comparison.
TBL                TABLE III                                                   
     ______________________________________                                    
     Catalyst    Olefin        Analysis (wt.%)                                 
     ______________________________________                                    
     IrCl(CO)(Ph.sub.3 P).sub.2.sup.1                                          
                 C.sub.2 H.sub.4                                               
                               52% C.sub.3 anhydride                           
                               45% C.sub.3 acid                                
     IrCl(CO)(Ph.sub.3 P).sub.2                                                
                 C.sub.3 H.sub.6                                               
                               0% C.sub.4 acid or anhy-                        
                               dride                                           
     IrH(CO).sub.2 (Ph.sub.3 P).sub.2                                          
                 C.sub.3 H.sub.6                                               
                               0% C.sub.4 acid or anhy-                        
                               dride                                           
     IrHI.sub.2 (CO)(Ph.sub.3 P).sub.2                                         
                 .alpha.-C.sub.12 H.sub.24                                     
                               0% C.sub.13 acid or anhy-                       
                               dride                                           
     IrCl(CO)(Ph.sub.3 P).sub.2                                                
                 isomerized    0% C.sub.13 acid or anhy-                       
                 C.sub.23 H.sub.24                                             
                               dride                                           
     IrCl(CO)(Ph.sub.3 P).sub.2.sup.4                                          
                 hexene-2 and -3                                               
                               0% C.sub.7 acid or anhy-                        
                               dride                                           
     ______________________________________                                    
      [Ir].sub.o = 5 .times. 10.sup..sup.-3 M., Temp. = 195.degree.C, Press. = 
      700 psig, Gas Feed = 100% CO, Solvent = Propionic acid, [H.sub.2 O].sub.o
      = 2.8 M.                                                                 
      .sup.1 Example 2, Gas Feed = 50/50 Mole % CO/C.sub.2 H.sub.4             
      .sup.2 [H.sub.2 O] .sub.o = O M.                                         
      .sup.3 Temp. = 185.degree.C, Press. = 630 psig                           
      .sup.4 [H.sub.2 O] = 4.9 M.                                              
PAR  The above data shows that the iridium catalysts without halide promoters,
      while effective for carboxylating ethylene, are ineffective with higher
      olefins, e.g., propylenes, hexenes and dodecenes.
PAR  The results of Examples 7 and 8 demonstrate the very narrow range in which
      the present process is useful. Thus iridium in the absence of a halide
      promoter is unique as a catalyst for the carboxylation of ethylene to
      propionic acid and anhydride with the repression of polyketone formation.
      Yet it is not effective for the carboxylation of higher olefins.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for production of propionic acid, propionic anhydride and
      mixtures thereof with the repression of polyketones wherein ethylene is
      reacted, in the absence of hydrogen, with carbon monoxide and at least one
      member of the group consisting of water, propionic acid and mixtures
      thereof, at a temperature of 50.degree. to 300.degree.C, the improvement
      which comprises contacting the said reactants in the presence of a
      catalyst system consisting essentially of an iridium complex containing at
      least one ligand selected from the group consisting of
PA1  a tertiary organophosphorus compound of 3 to 90 carbon atoms,
PA1  a tertiary organoarsenic compound of 3 to 90 carbon atoms,
PA1  a tertiary organoantimony compound of 3 to 90 carbon atoms,
PA1  an olefinic compound of 2 to 40 carbon atoms,
PA1  and an organo-diolefinic compound of 2 to 40 carbon atoms
PAL  in the substantial absence of added halide components.
NUM  2.
PAR  2. In a process for production of propionic acid, propionic anhydride and
      mixtures thereof with the repression of polyketones wherein ethylene is
      reacted, in the absence of hydrogen, with carbon monoxide and at least one
      member of the group consisting of water, propionic acid, and mixtures
      thereof, at a temperature of 50.degree. to 300.degree.C, the improvement
      which comprises contacting the said reactants in the presence of a
      catalyst system consisting essentially of an iridium complex, containing
      carbon monoxide, and at least one ligand selected from the group
      consisting of
PA1  a tertiary organophosphorus compound of 3 to 90 carbon atoms,
PA1  a tertiary organoarsenic compound of 3 to 90 carbon atoms,
PA1  a tertiary organoantimony compound of 3 to 90 carbon atoms,
PA1  an olefinic compound of 2 to 40 carbon atoms,
PA1  and an organo-diolefinic compound of 2 to 40 carbon atoms
PAL  in the substantial absence of added halide components.
NUM  3.
PAR  3. Process as in claim 1 in which the tertiary ligand is a tertiary aryl or
      aryloxy phosphorus compound.
NUM  4.
PAR  4. Process as in claim 1 in which iridium complex is provided by an iridium
      complex in which the iridium is in the plus one, (+I), oxidation state.
NUM  5.
PAR  5. Process as in claim 1 in which the iridium complex is provided by an
      iridium complex in which the iridium is in the plus, three, (+III),
      oxidation state.
NUM  6.
PAR  6. Process as in claim 1 in which the atomic ratio of halogen to iridium of
      the iridium complex as charged to the process is from 0:1 to 2:1.
NUM  7.
PAR  7. Process as in claim 2 in which the iridium complex is provided by
      hydridodicarbonylbistriphenylphosphineiridium(I).
NUM  8.
PAR  8. Process as in claim 1 in which the catalyst system is provided by
      .mu.,.mu.-dichlorobis-1,5-cyclooctadienediiridium(I).
NUM  9.
PAR  9. Process as in claim 2 in which the catalyst system is provided by
      chlorocarbonylbistriphenylariineiridium(I).
NUM  10.
PAR  10. Process as in claim 2 in which the catalyst system is provided by
      acetatocarbonylbistriphenylphosphineiridium(I).
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PAL  The present invention relates to an improved process for the preparation of
      propionic acid, specifically by the reaction of ethylene with carbon
      monoxide and water at mild pressure, in the presence of catalyst
      compositions essentially comprising critical proportions of cobalt
      compounds with an iodide promoter.
BSUM
PAR  This invention relates to an improved process for the production of
      propionic acid. More particularly, it relates to a process for the
      reaction of ethylene with carbon monoxide and water in the presence of
      catalyst compositions essentially comprising critical ratios of cobalt
      compounds and complexes and an iodide promoter to yield propionic acid
      selectively and efficiently at mild pressure.
PAR  Processes for the preparation of carboxylic acids from olefins, and other
      ethylenically unsaturated compounds, carbon monoxide and water are well
      known in the art and have been directed to the production of carboxylic
      acids and ester derivatives. The prior art teaches the use of a number of
      catalysts for the synthesis of carboxylic acids by reaction of olefins
      with carbon monoxide and water at elevated temperatures and pressures.
      Catalysts such as phosphoric, boric, arsenic and monochloroacetic acids;
      acetyl chloride on active carbon; boron trifluoride; barium and calcium
      halides; salts and carbonyls of nickel and cobalt, especially halides; and
      in general, the Group VIII metals, and simple salts, carbonyls and
      complexes; have been reported to function for the production of carboxylic
      acids and esters by reaction of olefins and carbon monoxide in the
      presence of water or other hydroxylic compounds at temperatures from
      130.degree.C - 375.degree.C and pressures up to 1,000 atmospheres.
      However, even under such severe conditions the yields of acid were
      substantially poor, and therefore, uneconomical. Somewhat less severe
      reaction conditions of temperature and/or pressure have been reported in
      the literature employing specific catalyst compositions, e.g., 200.degree.
      C to 300.degree.C and 150 to 200 atmospheres in the presence of 87%
      phosphoric acid; 300.degree.C to 375.degree.C and 450 to 740 atmospheres
      in the presence of nickel carbonyl promoted by nickel chloride and
      hydrochloric acid; or 85.degree.C to 250.degree.C and 100 to 1,000
      atmospheres in the presence of palladium phosphine complex catalysts.
PAR  Even using the prior art specific catalyst compositions and reaction
      conditions, substantially poorer yields of the desired carboxylic acid
      product and substantially slower reaction rates are obtained than those
      achieved in the process of this invention.
PAR  Certain disadvantages present in the carbonylation processes described in
      the prior art are catalyst instability, lack of product selectivity, low
      levels of catalyst reactivity and high levels of halide promoter required.
      One particular disadvantage of olefin carbonylation processes of the prior
      art is their dependence upon the use of catalysts comprised of metal
      carbonyls or certain modified metal carbonyls which do not have critical
      proportions of iodide present including dicobalt octacarbonyl, iron
      carbonyl and nickel carbonyl, all of which require the use of high partial
      pressures of carbon monoxide to remain stable under the necessarily high
      reaction temperatures employed. For example, dicobalt octacarbonyl
      requires partial pressures of carbon monoxide as high as 3,000 psig to
      10,000 psig under normal carbonylation conditions of 175.degree.C to
      300.degree.C. Furthermore the present carbonylation process to propionic
      acid requires water as a reactant. For a dicobalt octacarbonyl catalyst
      the water would cause decomposition of the octacarbonyl with resultant
      precipitation of the cobalt metal.
PAR  Another disadvantage of these metal carbonyl catalyst systems such as
      nickel carbonyl is their volatility at reaction conditions. Thus expensive
      metal recovery equipment is required to maintain the metal in the reactor
      or recycle the metal component to the reactor after catalyst separation.
PAR  Still another disadvantage of carbonylation processes for ethylenically
      unsaturated compounds disclosed in the prior art is their relatively low
      level of activity. This low level of activity requires higher catalyst
      concentrations, higher halogen concentrations, longer reaction times, and
      higher temperatures to obtain substantial reaction rates and conversions.
      Consequently, very large and costly processing equipment is required.
PAR  Still another disadvantage of carbonylation processes of the prior art for
      producing carboxylic acid from olefins is the necessity of using extremely
      high partial pressures of carbon monoxide of the order of 1500 to 15,000
      psig to accomplish efficient reaction when high concentrations and high
      ratios of halide promoter (expressed as atoms of halide per atom of metal
      catalyst moiety) are employed with both Group VIII, first row (iron,
      cobalt and nickel), and noble metals as catalysts.
PAR  Another disadvantage of carbonylation processes disclosed heretofore, which
      employ feedstocks having ethylenically unsaturated linkages, is their
      inability to maintain high selectivity to the desired carboxylic acid at
      temperatures and halogen promoter levels required for high conversion
      levels and high reaction rates. At these higher temperatures and higher
      halide promoter concentrations undesirable byproducts comprising
      substantial amounts of ethers, aldehydes, ketones, lactones, esters,
      higher carboxylic acids and alcohols, carbon dioxide, methane and water
      are formed, thereby resulting in substantial yield losses and
      necessitating additional product purification and recycle steps in the
      processing.
PAR  It is therefore, an object of the present invention to overcome the above
      disadvantages and thus provide an improved and more economically and
      commercially feasible carbonylation process for the production of
      propionic acid from ethylene, in liquid phase and vapor phase processes at
      low pressure.
PAR  Another object of this invention is to provide a more reactive, less
      volatile, more stable carbonylation catalyst composition than has been
      heretofore described in the prior art.
PAR  Still another object of the present invention is to provide a more
      selective and more reactive carbonylation catalyst composition for the
      production of propionic acid from ethylene.
PAR  Another object of the present invention is to provide a carbonylation
      catalyst composition which results in the production of a higher yield of
      the desired carboxylic acid with no substantial formation of ethers,
      aldehydes, ketones, lactones, higher carbon number carboxylic acids and
      alcohols, carbon dioxide, methane, water and other undesirable byproducts.
PAR  Still another object of the present invention is the provision of an
      improved carbonylation process enabling the efficient and selective
      production of propionic acid by reaction of ethylene with carbon monoxide
      and water at low pressure in the presence of an improved and more stable
      catalyst, thus enabling the use of lower catalyst concentration, lower
      temperature, and shorter contact time than has been generally possible
      heretofore.
PAR  In accordance with the present invention superior yields of propionic acid
      are obtained by reaction of ethylene in the liquid phase or vapor phase
      with carbon monoxide and water at temperatures from about 50.degree.C to
      300.degree.C, preferably 125.degree.C to 225.degree.C, and at partial
      pressures of carbon monoxide from 1 psia to 1500 psia, preferably 25 psia
      to 800 psia although higher pressure may be employed, in the presence of a
      catalyst system comprising a cobalt containing component, and an iodide
      promoter portion used in critical ratios defined herein. The present
      process is particularyly advantageous at lower pressure, although higher
      pressures may also be used.
PAR  For purposes of the present invention, the catalyst system essentially
      includes both cobalt and iodide components. Generally, the cobalt
      component of the catalyst system of the present invention is believed to
      be present in the form of a coordination compound of cobalt with an iodide
      component providing at least one of the ligands of such coordination
      compound. In addition to the cobalt and iodide, in the process of the
      present invention, these coordination compounds also generally include
      carbon monoxide ligands. Other moieties may be present if desired.
      Generally it is preferred that the catalyst system contain as a promoting
      component, an excess of iodide over that present as ligands in the
      coordination compound. The terms "coordination complex" used throughout
      this specification means a compound or complex formed by combination of
      one or more electronically rich molecules or atoms capable of independent
      existence with one or more electronically poor molecules or atoms, each of
      which may also be capable of independent existence.
PAR  The essential cobalt and iodide components of the catalyst system of the
      present invention may be provided by introducing into the reaction zone a
      coordination compound of cobalt containing iodide ligands or may be
      provided by introducing into the reaction zone separately a cobalt
      compound and an iodide compound. Among the materials which may be charged
      to the reaction zone to provide the metal component of the catalyst system
      of the present invention are cobalt metal, cobalt salts and oxides, organo
      cobalt compounds, coordination compounds of cobalt and the like. Specific
      examples of materials capable of providing the metal constituent of the
      catalyst system of the present invention may be taken from the following
      non-limiting partial list of suitable materials. Chemical and/or physical
      treatment of the metal precursor may be desirable as discussed below, in
      order to render the cobalt moiety in the proper valence state and ligand
      environment. For example, cobalt complexes containing stable chelating
      ligands, such as trisacetylacetonato cobalt (III), may be treated
      chemically to remove or destroy the bidentate chelate ligands in order
      that transformation to the proper valence state and ligand configuration
      can be accomplished.
TBL  Co metal           Co(SnCl.sub.3)[(C.sub.6 H.sub.5).sub.3 P].sub.3        
     CoCl.sub.2         Co[(C.sub.6 H.sub.5).sub.3 As].sub.2 Cl.sub.2          
     CoBr.sub.2         Co[(C.sub.6 H.sub.5).sub.3 P].sub.2 Cl.sub.2           
     CoI.sub.2          Co(C.sub.5 H.sub.5 N).sub.2 Cl.sub.2                   
     CoCl.sub.2.4H.sub.2 O                                                     
                        CoO, Co.sub.2 O.sub.3                                  
     CoBr.sub.2.4H.sub.2 O                                                     
                        K.sub.3 Co(NO.sub.2).sub.6                             
     Co[(C.sub.6 H.sub.5).sub.3 P].sub.2 I.sub.2                               
                        Co (CH.sub.3 CCH CCH.sub.3).sub.2                      
                        .parallel..parallel.                                   
     Co[(C.sub.6 H.sub.5).sub.3 P].sub.2 I.sub.2                               
                        OO                                                     
PAR  Also in the presence of certain biphyllic ligands detrimental effects have
      been observed on reaction rate employing the cobalt/iodide catalyst sytem
      for propionic acid production. In contradistinction to other Group VIII
      metal catalyst systems which require biphyllic ligands e.g.
      (triphenylphosphine) as essential components for the synthesis of
      propionic acid, the cobalt/iodide catalyst system of the present propionic
      acid forming processes may contain but do not require such biphyllic
      ligands. Iodide in excess of that present as ligands in the coordination
      compound may be used to quarternize the biphyllic ligands if present on
      the cobalt compound initially charged to the reactor. If preferred, the
      quaternary salts thus formed may then be removed from the reaction medium
      prior to the synthesis of propionic acid as taught herein.
PAR  With those materials listed above as capable of providing the metal
      component which do not contain an iodine component, it will be necessary
      to introduce into the reaction zone such as iodide component. For example,
      if the cobalt component introduced is cobalt metal or Co.sub.2 O.sub.3, it
      will be necessary to also introduce a halide component such as ethyl
      iodide, hydrogen iodide, iodine or the like.
PAR  As noted above, while the iodide component of the catalyst system may be in
      combined form with the cobalt as for instance, as one or more ligands in a
      coordination compound, it generally is necessary to have an excess of
      iodide present in the catalyst system as a promoting component. A critical
      part of the present invention is the amount of excess iodide used. By
      excess is meant an amount of iodide greater than 2 atoms of iodide per
      atom of cobalt in the catalyst system.
PAR  The use of excess iodide is critical in prevention of volatilization of
      cobalt as the carbonyl and decomposition to the metal. Use of iodide to
      cobalt atom ratios as taught herein of at least 2.1:1 and preferably 2.5:1
      prevents such volatization and decomposition of the catalyst both during
      the reaction and subsequent distillation of the crude propionic acid
      reaction product for recycle of the soluble cobalt components with iodide
      present to the reactor. At iodide to cobalt atom ratios less than 2:1
      cobalt losses are observed in the effluent gas stream and on the equipment
      walls resulting in the need for expensive recovery systems or large cost
      for lost cobalt.
PAR  The promoting compound of the catalyst system consists of an iodine and/or
      iodine compound such as hydrogen, iodide, alkyl or aryl iodide, metal
      iodide, ammonium iodide, phosphonium iodide, arsonium iodide, stibonium
      iodide and the like. The iodide of the promoting component may be the same
      or different from that already present as ligands in the coordination
      compound of cobalt. Accordingly, suitable iodide providing or promoting
      components may be selected from the following list of iodine and/or
      iodide-containing compounds.
TBL  RX    where   R=any alkyl-or e.g. C.sub.2 H.sub.5 I, C.sub.6 H.sub.5 I,   
                                  etc.                                         
                   aryl group (Pref-                                           
                   erably 1 to 20                                              
                   carbon atoms                                                
           and     X= I                                                        
     X.sub.2                                                                   
           where   X=I            e.g. I.sub.2                                 
     HX    where   X=I            e.g. HI                                      
     RCX   where   R= any alkyl-or                                             
                                  e.g. CH.sub.3 CI etc.                        
     .parallel.    aryl group     .parallel.                                   
     O                            O                                            
           and     X=I                                                         
     R.sub.4 MX, R.sub.4 MX.sub.3, or R.sub.3 MX.sub.2                         
     where     R=hydrogen or any e.g. Ph.sub.3 I.sub.2                         
               alkyl-                                                          
               M=N, P, As or Sb (C.sub.6 H.sub.5).sub.3 PI.sub.2 and/or        
                        combinations of P,                                     
                        M and X                                                
PAR  It has been discovered that critical ratios of iodide promoter to active
      metal catalyst, expressed as atoms of iodide in the promoter portion to
      atoms of cobalt in the active portion of the catalytic systems, exist.
      Within the range of these critical ratios, very reactive, non volatile,
      stable and selective ethylene carboxylation catalyst systems comprised of
      iodide promoter, and active metal component provided by cobalt precursors,
      are found that function very efficiently at milder temperatures and
      pressures than were heretofore possible. The optimum critical ratio of
      promoter iodide atom as in the range of 2.1:1 to 35:1 for reaction of
      ethylene, carbon monoxide and water in aqueous carboxylic acid solvent
      systems. More preferably the range of critical ratios of halide to metal
      atom employed are 2.5:1 to 25:1.
PAR  The existence of this critical ratio of iodide to cobalt is quite
      unexpected. Thus for the carboxylation of methanol with an iodide-promoted
      cobalt catalyst the rate has been reported to linearly increase with
      increasing iodide to cobalt ratio [J. Chem. Soc. Japan (Ind. Chem. Soc.)
      65, 1054 (1962]. Hence it is surprising to find that by operating in the
      narrow range of iodide to cobalt ratios specified herein, it is possible
      to operate not only with excellent reaction rates but at much lower carbon
      monoxide pressures than hitherto thought possible with cobalt
      carboxylation catalysts. All previous reports of cobalt carboxylation
      catalysts involve the use of high pressures of carbon monoxide. Thus in
      U.S. Pat. No. 2,448,368, U.S. Pat. No. 2,510,105, British Patent 760,409
      and Annalen 582, 38-71 (1953) cobalt catalysts are used for olefin
      carboxylation and pressures in excess of 3000 psi of carbon monoxide are
      required in all cases. By contrast, the catalyst systems described herein
      operate very satisfactorily at pressures less than 1500 psig of carbon
      monoxide and preferably less than 800 psig of carbon monoxide.
PAR  A further advantage is obtained by employing the catalyst system described
      herein. It is found that by operating within the narrow critical range of
      iodide promoter to cobalt catalyst specified herein that extremely rapid
      reaction rates can be obtained at temperatures less than 200.degree.C. By
      contrast the cobalt catalysts employed in the references cited above
      require much higher temperatures but even then give slower reaction rates.
PAR  Outside the range of critical ratios of iodide to metal atoms, particularly
      at the higher iodide levels, the reaction efficiency and yield is
      drastically reduced. For example at the higher iodide levels,
      significantly higher partial pressure of carbon monoxide is required for
      the reaction to proceed at an appreciable rate. Also at the higher iodide
      levels, i.e. higher ratios of iodide to cobalt, e.g. 40:1, the specificity
      to carboxylic acid product, i.e. propionic acid, is significantly reduced
      and numerous oxygenated byproducts such as ketones, lactones, aldehydes
      etc. are formed including oxygenated derivatives of ethylene oligomers of
      higher molecular weight.
PAR  The exact nature of the optimum critical ratio of promoter iodide to metal
      atom of the catalytic system has not been completely elucidated and may
      vary as a function of other reaction parameters including solvent
      composition, absolute concentration of catalyst components, e.g. metal and
      iodide constituents, and water concentrations.
PAR  Generally it is preferred that the process of the present invention be
      carried out in an acidic reaction medium. For purposes of the present
      invention, an acidic reaction medium is defined as one in which an alkyl
      halide is present or will be formed. For example, when the feed is
      ethylene, the alkyl iodide will be the ethyl iodide. Such alkyl iodide may
      be added to the reaction medium as such or may be formed in situ within
      the reaction medium from the ethylene feed and the iodide present in the
      catalyst system. The reaction medium is considered acidic when under
      reaction conditions as herein set forth, at least 0.1% by wt. of the total
      iodide in the system is present as the alkyl iodide.
PAR  The preparation of the active catalyst complex which includes both metal
      and iodide promoter components may be accomplished by a variety of
      methods. In general, in the process of this invention, it is convenient to
      preform the active carbonylation catalyst system which contains both metal
      and iodide promoter components. For example, to prepare the catalyst
      system, the metal component of the catalyst system, e.g. finely divided
      cobalt metal (powder), a simple cobalt salt or compound as a precursor is
      dissolved in a suitable medium, and carbon monoxide is bubbled through the
      above solution, preferably while maintaining gentle heating and stirring
      of the solution. Then a solution of the desired iodide promoter source is
      added to form an active catalytic solution containing the necessary metal
      and iodide promoter components.
PAR  Another embodiment of the present invention employs compounds of divalent
      cobalt initially- For example, divalent cobalt compounds such as
      Co[(C.sub.6 H.sub.5).sub.3 P].sub.2 I.sub.2 and Co (pyridine).sub.2
      I.sub.2 etc. are dissolved in a suitable solvent that is preferably warmed
      and stirred. Subsequent addition of a solution of the iodide promoter,
      e.g. alkyl iodide, elemental iodine, aqueous HI etc., results in formation
      of an active carbonylation catalyst solution.
PAR  Alternate embodiments of the present invention include use of other cobalt
      components in various oxidation states and ligand environments, e.g.
      metals (zero valence state), cobalt salts, e.g. CoCl.sub.2 (+2 valence
      state), other compounds, e.g. cobalt acetylacetonate (+3 valence state),
      etc.; with suitable chemical reagents to accomplish the desired
      transformation of the precursor to an active catalytic complex species.
      Such reagents include reducing agents, e.g. hydrogen, carbon monoxide,
      hydrazine, formic acid, phenylhydrazine, etc.; and oxidizing agents, e.g.
      elemental halogen (I.sub.2), mineral acids (HNO.sub.3, HI), peroxides
      (H.sub.2 O.sub.2, cumene hydroperoxide, etc.).
PAR  This catalytic solution containing the necessary metal and iodide
      components is then ready for use as discussed above, and may be employed
      as a liquid phase or vapor phase catalyst. As discussed above it is
      beneficial and desirable to have the concentration of the second component
      or promoter portion of the catalyst system, for example, iodide such as HI
      or I.sub.2, in excess of that required to form a stoichiometric compound
      such as described above. In the same way the two components, e.g. a metal
      compound containing the iodide component may be provided in a single
      molecule by beginning with metal diiodide as the catalyst precursor for
      the reaction of ethylene with carbon monoxide and water to produce
      propionic acid. The present discussion is based upon the catalyst
      precursors as charged. The ultimate nature of the catalyst as modified by
      reaction conditions, and the presence of promoters and reactants has not
      been completely elucidated. However, it has been found that the use of the
      components as described herein provides a highly superior catalyst and
      process for the production of propionic acid.
PAR  As discussed above the reaction system consists of catalytic amounts of
      iodide and cobalt components charged in critical ratios as defined herein.
      The use of catalytic quantities of these two components within critical
      ratios in the present invention is in contradistinction to prior art
      processes which employed certain halide promoters in substantially
      stoichiometric proportion to the olefinic feed, e.g. 1 mole of halide per
      mole (equivalent) of olefin. As discussed below the critical proportions
      of iodide-cobalt catalyst system of the present invention results in
      significantly higher yields of carboxylic acid of the order of 500 to
      1,000,000 mole % or more based upon iodide and/or cobalt component
      charged.
PAR  The liquid reaction medium employed may be any solvent compatible with the
      catalyst system and may include pure olefins or saturated and unsaturated
      hydrocarbons, e.g. benzene, decane, eicosane, etc. Mixtures thereof with
      the desired carboxylic acid and/or other carboxylic acids such as nonanoic
      acid may be used.
PAR  The preferred solvent system employed in the present invention in order to
      achieve a high proportion of propionic acid, rather than the acid
      anhydride as the product, is based upon the use of an aqueous solution of
      a carboxylic acid having 2 to 20 carbon atoms as the solvent medium. It
      has been found that water is essential in the use of the catalyst system.
PAR  Although the ethylene-water reaction stoichiometry is 1:1 the preferred
      catalyst system containing the critical proportions of iodide and cobalt
      metal component is comprised of an aqueous solution of the carboxylic
      acid, which may be the same or different from the propionic acid product
      as discussed above, wherein the water concentration is typically from 0.1%
      to 25% by weight of the catalyst solution and may vary within the broad
      range of from 0.1% to 90% by weight. For example in a continuous process a
      stoichiometric quantity of water equivalent to the number of moles of
      ethylene reacted(or propionic acid produced) is added continuously to
      maintain the necessary water concentration of the catalyst solution.
PAR  The catalyst system of the present invention is unique in comparison to
      earlier work in that it does not require the use of anhydrous or highly
      concentrated mineral acid solutions. Furthermore the present aqueous
      catalyst system permits the use of iodide sources such as alkyl iodides,
      e.g. ethyl iodide in place of the highly corrosive mineral acids such as
      concentrated HI. These factors serve greatly to reduce the corrosivity of
      the reaction system and make it less necessary to use expensive alloys.
PAR  The present invention is based upon the production of propionic acid by the
      reaction of ethylene, carbon monoxide and water. In accordance with the
      present invention, the carbonylation reaction may be carried out by
      intimately contacting gaseous carbon monoxide and water (vapor or liquid)
      in a liquid phase containing the catalyst system prepared from cobalt
      precursors; preferably in the presence of iodide containing promoter, such
      as hydrogen iodide, under conditions of temperature and pressure suitable
      as described herein to form the carbonylation product. The temperature
      accordingly will be in the range of 50.degree.C to 300.degree.C with the
      preferred range being 125.degree.C to 225.degree.C. Partial pressures of
      carbon monoxide of the order of 1 psia to 1500 psia may be employed;
      however, 25 psia to 800 psia carbon monoxide partial pressure is generally
      preferred. Higher pressures may be used if desired under appropriate
      conditions.
PAR  Alternatively, propionic acid may be produced if desired via reaction of
      ethylene with carbon monoxide and water in the vapor phase over the cobalt
      containing catalyst systems described above, dispersed upon inert
      supports. Such a catalyst system may be operated as a conventional fixed
      bed catalytic reactor. For example, ethylene, aqueous hydrogen iodide, and
      carbon monoxide may be passed over a catalyst system consisting, for
      example, of CoI.sub.2 dispersed on an inert support material such as
      alundum, activated carbon, clays, alumina, silicaalumina, and ceramics,
      etc., in a fixed bed reactor maintained at elevated temperature and
      pressure, as described above, to produce propionic acid in high yields.
      However, use of a a liquid reaction medium is preferred in the process of
      this invention using dissolved or dispersed active catalytic and promoter
      components.
PAR  A typical carbonylation reaction selective to carboxylic acid requires at
      least one mole of carbon monoxide and one mole of water per mole
      (equivalent) of ethylene reacted. Excess of carbon monoxide and water as
      discussed above over the aforesaid stoichiometric amounts, however, may be
      present. Carbon monoxide streams containing inert impurities such as
      carbon dioxide, methane, nitrogen, noble gases and paraffinic hydrocarbons
      having from 1 to 4 carbon atoms, may be employed, if desired, for example
      from an available plant gas stream, with no ill effect; however, in such
      cases total reactor pressure will have to be increased to maintain a
      desired carbon monoxide partial pressure. The concentration of carbon
      monoxide in the feed gas mixture is from 1 vol. % to 99.9 vol. %, a
      preferred range being from 10 vol. % to 99.9 vol. %.
PAR  The reaction rate is dependent upon catalyst concentration and temperature.
      Concentrations of the cobalt compound or the first component of the
      catalyst system in the liquid phase, between 10.sup.-.sup.5 moles/liter
      and 10 moles/liter, are normally employed, with the preferred range being
      10.sup.-.sup.2 moles/liter to 1 mole/liter. Higher concentrations even to
      the extent of 10 moles/liter may, however, be used if desired. Higher
      temperatures also favor higher reaction rates.
PAR  The concentration of the second component or promoter portion of the
      catalyst system may vary widely over the broad concentration range of
      10.sup.-.sup.6 moles/liter to 18 moles/liter, based on iodide atoms. In
      the process of this invention, however, the preferred critical range of
      ratios of iodide atoms to metal atoms must be maintained as discussed
      herein to achieve the superior results.
PAR  The active catalytic component is preferably supplied as a catalyst
      solution. The solution can also include liquid reactants, products and
      mixtures thereof which function as solvents or reaction media.
PAR  The ethylene feedstock is normally charged with equimolar amounts of water,
      although more or less water may optionally be used.
PAR  For example in a batch reactor system when ethylene and carbon monoxide are
      fed in a stoichiometric excess to water some propionic anhydride may be
      co-produced with propionic acid. Subsequent addition of water to the
      reactor system or product during isolation steps will convert the
      anhydride to acid resulting in a substantially quantitative yield of
      propionic acid.
PAR  The iodide promoted cobalt catalysts of the present invention are
      characterized by a high degree of specificity for the carboxylation
      reaction, e.g., the reaction of ethylene with carbon monoxide and water to
      obtain propionic acid selectively. Such control over the various competing
      reactions to obtain the carboxylic acid in a very high yield selectively
      is surprising since other Group VIII metal catalysts promoted by iodide do
      not show such specificity. Other Group VIII metal catalysts containing
      high concentrations of halide promoter, e.g., iron, nickel, rhodium with
      high halide levels, differ from the present catalysts in that they also
      produce a number of oxygenated products such as alcohols, aldehydes,
      lactones, esters and ketones in addition to carboxylic acid.
DETD
PAR  For a better understanding of the process of the present invention specific
      embodiments of the process are presented below. These examples and
      illustrations are not to be constructed in any way as limiting the scope
      of the invention.
PAC  EXAMPLE 1
PAR  A batch reactor is charged with the following ingredients: 3.2 grams (1
      .times. 10.sup.-.sup.2 moles) of a cobalt compound having the formula
      CoI.sub.2, as catalyst precursor; 3.1 gms. (0.02 moles) of a promoter
      component consisting of ethyl iodide; 85 ml of propionic acid and 4.0 ml
      H.sub.2 O as solvent; the olefin feed, ethylene, is charged to the reactor
      as a 1:1 molar mixture with carbon monoxide. The ratio of I/Co is 4:1.
PAR  The reactor is pressurized with the gas blend to a total pressure of 1000
      psig, (p. press of CO about 475 psi) at 195.degree.C. The reaction is
      carried out at constant pressure by feeding the gas blend upon demand,
      from a high pressure reservoir. Reaction time is 22/3 hours.
PAR  The reaction mixture subsequently analyzed by gas chromatographic
      technique, yields a solution containing:
PA1  94.2 wt % propionic acid
PA1  0.2 wt % miscellaneous intermediates including halides 5.5 wt % ethyl
      iodide and ethyl propionate
PAR  The selectivity to propionic acid (produced from ethylene) is greater than
      99%. No other organic oxygenated compounds such as alcohols, aldehydes,
      ketones, lactones, etc., are produced from the olefin feed as determined
      by gas chromatographic analysis. No substantial amounts of other
      undesirable byproducts such as methane, carbon dioxide, or higher olefin
      derivatives and/or higher acids are formed.
PAR  The rate of reaction varies somewhat during the reaction time in the batch
      system due to the change in reactant concentrations. However, it has been
      found that the total gas consumption measured by decrease in pressure of
      the feed reservoir during the reaction time is an excellent representation
      of catalyst system reactivity. For comparison purposes in this example and
      those that follow the gas consumption is expressed in terms of total
      amount of gas feed mixture consumed at constant reaction time i.e.
      .DELTA.psi/1 hour of reaction. For the 4:1 iodide/cobalt atomic ratio of
      this example the .DELTA.psi/hour is 750 psig equivalent to 0.135 mole of
      propionic acid produced. Average reaction rate during the hour is 1.5
      gram-moles of propionic acid/liter-hr with a maximum reaction rate of 2.0
      gram-mole of propionic acid/liter-hr.
PAR  Based on the number of moles of halide promoter charged to the reactor the
      molar yield of propionic acid is greater than 340% during the batch
      reaction.
PAR  In this and subsequent examples reaction rates have been maintained slow
      and conversion low in order to more clearly demonstrate the concept of
      critical ratio.
PAR  At the 4:1 iodide to cobalt atom ratio of this example and at other
      critical ratios claimed herein a stable catalyst system exists i.e. no
      cobalt metal precipitation. Moreover no volatile cobalt compounds are
      observed in the reactor off-gas or in the vapor from distillation of the
      reaction product. Thus the cobalt is recycled to the reactor without
      expensive metal recovery from the vapor or from the metal deposited on the
      equipment walls due to decomposition of the cobalt carbonyl.
PAC  EXAMPLE 2
PAR  Using similar experimental conditions as in Example 1 except increasing the
      iodide/cobalt ratio to 15:1 (feed contains 20 grams of ethyl iodide) the
      catalyst system reactivity is substantially lower. For the 15:1 iodide to
      cobalt atomic ratio the .DELTA.psi/hour is 120 psi equivalent to 0.02
      moles of propionic acid produced. Average reaction rate during the hour is
      0.2 gram-moles of propionic acid/liter-hr, less than 15% of the reactivity
      of Example 1 at a lower iodide/cobalt ratio. The maximum reaction rate
      observed in Example 2 is only 0.25 gram-moles/liter-hr also less than 15%
      of the catalyst system reactivity in Example 1.
PAC  EXAMPLE 3
PAR  The experiment of Example 2 is repeated but at a higher iodide/cobalt ratio
      of 25:1. For the 25:1 iodide cobalt atomic ratio the .DELTA.psi/hr is 195
      psi equivalent to 0.035 moles of propionic acid produced. Average reaction
      rate during the hour is 0.3 gram-moles of propionic acid/liter-hr. The
      maximum reaction rate observed is 0.32g-m/l-hr again considerable less
      than at the 4:1 ratio of Example 1.
PAC  EXAMPLE 4
PAR  Using similar conditions as in Example 1 except decreasing the
      iodide/cobalt atomic ratio to 1:1 (reaction charge contains 2.5 grams of
      cobalt(II)acetate plus 1.6 grams of ethyl iodide) the catalyst system
      reactivity is substantially lower. For the 1:1 iodide to cobalt atomic
      ratio the .DELTA.psi/hour is 150 psi equivalent to 0.027 moles of
      propionic acid produced. Average reaction rate during the hour is 0.3
      gram-moles/liter-hour, less than 20% of the reactivity of Example 1 at a
      higher iodide/cobalt ratio. The maximum reaction rate observed in Example
      4 is only 0.36 gram-moles/liter-hour also less than 20% of the catalyst
      system reactivity at 4I/Co.
PAR  At the 1:1 iodide to cobalt ratio of this example, which lies below the
      critical ratios claimed herein, volatilization of cobalt, probably as the
      carbonyls, is observed. Thus upon releasing the reactor gas pressure in
      order to remove the liquid product, greater than 25% of the original
      cobalt charged to the reactor is lost. In the previous three examples at
      ratios within the critical range less than 2% of the originally charged
      cobalt is lost even after distillation of the crude reaction product for
      recycle of the cobalt in the distillate heel. Furthermore no significant
      cobalt plating is observed during this distillation in Examples 1 to 3. At
      the 1:1 iodide to cobalt ratio of Example 4 when an appreciable portion of
      the cobalt is present as a carbonyl, cobalt metal plating occurs upon
      distillation of the reaction product with a corresponding loss of cobalt.
PAR  Using similar experimental conditions as in Example 1 except varying
      catalyst components i.e. metal precursor, e.g. Co(NO.sub.3).sub.2, cobalt
      octanoates, cobalt metal, and/or form of iodide (e.g. aqueous HI, propyl
      iodide, calcium iodide), catalyst concentration, operating pressure and
      temperature, water concentration, solvent (e.g. octane, acetic acid,
      benzene) produces a similar reactivity relationship with respect to the
      iodide to cobalt atomic ratio.
PAR  In FIG. 1 the reactivity of the catalyst system in terms of gram-moles of
      propionic acid produced per liter-hour is plotted versus iodide/cobalt
      ratio. The dotted line is for the experimental conditions and cobalt
      concentrations of Examples 1 through 4. The cross-hatched area corresponds
      to the range of other typical results for reactivity versus I/Co ratio
      obtained for variations in catalyst concentration, operating conditions,
      water level and solvent.
PAR  FIG. 1 demonstrates that an optimum reactivity occurs in the propionic acid
      synthesis with respect to I/Co ratio. At iodide to cobalt ratios higher
      than the ratios claimed herein a drastic decrease in reactivity to
      propionic acid occurs. In addition at ratios greater than 35 I/Co the
      reaction is observed to be less than stoichiometric in iodide.
PAC  EXAMPLE 5
PAR  To demonstrate that ethylene is a uniquely reactive feedstock at the mild
      operating conditions and critical iodide/cobalt ratios employed, ethylene
      is replaced by hexene-1 at the experimental conditions of Example 1. No
      reactivity of the hexene-1 to heptanoic acid is observed either by carbon
      monoxide uptake or gas chromatographic analysis of the reaction product.
PAR  When hexene-1 is replaced by other olefins (e.g. propylene, octene-1) or
      di-olefins (e.g. butadiene) at the same conditions no reactivity to the
      corresponding carboxylic acids occurs.
PAC  EXAMPLE 6
PAR  In this and the subsequent examples the common metals (e.g. Ni, Rh, Ir)
      previously reported to catalyze the hydrocarbonylation of ethylene to
      propionic acid employing an iodide promoter are investigated with respect
      to critical iodide/metal ratio. In Example 6 nickel is run at the
      identical 4:1 iodide to metal ratio of Example 1 (i.e. 3.2 grams NiI.sub.2
      and 3.1 grams of ethyl iodide), metal concentration (i.e. 1 .times.
      10.sup.-.sup.2 moles) and operating conditions. For the 4:1 iodide to
      nickel atomic ratio the .DELTA.psi/hour is 245 psi equivalent to 0.044
      moles of propionic acid produced. Average reaction rate during the hour is
      0.46 gram-moles/liter-hour, less than one-third that of Example 1 with
      cobalt. The maximum reaction rate observed in Example 6 is only 0.5
      gram-moles/liter-hr, less than 25% of that in Example 1.
PAC  EXAMPLE 7
PAR  A drastic difference is observed for the nickel/iodide catalyst system
      versus the cobalt/iodide catalyst system, moreover, as the iodide/nickel
      ratio is varied. For cobalt, the reaction rate drops significantly at less
      than the stoichiometric composition of CoI.sub.2 (i.e. 2 I/Co). The
      preferred ratio as taught herein is excess of iodide above 2 I/Co.
      Employing the reaction conditions of Example 6 but decreasing the iodide
      to nickel atomic ratio to less than 2 I/Ni(i.e. 2.5 grams Ni(II) acetate
      and 1.6 grams ethyl iodide for a 1:1 Ni to I ratio) results in an opposite
      effect to that for cobalt. Instead of decreasing as with cobalt, the
      nickel catalyzed reaction rate relative to Example 6 increases as
      demonstrated by the gas uptake doubling to a .DELTA.psi/hour of 500 psi
      equivalent to 0.09 moles of propionic acid produced. In addition, the
      average reaction rate during the hour increases to 0.95
      gram-moles/liter-hour.
PAR  Whereas comparing Examples 1 and 6 at atomic ratio of 4I/metal above shows
      the reaction rate with nickel is less than one-third that of cobalt, the
      comparison of Examples 4 and 7 at an atomic ratio of 1 iodide/metal atom
      shows the reaction rate with nickel is more than double that of cobalt.
PAR  In FIG. 2 the reactivity of nickel at other iodide to nickel ratios is
      shown in comparison to cobalt. The figure clearly demonstrates the
      following:
PAR  1. nickel and cobalt, metals which would be expected to behave
      catalytically quite similarly, in fact behave very differently with
      respect to iodide/metal ratio for the hydrocarbonylation of ethylene to
      propionic acid.
PAR  2. the nickel iodide catalyst system is best operated with small additions
      of iodide, less than that required to form the stoichiometric NiI.sub.2
      e.g. outside of the presently claimed range for cobalt. Higher ratios of
      iodide to nickel result in a drastic slow down in catalyst system
      reactivity. This result is consistent with the prior art which teaches
      Ni(CO).sub.4 as a preferred catalyst for ethylene hydrocarbonylation with
      promoting of the reaction by small quantities of iodide, always less than
      2 Iodide per nickel and generally less than 1 iodide per atom of nickel.
PAR  3. Cobalt has an optimum reactivity with respect to iodide/cobalt ratio. At
      both low and high iodide to cobalt ratios, reactivity of the catalyst
      system decreases. However, for a nickel catalyst, reactivity steadily
      decreases as the iodide to metal atomic ratio increases.
PAC  EXAMPLE 8
PAR  At comparable operating conditions to Example 1 rhodium is employed as the
      catalytic metal for the hydrocarbonylation of ethylene to propionic acid.
      Iodide to rhodium ratio is varied as in the preceding examples. The
      results are presented in FIG. 2. The results demonstrate that:
PAR  1. Cobalt and rhodium which are elements of the same row of the Periodic
      Table, behave very differently with respect to iodide/metal ratios for the
      hydrocarbonylation of the ethylene to propionic acid, rhodium requiring
      considerably higher iodide to metal ratios.
PAR  2. Over the critical ratios of iodide/metal at which cobalt is operable,
      rhodium is still far from its optimum reactivity. In fact the
      rhodium/iodide catalyst system is most reactive at ratios of 50 to 100
      I/metal atom ratio, and is catalytic up till as high as 350 1/Rh. This is
      ten times as high a ratio as that for which cobalt is catalytic in iodides
      (above a ratio of 35 iodide per cobalt, the hydrocarbonylation of ethylene
      is observed to be less than stoichiometric in iodide as demonstrated by
      the molar yield of propionic acid being less than 100% based on iodide
      charged).
PAC  EXAMPLE 9
PAR  At comparable operating conditions to Example 8, iridium is employed as the
      catalytic metal in place of rhodium, and the ratio of iodide to iridium is
      varied. The results are presented in FIG. 2. Again the reactivity versus
      iodide/metal atomic ratio is quite unpredictable. With rhodium very high
      iodide to metal ratios are required. One might expect this also to be true
      for iridium since it is below rhodium in the Periodic Table, but a
      considerable difference occurs, as shown in the drawing. FIG. 2 shows that
      the effective ratios for iridium are between those for cobalt and rhodium.
PAR  It is clear therefore that each of the metals investigated (e.g. Ni, Rh and
      Ir) behave uniquely and very differently from cobalt with respect to the
      relationship between reactivity versus iodide/metal ratio.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A one step, low-pressure process for the preparation of propionic acid
      which comprises reacting ethylene with carbon monoxide and water at a
      temperature of 50.degree.C to 300.degree.C and a partial pressure of
      carbon monoxide of from 1 to 1500 psia in the presence of
PA1  1. a cobalt component;
PA1  2. an iodide component
PAL  wherein the range of atomic ratios of said iodide to cobalt is from 2.1:1
      to 35:1.
NUM  2.
PAR  2. A one step, low-pressure process for the preparation of propionic acid
      which comprises reacting ethylene with carbon monoxide and water at a
      temperature of 50.degree.C to 300.degree.C and a partial pressure of
      carbon monoxide of from 1 to 1500 psia in the presence of
PA1  1. a cobalt component;
PA1  2. an iodide component
PAL  wherein the range of atomic ratios of said iodide to cobalt is from 2.1:1
      to 35:1, the said catalyst system existing as an aqueous solution of a
      carboxylic acid having from 2 to 20 carbon atoms, the said aqueous
      solution containing from 0.1% to 25% by weight of water.
NUM  3.
PAR  3. A one step, low-pressure process for the preparation of propionic acid
      which comprises reacting ethylene with carbon monoxide and water at a
      temperature of 50.degree.C to 300.degree.C and a partial pressure of
      carbon monoxide of from 1 to 1500 psia in the presence of
PA1  1. a cobalt component;
PA1  2. an iodide component,
PAL  wherein the range of atomic ratios of said iodide to cobalt is from 2.5:1
      to 25:1.
NUM  4.
PAR  4. A one step, low-pressure process for the preparation of propionic acid
      which comprises reacting ethylene with carbon monoxide and water at a
      temperature of 50.degree.C to 300.degree.C and a partial pressure of
      carbon monoxide of from 1 to 1500 psia in the presence of
PA1  1. a cobalt component;
PA1  2. an iodide component,
PAL  wherein the range of atomic ratios of said iodide to cobalt is from 2.5:1
      to 25:1, the said catalyst system existing as an aqueous solution of a
      carboxylic acid having from 2 to 20 carbon atoms, the said aqueous
      solution containing from 0.1: to 25% by weight of water.
NUM  5.
PAR  5. A process as in claim 1 in which the partial pressure of carbon monoxide
      is from 25 psia to 800 psia.
NUM  6.
PAR  6. A process as in claim 2 in which the partial pressure of carbon monoxide
      is from 25 psia to 800 psia.
NUM  7.
PAR  7. A process as in claim 1 in which the iodide component is ethyl iodide.
NUM  8.
PAR  8. A process as in claim 2 in which the iodide component is ethyl iodide.
NUM  9.
PAR  9. A process as in claim 1 in which the cobalt component is cobalt iodide.
NUM  10.
PAR  10. A process as in claim 2 in which the cobalt component is cobalt iodide.
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ABST
PAL  Unreacted ammonium carbamate contained in urea synthesis effluent obtained
      by reacting ammonia and carbon dioxide at urea synthesis pressures and
      temperatures is recovered by a method comprising subjecting the urea
      synthesis effluent to a three-stage decomposition to decompose the
      unreacted ammonium carbamate in each stage, the first stage and the second
      stage of which are operated at a gauge pressure of at least 30 kg/cm.sup.2
      and a gauge pressure of from 10 to 25 kg/cm.sup.2, respectively, absorbing
      the off-gas resulting from the second stage decomposition in an absorbent
      to form an aqueous solution of ammonium carbamate and unabsorbed gaseous
      ammonia, condensing the gaseous ammonia to form recovered liquid ammonia,
      and absorbing substantially all of the off-gas resulting from the first
      stage decomposition in the aqueous solution of ammonium carbamate to form
      recovered ammonium carbamate solution while removing the heat of
      absorption by indirect heat exchange with the recovered liquid ammonia
      pressurized to the urea synthesis pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved method for the recovery of unreacted
      ammonium carbamate in the production of urea from carbon dioxide and
      ammonia.
PAR  2. Description of the Invention
PAR  Several methods for the preparation of urea from ammonia and carbon dioxide
      are known in the art, including a solution recycle process wherein
      unreacted ammonium carbamate is recovered in the form of an aqueous
      solution for recirculating to a urea synthesis stage. Particularly, there
      has been widely employed a total recycle process with solution recycle
      wherein the effluent from the urea synthesis stage is passed through high
      pressure and low pressure decomposition stages for decomposing unreacted
      ammonium carbamate. The off-gas resulting either from the high pressure
      decomposition stage or from both the high and low pressure decomposition
      stages is absorbed in an absorbent, while discharging unabsorbed excess
      ammonia from the high pressure absorption stage to be liquefied by water
      cooling. The recovered ammonium carbamate solution and the liquid ammonia
      are, respectively, recirculated to the urea synthesis stage. The two-stage
      decomposition and two-stage absorption system has, however, a
      disadvantage, in that the excess heat generated in the high pressure
      absorption stage cannot be recovered in an efficient manner. That is, the
      absorption of off-gas is effected under high pressure decomposition
      conditions using a gauge pressure of from 15 to 20 kg/cm.sup.2 at an
      absorption temperature of about 100.degree.C. Accordingly, the recovered
      ammonium carbamate solution which is recirculated to the urea synthesis
      stage is at a temperature which is low as compared with a conventional
      urea synthesis temperature of from 160.degree. to 200.degree.C.
      Additionally, temperatures of make-up liquid ammonia and of recovered
      liquid ammonia are as low as below 50.degree.C, so that the excess heat to
      be recovered in the urea synthesis stage is reduced.
PAR  In order to overcome the disadvantage, U.S. Pat. No. 3,573,173 proposes a
      method of effecting the decomposition of unreacted ammonium carbamate and
      absorption of the resulting off-gas in three stages, i.e., a first stage
      having a gauge pressure greater than 30 kg/cm.sup.2, preferably greater
      than 60 kg/cm.sup.2, and second and third stages with pressures as in the
      conventional two-stage high and low pressure decomposition and absorption,
      with the result that a recovered ammonium carbamate solution has a
      temperature of 120.degree.-180.degree.C. According to this method,
      however, the decomposition and absorption are effected in three stages and
      excess ammonia which is not absorbed in each of the absorption stages of
      the off-gases from the first decomposition stage and second decomposition
      stage is discharged in the form of a gas. Thus, it is undesirably required
      to liquefy the ammonia gases by means of additional condensers. In this
      connection, the process of U.S. Pat. No. 3,573,173 is considered however
      somewhat advantageous in that ammonia gas contained in the off-gas from
      the first decomposition stage and not absorbed in the absorption of the
      off-gas can be recovered in the form of a relatively high temperature
      liquid ammonia by mixing it with make-up liquid ammonia.
PAR  It is generally technically difficult to make the amount of carbon dioxide
      contained in the excess ammonia unabsorbed in a high pressure absorption
      stage, substantially equal to zero. The difficulty increases with an
      increase in the absorption pressure since the increase of absorption
      pressure results in an elevation of the absorption temperature and
      accordingly the partial pressure of carbon dioxide in the resultant
      absorbate is raised. In order to overcome this difficulty, it is
      undesirably required to use an absorption column of complicated
      construction. Alternatively, the leakage of carbon dioxide can be
      prevented by lowering the temperature at the top of the absorption column
      by feeding liquid ammonia to the top of the column to remove the heat of
      absorption by evaporation of the liquid ammonia. However, the evaporated
      ammonia has to be then liquefied in a condenser for recirculation to the
      top of the column, this inviting difficulties in the operation and in the
      structural designing of the column.
PAR  As it will be apparent from the foregoing, when the absorption pressure is
      increased, it becomes more difficult to make the amount of carbon dioxide
      contained in the excess ammonia generated in the absorption stages
      substantially equal to zero. Moreover, the greater the pressure of the
      decomposition stage, the less is the amount of the off-gas, which is
      separated from the urea synthesis effluent in the decomposition stage. In
      this instance, when urea synthesis effluent which is obtained by reacting
      carbon dioxide with ammonia in a stoichio-metric excess of 100 percent
      (molar ratio of NH.sub.3 to CO.sub.2 of 4), is subjected to decomposition
      of unreacted ammonium carbamate at a gauge pressure of 17 kg/cm.sup.2, and
      the resultant off-gas is absorbed in an absorbent, the amount of ammonia
      which is not absorbed in the absorption stage rises to more than 60
      percent by weight of the total ammonia contained in the urea synthesis
      effluent. On the other hand, when a urea synthesis effluent having the
      same composition as mentioned above is subjected to unreacted ammonium
      carbamate decomposition at a gauge pressure of 65 kg/cm.sup.2 and the
      resultant off-gas is absorbed, the amount of ammonia which is not absorbed
      in the absorption stage is as low as about 10 percent by weight of the
      total amount of ammonia contained in the urea synthesis effluent. In other
      words, the amount of ammonia absorbed is about 4 times that of unabsorbed
      ammonia.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved process for
      recovering unreacted ammonium carbamate.
PAR  It is another object of the present invention to provide a process for
      recovering unreacted ammonium carbamate while preheating recovered and/or
      make-up liquid ammonia.
PAR  It is still another object of the present invention to provide a process
      for recovering unreacted ammonium carbamate while obtaining a
      high-temperature recovered ammonium carbamate solution.
PAR  It is a further object of the present invention to provide a process for
      the preparation of urea with favorable heat recovery in the urea synthesis
      stage.
PAR  Briefly stated, in the present invention, urea is prepared in the presence
      of an excess ammonia. That is, a molar ratio of total NH.sub.3 to total
      CO.sub.2 used in the synthesis stage is preferably in the range of from
      2.5 to 6. Urea synthesis is preferably conducted at a pressure of from 150
      to 300 kg/cm.sup.2 and a temperature of from 160.degree. to 210.degree.C.
PAR  The effluent discharged from a urea synthesis reactor is subjected to a
      three-stage decomposition of unreacted ammonium carbamate. The first stage
      (which will be hereinafter referred to as a high pressure separation
      stage) is maintained at a gauge pressure of above 30 kg/cm.sup.2,
      preeferably, from 40 to 120 kg/cm.sup.2, at a temperature of, preferably,
      above 130.degree.C, particularly, from 140.degree. to  180.degree.C. In
      the first stage, a portion of the excess ammonia and a portion of the
      unreacted ammonium carbamate are separated from the reaction solution in
      the form of a gaseous mixture (off-gas) of ammonia, carbon dioxide and
      water vapor.
PAR  The depleted urea synthesis effluent thus treated is then introduced into
      the second stage (which will be hereinafter referred to as a medium
      pressure distillation stage) for further decomposition of the remaining
      unreacted ammonium carbamate. The second stage is maintained at a gauge
      pressure of from 10 to 25 kg/cm.sup.2 and a temperature of, preferably,
      from 140.degree. to 170.degree.C. In the second stage, almost all of the
      excess ammonia and a major part of the remaining ammonium carbamate are
      separated in the form of a gaseous mixture (off-gas) of ammonia, carbon
      dioxide and water vapor.
PAR  However, the urea solution from the second stage still contains unreacted
      ammonium carbamate and ammonia in a total amount of less than 10 percent
      by weight, and is therefore introduced into a third stage (which will be
      hereinafter referred to as a low pressure distillation stage) to
      completely decompose the remaining ammonium carbamate. The third stage has
      a gauge pressure of less than 5 kg/cm.sup.2 and a temperature of,
      preferably, from 110.degree. to 140.degree.C. In the third stage, all of
      the remaining ammonium carbamate and ammonia are separated in the form of
      a gaseous mixture (off-gas) containing ammonia, carbon dioxide and water
      vapor.
PAR  The off-gas generated in the second stage is introduced into a medium
      pressure absorption stage where the off-gas is absorbed in an absorbent
      such as water or an aqueous solution. The off-gas from the third stage may
      be absorbed in an absorbent prior to the introduction into the medium
      pressure absorption stage. In the medium pressure absorption stage
      substantially all of the carbon dioxide contained in the off-gas from the
      second stage and a portion of the ammonia are absorbed, and the remaining
      unabsorbed ammonia is discharged in the form of a gas from the top of the
      absorption column. The ammonia gas is liquefied by water cooling to form
      recovered liquid ammonia. Alternatively, the ammonia gas may be mixed with
      make-up liquid ammonia liquid ammonia as a starting material and then
      cooled with water. In this connection, when make-up liquid ammonia has a
      low temperature, the cooling water can be saved for liquefying the ammonia
      gas from the medium pressure absorption stage.
PAR  The absorbate discharged from the medium pressure absorption stage is then
      fed to the high pressure absorption stage to absorb therein substantially
      all of the off-gas from the first stage to obtain the recovered ammonium
      carbamate solution. The temperature of the high pressure absorption stage
      is maintained, preferably, at 130.degree. to 160.degree.C by passing the
      recovered liquid ammonia pressurized to the urea synthesis pressure
      through a cooler (or a heat exchanger) provided in the high pressure
      absorption column. The recovered liquid ammonia may be mixed with the
      make-up liquid ammonia prior to being passed through the cooler. The
      recovered liquid ammonia is heated by the heat of absorption to a
      temperature of, preferably, from 100.degree. to 160.degree.C, particularly
      110.degree. to 140.degree.C. The heated liquid ammonia and the recovered
      ammonium carbamate solution are recirculated to the urea synthesis
      reactor.
PAR  In the present invention, the urea synthesis stage is preferably composed
      of a heat recovery stage and a synthesis stage. In the heat recovery
      stage, there is provided a heat exchanger for removing the heat of
      reaction of ammonia with carbon dioxide. The heat of reaction is utilized
      for generation of steam or for decomposition of unreacted ammonium
      carbamate by passing the urea synthesis effluent through the heat
      exchanger under reduced pressure.
PAR  The heat of absorption generated in the medium pressure absorption column
      is generally removed by water cooling, heat-exchange with an aqueous urea
      solution to be concentrated, or by the combination of these means.
      Concurrently, the ammonia gas is discharged from the medium pressure
      absorption column and, if desired, mixed with make-up liquid ammonia and
      liquefied by water cooling. The resultant liquid ammonia may be preheated
      by heat exchange with the heat of absorption generated in the medium
      pressure absorption column, prior to introduction into the cooler (heat
      exchanger) of the high pressure absorption column.
PAR  Thus, a first advantage of the present invention is that the temperature of
      the recovered ammonium carbamate solution which is circulated to the urea
      synthesis stage can be raised to a sufficiently high degree, so that the
      heat balance of the urea synthesis stage is maintained in a satisfactory
      condition for recovering surplus heat.
PAR  A second advantage of the present invention resides in that, prior to being
      introduced into the urea synthesis stage, the recovered liquid ammonia
      (and make-up liquid ammonia) can be preheated by means of the heat of
      absorption which is generated in the high pressure absorption stage, the
      preheated liquid ammonia advantageously contributing to maintain the heat
      balance of the synthesis stage in a favorable condition for the recovery
      of surplus heat generated in the urea synthesis stage.
PAR  A third advantage of the present invention is that the process can be
      effected by the use of a relatively simple system which comprises a high
      pressure separator and a high pressure absorption column in combination
      with a conventional two-stage decomposition and two-stage absorption, thus
      being advantageous from structural, design and operational points of view.
      That is, no other expensive additional apparatus such as a condenser is
      required in the high pressure absorption stage since substantially all of
      the ammonia gas is absorbed in this stage. Furthermore, there is not
      required a column having such complicated structure as is usually required
      in the liquefaction and recovery of unabsorbed ammonia for suppressing the
      leakage of carbon dioxide which would otherwise be discharged along with
      ammonia gas. Additionally, the number of booster pumps and the boosting
      ratio for make-up and recovered liquid ammonia are the same as in the
      conventional two-stage systems. The compression of liquid ammonia can be
      effected at room temperature, so that a centrifugal pump can be employed
      for the compression.
PAR  Thus, the disadvantages which would otherwise result from the need for an
      additional apparatus and slightly complicated operations are sufficiently
      compensated by the improvement in the heat balance in the synthesis stage,
      i.e., the surplus heat generated in the absorption stages can be
      efficiently recovered in the synthesis stage.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE is a flow-sheet diagram illustrating a method for embodying
      the present invention.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The present invention will be particularly described in connection with the
      accompanying illustrative and non-limiting drawing. In the drawing, carbon
      dioxide, line 1, which is held at the urea synthesis pressure (preferably,
      a gauge pressure of from 150 to 300kg/cm.sup.2), liquid ammonia, line 2,
      which is held at the urea synthesis pressure and which is preheated as
      described hereinafter, and recovered ammonium carbamate solution, line 3,
      which is also maintained at the urea synthesis pressure, are fed into heat
      recovery zone 5, respectively. The heat recovery zone 5 is provided with
      cooler 5a for recovering surplus heat of reaction to generate steam having
      a gauge pressure of from 2 to 6 kg/cm.sup.2. The quantity of heat
      removable in the heat recovery zone 5 depends upon the temperature of the
      synthesis zone 6. The reaction mixture discharged from the heat recovery
      zone 5 is then introduced into the urea synthesis zone 6 for converting
      ammonium carbamate into urea. The urea synthesis zone 6 is preferably
      maintained at a temperature of from 160.degree. to 210.degree.C, and the
      molar ratio of total ammonia to total carbon dioxide to be introduced into
      the synthesis zone 6 is preferably in a range of from 2.5 to 6.
PAR  The resultant urea synthesis effluent which is composed of urea, water,
      excess ammonia and unreacted ammonium carbamate is depressurized to a
      gauge pressure greater than 30 kg/cm.sup.2, preferably, of from 40 to 120
      kg/cm.sup.2, through let-down valve 7 and introduced into high pressure
      separator 9 through line 8. In the separator 9, a portion of the excess
      ammonia and of the unreacted ammonium carbamate is separated from the urea
      synthesis effluent in the form of a gaseous mixture (off-gas) containing
      ammonia, carbon dioxide and water vapor. The urea synthesis effluent in
      the high pressure separator is maintained at a temperature higher than
      130.degree.C, preferably, of from 140.degree. to 180.degree.C, by heating
      by means of heater 10, if necessary.
PAR  The depleted urea synthesis effluent from the high pressure separator 9 is
      reduced in pressure by means of reducing valve 11 to a gauge pressure of
      from 10 to 25 kg/cm.sup.2, and is introduced into medium pressure
      distillation column 13 through line 12. In the column 13, the depleted
      urea synthesis effluent is heated to a temperature of from 140.degree. to
      170.degree.C by means of heater 14 for separating the major part of the
      unreacted ammonium carbamate from the depleted urea synthesis effluent as
      an off-gas comprising ammonia, carbon dioxide and water vapor. The urea
      solution from the column 13 still contains unreacted ammonium carbamate in
      an amount less than 10 percent by weight, and is further reduced in
      pressure by means of reducing valve 15 to a gauge pressure of from 0 to 5
      kg/cm.sup.2. The urea solution having the pressure reduced is passed
      through line 16 and is subjected to a conventional low pressure
      distillation (not shown) for separating the remaining ammonium carbamate
      from the urea solution to obtain a urea solution substantially free from
      ammonium carbamate. The thus obtained urea solution is treated by any
      known finishing process to obtain a urea product in the form of a crystal
      or prill.
PAR  Concurrently, the off-gas which is generated from the medium pressure
      distillation column 13 is fed to medium pressure absorption column 18
      through line 17. In the absorption column 18 there is introduced an
      absorbent (which may be an absorbate obtained by absorbing the off-gas
      from the low pressure distillation in water, an aqueous ammonia solution
      or an aqueous urea solution) through line 19 to absorb the off-gas. The
      absorption pressure is substantially the same as that of the medium
      pressure distillation column and the absorption temperature at the bottom
      of the column 18 is maintained at a temperature of from 90.degree. to
      110.degree.C with the aid of cooler 20. Gaseous excess ammonia which is
      not absorbed in the absorbent is then fed through line 21 into ammonia
      condenser 22, in which the gaseous ammonia is mixed with make-up liquid
      ammonia which is introduced through the line 4 into the ammonia condenser
      22. The mixture is cooled with water to a temperature of from 20.degree.
      to 50.degree.C for condensation.
PAR  A portion of the liquid ammonia which is formed in the ammonia condenser 22
      may be circulated to the top of the medium pressure absorption column 18
      to decrease the temperature at the top of the column. The remaining liquid
      ammonia is compressed to the urea synthesis pressure by means of pump 23
      and thereafter is passed through cooler 25 of the high pressure absorption
      column 24. The liquid ammonia is preheated as will be described
      hereinafter and is then introduced into the heat recovery zone 5 through
      the line 2 as described hereinbefore.
PAR  The off-gas from the high pressure separator 9 is fed to the high pressure
      absorption column 24 through line 26. Into the high pressure absorption
      column 24 is introduced the absorbate which is discharged from the medium
      pressure absorption column 18 and pressurized to the pressure of the
      column 24 (i.e., a pressure corresponding to that of the high pressure
      separator 9) by means of a pump 27, whereby substantially all of the
      off-gas is absorbed in the absorbate. The heat of absorption generated at
      this stage is removed by passing the liquid ammonia from the condenser 22
      through the cooler 25, thereby preheating the liquid ammonia. By this
      cooling, the temperature of the high pressure absorption column is
      maintained at a temperature of from 120.degree. to 180.degree.C,
      preferably, of from 130.degree. to 160.degree.C, while the temperature of
      the liquid ammonia is raised to a temperature of from 100.degree. to
      160.degree.C, preferably of from 110.degree. to 140.degree.C. From the top
      of the high pressure absorption column 24 inert gases are exhausted (which
      are dissolved in make-up liquid ammonia) along with only a small amount of
      ammonia and carbon dioxide. The exhausted gas is discharged from line 28
      and may be introduced into the medium pressure absorption column 18 to
      recover whatever ammonia and carbon dioxide are left therein. The
      absorption column 24 is, for example, a heat exchanger of a vertical type,
      or a combination of a horizontal type heat exchanger and a packed column.
      With the vertical type, a packed column is not required. Moreover, the
      vertical type heat exchanger having an excellent absorption efficiency is
      very advantageous since a greater temperature differential between two
      heat-exchanging media is possible with the vertical type than with the
      horizontal type.
PAR  The pressure of the absorbate from the bottom of the high pressure
      absorption column 28 is raised to the urea synthesis pressure and the
      pressurized absorbate is introduced into the heat recovery zone 5 through
      line 3.
PAR  The present invention will be particularly illustrated in the following
      example, taken in conjunction with the sole figure, being howerver
      understood that the example should not be construed as limiting the
      invention.
PAC  EXAMPLE
PAR  Urea synthesis effluent from urea synthesis zone 6 operated at 200.degree.C
      under a gauge pressure of 230 kg/cm.sup.2 and containing 1,153 kg/hr of
      urea, 1,150 kg/hr of NH.sub.3, 340 kg/hr of CO.sub.2 and 550 kg/hr of
      H.sub.2 O was passed through let-down valve 7 and line 8 and flashed into
      high pressure separator 9 operated under a gauge pressure of 65
      kg/cm.sup.2. In the separator 9, there was separated from the effluent an
      off-gas composed of 370 kg/hr of NH.sub.3, 55 kg/hr of CO.sub.2 and 22
      kg/hr of H.sub.2 O. The depleted effluent, containing 1,150 kg/hr of urea,
      782 kg/hr of NH.sub.3, 285 kg/hr of CO.sub.2, and 527 kg/hr of H.sub.2 O
      was fed from the bottom of the separator 9 through reducing valve 11 and
      line 12 to medium pressure distillation column 13 which was operated under
      a gauge pressure of 17 kg/cm.sup.2, thereby separating the major part of
      the unreacted ammonium carbamate as an off-gas containing NH.sub.3 and
      CO.sub.2 from the depleted effluent by distillation. The resulting urea
      solution containing the remaining ammonium carbamate was fed through
      reducing valve 15 and line 16 into a low pressure distillation column (not
      shown) wherein the remaining ammonium carbamate was separated from the
      urea solution by distillation. At the bottom of the low pressure
      distillation column, a part of the starting carbon dioxide was fed in
      order to accelerate the separation of the small amount of NH.sub.3
      remained in the urea solution at the bottom.
PAR  The thus separated urea solution was concentrated and then subjected to
      crystallization to obtain crystal urea product by separating it from the
      mother liquor.
PAR  The off-gases generated from the low pressure and medium pressure
      distillation stages were absorbed in the resultant mother liquor first in
      a low pressure absorption column (not shown) and subsequently in a medium
      pressure absorption column 18, to obtain an absorbate containing 114 kg/hr
      of urea, 370 kg/hr of NH.sub.3, 330 kg/hr of CO.sub.2 and 216 kg/hr of
      H.sub.2 O. At the same time, unabsorbed gaseous ammonia was obtained in an
      amount of 418 kg/hr.
PAR  The gaseous ammonia not absorbed in the medium pressure absorption column
      18 was fed through line 21 to condenser 22 wherein it was mixed with 581
      kg/hr of supplemental make-up ammonia which was introduced through line 4.
      The mixture was cooled to liquefaction, while the pressure of the
      absorbate obtained in the medium pressure absorption column 18 was raised
      to a gauge pressure of 65 kg/cm.sup.2 and the pressurized absorbate was
      introduced into the high pressure absorption column 24 to absorb
      substantially all of the off-gas introduced from the separator 9 through
      the line 26, thereby obtaining a recovered ammonium carbamate solution of
      130.degree.C composed of 114 kg/hr of urea, 740 kg/hr of NH.sub.3, 385
      kg/hr of CO.sub.2 and 238 kg/hr of H.sub.2 O. The heat of absorption was
      removed by passing through cooler 25 of the high pressure absorption
      column 24 recovered liquid ammonia which was liquefied in the ammonia
      condenser 22 and was compressed to a gauge pressure of 230 kg/cm.sup.2 by
      means of pump 23. By the heat of absorption, the liquid ammonia was heated
      to 110.degree.C. The resultant recovered ammonium carbamate solution with
      a pressure raised to 230 kg/cm.sup.2 by means of the pump 29 was fed
      through line 3 to heat recovery zone 5 while the heated liquid ammonia was
      fed thereto through line 2. Furthermore, 717 kg/hr of CO.sub.2 were
      compressed to a gauge pressure of 230 kg/cm.sup.2 and fed through line 1
      to heat recovery zone 5. The heat recovery zone 5 was provided with the
      cooler 5a by which steam at a gauge pressure of 4 kg/cm.sup.2 was produced
      in an amount of 0.2 kg per kg of urea, to recover a portion of the heat of
      formation of ammonium carbamate thereby maintaining the temperature of the
      heat recovery zone at 178.degree.C. The reaction mixture discharged from
      the heat recovery zone 5 was introduced into synthesis zone 6 to convert
      ammonium carbamate into urea.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for recovering unreacted ammonium carbamate contained in
      the effluent obtained by reacting at urea synthesis temperatures and
      pressures carbon dioxide with ammonia in stoichiometric excess, wherein
      said effluent is subjected to a first ammonium carbamate decomposition
      stage at a gauge pressure of from 40 to 120 kg/cm.sup.2, then to a second
      ammonium carbamate decomposition stage at a gauge pressure of from 10 to
      25 kg/cm.sup.2 and finally to a third ammonium carbamate decomposition
      stage at a gauge pressure of below 5 kg/cm.sup.2, thereby forming an
      off-gas in each stage and wherein the off-gases from at least said first
      and second stages are absorbed in an absorbent selected from the group
      consisting of water, aqueous ammonia, aqueous urea, aqueous ammonium
      carbamate and an aqueous solution containing urea and ammonium carbamate,
      the resultant recovered ammonium carbamate solution being recirculated to
      the urea synthesis, the improvement which comprises absorbing said off-gas
      from said second decomposition stage in said absorbent to form an ammonium
      carbamate containing absorbate and unabsorbed gaseous ammonia; cooling
      said unabsorbed gaseous ammonia, to form recovered liquid ammonia;
      absorbing in said ammonium carbamate containing absorbate pressurized to
      the pressure substantially equal to that of said first decomposition stage
      substantially all of said-off-gas from said decomposition stage at a
      temperature of from 120.degree.to 180.degree.C while removing the heat of
      absorption by indirect heat exchange with a mixture of make-up liquid
      ammonia and said recovered liquid ammonia pressurized to said urea
      synthesis pressure, whereby said recovered ammonium carbamate solution is
      formed and said mixture of said make-up liquid ammonia and said recovered
      liquid ammonia are heated to a temperature of from 100.degree. to
      160.degree.C; reacting said mixture of said make-up liquid ammonia and
      said recovered liquid ammonia and said recovered ammonium carbamate
      solution with make-up carbon dioxide in a heat recovery zone to form a
      reaction mixture containing ammonium carbamate while concurrently removing
      from said zone the surplus heat of reaction by indirect heat exchange; and
      introducing said formed reaction mixture containing ammonium carbamate to
      the urea synthesis.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein said unabsorbed gaseous ammonia
      is mixed with make-up liquid ammonia and then cooled to liquefy said
      gaseous ammonia.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein said first decomposition stage
      is conducted without externally heating said urea synthesis effluent.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein unabsorbed inert gas contained
      in said off-gas from the first decomposition stage and containing a slight
      amount of ammonia and carbon dioxide is contacted with said absorbent
      together with said off-gas from said second decomposition stage to recover
      said ammonia and carbon dioxide.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the off-gas from said third
      decomposition stage is absorbed in said absorbent and the resultant
      absorbate absorbs said off-gas from said second decomposition stage.
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ABST
PAL  Alkali metal or ammonium citrates are produced from solutions of citric
      acid obtained by chemical reaction or by fermentation by extraction by
      means of a specific water-immiscible mixture of aliphatic amines and
      organic solvents and re-extracting the resulting organic solvent mixture
      with an aqueous solution of an alkali metal hydroxide, carbonate or
      bicarbonate, ammonia, or their salts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process of producing citrates and more
      particularly to the process of producing -- by means of extraction --
      alkali metal or ammonium citrates from citric acid solutions produced by
      chemical methods or by fermentation.
PAR  2. Description of the Prior Art
PAR  Processes of producing alkali metal citrates from fermentation solutions
      have been described heretofore. It is known, for instance, to precipitate
      the citric acid by means of milk of lime, i.e. an aqueous suspension of
      calcium hydroxide, and subsequently reacting the resulting calcium citrate
      with an alkali metal carbonate. After removing the precipitated calcium
      carbonate, a trisodium citrate solution is obtained.
PAR  Alkali metal citrates have also been produced by directly neutralizing
      citric acid solutions. In this case, however, it is necessary to employ
      citric acid solutions in a substantially pure form. Both known methods are
      complicated and require many expensive and time consuming process steps.
PAR  It is also known to recover citric acid from its aqueous solution by means
      of extracting agents. Butanol-2 is used as extracting agent according to
      French Pat. No. 1,211,066, while German Published application No.
      1,268,088 employs tri-n-butyl phosphate in mixture with hydrocarbons,
      ethers, esters, or ketones for this purpose. However, it was not possible
      to obtain satisfactory results with these known methods of extraction
      because the distribution coefficient in both described extraction
      processes is so low (about 1.0) that large amounts of the extracting
      agents and many extraction steps were required.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the present invention to provide a simple, effective,
      and inexpensive process of extracting citric acid from its aqueous
      solutions obtained by chemical reaction or by fermentation, which
      extraction process is free of the disadvantages of the heretofore used
      extraction processes, and of converting the resulting extraction solutions
      subsequently into alkali metal citrates or ammonium citrates.
PAR  Another object of the present invention is to provide alkali metal citrates
      or ammonium citrates of a high degree of purity.
PAR  A further object of the present invention is to provide a mixture of
      extracting agents for carrying out the process of the present invention.
PAR  Other objects of the present invention and advantageous features thereof
      will become apparent as the description proceeds.
PAR  According to the present invention there is used a specific extracting
      agent which is composed of a water-immiscible mixture of an amine of the
      following formula
      ##EQU1##
      in which R.sub.1 and R.sub.2 are aliphatic hydrocarbon radicals,
      preferably alkyl with 7 to 15 carbon atoms and
PA1  R.sub.3 is hydrogen or an aliphatic hydrocarbon radical, preferably alkyl
      with 1 to 15 carbon atoms
PAL  and an organic solvent.
PAR  The resulting extract is subsequently treated with alkali metal hydroxide,
      alkali metal carbonates or bicarbonates, ammonia, or salts thereof.
PAR  Surprisingly it was found that the above mentioned mixture of amine and
      organic solvent used as extracting agent according to the process of the
      present invention has a remarkable selectivity with respect to impurities
      and higher distribution coefficients when extracting citric acid from its
      aqueous solutions than the extracting agents used according to known
      processes. Thus superior extraction effects are achieved.
PAR  According to the present invention the alkali metal citrates are obtained
      in an excellent yield and are of a high degree of purity after the organic
      citric acid extract is re-extracted with the alkaline solutions.
PAR  In addition thereto, the process according to the present invention has the
      further advantage that it is possible not only to produce trisodium
      citrate as it is obtained in the known reaction of calcium citrate with
      alkali metal carbonates, but also, depending upon the amount of the alkali
      metal compound used for re-extraction, to produce acid alkali metal
      citrate solutions. This advantage is of special importance when recovering
      citric acid from the alkali metal citrate solutions by means of
      electrodialysis. Trisodium citrate solutions are less useful for
      electrodialytic recovery of citric acid because their pH-value is
      relatively high.
PAR  Suitable amines according to the present invention are, for instance,
      N-lauryl-N-trialkylmethylamine such as a mixture of secondary amines
      whereby the sum of alkyl carbon atoms varies between 11 and 14 carbon
      atoms, N-methyl-di-n-octylamine, tri-isononylamine, or tri-n-decylamine.
      Of course, the amines must be liquid at the extraction temperature.
PAR  Suitable organic solvents according to the present invention are solvents
      which are not miscible with water but which have a high dissolving power
      for the system amine-citric acid. Hydrocarbons, alcohols, esters, ketones,
      or mixtures thereof can be employed as solvents. Suitable solvents, for
      instance, are
PA1  a. aliphatic and alicyclic hydrocarbons such as cyclohexene, dl-limonene,
      or
PA2  halogenated hydrocarbons such as carbon tetrachloride;
PA1  b. aliphatic alcohols with 5 to 10 carbon atoms such as methyl isobutyl
      carbinol, 2-methyl-5-hexanol, 1-octanol, 2-ethyl-1-hexanol, or
PA2  aromatic alcohols and phenols such as benzylalcohol, phenol, preferably as
      carbolxylene, i.e. an about 9% solution of phenol in xylene;
PA1  c. aliphatic ketones such as methyl isobutyl ketone, 2-pentanone,
      2-octanone, 5-methyl-3-heptanone, 2,6-dimethyl heptanone,
PA1  d. esters, such as cyclohexylacetate or tri-n-butyl phosphate,
PAL  and others.
PAR  It is an important feature of the present invention, in order to achieve
      satisfactory separation of the phases and a suitable extraction
      equilibrium, that the proportion by volume v of amine to solvent as well
      as the molecular proportion m of amine to citric acid are properly
      selected. The yield of extraction is increased with an increase in the
      v-value. But this increase in the v-value is accompanied by the time for
      separation of the phases being prolonged.
PAR  The optimum proportion by volume of amine to organic solvent is within the
      range of about 0.05 to about 2.0 and preferably between about 0.3 to about
      0.7 and the molar proportion of amine to citric acid is between about 0.5
      to about 10.0 and preferably between about 1.5 and about 3.5.
PAR  When extracting citric acid from an about 8% citric acid-containing
      fermentation solution by means of a mixture of tri-isononylamine and
      methyl isobutyl ketone as solvent, the extracting solvents are preferably
      used in the proportion by volume of tri-isononylamine to methyl isobutyl
      ketone 1 : 1.5 corresponding to a v-value of 0.66 and in the molar
      proportion of amine to citric acid of 2 : 1, i.e. corresponding to an
      m-value of 2.0.
PAR  The following Table 1 shows the dependence of the distribution coefficient
      upon the v- and m-values. The extraction of citric acid from the
      fermentation solution was carried out at 20.degree. C. Tri-isononylamine
      or, respectively, a mixture of tri-n-octylamine and tri-n-decylamine were
      used as amines and methyl isobutyl ketone or, respectively, methyl
      isobutyl carbinol as solvents.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Dependence of the distribution coefficient on                             
     the v- and m-values                                                       
     Amines/Solvent                                                            
              v    m    Citric acid con-                                       
                                   Distribu-                                   
                        centration in the                                      
                                   tion co-                                    
                        aqueous phase of                                       
                                   effi-                                       
                        the refined fermen-                                    
                                   cient                                       
                        tation solution                                        
              vol/vol                                                          
                   mol/mol                                                     
                        in weight %                                            
     __________________________________________________________________________
     TINA/MIBK                                                                 
              0.11 0.34 8.81       0.36                                        
                   0.68 3.33       0.89                                        
     TOA-TDA/MIBK                                                              
              0.25 0.67 6.36       1.03                                        
                   1.34 1.78       2.77                                        
                   2.67 0.58       5.05                                        
     TINA/MIBK                                                                 
              0.25 0.91 3.88       1.47                                        
                   1.37 1.75       2.75                                        
                   2.70 0.61       4.54                                        
     TINA/MIBK                                                                 
              0.66 1.33 3.02       3.33                                        
                   1.82 1.68       4.70                                        
                   2.65 0.97       6.02                                        
                   5.26 0.42       7.41                                        
     TOA-TDA/MIBK                                                              
              0.66 1.34 2.60       3.96                                        
                   2.67 0.90       6.24                                        
                   5.34 0.44       6.98                                        
     TINA/MICA                                                                 
              1.5  2.05 2.02       5.11                                        
                   2.73 1.27       6.35                                        
                   4.10 0.73       7.85                                        
     __________________________________________________________________________
     TINA    = Tri-isononylamine                                               
     TOA-TDA = Mixture of tri-n-octylamine (TOA) and                           
                  tri-n-decylamine (TDA)                                       
     MIKB    = Methyl isobutyl ketone                                          
     MICA    = Methyl isobutyl carbinol.                                       
     __________________________________________________________________________
PAR  It is evident from Table 1 that the greater the v- and/or m-values, the
      higher is the distribution co-efficient or, respectively, the lower is the
      number of extraction steps required.
PAR  Extraction as well as re-extraction can be carried out discontinuously,
      i.e. in batch operation or, respectively, continuously, for instance, by
      means of a battery of mixing and separating vessels or by means of an
      extraction column.
PAR  In order to produce the alkali metal and/or ammonium citrates according to
      the present invention, the organic extract is subsequently reacted with
      alkali metal hydroxides, ammonia, or their salts, such as the carbonates,
      chlorides, sulfates, or phosphates.
PAR  When using other alkali metal salts than the carbonates or bicarbonates,
      anionic impurities may remain in the re-extracted phase. Therefore, alkali
      metal sulfates or phosphates are preferably used as re-extracting agents
      when the resulting citrates are to be employed in detergents.
PAR  Alkali metal hydroxides, carbonates, bicarbonates, or salts are the
      preferred re-extracting agents although the corresponding ammonium
      compounds may also be used.
PAR  To achieve optimum results in said re-extraction step, selection of the
      equivalent proportion a of alkali metal or ammonium ions with respect to
      citric acid is of importance. In accordance with the present invention
      said equivalent proportion or ratio of equivalents of re-extracting agent
      with respect to citric acid in the organic extract is between about 0.1
      and about 1.2 and preferably between about 0.4 and about 0.95.
PAR  By varying the a-value it is possible to produce solutions of di-alkali
      metal and tri-alkali metal citrates. Acid citrate solutions can be
      produced from the organic extracts by extracting the citric acid not only
      with sodium carbonate and other alkali metal or ammonium carbonates or
      bicarbonates but also with alkali metal hydroxides or ammonia with a high
      distribution coefficient.
PAR  It is advisable to operate with as highly concentrated solutions of alkali
      metal hydroxides, ammonia, or their salts as possible. Optimum
      concentration values are determined by the solubility of the re-extracting
      agent in water as well as by the solubility of alkali metal or ammonium
      citrates in the resulting extract at re-extraction temperature. The
      preferred concentration values are also dependent on the optimum
      proportion by volume of the aqueous phase, i.e. the re-extracting agent to
      the organic phase.
PAR  On re-extracting the organic extract with alkali metal carbonates or
      bicarbonates, temperatures above 20.degree. C. result in a shortening of
      the extraction time and in higher distribution coefficients. Therefore,
      re-extraction with these salts is preferably carried out at a temperature
      between 30.degree. C. to 40.degree. C.
PAR  The alkali metal or ammonium citrate solution obtained according to the
      present invention can be concentrated in order to produce the solid salts.
      Such concentration is carried out in a manner known per se. The solid
      salts find extensive use, for instamce, as substitutes for phosphates in
      detergents.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The following drawings serve to illustrate the present invention and the
      results achieved hereby. In these drawings
PAR  FIG. 1 shows, illustrated in graphs, the dependence of the distribution
      coefficient, free citric acid and the pH-value of the aqueous
      re-extraction solution from the a-value, while
PAR  FIG. 2 illustrates diagrammatically the process according to the present
      invention with three extraction steps and two re-extraction steps.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 graphically illustrates the interdependence of the distribution
      coefficient K, the free citric acid H in weight percent of total citric
      acid, and the pH-value of the aqueous re-extraction solution from the
      avalue, i.e. the equivalent proportion of sodium carbonate to citric acid
      when using sodium carbonate solutions as re-extracting solvent.
PAR  The one ordinate shows the proportion of free citric acid to total citric
      acid in weight percent, designated as H and the distribution coefficient
      K, and the other ordinate the pH-value.
PAR  The abscissa a shows the proportion of sodium carbonate to citric acid,
      i.e. the equivalent proportions of these two agents.
PAR  It is evident from said FIG. 1 that by varying the a-value, i.e. equivalent
      proportion of sodium carbonate to citric acid, solutions of di- and
      tri-sodium citrates of varying free citric acid content can be produced.
PAR  The following examples serve to illustrate the present invention without,
      however, limiting the same thereto.
PAC  EXAMPLE 1
PAR  A fermentation solution containing 79 g. of citric acid in each liter of
      solution is subjected to continuous counterflow extraction in the mixing
      and separating system as diagrammatically illustrated in FIG. 2, which
      shows a three-step extraction and a two-step re-extraction process. Of
      course, a larger or smaller number of extraction and/or re-extraction
      steps may be used depending upon the extraction conditions.
PAR  Twelve l./hr. of the organic extraction phase EO containing 4.8 l. of
      tri-isononylamine and 7.2 l. of methyl isobutyl ketone and 12 l. of the
      aqueous phase A2 are mixed in mixing zone 1. The mixture is conducted to
      separator 2 from where 12 l./hr. of an about 0.3 % aqueous solution
      (refined solution) are discharged.
PAR  The organic phase E1 drawn off from separator 2 is mixed with 12 l./hr. of
      the aqueous phase A1 in mixing vessel 3 and is then introduced into
      separator 4. Twelve l./hr. of aqueous phase A2 and 12 l./hr. of organic
      phase E2 are removed.
PAR  The organic phase E2 is mixed with the fermentation solution A0 containing
      79 g. of citric acid per liter solution in mixing device 5 with a speed of
      12 l./hr. Thereafter, the mixture is conducted to separator 6. 12 l./hr.
      of the organic extract E3 containing 76.2g. of citric acid per l. of
      extract are drawn off from separator 6 and are mixed in mixer 7 with 6 l.
      of aqueous phase W1 for re-extraction. The resulting mixture is then
      introduced into separator 8. 6 l. of the citrate solution W2 which
      contains 152.4 g./l. of citric acid or, calculated as trisodium citrate
      dihydrate, 233.4 g./l., and 12 l. of the organic phase E4 are running off
      per hour. 6 l. of aqueous phase W0 which contains 114 g./l. of sodium
      carbonate and 12 l. of organic phase E4 are introduced into mixer 9 per
      hour. Mixers 7 and 9 wherein re-extraction is carried out, are kept at a
      temperature of 38.degree. C. The resulting mixture is introduced into
      separator 10 from where 12 l./hr. of the organic phase E0 and 6 l./hr. of
      the aqueous phase W1 are withdrawn.
PAR  The resulting citrate solution obtained according to the present invention
      which is diluted to 2 percent, calculated for citric acid, has an
      extinction of 0.6 (determined at a wave length of 436 nm; measuring cell:
      1 cm.; pH = 5.5).
PAR  In contrast thereto, an 0.2 % (calculated for citric acid) starting
      fermentation solution which has been adjusted to a pH of 5.5 by the
      addition of sodium hydroxide solution shows an extinction value of 0.5
      (determined at a wave length of 436 nm; measuring cell: 1 cm.; pH = 5.5).
PAR  Thus the citrate solution obtained according to the present invention has a
      degree of purity of 88 percent, i.e. 88 percent of the coloring matter in
      the starting fermentation solution have been removed.
PAR  The purifying effect is calculated as follows:
PAR  The amount of coloring matter calculated for C g. of citric acid is
EQU  E.sub.o .sup.. C/C.sub.o
PAL  whereby
PA1  E.sub.o is the extinction value of the starting solution (determined at a
      pH of 5.5; measuring cell: 1 cm.; wave length: 436 nm.) and
PA1  C.sub.o is the amount of citric acid in 1 ml. of solution.
PAR  After carrying out extraction and re-extraction according to the present
      invention the amount of coloring matter in the citrate solution calculated
      for C g. of citric acid is
EQU  E.sub.e .sup.. C/C.sub.e
PAL  whereby
PA1  E.sub.e is the extinction value of the citrate solution (determined in the
      same manner as the extinction value of E.sub.o) and
PA1  C.sub.e is the amount of citric acid in 1 ml. of citrate solution.
PAR  The purifying effect R is defined as follows:
      ##EQU2##
PAR  Thus the purifying effect in Example 1 is determined as follows:
EQU  E.sub.o =  0.5; E.sub.e =  0.6;
EQU  C.sub.o =  0.002 g.; C.sub.e =  0.02 g.
      ##EQU3##
PAC  EXAMPLE 2
PAR  A fermentation solution containing 71.5 g./l. of citric acid is extracted
      by continuous counter-current extraction in the extraction mixer/separator
      system described in Example 1 and FIG. 2. A mixture of tri-n-decylamine
      and methyl isobutyl carbinol of a volume proportion v = 0.644 is used as
      extracting agent.
PAR  The organic phases and the aqueous phases are supplied for extraction to
      the mixers and separators with the same speed of 12 l./hr. An about 0.3%
      aqueous phase (refined solution) is discharged from separator 2 while the
      organic extract of 68.3 g./l. of citric acid is drawn off from separator 6
      and is fed into mixer 7.
PAR  On re-extraction, 12 l./hr. of the organic phase and 4 l./hr. of the
      aqueous phase are fed into the mixers and separators or, respectively, are
      withdrawn from the mixers and separators. The mixers 7 and 9 are kept in
      this case at room temperature.
PAR  A potassium hydroxide solution containing 162 g./l. of potassium hydroxide
      is used as re-extracting agent. The resulting aqueous extract which is
      discharged from separator 8 contains 204.9 g/l. of citric acid or,
      calculated as tripotassium citrate monohydrate, 346.0 g./l.
PAR  The citrate solution diluted to 2 percent (calculated as citric acid) has
      an extinction value of 0.72 (measured at a wave length of 436 nm.;
      measuring cell: 1 cm.; pH = 6.3).
PAR  The extinction of the starting fermentation solution adjusted by the
      addition of potassium hydroxide to a pH of 6.3 and diluted to a
      concentration of 0.2 percent (calculated as citric acid) in contrast
      thereto was 0.55 (determined under the same conditions of measurement).
PAR  Thus the purifying effect on producing said citrate solution is 87 percent.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process of producing alkali metal or ammonium citrates from citric
      acid solutions produced chemically or by fermentation, by extraction, the
      steps which comprise
PA1  a. extracting the starting citric acid solution by means of a
      water-immiscible solvent mixture of an amine of the formula
      ##EQU4##
       in which R.sub.1 and R.sub.2 are alkyl radicals with 7 to 15 carbon atoms
      and
PA2  R.sub.3 is hydrogen or an alkyl radical with 1 to 15 carbon atoms, and
PA1   an organic solvent as extracting agent and
PA2  b. subsequently re-extracting the resulting organic solvent extract with a
      compound forming alkali metal or ammonium salts of citric acid.
NUM  2.
PAR  2. The process of claim 1, in which the proportion, by volume, of amine to
      organic solvent is between about 0.05 and about 2.0.
NUM  3.
PAR  3. The process of claim 1, in which the proportion, by volume, of amine to
      organic solvent is between about 0.3 and 0.7.
NUM  4.
PAR  4. The process of claim 1, in which the molar proportion of amine to citric
      acid is between about 0.5 and about 10.0.
NUM  5.
PAR  5. The process of claim 1, in which the molar proportion of amine to citric
      acid is between about 1.5 and about 3.5.
NUM  6.
PAR  6. The process of claim 3, in which the molar proportion of amine to citric
      acid is between about 0.5 and about 10.0.
NUM  7.
PAR  7. The process of claim 3, in which the molar proportion of amine to citric
      acid is between about 1.5 and about 3.5.
NUM  8.
PAR  8. The process of claim 1, in which the amine is tri-isononylamine.
NUM  9.
PAR  9. The process of claim 1, in which the amine is tri-n-decylamine.
NUM  10.
PAR  10. The process of claim 1, in which the organic solvent is a
      water-immiscible solvent selected from the group consisting of
      hydrocarbons, alcohols, esters, ketones, and mixtures thereof.
NUM  11.
PAR  11. The process of claim 1, in which the equivalent proportion of
      re-extracting solvent to citric acid in the organic extract is between
      about 0.1 and about 1.2.
NUM  12.
PAR  12. The process of claim 1, in which the equivalent proportion of
      re-extracting agent to citric acid in the organic extract is between about
      0.4 to about 0.95.
NUM  13.
PAR  13. The process of claim 1, in which the re-extracting agent is a solution
      selected from the group consisting of solutions of alkali metal
      hydroxides, alkali metal carbonates, alkali metal bicarbonates, ammonia,
      and salts of alkali metal and ammonia.
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ABST
PAL  N-(N'alkynylcarbamylmethyl)-2,6-dialkyl-.alpha.-haloacetanilides have
      herbicidal activity, particularly in pre-emergent applications against
      grassy weeds.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Belgium Pat. No. 73/03363 of Hercules published Feb. 7, 1973, discloses
      N-.alpha.-haloacetyl-substituted N-phenyl amines and their use as
      herbicides.
PAR  U.S. Pat. Nos. 3,547,620 and 3,637,847 of J. F. Olin and U.S. Pat. No.
      3,780,090 of Akita et al. disclose the use of .alpha.-haloacetanilides as
      herbicides.
PAC  DESCRIPTION OF THE INVENTION
PAR  The N-(N'-alkynylcarbamylmethyl)-2,6-dialkyl-.alpha.-haloacetanilide
      compounds of the invention are represented by the formula (I):
      ##SPC1##
PAL  wherein R.sup.1 and R.sup.2 individually are lower alkyl groups of 1 to 6
      carbon atoms, R.sup.3 is hydrogen, lower alkyl of 1 to 6 carbon atoms,
      lower haloalkyl of 1 to 2 carbon atoms and 1 to 4 chlorine or bromine, or
      lower alkynyl of 3 to 6 carbon atoms; R.sup.4 is lower alkynyl of 3 to 6
      carbon atoms; and X is fluorine, chlorine, bromine or iodine.
PAR  Representative alkyl groups which R.sup.1, R.sup.2 and R.sup.3 may
      represent include methyl, ethyl, propyl, isopropyl, butyl, secbutyl,
      t-butyl, pentyl, isohexyl, hexyl, etc. Representative haloalkyl groups
      which R.sup.3 may represent include chloromethyl, dichloromethyl,
      tribromomethyl and tetrachloroethyl. Representative alkynyl groups which
      R.sup.3 and R.sup.4 may represent include propargyl, 2-butynyl,
      3-pentynyl, etc.
PAR  Preferably R.sup.1 and R.sup.2 are alkyl of 1 to 3 carbon atoms, R.sup.3 is
      hydrogen or alkyl of 1 to 3 carbon atoms, R.sup.4 is 2-alkynyl, and X is
      chlorine or bromine.
PAR  Representative compounds of Formula (I) are:
PA0  N-(n'-propargylcarbonylmethyl- 2,6-dimethyl-.alpha.-chloroacetanilide
PA0  N-(n'-propargylcarbamylmethyl)-2,6-diethyl-.alpha.-chloroacetanilide
PA0  N-(n',n'-dipropargylcarbamylmethyl)-2,6-dimethyl-.alpha.-chloroacetanilide
PA0  N-(n'-2-butynylcarbamylmethyl)-2,6-diisopropyl-.alpha.-bromoacetanilide
PA0  N-(n'-3-hexynylcarbamylmethyl)-2,6-dimethyl-.alpha.-fluoroacetanilide
PA0  N(n'-propargyl-N'-chloromethylcarbamylmethyl-2,6-dimethyl-.alpha.-bromoacet
     anilide
PA0  N-(n'propargyl-N'-isopropylcarbamylmethyl)-2,6-dimethyl-.alpha.-iodoacetani
     lide and
PA0  N-(n'-2-butynyl-N'-methylcarbamylmethyl)-2-methyl-6-ethyl-.alpha.-chloroace
     tanilide.
PAR  The compounds of the invention may be prepared by alkylating a
      2,6-dialkylaniline (II) with an .alpha.-halcamide (III) to produce an
      N-carbamylmethyl-2,6-dialkylaniline (IV) and subsequently acylating the
      N-carbamylmethyl-2,6-dialkylamine (IV) with an .alpha.-haloacetyl halide
      (V) to give the N-carbamylmethyl-2,6-dialkyl-.alpha.-haloacetanilide
      product (I). This sequence of reactions is depicted by the following
      equations:
      ##SPC2##
      ##SPC3##
PAL  Wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4 and X have the same significance
      as previously defined.
PAR  The alkylation reaction (1) is conducted in the presence of a base.
      Suitable bases are inorganic alkali metal carbonates such as sodium
      carbonate or potassium carbonate. Generally, substantially equimolar
      amounts of reactants (II) and (III) and the base are employed. The
      reaction is conducted in inert polar organic solvents, e.g., apolar
      diprotic solvents such as dimethylformamide and acetonitrile, at reaction
      temperatures varying from 0.degree.C. to 90.degree.C., preferably from
      20.degree.C. to 50.degree.C. The reaction pressure may be atmospheric,
      subatmospheric, or superatmospheric. However, for convenience of
      conducting the reaction, the pressure is generally atmospheric. The
      reaction time will, of course, vary depending upon the reactants and the
      reaction temperature. Generally the reaction time is from 0.25 to 24
      hours. The product (IV) is generally purified by conventional procedures,
      e.g., extraction, distillation or crystallization, before use in the
      acylation reaction (2).
PAR  The acylation reaction (2) is conducted by conventional procedures in the
      presence of an organic base such as a trialkyl amine or a pyridine
      compound. The reactants (IV) and (V) and the base are generally contacted
      in substantially equimolar amounts in an inert organic solvent at a
      temperature of 0.degree.C. to 50.degree.C. Suitable inert organic solvents
      include ethyl acetate, methylene chloride, dimethoxyethane, benzene, etc.
      The product is isolated and purified by conventional procedures such as
      extraction, distillation, chromatography, crystallization, etc.
DETD
PAR  The preparation of the compounds of the invention is illustrated by the
      following examples.
PAC  EXAMPLES
PAC  EXAMPLE 1
PAC  Preparation of
      N-(N'-propargyl-N'-methyl-carbamylmethyl)-2,6-dimethyl-.alpha.-chloroaceta
     nilide
      ##SPC4##
PAR  A solution of 13.8 g (0.2 mol) of N-methylpropargylamine in 20 ml methylene
      chloride was added dropwise to a stirred and cooled (below 15.degree.C.)
      solution of 40.2 g (0.2 mol) bromoacetyl bromide and 16 g (0.2 mol) sodium
      bicarbonate in 250 ml methylene chloride. The reaction mixture was allowed
      to warm to about 25.degree.C. and stirred for 2 hours. The reaction
      mixture was then filtered and evaporated under reduced pressure to give an
      oily residue. The residue was diluted with 150 ml ether to form a
      two-phase mixture consisting of an ether phase and a dark oil. The ether
      phase was separated, dried over magnesium sulfate, and evaporated to give
      32.3 g of N-methyl-N-propargyl-.alpha.-bromoacetamide.
PAR  A mixture of 16.2 g (0.085 mol) N-methyl-N-propargyl-.alpha.-bromoacetamide
      (prepared above), 10.2 g (0.085 mol) 2,6-dimethylaniline and 8.9 g (0.085
      mol) sodium carbonate in 200 ml dimethylformamide was heated at
      140.degree.C. for 14 hours. The reaction mixture was diluted with 300 ml
      water and extracted with benzene. The benzene extracts were washed with
      water, dried over magnesium sulfate and evaporated under reduced pressure
      to give a viscous oil. The oil was chromatographed on a silica-gel column.
      N-(N'-methyl-N'-propargylcarbamylmethyl)-2,6-dimethylaniline was eluted
      from the column with 50:50 hexane-ethyl ether.
PAR  A sample of 3.2 g (0.029 mol) chloroacetyl chloride was added dropwise to a
      stirred and warmed (45.degree.-50.degree.C.) solution of 6.6 g (0.029 mol)
      N-(N'-methyl-N'-propargylcarbamylmethyl)-2,6-dimethylaniline (prepared
      above) and 2.3 g (0.029 mol) pyridine in 250 ml of methylene chloride. The
      reaction mixture was stirred at about 25.degree.C. for 1 hour. The
      reaction mixture was washed with 250 ml water, with aqueous sodium
      bicarbonate and then water, dried over magnesium sulfate and evaporated
      under reduced pressure to give a viscous oil. The oil was crystallized
      from ether to give the product,
      N-(N'-methyl-N'-propargylcarbamylmethyl)-2,6-dimethyl-.alpha.-chloroacetan
     ilide, as a colorless solid, m.p. 72-74.degree.C. Elemental analysis for
      C.sub.16 H.sub.19 ClN.sub.2 O.sub.2 showed: %Cl, calculated 11.6, found
      11.8.
PAR  By a procedure similar to that above:
PAR  (a) .alpha.-chloroacetyl chloride and
      N-(N'-methyl-N'-propargylcarbamylmethyl)-2,6-diethylaniline were reacted
      in the presence of pyridine to produce
      N-(N'-methyl-N'-propargylcarbamylmethyl)-2,6-diethyl-.alpha.-chloroacetani
     lide as a colorless solid, m.p. 69.degree.-70.degree.C. Elemental analysis
      for C.sub.18 H.sub.23 ClN.sub.2 O.sub.2 showed: %Cl, calc. 10.6, found
      10.5.
PAR  (b) .alpha.-chloroacetyl chloride and
      N-(N'-1,1-dimethyl-2-propynylcarbamylmethyl)-2,6-diethylaniline were
      reacted in the presence of pyridine in ethyl acetate to produce
      N-(N'-1,1-dimethyl-2-propynylcarbamylmethyl)-2,6-diethyl-.alpha.-chloroace
     tanilide as a white solid, m.p. 114.degree.-115.degree.C. Elemental
      analysis for C.sub.19 H.sub.25 ClN.sub.2 O.sub.2 showed: %Cl, calc. 10.2,
      found 10.1 The structural formula of this product is:
      ##SPC5##
PAR  (c) .alpha.-chloroacetyl chloride and
      N-(N'-1,1-dimethyl-2-propynylcarbamylmethyl)-2,6-dimethylaniline were
      reacted in the presence of pyridine in ethyl acetate to produce
      N-(N'-1,1-dimethyl-2-propynylcarbamylmethyl)-2,6-dimethyl-.alpha.-chloroac
     etanilide as a white solid, m.p 100.degree.-102.degree.C. Elemental
      analysis for C.sub.17 H.sub.21 ClN.sub.2 O.sub.2 showed: %Cl, calc. 11.0,
      found 11.1.
PAR  (d) .alpha.-chloroacetyl chloride and
      N-(N'-propargylcarbamylmethyl)-2,6-dimethylaniline were reacted in the
      presence of pyridine to produce
      N-(N'-propargylcarbamylmethyl)-2,6-dimethyl-.alpha.-chloroacetanilide as a
      white solid, m.p. 89.degree.-94.degree.C. Elemental analysis for C.sub.15
      H.sub.17 ClN.sub.2 O.sub.2 showed: %Cl, calc. 12.1, found 11.0.
PAC  UTILITY
PAR  The compounds of the present invention are, in general, herbicidal in both
      pre- and post-emergent applications. For pre-emergent control vegetation,
      undesirable vegation, the herbicidal compounds will be applied in
      herbicidally effective amounts to the locus or growth medium of the
      vegetation, e.g., soil infested with seeds and/or seedlings of such
      vegetation. Such application will inhibit the growth of or kill the seeds,
      germinating seeds and seedlings. For post-emergent applications, the
      herbicidal compounds will be applied directly to the foliage and other
      plant parts. Generally, the herbicidal compounds of the invention are
      effective against weed grasses as well as broadleaved weeds. The compounds
      are particularly effective as pre-emergent herbicides against broadleaf
      and grass weeds with little or no phytotoxicity to crops such as oats,
      sorghum, cotton and peas.
PAR  The compounds of the present invention can be used alone as herbicides.
      However, it is generally desirable to apply the compounds in herbicidal
      compositions comprising one or more of the herbicidal compounds intimately
      admixed with a biologically inert carrier. The carrier may be a liquid
      diluent or a solid, e.g., in the form of dust powder or granules. In the
      herbicidal composition, the active herbicidal compounds can be from about
      0.01 to 95 percent by weight of the entire composition.
PAR  Suitable liquid diluent carriers include water and organic solvents, e.g.,
      hydrocarbons such as benzene, toluene, kerosene, diesel oil, fuel oil, and
      petroleum naphtha. Suitable solid carriers are natural clays such as
      kaolinite, atalpulgite, and montmorillonite. In addition, talcs,
      pyrophillite, diatomaceous silica, synthetic fine silicas, calcium
      aluminosilicate and tricalcium phosphate are suitable carriers. Organic
      materials such as walnut-shell flour, cottonseed hulls, wheat flour, wood
      flour or redwood-bark flour may also be used as solid carriers.
PAR  The herbicidal composition will also usually contain a minor amount of a
      surface-active agent. Such surface agents are those commonly known as
      wetting agents, dispersing agents and emulsifying agents, and can be
      anionic, cationic or nonionic in character. The herbicidal compositions
      may also contain other pesticides, adjuvants, stabilizers, conditioners,
      fillers, and the like.
PAR  The amount of herbicidal compound or composition administered will vary
      with the particular plant part or plant growth medium which is to be
      contacted, the general location of application -- i.e., sheltered areas
      such as greenhouses, as compared to exposed areas such as fields -- as
      well as the desired type of control. Generally for both pre- and
      post-emergent control, the herbicidal compounds of the invention are
      applied at rates of 0.2 to 60 kg/ha, and the preferred rate is in the
      range 0.5 to 40 kg/ha.
PAR  Pre-emergent herbicidal tests on representative compounds of the invention
      were made using the following method:
PAC  Pre-Emergent Test
PAR  An acetone solution of the test compound was prepared by mixing 750 mg of
      the compound, 220 mg of a nonionic surfactant and 25 ml of acetone. This
      solution was added to approximately 125 ml of water containing 156 mg of
      surfactant.
PAR  Seeds of the test vegetation were planted in a pot of soil and the test
      solution was sprayed uniformly onto the soil surface at a dose of 33
      micrograms/cm.sup.2. The pot was watered and placed in a greenhouse. The
      pot was watered intermittently and was observed for seedling emergence,
      health of emerging seedlings, etc., for a 3-week period. At the end of
      this period, the herbicidal effectiveness of the compound was rated based
      on the physiological observations. A 0-to-100 scale was used, 0
      representing no phytotoxicity, 100 representing complete kill. The results
      of these tests appear in Tables I, II and III.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Example     Herbicidal Effectiveness                                      
     No.  Dosage O   W   C   M  P   L                                          
     __________________________________________________________________________
     1    33 mcg/cm.sup.2                                                      
                 100 100 100 55 100 50                                         
     2a   33 mcg/cm.sup.2                                                      
                 100 100 100 10  50 0                                          
     2b   33 mcg/cm.sup.2                                                      
                  0  100  60  0  0  0                                          
     2c   33 mcg/cm.sup.2                                                      
                  98 100  98  0  0  0                                          
     __________________________________________________________________________
      O = Wild Oats (Avena fatua)                                              
      W = Watergrass (Echinochloa crusgalli)                                   
      C = Crabgrass (Digataria Sanguinalis)                                    
      M = Mustard (Brassica arvensis)                                          
      P = Pigweed (Amaranthus retroflexus)                                     
      L = Lambsquarter (Chenopodium album)                                     
TBL                                    TABLE II                                
     __________________________________________________________________________
                  Herbicidal Effectiveness                                     
     Example      Grass Weeds          Crops                                   
     No.  Dosage  Watergrass                                                   
                        Crabgrass                                              
                              Yellow Foxtail                                   
                                       Wheat                                   
                                           Oats                                
                                              Sorghum                          
     __________________________________________________________________________
     1    0.7 mcg/cm.sup.2                                                     
                  100   70    70       7   2  0                                
     __________________________________________________________________________
TBL                                    TABLE III                               
     __________________________________________________________________________
                Herbicidal Effectiveness                                       
                Broadleaf Weeds                                                
                          Crops                                                
     No.                                                                       
        Dosage  Pigweed                                                        
                     Vetch                                                     
                          Peas Cotton                                          
                                    Soybeans                                   
     __________________________________________________________________________
     1  4.4 mcg/cm.sup.2                                                       
                100  97   5    0    10                                         
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC6##
PAL  wherein R.sup.1 and R.sup.2 individually are alkyl of 1 to 6 carbon atoms;
      R.sup.3 is hydrogen, alkyl of 1 to 6 carbon atoms, haloalkyl of 1 to 2
      carbon atoms and 1 to 4 chlorine or bromine atoms, or alkynyl of 3 to 6
      carbon atoms; R.sup.4 is alkynyl of 3 to 6 carbon atoms; and X is
      fluorine, chlorine, bromine or iodine.
NUM  2.
PAR  2. The compound of claim 1 wherein R.sup.3 is hydrogen and R.sup.1 and
      R.sup.2 are alkyl of 1 to 3 carbon atoms.
NUM  3.
PAR  3. The compound of claim 2 wherein X is chlorine or bromine.
NUM  4.
PAR  4. The compound of claim 3 wherein R.sup.4 is 2-alkynyl.
NUM  5.
PAR  5. The compound of claim 4 wherein R.sup.4 is propargyl.
NUM  6.
PAR  6. The compound of claim 1 wherein R.sup.1, R.sup.2 and R.sup.3
      individually are alkyl of 1 to 3 carbon atoms.
NUM  7.
PAR  7. The compound of claim 6 wherein X is chlorine or bromine.
NUM  8.
PAR  8. The compound of claim 2 wherein R.sup.4 is 2-alkynyl.
NUM  9.
PAR  9. The compound of claim 8 wherein R.sup.1, R.sup.2 and R.sup.3 are methyl,
      R.sup.4 is propargyl and X is chlorine.
PATN
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APN  4938003
APT  1
ART  117
APD  19740801
TTL  Synthesis of N-[1-(chloromethyl)propyl]acetamide
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ABST
PAL  N-[1-(Chloromethyl)propyl]acetamide, for the synthesis of ethambutol
      hydrochloride, d,d'-2,2'-(ethylenediimino)-di-1-butanol dihydrochloride,
      is produced in high purity and good yields by the reaction of butene-1, a
      nitrile, preferably an excess of acetonitrile, and chlorine to form
      N-[1-(chloromethyl)propyl]acetimidoyl chloride which is hydrolyzed to
      N-[1-(chloromethyl)propyl]acetamide. This may be hydrolyzed further to
      dl-2-amino-1-butanol, which can be isolated as the hydrochloride, or free
      base, or a mixture, resolved with L(+)-tartaric acid and the
      d-2-amino-1-butanol reacted with ethylene dichloride and then hydrochloric
      acid to form ethambutol hydrochloride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ethambutol hydrochloride, which is d,d'-2,2-(ethylenediimino)di-1-butanol
      dihydrochloride is a therapeutic agent for the treatment of tubercle
      bacilli infections, particularly human tuberculosis caused by
      Mycobacterium tuberculosis. The compound, its preparation, and its
      therapeutic use are disclosed in U.S. Pat. No. 3,176,040, 1965, Wilkinson
      and Shepherd, see Example 2 thereof. The therapeutic activity of the
      d-isomer is discussed in J. Am. Chem. Soc. 83, 2212 (1961).
PAR  The d,d-form of ethambutol may be made by reacting ethylene dichloride with
      d-2-amino-1-butanol. The ethambutol can be separated as the base, and
      converted to the dihydrochloride salt.
PAR  One method of resolving aminobutanol is disclosed in U.S. Pat. No.
      3,553,257, Jan. 5, 1971, Halmos and Ricketts.
PAR  U.S. Pat. No. 3,769,347, Oct. 30, 1973, John Kazan, PRODUCTION OF d,d'-2,2'
      -(ETHYLENEDIIMINO)DI-1-BUTANOL HYDROCHLORIDE, details certain processes
      for the improvement of yields and purity. Said patents and publications
      are herein hereby incorporated by this reference thereto.
PAC  PRIOR ART
PAR  U.S. Pat. No. 2,569,549, Oct. 2, 1951, P. L. Barrick, IMIDOHALIDES AND
      PROCESS OF PREPARING THEM AND THEIR HYDROLYSIS PRODUCTS, discloses the
      preparation of imidohalides of N-acyl-beta-haloamines. Among much other
      disclosure, Example VIII discloses the reaction of 56 parts (0.5 mole) of
      octene-1, 41 parts (1 mole) of acetonitrile and 55 parts (0.77 mole) of
      chlorine at 10.degree.-15.degree. C., with the reaction mixture being
      poured into ice and water, treated with concentrated hydrochloric acid,
      and steam distilled.
PAR  The product reported is 14 parts of the hydrochloride of
      1-hydroxymethylheptylamine
      ##EQU1##
      produced by the complete hydrolysis of the intermediate imidochloride of
      N-[ (alpha-hexyl-beta-chloro)ethyl] acetamide. Using the nomenclature of
      this case, these would be named dl- 2-amino-1-octanol hydrochloride and
      N-[1-(chloromethyl)heptyl]-acetimidoyl chloride. Column 12, line 75,
      mentions butene-1, among other starting materials.
PAR  Example VI of said U.S. Pat. No. 2,569,549 shows the addition of
      isobutylene to a solution of 32 parts of chlorine in 135 parts of
      acetonitrile, until the yellow color disappeared. Excess acetonitrile was
      removed, and the product was hydrolyzed with dilute hydrochloric acid to
      produce an N-(chloroisobutyl)-trichloroacetamide, probably
      N-[(beta-chloro-alpha, alpha-dimethyl)ethyl] trichloroacetamide.
PAC  SUMMARY OF THE INVENTION
PAR  N-[1-(Chloromethyl)propyl]acetamide is prepared by adding butene-1 and
      chlorine to acetonitrile, preferably simultaneously, to yield
      N-[1-(chloromethyl)propyl]acetimidoyl chloride together with a certain
      amount of by-product 1,2-dichlorobutane, the
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is hydrolyzed to give
      N-[1-(chloromethyl)propyl]acetamide. One utility for
      N-[1-(chloromethyl)propyl]acetamide is further hydrolysis with presumably
      a ring closing and reopening steps to dl-2-amino-1-butanol, conveniently
      as the hydrochloride. The dl-2-amino-1-butanol hydrochloride may be
      resolved into its optical isomers with the d-2-amino-1-butanol being
      reacted with ethylene dichloride to produce ethambutol hydrochloride,
      d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride. Good yields of a
      pharmaceutically elegant elegant product are readily obtained.
PAR  This gives d-2-amino-1-butanol in a form which is particularly acceptable
      for reaction with ethylene dichloride to yield a pharmaceutically elegant
      grade of d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride.
PAR  These equations may be written:
      ##EQU2##
PAR  Surprisingly, best results are obtained in the reaction with acetonitrile
      if an excess of acetonitrile is used. Acetonitrile is the expensive
      component and routinely it is customary to attempt to use less of the
      expensive component.
PAR  Here, chlorine also reacts with butene-1 to yield 1,2-dichlorobutene. An
      excess of acetonitrile shifts the reaction towards
      N-[1-(chloromethyl)propyl]acetimidoyl chloride. An amount of water
      corresponding to that required for the hydrolysis of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride may be added before, with
      or after the addition of the chlorine and butene to the reaction mixture
      to hydrolyze the N-[1-chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)-propyl]acetamide. The reaction of acetonitrile with
      hydrochloric acid formed in the hydrolysis is sufficiently slow that at
      least 95 percent of the excess of acetonitrile may be distilled under
      reduced pressure from the reaction mixture and recycled. The economical
      recovery of the acetonitrile in such form that it may be recycled to the
      process is essential to the low cost production being sought.
PAR  Too great an excess of acetonitrile requires too large a reaction vessel. A
      continuous reaction may be used, which permits smaller equipment, and a
      large excess of acetonitrile, which is recycled to the starting materials.
PAR  After stripping the acetonitrile, if hydrolysis of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide has not been completed during the
      reaction, hydrolysis is completed by adding water to the pot residue.
      Production of N-[1-(chloromethyl)propyl]acetamide by hydrolysis of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride, is favored by the presence
      of a weak base such as calcium carbonate, calcium oxide, calcium
      hydroxide, sodium carbonate, sodium bicarbonate, potassium carbonate or
      bicarbonate, barium carbonate, or strontium carbonate. The base is not
      necessary if the N-[1-(chloromethyl)propyl]acetamide is to be processed by
      further hydrolysis to dl-2-amino-1butanol. After hydrolysis,
      1-2-dichlorobutane is stripped by distillation under reduced pressure.
PAR  After removal of the acetonitrile and 1,2-dichlorobutane, the purity of the
      N-[1-(chloromethyl)propyl]acetamide is sufficiently high for convenient
      processing through to dl-2-amino-1-butanol hydrochloride of a grade which
      may be used in a resolution step, or other purposes.
PAR  The N-[1-(chloromethyl)propyl]acetimidoyl chloride may be recovered and
      utilized after its formation. Conveniently, water is added to the reactor
      to hydrolyze N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)-propyl]acetamide, so that, in effect, the first two
      steps are simultaneously accomplished, exotherms are better controlled,
      and the processing steps are simultaneous, saving time and manipulation. A
      slight excess over the calculated quantity of water necessary for
      hydrolysis of N-[1-(chloromethyl)-propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]-acetamide may be added after the completion of
      chlorination.
PAR  The acetonitrile may be separated from the
      N-[1-(chloromethyl)propyl]acetimidoyl chloride or
      N-[1-(chloromethyl)propyl]acetamide. Conveniently, it is separated after
      the hydrolysis to N-[1-(chloromethyl)propyl]acetamide. The
      1,2-dichlorobutane may be separated in whole or in part by distillation
      after the synthesis of N-[1-(chloromethyl)propyl]-acetimidoyl chloride, or
      after hydrolysis to N-[1-(chloromethyl)propyl]acetamide. At least part of
      the 1,2-dichlorobutane may be retained until the synthesis of the
      dl-2-amino-1-butanol hydrochloride is completed. It is usually more
      convenient to separate the 1,2-dichlorobutane after the hydrolysis to the
      N-[1-chloromethyl)propyl]acetamide, as the reaction mixture is then
      smaller, and more compact equipment may be used for the reaction of the
      N-[1-(chloromethyl)-propyl]acetamide to dl-2-amino-1-butanol
      hydrochloride. Azeotropic distillation with water permits convenient and
      effective complete removal of the 1,2-dichlorobutane from the
      dl-2-amino-1-butanol.
PAR  Subsequently, methanol is added to the aqueous reaction mixture containing
      N-[1-(chloromethyl)propyl]acetamide, preferably with catalytic amounts of
      hydrochloric acid, which is refluxed to hydrolyze to dl-2-amino-1-butanol
      hydrochloride with by-product methyl acetate. The methyl acetate is
      removed by distillation leaving dl-2-amino-1-butanol hydrochloride.
PAR  For the production of N-[1-(chloromethyl)propyl]-acetimidoyl chloride, the
      presence of water is to be avoided, and vacuum distillation to remove
      acetonitrile and 1,2-dichlorobutane is necessary. If hydrolyzed to
      N-[1-chloromethyl)propyl]acetamide, mild conditions for the removal of
      both acetonitrile and 1,2-dichlorobutane are preferred. A weak base aids
      in controlled hydrolysis. Where hydrolysis to dl-2-amino-1-butanol is
      desired, the acid produced in hydrolysis can be used to form the
      hydrochloride salts of the product.
PAR  In the production of dl-2-amino-1-butanol hydrochoride, the acetonitrile
      should be vacuum distilled out at the N-[1-(chloromethyl)propyl]acetamide
      stage, for recycling. If the acetonitrile is permitted to remain during
      the hydrolysis to dl-2-amino-1-butanol hydrochloride, the acetonitrile
      tends to hydrolyze to acetic acid with production of ammonia, usually as
      the ammonium chloride. The acetic acid from the hydrolysis of acetonitrile
      is readily removed as the methyl ester, but the loss of acetonitrile
      reduces the efficiency of the process.
PAR  1,2-dichlorobutane is preferably at least partially removed by vacuum
      distillation at the N-[1-(chloromethyl)-propyl]acetamide stage. It causes
      no complications other than increasing the size of the reactor required.
      Conveniently, the last of the 1,2-dichlorobutane is removed by azeotropic
      distillation from dl-2-amino-1-butanol hydrochloride at the time acetic
      acid is removed as the methyl ester. Conveniently, the intermediate
      reactions to dl-2-amino-1-butanol hydrochloride may overlap without the
      isolation of N-[1-(chloromethyl)propyl]acetimidoyl chloride and
      N-[1-(chloromethyl)propyl]acetamide.
PAR  By dissolving in methyl alcohol, or isopropanol, or mixtures thereof, a
      solution of the dl-2-amino-1-butanol, predominantly as the hydrochloride,
      is obtained which can be partially neutralized with ammonia to form a
      mixture of dl-2-amino-1-butanol and dl-2-amino-1-butanol hydrochloride,
      with ammonium chloride being filtered out. The mixture is approximately
      two parts dl-2-amino-1-butanol and one part dl-2-amino-1-butanol
      hydrochloride, a ratio which is close to the optimum desired for reacting
      with L(+)- tartaric acid in the presence of anhydrous methanol to permit
      the separation of the d-2-amino-1-butanol tartrate as is set forth in
      detail in U.S. Pat. No. 3,553,257, supra.
PAR  This process has unique and unexpected advantages in the present system
      because part of the butene-1adds chlorine and acetonitrile in the reverse
      of the desired position so that about 3 to 10% dl-1-amino-2-butanol is
      found in the dl-2-amino-1-butanol as an impurity. In separation of the d-
      and l -isomers of dl-2-amino-1-butanol, both isomers of
      dl-1-amino-2-butanol remain with the mother liquor, and a much purified
      d-2-amino-1-butanol separates out as the L(+)- tartrate salt.
PAR  A starting material containing up to about 10% of dl-1-amino-2-butanol
      yields a purified d-2-amino-1-butanol, as the tartrate, having a content
      of less than 0.01% of dl-1-amino-2-butanol, as its tartrate salts. If
      washing is less thorough, up to 0.1 percent may be present. A purity is
      readily obtained which can be used as a starting material for ethambutol
      which is of pharmaceutical grade with a minimum of additional
      purification.
PAR  The facility of separating out impurities and by-products is unobvious and
      of the essence of the present system of reactions.
PAC  EXAMPLE I
PAC  Preparation of dl-2-Amino-1-butanol hydrochloride
PAR  Acetonitrile (164 g., 4 moles) is placed in a tared 500 ml 4-necked Morton
      flask equipped with a mechanical stirrer, a thermometer, two fritted glass
      gas-inlet tubes, a syringe needle (attached to a syringe pump), and a
      dry-ice condenser. The flask is cooled in an ice-water bath to
      3.degree.-5.degree.C. Chlorine (71 g., 1 mole) and butene-1 (56 g. 1 mole)
      are passed through the well-stirred acetonitrile at a rate of about 400
      ml./min. each while water (10 g., 0.55 mole) is added simultaneously at a
      linear rate with the syringe pump during the course of the reaction (1
      hour).
PAR  The reaction temperature rises to 20.degree.C. within 8 minutes and stays
      constant through the course of the reaction. The reaction mixture is
      stirred for an additional 15-30 minutes. The reaction mixture is weighed
      to insure that proper amounts of the gaseous reactants have been
      introduced. Excess acetonitrile (b.p. 36.degree.-41.degree.C./150-170 mm.)
      is removed by distillation (bath temperature up to 100.degree.C.) while
      using a 10-plate distillation column. A sudden temperature drop indicates
      the end of acetonitrile distillation.
PAR  The acetonitrile fraction contains 1-2% HCl and about 6% 1,2-dichlorobutane
      and can be recycled, without further treatment to a subsequent batch, or
      can be purified before recycling.
PAR  The head temperature rises to 70.degree. and by-product 1,2-dichlorobutane
      is distilled off between 70.degree.-40.degree. C. at 150 to 25 mm. A
      dry-ice trap attached to the vacuum line contains 15-25 g. of a material
      which consisted of 35% HCl, 10% 1,2-dichlorobutane and a crystalline solid
      derived from the reaction of acetonitrile with anhydrous HCl.
PAR  The residue in the flask, predominantly
      N-[1-(chloromethyl)propyl]acetamide, is mixed with water (45 g. 2.5 moles)
      and the mixture is brought to reflux. The residual 1,2-dichlorobutane is
      removed by azeotropic distillation (Dean-Stark trap) while the mixture is
      refluxed for 2 hours. The water and some acetic acid (formed during
      hydrolysis with water) are removed at 80.degree. (under reduced pressure
      (15-20 mm.) to leave a viscous residue consisting of
      N-[1-(chloromethyl)propyl]acetamide, and its hydrolysis products.
PAR  Methanol (48 g., 1.5 moles) and concentrated hydrochloric acid (0.5 ml) are
      added to the residue and the reaction mixture is refluxed for 2 hours.
      After removal of the volatiles (H.sub.2 O, methyl acetate, etc.), the
      dl-2-amino-1-butanol hydrochloride is obtained as a colorless viscous
      material which crystallizes on standing.
PAC  EXAMPLE 2
PAC  dl-2-amino-1-butanol
PAR  A 30 g. portion of the crude dl-2-amino-1-butanol hydrochloride from
      Example 1 is suspended in a mixture of 100 ml. of toluene and 20 ml. of
      isopropanol. Anhydrous ammonia (10.2 g., 0.6 mole) is introduced over the
      surface of the well-stirred suspension at 25.degree. C. A dry ice-acetone
      condenser controls ammonia loss during reaction. Crystalline ammonium
      chloride starts precipitating immediately and stirring is continued for
      15-20 minutes to insure completion of the reaction. The dry ice-acetone
      condenser is removed and excess NH.sub.3 is allowed to volatilize (15-20
      minutes). The precipitated NH.sub.4 Cl is filtered off and washed with a
      small amount of toluene.
PAR  The filtrate and washings are combined and the solvents evaporated under
      reduced pressure to obtain d,1-2-amino-1-butanol (21.0 g.). The product by
      gas liquid chromatography is 63 percent pure, and contains about 8% of
      dl-1-amino-2-butanol. The same process can be used to obtain the d- or l-
      optical isomer as a free base from its hydrochloride salt.
PAC  EXAMPLE 3
PAC  d-2-amino-1-butanol tartrate from dl-2-amino-1-butanol hydrochloride
PAR  A 50 g. sample of dl-2-amino- 1-butanol hydrochloride from Example 1 is
      dissolved in 100 ml. of anhydrous methanol. One mole of anhydrous NH.sub.3
      is condensed in over a period of 40 minutes. (A dry ice-acetone condenser
      is used to prevent ammonia loss during reaction). After stirring for 0.5
      hr., the dry ice-acetone condenser is removed and excess NH.sub.3 is
      allowed to volatilize (20-30 minutes). The precipated NH.sub.4 Cl is
      filtered off (13.2 gm., 0.246 mole, 62%) and the filtrate is concentrated
      to leave a viscous oil (43 gm.) which contains 58% by weight free
      dl-2-amino-1-butanol (the remainder being unreacted dl-2-amino-1-butanol
      hydrochloride).
PAR  The mixture (42 g.) is dissolved in 120 ml. of anhydrous methanol and the
      solution is treated with 35 g. (0.233 mole) of L(+)- tartaric acid. The
      reaction temperature rises to 45.degree.-47.degree. C. during addition of
      tartaric acid. The solution is maintained at this temperature for 1 hour
      and then cooled to 25.degree. C. over a period of 4-5 hours.
      Crystallization can be expedited by seeding the solution with
      d-2-amino-1-butanol L(+)- tartrate  to induce crystallization of the salt.
PAR  The precipitated salt is filtered off and washed four times with cold
      methanol and then dried in an inert atmosphere. The salt is obtained as
      colorless crystalline solid (30 g., 0.125 mole, 63 percent) mp.
      138.degree.-140.degree. C.[.alpha.].sub.D.sup.26 = 23.52.degree.
      (c=5%,H.sub.2 O) and in a typical run was indistinguishable from authentic
      d-2-amino-1-butanol L(+)- tartrate [mp. 137.degree.-141.degree. C.;
      [.alpha.].sub.D.sup.26 = 23.74.degree.(c=5%,H.sub.2 O)]. Up to about 8% of
      dl-1-amino-2-butanol may be formed in the reactions from the addition of
      the imido group to the 1 position in butene-1, in effect, the reverse of
      that desired. By analogous reactions, this is converted to
      dl-1-amino-2-butanol. Both the d and l isomers remain with the mother
      liquor in the crystallization, and permit the separation of
      d-2-amino-1-butanol L(+)- tartrate substantially free from impurities.
PAR  The isolation of d-2-amino-1-butanol from the salt has been described in
      U.S. Pat. No. 3,553,257, supra.
PAR  Conversion to ethambutol is described in U.S. Pat. No. 3,769,347, supra.
PAC  EXAMPLE 4
PAC  d-2-Amino-1-butanol
PAR  d-2-Amino-1-butanol tartrate (150 g.) (0.63 mole) from Example 3 is added
      with stirring to an aqueous solution of KOH prepared by dissolving 76 g.
      KOH in 115 ml. of distilled water. d-2-Amino-1-butanol which forms the
      upper layer is extracted with tetrahydrofuran (100 ml. .times. 2). The
      tetrahydrofuran extract is dried (Na.sub.2 SO4) and concentrated under
      reduced pressure. The crude, oily residue is distilled under reduced
      pressure to give d-2-amino-1-butanol (b.p. 99.degree.-103.degree. at 30
      mm.). The material is further fractionated to give pure
      d-2-amino-1-butanol having a b.p. of 174.degree., and
      [.alpha.].sub.D.sup.25 = 9.9. The yield of the distilled material is about
      50 percent to 76 percent and can be improved substantially if additional
      extractions are carried out with tetrahydrofuran.
PAC  EXAMPLE 5
PAC  Ethambutol Hydrochloride
PAR  Following the procedure described in Example 1 of U.S. Pat. No. 3,769,347,
      a mixture of 462 g. of d-2-amino-1-butanol, produced in accordance with
      the procedure of Example 4, and 32 g. of ethylene dichloride is heated to
      80.degree. C. and the temperature is allowed to rise exothermally to about
      130.degree. C. After 1 hour, the mixture is cooled to about 95.degree. C.,
      22.5 g. of sodium hydroxide is slowly added, and a temperature of about
      112.degree. C. is maintained for 1 hour. The sodium hydroxide is in the
      form of prills of about 4 mm. diameter. The mixture is cooled to
      70.degree. C. and unreacted d-2-amino-1-butanol is recovered by vacuum
      distillation. The distillation is at a pressure below 20 mm. mercury, and
      below 130.degree. C., heat being applied at a rate within the capacity of
      the condenser.
PAR  Isopropanol (290 g.) is added to the distillation residue at a temperature
      not above 90.degree. C., and followed by a refluxing period of 30 minutes.
      The mixture is cooled to and filtered at 60.degree. C. to remove sodium
      chloride, and the filter cake is washed with 47 g. of isopropanol, at
      60.degree. C. The volume of the filtrate is diluted to 430 ml. with
      isopropanol and the temperature is adjusted to 40.degree.-45.degree. C., 2
      g. of diatomaceous earth filter aid is added, and a second filtration is
      carried out.
PAR  To the clear filtrate there is added 120 g. of methanol and 15 g. of water.
      The vessel is closed and hydrogen chloride (about 25 g.) is introduced
      over the surface of the charge at a gas pressure of 5-7 p.s.i.g. while the
      temperature is allowed to rise to 55.degree. C., to a pH of 2 to 2.5. The
      charge is cooled very slowly to 28.degree. C. and is stirred for about 1
      hour.
PAR  Conveniently, a small aliquot is titrated, and a calculated quantity of
      hydrogen chloride added. Proper final pH is confirmed by testing as acid
      to wet Congo Red test paper. Other methods of measuring the pH can be
      used. The while crystalline product,
      d,d'-2,2'-(ethylenediimino)-di-1-butanol dihydrochloride is separated by
      filtration and washed with isopropanol. The product, carefully dried at a
      maximum temperature of 75.degree. C., is about 70 g., has a decomposition
      range of 198.5.degree.-204.degree. C., and an ash content of 0.1 percent.
PAR  This is a pharmaceutically acceptable, elegant grade of ethambutol
      hydrochloride without further treatment or refinement. The product may be
      tabletted or encapsulated by conventional procedures.
PAC  EXAMPLE 6
PAC  N-[1-(Chlormethyl)propyl]acetamide
PAR  Into a 250 ml. 3-necked flask fitted with a stirrer, dry ice-acetone trap,
      a gas outlet, and a gas inlet is charged 41.05 g. (1.0 mole) acetonitrile,
      25 g. (0.25 mole) CaCO.sub.3, 13.5 ml. (0.75 mole) water and 26.8 g.
      (0.475 mole) 1-butene. The mixture is cooled to -5.degree. to -8.degree.
      C. and chlorine added over 2 hours maintaining the temperature at below
      7.degree. C. until the reaction mixture turns yellow indicating a slight
      excess of chlorine. The mixture is filtered and the solvents distilled
      under reduced pressure to yield 28.6 g. of
      N-[1-(chloromethyl)propyl]acetamide (40.2 percent yield based on
      1-butene).
PAC  EXAMPLE 7
PAC  N-[1-(Chloromethyl)propyl]acetamide
PAR  A 500 ml. 3-necked flask fitted with a stirrer and dry ice-acetone trap is
      charged with 82.1 g. (2.0 mole) acetonitrile, 27.4 g. (1.52 mole) water,
      27 g. (0.25 mole) Na.sub.2 CO.sub.3 and 28.1 g. (0.50 mole) 1-butene and
      cooled to 0.degree. C. Chlorine (0.50 mole) is added over 1/2 hour, the
      reaction temperature reaching a high of 32.degree. C. After stirring for 2
      hours at 25.degree. C., the reaction mixture is filtered. The acetonitrile
      washings of the solid phase and filtrate is combined and the solvents
      removed by vacuum distillation to leave 33.0 g. of the
      N-[1-(chloromethyl)propyl]acetamide (44.0 percent yield based on
      1-butene).
PAC  EXAMPLE 8
PAC  dl-2-Amino-1-butanol
PAR  Sodium hydroxide pels (97% pure, 18.8 g. 0.45 mole) are stirred with 100
      ml. of anhydrous methanol and crude dl-2-amino-1-butanol hydrochloride 50
      g. (87% real. 0.35 mole) from a run similar to that of Example I is added
      with stirring over a period of 0.5 hr. The reaction mixture warms up and
      precipitated sodium chloride is removed by filtration, washed with
      methanol and the washings combined with the main filtrate. Methanol and
      water (formed during neutralization) are removed under reduced pressure
      and the residual oil distilled to yield dl-2-amino-1-butanol (b.p.
      95.degree.-100.degree./30-35 mm.), 26.68 g. (86 percent of theory). The
      material contains about 9.6% of dl-1-amino-2-butanol.
PAR  dl-2-Amino-1-butanol can be used as a catalyst as described in U.S. Pat.
      No. 3,539,652 (CA 74, 23499) as a component of organosilicone
      compositions, French Pat. No. 1,556,008 (CH71, 115) or as a component in a
      flame retardant composition U.S. Pat. No. 3,413,380 (CA 70, 40).
PAC  EXAMPLE 9
PAC  dl-2-Amino-1-butanol
PAR  Sodium hydroxide pels (97 percent pure, 18.8 g. 0.45 mole) are stirred with
      100 ml. of isopropanol containing 0.7 ml. of water. A part of the sodium
      hydroxide goes into solution. Crude dl-2-amino-1-butanol hydrochloride 50
      g. (70 percent real, 0.28 mole) is added with stirring over a period of
      0.5 hr. The reaction mixture warms up to about 45.degree. C. and
      crystalline sodium chloride precipitates out of the reaction mixture. The
      salt is removed by filtration, washed with isopropanol and the washings
      are combined with the main filtrate. The filtrate is distilled under
      reduced pressure. Isopropanol and water are removed as a fore-run and
      dl-2-amino-1-butanol (25 g. 88.3 percent yield) is distilled at
      95.degree.-105.degree. at 30 mm. Gas liquid chromatographic analysis of
      this product showed it to contain about 10% 1-amino-2-butanol.
PAC  EXAMPLE 10
PAC  d-2-Amino-1-butanol
PAR  To a 15 g. portion of undistilled crude dl-2-amino-1-butanol (59% real, 0.1
      mole) from a run similar to that of Example 2, dissolved in 48 ml. of
      methanol is added with stirring 17.5 g. (0.117 mole) of L(+)- tartaric
      acid while the temperature is maintained at 45.degree.. The solution is
      seeded with a small amount of crystals of the L(+)- tartrate of
      d-2-amino-1-butanol and the temperature maintained at 45.degree. C. for
      0.5 hr. An additional 4.2 g. (0.028 mole) of tartaric acid is added and
      the mixture held at 45.degree.-47.degree. C. for an additional 0.5 hour.
      The temperature is then lowered to 16.degree.-18.degree. over a 4 hour
      period and held at this temperature for 1 hour. The crystalline L(+)-
      tartrate of d-2-amino-1-butanol is removed by filtration, washed with cold
      methanol (3 ml. .times. 3) and dried in an inert atmosphere. In one such
      run the d-2-amino-1-butanol L(+)- tartrate weighed 8.5 (0.035 mole, 71.0
      percent), melted at 137.degree.-138.degree. and had a specific rotation
      [.alpha.].sub.D.sup.26 = 23.74 (c -- 5%, H.sub.2 O). The crude feed
      dl-2-amino-1-butanol contained about 8% of dl-1-amino-2-butanol as an
      impurity. This impurity is not carried through the resolution process. The
      L(+)- tartrate salt of d-2-amino-1-butanol obtained after resolution is
      found to contain no detectable quantities of 1-amino-2-butanol, by gas
      liquid chromatography, which is sensitive to about 0.01% of
      1-amino-2-butanol.
PAC  EXAMPLE 11
PAC  d-2-Amino-1-butanol
PAR  To 15 g. of distilled dl-2-amino-1-butanol (88.5 percent pure by gas liquid
      chromatography), from a run similar to Example 2, dissolved in 48 ml. of
      anhydrous methanol is added with stirring 17.5 g. (0.117 mole) of L(+)-
      tartaric acid while maintaining the temperature below 47.degree. C. The
      resulting solution is stirred at 45.degree.-47.degree. for 0.5 hour and an
      additional 4.21 g. (0.028 mole) of tartaric acid is added and the solution
      stirred for an additional 0.5 hour at 45-47 percent. The solution is
      seeded with a small amount of the L(+)- tartrate of d-2-amino-1-butanol.
      The mixture is slowly cooled to 16.degree.-17.degree. C. over a 4 hour
      period and the crystalline L(+)- tartrate salt of d-2-amino-1-butanol is
      removed by filtration, washed with cold methanol (3 ml. .times. 3) and
      dried in an inert atmosphere. The white crystalline material (14.5 g.,
      0.061 mole 81.9 percent yield) melts at 136.degree.-140.degree. and has a
      specific rotation of [.alpha.].sub.D.sup.25 = 23.74 (c = 5%, H.sub.2 O).
      The feed dl-2-amino-1-butanol used for resolution contains about 8% of
      dl-1-amino-2-butanol as an impurity. This impurity is, however, not
      carried through the resolution process. The L(+)- tartrate salt of
      d-2-amino-1-butanol obtained after resolution is found to contain no
      detectable quantities of either d or l  1-amino-2-butanol by gas liquid
      chromatography which is sensitive to 0.01% of 1-amino-2-butanol.
      Apparently, all of the dl-1-amino-2-butanol remains with the mother
      liquor, and is rejected along with the l-2-amino-1-butanol in the
      methanol.
PAC  EXAMPLE 12
PAC  dl-2-Amino-1-butanol
PAR  A. A 137-g. sample of crude dl-2-amino-1-butanol hydrochloride from a run
      similar to Example I is treated with a solution of 137 g. KOH in 200 ml.
      of water. The mixture is extracted three times with tetrahydrofuran and
      the combined extracts dried (Na.sub.2 SO.sub.4). The solvent is removed
      under reduced pressure to give 95 g. of a crude oil (60.6%
      dl-2-amino-1-butanol and 6% dl-1-amino-2-butanol).
PAR  B. In a separate experiment a 250-g. sample of similar crude
      dl-2-amino-1-butanol hydrochloride dissolved in 200 ml. of anhydrous
      methanol is treated with 3 moles of anhydrous ammonia. After a few hours
      stirring, the excess ammonia is allowed to evaporate. The precipitated
      ammonium chloride is removed by filtration and the filtrate concentrated
      gives 174.5 gm. of an oil which contains both dl-2-amino-1-butanol and its
      hydrochloride together with some quantities of dl-1-amino-2-butanol and
      its hydrochloride (total 58.9% dl-2-amino-1-butanol by gas liquid
      chromatography.
PAR  C. A 7.5-gm. sample of crude dl-2-amino-1-butanol from the first experiment
      (A) is mixed with a 7.5 gm. portion of the material (dl-2-amino-1-butanol
      and its hydrochloride) from the second experiment and the mixture is
      dissolved in a mixture of 80 parts of anhydrous methanol and 20 parts of
      isopropanol (v/v) (the solution contains 0.1 mole of real
      dl-2-amino-1-butanol of which 0.097 mole is present as the free base).
      L(+)- tartaric acid (15 g., 0.1 mole) is added slowly keeping the
      temperature below 45.degree. C. until the exotherm ceases. After stirring
      the solution for an hour at 45.degree. C., the temperature is lowered
      slowly and at 40.degree. C. the mixture is seeded with a small amount of
      the L(+)- tartrate salt of d-2-amino-1-butanol and then gradually cooled
      to 18.degree. over a period of 4 hours. The crystalline L(+)- tartrate
      salt of d-2-amino-1-butanol formed in the reaction mixture is removed by
      filtration, washed with cold methanol (3 ml. .times. 3) and pumped dry.
      The yield of the material is 9.0 g. (0.036 mole, 75.2 percent; m.p.,
      137.5.degree.-139.5.degree.; [.alpha.].sub.D.sup.25 = 23.84.degree. (c =
      5%, H.sub.2 O).
PAC  EXAMPLE 13
PAC  N-[1-(Chloromethyl)propyl]acetimidoyl chloride
PAR  Reagent grade acetonitrile (82 g., 2 moles) is placed in a 500 ml.
      three-necked flask equipped with a mechanical stirrer, a low-temperature
      thermometer and two fritted inlet tubes. With vigorous stirring and
      cooling (-20.degree. C.), butene-1 (28 g. 0.5 mole) and chlorine (35.5 g.,
      0.5 mole) are added simultaneously both at a rate of about 375-400
      ml./min. The addition is complete in about 37 minutes and the reaction
      temperature at the end of this period rises to -10.degree. C.
      (bath/20.degree. C.) The mixture is fractionated to give: Fraction I, 89
      g. (mostly acetonitrile) distilling under 20 mm. pressure at a bath
      temperature of 50.degree. C.; Fraction II, 12.5 g. distilling under 20 mm.
      pressure at a bath temperature of 65.degree. C., 70% 1,2-dichlorobutane,
      30% N-[1-chloromethyl)propyl]-acetimidoyl chloride; Fraction III, 35.9 g.
      distilling under 2 mm. pressure at a bath temperature of 60 .degree.,
      about 90% N-[1-chloromethyl)propyl]acetimidoyl chloride residue, 6.7 g.
      dark brown viscous oil. Based on Fractions II and III, the yield of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is 39.7 g. (48%). A portion
      of Fraction III is redistilled to give a pale yellow oil with a
      characteristic odor resembling that of thionyl chloride. The product,
      N-[1-chloromethyl)-propyl]acetimidoyl chloride displays strong infrared
      bands at 3000, 1705, 1430, 1370, 1085, 960, 920, 840 and 740
      cm.sup.-.sup.1. NMR(CDCL.sub.3): 0.88 ppm (t,3H), 1.4-1.8 ppm (m,2H), 245
      ppm (s,3H), 3.62 ppm (m,2H,--CH.sub.2 Cl), and about 3.9 ppm (m,1H, CH).
PAR  Occasionally, a solid isomer of N-[1-(chloromethyl)-propyl]acetimidoyl
      chloride (often the major product) is also obtained. The two forms seem to
      be interconvertible in certain solvents. On reaction with water, both
      hydrolyze to N-[1-chloromethyl)propyl]acetamide. The solid form has
      infrared bands at 3000, 1650, 1550, 1480, 1365, 1280, 1045, and 740
      cm.sup.-.sup.1.
PAC  EXAMPLE 14
PAC  N-[1-(Chloromethyl)propyl]acetamide
PAR  A sample of N-[1-chloromethyl)propyl]acetimidoyl chloride from Example 8 is
      treated with an excess of 10% aqueous sodium carbonate solution at room
      temperature. The organic material is extracted with ether and dried over
      MgSO.sub.4. Removal of the solvent under reduced pressure leaves
      N-[1-(chloromethyl)propyl]acetamide as a crystalline solid in nearly
      quantitative yield. An infrared spectrum shows peaks at 3300(M), 3100(W),
      1650(S), and 550(S) cm.sup.-.sup.1 ; nuclear magnetic resonance
      (CDCl.sub.3) shows peaks 0.95 ppm (t,3H), 1.4-1.8 ppm (m,2H), 2.03 ppm
      (s,3H), 3.67 ppm (d,2H,CH.sub.2 Cl), 3.8-4.4 ppm (m,1H).
PAR  The effects of conditions on yields is shown in the following examples in
      which the chlorination reactions were carried out at initial temperatures
      of -3.degree. to +23.degree. and the acetonitrile to Cl.sub.2 ratio was
      varied from 2 to 4. Additionally, the initial concentration of butene-1
      was varied by either passing butene-1 and Cl.sub.2 simultaneously (low
      initial butene-1 concentration) into acetonitrile or by first condensing
      butene at -5.degree. C. into acetonitrile and then passing Cl.sub.2
      through the mixture (high initial butene-1concentration). The results of
      these experiments in Table I show that the yield of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is dependent primarily on
      the mole ratio of acetonitrile to Cl.sub.2 and amounts to about 50-55%
      when this ratio approaches 4.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PRODUCTION OF N-[1-(CHLOROMETHYL)PROPYL]ACETIMIDOYL CHLORIDE (I)          
     Reaction of Butene-1 (0.5 mole) with Cl.sub.2 (0.5 mole) in               
     Acetonitrile.sup.a (AN)                                                   
     __________________________________________________________________________
                AN/Cl                                                          
          T.degree.C                                                           
                (mole Cl.sub.2 Rate                                            
                           Reaction Time                                       
                                   Initial Butene                              
                                          I                                    
     Example                                                                   
          Init.                                                                
             Peak                                                              
                ratio)                                                         
                      (ml/min)                                                 
                           (hrs.)    conc.                                     
                                          (% yield).sup.d                      
     __________________________________________________________________________
     15   0   3 2     100  2       high.sup.b                                  
                                          36                                   
     16   0  17 2     100  2       low.sup.c                                   
                                          37.8                                 
     17   23 27 4     400  0.5     low.sup.c                                   
                                          57.0                                 
     18   -2 20 4     400  0.5     high.sup.b                                  
                                          43.8                                 
     19   -3 32 4     400  0.5     high.sup.b                                  
                                          48.0                                 
     20   0   5 4     400  0.5     high.sup.b                                  
                                          54.0                                 
     21   0   5 4     100  2.0     low.sup.c                                   
                                          55.0                                 
     __________________________________________________________________________
      .sup.a All reactions were carried out in a Morton flask under vigorous   
      stirring and at atmospheric pressures.                                   
      .sup.b Butene-1 was charged to reaction flask by pouring a weighed sample
      into acetonitrile cooled to -5.degree.C.                                 
      .sup.c Butene-1 and Cl.sub.2 were simultaneously passed via calibrated   
      flowmeters.                                                              
      .sup.d Yields were based on actual weights of the residues left after    
      distilling off the volatiles. Product purity was checked by gas liquid   
      chromatography, infrared, and nuclear magnetic resonance.                
      (I)I = N-[1-(chloromethyl)propyl]acetimidoyl chloride.                   
PAR  Hydrolysis of N-[1-(chloromethyl)propyl]acetimidoyl chloride is highly pH
      dependent. It has now been found that a simple hydrolysis procedure is
      effective. On refluxing with water N-[1-(chloromethyl)propyl]acetimidoyl
      chloride is transformed into a mixture of dl-2-amino-1-butanol (77%),
      dl-2-amino-1-butanol acetate hydrochloride (17%), the
      N-[1-(hydroxymethyl)propyl]acetamide (7%) and acetic acid within one hour.
      The product ratios appear to represent equilibrium compositions because
      additional heating (14 hrs.) does not materially change their
      distribution. If, however, the hydrolysis is carried out with aqueous
      methanol or ethanol, it is complete within 2 hours and the acetyl
      component of the product can be removed as methyl or ethyl acetate by
      distillation. This procedure not only decreases hydrolysis time, it also
      avoids the accumulation of salts in the reaction mixture, gives
      essentially quantitative yields of dl-2-amino-1-butanol from
      N-[1-(chloromethyl)propyl]acetimidoyl chloride through
      N-[1-(chloromethyl)propyl]acetamide, and facilitates product work-up.
      Methyl acetate boils at 57.degree. C., and is readily distilled off.
PAR  In order to make this process as economical as possible, excessively large
      volumes of aqueous methanol should be avoided. If insufficient quantities
      of water are used (less than N-[1-(chloromethyl)propyl]acetimidoyl
      chloride: H.sub.2 O:MeOH mole ratio 1:3:3) and especially if the
      hydrolysis is carried out in the presence of the 1,2-dichlorobutane
      by-product, a small fraction (3-15%) of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride hydrolyzes to
      2-amino-1-chlorobutane hydrochloride. The formation of
      2-amino-1-chlorobutane hydrochloride can be totally suppressed if water
      and methanol are added sequentially, and in that order, rather than
      together in one step. Addition of water to
      N-[1-(chloromethyl)propyl]acetimidoyl chloride  almost instantaneously
      converts it to the N-[1-(chloromethyl)propyl]acetamide which then
      hydrolyzes via the oxazoline intermediate.
PAR  Three series of reactions (A, B, and C) were completed using as-is
      acetonitrile (water conc. (Karl-Fisher) = 0.059-0.2%). In each of these
      series, reactions were carried out using 0.5 mole of butene, 0.5 mole of
      chlorine, and the acetonitrile:Cl.sub.2 mole ratio (identical to the
      acetonitrile: butene) was varied from 1 to 8.
PAR  In series A (reaction time = 1 hr.) the reaction temperature was maintained
      at 0.degree. C. while chlorine and butene were passed simultaneously into
      acetonitrile in one hour. After removal of acetonitrile
      (40.degree.-50.degree., 50 mm), the crude reaction mixture containing
      N-[1-(chloromethyl)propyl]acetimidoyl chloride and 1,2 -dichlorobutane was
      hydrolyzed by refluxing with aqueous methanol.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                          % yield of crude                     
              Moles                                                            
                  AN.sup.a /Butene/Cl.sub.2                                    
                           Cl.sub.2 Rate                                       
                                 Reaction Time                                 
                                          2-amino-1-butanol                    
     Example                                                                   
          T.degree.C.                                                          
              Butene                                                           
                  Mole Ratio                                                   
                           (ml/min)                                            
                                 (hrs.)   hydrochloride                        
     __________________________________________________________________________
     22   0.degree.                                                            
              1.0 1:1:1    400   1.0      31.6                                 
     23   0.degree.                                                            
              0.5 2:1:1    200   1.0      43.6                                 
     24   0.degree.                                                            
              0.5 4:1:1    200   1.0      52.5                                 
     25   0.degree.                                                            
              0.5 6:1:1    200   1.0      61.0                                 
     26   0.degree.                                                            
              0.5 8:1:1    200   1.0      67.0                                 
     __________________________________________________________________________
      .sup.a AN = Acetonitrile                                                 
PAR  It is significant to note that N-[1-(chloromethyl)propyl]acetimidoyl
      chloride can be hydrolyzed substantially quantitatively to
      N-[1-(chloromethyl)propyl]acetamide, and then to dl-2-amino-1-butanol.
      Reporting as dl-2-amino-1-butanol hydrochloride is a very convenient
      method of showing yields. Errors due to volatile components are avoided.
      Small quantities of dl-1-amino-2-butanol report with the
      dl-2-amino-1-butanol. Even at a low acetonitrile:Cl.sub.2 ratio of one,
      the yield of dl-2-amino-1-butanol.HCl is as high as 31%. Increasing the
      acetonitrile:Cl.sub.2 mole ratio from 1 to 2 improves the yield to 43
      percent, an increase of 12 percent. Further increases in the
      acetonitrile:Cl.sub.2 ratios also improve the yields. For each additional
      mole of acetonitrile(up to a total of 5 moles (AN:Cl.sub.2 ratios 3 to 5)
      the yield of dl-2-amino-1-butanol.HCl increases on average about 6
      percent. Still further addition of acetonitrile (AN:Cl.sub.2 mole ratios 6
      to 8) is considerably less effective; the average incremental yield of
      dl-2-amino-1-butanol.HCl being of the order of about 3% per mole of
      acetonitrile. A ratio of about 4:1 is a good compromise between yield and
      a reasonable size reaction vessel and recycle ratio of acetonitrile.
PAR  In both series B and C, the gaseous reactants were run into acetonitrile
      over a period of 0.5 hr. The initial reaction temperature was 0.degree..
      This was allowed to rise to a maximum of 35.degree. during the course of
      the reaction. Additionally, in series B, chlorine was passed through a
      solution of butene in acetonitrile to maintain a high initial
      concentration of butene. In series C both chlorine and butene were passed
      simultaneously through acetonitrile allowing attainment of a low initial
      concentration of butene. The results of simultaneous and sequential
      additions of butene and chlorine on the yield of
      N-[1-chloromethyl)propyl]acetimidoyl chloride at different
      acetonitrile/Cl.sub.2 mole ratios are summarized in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Reaction of Butene-1 (0.5 mole).sup.a with Cl.sub.2 (0.5 mole).sup.a in   
     Acetonitrile (AN)                                                         
     Series B.sup.b : Addition of Cl.sub.2 to Butene + Acetonitrile (AN)       
                                         N-1-(chloromethyl-                    
                     N-[1-(chloromethyl)-                                      
                                 1,2-dichlo-                                   
                                         propyl]acetimidoyl                    
                                                      % aceto-                 
              AN:Cl.sub.2                                                      
                     propyl]acetimidoyl                                        
                                 robutane                                      
                                         chloride + 1,2-dichlo-                
                                                      nitrile                  
     Example                                                                   
          T.degree.C.                                                          
              (mole ratio)                                                     
                     chloride    (moles) robutane (moles)                      
                                                      recovery                 
     __________________________________________________________________________
                     Moles %.sup.c       Exp.   Theor.                         
     27   0-35                                                                 
              1.1    0.164 32.3  0.350   0.514  0.5   90                       
     28   0-30                                                                 
              1.5    0.162 32.6  0.340   0.502  0.5   92                       
     29   0-25                                                                 
              2      0.192 38.0  0.310   0.502  0.5   97                       
     30   0-23                                                                 
              4      0.223 45.3  0.250   0.473  0.5   95                       
     31   0-25                                                                 
              4      0.241 47.8  --      --     --    --                       
     32   0-23                                                                 
              6      0.291 57.6  0.270   0.561  0.5   94                       
     33   0-15                                                                 
              8      0.269 54.3  0.180   0.459  0.5   99                       
     Series C.sup.b : Simultaneous Addition of Cl.sub.2 and Butene to          
     Acetonitrile                                                              
     34   0-25                                                                 
              1      0.74  35.6  1.26    2.00   2.0   102                      
     35   0-24                                                                 
              2      0.222 43.9  0.270   0.492  0.5   99                       
     36   0-27                                                                 
              4      0.246 47.1  0.270   0.516  0.5   99                       
     37   0-22                                                                 
              6      0.281 54.0  0.240   0.521  0.5   97                       
     38   0-21                                                                 
              8      0.337 66.0  0.130   0.467  0.5   99                       
     __________________________________________________________________________
      .sup.a Except in Example 34 where 2 mole of Cl.sub.2 and 2 mole of butene
      were passed through 2 moles of acetonitrile over a two-hour period.      
      .sup.b Reaction time: 0.5 hr; Cl.sub.2 rate: 400 ml/min                  
      .sup.c Yields based on butene. These percentages do not include losses of
      N-[1-(chloromethyl)propyl]-acetimidoyl chloride during removal of        
      1,2-dichlorobutane by distillation which may amount to 3-5%.             
PAR  In series B and C material balances show conversion and recovery data on
      acetonitrile. In each case the distillate 1,2-dichlorobutane +
      acetonitrile was analyzed for 1,2-dichlorobutane and acetonitrile by gas
      liquid chromatography.
PAR  A less pure product is obtained if the N-[1-(chloromethyl)propyl]
      acetimidoyl chloride is allowed to stand for 40-50 hours prior to work-up.
PAR  The data in the table shows that:
PA0  1. The yield of crude dl-2-amino-1-butanol.HCl (or
      N-[1-(chloromethyl)propyl]acetimidoyl chloride) is primarily dependent on
      the mole ratio of acetonitrile:Cl.sub.2 and varies between 31 and 66% as
      the acetonitrile:Cl.sub.2 :butene mole ratio changes from 1:1:1 to 8:1:1.
PA0  2. Simultaneous addition of chlorine and butene to acetonitrile rather than
      the alternate procedure of adding chlorine to a mixture of butene and
      acetonitrile is advantageous. The reaction is less exothermic,
      consequently easier to control, and the yields of dl-2-amino-1-butanol.HCl
      are somewhat better. A reaction time of one hour generally appears to
      permit more control over the reaction exothermicity.
PA0  3. The reaction temperature does not appear to be a controlling factor in
      determining the overall yield. However, in view of the thermal instability
      of N-[1-(chloromethyl)propyl]acetimidoyl chloride) above 50.degree.,
      reaction temperatures between 0.degree.-25.degree. are more desirable.
PAR  The process can vary depending on the size of batches. Whereas the Examples
      are exemplary, for large scale production, the process may be run
      continuously with the butene-1 and chlorine being fed continuously to a
      stirred continuous reactor. The recycle acetonitrile is distilled off and
      recycled continuously. Such a continuous system permits a higher ratio of
      acetonitrile to the butene-1 and chlorine. Whereas, for a batch process, a
      molar ratio of at least 2 of acetonitrile to butene-1 and chlorine is
      preferred, more than a ratio of 16 can require an uneconomically large
      reactor. With a continuous process even higher ratios are convenient.
PAR  Whereas both butene-1 and chlorine are gaseous at room temperature of about
      20.degree. C., so that low temperatures, around 0.degree. C. and lower are
      convenient, a higher temperature to reduce the need for cooling may be
      used if a pressurized reactor is available.
PAR  The trade-off of the cost of a pressure reactor against additional
      refrigeration can vary with equipment available.
PAR  Other modifications within the scope of this invention as defined by the
      appended claims are, of course, obvious to those skilled in the arts.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the synthesis of N-[1-(chloromethyl)propyl]acetamide which
      comprises reacting N-[1-(chloromethyl)propyl]acetimidoyl chloride with
      water, in the presence of at least about a molar equivalent of a weak base
      selected from the group consisting of calcium carbonate, calcium oxide,
      calcium hydroxide, sodium carbonate, sodium bicarbonate, potassium
      carbonate, potassium bicarbonate, barium carbonate, and strontium
      carbonate, thereby hydrolyzing N-[1-(chloromethyl)propyl]acetimidoyl
      chloride to N-[1-(chloromethyl)propyl]acetamide.
NUM  2.
PAR  2. In the synthesis of N-[1-(chloromethyl)propyl]acetamide by the reaction
      of butene-1, chlorine and acetonitrile to form
      N-[1-(chloromethyl)propyl]acetimidoyl chloride,  with the concurrent
      by-product production of 1,2-dichlorobutane, and the hydrolysis of said
      N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide, the improvement comprising:
PA1  adding sufficient water in the presence of at least about a molar
      equivalent of a weak base selected from the group consisting of calcium
      carbonate, calcium oxide, calcium hydroxide, sodium carbonate, sodium
      bicarbonate, potassium carbonate, potassium bicarbonate, barium carbonate,
      and strontium carbonate to hydrolyze N-[1-(chloromethyl)propyl]acetimidoyl
      chloride to N-[1-(chloromethyl)propyl]acetamide, and distilling off under
      reduced pressure acetonitrile and 1,2-dichlorobutane.
NUM  3.
PAR  3. A process for the synthesis of N-[1-(chloromethyl)propyl]acetamide which
      comprises reacting at least about 2 moles of acetonitrile with about 1
      mole of chlorine and about 1 mole of butene-1, to produce
      N-[1-(chloromethyl)propyl]acetimidoyl chloride with the concurrent
      production of 1,2-dichlorobutane, adding water in the presence of at least
      about a molar equivalent of a weak base selected from the group consisting
      of calcium carbonate, calcium oxide, calcium hydroxide, sodium carbonate,
      sodium bicarbonate, potassium carbonate, potassium bicarbonate, barium
      carbonate, and strontium carbonate, thereby hydrolyzing said
      N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide, and after the synthesis of said
      N-[1-(chloromethyl)propyl]acetamide, distilling off under reduced pressure
      and recovering the excess acetonitrile.
NUM  4.
PAR  4. The process of claim 3 in which water is added at about the same rate as
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is produced, thereby
      hydrolyzing to N-[1-(chloromethyl)propyl]acetamide before said
      N-[1-(chloromethyl)propyl]acetimidoyl chloride can be additionally
      chlorinated, and also releasing the heat of hydrolysis over the course of
      the reaction, thus controlling isothermal temperature rise.
NUM  5.
PAR  5. The process of claim 4 in which the separated acetonitrile is recycled
      without additional purification.
NUM  6.
PAR  6. The process of claim 5 in which the addition of butene-1, chlorine and
      water to acetonitrile is a continuous process, and the recycling of
      acetonitrile is continuous.
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ABST
PAL  Homogeneous catalyst for hydration of nitriles to produce amides comprises
      reduced copper with at least 0.2 percent by weight of reduced iron.
      Preferred catalysts prepared by reduction of copper and iron compounds
      with borohydride reducing agent have improved stability of catalytic
      activity during storage as compared with copper catalysts made without
      iron.
PARN
PAR  This is a continuation, of application Ser. No. 366,223, filed June 1,
      1973, now abandoned.
BSUM
PAR  The invention relates to improvements in solid catalysts for hydration of
      nitriles with water to produce amides. More particularly the invention
      relates to improvement of solid copper catalyst and the use of such
      improved catalyst as a heterogeneous catalyst for hydration of the cyano
      radical of a selected nitrile to convert such nitrile to the corresponding
      amide.
PAR  Solid heterogeneous catalysts have been described for use in processes for
      catalytic hydration of the cyano group in any of a variety of nitriles,
      R--CN, to produce the corresponding amide derivatives, R--CONH.sub.2,
      wherein R represents an organic radical such as aliphatic, cycloaliphatic,
      aromatic hydrocarbon and the like. Reference is made to the following
      United States patents which describe a variety of nitrile compounds that
      can be hydrated to produce corresponding amides by reaction of nitrile and
      water in contact with heterogeneous solid catalysts: U.S. Pat. Nos.
      3,381,034, patented Apr. 30, 1968, 3,366,639, patented Jan. 30, 1968,
      3,679,745, patented July 25, 1972, 3,674,848, patented July 4, 1972 and
      3,631,104, patented Dec. 28, 1971. Examples of heterogeneous catalysts
      previously described for hydration of nitriles include manganese dioxide,
      copper chromium oxide, cupric chloride, copper sulfate, nickel in various
      forms, oxides of iron, cobalt, zinc, aluminum and the like. One promising
      catalyst for nitrile hydration is copper in solid state, preferably in a
      form having a high ratio of surface area to weight, and preferably in
      freshly reduced state, e.g. newly prepared by reduction of a copper
      compound to elemental copper. Copper catalysts prepared by reduction of
      reducible solid copper compounds such as copper oxide, copper chromium
      oxide and the like with hydrogen, have been described for use in hydration
      of nitriles.
PAR  Several forms of copper prepared by the reduction of copper compounds and
      precipitation of copper from solution have been described for use as solid
      catalysts for the hydration of nitriles. A preferred method for preparing
      such a catalyst is the precipitation of copper by the reduction of cuprous
      or cupric salt in aqueous solution using a water-soluble borohydride
      reducing agent. For example the reaction of sodium borohydride and copper
      sulfate in aqueous solution produces a flocculent precipitate of extremely
      finely divided copper solids having relatively high surface area per unit
      weight and having excellent catalytic activity for nitrile hydration. The
      reduced catalyst may be used with a catalyst support such as alumina or
      carbon or it may be used in a catalyst bed, mixed with inert fillers such
      as alumina, carbon or the like.
PAR  It has now been discovered that the presence of a minor quantity of iron in
      addition to the copper in the catalyst solids composition will improve
      initial catalytic activity of the catalyst for the catalytic hydration of
      nitriles to produce amides. In addition to such improved initial catalytic
      activity, the copper catalyst which contains a minor quantity of iron is
      furthermore found to have improved stability of catalytic activity when it
      is necessary or desirable to store the reduced copper catalyst for a
      period of time before it is used. That is, the presence of iron in reduced
      state in small proportions is found to inhibit the decay of catalytic
      activity while the reduced copper catalyst is in storage before use.
PAR  The minimum amount of iron needed for any significant improvement of
      catalytic activity is about 0.2% by weight of elemental iron based on
      combined dry copper and iron content of the catalyst. Catalysts embodying
      the invention may contain up to about 5 percent or even more percent by
      weight or iron, same basis. The optimum iron content for best catalyst
      performance appears to be about 1 % by weight, same basis.
PAR  One convenient way of incorporating such minor amounts of iron in the
      copper catalyst is to mix a reducible iron compound with a reducible
      copper compound that is about to be reduced and then reducing the mixture
      of iron and copper compounds by whatever means is selected. When reducing
      solid oxides of copper with hydrogen at high temperature, e.g.
      400.degree.-700.degree.C. to produce elemental copper catalyst, one may
      intimately mix in a reducible iron oxide in a selected small amount with
      the copper oxide and proceed to reduce the mixture with hydrogen under
      conditions suitable for reduction of the copper and iron in the mixture.
PAR  We prefer to prepare the catalyst by reduction of copper compounds in
      aqueous solution and so we select a reducible, water-soluble iron
      compound, preferably ferrous chloride, which is dissolved in the same
      solution with the dissolved copper compound before the reducing step.
      Addition of a water-soluble reducing agent, preferably sodium borohydride,
      to the solution precipitates the iron and copper together, preferably in
      flocculent aggregates of fine particulate copper with the small amount of
      reduced iron included.
PAR  The solid catalyst may be contacted with a mixture of the reactants,
      nitrile and water, which may be present in any desired proportions,
      preferably as a homogeneous solution with both reactants dissolved therein
      or one reactant dissolved in the other. A solution of one reactant in the
      other, e.g. nitrile in water, may be used when the selected nitrile and
      water are mutually soluble. Otherwise an inert mutual solvent for both
      reactants can be used for the hydration reaction medium, or a cosolvent
      can be used to promote solubility of one reactant in the other.
DETD
PAR  The invention will be described in detail in the following examples, using
      acrylonitrile in aqueous solution as the reactant feed solution and using
      copper with iron reduced from aqueous solution by sodium borohydride, to
      illustrate the most preferred mode that we have used for carrying out the
      invention.
PAC  EXAMPLE 1
PAC  Catalyst Preparation
PAR  To an aqueous solution of 39.3 gm. CuSO.sub.4 .sup.. 5H.sub.2 O (Baker
      reagent grade) and 28.3 gm. dextrose in 250 ml. water was added 10.0 ml.
      of 0.157 molar solution of FeCl.sub.2. One liter of 0.47 molar NaOH was
      added slowly with rapid stirring, followed by addition of 100 ml., 0.1
      normal NaOH containing 3.0 gm. NaBH.sub.4. The mixture was stirred
      vigorously for 15 minutes under argon atmosphere then the precipitate was
      filtered and washed with three liters of degassed water. One gram aliquots
      of the catalyst were stored in water which had been purged with argon to
      remove oxygen. A one gram portion was used after one hour storage and the
      others were stored for varying longer periods before their use as
      catalysts in repetitions of the hydration reaction described below. Iron
      to copper ratio in the catalyst solids was about 1:100.
PAC  Hydration Reaction
PAR  A one gram sample of the catalyst after storage for one hour was placed in
      a test tube with 10 gm. water and 0.6 gm. acrylonitrile. The tube was
      stoppered and the mixture was agitated for one half hour with temperature
      maintained at 57.degree.C. Then the mixture was cooled in an ice bath,
      centrifuged and the supernatant solution was separated. Acrylonitrile and
      acrylamide concentrations were determined by gas chromatography. The
      reaction was repeated with other samples after storage of each sample for
      23, 120 and 264  hours respectively. Conversions of acrylonitrile to
      acrylamide as determined by analysis following each reaction, are
      tabulated in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Catalyst                                                                  
     Storage Time   Conversion (% Nitrile                                      
     (hrs.)         to Acrylamide)                                             
     ______________________________________                                    
     1              60.5                                                       
     23             61.2                                                       
     120            52.0                                                       
     264            50.6                                                       
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  For comparison to demonstrate the advantage of the presence of iron in the
      catalyst, the procedure described in Example 1 was repeated except without
      the addition of any FeCl.sub.2 in the catalyst preparation. Conversions
      obtained in two series of tests are tabulated in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Catalyst                                                                  
     Storage Time   Conversion (% Nitrile                                      
     (hrs.)         to Acrylamide)                                             
     ______________________________________                                    
     1              52.0                                                       
     5              42.5                                                       
     22.5           36.8                                                       
     46.5           37.0                                                       
     1              49.5                                                       
     20             39.2                                                       
     26             37.2                                                       
     45             35.7                                                       
     69             35.0                                                       
     194            34.5                                                       
     ______________________________________                                    
PAR  Analysis of the reagent grade copper sulfate used in Examples 1 and 2
      revealed about 80 ppm iron, which would produce about 300 ppm (0.03% by
      wt.) iron in the catalyst product. A less highly refined copper sulfate
      available commercially was used in Example 3.
PAC  EXAMPLE 3
PAR  The same procedure described in Example 2 was followed except instead of
      the reagent grade copper sulfate, there was used a less highly refined
      CuSO.sub.4 .sup.. 5H.sub.2 O which contained about 1000 ppm iron and which
      produced about 0.4% by wt. iron in the reduced catalyst product.
      Conversions obtained with the catalyst samples are tabulated in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Catalyst                                                                  
     Storage Time   Conversion (% Nitrile                                      
     (hrs.)         to Acrylamide)                                             
     ______________________________________                                    
     1              58.5                                                       
     44             53.1                                                       
     164            51.0                                                       
     ______________________________________                                    
PAR  Data in TAbles I - III is plotted in the drawing, which is a semilog graph
      of log catalyst storage time versus percent conversion. The two runs in
      Table 2 were plotted together. Points for the reactions using identical
      catalysts are indicated by identifying marks.
PAC  EXAMPLE 4
PAR  Catalyst samples were prepared and stored as described in Example 1 except
      the amounts of ferrous chloride were varied to produce samples containing
      from about 0.1% iron up to about 4% by wt. iron. These samples were tested
      in the hydration reaction described in Example 1. Conversion obtained with
      several of those respective samples are tabulated in Table IV and the iron
      content of each catalyst sample is also tabulated.
TBL  ______________________________________                                    
     Iron Content                                                              
                Catalyst                                                       
     % by wt. in                                                               
                Storage Time Conversion (% Nitrile                             
     Catalyst   (hrs.)       to Acrylamide)                                    
     ______________________________________                                    
                2            48.1                                              
     .11        24           41.6                                              
                120          32.5                                              
     .22        2            58.2                                              
                19           51.0                                              
     .44        0.5          67.0                                              
                18           69.0                                              
                42           52.0                                              
     .66        0.5          73.0                                              
                18           56.6                                              
     1.75       0.5          65.0                                              
                19           55.5                                              
                43           55.5                                              
     3.50       3.5          54.5                                              
                22           52.5                                              
                46           57.5                                              
     ______________________________________                                    
PAR  By the results of tests conducted as described in the foregoing examples it
      is demonstrated that reduced copper catalyst, when used for catalytic
      hydration of nitriles, will have improved catalytic activity and improved
      retention of catalytic activity in storage if the copper catalyst contains
      a small amount of reduced iron in the range from about 0.2 to about 4.0%
      by weight based upon weight of the copper and iron in the catalyst.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process comprising catalytic conversion of acrylonitrile to acrylamide
      by hydration of the nitrile with water in contact with solid heterogeneous
      catalyst prepared by reduction of copper and iron from aqueous solution of
      soluble copper and iron compounds wherein the active catalyst components
      of said catalyst consist essentially of reduced copper and reduced iron
      with about 0.2 to about 4 percent by weight of the combined dry weight of
      the reduced copper and iron being reduced iron.
NUM  2.
PAR  2. A process defined by claim 1 wherein the defined catalyst consists
      essentially of copper and iron solids reduced and precipitated from
      aqueous solution by reaction of a soluble borohydride with dissolved
      copper and iron compounds in said solution.
NUM  3.
PAR  3. A process defined by claim 1 wherein the amount of reduced iron present
      in the defined catalyst is about 1% by weight on the defined basis.
NUM  4.
PAR  4. A process defined by claim 2 wherein the defined catalyst consists
      essentially of copper and iron solids reduced and precipitated from
      aqueous solution by reaction of sodium borohydride with dissolved copper
      sulfate and ferrous chloride in said solution.
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ABST
PAL  Disclosed is a new class of surface active agents having anti-corrosion and
      oil-repellent properties and which are N,N'-bis-aminoalkylamides of
      polyoxaperfluoroalkandioic acids, their quaternary ammonium salts, and the
      oxides of the amines. A process for the production of said compounds is
      also disclosed.
BSUM
PAC  THE PRIOR ART
PAR  It is known that the conventional surface active agents in which a polar
      hydrophilic group is linked to a hydrophobic hydrocarbon chain are
      capable, in the pure state, of decreasing the surface tension of water
      down to a minimum value of about 25 - 27 dynes/cm.
PAR  It has been reported that, using particular mixtures of surface active
      agents which exhibit synergistic effect, as in the case of mixtures of
      conventional surface active agents containing lauryl alcohol, values of
      about 24 dynes/cm were measured (N. L Jarvis and W. A. Zisman,
      Kirk-Othmer, Encyclopedia of Chemical Technology, 2nd Ed., Vol. 9, p.
      721).
PAR  Lower values can be obtained with fluorinated surface active agents in
      which the water-repellent portion of the molecule consists of a
      perfluoro-alkanic chain ending in --CF.sub.3 or --CF.sub.2 H groups.
PAR  The enhanced effectiveness of the fluorinated surface active agents were
      interpreted on the basis of the low value of the intermolecular cohesion
      energy between the perfluoroalkanic chains organized at the liquid-gas
      interface of the solutions, and is also shown by the low values of the
      critical wettability surface tension measured on films or molecular layers
      of the various fluorinated substances.
PAR  In particular, studies of surface active agents have shown that the lowest
      limit value of surface tension obtainable with pure surface active agents
      in any solvent is the critical wettability surface tension measured on a
      film or compactly packed monomolecular layer of molecules of the same type
      as the surface active agent. Consequently, the most important role in
      determining the minimum value of the surface tension is that of the
      structure of the water-repellent end-group which constitutes the extreme
      surface directed toward the gas side. Actually, the critical wettability
      surface tension values (.gamma. c) corresponding to the two different
      types of structure of the end groups (hydrocarbon structure such as --
      CH.sub.3 with .gamma. c = 24 dynes/cm, or fluorinated structure such as
      --CF.sub.2 H with .gamma. c = 15 dynes/cm or --CF.sub.3 with .gamma. c = 6
      dynes/cm) are the lower limit values of the surface tensions of the
      surface active agents with a hydrocarbon or, respectively, perfluorinated
      structure having the corresponding end groups.
PAR  Moreover, the results of the studies also explain the synergistic effect of
      small quantities, corresponding to the order of p.p.m., of fluorinated
      surfactants having a --CF.sub.3 end group in altering the surface tension
      of conventional surfactants solutions having a hydrocarbon structure below
      the limit surface tension thereof when they are in the pure state (25
      dynes/cm).
PAR  Recently, it has been demonstrated that it is possible to obtain a lowering
      of the surface tension of water below the limit 25 - 27 dynes/cm using
      surfactants which have no fluorinated water-repellent end groups and which
      consist of molecules having a polyoxaperfluoroalkanic structure and
      hydrophilic polar end groups (La Chimica e l'Industria 55, 208, 1973 ).
PAR  The surfactants of that new class have a structure corresponding to the
      formula (I):
EQU  hococf.sub.2 o(c.sub.2 f.sub.4 o).sub.1 (cf.sub.2 o).sub.n --CF.sub.2
      --COOH                                                    (1)
PAL  wherein the units --CF.sub.2 CF.sub.2 O-- and CF.sub.2 O-- are distributed
      randomly along the chain, and 1 and n are integers the sum of which ranges
      from 2 to 50 and the 1/n ratio is comprised between 0.2 and 1.5
PAR  The polyoxaperfluoroalkandioic acids corresponding to formula (I) are
      obtained in the form of mixtures of homologs of series (I), by reducing
      cleavage of the polyperoxy perfluoropolyethers resulting from the
      photo-oxidation of TFE (tetrafluoroethylene) in the liquid phase, as
      described in U.S. Pat. No. 3,847,978 issued Nov. 12, 1974.
PAC  THE PRESENT INVENTION
PAR  There has now been found a new class of surfactants the chain of which,
      with a structure of bis-alkylamides of polyoxaperfluoro-alkandioic acids,
      has the general formula (II):
EQU  z--(ch.sub.2).sub.p --NH--CO--CF.sub.2 O(C.sub.2 F.sub.4 O).sub.1 (CF.sub.2
      O).sub.n --CF.sub.2 --CO--NH--(CH.sub.2).sub.p --Z        (II)
PAL  wherein Z is a group
      ##EQU1##
      a salified quaternary ammonium group or a group
      ##EQU2##
      --C.sub.2 F.sub.4 O-- and --CF.sub.2 O-- are oxyperfluoro-alkylene units
      distributed randomly along the chain, 1 and n are integers the sum of
      which ranges from 2 to 50, preferably from 4 to 20, the 1/n ratio is
      comprised between 0.2 and 1.5, p is an integer comprised between 1 and 20,
      preferably between 2 and 6, R' and R" are alkyl radicals, either the same
      or different and having from 1 to 6 carbon atoms or forming, together with
      the adjacent nitrogen atom, a ring with 5 to 6 atoms, the remaining atoms
      of the ring consisting of atoms of carbon only or of carbon atoms and one
      oxygen atom, and O is an oxygen atom.
PAR  Representative compounds, which can be used also as anti-corrosion agents
      for metals in neutral or acid electrolytic solutions, are the
      N,N'-bis-dialkylamino alkyl amides of the polyoxaperfluoroalkandioic acids
      having the general formula (III):
      ##EQU3##
      wherein R', R", p, 1 and n have the same meaning as in formula (II). When
      the group
      ##EQU4##
      forms a ring with 5 or 6 atoms, this represents heterocyclic rings like
      piperidine, pyrrolidine, oxazolidine, morpholine, etc.
PAR  The process for preparing surfactants having the general formula (III) is
      characterized in that the methyl esters or acylic halides (preferably
      chlorides or fluorides) of the polyoxaperfluoroalkandioic biacids
      represented by formula (I) are reacted with an alkylene diamine having the
      general formula:
      ##EQU5##
      wherein R' and R" are alkyl radicals either the same or different and
      having from 1 to 6 carbon atoms or form together with the adjacent
      nitrogen atom a ring with 5 or 6 atoms, the remaining atoms of the ring
      being carbon atoms or carbon atoms and one oxygen atom, and p is an
      integer ranging from 1 to 20.
PAR  Both the acyl esters and fluorides of the acids according to formula (I)
      can be obtained by reducing cleavage, as described in U.S. Pat. No.
      3,847,978 of the polyperoxy perfluoropoly-ethers obtained from the
      photo-oxidation of tetrafluoroethylene as described in U.S. Pat. No.
      3,715,378 and in "La Chimica e l'Industria", 55, 208 (1973).
PAR  The mixture of acid diesters or difluorides obtained from the reducing
      cleavage of the polyperoxy perfluoropolyethers is fractionated by
      fractional distillation or by precipitation with solvent/non-solvent
      systems in mixtures having a reduced molecular weight so as to fall within
      the range n+1 defined above. Preferred starting materials are the
      carboxylic intermediates in the form of diesters. The fractions of
      perfluoropolyether diesters with a narrow molecular weight distribution
      are reacted with diamines such as N,N-diethylaminoethandiamine;
      N,N-diethyl-1,3-propandia-mine, N,N-di-n-propyl-1,3, propandiamine;
      N,N-diisopropyl-1,3-propandiamine; N,N-diethyl-1,4-butandiamine;
      N,N-diethyl-1,5-pentandiamine, N,N-diethyl-1,6-hexan-diamine, 1-(2-amino
      ethyl) piperidine; 1-(2-amino ethyl)morpholine; 1-(4-amino butane)
      piperidine; 1-(3-amino propane) pyrrolidine.
PAR  In the preferred embodiment, the amines of formula (III) are obtained by
      reacting the methyl esters of polyoxyperfluoroalkandioic acids (I) with
      the diamines of the type mentioned above, in the stoichiometric ratio of
      1:2 or in excess over the stoichiometric ratio, either in the absence or
      in the presence of organic liquids such as ethyl ether or mixtures thereof
      with 1,1,2-trichlo-rotrifluoroethane.
PAR  The N,N'-bis-(aminoalkyl)amides of the polyoxaperfluoroalkandioic acids
      described in formula (III) have valuable properties as surfactants soluble
      in organic liquids such as aliphatic or aromatic hydrocarbons, halogenated
      aliphatics, alcohols, ketones, mineral and vegetable oils, they are also
      soluble and stable in acid electrolytic media like sulfuric and
      hydrochloric acid in various concentrations. They have excellent
      properties as anti-corrosion agents for metals with respect to neutral or
      acid electrolytic media like sulfuric and hydrochloric acid in various
      concentrations. They have excellent properties as anti-corrosion agents
      for metals with respect to neutral or acid electrolytic solutions of
      oxidizers or reducers.
PAR  The compounds of class (III) can react with molecules containing an active
      halogen such as alkyl halides or alpha-alkylaryl halides, e.g., the
      iodides or bromides of methyl, ethyl, n-propyl, n-butyl, benzyl, or such
      as acid alpha-halogens, e.g., alpha-chloroacetic acid, giving place, with
      quaternary nitrogen, to compounds having the general formula:
      ##EQU6##
      wherein 1, n, p, R', R" have the same meaning as stated above, R'" is an
      alkyl, alpha-alkylaryl or methylcarboxylic group; X is a halogen atom such
      as chlorine, bromine or iodine. The compounds of the new class of the
      quaternary ammonium-alkylperfluoroamidic salt type are surfactants which
      are soluble in water, alcohols and ketones and solutions of neutral or
      acid concentrated electrolytes such as sodium chloride, sulfuric and
      hydrochloric acid; moreover, they are soluble in soda. They have excellent
      properties as flotation agents. The amphoteric compounds with quaternary
      nitrogen, corresponding to formula (IV), obtained when R'" is a methyl
      carboxylic group, are surfactants which are soluble in water, alcohols,
      ketones, and insoluble in hydrocarbon solvents. They are soluble in bases
      and acids; in a basic medium, the carboxylic group is dissociated while in
      an acid medium the carboxylic group is undissociated. In aqueous
      solutions, at the isoelectric point, the structure of the amphoteric
      compound corresponds to formula (V);
      ##EQU7##
PAR  They show excellent oil-repellent properties when they are used as
      impregnating agents for linen or cotton-based fabrics.
PAR  The bis-amino-dialkyl-amides according to formula (III) are converted by
      reaction with hydrogen peroxide and acyl hydroperoxides, into oxides of
      the amines having the formula:
      ##EQU8##
PAR  Said compounds are agents which exhibit surface activity, are soluble in
      water, alcohols, ketones and insoluble in solvents having a hydrocarbon
      structure. They are also anti-corrosion agents for metals against acid and
      oxidizing electrolytic agents.
PAR  The following examples are given merely by way of illustration and are not
      meant to limit the possibilities of practicing the process according to
      the invention.
DETD
PAC  EXAMPLE 1
PAR  The starting material for obtaining the surfactant materials described in
      this application consisted of a mixture of methyl diesters of the
      perfluoropolyoxaalkandioic acids corresponding to formula (I), obtained as
      described in U.S. Pat. No. 3,847,978 by reduction of polyperoxy
      perfluoroethers in a methanolic medium and containing 2.15% by weight of
      active oxygen, and having an average equivalent weight of 500, and
      consisting of homologs of the series with an equivalent weight ranging
      from 150 to 1600, and characterized by a C.sub.2 F.sub.4 O/CF.sub.2 O
      units ratio of about 0.8. Under I.R. spectroscopy, the perfluoro polyether
      esters were characterized by a very intense and clearcut absorption band
      in the zone of 1790 cm.sup..sup.-1, corresponding to the carbonyl group,
      and by a less intense band in the zone of 3000 cm.sup..sup.-1
      corresponding to the CH bonds.
PAR  A sample of 2 Kg of the mixture was subjected to fractional distillation
      through a Vigreux column corresponding to 5 theoretical plates, keeping a
      reflux ratio of 5. There were thus separated, by distillation between
      60.degree. C and 80.degree. C, under an absolute pressure of 1 mm Hg, 300
      g of diesters with an average equivalent weight of 320, d .sub.4.sup.20 =
      1.63, refraction index n .sub.D.sup.20 = 1.3521 and consisting of products
      having an equivalent weight ranging from 250 to 380. By distillation
      between 110.degree. C and 120.degree. C under an absolute pressure of
      about 0.05 mm Hg there were separated 200 g of diesters with an average
      equivalent weight of 650, d .sub.4.sup.20 =  1.72, n .sub.D.sup.20 =
      1.3495 consisting of products having an equivalent weight ranging from 550
      to 750.
PAR  Finally, the fraction was collected (50 g) which was distilled between
      130.degree. C and 150.degree. C under a pressure of 1.times.10
      .sup..sup.-3 mm Hg and which had an average equivalent weight of 800 and d
      .sub.4.sup.20 = 1.75 and consisting of products with an equivalent weight
      ranging from 760 to 950.
PAR  The equivalent weights were determined by alkaline saponification and
      volumetric titration. The range of composition of the narrower fractions
      was determined by fractional precipitation from the solutions of the two
      5% fractions in 1,1,2-trichlorofluoroethane by addition of portions of
      methanol as precipitating medium.
PAC  EXAMPLE 2
PAR  A pyrex glass flask having a 250 ml capacity and equipped with a dropping
      funnel, a reflux condenser and a magnetic stirrer, was fed with a sample
      of 32 g of a mixture of methyl diesters having the formula:
EQU  CH.sub.3 --OCO--CF.sub.2 O(C.sub.2 F.sub.4 O).sub.1 --(CF.sub.2 O).sub.n
      --CF.sub.2 --CO--OCH.sub.3
PAL  and an average equivalent weight of 320, wherein the 1/n ratio was unitary,
      obtained as described in Example 1. 100 ml of anhydrous ethyl ether were
      added in order to solubilize the diesters, and 13.9 g of N,N-diethyl
      ethandiamine were added to the ether solution. The mixture was reacted for
      2 hours at 25.degree. C under stirring, then the reflux condenser was
      replaced by a Liebig condenser and ethyl ether and methanol released by
      the reaction were distilled off. The excess of diamine which was present
      was then distilled under vacuum of 1 mm Hg at a temperature ranging from
      50.degree. to 80.degree. C.
PAR  As a distillation residue there were obtained 40 g of a colorless, viscous
      liquid which by I.R. spectroscopy was found to be characterized by the
      displacement of the carbonyl band to the zone of 1720 cm.sup..sup.-1 and
      by the appearance of the band relevant to the NH bond in the zone of 3200
      cm.sup..sup.-1. The liquid had a refraction index n.sub.D.sup.20 = 1.3799
      and a density d.sub.4.sup.20 = 1.405. The compound had the structure of
      formula (III) wherein p=2 and R'=R"=C.sub.2 H.sub.5. The obtained compound
      was soluble in organic solvents like heptane, benzene, toluene, xylene,
      perchloroethylene, isopropanol, acetone; insoluble in water and in neutral
      and basic aqueous electrolysis solutions, while it was soluble without any
      decomposition in H.sub.2 SO.sub.4 in the various concentrations ranging
      from 5 to 95%. The compound lowered the surface tension of
      perchloroethylene to 26 dynes/cm in its 1% solutions and concentrations as
      measured at 20.degree. C with the Du Nauy tensiometer. When dissolved in a
      1% solution in 10% H.sub.2 SO.sub.4, the compound lowered the surface
      tension of the solution to 25 dynes/cm.
PAR  The compound was shown to be an anti-corrosion agent for metals pretreated
      with the compound and immersed in acid electrolytic media. An iron plate
      having the dimensions 68 .times. 12.7 .times. 2 mm was immersed for 10
      minutes in a 0.5% solution of the compound dissolved in perchloroethylene.
      After evaporation of the solvent it was completely dipped into a 400 ml
      glass containing a 10% HCl solution kept under stirring by means of a
      polypropylene stirrer. After a stay of 72 hours at 25.degree. C, the dried
      plate appeared to have lost only 0.1% of its weight, while in a blank test
      carried out under the same conditions on a non-pre-treated plate, an
      attack corresponding to 3% of the plate weight was determined.
PAC  EXAMPLE 3
PAR  Operating similarly to Example 2, a product having the formula (III)
      wherein p=3 and R'=R"=--C.sub.2 H.sub.5 was obtained from a sample of the
      same diester having an average equivalent weight of 320, and an 1/n ratio
      of 1, by reaction with N,N-diethyl-1,3-propandiamine.
PAR  By I.R. spectroscopy the product was characterized by absorption bands at
      1720 cm.sup..sup.-1 and 3200 cm.sup..sup.-1. It had a refraction index
      n.sub.D.sup.20 =1.3856 and a density d.sub.4.sup.20 =1.42, and was soluble
      in n-heptane, toluene, xylene, alcohols, acetone, perchloroethylene, and
      in H.sub.2 SO.sub.4. The surface tension of the 1% solution in
      perchloroethylene appeared to be 20.9 dynes/cm, while the 1% solution in
      10% H.sub.2 SO.sub.4 showed a surface tension of 21 dynes/cm.
PAC  EXAMPLE 4
PAR  Operating as in Example 2, and starting from a sample of 32.5 g of a
      diester with an average equivalent weight of 650 and an 1/n ratio of about
      0.8 that was prepared as described in Example 1, there was obtained, by
      reaction with 15 g of N,N-diethyl-1,3- propandiamine, 37 g of a liquid
      characterized by I.R. absorption bands at 1720 and 3200 cm.sup..sup.-1, by
      a refraction index n.sub.D.sup.20 =1.3612. The structure corresponded to
      formula (III) wherein p=3 and R'=R"=--C.sub.2 H.sub.5.
PAC  EXAMPLE 5
PAR  A sample of 20 g of N,N'-bis-diethyl-aminoethylamide having a molecular
      weight of 808 and an 1/n ratio of 1 prepared according to Example 2 was
      dissolved in 50 ml of ethanol and reacted with 7.75 g of ethyl iodide for
      a period of 2 hours.
PAR  At the end of the 2 hour reaction, ethyl alcohol was evaporated under
      vacuum of 15 mm Hg at a temperature of 40.degree. C and there were
      obtained as a residue 27.5 g of a waxy, colorless compound which was
      soluble in water, alcohols, acetone and sulfuric acid, and insoluble in
      hydrocarbons, perchloroethylene and soda. The elemental analysis
      determined an iodine content of 22.6% (theoretical 22.68%); consequently,
      it was possible to attribute the compound the structure corresponding to
      the formula (IV) wherein p=2, R'=R"=R'"=--C.sub.2 H.sub.5 and X.sup.- =
      I.sup.-. The compound dissolved at a 1% concentration in water caused the
      surface tension to decrease to 23 dynes/cm; at a 1% concentration in 10%
      sulfuric acid it caused a surface tension decrease to 22 dynes/cm, while
      at a 1% concentration in 10% NaCl it caused a surface tension decrease to
      21 dynes/cm.
PAC  EXAMPLE 6
PAR  A sample of 15 g of N,N'-bis-diethylamino-propylamide having a molecular
      weight of 1496 and an 1/n ratio of about 0.8 prepared according to Example
      4, was reacted in a 50 ml ethanol solution with 2.19 g of ethyl bromide
      for 2 hours at 25.degree. C. After evaporation of the solvent, there were
      obtained as a residue 17 g of very viscous, yellow liquids, characterized
      by a density d.sub.4.sup.20 =1.54 and a bromine content of 9.3%
      (theoretical 9.34%). Consequently, it was possible to attribute to the
      compound the structure of formula (IV) wherein p=3, R'=R"=R'"=--C.sub.2
      H.sub.5 and X.sup.- = Br.sup.-.
PAC  EXAMPLE 7
PAR  A sample of 15 g of N,N'-bis-diethylaminopropylamide having a molecular
      weight of 1496 and an 1/n ratio of about 0.8 obtained according to Example
      4, dissolved in 100 ml anhydrous ether, was reacted with 1.9 g of
      alpha-chloroacetic acid for 3 hours at a temperature of 25.degree. C. the
      ethyl ether was then evaporated and the residue was kept at a temperature
      of 100.degree. C under vacuum of 1 mm Hg for 3 hours. 16 g of a waxy,
      colorless product were obtained, the I.R. absorption spectrum of which was
      characterized by a new clearcut band at 1590 cm.sup..sup.-1 attributable
      to the carboxylic ion. The refraction index was n.sub.D.sup.20 =1.3961. in
      the product, no chlorine was found present upon elemental analysis;
      consequently, the attributable structure corresponded to formula (V)
      wherein p=3, R'=R"=C.sub.2 H.sub.5.
PAR  The product was soluble in water, alcohols, acetone and in solutions of
      acids and bases; it was insoluble in hydrocarbons. A 3% water-solution of
      the product was prepared and used to impregnate a piece of cotton fabric
      having the dimensions 10 .times. 10 cm. The impregnated fabric was then
      dried by keeping it in a ventilated oven at 100.degree. C for 2 hours.
PAR  The thus prepared sample was subjected to the Standard Oil Repellency Test,
      cfr. J. N. Simons "Fluorine Chemistry", Academic Press, New York, Vol. V,
      page 103, thus determining a repellency toward the 40% (by vol.) n-heptane
      and 60% (by vol.) nujol oil mixture, corresponding to a repellency rate
      value of 80, which indicated fair stain-repellent properties of the
      treated fabric.
PAC  EXAMPLE 8
PAR  A sample of 16.7 g of N,N'-bis-diethylaminopropylamide having a molecular
      weight of 836 and an 1/n ratio of 1 prepared according to Example 3, was
      suspended in 30 ml water and 15 ml of 30% hydrogen peroxide were added
      thereto. The mixture was reacted under stirring for 3 hours at 75.degree.
      C up to complete dissolution. The excess of reactant and solvent was
      evaporated by heating to 50.degree. C under vacuum of 15 mm Hg, obtaining
      as a residue a very viscous, colorless liquid.
PAR  The I.R. spectrum was characterized by a broad absorption band in the zone
      of 1675 cm.sup..sup.-1. The product was soluble in water and insoluble in
      n-heptane, in contrast to the starting product, and characterized by a
      refraction index n.sub.D.sup.20 =1.4061. It was possible to attribute to
      the compound the formula (VI), wherein p=3, R'=R'=C.sub.2 H.sub.5.
PAR  A 1% water solution of the amido-amino-oxide compound had a surface tension
      of 24 dynes/cm. The compound proved to be an anticorrosion agent for
      metals pre-treated with it and immersed in acid electrolytic media.
PAR  An iron plate having the dimensions 68 .times. 12. 7 .times. 2 mm was
      immersed for 10 minutes in a 0.2% solution of the compound in
      perchloroethylene. After solvent evaporation, it was completely dipped
      into a 400 ml glass containing a 10% HCl solution kept under stirring by
      means of a polyproylene stirrer.
PAR  After a stay of the plate for 7 days at 25.degree. C the dried plate was
      found to have lost only 0.6% of its weight while in a blank test carried
      out under the same conditions on a plate which had not been pre-treated
      with the compound, the attack corresponded to 28% of the plate weight.
PAC  EXAMPLE 9
PAR  Operating similarly to Example 2, and starting from a sample of 32 g of the
      diester having an average equivalent weight of 800 and an 1/n ratio of
      about 0.8 that was prepared as described in Example 1, there were
      obtained, by reaction with 5.2 g of N,N-diethyl-1,3 propandiamine, 35.9 g
      of a liquid characterized by I.R. absorption bands at 1720 and 3200
      cm.sup..sup.-1, by a refraction index n.sub.D.sup.20 =1.3496. The
      structure corresponded to formula (II) wherein p=3 and R'=R"=--C.sub.2
      H.sub.5.
PAR  1.9 of alpha-chloroacetic acid were added to 18 g of the obtained product,
      dissolved in 100 ml of anhydrous ether, and the whole was allowed to react
      for 4 hours at 25.degree. C. The ether was then evaporated and the residue
      was kept at a temperature of 100.degree. C under vacuum of 1 mm Hg for 3
      hours. A waxy product was obtained, which was characterized by a new I.R.
      absorption band at 1590 cm and by a refraction index n.sub.D.sup.20
      =1.3790. In the product, no chlorine was found present upon elemental
      analysis, and consequently the product was atrributed the structure of
      formula (V) wherein p=3, R'=R"=--C.sub.2 H.sub.5.
PAR  A piece of cotton fabric was impregnated with a 3% ethyl alcohol solution
      of the product and then, after evaporation of the solvent, the impregnated
      sample was subjected to the Standard Oil Repellency Test, thus determining
      a repellency towards the 50% (by vol.) n-heptane and 50% (by vol) nujol
      oil mixture corresponding to the repellency rating value of 100, which
      indicated excellent stain repellent properties.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Surface active agents having anti-corrosion or oil-repellent properties,
      the chain of which, having the structure of bis-alkyl-amides of
      polyoxaperfluoroalkandioic acids, corresponds to the general formula:
EQU  Z--(CH.sub.2).sub.p --NH--CO--CF.sub.2 O(C.sub.2 F.sub.4 O).sub.1 (CF.sub.2
      O).sub.n --CF.sub.2 --CO--NH--(CH.sub.2).sub.p -Z
PAL  wherein Z is a
      ##EQU9##
      group, a salified quaternary ammonium group or a
      ##EQU10##
      group, --C.sub.2 F.sub.4 O-- and --CF.sub.2 O-- are oxyperfluoroalkylene
      units distributed randomly along the chain, 1 and n are integers the sum
      of which is from 2 to 50 inclusive and the 1/n ratio is from 0.2 to 1.5,
      inclusive, p is an integer from 1 to 20, inclusive, R' and R" are alkyl
      radicals either the same or different and having from 1 to 6 carbon atoms
      or form, together with the adjacent nitrogen atom, a ring with 5 or 6
      atoms, the remaining atoms of the ring consisting of atoms of carbon or of
      carbon and one oxygen atom, and O is an oxygen atom.
NUM  2.
PAR  2. Surface active agents according to claim 1, in which, in the formula
      given, the sum of 1 and n is from 4 to 20, inclusive.
NUM  3.
PAR  3. Surface active agents according to claim 1, in which, in the formula
      given, p is an integer from 2 to 6, inclusive.
NUM  4.
PAR  4. Surface active agents according to claim 1, in which, in the formula
      given, the sum of 1 plus n is from 4 to 20, inclusive, and p is an integer
      from 2 to 6, inclusive.
NUM  5.
PAR  5. Surface active agents according to claim 1, wherein
      ##EQU11##
      wherein R' and R" are as defined in claim 1, R'" is an alkyl or
      alphaalkylaryl group and X is a chlorine, bromine or iodine atom.
NUM  6.
PAR  6. Process for preparing the surface active agents of claim 1, wherein Z is
      a
      ##EQU12##
      group, characterized in that the methyl esters or acylic halides of
      polyoxaperfluoroalkandioic biacids having the general formula:
EQU  HOCO--CF.sub.2 O(C.sub.2 F.sub.4 O).sub.1 (CF.sub.2 O).sub.n --CF.sub.2
      --COOH
PAL  wherein the --CF.sub.2 --CF.sub.2 --O-- and --CF.sub.2 O-- units are
      distributed randomly along the chain, and 1 and n are integers the sum of
      which is from 2 to 50 inclusive and the 1/n ratio is from 0.2 to 1.5
      inclusive, are reacted with an alkylene diamine having the general
      formula:
      ##EQU13##
      wherein R' and R" are alkyl radicals either the same or different and have
      from 1 to 6 carbon atoms or form, together with the adjacent nitrogen
      atom, a ring with 5 or 6 atoms, the remaining atoms of the ring consisting
      of atoms of carbon only or of carbon and one oxygen atom, and p is an
      integer of from 1 to 20, inclusive.
NUM  7.
PAR  7. Process according to claim 6, wherein the methyl esters and the acylic
      halides of the polyoxaperfluoroalkandioic acids are reacted with the
      diamines with molar ratios of 1:2 to 1:4.
NUM  8.
PAR  8. Process according to claim 6, wherein the methyl esters of the acids are
      reacted with the amines in the stoichiometric ratio of 1:2, in the
      presence of organic solvents.
NUM  9.
PAR  9. Process for preparing surface active agents according to claim 1,
      wherein Z is a salified quaternary ammonium group, characterized in that
      the N,N'-bis-dialkylamino alkylamide compounds having the general formula:
      ##EQU14##
      are reacted with an alkyl or alpha-alkylaryl halide in which the halogen
      is bromine or iodine, or with alpha-chloroacetic acid.
NUM  10.
PAR  10. Process for preparing surface active agents according to claim 1,
      wherein Z is a
      ##EQU15##
      group, characterized in that the N,N'-bis-dialkyl-amino alkylamide
      compounds having the general formula:
      ##EQU16##
      are reacted with hydrogen peroxide, hydroperoxides or acylhydroperoxides.
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ABST
PAL  Novel 1-aryl-2-amidoalkylaminoethanol derivatives, processes for their
      manufacture, pharmaceutical compositions containing them and methods of
      using them in the treatment of heart diseases. The compounds possess
      .beta.-adrenergic blocking activity. Representative of the compounds
      disclosed is
      1-phenyl-2-(1,1-dimethyl-2-phenylacetamidoethyl)amino-ethanol.
BSUM
PAR  This invention relates to new ethanolamine derivatives which possess
      .beta.-adrenergic blocking activity.
PAR  According to the invention there is provided a new ethanolamine derivative
      of the formula:
      ##SPC1##
PAL  Wherein A stands for an alkylene radical of from 2 to 6 carbon atoms,
      wherein R.sup.1 stands for the hydrogen atom or for an alkyl, alkenyl,
      halogenoalkyl or cycloalkyl radical each of up to 6 carbon atoms, or for
      an aryl radical of the formula:
      ##SPC2##
PAL  Wherein R.sup.2, R.sup.3, R.sup.12 and R.sup.13, which may be the same or
      different, each stands for a hydrogen or halogen atom, a nitro, amino or
      cyano radical or an alkyl, alkenyl, alkoxy, alkenyloxy, hydroxyalkyl,
      alkanoyl, acylamino or alkanesulphonamido radical each of up to 6 carbon
      atoms, wherein R.sup.4 stands for the hydrogen atom or for the hydroxy or
      carbamoyl radical, wherein R.sup.5 stands for the hydrogen atom or for an
      alkyl radical of up to 6 carbon atoms, wherein X stands for the carbonyl
      or sulphonyl radical and wherein Y stands for a direct link, or for an
      alkylene or alkyleneoxy radical each of up to 6 carbon atoms, or for the
      imino (--NH--) radical, or (except when R.sup.1 stands for the hydrogen
      atom) for the oxygen atom; or an acid-addition salt thereof.
PAR  It will be observed that the ethanolamine derivative of the invention
      possesses an asymmetric carbon atom, namely the carbon atom of the
      --CHOH-- group in the ethanolamine side-chain, and it can therefore exist
      in racemic and optically-active forms. It is to be understood that this
      invention encompasses the racemic form of the ethanolamine derivative and
      any optically-active form which possesses .beta.-adrenergic blocking
      activity, it being a matter of common general knowledge how a racemic
      compound may be resolved into its optically-active forms and how the
      .beta.-adrenergic blocking activity of these forms may be determined. It
      is to be understood that .beta.-adrenergic blocking activity usually
      predominates in that optically-active form which has the "R" absolute
      configuration of the said --CHOH-- group.
PAR  A suitable value for the alkylene radical A is, for example, the ethylene,
      trimethylene, tetramethylene, hexa-methylene, 1-methylethylene,
      2-methylethylene or 1,1-di-methylethylene radical. A is preferably the
      ethylene, 1-methylethylene or 1,1-dimethylethylene radical.
PAR  A suitable value for R.sup.1 when it stands for an alkyl, alkenyl,
      halogenoalkyl or cycloalkyl radical is, for example, the methyl, ethyl,
      n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, n-pentyl, allyl,
      trifluoromethyl, cyclopropyl, cyclopentyl or cyclohexyl radical.
PAR  A suitable value for R.sup.2, R.sup.3, R.sup.12 or R.sup.13 when it stands
      for a halogen atom is, for example, the fluorine, chlorine, bromine or
      iodine atom.
PAR  A suitable value for R.sup.2, R.sup.3, R.sup.12 or R.sup.13 when it stands
      for an alkyl, alkenyl, alkoxy, alkenyloxy, hydroxyalkyl, alkanoyl,
      acylamino or alkanesulphonamido radical is, for example, the methyl,
      ethyl, n-propyl, allyl, methoxy, isopropoxy, allyloxy, hydroxymethyl,
      1-hydroxyethyl, formyl, acetyl, acetamido or methanesulphonamido radical.
PAR  A suitable value for R.sup.5 when it stands for an alkyl radical is, for
      example, the methyl or ethyl radical.
PAR  A suitable value for Y when it stands for an alkylene or alkyleneoxy
      radical is, for example, the methylene, ethylene, methyleneoxy,
      ethyleneoxy, trimethyleneoxy or ethylideneoxy radical.
PAR  A suitable acid-addition salt of an ethanolamine derivative of the
      invention is, for example, a salt derived from an inorganic acid, for
      example, a hydrochloride, hydrobromide, phosphate or sulphate, or a salt
      derived from an organic acid, for example an oxalate, lactate, tartrate,
      acetate, salicylate, citrate, benzoate, .beta.-naphthoate, adipate or
      1,1-methylene-bis-(2-hydroxy-3-naphthoate), or a salt derived from an
      acidic synthetic resin, for example, a sulphonated polystyrene resin.
PAR  One preferred ethanolamine derivative of the invention is a compound of the
      formula given above wherein A stands for the ethylene, 1-methylethylene or
      1,1-methylethylene radical, wherein R.sup.1 stands for an alkyl or
      cycloalkyl radical each of up to 6 carbon atoms, wherein R.sup.2 and
      R.sup.3 both stand for hydrogen, wherein X stands for the carbonyl radical
      and wherein Y stands for the direct link, or an acid-addition salt
      thereof.
PAR  A second preferred ethanolamine derivative of the invention is a compound
      of the formula given above wherein A stands for the ethylene,
      1-methylethylene or 1,1-dimethyl-ethylene radical, wherein R.sup.1 stands
      for a phenyl, chlorophenyl or methoxyphenyl radical, wherein R.sup.2 and
      R.sup.3 both stand for hydrogen, wherein X stands for the carbonyl radical
      and wherein Y stands for the methylene radical, or an acid-addition salt
      thereof.
PAR  Specific ethanolamine derivatives of the invention are those hereinafter
      described in the Examples. Of these, preferred compounds by virtue of
      their high .beta.-adrenergic blocking activity are
      1-phenyl-2-(.beta.-cyclopentanecarbonamido-ethyl)aminoethanol;
      1-phenyl-2-(.beta.-isobutyramidoethyl)amino-ethanol;
      1-phenyl-2-(.beta.-p-methoxyphenylacetamidoethyl)amino-ethanol;
      1-phenyl-2-(.beta.-propionamidoethyl)aminoethanol;
      1-phenyl-2-(.beta.-n-butyramidoethyl)aminoethanol;
      1-phenyl-2-(.beta.-phenylacetamidoethyl)aminoethanol;
      1-phenyl-2-(1-methyl-2-p-chlorophenylacetamidoethyl)aminoethanol;
      1-phenyl-2-(1-methyl-2-phenylacetamidoethyl)aminoethanol;
      1-phenyl-2-(1,1-dimethyl-2-isobutyramidoethyl)aminoethanol and
      1-phenyl-2-(1,1-dimethyl-2-phenylacetamidoethyl)aminoethanol and the
      acid-addition salts thereof; and of these the most preferred compounds are
      1-phenyl-2-(1-methyl-2-phenylacetamidoethyl)aminoethanol, particularly the
      isomers (1R)-1-phenyl-2-[(1R)-1-methyl-2-phenylacetamidoethyl]aminoethanol
      and (1R)-1-phenyl-2-[(1S)-1-methyl-2-phenylacetamidoethyl]aminoethanol,
      thereof, and the acid-addition salts thereof.
PAR  The ethanolamine derivative of the invention may be manufactured by any
      chemical process known to be useful for the manufacture of
      chemically-analogous compounds.
PAR  According to a further feature of the invention there is provided a process
      for the manufacture of the ethanolamine derivative of the invention which
      comprises assembling in sequence, by chemical synthesis, the four
      radicals:
PAR  i. a 1-hydroxy-1-phenylethyl radical of the formula:
      ##SPC3##
PAL  wherein R.sup.2, R.sup.3 and R.sup.5 have the meanings stated above and
      wherein R.sup.7 stands for hydrogen or for a protecting group;
PAR  ii. an imino radical of the formula --NR.sup.8 --, wherein R.sup.8 stands
      for hydrogen or for a protecting group;
PAR  iii. a radical of the formula --A--NR.sup.9 -- wherein A has the meaning
      stated above and wherein R.sup.9 stands for hydrogen or for a protecting
      group; and
PAR  iv. a radical of the formula --X--Y--R.sup.1 wherein R.sup.1, X and Y have
      the meanings stated above;
PAR  whereafter if one or more of R.sup.7, R.sup.8 and R.sup.9 stands for a
      protecting group, the one or more protecting groups are removed.
PAR  The various stages of the assembly may be carried out in any possible
      order. Thus, for example:
PAR  a. A phenylalkyl derivative of the formula:
      ##SPC4##
PAL  wherein R.sup.2, R.sup.3, R.sup.5 and R.sup.7 have the meanings stated
      above and wherein Z stands for a displaceable radical, or a mixture of
      such compounds, may be reacted with an amine of the formula:
EQU  HNR.sup.8 --A--NR.sup.9 --X--Y--R.sup.1
PAL  wherein A, R.sup.1, R.sup.8, R.sup.9, X and Y have the meanings stated
      above, or with a precursor of such an amine.
PAR  A suitable value for Z is, for example, a halogen atom, for example the
      chlorine or bromine atom, or a sulphonyloxy radical, for example an
      alkanesulphonyloxy radical of up to 6 carbon atoms or an arenesulphonyloxy
      radical of up to 10 carbon atoms, for example the methanesulphonyloxy,
      benzene-sulphonyloxy or toluene-p-sulphonyloxy radical.
PAR  The reaction may be carried out at ambient temperature or it may be
      accelerated or completed by the application of heat, for example by
      heating to a temperature of 90.degree.-110.degree. C.; it may be carried
      out at atmospheric or at an elevated pressure, for example by heating in a
      sealed vessel; and it may be carried out in an inert diluent or solvent,
      for example an alcohol, for example methanol, ethanol, n-propanol or
      iso-propanol or an excess of the amine may be used as diluent or solvent.
PAR  Either phenylalkyl derivative used as starting material, or a mixture
      thereof, may be obtained by the reduction, for example by means of sodium
      borohydride or aluminium isopropoxide, of a compound of the formula:
      ##SPC5##
PAL  wherein R.sup.2, R.sup.3, R.sup.5 and Z have the meanings stated above.
      This compound in turn may be obtained from the corresponding acetophenone
      derivative either directly, when Z stands for a halogen atom, or via the
      corresponding hydroxy compound of the formula:
      ##SPC6##
PAL  wherein R.sup.2, R.sup.3 and R.sup.5 have the meanings stated above.
PAR  b. A compound of the formula:
      ##SPC7##
PAL  wherein A, R.sup.1, R.sup.2, R.sup.3, R.sup.5, R.sup.8, R.sup.9, X and Y
      have the meanings stated above, may be reduced.
PAR  The reduction may be carried out by means of a metal borohydride, for
      example sodium borohydride, in an appropriate diluent or solvent, for
      example methanol, or by means of catalytic hydrogenation, for example
      hydrogen in the presence of a palladium, platinum or nickel catalyst.
PAR  The starting material may be obtained by the reaction of a compound of the
      formula:
      ##SPC8##
PAL  wherein R.sup.2, R.sup.3, R.sup.5 and Z have the meanings stated above,
      with an amine of the formula:
EQU  HNR.sup.8 --A--NR.sup.9 --X--Y--R.sup.1
PAL  wherein A, R.sup.1, R.sup.8, R.sup.9, X and Y have the meanings stated
      above, or with a precursor of such an amine, in an appropriate solvent,
      for example dioxan or methanol.
PAR  c. A compound of the formula:
      ##SPC9##
PAL  wherein R.sup.2, R.sup.3 and R.sup.5 have the meanings stated above,
      wherein Q stands for the carbonyl (--CO--) radical or for a radical of the
      formula
      ##EQU1##
      wherein R.sup.7 has the meaning stated above, and wherein either R.sup.10
      and R.sup.11 together form the oxo (=O) radical, or wherein R.sup.10 and
      R.sup.11, which may be the same or different, each stands for the hydroxy
      radical or for an alkoxy radical of up to 6 carbon atoms, may be reacted
      with an amine of the formula:
EQU  HNR.sup.8 --A--NR.sup.9 --X--Y--R.sup.1
PAL  wherein A, R.sup.1, R.sup.8, R.sup.9, X and Y have the meanings stated
      above, under reducing conditions.
PAR  Suitable reducing conditions are provided by, for example, an alkali metal
      borohydride, for example sodium borohydride, in an appropriate diluent or
      solvent, for example methanol or ethanol, or by, for example, hydrogen in
      the presence of a catalyst, for example a platinum, palladium or nickel
      catalyst.
PAR  The starting material wherein Q stands for the carbonyl radical may be
      obtained by the oxidation of an acetophenone derivative of the formula:
      ##SPC10##
PAL  wherein R.sup.2, R.sup.3 and R.sup.5 have the meanings stated above, with
      selenium dioxide in an appropriate solvent, for example aqueous dioxan,
      optionally followed by acetal or hemiacetal formation. The starting
      material wherein Q stands for a radical of the formula --CHOH-- may be
      obtained by the reduction of the acetal of the corresponding compound
      wherein Q stands for the carbonyl radical.
PAR  d. The series of reactions described under (a) or (b) or (c) above may be
      carried out except that an amine of the formula R.sup.8 NH.sub.2 is used
      in place of an amine of the formula:
EQU  HNR.sup.8 --A--NR.sup.9 --X--Y--R.sup.1
PAL  it being understood that when R.sup.8 stands for hydrogen the amine is
      ammonia. The final product obtained, which has the formula:
      ##SPC11##
PAL  wherein R.sup.2, R.sup.3, R.sup.5, R.sup.7 and R.sup.8 have the meanings
      stated above, may alternatively be obtained, when R.sup.8 stands for
      hydrogen, by the reduction of, for example, a compound of the formula:
      ##SPC12##
PAL  wherein R.sup.2, R.sup.3, R.sup.5 and Q have the meanings stated above
      (which compound may be obtained, when Q stands for the --CHOH-- radical,
      by the reaction of a corresponding benzaldehyde derivative with
      respectively, hydrogen cyanide or a nitroalkane, for example
      nitromethane), or by the reduction of an oxime of the formula:
      ##SPC13##
PAL  wherein R.sup.2, R.sup.3, R.sup.5 and Q have the meanings stated above
      (which oxime may be obtained by conventional means from the corresponding
      aldehyde or ketone, or by the reduction of any other suitable compound
      which contains a group reducible to a primary amino group, for example a
      diazo or azido group.
PAR  The radical --A--NR.sup.9 --X--Y--R.sup.1 may then be inserted as a
      separate step, for example either by the reaction of the above final
      product with a compound of the formula:
EQU  Z--A--NR.sup.9 --X--Y--R.sup.1
PAL  wherein A, R.sup.1, R.sup.9, X, Y and Z have the meanings stated above, or,
      by the reaction under reducing conditions of the same final product with a
      carbonyl compound of the formula:
EQU  A.sup.1 --CO--A.sup.2 --NR.sup.9 --X--Y--R.sup.1
PAL  wherein R.sup.1, R.sup.9, X and Y have the meanings stated above and
      wherein A.sup.1 stands for hydrogen or for an alkyl radical and A.sup.2
      stands for an alkylene radical such that the radical
      ##EQU2##
      has the same meaning as is stated above for A.
PAR  The reaction involving a compound of the formula:
EQU  Z--A--NR.sup.9 --X--Y--R.sup.1
PAL  may conveniently be carried out in the presence of a base, for example
      sodium or potassium carbonate, in a diluent or solvent, for example
      ethanol or isopropanol, at an elevated temperature, for example at the
      boiling point of the diluent or solvent.
PAR  Suitable reducing conditions for the reaction involving the carbonyl
      compound are those provided by the presence of hydrogen and a
      hydrogenation catalyst, for example palladium or platinum, in an inert
      diluent or solvent, for example in one or more solvents selected from
      water, ethanol and an excess of the carbonyl compound used as starting
      material; or by the presence of an alkali metal borohydride, for example
      sodium borohydride or lithium cyanoborohydride, in an inert diluent or
      solvent, for example in one or more solvents selected from water, ethanol,
      methanol and an excess of the carbonyl compound used as starting material.
      It is to be understood that when in the starting material R.sup.1 stands
      for an alkenyl radical, or one or both of R.sup.2 and R.sup.3 stands for a
      halogen atom or for a nitro, cyano, alkenyl, alkenyloxy or alkanoyl
      radical, hydrogen and a hydrogenation catalyst are preferably not used to
      provide the reducing conditions, in order to prevent the radical R.sup.1,
      R.sup.2 or R.sup.3 from being affected by catalytic hydrogenation.
PAR  e. The series of reactions described under (a), (b), (c) or (d) above may
      be carried out except that an amine containing a radical of the formula:
EQU  HNR.sup.8 --A--NHR.sup.9
PAL  wherein A, R.sup.8 and R.sup.9 have the meanings stated above, is used in
      place of an amine of the formula:
EQU  NHR.sup.8 --A--NR.sup.9 --X--Y--R.sup.1
PAL  or the reaction described under (d) above may be carried out except that
      the radical --A--NHR.sup.9 is inserted in place of the radical
      --A--NR.sup.9 --X--Y--R.sup.1. The amidic linkage --NR.sup.9 --X-- may
      then be formed as a separate step by reaction of the resulting product,
      which has the formula:
      ##SPC14##
PAL  wherein R.sup.2, R.sup.3, R.sup.5, R.sup.7, R.sup.8, R.sup.9 and A have the
      meanings stated above, with a compound of the formula:
EQU  Z.sup.1 --X--Y--R.sup.1
PAL  wherein R.sup.1, X and Y have the meanings stated above and wherein Z.sup.1
      stands for a displaceable radical, or, when X stands for the carbonyl
      radical and Y stands for the imino radical, with an isocyanate of the
      formula OCN--R.sup.1, wherein R.sup.1 has the meaning stated above.
PAR  The displaceable radical Z.sup.1 may be a halogen atom, for example the
      chlorine or bromine atom, or an alkoxy radical, for example the methoxy or
      ethoxy radical, or it may be the oxygen atom such that the compound
      (R.sup.1 --Y--X).sub.2 Z.sup.1 is an acid anhydride.
PAR  The reaction to form the amide linkage may be carried out in an inert
      diluent or solvent, for example toluene or tetrahydrofuran.
PAR  The intermediate product of the formula:
      ##SPC15##
PAL  may, when R.sup.9 stands for hydrogen, alternatively be obtained by, for
      example, the reduction of the nitro, cyano or carbamoyl radical of a
      compound of the formula:
      ##SPC16##
PAL  wherein R.sup.2, R.sup.3, R.sup.5, R.sup.7 and R.sup.8 have the meanings
      stated above, wherein A.sup.3 stands for an alkylene radical such that
      --A.sup.3 --CH.sub.2 has the same meaning as is stated above for A and
      wherein Z.sup.2 stands for the --CH.sub.2 NO.sub.2, --CN or --CONH.sub.2
      radical.
PAR  f. A compound wherein one or more of R.sup.7, R.sup.8 and R.sup.9 stands
      for a protecting group may be prepared by the series of reactions
      described under (a), (b), (c), (d) or (e) above. Alternatively, a suitable
      protecting group may be introduced by conventional means into an
      intermediate compound at any stage preceding the final stage.
PAR  A suitable value for R.sup.7 when it stands for a protecting group is, for
      example, a hydrogenolysable radical, for example an .alpha.-arylalkyl,
      .alpha.-arylalkoxycarbonyl or .alpha.-aryl-alkoxymethyl radical, for
      example the benzyl, benzyloxy-carbonyl or benzyloxymethyl radical, or an
      acyl radical, for example an alkanoyl radical of up to 20 carbon atoms,
      for example the acetyl, t-butoxycarbonyl or 2,2,2-trichloroethoxy-carbonyl
      radical, or an aroyl radical of up to 10 carbon atoms, for example the
      benzoyl radical, or an .alpha.-alkoxyalkyl radical (that is, a radical
      which forms with the adjacent oxygen atom an acetal radical), for example
      the tetrahydropyranyl radical, or a tertiary alkyl radical, for example
      the t-butyl radical.
PAR  A suitable value for R.sup.8 when it stands for a protecting group is, for
      example, a hydrogenolysable or tertiary alkyl radical as defined for
      R.sup.7, or a relatively easily hydrolysable acyl radical, for example the
      2,2,2-trichloro-ethoxycarbonyl or t-butoxycarbonyl radical. It is to be
      understood that when R.sup.8 stands for an acyl radical, this radical must
      be removable under conditions which will not destroy the amidic linkage
      --NH--X--.
PAR  Alternatively, R.sup.7 and R.sup.8 may be joined together so that one
      protecting group serves to protect both the oxygen and nitrogen atoms.
      Such protecting group may be, for example, a radical of the formula
      --CHR.sup.6 --, wherein R.sup.6 stands for hydrogen, or for an alkyl
      radical of up to 4 carbon atoms or an aryl radical of up to 10 carbon
      atoms, such that it forms, together with the adjacent oxygen and nitrogen
      atoms and the two adjacent carbon atoms an oxazolidine nucleus.
PAR  A suitable value for R.sup.9 when it stands for a protecting group is, for
      example, a hydrogenolysable or tertiary alkyl group as defined for R.sup.7
      or R.sup.8.
PAR  The hydrogenolysable protecting group R.sup.7, R.sup.8 or R.sup.9 may be
      removed, for example, by catalytic hydrogenation, for example by
      hydrogenation in the presence of a palladium-on-charcoal catalyst, in an
      inert diluent or solvent, for example ethanol or aqueous ethanol. The
      process may be accelerated or completed by the presence of an acidic
      catalyst, for example hydrochloric or oxalic acid.
PAR  The acyl protecting group R.sup.7 or R.sup.8 may be removed by hydrolysis
      in the presence of a base, for example an alkali metal hydroxide, in a
      diluent or solvent, for example water, methanol, ethanol or a mixture
      thereof. It is to be understood that the hydrolytic conditions used must
      be sufficiently mild to avoid hydrolysis of the amidic linkage --NH--X--.
PAR  The .alpha.-alkoxyalkyl protecting group R.sup.7 or the protecting group
      R.sup.6 CH- formed by R.sup.7 and R.sup.8 taken together may be removed by
      hydrolysis in the presence of an acid, for example a mineral acid, for
      example aqueous hydrochloric acid, and the hydrolysis may be carried out
      at a temperature of up to 100.degree. C.
PAR  The tertiary alkyl protecting group R.sup.7, R.sup.8 or R.sup.9, or the
      acyl protecting group R.sup.7, R.sup.8 or R.sup.9 when it stands for a
      tertiary alkoxycarbonyl radical, for example the t-butoxy-carbonyl
      radical, may be removed by treatment with an acid, for example hydrogen
      chloride, in anhydrous conditions, for example in ethereal solution.
PAR  It is to be understood that a compound wherein the substituent R.sup.2,
      R.sup.3, R.sup.12 or R.sup.13 is a reactive radical may be converted into
      a different compound wherein R.sup.2, R.sup.3, R.sup.12 or R.sup.13 is a
      different substituent. Thus, for example, a compound wherein one or more
      of R.sup.2, R.sup.3, R.sup.12 and R.sup.13 stands for a nitro, alkenyl,
      alkenyloxy or alkanoyl radical may be reduced to the corresponding
      compound wherein one or more of R.sup.2, R.sup.3, R.sup.12 and R.sup.13
      stands for, respectively, an amino, alkyl, alkoxy or hydroxyalkyl radical.
PAR  It is further to be understood that a compound wherein R.sup.4 stands for
      the hydroxy radical may be obtained by the hydrogenolysis of the
      corresponding compound wherein R.sup.4 stands for an .alpha.-arylalkoxy
      radical, for example the benzyloxy-radical.
PAR  One preferred process for the manufacture of the ethanolamine derivative of
      the invention comprises the reaction of a compound of the formula:
      ##SPC17##
PAL  wherein R.sup.2, R.sup.3 and R.sup.5 have the meanings stated above, with
      an amine of the formula:
EQU  H.sub.2 N--A--NH--X--Y--R.sup.1
PAL  wherein A, R.sup.1, X and Y have the meanings stated above.
PAR  A second, and more particularly preferred, process for the manufacture of
      the ethanolamine derivative of the invention comprises the reaction of a
      compound of the formula:
      ##SPC18##
PAL  wherein R.sup.2, R.sup.3, R.sup.5, R.sup.8 and A have the meanings stated
      above, with a compound of the formula:
EQU  Z.sup.1 --X--Y--R.sup.1
PAL  wherein R.sup.1, X, Y and Z.sup.1 have the meanings stated above.
      Preferably in this reaction R.sup.8 is the hydrogen atom or the benzyl
      radical, and Z.sup.1 is a halogen atom, an alkoxy radical, for example the
      methoxy or ethoxy radical, or the oxygen atom of an anhydride group.
PAR  Optically-active forms of the ethanolamine derivative of the invention may
      be obtained by the resolution by conventional means of the corresponding
      racemic ethanolamine derivative of the invention.
PAR  The said resolution may be carried out by reacting the racemic ethanolamine
      derivative with an optically-active acid, followed by fractional
      crystallisation of the diastereoisomeric mixture of salts thus obtained
      from a diluent or solvent, for example ethanol, whereafter the
      optically-active ethanolamine derivative is liberated from the salt by
      treatment with a base. A suitable optically-active acid is, for example,
      (+)- or (-)-0,0-di-p-toluoyltartaric acid.
PAR  The resolution process may be facilitated by treating the partially
      resolved ethanolamine derivative in free base form obtained after a single
      fractional crystallisation of the diastereoisomeric mixture of salts with
      a solubilising agent, for example a primary amine, for example allylamine,
      in a relatively non-polar diluent or solvent, for example petroleum ether.
PAR  Alternatively, an optically-active form of an ethanolamine derivative may
      be obtained by carrying out a process for the manufacture of the
      ethanolamine derivative using an appropriate optically-active starting
      material. This procedure is particularly preferred when, apart from the
      --CHOH-- asymmetric centre, there is a further asymmetric centre in the
      alkylene radical --A-- or in the group --Y--R.sup.1, and it is a
      particularly appropriate procedure when used in the series of reactions
      described under (e) above.
PAR  An optically-active intermediate of the formula:
      ##SPC19##
PAL  may conveniently be obtained by the reaction of mandelic acid of the
      formula:
      ##SPC20##
PAL  which is commercially-available in both (R)--(-)-- and (S)--(+) forms, with
      an amino-acid amide of the formula:
EQU  H.sub.2 N--A.sup.3 --CONH.sub.2
PAL  wherein A.sup.3 has the meaning stated above, followed by the reduction
      with borane of the two carbonyl radicals in the product thus obtained,
      which has the formula:
      ##SPC21##
PAL  In particular, the compounds of the above formulae in which the --CHOH--
      group has the (R)-- configuration are valuable intermediates.
PAR  According to a further feature of the invention, there is provided a novel
      chemical intermediate of the formula:
      ##SPC22##
PAL  wherein R.sup.2, R.sup.3, R.sup.5, R.sup.8 and R.sup.9 have the meanings
      stated above and wherein A.sup.4 stands for the 1-methylethylene
      ##EQU3##
      radical, or an acid-addition salt thereof.
PAR  A particularly preferred novel chemical intermediate has the formula given
      above wherein R.sup.2, R.sup.3, R.sup.5 and R.sup.9 all stand for hydrogen
      atoms and wherein R.sup.8 stands for the hydrogen atom or for the benzyl
      radical, and a most particularly preferred compound of this type has the
      (R)-- configuration of the --CHOH-- group.
PAR  The ethanolamine derivative of the invention in free base form may be
      converted into an acid-addition salt thereof by reaction with an acid by
      conventional means.
PAR  As stated above, the ethanolamine derivative of the invention or an
      acid-addition salt thereof possesses .beta.-adrenergic blocking activity,
      and in some of the ethanolamine derivatives this activity is
      cardio-selective. The .beta.-adrenergic blocking activity may be
      determined by the reversal of isoprenaline-induced tachycardia in rats or
      cats, a standard test for the determination of .beta.-adrenergic blocking
      activity, and the cardio-selectivity may be determined by the relative
      freedom from antagonism of isoprenaline-induced vasodilatation in cats or
      of the relief produced by isoprenaline of histamine-induced bronchospasm
      in guinea-pigs.
PAR  A preferred ethanolamine derivative of the invention is 5 to 20 times more
      active as a .beta.-adrenergic blocking agent than practolol. At doses of
      an ethanolamine derivative of the invention which produce effective
      .beta.-adrenergic blockade in rats or cats, no symptoms of toxicity are
      apparent.
PAR  Some of the ethanolamine derivatives of the invention, and in particular
      the compound 1-phenyl-2-(1-methyl-2-phenyl-acetamidoethyl)aminoethanol and
      especially the highly active stereoisomers thereof, possess partial
      .beta.-adrenoceptor agonist activity as well as the ability to block the
      action of exogenous and endogenous .beta.-adrenergic stimulants. This
      secondary activity is in some cases sufficiently marked for the
      ethanolamine derivative to be useful for the relief of bronchospasm and
      for the dilatation of blood vessels with concomitant lowering of blood
      pressure.
PAR  The ethanolamine derivative of the invention may be administered to
      warm-blooded animals, including man, in the form of a pharmaceutical
      composition comprising as active ingredient at least one ethanolamine
      derivative of the invention, or an acid-addition salt thereof, in
      association with a pharmaceutically-acceptable diluent or carrier
      therefor.
PAR  A suitable composition is, for example a tablet, capsule, aqueous or oily
      solution or suspension, emulsion, injectable aqueous or oily solution or
      suspension, dispersible powder, spray or aerosol formulation.
PAR  The pharmaceutical composition may contain, in addition to the ethanolamine
      derivative of the invention, one or more drugs selected from sedatives,
      for example phenobarbitone, meprobamate, chlorpromazine and the
      benzodiazepine sedative drugs, for example chlordiazepoxide and diazepam;
      vasodilators, for example glyceryl trinitrate, pentaerythritol
      tetranitrate and isosorbide dinitrate; diuretics, for example
      chlorothiazide; hypotensive agents, for example reserpine, bethanidine and
      guanethidine; cardiac membrane stabilising agents, for example quinidine;
      agents used in the treatment of Parkinson's disease and other tremors, for
      example benzhexol; cardiotonic agents, for example digitalis preparations;
      .alpha.-adrenergic blocking agents, for example phentolamine and
      sympathomimetic bronchodilators, for example isoprenaline, orciprenaline,
      adrenaline and ephedrine.
PAR  When used for the treatment of heart diseases, for example angina pectoris
      and cardiac arrhythmias, or for the treatment of bronchospasm,
      hypertension or anxiety states in man, it is expected that the
      ethanolamine derivative would be given to man at a total oral dose of
      between 20 mg. and 600 mg. daily, at doses spaced at 6-8 hourly intervals,
      or at an intravenous dose of between 1 mg. and 20 mg. Preferred oral
      dosage forms are tablets or capsules containing between 10 and 100 mg.,
      and preferably 10 mg. or 40 mg. of active ingredient. Preferred
      intravenous dosage forms are sterile aqueous solutions of the ethanolamine
      derivative or of a non-toxic acid-addition salt thereof, containing
      between 0.05% and 1% w/v of active ingredient, and more particularly
      containing 0.1% w/v of active ingredient.
PAR  The invention is illustrated but not limited by the following Examples:
DETD
PAC  EXAMPLE 1
PAR  A mixture of 2.24 g. of N-(.beta.-aminoethyl)benzene-sulphonamide
      hydrochloride, 1.2 ml. of styrene oxide, 50 ml. of isopropanol, 0.4 g. of
      sodium hydroxide and 5 ml. of water is heated under reflux for 5 hours.
      The mixture is evaporated to dryness under reduced pressure and the
      residue is dissolved in 20 ml. of ethyl acetate. This solution is added to
      a solution of 1.26 g. of oxalic acid in 20 ml. of ethyl acetate. The
      mixture is filtered and the solid residue is crystallised from ethanol.
      There is thus obtained
      2-(.beta.-benzenesulphonamido-ethylamino)-1-phenylethanol hydrogen
      oxalate, m.p. 228.degree.-230.degree. C. (with decomposition).
PAC  EXAMPLE 2
PAR  A mixture of 2.32 g. of N-(.beta.-aminoethyl)cyclopentane-carboxamide
      oxalate, 1.2 ml. of styrene oxide, 50 ml. of isopropranol, 0.8 g. of
      sodium hydroxide and 4 ml. of water is heated under reflux for 4 hours.
      The mixture is filtered, the filtrate is evaporated to dryness under
      reduced pressure and the residue is crystallised from ethyl acetate. There
      is thus obtained
      2-(.beta.-cyclopentanecarbonamidoethylamino)-1-phenylethanol, m.p.
      106.degree.-108.degree. C.
PAR  The process described above is repeated except that the appropriate
      N-(.beta.-aminoethyl)amide is used as starting material in place of
      N-(.beta.-aminoethyl)cyclopentanecarboxamide. There are thus obtained the
      compounds described in the following table, all of which are crystallised
      from ethyl acetate:
      ##SPC23##
TBL  R                      m.p. (.degree.C.)                                  
     ______________________________________                                    
     methyl                 106-108                                            
     isopropyl              100-101                                            
     n-butylamino           102-104                                            
     p-methoxybenzyl        114-115                                            
     p-chlorobenzyl         117-120                                            
     p-chlorophenoxymethyl  104-106                                            
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  The process described in Example 2 is repeated except that the appropriate
      N-(.beta.-aminoethyl)amide is used as starting material in place of
      N-(.beta.-aminoethyl)cyclopentane-carboxamide. There are thus obtained the
      compounds descirbed in the following tables:
      ##SPC24##
TBL                             crystallisation                                
     R            m.p. (.degree.C.)                                            
                                  solvent                                      
     ______________________________________                                    
     ethyl        91-92         ethyl acetate                                  
     n-pentyl     87-88         ethyl acetate                                  
     cyclohexyl   hydrochloride isopropanol                                    
                  217-218                                                      
     methoxymethyl                                                             
                  94-96         ethyl acetate                                  
     phenyl       122-124       ethyl acetate                                  
     benzyl       113-114       ethyl acetate                                  
     anilino      125-126       ethyl acetate                                  
     allylamino   102-104       diethyl ether                                  
     o-allyloxy-  oxalate       acetonitrile                                   
     phenoxymethyl                                                             
                  137-139                                                      
     o-allylphenoxy-                                                           
                  oxalate       isopropanol                                    
     methyl       164-165                                                      
     ______________________________________                                    
      ##SPC25##
TBL                             crystallisation                                
     R           m.p. (.degree.C.)                                             
                                  solvent                                      
     ______________________________________                                    
     n-propyl    oxalate        ethanol                                        
                 180-182                                                       
     o-nitrophenyl                                                             
                 hydrogen oxalate                                              
                                aqueous ethanol                                
                 208-209                                                       
     benzyl      100-102        ethyl acetate                                  
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A mixture of 1.92 g. of N-(.beta.-aminopropyl)phenyl-acetamide, 1.2 ml. of
      styrene oxide and 40 ml. of isopropanol is heated under reflux for 18
      hours and then evaporated to dryness under reduced pressure. The residue
      is dissolved in 25 ml. of ethyl acetate and the solution added to a
      solution of 1.26 g. of oxalic acid in 25 ml. of ethyl acetate. The mixture
      is filtered and the solid residue is crystallised from ethanol. There is
      thus obtained 2-(1-methyl-2-phenylacetamido-ethylamino)-1-phenylethanol
      hydrogen oxalate, m.p. 160.degree.-161.degree. C.
PAR  The process described above is repeated except that the appropriate
      N-aminoalkylamide is used as starting material in place of
      N-(.beta.-aminopropyl)phenylacetamide. There are thus obtained the
      compounds described in the following table:
      ##SPC26##
TBL                                  crystallisation                           
     A           R        m.p. (.degree.C.)                                    
                                       solvent                                 
     ______________________________________                                    
     --CH(CH.sub.3)CH.sub.2 --                                                 
                cyclohexyl                                                     
                          oxalate    ethyl acetate/                            
                          174-175    isopropanol                               
     --CH(CH.sub.3)CH.sub.2 --                                                 
                o-chloro- 130-131    ethyl acetate                             
                benzyl                                                         
     --C(CH.sub.3).sub.2 CH.sub.2 --                                           
                isopropyl hydrogen   ethanol                                   
                          oxalate                                              
                          197-198                                              
     --C(CH.sub.3).sub.2 CH.sub.2 --                                           
                benzyl    hydrogen   ethanol                                   
                          fumarate                                             
                          159-160                                              
     --(CH.sub.2).sub.3 --                                                     
                isopropyl 108-109    ethyl acetate                             
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  A mixture of 4.6 g. of 2-bromo-1-(o-chlorophenyl)-ethanol, 3.6 g. of
      N-(.beta.-aminoethyl)phenylacetamide and 50 ml. of ethanol is heated at
      40.degree. C. for 3 days and then evaporated to dryness. The residue is
      triturated with 50 ml. of acetonitrile, the mixture is filtered and the
      filtrate is evaporated to dryness. The residue is stirred with 200 ml. of
      aqueous 4N-hydrobromic acid and the mixture is extracted three times with
      50 ml. of ethyl acetate each time. The aqeuous acidic phase is basified to
      pH 12 with aqueous 11N-sodium hydroxide solution and the mixture is
      extracted three times with 50 ml. of ethyl acetate each time. The combined
      ethyl acetate extracts are dried over magnesium sulphate and evaporated to
      dryness under reduced pressure. The residue is dissolved in 50 ml. of
      methanol and the solution is added to a solution of 2.3 g. of fumaric acid
      in 50 ml. of methanol. The mixture is filtered and the solid residue is
      triturated with 50 ml. of acetonitrile. The mixture is filtered and the
      residue is crystallised from isopropanol. There is thus obtained
      1-(o-chlorophenyl)-2-(.beta.-phenylacetamidoethylamino)ethanol hydrogen
      fumarate, m.p. 160.degree.-162.degree. C.
PAR  The process described above is repeated except that 4.2 g. of
      2-bromo-1-(3,4-dichlorophenyl)ethanol and 2.2 g. of
      N-(.beta.-aminoethyl)isobutyramide are used as starting materials. There
      is thus obtained
      1-(3,4-dichlorophenyl)-2-(.beta.-isobutyramido-ethylamino)ethanol
      hydrochloride, m.p. 194.degree.-196.degree. C. after crystallisation from
      acetonitrile.
PAC  Example 6
PAR  p-Bromophenacyl bromide (2.5 g.) are added to a mixture of 3.9 g. of
      N-(.beta.-aminoethyl)isobutyramide and 50 ml. of methanol which is stirred
      at 10.degree. C., and the mixture is then stirred for a further 20
      minutes. Aqueous 48% hydrobromic acid (1.88 ml.) are added and the mixture
      is again cooled to 10.degree. C. Sodium borohydride (0.48 g.) is added and
      the mixture is stirred for 11/2 hours, acidified with aqueous hydrochloric
      acid and evaporated to dryness under reduced pressure. The residue is
      stirred with 150 ml. of water and the mixture is extracted three times
      with 50 ml. of ethyl acetate each time. The aqueous phase is basified with
      11N-aqueous sodium hydroxide solution and extracted three times with 75
      ml. of ethyl acetate each time. The combined ethyl acetate extracts are
      dried over anhydrous magnesium sulphate and evaporated to dryness under
      reduced pressure, and the residue is crystallised from ethyl acetate.
      There is thus obtained
      2-(.beta.-isobutyramido-ethyl)amino-1-p-bromophenylethanol, m.p.
      138.degree.-140.degree.  C.
PAR  The process described above is repeated except that 2.3 g. of
      p-methoxyphenacylbromide are used as starting material. There is thus
      obtained 2-(.beta.-isobutyramidoethyl)-amino-1-p-methoxyphenylethanol,
      m.p. 112.degree.-113.degree. C.
PAR  The process described above is repeated except that p-methylphenacylbromide
      and N-(.beta.-aminoethyl)propionamide are used as starting materials.
      There is thus obtained 2-(.beta.-propionamidoethyl)amino-1-p-tolylethanol,
      m.p. 106.degree.-107.degree. C. (crystallised from ethyl acetate).
PAC  EXAMPLE 7
PAR  N-(.beta.-Aminoethyl)phenylacetamide (1.78 g.) are added to a solution of
      1.4 ml. of .alpha.-bromopropiophenone in 25 ml. of dioxan and the mixture
      is stirred at laboratory temperature for 90 minutes and then acidified
      with ethereal hydrochloric acid. The liquid phase is removed by
      decantation, the residue is stirred with 25 ml. of ethyl acetate and the
      mixture is filtered. The solid residue is added portionwise to a solution
      of 1.9 g. of sodium borohydride in 25 ml. of methanol which is maintained
      at 0.degree.-10.degree. C., and the mixture is stirred for one hour at
      10.degree. C. and then acidified with 11N-aqueous hydrochloric acid and
      filtered. The filtrate is evaporated to dryness under reduced pressure and
      the residue is crystallised from isopropanol. There is thus obtained
      threo-2-methyl-(.beta.-phenylacetamidoethylamino)-1-phenylethanol
      hydrochloride, m.p. 166.degree.-168.degree. C.
PAC  EXAMPLE 8
PAR  A mixture of 3.30 g. of N-(.beta.-N-benzylaminoethyl)-isobutyramide, 300
      ml. of methanol and 18.2 g. of p-nitro-phenacyl bromide is stirred at
      10.degree. C. for 30 minutes. Sodium borohydride (8.5 g.) are then added
      portionwise and the mixture is stirred at 10.degree. C. for a further 1
      hour and then acidified to pH 2 with aqueous 11N-hydrochloric acid. The
      mixture is filtered and the filtrate is evaporated to dryness under
      reduced pressure. The residue is stirred with 100 ml. of aqueous 2N-sodium
      hydroxide solution and 100 ml. of chloroform and the chloroform phase is
      separated, dried over anhydrous magnesium sulphate and evaporated to
      dryness under reduced pressure. The residue is stirred with 300 ml. of
      ether and the mixture is cooled and filtered. The solid residue is
      crystallised from a mixture of ethyl acetate and cyclohexane (1:4 v/v) and
      there is thus obtained
      2-(N-benzyl-N-.beta.-isobutyr-amidoethylamino)-1-(4-nitrophenyl)ethanol,
      m.p. 117.degree.-118.degree. C.
PAR  A solution of 2.7 g. of hydrazine hydrate in 20 ml. of ethanol is added
      dropwise during 30 minutes to a mixture of 7.0 g. of the above material,
      100 ml. of ethanol and 2 gm. of Raney Nickel. The mixture is filtered and
      the filtrate is evaporated to dryness under reduced pressure. There is
      thus obtained, as an oil which is used without further purification,
      1-(4-aminophenyl)-2-(N-benzyl-N-.beta.-isobutyramidoethylamino)-ethanol.
PAR  A mixture of 0.8 g. of the above compound, 30 ml. of ethanol and 0.2 g. of
      a 30% palladium-on-charcoal catalyst is shaken with hydrogen at laboratory
      temperature and atmospheric pressure until 95 ml. of hydrogen have been
      absorbed. The mixture is filtered, the filtrate is evaporated to dryness
      under reduced pressure and the residue is crystallised from acetonitrile.
      There is thus obtained
      1-(4-aminophenyl)-2-(.beta.-isobutyramidoethylamino)ethanol, m.p.
      141.degree.-142.degree. C.
PAC  EXAMPLE 9
PAR  A mixture of 4.4 g. of N-(.beta.-N-benzylaminoethyl)-isobutyramide, 50 ml.
      of dioxan and 2.92 g. of p-methane-sulphonamidophenacyl bromide is stirred
      at ambient temperature for 1 hour, and then filtered, and the filtrate is
      evaporated to dryness under reduced pressure. The residue is stirred with
      50 ml. of water and the mixture is extracted twice with 50 ml. of ethyl
      acetate each time. The combined ethyl acetate extracts are dried over
      anhydrous magnesium sulphate and evaporated to dryness under reduced
      pressure. Sodium borohydride (1.14 g.) are added, portionwise, to a
      stirred solution of the residue in 30 ml. of ethanol which is maintained
      at 10.degree. C., and the mixture is stirred for 30 minutes, acidified
      with aqueous 11N-hydrochloric acid, diluted with 300 ml. of water and
      neutralised with 10% w/v aqueous sodium bicarbonate solution. The mixture
      is extracted three times with 50 ml. of ethyl acetate each time, and the
      combined extracts are dried over anhydrous magnesium sulphate and
      evaporated to dryness under reduced pressure. The residue is triturated
      with 50 ml. of ether, the mixture is filtered and the solid residue is
      crystallised from 30 ml. of ethyl acetate. There is thus obtained 2
      -(N-benzyl-N-.beta.-isobutyramidoethylamino)-1-(p-methane-sulphonamidophen
     yl)ethanol, m.p. 112.degree.-113.degree. C.
PAR  A mixture of 1.73 g. of the above compound, 30 ml. of acetic acid and 0.2
      g. of a 30% palladium-on-charcoal catalyst is shaken with hydrogen at
      laboratory temperature and atmospheric pressure until 125 ml. of hydrogen
      have been absorbed. The mixture is filtered, the filtrate is evaporated to
      dryness under reduced pressure, the residue is dissolved in 50 ml. of
      ethyl acetate and the solution is acidified with ethereal hydrogen
      chloride solution. The mixture is filtered and the solid residue is
      crystallised from 25 ml. of ethanol. There is thus obtained
      2-(.beta.-isobutyramidoethylamino)-1-(p-methane-sulphonamidophenyl)ethanol
      hydrochloride, m.p. 183.degree.-184.degree. C.
PAR  The various N-aminoalkylamides and N-benzyl-amino-alkylamides used as
      starting materials in Examples 1 to 9 have mostly been described in our
      co-pending U.K. Application No. 57970/72 (published as German
      Offenlegungschrift No. 2,362,568). Those which are novel may be obtained
      by a similar process to those therein described. The following novel
      intermediate amides have been characterised:
PAR  N-(.beta.-aminopropyl)cyclohexanecarboxamide oxalate, m.p.
      188.degree.-190.degree. C. (with decomposition);
PAR  N-(.beta.-aminoethyl(benzylsulphonamide hydrochloride, m.p.
      192.degree.-194.degree. C.
PAR  N-(.beta.-aminoethyl)-o-allylphenoxyacetamide oxalate, m.p.
      142.degree.-143.degree. C.
PAC  EXAMPLE 10
PAR  A mixture of 5.76 g. of N-(.beta.-aminopropyl)phenyl-acetamide, 50 ml. of
      ethanol and 4.56 g. of phenylglyoxal is stirred at laboratory temperature
      for 1 hour. Sodium borohydride (1.04 g.) are then added portionwise during
      10 minutes and the mixture is stirred for 1 hour, acidified with acetic
      acid, diluted with 200 ml. of water and shaken with 30 ml. of ether. The
      aqueous phase is separated, neutralised with solid potassium carbonate and
      extracted three times with 50 ml. of ethyl acetate each time. The combined
      ethyl acetate extracts are dried over anhydrous magnesium sulphate and
      evaporated to dryness under reduced pressure. The residue is crystallised
      from ethanol and there is thus obtained
      2-(1-methyl-2-phenyl-acetamidoethylamino)-1-phenylethanol hydrogen
      oxalate, m.p. 160.degree.-.sup..gtorsim..degree. C.
PAC  EXAMPLE 11
PAR  A mixture of 2-amino-1-phenylethanol(0.685 g.),
      N-(2-oxopropyl)phenylacetamide(0.955 g.), Molecular Sieve Type 4 A
      (B.D.H.; 2.0 g.) and ethanol 15 ml. is heated under reflux for 2 hours.
      Further Sieve (10 g.) is added, the mixture is heated under reflux for 18
      hours, yet further Sieve (8 g.) is added and the mixture is heated under
      reflux for 20 hours. The mixture is filtered, an excess of sodium
      borohydride is added and the mixture is stirred for 1 hour and then
      diluted with water and extracted with ethyl acetate. The ethyl acetate
      extract is washed with water, dried over magnesium sulphate and evaporated
      to dryness under reduced pressure. The residue is dissolved in ethanol and
      an excess of a solution of oxalic acid in ether is added. The mixture is
      filtered and the solid residue is crystallised from ethanol. There is thus
      obtained 2-(1-methyl-2-phenylacetamidoethylamino)-1-phenylethanol hydrogen
      oxalate hemihydrate, m.p. 160.degree.-161.degree. C.
PAR  The N-(2-oxopropyl)phenylacetamide used as starting material may be
      obtained as follows:
PAR  Jones' reagent (2.67N chromium trioxide in aqueous sulphuric acid; 230 ml.)
      is added during 30 minutes to a stirred solution of
      1-phenylacetamidopropan-2-ol (146.7 g.) in chloroform (750 ml.) which is
      maintained below 20.degree. C. A further 100 ml. of the Jones' reagent is
      added during a further 30 minutes, and the mixture is then diluted with
      water and the chloroform layer is separated. The aqueous layer is washed
      with chloroform and the combined chloroform solutions are washed with
      water, dried over magnesium sulphate and evaporated to dryness under
      reduced pressure. The solid residue is stirred with ethyl acetate and the
      mixture is filtered. There is thus obtained as solid product
      N-(2-oxopropyl)phenylacetamide, m.p. 126.degree. C.
PAC  EXAMPLE 12
PAR  A mixture of 0.9 g. of 2-(.beta.-aminoethylamino)-1-phenylethanol and 0.9
      g. of ethyl phenoxyacetate is heated at 90.degree. C. for 18 hours. The
      mixture is cooled and the residue is crystallised from isopropanol. There
      is thus obtained 2-(.beta.-phenoxyacetamidoethyl)amino-1-phenylethanol,
      m.p. 97.degree.-98.degree. C.
PAR  The process described above is repeated except that an appropriate ethyl
      ester is used in place of ethyl phenoxy-acetate. There are thus obtained
      the compounds described in the following table:
      ##SPC27##
TBL  R           m.p. (.degree.C.)                                             
                             crystallisation solvent                           
     ______________________________________                                    
     p-acetylphenoxy                                                           
                 124-125     acetonitrile                                      
     3,4-dimethoxy-                                                            
                 111-112     ethyl acetate                                     
     phenyl                                                                    
     p-cyanophenoxy                                                            
                 62-63       aqeuous ethanol                                   
     p-aminophenyl                                                             
                 132-133     ethanol                                           
     o-carbamoyl-                                                              
                 143-145     acetonitrile                                      
     phenoxy                                                                   
     p-acetamidophenyl                                                         
                 148-149     water                                             
     hydroxy     oxalate     ethanol                                           
                 160-161                                                       
     ______________________________________                                    
PAR  The process described above is repeated except that ethyl trifluoroacetate
      is used in place of ethyl phenoxyacetate, and that the product is isolated
      as an oxalate salt and crystallised from a mixture of acetonitrile and
      ethanol. There is thus obtained
      2-(.beta.-trifluoroacetamidoethyl)amino-1-phenylethanol oxalate, m.p.
      186.degree.-187.degree. C.
PAC  EXAMPLE 13
PAR  A mixture of 2.7 g. of
      2-(N-.beta.-aminoethyl-N-benzyl-amino)-1-phenylethanol, 30 ml. of toluene,
      5 ml. of chloroform, 1.5 ml. of triethylamine and 1.58 g. of butyric
      anhydride is stirred and heated under reflux for 3 hours and then
      evaporated to dryness. The residue is dissolved in 30 ml. of acetic acid
      and the solution is shaken with hydrogen in the presence of 0.5 g. of a
      30% palladium-on-charcoal catalyst at laboratory temperature and
      atmospheric pressure unitl 235 ml. of hydrogen have been absorbed. The
      mixture is filtered, the filtrate is evaporated to dryness and the residue
      is stirred with 100 ml. of water. The mixture is basified with aqueous
      11N-sodium hydroxide solution and the aqueous solution is saturated with
      sodium chloride. The mixture is extracted four times with 75 ml. of ethyl
      acetate each time and the combined ethyl acetate extracts are dried over
      anhydrous magnesium sulphate and evaporated to dryness under reduced
      pressure. The residue is crystallised from ethyl acetate and there is thus
      obtained 2-(.beta.-butyramidoethylamino)-1-phenylethanol, m.p.
      90.degree.-91.degree. C.
PAR  The process described above is repeated except that 1.86 g. of isovaleric
      anhydride are used in place of 1.58 g. of butyric anhydride. There is thus
      obtained 2-(.beta.-isovaleramidoethylamino)-1-phenylethanol, which is
      characterised as its hydrogen oxalate salt, m.p. 163.degree.-165.degree.
      C. after crystallisation from acetonitrile.
PAR  The 2-(N-.beta.-aminoethyl-N-benzylamino)-1-phenylethanol used as starting
      material may be obtained as follows:
PAR  A solution of 6 g. of styrene oxide in 50 ml. of n-propanol is added to a
      stirred mixture of 12.8 g. of N-benzyl-N-.beta.-isobutyramidoethylamine,
      100 ml. of n-propanol, 4.2 g. of sodium bicarbonate and 10 ml. of water
      and the mixture is heated at 90.degree. C. for 18 hours and then
      evaporated to dryness under reduced pressure. The residue is heated for 4
      hours at 90.degree. C. with a mixture of 100 ml. of aqueous
      11N-hydrochloric acid and 100 ml. of water. The mixture is cooled and
      extracted with 200 ml. of ether, and the aqueous acid phase is basified
      with aqueous 11N-sodium hydroxide solution and extracted three times with
      150 ml. of chloroform each time. The combined chloroform extracts are
      dried over magnesium sulphate and evaporated to dryness under reduced
      pressure. The residue is dissolved in 20 ml. of acetonitrile and added to
      a solution of 12.6 g. of oxalic acid in 100 ml. of acetonitrile. The
      mixture is filtered and the solid residue is crystallised from ethanol.
      There is thus obtained
      2-(N-.beta.-aminoethyl-N-benzyl-amino)-1-phenylethanol bisoxalate, m.p.
      175.degree.-177.degree. C.
PAR  The free base is isolated from the bisoxalate salt by conventional
      treatment with aqueous base and extraction into chloroform and has m.p.
      142.degree.-146.degree. C.
PAC  EXAMPLE 14
PAR  Triethylamine (4 g.) are added to a stirred solution of 3.69 g. of
      .alpha.-phenoxypropionyl chloride in 50 ml. of toluene, and a solution of
      5.4 g. of 2-(N-.beta.-aminoethyl-N-benzylamino)-1-phenylethanol in 40 ml.
      of toluene is then added. The mixture is stirred at laboratory temperature
      for 4 hours and then shaken successively with 30 ml. of water, 20 ml. of
      aqueous 3N-sodium bicarbonate solution and 20 ml. of water. The toluene
      phase is separated, dried over anhydrous magnesium sulphate and evaporated
      to dryness under reduced pressure.
PAR  A mixture of 8.3 g. of the residue, 40 ml. of acetic acid and 0.2 g. of a
      30% palladium-on-charcoal catalyst is shaken with hydrogen at laboratory
      temperature and atmospheric pressure until 430 ml. of hydrogen have been
      absorbed. The mixture is filtered and the filtrate is evaporated to
      dryness under reduced pressure. A solution of the residue in 30 ml. of
      ethyl acetate is added to a solution of 2.52 g. of oxalic acid in 20 ml.
      of ethyl acetate, and the mixture is filtered. The solid residue is
      triturated with ether and then crystallised from acetonitrile. There is
      thus obtained
      2-.beta.-(.alpha.-phenoxy-propionamido)ethylamino-1-phenylethanol oxalate,
      m.p. 107.degree.-108.degree. C.
PAC  EXAMPLE 15
PAR  A mixture of 1.7 g. of
      2-(N-.beta.aminopropyl-N-benzyl-amino)-1-phenylethanol, 50 ml. of toluene,
      1 ml. of triethyl-amine and 0.98 g. of phenylacetyl chloride is stirred at
      laboratory temperature for 30 minutes. The mixture is then washed
      successively with 20 ml. of aqueous N-sodium hydroxide solution and 20 ml.
      of water and the toluene phase is separated, dried over anhydrous
      magnesium sulphate and evaporated to dryness under reduced pressure. A
      solution of the residue in 30 ml. of ethanol is shaken with hydrogen in
      the presence of 0.2 g. of a 30% palladium-on-charcoal catalyst at
      laboratory temperature and atmospheric pressure until 190 ml. of hydrogen
      have been absorbed. The mixture is filtered and the filtrate is evaporated
      to dryness under reduced pressure. The residue is triturated with 25 ml.
      of ether and crystallised from ethyl acetate. There is thus obtained
      2-.beta.-phenylacetamidopropyl-amino-1-phenylethanol, m.p.
      136.degree.-137.degree. C.
PAR  The 2-(N-.beta.-aminopropyl-N-benzylamino)-1-phenylethanol used as starting
      material may be obtained as follows:
PAR  A mixture of 11.35 g. of 2-benzylamino-1-phenyl-ethanol, 100 ml. of
      acetonitrile, 100 mg. of potassium iodide and 2.32 g. of chloroacetone is
      heated under reflux for 11/2 hours and then filtered. The filtrate is
      evaporated to dryness under reduced pressure. A mixture of 6.0 g. of the
      residue, which is 2-(N-benzyl-N-2-oxopropylamino-1-phenylethanol, 3.0 g.
      of hydroxylamine hydrochloride, 7.9 g. of potassium carbonate, 50 ml. of
      ethanol and 10 ml. of water is heated under refulx for 2 hours and then
      evaporated to dryness under reduced pressure. The residue is diluted with
      100 ml. of water and extracted three times with 50 ml. of ethyl acetate
      each time. The combined ethyl acetate extracts are dried over anhydrous
      magnesium sulphate and evaporated to dryness under reduced pressure.
PAR  28.9 ml. of a 70% w/v solution of sodium bis(2-methoxyethoxy) aluminium
      hydride in benzene is added during 20 minutes to a stirred solution of 7.0
      g. of the residue, which is
      2-(N-benzyl-N-2-hydroxyiminopropylamino)-1-phenyl-ethanol, in 100 ml. of
      toluene and the solution is stirred at laboratory temperature for 18
      hours. The mixture is adjusted to pH 2 with aqueous 2N-hydrochloric acid
      and the toluene phase is separated and extracted with 100 ml. of aqueous
      2N-hydro-chloric acid. The combined aqueous acidic solutions are basified
      with aqueous 11N-sodium hydroxide solution and extracted three times with
      150 ml. of chlorofrom each time. The combined chloroform extracts are
      dried over anhydrous magnesium sulphate and evaporated to dryness under
      reduced pressure. The residue is dissolved in 50 ml. of ether and ethereal
      hydrogen chloride solution is added. The ethereal phase is decanted off
      and the residue is crystallised from 15 ml. of a 5:95v/v mixture of
      methanol and acetonitrile. There is thus obtained
      2-(N-.beta.-aminopropyl-N-benzylamino)-1-phenylethanol dihydrochloride,
      m.p. 197.degree.-198.degree. C. The free base is recovered from the
      dihydrochloride by conventional means before use.
PAC  EXAMPLE 16
PAR  Sodium borohydride (0.38 g.) is added to a stirred solution of 1.1 g. of
      2-.beta.-(p-acetylphenoxyacetamido)ethylamino-1-phenylethanol (Example 12)
      in 30 ml. of methanol and the mixture is stirred at laboratory temperature
      for 1 hour. The mixture is acidified to pH 3-4 with acetic acid and
      evaporated to dryness under reduced pressure. Th residue is dissolved in
      50 ml. of water and the solution is basified with 20 ml. of aqueous
      2N-sodium hydroxide solution and then filtered. The solid residue is
      crystallised from 100 ml. of water and there is thus obtained
      2-.beta.-(p-.alpha.-hydroxyethylphenoxyacetamido)-ethylamino-1-phenylethan
     ol, m.p. 90.degree.-91.degree. C.
PAC  EXAMPLE 17
PAR  A mixture of 1.65 g. of
      2-.beta.-(p-benzyloxybenzamido)-ethylamino-1-phenylethanol, 50 ml. of
      acetic acid and 0.3 g. of a 5% palladium-on-charcoal catalyst is shaken
      with hydrogen at laboratory temperature and atmospheric pressure until 120
      ml. of hydrogen have been absorbed. The mixture is filtered and the
      filtrate is evaporated to dryness under reduced pressure. A solution of
      the residue in 10 ml. of ethanol is added to a solution of 0.7 g. of
      oxalic acid in 50 ml. of ethyl acetate, and the mixture is filtered. The
      solid residue is crystallised from ethanol and there is thus obtained
      2-.beta.-(p-hydroxybenzamido)-ethylamino-1-phenylethanol oxalate, m.p.
      185.degree.-186.degree. C.
PAR  The 2-.beta.-(p-benzyloxybenzamido)ethylamino-1-phenyl-ethanol used as
      starting material may be obtained as follows:
PAR  A mixture of 2.7 g. of N-(.beta.-aminoethyl)-p-benzyloxy-benzamide, 1.2 g.
      of styrene oxide and 50 ml. of isopropanol is heated under reflux for 18
      hours. The mixture is evaporated to dryness under reduced pressure and the
      residue is crystallised from ethyl acetate. There is thus obtained
      2-.beta.-(p-benzyloxy-benzamido)ethylamino-1-phenylethanol, m.p.
      150.degree.-151.degree. C.
PAC  EXAMPLE 18
PAR  Phenylacetyl chloride 1.20 ml. is added dropwise to a cooled, stirred
      solution of 2-(2-amino-1-methylethyl)-amino-1-phenylethanol (1.74 g.;
      Example 22 a or b) in tetra-hydrofuran (50ml.) and the mixture is stirred
      for 10 minutes and then evaporated to dryness under reduced pressure. The
      residue is partitioned between 50 ml. of ether and 50 ml. of aqueous
      2N-hydrochloric acid and the aqueous acidic layer is separated and
      basified to pH 10 with potassium carbonate. The mixture is extracted three
      times with chloroform (25 ml. each time) and the combined extracts are
      washed with saturated brine, dried over anhydrous sodium sulphate and
      evaporated to dryness under reduced pressure. A solution of the residue in
      20 ml. of hot ethyl acetate is added to a solution of oxalic acid
      dihydrate (1.26 g.) in 15 ml. of hot ethanol and the mixture is cooled at
      -20.degree. C. for 18 hours and then filtered. The solid residue if formed
      is discarded and the filtrate is evaporated to dryness. The residue is
      crystallised from ethanol and there is thus obtained
      2-(1-methyl-2-phenylacetamido-ethyl)amino-1-phenylethanol hydrogen
      oxalate, m.p. 160.degree.-161.degree. C.
PAC  EXAMPLE 19
PAR  The compound 2-(1-methyl-2-phenylacetamidoethyl)amino-1-phenylethanol has
      two asymmetric centres and when obtained by the process described in
      Example 4, 10, 11 or 18 is a mixture of two racemic diastereoisomeric
      forms. These forms may be separated one from the other as follows:
PAR  A mixture of 3.8 g. of
      2-(1-methyl-2-phenylacetamido-ethyl)amino-1-phenylethanol hydrogen oxalate
      (m.p. 160.degree.-161.degree. C.; Example 4) is stirred with 50 ml. of 10%
      aqueous potassium carbonate solution and 50 ml. of ethylacetate. The ethyl
      acetate phase is separated, dried over anhydrous magnesium sulphate, and
      evaporated to dryness under reduced pressure. The residue is crystallised
      four times from 20 ml. of toluene each time. There is thus obtained one
      specific diastereoisomer (Isomer A) of
      2-(1-methyl-2-phenylacetamidoethyl)amino-1-phenylethanol, m.p.
      100.degree.-101.degree. C.
PAR  The mother liquors from the first toluene crystallisation are evaporated to
      dryness under reduced pressure and the residue is crystallised twice from
      20 ml. of a 1:3 v/v mixture of ethyl acetate and cyclohexane. There is
      thus obtained a second specific diastereoisomer (Isomer B) of
      2-(1-methyl-2-phenyl-acetamidoethyl)amino-1-phenylethanol, m.p.
      96.degree.-98.degree. C.
PAR  Isomer A is characterised by the proton magnetic resonance spectrum of the
      carbon-attached proton of the --CHOH-- group, which is a triplet at
      .delta.= approximately 4.5. This compound is a racemic mixture of an
      enantiomer in which both asymmetric centres have the (R)-- configuration
      and the enantiomer in which both asymmetric centres have the (S)--
      configuration.
PAR  Isomer B is similarly characterised by the spectrum of the carbon-attached
      proton of the --CHOH-- group, which is quartet at .delta.= approximately
      4.5. This compound is a racemic mixture of enantiomers in which the two
      asymmetric centres have opposite absolute configurations, that is, a
      mixture of (R), (S) and (S), (R) forms.
PAC  EXAMPLE 20
PAR  The process described in Example 18 is repeated except that
      (1R)-2-[(1S)-2-amino-1-methylethyl]amino-1-phenyl-ethanol (Example 22 c)
      is used as starting material. There is thus obtained
      (1R)-2-[(1S)-1-methyl-2-phenylacetamidoethyl]-amino-1-phenylethanol
      hydrogen oxalate, m.p. 138.degree.-140.degree. C., [.alpha.].sub.D =
      -18.5.degree. C. (C=2, aqueous N-hydrochloric acid). The proton magnetic
      resonance spectrum shows a quartet at .delta.= approximately 4.5.
PAC  EXAMPLE 21
PAR  The process described in Example 18 is repeated except that
      (1R)-2-[(1R)-2-amino-1-methylethyl]amino-1-phenylethanol (Example 22 d) is
      used as starting material. There is thus obtained
      (1R)-2-[(1R)-1-methyl-2-phenylacetamidoethyl]-amino-1-phenylethanol
      hydrogen oxalate, m.p. 155.degree.-159.degree. C., [.alpha.].sub.D =
      -33.2.degree. C. (C=2, aqueous N-hydrochloric acid). The proton magnetic
      resonance spectrum shows a triplet at .delta.= approximately 4.5.
PAC  EXAMPLE 22
PAR  The novel compound 2-(2-amino-1-methylethyl)amino-1-phenylethanol, used as
      an intermediate in Example 17 and 19, may be obtained in various ways, as
      follows:
PAR  a. A solution of 1-nitropropan-2-one (12.5 g.) in ethanol (100 ml.) is
      added to a solution of 2-amino-1-phenylethanol (13.7 g.) in ethanol (100
      ml.) and the mixture is stirred at laboratory temperature for 1 hour and
      then filtered. The filtrate is evaporated to dryness under reduced
      pressure and the residue is dissolved in a 1:3 v/v mixture of methanol and
      chloroform and passed through a silica gel chromatography column which is
      eluted with more of the same solvent mixture. The eluate is evaporated to
      dryness and the residue is crystallised from chloroform. There is thus
      obtained 2-(1-methyl-2-nitrovinyl)amino-1-phenylethanol, m.p.
      124.degree.-125.degree. C.
PAR  The above compound (2.22 g.) is added under an atmosphere of nitrogen to a
      stirred suspension of a nickel boride catalyst (prepared as described in
      the Journal of Organic Chemistry, 1971, 36, 2018 from 1.18 g. of nickel
      chloride and 0.19 g. of sodium borohydride) in 95% v/v aqueous ethanol
      which is maintained by cooling at laboratory temperature, and sodium
      borohydride (0.76 g.) is then added portionwise during 30 minutes. The
      catalyst is removed by centrifugation and the solution is evaporated to
      dryness. The residue is extracted twice with methylene chloride (75 ml.
      each time) and the combined extracts are dried over sodium sulphate and
      evaporated to dryness under reduced pressure. The residue consists of
      2-(2-amino-1-methylethyl)amino-1-phenylethanol.
PAR  b. Acetaldehyde cyanohydrin (10.65 g.) is added to a solution of
      2-amino-1-phenylethanol (13.7 g.) in tetrahydrofuran (100 ml.) and the
      mixture is kept at laboratory temperature for 18 hours and then evaporated
      to dryness under reduced pressure. The residue is crystallised from
      toluene and there is thus obtained
      2-.alpha.-cyanoethylamino-1-phenylethanol, m.p. 96.degree.-98.degree. C. A
      solution of 4.75 g. of the above compound in tetra-hydrofuran (40 ml.) is
      added during 1 hour under an atmosphere of nitrogen to a stirred
      suspension of lithium aluminium hydride (0.95 g.) in tetrahydrofuran (30
      ml.) and the mixture is stirred for a further 1 hour. Water (1 ml.),
      aqueous 15% potassium hydroxide solution (1 ml.) and water (3 ml.) are
      successively and cautiously added, and the mixture is filtered. The solid
      is washed with tetrahydrofuran and the combined filtrate and washings are
      dried over sodium sulphate and evaporated to dryness under reduced
      pressure. The residue consists of 2-(2-amino-1
      -methylethyl)amino-1-phenylethanol.
PAR  c. 1-hydroxybenzotriazole (7.4 g.), (S)-(+)-alanin-amide (5.1 g.) and
      dicyclohexylcarbodiimide (11.3 g.) are successively added to a stirred
      solution of (R)-(-)-mandelic acid (7.6 g.) in N,N-dimethylformamide (150
      ml.) and the mixture is stirred at laboratory temperature for 17 hours.
      Glacial acetic acid (3 ml.) is added, the mixture is filtered and the
      solid is washed with N,N-dimethylformamide. The combined filtrate and
      washings are evaporated to dryness under reduced pressure at a temperature
      no greater than 45.degree. C. The residue is dissolved in ethyl acetate
      (800 ml.) and the solution is washed four times with a 1:1 v/v mixture of
      saturated brine and saturated aqueous sodium bicarbonate solution (75 ml.
      each time) and then dried and evaporated to dryness under reduced
      pressure.
PAR  A molar solution of borane-tetrahydrofuran complex in tetrahydrofuran (182
      ml.) is cautiously added to a solution of the residue (8.6 g.) in
      tetrahydrofuran (80 ml.) which is maintained at 5.degree. C., and the
      mixture is then kept at laboratory temperature for 18 hours. Water is
      cautiously added dropwise until the excess of diborane is destroyed and
      the mixture is evaporated to dryness under reduced pressure. The residue
      is dissolved in aqueous 2N-hydrochloric acid (100 ml.) and the solution is
      washed three times with ether (100 ml. each time), made alkaline with
      aqueous sodium hydroxide solution and saturated with sodium potassium
      tartrate. The mixture is extracted three times with a 9:1 v/v mixture of
      methylene chloride and ether (100 ml. each time) and the combined extracts
      are dried and evaporated to dryness under reduced pressure.
PAR  The residue is dissolved in tetrahydrofuran (40 ml.) and the
      borone-tetrahydrofuran reduction described above is repeated using 93 ml.
      of molar reagent. The residue isolated as described above is dissolved in
      aqueous 6N-hydrochloric acid (60 ml.) and the solution is heated at
      90.degree. C. for 10 minutes, diluted with water (20 ml.) and cooled, and
      then washed with ether and basified and the product is extracted into
      methylene chloride/ether as described above. There is thus obtained, as a
      pale yellow oil, (1R)-2-[(1S)-2-amino-1-methylethyl]amino-1-phenylethanol.
PAR  d. The process described in part (c) above is repeated except that
      (R)-(-)-alaninamide is used in place of (S)-(+ )-alaninamide. There is
      similarly obtained, again as a pale yellow oil,
      (1R)-2-[(1R)-2-amino-1-methylethyl]amino-1-phenylethanol.
PAC  EXAMPLE 23
PAR  A mixture of 2-.beta.-aminoethylamino-1-phenylethanol (1.0 g.), ethyl
      chloroformate (1.09 g.), potassium carbonate (1.38 g.) and ethanol (40
      ml.) is heated under reflux for 30 minutes, cooled and evaporated to
      dryness. The residue is dissolved in aqueous N-hydrochloric acid (30 ml.)
      and the solution is washed with ethyl acetate and then basified with
      sodium bicarbonate. The mixture is extracted three times with ethyl
      acetate and the combined extracts are dried and evaporated to dryness. The
      residue is crystallised from a mixture of ethyl acetate and petroleum
      ether (b.p. 60.degree.-80.degree. C.) and there is thus obtained
      2-(.beta.-ethoxycarbonamidoethyl)amino-1-phenyl-ethanol, m.p.
      90.degree.-91.degree. C.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An ethanolamine derivative selected from the group consisting of
      compounds of the formula:
      ##SPC28##
PAL  wherein A is alkylene of from 2 to 6 carbon atoms, wherein R.sup.1 is
      hydrogen or alkyl, alkenyl, halogenoalkyl or cycloalkyl each of up to 6
      carbon atoms, or aryl of the formula:
      ##SPC29##
PAL  wherein R.sup.2, R.sup.3, R.sup.12, and R.sup.13, which may be the same or
      different, each is hydrogen, halogen, nitro, amino or cyano, or alkyl
      alkenyl, alkoxy, alkenyloxy, hydroxalkyl, alkanoyl, acylamino each of up
      to 6 carbon atoms, wherein R.sub.4 is hydrogen, hydroxy or carbamoyl,
      wherein R.sup.5 is hydrogen or alkyl of up to 6 carbon atoms, wherein X is
      carbonyl and wherein Y is a direct link, or alkylene or alkyleneoxy each
      of up to 6 carbon atoms, or (except when R.sup.1 is hydrogen) oxygen, and
      the acid-addition salts thereof.
NUM  2.
PAR  2. An ethanolamine derivative as claimed in claim 1 selected from the group
      consisting of compounds of the formula given in claim 1 wherein A is
      ethylene, 1-methylethylene or 1,1-dimethylethylene, wherein R.sup.1 is
      alkyl or cycloalkyl each of up to 6 carbon atoms, wherein R.sup.2 and
      R.sup.3 are both hydrogen, wherein X is carbonyl and wherein Y is a direct
      link, and the acid-addition salts thereof.
NUM  3.
PAR  3. An ethanolamine derivative as claimed in claim 1 selected from the group
      consisting of compounds of the formula given in claim 1 wherein A is
      ethylene, 1-methylethylene or 1,1-dimethylethylene, wherein R.sup.1 is
      phenyl, chlorophenyl or methoxyphenyl, wherein R.sup.2 and R.sup.3 are
      both hydrogen, wherein X is carbonyl and wherein Y is methylene, and the
      acid-addition salts thereof.
NUM  4.
PAR  4. An ethanolamine derivative as claimed in claim 1 selected from
      1-phenyl-2-(.beta.-cyclopentanecarbonamidoethyl)amino-ethanol;
      1-phenyl-2-(.beta.-isobutyramidoethyl)aminoethanol;
      1-phenyl-2-(.beta.-p-methoxyphenylacetamidoethyl)aminoethanol;
      1-phenyl-2-(.beta.-propionamidoethyl)aminoethanol; 1-phenyl-2-(62
      -n-butyramidoethyl)aminoethanol;
      1-phenyl-2-(.beta.-phenylacetamidoethyl)aminoethanol;
      1-phenyl-2-(1-methyl-2-p-chlorophenyl-acetamidoethyl)aminoethanol;
      1-phenyl-2-(1,1-dimethyl-2-iso-butyramidoethyl)aminoethanol and
      1-phenyl-2-(1,1-dimethyl-2-phenylacetamidoethyl)aminoethanol and the
      acid-addition salts thereof.
NUM  5.
PAR  5. The compound 1-phenyl-2-(1-methyl-2-phenylacetamido-ethyl)aminoethanol
      or an acid-addition salt thereof.
NUM  6.
PAR  6. The compound
      (1R)-1-phenyl-2-[(1R)-1-methyl-2-phenylacetamidoethyl]aminoethanol or
      (1R)-1-phenyl-2-[(1S)-1-methyl-2-phenylacetamidoethyl]aminoethanol or an
      acid-addition salt thereof.
NUM  7.
PAR  7. An acid-addition salt as claimed in claim 1 which is a hydrochloride,
      hydrobromide, phosphate, sulphate, oxalate, lactate, tartrate, acetate,
      salicylate, citrate, benzoate, .beta.-naphthoate, adipate or
      1,1-methylene-bis-(2-hydroxy-3-naphthoate), or a salt derived from a
      sulphonated polystyrene resin.
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ABST
PAL  Compounds of formula:
      ##SPC1##
PAL  Wherein W is
      ##EQU1##
      or
      ##EQU2##
      in which:  (a) R.sub.4 and R.sub.5 are 5 identical or different and
      represent hydrogen, monovalent aliphatic, substituted or unsubstituted
      aryl, aralkyl and cycloalkyl, providing that not more than 1 of R.sub.4 or
      R.sub.5 is hydrogen, and (b) R.sub.3 is a divalent aliphatic radical.
PARN
PAR  This application is a division of Application Ser. No. 683,758, filed Nov.
      2, 1967, now abandoned, and of Application Ser. No. 719,682 filed Apr. 8,
      1968, now U.S. Pat. No. 3,632,582.
BSUM
PAR  This invention relates to a process for preparing nitro-p-phenylenediamines
      and to certain novel compounds relating to the same. More particularly,
      this invention concerns certain 4-fluoro-3-nitro-anilines (i.e.,
      N-substituted and unsubstituted); their use in preparing
      nitro-p-phenylenediamines and certain novel compounds.
PAR  The nitro-p-phenylenediamines have been found to be useful as dyes,
      particularly in the dyeing of human hair. This is illustrated, inter alia,
      by reference to U.S. Pat. Nos. 2,750,327; 3,088,978; 3,168,442; 3,088,877;
      3,119,867; 3,088,878 and 3,274,249 which describe a variety of
      nitro-p-phenylenediamines and their use in dyeing human hair.
PAR  A number of processes are known in the prior art for preparing compounds of
      this series. However, they all leave something to be desired. Thus, for
      example, it has been proposed to prepare the nitro-p-phenylenediamines by
      the nitration of certain p-phenylenediamines. This procedure required the
      previous blocking of the H atoms on the amino N by means of acetylation,
      formylation, oxalylation, tosylation or the preparation of the urethane
      before the nitration step. It further required a hydrolysis step
      subsequent to the nitration reaction. This process, obviously, is very
      complicated and time-consuming and gives low overall yield, and
      accordingly, is not very useful from a commercial point of view.
PAR  Another proposed method utilizes the partial reduction of the
      dinitrocompound, i.e.,
      ##SPC2##
PAL  In this method, generally, two isomers are formed and, even when one isomer
      predominates, the separation is difficult and tedious. Moreover,
      (depending on the reducing agent and reaction conditions) the product of
      complete reduction is also often formed to some extent, which further
      complicates the separation of the desired compound.
PAR  The reducing agents used is this process have been quite varied and include
      sulfides or polysulfides of alkali metals, hydrosulfite, stannous
      chloride, metals in acid, hydrogen in the presence of catalysts (Pt, Pd,
      Ni). Recently, hydrazine in the presence of a catalyst (Ni, Pd, Pt) and
      the transfer hydrogenation (cyclohexene in the presence of Pd) have been
      employed. There is, however, no general rule as to which nitro group is
      reduced. With many alkaline reductions the o-diamino compound prevails in
      the reaction mixture; with many catalytic reductions in acid medium, the
      p-diamino isomer is predominant.
PAR  It has now been found unexpectedly that the nitro-p-phenylenediamines of
      interest may be prepared under relatively mild conditions, in very high
      yield and in a high state of purity by reacting a 4-fluoro-3-nitroaniline
      (N-substituted or unsubstituted) with the desired amine or ammonia.
PAR  It is accordingly an object of the present invention to provide a process
      for preparing nitro-p-phenylenediamines under mild conditions, in high
      yield and high degree of purity, employing a 4-fluoro-3-nitro-aniline
      (N-substituted or unsubstituted).
PAR  It is a further object of this invention to provide novel
      4-fluoro-3-nitroanilines which are useful as starting materials in the
      process of the above object and to provide a novel process for preparing
      said 4-fluoro-3-nitroanilines.
PAR  It is still a further object of this invention to provide certain novel
      nitro-p-phenylenediamines.
PAR  Other and more detailed objects will be apparent from the following
      description and claims.
PAR  The principal process of the present invention can be described by the
      following equation:
      ##SPC3##
PAL  wherein HZ is an amine or ammonia and wherein:
PA1  a. Y and Z are
      ##EQU3##
      or
      ##EQU4##
      in which R.sub.1 and R.sub.2 might be identical or different and represent
      H, monovalent aliphatic, aryl, aralkyl, cycloalkyl radicals and R.sub.3 is
      a divalent aliphatic radical.
PAR  All the compounds made by the process described in equation I above are
      useful as dyes, particularly for dyeing human hair. In addition, many are
      suitable as dye intermediates, pharmaceuticals, preparative organics or
      dyes for special purposes.
PAR  When R.sub.1 and/or R.sub.2 in equation I above is a monovalent aliphatic
      radical, it may take a variety of forms. Thus, it may be a straight-chain
      or branched-chain alkyl group; a monohydroxy or polyhydroxy (e.g.,
      dihydroxy, trihydroxy) alkyl group; or a group like --CO--alkyl,
      --CO--hydroxyalkyl, --COO--alkyl, -CON(alkyl).sub.2, --CONH.sub.2,
      --CSNH.sub.2, --CN, --CH.sub.2 CONH.sub.2, --SO.sub.2 --alkyl, --SO.sub.2
      --aryl or a substituted alkyl group of the form --alkylene-M in which M
      may be --COOH, --CONH.sub.2, --CO--alkyl, --CO--hydroxyalkyl, --SO.sub.3
      H, --SO.sub.2 NH.sub.2, --SO.sub.2 NH--alkyl, --SO.sub.2
      --NH--hydroxyalkyl, --SO.sub.2 N(alkyl).sub.2,
      ##EQU5##
      --SO.sub.2 N--(hydroxyalkyl).sub.2, --SO.sub.2 --alkyl, --NH.sub.2,
      --NH--alkyl, --N(alkyl).sub.2, --N(alkyl).sub.3 + Cl.sup.-,
      --(NH-alkylene).sub.n NH.sub.2 or --(NH-alkylene).sub.n OH, in which n is
      a number from 1 to 3, --NHCO--alkyl, --NHCO-- hydroxyalkyl, --NHCO--aryl,
      --NHCONH.sub.2, --NHCSNH.sub.2, NHCOO--alkyl, --NHSO.sub.2 --alkyl,
      --NHSO.sub.2 --aryl, --O--alkyl, --O--alkylene--OH, --CN. In the preferred
      form of this invention, the alkyl or the alkylene moieties above per se or
      in the hydroxyalkyl radical contain from 1 to 6 and particularly from 1 to
      3 carbon atoms.
PAR  Typical among the monovalent aliphatic radicals which represent R.sub.1 or
      R.sub.2 in equation I above there can be mentioned: methyl, ethyl,
      n-propyl, isopropyl, n-butyl sec. butyl, tert. butyl, n-amyl, isoamyl,
      n-hexyl, 2-hydroxyethyl, 3-hydroxypropyl, 2-hydroxypropyl,
      tris(hydroxymethyl)methyl; 1,3-dihydroxy-2-methyl-2-propyl;
      2,3-dihydroxypropyl; 1,3-dihydroxy-2-propyl; 2-diethylaminoethyl;
      aminopropylaminopropyl, methoxyethyl, ethoxyethyl, acetamidoethyl,
      propionamidoethyl, aminoethyl, aminopropyl, glycolamidopropyl,
      methylsulfonamidoethyl, propylsulfonamidopropyl, ureidopropyl,
      ureiodethyl, thioureidoethyl, carbethoxyaminoethyl, sulfamoylethyl,
      (2-hydroxyethylsulfamoyl)ethyl, dimethylsulfamoylethyl, cyanomethyl,
      acetyl, formyl, tosyl, cyanoethyl, di-alkyl-carbamoyl, carboxymethyl, etc.
PAR  When R.sub.1 and/or R.sub.2 in equation I above is aryl, it ordinarily will
      be a monocylic or a bicyclic aryl radical having up to 10 carbon atoms in
      the ring system. These usually will take the form of substituted and
      unsubstituted phenyl or naphthyl radicals. The arylsubstituted radicals
      can contain any of a variety of substituents or combinations thereof. By
      way of illustration, the following may be mentioned: alkyl, alkenyl,
      hydroxy, alkoxy, halogen, nitro, amino, alkylamino, dialkylamino,
      hydroxyalkylamino, carboxy, carbamoyl, carbalkoxy, cyano, mercapto,
      alkylthio, etc.
PAR  When R.sub.1 and/ or R.sub.2 in equation I above is an aralkyl radical, it
      will be similar in structure to that described above for the aryl
      radicals, excepting that the bonding to the amine nitrogen will be through
      the alkyl moiety of the aralkyl radical.
PAR  R.sub.3 in equation I above is a divalent radical which together with the N
      atom forms a heterocyclic ring structure. R.sub.3 may be a hydrocarbon
      radical or it may be an ether linked or N-linked hydrocarbon radical.
      Ordinarily, the ring system comprising R.sub.3 and N will not contain more
      than 6 atoms (and usually will contain 5 or 6 atoms), and may be
      substituted or unsubstituted. By way of illustration it may be mentioned
      that the group
      ##EQU6##
      may be substituted or unsubstituted N-pyrrolidinyl, N-morpholinyl,
      N-piperazinyl, or N-piperidinyl radicals in which the substituents may be
      alkyl, halogen, alkoxy, etc.
PAR  When R.sub.1 and/or R.sub.2 above is cycloalkyl, it will ordinarily not
      exceed 6 carbon atoms and usually will contain 5 or 6 carbon atoms.
PAR  The principal process of the present invention involves the nucleophilic
      displacement of the fluorine atom by an amine or ammonia in the compound
      of the formula:
      ##SPC4##
PAL  in which Y has the same value ascribed to it above in connection with
      equation I, under mild conditions and in good yields. This was indeed
      quite unexpected since the displacement of the other halogen atoms, such
      as chlorine, bromine or iodine, with amines is known to be very difficult.
      It is known that the presence of the Y group in the 1 position of the
      benzene ring (see formula II) deactivates a chlorine, bromine or iodine
      which would be present in the 4 position, so that displacement of these
      halogens by an amine is very difficult. Thus, very high temperature (e.g.,
      100.degree. to 200.degree.C) and high pressures (sealed tube or autoclave)
      must be used and even then the yields are very poor and are accompanied by
      resin formation and difficulties in the separation procedures. This
      deactivation effect is known in this art and is sometimes referred to as
      the +T effect. It was unexpected that the use of the corresponding
      fluorine compounds would so greatly facilitate the introduction of a
      second amino group into the 4 position.
PAR  The principal process of this invention involves condensing the amine or
      ammonia and the fluorine reactant under mild conditions. This will be
      effected at a temperature of no higher than about 100.degree.C. and
      usually at the reflux temperature. Furthermore, the reaction will
      ordinarily not be carried out at a pressure that is above 100 P.S.I., and
      for the most part, only at atmospheric pressure. The process will proceed
      in any suitable solvent, usually water or aqueous alcohol being adequate.
      The use of dipolar aprotic solvents (DMT, DMSO, acetonitrile) is not
      necessary, although they may be included in some cases to speed up the
      rate of reaction.
PAR  The present method of preparation has several advantages over the prior art
      procedures:
PA1  a. only one isomer is formed by displacement of fluorine;
PA1  b. yields are very high and in most cases about quantitive;
PA1  c. only mild conditions for the reaction are necessary;
PA1  d. inexpensive solvents can be used as the reaction medium;
PA1  e. expensive catalysts (Pt, Pd), which are used in some prior art
      processes, are eliminated. This is important since in a large scale
      production, they constitute the major item in the cost of the product;
PA1  f. purity of the product is enhanced; and
PA1  g. working up of the reaction mixture is simplified.
PAR  It is another object of the present invention to provide a process for
      preparing the intermediate fluorine product and the corresponding
      compounds that are useful in the principal process described in equation I
      above. These intermediates have the general formula II, shown above, and
      can be prepared by the nitration of the appropriate p-fluoroaniline (i.e.,
      N-substituted or unsubstituted and may be described generally by the
      following:
      ##SPC5##
PAL  wherein Y has the same significance ascribed to it in connection with
      equation I above. In a preferred method for preparing the
      4-fluoro-3-nitro-anilines involved in the present invention, the nitrating
      agent comprises a mixture of sulfuric and nitric acid, and the reaction is
      carried out at low temperatures (e.g., 3.degree.-5.degree.C.).
PAR  As an alternative procedure for synthesizing the substituted compounds of
      formula II above, 4-fluoro-3-nitroaniline is first prepared by nitrating
      p-fluoroaniline. The 4-fluoro-3-nitroaniline so made is then reacted with
      an appropriate alkylating agent, e.g., alkyl or hydroxyalkyl compounds,
      alkylene oxides, alkyl sulfates, alkyl iodides, alkyl tosylates, alkylene
      chlorohydrin, or other appropriate reagents which will replace H bonded to
      the amine nitrogen in the 1 position. In this fashion one or both of the H
      atoms of the amine N may be replaced by the substituent R.sub.1 or R.sub.2
      described above.
PAR  The nitrofluoroanilines of formula:
      ##SPC6##
PAL  wherein
PA1  W is
      ##EQU7##
      or
      ##EQU8##
      and in which: a. R.sub.4 and R.sub.5 are identical or different and have
      the same values ascribed above to R.sub.1 and R.sub.2 in equation I,
      excepting that only one of them may be hydrogen, and
PA2  b. R.sub.3 is a divalent aliphatic radical also having the same values
      ascribed to R.sub.3 in equation I;
PAL  form a novel group of compounds which are intermediates for the preparation
      of desired niro-p-phenylenediamine hair dyes described above.
PAR  It is another feature of the present invention to provide a novel group of
      nitro-p-phenylenediamines, which are likewise useful in dyeing human hair.
      This group is described by the formula:
      ##SPC7##
PAL  wherein:
PA1  a. R.sub.3 is a divalent aliphatic radical having the same value as the
      R.sub.3 defined above in connection with equation I; and
PA1  b. R.sub.6 and R.sub.7 are selected from the group consisting of hydrogen,
      alkyl and hydroxyalkyl; at least one of R.sub.6 and R.sub.7 being other
      than hydrogen. When R.sub.6 and R.sub.7 are alkyl or hydroxyalkyl, they
      will have the corresponding values ascribed to R.sub.1 and R.sub.2 above
      in connection with equation I.
PAR  The principal process of the present invention may be used to prepare a
      number of nitro-p-phenylenediamines which are known in the prior art to
      dye hair. The manner of using these materials in the dyeing of hair is
      adequately described in the U.S. patents cited above, and these are
      incorporated in this specification by way of reference. The compounds
      defined in formula V above may likewise be incorporated in similar hair
      dye compositions as those described in said U.S. patents. A typical
      composition in which the dyes of formula V above may be employed is
      prepared as follows:
PAR  A mixture defined below is diluted with 5.0 ml. water, and the whole heated
      at 60.degree.C. for 1 hour:
     Dye                     0.25 g.                                           
     Ethanol                 0.35 g.                                           
     Ethanolamine            4.0  g.                                           
     Sodium N-methyl-N-                                                        
      oleoyl-taurate                                                           
      (Igepon T-33)          0.5  g.                                           
     Sodium carboxymethyl-                                                     
     cellulose               3.0  g.                                           
      This mixture was then further diluted with water to a volume of 100ml. and
      citric acid is added to give a pH of 9.9.
PAR  To dye hair, the dye compositons so obtained are poured on natural gray
      hair, permanent-waved hair or bleached hair and allowed to remain in
      contact therewith for 20 minutes at 30.degree.C. The hair is then rinsed
      in clear water and dried in air. The following examples are further
      illustrative of the present invention. It should be understood, however,
      that the invention is not limited thereto.
DETD
PAC  EXAMPLE 1A
      ##SPC8##
PAC  Preparation of 4-fluoro-3-nitroaniline
PAR  This process is a modication of the Holleman and Beckman procedure (Rec.
      trav. chim, Vol. 23 (1904) p. 237) by which there is obtained higher
      yields of recrystallized product. The procedure is as follows:
PAR  To a solution of 139 g. of p fluoroaniline in 1390 g. of H.sub.2 SO.sub.4,
      100%, a mixture of 81.3 g. HNO.sub.3, 100%, in 810 g. H.sub.2 SO.sub.4,
      100%, is added at 3.degree.-5.degree.C. After 1 hour the mixture is poured
      on ice, neutralized with conc. ammonia, cooled. The solid obtained is
      filtered off, and recrystallized from boiling water. After cooling to
      10.degree.C, yellow-brown crystals are filtered off and dried.
PAR  Yield: 120 g. (=62% theory), m.p. 94.degree. to 96.degree.C (uncorr).
PAC  EXAMPLE 1B
PAC  Preparation of 4-fluoro-3-nitroaniline
PAR  To a solution of 139 g. of p-fluoroaniline in 834 g. of H.sub.2 SO.sub.4,
      100%, a mixture of 81.3 g. of HNO.sub.3, 100% in 489 g. H.sub.2 SO.sub.4,
      100%, is slowly added at 8.degree.-10.degree.C. One hour after this
      addition, the mixture is poured on 800 g. of ice and the resulting
      solution made alkaline with 2300 ml. of conc. aqua ammonia. On cooling to
      approxiamtely 5.degree.C., the orange crude product is filtered off,
      sharply sucked off, and stirred with 600 ml. of water and 120 ml. of conc.
      HCl at room temperature. The insoluble, dark-brown solid is filtered off,
      the filtrate made alkaline with 82 g. of solid sodium carbonate, and the
      solid filtered off and dried in vacuo at 60.degree.-70.degree.C or in the
      air.
PAR  Yield: 143 g., light orange crystals (= 73% theory), m.p.
      95.degree.-96.degree.C.
PAC  EXAMPLE 2
      ##SPC9##
PAC  Preparation of 4-Fluoro-3-nitro-N,N-bis(Hydroxyethyl)-Aniline
PAR  78 g. of 4-fluoro-3-nitro-aniline is suspended in 250 ml. water and a
      stream of ethylene oxide is bubbled through at 70.degree. to 80.degree.C
      until the starting amine and the intermediate monohydroxyethyl derivative
      have disappeared. On cooling to 10.degree.C light yellow crystals separate
      out, which are filtered off, washed slightly with water, and dried.
PAR  Yield: 112.5 g. (= 92.1% theory), m.p. 109.degree.-110.degree.C (uncorr.)
PAC  EXAMPLE 3
PAC  Preparation of N.sup.1 -(2-hydroxyethyl)-2-nitro-p-phenylenediamine
      ##SPC10##
PAR  A mixture of:
TBL  4-fluoro-3-nitro-aniline                                                  
                            15.6    g.                                         
     monoethanolamine       13.5    g.                                         
     water                  100     ml.                                        
     sodium carbonate       5.3     g.                                         
PAL  is maintained at reflux until all starting amine disappears (ca. 4-5
      hours). On cooling to room temperature a thick slurry is formed, which is
      filtered. A crystalline cake is obtained which is washed with water, and
      then dried.
PAR  Yield: 16.0 g. (= 81% theoretical) of bronze crystals, m.p.
      121.degree.-123.degree.C (uncorr.), chromatographically pure (on paper).
PAC  EXAMPLE 4
PAC  Preparation of N.sup.1 -methyl-2-nitro-p-phenyleneadiamine
      ##SPC11##
PAR  a. At normal Pressure: 7.8 g. of 4-fluoro-3-nitroaniline and 40 g. of 40%
      aq. solution of methylamine was held at 70.degree. to 80.degree.C with
      intermittent additions of portions of fresh methylamine solution until the
      reaction was completed. Evaporated water was replaced from time to time.
      On cooling, crystals of product separated, which were filtered off and
      dried.
PAR  Yield: 7.4 g. (= 89% theoretical) of dark bronze crystals, m.p. =
      112.5.degree.C. to 113.0.degree.C, chromatographically pure.
PAR  (b) In autoclave: A mixture of:
TBL  4-fluoro-3-nitroaniline   32.4 g.                                         
     methylamine, 40%         120.0 g.                                         
PAL  was held in a steel autoclave for 24 hours at 80.degree. to 90.degree.C and
      12 to 28 P.S.I. After allowing to cool to room temperature, the slurry of
      crystals was filtered; the cake washed with warm water to remove a small
      amount of starting amine and methylamine, and finally dried.
PAR  Yield: 30.1 g. of dark bronze crystals (=87% theoretical), m.p. 109.degree.
      to 110.degree.C., chromatographically pure.
PAC  EXAMPLE 5
PAC  Preparation of 2-nitro-4-amino-(2'-diethylaminoethyl)-aniline
      ##SPC12##
PAR  A mixture of:
TBL  4-fluoro-3-nitroaniline 3.12    g.                                        
     N,N-diethylethylenediamine                                                
                             10.1    g.                                        
     ethanol, 95%            40      ml.                                       
     Water                   10      ml.                                       
     sodium acetate          5       g.                                        
PAL  was mantained at reflux for several hours until most of the aromatic amine
      had reacted. The alcohol was distilled off, and sodium chloride added to
      precipitate the crystals of product, which were collected by filtration.
      This was then recrystallized from ethylacetate, and dried.
PAR  Yield: 1.2 g. of dark metallic crystals (= 24% theoretical), m.p. 127 to
      128.degree.C of ca. 95% purity by chromatogram.
PAC  EXAMPLE 6
PAC  Preparation of 2-nitro-4-amino-N,N-dimethylaniline
      ##SPC13##
TBL  4-fluoro-3-nitroaniline   3.90 g.                                         
     25% aqueous solution of                                                   
      dimethylamine           67.5  g.                                         
PAL  was maintained at 55.degree.C for about 3 hours. The dimethylamine was then
      removed on a steam bath, the residue extracted with ethyl acetate, and
      this extract evaporated on the steam bath. A dark oily product was
      obtained.
PAR  Yield: 3.4 g. (=75% theoretical), dark syrup, practically pure on
      chromatogram.
PAC  EXAMPLE 7
      ##SPC14##
PAC  Preparation of 2-nitro-4-amino-N,N-bis(hydroxyethyl)-aniline
TBL  4-fluoro-3-nitroaniline   3.90 g.                                         
     diethanolamine           40.  g.                                          
      were maintained at 80.degree.C for 10 hrs. On cooling in an ice bath an
      oily layer separated, which was extracted with ethyl acetate. This extract
      was evaporated on a steam bath as far as possible. A brown thick oil
      resulted (10.4 g.), which was identified as a mixture of the product with
      diethanolamine.
PAC  EXAMPLE 8
PAC  Preparation of 2-nitro-4-amino-N-(tert-butyl)-aniline
      ##SPC15##
PAR  A mixture of:
TBL  4-fluoro-3-nitroaniline                                                   
                            7.8      g.                                        
     water                  150      ml.                                       
     tert-butylamine        19.35    g.                                        
     sodium carbonate       2.65     g.                                        
PAL  was maintained at reflux for 25 hours. On cooling to 5.degree.C. a solid
      separated, which was washed with water to remove any butylamine, and
      microcrystals which were recovered were dried in desiccator over H.sub.2
      SO.sub.4.
PAR  Yield: 5.6 g (=53% of theoretical) of small bronze crystals, m.p. ca.
      85.degree.-87.degree.C, ca. 95% pure by chromatography.
PAC  EXAMPLE 9
PAC  Preparation of N.sup.1
      -[3'-(3"-aminopropylamino)propyl]-2-nitro-p-phenylenediamine
      ##SPC16##
PAL  A mixture of 15.6 g.4-fluoro-3-nitroaniline, 13.7g.
      3,3'-imino-bis-propylamine, 475 ml.water, and 5.3g. sodium carbonate was
      maintained at reflux for 5 hours. The reaction mixture was then allowed to
      cool to +5.degree.C. A gummy crude product obtained was dissolved in
      acetone. A crystalline hydrochloride precipitated with conc. HCl, which
      was finally dried in a desiccator.
PAR  Yield: 18.7 g. of brown crystals (=70.2% of theoretical, calc. as
      dihydrochloride), m.p. 225.degree.-226.degree.C (decomposition above this
      temp.), ca. 97% purity by paper chromatography.
PAC  EXAMPLE 10
PAC  Preparation of N.sup.1 -cyclohexyl-2-nitro-p-phenylenediamine
      ##SPC17##
PAR  A mixture Of:
TBL  4-fluoro-3-nitroaniline                                                   
                            6.24    g.                                         
     cyclohexylamine        7.92    g.                                         
     water                  4       ml.                                        
     isopropanol            17      ml.                                        
     sodium carbonate       4.24    g.                                         
PAL  was maintained at reflux for 21/2 hours. The mixture was cooled to room
      temperature and unreacted CaCO.sub.3 was filtered off. The product was
      extracted with chloroform. 2.0 g. of a dark olive powder (=28%
      theoretical) was obtained, m.p. 64.degree.-66.degree.C,
      chromatographically pure.
PAC  EXAMPLE 11
PAC  Preparation of 1-(4-amino-2-nitrophenyl)pyrrolidine
      ##SPC18##
PAR  A mixture of:
TBL  4-fluoro-3-nitroaniline                                                   
                            6.24     g.                                        
     pyrrolidine            11.36    g.                                        
     ethanol-water (1:1)    100      ml.                                       
PAL  was mantained at reflux for 11/2 hours. Ethanol was then evaporated, and a
      crude product isolated by cooling the mixture (8.0 g. = 97% of
      theoretical, m.p. 91.5.degree.-95.degree.C). On recrystallization from
      ethanol 5.0 g. of dark metallic crystals, m.p. 91.5.degree.-95.degree.C.
      was obtained.
PAC  EXAMPLE 12
PAC  Preparation of N-(4-amino-2-nitrophenyl)morpholine
      ##SPC19##
PAR  A mixture of:
TBL  4-fluoro-3-nitroaniline                                                   
                            7.8      g.                                        
     morpholine             21.8     g.                                        
     water                  250      ml.                                       
PAL  was mantained at reflux for 8 hours. The mixture was allowed to cool,
      whereby large orange needles separated, which were filtered off and dried.
PAR  Yield: 10.7 g. light orange crystals (=96% theoretical), m.p.
      133.degree.-135.degree.C, chromatographically pure. Saunders, J. Chem.
      Soc, 1955, 3286 (prepared by partial reduction of dinitrocompound) reports
      m.p. 133.degree.-135.degree.C.
PAC  EXAMPLE 13
PAC  Preparation of 1-(4-amino-2-nitrophenyl)piperidine
      ##SPC20##
PAR  A mixture of:
TBL  4-fluoro-3-nitroaniline                                                   
                            7.8      g.                                        
     piperidine             21.0     g.                                        
     water                  250      ml.                                       
PAL  was maintained at reflux for 8 hours. The mixture was allowed to cool, and
      fine crystals were filtered off, and dried.
PAR  Yield: 10.5 g. of dark violet crystals (=91% theoretical), m.p.
      114.degree.-116.degree.C., Saunders, J. Chem. Soc., 1955, 3279 (prep. by
      partial reduction of dinitro compound) found m.p. 116.degree.C (recryst.
      from ligroine).
PAC  EXAMPLE 14
PAC  Preparation of N.sup.1,N.sup.4,N.sup.4
      -Tris(2-hydroxyethyl)-2-nitro-p-phenylenediamine
      ##SPC21##
PAR  A mixture of:
TBL  4-fluoro-3-nitro-N,N-bis                                                  
      (2-hydroxyethyl)aniline                                                  
                             24.4    g.                                        
     monoethanolamine        13.5    g.                                        
     water                   100     ml.                                       
     sodium carbonate        5.3     g.                                        
PAL  was maintained at reflux for 11/2 hour. At 75.degree.C. the color of the
      mixture changed to a deep violet. After cooling to room temperature, the
      separated crystals were filtered off, ground, washed with 70 ml. of water,
      and dried.
PAR  Yield: 22.5 g. of dark metallic crystals (=79% theoretical), m.p.
      100.degree.-101.degree.C, 99% purity by chromatographic analysis.
PAC  EXAMPLE 15
PAC  Preparation of N.sup.1 -Methyl-N.sup.4,N.sup.4
      -bis(2-hydroxyethyl)-2-nitro-p-phenylenediamine
      ##SPC22##
PAR  A mixture of:
TBL  4-fluoro-3-nitro-N,N-bis                                                  
      (2-hydroxyethyl)-aniline                                                 
                              24.4 g.                                          
     methylamine, 40% aq.                                                      
      solution                180  g.                                          
PAL  was heated uniformly for 80 minutes to 73.degree.C. At this point the
      reaction was completed. After allowing to cool spontaneously overnight and
      then to 5.degree.C, a thick slurry of crystals was obtained which was
      ground in a mortar and filtered. The cake of fine crystals obtained was
      washed with water to neutrality and dried.
PAR  Yield: 21.7 g. of dark blue crystalline powder (=85% theor.), m.p.
      98.degree.C. chromatographically pure.
PAC  EXAMPLE 16
PAC  Preparation of N.sup.1 -Isopropyl-N.sup.4,N.sup.4
      -bis(2-hydroxyethyl)-2-nitro-p-phenylenediamine
      ##SPC23##
PAR  A mixture of:
TBL  4-fluoro-3-nitro-N,N-bis                                                  
      (2-hydroxyethyl)aniline                                                  
                             24.4    g.                                        
     isopropylamine          13.2    g.                                        
     water                   350     ml.                                       
     sodium carbonate        5.3     g.                                        
PAL  was maintained at reflux for 17 hours. On cooling, an oily layer separated,
      which was extracted with 250 ml. chloroform. This solution was evaporated
      until only a thick oil remained which was dissolved in 100 ml. of
      isopropanol and acidified with conc. hydrochloric acid. Sandy crystals of
      hydrochloride were obtained which were filtered off and dried in a
      desiccator over KOH and paraffin.
PAR  Yield: 8.9 g. of light yellow crystals (=28% theoretical, as
      monohydrochloride), m.p. 187.degree.-188.degree.C. chromatographically
      pure.
PAC  EXAMPLE 17
PAC  Preparation of N.sup.1 -Tert.butyl-N.sup.4,N.sup.4
      -bis(2-hydroxyethyl)-2-nitro-p-phenylenediamine
      ##SPC24##
PAR  A mixture of:
TBL  4-fluoro-3-nitro-N,N-bis                                                  
      (2-hydroxyethyl)aniline                                                  
                            19.52    g.                                        
     tert.-butylamine       61.40    g.                                        
     water                  300      ml.                                       
     sodium carbonate       4.24     g.                                        
PAL  was maintained at reflux continuously for 30 hours. The reaction went to an
      80-85% completion. On cooling, a dark heavy oil separated, which was
      washed with water, then extracted with chloroform, and this solution
      evaporated on the steam bath as far as possible. A sticky dark blue syrup
      resulted, which after standing in an open porcelain dish for about 1 week
      at room temperature, solidified to a crystalline body.
PAR  Yield: 21.0 g. (=88% theoretical), of ca. 85% purity (violet spot on
      chromatogram).
PAC  EXAMPLE 18
PAC  Preparation of N.sup.1 -tris-hydroxymethylmethyl-N.sup.4,N.sup.4
      -bis(2-hydroxyethyl)-2-nitro-p-phenylenediamine
      ##SPC25##
PAR  A mixture of:
TBL  4-fluoro-3-nitro-N,N-bis                                                  
     (2-hydroxyethyl)aniline 15.9    g.                                        
     tris-hydroxymethylmethylamine                                             
                             29.8    g.                                        
     isobutanol              33      ml.                                       
     water                   6       ml.                                       
     potassium carbonate     6.0     g.                                        
PAL  was maintained at reflux for 6 hours. After cooling, a gummy solid was
      filtered off and recrystallized from isopropanol.
PAR  Yield: 13.0 g. of dark blue powder (=52% theoretical), containing ca. 90%
      of pure product (violet spot on chromatogram).
PAC  EXAMPLE 19
PAC  Preparation of 1-[4-bis(2-hydroxyethyl)amino-2-nitrophenyl]pyrrolidine
      ##SPC26##
PAR  A mixture of:
TBL  4-fluoro-3-nitro-N,N-bis                                                  
      (2-hydroxyethyl)aniline                                                  
                             9.76    g.                                        
     pyrrolidine             8.52    g.                                        
     ethanol-water (1:1)     100     ml.                                       
PAL  was maintained at reflux for 21/2 hours. Ethanol was then distilled off,
      some sodium cloride added, and after cooling in refrigerator, crystals
      separated, which were dried in desiccator.
PAR  Yield: 12.0 g. of purple needles (nearly quantitative yeild), m.p.
      74.degree.-76.degree.C, chromatographically pure.
PAC  EXAMPLE 20
PAC  Preparation of N-[4-bis(2-hydroxyethyl)amino-2-nitrophenyl]morpholine
      ##SPC27##
PAR  A mixture of:
TBL  4-fluoro-3-nitro-N,N-bis                                                  
      (2-hydroxyethyl)aniline                                                  
                            9.76     g.                                        
     morpholine             17.4     g.                                        
     water                  150      ml.                                       
PAL  was maintained at reflux for 8 hours, the whole extracted with chloroform,
      and on evaporating on steam bath, a dark oil resulted. This was shaken
      with 50 ml. of warm water and the water decanted. This operation was
      repeated several times until all morpholine was removed. A brown oil was
      obtained which after drying finally solidified after standing several
      days.
PAR  Yield: 4.9 g. of red-brown, microcrystalline product (=40% theoretical),
      m.p. 66.degree.-68.degree.C, chromatographically pure.
PAC  EXAMPLE 21
PAC  Preparation of 1-[4-bis(2-hydroxyethyl)amino-2-nitrophenyl]piperidine
      ##SPC28##
PAR  A mixture of:
TBL  4-fluoro-3-nitro-N,N-bis                                                  
      (2-hydroxyethyl)aniline                                                  
                            9.76     g.                                        
     piperidine             16.8     g.                                        
     water                  150      ml.                                       
PAL  was maintained at reflux for 8 hours and aqueous layer decanted frm the
      oil. The latter was shaken with 50 ml. of warm water, and the water then
      decanted. This was repeated several times until all piperidine was
      removed. After drying and standing, the oil crystallized out.
PAR  Yield: 10.0 g. of orange-brown crystals (=81% theoretical), m.p.
      82.degree.-83.degree.C., chromatographically pure.
PAC  EXAMPLE 22
PAC  Preparation of N.sup.4,N.sup.4
      -Bis(2-hydroxyethyl)-2-nitro-p-phenylenediamine
      ##SPC29##
PAR  A mixture of:
TBL  4-fluoro-3-nitro-N,N-bis                                                  
      (2-hydroxyethyl)aniline 97.6 g.                                          
     conc. aqueous ammonia    300  g.                                          
PAL  was heated in a stainless steel autoclave in an oil bath of 90.degree.C.
      for 20 hours. The maximum pressure attained was 70 to 72 P.S.I. After
      cooling to 5.degree.C., the contents consisted of a thick slurry of brown
      crystals. After adding 40 g. of solid NaCl, the crystals were filtered
      off, washed with cold water, and dried in vacuo at 60.degree.C.
PAR  Yield: 85.8 g. of dark brown, metallic crystals, m.p.
      103.degree.-104.degree.C., corresponding to 89% of theory. Chromatogram
      (paper and thin layer) shows only a trace of the starting material.
PAC  EXAMPLE 23
PAC  Preparation of Nitro-p-phenylenediamine
      ##SPC30##
PAR  A mixture of:
TBL  4-fluoro-3-nitro-                                                         
      aniline                23.40 g.                                          
     conc. aqueous ammonia   135   g.                                          
PAL  was heated in a stainless steel autoclave in an oil bath of 100.degree.C.
      for 22 hours. Pressure rose to 85 P.S.I. After cooling to 5.degree., the
      thick slurry of crystals obtained was ground in a mortar. Fine needles
      were filtered off, washed with cold water, and dried in vacuo at
      60.degree.C.
PAR  Yield: 19.1 g. of dark brown, metalic needles, m.p.
      129.degree.-130.degree.C, corresponding to 83% of theory. Chromatogram
      (paper and thin layer) shows a larger trace of starting material to be
      present than for the preceding example.
PAC  EXAMPLE 24
PAC  Preparation of 4-N-hydroxyethylamino-3-nitroacetanilide
      ##SPC31##
PAR  25.0 g. of 4-fluoro-3-nitroaniline was suspended in 250 ml. water and with
      good stirring 70 ml. of acetic anhydride dropped in. The mixture reached
      45.degree.C. and was then heated to 90.degree.C to complete the
      acetylation. On cooling, to approximately 5.degree.C, a thick slurry of
      crystals was formed, which were separated by filtration, washed with water
      to neutrality, and dried in vacuo at 60.degree.-70.degree.C.
PAR  Yield: 30.4 g. (=95.7% of theory) of acetylated product of m.p.
      140.degree.-142.degree.C.
PAR  A mixture of 19.8 g of this product, 13.5 g. of monoethanolamine, 100 ml.
      water and 5.2 g. of Na.sub.2 CO.sub.3 anhydrous was added, was heated to
      reflux (103.degree.) and held here for 15 minutes. The color of the
      mixture rapidly changed from the original pale yellow to the final deep
      red orange. After cooling to about 5.degree.C., the solid which separated
      was filtered off, washed with 550 ml. water to neutrality and dried in
      vacuo at 60.degree.C.
PAR  Yield: 22.5 g. of deep orange, fine needles (i.e. 95% of theory), m.p.
      179.degree.-180.degree.C.; m.p. of recrystallized (water) product was
      183.degree.-185.degree.C.
PAR  By boiling with 10% NaOH the substance was converted to
      4-N-hydroxyethylamino-3-nitroaniline.
PAC  EXAMPLE 25
PAC  Preparation of 4-N-hydroxyethylamino-3-nitro-p-toluenesulfanilide
      ##SPC32##
PAR  A mixture of:
TBL  4-fluoro-3-nitroaniline                                                   
                            15.6    g.                                         
     pyridine               30      ml.                                        
     isopropanol            70      ml.                                        
     p-tosylchloride        25      g.                                         
PAL  was held for 30 minutes at 76.degree.C. Then the solution was poured on to
      a mixture of 125 ml water and 125 ml ice, whereby first an oily product
      separated, which soon solidified and was collected on filter, finely
      ground on mortar, washed with water to neutrality, and dried in vacuo at
      60.degree.-70.degree.C.
PAR  Yield: 30.9 g. of pale yellow, crystalline, tosylated product, i.e. 100% of
      theory, m.p. 147.degree.-148.degree.C. A mixture of 15.42 g. of this
      product, 7.0 g. of monoethanolamine, 50 ml. of water and 2.7 g. of
      Na.sub.2 CO.sub.3 (anhydrous) was added, was heated to reflux
      (103.degree.C), and here held for 25 minutes. The color changed from pale
      yellow to brown-orange. After cooling to about 50.degree.C., the solid
      which separated was filtered off, washed with 270 ml. water to neutrality,
      and dried to constant weight.
PAR  Yield: 8.3 g. (=57% theory) of orange powder, m.p.
      159.degree.-160.degree.C. M.P. has not changed after recrystallization
      from water-isopropanol.
PAR  Although the invention has been described with reference to specific forms
      thereof, it will be understood that many changes and modifications may be
      made without departing from the spirit of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Compounds of formula
      ##SPC33##
PAL  wherein R.sub.4 and R.sub.5 are selected from the group consisting of
      mono-, di-, or trihydroxyalkyl having 1 to 6 carbon atoms and alkyl having
      1 to 6 carbon atoms.
NUM  2.
PAR  2. Compounds according to claim 1 wherein R.sub.4 and R.sub.5 are mono-,
      di- or trihydroxyalkyl having 1 to 6 carbon atoms.
NUM  3.
PAR  3. A compound according to claim 2 wherein R.sub.4 and R.sub.5 are
      .beta.-hydroxyethyl.
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ABST
PAL  In repairing diphenylamine by reacting aniline in a liquid phase in the
      presence of a catalyst at a temperature of about 320.degree. to about
      370.degree.C, a process which is characterized in that said catalyst is an
      amorphous synthetic silica-alumina catalyst containing 5 to 50% by weight
      of alumina.
BSUM
PAR  This invention relates to a process for preparing diphenylamine from
      aniline, more particularly to a process for preparing diphenylamine from
      aniline by pressure liquid phase process.
PAR  Pressure liquid phase process and gas phase process are known as processes
      for preparing diphenylamine from aniline. In the known pressure liquid
      phase process aniline is reacted at a temperature ranging from about
      250.degree. to about 400.degree.C at such pressure that aniline can be
      maintained in liquid state in the presence of hydrochloric acid, boron
      trifluoride or like mineral acid catalyst, or Lewis acid catalyst.
      According to this process remarkable corrosion to the apparatus is
      unavoidable, since a large amount of mineral acid catalyst is used at a
      high reaction temperature. It is therefore necessary to employ an acid-
      and pressure-resistant reactor. Moreover there is a need to separate the
      acid catalyst from the product after the reaction. The use of Lewis acid
      catalyst also requires a corrosion-resistant reactor and yields a large
      amount of tar-like by-product.
PAR  To overcome the above drawbacks it has been proposed to use a natural clay
      as a catalyst in place of the acid catalysts. However, the clay catalysts
      are poor in catalytic activity and duration of catalytic activity as
      compared with acid catalysts. In fact the process in which the clay
      catalyst is used is disadvantageous in that the catalyst used is
      especially of a short duration and hardly serviceable for a prolonged
      period and is therefore infeasible on an industrial scale. In addition the
      process has another drawback that the catalyst which is a natural clay is
      not always available with a uniform quality.
PAR  Although the gas phase process does not necessitate a corrosion- and
      pressure-resistant reactor since it uses a solid acid catalyst, the
      catalyst gets degraded promptly and need be regenerated frequently due to
      the deposition of tar-like by-products on the catalyst.
PAR  A main object of this invention is to overcome the foregoing drawbacks of
      pressure liquid phase process for preparing diphenylamine from aniline.
PAR  Another object of this invention is to provide a pressure liquid phase
      process for preparing diphenylamine from aniline without a tar-like
      by-product in a high yield, by using a solid catalyst having an excellent
      catalytic activity.
PAR  Other objects of this invention will become apparent from the following
      description.
PAR  The above objects can be accomplished by using an amorphous synthetic
      silica-alumina catalyst containing 5 to 50% by weight of alumina in a
      process for preparing diphenylamine by reacting aniline in a liquid phase.
PAR  Our researches have revealed that a solid material of the amorphous
      synthetic silica-alumina containing 5 to 50% by weight of alumina has
      outstanding characteristics for use as a catalyst in preparing
      diphenylamine from aniline. More specifically we found that the amorphous
      synthetic silica-alumina has higher catalytic activity and longer duration
      of catalytic activity than the catalyst of the natural clay and that the
      use of the amorphous synthetic silica-alumina catalyst, which is
      especially of very long duration of activity, makes it possible to produce
      diphenylamine from aniline in a high yield for a prolonged period of time.
      The present invention has been accomplished based on these novel findings.
PAR  The silica-alumina catalyst to be used in this invention has three
      features: it contains 5 to 50% by weight of alumina, it is amorphous and
      it is a synthetic product. The term "amorphous" herein used refers to the
      properties of the catalyst that when subjected to X-ray diffractiometry
      the catalyst does not exhibit any sharp peak but displays broad peaks and
      that it is not crystalline as examined by X-ray diffractiometry.
PAR  The silica-alumina catalyst to be used in the present invention must
      contain 5 to 50% by weight of alumina. If the alumina content is less than
      5% by weight or in excess of 50% by weight, the catalyst is very low in
      its activity and fails to yield diphenylamine efficiently. The alumina
      content is preferably in the range of 10 to 40% by weight, most preferably
      in the range of 10 to 30% by weight.
PAR  The amorphous synthetic silica-alumina catalysts per se are already known;
      they are generally used, for example, for cracking of petroleum. Such
      catalysts used for cracking of petroleum are ready for use in this
      invention, examples being "N-631H" and "N-631L", product of Nikki Chemical
      Co., Ltd., Japan.
PAR  The silica-alumina catalyst of this invention can be synthetically produced
      by various methods. One of examples thereof is disclosed in "Chemical
      Industries (Kogyo Kagaku Kaishi)" Vol. 56 (1953) on page 176.
PAR  The synthetic silica-alumina catalyst of this invention can be produced,
      for example, by washing a hydrogel of silica and alumina with water,
      drying, and then calcining the dried hydrogel. The hydrogel of silica and
      alumina can be produced, for example, by cogelation method, incorporation
      method or mixing method. According to the cogelation method, an aqueous
      solution of the siliceous material and an aqueous solution of the
      aluminous material are mixed together to prepare a silica-alumina
      hydrogel. Incorporation method is one in which a silica-hydrogel is
      prepared and then incorporated with an alumina gel by adding an aqueous
      solution of the aluminous material to the silica hydrogel, or an alumina
      hydrogel is previously prepared and then incorporated with a silica
      hydrogel by adding an aqueous solution of siliceous material to the
      alumina hydrogel. According to mixing method, a silica-alumina gel is
      produced by preparing silica hydrogel and alumina hydrogel separately, and
      mixing the hydrogels together. Usable as the siliceous material are
      water-soluble silicates of alkali metals such as lithium, potassium,
      sodium, etc., preferably of potassium and sodium. A specific example is
      water glass (comprising Na.sub.2 O and SiO.sub.2 in the molar ratio of
      about 1 : 2-4). Examples of the aluminous material are water-soluble
      aluminum salts or aluminates. Exemplary of aluminum salts are aluminum
      sulfate, aluminum nitrate, aluminum chloride, potassium alum, sodium alum,
      etc. Examples of aluminates are alkali metal salts of aluminic acid such
      as sodium aluminate, potassium aluminate, etc.
PAR  The cogelation method, incorporation method and mixing method will be
      described below in detail.
PAC  Cogelation method
PAR  An aqueous solution of siliceous material having an SiO.sub.2 concentration
      of 5 to 30%, preferably of 10 to 20%, and an aqueous solution of aluminous
      material having an Al.sub.2 O.sub.3 concentration of 2 to 10%, preferably
      of about 3 to 7%, are mixed together in the silica to alumina ratio of
      90-60% to 10-40%, with vigorous agitation at 10.degree. to 40.degree.C,
      preferably at 20.degree. to 30.degree.C, to precipitate a silica-alumina
      hydrogel. According to this method, it is necessary to adjust the mixture
      of aqueous solution to a pH of 2 to 10, preferably to about 3 to 7. The
      silica-alumina hydrogel is then aged at the pH of the above-mentioned
      range. The aging is effected at atmospheric pressure at a temperature of
      up to 110.degree.C, preferably approximately at room temperature to
      60.degree.C, for 3 to 20 hours, preferably for 5  to 15 hours. The
      silica-alumina hydrogel thus aged is then washed several times with a
      dilute alkaline aqueous solution for example of ammonia or inorganic
      ammonium salt and is finally washed with water and filtered. The hydrogel
      is subsequently dried, as such or after shaping, at 100.degree. to
      150.degree.C. The dried silica-alumina hydrogel is thereafter calcined in
      air at 400.degree. to 700.degree.C, preferably at 500.degree. to
      550.degree.C for 1 to 6 hours, advantageously for 2 to 3 hours, whereby
      the desired catalyst is obtained. If the hydrogel is calcined at a
      temperature of below 400.degree.C or above 700.degree.C, satisifactory
      catalytic activity will be unavailable.
PAC  Incorporation method
PAR  A mineral acid such as sulfuric acid, hydrochloric acid or nitric acid is
      added to an aqueous solution of siliceous material to adjust the pH of the
      solution to 2 to 7, preferably to 3 to 6 and to prepare a silica hydrogel,
      which is then aged in the same manner as in the cogelation method
      described above. A specified amount of aqueous solution of aluminous
      material are added to the hydrogel and the pH of the resulting mixture is
      adjusted to 3 to 10, preferably to 5 to 7 and to thereby incorporate an
      alumina hydrogel into the silica hydrogel. The resulting silica-alumina
      hydrogel is then treated in the same manner as in cogelation method to
      obtain the desired silica-alumina catalyst.
PAC  Mixing method
PAR  An aqueous solution of aluminous material is adjusted to a pH of 6 to 10 to
      prepare an alumina hydrogel, which is aged at pH of 6 to 10, preferably at
      room temperature to 60.degree.C, and is thereafter washed. On the other
      hand, a mineral acid is added to an aqueous solution of siliceous material
      to adjust the pH to 2 to 8, advantageously to 3 to 6, and to prepare a
      silica hydrogel, which is then similarly aged at a pH of 3 to 6 at a
      temperature of up to 110.degree.C and thereafter washed to prepare a
      silica hydrogel. The silica hydrogel and alumina hydrogel thus prepared
      separately are mixed together in a predetermined ratio, and the mixture is
      mechanically kneaded for 1 to 10 hours, preferably for 3 to 5 hours.
      Subsequently, the mixture is dried and calcined under the same conditions
      as in the foregoing two methods.
PAR  The silica-alumina catalyst to be used in this invention may contain small
      amounts of impurities, for example up to 0.2% of iron, magnesium and
      sodium oxides. The silica-alumina catalyst may be in a wide variety of
      shapes, e.g. in the shape of powder, tablets or granules as desired.
PAR  The reaction for preparing diphenylamine by this invention is represented
      by the following equation.
      ##SPC1##
PAR  The above reaction of this invention is conducted under the temperature
      condition of about 320.degree. to about 370.degree.C. At temperatures
      below about 320.degree.C, the reaction proceeds slowly, whereas at
      temperatures in excess of about 370.degree.C an objectionable tar-like
      byproduct is produced in an increased amount and the reaction system
      requires a higher temperature to maintain aniline, the starting material,
      in liquid state. In order to prevent deposition of tar on the catalyst
      used and to keep the catalyst active for a prolonged period of time, the
      reaction must be carried out in liquid phase, usually employing a closed
      reactor such as autoclave. The reaction is conducted while releasing the
      ammonia which is evolved in the course of reaction, wereby the reaction
      can be effected favorably. Accordingly, the pressure applied to the system
      in practicing this invention is such that the reaction phase can be
      maintained in liquid state under the foregoing temperature conditions
      while the resulting ammonia is being withdrawn from the system. The
      reaction pressure rises in proportion to the reaction temperature and
      lowers as the mole fraction ratio of aniline decreases with the progress
      of reaction. The reaction pressure corresponds to the saturated vapor
      pressure of aniline at the reaction temperature and is usually in the
      range of 13 to  32 kg/cm.sup.2 at the reaction temperature of the
      above-mentioned range.
PAR  The process of this invention can be practiced either in a batch process or
      a mixed-bed process.
PAR  When the present invention is practiced in the batch process, the catalyst
      is used in an amount usually of 30 to 120% by weight, preferably of 50 to
      80% by weight, based on the starting material, i.e. aniline.
PAR  The present invention is practiced continuously by employing the fixed-bed
      process in which aniline is continuously fed to a fixed bed of catalyst.
      For this operation, it is preferably to maintain aniline in contact with
      the catalyst for an apparent contact time of 0.5 to 3.0 hours. The
      apparent contact time is defined as follows:
      ##EQU1##
PAR  According to the process of this invention, dephenylamine, the desired
      product, can be readily isolated from the reaction mixture by distilling
      the mixture. In the batch process, the catalyst is first removed by
      filtering from the reaction mixture resulting from the reaction, and the
      liquid obtained is distilled, whereby unreacted aniline is first recovered
      and then diphenylamine is obtained as the desired product, leaving a
      tar-like substance as a residue.
PAR  According to the fixed-bed process, the gaseous reaction mixture resulting
      from the reaction is first condensed and then the condensate is subjected
      to distillation to recover unreacted aniline and to obtain desired
      diphenylamine. The reason why diphenylamine can be obtained by such a
      simple procedure as distillation is mainly attributable to the fact that
      the present process hardly entails formation of other byproducts.
PAR  In this process unreacted aniline recovered can be used for next reaction
      as the starting material without any refining.
PAR  The catalyst used in this invention is of a long duration of activity and
      is hardly deteriorated in its catalytic activity even when used
      continuously for 2,000 hours. It is able to produce diphenylamine in a
      very high yield, permitting formation of only a very small amount of
      byproduct. Moreover, the catalyst of this invention is characterized in
      that it is easy to regenerate. When the catalyst has been impaired
      slightly in its activity after using for a long period of more than 2,000
      hours, it can be regenerated almost to its original activity if heated in
      air at about 450.degree. to 500.degree.C.
DETD
PAC  EXAMPLE 1
PAR  Into a 200-ml autoclave were placed 50 g of each of the finely divided
      catalysts given in Table 1 below and 100 g of aniline, and the reactor was
      sealed after replacing the interior air with nitrogen gas. The aniline was
      reacted at 340.degree.C for 6 hours. The reaction pressure which was
      initially 20 kg/cm.sup.2 rose to 23 to 36 kg/cm.sup.2 at the final stage
      of reaction. After the reaction, the reaction mixture was cooled and
      withdrawn from the autoclave. After the catalyst was filtered off, the
      reaction mixture was analyzed by gas chromatography to determine the
      composition. The results are shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     No.  Kind of catalyst                                                     
                        Composition of reaction                                
                        mixture (% by weight)                                  
                  Diphenylamine                                                
                             Aniline  Others                                   
     ______________________________________                                    
     1    Silica-alumina                                                       
                        46.5         52.2   1.3                                
          catalyst                                                             
     2    Activated clay                                                       
                        29.9         68.3   1.8                                
     3    Zeolite       19.5         79.9   0.6                                
     4    Solid phosphoric                                                     
                        11.0         88.5   0.5                                
          acid-diatomaceous                                                    
          earth                                                                
     5    Alumina-boria 15.8         83.5   0.7                                
          catalyst                                                             
     ______________________________________                                    
PAR  The catalysts listed in Table 1 are as follows:
PAR  Silica-alumina catalyst: "N- 631H", product of Nikki Chemical Co., Ltd.,
      Japan, alumina content: 28% by weight, amorphous synthetic catalyst.
PAR  Activated clay: "Galleon earth", product of Mizusawa Chemical Co., Ltd.,
      Japan
PAR  Zeolite: Prepared by immersing "Molecular Sieves 13X", trade mark, product
      of Union Carbide Corporation, U.S.A. in aqueous solution of calcium
      nitrate for exchange of Ca.sup.+.sup.+, followed by calcining at
      450.degree.C for 2 hours.
PAR  Solid phosphoric acid-diatomaceous earth: "N-501", product of Nikki
      Chemical Co., Ltd., Japan.
PAR  Alumina-boria catalyst: Prepared by immersing ".gamma.-alumina", product of
      Nikki Chemical Co., Ltd., Japan, in boric acid, followed by calcining at
      400.degree. to 450.degree.C for 2 hours.
PAR  Table 1 indicates that the use of silica-alumina catalyst (No. 1) of this
      invention gave a product with a high diphenylamine content of 46.5% by
      weight in contrast with fairly low yields achieved by the use of other
      catalysts (Nos. 2 to 5).
PAC  EXAMPLE 2
PAR  Three kinds of silica-alumina catalysts containing 27 to 30% by weight of
      alumina were prepared by the following three methods.
PAC  Catalyst 1
PAR  800 ml of water glass having a molar ratio of SiO.sub.2 : Na.sub.2 O of 2 :
      1 and containing 70 g of SiO.sub.2 and 1,200 ml of an aqueous solution of
      aluminum sulfate containing 38.8 g of Al.sub.2 SO.sub.4 (Al.sub.2 O.sub.3
      content is 30 g) were mixed together with vigorous agitation, and the pH
      of the mixture was finally adjusted to 6 to prepare a silica-alumina
      hydrogel, which was then aged at 40.degree.C for 16 hours, washed, dried
      at 110.degree.C and calcined at 500.degree. to 550.degree.C for 3 hours.
PAC  Catalyst 2
PAR  The same amounts of the same aqueous solutions of water glass and aluminum
      sulfate as in the case of Catalyst 1 were used. Sulfuric acid was added to
      the water glass to adjust the pH to 4 and to prepare a silica hydrogel,
      which was aged at 40.degree.C for 16 hours. The aqueous solution of
      aluminum sulfate was then added to the aged hydrogel, and the pH was
      adjusted to 7 to incorporate an alumina hydrogel into the silica hydrogel.
      The resulting silica-alumina hydrogel was subsequently aged at 30.degree.C
      for 10 hours and thereafter dried and calcined in the same manner as
      Catalyst 1.
PAC  Catalyst 3
PAR  Sulfuric acid was added to the same aqueous solution of water glass as in
      the case of Catalyst 1 to adjust the pH to 4 and to form a silica
      hydrogel, which was aged at 40.degree.C for 16 hours and washed. From the
      same aqueous solution of aluminum sulfate as above and sodium hydroxide,
      an alumina hydrogel was prepared at a pH of 7 to 8 and was aged under the
      same conditions as the silica hydrogel, followed by washing. The hydrogels
      thus obtained were mixed together in the alumina to silica ratio by weight
      of 3 : 7, and the mixture was kneaded by a ball mill for 5 hours, and
      dried and calcined under the same conditions as Catalysts 1 and 2.
PAR  Diphenylamine was prepared using each of the above catalysts and following
      the same procedure as in Example 1. The results are given in Table 2
      below.
TBL                Table 2                                                     
     ______________________________________                                    
     Kind of catalyst                                                          
                  Composition of reaction mixture                              
                Diphenylamine                                                  
                           Aniline   Others                                    
     ______________________________________                                    
     Catalyst 1   42.7         56.1      1.1                                   
       "2         42.2         56.3      1.5                                   
       "3         40.6         58.2      1.2                                   
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Water glass having a molar ratio of SiO.sub.2 : Na.sub.2 O of 2 : 1 and an
      aqueous solution of aluminum nitrate were mixed together and the same
      procedure was followed to prepare various kinds of catalyst having alumina
      content shown in Table 3 below, and the same procedure as in Catalyst 1 in
      Example 2 was followed to prepare various kinds of catalysts. Using each
      of the catalysts and in the same manner as in Example 1, diphenylamine was
      produced, with the results given in Table 3, which also shows the results
      achieved using two kinds of commercial silica-alumina catalysts (No. 9 and
      No. 10) to produce diphenylamine.
TBL                Table 3                                                     
     ______________________________________                                    
     No.      Alumina   Composition of reaction mixture(%)                     
            content Diphenylamine                                              
                                Aniline  Others                                
     ______________________________________                                    
     1        0         10.4        89.1   0.5                                 
     2        5         24.3        74.7   1.0                                 
     3        13        40.5        58.2   1.3                                 
     4        28        41.1        57.6   1.3                                 
     5        40        35.6        63.2   1.2                                 
     6        50        26.4        72.5   1.1                                 
     7        75        9.6         89.9   0.5                                 
     8        100       5.5         94.3   0.2                                 
     9*.sup.1)                                                                 
              10 - 14   43.7        55.1   1.2                                 
     10*.sup.2)                                                                
              25 - 27   46.5        52.1   1.3                                 
     ______________________________________                                    
      Note:                                                                    
      *.sup.1) :" N-631L", product of Nikki Chemical Co., Ltd., Japan, amorphou
      synthetic silica-alumina catalyst, in the form of tablets, 6 mm in       
      diameter and 5 mm in thickness.                                          
      *.sup.2) :" N-631H", product of Nikki Chemical Co., Ltd., Japan, amorphou
      synthetic silica-alumina catalyst, in the form of tablets, 6 mm in       
      diameter and 5 mm in thickness.                                          
PAC  EXAMPLE 4
PAR  Into a 200-ml autoclave are placed 50 g of a silica-alumina catalyst
      ("N-631H", product of Nikki Chemical Co., Ltd., Japan, alumina content: 25
      to 27% by weight, amorphous synthetic product) crushed to 100-mesh and
      dried at 320.degree. to 370.degree.C for 1 hour and 100  g of aniline, and
      the air in the autoclave was replaced by nitrogen gas. The aniline was
      then reacted at a specified temperature for 2.5 hours. After cooling the
      reaction mixture, the catalyst was filtered off, and 50 g of the reaction
      mixture was taken out and subjected to distillation at the reduced
      pressure to determine the amounts of volatile component and residue. The
      volatile component was subjected to gas chromatography to determine the
      composition thereof, with the results shown in Table 4 below.
TBL                Table 4                                                     
     ______________________________________                                    
     Temp. Volatile Residue  Composition of volatile                           
     (.degree.C)                                                               
           oily     (%)      oily component (%)                                
     compon-             Diphenylamine                                         
                                     Aniline                                   
                                            Others                             
     ent (%)                                                                   
     ______________________________________                                    
     320   97.9     0.4      20.8      79.1   0.1                              
     355   96.2     1.2      34.7      65.1   0.2                              
     370   94.3     2.4      45.1      54.1   0.3                              
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Reaction was conducted in the same manner as in Example 4 except that the
      evolved ammonia gas was released from the autoclave when the reaction
      temperature reached 355.degree.C and every 5 minutes thereafter. A small
      amount of aniline which escaped with the released gas was collected by a
      condenser and mixed with the reaction mixture after the reaction. After
      filtering off the catalyst from the reaction mixture, 50 g of reaction
      product was taken out and distilled at a reduced pressure to obtain 48.9 g
      of volatile oily component and 0.8 g of nonvolatile component. When
      analyzed by gas chromatography, the volatile component was found to be
      composed of 43.0% by weight of aniline, 56.6% by weight of diphenylamine
      and 0.4% by weight of others.
PAC  EXAMPLE 6
PAR  An apparatus for continuous reaction comprising an 800-ml cylindrical
      pressure-resistant vessel measuring 40 mm in inner diameter and 700 mm in
      height and equipped with a liquid inlet at its lower portion and with a
      pressure gauge and a gas and liquid outlet at its top was packed with 650
      ml of silica-alumina catalyst ("N631-L", product of Nikki Chemical Co.,
      Ltd., the same as Example 3). Aniline preheated to 345.degree.C was
      continuously fed, at a rate of 300 ml/hr, to the reactor which was
      maintained at a temperature of 345.degree.C and at a pressure of 19.5 to
      20.0 kg/cm.sup.2. The reaction product, unreacted aniline and ammonia were
      continuously withdrawn from the top. The reaction product thus withdrawn
      was treated in the same manner as in Example 4 to determine the
      proportions by weight of the nonvolatile and volatile components. The
      composition of the volatile component was also determined to calculate the
      content of diphenylamine as well as the ratio of byproduct to
      diphenylamine. To show the variations of the catalytic activity and of
      selectivity, Table 5 gives the content of diphenylamine in the reaction
      mixture and the amount of byproduct with the lapse of time.
TBL                Table 5                                                     
     ______________________________________                                    
     Reaction time                                                             
                Diphenylamine content                                          
                                 Byproduct                                     
     (hrs)      (% by weight)    (% by weight)                                 
     ______________________________________                                    
     10         17.3             0.68                                          
     200        16.3             0.65                                          
     500        15.8             0.65                                          
     1000       15.2             0.62                                          
     1500       14.8             0.59                                          
     2000       14.6             0.59                                          
     ______________________________________                                    
PAC  COMPARISON EXAMPLE 1
PAR  3% by weight of graphite was added to activated clay ("galleon earth",
      trade mark, product of Mizusawa Chemical Co., Ltd., Japan), and the
      mixture was made into tablets, 6 mm in diameter and 5 mm in thickness, by
      compression molding. The tablets were then calcined at 500.degree.C for 2
      hours. The same procedure as in Example 6 was followed except that the
      catalyst thus prepared was used in place of the silica-alumina catalyst in
      Example 6. The results are given in Table 6 below.
TBL                Table 6                                                     
     ______________________________________                                    
     Reaction time                                                             
                Diphenylamine content                                          
                                 Byproduct                                     
     (hrs)      (% by weight)    (% by weight)                                 
     ______________________________________                                    
     10         13.30            0.65                                          
     50         9.50             0.51                                          
     100        6.60             0.32                                          
     200        6.10             0.30                                          
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In the process for preparing diphenylamine by reacting aniline in a
      liquid phase in the presence of a catalyst at a temperature of about
      320.degree. to about 370.degree.C, the improvement wherein said catalyst
      comprises an amorphous synthetic silica-alumina catalyst containing 5 to
      50% by weight of alumina.
NUM  2.
PAR  2. The improved process for preparing diphenylamine from aniline as set
      forth in claim 1, wherein said silica-alumina catalyst contains 10 to 40%
      by weight of alumina.
NUM  3.
PAR  3. The improved process for preparing diphenylamine from aniline as set
      forth in claim 2, wherein said silica-alumina catalyst contains 10 to 30%
      by weight of alumina.
NUM  4.
PAR  4. The improved process for preparing diphenylamine from aniline as set
      forth in claim 1, wherein said reaction is conducted in a batch process.
NUM  5.
PAR  5. The improved process for preparing diphenylamine from aniline as set
      forth in claim 4, wherein said amorphous synthetic silica-alumina catalyst
      is used in an amount of 30 to 120% by weight based on the aniline.
NUM  6.
PAR  6. The improved process for preparing diphenylamine from aniline as set
      forth in claim 5, wherin said reaction is conducted in a fixed-bed
      process.
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PAL  Quinoxaline polymers are synthesized by solution polycondensation of
      2,2'-bis(phenylethynyl)-5,5'-diaminobenzidine with aromatic bis-benzils.
      Upon heating the polymers so prepared at a temperature ranging from about
      240.degree. to 300.degree.C, they undergo a thermal intramolecular
      cyclization reaction, thereby providing cured, thermally stable, highly
      fused quinoxaline composition. Because of their solubility in aprotic
      solvents and the mechanism whereby they are cured, the quinoxaline
      polymers are particularly suitable for use in high temperature
      applications such as in the fabrication of plastic composites and
      protective coatings.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States for all governmental purposes without the
      payment of any royalty.
PARN
PAR  This application is a division of copending U.S. application Ser. No.
      461,689, filed on Apr. 17, 1974 now U.S. Pat. No. 3,876,614.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to quinoxaline polymers which after curing exhibit a
      high degree of thermal stability. In one aspect it relates to a method for
      synthesizing the quinoxaline polymers. In another aspect it relates to
      cured quinoxaline polymers which do not have a softening point below their
      decomposition temperature.
PAC  BACKGROUND OF THE INVENTION
PAR  During the past several years, polymeric materials have been developed that
      possess heat resistance and strength properties found previously only in
      metals. In addition, the polymers are much lighter than metals, an
      important advantage where weight is a factor as in modern, high speed
      aerospace applications. By utilizing structure-property relationships,
      such as aromatic rings for thermal stability and aromatic-heterocyclic
      rings for adhesive and cohesive characteristics, it is possible to tailor
      polymer structures to provide desired end-use properties, such as
      strength, adhesiveness, elasticity, solvent-resistance, etc. While it may
      thus be possible to provide a suitable polymer system for a given
      application, the problem of processing the polymer into an end-use item
      must also be considered. The processing problem has probably been the most
      restrictive factor in limiting the use of high temperature resistant
      polymers.
PAR  To process a polymer into a composite structure, it is necessary to cause
      the polymer to flow in order to impregnate the reinforcing substrate and
      mold to the desired form. The lower the softening point (Tg) or the
      melting point (Tm) of a polymer, the easier it is to cause the polymer to
      flow. In general, a softening point of about 200.degree. C or below is
      most desirable. While a composite fabricated with a polymer having a
      softening point of 200.degree. C is suitable for use at 30.degree. C, it
      will soften and lose its strength at temperatures approaching 200.degree.
      C. To render the composite suitable for use at temperatures greater than
      200.degree. C, a method is required for subsequently raising the softening
      point of the polymer higher than the desired maximum use temperature. The
      conventional method of raising polymer softening points is to cure the
      polymer by joining new chemical bonds or crosslinks between polymer
      chains. In the curing method most widely employed, a trifunctional monomer
      is used in the polymer synthesis to provide crosslinking sites along the
      polymer backbone. This method often leads to branching and gelation during
      synthesis or storage of prepreg solutions. Other methods for accomplishing
      crosslinking include radiation, addition of a free radical source,
      incorporation of a pendant group which can react thermally or chemically,
      and thermal scission of C--H bonds in the polymer backbone.
PAR  There are three major disadvantages to the crosslinking method of cure. One
      disadvantage results from the evolution of volatiles from any type of cure
      in which a condensation reaction is used. Because of the volatiles
      evolution, voids are formed by entrapped gases, effectively weakening the
      composite structure. A second disadvantage derives from the brittleness
      which is inherent in a three dimensional network. The third disadvantage
      lies in the fact that the softening point is raised only as high as the
      cure temperature because of "freezing in" of the reactive sites when the
      polymer softening point reaches the cure temperature. In other words, the
      polymer begins to soften as the use temperature approaches the cure
      temperature.
PAR  It is an object of this invention, therefore, to provide quinoxaline
      polymers which can be converted to thermally stable, highly fused
      quinoxaline compositions by non-volatile, intramolecular cyclization.
PAR  Another object of the invention is to provide a method for synthesizing
      quinoxaline polymers.
PAR  A further object of the invention is to provide a method of curing
      quinoxaline polymers that is not subject to disadvantages of crosslinking
      procedures.
PAR  Still another object of the invention is to provide quinoxaline polymers
      which are soluble in aprotic solvents.
PAR  A still further object of the invention is to provide a new monomer for use
      in the synthesis of quinoxaline polymers.
PAR  Other objects and advantages of the invention will become apparent to those
      skilled in the art upon consideration of the accompanying disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in quinoxaline polymers which consist
      essentially of repeating units having the following formula:
      ##SPC1##
PAL  where R is
      ##SPC2##
PAL  wherein R' is
      ##SPC3##
PAL  There are generally at least two, preferably at least four, of the
      recurring units of the polymers. In general, the number of recurring units
      is such that the polymers have an inherent viscosity of about 0.10 to 1.0
      dl/g in chloroform at 30.degree. C.
PAR  In one embodiment, the instant invention resides in a method for preparing
      the quinoxaline polymer by reacting
      2,2'-bis(phenylethynyl)-5,5'-diaminobenzidine with an aromatic bis-benzil.
      The condensation reaction involved is illustrated by the following
      equation:
      ##SPC4##
PAL  In Formula III, R and R'  are as defined hereinabove.
PAR  The reaction illustrated by the foregoing equation is conducted in an inert
      atmosphere, employing an aprotic solvent as the reaction maximum. Example
      of inert gases that can be used include nitrogen, argon, helium, and the
      like. Examples of suitable aprotic solvents include m-cresol, dimethyl
      formamide, dimethyl acetamide, hexamethyl phosphoramide, tetramethyl urea,
      dimethyl sulfoxide, tetrachloroethylene, trichloroethylene, chloroform,
      and the like. It is generally preferred to utilize m-cresol as the
      reaction medium. The reaction is usually conducted at a temperature
      ranging from about room temperature to 100.degree.C for a period of about
      1 to 96 hours. It is critical that the temperature does not exceed
      100.degree. C in order to ensure that the acetylenic groups do not react
      prematurely. Upon completion of the reaction, the product is conveniently
      recovered by adding the reaction mixture to an alcohol, such as methanol,
      thereby precipitating the polymer from solution. After recovery of the
      polymer, as by filtration or decantation, it is washed with an alcohol and
      finally air dried or dried under reduced pressure. In order to purify the
      polymer further, the foregoing procedure may be repeated one or more
      times, i.e., dissolution of the dried polymer in a solvent, precipitation
      of the polymer by adding the solution to an alcohol, separation of the
      precipitated polymer, and drying of the separated polymer.
PAR  In the synthesis of the quinoxaline polymers, the monomers are generally
      employed in equimolar amounts. While a small excess of one of the monomers
      is not detrimental to the condensation reaction, a considerable excess of
      one of the reactants results in the production of lower molecular weight
      products.
PAR  The bis-benzil of Formula III used in the polycondensation reaction are
      well known compounds that are described in the literature. Examples of
      such compounds include p-bis(phenylglyoxylyl)benzene,
      m-bis(phenylglyoxylyl)benzene, m-bis(p'-ethylphenylglyoxylyl)benzene,
      m-bis(p'-methoxyphenylglyoxylyl)benzene,
      m-bis(p'-phenoxyphenylglyoxylyl)benzene,
      m-bis[p"-(p"-phenoxy)phenoxyphenylglyoxylyl]benzene,
      m-bis[p'-(p"-[p'"-phenoxy]phenoxy)phenoxyphenylglyoxylyl]benzene,
      m-bis[p'-(p"-cyano)phenoxyphenylglyoxylyl]benzene,
      m-bis(p'-biphenylglyoxylyl)benzene,
      m-bis(p'-hydroxyphenylglyoxylyl)benzene,
      p,p'-bis(phenylglyoxylyl)diphenylmethane,
      p,p'-bis(phenylglyoxylyl)benzophenone, p,p'-bis(phenylglyoxylyl)diphenyl
      sulfide, p,p'-bis(phenylglyoxylyl)diphenyl sulfone,
      p,p'-bis(phenylglyoxylyl)diphenyl ether,
      p,p'-bis(p"-bromophenylglyoxylyl)diphenyl ether, and
      p,p'-bis(p"-cyanophenylglyoxylyl)diphenyl ether.
PAR  The tetraamine monomer, which is characterized by having pendant
      phenylethynyl groups, is a new compound. The presence of these pendant
      groups on the quinoxaline polymer chain provides an internal crosslinking
      mechanism whereby the fusible polymer can be cured by internal cyclization
      to an infusible polymer. Furthermore, the pendant groups afford a
      mechanism whereby the softening point of the cured polymer is raised
      without any evolution of by-products. The preparation of the
      2,2'-bis(phenylethynyl)-5,5'-diaminobenzidine involves five synthetic
      reactions as described hereinafter in Example I.
PAR  Curing of the quinoxaline polymers is accomplished by heating them in an
      inert atmosphere at a temperature ranging from about 240.degree. to
      300.degree. C. A heating period of from about 1 to 2 hours is usually
      sufficient to obtain a complete cure although longer times, e.g., up to 24
      hours, can be used. In the curing operation, cyclization of the pendant
      phenylethynyl moieties occurs, resulting in a cured polymer having a
      dibenzoanthracene structure according to the following formula:
      ##SPC5##
PAL  where R, and R' are as indicated above.
DETD
PAR  A more complete understanding of the invention can be obtained by referring
      to the following illustrative examples which are not intended, however, to
      be unduly limitative of the invention.
PAC  EXAMPLE I
PAC  Preparation of 2,2'-bis(phenylethynyl)-5,5'-diaminobenzidine.
PAR  a. N,N'-Diacetyl-2,2'-diiodobenzidine
PAR  Sixteen grams (0.036 mol) of 2,2'-diiodobenzidine was added rapidly, with
      stirring to 160 ml. of acetic anhydride. The reaction mixture turned
      almost clear after which a white precipitate formed. The white suspension
      was stirred and refluxed for 1.5 hours after which it was permitted to
      cool to 23.degree. C.
PAR  The product, N,N'-diacetyl-2,2'-diiodobenzidine, was isolated by filtration
      from two runs carried out as described above. Yields of 97 and 100 percent
      were obtained and the product showed a melting point of
      300.degree.-301.degree. C.
PAR  Analysis -- Calc'd for C.sub.16 H.sub.14 I.sub.2 N.sub.2 O.sub.2 (percent):
      C, 36.94; H, 2.71; I, 48.80; N, 5.38. Found (percent): C, 36.67, 37.00; H,
      3.06, 3.22; I, 48.88; N, 5.01.
PAR  b. N,N'-Diacetyl-2,2'-diiodo-5,5'-dinitrobenzidine
PAR  The suspension of N,N'-diacetyl-2,2'-diiodobenzidine in acetic anhydride,
      prepared as described above, was cooled in a cooling bath to -10.degree.C.
      Twenty ml. of concentrated nitric acid was added dropwise to the
      suspension at a rate such that the temperature did not rise above
      0.degree. C. After the addition was completed, the bath temperature was
      raised to 10.degree. C and allowed to remain at that temperature for 20
      hours. Shortly after the temperature of the reaction mixture reached
      10.degree. C, an orange solution formed, and about 30 minutes later a
      yellow precipitate began to come out of solution. At the end of the
      reaction period, the precipitate was recovered by filtration, washed three
      times with 100 ml. of ether and dried by suction. The yellow solid (7.8
      g.) was purified by warming in 300 ml. of tetrahydrofuran until dissolved
      and then reprecipitating with 2 lbs. of ether. After recovery by
      filtration, washing 2 times with 100 ml. of ether and drying in a vacuum
      oven at 600.degree. C and 1 mm of Hg for 4 hours, the product,
      N,N'-diacetyl-2,2'-diiodo-5,5'-dinitrobenzidine weighed 6.4 g. (29% yield)
      and had a melting point of 296.degree.-298.degree. C.
PAR  Analysis -- Calc'd for C.sub.16 H.sub.12 I.sub.2 N.sub.4 O.sub.6 (percent):
      C, 31.50; H, 1.98; I, 41.60; N, 9.19; molecular weight 610. Found
      (percent): C, 31.64, 31.24; H, 1.94, 1.85; I, 40.34, 40.10; molecular
      weight 610 (by mass spectrometry).
PAR  c. 2,2'-Diiodo-5,5'-dinitrobenzidine
PAR  A 16 g amount (0.025 mol) of N,N'-diacetyl-2,2'-diiodo-5,5-dinitrobenzidine
      was dissolved in 120 ml. of concentrated sulfuric acid. To this solution
      there was added 260 ml. of water, the addition being made slowly so as to
      keep the product in solution. After addition was completed, the solution
      was heated at 100.degree. C for 1 hour. After cooling, the solution was
      added to 2 liters of water, forming a bright orange precipitate. The
      precipitate was recovered by filtration, washed three times with 500 ml of
      water, and then dried by suction. The precipitate was taken up in 500 ml
      of water and passed through a column of alumina, eluting with
      tetrahydrofuran. The tetrahydrofuran was evaporated, leaving an orange
      solid which was dried in a vacuum oven at 600.degree. C and 1 mm of Hg for
      4 hours. About 12.1 g. (91% yield) of the product,
      2,2'-diiodo-5,5'-dinitrobenzidine, having a melting point of
      346.degree.-348.degree. C was obtained.
PAR  Analysis -- Calc'd for C.sub.12 H.sub.8 I.sub.2 N.sub.4 O.sub.4 (percent):
      C, 27.40; H, 1.53; I, 48.25; N, 10.28; molecular weight 526. Found
      (percent): C, 28.08, 28.72; H, 1.56, 1.47; I, 49.76; N, 10.28; molecular
      weight 526 (by mass spectrometry).
PAR  d. 2,2'-Bis(phenylethynyl)-5,5'-dinitrobenzidine
PAR  A solution of 2,2'-diiodo-5,5'-dinitrobenzidine (11.5 g, 0.021 mol) in 1200
      ml. of dry pyridine was stirred at 23.degree. C for 15 minutes while dry
      nitrogen was bubbled through the solution. The nitrogen flow was continued
      while copper phenylacetylide (12.0 g, 0.073 mol) was added and the
      reaction mixture was heated to reflux and refluxed for 48 hours. The
      pyridine was removed by distillation at 1 mm of Hg with a rotary
      evaporator. The residue was extracted three times with 200 ml. of
      tetrahydrofuran and filtered. The filtrate was passed through a column of
      alumina, eluting with tetrahydrofuran until thin layer chromatographic
      (TLC) analysis of the eluate showed only red colored spots. The desired
      product appeared as an orange spot on TLC analysis with an R.sub.f value
      higher than that of subsequent red spots. The tetrahydrofuran eluate was
      concentrated to dryness on a rotary evaporator and the residue was stirred
      and refluxed for 15 minutes with benzene. The benzene extracts were
      filtered hot and allowed to cool to give 1.25 g. of orange crystals of
      2,2'-bis-(phenylethynyl)-5,5'-dinitrobenzidine (melting point
      252.degree.-253.degree. C). Concentration of the mother liquor to 400 ml.
      gave an additional 0.86 g of material (melting point
      252.degree.-253.degree. C). The mother liquor from this second crop was
      chromatographed on a column of alumina. After elution of acetylenic
      impurities with benzene, the orange band containing the desired product
      was eluted with methylene chloride. The eluate was concentrated to 100 ml
      and then diluted to 600 ml. with hexane. The resultant precipitate was
      filtered and washed with hexane to give 0.92 g of
      2,2'-bis(phenylethynyl)-5,5'-dinitrobenzidine (melting point
      252.degree.-253.degree.C) for a total yield of 3.03 g (31%).
PAR  Analysis -- Calc'd for C.sub.28 H.sub.18 N.sub.4 O.sub.4 (percent): C,
      70.88; H, 3.82; N, 11.81; molecular weight 474. Found (percent): C, 70.63,
      70.48; H, 3.66, 3.73; N, 11.80, 11.84; molecular weight 474 (by mass
      spectrometry).
PAR  e. 2,2'-Bis(phenylethynyl)-5,5'-diaminobenzidine
PAR  A solution of 2,2'-bis(phenylethynyl)-5,5'-dinitrobenzidine (0.474 g,
      0.00100 mol) in dioxane (50 ml), freshly distilled from FeSO.sub.4 (3.65
      g, 0.024 mol), was added to a boiling solution of FeSO.sub.4 (3.65 g,
      0.024 mol) in water (50 ml.) which was stirred under nitrogen. After 5
      minutes, ammonium hydroxide (20 ml, 30%) was added slowly followed by 20
      ml. more of dioxane. The resultant dark suspension was stirred and
      refluxed for 30 minutes at which point additional ammonium hydroxide (20
      ml) was added. Refluxing was continued for 30 minutes and then the
      reaction mixture was cooled and extracted three times with 100 ml. of
      chloroform. The combined chloroform extracts were concentrated to dryness
      on a rotary evaporator. The residue was dissolved in methylene chloride
      (20 ml.) and filtered after which the filtrate was poured with stirring
      into 20 ml. of hexane. The resultant precipitate was filtered, washed with
      hexane, and dried at 23.degree. C in a vacuum oven at 1 mm of Hg for 24
      hours to give 0.313 g (76% yield) of
      2,2'-bis(phenylethynyl)-5,5'-diaminobenzidine which softened above
      100.degree. C to a viscous melt.
PAR  Analysis -- Calc'd for C.sub.28 H.sub.22 N.sub.4 (percent): C, 81.14; H,
      5.34; N, 13.52; molecular weight 414. Found (percent): C, 80.79, 80.93; H,
      5.06, 5.13; N, 13.25, 13.25; molecular weight 455, 456 (by vapor phase
      osmometry in benzene).
PAC  EXAMPLE II
PAR  Synthesis of:
      ##SPC6##
PAL  Poly[2,2'-(p-phenyleneoxy-p-phenylene)-6,6'-bis(3-phenyl-7-phenylethynylqui
     noxaline)]
PAR  A mixture of 2,2'-bis(phenylthynyl)-5,5'-diaminobenzidine (0.313 g,
      0.000755 mol) and p,p' -bis(phenylglyoxylyl)diphenyl ether (0.328 g,
      0.000755 mol) was stirred under a flow of dry nitrogen for 5 minutes.
      Thereafter, m-cresol (50 ml.) was added. The reaction mixture was stirred
      at 23.degree. C for 24 hours and at 85.degree.-90.degree. C for 18 hours.
      o-Phenylenediamine (0.50 g) was added to end-cap and stirring was
      continued for 24 hours at 23.degree. C. The polymer was then precipitated
      by adding the reaction mixture to 500 ml. of methanol and purified by
      successive reprecipitations from chloroform solution with methanol, ether
      and ethyl acetate. After drying at 60.degree. C and 1 mm of Hg pressure
      for 24 hours, the
      poly[2,2'-phenyleneoxy-p-phenylene-6,6'-bis(3-phenyl-7-phenylethynylquinox
     aline)] showed an inherent viscosity of 0.30 dl/g in chloroform at
      30.degree. C. The polymer was soluble in methylene chloride, chloroform,
      tetrahydrofuran, dioxane, and m-cresol.
PAR  Analysis -- Calc'd for C.sub.56 H.sub.32 N.sub.4 O (percent): C, 86.57; H,
      4.15; N, 7.21. Found (percent): C, 85.05, 84.98; H, 3.84, 3.89; N, 6.91
PAC  EXAMPLE III
PAR  A solution of the polymer of Example II was poured into a flat bottom pan.
      The pan was heated at a temperature sufficient to evaporate the solvent. A
      flexible film having good physical properties was thereafter recovered
      from the pan.
PAC  EXAMPLE IV
PAR  A sample of the polymer of Example II was subjected to differential thermal
      analysis (.DELTA.T = 20.degree. C/min). According to the analysis, there
      was a strong exotherm at 250.degree. C upon heating from 23.degree. to
      325.degree. C. An infrared spectrum of the polymer showed an intense
      acetylene band at 2220 cm.sup.-.sup.1 which diminished in a spectrum of a
      polymer sample which had been heated to 280.degree. C under nitrogen. The
      acetylene band disappeared completely in a spectrum of a polymer sample
      which had been heated to 320.degree. C under nitrogen. No softening point
      was obtained for the polymer of Example II by either thermomechanical
      analysis or torsion braid analysis.
PAR  In the heating operations during which the polymer was cured, there was no
      evolution of by-products.
PAC  EXAMPLE V
PAR  Synthesis of:
      ##SPC7##
PAL  Poly[2,2'-(m-phenylene)-6,6'-bis(3-[p-phenyoxyphenyl]-7-phenylethynylquinox
     aline)]
PAR  A solution of 2,2'-bis(phenylethynyl)-5,5'-diaminobenzidine (0.255 g,
      0.000615 mol) in m-cresol (50 ml) was stirred at 23.degree. C under dry
      nitrogen while adding m-bis(p'-phenoxyphenylglyoxylyl)benzene (0.324 g,
      0.000615 mol). The reaction mixture was stirred for 96 hours at 23.degree.
      C after which the polymer was precipitated by adding the reaction mixture
      to 1 liter of methanol. The precipitate was washed with methanol,
      reprecipitated twice with methanol from chloroform solution, and dried at
      60.degree. C and 1 mm of Hg pressure for 24 hours. The
      poly[2,2'-(m-phenylene)-5,5'-bis(3-[p-phenoxyphenyl]-7-phenylethynylquinox
     aline)] showed an inherent viscosity of 0.13 dl/g in chloroform at
      30.degree. C.
PAR  Analysis -- Calc'd for C.sub.62 H.sub.36 N.sub.4 O.sub.2 (percent): C,
      85.69; H, 4.18; N, 6.45. Found (percent): C, 85.12; H, 4.50; N, 5.83.
PAC  EXAMPLE VI
PAR  A sample of the polymer of Example V was subjected to differential thermal
      analysis (.DELTA.T = 20.degree. C/min). According to the analysis, there
      was a strong exotherm at 246.degree. C upon heating from 23.degree. to
      325.degree. C. Upon cooling to room temperature and recycling to
      400.degree. C, no exotherm was observed.
PAR  Thermomechanical analysis (.DELTA.T = 20.degree. C/min; expansion probe, 5
      g load) showed a strong penetration indicative of a glass transition
      (softening point) at 215.degree. C and a weak penetration at 378.degree. C
      upon heating from 23.degree. to 450.degree. C. A sample of the polymer
      which had been heated under nitrogen to 320.degree. C showed only a weak
      penetration at 370.degree. C upon heating from 23.degree. to 450.degree. C
      in the thermomechanical analyzer.
PAR  An infrared spectrum of the polymer of Example V showed an intense
      acetylene band at 2210 cm.sup.-.sup.1. The band diminished considerably in
      a spectrum of a polymer sample which had been heated to 250.degree. C
      under nitrogen. The acetylene band disappeared almost completely in the
      spectrum of a polymer sample which had been heated to 300.degree. C under
      nitrogen.
PAR  In the heating operations during which the polymer was cured, there was no
      evolution of volatile by-products.
PAR  As seen from the data in Example VI, the polymer of Example V underwent a
      glassy state transition at 215.degree. C. Cyclization of the pendant
      phenylethynyl moieties to a dibenzoanthracene structure according to
      Formula IV, in which R is phenoxyphenyl and R' is phenylene, occurred at
      246.degree. C with concurrent solidification. The cured polymer
      subsequently showed a new softening point at about 370.degree. C. The
      cured polymer of Example V had a structure according to Formula IV, in
      which R is p-phenoxyphenyl and R' is m-phenylene.
PAR  The data in Example IV show that the polymer of Example II in curing
      underwent an intramolecular cyclization of its pendant phenylethynyl
      groups at 260.degree. C. This occurred in the solid state since since
      there was no prior softening of the polymer. The cured polymer had a
      structure according to Formula IV, in which R is phenyl and R' is
      phenyleneoxyphenylene.
PAR  Quinoxaline polymers of this invention are unique in that the polymers can
      be cured to a polymer which can be used at temperatures above their cure
      temperature. Thus, the polymer of Example V can be molded into a laminate
      at about 215.degree. C. (The 215.degree. C softening temperature would be
      decreased when molding under pressure.) The laminate is then cured at a
      temperature of about 246.degree. C, and the resultant cured laminate is
      useable at temperatures up to 370.degree. C. Quinoxaline polymers having
      the structure of the polymer of Example V are, therefore, the preferred
      polymers of this invention. Since the outstanding properties possessed by
      the polymer of Example V are believed to be attributable to its pendant
      phenoxyphenyl groups in combination with its pendant phenylethynyl groups,
      quinoxaline polymers are also preferred that have repeating units
      according to Formula I in which R is p-phenoxyphenyl.
PAR  As will be evident to those skilled in the art, modifications of the
      present invention can be made in view of the foregoing disclosure without
      departing from the spirit and scope of the invention.
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ABST
PAL  Aromatic primary amines, e.g., aniline, are prepared by reduction of an
      aromatic nitro compound, e.g., nitrobenzene with carbon monoxide and water
      in the presence of a basic nitrogen containing compound selected from the
      group consisting of tertiary amine and amide and a rhodium catalyst
      selected from the group consisting of rhodium oxide, rhodium hydroxide,
      rhodium carbonyl compound and rhodium salt which forms a rhodium carbonyl
      compound under reduction conditions.
PARN
PAR  The present patent application is a continuation-in-part of Serial No.
      246,216, filed April 21, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for the production of aromatic primary
      amines from aromatic nitro compounds. In a particular aspect this
      invention relates to the preparation of an aromatic primary amine by
      reduction of the corresponding aromatic nitro compound with carbon
      monoxide and water in the presence of a basic nitrogen-containing compound
      which is a tertiary amine or an amide and a rhodium catalyst which is
      rhodium oxide, rhodium hydroxide, rhodium carbonyl including derivatives
      thereof or rhodium salt which forms a rhodium carbonyl under reduction
      reaction conditions.
PAR  2. Description of the Prior Art
PAR  The reduction of aromatic nitro compounds to primary amines with carbon
      monoxide and water as reducing agent in the presence of a catalytic
      composition comprising oxygenated compounds of at least two metals,
      selected from the group consisting of titanium, vanadium, manganese, iron,
      cobalt, nickel, copper, germanium, zirconium, molybdenum, silver, tin,
      antimony, lanthanum, cerum, neodymium, tungsten, gold, mercury, thallium,
      lead, bismuth and thorium is known from British Pat. No. 1,201,050 (Aug.
      5, 1970). In this process in the reduction of nitrobenzene hydrogen and
      carbon monoxide are employed as the reducing agent with yields of aniline
      in the range of from 5 to 41% being obtained. An additional disadvantage
      of the process using hydrogen and carbon monoxide is that the catalytic
      composition is difficult and laborious to prepare.
PAR  From U.S. Pat. No. 2,671,807 (issued Mar. 9, 1954) it is known that
      undefined mixtures of amines are obtained by high (&gt;500 atm.) pressure
      reduction of aromatic nitro compounds with carbon monoxide and hydrogen in
      the presence of certain nickel, cobalt and ruthenium carbonyl catalysts.
      German Pat. No. 441,179 (Feb. 26, 1927) shows that aniline resulted from
      reduction of nitrobenzene in the presence of alkaline iron carbonyl
      solutions with the system being essentially stoichiometric.
PAR  The use of rhodium metal or certain rhodium compounds as catalysts in the
      reduction of aromatic nitro compounds is also known. For example the
      synthesis of urethanes by reaction of nitrobenzene and carbon monoxide in
      alcohols or phenols in the presence of [Rh(CO).sub.2 Cl].sub.2 and a Lewis
      acid as co-catalyst is described in British Patent 993,704 (June 2, 1965).
      Also the reduction of nitrobenzene with carbon monoxide in the presence of
      a catalyst consisting of rhodium, charcoal and FeCl.sub.3 has been
      reported by W. P. Hardy et. al. to yield phenylisocyanate. [See
      Tetrahedron Letters p. 961 (1967).]
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered in accordance with the process of the present
      invention that aromatic primary amines are obtained by reduction of
      aromatic nitro compounds using as reducing agent carbon monoxide and water
      in the presence of a basic nitrogen containing compound which is a
      tertiary amine or an amide and a rhodium catalyst which is rhodium oxide,
      rhodium hydroxide, rhodium carbonyl and rhodium salt which forms a rhodium
      carbonyl compound under reduction reaction conditions.
PAR  The process of the present invention permits the production of aromatic
      primary amines from aromatic nitro compounds in improved yields and at
      temperatures and pressures lower than those employed in prior art
      reduction procedures. The process of the present invention does not
      require the employment of hydrogen since the reducing agent is carbon
      monoxide and water.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Any suitable aromatic nitro compound can be employed in the process of the
      present invention. Suitable compounds include water insoluble nitro
      compounds for example p-nitrobenzene, 3,4-dichloro-nitrobenzene,
      p-nitrobenzoic acid ethylester, m-nitrobenzene and -nitroanisole, as well
      as water-soluble nitro compounds, for example m-nitrobenzene sulfonic
      acid, 1-nitronaphthalene -6-, -7- and -8- sulfonic acid, and
      1-nitronaphthalene-3,6,8-trisulfonic acid.
PAR  The rhodium catalyst employed in the process of the present invention is
      selected from the group consisting of a rhodium oxide, rhodium hydroxide,
      a rhodium carbonyl compound (including rhodium carbonyl derivatives) and a
      rhodium salt which forms a rhodium carbonyl compound under reduction
      reaction conditions. Examples of suitable rhodium catalysts include
      RhO.sub.2 and Rh.sub.2 O.sub.3 (rhodium oxides); RhO.sub.2.2H.sub.2 O and
      Rh.sub.2 O.sub.3.5H.sub.2 O (rhodium hydroxides); [Rh(CO).sub.2
      Cl].sub.21, RhCl.sub.2.RhO.3CO, Rh.sub.4 (CO).sub. 12 and Rh.sub.6
      (CO).sub.16 (rhodium carbonyl compounds); and RhCl.sub.3, RhI,
      RhCl.sub.3.3H.sub.2 O and Rh(NO.sub.3).sub.3 (rhodium salts). The
      above-referred to classes of rhodium catalysts and methods for their
      preparation are well-known to the art.
PAR  The amount of suitable rhodium catalyst employed in the process of the
      present invention can vary over a wide range with the optimum amount
      depending among other things on the particular catalyst of choice, the
      particular aromatic nitro compound, and the reduction conditions
      (temperature and pressure). In all cases a catalytic amount of rhodium
      catalyst is required. Typically a molar ratio of nitro compound to
      catalyst is in the range of from about 100:1 to about 10000:1.
PAR  The basic nitrogen containing compound employed in the process of the
      present invention is selected from the group consisting of tertiary amines
      and amides. Since the nitrogen containing compound additionally serves as
      a solvent, it should be liquid at the temperature of reaction and
      preferably should be employed in excess, e.g. 6 or more mols per nitro
      group. In the case of the tertiary amines useful in the present invention,
      strong, basic amines having a dissociation constant in aqueous solution of
      at least pK.sub.a =10 are especially preferred. Examples of suitable
      amines include triethylamine, N,N-dimethylbutylamine, pyridine,
      N-methylpyrrolidine, n-ethylpiperidine, N,N' dimethylpiperazine,
      tetramethylurea, pentamethylguanidine, etc. and the like. While not being
      limited to a particular theory it is believed that the solvent amines
      enhance the formation and stability of the catalytic species which are
      believed to be hydrido metal derivatives. In the case of the amides useful
      in the present invention, weakly basic amides such as dimethylformanide
      and strongly basic amides such as tetramethylurea more successfully
      promote the desired reduction than do the simple tertiary amides. Any
      suitable amide may be employed.
PAR  In the process of the present invention, the reducing agent employed in
      water and carbon monoxide. The amount of reducing agent employed may vary
      depending principally upon the particular nitro compound to be reduced,
      with suitable amounts being apparent to the skilled worker in the art.
      Since water is acting as a hydrogen source, in all cases at least 1 mol of
      water per nitro group is required with 1 to 3 mols being preferred.
PAR  In carrying out the reduction reaction of the present invention a wide
      range of temperatures and pressures may be employed with the process being
      conducted under suitable reduction reaction pressure and temperature
      conditions. A particular advantage of the process of the present invention
      is that low temperatures in the range of from about 50.degree. to about
      150.degree.C and low CO pressures of in the range of from about 50.degree.
      to about 120 atm. may be employed. If desired, however, lower and higher
      reduction reaction temperatures and pressures may be employed. When a
      rhodium oxide is the catalyst of choice and when quantitative yields are
      desired, temperatures above 150.degree.C and carbon monoxide pressures of
      100 atm. and more are preferred. While not being limited to any particular
      theory, it is believed that such reduction conditions are desired with a
      rhodium oxide catalyst to promote formation of the desired catalytic
      rhodium species from the oxide. With rhodium carbonyl compounds, the
      desired optimum results can be obtained at temperatures as low as
      50.degree.-60.degree.C. and at pressures as low as about  50 atm. Under
      such reduction conditions strongly basic tertiary amines are preferred as
      the basic nitrogen compound.
PAR  The reduction process of the present invention is carried out in the known
      manner using suitable reduction reaction equipment.
DETD
PAR  The following examples illustrate specific embodiments of the invention.
PAC  EXAMPLE 1
PAR  This example shows six runs for the preparation of aniline by reduction of
      nitrobenzene using Rh.sub.2 O.sub.3 as the catalyst. Each run was
      conducted using the following procedure:
PAR  Nitrobenzene (12.3 grams - 0.1 mol.), water (5.5 grams-0.3 mole), basic
      nitrogen containing compound (50-60 ml) carbon monoxide (initial pressure
      at room temperature) and catalyst (25.4 mg.) were charged to a 0.5 liter
      stainless steel rocking autoclave. The contents of the autoclave were
      heated under pressure to the desired temperature and maintained at that
      temperature during the reaction period. The contents were shaken by
      rocking of the autoclave during the reaction period. on completion of the
      reaction period, the contents of the autoclave were cooled, gases were
      vented and solvent was removed by distillation. The resulting reaction
      mixture was analyzed for aniline (GLC, IR and NMR spectroscopy analysis).
      The results are shown in Table 1. These results show the effectiveness of
      the process of the present invention in the production of aniline at
      relatively low temperatures and pressures.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Run No.                                                                   
           Temp. .degree.C.                                                    
                  CO  Time Conversion                                          
                                 Aniline yield                                 
                                         Nitrogen-containing                   
                  atm (hours)                                                  
                           %     %       Compound                              
     __________________________________________________________________________
     1     170    140 3    100   &gt;95     N-methylpyrrolidine                   
     2     150    120 3    85    .about.75                                     
                                         "                                     
     3     125    100 4    51    42      "                                     
     4     100     80 12   17    11      "                                     
     5     150    120 3    100   &gt;95     Pyridine                              
     6     125    100 4    48    40      "                                     
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  Ten runs for the preparation of aniline by reduction of nitrobenzene were
      carried out. In the runs the procedure of Example 1 was followed in all
      essential detail with the following exceptions: In runs 1, 2, 3, 8 and 9
      no basic nitrogen compound was employed. In run 8 water was omitted. In
      runs 8, 9 and 10 rhodium carbonyl compounds were employed as catalyst. In
      each run, the CO pressure was 120 atm., the temperature was 150.degree.C
      and the reaction time was 3 hours. The results are shown in Table 2. From
      the results it is apparent that the yield of aniline is lower in the
      absence of basic nitrogen compound and in the absence of water. In run 8
      basic nitrogen compound and water were both omitted with a resultant
      aniline yield of 11%. In run 9 basic nitrogen compound was omitted with a
      resultant yield of aniline of 34%. In contrast in run 10 both basic
      nitrogen compound and water were present and the yield of aniline was &gt;
      90%.
TBL                                    TABLE II                                
     __________________________________________________________________________
                              Conversion                                       
                                    Aniline Yield                              
     Run No.                                                                   
           Catalyst                                                            
                     Solvent  %     %                                          
     __________________________________________________________________________
     1     Rh.sub.2 O.sub.3                                                    
                   Methanol    6     4                                         
     2     "         "        26    24                                         
     3     "       Acetone    31    29                                         
     4     "       THF        39    35                                         
     5     "       Dimethylformamide                                           
                              100   &gt;95                                        
     6     "       Pyridine   100   &gt;95                                        
     7     "       N-methylpyrrolidine                                         
                              .about.85                                        
                                    .about.75                                  
       8(b)                                                                    
           [Rh(CO).sub.2 Cl].sub.2                                             
                   Methanol   14    11                                         
     9     "         "        41    34                                         
     10    "       Pyridine   100   90                                         
     __________________________________________________________________________
      (b)absence of water                                                      
PAC  EXAMPLE 3
PAR  Seven runs for the preparation of aniline by reduction of nitrobenzene
      using various rhodium catalysts were carried out following in all
      essential details the general procedure of Example 1. The results are
      shown in Table 3.
PAC  EXAMPLE 4
PAR  3-Nitrotoluene (0.1 mole), hexarhodiumhexadecacarbonyl (5 .times.
      10.sup.-.sup.3 mole), water (0.3 mole) and N-methylpyrrolidine (50 ml) are
      charged to an autoclave. The autoclave is sealed and pressurized to 60
      atmospheres with carbon monoxide. Agitation is commenced and the autoclave
      and contents are heated to 50.degree. and kept at this temperature for 10
      hours. The autoclave is then cooled and vented and the contents are
      discharged. Gas-liquid chromatography of the product shows over 95%
      conversion of the nitro compound to m-toluidine, unequivocally identified
      by isolation and spectroscopic (ir, nmr) comparison with an authentic
      sample.
PAC  EXAMPLE 5
PAR  By a procedure similar to that of Example 4, p-chloronitrobenzene was
      almost quantitatively converted to p-chloroaniline.
PAC  EXAMPLE 6
PAR  By a procedure similar to that of Example 4 using
      tetrarhodiumtetradecacarbonyl in place of hexarhodiumhexadecacarbonyl,
      p-nitroaniline was reduced to p-phenylenediamine in over 85% yield. When
      the reaction is carried out in the absence of the basic tertiary amine
      solvent (N-methylpyrrolidine), only trace amount of p-phenylenediamine was
      obtained.
PAC  EXAMPLE 7
PAR  The sodium salt of 1-nitronaphthalene-3,6,8-trisulphonic acid (0.1 mole)
      and hexarhodiumhexadecacarbonyl (5 .times. 10.sup.-.sup.3 mole) in water,
      0.8 mole, and N-methylpyrrolidine (50 ml) are charged to an autoclave (0.5
      l). The autoclave is sealed and pressurized to 60 atm with carbon monoxide
      and agitated at 100.degree.C for 8 hours. The autoclave is then cooled and
      vented and the contents are discharged. Acidification of the product
      solution subsequent to removal of the tertiary amine solvent gives more
      than 80% yield of 1-naphthylamine-3,6,8-trisulphonic acid (Koch acid).
PAC  EXAMPLE 8
PAR  By a procedure identical to that of Example 7, the sodium salt of
      m-nitrobenzenesulphonic acid was reduced to m-aminobenzenesulphonic acid
      in 90% yield.
PAC  EXAMPLE 9
PAR  In place of 3-nitrotoluene of Example 7 there is charged the sodium salt of
      p-nitrobenzoic acid. A ca. 90% conversion of the nitro compound to
      p-aminobenzoic acid is obtained.
PAC  EXAMPLE 10
PAR  By a similar procedure to that of Example 4, 4-nitrodiphenylether is easily
      reduced to the corresponding aminodiphenylether.
PAC  EXAMPLE 11
PAR  By following a procedure similar to that of Example 4 using suitable
      reaction time and temperature, 3-nitrophenol can be reduced to give high
      yields of 3-aminophenol.
PAC  EXAMPLES 12-15
PAR  In place of N-methylpyrrolidine of Example 4, there is used triethylamine,
      1.2-bis-(dimethylamino)-ethane, trimethylamine, N-methylpiperidine,
      respectively, as solvent. In all four experiments the yield of m-toluidine
      exceeded 85-90%.
PAC  EXAMPLE 16
PAR  Nitrobenzene (0.01 mole), rhodium hydroxide (5 .times. 10.sup.-.sup.3
      mole), water (0.3 mole) and N-methylpyrrolidine (50 ml) are charged to an
      0.5 l autoclave. The autoclave is sealed and pressurized to 100
      atmospheres with carbon monoxide. Agitation is commenced and the autoclave
      and contents are heated to 160.degree.-170.degree. and kept at this
      temperature for 3 hours. the autoclave is then cooled and vented and the
      contents are discharged. Gas-liquid chromatography of the product shows
      over 95% conversion of the nitro compound to aniline.
PAC  EXAMPLES 17-19
PAR  In place of rhodium hydroxide of Example 16, there is used rhodium acetate,
      chlorotris (triphenylphosphine)rhodium (I), rhodium trichloride
      trihydrate, respectively, as catalyst. In all three experiments the yield
      of aniline exceeded 90%.
PAC  EXAMPLE 20
PAR  Nitrobenzene (0.1 mole), hexarhodiumhexadecacarbonyl (5 .times.
      10.sup.-.sup.3 mole), water (0.3 mole) and triethylamine (50 ml) are
      charged to an autoclave of 0.5 l capacity. The autoclave is sealed and
      pressurized to 50 atmospheres with carbon monoxide. Agitation is commenced
      and the autoclave and contents are heated to 50.degree.C and kept at this
      temperature for ca. 8 hours. The autoclave is then cooled and vented and
      the contents are discharged. Gas-liquid chromatography of the product
      shows over 90% conversion of the nitro compound to aniline.
PAR  In the absence of the rhodium carbonyl catalyst only a trace amount of
      aniline is formed.
PAC  EXAMPLE 21
PAR  In place of rhodium carbonyl of Example 20, there is used triruthenium
      dodecacarbonyl as catalyst. The yield of aniline obtained is ca. 7-9%.
PAC  EXAMPLE 22
PAR  In place of rhodium carbonyl of Example 20, there is used a catalyst based
      on a mixture of oxides of silver and manganese and prepared after Dodman
      et al. (U.S. Pat. No. 3,637,820, Example 11). The yield of aniline is ca.
      4-5%.
TBL                                    TABLE III                               
     __________________________________________________________________________
                   Nitrogen Containing                                         
                                     CO  Time Conversion                       
                                                    Aniline                    
     Run No.                                                                   
           Catalyst                                                            
                   Compound    Temp. .degree.C                                 
                                     atm.                                      
                                         (hours)                               
                                              %     Yield %                    
     __________________________________________________________________________
     1     [Rh(CO).sub.2 Cl].sub.2                                             
                   Pyridine    150   120 3    100   &gt;90                        
     2     Rh.sub.6 (CO).sub.16                                                
                   N-methylpyrrolidine                                         
                               150   120 3    100   &gt;90                        
     3     Rh.sub.2 O.sub.3                                                    
                   Pyridine    150   120 3    100   &gt;90                        
     4     Rh.sub.6 (CO).sub.16                                                
                   N-methylpyrrolidine                                         
                               160   80  1/2  100   &gt;90                        
     5     "       "           50-60 50  12   .about.95                        
                                                    .about.90                  
     6     "       Pyridine     60   50  12   .about. 5                        
                                                    &gt; 5                        
       7(b)                                                                    
           "       N-methylpyrrolidine                                         
                                60   50  12    8    .about. 4                  
     __________________________________________________________________________
      (b)absence of water                                                      
PAR  While the invention has been described with reference to particular
      embodiments thereof, it will be appreciated that modification and
      variations are possible without departing from the invention.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a process for the preparation of aromatic primary amine which
      comprises reducing an aromatic nitro compound with carbon monoxide and
      water under reaction conditions, the improvement which comprises
      conducting the reaction in the presence of a basic nitrogen containing
      compound selected from the group consisting of a tertiary amine and an
      amide and a rhodium catalyst selected from the group consisting of rhodium
      oxide, rhodium hydroxide, a rhodium carbonyl compound and a rhodium salt
      which forms a rhodium carbonyl compound under reduction conditions.
NUM  2.
PAR  2. The process of claim 1 wherein the reaction is carried out at a
      temperature in the range of from about 50.degree. to about 150.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein the reduction is carried out at a carbon
      monoxide pressure of in the range of from about 50 to about 120
      atmospheres.
NUM  4.
PAR  4. The process of claim 1 wherein the nitrogen compound is employed in the
      proportion of at least 6 moles per mole of the said nitro compound.
NUM  5.
PAR  5. The process of claim 1 wherein the nitrogen compound is a tertiary
      amine.
NUM  6.
PAR  6. The process of claim 5 wherein the tertiary amine has a dissociation
      constant in aqueous solution of at least pKa = 10.
NUM  7.
PAR  7. The process of claim 5 wherein the tertiary amine is
      N-methylpyrrolidine.
NUM  8.
PAR  8. The process of claim 5 wherein the tertiary amine is pyridine.
NUM  9.
PAR  9. The process of claim 1 wherein the catalyst is a rhodium carbonyl
      compound.
NUM  10.
PAR  10. The process of claim 1 wherein the catalyst is rhodium oxide and the
      reduction is carried out at a temperature above about 150.degree.C and at
      a carbon monoxide pressure of above 100 atmospheres.
NUM  11.
PAR  11. In a process for preparing an aromatic primary amine by catalytic
      reduction of an aromatic nitro compound having a nitro group available for
      reduction to an amino group, using a metal carbonyl catalyst of Group VIII
      metal and carbon monoxide, the improvement which comprises heating said
      nitro compound in homogeneous liquid phase in the presence of a rhodium
      carbonyl compound as a catalyst, water as a hydrogen source and a basic
      tertiary amine or amide as a solvent.
NUM  12.
PAR  12. A process of claim 11 wherein said rhodium carbonyl compound is formed
      it situ from rhodium oxide, rhodium hydroxide, or a rhodium salt capable
      of forming said rhodium carbonyl compound in the reaction.
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ABST
PAL  A superior grade of d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride
      from the reaction of ethylene dichloride and an excess of
      d-2-amino-1-butanol is obtained by mixing finely divided sodium hydroxide
      with the reaction mixture, vacuum distilling off d-2-amino-1-butanol,
      adding a 2-4 carbon alkanol, preferably isopropanol, separating sodium
      chloride, adding water or an aqueous 2-4 carbon alkanol thereto to a water
      content of about 7-10% by weight, and an essentially stoichiometric amount
      of hydrogen chloride, to precipitate
      d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride, cooling the
      reaction mixture, and separating a pharmaceutical grade product.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to improvements in the synthesis of
      d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride (ethambutol
      hydrochloride).
PAR  Ethambutol, usually administered as the hydrocloride, is a therapeutic
      agent for the treatment of tubercle bacilli infections, particularly human
      tuberculosis caused by Mycobacterium tuberculosis. The compound, its
      preparation, and its therapeutic use are disclosed in U.S. Pat. No.
      3,176,040, 1965, Wilkinson and Sheperd, see Example 2 thereof. The
      improved therapeutic activity of the d,d'-isomer is reported in J. Am.
      Chem. Soc. 83, 2212 (1961).
      ##EQU1##
PAR  One method of resolving aminobutanol is disclosed in U.S. Pat. No.
      3,553,257, Jan. 5, 1971, Halmos and Ricketts.
PAR  The production of ethambutol hydrochloride at a minimum cost, with
      pharmaceutically acceptable purity, including a high decomposition
      temperature, freedom from ash, proper optical rotation characteristics,
      and in an economical yield, is the subject of research programs.
PAR  U.S. Pat. No. 3,769,347, Oct. 30, 1973, Kazan, the full disclosure of which
      is hereby herein incorporated by this reference thereto, discloses a
      process for preparing d,d'-2,2'-(ethylenediimino)di-1-butanol
      dihydrochloride by reacting liquid ethylene dichloride with liquid
      d-2-amino-1-butanol to form a mixture of
      d,d'-2,2'-(ethylenediimino)di-1-butanol, d-2-amino-1-butanol and the
      hydrochloride salts thereof including:
PA1  1. mixing an excess of d-2-amino-1-butanol which acts as solvent as well as
      reactant, with ethylene dichloride, and causing the mixture to react,
PA1  2. adding to the mixture sufficient finely divided sodium hydroxide to
      react with the hydrogen chloride present to form sodium chloride,
PA1  3. vacuum distilling off and separating the unreacted d-2-amino-1-butanol
      from the mixture, for recycle to subsequent batches,
PA1  4. adding a 2 to 4 carbon alkanol, to form a solution of
      d,d'-2,2'-(ethylenediimino)di-1-butanol in the alkanol,
PA1  5. separating the undissolved sodium chloride from the solution,
PA1  6. adding hydrogen chloride gas to the resulting solution to form
      d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride, as a precipitate,
      and
PA1  7. separating the precipitate of d,d'-2,2'-(ethylenediimino)di-1-butanol
      dihydrochloride from the alkanol.
PAR  The proces of Kazan usually results in a product having a decomposition
      range of 198.5.degree.-204.degree.C. which is pharmaceutically acceptable.
      Depending on impurities in the starting materials and normal plant
      variations from a designed program, about 1 in 5 batches made by this
      process need to be recrystallized to maintain a decomposition range of at
      least 198.5.degree.-204.degree.C.
PAR  It has now been found that a product having a decomposition range starting
      at least at 200.degree.C. is obtained consistently in equa1 or improved
      yields by synthesizing the ethambutol dihydrochloride and precipitating
      the same in a 2 to 4 carbon alkanol solution, or mixture of these
      alkanols, containing about 7 to 10% by weight of water on the total weight
      of the reaction mixture.
PAR  The process of the present invention is distinguished from the process of
      U.S. Pat. No. 3,769,347 in that
PA1  1. the formation of the ethambutol dihydrochloride and the precipitation of
      the same is carried out in a 2 to 4 carbon alkanol, or mixture of these
      alkanols, containing about 7 to 10% by weight of water instead of about 2
      to 3% by weight of water,
PA1  2. the hydrogen chloride and water may be added to the reaction mixture
      simultaneously as concentrated hydrochloric acid, and
PA1  3. the isolation of the product is carried out at 0.degree. to
      -10.degree.C. instead of at ambient conditions.
PAR  In the present invention, the prior art process of U.S. Pat. No. 3,769,347
      is followed through step (5). The improvement occurs in that hydrogen
      chloride may be added as a concentrated aqueous solution, and the presence
      of 7 to 10% water improves the purity of product.
PAR  The filtrate from step (5) is diluted with either a 2 to 4 carbon alkanol,
      preferably isopropanol, or a 2 to 4 carbon aqueous alkanol, preferably
      aqueous isopropanol, using up to 1/3 part by volume of diluent per part by
      volume of filtrate. The diluted solution is then heated to
      40.degree.-60.degree.C., preferably 50.degree.-55.degree.C.
PAR  If the alkanol diluent used is anhydrous, sufficient concentrated aqueous
      hydrochloric acid is added to the solution to convert all of the
      d,d'-2,2'-(ethylenediimino)di-1-butanol to the dihydrochloride salt, plus
      a small excess of acid. Concentrated hydrochloric acid as disclosed herein
      is defined as an aqueous solution containing 36-38%, preferably about 37%,
      by weight of hydrogen chloride. After the addition of the concentrated
      hydrochloric acid the reaction mixture contains 7-10%, preferably 8-9%, by
      weight of water, on the total weight of the reaction mixture.
PAR  If the diluent used is an aqueous alkanol sufficient hydrogen chloride gas
      is added to the clear solution to convert all of the
      d,d'-2,2'-(ethylenediimino)di-1-butanol to the dihydrochloride salt, plus
      a small excess. Conveniently, the hydrogen gas is introduced over the
      surface of the solution in a closed vessel while maintaining a pressure of
      about 5-7 psi g. in the vessel. During the addition of the hydrogen
      chloride gas, the temperature should be maintained about
      40.degree.-60.degree.C., preferably about 50.degree.-55.degree.C. After
      the addition of the hydrogen chloride gas the reaction mixture should
      contain 7-10%, preferably about 8-9%, by weight of water, on the total
      weight of the reaction mixture.
PAR  Conveniently, before adding either the concentrated hydrochloric acid, or
      the hydrogen chloride gas, a small aliquot of the solution is titrated to
      determine the quantity of acid or gas required.
PAR  The reaction mixture is slowly cooled over about 3 hours to about 0.degree.
      to -10.degree.C. preferably about 0.degree. to -5.degree.C. It should test
      acid to Congo Red indicator paper. The crystalline precipitate of
      d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride is separated by
      filtration at a temperature of 0.degree. to -10.degree.C., preferably
      0.degree. to -5.degree.C. The crystals are washed with a 2 to 4 carbon
      alkanol at ambient temperatures and dried at a temperature below about
      80.degree.C.
PAR  The use of a single alkanol, preferably isopropanol, in the isolation
      procedures permits more economical recovery and recycle of the solvent.
      With the current stress on ecological improvements, separating the
      isopropanol in a readily recoverable form is advantageous. If separated as
      a mixture with water and methanol, recycling is far more complex than when
      the mother liquor is isopropanol and water. A conventional azeotropic
      distillation permits recycling of essentially pure anhydrous isopropanol.
      Depending on cost factors in a particular establishment, it may be more
      economical to use isopropanol containing some water as the solvent, and
      add at least part of the hydrogen chloride as an anhydrous gas, rather
      than use aqueous hydrochloric acid to achieve the same final
      concentrations for the isolation of the
      d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride.
PAR  Centrifugation or other solid liquid separation procedure may be used
      instead of filtration, if plant equipment therefor is more conveniently
      available, at any step where solid liquid separation is desired.
PAR  The final product has a decomposition range starting at least at
      200.degree.C., an assay of not less than 99%, an ash content of not more
      than 0.1% and a specific rotation (10.0% in water) of not less than
      6.0.degree..
DETD
PAR  The invention is illustrated by the following examples in which parts are
      by weight unless otherwise clearly indicated.
PAC  EXAMPLE I
PAC  Synthesis of d,d'-2,2'-(ethylenediimino)di-1-butanol
PAR  The following example illustrates the preparation of ethambutol as the free
      base, using the procedure disclosed in U.S. Pat. No. 3,769,347, supra.
PAR  1. A mixture of 4620 g. of d-2-amino-1-butanol and 320 g. of ethylene
      dichloride is heated to 80.degree.C. and the temperature is allowed to
      rise exothermally to about 130.degree.C. After 1 hour, the mixture is
      cooled to about 95.degree.C., 225 g. of sodium hydroxide is slowly added,
      and a temperature of about 112.degree.C. is maintained for 1 hour. The
      sodium hydroxide is in the form of prills of about 4 mm. diameter. The
      mixture is cooled to 70.degree.C. and unreacted d-2-amino-1-butanol is
      recovered by vacuum distillation. The distillation is at a pressure below
      20 mm. mercury, and below 130.degree.C., heat being applied at a rate
      within the capacity of the condenser.
PAR  2. Isopropanol (2900 g.) is added to the distillation residue at a
      temperature not above about 90.degree.C., and followed by a refluxing
      period of 30 minutes. The mixture is cooled to and filtered at
      60.degree.C. to remove sodium chloride, and the filter cake is washed with
      470 g. of isopropanol, at 60.degree.C. The volume of the filtrate is
      diluted to 4700 ml. with isopropanol and the temperature is adjusted to
      40.degree.-45.degree.C., 15 g. of diatomaceous earth filter aid is added,
      and a second filtration is carried out. The filtrate is labeled "filtrate
      A."
PAC  EXAMPLE II
PAC  Conventional Isolation of Dihydrochloride
PAR  1. To 470 ml. of filtrate A are added 150 ml. of methanol and 18 ml. of
      water in a reaction vessel. The vessel is closed and hydrogen chloride gas
      (about 26.5 g.) is introduced over the surface of the reaction mixture at
      a gas pressure of 5-7 psi g. while the temperature is allowed to rise to
      52.degree.-60.degree.C., until precipitation is completed. The reaction
      mixture is cooled over a period of 3 hours to 18.degree.C.
PAR  2. Conveniently, a small aliquot is titrated, and a calculated quantity of
      hydrogen chloride added. Proper final pH is confirmed by testing as acid
      to wet Congo Red test paper. The white crystalline product,
      d,d'-2,2'-(ethylenediimino)-di-1-butanol of dihydrochloride is separated
      by filtration, and washed with 230 ml. of isopropanol.
PAR  The product, after carefully drying at a maximum temperature of
      80.degree.C., is about 68.5 g., having a decomposition range of
      198.3.degree.-201.5.degree.C. and an ash content of less than 0.1%
PAC  EXAMPLE III
PAC  Aqueous Hydrochloric Acid Usage
PAR  To 470 ml. of filtrate A of Example I are added 150 ml. of methanol in a
      reaction vessel and the mixture is heated to 50.degree.C. and 73.5 g. of
      36% aqueous hydrochloric acid are added dropwise over a period of 1/4 hour
      while allowing the temperature to rise to 56.degree.C. The reaction
      mixture is cooled to -10.degree.C. over a period of 3 hours and held at
      -10.degree.C. for 1/2 hour. The reaction mixture is then processed as in
      step (2) of Example II to obtain 65.2 g. of the desired product having a
      decomposition range of 200.8.degree.-203.3.degree.C. and an ash content of
      less than 0.1%.
PAR  The use of aqueous hydrochloric acid results in a higher decomposition
      temperature, and a superior product.
PAC  EXAMPLE IV
PAC  Aqueous hydrochloric Acid and Single Solvent
PAR  To 470 ml. of filtrate A of Example I are added 150 ml. of isopropanol in a
      suitable reaction vessel and the mixture is heated to 50.degree.C. and
      73.5 g. of 36% hydrochloric acid are added dropwise as in Example III. The
      reaction mixture is then cooled and processed as in Example III to obtain
      67.0 g. of the desired product having a decomposition point of
      200.5.degree.C-203.0.degree.C and an ash content of less than 0.1%.
PAR  As only isopropanol and water are used in the separation, the mother liquor
      is readily azeotropically distilled to permit recycling of the isopropanol
      to a later batch.
PAC  EXAMPLE V
PAC  Gaseous Hydrogen Chloride to an Aqueous System
PAR  To 470 ml. of filtrate A of Example I is added 150 ml. of isopropanol and
      47.0 g. of water in a reaction vessel. The vessel is closed and the
      mixture is heated to 50.degree.C. and hydrogen chloride gas (about 26.5
      g.) is introduced over the surface of the charge at a gas pressure of 5-7
      psi g., while the temperature is maintained at 50.degree.-55.degree.C.
      over a period of 1/4 hour. The charge is cooled slowly to -10.degree.C.
      over a period of 3 hours and held at -10.degree.C. for 1/2 hour. The
      reaction mixture is then removed from the reactor and processed thereafter
      as in Example III. A product of equal quality is obtained.
PAR  While an explanation of the improved purity is not certain, it would appear
      that the 7 to 10% water aids in solubilization of any residual sodium
      chloride, or other inorganic salt, as well as in by-products including
      polymers from the reaction of ethylene dichloride with the secondary amine
      groups in the d,d'-2,2'-(ethylenediimino)di-1-butanol. Impurities in
      starting materials, particularly undesired optical isomers, may introduce
      other undesired components whose elimination is aided by the aqueous
      component in the crystallizing alkanol.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for preparing d,d'-2,2'-(ethylenediimino)di-1-butanol
      dihydrochloride comprising the steps of
PA1  reacting excess d-2-amino-1-butanol with ethylene dichloride,
PA1  adding to the reaction mixture thus formed sufficient finely divided sodium
      hydroxide to neutralize hydrogen chloride formed therein,
PA1  distilling off unreacted d-2-amino-1-butanol, adding sufficient of a 2 to 4
      carbon alkanol to the residue to dissolve the thus formed
      d,d'-2,2'-(ethylenediimino)di-1-butanol, separating sodium chloride
      therefrom,
PA1  adding hydrogen chloride to the resulting solution to form
      d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride, and separating
      the same from said alkanol, the improvement which comprises:
PA1  reacting a 2 carbon alkanol solution of
      d,d'-2,2'-(ethylenediimino)di-1-butanol with an essentially stoichiometric
      amount of hydrogen chloride at 40.degree.-60.degree.C. in the presence of
      about 7% to 10% by weight water, based on the total weight of the reaction
      mixture to form d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride,
PA1  slowly cooling the resulting aqueous alkanol solution to 0 to -10.degree.C.
      to precipitate said dihydrochloride,
PA1  separating said dihydrochloride from said aqueous alkanol solution,
PA1  washing said dihydrochloride with a 2 to 4 carbon alkanol, and drying the
      same.
NUM  2.
PAR  2. The process of claim 1 in which the 2 to 4 carbon alkanol solution is
      isopropanol.
NUM  3.
PAR  3. The process of claim 2 in which the isopropanol solution is formed by
      adding 36-38% aqueous hydrogen chloride to a solution of
      d,d'-2,2'-(etylenediimino)di-1-butanol in isopropanol.
NUM  4.
PAR  4. The process of claim 2 in which the 7 to 10% aqueous isopropanol
      solution is formed by adding aqueous isopropanol to a solution of
      d,d'-2,2'-(ethylenediimino)di-1-butanol in isopropanol and said hydrogen
      chloride is added as a gas.
PATN
WKU  039446174
SRC  5
APN  4938011
APT  1
ART  117
APD  19740801
TTL  Synthesis of dl-2-amino-1-butanol
ISD  19760316
NCL  10
ECL  1
EXP  Sneed; Helen M. S.
INVT
NAM  Singh; Balwant
CTY  Stamford
STA  CT
ASSG
NAM  American Cyanamid Company
CTY  Stamford
STA  CT
COD  02
CLAS
OCL  260584R
EDF  2
ICL  C07C 8900
ICL  C07C 9104
FSC  260
FSS  584 R
UREF
PNO  2569549
ISD  19511000
NAM  Barrick
XCL  260584R
UREF
PNO  3116332
ISD  19631200
NAM  Sullivan
OCL  260584R
UREF
PNO  3176040
ISD  19650300
NAM  Wilkinson
XCL  260584
UREF
PNO  3553257
ISD  19710100
NAM  Halmos et al.
OCL  260584R
UREF
PNO  3579586
ISD  19710500
NAM  Zoja
OCL  260584R
UREF
PNO  3579587
ISD  19710500
NAM  Zoja
OCL  260584R
UREF
PNO  3769347
ISD  19731000
NAM  Kazan
OCL  260584R
UREF
PNO  3829493
ISD  19740800
NAM  Butula et al.
OCL  260584R
UREF
PNO  3855300
ISD  19741200
NAM  Takahashi
OCL  260584R
OREF
PAL  Chemical Abstracts, V. 79, 65780e (1973).
PAL  J.A.C.S. V. 83, pp. 2212-2213 (1961).
PAL  J.A.C.S. V. 76, pp. 2801-2803 (1954).
LREP
FR2  Walker; Samuel Branch
ABST
PAL  DL-2-Amino-1-butanol, as the free base or a salt, for resolution to
      d-2-amino-1-butanol, for the synthesis of ethambutol hydrochloride,
      d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride, is produced in
      high purity and good yields by the reaction of butene-1, a nitrile,
      preferably an excess of acetonitrile, and chlorine to form
      N-[1-(chloromethyl)propyl]acetimidoyl chloride which is hydrolyzed to
      dl-2-amino-1-butanol hydrochloride. This can be isolated as the
      hydrochloride, or free base, or a mixture, resolved with L(+)- tartaric
      acid and the d-2-amino-1-butanol reacted with ethylene dichloride and then
      hydrochloric acid to form ethambutol hydrochloride. A minimum of
      by-products which are conveniently split out permits the economical
      synthesis of a pharmaceutical grade product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ethambutol hydrochloride, which is d,d'-2,2'-(ethylenediimino)di-1-butanol
      dihydrochloride is a therapeutic agent for the treatment of tubercle
      bacilli infections, particularly human tuberculosis caused by
      Mycobacterium tuberculosis. The compound, its preparation, and its
      therapeutic use are disclosed in U.S. Pat. No. 3,176,040, 1965, Wilkinson
      and Shepherd, see Example 2 thereof. The therapeutic activity of the
      d-isomer is discussed in J. Am. Chem. Soc. 83, 2212 (1961).
PAR  The d,d-form of ethambutol may be made by reacting ethylene dichloride with
      d-2-amino-1-butanol. The ethambutol can be separated as the base, and
      converted to the dihydrochloride salt.
PAR  One method of resolving aminobutanol is disclosed in U.S. Pat. No.
      3,553,257, Jan. 5, 1971, Halmos and Ricketts.
PAR  U.S. Pat. No. 3,769,347, Oct. 30, 1973, John Kazan, PRODUCTION OF
      d,d'-2,2'-(ETHYLENEDIIMINO)DI-1-BUTANOL HYDROCHLORIDE, details certain
      processes for the improvement of yields and purity. Said patents and
      publications are herein hereby incorporated by this reference thereto.
PAC  PRIOR ART
PAR  U.S. Pat. No. 2,569,549, Oct. 2, 1951, P. L. Barrick, IMIDOHALIDES AND
      PROCESS OF PREPARING THEM AND THEIR HYDROLYSIS PRODUCTS, discloses the
      preparation of imidohalides of N-acyl-beta-haloamines. Among much other
      disclosure, Example VIII discloses the reaction of 56 parts (0.5 mole) of
      octene-1, 41 parts (1 mole) of acetonitrile and 55 parts (0.77 mole) of
      chlorine at 10.degree.-15.degree. C., with the reaction mixture being
      poured into ice and water, treated with concentrated hydrochloric acid,
      and steam distilled.
PAR  The product reported is 14 parts of the hydrochloride of
      1-hydroxymethylheptylamine
      ##EQU1##
      produced by the complete hydrolysis of the intermediate imidochloride of
      N-[(alpha-hexyl-beta-chloro)ethyl]acetamide. Using the nomenclature of
      this case, these would be named dl-2-amino-1-octanol hydrochloride and
      N-[1-(chloromethyl)heptyl]-acetimidoyl chloride. Column 12, line 75,
      mentions butene-1, among other starting materials.
PAR  Example VI of said U.S. Pat. No. 2,569,549 shows the addition of
      isobutylene to a solution of 32 parts of chlorine in 135 parts of
      acetonitrile, until the yellow color disappeared. Excess acetonitrile was
      removed, and the product was hydrolyzed with dilute hydrochloric acid to
      produce an N-(chloroisobutyl)-trichloroacetamine, probably
      N-[(beta-chloro-alpha, alpha-di-methyl)ethyl]trichloroacetamide.
PAC  SUMMARY OF THE INVENTION
PAR  dl-2-Amino-1-butanol is produced by adding butene-1and chlorine to
      acetonitrile, preferably simultaneously, to yield
      N-[1-(chloromethyl)propyl]acetimidoyl chloride together with a certain
      amount of by-product 1,2-dichlorobutane; the
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is hydrolyzed conveniently
      in situ to N-[1-(chloromethyl)propyl]acetamide, which is further
      hydrolyzed with convenient removal of excess acetonitrile and
      1,2-dichlorobutane with presumably a ring closing and reopening steps to
      dl-2-amino-1-butanol, convenveniently as the hydrochloride.
      dl-2-Amino-1-butanol has many uses as such, including resolution to
      d-2-amino-1-butanol which is reacted with ethylene dichloride to produce
      ethambutol hydrochloride, d,d'-2,2'-(ethylenediimino)di-1-butanol
      dihydrochloride. The dl-2-amino-1-butanol from the present process yields
      a pharmaceutically elegant grade of ethambutol hydrochloride.
PAR  This gives d-2-amino-1-butanol in a form which is particularly acceptable
      for reaction with ethylene dichloride to yield a pharmaceutically elegant
      grade of d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride.
PAR  These equations may be written:
      ##EQU2##
PAR  Surprisingly, best results are obtained in the reaction with acetonitrile
      if an excess of acetonitrile is used. Acetonitrile is the expensive
      component and routinely it is customary to attempt to use less of the
      expensive component.
PAR  Here, chlorine also reacts with butene-1to yield 1,2-dichlorobutene. An
      excess of acetonitrile shifts the reaction towards
      N-[1-(chloromethyl)propyl]acetimidoyl chloride. An amount of water
      corresponding to that required for the hydrolysis of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride may be added before, with
      or after the addition of the chlorine and butene to the reaction mixture
      to hydrolyze the N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)-propyl]acetamide. The reaction of acetonitrile with
      hydrochloric acid formed in the hydrolysis is sufficiently slow that at
      least 95% of the excess of acetonitrile may be distilled under reduced
      pressure from the reaction mixture and recycled. The economical recovery
      of the acetonitrile in such form that it may be recycled to the process is
      essential to the low cost production being sought.
PAR  Too great an excess of acetonitrile requires too large a reaction vessel. A
      continuous reaction may be used, which permits smaller equipment, and a
      large excess of acetonitrile, which is recycled to the starting materials.
PAR  After stripping the acetonitrile, if hydrolysis of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide has not been completed during the
      reaction, hydrolysis is completed by adding water to the pot residue.
      Production of N-[1-(chloromethyl)propyl.multidot.acetamide by hydrolysis
      of N-[1-(chloromethyl)propyl]acetimidoyl chloride, is favored by the
      presence of a weak base such as calcium carbonate, calcium oxide, calcium
      hydroxide, sodium carbonate, sodium bicarbonate, potassium carbonate or
      bicarbonate, barium carbonate, or strontium carbonate. The base is not
      necessary if the N-[1-(chloromethyl)propyl]acetamide is to be processed by
      further hydrolysis to dl-2-amino-1-butanol. After hydrolysis,
      1-2-dichlorobutane is stripped by distillation under reduced pressure.
PAR  After removal of the acetonitrile and 1,2-dichlorobutane, the purity of the
      N-[1-(chloromethyl)propyl]acetamide is sufficiently high for convenient
      processing through to dl-2-amino-1-butanol hydrochloride of a grade which
      may be used in a resolution step, or other purposes.
PAR  The N-[1-(chloromethyl)propyl]acetimidoyl chloride may be recovered and
      utilized after its formation. Conveniently, water is added to the reactor
      to hydrolyze N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)-propyl]acetamide, so that, in effect, the first two
      steps are simultaneously accomplished, exotherms are better controlled,
      and the processing steps are simultaneous, saving time and manipulation. A
      slight excess over the calculated quantity of water necessary for
      hydrolysis of N-[1-(chloromethyl)-propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide may be added after the completion of
      chlorination.
PAR  The acetonitrile may be separated from the
      N-[1-(chloromethyl)propyl]acetimidoyl chloride or
      N-[1-(chloromethyl)propyl]acetamide. Conveniently, it is separated after
      the hydrolysis to N-[1-(chloromethyl)propyl]acetamide. The
      1,2-dichlorobutane may be separated in whole or in part by distillation
      after the synthesis of N-[1-(chloromethyl)propyl]acetimidoyl chloride, or
      after hydrolysis to N-[1-(chloromethyl)propyl]acetamide. At least part of
      the 1,2-dichlorobutane may be retained until the synthesis of the
      dl-2-amino-1-butanol hydrochloride is completed. It is usually more
      convenient to separate the 1,2-dichlorobutane after the hydrolysis to the
      N-[1-(chloromethyl)propyl]acetamide, as the reaction mixture is then
      smaller, and more compact equipment may be used for the reaction of the
      N-[1-(chloromethyl)-propyl]acetamide to dl-2-amino-1-butanol
      hydrochloride. Azeotropic distillation with water permits convenient and
      effective complete removal of the 1,2-dichlorobutane from the
      dl-2-amino-1-butanol.
PAR  Subsequently, methanol is added to the aqueous reaction mixture containing
      N-[1-(chloromethyl)propyl]acetamide, preferably with catalytic amounts of
      hydrochloric acid, which is refluxed to hydrolyze to dl-2-amino-1-butanol
      hydrochloride with by-product methyl acetate. The methyl acetate is
      removed by distillation leaving dl-2-amino-1-butanol hydrochloride.
PAR  For the production of N-[1-(chloromethyl)propyl]acetimidoyl chloride, the
      presence of water is to be avoided, and vacuum distillation to remove
      acetonitrile and 1,2-dichlorobutane is necessary. If hydrolyzed to
      N-[1-(chloromethyl)propyl]acetamide, mild conditions for the removal of
      both acetonitrile and 1,2-dichlorobutane are preferred. A weak base aids
      in controlled hydrolysis. Where hydrolysis to dl-2-amino-1-butanol is
      desired, the acid produced in hydrolysis can be used to form the
      hydrochloride salts of the product.
PAR  In the production of dl-2-amino-1-butanol hydrochloride, the acetonitrile
      should be vacuum distilled out at the N-[1-(chloromethyl)propyl]acetamide
      stage, for recycling. If the acetonitrile is permitted to remain during
      the hydrolysis to dl-2-amino-1-butanol hydrochloride, the acetonitrile
      tends to hydrolyze to acetic acid with production of ammonia, usually as
      the ammonium chloride. The acetic acid from the hydrolysis of acetonitrile
      is readily removed as the methyl ester, but the loss of acetonitrile
      reduces the efficiency of the process.
PAR  1,2-dichlorobutane is preferably at least partially removed by vacuum
      distillation at the N-[1-(chloromethyl)-propyl]acetamide stage. It causes
      no complications other than increasing the size of the reactor required.
      Conveniently, the last of the 1,2-dichlorobutane is removed by azeotropic
      distillation from dl-2-amino-1-butanol hydrochloride at the time acetic
      acid is removed as the methyl ester. Conveniently, the intermediate
      reactions to dl-2-amino-1-butanaol hydrochloride may overlap without the
      isolation of N-[1-(chloromethyl)propyl]acetimidoyl chloride and
      N-[1-(chloromethyl)propyl]acetamide.
PAR  By dissolving in methyl alcohol, or isopropanol, or mixtures thereof, a
      solution of the dl-2-amino-1-butanol, predominantly as the hydrochloride,
      is obtained which can be partially neutralized with ammonia to form a
      mixture of dl-2-amino-1-butanol and dl-2-amino-1-butanol hydrochloride,
      with ammonium chloride being filtered out. The mixture is approximately
      two parts dl-2-amino-1-butanol and one part dl-2-amino-1-butanol
      hydrochloride, a ratio which is close to the optimum desired for reacting
      with L(+)- tartaric acid in the presence of anhydrous methanol to permit
      the separation of the d-2-amino-1-butanol tartrate as is set forth in
      detail in U.S. Pat. No. 3,553,257, supra.
PAR  This process has unique and unexpected advantages in the present system
      because part of the butene-1 adds chlorine and acetonitrile in the reverse
      of the desired position so that about 3 to 10% dl-1-amino-2-butanol is
      found in the dl-2-amino-1-butanol as an impurity. In separation of the d-
      and 1-isomers of dl-2-amino-1-butanol, both isomers of
      dl-1-amino-2-butanol remain with the mother liquor, and a much purified
      d-2-amino-1-butanol separates out as the L(+)- tartrate salt.
PAR  A starting material containing up to about 10% of dl-1-amino-2-butanol
      yields a purified d-2-amino-1-butanol, as the tartrate, having a content
      of less than 0.01% di-1-amino-2-butanol, as its tartrate salts. If washing
      is less thorough, up to 0.1% may be present. A purity is readily obtained
      which can be used as a starting material for ethambutol which is of
      pharmaceutical grade with a minimum of additional purification.
PAR  The facility of separating out impurities and by-products is unobvious and
      of the essence of the present system of reactions.
DETD
PAC  EXAMPLE 1
PAC  Preparation of dl-2-Amino-1-butanol Hydrochloride
PAR  Acetonitrile (164 g., 4 moles) is placed in a tared 500 ml 4-necked Morton
      flask equipped with a mechanical stirrer, a thermometer, two fritted glass
      gas-inlet tubes, a syringe needle (attached to a syringe pump), and a
      dry-ice condenser. The flask is cooled in an ice-water bath to
      3.degree.-5.degree. C. Chlorine (71 g., 1 mole) and butene-1 (56 g. 1
      mole) are passed through the well-stirred acetonitrile at a rate of about
      400 ml./min, each while water (10 g., 0.55 mole) is added simultaneously
      at a linear rate with the syringe pump during the course of the reaction
      (1 hour).
PAR  The reaction temperature rises to 20.degree. C. within 8 minutes and stays
      constant through the course of the reaction. The reaction mixture is
      stirred for an additional 15-30 minutes. The reaction mixture is weighed
      to insure that proper amounts of the gaseous reactants have been
      introduced. Excess acetonitrile (b.p. 36.degree.-41.degree. C./150-170
      mm.) is removed by distillation (bath temperature up to 100.degree. C.)
      while using a 10-plate distillation column. A sudden temperature drop
      indicates the end of acetonitrile distillation.
PAR  The acetonitrile fraction contains 1-2% HCl and about 6% 1,2-dichlorobutane
      and can be recycled, without further treatment to a subsequent batch, or
      can be purified before recycling.
PAR  The head temperature rises to 70.degree. and by-product 1,2-dichlorobutane
      is distilled off between 70.degree.-40.degree. C. at 150 to 25 mm. A
      dry-ice trap attached to the vacuum line contains 15-25 g. of a material
      which consisted of 35% HCl, 10% 1,2-dichlorobutane and a crystalline solid
      derived from the reaction of acetonitrile with anhydrous HCl.
PAR  The residue in the flask, predominantly
      N-[1-(chloromethyl)propyl]acetamide, is mixed with water (45 g. 2.5 moles)
      and the mixture is brought to reflux. The residual 1,2-dichlorobutane is
      removed by azeotropic distillation (Dean-Stark trap) while the mixture is
      refluxed for 2 hours. The water and some acetic acid (formed during
      hydrolysis with water) are removed at 80.degree. (under reduced pressure
      (15-20 mm.) to leave a viscous residue consisting of
      N-[1-(chloromethyl)propyl]acetamide, and its hydrolysis products.
PAR  Methanol (48 g., 1.5 moles) and concentrated hydrochloric acid (0.5 ml) are
      added to the residue and the reaction mixture is refluxed for 2 hours.
      After removal of the volatiles H.sub.2 O, methyl acetate, etc.), the
      dl-2-amino-1-butanol hydrochloride is obtained as a colorless viscous
      material which crystallizes on standing.
PAC  EXAMPLE 2
PAC  dl-2-amino-1-butanol
PAR  A 30 g. portion of the crude dl-2-amino-1-butanol hydrochloride from
      Example 1 is suspended in a mixture of 100 ml. of toluene and 20 ml. if
      isopropanol. Anhydrous ammonia (10.2 g., 0.6 mole) is introduced over the
      surface of the well-stirred suspension at 25.degree. C. A dry ice-acetone
      condenser controls ammonia loss during reaction. Crystalline ammonium
      chloride starts precipitating immediately and stirring is continued for
      15-20 minutes to insure completion of the reaction. The dry ice-acetone
      condenser is removed and excess NH.sub.3 is allowed to volatilize (15-20
      minutes). The precipitated NH.sub.4 Cl is filtered off and washed with a
      small amount of toluene.
PAR  The filtrate and washings are combined and the solvents evaporated under
      reduced pressure to obtain d,1-2-amino-1-butanol (21.0 g.). The product by
      gas liquid chromatography is 63% pure, and contains about 8% of
      dl-1-amino-2-butanol. The same process can be used to obtain the d- or 1-
      optical isomer as a free base from its hydrochloride salt.
PAC  EXAMPLE 3
PAC  d-2-amino-1-butanol tartrate from dl-2-amino-1-butanol hydrochloride
PAR  A 50 g. sample of dl-2-amino-1-butanol hydrochloride from Example 1 is
      dissolved in 100 ml. of anhydrous methanol. One mole of anhydrous NH.sub.3
      is condensed in over a period of 40 minutes. (A dry ice-acetone condenser
      is used to prevent ammonia loss during reaction). After stirring for 0.5
      hr., the dry ice-acetone condenser is removed and excess NH.sub.3 is
      allowed to volatilize (20-30 minutes). The precipatated NH.sub.4 Cl is
      filtered off (13.2 gm., 0.246 mole, 62%) and the filtrate is concentrated
      to leave a viscous oil (43 gm.) which contains 58% by weight free
      dl-2-amino-1-butanol (the remainder being unreacted dl-2-amino-1-butanol
      hydrochloride).
PAR  The mixture (42 g.) is dissolved in 120 ml. of anhydrous methanol and the
      solution is treated with 35 g. (0.233 mole) of L(+)- tartaric acid. The
      reaction temperature rises to 45.degree.-47.degree. C. during addition of
      tartaric acid. The solution is maintained at this temperature for 1 hour
      and then cooled to 25.degree. C. over a period of 4-5 hours.
      Crystallization can be expedited by seeding the solution with
      d-2-amino-1-butanol L(+)- tartrate to induce crystallization of the salt.
PAR  The precipitated salt is filtered off and washed four times with cold
      methanol and then dried in an inert atmosphere. The salt is obtained as
      colorless crystalline solid [30 g., 0.125 mole, 63%) mp.
      138.degree.-140.degree. C.[.alpha.].sup.2.sub.D.sup.6 =
      23.52.degree.(c=5%, H.sub.2 O)] and in a typical run was indistinguishable
      from authentic d-2-amino-1-butanol L(+)- tartrate [mp.
      137.degree.-141.degree. C.; [.alpha.].sup.2.sub.D.sup.6 =
      23.74.degree.(c=5%, H.sub.2 O)]. Up to about 8% of dl-1-amino-2-butanol
      may be formed in the reactions from the addition of the imido group to the
      1 position in butene-1, in effect, the reverse of that desired. By
      analogous reactions, this is converted to dl-1-amino-2-butanol. Both the d
      and l isomers remain with the mother liquor in the crystallization, and
      permit the separation of d-2-amino-1-butanol L(+)- tartrate substantially
      free from impurities.
PAR  The isolation of d-2-amino-1-butanol from the salt has been described in
      U.S. Pat. No. 3,553,257, supra.
PAR  Conversion to ethambutol is described in U.S. Pat. No. 3,769,347, supra.
PAC  EXAMPLE 4
PAC  d-2-Amino-1-butanol
PAR  d-2-Amino-1-butanol tartrate (150 g.) (0.63 mole) from Example 3 is added
      with stirring to an aqueous solution of KOH prepared by dissolving 76 g.
      KOH in 115 ml. of distilled water. d-2-Amino-1-butanol which forms the
      upper layer is extracted with tetrahydrofuran (100 ml. .times. 2). The
      tetrahydrofuran extract is dried (Na.sub.2 SO4) and concentrated under
      reduced pressure. The crude, oily residue is distilled under reduced
      pressure to give d-2-amino-1-butanol (b.p. 99.degree.-103.degree. at 30
      mm.). The material is further fractionated to give pure
      d-2-amino-1-butanol having a b.p. of 174.degree., and
      [.alpha.].sup.2.sub.D.sup.5 = 9.9. The yield of the distilled material is
      about 50% to 76% and can be improved substantially if additional
      extractions are carried out with tetrahydrofuran.
PAC  EXAMPLE 5
PAC  Ethambutol Hydrochloride
PAR  Following the procedure described in Example 1 of U.S. Pat. No. 3,769,347,
      a mixture of 462 g. of d-2-amino-1-butanol, produced in accordance with
      the procedure of Example 4, and 32 g. of ethylene dichloride is heated to
      80.degree. C. and the temperature is allowed to rise exothermally to about
      130.degree. C. After 1 hour, the mixture is cooled to about 95.degree. C.,
      22.5 g. of sodium hydroxide is slowly added, and a temperature of about
      112.degree. C. is maintained for 1 hour. The sodium hydroxide is in the
      form of prills of about 4 mm. diameter. The mixture is cooled to
      70.degree. C. and unreacted d-2-amino-1-butanol is recovered by vacuum
      distillation. The distillation is at a pressure below 20 mm. mercury, and
      below 130.degree. C., heat being applied at a rate within the capacity of
      the condenser.
PAR  Isopropanol (290 g.) is added to the distillation residue at a temperature
      not above 90.degree. C., and followed by a refluxing period of 30 minutes.
      The mixture is cooled to and filtered at 60.degree. C. to remove sodium
      chloride, and the filter cake is washed with 47 g. of isopropanol, at
      60.degree. C. The volume of the filtrate is diluted to 430 ml. with
      isopropanol and the temperature is adjusted to 40.degree.-45.degree. C., 2
      g. of diatomaceous earth filter aid is added, and a second filtration is
      carried out.
PAR  To the clear filtrate there is added 120 g. of methanol and 15 g. of water.
      The vessel is closed and hydrogen chloride (about 25 g.) is introduced
      over the surface of the charge at a gas pressure of 5-7 p.s.i.g. while the
      temperature is allowed to rise to 55.degree. C., to a pH of 2 to 2.5. The
      charge is cooled very slowly to 28.degree. C. and is stirred for about 1
      hour.
PAR  Conveniently, a small aliquot is titrated, and a calculated quantity of
      hydrogen chloride added. Proper final pH is confirmed by testing as acid
      to wet Congo Red test paper. Other methods of measuring the pH can be
      used. The white crystalline product,
      d,d'-2,2'-(ethylenediimino)-di-1-butanol dihydrochloride is separated by
      filtration and washed with isopropanol. The product, carefully dried at a
      maximum temperature of 75.degree. C., is about 70 g., has a decomposition
      range of 198.5.degree.-204.degree. C., and an ash content of 0.1%.
PAR  This is a parmaceutically acceptable, elegant grade of ethambutol
      hydrochloride without further treatment or refinement. The product may be
      tabletted or encapsulated by conventional procedures.
PAC  EXAMPLE 6
PAC  N-[1-(Chlormethyl)propyl]acetamide
PAR  Into a 250 ml. 3-necked flask fitted with a stirrer, dry ice-acetone trap,
      a gas outlet, and a gas inlet is charged 41.05 g. (1.0 mole) acetonitrile,
      25 g. (0.25 mole) CaCO.sub.3, 13.5 ml. (0.75 mole) water and 26.8 g.
      (0.475 mole) 1-butene. The mixture is cooled to -5.degree. to -8.degree.
      C. and chlorine added over 2 hours maintaining the temperature at below
      7.degree. C. until the reaction mixture turns yellow indicating a slight
      excess of chlorine. The mixture is filtered and the solvents distilled
      under reduced pressure to yield 28.6 g. of
      N-[1-(chloromethyl)propyl]acetamide (40.2% yield bases on 1-butene).
PAC  EXAMPLE 7
PAC  N-1-(Chloromethyl)propyl]acetamide
PAR  A 500 ml. 3-necked flask fitted with a stirrer and dry ice-acetone trap is
      charged with 82.1 g. (2.0 mole) acetonitrile, 27.4 g. (1.52 mole) water,
      27 g. (0.25 mole) Na.sub.2 CO.sub.3 and 28.1 g. (0.50 mole) 1-butene and
      cooled to 0.degree. C. Chlorine (0.50 mole) is added over 1/2 hour, the
      reaction temperature reaching a high of 32.degree. C. After stirring for 2
      hours at 25.degree. C., the reaction mixture is filtered. The acetonitrile
      washings of the solid phase and filtrate is combined and the solvents
      removed by vacuum distillation to leave 33.0 g. of the
      N-[1-(chloromethyl)propyl]acetamide (44.0% yield bases on 1-butene).
PAC  EXAMPLE 8
PAC  dl-2-Amino-1-butanol
PAR  Sodium hydroxide pels (97% pure, 18.8 g. 0.45 mole) are stirred with 100
      ml. of anhydrous methanol and crude dl-2-amino-1-butanol hydrochloride 50
      g. (87% real. 0.35 mole) from a run similar to that of Example 1 is added
      with stirring over a period of 0.5 hr. The reaction mixture warms up and
      precipitated sodium chloride is removed by filtration, washed with
      methanol and the washings combined with the main filtrate. Methanol and
      water (formed during neutralization) are removed under reduced pressure
      and the residual oil distilled to yield dl-2-amino-1-butanol (b.p.
      95.degree.-100.degree./30-35 mm.), 26.68 g. (86% of theory). The material
      contains about 9.6% of dl-1-amino-2-butanol.
PAR  dl-2-Amino-1-butanol can be used as a catalyst as described in U.S. Pat.
      No. 3,539,652 (CA 74, 23499) as a component of organosilicone
      compositions, French Pat. No. 1,556,008 (CH71, 115) or as a component in a
      flame retardant composition U.S. Pat. No. 3,413,380 (CA 70, 40).
PAC  EXAMPLE 9
PAC  dl-2-Amino-1-butanol
PAR  Sodium hydroxide pels (97% pure, 18.8 g. 0.45 mole) are stirred with 100
      ml. of isopropanol containing 0.7 ml. of water. A part of the sodium
      hydroxide goes into solution. Crude dl-2-amino-1-butanol hydrochloride 50
      g. (70% real, 0.28 mole) is added with stirring over a period of 0.5 hr.
      The reaction mixture warms up to about 45.degree. C. and crystalline
      sodium chloride precipitates out of the reaction mixture. The salt is
      removed by filtration, washed with isopropanol and the washings are
      combined with the main filtrate. The filtrate is distilled under reduced
      pressure. Isopropanol and water are removed as a fore-run and
      dl-2-amino-1-butanol (25 g. 88.3% yield) is distilled at
      95.degree.-105.degree. at 30 mm. Gas liquid chromatographic analysis of
      this product showed it to contain about 10% 1-amino-2-butanol.
PAC  EXAMPLE 10
PAC  d-2-Amino-1-butanol
PAR  To a 15 g. portion of undistilled crude dl-2-amino-1-butanol (59% real, 0.1
      mole) from a run similar to that of Example 2, dissolved in 48 ml. of
      methanol is added with stirring 17.5 g. (0.117 mole) of L(+)- tartaric
      acid while the temperature is maintained at 45.degree.. The solution is
      seeded with a small amount of crystals of the L(+)- tartrate of
      d-2-amino-1-butanol and the temperature maintained at 45.degree. C. for
      0.5 hr. An additional 4.2 g. (0.028 mole) of tartaric acid is added and
      the mixture held at 45.degree.-47.degree. C. for an additional 0.5 hour.
      The temperature is then lowered to 16.degree.-18.degree. over a 4 hour
      period and held at this temperature for 1 hour. The crystalline L(+)-
      tartrate of d-2-amino-1-butanol is removed by filtration, washed with cold
      methanol (3 ml. .times. 3) and dried in an inert atmosphere. In one such
      run the d-2-amino-1-butanol L(+)- tartrate weighed 8.5 (0.035 mole,
      71.0%), melted at 137.degree.-138.degree. and had a specific rotation
      [.alpha.].sup.2.sub.D.sup.6 = 23.74 (c - 5%, H.sub.2 O). The crude feed
      dl-2-amino-1-butanol contained about 8% of dl-1-amino-2-butanol as an
      impurity. This impurity is not carried through the resolution process. The
      L(+)- tartrate salt of d-2-amino-1-butanol obtained after resolution is
      found to contain no detectable quantities of 1-amino-2butanol, by gas
      liquid chromatography, which is sensitive to about 0.01% of
      1-amino-2-butanol.
PAC  EXAMPLE 11
PAC  d-2-Amino-1-butanol
PAR  To 15 g. of distilled dl-2-amino-1-butanol (88.5% pure by gas liquid
      chromatography), from a run similar to Example 2, dissolved in 48 ml. of
      anhydrous methanol is added with stirring 17.5 g. (0.117 mole) of L(+)-
      tartaric acid while maintaining the temperature below 47.degree. C. The
      resulting solution is stirred at 45.degree.-47.degree. for 0.5 hour and an
      additional 4.21 g. (0.028 mole) of tartaric acid is added and the solution
      stirred for an additional 0.5 hour at 45-47%. The solution is seeded with
      a small amount of the L(+)- tartrate of d-2-amino-1-butanol. The mixture
      is slowly cooled to 16.degree.-17.degree. C. over a 4 hour period and the
      crystalline L(+)- tartrate salt of d-2-amino-1-butanol is removed by
      filtration, washed with cold methanol (3 ml. .times. 3) and dried in an
      inert atmosphere. The white crystalline material (14.5 g., 0.061 mole
      81.9% yield) melts at 136.degree.-140.degree. and has a specific rotation
      of [.alpha.].sup.2.sub.D.sup.5 = 23.74 (c = 5%, H.sub.2 O). The feed
      dl-2-amino-1-butanol used for resolution contains about 8% of
      dl-1-amino-2-britanol as an impurity. This impurity is, however, not
      carried through the resolution process. The L(+)- tartrate salt of
      d-2-amino-1-butanol obtained after resolution is found to contain no
      detectable quantities of either d or l 1-amino-2-butanol by gas liquid
      chromatography which is sensitive to 0.01% of 1-amino-2-butanol.
      Apparently, all of the dl-1-amino-2-butanol remains with the mother
      liquor, and is rejected along with the l-2-amino-1-butanol in the
      methanol.
PAC  EXAMPLE 12
PAC  dl-2-Amino-1-butanol
PAR  A. A 137-g. sample of crude dl-2-amino-1-butanol hydrochloride from a run
      similar to Example 1 is treated with a solution of 137 g. KOH in 200 ml.
      of water. The mixture is extracted three times with tetrahydrofuran and
      the combined extracts dried (Na.sub.2 SO.sub.4). The solvent is removed
      under reduced pressure to give 95 g. of a crude oil (60.6%
      dl-2-amino-1-butanol and 6% dl-1-amino-2-butanol).
PAR  B. In a separate experiment a 250-g. sample of similar crude
      dl-2-amino-1-butanol hydrochloride dissolved in 200 ml. of anhydrous
      methanol is treated with 3 moles of anhydrous ammonia. After a few hours
      stirring, the excess ammonia is allowed to evaporate. The precipitated
      ammonium chloride is removed by filtration and the filtrate concentrated
      gives 174.5 gm. of an oil which contains both dl-2-amino-1-butanol and its
      hyrochloride together with some quantities of dl-1-amino-2-butanol and its
      hydrochloride (total 58.9% dl-2-amino-1-butanol by gas liquid
      chromatography.
PAR  C. A 7.5-gm. sample of crude dl-2-amino-1-butanol from the first experiment
      (A) is mixed with a 7.5 gm. portion of the material (dl-2-amino-1-butanol
      and its hydrochloride) from the second experiment and the mixture is
      dissolved in a mixture of 80 parts of anhydrous methanol and 20 parts of
      isopropanol (v/v) (the solution contains 0.1 mole of real
      dl-2-amino-1-butanol of which 0.097 mole is present as the free base).
      L(+)- tartaric acid (15 g., 0.1 mole) is added slowly keeping the
      temperature below 45.degree. C. until the exotherm ceases. After stirring
      the solution for an hour at 45.degree. C., the temperature is lowered
      slowly and at 40.degree. C. the mixture is seeded with a small amount of
      the L(+)- tartrate salt of d-2-amino-1-butanol and then gradually cooled
      to 18.degree. over a period of 4 hours. The crystalline L(+)- tartrate
      salt of d-2-amino-1-butanol formed in the reaction mixture is removed by
      filtration, washed with cold methanol (3 ml. .times. 3) and pumped dry.
      The yield of the material is 9.0 g. (0.036 mole, 75.2%); m.p.,
      137.5-139.5; [.alpha.].sup.2.sub.D.sup.5 = 23.84.degree. (c = 5%, H.sub.2
      O).
PAC  EXAMPLE 13
PAC  N-[1-(Chloromethyl)propyl]acetimidoyl chloride
PAR  Reagent grade acetonitrile (82 g., 2 moles) is placed in a 500 ml.
      three-necked flask equipped with a mechanical stirrer, a low-temperature
      thermometer and two fritted inlet tubes. With vigorous stirring and
      cooling (-20.degree. C.), butene-1 (28 g. 0.5 mole) and chlorine (35.5 g.,
      0.5 mole) are added simultaneously both at a rate of about 375-400
      ml./min. The addition is complete in about 37 minutes and the reaction
      temperature at the end of this period rises to -10.degree. C.
      (bath/20.degree. C.) The mixture is fractionated to give: Fraction I, 89
      g. (mostly acetonitrile) distilling under 20 mm. pressure at a bath
      temperature of 50.degree. C.; Fraction II, 12.5 g. distilling under 20 mm.
      pressure at a bath temperature of 65.degree. C., 70% 1,2-dichlorobutane,
      30% N-[1-chloromethyl)propyl]acetimidoyl chloride; Fraction III, 35.9 g.
      distilling under 2 mm. pressure at a bath temperature of  60.degree.,
      about 90% N-[1-chloromethyl)propyl]acetimidoyl chloride residue, 6.7 g.
      dark brown viscous oil. Based on Fractions II and III, the yield of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is 39.7 g. (48%). A portion
      of Fraction III is redistilled to give a pale yellow oil with a
      characteristic odor resembling that of thionyl chloride. The product,
      N-[1-(chloromethyl)propyl]acetimidoyl chloride displays strong infrared
      bands at 3000, 1705, 1430, 1370, 1085, 960, 920, 840 and 740
      cm.sup.-.sup.1. NMR(CDCl.sub.3): 0.88 ppm (t, 3H), 1.4-1.8 ppm (m,  2H),
      245 ppm (s,  3H), 3.62 ppm (m,  2H,--CH.sub.2 Cl), and about 3.9 ppm (m,
      1H, CH).
PAR  Occasionally, a solid isomer of N-[1-(chloromethyl)propyl]acetimidoyl
      chloride (often the major product) is also obtained. The two forms seem to
      be interconvertible in certain solvents. On reaction with water, both
      hydrolyze to N-[1-chloromethyl)propyl.multidot.acetamide. The solid form
      has infrared bands at 3000, 1650, 1550, 1480, 1365, 1280, 1045, and 740
      cm.sup.-.sup.1.
PAC  EXAMPLE 14
PAC  N-[1-(Chloromethyl)propyl]acetamide
PAR  A sample of N-[1-(chloromethyl)propyl]acetimidoyl chloride from Example 8
      is treated with an excess of 10% aqueous sodium carbonate solution at room
      temperature. The organic material is extracted with ether and dried over
      MgSO4. Removal of the solvent under reduced pressure leaves
      N-[1-(chloromethyl)propyl]acetamide as a crystalline solid in nearly
      quantitative yield. An infrared spectrum shows peaks at 3300(M), 3100(W),
      1650(S), and 550(S) cm.sup.-.sup.1 ; nuclear magnetic resonance (CDCl3)
      shows peaks 0.95 ppm (t ,3H), 1.4-1.8 ppm (m ,2H), 2.03 ppm (s ,3H), 3.67
      ppm (d,2H,CH.sub.2 Cl), 3.8-4.4 ppm (m ,1H).
PAR  The effects of conditions on yields is shown in the following examples in
      which the chlorination reactions were carried out at initial temperatures
      of -3 to +23.degree. and the acetonitrile to Cl.sub.2 ratio was varied
      from 2 to 4. Additionally, the initial concentration of butene-1 was
      varied by either passing butene-1 and Cl.sub.2 simultaneously (low initial
      butene-1 concentration) into acetonitrile or by first condensing butene at
      -5.degree. C. into acetonitrile and then passing Cl.sub.2 through the
      mixture (high initial butene-1 concentration). The results of these
      experiments in Table I show that the yield of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is dependent primarily on
      the mole ratio of acetonitrile to Cl.sub.2 and amounts to about 50-55%
      when this ratio approaches 4.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PRODUCTION OF N-[1-(CHLOROMETHYL)PROPYL]ACETIMIDOYL CHLORIDE (I)          
     Reaction of Butene-1 (0.5 mole) with Cl.sub.2 (0.5 mole) in               
     Acetonitrile.sup.a (AN)                                                   
          T.degree.C                                                           
                    AN/Cl  Cl.sub.2 Rate                                       
                                 Reaction Time                                 
                                          Initial Butene                       
                                                   I                           
     Example                                                                   
          Init.                                                                
               Peak (mole ratio)                                               
                           (ml/min)                                            
                                 (hrs.)     conc.  (% yield).sup.d             
     __________________________________________________________________________
     15   0    3    2      100   2          high.sup.b                         
                                                   36                          
     16   0    17   2      100   2          low.sup.c                          
                                                   37.8                        
     17   23   27   4      400   0.5        low.sup.c                          
                                                   57.0                        
     18   -2   20   4      400   0.5        high.sup.b                         
                                                   43.8                        
     19   -3   32   4      400   0.5        high.sup.b                         
                                                   48.0                        
     20   0    5    4      400   0.5        high.sup.b                         
                                                   54.0                        
     21   0    5    4      100   2.0        low.sup.c                          
                                                   55.0                        
     __________________________________________________________________________
      .sup.a All reactions were carried out in a Morton flask under vigorous   
      stirring and at atmospheric pressures.                                   
      .sup.b Butene-1 was charged to reaction flask by pouring a weighed sample
      into acetonitrile cooled to -5.degree.C.                                 
      .sup.c Butene-1 and Cl.sub.2 were simultaneously passed via calibrated   
      flowmeters.                                                              
      .sup.d Yields were based on actual weights of the residues left after    
      distilling off the volatiles. Product purity was checked by gas liquid   
      chromatography, infrared, and nuclear magnetic resonance.                
      I I = N-[1-(chloromethyl)propyl]acetimidoyl chloride.                    
PAR  Hydrolysis of N-[1-(chloromethyl)propyl]acetimidoyl chloride is highly pH
      dependent. It has now been found that a simple hydrolysis procedure is
      effective. On refluxing with water N-[1-(chloromethyl)propyl]acetimidoyl
      chloride is transformed into a mixture of dl-2-amino-1-butanol (77%),
      dl-2-amino-1-butanol acetate hydrochloride (17%), the
      N-[1-(hydroxymethyl)propyl]acetamide (7%) and acetic acid within 1 hour.
      The product ratios appear to represent equilibrium compositions because
      additional heating (14 hrs.) does not materially change their
      distribution. If, however, the hydrolysis is carried out with aqueous
      methanol or ethanol, it is complete within 2 hours and the acetyl
      component of the product can be removed as methyl or ethyl acetate by
      distillation. This procedure not only decreases hydrolysis time, it also
      avoids the accumulation of salts in the reaction mixture, gives
      essentially quantitative yields of dl-2-amino-1-butanol from
      N-[1-(chloromethyl)propyl]acetimidoyl chloride through
      N-[1-(chloromethyl)propyl]acetamide, and facilitates product work-up.
      Methyl acetate boils at 57.degree. C., and is readily distilled off.
PAR  In order to make this process as economical as possible, excessively large
      volumes of aqueous methanol should be avoided. If insufficient quantities
      of water are used (less than N-[1-(chloromethyl)propyl]acetimidoyl
      chloride:H.sub.2 O:MeOH (mole ratio 1:3:3) and especially if the
      hydrolysis is carried out in the presence of the 1,2-dichlorobutane
      by-product, a small fraction (3-15%) of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride hydrolyzes to
      2-amino-1-chlorobutane hydrochloride. The formation of
      2-amino-1-chlorobutane hydrochloride can be totally suppressed if water
      and methanol are added sequentially, and in that order, rather than
      together in one step. Addition of water to
      N-[1(chloromethyl)propyl]acetimidoyl chloride almost instantaneously
      converts it to the N-[1-(chloromethyl)propyl]acetamide which then
      hydrolyzes via the oxazoline intermediate.
PAR  Three series of reactions (A, B, and C) were completed using as-is
      acetonitrile (water conc. (Karl-Fisher) = 0.059-0.2%). In each of these
      series, reactions were carried out using 0.5 mole of butene, 0.5 mole of
      chlorine, and the acetonitrile:Cl.sub.2 mole ratio (identical to the
      acetonitrile: butene) was varied from 1 to 8.
PAR  In series A (reaction time = 1 hr.) the reaction temperature was maintained
      at 0.degree. C. while chlorine and butene were passed simultaneously into
      acetonitrile in 1 hour. After removal of acetonitrile
      (40.degree.-50.degree., 50 mm), the crude reaction mixture containing
      N-[1-(chloromethyl)propyl]acetimidoyl chloride and 1,2-dichlorobutane was
      hydrolyzed by refluxing with aqueous methanol.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                          % yield of crude                     
              Moles                                                            
                  AN.sup.a /Butene/Cl.sub.2                                    
                           Cl.sub.2 Rate                                       
                                 Reaction Time                                 
                                          2-amino-1-butanol                    
     Example                                                                   
          T.degree.C.                                                          
              Butene                                                           
                  Mole Ratio                                                   
                           (ml/min)                                            
                                 (hrs.)   hydrochloride                        
     __________________________________________________________________________
     22   0.degree.                                                            
              1.0 1:1:1    400   1.0      31.6                                 
     23   0.degree.                                                            
              0.5 2:1:1    200   1.0      43.6                                 
     24   0.degree.                                                            
              0.5 4:1:1    200   1.0      52.5                                 
     25   0.degree.                                                            
              0.5 6:1:1    200   1.0      61.0                                 
     26   0.degree.                                                            
              0.5 8:1:1    200   1.0      67.0                                 
     __________________________________________________________________________
      .sup.a AN = Acetonitrile                                                 
PAR  It is significant to note that N-[1-(chloromethyl)propyl]acetimidoyl
      chloride can be hydrolyzed substantially quantitatively to
      N-[1-(chloromethyl)propyl]acetamide, and then to dl-2-amino-1butanol.
      Reporting as dl-2-amino-1-butanol hydrochloride is a very convenient
      method of showing yields. Errors due to volatile components are avoided.
      Small quantities of dl-1-amino-2-butanol report with the
      dl-2-amino-1-butanol. Even at a low acetonitrile:Cl.sub.2 ratio of one,
      the yield of dl-2-amino-1butanol.sup.. HCl is as high as 31%. Increasing
      the acetonitrile:Cl.sub.2 mole ratio from 1 to 2 improves the yield to
      43%, an increase of 12%. Further increases in the acetonitrile:Cl.sub.2
      ratios also improve the yields. For each additional mole of acetonitrile
      (up to a total of 5 moles (AN:Cl.sub.2 ratios 3 to 5) the yield of
      dl-2-amino-1-butanol.sup.. HCl increases on average about 6%. Still
      further addition of acetonitrile (AN:Cl.sub.2 mole ratios 6 to 8) is
      considerably less effective; the average incremental yield of
      dl-2-amino-1-butanol.sup.. HCl being of the order of about 3% per mole of
      acetonitrile. A ratio of about 4:1 is a good compromise between yield and
      a reasonable size reaction vessel and recycle ratio of acetonitrile.
PAR  In both series B and C, the gaseous reactants were run into acetonitrile
      over a period of 0.5 hr. The initial reaction temperature was 0.degree..
      This was allowed to rise to a maximum of 35.degree. during the course of
      the reaction. Additionally, in series B, chlorine was passed through a
      solution of butene in acetonitrile to maintain a high initial
      concentration of butene. In series C both chlorine and butene were passed
      simultaneously through acetonitrile allowing attainment of a low initial
      concentration of butene. The results of simultaneous and sequential
      additions of butene and chlorine on the yield of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride at different
      acetonitrile/Cl.sub.2 mole ratios are summarized in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Reaction of Butene-1 (0.5 mole).sup.a with Cl.sub.2 (0.5 mole).sup.a in   
     Acetonitrile (AN)                                                         
     Series B.sup.b : Addition of Cl.sub.2 to Butene + Acetonitrile (AN)       
                                         N-1-(chloromethyl)-                   
                     N-[1-(chloromethyl)-                                      
                                 1,2-dichlo-                                   
                                         propyl]acetimidoyl                    
                                                           % aceto-            
              AN:Cl.sub.2                                                      
                     propyl]acetimidoyl                                        
                                 robutane                                      
                                         chloride + 1,2-dichlo-                
                                                           nitrile             
     Example                                                                   
          T.degree.C.                                                          
              (mole ratio)                                                     
                     chloride    (moles) robutane (moles)  recovery            
     __________________________________________________________________________
                     Moles  %.sup.c      Exp.   Theor.                         
     27   0-35                                                                 
              1.1    0.164  32.3 0.350   0.514  0.5        90                  
     28   0-30                                                                 
              1.5    0.162  32.6 0.340   0.502  0.5        92                  
     29   0-25                                                                 
              2      0.192  38.0 0.310   0.502  0.5        97                  
     30   0-23                                                                 
              4      0.223  45.3 0.250   0.473  0.5        95                  
     31   0-25                                                                 
              4      0.241  47.8 --      --     --         --                  
     32   0-23                                                                 
              6      0.291  57.6 0.270   0.561  0.5        94                  
     33   0-15                                                                 
              8      0.269  54.3 0.180   0.459  0.5        99                  
     Series C.sup.b : Simultaneous Addition of Cl.sub.2 and Butene to          
     Acetonitrile                                                              
     34   0-25                                                                 
              1      0.74   35.6 1.26    2.00   2.0        102                 
     35   0-24                                                                 
              2      0.222  43.9 0.270   0.492  0.5        99                  
     36   0-27                                                                 
              4      0.246  47.1 0.270   0.516  0.5        99                  
     37   0-22                                                                 
              6      0.281  54.0 0.240   0.521  0.5        97                  
     38   0-21                                                                 
              8      0.337  66.0 0.130   0.467  0.5        99                  
     __________________________________________________________________________
      .sup.a Except in Example 34 where 2 mole of Cl.sub.2 and 2 mole of butene
      were passed through 2 moles of acetonitrile over a two-hour period.      
      .sup.b Reaction time: 0.5 hr; Cl.sub.2 rate: 400 ml/min                  
      .sup.c Yields based on butene. These percentages do not include losses of
      N-[1-(chloromethyl)propyl]-acetimidoyl chloride during removal of        
      1,2-dichlorobutane by distillation which may amount to 3-5%.             
PAR  In series B and C material balances show conversion and recovery data on
      acetonitrile. In each case the distillate 1,2-dichlorobutane +
      acetonitrile was analyzed for 1,2-dichlorobutane and acetonitrile by gas
      liquid chromatography.
PAR  A less pure product is obtained if the
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is allowed to stand for
      40-50 hours prior to work-up.
PAR  The data in the table shows that:
PAR  1. The yield of crude dl-2-amino-1-butanol.sup.. HCl (or
      N-[1-(chloromethyl)propyl]acetimidoyl chloride) is primarily dependent on
      the mole ratio of acetonitrile:CL.sub.2 and varies between 31 and 66% as
      the acetonitrile:Cl.sub.2 :butene mole ratio changes from 1:1:1 to 8:1:1.
PAR  2. Simultaneous addition of chlorine and butene to acetonitrile rather than
      the alternate procedure of adding chlorine to a mixture of butene and
      acetonitrile is advantageous. The reaction is less exothermic,
      consequently easier to control, and the yields of
      dl-2-amino-1butanol.sup.. HCl are somewhat better. A reaction time of 1
      hour generally appears to permit more control over the reaction
      exothermicity.
PAR  3. The reaction temperature does not appear to be a controlling factor in
      determining the overall yield. However, in view of the thermal instability
      of N-[1-(chloromethyl)propyl]acetimidoyl chloride) above 50.degree.,
      reaction temperatures between 0.degree.-25.degree. are more desirable.
PAR  The process can vary depending on the size of batches. Whereas the Examples
      are exemplary, for large scale production, the process may be run
      continuously, with the butene-1 and chlorine being fed continuously to a
      stirred continuous reactor. The recycle acetonitrile is distilled off and
      recycled continuously. Such a continuous system permits a higher ratio of
      acetonitrile to the butene-1 and chlorine. Whereas, for a batch process, a
      molar ratio of at least 2 of acetonitrile to butene-1 and chlorine is
      preferred, more than a ratio of 16 can require an uneconomically large
      reactor. With a continuous process even higher ratios are convenient.
PAR  Whereas both butene-1 and chlorine are gaseous at room temperature of about
      20.degree. C., so that low temperatures, around 0.degree. C. and lower are
      convenient, a higher temperature to reduce the need for cooling may be
      used if a pressurized reactor is available.
PAR  The trade-off of the cost of a pressure reactor against additional
      refrigeration can vary with equipment available.
PAR  Other modifications within the scope of this invention as defined by the
      appended claims are, of course, obvious to those skilled in the arts.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the synthesis of dl-2-amino-1-butanol hydrochloride which
      comprises heating N-[1-(chloromethyl)propyl]acetamide in the presence of a
      lower alkanol and water whereby the N-[1-(chloromethyl)propyl]acetamide is
      hydrolyzed to dl-2-amino-1butanol hydrochloride, and distilling off the
      coproduced alkanol acetate, whereby side reactions are suppressed, and the
      hydrolysis to dl-2-amino-1-butanol hydrochloride is essentially
      quantitative.
NUM  2.
PAR  2. The process of claim 1 in which the water is added first, the mixture
      refluxed, and then the lower alkanol is added, and the
      dl-2-amino-1-butanol is separated as the hydrochloride salt.
NUM  3.
PAR  3. The process of claim 2 in which the lower alkanol is methanol.
NUM  4.
PAR  4. The process of claim 1 in which the N-[1-(chloromethyl)propyl]acetamide
      is synthesized by reacting N-[1-(chloromethyl)propyl]acetimidoyl chloride
      with about a stoichiometric equivalent of water, in the presence of a weak
      base, thereby hydrolyzing N-[1-(chloromethyl)propyl]acetimidoyl chloride
      to N-[1-(chloromethyl)propyl[acetamide.
NUM  5.
PAR  5. The process of claim 1 in which the N-[1-(chloromethyl)propyl]acetamide
      is synthesized by reacting at least about 2 moles of acetonitrile with
      about 1 mole of chlorine and about 1 mole of butene-1, to produce
      N-[1-(chloromethyl)propyl]acetimidoyl chloride with the concurrent
      production of 1,2-dichlorobutane, adding about 1 mole of water, thereby
      hydrolyzing said N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide, and after the synthesis of said
      N-[1-(chloromethyl)propyl]acetamide, distilling off under reduced pressure
      and recovering the excess acetonitrile.
NUM  6.
PAR  6. The process of claim 5 in which water is added at about the same rate as
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is produced, thereby
      hydrolyzing it to N-[1-(chloromethyl)propyl]acetamide before said
      N-[1-(chloromethyl)propyl]acetimidoyl chloride can be additionally
      chlorinated, and also releasing the heat of hydrolysis over the course of
      the reaction, thus controlling isothermal temperature rise.
NUM  7.
PAR  7. The process of claim 6 in which the separated acetonitrile is recycled
      without additional purification.
NUM  8.
PAR  8. The process of claim 7 in which the addition of butene-1, chlorine and
      water to acetonitrile is a continuous process, and the recycling of
      acetonitrile is continuous.
NUM  9.
PAR  9. The process of claim 5 in which the chlorine, butene-1 and water are
      added concurrently.
NUM  10.
PAR  10. The process of claim 5 in which butene-1 is added first, and then
      chlorine and water are added.
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ABST
PAL  D-2-Amino-1-butanol, for the synthesis of ethambutol hydrochloride,
      d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride, is produced in
      high purity and good yields by the reaction of butene-1, a nitrile,
      preferably an excess of acetonitrile, and chlorine to form
      N-[1-(chloromethyl)propyl]acetimidoyl chloride which is hydrolyzed to
      dl-2-amino-1-butanol, which can be isolated as the hydrochloride, or free
      base, or a mixture, resolved with L(+)-tartaric acid and the
      d-2-amino-1-butanol reacted with ethylene dichloride and then hydrochloric
      acid to form ethambutol hydrochloride. A minimum of by-products which are
      conveniently split out permits the economical synthesis of a
      pharmaceutical grade product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ethambutol hydrochloride, which is d,d'-2,2'-(ethylenediimino)di-1-butanol
      dihydrochloride is a therapeutic agent for the treatment of tubercle
      bacilli infections, particularly human tuberculosis caused by
      Mycobacterium tuberculosis. The compound, its preparation, and its
      therapeutic use are disclosed in U.S. Pat. No. 3,176,040, 1965, Wilkinson
      and Shepherd, see Example 2 thereof. The therapeutic activity of the
      d-isomer is discussed in J. Am. Chem. Soc. 83, 2212 (1961).
PAR  The d,d-form of ethambutol may be made by reacting ethylene dichloride with
      d-2-amino-1-butanol. The ethambutol can be separated as the base, and
      converted to the dihydrochloride salt.
PAR  One method of resolving aminobutanol is disclosed in U.S. Pat. No.
      3,553,257, Jan. 5, 1971, Halmos and Ricketts.
PAR  U.S. Pat. No. 3,769,347, Oct. 30, 1973, John Kazan, PRODUCTION OF
      d,d'-2,2'-(ETHYLENEDIIMINO)DI-1-BUTANOL HYDROCHLORIDE, details certain
      processes for the improvement of yields and purity. Said patents and
      publications are herein hereby incorporated by this reference thereto.
PAC  PRIOR ART
PAR  U.S. Pat. No. 2,569,549, Oct. 2, 1951, P. L. Barrick, IMIDOHALIDES AND
      PROCESS OF PREPARING THEM AND THEIR HYDROLYSIS PRODUCTS, discloses the
      preparation of imidohalides of N-acyl-beta-haloamines. Among much other
      disclosure, Example VIII discloses the reaction of 56 parts (0.5 mole) of
      octene-1, 41 parts (1 mole) of acetonitrile and 55 parts (0.77 mole) of
      chlorine at 10.degree.-15.degree.C., with the reaction mixture being
      poured into ice and water, treated with concentrated hydrochloric acid,
      and steam distilled.
PAR  The product reported is 14 parts of the hydrochloride of
      1-hydroxymethylheptylamine
      ##EQU1##
      produced by the complete hydrolysis of the intermediate imidochloride of
      N-[(alpha-hexyl-beta-chloro)ethyl]acetamide. Using the nomenclature of
      this case, these would be named dl-2-amino-1-octanol hydrochloride and
      N-[1-(chloromethyl)heptyl]-acetimidoyl chloride. Column 12, line 75,
      mentions butene-1, among other starting materials.
PAR  Example VI of said U.S. Pat. No. 2,569,549 shows the addition of
      isobutylene to a solution of 32 parts of clorine in 135 parts of
      acetonitrile, until the yellow color disappeared. Excess acetonitrile was
      removed, and the product was hydrolyzed with dilute hydrochloric acid to
      produce an N-(chloroisobutyl)trichloroacetamide, probably
      N-[(beta-chloro-alpha, alpha-dimethyl)ethyl]trichloroacetamide.
PAC  SUMMARY OF THE INVENTION
PAR  Ethambutol, d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride is
      prepared in a pharmaceutically elegant grade by reacting butene-1 and
      chlorine with acetonitrile, preferably simultaneously, to yield
      N-[1-(chloromethyl)propyl]acetimidoyl chloride together with a certain
      amount of by-product 1,2-dichlorobutane; the
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is hydrolyzed in situ to
      N-[1-(chloromethyl)propyl]-acetamide, which is further hydrolyzed with
      presumably ring closing and reopening steps to dl-2-amino-1-butanol,
      conveniently as the hydrochloride. In the presence of a lower alkanol the
      dl-2-amino-1-butanol hydrochloride is resolved to d-2-amino-1-butanol,
      which also markedly increases the purity, with the d-2-amino-1-butanol
      being reacted with ethylene dichloride to produce ethambutol
      hydrochloride.
PAR  This gives d-2-amino-1-butanol in a form which is particularly acceptable
      for reaction with ethylene dichloride to yield a pharmaceutically elegant
      grade of d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride.
PAR  These equations may be written:
      ##EQU2##
      N-[1-chloromethyl)propyl]acetimidoyl chloride or
      N-[1-(chloromethyl)propyl]ethanimidoyl chloride
      ##EQU3##
      N-[1-(chloromethyl)propyl]acetamide
      ##EQU4##
      4-ethyl-2-methyl-2-oxazoline hydrochloride or
      4,5-dihydro-4-ethyl-2-methyl-oxazole hydrochloride
      ##EQU5##
PAR  Surprisingly, best results are obtained in the reaction with acetonitrile
      if an excess of acetonitrile is used. Acetonitrile is the expensive
      component and routinely it is customary to attempt to use less of the
      expensive component.
PAR  Here, chlorine also reacts with butene-1 to yield 1,2-dichlorobutene. An
      excess of acetonitrile shifts the reaction towards
      N-[1-(chloromethyl)propyl]acetimidoyl chloride. An amount of water
      corresponding to that required for the hydrolysis of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride may be added before, with
      or after the addition of the chlorine and butene to the reaction mixture
      to hydrolyze the N-[1-chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide. The reaction of acetonitrile with
      hydrochloric acid formed in the hydrolysis is sufficiently slow that at
      least 95% of the excess of acetonitrile may be distilled under reduced
      pressure from the reaction mixture and recycled. The economical recovery
      of the acetonitrile in such form that it may be recycled to the process is
      essential to the low cost production being sought.
PAR  Too great an excess of acetonitrile requires too large a reaction vessel. A
      continuous reaction may be used, which permits smaller equipment, and a
      large excess of acetonitrile, which is recycled to the starting materials.
PAR  After stripping the acetonitrile, if hydrolysis of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide has not been completed during the
      reaction, hydrolysis is completed by adding water to the pot residue.
      Production of N-[1-(chloromethyl)propyl]acetamide by hydrolysis of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride, is favored by the presence
      of a weak base such as calcium carbonate, calcium oxide, calcium
      hydroxide, sodium carbonate, sodium bicarbonate, potassium carbonate or
      bicarbonate, barium carbonate, or strontium carbonate. The base is not
      necessary if the N-[1-(chloromethyl)propyl]acetamide is to be processed by
      further hydrolysis to dl-2-amino-1-butanol. After hydrolysis,
      1-2-dichlorobutane is stripped by distillation under reduced pressure.
PAR  After removal of the acetonitrile and 1,2-dichlorobutane, the purity of the
      N-[1-(chloromethyl)propyl]acetamide is sufficiently high for convenient
      processing through to dl-2-amino-1-butanol hydrochloride of a grade which
      may be used in a resolution step, or other purposes.
PAR  The N-[1-(chloromethyl)propyl]acetimidoyl chloride may be recovered and
      utilized after its formation. Conveniently, water is added to the reactor
      to hydrolyze N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide, so that, in effect, the first two
      steps are simultaneously accomplished, exotherms are better controlled,
      and the processing steps are simultaneous, saving time and manipulation. A
      slight excess over the calculated quantity of water necessary for
      hydrolysis of N-[1-(chloromethyl)propyl
PAR  acetimidoyl chloride to N-[1-(chloromethyl)propyl]acetamide may be added
      after the completion of chlorination.
PAR  The acetonitrile may be separated from the
      N-[1-(chloromethyl)propyl]acetimidoyl chloride or
      N-[1-chloromethyl)propyl]acetamide. Conveniently, it is separated after
      the hydrolysis to N-[1-(chloromethyl)propyl]acetamide. The
      1,2-dichlorobutane may be separated in whole or in part by distillation
      after the synthesis of N-[1-(chloromethyl)propyl]acetimidoyl chloride, or
      after hydrolysis to N-[1-(chloromethyl)propyl]acetamide. At least part of
      the 1,2-dichlorobutane may be retained until the synthesis of the
      dl-2-amino-1-butanol hydrochloride is completed. It is usually more
      convenient to separate the 1,2-dichlorobutane after the hydrolysis to the
      N-[1-(chloromethyl)propyl]acetamide, as the reaction mixture is then
      smaller, and more compact equipment may be used for the reaction of the
      N-[1-(chloromethyl)propyl]acetamide to dl-2-amino-1-butanol hydrochloride.
      Azeotropic distillation with water permits convenient and effective
      complete removal of the 1,2-dichlorobutane from the dl-2-amino-1-butanol.
PAR  Subsequently, methanol is added to the aqueous reaction mixture containing
      N-[1-(chloromethyl)propyl]acetamide, preferably with catalytic amounts of
      hydrochloric acid, which is refluxed to hydrolyze to dl-2-amino-1butanol
      hydrochloride with by-product methyl acetate. The methyl acetate is
      removed by distillation leaving dl-2-amino-1-butanol hydrochloride.
PAR  For the production of N-[1-(chloromethyl)propyl]acetimidoyl chloride, the
      presence of water is to be avoided, and vacuum distillation to remove
      acetonitrile and 1,2-dichlorobutane is necessary. If hydrolyzed to
      N-[1-chloromethyl)propyl]acetamide, mild conditions for the removal of
      both acetonitrile and 1,2-dichlorobutane are preferred. A weak base aids
      in controlled hydrolysis. Where hydrolysis to dl-2-amino-1-butanol is
      desired, the acid produced in hydrolysis can be used to form the
      hydrochloride salts of the product.
PAR  In the production of dl-2-amino-1-butanol hydrochloride, the acetonitrile
      should be vacuum distilled out at the N-[1-(chloromethyl)propyl]acetamide
      stage, for recycling. If the acetonitrile is permitted to remain during
      the hydrolysis to dl-2-amino-1-butanol hydrochloride, the acetonitrile
      tends to hydrolyze to acetic acid with production of ammonia, usually as
      the ammonium chloride. The acetic acid from the hydrolysis of acetonitrile
      is readily removed as the methyl ester, but the loss of acetonitrile
      reduces the efficiency of the process.
PAR  1,2-dichlorobutane is preferably at least partially removed by vacuum
      distillation at the N-[1-(chloromethyl)propyl]acetamide stage. It causes
      no complications other than increasing the size of the reactor required.
      Conveniently, the last of the 1,2-dichlorobutane is removed by azeotropic
      distillation from dl-2-amino-1-butanol hydrochloride at the time acetic
      acid is removed as the methyl ester. Conveniently, the intermediate
      reactions to dl-2-amino-1-butanol hydrochloride may overlap without the
      isolation of N-[1-(chloromethyl)propyl]acetimidoyl chloride and
      N-[1-(chloromethyl)propyl]acetamide.
PAR  By dissolving in methyl alcohol, or isopropanol, or mixtures thereof, a
      solution of the dl-2-amino-1-butanol, predominantly as the hydrochloride,
      is obtained which can be partially neutralized with ammonia to form a
      mixture of dl-2-amino-1-butanol and dl-2-amino-1-butanol hydrochloride,
      with ammonium chloride being filtered out. The mixture is approximately 2
      parts dl-2-amino-1-butanol and 1 part dl-2-amino-1-butanol hydrochloride,
      a ratio which is close to the optimum desired for reacting with L(+)-
      tartaric acid in the presence of anhydrous methanol to permit the
      separation of the d-2-amino-1-butanol tartrate as is set forth in detail
      in U.S. Pat. No. 3,553,257, supra.
PAR  This process has unique and unexpected advantages in the present system
      because part of the butene-1 adds chlorine and acetonitrile in the reverse
      of the desired position so that about 3 to 10% dl-1-amino-2-butanol is
      found in the dl-2-amino-1-butanol as an impurity. In separation of the d-
      and l- isomers of dl-2-amino-1-butanol, both isomers of
      dl-1-amino-2-butanol remain with the mother liquor, and a much purified
      d-2-amino-1-butanol separates out as the L(+)- tartrate salt.
PAR  A starting material containing up to about 10% of dl-1-amino-2-butanol
      yields a purified d-2-amino-1-butanol, as the tartrate, having a content
      of less than 0.01% of dl-1-amino-2-butanol, as its tartrate salts. If
      washing is less thorough, up to 0.1% may be present. A purity is readily
      obtained which can be used as a starting material for ethambutol which is
      of pharmaceutical grade with a minimum of additional purification.
PAR  The facility of separating out impurities and by-products is unobvious and
      of the essence of the present system of reactions.
DETD
PAC  EXAMPLE 1
PAC  Preparation of dl-2-Amino-1-butanol Hydrochloride
PAR  Acetonitrile (164 g., 4 moles) is placed in a tared 500 ml 4-necked Morton
      flask equipped with a mechanical stirrer, a thermometer, two fritted glass
      gas-inlet tubes, a syringe needle (atttached to a syringe pump), and a
      dry-ice condenser. The flask is cooled in an ice-water bath to
      3.degree.-5.degree. C. Chlorine (71 g., 1 mole) and butene-1 (56 g. 1
      mole) are passed through the well-stirred acetonitrile at a rate of about
      400 ml./min. each while water (10 g., 0.55 mole) is added simultaneously
      at a linear rate with the syringe pump during the course of the reaction
      (1 hour).
PAR  The reaction temperature rises to 20.degree.C. within 8 minutes and stays
      constant through the course of the reaction. The reaction mixture is
      stirred for an additional 15-30 minutes. The reaction mixture is weighed
      to insure that proper amounts of the gaseous reactants have been
      introduced. Excess acetonitrile (b.p. 36.degree.-41.degree. C./150-170
      mm.) is removed by distillation (bath temperature up to 100.degree. C.)
      while using a 10-plate distillation column. A sudden temperature drop
      indicates the end of acetonitrile distillation.
PAR  The acetonitrile fraction contains 1-2% HCl and about 6% 1,2-dichlorobutane
      and can be recycled, without further treatment to a subsequent batch, or
      can be purified before recycling.
PAR  The head temperature rises to 70.degree. and by-product 1,2-dichlorobutane
      is distilled off between 70.degree.-40.degree.C. at 150 to 25 mm. A
      dry-ice trap attached to the vacuum line contains 15-25 g. of a material
      which consisted of 35% HCl, 10% 1,2-dichlorobutane and a crystalline solid
      derived from the reaction of acetonitrile with anhydrous HCl.
PAR  The residue in the flask, predominantly
      N-[1-(chloromethyl)propyl]acetamide, is mixed with water (45 g., 2.5
      moles) and the mixture is brought to reflux. The residual
      1,2-dichlorobutane is removed by azeotropic distillation (Dean-Stark trap)
      while the mixture is refluxed for 2 hours. The water and some acetic acid
      (formed during hydrolysis with water) are removed at 80.degree. (under
      reduced pressure (15-20 mm.) to leave a viscous residue consisting of
      N-[1-(chloromethyl)propyl]acetamide, and its hydrolysis products.
PAR  Methanol (48 g., 1.5 moles) and concentrated hydrochloric acid (0.5 ml) are
      added to the residue and the reaction mixture is refluxed for 2 hours.
      After removal of the volatiles (H.sub.2 O, methyl acetate, etc.), the
      dl-2-amino-1-butanol hydrochloride is obtained as a colorless viscous
      material which crystallizes on standing.
PAC  EXAMPLE 2
PAC  dl-2-amino-1-butanol
PAR  A 30 g. portion of the crude dl-2-amino-1-butanol hydrochloride from
      Example 1 is suspended in a mixture of 100 ml. of toluene and 20 ml. of
      isopropanol. Anhydrous ammonia (10.2 g., 0.6 mole) is introduced over the
      surface of the well-stirred suspension at 25.degree. C. A dry ice-acetone
      condenser controls ammonia loss during reaction. Crystalline ammonium
      chloride starts precipitating immediately and stirring is continued for
      15-20 minutes to insure completion of the reaction. The dry ice-acetone
      condenser is removed and excess NH.sub.3 is allowed to volatilize (15-20
      minutes). The precipitated NH.sub.4 Cl is filtered off and washed with a
      small amount of toluene.
PAR  The filtrate and washings are combined and the solvents evaporated under
      reduced pressure to obtain d,1-2-amino-1-butanol (21.0 g.). The product by
      gas liquid chromatography is 63% pure, and contains about 8% of
      dl-1-amino-2-butanol. The same process can be used to obtain the d- or l-
      optical isomer as a free base from its hydrochloride salt.
PAC  EXAMPLE 3
PAC  d-2-amino-1-butanol tartrate from dl-2-amino-1-butanol hydrochloride
PAR  A 50 g. sample of dl-2-amino-1-butanol hydrochloride from Example 1 is
      dissolved in 100 ml. of anhydrous methanol. One mole of anhydrous NH.sub.3
      is condensed in over a period of 40 minutes. (A dry ice-acetone condenser
      is used to prevent ammonia loss during reaction). After stirring for 0.5
      hr., the dry ice-acetone condenser is removed and excess NH.sub.3 is
      allowed to volatilize (20-30 minutes). The precipated NH.sub.4 Cl is
      filtered off (13.2 gm., 0.246 mole, 62%) and the filtrate is concentrated
      to leave the viscous oil (43 gm.) which contains 58% by weight free
      dl-2-amino-1-butanol (the remainder being unreacted dl-2-amino-1-butanol
      hydrochloride).
PAR  The mixture (42 g.) is dissolved in 120 ml. of anhydrous methanol and the
      solution is treated with 35 g. (0.233 mole) of L(+)- tartaric acid. The
      reaction temperature rises to 45.degree.-47.degree. C. during addition of
      tartaric acid. The solution is maintained at this temperature for 1 hour
      and then cooled to 25.degree. C. over a period of 4-5 hours.
      Crystallization can be expedited by seeding the solution with
      d-2-amino-1-butanol L(+)- tartrate to induce crystallization of the salt.
PAR  The precipitated salt is filtered off and washed four times with cold
      methanol and then dried in an inert atmosphere. The salt is obtained as
      colorless crystalline solid [30 g., 0.125 mole, 63o/o) mp.
      138.degree.-140.degree. C. [.alpha.].sub.D.sup.26 = 23.52.degree.
      (c=5o/o,H.sub. 2 O) and in a typical run was indistinguishable from
      authentic d-2-amino-1-butanol L(+)- tartrate [mp. 137.degree.-141.degree.
      C.; [.alpha.].sub.D.sup.26 = 23.74.degree. (c=5o/o,H.sub. 2 O)]. Up to
      about 8% of dl-1-amino-2-butanol may be formed in the reactions from the
      addition of the imido group to the 1 position in butene-1, in effect, the
      reverse of that desired. By analogous reactions, this is converted to
      dl-1-amino-2-butanol. Both the d and l isomers remain with the mother
      liquor in the crystallization, and permit the separation of
      d-2-amino-1-butanol L(+)- tartrate substantially free from impurities.
PAR  The isolation of d-2-amino-1-butanol from the salt has been described in
      U.S. Pat. No. 3,553,257, supra.
PAR  Conversion to ethambutol is described in U.S. Pat. No. 3,769,347, supra.
PAC  EXAMPLE 4
PAC  d-2-Amino-1-butanol
PAR  d-2-Amino-1-butanol tartrate (150 g.) (0.63 mole) from Example 3 is added
      with stirring to an aqueous solution of KOH prepared by dissolving 76 g.
      KOH in 115 ml. of distilled water. d-2-Amino-1-butanol which forms the
      upper layer is extracted with tetrahydrofuran (100 ml. .times. 2). The
      tetrahydrofuran extract is dried (Na.sub.2 SO4) and concentrated under
      reduced pressure. The crude, oily residue is distilled under reduced
      pressure to give d-2-amino-1-butanol (b.p. 99.degree.-103.degree. at 30
      mm.). The material is further fractionated to give pure d-2-amino-1butanol
      having a b.p. of 174.degree., and [.alpha.].sub.D.sup.25 = 9.9. The yield
      of the distilled material is about 50% to 76% and can be improved
      substantially if additional extractions are carried out with
      tetrahydrofuran.
PAC  EXAMPLE 5
PAC  Ethambutol Hydrochloride
PAR  Following the procedure described in Example 1 of U.S. Pat. No. 3,769,347,
      a mixture of 462 g. of d-2-amino-1-butanol, produced in accordance with
      the procedure of Example 4, and 32 g. of ethylene dichloride is heated to
      80.degree. C. and the temperature is allowed to rise exothermally to about
      130.degree. C. After 1 hour, the mixture is cooled to about 95.degree. C.,
      22.5 g. of sodium hydroxide is slowly added, and a temperature of about
      112.degree. C. is maintained for 1 hour. The sodium hydroxide is in the
      form of prills of about 4 mm. diameter. The mixture is cooled to
      70.degree. C. and unreacted d-2-amino-1-butanol is recovered by vacuum
      distillation. The distillation is at a pressure below 20 mm. mercury, and
      below 130.degree. C., heat being applied at a rate within the capacity of
      the condenser.
PAR  Isopropanol (290 g.) is added to the distillation residue at a temperature
      not above 90.degree. C., and followed by a refluxing period of 30 minutes.
      The mixture is cooled to and filtered at 60.degree. C. to remove sodium
      chloride, and the filter cake is washed with 47 g. of isopropanol, at
      60.degree. C. The volume of the filtrate is diluted to 430 ml. with
      isopropanol and the temperature is adjusted to 40.degree.-45.degree. C., 2
      g. of diatomaceous earth filter aid is added, and a second filtration is
      carried out.
PAR  To the clear filtrate there is added 120 g. of methanol and 15 g. of water.
      The vessel is closed and hydrogen chloride (about 25 g.) is introduced
      over the surface of the charge at a gas pressure of 5-7 p.s.i.g. while the
      temperature is allowed to rise to 55.degree. C., to a pH of 2 to 2.5. The
      charge is cooled very slowly to 28.degree. C. and is stirred for about 1
      hour.
PAR  Conveniently, a small aliquot is titrated, and a calculated quantity of
      hydrogen chloride added. Proper final pH is confirmed by testing as acid
      to wet Congo Red test paper. Other methods of measuring the pH can be
      used. The white crystalline product,
      d,d'-2,2'-(ethylenediimino)-di-1-butanol dihydrochloride is separated by
      filtration and washed with isopropanol. The product, carefully dried at a
      maximum temperature of 75.degree. C., is about 70 g., has a decomposition
      range of 198.5.degree.-204.degree. C., and an ash content of 0.1%.
PAR  This is pharmaceutically acceptable, elegant grade of ethambutol
      hydrochloride without further treatment or refinement. The product may be
      tabletted or encapsulated by conventional procedures.
PAC  EXAMPLE 6
PAC  N-[1-(Chlormethyl)propyl]acetamide
PAR  Into a 250 ml. 3-necked flask fitted with a stirrer, dry ice-acetone trap,
      a gas outlet, and a gas inlet is charged 41.05 g. (1.0 mole) acetonitrile,
      25 g. (0.25 mole) CaCO.sub.3, 13.5 ml. (0.75 mole) water and 26.8 g.
      (0.475 mole) 1-butene. The mixture is cooled to -5.degree. to -8.degree.
      C. and chlorine added over 2 hours maintaining the temperature at below
      7.degree. C. until the reaction mixture turns yellow indicating a slight
      excess of chlorine. The mixture is filtered and the solvents distilled
      under reduced pressure to yield 28.6 g. of
      N-[1-(chloromethyl)propyl]acetamide (40.2% yield based on 1-butene).
PAC  EXAMPLE 7
PAC  N-1-(Chloromethyl)propyl]acetamide
PAR  A 500 ml. 3-necked flask fitted with a stirrer and dry ice-acetone trap is
      charged with 82.1 g. (2.0 mole) acetonitrile, 27.4 g. (1.52 mole) water,
      27 g. (0.25 mole) Na.sub.2 CO.sub.3 and 28.1 g. (0.50 mole) 1-butene and
      cooled to 0.degree. C. Chlorine (0.50 mole) is added over 1/2 hour, the
      reaction temperature reaching a high of 32.degree. C. After stirring for 2
      hours at 25.degree. C., the reaction mixture is filtered. The acetonitrile
      washings of the solid phase and filtrate is combined and the solvents
      removed by vacuum distillation to leave 33.0 g. of the
      N-[1-(chloromethyl)propyl]acetamide (44.0% yield based on 1-butene).
PAC  EXAMPLE 8
PAC  dl-2-Amino-1-butanol
PAR  Sodium hydroxide pels (97% pure, 18.8 g. 0.45 mole) are stirred with 100
      ml. of anhydrous methanol and crude dl-2-amino-1-butanol hydrochloride 50
      g. (87% real. 0.35 mole) from a run similar to that of Example 1 is added
      with stirring over a period of 0.5 hr. The reaction mixture warms up and
      precipitated sodium chloride is removed by filtration, washed with
      methanol and the washings combined with the main filtrate. Methanol and
      water (formed during neutralization) are removed under reduced pressure
      and the residual oil distilled to yield dl-2-amino-1-butanol (b.p.
      95.degree.-100.degree./30-35 mm.), 26.68 g. (86% of theory). The material
      contains about 9.6% of dl-1-amino-2-butanol.
PAR  dl-2-Amino-1-butanol can be used as a catalyst as described in U.S. Pat.
      No. 3,539,652 (CA 74, 23499) as a component of organosilicone
      compositions, French Pat. No. 1,556,008 (CH71, 115) or as a component in a
      flame retardant composition U.S. Pat. No. 3,413,380 (CA 70, 40).
PAC  EXAMPLE 9
PAC  dl-2-Amino-1-butanol
PAR  Sodium hydroxide pels (97% pure, 18.8 g. 0.45 mole) are stirred with 100
      ml. of isopropanol containing 0.7 ml. of water. A part of the sodium
      hydroxide goes into solution. Crude dl-2-amino-1-butanol hydrochloride 50
      g. (70% real, 0.28 mole) is added with stirring over a period of 0.5 hr.
      The reaction mixture warms up to about 45.degree. C. and crystalline
      sodium chloride precipitates out of the reaction mixture. The salt is
      removed by filtration, washed with isopropanol and the washings are
      combined with the main filtrate. The filtrate is distilled under reduced
      pressure. Isopropanol and water are removed as a fore-run and
      dl-2-amino-1-butanol (25 g. 88.3% yield) is distilled at
      95.degree.-105.degree. at 30 mm. Gas liquid chromatographic analysis of
      this product showed it to contain about 10% 1-amino-2-butanol.
PAC  EXAMPLE 10
PAC  d-2-Amino-1-butanol
PAR  To a 15 g. portion of undistilled crude dl-2-amino-1-butanol (59% real, 0.1
      mole) from a run similar to that of Example 2, dissolved in 48 ml. of
      methanol is added with stirring 17.5 g. (0.117 mole) of L(+)- tartaric
      acid while the temperature is maintained at 45.degree.. The solution is
      seeded with a small amount of crystals of the L(+)- tartrate of
      d-2-amino-1-butanol and the temperature maintained at 45.degree. C. for
      0.5 hr. An additional 4.2 g. (0.028 mole) of tartaric acid is added and
      the mixture held at 45.degree.-47.degree. C. for an additional 0.5 hour.
      The temperature is then lowered for 16.degree.-18.degree. over a 4 hour
      period and held at this temperature for 1 hour. The crystalline L(+)-
      tartrate of d-2-amino-1-butanol is removed by filtration, washed with cold
      methanol (3 ml. .times. 3) and dried in an inert atmosphere. In one such
      run the d-2-amino-1-butanol L(+)- tartrate weighed 8.5 (0.035 mole,
      71.0%), melted at 137.degree.-138.degree. and had a specific rotation
      [.alpha.].sub.D.sup.26 = 23.74 (c - 5%, H.sub.2 O). The crude feed
      dl-2-amino-1-butanol contained about 8% of dl-1-amino-2-butanol as an
      impurity. This impurity is not carried through the resolution process. The
      L(+)- tartrate salt of d-2-amino-1-butanol obtained after resolution is
      found to contain no detectable quantities of 1-amino-2-butanol, by gas
      liquid chromatography, which is sensitive to about 0.01% of
      1-amino-2-butanol.
PAC  EXAMPLE 11
PAC  d-2-Amino-1-butanol
PAR  To 15 g. of distilled dl-2-amino-1-butanol (88.5% pure by gas liquid
      chromatography), from a run similar to Example 2, dissolved in 48 ml. of
      anhydrous methanol is added with stirring 17.5 g. (0.117 mole) of L(+)-
      tartaric acid while maintaining the temperature below 47.degree. C. The
      resulting solution is stirred at 45.degree.-47.degree. for 0.5 hour and an
      additional 4.21 g. (0.028 mole) of tartaric acid is added and the solution
      stirred for an additional 0.5 hour at 45-47%. The solution is seeded with
      a small amount of the L(+)- tartrate of d-2-amino-1-butanol. The mixture
      is slowly cooled to 16.degree.-17.degree.C. over a 4 hour period and the
      crystalline L(+)- tartrate salt of d-2-amino-1-butanol is removed by
      filtration, washed with cold methanol (3 ml. .times. 3) and dried in an
      inert atmosphere. The white crystalline material (14.5 g., 0.061  mole
      81.9% yield) melts at 136.degree.-140.degree. and has a specific rotation
      of [.alpha.].sub.D.sup.25 = 23.74 (c = 5%, H.sub.2 O). The feed
      dl-2-amino-1-butanol used for resolution contains about 8% of
      dl-1-amino-2-butanol as an impurity. This impurity is, however, not
      carried through the resolution process. The L(+)- tartrate salt of
      d-2-amino-1-butanol obtained after resolution is found to contain no
      detectable quantities of either d or l 1-amino-2-butanol by gas liquid
      chromatography which is sensitive to 0.01% of 1-amino-2-butanol.
      Apparently, all of the dl-1-amino-2-butanol remains with the mother
      liquor, and is rejected along with the l-2-amino-1-butanol in the
      methanol.
PAC  EXAMPLE 12
PAC  dl-2-Amino-1-butanol
PAR  A. A 137-g. sample of crude dl-2-amino-1-butanol hydrochloride from a run
      similar to Example 1 is treated with a solution of 137 g. KOH in 200 ml.
      of water. The mixture is extracted three times with tetrahydrofuran and
      the combined extracts dried (Na.sub.2 SO.sub.4). The solvent is removed
      under reduced pressure to give 95 g. of a crude oil (60.6%
      dl-2-amino-1-butanol and 6% dl-1-amino-2-butanol).
PAR  B. In a separate experiment a 250-g. sample of similar crude
      dl-2-amino-1butanol hydrochloride dissolved in 200 ml. of anhydrous
      methanol is treated with 3 moles of anhydrous ammonia. After a few hours
      stirring, the excess ammonia is allowed to evaporate. The precipitated
      ammonium chloride is removed by filtration and the filtrate concentrated
      gives 174.5 gm. of an oil which contains both dl-2-amino-1-butanol and its
      hydrochloride together with some quantities of dl-1-amino-2-butanol and
      its hydrochloride (total 58.9% dl-2-amino-1-butanol by gas liquid
      chromatography.
PAR  C. A 7.5-gm. sample of crude dl-2-amino-1-butanol from the first experiment
      (A) is mixed with a 7.5 gm. portion of the material (dl-2-amino-1-butanol
      and its hydrochloride) from the second experiment and the mixture is
      dissolved in a mixture of 80 parts of anhydrous methanol and 20 parts of
      isopropanol (v/v) (the solution contains 0.1 mole of real
      dl-2-amino-1-butanol of which 0.097 mole is present as the free base).
      L(+)- tartaric acid (15 g., 0.1 mole) is added slowly keeping the
      temperature below 45.degree. C. until the exotherm ceases. After stirring
      the solution for an hour at 45.degree. C., the temperature is lowered
      slowly and at 40.degree. C. the mixture is seeded with a small amount of
      the L(+)- tartrate salt of d-2-amino-1butanol and then gradually cooled to
      18.degree. over a period of 4 hours. The crystalline L(+)- tartrate salt
      of d-2-amino-1-butanol formed in the reaction mixture is removed by
      filtration, washed with cold methanol (3 ml. .times. 3) and pumped dry.
      The yield of the material is 9.0 g. (0.036 mole, 75.2%); m.p.,
      137.5-139.5; [.alpha.].sub.D.sup.25 = 23.84.degree. (c = 5%, H.sub.2 O).
PAC  EXAMPLE 13
PAC  N-[1-(Chloromethyl)propyl]acetimidoyl chloride
PAR  Reagent grade acetonitrile (82 g., 2 moles) is placed in a 500 ml.
      three-necked flask equipped with a mechanical stirrer, a low-temperature
      thermometer and two fritted inlet tubes. With vigorous stirring and
      cooling (-20.degree. C.), butene-1 (28 g. 0.5 mole) and chlorine (35.5 g.,
      0.5 mole) are added simultaneously both at a rate of about 375-400
      ml./min. The addition is complete in about 37 minutes and the reaction
      temperature at the end of this period rises to -10.degree. C.
      (bath/20.degree. C.) The mixture is fractionated to give: Fraction I, 89
      g. (mostly acetonitrile) distilling under 20 mm. pressure at a bath
      temperature of 50.degree. C.; Fraction II, 12.5 g. distilling under 20 mm.
      pressure at a bath temperature of 65.degree. C., 70% 1,2-dichlorobutane,
      30% N-[1-chloromethyl)propyl]acetimidoyl chloride; Fraction III, 35.9 g.
      distilling under 2 mm. pressure at a bath temperature of 60.degree., about
      90% N-[1-chloromethyl)propyl]acetimidoyl chloride residue, 6.7 g. dark
      brown viscous oil. Based on Fractions II and III, the yield of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is 39.7 g. (48%). A portion
      of Fraction III is redistilled to give a pale yellow oil with a
      characteristic odor resembling that of thionyl chloride. The product,
      N-[1-(chloromethyl)propyl]acetimidoyl chloride displays strong infrared
      bands at 3000, 1705, 1430, 1370, 1085, 960, 920, 840 and 740
      cm.sup.-.sup.1. NMR(CDCl.sub.3): 0.88 ppm (t ,3H), 1.4-1.8 ppm (m ,2H),
      245 ppm (s ,3H), 3.62 ppm (m,2H,--CH.sub.2 Cl), and about 3.9 ppm (m ,1H,
      CH).
PAR  Occasionally, a solid isomer of N-[1-chloromethyl)propyl]acetimidoyl
      chloride (often the major product) is also obtained. The two forms seem to
      be interconvertible in certain solvents. On reaction with water, both
      hydrolyze to N-[1-chloromethyl)propyl]acetamide. The solid form has
      infrared bands at 3000, 1650, 1550, 1480, 1365, 1280, 1045, and 740
      cm.sup.-.sup.1.
PAC  EXAMPLE 14
PAC  N-[1-(Chloromethyl)propyl]acetamide
PAR  A sample of N-[1-chloromethyl)propyl]acetimidoyl chloride from Example 8 is
      treated with an excess of 10% aqueous sodium carbonate solution at room
      temperature. The organic material is extracted with ether and dried over
      MgSO4. Removal of the solvent under reduced pressure leaves
      N-[1-(chloromethyl)propyl]acetamide as a crystalline solid in nearly
      quantitative yield. An infrared spectrum shows peaks at 3300(M), 3100(W),
      1650(S), and 550(S) cm.sup.-.sup.1 ; nuclear magnetic resonance
      (CDCl.sub.3) shows peaks 0.95 ppm (t ,3H), 1.4-1.8 ppm (m ,2H), 2.03 ppm
      (s ,3H), 3.67 ppm (d,2H,CH.sub.2 Cl), 3.8-4.4 ppm (m ,1H).
PAR  The effects of conditions on yields is shown in the following examples in
      which the chlorination reactions were carried out at initial temperatures
      of -3.degree. to +23.degree. and the acetonitrile to Cl.sub.2 ratio was
      varied from 2 to 4. Additionally, the initial concentration of butene-1
      was varied by either passing butene-1 and Cl.sub.2 simultaneously (low
      initial butene-1 concentration) into acetonitrile or by first condensing
      butene at -5.degree. C. into acetonitrile and then passing Cl.sub.2
      through the mixture (high initial butene-1 concentration). The results of
      these experiments in Table 1 show that the yield of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is dependent primarily on
      the mole ratio of acetonitrile to Cl.sub.2 and amounts to about 50-55%
      when this ratio approaches 4.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PRODUCTION OF N-[1-(CHLOROMETHYL)PROPYL]ACETIMIDOYL CHLORIDE (I)          
     Reaction of Butene-1 (0.5 mole) with Cl.sub.2 (0.5 mole) in               
     Acetonitrile.sup.a (AN)                                                   
     T.degree.C     AN/Cl  Cl.sub.2 Rate                                       
                                 Reaction Time                                 
                                          Initial Butene                       
                                                    I                          
     Example                                                                   
          Init.                                                                
               Peak (mole ratio)                                               
                           (ml/min)                                            
                                  (hrs.)    conc.  (% yield).sup.d             
     __________________________________________________________________________
     15   0    3    2      100   2        high.sup.b                           
                                                   36                          
     16   0    17   2      100   2        low.sup.c                            
                                                   37.8                        
     17   23   27   4      400   0.5      low.sup.c                            
                                                   57.0                        
     18   -2   20   4      400   0.5      high.sup.b                           
                                                   43.8                        
     19   -3   32   4      400   0.5      high.sup.b                           
                                                   48.0                        
     20   0    5    4      400   0.5      high.sup.b                           
                                                   54.0                        
     21   0    5    4      100   2.0      low.sup.c                            
                                                   55.0                        
     __________________________________________________________________________
      .sup.(a) All reactions were carried out in a Morton flask under vigorous 
      stirring and at atmospheric pressures.                                   
      .sup.(b) Butene-1 was charged to reaction flask by pouring a weighed     
      sample into acetonitrile cooled to -5.degree.C.                          
      .sup.(c) Butene-1 and Cl.sub.2 were simultaneously passed via calibrated 
      flowmeters.                                                              
       .sup.(d) Yields were based on actual weights of the residues left after 
      distilling off the volatiles. Product purity was checked by gas liquid   
      chromatography, infrared, and nuclear magnetic resonance.                
      (I) I = N-[1-(chloromethyl)propyl]acetimidoyl chloride.                  
PAR  Hydrolysis of N-[1-(chloromethyl)propyl]acetimidoyl chloride is highly pH
      dependent. It has now been found that a simple hydrolysis procedure is
      effective. On refluxing with water N-[1-(chloromethyl)propyl]acetimidoyl
      chloride is transformed into a mixture of dl-2-amino-1-butanol (77%),
      dl-2-amino-1-butanol acetate hydrochloride (17%), the
      N-[1-(hydroxymethyl)propyl]acetamide (7%) and acetic acid within 1 hour.
      The product ratios appear to represent equilibrium compositions because
      additional heating (14 hrs.) does not materially change their
      distribution. If, however, the hydrolysis is carried out with aqueous
      methanol or ethanol, it is complete within 2 hours and the acetyl
      component of the product can be removed as methyl or ethyl acetate by
      distillation. This procedure not only decreases hydrolysis time, it also
      avoids the accumulation of salts in the reaction mixture, gives
      essentially quantitative yields of dl-2-amino-1butanol from
      N-[1-chloromethyl)propyl]acetimidoyl chloride through
      N-[1-(chloromethyl)propyl]acetamide, and facilitates product work-up.
      Methyl acetate boils at 57.degree. C., and is readily distilled off.
PAR  In order to make this process as economical as possible, excessively large
      volumes of aqueous methanol should be avoided. If insufficient quantities
      of water are used (less than N-[1-chloromethyl)propyl]acetimidoyl
      chloride: H.sub.2 O:MeOH mole ratio 1:3:3) and especially if the
      hydrolysis is carried out in the presence of the 1,2-dichlorobutane
      by-product, a small fraction (3-15%) of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride hydrolyzes to
      2-amino-1-chlorobutane hydrochloride. The formation of
      2-amino-1-chlorobutane hydrochloride can be totally suppressed if water
      and methanol are added sequentially, and in that order, rather than
      together in one step. Addition of water to
      N-[1-(chloromethyl)propyl]acetimidoyl chloride almost instantaneously
      converts it to the N-[1-(chloromethyl)propyl]acetamide which then
      hydrolyzes via the oxazoline intermediate.
PAR  Three series of reactions (A, B, and C) were completed using as-is
      acetonitrile (water conc. (Karl-Fisher) = 0.059-0.2%). In each of these
      series, reactions were carried out using 0.5 mole of butene, 0.5 mole of
      chlorine, and the acetonitrile: Cl.sub.2 mole ratio (identical to the
      acetonitrile: butene) was varied from 1 to 8.
PAR  In series A (reaction time = 1 hr.) the reaction temperature was maintained
      at 0.degree. C. while chlorine and butene were passed simultaneously into
      acetonitrile in 1 hour. After removal of acetonitrile
      (40.degree.-50.degree., 50 mm), the crude reaction mixture containing
      N-[1-(chloromethyl)propyl]acetimidoyl chloride and 1,2-dichlorobutane was
      hydrolyzed by refluxing with aqueous methanol.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                          % yield of crude                     
              Moles                                                            
                  AN.sup.a /Butene/Cl.sub.2                                    
                           Cl.sub.2 Rate                                       
                                 Reaction Time                                 
                                          2-amino-1-butanol                    
     Example                                                                   
          T.degree.C.                                                          
              Butene                                                           
                  Mole Ratio                                                   
                           (ml/min)                                            
                                 (hrs.)   hydrochloride                        
     __________________________________________________________________________
     22   0.degree.                                                            
               1.0                                                             
                  1:1:1    400   1.0        31.6                               
     23   0.degree.                                                            
               0.5                                                             
                  2:1:1    200   1.0        43.6                               
     24   0.degree.                                                            
               0.5                                                             
                  4:1:1    200   1.0        52.5                               
     25   0.degree.                                                            
               0.5                                                             
                  6:1:1    200   1.0        61.0                               
     26   0.degree.                                                            
               0.5                                                             
                  8:1:1    200   1.0        67.0                               
     __________________________________________________________________________
      .sup.a AN = Acetonitrile                                                 
PAR  It is significant to note that N-[1-(chloromethyl)propyl]acetimidoyl
      chloride can be hydrolyzed substantially quantitatively to
      N-[1-(chloromethyl)propyl]acetamide, and then to dl-2-amino-1-butanol.
      Reporting as dl-2-amino-1-butanol hydrochloride is a very convenient
      method of showing yields. Errors due to volatile components are avoided.
      Small quantities of dl-1-amino-2-butanol report with the
      dl-2-amino-1-butanol. Even at a low acetonitrile: Cl.sub.2 ratio of one,
      the yield of dl-2-amino-1-butanol.sup.. HCl is as high as 31%. Increasing
      the acetonitrile:Cl.sub. 2 mole ratio from 1 to 2 improves the yield to
      43%, an increase of 12%. Further increases in the acetonitrile: Cl.sub.2
      ratios also improves the yields. For each additional mole of acetonitrile
      (up to a total of 5 moles (AN:Cl.sub.2 ratios 3 to 5) the yield of
      dl-2-amino-1-butanol.sup.. HCl increases on average about 6%. Still
      further addition of acetonitrile (AN:Cl.sub.2 mole ratios 6 to 8) is
      considerably less effective; the average incremental yield of
      dl-2-amino-1-butanol.sup.. HCl being of the order of about 3% per mole of
      acetonitrile. A ratio of about 4:1 is a good compromise between yield and
      a reasonable size reaction vessel and recycle ratio of acetonitrile.
PAR  In both series B and C, the gaseous reactants were run into acetonitrile
      over a period of 0.5 hr. The initial reaction temperature was 0.degree..
      This was allowed to rise to a maximum of 35.degree. during the course of
      the reaction. Additionally, in series B, chlorine was passed through a
      solution of butene in acetonitrile to maintain a high initial
      concentration of butene. In series C both chlorine and butene were passed
      simultaneously through acetonitrile allowing attainment of a low initial
      concentration of butene. The results of simultaneous and sequential
      additions of butene and chlorine on the yield of
      N-[1-chloromethyl)propyl]acetimidoyl chloride at different
      acetonitrile/Cl.sub.2 mole ratios are summarized in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Reaction of Butene-1 (0.5 mole).sup.a with Cl.sub.2 (0.5 mole).sup.a in   
     Acetonitrile (AN)                                                         
     Series B.sup.b : Addition of Cl.sub.2 to Butene + Acetonitrile (AN)       
                                         N-[1-(chloromethyl)-                  
                     N-[1-(chloromethyl)-                                      
                                 1,2-dichlo-                                   
                                         propyl]acetimidoyl                    
                                                      % aceto-                 
               AN:Cl.sub.2                                                     
                     propyl]acetimidoyl                                        
                                  robutane                                     
                                         chloride + 1,2-dichlo-                
                                                      nitrile                  
     Example                                                                   
          T.degree.C.                                                          
              (mole ratio)                                                     
                     chloride    (moles) robutane (moles)                      
                                                      recovery                 
     __________________________________________________________________________
                     Moles %.sup.c       Exp.   Theor.                         
     27   0-35  1.1  0.164 32.3  0.350   0.514  0.5   90                       
     28   0-30  1.5  0.162 32.6  0.340   0.502  0.5   92                       
     29   0-25  2    0.192 38.0  0.310   0.502  0.5   97                       
     30   0-23  4    0.223 45.3  0.250   0.473  0.5   95                       
     31   0-25  4    0.241 47.8  --      --     --    --                       
     32   0-23  6    0.291 57.6  0.270   0.561  0.5   94                       
     33   0-15  8    0.269 54.3  0.180   0.459  0.5   99                       
     Series C.sup.b : Simultaneous Addition of Cl.sub.2 and Butene to          
     Acetonitrile                                                              
     34   0-25  1    0.74  35.6  1.26    2.00   2.0   102                      
     35   0-24  2    0.222 43.9  0.270   0.492  0.5    99                      
     36   0-27  4    0.246 47.1  0.270   0.516  0.5    99                      
     37   0-22  6    0.281 54.0  0.240   0.521  0.5    97                      
     38   0-21  8    0.337 66.0  0.130   0.467  0.5    99                      
     __________________________________________________________________________
      .sup.a Except in Example 34 where 2 mole of Cl.sub.2 and 2 mole of butene
      were passed through 2 moles of acetonitrile over a two-hour period.      
      .sup.b Reaction time: 0.5 hr; Cl.sub.2 rate: 400 ml/min                  
      .sup.c Yields based on butene. These percentages do not include losses of
      N-[1-(chloromethyl)propyl]-acetimidoyl chloride during removal of        
      1,2-dichlorobutane by distillation which may amount to 3-5%.             
PAR  In series B and C material balances show conversion and recovery data on
      acetonitrile. In each case the distillate 1,2-dichlorobutane +
      acetonitrile was analyzed for 1,2-dichlorobutane and acetonitrile by gas
      liquid chromatography
PAR  A less pure product is obtained if the
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is allowed to stand for
      40-50 hours prior to work-up.
PAR  The data on the table shows that:
PAR  1. The yield of crude dl-2-amino-1-butanol.sup.. HCl (or
      N-[1-(chloromethyl)propyl]acetimidoyl chloride) is primarily dependent on
      the mole ratio of acetonitrile:Cl.sub. 2 and varies between 31 and 66% as
      the acetonitrile:Cl.sub. 2 :butene mole ratio changes from 1:1:1 to 8:1:1.
PAR  2. Simultaneous addition of chlorine and butene to acetonitrile rather than
      the alternate procedure of adding chlorine to a mixture of butene and
      acetonitrile is advantageous. The reaction is less exothermic,
      consequently easier to control, and the yields of
      dl-2-amino-1-butanol.sup.. HCl are somewhat better. A reaction time of 1
      hour generally appears to permit more control over the reaction
      exothermicity.
PAR  3. The reaction temperature does not appear to be a controlling factor in
      determining the overall yield. However, in view of the thermal instability
      of N-[1-(chloromethyl)propyl]acetimidoyl chloride) above 50.degree.,
      reaction temperatures between 0.degree.-25.degree. are more desirable.
PAR  The process can vary depending on the size of batches. Whereas the Examples
      are exemplary, for large scale production, the process may be run
      continuously, with the butene-1 and chlorine being fed continuously to a
      stirred continuous reactor. The recycle acetonitrile is distilled off and
      recycled continuously. Such a continuous system permits a higher ratio of
      acetonitrile to the butene-1 and chlorine. Whereas, for a batch process, a
      molar ratio of at least 2 of acetonitrile to butene-1 and chlorine is
      preferred, more than a ratio of 16 can require an uneconomically large
      reactor. With a continuous process even higher ratios are convenient.
PAR  Whereas both butene-1 and chlorine are gaseous at room temperature of about
      20.degree. C., so that low temperatures, around 0.degree. C. and lower are
      convenient, a higher temperature to reduce the need for cooling may be
      used if a pressurized reactor is available.
PAR  The trade-off of the cost of a pressure reactor against additional
      refrigeration can vary with equipment available.
PAR  Other modifications within the scope of this invention as defined by the
      appended claims are, of course, obvious to those skilled in the arts.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process of the synthesis of d,d'-2,2'-(ethylenediimino)di-1-butanol
      which comprises mixing dl-2-amino-1-butanol containing
      dl-1-amino-2-butanol with L(+)- tartaric acid in anhydrous methanol,
      separating the crystalline acid L(+)- tartrate of d-2-amino-1-butanol from
      the salts of dl-2-amino-1-butanol and d- and l- 1-amino-2-butanol which
      remain in solution in the methanol, dissolving said d-2-amino-1-butanol
      L(+)- tartrate in water, adding an alkali or alkaline earth hydroxide,
      separating out the resultant alkali or alkaline earth L(+)- tartrate, thus
      isolating d-2-amino-1-butanol, evaporating off remaining water, adding
      ethylene dichloride, and reacting to form
      d,d'-2,2'-(ethylenediimino)di-1-butanol, and isolating the thus formed
      d,d'-2,2'-(ethylenediimino)di-1-butanol as the dihydrochloride salt.
NUM  2.
PAR  2. The process of claim 1 in which about 1/3 of the dl-2-amino-1-butanol is
      present as the hydrochloride.
NUM  3.
PAR  3. The process of claim 1 in which the dl-2-amino-1-butanol is synthesized
      by heating N-[1-(chloromethyl)propyl]acetamide in the presence of a lower
      alkanol and water whereby the N-[1-(chloromethyl)propyl]acetamide is
      hydrolyzed to dl-2-amino-1-butanol, and distilling off the coproduced
      alkanol acetate, whereby side reactions are suppressed, and the hydrolysis
      to dl-2-amino-1-butanol is essentially quantitative.
NUM  4.
PAR  4. The process of claim 3 in which the water is added first, the mixture
      refluxed, and then methanol as the lower alkanol is added.
NUM  5.
PAR  5. The process of claim 3 in which the N-[1-(chloromethyl)propyl]acetamide
      is synthesized by reacting N-[1-(chloromethyl)propyl]acetimidoyl chloride
      with water, in the presence of a weak base, thereby hydrolyzing
      N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide.
NUM  6.
PAR  6. The process of claim 3 in which the N-[1-(chloromethyl)propyl]acetamide
      is synthesized by reacting at least about 2 moles of acetonitrile with
      about 1 mole of chlorine and about 1 mole of butene-1, to produce
      N-[1-(chloromethyl)propyl]acetimidoyl chloride with the concurrent
      production of 1,2-dichlorobutane, adding water, thereby hydrolyzing said
      N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide, and after the synthesis of said
      N-[1-(chloromethyl)propyl]acetamide, distilling off under reduced pressure
      and recovering the excess acetonitrile.
NUM  7.
PAR  7. The process of claim 6 in which water is added at about the same rate as
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is produced, thereby
      hydrolyzing N-[1-(chloromethyl)propyl]acetamide before said
      N-[1-(chloromethyl)propyl]acetimidoyl chloride can be additionally
      chlorinated, and also releasing the heat of hydrolysis over the course of
      the reaction, thus controlling isothermal temperature rise.
NUM  8.
PAR  8. The process of claim 7 in which the separated acetonitrile is recycled
      without additional purification.
NUM  9.
PAR  9. A process for the synthesis of d,d'-2,2'-(ethylenediimino)di-1-butanol
      which comprises adding chlorine and butene-1 to an excess of acetonitrile
      to form N-[1-(chloromethyl)propyl]acetimidoyl chloride, with the
      concurrent production of 1,2-dichlorobutane, adding water to hydrolyze the
      N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide, distilling off and recovering for
      recycle the excess acetonitrile, adding water and azeotropically
      distilling off at least the last part of by-product 1,2-dichlorobutane,
      adding methanol and hydrochloric acid to the partially hydrolyzed mixture
      containing at least some N-[1-(chloromethyl)propyl]acetamide and
      dl-2-amino-1-butanol hydrochloride, refluxing to complete hydrolysis to
      dl-2-amino-1-butanol hydrochloride, and distilling off the residual water,
      and by-product methyl acetate, dissolving said dl-2-amino-1-butanol
      hydrochloride in methanol, adding anhydrous ammonia, separating out solid
      ammonium chloride, thereby leaving dl-2-amino-1-butanol as a mixture of
      the free base and its hydrochloride salt, adding L(+)- tartaric acid,
      separating crystalline d-2-amino-1-butanol L(+)- tartrate from the
      solution, leaving behind l-2-amino-1-butanol and d- and l-
      1-amino-2-butanol as hydrochloride and/or L(+)- tartrate salts, dissolving
      the said d-2-amino-1-butanol L(+)- tartrate in a solvent, adding potassium
      hydroxide, separating out potassium L(+)- tartrate, thus isolating the
      d-2-amino-1-butanol, evaporating off the solvent, distilling off purified
      d-2-amino-1-butanol; adding not more than 1/6 mole of ethylene dichloride
      per mole of the thus distilled d-2-amino-1-butanol, adding finely-divided
      sodium hydroxide to react with the hydrogen chloride present, distilling
      off the unreacted d-2-amino-1-butanol, adding a 2 to 4 carbon alkanol,
      separating the sodium chloride from the solution, adding hydrogen chloride
      to convert the product d,d'-2,2'-(ethylenediimino)-di-1-butanol to its
      dihydrochloride salt, and separating said salt from the solution, in a
      pharmaceutically elegant form.
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ABST
PAL  D-2-Amino-1-butanol, for the synthesis of ethambutol hydrochloride,
      d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride, is produced in
      high purity and good yields by the reaction of butene-1, a nitrile,
      preferably an excess of acetonitrile, and chlorine to form
      N-[1-(chloromethyl)propyl]acetimidoyl chloride which is hydrolyzed to
      dl-2-amino-1-butanol, which can be isolated as the hydrochloride, or free
      base, or a mixture, resolved with L(+)- tartaric acid and the
      d-2-amino-1-butanol reacted with ethylene dichloride and then hydrochloric
      acid to form ethambutol hydrochloride. A minimum of by-products which are
      conveniently split out permits the economical synthesis of a
      pharmaceutical grade product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ethambutol hydrochloride, which is d,d'-2,2'-(ethylenediimino)di-1-butanol
      dihydrochloride is a therapeutic agent for the treatment of tubercle
      bacilli infections, particularly human tuberculosis caused by
      Mycobacterium tuberculosis. The compound, its preparation, and its
      therapeutic use are disclosed in U.S. Pat. No. 3,176,040, 1965, Wilkinson
      and Shepherd, see Example 2 thereof. The therapeutic activity of the
      d-isomer is discussed in J. Am. Chem. Soc. 83, 2212 (1961).
PAR  The d,d-form of ethambutol may be made by reacting ethylene dichloride with
      d-2- amino-1-butanol. The ethambutol can be separated as the base, and
      converted to the dihydrochloride salt.
PAR  One method of resolving aminobutanol is disclosed in U.S. Pat. No.
      3,553,257, Jan. 5, 1971, Halmos and Ricketts.
PAR  U.S. Pat. No. 3,769,347, Oct. 30, 1973, John Kazan, PRODUCTION OF
      d,d'-2,2'-(ETHYLENEDIIMINO)DI-1-BUTANOL HYDROCHLORIDE, details certain
      processes for the improvement of yields and purity. Said patents and
      publications are herein hereby incorporated by this reference thereto.
PAC  PRIOR ART
PAR  U.S. Pat. No. 2,569,549, Oct. 2, 1951, P. L. Barrick, IMIDOHALIDES AND
      PROCESS OF PREPARING THEM AND THEIR HYDROLYSIS PRODUCTS, discloses the
      preparation of imidohalides of N-acyl-beta-haloamines. Among much other
      disclosure, Example VIII discloses the reaction of 56 parts (0.5 mole) of
      octene-1, 41 parts (1 mole) of acetonitrile and 55 parts (0.77 mole) of
      chlorine at 10.degree.-15.degree. C., with the reaction mixture being
      poured into ice and water, treated with concentrated hydrochloric acid,
      and steam distilled.
PAR  The product reported is 14 parts of the hydrochloride of
      1-hydroxymethylheptylamine
      ##EQU1##
      produced by the complete hydrolysis of the intermediate imidochloride of
      N-[(alpha-hexyl-beta-chloro)ethyl]acetamide. Using the nomenclature of
      this case, these would be named dl-2-amino-1-octanol hydrochloride and
      N-[1-(chloromethyl)heptyl]acetimidoyl chloride. Column 12, line 75,
      mentions butene-1, among other starting materials.
PAR  Example VI of said U.S. Pat. No. 2,569,549 shows the addition of
      isobutylene to a solution of 32 parts of chlorine in 135 parts of
      acetonitrile, until the yellow color disappeared. Excess acetonitrile was
      removed, and the product was hydrolyzed with dilute hydrochloric acid to
      produce an N-(chloroisobutyl)trichloroacetamide, probably
      N-[(beta-chloro-alpha, alpha-di-methyl)ethyl]trichloroacetamide.
PAC  SUMMARY OF THE INVENTION
PAR  Butene-1 and chlorine are added to acetonitrile, preferably simultaneously,
      to yield N-[1-(chloromethyl)propyl]acetimidoyl chloride together with a
      certain amount of byproduct 1,2-dichlorobutane. The
      N-[1-(chloromethyl)propyl]acetimidoyl chloride may be hydrolyzed in situ
      to N-[1-(chloromethyl)propyl]acetamide, which is further hydrolyzed with
      presumably ring closing and reopening steps to dl-2-amino-1-butanol,
      conveniently as the hydrochloride. In the presence of a lower alkanol, the
      dl-2-amino-1-butanol hydrochloride may be partially neutralized withh
      ammonia with the aminobutanol being separated as about a two-thirds
      mixture of dl-2-amino-1-butanol with dl-2-amino-1-butanol hydrochloride
      which is a particularly convenient ratio for the feed for reaction with
      tartaric acid to resolve the dl-2-amino-1-butanol.
PAR  This gives d-2-amino-1-butanol in a form which is particularly acceptable
      for reaction with ethylene dichloride to yield a pharmaceutically elegant
      grade of d,d'-2,2'-(ethylenediimino)di-1-butanol dihydrochloride. These
      equations may be written:
      ##EQU2##
      N-[1-chloromethyl)propyl]acetimidoyl chloride or
      N-[1-(chloromethyl)propyl]ethanimidoyl chloride
      ##EQU3##
      N-[1-(chloromethyl)propyl]acetamide
      ##SPC1##
PAL  4-ethyl-2-methyl-2-oxazoline hydrochloride or
      4,5-dihydro-4-ethyl-2-methyl-oxazole hydrochloride
      ##EQU4##
PAR  Surprisingly, best results are obtained in the reaction with acetonitrile
      if an excess of acetonitrile is used. Acetonitrile is the expensive
      component and routinely it is customary to attempt to use less of the
      expensive component.
PAR  Here, chlorine also reacts with butene-1 to yield 1,2-dichlorobutene. An
      excess of acetonitrile shifts the reaction towards
      N-[1-(chloromethyl)propyl]acetimidoyl chloride. An amount of water
      corresponding to that required for the hydrolysis of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride may be added before, with
      or after the addition of the chlorine and butene to the reaction mixture
      to hydrolyze the N-[1-chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide. The reaction of acetonitrile with
      hydrochloric acid formed in the hydrolysis is sufficiently slow that at
      least 95% of the excess of acetonitrile may be distilled under reduced
      pressure from the reaction mixture and recycled. The economical recovery
      of the acetonitrile in such form that it may be recycled to the process is
      essential to the low cost production being sought.
PAR  Too great an excess of acetonitrile requires too large a reaction vessel. A
      continuous reaction may be used, which permits smaller equipment, and a
      large excess of acetonitrile, which is recycled to the starting materials.
PAR  After stripping the acetonitrile, if hydrolysis of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide has not been completed during the
      reaction, hydrolysis is completed by adding water to the pot residue.
      Production of N-[1-(chloromethyl)propyl]acetamide by hydrolysis of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride, is favored by the presence
      of a weak base such as calcium carbonate, calcium oxide, calcium
      hydroxide, sodium carbonate, sodium bicarbonate, potassium carbonate or
      bicarbonate, barium carbonate, or strontium carbonate. The base is not
      necessary if the N-[1-(chloromethyl)propyl]acetamide is to be processed by
      further hydrolysis to dl-2-amino-1-butanol. After hydrolysis,
      1,2-dichlorobutane is stripped by distillation under reduced pressure.
PAR  After removal of the acetonitrile and 1,2-dichlorobutane, the purity of the
      N-[1-(chloromethyl)propyl]acetamide is sufficiently high for convenient
      processing through to dl-2-amino-1-butanol hydrochloride of a grade which
      may be used in a resolution step, or other purposes.
PAR  The N-[1-(chloromethyl)propyl]acetimidoyl chloride may be recovered and
      utilized after its formation. Conveniently, water is added to the reactor
      to hydrolyze N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide, so that, in effect, the first two
      steps are simultaneously accomplished, exotherms are better controlled,
      and the processing steps are simultaneous, saving time and manipulation. A
      slight excess over the calculated quantity of water necessary for
      hydrolysis of N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide may be added after the completion of
      chlorination.
PAR  The acetonitrile may be separated from the
      N-[1-(chloromethyl)propyl]acetimidoyl chloride or
      N-[1-(chloromethyl)propyl]acetamide. Conveniently, it is separated after
      the hydrolysis to N-[1-(chloromethyl)propyl]acetamide. The
      1,2-dichlorobutane may be separated in whole or in part by distillation
      after the synthesis of N-[1-(chloromethyl)propyl]acetimidoyl chloride, or
      after hydrolysis to N-[1-(chloromethyl)propyl]acetamide. At least part of
      the 1,2-dichlorobutane may be retained until the synthesis of the
      dl-2-amino-1-butanol hydrochloride is completed. It is usually more
      convenient to separate the 1,2-dichlorobutane after the hydrolysis to the
      N-[1-(chloromethyl)propyl]acetamide, as the reaction mixture is then
      smaller, and more compact equipment may be used for the reaction of the
      N-[1-(chloromethyl)propyl]acetamide to dl-2-amino-1-butanol hydrochloride.
      Azeotropic distillation with water permits convenient and effective
      complete removal of the 1,2-dichlorobutane from the dl-2-amino-1-butanol.
PAR  Subsequently, methanol is added to the aqueous reaction mixture containing
      N-[1-(chloromethyl)propyl]acetamide, preferably with catalytic amounts of
      hydrochloric acid, which is refluxed to hydrolyze to dl-2-amino-1-butanol
      hydrochloride with by-product methyl acetate. The methyl acetate is
      removed by distillation leaving dl-2-amino-1-butanol hydrochloride.
PAR  For the production of N-[1-(chloromethyl)propyl]acetimidoyl chloride, the
      presence of water is to be avoided, and vacuum distillation to remove
      acetonitrile and 1,2-dichlorobutane is necessary. If hydrolyzed to
      N-[1-chloromethyl)propyl]acetamide, mild conditions for the removal of
      both acetonitrile and 1,2-dichlorobutane are preferred. A weak base aids
      in controlled hydrolysis. Where hydrolysis to dl-2-amino-1-butanol is
      desired, the acid produced in hydrolysis can be used to form the
      hydrochloride salts of the product.
PAR  In the production of dl-2-amino-1-butanol hydrochloride, the acetonitrile
      should be vacuum distilled out at the N-[1-(chloromethyl)propyl]acetamide
      stage, for recycling. If the acetonitrile is permitted to remain during
      the hydrolysis to dl-2-amino-1-butanol hydrochloride, the acetonitrile
      tends to hydrolyze to acetic acid with production of ammonia, usually as
      the ammonium chloride. The acetic acid from the hydrolysis of acetonitrile
      is readily removed as the methyl ester, but the loss of acetonitrile
      reduces the efficiency of the process.
PAR  1,2-dichlorobutane is preferably at least partially removed by vacuum
      distillation at the N-[1-(chloromethyl)propyl]acetamide stage. It causes
      no complications other than increasing the size of the reactor required.
      Conveniently, the last of the 1,2-dichlorobutane is removed by azeotropic
      distillation from dl-2-amino-1-butanol hydrochloride at the time acetic
      acid is removed as the methyl ester. Conveniently, the intermediate
      reactions to dl-2-amino-1-butanol hydrochloride may overlap without the
      isolation of N-[1-(chloromethyl)propyl]acetimidoyl chloride and
      N-[1-(chloromethyl)propyl]acetamide.
PAR  By dissolving in methyl alcohol, or isopropanol, or mixtures thereof, a
      solution of the dl-2-amino-1-butanol, predominantly as the hydrochloride,
      is obtained which can be partially neutralized with ammonia to form a
      mixture of dl-2-amino-1-butanol and dl-2-amino-1-butanol hydrochloride,
      with ammonium chloride being filtered out. The mixture is approximately
      two parts dl-2-amino-1-butanol and one part dl-2-amino-1-butanol
      hydrochloride, a ratio which is close to the optimum desired for reacting
      with L(+)-tartaric acid in the presence of anhydrous methanol to permit
      the separation of the d-2-amino-1-butanol tartrate as is set forth in
      detail in U.S. Pat. No. 3,553,257, supra.
PAR  This process has unique and unexpected advantages in the present system
      because part of the butene-1 adds chlorine and acetonitrile in the reverse
      of the desired position so that about 3 to 10% dl-1-amino-2-butanol is
      found in the dl-2-amino-1-butanol as an impurity. In separation of the d-
      and l- isomers of dl-2-amino-1-butanol, both isomers of
      dl-1-amino-2-butanol remain with the mother liquor, and a much purified
      d-2-amino-1-butanol separates out as the L(+)-tartrate salt.
PAR  A starting material containing up to about 10% of dl-1-amino-2-butanol
      yields a purified d-2-amino-1-butanol, as the tartrate, having a content
      of less than 0.01% of dl-1-amino-2-butanol, as its tartrate salts. If
      washing is less thorough, up to 0.1% may be present. A purity is readily
      obtained which can be used as a starting material for ethambutol which is
      of pharmaceutical grade with a minimum of additional purification.
PAR  The facility of separating out impurities and byproducts is unobvious and
      of the essence of the present system of reactions.
DETD
PAC  EXAMPLE I
PAC  Preparation of dl-2-Amino-1-butanol Hydrochloride
PAR  Acetonitrile (164 g., 4 moles) is placed in a tared 500 ml 4-necked Morton
      flask equipped with a mechanical stirrer, a thermometer, two fritted glass
      gas-inlet tubes, a syringe needle (attached to a syringe pump), and a
      dry-ice condenser. The flask is cooled in an ice-water bath to
      3.degree.-5.degree. C. Chlorine (71 g., 1 mole) and butene-1 (56 g. 1
      mole) are passed through the well-stirred acetonitrile at a rate of about
      400 ml./min. each while water (10 g., 0.55 mole) is added simultaneously
      at a linear rate with the syringe pump during the course of the reaction
      (1 hour).
PAR  The reaction temperature rises to 20.degree. C. within 8 minutes and stays
      constant through the course of the reaction. The reaction mixture is
      stirred for an additional 15-30 minutes. The reaction mixture is weighed
      to insure that proper amounts of the gaseous reactants have been
      introduced. Excess acetonitrile (b.p. 36.degree.-41.degree. C./150-170
      mm.) is removed by distillation (bath temperature up to 100.degree. C.)
      while using a 10-plate distillation column. A sudden temperature drop
      indicates the end of acetonitrile distillation.
PAR  The acetonitrile fraction contains 1-2% HCl and about 6% 1,2-dichlorobutane
      and can be recycled, without further treatment to a subsequent batch, or
      can be purified before recycling.
PAR  The head temperature rises to 70.degree. and by-product 1,2-dichlorobutane
      is distilled off between 70.degree.-40.degree. C. at 150 to 25 mm. A
      dry-ice trap attached to the vacuum line contains 15-25 g. of a material
      which consisted of 35% HCl, 10% 1,2-dichlorobutane and a crystalline solid
      derived from the reaction of acetonitrile with anhydrous HCl.
PAR  The residue in the flask, predominantly
      N-[1-(chloromethyl)propyl]acetamide, is mixed with water (45 g. 2.5 moles)
      and the mixture is brought to reflux. The residual 1,2-dichlorobutane is
      removed by azeotropic distillation (Dean-Stark trap) while the mixture is
      refluxed for 2 hours. The water and some acetic acid (formed during
      hydrolysis with water) are removed at 80.degree. (under reduced pressure
      (15-20 mm.) to leave a viscous residue consisting of
      N-[1-(chloromethyl)propyl]acetamide, and its hydrolysis products.
PAR  Methanol (48 g., 1.5 moles) and concentrated hydrochloric acid (0.5 ml) are
      added to the residue and the reaction mixture is refluxed for 2 hours.
      After removal of the volatiles (H.sub.2 O, methyl acetate, etc.), the
      dl-2-amino-1-butanol hydrochloride is obtained as a colorless viscous
      material which crystallizes on standing.
PAC  EXAMPLE 2
PAC  dl-2-amino-1-butanol
PAR  A 30 g. portion of the crude dl-2-amino-1-butanol hydrochloride from
      Example 1 is suspended in a mixture of 100 ml. of toluene and 20 ml. of
      isopropanol. Anhydrous ammonia (10.2 g., 0.6 mole) is introduced over the
      surface of the well-stirred suspension at 25.degree. C. A dry ice-acetone
      condenser controls ammonia loss during reaction. Crystalline ammonium
      chloride starts precipitating immediately and stirring is continued for
      15-20 minutes to insure completion of the reaction. The dry ice-acetone
      condenser is removed and excess NH.sub.3 is allowed to volatilize (15-20
      minutes). The precipitated NH.sub.4 Cl is filtered off and washed with a
      small amount of toluene.
PAR  The filtrate and washings are combined and the solvents evaporated under
      reduced pressure to obtain, d,l-2-amino-1-butanol (21.0 g.). The product
      by gas liquid chromatography is 63% pure, and contains about 8% of
      dl-1-amino-2-butanol. The same process can be used to obtain the d- or l-
      optical isomer as free base from its hydrochloride salt.
PAC  EXAMPLE 3
PAC  d-2-amino-1-butanol tartrate from dl-2-amino-1-butanol hydrochloride
PAR  A 50 g. sample of dl-2-amino-1-butanol hydrochloride from Example 1 is
      dissolved in 100 ml. of anhydrous methanol. One mole of anhydrous NH.sub.3
      is condensed in over a period of 40 minutes. (A dry ice-acetone condenser
      is used to prevent ammonia loss during reaction). After stirring for 0.5
      hr., the dry ice-acetone condenser is removed and excess NH.sub.3 is
      allowed to volatilize (20-30 minutes). The precipated NH.sub.4 Cl is
      filtered off (13.2 gmo, 0.246 mole, 62%) and the filtrate is concentrated
      to leave a viscous oil (43 gm.) which contains 58% by weight free
      dl-2-amino-1-butanol (the remainder being unreacted dl-2-amino-1-butanol
      hydrochloride).
PAR  The mixture (42 g.) is dissolved in 120 ml. of anhydrous methanol and the
      solution is treated with 35 g. (0.233 mole) of L(+)-tartaric acid. The
      reaction temperature rises to 45.degree.-47.degree. C. during addition of
      tartaric acid. The solution is maintained at this temperature for 1 hour
      and then cooled to 25.degree. C. over a period of 4-5 hours.
      Crystallization can be expedited by seeding the solution with
      d-2-amino-1-butanol L(+)-tartrate to induce crystallization of the salt.
PAR  The precipitated salt is filtered off and washed four times with cold
      methanol and then dried in an inert atmosphere. The salt is obtained as
      colorless crystalline solid [30 g., 0.125 mole, 63%) mp.
      138.degree.-140.degree. C. [.alpha.].sup.2.sub.D.sup.6 = 23.52.degree. (c
      = 5%, H.sub.2 O)] and in a typical run was indistinguishable from
      authentic d-2-amino-1-butanol L(+)-tartrate [mp. 137.degree.-141.degree.
      C.; [.alpha.].sup.2.sub.D.sup.6 = 23.74.degree. (c = 5%, H.sub.2 O)]. Up
      to about 8% of dl-1-amino-2-butanol may be formed in the reactions from
      the addition of the imido group to the 1 position in butene-1, in effect,
      the reverse of that desired. By analogous reactions, this is converted to
      dl-1-amino-2-butanol. Both the d and l isomers remain with the mother
      liquor in the crystallization, and permit the separation of
      d-2-amino-1-butanol L(+)-tartrate substantially free from impurities.
PAR  The isolation of d-2-amino-1-butanol from the salt has been described in
      U.S. Pat. No. 3,553,257, supra.
PAR  Conversion to ethambutol is described in 3,769,347, supra.
PAC  EXAMPLE 4
PAC  d-2-Amino-1-butanol
PAR  d-2-Amino-1-butanol tartrate (150 g.) (0.63 mole) from Example 3 is added
      with stirring to an aqueous solution of KOH prepared by dissolving 76 g.
      KOH in 115 ml. of distilled water. d-2-Amino-1-butanol which forms the
      upper layer is extracted with tetrahydrofuran (100 ml. .times. 2). The
      tetrahydrofuran extract is dried (Na.sub.2 SO4) and concentrated under
      reduced pressure. The crude, oily residue is distilled under reduced
      pressure to give d-2-amino-1-butanol (b.p. 99.degree.-103.degree. at 30
      mm.). The material is further fractionated to give pure
      d-2-amino-1-butanol having a b.p. of 174.degree., and
      [.alpha.].sup.2.sub.D.sup.5 = 9.9. The yield of the distilled material is
      about 50% to 76% and can be improved substantially if additional
      extractions are carried out with tetrahydrofuran.
PAC  EXAMPLE 5
PAC  Ethambutol Hydrochloride
PAR  Following the procedure described in Example 1 of U.S. Pat. No. 3,769,347,
      a mixture of 462 g. of d-2-amino-1-butanol, produced in accordance with
      the procedure of Example 4, and 32 g. of ethylene dichloride is heated to
      80.degree. C. and the temperature is allowed to rise exothermally to about
      130.degree. C. After 1 hour, the mixture is cooled to about 95.degree. C.,
      22.5 g. of sodium hydroxide is slowly added, and a temperature of about
      112.degree. C. is maintained for 1 hour. The sodium hydroxide is in the
      form of prills of about 4 mm. diameter. The mixture is cooled to
      70.degree. C. and unreacted d-2-amino-1-butanol is recovered by vacuum
      distillation. The distillation is at a pressure below 20 mm. mercury, and
      below 130.degree. C., heat being applied at a rate within the capacity of
      the condenser.
PAR  Isopropanol (290 g.) is added to the distillation residue at a temperature
      not above 90.degree. C., and followed by a refluxing period of 30 minutes.
      The mixture is cooled to and filtered at 60.degree. C. to remove sodium
      chloride, and the filter cake is washed with 47 g. of isopropanol, at
      60.degree. C. The volume of the filtrate is diluted to 430 ml. with
      isopropanol and the temperature is adjusted to 40.degree.-45.degree. C., 2
      g. of diatomaceous earth filter aid is added, and a second filtration is
      carried out.
PAR  To the clear filtrate there is added 120 g. of methanol and 15 g. of water.
      The vessel is closed and hydrogen chloride (about 25 g.) is introduced
      over the surface of the charge at a gas pressure of 5-7 p.s.i.g. while the
      temperature is allowed to rise to 55.degree. C., to a pH of 2 to 2.5. The
      charge is cooled very slowly to 28.degree. C. and is stirred for about 1
      hour.
PAR  Conveniently, a small aliquot is titrated, and a calculated quantity of
      hydrogen chloride added. Proper final pH is confirmed by testing as acid
      to wet Congo Red test paper. Other methods of measuring the pH can be
      used. The white crystalline product,
      d,d'-2,2'-(ethylenediimino)-di-1-butanol dihydrochloride is separated by
      filtration and washed with isopropanol. The product, carefully dried at a
      maximum temperature of 75.degree. C., is about 70 g., has a decomposition
      range of 198.5.degree.-204.degree. C., and an ash content of 0.1%.
PAR  This is a pharmaceutically acceptable, elegant grade of ethambutol
      hydrochloride without further treatment or refinement. The product may be
      tabletted or encapsulated by conventional procedures.
PAC  EXAMPLE 6
PAC  N-[1-(Chlormethyl)propyl]acetamide
PAR  Into a 250 ml. 3-necked flask fitted with a stirrer, dry ice-acetone trap,
      a gas outlet, and a gas inlet is charged 41.05 g. (1.0 mole) acetonitrile,
      25 g. (0.25 mole) CaCO.sub.3, 13.5 ml. (0.75 mole) water and 26.8 g.
      (0.475 mole) 1-butene. The mixture is cooled to -5.degree. to -8.degree.
      C. and chlorine added over 2 hours maintaining the temperature at below
      7.degree. C. until the reaction mixture turns yellow indicating a slight
      excess of chlorine. The mixture is filtered and the solvents distilled
      under reduced pressure to yield 28.6 g. of
      N-[1-(chloromethyl)propyl]acetamide (40.2% yield based on 1-butene).
PAC  EXAMPLE 7
PAC  N-[1-(Chloromethyl)propyl]acetamide
PAR  A 500 ml. 3-necked flask fitted with a stirrer and dry ice-acetone trap is
      charged with 82.1 g. (2.0 mole) acetonitrile, 27.4 g. (1.52 mole) water,
      27 g. (0.25 mole) Na.sub.2 CO.sub.3 and 28.1 g. (0.50 mole) 1-butene and
      cooled to 0.degree. C. Chlorine (0.50 mole) is added over one-half hour,
      the reaction temperature reaching a high of 32.degree. C. After stirring
      for 2 hours at 25.degree. C., the reaction mixture is filtered. The
      acetonitrile washings of the solid phase and filtrate is combined and the
      solvents removed by vacuum distillation to leave 33.0 g. of the
      N-[1-(chloromethyl)propyl]acetamide (44.0% yield based on 1-butene).
PAC  EXAMPLE 8
PAC  dl-2-Amino-1-butanol
PAR  Sodium hydroxide pels (97% pure, 18.8 g. 0.45 mole) are stirred with 100
      ml. of anhydrous methanol and crude dl-2-amino-1-butanol hydrochloride 50
      g. (87% real. 0.35 mole) from a run similar to that of Example I is added
      with stirring over a period of 0.5 hr. The reaction mixture warms up and
      precipitated sodium chloride is removed by filtration, washed with
      methanol and the washings combined with the main filtrate. Methanol and
      water (formed during neutralization) are removed under reduced pressure
      and the residual oil distilled to yield dl-2-amino-1-butanol (b.p.
      95.degree.-100.degree./30-35 mm.), 26.68 g. (86% of theory). The material
      contains about 9.6% of dl-1-amino-2-butanol.
PAR  dl-2-Amino-1-butanol can be used as a catalyst as described in U.S. Pat.
      No. 3,539,652 (CA 74, 23499) as a component of organosilicone
      compositions, French Pat. No. 1,556,008 (CH71, 115) or as a component in a
      flame retardant composition U.S. Pat. No. 3,413,380 (CA 70, 40).
PAC  EXAMPLE 9
PAC  dl-2-Amino-1-butanol
PAR  Sodium hydroxide pels (97% pure, 18.8 g. 0.45 mole) are stirred with 100
      ml. of isopropanol containing 0.7 ml. of water. A part of the sodium
      hydroxide goes into solution. Crude dl-2-amino-1-butanol hydrochloride 50
      g. (70% real, 0.28 mole) is added with stirring over a period of 0.5 hr.
      The reaction mixture warms up to about 45.degree. C. and crystalline
      sodium chloride precititates out of the reaction mixture. The salt is
      removed by filtration, washed with isopropanol and the washings are
      combined with the main filtrate. The filtrate is distilled under reduced
      pressure. Isopropanol and water are removed as a fore-run and
      dl-2-amino-1-butanol (25 g. 88.3% yield) is distilled at
      95.degree.-105.degree.at 30 mm. Gas liquid chromatographic analysis of
      this product showed it to contain about 10% 1-amino-2-butanol.
PAC  EXAMPLE 10
PAC  d-2-Amino-1-butanol
PAR  To a 15 g. portion of undistilled crude dl-2-amino-1-butanol (59% real, 0.1
      mole) from a run similar to that of Example 2, dissolved in 48 ml. of
      methanol is added with stirring 17.5 g. (0.117 mole) of L(+)-tartaric acid
      while the temperature is maintained at 45.degree.. The solution is seeded
      with a small amount of crystals of the L(+)-tartrate of
      d-2-amino-1-butanol and the temperature maintained at 45.degree. C. for
      0.5 hr. An additional 4.2 g. (0.028 mole) of tartaric acid is added and
      the mixture held at 45.degree.-47.degree. C. for an additional 0.5 hour.
      The temperature is then lowered to 16.degree.-18.degree. over a 4 hour
      period and held at this temperature for 1 hour. The crystalline
      L(+)-tartrate of d-2-amino-1-butanol lis removed by filtration, washed
      with cold methanol (3 ml. .times. 3) and dried in an inert atmosphere. In
      one such run the d-2-amino-1-butanol L(+)-tartrate weighed 8.5 (0.035
      mole, 71.0%), melted at 137.degree.-138.degree. and had a specific
      rotation [.alpha. .sup.2.sub.D.sup.6 =  23.74 (c - 5%, H.sub.2 O). The
      crude feed dl-2-amino-1-butanol contained about 8% of dl-1-amino-2-butanol
      as an impurity. This impurity is not carried through the resolution
      process. The L(+)-tartrate salt of d-2amino-1-butanol obtained after
      resolution is found to contain no detectable quantities of
      1-amino-2-butanol, by gas liquid chromatography, which is sensitive to
      about 0.01% of 1-amino-2-butanol.
PAC  EXAMPLE 11
PAC  d-2-Amino-1-butanol
PAR  To 15 g. of distilled dl-2-amino-1-butanol (88.5% pure by gas liquid
      chromatography), from a run similar to Example 2, dissolved in 48 ml. of
      anhydrous methanol is added with stirring 17.5 g. (0.117 mole) of
      L(+)-tartaric acid while maintaining the temperature below 47.degree.  C.
      The resulting solution is stirred at 45.degree.-47.degree. for 0.5 hour
      and an additional 4.21 g. (0.028 mole) of tartaric acid is added and the
      solution stirred for an additional 0.5 hour at 45-47%. The solution is
      seeded with a small amount of the L(+)-tartrate of d-2-amino-1-butanol.
      The mixture is slowly cooled to 16.degree.-17.degree. C. over a 4 hour
      period and the crystalline L(+)-tartrate salt of d-2-amino-1-butanol is
      removed by filtration, washed with cold methanol (3 ml. .times. 3) and
      dried in an inert atmosphere. The white crystalline material (14.5 g.,
      0.061 mole 81.9% yield) melts at 136.degree.-140.degree. and has a
      specific rotation of [.alpha.].sup.2.sub.D.sup.5 =  23.74 (c = 5%, H.sub.2
      O). The feed dl-2-amino-1-butanol used for resolution contains about 8 %
      of dl-1-amino-2-butanol as an impurity. This impurity is, however, not
      carried through the resolution process. The L(+)-tartrate salt of
      d-2-amino-1-butanol obtained after resolution is found to contain no
      detectable quantities of either d or l 1 -amino-2-butanol by gas liquid
      chromatography which is sensitive to 0.01% of 1-amino-2-butanol.
      Apparently, all of the dl-1-amino-2-butanol remains with the mother
      liquor, and is rejected along with the 1-2-amino-1-butanol in the
      methanol.
PAC  EXAMPLE 12
PAC  dl-2-Amino-1-butanol
PAR  A. A 137-g. sample of crude dl-2-amino-1-butanol hydrochloride from a run
      similar to Example I is treated with a solution of 137 g. KOH in 200 ml.
      of water. The mixture is extracted three times with tetrahydrofuran and
      the combined extracts dried (Na.sub.2 SO.sub.4 ). The solvent is removed
      under reduced pressure to give 95 g. of a crude oil (60.6%
      dl-2-amino-1-butanol and 6% dl-1-amino-2-butanol).
PAR  B. In a separate experiment a 250-g. sample of similar crude
      dl-2-amino-1-butanol hydrochloride dissolved in 200 ml. of anhydrous
      methanol is treated with 3 moles of anhydrous ammonia. After a few hours
      stirring, the excess ammonia is allowed to evaporate. The precipitated
      ammonium chloride is removed by filtration and the filtrate concentrated
      gives 174.5 gm. of an oil which contains both dl-2-amino-1-butanol and its
      hydrochloride together with some quantities of dl-1-amino-2-butanol and
      its hydrochloride (total 58.9% dl-2-amino-1-butanol by gas liquid
      chromatography.
PAR  C. A 7.5-gm. sample of crude dl-2-amino-1-butanol from the first experiment
      (A) is mixed with a 7.5 gm. portion of the material (dl-2-amino-1-butanol
      and its hydrochloride) from the second experiment and the mixture is
      dissolved in a mixture of 80 parts of anhydrous methanol and 20 parts of
      isopropanol (v/v) (the solution contains 0.1 mole of real
      dl-2-amino-1-butanol of which 0.097 mole is present as the free base).
      L(+)-tartaric acid (15 g., 0.1 mole) is added slowly keeping the
      temperature below 45.degree. C. until the exotherm ceases. After stirring
      the solution for an hour at 45.degree. C., the temperature is lowered
      slowly and at 40.degree. C. the mixture is seeded with a small amount of
      the L(+)-tartrate salt of d-2-amino-1-butanol and then gradually cooled to
      18.degree. over a period of 4 hours. The crystalline L(+)-tartrate salt of
      d-2-amino-1-butanol formed in the reaction mixture is removed by
      filtration, washed with cold methanol (3 ml. .times. 3) and pumped dry.
      The yield of the material is 9.0 g. (0.036 mole, 75.2%); m.p.,
      137.5-139.5; [.alpha. .sup.2.sub.D.sup.5 =  23.84.degree. (c = 5%, H.sub.2
      O).
PAC  EXAMPLE 13
PAC  N-[1-(Chloromethyl)propyl]acetimidoyl chloride
PAR  Reagent grade acetonitrile (82 g., 2 moles) is placed in a 500 ml.
      three-necked flask equipped with a mechanical stirrer, a low-temperature
      thermometer and two fritted inlet tubes. With vigorous stirring and
      cooling (-20.degree. C.), butene-1 (28 g. 0.5 mole) and chlorine (35.5 g.,
      0.5 mole) are added simultaneously both at a rate of about 375-400
      ml./min. The addition is complete in about 37 minutes and the reaction
      temperature at the end of this period rises to -10.degree. C.
      (bath/20.degree. C.) The mixture is fractionated to give: Fraction I, 89
      g. (mostly acetonitrile) distilling under 20 mm. pressure at a bath
      temperature of 50.degree. C.; Fraction II, 12.5 g. distilling under 20 mm.
      pressure at a bath temperature of 65.degree. C., 70% 1,2-dichlorobutane,
      30% N-[1-chloromethyl)propyl]acetimidoyl chloride; Fraction III, 35.9 g.
      distilling under 2 mm. pressure at a bath temperature of 60.degree., about
      90% N-[1-chloromethyl)propyl]acetimidoyl chloride residue, 6.7 g. dark
      brown viscous oil. Based on Fractions II and III, the yield of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is 39.7 g. (48%). A portion
      of Fraction III is redistilled to give a pale yellow oil with a
      characteristic odor resembling that of thionyl chloride. The product,
      N-[1-(chloromethyl)propyl]acetimidoyl chloride displays strong infrared
      bands at 3000, 1705, 1430, 1370, 1085, 960, 920, 840 and 740
      cm.sup.-.sup.1. NMR(CDCl.sub.3): 0.88 ppm (t ,3H), 1.4-1.8 ppm (m ,2H),
      245 ppm (s ,3H), 3.62 ppm (m ,2H,--CH.sub.2 Cl), and about 3.9 ppm (m ,1H,
      CH).
PAR  Occasionally, a solid isomer of N-[1-(chloromethyl)propyl]acetimidoyl
      chloride (often the major product) is also obtained. The two forms seen to
      be interconvertible in certain solvents. On reaction with water, both
      hydrolyze to N-[1-chloromethyl)propyl]acetamide. The solid form has
      infrared bands at 3000, 1650, 1550, 1480, 1365, 1280, 1045, and 740
      cm.sup.-.sup.1.
PAC  EXAMPLE 14
PAC  N-[1-(Chloromethyl)propyl]acetamide
PAR  A sample of N-[1-chloromethyl)propyl]acetimidoyl chloride from Example 8 is
      treated with an excess of 10% aqueous sodium carbonate solution at room
      temperature. The organic material is extracted with ether and dried over
      MgSO4. Removal of the solvent under reduced pressure leaves
      N-[1-(chloromethyl)dropyl]acetamide as a crystalline solid in nearly
      quantitative yield. An infrared spectrum shows peaks at 3300(M), 3100(W),
      1650(S), and 550(S) cm.sup.-.sup.1 ; nuclear magnetic resonance (CDCl3)
      shows peaks 0.95 ppm (t ,3H), 1.4-1.8 ppm (m ,2H), 2.03 ppm (s ,3H), 3.67
      ppm (d,2H,CH.sub.2 Cl), 3.8-4.4 ppm (m ,1H).
PAR  The effects of conditions on yields is shown in the following examples in
      which the chlorination reactions were carried out at initial temperatures
      of -3.degree. to +23.degree. and the acetonitrile to Cl.sub.2 ratio was
      varied from 2 to 4. Additionally, the initial concentration of butene-1
      was varied by either passing butene-1 and Cl.sub.2 simultaneously (low
      initial butene-1 concentration) into acetonitrile or by first condensing
      butene at -5.degree. C. into acetonitrile and then passing Cl.sub.2
      through the mixture (high initial butene-1 concentration). The results of
      these experiments in Table I show that the yield of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is dependent primarily on
      the mole ratio of acetonitrile to Cl.sub.2 and amounts to about 50-55%
      when this ratio approaches 4.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PRODUCTION OF N-[1-(CHLOROMETHYL)PROPYL]ACETIMIDOYL CHLORIDE (I)          
     Reaction of Butene-1 (0.5 mole) with Cl.sub.2 (0.5 mole) in               
     Acetonitrile.sup.a (AN)                                                   
            T.degree. C AN/Cl    Cl.sub.2 Rate                                 
                                        Reaction Time                          
                                                  Initial Butene               
                                                            I                  
     Example                                                                   
            Init. Peak  (mole ratio)                                           
                                 (ml/min)                                      
                                        (hrs.)    conc.     (%                 
     __________________________________________________________________________
                                                            yield).sup.d       
     15     0     3     2        100    2         high.sup.b                   
                                                            36                 
     16     0     17    2        100    2         low.sup.c 37.8               
     17     23    27    4        400    0.5       low.sup.c 57.0               
     18     -2    20    4        400    0.5       high.sup.b                   
                                                            43.8               
     19     -3    32    4        400    0.5       high.sup.b                   
                                                            48.0               
     20     0     5     4        400    0.5       high.sup.b                   
                                                            54.0               
     21     0     5     4        100    2.0       low.sup.c 55.0               
     __________________________________________________________________________
      .sup.a All reactions were carried out in a Morton flask under vigorous   
      stirring and at atmospheric pressures.                                   
      .sup.b Butene-1 was charged to reaction flask by pouring a weighed sample
      into acetonitrile cooled to -5.degree.C.                                 
      .sup.c Butene-1 and Cl.sub.2 were simultaneously passed via calibrated   
      flowmeters.                                                              
      .sup. d Yields were based on actual weights of the residues left after   
      distilling off the volatiles. Product purity was checked by gas liquid   
      chromatography, infrared, and nuclear magnetic resonance.                
      I I = N-[1-(chloromethyl)propyl]acetimidoyl chloride.                    
PAR  Hydrolysis of N-[1-(chloromethyl)propyl]acetimidoyl chloride is highly pH
      dependent. It has now been found that a simple hydrolysis procedure is
      effective. On refluxing with water N-[1-(chloromethyl)propyl]acetimidoyl
      chloride is transformed into a mixture of dl-2-amino-1-butanol (77%),
      dl-2-amino-1-butanol acetate hydrochloride (17%), the
      N-[1-(hydroxymethyl)propyl]acetamide (7%) and acetic acid within one hour.
      The product ratios appear to represent equilibrium compositions because
      additional heating (14 hrs.) does not materially change their
      distribution. If, however, the hydrolysis is carried out with aqueous
      methanol or ethanol, it is complete within 2 hours and the acetyl
      component of the product can be removed as methyl or ethyl acetate by
      distillation. This procedure not only decreases hydrolysis time, it also
      avoids the accumulation of salts in the reaction mixture, gives
      essentially quantitative yields of dl-2-amino-1-butanol fron
      N-[1-(chloromethyl)propyl]acetimidoyl chloride through
      N-[1-(chloromethyl)propyl]acetamide, and facilitates product work-up.
      Methyl acetate boils at 57.degree. C., and is readily distilled off.
PAR  In order to make this process as economical as possible, excessively large
      volumes of aqueous methanol should be avoided. If insufficient quantities
      of water are used (less than N-[1-(chloromethyl)propyl]acetimidoyl
      chloride:H.sub.2 O:MeOH mole ratio 1:3:3) and especially if the hydrolysis
      is carried out in the presence of the 1,2-dichlorobutane by-product, a
      small fraction (3-15%) of N-[1-(chloromethyl)propyl]acetimidoyl chloride
      hydrolyzes to 2-amino-1-chlorobutane hydrochloride. The formation of
      2-amino-1-chlorobutane hydrochloride can be totally suppressed if water
      and methanol are added sequentially, and in that order, rather than
      together in one step. Addition of water to
      N-[1-(chloromethyl)propyl]acetimidoyl chloride almost instantaneously
      converts it to the N-[1-(Chloromethyl)propyl]acetamide which then
      hydrolyzes via the oxazoline intermediate.
PAR  Three series of reactions (A, B, and C) were completed using as-is
      acetonitrile (water conc. (Karl-Fisher) = 0.059-0.2%). In each of these
      series, reactions were carried out using 0.5 mole of butene, 0.5 mole of
      chlorine, and the acetonitrile:Cl.sub.2 mole ratio (identical to the
      acetonitrile:butene) was varied from 1 to 8.
PAR  In series A (reaction time = 1 hr.) the reaction temperature was maintained
      at 0.degree. C. while chlorine and butene were passed simultaneously into
      acetonitrile in one hour. After removal of acetonitrile
      (40.degree.-50.degree., 50 mm), the crude reaction mixture containing
      N-[1-(chloromethyl)propyl]acetimidoyl chloride and 1,2-dichlorobutane was
      hydrolyzed by refluxing with aqueous methanol.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                          % yield of crude                     
              Moles                                                            
                  AN.sup.a /Butene/Cl.sub.2                                    
                           Cl.sub.2 Rate                                       
                                 Reaction Time                                 
                                          2-amino-1-butanol                    
     Example                                                                   
          T.degree. C.                                                         
              Butene                                                           
                  Mole Ratio                                                   
                           (ml/min)                                            
                                 (hrs.)   hydrochloride                        
     __________________________________________________________________________
     22   0.degree.                                                            
              1.0 1:1:1    400   1.0      31.6                                 
     23   0.degree.                                                            
              0.5 2:1:1    200   1.0      43.6                                 
     24   0.degree.                                                            
              0.5 4:1:1    200   1.0      52.5                                 
     25   0.degree.                                                            
              0.5 6:1:1    200   1.0      61.0                                 
     26   0.degree.                                                            
              0.5 8:1:1    200   1.0      67.0                                 
     __________________________________________________________________________
      .sup.a AN = Acetonitrile                                                 
PAR  It is significant to note that N-[1-(chloromethyl)propyl]acetimidoyl
      chloride can be hydrolyzed substantially quantitatively to
      N-[1-(chloromethyl)propyl]acetamide, and then to dl-2-amino-1-butanol.
      Reporting as dl-2-amino-1-butanol hydrochloride is a very convenient
      method of showing yields. Errors due to volatile components are avoided.
      Small quantities of dl-1-amino-2-butanol report with the
      dl-2-amino-1-butanol. Even at a low acetonitrile:Cl.sub.2 ratio of one,
      the yield of dl-2-amino-1-butanol.sup.. HCl is as high as 31%. Increasing
      the acetonitrile:Cl.sub.2 mole ratio from 1 to 2 improves the yield to
      43%, an increase of 12%. Further increases in the acetonitrile:Cl.sub.2
      ratios also improve the yields. For each additional mole of
      acetonitrile(up to a total of 5 moles (AN:Cl.sub.2 ratios 3 to 5) the
      yield of dl-2-amino-1-butanol.sup.. HCl increases on average about 6%.
      Still further addition of acetonitrile (AN:Cl.sub.2 mole ratios 6 to 8) is
      considerably less effective; the average incremental yield of
      dl-2-amino-1-butanol.sup.. HCl being of the order of about 3% per mole of
      acetonitrile. A ratio of about 4:1 is a good compromise between yield and
      a reasonable size reaction vessel and recycle ratio of acetonitrile.
PAR  In both series B and C, the gaseous reactants were run into acetonitrile
      over a period of 0.5 hr. The initial reaction temperature was 0.degree..
      This was allowed to rise to a maximum of 35.degree. during the course of
      the reaction. Additionally, in series B, chlorine was passed through a
      solution of butene in acetonitrile to maintain a high initial
      concentration of butene. In series C both chlorine and butene were passed
      simultaneously through acetonitrile allowing attainment of a low initial
      concentration of butene. The results of simultaneous and sequential
      additions of butene and chlorine on the yield of
      N-[1-chloromethyl)propyl]acetimidoyl chloride at different
      acetonitrile/Cl.sub.2 mole ratios are summarized in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Reaction of Butene-1 (0.5 mole).sup.a with Cl.sub.2 (0.5 mole).sup.a in   
     Acetonitrile (AN)                                                         
     Series B.sup.b : Addition of Cl.sub.2 to Butene + Acetonitrile (AN)       
                                         N-1-(chloromethyl)-                   
                     N-[1-(chloromethyl)-                                      
                                 1,2-dichlo-                                   
                                         propyl]acetimidoyl                    
                                                      % aceto-                 
              AN:Cl.sub.2                                                      
                     propyl]acetimidoyl                                        
                                 robutane                                      
                                         chloride + 1,2-dichlo-                
                                                      nitrile                  
     Example                                                                   
          T.degree. C.                                                         
              (mole ratio)                                                     
                     chloride    (moles) robutane (moles)                      
                                                      recovery                 
     __________________________________________________________________________
                     Moles %.sup.c       Exp.   Theor.                         
     27   0-35                                                                 
              1.1    0.164 32.3  0.350   0.514  0.5   90                       
     28   0-30                                                                 
              1.5    0.162 32.6  0.340   0.502  0.5   92                       
     29   0-25                                                                 
              2      0.192 38.0  0.310   0.502  0.5   97                       
     30   0-23                                                                 
              4      0.223 45.3  0.250   0.473  0.5   95                       
     31   0-25                                                                 
              4      0.241 47.8  --      --     --    --                       
     32   0-23                                                                 
              6      0.291 57.6  0.270   0.561  0.5   94                       
     33   0-15                                                                 
              8      0.269 54.3  0.180   0.459  0.5   99                       
     Series C.sup.b : Simultaneous Addition of Cl.sub.2 and Butene to          
     Acetonitrile                                                              
     34   0-25                                                                 
              1      0.74  35.6  1.26    2.00   2.0   102                      
     35   0-24                                                                 
              2      0.222 43.9  0.270   0.492  0.5   99                       
     36   0-27                                                                 
              4      0.246 47.1  0.270   0.516  0.5   99                       
     37   0-22                                                                 
              6      0.281 54.0  0.240   0.521  0.5   97                       
     38   0-21                                                                 
              8      0.337 66.0  0.130   0.467  0.5   99                       
     __________________________________________________________________________
      .sup.a Except in Example 34 where 2 mole of Cl.sub.2 and 2 mole of butene
      were passed through 2 moles of acetonitrile over a two-hour period.      
      .sup.b Reaction time: 0.5 hr; Cl.sub.2 rate: 400 ml/min                  
      .sup.c Yields based on butene. These percentages do not include losses of
      N-[1-(chloromethyl)propyl]acetimidoyl chloride during removal of         
      1,2-dichlorobutane by distillation which may amount to 3-5%.             
PAR  In series B and C material balances show conversion and recovery data on
      acetonitrile. In each case the distillate, 1,2-dichlorobutane +
      acetonitrile was analyzed for 1,2-dichlorobutane and acetonitrile by gas
      liquid chromatography.
PAR  A less pure product is obtained if the
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is allowed to stand for
      40-50 hours prior to work-up.
PAR  The data in the table shows that:
PAR  1. The yield of crude dl-2-amino-1-butanol.sup.. HCl (or
      N-[1-(chloromethyl)propyl]acetimidoyl chloride) is primarily dependent on
      the mole ratio of acetonitrile:Cl.sub.2 and varies between 31 and 66% as
      the acetonitrile:Cl.sub.2 :butene mole ratio changes from 1:1:1 to 8:1:1.
PAR  2. Simultaneous addition of chlorine and butene to acetonitrile rather than
      the alternate procedure of adding chlorine to a mixture of butene and
      acetonitrile is advantageous. The reaction is less exothermic,
      consequently easier to control, and the yields of
      dl-2-amino-1-butanol.sup.. HCl are somewhat better. A reaction time of one
      hour generally appears to permit more control over the reaction
      exothermicity.
PAR  3. The reaction temperature does not appear to be controlling factor in
      determining the overall yield. However, in view of the thermal instability
      of N-[1-(chloromethyl)propyl]acetimidoyl chloride) above 50.degree.,
      reaction temperatures between 0.degree.-25.degree. are more desirable.
PAR  The process can vary depending on the size of batches. Whereas the Examples
      are exemplary, for large scale production, the process may be run
      continuously, with the butene-1 and chlorine being fed continuously to a
      stirred continuous reactor. The recycle acetonitrile is distilled off and
      recycled continuously. Such a continuous system permits a higher ratio of
      acetonitrile to the butene-1 and chlorine. Whereas, for a batch process, a
      molar ratio of at least 2 of acetonitrile to butene-1 and chlorine is
      preferred, more than a ratio of 16 can require an uneconomically large
      reactor. With a continuous process even higher ratios are convenient.
PAR  Whereas both butene-1 and chlorine are gaseous at room temperature of about
      20.degree. C., so that low temperatures, around 0.degree. C. and lower are
      convenient, a higher temperature to reduce the need for cooling may be
      used if a pressurized reactor is available.
PAR  The trade-off of the cost of a pressure reactor against additional
      refrigeration can vary with equipment available.
PAR  Other modifications within the scope of this invention as defined by the
      appended claims are, of course, obvious to those skilled in the arts.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the isolation of d-2-amino-1-butanol from
      dl-2-amino-1-butanol containing up to about 10% of dl-1-amino-2-butanol
      which comprises forming a solution of said dl-2-amino-1-butanol containing
      dl-1-amino-2-butanol in anhydrous methanol, adding thereto L(+)-tartaric
      acid in at least about one-half molar quantity, and separating the
      crystalline acid L(+)-tartrate salt of d-2-amino-1-butanol from the
      methanol containing 1-2-amino-1-butanol and both d- and l-
      1-amino-2-butanol.
NUM  2.
PAR  2. The process of claim 1 in which the dl-2-amino-1-butanol is synthesized
      by heating N-[1-(chloromethyl)propyl]acetamide in the presence of a lower
      alkanol and water whereby the N-[1-(chloromethyl)propyl]acetamide is
      hydrolyzed to dl-2-amino-1-butanol hydrochloride and distilling off the
      coproduced alkanol acetate, whereby side reactions are suppressed, and the
      hydrolysis to dl-2-amino-1butanol hydrochloride is essentially
      quantitative.
NUM  3.
PAR  3. The process of claim 2 in which the lower alkanol is methanol, and the
      dl-2-amino-1-butanol is separated as the hydrochloride salt.
NUM  4.
PAR  4. The process of claim 2 in which the N-[1-(chloromethyl)propyl]acetamide
      is synthesized by reacting N-[1-(chloromethyl)propyl]acetimidoyl chloride
      with water, thereby hydrolyzing N-[1-(chloromethyl)propyl]acetimidoyl
      chloride to N-[1-(chloromethyl)propyl]acetamide.
NUM  5.
PAR  5. The process of claim 2 in which the N-[1-(chloromethyl)propyl]acetamide
      is synthesized by reacting at least about 2 moles of acetonitrile with
      about 1 mole of chlorine and about 1 mole of butene-1, to produce
      N-[1-(chloromethyl)propyl]acetimidoyl chloride with the concurrent
      production of 1,2-dichlorobutane, adding water, thereby hydrolyzing said
      N-[1-(chloromethyl)propyl]acetimidoyl chloride to
      N-[1-(chloromethyl)propyl]acetamide, and after the synthesis of said
      N-[1-chloromethyl)propyl]acetamide, distilling off under reduced pressure
      and recovering the excess acetonitrile.
NUM  6.
PAR  6. The process of claim 5 in which water is added at about the same rate as
      N-[1-(chloromethyl)propyl]acetimidoyl chloride is produced, thereby
      hydrolyzing N-[1-(chloromethyl)propyl]acetamide before said
      N-[1-(chloromethyl)propyl]acetimidoyl chloride can be additionally
      chlorinated, and also releasing the heat of hydrolysis over the course of
      the reaction, thus controlling isothermal temperature rise.
NUM  7.
PAR  7. The process of claim 6 in which the separated acetonitrile is recycled
      without additional purification.
NUM  8.
PAR  8. The process of claim 7 in which the addition of butene-1, chlorine and
      water to acetonitrile is a continuous process, and the recycling of
      acetonitrile is continuous.
NUM  9.
PAR  9. The process of claim 5 in which the chlorine, butene-1 and water are
      added concurrently.
NUM  10.
PAR  10. The process of claim 5 in which butene-1 is added first, and then
      chlorine and water are added.
NUM  11.
PAR  11. The process of claim 1 in which about one-third of the
      dl-2-amino-1-butanol is present as the hydrochloride salt.
NUM  12.
PAR  12. The process of claim 5 in which the water is present with the
      acetonitrile before the addition of chlorine.
NUM  13.
PAR  13. In the production of dl-2-amino-1-butanol, or one of its optical
      isomers, as the free base, from the hydrochloride, the improvement
      comprising the process of adding an excess of NH.sub.3 to precipitate HCl
      as NH.sub.4 Cl, evaporating off excess NH.sub.3, and separating out the
      NH.sub.4 Cl, whereby there is neither excess NH.sub.3 or HCl remaining in
      the product free base of dl-amino-1-butanol, or one of its optical
      isomers.
NUM  14.
PAR  14. In the production of dl-2-amino-1-butanol, or one of its optical
      isomers, as the free base, from the hydrochloride, the improvement
      comprising the process of adding an excess of NH.sub.3 to precipitate HCl
      as NH.sub.4 Cl, separating out the NH.sub.4 Cl, and evaporating off the
      excess NH.sub.3, whereby there is neither excess NH.sub.3 or HCl remaining
      in the product free base of dl-amino-1-butanol, or one of its optical
      isomers.
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ABST
PAL  Process for the preparation of a diketone derivative, viz
      2,2,6-trimethyl-cyclohex-5-en-1,4-dione, an organoleptically interesting
      ingredient for the perfumery and the flavour industry, as well as a useful
      intermediate for the pharmaceutical industry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Owing to its intrinsic organoleptic properties and to its particular
      chemical structure, 2,2,6-trimethylcyclohex-5-en-1,4-dione (hereinafter
      referred to as oxophorone) has focused the attention of several research
      groups over the past. Namely, its synthesis has been thoroughly
      investigated and described in the scientific literature as well as in
      various patent specifications [see e.g.: Tetrahedron Suppl., 8, 1-7
      (1966): Helv. Chim.Acta, 39, 2041 (1956) and U.S. Pat. No. 2,917,539].
PAR  However, the synthetic routes known sofar suffer from the disadvantages of
      producing low yields of the desired diketone, or comprising several
      successive reaction steps, and of requiring the use of relatively
      expensive reagents, so that they are unsuitable for use on an industrial
      scale.
PAC  THE INVENTION
PAR  The present invention provides a novel process for the preparation of
      oxophorone, said process comprising an oxidation of
      3,5,5-trimethyl-cyclohex-2-en-1-one (hereinafter referred to as
      isophorone), in the liquid phase, by means of oxygen, or an oxygen
      containing gas mixture in the presence of a metal catalyst selected from
      the group consisting of a salt, an oxide and an organic derivative of a d
      block metal.
PAR  Such a process offers the advantage of using as starting material a
      commercial compound readily available at low price and promoting its more
      complete conversion into oxophorone. Its subsequent purification is thus
      made easier. By making use of a one step synthesis, the process of the
      invention is economical and industrially advantageous.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  According to the process of this invention the oxidizing reagent is pure
      oxygen or an oxygen containing gas mixture wherein oxygen is in admixture
      with an inert gas such as nitrogen, helium or argon. Whenever an oxygen
      containing gas mixture is used, the proportions of oxygen in the mixture
      can vary within a wide range. For economical and practical reasons
      however, air is used. In such a case, though slower, the oxidation
      reaction proceeds in a more controlled manner than by the use of pure
      oxygen and the formation of tarry residues is rendered negligible. The
      reaction time depends on a variety of factors and is namely a function of
      the oxygen content of the oxidizing gas mixture, a higher oxygen content
      generally promoting a faster reaction.
PAR  In accordance with a preferred embodiment of this invention, the oxidation
      of isophorone is performed in a reaction vessel equipped with a highly
      efficient stirrer. It has been observed in fact that the best yields of
      oxophorone were achieved by promoting a regular and homogeneous
      distribution of the gas stream throughout the whole mass of the material
      subjected to oxidation. This gas stream could be introduced by means of a
      compressor or by means of a self-initiating turbine. It has to be
      understood however that all devices able to promote such a uniform
      distribution of the gas mixture, e.g. a sintered glass funnel, can be used
      instead.
PAR  The gas flow can also vary within wide limits and depends on the volume of
      starting material used, the reactors size and the desired reaction time.
      In the example given hereinafter, certain values are indicated, but it is
      to be understood that they must not be construed restrictively.
PAR  The reaction temperatures are preferentially comprised between about
      80.degree. and 180.degree.C. At a temperature higher than the above given
      upper limit, the reaction was particularly short but the direct oxidation
      reaction was accompanied by the concomitant formation of more or less
      important amounts of tarry residues. At temperatures lower than
      80.degree.C instead, the course of the oxidation was easily controlled but
      the reaction time was too long. Preferential temperatures are of from
      about 100.degree. to 130.degree.C, more preferably of about
      110.degree.-120.degree.C.
PAR  Suitable oxidation catalysts include a salt, an oxide and an organic
      derivative of a d block metal [for a definition of a d block metal see
      e.g.: F. A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry,
      Interscience Publishers, III Ed., p. 528 and ff.]. An organic derivative
      of vanadium, chromium, manganese, iron, cobalt, copper, nickel or rhodium
      can advantageously be used.
PAR  In accordance with a preferred embodiment of the process of the invention,
      vanadium.sup.III -acetylacetonate, iron.sup.III -acetylacetonate,
      cobalt.sup.III -acetylacetonate or a rhodium.sup.I derivative such as
      tris-triphenylphosphine-rhodium chloride, can be used.
PAR  The proportions of oxidation catalyst relative to starting isophorone can
      vary within a wide range. Typically, they are of from about 0.3 to 10 % by
      weight, preferentially of about 0.5 %. Said catalyst can be added to the
      reaction mixture in the lump at the beginning of the reaction or by small
      portions in the course of the reaction. In this latter case the catalyst
      can be added, if desired by means of a delivery pump, in solution or in
      suspension in a small amount of isophorone, which method is particularly
      suitable for treating large quantities of starting material.
PAR  By the process of the invention the achieved yields of oxophorone are of
      about 30 to 40 % by weight, the balance being almost exclusively
      constituted by unreacted isophorone. This latter can be easily recovered
      from the reaction mixture by simple fractional distillation and subjected
      anew to the oxidation process.
PAR  Though the oxidation reaction occurs with best yields in the presence of an
      oxidation catalyst, it has been observed that said reaction may also occur
      in the absence of such a catalyst. Direct oxidation of isophorone by means
      of oxygen, or an oxygen containing gas mixture, provided in fact
      oxophorone with yields ranging from about 18 to 22 % by weight.
PAR  It is reasonable to assume that the oxidation reaction which characterizes
      the process of the invention occurs, at least partially, on the isomerized
      form of isophorone, i.e. via the transient formation of .beta.-phorone,
      according to the following reaction scheme:
      ##SPC1##
PAR  The invention will be illustrated but not limited by the following example,
      wherein the temperatures are indicated in degrees centigrade and the
      abbreviations have the meaning usual in the art.
PAC  EXAMPLE
PAR  350 g of isophorone were heated to 130.degree. and kept to this temperature
      under vigourous stirring in a reaction vessel equipped with a condenser
      and a self-initiating turbine. Air was thus introduced at an initial flow
      rate of 100-150 l/h. The flow was then increased progressively up to 300
      l/h and 3.5 g of vanadium.sup.III -acetylacetonate (Wacker Chemie GmbH,
      Munich) were added to the reaction mixture. 3.5 g samples of
      vanadium.sup.III -acetylacetonate were added after 21, 28, 45 and 53
      hours. The mixture was further stirred for 15 h at 130.degree., whereupon
      224 g of a fraction having b.p. 80.degree.-98.degree./12 Torr were
      collected by fractional distillation. This fraction contained 36 % by
      weight of oxophorone and 64 % by weight of starting isophorone, as
      indicated by a vpc analysis on a CARBOWAX 20 M column of 2.7 m length at a
      programmed temperature of 140.degree. to 200.degree..
PAR  Pure oxophorone was isolated by fractional distilling the obtained mixture.
      The fraction boiling at 95.degree.-96.degree./12 Torr was in all respects
      identical to a sample obtained in accordance with the procedure described
      in Helv. Chim. Acta, 39, 2041 (1956).
PAR  A set of experiments was carried out by following the same procedure as
      that given in the above example and varying the following parameters:
PA1  reaction temperature
PA1  oxidizing gas mixture
PA1  catalyst and proportions thereof
PA1  addition procedure
PA1  reaction time.
PAR  The results achieved and the reaction conditions used are summarized in the
      hereinbelow given Table. The proportions indicated of the various reagents
      are expressed relative to 100 g of starting isophorone. The abbreviations
      and the signs stated have the meaning given hereinbelow:
PA0  A= vanadium.sup.III -acetylacetonate;
PA0  B= rhodium.sup.I -tris-triphenylphosphine chloride;
PA0  C= iron.sup.III -acetylacetonate;
PA0  D= no catalyst;
PA0  E= cobalt.sup.III -acetylacetonate;
PA0  += addition of 4 equal portions at regular intervals;
PA0  o= addition in the lump at the beginning of the reaction.
TBL                                    TABLE                                   
     __________________________________________________________________________
              Catalyst  Oxidizing                                              
                               Temp.                                           
                                   Time                                        
                                       Distillate 80-98.degree./12 Torr        
     Experiment                                                                
           Type                                                                
              Quantity                                                         
                   Addition                                                    
                        gas mixture                                            
                               [.degree.C]                                     
                                   [h] Quantity                                
                                            % oxophorone                       
              [g]                      [g]                                     
     __________________________________________________________________________
     1     A  12   +    air    113 45  51   29                                 
     2     A  6    +    air    120 85  63   35                                 
     3     A  5    o    air    110 41  76   13                                 
     4     A  1.8  +    O.sub.2                                                
                               115 50  57   40                                 
     5     B  1    o    air    110 56  56   31                                 
     6     C  1.3  +    O.sub.2                                                
                               110 44  58   34                                 
     7     A  0.6  +    O.sub.2                                                
                               112 66  58   40                                 
     8     A  0.6  +    air    110 50  85   26                                 
     9     A  0.6  +    O.sub.2                                                
                                95 41  54   27                                 
     10    D  --   -    air    120 100 --   20                                 
     11    D  --   -    air    139 100 --   21.4                               
     12    E  2.1  +    air      70                                            
                                   34  --   35                                 
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Process for the preparation of 2,2,6-trimethyl-cyclohex-5-en-1,4-dione,
      which comprises oxidizing 3,5,5-trimethyl-cyclohex-2-en-1-one, in the
      liquid phase, by means of oxygen, or an oxygen containing gas mixture in
      the presence of a metal catalyst selected from a salt or an oxide of
      vanadium, chromium, manganese, iron, cobalt, nickel or rhodium or an
      organic derivative of vanadium, iron, cobalt or rhodium at a temperature
      of from about 80.degree. to 180.degree.C.
NUM  2.
PAR  2. Process according to claim 1, wherein the catalyst is selected from the
      group consisting of vanadium.sup.III -acetylacetonate, iron.sup.III
      -acetylacetonate, cobalt.sup.III -acetylacetonate, and rhodium.sup.I
      -tris-triphenylphosphine chloride.
NUM  3.
PAR  3. Process according to claim 1, wherein the oxidation is carried out at a
      temperature of from about 100.degree. to 130.degree.C.
NUM  4.
PAR  4. Process according to claim 1, wherein the oxidation is performed by
      means of air or oxygen enriched air.
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ABST
PAL  A process for the preparation of a mixture of compounds of the structure
      ##SPC1##
PAL  Is disclosed whereby a Pi-halotricyclene having the structure
      ##SPC2##
PAL  Where Y is chloro, bromo or iodo is reacted with an alkali metal cyanide to
      prepare the corresponding nitrile; the nitrile is reacted with
      diisobutylaluminum hyhdride to prepare the corresponding aldehyde, a
      nortricycloekasantalal which is then condensed with butanone to prepare
      the above mentioned mixture of compounds. Also claimed are the product
      ketones which are useful for altering the aroma of consumable products
      including perfumes, perfume compositions and perfumed articles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  East Indian sandalwood oil has heretofore been available only from 60-80
      year old East Indian sandalwood trees. This oil and various individual
      components of the oil are highly valued perfume bases and are used in
      large quantities by the perfume industry. The oil, however, is expensive
      and is in limited, and sometimes sporadic, supply. For this reason, a
      continuous effort has been made to synthesize the various components of
      sandalwood oil or similar synthetic materials which possess the several
      desirable nuances (e.g., woody, oily, green) of sandalwood oil.
PAR  The processes presented herein for preparing various sandalwood aroma
      components represent a portion of an extensive effort to obtain various
      components of sandalwood oil as well as substitutes therefor. Other
      processes and components related to the synthesis of sandalwood oil
      aroma-like components are described in the following publications:
PAR  I. U.S. Pat. No. 3,478,114 issued on Nov. 11, 1969, Title: PROCESS FOR
      MAKING ALPHA-SANTALOL
PAL  Covers the process:
      ##SPC3##
PAR  II. U.S. Pat. No. 3,662,007 issued on May 9, 1972, Title: PROCESS FOR
      PREPARING DIHYDRO-BETASANTALOL FROM 3-ENDO-METHYL-3-EXO
      (4'-METHYL-5'-HYDROXYPHENYL) NORCAMPHOR
PAL  Covers the process for preparing dihydrobeta-santalol from
      3-endo-methyl-3-exo (4'-methyl-5'-hydroxypentyl) norcamphor comprising the
      steps of (1) reacting 1-endo methyl-3-exo(4'-methyl-5'-hydroxypentyl)
      norcamphor with either boric acid or boric anhydride to obtain the borate
      ester of 3-endo-methyl-3-exo(4'-methyl-5'-hydroxypentyl) norcamphor, and
      (2) reacting the borate ester reaction product of Step (1) with a
      phosphorous compound such as methyltriphenylphosphonium bromide and
      subsequently hydrolyzing the reaction product with water to obtain
      dihydro-beta-santalol.
PAR  iii. U.S. Pat. No. 3,662,008 issued on May 9, 1972, Title: PROCESS FOR
      PREPARING BETA-SANTALOL FROM 3-METHYLNORCAMPHOR
PAL  Covers the process for preparing beta-santalol from 3-methylnorcamphor
      comprising the steps of (1) alkylating 3-methylnorcamphor in strong base
      with an allyl halide; (2) reacting the reaction product of Step (1) with a
      methylmetallic compound, such as methyllithium, followed by hydrolysis;
      (3) brominating the reaction product of Step (2); (4) dehydrobrominating
      the reaction product of Step (3) with a base, such as sodium amide; (5)
      dehydrating the reaction product of Step (4) with a dehydrating agent,
      such as thionyl chloride; (6) reacting the reaction product of Step (5)
      with a compound, such as di(sec.iso-amyl)borane followed by an oxidation;
      (7) reacting the reaction product of Step (6) with (carbethoxyethylidene)
      triphenylphosphorane; and (8) reducing the reaction product of Step (7)
      with a reducing agent such as lithium aluminum hydride, to obtain
      beta-santalol.
PAR  iv. U.S. Pat No. 3,673,261 issued on June 27, 1972, Title: PERFUME
      COMPOUNDS AND PROCESS FOR PREPARING SAME
PAL  Covers the use in perfumery compounds having the following structures:
      ##SPC4##
PAR  v. U.S. Pat. No. 3,673,263 issued on June 27, 1972, Title:
      DIHYDRO-BETA-SANTALOL AND PROCESS FOR PREPARING DIHYDRO-BETA-SANTALOL FROM
      3-ENDO-METHYL-3-EXO(4'-METHYL-5'-HYDROXYPENTYL) NORCAMPHOR
PAR  vi. U.S. Pat. No. 3,673,266 issued on June 27, 1972, Title: PROCESS FOR
      PREPARING DIHYDRO-BETA-SANTALOL FROM 3-ENDO-METHYL-3-EXO
      (4'-METHYL-5'-HYDROXYPENTYL) NORCAMPHOR
PAR  vii. Corey, et al., J. Am. Chem. Soc. 79, 5773 (1957), Title: THE SYNTHESIS
      OF ALPHA-SANTALENE AND OF TRANS-.DELTA.11,12-ISO-ALPHASANTALENE
PAL  Describes the following process sequence:
      ##SPC5##
PAR  However, none of the above processes explicitly or implicitly represent
      what are today deemed to be economically feasible techniques for providing
      the important and novel sandalwood aroma components having the generic
      structure:
      ##SPC6##
PAL  wherein Z is a moiety selected from the group consisting of:
      ##SPC7##
PAL  Furthermore, the structures of sandalwood aroma components set forth in the
      above-mentioned prior art are chemically different in kind from the novel
      compounds of this invention which have the generic structure:
      ##SPC8##
PAL  wherein X is a moiety selected from the group consisting of:
      ##SPC9##
PAL  and wherein R.sub.1 and R.sub.2 are each selected from the group consisting
      of hydrogen and methyl, at least one of R.sub.1 and R.sub.2 being
      hydrogen. The novel compounds of this invention have properties considered
      to be unobvious and advantageous over the compounds set forth in the
      aforecited prior art.
PAC  THE INVENTION
PAR  It has now been determined that several .pi.-tricyclene derivatives are
      capable of imparting notes important to sandalwood fragrance to various
      consumable materials. Briefly, our invention contemplates altering the
      fragrance of such consumable materials as perfumes, perfume formulations
      and perfumed articles by adding thereto a small but effective amount of at
      least one of the novel .pi.-tricyclene derivatives having a generic
      structure:
      ##SPC10##
PAL  wherein X is a moiety selected from the group consisting of:
      ##SPC11##
PAL  and wherein R.sub.1 and R.sub.2 are each selected from the group consisting
      of hydrogen and methyl, at least one of R.sub.1 or R.sub.2 being hydrogen.
PAR  Examples of .pi.-tricyclene derivatives useful in the practice of our
      invention and particularly useful in contributing key notes to sandalwood
      aromas are as follows:
     Compound Name                                                             
                Structure               Olfactory Properties                   
     __________________________________________________________________________
     5-(2,3-dimethyl-                   Sweet, woody, oily,                    
     tricyclo(2.2.1.0.sup.2,6)          sweaty, sandalwood                     
     hept-3-yl)3-penten-2-              aroma with "sexy-                      
     one                                woody", amber green                    
                                        and orrisy nuances.                    
     or                                                                        
     tricyclene-9-butenone                                                     
     or                                                                        
     1,7-dimethyl-7-                                                           
     (1-pent-2-en-4-                                                           
     onyl) nortricyclene                                                       
     5-(2,3-dimethyl                    Green, sweet, woody                    
     tricyclo(2.2.1.0.sup.2,6)          (sandal) aroma.                        
     hept-3-yl)3-pentyn-                                                       
     2-one                                                                     
     or                                                                        
     tricyclene-9-butynone                                                     
     or                                                                        
     1,7-dimethyl-7-                                                           
     (1-pent-2-yn-4-                                                           
     onyl) nortricyclene                                                       
     5-(2,3-dimethyl                    Green, pumkin-like,                    
     tricyclo(2.2.1.0.sup.2,6)          sandalwood-oily                        
     hept-3-yl)3-pentan-                aroma.                                 
     2-one                                                                     
     or                                                                        
     tricyclene-9-butanone                                                     
     or                                                                        
     1,7-dimethyl-7-                                                           
     (1-pentan-4-onyl)                                                         
     nortricyclene                                                             
     __________________________________________________________________________
PAR  In addition, the following .pi.-tricyclene derivative, also contemplated
      within the scope of our invention is a valuable reaction intermedate
      useful for preparing other .pi.-tricyclene derivatives useful for their
      olfactory properties in perfume compositions and perfumed articles:
TBL  Name of Compound                                                          
                  Structure                                                    
     __________________________________________________________________________
     5-(2,3-dimethyl tricyclo                                                  
     (2.2.1.0.sup.2,6)hept-3-yl)                                               
     3-pentyn-2-ol                                                             
     or                                                                        
     tricyclene-9-butynol                                                      
     or                                                                        
     1,7-dimethyl-1(4'-hydroxy-                                                
     pent-2-ynyl) nortricyclene                                                
     __________________________________________________________________________
PAR  One of the novel processes of our invention capable of yielding compound I,
      above, is a process for preparing a novel genus for tricyclic ketones
      having the structure:
      ##SPC12##
PAL  comprising the steps of:
PAR  i. Reacting a .pi.-halotricyclene having the structure:
      ##SPC13##
PAL  with an alkali metal cyanide in the presence of an inert solvent thereby
      forming a nitrile having the structure:
      ##SPC14##
PAR  ii. Reacting the thus formed nitrile with diisobutyl aluminum hydride thus
      forming a nortricycloekasantalal having the structure:
      ##SPC15##
PAR  iii. Reacting the thus formed nortricycloekasantalal with a ketone having
      the structure:
      ##SPC16##
PAL  in the presence of a base selected from the group consisting of alkali
      metal hydroxides and alkaline earth metal hydroxides thus forming a
      tricyclic-alpha,beta-ketone having the structure:
      ##SPC17##
PAL  wherein Y is halogen selected from the group consisting of bromo, chloro
      and iodol; R.sub.3 is selected from the group consisting of hydrogen and
      methyl; and wherein R.sub.1 and R.sub.2 are each selected from the group
      consisting of hydrogen and methyl, provided that at least one of R.sub.1
      or R.sub.2 is hydrogen.
PAR  This process may optionally include the additional step (iii) of reacting
      with hydrogen, in the presence of a hydrogenation catalyst, the compound
      having the structure:
      ##SPC18##
PAL  thereby forming a compound having the structure:
      ##SPC19##
PAL  wherein R.sub.1 and R.sub.2 are each selected from the group consisting of
      hydrogen and methyl provided that at least one of R.sub.1 or R.sub.2 is
      hydrogen, in the event that it is desired to prepare compounds such as
      III, above.
PAR  The preparation of .pi.-cyanotricyclene is carried out by reacting an
      alkali metal cyanide with a .pi.-halo tricyclene having the generic
      formula:
      ##SPC20##
PAL  wherein Y is a halogen selected from the group consisting of chloro, bromo
      and iodo. Examples of alkali metal cyanide useful in the reaction are
      sodium cyanide and potassium cyanide. The reaction is carried out in an
      inert solvent such as dimethyl sulfoxide at a temperature in the range of
      from 80.degree.C up to 100.degree.C; preferably 90.degree.C. The mole
      ratio of alkali metal cyanide to .pi.-halo tricyclene is from 10:1 up to
      20:1 with a mole ratio of 15:1 being preferred.
PAR  The formation of nortricycloekasantalal is carried out by means of
      reduction of .pi.-cyanotricyclene using such reducing reagents as
      diisobutyl aluminum hydride preferably premixed with inert solvent such as
      hexane. The reaction is carried out in an inert solvent such as hexane or
      cyclohexane in order to facilitate control of the reaction. The reaction
      temperature is preferably in the range of from about 40.degree.C up to
      80.degree.C with a temperature of about 55.degree.C being preferred. The
      mole ratio of reduction reagent: .pi.-cyanotricyclene is about 1:1 with
      the reduction reagent being in slight excess.
PAR  The genus of compounds having the structure:
      ##SPC21##
PAL  is prepared by reacting the nortricycloekasantalal with a ketone having the
      structure:
      ##SPC22##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are each hydrogen or methyl with the
      proviso that at least one of R.sub.1 or R.sub.2 be hydrogen. Where R.sub.3
      is hydrogen, both R.sub.1 and R.sub.2 are hydrogen as is the case when the
      ketone used is acetone. When R.sub.3 is methyl, a mixture of two compounds
      is produced:one where R.sub.1 is methyl and the other where R.sub.2 is
      methyl. This mixture can be easily separated by means of fractional
      distillation, thereby creating two sandalwood oil aroma-imparting
      components. The reaction is a standard "Aldol Condensation" type reaction
      which is carried out in the presence of a base which is either an alkali
      metal hydroxide such as lithium hydroxide, sodium hydroxide or potassium
      hydroxide or an alkaline earth metal hydroxide such as barium hydroxide or
      calcium hydroxide. A type of apparatus useful for carrying out the
      reaction when using an alkaline earth metal hydroxide is a "Soxhlet"
      apparatus; since the alkaline earth metal hydroxide is only very slightly
      soluble in the reaction medium.
PAR  The temperature of Aldol Condensation reaction is preferably in the range
      of from 25.degree.C up to 50.degree.C with a temperature of about
      35.degree.C being preferred. The mole ratio of
      ketone:nortricycloekasantalal is preferably in the range of from 5:1 up to
      15:1 with a ratio of about 7:1 being preferred. The quantity of base used
      in the reaction is preferably about 10% of the weight of ketone used; but
      quantities of base which are as low as 5% of the weight of ketone or as
      high as 20% of the weight of ketone may be used without creating an
      adverse effect on the yield of product. Quantities of base lower than 5%
      by weight of ketone will cause the time of reaction to be unduly
      lengthened. Quantities of base in excess of 20% will not have any
      beneficial effect on rate of reaction or yield of product; and will cause
      an excessive amount of by-products to be formed.
PAR  The hydrogenation of the genus of compounds having the structure:
      ##SPC23##
PAL  to form a second genus of compounds represented by the structure:
      ##SPC24##
PAL  is carried out with hydrogen in the presence of a catalyst such as
      palladium, platinum, nickel or other suitable hydrogenation catalyst.
      Preferred catalysts are palladium on carbon and Raney nickel.
PAR  The reaction temperature may be from 20.degree.-220.degree.C with a
      temperature range of 20.degree.-50.degree.C being preferred. The reaction
      is preferably carried out at superatmospheric pressures and pressures in
      the range of 1-150 atmospheres are suitable. Preferred pressures range
      from 10-20 atmospheres.
PAR  A second of the novel processes of our invention capable of yielding
      compound II, above, is a process for preparing a tricyclic compound having
      the structure:
      ##SPC25##
PAL  comprising the steps of:
PAR  i. Reacting a .pi.-halo tricyclene having the structure:
      ##SPC26##
PAL  with acetylene lithium having the structure:
EQU  HC.tbd.CLi
PAL  thus forming 1,7-dimethyl-(1-prop-2-ynyl) nortricyclene having the
      structure:
      ##SPC27##
PAR  ii. Reacting the thus formed 1,7-dimethyl-(1-prop-2-ynyl) nortricyclene
      with R.sub.4 Li to form 1,7-dimethyl-(1-prop-2-ynyl) nortricyclene lithium
      having the structure:
      ##SPC28##
PAR  iii. Reacting the thus formed 1,7-dimethyl-(1-prop-2-ynyl) nortricyclene
      lithium with acetaldehyde in the presence of an inert solvent thus forming
      a tricyclic secondary alpha, beta alkynol having the structure:
      ##SPC29##
PAR  iv. Oxidizing the thus-formed tricyclic secondary alpha, beta alkynol with
      an alkali metal dichromate in acid solution thus forming a tricyclic
      alkynyl ketone having the structure:
      ##SPC30##
PAL  wherein Y is bromo, chloro or iodo, and R.sub.4 is selected from the group
      consisting of phenyl and lower alkyl.
PAR  The first step of reacting a .pi.-halo tricyclene having the structure:
      ##SPC31##
PAL  with acetylene lithium having the structure:
EQU  HC.tbd.CLi
PAL  to form 1,7-dimethyl-(1-prop-2-ynyl) nortricyclene having the structure:
      ##SPC32##
PAL  is preferably carried out in an inert solvent such as dimethyl sulfoxide.
      The lithium acetylide reactant is preferably added to the reaction mass in
      the form of a lithium acetylide - alkylene diamine complex (e.g., ethylene
      diamine complex) to facilitate control of the reaction. Y is a halogen
      moiety; either chloro, bromo or iodo. Preferably, the mole ratio of
      lithium acetylide: halo-tricyclene is about 2:1 but mole ratios of 1.1:1
      up to 3:1 are suitable. The temperature of reaction may be in the range of
      10.degree.C up to 80.degree.C with room temperature being the preferred
      reaction temperature. The thus formed 1,7-dimethyl-(1-prop-2-ynyl)
      nortricyclene is then reacted with R.sub.4 Li to form
      1,7-dimethyl-(1-prop-2-ynyl) nortricyclene lithium having the structure:
      ##SPC33##
PAL  where R may be phenyl or alkyl. Thus, for example, suitable R.sub.4 Li
      compounds are phenyl lithium, n-butyl lithium or t-butyl lithium.
PAR  The reaction is carried out in an inert solvent such as tetrahydrofuran.
      The preferred concentration range of reactant in solvent is from 0.05 up
      to 0.5 molar. The operable reaction temperature range is from 0.degree.C
      up to 50.degree.C with room temperature being preferred and most
      convenient.
PAR  The thus-formed 1,7-dimethyl-(1-prop-2-ynyl) nortricyclene lithium is
      reacted with acetaldehyde in the presence of an inert solvent such as
      tetrahydrofuran or benzene or a mixture of these, or toluene thus forming
      a tricyclic secondary alkynol having the structure:
      ##SPC34##
PAR  This reaction is preferably carried out at atmospheric pressure and at a
      temperature in the range of 10.degree.C up to 50.degree.C; preferably and
      conveniently at room temperature.
PAR  The oxidation of the tricyclic secondary alkynol to the ketone is most
      preferably carried out using an alkali metal dichromate or a "chromic
      acid" oxidizing agent. Other oxidizing agents which may be used in the
      reaction in place of chromic acid are potassium permanganate, manganese
      dioxide, oxygen and air. It is most preferable to carry out this oxidation
      reaction in the presence of a solvent such as toluene although other
      solvents are also useful, such as pyridine, alpha-picoline, beta-picoline,
      delta-picoline, piperidine and ethanol amine.
PAR  When each of the aforementioned reactions is complete, the reaction mixture
      may be "worked up" using routine purification procedures including the
      unit operations of extractions, crystallization, preparative
      chromatographic techniques, drying and/or distillation.
PAR  The .pi.-tricyclene derivatives of our invention having a sweet, woody,
      oily and green sandalwood-like notes can be used to contribute sandalwood
      aromas.
PAR  Although existant in relatively low proportions in sandalwood oil, compound
      (I) of our invention is considered to be at least one of the primary
      "sandalwood" aroma contributors of all of the constituents of sandalwood
      oil. Indeed, the relative strength of its aroma is several-fold that of
      any other known aroma contributors heretofore found in sandalwood oil; and
      this property is unexpected.
PAR  As olfactory agents several of the .pi.-tricyclene derivatives of this
      invention can be formulated into or used as components of a "perfume
      composition".
PAR  The term perfume composition is used herein to mean a mixture of organic
      compounds, including, for example, alcohols, aldehydes, ketones, nitriles,
      esters, and frequently hydrocarbons which are admixed so that the combined
      odors of the individual components produce a pleasant or desired
      fragrance. Such perfume compositions usually contain: (a) the main note of
      the "bouquet" or foundation-stone of the composition; (b) modifiers which
      round-off and accompany the main note; (c) fixatives which include odorous
      substances which lend a particular note to the perfume throughout all
      stages of evaporation, and substances which retard evaporation; and (d)
      top-notes which are usually low-boiling fresh smelling materials.
PAR  In perfume compositions the individual component will contribute its
      particular olfactory characteristics, but the overall effect of the
      perfume composition will be the sum of the effect of each ingredient.
      Thus, .pi.-tricyclene derivatives of this invention, can be used to alter
      the aroma characteristics of a perfume composition, for example, by
      highlighting or moderating the olfactory reaction contributed by another
      ingredient in the composition.
PAR  The amount of the .pi.-tricyclene derivative of this invention which will
      be effective in perfume compositions depends on many factors, including
      the other ingredients, their amounts and the effects which are desired. It
      has been found that perfume compositions containing as little as 2 percent
      of the .pi.-tricyclene derivative of this invention, or even less, can be
      used to impart a patchouli scent to soaps, cosmetics, and the other
      products. The amount employed can range up to 50% or higher and will
      depend on considerations of cost, nature of the end product, the effect
      desired on the finished product and particular fragrance sought.
PAR  The .pi.-tricyclene derivative of this invention can be used alone or in a
      perfume composition as an olfactory component in detergents and soaps,
      space odorants and deodorants; perfumes; colognes; toilet waters; bath
      salts; hair preparations such as lacquers, brilliantines, pomades, and
      shampoos; cosmetic preparations such as creams, deodorants, hand lotions,
      and sum screens; powders such as talcs, dusting powders, face powder and
      the like. When used as an olfactory component of a perfumed article, as
      little as 0.01 percent of the .pi.-tricyclene derivative will suffice to
      impart a key part of sandalwood aroma. Generally, no more than 0.5 percent
      is required.
PAR  In addition, the perfume composition can contain a vehicle or carrier for
      the .pi.-tricyclene derivative alone or with other ingredients. The
      vehicle can be a liquid such as an alcohol such as ethanol, a glycol such
      as propylene glycol, or the like. The carrier can be an absorbent solid
      such as a gum or components for encapsulating the composition.
DETD
PAR  The following examples are given to illustrate embodiments of the invention
      as it is presently preferred to practice it. It will be understood that
      these examples are illustrative, and the invention is not to be considered
      as restricted thereto except as indicated in the appended claims. It is to
      be understood that unless otherwise stated all parts, proportions and
      percentages are by weight.
PAC  EXAMPLE I
PAC  Preparation of .pi.-Cyanotricyclene
PAL  Reaction:
      ##SPC35##
PAR  Into a 500 ml 3-neck, round bottom flask equipped with condenser,
      thermometer, mechanical stirrer, hot water heating bath and N.sub.2 purge
      is charged 200 cc distilled dimethyl sulfoxide. 21.6 g (0.1 moles) of
      (-)-.pi.-bromotricyclene is then added into the 500 ml flask containing
      the 200 ml of dimethyl sulfoxide. While stirring and purging with nitrogen
      77.6 g (1.58 moles) of sodium cyanide is then added. Heating by means of
      the hot water bath to 90.degree.C is then effected and the 90.degree.C
      temperature is maintained for 22 hours. The reaction mass is then cooled
      to 40.degree.C (below which temperature it becomes solidified) and 200 ml
      of water is added thereto. The aqueous phase is then extracted with five
      100 ml portions of petroleum ether. The combined petroleum ether extracts
      are then washed with three 500 ml portions of saturated sodium chloride
      solution and dried over anhydrous MgSO.sub.4. The dried extract is
      filtered and the solvents are evaporated yielding  21.2 g of crude
      product.
PAR  The crude product is distilled on a 2 inch rush-over column and collected
      three fractions. While distilling the condenser has to be heated as the
      pure nitrile solidifies.
TBL  ______________________________________                                    
     Distillation Data:                                                        
     Fraction                                                                  
             Vapor     Liquid    Weight of                                     
                                         Pressure                              
     No.     Temp.     Temp.     Fraction                                      
     ______________________________________                                    
     1       30-52.degree.C                                                    
                       60-65.degree.C                                          
                                 0.1 g   0.15 mm Hg                            
     2        55        70       1.7     0.15                                  
     3        70        90       9.0     0.10                                  
     ______________________________________                                    
PAL  Nmr, mass spectral and IR analyses confirm that fractions 1 and 2 consist
      essentially of .pi.-cyanotricyclene having the structure:
      ##SPC36##
PAR  Analyses:
PA1  1. Mass spectral analysis in order of decreasing intensity: m/e = 93, 121,
      39, 27, 41.
PA1  2. The NMR spectrum is illustration in FIG. 1.
PA1  3. the IR spectrum is illustrated in FIG. 2.
PAC  EXAMPLE II
PAC  Preparation of Nortricycloekasantalal
PAL  Reaction:
      ##SPC37##
PAR  Into a 250 ml 3-neck, round bottom flask equipped with thermometer,
      condenser, mechanical stirrer, heating mantle, cooling bath (and mantle)
      and dropping funnel containing 75 ml hexane is charged 9 g (0.055 moles)
      of .pi.-cyanotricyclene having the structure:
      ##SPC38##
PAL  prepared according to Example I. While stirring and purging with N.sub.2
      slowly added 45 g (0.06 moles) diisobutyl aluminum hydride ("Dibal-H")
      (20% in hexane) over a period of one-half hours. The reaction temperature
      rises to 20.degree.C and is heated to 55.degree.C and maintained at that
      temperature for 4 hours. The reaction mixture is cooled to 5.degree.C and
      60 g of diethyl ether containing 0.5 ml of water is added slowly, followed
      by addition of 75 ml of 10% sulfuric acid. The upper organic phase is
      separated and washed with 15 ml of NaHCO.sub.3 solution (saturated) and
      then with three 20 ml portions of saturated NaCl solution. The organic
      phase is then dried over anhydrous MgSO.sub.4 and filtered. The solvent
      evaporated, yielding 16.2 g of crude aldehyde which is distilled on a 2
      inch "rush-over" column and collected in four fractions. (Yield = 99.5%).
TBL  Fraction                                                                  
            Liquid     Vapor      Pressure                                     
                                         Weight of                             
     No.    Temperature                                                        
                       Temperature                                             
                                  (mm Hg)                                      
                                         Fraction                              
     ______________________________________                                    
     1       45-48.degree.C                                                    
                        30-35.degree.C                                         
                                  0.30   0.6 g                                 
     2      51         43         0.20   3.3                                   
     3      65         41         0.15   4.6                                   
     4      85         46         0.15   0.8                                   
     ______________________________________                                    
PAL  Nmr, mass spectral and IR analyses confirm that fractions 2 and 3 consist
      essentially of nortricycloekasantalal having the structure:
      ##SPC39##
PAL  Analyses:
PA1  1. Mass spectral anslysis (in order of decreasing intensity): m/e = 93/91,
      105, 79, 120
PA1  2. The NMR spectrum is illustrated in FIG. 3.
PA1  3. the IR spectrum is illustrated in FIG. 4.
PAC  EXAMPLE III
PAC  Preparation of 1,7-Dimethyl-7-(1-pent-2-en-4-onyl) Nortricyclene
PAL  Reaction:
      ##SPC40##
PAR  Into a 100 ml, 3-neck round bottom flask equipped with magnetic stirrer,
      thermometer and a heating mantle is placed 6 g (0.037 moles) of
      nortricycloekasantalal produced according to the process of Example III. A
      cold solution of 12.0 m. (0.23 moles) of acetone containing 1.2 g of NaOH
      and 3 ml of water is then added to the nortricycloekasantalal. The
      reaction mass is heated to 35.degree.C and maintained at that temperature
      for 7 hours. The mass is then cooled and neutralized with 25 ml of aqueous
      HCl. The solvents are evaporated using a "roto vap" at about 70.degree.C.
      The salts are then dissolved with water and the aqueous phase is extracted
      with five 30 ml portions of diethyl ether. The resulting ethereal solution
      is washed with three 20 ml portions of saturated NaCl solution, dried over
      anhydrous MgSO.sub.4 and filtered. The solvents are evaporated yielding
      7.2 g of crude product. The crude product is distilled on a 2 inch
      rush-over column (yield: 80%) yielding the following fractions:
TBL  Fraction                                                                  
            Liquid     Vapor      Pressure                                     
                                         Weight of                             
     No.    Temperature                                                        
                       Temperature                                             
                                  (mm Hg)                                      
                                         Fraction                              
     ______________________________________                                    
     1       60-116.degree.C                                                   
                       25-85.degree.C                                          
                                  0.2-0.3                                      
                                         --                                    
     2      119         93        0.2     1.2 g                                
     3      140         96        0.2    2.9                                   
     4      180        105        0.2    0.7                                   
     ______________________________________                                    
PAR  NMR, mass spectral and IR analyses confirm that fractions 2-4 consist
      essentially of 1,7-dimethyl-7 (1-pent-2-en-4-onyl) nortricyclene having
      the structure:
      ##SPC41##
PAL  Analyses:
PA1  1. Mass spectral analysis (in order of decreasing intensity): m/e = 121,
      93, 43, 79, 91, 41
PA1  2. The NMR spectrum is illustrated in FIG. 5.
PA1  3. the IR spectrum is illustrated in FIG. 6.
PA1  4. the NMR analysis is as follows:
TBL  Peak                 Interpretation                                       
     ______________________________________                                    
     0.86 ppm      (s)        CH.sub.3 --C--                                   
     1.06          (s)        CH.sub.3 --C--                                   
     1.72-0.92                methylene and methine                            
                              protons                                          
                              O                                                
                              .parallel.                                       
     2.10          (d)        CH.sub.2 --C=C--C                                
                              O                                                
                              .parallel.                                       
     2.28          (s)        CH.sub.3 --C--                                   
                              O                                                
                              .parallel.                                       
     6.08                     --C=C--C                                         
                              H                                                
                              .vertline.                                       
     6.95-6.6                 --C=C--C--                                       
                              H.parallel.                                      
                              O                                                
     ______________________________________                                    
PA1  5. the infrared analysis is as follows:
PA2  855 cm.sup.-.sup.1
PA2  985
PA2  1088
PA2  1160
PA2  1190
PA2  1260
PA2  1370
PA2  1440
PA2  1460
PA2  1640
PA2  1675
PA2  2850
PA2  2950
PAC  EXAMPLE IV
PAC  Preparation of 1,7-Dimethyl-7-(1-prop-2-ynyl) Nortricyclene
PAL  Reaction:
      ##SPC42##
PAR  Into a 500 ml 3-neck, round bottom flask equipped with condenser,
      mechanical stirrer, a thermometer and N.sub.2 purge is placed 240 ml
      dimethyl sulfoxide. While stirring and purging with N.sub.2 48 g (0.48
      moles) of lithium acetylide-ethylene diamine complex is added to the
      dimethyl sulfoxide. 38 g (0.24 moles) of (-)-.pi.-bromotricyclene is then
      added and the reaction mass is stirred for 70 hours at room temperature.
      The reaction mass is then slowly added to 1600 ml of saturated ammonium
      chloride solution and extracted with six 200 ml portions of n-hexane. The
      hexane extracts are combined, washed with five 100 ml portions of
      saturated NaCl solution and dried over anhydrous MgSO.sub.4. The resulting
      hexane solution is filtered and the solvent evaporated to obtain 36.5 g of
      crude product. The crude product is distilled using a 2 inches "splash
      column" and collected in three fractions as follows:
TBL  Fraction                                                                  
            Weight of Liquid     Vapor                                         
     No.    Fraction  Temperature                                              
                                 Temperature                                   
                                          Pressure                             
     ______________________________________                                    
     1      2.3       39-45.degree.C                                           
                                  26-31.degree.C                               
                                          0.3 mm Hg                            
     2      11.8       60        34       0.2                                  
     3      4.3       100        35       0.3                                  
     ______________________________________                                    
PAL  Yield: 47%
PAL  Nmr, mass spectral and IR analyses confirm that fractions 1-3 consist
      essentially of 1,7-dimethyl-7(1-prop-2-ynyl) nortricyclene having the
      structure:
      ##SPC43##
PAC  EXAMPLE V
PAC  Preparation of 1,7-Dimethyl-7-(4'-hydroxy)pent-2-ynyl) Nortricyclene
PAL  Reaction:
      ##SPC44##
PAR  Into a 3 liter round bottom flask equipped with mechanical stirrer,
      thermometer, condenser, addition funnel, a cooling bath and N.sub.2 inlet
      is placed 350 ml distilled tetrahydrofuran. 9.0 g (0.055 moles) of
      1,7-dimethyl-7-(1-prop-2-ynyl) nortricyclene prepared according to Example
      IV is then added to the tetrahydrofuran. The resulting mass is cooled to
      0.degree.-5.degree.C and, while stirring and purging with N.sub.2, 29 ml
      of a 2M phenyl lithium solution in benzene is added. The reaction mass is
      then stirred for 45 minutes and 3 g of acetaldehyde in 25 ml of
      tetrahydrofuran is added slowly. The reaction mass is then stirred at room
      temperature for a period of 16 hours. 100 ml of saturated NH.sub.4 Cl
      solution is then added and tetrahydrofuran is removed on a flash
      evaporator under reduced pressure and elevated temperature (50.degree.C).
      To the residue 100 ml of saturated Nacl solution is added. The residue is
      then extracted with five 100 ml portions of diethyl ether. The combined
      ether solution is then washed with three 20 ml portions of saturated NaCl
      solution, dried over anhydrous MgSO.sub.4 and filtered. The solvent is
      evaporated yielding 17 g of crude material.
PAR  The 17 g of crude product is then added to a chromatographic column
      containing 200 g of 5% deactivated silicic acid. The following table sets
      forth the various fractions removed from the column with the particular
      solvents used:
TBL                               Weight                                       
     Fraction No.                                                              
                Solvent           of Fraction                                  
     ______________________________________                                    
     1          250 ml of 2% diethyl                                           
                                  7      g                                     
                ether in isopentane                                            
     2          250 ml of 5% diethyl                                           
                                  2.5    g                                     
                ether in isopentane                                            
     3          250 ml of 10% diethyl                                          
                                  0.3    g                                     
                ether in isopentane                                            
     4          250 ml of 15% diethyl                                          
                                  2.0    g                                     
                ether in isopentane                                            
     5          250 ml of 20% diethyl                                          
                                  0.9    g                                     
                ether in isopentane                                            
     6          250 ml of diethyl 0.8    g                                     
                ether                                                          
     ______________________________________                                    
PAR  Fraction No. 4 weighing 2.0 g is analyzed using GLC apparatus (conditions:
      5% Carbowax 20M column; 20 feet .times. 1/4 inch). Peak 5 is determined by
      IR, NMR and mass spectral analyses to be a compound having the structure:
      ##SPC45##
PAR  Fraction No. 4 is dissolved in 40 ml diethyl ether and washed with three 5
      ml portions of 5% sodium hydroxide in order to remove the phenol. It is
      then washed with three 25 ml portions of saturated sodium chloride
      solution, dried over anhydrous magnesium sulfate and filtered. The solvent
      is evaporated yielding 1.5 g of crude product.
PAL  Analysis:
PA1  1. Mass spectral analysis (Parent Peak, then in order of decreasing
      intensity): m/e = 204(M.sup.+); 41, 55, 39, 70, 93, 43, 121.
PA1  2. the NMR spectrum is illustrated in FIG. 7.
PA1  3. the IR spectrum is illustrated in FIG. 8.
PA1  4. the NMR analysis is as follows:
     Peak                 Interpretation                                       
     ______________________________________                                    
     0.94          (s)        CH.sub.3 --C--                                   
     1.02          (s)        CH.sub.3 --C--                                   
                              H                                                
     1.44          (d)        CH.sub.3 --C--C--                                
                              .vertline.                                       
                              O                                                
     1.70-0.84                methylene and methine                            
                              protons                                          
     2.06                     --CH.sub.2 --C=C--                               
     4.6                      C=C--C--O--                                      
                              H                                                
     ______________________________________                                    
PA1  5. the infrared analysis is as follows:
PA2  820 cm.sup.-.sup.1
PA2  855
PA2  892
PA2  1005
PA2  1075
PA2  1160
PA2  1300
PA2  1317
PA2  1380
PA2  1460
PA2  2990
PA2  3310
PAC  EXAMPLE VI
PAC  Preparation of 1,7-Dimethyl-7-(1-pent-2-yn-4-onyl) Nortricyclene
PAL  Reaction:
      ##SPC46##
PAR  Procedure:
PAR  To a 100 ml 3-neck, round bottom flask equipped with stirrer, thermometer
      and N.sub.2 inlet is added 30 ml of toluene and 1.8 g of the crude
      material, fraction 4, containing
      1,7-dimethyl-7-(1-(4'-hydroxy)pent-2-ynyl) nortricyclene produced
      according to Example V. While stirring the mixture is cooled to
      0.degree.-5.degree.C. A mixture of 1.5 g of Na.sub.2 Cr.sub.2 O.sub.7 in 4
      ml of water and 1.5 g of conc. H.sub.2 SO.sub.4 is then added, and the
      reaction mass is stirred for a period of 3 hours. The resulting organic
      layer is separated and washed with two 25 ml portions of saturated sodium
      carbonate solution. The organic phase is then washed with three 20 ml
      portions of saturated NaCl solution, dried over anhydrous MgSO.sub.4 and
      filtered. The solvent is evaporated yielding crude product weighing about
      1.5 g.
PAR  The 1.5 g of crude product is placed in a chromatographic column containing
      75 g of 5% deactivated silicic acid. The following table sets forth the
      various fractions removed from the column giving the particular solvents
      used for each fraction:
TBL  Fraction No.    Solvent                                                   
     ______________________________________                                    
     1               100 ml of 2% diethyl ether                                
                     in isopentane                                             
     2               100 ml of 2% diethyl ether                                
                     in isopentane                                             
     3               100 ml of 2% diethyl ether                                
                     in isopentane                                             
     4               100 ml of 2% diethyl ether                                
                     in isopentane                                             
     5               100 ml of 4% diethyl                                      
                     ether in isopentane                                       
     6               100 ml of 4% diethyl                                      
                     ether in isopentane                                       
     7               100 ml of 4% diethyl                                      
                     ether in isopentane                                       
     8               100 ml of 4% diethyl                                      
                     ether in isopentane                                       
     9               100 ml of 4% diethyl                                      
                     ether in isopentane                                       
     10              100 ml of 4% diethyl                                      
                     ether in isopentane                                       
     11              100 ml of 4% diethyl                                      
                     ether in isopentane                                       
     12              100 ml of 4% diethyl                                      
                     ether in isopentane                                       
     13              100 ml of 6% diethyl                                      
                     ether in isopentane                                       
     14              100 ml of 6% diethyl                                      
                     ether in isopentane                                       
     15              100 ml of 6% diethyl                                      
                     ether in isopentane                                       
     16              100 ml of 6% diethyl                                      
                     ether in isopentane                                       
     17              500 ml of 8% diethyl                                      
                     ether in isopentane                                       
     18              500 ml of 10% diethyl                                     
                     ether in isopentane                                       
     ______________________________________                                    
PAR  Fractions Nos. 10-12 are combined and evaporated. The components are then
      trapped using GLC apparatus (conditions: 5% Carbowax 20M column; 20 feet
      .times. 1/4 inch). Peak No. 4 consists essentially of the compound having
      the structure:
      ##SPC47##
PAL  as confirmed by NMR, IR and mass spectral analyses. It has a green, sweet,
      sandalwood aroma.
PAL  Analysis:
PA1  1. Mass spectral analysis (parent peak, then in order of decreasing
      intensity: m/e = 202(M.sup.+); 93, 43, 41, 39, 121, 55.
PA1  2. the IR spectrum is illustrated in FIG. 9.
PAC  EXAMPLE VII
PAC  Preparation of 1,7-Dimethyl-7-(1-pentan-4-onyl) Nortricyclene
PAL  Reaction:
      ##SPC48##
PAR  A Parr (2 L Bomb) pressure reaction apparatus equipped with a stirrer and
      connected to a hydrogen cylinder is charged with
      1,7-dimethyl-7-(1-pent-2-en-4-onyl) nortricyclene prepared according to
      the procedure of Example III 500 g, isopropyl alcohol 250 g, Raney Nickel
      25 g and the hydrogenation is carried out at 25.degree.C under a pressure
      of 250 psi for 2 hours. The progress of the reaction is monitored by
      observing the disappearance of IR bands at 6.1 and 10.2 u and the shifting
      of the carbonyl absorption band from 5.9 to 5.8 u. The reaction mixture is
      filtered through Celite and the solvent is evaporated in a Rinco flask
      evaporator under house vacuum to obtain 490 g of crude material (yield =
      98%).
PAR  NMR, IR and mass spectral analysis confirm the structure of the reaction
      product as being:
      ##SPC49##
PAL  This material has a green, pumpkin like, sandalwood-oily-like aroma.
PAL  Analyses:
PA1  1. Mass spectral analysis (in decreasing order of intensity): m/e = 121,
      93, 206 (Molecular ion), 43, 107.
PA1  2. The NMR spectrum is illustrated in FIG. 10.
PA1  3. the IR spectrum is illustrated in FIG. 11.
PA1  4. the NMR analysis is as follows:
TBL  Peak             Interpretation                                           
     ______________________________________                                    
     0.84 ppm    (s)      CH.sub.3 --C--                                       
                                         6H                                    
     1.50        (s)      CH.sub.3 --C--                                       
     1.76-1.10   (m)      Methylene and 11H                                    
                          methine protons                                      
     2.14        (s)      CH.sub.3 --C=O                                       
                                         3H                                    
     2.41        (t)      --CH.sub.2 --C=O                                     
     ______________________________________                                    
PA1  5. the infrared analysis is as follows:
PA2  855 cm.sup.-.sup.1
PA2  1165
PA2  1370
PA2  1420
PA2  1460
PA2  1725
PA2  2900
PA2  2950
PAC  EXAMPLE VIII
PAC  Separation of Sandalwood Oil Components
PAR  200 g of sandalwood oil is admixed with 2 liters of diethyl ether. The
      resulting mixture is washed with three 50 ml portions of 10% sodium
      carbonate solution. The washings are combined and they are washed with
      five 50 ml portions of diethyl ether. The resulting ether washings are
      combined with the original washed ether solution and this combined diethyl
      ether solution is then washed with three 50 ml portions of 5% aqueous
      sodium hydroxide. The sodium hydroxide washings are re-extracted with five
      50 ml portions of diethyl ether and these ether extracts are combined with
      the original ether solution and the combined ether solution is then
      extracted with three 50 ml portions of 4% hydrochloric acid. The extracted
      ether solution is then washed with 100 ml saturated sodium chloride
      solution followed by four 50 ml portions of water (until the water washing
      no longer shows an acid pH). The ether solution is then dried over
      anhydrous magnesium sulfate filtered and evaporated to yield 197.8 g of
      crude product.
PAR  a. 140 g of the material is then distilled on a spinning band column
      operating at a reflux ratio of 100:1 and 6 fractions are collected.
TBL  Fraction                                                                  
            Vapor      Liquid     Pressure                                     
                                         Weight of                             
     No.    Temperature                                                        
                       Temperature                                             
                                  (mm Hg)                                      
                                         Fraction                              
     ______________________________________                                    
     1       70-72.degree.C                                                    
                       152-156.degree.C                                        
                                   0.40  1.8                                   
     2      74         156         0.45  1.9                                   
     3      80         160        0.6    1.8                                   
     4      92         160        0.6    1.9                                   
     5      93         161        0.6    2.6                                   
     6      90         161        0.6    2.3                                   
     ______________________________________                                    
PAR  b. 55 g of the above material are also distilled on a spinning band column
      yielding 5 fractions as follows:
TBL  Fraction                                                                  
            Vapor      Liquid     Pressure                                     
                                         Weight of                             
     No.    Temperature                                                        
                       Temperature                                             
                                  (mm Hg)                                      
                                         Fraction                              
     ______________________________________                                    
     1      70-74.degree.C                                                     
                       158-160.degree.C                                        
                                  0.5-0.6                                      
                                         2.1                                   
     2       78        160        0.4    1.7                                   
     3       98        160        0.6    1.7                                   
     4      103        160        0.6    1.6                                   
     5      105        158        0.6    1.3                                   
     ______________________________________                                    
PAR  The combined distillates of distillation operations (a) and (b), supra, are
      placed in a chromatographic column containing 400 g of 5% deactivated
      silicic acid. Initially, two fractions are removed:
PA1  i. The first fraction contains hydrocarbon and is removed with 1.5 liters
      of isopentane;
PA1  ii. The second fraction contains oxygenated material and is removed with
      1.5 liters of diethyl ether.
PAR  The oxygenated material is then placed in a Carbowax column containing 130
      g of 5% deactivated silicic acid. The following table sets forth the
      various fractions removed from the column giving the particular solvents
      used for each fraction:
TBL  Fraction No.    Solvent                                                   
     ______________________________________                                    
     1               350 ml of 1% diethyl                                      
                     ether in isopentane                                       
     2               150 ml of 1% diethyl                                      
                     ether in isopentane                                       
     3               100 ml of 2% diethyl                                      
                     ether in isopentane                                       
     4               100 ml of 2% diethyl                                      
                     ether in isopentane                                       
     5               100 ml of 2% diethyl                                      
                     ether in isopentane                                       
     6               100 ml of 2% diethyl                                      
                     ether in isopentane                                       
     7               50 ml of 2% diethyl                                       
                     ether in isopentane                                       
     8               50 ml of 2% diethyl                                       
                     ether in isopentane                                       
     9               50 ml of 2% diethyl                                       
                     ether in isopentane                                       
     10              50 ml of 2% diethyl                                       
                     ether in isopentane                                       
     11              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     12              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     13              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     14              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     15              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     16              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     17              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     18              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     19              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     20              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     21              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     22              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     23              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     24              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     25              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     26              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     27              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     28              25 ml of 2% diethyl                                       
                     ether in isopentane                                       
     29              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     30              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     31              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     32              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     33              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     34              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     35              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     36              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     37              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     38              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     39              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     40              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     41              25 ml of 3% diethyl                                       
                     ether in isopentane                                       
     42              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     43              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     44              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     45              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     46              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     47              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     48              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     49              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     50              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     51              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     52              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     53              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     54              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     55              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     56              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     57              25 ml of 4% diethyl                                       
                     ether in isopentane                                       
     58              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     59              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     60              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     61              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     62              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     63              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     64              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     65              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     66              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     67              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     68              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     69              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     70              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     71              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     72              25 ml of 5% diethyl                                       
                     ether in isopentane                                       
     73              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     74              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     75              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     76              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     77              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     78              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     79              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     80              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     81              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     82              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     83              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     84              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     85              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     86              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     87              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     88              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     89              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     90              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     91              25 ml of 6% diethyl                                       
                     ether in isopentane                                       
     92              25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     93              25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     94              25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     95              25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     96              25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     97              25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     98              25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     99              25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     100             25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     101             25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     102             25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     103             25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     104             25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     105             25 ml of 7% diethyl                                       
                     ether in isopentane                                       
     106             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     107             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     108             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     109             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     110             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     111             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     112             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     113             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     114             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     115             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     116             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     117             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     118             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     119             25 ml of 10% diethyl                                      
                     ether in isopentane                                       
     120             25 ml of 15% diethyl                                      
                     ether in isopentane                                       
     121             25 ml of 15% diethyl                                      
                     ether in isopentane                                       
     122             25 ml of 15% diethyl                                      
                     ether in isopentane                                       
     123             25 ml of 15% diethyl                                      
                     ether in isopentane                                       
     124             25 ml of 15% diethyl                                      
                     ether in isopentane                                       
     125             25 ml of 15% diethyl                                      
                     ether in isopentane                                       
     126             25 ml of 15% diethyl                                      
                     ether in isopentane                                       
     127             25 ml of 15% diethyl                                      
                     ether in isopentane                                       
     128             25 ml of 15% diethyl                                      
                     ether in isopentane                                       
     129             25 ml of 15% diethyl                                      
                     ether in isopentane                                       
     130             25 ml of 15% diethyl                                      
                     ether in isopentane                                       
     131             100 ml of 20% diethyl                                     
                     ether in isopentane                                       
     132             100 ml of 20% diethyl                                     
                     ether in isopentane                                       
     133             100 ml of 20% diethyl                                     
                     ether in isopentane                                       
     134             50 ml of 30% diethyl                                      
                     ether in isopentane                                       
     135             500 ml of 40% diethyl                                     
                     ether in isopentane                                       
     136             250 ml of 50% diethyl                                     
                     ether in isopentane                                       
     137             750 ml of 100% diethyl                                    
                     ether in isopentane                                       
     ______________________________________                                    
PAR  The solvent is evaporated from fractions 41 and fraction 41 is separated
      using GLC (conditions: 5% Carbowax 20M column; 20 feet .times. 1/4 inch)
      IR, NMR and mass spectral analyses of the compound in GLC peak 7c yields
      the information that the structure of the compound in Peak 7c is:
      ##SPC50##
PAL  Analysis:
PAR  NMR, IR and mass spectral analyses are identical to those of the same
      compound produced in Example VII. The NMR and IR spectra are illustrated
      respectively in FIGS. 10 and 11.
PAR  The solvent is evaporated from fraction 63 and this material is trapped out
      using GLC apparatus (conditions: 5% carbowax 20M column; 20 feet .times.
      1/4 inch). Peak 3a is analyzed using IR, NMR and mass spectral analyses
      and these analyses yield information confirming the structure of the
      compound of Peak 3a to be:
      ##SPC51##
PAL  Analysis:
PAR  NMR, IR and mass spectral analyses are identical to those of the same
      compound produced in Example III. The NMR and IR spectra are illustrated
      respectively in FIGS. 5 and 6.
PAC  EXAMPLE IX
PAC  Sandal Perfume Formulation
PAR  The following mixture is prepared:
TBL  Ingredients           Parts by Weight                                     
     ______________________________________                                    
     1',2',3',4',5',6',7',8'-                                                  
                           540                                                 
     octahydro-2',3',8',8'-                                                    
     tetramethyl-2'-acetonaphthone                                             
     isomer mixture produced                                                   
     according to the process of                                               
     Example VII of Application for                                            
     U.S. Letters Pat. No.                                                     
     434,948 filed on January 21,                                              
     1974                                                                      
     Cedrenal - (A tricyclic                                                   
                           90                                                  
     sesquiterpinic aldehyde                                                   
     derived from cedrene, having                                              
     the structure:                                                            
     produced according to the                                                 
     process of U.S. Pat.                                                      
     Application 260,537 filed                                                 
     on June 7, 1972 (corresponding                                            
     to published Dutch Appln.                                                 
     7,307,849 laid open for                                                   
     public inspection on December 11,                                         
     1973)                                                                     
     Eugenol (1% in ethyl alcohol)                                             
                           54                                                  
     2,5,5-trimethyl acetyl cyclo-                                             
                           180                                                 
     heptane produced according                                                
     to Example I of U.S. Pat.                                                 
     Application 349,180 filed on                                              
     April 9, 1973                                                             
     Borneol (1% in ethyl alcohol)                                             
                           18                                                  
     Hexahydro-4,7-methanoindane-2-                                            
                           18                                                  
     carboxaldehyde                                                            
     Tricyclene-9-butenone having                                              
                           100                                                 
     produced according to Example III                                         
     ______________________________________                                    
PAR  The tricyclene-9-butenone imparts the green, woody, slightly sweaty note of
      sandal to the formulation.
PAC  EXAMPLE X
PAC  Preparation of a Soap Composition
PAR  A total of 100 g of soap chips produced from unperfumed sodium base toilet
      soap made from tallow and coconut oil are mixed with 1 g of the perfume
      composition set forth in Example IX until a substantially homogeneous
      composition is obtained. The soap composition manifests a characteristic
      "sandal cologne" aroma having
PAC  EXAMPLE XI
PAC  Preparation of a Soap Composition
PAR  A total of 100 g of soap chips produced from unperfumed sodium base toilet
      soap made from tallow and coconut oil is mixed with 1 g of
      tricyclene-9-butenone produced according to Example III until a
      substantially homogeneous composition is obtained. The soap composition
      manifests a green, woody, sandalwood oil character.
PAC  EXAMPLE XII
PAC  Preparation of a Detergent Composition
PAR  A total of 100 g of a detergent powder sold under the trademark "RINSO" are
      mixed with 0.15 g of a perfume composition containing the mixture obtained
      in Example IX until a substantially homogeneous composition having a
      sandal cologne fragrance with green, woody and sweaty notes is obtained.
PAC  EXAMPLE XIII
PAC  Preparation of a Cosmetic Base
PAR  A cosmetic powder is prepared by mixing 100 g of talcum powder with 0.25 g
      of the perfume composition of Example IX in a ball mill. A second cosmetic
      powder is similarly prepared except that the mixture produced in Example
      IX is replaced with the product produced in Example III. The cosmetic
      powder containing the material of Example IX has a sandal cologne
      fragrance with a green, woody, sweaty character. The cosmetic powder
      produced using this material of Example III also has a sandalwood aroma
      with sweet, woody, oily, sweaty, amber and orrisey notes.
PAC  EXAMPLE XIV
PAC  Liquid Detergent Containing Tricyclene-9-Butenone
PAR  Concentrated liquid detergents with a sandalwood-like odor containing 0.2%,
      0.5% and 1.2% of the product produced in accordance with the process of
      Example III are prepared by adding the appropriate quantity of
      tricyclene-9-butenone to the liquid detergent known as P-87. The
      sandalwood aroma of the liquid detergent increases with increasing
      concentration of the tricyclene-9-butenone of this invention.
PAC  EXAMPLE XV
PAC  Preparation of Cologne and Handkerchief Perfume
PAR  The composition of Example IX is incorporated in a cologne having a
      concentration of 2.5% in 85% aqueous ethanol; and into a handkerchief
      perfume in a concentration of 20% (in 95% ethanol). The use of the
      composition of Example IX affords a distinct and definite sandal cologne
      aroma having a warm sandalwood-like character to the handkerchief perfume
      and to the cologne.
PAC  EXAMPLE XVI
PAC  Cologne and Handkerchief Perfume
PAR  The tricyclene-9-butenone produced by the process of Example III is
      incorporated into a cologne having a concentration of 2.5% in 85% ethanol;
      and into a handkerchief perfume in a concentration of 10% (in 95%
      ethanol). The tricyclene-9-butenone produced in Example III affords a
      distinct and definite sandalwood aroma with sweet, woody, oily, sweaty,
      amber and orrisey notes to the handkerchief perfume and to the cologne.
PAC  EXAMPLE XVII
PAC  Sandal Perfume Formulation
PAR  The following mixture is prepared:
     Ingredients           Parts by Weight                                     
     ______________________________________                                    
     1',2',3',4',5',6',7',8'-                                                  
                           540                                                 
     octahydro-2',3',8',8'-                                                    
     tetramethyl-2'-acetonaphthone                                             
     isomer mixture produced according                                         
     to the process of Example VII of                                          
     Application for U.S. Letters                                              
     Pat. No. 434,948 filed on                                                 
     January 21, 1974                                                          
     Cedrenal - (A tricyclic                                                   
                           90                                                  
     sesquiterpinic aldehyde                                                   
     derived from cedrene, having                                              
     the structure:                                                            
     produced according to the                                                 
     process of U.S. Pat.                                                      
     Application 260,537 filed on                                              
     June 7, 1972 (corresponding                                               
     to published Dutch Appln.                                                 
     7,307,849 laid open for public                                            
     inspection on December 11, 1973)                                          
     Eugenol (1% in ethyl alcohol)                                             
                           54                                                  
     2,5,5-trimethyl acetyl cyclo-                                             
                           180                                                 
     heptane produced according to                                             
     Example I of U.S. Pat.                                                    
     Application 349,180 filed on                                              
     April 9, 1973                                                             
     Borneol (1% in ethyl alcohol)                                             
                           18                                                  
     Hexahydro-4,7-methanoindane-2-                                            
                           18                                                  
     carboxaldehyde                                                            
     Tricyclene-9-butynone having the                                          
                           100                                                 
     structure:                                                                
     produced according to Example VI                                          
     ______________________________________                                    
PAR  The tricyclene-9-butynone imparts the green, woody, sweet note of sandal to
      the formulation.
PAC  EXAMPLE XVIII
PAC  Preparation of a Soap Composition
PAR  A total of 100 g of soap chips produced from unperfumed sodium base toilet
      soap made from tallow and coconut oil are mixed with 1 g of the perfume
      composition set forth in Example XVII until a substantially homogeneous
      composition is obtained. The soap composition manifests a characteristic
      sandal cologne aroma having green, sweet and woody notes.
PAC  EXAMPLE XIX
PAC  Preparation of a Soap Composition
PAR  A total of 100 g of soap chips produced from unperfumed sodium base toilet
      soap made from tallow and coconut oil is mixed with 1 g of
      tricyclene-9-butynone produced according to Example VI until a
      substantially homogeneous composition is obtained. The soap composition
      manifests a sandalwood-like character with green, woody and sweet notes.
PAC  EXAMPLE XX
PAC  Preparation of a Detergent Composition
PAR  A total of 100 g of a detergent powder sold under the trademark "RINSO" are
      mixed with 0.15 g of a perfume composition containing the mixture obtained
      in Example XVII until a substantially homogeneous composition having a
      sandal cologne fragrance with green, sweet and woody notes is obtained.
PAC  EXAMPLE XXI
PAC  Preparation of a Cosmetic Base
PAR  A cosmetic powder is prepared by mixing 100 g of talcum powder with 0.25 g
      of the perfume composition of Example XVII in a ball mill. A second
      cosmetic powder is similarly prepared except that the mixture produced in
      Example XVII is replaced with the product produced in Example VI. The
      cosmetic powder containing the material of Example XVII has a sandal
      cologne fragrance with a green, sweet woody character. The cosmetic powder
      produced using the material of Example VI has a sandalwood-like aroma with
      green, sweet, woody notes.
PAC  EXAMPLE XXII
PAC  Liquid Detergent Containing Tricyclene-9-Butynone
PAR  Concentrated liquid detergents with a sandalwood like odor containing 0.2%,
      0.5% and 1.2% of the product produced in accordance with the process of
      Example VI are prepared by adding the appropriate quantity of
      tricyclene-9-butynone to the liquid detergent known as P-87. The
      sandalwood aroma of the liquid detergent increases with increasing
      concentration of the tricyclene-9-butynone of this invention.
PAC  EXAMPLE XXIII
PAC  Preparation of Cologne and Handkerchief Perfume
PAR  The composition of Example XVII is incorporated in a cologne having a
      concentration of 2.5% in 85% aqueous ethanol; and into a handkerchief
      perfume in a concentration of 20% (in 95% ethanol). The use of the
      composition of Example XVII affords a distinct and definite sandal cologne
      aroma having a warm sandalwood-like character to the handkerchief perfume
      and to the cologne.
PAC  EXAMPLE XXIV
PAC  Cologne and Handkerchief Perfume
PAR  The tricyclene-9-butynone produced by the process of Example VI is
      incorporated into a cologne having a concentration of 2.5% in 85% ethanol;
      and into a handkerchief perfume in a concentration of 10% (in 95%
      ethanol). The tricyclene-9-butynone produced in Example VI affords a
      distinct and definite sandalwood-like aroma with green, woody and sweet
      notes to the handkerchief perfume and to the cologne.
PAC  EXAMPLE XXV
PAC  Sandal Perfume Formulation
PAR  The following mixture is prepared:
     Ingredients           Parts by Weight                                     
     ______________________________________                                    
     1',2',3',4',5',6',7',8'-                                                  
                           540                                                 
     octahydro-2',3',8',8'-                                                    
     tetramethyl-2'-acetonaphthone                                             
     isomer mixture produced according                                         
     to the process of Example VII of                                          
     Application for U.S. Letters                                              
     Pat. No. 434,948 filed on                                                 
     January 21, 1974                                                          
     Cedrenal - (A tricyclic                                                   
                           90                                                  
     sesquiterpinic aldehyde                                                   
     derived from cedrene, having                                              
     the structure:                                                            
     produced according to the                                                 
     process of U.S. Pat. Appli-                                               
     cation 260,537 filed on                                                   
     June 7, 1972 (corresponding to                                            
     published Dutch Appln.                                                    
     7,307,849 laid open for public                                            
     inspection on December 11, 1973)                                          
     Eugenol (1% in ethyl alcohol)                                             
                           54                                                  
     2,5,5-trimethyl acetyl cyclo-                                             
                           180                                                 
     heptane produced according to                                             
     Example I of U.S. Pat. Appli-                                             
     cation 349,180 filed on                                                   
     April 9, 1973                                                             
     Borneol (1% in ethyl alcohol)                                             
                           18                                                  
     Hexahydro-4,7-methanoindane-2-                                            
                           18                                                  
     carboxaldehyde                                                            
     Tricyclene-9-butanone having                                              
                           100                                                 
     the structure:                                                            
     produced according to Example VII                                         
     ______________________________________                                    
PAR  The tricyclene-9-butanone imparts the green, pumkin-like and oily notes of
      sandal to the formulation.
PAC  EXAMPLE XXVI
PAC  Preparation of a Soap Composition
PAR  A total of 100 g of soap chips produced from unperfumed sodium base toilet
      soap made from tallow and coconut oil are mixed with 1 g of the perfume
      composition set forth in Example XXV until a substantially homogeneous
      composition is obtained. The soap composition manifests a characteristic
      sandal cologne aroma having green, oily, pumkin-like notes.
PAC  EXAMPLE XXVII
PAC  Preparation of a Soap Composition
PAR  A total of 100 g of soap chips produced from unperfumed sodium base toilet
      soap made from tallow and coconut oil is mixed with 1 g of
      tricyclene-9-butanone produced according to the process of Example VII
      until a substantially homogeneous composition is obtained. The soap
      composition manifests a sandalwood character with green, pumpkin-like oily
      notes.
PAC  EXAMPLE XXVIII
PAC  Preparation of a Detergent Composition
PAR  A total of 100 g of a detergent powder sold under the trademark "RINSO" are
      mixed with 0.15 g of a perfume composition containing the mixture obtained
      in Example XXV until a substantially homogeneous composition having a
      sandal cologne fragrance with green, pumpkin-like oily notes is obtained.
PAC  EXAMPLE XXIX
PAC  Preparation of a Cosmetic Base
PAR  A cosmetic powder is prepared by mixing 100 g of talcum powder with 0.25 g
      of the perfume composition of Example XXV in a ball mill. A second
      cosmetic powder is similarly prepared except that the mixture produced in
      Examaple XXV is replaced with the product produced in Example VII. The
      cosmetic powder containing the material of Example XXV has a sandal
      cologne fragrance with a green, oily character. The cosmetic powder
      produced using this material of Example VII has a sandalwood-like aroma
      with green, pumkin-like, oily notes.
PAC  EXAMPLE XXX
PAC  Liquid Detergent Containing Tricyclene-9-butanone
PAR  Concentrated liquid detergents with a sandalwood-like odor containing 0.2%,
      0.5% and 1.2% of the product produced in accordance with the process of
      Example VII, tricyclene-9-butanone, are prepared by adding the appropriate
      quantity of tricyclene-9-butanone to the liquid detergent known as P-87.
      The sandalwood aroma of the liquid detergent increases with increasing
      concentration of the tricyclene-9-butanone of this invention.
PAC  EXAMPLE XXXI
PAC  Preparation of Cologne and Handkerchief Perfume
PAR  The composition of Example XXV is incorporated in a cologne having a
      concentration of 2.5% in 85% aqueous ethanol; and into a handkerchief
      perfume in a concentration of 20% (in 95% ethanol). The use of the
      composition of Example XXV affords a distinct and definite sandal cologne
      aroma having a warm sandalwood-like character to the handkerchief perfume
      and to the cologne.
PAC  EXAMPLE XXXII
PAC  Cologne and Handkerchief Perfume
PAR  The tricyclene-9-butanone produced by the process of Example VII is
      incorporated into a cologne having a concentration of 2.5% in 85% ethanol;
      and into a handkerchief perfume in a concentration of 10% (in 95%
      ethanol). The tricyclene-9-butanone produced in Example VII affords a
      distinct and definite sandalwood aroma with green, pumpkin-like,
      sandalwood-oily notes to the handkerchief perfume and to the cologne.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a mixture of tricyclic ketones having the
      structures:
      ##SPC52##
PAL  comprising the steps of:
PA1  i. Reacting a Pi-halotricyclene having the structure:
      ##SPC53##
PA1  with an alkali metal cyanide in the presence of an inert solvent at a
      temperature in the range of from 80.degree.C up to 100.degree.C, the mole
      ratio of alkali metal cyanide to pi-halotricyclene being from 10:1 up to
      20:1 thereby forming a nitrile having the structure:
      ##SPC54##
PA1  ii. Reacting the thus formed nitrile with diisobutyl aluminum hydride in
      the presence of an inert solvent, at a temperature in the range of from
      about 40.degree.C up to 80.degree.C, the mole ratio of diisobutyl aluminum
      hydride:nitrile being about 1:1, thus forming a nortricycloekasantalal
      having the structure:
      ##SPC55##
PA1  iii. Reacting the thus formed nortricycloekasantalal with butanone having
      the structure:
      ##SPC56##
PA1  in the presence of a base selected from the group consisting of an alkali
      metal hydroxide and an alkaline earth metal hydroxide at a temperature in
      the range of from 25.degree.C up to 50.degree.C, the mole ratio of
      butanone:nortricycloekasantalal being in the range of from 5:1 up to 15:1,
      the weight of butanone as a percentage of reaction mass being from 5% up
      to 20%, thus forming a tricyclic-alpha, betaunsaturated ketone mixture of
      compounds which have the structures:
      ##SPC57##
PA1  wherein Y is halogen selected from the group consisting of bromo, chloro
      and iodo.
NUM  2.
PAR  2. The process of claim 1 wherein Y is bromo.
NUM  3.
PAR  3. The product produced by the process is claim 1.
NUM  4.
PAR  4. The product produced by the process of claim 2.
NUM  5.
PAR  5. A mixture of compounds having the structures:
      ##SPC58##
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PAL  Ketones are prepared with a high yield and a prolonged catalyst life, by
      reacting an aldehyde selected from the group consisting of straight chain
      or branched chain aliphatic aldehydes having a carbon number of 4-10
      (inclusive) and aromatic aldehydes represented by the general formula of
      ##SPC1##
PAL  Wherein n is 0-5 with a monocarboxylic acid selected from the group
      consisting of acetic acid and propionic acid, at a temperature of
      200.degree.-600.degree.C, in the presence of a catalyst of zirconium oxide
      alone or a mixture of zirconium oxide and at least one kind of the metal
      oxide selected from the group consisting of alkali metal oxides and
      alkaline earth metal oxides.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to a novel method for producing ketones from a
      mixture of an aldehyde and a carboxylic acid by the use of a solid
      catalyst. More particularly, it relates to a method for producing ketones
      by contacting a mixture of an aldehyde and a carboxylic acid with a solid
      catalyst of zirconium oxide alone or a mixture of zirconium oxide and at
      least one kind of the metal oxide selected from the group consisting of
      alkali metal oxides and alkaline earth oxides to form a corresponding
      ketone.
PAR  We previously discovered a method for producing ketones from aldehydes in a
      commercially satisfactory yield, by using a zirconium oxide catalyst alone
      or a catalyst in which an alkali metal oxide or an alkaline earth metal
      oxide is added to zirconium oxide.
PAR  However, this method still has a drawback in that, when lower aliphatic
      aldehydes such as acetaldehyde, propionaldehyde, etc. are employed,
      remarkable degradation of catalyst occurs, which results in the necessity
      of very frequent repetitions of catalyst regeneration making the process
      cumbersome.
PAR  After strenuous studies, we have found that when lower aliphatic carboxylic
      acids such as acetic acid, propionic acid, etc. are employed together with
      lower aliphatic aldehydes in place of lower aliphatic aldehydes alone, the
      catalyst life is extremely prolonged and also the yield of ketones is
      improved, and thus have completed the present invention.
PAR  The present invention resides in a method for producing ketones which
      comprises reacting an aldehyde selected from the group consisting of
      straight or branched chain aliphatic aldehydes having 4 to 10 carbon atoms
      and aromatic aldehydes expressed by the general formula,
      ##SPC2##
PAL  Wherein n is an integer of 0 to 5, with a monocarboxylic acid selected from
      the group consisting of acetic acid and propionic acid, at a temperature
      of 200.degree. to 600.degree.C, in the presence of a catalyst consisting
      of zirconium oxide alone or a mixture of 99.5-90% by weight of zirconium
      oxide and 0.5-10% by weight of at least one kind of the metal oxide
      selected from the group consisting of alkali metal oxides and alkaline
      earth metal oxides.
PAR  The preparation of the catalyst used in the present invention can be
      illustrated as follows: Water-soluble salts such as nitrate, sulfate,
      phosphate, chloride, organic acid salts, etc. of zirconium, alkali metals
      and alkaline earth metals, are mainly used as starting materials. An
      alkaline substance such as aqueous ammonia or the like is added to an
      aqueous solution of a salt of zirconium alone, or an aqueous solution of a
      mixture of the above-mentioned starting materials in which they are mixed
      so as to give a catalyst composition aimed, dropwise with stirring to
      precipitate zirconium hydroxide or coprecipitate the hydroxides
      corresponding to the above-mentioned materials, followed by filtration,
      water washing, drying and calcination at 200.degree.-1000.degree.C,
      preferably 400.degree.-800.degree.C, for activation.
PAR  Further, as for the introduction of alkali metal oxides to the catalyst
      system, it is also possible to add an aqueous solution of caustic alkali
      as a precipitant to the aqueous solution of a zirconium salt.
PAR  Furthermore, the following method is also effective: Zirconium oxide or
      hydroxide is dipped in an aqueous solution of water-soluble salts of
      alkali metals or alkaline earth metals, followed by drying and
      calcination. Namely, these oxides are supported on zirconium oxide.
PAR  Still further, it is also possible to use a catalyst obtained by
      impregnating a carrier such as activated carbon, activated alumina,
      silica, etc., with a mixed aqueous solution of water-soluble salts of
      zirconium and alkali metals or alkaline earth metals.
PAR  As for the alkali metals to be used for the present invention, Li, Na, K,
      Rb and Cs are illustrated, and as for the alkaline earth metals therefor,
      Be, Mg, Ca, Sr and Ba are illustrated. The oxides of these metals can be
      used in an amount of 0.5-95% by weight based upon the weight of the total
      catalyst composition including zirconium oxide. However, it is preferable
      to use them in an amount of 0.5-10% by weight based upon the weight of
      zirconium oxide.
PAR  As for the aldehydes to be used for the raw material of the present
      invention, n-butyraldehyde, isobutyraldehyde, n-caproic aldehyde,
      n-octanoic aldehyde and benzaldehyde are illustrated.
PAR  It is desirable from the viewpoint of catalyst life that water is present
      in the reaction, although the reaction proceeds even in the absence of
      water. As for the amount of water, it is preferable that the molar ratio
      of water to the sum of aldehyde and carboxylic acid is in the range of
      0.1-5.
PAR  The reaction proceeds sufficiently about under the atmospheric pressure,
      but it is also possible to carry out the reaction under a pressure of
      0.1-10 atm.
PAR  As for the feeding rate of aldehyde plus carboxylic acid, 0.1-30 g/hr per g
      of catalyst is preferable.
PAR  As for the reaction temperature, a temperature in the range of
      200.degree.-600.degree.C can be employed, but a temperature in the range
      of 300.degree.-500.degree.C is practical.
PAR  According to the method of the present invention, the catalyst life of two
      kinds of the catalysts to be used in the present invention is more
      prolonged and the yield is more improved as compared with the case where a
      lower aldehyde of 2-3 carbon atoms is used as raw material. These
      effectivenesses are more achieved in the case where a mixture of zirconium
      oxide and an alkali metal oxide or an alkaline earth metal oxide is used
      as catalyst, than in the case where zirconium oxide alone is used as
      catalyst.
PAR  The ketones produced according to the present invention are useful as
      solvents for rubbers, plastics, etc., reaction solvents, extraction
      solvents, raw material for various reactions.
DETD
PAR  The present invention is further illustrated by the following Examples
      without limiting the scope of claim of the present invention.
PAC  EXAMPLE 1
PAR  Conc. aqueous ammonia was added to 27% aqueous solution of zirconyl
      chloride to form a gel-like substance, which was aged over night, followed
      by repeated filtrations and water-washings, drying at 110.degree.C, and
      heat-treatment at 300.degree.C for one hour, successively at 600.degree.C
      for 3 hours. The resulting product was pelletized into pellets of 3 mm
      .times. 3 mm by means of a pelletizer. 30 g of zirconium oxide catalyst
      thus obtained was filled in a silica tube have an inner diameter of 23 mm
      and a length of 630 mm. Given amounts of acetic acid and isobutyraldehyde,
      water and nitrogen gas as a carrier, preheated to 350.degree.C, were fed
      in the reaction tube from one end thereof. The amounts fed to the tube
      were as follows:
     Acetic acid    13.6    g (0.226 mol)/hr                                   
     Isobutyraldehyde                                                          
                    18.6    g (0.258 mol)/hr                                   
     Water          9.3     g (0.52 mol)/hr                                    
     Nitrogen gas   2.4     l/hr                                               
PAR  The reaction temperature was maintained at 450.degree.C. After passing
      through the reaction tube and a subsequent cooler, a liquid product was
      obtained. The resulting conversion and selectivity are shown in the
      following Table:
TBL               Conversion (%)                                               
                             Selectivity (%)                                   
                  Start After    Start   After                                 
                        48 hrs           48 hrs                                
     ______________________________________                                    
     Raw    Acetic acid 98.3    98.5   --    --                                
     material                                                                  
            Isobutyral- 95.1    96.0   --    --                                
            dehyde                                                             
            Acetone     --      --     25.1  25.3                              
     Product                                                                   
            Methyl iso- --      --     33.0  33.7                              
            propyl ketone                                                      
            Diisopropyl --      --     35.2  37.7                              
            ketone                                                             
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 1
PAR  Reaction was carried out using acetaldehyde as raw material in place of
      acetic acid in Example 1.
PAR  The amounts fed to the reaction tube were as follows:
TBL  Acetaldehyde   11.4    g (0.260 mol)/hr                                   
     Isobutyraldehyde                                                          
                    18.6    g (0.258 mol)/hr                                   
     Water          9.3     g (0.52 mol)/hr                                    
     Nitrogen gas   2.4     l/hr                                               
PAR  The reaction temperature was maintained at 450.degree.C.
PAR  The results are shown in the following Table:
TBL               Conversion (%)                                               
                             Selectivity (%)                                   
                  Start After    Start   After                                 
                        48 hrs           48 hrs                                
     ______________________________________                                    
     Raw    Acetaldehyde                                                       
                        98.1    57.7   --    --                                
     material                                                                  
            Isobutyral- 95.1    43.8   --    --                                
            dehyde                                                             
            Acetone     --      --     22.4  20.4                              
     Product                                                                   
            Methyl iso- --      --     31.6  26.1                              
            propyl ketone                                                      
            Diisopropyl --      --     33.0  32.3                              
            ketone                                                             
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Conc. aqueous ammonia was added to 27% aqueous solution of zirconyl
      chloride, and a shaped catalyst of 3 .times. 3 mm was obtained in the same
      manner as in Comparative Example 1. Reaction was carried out using the
      catalyst under the same conditions as in Example 1, except that propionic
      acid and n-butyraldehyde were used as raw material.
PAR  The amounts fed to the reaction tube were as follows:
     Propionic acid 16.6    g (0.225 mol)/hr                                   
     n-Butyraldehyde                                                           
                    18.6    g (0.258 mol)/hr                                   
     Water          5.6     g (0.312 mol)/hr                                   
     Nitrogen gas   2.4     l/hr                                               
PAR  The results are shown in the following Table:
TBL               Conversion(%)                                                
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        60 hrs           60 hrs                                
     ______________________________________                                    
     Raw    Propionic acid                                                     
                        97.7    97.6   --    --                                
     material                                                                  
            n-          97.8    97.1   --    --                                
            Butyraldehyde                                                      
            Diethyl ketone                                                     
                        --      --     30.1  30.0                              
     Product                                                                   
            Ethyl n-propyl                                                     
                        --      --     35.3  34.9                              
            ketone                                                             
            Di-n-propyl --      --     26.1  29.1                              
            ketone                                                             
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 2
PAR  Reaction was carried out using propionaldehyde in place of propionic acid
      in Example 2.
PAR  The amounts fed to the reaction tube were as follows:
TBL  Propionaldehyde                                                           
                    15.0    g (0.259 mol)/hr                                   
     n-Butyraldehyde                                                           
                    18.6    g (0.259 mol)/hr                                   
     Water          5.6     g (0.312 mol)/hr                                   
     Nitrogen gas   2.4     l/hr                                               
PAR  The reaction temperature was 45.0.degree.C. The results are shown in the
      following Table:
TBL                Conversion                                                  
                             Selectivity                                       
                   (%)       (%)                                               
                   Start                                                       
                        After    Start   After                                 
                        60 hrs           60 hrs                                
     ______________________________________                                    
     Raw    Propionaldehyde                                                    
                         93.4   57.3   --    --                                
     material                                                                  
            n-           96.4   53.1   --    --                                
            Butyraldehyde                                                      
            Diethyl ketone                                                     
                         --     --     30.4  23.4                              
     Product                                                                   
            Ethyl n-propyl                                                     
                         --     --     30.4  30.8                              
            ketone                                                             
            Di-n-propyl  --     --     23.5  26.1                              
            ketone                                                             
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  25% ammonium hydroxide solution was added to 20% aqueous solution of
      zirconyl nitrate to form a gel-like substance, followed by aging over
      night, filtration, water washing, drying at 110.degree.C, and
      heat-treatment at 300.degree.C for one hour, successively at 600.degree.C
      for 3 hours. The resulting product was pelletized into pellets of 3 mm
      .times. 3 mm by means of a pelletizer. 25 g of the resulting zirconyl
      oxide shaped catalyst was filled in the same reaction tube as in Example
      1.
PAR  The amounts fed to the reaction tube were as follows:
     Acetic acid    15.6    g (0.260 mol)/hr                                   
     Benzaldehyde   27.5    g (0.260 mol)/hr                                   
     Water          5.6     g (0.312 mol)/hr                                   
     Nitrogen gas   2.4     l/hr                                               
PAR  The reaction temperature was maintained at 480.degree.C.
PAR  The results are shown in the following Table:
TBL               Conversion(%)                                                
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        50 hrs           50 hrs                                
     ______________________________________                                    
     Raw    Acetic acid 97.6    96.1   --    --                                
     material                                                                  
            Benzaldehyde                                                       
                        93.3    92.3   --    --                                
            Acetone     --      --     27.7  28.1                              
     Product                                                                   
            Acetophenone                                                       
                        --      --     30.4  30.1                              
            Benzophenone                                                       
                        --      --     27.1  28.4                              
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 3
PAR  Acetaldehyde was used as raw material at a feeding rate of 11.4 g (0.260
      mol)/hr in place of acetic acid in Example 3. Other reaction conditions
      were maintained in the same manner. The results are shown in the following
      Table:
TBL               Conversion(%)                                                
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        50 hrs           50 hrs                                
     ______________________________________                                    
     Raw    Acetaldehyde                                                       
                        98.4    50.3   --    --                                
     material                                                                  
            Benzaldehyde                                                       
                        91.4    48.3   --    --                                
            Acetone     --      --     30.4  27.1                              
     Product                                                                   
            Acetophenone                                                       
                        --      --     28.4  25.1                              
            Benzophenone                                                       
                        --      --     28.3  28.4                              
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Acetic acid was reacted with n-caproic aldehyde using the same catalyst and
      the same apparatus as in Example 3.
PAR  The amounts fed to the reaction tube were as follows:
TBL  n-Caproic aldehyde                                                        
                     20      g (0.116 mol)/hr                                  
     Acetic acid     6       g (0.10 mol)/hr                                   
     Water           4       g/hr                                              
     Nitrogen gas    2.4     l/hr                                              
PAR  The reaction temperature was maintained at 460.degree.C.
PAR  The results of reaction were as follows:
TBL               Conversion(%)                                                
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        48 hrs           48 hrs                                
     ______________________________________                                    
     Raw    Acetic acid 98.4    97.7   --    --                                
     material                                                                  
            n-Caproic   93.4    94.1   --    --                                
            aldehyde                                                           
            Acetone     --      --     20.3  20.0                              
     Product                                                                   
            Methyl amyl --      --     34.1  33.1                              
            ketone                                                             
            Diamyl ketone                                                      
                        --      --     34.1  34.1                              
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 4
PAR  Example 4 was repeated except that acetaldehyde was used at a feeding rate
      of 4.4 g (0.10 mol)/hr in place of acetic acid. Other reaction conditions
      were maintained in the same manner. The results were as follows:
TBL               Conversion(%)                                                
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        48 hrs           48 hrs                                
     ______________________________________                                    
     Raw    Acetaldehyde                                                       
                        98.4    60.1   --    --                                
     material                                                                  
            n-Caproic   94.3    50.4   --    --                                
            aldehyde                                                           
            Acetone     --      --     19.3  16.1                              
     Product                                                                   
            Methyl amyl --      --     30.4  28.8                              
            ketone                                                             
            Diamyl ketone                                                      
                        --      --     32.1  35.0                              
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  25% ammonium hydroxide solution was added to 20% aqueous solution of
      zirconyl nitrate to form a gel-like substance, followed by aging over
      night, filtration, water washing, drying at 110.degree.C, and heat
      treatment at 300.degree.C for one hour, successively at 600.degree.C for 3
      hours. The resulting product was pelletized into pellets of 3 mm .times. 3
      mm by means of a pelletized. 30 g of the resulting zirconium oxide shaped
      catalyst was filled in a reaction tube of silica (inner diameter: 23 mm.
      length 630 mm). The following materials preheated to 350.degree.C were fed
      to the tube:
TBL  Acetic acid       6.4     g (0.106 mol)/hr                                
     n-Octanoic aldehyde                                                       
                       23.6    g (0.118 mol)/hr                                
     Water             5.4     g (0.3 mol)/hr                                  
     Nitrogen gas      2.4     l/hr                                            
PAR  The results of the reaction at 460.degree.C were as follows:
TBL               Conversion (%)                                               
                             Selectivity (%)                                   
                  Start After    Start   After                                 
                        70 hrs           70 hrs                                
     ______________________________________                                    
     Raw    Acetic acid 97.3    93.1   --    --                                
     material                                                                  
            n-Octanoic  95.4    94.1   --    --                                
            aldehyde                                                           
            Acetone     --      --     19.3  17.1                              
     Product                                                                   
            Methyl hexyl                                                       
                        --      --     33.9  34.1                              
            ketone                                                             
            Dihexyl ketone                                                     
                        --      --     30.4  35.4                              
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 5
PAR  Example 5 was repeated except that acetaldehyde was used at a feeding rate
      of 4.7 g (0.106 mol)/hr in place of acetic acid. The results were as
      follows:
TBL               Conversion (%)                                               
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        68 hrs           68 hrs                                
     ______________________________________                                    
     Raw    Acetaldehyde                                                       
                        97.7    50.0   --    --                                
     material                                                                  
            n-Caproic   94.1    44.4   --    --                                
            aldehyde                                                           
            Acetone     --      --     17.3  16.4                              
     Product                                                                   
            Methyl hexyl                                                       
                        --      --     33.1  30.6                              
            ketone                                                             
            Dihexyl ketone                                                     
                        --      --     30.4  33.1                              
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Magnesium nitrate was added to 27% aqueous solution of zirconyl chloride,
      in an atomic ratio of Mg/Zr of 0.02 to form a solution. Conc. aqueous
      ammonia was added to the resulting solution to form a gel-like substance,
      followed by aging over night, repeated filtrations and water washings,
      drying at 110.degree.C, and heat-treatment at 300.degree.C for one hour,
      successively at 600.degree.C for 3 hours. The resulting product was
      pelletized into pellets of 3 mm .times. 3 mm by means of a pelletizer. 30
      g of the resulting zirconium oxide-magnesium oxide catalyst was filled in
      a silica tube (inner diameter: 23 mm. length: 630 mm). Given amounts of
      acetic acid, isobutyraldehyde, water and nitrogen gas as carrier,
      preheated to 350.degree.C, were fed into the reaction tube from one end
      thereof.
PAR  The amounts fed to the tube were as follows:
TBL  Acetic acid      13.6 g (0.226 mol)/hr                                    
     Isobutyraldehyde 18.6 g (0.258 mol)/hr                                    
     Water             9.3 g (0.52 mol)/hr                                     
     Nitrogen gas      2.4 l/hr                                                
PAR  The reaction temperature was maintained at 450.degree.C. After passing
      through the reaction tube and a subsequent cooler, a liquid product was
      obtained. The resulting conversion and selectivity were as follows:
TBL               Conversion(%)                                                
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        48 hrs           48 hrs                                
     ______________________________________                                    
     Raw    Acetic acid 99.5    99.3   --    --                                
     material                                                                  
            Iso-        95.6    96.2   --    --                                
            butyraldehyde                                                      
            Acetone     --      --     26.3  25.8                              
     Product                                                                   
            Methyl iso- --      --     33.2  34.1                              
            propyl ketone                                                      
            Diisopropyl --      --     35.1  37.4                              
            ketone                                                             
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 6
PAR  Reaction was carried out using acetaldehyde as raw material in place of
      acetic acid in Example 6.
PAR  The amounts fed to the reaction tube were as follows:
TBL  Acetaldehyde     11.4 g (0.260 mol)/hr                                    
     Isobutyraldehyde 18.6 g (0.258 mol)/hr                                    
     Water             9.3 g (0.52 mol)/hr                                     
     Nitrogen gas      2.4 l/hr                                                
PAR  The reaction temperature was maintained at 450.degree.C.
PAR  The results were as follows:
TBL               Conversion (%)                                               
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        48 hrs           48 hrs                                
     ______________________________________                                    
     Raw    Acetaldehyde                                                       
                        98.8    58.7   --    --                                
     Material                                                                  
            Iso-        96.9    47.3   --    --                                
            butyraldehyde                                                      
            Acetone     --      --     23.1  20.8                              
     Product                                                                   
            Methyl iso- --      --     31.8  28.7                              
            propyl ketone                                                      
            Diisopropyl --      --     33.1  30.3                              
            ketone                                                             
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  Magnesium nitrate and potassium nitrate were added to 27% aqueous solution
      of zirconyl chloride so as to give an atomic ratio of Zr:Mg:K of
      94.2:4.0:1.8, and dissolved. Conc. aqueous ammonia was added to the
      resulting solution, and a shaped catalyst of 3 mm .times. 3 mm in the same
      manner as in Comparative Example 6. Reaction was carried out using the
      catalyst, under the same conditions as in Example 6, except that propionic
      acid and n-butyraldehyde were used as raw materials.
PAR  The amounts fed to the reaction tube were as follows:
     Propionic acid   16.6 g (0.225 mol)/hr                                    
     n-Butyraldehyde  18.6 g (0.258 mol)/hr                                    
     Water             5.6 g (0.312 mol)/hr                                    
     Nitrogen gas      2.4 l/hr                                                
PAR  The results are shown in the following Table:
TBL               Conversion(%)                                                
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        60 hrs           60 hrs                                
     ______________________________________                                    
     Raw    Propionic acid                                                     
                        98.8    98.7   --    --                                
     material                                                                  
            n-          97.9    98.0   --    --                                
            Butyraldehyde                                                      
            Diethyl ketone                                                     
                        --      --     32.3  32.4                              
     Product                                                                   
            Ethyl n-    --      --     36.1  36.0                              
            propyl ketone                                                      
            Di-n-propyl --      --     23.3  25.1                              
            ketone                                                             
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 7
PAR  Reaction was carried out using propionaldehyde in place of propionic acid
      in Example 7.
PAR  The amounts fed to the reaction tube were as follows:
TBL  Propionaldehyde  15.0 g (0.259 mol)/hr                                    
     n-butyraldehyde  18.6 g (0.259 mol)/hr                                    
     Water             5.6 g (0.312 mol)/hr                                    
     Nitrogen gas      2.4 l/hr                                                
PAR  The reaction temperature was 450.degree.C. The results were as follows:
TBL                Conversion                                                  
                             Selectivity                                       
                   (%)       (%)                                               
                   Start                                                       
                        After    Start   After                                 
                        60 hrs           60 hrs                                
     ______________________________________                                    
     Raw    Propionaldehyde                                                    
                         97.7   61.3   --    --                                
     material                                                                  
            n-           97.1   57.0   --    --                                
            Butyraldehyde                                                      
            Diethyl ketone                                                     
                         --     --     30.3  28.1                              
     Product                                                                   
            Ethyl n-propyl                                                     
                         --     --     32.1  30.8                              
            ketone                                                             
            Di-n-propyl  --     --     25.1  23.3                              
            ketone                                                             
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  25% ammonium hydroxide solution was added to 20% aqueous solution of
      zirconyl nitrate to form a gel-like substance, followed by aging over
      night, filtration, water washing, drying at 110.degree.C, and
      heat-treatment at 300.degree.C for one hour, successively at 600.degree.C
      for 3 hours. The resulting product was pelletized into pellets of 3 mm
      .times. 3 mm by means of a pelletizer. The resulting zirconium oxide
      shaped catalyst was dipped in 3% aqueous solution of lithium nitrate over
      night, followed by filtration, drying at 110.degree.C, and heat-treatment
      at 300.degree.C for one hour, successively at 600.degree.C for 3 hours.
      The supported amount of LiO was 2% by weight. 25 g of the resulting
      catalyst was filled in the same reaction tube as in Example 6.
PAR  The amounts fed to the reaction tube were as follows:
     Acetic acid     15.6 g (0.260 mol)/hr                                     
     Benzaldehyde    27.5 g (0.260 mol)/hr                                     
     Water            5.6 g (0.312 mol)/hr                                     
     Nitrogen gas     2.4 l/hr                                                 
PAR  The reaction temperature was maintained at 480.degree.C. The reaction
      results were as follows:
TBL               Conversion (%)                                               
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        50 hrs           50 hrs                                
     ______________________________________                                    
     Raw     Acetic acid                                                       
                        98.7    98.8   --    --                                
     material                                                                  
             Benzaldehyde                                                      
                        94.4    94.8   --    --                                
             Acetone    --      --     28.8  30.5                              
     Product Acetophenone                                                      
                        --      --     33.1  32.9                              
             Benzophenone                                                      
                        --      --     29.3  28.8                              
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 8
PAR  Acetaldehyde was used at a feeding rate of 11.4 g (0.260 mol)/hr in place
      of acetic acid in Example 8. Other reaction conditions were maintained in
      the same manner. The results were as follows:
TBL               Conversion(%)                                                
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        50 hrs           50 hrs                                
     ______________________________________                                    
     Raw     Acetaldehyde                                                      
                        98.8    55.7   --    --                                
     material                                                                  
             Benzaldehyde                                                      
                        93.2    50.3   --    --                                
             Acetone    --      --     30.2  29.7                              
     Product Acetophenone                                                      
                        --      --     29.5  27.2                              
             Benzophenone                                                      
                        --      --     28.3  28.5                              
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  Acetic acid was reacted with n-caproic aldehyde using the same catalyst and
      apparatus as in Example 8.
PAR  The amounts fed to the reaction tube were as follows:
TBL  n-caproic aldehyde                                                        
                    20       g (0.116 mol)/hr                                  
     Acetic acid    6.0      g (0.10 mol)/hr                                   
     Water          4        g (0.222 mol)/hr                                  
     Nitrogen gas   2.4      l/hr                                              
PAR  The reaction temperature was maintained at 460.degree.C.
PAR  The reaction results were as follows:
TBL               Conversion(%)                                                
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        48 hrs           48 hrs                                
     ______________________________________                                    
     Raw    Acetic acid 99.8    98.7   --    --                                
     material                                                                  
            n-Caproic   95.1    94.5   --    --                                
            aldehyde                                                           
            Acetone     --      --     22.5  20.1                              
     Product                                                                   
            Methyl amyl --      --     35.1  34.1                              
            ketone                                                             
            Diamyl ketone                                                      
                        --      --     35.3  33.3                              
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 9
PAR  Example 9 was repeated except that acetaldehyde was used at a feeding rate
      of 4.4 g (0.10 mol)/hr in place of acetic acid. The results were as
      follows:
TBL               Conversion(%)                                                
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        48 hrs           48 hrs                                
     ______________________________________                                    
     Raw    Acetaldehyde                                                       
                        99.3    60.5   --    --                                
     material                                                                  
            n-Capron-   95.3    51.3   --    --                                
            aldehyde                                                           
            Acetone     --      --     20.1  17.3                              
     Product                                                                   
            Methyl amyl --      --     33.1  30.0                              
            ketone                                                             
            Diamyl ketone                                                      
                        --      --     32.1  34.1                              
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  25% ammonium hydroxide solution was added to 20% aqueous solution of
      zirconyl nitrate to form a gel-like substance, followed by aging over
      night, filtration, water-washing, drying at 110.degree.C, and
      heat-treatment at 300.degree.C for one hour, successively at 600.degree.C
      for 3 hours. The resulting product was pelletized into pellets of 3 mm
      .times. 3 mm by means of a pelletizer.
PAR  The resulting zirconium oxide shaped catalyst was dipped in 3% aqueous
      solution of sodium nitrate over night, followed by filtration, drying at
      110.degree.C, and heat-treatment at 300.degree.C for one hour,
      successively at 600.degree.C for 3 hours. The supported amount of Na.sub.2
      O was 2.2 percent. 30 g of the resulting catalyst was filled in a reaction
      tube of silica (inner diameter: 23 mm, length 163 mm). The following
      materials preheated to 350.degree.C were fed to the tube:
TBL  Acetic acid    6.4      g (0.106 mol)/hr                                  
     n-Octanoic aldehyde                                                       
                    23.6     g (0.118 mol)/hr                                  
     Water          5.4      g (0.3 mol)/hr                                    
     Nitrogen gas   2.4      l/hr                                              
PAR  The results of the reaction at 460.degree.C were as follows:
TBL               Conversion(%)                                                
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        70 hrs           70 hrs                                
     ______________________________________                                    
     Raw    Acetic acid 98.7    98.3   --    --                                
     material                                                                  
            n-Octanoic  96.1    95.7   --    --                                
            aldehyde                                                           
            Acetone     --      --     20.3  19.5                              
     Product                                                                   
            Methyl hexyl                                                       
                        --      --     35.3  35.1                              
            ketone                                                             
            Dihexyl ketone                                                     
                        --      --     33.2  32.7                              
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 10
PAR  Example 10 was repeated except that acetaldehyde was used at a feeding rate
      of 4.7 g (0.106 mol)/hr in place of acetic acid. The results were as
      follows:
TBL               Conversion(%)                                                
                             Selectivity(%)                                    
                  Start After    Start   After                                 
                        68 hrs           68 hrs                                
     ______________________________________                                    
     Raw    Acetaldehyde                                                       
                        98.1    50.3   --    --                                
     material                                                                  
            n-Caproic   95.5    48.8   --    --                                
            aldehyde                                                           
            Acetone     --      --     19.1  17.3                              
     Product                                                                   
            Methyl hexyl                                                       
                        --      --     34.1  33.5                              
            ketone                                                             
            Dihexyl ketone                                                     
                        --      --     30.3  32.5                              
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing ketones which comprises reacting an aldehyde
      selected from the group consisting of straight chain or branched chain
      aliphatic aldehydes having a carbon atom number of 4 to 10 (inclusive)
      with a monocarboxylic acid selected from the group consisting of acetic
      acid and propionic acid in the presence of water and zirconium oxide at a
      temperature in the range of 200.degree. to 600.degree.C.
NUM  2.
PAR  2. A method according to claim 1 wherein said aliphatic aldehydes are
      n-butyraldehyde, isobutyraldehyde, n-caproic aldehyde and n-octanoic
      aldehyde.
NUM  3.
PAR  3. A method according to claim 1 wherein said temperature is in the range
      of 300.degree.-500.degree.C.
NUM  4.
PAR  4. A method according to claim 1 wherein the feeding rates of said aldehyde
      and said monocarboxylic acid are in the range of 0.1-30 g/hr,
      respectively.
NUM  5.
PAR  5. A method for producing ketones which comprises reacting an aldehyde
      selected from the group consisting of straight chain or branched chain
      aliphatic aldehydes having a carbon atom number of 4 to 10 (inclusive)
      with a monocarboxylic acid selected from the group consisting of acetic
      acid and propionic acid in the presence of water and a mixture of 99.5 to
      90% by weight of zirconium oxide and 0.5 to 10% by weight of at least one
      metal oxide selected from the group consisting of alkali metal oxides and
      alkaline earth metal oxides, at a temperature in the range of 200.degree.
      to 600.degree.C.
NUM  6.
PAR  6. A method according to claim 5 wherein said alkali metal oxides are
      oxides of Li, K and Mg.
NUM  7.
PAR  7. A method according to claim 5 wherein said aliphatic aldehydes are
      n-butyraldehyde isobutyraldehyde, n-caproic aldehyde and n-octanoic
      aldehyde.
NUM  8.
PAR  8. A method according to claim 5 wherein said temperature is in the range
      of 300.degree.-500.degree.C.
NUM  9.
PAR  9. A method according to claim 5 wherein the feeding rates of said aldehyde
      and said monocarboxylic acid are in the range of 0.1-30 g/hr,
      respectively.
NUM  10.
PAR  10. A method according to claim 1 wherein said water is in a molar ratio of
      0.15-5 relative to the molar sum of aldehyde and carboxylic acid.
NUM  11.
PAR  11. A method according to claim 5 wherein said water is in a molar ratio of
      0.15 -5 relative to the molar sum of aldehyde and carboxylic acid.
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ABST
PAL  Ethylenic carbonyl compounds are obtained by heating an .alpha.-ethylenic
      tertiary alcohol with oxygen and 0.0001 to 5% by weight, based on the
      alcohol, of a catalyst comprising a compound of a transition metal of
      Groups V, VI or VII of the Periodic Table.
BSUM
PAR  The present invention relates to a catalytic process for preparing
      ethylenic carbonyl compounds from tertiary ethylenic alcohols.
PAR  The process of the present invention is one wherein an .alpha.-ethylenic
      tertiary alcohol is heated, in the liquid phase, in the presence of oxygen
      and a catalyst based on a transition metal of sub-Groups V, VI or VII of
      the Periodic Table in an amount between 0.0001% and 5% by weight of metal
      relative to the alcohol.
PAR  These transition metals are also set out in columns 5b, 6b 7b of the
      Mendeleev Periodic Classification published in the Handbook of Chemistry
      and Physics, 45th edition, page B-2.
PAR  The .alpha.-ethylenic tertiary alcohols used in the process may have the
      formula:
      ##EQU1##
      in which: R.sub.1 and R.sub.2 can either
PA2  A. be identical or different and each represent a saturated or unsaturated
      aliphatic or cycloaliphatic radical, or an aromatic or arylaliphatic
      radical, which radical can optionally contain substituents such as halogen
      atoms, or hydroxyl, alkoxy, acyl or acyloxy radicals, or can be
      interrupted by hetero atoms such as O, N, S or functional groups such as
      --CO-- or --CO-- NH--, or
PA2  B. can together constitute a single divalent alkylene radical --R--, which
      is saturated or unsaturated, and can optionally contain substituents such
      as alkyl, cycloalkyl, aryl, aralkyl, hydroxyl, alkoxy, acyl and acyloxy
      radicals, and halogen atoms, or be interrupted by hetero atoms such as O,
      N or S, or by functional groups such as --CO-- or --CO--NH--, or
      cycloalkylene or arylene radicals, and
PA1  R.sub.3 represents hydrogen or is as defined above for R.sub.1 and R.sub.2
      under (a).
PAR  One particularly valuable class of alcohol which can be used are those
      having formula (I), in which R.sub.3 represents a hydrogen atom.
PAR  R.sub.1, R.sub.2 and R.sub.3 preferably contain a total of 2 to 30 carbon
      atoms, and preferably at least one of the radicals R.sub.1 and R.sub.2 is
      an alkyl alkenyl or alkynyl radical having up to 15 carbon atoms and which
      may optionally be substituted as indicated above.
PAR  The ethylenic carbonyl compound obtained by oxidising an alcohol of formula
      (I) can be represented by the formula
      ##EQU2##
      when R.sub.1 and R.sub.2 are monovalent radicals. In the case where
      R.sub.1 and R.sub.2 together constitute a divalent radical such as the
      pentamethylene radical, which may optionally be substituted, a
      .beta.-ethylenic carbonyl compound having a double bond within the ring
      can also be formed.
PAR  The oxygen used in the process of the invention is customarily molecular
      oxygen; it can be used in the form of pure oxygen or air, or gaseous
      mixtures containing oxygen; systems capable of liberating oxygen in situ
      can also be used.
PAR  The introduction of molecular oxygen into the medium is generally effected
      by bubbling the gas in. The gas can be injected in a finely divided form,
      for the purpose of obtaining a good distribution of the oxygen in the
      reaction medium; the process can also be carried out while stirring.
PAR  The oxidation according to the invention can be effected in the presence
      of, or in the absence of, a solvent. Compounds which are chemically inert
      with respect to the catalyst and the reactants are generally used as
      solvent. Chlorinated or non-chlorinated, aliphatic, alicyclic or aromatic
      hydrocarbons, ethers and amides are particularly suitable.
PAR  In the case where a sufficiently volatile ethylenic alcohol is oxidised in
      the presence of a solvent, this alcohol can be introduced in gaseous form
      into a liquid reaction medium heated to the temperature chosen for
      carrying out the reaction, the said liquid medium principally and
      initially comprising the solvent and the catalyst. For the purpose of
      maintaining the temperature constant, a distillation can then be carried
      out at the rate at which the reaction products are formed.
PAR  The reaction temperature is generally between 50.degree. and 250.degree.C,
      preferably between 100.degree. and 200.degree.C. The pressure can be
      below, equal to, or above the atmospheric pressure. For economic reasons,
      pressures below 100 bars are advantageously used.
PAR  The catalysts which may be used in the process of the invention are
      essentially inorganic or organic derivatives of transition metals of
      sub-Groups V to VII of the Periodic Table; for the purpose of obtaining
      better yields, derivatives of vanadium, niobium, molybdenum, tungsten or
      rhenium are preferably used.
PAR  Suitable derivatives include the transition metal: halides, chalcogenides,
      chalcohalides, nitroso-chlorides and nitrosylhalides; salts of
      oxygen-containing inorganic acids such as sulphates, nitrates, phosphates,
      carbonates, arsenites, arsenates, germanates, perchlorates, sulphites and
      nitrites; mixed salts of transition metals of the sub-Groups V to VII with
      other metals of the Periodic Classification; and salts of aliphatic,
      cycloaliphatic or aromatic organic acids, such as acetates, propionates,
      stearates, benzoates, oxalates, succinates, sulphonates, tartrates,
      citrates, salicylates, naphthenates; or alcoholates or phenates derived
      from transition metals of sub-Groups V to VII. These salts, alcoholates
      and phenates can also be salts of oxygen-containing metal radicals, such
      as vanadyl and molybdenyl salts.
PAR  Further suitable inorganic or organic metal derivatives which may be used
      include salts and esters of acids derived from one or more of these
      metals, such as vanadates, niobates, tantalates, molybdates, tungstates,
      and rhenates; the analogous compounds in the per, poly, ortho, meta, pyro,
      thio or halo form; mixed salts and esters such as tungstovanadates,
      phosphomolybdates, tartratoniobates, zirconitungstates, molybdocitrates,
      molybdoformates, molybdolactate, molybdomaleates, molybdomandelates,
      molybdomucates, molybdooxalates, molybdoquinate, molybdosaccharates,
      molybdotaetrates, and molybdotungstates; chelates, such as
      acetylacetonates, which are optionally substituted, for example by
      aliphatic or cycloaliphatic groups, or by halogen atoms;
      benzoylacetonates; glyoximates; quinolinates, salicylaldehydates;
      benzylhydroxamates; derivatives of ethylenediamine, .alpha.
      ,.alpha.'-bipryridyl, o-nitrosophenol, .beta.-nitrosonaphthol,
      salicylaldimidine, and of porphyrins; complexes of metals or salts of
      metals and coordinating substances, such as carbon monoxide, monoolefines,
      diolefines, polyolefines, acetylenes, cyclopentadienyl, ammonia, cyanides,
      tertiary nitrogen bases, phosphines, arsines, stibines and nitriles; and
      organometallic compounds such as alkyl metals.
PAR  Catalysts which are particularly well suited for carrying out the invention
      are products which include a linkage having one of the following formulae:
TBL  --M=O     (III)      --O--M=O    (IV)                                     
     --M.rarw.O=                                                               
               (V)        --O--M.rarw.O=                                       
                                      (VI)                                     
PAL  in which M represents the metal atom, which, in addition, can be joined to
      other atoms by one or more ionic or covalent bonds. Metal oxides, salts
      and esters of oxyacids derived from metals, and oxygen-containing salts of
      metal ions, and salts of chelates such as those derived from
      .beta.-diketones, belong to this class of catalysts.
PAR  The active metal derivative constituting the catalyst can be deposited on a
      support for example, activated aluminas and silicas, pumice, Fuller's
      earth, diatomaceous earth, or active charcoal.
PAR  The amount of metal contained in the catalyst, relative to the initial
      weight of the alcohol, is between 0.0001% and 5%, and is preferably
      between 0.05 and 2%.
PAR  The catalyst can be soluble or insoluble in the reaction medium.
PAR  Small amounts of a co-catalyst or activator can be used in conjunction with
      the catalyst. Alcohols, Lewis bases such as ammonia, amines, phosphines,
      arsines, stibines and bismuthines, and compounds capable of liberating a
      Lewis base under the reaction conditions, such as, ammonium salts, may be
      used for this purpose. An excess of co-catalyst is sometimes detrimental
      to obtaining good yields. The optimum amount of co-catalyst varies,
      depending on the nature of this co-catalyst and the catalyst.
PAR  In the case where the catalyst employed is an ester of an oxyacid derived
      from a metal of sub-Groups V to VII, it is often advantageous to operate
      in an anhydrous atmosphere so as to avoid hydrolysis of the catalyst.
PAR  The process of the invention can be carried out continuously or
      discontinuously. At the end of the reaction, the catalyst and the
      unreacted tertiary alcohol can generally be recovered and used again.
PAR  The carbonyl compound obtained at the end of the reaction can be isolated
      by known methods, for example by distillation or by means of a sulphite or
      bisulphite addition compound in the case of aldehydes. For certain uses,
      it is not necessary to isolate the ethylenic carbonyl compound, and the
      whole of the products constituting the reaction medium can be employed
      directly. This is particularly the case for the preparation of ionones
      starting from citral.
PAR  The following Examples, illustrate the invention unless otherwise stated,
      the yields indicated are yields of carbonyl compound obtained, calculated
      relative to the tertiary alcohol converted in the course of the reaction,
      and the degree of conversion is equal to the ratio of the amount of
      tertiary alcohol which has disappeared during the reaction, to the amount
      of tertiary alcohol employed initially.
DETD
PAC  EXAMPLES 1 to 5
PAR  20 g of linalol and a vanadium catalyst are introduced into a 50 cm.sup.3
      volume flask provided with a stirrer, a distillation column and a dip
      tube. Air at the rate of 5 litres/hour is injected into the reaction
      medium. The nature and the amount of catalyst, the duration and the
      temperature of heating, and the results obtained are set out in Table 1.
PAC  EXAMPLE 6
PAR  Example 1 is repeated, using 2.223 g of catalyst in place of 1.484 g, and
      replacing air by pure oxygen.
PAR  Citral is obtained with a degree of conversion of 38.3%, and in a yield of
      19.5%.
PAC  EXAMPLE 7
PAR  Example 1 is repeated, replacing the linalol by nerolidol
      (3,7,11-trimethyldodecatrien-1,6,10-ol-3).
PAR  Farnesal (3,7,11-trimethyldodecatrien-2,6,10-al-1) is obtained with a
      degree of conversion of 68.1%, and in a yield of 16.3%.
PAC  EXAMPLE 8
PAR  Example 1 is repeated, 0.205 g of triethanolamine being added.
PAR  Citral is obtained with a degree of conversion of 31%, and in a yield of
      23.8%.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Catalyst              duration                                            
                                  temperature                                  
                                         degree of                             
                                                 yield of                      
     Example                                                                   
          Nature    Amount in g                                                
                           of heating                                          
                                  in .degree.C                                 
                                         conversion in%                        
                                                 citral in %                   
     __________________________________________________________________________
     1    Tetrahydrolinalyl                                                    
                    1.484  3 hours                                             
                                  140    33.5    27                            
          orthovanadate                                                        
     2    Ammonium metavana-                                                   
                    0.317  4 hours,                                            
                                  130                                          
          date             then                                                
                           1 hour                                              
                           30 minutes                                          
                                  140    31.5    22.8                          
     3    Vanadyl acetyl-                                                      
                    0.75   6 hours                                             
                                  130    42.2    21.8                          
          acetonate        30 minutes                                          
     4    Triethanolamine                                                      
                    0.605  2 hours,                                            
                                  130                                          
          orthovanadate    then                                                
                           3 hours                                             
                                  140    39.5    14.4                          
     5    Cyclohexyl ortho-                                                    
          vanadate  1      3 hours                                             
                                  130    46.3    18.5                          
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of ethylenic carbonyl compounds of the
      formulae:
      ##EQU3##
      and the tautomers thereof, comprising heating in the liquid phase an
      ethylenic tertiary alcohol of the formulae:
      ##EQU4##
      in the presence of oxygen and a catalyst of a compound of the transition
      metal vanadium, and wherein R.sup.1, R.sup.2 and R.sup.3 are inert under
      the conditions of the process and R.sup.1 and R.sup.2 are selected from
      the group consisting of aliphatic, cycloaliphatic, arylaliphatic and
      aromatic radicals, and wherein R.sup.1 and R.sup.2 may represent a
      divalent radical of 2 to 30 carbon atoms which may be saturated or
      unsaturated, and wherein the aliphatic, cycloaliphatic, arylaliphatic or
      aromatic radicals may be substituted by halogen, hydroxy, alkoxy, acyl or
      acyloxy substituents and R.sup.3 may be the same as R.sup.1 and R.sup.2 or
      hydrogen.
NUM  2.
PAR  2. Process according to claim 1 wherein the alcohol is one in which R.sub.3
      represents hydrogen and R.sub.1 and R.sub.2 each represent an alkyl,
      alkenyl or alkynyl radical having upto 15 carbon atoms.
NUM  3.
PAR  3. Process according to claim 1, wherein the process is carried out at a
      temperature of 100.degree.-200.degree.C.
NUM  4.
PAR  4. Process according to claim 1, wherein the process pressure is below 100
      bars.
NUM  5.
PAR  5. Process according to claim 1, wherein the catalyst is present in an
      amount of 0.05 to 2.0% by weight based on the weight of the alcohol.
NUM  6.
PAR  6. Process according to claim 1 wherein the catalyst is tetrahydrolinalyl
      orthovanadate, ammonium metavanadate, vanadyl triethanolamine
      triethanolamine orthovanadate or cyclohexyl orthovanadate.
NUM  7.
PAR  7. Process according to claim 1, wherein the starting alcohol is linalol,
      and the product is citral.
NUM  8.
PAR  8. Process according to claim 1, wherein the starting alcohol is nerolidol,
      and the product is farnesal.
NUM  9.
PAR  9. Process according to claim 1, wherein the catalyst is present in an
      amount of 0.0001% to 5% by weight based on the weight of the alcohol.
NUM  10.
PAR  10. Process according to claim 1, wherein the process is carried out at a
      temperature of 50.degree.- 250.degree.C.
NUM  11.
PAR  11. Process according to claim 1, wherein the catalyst is an ester of an
      oxyacid derived from said metal.
NUM  12.
PAR  12. Process according to claim 1, wherein the catalyst is a vanadate.
NUM  13.
PAR  13. Process according to claim 1, wherein the process is carried out in the
      presence of a solvent and/or a co-catalyst.
NUM  14.
PAR  14. Process according to claim 1, wherein the source of oxygen is pure
      oxygen and/or air.
NUM  15.
PAR  15. Process according to claim 1, wherein the compound of the transition
      metal is selected from the group consisting of the halides, chalcogenides,
      chelates, coordination complexes, alcoholates, oxygen-containing inorganic
      acid salts of said metals, aliphatic, cycloaliphatic and aromatic organic
      acid salts of said metals, and the salts and esters of acids derived from
      said metals.
PATN
WKU  039446247
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APN  5437628
APT  1
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APD  19750124
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ABST
PAL  There are provided .alpha.-pinene epoxide polymers and .beta.-pinene
      epoxide polymers prepared by polymerizing monomeric .alpha.-pinene epoxide
      or .beta.-pinene epoxide dissolved in a non-polar solvent at a temperature
      ranging from between about -20.degree.C. and about -150.degree.C. in the
      presence of an inorganic, nonmetallic, fluoride catalyst, such as boron
      trifluoride and phosphorous pentafluoride, to obtain an optically active
      polymer useful as a tackifier in an adhesive composition.
BSUM
PAR  The present invention relates to a process for preparing polymeric terpene
      epoxides and to novel polymers so prepared. More particularly, it relates
      to pinene epoxide polymers and to the low temperature polymerization of
      either .alpha.-pinene epoxide or .beta.-pinene epoxide in the presence of
      an inorganic, non-metallic, Lewis acid, fluoride catalyst. Still more
      particularly, it relates to the polymerization of either .alpha.- or
      .beta.-pinene epoxide utilizing low temperature, Lewis acid catalytic
      techniques to obtain the corresponding polymer useful as a tackifier for
      rubbers or elastomers when blended therewith.
PAR  In the past, attempts have been made to polymerize terpene epoxides.
      Unfortunately, none of the processes used to affect polymerizable monomers
      can be satisfactorily applied to terpene epoxides. Thus, for instance, in
      contacting .alpha.-pinene epoxide with a Lewis acid, rearranged monomers,
      rather than polymers, result. Consequently, terpene polymers having
      polarity that are compatible with rubbers or elastomers cannot be readily
      formed. If a terpene epoxide polymer could be formed, both such polymeric
      materials as well as the method for preparing the same, would fulfill a
      need long recognized in the art.
PAR  It is, therefore, a principal object of the invention to prepare a polar
      terpene resin or polymer in which the terpene mers thereof are
      interconnected with an oxygen atom. It is a further object of the
      invention to provide a process for polymerizing a terpene epoxide with
      Lewis acid catalyst to obtain a polar polymer useful as a tackifier for
      rubbers and elastomers. Other objects and advantages will become apparent
      from a reading of the ensuing description.
PAR  To these ends, it has been found that pinene epoxide can be readily
      polymerized in good yield in a straightforward manner. Pinene epoxide,
      admixed with a non-polar solvent, is subjected to the action of an
      inorganic, non-metallic, fluoride catalyst at temperature ranging below
      about -20.degree.C., whereby there is obtained a polymer in good yield and
      purity.
PAR  According to the invention, there is provided a process for polymerizing
      either .alpha.-pinene epoxide or .beta.-pinene epoxide in the presence of
      an inert, non-polar solvent therefor. The overall process involves the
      utilization of an inorganic, non-metallic, fluoride catalyst at a
      temperature ranging from about -20.degree.C. to about -150.degree.C., and
      preferably between about -75.degree.C. and about -100.degree.C., so as to
      obtain a polymer having a molecular weight ranging from about 780 to about
      1420.
PAR  In general, any inorganic, non-metallic fluoride catalyst can be employed.
      Exemplary of the latter are boron trifluoride and phosphorous
      pentafluoride.
PAR  It is a good practice to utilize an inert non-polar solvent either the
      .alpha.-pinene -or .beta.-pinene epoxide to be polymerized. Illustrative
      solvents include pentane, hexane, benzene, toluene, xylene and equivalents
      thereof. The use of inert non-polar solvents has been found to be
      critical. Polar solvents, it has been found, radically reduce the overall
      yield of resultant polymer.
PAR  For a fuller understanding of the invention, the following examples are
      presented which are to be taken merely as illustrative and are not to be
      deemed as being limitative thereof. The parts are by weight unless
      otherwise stated.
DETD
PAC  EXAMPLE 1
PAC  Preparation of Poly-.alpha.-Pinene Epoxide
PAR  To a suitable three neck, round bottom flask equipped with stirrer,
      thermometer and gas inlet are added 40 parts of hexane, 15 parts of
      .alpha.-pinene epoxide monomer and 0.55 parts of ter-butyl chloride. The
      monomer and catalyst mixture is cooled to -78.degree.C. under a stream of
      dry nitrogen while introducing boron trifluoride gas beneath the liquid
      surface through the gas inlet. Polymerization commences with an abrupt
      temperature rise of 10.degree. centigrade to -68.degree.C. and the
      simultaneous appearance of a pale yellow color. At this stage, boron
      trifluoride introduction is stopped and the polymerization mixture is
      stirred for two minutes at which time 10 parts (by volume) of methanol are
      added to deactivate the catalyst. The temperature is allowed to rise to
      0.degree.C., whereupon 50 parts (by volume) of 5% aqueous sodium
      bicarbonate are added. The aqueous phase is next separated and the organic
      phase is again washed with additional sodium bicarbonate solution,
      followed by washings with water until the aqueous washings are found to be
      neutral.
PAR  The major portion of solvent is then distilled from the polymer solution
      and the viscous oil residue dissolved in 10 parts (by volume) of toluene.
      The polymer solution is next added dropwise to 250 parts (by volume) of
      methanol to effect precipitation of the .alpha.-pinene epoxide polymer.
      The polymer, present as a slurry of white powder, is collected by
      filtration and dried in vacuo to a weight of 3.0 parts, corresponding to a
      20% yield.
PAR  The molecular weight of resultant polymer is 1025, indicating the average
      polymer chain to be composed of 6.7 monomer units. The melting point range
      of the same polymer is between about 67.degree.C. and 80.degree.C. The
      polymer is optically active having an [.alpha.].sub.D.sup.25
      =+18.8.degree. (CHCl C=1.07); .alpha.-pinene epoxide monomer has a
      [.alpha.].sub.D.sup.25 =+48.0.degree. (CHCl C=1.76).
PAC  EXAMPLE 2
PAC  Preparation of Poly-.beta.-Pinene Epoxide
PAR  To a suitable three neck, round bottom flask fitted with stirrer,
      thermometer and gas inlet are charged 40 parts of pentane and 10 parts of
      .beta.-pinene epoxide monomer. The monomer catalyst solution is cooled to
      -125.degree.C. and phosphorus pentafluoride is introduced through the gas
      inlet beneath the liquid surface. The rate of phosphorus pentafluoride
      addition is adjusted to maintain the temperature of the polymerizing
      mixture between about -125.degree.C. and -130.degree.C.
PAR  The polymerization mixture is stirred for an additional 5 minutes after
      which time 10 parts (by volume) of methanol are added to deactivate the
      catalyst. The temperature is allowed to rise to 0.degree.C., whereupon 50
      parts (by volume) of 5% aqueous sodium bicarbonate are added. The aqueous
      phase is separated and the organic phase again washed with bicarbonate
      solution, followed by washings until the aqueous washings are neutral.
PAR  The major portion of solvent is next distilled from the polymer solution
      and the mobile oily residue is dissolved in 10 parts by volume of benzene.
      This polymer solution is then added dropwise to 200 parts (by volume) of
      methanol to effect precipitation of the .beta.-pinene epoxide polymer. The
      polymer, present as a white powder, is collected by filtration and dried
      in vacuo to a weight of 0.85 part, corresponding to a 8.5% yield.
PAR  The molecular weight of resultant polymer is found to be 780, indicating
      the average chain to be formed from 5.1 monomer units. The melting point
      range of the polymer is between 78.degree.C. and 90.degree.C. with an
      initial, softening point beginning at 68.degree.C. The polymer is
      optically active having an optical rotation of [.alpha.].sub.D.sup. 25
      =-31.degree. (CHCl C=1.0); .beta.-pinene epoxide monomer having an optical
      rotation, [.alpha.].sub.D.sup.25, equal to +13.degree. (CHCl C=1.84)
PAC  EXAMPLE 3
PAR  This example illustrates the use of poly-.alpha.-pinene epoxide as a
      tackifier for rubber.
PAR  The polymers of Examples 1 and 2 are evaluated as pressure-sensitive
      adhesives containing the following composition:
PA1  100 parts of a commercially obtained polyisoprene previously milled to a
      Mooney viscosity of 50. 75 parts of the polymer 1 part of antioxidant
PAR  The formulations are utilized to prepare pressure-sensitive tapes according
      to conventional procedures. The tapes are then evaluated according to
      standard test procedures of the Pressure-Sensitive Tape Council (PSTC).
PAR  For comparison purposes, similar formulations are prepared of the
      homopolymer of .alpha.-pinene.
PAR  Results of the test evaluations are presented in Table I, below.
TBL                                    TABLE I                                 
     __________________________________________________________________________
            180.degree. Shear  180.degree. Peel                                
     Polyterpene                                                               
            Adhesion .sup.1                                                    
                   Tack .sup.2 Adhesion .sup.3  (oz/in)                        
     of:    (Min)  in- 1   2                                                   
                   itial                                                       
                       wk. wks.                                                
                               initial                                         
                                     2 wks.                                    
     __________________________________________________________________________
     Ex. 1  650    11.sup.+                                                    
                       4.3 4.8 14.0  18.7                                      
     Ex. 2  1124   11.sup.+                                                    
                       8.0 7.2 14.3  19.1                                      
     Homopolymer                                                               
      of:   203    0.2 0.2 0.3 28    30                                        
     .alpha.-pinene                                                            
     Homopolymer                                                               
            720    2.6 1.8 3.0 28    29                                        
      of:                                                                      
     .beta.-pinene                                                             
     __________________________________________________________________________
      .sup.1 Test method PSTC-2 modified so adhesive-metal contact angle is    
      20.degree..                                                              
      .sup.2 Test method PSTC-18                                               
      .sup.3 Test method PSTC-1                                                
CLMS
STM  I claim:
NUM  1.
PAR  1. A homopolymer having a molecular weight ranging between about 780 and
      1420 and being selected from the group consisting of poly-.alpha.-pinene
      epoxide and poly-.beta.-pinene epoxide.
NUM  2.
PAR  2. The homo polymer of claim 1: poly-.alpha.-pinene epoxide.
NUM  3.
PAR  3. The homo polymer of claim 1: poly-.beta.-pinene epoxide.
NUM  4.
PAR  4. A process for the preparation of a homo polymer according to claim 1
      which comprises the steps of: contacting monomeric .alpha.-pinene epoxide
      or monomeric .beta.-pinene epoxide, dissolved in an inert, non-polar
      solvent, at a temperature ranging between -20.degree.C. and -150.degree.C.
      in the presence of an inorganic, non-metallic, fluoride catalyst, and
      thereafter recovering resultant polymer.
NUM  5.
PAR  5. The process according to claim 4 wherein the inert solvent is pentane.
NUM  6.
PAR  6. The process according to claim 4 wherein the inert solvent is toluene.
NUM  7.
PAR  7. The process according to claim 4 wherein the inorganic fluoride catalyst
      is boron trifluoride.
NUM  8.
PAR  8. The process according to claim 4 wherein the inorganic fluoride catalyst
      is phosphorus pentafluoride.
NUM  9.
PAR  9. The process according to claim 4 wherein the monomer contacted is
      .alpha.-pinene epoxide.
NUM  10.
PAR  10. The process according to claim 4 wherein the monomer contacted is
      .beta.-pinene epoxide.
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ABST
PAL  A process for the separation of mannitol from galactitol is disclosed which
      comprises selectively crystallizing mannitol from an alkanol-water
      solution of the mixture to which a small amount of a soluble salt of an
      iron, nickel, or cobalt has been added.
PARN
PAR  This is a continuation-in-part of patent application Ser. No. 328,966,
      filed Feb. 2, 1973 now abandoned.
BSUM
PAR  This invention pertains to the separation of hexitols or sugar alcohols.
      More particularly it pertains to the separation of mannitol from
      galactitol.
PAR  While mannitol is presently principally used in pharmaceutical
      applications, serving as a base in multi-layer and press-coated tablets of
      vitamins, antacids, aspirin and other pharmaceuticals, it is an old,
      well-known alcohol and continues to find use in synthetic resins, fluxes,
      antioxidants and other uses. Its properties are especially effective for
      tablet-coating, since it provides a sweet taste and masks the unpleasant
      taste of many of the drugs used in the tablet. Its low affinity for water
      is also desirable resulting in the tablet maintaining a low moisture
      content.
PAR  Substantial quantities of mannitol are prepared by hydrogenation of sugars
      recovered from natural sources. Large quantities of mannose are available
      in pulping liquors resulting from pulping of wood in the production of
      pulp or cellulose. The pulping liquors, for example spent sulfite liquor
      solids from pulping softwoods, contain up to about 20% hexoses of which
      about one half is mannose. Also, in the hydrolysis of lignocellulosic
      material or in the prehydrolysis stage in pulping operations, the extracts
      obtained are substantially wood sugars, predominately mannose. While these
      liquors contain mannose, the mannose is present in a complex mixture with
      other wood sugars and when recovered from these mixtures contains
      substantial amounts of galactose or galactitol, if the mixture is
      hydrogenated to convert the mannose to mannitol prior to recovery.
      Likewise polysaccharides such as galactomannans are recovered by known
      processes from numerous plants which upon hydrolysis yield mixtures of
      galactose and mannose with mannose predominating. Mannitol also occurs in
      plants and when recovered is also in a complex mixture with sugars and
      other sugar alcohols. Many of the sugars and sugar alcohols have
      sufficiently different characteristics to permit relatively easy
      separation. However, the characteristics of mannose and galactose as well
      as mannitol and galactitol are such that the normal known methods of
      liquid extraction or crystallization often used in sugar or sugar alcohol
      separations are not applicable. Detailed description of the methods
      commonly used are found in numerous patents and texts on carbohydrate
      chemistry, such as for example "Methods in Carbohydrate Chemistry", by R.
      L. Whistler et al., Editors, Volumes 1 to 6 and the text "The
      Carbohydrates", edited by W. Pigman and D. Horton both published by
      Academic Press Inc., New york, New York and others including various
      college organic chemistry texts. While the presence of galactitol may not
      be detrimental for some of the uses of mannitol, its presence in even a
      relatively small amount is generally undesirable.
PAR  It is, therefore, an object of this invention to provide a process for the
      separation and recovery of mannitol from a mannitol-galactitol mixture. A
      further object is to provide a process for purification of mannitol. A
      still further object is to provide a process for the recovery of mannitol
      from mixtures obtained by reduction of wood sugars obtained in
      prehydrolysis liquors and spent sulfite liquors in wood-pulping
      operations.
PAR  The above and other objects are attained according to this invention by
      crystallizing mannitol from an alkanol-water or dioxane-water solution
      containing the mannitol and galactitol. Prior to crystallization, ferric,
      nickel or cobalt ions are added to the solution in an amount sufficient to
      complex with the galactitol. By the addition of ferric or the nickelous or
      cobaltous ions to the solution, it is believed that these ions complex
      selectively with the galactitol which complex remains soluble permitting
      the mannitol to crystallize out in a relatively pure state. Both mannitol
      and galactitol are soluble in water and have limited solubility in the
      lower alkanols and dioxane with mannitol being somewhat more soluble in
      both water and the alkanols.
PAR  While the process may be used for fractionation and recovery of mannitol
      from any mixtures of sugar alcohols, containing galactitol generally the
      normal procedures are less costly and sufficiently effective to obtain
      crude mannitol fractions. These fractions contain mainly mannitol with the
      impurities being present in minor proportions with galactitol being the
      main impurity. Thus, generally the normal procedure used for fractionation
      and recovery of sugars and/or sugar alcohols are used for obtaining crude
      fractions of mannitol containing generally 80% mannitol or more of
      mannitol and the process of this invention then used for further
      purification of the mannitol.
PAR  A convenient method for carrying out the crystallization is to dissolve the
      mannitol product, containing mainly galactitol and other sugar alcohols
      and sugars in lesser amounts as impurities, in hot water until a
      concentrated solution is obtained. To the hot aqueous solution, the metal
      ion and alkanol are added. The addition of the alkanol decreases the
      solubility of the sugar alcohols in the solution enhancing the
      crystallization and increasing the yield of the mannitol. It is not
      necessary to dissolve the mannitol product to be purified in the water
      prior to addition of the alkanol. The product may be dissolved in a heated
      alkanol-water solution and the metal ion added before or after dissolving
      the mannitol product in the solution. Similar procedures may be followed
      when dioxane is used in place of alkanol. Also, the various processes and
      equipment commonly used in crystallization operations may be used for the
      crystallization of the mannitol. The crystallization can be effected just
      by cooking or evaporating the solution or a combination of both. The
      mother liquor or the solution after the crystallization of the mannitol
      may be distilled to recover the alkanol for reuse, or it may be recycled
      directly with a sufficient proportion of mother liquor being replaced by
      fresh solution to keep the concentration of galactitol and other
      impurities at acceptable levels. Generally the mannitol crystallized from
      mixtures of mannitol and galactitol obtained from spent sulfite liquor
      sugar fractions is of sufficient purity that it may be used in many
      applications without further purification or recrystallization. This is
      especially true if ferric ions are used as the complexing metal. When
      nickel or cobalt are used, further crystallization and purification may be
      necessary to remove the trace amounts of the metal which may be present
      due to the toxic nature of the metal if the product is to be used for
      pharmaceutical purposes. Also when the process is used on mixtures
      containing a major portion of galactitol with the mannitol being present
      only in minor portions, the product obtained would contain a higher
      content of galactitol upon the first crystallization and further
      recrystallizations may be required to obtain mannitol in purified form.
PAR  While 1,3- or 1,4-dioxane or any alkanol having from 1 to 4 carbon atoms or
      mixtures thereof can be used for the solution for the crystallization,
      methanol or ethanol or a mixture of one of the other alkanols with ethanol
      or methanol is preferred. The removal of these alkanols from the
      crystallized mannitol is simplified by the lower boiling point of methanol
      and ethanol. The amount of alkanol or dioxane used in the solution may be
      widely varied from as low as 1 or 2 volume percent to the alkanol or
      dioxane being the major constituent of the solvent. For convenience, the
      content is usually increased at least to 25 or 30 percent. Solutions
      containing from 60  to 90 percent or higher of methanol, ethanol, or
      dioxane are preferred. With the higher alkanols, the amount of the alkanol
      added may be somewhat decreased over the amount of methanol or ethanol
      used, due to the decreased solubility of the sugar alcohols in the high
      alkanols. Generally the amount of alkanol or dioxane added is adjusted to
      obtain practical yields under the conditions of the crystallization. For
      example, from 2 to 10 grams of mannitol per hundred milliliters of
      solution may be crystallized out just upon cooling hot solutions under
      atmospheric conditions to room temperature. The yields can be further
      increased without evaporation by cooling to a lower temperature, such as
      0.degree.C or lower.
PAR  Galactitol is somewhat less soluble than mannitol in both water and the
      lower alcohols but is maintained in solution by the addition of the
      particular metal ion. Sufficient amount of the metal ion is added to
      complex with the galactitol to keep the galactitol from crystallizing. The
      amount of metal added may be widely varied, since more than one complex
      may be obtained. However, the minimum amount required is easily determined
      by routine crystallization, with various amounts of the metal being added.
      Generally, from about 0.8 to 1.5 mole of the metal per mole of galactitol
      present is used. Smaller amounts, for example, as low as 0.1 mole per mole
      of galactitol may be effective in hindering the crystallization of the
      galactitol; however, generally larger amounts are desirable in the event
      that the mixture being purified may contain sugars or other sugar alcohols
      which may also complex or react with the metal. The amount of the metal
      may also be increased so that the metal content may be present in the
      ratio of 2 to 3 moles per mole of galactitol. However, using the high
      levels of the metal results in larger amounts of the metal being carried
      down with the mannitol by adherence or occlusion of the mother liquor to
      the mannitol crystals.
PAR  The metal ions are generally added to the solution as soluble iron, nickel
      or cobalt compounds having sufficient solubility in the alkanol-water
      solution to provide the desired metal concentration in solution. Both
      ferric and ferrous iron salts and compounds may be used, since in the
      amount of the metal added, ferrous ions are oxidized in the solution to
      the ferric state in a relatively short time under normal conditions. The
      metals may also be introduced into the solution by addition of compounds
      which are weak complexes of the metal or any other compound which ionizes
      in the solution to provide the required metal ions. Illustrative examples
      of the metal compounds such as salts and complexes which are soluble in
      alkanol-water solutions in an amount to provide the desired concentration
      of the metal ions for complexing are: iron chloride, iron hydrosulfite,
      iron nitrate, iron fluoride, iron acetate, iron maleate, iron oleate,
      nickelous chloride, nickelous nitrate, nickelous acetate, and cobaltous
      chloride, nitrate, or acetate, and other soluble organic or inorganic
      compounds.
DETD
PAC  EXAMPLE I
PAR  A mixture of mannitol and galactitol was obtained from the reduction of
      wood sugars recovered from a calcium base spent sulfite liquor. The sugar
      fraction was recovered from the calcium base liquor by alcohol extraction
      using the method described by L. A. Boggs in a paper presented at the
      155th ACS National Meeting in 1968 at San Francisco, California. The
      description of the process is given in the "Abstract of Papers" of the
      meeting published by the American Chemical Society in 1968. The spent
      sulfite liquor was contacted with a methanol-water solvent containing 95%
      methanol resulting in the major portion of the lignosulfonates being
      insoluble with the low-molecular weight materials and the sugar being
      extracted. The methanol was distilled from the solvent fraction and the
      solvent changed to water. The resulting solution was then filtered to
      remove the insolubles and deionized by successively passing the filtrate
      through a strong cation exchange resin in an acid form to remove the
      cation and a weak anion exchange resin in the free-base form to remove the
      anions. The effluent obtained was concentrated under reduced pressures to
      give a heavy syrup containing mainly the sugars.
PAR  The sugar fraction was then reduced to the sugar alcohols by hydrogenation
      with Raney nickel catalyst at a temperature of about 100.degree.C and an
      initial pressure of around 1,500 pounds per square inch. The sugar
      alcohols obtained were dissolved in methanol and crystallized by cooling
      to obtain a mannitol fraction which contained approximately 5% galactitol
      as the main impurity.
PAR  The above product in an amount of 18.2 grams was dissolved in 100
      milliliters of water at approximately 60.degree.C, and 300 milliliters of
      methanol at 50.degree.C were added slowly to the warm aqueous solution. To
      the resulting solution, an additional 100 milliliters of warm methanol
      containing 2.7 grams of ferric chloride hexahydrate was added. The
      solution was cooled slowly to 15.degree.C resulting in mannitol
      crystallizing out. The mannitol crystals formed were collected and washed
      with 100 milliliters of methanol. The first crop of crystals obtained was
      in an amount of 12.1 grams. The wash methanol was combined with the mother
      liquor and the mixture was then evaporated to a final volume of 15
      milliliters after which 75 milliliters of warm methanol were added to the
      remaining warm solution. After cooling to 15.degree.C, a second crop of
      mannitol crystals was obtained which after washing was in an amount of 4.6
      grams.
PAR  The mannitol recovered had a melting point in the range of 163.degree. to
      166.degree.C as compared to 156.degree. to 159.degree.C for the mannitol
      fraction prior to the crystallization in the presence of ferric ions. An
      infrared spectrum made of the recovered mannitol indicated the absence of
      the strong galactitol absorption bands at 8.95, 9.55, and 10.80 microns,
      and gave a spectrum substantially identical in the range of 2 to 16
      microns to that of a reagent grade commercially available mannitol.
PAR  The iron content of the mannitol obtained upon crystallization, as
      described above, was 0.0015 percent. The iron content in other runs was
      reduced to as low as 0.0009 percent by adding crystals to warm methanol
      and mixing the suspension for about 1 hour to wash the crystals.
PAR  A sample of the mannitol fraction was also recrystallized without the
      addition of the iron. The sample in an amount of 1.8 grams was dissolved
      in 50 ml of a methanol-water solution containing 75% methanol. The
      methanol-water solution was at about 60.degree.C when the sample was
      dissolved, and upon cooling crystallization was obtained. An infrared
      spectrum of the crystallized product contained the strong galactitol
      absorption bands at 8.95, 9.55 and 10.80 microns at about the same
      relative intensity as that of the mannitol fraction prior to the
      recrystallization.
PAC  EXAMPLE II
PAR  An aqueous solution of mannitol and galactitol was prepared by dissolving 4
      grams of mannitol and 1 gram of galactitol in 30 milliliters of warm
      water. To the warm solution, 40 milliliters of 95 percent ethanol at
      65.degree.C and an additional 40 milliliters of the ethanol containing
      0.25 gram of dissolved ferric chloride hexahydrate was added. Mannitol was
      crystallized from the solution by slowly cooling the solution to room
      temperature and maintaining it at room temperature overnight. The crystals
      of mannitol were recovered from the mother liquor by filtration and were
      washed with warm 95 percent ethanol. The product recovered was in an
      amount of 1.7 grams of mannitol having an infrared spectrum substantially
      the same as that of reagent grade mannitol free of the strong absorption
      bands associated with galactitol.
PAC  EXAMPLE III
PAR  A mixture of mannitol and galactitol containing about 8.5 grams of mannitol
      and 0.45 gram of galactitol was dissolved in 50 milliliters of water.
      Methanol at 50.degree.C was added to obtain a total volume of 150
      milliliters. To this solution, a solution of 50 milliliters of methanol
      containing 1.2 grams of nickel chloride hexahydrate was added. The
      solution was slowly cooled to ambient room temperature, maintained at room
      temperature overnight, and then cooled to 4.degree.C for 4 hours. Seven
      grams of crystals were obtained.
PAR  The infrared spectrum indicated that only a trace of galactitol was
      present. The product had a melting point in the range of 163.degree.C to
      166.degree.C.
PAC  EXAMPLE IV
PAR  A mixture of mannitol and galactitol as described in Example I above was
      purified by crystallizing the mannitol from the mixture in a dioxane-water
      solution in presence of ferric ions. The mixture of mannitol and
      galactitol in an amount of 3 grams was dissolved in 16 milliliters of warm
      water, after which 20 milliliters of warm 1,4-dioxane were added. To this
      mixture, an additional 30 milliliters of warm dioxane was added in which
      0.5 gram of ferric chloride hexahydrate had been dissolved. The mixture
      was cooled to 4.degree.C and maintained at that temperature overnight. The
      crystals were recovered by filtration, washed with methanol and after
      drying weighed. The 1.0 gram of product obtained in the one-stage
      crystallization was substantially pure mannitol having an infrared
      spectrum similar to that of the product obtained in Example I.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the recovery of mannitol from a mixture containing
      predominately mannitol and galactitol which comprises crystallizing the
      mannitol from a solution of the mixture in an alkanol-water or a
      dioxane-water solution containing at least 1 volume percent of the alkanol
      or dioxane, said solution of the mixture containing ferric, nickelous, or
      cobaltous ions in an amount sufficient to complex with the galactitol,
      said alkanol having from 1 to 4 carbon atoms.
NUM  2.
PAR  2. A process according to claim 1 wherein the solution contains nickel
      ions.
NUM  3.
PAR  3. A process according to claim 1 wherein the solution contains ferric ions
      in an amount of from 0.1 to 3 mole per mole of galactitol in solution.
NUM  4.
PAR  4. A process according to claim 3 wherein the solution is an ethanol-water
      solution and the ferric ions are added to the solution by addition of an
      iron salt.
NUM  5.
PAR  5. A process according to claim 3 wherein the solution is a methanol-water
      solution and the ferric ions are added to the solution by addition of an
      iron salt.
NUM  6.
PAR  6. A process according to claim 3 wherein the solution is a dioxane-water
      solution and the ferric ions are added to the solution by addition of an
      iron salt.
NUM  7.
PAR  7. A process according to claim 4 wherein the iron salt is ferric chloride.
NUM  8.
PAR  8. A process according to claim 5 wherein the iron salt is ferric chloride.
NUM  9.
PAR  9. A process according to claim 6 wherein the iron salt is ferric chloride.
NUM  10.
PAR  10. A process for the recovery of mannitol from a mixture of mannitol and
      galactitol containing predominantly mannitol which comprises dissolving
      the mixture in water at an elevated temperature, intermixing an alkanol
      having from 1 to 4 carbon atoms or dioxane with the aqueous solution in an
      amount of at least 1 volume percent, adding a metal compound to obtain
      ferric, nickelous, or cobaltous ions in the solution in an amount
      sufficient to complex with the galactitol, and crystallizing the mannitol
      from the resulting solution.
NUM  11.
PAR  11. A process according to claim 10 wherein the metal ions are ferric ions
      added as an iron salt in an amount of from 0.8 to 1.5 mole of the metal
      ions per mole of galactitol in solution.
NUM  12.
PAR  12. A process according to claim 11 wherein the mannitol-galactitol mixture
      is obtained by reduction of a fraction of sugars obtained by hydrolysis of
      wood.
NUM  13.
PAR  13. A process according to claim 12 wherein the sugar fraction is obtained
      by fractionation of a spent sulfite liquor.
NUM  14.
PAR  14. A process according to claim 13 wherein the mannitol-galactitol mixture
      is dissolved in the water to obtain a substantially saturated solution at
      a temperature of from 80.degree. to 90.degree.C with which methanol is
      intermixed to obtain a solution containing from 60 to 90% methanol and the
      remainder water, and the mannitol is crystallized out by cooling the
      methanol containing solution to a temperature of from 0.degree. to
      30.degree.C.
NUM  15.
PAR  15. A process according to claim 13 wherein the mannitol-galactitol mixture
      is dissolved in water to obtain a substantially saturated solution at a
      temperature of from 80.degree. to 90.degree.C with which ethanol is
      intermixed to obtain a solution containing from 60 to 90% ethanol and the
      remainder water, and the mannitol is crystallized out by cooling the
      ethanol containing solution to a temperature of from 0.degree. to
      30.degree.C.
NUM  16.
PAR  16. A process according to claim 13 wherein the mannitol-galactotol mixture
      is dissolved in water to obtain a substantially saturated solution at a
      temperature of from 80.degree. to 90.degree.C with which dioxane is
      intermixed to obtain a solution containing from 60 to 90% dioxane and the
      remainder water, and the mannitol is crystallized out by cooling the
      dioxane containing solution to a temperature of from 0.degree. to
      30.degree.C.
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ABST
PAL  Adamantane compound is obtained by isomerizing a tricyclic saturated
      hydrocarbon having 10 to 14 carbon atoms in the presence of an X- or
      Y-type zeolite catalyst subjected to ion exchange with one or two kinds of
      metal ions selected from the group consisting of ions of rare earth
      metals, calcium and magnesium. The preferred catalyst is a catalyst which
      is further loaded with 1 to 4 kinds of metals selected from the group
      consisting of germanium, platinum, rhenium, nickel, cobalt, copper, iron
      ruthenium and rhodium. This isomerization reaction is preferably carried
      out in the presence of hydrogen gas.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a method of producing adamantane
      compounds.
PAR  Adamantane is known to be contained in petroleum naturally. Its unique
      chemical structure has attracted attention and a lot of investigations
      have been made with regard to its synthesis method, usage, etc.
PAR  Recently, the use of adamantane compounds as medicine, lubricant, etc. has
      been developed and industrially advantageous production process is
      expected to appear.
PAR  Generally, adamantane compounds are obtained by isomerization reaction of
      tricyclic hydrocarbon and aluminium halide such as AlCl.sub.3, AlBr.sub.3,
      etc. has been conventionally used as catalyst of this reaction in most
      cases. However, this type of catalyst possesses various defects, for
      example, it must be used in large quantities (against raw material), it is
      difficult to be regenerated because complex is formed combined with heavy
      elements during the course of reaction, the reaction equipment is easily
      corroded, it needs to add fresh catalyst for the consumed amount in order
      to carry out the reaction continuously.
PAR  On the other hand, solid catalyst such as Pt--Al.sub.2 O.sub.3 --Cl,
      Al.sub.2 O.sub.3 treated with sulfuric acid, etc. has been also used as
      another type of catalyst. It has an advantage of being regenerated easily.
      However, it shows very low activity and its catalytic life is short.
PAR  Such being the case, the purpose of this invention lies in the description
      of a method of producing adamantane compounds under advantageous
      conditions from industrial viewpoint with high active solid catalyst. That
      is, this invention is characterized in that, in the process of producing
      hydrocarbon with adamantane structure by isomerizing tricyclic saturated
      hydrocarbon having more than 10 carbon atoms, zeolite subjected to ion
      exchange with one or more kinds of metal ions selected from the group
      composed of ions of rare earth metals and ions of alkali earth metals is
      used as a catalyst.
PAR  Further, this invention intends to employ another catalyst, that is,
      zeolite catalyst subjected to ion exchange with one or more kinds of metal
      ions selected from the group composed of ions of rare earth metals and
      ions of alkali earth metals and further being carried with germanium
      and/or one or more kinds of transition elements which have an ability of
      dehydrogenation-hydrogenation reaction also can be used. Transition
      elements which may be preferably used for this invention are as follows;
      platinum, rhenium, nickel, cobalt, copper, iron, ruthenium, rhodium and
      the like.
PAR  The catalyst used in the process of this invention is obtained as follows:
      zeolite is treated with rare earth metals such as La, Ce, Nd, Yb, Y, etc.
      and/or alkali earth metals such as Ca, Mg, etc. in the form of, for
      instance, metallic salt solution, dried and calcined.
PAR  Subsequently, if necessary, the catalyst is further carried with germanium
      and/or one or more kinds of transition elements. These elements may be
      added to zeolite before calcing. The amount of metal (i.e. transion
      element and germanium) in the catalyst is from 0.1 to 20%(wt.), preferably
      from 0.1 to 10%(wt.) and more preferably from 0.1 to 5%(wt.). In producing
      the catalyst, rare earth metals and/or alkali earth metals are not carried
      with zeolite, should be incorporated to it in the form of one subjected to
      ion exchange with cation site (for example, Na.sup.+, K.sup.+, NH.sub.4
      .sup.+, etc.) in Y-type or X-type zeolite. Ion exchange rate is from 5 to
      100%, preferably from 30 to 100% and more preferably from 50-100%.
      Practically, it is preferred to be higher than 50% when Na--Y, K--Y, etc.
      are used and to be higher than 10% when NH.sub.4 --Y is used. Zeolite is
      preferred to be Y-type or X-type.
PAR  At the time of combining Ge and/or transition element with zeolite, the
      method is not limited to ion exchange method but any suitable method such
      as impregnation method can be adopted. The addition of Ge and/or
      transition element to the catalyst brings about more favourable result,
      especially coexistence of two kinds of metals causes synergistic effect.
PAR  The material used for isomerization reaction is tricyclic saturated
      hydrocarbon having more than 10 carbon atoms, preferably the one in which
      strain of carbon-to-carbon combination is relatively large. Raw material
      that may be used for this invention is enumerated in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Number of Carbon                                                          
                 Tricyclic Saturated Hydrocarbon                               
     ______________________________________                                    
     10          tetrahydrodicyclopentadiene                                   
     12          perhydroacenaphthene                                          
     13          perhydrofluolene                                              
     13          perhydrophenarene                                             
     13          1,2-cyclopentanoperhydro-                                     
                 naphthalin                                                    
     14          perhydroanthracene                                            
     14          perhydrophenanthrene                                          
     14          9-methylperhydro-                                             
                 anthracene                                                    
     ______________________________________                                    
PAR  These kinds of tricyclic saturated hydrocarbon are easily obtained by known
      method, for instance, by hydrogenation of the corresponding hydrocarbon
      under the existence of catalyst (for example, Raney nickel, platinum,
      etc.).
PAR  Isomerization reaction is carried out under the existence of catalyst at a
      temperature of about 50.degree.-500.degree.C, preferably
      100.degree.-500.degree.C, more preferably 150.degree.-300.degree. C, under
      atmospheric or increased pressure of 1-150 kg/cm.sup.2, preferably 5-150
      kg/cm.sup.2 and more preferably 10-100 kg/cm.sup.2. Reaction can be done
      by either flow system or batch system. In the case of batch system, the
      used amount of catalyst is about 0.2-2.0 (wt. of catalyst/wt. of raw
      material) and the contact time is about 1-50 hours. When reaction pressure
      must be decreased, pretreatment of catalyst under coexistence of H.sub.2
      and HCl is effective. Presence of HCl gas and/or H.sub.2 gas improves the
      reaction yield and life of the catalyst, especially presence of both gases
      gives a synergistic effect. In the case, molar fraction of HCl is adjusted
      to 0.01-1.00, preferably 0.01-0.9,  more preferably 0.05-0.9. Addition of
      brominated hydrocarbon such as bromo adamantane (AdBr) is also effective.
      Higher pressure of H.sub.2 gas gives favourable results in yield of final
      product and life of the catalyst.
PAR  The process of this invention is characterized in a small amount of
      catalyst to be used, high catalytic activity and high reaction yield.
      Moreover, the catalyst can be easily regenerated. It is one of the merits
      of this invention that the purification of the product is easy and the
      equipment is hardly corroded.
PAR  The catalyst used in this invention is regenerated by deairing the used
      catalyst at a temperature of 150.degree. to 250.degree. C under a vacuum.
      For the complete regeneration, it is necessary to calcine at a temperature
      of 350.degree. to 550.degree.C under the existence of air.
PAR  The present invention is further illustrated in the following examples.
DETD
PAC  EXAMPLE 1
PAR  Ten grams of Zeolite (Y-type) consisting of SiO.sub.2 63.5 wt.%, Al.sub.2
      O.sub.3 23.5 wt.% and Na.sub.2 O 13.0 wt.%, which is sold under trademark
      SK-40 by Union Carbide, U.S.A., were added to 1 liter of La.sup.3.sup.+
      aqueous solution prepared by dissolving various amounts of
      La(NO.sub.3).sub.3 -6H.sub.2 O into pure water and the mixture was stirred
      for 15 hr at 80.degree. C. Subsequently, the mixture was filtered at
      ordinary temperature and resulted cake-like product was washed thoroughly
      with pure water and then was dried at 100.degree. C. Finally it was
      calcined at a temperature of 475.degree. C for 3 hr in a stream of helium
      and thus powdered catalysts having various ion exchange capacities were
      obtained.
PAR  Various kinds of catalysts (2 g) prepared by above mentioned method and 4 g
      of endo-trimethylene norbornane (TMN) of over 95% purity which was
      prepared by hydrogenation of di-cyclopentadiene were placed in a stainless
      steel autoclave having a content of 100 ml, and the pressure in the
      autoclave was reduced and degassed to vacuum. Then gaseous HCl was
      introduced to 1 atm. of absolute pressure followed by introducing hydrogen
      gas to 6 atm. The mixture was heated to 250.degree.C and the reaction was
      carried out for 5 hr with stirring. After the reaction was completed, the
      content was dissolved in n-hexane and catalyst was removed by filtration.
      The resulted colorless and transparent solution was concentrated by
      distillation and adamantane with more than 99% of purity was precipitated
      as needless by standing the concentrate for several hours at ordinary
      temperature. Under the above conditions, conversion rate of TMN,
      selectivity of adamantane (AdH) formation and yield of AdH formation were
      shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Conc. of                                                                  
           Ion ex-                                                             
                  Conver- Selec-  Yield                                        
     La.sup.3.sup.+                                                            
           change sion rate                                                    
                          tivity  of                                           
     (mol/l)                                                                   
           .sup.1)                                                             
                  .sup.2) .sup.3) .sup.4)                                      
           rate (%)                                                            
                  of TMN (%)                                                   
                          of AdH (%)                                           
                                  AdH (%)                                      
     __________________________________________________________________________
     0.01  28.4   20.0    51.0    10.2                                         
     0.07  49.8   18.8    50.0    9.4                                          
     0.21  54.3   27.6    46.4    12.8                                         
     0.21  58.7.sup.5)                                                         
                  41.9    42.7    17.9                                         
     __________________________________________________________________________
     Note:                                                                     
     1) Ion exchange rate                                                      
         Contents of Na.sup.+ in Zeolite after ion exchange                    
     = 1 -                      .times. 100                                    
         contents of Na.sup.+ in Zeolite SK-40                                 
     2) Conversion rate of TMN                                                 
          the number of moles of TMN after reaction                            
     = 1 -                      .times. 100                                    
          the number of moles of TMN before reaction                           
     3) Selectivity of AdH                                                     
       moles of AdH formed                                                     
     =                               .times. 100                               
       (moles of TMN before reaction)-(moles of TMN after reaction)            
     4) Yield of AdH                                                           
     =  (conversion rate of TMN) .times. (selectivity of AdH)                  
     5) Ion exchanged at 200.degree.C.                                         
PAC  COMPARATIVE EXAMPLE 1
PAR  The reaction was carried out in the same manner as described in Example 1
      except that Zeolite SK-40 was calcined without ion exchange with
      La.sup.3.sup.+. Under the above condition, conversion rate of TMN,
      selectivity of AdH and yield of AdH were 9.8%, 42.8% and 4.2%
      respectively. From this result, effect of ion exchange by La.sup.3.sup.+
      was unambiguously confirmed.
PAC  COMPARATIVE EXAMPLE 2
PAR  Zeolite SK-40 (9.5 g) was added to 100 ml of aqueous solution of
      La(NO.sub.3).sub.3 (0.03 N) and the mixture was stirred for 30 min at
      ordinary temperature and then water was removed in vacuo. Subsequently
      resulted cake was dried at 110.degree. C and finally was calcined at
      475.degree. C for 3 hr in a stream of helium. Thus powdered Zeolite
      catalyst containing 5 wt.% of La.sub.2 O.sub.3 was obtained.
PAR  When the reaction was conducted using this catalyst, conversion rate of TMN
      was 1.6%. This example clearly indicated that La.sup.3.sup.+ must be added
      to the catalyst by ion exchange with Na.sup.+.
PAC  EXAMPLE 2
PAR  The reaction was carried out in the same manner as described in Example 1
      except that ion exchange of catalyst was carried out by various rare earth
      elements in place of La.sup.3.sup.+. Results of experiments were
      summarized in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Rare earth                                                                
              Ion ex-  Conversion                                              
                                 Selectivi-                                    
                                          Yield of                             
     element  change   rate of   ty of AdH                                     
                                          AdH (%)                              
     used     rate (%) TMN (%)   (%)                                           
     ______________________________________                                    
     Ce       52.6     22.7      46.7     10.6                                 
     Ce       53.4     27.7      40.8     11.3                                 
     Nd       6.2      27.4      42.7     11.7                                 
     Nd       62.1     39.2      42.6     16.7                                 
     Yb       54.7     30.8      38.9     12.0                                 
     Y        53.4     23.0      43.5     10.0                                 
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Ten grams of Zeolite (Y-type) consisting of SiO.sub.2 65.0 wt.%, Al.sub.2
      O.sub.3 23.0 wt.%, (NH.sub.4).sub.2 O 9.6 wt.% and Na.sub.2 O 2.4 wt.%,
      which is sold under trademark SK-41 by Union Carbide, were added to 1
      liter of aqueous solution of 0.02 N Ca(NO.sub.3).sub.2.4 H.sub.2 O and the
      mixture was stirred for 10 hr at 80.degree. C. Subsequently the mixture
      was filtered at ordinary temperature and resulted cake-like substance was
      washed with 1 liter of pure water. Furthermore the above procedures were
      repeated twice.
PAR  The cake-like substance was then placed in 1 liter of 0.02 N
      La(NO.sub.3).sub.3.6 H.sub.2 O solution and the mixture was stirred for 10
      hr at 80.degree. C. The mixture was filtered at ordinary temperature and
      was washed with 1 liter of pure water. The whole procedures described were
      repeated three times.
PAR  The cake-like product obtained by the above mentioned procedures was dried
      at 100.degree. C and then placed in a porcelain plate in order to calcine
      by the following procedures; 1 hr at 250.degree. C raising from room
      temperature, 1 hr at 350.degree. C and finally 3 hr at 475.degree. C. All
      the calcining procedures were carried out in a stream of He (50 cc/min).
      By these procedures, powdered catalyst was obtained, in which 13% of
      NH.sub.4 .sup.+ and Na.sup.+ in the starting material, Zeolite SK-41, and
      2.4% of them were ion-exchanged by La.sup.3.sup.+ and Ca.sup.2.sup.+
      respectively.
PAR  Adamantane synthesis using this catalyst was carried out in the same manner
      as described in Example 1 and it was found that conversion rate of TMN,
      selectivity of AdH and yield of AdH were 23.2%, 46.0% and 10.7%
      respectively.
PAC  EXAMPLE 4
PAR  Ten grams of Zeolite catalyst obtained by the same manner as described in
      Example 3 was mixed with prescribed amounts of Pt-solution prepared by
      dissolving 0.1 wt.% of PtCl.sub.2 in ammonia water and of Re-solution
      prepared by dissolving 0.1 wt.% of NH.sub.4 ReO.sub.4 in pure water at
      ordinary temperature and then the mixture was impregnated and evaporated
      to dryness using a rotary evaporator. Subsequently the cake obtained was
      placed in a porcelain plate in order to calcine in the following
      procedures; in a stream of He (50 cc/min), temperature was raised to
      250.degree. C from room temperature and kept at 250.degree. C for 1 hr,
      then at 350.degree. C for 1 hr and finally at 475.degree. C for 3 hr.
      According to the above procedures, powdered catalyst was obtained, which
      contained total amounts of 2.5 wt.% of Pt and Re in various proportions of
      these two elements. Adamantane synthesis using these catalysts was carried
      out in the same manner as described in Example 1 and results were shown in
      Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
     Amount of                                                                 
             Amount of Ratio*  Conver- Selec-                                  
                                             Yield                             
     Pt-soln.                                                                  
             Re-soln.  of      sion rate                                       
                                       tivity                                  
                                             of                                
     (ml)    (ml)      Re      of TMN(%)                                       
                                       of AdH                                  
                                             AdH(%)                            
                                       (%)                                     
     ______________________________________                                    
     343      0        0       41.1    35.0  14.4                              
     257      91       0.25    77.2    34.2  26.4                              
     206     146       0.40    73.2    33.9  24.8                              
     172     182       0.50    28.2    52.0  14.7                              
      86     273       0.75    37.9    48.0  18.2                              
      0      364       1.00    24.5    49.0  12.0                              
     ______________________________________                                    
     *Ratio of Re                                                              
           numbers of Re atoms in the catalyst                                 
     numbers of Re atoms      numbers of Pt atoms                              
                        +                                                      
     in the catalyst          in the catalyst                                  
PAC  COMPARATIVE EXAMPLE 3
PAR  Synthesis of adamantane was carried out using Al.sub.2 O.sub.3 catalyst
      containing total amounts of 1.0 wt.% of Pt and Re at ratio of Re in 0.25,
      in the same manner as described in Example 4, Conversion rate of TMN was
      4.1%.
PAC  EXAMPLE 5
PAR  A catalyst (2 g) which was prepared from Zeolite SK-41 by ion-exchange with
      Ca.sup.2.sup.+ at 2.4% and with La.sup.3.sup.+ at 13% and further by being
      included total amounts of 1.0 wt.% of Pt and Re at ratio of Re in 0.25,
      and 4 g of TMN were placed in a stainless steel autoclave having a content
      of 100 ml, and the pressure of the autoclave was reduced and degassed.
      Subsequently various kinds of gases were introduced to prescribed pressure
      and the reaction was proceeeded with stirring at 250.degree. C for 5 hr.
      Results of experiments were shown in Table 5.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Total                                                                     
         HCl H.sub.2                                                           
                 He  N.sub.2                                                   
                         Conver-                                               
                               Sele-                                           
                                    Yield                                      
     Pres-                                                                     
         Pres-                                                                 
             Pres-                                                             
                 Pres-                                                         
                     Pres-                                                     
                         sion  ctivity                                         
                                    of                                         
     sure                                                                      
         sure                                                                  
             sure                                                              
                 sure                                                          
                     sure                                                      
                         rate of                                               
                               of AdH                                          
                                    AdH                                        
     (atm)                                                                     
         (atm)                                                                 
             (atm)                                                             
                 (atm)                                                         
                     (atm)                                                     
                         TMN (%)                                               
                               (%)  (%)                                        
     __________________________________________________________________________
      1  --  --  --  1   16.9  40.2 6.8                                        
      7  --  --   7  --  12.9  41.1 5.3                                        
     16  --  --  16  --  11.7  42.7 5.0                                        
     16  16  --  --  --  5.2   32.7 1.7                                        
     16  11   5  --  --  29.8  47.3 14.1                                       
     16   6  10  --  --  84.9  34.9 29.6                                       
     16   1  15  --  --  93.1  23.7 22.1                                       
     16  --  16  --  --  79.5  10.1 8.0                                        
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  The same catalyst employed in Example 5 was pretreated with heating at
      60.degree. C for 1 hr under the toral pressure of 16 atm., which comprised
      of partial pressure of H.sub.2 at 15 atm. and of HCl at 1 atm. The
      catalyst thus obtained (2 g) was placed in an autoclave of a content of
      100 ml together with 4 g of TMN. After evacuation and degassing, hydrogen
      gas was intoduced to absolute pressure of 1 atm. and the reaction was
      proceeded at 250.degree. C for 5 hr. Conversion rate of TMN, selectivity
      of AdH and yield of AdH were 51.6%, 41.1% and 21.1% respectively. However,
      crystallines of AdH obtained showed a slight coloration.
PAC  EXAMPLE 7
PAR  A catalyst (2 g), which was prepared from Zeolite SK-41 by ion exchange
      with Ca.sup.2.sup.+ at 10.3% and further by being included 0.5 wt.% of Pt,
      and 4 g of TMN were placed in an autoclave having a content of 100 ml.
      After evacuation and degassing, HCl gas and hydrogen gas were introduced
      to 1 atm. and 16 atm, respectively and the reaction was proceeded at
      250.degree. C for 5 hr while agitating. Conversion rate of TMN,
      selectivity of AdH and yield of AdH were 94.0%, 18.0% and 16.9%
      respectively.
PAC  EXAMPLE 8
PAR  The same experiment at described in Example 7 was carried out except that
      Mg was employed in place of Ca. Conversion rate of TMN, selectivity of AdH
      and yield of AdH were 96%, 19% and 18% respectively.
PAC  EXAMPLE 9
PAR  The catalyst used in the experiment indicated in 2th line from the bottom
      of Table 5 in Example 5 (partial pressure of HCl at 1 atm. and that of
      H.sub.2 at 15 atom.) was dried and then calcined in a stream of air for 1
      hr at 250.degree. C, 1 hr at 350.degree. C and finally for 3 hr at
      500.degree. C. The regenerated catalyst thus obtained (1.65 g) was used
      for synthesis of adamantane. Conversion rate of TMN was 67.9% which
      corresponded to 41.2% per g of the catalyst. (cf. in Example 5, conversion
      rate of TMN was 46.6% per g of catalyst.)
PAR  Furthermore the catalyst was again regenerated catalyst was also employed
      for the reaction. Using 1 g of the catalyst, conversion rate of TMN was
      found to be 42.0% which corresponded to 42.0% per g of the catalyst. From
      these examples, it was confirmed that the catalyst could be regenerated
      and reused. In addition, catalytic activity was directly proportional to
      the amounts of the catalyst under the conditions tested.
PAC  EXAMPLE 10
PAR  The same experiment as described in 2th line from the bottom in Table 5 of
      Example 5 was carried out except that perhydroacenaphthene prepared by
      hydrogenation of acenaphthene was used in place of TMN. Conversion rate of
      perhydroacenaphthene was 75.4%, and 1,3-dimethyladamantane and
      1-ethyladamantane were obtained at 33.0% and 47.1% of selectivity and at
      24.9% and 35.0% of yield respectively. Moreover, when amounts of catalyst
      was increased from 2 g to 4 g, conversion rate of perhydroacenaphthene was
      85.6%, and 1,3-dimethyladamantane and 1-ethyladamantane were obtained at
      45.2% and 6.6% of selectivity and at 38.7% and 5.7% of yield respectively.
PAC  EXAMPLE 11
PAR  The same experiment as described in 2th line from the bottom in Table 5 of
      Example 5 was carried out except that perhydrofluorene prepared by
      hydrogenation of fluorene was used in place of TMN and the reaction
      temperature was 300.degree. C. Conversion rate of perhydrofluorene,
      selectivity and yield of 1,3,5-trimethyladamantane were 51.7%, 22.8% and
      11.8%.
PAC  EXAMPLE 12
PAR  To 1 liter of 0.02N Ca(NO.sub.3).sub.2.4 H.sub.2 O solution, 10 g of Y-type
      zeolite (produced by Union Carbide Co., Ltd., SK-41) possessing the
      composition of SiO.sub.2 65.0 wt.%, Al.sub.2 O.sub.3 23.0 wt.%,
      (NH.sub.4).sub.2 O 9.6 wt.% and Na.sub.2 O 2.4 wt.% was added. The mixture
      was agitated at 80.degree. C for 10 hours and filtered at a room
      temperature. Thus obtained cake-like substance was washed with 1 liter of
      pure water. This procedure was repeated twice.
PAR  Then, to said cake-like substance, 1 liter of 0.02N La(NO.sub.3).sub.2.6
      H.sub.2 O solution was added. The mixture was agitated at 80.degree. C for
      10 hours, filtered at a room temperature and washed with 1 liter of pure
      water. This procedure was repeated three times.
PAR  The cake-like substance obtained by aforementioned procedure was dried at
      100.degree. C to produce La, Ca-Y-type catalyst. Ni solution (300 cc)
      containing 7.66 g of Ni(NO.sub.3).sub.2.6 H.sub.2 O was poured to this
      catalyst (50 g) and they were fully mixed. Subsequently, the mixture was
      impregnated, evaporated and dried with rotary evaporator. Obtained powder
      was placed in ceramic board and heated in the current of He 50 cc/min,
      then calcined for 1 hour at 250.degree. C, for 1 hour at 350.degree. C and
      for 3 hours at 475.degree. C. In the last place, it was treated for 2
      hours at 475.degree. C in the mixed current of He and H.sub.2. Thus
      obtained catalyst is Ni-carried La, Ca-Y-type zeolite catalyst containing
      3 wt.% as Ni.
PAR  Two grams of this catalyst and 4 g of endotrimethylene-norbornane (TMN)
      which was obtained by hydrogenation of dicyclopentadiene were placed in a
      stainless autoclave with the capacity of 100 cc. The pressure in the
      autoclave was reduced and deaired to vacuum. Then HCl gas was introduced
      to reach 1 atm. of absolute pressure and further H.sub.2 gas was
      introduced to reach 15 atom. The mixture was heated to 250.degree. C and
      subjected to reaction for 2.5 hours.
PAR  After the termination of reaction, the reaction mixture was cooled,
      dissolved in n-hexane and filtered to exclude catalyst.
PAR  Obtaiined colorless transparent solution was condensed by distillation and
      left for a few hours at a room temperature, then needle-shaped crystal of
      adamantane (AdH) with more than 99% of purity was separated. TMN
      conversion ratio, AdH selectivity and AdH yield were respectively 49.6%,
      46.3% and 23.0%.
PAR  On the other hand, the same reaction was done except that La, Ca-Y-type
      zeolite catalyst not containing Ni was used. In this reaction, TMN
      conversion ratio, AdH selectivity and AdH yield were respectively 43.4%,
      41.2% and 17.9%.
PAC  EXAMPLE 13
PAR  To 50 g of La, Ca-Y-type zeolite catalyst, which was previously
      manufactured by the same way described in Example 12, 300 cc of Co
      solution containing 7.63 g of Co(NO.sub.3).sub.2.6 H.sub.2 O was added.
      They were fully mixed and then treated in the same way as Example 12. Thus
      a catalyst containing 3 wt.% as Co was obtained.
PAR  As the result of the same reaction as Example 12 with this catalyst, TMN
      conversion ratio, AdH selectivity and AdH yield were respectively 54.7%,
      47.5% and 26.0%.
PAC  EXAMPLE 14
PAR  To 50 g of La, Ca-Y-type zeolite catalyst, which was previously produced by
      the same way as Example 12, Ni solution (containing Ni(NO.sub.3).sub.2.6
      H.sub.2 O), Pt solution (containing H.sub.2 PtCl.sub.6) and Re solution
      (containing NH.sub.4 ReO.sub.4) were poured and they were fully mixed.
      Treating the mixture in the same way as Example 12, a catalyst containing
      1 wt.% as Ni, 0.75 wt.% as Pt and 0.25 wt.% Re (Re atomic ratio 0.25) was
      obtained.
PAR  As the result of the same reaction as Example 12 with this catalyst, TMN
      conversion ratio, AdH selectivity and AdH yield were respectively 66.2%,
      44.4% and 29.4%.
PAC  EXAMPLE 15
PAR  To 50 g of La, Ca-Y-type zeolite catalyst, which was previously produced by
      the same way as Example 12, 300 cc of Ni solution containing 7.74 g of
      Ni(NO.sub.3).sub.2.6 H.sub.2 O, 1038 cc of Pt solution (H.sub.2
      PtCl.sub.6, 1.930 .times. 10.sup.-.sup.3 mol/l) and 187 cc of Re solution
      (NH.sub.4 ReO.sub.4, 3.727 .times. 10.sup.-.sub.3 mol/l) were poured and
      they were fully mixed.
PAR  Treating the mixture in the same way as Example 12, a catalyst containing 3
      wt.% as Ni, 0.75 wt.% as Pt and 0.25 wt.% as Re (Re atomic ratio 0.25) was
      obtained.
PAR  As the result of the same reaction as Example 12 with this catalyst, TMN
      conversion ratio, AdH selectivity and AdH yield were respectively 69.0%,
      43.0% and 30.0%.
PAC  EXAMPLE 16
PAR  To 50 g of La, Ca-Y-type zeolite catalyst, which was previously
      manufactured by the same way as Example 12, 300 cc of Co solution
      containing 7.71 g of Co(NO.sub.3).sub.2.6 H.sub.2 O, 1038 cc of Pt
      solution (the same one as that used in Example 15) and 187 cc of Re
      solution (the same one as that used in Example 15) were added and they
      were fully mixed.
PAR  Treating the mixture in the same way as Example 12, a catalyst containing 3
      wt.% as Co, 0.75 wt.% as Pt and 0.25 wt.% as Re (Re atomic ratio 0.25) was
      obtained.
PAR  As the result of the same reaction as Example 12 with this catalyst, TMN
      conversion ratio, AdH selectivity and AdH yield were respectively 91.5%,
      33.8% and 30.9%.
PAC  EXAMPLE 17
PAR  The same reaction as Example 12 was done except that 4 g of
      perhydroacenaphtene obtained by hydrogenation of acenaphten was used
      instead of 4 g of endotrimethylenenorbornane used in Example 12 and the
      same catalyst as that used in Example 14 was used. As the result,
      conversion ratio of perhydroacenaphten was 39.1%, selectivity of
      1,3-dimethyladamantane was 28.4%, selectivity of 1-ethyladamantane was
      52.4% and production ratio of the decomposed substances was 19.2%.
PAC  EXAMPLE 18
PAR  The same reaction as Example 17 was done except that the same catalyst as
      that used in Example 16 was used. As the result, conversion ratio of
      perhydroacenaphten was 17.5%, selectivity of 1,3-dimethyladamantane was
      33.1%, selectivity of 1-ethyladamantane was 66.9% and production ratio of
      the decomposed substances was 0%.
PAC  EXAMPLE 19
PAR  Ten grams of Zeolite (Y-type), SK-41, consisting of SiO.sub.2 65.0 wt.%,
      Al.sub.2 O.sub.3 23.0wt.%, (NH.sub.4).sub.2 O 9.6 wt.% and Na.sub.2 O 2.4
      wt.% were added to 1 liter of an aqueous solution of 0.02 N
      Ca(NO.sub.3).sub.2.4 H.sub.2 O and the mixture was stirred for 10 hr at
      80.degree. C. Subsequently the mixture was filtered at ordinary
      temperature and resulted cake-like substance was washed with 1 liter of
      pure water. Moreover the above procedures were repeated twice.
PAR  The cake-like substance was then placed in 1 liter of an aqueous solution
      of 0.02 N La(NO.sub.3).sub.3.6 H.sub.2 O and the mixture was stirred for
      10 hr at 80.degree. C. The mixture was filtered at ordinary temperature
      and was washed with 1 liter of pure water. The whole procedures described
      were repeated three times.
PAR  The cake-like substance obtained by the above procedures was dried at
      100.degree. C and thus La, Ca-Y-type catalyst was obtained.
PAR  The aqueous Cu-solution (300 ml) containing 1.587 g of Cu(CH.sub.3
      COO).sub.2 .H.sub.2 O was poured on 50 g of the above catalyst and mixed
      thoroughly. Subsequently, the mixture was impregnated and evaporated to
      dryness using a rotary evaporator. The obtained powder was placed in a
      porcelain plate in order to calcine in the following procedures; in a
      stream of He (50 cc/min), temperature was raised to 250.degree. C from
      room temperature and kept to 250.degree. C for 1 hr, then at 350.degree. C
      for 1 hr and finally at 475.degree. C for 3 hr. Furthermore, the powder
      was calcined at 475.degree. C for 2 hr in a stream of Re--H.sub.2 mixture.
      The catalyst obtained was a Cu-carrying La, Ca-Y-type Zeolite catalyst
      containing 1 wt.% of copper as Cu.
PAR  The catalyst thus obtained (2 g) and 4 g of TMN obtained by hydrogenation
      of dicyclopentadiene were placed in a stainless steel autoclave having a
      content of 100 ml, and it was evacuated and degassed. Then gaseous HCl was
      introduced to absolute pressure of 1 atm. and further H.sub.2 gas was
      introduced to 15 atm. and the reaction was proceeded at 250.degree. C for
      2.5 hr.
PAR  After the reaction was completed, the system was cooled and the content was
      dissolved in n-hexane and catalyst was removed by filtration. The resulted
      colorless transparent solution was concentrated and adamantane (AdH) of
      over 99% pure was precipitated as needles crystal by standing the
      concentrate for several hours at ordinary temperature.
PAR  Under the above conditions, conversion rate of TMN, selectivity of AdH and
      yield of AdH were 44.8%, 45.1% and 20.2% respectively.
PAC  EXAMPLE 20
PAR  Synthesis of AdH was carried out in the same manner as described in Example
      19 except that La, Ca-Y-type Zeolite catalyst carrying 3 wt.% of Fe was
      used as the catalyst. Conversion rate of TMN, selectivity of AdH and yield
      of AdH were found to be 47.8%, 46.0% and 22.0%.
PAC  EXAMPLE 21
PAR  One hundred grams of La, Ca-Y-type Zeolite prepared in the manner described
      in Example 19 were mixed with 300 ml of Ni-solution containing 7.74 g of
      Ni(NO.sub.3).sub.2.6 H.sub.2 O, 2076 ml of Pt-solution containing 1.930
      .times. 10.sup.-.sup.3 mol of H.sub.2 PtCl.sub.6 per liter and 374 ml of
      Re-solution containing 3.727 .times. 10.sup.-.sup.3 mol of NH.sub.4
      ReO.sub.4 per liter. The mixture was evaporated to dryness and then 100 ml
      of tetrachloromethane containing 4.62 g of GeCl.sub.4 were added. Then the
      mixture was evaporated to dryness again.
PAR  The mixture was subsequently processed as described in Example 19 and the
      La, Ca-Y-type Zeolite catalyst containing of 1.5 wt.% of Ge, 1.5 wt.% of
      Ni, 0.75 wt.% of Pt and 0.25 wt.% of Re was obtained.
PAR  The above catalyst (50 ml) was packed in a flow-type stainless steel
      reaction tube (25 mm in inner diameter and 500 mm in length) and was
      calcined for 2 hr. at 250.degree.-400.degree. C in a stream of air. After
      replacement with N.sub.2 gas, it was calcined further for 2 hr. at
      200.degree.-450.degree. C at ordinary pressure in a stream of H.sub.2 gas.
PAR  Subsequently the reaction was proceeded continuously at 195.degree. C under
      21 atm. of gauge pressure by supplying TMN at the rate of 10 ml/min. and
      H.sub.2 gas at the rate of 6.48 times the molar quantity of TMN from the
      top of the tube-type reaction vessel.
PAR  Colorless and transparent reaction mixtures which had passed through the
      layer of catalyst were subjected to analyses by gas chromatography or to
      separation by crystalization. From these analytical procedures, conversion
      rate of TMN, selectivity of AdH and yield of AdH were found to be 43.7%,
      32.8% and 14.3% respectively.
PAC  EXAMPLE 22
PAR  Synthesis of AdH was carried out in the same manner as described in Example
      21 except that La, Ca-Y-type Zeolite catalyst containing 3 wt.% of Ni,
      0.75 wt.% of Pt and 0.25 wt.% of Re was employed. As the result,
      conversion rate of TMN, selectivity of AdH and yield of AdH were 36.6%,
      27.9% and 10.2% respectively.
PAC  EXAMPLE 23
PAR  The reaction was carried out in the same manner as described in Example 21
      except that reaction pressure was 1 atm. of absolute pressure and H.sub.2
      --HCl mixture gas consisting of 0.189 molar fraction of HCl was used in
      place of H.sub.2 gas. Conversion rate of TMN, selectivity of AdH, and
      yield of AdH were found to be 39.5%, 40.8% and 16.1% respectively.
PAC  EXAMPLE 24
PAR  Synthesis of AdH was carried out in the same manner as described in Example
      23 except that La, Ca-Y-type Zeolite catalyst containing 3 wt.% of Co,
      0.75 wt.% of Pt and 0.25 wt.% of Re was employed and the reaction pressure
      was 1 atm. of absolute pressure and H.sub.2 --HCl mixture gas consisting
      of 0.063 molar fraction of HCl was used in place of H.sub.2 gas. As the
      result, conversion rate of TMN was 47.2%, selectivity of AdH was 34.7% and
      yield of AdH was 16.4%.
PAC  EXAMPLE 25
PAR  Synthesis of AdH was carried out in the same manner as described in Example
      24 except that H.sub.2 --HCl mixture gas consisting of 0.867 molar
      fraction of H.sub.2 and 0.133 molar fraction of HCl was used. Conversion
      rate of TMN was 43.6%, selectivity of AdH was 37.1% and yield of AdH was
      16.2%.
PAC  EXAMPLE 26
PAR  Synthesis of AdH was carried out in the same manner as described in Example
      24 except that H.sub.2 --HCl mixture gas consisting of 0.811 molar
      fraction of H.sub.2 and 0.189 molar fraction of HCl was used. Conversion
      rate of TMN was 40.5%, selectivity of AdH was 39.8% and yield of AdH was
      16.1%.
PAC  EXAMPLE 27
PAR  The reaction was carried out in the same manner as described in Example 23
      except that La, Ca-Y-type Zeolite catalyst containing 3 wt.% of Fe, 0.75
      wt.% of Pt and 0.25 wt.% of Re was employed and H.sub.2 --HCl mixture gas
      consisting of 0.063 molar fraction of HCl was used. As the result,
      conversion rate of TMN was 49.5%, selectivity of AdH was 31.1% and yield
      of AdH was 15.4%.
PAC  EXAMPLE 28
PAR  The reaction was carried out in the same manner as described in Example 21
      except that La, Ca-Y-type Zeolite catalyst containing 1.5 wt.% of Ge, 1.5
      wt.% of Co, 0.75 wt.% of Pt and 0.25 wt.% of Re was employed.
PAR  Conversion rate of TMN, selectivity of AdH and yield of AdH were found to
      be 47.5%, 34.6% and 16.4% respectively.
PAR  On the other hand, the reaction was carried out in the same manner except
      that La, Ca-Y-type Zeolite catalyst containing 3 wt.% of Co, 0.75 wt.% of
      Pt and 0.25 wt.% of Re was employed. As the result, conversion rate of
      TMN, selectivity of AdH and yield of AdH were 40.2%, 29.9% and 12.0%
      respectively.
PAC  EXAMPLE 29
PAR  As described in Example 19, GeCl.sub.4 was added to La, Ca-Y-type Zeolite
      prepared in the same manner as described in Example 21 and then the
      mixture was processed. Thus, the catalyst containing 1 wt.% of Ge was
      obtained.
PAR  The reaction was carried out in the same manner as described in Example 21
      using this catalyst. Conversion rate of TMN, selectivity of AdH and yield
      of AdH were found to be 26.8%, 25.4% and 6.8% respectively.
PAR  On the other hand, the reaction was carried out in the same manner except
      that La, Ca-Y-type Zeolite catalyst which is not contained with Ge was
      employed as catalyst. Conversion rate of TMN, selectivity of AdH and yield
      of AdH wre 24.2%, 23.6% and 5.8% respectively.
PAC  EXAMPLE 30
PAR  To 50 g of La, Ca-Y-type Zeolite powder, which was prepared in the manner
      as described in Example 3, 54.9 ml of Ru-solution containing 0.0549 g
      (i.e. 1 g/l) of RuCl.sub.3.H.sub. 2 O (Ru ion 4.437 .times. 10.sup.-.sup.6
      mol/ml) was poured and they were fully mixed at ordinary temperature.
      Subsequently, the mixture was impregnated, evaporated and dried with
      rotary evaporator.
PAR  Obtained powder was placed in a ceramic board and heated in the current of
      He 50 cc/min., then calcined for 1 hour at 250.degree. C, for 1 hour at
      350.degree. C and for 3 hours at 475.degree. C. In the last place, it was
      treated for 2 hours at 475.degree. C in the mixed current of He and
      H.sub.2.
PAR  By these procedures, Ru-carried La, Ca-Y-type Zeolite catalyst containing 1
      wt.% as Ru was obtained.
PAR  Adamantane synthesis using this catalyst was carried out in the same manner
      as described in Example 12 and it was found that conversion rate of TMN,
      selectivity of AdH and yield of AdH were 99.0%, 23.9% and 23.7%
      respectively.
PAC  EXAMPLE 31
PAR  To 50 g of La, Ca-Y-type Zeolite powder, which was prepared in the manner
      as described in Example 3, 129,2 ml of Rh-solution containing 0.1292 g
      (i.e. 1 g/l) of RhCl.sub.3.3 H.sub.2 O (Rh ion 3.798 .times.
      10.sup.-.sup.6 mol/ml) was poured and they were fully mixed at room
      temperature. Subsequently, the mixture was impregnated, evaporated and
      dried with rotary evaporator.
PAR  Obtained powder was placed in a ceramic board and heated in the current of
      He 50 cc/min., then calcined for 1 hour at 250.degree. C, for 1 hour at
      350.degree. C and for 3 hours at 475.degree. C. In the last place, it was
      treated for 2 hours at 475.degree. C in the mixed current of He and
      H.sub.2.
PAR  Thus obtained catalyst is Rh-carried La, Ca-Y-type Zeolite catalyst
      containing 1 wt.% as Rh.
PAR  Adamantane synthesis using this catalyst was carried out in the same manner
      as described in Example 12 and it was found that conversion rate of TMN,
      selectively of AdH and yield of AdH were 97.2%, 21.1% and 20.5%
      respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing adamantane compounds which comprises isomerizing
      a tricyclic saturated hydrocarbon having 10 to 14 carbon atoms at from
      about 150.degree.C to 300.degree.C temperature in the presence of an X- or
      Y-type zeolite catalyst subjected to ion exchange with at least one metal
      ion selected from the group consisting of ions of rare earth metals, ions
      of calcium and ions of magnesium.
NUM  2.
PAR  2. Process according to claim 1, wherein said tricyclic saturated
      hydrocarbon having 10 to 14 carbon atoms is a compound selected from
      endo-trimethylene norbornane, perhydroacenaphthene, perhydrofluolene,
      perhydrophenarene, 1,2-cyclo-pentanoperhydronaphthalin,
      perhydroanthracene, perhydrophenanthrene and 9-methylperhydroanthracene.
NUM  3.
PAR  3. Process according to claim 2, wherein said isomerization reaction is
      carried out in the presence of hydrogen gas.
NUM  4.
PAR  4. Process according to claim 2, wherein said isomerization reaction is
      carried out in the presence of H.sub.2 --HCl mixed gas.
NUM  5.
PAR  5. Process according to claim 1, wherein said isomerization reaction is
      carried out in the presence of hydrogen gas.
NUM  6.
PAR  6. Process according to claim 1, wherein said isomerization reaction is
      carried out in the presence of H.sub.2 --HCl mixed gas.
NUM  7.
PAR  7. A process for producing adamantane compounds which comprises isomerizing
      a tricyclic saturated hydrocarbon having 10 to 14 carbon atoms at from
      about 150.degree.C to 300.degree.C temperature in the presence of an X- or
      Y-type zeolite catalyst subjected to ion exchange with at least one metal
      ion selected from the group consisting of ions of rare earth metals, ions
      of calcium, ions of magnesium and further being loaded with 1 to 4 metals
      selected from the group consisting of germanium, platinum, rhenium,
      nickel, cobalt, copper, iron, ruthenium and rhodium.
NUM  8.
PAR  8. Process according to claim 7, wherein said tricyclic saturated
      hydrocarbon having 10 to 14 carbon atoms is a compound selected from
      endo-trimethylene norbornane, perhydroacenaphthene, perhydrofluolene,
      perhydrophenarene, 1,2-cyclo-pentanoperhydronaphthalin,
      perhydroanthracene, perhydrophenanthrene and 9-methylperhydroanthracene.
NUM  9.
PAR  9. Process according to claim 8, wherein said isomerization reaction is
      carried out in the presence of hydrogen gas.
NUM  10.
PAR  10. Process according to claim 8, wherein said isomerization reaction is
      carried out in the presence of H.sub.2 --HCl mixed gas.
NUM  11.
PAR  11. Process according to claim 7, wherein said isomerization reaction is
      carried out in the presence of hydrogen gas.
NUM  12.
PAR  12. Process according to claim 7, wherein said isomerization reaction is
      carried out in the presence of H.sub.2 --HCl mixed gas.
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ABST
PAL  A process is disclosed for the production of alkylbenzenes by contacting
      phenyl alkyl ketones and/or 1-phenylalkanols with hydrogen in the presence
      of a supported noble metal of Group VIII at a temperature above about
      175.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for the production of alkyl benzene by
      hydrogenolysis of phenyl alkyl ketones and/or phenyl alkanols in which
      alkanols the alkanol moiety has at least two carbon atoms and the phenyl
      and hydroxyl groups are attached to the same carbon atom. These phenyl
      alkanols are hereinafter referred to as "starting alcohols".
PAR  2. The Prior Art
PAR  In certain processes for the epoxidation of ethylenically unsaturated
      compounds utilizing alpha-alkylphenyl hydroperoxides, 1-phenylalkanols and
      phenyl alkyl ketones are co-produced. Reconversion of these latter two
      compounds back to the hydroperoxide by hydrogenolyzing them back to
      alkylbenzene and oxidizing the alkylbenzene to the hydroperoxide improves
      the economics of the process by a recycling the by-products of the
      epoxidation reaction. Epoxy compounds are important intermediates for
      chemical manufacture and are also valuable and important materials of
      commerce.
PAR  Straus et al. in Ann., 439 (1924) at pages 298 and 299 demonstrates the
      production of ethylbenzene by passing hydrogen at atmospheric pressure at
      a temperature of 13.degree.C through a solution of methyl phenyl ketone in
      acetone containing finely divided palladium. Ethylbenzene is produced in a
      yield of 95%, but this method of hydrogenalysis took more than 11 hours.
      Golden et al. in U.S. Pat. No. 3,424,806  shows that the starting alcohols
      in the liquid phase in the presence of one or more metals of the platinum
      groups as catalyst at a temperature of at least 50.degree.C are
      hydrogenalyzed to the corresponding alkyl-aromatic hydrocarbons. He also
      states, however, that at temperatures above 120.degree.C hydrogenation of
      the aromatic ring takes place with consequent loss in yield of
      hydrogenolysis product.
PAR  Hata et al in Bull. Chem. Soc. Japan, 31 (1958), at pages 773 to 776
      discloses the hydrogenolysis of methyl phenyl ketone at 203.degree.C to
      ethylbenzene in the vapor phase, using a nickel catalyst.
PAR  Khoobiar in British Pat. No. 1,116,378 discloses the hydrogenolysis of an
      aryl carbinol obtained in an oxidation process at 150.degree.-500.degree.C
      to the corresponding alkylaromatic hydrocarbon in the presence of a
      specific, but non-group VIII noble metal catalyst. Huneck in
      Naturwissenschaften, 48 (1961) at page 73 shows the hydrogenolysis of
      methyl phenyl ketone to ethyl benzene at 180.degree.C to 200.degree.C in
      the presence of a Cu-Cr catalyst.
PAR  Kindler et al., in Ann., 605 (1957) at pages 200 to 211 demonstrates the
      hydrogenolysis of methyl phenyl ketone and 1-phenylethanol to ethylbenzene
      In the presence of colloidal al. or platinum at ambient temperature.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has been found that
      alkylbenzenes can be prepared at rapid rates and high yields by contacting
      phenyl alkyl ketones and/or 1-phenylalkanols wherein the alkanol moiety
      has at least two carbon atoms with hydrogen in the presence of a supported
      noble metal of Group VIII at a temperature above about 175.degree.C.
DETD
PAC  DETAILD DESCRIPTION OF THE INVENTION
PAR  The invention can be described as relating to a process for the preparation
      of alkylbenzenes by hydrogenolysis of phenyl alkyl ketones and/or phenyl
      alkanols in which alkanols the alkanol moiety has at least two carbon
      atoms and which have the phenyl and the hydroxyl groups attached to the
      same carbon atom by contacting these materials with supported noble metal
      catalyst(s) of Group VIII of the Periodic Table of the Elements (as
      defined in the Handbook of Chemistry and Physics, 40th Edition, Chemical
      Rubber Publishing Company at page 446).
PAR  Reference to "noble metals of Group VIII or "noble metals" includes
      ruthenium, rhodium, palladium, osmium, iridium and platinum. Mixtures of
      noble metals are also utilized, for example, platinum with palladium or
      platinum with rhodium.
PAR  The catalyst is supported on a variety of carriers, for example on aluminum
      oxide, silicon oxide, magnesium oxide, pumice, magnesium carbonate,
      carbon, barium sulphate or asbestos or a mixture of two or more of these
      carriers, for example of aluminum oxide and silicon oxide or of aluminum
      oxide and magnesium oxide. Porous oxidic carriers are to be preferred.
      More suitable carriers are particularly aluminum oxide and silicon oxide
      or physical mixtures of these oxides. Aluminum oxide, also called alumina,
      is preferred, especially because the noble metal can very suitably be
      supported on it with a high degree of dispersion and the metal remains
      well dispersed even during use of the catalyst. Examples of aluminum
      oxides which are utilized are alpha, gamma, eta and theta-aluminum oxide.
      Commercially available aluminas produced according to methods conventional
      in the art, for example by precipitation from an aluminum salt solution or
      from an aluminate solution, are useful supports. Many commercial aluminum
      oxides contain small amounts of contaminants, for example halogen or
      sulphate. It is preferred to apply a carrier which is free or almost free
      from sulphate, as the use of sulphate containing carriers especially at
      temperatures above 350.degree.C, results in the formation of
      sulphur-containing reaction products.
PAR  The specific surface of the carrier has no critical limits. It has been
      found that conversion rises with an increasing specific surface. In view
      of this it is preferred to use carriers with a specific surface between
      about 10 m.sup.2 /g and about 300 m.sup.2 /g. The specific surface can be
      determined by means of the BET method as explained by Paul H. Emmett
      chapter 2 of the book "Catalysis", part I (Reinhold Publishing
      Corporation).
PAR  The amount of the noble metal applied in relation to the carrier, is varied
      within wide limits. Weight percentages of the noble metal (based on the
      carrier) of from about 0.01% to about 1.5% are very suitable; percentages
      between about 0.3% and about 1% are preferred, especially when utilized
      for the conversion of phenyl alkyl ketones where very high conversions are
      reached using metal concentrations above about 0.3%. On the other hand,
      when the starting alcohols are used, very high rates of conversions can be
      obtained at metal concentrations below about 0.3%. There is no inherent
      upper limit to the amount of metal catalyst useful, this limit being
      determined primarily by economic considerations.
PAR  The supported catalyst is used in particles of shapes of any form desired,
      for example, in the form of powsers, flakes, pills, cylinders, bars or
      rings. The noble metal is provided on the catalyst support in all kinds of
      ways, for example, only on the outside of the particles or in an outer
      skin of the particles or is distributed in the particles more or less
      homogeneously. The physical dimensions of the particles are not limited
      either; the largest size of a particle may, for example, be between 0.05
      and 15 mm. It has been found that the size of the particles has little or
      no influence on the conversion and on the selectivity for alkyl benzene.
PAR  The noble metals are supported on the carrier in various ways, for example,
      by impregnating the carrier with a solution in water of hexachloroplatinic
      acid (H.sub.2 PtCl.sub.6), or tetraammineplatinum hydroxide
      ((Pt(NH.sub.3)4(OH).sub.2 or of rhodium nitrate (Rh(NO.sub.3).sub.3).
      Various degrees of dispersion of the precious metals on the carrier are
      applied. The compounds of the precious metals are converted into the metal
      itself in any suitable way, for example, by heating in air a temperature
      between, for example, about 450.degree.C and about 550.degree.C followed
      by reduction, for example with hydrogen, or with carbon monoxide of the
      oxide formed in this heating, at a temperature of at least about
      150.degree.C, for example between about 225.degree.C and about
      400.degree.C. In many cases it is sufficient for the present
      hydrogenolysis to heat the carrier containing a compound of a noble metal,
      for example a platinum, palladium or rhodium compound in a hydrogen
      containing atmosphere, before the compounds to be hydrogenolysed are
      contacted with the catalyst.
PAR  Although there exists no critical upper limit, the alkyl moiety of the
      phenyl alkyl ketones used in this invention will have at least one carbon
      atom and up to about twenty carbon atoms, preferable from one to about ten
      carbon atoms and more preferable from one to about four carbon atoms, and
      the alkanol moiety of the phenyl alkanols used in the invention will have
      at least two carbon atoms and up to about twenty carbon atoms, preferable
      from two to about ten and more preferable from two to about four carbon
      atoms. The phenyl group may optionally be substituted with alkyl groups.
      When reference is made herein to "phenyl alkyl ketones and/or phenyl
      alkanols", the reference is to either phenyl alkyl ketones, or phenyl
      alkanols, or a mixture of phenyl alkyl ketones with phenyl alkanols.
PAR  Examples of phenyl alkyl ketones and starting alcohols which can be useful
      according to the present invention are methyl phenyl ketone, ethyl phenyl
      ketone, propyl phenyl ketone, isopropyl phenyl ketone, methyl-4-methyl
      phenyl ketone, 1-phenyl ethanol, 1-phenyl propanol, 1-phenyl-2-methyl
      propanol, 2-phenyl-2-propanol, 1-(4-methyl phenyl) ethanol,
      1-phenyl-2-methyl propanol and 2-(4-isopropyl phenyl)-2-propanol. Very
      good results have been obtained with methyl phenyl ketone and
      1-phenylethanol.
PAR  The process of the invention is carried out either continuously or
      batchwise. In the case of continuous operation a liquid or preferably a
      gaseous starting mixture containing the phenyl alkyl ketones and/or
      starting alcohols, is passed with hydrogen through a fixed or fluidised
      bed of the catalyst. It has been found that when applying high space
      velocities the phenyl alkyl ketones and the starting alcohols are still
      converted in a very high degree. When applying space velocities exceeding
      60 liters per kilogram of catalyst per hour (1/kg/hour) conversions of
      more than 90% are recorded, whereas at space velocities of up to 200
      1/kg/hour the conversion is still satisfactory. With space velocities
      falling below about 10 1/kg/hour and especially below about 2 1/kg/hour
      conversion approaches about 100%. Therefore it is preferred in most cases
      to adjust the space velocity at a rate between about 2 1/kg/hour and about
      200 1/kg/hour most preferably between about 10 1/kg/hour and about 60
      1/kg/hour; however space velocities below 2 1/kg/hour and above 200
      1/kg/hour are by no means excluded.
PAR  The reaction mixture formed contains the alkylbenzene product, alkylcyclo
      hexane derived from this alkylbenzene, water, hydrogen, and it also
      contains small amounts of starting alcohol, the cyclohexyl alcohol derived
      from the starting alcohol and the alkyl cyclo hexyl ketone derived from
      the alkyl phenyl ketone. It is found that at temperatures above about
      175.degree.C and especially above 250.degree.C the rate of reaction and
      the selectivity to alkylbenzene increases sharply. By the selectivity to a
      certain compound is meant the molar percentage this particular compound
      forms of the total compounds produced from the phenyl alkyl ketones and
      the starting alcohols. At temperatures rising above 175.degree.C the
      selectivities to alkylcyclohexane and alkyl cyclohexyl ketone increase,
      but they sharply decrease at temperatures rising above approximately
      200.degree. or 250.degree.C. At temperatures rising above 175.degree.C
      cyclohexyl alcohols are formed to a small extent and at temperatures
      rising above 200.degree.C they are not formed or formed only in small
      quantities. At temperatures above 250.degree.C selectivities to
      alkylbenzene above 99% can be reached. In view of the above, the
      temperature is preferably maintained at value between about 250.degree.C
      and about 375.degree.C. However, temperatures above 375.degree.C may be
      used, say up to about 450.degree.C or higher.
PAR  In order to obtain a maximum conversion it is preferred to apply the
      hydrogen in a molar ratio of hydrogen: (phenyl alkyl ketone + starting
      alcohol) which is higher than the stoichiometric ratio. The stoichiometric
      molar ratios of hydrogen:alkyl phenyl ketone and hydrogen:starting alcohol
      are 2 and 1 respectively. The pressure is not critical and is usually
      between about 2 bars and 40 bars absolute. Pressures lower than 2 and
      higher than 40 bars are permissible.
PAR  When a freshly prepared or freshly regenerated amount of catalyst is
      utilized, the starting alcohols are wholly or almost wholly converted into
      alkylbenzenes, but the phenyl alkyl ketones are usually converted in a
      continuously decreasing degree after an initially complete or
      substantially complete conversion. This drop in the conversion of phenyl
      alkyl ketones proceeds, however, relatively slowly when more than 0.3% by
      weight of the noble metal, based on the carrier, is applied. The rate of
      this decrease can be reduced further by (a) increasing the pressure by
      raising the partial pressure of the hydrogen, and/or (b) increasing the
      molar ratio of hydrogen: (phenyl alkyl ketone + starting alcohol) and/or
      (c) decreasing the temperature. When the temperature drops below
      325.degree.C it is often observed that after an initial decrease, the
      conversion of the phenyl alkyl ketone reaches a constant rate while
      maintaining a high selectivity for alkyl benzene.
PAR  The content of alkylcyclohexane in the reaction product rises with an
      increasing hydrogen partial pressure and a falling temperature. It is
      observed, however, that the hydrogenation of alkylbenzene to
      alkylcyclohexane usually proceeds so slowly that the thermodynamic
      equilibrium is not reached. When applying the relatively high space
      velocities that the present invention permits, however, it appears that
      the alkylcyclohexane content in the reaction product is usually
      considerably lower than would be the case if thermodynamic equilibrium
      condition were obtained under the prevailing conditions. This low
      ethylcyclohexane content is, of course, an important advantage.
PAR  It is desirable to use conventional techniques to prevent the temperature
      of the reaction mixture from rising too high. The heat developed is, for
      example, discharged by means of indirect heat exchange, or, preferably is
      absorbed by a diluting agent present in the reaction mixture. It is
      possible to apply so much diluting agent that a substantially adiabatic
      execution of the hydrogenolysis is feasible. In this case of execution in
      the gas phase, inert diluting agents, for example nitrogen, a noble gas or
      an alkane can be used under the reaction conditions. It is preferred to
      apply the alkylbenzene to be prepared as the diluting agent. This
      alkylbenzene is not inert, for a small part will be hydrogenated into the
      alkylcyclohexane derived from it. From the following description it
      appears that this is not a drawback. From the reaction product formed in
      the hydrogenolysis, alkylbenzene and the alkylcyclohexane derived from it
      can be separated after condensation and separation of hydrogen and water
      by means of fractional distillation. The alkylcyclohexane separated can be
      recycled to the phenyl alkyl ketones and starting alcohols to be
      hydrogenolysed, as a result of which little or no alkylbenzene will be
      hydrogenated into alkylcyclohexane during the hydrogenolysis. When the
      hydrogen partial pressure is increased more alkylcyclohexane if formed,
      but this hydrogenation is counteracted when at the same time the content
      of alkylcyclohexane in the starting mixture is increased. As the
      application of relatively high hydrogen partial pressures, to be achieved
      by adjusting the total pressure to, for example, 25-35 bars absolute,
      makes it possible for the catalyst to be used for a very long period at a
      stretch, it is preferred to isolate the alkylcyclohexane from the reaction
      mixture and to recycle it wholly or partly to the phenyl alkyl ketones
      and/or phenyl alcohols to be hydrogenolysed.
PAR  After the activity of the catalyst has fallen to an unacceptably low level,
      the catalyst is, if desired, regenerated by burning the carbonaceous
      material present on the surface with an oxidizing gas. The oxidizing gas
      applied may be, for example, air, air enriched with oxygen or air that has
      been diluted with an inert gas, for example, nitrogen. The regeneration is
      executed at a temperature between for example about 300.degree.C and
      450.degree.C.
PAR  The present invention is of importance for the catalytic epoxidation of
      ethylenically unsaturated compounds by means of an aromatic hydroperoxide
      of which the hydroperoxy and the phenyl group are attached to the same
      carbon atom. The reaction mixture formed in the epoxidation generally
      contains epoxide, non-converted ethylenically unsaturated compound,
      epoxidation catalyst in case it is homogeneous, phenyl alkyl ketone,
      starting alcohol, alkylbenzene, compounds with a boiling point lower and
      compounds with a boiling point higher than that of the six compounds
      mentioned. The phenyl alkyl ketone, the starting alcohol and the
      alkylbenzene are usually easily isolated collectively, by means of
      distillation. If desired, this can be done together with the compounds
      having a higher boiling point than that of the six compounds mentioned.
      This isolated mixture is combined with the reaction mixture obtained
      according to the present invention -- after hydrogen, water and
      alkylcyclohexane have been separated from this reaction mixture -- and
      from the combined mixtures alkylbenzene is isolated by means of fractional
      distillation. The compounds having a boiling point higher than that of the
      five compounds mentioned, optionally including the epoxidation catalyst,
      are removed and a fraction is obtained containing phenyl alkyl ketone,
      starting alcohol and alkylbenzene. The latter fraction can be
      hydrogenolysed according to the present invention, optionally together
      with the recycled reaction mixture from which hydrogen and water have been
      separated. The alkylbenzene isolated is converted in a well-known manner
      back to the hydroperoxide derived from it, which, if desired, can be
      recycled in the catalytic epoxidation. Examples of catalytic epoxidations
      are those of alkyl chloride into epichlorohydrin and of propene into
      propene oxide by means ethylbenzene hydroperoxide.
PAR  The invention is further illustrated with reference to the following
      illustrative embodiments which are provided for illustration and are not
      to be construed as limitiing the invention. The space velocities have been
      indicated in liter (phenyl alkyl ketone plus starting alcohol)/kg
      catalyst/hour.
PAC  ILLUSTRATIVE EMBODIMENT I
PAR  A commercial material which consisted of aluminum oxide containing 0.8% by
      weight of platinum, 0.81% by weight of sulphate, calculated as sulphur and
      0.76% by weight of chloride calculated as chlorine, was tested as a
      catalyst. The aluminum oxide had a specific surface of 234 m.sup.2 /g and
      a pore volume of 0.64 ml/g. The catalyst was present in particles with
      maximum measurements between 0.177 and 0.420 mm and had a bulk density of
      0.57 g/ml. The catalyst was tested in a tube used as a fixed bed with a
      diameter of 2 cm and a height of 8 cm. With this bed 8 experiments were
      carried out. With each experiment methyl phenyl ketone diluted with 4
      parts by weight of n-decane was passed through the bed in a downward
      direction together with hydrogen. The temperature, pressure and molar
      ratio of hydrogen: methyl phenyl ketone were varied as indicated in Table
      A. The methyl phenyl ketone was passed through the bed with a low space
      velocity -- 0.9 1/kg/hour -- because in the experiments 1 and 2, which are
      not according to the invention, the hdyrogenolysis takes a relatively long
      time. Table A also shows the conversion obtained of methyl phenyl ketone
      as well as the selectivities to five compounds and to compounds with an
      atmospheric boiling point below 125.degree.C. The total time of the
      experiments was 50 hours.
TBL                                    Table A                                 
     __________________________________________________________________________
                  mol. ratio                                                   
                  H.sub.2 :                                  compounds         
                  methyl       selectivity to...mol.%  methyl                  
                                                             with a            
     Exp.                                                                      
        Temp.                                                                  
             pressure                                                          
                  phenyl conversion                                            
                               ethyl-                                          
                                    ethyl- 1-phenyl                            
                                                1-cyclohexyl                   
                                                       cyclohexyl              
                                                             boiling pt.       
     No.                                                                       
        .degree.C                                                              
             bars ketone %     benzene                                         
                                    cyclohexane                                
                                           ethanol                             
                                                ethanol                        
                                                       ketone                  
                                                             below             
     __________________________________________________________________________
                                                             125.degree.C      
     1  120  10   4        98.4                                                
                               5.0  18.5   1.0  73.4   2.1     0               
     2  140  10   4        97.6                                                
                               9.3  25.8   1.1  61.3   0.8     0               
     3  200  10   4      100   36.6 51.0   0.8  1.4    10.6    0               
     4  200  10   2.5      86.4                                                
                               63.7 22.7   0    0.2    13.4    0               
     5  300  10   2.5    100   99.3 0.4    0    0      0       0.2             
     6  300  20   2.5    100   72.5 27.4   0    0      0       0.1             
     7  300   5   2.5    100   99.5 0.1    0    0      0       0.4             
     8  300   5   4      100   98.8 0.9    0    0      0       0.3             
     __________________________________________________________________________
PAC  ILLUSTRATIVE EMBODIMENT II
PAR  After the experiments described in Illustrative Embodiment I had been
      finished, a mixture containing 60% by weight of ethylbenzene, 33.5% by
      weight of 1-phenylethanol and 6.5% by weight of methyl phenyl ketone was
      passed through the bed together with hydrogen at a space velocity of 1.8
      1/kg/hour. The pressure was 5 Bar abs. and the molar ratio of hydrogen:
      (methyl phenyl ketone + 1-phenylethanol) was 1.45. The conversion and the
      composition of the reaction product was determined after 31 and 51 hours
      of operation at a temperature of 300.degree.C. After 51 hours of
      operation, the temperature was raised to 350.degree.C and conversion and
      composition of the reaction product were determined 2 hours later. The
      results are shown in Table B.
TBL                Table B                                                     
     ______________________________________                                    
               conversion                                                      
     hours     (1-phenyl- composition reaction product,                        
     of        ethanol +   mol%                                                
     Temp. opera-  methyl phenyl                                               
                             ethyl-  ethyl-                                    
     .degree.C                                                                 
           tion    ketone)%  benzene cyclohexane                               
                                              styrene                          
     ______________________________________                                    
     300    31     100        &gt;99    &lt;1        0                               
     300    51     95.5       98     &lt;1       &lt;1                               
     350    53     97.5       98     &lt;1       &lt;1                               
     ______________________________________                                    
PAR  The starting mixture and the reaction mixtures obtained were free from
      sulphur. Raising the temperature to 400.degree.C, after 53 hours of
      operation, resulted in the reaction product containing sulphur compounds.
PAC  ILLUSTRATIVE EMBODIMENT III
PAC  Preparation of catalyst A
PAR  A very pure commerical aluminum oxide was heated for 1 hour at a
      temperature of 500.degree.C. Then 100 grams of the aluminum oxide were
      impregnated with 44 ml of aqueous solutio of hexachloreplatinic acid
      (H.sub.2 PtCl.sub.6), containing 38.2 mg of this acid per ml. The
      impregnated aluminum oxide was aged for half an hour at room temperature
      and then dried at a temperature of 120.degree.C and heated in air for 1
      hour at a temperature of 500.degree.C. The catalyst thus prepared
      contained 0.8% by weight of platinum, 0.66% by weight of chloride,
      calculated as chlorine, had a specific surface area of 185 m.sup.2 /gram
      and a pore volume of 0.44 ml/g and was formed into particles with maximum
      measurements between 0.177 and 0.420 mm. The bulk specific gravity was
      0.66 g/ml.
PAC  Preparation of catalyst B
PAR  A very pure commercial aluminum oxide, different from the one used for the
      preparation of catalyst A, was heated in air for 1 hour at a temperature
      of 500.degree.C. Then 100 g of the aluminum oxide were impregnated with 83
      ml of an aqueous solution of hexachloroplatinic acid (H.sub.2 PtCl.sub.6),
      containing 20.2 mg of this acid per ml. The impregnated aluminum oxide was
      aged for half an hour at room temperature, dried at a temperature of
      120.degree.C, and then heated in air for 1 hour at a temperature of
      500.degree.C. The catalyst thus prepared contained 0.8% by weight of
      platinum, 0.66% by weight of chloride, calculated as chlorine, had a
      specific surface of 230 m.sup.2 /g and a pore volume of 0.83 ml/g and was
      formed into particles having maximum measurements between 0.177 and 0.420
      mm. The bulk specific gravity was 0.52 g/ml.
PAC  Hydrogenolysis
PAR  The catalysts A and B were tested in a fixed bed with a diameter of 1.2 cm.
      In both experiments a mixture consisting of 63.4 mol.% of ethylbenzene,
      30.6 mol.% of 1-phenylethanol and 6.0 mol.% of methyl phenyl ketone with
      hydrogen in a molar ratio hydrogen: (1-phenylethanol + methyl phenyl
      ketone) of 1.45 was passed through the bed in a downward direction at a
      pressure of 12 bar abs. and a temperature of 350.degree.C. The space
      velocity was 8 1/1/hour, which for catalyst A was 12.1 1/kg/hour and for
      catalyst B 15.4 1/kg/hour. Table C shows the results obtained after 5
      hours of operation.
TBL                Table C                                                     
     ______________________________________                                    
     conversion   composition       compounds                                  
     (1-phenyl-   reaction product, with a                                     
     ethanol +    mol%              boiling                                    
            methyl             ethyl        point                              
            phenyl    ethyl-   cyclo-       below                              
     Catalyst                                                                  
            ketone    benzene  hexane                                          
                                     styrene                                   
                                            125.degree.C                       
     ______________________________________                                    
     A       95       99.7     0.05  0.2    0.05                               
     B       98       99.6     0.1   0.1    0.15                               
     ______________________________________                                    
PAC  ILLUSTRATIVE EMBODIMENT IV
PAR  The catalysts A and B were again prepared in the same way as described in
      Illustrative Embodiment III, but now the catalysts were formed into
      cylindrical particles with a diameter of 1.5 and 5.5 mm respectively. The
      cylindrical particles of catalyst B and a cylindrically shaped hollow
      space the central axis of which coincided with that of the cylindrical
      particle; the diameter of the hollow space was 2.5 mm. These two catalysts
      and two fresh amounts of the catalyst A and B with the dimensions as
      mentioned in Illustrative Embodiment III were tested in a fixed bed by
      passing a mixture consisting of 63.4 mol.% of ethylbenzene, 30.6 mol.% of
      1-phenylethanol and 6.0 mol.% of methyl phenyl ketone together with
      hydrogen in a molar ratio hydrogen (1-phenylethanol + methyl phenyl
      ketone) of 1.45 through the bed in downward direction at a pressure of 12
      bar abs. and a temperature of 350.degree.C. Within a period of 25 hours
      the space velocity was graudally reduced from 66.8 to 6 1/kg/hour. Table D
      shows the conversions of 1-phenylethanol and of methyl pehnyl ketone
      together. A dash indicates that the conversion has not been determined.
TBL                Table D                                                     
     ______________________________________                                    
     conversion %, catalyst                                                    
     A, particle size in mm                                                    
                         B, particle size in mm                                
            largest dimen-       largest dimen-                                
     Space  sions between                                                      
                        diameter sions between                                 
                                           diameter                            
     velocity                                                                  
            0.177 and 0.420                                                    
                        1.5      0.177 and 0.420                               
                                           5.5                                 
     ______________________________________                                    
     66.8   --          81       89        91                                  
     32     --          92       95.5      97                                  
     25.8   93          --       --        --                                  
     16     --          97       99        99                                  
     12     95          --       --        --                                  
     8      --          --       100       --                                  
     6      100         --       100       --                                  
     ______________________________________                                    
PAC  ILLUSTRATIVE EMBODIMENT V
PAR  Catalysts with 0.8%, 0.4% and 0.2% by weight of platinum on the same
      aluminum oxide as in catalyst A of Illustrative Embodiment III and
      prepared in an analogous way were tested by passing starting mixtures of
      the same composition as in Illustrative Embodiment III through a fixed bed
      of each of the catalysts with a space velocity of 16 1/kg/hour at a
      temperature of 350.degree.C. The beds consisted of cylinder shaped
      particles with a diameter of 1.5 mm. The remaining reaction conditions
      were as in Illustrative Embodiment III. Table E shows the conversions and
      compositions of the reaction product measured after 3 hours of operation.
TBL                                    Table E                                 
     __________________________________________________________________________
     conversion, %     composition reaction product, mol.%                     
     Cat.                                                                      
         methyl             ethyl-   compounds with                            
     % by                                                                      
         phenyl                                                                
             1-phenyl- ethyl-                                                  
                            cyclo-   a boiling point                           
     wt Pt                                                                     
         ketone                                                                
             ethanol                                                           
                   total                                                       
                       benzene                                                 
                            hexane                                             
                                styrene                                        
                                     below 125.degree.C                        
     __________________________________________________________________________
     0.8 88.4                                                                  
             99.5  97.6                                                        
                       99.1 0.1 0.4  0.4                                       
     0.4 85.1                                                                  
             99.0  96.9                                                        
                       98.9 0.1 0.7  0.3                                       
     0.2 73.6                                                                  
             98.7  94.6                                                        
                       99.0 0.05                                               
                                0.7  0.3                                       
     __________________________________________________________________________
PAC  ILLUSTRATIVE EMBODIMENT VI
PAR  Two fresh amounts of the catalyst B mentioned in Illustrative Embodiment
      III were tested, as described in Illustrative Embodiment III, at a
      temperature of 350.degree.C and a space velocity of 4 1/kg/hour with the
      use of different molar ratios of hydrogen: (1-phenylethanol + methyl
      phenyl ketone). Table F shows the results at a time when the space
      velocity was momentarily raised from 4 to 16 1/kg/hour. The conversion of
      1-phenyl-ethanol always always greater than 99.5%.
TBL                Table F                                                     
     ______________________________________                                    
     Hours of                                                                  
     operation                                                                 
              conversion methyl phenyl ketone, %, at molar ratio               
     of start of                                                               
              H.sub.2 : (1-phenylethanol + methyl phenyl ketone) of            
     experiment                                                                
              1.25 (pressure 12 bar)                                           
                              2.4 (pressure 14.5 bar)                          
     ______________________________________                                    
     2        94              96                                               
     20       90              95                                               
     43       81              --                                               
     67       77              --                                               
     95       --              91                                               
     121      68              --                                               
     142      --              89                                               
     ______________________________________                                    
PAC  ILLUSTRATIVE EMBODIMENT VII
PAR  A starting mixture with the composition mentioned in Illustrative
      Embodiment III was passed through a fixed bed of catalyst B as mentioned
      in Illustrative Embodiment III, together with hydrogen in a molar ratio
      hydrogen: (1-phenyl-ethanol + methyl phenyl ketone) of 2.4, at a pressure
      of 7.5 bar abs. and a temperature of 300.degree.C with a space velocity of
      4 1/kg/hour. Table G shows the conversions of methyl phenyl ketone that
      were observed after the number of hours of operation indicated. The
      1-phenylethanol was always wholly converted.
TBL                Table G                                                     
     ______________________________________                                    
             conversion of                                                     
     hours of                                                                  
             methyl phenyl                                                     
                         hours of  conversion of methyl                        
     operation                                                                 
             ketone      operation phenyl ketone                               
     ______________________________________                                    
     3       97.4         95       75.2                                        
     6       96.3        103       77.6                                        
     72      75          119       75.8                                        
     78      74.4                                                              
     ______________________________________                                    
PAC  ILLUSTRATIVE EMBODIMENT VIII
PAR  Starting mixtures consisting of 83.3% by weight of ethylbenzene, 2.9% by
      weight of methyl phenyl ketone and 13.8% by weight of 1-phenylethanol were
      passed through fixed beds of the catalysts A and B together with hydrogen
      in a molar ratio hydrogen: (1-phenylethanol + methyl phenyl ketone) of 2.4
      at a pressure of 14.5 bar abs. and a temperature of 350.degree.C. The
      catalysts were commercial platforming catalysts consisting of pellets with
      a diameter of 1.5 mm containing 0.37 and 0.8% by weight of platinum
      respectively and 0.88% by weight and 0.44% by weight of chlorine
      respectively on aluminum oxide. Catalyst B also contained 0.44% by weight
      of fluorine. Table H shows the space velocities applied as well as the
      conversions and compositions of the reaction product observed.
TBL                                    Table H                                 
     __________________________________________________________________________
              conversion, %                                                    
                        composition reaction product, mol. %                   
        space methyl         ethyl-   compounds                                
        velocity                                                               
              phenyl                                                           
                  1-phenyl-                                                    
                        ethyl-                                                 
                             cyclo-   with a boiling                           
     Cat.                                                                      
        1/kg/hour                                                              
              ketone                                                           
                  ethanol                                                      
                        benzene                                                
                             hexane                                            
                                 styrene                                       
                                      point below 125.degree.                  
     __________________________________________________________________________
     A  14.5  97  100   99.5 0.3 0.05 0.1                                      
     B  25.5  95  100   99.3 0.5 0.1  0.1                                      
     __________________________________________________________________________
PAC  ILLUSTRATIVE EMBODIMENT IX
PAR  A starting mixture having the same composition as that in Illustrative
      Embodiment VIII was passed through a fixed bed of catalyst A mentioned in
      Illustrative Embodiment VIII at a temperature of 350.degree.C. The
      pressure, the molar ratio hydrogen: (1-phenylethanol + methyl phenyl
      ketone) and the space velocity were varied as indicated in Table I. Table
      I also shows the conversions of methyl phenyl ketone that were observed
      after the number of hours of operation indicated. At the moment of
      observation the space velocity was raised to the values mentioned between
      brackets for a short period. After the hydrogenolysis of 1177 kg (methyl
      phenyl ketone + 1-phenylethanol) per kg of catalyst, air with a
      temperature of 400.degree.C was passed through the catalyst bed. As a
      result of this the activity of the catalyst was completely recovered as is
      shown by the last three experiments mentioned in Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
           molar ratio                                                         
           H.sub.2 : (1-phenyl-                                                
                           kg (methyl phenyl                                   
           ethanol +       ketone and 1-phenyl-                                
                                      conversion                               
     Pressure,                                                                 
           methyl phenyl                                                       
                   space velocity                                              
                           ethanol) per kg                                     
                                      methyl phenyl                            
     bars  ketone) 1/kg/hour                                                   
                           catalyst   ketone %                                 
     __________________________________________________________________________
     14.5  2.4     1.66(14.6)                                                  
                           15         99                                       
                           60         97                                       
                           184        87                                       
                           235                                                 
     29    2.4     3.32(29.2)                                                  
                           378        70                                       
                           480        66.5                                     
                           550        65                                       
     1.5   2.4     1.66(14.6)                                                  
                           604        71                                       
                           731        60                                       
                           778        53                                       
     29    6.0     2.3(12.2)                                                   
                           800        88                                       
                           967        85                                       
                           1177       82.5                                     
     14.5  2.4     1.66(14.6)                                                  
                           13         96                                       
     29    6.0     2.3(12.2)                                                   
                           25         99                                       
                           114        98.5                                     
     __________________________________________________________________________
PAR  The 1-phenylethanol was always completely converted. Before the
      regeneration the reaction mixture continuously contained more than 98.8
      mol% of ethylbenzene. After the regeneration the reaction mixture
      contained more than 99.5 mol% of ethylbenzene.
PAR  After 800 kg (methyl phenyl ketone + 1-phenylethanol) per kg of catalyst
      had passed the catalyst bed, the methyl phenyl ketone was still entirely
      converted at a space velocity of 2.3 1/kg/hour and the reaction mixture
      contained 3-4 mol.% of ethylcyclohexane. As a result of the short increase
      of the space velocity to 12.2 1/kg/hour, the conversion of the methyl
      phenyl ketone dropped to 88% (see table I) and the reaction product
      contained only 0.6-0.8 mol% of ethylcyclohexane.
PAR  After the regeneration the methyl phenyl ketone was wholly converted at a
      space velocity of 2.3 1/kg/hour and the reaction mixture contained 16.5
      mol% of ethylcyclohexane. As a result of the short increase of the space
      velocity to 12.2 1/kg/hour the conversion of methyl phenyl ketone was 99%
      and the reaction product contained only 7 mol.% of ethylcyclohexane.
PAR  The content of ethylcyclohexane is 18 mol.% in case of thermodynamic
      equilibrium.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for the preparation of alkyl benzenes by contacting phenyl
      alkyl ketones and/or phenyl alkanols in which alkanols the alkanol moiety
      has at least two carbon atoms and the phenyl and hydroxyl groups are
      attached to the same carbon atom, with hydrogen at a temperature between
      about 175.degree.C and about 450.degree.C and with a supported noble metal
      of Group VIII of the Periodic Table of the Elements as a catalyst.
NUM  2.
PAR  2. The process of claim 1 wherein the temperature is maintained at a value
      between about 250.degree.C and about 375.degree.C.
NUM  3.
PAR  3. The process in claim 1 wherein the starting material is contacted with
      the catalyst at a pressure between about 2 bars and about 40 bar abs.
NUM  4.
PAR  4. The process in claim 1 wherein an aluminium oxide is used as carrier.
NUM  5.
PAR  5. The process in claim 1 wherein the noble metal is used in a percentage
      by weight between about 0.01 and about 1.5 based in the carrier.
NUM  6.
PAR  6. The process in claim 5 wherein the noble metal is used in a percentage
      by weight between about 0.3 and about 1 based on the carrier.
NUM  7.
PAR  7. The process in claim 5 wherein platinum is used as the noble metal.
NUM  8.
PAR  8. The process in claim 1 wherein methyl phenyl ketone is used as the
      phenyl ketone and/or 1-phenylethanol as the phenyl alcohol.
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ABST
PAL  Hydrocarbons are reacted with a silver tri-halogenomethane sulfonate of the
      formula
      ##EQU1##
      wherein X, Y and Z each represents a halogen atom, to form the
      corresponding complexes, and then the thus formed complexes are decomposed
      to selectively separate the desired hydrocarbon components. The used
      silver tri-halogenomethane sulfonate also is recovered by the
      decomposition of the complexes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  This invention relates to a method for separating hydrocarbons, and more
      precisely, a method for separating specifically determined hydrocarbons
      from other hydrocarbons as well as for separating the specified
      hydrocarbons into the respective structural isomers.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Aromatic hydrocarbons such as xylene, styrene, etc., olefins and some other
      kinds of condensed polycyclic hydrocarbons are extremely important in the
      field of petroleum industries in these days as raw materials of synthetic
      resins, synthetic rubbers and other high molecular compounds and as raw
      materials of various kinds of derivatives, and these hydrocarbons
      substances are obtained from feed materials such as petroleum products,
      cracked gasolines, tar products, etc. for example by means of distillation
      or the like. For example, xylene is separated in general from petroleum
      reformates, etc. as mixed xylene by means of various kinds of distillation
      operation, and the thus obtained mixed xylene is further separated into
      the respective isomers by means of various methods and the thus separated
      isomers are collected. As the method for separating the mixed xylene into
      the respective isomers, various kinds of methods have been known, for
      example, fractional distillation, solvent extraction, adsorption
      chromatography, low-temperature processing, etc. However, all these
      methods require very complicated operations.
PAR  Olefinic hydrocarbons of four or more carbon atoms have various kinds of
      isomers, and these hydrocarbons are separated into the respective isomers
      by means of precision fractional distillation, extraction, extractive
      distillation, adsorption chromatography by Molecular Sieves, etc.
      Condensed polycyclic hydrocarbons are separated from tar products,
      petroleum products, etc. as raw materials by means of precision fractional
      distillation, extraction, crystallization, etc. after a light oil fraction
      has been distilled and separated. However, these methods require fairly
      complicated steps and the operation thereof also is fairly troublesome.
PAR  The inventors have studied the separation of hydrocarbons and in the result
      have found that a silver tri-halogenomethane sulfonate may form complexes
      with certain kinds of hydrocarbons, that the complex forming ability of
      the sulfonate varies, depending upon the kinds of hydrocarbons, and that
      the formed complexes may easily be decomposed by means of water to recover
      the hydrocarbons and the silver tri-halogenomethane sulfonate. On these
      grounds, the inventors have attained a new technical art to separate and
      purify various kinds of hydrocarbons by using the formation of complexes
      with the silver tri-halogenomethane sulfonate.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a new method for
      separating and purifying hydrocarbons.
PAR  Another object of the present invention is to provide a method for
      separating hydrocarbons by forming complexes of hydrocarbons and a silver
      tri-halogenomethane sulfonate and then decomposing the formed complexes.
PAR  Still another object of the present invention is to provide a method for
      separating hydrocarbons into the respective structural isomers.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The silver tri-halogenomethane sulfonate which may form complexes with
      hydrocarbons and which is used in the present invention is represented by
      the following formula:
      ##EQU2##
      wherein X, Y and Z each represents a halogen atom. The silver
      tri-halogenomethane sulfonate may easily be prepared, for example, from a
      tri-halogenomethane sulfonic acid and silver oxide.
PAR  The halogen atom represented by X, Y and Z in the formula includes
      fluorine, chlorine, bromine and iodine atoms, and in particular, fluorine
      and chlorine atoms are preferred. The halogen atoms of these X, Y and Z
      may be identical or different. For example, silver trifluoromethane
      sulfonate, silver difluoromonochloro-methane sulfonate, silver
      mono-fluoro-dichloro-methane sulfonate, silver trichloromethane sulfonate,
      etc. are mentioned. These silver salts often separate silver deposits in
      the presence of light or radiation ray, and so it is desirable to treat
      the same in a dark place.
PAR  The complex forming reaction between the silver trihalogenomethane
      sulfonate and hydrocarbons varies, depending upon the kinds of the
      hydrocarbons. For example, the reaction of the silver salt with
      ortho-xylene, meta-xylene and styrene is an equimolecular reaction, while
      the silver salt reacts with para-xylene and ethyl-benzene in the molar
      ratio of 2:1 and with a di-alkyl-naphthalene in the molar ratio of 2:1 or
      4:1.
PAR  Accordingly, the amount of the silver tri-halogenomethane sulfonate to be
      used varies, depending upon the kinds of the respective hydrocarbons to be
      separated in the form of complexes, and at least the stoichiometric amount
      in the reaction of forming complexes with the hydrocarbons to be separated
      is required. The stoichiometric amount of the silver salt required for the
      formation of complexes with the respective hydrocarbons is previously
      experimentally determined. If it is not required to separate the whole
      amount of the desired hydrocarbons contained in the raw material mixture,
      the silver salt is used in a smaller amount than the stoichiometric amount
      thereof, and if the desired hydrocarbons are to be obtained in a highly
      pure form, the amount of the silver salt to be used is preferably smaller
      than the stoichiometric amount thereof.
PAR  In general, the silver salt is used in an amount of 0.5 -2.0 times as much
      as the stoichiometric amount thereof required for the formation of
      complexes with hydrocarbons to be separated.
PAR  The hydrocarbons to form complexes with the silver tri-halogenomethane
      sulfonate are aromatic hydrocarbons substituted by hydrocarbyl groups,
      unsaturated aliphatic hydrocarbons, unsaturated cycloaliphatic
      hydrocarbons and condensed polycyclic hydrocarbons.
PAR  The aromatic hydrocarbons substituted by hydrocarbyl groups are aromatic
      hydrocarbons having on the benzene nucleus thereof one or more alkyl,
      vinyl, cycloalkyl, aryl and aralkyl groups, and these groups may have a
      linear chain or branched chain, and the aryl group and the vinyl group may
      have further substituents. Representatives of these aromatic hydrocarbons
      are, for example, toluene; C.sub.8 -C.sub.10 aromatic hydrocarbons as
      shown in the following Table 1; C.sub.11 alkyl benzenes such as
      diisopropylbenzene; styrene; styrene derivatives such as
      .alpha.-methyl-styrene, .beta.-methyl-styrene, o-, m-, p-vinyl-toluene,
      cis-, trans-stilbene, etc. In addition, cycloalkyl benzenes such as
      cyclohexyl-benzene and aryl substituted benzenes such as diphenyl
      derivatives, e.g., diphenyl, terphenyls, methyl-diphenyls,
      ethyl-diphenyls, isopropyldiphenyls, etc. may also be used in the present
      invention.
PAC  Table 1
PA0  ortho-xylene, para-xylene, meta-xylene,
PA0  isopropyl-benzene, 1-methyl-3-n-propylbenzene,
PA0  n-propylbenzene, n-butylbenzene,
PA0  1-methyl-3-ethylbenzene, 1-methyl-4-n-propylbenzene
PA0  1-methyl-4-ethylbenzene, 1,2-diethylbenzene,
PA0  1,3,5-trimethylbenzene, 1,4-diethylbenzene,
PA0  1-methyl-2-ethylbenzene, 1,3-dimethyl-5-ethylbenzene,
PA0  t-butylbenzene, 1-methyl-2-n-propylbenzene,
PA0  1,2,4-trimethylbenzene, 1,4-dimethyl-2-ethylbenzene,
PA0  isobutylbenzene, 1,3-dimethyl-4-ethylbenzene,
PA0  s-butylbenzene, 1,2-dimethyl-4-ethylbenzene,
PA0  1-methyl-3-isopropylbenzene,1,3-dimethyl-2-ethylbenzene,
PA0  1,2,3-trimethylbenzene, 1,2-dimethyl-3-ethylbenzene,
PA0  1-methyl-4-isopropylbenzene, 1,2,4,5-tetramethylbenzene,
PA0  1-methyl-2-isopropylbenzene, 1,2,3,5-tetramethylbenzene,
PA0  1,3-diethylbenzene, 1,2,3,4-tetramethylbenezene,
PAR  The unsaturated aliphatic hydrocarbons and the unsaturated cycloaliphatic
      hydrocarbons are olefinic hydrocarbons represented by the following
      formula:
      ##EQU3##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each represents hydrogen or
      an alkyl cycloalkyl, alkenyl or cycloalkenyl group, and R.sub.2 and
      R.sub.4 may form an alkylene or alkenylene group and R.sub.1 and R.sub.2
      may form an alkenylene group.
PAR  Representatives of these hydrocarbons are, for example, linear or branched
      mono-olefins such as ethylene, propylene, butene, iso-butene, heptene,
      hexene, pentene, 2-methyl-2-pentene, octene, etc.; polyolefins such as
      1,3-butadiene, isoprene, 1,4-pentadiene, 1,2-pentadiene, 1,3-hexadiene,
      1,5-hexadiene, octadiene, hexatriene, octatriene, etc.; cyclic olefins
      such as cyclopropene, cyclobutene, cyclopentene, cyclohexene,
      cycloheptene, cyclobutadiene, cyclopentadiene, cyclohexadiene,
      cyclooctatriene, etc.; alkyl substituted cyclic olefins such as
      methyl-cyclopropene, methyl-cyclobutene, ethyl-cyclobutene,
      methyl-cyclohexene, etc. In addition, cycloalkyl substituted olefins such
      as vinyl-cyclohexane, vinylcyclohexene, etc. as well as
      methylene-cyclopropane, methylene-cyclohexane, etc. may also be mentioned.
PAR  The condensed polycyclic hydrocarbons contain 4 or more carbon atoms, and
      are, for example, indene, naphthalene, azulene, methyl-naphthalene,
      ethyl-naphthalene, biphenylene, acenaphthylene, dimethyl-naphthalene,
      fluorene, phenalene, anthracene, phenanthrene, pyrene, chrysene,
      naphthacene, triphenylene, etc. as well as partially hydrogenated
      derivatives of these polycyclic hydrocarbons such as di-, tetra- and
      hexa-hydro derivatives thereof. In addition, these hydrocarbons may
      further be substituted by an alkyl group, cycloalkyl group, aryl group,
      aralkyl group, etc.
PAR  For the formation of complexes of the silver tri-halogenomethane sulfonate
      and these hydrocarbons, the silver tri-halgenomethane sulfonate may be
      contacted with liquid or gaseous hydrocarbons. In this formation, the
      silver salt may be solid and need not be always in the form of a solution.
PAR  For example, to a liquid hydrocarbons or a solution of paraffin or
      cycloparaffin containing hydrocarbons is added a solid silver
      tri-halogenomethane sulfonate and mixed. In this case, the mixture may be
      heated or cooled, if necessary. In general, however, the mixing may well
      be performed at normal temperature and the mixture is preferably somewhat
      stirred. The formed complexes are sometimes dissolved in excess
      hydrocarbons and sometimes are separated. Next, place, after the excess
      hydrocarbons have been distilled off or the mixture has been cooled or
      otherwise a paraffin such as hexane or cyclohexane has been added to the
      mixture, the solid complexes may be separated. However, it is not always
      necessary to separate the complexes, and after impurities contained in the
      mixture have been removed, the formed complexes may be successively
      subjected to the next decomposition treatment. In addition, the existence
      of water on the formation of the complexes interferes with the formation,
      and so it is desired that the formation of the complexes is carried out in
      a dry state.
PAR  Another embodiment for forming hydrocarbon-silver salt complexes is to
      introduce a gaseous material containing hydrocarbons into a column wherein
      a solid silver tri-halogenomethane sulfonate on a porous carrier such as
      alumina, silica, sellaite, titania, magnesia, pumice, active charcoal,
      etc. to which the solid silver salt has been adsorbed has been filled, to
      form the desired complexes. In this introduction, the gaseous material is
      introduced at normal pressure or under a reduced pressure or in the
      presence of an inert gas carrier such as dried nitrogen gas, and, if
      necessary, under heat. The temperature of the formation of the complexes
      may freely be selected in the scope ranging from low temperature to
      200.degree.C, and is preferably selected in the range of
      0.degree.-120.degree.C. In some cases, the complex forming reaction is an
      exothermic reaction, and in such cases, it is necessary to cool the
      reaction system by appropriate means and to keep the temperature thereof
      constant.
PAR  The thus formed complexes may easily be decomposed by bringing the same
      into contact with water thereby the recover the silver tri-halogenomethane
      sulfonate and hydrocarbons. For example, when the complexes are put into
      water at normal temperature, the complexes are decomposed and the
      recovered silver tri-halogenomethane sulfonate is dissolved in water, and
      the hydrocarbons are separated as an oil layer or crystals. The thus freed
      hydrocarbons are separated or extracted by using a solvent such as praffin
      whereby the hydrocarbons are recovered and collected. The silver
      tri-halogenomethane sulfonate may easily be recovered and collected by
      distilling out the water. Or otherwise, the complexes may be decomposed by
      contacting the same with steam. In the latter case, the silver
      tri-halogenomethane sulfonate remains as a solid, and the hydrocarbons
      only flow out together with the steam. Accordingly, by repeatedly
      operating the formation of complexes where a gaseous mixture containing
      hydrocarbons is introduced into a column filled with a carrier to which a
      silver tri-halogenomethane sulfonate has been adsorbed and the
      decomposition of the formed complexes to follow where steam is introduced
      into the column, the hydrocarbons may continuously be separated.
PAR  In any cases as mentioned above, the amount of water to be used is not
      limited, and is, in general, applied in a molar ratio from 1 to 500 to the
      silver tri-halogenomethane sulfonate forming the complexes. However, if
      the amount of the water is too much, such is not preferable from the
      economical view-point in that the recovering step of the silver salt would
      become expensive. Accordingly, water is preferably used in a mole ratio
      from 1 to 100, more preferably 3 to 50.
PAR  The treating temperature on this water addition is not so high, since if
      the temperature is too high, decomposition of hydrocarbons themselves to
      be separated or coloration thereof would sometimes occur. In general, the
      temperature is selected in the range of 0.degree.-200.degree.C, preferably
      0.degree.-130.degree.C.
PAR  As mentioned above, the complex forming ability between the silver
      tri-halogenomethane sulfonate and the hydrocarbons varies depending upon
      the structures of the reagents. Accordingly, by utilizing the difference
      and by appropriately selecting the conditions on the operation or by
      repeating the complex formation, complexes of specific hydrocarbons may
      selectively be formed and thus the specified hydrocarbons may be separated
      and collected. For example, with respect to xylene-complex forming ability
      between xylene and the silver tri-halogenomethane sulfonate, para-xylene
      has the highest ability, and ortho-xylene, meta-xylene and ethyl-benzene
      have gradually lower abilities in this order. Accordingly, it is possible
      to selectively separate the para-xylene as the xylene-complex from a mixed
      xylene or from a mixture of xylene and other hydrocarbons, or it also is
      possible to separate the para-xylene from the mixed xylene at first, and
      in the next place, to separate the ortho-xylene from the residue and then
      analogously to separate the meta-xylene and the ethylbenzene in this
      order. In this separation, if the purity of the specified concentrated
      component in the separated xylene is not sufficiently high, the purity may
      easily be improved by repeatedly performing the formation of the silver
      tri-halogenomethane sulfonate-xylene complexes.
PAR  With respect to styrene groups, the complex forming ability between the
      styrene groups and the silver tri-halogenomethane sulfonate is stronger
      than that of other aromatic hydrocarbons, and thus the styrene groups
      preferentially form the complexes. Accordingly when a mixture of
      ethylbenzene and styrene is used, the styrene almost selectively forms a
      complex. In addition, the complex forming ability also varies depending
      upon the kinds of the isomers, and thus, it is possible to separate a
      mixture of cis- and trans-isomers of stilbene or a mixture of o-, m- and
      p-isomers of vinyl-toluene into the respective pure isomers by utilizing
      the difference in the complex forming ability thereof with the silver
      tri-halogenomethane sulfonate. Furthermore, it also is possible to
      separate the desired styrene from other hydrocarbons contained in the
      styrene mixture or to separate the desired styrene isomer from other
      isomers and further to increase the purity of the separated styrene by
      repeatedly performing the complex formation. In addition, it also is
      possible to successively separate 2,6-dimethyl-, 1,6-dimethyl-,
      1,2-dimethyl- and 2,3-dimethyl-naphthalene isomers contained in a tar
      which is called a methyl-naphthalene fraction or in a mixture of petroleum
      products, or to mutually separate .alpha.- and .beta.-methylnaphthalenes
      from each other. Moreover it further is possible to separate naphthalene
      and the partial hydrogenated product thereof, tetralin, from each other,
      or to separate anthracene and phenathrene isomers from each other. In
      addition, the present invention may be adapted for other various uses, say
      as follows: Successive separation and collection of butadiene, 1-butene,
      cis- and trans-2-butenes and iso-butylene from a C.sub.4 fraction which is
      called a BB fraction; separation and collection of dienes such as
      cyclobutadiene, piperylene, isoprene, etc. and various kinds of monoolefin
      isomers from a C.sub.5 fraction; separation of 1,4-cyclohexadiene from
      reaction mixture thereof prepared by electrolytic reduction of benzene;
      mutual separation of benzene, cyclohexene, cyclohexane, etc.
PAR  The method of the present invention may be combined with the conventional
      separation method of condensed polycyclic hydrocarbons which has hitherto
      been proposed. For example, when the present invention is applied to a
      distilled and fractionated product, cooled and separated product,
      recrystallized product, etc., it is possible to increase the purities of
      these products. For example, it of course is possible to use petroleum
      reformates, cracked gasolines, isomer mixtures obtained from the
      alkylation of benzene or toluene, etc. as the raw materials of aromatic
      hydrocarbons and to directly adapt the method of the present invention for
      the raw materials. Apart from this, it also is possible to previously
      separate one or more aromatic hydrocarbons from aromatic hydrocarbon
      mixtures by means of the conventional distillation method, separation
      method, solvent extraction method or the like which has hitherto been
      proposed, and afterwards to separate the respective components by applying
      the method of the present invention. Otherwise, after one or more aromatic
      hydrocarbons have previously been separated by means of the method of the
      present invention, afterwards a conventional distillation method,
      separation method, solvent extraction method or the like may be combined
      with the former method thereby to separate the respective components. The
      combination of the present method and a conventional method is
      appropriately determined from the relative difficulty of the process and
      the economical viewpoint.
PAR  In addition, when hydrocarbons of high polymerizability are to be treated,
      it also is possible to perform the present process under the presence of a
      phenol series or amine series polymerization inhibitor, for the purpose of
      inhibiting the polymerization of the hydrocarbons used.
PAR  Now, the present invention will be explained more in detail by the
      following examples; which, however, do not whatsoever limit the scope of
      the present invention.
DETD
PAC  EXAMPLE 1
PAR  5.0  g of silver trifluoromethane sulfonate (CF.sub.3 SO.sub.3 Ag) and a
      mixture of 2.15g of para-xylene and 2.07g of meta-xylene were heated and
      stirred at 100.degree.C for 1 hour. Next, the xylene was distilled out at
      100.degree.C under reduced pressure of 100 mmHg to obtain 6.1g of white
      powders.
PAR  To these powders was added 20 ml of water, whereby the powders were
      dissolved and the xylene was separated. The separated xylene was analyzed
      by means of gas chromatography, whereby it was confirmed that the xylene
      consists of 98.5% of para-xylene and 1.5% of meta-xylene.
PAR  On the other hand, when the aqueous solution was concentrated, 5.0g of
      silver trifluoromethane sulfonate were recovered.
PAC  EXAMPLE 2
PAR  To 32.5g of mixed xylene consisting of 12.2% of paraxylene, 43.6% of
      ethyl-benzene, 29.4% of meta-xylene and 14.8% of ortho-xylene were added
      2.58g of silver trifluoromethane sulfonate crystals, and the whole was
      heated at 90.degree.C for 10 minutes whereby the crystals were completely
      dissolved. Next, the formed solution was cooled at 20.degree.C and 1.99g
      of precipitated crystals were separated.
PAR  The crystals were dissolved in water to free the xylene, and the freed
      xylene was analyzed by means of gas chromatography. The result was as
      follows:
     para-xylene           0.31g                                               
     ethyl-benzene         0.02 g                                              
     meta-xylene           0.01g                                               
     ortho-xylene          trace                                               
PAC  EXAMPLE 3
PAR  To 17.5g of the same mixed xylene as in Example 2 were dispersed 10.29g of
      silver trifluoromethane sulfonate powders, and the whole was stirred at
      20.degree.C for 1 hour. Next, the xylene was distilled out at 40.degree.C
      under reduced pressure of 10 mmHg to obtain 12.47g of crystals.
PAR  To the thus obtained crystals were added dropwise 10g of water at
      90.degree.C under reduced pressure of 80 mmHg and the system distilled,
      whereby the freed xylene was distilled out together with steam, and the
      xylene was cooled and condensed. The thus obtained xylene was analyzed by
      means of gas chromatography and the result as follows:
TBL  para-xylene           1.50g                                               
     ethyl-benzene         0.43g                                               
     metha-xylene          0.15g                                               
     ortho-xylene          0.10g                                               
PAC  EXAMPLE 4
PAR  A glass column having a diameter of 1.0cm and a length of 25cm was filled
      with 6.00g of silver trifluoromethane sulfonate powders. This column was
      kept at 90.degree.C, and 9.69g of gaseous mixed xylene consisting of 12.2%
      of para-xylene, 43.6% of ethyl-benzene, 29.4% of meta-xylene and 14.8% of
      ortho-xylene were passed therethrough under reduced pressure of 60 mmHg
      and in the course of 1.5 hours. Next, without purging the apparatus with
      any other gas, 10.0g of steam was passed through the column at 90.degree.C
      under reduced pressure of 60 mmHg and the steam which had flowed
      therethrough was cooled to condense the xylene. The obtained xylene was
      analyzed by means of gas chromatography, and the result was as follows:
TBL  para-xylene           0.119 g                                             
     ethyl-benzene         0.0885 g                                            
     metha-xylene          0.059 g                                             
     ortho-xylene          0.0236 g                                            
PAC  EXAMPLE 5
PAR  1.91g of xylene mixture consisting of 22.4% of ethylbenzene, 23.4% of
      para-xylene, 25.3% of meta-xylene and 28.6% of ortho-xylene were mixed
      with 1.147g of silver trichloromethane sulfonate (Cl.sub.3 CSO.sub.3 Ag)
      at room temperature, and then the excess xylene was distilled out under
      reduced pressure of 3 mmHg whereby 1.357g of white powders were obtained.
PAR  To these powders were added 10 ml of water to dissolve the powders, and
      0.21g of xylene was separated as an oily substance. The thus separated
      xylene was analyzed by means of gas chromatography and the result is shown
      hereunder. It is noted that the para-xylene was concentrated.
TBL  ethyl-benzene          4.0%                                               
     para-xylene           69.3%                                               
     meta-xylene            9.3%                                               
     ortho-xylene          17.3%                                               
PAC  EXAMPLE 6
PAR  4.22g of xylene mixture consisting of 51.0% of paraxylene and 49.0% of
      meta-xylene were mixed with 6.130g of silver trichloromethane sulfonate at
      room temperature, and then the excess xylene was distilled out under
      reduced pressure of 3 mmHg to obtain 7.182g of white powders.
PAR  To these powders were added 20ml of water to dissolve the powders, and
      1.05g of oily xylene were separated. The thus separated xylene was
      analyzed by means of gas chromatography, and the result was as follows:
TBL  para-xylene           90.5%                                               
     meta-xylene            9.5%                                               
PAC  EXAMPLE 7
PAR  1.91g of xylene mixture consisting of 22.4% of ethylbenzene, 23.4% of
      para-xylene, 25.3% of meta-xylene and 28.6% of ortho-xylene were mixed
      with 1.160g of silver difluoro-chloromethane sulfonate (F.sub.2
      ClCSO.sub.3 Ag) at room temperature, and then the excess xylene was
      distilled out under reduced pressure of 3 mmHg to obtain 1.384g of white
      powders.
PAR  To the obtained powders were added 10 ml of water to dissolve the same, and
      0.22g of oily xylene was separated. The separated xylene was analyzed by
      means of gas chromatography, and the result was as follows:
TBL  ethyl-benzene          3.5%                                               
     para-xylene           77.6%                                               
     meta-xylene            7.0%                                               
     ortho-xylene          11.9%                                               
PAC  COMPARATIVE EXAMPLE
PAR  In the above mentioned Example 5, silver methane sulfonate (CH.sub.3
      SO.sub.3 Ag) was used in place of the silver trichloromethane sulfonate,
      and the xylene mixture was treated analogously. No complex forming ability
      was seen with the silver methane sulfonate.
PAC  EXAMPLE 8
PAR  3.32g of mixture consisting of 50% of styrene and 50% of ethyl-benzene were
      mixed with 1.00g of a silver trifluoromethane sulfonate at room
      temperature, and then the excess styrene and ethylbenzene were distilled
      out under reduced pressure of 3 mmHg to obtain 1.39g of white powders. To
      the white powders were added 10 ml of water to dissolve the powders, and
      0.39g of water-insoluble oily material was obtained. The oily material was
      dissolved in cyclohexane and the resulting cyclohexane solution was
      analyzed by means of gas chromatography. It was confirmed that the oily
      composition consisted of 97.9% of styrene and 2.1% of ethyl-benzene. Thus,
      the styrene was extremely concentrated. Apart from this, silver methane
      sulfonate was used in place of the silver trifluoromethane sulfonate and
      the same procedure as in the above was carried out, but no complex could
      be formed in a stable state.
PAC  EXAMPLE 9
PAR  3.32g of mixture consisting of 50% of styrene and 50% of para-xylene were
      mixed with 1.16g of a silver trichloromethane sulfonate at room
      temperature, and then the excess styrene and para-xylene were distilled
      out under reduced pressure of 3 mmHg to obtain 1.56g of white powders. To
      the thus obtained white powders were added 10 ml of water to dissolve the
      same, and 0.40g of oily material was separated. The oily material was
      dissolved in n-hexane and the resulting n-hexane solution was analyzed by
      means of gas chromatography, whereby it was confirmed that the oily
      composition consisted of 96.8% of styrene and 3.2% of paraxylene.
PAC  EXAMPLE 10
PAR  A gaseous mixture consisting of 50% of styrene and 50% of ethyl-benzene was
      introduced into a covered glass column which was filled with 10 ml of a
      pumice of 50 mesh size carrying 1.01g of silver trifluoromethane
      sulfonate, under a speed of 2.30 g/hr and in the course of 30 minutes, at
      a temperature of 100.degree.C. Afterwards, 20g of steam were further
      introduced into the column for 30 minutes under reduced pressure of 500
      mmHg to cool and collect the flowage. The oily material of the upper layer
      was extracted with n-hexane and was analyzed by means of gas
      chromatography. It was confirmed that the oily material consisted of 82.1%
      of styrene and 17.9% of ethyl-benzene. The yield was 0.41g.
PAC  EXAMPLE 11
PAR  5g of naphtha cracked oil consisting of 42.0% of styrene, 9.2% of
      ortho-xylene, 18.0% of meta-xylene, 8.9% of para-xylene, 9.8% of
      ethyl-benzene and balance 12.1% miscellaneous were mixed with 2.01g of
      silver trifluoromethane sulfonate at room temperature, and then excess
      hydrocarbons were distilled out under the reduced pressure of 3 mmHg to
      obtain 2.80g of white solid powders. To the powders were added 20 ml of a
      water to obtain 0.81g of water-insoluble oily material. This oily material
      contained 87.0% of styrene.
PAC  EXAMPLE 12
PAR  3.52g of composition consisting of 50% of .alpha.-methyl-styrene and 50% of
      cumene were mixed with 1.01g of silver trifluoromethane sulfonate at room
      temperature, and then the excess hydrocarbons were distilled out under
      reduced pressure of 3 mmHg to obtain 1.41g of white solid powders. To the
      powders were added 10 ml of water to obtain 0.42g of water-insoluble oily
      material. The oily material was analyzed by means of gas chromatography
      and it was confirmed that the material contained 89% of
      .alpha.-methyl-styrene.
PAC  EXAMPLE 13
PAR  To 2.65g of a composition consisting of 29.7% of para-vinyltoluene and
      70.3% of meta-vinyl-toluene were added 1.03g of silver trifluoromethane
      sulfonate and the system dissolved at room temperature. Afterwards, the
      excess hydrocarbons were distilled out under reduced pressure of 1 mmHg to
      obtain 1.37g of white solid powders. To the powders were added 10 ml of
      water to obtain 0.34g of waterinsoluble oily material. The thus obtained
      oily material was analyzed by means of gas chromatography and it was
      confirmed that the material consisted of 52.3% of para-vinyl-toluene and
      47.7% of meta-vinyl-toluene.
PAC  EXAMPLE 14
PAR  1.071g of mixture consisting of 51.3% of 1-methyl-4-isopropyl-benzene
      (para-cymene) and 48.7% of 1-methyl-3-isopropylbenzene (meta-cymene) were
      mixed with 1.036% of silver trifluoromethane sulfonate and the whole was
      stirred for 10 minutes at 60.degree.C. Afterwards, the excess cymene was
      distilled out under reduced pressure of 5 mmHg to obtain 1.295g of white
      powders.
PAR  To the powders were added 10 ml of water and the whole was stirred to
      dissolve the powders, whereby 0.25g of oily cymene was separated. The thus
      separated cymene was collected and analyzed by means of gas
      chromatography, and the result is shown hereunder. It was confirmed that
      para-cymene was concentrated.
TBL  ______________________________________                                    
     1-methyl-4-isopropyl-benzene (para-cymene)                                
                                 82.3%                                         
     1-methyl-3-isopropyl-benzene (metha-cymene)                               
                                 17.7%                                         
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  1.150g of mixture consisting of 44.4% of para-ethyltoluene, 48.6% of
      meta-ethyltoluene and 7.0% of ortho-ethyltoluene were mixed with 1.039g of
      silver trifluoromethane sulfonate, and the whole was stirred for 30
      minutes at 50.degree.C. Next, the excess ethyltoluene was distilled out
      under reduced pressure of 10 mmHg to obtain 1.268g of white powders.
PAR  The powders were put into 10 ml of water to obtain 0.23g of oily material.
PAR  The thus obtained oily material was analyzed by means of gas
      chromatography, and the result is shown hereunder. It was confirmed that
      para-ethyltoluene was concentrated.
TBL  ______________________________________                                    
     para-ethyltoluene      96.1%                                              
     meta-ethyltoluene       3.9%                                              
     ortho-ethyltoluene     --                                                 
     ______________________________________                                    
PAC  EXAMPLE 16
PAR  1.145g of a ethyltoluene mixture of the same composition as in Example 15
      were mixed with 1.026g of silver trichloromethane sulfonate, and after the
      whole was stirred at 50.degree.C for 30 minutes, the excess ethyltoluene
      was distilled out under reduced pressure of 10 mmHg to obtain 1.301g of
      white powders.
PAR  The thus obtained white powders were put into 10 ml of water to obtain
      0.27g of oily material.
PAR  The thus obtained oily material was analyzed by means of gas
      chromatography, and the result is shown hereunder. It was confirmed that
      para-ethyltoluene was concentrated.
TBL  ______________________________________                                    
     para-ethyltoluene      91.3%                                              
     meta-ethyltoluene      8.5%                                               
     ortho-ethyltoluene     0.2%                                               
     ______________________________________                                    
PAC  EXAMPLE 17
PAR  2.92g of a mixture consisting of 31.9% of 1,2,3-trimethylbenzene
      (hemimellitene), 34.6% of 1,2,4-trimethylbenzene (pseudocumene) and 33.5%
      of 1,3,5-trimetylbenzene (mesitylene) were mixed with 1.049g of silver
      trifluoromethane sulfonate, and left for 1 hour at room temperature.
      Afterwards, the excess trimethylbenzene was distilled out under reduced
      pressure of 3 mmHg to obtain 1.474g of white powders.
PAR  The thus obtained white powders were put into 10 ml of water to dissolve
      the powders, whereby 0.425g of oily material was obtained. The thus
      obtained oily material was analyzed by means of gas chromatography, and
      the result was as follows:
TBL  1,2,3-trimethylbenzene 53.5%                                              
     1,2,4-trimethylbenzene 43.9%                                              
     1,3,5-trimethylbenzene  2.6%                                              
PAC  EXAMPLE 18
PAR  2.14g of mixture consisting of 49% of 1,2,3,5-tetramethylbenzene
      (isodurene) and 51% of 1,2,4,5-tetramethylbenzene (durene) were mixed with
      1.022g of silver trifluoromethane sulfonate at 60.degree.C. Afterwards,
      the excess tetramethylbenzene was distilled out at 60.degree.C under
      reduced pressure of 0.2 mmHg to obtain 1.510g of white powders.
PAR  To the thus obtained powders were added 10 ml of water and 5 ml of
      n-hexane, and the n-hexane layer was analyzed by means of infrared
      spectrophotometer, and the result was as follows:
TBL  1,2,4,5-tetra-methylbenzene                                               
                            81%                                                
     1,2,3,5-tetra-methylbenzene                                               
                            19%                                                
PAC  EXAMPLE 19
PAR  2.01g of mixture consisting of a 37.1% of n-butylbenzene, 31.9% of
      sec.-butylbenzene and 31.0% of tert.-butylbenzene were mixed with 0.695g
      of silver trifluoromethane sulfonate at 90.degree.C to dissolve the silver
      salt. Next, the excess butylbenzene was distilled out at 50.degree.C under
      reduced pressure of 0.5 mmHg to obtain 0.991g of white powders. To the
      thus obtained powders were added 10 ml of water to obtain 0.300g of oily
      material. The thus obtained oily material was analyzed by means of gas
      chromatography and the result was as follows:
TBL  n-butylbenzene        63.4%                                               
     sec.-butylbenzene     22.8%                                               
     tert.-butylbenzene    13.8%                                               
PAC  EXAMPLE 20
PAR  0.67g of a mixture consisting of 48.5% of 1-hexene and 51.5% of 2-hexene
      was mixed with 0.534g of silver trifluoromethane sulfonate at room
      temperature to dissolve the silver salt. The excess hexene was distilled
      out at room temperature under reduced pressure of 10 mmHg to obtain 0.689g
      of white powders. To the thus obtained powders were added 10 ml of water
      to separate an oily material. The oily material was analyzed by means of
      gas chromatography, and the result was as follows:
TBL  1-hexene         57.3%                                                    
     2-hexene         42.7%                                                    
PAC  EXAMPLE 21
PAR  1.87g of a mixture consisting of 33.4% of cyclohexene, 32.8% of
      1,4-cyclohexadiene and 33.7% of benzene were mixed with 1.168g of silver
      trifluoromethane sulfonate at 60.degree.C, and then the excess C.sub.6
      compounds were distilled out at room temperature under reduced pressure of
      20 mmHg to obtain 1.646g of white powders.
PAR  To the thus obtained powders were added 10 ml of water to obtain 0.48g of
      oily material. The oily material was analyzed by means of gas
      chromatography, and the result was as follows:
TBL  cyclohexene             4.6%                                              
     1,4-cyclohexadiene     92.5%                                              
     benzene                 2.8%                                              
PAC  EXAMPLE 22
PAR  1.03g of a mixture consisting of 51.8% of 1,3-pentadiene and 48.2% of
      2-methyl-1,3-butadiene were mixed with 1.288g of silver trifluoromethane
      sulfonate at 10.degree.C to dissolve the silver salt. Afterwards, the
      excess C.sub.5 compounds were distilled out at room temperature under
      reduced pressure of 100 mmHg to obtain 1.532g of white powders. To the
      thus obtained powders were added 10 ml of water and 5 ml of n-hexane and
      the whole was shaken. Afterwards, the n-hexane layer was analyzed by means
      of gas chromatography, and the result was as follows:
TBL  1,3-pentadiene         82.9%                                              
     2-methyl-1,3-butadiene 17.1%                                              
PAC  EXAMPLE 23
PAR  3.38g of a mixture consisting of 29.7% of .alpha.-methyl-naphthalene and
      70.3% of .beta.-methyl-naphthalene were mixed with 0.90g of silver
      trifluoromethane sulfonate at 90.degree.C. Next, the resulting mixture was
      cooled to room temperature, and 10 ml of n-hexane were added thereto, and
      then the precipitated crystals were separated by filtration. The yield of
      the crystals was 1.15g. Afterwards, the crystals were washed further with
      n-hexane. Next, 10 ml of water and 10 ml of n-hexane were added to the
      crystals and shaken to separate the n-hexane layer. The n-hexane layer was
      analyzed by means of gas chromatography and the result was as follows:
TBL  .alpha.-methylnaphthalane                                                 
                            16.5%                                              
     .beta.-methylnaphthalene                                                  
                            83.5%                                              
PAC  EXAMPLE 24
PAR  0.92g of a mixture consisting of 27.3% of 1,6-dimethylnaphthalene, 37.2% of
      2,6-dimethylnaphthalene and 35.5% of 2,3-dimethylnaphthalene was mixed
      with 0.241g of silver trifluoromethane sulfonate at 100.degree.C, and the
      same after-treatment as in Example 23 was carried out. The yield of this
      crystals was 0.313g. The result on the analysis by gas chromatography is
      shown hereunder. It was confirmed that 2,6-dimethylnaphthalene was
      concentrated.
TBL  ______________________________________                                    
     1,6-dimethylnaphthalene                                                   
                            12.0%                                              
     2,6-dimethylnaphthalene                                                   
                            81.2%                                              
     2,3-dimethylnaphthalene                                                   
                             6.8%                                              
     ______________________________________                                    
PAC  EXAMPLE 25
PAR  1.86g of mixture consisting of 51.6% of indane and 48.4% of indene were
      mixed with 1.08g of silver trifluoromethane sulfonate at 50.degree.C, and
      then the same after-treatment as in Example 23 was carried out. The yield
      of the crystals was 1.54g. The result of analysis by gas chromatography is
      shown hereunder. It was confirmed that indene was concentrated.
TBL  ______________________________________                                    
            indane        12.7%                                                
            indene        87.3%                                                
     ______________________________________                                    
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. The method for separating methyl naphthalenes where a mixture of
      .alpha.-methyl naphthalene and .beta.-methyl naphthalene is reacted with
      silver tri-fluoromethane sulfonate to form complexes of .beta.-methyl
      naphthalene, then the formed complexes are separated from the mixture and
      decomposed with water to free .beta.-methyl naphthalene.
NUM  2.
PAR  2. The method for separating dimethyl naphthalene where a mixture of 1,6-,
      2,6-, and 2,3- dimethyl naphthalene is reacted with silver
      tri-fluoromethane sulfonate to form complexes of 2,6-dimethyl naphthalene
      selectively, then the formed complexes are separated and decomposed with
      water to separate 2,6-dimethyl naphthalene.
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ABST
PAL  A process for preparing lactam-polyol-polyacyl lactam or acyl polylactam
      terpolymers having ester end group termination and both ester linkages and
      amide linkages between the monomeric segments. The terpolymers are
      prepared by initiating the anionic catalyzed polymerization with a
      polyester initiator formed from dicarboxylic acid esters and aliphatic
      polyols and/or aliphatic polyether polyols.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a process for preparing polyester initiated
      lactam-polyol-polyacyl lactam or acyl polylactam terpolymers having ester
      end group termination.
PAC  BACKGROUND OF THE INVENTION
PAR  Polyamides comprise a large class of polymers having a wide range of
      properties. Many polyamides have excellent combinations of properties for
      particular applications. One inportant class of polyamides are the
      polylactams prepared by the polymerization of lactams such as caprolactam
      and the like. Polycaprolactam, more commonly known as nylon 6, is the most
      widely used of the polylactams because of its excellent mechanical and
      physical properties and its low cost. Because of the many desirable
      properties of polylactams, polylactams other than polycaprolactam have
      been used to a considerable extent when nylon 6 is unsuited to some
      specific end use. Nylon 12, manufactured from lauryllactam of
      12-aminododecanoic acid, is an example of such a polymer. The foregoing
      polymer is characterized by lower water absorption and consequently better
      dimensional stability and electrical properties than nylon 6. Nylon 12 is
      also more flexible and lower melting than nylon 6.
PAR  For still other applications, a polyamide having a higher water absorption
      coupled with a higher elasticity than nylon 6 would be useful for a number
      of applications. Some nylon copolymers are known to provide the
      characteristics just mentioned. Polyamide-polyether copolymers are known
      to have a combination of properties making them suitable for use as
      fibers, fabrics, films, foams, and molded articles. It is also known that
      lactam-polyol copolymers can be prepared by the base catalysis of lactams
      in the presence of polyalkylene glycols or other polymerizable polyol
      intermediates usng isocyanate initiators. This method of polymerization
      yields a block copolymer with a number of good properties at a reasonable
      cost. One of the principal disadvantages of the polylactam-polyether
      copolymers prepared by this method has been the poor heat stability of the
      copolymers.
PAR  Accordingly, it would be highly desirable to provide terpolymers of lactam
      having properties of improved heat stability and properties not
      anticipated by simple end-chaining of long blocks of polylactam structure
      onto existing polymers. It would also be desirable to modify the
      properties of a terpolymer in the direction of elastomeric or crystalline
      materials depending upon the reaction amounts of the monomeric segments
      utilized in the polymerization process.
PAC  SUMMARY OF THE INVENTION
PAR  If a means could be found for improving the heat stability of lactam-polyol
      copolymer prepared by an anhydrous base catalyzed polymerization as well
      as providing a means for producing terpolymers of variable crystalline or
      elastomeric content, it would represent a significant advance in the state
      of the art. Providing a heat-stable terpolymer constitutes one of the
      objects of the invention. Providing a process for preparing
      polyether-polyester initiated lactam terpolymers constitutes another of
      the objects of the invention.
PAR  The present invention pertains to a process for preparing
      lactam-polyol-polyacyl lactam or acyl polylactam terpolymers having ester
      end group termination and both ester linkages and amide linkages between
      the monomeric segments of the terpolymer. The invention also pertains to
      the process and the terpolymers produced by initiating the anionic
      catalyzed polymerization of lactam with a polyether-polyester initiator
      formed from dicarboxylic acid esters and aliphatic polyols of aliphatic
      polyether polyols.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The polymerized lactam component of the above polymers is formed from
      cyclic monomeric lactams of the formula
      ##EQU1##
      where Y is an alkylene group having at least about three carbon atoms,
      preferably from about 3 to 12 or 14, and more preferably from about 5 to
      about 11 carbon atoms.
PAR  A preferred monomer is .epsilon.-caprolactam. Lactam monomers in addition
      to .epsilon.-caprolactam include alpha-pyrrolidinone, piperidone,
      valerolactam, caprolactams other than the .epsilon.-isomer, capryllactam,
      lauryllactam and the like. In addition to lactams unsubstituted on their
      carbon chains, lactams having substituents on the carbon chain which do
      not inhibit or otherwise adversely affect the polymerization of the lactam
      are also included within the scope of this invention.
PAR  During polymerization the cyclic lactam ring is opened to provide the
      following monomeric unit
      ##EQU2##
      which, together with other lactam molecules, produces a polymeric block of
      the formula
      ##EQU3##
      where x is an integer greater than one.
PAR  The monomeric lactam unit can also react with the polyacyl alkoxide.
      Similarly, a polylactam block, when joined with a polyacyl unit forms a
      polymer segment of the formula
      ##EQU4##
      where R is a hydrocarbon group described hereinbelow, A and A' are acyl
      groups, x is an integer greater than one, y is an integer equal to or
      greater than one, and b is an integer equal to zero or one.
PAL  Thirdly, in the course of the polymerization of the components described
      above, a polyol can react with the polymerizable lactam unit or block to
      produce a polymer segment of the formula
      ##EQU5##
      where x and n are integers equal to at least one and where Z is a
      hydrocarbon, substituted hydrocarbon or acylated hydrocarbon group which,
      together with the oxygen atom attached thereto, forms a polyether or
      polyester segment of a polymer molecule.
PAR  The Z hydrocarbon, substituted hydrocarbon and acylated hydrocarbon groups
      can be of any size even polymeric such as polybutadiene, generally limited
      to about six carbon atoms, said groups being preferably alkylene, arylene,
      alkylene carbonyl, arylene carbonyl, and mixtures thereof. Even more
      preferred are unsubstituted aliphatic groups such as methylene, ethylene,
      propylene, butylene and the like. Other suitable Z groups include
      phenylene, chlorophenylene, tolylene, isobutylene, isopropylene,
      ethylcarbonyl, propylcarbonyl, ethylsulfonyl, propylthiocarbonyl and the
      like.
PAR  The preference indicated above for unsubstituted aliphatic Z groups means
      that terpolymers of this invention which contain polyether segments are
      preferred over other embodiments which contain polyester segments.
PAR  In preferred aspects of this invention, it is theorized that the lactam is
      present in the polymer in the form of polylactam blocks which are
      alternated with blocks of polyol and polyol segments to form the polymer.
      The polylactam blocks when present can be of any size but customarily have
      molecular weights of at least about 500, preferably at least about 1000.
PAR  The polymerized polyol components of the polymers of this invention are
      formed from polyol intermediates having at least two hydroxy groups.
      Available commercial polyols of this class are produced by reacting, for
      example, propylene oxide or ethylene oxide with glycols, glycerol,
      pentaerythritol, glucose, amines, and the like. Included within the scope
      of the above class are a large number of suitable compounds ranging from
      the simple diols such as ethylene glycol to complex polymeric polyols such
      as poly (.epsilon.-caprolactone) diol. Other polyol compounds include
      alkylene glycols such as diethylene glycol, triethylene glycol,
      tetraethylene glycol, tetramethylene glycol, propylene glycol, dipropylene
      glycol, hexylene glycol, 1,2-propanediol, 1,3-propanediol, 1,3-hexanediol,
      1,5-pentanediol, butylene glycol, 1,4-butanediol, dicyclopentadiene
      glycol, heptaethylene glycol and isopropylidene bis
      (p-phenyleneoxypropanol-2); diols other than alkylene glycols such as
      pyrocatechol, resorcinol, hydroquinone, hydroxyethyl acrylate and
      hydroxypropyl methacrylate; polyols having more than two hydroxy functions
      such as glycerol, pentaerythritol, 1,2,6-hexanetriol, 1-trimethylol
      propane, pyrogallol and phloroglucinol; polymeric polyols such as
      polyethylene glycols, polypropylene glycols, polyoxypropylene diols and
      triols, castor oils, polybutadiene glycols and polyester glycols, and a
      large number of compounds containing substituents other than hydroxy
      groups such as 2,4-dichlorobutylene glycol and 2,2'-4,4' bis
      (chlorohydroxyphenyl) ether. In addition to all the hydroxy compounds set
      forth above, the thio compounds analogous to the above compounds having
      sulfur atoms in place of oxygen are also included within the scope of the
      invention. A few examples include hydroxyethyl thioglycolate, ethylene
      glycol bis- (thioglycolate), pentaerythritol tetrakis-(thioglycolate) and
      thiodiglycol.
PAR  If the polyol intermediate is a polymer, the molecular weight of the polyol
      can be any amount. Commercially available polymeric polyol compounds have
      molecular weights from 200 to 5000, but polymers with molecular weights
      outside that range are also useful in the practice of the instant
      invention. If the polyol intermediate or segment is a single molecule
      having at least two hydroxy groups such as ethylene glycol, a suitable
      polyol segment according to the invention would have a molecular weight of
      at least 62.
PAR  The third component of the terpolymers of this invention has the following
      structural configuration in the polymer chain:
EQU  --(A -- R).sub.b -- (A').sub.y --
PAL  where R is a hydrocarbon group, A and A' are acyl radicals, y is an integer
      equal to at least one, and b is an integer equal to zero or one.
PAR  The R group can be any hydrocarbon group having at least two valence bonds
      for attachment to the acyl groups shown in the above formula. Examples
      include functional groups obtained by the removal of hydrogen atoms from
      methane, ethane, propane, hexane, dodecane, benzene, toluene, cyclohexane
      and the like. The polyvalent R group can be of any size but is preferably
      limited to about twenty carbon atoms, and more preferably about eight
      carbon atoms. If the integer "y" is one, the linkage will be a diacyl
      group. The A group can be acyl group and preferably are
      ##EQU6##
      groups. Most preferred among the above groups is the carbonyl group.
PAR  Values for the integer "y" have a direct relationship to the
      thermoplasticity of the terpolymer. If the integer "y" is greater than
      one, the linkage will be a higher polyacyl. The higher the value of "y",
      the more highly crosslinked will be the finished polymer. Values for "y"
      can be as high as six or eight, but more preferably do not exceed two or
      three.
PAR  The polymerized product comprising the aforementioned components can have a
      number of different structures depending upon the process conditions and
      the relative proportions of ingredients used in the reaction system.
      Polymers can be prepared having relatively small segments of lactam units
      joined to similarly short segments of polyol units through the polyacyl
      linkage described above. Or large segments of one polymeric component can
      be combined with a larger number of comparatively small segments of
      another polymeric unit, which small segments are joined to one aother
      through the polyacyl linkage as well as to the other type of polymeric
      component. Or segments of varying sizes of both the lactam and the polyol
      polymeric units can be combined through the polyacyl components to form a
      highly random terpolymer. Another form of polymer within the scope of this
      invention are block polymers, where moderately large size blocks or
      segments of the lactam and polyol polymeric units are positioned
      alternately in the polymer chain and joined through the polyacyl group
      described above. If the polyacyl linkages are, for purposes of
      simplification, considered to be a part of either a lactam or polyol
      block, then the block polymers of this invention can be discussed in terms
      of two alternating blocks designated as A and B blocks, instead of in
      terms of complicated patterns of three blocks designated as A, B and C
      blocks. Block polymers prepared according to this invention can have three
      general structural configurations, AB, ABA and a repeating pattern of AB
      segments. Following a general characterization of a block copolymer
      prepared within the scope of this invention as AB, ABA or repeating AB, it
      should be recognized that the exact structural configuration may vary
      somewhat from the general characterization of the polymer. As an
      illustration, one theoretical formula for a lactam-polyolpolyacyl lactam
      block terpolymer of the repeating AB type could be
      ##EQU7##
      where y, x, x', x", n and w are all integers equal to one or more; b is an
      integer equal to zero or one; R is a divalent or polyvalent hydrocarbon
      group; (O-Z).sub.n is a polyol segment or a polymeric moiety and Z is a
      hydrocarbon or substituted hydrocarbon group; Y is an alkylene group
      having at least three carbon atoms; A and A' are acyl groups; and R' is an
      aliphatic or substituted aliphatic hydrocarbon wherein the ester group is
      attached to other than an aromatic radical.
PAL  If for instance Y is a straight chained alkylene group, A and A' are
      carbonyl groups, Z is ethylene, --CH.sub.2 CH.sub.2 --, and R is
      phenylene, the terpolymer would be a caprolactam-ethylene glycol polymer
      where the caprolactam segments of the polymer are joined to one another
      and to the ethylene glycol segments through terephthaloyl linkages. Other
      lactam-polyol polymers, both of the AB, ABA as well as the repeating AB
      type, will become immediately apparent to those skilled in the art in view
      of this disclosure. It should therefore be noted that the above-structural
      formula is set forth for illustrative purpose only, and is not intended as
      a limitation of the polymers within the scope of the invention.
PAR  When the polymers of this invention are of the ABA type, where one block of
      one type of polymer segment is located between two blocks of the other
      type of polymer segment, the polymers can be of either the
      polyol-lactam-polyol type or the lactam-polyol-lactam type. Of the two
      types, the latter is a preferred type of ABA polymer.
PAR  If the lactam-polyol-polyacyl lactam polymer is a block polymer, the polyol
      blocks can, like the polylactam blocks, be of any size but customarily
      have molecular weights of at least about 500, preferably at least about
      1000. The ratio of the number of lactam to polyol blocks can also vary.
      Since the block polymers can be of either the type designated as AB, ABA
      or repeating AB, the ratio of lactam blocks to polyol blocks can vary from
      2:1 to 1:1 to 1:2. Mixtures of two or more block polymers having different
      ratios of the lactam and polyol blocks will produce ratios of polymer
      blocks intermediate between the above stated ratios.
PAR  In the above theoretical formula for a lactam-polyol block terpolymer, the
      polyacyl linkage is represented as located between two lactam polymer
      segments as well as between a polyether segment and a lactam polymer
      segment. As a practical matter, the polyacyl linkages will also be located
      occasionally between two polyol blocks. It should be noted, moreover, that
      the polyacyl linkages need not invariably be positiond between lactam and
      polyol blocks since the necessay linkage can be provided in the form of an
      ester linkage by the oxygen atom of the polyether segment and the carbonyl
      group of a polylactam segment.
PAR  Following is a general characterization of the lactam polyol-polyacyl
      lactam terpolymer produced according to the invention. As an illustration,
      the lactam-polyol-polyacyl lactam or acyl polylactam terpolymer has the
      general formula:
      ##EQU8##
      Wherein (O-Z).sub.n is a polyol segment or a polymeric moiety and Z is a
      hydrocarbon or substituted hydrocarbon group said group being alkylene,
      arylene, alkylene carbonyl, arylene carbonyl, and mixtures thereof;
PAR  A and A' are acyl groups selected from
      ##EQU9##
PAR  R is a polyvalent hydrocarbon group;
PAR  Y is an alkylene or substituted alkylene having from about 3 to about 14
      carbon atoms; y is an integer equal to at least one, and b is an integer
      equal to zero or one; x, x', x", and x"' are integers and the total number
      of x's is equal to 2w + 2; and n and w are integers equal to one or more.
PAR  As mentioned earlier, the terpolymers of this invention are characterized
      by the presence of both ester and amide linkages between the monomeric
      segments of the polymer. The term "monomeric segment" is intended to apply
      to the polymerized reaction product of a monomer, whether the reaction
      product is a single unit such as
      ##EQU10##
      or a block of several units such as
      ##EQU11##
      Regarding the breadth of the terms "ester linkage" and "amide linkage",
      the linkages can of course be composed of acyl groups other than carbonyl
      groups since the polyacyl linkage described above includes thiocarbonyl,
      sulfonyl, and phosphoryl groups as well as the more conventional carbonyl
      groups.
PAR  The molecular weight of the terpolymers can vary widely from a number
      average molecular weight of just a few thousand to one million or higher.
      For thermoplastic uncrosslinked polymers, a preferred range for number
      average molecular weight is from about 10 or 20,000 to about 100,000 to
      200,000. If the polymers are crosslinked, the molecular weights of the
      polymers can be much higher in the range of 100,000 to several million.
PAR  When block polymers are formed, the molecular weight of the polyol blocks
      is an important consideration in selecting preferred polymers within the
      scope of this invention. Polyol blocks having a number average molecular
      weight of about 500 or 600 or more generally tend to have good low
      temperature properties. This lower level of molecular weight for the
      polyol blocks is subject to some vibration insofar as low temperature
      properties can also be affected by the degree of block polymerization, the
      nature of the block polymer, i.e. AB, ABA or repeating AB, the ratio of
      the lactam content to the polyol content, and the particular lactam and
      polyol present in the polymer. Polyol segments having a molecular weight
      of at least 62 can also constitute a portion of the terpolymer as well as
      the polyol blocks having molecular weights of 500 to 600 or greater. For
      example, ethylene glycol as the polyol segment provides a terpolymer
      having improved tensile elongation and impact resistance. Regarding a
      maximum molecular weight of the polyol blocks, preferred polymers have
      polyol blocks with a maximum number average molecular weight of about
      6000, and more preferably about 4000. About these levels the polyol
      prepolymer tends to exhibit a reduced hydroxyl functionality, due to
      unsaturation, thereby making more difficult the incorporation of polyol
      into the polymer.
PAR  In addition to the three principal monomeric constituents which together
      produce the terpolymers of this invention, other polymerizable monomers
      can also be used to prepare polymers having four or more polymerizable
      constituents. As an example, if the polyol constituent of a terpolymer of
      this invention is polybutadiene diol, the resultant terpolymer could be,
      after the lactam-polyol-polyacyl lactam polymerization, subsequently
      reacted with a vinyl compound such as styrene to crosslink the polymer
      through its vinyl unsaturation. Still other monomers could be chosen which
      could be polymerized directly into a linear polymer chain. The quantity of
      such additional monomers could be very large, even as great as 50% or more
      of the total polymerizable constituents but preferably is limited to
      quantities of 25% or less of the total monomer content.
PAR  The polymers prepared according to this invention exhibit a broad range of
      properties which can be adjusted to provide compositions particularly well
      adapted for a specified end use. In addition to crosslinking, adjustment
      of polymer structure, and molecular weight adjustment of polymer blocks,
      other means of varying the properties of the polymers can also be
      empoloyed. Crystallinity of the polymers, which can be present in the
      lactam segments of the polymers, can be increased or decreased by
      variation of polymerization temperatures. Since any crystallinity in the
      polymers of this invention is largely present in the lactam segments of
      the polymer, variation of the lactam content of the polymer can also
      result in a variation of polymer crystallinity. Polymers with relatively
      high degress of crystallinity tend to be strong, rigid polymers whereas
      those with little or no crystallinity are more elastomeric in nature.
PAR  As mentioned earlier, the type of lactam, polyol and polyacyl lactam
      components can also affect the properties of the finished polymer. As an
      example, polyethylene glycol polymer segments tend to produce polymers
      with a high water absorptivity whereas polypropylene glycol or
      polytetramethylene glycol polymer segments produce polymers with
      comparatively low water absorptivities. As another example, caprolactam
      polymer segments in the polymers of this invention produce polymers which
      are stronger and more rigid than homologous polymers containing segments
      of a higher lactam such as capryllactam or dodecanolactam. Even more
      significantly, use of a lactam will yield an essentially linear polymer
      whereas use of a tris or tetrakislactam will result in a branched or
      crosslinked terpolymer. Similarly bis-lactams can be employed to produce a
      branched or crosslinked polymer. High crosslinked polymer can be made
      through the use of polyols having more than two hydroxy groups.
PAR  With all of the foregoing techniques available for modifying and adjusting
      the properties of the polymers of this invention, it can be appreciated
      that the polymers can be used in a number of end use applications. One
      such use is a textile fiber. Throughout the entire range of ratios of
      polymeric components, from polymers containing very little polyether
      component to those containing a large amount, the polymers have properties
      which make them useful as textile fibers. In addition to being the sole
      constituent of a textile fiber, the terpolymers can also be used as one
      component in a composite or conjugate fiber. It is contemplated that
      conjugate fibers of nylon and the terpolymers of this invention will be
      particularly useful in a number of textile and other applications. Other
      textile applications for the terpolymers include their use in the
      manufacture of non-woven fabrics and as high moisture regain fibers. The
      terpolymers can also be manufactured into foamed articles, either during
      or after their polymerization, to produce rigid and flexible foams.
      Because of their method of preparation directly from the monomeric
      components, the polymers can be prepared in large shapes such as furniture
      and furniture components and automobile parts. The terpolymers can also be
      produced in the form of molding resins which can subsequently be molded by
      injection molding, extruding, thermoforming or other techniques to produce
      products of virtually any shape. The more highly elastomeric compositions
      can be used in the manufacture of automobile tires and tire components.
      The polymers can also be modified with fillers, fibers, pigments, dyes,
      stabilizers, plasticizers, flame retardant and other polymeric modifiers
      to alter their properties and thereby enlarge even further the scope of
      their applicability. One such modification comprises reinforcing the
      polymers with fillers or fibers which have been treated with coupling
      agents capable of increasing the bonding of the fillers or fibers to the
      polymer molecules. A large number of organosilane compounds have been
      found to be especially capable of performing this task of improving
      adhesion between polymer and filler or fiber. Examples of some suitable
      organosilane couplers for use with the polymers of this invention include
      3-aminopropyl triethoxysilane, glycidoxypropyl trimethoxysilane and
      N-trimethoxysilylpropyl-N-beta-amino-ethyl-amine. Preferred fillers and
      fibers include quartz, wollastonite, feldspar, calcined kaolin clay, glass
      fibers and other high performance fibers such as graphite, boron, steel
      and the like. The concentrations of fillers and fibers can vary from very
      small amounts such as one or two volume percent up to 70 or 80 volume
      percent or more.
PAR  The terpolymers are prepared by either initiating the anionic catalyzed
      polymerization of lactam with a polyether-polyester prepolymer initiator,
      or the formation of the initiator from dicarboxylic acid esters and
      aliphatic polyols or aliphatic polyether polyols in the presence of lactam
      as a reaction solvent, followed by the anionic catalyzed polymerization of
      the lactam. As an illustration, one theoretical formula for the terpolymer
      is presented as a result of the following formulation schematic of a
      typical process according to the invention.
      ##EQU12##
      where X and B are integers equal to at least one; Z is a hydrocarbon,
      substituted hydrocarbon or acylated hydrocarbon group; Y is an alkylene
      group having at last about three carbon atoms, preferably from about 3 to
      12 or 14 carbon atoms; and R is a divalent hydrocarbon; and n is an
      integer equal to one or more. The foregoing illustration represents only
      one typical formulated schematic of the inventive process and terpolymer
      produced thereby, and should not be construed as the only process and/or
      terpolymer afforded by this invention.
PAR  The polyether-polyester prepolymer initiators result from the
      transesterification of aliphatic polyols and/or aliphatic polyether
      polyols and dicarboxylic acid esters. The dicarboxylic acid esters or
      dialkyl esters useful in the prepolymer formation have the general
      formula:
      ##EQU13##
      wherein R' is an alkyl such as methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, 2-ethyl hexyl and the like, alkenyls, aryls and mixtures
      thereof; d is an integer; and when the radical
      ##EQU14##
      is
TBL  terephthalate, R is represented by                                        
     isophthalate, is represented by                                           
     oxalate               --;                                                 
     malonate              --CH.sub.2 --;                                      
     succinate             --C.sub.2 H.sub.4 --;                               
     glutarate             --C.sub.3 H.sub.6 --;                               
     adipate               --C.sub.4 H.sub.8 --;                               
     pimelate              --C.sub.5 H.sub.10 --;                              
     suberate              --C.sub.6 H.sub.12 --;                              
     azelate               --C.sub.7 H.sub.14 --;                              
     sebacate              --C.sub.8 H.sub.16 --;                              
PAL  and the like. Specific dialkyl esters according to the above formula
      include, for example, dialkylaryloates such as dimethyl terephthalate and
      dimethyl isophthalate; and dialkylalkanoates such as diethyl sebacate,
      dibutyl adipate, diethyloxalate and the like.
PAR  The catalysts used as Catalyst I in the foregoing illustration of a typical
      formulated schematic of the inventive process are transesterification
      prepolymer catalyst, for example alkali metals and alkaline earth metals,
      zinc, cadmium, manganese, iron, nickel, cobalt, tin, lanthanum, lead or
      bismuth or combinations thereof, salts such as calcium, manganese, cobalt
      or zinc acetate, lithium hydride, sodium alcoholates, zinc succinate or
      zinc acetyl acetonate, oxides such as lead oxide (PbO), antimony oxide
      (Sb.sub.2 O.sub.3), or germanium oxide (GeO.sub.2), magnesium methoxide,
      and combinations such as antimony trioxide/manganese acetate or antimony
      trioxide/titanium dioxide. Other suitable catalyst include caprolactam
      magnesium bromide, and selected Grignard agents, for example, ethyl
      magnesium bromide. Catalyst I is used in quantities of from about 0.005 to
      about 0.2% by weight, preferably about 0.01 to about 0.10% by weight based
      on the quantity of dicarboxylic acid ester.
PAR  Polymerization temperatures can vary from the melting point of the lactam
      or less up to the melting point of the resultant polymer or more.
      Depending upon the particular ingredients being used, this can encompass a
      range from 70.degree. to 230.degree.C or more. Preferred polymerization
      temperatures are from about 90.degree. to about 190.degree.C and more
      preferably from about 120.degree. to about 180.degree.C for caprolactam
      terpolymers. Such a technique produces desired polymerization of a
      terpolymer having high strength and modulus.
PAR  Times required for complete polymerization will vary considerably depending
      upon polymerization temperatures and the specific ingredients used in the
      polymerization system. Polymerization time varies from at least about one
      minute, preferably from 1 to 30 minutes, and can be extended to any
      duration up to several days or more. Generally, polymerization times of
      from 1 to 30 minutes are preferred for most polymerization systems.
PAR  The lactam monomer, dicarboxylic acid ester and polyol used in the
      polymerization have both been described in ample detail above. The lactam
      polymerization catalyst (Catalyst II) useful herein includes that class of
      compounds commonly recognized as suitable basic catalysts for the
      anhydrous polymerization of lactams. In general, all alkali or alkaline
      earth metals are effective catalysts either in the metallic form or in the
      form of hydrides, halohydrides, alkylhalides, oxides, hydroxides,
      carbonates and the like.
PAR  Also useful are a number of organometallic compounds of the metals
      mentioned above such as metal alkyls, metal phenyls, metal amides and the
      like. Examples include sodium hydride, potassium hydroxide, lithium oxide,
      ethyl magnesium bromide, calcium fluorohydride, strontium carbonate,
      barium hydroxide, methyl sodium buthyl lithium, potassium phenyl, diphenyl
      barium, sodium amide and magnesium diethyl. All of the foregoing compounds
      react with the lactam monomer to form the metal lactam, which is the
      active catalytic agent in the lactam polymerization mechanism. The metal
      lactam catalyst can therefore be formed in situ by reaction of one of the
      foregoing metals or metal compounds with lactam monomer in the
      polymerization medium or by prior reaction of the metal or metal compound
      with a stoichiometric quantity of lactam monomer. Examples of metal lactam
      catalysts include sodium caprolactam, bromomagnesium caprolactam,
      magnesium caprolactam, bromomagnesium pyrrolidinone, chlorocalcium
      caprolactam and the like. Catalyst concentrations can range from a
      fraction of one mole percent to 15 or 20 or more mole percent of the
      lactam monomer to be polymerized.
PAR  The polyacyl linkage, as well as the ester and amide linkages, are
      incorporated into the polymer chain through the reaction of the polyacyl
      alkoxide with the lactam and polyol constituents. In the formula set forth
      above for the polyacyl alkoxide useful herein, the R group can be any
      hydrocarbon group having the necessary number of available valences to
      bond to itself all of the acyl groups included in the compound. The
      hydrocarbon group can be of any size but preferably contains a maximum of
      eight or ten carbon atoms. Examples of suitable R groups include
      phenylene, biphenylene, methylene, hexylene, tolylene, and analogous
      hydrocarbons having more than two sites available for bonding to acyl
      groups.
PAR  The amount of polyacyl alkoxide useful in the preparation of the
      terpolymers of this invention depends upon the quantities of lactam and
      polyol being used. For preferred polymerizations, it is desirable that the
      polyacyl alkoxide be present in an amount from 100 to about 500,
      preferably from about 100 to about 200, equivalent percent of the polyol.
      If the polyacyl alkoxide is present in an amount less than a molelcularly
      equivalent amount based on the polyol, polyol prepolymer formation occurs,
      but the subsequent lactam polymerization is very slow. In those preferred
      polymerization systems where the polyacyl alkoxide concentration exceeds
      the amount stoichiometrically equivalent to the polyol, the excess can be
      from 0.01 to about 30 or more mole percent of the lactam monomer. A
      preferred range is from about 0.1 to about 10 mole percent of the lactam
      monomer, and more preferably from about 0.2 to about 5 mole percent of the
      lactam monomer.
PAR  The lactam and polyol can be present in any relative proportions ranging up
      to 99 parts of either component to 1 part of the other. Preferred ratios
      of the two polymer-forming materials depend upon the end use to which the
      finished polymer is to be put. For end use applications requiring strong
      rigid materials, the lactam content of the polymerizable medium should be
      relatively high such as 60 or 80 or even 90% or more lactam. For other
      applications where elastomeric properties such as high elongation or where
      water absorption is desirable, the relative proportions of the two
      monomers can be reversed so that the polymerizable medium will contain 60
      or 80 or 90% or more of the polyol compound. Where water absorption is
      desired, polyethylene glycol can be used as the major polyol compound.
      Polymers containing about equal quantities of both lactam and polyol are
      preferred for a great many uses because of the advantageous combination of
      properties achieved by such polymers.
DETD
PAC  EXAMPLE 1
PAR  Three terpolymers were prepared using the quantities of ingredients listed
      in Table 1. In each of the processes listed, the polymeric polyol was
      heated under vacuum at 125.degree.-180.degree. for 30 minutes to dry. The
      transesterification prepolymer catalyst and DMT were added and the mixture
      stirred under a nitrogen atmosphere at 200.degree.C. Intermittently a
      slight stream of nitrogen was allowed to pass through the reactor to
      remove evolved methanol. After 40 minutes reaction time the mixture was
      evacuated for 5-10 minutes. To the resulting prepolymer was added
      caprolactam and Santowhite Powder. The temperature of the resulting
      prepolymer-caprolactam solution was adjusted to 160.degree.C and Grignard
      reagent added. The mixture was evacuated for 2-3 minutes to remove ether
      and ethane. The vacuum was released to nitrogen and the catalyzed
      prepolymer solution poured into a vertical mold of 10 inches .times. 10
      inches .times. 1/8 inch dimensions which had been heated to 160.degree.C.
      After an hour the mold was opened and the sample removed. Tensile
      properties of the resulting terpolymers are reported in Table 2.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Prepolymer Catalyst          Glycol Used  DMT.sup.4                       
                                                    Caprolactam                
                                                           SWP.sup.5           
                                                               Grignard.sup.6  
     Process                                                                   
               Type         Amount   Compound                                  
                                           Gms Gms  Gms.   Gms.                
                                                               ml.             
     __________________________________________________________________________
     A     Magnesium Acetate.sup.1                                             
                            0.4 ml                                             
                                  Polymeg.sup.3 2000                           
                                           117 15.5 273    2   5               
           Tetraisopropyl Orthotitanate.sup.2                                  
                            0.08 ml                                            
           Tetrabutyl Orthotitanate                                            
                            0.063 ml                                           
                                  Carbowax.sup.7 4000                          
                                            90 7.0  205    1.5 5               
     C    Zinc Acetate      0.2 gm                                             
                                  Carbowax.sup.7 4000                          
                                            90 7.7  205    1.5 5               
     __________________________________________________________________________
      .sup.1 0.1 Molar in Methanol                                             
      .sup.2 0.8 Molar in 2. Propanol                                          
      .sup.3 Polytetramethylene Glycol                                         
      .sup.4 Dimethyl Terephthalate                                            
      .sup.5 Santowhite Powder                                                 
      .sup.6 Ethyl Magnesium Bromide 3 molar in Diethyl Ether                  
      .sup.7 Polyethylene Glycol                                               
TBL                Table 2                                                     
     ______________________________________                                    
               Tensile Fail   Tensile                                          
                 Strength  %          Modulus                                  
     Terpolymer  PSI       Elongation PSI                                      
     ______________________________________                                    
     A - 30% PTMG                                                              
                 6530      720         47,000                                  
     B - 30% PEG 7000      520         57,000                                  
     C - 30% PEG 6800      550        101,000                                  
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Five polyethylene glycol terpolymers were prepared from polyester
      prepolymers formed in caprolactam solution. The quantities of ingredients
      and the various transesterificaton catalysts used are listed in Table 3.
PAR  In each of the processes listed, the polymeric glycol, caprolactam and
      Santowhite Powder were heated under vacuum to distil 25 ml. caprolactam.
      (In process F and G, cadmium acetate dihydrate and zinc acetate dihydrate
      were added prior to caprolactam distillaton. In the remaining processes,
      the transesterification catalyst was added after caprolactam
      distillation.)
PAR  After the initial distillation of caprolactam, a reflux condenser was
      attached to the reaction flask and a vacuum take off with a dry ice cooled
      receiver attached to the condenser outlet. The DMT and transesterification
      catalyst were added and the reactor evacuated to reflux caprolactam at a
      temperature of 110.degree.-140.degree.C. Progress of the reaction was
      followed by measurement of evolved methanol. After methanol evolution had
      ceased, the termperature of the reaction mixture was adjusted to
      130.degree.C and 5 ml. Grignard reagent catalyst added. The reaction flask
      was evacuated for 2 minutes to remove ether and ethane and the vacuum
      released to nitrogen atmosphere. The catalyzed mixture was poured into a
      160.degree.C mold described in Example 1. After 1 hr the mold was opened
      and the sample removed. Tensile Properties of the resulting terpolymer are
      reported in Table 4.
TBL                Table 3                                                     
     ______________________________________                                    
     I Reactants                                                               
     Carbowax.sup.1 4000                                                       
                    90 gms                                                     
     Caprolactam   229 gms                                                     
     Santowhite Powder                                                         
                   1.5 gms                                                     
     DMT.sup.2     7.7 gms                                                     
     II Transesterification Catalyst                                           
     Terpolymer D  Grignard.sup.3  0.6 ml                                      
     Terpolymer E  Aluminum iso-                                               
                   propoxide       0.2 gm                                      
     Terpolymer F  Cadmium Acetate 0.26 gm                                     
     Terpolymer G  Zinc Acetate    0.22 gm                                     
     Terpolymer H  Magnesium Methoxide.sup.4                                   
                                   0.9 ml                                      
     III Copolymerization Catalyst - Grignard.sup.3 5 ml.                      
     ______________________________________                                    
      .sup.1 Polyethyelene Glycol                                              
      .sup.2 Dimethyl Terephthalate                                            
      .sup.3 Ethyl magnesium bromide - 3 molar in diethyl ether.               
      .sup.4 1 Molar in Methanol                                               
TBL                Table 4                                                     
     ______________________________________                                    
     Tensile Yield     Tensile Fail                                            
                                             Tensile                           
             Strength % Elonga-                                                
                               Strength                                        
                                      % Elonga-                                
                                             Modulus                           
     Terpolymer                                                                
             PSI      tion     PSI    tion   PSI                               
     ______________________________________                                    
     D                         6200   507    84,000                            
     E       3700     15       5900   470    62,400                            
     F       3700     25       6200   497    68,000                            
     G       3800     20       6100   477    78,000                            
     H       3700     25       6500   518    91,500                            
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Several terpolymers were prepared employing different types and quantities
      of glycols. The terpolymers were prepared using the quantities of
      ingredients listed in Table 5. The transesterification reaction and
      copolymerization with caprolactam were run according to procedures
      described in Example 2. Tensile properties of the resulting terpolymers
      are reported in Table 6.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Glycol Used          Prepolymer                                           
                    % in  Catalyst    Gms Gms Gms Caprolactam                  
                                                       Stabilizer              
                                                               ml              
     Process                                                                   
         Material   Copolymer                                                  
                          Material                                             
                                 Amount                                        
                                      Glycol                                   
                                          DMT.sup.1                            
                                              Charge                           
                                                  Distilled                    
                                                       Material                
                                                            Gms                
                                                               grignard.sup.2  
     __________________________________________________________________________
     I   Polymeg.sup.3 2000                                                    
                    30    Grignard.sup.2                                       
                                 0.6                                           
                                   ml 90  10.2                                 
                                              227 25   SWP.sup.4               
                                                            1.5                
                                                               5               
     J   "          50    Mg(OCH.sub.3).sub.2.sup.5                            
                                 1 ml 150 16.0                                 
                                              164 25   Flectol-H               
                                                            1.5                
                                                               4.5             
     K   Polymeg 1000                                                          
                    30    Grignard                                             
                                 0.6                                           
                                   ml 90  19.6                                 
                                              221 25   SWP  1.5                
                                                               5.0             
     L   "          40    "      0.6                                           
                                   ml 120 24.5                                 
                                              188 25   "    1.5                
                                                               5.0             
     M   Polymeg 650                                                           
                    30    "      0.6                                           
                                   ml 90  28.0                                 
                                              216 25   "    1.5                
                                                               5.0             
     N   "          40    "      0.6                                           
                                   ml 120 36.8                                 
                                              155 25   "    1.5                
                                                               5.0             
     O   Polymeg 1000                                                          
                    21                62.5                                     
         Butane Diol                                                           
                     6    "      0.6                                           
                                   ml 17.1                                     
                                          50.2                                 
                                              196.3                            
                                                  25   "    1.5                
                                                               5.0             
     P   Polyglycol.sup.6 E-6000                                               
                    50    Mg(OCH.sub.3).sub. 2                                 
                                 1 ml 150 5.0 171 25   Flectol-H               
                                                            1.5                
                                                               5.0             
     Q   Polyglycol E-1450                                                     
                    50    Zinc Acetate                                         
                                 5 gm.                                         
                                      1500                                     
                                          220.2                                
                                              1446                             
                                                  100  "    1.5                
                                                               3.5             
     R   Niaz PCP-0240.sup.7                                                   
                    30    Mg(OCH.sub.3).sub.2                                  
                                 1 ml 90  10.8                                 
                                              227 25   "    1.5                
                                                               5.0             
     S   "          40    "      1 ml 120 13.7                                 
                                              195 25   "    1.5                
                                                               5.0             
     T   Polymeg 2000                                                          
                    30    "           900                                      
         Niaz PCP 0240                                                         
                     5    "      11                                            
                                   ml 150 109.6                                
                                              1975                             
                                                  100  DNPD.sup.8              
                                                            6  50              
     U   Polymeg 2000                                                          
                    30    "           900                                      
         Niaz PCP 0240                                                         
                    10           13                                            
                                   ml 300 124.3                                
                                              1814                             
                                                  100  "    6  50              
     V   Polymeg 2000                                                          
                    30    Mg(OCH.sub.3).sub.2                                  
                                      900                                      
         Niaz PCP 0240                                                         
                    15    "      14                                            
                                   ml 450 139.0                                
                                              1655                             
                                                  100  DNPD 6                  
     W   Voranol 2000.sup.9                                                    
                    30    Grignard                                             
                                 0.6                                           
                                   ml 90  7.7 229 25   SWP  1.5                
                                                               5.0             
     X   "          50    Mg(OCH.sub.3).sub.2                                  
                                 0.9                                           
                                   ml 150 15.3                                 
                                              164 25   "    1.5                
                                                               5.0             
     __________________________________________________________________________
      .sup.1 Dimethyl terephthalate                                            
      .sup.2 Ethyl magnesium bromide - 3 molar in diethyl ether                
      .sup.3 Polytetramethylene glycol                                         
      .sup.4 Santowhite powder                                                 
      .sup.5 Magnesium methoxide - 1 molar in methanol                         
      .sup.6 Polyethylene glycol                                               
      .sup.7 Polycaprolactone diol                                             
      .sup.8 N, N'-dl-2-Naphthyl-p-phenylene diamine                           
      .sup.9 Polypropylene glycol                                              
TBL                                    Table 6                                 
     __________________________________________________________________________
                         Tensile Yield                                         
                                   Tensile Fail                                
     Terpolymer                               Tensile                          
                         Strength                                              
                              %    Strength                                    
                                        %     Modulus                          
     Process                                                                   
          Composition    PSI  Elongation                                       
                                   PSI  Elongation                             
                                              PSI                              
     __________________________________________________________________________
     I    30%  PTMG 2000 4600 50   6870 533   89,400                           
     J    50%    "                 4850 773   26,000                           
     K    30%  PTMG 1000 4700 60   5980 533   82,800                           
     L    40%  PTMG 1000           5190 776   26,700                           
     M    30%  PTMG 650            5850 685   38,300                           
     N    40%    "                 3100 754   15,400                           
     O    21%  PTMG 1000           2720 156    6,500                           
          6%   Butane Diol                                                     
     P    50%  PEG 6000  3280 14   4400 588   61,000                           
     Q    50%  PEG 1450             2270*                                      
                                         250*                                  
     R    30%  Polycaprolactone                                                
                         2700 29   7100 715   40,000                           
     S    40%    "       2300 60   4000 650   27,200                           
     T    30%  PTMG 2000            6900*                                      
                                         470*                                  
          5%   Polycaprolactone                                                
     U    30%  PTMG 2000            5200*                                      
                                         473*                                  
          10%  Polycaprolactone                                                
     V    30%  PTMG 2000            5000*                                      
                                         530*                                  
          15%  Polycaprolactone                                                
     W    30%  PPG                 4790 340   82,800                           
     X    50%  PPG                 3190 482   28,800                           
     __________________________________________________________________________
      *Tensile data for extruded strand                                        
PAC  EXAMPLE 4
PAR  Two terpolymers were prepared from polyester synthesized from an aliphatic
      dibasic ester using the quantities of ingredients specified in the
      following table:
TBL                Table 7                                                     
     ______________________________________                                    
     Terpolymer Process                                                        
                      Y           Z                                            
     ______________________________________                                    
     Glycol Used      Polymeg.sup.1 2000                                       
                                  Polymeg.sup.1 1000                           
     Reactants                                                                 
     gms. Glycol      90          90                                           
     gms. Santowhite Powder                                                    
                      1.5         1.5                                          
     gms. Caprolactam Charged                                                  
                      225         218                                          
     gms. Caprolactam Distilled                                                
                      25          25                                           
     gms. Diethyl sebacate                                                     
                      13.2        24.5                                         
     ml. Mg(OCH.sub.3).sub.2.sup.2                                             
                      0.9         1.0                                          
     ml. Grignard.sup.3                                                        
                      5.0         5.0                                          
     ______________________________________                                    
      .sup.1 Polytetramethylene glycol                                         
      .sup.2 1 molar in methanol                                               
      .sup.3 Ethyl magnesium bromide - 3 molar in diethyl ether.               
PAR  The terpolymers were prepared according to the procedure described in
      Example 2. Tensile properties of the terpolymers are reported in the
      following table:
TBL                Table 8                                                     
     ______________________________________                                    
     Terpolymer       Tensile Fail                                             
                                           Tensile                             
                          Strength %       Modulus                             
     Process                                                                   
            Composition   PSI      Elongation                                  
                                           PSI                                 
     ______________________________________                                    
     Y      30% PTMG 2000 7200     575     81,400                              
     Z      30% PTMG 1000 5600     516     62,800                              
     ______________________________________                                    
PAR  The following Example 5 is a calculated example of a predictable
      cross-linked terpolymer which could be prepared by the inventive process.
PAC  EXAMPLE 5
PAR  A crosslinked terpolymer is prepared using the quantities of ingredients
      listed in Table 9.
TBL                Table 9                                                     
     ______________________________________                                    
     Material                Amount                                            
     ______________________________________                                    
     Polymeg.sup.1 2000    90      gm.                                         
     Caprolactam           214     gm.                                         
     Santowhite Powder     1.5     gm.                                         
     Dimethyl terephthalate                                                    
                           6.9     gm.                                         
     Mg (OCH.sub.3).sub.2.sup.2                                                
                           1       ml                                          
     Trimesoyl tris-caprolactam                                                
                           3.2     gm                                          
     BMC.sup.3             23      ml.                                         
     ______________________________________                                    
      .sup.1 Polytetramethylene glycol                                         
      .sup.2 1 molar in methanol                                               
      .sup.3 Bromo magnesium caprolactam - 0.4 molar in caprolactam            
PAR  The caprolactam, Polymeg 2000, and Santowhite Poweder are heated under
      vacuum to distil 25 gms. caprolactam in order to dry the mixture. A reflux
      condenser is attached to the reactor with a dry ice-cooled receiver
      attached to the condenser outlet. Dimethyl terephthalate and Mg
      (OCH.sub.3).sub.2 added to the mixture and the reactor evacuated to reflux
      caprolactam. Progress of the transesterification reaction is followed by
      measurement of evolved methanol condensed in the dry ice-cooled receiver.
      When methanol evolution has stopped, the reactor vacuum is released to
      nitrogen and 0.5 ml water added to destroy the magnesium methoxide
      catalyst. The reflux condenser is replaced with a distilling head and the
      mixture re-evacuated to distil 10 ml. caprolactam to re-dry. Trimesoyl
      tris-caprolactam is added and dissolved, and the mixture cooled to
      100.degree.C. The mixture is cast into a vertical mold (described in
      Example 1) which has been heated to 100.degree.C. The mixture is cast by
      means of a metering pump. The BMC catalyst is injected into the stream by
      means of a second metering pump and the streams mixed by a Kenics static
      mixer. After casting is complete, the mold is heated to 160.degree.C over
      a 15 minute period and held at 160.degree.C for an additional 45 minutes,
      after which the mold is opened and the sample removed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for forming block terpolymers having the formula:
      ##EQU15##
      where (O-Z).sub.n is a polymeric moiety and Z is a hydrocarbon or
      substituted hydrocarbon group said group being alkylene, arylene, alkylene
      carbonyl, arylene carbonyl, and mixtures thereof; A and A' are acyl groups
      selected from
      ##EQU16##
      R is a divalent or polyvalent hydrocarbon group; Y is an alkylene or
      substituted alkylene having from about 3 to about 14 carbon atoms; x, x',
      x" and x"' are integers and the total number of x's is equal to 2w + 2; n,
      y, and w are integers equal to one or more, and b is an integer equal to
      zero or one; and R' is an aliphatic or substituted aliphatic hydrocarbon,
      comprising: contacting under anionic, catalyzed lactam polymerization
      conditions a polyether-polyester prepolymer formed from dialkyl esters and
      aliphatic polyether polyols having the formula
      ##EQU17##
      with lactams having the formula
      ##EQU18##
      where Y, Z, R, R', A, A', b, y, n, w, and b are defined above; resulting
      in the expansion of the polyether-polyester prepolymer through the
      reactive insertion of the lactams into the ester sites of the prepolymer,
      said lactams and polyether-polyester prepolymers being the sole components
      of the block terpolymer.
NUM  2.
PAR  2. A process according to claim 1 wherein the polyether-polyester
      prepolymer is prepared through a catalyzed ester interchange of dialkyl
      esters and aliphatic polyether polyols before the lactam is added to the
      polymerization mixture.
NUM  3.
PAR  3. A process according to claim 1 wherein the polyether-polyester
      prepolymer is prepared through a catalyzed ester interchange of dialkyl
      esters and aliphatic polyether polyols in the presence of the lactam as a
      reaction solvent and before lactam polymerization catalyst is added to the
      polymerization mixture.
NUM  4.
PAR  4. A process according to claim 1 wherein the anionic polymerization
      catalyst is an alkali metal or alkaline earth metal lactam or a
      halogenated alkaline earth metal lactam.
NUM  5.
PAR  5. A process according to claim 4 wherein the polymerization catalyst is a
      bromomagnesium lactam.
NUM  6.
PAR  6. A process according to claim 1 wherein the polymerization reaction of
      the lactam, polyether-polyester initiator is carried out at a temperature
      of from about 70.degree. to about 230.degree.C.
NUM  7.
PAR  7. A process according to claim 1 wherein the polymerization is carried out
      at an initial temperature of about 70.degree. to about 180.degree.C and is
      increased to about 150.degree. to about 230.degree.C during the
      polymerization reaction.
NUM  8.
PAR  8. A process according to claim 2 wherein only one catalyst is used for the
      ester interchange initiator formation and lactam polymerization catalyst
      upon the sequential addition of lactam, said catalyst being selected from
      the group consisting of alkali metals, alkali alcoholates, alkali metal
      hydrides, alkaline earth alkoxides, alkali metal alkyls, and mixtures
      thereof.
NUM  9.
PAR  9. A process according to claim 1 wherein the dialkyl esters used in
      forming the polyester portion of the initiator have the formula
      ##EQU19##
      wherein R's is selected from the group consisting of alkyls, alkenyls,
      aryls and mixtures thereof; and R is selected from the group consisting of
      arylene and alkylene having from 1 to 20 carbon atoms per group; and d is
      an integer.
NUM  10.
PAR  10. A process according to claim 9 wherein the ester is dimethyl
      terephthalate.
NUM  11.
PAR  11. A process according to claim 9 wherein the ester is dimethyl
      isophthalate.
NUM  12.
PAR  12. A process according to claim 9 wherein the ester is diethyl sebacate.
NUM  13.
PAR  13. A process according to claim 9 wherein the ester is dibutyl adipate.
NUM  14.
PAR  14. A process according to claim 1 wherein the lactam is caprolactam.
NUM  15.
PAR  15. A process according to claim 1 wherein the polyether portion of the
      initiator results from at least one of polyethylene glycol, polypropylene
      glycol, and polytetramethylene glycol.
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ABST
PAL  An impact resistant plastic graft copolymer composition is prepared by
PA1  1. agglomerating 100 parts by weight in terms of the solids content of a
      synthetic rubber latex (A) containing small-sized rubber particles by
      adding 0.1 - 5 parts by weight, in terms of the solids content of a
      carboxylic acid containing copolymer latex (B) having a pH of at least 4,
      said copolymer latex being prepared by polymerizing a mixture of monomers
      comprising 5 - 20% by weight of at least one monomer selected from the
      group consisting of acrylic acid, methacrylic acid, itaconic acid and
      crotonic acid and 95-80% by weight of alkyl acrylate having 1 to 12 carbon
      atoms in the alkyl group, in the presence of at least one anionic
      emulsifier, and adjusting the pH of the mixed latexes (A) and (B) to not
      less than 6;
PA1  2. stabilizing the agglomerated latex with at least one nonionic
      emulsifier, and
PA1  3. grafting 93-30 parts by weight of a monomer or mixture of monomers,
      which is capable of producing a glassy thermoplastic polymer having a
      glass transition temperature of not less than 50.degree.C in the presence
      of or onto 7-70 parts by weight in terms of solids content of the
      agglomerated and stabilized synthetic rubber latex.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a novel process for producing a high
      impact resistant thermoplastic graft copolymer composition. This graft
      copolymer can also be blended with a vinyl chloride polymer to thereby
      provide a composition having a high impact resistance.
PAR  2. Description of the Prior Art
PAR  It is well known that rigid and brittle thermoplastic resins such as, for
      example, polystyrene, polymethyl methacrylate, styrene-acrylonitrile
      copolymers, polyvinyl chloride or the like can be incorporated with a
      rubber component to obtain thermoplastic resin compositions having high
      impact resistance. Such thermoplastic resin compositions include ABS
      resins, high impact polystyrene resins and the like.
PAR  It is possible to obtain copolymer compositions having high impact
      resistance by polymerizing styrene, acrylonitrile, methyl methacrylate or
      the like in the presence of a rubber latex prepared by emulsion
      polymerization. However, it is well recognized that the impact resistance
      and processing properties of the resultant compositions greatly depend on
      the particle size of the starting rubber latex, and that the impact
      resistance and the processing properties are improved as the rubber
      particle size increases. Therefore, rubber components having large-sized
      particles are preferably employed in the preparation of high impact
      resistant resins such as ABS resins or the like. However, the particle
      size of the rubber latex prepared by the conventional emulsion
      polymerization techniques is generally in the range of approximately 0.04
      to approximately 0.15 micron. Accordingly, various methods for
      agglomerating rubber particles present in synthetic rubber latexes have
      been heretofore proposed. The term "particle size" as used in this
      specification means average diameter of the particles.
PAR  The methods for agglomerating rubber particles are classified into two main
      types; one in which rubber particles are agglomerated during the
      polymerization step and the other in which rubber particles are
      agglomerated by treating the small-sized rubber particles after the
      polymerization step. The most serious defect of the type of method in
      which rubber particles are agglomerated during the polymeriation step is
      that an extremely long polymerization time is required to complete the
      polymerization. For instance, in order to obtain a rubber latex containing
      rubber particles having a particle size of approximately 0.3 micron, it is
      necessary to continue the polymerization reaction for 48 to 100 hours. In
      addition, in this method the largest rubber particle size obtainable is at
      most approximately 0.4 micron and large amounts of macro-agglomerates or
      coagulum are generally formed with continued polymerization. Further, in
      the case where the rubber latex having large amounts of coagulum is used
      for preparing the desired resin composition, large amounts of coagulum are
      also formed in the graft polymerization step.
PAR  On the other hand, the other of method in which rubber particles are
      agglomerated by treating small-sized rubber particles after the
      polymerization step can agglomerate the small-sized rubber particles in a
      relatively short time. Examples of this method are: the treatment of a
      rubber latex with an acid, a metallic salt, an ammoniumsoap, a particular
      solvent or a high molecular colloidally active chemical; a freezing and
      thawing technique, and; a method for treating a rubber latex under high
      pressure or the like. However, this type of method is disadvantageous in
      that special apparatuses or additives are required to agglomerate rubber
      latexes and to produce high impact resistant resins. In addition, in the
      case wherein the rubber latex is agglomerated by addition of an acid or a
      metallic salt, special apparatus is not required but the agglomerated
      particle size of the latex is greatly influenced by the concentration of
      the acid or the salt to be added, the rate of its addition and the
      agitating condition of the latex system. This is because when an acid or a
      slat is used, the particles which are agglomerated are naturally
      agglomerated by partial destruction of the rubber latex emulsion.
      Accordingly, it is generally impossible in this method to agglomerate the
      rubber particles to a size of more than 0.3 micron without the formation
      of macro-agglomerates or coagulum. In addition, an acid or a salt is used
      in the form of an aqueous solution of a low concentration, so that the
      solid concentration of the rubber latex is considerably lowered and the
      production rate is decreased.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of the present invention are to provide a process for
      agglomerating rubber particles contained in a rubber latex. Another object
      of the present invention is to provide a process for preparing a
      thermoplastic resin composition having a high impact resistance rapidly
      and economically.
PAR  Other objects and advantages of the present invention will be apparent from
      the following description.
PAR  In accordance with the present invention, there is provided a process for
      the preparation of an impact resistant thermoplastic graft copolymer
      composition starting from a small particle sized synthetic rubber latex
      comprising the steps of:
PA1  1. agglomerating 100 parts by weight in terms of the solid content of
      synthetic rubber latex (A) containing small-sized rubber particles by the
      addition of 0.1-5 parts by weight in terms of the solid content of a
      carboxylic acid containing copolymer latex (B) having a pH of at least 4,
      said copolymer latex being prepared by polymerizing a mixture of monomers
      comprising 5-20% by weight of at least one monomer selected from the group
      of acrylic acid, methacrylic acid, itaconic acid and crotonic acid and
      95-80% by weight of alkyl acrylates having 1 to 12 carbon atoms in the
      alkyl group in the presence of at least one anionic emulsifier, and
      adjusting the pH of the mixed latexes (A) and (B) to not less than 6;
PA1  2. stabilizing the agglomerated latex with at least one nonionic
      emulsifier, and;
PA1  3. graft polymerizing 93-30 weight parts of a monomer or mixture of
      monomers, which is capable of producing a glassy thermoplastic polymer
      having a glass transition temperature of not less than 50.degree. C in the
      presence of or onto 7-70 parts by weight in terms of solid content of the
      agglomerated and stabilized synthetic rubber latex.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The synthetic rubber components (A) used in the present invention include
      polybutadiene; comolymers of at least 50% by weight of 1,3-butadiene; for
      example, butadiene-monoethylenically unsaturated aromatic compound
      copolymer such as butadiene-styrene copolymer, butadiene-.alpha.-methyl
      styrene copolymer or the like; butadiene-unsaturated nitrile compound
      copolymers such as butadiene-acrylonitrile copolymer
      butadiene-methacrylonitrile copolymer or the like; butadiene-acrylate
      copolymers such as butadiene-methyl acrylate copolymer, butadiene-n-butyl
      acrylate copolymer or the like; butadiene-methacrylate copolymer such as
      butadiene-ethyl methacrylate copolymer; a terpolymer or multi-polymer
      containing at least 50% by weight of 1,3-butadiene, polychloroprene,
      chloroprene copolymer, and a homopolymer or copolymer of at least 50% by
      weight of alkyl acrylate having 1 to 12 carbon atoms in the alkyl group.
      These rubbers can be easily obtained by conventional emulsion
      polymerization techniques. Any conventional emulsion polymerization
      initiators and emulsifiers can be used in the preparation of the rubbers.
      The rubber particles contained in the rubber latexes thus obtained
      generally have a particle size of approximately 0.04 - 0.15 micron. Of
      course, rubber particles having a particle size of 0.15 - 0.2 micron can
      be used in the present process. However, this is not economical because a
      prolonged time is required to produce the rubber particles having a
      particle size of 0.15 - 0.2 micron.
PAR  The carboxylic acid containing copolymer (B) (for brevity's sake, the
      copolymer latex is referred to as "C.A. latex" hereinafter) continuing at
      least one monomer selected from the group of acrylic acid, methacrylic
      acid, itaconic acid and crotonic acid is used to agglomerate the synthetic
      rubber latex. The carboxylic acid containing copolymer should be used in
      the form of latex and should also contain both the carboxylic acid(s) and
      the alkyl acrylate(s).
PAR  Suitable alkyl acrylates containing the carboxylic acid containing
      copolymer include those having 1 to 12 carbon atoms in the alkyl group
      such as, for example, methyl acrylate, ethyl acrylate, propyl acrylate,
      butyl acrylate, octyl acrylate, 2-ethylhexyl acrylate, lauryl acrylate and
      the like. Two or more of these alkyl acrylates can be also used in
      combination, and it is also possible to substitute a portion of the alkyl
      acrylate(s) with one or more copolymerizable monomers, such as, for
      example, alkyl methacrylate, styrene, acrylonitrile, butadiene or the like
      up to 50% of the acrylate(s). However, the copolymer containing alkyl
      methacrylate, styrene, acrylonitrile or the like instead of the alkyl
      acrylate cannot increase the rubber particle size.
PAR  Some acid group-containing monomers other than those specified in the
      present invention, such as, for example, cinnamic acid, maleic anhydride,
      butene-tricarboxylic acid and the like exhibit a slight agglomerating
      effect, but they are of no practical use.
PAR  Suitable emulsifiers used in the agglomeration of the rubber latex with the
      C.A. latex of the present invention include anionic surface active agents
      such as, for example, the sodium salts of fatty acids, the potassium salts
      of fatty acids, sodium alkylbenzenesulfonates, sodium rosinate,
      phenylethoxysulfate and the like. A suitable acidic emulsifier such as
      sodium alkylsulfosuccinate or polyoxyethylene phosphate can be also
      employed if it is combined with, for example, a salt of fatty acid so that
      the pH of the emulsion polymerization is maintained at a level of 4 or
      more. Although it is possible to prepare a C.A. latex even by using a
      nonionic surface active agent, most of the latexes thus obtained have no
      substantial agglomerating effect. However, nonionic surface active agents
      can be used in combination with the above-mentioned anionic surface active
      agent in the present invention.
PAR  The pH of the C.A. latex prepared by emulsion polymerization should be not
      less than 4. In the case of a C. A. latex prepared by emulsion
      polymerization at a pH less than 4 or a C.A. latex prepared in the form of
      an aqueous or organic solution, the C.A. latex has no substantial
      agglomerating effect. Agglomeration of the base synthetic rubber particles
      can be accomplished only by mixing the rubber latex with the C.A. latex at
      a pH of not less than 6 and preferably at a pH within the range of 7 to
      13. When the pH of the mixture is less than 6, effective agglomeration of
      the base rubber cannot be obtained. In contrast, when the pH of the
      mixture is more than 13, the agglomerated latex becomes unstable.
PAR  When the present invention's base rubber latex to be agglomerated by the
      C.A. latex having a pH of not less than 4, has a pH such that the pH after
      mixing the two above latexes tobether is 6 or more, the base rubber
      particles can be easily agglomerated just by mixing the above two latexes
      together with stirring at ambient temperature. On the other hand, when the
      base rubber latex to be agglomerated has a pH such that the pH after
      mixing the above two latexes together is less than 6, the agglomeration
      process of the present invention should be conducted with the addition of
      an alkali solution such as potassium hydroxide or the like so that the pH
      of the latex in the mixture is at least 6 or more. In one embodiment of
      this case, the alkali solution is added to the base rubber latex prior to
      mixing with the C.A. latex to increase the pH of the rubber latex to the
      extent that the pH after mixing both latexes together is 6 or more. In
      another embodiment of the present invention, the alkali solution is
      simultaneously or successively added to the mixed latex of the base latex
      and the C.A. latex to the extent that the pH of the mixed latex is 6 or
      more.
PAR  The amount of the C.A. latex added to the base synthetic rubber latex (A)
      is in the range from 0.1 to 5 parts by weight, preferably 0.5 to 3 parts
      by weight, in terms of the solid content based on 100 parts by weight of
      the base synthetic rubber (A). When the amount of the C.A. latex added is
      less than 0.1 part by weight, the resulting latex has little substantial
      agglomerating effect and is of no practical use. When the amount of the
      C.A. latex added is more than 5 parts by weight, although a greater
      agglomerating effect can be obtained, it is not desirable to use the C.A.
      latex in such amounts because the composition of the base rubber is
      changed and because it is not economical. In general, after completion of
      the C.A. latex addition the resulting latex is stirred for from 30 minutes
      to 2 hours.
PAR  After completion of the agglomeration step, the agglomerated rubber latex
      is stabilized prior to graft copolymerization. This is because, where the
      agglomerated rubber latex is directly graft polymerized using known
      techniques of graft polymerization in emulsion, the formation of
      macro-agglomerates cannot be avoided in the course of the graft
      copolymerization and the macro-agglomerates continue to grow, finally
      making the latex unstable. This phenomenon is especially noteworthy when
      the rubber content in the graft copolymer produced is low and when
      acrylonitrile or methyl methacrylate is used as a graft monomer.
PAR  It has now been found that nonionic emulsifiers have a remarkable effect in
      stabilizing the base rubber (A) latex (A) when it is added to the
      agglomerated latex in an amount of 0.1 - 5% by weight based on the weight
      of the dry rubber to be stabilized. When the amount exceeds the upper
      limit, the graft copolymer latex is difficult to coagulate and the heat
      stability of the copolymer product is detracted. Suitable nonionic
      emulsifier used in the present invention include nonionic surface active
      agents, for example, polyoxyethylene alkyl ether such as polyoxyethylene
      oleyl ether, polyoxyethylene lauryl ether or the like, polyoxyethylene
      alkyl phenol ether such as polyoxyethylene nonylphenol ether,
      polyoxyethylene octylphenol ether or the like, or ester of polyoxyethylene
      and a fatty acid, such as polyoxyethylene mono laurate, polyoxyethylene
      monostearate or the like. Of these emulsifiers, the emulsifiers having
      higher H.L.B. values are more preferably used because they exert a good
      stabilizing effect. The emulsifiers may be used alone or in combination.
      In addition, they may be used in combination with conventional anionic
      emulsifiers. However, anionic emulsifiers such as, for example, salts of
      fatty acid, disproportionated rosin soap, sodium naphthalene sulphonic
      acid-formaldehyde reaction product or the like, which are generally used
      in the preparation of graft copolymers having a high impact strength have
      little stabilizing effect on the agglomerated base rubber latex.
      Accordingly the anionic emulsifier cannot be used alone in the present
      invention. Conversely cationic emulsifiers, make the latex unstable.
PAR  After completion of the stabilization step, a monomer or monomer mixture,
      which is capable of producing a glassy thermoplastic polymer having a
      glass transition temperature of not less than 50.degree. C is graft
      polymerized in the presence of or onto the agglomerated and stabilized
      synthetic rubber latex using conventional techniques of graft
      polymerization in an emulsion to thereby produce a directing graft
      copolymer. By the term "graft polymerization" used herein is meant a
      polymerization process wherein the monomer(s) is polymerized in the
      presence of a rubber latex. Accordingly, the term "graft copolymer" used
      herein does not mean only the polymer of a graft monomer chemically bonded
      onto the rubber polymer body, but also means generically all polymers
      which are obtained by polymerizing the graft monomer(s) in the presence of
      the rubber latex.
PAR  The monomer(s) used in the present graft polymerization step is one of
      those which is capable of producing a glassy thermoplastic polymer having
      a glass transition temperature of not less than 50.degree. C and includes,
      for example, styrene, methyl methacrylate, acrylonitrile and mixtures
      thereof, and a mixture of 70% by weight or more of at least one monomer
      selected from the group of styrene, methyl methacrylate and acrylonitrile
      and 30% by weight or less of at least one copolymerizable mixture
      containing the group CH.sub.2 = C&lt;. Monomers processing the CH.sub.2 = C&lt;
      group include, for example, unsaturated aromatic compounds such as vinyl
      toluene and .alpha.-methyl styrene; unsaturated nitrile compounds such as
      methacrylonitrile; alkyl methacrylates such as ethyl methacrylate, alkyl
      acrylate such as ethyl acrylate and n-butyl acrylate, and the like. When a
      monomer which produces a polymer having a glass transition temperature
      less than 50.degree. C is used in the present graft polymerization step,
      the graft copolymer produced becomes too soft by the incorporation of the
      rubber component therein and is inferior in the characteristics of the
      resin for the production of various shaped articles.
PAR  In the practice of the present graft polymerization step, the grafting
      monomer(s) can be added to the base rubber latex all at once, adding the
      monomer(s) two or more times, adding continuously, or adding plural
      monomers step by step to polymerize the monomers successively. When the
      present graft polymerization in the emulsion is conducted, the type of
      emulsifiers and polymerization initiators used are not limited but may be
      selected from the conventional emulsifiers and initiators used in the
      known techniques of graft polymerization in an emulsion. The amounts of
      the emulsifier and initiator used in the present graft polymerization are
      also not limited.
PAR  The rubber content in the present graft copolymer is in the range from 7 to
      70% by weight based on the total graft copolymer composition. If the
      rubber content in the graft copolymer is less than 7% by weight, the
      impact strength of the graft copolymer produced is low and, therefore, it
      is of no practical use. In contrast, if the rubber content exceeds 70% by
      weight, the graft copolymer is inferior in processing or molding
      properties and if the graft copolyer is blended with other thermoplastic
      resins, a composition having both a high impact strength and a good
      stiffness cannot be obtained.
PAR  When the rubber content is within the range of 7 - 40% by weight, the graft
      copolymer may be preferably used alone as a high impact resistant resin.
      When the rubber content is within the range of 40 - 70% by weight, the
      graft copolymer may be compression molded alone into shaped articles
      having a high impact resistance, but it may be preferably blended with
      other thermoplastic resins, such as, for example, polyvinyl chloride
      resin, styrene or derivatives thereof, resins, methyl methacrylate resin,
      or the like.
PAR  To the graft copolymer obtained according to the present invention,
      conventional anti-oxidants, lubricants, coloring agents, fillers, and the
      like, can be preferably added.
PAR  The process for preparing the graft copolymer composition of the invention
      has the following advantages in comparison with the conventional
      processes.
PA1  1. The entire process from the polymerization of the base rubber to the
      preparation of the desired graft copolymer composition can be conducted
      successively and economically within a very short time.
PA1  2. No special apparatus other than polymerization apparatuses is required
      in the present process.
PA1  3. It is not necessary to add any additional additives or stabilizing agent
      to the rubber agglomerating step and, therefore, the heat stability of the
      graft copolymer composition produced in the present process is good and
      the graft composition can be economically produced.
PA1  4. Very few macro-agglomerates or coagulum are formed during the present
      agglomerating step and the present graft polymerization step.
PA1  5. The rubber latex containing extremely large-sized rubber particles, for
      example, a particle size of 0.4 - 1.0 micron can be easily obtained in the
      present agglomerating step, so that a graft copolymer composition having
      an extremely high impact resistance can be obtained.
PAR  The invention will be further illustrated by, but is by no means limited
      to, the following Examples, in which all parts and percentages are by
      weight unless otherwise specified.
DETD
PAC  EXAMPLE 1
TBL  Synthesis of base rubber latex (A-1):                                     
     ______________________________________                                    
     1,3-butadiene            10 kg                                            
     t-dodecyl mercaptan      40 g                                             
     potassium oleate         150 g                                            
     disproportionated rosin soap                                              
                              150 g                                            
     diisopropylbenzene hydroperoxide                                          
                              20 g                                             
     ferrous sulphate         3 g                                              
     sodium pyrophosphate     40 g                                             
     sodium chloride          20 g                                             
     dextrose                 30 g                                             
     deionized water          20 kg                                            
     ______________________________________                                    
PAR  A base rubber latex (A-1) was prepared by polymerizing the above recipe at
      a temperature of approximately 55.degree. C for 8 hours in a 200 l
      autoclave. The conversion of the polymerization reaction was 97%. Thus, a
      base rubber latex having a pH of 8.4 and an average particle size of 0.07
      micron was obtained.
TBL  ______________________________________                                    
     Synthesis of C. A. latex (B-1):                                           
     ______________________________________                                    
                           parts                                               
     n-butyl acrylate         85                                               
     methacrylic acid         15                                               
     potassium oleate         2                                                
     sodium dioctylsulfosuccinate                                              
                              1                                                
     cumene hydroperoxide     0.4                                              
     sodium formaldehydesulfoxylate                                            
                              0.3                                              
     deionized water          200                                              
     ______________________________________                                    
PAR  A C.A. latex (B-1) was prepared by polymerizing the above recipe at a
      temperature of approximately 70.degree. C for 4 hours in a glass
      autoclave. The conversion was 98%, and a latex having a pH of 5.6 was
      obtained.
PAC  PREPARATION OF LARGE PARTICLE SIZE LATEX
PAR  After evaporating the residual butadiene contained in the 200 l autoclave
      in which the rubber latex (A-1) was prepared, 97 g (dry) of the C.A. latex
      (B-1) was charged with stirring to the autoclave containing 9.7 kg of
      polybutadiene over a period of approximately 5 seconds at a temperature of
      approximately 20.degree. C. The pH of the resulting latex was 7.1. A
      portion of the latex thus obtained was sampled from the autoclave and
      treated with osmium tetroxide, the size of the particles contained in the
      latex was measured by an electron microscope. The average particle size of
      the latex was 0.32 micron.
PAR  Thirty minutes after completion of the C.A. latex addition, the autoclave
      containing the agglomerated rubber latex was replaced with nitrogen, and
      194 g of polyoxyethylene lauryl ether was added to the autoclave and then
      a graft polymerization was conducted.
TBL  ______________________________________                                    
     Preparation of Graft Polymer                                              
     ______________________________________                                    
     agglomerated polybutadiene (dry)                                          
                             9.7 kg                                            
     styrene                 27.16 kg                                          
     acrylonitrile           11.64 kg                                          
     t-dodecyl mercaptan     0.25 kg                                           
     cumene hydroperoxide    0.1 kg                                            
     ferrous sulphate        0.003 kg                                          
     sodium pyrophosphate    0.2 kg                                            
     dextrose                0.35 kg                                           
     disproportionated rosin soap                                              
                             1.16 kg                                           
     deionized water (total) 100 kg                                            
     ______________________________________                                    
PAR  A graft copolymer latex was prepared by polymerizing the above recipe at a
      temperature of approximately 60.degree. C for 3 hours to substantially
      complete the polymerization.
PAR  The conversion was 97%. The latex was then filtered through a 100 mesh
      stainless steel sieve to determine the degree of the coagulum formation.
      The content of the coagulum in the grafted latex was quite low and was
      0.2%. The total time required to obtain the graft polymer from the
      butadiene monomer was only 15 hours.
PAR  To the graft rubber latex so obtained, 200 g of butylated hydroxytoluene
      and 50 g of dilauryl thio dipropionate were added as antioxidants, and the
      resulting latex was coagulated by adding thereto a 5% aqueous sulfuric
      acid solution, followed by washing the coagulated polymer with water and
      drying it. The dried graft copolymer was selletized at a temperature of
      approximately 200.degree. C by an extruder having an inner diameter of 25
      mm. A specimen for testing Izod impact strength was prepared by injection
      molding at a temperature of 200.degree. C, and Izod the impact strength of
      the specimen was determined according to ASTM method D-256-56 and the
      result was 47 kg-cm/cm.sup.2. The Melt Index of the graft copolymer which
      was determined at 200.degree. C/5 kg was 2.1 g/10 min.
PAR  Following the same procedure mentioned above, except that the base rubber
      latex (A-1) was not agglomerated, a control graft copolymer was prepared.
      The resulting graft copolymer was tested in the same manner as that
      mentioned above. The Izod impact strength was 8.3 kg-cm/cm.sup.2 and the
      Melt Index was 0.6 g/10 min, both of which were inferior of the results
      obtained in the graft copolymer using the agglomerated rubber. Further, a
      control graft polymer was prepared using the same procedure as mentioned
      above except that the base rubber latex (A-1) was agglomerated by using a
      0.5 % aqueous sulfuric acid solution (one of the conventional
      agglomeration techniques). However, a large amount of macro-agglomerates,
      that is, 9.2% of macroagglomerates was formed in the agglomeration step
      and in the graft polymerization step, and the Izod impact strength and the
      Melt Index of the resulting graft copolymer were 23.6 kg-cm/cm.sup.2 and
      1.2 g/10 min, respectively.
PAR  As is apparent from the results shown above, in accordance with the present
      invention, a graft copolymer having excellent physical properties was
      obtained in a very short time, and the formation of macro-agglomerates did
      not occur.
PAC  EXAMPLE 2
PAR  The C. A. latexes (B-2 - B-7) shown in Table 1 were prepared as
      agglomerating agents in a procedure similar to that in Example 1 and the
      copolymer latexes (BF-1 - BF-4) shown in Table 1 were also prepared as
      comparative examples.
TBL                                    Table 1                                 
     __________________________________________________________________________
                             pH of                                             
     Run Emulsifier                                                            
               Catalyst                                                        
                     Copolymer                                                 
                             the                                               
     No.             Composition                                               
                             Latex                                             
                                 Note                                          
     __________________________________________________________________________
     B-2 OK/DOSNa                                                              
               C.H.P.-R                                                        
                     BA/MAA  6.0 this                                          
         = 2/1       = 80/20     invention                                     
     B-3 OK/DOSNa                                                              
               C.H.P.-R                                                        
                     EA/MAA  6.7 this                                          
         = 2/1       = 91/9      invention                                     
     B-4 OK/DOSNa                                                              
               C.H.P.-R                                                        
                     BA/AA   5.3 this                                          
         = 2/1       = 80/20     invention                                     
     B-5 OK/DOSNa                                                              
               C.H.P.-R                                                        
                     BA/MA/MAA                                                 
                             5.0 this                                          
         = 2/1       = 60/25/15  invention                                     
     B-6 OK/DOSNa                                                              
               K.P.S.                                                          
                     BA/2EHA/MAA                                               
                             6.3 this                                          
         = 2/1       = 50/35/15  invention                                     
     B-7 OK/KOSNa                                                              
               K.P.S.                                                          
                     BA/MAA  7.2 this                                          
         = 2/1       = 90/10     invention                                     
     BF-1                                                                      
         OK/DOSNa                                                              
               C.H.P.-R                                                        
                     St/MAA  6.8 comparative                                   
         = 2/1       = 80/20     example                                       
     BF-2                                                                      
         OK/DOSNa                                                              
               C.H.P.-R                                                        
                     MMA/MAA 8.2 comparative                                   
         = 2/1       = 80/20     example                                       
     BF-3                                                                      
         OK/DOSNa                                                              
               C.H.P.-R                                                        
                     BA/MAA  6.5 comparative                                   
         = 2/1       = 96/4      example                                       
     BF-4                                                                      
         DOSNa K.P.S.                                                          
                     BA/MAA  2.1 comparative                                   
                     = 85/15     example                                       
     __________________________________________________________________________
PAR  (Note) OK: potassium oleate, DOSNa: sodium dioctylsulfosuccinate, C.H.P.:
      cumene hydroperoxide, R: sodium formaldehyde sulfoxylate, K.P.S.:
      potassium persulfate, BA: n-butyl acrylate, MAA: methacrylic acid, AA:
      acrylic acid, MA: methyl acrylate, 2EHA: 2-ethylhexyl acrylate, St:
      styrene, MMA: methyl methacrylate.
PAR  The polybutadiene rubber latexes (A-1) prepared by the same procedure as in
      Example 1 were agglomerated with the C. A. latexes (B-2 - B-7) and the
      copolymer latexes (BF-1 - BF-4) in amounts indicated in Table 2 in the
      same manner as in Example 1. After 2% by weight based on the dry rubber of
      polyoxyethylene lauryl ether was added to each agglomerated rubber latex
      to stabilize the latex (in the case of GF-1 through GF-4 in Table 2, 3% by
      weight based on the amount of rubber of polyoxyethylene lauryl ether were
      added), graft copolymer latexes were prepared by the same procedure as in
      Example 1. The graft copolymers thus obtained were tested for their
      properties and the formation of coagulum. The results are shown in Table
      2.
TBL                                    Table 2                                 
     __________________________________________________________________________
                       Percent of      Amount of                               
                                              Mechanical properties of         
                       C.A. Latex      Coagulum                                
                                              graft copolymer                  
                       added (solid                                            
                              pH of                                            
                                  Particle                                     
                                       after graft                             
                                              Izod Impact                      
     Run    Base                                                               
                C.A. Latex                                                     
                       % based on                                              
                              mixed                                            
                                  diameter                                     
                                       polymer-                                
                                              Strength                         
                                                      Melt Index *2            
     No.    rubber                                                             
                Number base rubber)                                            
                              Latex                                            
                                  (micron)                                     
                                       ization                                 
                                              (kg-cm/cm.sup.2)                 
                                                      (g/10 min)               
     __________________________________________________________________________
     G-2    A-1 B-2    0.8    8.3 0.35 0.23   52.3    1.5                      
     G-3    A-1 B-3    1.0    8.2 0.40 0.33   44.2    2.5                      
     G-4    A-1 B-4    1.2    8.2 0.33 0.15   46.1    1.4                      
     G-5    A-1 B-5    0.6    8.3 0.29 0.10   41.2    1.9                      
     G-6    A-1 B-6    2.0    7.9 0.44 0.28   53.4    1.8                      
     G-7    A-1 B-7    2.5    8.2 0.28 0.10   39.6    1.7                      
      GF-1 *1                                                                  
            A-1 BF-1   5.0    7.7 0.09 3.26    5.7    0.3                      
      GF-2 *1                                                                  
            A-1 BF-2   5.0    8.4 0.09 4.32    5.9    0.4                      
      GF-3 *1                                                                  
            A-1 BF-3   3.0    8.0 0.14 3.60    7.6    0.5                      
      GF-4 *1                                                                  
            A-1 BF-4   1.0    7.5 0.19 1.0    10.3    0.4                      
     __________________________________________________________________________
      *1: comparative Example                                                  
      *2: measured at 200.degree.C/5 kg                                        
PAR  As is apparent from the results shown in Table 2, in the case where the
      base rubber latex (A-1) was agglomerated with each C. A. latex (B-2 - B-7)
      prior to the graft copolymerization, each graft copolymer (G-2 - G-7) had
      excellent physical properties. On the other hand, in the case where the
      base rubber latex (A-1) was treated with each copolymer latex (BF-1 -
      BF-4) prior to the graft copolymerization, each graft copolymer (GF-1 -
      GF-4) had poorer properties than the properties of the graft copolymers
      (G-2 - G-7) of the present invention.
PAR  The graft copolymers GF-1 and GF-2 were formed by using the copolymer
      latexes BF-1 and BF-2, respectively, which included no acrylic ester in
      the copolymer components, and, even if the copolymer latex was used in
      much larger quantities, the properties of the resulting graft copolymer
      did not improve at all. This is because such copolymers are not effective
      for agglomerating the base rubber. The graft copolymer GF-3 was formed by
      using the copolymer latex BF-3 which contained only 4%, i.e. less than 5%,
      by weight based on total comonomer of methacrylic acid and, therefore in
      this case sufficient agglomeration of the base rubber could not be
      obtained unless the copolymer latex BF-3 was added in much larger
      quantities. However, it is not desirable to use the latex in such large
      amounts because the graft copolymer composition is changed. GF-4 was
      formed by using the copolymer latex BF-4, the composition of which is
      within the scope of the present invention, but the pH of the mixed latex
      of the base rubber latex and the copolymer latex was low, i.e. pH 2.1, so
      that the base rubber latex was not agglomerated and the resulting graft
      copolymer was of no substantial practical use.
PAC  EXAMPLE 3
PAR  A base polybutadiene latex A-2 having a particle size of 0.09 micron, a gel
      content of 80%, a swelling degree in toluene of 21.5 and a pH of 9.2 was
      prepared using the same procedure as in Example 1. A C. A. latex (B-8)
      having a pH of 5.7 was also prepared by emulsion polymerization of a
      mixture of 83% by weight of n-butyl acrylate and 17% by weight of
      methacrylic acid using an emulsifier composed of 50 parts by weight of
      potassium oleate and 50 parts by weight of sodium dioctylsulfosuccinate in
      a manner similar to that in Example 1.
PAR  The base polybutadiene latex A-2 was agglomerated with varying amounts of
      the C. A. latex (B-8) as shown in Table 3 and was stabilized by the
      addition of 3% by weight of polyoxyethylene octylphenol ether. 17 parts
      (dry) of the agglomerated latex was then graft polymerized with 55 parts
      by weight of styrene and 28 parts by weight of acrylonitrile using the
      same procedure as in Example 1. The physical properties of the graft
      copolymer composition thus obtained are shown in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
                          Mechanical properties of graft copolymer             
     % addition  pH of                                                         
                     Particle                                                  
           of latex                                                            
                 mixed                                                         
                     diameter                                                  
                          Izod impact strength                                 
                                      Melt index*.sup. 2                       
     Run No.                                                                   
           (B-8) latex                                                         
                     (micron)                                                  
                          (kg-cm/cm.sup.2)                                     
                                      (g/10 min)                               
     __________________________________________________________________________
     GF-5*.sup.1                                                               
           0     9.2 0.09  4.2         0.17                                    
     GF-6*.sup.1                                                               
           0.05  9.2 0.14 10.2         0.21                                    
     G-8   0.1   9.2 0.24 36.2        1.1                                      
     G-9   0.5   9.1 0.32 45.2        1.7                                      
     G-10  1.0   8.9 0.34 49.6        2.1                                      
     G-11  2.0   8.8 0.38 52.6        2.2                                      
     G-12  3.0   8.6 0.44 42.5        2.3                                      
     G-13  5.0   8.4 0.51 39.6        2.5                                      
     __________________________________________________________________________
      *.sup.1 Comparative Example                                              
      *.sup.2 Measured at 200.degree.C/5 kg                                    
PAR  It will be recognized from Table 3 that the graft copolymer compositions to
      which 0.1 - 5% by weight of the latex (B-8) was added, i.e., G-8 - G-13,
      have excellent physical properties. On the other hand, in the case where
      the amount of the latex (B-8) was added to the base rubber was less than
      0.1% by weight, a graft copolymer composition having good physical
      properties could not be obtained. When the amount of the latex (B-8) added
      to the base rubber was more than 5% by weight, a graft copolymer having
      somewhat good physical properties could be obtained, but the viscosity of
      the polymerization mixture increased during the graft polymerization step,
      so that the latex thus obtained was unstable. Further, this method is not
      economical.
PAC  EXAMPLE 4
PAR  A ployacrylate rubber (A-3) was prepared according to the following
      description
     Synthesis of A-3 latex Parts                                              
     ______________________________________                                    
     n-butyl acrylate        95                                                
     Styrene                 5                                                 
     Tetraethylene glycol dimethacrylate                                       
                             0.7                                               
     Sodium dioctyl sulfosuccinate                                             
                             2.0                                               
     Potassium persulfate    0.6                                               
     Deionized water         200                                               
     ______________________________________                                    
PAR  The above ingredients were polymerized at 70.degree. C for 5 hours, and an
      n-butyl acrylate-styrene copolymer rubber latex having a pH of 2.4 was
      obtained. Into the reaction vessel containing the above rubber latex, 1.5
      parts (dry) of a copolymer latex comprising 60% of n-butylacrylate, 25% of
      ethylacrylate and 15% of methacrylic acid with a pH of 6.1 was added with
      stirring. The particle size of the base rubber latex was not changed by
      the addition of the copolymer latex. After the completion of the copolymer
      latex addition the pH of the base rubber latex was raised to 8.1 by the
      addition of a 1% aqueous sodium hydroxide solution and, thereby, the
      particle size of the base rubber latex was increased to 0.37 micron. Then,
      2.0 parts based on 100 parts of the dry rubber of polyoxyethylene nonyl
      phenol ether were added to the agglomerated rubber latex to stabilize the
      latex, followed by graft polymerizing with 200 parts of styrene and 100
      parts of acrylonitrile at 70.degree. C, for 4 hours, using 1 part of
      cumene hydroperoxide and 1 part of sodium formaldehyde sulfoxylate as an
      initiator in the presence of 1.0 part of potassium oleate and 1.0 part of
      disproportionated rosin soap. The time required to prepare the graft
      copolymer was only 10 hours and the amount of the coagulum formed in the
      graft copolymer latex was only 0.2%.
PAR  The graft copolymer so obtained was coagulated, and then was washed and
      dried. The mechanical properties of the injection moulded samples of the
      graft copolymer were as follows:
TBL  Izod impact strength  23.6 kg-cm/cm.sup.2                                 
     Melt index (at 200.degree.C/5 kg)                                         
                           2.6 g/10 min.                                       
PAC  EXAMPLE 5
PAR  To 100 parts (dry) of butadiene-styrene rubber latex having a particle size
      of 0.08 micron, a gel content of 90%, a swelling degree in toluene, of 17
      and a pH of 9.0 and comprising 75% of butadiene and 25% of styrene, 2.0
      parts of a C.A. latex comprising 85% of n-butyl acrylate and 15% of
      methacrylic acid and having a pH of 5.4 were added and, thereby, an
      agglomerated rubber latex having a particle size of 0.35 micron and a pH
      of 8.4 was obtained.
PAR  The agglomerated rubber latex was stabilized by the addition of 1.0% of
      polyoxyethylene stearyl ether and, then, 35 parts of styrene was graft
      polymerized onto the stabilized rubber latex using a procedure similar to
      Example 1. After completion of the graft polymerization, 32 parts of
      methyl methacrylate was further graft polymerized onto the resultant graft
      copolymer latex and the graft copolymer (G-15) having a high rubber
      content was obtained. To the graft copolymer (G-15) latex, 1% of butylated
      hydroxytoluene and 0.6% of dilauryl thiodipropionate was added and a white
      powder was obtained upon coagulation, washing and drying of the graft
      copolymer latex.
PAR  100 parts of polyvinyl chloride having a polymerization degree of 700 was
      blended with 3.0 parts of dibutyl tin maleate, 1.0 part of butyl stearate,
      0.3 part of stearyl alcohol and 0.2 part of Hoechst Wax OP (partially
      saponified montanic acid wax), and then 10 parts and 15 parts of the graft
      copolymer (G-15) were blended thereto at 165.degree. C using a mixing
      roller, respectively. The moulded samples of the compositions had the
      following high Charpy Impact values.
TBL  ______________________________________                                    
     Parts of G-15 added Charpy Impact                                         
     ______________________________________                                    
            10           45.6 kg-cm/cm.sup.2                                   
            15           98.7 kg-cm/cm.sup.2                                   
     ______________________________________                                    
PAR  As is shown from the above results, the graft copolymer having a high
      rubber content prepared in accordance with the present process can be
      effectively applied to polyvinyl chloride resin as an impact modifier, and
      it can also be effectively applied to styrene-acrylonitrile copolymer
      resin.
PAC  EXAMPLE 6
PAR  A butadiene-styrene copolymer rubber latex having a particle size of 0.10
      micron, a gel content of 75%, a swelling degree in toluene of 27 and a pH
      of 8.8 and comprising 70% of butadiene and 30% styrene was prepared. To
      100 parts of the rubber latex 4.0 parts of a C.A. latex comprising 60% of
      n-butyl acrylate, 20% of methyl methacrylate and 20% of methacrylic acid
      and having a pH of 6.2 was added and, thereby, the particle size of the
      rubber latex was agglomerated to 0.75 micron. The pH of the agglomerated
      rubber latex was 7.9. The agglomerated rubber latex was then stabilized by
      the addition of 3.5% based on the dry rubber of polyoxyethylene lauryl
      ether. Four hundred parts of styrene was graft polymerized onto 100 parts
      (dry) of the agglomerated and stabilized rubber latex. The graft copolymer
      thus obtained had an Izod Impact Strength of 17.6 kg-cm/cm.sup.2.
PAC  EXAMPLE 7
PAR  By using the C.A. latex (B-1) employed in Example 1, various base rubber
      latexes having a particle size of 0.07 through 0.1 micron shown in Table 4
      below were agglomerated, and thereto 2% (based on the dry rubber) of
      polyoxyethylene oleyl ether was added to stabilize the rubber latex.
      Twenty parts of the resultant rubber latex were graft polymerized with 80
      parts of comonomers listed in Table 4 using 5% (based on the dry base
      rubber) of disproportionated rosin soap. The Izod Impact Strength of the
      graft copolymers thus obtained were measured in the same manner as in
      Example 1 and the results are shown in Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
                        % of                                                   
                    Base                                                       
                        (B-1)                                                  
                            pH of                                              
                                Particle                                       
                                     Graft comonomer                           
                                              Izod impact strength             
           Base rubber                                                         
                    latex                                                      
                        latex                                                  
                            mixed                                              
                                size composition                               
                                              of graft copolymer               
     Run No.                                                                   
           composition                                                         
                    pH  added                                                  
                            latex                                              
                                (micron)                                       
                                     (%)      (kg-cm/cm.sup.2)                 
     __________________________________________________________________________
     G-16  Bd/MMA   9.2 1.0 9.0 0.32 MMA/St = 80/20                            
                                              24.2                             
           = 80/20                                                             
     G-17  Bd/AN = 75/25                                                       
                    8.6 1.5 8.4 0.35 AN/MA = 80/20                             
                                              48.6                             
     G-18  Bd/St/MMA                                                           
                    9.0 2.0 8.5 0.38 St/AN = 70/30                             
                                              38.9                             
           = 65/20/15                                                          
     G-19  Bd/EA = 80/20                                                       
                    8.0 3.5 7.5 0.48 St/AN = 68/32                             
                                              41.8                             
     G-20  BA/MMA   8.4 2.0 7.8 0.31 St/AN = 75/25                             
                                              19.6                             
           = 90/10                                                             
     G-21  CP/AN = 95/5                                                        
                    8.1 1.0 7.9 0.29 Vc/MA = 90/10                             
                                              30.6                             
     __________________________________________________________________________
     Bd: butadiene  MMA: methyl methacrylate                                   
                                        AN: acrylonitrile                      
     St: styrene    EA: ethyle acrylate BA: butyl acrylate                     
     CP: chloroprene                                                           
                    VC: vinyl chloride  MA: methyl acrylate                    
PAR  As is apparent from the results shown in Table 4, in accordance with the
      present process graft copolymer composition having a high impact
      resistance can be obtained even if the composition of the base rubber is
      changed.
PAC  EXAMPLE 8
PAR  A butadiene-styrene copolymer rubber latex comprising 75% of 1,3-butadiene
      and 25% of styrene and having a particle size of 0.09 micron, a gel
      content of 85%, a swelling degree in toluene of 16.0 and a pH of 9.2 was
      prepared. A copolymer latex comprising 84% of n-butyl acrylate and 16% of
      methacrylic acid and having a pH of 5.6 was prepared. 0.9 part (dry) of
      the copolymer latex so obtained was added to 100 parts (dry) of the
      butadiene-styrene rubber latex to agglomerate the rubber particles. The pH
      of the resultant mixed latex was 9.0 and the average particle size of the
      agglomerated latex was 0.28 micron. After 0.5% of polyoxyethylene lauryl
      ether was added to the agglomerated rubber latex to stabilize the latex,
      85 parts of a comonomer mixture comprising 50% styrene, 36% methyl
      methacrylate and 14% acrylonitrile was graft polymerized onto 15 parts
      (dry) of the agglomerated rubber latex.
PAR  The graft copolymer thus obtained was recovered from the latex using
      conventional techniques. The physical properties of the moulded samples of
      the graft copolymer were as follows:
TBL  Izod Impact Strength  21.6 kg-cm/cm.sup.2                                 
     Total Light Transmittance                                                 
                           86.7%                                               
     Haze Value             9.6%                                               
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the preparation of an impact resistant thermoplastic graft
      copolymer composition from a small particle sized synthetic rubber latex,
      comprising the steps of:
PA1  1. agglomerating 100 parts by weight in terms of the solids content of a
      synthetic rubber latex (A) selected from the group consisting of
      polybutadiene, copolymers containing at least 50% by weight 1,3-butadiene,
      butadiene-unsaturated nitrile copolymers, butadiene-acrylate copolymers,
      butadiene-methacrylate copolymers, terpolymers or multipolymers containing
      at least 50% by weight 1,3-butadiene, polychloroprene, chloroprene
      copolymer and a homopolymer or copolymer of at least 50% by weight of
      alkyl acrylate having 1 to 12 carbon atoms in the alkyl group containing
      small-sized rubber particles by adding 0.1 - 5 parts by weight, in terms
      of the solids content, of a carboxylic acid containing copolymer latex (B)
      having a pH of at least 4, said copolymer latex being prepared by
      polymerizing a mixture of monomers comprising 5 - 20% by weight of at
      least one monomer selected from the group consisting of acrylic acid,
      methacrylic acid, itaconic acid and crotonic acid and 95 - 80% by weight
      of alkyl acrylate having 1 to 12 carbon atoms in the alkyl group, in the
      presence of at least one anionic emulsifier, and adjusting the pH of the
      mixed latexes (A) and (B) to not less than 6;
PA1  2. stabilizing the agglomerated latex with at least one nonionic emulsifier
      in an amount of 0.1 - 5% by weight of the dry rubber to be stabilized; and
PA1  3. grafting 93 - 30 parts by weight of a monomer or mixture of monomers,
      which is capable of producing a glassy thermoplastic polymer having a
      glass transition temperation of not less than 50.degree. C in the presence
      of or onto 7 - 70 parts by weight in terms of solids content of the
      agglomerated and stabilized synthetic rubber latex.
NUM  2.
PAR  2. The process as claimed in claim 1, wherein said synthetic rubber latex
      (A) is a polybutadiene latex.
NUM  3.
PAR  3. The process as claimed in claim 1, wherein said synthetic rubber latex
      (A) is a copolymer latex comprising 35 - 50% by weight of butadiene and 15
      - 50% by weight of styrene.
NUM  4.
PAR  4. The process as claimed in claim 1, wherein the pH of the synthetic
      rubber latex (A) is in the range from 7 to 13.
NUM  5.
PAR  5. The process as claimed in claim 1, wherein the average particle diameter
      of the starting synthetic rubber latex (A) is in the range from 0.04 to
      0.15 micron.
NUM  6.
PAR  6. The process as claimed in claim 1, wherein said synthetic rubber latex
      (A) is a homopolymer or a copolymer of at least 50% by weight of alkyl
      acrylate having 1 - 12 carbon atoms in the alkyl group.
NUM  7.
PAR  7. The process as claimed in claim 1, wherein the grafting monomer mixture
      comprises 85 - 60% by weight of styrene and 15 - 40% by weight of
      acrylonitrile.
NUM  8.
PAR  8. The process as claimed in claim 1, wherein said graft copolymer consists
      essentially of 40-65% by weight of styrene, 10-60% by weight of methyl
      methacrylate and 0-30% by weight of acrylonitrile grafted onto 40-70% by
      weight of the agglomerated rubber.
NUM  9.
PAR  9. The process as claimed in claim 3, wherein the grafting monomer consists
      essentially of 40 - 70% by weight of styrene, 5 - 60% by weight of methyl
      methacrylate and 5 - 40% by weight of acrylonitrile.
NUM  10.
PAR  10. The process as claimed in claim 6, wherein the grafting monomer
      comprises at least 60% by weight of methyl methyacrylate.
NUM  11.
PAR  11. The process as claimed in claim 1, wherein the grafting monomer
      comprises at least 60% by weight of acrylonitrile.
NUM  12.
PAR  12. The process as claimed in claim 1, wherein the carboxylic acid
      containing copolymer latex (B) is an emulsion polymerized copolymer of 80
      - 90 % by weight of n-butyl acrylate and 10 - 20% by weight of methacrylic
      acid.
NUM  13.
PAR  13. The process as claimed in claim 1, wherein the pH of the carboxylic
      acid containing copolymer latex (B) is in the range from 4 to 8.
NUM  14.
PAR  14. The process as claimed in claim 1, wherein the rubber content of the
      graft copolymer is in the range from 7 to 40% by weight.
NUM  15.
PAR  15. The process of claim 1, wherin said nonionic emulsifier is at least one
      selected from the group consisting of polyoxyethylene alkyl ether,
      polyoxyethylene alkyl phenol ether and ester of polyoxyethylene with a
      fatty acid.
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PAL  An impact-resistant and weatherable thermoplastic composition comprising
      from about 10 to about 50 weight percent of a crosslinked acrylate
      elastomer having a Tg of less than 25.degree.C., from about 5 to about 35
      weight percent of a crosslinked styrene-acrylonitrile copolymer and from
      about 15 to about 85 weight percent of a non-crosslinked or linear
      styrene-acrylonitrile copolymer. The composition is made by a three-step
      sequence comprising emulsion polymerizing of an alkyl acrylate containing
      at least one crosslinking monomer, emulsion polymerizing a monomer mixture
      of styrene, acrylonitrile and at least one crosslinking monomer in the
      presence of the crosslinked acrylate elastomer formed in the previous
      step, or a reverse sequence of the prior two emulsion polymerization
      procedures, and, finally, emulsion or suspension polymerizing of styrene,
      acrylonitrile in the presence of the previously formed product.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is an acrylate-styrene-acrylonitrile polymer
      (hereinafter abbreviated "ASA") which has good impact and superior weather
      durability compared to acrylonitrilebutadiene-styrene (ABS) polymers.
PAR  ABS polymers will age in outdoor applications and therefore find only
      limited use. The aging is partly due to the effect ultraviolet rays have
      upon the residual unsaturation. In order to solve this problem it has been
      proposed that butadiene in the ABS materials be replaced with a more light
      stable monomer. One recent suggestion for such a modification is contained
      in Kunststoffe, Vol. 60 (Sept. 1970), pp. 617-622 (English version: pp.
      4-5 (blue)) wherein an ASA polymer ("Luran S") is described as containing
      an acrylic ester, and styrene-acrylonitrile and being apparently formed by
      the distribution of an acrylic elastomer in the form of very fine
      particles in a forming phase and being thereafter bonded to the hardening
      component by grafted styrene-acrylonitrile chains. Other examples of
      recent attempts to form impact resistant grafted thermoplastics are given
      in Japanese Pat. Nos. 72/30, 751 and 73/7264, German Offenlegungsschrift
      No. 2,140,437, and U.S. Pat. No. 3,711,575.
PAR  The composition of the present invention contains little grafting and is
      formed by a three-step process. The use of a crosslinked acrylic
      elastomer, as exemplified in the present invention, is contrary to the
      teachings of some U.S. patents including U.S. Pat. Nos. 3,041,307;
      3,041,308; and 3,041,309 which employ non-crosslinked, acrylic elastomers.
      The crosslinking of the acrylate elastomer before attachment of the
      elastomers to the crosslinked styrene-acrylonitrile layer is contrary to
      U.S. Pat. No. 3,517,084 which crosslinks the elastomer after
      polymerization of the elastomer to a thermoplastic polymer by means of the
      addition of organic peroxides and a post-polymerization heating procedure.
      This gives a process which is difficult to control and reproduce.
PAR  Briefly, the present invention is described as follows. The process
      comprises the steps of emulsion polymerizing at least one alkyl acrylate
      monomer in the presence of from about 0.05% to about 10% by weight of a
      polyfunctional crosslinking monomer to form an aqueous latex of
      crosslinked acrylic elastomer particles, thereafter emulsion polymerizing
      a charge of styrene and acrylonitrile monomers in the presence of a
      crosslinking agent and the crosslinked latex particles to crosslink the
      styreneacrylonitrile charge, and thereafter adding a monomeric charge of
      styrene and acrylonitrile which does not contain a crosslinking agent but
      which does contain an initiator to polymerize the monomers and form a
      linear styrene-acrylonitrile polymer. The final product that is formed has
      impact and weather resistance and comprises from about 10 to 50% by weight
      of the crosslinked acrylic elastomer, from about 5 to 35% by weight of the
      crosslinked styrene-acrylonitrile copolymer surrounding and penetrating
      the crosslinked acrylic elastomer, and from about 15 to 85% by weight of
      the polymerized linear styreneacrylonitrile.
PAR  In greater detail, now, the elastomer particles which are utilized in
      preparing the particles of this invention are made by means of
      conventional aqueous emulsion procedures well known to those skilled in
      the art of using emulsifiers and water soluble catalysts.
PAR  Thus, in conducting the aqueous emulsion polymerization step leading to the
      preparation of these elastomer particles, there is preferably first
      prepared a monomer charge comprising an aqueous emulsion containing about
      10 to 50%, by weight, of one or more monomers, the identity of which will
      be described in detail hereinbelow, and from 0.2 to 2.0% by weight of a
      suitable emulsifier. From about 0.05 to 2.0% by weight of the monomer
      mixture, of a water-soluble catalyst, such as ammonium, sodium or
      potassium persulfate, hydrogen peroxide or a redox system, such as a
      mixture of a persulfate with an alkali metal bisulfite, thiosulfate or
      hydrosulfite, is introduced, and the mixture is then heated at a
      temperature of from about 40.degree. to 95.degree.C. for a period of about
      0.5 to 8 hours.
PAR  The acrylic elastomer particles used in preparing the particles of this
      invention comprise crosslinked acrylic polymers or copolymers having a Tg,
      i.e., a glass transition temperature, of less than about 25.degree.C.
      which can be polymerized by means of free radical initiated emulsion
      techniques. These acrylic elastomer particles should be crosslinked so
      that they can retain their size and shape during subsequent polymer
      processing steps. This crosslinking can be achieved during the
      polymerization of the elastomer if a polyfunctional ethylenically
      unsaturated monomer is included in the polymerization recipe. As used in
      this disclosure, the term "crosslinked" denotes a polymer which at ambient
      temperatures is substantially insoluble in such organic solvents as
      tetrahydrofuran or cyclohexanone.
PAR  Examples of acrylic elastomers that can be used include the crosslinked
      polymers of the C.sub.2 -C.sub.10 alkyl acrylate and the C.sub.8 -C.sub.22
      alkyl methacrylate monomers, preferably the C.sub.4 -C.sub.8 alkyl
      acrylates, such as poly(n-butyl acrylate), poly(ethyl acrylate) and
      poly(2-ethyl hexylacrylate). At least one acrylate monomer is utilized in
      this step. If desired, the monomer charge may contain small amounts, i.e.,
      1% to 20% by weight of the amount acrylate monomer, of optional monomers
      including styrene, acrylonitrile, methacrylonitrile, methyl methacrylate,
      methacrylic acid, acrylic acid, vinylidene chloride, vinyl toluene and any
      other ethylenically unsaturated monomer copolymerizable with the acrylate
      monomer selected for use.
PAR  In order to crosslink the acrylate monomer from about 0.05% to about 10% by
      weight (preferably 0.1% to 5%) based on the weight of acrylate monomer, of
      at least one crosslinking agent is used. This crosslinking agent is for
      the purposes of this invention a di- or poly-functional ethylenically
      unsaturated monomer having at least one vinyl group of the formula:
      ##EQU1##
      wherein R is hydrogen or lower alkyl. As is well known in the art the
      vinyl groups on the crosslinking monomer can be the same (e.g. divinyl
      benzene, trimethylol propane triacrylate, etc.) or different, (e.g., allyl
      methacrylate, diallyl fumarate, diallyl maleate, etc.) Examples of other
      suitable crosslinking monomers which are known to persons in the art and
      which can be used are 1,3-butylene dimethacrylate, diethylene glycol
      dimethacrylate, ethylene glycol dimethacrylate, trimethylolpropane
      trimethacrylate, methylene bisacrylamide, diethylene glycol diacrylate,
      ethylene glycol diacrylate, divinyl ether, diallyl phthalate, divinyl
      sulfone, divinyl sorbitol, triethylene glycol dimethacrylate, trimethylene
      glycol diacrylate, butylene glycol diacrylate, pentamethylene glycol
      diacrylate, glyceryl triacrylate, octylene glycol diacrylate,
      trimethylolpropane triacrylate, the tetraacrylate ester of pentaerythritol
      and various diallyl phosphonates.
PAR  Optimum results are obtained by the use of a crosslinked copolymer
      containing from about 95 to 99.9% by weight of n-butyl acrylate and from
      about 0.1 to 5%, by weight, of butylene glycol diacrylate.
PAR  The emulsifier which is used is at least one of the following conventional
      types: an anionic emulsifier, e.g., the C.sub.2 -C.sub.22 carboxylic
      acids, the sulfates or, sulfonates, of C.sub.6 -C.sub.22 alcohols or alkyl
      phenols; a non-ionic emulsifier, e.g., the addition products of alkylene
      oxides to fatty acids, amines or amides; a combination of the foregoing
      anionic and non-ionic emulsifiers; or the cationic emulsifiers, e.g., a
      quaternary ammonium containing compound. The amount of emulsifier should
      be present from about 0.5% to about 5% by weight in the emulsion.
PAR  Moreover, in a preferred embodiment of the process of this invention, it
      has been found that regardless of the particular emulsifier being utilized
      in preparing the rubber polymer latex, its polymerization in large scale
      commercial equipment is greatly facilitated by introducing the monomer
      charge to the system in several portions over a period of from 1 to 3
      hours. Thus, where this is not done and the total monomer charge is
      introduced in one portion, the resulting exothermic polymerization
      reaction often becomes virtually uncontrollable leading to overheating
      which, in turn, may set up, i.e., coagulate, the resulting polymer latex.
      However, by dividing the monomer charge and introducing it in about
      several portions, the resulting polymerization reaction remains
      controllable and overheating and coagulation can be prevented.
PAR  An initiator is also present in the emulsion in an amount ranging from
      about 0.005% to 2% by weight of the acrylate monomer. Suitable for use are
      water-soluble peroxidic compounds, e.g., hydrogen peroxide and alkali
      metal and ammonium persulfates, oil soluble organic peroxides and azo
      compounds, e.g., benzoyl peroxide, azobisisobutyronitrile and the like,
      used singly or in combination. Redox catalysts, e.g., mixtures of
      peroxidic catalysts with reducing agents, such as hydrazine, alkali metal
      bisulfites, thiosulfates, and hydrosulfites, and soluble oxidizable
      sulfoxyl compounds can also be used.
PAR  A chain transfer agent such as an alkyl mercaptan, e.g., t-dodecyl
      mercaptan, toluene, xylene, chloroform, halogenated hydrocarbons and the
      like may also be used.
PAR  A buffer to keep the pH at 7.0 or higher is a final component of the
      emulsion.
PAR  The next step in the preferred embodiment of preparing the polymer of the
      present invention is the emulsion polymerization of a mixture of styrene
      and acrylonitrile in the presence of a minor portion of at least one
      difunctional or polyfunctional crosslinking monomer to form a crosslinked
      styrene-acrylonitrile polymer. This emulsion polymerization is carried out
      in the presence of the crosslinked acrylic elastomer by adding the
      styrene-acrylonitrile charge to the previously prepared aqueous emulsion
      of crosslinked acrylate elastomer. The amount of styrene-acrylonitrile
      which is added ranges from 5 to 35% of the weight of the final product
      that will be produced whereas the crosslinked acrylate elastomer is
      present from about 10% to 50% based upon the weight of the final product
      which will be formed.
PAR  The monomer charge of styrene-acrylonitrile can comprise from about 50/50
      to 85/15 weight parts of styrene to acrylonitrile with the preferred ratio
      being 76/24. If desired, minor amounts e.g., below about 20% by weight, of
      optional monomers can be included. Examples are t-butyl styrene,
      p-chlorostyrene, .alpha.-methyl styrene, methyl methacrylate, alkyl
      acrylate, vinylidene chloride, ethylene, propylene, isobutylene and other
      ethylenically unsaturated compounds copolymerizable with styrene and
      acrylonitrile.
PAR  The crosslinking agent, emulsifiers, initiators and chain transfer agents
      discussed in the previous step can also be used in this step in the same
      amounts to form the crosslinked styrene-acrylonitrile on crosslinked
      acrylate elastomer.
PAR  If desired, the two steps described above may be reversed in sequence.
PAR  After the emulsion polymerization of the crosslinked styrene-acrylonitrile
      polymer onto the crosslinked acrylic elastomer or the reverse sequence of
      these two steps has been accomplished, the final step of the present
      invention is performed. This is the formation of a linear
      styrene-acylonitrile polymer which is not substantially grafted onto the
      crosslinked acrylic elastomer-crosslinked styrene-acrylonitrile
      copolymers. The amount of linear styrene-acrylonitrile polymer which is
      grafted is less than 30 weight percent, preferably less than 20 weight
      percent. This third step may be accomplished by either suspension or
      emulsion polymerization of a charge of styrene and acrylonitrile monomers
      having the same general composition as the styrene and acrylonitrile
      charge used in the previous step in the absence of a crosslinking monomer.
      The combined amounts of styrene and acrylonitrile utilized in this step
      will vary from 15-85% by weight of the final product. The same
      emulsifiers, initiators, chain transfer agents and optional monomers
      utilized in previous steps may be used in this final polymerization
      procedure.
PAR  If suspension polymerization is chosen the suspending agent can be methyl
      cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, carboxymethyl
      cellulose, talc, clay, polyvinyl alcohol, gelatine and the like. Preferred
      for this purpose is hydroxypropyl methyl cellulose which should,
      preferably, have a viscosity of at least about 3,000 and, preferably,
      about 15,000 cps. as determined, at 20.degree.C., with a 2%, by weight,
      aqueous solution of the polymer in a Ubbelohde viscometer according to
      ASTM Procedures D-1347-64 and D-2363-65T.
PAR  Other additives can be used in forming the linear styrene-acrylonitrile
      matrix to confer desired properties upon the final product. Included are
      conventional light, thermal and ultraviolet light stabilizers,
      antioxidants, dyes, pigments, mineral additives and fillers and
      reinforcing agents.
PAR  The following examples show preferred embodiments of the process of the
      claimed invention and the product formed therefrom:
DETD
PAC  EXAMPLE 1
PAR  A crosslinked polybutylacrylate latex suitable for use in this invention
      was formed by placing the reactants listed in Table I in a one quart
      bottle which was then flushed with nitrogen, capped and heated, while
      being rotated, for 3 hours at 70.degree.C.
TBL                TABLE I                                                     
     ______________________________________                                    
     Reactant                  Amount                                          
     ______________________________________                                    
     Butyl Acrylate            180     g                                       
     Butylene glycol diacrylate                                                
                               0.45    g                                       
     Bis-tridecyl ester of sodium sulfosuccinic                                
       acid (Aerosol TR, 1% solution)                                          
                               54      ml.                                     
     K.sub.2 S.sub.2 O.sub.8 (2% solution)                                     
                               20      ml.                                     
     NaHCO.sub.3 (1% solution) 20      ml.                                     
     H.sub.2 O                 326     ml.                                     
     ______________________________________                                    
PAR  The latex product that was produced had a solids content of about 30% and
      will be referred to hereinafter as Preparation 1. It was used in Example
      2, described below, to produce the crosslinked styrene-acrylonitrile on
      crosslinked acrylate elastomer.
PAC  EXAMPLE 2
PAR  A series of interpolymers comprising crosslinked styrene-acrylonitrile
      copolymers on crosslinked polybutylacrylate elastomers were prepared by
      placing the reactants listed below in Table II in a one quart bottle which
      was flushed with nitrogen, capped, heated and rotated at 70.degree.C. for
      21/2 hours. The abbreviations XBA and XSAN refer to "crosslinked butyl
      acrylate" and "crosslinked styrene-acrylonitrile," respectively. DVB
      refers to "divinyl benzene," which is the crosslinking agent.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                   K.sub.2 S.sub.2 O.sub.8                     
                                                    Acrylo-                    
                     Aerosol TR                                                
                            NaHCO.sub.3                                        
                                   Catalyst    Styrene                         
                                                    nitrile                    
                                                         t-dedecyl             
                                                               Divinyl         
     Sam-        H.sub.2 O                                                     
                     (1% Soln)                                                 
                            (1% Soln)                                          
                                   (2% Soln)                                   
                                          Prep. 1                              
                                               Monomer                         
                                                    Monomer                    
                                                         mercaptan             
                                                               Benzene         
     ple Description                                                           
                 (g) (ml)   (ml)   (ml)   (g)  (g)  (g)  (g)   (g)             
     __________________________________________________________________________
     Prep.                                                                     
         6:1 XBA:XSAN                                                          
                  90 15     15     10     397  14.0 5.2  --    0.096           
     2   (0.3% DVB)                                                            
     Prep.                                                                     
         3:1 XBA:XSAB                                                          
                 126 15     15     15     345  25.2 9.3  --    0.173           
     3   (0.5% DVB)                                                            
     Prep.                                                                     
         2:1 XBA:XSAN                                                          
                 147 15     15     15     307  33.6 12.4 --    0.23            
     4   (0.5% DVB)                                                            
     Prep.                                                                     
         3:1 XBA:SAN                                                           
                 126 15     15     15     345  25.2 9.3  0.045 --              
     5   (0% DVB)                                                              
     __________________________________________________________________________
      Note:                                                                    
      The above formulations gave good emulsions with low coagulation levels.  
      Prep. 5 does not contain a crosslinked styrene-acrylonitrile copolymer.  
      Its inferior impact characteristics of the product prepared therefrom are
      shown in Table VII.                                                      
PAR  Table III present the solubility data for the products isolated from the
      latices, Prep. 1-5, by coagulation and drying to a constant weight. The
      solvent is methyl ethyl ketone (MEK):
TBL                                    TABLE III                               
     __________________________________________________________________________
                                  Calc. % of                                   
                  % Solids                                                     
                        % Solubles                                             
                                  SAN which was                                
     Samples                                                                   
          Description                                                          
                  In Latex                                                     
                        in MEK                                                 
                              % Gel                                            
                                  Crosslinked                                  
     __________________________________________________________________________
     Prep. 1                                                                   
          XBA     30    8.2   91.8                                             
                                  --                                           
     Prep. 2                                                                   
          6:1 XBA:XSAN                                                         
                  25.9  13    87  57                                           
     Prep. 3                                                                   
          3:1 XBA:XSAN                                                         
                  25.6  14    86  68                                           
     Prep. 4                                                                   
          2:1 XBA:XSAN                                                         
                  25.9  15    85  71                                           
     Prep. 5                                                                   
          3:1 SBA:SAN                                                          
                  25.6  29    71  --                                           
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  The suspension polymerization of linear styreneacrylonitrile (i.e., styrene
      and acrylonitrile monomers) in the presence of the crosslinked
      styrene-acrylonitrile on crosslinked polybutylacrylate elastomer to form
      the final product of the claimed invention was performed. A one quart
      bottle was used as a reaction vessel and each of the reactants listed in
      Table IV were added. The bottle was rotated at 70.degree.C. for 10 hours.
TBL                                    TABLE IV                                
     __________________________________________________________________________
                           1% Aqueous                    Acrylo-               
                                                              t-dodecyl        
                       H.sub.2 O                                               
                           Methocel**                                          
                                  VAZO.sup.+   Gms. of                         
                                                    Styrene                    
                                                         nitrile               
                                                              Mercaptan        
     Samples                                                                   
          Description* (g) (g)    (g)    Seed.sup.+.sup.+                      
                                               Seed (g)  (g)  (g)              
     __________________________________________________________________________
     Prep. 6                                                                   
          65 LSAN/5XSAN/30XPBA                                                 
                       280 50     0.1    Prep. 2                               
                                               112  38   14   0.067            
     Prep. 7                                                                   
          60 LSAN/10XSAN/30XPBA                                                
                       270 50     0.1    Prep. 3                               
                                               128  35   13   0.062            
     Prep. 8                                                                   
          55 LSAN/15XSAN/30XPBA                                                
                       260 50     0.1    Prep. 4                               
                                               144  32   12   0.060            
     Prep. 9                                                                   
          60 LSAN/10SAN/30XPBA                                                 
                       270 50     0.1    Prep. 5                               
                                               128  35   13   0.062            
     __________________________________________________________________________
       *LSAN = Linear styrene-acrylonitrile; all ratios are in wt. %.          
       **Methocel = Hydroxypropyl methyl cellulose suspending agent - viscosity
      90 HG, 15,000 cps.                                                       
      .sup.+VAZO = Azobisisobutyronitrile. An initiator of polymerization.     
      .sup.+.sup.+Seed = The XBA:XSAN resins are listed in Table II. The number
      given in Table IV identifies the particular latex chosen from that table.
      The above reactants produced suspensions with a slightly milky effluent  
      being obtained. About 0.25% BHT (butylated hydroxy toluene) was added as 
      an emulsion and the samples were air dried.                              
PAR  Table V sets forth the analysis of some of the samples listed in Table IV.
TBL                TABLE V                                                     
     ______________________________________                                    
     Samples Description      % C      % H   % N                               
     ______________________________________                                    
     Prep. 6 65 LSAN/5XSAN/30XPBA                                              
                              79.52    8.06  4.35                              
     Prep. 7 60 LSAN/10XSAN/30XPBA                                             
                              79.50    8.13  4.31                              
     Prep. 9 60 LSAN/10SAN/30XPBA                                              
                              79.47    8.25  4.45                              
                              79.34    7.96  4.35                              
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Rather than preparing the final product by suspension polymerization, as in
      Example 3, the products of the present invention were prepared by emulsion
      polymerization. Table VI shows the reactants that were placed in a one
      quart reaction bottle, were flushed with nitrogen and heated to
      70.degree.C., for 31/2 hours while being rotated. The product was 60
      LSAN/10XSAN/30XPBA.
TBL                TABLE VI                                                    
     ______________________________________                                    
     Component           Amount                                                
     ______________________________________                                    
     H.sub.2 O           92 g                                                  
     K.sub.2 S.sub.2 O.sub.8 (2% solution)                                     
                         20 ml.                                                
     Aerosol TR (1% solution)                                                  
                         20 ml.                                                
     NaHCO.sub.3 (10% solution)                                                
                         15 ml.                                                
     Seed (Prep. 3)*     220 g                                                 
     Styrene             60.5 g                                                
     Acrylonitrile       22.4 g                                                
     t-dodecyl mercaptan 0.108 g                                               
     ______________________________________                                    
      *Indicates the line number in Table II which identifies the XSAN/XPBA    
      latex.                                                                   
PAR  The emulsion was satisfactory and had no odor or coagulation. About 0.25%
      BHT was added as an emulsion. This emulsion is designated as Prep. 10. The
      solids content was 24%. The calculated analytical result of the coagulated
      and dried resin were: 77.89% C; 7.89% H and 4.47% N.
PAC  EXAMPLE 5
PAR  Samples of the product from Prep. 6-9 of Table IV and the sample from Prep.
      10 on Table VI were milled and pressed at 365.degree.-375.degree.F. Izod
      impact values were determined on 1/8 in. specimens, tensile impacts on
      1/16 in. specimens and tensile properties on 1/8 in. micro-tensile
      specimens. Table VII sets forth the results:
TBL                                    TABLE VII                               
     __________________________________________________________________________
            Izod Impact                                                        
                    Tensile Impact                                             
                             Tensile Strength                                  
                                       & Elongation                            
                                                Modulus X 10.sup.-.sup.5       
     Product                                                                   
            (ft-lb/in)                                                         
                    (ft-lb/in.sup.2)                                           
                             Yield                                             
                                  Break                                        
                                       Yield                                   
                                           Break                               
                                                (lb/in.sup.2)                  
                             (lb/in.sup.2)                                     
     __________________________________________________________________________
     Prep. 6                                                                   
            8.2     50       4500 3900 8   21   0.71                           
     Prep. 7                                                                   
            8.1     42       4900 4100 8   21   0.68                           
     Prep. 8                                                                   
            8.3     60       4900 3900 9   29   0.69                           
     Prep. 9                                                                   
            1.5     50       3500 2800 7   10   0.67                           
      Prep. 10                                                                 
            9.2     45       5200 4200 9   19   0.72                           
     __________________________________________________________________________
PAR  The data given above clearly demonstrates the product from Prep. 9 has an
      inferior Izod impact to the other products. This product contains the
      crosslinked acrylate elastomeruncrosslinked styrene acrylonitrile
      copolymer listed in Table II, Prep. 5, which did not utilize a divinyl
      benzene crosslinking agent during the second step of the process. When a
      crosslinked acrylate elastomer, overcoated with a crosslinked
      styrene-acrylonitrile copolymer, is present in the final product, the Izod
      impacts, tensile strength and elongation characteristics are dramatically
      enhanced and the product is resistant to ultraviolet deterioration, has
      good impact, and can be utilized in injection molding operations, if
      desired.
PAC  EXAMPLE 6
PAR  This example demonstrates that under the reaction conditions described in
      the previous examples, the degree of grafting of styrene-acrylonitrile
      copolymer segments onto the crosslinked poly(n-butyl acrylate) gel is
      quite low.
PAR  A sample of the coagulated and dried resin from Prep. 5 was extracted with
      methyl ethyl ketone (MEK) at 50.degree.C. for 16 hours and the insoluble
      gel was removed by centrifuge. The MEK solution was dried to recover the
      soluble fraction. The gel fraction constituted 71% by weight of the resin
      and the soluble fraction 29% by weight of the resin. The nitrogen content
      of the original resin before MEK extraction, of the gel and sol portions
      were determined and were converted to acrylonitrile in the gel and in the
      sol phase. The presence of acrylonitrile in the gel phase signifies that
      some styreneacrylonitrile segments were attached to the poly(n-butyl
      acrylate) gel by grafting. These results are listed in Table VIII.
TBL                                    TABLE VIII                              
     __________________________________________________________________________
                                % Acrylonitrile                                
     Material                                                                  
             Wt.%                                                              
                 % Nitrogen                                                    
                       % Acrylonitrile                                         
                                in each phase                                  
     __________________________________________________________________________
     Whole resin                                                               
     from Prep. 5                                                              
             100 1.86  7        --                                             
     Gel     71  0.22  0.83     0.59                                           
     Sol     29  5.62  21.2     6.15                                           
     __________________________________________________________________________
PAR  These data indicate that 6.74% of the 7% of acrylonitrile was accounted
      for. The degree of grafting was therefore:
      ##EQU2##
PAC  EXAMPLE 7
PAR  This example further demonstrates the low degree of grafting of the
      styrene-acrylonitrile copolymer segments using a product from the 3-step
      phase.
PAR  The product from Prep. 9 was recovered, was dried and was exhaustively
      extracted with MEK. The insoluble gel was 33.7% by weight and the soluble
      fraction was 66.3%. The nitrogen analysis of the original resin from the
      3-step process of the gel and sol fractions are listed in Table IX
      together with the calculation showing the degree of grafting:
TBL                TABLE IX                                                    
     ______________________________________                                    
                     Nitrogen Acrylo- % Acrylonitrile                          
     Material                                                                  
             Wt.%    %        nitrile %                                        
                                      in each phase                            
     ______________________________________                                    
     Resin from                                                                
     Prep. 9 100     5.02     19      --                                       
     Gel     33.7    1.44     5.45    1.84                                     
     Sol     66.3    6.37     24.1    16                                       
     ______________________________________                                    
                         17.84g                                                
     % of total acrylonitrile accounted for -                                  
                                 .times. 100% = 94%                            
                         19 g                                                  
                 1.84                                                          
     Degree of grafting -                                                      
                         = 10.3%                                               
                 17.84                                                         
     ______________________________________                                    
PAR  Thus, under the reaction conditions described in this invention, about
      10.3% of the mixture of styrene and acrylonitrile appears to be grafted
      onto the crosslinked poly(n-butylacrylate) network.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermoplastic composition having impact and weather resistance which
      comprises a crosslinked acrylate elastomer, a crosslinked
      styrene-acrylonitrile copolymer and a linear styrene acrylonitrile
      copolymer said composition being formed by a process which comprises:
PA1  1. formation of a composition which comprises a crosslinked acrylate
      elastomer and a crosslinked styrene-acrylonitrile polymer by:
PA2  a i. emulsion polymerization of at least one alkyl acrylate in the presence
      of at least one crosslinking agent and
PA2  a ii. emulsion polymerization of styrene, acrylonitrile, and at least one
      crosslinking agent in the presence of the reaction product of 1 a i. or
PA2  b i. emulsion polymerization of styrene and acrylonitrile in the presence
      of at least one crosslinking agent and
PA2  b ii. emulsion polymerization of at least one alkyl acrylate and at least
      one crosslinking agent in the presence of the reaction product of 1 b i.;
      and
PA1  2. either suspension or emulsion polymerization of styrene and
      acrylonitrile in the absence of a crosslinking agent in the presence of
      the composition of Step 1.
NUM  2.
PAR  2. A composition as claimed in claim 1 wherein the amount of crosslinked
      acrylate elastomer in the composition ranges from about 10% to 50% by
      weight of the composition.
NUM  3.
PAR  3. A composition as claimed in claim 1 wherein the crosslinked acrylate
      elastomer has a Tg of less than 25.degree.C.
NUM  4.
PAR  4. A composition as claimed in claim 1 wherein the crosslinked acrylate
      elastomer is selected from the group consisting of the crosslinked C.sub.2
      -C.sub.10 alkyl acrylates and crosslinked C.sub.8 -C.sub.22 alkyl
      methacrylates.
NUM  5.
PAR  5. A composition as claimed in claim 1 wherein the crosslinked acrylate
      elastomer is selected from the group consisting of the crosslinked C.sub.4
      -C.sub.8 alkyl acrylates.
NUM  6.
PAR  6. A composition as claimed in claim 1 wherein the crosslinked acrylate
      elastomer is crosslinked n-butyl acrylate.
NUM  7.
PAR  7. A composition as claimed in claim 1 which further comprises up to about
      20% by weight of an ethylenically unsaturated compound copolymerized with
      the acrylate elastomer, said weight being based on the amount of acrylate.
NUM  8.
PAR  8. A composition as claimed in claim 1 wherein the amount of crosslinked
      styrene-acrylonitrile in the composition range between about 5% and 35% by
      weight of the composition.
NUM  9.
PAR  9. A composition as claimed in claim 1 wherein the amount of linear
      styrene-acrylonitrile ranges in the composition between about 15% to 85%
      by weight of the composition.
NUM  10.
PAR  10. A composition as claimed in claim 1 wherein the weight ratio of styrene
      to acrylonitrile in the crosslinked and in the linear
      styrene-acrylonitrile components of the composition ranges between about
      50:50 and 85:15.
NUM  11.
PAR  11. A composition as claimed in claim 1 wherein either or both of the
      crosslinked styrene-acrylonitrile and the linear styrene-acrylonitrile are
      optionally copolymerized with 1-20% by weight of an ethylenically
      unsaturated monomer, said percentage being based on the weight of the
      styrene-acrylonitrile.
NUM  12.
PAR  12. A composition as claimed in claim 1 wherein the amount of cross-linked
      acrylate ranges between about 10% and 50% by weight of the composition,
      the amount of crosslinked styrene-acrylonitrile ranges between about 5%
      and 35% by weight of the composition, and the amount of linear
      styrene-acrylonitrile ranges between about 15% and 85% by weight of the
      composition.
NUM  13.
PAR  13. A process for the formation of a thermoplastic composition having
      impact and weather resistance which comprises a crosslinked acrylate
      elastomer, a crosslinked styreneacrylonitrile copolymer and a linear
      styrene-acrylonitrile, copolymer, said process comprising:
PA1  1. formation of a composition which comprises a crosslinked acrylate
      elastomer and a crosslinked styrene-acrylonitrile polymer by:
PA2  a i. emulsion polymerization of at least one alkyl acrylate monomer in the
      presence of at least one crosslinking agent and
PA2  a ii. emulsion polymerization of styrene, acrylonitrile, and at least one
      crosslinking agent in the presence of the reaction product of 1 a i.; or
PA2  b i. emulsion polymerization of styrene and acrylonitrile, in the presence
      of at least one crosslinking agent and
PA2  b ii. emulsion polymerization of at least one alkyl acrylate monomer and at
      least one crosslinking agent in the presence of the reaction product of 1
      b i.; and
PA1  2. either emulsion or suspension polymerization of styrene and
      acrylonitrile in the absence of a crosslinking agent in the presence of
      the reaction product of (1).
NUM  14.
PAR  14. A process as claimed in claim 13 wherein the amount of acrylate monomer
      is sufficient to produce an amount of crosslinked acrylate elastomer which
      equals from about 10% to 50% by weight of the composition.
NUM  15.
PAR  15. A process as claimed in claim 13 wherein the crosslinked acrylate
      elastomer has a Tg of less than 25.degree.C.
NUM  16.
PAR  16. A process as claimed in claim 13 wherein the acrylate monomer is
      selected from the group consisting of the C.sub.2 -C.sub.10 alkyl
      acrylates and C.sub.8 -C.sub.22 alkyl methacrylates.
NUM  17.
PAR  17. A process as claimed in claim 13 wherein the acrylate monomer is
      selected from the group consisting of the C.sub.4 -C.sub.8 alkyl
      acrylates.
NUM  18.
PAR  18. A process as claimed in claim 13 wherein the acrylate monomer is
      n-butyl acrylate.
NUM  19.
PAR  19. A process as claimed in claim 13 wherein the acrylate monomer is
      optionally copolymerized with up to about 20% by weight of an
      ethylenically unsaturated monomer.
NUM  20.
PAR  20. A process as claimed in claim 13 wherein the crosslinking agent used
      Step 1, is selected from the group consisting of the di- and
      poly-functional ethylenically unsaturated monomers having at least one
      vinyl group.
NUM  21.
PAR  21. A process as claimed in claim 13 wherein the crosslinking agent in
      Steps 1 a i. or 1 b ii. is 1,3-butylene diacrylate.
NUM  22.
PAR  22. A process as claimed in 13 wherein the amount of crosslinking agent in
      which is used in Step 1 ranges between 0.05% and 10% by weight of the
      combined amount of acrylate monomer and of the styrene and acrylonitrile
      monomers.
NUM  23.
PAR  23. A process as claimed in claim 13 wherein the crosslinking agent in
      Steps 1 a ii. or 1 b i. is divinyl benzene.
NUM  24.
PAR  24. A process as claimed in claim 13 wherein amount of styrene and
      acrylonitrile added in Step 1 is sufficient to produce an amount of
      crosslinked styrene-acrylonitrile which is equal to about 5-35% by weight
      of the composition.
NUM  25.
PAR  25. A process as claimed in claim 13 wherein the amount of styrene and
      acrylonitrile added in Step 2 is sufficient to give an amount of linear
      styrene-acrylonitrile which ranges between 15% and 85% by weight of the
      composition.
NUM  26.
PAR  26. A process as claimed in claim 13 wherein the weight ratio of styrene to
      acrylonitrile in Steps 1 and 2 ranges between 50:50 and 85:15 weight parts
      of styrene to acrylonitrile.
NUM  27.
PAR  27. A process as claimed in claim 13 wherein the styrene-acrylonitrile
      formed in Steps 1 and 2 is optionally copolymerized with 1-20% by weight
      of an ethylenically unsaturated monomer.
NUM  28.
PAR  28. A process as claimed in claim 13 wherein the amount of acrylate monomer
      used is sufficient to give 10%-50% by weight crosslinked acrylate
      elastomer in the composition, wherein the amount of styrene and
      acrylonitrile used in Step 1 is sufficient to give an amount of
      crosslinked styrene-acryloni-trile which is equal to about 5% to 35% by
      weight of the composition, and wherein the amount of styrene and
      acrylonitrile used in Step 2 is sufficient to give from 15% to 85% by
      weight of linear styrene-acrylonitrile.
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ABST
PAL  New processes for the manufacture of alkylated phosphoric acid
      4-hydroxyanilides. The compounds, some of which are new, can be used as
      stabilisers for organic material.
BSUM
PAR  The present invention relates to new processes for the manufacture of
      alkylated phosphoric acid 4-hydroxyanilides which are suitable for
      stabilising organic material against thermo-oxidative degradation.
PAR  It is known to employ derivatives of sterically hindered phenols as
      stabilisers for plastics against thermooxidative degradation or
      degradation induced by light. It is furthermore known to employ phosphorus
      derivatives of sterically hindered phenols, in which respect phosphites
      and phosphonates are prominent.
PAR  It is also very customary to employ, for stabilisation, phosphorus
      compounds as co-stabilisers mixed with phenolic anti-oxidants, and such
      mixtures often display a synergistic effect. The stabilising action of
      these classes of compounds or mixtures is, however, often not sufficiently
      strong to suppress lastingly the degradation of plastics under conditions
      of use. In addition, esters of phosphoric acid and of phosphorous acid are
      easily hydrolysable compounds, which makes them difficult to store and
      leads to acid decomposition products, which in turn can promote the
      degradation of polymer materials. It has now been found that the
      phosphoric acid anilides of the general formula I are surprisingly stable,
      storage-stable compounds, the action of which as stabilisers is
      substantially better than that of the abovementioned
      phosphorus-containing, sterically hindered phenols.
PAR  The manufacture of such phosphoric acid anilides by reacting optionally
      substituted anilines with phosphoric acid diester-halides is known. This
      method has the disadvantage that it is often necessary to use aniline
      derivatives which are sensitive to oxidation, and are therefore difficult
      to store, as the starting compounds.
PAR  Furthermore, the preparation and use of phosphoric acid diester-halides
      require a large technical effort. These compounds are usually prepared by
      halogenating dialkyl phosphites, which makes it necessary to destroy, or
      to process separately, the hydrogen halide action produced. In addition,
      the phosphoric acid diester-halides are processed by distillation and must
      be stored with exclusion of moisture.
PAR  The processing of phosphoric acid anilides prepared by the known process
      often leads to difficulties, because deeply coloured impurities --
      oxidation products of the aniline derivatives used -- have to be separated
      off.
PAR  Surprisingly, a new process has now been found which does not have these
      disadvantages.
PAR  In the process according to the invention, phosphoric acid anilides of the
      formula I
      ##SPC1##
PAL  are prepared by reacting a compound of the formula II
      ##SPC2##
PAL  with a phosphorous acid ester of the formula III
EQU  P(OR.sub.4).sub.3                                          (III);
PAL  in the compounds of the formula I to III,
PAL  R.sub.1 denotes a straight-chain or branched alkyl group, a cycloalkyl
      group or an aralkyl group, R.sub.2 denotes hydrogen, a straight-chain or
      branched alkyl group, a cycloalkyl group or an aralkyl group, R.sub.3 and
      R.sub.3 ' independently of one another denote hydrogen or a lower alkyl
      group, R.sub.4 denotes a straight-chain or branched alkyl group, a
      substituted alkyl group, a cycloalkyl group, a thiaalkyl group or an
      aralkyl group, and R.sub.5 denotes hydrogen or the group
      ##EQU1##
PAR  Those compounds in which R.sub.5 denotes the group
      ##EQU2##
      are new.
PAR  In the process according to the invention compounds of the formula I are
      preferably prepared in which R.sub.1 and R.sub.2 independently of one
      another denote a straight-chain or branched alkyl group with 1 - 5 carbon
      atoms or cycloalkyl with 6 - 8 carbon atoms, R.sub.3 and R.sub.3 ' denote
      hydrogen, R.sub.4 denotes a straight-chain or branched alkyl group with 1
      - 8 carbon atoms or benzyl, and R.sub.5 denotes hydrogen or the group
      ##EQU3##
PAR  Compounds of the formula I are particularly preferentially prepared in
      which R.sub.1, R.sub.2 and R.sub.4 independently of one another denote
      alkyl, such as, for example, for R.sub.1 and R.sub.4, alkyl with 1 to 4
      carbon atoms, and for R.sub.2, alkyl with 3 or 4 carbon atoms, R.sub.3 and
      R.sub.3 ' denote hydrogen and R.sub.5 denotes hydrogen or the group
      ##EQU4##
PAR  In the definition of the compounds of the formula I, R.sub.1 and R.sub.2
      can be alkyl groups, such as, for example, methyl, ethyl, isopropyl,
      butyl, sec. butyl, tert. butyl, amyl, tert. amyl or sec. amyl, and R.sub.4
      can denote an alkyl group, such as, for example, methyl, ethyl, isopropyl,
      butyl, sec. butyl, tert. butyl, amyl, tert. amyl, sec. amyl, hexyl, octyl,
      1,1,3,3-tetramethylbutyl, decyl, dodecyl, tetradecyl, hexadecyl,
      octadecyl, eicosyl or docosyl. R.sub.3 and R.sub.3 ' can denote lower
      alkyl groups, such as alkyl with 1 to 4 carbon atoms, such as methyl,
      ethyl, n-propyl, isopropyl, n-butyl or isobutyl.
PAR  R.sub.1, R.sub.2 and/or R.sub.4 can also be a cycloalkyl group, such as,
      for example, cyclopentyl, cyclohexyl, .alpha.-methylcyclohexyl or
      cyclooctyl, or an aralkyl group, such as benzyl, .alpha.-phenylethyl or
      .alpha.,.alpha.-dimethylbenzyl.
PAR  R.sub.4, in the sense of substituted alkyl, can be halogenoalkyl,
      preferably chloroalkyl or bromoalkyl, such as 2-chloroethyl, 2-bromoethyl
      or 2-chlorobutyl.
PAR  As thiaalkyl, R.sub.4 can denote, for example, 3-thiabutyl, 3-thiapentyl,
      3-thiaundecyl, 3-thiapentadecyl, 3-thiaheneicosyl, 4-thiapentyl,
      4-thiahexyl, 4-thiahexadecyl or 4-thiadocosyl.
PAR  The process according to the invention for the manufacture of phosphoric
      acid anilides possesses various advantages in comparison with the
      previously known process. Firstly, it is possible to employ the stable and
      storable nitroso compounds of the formula II as well as the easily
      accessible phosphites of the formula III. In this way two process stages
      are eliminated, namely the reduction of the nitroso compounds of the
      formula II to the corresponding amines on the one hand, and the
      preparation of the phosphoric acid diester-halides on the other hand.
      Secondly, the reaction products of the formula I are obtained free from
      coloured impurities.
PAR  The reaction of trialkyl phosphites with nitro compounds or nitroso
      compounds has hitherto been used for the synthesis of heterocyclic
      nitrogen compounds. The applicability of the reaction to nitroso-phenols,
      which can exsist in a tautomeric form as quinone oximes, and the formation
      of phosphoric acid amides as main products, could not have been foreseen.
PAR  The process according to the invention can be carried out in the absence or
      in the presence of a solvent. If solvents are used, it is advantageous to
      select aliphatic or aromatic hydrocarbons or higher-boiling ethers, the
      boiling points of which are above 100.degree.C, since at lower
      temperatures the reaction velocity falls to practically zero. The solvent
      can be, for example, toluene, xylene, mesitylene, tetralin, decalin,
      ligroin or a higher-boiling petroleum fraction.
PAR  The reaction can be carried out in the absence or in the presence of a
      catalyst. If catalysts are used, the yields are improved and the products
      are obtained in a higher state of purity. Acid catalysts are preferably
      used, the boiling points of which are above the boiling point of the
      solvent used, for example organic acids such as acetic acid, chloroacetic
      acid, propionic acid or benzoic acid, or inorganic acids such as
      phosphorous acid or phosphoric acid.
PAR  The phosphites of the formula III are used in excess, preferably in a
      2-fold to 20-fold molar excess, relative to the nitroso compounds of the
      formula II. The use of a 5-fold to 10 -fold molar excess is particularly
      preferred, if the reaction is carried out without a solvent.
PAR  The temperatures in the process according to the invention are not
      critical. They are important only for the rate at which the reaction
      proceeds. If lower molecular trialkyl phosphites of the formula II are
      used, the reaction is preferably carried out at the boiling point of the
      trialkyl phosphite used. 150.degree.-200.degree. C is the temperature
      range particularly preferred.
PAR  The reaction according to the invention is preferably carried out under
      nitrogen or a noble gas, at normal pressure. It is possible, for example,
      to mix all the components at room temperature and then to heat
      subsequently for one-half to 20 hours, depending on the reaction
      temperature. In individual cases it can be advantageous to heat the
      solvent, phosphite and, optionally, a catalyst and to add the nitroso
      compound to the hot solution.
PAR  The starting products of the formulae II and III are known or can be
      prepared easily by generally known methods.
PAR  The present invention also relates to a process for the manufacture of the
      new compounds of the formula Ia
      ##SPC3##
PAL  wherein R.sub.1 denotes a straight-chain or branched alkyl group, a
      cycloalkyl group or an aralkyl group, R.sub.2 denotes hydrogen, a
      straight-chain or branched alkyl group, a cycloalkyl group or an aralkyl
      group, R.sub.3 and R.sub.3 ' independently of one another denote hydrogen
      or a lower alkyl group, and R.sub.4 denotes a straight-chain or branched
      alkyl group, substituted alkyl group, a cycloalkyl group, a thiaalkyl
      group or an aralkyl group.
PAR  The compounds of the formula Ia represent a sub-group of the compounds of
      the formula I.
PAR  This process is characterised in that a compound of the formula IV
      ##SPC4##
PAL  in which R.sub.6 denotes hydrogen, methyl or bromine, is reacted in an
      aprotic solvent with 2 mols of a compound of the formula V
EQU  (R.sub.4 O).sub.2 P.sup.e .fwdarw.O.Me.sup.+               (V)
PAL  wherein Me.sup.+ has the meaning of Li.sup.+, Na.sup.+ or K.sup.+.
PAR  In this process it is preferable to prepare compounds of the formula Ia in
      which R.sub.1 and R.sub.2 independently of one another denote a
      straight-chain or branched alkyl group with 1 - 5 carbon atoms or
      cycloalkyl with 6 14  8 carbon atoms, R.sub.3  and R.sub.3 ' denote
      hydrogen and R.sub.4 denotes a straight-chain or branched alkyl group with
      1 - 8 carbon atoms or benzyl.
PAR  It is particularly preferable to pepare compounds of the formula Ia in
      which R.sub.1, R.sub.2 and R.sub.4 independently of one another denote
      alkyl, such as, for example, alkyl with 3 or 4 carbon atoms for R.sub.1
      and R.sub.2 or ethyl for R.sub.4, and R.sub.3 and R.sub.3 ' denote
      hydrogen.
PAR  The reaction is carried out at room temperature. Examples of suitable
      solvents are: benzene, toluene, xylene, hexane, petroleum ether, ligroin,
      tetrahydrofurane, dioxane, ethylene glycol dimethyl ether or ethylene
      glycol diethyl ether.
PAR  The reaction is preferably carried out in such a way that a dialkyl
      phosphite of the formula VI
      ##EQU5##
      is initially placed in the selected solvent and is converted into the salt
      of the formula V by means of about 1 mol equivalent of a base such as, for
      example, an alkali metal amide or an alkali metal hydride. This solution
      is then reacted in the same solvent, at room temperature, with a solution
      containing about 0.5, preferably 0.4 to 0.5, mol equivalent of a compound
      of the formula IV.
PAR  The compounds of the formula I obtained by the process according to the
      invention are also suitable as flameproofing agents for organic polymers,
      especially for fibre-forming polyesters.
PAR  The starting products of the formula IV are in turn new compounds, which
      are prepared in a manner which is in itself known from the compounds of
      the formula II by reaction in a molar ratio with a compound of the formula
      VII
      ##SPC5##
PAL  wherein X denotes halogen, preferably chlorine. The reaction is carried out
      in the presence of one mol equivalent of a tertiary amine, normally in a
      solvent.
PAR  Examples of compounds of the formula I are:
PA0  phosphoric acid dibenzyl ester 3,5-ditert.butyl-4-hydroxyanilide,
PA0  phosphoric acid bis(2-chloroethyl ester) 3,5-ditert.butyl-4-hydroxyanilide,
PA0  phosphoric acid diethyl ester 3-tert.butyl-4-hydroxy-5,6-dimethylanilide,
PA0  phosphoric, acid diethyl ester
      3,5-bis-.alpha.-methylbenzyl-4-hydroxyanilide,
PA0  phosphoric acid dioctadecyl ester 3,5-ditert.butyl-4-hydroxyanilide,
PA0  3,5-ditert.butyl-4-hydroxyphenyl-imido-bis-(phosphoric acid dibenzyl ester)
      and
PA0  3-tert.butyl-4-hydroxy-5,6-dimethylphenyl-imido-bis-(phosphoric acid
      dioctyl ester).
PAR  The compounds of the formula I are used as stabilisers for organic
      substrates. Possible examples of the latter are:
PAR  1. Polymers which are derived from hydrocarbons with single or double
      unsaturation, such as polyolefines, such as, for example, polyethylene,
      which can be optionally crosslinked, polypropylene, polyisobutylene,
      polymethylbutene-1, polymethylpentene-1, polybutene-1, polyisoprene,
      polybutadiene, polystyrene, polyisobutylene, copolymers of the monomers on
      which the homopolymers mentioned are based, such as ethylene-propylene
      copolymers, propylene-butene-1 copolymers, propylene-isobutylene
      copolymers, styrene-butadiene copolymers and terpolymers of ethylene and
      propylene with a diene, such as, for example, hexadiene, dicyclopentadiene
      or ethylidene-norbornene; mixtures of the abovementioned homopolymers,
      such as, for example, mixtures of polypropylene and polyethylene,
      polypropylene and polybutene-1, or polypropylene and polyisobutylene.
PAR  2. Vinyl polymers containing halogen, such as polyvinyl chloride,
      polyvinylidene chloride, polyvinyl fluoride, but also polychloroprene and
      chlorinated rubbers.
PAR  3. Polymers which are derived from .alpha.,.beta.-unsaturated acids and
      their derivatives, such as polyacrylates and polymethacrylates,
      polyacrylamides and polyacrylonitrile, as well as their copolymers with
      other vinyl compounds, such as acrylonitrile/butadiene/styrene,
      acrylonitrile/styrene and acrylonitrile/styrene/acrylic ester copolymers.
PAR  4. Polymers which are derived from unsaturated alcohols and amines or their
      acyl derivatives or acetals, such as polyvinyl alcohol, polyvinyl acetate,
      polyvinyl stearate, polyvinyl benzoate, polyvinyl maleate, polyvinyl
      butyral, polyallyl phthalate, polyallyl melamine and their copolymers with
      other vinyl compounds, such as ethylene/vinyl acetate copolymers.
PAR  5. Homopolymers and copolymers which are derived from epoxides, such as
      polyethylene oxide or the polymers which are derived from bis-glycidyl
      ethers.
PAR  6. Polyacetals, such as polyoxymethylene and polyoxyethylene, as well as
      those polyoxymethylenes which contain ethylene oxide as the comonomer.
PAR  7. Polyphenylene oxides.
PAR  8. Polyurethanes and polyureas.
PAR  9. Polycarbonates.
PAR  10. Polysulphones.
PAR  11. Polyamides and copolyamides which are derived from diamines and
      dicarboxylic acids and/or from aminocarboxylic acids or the corresponding
      lactams, such as polyamide 6, polyamide 6/6, polyamide 6/10. polyamide 11
      and polyamide 12.
PAR  12. Polyesters which are derived from dicarboxylic acids and dialcohols
      and/or from hydroxycarboxylic acids or the corresponding lactones, such as
      polyethylene glycol terephthalate or poly-1,4-dimethylol-cyclohexane
      terephthalate.
PAR  13. Crosslinked polymers which are derived from aldehydes on the one hand
      and phenols, ureas and melamines on the other, such as
      phenol-formaldehyde, urea-formaldehyde and melamine-formaldehyde resins.
PAR  14. Alkyd resins, such as glycerol-phthalic acid resins and their mixtures
      with melamine-formaldehyde resins.
PAR  15. Unsaturated polyester resins which are derived from copolyesters of
      saturated and unsaturated dicarboxylic acids with polyhydric alcohols,
      with vinyl compounds as crosslinking agents, and also their
      halogen-containing modifications of low inflammability.
PAR  16. Natural polymers such as cellulose, rubber, proteins and their
      polymer-homologously chemically modified derivatives, such as cellulose
      acetates, cellulose propionates and cellulose butyrates, or the cellulose
      ethers, such as methylcellulose.
PAR  17. Natural and synthetic organic substances which are pure monomeric
      compounds or mixtures of such, for example mineral oils, animal and
      vegetable fats, oils and waxes, or oils, waxes and fats based on synthetic
      esters and mixtures of synthetic esters with mineral oils in any desired
      weight ratios.
PAR  The compounds of the formula I are incorporated in the substrates in a
      concentration of 0.005 to 5% by weight, relative to the material to be
      stabilised.
PAR  Preferably, 0.01 to 1.0, particularly preferably 0.02 to 0.5, % by weight
      of the compounds, relative to the material to be stabilised, are
      incorporated into the latter. The incorporation can be carried out, for
      example, by mixing in at least one of the compounds of the formula I and
      optionally further additives by the methods customary in the art, before
      or during shaping, or by applying the compounds, dissolved or dispersed,
      to the polymer, where appropriate with subsequent evaporation of the
      solvent.
PAR  In the case of crosslinked polyethylene, the compounds are added before the
      crosslinking.
PAR  The compounds of the formula I can also be added before or during the
      polymerisation, it being possible, by a potential incorporation into the
      polymer chain, to obtain stabilised substrates in which the stabilisers
      are not volatile or capable of extraction.
PAR  The following may be mentioned as examples of further additives with which
      the stabilisers can be conjointly employed:
PAR  1. Antioxidants
PAL  1.1 Simple 2,6-dialkylphenols, such as, for example,
      2,6-di-tert.-butyl-4-methylphenol, 2-tert.-butyl-4,6-dimethylphenol,
      2,6-di-tert.-butyl-4-methoxymethylphenol and
      2,6-dioctadecyl-4-methylphenol.
PAL  1.2 Derivatives of alkylated hydroquinones, such as, for example,
      2,5-di-tert.-butyl-hydroquinone, 2,5-di-tert.-amylhydroquinone,
      2,6-di-tert.-butyl-hydroquinone, 2,5-di-tert.-butyl-4-hydroxy-anisole,
      3,5-di-tert.-butyl-4-hydroxyanisole,
      tris-(3,5-di-tert.-butyl-4-hydroxyphenyl)-phosphite,
      3,5-di-tert.-butyl-4-hydroxyphenyl-stearate and
      bis-(3,5-di-tert.-butyl-4-hydroxyphenyl)-adipate.
PAL  1.3 Hydroxylated thiodiphenyl ethers, such as, for example,
      2,2'-thio-bis-(6-tert.-butyl-4-methylphenol),
      2,2'-thio-bis-(4-octylphenol),
      4,4'-thio-bis-(6-tert.-butyl-3-methylphenol),
      4,4'-thio-bis-(3,6-di-sec.-amylphenol),
      4,4'-thio-bis-(6-tert.-butyl-2-methylphenol) and
      4,4'-bis-(2,6-dimethyl-4-hydroxyphenyl)-disulphide.
PAL  1.4 Alkylidene-bisphenols, such as, for example,
      2,2'-methylene-bis-(6-tert.-butyl-4-methylphenol),2,2'-methylene-bis-(6-te
     rt.butyl-4-ethylphenol), 4,4'-methylene-bis-(6-tert. butyl-2-methylphenol),
      4,4'-methylene-bis-(2,6-di-tert. butyl-phenol),
      2,6-di-(3-tert.butyl-5-methyl-2-hydroxybenzyl)-4-methylphenol,
      2,2'-methylene-bis-[4-methyl-6-(.alpha.-methylcyclohexyl)-phenol],
      1,1-bis-(3,5-dimethyl-2-hydroxyphenyl)butane,
      1,1-bis-(5-tert.butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis-(3,5-di-tert.butyl-4-hydroxyphenyl)-propane,
      1,1,3-tris-(5-tert.butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis-(5-tert. butyl-4-hydroxy-2-methylphenyl)-4-n-dodecylmercapto-butan
     e, 1,1,5,5-tetra-(5-tert.butyl-4-hydroxy-2-methylphenyl)-pentane and
      ethylene glycol-bis-[3,3-bis-(3'-tert.butyl-4'-hydroxyphenyl)-butyrate].
PAL  1.5 O-, N- and S-benzyl compounds, such as, for example,
      3,5,3',5'-tetra-tert.butyl-4,4'-dihydroxydibenzyl ether;
      4-hydroxy-3,5-dimethylbenzyl-mercaptoacetic acid octadecyl ester,
      tris-(3,5-di-tert.butyl-4-hydroxybenzyl)-amine and
      bis-(4-tert.butyl-3-hydroxy-2,6-dimethylbenzyl)-dithioterephthalate.
PAL  1.6 Hydroxybenzylated malonic esters, such as, for example,
      2,2-bis-(3,5-di-tert.butyl-2-hydroxybenzyl)-malonic acid dioctadecyl
      ester, 2-(3-tert.butyl-4-hydroxy-5-methylbenzyl)-malonic acid dioctadecyl
      ester, 2,2-bis-(3,5-di-tert. butyl-4-hydroxybenzyl)-malonic acid
      di-dodecylmercapto-ethyl ester and
      2,2-bis-(3,5-di-tert.butyl-4-hydroxybenzyl)malonic acid
      di-[4-(1,1,3,3-tetramethylbutyl)-phenyl] ester.
PAL  1.7 Hydroxybenzyl-aromatics, such as, for example,
      1,3,5-tri-(3,5-di-tert.butyl-4-hydroxybenzyl)-2,4,6-trimethylbenzene,
      1,4-di-(3,5-di-tert.butyl-4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene and
      2,4,6-tri-(3,5-di-tert.butyl-4-hydroxybenzyl)-phenol.
PAL  1.8 s-Triazine compounds, such as, for example,
      2,4-bis-octylmercapto-6-(3,5-di-tert.butyl-4-hydroxy-anilino)-s-triazine,
      2-octylmercapto-4,6-bis-(3,5-di-tert.butyl-4-hydroxy-anilino)-s-triazine,
      2-octylmercapto-4,6-bis-(3,5-di-tert.butyl-4-hydroxy-phenoxy)-s-triazine,
      2,4,6-tris-(3,5-di-tert.butyl-4-hydroxyphenoxy)-s-triazine,
      2,4,6-tris-(3,5-di-tert.butyl-4-hydroxyphenylethyl)-s-triazine and
      1,3,5-tris-(3,5-di-tert.butyl-4-hydroxybenzyl)-isocyanurate.
PAL  1.9 Amides of .beta.-(3,5-di-tert.butyl-4-hydroxyphenyl)-propionic acid,
      such as, for example,
      1,3,5-tris-(3,5-di-tert.-butyl-4-hydroxyphenyl-propionyl)-hexahydro-s-tria
     zine and
      N,N'-di-(3,5-di-tert.butyl-4-hydroxyphenyl-propionyl)-hexamethylenediamine
     .
PAL  1.10. Esters of .beta.-(3,5-di-tert.butyl-4-hydroxyphenyl)propionic acid
      with monohydric or polyhydric alcohols, such as, for example, methanol,
      ethanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, ethylene glycol,
      1,2-propanediol, diethylene glycol, thiodiethylene glycol, neopentyl
      glycol, pentaerythritol, 3-thia-undecanol, 3-thia-pentadecanol,
      trimethylhexanediol, trimethylolethane, trimethylolpropane,
      tris-hydroxyethyl isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]octane.
PAL  1.11. Esters of .beta.-(5-tert.butyl-4-hydroxy-3-methylphenyl propionic
      acid with monohydric or polyhydric alcohols, such as, for example,
      methanol, ethanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, ethylene
      glycol, 1,2-propanediol, diethylene glycol, thiodiethylene glycol,
      neopentyl glycol, pentaerythritol, 3-thia-undecanol, 3-thia-pentadecanol,
      trimethylhexanediol, trimethylolethane, trimethylolpropane,
      tris-hydroxyethyl isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo [2,2,2]octane.
PAL  1.12. Esters of 3,5-di-tert.butyl-4-hydroxyphenylacetic acid with
      monohydric or polyhydric alcohols, such as, for example, with methanol,
      ethanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, ethylene glycol,
      1,2-propanediol, diethylene glycol, thiodiethylene glycol, neopentyl
      glycol, pentaerythritol, 3-thiaundecanol, 3-thia-pentadecanol,
      trimethylhexanediol, trimethylolethane, trimethylolpropane,
      tris-hydroxyethyl isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo [2,2,2]octane.
PAL  1.13. Acylaminophenols, such as, for example, N-(3,5-di-tert.
      butyl-4-hydroxyphenyl)-stearic acid amide and
      N,N'-di-(3,5-di-tert.butyl-4-hydroxyphenyl)-thiobis-acetamide.
PAL  1.14. Benzylphosphonates, such as, for example, 3,5-di-tert.
      butyl-4-hydroxybenzyl-phosphonic acid dimethyl ester,
      3,5-di-tert.butyl-4-hydroxybenzyl-phosphonic acid diethyl ester,
      3,5-di-tert.butyl-4-hydroxybenzyl-phosphonic acid dioctadecyl ester and
      5-tert.butyl-4-hydroxy-3-methylbenzyl-phosphonic acid dioctadecyl ester.
PAL  1.15. Aminoaryl derivatives, such as, for example, phenyl-1-naphthylamine,
      phenyl-2-naphthylamine, N,N'-diphenyl-p-phenylenediamine,
      N,N'-di-2-naphthyl-p-phenylenediamine, N,N'-di-sec.
      butyl-p-phenylenediamine, 6-ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline,
      6-dodecyl-2,2,4-trimethyl-1,2-dihydroquinoline, monooctyliminodibenzyl and
      dioctyliminodibenzyl and polymerised 2,2,4-trimethyl-1,2-dihydroquinoline.
      Octylated diphenylamine, nonylated diphenylamine,
      N-phenyl-N'-cyclohexyl-p-phenylenediamine,
      N-phenyl-N'-isopropyl-p-phenylenediamine,
      N,N'-di-sec.octyl-p-phenylenediamine,
      N-phenyl-N'-sec.octyl-p-phenylene-diamine,
      N,N'-di-(1,4-dimethylpentyl)-p-phenylenediamine,
      N,N'-dimethyl-N,N'-di-(sec.octyl)-p-phenylenediamine,
      2,6-dimethyl-4-methoxyaniline, 4-ethoxy-N-sec.butylaniline, the
      condensation product of diphenylamine and acetone, and phenothiazine.
PAR  2. UV absorbers and light protection agents
PAL  2.1 2-(2'-Hydroxyphenyl)-benztriazoles, such as, for example, the
      5'-methyl-, 3',5'-di-tert.butyl-, 5'-tert.butyl-, 5'-(1,1,
      3,3-tetramethylbutyl)-, 5-chloro-3',5'-di-tert.butyl-,
      5-chloro-3'-tert.butyl-5'-methyl-, 3'-sec.butyl-5'-tert.butyl-,
      3'-.alpha.-methylbenzyl-5'-methyl-,
      3'-.alpha.-methylbenzyl-5'-methyl-5-chloro-, 4'-hydroxy-, 4'-methoxy-,
      4'-octoxy-, 3',5'-di-tert.amyl-, 3'-methyl-5'-carbomethoxyethyl- and
      5-chloro-3',5'-di-tert.-amylderivative.
PAL  2.2. 2,4-Bis-(2'-hydroxyphenyl)-6-alkyl-s-triazines, such as, for example,
      the 6-ethyl-, 6-heptadecyl or 6-undecyl-derivative.
PAL  2.3. 2-Hydroxy-benzophenones, such as, for example, the 4-hydroxy-,
      4-methoxy-, 4-octoxy-, 4-decyloxy-, 4-dodecyloxy-, 4-benzyloxy,
      4,2',4'-trihydroxy- or 2'-hydroxy-4,4'-dimethoxyderivative.
PAL  2.4. 1,3-Bis-(2'-hydroxy-benzoyl)-benzenes, such as, for example, 1,3-bis-(
      2'-hydroxy-4'-hexyloxy-benzoyl)-benzene,
      1,3-bis-(2'-hydroxy-4'-octyloxy-benzoyl)-benzene and
      1,3-bis-(2'-hydroxy-4'-dodecyloxy-benzoyl)-benzene.
PAL  2.5. Esters of optionally substituted benzoic acids, such as, for example,
      phenyl salicylate, octylphenyl salicylate, dibenzoylresorcinol,
      bis-(4-tert.-butylbenzoyl)-resorcinol, benzoylresorcinol and
      3,5-di-tert.-butyl-4-hydroxybenzoic acid 2,4-di-tert.butyl-phenyl ester,
      octadecyl ester or 2-methyl-4,6-di-tert.butyl-phenyl ester.
PAL  2.6. Acrylates, such as, for example,
      .alpha.-cyano-.beta.,.beta.-diphenylacrylic acid ethyl ester or isooctyl
      ester, .alpha.-carbomethoxycinnamic acid methyl ester,
      .alpha.-cyano-.beta.-methyl-p-methoxy-cinnamic acid methyl ester or butyl
      ester and N-(.beta.-carbomethoxy-vinyl)-2-methyl-indoline.
PAL  2.7. Nickel compounds, such as, for example, nickel complexes of
      2,2'-thio-bis-[4-(1,1,3,3-tetramethylbutyl)-phenol], such as the 1:1 or
      1:2 complex, optionally with additional ligands such as n-butylamine,
      triethanolamine or N-cyclohexyl-diethanolamine, nickel complexes of
      bis-[2-hydroxy-4-(1,1,3,3,-tetramethylbutyl)-phenyl]-sulphone, such as the
      2:1 complex, optionally with additional ligands such as 2-ethyl-caproic
      acid, nickel dibutyldithiocarbamate, nickel salts of
      4-hydroxy-3,5-di-tert.butylbenzyl-phosphonic acid monoalkyl esters, such
      as of the methyl, ethyl or butyl ester, nickel complexes of ketoximes such
      as of 2-hydroxy-4-methyl-phenyl-undecylketonoxime, nickel
      3,5-di-tert.butyl-4-hydroxy-benzoate and nickel isopropylxanthate.
PAL  2.8. Sterically hindered amines, such as, for example,
      4-benzoyloxy-2,2,6,6-tetramethylpiperidine,
      4-stearoyloxy-2,2,6,6-tetramethylpiperidine,
      bis-(2,2,6,6-tetramethylpiperidyl) sebacate, and
      3-n-octyl-7,7,9,9-tetramethyl-1,3,8-triaza-spiro[4,5]decane-2,4-dione.
PAL  2.9. Oxalic acid diamides, such as, for example,
      4,4'-di-octyloxy-oxanilide, 2,2'-di-octyloxy-5,5'-di-tert.butyl-oxanilide,
      2,2'-di-dodecyloxy-5,5'-di-tert.butyl-oxanilide,
      2-ethoxy-2'-ethyl-oxanilide, N,N'-bis-(3-dimethylaminopropyl)-oxalamide,
      2-ethoxy-5-tert.butyl-2'-ethyl-oxanilide and its mixture with
      2-ethoxy-2'-ethyl-5,4'-di-tert.butyl-oxanilide and mixtures of ortho- and
      para-methoxy- as well as of o- and p-ethoxy-disubstituted oxanilides.
PAL  3. Metal deactivators, such as, for example, oxanilide, isophthalic acid
      dihydrazide, sebacic acid bis-phenylhydrazide, bis-benzylidene-oxalic acid
      dihydrazide, N,N'-diacetyl-adipic acid dihydrazide,
      N,N'-bis-salicyloyloxalic acid dihydrazide, N,N'-bis-salicyloyl-hydrazine,
      N,N'-bis-(3,5-di-tert.butyl-4-hydroxyphenyl-propionyl)-hydrazine,
      N-salicylal-N'-salicylidenehydrazine and 3-salicyloylamino-1,2,4-triazole.
PAL  4. Phosphites, such as, for example, triphenyl phosphite, diphenylalkyl
      phosphites, phenyldialkyl phosphites, tri-(nonylphenyl) phosphite,
      trilauryl phosphite, trioctadecyl phosphite,
      3,9-di-isodecyloxy-2,4,8,10-tetroxa-3,9-diphosphaspiro[5,5]undecane and
      tri-(4-hydroxy-3,5-di-tert.butylphenyl) phosphite.
PAL  5. Compounds which destroy peroxides, such as, for example, esters of
      .beta.-thiodipropionic acid, for example the lauryl, stearyl, myristyl or
      tridecyl esters, mercapto-benzimidazole and the zinc salt of
      2-mercapto-benzimidazole.
PAL  6. Polyamide stabilisers, such as, for example, copper salts in combination
      with iodides and/or phosphorous compounds and salts of divalent manganese.
PAL  7. Basic co-stabilisers, such as, for example, melamine, benzoguanamine,
      polyvinylpyrrolidone, dicyandiamide, triallyl cyanurate, urea derivatives,
      hydrazine derivatives, amines, polyamides, polyurethanes, and alkali metal
      salts and alkaline earth metal salts of higher fatty acids, for example Ca
      stearate, Zn stearate, Mg stearate, Na ricinoleate, K palmitate, antimony
      pyrocatecholate or zinc pyrocatecholate.
PAL  8. PVC stabilisers, such as, for example, organic tin compounds, organic
      lead compounds and barium-cadmium salts of fatty acids.
PAL  9. Nucleating agents, such as, for example 4-tert.butyl-benzoic acid,
      adipic acid and diphenylacetic acid.
PAL  10. Urea derivatives, such as, for example, N-cyclohexyl-N'-1-naphthylurea,
      N-phenyl-N,N'-dicyclohexylurea, N-phenyl-N'-2-naphthylurea,
      N-phenylthiourea, N,N'-dibutylthiourea.
PAL  11. Other additives, such as, for example, plasticisers, lubricants,
      emulsifiers, fillers, carbon black, asbestos, kaolin, talc, glass fibres,
      pigments, optical brighteners, flameproofing agents and antistatic agents.
DETD
PAR  The preparation and use of the compounds according to the invention are
      described in greater detail in the examples which follow. In these, parts
      denote parts by weight and % denotes percentages by weight.
PAC  EXAMPLE 1
      ##SPC6##
PAR  23.5 g (0.1 mol) of 2,6-ditert.butyl-4-nitrosophenol, 9.4 g (0.1 mol) of
      chloroacetic acid, 166 g (1 mol) of triethyl phosphite and 500 ml of
      decalin are mixed.
PAR  The mixture is heated at 160.degree. C for 2 hours. After cooling and
      allowing to stand overnight, the colourless, crystalline precipitate is
      filtered off with suction, ground with a little water and once more
      filtered off and rinsed with a little hexane. The mother liquor is
      concentrated to 20 ml, treated with hexane and allowed to stand for some
      hours. During this time a further quantity of the product is slowly
      precipitated. The two lots of crystals (35 g) are combined and are
      recrystallised from cyclohexane. After drying the product has a melting
      point of 127.degree. C. Nuclear magnetic resonance spectroscopic analysis
      and column chromatographic separation show that the product is a mixture
      of 30% of phosphoric acid diethyl ester 3,5-ditert.butyl-4-hydroxyanilide
      (melting point 162.degree. C in the pure state after chromatographic
      separation) and 70% of
      3,5-ditert.butyl-4-hydroxyphenyl-imido-bis-(phosphoric acid diethyl ester)
      (melting point 140.degree. C in the pure state after chromatographic
      separation).
PAC  EXAMPLE 2
      ##SPC7##
PAR  30 g (0.18 mol) of triethyl phosphite, 1.9 g (0.02 mol) of chloroacetic
      acid and 100 ml of decalin are heated together to 160.degree. C. 4.7 g
      (0.02 mol) of 2,6-ditert.butyl-4-nitrosophenol are added all at once into
      the hot solution and the mixture is stirred for a further 30 minutes and
      then cooled. Phosphoric acid diethyl ester
      3,5-ditert.butyl-4-hydroxyanilide (2.5 g) is precipitated from the mixture
      in a practically pure form after some hours. The product can be
      recrystallised from hexane and melts at 162.degree. C.
PAC  EXAMPLE 3
      ##SPC8##
PAR  4.7 g (0.02 mol) of 2,6-ditert.butyl-4-nitrosophenol, 4.1 g (0.05 mol) of
      phosphorous acid and 30 g (0.18 mol) of triethyl phosphite in 50 ml of
      decalin are heated for 2 hours at 160.degree. C. After cooling, the excess
      triethyl phosphite is distilled off in a high vacuum and the residue is
      treated with hexane. After half an hour the preciptated crystals are
      filtered off with suction (7.2 g). After recrystallisation from
      cyclohexane the product has a melting point of 132.degree. C. The product
      consists of approximately 30% of phosphoric acid diethyl ester 3,5
      -ditert.butyl-4-hydroxyanilide and approximately 70% of
      3,5-ditert.butyl-4-hydroxyphenyl-imido-bis-(phosphoric acid diethyl
      ester), as is shown by the nuclear magnetic resonance spectroscopic
      analysis.
PAC  EXAMPLE 4
      ##SPC9##
PAR  4.7 g (0.02 mol) of 2,6-ditert.butyl-4-nitrosophenol and 30 g (0.18 mol) of
      triethyl phosphite are dissolved in 100 ml of anisole and the mixture is
      heated for 2 hours at 150.degree. C. Excess solvent and triethyl phosphite
      are then distilled off in a high vacuum. The residue which crystallises is
      ground with hexane, allowed to stand for a short time, filtered off and
      dried. It has a melting point of 150.degree. C. The product is phosphoric
      acid diethyl ester 3,5-ditert.butyl-4-hydroxyanilide, contaminated with
      small quantities of 3,5-ditert.butyl-4-hydroxyphenyl-imido-bis-(phosphoric
      acid diethyl ester).
PAR  The same result is obtained if mesitylene or a petroleum fraction boiling
      at approx. 170.degree. C is used as the solvent instead of anisole.
PAC  EXAMPLE 5
      ##SPC10##
PAR  4.1 g (0.02 mol) of 2,6-di-isopropyl-4-nitrosophenol, 1,9 g (0.02 mol) of
      chloroacetic acid, 30 g (0.18 mol) of triethyl phosphite and 100 ml of
      decalin are mixed. The mixture is heated for 2 hours at 160.degree. C.
      After cooling, excess triethylphosphite and the solvent are distilled off
      in vacuo and the residue is separated by column chromatography. On eluting
      with a mixture of 98% of chloroform and 2% of methanol, phosphoric acid
      diethyl ester 3,5-diisopropyl-4-hydroxyanilide is obtained, which, after
      recrystallisation from cyclohexane, has a melting point of 158.degree. C.
PAR  If 2,6-di-isopropyl-4-nitrosophenol is replaced in this example by an
      equivalent quantity of 2-tert.butyl-4-nitroso-6-methylphenol, an otherwise
      identical procedure gives phosphoric acid diethyl ester
      3-tert.butyl-4-hydroxy-5-methylanilide of melting point 151.degree. C.
PAC  EXAMPLE 6
      ##SPC11##
PAL  4.7 g (0.02 mol) of 2,6-ditert.butyl-4-nitrosophenol, 1.9 g (0.02 mol) of
      chloroacetic acid, 30 g of trimethyl phosphite and 100 ml of toluene are
      mixed and boiled under reflux for 3 hours. After cooling and allowing to
      stand overnight, the colourless, crystalline precipitate is filtered off
      with suction and washed with a little water and then with hexane. The
      product has a melting point of 165.degree.-170.degree. C. Analysis by thin
      layer chromatography and separation by column chromatography show that the
      product consists of approximately equal parts of phosphoric acid dimethyl
      ester 3,5-ditert.butyl-4-hydroxyanilide (melting point 204.degree. C in
      the pure state after chromatographic separation) and
      3,5-ditert.butyl-4-hydroxyphenyl-imido-bis-(phosphoric acid dimethyl
      ester) (melting point 186.degree. C in the pure state after
      chromatographic separation).
PAC  EXAMPLE 7
      ##SPC12##
PAR  5 g (0.021 mol) of 2,6-ditert.butyl-4-nitrosophenol are dissolved in 25 g
      (0.2 mol) of trimethyl phosphite. The mixture is boiled under reflux for
      14 hours. After cooling, it is evaporated and the residue is treated with
      hexane. The crystals (3.2 g) of phosphoric acid dimethyl ester
      3,5-ditert.butyl-4-hydroxyanilide which have precipitated have a melting
      point of 204.degree. C.
PAC  EXAMPLE 8
      ##SPC13##
PAR  5 g (0.021 mol) of 2,6-ditert.butyl-4-nitrosophenol in 30 g (0.12 mol) of
      tri-n-butyl phosphite are heated for 3 hours at 150.degree. C. After
      cooling, the excess tri-n-butyl phosphite is distilled off under high
      vacuum. The residual oil (10 g) is separated on silica gel by column
      chromatography. 6 g of phosphoric acid di-n-butyl ester
      3,5-ditert.butyl-4-hydroxyanilide are eluted by means of a mixture of 98%
      of chloroform and 2% of methanol. After recrystallisation from hexane, the
      product has a melting point of 127.degree. C.
PAC  EXAMPLE 9
      ##SPC14##
PAR  270 g (1.15 mols) of 2,6-ditert.butyl-4-nitrosophenol are dissolved in 2.5
      liters of dimethylacetamide. A solution of 256 g (1.35 mols) of
      p-toluenesulphonic acid chloride in 1.1 liters of dimethylacetamide is
      added dropwise at room temperature. 112 g (1.10 mols) of triethylamine are
      then added rapidly and the mixture is stirred for 2 hours at 80.degree. C.
      After cooling, it is poured into 15 liters of water and the precipitated
      product is filtered off. After drying it is recrystallised from hexane.
      298 g of 2,6-ditert.butyl-benzoquinone monoxime p-toluenesulphonate of
      melting point 110.degree. C are thus obtained.
PAR  If 2,6-ditert.butyl-4-nitrosophenol is replaced in this example by an
      equivalent quantity of 2,6-diisopropyl-4-nitrosophenol, an otherwise
      identical procedure gives 2,6-diisopropyl-benzoquinone monoxime
      p-toluenesulphonate of melting point 93.degree. C.
PAC  EXAMPLE 10
      ##SPC15##
PAR  15.0 g (0.11 mol) of diethyl phosphite are initially placed in 150 ml of
      absolute toluene. After adding 2.4 g (0.1 mol) of sodium hydride, the
      mixture is heated to 60.degree. C and stirred until the sodium hydride has
      dissolved. The solution is cooled to room temperature and a solution of 19
      g (0.049 mol) of 2,6-ditert.butyl-benzoquinone monoxime
      p-toluenesulphonate in 50 ml of toluene is added dropwise. After stirring
      for a further 2 hours at 60.degree. C, 50 ml of water are added and the
      toluene solution is separated off, thoroughly washed several times with
      water and dried. The crystalline residue which remains after evaporation
      is twice recrystallised from cyclohexane. 14.9 g of
      3,5-ditert.butyl-4-hydroxyphenylimido-bis-(phosphoric acid diethyl ester)
      of melting point 140.degree. C are thus obtained.
PAR  If 2,6-ditert.butyl-benzoquinone monoxime p-toluene-sulphonate is replaced
      in this example by an equivalent quantity of 2,6-diisopropyl-benzoquinone
      monooxime p-toluene-sulphonate, an otherwise identical procedure gives,
      after evaporating the toluene solution, a yellow-red oil, the main
      component of which is isolated by column chromatography. The product is
      liquid and consists, according to elementary analysis, of
      3,5-diisopropyl-4-hydroxyphenyl-imido-bis(phosphoric acid diethyl ester).
PAR  Analysis: C.sub.20 H.sub.37 O.sub.7 NP.sub.2 : Calculated: C 51.6; H 8.0; P
      13.3; Found: C 50.9; H 8.1; P 14.0
PAC  EXAMPLE 11
PA0  Stabilisation of polybutadiene rubber
PAR  100 parts of polybutadiene ("Solprene 250" of Messrs. Phillips), which is
      pre-stabilised with 0.75% of 2,6-ditert.butyl-p-cresol, are kneaded
      additionally for 30 minutes in a Brabender plastograph at 150.degree. C at
      60 r.p.m. with 0.1 part of stabilisers shown in Table 1. During this time
      the resistance to kneading is continuously recorded in the form of the
      torque. A maximum torque occurs as a result of crosslinking which takes
      place initially, and subsequent degradation. The effectiveness of the
      stabilisers manifests itself in a reduction of the maximum value of the
      torque.
PAR  The gel content determined after the Brabender treatment counts as a
      further criterion of the protective action of the stabilisers which have
      been incorporated. For this purpose, 1 g of the sample is dissolved in 100
      ml of toluene overnight at room temperature. These solutions are filtered
      through glass wool, the particles of gel retained are rinsed with a little
      toluene and the filtered solutions are evaporated to dryness and the
      residue dried to constant weight. The gel content of a sample is obtained
      by the following calculation:
PA1  Gel content in % [(E-A)/E] .sup.. 100
PA1  e = total weight of the sample examined
PA1  A = weight of the dissolved component.
TBL                Table 1                                                     
     ______________________________________                                    
     Stabiliser   Maximum value of                                             
                                  Gel content                                  
     from         torque          after 30                                     
     Example No.  in grams .times. meters                                      
                                  minutes, %                                   
     ______________________________________                                    
     Without                                                                   
     stabiliser   3,625           44                                           
     1            2,500           0                                            
     2            2,375           0                                            
     5            2,875           10                                           
     10           2,975           13                                           
     ______________________________________                                    
PAC  EXAMPLE 12
PA0  Stabilisation of styrene-butadiene rubber (SBR)
PAR  100 parts of styrene-butadiene rubber (SBR 1502 of Messrs. Huls) are
      kneaded for 30 minutes in a Brabender plastograph at 150.degree. C and 60
      r.p.m. with 0.1 part of each of the stabilisers shown in Table 2. During
      this time the resistance to kneading is recorded continuously in the form
      of the torque. A maximum torque occurs as a result of crosslinking which
      takes place initially, and subsequent degradation. The effectiveness of
      the stabilisers manifests itself in a reduction of the maximum value of
      the torque.
PAR  The gel content determined after the Brabender treatment counts as a
      further criterion of the protective action of the stabilisers which have
      been incorporated. For this purpose, 1 g of the sample is dissolved in 100
      ml of toluene overnight at room temperature. These solutions are filtered
      through glass wool, the particles of gel retained are rinsed with a little
      toluene and the filtered solutions are evaporated to dryness and dried to
      constant weight. The gel content of a sample is obtained by the following
      calculation:
PA1  Gel content in %: [E-A)/E] .sup.. 100
PA1  e = total weight of the sample examined
PA1  A = weight of the dissolved component.
TBL                Table 2                                                     
     ______________________________________                                    
     Stabiliser    Maximum value of                                            
                                  Gel content                                  
     from          torque         after 30                                     
     Example No.   in grams .times. meters                                     
                                  minutes, %                                   
     ______________________________________                                    
     Without       2,975          47                                           
     stabiliser                                                                
       1           2,700          25                                           
       2           2,250          3                                            
       5 (Melting                                                              
        point 151.degree.C)                                                    
                   2,740          30                                           
     ______________________________________                                    
PAC  EXAMPLE 13
PA0  Flameproofing of polyethylene terephthalate
PAR  15 parts of a commercially available polyethylene terephthalate are
      dissolved in 85 parts of hexafluoroisopropanol. This solution is mixed
      with 0.75 or 1.5 parts of the stabiliser of Example 10
      [3,5-ditert.-butyl-4-hydroxy-phenyl-imido-bis-(phosphoric acid diethyl
      ester)] and is stirred until homogeneous and half the solution is spread
      out in a thickness of 0.5 mm on a glass plate by means of a rod for
      drawing film. A glass fabric is then laid upon it and pressed on lightly.
      The second half of the coating composition is cast thereon and adjusted to
      a thickness of 1 mm by means of guide rings of this thickness. Drying is
      then carried out in vacuo for 16 hours at 60.degree. C. The stabilisers
      are therefore present in the films in a concentration of 5 or 10%.
PAR  The dried film is lifted off the glass plate and the combustibility of
      these films is then determined by the LOI method described by C.P.
      Fenimore and J.F. Martin in Combustion and Flame 10, No.2, 135-139 (June
      1966). In this the film is ignited in an atmosphere of nitrogen and oxygen
      of varying composition by volume and the volume ratio at which combustion
      of the test samples can just be maintained is determined. The LOI value is
      the minimum oxygen concentration in a nitrogen-oxygen mixture at which the
      test sample still just burns. The higher the LOI value, the lower is the
      combustibility of the film, that is to say the more effective is the
      flameproofing additive.
PAR  The results thus obtained are summarised in Table 3 which follows:
TBL                Table 3                                                     
     ______________________________________                                    
     Flameproofing agent                                                       
                      Quantity     LOI                                         
     ______________________________________                                    
     Stabiliser from                                                           
     Example 10        5%          0.219                                       
                      10%          0.236                                       
     Without flameproofing                                                     
     agent            --           0.200                                       
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula Ia
      ##SPC16##
PAL  in which R.sub.1 and R.sub.2 independently of one another are a
      straight-chain or branched alkyl group of 1-5 carbon atoms or cycloalkyl
      of 6-8 carbon atoms, R.sub.3 and R.sub.3 are hydrogen and R.sub.4 is a
      straight-chain or branched alkyl group of 1-8 carbon atoms or benzyl.
NUM  2.
PAR  2. Compounds according to claim 1, characterised in that, in the formula
      Ia, R.sub.1 and R.sub.2 denote tert.butyl, R.sub.3 and R.sub.3 ' denote
      hydrogen and R.sub.4 denotes methyl or ethyl.
NUM  3.
PAR  3. The compound according to claim 1, of the formula
      ##SPC17##
PATN
WKU  039446336
SRC  5
APN  5194342
APT  1
ART  127
APD  19741031
TTL  Phosphate esters
ISD  19760316
NCL  4
ECL  1
EXP  Raymond; Richard L.
INVT
NAM  Gresham; John T.
CTY  Somerset
STA  NJ
ASSG
NAM  FMC Corporation
CTY  Philadelphia
STA  PA
COD  02
RLAP
COD  74
APN  422841
APD  19731207
PSC  01
PNO  3883478
CLAS
OCL  260927R
EDF  2
ICL  C07F  915
FSC  260
FSS  927 R
UREF
PNO  3801677
ISD  19740400
NAM  Baranauckas et al.
XCL  260927R
UREF
PNO  3808296
ISD  19740400
NAM  Brunetti
OCL  260927R
UREF
PNO  3849522
ISD  19741100
NAM  Hills
OCL  260927R
OREF
PAL  Derwent Japanese Patent Report, Vol. 5, No. 13, p. 5:5 (3-5-66).
ABST
PAL  Flame-retardant polyester fibers containing 5 to 20% by weight of phosphate
      triester containing at least one mole of a hydroxymethyl bicyclic
      phosphate and 0-2 moles of a phenyl or naphthyl aryl compound as the sole
      flame-retardant additive or a two-component additive comprising the
      aforesaid triester in admixture with 20 to 80% of certain polychlorinated
      or polybrominated diaryl compounds.
PARN
     This is a division of application Ser. No. 422,841, filed Dec. 7, 1973, now
      U.S. Pat. No. 3,883,478.
BSUM
PAR  This invention relates to flame-retardant polyester fiber compositions.
      More particularly, this invention relates to flame-retardant polyester
      fibers which contain, as the flame-retardant additive, a complex phosphate
      triester.
PAR  Polyester compositions containing organic phosphorus and organic halogen
      compounds are known and are disclosed, for example, in U.S. Pat. No.
      3,356,631 issued Dec. 5, 1971, to Jackson et. al.; U.S. Pat No. 3,645,962
      issued Feb. 29, 1972, to Schwarz; U.S. Pat. No. 3,681,281 issued Aug. 1,
      1972, to Juelke et al.; U.S. Pat. No. 3,688,001 issued Aug. 29, 1972, to
      Exner et al.; U.S. Pat. No. 3,708,328 issued Jan. 2, 1973, to Kelkheim et
      al., West German Pat. No. 2,001,125 (1970) to Caldwell et al. (Eastman
      Kodak Company), and U.S. Pat. No. 3,658,634 issued Apr. 25, 1972, to
      Yanagi et al. Bicyclic derivatives of phosphorus are known and are
      described, for example, in U.S. Pat. No. 3,293,327, issued Dec. 20, 1966
      to Hechenbleikner et al and U.S. Pat. No 3,310,609, issued Mar. 21, 1967
      to Baranauckas et al.
PAR  The various prior art flame-retardant polyester fiber compositions have a
      number of disadvantages in that they are either uneconomical for
      commercial use, or the additive is not compatible with molten polyester or
      is reactive with it, or the desired degree of flame retardancy is not
      obtained at suitable levels of concentration. It has always been desirable
      to provide efficient, but compatible flame-retardant additives which can
      be successfully incorporated into the molten polyester prior to the
      formation of fibers. Moreoever, a particular problem in the art has been
      successfully providing flame-retardant polyester fibers which, when
      blended with other fibers, retain their flame retardant characteristics
      and impart to the finished fiber blend a high degree of flame retardancy.
PAR  According to the present invention, there are provided flame-retardant
      polyester fiber compositions comprising from about 95 to 80 parts by
      weight of a fiber-forming linear polyester and 5 to 20, preferably 10 to
      15, parts by weight of a phosphate triester flame-retardant additive
      having the formula
      ##EQU1##
      WHERE R is an aryl radical selected from the group consisting of phenyl
      and naphthyl radicals and phenyl and naphthyl radicals containing one to
      three chlorine or bromine atoms and substituted derivatives of these
      radicals the substituents being methyl, methoxy, phenyl, phenoxy and
      phenyl and phenoxy containing one to five chlorine or bromine atoms, and y
      is an integer from 1 to 3, preferably 1 or 2, and x is 3 - y. The latter
      described preferred embodiments, that is, those complex mixed phosphate
      triesters which contain one or two of the aforesaid aryl radicals are
      believed to be novel compounds and, as such, constitute a further
      embodiment of the present invention.
PAR  The complex phosphate triester flame-retardant additives of the present
      invention are readily prepared from the intermediate hydroxymethyl
      bicyclic phosphate, which is formed from pentaerythritol and triethyl
      phosphate in a two-step reaction as described in U.S. Pat. No. 3,293,327.
      The intermediate is then reacted with the appropriate phosphoryl chloride.
      Thus, reaction with POCl.sub.3 will give a triester with 3 moles of the
      hydroxymethyl bicyclic phosphate, which is represented in the formula
      above when y is 3. Reaction with compounds such as ROP(O)Cl.sub.2 and
      (RO).sub.2 P(O)Cl will give mixed triesters represented by the above
      formula where y is, respectively, 2 and 1, with R representing the desired
      aryl radical. Preferred are those novel mixed triesters wherein x is 2 or
      1 and R represents phenyl, naphthyl and mono-, di- or tribromophenyl or
      naphthyl radicals. Preferred embodiments are specifically exemplified by
      radicals such as 4-bromophenyl, 2,4-dibromophenyl, 1-bromo-2-naphthyl,
      1,6-dibromo-2-naphthyl and 1,3,6-tribromo-2-naphthyl.
PAR  The phosphate triester flame-retardant additive of the present invention
      has a number of desirable properties, which render it particularly
      suitable for preparation of flame-retardant polyester fibers. It is
      soluble in molten polyester and does not adversely affect the physical
      properties of the finished polyester fiber. It is thermally stable at
      temperatures up to about 325.degree.C and has a low volatility at
      250.degree.-300.degree.C, the temperatures normally employed during the
      melt spinning of polyester fibers. Moreover, the additive of the present
      invention is substantially inert in the presence of molten polyester for
      extended periods of time, thus minimizing polymer degradation and
      crosslinking.
PAR  These properties enable the flame-retardant additive of the present
      invention to be incorporated into molten polyester prior to extrusion of
      the fiber. As is known in the art, polyester fibers are conventionally
      prepared by the melt spinning technique whereby molten polyester is
      extruded under pressure through a spinneret plate having a plurality of
      small circular openings about 0.009 inch in diameter. The spinning is
      carried out at a temperature of from about 260.degree. to 300.degree.C for
      poly(ethylene terephthalate) fibers. The polymeric polyester has been
      previously prepared either by the batch method or by the continuous
      polymerization technique.
PAR  Thus, a flame-retardant additive which is thermally stable, unreactive with
      and soluble in molten polyester and non-volatile at spinning temperatures
      is particularly advantageous in that no additional fiber processing steps
      are required to be added to the manufacturing sequence. The additive is
      simply blended with the polyester melt and fibers are prepared in the
      usual way.
PAR  Flame-retardant polyester fibers containing the aforesaid phosphate
      triester exhibit a high degree of flame retardancy. However, when
      polyesters are blended with other fibers, particularly cellulosic fibers
      such as rayon, the blended fiber usually exhibits an overall reduction in
      flame-retardant quality. Accordingly, a further embodiment of the present
      invention resides in flame-retardant polyester fibers comprising about 95
      to 80 parts of a fiber-forming linear polyester and 5 to 20 parts by
      weight of a two-component flame-retardant additive consisting essentially
      of, by weight:
PAR  a. from about 20 to 80% of the aforesaid phosphate triester flame-retardant
      additive, and
PAR  b. from about 80 to 20% of a polychlorinated or polybrominated diaryl
      compound containing at least 40% by weight chlorine or bromine and having
      the general formula:
      ##SPC1##
PAL  wherein X represents chlorine or bromine and a and a' are integers the sum
      of which is from 3 to 10; b and b' represent zero or 1; R.sub.1 represents
      a member selected from the group consisting of C.sub.1 -C.sub.4 alkyl
      radicals, C.sub.1 -C.sub.4 acyl radicals such as acetyl, phenyl and
      benzoyl radicals and chlorinated and brominated phenyl and benzoyl
      radicals; Z represents a direct bond or a member selected from the group
      consisting of oxygen, carbonyldioxy, sulfonyl, C.sub.1 -C.sub.4 alkylene,
      phenylene and chlorinated or brominated phenylene, dioxy radicals of the
      formula --OR.sub.2 O-- where R.sub.2 is C.sub.1 -C.sub.4 alkylene,
      phenylene or chlorinated of brominated phenylene and ether linkages of the
      formula --CH.sub.2 O--, --CH.sub.2 OCH.sub.2 -- and --C.sub.6 H.sub.4
      CH.sub.2 OCH.sub.2 C.sub.6 H.sub.4 --.
PAR  Examples of suitable polychlorinated and/or polybrominated compounds may be
      shown by the following formulas I, II and III:
      ##SPC2##
PAL  where X represents chlorine or bromine, a and a' are integers, the sum of
      which is from 3 to 10, preferably 5 to 10. Preferred compounds of this
      group include octabromobiphenyl, hexabromobiphenyl, decabromobiphenyl and
      the like;
      ##SPC3##
PAL  where X, a and a'are as previously described; Z may be oxygen,
      carbonyldioxy, sulfonyl, C.sub.1 -C.sub.4 alkylene, phenylene, chlorinated
      or brominated phenylene, dioxy radicals of the formula --OR.sub.2 O--
      where R.sub.2 is C.sub.1 -C.sub.4 alkylene, phenylene or chlorinated or
      brominated phenylene, or ether linkages of the formula --CH.sub.2 O--,
      --CH.sub.2 OCH.sub.2 -- and --C.sub.6 H.sub.4 CH.sub.2 OCH.sub.2 C.sup.6
      H.sub.4 --. Particularly preferred compounds of this class include those
      wherein Z is oxygen as exemplified by the polybrominated diphenyl ethers
      such as decabromodiphenyl ether and hexabromodiphenyl ether or where Z is
      an ether linkage as described above; and
      ##SPC4##
PAL  where X, a, a' and Z are as described previously in formula II and R.sub.1
      represents C.sub.1 -C.sub.4 alkyl, C.sub.1 -C.sub.4 acyl radicals, phenyl
      and benzoyl radicals and chlorinated and brominated phenyl and benzoyl
      radicals. Preferred compounds of this class include tetrabromobisphenol A
      diacetate.
PAR  The polyesters which are rendered flame retardant in accordance with the
      present invention, include the fiber-forming linear saturated polyesters
      derived from saturated aliphatic and aromatic dicarboxylic acids and
      saturated diols.
PAR  These fiber-forming saturated polyesters are prepared from dicarboxylic
      acids such as terephthalic acid, isophthalic acid, adipic acid, bibenzoic
      acid, 4,4' -dicarboxyphenylmethane, 2,6-naphthalenedicarboxylic acid.
      1,3-cyclopentanedicarboxylic acid, 1,3- or 1,4-cyclohexanedicarboxylic
      acid and the like. Diols generally employed to prepare the fiber-forming
      polyesters are the saturated aliphatic, saturated cycloaliphatic or
      aromatic diols, preferably the lower alkane diols such as ethylene glycol,
      propylene glycol, and butylene glycol. Other exemplary diols include
      ethylene diglycol, dimethylolcyclohexane, 1,6-hexanediol, p-xylylenediol
      and the like. Particularly preferred are fiber-forming polyesters such as
      poly (ethyleneterephthalate), poly (ethylene 2,6-naphthalenedicarboxylate)
      or poly (1,4-cyclohexylenedimethylene terephthalate) and blends of such
      polyesters. These fiber-forming polyesters generally have an average
      molecular weight of at least about 10,000.
PAR  Generally speaking, the total amount of two-component flame-retardant
      additive which is added to the polyester is from about 5 to 20% based on
      the combined weight of polyester and additive, that is, 5 to 20 parts by
      weight of additive and 95 to 80 parts by weight of polyester. These
      amounts provide the phosphorus, chlorine and bromine levels discussed
      below. The addition of amounts in excess of about 20% may interfere with
      the physical properties of the finished fiber as well as with the proper
      operation of the processing equipment, particularly the spinnerets used in
      extruding the fiber from the molten mixture of polyester and additive.
PAR  The relative amounts of phosphorus and chlorine or bromine present will, of
      course, be dependent on the degree of flame retardancy desired. In order
      to produce blends of polyester and cellulosic fibers which meet all
      existing standards for flame retardancy there should be present about 1 to
      2% by weight of phosphorus in the fiber. At this phosphorus level,
      chlorine, if present, should be used in an amount such that the chlorine
      to phosphorus weight ratio is from 2:1 to 20: For the same level of
      phosphorus, that is, about 1 to 2%, the amount of bromine will be such
      that the weight ratio of bromine to phosphorus is between 2.5: and 10:1.
      Of course, chlorine and bromine both may be present and in such a case the
      chlorine to phosphorus weight ratio will be at the lower end of the
      aforesaid range, that is, about 2:1 to 10:1 and the bromine to phosphorus
      weight ratio will be about 2.5:1 to 5:1. In any event, the polyester fiber
      should not contain more than about 12% by weight of bromine as a maximum.
PAR  Polyester fibers of the present invention, which contain the aforesaid
      two-component flame-retardant additive, are particularly suitable for use
      in the preparation of blends of polyester with other fibers such as
      cotton, rayon, nylon, acetate, acrylics and the like. Particularly
      suitable are blends with cellulosic fibers such as rayon and acetate.
      Effectively rendering such blends flame retardant is a particular problem
      in the art, since under current standards the flame retardant qualities
      must be retained after repeated dry cleaning or laundering.
PAR  A particularly preferred embodiment resides in blends of 10 to 90 parts by
      weight, preferably 40 to 60 parts by weight, of a flame-retardant
      polyester fiber prepared in accordance with the present invention
      containing the aforesaid two-component flame-retardant additive with 90 to
      10 parts by weight, preferably 60 to 40 parts by weight of flame-retardant
      regenerated cellulose filaments or fibers, as described in U.S. Pat. No.
      3,455,713 issued July 15, 1969, to Godfrey. In brief, they are regenerated
      cellulose filaments having dispersed therein from 1 to 25% by weight of a
      substantially water-insoluble cyclical and/or, linear liquid
      phosphonitrilic polymer having the general formula:
      ##EQU2##
      where R and R' are the same or different alkyl or alkenyl radicals having
      from one to six carbon atoms and n is an integer of at least 3 and not
      more than about 20. These fibers are prepared by incorporating a
      flame-retardant amount of the phosphonitrilic polymer into
      filament-forming viscose, and spinning and regenerating the filament.
DETD
PAR  The invention is further illustrated by the following examples, which are
      not to be considered as limitative of its scope. All parts and percentages
      are by weight based on the total weight of the composition and
      temperatures are in degrees centigrade unless otherwise stated.
PAC  EXAMPLE 1
      ##SPC5##
PAR  A slurry of 22.5 g (0.15 mole) of a hydroxymethyl bicyclic phosphate,
      4-hydroxymethyl-1-oxo-2,6,7-trioxa-1-phosphabicyclo[2.2.2]octane, 10.1 g
      pyridine and 300 ml THF (tetrahydrofuran) was stirred and cooled to
      15.degree. in a nitrogen atmosphere. A solution of 34.6 g (0.125 mole) of
      97% diphenyl chlorophosphate in THF was added slowly over 45 minutes. No
      exotherm was noticeable. After stirring and allowing the reaction mixture
      to warm to room temperature over a 1 hour period, the mixture was
      gradually heated overnight at 60.degree.. Part of the solvent (200 ml) was
      removed by distillation. The reaction mixture was cooled to 10.degree. and
      stirred as a precipitate formed. After about 10 minutes, 330 ml of ice
      water was added with stirring. The solids were collected by filtration and
      washed well two times with 300 ml of cold water. No chloride remained in
      the solid product. After drying 29.6 g (57% yield) of a white solid was
      obtained, mp 162.degree.-163.degree..
PAR  The crystalline product was purified by recrystallization from reagent
      alcohol. White crystals were obtained, 27.4 g, mp 162.degree.-164.degree..
TBL  ______________________________________                                    
     Elemental Analyses: Calc'd for C.sub.19 H.sub.16 O.sub.8 P.sub.2 :        
                              % C, 49.53;                                      
                              % H, 4.40;                                       
                              % P, 15.02.                                      
     Found:                   % C, 49.17;                                      
                              % H, 4.45;                                       
                              % P, 15.09.                                      
     ______________________________________                                    
PAC  EXAMPLE 2
      ##SPC6##
PAR  A slurry of 55.8 g (0.31 mole) of the hydroxymethyl bicyclic phosphate used
      in Example 1, 26.1 g of pyridine and 750 ml of THF was cooled under
      nitrogen to 15.degree.. A solution of 32.7 g of phenyl dichlorophosphate
      in 150 ml of THF was added with good stirring over a period of 1 hour. No
      exotherm was apparent. The mixture was stirred and heated for 4 hours
      during which time it became homogeneous and then a precipitate began to
      form. After heating overnight at 50.degree., the solids were separated by
      filtration and washed four times with 400 ml of water. No chloride
      remained. A white powder was obtained after vacuum drying, 50.8 g (33%
      yield), mp 302.degree.-305.degree..
PAR  The crude product was purified by soxhlet extraction using 1 liter of
      acetonitrile. After 5 hours, 90% had been extracted. After filtration, the
      liquid volume was reduced to 750 ml and allowed to cool in a refrigerator.
      The crystals that had formed were collected on a Buchner funnel and dried
      in vacuo, 43.5 g, mp 307.degree.-309.degree..
TBL  ______________________________________                                    
     Elemental Analyses: Cal'd. for C.sub.16 H.sub.21 O.sub.10 P.sub.3         
                              % C, 38.57;                                      
                              % H, 4.25;                                       
                              % P, 18.65.                                      
     Found:                   % C, 38.50;                                      
                              % H, 4.46;                                       
                              % P, 18.40.                                      
     ______________________________________                                    
PAC  EXAMPLE 3
      ##SPC7##
PAR  A slurry of 16.3 g (0.092 mole) of the hydroxymethylbicyclic  phosphate
      used in Example 1, 7.75 g pyridine and 250 ml THF was stirred and heated
      to 35.degree. under nitrogen. A solution of 4.8 g (0.031 mole) of
      phosphorus oxychloride in 25 ml of THF was added in 5 minutes. After
      heating at 35.degree. for 1/2 hour the mixture was heated to 50.degree. at
      which point the mixture became homogeneous and a viscous lower layer began
      to form. After heating overnight the thick lower layer was isolated by
      decanting the upper phase. The lower layer was mixed well with 150 ml of
      water. The solids were collected on a Buchner funnel and washed with
      several portions of water to remove chloride. After drying, 6.2 g (34%
      yield) of a white powder was obtained which did not melt or show signs of
      decomposition below 335.degree..
PAC  EXAMPLE 4
      ##SPC8##
PAR  A mixture of 9.9 g (0.055 mole) of the hydroxymethyl bicyclic phosphate
      used in Example 1, 6.3 g (0.062 mole) triethylamine and 140 ml methylene
      chloride was stirred and cooled to 10.degree.C. A solution of 25.6 g of
      bis(4-bromophenyl) chlorophosphate, mp 50.degree.-55.degree., prepared by
      the method of E. N. Walsh, J. Am. Chem. Soc. 81, 3023 (1959)), in 40 ml
      methylene chloride was added over a 30-minute period, maintaining the
      temperature below 15.degree.. After the addition the mixture was allowed
      to warm to room temperature, refluxed for 6 hours, and stirred overnight
      at room temperature. The reaction mixture was filtered and the filtrate
      washed with water, sodium bicarbonate and sodium carbonate solution. After
      drying with magnesium sulfate, the methylene chloride solution was
      concentrated to one-half its original volume and diluted at reflux with a
      threefold volume of carbon tetrachloride. On cooling the product
      crystallized and was isolated. A portion was decolorized with charcoal and
      recrystallized from reagent alcohol, mp. 149.degree.-151.degree..
TBL  ______________________________________                                    
     Elemental Analyses: Cal'd. for C.sub.17 H.sub.16 Br.sub.2 O.sub.8 P.sub.2 
     :                        % C, 35.81;                                      
                              % H, 2.83;                                       
                              % P, 10.87.                                      
     Found:                   % C, 35.58;                                      
                              % H, 2.94;                                       
                              % P, 10.75.                                      
     ______________________________________                                    
PAC  EXAMPLE 5
      ##SPC9##
PAR  To a mixture of 18.0 g (0.1 mole) of the hydroxymethyl bicyclic phosphate
      used in Example 1, 10.5 g triethylamine and 450 ml of methylene chloride
      was added with stirring a solution of 15.4 g phosphorus oxychloride in 50
      ml of methylene chloride. The reaction temperature rose to 33.degree.
      during the 25 minute addition period. The mixture was heated at reflux for
      6 hours and then allowed to stand at room temperature overnight.
PAR  A solution of 60.4 g 1,6-dibromo-2-naphthol, 21.0 g triethylamine, and 75
      ml methylene chloride was added in 15 minutes at 15.degree.. The mixture
      was slowly warmed to room temperature, heated at reflux for 6 hours and
      allowed to stand overnight at room temperature. 150 ml. of methylene 6
      were removed by distillation. After cooling the solids were collected by
      filtration, dried and washed four times with water until no chloride was
      present in the washing. The solids were washed once with acetone and
      dried, 24.8 g, mp 310.degree.-313.degree..
PAC  EXAMPLE "
PAR  The Limiting Oxygen Index (LOI) of poly(ethylene terephthalate) plaques
      containing the phosphorus compounds of Examples 1-4 was determined to
      demonstrate the high degree of flame retardancy they imparted.
PAR  The plaques were prepared by grinding in a mortar mixtures of poly(ethylene
      terephthalate) and the flame retardant additive. On top of a 6 .times. 6
      inch stainless steel plate one thirty-second inch thick) was placed a 6
      .times.  6 inch Teflon coated aluminum plate and then a 6 .times. 6 inch
      brass frame one thirty-second inch thick with a  53/4 .times.  53/4 inch
      opening. Nine grams of the powdered mixture was spread evenly on the
      Teflon coated aluminum plate. A woven glass fabric (43/8 .times.  53/8
      inch) weighing 3.9-4.1 grams was placed over the mixture inside the frame.
      An additional 9 grams of the mixture was spread evenly over the cloth and
      covered with an identical Teflon coated aluminum plate and a stainless
      steel plate. The mold assembly was placed in a hydraulic press previously
      heated to 275.degree.C and the plates were closed gently at a slight
      pressure for 3 minutes to allow melting. The pressure was increased to 5
      tons for 1 minute and then released. It was removed from the press, cooled
      between two large iron plates, and carefully taken apart to remove the
      glass fiber support plaque, which was cut into  31/2 .times.  13/4 inch
      strips.
PAR  The LOI test is made by supporting the sample strip in a U-shaped frame
      which is mounted in a cylindrical open chamber. Controlled mixtures of
      oxygen and nitrogen gases are admitted into the base of the chamber and
      allowed to displace the normal atmosphere. When an equilibrium atmosphere
      in the chamber is obtained, the sample is ignited with a butane gas flame
      by contacting the flame with the top edge of the sample. If the sample
      fails to ignite, the oxygen ratio of the atmosphere is increased to a
      level where the flame will just propagate. Conversely, if the sample strip
      ignites and the flame propagates the oxygen ratio of the atmosphere is
      reduced to a level where flame propagation is virtually zero. The LOI is
      the minimum percentage concentration of the oxygen atmosphere in which the
      test sample will ignite and permit flame propagation. The LOI test wss
      introduced in 1966 (Fennimore et al., Modern Plastics, 43, 141 (1966) and
      is the basis for ASTM D-2863-70. The apparatus used was the Oxygen Index
      Flammability Tester Model JD14 manufactured by MKM Machine Tool Company,
      Inc. The results are given in the table below.
TBL  ______________________________________                                    
     Flame-                                                                    
     Retardant                                                                 
     Additive        % P           LOI                                         
     ______________________________________                                    
     None            0             21.5                                        
     Ex. 1           2             27.5                                        
     Ex. 2           2             28.0                                        
     Ex. 3           2             28.8                                        
     Ex. 4           2             29.2                                        
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  The LOI of plaques containing poly(ethylene terephthalate), the phosphate
      triester of either Example 1 or Example 2 and varying amounts of
      decachlorobiphenyl, octabromobiphenyl and decabromodiphenyl ether was
      determined to demonstrate the high degree of flame retardancy imparted
      using the two-component flame-retardant additive of the present invention.
      The plaques were prepared as in Example 6 and contained sufficient
      phosphate triester and polyhalogenated compound to give the elemental
      concentration reported below:
TBL  Sample                                                                    
     No.     % P          % Halogen    LOI                                     
     ______________________________________                                    
     1       2% (Ex. 1)   9.2% Cl.sup.a                                        
                                       30.8                                    
     2       2% (Ex. 1)   5% Br.sup.b  30.8                                    
     3       2% (Ex. 1)   5% Br.sup.c  30.4                                    
     4       1% (Ex. 1)   10% Br.sup.c 32.4                                    
     5       2% (Ex. 2)   5% Br.sup.c  29.6                                    
     ______________________________________                                    
      .sup.a decachlorobiphenyl was source of chlorine                         
      .sup.b octabromobiphenyl was source of bromine                           
      .sup.c decabromodiphenyl ether was source of bromine                     
PAR  An LOI of about 30 is desirable for polyesters which are to be blended with
      cellulosic fibers.
PAC  EXAMPLE 8
PAR  A mixture of 20.1 g of the compound of Example 1 and 130.9 g of
      polyethylene terephthalate) having an intrinsic viscosity of 0.62 was spun
      from a laboratory apparatus at 280.degree.C. Seventy-six grams of good
      white fiber was obtained. The intrinsic viscosity was 0.56 and tenacity
      was 3.75 g/den. Analysis of the fiber showed a phosphorus content of 1.98%
      by weight.
PAR  This poly(ethylene terephthalate) yarn was plied with a flame-retardant
      rayon containing about 15% by weight of a di-n-propyl phosphonitrilate (as
      described in U.S. Pat. No. 3,455,713) to give a 42%/58% blended yarn which
      was knitted into a 5.7 oz/sq. yd. fabric. The fabric passed the AATCC
      vertical flame test (34-1966). Five strips were conditioned at 65%
      relative humidity and ignited for 12 seconds with a butane gas flame with
      the following results:
TBL                After       Char                                            
                   Flame       Length                                          
     Sample        (sec)       (in)                                            
     ______________________________________                                    
     1             0           5.50                                            
     2             0           5.75                                            
     3             0           5.69                                            
     4             0           5.19                                            
     5             0           6.81                                            
     ______________________________________                                    
PAR  The vertical flame test is made by supporting a 3 .times. 10 inch fabric
      sample in a U-shaped frame which exposes 2 .times. 10 inch fabric. The
      sample and frame is supported vertically in a draft-free chamber with the
      open end of the fabric frame pointed down. Ignition of the fabric is made
      with a Tirrell Burner fueled with butane. A  11/2 inch long frame is
      aligned to the based of the fabric so that 3/4 inch of the flame bites
      into the fabric. Flame contact time is 12 seconds. Data are obtained to
      show the length of the char and the time of after flame. A sample passes
      the test if the average char length is 7 inches or less and no individual
      sample has a char length greater than 10 inches.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU3##
      where R is an aryl radical selected from the group consisting of phenyl
      and naphthyl radicals and phenyl and naphthyl radicals containing one to
      three chlorine or bromine atoms and substituted derivatives of said
      radicals, the substituents being selected from the group consisting of
      methyl, methoxy, phenyl, phenoxy and phenyl and phenoxy containing 1 to 5
      chlorine or bromine atoms and y is a integer, 1 to 1, and x is 3 - y.
NUM  2.
PAR  2. The compound of claim 1 wherein R is selected from the group consisting
      of phenyl, naphthyl and phenyl and naphthyl containing one to three
      bromine atoms.
NUM  3.
PAR  3. The compound of claim 2 wherein y is 1.
NUM  4.
PAR  4. The compound of claim 3 wherein R is a member selected from the group
      consisting of 4-bromophenyl, 2,4-dibromophenyl, 1-bromo-2-naphthyl,
      1,6-dibromo-2-naphthyl and 1,3,6-tribromo-2-naphthyl.
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ABST
PAL  An improved idling system for a carburetor in which the idling fuel is
      directed into the carburetor or manifold at a point spaced downstream from
      the throttle valve, and an air bleed modulation passageway for conducting
      air to a position adjacent the outlet of the idling fuel for controlling
      the air pressure at the idling fuel outlet for controlling the idle fuel
      flow rate. The air modulation passageway varying the idle fuel delivery as
      a function of throttle position and manifold pressure. A vortex chamber
      having a tangential air inlet for receiving and atomizing the idle fuel
      and air. Various tail pipe modifications may be connected to the outlet of
      the vortex for varying the fuel delivery characteristics. A
      convergent-divergent passageway may be provided between the idle fuel-air
      mixture prior to its injection into the intake manifold. Hot exhaust gases
      may be injected into the idle fuel-air mixture for better atomization, and
      exhaust gas may be used to externally heat the air-gas mixture. The idling
      fuel-air mixture may be conducted to each of the intake valves on each
      cylinder for correctly controlling the fuel-air ratio in each cylinder for
      reducing vehicle emissions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Vehicle emission standards set and proposed by the United States government
      are verified by test conditions which generally are biased toward low
      speed operation and stop-and-go situations. With these conditions, the
      engine is operating almost entirely from the idle fuel delivery system of
      the carburetor. Typical idle systems provide poor atomization of the fuel
      and consequently cause imbalanced fuel-air mixtures to the various
      cylinders of the engine. For minimum hydrocarbon and carbon monoxide
      emissions, the fuel-air ratio of each cylinder must be precisely the same,
      and this has only been approximately achieved to date by expensive fuel
      injection systems. Any improvements which can be made to conventional
      carburetor idle circuits which better atomize the fuel and more precisely
      control the fuel-air ratio will permit achievement of attractive
      reductions of vehicle emissions. The conventional idle systems have two
      major drawbacks relative to metering for achieving reduced engine
      emissions; first, the fuel-air delivery results in inadequate fuel
      vaporization prior to introduction into the intake manifold and, second,
      the conventional system characteristically meters relatively richer as the
      intake manifold vacuum increases.
PAR  The present invention is directed to various improvements of the idling
      system of a carburetor for overcoming the disadvantages of the existing
      systems.
PAC  SUMMARY
PAR  The present invention is directed to various improvements of the carburetor
      idling system of an engine. One feature of the present invention is the
      positioning of the idle fuel supply outlet or outlets to the carburetor
      downstream and spaced from the throttle valve for increasing better
      balanced fuel-air mixtures to the various cylinders of the engine and
      decreasing hydrocarbon and carbon monoxide emissions.
PAR  Yet a still further object of the present invention is the provision of a
      vortex chamber for atomization of the fuel and air mixture of the
      carburetor idling system.
PAR  Still a further object of the present invention is the provision of various
      tail pipe modifications which are utilized with the vortex chamber for
      varying the fuel delivery characteristics as desired.
PAR  Yet a further object of the present invention is the provision of a
      convergent-divergent nozzle between the outlet of the idle fuel supply and
      the intake manifold.
PAR  Yet a still further object of the present invention is the provision of an
      air bleed modulation of the idling fuel for controlling the air pressure
      at the idling fuel outlet thereby controlling the idling fuel flow rate.
      The modulation passageway may be made variable to vary the idle fuel
      delivery properly as a function of throttle position and manifold
      pressure. One modulation system utilizes a variable opening such as a
      contoured pintle or needle which moves in a fixed orifice as a function of
      throttle setting and thereby varies the effective air bleed orifice size.
      Another embodiment of the air modulation system utilizes the throttle
      valve to vary the relative upstream and downstream areas on a modulation
      or transfer slot opening to the modulation passageway.
PAR  Yet still a further object is the provision of utilizing hot exhaust gases
      in the idling system of the carburetor to heat the idle fuel-air mixture
      for better atomization by injecting the hot exhaust gases into the idle
      air-fuel mixture and/or utilize the exhaust gases from the engine to
      externally heat the idle air-fuel mixture where exhaust gas injection into
      the air-fuel mixture is not required for supressing the rate of combustion
      which reduces the level of nitrous oxides present in the exhaust.
PAR  Yet a further object is the provision of a passageway leading from the
      idling air-fuel mixture to each of the intake valves of each cylinder of
      the engine for insuring that the fuel-air ratio of each cylinder is
      generally the same for reducing emissions from the engine.
PAR  Other and further objects, features and advantages will be apparent from
      the following description of presently preferred embodiments of the
      invention, given for the purpose of disclosure and taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic elevational view showing the idling system of a
      conventional carburetor,
PAR  FIG. 2 is a schematic elevational view of one embodiment of an improved
      idling system of a carburetor,
PAR  FIG. 3 is a schematic elevational view of another embodiment of an improved
      idling system of a carburetor,
PAR  FIG. 4 is an elevational view showing the discharge of the idling fuel-air
      mixtures from a parent carburetor to the intake valves of each cylinder of
      an eight cylinder engine,
PAR  FIG. 5 is a schematic view of another embodiment of an air modulation
      system for the idling system of a carburetor,
PAR  FIG. 6 is an enlarged elevational view showing another type of tail pipe
      connected to the outlet of the vortex chamber of the idling system of FIG.
      2,
PAR  FIG. 7 is a graph showing the fuel delivery characteristics of various
      types of vortex outlets, and
PAR  FIG. 8 shows a comparison of the delivery characteristics of a conventional
      idle circuit with that of the divergent-convergent tail pipe configuration
      shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a typical and conventional carburetor generally
      indicated by the reference numeral 10 is shown having a fuel supply 12, a
      main orifice jet 14, an idle fuel tube 16, a main fuel outlet 18, an idle
      air bleed 20, a throttle valve 22, and an idle mixture adjusting screw 24.
      The idle fuel motion results because the pressure at location 26 is lower
      than the pressure at location 28 and the differential pressure between the
      points 26 and 28 represents the driving force for the idle fuel flow.
PAR  The magnitude of the pressure differential from point 28 to point 26 is
      controlled by the intake manifold absolute pressure at location 30, the
      position of the throttle valve 22 relative to the transfer passage 32, and
      the position of an adjusting screw 24 controlling the idle port 34. For a
      given manifold absolute pressure value, the absolute pressure at point 36
      is progressively reduced as the throttle valve 22 is opened since the
      transfer passage 32 is being progressively exposed to the influence of the
      manifold pressure at location 30. It is to be noted that the term "idle
      system" used in this specification refers to the idle system using only
      idle port 34 and the off-idle or transition function of the carburetor as
      the throttle valve 22 is partially opened discharges fuel both through
      port 34 and passage 32.
PAR  As the absolute pressure at point 36 is reduced, the absolute pressure at
      point 26 is also reduced, but to a lesser extent because of the air
      introduced at the idle bleed 20. The size of the idle bleed 20 and the
      fixed idle port 34 and transfer passageway 32 represent variables used to
      vary the calibration of the conventional idle system to suit the
      requirements of a given engine.
PAR  The fuel-air mixture at point 36 is subsequently dumped into the intake
      manifold through the idle discharge port 34 when the throttle valve 22 is
      closed (engine idle) or partially through the transfer passage 32 for the
      off-idle or partial opening of the throttle valve 22. In the conventional
      carburetor, the fuel discharge at the idle port 34 gives poor mixing and
      inadequate atomization. The net result is improper air-fuel distribution
      from cylinder to cylinder of the engine. Some cylinders consequently run
      richer or leaner than the average air-fuel ratio calculated for the engine
      based on total air flow and total fuel flow. One of the problems to which
      the present invention is directed is that of providing a more thorough
      atomization of the idle and off-idle fuel-air mixture prior to
      introduction into the intake manifold.
PAR  It should also be noted that the calibration obtainable with the
      conventional idling system illustrated in FIG. 1 is always inferior to the
      desired calibration in that the mixture produced is relatively lean for
      low manifold vacuums (high load) and relatively rich for high manifold
      vacuum values. In fact, it would be most desirable to achieve the reverse
      situation with a progressive, enrichening as the manifold vacuum is
      decreased. The reason for this undesirable enrichening at high engine
      vacuums with a conventional idle system is that, when the air flow past
      the throttle valve sonically chokes for manifold pressures roughly
      one-half or less than the surrounding absolute pressures, limiting the
      maximum air flow, the idle pressure at point 36 continues to depress as
      the manifold pressure is depressed causing delivery of more and more fuel.
      In summary, the conventional idling system of the proper carburetor 10,
      shown in FIG. 1, has two major drawbacks relative to metering fuel for
      achieving reduced engine emissions; first, the fuel-air delivery results
      in inadequate fuel vaporization prior to introduction into the intake
      manifold and, second, the conventional idling system characteristically
      meters relatively richer as the manifold vacuum increases.
PAR  While a considerable amount of attention has been directed recently at
      improvements in the main metering function of a carburetor, little
      attention has been given to improvement of the idling system and the
      present invention is directed to various improvements in the idling system
      for providing better atomization of the fuel, better balance between the
      fuel-air mixtures to the various cylinders of the engine and to more
      precisely control the fuel-air ratio, all of which will permit reductions
      of vehicle emissions.
PAR  Referring now to FIG. 2, one embodiment of an improved carburetor idling
      system is disclosed. The idle fuel is drawn through an idle fuel tube 40
      from the usual carburetor fuel supply by the depressed pressure generated
      within a vortex chamber 42, which may be mounted within or without the
      body of a conventional carburetor 44 as desired. The vortex chamber 42
      functions to create an atomization of the fuel with air to create a
      fuel-air mixture vortex action caused by a tangential inlet of ambient air
      through an air inlet 46 which is in communication with ambient air. The
      vortex is created when the depressed pressure in the intake manifold 48,
      which communicates with the vortex chamber 42 through a discharge orifice
      50, creates a suction of air through the air inlet 46 tangentially
      entering the vortex chamber through vortex inlet 52. The size of the inlet
      52 governs the quantity of air entering and this quantity is always chosen
      to be somewhat less than the total quantity of air required by the engine.
      Near the central discharge orifice 50 from the chamber 42, an air-fuel
      mixture is drawn from an emulsion tube 54 and then introduced into the
      high velocity breakup zone within the vortex chamber 42. The majority of
      the atomization occurs at this point as the fuel drops are aceelerated by
      the high velocity air within the vortex.
PAR  The quantity of fuel drawn into the emulsion tube 54 from the fuel tube 40,
      for a given pressure differential from ambient to the manifold pressure,
      is determined or modulated by an amount of bleed or modulated air
      introduced into the emulsion tube 54, creating a differential pressure
      across the outlet of the emulsion tube. The greater the quantity of
      modulated air, the higher the absolute pressure at location 56 and the
      smaller the idle fuel flow rate into the emulsion tube 54.
PAR  Air bleed modulation of the improved idling system of the present invention
      can be achieved in one of several ways. The purpose of air bleed
      modulation is to vary the idle fuel delivery properly as a function of
      throttle position and manifold pressure. For each throttle setting, a
      certain fuel flow versus manifold pressure characteristic is required to
      achieve a proper overall air-fuel ratio. One type of air bleed modulation
      system is shown in FIG. 2 in which the throttle valve 22 varies the
      relative upstream and downstream areas on a modulation or transfer slot 60
      which is connected to an air modulation passageway 62. One end 64 of the
      passageway 62 is connected to ambient air and includes a variable idle air
      bleed 66 in communication with the intake manifold vacuum 48 and
      controlled by screw 68. The resultant modulation system is connected
      through the end 70 of the passageway 62 to the emulsion tube 54 by
      connection to tube 72. While the modulation air bleed system shown in FIG.
      2 is somewhat similar to the suction signal generated in the idle system
      of the conventional carburetor of FIG. 1, the resultant air modulation in
      FIG. 2 is used to modulate the fuel delivery vortex chamber 42 instead of
      simply drawing idle fuel through the fuel tube 40, which receives fuel
      from the location 28 shown in FIG. 1.
PAR  In order to provide a proper fuel-air ratio to the engine, the idle system
      must deliver fuel as a function of both engine vacuum and throttle
      position. Thus, the fuel modification must be accomplished properly as a
      function of these two variables.
PAR  One attractive feature of the new idle system concept shown herein is that
      there are a number of design parameters which can be adjusted to give the
      correct fuel delivery as a function of manifold absolute pressure and
      throttle position. Referring now to FIG. 5, another modulation system
      which can be used to supply modulated bleed air to the emulsion tube 54 is
      shown. The modulation system utilizes a variable opening in the air
      modulation passageway such as providing a contoured or tapered pintle or
      needle 74 which moves in an orifice 76 to vary the effective area of the
      orifice. The needle 74 is connected by a link 77 to a lever arm 78 on the
      carburetor shaft 80. Thus, the needle 74 moves in the orifice 76 as a
      function of throttle setting and thereby varies the effective air bleed
      size of the orifice 76 controlling the amount of modulated air flowing
      from an ambient air inlet passageway 82 to the emulsion tube 54. The
      variable orifice 76 functions to reduce air bleed progressively as the
      throttle is opened thereby providing an increase in idle fuel delivery for
      an increased air flow to the engine.
PAR  While the discharge from the vortex chamber 42 may merely include the
      orifice discharge 50 in FIG. 2, other modified discharge configurations
      may be used to vary the fuel delivery characteristics. FIG. 6 illustrates
      a tubular tail pipe 82 connected to the outlet of the vortex chamber 42,
      and FIG. 2 may include a tail pipe for connection to the discharge of the
      vortex chamber 42 which includes a divergent-convergent tail pipe 84.
      Referring to the graph in FIG. 7, the effect of various discharge
      configurations on the fuel delivery for a fixed air bleed (representing a
      fixed throttle position) is shown as compared with an ideal idle fuel
      delivery curve. The ideal idle fuel delivery curve 100 shows the fluid
      weight flow versus the manifold pressure for an ideal fuel flow which is
      not achieved with a conventional or present design carburetor. Using only
      the orifice discharge 50 shown in FIG. 2 gives a graph 102 showing that it
      gives a fuel delivery which is too lean at intermediate and low manifold
      pressures. The tail pipe configuration 82 in FIG. 6 provides a graph 104
      which gives a fuel delivery which is too lean except for very low manifold
      pressure values. However, the divergent-convergent tail pipe 84 of FIG. 2
      gives a fuel delivery graph 106 very close to the ideal required curve
      100, and which is much improved over the idle delivery of a present design
      carburetor.
PAR  Referring now to the graph in FIG. 8, a comparison is shown of the idle
      delivery characteristic of a conventional idle system such as shown in
      FIG. 1, with the improved idling system shown in FIG. 2 utilizing the
      divergent-convergent tail pipe 84. The conventional system, as shown in
      graph 108, notes that the conventional system now used on vehicles results
      in a lean condition for intermediate manifold pressures which is largely
      responsible for the off-idle stumble or hesitation present in new cars
      with carburetors set for "best emission" qualities. The conventional idle
      system does not permit the freedom of fuel delivery tailoring possible as
      with the system of FIG. 2. The apparatus of FIG. 2 utilizing the tail pipe
      configuration 84 provides a graph 110 which is very close to the ideal
      fuel flow required in graph 112 with a fixed throttle angle. Therefore,
      the convergent-divergent tail pipe 84 of FIG. 2 permits a more accurate
      fuel-air ratio metering along with improved atomization.
PAR  The idling system shown in FIG. 2 utilizes a vortex chamber to draw the
      idle fuel from the conventional carburetor fuel well, atomize the idle
      fuel and discharge it in a proper manner into the intake manifold. Another
      embodiment for accomplishing the same results utilizes a
      convergent-divergent nozzle passageway instead of the vortex chamber of
      FIG. 2. The embodiment shown in FIG. 3 includes a nozzle or passageway 120
      of a fixed geometrical configuration which is positioned between the
      outlet of the idle fuel tube 122 and the intake manifold 124. The
      passageway 120 is opened at end 126 to the atmosphere into the manifold
      124. The size of the nozzle 120 is chosen so that the air flow under a
      closed throttle idle condition is somewhat less than the total engine
      requirement for this same condition. The fuel-air mixture discharged at
      the manifold end of the passageway 120 is fuel rich, but upon mixing with
      air passed through the throttle valve 128 attains a correct overall
      mixture strength. The area ratio of the duct cross section 130 to the
      nozzle minimum area 132 is a primary parameter in adjusting the fuel
      delivery characteristic. The idle fuel is drawn through the idle fuel tube
      122 from the normal idle orifice location 28 and then into the convergent
      section 134 where it mixed with the idle bypass air and then passes
      through the divergent section 136. Modulation of the suction or low
      pressure signal through the emulsion tube 138 is provided by the use of a
      suitable air modulation passageway such as that shown in FIG. 5 or by the
      air modulation system generally referred to in FIG. 3 as number 140 which
      is similar to the air bleed modulation system shown in FIG. 2. Delivery of
      the fuel from the tube 122 and the modulated bleed air is from the
      emulsion tube 138 and into the convergent portion 134 of the passageway
      120.
PAR  In addition, additional features may be provided to either of the
      carburetor idling systems of FIG. 2 or FIG. 3 to provide additional
      advantages. First, it has been found that a quantity of hot exhaust gas
      can be beneficially injected into the idle fuel-air mixture for even
      better atomization, and in the case of the vortex chamber of FIG. 2 to
      enhance the vortex motion. The injection of some exhaust gas into the
      engine is also known to have a suppression effect on the rate of
      combustion which reduces the level of nitrous oxides present in the
      exhaust. Exhaust gas can also be used to externally heat the idle air-fuel
      mixture with, or without using exhaust gas injection into the mixture, for
      greater efficiency. With a conventional carburetor it is not practical to
      preheat the idle mixture from within the carburetor with exhaust gases
      since this would overheat the entire carburetor assembly. In the
      embodiments of FIGS. 2 and 3, the idle fuel delivery system is removed
      from the main fuel supply, and the idle delivery may be remotely located
      and spaced downstream from valve 22 and thermally isolated to accommodate
      the use of exhaust injection and/or external exhaust heating without
      disturbing the parent carburetor, and to improve the distribution of idle
      air-fuel mixture.
PAR  Referring now to FIG. 2, hot exhaust gas may be transmitted from the
      exhaust manifold of the engine through a line 150 to the interior of the
      vortex chamber 42 to enhance the vortex motion and to heat the fuel-air
      mixture for better atomization and reducing the level of nitrous oxides in
      the engine. In addition, a heat exchanger 152 may be provided surrounding
      the exterior of the vortex chamber 52 having an inlet line 154 from the
      exhaust manifold and an outlet line 156 for externally heating the vortex
      chamber 42 for greater efficiency.
PAR  The embodiment of FIG. 3 may also utilize exhaust gas injection and/or
      external heating of the fuel-air mixture. Referring now to FIG. 3, a line
      160 may be provided from the exhaust manifold of the engine leading into
      the passageway 120 for supplying exhaust gas into the engine for the
      reasons previously given. In addition, the heat exchange jacket 162 may be
      provided around the passageway 120 having an inlet line 164 leading from
      the exhaust gas manifold and an outlet line 166 so as to place the
      fuel-air mixture passing through the passageway 120 in a heat exchange
      relationship with the exhaust gas.
PAR  As previously mentioned, it is desirable that the fuel-air ratio of each
      cylinder be precisely the same. To improve the balance of the fuel-air
      mixture to each of the cylinders, the embodiments of either FIG. 2 or 3
      may include passageways conducting the fuel-air mixture in equal streams
      to a position adjacent the intake ports of each cylinder. Referring now to
      FIG. 4, a parent carburetor 170 may be provided having a plurality of
      cylinders which in the case of the embodiment of FIG. 2 includes a
      plurality of fuel injection tubes 40 and vortex chambers 42 equal to the
      number of cylinders, and in the case of the embodiment of FIG. 3, includes
      a plurality of convergent-divergent passageways 120. In the case of an
      eight cylinder engine, passageways 172, 174, 176, 178, 180, 182, 184 and
      186 lead from the exhaust of each of the air fuel discharge outlets to a
      position above the intake port of each cylinder for proper proportioning
      of the idling fuel-air mixture to the engine. With delivery to each intake
      port, fine tuning of the mixture strength to each cylinder is provided,
      cancelling out small variations in the mixture ratio between the
      individual cylinders which are attributable to the manifold configuration,
      and which occurs despite good atomization prior to the idle fuel and bleed
      air mixture. With the individual intake port delivery system of FIG. 4, it
      is also possible through proper location and orientation of the delivery
      tubes immediately above each intake valve to achieve some degree of charge
      stratification within each cylinder which provides a beneficial effect
      with regard to engine exhaust emissions.
PAR  The present invention, therefore, is well adapted to carry out the objects
      and attain the ends and advantages mentioned as well as others inherent
      therein. While presently preferred embodiments of the invention have been
      given for the purpose of disclosure, numerous changes in the details of
      construction and arrangement of parts may be made which will readily
      suggest themselves to those skilled in the art and which are encompassed
      within the spirit of the invention and the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a carburetor for mixing air from an air intake and fuel from a fuel
      supply and having a throttle valve for an engine having an intake manifold
      and exhaust manifold, the improvement in an idling system comprising,
PA1  an idle fuel and off idle fuel delivery tube in communication with the fuel
      supply and leading into the carburetor downstream and spaced from and
      independently of the throttle valve,
PA1  an air modulation passageway one end of which is in communication with air
      and the second end of which is positioned adjacent the outlet of the idle
      fuel tube for controlling the air pressure at the fuel tube outlet for
      controlling the idle fuel flow rate,
PA1  said modulation passageway includes a variable opening, and
PA1  the modulation passageway includes a modulation slot opening into the
      passageway and positioned adjacent and coacts with the throttle valve.
NUM  2.
PAR  2. In a carburetor for mixing air from an air intake and fuel from a fuel
      supply and having a throttle valve for an engine having an intake manifold
      and exhaust manifold, the improvement in an idling system comprising,
PA1  an idle fuel and off idle fuel delivery tube in communication with the fuel
      supply and leading into the carburetor downstream and spaced from and
      independently of the throttle valve,
PA1  an air modulation passageway one end of which is in communication with air
      and the second end of which is positioned adjacent the outlet of the idle
      fuel tube for controlling the air pressure at the fuel tube outlet for
      controlling the idle fuel flow rate,
PA1  a vortex chamber having an air inlet and positioned at the outlet of the
      idle fuel tube for atomizing the fuel and air and including an orifice at
      the chamber outlet, a tail pipe connected to the outlet of the vortex, and
      said tail pipe having first and second sections, said first section being
      divergent and said second section being convergent, and said second
      section being downstream of said first section.
NUM  3.
PAR  3. In a carburetor for mixing air from an air intake and fuel supply and
      having a throttle valve for an engine having an intake manifold and
      exhaust manifold, the improvement in an idling system comprising,
PA1  an idle fuel tube in communication with the fuel supply and leading into
      the intake manifold downstream and spaced from the throttle valve,
PA1  an air modulation passageway one end of which is in communication with air
      and the second end of which is positioned adjacent the outlet of the idle
      fuel for controlling the air pressure at the fuel tube outlet thereby
      controlling the idle fuel flow rate, said modulation passageway including
      a variable opening,
PA1  a vortex chamber having an air inlet and positioned adjacent the outlet of
      the idle fuel tube for atomizing the fuel and air and having an orifice at
      the vortex chamber outlet,
PA1  a tail pipe connected to the orifice outlet of the vortex, and said tail
      pipe having first and second sections, said first section being divergent
      and said second section being convergent, and said second section being
      downstream of said first section.
NUM  4.
PAR  4. In a carburetor for mixing air from an air intake and fuel supply and
      having a throttle valve for an engine having an intake manifold and
      exhaust manifold, the improvement in an idling system comprising,
PA1  an idle fuel tube in communication with the fuel supply and leading into
      the intake manifold downstream and spaced from the throttle valve,
PA1  an air modulation passageway one end of which is in communication with air
      and the second end of which is positioned adjacent the outlet of the idle
      fuel for controlling the air pressure at the fuel tube outlet thereby
      controlling the idle fuel flow rate, said modulation passageway including
      a variable opening, said modulation passageway includes a modulation slot
      opening into the passageway and positioned adjacent and coacts with the
      throttle valve,
PA1  a vortex chamber having an air inlet and positioned adjacent the outlet of
      the idle fuel tube for atomizing the fuel and air, and
PA1  a tail pipe connected to the outlet of the vortex.
NUM  5.
PAR  5. The apparatus of claim 4 including,
PA1  a fuel-air mixture passageway leading from the tail pipe to a position
      adjacent each intake valve of each cylinder of the engine.
NUM  6.
PAR  6. The apparatus of claim 4 including,
PA1  an exhaust gas supply passageway leading from the exhaust manifold to a
      point in communication with the idle fuel prior to the discharge of the
      fuel to the intake manifold.
NUM  7.
PAR  7. The apparatus of claim 4 including,
PA1  heat exchange means between the exhaust manifold and the idle fuel and air
      mixture at a point prior to the discharge into the intake manifold.
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ABST
PAL  An apparatus for humidifying a gas, such as oxygen to be supplied for
      medicinal purposes, comprises a container for the humidifying liquid (e.g.
      water) and a mist-producing element which uses the flow of gas to induce a
      spray of the liquid into the gas space in the container in dependence upon
      the rate of gas flow.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an apparatus for humidifying a gas, such as oxygen
      for example, which apparatus comprises a container for the humidifying
      liquid and an inlet duct, leading into the container, for the gas which is
      to be humidifed.
PAR  2. Description of the Prior Art
PAR  Since oxygen used for medicinal purposes is stored in a very dry condition
      in steel cylinders from which it can be taken in controlled doses, the
      administration of such oxygen to patients would result in dangerous drying
      of the respiratory passages. For the purpose of humidification the gaseous
      oxygen is therefore passed before administration through an apparatus in
      which it is brought to a sufficient degree of relative humidity.
PAR  With customary apparatus of this kind however it has been found that with
      an increasing flow of gas per unit of time the attainable degree of
      relative gas humidity decreases so considerably that the respiratory
      passages of the patient nevertheless dry out.
PAC  SUMMARY OF THE INVENTION
PAR  The invention seeks to provide an apparatus for humidifying, in particular,
      dry oxygen gas, which is so constructed that the adjustable degree of
      humidification is achieved independently of the flow of gas per unit of
      time.
PAR  According to the present invention an apparatus for humidifying a gas
      comprises a container for the humidifying liquid and a supply duct,
      entering the said container, for the gas which is to be humidified,
      wherein the gas supply duct terminates in the container in a
      mist-producing element which comprises a core piece, an elastic jacket
      which lies tightly against the peripheral surface of the latter, and a
      sleeve surrounding the jacket, the supply duct entering the core piece and
      opening into a longitudinal groove on the peripheral surface of the core
      piece, which groove leads out into the container at one end of the jacket,
      while in the middle portion of its length a liquid suction duct entering
      the core piece from the liquid-containing region of the container opens
      transversely into the groove and in the sleeve there is dispoed opposite
      the groove an adjusting screw by means of which the cross-section of the
      groove for the passage of the gas can be adjusted, with the aid of the
      jacket, just before the opening of the liquid suction duct.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical axial section through the gas humidifying apparatus;
PAR  FIG. 2 a side-view of the core piece of the mist-producing element of the
      apparatus;
PAR  FIG. 3 an axial half-section corresponding to FIG. 2, and
PAR  FIG. 4 a cross-section on the line IV--IV in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The apparatus shown comprises a transparent cylindrical bottle 1 which
      serves as container for humidifying water 2 and humidified oxygen gas 3
      and which has a tightly closing cover 5 screwed onto its neck 4. The cover
      5 has an axial bore 6, to which are connected a connection 7, screwed in
      from the outside of the cover, for the admission of oxygen gas, and a
      mist-producing element 8 screwed in on the inside of the cover. The cover
      5 is provided with a discharge bore 9 for humidified oxygen, the bore
      having a lateral outlet.
PAR  The mist-producing element 8 comprises a core piece 10 having two bores 11
      and 12 for oxygen and humidifying water respectively, which bores enter
      axially on opposite sides and pass out radially and on the outer surface
      of the core piece lead into an axially parallel groove 13 at an axial
      distance from one another. The mist-producing element 8 also comprises an
      elastic jacket 14, which for example is made of rubber and which over a
      length slightly greater than the groove 13 lies tightly against the
      peripheral surface of the core piece 10, and a sleeve 15 which surrounds
      the jacket 14 and is secured against axial displacement on the core piece
      10 by means of a set screw 16. The peripheral surface of the core piece
      10, which is enclosed by the jacket 14, is cylindrical in the proximity of
      the groove 13 with the exception of a flattened portion 17.
PAR  By means of an adjusting screw 18 screwed from outside into the sleeve 15,
      the jacket 14 can be pressed to a greater or lesser extent against the
      groove 13 near the substantially capillary radial portion of the bore 12,
      between the mouths of the two bores 11 and 12 leading into the groove 13,
      so that the cross-section of the groove can be narrowed accordingly. The
      speed of flow of the oxygen gas and thus the suction pressure at the
      outlet of the bore 12 can be controlled in this manner, for the purpose of
      sucking humidified water through the suction pipe 19 connected to the core
      piece 10 and through the bore 12, and in order to effect the entraining of
      this water by the oxygen current and spraying it in the outlet end 20 of
      the groove 13, which end is widened in wedge shape in the direction of
      three sides. A drip collector pipe 21 fastened to the core piece 10 and
      coaxially surrounding the suction pipe 19 extends towards the surface of
      the water, which at most should stand at the marking 22, and effects the
      separation of drops of spray water deposited on the wall of the pipe and
      their return to the humidifying water. In the pipe 21 the expanded oxygen
      gas is saturated with the H.sub.2 O aerosol and passes into the bottle
      chamber above the humidifying water 2 and then through a slightly conical
      discharge bore 9 to a connected consumer apparatus.
PAR  With the apparatus described, for example with the regulating screw 18 at
      its optimum setting in dependence on the flow of oxygen, it can be ensured
      that with a flow of oxygen of 1 liter per minute the reduced pressure
      produced above the outlet of the bore 12 in the groove 13 will amount to
      15 millibars and with a flow of oxygen of 10 liters per minute it will
      amount to 150 millibars.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for humidifying a gas, which apparatus comprises a
      container for the humidifying liquid and a supply duct, entering the said
      container, for the gas which is to be humidified, wherein the gas supply
      duct terminates in the container in a mist-producing element which
      comprises a core piece, an elastic jacket which lies tightly against the
      peripheral surface of the latter, and a sleeve surrounding the jacket, the
      supply duct entering the core piece and opening into a longitudinal groove
      on the peripheral surface of the core piece, which groove leads out into
      the container at one end of the jacket, while in the middle portion of its
      length a liquid suction duct entering the core piece from the
      liquid-containing region of the container opens transversely into the
      groove, and in the sleeve there is disposed opposite the groove an
      adjusting screw by means of which the cross-section of the groove for the
      passage of the gas can be adjusted, with the aid of the jacket, just
      before the opening of the liquid suction duct.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein the opening of the liquid
      suction duct into the groove is disposed at the narrow end of a
      wedge-shaped widened portion of the groove, at which widened portion the
      side walls and also the bottom of the groove extend obliquely to the
      longitudinal direction of the groove.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein the peripheral surface of the
      core piece is mainly cylindrical but is flattened on both sides of the
      groove.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein a drip collection tube
      extending to the surface of the liquid in the container is connected to
      the sleeve, and the liquid suction duct outside the core piece is formed
      by a tube which is connected to the core piece and which extends almost to
      the bottom of the container.
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ABST
PAL  A cooling tower has circumferentially distributed inlet openings at the
      lower end for the entrance of cooling air and a central upper outlet
      opening. Cooling air flows through the tower, on the one hand,
      counter-currently to a medium to be cooled which flows in downward
      direction over a trickling unit (wet cooling section), and on the other
      hand, parallel thereto about heat-exchanger elements, flown through by a
      medium to be cooled (dry cooling section). The trickling unit and the
      heat-exchanger elements are separated from each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a cooling tower having circumferentially
      distributed inlet openings at the lower end for the entrance of cooling
      air and a central upper outlet opening, through which cooling air flows,
      on the one hand, countercurrently to a medium to be cooled with flows in
      downward direction over a trickling unit (wet cooling section), and on the
      other hand, parallel thereto about heat-exchanger elements, flown through
      by a medium to be cooled (dry cooling section), and in which the trickling
      unit and the heat-exchanger elements are separated from each other.
PAR  In a known cooling tower construction of the aforementioned kind, the wet
      cooling section and the dry cooling section are divided in a plurality of
      V-shaped sectors, as considered in horizontal cross section of the cooling
      tower, with the sectors of the wet cooling section alternating with those
      of the dry cooling section in circumferential direction of the tower.
      Separating walls between the alternating, successive sectors of the wet
      cooling section and the dry cooling section create passages, which
      diminish in cross section toward the central axis of the tower, through
      which the cooling air passes. Each sector of the wet cooling section is
      provided with a radially extending main channel and with normally thereto
      arranged auxiliary channels from which the medium to be cooled, in this
      case water, flows through openings in the bottom of the channels
      downwardly over trickling units in countercurrent to the upwardly flowing
      cooling air. The radial main channels and the normally arranged auxiliary
      channels extend nearly over the total horizontal cross section of each
      V-shaped sector of the wet cooling section. A collecting reservoir for the
      water is provided at the bottom of these sectors.
PAR  The sectors for the dry cooling section have channels of substantially open
      cross section which are only at the circumference of the tower provided
      with substantially vertically extending heat-exchanger elements. The
      updraft for the cooling air for the wet cooling section as well as for the
      dry cooling section is produced by a ventilator arranged above the
      aforementioned sectors on a central column.
PAR  An essential disadvantage of this known construction consists in that the
      heat-exchanger elements of the dry cooling section are arranged on the
      circumference of the cooling tower. Such an arrangement will be
      susceptible to the influence of wind passsing around the cooling tower
      since during passing of wind around the cooling tower a greatly varying
      pressure profile will be formed on the circumference of the tower. The
      influence of the wind passing around the cooling tower is further
      increased by the radial separating walls between the sectors of the wet
      cooling section and the dry cooling section. Such separating walls are,
      however, absolutely necessary in this known cooling tower construction
      since otherwise the cooling surfaces of the dry cooling section may be
      wetted with contaminated water. In addition, the necessary radial
      separating walls evidently increase the production costs of such a cooling
      water considerably.
PAR  In this known construction it is also necessary to provide separate air
      inlet openings for the sectors of the wet cooling section as well as for
      the sectors of the dry cooling section. Such different air inlet openings
      are difficult to realize constructively and this is an additional
      considerable disadvantage of the known cooling tower construction.
      Furthermore, due to the alternating arrangement of sectors for the wet
      cooling section and sectors for the dry cooling section, the arrangement
      of the necessary conduits, especially for the dry cooling section, will be
      complicated and expensive. In addition, the collecting container for the
      water to be cooled in the wet cooling section will necessarily extend
      substantially over the whole cross section of the cooling tower, which
      likewise increases its production costs.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a cooling tower with a
      wet cooling section and a dry cooling section which overcomes the above
      described disadvantages of such cooling towers known in the art.
PAR  It is a further object of the present invention to provide a cooling tower
      of the aforementioned kind having a wet cooling section and a dry cooling
      section over which the cooling air flows in parallel streams, which can be
      manufactured at a considerably lower cost than the above described cooling
      tower known in the art.
PAR  It is a further object of the present invention to provide a cooling tower
      of the aforementioned kind with an improved operating characteristic and
      in which formation of vapor clouds emanating from the tower is
      substantially prevented.
PAR  With these and other objects in view, which will become apparent as the
      description proceeds, the cooling tower according to the present invention
      having an upper open outlet end and a plurality of air inlet openings at
      the lower end thereof, is provided with a central cooling shaft coaxially
      arranged within the cooling tower and defining between its outer surface
      and the inner surface of the cooling tower an annular space in which a
      plurality of radially extending heat-exchanger elements are provided in a
      plurality of concentric rings in a substantially bowl-shaped arrangement
      starting above the air inlet openings in the cooling tower and gradually
      sloping downwardly toward the central cooling shaft, whereas a trickling
      unit is arranged extending transverse through the central shaft over which
      a medium to be cooled is adapted to flow in downward direction so that
      cooling air will flow in one stream countercurrently to the flow of the
      medium to be cooled over the trickling unit and in an other stream
      parallel thereto over the heat-exchanger elements.
PAR  The construction of the present invention has the advantage that no
      heat-exchanger elements are provided directly at the circumference of the
      cooling tower so that the greatly different pressure profile around the
      cooling tower during passage of winds about the same will have no
      influence on the performance of the heat-exchanger elements. The cooling
      air can enter freely in radial direction through the air inlet openings
      provided circumferentially at the lower end of the cooling tower and the
      cooling air passes without hindrance to the heat-exchanger elements
      arranged in the annular space between the central cooling shaft and the
      tower as well as to the inlet openings of the central cooling shaft.
      Thereby the reduction of the cross section of the passage for the
      inflowing cooling air beneath the bowl-shaped, toward the center of the
      cooling tower inclined arrangement of the heat-exchanger elements will be
      advantageous for the uniform impingement of cooling air onto the
      heat-exchanger elements. Separating walls for separately guiding the air
      to wet cooling sectors or dry cooling sectors become unnecessary, which
      evidently considerably reduces the production cost of the cooling tower
      according to the present invention.
PAR  The central arrangement of the wet cooling shaft makes it also possible to
      arrange the collecting container only in the central cooling shaft below
      the trickling unit therein. This will likewise reduce the production cost
      of the cooling tower. According to the present invention, it is also
      possible to arrange the trickling unit in the central cooling shaft at an
      optimium height. An influence of the wet cooling section onto the dry
      section is thereby avoided. The necessary support construction for the
      trickling unit can be thereby reduced and in addition the height to which
      the medium to be passed over the trickling unit has to be pumped can
      likewise be lowered.
PAR  The heat-exchanger elements in the dry cooling section are preferably roof
      shaped with conduits provided with cooling ribs. The radial arrangement of
      the heat-exchanger elements in individual concentric rings and the
      bowl-shaped, toward the central axis of the cooling tower declining,
      arrangement of the rings will assure an efficient use of the available
      room in the tower and therewith an especially high efficiency.
PAR  Due to the concentric arrangement of the wet cooling section and the dry
      cooling section, the moisture laden warm air from the wet cooling section
      will be surrounded by a layer of dry warm air. This will assure that
      formation of vapor clouds at the outlet end of the cooling tower will be
      positively prevented, an advantage derivable from cooling towers of the
      known art only during favorable weather conditions, that is, at elevated
      outer temperatures and a relatively low air humidity. Since in the
      arrangement according to the present invention a greater volume of air
      passes through the dry cooling section and this air passing through the
      dry cooling section will surround the air passing through the wet cooling
      section the formation of vapor clouds will be positively prevented
      independent of the season.
PAR  An especially advantageous arrangement according to the present invention
      is obtained by arranging the trickling unit in the central cooling shaft
      at an elevation at which the inner, that is the lowest heat-exchanger
      element ring is arranged. This will assure an advantageous location of the
      trickling unit without influencing the dry cooling section and which, as
      mentioned above, reduces also the support construction for the trickling
      unit and the height to which the medium to be cooled has to be pumped.
PAR  A further feature of the present invention consists of providing a
      ventilator rotatable about a vertical axis above the trickling unit in the
      central wet cooling shaft to thereby increase the updraft of the air
      passing through the cooling tower. The additional advantages derivable
      from such an arrangement is that the air streams which pass upwardly
      through the wet cooling section and the dry cooling section are
      intensively mixed with each other which further reduces the possibility of
      any cloud formations at the upper end of the cooling tower. The use of
      such a ventilator will assure further that the dimension of the wet
      cooling section may be reduced while producing the same cooling effect.
      The provision of a ventilator will additionally provide for any desired
      regulation during change of the heat load between the wet cooling section
      and the dry cooling section.
PAR  The invention is, of course, not limited to the arrangement of a single
      ventilator in the wet cooling shaft, but in accordance with the use of the
      cooling tower it can be advantageous to provide two or more ventilators
      rotating about vertical axes in the wet cooling shaft.
PAR  According to a further feature of the present invention, the upper outlet
      opening of the central wet cooling shaft is arranged above the air inlet
      openings in the wall of the cooling tower. This will further increase
      mixing of the warm air streams passing upwardly through the wet cooling
      section and the dry cooling section. The mixing of the dry air stream with
      the air stream saturated with humidity is further improved by gradually
      increasing the cross-section of the central wet cooling shaft toward the
      upper outlet opening thereof. In this way, the wall of the outer cooling
      tower and that of the wet cooling shaft are curved in opposite directions
      to assure thereby that the air streams passing therethrough will cross
      each other.
PAR  The intimate mixing of the warm air streams emanating from the wet cooling
      section and the dry cooling section can be further improved by providing
      air guide means in the region of the upper open end of the cooling shaft
      for imparting to the stream of air passing therethrough an outwardly
      curving movement.
PAR  Depending on the season of the year and also dependent on the amount and
      the temperature of the medium to be cooled, whereby for instance in the
      wet cooling section another medium may be cooled than in the dry cooling
      section, it may be advantageous, in order to obtain the best heat exchange
      effect, to vary the cooling effect obtainable from the dry cooling section
      and the wet cooling section. For this purpose, a plurality of openings
      which are closeable by louvres are provided in a preferred arrangement
      according to the present invention in the region between the trickling
      unit and the ventilator or ventilators arranged above the same and it is
      further advantageous to provide such louvres at the inlet openings
      provided at the lower end of the central cooling shaft so that these air
      inlet openings for the central cooling shaft may be closed by such
      louvres.
PAR  During parallel operation of the wet cooling section and the dry cooling
      section, the louvres in the region between the ventilator, respectively
      ventilators, and the trickling unit are closed and the louvres in the air
      inlet openings of the central shaft below the trickling unit are opened.
      If the louvres at the air inlet opening of the central shaft are closed
      and the louvres in the wall of the central shaft between the trickling
      unit and the ventilator, respectively the ventilators, are opened, then
      the cooling tower may be operated strictly as dry cooling tower. By
      arranging the elevation of the ventilator, or the ventilators, above the
      trickling units, that is above at least the inner, i.e., the lowest of the
      heat-exchanger element rings it is possible to expedite a part of the
      already warmed-up air of the dry cooling section to thus support the
      updraft of the warmed air. Of course during such use, feeding of the
      medium to be cooled to the trickling unit has to be interrupted. The
      warmed-up air located above the inner heat-exchanger elements of the dry
      cooling section is drawn by the ventilator or ventilators in part through
      the upper open louvres into the central cooling shaft and thereby
      accelerated. Due to the withdrawal of warm air from above the
      heat-exchanger elements, the updraft of the total air stream is
      accelerated so that the flow of air to the heat-exchanger elements is
      increased and the heat exchange thus produced is considerably improved.
PAR  According to a further feature of the present invention, the median
      diameter of the central shaft is about a third to a sixth of the diameter
      of the cooling tower in the region of the air inlet openings of the
      latter.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial cross-sectioned side view of the cooling tower
      arrangement according to the present invention;
PAR  FIG. 2 is a horizontal cross-section through half of the cooling tower
      taken along line II--II of FIG. 1, as viewed in the direction of the
      arrow; and
PAR  FIG. 3 is a view similar to FIG. 1 and showing a modified arrangement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The cooling tower arrangement according to the present invention, which is
      only schematically illustrated in FIGS. 1 and 2, comprises a cooling tower
      1 of known cross-section which is preferably constructed from reinforced
      concrete. The cooling tower 1 is over a major part of its height closed in
      circumferential direction and provided only in the region of its lower end
      with a support construction 2 which forms a plurality of air inlet
      openings 3 in the wall 4 of the cooling tower through which cooling air
      may enter in radial direction into the interior of the cooling tower. The
      cooling air entering the cooling tower will be warmed up, as will be
      pointed out in the following description, and passes in upward direction
      through the cooling tower to leave the latter through an upper central
      outlet opening 5.
PAR  Coaxially arranged with the longitudinal axis 6 of the cooling tower is a
      central wet cooling shaft 7. The height of the shaft 7 is so dimensioned
      that its upper outlet opening 8 is arranged at a level above the upper
      ends of the air inlet openings 3 provided in the cooling tower.
PAR  The central shaft 7 may likewise be constructed from reinforced concrete,
      but other material may also be used for its construction. The wall 9 of
      the central shaft 7 is provided in the lower region thereof with openings
      10 which may be closed by louvres located at this region. A trickling unit
      12 of known, and therefore not detailedly described, construction extends
      transversely through the open cross-section of the central shaft 7 above
      the openings 10 and the medium to be cooled is supplied by conduits, not
      shown, to trickle downwardly over the trickling unit 12 in countercurrent
      direction to the cooling air passing laterally through the openings 10 and
      upwardly through the central cooling shaft.
PAR  A ventilator 13 rotatable about a vertical axis is arranged upwardly spaced
      from the trickling unit 12 and the outer diameter of the ventilator is
      only slightly smaller than the inner diameter of the central shaft 7 in
      the region at which the ventilator is arranged.
PAR  The wall 9 of the shaft 7 is additionally provided with openings 14 in the
      region between the ventilator 13 and the trickling unit 12, and louvres 15
      are arranged also in the openings 14 so that the latter may be closed if
      desired. In FIG. 1 the louvres 11 as well as the louvres 15 are shown in
      open position. The louvres 11 as well as the louvres 15 may be moved from
      the open to the closed position by actuating means well known in the art
      and not illustrated in the drawing in order not to complicate the drawing
      unnecessarily.
PAR  The vertical cross-section of the central shaft 7 is dimensioned in such a
      manner that it increases gradually towards the upper outlet end thereof.
PAR  The heat-exchanger elements 16 of the dry cooling section of the cooling
      tower arrangement are located in the annular space between the wall 4 of
      the cooling tower and the central shaft 7. Each of the heat-exchanger
      elements 16 is in substantially gable roof form with the two sides of the
      cooling element formed by inclined conduits provided with cooling ribs
      These conduits are at the head and foot ends connected with each other by
      distributing, respectively, collecting chambers. The cooling elements 16
      are substantially radially arranged in three concentric rings A, B and C,
      and the conduits for feeding the medium to be cooled into the cooling
      elements 16 are not shown in the drawing.
PAR  The three concentric rings A, B, C are mounted in a substantially
      bowl-shaped, towards the central axis 6 inclined, arrangement. The outer
      ends of the heat-exchanger elements 16 in the outer ring A are thereby
      located above the inlet openings 3 for the cooling air provided in the
      wall 4 of the cooling tower. The heat-exchanger elements of the three
      rings are mounted on supports 17. The conduits for feeding the medium to
      be cooled and for discharging the medium from the heat-exchanger elements
      may be mounted on the supports 17 and the conduit for feeding the medium
      to be cooled to the upper ends of the heat-exchanger elements 16 of the
      outer ring A may be supported on the wall 4 of the cooling tower. On the
      other hand, the collecting chamber of the outermost ring A may be directly
      connected to the distributing chamber of the heat-exchanger elements in
      the ring B and the collecting chamber of the latter may be connected to
      the distributing chamber of the innermost ring C while the conduit for
      discharging the cooled medium from the collecting chamber of the ring C
      would then be supported on the innermost of the support 17. The cooling
      medium discharged from the inner ring C may then be passed over the
      trickling unit 12 in the central shaft 7, but on the other hand, it is
      also possible to feed different mediums to be cooled through the
      heat-exchanger elements 16 and over the trickling unit 12.
PAR  The above described cooling tower arrangement may be operated in two
      different ways. By closing the louvres 15 in the central shaft 7 above the
      trickling unit 12, cooling air will pass upwardly between the
      heat-exchanger elements 16 due to the natural draft provided by the
      cooling tower and at the same time cooling air will be forced upwardly
      through the trickling unit 12, when the louvres 11 are in the open
      position, by the ventilator 13 arranged above the trickling unit 12 in the
      central shaft. On the other hand, depending on the season of the year,
      respectively depending on the amount and the temperature of the medium to
      be cooled, it is also possible to close the louvres 11 located below the
      trickling unit 12 while keeping the louvres 15 above the trickling unit 12
      in open position so that only the dry section of the cooling tower will be
      in operation. If during such operation the ventilator 13 is kept running,
      then the warmed-up air above the heat-exchanger elements is at least in
      the region of the inner ring C sucked partly through the openings 14 by
      the ventilator 13 so that an accelerated updraft of air and therewith
      improved heat exchange is obtained. Of course, it is also possible to
      close or open the louvres 11 and 15 to a varying degree to vary thereby
      the cooling effect provided by the wet cooling section, respectively the
      dry cooling section, in any desired manner.
PAR  It is also possible to provide the heat-exchanger elements 16 with
      adjustable louvres to vary impingement of the cooling air on the
      heat-exchanger elements in any desired manner.
PAR  A collecting container 18 for collecting the medium trickling downwardly
      over the trickling unit 12 is provided at the bottom of the central shaft
      7 from which the cooling medium may be discharged through a conduit, not
      shown in FIG. 1, in which a pump may be arranged for pumping the cooled
      medium to any desired location.
PAR  FIG. 3 illustrates in a partly sectioned side view a modification of the
      above described cooling tower arrangement.
PAR  The modification illustrated in FIG. 3 differs from the above described
      arrangement in that two ventilators 13, rotatable about vertical axes, are
      arranged in the central shaft 7. This central shaft 7 is further provided
      at its upper outlet end with annular or spirally arranged outwardly
      curving air guide vanes 20 so as to deflect the air stream passing
      therebetween in outward direction as indicated by the arrow b, so that the
      air stream forced upwardly by the ventilators 13 through the central shaft
      will cross the air stream passing in the direction as indicatd by the
      arrow c upwardly in the annular space between the wall 4 of the cooling
      tower 1 and the wall 9 of the central shaft 7, whereby the moisture laden
      air stream passing through the central shaft 7 is thoroughly mixed with
      the substantially dry air stream passing through the annular space between
      the walls 4 and 9.
PAR  FIG. 3 also schematically illustrates the conduit 21 for discharging the
      cooled medium from the collecting container 18 and a pump 22 located in
      the conduit 21 for pumping the cooled medium to any desired location.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      cooling tower arrangement differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      cooling tower arrangement provided with a central cooling shaft, it is not
      intended to be limited to the details shown, since various modifications
      and structural changes may be made without departing in any way from the
      spirt of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A cooling tower arrangement comprising a cooling tower having an upper
      open end and a plurality of air inlet openings at the lower end; a central
      cooling shaft coaxially arranged within the cooling tower and defining
      between its outer surface and the inner surface of the cooling tower an
      annular space, said cooling shaft having an upper open end and a plurality
      of inlet openings at the lower end thereof; a plurality of heat-exchanger
      elements to be flown through by a medium to be cooled being arranged in
      said annular space in a plurality of concentric rings and extending in
      each ring in substantially radial direction and downwardly inclined toward
      said central shaft with the radially outermost ends of the heat-exchanger
      elements in the outermost ring located above said air inlet openings in
      the tower and with the radially innermost ends of the heat-exchanger
      elements of the innermost ring located at the inlet openings of the shaft
      so that the plurality of said heat-exchanger elements form a bowl-shaped
      arrangement in said annular space curving downwardly towards said shaft;
      and a trickling unit extending transverse through said central shaft in
      the region of said inlet openings therein over which a medium to be cooled
      is adapted to flow in downward direction so that cooling air will flow in
      one stream countercurrently to the flow of the medium to be cooled over
      said trickling unit and in an outer stream parallel to said one stream
      over said heat-exchanger elements.
NUM  2.
PAR  2. A cooling tower arrangement as defined in claim 1, wherein said
      trickling unit is arranged at an elevation substantially equal to that of
      the heat-exchanger elements in the innermost ring.
NUM  3.
PAR  3. A cooling tower arrangement as defined in claim 1, and including a
      ventilator rotatable about a vertical axis in said central cooling shaft
      above said trickling unit therein.
NUM  4.
PAR  4. A cooling tower arrangement as defined in claim 1, and including at
      least two ventilators arranged rotatable about vertical axes in said
      central cooling shaft above said trickling unit therein.
NUM  5.
PAR  5. A cooling tower arrangement as defined in claim 1, wherein the upper
      open end of said central cooling shaft is located at a higher elevation
      than the air inlet openings of the cooling tower.
NUM  6.
PAR  6. A cooling tower arrangement as defined in claim 1, wherein the open
      cross-section of said central cooling shaft increases towards the upper
      open end thereof.
NUM  7.
PAR  7. A cooling tower arrangement as defined in claim 1, and including air
      guide means in the region of the upper open end of said central shaft for
      imparting to the stream of cooling air passing therethrough an outwardly
      inclined direction to intimately mix the moisture laden air emanating from
      said cooling shaft with the substantially dry air passing upwardly through
      said annular space.
NUM  8.
PAR  8. A cooling tower arrangement as defined in claim 3, wherein said central
      cooling shaft is provided in the region between said trickling unit and
      said ventilator with openings, and including louvres in said openings
      movable between an open and a closed position.
NUM  9.
PAR  9. A cooling tower arrangement as defined in claim 1, and including louvres
      in said air inlet openings at the lower end of said central cooling shaft
      movable between an open and a closed position.
NUM  10.
PAR  10. A cooling tower arrangement as defined in claim 1, wherein the median
      inner diameter of said central cooling shaft is about one-third to
      one-sixth of the inner diameter of the tower in the region of the air
      inlet openings of the latter.
NUM  11.
PAR  11. A cooling tower arrangement as defined in claim 1, and including a
      liquid collecting container at the bottom of said central cooling shaft.
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ABST
PAL  A terpolymer plastic lens having equal or greater light transmission,
      greater hardness and scratch resistance equal to the monomers used in
      prior art plastic lenses is obtained by the co-polymerization of
      diethylene glycol bis (allyl carbonate), methyl methacrylate and
      methacrylic acid or acrylic acid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a cross-linkable terpolymer that is
      polymerized and solidified by heat curing and, more specifically, to a
      terpolymer suitable for use as lenses in eye glasses.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Plastic lenses are old in the art and conventionally have been made from
      polycarbonate resins such as diethylene glycol bis (allyl carbonate) which
      is known commercially in its monomeric form as allyl diglycol carbonate
      and in either its monomeric or polymerized form as CR-39. It therefore
      should be understood that the use of any of these terms are commonly
      accepted identifying the same monomer by those in the art.
PAR  Because of the clarity, high strength and high impact resistance of CR-39,
      it is suitable for use in plastic lenses for eye glasses. The CR-39 is not
      only suitable for lenses for eye glasses but is widely preferred and
      virtually exclusively used because of its high resistance to
      discolorization and its resistance to warping or distortion. A more
      complete description of this type of monomer and the manufacture of this
      type of plastic lenses can be found in the prior art Beattle U.S. Pat. No.
      2,542,386. Still another material used for lenses for eye glasses is
      described in the prior art Emerson et al U.S. Pat. No. 3,297,422 which
      suggests the use of methyl methacrylate monomer. Still other copolymers of
      methyl methacrylate and CR-39 are known.
PAR  The present invention relates to improvements in plastic lenses by the
      discovery that a terpolymer of allyl diglycol carbonate, a saturated alkyl
      ester of methacrylic acid such alkyl group having from between one and
      twelve carbon atoms in the chain, and an acid selected from the group
      consisting of methacrylic acid and acrylic acid produce polymers useful as
      lenses which are capable of being mass produced as well as having improved
      characteristics over the prior art monomer and co-polymer lenses.
PAR  While the manufacture of formulation of a composition of a monomer for
      preparing a lens is well known, the process for mass production of a lens
      comprised of a polymer consisting of two or more monomers has been
      extremely difficult due to the problem of erratic release of the plastic
      lens from the glass mold. The problem of release involves the control of
      the adherence of the surface of the plastic lens to the surface of the
      mold. To obtain high yields, the adherence of the surface of the plastic
      lens to the surface of the glass mold must be sufficient to hold the
      plastic lens to the glass mold through the curing stage, but weak enough
      to allow easy separating after curing.
PAR  In order to manufacture plastic lenses for optical use, one usually casts
      the plastic lens in a glass mold which has the desired curvature therein.
      One of the problems with the use of two or more monomers to form a plastic
      lens is that it has been extremely difficult to control the release of the
      lens from the glass mold. One prior art method used to control the release
      is the use of surface lubricants such as stearic acid or Ortholeum 162
      (tradename). However, to date, the known lubricants of this type have not
      provided the consistent release of the lenses from the mold and
      consequently the yield has been poor. That is, there is a tendency of the
      lens to release erratically from the mold by either releasing from the
      mold too soon or not releasing at all. If the lens releases too soon,
      i.e., before the curing is completed, the lens may crack thus rendering
      the lens unsuitable for optical purposes. On the other hand, if the lens
      does not release easily after curing, one can ruin both the plastic lens
      and the glass mold by attempting to physically separate the plastic lens
      from the glass mold. In either case, the lens may be ruined and rendered
      unsuitable for use as a plastic lens for eye glasses. The strange part of
      this phenomena of release is that the use of additives which are known to
      act as lubricants by decreasing the adherence of the surface of the glass
      mold to the surface of the plastic do not yield consistent results. That
      is, the amount of lubricant can be held constant with identical polymers
      and in one case the lens may not release from the mold and in the other
      case the lens may release from the mold prior to completion of the curing.
      Thus, while the lens is of optical quality without this third monomer, one
      cannot obtain high consistent yields unless the third monomer is used.
PAR  The present invention is the discovery that the addition of acrylic acid or
      methacrylic acid in minor amounts produces a terpolymer that still has the
      desired optical qualities for use in eye glasses yet provides high yields
      because the lens consistently releases from the surface of the glass mold
      at the proper time or can easily be forced to release. The consistent
      release is somewhat surprising in that the acrylic and methacrylic acid
      are believed to increase the adherence of the surface of the glass mold to
      the surface of the plastic lens. It will be recalled that one aspect of
      the problems was the tendency of the surface of the glass mold to adhere
      too strongly to the surface of the plastic lens. Nevertheless, the
      addition of the third monomer in the polymeric mass has been found to
      solve both the problem of pre-release or over-adherence of the lens to the
      mold. A further advantage is that the use of methacrylic acid as a third
      monomer has been found to increase the hardness of the lens without having
      any adverse effects on the other optical properties of the lens such as
      abrasion resistance and optical clarity.
PAC  Summary of the Invention
PAR  Briefly, the invention comprises the discovery that one can mass produce
      plastic lenses with high yields without sacrificing the optical
      characteristics of the lens.
PAR  In another feature, the invention comprises the discovery that the addition
      of 1/2 to 5% by weight of an acid selected from the group consisting of
      acrylic acid and methacrylic acid to a reactant mixture lens comprised of
      allyl diglycol carbonate and methyl methacrylate consistently yields
      lenses of optical quality.
PAC  Description of the Preferred Process
PAR  While increasing the concentration of methyl methacrylate produces
      improvements in certain physical parameters, notably impact resistance,
      tensile strength and hardness, other factors which are not readily
      measurable have demonstrated that if the methyl methacrylate is about 10
      to 12% by weight and the allyl diglycol carbonate comprises the balance of
      about 90 to 88% by weight, we obtain a lens of superior optical quality if
      we maintain the concentration of the copolymers within this range. The
      basis for the above percentage being suitable for plastic lenses is based
      primarily on visual inspection and interpretation of abrasion tests. That
      is, there are various types of abrasion resistance tests that can be
      performed on the plastic lens, however, none of them are very well suited
      for measuring the scratch or abrasion resistance of a lens under actual
      use. It has been found that one of the most simple tests, namely, lightly
      rubbing a pencil eraser over the surface of the lens a predetermined
      number of times produces the best indication of the scratch resistance of
      a lens in actual use. While no absolute measurements of the abrasion
      resistance are obtained, one can make a fairly accurate visual comparison
      between different lenses. It is this analysis that has led to the
      determination that a lens having about 10 to 12% methyl methacrylate and
      balance of about 90 to 88% by weight of diethylene glycol bis (allyl
      carbonate) is the most preferred polymer for use in eye glasses because of
      the excellent optical characteristics. Nevertheless, a plastic lens having
      as low as 0% methyl methacrylate to as high as 50% methyl methacrylate has
      optical characteristics which allow it to be used as a plastic lens.
PAR  The heart of the present invention involves the discovery that adding a
      third monomer selected from the group consisting of acrylic acid and
      methacrylic acid to form a terpolymer with allyl diglycol carbonate and
      methyl methacrylate does not have a detrimental effect on the optical
      characteristics of the plastic lens yet it eliminates the problems of
      erratic release of the lens from the mold to allow one to mass produce the
      plastic lenses.
PAR  In order to more fully describe the process, the following examples are
      included herewith.
PAR  Typically, the lenses are cast in blanks which are approximately 1/4  inch
      thick and have a diameter of about 21/2  inches with one surface convex
      and the other surface concave. This particular shape is required so that
      the lens blank can be ground to the proper prescription. The casing of
      this shape lens with monomers such as CR-39 is shown and described in the
      prior art Beattle U.S Pat. No. 2,542,386.
DETD
PAC  EXAMPLE 1
PAR  In order to manufacture a lens suitable for use in an eye glass, one
      prepares and mixes a solution of 12 parts by weight of methyl methacrylate
      containing 1.25% by weight of benzoyl peroxide and 0.15% by weight of a UV
      absorber such as p-methoxybenzylidene malonic acid dimethyl ester. After
      the solution has been mixed it is dried by placing about 50 grams of
      anhydrous sodium sulfate per 1000 ml of solution. Typically, a minimum of
      50 grams of anhydrous sodium sulfate per 500 ml of solution is sufficient
      to remove any water which may be in the solution. Next, one vacuum filters
      the solution through filter paper to remove the sodium sulfate. Next, 10
      parts per million (by weight) of a lubricant such as Ortholeum 162 are
      stirred into the solution. At this point a reactant mixture is prepared
      containing the 12 parts by weight of the solution of methyl methacrylate,
      88 parts by weight of diethylene glycol bis (allyl carbonate) and with
      1/2% of acrylic acid being stirred into the solution. The solution and the
      container are then placed in a vacuum chamber where the air is removed.
      This serves to remove the air bubbles in the solution thus eliminating the
      possibility of the plastic lens having internal air bubbles. Next, the
      evacuated container is pressurized with nitrogen at about 15 psi. After
      pressurizing the container with nitrogen the solution is then forced under
      pressure into the molds. Once the solution is in the molds the mold is
      placed in an oven at 65.degree. C. for a minimum of about 3 hours followed
      by raising the temperature from 65.degree.-75.degree. C. in a minimum of
      about 4 hours which is followed by raising the temperature from 75.degree.
      C. to 100.degree. C. in a minimum of about 10 hours, whereupon the molds
      are removed from the oven and allowed to cool at room temperature.
PAC  EXAMPLE 2
PAR  Additional lenses were cast according to the process of Example 1 except
      that the amounts of acrylic acid present were increased up to 5.0% by
      weight by using .5%, 1%, 1.5%, 1.65%, 1.75%, 1.85%, 2.0%, 3.0% and 5.0%
      acrylic acid. In all cases the plastic lens exhibited optical
      characteristics as good or better than copolymers and without any problems
      of pre-release from the mold or adherence of the lens to the mold except
      in the case of 5.0% acrylic acid which adhered very strongly to the mold.
PAC  EXAMPLE 3
PAR  Additional lenses of Example 2 were repeated with the exception that
      methacrylic acid was utilized in lieu of the acrylic acid. The amounts of
      methacrylic acid were .5%, 1%, 1.5%, 1.65%, 1.75%, 1.85%, 2.0%, 3.0% and
      5.0%. The lenses all exhibited excellent optical characteristics without
      pre-release from the mold or adherence to the mold except in the case of
      5.0% methacrylic acid which was slightly yellow and released with
      difficulty. In addition, the lens containing methacrylic acid in the
      polymer generally had a hardness of 12.5 to 13 based on a diamond pyramid
      hardness using 500 grams with a 136.degree. diamond head. Approximately
      500 lenses were cast according to Example 1, Example 2 and Example 3
      without a single failure due to pre-release or over adherence of the lens
      to the mold.
PAC  EXAMPLE 4
PAR  Additional lenses were cast according to the process of Examples 1 and 2
      except that the methyl methacrylate component in the methyl methacrylate
      allyl diglycol carbonate portion of the terpolymer ranged from 10 to 50%
      in 10% graduations and the allyl diglycol carbonate balance ranged from 90
      to 50%. No adverse effect of optical characteristics as a result of the
      acrylic or methacrylic acid were observed yet the yield was in excess of
      99%.
PAR  In order to obtain a clean release of the lens from the mold, initially
      only a lubricant was added to the mixture. Typical well known lubricants
      for use in such an application are the mono alkyl phosphates and the
      dialkyl phosphates or the mixtures thereof which are sold under the
      tradenames Ortholeum 162 or Zelec U.N. Another suitable lubricant is not
      necessary to the invention to enhance the optical characteristics of the
      lens for eye glasses but merely aids in stripping the lens from the mold.
      In fact, impurities in the mixutre such as dirt or dust which may be
      present in the solution can also act as a lubricant to assist in release
      of the lens from the mold, however, these types of lubricants are
      generally not desirable because of the residue that remains in the lens,
      however, the lubricant alone has not been sufficient to produce high
      yields.
PAR  Further tests were also conducted in which the lubricant was varied from 0
      parts per million to 25 parts per million. With less than 6 parts per
      million of lubricant there was a greater tendency of the polymerized lens
      to adhere to the mold causing difficulty in removing the mold from the
      polymerized lens and with lubricants less than 2 parts per million the
      number of pullouts greatly increased. However, the lens itself was still
      of optical quality if the mold could be carefully stripped from the lens.
      While it has been found that no particular lubricant produces better
      release from the mold, it has been found that using a lubricant in excess
      of 20 parts per million may cause pre-release of the lens from the mold
      which renders the polymerized lens unsuitable for optical use.
PAR  Even after the use of lubricants in the preferred range, it was found that
      the yield of usable lenses was less than acceptable because of lack of
      consistency. That is, the cost per usable lens was sufficiently high so as
      to render the process and lens too costly except for custom use. At this
      point, we discovered that we could increase the yield of the lens by
      adding a third monomer to the mixture. The benefits from the addition of
      the third monomer were threefold; the first being there was no adverse
      effect on the optical characteristics of the lens such as clarity,
      hardness or abrasion resistance; the second benefit was that the hardness
      actually increased about one unit with the third monomer; and the third
      benefit was that the yield of usable lens was in excess of 99% as opposed
      to about 50% without the third monomer.
PAR  Generally, to manufacture our improved lenses the polymerization mixture is
      prepared by mixing the allyl diglycol carbonate monomer with the
      methacrylate ester and a catalyzer such as benzoyl peroxide, acetyl
      peroxide or isopropyl percarbonate. However, the benzoyl peroxide catalyst
      is preferred because it produces a substantially harder lens when used
      with the preferred ratio of the two monomers. More specifically, a
      suitable range of benzoyl peroxide is about 1.0 to 1.5% by weight with
      1.25% by weight of the total polymer mixture being optimum. While we have
      described our preferred amount of catalyst, it should be understood that
      more or less amounts of catalyst will work but that the terpolymer does
      not consistently meet the characteristics required for clear, hard,
      plastic lenses if the amount of catalyst is increased or decreased beyond
      the preferred ranges.
PAR  Generally, all plastics are damaged in one way or another by degradation
      due to the ultra violet portion of the light radiation from the sun.
      However, our polymer mixture is suitable for use in eye glasses without
      any UV absorbers but in the event further long term protection against
      degradation is desired, UV absorbers are available for incorporation in
      the reactant mixture. Typically, the UV absorbers are added in small
      concentration of less than one-half percent. Examples of some well known
      compounds used as UV absorbers are benzophones, benzotriazoles,
      substituted acrylonitriles and phenol-nickel complexes. In the present
      invention it is preferred to use p-methoxybenzylidene malonic acid
      dimethyl ester as a UV absorber preferably in an amount of about 0.2%.
PAC  EXAMPLE 5
PAR  Further tests were conducted in accordance with the procedure of Example 1
      in which the only components of the mixture were the diethylene glycol bis
      (allyl carbonate) O[CH.sub.2 CH.sub.2 OCOO(C.sub.3 H.sub.5)].sub.2, methyl
      methacrylate CH.sub.2 : C(CH.sub.3)COOCH.sub.3 an acid selected from the
      group consisting of acrylic acid and methacrylic acid, and benzoyl
      peroxide (C.sub.6 H.sub.5 CO).sub.2 O.sub.2. In these tests the amounts of
      diethylene glycol bis (allyl carbonate) present in the diethylene glycol
      bis (allyl carbonate) methyl methacrylate portion were varied from 50 to
      90% in 10% increments and the methyl methacrylate balance was varied from
      10 to 50% with the catalyst benzoyl peroxide being varied from 1.0 to 1.5%
      by weight of the mixture of methyl methacrylate and diethylene glycol bis
      (allyl carbonate). The acrylic acid and methacrylic acid ranged from 1/2
      to 5% by weight of the mixture. The lenses produced were of the same
      optical quality as those with either the lubricant or the lubricant and
      the UV absorber. However, the yield of lenses without the lubricant was
      not equal to the yield with lubricants.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process of preparing a polymerized lens in a glass mold by
      preparing a reactant mixture of methyl methacrylate, diethylene glycol bis
      (allyl carbonate) and an acid selected from the group consisting of
      acrylic acid and methacrylic acid, which method comprises: preparing a
      monomer mixture of methyl methacrylate and diethylene glycol bis (allyl
      carbonate) wherein the methyl methacrylate monomer ranges from about 10 to
      about 50% by weight of the monomer mixture, balance diethylene glycol bis
      (allyl carbonate); adding to said monomer mixture a lubricant and a
      catalyst of benzoyl peroxide ranging from between about 1 to 1.5% by
      weight of the monomer mixture; exposing said reactant mixture to a thermal
      treating zone to polymerize said reactant mixture and form a terpolymer
      therefrom with the improvement comprising adding to said monomer mixture
      an acid selected from the group consisting of acrylic acid and methacrylic
      acid, with said acid ranging from between about 1/2 to 5% by weight of
      said monomer mixutre.
NUM  2.
PAR  2. The process as set forth in claim 1 being particularly characterized in
      that a lubricant is added to said reactant mixture prior to polymerization
      thereof, and wherein said lubricant is selected from the group consisting
      of mono and dialkyl phosphates having from between about 16 and 18 carbon
      atoms in the alkyl radical, and stearic acid, said lubricant being present
      in said reactant mixture in a quantity of less than about 20 ppm.
NUM  3.
PAR  3. The process as set forth in claim 1 wherein said treating zone increases
      the temperature of said reactant mixture slowly until a temperature of
      about 100.degree.C. is reached.
NUM  4.
PAR  4. The process as set forth in claim 1 being particularly characterized in
      that said acid is methacrylic acid, and is present in said reactant
      mixture in an amount greater than 1/2 % by weight of the reactant mixture.
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ABST
PAL  An improved method for treating metal-loaded resin microspheres is
      described which comprises heating a metal-loaded resin charge in an inert
      atmosphere at a pre-carbide-forming temperature under such conditions as
      to produce a microsphere composition having sufficient carbon as to create
      a substantially continuous carbon matrix and a metal-carbide or an
      oxide-carbide mixture as a dispersed phase(s) during carbide-forming
      conditions, and then heating the thus treated charge to a carbide-forming
      temperature.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the United States Atomic Energy Commission.
BSUM
PAR  The present invention relates to an improved process for treating or
      converting certain metal-loaded ion-exchange resin microspheres into
      microspheres consisting of a porous carbon or graphite matrix containing a
      dispersed metal carbide or metal oxide-carbide phase(s). In the context of
      this invention, microsphere refers to a spheroidal particle ranging from 5
      to 2000 microns in diameter; ion-exchange resin refers to spheroidal,
      weakly acidic, porous, cation-exchange resins having carboxylic acid
      exchange sites, said resin consisting of copolymers of acrylic or
      methacrylic acid and divinyl benzene. Such resins are available
      commercially as represented by Amberlite IRC-72, available from Rohm &
      Haas Company, Philadelphia, Pa.
PAR  It has previously been propoed to utilize carbonized or graphitized fissile
      and/or fertile metal-loaded proposed resin microspheres as nuclear fuel
      where the metal is selected from uranium, thorium, or plutonium, or
      mixtures thereof and where the metal exists as an oxide, carbide, or
      oxide-carbide mixture dispersed within a carbon or graphite matrix. A
      process for the formation of microspheroidal nuclear fuels derived from
      spheroidal ion-exchange resin beads or microspheres is described in S. N.
      48,579 of common assignee. Resin-derived fuels have the potential merits
      of being fairly cheap to produce, of resulting in a porous spheroidal
      product, and of being amenable for deposition of pyrolytic carbon coatings
      to retain fission products. The coated particles are amenable for
      reprocessing for recovery of unburnt fuel and separation from fission
      products. There are, however, operatonal difficulties in forming carbide
      fuels derived from weak-acid resins which must be overcome in order to
      realize the full potential of such fuels. In order to make a carbide fuel
      from a metal-loaded resin it must be heated (i.e., carbonized) to a
      temperature in the range of 1100.degree.- 1200.degree.C. in a fluidizing
      inert atmosphere such as argon or helium to convert the resin to carbon
      while the metal is retained as an oxide. Thereafter, the carbonized
      microspheres are heated to a temperature in the range of 1200.degree.-
      2000.degree.C. in an inert fluidizing gas for a time sufficient to obtain
      a desired conversion of the oxide to carbide. Experience has shown that
      carbonization of the metal-loaded resin to carbideforming temperatures can
      result in extensive particle agglomeration accompanied by loss of
      sphericity and porosity. Furthermore, production of a controlled
      proportion of carbide is difficult. These effects are attributable to
      sintering of the oxide, or carbide components of the carbonizing resin
      microspheres. Moreover, since different increments of a given charge of
      imperfectly fluidized resin particles are subject to slightly varying
      degrees of sintering, the resultant particles can be non-uniform in size,
      shape, and porosity. It is important in this technology that a given
      charge of product microspheres be as uniform as possible in these
      respects.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a general object of this invention to provide a process
      by which the aforementioned adverse sintering effects are avoided.
PAR  A principal object of this invention is to provide a process for converting
      spheroidal or spherical metal-loaded weak-acid resin microspheres to
      spherical or spheroidal particles consisting of a porous carbon or
      graphite matrix containing a dispersed phase of a metal carbide such as
      uranium carbide, UC.sub.x, where x is a number ranging from 1 to 2, or a
      mixture of UC.sub.x with UO.sub.2.
PAR  Another object is to provide a process for producing uniform particles of
      the character described.
PAR  Other similar and related objects will become apparent from the ensuing
      description.
PAR  The present invention is predicated on the discovery of conditions which
      prevent adverse sintering effects by defining such conditions which ensure
      the existence of a continuous carbon phase during the carbide-forming
      process. More particlarly, this invention is based on the discovery that
      the pre-carbide carbonization heating rate will determine whether or not
      adverse sintering will occur during carbide formation. The invention can
      be illustrated utilizing Amberlite IRC-72 in a representative embodiment
      with reference to the accompanying drawings in which:
DRWD
PAR  FIG. 1 shows the change in weight which a fluidized charge of
      uranium-loaded IRC-72 resin undergoes while it is carbonized (heated in an
      argon atmosphere which provides the fluidizing medium) to a temperature of
      1200.degree.C.;
PAR  FIG. 2 shows the effect of the heating rate upon the change in volume under
      the same conditions; and
PAR  FIG. 3 shows the effect of heating rate through the temperature range
      200.degree.-500.degree.C. on the carbon content (expressed as
      carbon-to-uranium ratio) in the resin carbonized to 1200.degree.C.
DETD
PAR  It will be seen from FIGS. 1 and 2 that minimum weight and volume changes
      occurred at a heating rate of less than 2.degree.C./min. in the
      temperature range 200.degree.-500.degree.C., the most critical range of
      carbonization. Heating rates at temperatures outside this range had little
      effect upon the quality of the ultimate product. By correlating the
      behavior of particles heated to carbide-forming temperatures of
      1200.degree.-2000.degree.C. with the carbon-uranium profile of FIG. 3, it
      has been found that adverse sintering will be avoided with particles which
      have been carbonized at a heating rate of less than 2.degree.C./min. in
      the critical range. As seen from FIG. 3, this is equivalent to a
      carbon-to-uranium ratio of about 6 after heating to 1200.degree.C. The
      excess carbon achieved by the slow rate of carbonization provides a
      continuous carbon matrix to prevent sintering of particles during the
      formation of metal carbides. On the other hand, when the heating rate
      exceeds 2.degree.C./min. in the critical range, it is found that the
      carbon-to-uranium ratio drops rapidly and is reflected by adverse
      sintering at carbide-forming temperatures. The adverse sintering is
      attributed to the lack of a continuous carbon phase which surrounds and
      insulates the carbide particles from each other.
PAR  When sufficient carbon is retained during pre-carbide heat treatment, a
      carbon-to-uranium ratio sufficient to ensure the existence of a continuous
      carbon phase surrounding the carbide particles is maintained. The result
      is that sphericity as well as a considerable measure of the original
      porosity of the resin spheres is retained in the final spheroidal fuel
      particles. The carbide particles will not agglomerate or cling to the wall
      of the fluidizing bed chamber during conversion of the uranium-loaded
      resin to a carbide-carbon matrix fuel. Because agglomeration is eliminated
      and open porosity is retained, closer control can be maintained over the
      degree of conversion of the metal oxide to its corresponding carbide in a
      fluidized bed. In a process characterized by particle agglomeration, the
      carbide conversion is essentially a solid-state-diffusion-controlled
      process, whereas in the case where the fluidized particles do not
      adversely sinter and thereby agglomerate during the carbide-forming
      process in the fluidized bed, carbide conversion rate can be conveniently
      controlled by gas sweep rate and the partial pressure of CO at a given
      temperature in accordance with the general equation UO.sub.2 + 4C .fwdarw.
      UC.sub.2 + 2CO.
PAR  In the particular case of the IRC-72 resin, I have found it essential to
      pretreat the resin at a heating rate which does not exceed
      2.degree.C./min. in the temperature range of 200.degree.-500.degree.C. to
      ensure a carbon-to-uranium ratio which will avoid adverse sintering during
      carbide-forming temperatures (1200.degree.-2000.degree.C.). In that case
      the heating rate is so critical that a 3.degree.C./min. rise already is
      reflected in adverse sintering and agglomeration of carbonized resin
      particles during carbide-forming temperatures. However, the scope of my
      invention is not limited to the specific conditions required to avoid
      adverse sintering with IRC-72, but is rather to be viewed as based on the
      recognition that carbonization schedules which precede carbide formaion
      have a profound and critical effect on the sintering behavior of
      metal-loaded weak-acid resin beads at carbide-forming temperatures.
      Pre-carbide heat treatment of other weak-acid resins may differ in the
      exact heating rate needed to ensure prevention of adverse sintering, so
      long as the pre-carbide treatment provides sufficient amounts of carbon to
      ensure the existance of a continuous carbon matrix during carbide-forming
      temperatures. And, while the invention has been described and exemplified
      in terms of uranium, it should be understood that other metals such as
      boron; cadmium; rare earth metals including yttrium, those having an
      atomic number in the range 58 to 71; actinide earth metals, those having
      an atomic number in the range 90 to 105, particularly thorium and
      plutonium; as well as other heavy metals may be usefully incorporated in
      spherules of the kind described, in carbide form and as a dispersed phase
      within a carbon matrix.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of converting a metal contained in a charge of weak-acid
      resin microspheres into its corresponding carbide, the improvement which
      comprises heating said metalloaded resin charge in an inert atmosphere at
      a temperature in the range 200.degree.-500.degree.C at a rate which
      results in carbonizing the resin to create a metal-loaded carbonized
      microsphere within a carbon matrix, said carbonized microsphere having a
      carbon to metal ratio of no less than about 6 and then heating the
      carbonized microspheres to a carbide-forming temperature in the range
      1200.degree.-2000.degree.C to convert the metal within said matrix to its
      corresponding carbide.
NUM  2.
PAR  2. The method according to claim 5 in which the resin microspheres are
      derived from copolymers of acrylic acid, or methacrylic acid and divinyl
      benzene.
NUM  3.
PAR  3. The method according to claim 5 in which the resin microspheres are
      IRC-72 and are heated at a temperature in the range
      200.degree.-500.degree.C. at a rate which does not exceed 2.degree.C./min.
      and then heated in a fluidized bed at a temperature in the range
      1200.degree.-2000.degree.C. to convert the metal moiety into a
      corresponding metal carbide existing as a dispersed phase within a
      substantially continuous carbon matrix.
NUM  4.
PAR  4. The method according to claim 5 in which the metal is selected from the
      group consisting of rare earth and actinide metals.
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PAL  A process is disclosed whereby porous flakes usable for making paper-like
      sheets are produced by melting a 10 to 75 parts by weight of thermoplastic
      polymer, dispersing 25 to 90 parts by weight of finely divided inorganic
      particles in a solvent capable of dissolving the polymer in an amount of
      80 to 95% based on a total weight of the polymer, the inorganic particles
      and the solvent, at room temperature or lower to prepare a slurry. At a
      temperature at which the polymer can be dissolved in the solvent, the
      polymer melt is mixed with the slurry which has been preliminarily heated
      to a temperature pertinent for realizing the above-mentioned dissolving
      temperature when the heated slurry is mixed with the polymer melt, to
      prepare a uniform dispersion of the inorganic particles in the polymer
      solution in the solvent and then, the dispersion is spurted from a closed
      tank through an orifice, into a zone having a temperature and pressure
      lower than that of the dispersion, whereby the spurted dispersion is
      converted to composite porous flakes by rapidly evaporating the solvent.
BSUM
PAR  The present invention relates to a process for continuously producing
      composite porous flakes, more particularly, relates to a process for
      continuously producing composite porous flakes consisting of a
      thermoplastic polymer and finely divided inorganic particles dispersed in
      the polymer, and being capable of effectively utilizing the physical and
      chemical properties of the inorganic particles. Such porous flakes are
      useful for producing paper-like sheets.
PAR  It is known that finely divided inorganic particles, for example, asbestos,
      alumina, barite and calcium carbonate have beneficial properties such as
      great resistance to thermal deformation, high rigidity, and high surface
      activity. These beneficial properties are inherent in inorganic substances
      but insufficient in organic substances. Accordingly, in order to improve
      the insufficient properties of the organic substances, particularly,
      thermoplastic polymer materials, inorganic substances are combined with
      the thermoplastic polymer material.
PAR  For example, a sheet composed of a thermoplastic polymer and finely divided
      inorganic particles is produced by kneading a major amount of inorganic
      particles with a minor amount of thermoplastic polymer at a temperature
      higher than the softening point of the polymer and pressing the kneaded
      mixture through a pair of pressing rollers. The above process has the
      following disadvantages. That is, it is difficult to uniformly disperse
      the inorganic particles in the polymer. Further, it is hard to form the
      kneaded mixture into a uniform thin sheet of a thickness of 100 .mu. or
      less.
PAR  In order to eliminate the above difficulties, it is advantageous to form
      the sheet from finely divided flakes by the same method used for
      paper-making. In this case, the inorganic particles dispersed in the
      flakes are effective for the increase of the specific gravity of the
      flakes. The relatively large specific gravity of the flakes serves to form
      the sheet easily from the flakes suspended in water in the paper-making
      method.
PAR  A process for producing batchwise, polymeric porous flakes consisting of a
      thermoplastic polymer and finely divided inorganic particles dispersed in
      the polymer has been provided. In this process, a mixture of the finely
      divided inorganic particles, the thermoplastic polymer and a solvent
      capable of dissolving the polymer, having a boiling point lower than the
      softening point of the polymer, is charged into a closed vessel such as an
      autoclave and heated at a temperature at which the polymer is completely
      dissolved in the solvent, the inorganic particles are uniformly dispersed
      in the solution, and the solvent is vaporized to generate an autogenous
      pressure of at least 5 kg/cm.sup.2, preferably, 10 kg/cm.sup.2. The
      dispersion thus prepared is spurted into a zone having a pressure lower
      than that of the dispersion, for example, normal atmosphere, under a
      pressure equal to or higher than the autogenous pressure. When spurted,
      the dispersion is finely divided, the solvent is very rapidly vaporized
      and therefore, the dispersion is converted to finely divided porous
      flakes. However, when the above-mentioned batch process is carried out on
      an industrial scale, the following disadvantages are evident.
PAR  1. The use of a large capacity, high pressure vessel is economically
      disadvantageous.
PAR  2. The quality and shape of the porous flakes differ between the initial
      and final dispersion, spurted from the vessel.
PAR  3. Some of the dispersion is retained in the vessel even after spurting is
      completed.
PAR  4. In the case where a plurality of high pressure vessels in parallel
      arrangement are successively used, a large area for the arrangement is
      required.
PAR  5. The successive use of numerous high pressure vessels causes complexity
      in operation.
PAR  A process for producing continuous strands from a solution of a
      thermoplastic polymer in a solvent for the polymer containing no inorganic
      particles is known. In this process, the solution passes through a zone
      where the pressure of the solution is lowered and is then extruded through
      an orifice into the atmosphere. That is, by the use of the
      pressure-lowering zone, the solution can be extruded in the form of a
      continuous strand. However, this process cannot provide finely divided
      porous flakes from the solution.
PAR  It has been recognized that in order to continuously produce the porous
      flakes on an industrial scale, it is necessary to dissolve the
      thermoplastic polymer in the solvent in as little time as possible.
      Additionally, in order to produce porous flakes of uniform quality it is
      important that the inorganic particles be uniformly dispersed in the
      polymer solution having a relatively high viscosity.
PAR  An object of the present invention is to provide a process for continuously
      producing composite porous flakes of uniform quality.
PAR  The other object of the present invention is to provide a process for
      continuously producing composite porous flakes, including dissolving a
      thermoplastic polymer in an organic solvent in a short time, and uniformly
      dispersing finely divided inorganic particles in the solution.
PAR  The above-mentioned objects can be accomplished by the process of the
      present invention. The process of the present invention comprises the
      steps of preparing a high temperature dispersion of 25 to 90 parts by
      weight of finely divided inorganic particles in a solution of 10 to 75
      parts by weight of a thermoplastic polymer in a solvent in an amount of 80
      to 95% based on the total weight of the inorganic particles, the polymer
      and the solvent, and spurting said dispersion under a pressure at least
      equal to the autogenous pressure of said solvent, through at least one
      orifice into a zone of a pressure and temperature less than that of said
      dispersion, thereby rapidly evaporating the solvent and forming composite
      porous flakes, and includes the improvement for continuously effecting the
      above steps, comprising melting the thermoplastic polymer, dispersing the
      finely divided inorganic particles in the organic solvent at room
      temperature or lower to prepare a slurry, mixing, at a temperature which
      the polymer can be dissolved in the solvent, the polymer melt with the
      slurry which has been preliminarily heated to a temperature pertinent for
      realizing the dissolving temperature when the heated slurry is mixed with
      the polymer melt, thereby preparing a uniform dispersion of the inorganic
      particles in the polymer solution, and then subjecting the dispersion to
      spurting.
PAR  The above process of the present invention was invented on the basis of the
      discovery that the dispersion can be prepared in a very short time by
      mixing a polymer melt with a slurry of finely divided inorganic particles
      in a solvent capable of dissolving the polymer, the slurry having been
      preliminarily heated to a temperature pertinent for realizing the
      dissolving temperature when the heated slurry is mixed with the polymer
      melt, that the slurry can be smoothly and safely transported when the
      slurry is at room temperature or lower, and that the above operations can
      be effected by simple equipment.
PAR  The inventors have studied the composition of the thermoplastic polymer and
      the inorganic particles. As a result of their study, it has been found
      that in order to efficiently utilize the beneficial properties of the
      inorganic particles, the composition has a structure wherein the inorganic
      particles are, as an aggregate material, uniformly distributed in a matrix
      of the thermoplastic polymer. Further, it has been found that in order to
      obtain the above-mentioned composite structure, the inorganic particles
      should be present in the composite structure in an amount satisfying the
      following relationship:
EQU  1 - W.sub.pmin .gtoreq. W.sub.f .gtoreq. W.sub.fc          ( 1)
PAL  wherein W.sub.f is a weight fraction of the finely divided inorganic
      particles in the desired composite structure, W.sub.fc is a weight
      fraction of the inorganic particles in a speculated composite structure
      wherein the inorganic particles are compacted under a pressure of 10
      kg/cm.sup.2 and the thermoplastic polymer completely fills voids formed
      among the inorganic particles, and W.sub.pmin is a minimum weight fraction
      of the thermoplastic polymer required to form a composite structure having
      mechanical properties sufficient for practical use. Generally, it is
      desirable that the W.sub.pmin is at least 0.1.
PAR  The W.sub.fc is referred to as a critical weight fraction of the inorganic
      particles and is found in the following relationship:
EQU  W.sub.fc = V.sub.p /(V.sub.p + V.sub.a - V.sub.f)          (2)
PAL  wherein V.sub.p is the specific volume of the polymer, V.sub.f is the true
      specific volume of the inorganic particles and V.sub.a is the bulkiness
      (apparent specific volume) of the inorganic particles.
PAR  The value of W.sub.fc ranges from approximately 0.3 to approximately 0.8 in
      response to the kinds of inorganic particles and the polymer to be
      combined therewith. Accordingly, it should be noted that the value of
      W.sub.f is between approximately 0.9 and approximately 0.25. This value of
      W.sub.f is considerably larger than the value which has been generally
      assumed for W.sub.f. In other words, it was believed that the composite
      structure containing the inorganic particles in as large an amount as
      stated above was, in practice, very difficult to produce. However,
      according to the process of the present invention, the composite flakes
      can be formed from 25 to 90 parts by weight of the inorganic particles and
      10 to 75 parts by weight of the thermoplastic polymer.
PAR  The finely divided inorganic particles usable for the process of the
      present invention are capable of passing through a 100 mesh screen of
      Japanese Industrial Standard and have a maximum size of 500 .mu..
      Illustrations of such inorganic particles include, for example, asbestos,
      alumina, antimony trioxide, barite, calcium carbonate, calcium sulfate,
      kaolin clay, carbon black, diatomaceous earth, feldspar powder, terra
      abla, quartz, graphite, magnesium carbonate, magnesium hydroxide,
      magnesium oxide, mica, molybdenum disulfide, agalmatolite clay, sericite,
      pyrogenic silica, finely divided silicic acid, silica amorphous, silica
      sand, silicate, titanium oxide, whiting, slate powder and mixtures of two
      or more of the above-mentioned inorganic particles.
PAR  The thermoplastic polymers usable for the process of the present invention
      are synthetic thermoplastic polymers which may include stabilizers,
      antistatics, flame retardants and other conventional additives, if
      necessary.
PAR  The thermoplastic polymer may be selected from, for example, polyolefins,
      such as polyethylenes, polypropylene, polybutene-1, polystyrene and
      polyisobutylene; polyamides such as polyhexamethylene sebacamide,
      polycaprolactam and polypyrrolydone; polyesters, such as polyethylene
      terephthalate, poly(.beta.-valerolactone), and poly[p-(.beta.-oxyethoxy)
      benzoate]; polycarbonates, polyurethanes, polyethers such as
      polyoxymethylene and poly[p-(2,6-dimethylphenoxide)]; homopolymers and
      copolymers of vinyl compounds, such as acrylonitrile, vinyl chloride,
      vinyl acetate, vinylidene chloride, and methyl methacrylate, a copolymer
      of vinylidene chloride, and methyl methacrylate; a copolymer of vinyl
      alcohol and ethylene obtained by hydrolysis of a copolymer of vinyl
      acetate and ethylene, and mixtures of two or more of the above-mentioned
      polymers.
PAR  Solvents which may be employed for the process of the present invention
      should have a boiling point lower than the softening point of the employed
      polymer and should be capable of dissolving the polymer under the
      dispersionpreparing conditions. They should be substantially inert to the
      polymer and materials from which the employed equipments are composed.
PAR  Illustrative of suitable solvents, one can mention, for example,
      hydrocarbons such as butane, hexane, cyclohexane, pentene, benzene and
      toluene; halogenated hydrocarbons such as methylene chloride, chloroform,
      methyl chloride, propyl chloride, trichloroethylene, trichloroethane,
      tetrachloroethylene, tetrachloroethane and chlorobenzenes; alcohols such
      as methanol, ethanol, propanol and butanol; ketones such as acetone,
      cyclopentanone, methyl ethyl ketone and hexafluoroacetone; esters such as
      methyl acetate, ethyl acetate and .gamma.-butyrolactane; ethers such as
      ethyl ether, tetrahydrofurane and dioxane; nitriles such as acetonitrile
      and propionitrile; trifluoroacetic acid, carbon tetrachloride, carbon
      disulfide, nitromethane, water, sulfur dioxide and a combination thereof.
      Depending on the nature of the particular polymer, a suitable solvent
      should be appropriately selected.
DRWD
PAR  The present invention is illustrated by the accompanying drawing which is a
      flow sheet showing an embodiment of the process of the present invention.
DETD
PAR  Referring to the accompanying drawing, a thermoplastic polymer is fed into
      an extruder 1 wherein the polymer is melted at a temperature higher than
      the melting point of the polymer. The polymer melt is extruded at a
      predetermined flow rate. In order to accurately adjust the flow rate of
      the polymer melt, a gear pump 2 may be connected to the outlet of the
      extruder 1. By using the gear pump 2, the polymer melt is accurately
      delivered at a predetermined rate. The polymer melt is supplied to a
      dissolving vessel 3 through a supply conduit 4.
PAR  In the preparation of the slurry, the finely divided inorganic particles
      are dispersed in an organic solvent capable of dissolving the
      thermoplastic polymer in a predetermined proportion.
PAR  In this preparation, if the inorganic particles are hygroscopic, their
      weights will vary in response to the absorption of water. If the inorganic
      particles with absorbed water are weighed and mixed with the solvent, the
      composition by weight of the inorganic particles and the solvent varies in
      response to the amount of water absorbed in the inorganic particles. The
      variation in the proportion exceeding a permissible upper limit results in
      nonuniformity in the quality of the product. Sometimes, the solvent must
      be protected from the addition of water, and in such cases to completely
      remove water from the inorganic particles or to control the content of
      water in the inorganic particles within predetermined limits, the
      inorganic particles absorbing moisture must be dried in a dryer 5.
PAR  The dried inorganic particles are fed at a predetermined rate into a mixer
      6 through a hopper 7 and a constant flow feeder 8.
PAR  The solvent is fed at a predetermined rate into the mixer 6 and uniformly
      mixed with the inorganic particles to prepare a slurry wherein the
      inorganic particles are uniformly suspended. The slurry thus prepared is
      stored in a slurry tank 9 with a stirrer 10a which is used to prevent
      depositing of the inorganic particles.
PAR  Further, the slurry tank 9 has a cooling jacket 10b through which a cooling
      medium is circulated to maintain the slurry at a predetermined
      temperature. This is effective for preventing the evaporation of the
      solvent and maintaining the density of the slurry. The slurry is fed into
      the dissolving vessel 3 through a slurry heater 11 by means of a fixed
      delivery pump 12. The fixed delivery pump 12 serves to feed the slurry to
      the vessel 3 at a constant flow rate. The pump 12 may be selected from
      plunger pumps, gear pumps and preferably, diaphragm pumps. While passing
      through the slurry heater 11, the slurry is raised to a desired
      temperature at which the thermoplastic polymer to be mixed with the slurry
      is dissolved in the solvent. The heater 11 may be selected in response to
      the kind and viscosity of the slurry from heat-exchangers having numerous
      heating pipes and, preferably, heat-exchangers having an internal heating
      surface on which the material is heated and the heated material is
      collected by a shovelling means. The heating pipe type heat-exchanger is
      usable for the slurry having a relatively low viscosity. The internal
      heating surface type heat-exchanger is usable for the slurry having a
      relatively high viscosity.
PAR  The heated slurry is mixed, in the dissolving vessel 3, with the
      thermoplastic polymer melt. While travelling through the dissolving vessel
      3, the polymer melt is dissolved in the solvent and the inorganic
      particles are uniformly dispersed in the solution.
PAR  In order to produce uniform polymeric flakes, it is necessary that the
      dissolving of the polymer melt is completed by the time at which the
      mixture arrives at the outlet of the vessel 3. For this purpose, a
      plurality of dissolving vessels through which the slurry naturally flows
      may be arranged in series. Also, the dissolving vessel is of a piston flow
      type which is effective for making the residence time of the slurry in the
      vessel uniform.
PAR  Further, in order to complete the dissolving of the polymer within as short
      a time as possible, it is effective that shearing actions be imparted to
      the mixture so that fresh intersurfaces are formed between the polymer
      melt and the solvent. This is because the polymer melt is dissolved at the
      fresh intersurfaces. Therefore, it is preferable that the dissolving
      vessel is provided with a stirrer 13. A static mixer, screw mixer or line
      mixer may be located at the inlet of the dissolving vessel 3. The mixers
      serve to shear and disperse the mixture of the polymer melt, which is
      supplied in the form of strand, and the slurry. Such shearing and
      dispersing are effective for making the surface area of the polymer melt
      larger and preventing the entanglement of the polymer melt on the shaft
      portion of the stirrer. The dispersion prepared in the vessel 3 is
      forwarded into a head tank 14 through a conduit 15.
PAR  The shape of the polymer flakes which are produced by spurting the
      dispersion through orifices 16, depends on the shape and size of the
      orifice and, mainly, the composition of the dispersion to be spurted,
      dispersing property of the inorganic particles, and temperature and
      pressure of the dispersion. Accordingly, in order to maintain the
      dispersion at a constant composition and uniformly disperse the inorganic
      particles, it is preferable that the dispersion is stirred in the head
      tank 14 so that the head tank 14 serves as a buffer tank. Further, it is
      necessary that the dispersion is accurately maintained at a predetermined
      temperature with a variation of .+-.5.degree. C, preferably .+-.1.degree.
      C. The dispersion is sometimes required to have a pressure higher than the
      autogenous pressure of the solvent. In this case, the head tank 14 has an
      upper space formed above the dispersion, and the space is pressurized by
      an inert gas, for example, nitrogen. If the level of the dispersion in the
      head tank 14 varies, it is necessary that the pressure in the upper space
      is maintained constant by means of a pressure control device (not shown).
PAR  In order to produce discontinuous flakes of the polymer composition, it is
      important that the orifices 16 are located at a position as close as
      possible to the outlet of the head tank 14. If the pressure of the
      dispersion is lowered between the head tank 14 and the orifices 16,
      sometimes the extruded dispersion merely forms a continuous strand. In the
      apparatus shown in the accompanying drawing, a valve 17 is located between
      the head tank 14 and the orifices 16 in order to close the head tank 14
      when the orifice is clogged. The valve 17 is required to have as little as
      possilbe resistance to the flow of the dispersion. The dispersion is
      spurted, in the form of finely divided particles, into a spurt chamber 18
      having a normal pressure. In the spurt chamber 18, the solvent is rapidly
      evaporated from the finely divided particles of the dispersion so as to
      form finely separated flakes consisting of the polymer and the inorganic
      particles uniformly dispersed in the polymer. Sometimes, a portion of the
      solvent remains in the resultant flakes. The amount of the solvent
      remaining in the flakes is thermodynamically dependent on the composition,
      concentration, temperature, etc., of the dispersion in the head tank 14.
PAR  The vaporized solvent in the spurt chamber 18 flows into the condenser 19
      through a conduit 20, and is condensed therein so as to be recovered. The
      solvent remaining in the flakes is evaporated in a dryer 21 and recovered.
PAR  The resultant flakes fall down onto a permeable sheet, for example, a net
      conveyer 22 circulating through the spurt chamber 18, the dryer 21 and a
      collecting chamber 23. The flakes are collected in the collecting chamber
      23. A suction box (not shown) may be located under a portion of the
      conveyer 22 onto which the flakes fall. By sucking air through the
      permeable sheet, the flakes are deposited on the sheet in a uniform
      thickness and prevented from scattering. The uniformity in the thickness
      of the flakes is important for uniformly drying the flakes in the dryer
      chamber 21.
PAR  A pair of nipping rollers (not shown) may be disposed so as to sandwich a
      portion of the conveyer 22 in the dryer 21 or the collecting chamber 23.
      By being pressed by the nipping rollers, the flakes on the conveyer 22 are
      directly formed into a sheet. Since the conveyer 22 circulates through the
      spurt chamber 18 and the dryer 21, it is difficult to completely seal and
      spurt chamber 18. However, in order to prevent the flow of the hot air
      from the dryer into the spurt chamber 18 and the counter flow of the
      solvent vapor, it is desirable that the spurt chamber 18 be sealed as
      hermetically as possible.
PAR  In accordance with the other aspect of the process of the present
      invention, a minor portion of the inorganic particles to be contained in
      the composition may be blended with the polymer melt in the extruder. If
      the amount of the inorganic particles to be blended with the polymer melt
      is too large, it causes a difficulty in the extrudion of the blend. this
      difficulty is basically caused by the creation of slip of the inorganic
      particles on the screw in the extruder. The slip results in a decrease of
      output of the blend and variation in blending ratio of the inorganic
      particles and the polymer melt. Accordingly, it is desirable that the
      portion of the inorganic particles to be blended with the polymer melt be
      in an amount of from 5 to 30%, based on the weight of the polymer melt.
PAR  The following example illustrates the present invention.
PAC  EXAMPLE 1
PAR  Referring to the accompanying drawing, an extruder 1 having an inside
      diameter of 50 mm and a ratio of the inside diameter to length, of 20, and
      a gear pump 2 connected to the extruder were used. A high density
      polyethylene having a melting point of 132.degree. C, a true specific
      volume (V.sub.p) of 1.05 cc/g and a melt index (MI) of 0.3 was fed into
      the extruder 1, and melted at a temperature of 200.degree. C. The
      polyethylene melt was extruded at a flow rate of 16.7 kg/hr into a
      dissolving vessel 3 through the gear pump 2 and a conduit 4.
PAR  Finely divided silicic acid particles having an average size of 20 m.mu., a
      true specific volume (V.sub.f) of 0.50 cc/g and an apparent specific
      volume (V.sub.a) of 1.91 cc/g were dried in a dryer 5 at a temperature of
      200.degree. C for 5 hours. The dried silicic acid particles were received
      in a hopper 7 and then, fed into the mixer 6 at a feed rate of 25 kg/hr by
      a constant flow feeder 8.
PAR  An organic solvent, methylene chloride was fed into the mixer 6 at a flow
      rate of 395 kg/hr to prepare a slurry wherein the silicic acid particles
      were uniformly dispersed in methylene chloride. The slurry was received in
      a slurry tank 9, and maintained at a temperature of 10.degree. C by
      circulating a cooling medium through a cooling jacket 10b while stirring
      the slurry with a stirrer 10a. At this time, the slurry had a velocity of
      approximately 1750 cp which was measured using a B-type viscometer.
PAR  The slurry was discharged from the slurry tank 9 by a diaphragm type
      constant flow pump 12 at a flow rate of 420 kg/hr into the dissolving
      vessel 3 through a heater 11 having numerous heating pipes. While flowing
      through the heater 11, the slurry was raised to a temperature of
      167.degree. C. The heated slurry was charged into the dissolving vessel 3
      and mixed with the polyethylene melt which had been charged from the
      extruder 1. The dissolving vessel had a capacity of 70 liters and the
      mixture was stirred with helical paddles rotating at a velocity of 100
      r.p.m. The mixture stayed in the dissolving vessel 3 for approximately 10
      minutes while the polyethylene melt was completely dissolved in methylene
      chloride and the silicic acid particles were uniformly dispersed in the
      solution. The dispersion thus prepared was fed into a head tank 14 through
      a conduit 15. The temperature of the mixture in the dissolving vessel 3
      and the dispersion in the head tank 14 was controlled at a temperature of
      170.degree. C.
PAR  The dispersion in the head tank 14 was pressurized with a high pressure
      nitrogen gas at a pressure of 40 kg/cm.sup.2 gauge. The dispersion was
      spurted into a spurt chamber 18 through two orifices having a ratio L/D of
      1.0, wherein L represents the length of the orifice and D the inside
      diameter thereof.
PAR  When the dispersion was spurted, the solvent in the dispersion was very
      rapidly vaporized and the remaining polyethylene and the silicic acid
      dispersing in the polyethylene formed finely divided porous flakes having
      numerous very fine pores therein. The vaporized methylene chloride was
      sucked from the spurt chamber 18 through a conduit 20 and condensed in a
      condenser 19. The condensed methylene chloride was recovered at a rate of
      approximately 280 kg/hr. The recovered solvent had a very high purity. The
      above prepared flakes contained approximately 280 kg per kg of flakes, of
      methylene chloride. The solvent was evaporated in a dryer 21 wherein the
      flakes were heated at a temperature of 60.degree. C. The evaporated
      solvent was removed from the dryer 21 and recovered by way of absorption
      on activated carbon.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a process for producing composite porous flakes by spray drying, the
      improvement which comprises the steps of continuously:
PA1  a. forming a polymer melt containing 10 to 75 parts by weight of a
      thermoplastic polymer,
PA1  b. forming a first uniformly dispersed slurry containing 25 to 90 parts of
      inorganic particles dispersed in an organic solvent for the polymer, said
      solvent having a boiling point lower than the softening point of the
      polymer and said particles having a maximum size of 500 .mu.,
PA1  c. prior to mixing the slurry and polymer together, heating said slurry to
      an elevated temperature, sufficiently high to dissolve the polymer when
      added,
PA1  d. mixing the polymer melt and the heated slurry to form a resulting second
      uniformly dispersed slurry containing completely dissolved polymer,
      inorganic particles and organic solvent, and maintaining said second
      slurry at a predetermined temperature within a variation of .+-. 5.degree.
      C,
PA1  e. spurting the second slurry as finely dispersed particles into an
      evaporation zone whereby the solvent is evaporated from the particles to
      form finely divided, separate flakes, said flakes comprising the polymer
      having uniformly dispersed therein the inorganic particles and
PA1  f. recovering the resulting product as porous flakes.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein said spurting is effected by
      pressurizing said dispersion with a pressurized gas inert to said
      materials.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein said evaporated solvent from
      said dispersion is condensed and recovered.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein said porous flakes are dried to
      remove the solvent remaining therein.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein said porous flakes are
      collected on a permeable sheet by suction therethrough while being
      prevented from scattering.
NUM  6.
PAR  6. A process as claimed in claim 1, wherein said melting of said polymer is
      effected in a screw type extruder.
NUM  7.
PAR  7. A process as claimed in claim 1, wherein said polymer melt is fed into
      said mixing step in a predetermined flow rate by using a gear pump.
NUM  8.
PAR  8. A process as claimed in claim 1, wherein said slurry is fed into said
      mixing step in a predetermined flow rate by using a constant flow pump.
NUM  9.
PAR  9. A process as claimed in claim 1, wherein 5 - 30% by weight of said
      inorganic particles contained in said dispersion are preliminarily
      dispersed in said polymer melt and the balance of said inorganic particles
      are dispersed in said solvent.
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ABST
PAL  Method and apparatus for forming fibers of refractory materials. A melt
      volume is continuously formed on a feed rod of the material to be
      fiberized and a fiber drawn therefrom. The melt volume is formed by
      introducing the feed rod at a predetermined velocity into a heating zone.
      The fiber diameter is determined by the relative velocities at which the
      feed rod is moved and the fiber drawn, and by the fractional density of
      the feed rod material.
PARN
PAR  This application is a continuation of our Ser. No. 68,810 filed Sept. 2,
      1970 and now abandoned.
BSUM
PAR  This invention relates to method and apparatus for forming fibers from
      refractory materials, and more particularly to forming fibers from those
      refractory materials which do not lend themselves to fiberization by known
      methods and apparatus.
PAR  The term "refractory" is used hereinafter to designate materials which have
      relatively high melting points and which may or may not be highly
      corrosive. The term is meant to include amorphous and crystalline
      materials, including single crystal and polycrystalline forms; compounds
      such as alumina, thoria, zirconia etc., as well as elements such as boron
      and silicon.
PAR  Fibers of refractory oxides such as of aluminum, and perhaps of yittrium,
      zirconium and thorium, provide reinforcement for metal matrix composities
      such as turbine blades required for extended service use at temperatures
      in the range of 2000.degree. to 2500.degree.F. Fibers of boron-coated
      substrates of graphite or tungsten are also known to provide such
      reinforcing strength to metal structures. However, since the boron must be
      carried on a relatively heavy substrate, the effectiveness of the boron on
      a weight basis is materially reduced. Fibers of some of these refractory
      materials may also find applications in fiber optics for information
      transmission lines; some may be used as special purpose heater filaments;
      and some such as alumina and the like as feed stock for jewel bearing
      manufacture.
PAR  Aluminum oxide fibers are currently made by drawing the fibers from a
      molten pool of aluminum oxide contained in a crucible. This procedure
      presents problems in finding suitable crucible materials for the high
      melting materials as well as in attaining high purity in the fibers.
      Drawing from a large hot surface radiating to the fibers limits the fiber
      drawing rate because the rate of crystal growth depends upon the rate of
      heat dissipation at the growth interface. For the very high melting and
      corrosive materials there are no known suitable crucible materials and
      hence the prior art process is not suitable for producing fibers of such
      refractories as zirconia, thoria and boron.
PAR  It is therefore a primary object of this invention to provide an improved
      method of forming fibers of refractory materials, some of which have
      heretofore not been previously formed into fibers. It is another object to
      provide a method of the character described which makes it possible to
      produce fully crystalline (either single crystal or polycrystalline)
      fibers from low viscosity melts. An additional object of this invention is
      to provide a method of forming refractory fibers of extremely high purity.
      It is a further object to provide a method for forming pure boron fibers
      without substrates.
PAR  It is another primary object of this invention to provide apparatus
      suitable for forming high purity refractory fibers without the need for a
      crucible to contain a molten mass of the material. Another object is to
      provide apparatus of the character described which permits forming fibers
      of materials which heretofore have not been formed into fibers. Other
      objects of the invention will in part be obvious and will in part be
      apparent hereinafter.
PAR  The invention accordingly comprises the several steps and the relation of
      one or more of such steps with respect to each of the others, and the
      apparatus embodying features of construction, combinations of elements and
      arrangement of parts which are adapted to effect such steps, all as
      exemplified in the following detailed disclosure, and the scope of the
      invention will be indicated in the claims.
DRWD
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings in which
PAR  FIG. 1 is an enlarged cross section showing the relationship among the feed
      rod, melt volume and fiber as formed in the method of this invention;
PAR  FIG. 2 illustrates one way in which the fiber drawing process is begun;
PAR  FIG. 3 shows the drawing of the fiber subsequent to the beginning of the
      process according to FIG. 2 and oriented for horizontal drawing;
PAR  FIG. 4 illustrates another way in which the fiber drawing process is begun;
PAR  FIG. 5 illustrates the continuance of the method begun as in FIG. 4;
PAR  FIG. 6 illustrates in cross section an embodiment of the process and
      apparatus in which the feed rod is formed and provided to the heating zone
      by extrusion;
PAR  FIG. 7 is a representation, partly in cross section, of a feed system in
      which the feed rod is extruded, the heating zone is encapsulated in a
      fluid and the atmosphere around the fiberization process is controllable;
PAR  FIG. 8 is a representation, partly in cross section, of an incandescent
      heating system including means to control the atmosphere around the fiber
      formation zone;
PAR  FIG. 9 is a representation, partly in cross section, of an apparatus
      suitable for providing the necessary heating zone through the
      establishment of an arc using the feed rod as one of the electrodes;
PAR  FIG. 10 is a representation, partly in cross section, of an apparatus in
      which the heating zone is provided through the use of an incandescent
      heater heated by an r.f. coil;
PAR  FIG. 11 is a top plan view of an optical system using a laser as the means
      for providing a heating zone; and
PAR  FIG. 12 is a cross sectional view through the optical system of FIG. 11
      showing the spatial locations of the mirrors used.
DETD
PAR  In the method of this invention a heating zone is provided and into this
      heating zone is introduced a feed rod of the refractory to be fiberized.
      The heating zone is maintained at a sufficiently high temperature to form
      a melt volume which is supported (either through surface tension or force
      of gravity or a combination of these) on the end of the feed rod being
      introduced into the heating zone. As the feed rod is introduced into the
      heating zone a fiber is drawn from the melt and no melt container is
      required.
PAR  In brief, the apparatus of this invention comprises means to provide a
      heating zone, and means to introduce the feed rod into the heating zone
      and for drawing a fiber from the melt volume formed on the feed rod. It
      may also include means to provide a controlled fluid atmosphere around the
      system.
PAR  Before describing various embodiments of the apparatus for moving the feed
      rod and drawing the fibers and for providing the heating zone, it will be
      helpful to describe the method with reference to FIG. 1 which is an
      enlarged cross section of the fiber-forming section of the system. A solid
      feed rod 10 with a fractional density .rho..sub.1 and diameter d.sub.1 is
      introduced at a velocity of v.sub.1 into the heating zone 11 to form a
      melt volume 12 from which is drawn a solid fiber 13, having a fractional
      density .rho..sub.2 and diameter d.sub.2, at a velocity v.sub.2. As shown
      in the drawings, the length of heating zone 11 is controlled to be no
      greater than the length of melt volume 12. Of course there may be on
      either side of this heating zone, in which the melt volume is formed,
      other heated regions for purposes of preheating the feed rod and/or
      postheating the fiber formed. In order to establish a stable system
      permitting the drawing of the continuous fiber 13, the mass flow rate
      crossing the solid-liquid boundary 14 between the solid rod 10 and melt
      volume 12 and the mass flow rate crossing the liquid-solid boundary 15
      between melt volume 12 and solid fiber 13 must be equal. Since the mass
      flow rate is equal to the product of fractional density, velocity and
      cross sectional area, the required stable system is attained when
      ##EQU1##
      Thus, assuming that the fractional density of the feed rod is
      substantially 100%, the velocity at which the fiber is drawn essentially
      determines its diameter. However, the feed rod need not have a fractional
      density approximating 100% so long as this factor is taken into account in
      determining the relative velocities of the feed rod and fiber.
PAR  It will be apparent that there are two types of forces acting upon the melt
      volume within the heating zones, namely surface tension forces and
      gravitational forces. However, when the dimension (diameter) of the feed
      rod is reduced below a predeterminable minimum, the gravitational forces
      become negligible compared to the surface tension forces, a fact which
      means that orientation of the axis of the feed rod and fiber is no longer
      important. The actual diameter of the feed rod at which gravitational
      forces no longer exert control over the fiber forming process varies from
      one refractory material to another and depends upon such factors as melt
      density, viscosity, surface tension and the like.
PAR  It can, for example, be shown analytically that in small diameter processes
      (feed rod diameter no greater than 0.1 inch with a density of about 4
      g/cm.sup.3 and a surface tension around 400 ergs per cubic centimeter)
      that the method of this invention is highly stable in terms of remaining
      intact and returning to a condition where the tangent of the molten volume
      12 is parallel to the fiber (direction of growth) at the solidifying
      interface 15. This feature enhances the uniformity of the fiber diameter.
      The melt volume is absolutely stable to perturbations from its equilibrium
      shape as long as the two following inequalities are met
      ##EQU2##
      and
      ##EQU3##
      These conditions can probably be exceeded while retaining high degrees of
      stability with metastable zones.
PAR  In the apparatus of this invention it is necessary to provide two precisely
      aligned solid members (feed rod and fiber) with a melt volume joining them
      and means to move these two solid members at different translational
      velocities. As a suitable means for holding these two members and
      imparting different translational velocities to them we cite the apparatus
      described in copending application Ser. No. 653,478 filed July 14, 1967
      and now U.S. Pat. No. 3,552,931 assigned to the same assignee as this
      application. The apparatus of Ser. No. 653,478 provides means to move two
      load-bearing rods such as upper rod 20 and lower rod 21 shown in FIG. 2.
      Each of these rods has a chuck 22 and 23, respectively, adapted to grasp
      the two solid members in alignment. In FIG. 2, which illustrates one way
      in which the fiber drawing process may be started, chucks 22 and 23 are
      adapted to grasp the two ends of a feed rod 10 and to position the feed
      rod near its upper end within the heating zone 11. With the application of
      heat the portion 25 of the feed rod within heating zone 11 is melted and
      the fiber drawing process is begun by moving load-bearing rods 20 and 21
      upwardly at predetermined velocities. It is also, of course, possible to
      move them in a downwardly direction provided the positions of the feed rod
      and fiber are reversed.
PAR  As noted above, if the diameter of the feed rod is below a determinable
      value, the gravitational forces influencing the stability of the melt
      volume 12 are no longer important so that fiber drawing may be
      accomplished with any orientation of the feed rod and fiber axes. Thus,
      FIG. 3 illustrates the drawing of the fiber, begun as illustrated in FIG.
      2, with the axis of the feed rod 10 and fiber 13 in a horizontal
      orientation.
PAR  FIGS. 4 and 5, in which like reference numerals are used to refer to like
      components of FIGS. 1-3, illustrate another technique for beginning the
      method of fiber drawing. The top of the feed rod 10, held in a suitable
      chuck such as shown in FIG. 2, is introduced into heating zone 11 to form
      there a melt meniscus 30 into which a short fiber 13 is inserted or
      brought into surface contact. With the formation of the desired melt
      volume the movement of the rod and fiber is begun.
PAR  In the apparatus of FIGS. 2-5 a feed rod of a fixed length was illustrated.
      It is, however, possible to continue to supply the solid rod in an
      indeterminant length by directing it up through a suitably aligned
      extruding mechanism as illustrated, partly in cross section in FIG. 6. The
      material to be fiberized is introduced at a constant rate from a feed line
      30 into a hopper 31 which directs the powdered feed into an extruder 32
      having a rotating feed screw 33 which compacts the material into a feed
      rod 34. The material may contain a thermally decomposable binder to form a
      more compact preliminary feed rod. This preliminary feed rod 34 is
      maintained in alignment and advanced upwardly by a series of properly
      spaced friction drive rollers 35. The preliminary feed rod 34 is then
      passed through a preliminary heating zone 36 where it is refined,
      densified and freed of any binder which may have been added to the powder
      feed. The feed rod 10 thus formed is then drawn upwardly from the
      preliminary heating zone 36 into the fiber forming heating zone 11 by
      suitable aligning and moving means such as friction drive rollers 37. The
      rates at which the preliminary feed rod 34 and final feed rod 10 are moved
      will normally be about equal, the diameters of the two rods being kept
      essentially equal. The fiber 13 is then drawn in the manner described from
      the melt volume 12. Alternatively, the melt refining in heating zone 36
      may be omitted if a fiber of somewhat lower quality is satisfactory.
PAR  As also shown in FIG. 6, the apparatus of this invention may be provided
      with means for handling long continuous fibers. As illustrated, the fiber
      13 is drawn by using pulling rollers 38 and is passed over a guide roll
      39a to a rotating spool 39 or other suitable collection means.
PAR  A number of other techniques may also be employed to provide an essentially
      continuous feed rod. As an example of one such technique, feed rods of a
      finite length may be used and connected one to the other as they are used,
      such connections being made through properly tapered joints or threaded
      ends. As another example of another technique for providing essentially
      continuous feed rods, relatively large diameter fibers may be used as the
      feed rod. It is also, of course, within the scope of this invention to use
      other than thermally decomposable binders, e.g., those which may be
      leached out with alcohol.
PAR  In the apparatus of FIG. 7 means are provided to control the atmosphere
      around the entire fiber forming system and also around the part of the
      system where the fiber is actually formed by drawing from the melt volume.
      In handling some materials which contain one or more volatile components
      in the melt stage such as arsenic and phosphorus, it is necessary to
      encapsulate the melt and in some cases to work under pressures which are
      greater than the vapor pressure of the volatile component. In some other
      circumstance, it may be advantageous to be able to reduce the forces on
      the melt volume in drawing the fiber. The latter situation is presumed in
      FIG. 7. (The apparatus of FIG. 7 is of course, adaptable to pulling fibers
      of such materials as gallium arsenide or gallium phosphide by using a feed
      rod which does not first need preheating.)
PAR  The fiber forming system of FIG. 7, which uses the means for continuously
      supplying a feed rod of FIG. 6, is enclosed in a fluid-tight chamber 40
      which may be pressurized if desired. The feed rod is introduced through
      the bottom of a vessel 41 containing a liquid encapsulant 42 in which is
      embedded an r.f. coil exemplary of a suitable heating means. The liquid
      encapsulant should have a density which approximates the density of the
      melt and is inert to the melt as well as to all other material it
      contacts. The liquid encapsulant should also of course be compatible with
      the heating means and not interfere with its function. For example, in the
      apparatus of FIG. 7 which uses an r.f. heater the liquid encapsulant
      should not be electrically conducting at the frequencies employed in the
      heater. Exemplary of encapsulants which are suitable are boric oxide,
      barium oxide and these oxides in admixture with barium chloride and sodium
      fluoride.
PAR  The use of an encapsulant used as shown in FIG. 7 may have advantages for
      certain systems. For example, a liquid encapsulant, which has a density
      that approximates the density of the melt, reduces the body forces on the
      melt volume. Thus the surface energy is that of a liquid-liquid interface
      rather than that of a gas-liquid interface and hence the tendency to neck
      off is reduced. Finally, such a liquid encapsulant acts as a heat sink
      thus increasing the rate at which the fiber solidifies.
PAR  FIGS. 8-12 illustrate several different means for establishing the required
      heating zone which must be stable and have relatively well defined limits
      with respect to the melt volume such that premature heating of the feed
      rod is prevented and heating of the fiber formed is minimized. The choice
      among the various means available will depend upon the temperature which
      must be attained in the heating zone, the desirability of being able
      continuously to observe the fiber forming process and the need for
      controlling the atmosphere or environment surrounding the heating zone.
PAR  The apparatus of FIG. 8 employs incandescent heating and provides means for
      controlling the environment around the heating zone. (In FIGS. 8-12 the
      means for moving the feed rods and fibers are not detailed except where
      required.) In all the drawings like reference numerals refer to like
      components. In FIG. 8, heating is provided by means of an incandescent
      filament 50 which may be in the form of a strip having a circular opening
      51 defining the heating zone. The filament 50 is connected to two
      water-cooled copper electrodes 52 which in turn are connected to a
      suitable power supply, not shown. The filament 50 may typically be formed
      of graphite to obtain temperatures between 2400.degree. and 2800.degree.C
      and tungsten to obtain temperatures of about 3000.degree.C. Because
      graphite and tungsten readily oxidize at these temperatures it is
      necessary to provide a nonoxidizing atmosphere surrounding the filament
      and the heating zone. In the apparatus of FIG. 7 an essentially
      fluid-tight housing 53 provides a volume 54 which may be evacuated or
      charged, through a valve-controlled line 55, with a gas which is inert to
      the melt. The mechanism for imparting translational motion (and rotational
      motion, if desired) described in the above-mentioned Ser. No. 653,478 is
      designed to operate within a fluid-tight housing which may be evacuated or
      pressurized and provides the necessary sealing means which permit the
      actual driving mechanisms for the loadbearing rods 20 and 21 to be located
      external of housing 53.
PAR  If the refractory material to be fiberized is electrically conductive, it
      may be used as one electrode in an arc heating system as shown in FIG. 9.
      A plurality of electrodes 60 symmetrically positioned around the melt
      volume 12 are encased in electrode housings 61 which are open at the end
      facing the melt volume. The housings 61 are connected through suitable
      vacuum tubing 62 to a vacuum pump (not shown). As in the case of the
      apparatus of FIG. 8, the system is contained within a fluidtight housing
      53, the internal volume 54 of which may be evacuated through
      valve-controlled line 55. In a typical mode of operation the pressure in
      volume 54 may be reduced to about 20 microns Hg and the pressure within
      the electrode housings 61 to about 10.sup.-.sup.6 torr. By applying
      appropriate voltage across the feed rod 10 and the electrode 60, it is
      possible to establish a series of arcs capable of generating sufficient
      heat to form the required melt volume.
PAR  In the apparatus of FIG. 10, heating is done by means of an r.f. coil 70
      inductively coupled to a graphite ring 50 (which in effect becomes an
      incandescent filament) through water-cooled copper electrodes 72, copper
      ring 73 and a boron nitride insulator ring 74. A modification of the
      apparatus of FIG. 10 is suitable for making fibers of electrically
      conducting materials such as pure boron fibers by direct inductive
      coupling of the feed rod with the r.f. coils. The feed material must,
      however, be electrically conducting at appropriate frequencies and
      temperatures; and in such a system the frequency of the r.f. heating
      system must be adjusted with respect to the fiber diameter. The higher the
      frequency, the lower is the skin depth penetration; hence the fiber must
      be larger than this skin depth penetration.
PAR  In addition to the heat sources described above it is also possible to use
      thermal imaging, electron beams, gas discharge, direct flame systems and
      hollow cathode plasma heaters (see for example Class et al, "Crystal
      Growth" in "Proceedings of an International Conference on Crystal Growth,"
      Boston, 1966, Published by Pergamon Press, 1967, page 75). Finally, lasers
      with appropriate optical systems may be used.
PAR  As will be apparent from the discussion of the apparatus of FIGS. 11 and
      12, which show the use of a laser, this lastnamed system has distinct
      advantages for the method of this invention. Where incandescent heating
      systems emit a large part of their radiation in a wavelength range to
      which many of the refractories in their molten state are transparent, the
      laser can be chosen to avoid this difficulty. Incandenscent systems may
      pose problems of heat transfer to the fiber after formation; but laser
      energy can be directed to avoid such problems. Laser energy has no
      characteristic temperature of its own, no upper temperature limitations
      and the use of lasers imposes no restriction on the atmosphere in which
      the fiber is formed. Finally, as will be seen from the description of
      FIGS. 11 and 12, the use of a laser permits visual observation of the
      process.
PAR  FIG. 11 is a schematic representation of an optical system using a laser.
      Radiation from laser 80 is passed through a beam expander 81 typically
      formed of lenses 82 and 83 and an aperture 84. The expanded beam strikes
      plane mirror 87 and is reflected on plane mirrors 88 and 89 positioned
      such that each of these mirrors receives a half-circle of the beam. The
      semicircular beam from mirror 88 is interrupted by plane mirrors 90 and 91
      positioned in the vertical plane such that each mirror 90 and 91 receives
      a quadrant of the beam. In like manner the semicircular beam from mirror
      89 is interrupted by plane mirrors 92 and 93 also positioned in the
      vertical plane such that mirrors 92 and 93 also receive a quadrant of the
      beam. A quadrant is reflected from plane mirror 90 to the spherical mirror
      94 which in turh is so positioned to focus the reflected beam on the melt
      volume 12 located in the heating zone 11. In like manner the quadrant of
      the beam striking mirror 91 is reflected and focused by spherical mirror
      95, the quadrant striking mirror 92 is reflected and focused by spherical
      mirror 96 and the quadrant striking mirror 94 is reflected and focused by
      spherical mirror 97. It is possible to divide the laser beam into two or
      more beams for focusing in a similar manner. However, the beams should be
      symmetrically arranged to provide a stable heating zone.
PAR  FIG. 12 which is a cross section through the optical system shows the
      manner in which the plane mirrors are hung from a jig 100, by adjustable
      supports 101, to attain the desired vertical positioning which permits the
      splitting of the laser beam and its refocusing in four beams at the
      heating zone. The jig and spherical mirrors can be mounted in any suitable
      manner and the feed rod and fibers are moved as shown in FIG. 2.
PAR  Using the optical system of FIGS. 11 and 12 and a 10-watt Holobeam CW
      CO.sub.2 laser, the 0.2 inch beam of which was expanded to a 3/4 inch
      beam, fibers of alumina ranging in diameter from 0.005 to 0.020 inch were
      drawn from feed rods of 0.015 to 0.020 inch diameters.
PAR  It will be appreciated that the apparatus of FIGS. 11 and 12 represent only
      one of a number of possible ways in which lasers may be used to create the
      required heating zone. Any one of a number of optical systems may be used
      with one or more lasers. It is also, of course, possible to use several
      lasers, the beams of which are focused at a common point to generate the
      desired heating. It is also within the scope of the invention to draw more
      than one fiber simultaneously from the melt volume.
PAR  By the method and apparatus of this invention refractory fibers ranging in
      diameter from 0.005 to 0.060 inch have been formed. Since contamination is
      not a problem the purity of the fiber is controlled by the purity of the
      feed rod. Since present techniques now make it possible to provide
      essentially pure feed material it means that pure fibers may be made. The
      method and apparatus of this invention are appliable to a wide variety of
      materials which have previously been formed into fibers only with great
      difficulty or which have not previously lent themselves to fiber
      formation.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above method and in
      the constructions set forth without departing from the scope of the
      invention, it is intended that all matter contained in the above
      description or shown in the accompanying drawings shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming refractory fibers comprising the steps of
PA1  a. providing a heating zone by concentrating laser energy within said zone,
      said laser energy being of a character to melt the refractory material to
      be fiberized;
PA1  b. introducing a feed rod of said refractory material into said heating
      zone thereby to form a stable melt volume of said refractory supported
      principally through surface tension forces on said feed rod within said
      heating zone;
PA1  c. drawing a fiber from said melt volume, said drawing of said fiber being
      so controlled so that the product of fiber fractional density, drawing
      velocity and cross sectional area is maintained equal to the product of
      feed rod fractional density, the velocity at which said rod is introduced
      into said heating zone and cross sectional area of said rod, and the ratio
      of the radius of said feed rod to the radius of said fiber and the ratio
      of the height of said melt volume to the radius of said fiber is such as
      to retain a high degree of stability; and
PA1  d. controlling the length of said heating zone so that it is no greater
      than the length of said melt volume.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein the step of providing a
      heating zone by concentrating laser energy within said zone comprises
      focusing a plurality of laser beams onto the surface of said melt volume.
NUM  3.
PAR  3. A method in accordance with claim 1 including the step of providing
      controlled fluid surroundings around at least said melt volume.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein the dirreaction of motion of
      said feed rod and said fiber is essentially vertically upward.
NUM  5.
PAR  5. A method in accordance with claim 1 wherein the direction of motion of
      said feed rod and said fiber is essentially vertically downward.
NUM  6.
PAR  6. A method in accordance with claim 1 wherein the step of introducing said
      feed rod into said heating zone is continuous and comprises continuously
      compacting said refractory in powder form and extruding it as said feed
      rod.
NUM  7.
PAR  7. A method in accordance with claim 6 including the step of zone heating
      the extruded feed rod prior to introducing it into said heating zone.
NUM  8.
PAR  8. A method in accordance with claim 1 wherein the step of introducing said
      feed rod into said heating zone comprises joining feed rods of finite
      length as they are consumed.
NUM  9.
PAR  9. A method in accordance with claim 1 including the step of winding the
      fiber as produced on a spool.
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ABST
PAL  An apparatus and method are provided for forming tubing and pipe with the
      inside surface of the pipe wall shaped irregularly for the purpose of
      either reducing boundary layer drag of a fluid flowing through the pipe or
      for anchoring a protective lining within the pipe. The apparatus includes
      an extruder having a die and a mandrel extending through the die for
      defining the inside surface of the extrusion. In one form, the mandrel is
      longitudinally oscillated to form circular serrations in the wall of the
      extrusion formed over the mandrel. In another form, the mandrel is rotated
      to provide circular or spiral serrations in the wall of the pipe. In yet
      another form, an electromagnetic field is generated and is varied in
      intensity in the vicinity of the extrusion die so as to cause variations
      in the dimensions of either or both the die and the mandrel located
      therein for varying the surface configuration or roughness of both the
      internal and external surfaces of the tube or pipe extruded through the
      die.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 68,724 filed Sept.
      1, 1970, now U.S. Pat. No. 3,708,253 which was copending with application
      Ser. No. 734, 658 filed June 5, 1968 now U.S. Pat. No. 3,587,281 which is
      a continuation-in-part of application Ser. No. 142,405 filed Oct. 2, 1961,
      now U.S. Pat. No. 3,422,648.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an apparatus and method for operating on
      extrusions as or immediately after they are formed so as to surface
      roughen or form striations in one or more surfaces thereof. If the
      extrusion so formed is a tube or pipe, the surface roughness or striations
      may serve either or both the functions of more firmly anchoring a coating
      material or lining to the inside surface of the pipe when applied
      thereafter or reducing the boundary layer drag which is experienced when a
      gas or liquid is flowed through the pipe.
PAR  It is known in the art to surface roughen plastic and metal pipe, tubing
      and the like so as to condition the surface thereof to either more
      efficiently receive and anchor a coating or liner thereagainst or to
      reduce resistance to flow to a fluid through the pipe.
PAR  Heretofore, the operation of surface roughening or preparing the inside
      wall of a pipe or tube has been effected by manual or automatic means
      operating on the surface of the pipe after it has been formed to shape and
      cut to length. Such an operation or operations are both costly and time
      consuming as they are secondary to the main operation of forming the pipe
      and require rehandling the cut lengths of pipe and the movement of one or
      more tools through the center of the pipe while the pipe is held
      stationary in a special fixture.
PAR  The instant invention is concerned primarily with an apparatus and method
      for surface roughening, striating or otherwise forming grooves in the
      surface of the interior of a pipe extrusion and in certain instances, in
      the exterior thereof or in the surface of otherwise shaped extrusions,
      preferably as or immediately after they are formed to shape so that
      secondary operations to effect such surface shaping are eliminated. In one
      form of the invention, an extrusion die mandrel is provided over which the
      pipe or tube is extrusion formed to shape. A portion of the mandrel at or
      near the end thereof is irregularly shaped and is operable to irregularly
      shape the freshly formed tubular extrusion by longitudinally moving the
      mandrel within the die. In another form, the irregularly shaped mandrel is
      rotationally moved within the die to spirally or circularly shape grooves
      or striations in the surface of the wall of the pipe or extrusion formed
      over or against the mandrel. In yet another form, tooling mounted on the
      mandrel is projectible therefrom against the surface of the extrusion
      immediately adjacent the mandrel and forms grooves, striations or other
      configurations in the surface stratum thereof. In still another form of
      the invention, the mandrel and/or die are caused to vary in dimension by
      intense magnetic fields generated in the vicinity thereof and varied
      during extrusion so as to cause a variation in the shaping of the
      extrusion along its length.
PAR  Accordingly, it is a primary object of this invention to provide a new and
      improved apparatus and method for forming and shaping extrusions either as
      they are formed within the extrusion die or immediately after they leave
      the die.
PAR  Another object is to provide an apparatus and method for forming an
      extrusion after it has been shaped in a die and while still in an easily
      deformable condition before it has completely set or solidified so as to
      facilitate the operation.
PAR  Another object is to provide an apparatus for variably shaping an extrusion
      by magnetically deforming the die in which the extrusion is formed and
      varying its configuration by varying the magnetic field in a known manner
      during extrusion.
PAR  Another object is to provide means for varying or controlling the surface
      roughness of an extrusion, as it is extruded to shape, by variably
      stressing and changing the configuration of an extrusion die through which
      the extrusion is passed.
PAR  With the above and such other objects in view as may hereinafter more fully
      appear, the invention consists of the novel constructions, combinations
      and arrangements of parts as well as methods of fabrication which will be
      more fully described and illustrated in the accompanying drawings, but it
      is to be understood that changes, variations and modifications may be
      resorted to which fall within the scope of the invention as claimed.
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PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a side view with parts broken away for clarity of an extrusion
      apparatus having an extrusion die and mandrel with means for moving the
      mandrel during the extrusion operation;
PAR  FIG. 2 is a side view with parts broken away for clarity of a portion of an
      extrusion apparatus which is a modification of that shown in FIG. 1 and
      which employs electromagnetic means for varying the configuration of
      either or both the die and mandrel located within the die.
DETD
PAR  There is shown in FIG. 1 an extrusion apparatus 10 which includes an
      extruder 11 for an extrusion flowable material such as a plastic or
      ceramic material flowed into an extrusion chamber 11 which is defined by a
      circumscribing wall 12, by means of an extrusion screw 16 located within a
      branch chamber 15 which communicates with the chamber 11. A suitable
      conventional drive motor 17 has its output shaft 17S connected to the
      shaft of the screw 16 and operates to rotate said screw for feeding
      material introduced into the branch chamber 15 from a remote source [not
      shown] into the chamber 11 through which it flows over a mandrel 20 which
      extends longitudinally through the chamber 11 as an elongated shank 21
      which passes through the extrusion die 13 located at the end of the
      chamber wall 12. The end 22 of the mandrel 20 is enlarged and tapers
      outwardly as shown. A circular lip 23 circumscribes the head or end 22 of
      the mandrel and is shaped to define the inside surface of the tubular
      extrusion E formed between the mandrel and the die as it passes from the
      extruder.
PAR  The lip 23 is so configured and located that it may cooperate with the end
      of the extrusion die 13 in varying the shape of the surface stratum of the
      tubular extrusion, depending on the longitudinal location of the mandrel
      with respect to the die. In other words, slight variations in the inside
      diameter of the tubular extrusion E may be effected by longitudinally
      moving the mandrel 20 a slight degree towards and away from the inside
      surface of the die 13 located adjacent the lip formation 23.
PAR  Accordingly, the mandrel 20 is shown extending completely through the
      chamber 11 and an opening 19 in an end wall 18 of the chamber. A seal 19S
      is located between the end wall and the surface of the mandrel 20 to
      prevent outflow of extrusion material and a portion 24 of the mandrel
      protrudes beyond the end wall which portion is coupled to the shaft 26 of
      a suitable lineal actuator 25 which is operable to move the mandrel 20 a
      predetermined degree back and forth within the extrusion chamber and die.
PAR  The lineal actuator 25 may be of any suitable design and may comprise an
      electric motor with a suitable mechanism connected thereto for providing
      oscillating longitudinal movement of its output shaft, an air or hydraulic
      motor or ram, the piston of which may be pulsed by variably applying fluid
      pressure thereto, a solenoid which may be of the bi-stable or mono-stable
      type which may be intermittently operated to intermittently drive the
      mandrel 20 back and forth within the extrusion chamber or a transducer
      such as a piezoelectric transducer or magnetostrictive transducer operable
      to oscillate the piston longitudinally a brief degree for variably forming
      the inside surface of the tubular extrusion and provide circular
      discontinuities ES therein defining a plurality of parallel non-connected
      discrete circular formations therein as it flows over the head of the
      mandrel by the described cooperation between the lip 23 and the surface 24
      of the die.
PAR  The degree and frequency of movement of the mandrel will, of course, be a
      function of the desired change in shape of the wall of the extrusion
      considered in view of the configuration of the mandrel, the lip and the
      extrusion die as well as the rate of flow of extrusion material through
      the extruder. For slight displacements of the mandrel very fine
      striations, say in the range of .0005" to .005" in depth and separation an
      circular figuration, may be formed in the surface stratum of the tubular
      extrusion which may be used as means for roughening the tube wall to
      receive a coating or liner tube expanded therein or to reduce the boundary
      layer drag by creating local turbulence in the flow of a fluid through the
      tube. Depending on the diameter of the tube, striations of greater depth
      and separation from each other may be similarly formed by the provision of
      a suitable actuator and mechanism associated therewith for longitudinally
      moving the mandrel during extrusion.
PAR  In another form of the invention, illustrated in FIG. 1, the lineal
      actuator 25 may be operable to rotate the mandrel 20 within the extrusion
      chamber during extrusion and the lip formation 23 at the end of the
      mandrel may comprise a single protrusion or irregular formation in the
      mandrel which is operable to deform the tubular extrusion with a spirally
      shaped groove or striation, the separation of which would be a function of
      the rate of flow of extrusion material over the mandrel and the velocity
      of rotation of the mandrel.
PAR  In another form, the lip 23 may be replaced by a plurality of protrusions
      located at or near the end of the mandrel which either cooperate in
      forming a single groove in the wall of the extrusion or which form
      separate grooves, one next to the other, in the wall of the extrusion as
      the mandrel rotates.
PAR  Also shown in FIGS. 1 and 2 is a passageway extending through the mandrel
      for conducting a heat transfer fluid such as air, a refrigerant to branch
      passageways terminating at the end of the mandrel. The central passageway
      29, shown in detail in FIG. 2 extends centrally through the mandrel 20
      from a rotary coupling 27 connected to the portion 24 of the mandrel
      protruding from the end wall 18 of the extrusion chamber. A tube 28
      extending from a source of pressurized heat transfer fluid, conducts said
      fluid to the coupling, from which it flows to branch passageways 29B in
      the head end 22 of the mandrel and is expelled out openings 30 at the end
      of the mandrel and flowed against that portion of the extrusion E which
      has just been deformed by the lip 23 to rapidly set same to retain the
      deformations therein substantially as they are made or in a modified
      configuration. The coupling 27 is either adapted to move longitudinally
      with the mandrel 20 or remain stationery while the mandrel slidably moves
      back and forth therein. One or more nozzles 31 may be disposed around the
      extrusion E for flowing heat transfer fluid such as gas or liquid to
      effect the rapid setting thereof and the retention of the deformations in
      the surface stratum of the inside of the extruded tube.
PAR  If the tubular extrusion E is directed upwardly as it forms (e.g. the
      extrusion chamber has its longitudinal axis directed vertically), then a
      heat transfer liquid such as cool water may be directed through one or
      more passageways in the mandrel, circulated to a certain depth within the
      extrusion portion disposed above the mandrel and returned to other
      passageways having openings at the end of the mandrel and flowed
      therethrough to another rotary coupling near the far end of the mandrel so
      as to rapidly cool and set the tubular extrusion without the need to flood
      the exterior thereof with coolant. If the extrusion is made of a
      thermosetting resin, the fluid so circulated may be a heated fluid capable
      of transferring sufficient heat to the tubular extrusion to either set or
      substantially set the material thereof as it travels upwardly. If the
      material extruded is a metal such as aluminum, it may not be necessary to
      rapidly cool the extrusion to retain the grooves or serrations formed on
      the inside surface of the extrusion. FIG. 1 shows a pipe 32 supported
      above the extrusion E and supporting a plurality of nozzles 31 which
      direct heat transfer fluid against a length of the extrusion.
PAR  In FIG. 3 tooling in the form of a rotatable blade or disc 36 is provided
      at the end of an extrusion mandrel 33 of the type described, and is shaped
      with a cutting or deforming portion 37 adapted to rotate against and form
      a spiral thread-like groove ES in the surface stratum of the inside wall
      of the extrusion E. The blade or offset disc 36 is rotatably supported on
      a ball bearing 38 which is retained within a cavity 33C in the head 33H of
      the mandrel 33. The blade or disc 36 is power rotated on a shaft 35 which
      passes through a bore 34 extending longitudinally through the mandrel from
      the end thereof which extends beyond the far end of the extrusion chamber
      and is connected to a constant speed drive motor (not shown) for rotating
      same. The motor driving shaft 35 may also be situated within a cavity in
      the mandrel. The thread ET formed by tool 36 may comprise a fine spiral
      groove for reducing boundary layer drag for fluid flowing through the pipe
      or may be dimensioned to serve as a retainer for a male threaded fitting
      or plug. Said thread may also be selectively applied to the inside surface
      of the tubular extrusion E by providing means within or at the end of the
      mandrel for advancing and retracting the tool 36 in a radial direction
      towards and away from the wall of the extrusion as it is rotated or as the
      mandrel rotates carrying said tool in a circular path at the end thereof.
      Thus tooling which is more complex than shown, may be supported for
      rotation and/or radial movement at the end of the mandrel or may be
      rotated with rotation of the mandrel by a constant speed drive means
      secured to the end thereof which protrudes from the far end of the
      chamber.
PAR  Also shown in FIG. 3 are a plurality of outwardly extending passageways 39
      connected to the center passageway 34 or bore through which shaft 35 also
      extends for flowing heat transfer fluid as described to openings in the
      end of the mandrel for flowing same against the extrusion as it leaves the
      end of the extrusion die. It is noted that the passageways 29B and 39 of
      FIGS. 2 and 3 may be used to conduct a coating fluid or plastic and spray
      or extrusion coat same against the entire or selected portions of the
      inside surface of the tubular extrusion.
PAR  In yet another form of the invention, it is noted that the mandrel head 22
      of FIG. 1 may be segmented with at least one portion thereof containing
      the serrating or threading tool or lip cantelever supported on the mandrel
      and operable to be projected outwardly to engage or deform or machine in
      the inside surface of the extrusion wall when so projected against the
      extrusion. Reference is made to FIGS. 1 and 2 of parent application Ser.
      No. 68,724, now U.S. Pat. No. 3,708,253 for details of an expanding
      mandrel head structure which may be modified with a threading or serrating
      peripheral lip to perform the functions described herein and provide a
      threaded formation along all or selected portions of the extruded tube
      wall. The mandrel may also be shaped and operable as in FIGS. 1 and 2 of
      said copending application, to bell or expand predetermined portions of
      the extruded tube to facilitate the joining of sections thereof together
      after they are cut to length.
PAR  In still another form of the invention, gas such as air ejected at high
      velocity from the passageways 29B or 39 of the mandrels illustrated either
      as a steady streams or pulses thereof, may operate to deform the freshly
      formed tubular extrusion with cavities, threading, channels or serrations
      as described.
PAR  In FIG. 4 is shown yet another arrangement for serrating or surface
      roughening the inside surface of a tubular extrusion E as it is formed.
      The apparatus 40 includes an extruder 41 having a die 43 with a die
      opening 44 in which extrudate such as a polymer is formed to shape over a
      mandrel head 46 extending from a mandrel 45 supported in the extrusion
      chamber. Secured to the end of the mandrel head 46 is a circular disc 48
      of ferro-magnetic material. The periphery 49 of the disc 48 is shaped with
      a sharp edge 49' which normally penetrates the inside surface of the
      tubular extrusion E. Disposed around the die 43 is a circular
      electromagnet 50 having a sufficient number of field windings of wire to
      generate an intense enough magnetic field when energized with a suitable
      source of electrical energy to cause the disc 48 to deform and vary the
      radial location of the circular edge 49' of disc 48. Thus by applying
      current intermittently to the electromagnet 50 or applying suitable
      alternating current thereto, the disc 50 may be made to variably perform
      on the inside surface of the extrusion E and form fine serrations or
      undulations therein. The electro magnet 50 may also be operable to cause
      variations in the dimensions of the die 43 and/or mandrel head 46 with or
      without causing variations in the disc 48 depending on the relative
      materials employed and their dimensions, so as to provide fine surface
      stratum variations in the extrusion's inside wall portion. Accordingly, if
      the disc 48 is eliminated, a lip may be provided at the periphery of the
      mandrel head 46 to variably form the extrusion with fine serrations ET as
      described while coolant ejected from a plurality of holes 47 through the
      mandrel may be employed to rapidly set the extrudate and retain the
      deformations therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of providing a plurality of irregular discrete formations along
      the inside surface of a tube comprising the steps of:
PA1  forming tubing on a continuous basis in an extrusion die by causing an
      extrudate to pass over tooling including a die mandrel which engages the
      inside surface of said tubing immediately after it is formed in said die,
      and
PA1  operating said tooling to cause said mandrel to longitudinally move back
      and forth within said die to variably engage the inside surface of said
      tubing while the material thereof is in an easily formable condition so as
      to variably work the inside surface stratum of the wall of the tubing and
      to form a plurality of parallel circular nonconnected irregular formations
      therein which formations are composed of elongated cavities and ridges
      wherein the cavities are in the range of about .0001 to .010 deep and
      extend along the inside surface of the tubing.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein the mandrel is
      longitudinally moved by imparting variable magnetic force thereto.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein said tooling includes a
      radial lip at the end of the mandrel, said method including causing said
      lip to cooperate with the surface of the extrusion die in shaping the
      tubing.
NUM  4.
PAR  4. A method in accordance with claim 3 including longitudinally moving said
      mandrel back and forth to cause said lip to variably engage and shape the
      inside surface of the tubing.
NUM  5.
PAR  5. A method in accordance with claim 1 wherein said tooling includes said
      die and means for varying the configuration of said die during extrusion,
      said method including varying the configuration of the die at a frequency
      to vary the inside shape of the tubing formed therein.
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ABST
PAL  This invention relates to a method for blow molding articles, such as
      handled containers, having injection molded portions integrally formed
      with blow molded portions. The method includes forming a tubular blowable
      parison, blowing this parison in a pre-form mold, and then blowing the
      pre-form to its final shape in a final blow mold. The utilization of the
      pre-form mold as an intermediate step makes possible the formation of
      containers of enhanced physical characteristics, the elimination of
      external flash or waste portions, and the formation of a final article
      having an injection molded portion integrated with a biaxially oriented
      blown portion.
PAL  The apparatus of the invention includes the means for forming the parison,
      the pre-form mold, the final blow mold and the means for correlating the
      operation of these portions of the apparatus to attain the operation of
      the overall method.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 143,802, filed May 17, 1971 and
      now U.S. Pat. No. 3,740,181.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  There has developed over the years, a class of blow molding machine known
      as the "inject, extrude and blow" machine, wherein the neck or finish of
      the container is injection molded in an injection mold superimposed on an
      annular orifice. After the mold is filled from the orifice, the mold is
      moved away from the orifice as a tube integral with the material filling
      the mold is extruded through the orifice. A blow mold is then closed on
      the tube between the neck mold and the orifice, pinching the tube shut
      near the orifice. Blow air is then injected through the neck mold into the
      tube, and the tube is simply inflated to the configuration of the blow
      mold. This type of machine is illustrated and described in detail in U.S.
      Pat. No. 3,008,192 to Allen et al.
PAR  In early attempts to adopt such injection, extrude and blow machines to the
      manufacture of handled jugs or the like, it was found impossible to
      extrude a tube having an integral injection finish and of sufficient
      diameter to provide material properly located in the parison to be pinched
      shut by the blow molds for forming an integral handle upon blowing.
      Attempts have been made to freely inflate or "puff" the tube to a diameter
      sufficient to provide an entrapped handle area but in the absence of
      precise control over the size of the tube, much "flash" or waste material
      was formed upon closing of the mold. Further, elaborate and expensive
      false finishes and funnels were injected, but again, excess flash was
      generated. Further, complicated and costly deflashing and finish facing
      machines were required, the amount of the scrap generated made the process
      economically unfeasible, and the severing of the scrap at the seams and
      edges of the bottles always generated the possibility of leakage in the
      final container. Finally, and most importantly, all of the advantages of a
      precisely formed, exactly dimensioned injection molded finish were lost by
      the various expedients which were developed in the art.
PAR  Additionally, it has been found that it is practically impossible to obtain
      the advantages of biaxial orientation in thermoplastic materials by
      attempting to inflate a relatively small diameter tube in one single
      blowing operation to a relatively large container, such as a handled jub.
      The material distribution inherent in the movement of the plastic material
      during blowing is such that all parts of the container would not be
      equally oriented, nor would the wall thicknesses throughout the container
      be uniform.
PAR  Thus, the prior systems, in addition to the practical difficulties outlined
      above, also suffer from the fact that the maximum potential of the
      thermoplastic material cannot be realized, because of the effective
      impossibility of biaxial orientation during forming of the container.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  So far as the initial formation of the tubular parison integral with the
      injection molded finish portion is concerned, the method of the present
      invention conforms substantially to that set forth in the above identified
      Allen et al patent.
PAR  However, once the initial tube has been formed, the present invention
      proposes the blow molding of the extruded tube or blowable portion of the
      parison within a "pre-form" mold. This mold interfits with the neck or
      finish mold, as proposed in the Allen et al patent, and this mold also
      pinches the tube shut in proximity to the orifice, as taught by Allen et
      al.
PAR  The configuration of the interior mold cavity of the pre-form mold,
      however, is intermediate the shape of the extruded tube and the shape of
      the final article to be formed. The pre-form mold cavity is of a
      configuration which more closely approaches the final article than does
      the tube as extruded, and particularly, in the manufacture of handled
      ware, the preformed mold cavity is of a configuration such that the
      pre-form formed therein will be encompassed within the handle-defining
      portions of the final blow mold. Other than the handle portion of the
      pre-form mold, the mold conforms generally to the shape of the final
      article, but is quite definitely undersized with respect to the final
      article. This undersizing, together with the temperature of the walls of
      the pre-form, is such that the blowing is carefully controlled, so that
      those conditions most conducive to biaxial orientation in the material
      will be obtained during the final blowing of the article.
PAR  Thus, it will be seen that by utilizing the intermediate or pre-form blow
      mold, it is possible to form a pre-form of a shape, size and temperature
      suitable for the manufacture of handled ware and having a fully injection
      molded finish. The problem of attempting to uniformly inflate a tubular
      parison of the size of the injected molded neck to the size of the
      finished handled container is avoided, the uncontrolled expansion of the
      extruded parison when puffing or attempted blowing without enclosing mold
      is also avoided, no flash is formed at the exterior of the container
      because the size and shape of the pre-form can be accurately controlled,
      and the possibility of leaks occurring during exterior flash removal is
      also avoided. Most importantly, it is possible to cool the pre-form to a
      desired degree so that effective biaxial orientation is obtained when the
      pre-form is blown to its final configuration.
PAR  The appratus for carrying out this method amounts to an adaption of the
      conventional inject, extrude and blow mechanism. A neck mold is filled
      with material at injection pressures at the orifice, and the neck mold is
      then withdrawn from the orifice as the initial tubular parison is
      extruded. The neck mold is halted in spaced relation to the orifice with
      the tubular parison remaining connected to both the neck mold and to the
      orifice. Next, the pre-blow mold is closed on the tube, this mold pinching
      the tube shut adjacent the orifice to form a blowable bubble, which bubble
      is blown to the configuration of the preblow mold cavity by air injected
      through the neck mold.
PAR  After pre-blowing and the attainment of the desired orienting temperature
      in the walls of the pre-form, the pre-blow mold is opened and moved away
      from the blown pre-form. The blown pre-form is stabilized in position by
      its suspension between the still-closed neck mold and the orifice to which
      it is still attached by the pinched-shut "tail" of the pre-form. Next, the
      final blow mold is closed on the pre-form and the pre-form is blown to its
      final configuration.
PAR  The temperatures to be attained in the walls of the pre-form, the desired
      blow-up ratios, and the thermoplastic materials which exhibit biaxial
      orientation are all set forth in my co-pending application Ser. No.
      103,624, filed Jan. 4, 1971 and now U.S. Pat. No. 3,767,747.
PAR  Thus, it will be seen that the present invention results in a bottle of
      enhanced physical characteristics, since the bottle is made up of material
      which is biaxially oriented, there is no exterior flash which must be
      removed, and there are no seams raising the possibility of leaks when this
      flash is removed. Further, the bottle is of increased uniformity and
      structural integrity, particularly in the finish or neck region which can
      always be injected to its final form without deflashing, finish facing, or
      the like. Additionally, there is no substantial scrap loss, so there is
      less regrind material included in the material being processed and there
      is substantially less possibility of thermal degredation in this regrind
      material when polyvinyl chloride, and similar heat sensitive materials are
      utilized.
PAR  It is, therefore, an important object of the present invention to provide a
      new and improved method of making containers or the like wherein a tubular
      parison integral with an injection molded neck is subject to consecutive
      pre-blowing and final blowing operations to obtain a container of enhanced
      physical characteristics of enhanced leak-proof capability, and with
      substantially less loss of material to flash or other waste portions
      subsequently trimmed from the finished container.
PAR  Another important object of the present invention is the provision of the
      method of blow molding a container or the like having an injection molded
      finish portion and a blow molded body portion provided with an integrally
      formed blown handle, by injection molding the finish portion, extruding a
      tubular parison, pre-blowing the tubular parison in a pre-blow mold to a
      configuration sufficient to at least partially emcompass the area forming
      the handle in the final container, and then finally blowing the pre-blow
      shape to its final configuration, including the handle, without forming
      any exterior flash at either the finish or the handle portions of the
      container.
PAR  It is a further object of this invention to provide an improved method
      employing apparatus for the manufacture of blown plastic articles provided
      with an injection molded portions and including means for injecting the
      one portion of the article, means for extruding a blowable tubular parison
      integral with the injected molded portion, a first blow mold within which
      the tube is blown to a configuration intermediate the configuration of the
      tube and the configuration of the final article, and a final blow mold in
      which the intermediate shape is inflated to the final configuration.
PAR  Yet another, and no less important, object of this invention is the
      provision of a method of making a container provided with an integral
      handle which is blown under conditions such that the blown portions of the
      container are substantially uniformly biaxially oriented, the method
      including the steps of blowing the article from a tubular parison in two
      successive blowing steps, the handle region of the container being
      encompassed with the first blown shape, and the handle area being blown to
      its final configuration during the second blowing step without the
      formation of any exterior flash or waste material.
PAR  Other and further objects and advantages of this invention will become
      apparent upon reading the following description, of which the attached
      drawings form a part.
DRWD
PAC  ON THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an apparatus of the present invention
      capable of carrying out the method of the present invention;
PAR  FIG. 2 is a sectional view with parts shown in elevation, taken along the
      plane 2--2 of FIG. 1;
PAR  FIGS. 3 through 7 are diagramatic views similar to FIG. 2 illustrating the
      consecutive forming operations carried out by the apparatus and forming
      the method, these views particularly illustrating the movement of the
      pre-form and final blow molds;
PAR  FIG. 8 is an enlarged vertical sectional view illustrating the formation of
      the initial tubular parison;
PAR  FIG. 9 is a sectional view, with parts shown in elevation, taken along the
      plane 9--9 of FIG. 8;
PAR  FIG. 10 is a view similar to FIG. 8, but with the pre-form molds closed and
      the pre-form inflated;
PAR  FIG. 11 is sectional view taken along the plane 11--11 of FIG. 10;
PAR  FIG. 12 is a sectional view taken along the plane 12--12 of FIG. 11;
PAR  FIG. 13 is a view similar to FIGS. 9 and 11 but illustrating the final blow
      molds and the pre-form inflated interiorally of the blow molds;
PAR  FIG. 14 is a sectional view taken along the plane 14--14 of FIG. 13;
PAR  FIG. 15 is a sectional view taken along the plane 15--15 of FIG. 14; and
PAR  FIGS. 16 and 17 are sectional views similar to FIG. 15 but illustrating a
      modification of the invention wherein the interior flash formed during
      blowing of the handle is removed.
DETD
PAR  Referring to the drawings, in FIG. 1, reference numeral 20 refers generally
      to an "inject, extrude and blow" machine which is quite similar in its
      overall functions to that machine described in U.S. Pat. No. 3,008,192.
PAR  Generally, this machine includes a lower orifice block 21 having a
      plurality of channels therein connected to an extruder or other suitable
      source of plasticized plastic material (not shown), the block 21 providing
      for the flow of plasticized material to a series of annular orifice plates
      22, best shown in FIGS. 8 and 9. The orifice plates 22 cooperate with
      central upstanding orifice mandrels 23 to define a series of annular
      orifices 24 therebetween, each orifice 24 opening upwardly and
      communicating through annular material channels 25 with the extruder for
      the supply of material thereto.
PAR  Superimposed over the orifice block 21 and vertically aligned therewith is
      a neck mold block 27 having a plurality of lower reduced diameter portions
      28 circumscribing individual interior neck mold cavities 30 defined
      between interior bores 29 of the block 27 and central blow pins 31
      projecting vertically through the bores 29, respectively. A split sleeve
      32 is interposed between each pin 31 and bore 29 to provide an
      undersurface 33 blocking off the upper portion of the bore 29, the surface
      33 serving to define the upper end of each injection chamber 30. Neck mold
      block 27 is vertically actuated toward and away from the orifice block 21
      by an upper actuating cylinder 35 carried on a mounting yoke 36, the
      cylinder actuating rod 37 projecting through the yoke and being attached
      to the neck head 27.
PAR  A pair of spaced mold side mounting plates 40 are carried by support legs
      41 of the mounting yoke 36, these plates being equipped with guide
      bearings 42 for transverse movement toward and away from one another. Upon
      actuation of actuating cylinder 43 mounted on the support legs 41, the
      actuating rods 44 (extending through the legs 41 and attached to the mold
      plates 40) move the side plates 40 toward and away from one another. These
      mold side plates 40 are provided with longitudinally extending keys or
      guides 45 (FIG. 2).
PAR  Mounted on the guides 45 for sliding movement thereof are two separate sets
      of blow molds indicated generally at 50 and 51, respectively. These blow
      molds are similar but smaller in overall external shape and are mounted
      upon transversely spaced, common mounting plates 46 in fixed, spaced
      relationship. These mounting plates 46 contact the guides 45 and slide
      along the guides intermediate the side mounting plates 40. The mold
      mounting plates 46 project beyond the confines of the mold 50,51, as at
      47, and these projecting portions 47 are mounted for transverse sliding
      movement on an actuating plate 48. The plate 48 is secured to the
      actuating piston rod 49 of an elongated actuating cylinder (not shown)
      having a stroke sufficient to interpose either of the mold assemblies 50,
      51, between the lower orifice block 21 and the upper neck ring block 27.
      The extent of movement of the mold sections between the blocks 21, 27 and
      the correlated opening and closing of the mold sections 50, 51 is well
      illustrated schematically in FIGS. 3 through 7.
PAR  As best shown in FIGS. 8 through 12, the mold assembly 50 comprises a
      series of mold halves 50a, 50b which cooperate to define an interior mold
      cavity 52. This mold cavity 52 is of a shape intermediate that of the
      extruded tube or initial parison and that of the final blow molded
      container, as will be hereafter more fully described. Generally, the mold
      cavity 52 includes an upper recess 53 adapted to receive the lower reduced
      portion 28 of the neck mold block 27, a laterally enlarged
      handle-encompassing portion 54, a lower pinch-off projection 55 and a
      flared tail-confining portion 56 therebeneath. An inclined, generally
      linear body-defining portion is also provided at 57 opposite to the
      portion 54.
PAR  In operation, the neck mold block 27 is initially lowered by means of its
      cylinder 35 into contact with the orifice plate 22, and plastic material
      is injected from the orifice 24 into the neck mold 30 to fill the neck
      mold cavity.
PAR  After the material in the neck mold cavity has been solidified to a
      self-sustaining state, the cylinder 35 is actuated and the neck mold is
      retracted vertically upwardly to its position illustrated in FIG. 8, while
      additional material is issued from the orifice 24 to form the extruded
      tube or initial parison 60. Preferably, the initial movement of the neck
      mold block 27 is truly vertical, but where desired, this motion may be
      upwardly and laterally in an angular direction. Alternatively, the neck
      mold 27 may be displaced after the full extent of its vertical motion has
      been accomplished, so that the neck mold is no longer aligned with the
      orifice. This neck mold actuation is described in detail in U.S. Pat. No.
      3,122,596.
PAR  Next, the tubular extrusion 60 is entrapped in the mold sections 50a and
      50b by closure of the mold sections upon actuation of the cylinder 43,
      this motion being guided by the guides 42. The closure of the mold
      sections 50a, 50b, pinches the tube shut by engagement of the pinching
      projection 55 with the tube in close proximity to the orifice 24. This
      area of pinch-off is illustrated in FIGS. 10 and 11 of the drawings at 61.
      Once the tube has been pinched shut, the tube 60 now becomes a blowable
      bubble and upon introduction of air through the air passage 31a in the
      neck pin 31, the blowable bubble or parison is inflated to the
      configuration of the mold cavity 52.
PAR  From FIGS. 10 and 11 it will be seen that the blown "pre-form," indicated
      generally at 65, is provided (1) with somewhat bulbous enlarged area 66,
      the location generally conforming to the location of the handle in the
      final container (compare FIGS. 11 and 14), (2) with lower corner portions
      67 conforming to the four bottom corners of "heel" portions of the final
      container, and (3) with a generally vertically extending linear portion 68
      which conforms to the substantially straight non-handled side of the final
      bottle of FIG. 14.
PAR  From FIG. 12 it will be seen that the handle-defining portion 66 forms a
      projection of restricted width which is laterally displaced from the main
      body defining portions of the remainder of the pre-form.
PAR  After inflation of the pre-form to the configuration shown in FIGS. 10
      through 12, the mold sections 50,51 are opened by means of the side
      cylinders 43, leaving the pre-form held in position by the neck (still
      retained within the confines of the neck mold) and by means of the pinched
      area 61 (still connected to the orifice 24). The molds then are
      longitudinally displaced by means of the piston rod 45 and its associated
      cylinder, to the position of FIG. 2, at which the final blow mold 50 is
      now laterally aligned with the pre-form. Next, the mold sections are
      closed by the cylinders 43, and air is introduced through the pin opening
      31a to inflate the container to its final configuration interiorly of the
      final blow mold sections 51a, 51b.
PAR  From the overlay of the pre-form (indicated in dotted outline) on the final
      bottle (indicated in solid outline) in FIG. 14, it will be seen that the
      bulbous projection 66 projects outward into that portion of a final blow
      mold sections 51a and 51b which form the handle 70 of the final article.
      The same relative pre-form-final article configuration is illustrated in
      FIG. 15 of the drawings wherein again the shape of the pre-form is
      overlaid in dotted outline of the solid outline of the final container.
      The mold cavity interiorally of the blow molds 51a and 51b contain
      projecting portions 71 which are closely spaced to mash flat that portion
      of the jug handle which will be removed to form the handle hand hole of
      the final container, this portion being indicated at 72. It is necessary
      that the pre-form portion 66 extend beyond the mashed portion 71 in order
      that the final handle configuration can be blown.
PAR  Additionally, it will be noted that those portions defining the corners 67
      of the pre-form have been displaced downwardly and outwardly to the
      "heels" of the container, and the additional material which has been
      gathered by the "folded" configurations of the corners 67 and the pinch
      line 61 forms the bottom and corners of the container, so as to form all
      portions of the container to substantially the same wall thickness.
PAR  By the proper design of the pre-blown parison or "pre-form" 65, the walls
      of this pre-blown shape are inflated and distended substantially uniformly
      during the final blowing operation. Further, the pre-form is retained in
      the closed pre-form mold sections 50a and 50b until such time as the
      average wall temperature of the pre-blown shape attains the temperature
      most condusive to orientation. By the twin factors of temperature control
      and uniform blowing, excellent and uniform biaxial orientation can be
      obtained in the blown portions of the final article. The temperature
      conditions necessary for effective orientation utilizing different types
      of materials are to be found in my copending application Ser. No. 103,624,
      filed Jan. 4, 1971 now U.S. Pat. No. 3,767,747.
PAR  Of course, that material located at 72 and mashed between the
      handle-defining porjections 71 of the mold 51 forms flash or waste
      material which must be removed. Such material can either be removed in a
      post-molding operation or by means of a mechanism illustrated in FIGS. 16
      and 17. The mold section 51b is provided with a passage 75 aligned with
      the flash 72 and of the same general configuration as the flash. Mold
      section 51A carries an exterior mounted actuating rod 76 having a guide
      projection 77 located interiorly of the mold section and a movable piston
      rod 78 aligned with the passage 75 and forming a portion of the side wall
      at which the flash 72 is to be formed. Upon closure of the mold walls, the
      portions surrounding the passage 75, in cooperation with those portions of
      the mold section 51A surrounding the movable piston rod 78 engage and at
      least partially sever the flash. Following the molding operation, the
      cylinder 76 is actuated to project the piston rod 78 into the recess 75
      carrying with it the previously formed flash 72. In this way, a completely
      flash-free bottle is made, with the exception of the lower "tail" formed
      beneath the pinched-off portion 61 still connecting the blown bottle to
      the orifice. This removal of the flash 72 is disclosed in U.S. Pat. No.
      3,362,043.
PAR  To remove the bottle from the apparatus, it is only necessary to open the
      neck mold and to rupture the molten material in the orifice from the tail
      portion 61 of the finished container. This can be done in several
      different ways with various take-out mechanisms which have been proposed
      in the prior art.
CLMS
STM  Having fully described an operative embodiment of this invention, I now
      claim:
NUM  1.
PAR  1. In a method of making a blow molded container having an injection molded
      finish portion and a blown body portion having a handle, the steps of:
PA1  positioning an injection finish mold in direct communication with an
      annular extrusion orifice, filling said injection finish mold with
      thermoplastic material from said orifice, simultaneously moving said
      finish mold from said orifice and extruding a tube from said orifice
      integral with thermoplastic material in said mold, the improvements of
      closing a pre-form mold having an internal cavity on said extruded tube to
      thereby create a tail portion of said tube, radially distending said tube
      to a pre-form configuration conforming to the shape of the internal cavity
      of said pre-form mold, wherein said pre-form includes an enlarged bulbous
      region destined to form the handle of said blown container body, opening
      said pre-form mold, relatively moving the blown pre-form and said pre-form
      mold to expose the blown pre-form, closng a final blow mold onto said
      pre-form, said final blow mold having a cavity conforming to the shape of
      the container and a handle defining portion, engaging said pre-form during
      the closing step only at the enlarged bulbous region by said handle
      defining portion and at said tail, and radially distending said pre-form
      to the shape of said blown container.
NUM  2.
PAR  2. The method of claim 1, wherein the pre-form is blown to its final
      configuration while at an average wall temperature conducive to
      orientation.
NUM  3.
PAR  3. The method of claim 1, wherein the pre-form after blowing remains
      attached to the finish mold and to the extrusion orifice during relative
      movement of the pre-form and the pre-form mold, closing of the final blow
      mold and radial distending of the pre-form in the final blow mold.
NUM  4.
PAR  4. The method of claim 3, wherein the finish mold is elevated from the
      extrusion orifice during the extrusion of the tube and the vertical extent
      of the pre-form is substantially the same as that of the final blown
      article, but the volume of the pre-form is substantially less than that of
      the final blown article.
NUM  5.
PAR  5. The method of claim 1, wherein the pre-form mold and the final blow mold
      are jointly displacable in a plane normal to the direction of movement of
      the finish mold from the orifice for successive alignment with an extruded
      tube and a pre-form, respectively.
NUM  6.
PAR  6. The method of claim 5, wherein a plurality of tubes are formed between
      separate injection molds and orifices, respectively, the tubes being
      aligned in the direction of movement of the molds, and separate mold
      cavities are provided for the separate tubes, respectively.
NUM  7.
PAR  7. In a method of reducing scrap and flash in the formation of a container
      having a seamless blown container body with an asymmetric configuration
      and an injection molded finish integral with said body, the method
      including:
PA1  1. closing the sections of a sectional pre-form mold onto a thermoplastic
      parison having an injection molded finish, and forming a tail portion on
      said parison, said pre-form mold sections, when closed, defining a first
      mold cavity;
PA1  2. expanding the parison within said first mold cavity to the configuration
      of a blowable pre-form body having a shape and size intermediate the shape
      and size of the parison and the container, said pre-form body including an
      enlarged bulbous region destined to form a portion of the asymmetric
      configuration of said container;
PA1  3. removing the pre-form from the first mold cavity and positioning the
      pre-form between the sections of a sectional final mold which, when
      closed, defines a second mold cavity larger than said first mold cavity
      and conforming to the shape of the blow container body;
PA1  4. closing said mold sections to engage the tail portion projecting outside
      of the mold cavity, the remainder of the pre-form body being confined
      within the second mold cavity to reduce the formation of flash and scrap
      material; and
PA1  5. expanding said pre-form to the shape of said second mold cavity.
NUM  8.
PAR  8. The method as defined in claim 7, characterized in Step (3) by forming
      concave heels on said pre-form and in Step (6) by expanding the concave
      heels to form convex heels on the blown container.
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PAL  A method for manufacturing shaped articles by injection-blow molding. A
      thermoplastic material is first formed into a bottomed parison by
      injection-molding said material onto the surface of an injection molding
      core. The bottomed parison formed on the surface of the core is cooled to
      a temperature at which it is easily removed from the core, and is removed
      therefrom. The parison is heated again to a predetermined temperature and
      the reheated parison is transferred to a blow molding mold, wherein the
      parison is blow-molded.
PARN
PAR  This is a division of application Ser. No. 160,480, filed July 7, 1971, now
      abandoned.
BSUM
PAR  This invention relates to a method for manufacturing articles of a
      thermoplastic material by means of injection-blow molding.
PAR  The injection-blow molding is widely employed for manufacturing hollow
      articles of a thermoplastic material today. In this method, a bottomed
      parison is first formed from a molten plastic material by means of
      injection molding, and the parison is transferred to a blow molding mold
      and is expanded by blowing compressed air thereinto. The method comprises
      steps of injection molding of a parison, transfer of the parison to a blow
      molding mold, closing of the blow molding mold, blowing of compressed air,
      cooling, opening of the blow molding mold, and removal of the formed
      hollow article in this order.
PAR  Such injection-blow molding is advantageous in that a step for finishing
      the opening of formed articles is not required because the opening is
      formed very precisely by injection molding, there is no need for cutting
      off the bottom, weak spots are not formed, and material loss is small.
PAR  In this injection-blow molding method, however, the quality of the formed
      articles is sensitively influenced by temperature and state of the parison
      which is formed by injection molding. That is, if the temperature of the
      parison is too high, its release from the mold is troubled because of the
      adhesion thereof to the core, and the subsequent blow-molding is made
      impossible. Or if temperature of the parison is too low, the blow molding
      is now impossible because of the high viscosity of the parison. Therefore,
      the temperature conditions pertaining to the parison must be very strictly
      adjusted.
PAR  Unfortunately in the prior art method of injection molding, temperature
      conditions pertaining to the parison cannot be so precisely set.
      Especially in the case where thin articles are made, it is essential to
      control temperature very strictly and to secure a uniform temperature
      distribution. But such strict temperature control is impossible in the
      prior art method, and therefore it is extremely difficult to manufacture
      large articles with small thickness.
PAR  Further, articles excellent in mechanical strength and transparency cannot
      be manufactured by the prior art injection-blow molding method. In the
      prior art method, a bottomed parison formed by injection molding is
      immediately blow-molded by compressed air, and therefore it is extremely
      difficult to carry out the blow molding in a manner to give orientation to
      the formed article, if it is desired.
PAR  This invention was completed for the purpose of eliminating the technical
      difficulties of the prior art injection-blow molding as mentioned above,
      and providing a method for injection-blow molding product of high quality
      with good efficiency. The method of this invention is characterized in
      that a bottomed parison of a thermoplastic material is formed by
      injection-molding said material on the surface of an injection molding
      core, the thus formed parison is cooled to a temperature at which the
      parison is easily removed from the core, and is removed from the core
      surface, then the parison is reheated to a predetermined temperature and
      is transferred to a blow molding mold, wherein it is blow-molded.
PAR  The method of this invention contains steps of cooling a formed parison,
      removing the parison from the injection molding core, and reheating the
      parison prior to the subsequent blow molding; and inclusion of these steps
      makes it possible to produce articles excellent in mechanical strength and
      transparency, and to carry out the blow molding of the parison so as to
      give orientation to the manufactured articles. Further in accordance with
      this invention, excellent articles are produced by strictly controlling
      the temperature conditions with respect to the parison.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in connection with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a vertical section schematically showing an example of the
      injection-blow molding apparatus of this invention;
PAR  FIG. 2 is a diagram showing arrangement of the injection molding section,
      the parison reheating section and the blow molding section;
PAR  FIGS. 3A to 3H are diagrams to show operation in each step of the
      injection-blow molding method of this invention;
PAR  FIG. 4 is a diagram showing another example of the reheating step in the
      injection-blow molding of this invention;
PAR  FIGS. 5A to 5C is a diagram showing still other example of the reheating
      step and the blow molding step in the injection-blow molding method of
      this invention; and
PAR  FIG. 6 is a diagram showing still another example of the reheating step in
      the injection-blow molding method of this invention.
DETD
PAR  Now the invention is illustrated by way of working examples with reference
      to the attached drawings.
PAR  FIG. 1 shows the mold supporter comprising an upper mold supporting disk 1,
      a middle mold supporting disk 2 and a lower mold supporting disk 3 each
      placed movably at the corresponding position. Part A represents an
      injection molding section (comprising corresponding parts A.sub.1, A.sub.2
      and A.sub.3), part B represents a blow molding section (comprising
      B.sub.1, B.sub.2 and B.sub.3) and part C represents a bottomed parison
      reheating section (comprising corresponding parts C.sub.1, C.sub.2 and
      C.sub.3).
PAR  FIG. 2 shows arrangement or relative positions of parts A, B and C, which
      are radially placed with an angle of 120.degree. inbetween. That is,
      A.sub.1, B.sub.1 and C.sub.1 of the upper mold supporting disk 1; A.sub.2
      m B.sub.2 and C.sub.2 of the middle mold supporting disk 2 and A.sub.3,
      B.sub.3 and C.sub.3 of the lower mold supporting disk 3 are respectively
      radially arranged with an angle of 120.degree..
PAR  On the lower side of the vertically removable upper mold supporting disk 1,
      an injection molding core 4, a heating projection 5 for heating the inside
      of the bottomed parison and a blow molding core 6 are provided at the
      positions of A.sub.1, C.sub.1 and B.sub.1 respectively. At the lower end
      of the blow molding core 6, a stretching rod 7 is provided so as to
      longitudinally stretch the reheated bottomed parison when it is
      blow-molded. As shown in FIG. 3G, the stretching rod can be extended
      downward by a stem 7a.
PAR  On the upper side of the middle mold supporting disk 2, holders 8, 9 and 10
      are provided with an angle of 120.degree. therebetween at the positions
      respectively corresponding to A.sub.2, C.sub.2 and B.sub.2, which
      respectively hold the opening 21 of a bottomed parison 11. The middle mold
      supporting disk is horizontally rotatable around an axis secured
      perpendicular to the surface thereof.
PAR  The lower mold supporting disk 3 is vertically removable, too, the upper
      side of which is provided with an injection molding mold 12, a heating
      device 13 and a blow molding mold 14, 15 at the positions corresponding to
      A.sub.3, C.sub.3 and B.sub.3. The mold 12 comprises a cavity 17 and a gate
      16. The heating device 13 has a cavity 18 in which the parison is heated
      by supplying heat from the heating device 13. The blow molding mold
      comprises two parts 14 and 15 which can be opened, each having a concavity
      19 and 20.
PAR  Now the operations of the injection-blow molding method in accordance with
      this invention for manufacturing shaped articles are specifically
      explained. FIG. 3A shows the state of the injection molding section when
      the upper, middle and lower mold supporting disks are joined together. A
      suitably plasticized plastic material is injected into the interstice
      formed by the mold block 12 and the core 4 through the gate 16. Thus a
      bottomed parison 11 is formed as shown in FIG. 3B. Then the upper and
      lower mold supporting disks are vertically moved apart from the middle
      mold supporting disk by a suitable driving means as shown in FIG. 3C. In
      this stage, the formed parison 11 is held by the holder 8 by the opening
      thereof 21. Then the middle mold supporting disk 2 is turned by
      120.degree. so that the parison 11 comes to the parison reheating section
      C as shown in FIG. 3D, and the upper, middle and lower mold supporting
      disks are joined together as shown in FIG. 3E. In this stage, the parison
      is embraced in the cavity 18 of the heating device 13, and the heating
      projection 5 is now inserted in the hollow 22 of the parison 11 and the
      parison is heated by being supplied with heat from both the heating
      projection 5 and the heating device 13. The heating device 13 and the
      heating projection 5 are provided with suitable heating elements such as
      heaters imbedded therein (not shown in the drawings). Thus the parison is
      reheated until the parison attains a state in which blow molding is
      completely effected.
PAR  The relations between the surface temperatures of the heating device 13 and
      the heating projection 5 versus the state of parisons are experimentally
      determined with respect to various materials, various sizes and various
      thicknesses of parisons. Thus suitable reheating temperatures at which
      orientation blow molding is satisfactorily carried out, for instance, can
      be selected by considering the above-mentioned experimental data and
      measured temperature.
PAR  After the parison has been reheated, the upper and lower mold supporting
      disks are again separated from the middle mold supporting disk and the
      latter is turned further by 120.degree., until the reheated parison 11
      comes to the blow molding section B as shown in FIG. 3F. Then the upper
      and lower mold supporting disks are joined together with the middle disk,
      and the two blocks 14, 15 of the blow molding mold are closed together as
      shown in FIG. 3G. At this stage, the stretching rod 7 of the blow molding
      core 6 extends downward stretching the reheated parison, at the same time
      or after stretching, compressed air is blown into the hollow of the
      parison through a passage (not shown) provided in the core 6 so as to
      laterally inflate it. After the blowing, again the three disks and the
      mold blocks are separated and the finished article is taken out as shown
      in FIG. 3H.
PAR  In the above-explained embodiment, the injection molding section, the blow
      molding section and the parison reheating section are arranged radially
      with an angle of 120.degree.. But the angle is not always 120.degree.. If
      the sections are arranged with a 60.degree. angle, two sets of
      injection-blow molding equipment are provided in a machine. These sections
      are not necessarily arranged with an equal angle, either. Or, in each
      section, a plurality of molds, etc. can be fixed so that injection-blow
      molding can be carried out in parallel. Further, though the components of
      each section of each mold supporting disk are secured to one identical
      disk in the embodiment shown in FIG. 1, these are not necessarily secured
      to the same disk but can be secured to separate disks respectively.
PAR  In the steps of reheating as shown in FIGS. 3D and 3E, the opening 21 of a
      bottomed parison 11 may be deformed on account of shrinkage on occasions.
      Such deformation of the opening of parison is avoided and a best
      dimensional stability is attained by employing the following process.
PAR  The process is carried out, for instance, by using an inside supporter 23
      provided with a shoulder which holds the inside of the opening 21 of a
      parison 11 as shown in FIG. 4 instead of the heating projection 5 as shown
      in FIG. 1. When this device is used as shown in FIG. 4, that is to say,
      when a bottomed parison 11 is reheated, the shoulder is inserted inside
      the opening 21 of the parison 11 and the opening 21 is fixed by the
      shouldered supporter 23 and the holder 8 so that no deformation occurs to
      the opening if shrinkage takes place in the parison when reheated. Thus
      the reheating step can be carried out without misgivings of irregularity
      in shape and dimensional disorder.
PAR  When the shouldered supporter 23 shown in FIG. 4 is used, heat is applied
      only from outside, that is, from the heating device 13 in the embodiment
      represented by FIG. 4. But if an inside supporter which is provided with
      the opening-holding shoulder and an extended part with heating elements
      therein, which is placed in the hollow 22 of a parison 11 yet does not
      contact the inside thereof, is used, heat can be supplied from inside of
      the parison, too. In this case quicker heating and more uniform heat
      distribution is effected, which makes the subsequent blow molding
      operation more precise and easier.
PAR  FIGS. 5A, 5B and 5C show another example of reheating and blow molding
      devices. In these figures, member 23 stands for an inside supporter
      equipped with a stretching rod 7 in its center. A bottomed parison
      obtained by the steps represented by FIGS. 3A to 3C is transferred to the
      reheating section C equipped with the heating device 13 and inside
      supporter 23 as shown in FIG. 5A wherein the opening 21 of the parison 11
      is tightly held by the shoulder and the holder 8 and the parison 11 is
      heated by the heating device 13. After the parison is reheated, only the
      heating device 13 is removed and holder 8 and the inside supporter 23 are
      turned to the blow molding section B with the parison held thereon.
      Therefore, when this type of inside supporter is employed, the upper mold
      supporting disk 1 is not only upwardly removable, but also it must be
      horizontally rotatable around an axis perpendicular to the disk plane. At
      section B, the blow-molding mold 14, 15 is raised to be joined to the
      holder 8 so that they confine the parison therein as shown in FIG. 5B.
      Thus a finished article is obtained by extending the stretching rod 7 and
      introducing compressed air into the hollow of the parison through a
      passage (not shown in the drawings) provided in the inside supporter 23 so
      as to inflate the parison as shown in FIG. 5C. When this type of
      stretching rod is used, the blow molding core 6 secured to the upper mold
      supporting disk 1 as shown in FIG. 1 is not required.
PAR  When the parison is longitudinally stretched as being inflated by means of
      the stretching rod 7 which pushes the bottom 11a of the parison 11 after
      the parison is reheated as shown in FIGS. 5A to 5C, it is difficult to
      keep a balance between the temperatures of the rod 7 and the parison 11.
      If the temperature of the rod 7 is too low in comparison with that of the
      parison even if the parison is uniformly reheated, the part of the parison
      which contacts the rod 7 and its vicinity are hardened by cooling effect
      and are liable to be torn off on occasions, and thus blow molding is made
      impossible. To the contrary, if the temperature of the rod is too high,
      the bottom part 11a of the parison 11 which is in contact with the rod is
      softened and is perforated on occasions.
PAR  In order to avoid such undesirable phenomena, the reheating if preferably
      carried out with the rod 7 stretched until it contacts the inside of the
      bottom 11a of the parison 11. By heating the parison contacting the rod in
      body, the rod 7 is heated to much the same temperature as that of the
      parison 11, and therefore, the fear of tearing-off or perforation of the
      parison bottom when the parison is longitudinally elongated is eliminated.
      To attain this object, it is desirable to use a stretching rod the
      temperature of which can be regulated. When the rod 7 is contacted with
      the bottom 11a of the parison 11 when the latter is heated, the
      temperature of the former is to be raised to the temperature to which the
      parison bottom is heated. This is effected as expected, but presumably, as
      the stress concentrates to the part of the parison which contacts the
      stretching rod when the parison is longitudinally stretched, said part
      would have to be a little harder than the other parts. Therefore, the
      stretching rod 7 should preferably be kept at temperatures neither higher
      nor 20.degree. C lower than those of the parison. Especially, particularly
      satisfactory results in the blow-molding of the parison are obtained when
      the temperature of the stretching rod is maintained at a temperature
      slightly (approximately 5.degree. - 10.degree. C) lower than that of
      parison. For the purpose of regulating the temperature of the stretching
      rod, a suitable heat transfer medium may well be circulated in said rod.
PAR  In the embodiment represented by FIG. 6, the stretching rod is secured to
      the inside supporter 23. However, the stretching rod 7 may be secured to
      the injection molding core 4. In this case, after injection molding core 4
      is removed from the parison, the reheating may be carried out in the state
      that the end of the stretching rod is maintained as it is in contact with
      the inside of the parison bottom.
PAR  In the above-mentioned embodiments, a parison 11 is reheated after it is
      completely removed from the injection molding core 4. However, the parison
      11 may be not completely but partially removed.
PAC  EXAMPLE 1
PAR  A polypropylene resin, of which the density is 0.90 g/cm.sup.3 and the melt
      flow index is 7.0, was injection-blow-molded in accordance with the steps
      shown in FIGS. 3A to 3H. A bottomed parison was formed by
      injection-molding said resin at 250.degree. C in the injection molding
      section. The parison was completely removed from the injection molding
      core after it was cooled and transferred to the reheating section, wherein
      it was heated at 145.degree. C. The reheated parison is transferred to the
      blow molding section, wherein the parison was blow-molded with blowing
      pressure 5 Kg/cm.sup.2 and blowing time 10 sec. by longitudinally
      stretching to 3.5 times the original length and inflating laterally to 4.0
      times that of the original diameter, the blowing mold temperature being
      lowered to 40.degree. - 60.degree. C at the molding operation.
PAR  A bottle 260 cc in volume and 3.1 g in weight was obtained. Thickness of
      the bottom and the side was proved to be uniformly 0.1 mm. The bottle was
      free from scratches and irregularity in shape. The tensile strength of the
      produced bottle was 1000 - 1500 Kg/cm.sup.2 [measured by a Tensilon (trade
      mark) tensile tester]. This is far higher than that of the conventional
      products which is no more than 350 - 450 Kg/cm.sup.2.
PAC  EXAMPLE 2
PAR  A blended resin material consisting of 95 % by weight of an
      ethylene-propylene copolymer (ethylene content 2 - 3 % by weight), of
      which the density is 0.9 g/cm.sup.3 and the melt flow index is 7.0, and 5
      % by weight of a polyethylene, of which the density is 0.96 g/cm.sup.3 and
      the melt index is 5.0, was injection-blow-molded in accordance with the
      process represented by FIGS. 3A to 3H, except that the reheating step was
      carried out by employing the equipment shown in FIG. 6.
PAR  First, in the injection molding section, the above material was
      injection-molded into a bottomed parison at the temperature of 185.degree.
      C, and the parison was completely removed from the injection molding core
      after it was cooled. The parison was transferred to the reheating section,
      wherein it was reheated at 170.degree. C with the reheating mold heated at
      170.degree. C. When the parison was reheated, the parison was heated up to
      115.degree. C while the end of a stretching rod, which was kept at
      110.degree. C by circulating therein an oil heated at 110.degree. C, was
      pressed to the inside of the parison bottom. This made possible
      longitudinal elongation of the parison to 2.2 - 3.4 times that of the
      original length without perforation caused at the bottom in the step of
      the subsequent longitudinal stretching. Thus containers the content of
      which are 450 cc and 1350 cc respectively, and either of which weighed 12
      g, were made. The thickness was 0.2 mm for the 450 cc container and 0.1 mm
      for the 1350 cc container. Both had uniform thickness and are free from
      irregularity in shape and scratch, etc. and are far better than the prior
      art products in transparency. The tensile strength was 800 - 1500
      Kg/cm.sup.2, which is far higher than the prior art products the strength
      of which is 350 - 450 Kg/cm.sup.2.
PAR  Employment of the rod the end temperature of which is 90.degree. C and
      120.degree. C resulted in tearing off and performation of the bottom
      respectively.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for manufacturing shaped articles by injection blow molding
      comprising injection-molding a thermo-plastic material onto the surface of
      an injection molding core to form a bottomed parison; cooling the parison
      to a temperature at which it is easily removed from said core; removing
      the cooled parison from said core and transferring the cooled parison to a
      reheating mold; reheating the removed parison to a predetermined
      temperature; transferring the reheated parison to a blow molding mold;
      stretching longitudinally the reheated parison disposed within the
      blow-molding mold by extending a stretching rod downwards within the
      parison; and blow-molding said parison; characterized in that said
      reheating is performed in a manner that the stretching rod is disposed in
      contact with the inside bottom of the parison, so that the stretching rod
      is heated to much the same temperature as the parison and so that in the
      stretching step, the parison portion contacted with the stretching rod is
      prevented from being destroyed.
NUM  2.
PAR  2. A method according to claim 1 characterized in that the temperature of
      said rod is regulated.
NUM  3.
PAR  3. A method according to claim 1 characterized in that said stretching rod
      is temperature-controlled to keep that portion of the stretching rod
      contacted with the end portion of the parison at the temperature not
      higher than nor 20.degree. C lower than that of the parison.
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ABST
PAL  Polymeric film is stretched by pulling the film over a first roller which
      is heated and over a second roller which is cooled, the second roller
      rotating at a greater peripheral speed than the first roller. The
      necking-in of the film in the gap between the two rollers is considerably
      reduced if a heat-transfer liquid is applied betwen marginal portions only
      of the film and the corresponding peripheral portions of the second,
      cooled, roller.
BSUM
PAR  The present invention relates to a process and apparatus for producing
      polymeric film, wherein a polymeric film which has been heated to a
      temperature at which it is readily deformable, is longitudinally
      stretched.
PAR  In the manufacture of polymeric film, a molten thermoplastic polymer, e.g.
      a polyester such as polyethyleneterephthalate, is extruded through an
      elongated narrow extrusion orifice to form a molten film. The molten film
      is quenched, which means sufficiently rapidly cooled to obtain a
      solidified film the structure of which is still amorphous. By stretching
      the quenched film longitudinally or both longitudinally and laterally
      while the polymer is at the lower end of the softening range, somewhat
      above the glass transition temperature, the polymer may be subjected to
      molecular orientation leading to an improvement in various physical
      properties of the film, notably its tensile strength. The longitudinal and
      lateral stretching operations are usually carried out in succession, the
      film being usually stretched first in the longitudinal and then in the
      lateral direction.
PAR  The longitudinal stretching of the film is usually done in the gap between
      two rollers over which the film is pulled, the first roller being heated
      and being rotated at a first speed, and the second roller being cooled and
      being rotated at a second speed which is higher than the speed of the
      first roller. The film may be subjected to infrared radiation in the gap
      between the two rollers in order to sufficiently weaken it for ready
      stretching. In order to effect the lateral stretching of the film, the
      edges of the longitudinally stretched film are gripped in clamps which are
      made to follow diverging paths so that the lateral dimension of the film
      may be increased by a factor up to say 3.5.
PAR  The application of longitudinal tension upon the film during the
      longitudinal stretching causes the film to "neck-in" and as a result of
      lateral forces acting on the film, the film slips laterally and unevenly
      upon the surface of the roller, or the first of a series of rollers, which
      exert the longitudinally pull on the film. As a consequence thereof, the
      film entering the lateral stretching mechanism is of varying width and in
      consequence it may repeatedly occur that portions along the film edges are
      not gripped or are gripped to an insufficient extent by the clamps of the
      stretching mechanism so that upon laterally stretching the film the
      stretching forces are not properly distributed. If the film edges are
      released by even one clamp due to it not having properly gripped the film
      edge, a complete rupture of the film in the course of the lateral
      stretching may occur so that the manufacturing process must be interrupted
      in order to re-introduce the film into the lateral stretching mechanism.
PAR  In addition, the irregular necking-in of the film requires the adjustment
      of a number of other devices which are involved in the production process,
      such as coating devices, edge trimming devices, etc., to cover a width
      which corresponds with the minimum film width which can be expected so
      that considerable production losses result in consequence. The irregular
      necking-in is therefore a disadvantage even if the film is not
      subsequently subjected to transverse stretching.
PAR  The present invention aims at providing an improved process wherein the
      rate and variations of the necking-in of film which is being
      longitudinally stretched are avoided or considerably reduced.
PAR  According to the present invention, there is provided a process for
      producing polymeric film, wherein a polymeric film, while it is at a
      temperature at which it is readily deformable, is longitudinally stretched
      in a zone where the film is unsupported by drawing the film away from said
      zone at a speed which is greater than the speed at which the film is fed
      into such zone, and wherein a heat-transfer liquid is provided between the
      film and a cooling roller onto which the film is received at the end of
      its travel through said zone, the process being characterized in that the
      heat-transfer liquid is supplied between marginal portions only of the
      film and the corresponding peripheral portions of said cooling roller,
      thereby to reduce and stabilize the necking-in of the film on said cooling
      roller.
PAR  The invention is at present considered to be particularly advantageous for
      manufacturing thin polymeric film having a thickness less than 0.5 mm, but
      the invention is not confined to processes and apparatus for producing
      films of such small thickness. The present effect of the application of a
      heat-transfer liquid between margins of the films and the cooling roller
      is quite surprising, because it is known that the application of a liquid
      between a film and a cooling surface over the full width of the film
      increases the necking-in of a film, rather than reducing it.
PAR  In United Kingdom Pat. Specification 1,140,175 filed Mar. 22, 1967 by Kodak
      C.degree. a method of producing thermoplastic sheeting has been disclosed,
      comprising including a film of a liquid heat transfer medium between an
      extruded curtain of fluid thermoplastic material and a cooled carrying
      surface, whereas in French Pat. Specification 2,049,046 filed July 22,
      1970 by du Pont de Nemours it is said that a layer of liquid between an
      extruded polymeric film and a cooling surface forms a floating transition
      between the film and the cooling surface so that necking-in and thickness
      variations of the film increase and it is therefore proposed to
      electrostatically attract the film to the cooling surface in order to
      reduce the described adverse effect of the liquid layer.
PAR  The optimum width of the marginal portions over which liquid is applied can
      be easily determined by tests. In general the width of each of such
      marginal portions will be below 7.5 % of the width of the film measured at
      the site of the said cooling roller.
PAR  Extruded polymeric film usually has margins or edges of substantially
      greater thickness than the main part of the film width and for many
      purposes, and notably in the manufacture of photographic film support, it
      is necessary to trim off such margins or edges. According to a preferred
      embodiment of the present invention, margins of the film are trimmed off
      subsequent to the said longitudinal stretching operation and the width of
      the marginal zones over which the said liquid is supplied does not exceed
      one and a half times the width (measured at the site of the said cooling
      roller) of those marginal portions of the film which are subsequently
      trimmed from the film before the film is wound up. The term "edge loss" is
      used in the art to denote the amount of the film which is removed from the
      film margins in the course of the production process for one reason or
      another such as excessive thickness of the film margins in comparison with
      the thickness of the central portion of the film, wrinkling of the
      margins, different crystallinity, etc. When trimming a film produced
      according to the invention, the width of the film margins trimmed off may
      be equal to the width of the marginal zones to which liquid is supplied as
      aforesaid. Of course the trimmed width may if desired be somewhat greater
      than the width of the said zones. This latter situation will usually occur
      if the film is laterally (transversely) stretched after the longitudinal
      stretching.
PAR  An apparatus for use in producing polymeric film in accordance with the
      present invention comprises a rotatable cooling roller for cooling the
      film as the film is at a temperature which is higher than its
      glass-transition temperature, and means for supplying a heat-transfer
      liquid between marginal portions only of the film and the corresponding
      peripheral portions of said cooling roller.
PAR  According to a preferred embodiment of the invention, the apparatus
      comprises two applicators with pads which are mounted for rubbing contact
      with peripheral portions of the cooling roller that correspond with the
      location of the marginal portions of the film on said roller, and a supply
      of heat-transfer liquid which is in connection with said applicators via
      metering means which controls the rate of flow of said liquid to said
      applicators.
DRWD
PAR  The invention will hereinafter be described by way of example with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic representation of a film extrusion apparatus.
PAR  FIG. 2 is a diagrammatic elevation of the cooling surface of the apparatus
      according to FIG. 1 wherein the application of a liquid for improvement of
      the adherent contact between the film and the cooling surface is
      illustrated.
PAR  FIG. 3 is a detailed illustration of an applicator for the liquid.
DETD
PAR  Referring to FIG. 1, a molten polymer is extruded through an extrusion die
      10 onto a quenching drum 11 on which the film is cooled to a temperature
      below the glass transition temperature of the polymer. The cooled film 12
      is thereafter heated by passing it over heated rollers 13 and 16 which are
      driven at equal speeds and which raise the temperature of the film to a
      value slightly below the temperature of longitudinal stretching. The film
      is longitudinally stretched in the gap between the roller 16 and the
      roller 17 of the set of rapidly rotating cooled rollers 17 to 20. The film
      is weakened in said gap by heating it to a temperature slightly above
      (preferably between 10.degree. and 30.degree.C above) its glass transition
      temperature by infrared rod heaters 26, and the longitudinal stretching of
      the film actually occurs over a distance comprised between said infrared
      heaters and the line of first contact of the film with the first cooled
      roller 17.
PAR  The film is then introduced into a lateral stretching device 21 which
      comprises, as known in the art, two endless chain mechanisms one at each
      edge of the film, which drive a great number of film clamps. The film
      clamps are supported and guided by rails which follow diverging paths so
      that the film edges which have been gripped by the clamps at the entry of
      the stretching device are progressively moved further away from each other
      as they move towards the exit of the device.
PAR  The film leaving the lateral stretching device 21 may undergo further
      treatments to improve its mechanical properties and its dimensional
      stability, such as heat-setting in a station 22 and heat-relaxing in a
      station 23. The film is finally wound to a roll 24. The edges of the film
      which have been deformed as a consequence of surface tension effects, of
      non-uniform stretching during the lateral stretching, etc., are trimmed at
      a station 25 disposed after the lateral stretching device 21.
PAR  During the longitudinal stretching of the film, the film tends to slip
      laterally and unevenly on the surface of the roller 17. As a consequence
      thereof, the width of the film leaving the longitudinal stretching device
      is locally reduced, and if such reduction in width becomes too markedly,
      the edges of the film are no longer gripped, or are gripped to an
      insufficient extent only, by the clamps of the lateral stretching device
      21.
PAR  Practice shows that failure of even one clamp only to grip a film edge as
      the film enters the device, or slipping of a clamp from a film edge upon
      lateral stretching of the film, inevitably cause transverse rupture of the
      film before the concerned film portion leaves the lateral stretching
      device.
PAR  In accordance with the present invention the film width is held constant by
      the supply of a heat-transfer liquid to zones between marginal portions of
      the film and the roller 17, which roller has a mirror-like surface finish.
PAR  The application of the liquid is illustrated in FIG. 2, wherein applicators
      32 and 33 moisten bands 27 and 28 on the periphery of roller 17. This
      moistening occurs by means of a metering pump 29 which feeds liquid from a
      container 30 through flexible conduits 31 to the applicators 32 and 33.
      The applicators comprise a square metal housing 34, see FIG. 3, open at
      the lower end and provided at the upper end with a connection for a
      flexible conduit 31. A piece of felt 35 is clamped in the opening at the
      lower side of the applicator housing and resiliently contacts the
      peripheral surface of the roller 17 over a band, the limits of which have
      been indicated by the broken lines in FIG. 2. The applicators are provided
      with a bracket, not shown, by means of which they are fitted to a rod
      which extends parallel to the roller 17. The brackets may slide over the
      rod and their position may be fixed by means of an appropriate locking
      mechanism so that the lateral position of the bands 27 and 28 on the
      roller 17 may be easily and accurately adjusted to correspond with the
      margins of the film 12 pulled over said roller.
PAR  The following example illustrates the present invention.
PAR  A polyethylene terephthalate polymer having an inherent viscosity of 0.59
      and a specific density of 1.33 g.cm.sup.-.sup.3 is extruded at a rate of
      580 kgh.sup.-.sup.1 and at a temperature of 285.degree.C through a
      conventional flat extrusion die having an orifice measuring 480 mm by 2.4
      mm. The molten polymer is received on the quenching drum 11 which is
      rotated at a rate of 6.7 m.min.sup.-.sup.1 and is maintained at a
      temperature of about 16.degree.C. The film is passed over rollers 13 to 16
      heated to a temperature of 80.degree.C and rotating at a rate of 6.7
      m.min.sup.-.sup.1, and subsequently the film is weakened by heating by the
      infrared heaters 26 to a temperature slightly above its glass-transition
      temperature, for instance a temperature between 85.degree. and
      110.degree.C, the glass-transition temperature of the polymer being
      79.degree.C. The film is then passed over rollers 17 to 20 having a
      temperature of 30.degree.C and rotating at a rate of 25.6
      m.min.sup.-.sup.1 causing a longitudinal stretch ratio for the film of
      3.8.
PAR  The width of the film leaving roller 16 amounts to 455 mm and the width of
      the film entering the lateral stretching device 21 varies between 410 and
      400 mm.
PAR  The extrusion operation is repeated, except for the fact that the container
      30 is filled with glycol which is pumped at a rate of 6 ml.H.sup.-.sup.1
      to the applicators 32 and 33 which moisten the roller 17 over bands 27 and
      28 having a width of 10 mm each. It is found that under these
      circumstances the width of the film entering the lateral stretching device
      amounts to 410 mm and that variations in the width of the film do not
      exceed 1 mm.
PAR  The extrusion apparatus wherein glycol was applied between the film and the
      cooling surface operated for many months without any rupturing of the film
      in the lateral stretcher. On the contrary, in the apparatus operating
      without glycol application, there were weekly two to three ruptures of the
      film.
PAR  In the introduction of the present invention, it was already mentioned that
      the favorable effect of the application of a heat-transfer liquid in
      accordance with the present invention is quite surprising, considering the
      prior art teaching. In an attempt to further examine the particular
      behaviour of the necking-in of the film, glycol was supplied to the roller
      17 over the full width of the film and at a layer thickness corresponding
      with that of the liquid layers at the bands 27 and 28. It was found that
      the width of the film entering the lateral stretching device after such
      uniform wetting was considerably smaller than 400 mm, and that the edge
      loss increased by a factor greater than 3.
PAR  It will be understood that the invention is not limited to the described
      embodiment.
PAR  Liquids other than glycol may be used for improving the heat-transfer
      between the film and the rapidly rotating cooling roller. Such liquids
      are, for instance alcohols, diglycols, hydrocarbon oils, and combinations
      thereof.
PAR  The applicators 32 and 33 may apply the liquid directly to the margins of
      the film, rather than to peripheral bands on the cooling roller as
      described. Furthermore, the application of the liquid, whether onto the
      film or onto the roller, may occur by spraying, by condensation, by
      transfer from an additional roller dipping in a tray containing the
      liquid, etc.
PAR  The application of a liquid between a rapidly rotating cooling roller and
      the margins of a film passed over such cooling surface may occur at other
      stages in the extrusion process than at the one described. Thus, the
      liquid may also be applied between the quenching drum 11 and the margins
      of an extruded molten film curtain in order to reduce and to stabilize the
      necking-in of the film in the gap between the extrusion orifice and the
      quenching surface in the event that the film is stretched in said gap. The
      term "roller" where used in the claims of this specification is
      accordingly to be construed to include a drum.
PAR  The width of the bands 27 and 28 was choosen in the described example in
      such a way that it corresponded with the width of the film margins which,
      after orientation of the film in the lateral stretching device 16, were
      trimmed off at the station 25. It will be apparent that the bands 27 and
      28 may also cover portions of the film which are narrower than the film
      margins which are trimmed. If the liquid is applied at zones which are
      wider than the film margins to be trimmed off at a later stage, it is
      desirable to select a liquid which does neither attack the film surface
      nor interfere with operations, such as coating, which are carried out
      after the improvement of the adherent contact of the margins of the film,
      since then the trimming of the margins of the film will not completely
      remove the attacked or the affected portions of the film.
PAR  Finally, the process of the present invention is suitable for use in the
      production of film from polymers other than polyethylene terephthalate
      which lend themselves to longitudinal stretching. Some of these polymers
      are polyvinylidene chloride and copolymers thereof, polyamides,
      polystyrene and its copolymers, polycarbonates, etc.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for producing polymeric film, wherein a polymeric film,
      while it is at a temperature at which it is readily deformable, is
      longitudinally stretched in a zone where the film is unsupported by
      drawing the film away from said zone at a speed which is greater than the
      speed at which the film is fed into such zone, the improvement of
      supplying a heat-transfer liquid between the film and a cooling roller
      onto which the film is recieved at the end of its travel through said
      zone, and wherein the heat-transfer liquid is supplied between marginal
      portions only of the film and the corresponding peripheral portions of
      said cooling roller thereby to reduce and stabilise the necking-in of the
      film on said cooling roller.
NUM  2.
PAR  2. A process according to claim 1, wherein the film is longitudinally
      stretched while it is at a temperature between 10.degree. and 30.degree.C
      above its glass-transition temperature.
NUM  3.
PAR  3. A process according to claim 1, wherein margins of the film are trimmed
      off as "edge loss" subsequent to said longitudinal stretching operation
      and wherein the width of the zones over which said liquid is supplied does
      not exceed one and a half times the width (measured at the site of the
      said cooling roller) of those marginal portions of the film which are
      subsequently trimmed off.
NUM  4.
PAR  4. A process according to claim 3, wherein the width of said zones over
      which liquid is supplied does not exceed the width (measured or the site
      of said cooling roller) of those marginal portions of the film which are
      subsequently trimmed off.
NUM  5.
PAR  5. A process according to claim 1, wherein said liquid is applied to the
      cooling roller.
NUM  6.
PAR  6. A process according to claim 5, wherein the application of said liquid
      occurs by sliding contact of a resilient material saturated with said
      liquid, with the cooling roller.
NUM  7.
PAR  7. A process according to claim 1, wherein said liquid is glycol.
NUM  8.
PAR  8. A process according to claim 1, wherein the film is laterally stretched
      after its longitudinal stretching.
NUM  9.
PAR  9. A process according to claim 1, wherein said polymeric film is a
      polyethylene terephthalate film.
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ABST
PAL  This invention is a method of making blown plastic articles on an injection
      blow molding machine with an expandible balloon that covers the core rods
      and over which a parison is applied at an injection mold station. The
      parison can be blown at lower temperatures for better orientation; and the
      balloon permits circulation of cooling fluid, including liquid, to cool
      the blown article from the inside while contact with the blow mold cavity
      cools the blown article from the outside.
PARN
PAC  RELATED PATENT
PAR  This application is a division of my copending application Ser. No.
      246.878, filed Apr. 24, 1972, now U.S. Pat. No. 3,816,046.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In injection molding machines the core pin is first inserted into the mold
      cavity of an injection mold where the surfaces of the cavity are spaced
      from the surfaces of the core pin by a distance equal to the desired
      thickness of plastic coating which is to be applied to the core pin. The
      plastic material is then injected into the mold cavity and the core pin
      thus coated with the material.
PAR  The mold is then opened and the core pin is transferred to a blowing mold
      where the cavity has the shape of the product which is to be blown.
      Blowing fluid under pressure is then discharged from the core pin against
      the plastic that surrounds the core pin and the plastic is blown outwardly
      away from the core pin and into contact with the sides of the mold. After
      a short cooling time, the blowing mold is opened and the core pin is moved
      to a stripping station where the blown article is stripped from the core
      pin.
PAR  In extrusion molding machines, a plastic tube is extruded downwardly into
      an open blowing mold and a core pin extends from the extruder downwardly
      along the axis of the tube. When the tube has reached a length greater
      than the length of the blowing mold, the mold closes and pinches the
      bottom of the tube closed while clamping the upper end of the tube tightly
      around the core pin. The tube is then blown to the shape of the mold
      cavity by blowing fluid discharged from the core pin and the mold is
      opened to permit the extrusion of another length of tubing. The blown
      molding is cut off from the tube and the mold closes on the new length of
      tube to repeat the blowing step.
PAR  In both types of machines, the molding must remain in the blowing mold
      until the plastic cools sufficiently to hold its shape. The blowing mold
      is cooled by circulation of water or other cooling fluid through cooling
      passages in the wall of the mold.
PAR  The pressure of air or other fluid used to blow the plastic must be limited
      in pressure. If introduced into the blowing mold at too high pressure, the
      blowing fluid will blow out the plastic wall at the weakest place or
      location of greatest stress, and the temperature of the plastic must be
      controlled so that the plastic is hot enough to blow at the pressure that
      can be safely used.
PAR  By covering the core rod with a balloon and coating the outside of the
      balloon with the plastic to be blown, a number of new results are
      obtained. One is that higher pressure can be used to blow the molding. The
      balloon prevents the blowing fluid from having contact with the plastic
      and there is no danger of a blowout of the plastic. Because higher
      pressure can be used for blowing, plastic can be blown at lower
      temperature and after it has been cooled to the temperature range at which
      it begins to crystallize. This permits orientation of the molecules and by
      having a balloon that is deformed biaxially, the plastic of the molding is
      stretched both circumferentially and axially (or in other directions at
      right angles to one another) so that the molding has biaxial orientation
      with resulting greater strength, and in the case of some plastics, clear
      transparency.
PAR  Another new result is obtained if the balloon is made with different wall
      thickness at different sections of its extent. There is then a sequential
      expansion of the different sections of the balloon so that corresponding
      sections of the parison are blown at different times. For example, the
      upper or lower portion of the molding might be blown ahead of another
      portion.
PAR  Blowing fluid, such as liquid, at temperatures substantially lower than the
      plastic can be used and circulated through the balloon during the blowing
      operation and immediately thereafter so that the molding is cooled from
      both the inside and outside to obtain substantially faster cooling and a
      shorter cycle for the machine, and increased production.
PAR  The invention is suitable for use on either injection blow molding machines
      or extrusion blow molding machines.
PAR  Other objects, features, and advantages of the invention will appear or be
      pointed out as the description proceeds.
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PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is a diagrammatic view of an injection blow molding machine with the
      molds, plastic, and balloon covered core pin shown in section;
PAR  FIG. 2 is a greatly enlarged sectional view of a blowing mold with a
      differently shaped cavity from that shown in FIG. 1 and with the plastic
      on the core pin not yet blown;
PAR  FIG. 3 is a sectional view taken on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a greatly enlarged fragmentary view of a portion of the core pin
      shown in FIG. 2;
PAR  FIG. 5 is a view showing diagrammatically a closed circuit connected with
      the core pin of FIG. 2 for supplying cooling and blowing fluid to the core
      pin;
PAR  FIG. 6 is a diagrammatic view of an injection blow molding machine with a
      balloon covered core pin made in accordance with this invention;
PAR  FIG. 7 is a view similar to FIG. 6 but showing the blowing mold in closed
      position and the condition of the plastic and balloon at the end of the
      blowing operation; and
PAR  FIG. 8 is an enlarged, fragmentary, detail view of vents for the core pin
      of FIGS. 6 and 7.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIG. 1 shows an ijection blow molding machine 10 which includes a turret 12
      with four core pins, 14, 15, 16 and 17 projecting from different sides of
      the turret 12 at 90.degree. angular relation to one another. The turret 12
      is rotated about an axis 20 wherever the core pins 14-17 are to be
      transferred from one station to another.
PAR  The first station of the machine 10 is an injection station 22 which has a
      mold 24 to which plastic is supplied from an extruder 26 through a nozzle
      28. The core pin 14 extends into a cavity 30 of the mold 24.
PAR  The core pin 14 is covered by a balloon 32 which is secured to the core pin
      in a manner which will be explained in connection with FIGS. 2 and 4. The
      core pin 14 with the balloon 32 covering it, extends into the cavity 30.
      With the mold 24 closed, plastic 34 is injected into the cavity 30 so as
      to coat the entire portion of the balloon 32 which is spaced from the
      surface of the mold cavity 30.
PAR  The injection mold 24 is of conventional construction with passages 36 for
      the circulation of cooling fluid; and the mold 24 opens to release the
      plastic 34. The mold opens wide enough so that the turret 12 can rotate
      and move the core pin 14, balloon 32 and plastic 34 in a counterclockwise
      direction about the center 20 into the position occupied by the core pin
      15 in FIG. 1.
PAR  During this movement of the turret 12 through an angle of 90.degree., the
      core pin 15 is moved into the position occupied by the core pin 16 in FIG.
      1 and the core pin 16 is moved into the position occupied by the core pin
      17. The core pin 17 moves into the open mold 24 where it is ready to
      receive a charge of plastic 34 from the nozzle 28 at the beginning of the
      next cycle of the machine. The operation of the mold 24 in opening and
      closing; and the operation of the turret 12 in transferring core pins from
      one station to another are well understood in the injection blow molding
      machine art and no further illustration or description of this structure
      is necessary for a complete understanding of this invention.
PAR  The second station of the machine 10 is a conditioning station 38. The core
      pin 15 at the conditioning station 38 has a balloon 32' covered with
      plastic 34' which was applied to the core pin 15 in the mold 24 in the
      manner already described for the core pin 14. Each core pin 15 with its
      plastic 34' remains at the conditioning station 38 until the next movement
      of the turret 12, and during this time the plastic 34' cools to
      substantially the temperature desired for blowing. This cooling time is
      determined by the dwell period of the turret 12; but the amount of cooling
      desired will vary with the amount of plastic 34' which is applied at
      different times depending upon the molds which are on the machine for
      producing a particular molding. The amount of cooling also depends on the
      temperature at which the blowing is to be performed. This in turn depends
      upon the pressure that is to be used and upon the amount of orientation of
      the molecules that are required or desired for a particular molding.
      Although the dwell time at the conditioning station 38 is not variable to
      suit the desired cooling, the extent of cooling can be controlled at the
      dwell station by controlling the temperature of the atmosphere surrounding
      the plastic 34' or by subjecting the plastic to radiant heating of various
      degrees while at the conditioning station 38.
PAR  The machine can have a blowing station 40 at which there is a blowing mold
      42 into which the core pin 16 is travelled during the preceding movement
      of the turret 12 and while the mold 42 was open. When the mold 42 is
      closed, and blowing fluid is discharged from openings 44 in the core pin
      16, a balloon 32a on the core pin 16 expands and moves plastic 34a into
      contact with the surfaces of a mold cavity 46 of the mold 42. FIG. 1 shows
      the balloon 32a expanded and the plastic 34a shaped to the contour of the
      mold cavity 46.
PAR  The mold 42 has passages 36a for cooling fluid and it is necessary for the
      11 plastic 34a to cool in the mold 42 to a temperature low enough to make
      the plastic self-sustaining before the article molded from the plastic can
      be removed from the mold 42. This time required for the molded article to
      cool has been the limiting factor on the output of injection molding
      machines. With the present invention, the balloon 32a can be inflated with
      water or other liquid at a temperature which will cool the plastic 34a
      from the inside at the same time that contact with the walls of the mold
      42 cool the plastic from the outside. By cooling the plastic from both
      sides, the cooling time can be greatly reduced. This shortens the cycle of
      the molding machine and greatly increases the production.
PAR  When the article molded from the plastic 34a, which is shown in FIG. 1 as a
      bottle 50, has cooled to a shape sustaining temperature, the mold 42 is
      opened and the turret 12 rotates another 90.degree. to move the core pin
      to a stripping station 52 where the core pin 17 is shown with a bottle 50
      held on the core pin by the neck 54 of the bottle. The core pin 17 has a
      balloon 32b which is shown deflated in FIG. 1, the deflation having taken
      place upon completion of the cooling at the blowing station 40 and while
      the core pin was travelling from the blowing station to the stripping
      station 52. At the stripping station 52 a stripper plate 56 moves into
      engagement with the neck 54 of the bottle and pushes the bottle axially
      along the core 17 to disengage the bottle from the core pin. This
      completes the manufacture of the bottle 50 on the molding machine.
PAR  FIG. 2 shows the core pin 16 in a mold 42' which is similar to the mold 42
      of FIG. 1 except that the mold cavity 46' is of different shape and the
      passages 36' for cooling the mold are also of different shape. The balloon
      32a is secured to the core pin 16 by clamping rings 56 which clamp the
      material of the balloon 32a into circumferential grooves 57 extending
      around the outside surface of the core pin 16. Two rings 56 are shown; one
      outside the mold 42' and the other inside. The mold 42' closes firmly
      against the outside surface of the balloon 32a so that none of the plastic
      material 34a can be extruded from the mold cavity between the balloon and
      the clamping surace of the mold 42' which clamps against the surface of
      the balloon 32a.
PAR  There is a shoulder 58 on the core pin 16 and there is a clearance 58c
      between the core pin and the inside surface of the balloon 32a for some
      distance to the left of the shoulder 58 in FIG. 2. This clearance is
      maintained, during injection of the plastic into the mold at the injection
      station 22 (FIG. 1) by supplying fluid within the balloon 32a
      substantially equal to the pressure at which the plastic is injected into
      the mold.
PAR  A circumferential air manifold 59 extends around one end of the mold 42'
      and the side of the manifold is closed by a cover 60. Passages 61, at
      angularly spaced locations around the mold, lead from the air manifold 59
      to the outside surface of the balloon 32a at regions where the balloon 32a
      can collapse toward the core pin; i.e., at the region of the balloon
      surface outside of clearance space 58c.
PAR  Plastic is prevented from entering the passage 61, at the injecton station,
      by maintaining enough pressure within the balloon to prevent the plastic
      from collapsing the balloon into the clearance 58c. Less counterbalancing
      pressure in the balloon is required when each passage 61 is located near
      the end of the clearance 58 as shown in FIG. 2.
PAR  When the blowing operation is complete, and the blown article has cooled
      enough to hold its shape, a partial vacuum is drawn on the core pin 16 to
      collapse the balloon. The balloon cannot collapse unless air can gain
      entrance between the outside surface of the balloon and the inside surface
      of the blown article. The balloon 32a collapses into the clearance 58 when
      the vacuum is first drawn on the core pin. This opens a clearance between
      the balloon and the inside surface of the neck of the blown bottle. Air
      from the passages 61 rushes into this clearance between the balloon and
      the blown bottle for the length of the balloon that did not expand during
      the blowing operation. Beyond this the expanded balloon collapses away
      from the blown bottle as air continues to flow toward the left in FIG. 2
      along the outside surface of the balloon.
PAR  FIG. 2 shows the feature of blowing different parts of the parison
      sequentially. In order to obtain expansion of some parts of the balloon
      32a ahead of other parts, the walls of the balloon 32a are thicker around
      the region 66 than at other parts of the length of the balloon. Thus when
      the balloon 32a is inflated, as indicated by the broken lines in FIG. 2,
      the part of the balloon to the left of the region 66 expands before the
      wall at the region 66 expands. By controlling the stiffness or elasticity
      of the walls of the balloon 32a at different regions, the plastic 34a can
      be blown sequentially as to different portions of its length.
PAR  In FIG. 2, for example, the expansion of the balloon from the dotted line
      position shown in FIG. 2 will soon bring the plastic into contact with the
      side of the mold cavity at a region midway between the right and left hand
      ends of the cavity. Further expansion of the balloon will stretch the
      plastic in both directions from this mid region as the left hand end of
      the balloon travels toward the left hand end of the mold cavity and as the
      stiffer right hand portion of the balloon expands toward the right hand
      end of the mold cavity. Thus the plastic is stretched both
      circumferentially, with the increase in diameter of the balloon, and also
      axially to produce a biaxial orientation of the plastic material if the
      plastic material is blown at a temperature low enough to permit
      orientation of the molecules. Since the balloon prevents the blowing fluid
      from having contact with the plastic 34a, the blowing fluid can be at
      extremely high pressure without danger of breaking through a weak portion
      of the plastic and the blowing at higher pressure permits the plastic
      material 34a to be blown at lower temperature at which it has begun to
      crystallize.
PAR  The proportion of the core pin 16 which extends into the cavity of the mold
      has a center partition 70 extending lengthwise of the core pin as shown in
      dotted lines in FIG. 2. Water or other blowing and cooling fluid flows
      into the space on one side of the partition 70 through an inlet passage 72
      and flows out of the space on the other side of the partition 70 through
      an exhaust passage 74. These passages communicate with tubing 76 and 78,
      respectively, which are part of a closed circuit as will be explained in
      connection with FIG. 5. Thus the fluid supplied to the passage 72 flows
      out through the openings 44 on one side of the core pin and circulates
      generally circumferentially around the core pin within the inflating
      balloon 32a; and this liquid or other fluid returns to the interior of the
      core pin on the other side of the partition 70 through the opening 44 that
      are on that side of the partition. The blowing and cooling fluid then
      passes out through the exhaust passage 74, as already explained. FIG. 5
      shows the core pin 16 in a mold cavity 80 which tapers to a larger
      diameter at the far end of the mold instead of to a smaller diameter as
      shown in FIG. 2. This difference depends upon the desired shape of the
      particle which is being blown. As in the other molds, the core pin 16 is
      shorter than the mold so that the plastic being blown is stretched axially
      as well as well as circumferentially. FIG. 5 shows in dotted lines
      indicated by the reference characters 32b and 32c the contour of the
      balloon as it expands in the mold cavity 80 with differences in the
      localized expansion as the result of greater resistance to expansion
      toward the right hand end of the balloon.
PAR  FIG. 5 also shows diagrammatically the closed circuit through which blowing
      fluid from the exhaust tube 78 travels through a valve 82 and cooler 84 to
      a blowing fluid supply tank 86 from which the blowing fluid is fed back by
      a pump 88 to the supply tube 76.
PAR  The pump 88 is driven by a motor 90 connected with a power supply line 92
      and having a speed control 94 for regulating the rate of supply of blowing
      fluid to the core pin. No attempt is made to show the automatic control
      for instigating and stopping the flow of blowing fluid in accordance with
      the cycle of the blow molding machine since this is conventional. The use
      of the blowing fluid to supply cooling to the inside of the molded article
      is one of the novel features of this invention. The valve 82 is shown with
      spring loading 96 which is adjustable to change the back pressure in the
      core pin and this valve 82 is adjusted to make the back pressure as high
      as desirable in order to obtain the necessary blowing pressure. A relief
      valve 98 is interposed in the closed system to permit discharge from the
      pump 88 to flow back to the blowing fluid supply tank 86 through a by-pass
      around the valve 82.
PAR  The cooler 84 is shown as a tube with heat radiating pins, but this is
      merely representative of means for cooling fluid passing through the
      tubing and any other cooling expedient can be used depending upon the
      amount of heat to be dissipated.
PAR  FIGS. 6 and 7 show the application of the invention to an extrusion molding
      machine. A plastic pipe 102 is extruded downwardly from an extruder 104
      through an extruder die 106 located above clamping jaws 108. A core pin
      110 extends downward from the extruder 104 and this core pin 110 is
      located within the extruded tube 102 and substantially concentric
      therewith.
PAR  A blowing mold 112 is made up of two mold sections 114 and 116 which are
      shown separated in FIG. 6 and closed together in FIG. 7. The core pin 110
      is covered with a balloon 120 in the same way as the core pins described
      in FIGS. 1-5.
PAR  When the tube 102 has been extruded to a length sufficient to reach the
      bottom of the mold cavity of the mold 112, the jaws 108 are brought
      together by clamping forces to pinch the tube 102 tight around the outside
      surface of the balloon 120 as shown in FIG. 7; and the mold sections 114
      and 116 are then brought together so that bottom edges 124 pinch the lower
      end of the tube 102 tightly closed with a lower tail end of the tube
      projecting below the edges 124 as indicated by the reference character
      102a in FIG. 7.
PAR  Blowing fluid is then supplied to the core pin 110 and the balloon 120 is
      expanded to force the tube 102 outward into contact with the surfaces of
      the mold cavity formed by the closed sections 114 and 116.
PAR  When the plastic is fully blown in the mold 112, the mold cools the plastic
      to a shape-sustaining temperature and the mold is then opened, the balloon
      collapsed, and the molded bottle removed from the core pin.
PAR  FIG. 8 shows the core pin 110 with vent tubes 126 opening through holes 128
      in the sides of the core pin 110 and through the sides of the balloon 120
      for admitting air between the outside of the balloon and the inside of the
      blown article for collapse of the balloon.
PAR  Vent openings for permitting escape of air from molds as the plastic is
      blown, and for admitting air to break vacuums when articles are to be
      removed from the molds are provided by using openings or channels of small
      crosssection that does not permit entrance of plastic into the opening.
      Such vents are well-known and used in conventional blow molding apparatus
      and a description of the vents is not necessary for a complete
      understanding of this invention.
PAR  The prefered embodiments of the invention have been illustrated and
      described, but changes and modifications can be made and some features can
      be used in different combinations without departing from the invention as
      defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for injection blow molding a biaxially oriented hollow plastic
      article comprising:
PA1  providing a core rod with a deflated balloon surrounding the core rod, and
      maintaining a fluid tight seal between the core rod and balloon adjacent
      the neck portion of the parison, injection molding plastic material onto
      the exterior surface of the balloon to form a parison; conditioning the
      parison to a temperature low enough to permit orientation; inflating the
      core rod supported balloon in a blow mold so as to stretch the parison
      both circumfrentially and axially to take the shape of the blow mold so as
      to form a biaxially oriented article; providing a clearance between the
      expanded balloon and the core rod adjacent the neck portion of the blown
      article for permitting the balloon to collapse; and collapsing the balloon
      by drawing vacuum on the balloon through the core rod to provide a
      clearance between the balloon and the inside surface of the blown article,
      and permitting air to enter this clearance so as to collapse the balloon.
NUM  2.
PAR  2. The method of claim 1, providing fluid under pressure to the inside of
      the balloon during injection molding to maintain said clearance between
      the core rod and inside surface of the balloon, and wherein the fluid
      pressure inside the balloon during injection molding is substantially the
      pressure at which the plastic is injection molded.
NUM  3.
PAR  3. The method of claim 1, wherein the blown article is a bottle having a
      neck portion and wherein the neck portion is formed during injection
      molding, and the inside of said neck portion contacting the balloon.
NUM  4.
PAR  4. The method of claim 3, wherein the neck portion remains confined in the
      blow mold without radial expansion of that portion of the balloon about
      which the neck has been formed.
NUM  5.
PAR  5. The method of claim 4, wherein collapsing the balloon, the fluid is air,
      and said air is permitted to flow between the inside of the neck portion
      of the container and the outside of the balloon.
NUM  6.
PAR  6. The method of blow molding described in claim 1 characterized by coating
      molten plastic molding material on a balloon made of elastomeric material
      that retains its elastomeric qualities, including memory, at the blowing
      temperature of the molten plastic molding material.
NUM  7.
PAR  7. The method of blow molding described in claim 6 characterized by
      applying the molding material to the balloon in a liquid state, delaying
      the inflating of the balloon until after the molding material has begun to
      harden, and then stretching the molded material by inflating the balloon.
NUM  8.
PAR  8. The method of blow molding described in claim 1 characterized by
      inflating the balloon in a blowing mold cavity, cooling the blowing mold
      by the circulation of cooling fluid through passages in the walls that
      form the cavity of the mold, and cooling the molding material from the
      inside thereof by circulating cooling fluid into and out of the balloon
      while inflating the balloon with said cooling fluid.
NUM  9.
PAR  9. The method of blow molding described in claim 1 characterized by cooling
      the mold by the circulation of cooling fluid through passages in the walls
      that form the cavity of the mold, and cooling the mold material from the
      inside thereof by inflating the balloon with a liquid that is at a
      substantially lower temperature than the molding material.
NUM  10.
PAR  10. The method of blow molding described in claim 1 characterized by
      circulating cooling fluid into the core rod, from localized regions of the
      core rod, into the balloon, and from the balloon into the core rod at
      other localized regions of the core rod, and then out through an exhaust
      passage of the core rod.
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ABST
PAL  Radioactive krypton is separated from a gas mixture comprising nitrogen and
      traces of carbon dioxide and radioactive krypton by first selective
      adsorption and then cryogenic distillation of the prepurified gas against
      nitrogen liquid to produce krypton bottoms concentrate liquid, using the
      nitrogen gas from the distillation for two step purging of the adsorbent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of and apparatus for separation of
      radioactive krypton from a feed gas mixture comprising nitrogen and trace
      amounts of carbon dioxide and radioactive krypton by first selective
      adsorption and then cryogenic distillation to produce highly concentrated
      radioactive gas and permit release of the remaining gas to the atmosphere
      without radioactive contamination.
PAR  In the normal operation of nuclear power plants of the boiling water
      reactor type, an off-gas stream is produced which is radioactive. Such
      streams threaten the environment primarily due to their krypton and xenon
      content, other significant radioactive components being short half-life
      isotopes which can be satisfactorily deactivated by storage prior to being
      released to the atmosphere. More specifically, the nuclear reactor off-gas
      contains radioactive isotopes of other gaseous elements such as oxygen,
      nitrogen and argon. The half-lives of these radioactive components vary
      widely from a fraction of a minute to about 10 minutes. For example, if a
      value of 1.0 were assigned to the radioactivity level of a quantity of
      off-gas at the moment it is withdrawn from the conventional vacuum
      condenser, its radioactive level would drop to about 1/90 and 1/550 after
      time lapses of 2 minutes and 30 minutes respectively. However, the
      residual radioactivity level after 30 minutes is still far greater than
      can be safely permitted if the gas is to be released to the atmosphere.
PAR  The discharge of radioactive off-gas creates both a short term and a long
      term problem, the former being the total radioactivity of the gas
      discharged to the atmosphere. Because the total radioactivity is produced
      largely by short half-life isotopes, the short term problem is localized
      within the immediate vicinity of the nuclear reactor where the
      radioactivity is not yet dispersed and decayed to negligble levels. The
      long term problem is concerned primarily with krypton-85 which has a
      half-life of greater than 10 years. Krypton-85 should be substantially
      removed from the off-gas to minimize the long term accumulation of
      radioactive contaminants throughout the earth's atmosphere.
PAR  In some instances, nuclear power plants have merely diluted the off-gas
      additional volumes of air before venting to the atmosphere but this is no
      longer desirable. The only safe method to dispose the radioactive gas is
      to store it with adequate shielding for a time sufficient for the
      radioactivity to decay to prescribed tolerable levels, but the most recent
      stringent standards may require many weeks storage. The quantity of
      off-gas produced in a boiling water type nuclear power plant is quite
      large. For example, in a 1100 megawatt plant, the non-condensables
      comprising the off-gas may accumulate at the rate of 200-300 cfm. (STP),
      so that if this gas is held in several week's "decay-storage" the amount
      being retained in any given moment can readily be several million cubic
      feet (STP) requiring extremely large storage tanks which must be shielded
      to contain its radioactive emission.
PAR  One prior art approach has been to remove a part of the non-radioactive
      constituents of the off-gas so as to concentrate the radioactive portion
      to perhaps 25% of the original volume. This approach does not mitigate the
      long term storage decay problem created by krypton-85. Other nuclear power
      plants have delayed the release of the radioactive off-gas for a short
      period, e.g. one-half hour, by passing same through an extended pipe line
      system preceding the vent point. This system has been further improved at
      certain locations by inserting a large carbon adsorption delay trap in the
      extended pipe line system preceding the vent point. No means have been
      provided for cyclic adsorption and desorption of the adsorption trap, but
      by continuous adsorption displacement it retains the radioactive
      components for a longer period of time than obtainable in the pipe line
      alone and permits further decay of their radioactivity. In this manner,
      the krypton retention may be increased to several days but even this
      improvement fails to meet the increasing stringent limitations on total
      radioactivity level established by government agencies in many locations.
PAR  It is an object of this invention to provide improved method of an
      apparatus for separating radioactive krypton from a gas mixture comprising
      nitrogen and trace amounts of carbon dioxide and the radioactive krypton.
PAR  Another object is to provide an improved method of an apparatus for
      radioactive krypton removal from nuclear reactor off-gas so that the
      remaining gas may be released to the atmosphere without radioactive
      contamination.
PAR  Still another object is to provide such a system requiring only relatively
      small volume for storage-radioactive decay of the separated krypton.
PAR  Other objects and advantages of this invention will be apparent from the
      ensuring disclosure and claims.
PAC  SUMMARY
PAR  This invention relates to a method of and apparatus for separation of
      radioactive krypton from a gas mixture comprising nitrogen and trace
      amounts of carbon dioxide by first selective adsorption and then cryogenic
      distillation to produce highly concentrated radioactive gas. Although the
      invention will be broadly described in terms of removing radioactive
      krypton from a feed gas mixture, radioactive xenon is simultaneously
      removed if present and in concentrated form with the more difficultly
      removed krypton. Moreover, if the feed gas mixture also includes water
      traces, they will be removed with the carbon dioxide.
PAR  A method aspect of this invention includes providing the feed gas mixture
      at superatmospheric pressure and ambient temperature and passing same
      through the first of at least two crystalline zeolite molecular sieve
      adsorption zones for preferential adsorption of carbon dioxide and
      coadsorption of a minor part of the krypton. The nonadsorbed prepurified
      gas from this first adsorption zone is cooled to cryogenic temperature and
      distilled against nitrogen liquid to produce a krypton bottoms concentrate
      liquid and purified nitrogen overhead gas. The last mentioned gas is
      partially rewarmed to about ambient temperature by heat exchange with the
      nonadsorbed prepurified gas for the aforementioned cooling of same. A
      first part of the partially rewarmed purified nitrogen gas from the
      distillation is passed as cool purge gas at low pressure through a second
      adsorption zone having previously been at least partially loaded with
      carbon dioxide and krypton by passage of the feed gas mixture
      therethrough. In this step, only the krypton is completely desorbed from
      the other zone (along with an unavoidable minor fraction of the carbon
      dioxide adsorbate).
PAR  The cool purge gas is discharged from the second zone with this radioactive
      desorbate and returned with the feed gas mixture for passage through the
      first zone. A second part of the partially rewarmed purified nitrogen gas
      from the distillation is further warmed to at least 350.degree. F. and
      passed as hot purge gas through an other-than-first adsorption zone which
      has previously been at least partially loaded with carbon dioxide and
      coadsorbed krypton by passage of the feed gas mixture therethrough, only
      the krypton having been thereafter completely desorbed from the
      other-than-first adsorption zone by passage of the purge gas therethrough
      at about ambient temperature. The carbon dioxide is thereby desorbed (i.e.
      the quantity of CO.sub.2 undergoing mass transfer during a complete
      adsorption-desorption cycle) from the other-than-first zone and discharged
      therefrom in the hot purge gas. A minor part of the partially rewarmed
      purified nitrogen overhead gas is passed into the feed zone after the hot
      purge gas flow for recooling of such zone.
PAR  When only two adsorption zones are used, the rewarmed purified nitrogen gas
      need not be continuously divided into at least the aforementioned first
      and second parts because both are sequentially passed to the second zone
      for respectively cool and hot purging thereof. When three adsorption zones
      are employed, the rewarmed purified nitrogen gas is continuously divided
      into at least a first part and a second part, the former being diverted to
      the second zone for cool purging and the second part being diverted to the
      third zone for hot purging step.
PAR  An apparatus aspect of the invention includes at least two crystalline
      zeolite adsorption beds arranged in parallel flow relation, and means for
      providing the feed gas mixture at superatmospheric pressure and ambient
      temperature and sequentially introducing same to the inlet end of each of
      the adsorbent beds. The apparatus also includes heat exchanger means
      having first and second passageways and means for passing nonadsorbed
      prepurified gas from the discharge end of each adsorbent bed to the first
      heat exchanger passageway for cryogenic cooling therein. The distillation
      column has a top reflux condenser, a bottom kettle with heating means, and
      a multiplicity of spaced liquid-gas contact trays intermediate the top
      reflux condenser and bottom kettle. A liquid nitrogen supply is provided
      with means for introducing same to the top reflux condenser.
PAR  The apparatus further includes conduit means for introducing the cryogenic
      cooled prepurified gas from the heat exchanger means to an intermediate
      tray section of the distillation column for mass and heat exchange with
      krypton-depleted condensate to form krypton-depleted vapor and
      krypton-enriched liquid. Conduit means pass the krypton-depleted vapor
      from the upper end of the intermediate tray section to the top reflux
      condenser for heat exchange with the liquid nitrogen supply to form
      nitrogen overhead gas and krypton-depleted condensate. Other means return
      at least part of the krypton-depleted condensate to the upper end of the
      intermediate tray section.
PAR  Conduit means pass the nitrogen overhead gas to the second passageway of
      the aforementioned heat exchanger means for partially rewarming same to
      about ambient temperature and for previously described cryogenic cooling
      of the prepurified gas. Other conduit and flow control means are included
      for sequentially passing a first part of the partially rewarmed nitrogen
      overhead gas at low pressure as cool purge gas to the feed discharge end
      of each adsorbent bed having previously been at least partially loaded
      with carbon dioxide and krypton from the feed gas mixture, for
      substantially complete desorption of only the krypton. Different conduit
      means are included for returning the krypton-containing first part of cool
      purge gas from the adsorbent bed inlet end to the aforementioned feed gas
      mixture providing means.
PAR  The apparatus also contemplates means for further warming a second part of
      the partially rewarmed nitrogen overhead gas as hot purge gas, and still
      other conduit and flow control means for sequentially passing same to the
      feed discharge end of each adsorbent bed having previously been at least
      partially loaded with carbon dioxide and krypton from the gas mixture and
      thereafter partially desorbed of carbon dioxide and substantially
      completely desorbed of only the krypton, thereby desorbing the remaining
      carbon dioxide (i.e. the remaining CO.sub.2 undergoing mass transfer
      during a complete adsorption-desorption cycle). Conduit means discharge
      the carbon dioxide-containing hot purge gas from the adsorbent bed feed
      inlet end, and different conduit and flow control means are provided for
      sequentially introducing a third part of the partially rewarmed N.sub.2
      overhead gas to the discharge end of each adsorbent bed after carbon
      dioxide desorption for recooling the bed.
PAR  The system of this invention reduces the level of radioactivity of the
      off-gas by a factor of 10.sup.6 compared to its level at the vacuum
      condenser (described hereinafter), and by a factor of 100 compared to the
      level obtained in long-residence carbon traps used heretofore. The
      radioactive contaminants, krypton and xenon, are 99.9.sup.+% removed from
      the purified vent gas and may be concentrated to a combined level of about
      20% in a small liquid residue so that their collection and disposition are
      relatively simple and inexpensive.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic flowsheet of a typical nuclear power plant-boiling
      water reactor system illustrating one source of the gas mixture separated
      by this invention and a prior art system for removal of radioactive
      components.
PAR  FIG. 2 is a schematic flowsheet of apparatus according to one embodiment of
      this invention for removing radioactive krypton from a nuclear power
      plant-boiling water reactor off-gas mixture, as may be formed in the FIG.
      1 system.
PAR  FIG. 3 is a schematic flowsheet on a larger scale of a three adsorbent bed
      prepurification system suitable for use in the FIG. 2 embodiment.
PAR  FIG. 4 is a preferred cycle and time program for the various steps of the
      FIG. 3 prepurification system.
PAR  FIG. 5 is a schematic flowsheet of another prepurification embodiment in
      which water is selectively removed in a first section and carbon dioxide
      selectively removed in a second separate section (not illustrated).
PAR  FIG. 6 is a schematic flowsheet of apparatus according to another
      embodiment in which krypton and xenon are separately recovered as high
      purity products from the nitrogen distillation column bottoms liquid.
PAR  FIG. 7 is a schematic flowsheet of a two adsorbent bed prepurification
      system suitable for use in the FIG. 2 embodiment with minor modifications,
      and
PAR  FIG. 8 is a preferred cycle and time program for the various steps of the
      FIG. 7 prepurification system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, FIG. 1 shows reactor 11, a large tank in
      which fissionable fuel element 12, as for example a tubular shell
      containing the fissionable material, is immersed in water. Small amounts
      of radioactive isotopes of Kr and Xe are produced as by-products of the
      atomic fission, and these gases collect inside the tubular shells.
      Inevitably, some of the gas will leak through imperfections in the shells
      into the boiling water and will be mixed with the steam delivered by the
      reactor.
PAR  The steam generated in the reactor 12 at perhaps 500.degree. F. is
      delivered through conduit 13 to power-producing turbine 14 and the exhaust
      steam is discharged into vacuum condenser 15. There, the steam is
      condensed at about 1 inch Hg total pressure by indirect heat exchange
      against water entering at about 80.degree. F. through conduit 16, and
      leaving at about 105.degree. F. Condensate collected in condenser 15 is
      withdrawn through conduit 18 and returned to the reactor 11 by means of
      pump 19.
PAR  The vacuum condenser 15 tends to be a collecting point for any
      non-condensables in the steam cycle. In addition to the Kr and Xe, some
      water is radiolytically decomposed in the reactor and the resultant oxygen
      and hydrogen are also carried by the steam into the condenser where they
      accumulate in the gas phase with Kr and Xe. Metallurgical imperfections in
      the vacuum condenser 15 permit a significant amount of air from the
      atmosphere to leak into the condenser and this air also collects with the
      foregoing gases. This mixture of non-condensable gases comprises the
      off-gas produced by the reactor system.
PAR  FIG. 1 illustrates a prior art system for reducing the volume of off-gas,
      by removing a part of the non-radioactive and short-lived radioactive
      constituents, so that the long-lived radioactive fraction can be held more
      economically in decay-storage until its total radioactivity subsides to
      low levels. The gases accumulating in condenser 15 are removed and pumped
      to about 2 psig. pressure by means of ejector 20 operated by high pressure
      stream 21. After the ejector, the resultant gas stream 22 consists
      primarily of steam and is preheated in exchanger 23 by steam in conduit 24
      and thereafter passed to catalytic recombiner 25. By contact with a
      suitable catalyst material as for example platinum or palladium
      impregnated on aluminum at about 900.degree. F., oxygen and hydrogen
      components of the stream which were produced from water in the reactor 25
      will thereby be recombined in stoichiometric ratio to reform water. This
      step reduces significantly the non-condensable fraction of the off-gas,
      e.g. by 75%. After catalytic recombination, the stream is recooled in heat
      exchanger 26, where the water condenses and the stream is separated by
      vessel 27 into a residual gaseous portion (off-gas) 28 containing the
      non-condensable radioactive components, and a condensate stream 29. The
      condensate is pumped back to the reactor 25 by means not shown. It is
      evident that the reduction in volume of the off-gas obtained in this
      manner is not sufficient to make extended storage feasible, and this
      expedient also ignores the long-term problem created by Kr-85.
PAR  If the only non-condensables remaining in off-gas were Kr and Xe, the
      volume of the stream would be exceedingly small. The disposition of Kr-85
      and the solution to the long-term problem would be relatively simple and
      inexpensive. However, as stated previously, the vacuum condenser 15
      inevitably contains minute leaks and a significant amount of air will
      enter the gases collecting in the condenser. The volume of air thus added
      to the off-gas stream is essentially unaffected by passage through
      catalytic reactor 25. The nitrogen, argon, krypton, and xenon components
      of the air leakage are chemically inert and do not react. The oxygen
      introduced by air leakage does not react because the total hydrogen
      content of the gas is in stoichiometric balance with only that oxygen
      produced in the reactor 25 by radiolytic decomposition of water.
      Therefore, the air leakage into condenser 15 appears in its entirety in
      off-gas 28 and its volume is on the order of one million times that of the
      radioactive Kr-Xe which it contains. Thus, despite the reduction in
      off-gas volume obtained by O.sub.2 -H.sub.2 recombination, the air leakage
      is still responsible for a prohibitively large volume of off-gas, and this
      prevents the economic disposition of the small radioactive Kr-Xe fraction.
PAR  The composition of the off-gas in conduit 28 includes radioactive Kr and Xe
      (if present) from the reactor, normal components of air leakage (N.sub.2,
      O.sub.2, argon, hydrocarbons, CO.sub.2, Kr and Xe) and moisture which
      escaped condensation and removal in stream 29.
PAR  According to this invention, the Kr and Xe components are removed from the
      off-gas in a distillation column at cryogenic temperature, in which the
      gas is washed thoroughly with liquid nitrogen. The vent gas (primarily
      nitrogen) leaving the top of the column contains less than 0.001% of the
      Kr and Xe entering the system, while the kettle liquid at the bottom
      gradually increases in Kr-Xe content to a level of about 20 mol %. The
      accumulation of Kr-Xe in the kettle is so slow that it is possible to
      operate the system many weeks without necessarily withdrawing product for
      disposal.
PAR  Processing the off-gas through a liquid nitrogen washing step presents a
      problem due to the oxygen and hydrocarbon content of the gas. These
      components tend to concentrate in the kettle of the wash column along with
      the Kr and Xe and thereby create an explosion hazard. In prior art
      cryogenic distillation systems, e.g. air separation, a somewhat similar
      hazard is eliminated by recirculating the kettle liquid through an
      adsorption trap to remove the hydrocarbons and also carbon dioxide. This
      expedient is not suited to the present system because the withdrawal rate
      of bottom product is so low that methane tends to accumulate, and an
      adsorption trap is not effective for removing this hydrocarbon. The
      presence of oxygen in the feed (and hence in the kettle) creates a further
      hazard due to the formation of ozone and nitrogen oxides in the high
      radioactive environment of the Kr-Xe containing kettle liquid.
PAR  In a preferred embodiment of this invention, the oxygen content of the feed
      gas mixture is eliminated prior to its distillation by adding to the
      off-gas from condenser 15, a quantity of hydrogen in excess of
      stoichiometric ratio with the oxygen, and thereby converting most of the
      oxygen to water in recombiner 25. The hydrogen is added upstream of heat
      exchanger 23 and its rate of addition takes into account the hydrogen
      already present due to radiolytic decomposition of water in the reactor.
      Thus the oxygen content of the feed is reduced to about 3000-4000 ppm in
      catalytic recombiner 25. Oxygen content in this range would permit
      accumulation of oxygen in the kettle of the subsequent distillation step
      to levels approaching 80% and would create a potential explosion hazard
      due to the presence of methane and due to the potential formation of ozone
      and nitrogen oxides. Therefore, further reduction in oxygen to less than
      10 ppm. and preferably to less than 1 ppm. is achieved in still another
      catalytic combustion unit in the feed stream prior to distillation. The
      foregoing low levels of oxygen are needed before distillation because the
      higher boiling components (higher than nitrogen) are concentrated in the
      distillation column by a factor on the order of 3000. Thus, reducing the
      feed content to the distillation column to 10 ppm. O.sub.2 should limit
      O.sub.2 content in the kettle liquid to about 30,000 ppm. (3.0%). For
      preferred practice, oxygen is reduced in the column feed to 1 ppm. and
      would limit O.sub.2 content in the kettle to 3000 ppm. (0.3%). Present-day
      technology actually permits substantially more complete oxygen removal by
      catalytic combustion. An oxygen level of about 0.1 ppm. is achievable
      after two-stage catalytic combustion and is a practical operating
      condition whenever a maximum factor of safety is desired.
PAR  The CO.sub.2 content of the off-gas (and any moisture present) also present
      a problem because they freeze and foul the cold components of a cryogenic
      system. In the present invention, these constituents are removed from the
      feed gas mixture in a novel adsorption prepurifier system. A fraction of
      the radioactive Kr is coadsorbed on the beds, and with a conventional
      pressure-swing or thermal-swing adsorption process this co-adsorbed
      contaminant would be rejected to the atmosphere during the desorption of
      CO.sub.2 and H.sub.2 O. The resultant discharge of radioactive material
      would be prohibitive. The problem is solved in this invention by the use
      of a combination pressure-swing, thermal-swing system using crystalline
      zeolite molecular sieve adsorbent whereby the co-adsorbed Kr can be
      removed separately from the beds by low pressure cool purge prior to
      desorption of CO.sub.2 and H.sub.2 O. The separate stream containing the
      desorbed Kr and Xe is recycled to the feed entering the prepurifier and
      the Kr and Xe are ultimately accumulated with the major portion of these
      elements in the kettle product of the distillation column. After Kr and Xe
      desorption, the CO.sub.2 and water are removed at higher temperature in an
      uncontaminated hot purge gas stream and are vented safely to the
      atmosphere. A three-bed parallel flow adsorption system is preferred as
      the prepurifier component of the present invention.
PAR  As previously indicated, an excess of hydrogen is added for complete oxygen
      removal in catalytic recombiner 25. This unavoidably results in the
      formation of methane in the recombiner, due to the presence of CO.sub.2 :
EQU  co.sub.2 + 4 h.sub.2 .revreaction. ch.sub.4 + 2 h.sub.2 o  (1)
PAR  the additional methane accumulates to such levels in the bottom of the
      distillation column that it not only creates the aforementioned hazard but
      also tends to interfere with the effective separation of nitrogen from the
      Kr-Xe. If the temperature of the kettle were increased sufficiently to
      drive the methane up the column and thereby suppress its accumulation in
      the kettle, then the risk would be greater that Kr will also escape to the
      atmosphere in the overhead. Moreover, the uncontrolled accumulation of
      methane in the kettle would reduce the Kr concentration of the kettle
      liquid and would materially increase the volume of Kr product sent to
      long-term storage.
PAR  In the present invention, methane and oxygen are held to low levels by
      means of a combustion system which may process the main feed stream or
      fluid from the distillation column kettle. In the latter embodiment, a
      fraction of the methane-enriched kettle liquid is withdrawn, vaporized and
      heated, mixed as required with sufficient oxygen to react with the methane
      and passed through a catalytic combustion chamber. The resultant water is
      removed by condensation and the remaining gas, also rich in radioactive
      Kr, is preferably recycled with the feed gas through the final stage of
      oxygen removal and through the prepurification system. Thus, its O.sub.2,
      CO.sub.2 and residual moisture content is removed before chilling to
      cryogenic temperature. The foregoing bottom-product-recycle feature not
      only reduces methane to a desire level in the kettle, but also reduces
      O.sub.2 in the kettle to only a few parts per million and far below a
      hazardous level.
PAR  The overhead gas from the distillation column will be essentially free of
      all long-lived radioactive components, and that portion of the gas not
      recondensed for column reflux may be vented to the atmosphere. Because the
      residence time of the off-gas in the system is only about 2-5 minutes, the
      distillation column overhead gas will possess some residual radioactivity
      due to short-lived isotopes. For example, the radioactive isotopes of
      nitrogen will possess short half-lives between 0.1 and 10 minutes. Their
      release to the atmosphere is often not objectionable. In those locations
      where such release cannot be tolerated, another preferred embodiment of
      this invention provides a system for the efficient storage of the
      nitrogen-rich overhead fluid for a sufficient time to obtain decay of its
      radioactivity level to an acceptable level. For this purpose, the entire
      quantity of the nitrogen-rich vapor is condensed in the top refluxing
      section of the distillation column. A part of this nitrogen-rich
      condensate is withdrawn and downwardly cascaded through a multiplicity of
      liquid retention zones for sufficient time delay for radioactive decay of
      the so-called activation gases, i.e. radioactive N.sub.2, O.sub.2 and
      argon. Among the isotopes the longest half-life is on the order of 10
      minutes, and preferably the total time provided in the liquid retention
      zones is at least 30 minutes. The resulting deactivated liquid is returned
      to the distillation column as part of the nitrogen liquid refrigerant used
      to condense the nitrogen-rich vapor. As previously indicated, the nitrogen
      overhead gas from the distillation column may ultimately be vented to the
      atmosphere without appreciable radioactive contamination.
PAR  One embodiment of the system of this invention will be described in detail
      with reference to FIG. 2.
PAR  The numerical quantities contained in this description are illustrative
      only and are based upon a 1100 megawatt power plant discharging an off-gas
      from the vacuum condenser 11 at a maximum rate of about 275 standard cubic
      feet per minute. The off-gas with a radioactivity level of about 200
      .times. 10.sup.6 .mu. Ci/sec. is compressed from the vacuum condenser to
      about 5 psig. in steam ejector 20 (not illustrated in FIG. 2). At this
      point, externally supplied hydrogen gas is introduced and mixed with the
      off-gas through conduit 30 at a rate controlled by valve 31, which in turn
      is regulated by flow ratio controller 32 in response to a signal received
      from analyzer 33. Analyzer 33 monitors the oxygen content of the off-gas
      exclusive of the oxygen which is in stoichiometric ratio with the hydrogen
      present, and generates a signal to flow ratio controller 32 for
      appropriate adjustment of flow controller 34 and valve 31. The admission
      of hydrogen through valve 31 is in excess of the stoichiometric ratio with
      the oxygen measured by analyzer 33 by a predetermined factor. The value of
      the factor is set by downstream analyzer 35, which monitors the excess of
      hydrogen persisting in the off-gas.
PAR  It will be understood that after such hydrogen introduction, the hydrogen
      content of the feed gas mixture is slightly in excess of stoichiometric
      ratio with the entire oxygen content rather than with only that portion of
      the oxygen produced radiolytically in the reactor 11. The gas mixture is
      about 92.7% steam and is processed through heater 23 and first catalytic
      recombiner 25, where oxygen and hydrogen are reacted to form water. The
      steam content is needed in this step to control the temperature in the
      first recombiner 25 and to dilute the oxygen-hydrogen content below the
      explosive limit.
PAR  After the recombiner, the gas mixture is cooled in exchanger 26 against
      cooling water and the condensate is removed in separator 27. The removal
      of the steam results in a mixture composed primarily of nitrogen (95.7% by
      volume) with residual hydrogen (4.0%) and oxygen (0.3%). Two recycle
      streams are now added to the feed gas from origins to be described later.
      These are the distillation column bottoms product reacted recycle gas in
      conduit 36 (comprising primarily N.sub.2 and argon), and the
      Kr/Xe-containing nitrogen purge gas in conduit 37 from the prepurifier
      section. At this point in the system, perhaps 2 minutes time lapse will
      have occurred since the gas left the condenser 11 and its radioactivity
      will have decayed substantially, for example to about 2.17 .times.
      10.sup.6 .mu. Ci/sec. in the case of illustrative 1100 megawatt power
      plant. The addition of the aforementioned recycle streams increases the
      radioactivity level only by about 10,000 .mu. Ci/sec. However, a
      significant fraction of the radioactivity of the recycle streams is
      produced by long-lived isotopes and their removal is important despite
      their relatively low level of total radioactivity.
PAR  The combined gas mixture is pressurized in compressor 38 to about 100
      psig., reheated (e.g. electrically or by steam) in passageway 39 to
      200.degree. F., and introduced to second catalytic combustion chamber 41
      for contact with catalyst material, for example platinum or palladium
      impregnated alumina, for further reduction of its oxygen content. The
      moisture-containing gas is then recooled in exchanger 42 and condensate is
      removed in separator 43 through conduit 44. Two catalytic recombiners 25
      and 41 are provided in series flow relationship, the first unit being
      operated at intermediate temperature as for example 900.degree. F. and
      contact time of about 2 seconds, the high steam content being used to
      control the temperature at this level and to suppress the concentration of
      combustible components. With this mode of operation, the oxygen may not be
      completely recombined so that the gas mixture downstream separator 27
      still contains 0.3 mol. % O.sub.2. The second catalytic recombiner 41
      serves to reduce this oxygen concentration to a level suitable for
      processing in the cryogenic portion of the system, e.g. below 1.0 ppm.
      Recombiner 41 is operated at a relatively low intermediate temperature of
      below about 400.degree. F. so as to minimize the undesirable formation of
      methane in accordance with equation (1). However, it is contemplated that
      a single catalytic combiner might be used instead of the two units. In the
      FIG. 2 embodiment this may be accomplished by conducting the catalytic
      reaction step at higher temperature, e.g. 1400.degree. F., and with
      adequate contact time the oxygen content of the feed gas may be reduced to
      1.0 ppm. or less. In this instance, heater 39 and second catalytic
      recombiner 41 are eliminated. However, with one catalytic recombiner the
      high temperature requires more expensive materials of construction, and
      the large volume of the feed stream (due to its water content) if retained
      in the unit for requisite contact time, requires a relatively large
      reactor. Moreover, the maximum safe upper limits of oxygen and hydrogen of
      2 and 4% respectively will not produce sufficient heat of combustion to
      raise the stream temperature to 1400.degree. F., the additional energy
      must be introduced to preheat the stream.
PAR  The moisture and CO.sub.2 are removed in prepurifier section 46 comprising
      at least two and preferably three crystalline zeolite molecular sieve beds
      47, 48 and 49 suitably manifolded in parallel flow relation for alternate,
      sequential operation. In these beds, moisture and CO.sub.2 are
      preferentially adsorbed by the crystalline zeolitic molecular sieve, e.g.
      synthetic materials such as calcium zeolite A (5A), described in Milton
      U.S. Pat. No. 2,882,243 and sodium zeolite X (13X) described in Milton
      U.S. Pat. No. 2,887,244. Naturally occurring crystalline zeolites such as
      chabazite and mordenite may alternatively be used. Zeolitic molecular
      sieves also selectively adsorb krypton and xenon, but not as strongly as
      moisture and CO.sub.2, so that a minor part of the former are coadsorbed
      in prepurification 46. As illustrated, the gas mixture at superatmospheric
      pressure and ambient temperature is passed through first zone or bed 47
      while second bed 48 is being countercurrently purged of krypton and xenon
      adsorbate by cool nitrogen gas at about ambient temperature and low
      pressure slightly above atmospheric. At the same time, third adsorbent bed
      49 is countercurrently purged of water and CO.sub.2 adsorbate by flowing
      hot nitrogen purge gas therethrough at low pressure for discharge from the
      feed inlet end into conduit 50 and eventual release to the atmosphere.
PAR  The prepurified gas mixture (free of water and CO.sub.2) discharged from
      first bed 47 flows through conduit 51 and throttling valve 52 where its
      pressure is reduced to approximately 28 psig. It is then cooled to
      cryogenic temperature, e.g. -304.degree. F. in passageway 53 of heat
      exchanger 54 by nitrogen overhead gas in passageway 55. The cryogenically
      cooled prepurified gas mixture is introduced to distillation column 56 at
      an intermediate level below rectifying section 57 and above stripping
      section 58 each comprising a series of superimposed liquid-gas contact
      trays. Distillation column 56 also includes top reflux condenser 59 above
      rectifying section 57 and bottom kettle 60 with heating means 61 as for
      example an electric coil.
PAR  Liquid nitrogen refrigerant stored in container 62 is introduced through
      conduit 63 and control valve 63a to the outer jacket of top reflux
      condenser 59 at suitable low pressure such that it boils while cooling and
      condensing at least part of the krypton-depleted vapor introduced to
      passageways 64 through conduit 65 joining the upper end of rectifying
      section 57. The at least partially condensed krypton-depleted mixture is
      flowed from passageways 64 to vessel 65a for phase separation and at least
      part of the condensate returned through conduit 66 as reflux to the
      rectifying section upper end. This liquid flows downwardly in mass and
      heat exchange with rising cryogenically cooled prepurified gas and krypton
      partially depleted vapor at relatively low liquid to vapor volume ratio to
      wash out the Kr., e.g. 0.27, and form the aforementioned Kr-depleted vapor
      and Kr-enriched liquid. High L/V ratios would provide still more complete
      separation but at added cost of condensing more liquid reflux. Reducing
      the L/V value appreciably below 0.27 would lend to Kr leakage out the top
      of the column.
PAR  The uncondensed portion of the fluid emerging from reflux condenser
      passageways 64 and entering vessel 65a comprises hydrogen and uncondensed
      nitrogen. This vapor is recirculated through conduit 66a to the off-gas
      feed stream entering the system in conduit 13. The juncture is upstream
      the point at which the oxygen concentration is determined by analyzer 33
      to control the hydrogen introduction through conduit 30. The recovered
      hydrogen in conduit 66a accounts for about 10% of the total H.sub.2 needed
      for O.sub.2 removal. Stripping section 58 receives the krypton-enriched
      liquid from the rectifying section lower end, the liquid passing
      downwardly in mass and heat exchange with rising kettle vapor at
      relatively high liquid to vapor mol ratio for total boilup, e.g. 1.0, to
      form Kr partially depleted vapor and kettle liquid. The withdrawal rate of
      krypton-xenon bottoms concentrate liquid through conduit 67 by control
      valve 68 is extremely low relative to the reflux rate in stripping section
      58 so that the column preferably operates with essentially total boilup.
      Heat for boiling the kettle liquid is by electric heater 61, as previously
      indicated. All of the krypton and xenon content of the feed gas, including
      both radioactive and nonradioactive fractions thereof, are washed from
      this gas mixture by the liquid nitrogen and accumulate in kettle 60. With
      total boilup and essentially zero loss of krypton-xenon in the overhead,
      they gradually and progressively accumulate and eventually reach a
      concentration of about 20% in kettle 60 after one to two years operation.
      This product is periodically withdrawn through conduit 67, vaporized in
      passageway 69 by warmer fluid in passageway 70 and pressurized in
      compressor 71 for holding in cylinders 72. The latter may for example be
      stored in shielded vaults for a period of time such as 1 year, sufficient
      for its radioactivity to decay to a level safe for final disposition or
      use.
PAR  Returning now to top reflux condenser 59, the N.sub.2 refrigerant liquid
      introduced thereto through conduit 63 comprises the externally supplied
      portion from storage container 62 and the nitrogen condensate from
      separator 65 not required for return through conduit 66 to the
      distillation column as reflux. Any such nitrogen condensate flows through
      branch conduit 73 and hold-up column 74 (discussed hereinafter) to conduit
      75 and pressure reducing control valve 76 therein for joining with the
      externally supplied liquid nitrogen in conduit 63.
PAR  In one mode of operating distillation column 56, only the fraction of
      Kr-depleted vapor in conduit 65 is liquefied in passageways 64 as needed
      for reflux in rectifying section 57 and all refrigerant liquid is supplied
      from storage container 62. In this operating mode, there is no liquid flow
      through conduit 73 and after pressure reduction in valve 66b, the
      unliquefied Kr-depleted vapor fraction from separator 65a passes through
      conduit 77 (dotted portion) to join vaporized nitrogen overhead gas in
      conduit 78 from reflux condenser 59.
PAR  In another mode of operating distillation column 56, the overhead
      Kr-depleted vapor in conduit 65 is substantially totally liquefied and the
      condensate collected in separator 65a is divided with one portion being
      returned to the column through conduit 66 and the remainder being passed
      through delay column 74 and pressure reduction valve 76 to the jacket of
      reflux condenser 59, as previously described. The uncondensed fraction 66a
      from separator 65a recirculates to feed conduit 13 upstream of the
      addition of hydrogen from source 30 so as to recover the slight excess of
      hydrogen originally introduced for catalytic combustion. If desired,
      stream 66a may be rewarmed in a separate passage of heat exchanger 54
      prior to rejoining feed conduit 13. When delay column 74 is employed, it
      is desirable to operate the distillation column 56 at an elevated pressure
      on the order of 50 psig. so as to achieve more complete condensation of
      nitrogen from the vent stream 66a and thereby reduce the nitrogen
      recirculated through the system.
PAR  In order to suppress the accumulation of methane (resulting from equation
      (1)) in kettle 60 below levels detrimental to the complete removal of
      krypton from the column overhead product, a portion of the kettle liquid
      withdrawn through conduit 67 and control valve 68 is directed through
      branch conduit 36. This portion is vaporized, e.g. by atmospheric heat in
      passageway 80 and a metered quantity of air is introduced to the vapor
      stream through conduit 81 and control valve 82 therein. The quantity of
      air contains at least sufficient oxygen to react stoichiometrically with
      the methane content of the vapor in accordance with the following
      equation:
EQU  CH.sub.4 + 2 O.sub.2 .fwdarw. CO.sub.2 + H.sub.2 O         (2)
PAL  preferably a substantial excess of air is added such that the methane
      content is diluted to about 1%. This is well below the flammability limit
      of methane and in addition it avoids excessive temperature in the
      subsequent catalytic combustion step. The mixture is then passed to
      catalytic combustion chamber 83 filled with an alumina-supported platinum
      electrically heated by element 84, and the reaction product is returned to
      the system upstream the impurity removal steps. As illustrated, the
      reaction product in conduit 36 is returned to the feed gas conduit 13 at
      the inlet to compressor 38 for reprocessing. Thus, its residual oxygen
      content is removed by recirculation through second catalytic combustion
      chamber 41 and its CO.sub.2 and residual moisture content is eliminated in
      prepurifier section 46. Alternatively, the reaction product may be
      purified of CO.sub.2, water and O.sub.2 in a separate system and returned
      directly to the distillation column kettle 60. Such separate system might
      include an H.sub.2 -O.sub.2 recombiner for residual O.sub.2, a drier and a
      CO.sub.2 adsorption zone.
PAR  The withdrawal and recycle of a fraction of the kettle liquid not only
      suppresses the methane level in the column but also reduces the oxygen
      level for example to about 0.03% when oxygen in the column feed is 0.1
      ppm. Since the lower explosion limit of oxygen in about 6% methane is
      several percent, it is clear that any explosion hazard due to oxygen is
      eliminated by a comfortable margin. The low level of oxygen achieved in
      the kettle also eliminates hazards due to the formation of ozone and
      oxides of nitrogen.
PAR  Flow of the feed gas mixture (off-gas) through the second catalytic
      recombiner 41, prepurifier 46 and distillation column 56 requires only a
      few (e.g. less than 10) minutes, so that the vapor discharged as
      distillation column purified nitrogen overhead gas in conduit 78 still
      possesses a relatively high radioactivity level, e.g. about 125,000
      microcurries per second for the aforementioned 1100 megawatt plant. This
      radioactive content is due primarily to so-called activation gases, i.e.
      isotopes of nitrogen, oxygen and argon whose half-lives are less than 10
      minutes. Since the radioactive components exhibiting long half-lives are
      essentially completely removed from the vapor in the column, the overhead
      column vapor can often be safely discharged to the atmosphere without
      danger of accumulative contamination of the environment. The overhead gas
      in conduit 78 is partially rewarmed to about -28.degree. F. in passageway
      55 for the aforedescribed cooling of the feed gas to cryognic temperature.
      The partially rewarmed nitrogen overhead gas discharged from heat
      exchanger 54 is further rewarmed to about 70.degree.-104.degree. F. in
      passageway 85 as for example by atmospheric or steam heat, and thereafter
      employed to purge and regenerate the adsorbent beds of prepurification
      section 46.
PAR  If the short term radioactivity of the nitrogen overhead gas from the
      distillation column precludes direct venting, another preferred embodiment
      of this invention provides an effective system for delaying the flow of
      the liquefied Kr-depleted vapor from the reflux condenser 64. This delay
      is for a time sufficient for the radioactivity to decay to acceptable low
      levels preferably at least 30 minutes. Subsequently the time-delayed
      Kr-depleted liquid nitrogen may be used as part of the needed refrigerant
      in the reflux condenser and the resulting nitrogen vapor vented to the
      atmosphere after purging water and CO.sub.2 from prepurification section
      46. A preferred time delay system comprises column 74 containing a
      multiplicity of superimposed and vertically spaced baffles or trays
      arranged to permit a slow progressive cascade of the liquid from
      tray-to-tray down the column. By way of illustration, in one design twenty
      trays are sufficient to contain the liquid for 175 minutes. After this
      delay period the radioactivity of the so-called activation gases (oxygen,
      nitrogen, argon) will have decayed to a very low level. For the 1100
      megawatt plant the total residual radioactivity will be perhaps 130-140
      microcurries/second. A large part of this residual radioactivity is
      contributed by various relatively short-lived isotopes, and the vaporized
      liquid is safe for venting to the atmosphere.
PAR  As previously indicated, the radioactive krypton/xenon adsorbate is removed
      by purge gas at ambient temperature and at low pressure before the beds
      are regenerated, i.e. cleaned of CO.sub.2 and water by hot, low pressure
      purge gas, at for example 600.degree. F. To accomplish this, the rewarmed
      nitrogen gas in conduit 78 downstream heat exchanger 85 is divided into a
      first minor part in branch conduit 86 and a second major part in branch
      conduit 87. The first minor part, comprising for example about 20% by
      volume of the feed gas flow to the prepurifier section 46, is directed to
      the discharge end of second adsorbent bed 48 for flow therethrough in a
      direction countercurrent to the previously flowing feed gas. It should be
      noted that prior to this ambient temperature purging step and on
      completion of its feed gas selective adsorption step (preferably
      terminated when the carbon dioxide adsorption front is intermediate the
      inlet and discharge ends, i.e. partial loading, to avoid CO.sub.2
      breakthrough in the prepurified gas), second bed 48 is countercurrently
      depressurized to slightly above atmospheric pressure by release of gas
      from its feed inlet end through conduit 37 and control valve 88. This
      stream comprises void space gas including radioactive krypton/xenon, and
      therefore should not be released to the atmosphere. It is returned to the
      feed gas conduit 13 upstream compressor 38 for further processing in the
      previously described manner.
PAR  Returning to the first and ambient temperature purge step in second bed 48,
      the cool gas is introduced at low pressure slightly above ambient
      pressure, e.g. 2 psig, and the countercurrent purging of krypton/xenon
      adsorbate continues for a time period corresponding to most of the first
      bed adsorption step, e.g. 6 hours of a total 8 hour period. The coadsorbed
      krypton and xenon are substantially completely removed from second bed 48
      during this time, and carried in conduit 37 to the inlet of compressor 38
      for reprocessing. During this purge step a small portion, e.g. about 10%
      of the CO.sub.2 adsorbate and about 5% of H.sub.2 O adsorbate using
      zeolite 13X, will also be unavoidably desorbed during this purging. The
      purge gas flows countercurrent to the previously flowing feed gas to
      insure complete removal of water from the adsorbent bed in the succeeding
      hot purge step.
PAR  The second major part of nitrogen purge gas in conduit 87 is further warmed
      in passageway 89 by heater 90 to at least 400.degree. F. and for example
      about 600.degree. F., and directed at low pressure to the discharge end of
      third molecular sieve adsorbent bed 49 for flow therethrough in a
      direction countercurrent to the previously flowing feed gas mixture. This
      hot gas serves to desorb the strongly held water and CO.sub.2 and
      regenerate the bed for subsequent processing of feed gas mixture. Flow is
      countercurrent to insure that any water adsorbate is substantially
      completely removed, as residual water would significantly reduce the
      CO.sub.2 loading in the subsequent adsorption step. The water and carbon
      dioxide-discharged to the atmosphere through conduit 50.
PAR  The operation of prepurifier section 46 will be described in greater detail
      in connection with FIGS. 3 and 4, but in brief the three molecular sieve
      adsorbent beds 47, 48 and 49 are connected in parallel flow relation with
      appropriate valving for cyclic operation and continuous processing of the
      feed gas mixture.
PAR  Referring to FIGS. 3 and 4, elements corresponding to previously described
      elements in FIGS. 1 and 2 have been assigned the same identification
      numerals to facilitate comparison. The feed gas mixture in conduit 13
      after having been pressurized in compressor 38 and processed through
      second catalytic combustion chamber 41, cooler 42 and phase separator 43
      enters the adsorption system through any of feed valves 91a, 91b or 91c.
      The prepurified gas is discharged from the adsorption system through any
      of product valves 92a, 92b or 92c into conduit 51. The nitrogen overhead
      gas from the distillation column, having been reduced in pressure and
      rewarmed in heat exchangers 54 and 85, enters the adsorption system
      through conduit 78a. The cool first minor part thereof in conduit 86 (the
      ambient temperature portion) is directed through any of valves 93a, 93b or
      93c to the feed discharge end of the adsorption system. The resulting
      krypton/xenon containing purge gas leaves the system through any of valves
      94a, 94b or 94c at the feed inlet end, and is returned by conduit 37 to
      the suction side of compressor 38.
PAR  The second part of the nitrogen gas in conduit 87 is warmed to about
      600.degree. F. by electrical heater 90 and the hot gas flows through any
      of valves 95a, 95b or 95c at the feed discharge end of the adsorbent beds
      from which krypton and xenon have just been removed. This hot, low
      pressure purge gas desorbs the more strongly held CO.sub.2 and water
      adsorbate, and is vented to the atmosphere through any of valves 96a, 96b
      or 96c and conduit 50 at the feed inlet end.
PAR  FIG. 4 shows that an adsorbent bed may remain on the adsorption step for 8
      hours or one-third of a complete cycle. After the adsorption step, the bed
      is first depressurized countercurrently ("depress.") from the feed gas
      level, e.g. 80 psig., to atmospheric pressure. Next, the bed is purged for
      6 hours with substantially ambient temperature nitrogen ("cool purge") to
      the end of the 15th hour. Thereafter the "hot purge" gas is introduced and
      the bed is heated for a period of 4 hours to remove CO.sub.2 and water (to
      the end of the 19th hour). Now the bed is recooled in about 4 hours by
      continuing the flow of the unheated third part of nitrogen purge gas
      through bypass conduit 95 around heater 90 and any of valves 95a, 95b or
      95c at the feed discharge end and the corresponding valve 96a, 96b or 96c
      at the feed inlet end of system. A final period of sixty minutes is used
      for repressurizing the recooled bed to the feed gas pressure, e.g. from
      atmospheric to 80 psig., by admitting feed gas through any of valves 91a,
      91b or 91c with all valves which join the discharge end of the adsorbent
      bed being closed so that the latter is "dead-ended." The flow control
      valves 91-95 a, b and c are preferably automatically operated in
      accordance with a predetermined time cycle.
PAR  The horizontal lines in FIG. 4 show the flow relationships between the
      three adsorbent beds at any point of time in the respective cycles. For
      example, during the 7th-8th hour of the first bed adsorption step, feed
      gas is also introduced to the second bed inlet end for repressurization
      ("repress") from atmospheric pressure to the feed gas pressure -- the last
      step of the cycle. During the 8th-9th hour the horizontal line from the
      first bed depressurization indicates this gas rejoins the feed (by means
      of conduit 37 in FIGS. 2 and 3). The four vertical lines represent the
      manifolds for the major fluid streams, which are joined by the horizontal
      lines to the individual beds. Reading from left to right, the vertical
      lines represent the feed gas conduit 13, the vent gas conduit 50, the
      purified nitrogen overhead gas conduit 78a from the distillation column,
      and the prepurified gas conduit 51 joining the "cryo-unit." The latter
      block includes heat exchanger 54, distillation column 56, liquid nitrogen
      storage tank 62, and time delay column 74.
PAR  In the aforedescribed embodiment of the prepurifier section 46, each of the
      three adsorbent beds is used to selectively coadsorb both carbon dioxide
      and water (if present) from the feed gas mixture using the same
      crystalline zeolite molecular sieve adsorbent material. Alternatively, the
      prepurifier section may comprise a first zone for selectively adsorbing
      water, and a second zone for the selective adsorption of carbon dioxide
      from the H.sub.2 O-free feed gas mixture plus the unavoidable coadsorption
      of a small quantity of krypton, and xenon (if present). One potential
      advantage in separating the two sections is that a relatively inexpensive
      adsorbent such as alumina may be used to remove water, thereby extending
      the duration of the feed gas processing cycle step for the more expensive
      molecular sieve material and/or possibly permitting the use of smaller
      beds for CO.sub.2 adsorption. Another potential advantage is that the
      CO.sub.2 -removing molecular sieve section may be regenerated at lower
      temperature, with consequent savings in materials and operating costs.
      Finally, separating water adsorption from CO.sub.2 adsorption may
      materially reduce the flow of cool purge gas and hence reduce the recycle
      of gas through the system.
PAR  Referring now more specifically to FIG. 5, only a portion of the
      prepurification system and components directly related thereto, are shown.
      Other non-related components may be substantially identical to those
      already described and illustrated in FIG. 2 (or the succeeding FIG. 6).
      The feed gas mixture in conduit 13 has been freed of most or all of its
      oxygen content, and supplimented by the distillation column kettle recycle
      stream in conduit 36 (after methane-oxygen reaction to produce carbon
      dioxide and water) and by depressurization gas and cool nitrogen purge gas
      from the prepurification system in conduit 37 (containing krypton
      desorbate). This gas mixture is pressurized for example to about 80 psig.
      in compressor 38, the compression heat removed in cooler 42 and condensed
      water removed in separator 43.
PAR  The resulting gas mixture in conduit 101 is directed to one bed of a
      two-bed alumina drier section 102 for residual water removal. For example
      the gas may flow through inlet valve 103, first alumina bed 104 and
      discharge valve 105 to effluent conduit 106. The residual moisture content
      of the feed gas is thereby reduced to a dewpoint not greater than
      -60.degree. F. When first bed 104 is loaded with water, the alternate
      second alumina bed 107 is placed "on stream" and bed 104 is regenerated
      preferably by countercurrent purging at elevated temperature.
PAR  The regeneration gas may for example comprise dried process gas circulated
      through conduit 108 by blower 109 and control valve 110 to heater 111
      where its temperature is increased to 350.degree.-650.degree. F. The
      resulting hot gas still in conduit 108 is directed by branch conduit 120,
      regeneration manifold 113 and valve 114a to the feed gas discharge end of
      first alumina bed 104. The water-laden regeneration gas is withdrawn
      through valve 115b in regeneration gas manifold 116 at the feed gas inlet
      end, and passed through joining conduit 108 to cooler 117. The condensed
      water is removed in separator 118 and the water-depleted gas is
      recirculated through blower 109.
PAR  This closed loop recirculation of hot regeneration gas continues until the
      water is substantially removed from the alumina bed 104. The latter may
      now be returned to the normal temperature (about ambient) for processing
      feed gas, by circulating the same regeneration gas through bed 104 without
      being heated and in the direction cocurrent to the feed gas. For this
      purpose, valve 110 in conduit 108 and valve 111a are closed to
      respectively remove the water separator 118 and heater 111 from the
      circuit. Valve 119 in conduit 120 and valve 121 in conduit 122 are open,
      thereby establishing a cooling gas flow circuit opposite to the hot
      regeneration gas circuit. Gas from blower 109 is diverted through conduit
      122 and valve 121 therein, and cooler 117 in conduit 108 to manifold 116.
      The cooling gas thus flows through valve 115a into the feed gas inlet end
      of bed 104 and continues through valve 114a in discharge end manifold 113,
      conduit 120 and valve 119, back to blower 109. Such recirculation of
      cooldown gas continues, until the bed is again restored to its operative
      temperature, such as 100.degree. F.
PAR  Normally, the use of water cooler 117 will be sufficient to dry the bed and
      obtain the desired -60.degree. F. dewpoint or below. However, when
      moderate regeneration temperatures are employed it may be desirable to
      extract water more completely from the closed loop regeneration gas to
      more positively insure the required low moisture content in the
      prepurified feed gas. To this end, more thorough water removal can be
      attained by the use of an additional cooling passageway 123. The latter is
      in heat exchange relationship with at least a part of the gas flowing in
      passageway 85 of FIG. 2 which is thereafter directed through passageway
      124.
PAR  When a drier bed is being regenerated and the regenerating gas within the
      closed loop is heated to elevated temperature, the gas will expand and the
      pressure in the loop will rise. Such pressure rise is not detrimental
      provided the system is designed to withstand the higher pressure. However,
      if uniform pressure is preferred throughout the entire operating cycle of
      the driers, then the excess pressure during regeneration can be bled off
      from the system. For this purpose, conduit 125 is branched from conduit
      122 and gas from which water has been removed is released from the loop
      through valve 126 and is returned to the process feed gas conduit 101 for
      continued treatment in the drier section 102 of the prepurification
      system. Valve 126 is a back-pressure regulator which opens and permits
      flow therethrough until pressures are substantially equalized thereacross.
      Upon completion of regeneration, the gas in the loop will now contract
      during the subsequent cooling stroke and the pressure will tend to drop.
      The gas which was vented from the loop during regeneration is now
      replenished to restore the pressure by bleeding dried feed gas from dried
      gas effluent manifold 127 through check valve 128 into the regeneration
      gas loop.
PAR  The moisture-depleted feed gas in conduit 106 may be directed to a three
      bed system 46 as described in connection with FIG. 2, but only serving to
      remove carbon dioxide. The apparatus, process, and cycle steps are
      identical to those employed for both CO.sub.2 and water removal except
      that the purge gas may be treated to moderate elevated temperature for
      only CO.sub.2 desorption, e.g. 350.degree. F. instead of 400.degree. F.
      and above required for water removal.
PAR  Whereas embodiments of the prepurifier system described hereinabove have
      employed three adsorption beds, it should be understood that a system
      comprising only two beds is a useful alternative. With reference to FIG. 7
      and its associated cycle sequence FIG. 8 using the same 1100 megawatt
      power plant example, the partially-treated feed gas stream having passed
      through compresser 38 and second catalytic combustion chamber (FIG. 2) 41
      is introduced to the prepurifier section through conduit 45. To facilitate
      comparison in these figures and the ensuing description, items identical
      to those previously described in the three bed embodiment of FIG. 3 are
      assigned the same numeral. Adsorbent beds 200 and 201 are connected in
      parallel by appropriate manifolds at both feed and product ends thereof.
      With first bed 200 in the selective adsorption step, the feed stream
      passes through valve 202 into bed 200 and prepurified gas is discharged
      through valve 204 and conduit 51 to the low temperature heat exchanger 54.
      While first bed 200 is on the selective adsorption step, alternate or
      second bed 201 proceeds sequentially through each of the previously
      described steps of depressurization, cool purge, hot purge, recooling and
      repressurization. For the depressurization step, all valves associated
      with second bed 201 are closed except valve 209 at the inlet end. Gas
      countercurrently released from second bed 201 passes through valve 209,
      trim valve 213 in conduit 219 to recycle conduit 37. As shown in FIG. 2,
      conduit 37 returns to the inlet of compresser 38 so that the desorbed
      krypton and xenon in the depressurization gas can be effectively recovered
      in the on-stream bed. Depressurization requires about one-tenth hour and
      the pressure of the bed is reduced from 80 psig. to about 1 atmosphere.
PAR  The cool purge step is conducted by directing the purified nitrogen
      overhead gas (conduit 78b) at reduced pressure from the cryogenic unit
      which has been rewarmed in heat exchanger passages 55 and 85 through
      heater bypass valve 96 and conduit 95 to the product end of second bed
      201. The gas passes through valve 207, bed 201, valve 209, valve 214 in
      conduit 218 and thence to recycle conduit 37. For this step, trim valve
      213 employed during depressurization to prevent undesirably high gas
      velocities in second bed 201 is closed and purge valve 214 is opened to
      minimize flow restriction in the purge circuit. The cool purge step
      requires about 6.9 hours and is conducted at substantially ambient
      temperature.
PAR  The hot purge step is conducted by directing the purified nitrogen gas from
      the cryogenic system at low pressure through heater passage 89, valve 207,
      bed 201, and valve 211 to vent 50. Valves 209 and 214 are closed for this
      step. The heat front passing through the bed raises the adsorbent
      temperature to at least 300.degree. F. and the hot purge flow is continued
      for about 3.5 hours. If moisture is being removed in beds 200, 201 the
      adsorbent temperature should be raised to at least 350.degree. F.
PAR  The recooling step is conducted in the same manner as the hot purge step,
      except that the purified nitrogen gas bypasses heater 89 through valve 96
      and conduit 95. The flow of cool purge gas continues for about 3.4 hours
      and sweeps the heat front out the feed end of the bed thereby recooling
      the adsorbent to near ambient temperature.
PAR  The repressurization of bed 201 is accomplished with feed gas as described
      in connection with FIG. 2 and such repressurization gas passes through
      conduit 216, valves 215 and 209 to the feed inlet of the bed. Valves 211
      and 207 are closed. The bed is thus repressurized from about one
      atmosphere pressure to about 80 psig. in 0.1 hour. When repressurization
      is complete, second bed 201 is placed on-stream by closing valves 209 and
      215 and opening valves 203 and 205. Simultaneously, first bed 200 is
      removed from the selective adsorption step by closing valves 202 and 204.
      The latter bed is then advanced through all the foregoing steps described
      for the purge and regeneration of second bed 201.
PAR  With only two beds in the system, the recycle flow of cold purge gas back
      to the feed gas conduit is intermittent rather than continuous and special
      components are provided in FIG. 7 to smooth and equalize the flow of total
      feed to the prepurifier. This is accomplished by means of purified gas
      bypass conduit 227 containing control valve 224. In effect, this conduit
      recirculates purified nitrogen through the portion of the process
      comprising the prepurifier and the cryogenic purifier. The recirculation
      is controlled to compensate for the flow or absence of flow of cool purge
      gas through this portion of the process. When cool purge gas is being
      recirculated through conduit 218 to recycle conduit 37, then flow through
      the bypass conduit 227 is discontinued, but when the flow of cool purge is
      terminated (i.e., during the hot purge step), then flow through bypass
      conduit 227 is regulated so as to circulate an equivalent amount of
      purified nitrogen from the cryogenic column 56 to the feed stream in
      conduit 28 and thereby maintain uniform flow in the system.
PAR  The control of flow through equalizing conduit 227 may be accomplished by
      sensing the rate of flow through prepurified gas conduit 51 and by sensing
      the rate of flow through recycle conduit 37 by which the recirculation gas
      is returned to the suction side of compressor 38 (FIG. 2). The point at
      which flow in recycle conduit 37 is sensed, i.e. at orifice 220, is
      downstream of the juncture of cool purge conduit 218 and purified nitrogen
      bypass conduit 227, and the signal obtained at 220 is used to maintain the
      flow constant despite changes in flow through cool purge conduit 218. The
      electric or pneumatic signal is directed to flow indicator controller 222
      which in turn generates a signal 228 for regulating valve 224 located in
      bypass conduit 227. A signal from orifice 221 in prepurified gas conduit
      51 is used to adjust the setpoint of controller 222 such that a constant
      ratio is maintained between the recycle gas flow in conduit 37 and the
      prepurified gas flow in conduit 51. Means (not illustrated) are provided
      for generating signals representative of the differential sensed across
      orifices 220 and 221, which signals are transmitted to controller 222.
PAR  During such regulation of bypass gas in conduit 227, valve 212 in conduit
      95 which supplies hot purge to regenerate an adsorbent bed 200 or 201 is
      maintained full open. The full open position of valve 212 is obtained by
      means of an automatic on-off valve 225 located in the pneumatic signal
      transmission means 228 to valve 212 and is preferably operated by the
      timer control which initiates the changes in the adsorbent bed sequencing
      valves. Valve 225 serves to vent the pressure in the pneumatic signal
      means 228 to valve 212, and upon such occurrence, valve 212 assumes a full
      open position.
PAR  When the hot purge step is not in progress and cool purge gas is instead
      being circulated through the prepurifier section, valve 225 is
      repositioned to restore pneumatic signal pressure through 228 to valve 212
      and place it under the control of controller 222. Simultaneously,
      automatic timer controlled valve 230 vents the pneumatic pressure signal
      from transmission means 228 to bypass control valve 224 which is designed
      so that the effect of such venting is to close the valve. This terminates
      the flow of bypass nitrogen.
PAR  Summarizing the FIGS. 7-8 two-adsorption zone prepurifier embodiment cool,
      low pressure purge gas and hot purge gas are consecutively passed through
      the second adsorption zone during a portion of the period the feed gas
      mixture is passing through the first adsorption zone. During the hot purge
      gas flow an amount of partially rewarmed purified nitrogen overhead gas
      equivalent to the cool purge gas flow is joined with the feed gas mixture
      for passing through the first zone. The following steps are sequentially
      conducted in each of the two adsorption zones: introducing feed gas
      mixture, releasing gas from the zone from superatmospheric pressure to
      about atmospheric pressure, removing the krypton coadsorbate by the first
      part of cool nitrogen purge gas, removing the carbon dioxide adsorbate by
      the further warmed second part of hot nitrogen purge gas, recooling the
      cleaned zone using a third part of the partially rewarmed purified
      nitrogen overhead gas, and repressurizing the recooled cleaned zone by the
      feed gas mixture.
PAR  This invention may also be used to separate radioactive krypton from
      off-gas derived from sources other than boiling water reactor-type nuclear
      power plants, as for example off-gas from nuclear fuel processing systems.
      The off-gas from fuel reprocessing differs in significant respects from
      that released by the previously described boiling water reactor system.
      Spent fuel rods arrive at the reprocessing plant in special shielded
      casks. Considerable time will have elapsed since removal of the rods from
      the reactor so that short-lived isotopes trapped within the cladding will
      have decayed to a relatively low radioactive level. In fact, the
      radioactivity of the xenon component of the trapped gases will normally be
      less than 1/10000 of the radioactivity of the krypton component.
PAR  The spent rods are first sheared apart and then leached in nitric acid to
      dissolve the heavy metal fuel elements. The rod structure contains
      considerable material such as zirconia and carbon which does not dissolve,
      and which is separated from the liquor and discarded. The liquor is
      further processed to recover the fuel value therein.
PAR  Gaseous products entrapped in the rods are released during shearing and
      leaching and constitute the major part of the radioactive material in the
      off-gas. In addition, gaseous nitrogen oxides (NO and NO.sub.2) are
      produced from the nitric acid during leaching and these compounds are
      included in the off-gas. Gaseous hydrocarbons are also produced by
      reaction of carbon and steam and will become part of the off-gas. Air is
      also present due to leakage. A typical composition of nuclear fuel
      reprocessing off-gas is as follows (dry basis):
TBL  NO and NO.sub.2      6%                                                   
     Hydrocarbons (as CH.sub.4)                                                
                          1000 ppm.                                            
     Kr                    200 ppm.                                            
     Xe                   2000 ppm.                                            
     Air                  Balance                                              
PAR  In the off-gas purification system, the Kr at minimum will be removed. Xe
      will also be removed because, once Kr has been washed from the off-gas,
      the Xe, which possesses lower volatility, will also be completely washed
      out as a matter of course. In the embodiment to be described, Kr and Xe
      will be recovered separately rather than as a mixed product, the
      concentrated Kr being sent to long-term decay storage and the Xe to
      short-term storage as required for essentially complete deactivation. Not
      more than 90 days storage will normally be needed for complete
      deactivation of the Xe, after which it may be used commercially or
      disposed of as desired.
PAR  The separation of Kr by cryogenic distillation is not feasible with the
      amounts of hydrocarbons and nitrogen oxides contained in the feed. The
      volatilities and boiling points of these components are such as to
      interfere grossly with the desired separation. Hence, both hydrocarbons
      and nitrogen oxides are converted catalytically prior to distillation. In
      addition, oxygen is removed by combustion with hydrogen as in the boiling
      water reactor off-gas purification system.
PAR  In this embodiment, the krypton-xenon concentrate liquid from the
      previously described first distillation is itself distilled to produce a
      xenon bottom concentrate liquid and further enriched krypton overhead gas.
      This xenon product may be stored and subsequently used after its
      radioactivity has dissipated, and the krypton gas may be separately stored
      for radioactive decay. The previously described purified nitrogen overhead
      gas-prepurified feed gas mixture heat exchange is divided between a colder
      zone and a warmer zone, with the partially rewarmed nitrogen overhead gas
      from the colder zone being heat exchanged with the further enriched
      krypton overhead gas from the second distillation for partial condensation
      thereof. The resulting further rewarmed nitrogen gas is thereafter heat
      exchanged with the prepurified feed gas in the aforementioned warmer zone.
      A major part of the uncondensed further enriched krypton gas from the
      partial condensation of the second distillation overhead gas is joined
      with the feed gas mixture prior to the prepurification step and the
      remaining minor part of the further enriched krypton gas is discharged as
      product.
PAR  As previously indicated, the feed gas mixture contains hydrocarbons,
      nitrogen oxides and oxygen impurities. Prior to the prepurification these
      impurities are removed by the steps of first catalytically reacting the
      hydrocarbons with part of the oxygen to form water and carbon dioxide, and
      adding diverted impurity-depleted gas mixture to the hydrocarbon-depleted
      gas mixture to form an augmented gas mixture. A stoichiometric excess of
      hydrogen is added to this augmented mixture and the oxygen and nitrogen
      oxides content thereof is reacted with this hydrogen to form water and
      nitrogen in a second catalytic reaction step to form the impurity-depleted
      gas mixture. The latter is cooled and at least 85% by volume (dry basis)
      and preferably at least 90% is diverted. The diverted impurity-depleted
      gas mixture is heat exchanged with the impurity-depleted gas mixture for
      partial cooling of the latter and rewarming of the diverted gas. The
      rewarmed gas comprises the diverted impurity-depleted gas which is added
      to the hydrocarbon-depleted gas mixture. The undiverted cooled
      impurity-depleted gas mixture is passed to the prepurification.
PAR  In addition to the previously described apparatus this embodiment includes
      a second distillation column having a multiplicity of spaced liquid-gas
      contact trays, a bottom kettle with heating means, and a second top reflux
      condenser. Conduit means are provided for transferring krypton-xenon
      bottom concentrate liquid from the bottom kettle of the first distillation
      column to an intermediate level of the second distillation column for
      separation into xenon bottom concentrate liquid and further emriched
      krypton overhead gas.
PAR  The heat exchange means having a first passageway for the prepurified gas
      and the second passageway for the nitrogen overhead gas comprises a colder
      part and a warmer part with conduit means for flowing partially rewarmed
      nitrogen overhead gas from the colder part to the second top reflux
      condenser of the second distillation column for cooling and partially
      condensing further enriched krypton gas. Other conduit means are provided
      for flowing further rewarmed nitrogen overhead gas from the second top
      reflux condenser to the cold end of the second passageway of the heat
      exchange means warmer part. First conduit means are included for joining a
      major part of the uncondensed further enriched krypton gas from the second
      top reflux condenser with the feed gas mixture. This apparatus embodiment
      also includes further enriched krypton gas storage means and second
      conduit means for passing the remaining minor part of the uncondensed
      further enriched krypton gas to the storage means.
PAR  With reference to FIG. 6, a feed gas mixture of the above typical
      composition, enters the system in conduit 13 and joins a Kr recycle stream
      in conduit 177. The recycle stream whose purpose will be explained
      hereinafter, is small in volume but rich in Kr so that the Kr content of
      the feed gas mixture is increased about tenfold to about 2000 ppm. The
      combined stream is heated to 800.degree. F. in electrical preheater 23 and
      passes to first catalytic converter 150 containing an oxidizing catalyst
      for example platinum or palladium supported on alumina, where hydrocarbons
      are burned with oxygen in the feed, producing water and CO.sub.2. About
      95% of the hydrocarbons are converted leaving about 50 ppm. unconverted
      CH.sub.4 in the gas.
PAR  The hydrocarbon-depleted stream leaves first converter 150 and joins a
      diverted impurity depleted feed gas stream which has been freed of oxygen
      and depleted in nitrogen oxides. This diverted stream in conduit 15 and
      flow regulated by valve 152, is about tenfold greater in volume than the
      incoming feed gas and has two purposes: (a) it dilutes the oxygen content
      below about 2 volume % so that upon subsequent admission of hydrogen, the
      mixture will be below the explosive limit, and (b) it serves as a means of
      control of the downstream second catalytic recombiner 25 wherein it avoids
      excessive temperature otherwise caused by the strong exothermic reactions.
      The augmented stream is joined by a stream of hydrogen from conduit 30
      which is introduced in metered quantity regulated by automatic valve 31,
      responsive to the incoming feed flow rate for example sensed by an orifice
      and also to the oxygen and nitrogen oxide content of the gas sensed by
      analyzer 33. The amount of hydrogen introduced is sufficient to produce a
      ratio of hydrogen to (oxygen + nitrogen oxides) in slight excess of the
      stoichiometric ratio.
PAR  The mixed stream passes to second catalytic recombiner 25 where the oxygen
      content is combined with hydrogen to form water, and the nitrogen oxides
      combine with hydrogen to produce water and nitrogen. The resultant stream
      is about 1400.degree. F. as a consequence of the reactions, and is
      sufficiently hot so that the formation of additional CH.sub.4 by the
      methanation reaction is insignificant. Such high temperature is favorable
      to the reduction of nitrogen oxides, and also to the virtual complete
      removal of free oxygen by reaction with hydrogen. The stream is partially
      cooled in passageway 153 of heat exchanger 154 by the diverted
      impurity-depleted gas mixture in passageway 155, further cooled against
      cooling water in exchanger 26 and is separated from condensed water in
      separator 27. If desired, the water-depleted stream may then be passed
      through a third catalytic recombiner 41, containing a catalyst similar to
      that of recombiner 25, and any residual oxygen is further and positively
      reduced to 0.1 ppm. or lower by combination with hydrogen. The
      impurity-depleted stream is now pressurized slightly in steam ejector 40
      and is divided, a controlled major portion such as 90% by volume being
      diverted in conduit 151 and returned to the feed gas stream after first
      hydrocarbon converter 150. The remaining minor portion of the
      impurity-depleted gas mixture in conduit 45 is conducted to the
      prepurification and further steps in the process.
PAR  The undiverted impurity-depleted gas mixture in conduit 45 is further
      augmented by addition of depressurization gas and cold purge gas in
      conduit 37 from the prepurification, these streams being recycled to
      recover their Kr and Xe content. The joined streams are now compressed to
      about 80 psig. in compressor 38 and condensed water is removed in
      separator 43. Then the remaining gas is conducted to one of three
      prepurifier adsorbent beds 47, 48 or 49 where residual water and CO.sub.2
      are removed (i.e. the adsorbate undergoing mass transfer during a complete
      adsorption-desorption cycle). The operation of the prepurifier section is
      substantially the same as previously described for the boiling water
      rector off-gas prepurifier. The prepurified gas stream, now at about 75
      psig, may for example have the following approximate composition:
TBL  Nitrogen oxides     200 ppm.                                              
      CH.sub.4           50 ppm.                                               
     Xe                 2000 ppm.                                              
     Kr                 2000 ppm.                                              
     N.sub.2            Balance                                                
PAL  The gas is now ready for final cryogenic purification. It is chilled to
      cryogenic temperature in two steps, passageway 33 of warmer precooling
      exchanger 54 and then in passageway 157 of colder precooling heat
      exchanger 158 before entering an intermediate level of first stage
      distillation column 56. Column 56 separates the Kr and Xe into a mixed
      bottom concentrate liquid product and delivers a purified gaseous overhead
      product which is substantially nitrogen and which is hereinafter preferred
      to as "nitrogen." The Kr depleted vapor leaves rectifying section 56
      through conduit 65, passes through reflux condenser core 64 and the
      partially condensed stream is phase separated in vessel 65a. The
      Kr-depleted condensate fraction is returned to the column as reflux
      through conduit 66 while the gaseous fraction is withdrawn through conduit
      66a as nitrogen.
PAR  As stated previously, in this embodiment the Xe and Kr are produced as
      separate products and this separation is accomplished in second stage
      distillation column 165. The mixed Kr-Xe bottom product of first stage
      column 56 is withdrawn through conduit 67 and introduced at an
      intermediate level of second stage 165 for separation into a very pure Xe
      bottom concentrate liquid product and a further enriched Kr gaseous
      overhead product. Heat is supplied to the kettle 166, for example
      electrically by heaters 167. A major fraction of the further enriched
      krypton overhead gas emerging from the rectification section of column 165
      in conduit 168 is reliquefied in passageway 169 of condenser 170,
      separated from the vapor in vessel 171 and the liquid returned to the
      rectification section through conduit 172, thereby providing a high liquid
      to vapor molar ratio L/V in the upper section of the column of about 0.9.
      This is desirable to insure a high degree of Kr-Xe separation. The
      uncondensed vapor fraction from separator 171 in conduit 173 is warmed in
      passageway 174 by heat exchange, e.g. with the ambient atmosphere. A minor
      part, e.g. about 1/10 by volume of the further enriched Kr gas in conduit
      173 is withdrawn as product through branch conduit 174a and is pressurized
      in compressor 175 for long-term storage in cylinders 176. The major part
      of warmed krypton in conduit 173 comprises the Kr recycle stream and is
      joined through conduit 177 with the incoming feed gas mixture in conduit
      13.
PAR  One reason for recirculating a major part of the further enriched Kr
      product back through the system is to obtain additional enrichment of the
      Kr product. With recirculation, the Kr content of the feed gas to first
      stage column 56 is about 2000 ppm. (dry basis) and the Kr product has the
      typical analysis:
TBL  Kr                    75%                                                 
     Xe                     5%                                                 
      CH.sub.4              5%                                                 
     Nitrogen oxides (NO)  15%                                                 
PAL  It will be apparent from the foregoing that the Kr enrichment factor for
      the two columns 56 and 165 is greater than 350. However, without
      recirculation, the Kr content of the prepurified feed gas to first stage
      column 56 would be about 1/10 as high or about 200 ppm. With such feed,
      the Kr product would be limited in purity to 50% or less. Thus, a
      substantially greater volume of gas would necessarily be sent to long term
      decay storage in cyclinder 176. Moreover, the Kr product would contain
      considerably more Xe which in this embodiment is desired as a separate,
      commercially-valuable product.
PAR  Another reason for recirculating Kr rich product is to control and limit
      the buildup of CH.sub.4, O.sub.2 and nitrogen oxides in the kettle liquid
      of first stage column 56. With recirculation, the rate of withdrawal of
      Kr-Ke bottom product from first stage column 56 is sufficiently high to
      prevent accumulation of such troublesome components. In second stage
      column 165, the temperature of the kettle 166 is sufficiently high so that
      such components are driven up the column through liquid-gas contact trays
      and are withdrawn in the overhead gas. Upon recirculation, the CH.sub.4,
      O.sub.2 and nitrogen oxide components of the Kr recycle stream is conduit
      177 are again subjected to catalytic conversion in units 150, 25 and 41.
PAR  The bottom product from second column 165 is essentially pure Xe and, as
      stated previously, the radioactive isotopes thereof will usually have
      decayed to a harmless level. Accordingly, the product may be further
      refined as required for commercial use, or otherwise disposed. Momentary,
      short term decay storage may be practiced as a positive means of insuring
      inactivity of the Xe product. The liquid product stream is withdrawn from
      the bottom of second column 165 through conduit 178, vaporized in
      passageway 179 by heat exchange, e.g. with ambient air, and pressurized in
      compressor 181 for storage in cylinders 182.
PAR  The uncondensed vapor of the nitrogen overhead gas from first column 56 in
      conduit 66a is pressure reduced in valve 66b and mixed with the vaporized
      nitrogen refrigerant system in conduit 78 from reflux condenser 59 to form
      a combined purified nitrogen overhead gas stream in conduit 78a which is
      partially warmed to about 120.degree. K. in passageway 183 of colder
      precooling heat exchanger 158 against partially precolled prepurified feed
      gas enroute to first column 56. The resulting partially warmed nitrogen
      overhead gas in conduit 78a is above the freezing temperature of Kr and
      flows through passageway 184 of second reflux condenser 170 to cool and
      partially liquefy the further enriched Kr overhead gas in passageway 169
      from the rectification section of second column 165. The further warmed
      nitrogen overhead gas continues in conduit 78a to passageway 55 of warmer
      precooler heat exchanger 54 where it is still further warmed to about
      ambient temperature against prepurified feed gas enroute to first column
      56. The nitrogen gas emerging from the warm end of warmer exchanger 54 is
      now processed in the same manner as described in connection with the FIG.
      2 system.
PAR  Although preferred embodiments of this invention have been described in
      detail, it will be appreciated that other embodiments are contemplated
      along with modifications of the disclosed features, as being within the
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the separation of radioactive krypton from a feed gas
      mixture comprising nitrogen and trace amounts of carbon dioxide and said
      radioactive krypton, comprising the steps of:
PA1  a. providing said feed gas mixture at superatmospheric pressure and ambient
      temperature and passing same from the feed inlet end through the first of
      at least two crystalline zeolite molecular sieve adsorption zones for
      preferential adsorption of carbon dioxide, and coadsorption of a minor
      part of said krypton;
PA1  b. discharging non-adsorbed prepurified gas from the feed discharge end of
      said first adsorption zone of (a) and cooling same to cryogenic
      temperature;
PA1  c. distilling the cryogenically cooled prepurified gas from (b) against
      nitrogen liquid to produce a krypton bottoms concentrate liquid and
      purified nitrogen overhead gas;
PA1  d. partially rewarming said purified nitrogen overhead gas of (c) to about
      ambient temperature by heat exchange with said nonadsorbed prepurified gas
      for said cooling of (b);
PA1  e. passing a first part of said partially rewarmed purified nitrogen
      overhead gas as cool purge gas at low pressure into the feed discharge end
      and through the second of said crystalline zeolite molecular sieve
      adsorption zones having previously been at least partially loaded with
      carbon dioxide and krypton by passage of said feed gas mixture
      therethrough, thereby desorbing substantially all of said krypton and only
      a minor part of said carbon dioxide from such second zone and discharging
      the krypton-containing first part of cool purge gas from the feed inlet
      end of said second zone;
PA1  f. joining said first part of purge gas from (e) with said feed gas mixture
      for said passing through the first zone of (a);
PA1  g. further warming to at least 350.degree.F. a second part of said rewarmed
      purified nitrogen overhead gas as hot purge gas and passing same into the
      feed discharge end and through an other-than-first said crystalline
      zeolite molecular sieve adsorption zone having previously been at least
      partially loaded with carbon dioxide and coadsorbed krypton by passage of
      said feed gas mixture therethrough and thereafter only completely desorbed
      of said krypton by passage of said first part of purge gas therethrough,
      thereby desorbing carbon dioxide from such other-than-first zone and
      discharging the carbon dioxide-containing second part of hot purge gas
      from the feed inlet end of said other-than-first zone; and
PA1  h. passing a third part of said partially rewarmed purified nitrogen
      overhead gas into the feed discharge end and through said other-than-first
      adsorption zone after the hot purge gas flow for recooling of such zone.
NUM  2.
PAR  2. A method according to claim 1 in which following termination of the feed
      gas mixture passage of (a) to the first adsorption zone, gas is released
      from the first zone feed inlet end for depressurization from said
      superatmospheric pressure to about atmospheric pressure, and the
      depressurization gas is joined with said feed gas mixture for passing
      therewith through an other-than-first adsorption zone for adsorption of
      carbon dioxide and coadsorption of krypton, and the first part of cool
      purge gas is thereafter passed through said first zone for krypton
      desorption; the further warmed second part of hot purge gas is passed
      through the first adsorption zone for carbon dioxide desorption after
      krypton desorption therefrom; a third portion of said partially rewarmed
      nitrogen overheaad gas is passed through the first adsorption zone for
      recooling thereof after carbon dioxide desorption therefrom; and said feed
      gas mixture is thereafter introduced to the feed inlet end of the recooled
      first adsorption zone for repressurization thereof.
NUM  3.
PAR  3. A method according to claim 2 in which the following steps are
      sequentially conducted in each of the adsorption zones: introducing feed
      gas mixture, releasing gas from the zone for depressurization from
      superatmospheric pressure to about atmospheric pressure, removing the
      krypton coadsorbate by said first part of cool nitrogen purge gas,
      removing the carbon dioxide adsorbate by the further warmed second part of
      hot nitrogen purge gas, recooling the cleaned zone by the third part of
      said partially rewarmed purified nitrogen overhead gas, and repressurizing
      the recooled cleaned zone by said feed gas mixture.
NUM  4.
PAR  4. A method according to claim 1 with two adsorption zones, in which said
      cool purge gas and hot purge gas are consecutively passed through said
      second adsorption zone during a portion of the period said feed gas
      mixture is passing through said first adsorption zone, and during the hot
      purge gas flow an amount of partially rewarmed purified nitrogen overhead
      gas equivalent to the cool purge gas flow is joined with said feed gas
      mixture for said passing through the first zone of (a).
NUM  5.
PAR  5. A method according to claim 1 with three adsorption zones, in which the
      partially rewarmed purified nitrogen overhead gas is divided into a first
      minor part and a second major part, and first minor part is passed through
      said second adsorption zone as said cool purge gas and said second major
      part is simultaneously passed through the third adsorption zone as said
      hot purge gas.
NUM  6.
PAR  6. A method according to claim 1 in which the distilling of (c) occurs at
      superatmospheric pressure and comprises introducing krypton-depleted vapor
      into a top refluxing zone for cooling and condensing at least part of said
      vapor with nitrogen liquid at lower-than-distillation pressure to form
      krypton-depleted condensate and vaporize said liquid, and combining said
      vaporized liquid with said purified nitrogen overhead gas; introducing
      said cryogenically cooled prepurified gas and krypton partially depleted
      vapor to a rectifying zone for mass exchange with krypton-depleted
      condensate from said top reflux zone at relatively low liquid to vapor
      molar ratio to form said krypton-depleted vapor and krypton-enriched
      liquid; flowing said krypton-enriched liquid from said rectifying zone and
      kettle vapor into a stripping zone for mass exchange at relatively high
      liquid to vapor molar ratio to form said krypton partially depleted vapor
      and kettle liquid; and vaporizing said kettle liquid with a heat source in
      a bottom kettle zone to form said kettle vapor.
NUM  7.
PAR  7. A method according to claim 6 in which only part of said
      krypton-depleted vapor is condensed in said top refluxing zone and the
      uncondensed part is joined with said vaporized liquid nitrogen for said
      rewarming of claim 1, step (d).
NUM  8.
PAR  8. A method according to claim 6 in which all of said krypton-depleted
      vapor is condensed in said top refluxing zone, part of the resulting
      krypton-depleted condensate is withdrawn from said distilling and
      downwardly cascaded through a multiplicity of liquid retention zones for
      sufficient time delay for radioactive decay, and the resulting deactivated
      liquid is returned as part of said nitrogen liquid to said top refluxing
      zone.
NUM  9.
PAR  9. A method according to claim 1 in which said krypton bottoms concentrate
      liquid from the distilling of (c) contains methane, comprising the
      additional steps of withdrawing and vaporizing a fraction of such
      methane-containing liquid, mixing said fraction with at least sufficient
      oxygen for stoichiometric reaction with the methane content thereof, and
      heating and reacting the mixture to produce carbon dioxide and
      water-containing vapor and passing said vapor to the prepurification of
      (a).
NUM  10.
PAR  10. A method according to claim 1 wherein said feed gas mixture also
      contains oxygen and prior to the prepurification of (a), the oxygen is
      removed from the gas mixture by the steps comprising: adding a
      stoichiometric excess of hydrogen to the off-gas, catalytically reacting
      the oxygen and hydrogen to produce water, cooling the water-containing
      mixture and separating the water, and passing the remaining gas as part of
      said feed gas mixture to said prepurification.
NUM  11.
PAR  11. A method according to claim 1 in which said feed gas mixture also
      contains radioactive xenon and said krypton bottom concentrate liquid from
      the distilling of (c) contains said xenon, comprising the steps of
      distilling the krypton-xenon concentrate liquid to produce a xenon bottom
      concentrate liquid and further enriched krypton overhead gas.
NUM  12.
PAR  12. A method according to claim 11 in which a major part of said further
      enriched krypton overhead gas is joined with said feed gas mixture prior
      to the prepurification of (a) and the remaining minor part of said further
      enriched krypton overhead gas is discharged as product.
NUM  13.
PAR  13. A method according to claim 11 in which the nitrogen overhead gas
      rewarming of (d) is conducted in a colder zone and a warmer zone, the
      partially rewarmed nitrogen overhead gas from said colder zone is heat
      exchanged with said further enriched krypton overhead gas for partial
      condensation thereof and thereafter that exchanged with said nonadsorbed
      prepurified gas in the warmer zone in said rewarming of (d), a major part
      of the uncondensed further enriched krypton gas from said partial
      condensation is joined with said feed gas mixture prior to the
      prepurification of (a) and the remaining minor part of said uncondensed
      further enriched krypton gas is discharged as product.
NUM  14.
PAR  14. A method according to claim 1 wherein said feed gas mixture also
      contains hydrocarbons, nitrogen oxides and oxygen impurities, and prior to
      the prepurification of (a) said impurities are removed by the steps of
      first catalytically reacting the hydrocarbons with part of said oxygen to
      form water and carbon dioxide and yield a hydrocarbon-depleted gas
      mixture, adding diverted impurity-depleted gas mixture to said
      hydrocarbon-depleted gas mixture thereby forming an augmented mixture,
      adding a stoichiometric excess of hydrogen to the augmented mixture and
      second catalytically reacting the oxygen and nitrogen oxides content with
      said hydrogen to form impurity-depleted gas mixture, cooling said
      impurity-depleted gas mixture and diverting at least 85% by volume
      thereof, heat exchanging the cooled diverted impurity-depleted feed gas
      mixture with said impurity-depleted gas mixture for at least part of said
      cooling thereof, employing the so-rewarmed diverted gas for said adding to
      said hydrocarbon-depleted gas mixture, and passing the undiverted cooled
      impurity-depleted gas mixture to said prepurification.
NUM  15.
PAR  15. A method according to claim 14 wherein sufficient diverted
      impurity-depleted gas is added to said hydrocarbon-depleted gas mixture
      such that said augmented mixture comprises less than 2 volume % oxygen.
NUM  16.
PAR  16. A method according to claim 14 in which said feed gas mixture also
      contains radioactive xenon and said krypton bottom concentrate liquid from
      the distilling of (c) contains said xenon, comprising the steps of
      distilling the krypton-xenon concentrate liquid to produce a xenon bottom
      concentrate liquid and further enriched krypton overhead gas, joining a
      major part of said further enriched krypton overhead gas with said feed
      gas prior to the purification of (a), and discharging the remaining minor
      part of said further enriched krypton overhead gas as product.
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ABST
PAL  Vapor feed containing titanium tetrachloride and ferric chloride vapor is
      contacted with sodium chloride for complexing said ferric chloride as
      liquid sodium ferric chloride salt complex while leaving titanium
      tetrachloride as vapor residue. The salt complex is reacted with molecular
      oxygen for providing recovered chlorine gas product. Such gas can be
      recycled to said complexing operation for providing a high grade of
      chlorine and titanium tetrachloride-rich product. Substantially complete
      chlorination of ilmenite is a prime source of said vapor feed.
BSUM
PAR  This application is cross-referenced to the following applications filed on
      the same date as this application, Apr. 8, 1974: James Paul Bonsack
      entitled U.S. Ser. No. 458,510 and, now U.S. Pat. No. 3,919,400 entitled
      "Recovering Chlorine from Ferric Chloride Vapors" and U.S. Ser. No.
      458,509, now abandoned, entitled "Ferric Chloride Oxidation Reactor,"; the
      George R. Walker U.S. Ser. No. 459,034 entitled "Selective Chlorination of
      Ilmenite and the Like with Chlorine Recovery"; and the Bonsack and Walker
      U.S. Ser. No. 458,791 entitled "Oxidation of Ferric Chloride from
      Selective Chlorination." The disclosures of said listed applications are
      expressly incorporated in this one by reference.
PAR  This invention relates to an improvement in process for recovering chlorine
      from feed vapor laden with titanium tetrachloride vapor and ferric
      chloride vapor, and more particularly to such improvement wherein said
      feed vapor is obtained by the substantially total chlorination of
      titaniferous material.
PAR  The process of ferric chloride oxidation in which the following reaction is
      involved is well-known:
EQU  11/2O.sub.2 (v)+2FeCl.sub.3 (v).fwdarw.3 Cl.sub.2 (v) +Fe.sub.2 O.sub.3 (s)
PAL  At a temperature of 600.degree. the equilibrium is reasonably favorable
      towards making the products chlorine gas and solid ferric oxide, but the
      reaction rate is extremely slow. At temperatures of
      800.degree.-900.degree., the rate improves markedly, but the reaction to
      make such poducts is significantly incomplete. Accordingly, ferric
      chloride which is thus unconverted from such total chlorination to make
      TiCl.sub.4 is a contaminant representing a waste of chlorine. Titanium
      tetrachloride conventionally can be converted into titanium dioxide
      pigment, a product in great demand.
PAR  Heretofore it has been proposed to separate ferric chloride from titanium
      tetrachloride vapors, such mixture being generated during the chlorination
      of ilmenite, by converting such ferric chloride into a molten salt
      "complex" while allowing the titanium tetrachloride to remain as vapor
      residue for withdrawal from the complexing operation. This operation is
      described, for example, in the U.S. Bureau of Mines Reports of
      Investigation 5428 and 5602.
PAR  Heretofore it has also been proposed to generate chlorine gas and byproduct
      solid ferric oxide and sodium chloride by oxidation of said salt complex
      (U.S. Pat. No. 3,376,112). The instant improvement combines these two
      processes in a manner for their efficient utilization for chlorinating
      titaniferous material, that is, ilmenite ore, titaniferous slag, and
      mixtures of the same with each other, with or without the addition of
      rutile ore and/or brookite ore. Total chlorination of such material
      connotes chlorinating to obtain substantially all of the titanium values
      therein as titanium tetrachloride; other metal chlorides are formed in the
      process, ferric chloride ordinarily being the main one. The teachings of
      the U.S. patents and publications cited in this specification are
      incorporated herein expressly by reference.
PAR  Broadly this process comprises chlorinating such titaniferous material with
      chlorine gas with the resulting generation of a feed vapor laden with
      titanium tetrachloride and ferric chloride;
PAR  contacting said feed vapor with sodium chloride in a complexing zone under
      conditions for converting said ferric chloride therein into liquid ferric
      chloride salt complex while permitting said titanium tetrachloride to
      remain as vapor residue;
PAR  withdrawing a vapor residue stream containing said titanium tetrachloride
      from said complexing zone;
PAR  withdrawing said liquid salt complex from said complexing zone;
PAR  atomizing withdrawn salt complex;
PAR  intimately mixing the resulting atomizate with molecular oxygen in an
      otherwise substantially empty salt complex oxidation zone at temperature
      between about 400.degree. and about 750.degree. for average residence time
      of about 0.5 to 20 seconds, thereby converting said atomized salt complex
      into recovered chlorine gas, solid iron oxide and sodium chloride
      byproduct;
PAR  withdrawing said byproduct from said salt complex oxidizing zone; and
PAR  withdrawing a stream of recovered chlorine gas from said salt complex
      oxidizing zone.
PAR  A further feature of this improvement includes passing said stream of
      recovered chlorine gas through the same complexing zone used concurrently
      for contacting said feed vapor with sodium chloride or a similar salt
      complexing zone in the substantial absence of feed vapor for removal of
      ferric chloride in said stream as a liquid complex, which complex adds to
      or can be added to the complex formed from said feed vapor. If said stream
      is cooled to a temperature slightly above the precipitation point of the
      ferric chloride therein at operating conditions, it often can help cool
      the single or dual complexing operation. The net output vapor product of a
      single complexing operation accepting said stream and said feed vapor can
      be separated readily into a chlorine-rich gas and a titanium
      tetrachloride-rich product. The recovered chlorine is useful for
      chlorinating more ore.
DRWD
PAR  The drawing is a flow diagram depicting the process flows for operating
      this improvement in various ways; it will be described more fully
      hereinafter with reference to specific design cases.
DETD
PAR  In each operating case the following should be understood: complexing zone
      13 operates under conditions for converting ferric chloride vapor from a
      conventional total ore chlorination to yield liquid sodium ferric chloride
      salt complex while permitting titanium tetrachloride to remain as a vapor
      residue; salt complex oxidizing zone 20 operates under conditions for
      generating chlorine gas, and solid iron oxide and sodium chloride
      byproduct; and the total chlorination of the ore can be done in any
      conventional fashion (fluidized bed preferred) to generate a feed vapor to
      zone 13 laden with essentially titanium tetrachloride and ferric chloride,
      and such total chlorination can employ incidental treatment to remove or
      transform other impurities; additionally, intermediate treatments of the
      other process flows indicated can be used where desired or necessary; such
      treatments are not shown. Typically these could include separations of
      coke and other solids carry-over from the feed vapor stream from the
      chlorinator, removal or transformation to FeCl.sub.3 of adventitious
      chlorides such as ferrous chloride from such chlorinator output stream,
      and cooling or heating of the process streams and the several reaction
      zones directly or indirectly such as with liquid titanium tetrachloride,
      liquid chlorine, jackets and other conventional indirect heat transfer
      apparatus or means, including convection and radiation to atmosphere and
      spraying of equipment with water.
PAR  It should be further understood that in these design cases, the pressure
      used in each zone will be substantially atmospheric and only high enough
      in each zone and line to cause the necessary flow of materials indicated,
      although it should be recognized that subatmospheric and superatmospheric
      pressures can be used in the several zones where desirable (designed of
      course to obtain the flow indicated using pumps, blowers, and other
      conventional apparatus not shown). These zones are housed in conventional
      equipment composed of or lined with corrosion-resistant metals, alloys or
      refractory material (silica, fireclay, porcelain, etc) adapted to render
      the reaction vessels housing such zones substantially inert towards the
      reactions ensuing and the reaction products thereof under the conditions
      of operation. The piping, ductwork, and product removal apparatus will be
      of similar material conventionally constructed.
PAR  In a well-operated total chlorination of ore such as ilmenite virtually all
      the chlorine gas fed to the chlorinator is reacted. A bed of ore and coke,
      preferably fluidized with chlorine, is maintained at about
      900.degree.-1200.degree. and total pressure above the bed preferably is
      about 1 atmosphere, although this can be broadly between about 0.5 and
      about 2 atmospheres. Advantageously the solids fed to the bed is about
      15-40% coke, balance ore, with about 20% coke preferred. These materials
      are classified conventionally for fluidizing as in the first design case
      if a fluidized bed is used. Oxygen gas often is fed in small chlorinators
      to burn some of the coke for maintaining temperature, although heat can be
      supplied also in other conventional ways such as external heating, if
      necessary or desired. In large units heat of reaction usually is adequate
      to maintain temperature. Superficial vapor velocity above the bed
      (calculated at temperature and pressure of operation) usually will be
      between about 0.3 and 2 ft. per second, with about 1 ft. per second being
      preferred in fluidized bed operation.
PAR  A simple and advantageous way of generating the complex of sodium chloride
      and ferric chloride is shown in U.S. Bureau of Mines R. I. 5428 of 1958.
      It is to feed the crude vapor stream comprising chlorine gas and unreacted
      ferric chloride vapor from the ferric chloride oxidation zone into contact
      with coarse solid sodium chloride crystals or pellets maintained in a
      static bed disposed to drain. The contacting temperature advantageously is
      at about 200.degree. to 800.degree. and preferably at about 250.degree. to
      350.degree.. The molten or liquid complex forms and drains downwardly and
      usually counter or cross to gases and vapors ascending the bed at a
      velocity low enough not to impede the flow of liquid complex significantly
      or entrain the liquid complex in the vapors leaving such bed. Total
      pressure when generating the complex preferably is about atmospheric, but
      can be between about 0.5 and 3 atmospheres.
PAR  U.S. Pat. No. 3,683,590 sheds further light on the liquid complex of ferric
      chloride and sodium chloride and shows how it can be used in the treatment
      of iron chlorides. Whether the "complex" of sodium chloride and ferric
      chloride is a eutectic mixture, or richer in one or the other of the
      ingredients from which it is made, or is an actual compound diluted with
      one or the other of its forming ingredients or undiluted with same is of
      no real significance in this improvement so long as it is liquid at a
      temperature no higher than about 300.degree.. At its lowest melting point
      such complex approximates the empirical formula NaFeCl.sub.4, and it can
      vary as much as 48 to 65 mol percent FeCl.sub.3 and 35 to 52 mol percent
      NaCl while still being molten or liquid above 250.degree..
PAR  Temperature for such oxidation of the complex with molecular oxygen is
      between 400.degree. and 750.degree., and preferably is between 550.degree.
      and 650.degree.. Total pressure for such reaction generally can be between
      0.5 and 7 atmospheres, and preferably is at about 1 atmosphere for
      efficiency and economy. Average residence time for oxidation of the
      complex can be between about 0.3 and 20 seconds calculated as indicated in
      Example 3,  below), and preferably is between 3 and 10 seconds for
      efficiency and economy. While a single reaction zone is preferred for
      converting such complex into chlorine gas and solid iron oxide and sodium
      chloride byproducts, such zone can embrace a plurality of interconnected
      reaction zones for such oxidation. While the complex can be fed to its
      oxidation zone as a solid, e.g. a powder, it is obviously advantageous to
      handle it as a liquid at all times, and this is preferred.
PAR  Referring again to the drawing, in the first operating case ilmenite ore
      (particle size through 40 mesh and retained on 200 mesh U.S. Standard
      Sieve) enters chlorination vessel 9, suitably a fluidized bed chlorinator,
      in admixture with coke (through 6 and retained on 100 mesh U.S. Standard
      Sieve) through inlet 6; chlorine gas enters the chlorinator reactor 9
      through inlet 8. In small scale operations it is sometimes of advantage to
      add a little oxygen with the chlorine to provide heat for the
      chlorination. Large scale chlorinations often are run without any such
      addition unless the chlorine fed has a little oxygen in it adventitiously.
      Solid residue from the chlorinator is withdrawn through outlet 7. Feed
      vapor laden with titanium tetrachloride and ferric chloride (and
      containing other typical volatile ilmenite-chlorination impurities such as
      MnCl.sub.2 and MgCl.sub.2, but cleansed conventionally of solids and
      readily removed impurities) passes through line 11 into complexing zone 13
      housed in reactor 12.
PAR  Complexing zone 13 is a fixed bed of extremely coarse solid sodium chloride
      crystals and/or pellets e.g., rock salt, supported by a foraminous support
      that permits vapor upflow and downward drainage of the resulting liquid
      sodium chloride salt complex into the bottom of reactor 12. Makeup sodium
      chloride pellets or crystals are fed into reactor 12 through inlet 16 as
      is necessary. In complexing zone 13 the ferric chloride and sodium
      chloride combine at a temperature of about 3002.degree. to provide a
      liquid molten salt complex approximately the proportions of NaFeCl.sub.4,
      which may contain in addition, a dissolved excess of either sodium
      chloride or ferric chloride; this complex will have a minimum melting
      point of about 159.degree., but this can be higher by many degrees due to
      such excess and still remain liquid under the conditions of operation.
PAR  The vapor residue comprising titanium tetrachloride and other uncomplexed
      materials is withdrawn from the top of reactor 12 by outlet 14. This
      product is rich in titanium tetrachloride, and it also contains CO.sub.2,
      CO, unreacted metal chloride vapors, and free chlorine drawn off the
      chlorinator.
PAR  Molten salt complex drains through reactor 12 through outlet 15. It is
      passed through line 17, then sprayed as a fine spray by means not shown
      into salt complex oxidizing zone 20 housed in reactor 19. A stream of
      tonnage (95+% pure) oxygen enters zone 20 through line 18 for intimate
      mixing with said spray of complex. The oxygen fed can be at least
      stoichoimetric for converting all of the said chloride equivalent in the
      salt complex into ferric oxide, and often is slightly in excess of or
      below the stoichiometric. When practicing the preferred embodiment of this
      improvement (by contacting the off gas with rock salt), a slightly less
      than stoichiometric feed of molecular oxygen (about 2-10 mol percent less)
      is used to get the purest net gas output very efficiently.
PAR  Reactor 19 is lined with high alumina firebrick to form an otherwise
      substantially empty oxidation zone 20 large enough to give an average
      residence time of about 4 to 8 seconds (calculated as indicated in Example
      3, below), and large enough in diameter to permit sufficient settling of
      the solid byproduct to the bottom thereof. Advantageously the bottom is
      sloped, such as in an inverted frustoconical section, for accumulation and
      ready removal of the byproduct through a rotary valve or the like (not
      shown). If desired, instead of zone 20 being mainly cylindrical, the top
      of zone 20 can be enlarged for slowing down flows and permitting more
      efficient settling of the solids in the reaction, using gradual upward
      enlargement or a frustoconical transformation piece from an enlarged top
      section to the smaller section below to give this reactor a topheavy
      effect.
PAR  In zone 20 salt complex is oxidized at 600.degree. to yield solid iron
      oxide and sodium chloride byproduct, and this is withdrawn continuously
      through outlet 21 while chlorine product is withdrawn through outlet 22
      and line 23. One or both of the reactants entering lines 17 and 18 can be
      arranged to give a swirl or helical effect to ascending vapors in the
      zone, and this usually is advantageous for the reaction and for the
      separation of solids.
PAR  In the second design case, the molecular oxygen feed into inlet 18 is 10%
      above the stoichiometric proportion for forming Fe.sub.2 O.sub.3 with the
      salt complex being fed into zone 20 through line 17. Instead of
      withdrawing chlorine product from line 23, this product is shunted through
      line 24 and into indirect cooler 26, said cooler being cooled with a spray
      of water on its outside. The hot vapors passing through the cooler are
      cooled to a temperature of about 250.degree.-300.degree. (this temperature
      being high enough to prevent precipitation of any ferric chloride).
      Actually, because the operation is essentially at atmospheric pressure and
      the mol fraction of unreacted ferric chloride in the stream is very small,
      e.g., often about 10 mol percent, this vapor stream can be cooled to
      substantially lower temperature and down to just above the precipitation
      point of ferric chloride in the cooled stream.
PAR  The cooled vapors then are injected into zone 13 for generating additional
      complex and ridding the stream from line 27 of ferric chloride. The vapor
      takeoff from zone 13 through line 14 then contains all of the components
      that were present therein in the first design case plus a volume of
      chlorine usually containing some free oxygen. The chlorine and oxygen can
      be separated conventially from the other components, for example by
      condensation of such other components (which then can be distilled for
      purification in conventional manner). Chlorine gas-rich material thus
      separated is useful for subsequent chlorination of titaniferous ore. Other
      than this, the operation is essentially like that of case I.
PAR  The solid byproduct can be leached with water to separate sodium chloride
      from the iron oxide, and salt recovered from the pregnant leach solution
      by conventional processing such as multiple effect evaporation. Sometimes
      it is advantageous to grind the byproduct and magnetically separate and/or
      elutriate some of the more dense iron oxide from the less dense salt
      preparatory to leaching such oxide.
PAR  Atomizing a liquid complex is preferred, but it is, of course, permissible
      to solidify the droplets for feed to the oxidizer, or to grind larger
      solidified masses of such complex to make such feed.
PAR  In any of the foregoing operations on a reasonably large scale (reactor
      diameters of 6 feet or larger) it is unlikely that any of the reaction
      zones, particularly when adequately insulated, will need much if any
      additional heat supply to sustain the reaction at the desired temperature
      or within a narrow desired temperature range once their reactions are on
      stream. On such scale the salt complexing step desirably is indirectly
      cooled, and also cooled by the inlet of vapors from line 27. However, the
      substantially smaller reactors, or substantial heat leak, or in startups,
      or when supplying solid particulate complex feed to zone 20, it is
      sometimes necessary or desirable to supply heat to one or more of the
      reactors and lines (even though at a later stage of the operation of the
      same equipment some cooling can be necessary to maintain desired
      temperature) because of the generally exothermic nature of the reactions
      including the complexing. Hence it is certainly feasible to add to
      reaction zone 20 a fuel such as carbon monoxide, carbon, phosgene, or the
      like burns during the process in such zone with oxygen being fed thereto.
      Alternatively, reactors 12 and 19 can be indirectly heated and the feeds
      thereto and withdrawals therefrom heated and cooled in conventional
      manner. Reactor 12 also can be indirectly cooled and heated in
      conventional manner in internal elements in the bed and/or exterior jacket
      or water spray. Gases such as hot products of combustion of CO can be
      admitted directly into the complexing zone, but this is less desirable
      because of the product dilution which then occurs. When the wall of
      reactor 19 is heated from the exterior, little if any solids build-up on
      it is likely to occur. The processing advantageously is kept substantially
      anhydrous in all steps illustrated for obvious reasons. The cooling of
      gaseous output from line 22, and even the very top of reactor 19
      internally, can be done advantageously by injecting a small stream of
      liquid chlorine or liquid titanium tetrachloride into that stream or at
      the top of the reactor (by means not shown). This also arrests oxidation
      of the FeCl.sub.3, but one should keep it above the point where it does
      not liquify or solidify, but it can convert at least in part to the dimer
      (Fe.sub.2 Cl.sub.6) form. (Where ferric chloride is referred to herein as
      FeCl.sub.3, it should be interpreted as an empirical rather as than a
      molecular formula).
PAR  The following examples show ways in which this improvement can be operated,
      but should not be construed as limiting the invention. All percentages
      herein are wt. percentages, all parts are parts by weight, and all
      temperatures are in degrees centigrade unless otherwise expressly noted.
PAC  EXAMPLE 1
PAR  A laboratory total chlorination of weathered New Jersey ilmenite sands
      (61.8% TiO.sub.2, 22.5% total Fe, -40 to +200 mesh size) was maintained in
      an essentially atmospheric pressure vertical cylindrical quartz fluid bed
      chlorinator 74mm O.D. by 38 inches tall. The chlorinator was externally
      heated by electrical heating to maintain temperature of 1000.degree. in
      the bed. Chlorine gas at the rate of 1053 grams per hour was admitted
      through a porous quartz disc 71/2 inches above the bottom. Gas and vapor
      (containing a trace of carbon solids) were withdrawn from a duct 81/2
      inches below the top, said duct being externally heated by electricity.
      The initial bed was 1000 grams of ore residue from a previous ilmenite
      chlorination mixed with 200 grams of petroleum coke particles that would
      be retained on a 40 mesh U.S. Std. Seive.
PAR  Fresh ilmenite ore and fresh +40 mesh petroleum coke were fed as a mixture
      through a quartz tube entering the top of the chlorinator and discharging
      therein at a point 5 cm. above the porous disc. This inlet tube was purged
      with 1.4 SCFH (measured at 70.degree.F. and 1 atmosphere total pressure)
      of nitrogen gas to preclude entry of chlorination product gases. Fresh ore
      feed was 623 grams per hour and fresh coke feed was 116 grams per hour.
      About 1310 grams per hour of ferric chloride and titanium tetrachloride
      vapor was removed from said duct along with nitrogen, carbon oxides and
      other chlorination products such as 32 grams per hour of FeCl.sub.2 and 9
      grams per hour of MnCl.sub.2. Carbon oxides were analyzed by gas
      chromatograph and ran 25 mol percent CO and 75 mol percent CO.sub.2. From
      95 to 100% of the chlorine gas introduced to the chlorinator was reacted.
PAC  EXAMPLE 2
PAR  Hot gases leaving the chlorinator of Example 1 can be passed through a dust
      separator such as a hot cyclone separator and into an inlet near the base
      of a vertical salt complexing reactor like that illustrated on page 3 of
      the U.S. Bureau of Mines Report of Investigations 5428 (1958) -- Library
      of Congress catalogue number (TN23. U43 No. 5428 *669.732 58-62264).
      Herein the FeCl.sub.3 at about atmospheric pressure complexes with rock
      salt; vapors drawn off the top are the uncomplexed gases and vapors
      comprising titanium tetrachloride, while virtually all of the FeCl.sub.3
      fed is drawn off the base as molten NaCl-FeCl.sub.3 "complex". The
      complexing reaction zone is maintained at 250.degree.-300.degree. by
      indirect heat exchange applied to the reactor walls.
PAC  EXAMPLE 3
PAR  Molten NaCl-FeCL.sub.3 complex drawn off the base of the complexing reactor
      of Example 2 can be passed through an electrically heated line and into an
      atomizing nozzle that discharges into a complex oxidizer made of quartz,
      an unpacked and essentially empty cylindrical vessel (except for probes)
      with a frustroconical bottom outlet for byproduct solids, with oxygen
      (99.6% pure) being fed into the side wall of the conical section and the
      salt complex being fed as a spray slightly above such section. The entry
      points of the atomizate and oxygen are substantially horizontal and
      tangential to the inside walls of this oxidation zone to impart inward
      helical flow to the vapors, gases, and particles isn said zone as the
      vapors and gases ascend. Atomization can be assisted by use of a small
      flow of nitrogen in the nozzle. The liquid complex atomizate mixes
      intimately with the oxygen. This salt complex oxidizing zone is maintained
      at about 1 atmosphere total pressure and 500.degree., utilizing in part
      the exothermic heat of reaction and liquid feed electrical preheating,
      with additional provision for indirect heat exchange around the oxidizer
      walls. At this temperature the vapor pressure of NaFeCl.sub.4 over liquid
      NaFeCl.sub.4 is only about 1mm. Hg and the vapor pressure of Fe.sub.2
      Cl.sub.6 over liquid NaFeCl.sub.4 is only about 10 mm Hg. The reaction
      with oxygen is thought to be mainly with the liquid NaCl-FeCl.sub.3
      complex and can be represented as follows:
EQU  4NaFeCl.sub.4 (1)+30.sub.2 (g)=2Fe.sub.2 O.sub.3 (s)+4NaCl(s)+6Cl.sub.2
      (g),
PAL  and the oxygen feed to this reactor is essentially stoichiometric for this
      reaction.
PAR  At the bottom of this salt complex oxidation reactor particles of mainly
      Fe.sub.2 O.sub.3 and NaCl are discharged through a rotary valve. The
      product gas, consisting mainly of Cl.sub.2 with a small amount of
      unreacted ferric chloride and oxygen, is cooled directly to about
      250.degree.-275.degree. with an inlet spray of liquid chlorine, then
      passed through a dust collector to remove iron oxide fines. This
      suppresses further oxidation of FeCl.sub.3 in this stream. Average
      residence time in this oxidation zone will be about 7-10 seconds and the
      conversion of FeCl.sub.3 to Fe.sub.2 O.sub.3 and Cl.sub.2 about 92%.
      Average residence time in this oxidation zone will be about 6-10 seconds
      and the conversion of FeCl.sub.3 to Fe.sub.2 O.sub.3 and Cl.sub.2 about
      92%. Said residence time is computed on the basis that the oxygen fed is
      100% pure, with 92 mol% of each mol of oxygen being converted immediately
      into 2 mols of chlorine gas while 8 mol% of it remains as molecular oxygen
      gas these gases at 500.degree. and 1 atmosphere total pressure, all
      volumes of ferric chloride vapor including unreacted ferric chloride vapor
      remaining, and the feed and the byproduct solids are ignored, and plug
      (i.e. piston) flow of the chlorine and unreacted oxygen takes place
      through the otherwise empty reaction zone.
PAR  The cooled product gas then can be recycled to the salt complexing reactor
      of Example 2, along with the feed vapor from the ilmenite chlorinator, to
      remove unreacted ferric chloride from such cooled product gas. Vapors from
      the salt complexing reactor thus will contain the extra chlorine supplied
      from said cooled product gas.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for chlorination of titaniferous material with chlorine gas
      with the resulting generation of a feed vapor laden with titanium
      tetrachloride and ferric chloride, the improvement which comprises:
PA1  contacting said feed vapor with sodium chloride in a complexing zone under
      conditions for converting said ferric chloride therein into liquid ferric
      chloride salt complex while permitting said titanium tetrachloride to
      remain as vapor residue;
PA1  withdrawing said liquid salt complex from said complexing zone;
PA1  atomizing withdrawn salt complex;
PA1  intimately mixing the resulting atomizate with molecular oxygen in a
      substantially empty salt complex oxidation zone at temperature between
      about 400.degree. and about 750.degree. C. for average residence time of
      about 0.5 to 20 seconds, thereby converting said atomized salt complex
      into recovered chlorine gas, solid iron oxide and sodium chloride
      byproduct;
PA1  withdrawing said byproduct from said salt complex oxidizing zone;
PA1  withdrawing a stream of recovered chlorine gas from said salt complex
      oxidizing zone; and
PA1  contacting said withdrawn stream of recovered chlorine gas with sodium
      chloride in a complexing zone under conditions for converting the ferric
      chloride therein into liquid ferric chloride salt complex while permitting
      chlorine gas to remain as a gas residue, and removing said gas residue
      from said complexing zone.
NUM  2.
PAR  2. The product of claim 1 wherein said complexing zone for said withdrawn
      stream is the same one used concurrently for contacting said feed vapor
      with sodium chloride, and said stream is cooled to a temperature slightly
      above the precipitation temperature of the ferric chloride therein prior
      to said contacting.
NUM  3.
PAR  3. The process of claim 1 wherein said withdrawn stream is contacted with
      said sodium chloride in the substantial absence of feed vapor, and said
      stream is cooled to a temperature slightly above the precipitation
      temperature of the ferric chloride therein prior to said contacting.
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ABST
PAL  A method for processing bauxites according to the Bayer technology, with an
      increased yield in Al.sub.2 O.sub.3 and with decreased caustic soda
      losses, starting particularly from goethite bauxites of boehmite and/or
      diaspore type and carrying out the digestion at 180.degree.C to
      300.degree.C using an aluminate liquor containing Na.sub.2 O.sub.caustic
      in a concentration of 80 to 300 g./l. The digestion is carried out in the
      presence of a calcium compound in an amount corresponding to 2 to 6 % of
      CaO calculated for the dry weight of bauxite and of a sulfate salt in an
      amount corresponding to 1.0 to 7.0 g./l. of sulfate ion concentration,
      whereby the goethite content of the bauxite is converted into hematite.
      The process provides advantageous conditions for the complete dissolution
      of the boehmite and diaspore content of bauxite in the vicinity of the
      equilibrium molar ratio, and enables to recover efficiently the caustic
      soda losses in the Bayer process itself, requiring no supplementary
      operation.
BSUM
PAR  This invention relates to a method for processing bauxites. More
      particularly, this invention relates to a method for processing bauxites
      according to the Bayer technology, starting particularly from
      goethite-containing bauxites of diaspore and/or boehmite type.
PAR  The efficiency of the Bayer-process, according to which the majority of
      alumina is produced all over the world, is determined primarily by the
      yield of alumina with respect to bauxite (Al.sub.2 O.sub.3 yield) and the
      losses of caustic soda during processing. The solubility of Al.sub.2
      O.sub.3 in alkali (i.e. the molar ratio of Na.sub.2 O and Al.sub.2 O.sub.3
      of the digesting liquor after leaching, which is expressed in mole numbers
      and is termed briefly as "molar ratio"), as well as the separability,
      filtrability and sedimentation properties of the red mud also influence
      the efficiency of the process to a great extent. It is known that the
      sedimentation properties of goethite-containing muds are extremely poor,
      and that Al and V atoms may be incorporated into the crystal lattice of
      goethite by isomorphic substitution, which effect greatly decreases both
      the Al.sub.2 O.sub.3 yield and the separability of V.sub.2 O.sub.5.
PAR  Caustic soda losses occur, in major part, as Na.sub.2 O bound in sodium
      aluminium silicates formed in an amount proportional to the reactive
      SiO.sub.2 content of bauxites. In order to recover this lost Na.sub.2 O,
      in some plants the red mud is caustified.
PAR  Boehmite-diasporic type bauxites are digested, in general, at temperatures
      between 200 .degree. and 250 .degree.C, which is also the minimum
      temperature range required for converting goethite into hematite.
PAR  According to U.S. application Ser. No. 316,519, filed Dec. 19, 1972 and now
      abandoned in favor of Ser. No. 508,641, filed Sept. 23, 1974 the addition
      of NaCl and/or Na.sub.2 SO.sub.4 replacing in part caustic soda is
      recommended in order to reduce or supplement the alkali losses. In this
      way about 10 to 12 % of the total Na.sub.2 O loss can be supplemented.
PAR  According to the Hungarian Pat. No. 164 863, a mixture of CaO and NaCl is
      used in the digestion instead of CaO alone, in order to promote the
      conversion of goethite into hematite. This process allows to decrease both
      the temperature required for the goethite-hematite conversion and the
      molar ratio.
PAR  The process of this invention represents a considerable technical advance
      with respect to the above processes, since it provides conditions more
      advantageous for the conversion of goethite into hematite, together with
      the complete dissolution of the boehmite and diaspore content of bauxite
      in the vicinity of the equilibrium molar ratio, and enables one to recover
      efficiently the caustic soda losses in the Bayer process itself, requiring
      no supplementary operation.
PAR  This invention is based on the recognition that certain salts, primarily
      sulfates, exert an unexpected catalytic effect on the goethite-hematite
      conversion in the presence of CaO, even when used in a relatively small
      concentration. When CaO is used in combination with Na.sub.2 SO.sub.4, the
      dissolution rate of aluminum ores increases abruptly, the equilibrium
      molar ratio can also be approximated under practical conditions, and
      goethite is converted into hematite. Na.sub.2 SO.sub.4, even when present
      in a small concentration, is incorporated efficiently into the
      sodium-aluminium hydrosilicate product, forming a nosean-type compound,
      which can be decomposed instantaneously by Ca(OH).sub.2. This phenomenon
      enables the red mud to be caustified during washing, and to recover 50 to
      60 % of the caustic soda bound therein. It has been stated that nosean
      (cancrinite) can be caustified within 0.5 hours with an efficiency of
      about 90 %, whereas under the same conditions the regenerated amount of
      the Na.sub.2 O content of hydroxysodalite is lower than 40 % and that of
      carbonate-sodalite is lower than 20 %. Chloride-sodalites formed in the
      presence of NaCl are practically uncaustifiable. Cancrinite formation is
      promoted by the presence of CaO and Na.sub.2 SO.sub.4 and, by an increase
      in the temperature of digestion. Hence, when the digestion is carried out
      at 240.degree. to 245 .degree.C, in the presence of 3 to 4 % of CaO and 1
      to 5 g./l. of Na.sub.2 SO.sub.4, 60 to 80 % of the sodium-aluminum
      hydrosilicate, product of the goethite-hematite conversion (and,
      consequently, 60 to 80 % of the bound Na.sub.2 O loss) will be present in
      the form of readily caustifiable cancrinite-type compounds.
PAR  On the above basis, this invention relates to a method for processing
      bauxites according to the Bayer technology, with an increased yield in
      Al.sub.2 O.sub.3 and with decreased caustic soda losses, starting
      particularly from goethite-containing bauxites of boehmite and/or diaspore
      type and carrying out the digestion at 180.degree. to 300 .degree.C using
      an aluminate liquor containing Na.sub.2 O.sub.caustic in a concentration
      of 80 to 300 g./l., and optionally containing 1 to 20 g./l. of NaCl. The
      process according to the invention is characterized in that the digestion
      is carried out in the presence of a calcium compound, preferably calcined
      lime, in an amount corresponding to 2 to 6 % of CaO calculated on the dry
      weight of bauxite and of a sulfate salt, preferably Na.sub.2 SO.sub.4, in
      an amount corresponding to 1.0 to 7.0 g./l. of sulfate ion concentration,
      whereby the goethite content of the bauxite is converted into hematite,
      and, if desired, the red mud obtained is caustified by the addition of 1.0
      to 2.0 moles of CaO/moles of Al.sub.2 O.sub.3 or a corresponding amount of
      Ca(OH).sub.2 paste to the red mud.
PAR  The red mud is caustified preferably during washing.
PAR  The advantages of the simultaneous use of CaO and Na.sub.2 SO.sub.4 are
      illustrated in FIG. 1 for the processing of a goethite-containing bauxite
      of boehmite type, containing 6 % of SiO.sub.2. The diagram shows the
      effect of NaCl or Na.sub.2 SO.sub.4, added in various amounts to the
      digesting liquor containing 3 % of CaO (calculated on the dry weight of
      bauxite). In the diagram the Al.sub.2 O.sub.3 yield (in %) is plotted
      against the amount of the salts added (in g./l.). In these experiments
      bauxite was digested at 245 .degree.C for 30 minutes. Curve 1 refers to
      the use of Na.sub.2 SO.sub.4 while curve 2 refers to the use of NaCl.
PAR  The alkali used in the digestion contained 223.2 g./l. of Na.sub.2
      O.sub.caustic. The molar ratio of the solution after digestion varied
      between 1.32 and 1.34. As it appears from the Figure, the use of Na.sub.2
      SO.sub.4 even in an amount of as low as 3 g./l. results in a better
      Al.sub.2 O.sub.3 yield than the use of NaCl in an amount of 20 g./l. A
      significant additional advantage is that the sodium-aluminum
      hydrosilicates formed with the addition of Na.sub.2 SO.sub.4 are well
      caustifiable. Na.sub.2 SO.sub.4, used in an amount of 3 to 5 g./l.,
      increases the salt level of the mixture to only a slight extent and its
      retarding effect on stirring is negligible. Using Na.sub.2 SO.sub.4 as
      additive, and subjecting the nosean-type and carbonate-cancrinite type
      sodium-aluminum hydrosilicates to caustification in the washing step,
      alkali losses can be reduced by 50 to 60 %. It is to be noted that
      Na.sub.2 SO.sub.4 when added alone, i.e. without CaO, promotes cancrinite
      formation to a lesser extent than in combination with CaO; in the latter
      case, that is, when adding also CaO the relative amount of cancrinite
      (nosean) is increased by a factor of about two.
PAR  The caustification of the red muds enriched in cancrinite (nosean) can be
      accomplished either in a separate caustifying plant or when washing the
      red mud, and the process takes only a short time. The process can be
      accomplished efficiently e.g. in the feeding container of the penultimate
      washing tank, wherein Ca-Al silicate is formed with a small Al.sub.2
      O.sub.3 loss and the mud can readily be washed in the washing operations.
PAR  CaO is used preferably in an amount not exceeding the molar ratio of
      CaO/Al.sub.2 O.sub.3 = 3, when calculated only for cancrinite-type
      compounds, or in an amount not exceeding 50-70 % of the CaO content, when
      calculated for the total amount of Na-Al silicates. Under such conditions
      the lost Na.sub.2 SO.sub.4 removed with the mud can also be reduced, and
      thus less Na.sub.2 SO.sub.4 is to be continuously supplemented. One can
      also proceed by adding 1-2 moles of CaO pro mole of Al.sub.2 O.sub.3,
      whereby the Al.sub.2 O.sub.3 loss decreases a minimum and the total amount
      of CaO becomes effective.
PAR  When processing hematite-containing bauxites of boehmite or diaspore type
      the advantages resulting from the goethite-hematite conversion do not
      appear but the advantages arising from the increase in reaction rate, the
      decrease in the digesting time, the complete dissolution of diaspore and
      the nearly equilibrium molar ratio still exist, which enable one to reduce
      the heating temperature by 5 to 10 % and to reduce the molar ratio after
      digestion (i.e. to increase the efficiency of the process) by some
      percents. Moreover, the cancrinite formation and the favourable
      caustifiability of the red mud make it possible to reduce the alkali
      losses to a very considerable extent. This technology is particularly
      advantageous when digestion is carried out at higher temperatures, e.g. in
      a tube reactor.
PAR  The advantages resulting from the use of sulfates, particularly sodium
      sulfate, as additive are very surprising since according to the technical
      literature sulfates are regarded unanimously as unwelcome contaminations
      in the Bayer process. Even more surprising is the observation that sodium
      sulfate exerts its favourable effect in the presence of CaO even in low
      concentrations ranging from 3 to 4 g./l. The aluminate liquors of alumina
      plants contain Na.sub.2 SO.sub.4 in an amount generally less than 1 g./l.
      since Na.sub.2 SO.sub.4 present in a relatively low concentration
      continuously leaves the system together with the red mud. CaO and sulfate
      salts can be advantageously added also to liquors of NaCl content; in such
      systems the activity-enhancing effect of NaCl is combined with the
      advantages listed above.
PAR  When processing bauxites with higher silicic acid content, the main
      advantage resulting from the process according to the invention is a
      decrease in the losses in caustic soda. The process of the invention can
      be applied, however, with excellent results also to the processing of
      goethite-containing bauxites with low SiO.sub.2 content. Namely, in this
      latter case the Na.sub.2 SO.sub.4, added together with CaO, considerably
      shortens the time required for the goethite-hematite conversion (i.e. acts
      as a catalyst), reduces the required minimum temperature, and the
      dissolution of Al.sub.2 O.sub.3 takes place even at an equilibrium molar
      ratio. In general, in such instances the required minimum amount of
      Na.sub.2 SO.sub.4 in the liquor is to be adjusted only at the beginning of
      the procedure and, since almost no Na.sub.2 SO.sub.4 is removed from the
      system with the red mud, one has to ensure only that the Na.sub.2 SO.sub.4
      content of the liquor does not drop below the required minimum through
      salt separation or caustification. A further advantage results from the
      fact that CaO can be added in a smaller excess when adding Na.sub.2
      SO.sub.4 in combination with CaO, and thus the formation of Ca-aluminates
      can be suppressed.
PAR  When applying the process of the invention one may proceed, for example, as
      follows. Bauxite is digested in the presence of 2 to 5 % of CaO calculated
      on the dry weight of bauxite (the actual amount of CaO depending on the
      goethite content and the bonding energy of the aluminum atoms in goethite)
      in a digesting liquor containing 1.0 to 20 g./l. of Na.sub.2 SO.sub.4, in
      autoclaves heated to 180 .degree. to 250 .degree.C, preferably to
      240.degree. to 250 .degree.C, or in tube reactors heated to 240.degree. to
      300 .degree.C, as commonly used in the Bayer process of the European type.
      The concentration of the alkali used for digesting depends principally on
      the economic optimum of the given Bayer process, and may vary between 180
      to 300 g./l. of Na.sub.2 O.sub.caustic. The obtained red mud is caustified
      with lime milk (Ca/OH/.sub.2) preferably during the washing operations,
      and the sulfate content of the circulating liquor is maintained at a
      constant value by supplementing the losses.
PAR  One may also proceed by adding, instead of calcined lime and the sulfate
      salt, gypsum or a gypsumcontaining substance as sulfate, and adding CaO in
      an amount decreased by the calcium content of gypsum, because gypsum
      decomposes in the digesting liquor into CaO and Na.sub.2 SO.sub.4 and thus
      it exerts the same effect as the mixture of CaO and Na.sub.2 SO.sub.4.
PAR  CaO can also be added to the mixture in the form of CaCO.sub.3 ; in this
      event the source of CaCO.sub.3 is preferably a bauxite with calcite
      contaminations. At the temperature of digestion CaCO.sub.3 decomposes in
      the liquor efficiently into Ca(OH).sub.2 and Na.sub.2 CO.sub.3.
PAR  When processing bauxites contaminated with calcite and/or dolomite, the
      amount of CaO to be added should be decreased with the amount of CaO
      formed in the decaustification process of these contaminations.
PAR  According to a further advantageous method, CaO and the sulfate salt or
      gypsum are added to a liquor containing 1 to 20 g./l. of NaCl, or sodium
      chloride is substituted for a part of the sulfate salt.
DETD
PAR  The invention is further elucidated by the following non-limiting Examples.
PAC  EXAMPLE 1
PAR  As raw material, a goethite-type bauxite is used, in which about 50 % of
      the Fe.sub.2 O.sub.3 content is in the form of goethite, and in the latter
      the isomorphic substitution grade of Al is about 24 mole %. This bauxite
      is digested for 30 minutes at 245 .degree.C, in a liquor containing 223.2
      g./l. of Na.sub.2 O.sub.caustic, 3.5 g./l. of Na.sub.2 SO.sub.4 and 3 % of
      CaO (calculated for the dry weight of bauxite) and having a molar ratio of
      3.4. The molar ratio of the aluminate liquor is 1.32 when digesting 374.6
      kg. of bauxite pro m.sup.3 of digesting liquor.
PAR  A reference experiment is carried out in the same way, using 3 % of CaO
      (calculated on the dry weight of bauxite) as additive, but with a
      digesting liquor having the original low Na.sub.2 SO.sub.4 content of 0.5
      g./l. The chemical and mineral compositions of the bauxites and the red
      muds formed are summarized in Table 1. These data are also plotted in FIG.
      1.
PAR  The Table and the Figure both indicate that when using 3 % of CaO in the
      presence of 3.5 g./l. of Na.sub.2 SO.sub.4 (3 g./l. of Na.sub.2 SO.sub.4
      have been added to the original liquor) the total Al.sub.2 O.sub.3 content
      of both the diaspore and the goethite is dissolved, whereas with the use
      of a plant liquor of low Na.sub.2 SO.sub.4 content diaspore remains in
      part undigested and goethite is not converted. The extent of
      goethite-hematite conversion is 95 % in the presence of 3 % of CaO and 3.5
      g./l. of Na.sub.2 SO.sub.4, the specific surface area of red mud decreases
      from 23 m.sup.2./g. to 10 m.sup.2./g., and the Al.sub.2 O.sub.3 yield
      increases from 82.5 % to 87.0 %. The above reduction in specific surface
      area of the red mud corresponds to a 30 % increase in the efficiency of
      filtration. Upon the addition of Na.sub.2 SO.sub.4, 74 % of the Na-Al
      silicates present in the red mud are easily caustifiable cancrinite,
      whereas when using a liquor of low Na.sub.2 SO.sub.4 content, the amount
      of cancrinite is only 43 %.
PAR  The red mud formed in the digestion carried out in the presence of 3 % of
      CaO and 3.5 g./l. of Na.sub.2 SO.sub.4 is treated for 20 minutes with lime
      milk in a solution containing 300 g./l. of dry substances with a Na.sub.2
      O.sub.caustic concentration of 4 g./l. Lime milk is applied in an amount
      of 3 moles of CaO per mole of Al.sub.2 O.sub.3 bound in the form of
      cancrinite. After treatment the slurry is diluted to a dry substance
      concentration of 60 g./l., admixed with a solution of the same
      concentration, and stirred slowly for 1 hour. Thereafter the solids are
      filtered off and analysed. The composition of the caustified red mud is
      also indicated in Table 1. As appears from the Table, the efficiency of
      the caustification of cancrinite, comprising 74 % of the Na.sub.2 O
      content of the mud, amounts to 81 %, that is, 60 % of the total Na.sub.2 O
      content of the red mud has been recovered. 50 % of the sulfate content
      remains in the solution.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Chemical and mineral composition of bauxites and red muds                 
     __________________________________________________________________________
                         1st red                                               
                               2nd red                                         
                                     3rd red                                   
     Component,     Bauxite                                                    
                         mud   mud   mud                                       
     %                   0.5 g./l.                                             
                               3.5 g./l.                                       
                                     after                                     
                         Na.sub.2 SO.sub.4                                     
                               Na.sub.2 SO.sub.4                               
                                     causti-                                   
                         + 3% CaO                                              
                               + 3% CaO                                        
                                     fication                                  
     __________________________________________________________________________
     Al.sub.2 O.sub.3 in                                                       
           gibbsite 25.4 .phi. .phi. .phi.                                     
           boehmite 15.0 0.2   .phi. .phi.                                     
           diaspore 1.0  0.8   .phi. .phi.                                     
           goethite 1.4  2.6   0.2   0.2                                       
           hematite 0.5  1.0   1.0   0.9                                       
           chamosite                                                           
                    0.4  --    --    --                                        
           kaolinite                                                           
                    4.2  --    --    --                                        
           sodalite --   6.1   2.6   2.4                                       
           cancrinite                                                          
                    --   4.5   8.0   1.6                                       
           Ca-Al silicate                                                      
                    --   1.4   1.4   7.3                                       
     Total Al.sub.2 O.sub.3                                                    
                    47.9 16.6  13.2  12.4                                      
     Fe.sub.2 O.sub.3 in                                                       
           goethite 10.1 18.9  1.2   1.1                                       
           hematite 9.6  21.4  42.3  38.5                                      
           chamosite                                                           
                    0.7  .phi. .phi. .phi.                                     
     Total Fe.sub.2 O.sub.3                                                    
                    20.4 40.3  43.5  39.6                                      
     SiO.sub.2      6.0  11.4  12.2  11.1                                      
     TiO.sub.2      2.5  4.9   5.4   4.9                                       
     Ignition losses                                                           
                    21.8 9.9   7.8   8.8                                       
     Na.sub.2 O     --   8.6   8.5   3.1                                       
     CaO            0.5  7.0   7.2   18.6                                      
     SO.sub.3       --   0.2   1.0   0.4                                       
     Others         0.9  1.1   1.2   1.1                                       
     Al.sub.2 O.sub.3 yield                                                    
                    --   82.5  87.0  86.0                                      
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  Goethite-type bauxite, containing 50.1 % of Al.sub.2 O.sub.3, 6.4 % of
      SiO.sub.2 and 18.7 % of Fe.sub.2 O.sub.3 (55 % of which is present in the
      form of goethite), is digested for 1 hour at 235 .degree.C in a digesting
      liquor with a molar ratio of 3.4, containing 220 g./l. of Na.sub.2
      O.sub.caustic, with the addition of 3 % of CaO and 4 g./l. of Na.sub.2
      SO.sub.4. For each m.sup.3 of the digesting liquor, 275 kg. of bauxite are
      added.
PAR  The obtained red mud contains 12.6 % of Al.sub.2 O.sub.3, 43.0 % of
      Fe.sub.2 O.sub.3, 14.7 % of SiO.sub.2 and 8.8 % of Na.sub.2 O. In the
      process 85 % of the goethite is converted into hematite, and the boehmite
      and diaspore contents of the bauxite are completely dissolved.
      Accordingly, the Al.sub.2 O.sub.3 yield of the process is 89 %, whereas
      according to the conventional Bayer process a yield of only 83 % can be
      obtained under the same conditions.
PAR  When using CaO in combination with NaCl (with a NaCl content of the liquor
      of 10 g./l.), a yield of 89 % can be reached only at 245 .degree.C,
      indicating that the catalytic effect of Na.sub.2 SO.sub.4 causes the
      minimum temperature required for the goethite-hematite conversion to drop
      by 10 .degree.C.
PAR  The red mud is caustified as described in Example 1.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for processing goethite-containing bauxite to aluminum hydrate
      according to the Bayer technology, in which bauxite is digested in sodium
      hydroxide and the resulting material clarified to remove red mud, with an
      increased yield of aluminum hydrate and with decreased losses of sodium
      hydroxide, comprising conducting said digestion at 200.degree. to
      250.degree.C. in an aluminate liquor containing Na.sub.2 O.sub.caustic in
      a concentration of 80 to 300 g./l., and a calcium compound selected from
      the group consisting of calcium carbonate, calcium oxide, calcium
      hydroxide and calcium sulfate in an amount corresponding to 2 to 6% by
      weight of CaO calculated on the dry weight of the bauxite and a sulfate
      salt selected from the group consisting of sodium sulfate and calcium
      sulfate in an amount corresponding to 1.0 to 7.0 g./l. of sulfate ion
      concentration, whereby the goethite content of the bauxite is converted
      into hematite.
NUM  2.
PAR  2. A method as claimed in claim 1, in which said sulfate salt is calcium
      sulfate and the amount of said calcium compound is decreased by the CaO
      content of said calcium sulfate.
NUM  3.
PAR  3. A method as claimed in claim 1, in which calcium carbonate is added in
      the form of a calcite-containing bauxite.
NUM  4.
PAR  4. A method for processing goethite-containing bauxite to aluminum hydrate
      according to the Bayer technology, in which bauxite is digested in sodium
      hydroxide and the resulting material clarified to remove red mud, with an
      increased yield of aluminum hydrate and with decreased losses of sodium
      hydroxide, comprising conducting said digestion at 200.degree. to
      250.degree.C. in an aluminate liquor containing Na.sub.2 O.sub.caustic in
      a concentration of 80 to 300 g./l., and calcined lime in an amount
      corresponding to 2 to 6% by weight of CaO calculated on the dry weight of
      the bauxite and sodium sulfate in an amount corresponding to 1.0 7.0 g./l.
      of sulfate ion concentration, whereby the goethite content of the bauxite
      is converted into hematite.
NUM  5.
PAR  5. A method as claimed in claim 4, in which said aluminate liquor contains
      sodium chloride in a concentration of 1 to 20 g./l.
NUM  6.
PAR  6. A process as claimed in claim 4, in which said temperature is about
      235.degree. to 245.degree.C.
NUM  7.
PAR  7. A process as claimed in claim 4, in which said digestion is performed in
      an autoclave.
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ABST
PAL  Method and apparatus for removing sulfur dioxide from stack gases. The
      stack gases are scrubbed with an aqueous wash liquid containing one or
      more alkali metal compounds which react to form the bisulfite, sulfite and
      sulfate salts of the alkali metal. The spent absorbent liquid effluent is
      then treated with calcium compounds in at least two separate reaction
      stages, the conditions of ion concentration and pH of the first stage
      being maintained to favor the precipitation of calcium sulfate in the
      presence of SO.sub.3.sup.= ions. In the succeeding reaction stages the
      precipitation of the desired amount of SO.sub.3.sup.= ions is carried out
      to form calcium sulfite. The resulting compounds of calcium with sulfite
      and sulfate (which may in part be in the form of mixed crystals) are
      removed and the regenerated liquid is recycled.
BSUM
PAR  This invention relates to a process for the removal of sulfur dioxide from
      stack gases and more particularly to such a process wherein stack gases
      are contacted with a wash liquid to form an alkali metal bisulfite,
      sulfite and sulfate and the alkali metal ion values are subsequently
      recovered for recycling.
PAR  With the more recent realization for the need for clean air, it has become
      necessary to maintain the sulfur dioxide content in stack gases below
      prescribed minimum levels. The two obvious alternative approaches to
      attain this goal are the use of essentially sulfur-free fuel and the
      processing of the stack gases to remove sulfur dioxide resulting from the
      use of sulfur-containing fuels. Since, however, sulfur-free fuels are
      generally more expensive than sulfur-containing fuels and are, moreover,
      not available in sufficient quantities for many large-scale uses (e.g.,
      electric utility and industrial scale boilers) it is necessary to provide
      efficient and economical means for removal of sulfur dioxide from stack
      gases.
PAR  Among some of the approaches being considered suitable for removal of
      sulfur dioxide in stack gases from utility- and industrial-scale boilers
      are (1) once-through scrubbing with a solution of sodium carbonate or
      sodium hydroxide; (2) lime or limestone slurry scrubbing; and (3) sodium
      scrubbing with lime regeneration. (See "Chemical Engineering Progress
      Technical Manual, Sulfur and SO.sub.2 Developments" A.I.Ch. E. pp 142-150
      (1971).)
PAR  Once-through sodium scrubbing represents, at least for some situations, the
      simplest and most reliable process; but its application is limited to
      locations where the dissolved solids load, when combined with the
      remainder of the plant liquid effluent, can be treated to be acceptable as
      a liquid waste stream. Direct lime or limestone slurry scrubbing produces
      a low-solubility solid waste and is applicable at a wider range of
      locations than once-through sodium scrubbing. Although the cost of
      scrubbing chemicals is relatively low, capital cost requirements are high
      because a slurry of solid calcium salts must be recirculated at high
      rates, and the attainment of reliability is still in doubt because of the
      possibility of the uncontrolled deposition of a solid scale in various
      parts of the system.
PAR  Sulfur dioxide removal based upon sodium scrubbing with lime and/or
      limestone regeneration incorporates the better features of the first two
      processes and offers additional advantages over both of them. Thus, it may
      be shown that sodium scrubbing with lime regeneration can use less
      expensive raw chemicals, produce a solid waste, can be designed for higher
      removal efficiency, can minimize or even eliminate scaling problems, and
      can lower investment costs and operating and maintenance problems.
PAR  In the process based upon sodium scrubbing with lime regeneration, the
      stack gases are scrubbed with an aqueous solution of sodium hydroxide and
      sodium sulfite (and perhaps some make-up sodium carbonate) to produce
      additional sodium sulfite and sodium bisulfite. Because the stack gases
      normally contain at least a few percent oxygen, a portion of the sodium
      sulfite is oxidized to sodium sulfate. This in turn means that the spent
      absorbent liquid effluent from the scrubber contains sodium bisulfite,
      sodium sulfite and sodium sulfate. In order to recover the sodium values
      from these compounds it is necessary to precipitate compounds of calcium
      with sulfite and sulfate. But in the presence of reasonably high and
      economically feasible concentrations of SO.sub.3.sup.=  ions, calcium
      sulfate is not formed which means that sodium values are lost and the
      sodium sulfate concentration in the recirculating liquid continues to
      increase. One obvious solution to this problem of sodium sulfate build-up
      is to operate with scrubbing liquids and effluents having SO.sub.3.sup.=
      concentrations which are sufficiently low to permit precipitation of the
      SO.sub.4.sup.=  as calcium sulfate. This solution, however, gives rise to
      high Ca.sup.+.sup.+ ion concentrations in the regenerated liquor which in
      turn requires further processing to soften the liquor and to remove
      Ca.sup.+.sup.+ ions in order to prevent scaling in the scrubber. Moreover,
      operating the process with low SO.sub.3.sup.=  concentrations requires
      excessively large equipment. In order to realize all of the advantages
      associated with the process of sulfur dioxide removal based upon sodium
      scrubbing with lime regeneration, it would be desirable to be able to
      operate in a concentrated sodium sulfite mode using a reasonably-sized
      plant and a minimum quantity of recycling liquid with low Ca.sup.+.sup.+
      ion concentration by providing for the efficient removal of the
      SO.sub.4.sup.= present in the scrubber effluent.
PAR  It is therefore a primary object of this invention to provide an improved
      process for the removal of sulfur dioxide from stack gases, the process
      incorporating sodium scrubbing with lime and/or limestone regeneration. It
      is another object to provide a process of the character described which
      achieves the effective removal of SO.sub.4.sup.= ions from the spent
      liquid effluent as calcium sulfate, or calcium sulfate/calcium sulfite
      mixed crystals, and the return of the sodium values derived from sodium
      sulfate into the recycled liquid. It is yet another object of this
      invention to provide such a process which is relatively simple and which
      can be effectively and efficiently carried out with the minimum of
      complexity, equipment size and stream flow rates. Still another object of
      this invention is to provide a process for removing sulfur dioxide from
      stack gases which permits operation with high HSO.sub.3.sup.- ion
      concentrations, which makes it possible to provide at least a portion of
      the Ca.sup.+.sup.+ ions from limestone rather than from the more expensive
      lime; and which does not require any adjustment of the temperature of the
      scrubber effluent prior to the recovery of the sodium values. It is an
      additional object to provide a process for removing sulfur dioxide from
      stack gases which results in the formation of precipitated solids having
      good settling and filtration characteristics thereby eliminating any
      significant carryover of suspended calcium salts back into the scrubber,
      and which also provides a high sulfite ion concentration in the reactor
      system which in turn gives rise to low calcium ion concentrations in the
      liquor.
PAR  Other objects of the invention will in part be obvious and will in part be
      apparent hereinafter.
PAR  In the process of this invention sulfur dioxide in stack gases is removed
      by reaction with one or more water-soluble sodium compounds to form sodium
      bisulfite, sodium sulfite and sodium sulfate. The scrubber effluent liquid
      containing the reaction products is then reacted with calcium compounds in
      multiple stages, the reaction conditions of the first of these multiple
      stages being maintained to favor the precipitation of calcium sulfate in
      the presence of a relatively high concentration of SO.sub.3.sup.=. Some
      calcium sulfite is formed in the first stage and the remaining required
      amount is precipitated out in the succeeding stage or stages. Thus a
      steady state condition is established in the system whereby the
      SO.sub.4.sup.= ions are removed as formed even in the presence of a
      relatively large SO.sub.3.sup.= ion concentration.
PAR  The invention accordingly comprises the several steps and the relation of
      one or more of such steps with respect to each of the others, and the
      apparatus embodying features of construction, combination of elements and
      arrangement of parts which are adapted to effect such steps, all as
      exemplified in the following detailed disclosure, and the scope of the
      invention will be indicated in the claims.
DRWD
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the single accompanying drawing which is a flow diagram of
      the method of this invention.
DETD
PAR  In the following description, it will be assumed for convenience in
      describing the invention that sodium compounds, e.g., NaOH and Na.sub.2
      SO.sub.3 are used in the scrubbing liquid. However, it is to be understood
      that the hydroxides, carbonates and sulfites of the other alkali metals
      (i.e., lithium, potassium, rubidium and cesium as well as ammonium) may be
      used in the process of this invention.
PAR  The process of this invention may be further described in detail with
      reference to the drawing which is a somewhat simplified flow diagram. The
      stack gases from which sulfur dioxide is to be removed are introduced into
      a scrubber 10 which is a mass transfer apparatus suitable for effecting
      efficient gas-liquid contact to react the required amount of the SO.sub.2
      with the sodium hydroxide and sodium sulfite supplied as an aqueous
      solution through line 11 from a wash liquid source 12 by a pump 13. The
      scrubber 10 may be any suitable commercially available apparatus such as a
      countercurrent or cocurrent scrubbing device or combination of such
      devices. In the drawing, a countercurrent scrubber is shown in which the
      SO.sub.2 -containing stack gas is introduced near the bottom through line
      14 and the SO.sub.2 -lean gas is discharged near the top through line 15.
      It will be appreciated that it will normally not be feasible to remove all
      of the SO.sub.2 from the stack gases and that the actual amount of
      SO.sub.2 to be removed will be preset for any one given set of
      circumstances and that the operational parameters of the SO.sub.2 -removal
      process will then be determined to meet the requirements of the system
      designed for the circumstances.
PAR  Within scrubber 10 the absorption of SO.sub.2 gives rise to the formation
      of sodium bisulfite, sodium sulfite and sodium sulfate according to the
      following overall reactions
EQU  2NaOH + SO.sub.2 .fwdarw. Na.sub.2 SO.sub.3 + H.sub.2 O    (1)
EQU  na.sub.2 SO.sub.3 + SO.sub.2 + H.sub.2 O .fwdarw. 2NaHSO.sub.3 (2)
EQU  2na.sub.2 SO.sub.3 + O.sub.2 .fwdarw. 2Na.sub.2 SO.sub.4.  (3)
PAR  this solution, which is the spent absorbent liquid effluent, is withdrawn
      through line 16 into a reactor system 17 which is seen to consist of
      multiple stages, e.g., 18 and 19. Neutralization of this solution by the
      addition of lime (Ca(OH).sub.2) and/or limestone (CaCO.sub.3) readily
      forms sodium sulfite and/or sodium hydroxide
EQU  Ca(OH).sub.2 + 2NaHSO.sub.3 .fwdarw. CaSO.sub.3 + Na.sub.2 SO.sub.3 +
      2H.sub.2 O                                                (4)
EQU  caCO.sub.3 + 2NaHSO.sub.3 .fwdarw. CaSO.sub.3 + Na.sub.2 SO.sub.3 +
      CO.sub.2 + H.sub.2 O                                      (5)
EQU  ca(OH).sub.2 + Na.sub.2 SO.sub.3 .fwdarw. CaSO.sub.3 + 2NaOH (6)
PAL  however, the reaction
EQU  Ca.sup.+.sup.+ + SO.sub.4.sup.= .fwdarw. CaSO.sub.4        (7)
PAL  (whether producing CaSO.sub.4 as such or a mixture of CaSO.sub.4 and
      CaSO.sub.3 crystals) required to precipitate CaSO.sub.4 in some form and
      free the sodium values in Na.sub.2 SO.sub.4 for active participation in
      the absorption process does not take place in the presence of relatively
      high sulfite concentrations. We have found, however, that a sufficient
      quantity of the sulfate ions present can be removed by carrying out the
      causticization, or neutralization, in two or more stages provided the
      conditions in the first stage 18 are maintained to favor reaction (7),
      that is, favor the formation of CaSO.sub.4. In the following description
      and in the claims defining our invention, it is to be understood that
      precipitation of CaSO.sub.4 includes the precipitation of mixed salts
      containing CaSO.sub.4. These conditions in the first stage to produce
      CaSO.sub.4 are generally concerned with ion concentration, pH and
      residence time in reactor 18. The temperature of the reactor has little,
      if any, influence on the reactions and hence is not one of the conditions.
      This in turn means that no adjustment in the temperature of the spent
      absorbent effluent delivered to reactor 18 is necessary. In general, the
      temperature of the scrubber liquid effluent will range between about
      110.degree. and 130.degree. F.
PAR  The conditions of ion concentrations which should prevail in the feed to
      the first stage may be expressed in concentration of total oxidizable
      sulfur (HSO.sub.3.sup.- + SO.sub.3.sup.=), SO.sub.4.sup.= ion
      concentration and the ratio of HSO.sub.3.sup.- /SO.sub.3.sup.=. Oxidizable
      sulfur concentration may be as high as about one molar, and it is
      desirable to work with concentrations approaching this level to maintain
      equipment size and cost as low as possible. However, total oxidizable
      sulfur concentrations may be as low as about 0.1 molar. Sulfate ion
      concentrations in the first stage may range between about 0.1 and 2.8
      molar and will depend to a great extent upon the quality of the stack
      gases, i.e., the extent to which they are capable of oxidizing some of the
      Na.sub.2 SO.sub.3. The ratio of HSO.sub.3.sup.- /SO.sub.3.sup.= may range
      from .infin. to 1, that is, this ratio should be at least one.
PAR  The quantity of lime and/or limestone added to the first stage reactor 18
      is preferably that which is less than sufficient to attain full
      neutralization. Thus the pH maintained in the first stage reactor should
      be on the acid side to obtain optimum results, and more specifically, it
      should range from about about 4.5 and 6.8. However, some of the benefits
      of the two-stage reactor system of this invention (attainment of good
      settling and filtering characteristics and some sulfate regeneration) may
      be realized by operating the first stage well beyond the neutral condition
      to higher pH's provided the residence time in reactor 18 is properly
      adjusted. By carrying out this first stage of neutralization so that the
      spent absorbent liquid under treatment remains acidic, CaSO.sub.4.xH.sub.2
      O is precipitated and can be subsequently removed by settling and/or
      filtration techniques. Since the CaSO.sub.4.xH.sub.2 O crystals thus
      formed are subject to redissolving as equilibrium with calcium sulfite and
      sulfate is approached, the residence time of the precipitated solids in
      the first stage reactor should be short enough to minimize this
      redissolution. This means that residence time of the solids in the first
      stage reactor should be no greater than about 30 minutes and preferably
      should be from about 3 to 5 minutes. When limestone rather than lime is
      used, the longer residence time may be more desirable.
PAR  By maintaining the above-specified conditions in the first stage reactor
      18, CaSO.sub.3.yH.sub.2 O crystals are formed along with
      CaSO.sub.4.xH.sub.2 O crystals, and these crystals have good settling and
      filtration characteristics which make it possible to easily remove them
      from the regeneration effluent slurry. As will be seen in the drawing, a
      portion of the slurry from the first stage reactor 18 is taken directly to
      a solid/liquid separator 20 while the remainder of the slurry is
      introduced into the second stage reactor 19 for complete neutralization
      with additionally supplied lime and/or limestone. The crystals formed in
      the first stage reactor and carried over into the second stage reactor
      serve as seed crystals. In any case, the sodium bisulfite and a major
      portion of the sodium sulfite is finally reacted with the lime and/or
      limestone in the second stage reactor 19 to form the desired Na.sub.2
      SO.sub.3 and NaOH according to reactions (4)-(6). A sufficient quantity of
      lime and/or limestone is added to the second stage reactor to continue
      neutralizing it or to make it basic, i.e., to give it a pH up to about 12
      when using lime. Under these conditions the remaining required amount of
      the CaSO.sub.3 will precipitate out; and the major portion of the solids
      formed will be CaSO.sub.3. Although only one multistage reactor system is
      shown in the drawing, it is within the scope of this invention to have
      more than one reactor system in parallel so that there can be several
      trains of multistage reactors. The actual number of reactors will depend
      upon the required sulfur removal capacity. Under some conditions, the
      economics or the cost of lime and limestone may justify more than two
      reactor stages in series in order to keep down the size of the reactor
      system and to optimize the utilization of the chemicals. The determination
      of the advisability of using more than one second stage reactor, as well
      as the use of parallel reactor systems, is well within the skill of the
      art, and will depend upon such factors as flow rates handled, equipment
      used, space available and the like.
PAR  The CaSO.sub.3 formed in the second stage reactor, as well as the mixed
      CaSO.sub.4 /CaSO.sub.3 product formed in the first stage reactor, are
      separated out in the separator system 20 from which the solid phase
      containing CaSO.sub.3 .yH.sub.2 O and CaSO.sub.4 .xH.sub.2 O is discharged
      for discard or further processing and the liquid phase containing Na.sub.2
      SO.sub.3 in solution is directed to scrubber feed tank 12 into which
      make-up sodium values, normally as sodium hydroxide or carbonate, are
      added.
PAR  As shown in the drawing, an auxiliary first stage reactor 18a may be used
      in addition to first stage reactor 18 to handle a portion of the spent
      absorbent effluent. The reaction conditions in this auxiliary first stage
      reactor are the same as previously described for reactor 18. All of the
      slurry formed in auxiliary reactor 18a, comprising liquid and crystals of
      CaSO.sub.4 and CaSO.sub.3, is transferred directly to the solid/liquid
      separator system 20. The use of the auxiliary first stage reactor makes it
      possible to handle a slip stream for sulfate regeneration which can be
      processed separately for solid-liquid separators and thus to minimize the
      amount of CaSO.sub.4 which may be redissolved.
PAR  The reactors may be any suitable commercially available apparatus designed
      to handle this type of reaction system. Such reactors include, but are not
      limited to, baffled, stirred tank reactors. The solid/liquid separator may
      likewise be any suitable commercially available equipment suitable for
      separating solids from a liquid slurry. Examples of such separators are
      thickeners, clarifiers, filters, centrifuges or combinations of these.
      Separate separators may be used for the first and second stage reactor
      effluents to minimize the amount of CaSO.sub.4 which may redissolve.
PAR  It will be seen from the above detailed description that the process of
      this invention makes it possible to provide solid regeneration products
      comprising both CaSO.sub.4 .xH.sub.2 O and CaSO.sub.3 .yH.sub.2 O having
      settling and filtration characteristics such that the solids can be easily
      removed from the effluent slurry to provide a regenerated wash liquid
      which has an acceptably low and constant concentration of Na.sub.2
      SO.sub.4. Thus the ion concentrations at the various reaction stages of
      the process are maintained within optimum ranges and maximum sodium values
      are recovered. Moreover, the process of this invention makes it possible
      to work with relatively high SO.sub.3 .sup.= and HSO.sub.3 .sup.- ion
      concentrations in the wash liquid which in turn makes it possible to keep
      down the size of the equipment used. By carrying out only a partial
      neutralization in the first reactor stage, the cheaper limestone may be
      used in place of or as a substitute for a part of the lime used, thus
      contributing to the economics of the process.
PAR  Because the process generates precipitated solids which have good settling
      and filtration characteristics, thus eliminating carryover of any
      significant amount of calcium salts into the scrubber, and because the
      high sulfite concentration in the reactor system provides for a very low
      Ca.sup.+.sup.+ ion concentration in the liquor, the Ca.sup.+.sup.+ ion
      concentration is very low in the regenerated scrubber liquor which in turn
      means that no additional chemicals or equipment must be supplied to soften
      the regenerated liquid to prevent scaling.
PAR  Finally, since the process is not influenced by fluctuations in temperature
      within the ranges normally encountered in scrubbing stack gases, there is
      no need to provide means for effecting a temperature adjustment in the
      spent absorbent effluent discharged from the scrubber.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above process and in
      the constructions set forth without departing from the scope of the
      invention, it is intended that all matter contained in the above
      description or shown in the accompanying drawing shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for removing sulfur dioxide from stack gases which includes
      the steps of contacting stack gases with an aqueous wash liquid comprising
      a solution of one or more alkali metal compounds thereby to form a spent
      absorbent liquid containing the bisulfite, sulfite and sulfate salts of
      said alkali metal and then subsequently recovering at least a portion of
      the alkali metal ion values by reacting said bisulfite, sulfite and
      sulfate salts in said spent absorbent liquid with one or more calcium
      compounds to precipitate calcium sulfite and calcium sulfate, the
      improvement comprising (1) carrying out the step of reacting said
      bisulfite, sulfite and sulfate salts with said calcium compounds in
      multiple stages, said spent absorbent liquid introduced into the first
      stage having a total oxidizable sulfur concentration of at least about 0.1
      molar, a ratio of bisulfite to sulfite ions of at lest one and a sulfate
      ion concentration of between about 0.1 and 2.8 molar whereby the reaction
      conditions of said first of said multiple stages are maintained to effect
      the precipitation of a solids mixture of calcium sulfate and calcium
      sulfite in said first stage, said solids mixture having greatly enhanced
      settling and filtration characteristics, (2) limiting the mean residence
      time of said solids mixture in said first stage to not more than 30
      minutes, and (3) transferring at least a portion of said solids mixture of
      calcium sulfate and calcium sulfite formed in said first stage to one or
      more succeeding stages to serve as seed crystals for the further
      precipitation of calcium salts.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein said spent absorbent liquor
      has a pH from between about 4.5 and 6.8.
NUM  3.
PAR  3. A process in accordance with claim 1 including the step of separating
      out that portion of said solids mixture formed in said first of said
      multiple stages not transferred to said one or more succeeding stages
      along with solids formed in said one or more suceeding stages from said
      spent absorbent liquid to form a regenerated wash liquid suitable, with
      the addition of any required make-up alkali metal values, for recycling.
NUM  4.
PAR  4. A process in accordance with claim 3 wherein said first of said multiple
      stages includes an auxiliary first stage, the reaction conditions and
      solids mixture residence time in which are essentially the same as in said
      first of said multiple stages.
NUM  5.
PAR  5. A process in accordance with claim 4 including the step of separating
      out the solids mixture formed in said auxiliary first stage from said
      spent absorbent liquid.
NUM  6.
PAR  6. A process in accordance with claim 5 wherein said step of separating out
      said solids mixture formed in said auxiliary first stage from said spent
      absorbent liquid is performed separately from said step of separating out
      said solids formed in said first and said one or more succeeding stages
      from said spent absorbent liquid.
NUM  7.
PAR  7. A process in accordance with claim 5 wherein said solids mixture and
      said spent absorbent liquid from said auxiliary first stage are added to
      said solids mixture and said spent absorbent liquid from said first and
      said one or more succeeding stages prior to said separating step.
NUM  8.
PAR  8. A process in accordance with claim 1 wherein said alkali metal is sodium
      and said alkali metal compound is sodium hydroxide.
NUM  9.
PAR  9. A process in accordance with claim 1 wherein said calcium compound is
      calcium hydroxide, calcium carbonate or a mixture thereof.
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ABST
PAL  A process is described for the removal of oxides of sulfur, dust and mist
      from a combustion waste gas such as the waste gas evolved from a glass
      melting furnace in which the waste gas is contacted with an absorbing
      solution containing an alkaline absorbent such as NaOH, Na.sub.2 CO.sub.3
      or Na.sub.2 SO.sub.3, whereby the oxides of sulfur are absorbed and the
      temperature of the waste gas is decreased and the humidity of the waste
      gas in increased. The treated waste gas is then passed through a glass
      fiber filter which is maintained under moist conditions in order to
      efficiently remove dust and mist particles from the waste gas. Crystalline
      sodium sulfate hydrate is recovered from the absorbing solution contacted
      with the waste gas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for removing oxides of sulfur such as
      SO.sub.2 and SO.sub.3, dust and mist from the waste gas of a combustion
      process.
PAR  2. Description of the Prior Art
PAR  The waste gas evolved from a glass melting furnace, usually contains
      various oxides of sulfur which are mainly produced by the combustion of
      fuel oil such as heavy oil containing sulfur, and dust which substantially
      consists of sodium sulfate (Na.sub.2 SO.sub.4) vaporized from high
      temperature molten glass in a glass melting furnace. It has been difficult
      to remove oxides of sulfur and dust from the waste gases of the
      characteristic white smoke evolved from stacks in the manufacture of
      glass. Recently, in order to meet air pollution standards, it has become
      important for glass manufacturers to remove the smog constituents such as
      SO.sub.2, SO.sub.3 and Na.sub.2 SO.sub.4 from the evolved waste gases.
PAR  In the past numerous processes have been proposed for removing or
      recovering oxides of sulfur from waste gases evolved in the combustion of
      fuel oil. However, these conventional processes have been difficult to
      apply for the treatment of waste gases evolved from the glass melting
      furnaces of glass manufacturing processes.
PAR  A need, therefore, exists for a process which effectively removes the
      oxides of sulfur pollutants and dust particles present in the waste gases
      evolved in glass manufacturing processes.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, it is an object of this invention to provide a process for
      removing oxides of sulfur such as SO.sub.2 and SO.sub.3, dust consisting
      of particles of Na.sub.2 SO.sub.4, Na.sub.2 SO.sub.3 and the like and mist
      from the waste gas evolved from glass melting furnaces.
PAR  It is another object of this invention to provide a process for removing
      and recovering all of the SO.sub.2 and SO.sub.3 and dust particles
      consisting of Na.sub.2 SO.sub.4, Na.sub.2 SO.sub.3 and the like, and
      converting them to sodium sulfate which is used as a raw material for the
      manufacture of glass.
PAR  Accordingly, these objects and other objects of this invention as
      hereinafter will become readily apparent can be attained by contacting the
      waste gas from the combustion of fuels with an absorbing solution
      containing sodium hydroxide, sodium carbonate or sodium sulfite as an
      absorbent whereby the oxides of sulfur in said waste gas are absorbed, a
      portion of the dust and mist particles are scrubbed from said waste gas
      and the temperature of said waste gas is decreased as the humidity of the
      waste gas is increased, and then passing the treated waste gas through a
      glass fiber filter whereby the dust and the mist remaining in the waste
      gas are trapped in said filter which is maintained in a moist condition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will be readily obtained as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a flow-diagram of the preferred embodiment of the process of the
      invention which shows the prescrubbing and absorbing steps for the removal
      of oxides of sulfur, dust and mist from the waste gas of a glass melting
      furnace, and the recovery of sodium sulfate;
PAR  FIG. 2 shows one embodiment of the invention in which a glass fiber
      demister is used as a separate unit with the absorption tower;
PAR  FIGS. 3(a) and 3(b) show two embodiments of the glass fiber demisters in
      which the demisters are combined with absorption towers as integral units;
PAR  FIG. 4 shows detailed top and side views of one element of the glass fiber
      demisters.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the first step of the process, waste gas is contacted with an alkaline
      absorbing solution containing sodium hydroxide, sodium carbonate, or
      sodium sulfite as an absorbent whereby most of the SO.sub.2 and SO.sub.3
      in the waste gas is absorbed in said solution and a portion of the dust
      and the mist in the gas are scrubbed from the gas. The absorbing solution
      contacted with the waste gas in this step is removed, the pH of the
      solution is adjusted and then the absorbing solution is contacted with
      oxygen or an oxygen containing gas, whereby the sodium sulfite in said
      solution is oxidized to sodium sulfate and the resulting sodium sulfate is
      recovered. The temperature of the waste gas issuing from the absorption
      solution is lowered to 50.degree.-90.degree.C., preferably
      60.degree.-80.degree.C while the humidity of the treated gas is increased.
      The gas containing residual quantities of dust and mist is passed through
      a glass filter, whereby the moisture in the gas is condensed on the
      surface of the filter as the temperature decreases resulting in an
      efficient removal of the dust and mist particles from the gas. It is
      preferable to maintain the waste gas in a wet condition, whereby the gas
      contains a small amount of water droplets. The gas is maintained in a
      saturated or super saturated condition with a relative humidity lower than
      about 110%. The absorbing solution is usually recycled and the
      concentration of the absorbent is preferably in the range of 0.1-3% by
      weight.
PAR  Sieve tray towers (perforated plate towers), packed towers, spray towers,
      and other liquid-gas contacting apparatus can be used as the media by
      which the absorption and scrubbing of the waste gas is accomplished.
      Generally, it is preferred to subject the waste gas to a prescrubbing step
      prior to the absorption step. In the prescrubbing step, an absorbing
      solution from the absorbing step is contacted with a waste gas issuing
      from a flue. This step cools the waste gas and a portion of the dust and
      mist particles and the SO.sub.2 and SO.sub.3 are removed from said waste
      gas. Then, the waste gas is sent to the absorption step where it is
      contacted with the absorbing solution containing NaOH, Na.sub.2 CO.sub.3
      or Na.sub.2 SO.sub.3, whereby the oxides of sulfur are removed from said
      waste gas and the temperature and the humidity of the waste gas are
      adjusted to the desired ranges. The treated waste gas is passed through a
      filter bed of glass fiber wherein the moisture carried in said waste gas
      condenses in the filter bed in order that many layers of liquid films are
      formed throughout the depth of the filter bed. Substantial quantities of
      dust and mist particles, especially the fine dust particles of sodium
      sulfate, are collected when the waste gas is repeatedly contacted with the
      liquid membranes formed in the filter bed. The solution which collects the
      dust and mist particles gradually flows down the absorption tower and is
      discharged. Thus, clean waste gas which has been desulfurized and has had
      dust and mist particles removed, is obtained. The clean waste gas is then
      heated and passed through a stack to the atmosphere. The dust and mist
      collected in the filter bed gradually passes through the bed so that
      pressure loss in the filter bed is relatively small.
PAR  The absorption solution which has been used in the absorbing step and the
      prescrubbing step, contains Na.sub.2 SO.sub.4, Na.sub.2 SO.sub.3 and
      NaHSO.sub.3 so that the pH of the solution obtained is slightly acidic.
      Accordingly, the pH of the solution is adjusted so that the metal salts
      can be separated in a precipitation vessel, and then the solution can be
      drained after it is neutralized. However, it is preferable to recover
      Na.sub.2 SO.sub.4 which is useful as a raw material for the manufacture of
      glass and the like. In order to recover Na.sub.2 SO.sub.4, the absorbing
      solution is neutralized to a pH of 7-8, and then the solution is contacted
      with oxygen or an oxygen containing gas to oxidize Na.sub.2 SO.sub.3 to
      Na.sub.2 SO.sub.4 and then Na.sub.2 SO.sub.4 is recovered. In an
      embodiment of the process, waste gas containing more than 10% oxygen,
      preferably more than 12% oxygen, is contacted with the absorbing solution.
      In the resulting absorbing solution, the oxides of sulfur exist
      substantially as Na.sub.2 SO.sub.4. For example, when the oxygen
      concentration of the waste gas is 8%, 80% of the oxides of sulfur in the
      absorbing solution exist as Na.sub.2 SO.sub.4. If the oxygen concentration
      is greater than 12%, more than 95% of the oxides of sulfur in the
      absorbing solution exist as Na.sub.2 SO.sub.4. Thus, in the latter case,
      Na.sub.2 SO.sub.4 can be recovered without a separate oxidation step.
PAR  In the following detailed description of the preferred embodiment of this
      invention, reference is continually made to the drawings, especially FIG.
      1.
PAC  PRESCRUBBING AND ABSORPTION STEPS
PAR  In a glass melting furnace 1, the raw materials of sand, sodium carbonate,
      calcium carbonate, sodium sulfate, and the like used for the manufacture
      of glass and if necessary, cullet glass are fed into the furnace wherein
      heavy oil is burned by a burner situated on the wall of the furnace. The
      surface of the molten glass and the crown is heated by the flame of the
      burner so that the glass raw materials are melted by the radiant heat and
      the conductive heat to form the molten glass. Sodium sulfate is added to
      refine the molten glass so as to remove bubbles in the molten glass.
      However, some sodium sulfate is easily entrained by the gas flow in the
      furnace, and some of the Na.sub.2 O in the molten glass is vaporized at
      the high temperatures of the furnace which reacts with SO.sub.3 in the
      waste gas at the low temperature regions of the flue so as to form fine
      particles of Na.sub.2 SO.sub.4. The characteristic white smoke from the
      glass melting furnace is caused by the fine particles of Na.sub.2 SO.sub.4
      present in the combustion waste gas.
PAR  Usually, the waste gas contains SO.sub.2 and SO.sub.3 which is derived from
      the decomposition of sodium sulfate and the oxidation of sulfur in the
      heavy oil, Na.sub.2 SO.sub.4 dust, dust caused by light particles of other
      materials and soot. The waste gas issuing from the glass melting furnace 1
      is passed through a waste heat boiler 2 until it is cooled to about
      300.degree.C, and then is fed to a lower portion of an absorption tower 3.
PAR  The absorption tower consists of a prescrubbing zone 4 and an absorbing
      zone 5 in the lower regions of the tower, and a glass fiber demister 6
      consisting of a glass fiber filter bed in the upper regions of the tower.
      An absorbing solution is fed from tank 7 to the upper regions of the
      prescrubbing zone 4 as a spray 9 by means of pump 8 which recycles the
      absorbing solution. The waste gas from the waste heat boiler 2 first
      contacts the sprayed absorbing solution in this region and is scrubbed. As
      a result, the waste gas is cooled and simultaneously some of the dust and
      mist in the waste gas is removed.
PAR  The absorbing solution contacted with the waste gas is recycled to the tank
      7. A portion of the absorbing solution flows from the upper absorbing zone
      5 to the prescrubbing zone 4 and is fed to the tank 7. In the absorbing
      zone 5, the waste gas in contacted with the recycled absorbing solution.
      The absorbing solution is also fed from tank 10 to spray 12 in absorbing
      zone 5 by means of pump 11. The absorbing solution is returned to tank 10
      after contacting the waste gas and is recycled. Fresh absorbing solution
      is continuously fed via pipe 23 to the absorbing solution in tank 10 which
      is recycled to the absorbing zone 5.
PAR  In the practice of the prescrubbing and absorbing steps, a simple spray
      tower can be used, wherein a spray is provided both in the upper regions
      of the absorbing zone and in the prescrubbing zone. A blank tray is
      provided in the tower to separate both zones, and the tray is provided
      with openings which allow free passage of the waste gas up to the
      absorbing zone and free passage of the absorbing solution down into the
      prescrubbing zone. However, in actual practice it is preferable to employ
      a sieve tray tower.
PAR  In a preferred embodiment of the invention, a sieve tray tower consisting
      of an absorbing zone and prescrubbing zone divided by a blank tray of the
      above-mentioned type is employed. In the sieve tray tower each zone is
      provided with at least one sieve tray, preferably two to four sieve trays.
      The sieve trays are provided with a plurality of apertures distributed
      uniformly across the surfaces of the trays. The apertures range from 5 to
      20 mm in diameter. It is possible to modify the absorbing zone of the
      sieve tray by dividing the absorbing zone into two regions with another
      blank tray and recycling the absorbing solution discharged from the bottom
      region of the absorbing zone.
PAR  The following equations show the reactions which are believed to occur when
      the waste gas containing SO.sub.2 and SO.sub.3 is passed through the
      absorbing solution and reacts with the absorbent contained therein.
EQU  2NaOH + SO.sub.2 .fwdarw. Na.sub.2 SO.sub.3 + H.sub.2 O    I
EQU  4naOH + 2SO.sub.2 + O.sub.2 .fwdarw. 2Na.sub.2 SO.sub.4 + 2H.sub.2 O II
EQU  2naOH + SO.sub.3 .fwdarw. Na.sub.2 SO.sub.4 + H.sub.2 O    III
EQU  na.sub.2 SO.sub.3 + SO.sub.2 + H.sub.2 O .fwdarw. 2NaHSO.sub.3 IV
EQU  na.sub.2 CO.sub.3 + SO.sub.2 .fwdarw. Na.sub.2 SO.sub.3 + CO.sub.2 .uparw.V
EQU  2na.sub.2 CO.sub.3 + 2SO.sub.2 + O.sub.2 .fwdarw. 2Na.sub.2 SO.sub.4 +
      2CO.sub.2 .uparw.                                         VI
EQU  na.sub.2 CO.sub.3 + SO.sub.3 .fwdarw. Na.sub.2 SO.sub.4 + CO.sub.2
      .uparw.VII
EQU  na.sub.2 SO.sub.3 + SO.sub.3 .fwdarw. Na.sub.2 SO.sub.4 + SO.sub.2
      .uparw.VIII
PAL  as shown in equation IV, SO.sub.2 produced, as shown in equation VIII, is
      converted to NaHSO.sub.3. If the oxygen concentration in the waste gas is
      high, the reactions shown in equation II or equation VI mainly occur in
      comparison to the competing reactions shown in equations I and V.
PAR  The waste gas usually contains a large amount of CO.sub.2, and accordingly,
      it is necessary to inhibit the formation of Na.sub.2 CO.sub.3 as far as
      possible when contacting the waste gas with the absorbing solution. For
      this purpose, it is preferable to adjust the pH of the absorbing solution,
      which is recycled to the prescrubbing zone, to 5-7, especially 5.5-6.0. On
      the other hand, it is preferable to adjust the pH of the absorbing
      solution removed from the absorbing zone to 6-9, especially 7.0-7.5.
PAC  STEPS FOR THE REMOVAL OF DUST AND MIST FROM THE GAS
PAR  The desulfurized gas issuing from the scrubbing and absorbing steps,
      contains Na.sub.2 SO.sub.4, which is difficult to absorb in the absorbing
      solution, as well as mist and SO.sub.3. Thus, the gas is passed through
      the glass fiber demister 6. In one embodiment of the structure of the
      demister, shown in FIG. 3(a), cylindrical glass fiber filters 60 are
      suspended vertically in the upper regions of the absorbing zone 5. The
      detail of the glass fiber filter 60 is shown in FIG. 4, and consists of a
      perforated chemical resistant metal or plastic cylinder 61 having a bottom
      and a glass fiber layer 62 wrapped around the cylinder. Waste gas that
      contacts the glass filters diffuses through the glass fiber layer and
      passes through the perforations in the plastic or metal cylinder into the
      interior regions of the cylinder. Thereafter, the filtered gas rises
      through the core of the cylinder.
PAR  It is also possible to provide shelves 63 containing apertures or openings
      horizontally disposed within the upper regions of absorbing zone 5, as
      shown in FIG. 3(b), wherein each shelf is provided with a glass fiber
      filter layer 64. It is possible to substitute a filter cloth made of glass
      fiber for the glass fiber filter layers on the shelves.
PAR  In the operation of the glass fiber demister, water, hot water or a
      solution of Na.sub.2 SO.sub.3 is preferably fed to the filter layer in
      order to wash the dust particles therefrom. The operation can be
      continuous or intermittent, however, pressure losses temporarily occur
      when the solution is fed to the filter layer. The temporary pressure
      losses of the apparatus can be prevented by separating the filter layers
      to be washed into groups and then washing each group of filter layers
      progressively.
PAR  The glass fiber filter is usually made of glass wool, however, rock wool,
      long glass fiber (filament) or glass fiber cloth can be used. Usually,
      acid resistant or alkali resistant glass fibers containing an alkaline
      oxide can be used as the glass fiber for the filter layer. The density of
      the glass fiber filter is preferably in a range of 150-250 kg/m.sup.3 from
      the viewpoint of pressure loss, and the thickness of the glass fiber
      filter is preferably in a range of 40-60 mm. The glass fiber demister 6
      discussed above, exists as a unit in the upper regions of absorbing tower
      3. However, it is possible to use the glass fiber demister 6 as a separate
      unit from the absorbing tower as shown in FIG. 2. In this case, the
      solution which discharges from the demister 6 is recycled and fed back to
      the prescrubbing zone 4 at the base of the absorbing zone.
PAR  The desulfurized waste gas, which has passed through the glass fiber beds
      wherein mist containing H.sub.2 SO.sub.4, Na.sub.2 SO.sub.4 dust and other
      dust particles are removed, is passed to tack 15 through pipe 13. If
      necessary, low sulfur content fuel oil can be burned by after-burner 14 to
      heat the waste gas as it exits the stack to the atmosphere. This process
      effectively accomplishes the stated objective of substantially removing
      SO.sub.2, SO.sub.3 , dust and mist from the waste gas of the glass melting
      furnace.
PAC  TREATMENT OF THE EXHAUST SOLUTION FROM THE ABSORBING TOWER
PAR  It has been shown that the absorbing solution used in prescrubbing zone 4
      is recycled by the pump 8. The absorbing solution contains Na.sub.2
      SO.sub.4, and accordingly the solution must be removed after a certain
      period, and transferred to the sedimentation tank 16. The supernatant
      liquid is forced from the sediment tank to the absorbing solution tank 10
      by pump 17.
PAR  It has been also stated that in the absorbing zone 5, the alkaline
      absorbing solution is recycled by pump 11 to tower 3 in order to remove
      SO.sub.2 and SO.sub.3 from the waste gas. Pipe 18 returns the absorbing
      solution to tank 10, and the absorbing solution is recycled back to tower
      3 through pipe 19 to the spray 12 via pump 11. During the recycling
      operation, the absorbing solution is saturated with SO.sub.2, and
      accordingly, after a specific period a portion of the absorbing solution
      saturated with SO.sub.2 is transferred to the absorbing solution control
      tank 21 by opening valve 20. A 0.1-3% by weight sodium hydroxide solution
      is added through pipe 22 to control tank 21 in order to neutralize the
      absorbing solution to a pH of 7-8. Pipe 22 is branched to form pipe 23 so
      that the neutralizing solution, as a fresh supply of absorbent, can be fed
      to the absorbing solution tank 10. When suitable quantities of sodium
      hydroxide are added to the absorbing solution control tank 21 through pipe
      22, and when the solution is sufficiently stirred, NaHSO.sub.3 in the
      absorbing solution is converted to Na.sub.2 SO.sub.3.
EQU  naHSO.sub.3 + NaOH .fwdarw. Na.sub.2 SO.sub.3 + H.sub.2 O
PAL  the pH adjusted solution in the absorbing solution control tank 21 is then
      fed to tank 25 by pump 24, which in turn is fed to the bottom of oxidation
      tower 27 by pump 26.
PAR  As stated above, if the recovery of sodium sulfate is not required, the
      absorbing solution discharged from the prescrubbing zone 4 and the
      absorbing solution discharged from the absorbing zone 3 are recycled and
      heavy metal compounds are removed and the solution is neutralized before
      draining it. On the other hand, if sodium sulfate is directly recovered
      from the absorbing solution discharged from the absorbing tower 3, the
      oxygen concentration (partial pressure) in the waste gas fed into
      absorbing tower 3, is maintained in quantities greater than 10% by volume.
      In this case, the SO.sub.2 in the absorbing solution discharged from
      prescrubbing zone 4 and absorbing zone 5 of absorbing tower 3, is
      substantially oxidized to Na.sub.2 SO.sub.4. Accordingly, the absorbing
      solution can be directly fed to the below mentioned purification and
      crystallization steps.
PAC  OXIDATION STEP
PAR  Oxidation tower 27 has a high cylindrical body and is equipped with a water
      cooling jacket 28 around the outer periphery of the tower body to control
      the temperature of the solution inside. The tower is also equipped with an
      atomizer 29 for dispersing fine bubbles of oxygen or an oxygen containing
      gas (e.g. air) into the solution at the bottom of the interior regions of
      the tank. The tower is also equipped with inlet line 30 wherein the
      solution to be oxidized is fed into the base of the tower, and outlet line
      31 wherein the oxidized solution is removed from the upper region of the
      tower. When the oxidation tower 27 is filled with the solution to be
      oxidized, oxygen or an oxygen containing gas is injected through the gas
      inlet 32 and through atomizer 29 at the base of the tower to form fine
      bubbles, whereby Na.sub.2 SO.sub.3 in the solution is oxidized to Na.sub.2
      SO.sub.4. The oxygenated solution is gradually removed from the upper
      outlet 31 and is then fed to a purification process.
PAR  Since the reaction in the oxidation tower is an oxidizing reaction, the
      temperature inside the tower increases because of the exothermic reaction.
      The temperature of the tower can be controlled by admitting cooling water
      to the jacket 28. The temperature of the solution is preferably maintained
      in the range of about 80.degree.-100.degree.C. In the reaction, the rate
      of oxidation can be promoted by the addition of a metal, non-metallic
      element or metal salt derived from elements such as Fe, Ni, Co, Cu, S, Se,
      Te, and the like as a catalyst. It has been found that conversions of
      substantially 100% can be achieved without the addition of a catalyst. The
      solution removed from outlet 31 passes through pipe 33 to purification
      tank 34. A gas consisting of a vapor from the heating process, excess air
      and SO.sub.2 generated by partial decomposition of the sulfur containing
      compounds in solution, is exhausted from the oxidation tower. Accordingly,
      the gas must be passed through an entrained mist separator 35 to remove
      the entrained mist. The gas from the separation can then be recycled to
      the oxidation tower 27 or recycled to the absorbing tower 3 through pipe
      36.
PAC  PURIFICATION STEP
PAR  In purification tank 34, when a solution of sodium hydroxide is added
      through pipe 37 to adjust the pH of the solution fed from the oxidation
      tower to 10-11, metal salt impurities of metals such as Fe, Ni, Cr, and
      the like are precipitated as the hydroxides thereof. The solution
      containing the precipitated material is fed to the filter 38 to separate
      the filtrate and the precipitate. The precipitate can be dried and useful
      metal can be recovered, if necessary. The filtrate is fed to tank 39 where
      sulfuric acid is added through pipe 40 to neutralize the solution to a pH
      of about 7. Na.sub.2 SO.sub.4 is formed in solution in the process. The
      solution is then fed through pipe 41 to crystallization apparatus 42.
PAC  CRYSTALLIZATION STEP
PAR  The solution fed from tank 39 through pipe 41 passes through heater 43,
      wherein the solution is heated by steam 44 which is injected into the
      jacket of the heater. The concentrated solution is then fed through pipe
      45 to crystallization tank 42. The upper portion of crystallization tank
      42 is connected to a vacuum apparatus wherein the solution is vaporized
      under a reduced pressure which simultaneously concentrates and cools the
      solution.
PAR  During the period in which the solution is recycled through crystallization
      tank 42, pipe 47, heater 43 and pipe 45 via pump 46, crystalline sodium
      sulfate hydrate (Na.sub.2 SO.sub.4) precipitates at the bottom of the
      crystallization tank 42. The slurry of the precipitated crystals is
      transferred through pipe 48 by the dehydrating machine 49 in order to
      dehydrate the crystals. The dehydrating machine 49 can be a centrifugal
      type separator. The crystals are dehydrated to a moisture content of 2-3%
      by weight by the dehydrating machine, and then are fed through pipe 50 to
      the drying step. At the same time, the mother liquid is recycled through
      pipe 51 to pipe 41.
PAC  DRYING STEP
PAR  The crystalline sodium sulfate hydrate containing 2-3% by weight moisture,
      is passed through pipe 50 to crusher 52 and subsequently to the bottom of
      the air drying cylinder 53. At the same time, hot air is fed through pipe
      54 to the bottom of the air drying cylinder 53 by fan 55, whereby the
      crystals are heated by the hot air. The dried crystals are fed through
      pipe 56 in the upper region of cylinder 53 to cyclon 57 where the crystals
      are collected. The collected crystalline sodium sulfate hydrate can be
      recycled to the glass melting tank, if necessary after sieving.
PAR  Having generally described this invention, a further understanding can be
      obtained by reference to a specific example which is provided herein for
      purpose of illustration only and is not intended to be limiting unless
      otherwise specified.
PAR  The composition of a waste gas and its temperature and flow rate exiting
      from the flue of a glass melting furnace is as follows:
     Flow rate -- 500 Nm.sup.3 /hr.                                            
     Temperature -- 300.degree.C                                               
     Composition    Vol. %                                                     
     0.sub.2        7.36                                                       
     H.sub.2 O      8.00                                                       
     CO.sub.2       9.20                                                       
     SO.sub.2       0.10                                                       
     SO.sub.3       0.01                                                       
     dust           130 mg/Nm.sup.3                                            
     (90 wt. % of dust is Na.sub.2 SO.sub.4)                                   
PAL  The waste gas was fed to the prescrubbing zone of an absorption tower
      equipped with sieve trays and a prescrubbing zone in its lower regions.
      The absorbing zone was in the upper regions of the tower.
PAR  A 2 wt.% solution of NaOH and the absorbing solution discharged from the
      base of the absorbing zone are recycled and fed into the upper portion of
      the absorbing zone of the absorption tower. Operating conditions were
      controlled so that the absorbing solution discharged from the absorbing
      zone had a pH of 7-7.5 and the absorbing solution discharged from the
      prescrubbing zone had a pH of 5.5-6.0.
PAR  The composition of the absorbing solution fed to the upper portion of the
      absorbing zone is approximately as follows:
TBL         NaOH          1.0 wt.%                                             
            Na.sub.2 CO.sub.3                                                  
                          1.7 wt.%                                             
            Na.sub.2 SO.sub.4                                                  
                          1.6 wt.%                                             
            pH            9 - 10                                               
PAR  The composition of the absorbing solution discharged from the bottom of the
      absorbing zone is approximately as follows:
TBL         Na.sub.2 SO.sub.4                                                  
                          1.9 wt.%                                             
            NaHSO.sub.3   0.16 wt.%                                            
PAR  The composition of the absorbing solution discharged from the bottom of the
      prescrubbing zone is approximately as follows:
TBL         Na.sub.2 SO.sub.4                                                  
                          13 wt.%                                              
            Na.sub.2 SO.sub.3                                                  
                          0.1 wt.%                                             
            NaHSO.sub.3   1.7 wt.%                                             
PAR  The solids content of the absorbing solution which was discharged from the
      absorption tower and which was fed to the absorbing solution control tank,
      was about 15 wt.%. The solid residue consisted of 90 wt.% Na.sub.2
      SO.sub.4 and 10 wt.% of a mixture of Na.sub.2 SO.sub.3 and NaHSO.sub.3.
PAR  The composition of the waste gas exhausted from the absorption tower was as
      follows:
TBL  Temperature -- 60.degree.C                                                
            SO.sub.2                                                           
                  15 ppm                                                       
            SO.sub.3                                                           
                  25 ppm                                                       
            H.sub.2 O                                                          
                  17 vol.%                                                     
            dust  60 mg/Nm.sup.3                                               
PAR  The treated waste gas was fed to a glass fiber demister consisting of a
      plurality of cylindrical glass fiber filter beds, wherein the gas was
      freed of dust and mist.
PAR  The composition of the waste gas passed through the glass fiber demister
      was as follows:
TBL  Temperature -- 55.degree.C                                                
            SO.sub.2                                                           
                  12 ppm                                                       
            SO.sub.3                                                           
                   8 ppm                                                       
            H.sub.2 O                                                          
                  16 vol.%                                                     
            dust  3 mg/Nm.sup.3                                                
PAR  The waste gas was heated by the after-burner and was passed out of the
      stack. No white smoke was observed. The absorbing solution which passed
      from the absorption tower, was treated by adding NaOH to the absorbing
      solution control tank to adjust the pH to 7-8. This solution was fed to
      the oxidation tower wherein the solution was oxidized with air, and then
      it was fed to the purification zone, wherein the solution was treated by
      adding NaOH to adjust the pH to 10-11. Heavy metal compounds precipitated
      in this step and they were removed. The solution was neutralized, and
      crystalline sodium sulfate hydrate was precipitated in the crystallization
      step and then dried before recovery. The average diameter of the resulting
      crystalline sodium sulfate hydrate was 300.mu. so that it was suitable for
      use as a raw material for the manufacture of glass.
PAR  In accordance with the process of this invention, the following
      characteristic advantages were found.
PAR  1. It is possible to completely remove the white smoke caused by the
      presence of SO.sub.2, SO.sub.3 mist, dust and Na.sub.2 SO.sub.4 from the
      waste gas formed by the combustion of heavy oil in a combustion furnace
      such as a glass melting furnace.
PAR  2. It is possible to recover all of the Na.sub.2 SO.sub.4, SO.sub.2, and
      SO.sub.3 present in the waste gas from a glass melting furnace, and also
      to recover Na.sub.2 SO.sub.4 formed by oxidation of the sulfur containing
      components with excess air in the absorption tower. No loss of Na.sub.2
      SO.sub.4 is encountered because the recovered sodium sulfate hydrate can
      be used in the glass melting furnace.
PAR  3. It is possible to remove all of the impurities by this process, so that
      atmospheric pollution can be minimized, and also pollution of waste water
      can be prevented.
PAR  4. The glass fiber demister can be used for a long period, and moreover, it
      can be used as a raw material for the manufacture of glass in the glass
      melting furnace by washing it after its useful life is terminated.
PAR  5. It is possible to completely remove Fe, Al, Ni and Cr impurities from
      the absorbing solution, so that the sodium sulfate hydrate, which is
      useful as a pure raw material for the manufacture of glass, can be
      obtained.
PAR  Having now fully described this invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A process for removing oxides of sulfur, sodium sulfite, sodium sulfate,
      dust and mist from combustion waste gas evolved from a glass melting
      furnace which comprises the steps of:
PA1  pre-scrubbing said combustion waste gas with an absorbing solution
      discharged from an absorption zone, whereby chiefly dust and mist
      particles are removed from said waste gas;
PA1  contacting said pre-scrubbed waste gas with an absorbing solution
      continuously supplied with at least one alkali absorbent selected from the
      group consisting of sodium hydroxide, sodium carbonate and sodium sulfite
      such that the concentration of absorbent in said solution is 0.1-3 weight
      % which solution cools said waste gas to a temperature of
      50.degree.-90.degree.C and humidifies said waste gas by at least
      saturating said gas with moisture;
PA1  adjusting the pH of said absorbing solution discharged from said
      pre-scrubbing zone and the pH of said absorbing solution discharged from
      said contacting step to 5-7 and 6-9 respectively in order to prevent the
      formation of sodium carbonate; and
PA1  passing said contacted waste gas through a glass fiber filter of a density
      of 150-250 kg/m.sup.3 which is maintained in a moistened condition to
      promote the effective filtration of dust and mist from said contacted
      waste gas.
NUM  2.
PAR  2. The process according to claim 1, wherein said waste gas is contacted
      with said absorbing solution under conditions in which said waste gas
      contains more than 10% oxygen by volume, whereby the oxides of sulfur
      present in said waste gas are absorbed as sodium sulfate and the resulting
      sodium sulfate is recovered.
NUM  3.
PAR  3. A process for removing oxides of sulfur, sodium sulfite, sodium sulfate,
      dust and mist from combustion waste gas evolved from a glass melting
      furnace which comprises the steps of:
PA1  pre-scrubbing said combustion waste gas with an absorbing solution
      discharged from an absorption zone, whereby chiefly dust and mist
      particles are removed from said waste gas;
PA1  contacting said pre-scrubbed waste gas with an absorbing solution
      continuously supplied with at least one alkali absorbent selected from the
      group consisting of sodium hydroxide, sodium carbonate and sodium sulfite
      such that the concentration of absorbent in said solution is 0.1-3 weight
      % which solution cools said waste gas to a temperature of
      50.degree.-90.degree.C and humidifies said waste gas by at least
      saturating said gas with moisture;
PA1  adjusting the pH of said absorbing solution discharged from said
      pre-scrubbing zone and the pH of said absorbing solution discharged from
      said contacting step to 5-7 and 6-9, respectively, in order to prevent the
      formation of sodium carbonate;
PA1  passing said contacted waste gas through a glass fiber filter of a density
      of 150-250 kg/m.sup.3 which is maintained in a moistened condition to
      promote the effective filtration of dust and mist from said contacted
      waste gas;
PA1  oxidizing said pH adjusted absorbing solution discharged from said
      pre-scrubbing zone and said pH adjusted absorbing solution discharged from
      said contacting step with oxygen or an oxygen-containing gas whereby
      sodium sulfite in said pH adjusted absorbing solutions is converted to
      sodium sulfate;
PA1  purifying the oxidized absorbing solutions by adding a solution of sodium
      hydroxide thereby precipitating from said oxidized absorbing solution
      hydroxides of metal salts contained therein;
PA1  neutralizing the oxidized absorbing solution having hydroxides of metal
      salts precipitated therefrom thereby precipitating crystalline sodium
      sulfate; and
PA1  recovering said precipitated crystalline sodium sulfate.
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ABST
PAL  A rotary inclined tubular drier for puffing or expanding borax and a
      process for the production of puffed or expanded borax beads of desired
      physical characteristics. A rotatable tube is mounted on bearing wheels
      and surrounded by a fixed, close-fitting, insulated tube having electrical
      heating elements running lengthwise attached to its inside wall. The
      rotatable tube is fed continuously with granular borax feedstock by a
      vibratory feeder from its higher end and the puffed borax is discharged
      into a discharge chute from the lower end of the tube. A counter current
      of dry air is maintained by a suction hood at the high end of the tube,
      and borax is prevented from adhering to the interior of the tube by an
      adjustable, spring-loaded, internal scraper. The temperature of the drier
      is controlled by means of a pyrometer incorporated into a scraper support
      rod on the interior of the tube. Puffed borax beads of particularly
      desirable characteristics for detergent use are produced from sodium
      tetraborate pentahydrate by heating the drier to 220.degree.-450.degree.F
      and adjusting the angle of incline and rate of rotation so as to provide a
      45-90 second residence time in the drier for the borax.
BSUM
PAR  This invention relates to the provision of an apparatus and process for the
      production of puffed or expanded borax beads of desired physical
      characteristics. The product of the invention is useful as a carrier for
      liquid components of laundry and industrial powder detergents produced by
      a dry, cold, spray mix operation as distinct from the conventional,
      wet-slurry, hot, spray-tower process.
PAR  The apparatus consists of a specially-designed, inclined rotating-tube,
      drier. The process consists of continuously feeding a specified grade of
      granular borax feed stock into the drier, and operating it at a controlled
      temperature, feed rate and particle residence time.
PAR  The preparation, properties and uses of expanded or puffed borax have been
      described in the January 1965 technical bulletin of the American Potash
      and Chemical Corporation. Further information on the suggested use of
      puffed borax in several products such as household and industrial powder
      detergents, bulking agents, fire retardants and in insulation is provided
      in an article by R. C. Rhees in Soap and Chemical Specialties, Volume
      XLII, January 1966, pages 58-61 and 118-120. The technical bulletin
      describes a borax puffer and associated equipment which consists mainly of
      a puffing gun constructed out of black iron pipe and operated by flue gas
      from a direct fired gas burner, the borax feedstock being drawn into the
      puffing gun by a venturi effect at the burner sleeve. The product is
      discharged through cyclones into a receiver. Among the problems associated
      with this process is the direct contact of the flue gas with the product,
      which could result in product contamination in cases of incomplete
      combustion making the product unfit for detergent use. Another
      disadvantage is the relatively high capital cost, and large sales volume
      requirement to justify the installation of this equipment, thus precluding
      its use by smaller scale producers.
PAR  It has been suggested in U.S. Pat. No. 2,673,841 that borax might be dried
      in an externally heated, rotary drum provided with rotating paddles for
      moving through the mass of crystals and agitating same. However, problems
      with fusion and control of crystal size are believed to be inherent in
      this type of apparatus.
PAR  An object of this invention therefore is to provide an apparatus and
      process which minimizes the aforementioned problems.
PAR  Another object of the invention is to provide apparatus for the continuous
      drying of borax which can be obtained at low cost and which is adaptable
      to production rates as low as 100 to 200 pounds/hour. Another object is to
      provide borax drying apparatus in which the product does not come into
      direct contact with flue gases and is therefore uncontaminated by
      extraneous impurities from the gas.
PAR  A still further object is to provide a process for producing borax beads of
      particularly desirable characteristics for use in detergent compositions.
DRWD
PAR  The foregoing objects of the invention are attained in the embodiment
      described in the following description and illustrated in the accompanying
      figures in which:
PAR  FIG. 1 is a fragmentary side elevational view, partly in section, of the
      apparatus of the present invention;
PAR  FIG. 2 is an enlarged end view of the apparatus of FIG. 1, taken on the
      line 2--2 thereof;
PAR  FIG. 3 is a transverse sectional view, taken on the line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary horizontal sectional view, taken on the line 4--4
      of FIG. 2;
PAR  FIG. 5 is an enlarged fragmentary vertical sectional view, taken on the
      line 5--5 of FIG. 2;
PAR  FIG. 6 is a fragmentary perspective view of a portion of the adjustment rod
      for the scraper blade, or strip brush showing the markings thereon.
DETD
PAR  Referring now to FIGS. 1-4 of the drawings, the apparatus comprises a frame
      1 of mild steel, having a base 2, which base is subject to manual angular
      adjustment by mechanical or hydraulic means 3, so that its slope can be
      varied as required. A horizontal stainless steel tube 4, is mounted on
      bearing wheels 5 (FIG. 2), supported from the frame 1, and is driven by a
      variable speed reductor 6 and chain drive 7, from motor 8 so that the tube
      4 rotates in a clock-wise manner when viewed from the discharge end.
PAR  The cylindrical stainless steel tube 4 is fed with feedstock from hopper 9
      by a vibratory feeder 10 at the higher, driven end. The product is
      discharged through a chute 11 at the lower end into bags or silos for
      further processing.
PAR  The tube 4 is heated externally by a number of lengthwise electrical
      tubular elements 12, mounted on the inner wall of a stationary, outer
      concentric stainless steel tube 13 which is supported within its frame 1.
      This outer tube 13 is insulated with insulating material 14 having a metal
      cover 15. The clearance between the fixed heating elements 12 and rotating
      tube 4 along its entire length should be such as to maintain adequate
      clearance with maximum heat transfer, after thermal expansion of the inner
      tube 4 has occurred during operation.
PAR  The puffed borax adhering to the inner wall of the rotating tube 4 is
      continuously scraped to a falling curtain within the tube 4, by means of a
      spring-loaded stainless steel scraper blade 16 which is adjustably mounted
      on a scraper support 17 by cooperating slots 18 and bolts 19 (FIG. 4).
      Scraper support 17 is in turn secured to end brackets 20 supported by
      frame 1. The scraper blade 16, which preferably has a 45.degree. knife
      edge, should bear true along the entire inner wall length of the rotating
      tube at such angle to the inner wall that any galling should be obviated.
      The said angle can be duly ascertained during assembly of the apparatus.
      The scraper blade 16 can be continuous as shown or in the form of a strip
      brush, e.g. a plurality of depending fingers or wires which contact the
      internal surface of the tube 4.
PAR  The pressure at which the scraper blade 16 bears on the inner wall surface
      of tube 4 can be manually adjusted by setting the spring tension of
      springs 22. This is done by any suitable means such as by use of a tension
      rod 24 (FIGS. 5 and 6) connected to a spring 22 at one end and adjustably
      secured at the other end in opening 25 of a bracket 26 (FIGS. 2 and 5),
      which depends from support 17. The tension rods 24 are flattened on one
      side as shown in FIG. 6 and are provided with graduation marks 27, spaced,
      e.g. 1/4 inch apart. The required tension can be set on springs 22 at each
      end of the scraper blade 16, or strip brush by noting the required setting
      on the graduated scale.
PAR  The scraper support 17 also carries a thermosensing element, pyrometer 28,
      which operates a temperature indicator controller 29 so as to maintain the
      desired constant operating temperature within the drier. It is understood
      that the pyrometer 28, temperature indicator control 29, power source (not
      shown) and heating elements 12 are electrically connected by means known
      in the art to provide automatic temperature control.
PAR  An air suction hood 30 equipped with a suction blower 31 draws drying air
      through the tube 4 at a suitable air velocity to ensure an adequate drying
      rate and prevent the build-up of moisture within the tube, which would
      otherwise result in caking of the product. The said drying air enters the
      drier at the lower end, and travels counter current to the direction of
      product flow within the tube. The suction hood 30 may, of course, be
      provided with depending walls (not shown) for more completely enclosing
      the upper end of tube 4.
PAR  In the process for puffing borax using the described apparatus, various
      hydrates of sodium tetraborate may be used as feedstock, but, the
      preferred material is the pentahydrate. This is obtainable commercially in
      granular form.
PAR  The preferred specification of the feedstock for production of expanded
      borax beads useful as detergent carriers is Na.sub.2 B.sub.4
      O.sub.7.5H.sub.2 O having a bulk density of about 990 grams/liter and a
      particle size distribution approximately as follows:
TBL         830 to 415.mu. 25.8%                                               
            415 to 250.mu. 58.4%                                               
            250 to 177.mu. 13.0%                                               
            177 to 149.mu. 1.6%                                                
            below   149.mu.                                                    
                           1.2%                                                
PAL  It will be understood, however, the the invention is not limited to the use
      of this particular feedstock.
PAR  Depending on the values of process parameters chosen, various degrees of
      expansion and residual water of crystallization can be obtained.
PAR  The operating temperature of the rotary drier may be varied from about
      220.degree.F to 450.degree.F with residence times of about 45 to 90
      seconds depending on the degree of dehydration desired. In no case should
      the temperature and residence time be such as to cause the production of
      anhydrous borax and the fusion thereof, which will lead to the formation
      of an insoluble product. The tubular drier may be rotated at speeds from 6
      RPM to 30 RPM and the degree of inclination from the horizontal may be
      varied from about 10.degree. to 30.degree. to thereby control the
      residence time in the drier. In general, higher temperatures, greater
      rotational speed and greater degree of inclination of the tubular drier to
      the horizontal would be used to increase the production capacity of a
      given product.
PAR  The following table illustrates various products which may be obtained by
      choosing different operating parameters:
     BULK DENSITY                                                              
     lbs/cubic feet                                                            
                grams/liter                                                    
                       Moles H.sub.2 O                                         
                              Moisture%                                        
                                     Borax %                                   
     __________________________________________________________________________
     Feedstock                                                                 
            62.0                                                               
                990    5.0    31.0   69.0                                      
     Product                                                                   
          (1                                                                   
            28.0                                                               
                449    3.9    26.0   74.0                                      
          (2                                                                   
            20.0                                                               
                321     3.55  24.0   76.0                                      
          (3                                                                   
            12.0                                                               
                193    3.0    22.0   78.0                                      
          (4                                                                   
             6.0                                                               
                 96    1.9    15.0   85.0                                      
     __________________________________________________________________________
PAR  Expanded borax beads having a bulk density in the range of about 12 to 20.0
      lbs/cubic foot (about 190 to 320 grams/liter) and containing from about 3
      to 3.6 moles of water of crystallization are particularly desirable for
      production of low phosphate detergent compositions as disclosed in my
      copending application Ser. No. 470,308, filed on even date herewith. These
      beads have adequate wall strength to withstand the attrition of detergent
      spray mix operations and can be used as detergent carriers in such
      operations without resulting in undesirable fines during production,
      transit and storage of the detergent product. They are also quite soluble
      in water. Such beads can be produced by operating the drier of the present
      invention at a temperature in the range of about 275.degree. -
      350.degree.F. The following example illustrates operation of the process
      for production of borax beads for this purpose.
PAC  EXAMPLE
PAR  Sodium pentaborate pentahydrate having a bulk density of about 990
      grams/liter and a particle size distribution as set forth above was fed to
      a stainless steel tube of a drier as described herein having a diameter of
      12 inches and a length of 10 feet. The tube was rotated at 20 RPM and was
      heated to a temperature of 300.degree.F. It was inclined to 15.degree. to
      the horizontal. The particle residence time in the drier was about 60
      seconds. Under these conditions the drier delivered an output of 120
      pounds per hour of a product of 190 grams/liter bulk density having a
      particle size distribution as follows:
TBL         above 830.mu.   5%                                                 
            830 - 415.mu.   68%                                                
            415 - 250.mu.   23%                                                
            250 - 177.mu.   4%                                                 
PAR  By variation of the rotating speed and slope of the tube between 10.degree.
      to 30.degree. to the horizontal and the temperature between 275.degree.F
      to 350.degree.F, various production rates for this product ranging from 50
      pounds/hour to 200 pounds per hour are possible. The particle residence
      time can vary from 45 seconds to 90 seconds and the particle velocity from
      about 30 feet/minute to 90 feet/minute.
PAR  It will be understood that the foregoing example is merely representative
      of the invention and that other dimensions and operating parameters may be
      used depending on the product desired.
CLMS
STM  The embodiments of the invention in which an exclusive property and
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A process for the continuous production of puffed borax having a bulk
      density in the range of about 12 to 20 lbs./cubic foot comprising: feeding
      granular sodium tetraborate pentahydrate into an externally heated rotary
      drier, tumbling the feed material as it passes through the drier while
      continuously scraping the interior wall of the drier to substantially
      prevent adherence of the material to the hot wall, maintaining the
      internal temperature of the drier in the temperature range of from about
      220.degree.F. to 450.degree.F. while passing a stream of air counter
      current to the flow of borate through the drier, and adjusting the rate of
      flow of the material through the drier to provide a residence time
      sufficient to remove from about 1.4 to 2 molecules of water of hydration
      and provide a puffed borax product of said bulk density.
NUM  2.
PAR  2. The process of claim 1 wherein the feed to the drier is sodium
      tetraborate pentahydrate, the temperature in the drier is in the range of
      275.degree.F to 350.degree.F and the residence time in the drier is from
      about 45 to 90 seconds.
NUM  3.
PAR  3. The process of claim 1 wherein the feed to the drier is sodium
      tetraborate pentahydrate having a bulk density of about 990 grams/liter
      and wherein said sodium tetraborate pentahydrate is dehydrated to provide
      a product having a bulk density of about 190 to 320 grams/liter.
NUM  4.
PAR  4. The process of claim 3 wherein the sodium tetraborate pentahydrate feed
      has a particle size distribution approximately as follows:
     830 to 415 .mu.        25.8%                                              
     415 to 250 .mu.        58.4                                               
     250 to 177 .mu.        13.0%                                              
     below   177 .mu.        2.8%.                                             
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ABST
PAL  Monohydroxyphenyl carbinols with at least two halogen atoms in the molecule
      have been found as microbicides which are effective against various types
      of bacteria and fungi.
PARN
PAR  This is a division of application Ser. No. 164,446, filed on July 20, 1971,
      now U.S. Pat. No. 3,879,479, issued Apr. 22, 1975.
BSUM
PAR  This invention relates to monohydroxyphenyl carbinols, their manufacture
      and use.
PAR  According to the present invention there are provided monohydroxyphenyl
      carbinols of the general formula
      ##SPC1##
PAL  Wherein
PA1  X is halogen,
PA1  X.sub.1, x.sub.2 and X.sub.3 are each halogen or hydrogen, and
PA1  R is a straight or branched chain alkyl group of 1- 8 carbon atoms,
PAL  Or cycloalkyl group of 3-8 carbon atoms or phenyl, unsubstituted or
      substituted by halogen and/or alkyl of 1-2 carbon atoms, there being at
      least 2 halogen atoms in the molecule.
PAR  These compounds possess microbicidal activity.
PAR  The hydroxyl group is formula I is preferably in 2- or 4- position. The
      most important cycloalkyl groups are cyclopentyl and, especially,
      cyclohexyl.
PAR  The alkyl groups can be, for example, methyl, ethyl and all isomers of
      propyl, butyl, amyl, hexyl, heptyl and octyl. Halogen includes bromine and
      chlorine.
PAR  Formula I includes hydroxyphenyl carbinols of the formula
      ##SPC2##
PAL  Wherein X, X.sub.1, X.sub.2 and X.sub.3 have the meanings given above, and
      Y and Y.sub.1 are each methyl, halogen or hydrogen. Y.sub.2, Y.sub.3 and
      Y.sub.4 are each halogen or hydrogen, there being at least 2 halogen atoms
      in the formula, and the phenolic hydroxy group being in the 2- or 4-
      position to the carbinol bridge, as well as hydroxyphenyl alkyl carbinols
      of the formula
      ##SPC3##
PAL  Wherein X' is halogen and Alk is straight or branched chain alkyl of 1-8
      carbon atoms, and X, X.sub.1 and X.sub.2 have the meaning given above,
      wherein the hydroxy group is in 2- or 4- position to the carbinol bridge.
PAR  In the compounds of formula 2 there are generally never more than 6 halogen
      atoms.
PAR  Among the compounds of formula 3, the 2-hydroxyphenyl derivatives are
      particularly notable. Preferred alkyl groups have 3-7 carbon atoms, these
      groups being preferably unbranched.
PAR  Particularly interesting microbicidal are those 2-hydroxyphenyl alkyl
      carbinols of formula 3 wherein X and X' are the same and are chlorine or
      bromine, while X.sub.1 and X.sub.2 are hydrogen and Alk is n-butyl or
      n-amyl.
PAR  Furthermore, of great particular interest are monohydroxybenzhydrels of the
      formula
      ##SPC4##
PAL  Wherein X, X.sub.1, X.sub.2, X.sub.3, Y, Y.sub.2 and Y.sub.3 have the
      meanings given above and wherein at least two of X.sub.1, X.sub.2,
      X.sub.3, Y, Y.sub.2 and Y.sub.3 are different from hydrogen.
PAR  Within the scope of formula 4 are compounds of particular interest and of
      the formula
      ##SPC5##
PAL  Wherein n is 2, 3 or 4, and m is 1, 2 or 3, and n + m is 3, 4 or 5.
PAR  The most important 4-hydroxybenzhydrols are given by the formula
      ##SPC6##
PAL  wherein p and q are each 1, 2 or 3 and p + q is 3 or 4.
PAR  In order to manufacture the monohydroxphenyl carbinols of the invention, a
      ketone of the formula
      ##SPC7##
PAL  wherein X, X.sub.1, X.sub.2, X.sub.3 and R have the meanings given above is
      reduced. The compounds of formulae 2 to 6 can be made from ketones of the
      formula
      ##SPC8##
PAL  wherein the various symbols have the meanings given above, and the numbers
      of substituents and position of the hydroxy group are as given above also.
PAR  As reducing agent, for example a hydride can be used, the reaction being
      carried out in a solvent medium inert to the hydride.
PAR  For this, sodium borohydride is used with advantage, generally 0.25 - 1 mol
      per mol of the hydroxyphenyl ketone to be reduced, corresponding to 1 to 4
      equivalents. Particularly good yields are obtained if a polar solvent is
      used such as water, methanol, ethanol, isopropanol or dioxane, or mixtures
      of these solvents such as a water/methanol mix. The hydroxyphenyl ketone
      to be reduced is generally subjected to reaction in the form of a
      phenolate, i.e. in salt form, preferably an alkali salt such as the
      ammonium, potassium or, particularly the sodium salt.
PAR  The reaction temperature may vary for example between 0.degree.C and the
      boiling temperature of the solvent used. The reaction time is
      correspondingly generally 20 to 1 hours.
PAR  Further reduction methods which can be used are reduction with zinc dust in
      alcoholic alkali hydroxide solution, for example potassium hydroxide or
      sodium hydroxide, and reduction by means of sodium amalgam in alcoholic
      solution or by means of aluminium isopropylate in isopropanolic solution
      (the method of Meerwein-Ponndorf-Verley).
PAR  Note should also be taken of the catalytic hydrogenation of hydroxphenyl
      ketones to give the hydroxyphenyl carbinols of the present invention.
PAR  The hydroxyphenyl ketones used as starting products are known (see Belgian
      Pat. Specifications No. 753,533 and 753,534) or are manufactured by
      methods known per se, for example from the corresponding benzoic acid or
      alkane carboxylic acid phenyl esters by the Fries reaction (compare
      "Baltzly et al. Journal of the American Chemical Society 77, 2522 (1955),"
      "L. F. and M. Fieser, Lehrbuch der organischen Chemie 1954, page 723" or
      "G. A. Olah, Friedel-Crafts and Related Reactions 1964, page 499"). The
      reaction can take place in the molten state or in the presence of an
      organic solvent medium, e.g. nitrobenzene. On heating the corresponding
      phenyl ester together with aluminium chloride there results the
      monohydroxybenzophenone or monohydroxyphenylalkyl ketone.
PAR  Particularly surprising for the compounds according to the invention is the
      broad spectrum of anti-bacterial activity, which for most of the compounds
      extends both over the area of gram-positive and gram-negative bacteria.
      From an application point of view, the lack of smell and the
      colourlessness of the compounds of the invention is of particular value.
PAR  The present invention includes quite generally the use of the compounds
      according to the invention in pest combating. The use of the
      anti-microbial compounds is possible on a very wide basis, particularly
      for the protection of organic substrates against attack by destructive and
      pathogenic micro organism (including phytopathogenic ones). The
      anti-microbial agents noted are also suitable both as a preserving agent
      and as a disinfectant for technical products of all types, for plant
      protection, in farming, in veterinary medicines and in cosmetic
      technology.
PAR  The monohydroxybenzhydrols according to the invention are thus used for
      treating or protecting organic materials, particularly textiles, by
      impregnating at least one of these compounds into the material to be
      treated or protected or by applying such to the surface of the materials.
PAR  Among non-textile technical products which can be preserved with the aid of
      compounds according to the invention, the following examples should be
      noted:
PAR  Glues, binding agents, coating agents, textile dressings and treating
      agents, printing and colouring pastes and similar preparations on the
      basis of organic and inorganic dyes or pigments, also those which contain
      in admixture casein or other organic compounds. Also wall and ceiling
      coatings, e.g. such as have an albumen containing colour binding agent,
      are protected by addition of a compound according to the invention from
      attack by pests. Use for wood protection is likewise possible.
PAR  In the cellulose and paper industry also, the compounds according to the
      invention can be used as conservation agents, inter alia for preventing
      the known slime formation generated by micro organism infestation in the
      apparatus and machinery used for papermaking.
PAR  Furthermore by combination of the monohydroxybenzhydrols of the invention
      with surface active agents, particularly washing active agents it is
      possible to produce washing and cleaning agents with exceptional
      anti-bacterial or anti-mycotic action. The compounds according to the
      invention can, for example, be blended into soaps or combined with
      soap-free washing agents or other surface active materials, particularly
      non-ionic and cationic washing agents, or they can be combined together
      with mixtures of soaps and soap-free washing materials, wherein in these
      combinations their anti-microbial effectiveness is retained to the fullest
      degree. By the use of aqueous preparations of such washing and cleaning
      agents containing monohydroxybenzhydrols according to the invention,
      textile materials, for example, can be treated anti-microbially during
      washing, since the active agent is substantive to the textile material.
PAR  Cleaning agents which contain the compounds of the above noted formulae can
      be used both in industrial and domestic use, also in foodstuff industries
      e.g. dairies, breweries and slaughter houses. The present compounds can
      also be used as a component of preparations which are used for cleaning or
      disinfection.
PAR  The action of the monohydroxybenzhydrols according to the invention can
      also be used in conserving and disinfecting preparations for plastics
      materials. In the use of plasticisers it is advantageous to add the
      anti-microbial addition to the plastics material dissolved or dispersed in
      the plasticiser. It is advisable to take pains to obtain as even as
      possible a distribution in the plastic material. The plastics materials
      with anti-microbial properties can be used for useful articles of all
      types in which an effectiveness against varied germs, e.g. bacteria and
      fungi, is desired, thus for example in foot mats, bath curtainings, seats,
      steps in swimming baths, wall coverings, etc. By incorporation into
      suitable waxing and polishing compositions, suitable floor cleaning and
      furniture care materials with disinfectant action can be produced.
PAR  Furthermore the compounds according to the invention can be used for the
      conserving and disinfecting treatment of fibres and textiles, wherein they
      can be applied to both natural and synthetic fibres and there effect a
      permanent action against harmful (and pathogenic) micro organism, for
      example fungi and bacteria. The addition of these compounds can take place
      therein before simultaneously with or after the treatment of these
      textiles with other materials e.g. printing or dyeing pastes, dressings,
      etc.
PAR  Textiles treated in this way also are protected against the generation of a
      sweaty smell as is generated by micro organisms.
PAR  Treatment can take place for example by impregnating or spraying with
      solutions or suspensions containing the above noted compounds as active
      agent. The active agent can vary according to the purpose of use between
      0.1 and 50 grams active substance per liter, preferably 1 - 30 grams.
PAR  Generally textile materials of both synthetic or natural origin can be
      satisfactorily protected against attack by mould fungi or bacteria by a
      content of from 0.1 to 3% of active agent. The active agent noted can be
      added together with other textile treatment agents as dressing agents,
      permanent creasing treatments etc.
PAR  The ways of using the active agents of the present invention can correspond
      to the usual formulations for pest control agents, for example, agents
      which contain the said active agent can optionally also contain additives
      such as solvents, dispersing agents, wetting agents, adhesives, light
      protection agents, optical brighteners etc., together with other pest
      control agents, such as fungicides and bactericides. Particularly,
      however, as well as the active agent according to the invention, the agent
      can contain a further solid or liquid thinning agent or a solid or liquid
      carrier. The invention extends to microbicidal agents which contain
      compounds of the general formula I.
PAR  The following examples will serve to Illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  A. To a solution of 1.2 grams sodium hydroxide in 10 ml water and 50 ml
      methanol there was added 9.0 g 2-hydroxy-5,3',4'-trichlorobenzophenone and
      0.6 g sodiumborohydride. The reaction solution was kept for 5 hours at
      25.degree.C with stirring. After addition of 50 ml 2-n-hydrochloric acid
      the product was extracted with ethyl acetate and the extract washed first
      with saturated potassium bicarbonate solution and then with water. The
      extract dried over sodium sulphate left behind 8.6 g of the compound of
      formula
      ##SPC9##
PAL  which was an oil which crystallised on standing; melting point
      120.degree.-128.degree.C.
PAR  The purified compound from recrystallisation from chloroform melted at
      130.degree.-131.degree.C. The pure yield amounted to 7.3 g.
PAR  B. To 31 g aluminiumisopropylate in 150 ml isopropanol there was added a
      solution of 9.0 g 2-hydroxy-5,3',4', -trichlorobenzophenone in 25 ml
      isopropanol. The reaction mixture was then boiled under reflux for 20
      hours. After the addition of 150 ml 2-n-hydrochloric acid at 25.degree.C,
      the product was extracted with ethyl acetate and the extract washed first
      with saturated potassium bicarbonate solution and then with water. From
      the extract which was dried over sodium sulphate there remained after the
      removal of the solvent 8.5 g of the compound 100 as an oil which
      crystallised on standing.
PAR  After recrystallisation from chloroform the compound was present in pure
      form and melted at 130.degree.-131.degree.C.
PAR  In the same way as example 1 or according to one of the other methods given
      above the following compounds can be prepared which are shown in the
      following table A:
      ##SPC10##
TBL                                    TABLE A                                 
     __________________________________________________________________________
     Compound                         Melting point in                         
     No.   R.sub.1                                                             
              R.sub.2                                                          
                 R.sub.3                                                       
                    R.sub.4                                                    
                       R.sub.5                                                 
                          R.sub.6                                              
                             R.sub.7                                           
                                R.sub.8                                        
                                   R.sub.9                                     
                                      .degree.C                                
     __________________________________________________________________________
     100   OH H  H  Cl H  H  Cl Cl H  131 - 132                                
     101   OH H  H  Cl H  H  Cl H  H  102 - 104                                
     102   OH H  Cl H  H  H  Cl H  Cl &lt; 30                                     
     103   OH Cl H  Cl H  H  Cl Cl H  155 - 157                                
     104   OH H  H  Cl H  H  Cl H  Cl 110 - 112                                
     105   OH Cl H  Cl H  H  Cl H  H   93 -  94                                
     106   OH Cl H  Cl H  H  Cl H  Cl 106 - 107                                
     107   OH Cl H  Cl Cl H  Cl H  Cl 133 - 134                                
     108   OH Cl H  Cl Cl H  Cl H  H  176 - 178                                
     109   OH H  Cl H  Cl H  Cl Cl H  145 - 146                                
     110   OH H  Cl H  H  H  Cl Cl H  106 - 107                                
     111   OH Cl H  Cl Cl H  Cl Cl H  189 - 190                                
     112   OH H  H  Cl Cl H  Cl Cl H  Oil                                      
     113   OH H  H  Br H  H  Cl Cl H  134 - 135                                
     114   OH Br H  Br H  H  Cl Cl H  124 - 125                                
     115   OH H  Cl H  Cl Cl Cl H  H  135 - 136                                
     116   OH H  Cl Cl H  Cl Cl H  H  119 - 120                                
     117   OH H  H  Br H  Cl Cl H  H  103 - 104                                
     118   OH Br H  Br H  Cl Cl H  H  278 - 279                                
     119   OH H  Cl H  Cl Cl H  Cl H  146 - 147                                
     120   OH H  Cl H  H  Cl H  Cl H  135 - 136                                
     121   OH Cl H  Cl Cl Cl H  Cl H  156 - 157                                
     122   OH H  Cl Cl H  Cl H  Cl H  182 - 183                                
     123   OH H  Cl H  Cl Cl H  H  Cl 175 - 176                                
     124   OH Cl H  Cl Cl Cl H  H  Cl 189 - 190                                
     125   OH H  Cl Cl H  Cl H  H  Cl 156 - 157                                
     126   OH H  Cl Cl H  H  Cl H  H   98 -  99                                
     127   OH H  Cl H  Cl CH.sub.3                                             
                             H  H  H  115 - 116                                
     128   OH H  Cl H  H  CH.sub.3                                             
                             H  H  H  131 - 132                                
     129   OH Cl H  Cl Cl CH.sub.3                                             
                             H  H  H  153 - 154                                
     130   OH H  Cl H  Cl Cl H  H  H   99 - 100                                
     131   OH H  Cl H  H  Cl H  H  H  114 - 115                                
     132   OH H  H  Cl H  Cl H  H  H   97 -  98                                
     133   OH Cl H  Cl H  Cl H  H  H   78 -  79                                
     134   OH Cl H  Cl Cl Cl H  H  H  123 - 124                                
     135   OH H  Cl Cl H  Cl H  H  H  109 - 110                                
     136   OH Cl H  Cl H  H  H  H  H   94 -  95                                
     137   OH Cl H  Cl Cl H  H  H  H  168 - 169                                
     138   OH Br H  Br H  H  H  H  H  121 - 122                                
     139   OH Cl H  Cl Cl H  CH.sub.3                                          
                                H  H  175 - 176                                
     140   OH Cl H  Cl Cl H  Br H  H  178 - 179                                
     141   OH Br H  Br H  H  Br H  H  135 - 136                                
     142   OH H  H  Br H  H  Cl H  H  105 - 106                                
     143   OH Br H  Br H  H  Cl H  H  116 - 117                                
     144   H  H  OH Cl H  Cl Cl H  H  144 - 145                                
     145   H  Cl OH Cl H  H  Cl H  H  165 - 167                                
     146   H  Cl OH Cl H  H  Cl Cl H  175 - 176                                
     147   H  Cl OH Cl H  H  Br H  H  159 - 160                                
     148   H  Cl OH H  Cl H  Cl Cl H  147 - 148                                
     149   Cl H  OH H  H  Cl Cl H  H  159 - 160                                
     150   H  Cl OH H  H  H  Cl Cl H  121 - 122                                
     151   H  Cl OH Cl H  H  H  H  H  144 - 145                                
     152   H  Cl OH Cl H  Cl Cl H  H  162 - 163                                
     153   H  Cl OH Cl H  CH.sub.3                                             
                             H  H  H  158 - 159                                
     154   H  Cl OH Cl H  Cl H  H  H  139 - 140                                
     155   H  Cl OH H  Cl Cl H  H  H  176 - 177                                
     156   Cl H  OH H  Cl H  Cl Cl H  197 - 198                                
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  6.7 g 2-hydroxy-3,5,6-trichlorophenylpropylketone were treated in a mixture
      of 10 ml water and 25 ml dioxane with 1.0 g sodium hydroxide to form the
      sodium salt. At 5.degree.C 1.0 g of sodiumborohydride were then added and
      the reaction solution kept at 25.degree.C for 5 hours with stirring. After
      this time the mixture was solidified with 2-N-hydrochloric acid and
      stirred for 1 further hour; from this the compound crystallised,
      precipitating first as an oil, of the formula fully.
      ##SPC11##
PAL  This was filtered off, washed with water, dried and recrystallised once
      from methylene chloride-hexane for purification; melting point
      130.degree.-131.degree.C. The Pure yield amounts to 5.2 g.
PAR  In similar fashion the compounds given in the following table B can be
      prepared. The general formula for compounds of table B is:
      ##SPC12##
TBL                                    TABLE B                                 
     __________________________________________________________________________
     Compound                     Melting point                                
     No.   A          Z.sub.1                                                  
                         Z.sub.2                                               
                            Z.sub.3                                            
                               Z.sub.4                                         
                                  in .degree.C                                 
     __________________________________________________________________________
     200   CH.sub.3 --                                                         
                      Cl H  Cl H  55,5 - 56,5                                  
     201   CH.sub.3 --                                                         
                      H  Cl Cl H  84 - 85                                      
     202   CH.sub.3 --                                                         
                      Br H  Br H   82 - 83,5                                   
     203   CH.sub.3 --                                                         
                      Cl H  Cl Cl 100 - 101                                    
     204   CH.sub.3 --CH.sub.2 --                                              
                      Br H  Br H  63 - 64                                      
     205   CH.sub.3 --CH.sub.2 --CH.sub.2 --                                   
                      Cl H  Cl H  45 - 46                                      
     206   CH.sub.3 --CH.sub.2 --CH.sub.2 --                                   
                      Br H  Br H  60 - 61                                      
     207   CH.sub.3 --CH.sub.2 --CH.sub.2 --                                   
                      H  Cl Cl H  64,5 - 65,5                                  
     208   CH.sub.3 --CH.sub.2 --CH.sub.2 --                                   
                      H  Cl H  Cl 94 - 95                                      
     209   CH.sub.3 --CH.sub.2 --CH.sub.2 --                                   
                      Cl H  Cl Cl 130 - 131                                    
     210   CH.sub.3 --(CH.sub.2).sub.5 --CH.sub.2 --                           
                      Cl H  Cl H  48 - 49                                      
     211   CH.sub.3 --                                                         
                      H  Cl H  Cl 77,5 - 78,5                                  
     212   CH.sub.3 --CH.sub.2 --                                              
                      Cl H  Cl H  46 - 47                                      
     213   CH.sub.3 --CH.sub.2 --                                              
                      H  Cl H  Cl 102 - 103                                    
           CH.sub.3                                                            
     214   .angle.CH--                                                         
                      Cl H  Cl H  54 - 55                                      
           CH.sub.3                                                            
     215   CH.sub.3 --(CH.sub.2).sub.2 --CH.sub.2 --                           
                      Cl H  Cl H  49 - 50                                      
     216   CH.sub.3 --(CH.sub.2).sub.2 --CH.sub.2 --                           
                      Br H  Br H  66,5 - 67,5                                  
     217   CH.sub.3 --(CH.sub.2).sub.2 --CH.sub.2 --                           
                      H  Cl Cl H  69,5 - 70,5                                  
     218   CH.sub.3 --(CH.sub.2).sub.2 --CH.sub.2 --                           
                      H  Cl H  Cl 77 - 78                                      
     219   CH.sub.3 --(CH.sub.2).sub.2 --CH.sub.2 --                           
                      Cl H  Cl Cl 108 - 109                                    
     220   CH.sub.3 --(CH.sub.2).sub.3 --CH.sub.2 --                           
                      Cl H  Cl H  Oil                                          
     221   CH.sub.3 --(CH.sub.2).sub.3 --CH.sub.2 --                           
                      Br H  Br H  64 - 65                                      
     222   CH.sub.3 --(CH.sub.2).sub.3 --CH.sub.2 --                           
                      H  Cl H  Cl 64 - 65                                      
     223   CH.sub.3 --(CH.sub.2).sub.3 --CH.sub.2 --                           
                      Cl H  Cl Cl 66,5 - 67,5                                  
     224   CH.sub.3 --(CH.sub.2).sub.4 --CH.sub.2 --                           
                      Cl H  Cl H  Oil                                          
     225   CH.sub.3 --(CH.sub.2).sub.4 --CH.sub.2 --                           
                      H  Cl H  Cl 75,5 - 76,5                                  
     226   CH.sub.3 --(CH.sub.2).sub.5 --CH.sub.2 --                           
                      H  Cl H  Cl 73 - 74                                      
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  Determination of the minimum inhibiting concentration (MIC) against
      bacteria and moulds by the gradient plates test Nos. 1) + 2)++
PAR  Gradient test 1 is given by W. Szybalski et al., Science 116, 26 (1952).
PAR  Gradient plate test 2 is that given by Nuesch and Knuesel, "Sideromycins",
      in the book by Gottlieb and Shaw, "Antibiotics, Mechanism of Action",
      volume 1 (1967), Springer Verlag.
PAR  The compounds of formulae 1 and 2 were mixed as suitable formulations (e.g.
      as solutions in dimethylsulfoxide) of given concentration with warm brain
      heart infusion-agar (bacteria) or mycophil-agar (moulds). The liquid
      mixtures were poured onto a solid wedge-shaped base agar layer and
      likewise allowed to solidify.
PAR  The test organism was then applied in a line perpendicular to the gradient
      with a pasteur pipette. After incubation for 24 hours at 37.degree.C
      (bacteria) or 72 hours at 30.degree.C (moulds) the length of the bacteria
      which had grown on the inoculation line was measured and expressed in
      parts per million of active agent. The results are given in the following
      tables C to F.
PAC  TABLE C
PAR  Minimum inhibiting concentration against Staphylococcus aureus
      (Bacteriostasis).
TBL  ______________________________________                                    
     Compound  MIC in ppm Compound MIC in ppm                                  
     ______________________________________                                    
     100         8          115      0,4                                       
     101         30         116      2                                         
     102         3          117      10                                        
     103         2          118      0,2                                       
     104         20         119      0,4                                       
     105         3          120      4                                         
     106         3          121      0,1                                       
     107         0,5        122      3                                         
     108         0,5        123      0,3                                       
     109         0,25       124      0,3                                       
     110         3          125      4                                         
     111         1          126      4                                         
     112         2          127      3                                         
     113         0,3        128      20                                        
     114         0,5        129      3                                         
     130         3          145      50                                        
     131         30         146      20                                        
     132         50         147      25                                        
     133         10         148      6                                         
     134         3          149      20                                        
     135         9          150      20                                        
     136         30         152      25                                        
     137         3          154      30                                        
     138         10         155      30                                        
     139         3,5        156      4                                         
     140         2          201      35                                        
     141         2          203      20                                        
     142         30         204      60                                        
     143         2          205      3                                         
     144         20         206      0,3                                       
     ______________________________________                                    
     Compound                 MIC in ppm                                       
     ______________________________________                                    
     207                         30                                            
     208                         4                                             
     209                         2                                             
     210                         0,2                                           
     211                         30                                            
     213                         30                                            
     215                         20                                            
     216                         10                                            
     217                         20                                            
     218                         3                                             
     219                         1                                             
     220                         2                                             
     221                         0,6                                           
     222                         2                                             
     223                         0,2                                           
     224                         1                                             
     225                         3                                             
     226                         0,2                                           
     ______________________________________                                    
PAC  TABLE D
PAR  Minimum inhibiting concentration against Escherichia coli (Bacteriostasis).
TBL  ______________________________________                                    
     Compound  MIC in ppm Compound MIC in ppm                                  
     ______________________________________                                    
     101       20         117      40                                          
     102       20         119      20                                          
     103       10         120      40                                          
     104       50         122      15                                          
     105       35         126      10                                          
     106       40         127      40                                          
     108       30         128      50                                          
     109       15         130      20                                          
     110       20         131      70                                          
     111       20         133      60                                          
     112       25         135      30                                          
     113       30         136      66                                          
     114       30         137      40                                          
     115       10         138      50                                          
     116       20         140      30                                          
     ______________________________________                                    
     Compound         MIC in ppm                                               
     ______________________________________                                    
     141              20                                                       
     142              40                                                       
     143              30                                                       
     149              50                                                       
     150              45                                                       
     154              50                                                       
     156              50                                                       
     201              50                                                       
     203              40                                                       
     205              40                                                       
     206              35                                                       
     207              40                                                       
     208              30                                                       
     209              30                                                       
     213              30                                                       
     215              40                                                       
     216              20                                                       
     217              20                                                       
     218              10                                                       
     222              10                                                       
     ______________________________________                                    
PAC  TABLE E
PAR  Minimum inhibiting concentration against Aspergillus niger (Fungistasis).
TBL  ______________________________________                                    
     Compound  MIC in ppm Compound MIC in ppm                                  
     ______________________________________                                    
     100       30         119      10                                          
     101       60         120      50                                          
     102       40         122      25                                          
     103       20         126      30                                          
     104       50         127      30                                          
     105       30         129      40                                          
     106       20         130      25                                          
     108       20         133      60                                          
     110       30         135      45                                          
     111       20         136      60                                          
     112       40         140      40                                          
     113       40         142      60                                          
     115       10         143      40                                          
     116       15         144      70                                          
     117       55         145      20                                          
     ______________________________________                                    
     Compound         MIC in ppm                                               
     ______________________________________                                    
     148              15                                                       
     149              40                                                       
     150              40                                                       
     152              55                                                       
     156              20                                                       
     203              30                                                       
     206              80                                                       
     207              90                                                       
     208              40                                                       
     209              10                                                       
     213              40                                                       
     215              70                                                       
     216              50                                                       
     217              50                                                       
     218              20                                                       
     219              10                                                       
     220              60                                                       
     221              30                                                       
     222              20                                                       
     ______________________________________                                    
PAC  TABLE F
PAR  Minimum inhibiting concentration against Trichophyton mentagrophytes
      (Fungistasis).
TBL  ______________________________________                                    
     Compound   MIC in ppm Compound MIC in ppm                                 
     ______________________________________                                    
     100              3        116        2                                    
     101              10       117        10                                   
     102              10       118        0,1                                  
     103              0,2      119        0,1                                  
     104              4        120        4                                    
     105              4        121        4                                    
     106              2        122        4                                    
     107              1        123        0,2                                  
     108              0,3      124        30                                   
     110              4        125        4                                    
     111              0,3      126        3                                    
     112              3        127        3                                    
     113              3        128        20                                   
     114              1        129        3                                    
     115              0,4      130        1                                    
     131              10       148        4                                    
     132              10       149        10                                   
     133              4        150        5                                    
     134              1        151        30                                   
     135              7        152        10                                   
     136              10       153        30                                   
     137              3        154        2                                    
     138              3        155        10                                   
     139              2        156        4                                    
     140              1        201        20                                   
     141              1        203        4                                    
     142              5        204        10                                   
     143              3        205        30                                   
     144              10       206        10                                   
     145              10       207        5                                    
     ______________________________________                                    
     Compound                 MIC in ppm                                       
     ______________________________________                                    
     208                         2                                             
     209                         2                                             
     210                         0,4                                           
     212                         0,5                                           
     213                         5                                             
     215                         20                                            
     216                         4                                             
     217                         10                                            
     218                         0,4                                           
     219                         0,3                                           
     220                         20                                            
     221                         0,1                                           
     222                         0,4                                           
     223                         2                                             
     224                         3                                             
     225                         1                                             
     226                         10                                            
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A specimen of 140 g cotton-poplin was impregnated at 20.degree.C for 7
      minutes in a bath of the following composition:
PA1  1000 ml water
PA1  2.7 ml cloth softening rinsing dye (containing 7% of a mixture of
      di-octadecyl and di-hexadecyl-dimethylammonium chloride)
PA1  15 mg of the compound of formula (109) (added as a solution in 0.5 ml
      dimethylsulfoxide)
PAR  The so treated cloth specimen was squeezed out after 100% dyebath take up
      and then dried at 45.degree.C.
PAR  For testing the action against bacteria, roundels of 20 mm diameter were
      cut from the impregnated cloth and laid on brain-heart infusion agar
      plates, which had been pre-infected with Staphylococcus aureus. The plates
      were then incubated for 24 hours at 37.degree.C.
PAR  Two observations were made, that of the zone of inhibition arising around
      the roundels (inhibition zone in mm) and the determinable growth (%) above
      or below the cloth. The inhibition zone was only a trace quantity while
      the determinable growth was 0%.
PAR  Similar effects were obtained with further compounds of formula 1 or 2.
PAC  EXAMPLE 5
PAR  For the manufacture of an anti-microbial tablet of soap, 2.4 g of one of
      the compounds of Formula 1 or 2 were added to the following mixture:
PA1  120 g natural soap in flake form
PA1  0.12 g disodium salt of ethylenediaminetetraacetic acid (dihydrate)
PA1  0.24 g titanium dioxide.
PAR  The soap shavings obtained by rolling were powdered with a high speed
      mixture and then pressed to soap tablet form.
PAR  Concentrated aqueous solutions of the anti-microbial soaps were mixed into
      warm brain heart infusion agar so that in-corporation dilution rose with
      2, 10, 20, 100 etc. parts per million active agent were produced. The warm
      mixtures were poured into petri dishes, allowed ot solidify and then
      infected with staphylococcus aureus.
PAR  After 24 hour incubation at 37.degree.C the minimum inhibiting
      concentration was determined. The results are shown in the following
      table. Similar results were obtained by the use of other compounds of
      formulae 1 and 2.
TBL  ______________________________________                                    
                  Minimum inhibiting concentration                             
                  of the anti-microbial soap in                                
     Compound No. p.p.m. active agent                                          
     ______________________________________                                    
     104                .ltoreq. 20                                            
     105                .ltoreq. 20                                            
     106                .ltoreq. 20                                            
     108                .ltoreq.  2                                            
     109                .ltoreq.  2                                            
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Specimens of 100 g cotton-cretonne were impregnated on the foulard with 1%
      solutions of compounds of formula 1 in isopropanol at 20.degree.C and the
      squeezed out with 100% bath take-up.
PAR  In the same way, samples of 100 g wool cheviot were treated.
PAR  The textiles which were dried at 30 to 40.degree.C contained 1% by weight
      of active agent taken on their own weight.
PAR  For testing the action against bacteria, roundels of 10 mm diameter cut
      from the impregnated cloth, dewatered and watered, were laid for 24 hours
      at 29.degree.C on brain heart infusion agar plates which had been
      previously infected with Staphylococcus aureus. The plates were then
      incubated for 18 hours at 37.degree.C.
PAR  Two factors were observed: first, the inhibition zone (in mm) arising round
      the roundels and second, the microscopically determinable growth (in %)
      under or on the cloth.
PAR  Results are expressed in the following table; similar results were obtained
      also with further compounds of formulae 1 and 2
TBL                unwatered watered                                           
                         Inhib-        Inhib-                                  
     Substrate           ition         ition                                   
     (with 1% active     zone    Growth                                        
                                       zone  Growth                            
      agent)   Compound  (mm)    (%)   (mm)  (%)                               
     ______________________________________                                    
               103       8       0     9     0                                 
               108       5       0     4     0                                 
     Cotton    115       9       0     5     0                                 
               116       8       0     5     0                                 
               152       4       0     2     0                                 
               103       5       0     2     0                                 
               108       3       0     4     0                                 
     Wool      115       6       0     5     0                                 
               116       5       0     5     0                                 
               152       Trace   0     2     0                                 
     ______________________________________                                    
PAC  EXAMPLE 7
PAC  Substantivity tests with calf-hide roundels
PAR  Calf-hide roundels of 10 mm diameter were dipped for 2 minutes in 8%
      aqueous solutions of the anti-microbial soaps produced according to
      Example 4. After 3 minutes rinsing in flowing water, the roundels were
      laid on brain-heart infusion agar plates which had been pre-infected with
      Staphylococcus aureus. Finally the plates were incubated for 20 hours at
      37.degree.C.
PAR  The zone of inhibition arising around the calf-hide roundels was observed
      in mm and the microscopically determinable growth under or on the roundels
      was determined in %. Results are as follows:
TBL  Soap with Compound No.                                                    
                    Inhibition zone in                                         
                                  Growth in %                                  
                    mm                                                         
     ______________________________________                                    
     105            1             0                                            
     109            1             0                                            
     ______________________________________                                    
PAR  Similar values were obtained using other compounds of formulae 1 and 2.
PAC  EXAMPLE 8
PAR  The following mixture was milled on the twin-roll mill at 150.degree.C for
      20 minutes:
PA1  100.00 g polyvinylchloride
PA1  19.20 g di-(2-ethyl-hexyl-phthalate)
PA1  27.00 g di-(2-ethyl-hexyl-sebacate)
PA1  1.50 g Ba/Cd-laurate
PA1  0.25 g Stearic acid
PA1  7.80 go of a solution of 3.10 g of a compound of formula 1 in 4.70 g
      di-(2-ethyl-hexyl-phthalate)
PAR  The roll separation was adjusted so that 1 mm thick sheets were formed
      which were then pressed for 20 minutes at 165.degree.-170.degree.C under a
      pressure of 1,400 kg/cm.sup.2.
PAR  For testing the action against bacteria, discs of 10 mm diameter were
      stamped from the rolled soft polyvinylchloride sheet and laid on
      brain-heart infusion agar plates which had previously been infected with
      Staphyloccocus aureus. The plates were then incubated for 24 hours at
      37.degree.C.
PAR  The zone of inhibition arising round the discs was measured in mm and the
      microscopically determinable growth above and below the soft
      polyvinylchloride was measure in %.
PAR  The results are given in the following table: Similar action is observed
      with other compounds of formulae 1 and 2.
TBL  ______________________________________                                    
     Compound No.                                                              
                 Zone of Inhibition                                            
                                Growth (%)                                     
                 (mm)                                                          
     ______________________________________                                    
     106         Trace          0                                              
     108         3              0                                              
     115         2              0                                              
     156         2              0                                              
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of combating bacteria or fungi which comprises applying thereto
      a bactericidally or fungicidally effective amount of a compound of the
      formula
      ##SPC13##
PAL  wherein X is halogen; each of X.sub.1, X.sub.2, X.sub.3 is hydrogen or
      halogen; Y is hydrogen, halogen or methyl; each of Y.sub.2 and Y.sub.3 are
      hydrogen or halogen and wherein at least two of X.sub.1, X.sub.2, X.sub.3,
      Y, Y.sub.2 and Y.sub.3 are not hydrogen.
NUM  2.
PAR  2. The method according to claim 1 in which the compound is
      ##SPC14##
PAL  wherein n is 2, 3 or 4; m is 1, 2 or 3; and the sum of n and m is 3, 4 or
      5.
NUM  3.
PAR  3. The method according to claim 2 in which the compound is
      2-hydroxy-3,3',4',5,6-pentachlorobenzhydrol.
NUM  4.
PAR  4. The method according to claim 2 in which the compound is 2-hydroxy-3'
      ,4,4',6-tetrachlorobenzhydrol.
NUM  5.
PAR  5. The method according to claim 1 in which the compound is
      2-hydroxy-3,5,6-trichlorobenzhydrol.
NUM  6.
PAR  6. The method according to claim 2 in which the compound is
      2-hydroxy-2',4,4',6-tetrachlorobenzhydrol.
NUM  7.
PAR  7. The method according to claim 2 in which the compound is
      2-hydroxy-3,4',5,6-tetrachlorobenzhydrol.
NUM  8.
PAR  8. The method according to claim 2 in which the compound is
      2-hydroxy-3,3',4',5-tetrachlorobenzhydrol.
NUM  9.
PAR  9. A method for protecting organic materials against the action of bacteria
      or fungi, which comprises impregnating said material or applying to the
      surface of said material a bactericidally or fungicidally effective amount
      of a compound of the formula
      ##SPC15##
PAL  wherein X is halogen; each of X.sub.1, X.sub.2 and X.sub.3 is hydrogen or
      halogen; Y is hydrogen, halogen or methyl; each of Y.sub.2 and Y.sub.3 are
      hydrogen or halogen; and wherein at least two of X.sub.1, X.sub.2,
      X.sub.3, Y, Y.sub.2 and Y.sub.3 are not hydrogen.
NUM  10.
PAR  10. The method according to claim 9 in which the compound is
      ##SPC16##
PAL  wherein n is 2, 3 or 4; m is 1, 2 or 3; and the sum of n and m is 3, 4 or
      5.
NUM  11.
PAR  11. The method according to claim 10 in which the compound is
      2-hydroxy-3,3',4',5,6-pentachlorobenzhydrol.
NUM  12.
PAR  12. The method according to claim 10 in which the compound is
      2-hydroxy-3',4,4',6-tetrachlorobenzhydrol.
NUM  13.
PAR  13. The method according to claim 9 in which the compound is
      2-hydroxy-3,5,6-trichlorobenzhydrol.
NUM  14.
PAR  14. The method according to claim 10 in which the compound is
      2-hydroxy-2',4,4',6-tetrachlorobenzhydrol.
NUM  15.
PAR  15. The method according to claim 10 in which the compound is
      2-hydroxy-3,4',5,6-tetrachlorobenzhydrol.
NUM  16.
PAR  16. The method according to claim 10 in which the compound is
      2-hydroxy-3,3',4',5-tetrachlorobenzhydrol.
NUM  17.
PAR  17. A composition for combating bacteria or fungi comprising (1) a
      fungicidally or bacterially effective amount of a compound of the formula
      ##SPC17##
PAL  wherein X is halogen; each of X.sub.1, X.sub.2 and X.sub.3 is hydrogen or
      halogen; Y is hydrogen, halogen or methyl; each of Y.sub.2 and Y.sub.3 are
      hydrogen or halogen; and wherein at least two of X.sub.1, X.sub.2,
      X.sub.3, Y, Y.sub.2 and Y.sub.3 are not hydrogen; and (2) a carrier.
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ABST
PAL  Antimony sulfide contained in an antimony sulfide bearing ore, such as
      stibnite, is converted to high purity antimony trichloride by reacting the
      antimony sulfide bearing ore with a source of chlorine to form high purity
      antimony trichloride and sulfur or hydrogen sulfide as separable
      by-products. The high purity antimony trichloride may be hydrolyzed to
      form high purity antimony oxide.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of our application, Ser. No. 284,981 filed
      Aug. 30, 1972, which is in turn a continuation-in-part of our application
      Ser. No. 182,871 filed Sept. 22, 1971.
PAR  Antimony sulfide bearing minerals such as stibnite, are found in a variety
      of ores. Dressing of the ores by various means including flotation will
      yield a high antimony sulfide content concentrate which still contains as
      normal, common contaminants, arsenic, lead, zinc, silver and the like.
PAR  Of these, arsenic is a particularly notorious contaminant in that its
      behavior is sufficiently similar to antimony that it tends to be carried
      along with the antimony in conventional processes usually employed to
      convert stibnite to antimony metal, antimony chloride or other antimony
      derivatives.
PAR  In certain regions of the United States, for instance, the arsenic content
      of the ore can be as high as about 10 percent and such ores have not been,
      heretofore, processed to any extent for recovery of antimony because of
      the tendency of arsenic to remain as a contaminant in the product.
PAR  Several processes are generally employed for obtaining antimony or antimony
      derivatives from antimony sulfide bearing ores.
PAR  Some basically involve pyrometallurgical methods.
PAR  One such process involves direct oxidation in which antimony sulfide is
      converted to volatilized antimony oxide by the reaction:
PA1  2 Sb.sub.2 S.sub.3 + 9 O.sub.2 2 Sb.sub.2 O.sub.3 + 3 SO.sub.2 ( 1)
PAR  The volatilized antimony oxide is recovered in flues, condensing pipes,
      baghouses, precipitators and the like.
PAR  The sulfur dioxide generated is generally vented to the atmosphere as a
      pollutant or presents a polution control problem.
PAR  Another process involves merely heating the ore to melt the antimony
      sulfide which is drained from the ore as a liquid. The product is then
      converted to another antimony derivatives. However, sulfur dioxide is also
      generated as a by-product.
PAR  Stibnite has also been reacted directly with carbon or iron to form
      antimony metal. The antimony produced by such process is usually of low
      purity and volatilization losses are high.
PAR  Blast furnace melting has also been employed, but capital costs are high
      and there is generated sulfur dioxide.
PAR  In U.S. Pat. No. 3,432,255 to Long et al., there is provided a process for
      converting ores containing a variety of metals including antimony to
      chloride compounds by reaction with hydrogen chloride and an oxidizing
      gas, i.e., air or oxygen, at temperatures sufficiently high such that the
      desired metal values are converted to volatile chloride compounds. The
      process employs, in general, an excess of oxygen required for the desired
      reaction and where antimony is present in the ore it is normally formed as
      an iron free antimony oxychloride.
PAR  Although antimony may be present, the primary metal sought is molybdenum.
      The object, moreover, is to form desired metal chlorides free of iron,
      tungsten, calcium, magnesium and lead. No mention is made of processing an
      arsenic-bearing ore.
PAR  In British patent specification 778,705, oxides of aluminum, tin, silicon,
      zinc, antimony, chromium, berylium, zirconium, cobalt, nickel, boron,
      cadminum, lithium, and vanadium are prepared by halide hydrolysis by
      introducing the halide under its own vapor pressure into a cylindrical
      reaction zone and simultaneously injecting a mixture of hydrogen and an
      oxygen containing gas tangentially into the reactor to form water and
      hydrolyze the halide. The metal oxide reaction products may be separated
      from the reaction gases by cyclones and the solids-free gases scrubbed to
      remove any acids formed.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a process for the
      production of high purity antimony trichloride from antimony sulfide or
      more particularly antimony sulfide bearing ores which includes as part of
      the process conservation of sulfur and elimination of sulfur pollutants.
PAR  The process of the invention, in general, comprises reacting antimony
      sulfide or an antimony sulfide bearing ore with a source of chlorine at a
      temperature sufficient to convert antimony sulfide to antimony trichloride
      with attendant conversion of the bound sulfur to elemental sulfur or
      hydrogen sulfide, then distilling the reaction mass to remove materials
      normally boiling below about 200.degree.C, further distilling the reaction
      mass to obtain an antimony trichloride fraction at a temperature range,
      depending on the pressure employed, of from about 200.degree.C to about
      240.degree.C, preferably from about 215.degree.C to about 225.degree.C and
      more preferably about 220.degree.C for atmospheric pressure. Higher
      temperatures may be employed for super atmospheric pressures. Lower
      temperatures may be employed for sub-atmospheric pressures.
PAR  If sulfur is formed during the conversion of antimony sulfide to antimony
      trichloride, the sulfur remains as the principal residue.
PAR  The presently preferred route is to carry out the reaction in a gas-liquid
      phase, the liquid being molten antimony trichloride present as a heel or
      formed as a consequence of the reaction between hydrogen chloride and/or
      chlorine. The general range at which reaction may take place is from about
      72.degree.C to about 200.degree.C, more preferably from about 72.degree.C
      to about 120.degree.C. Lower temperatures are preferred as oxygen can be
      tolerated without fear of sulfur dioxide formation.
PAR  Hydrogen chloride is the preferred reactant and preferably employed in the
      anhydrous or nearly water free state to avoid hydrolysis. The principal
      products are antimony trichloride and gaseous hydrogen sulfide. An excess
      of hydrogen chloride may be employed without formation of undesirable
      by-products.
PAR  Hydrogen sulfide remaining in the gaseous state, is separated from the
      liquid antimony trichloride as a consequence. The antimony trichloride is
      then purified by fractional distillation as set forth above.
PAR  To conserve sulfur, hydrogen sulfide may be reacted by conventional means
      to form elemental sulfur or with an alkali base to form the corresponding
      alkali sulfide which is made available as an item of commerce.
PAR  When chlorine is employed, the principle products are antimony trichloride
      and elemental sulfur. To avoid the formation of chlorinated sulfur
      compounds, chlorine should be employed in approximately stoichiometric
      amount.
PAR  The liquid phase containing reaction products is then separated from the
      gangue by filtration at a temperature above the solidification temperature
      of the antimony trichloride or the entire liquid phase may be vaporized
      from the gangue, condensed and subsequently purified by fractional
      distillation, with one fraction being antimony trichloride of high purity.
PAR  By employing liquid-gas phase reaction conditions, as opposed to solid-gas
      reaction conditions, lower cost materials of construction can be employed
      as corrosive conditions are avoided. Furthermore, heat exchange surfaces
      can be reduced as liquids enjoy better contact area with heat exchange
      surfaces. As a whole, therefore, overall plant equipment is simplified.
PAR  Another important factor when hydrogen chloride is employed as the reactant
      is that there is greater utilization of hydrogen chloride. If a solid-gas
      phase reaction were employed at high temperatures, there would only be
      about 40% utilization of hydrogen chloride when both the hydrogen chloride
      and formed antimony trichloride are in the gas phase. In contrast, where
      antimony trichloride is maintained in the liquid phase, percent conversion
      or utilization of hydrogen chloride increases to about 65%.
PAR  Another but less desirable route to forming antimony trichloride from
      antimony sulfide bearing ores is to conduct the reaction in a liquid phase
      in the presence of a chlorinated sulfur compound which is reactive with
      respect to antimony sulfide.
PAR  Another route is direct reaction of stibnite or other antimony-bearing ores
      with chlorine gas at a temperature from about 350.degree.C to about
      700.degree.C, preferably from about 450.degree.C to about 550.degree.C. In
      this system there is formed as the principal products, sulfur and antimony
      trichloride with minor amounts of chlorinated sulfur compounds as low
      boiling by-products. Again, fractional distillation yields an initial cut
      which contains low boiling constituents including chlorinated sulfur
      compounds as well as any arsenic compounds present. As a second cut, there
      is formed high purity antimony trichloride with elemental sulfur remaining
      as the residue.
PAR  As opposed to gas-liquid phase reaction, this route requires greater heat
      exchange surfaces to remove the exothermic heat of reaction. It is,
      therefore, considered of secondary importance to low temperature
      chlorination.
PAR  Still another, but less desired route is the reaction of stibnite with
      anhydrous hydrogen chloride at high temperatures. Under the condition
      employed, the principle products are antimony trichloride and hydrogen
      sulfide. Hydrogen sulfide remains in the gaseous state and antimony
      trichloride is separated by condensation for subsequent purification by
      fractional distillation.
PAR  Independent of the route practiced to form antimony trichloride an antimony
      trichloride of a purity in excess of 99 percent is readily formed.
PAR  Equally important is the complete conservation of the sulfur which
      eliminates pollution problems attendant to conventional methods of
      treating antimony sulfide bearing ores.
PAR  The antimony trichloride formed as a consequence of the process of this
      invention may be sold as such, converted to antimony metal or other
      antimony compounds such as, typically, the oxides of antimony.
PAR  Because of the high purity of the antimony trichloride formed, it is an
      ideal intermediate for direct conversion to high purity antimony oxide by
      hydrolysis in a basic solution, preferably an ammonia based solution. The
      antimony oxide formed has a purity in excess of 99% without employing any
      extraordinary purification measures.
PAC  DESCRIPTION
PAR  The present invention relates to the conversion of antimony sulfide-bearing
      ores to antimony trichloride with attendant conservation of sulfur and
      elimination of pollutants normally formed when such ores are processed for
      recovery of antimony values. The process of this invention is also
      particularly useful for the production of high purity antimony trichloride
      from ores of high arsenic content in that the practice of the process
      permits substantially complete separation of any arsenic compounds present
      in the ore to form high purity antimony trichloride. The antimony
      trichloride produced is of sufficient purity for direct conversion to
      antimony oxide by hydrolysis to yield high purity antimony oxide.
PAR  The process for the production of antimony trichloride in accordance with
      the practice of the present invention comprises, in general, reacting
      antimony sulfide-bearing ores, such as stibnite, tetrahedrite, jamesonite
      and the like, with a source of chlorine at a temperature above the melting
      point of antimony trichloride and sufficient to convert antimony sulfide
      to antimony trichloride and sulfur or hydrogen sulfide.
PAR  The resultant reaction mass is then fractionally distilled, the initial cut
      being materials boiling normally below about 200.degree.C and which
      contain arsenic compounds and other low boiling compounds present in the
      reaction mass. The second cut taken off by fractional distillation is the
      high purity antimony trichloride which condenses as a clear water-white
      liquid and solidifies as a white solid at a temperature of about
      72.degree.-73.degree.C, which is in itself a direct indication of the high
      purity of the antimony trichloride formed in view of the the recognized
      melting point of antimony trichloride as being 73.4.degree.C, as published
      by the "Handbook of Chemistry and Physics", 36th edition (1954-1955).
PAR  Antimony trichloride collected in accordance with the process of this
      invention may be marketed as such, or converted to antimony metal or other
      antimony derivatives. As one aspect of this invention, the antimony
      trichloride is converted to antimony oxide by hydrolysis, preferably
      employing an ammonia based aqueous solution which yields a finely divided
      particulate precipitate of antimony oxide having a purity in excess of
      99%.
PAR  There are several basic routes for preparing antimony trichloride from
      antimony sulfide-bearing ores without generation of SO.sub.2 as a
      pollutant.
PAR  The preferred route involves a liquid phase low temperature reaction in an
      antimony trichloride melt. This involves reaction with hydrogen chloride,
      preferably anhydrous hydrogen chloride, and/or chlorine to produce
      antimony trichloride from antimony sulfide dissolved in the melt along
      with gaseous hydrogen sulfide and/or dissolved sulfur.
PAR  In this embodiment, antimony sulfide is dissolved in whole or at least in
      part from the ore or ore concentrate in which it is contained in an
      antimony trichloride melt. Reaction with hydrogen chloride and/or chlorine
      then takes place at a temperature from the melting point of antimony
      trichloride, about 72.degree.C to the boiling point of antimony
      trichloride at the pressures employed. The temperature will, in general,
      range from about 72.degree. to about 220.degree.C, preferably from about
      72.degree.C to 120.degree.C. Low temperatures are preferred since oxygen
      can be tolerated without fear of sulfur dioxide formation. At higher
      temperatures, however, reaction should be carried out in the substantial
      absence of oxygen.
PAR  In addition, where hydrogen chloride is the reactant, hydrogen chloride
      utilization is favored at lower temperatures. That is, for a given
      pressure, the total volume of hydrogen chloride required for reaction
      decreases with temperature.
PAR  As between hydrogen chloride and chlorine, hydrogen chloride is the
      preferred reactant as hydrogen chloride reacts with antimony sulfide by
      the reaction:
PA1  Sb.sub.2 S.sub.3 + 6HCl2SbCl.sub.3 + 3H.sub.2 S            (2)
PAL  yielding gaseous hydrogen sulfide which evolves from the reaction system.
PAR  Hydrogen sulfide is a readily handleable gas and easily converted to
      products of commerce. It may, for instance, be converted to elemental
      sulfur by known means or reacted with an alkali base to form the
      corresponding alakli sulfide.
PAR  Hydrogen chloride is also preferred because it has been found there is no
      criticality as to the amount present. Excessive amounts can be employed
      without having an adverse effect upon the reaction system. Although not
      required for low temperature reactions, it is preferred to employ a
      substantial excess of anhydrous hydrogen chloride.
PAR  Chlorine is equally effective as a reactant, and reacts with antimony
      trichloride by the reaction:
PA1  Sb.sub.2 S.sub.3 + 3Cl.sub.2 2Sb Cl.sub.3 + 3S.degree.     (3)
PAL  If chlorine is not completely consumed in the reaction system it will react
      with the formed sulfur to form in turn chloro-sulfur compounds such as
      sulfur monochloride. As these present some separation problems during the
      ultimate recovery of antimony trichloride as a product, it is most
      desirable to limit the amount of chlorine employed to about a
      stoichiometric amount. This aids in preventing the formation of
      chloro-sulfur compounds which are unstable and, as indicated, present
      separation problems.
PAR  The advantages of employing a gas-liquid reaction route are several.
PAR  Where hydrogen chloride is employed, better utilization of hydrogen
      chloride is realized as opposed to a high temperature system where the
      reaction is carried out in a solids gas phase. Under these conditions,
      only about 40% utilization of hydrogen chloride is realized. In a low
      temperature gas-liquid phase operation, on the other hand, as much as 65%
      or more conversion of hydrogen chloride is realized.
PAR  When chlorine is used as the reactant, the liquid system has better heat
      transfer characteristics, and the exothermic heat of reaction can be more
      readily transferred out of the reaction system. Since heat transfer is
      more efficient, equipment sizing is reduced.
PAR  In both cases, less corrosive conditions are present, permitting simpler
      materials of construction to be employed. In addition, there is more
      efficient contact between reactants resulting in improved rates of
      reaction. As a consequence, simple vessels such as stirred reactors can be
      used.
PAR  In all, overall plant size and costs are materially reduced.
PAR  Following completion of the reactions involved, distillation is employed to
      separate reaction products and recovery of antimony trichloride.
PAR  While distillation from the reaction vessel itself may be employed,
      vaporization of all the volatiles from the gangue followed by fractional
      distillation is preferred.
PAR  When carried out at, or close to, atmospheric pressures there is generally
      formed by fractional distillation a first cut which are the low boiling
      constituents, boiling below about 200.degree.C. This fraction would
      include arsenic compounds formed or extracted from the gangue, in addition
      to any other low boiling impurity extracted from or formed by reaction
      with the gangue.
PAR  The second friction is predominantly antimony trichloride and distillation
      is controlled such that the fraction which is carried over as the product
      contains materials having a boiling point between 200.degree.C and about
      240.degree.C, preferably from about 215.degree.C to about 225.degree.C,
      and more preferably at about 220.degree.C, the more preferred temperature
      yielding antimony trichloride of 99 percent + purity.
PAR  When hydrogen chloride is the reactant, sulfur is not formed. As a
      consequence, the highest boiling fraction will only contain various
      impurities from the gangue such as iron, aluminum, lead, calcium, and
      various sulfur compounds.
PAR  When chlorine is the reactant, sulfur will also be present. Sulfur,
      however, is conserved, and may be further purified by conventional means
      to remove the impurities present.
PAR  For instance, direct chlorination involving a liquid-vapor phase reaction
      results in the formation of a slurry of the gangue in a melt of a mixture
      of antimony trichloride and sulfur. Chlorine may be introduced into the
      system while maintaining the contents at a temperature of from about
      100.degree.C to about 150.degree.C with cooling to remove the heat of
      reaction. The temperature of the system is then increased to an elevated
      temperature normally from the boiling point of sulfur in the system to
      about 500.degree.C, preferably, from about 470.degree.C to about
      490.degree.C under an inert atmosphere such as a nitrogen atmosphere for a
      period of time to vaporize the sulfur and antimony trichloride which is
      condensed or partially condensed for fractional distillation.
PAR  The effluent collected is maintained at a temperature above the melting
      point of antimony trichloride forming a liquid phase, and may be
      fractionally distilled to yield high purity antimony trichloride.
PAR  Another route involves the use of sulfur monochloride (S.sub.2 Cl.sub.2) as
      the reactant which, when brought in contact with antimony sulfide, will
      yield antimony trichloride and sulfur by the reaction:
PA1  Sb.sub.2 S.sub.3 + 3 S.sub.2 Cl.sub.2 2 SbCl.sub.3 + 9S    (4)
PAR  The use of sulfur monochloride for the liquid phase reaction has some
      merits.
PAR  First, there is introduced to the system a reactant which will yield
      products which are desirably formed without yielding by-products to be
      dealt with as impurities in the recovery of the antimony trichloride.
PAR  In addition, the sulfur monochloride serves as a solvent for both the
      antimony trichloride and the sulfur formed in the reaction, so long as the
      reaction solution is maintained above the solidification temperature of
      antimony trichloride in the system, namely above about 72.degree.C.
PAR  Reaction may be carried out at any temperature above the melting point of
      antimony trichloride in the system.
PAR  Since the antimony sulfide is normally supplied for reaction as part of an
      ore or ore concentrate, there is formed as a consequence of the liquid
      phase reaction, a slurry of antimony trichloride, sulfur, and sulfur
      monochloride, and a gangue residue.
PAR  The antimony trichloride, sulfur, and sulfur monochloride may then be
      separated from the residual gangue by filtration or by vaporization of the
      volatiles from the gangue, condensing all or part of the vapors, then
      forming a purified antimony trichloride by fractional distillation as more
      particularly set forth below.
PAR  There are, however, several disadvantages to using sulfur monochloride.
      First of all, it is a more expensive reactant, as compared to the chlorine
      from which it is made. In addition, it adds more sulfur to the system, and
      increases problems of product separation. Finally, it is somewhat
      unstable, decomposing first to sulfur dichloride and sulfur, the sulfur
      dichloride then decomposing to chlorine and sulfur.
PAR  Thus, while useful, it is presently less desirable than to direct low
      temperature hydrochlorination or chlorination routes.
PAR  When this route is employed, purification may be carried in the same manner
      as routes employing direct chlorination.
PAR  Where antimony trichloride is formed by reaction with sulfur monochloride,
      however, the sulfur monochloride is also carried overhead as part of the
      first fraction and is normally reprocessed by additional fractional
      distillation to recover it to purify the sulfur monochloride for recycle
      to the reaction system.
PAR  Another route to the formation of antimony trichloride with conservation of
      sulfur, involves high temperature chlorination of antimony sulfide-bearing
      ore. Chlorination in accordance with this method of preparing antimony
      trichloride involves direct contact of chlorine gas or a gass which will
      release chlorine for reaction with antimony sulfide at the temperature
      employed.
PAR  Chlorination may be generally carried out at a temperature of from about
      350.degree.C to about 700.degree.C, preferably from about
      450.degree.-550.degree.C.
PAR  Preferably, the antimony sulfide-bearing ore is preheated to reaction
      temperature under an oxygen-free atmosphere such as a nitrogen atmosphere,
      and for maximum contact the inert gas is generally percolated through the
      antimony sulfide-bearing ore at flow rates below which elutriation or
      fluidization of the ore will occur.
PAR  Once the system reaches the desired reaction temperature, the flow of the
      inert gas is supplanted by a flow of chlorine or a gaseous chlorine donor
      such as vaporized sulfur monochloride, which will release chlorine for
      reaction with antimony sulfide at the temperatures involved.
PAR  High temperature chlorination as carried out in accordance with this aspect
      of the invention generally yields antimony trichloride by the reaction (3)
      above.
PAR  Where the reaction is carried out at temperatures above the boiling point
      of sulfur under the conditions employed, the sulfur along with antimony
      trichloride in the vapor state will pass overhead for collection by
      condensation.
PAR  Where chlorination is carried out at temperatures below the boiling point
      of sulfur, a portion of the sulfur will be in the vapor phase, another
      portion may be carried over as an aerosol, with the balance remaining per
      se or condensed within the reaction vessel as elemental sulfur with the
      residual gangue for separation therefrom by means of a solvent for sulfur
      such as toluene.
PAR  Preferably, however, the reaction is carried out under conditions where the
      sulfur as well as the antimony trichloride are carried overhead in the
      vapor state, condensed, and then fractionally distilled in the manner
      described above.
PAR  The lighter cut, however, will normally contain the residual sulfur
      monochloride when it is used as the source of chlorine or formed by the
      reaction of sulfur with chlorine during chlorination of the antimony
      sulfide or antimony sulfide bearing ore.
PAR  There will additionally be present in the lighter fraction other low
      boiling impurities extracted or formed by the reaction with the gangue and
      including any arsenic compounds present.
PAR  The middle cut is, as indicated, essentially pure antimony trichloride with
      the purity being determined primarily by the fineness of the cut taken.
PAR  Where sulfur has been taken over with the antimony trichloride in the vapor
      state, it will remain behind as a heavy end of the fractional distillation
      operation and may, because of temperatures employed, be essentially free
      of impurities.
PAR  It may, however, as would be expected by one skilled in the art, contain
      some residual antimony trichloride.
PAR  This route is not desired, as much larger heat transfer surfaces or other
      means are required to carry off the exothermic heat of reaction.
PAR  Another less desirable route for the formation of antimony trichloride in
      accordance with the practice of this invention, involves the reaction of
      antimony sulfide bearing ores with anhydrous hydrogen chloride at
      temperatures above the vaporization temperature of antimony trichloride
      under the reaction conditions employed.
PAR  In general, reaction with anhydrous hydrogen chloride is carried out from
      about 200.degree.C up to the melting point of antimony sulfide and
      preferably from about 250.degree.C to about 350.degree.C.
PAR  Reaction of antimony sulfide with anhydrous hydrogen chloride in accordance
      with the practice of this invention occurs by the general reaction (2)
      above.
PAR  At the temperatures employed, the hydrogen sulfide, the antimony chloride,
      arsenic compounds, and other low boilers, are in the vapor state and pass
      overhead from the reaction vessel.
PAR  The antimony trichloride and any arsenic or other low boilers present may
      then be separated from the hydrogen sulfide by mere condensation at a
      temperature below the condensation temperature of the lowest boiler, at
      which temperature hydrogen sulfide remains in the vapor state.
PAR  As the hydrogen sulfide may tend to retain with its antimony trichloride as
      an aerosol, condensation is preferably carried out by passing the gaseous
      stream through a packed column maintained at a temperature just slightly
      above the melting point of antimony trichloride to maximize antimony
      trichloride collection from the gaseous stream.
PAR  There will, as indicated, be generally collected with antimony chloride,
      arsenic values and other impurities extracted from the gangue ore.
PAR  These, however, as previously indicated, can be separated from the antimony
      trichloride by fractional distillation at temperatures below about
      200.degree.C at which all the low boiling impurities will evolve, leaving
      a residue of liquid antimony trichloride.
PAR  If it is determined that the antimony trichloride also contains high
      boiling impurities, there may be taken a second cut in the manner
      previously described to upgrade the purity of the antimony trichloride
      formed.
PAR  The conditions set forth above for the conversion of stibnite or antimony
      sulfide to antimony trichloride have been set forth for an operation
      carried out at, or close to, atmospheric pressure. It will be understood,
      however, by one skilled in the art that temperatures involved in both the
      chlorination of antimony sulfide as well as fractional distillation of the
      product may be varied by varying the pressure at which either the
      chlorination reaction or the fractional distillation is carried out. In
      general, the temperatures will increase with an increase in pressure and
      decrease for operations at pressures carried out below atmospheric
      pressure.
PAR  The process, as indicated, is amenable to direct reaction of antimony
      sulfide. Normally, however, the antimony sulfide will be provided as part
      of an ore concentrate. While the ore can be tested directly as mined, in
      order to minimize operating costs and the volume of material being
      processed and the amount of gangue remaining in the reaction system for
      removal, it is preferred to at least initially upgrade the antimony
      sulfide content of the ore by known techniques including sorting,
      flotation or other beneficiation techniques.
PAR  The antimony trichloride formed as a consequence of the practice of this
      invention may be converted to antimony metal which may be used in the
      preparation of alloys, antimony oxide which is used as a pigment and fire
      retardant, antimony pentachloride which is used as a chlorination agent or
      sold as such as an intermediate for preparing other antimony compounds.
PAR  Because of the high purity of the antimony trichloride produced in
      accordance with the practice of this invention, it is most desirous to
      convert antimony trichloride to high purity antimony oxide for use as a
      pigment, or the like.
PAR  This may be carried out by hydrolysis of the antimony trichloride with a
      basic aqueous solution containing ammonium hydroxide, an alkali hydroxide,
      an alkali carbonate, or the like which will react with the antimony
      trichloride to form antimony oxide as a solid precipitant.
PAR  The reaction may be carried out at any temperature between the freezing
      point and boiling point of the aqueous solution.
PAR  For simplicity, the hydrolysis will be described in terms of the use of an
      aqueous ammonia solution. Where antimony oxide is formed by reaction in an
      aqueous ammonia solution, the principal reaction involved is:
PA1  2 Sb Cl.sub.3 + 6 NH.sub.3 + 3 H.sub.2 O Sb.sub.2 O.sub.3 + 6 NH.sub.4 Cl
      (5)
PAR  The ammonia for the hydrolysis is usually provided in excess of that
      required for reaction with the antimony trichloride.
PAR  Employing the antimony trichloride formed in accordance with the practice
      of this invention, there is generally formed antimony oxide in the form of
      a fine white powder of a purity in excess of 99 percent and having a
      particle size which makes it particularly useful as a pigmenting agent.
PAR  To obtain the product following reaction is the basic solution, the
      antimony oxide which forms as a precipitate is normally filtered from the
      solution, washed and dried.
PAR  In the formation of antimony chloride in accordance with the practice of
      the invention, the preferred routes lead to the formation of elemental
      sulfur. Where there may be formed, however, hydrogen sulfide as a product
      of the reaction, the hydrogen sulfide may be readily converted to sulfur
      by the overall reaction:
PA1  2 H.sub.2 S + O.sub.2 2 H.sub.2 O + 2S                     (6)
PAL  with a source of oxygen normally being air. The techniques employed for the
      reaction are well known in the art.
PAR  Alternatively, the hydrogen sulfide may be reacted with chlorine to form
      hydrogen chloride by reaction:
PA1  H.sub.2 s + cl.sub.2 2HCl + S                              (7)
PAL  The hydrogen chloride formed may be recycled to the chlorination reactor
      and sulfur recovered as a product.
PAR  In the alternative, the hydrogen sulfide may, after separation from
      unreacted hydrogen chloride, be bubbled through or absorbed by a caustic
      solution containing sodium ions to form a sodium sulfide solution which
      can be sold as such.
PAR  While nowise limiting, the following are examples of the formation of
      antimony trichloride in accordance with the practice of this invention, as
      well as hydrolysis to antimony oxide.
DETD
PAC  EXAMPLE 1
PAR  Flotation concentrate of a stibnite ore containing 64% by weight antimony
      as antimony sulfide was introduced into a reactor having a porous base
      which served to support the ore concentrate and as a gas distribution
      plate for gases entering the base of the reactor. The top of the reactor
      was fitted with a filter to retain fine particles elutriated by the flow
      of gas through the reactor. The output of the reactor was connected to a
      condensation collection vessel.
PAR  There was introduced to the reactor, a flow of nitrogen at a rate
      sufficient to cause fluidization of the particulate flotation
      concentration and the reactor contents were heated to a temperature of
      500.degree.C.
PAR  When the reactor contents reached a temperature of 500.degree.C, the flow
      of nitrogen was supplanted by a flow of chlorine gas. Again, the rate of
      flow of chlorine gas through stibnite ore concentrate was insufficient to
      cause fluidization of the ore concentrate. Upon contacting the stibnite,
      an exothermic reaction occurred between chlorine gas and the antimony
      sulfide, resulting in the formation of antimony trichloride and sulfur
      which passed overhead in the gaseous state and condensed in the collection
      vessel.
PAR  The condensate was then distilled using a reflux condenser. The first
      distillate which came over was a dark brown liquid which boiled in the
      range between 55.degree. and 124.degree.C. Analysis of the distillate
      disclosed that it consisted of sulfur dichloride and sulfur monochloride
      apparently formed toward the end of the chlorination cycle by reaction of
      chlorine with free sulfur.
PAR  The next fraction which distilled over consisted primarily of antimony
      trichloride and distilled at a temperature of 210.degree.-215.degree.C.
      The amount collected represented a yield of 85% of the antimony in the
      initial stibnite ore flotation concentrate. Sulfur remained in the
      distillation vessel as the final product and was collected from the base
      of the vessel.
PAR  To 80 parts by weight of the collected antimony trichloride there was added
      200 parts by weight water containing 22 parts by weight ammonia. In an
      exothermic reaction there was formed antimony trioxide and ammonium
      chloride. The antimony trioxide was filtered from the aqueous solution,
      washed and dried. A total of 50.9 parts by weight antimony trioxide was
      collected which represented a 99 percent yield based on the weight of the
      antimony trichloride hydrolyzed. The antimony trioxide was very fine, pure
      white, and had a particle size ranging from 1-8 microns. Analysis of the
      material showed that it consisted of 99.8 .+-. .05% Sb.sub.2 O.sub.3 and
      the balance containing very low levels of arsenic, iron, silver, and lead.
PAR  The above process is also employed with other antimony sulfide bearing ores
      and concentrates with similar results.
PAC  EXAMPLE 2
PAR  The chlorination procedure followed in Example 1 was repeated except that
      the flow of nitrogen gas through the stibnite concentrate was interrupted
      at a temperature of 250.degree.C and replaced by a flow of hydrogen
      chloride gas which yielded on reaction with stibnite, antimony
      trichloride, hydrogen sulfide and unreacted hydrogen chloride.
PAR  This is because the reaction is reversible and an equilibrium is reached
      which prevents complete reaction with hydrogen chloride. At the
      temperature employed about 60 percent of the hydrogen chloride passed
      through unreacted. The first gaseous effluent from the reactor was red to
      orange in color and appeared to contain the reaction products formed by
      reaction of hydrogen chloride with impurities present in the stibnite
      flotation concentrate. The second material which passed overhead was a gas
      from which there was condensed first a clear, colorless liquid which
      solidified at 70.degree.C. The material was identified as antimony
      trichloride.
PAR  Throughout the reaction, hydrogen sulfide gas and hydrogen chloride evolved
      from the reactor. Because of the high volume of gases evolved, the gases
      carried with them some of the antimony trichloride which passed through
      the receiver as an aerosol. This lowered the collection efficiency. Of the
      theoretical amount of antimony trichloride available as a product from the
      concentric processed, there was collected 69.6%.
PAR  The collected product was then distilled. A small forecut came over at a
      distillation column temperature between 50.degree. and 205.degree.C. The
      forecut was a reddish liquid which was discarded. Following the forecut,
      there was collected a center cut which distilled over at a distillation
      temperature in the range from 209.degree.C to 212.degree.C. The material
      condensed as a water-white liquid and solidified at 72.degree.C to
      73.degree.C as a white solid.
PAR  28.8 parts by weight of the white solid center cut was hydrolyzed in an
      aqueous ammonia solution containing 40 percent excess ammonia over that
      stoichiometrically required for the reaction:
PA1  2SbCl.sub.3 + 6 NH.sub.3  + 3 H.sub.2 O Sb.sub.2 O.sub.3 + 6 NH.sub.3 Cl
      (5)
PAR  The antimony trioxide product formed by the hydrolysis was filtered, washed
      and dried, and consisted of 18.2 parts by weight of a fine white powder
      which represents a yield of 99.5 percent of Sb.sub.2 O.sub.3 based on the
      amount of SbCl.sub.3 hydrolyzed. The product was found to be 99+% pure
      Sb.sub.2 O.sub.3.
PAR  The above procedure can be used on jamesonite and tetrahedrite with similar
      results.
PAC  EXAMPLE 3
PAR  112 parts by weight of the stibnite flotation concentrate used in Example 1
      was placed in a reaction vessel having a reflux condenser. To the reaction
      vessel there was added dropwise 202 parts by weight sulfur monochloride
      (S.sub.2 Cl.sub.2). There was initiated immediately an exothermic reaction
      which yielded antimony trichloride and sulfur as principal products. The
      amount of sulfur monochloride introduced to the reactor was 71 percent
      excess of the amount required for the reaction:
PA1  Sb.sub.2 S.sub.3  + 6S.sub.2 Cl.sub.2 2 SbCl.sub.3 + 9S    (4)
PAR  This excess amount of sulfur monochloride was sufficient to dissolve the
      sulfur produced in the reaction. The reaction mixture was filtered at a
      temperature above 72.degree.C in order to maintain antimony chloride in
      the liquid state as a miscible member of the S.sub.2 Cl.sub.2 --S
      solution.
PAR  After filtration, the gangue which remained on the filter was discarded.
PAR  The filtrate was then distilled. The first fraction collected was 100 parts
      by weight sulfur monochloride. This was followed by a fraction containing
      130 parts by weight antimony trichloride. The condensed antimony
      trichloride was a clear, white liquid solidifying to a white solid. The
      yield was 98 percent based on the antimony contained in the ore
      concentrate. A residue of 98.2 parts by weight sulfur remained in the
      distillation vessel and was collected as such.
PAR  Of the antimony trichloride collected, 24.3 parts by weight was hydrolyzed
      by reaction in a solution containing 6.5 parts by weight ammonia and 150
      parts by weight water. There was formed 15.5 parts by weight antimony
      trioxide precipitate which was white in color and represented 99.8 percent
      of the yield based on the antimony trichloride fed to the hydrolysis
      reactor.
PAC  EXAMPLE 4
PAR  To 174.97 parts by weight of a stibnite flotation concentrate containing
      61.5 percent antimony as antimony sulfide was mixed 193.35 parts by weight
      of a previously prepared mixture of antimony trichloride and sulfur in a
      reaction vessel. The mixture was heated to 130.degree.C to melt the
      antimony trichloride sulfur mixture and there was formed a slurry with the
      stibnite. A total of 99.9 parts by weight chlorine was introduced beneath
      the level of the slurry, which was continuously agitated over a period of
      about 4.75 hours. The temperature of the slurry was maintained at within
      10.degree. of 140.degree.C by controlling the rate of addition of chlorine
      and cooling of the reaction vessel. The amount of chlorine added was 6
      percent greater than the amount required to react with the stibnite to
      form antimony trichloride by the reaction:
PA1  Sb.sub.2 S.sub.3 + 3Cl.sub.2 2 SbCl + 3S                   (3)
PAR  After chlorine addition, the resultant reaction mass totaling 459.68 parts
      by weight and transferred to a high temperature vessel. The vessel and
      contents were gradually heated to 480.degree.C under a nitrogen
      atmosphere. A total of 430.39 parts by weight of a mixture of antimony
      trichloride and sulfur was volatilized from the reaction mass and
      recovered by condensation. 19.59 parts by weight of a non-volatile residue
      remained. An analysis of the residue indicated that it contained
      approximately 1.5 percent antimony which established that over 99 percent
      of the antimony sulfide had reacted with the chlorine.
PAR  Of the product collected, 166.31 parts by weight was distilled. An overhead
      product of 133.42 parts by weight of antimony trichloride was recovered. A
      residue of 32.34 parts by weight remained in the reboiler and consisted
      primarily of sulfur with a minor amount of antimony trichloride.
PAC  EXAMPLE 5
PAR  A flotation concentrate of a stibnite ore containing 64 percent by weight
      antimony as antimony sulfide is introduced into the reactor of Example 1,
      which is now fitted with a pressure control system on the outlet. The
      pressure control system allows the pressure within the reactor to be
      maintained at pressures above atmospheric.
PAR  There is introduced into the reactor through the bottom porous plate
      support, as in Example 1, a flow of nitrogen gas at a rate insufficient to
      cause fluidization of the particulate flotation concentrate. The reactor
      contents are then heated to a temperature of 520.degree.C and the pressure
      within the reactor is adjusted to 2 atmospheres by the pressure control
      system.
PAR  When the reactor contents reach a temperature of 520.degree.C, the flow of
      nitrogen is supplanted by a flow of chlorine gas as in Example 1. Upon
      contacting the stibnite, an exothermic reaction takes place between the
      chlorine gas and the antimony sulfide, resulting in the formation of
      antimony trichloride and sulfur and low boiling impurities which pass
      overhead in the gaseous state, through the pressure controlled reactor
      outlet and into a cooled collection vessel where the effluent is
      condensed.
PAR  The condensate is distilled in a fractional distillation apparatus using a
      reflux condenser. The distillation apparatus is also equipped with a
      pressure control system similar to that employed in the reactor. By means
      of the pressure control system the pressure within the fractional
      distillation apparatus is maintained at 2 atmospheres. The first
      distillate, which boils in the range between 70.degree.C and 142.degree.C
      at 2 atmospheres pressure is a dark brown liquid consisting of sulfur
      dichloride and sulfur monochloride, apparently formed toward the end of
      the chlorination cycle by reaction of chlorine with free sulfur.
PAR  The next fraction which distills over consists primarily of antimony
      trichloride and distills at a head temperature of 248.degree.C to
      252.degree.C. The distillation is discontinued when the temperature within
      the reboiler of the distillation apparatus reaches 495.degree.C,
      indicating that the material remaining in the reboiler is sulfur.
PAR  The amount of material in the second distillation fraction represents a
      yield of 83 percent of the antimony in the initial stibnite ore flotation
      concentrate.
PAR  A portion of the second distillation concentrate is reacted with aqueous
      ammonia as in Example 1 to form high purity antimony trioxide at a yield
      of 99.8 percent.
PAC  EXAMPLE 6
PAR  The work described in this Example was designed to recover as completely as
      possible the antimony in the ore. Two reactors identical to the reactor of
      Example 1 were connected in series so that the gases issuing from the
      first reactor (reactor 1) passed through the second reactor (reactor 2)
      before passing into the cooled collection vessel.
PAR  One hundred parts by weight of a flotation concentrate of a stibnite ore
      containing 64 parts by weight antimony as antimony sulfide was introduced
      into each reactor. The reactors were then heated to 500.degree.C while a
      flow of nitrogen gas at a rate insufficient to cause fluidization of the
      particulate flotation concentrate was passed through the two reactors in
      series.
PAR  When the reactor contents reached a temperature of 500.degree.C, the
      nitrogen flow was replaced by a flow of chlorine gas as in Example 1. An
      increase in the temperature of Reactor 1 indicated that the reaction was
      taking place between the chlorine gas and the stibnite flotation
      concentrate. The antimony trichloride and sulfur vapors formed by the
      reaction passed through Reactor 2, and thence into a cooled collection
      vessel where they condensed.
PAR  After passage of 80.4 parts by weight of chlorine gas through the reactors,
      the chlorine flow was replaced by a nitrogen flow and the reactors were
      allowed to cool. The weight loss from both reactors was determined.
      Reactor 1 was found to have lost 88.65 parts by weight and Reactor 2 had
      lost 46.31 parts by weight. The product was distilled and the weights of
      antimony trichloride and sulfur obtained were determined. These values are
      listed in Table 1 as Cycle 1.
PAR  The unreacted gangue in Reactor 1 was then removed and the reactor was
      re-charged with 100 parts by weight of the same stibnite flotation
      concentrate used in Cycle 1. The apparatus was then re-assembled using the
      previous Reactor 2 as Reactor 1  and Reactor 1 re-charged to become
      Reactor 2. The assembly was again heated to 500.degree.C with nitrogen
      flowing through both reactors and the nitrogen was replaced with chlorine
      as before when the reactor temperatures reached 500.degree.C.
PAR  After passage of 54 parts by weight of chlorine the reactors were again
      cooled under a flow of nitrogen and the weight loss from both reactors
      determined. It was found that Reactor 1 had lost a total of 90.17 parts by
      weight during the two chlorination cycles and that Reactor 2 had lost
      36.79 parts by weight during the second cycle. Thus, by alternating the
      positions of the two reactors in this manner, essentially all of the
      antimony sulfide could be recovered from the flotation concentrate as
      antimony chloride and sulfur without using an excess of chlorine gas nor
      forming undesirable by-products such as sulfur chlorides. The results of
      this run are shown in Table 1 as Cycle 2.
PAR  Again the unreacted gangue was removed from Reactor 1 and it was re-charged
      with 100 parts by weight of fresh flotation concentrate. The apparatus was
      again assembled, reversing the positions of the two reactors so that the
      previous Reactor 2 became Reactor 1 and the freshly charged Reactor 1
      became Reactor 2. The procedure was repeated for a total of 7 cycles, as
      shown in Table 1.
PAR  Overall, for the seven cycles, 93.45 percent of the antimony was recovered
      as antimony trichloride, based on the overall weight loss from the
      reactors. The chlorine utilization was 92.53 % based on the total chlorine
      added during the seven cycles and the total chlorine accounted for as
      total product of the seven cycles.
TBL                                    Table 1                                 
     __________________________________________________________________________
                              Parts By                                         
     Parts By   Wt. Loss (Total)                                               
                              Wt.        % Sb % Cl.sub.2                       
     Wt. Cl     Parts By Weight                                                
                              Recovered  Recov.                                
                                              Recov.                           
     Cycle                                                                     
          Added Reactor 1                                                      
                       Reactor 2                                               
                              SbCl.sub.3                                       
                                    S                                          
     __________________________________________________________________________
     1    80.4  88.65  46.31  167.48                                           
                                    37.83                                      
                                         92.4 97.1                             
     2    54    90.17  36.79  99.64 23.05                                      
                                         92   90.12                            
     3    57.6  88.27  31.05  103.27                                           
                                    21.80                                      
                                         93   89.34                            
     4    69.0  92.04  42.22  133.71                                           
                                    28.20                                      
                                         96.2 100.5                            
     5    56.1  91.5   55.26  133.82                                           
                                    28.24                                      
                                         95.2 111.0                            
     6    35.2  85.95  15.53  52.99 11.2 85.4 70.0                             
     7    76.5  91.52  50.34  160.56                                           
                                    33.88                                      
                                         94.64                                 
                                              97.8                             
     Overall                             93.45                                 
                                              92.53                            
     __________________________________________________________________________
PAC  EXAMPLE 7
PAR  A flotation concentrate of a tetrahedrite ore containing 17.4 percent
      antimony as antimony sulfide was introduced into a reactor having a bottom
      gas inlet and a top gas outlet. The reactor was heated to a temperature of
      500.degree.C with a flow of nitrogen at a rate insufficient to cause
      fluidization of the ore concentrate.
PAR  When the reactor contents reached a temperature of 500.degree.C, the flow
      of nitrogen was supplanted by a flow of chlorine gas. Again, the rate of
      flow of the chlorine gas through the tetrahedrite ore concentrate was
      insufficient to cause fluidization of the ore concentrate. Upon contacting
      the tetrahedrite, a reaction took place between the chlorine gas and the
      antimony sulfide, resulting in the formation of antimony trichloride and
      sulfur, which passed overhead in the gaseous state and was condensed in a
      collection vessel. The chlorine flow was stopped after a dark brown
      material resembling ferric chloride appeared in the reaction products.
      This was formed from iron sulfide present in the ore concentrate.
PAR  The condensate from the reaction was distilled using a reflux condenser.
      The first distillate which came over was a dark brown liquid consisting of
      sulfur monochloride and sulfur dichloride. The sulfur dichloride is a
      breakdown product of sulfur monochloride. The next fraction which
      distilled over consisted primarily of antimony trichloride. The antimony
      trichloride collected as overhead product plus that in the reflux column
      plus that remaining in the reboiler of the distillation apparatus
      represented a yield of over 95 percent of the antimony contained in the
      initial tetrahedrite ore flotation concentrate.
PAC  EXAMPLE 8
PAR  An apparatus consisting of two reactors as described in Example 6 was used
      in the work described in this Example. The reactors contained jamesonite
      ore which contained 21.3 weight percent antimony as the sulfide. The
      reactors were heated to a temperature of 228.degree.C under a flow of
      nitrogen as in Example 2. At this temperature the flow of nitrogen was
      interrupted and replaced by a flow of hydrogen chloride gas. The gaseous
      products issuing from the reactor were passed through a flash condenser in
      which the antimony trichloride produced in the reaction was condensed and
      collected.
PAR  After passage of hydrogen chloride gas, the reactors were allowed to cool
      with a flow of nitrogen passing through them. Analysis of the reactor
      contents showed the bottom reactor contents to contain 0.26 weight percent
      of antimony, while the contents of the top reactor, which had reached a
      higher temperature during the experiment, consisted of only 0.12 weight
      percent of antimony. Over 99 weight percent of the antimony was thereby
      extracted from the ore.
PAC  EXAMPLE 9
PAR  2000 parts by weight of a stibnite flotation concentrate containing 53.1
      percent antimony as antimony sulfide was added to 2280 parts by weight of
      a liquid heel retained from a previous run. The heel consisted of 1765
      parts by weight of antimony trichloride and 515 parts by weight of gangue.
      The slurry of flotation concentrate and gangue in antimony trichloride was
      maintained at 82.degree.C and agitated to keep the solids in suspension.
      1270 parts by weight of anhydrous hydrogen chloride gas was introduced
      below the surface of the liquid. Analysis of the off-gas from the reaction
      for hydrogen chloride and hydrogen sulfide revealed that 65 percent of the
      hydrogen chloride reacted with the antimony sulfide according to reaction
      (2).
PAR  An additional 4000 parts by weight of the same flotation concentrate was
      then added to the slurry and anhydrous hydrogen chloride was introduced
      into the slurry until analysis of the off-gases revealed that no further
      reaction was taking place.
PAR  A portion of the slurry in the reactor was then removed, leaving 2040 parts
      by weight remaining in the reactor to serve as a heel for the next run.
      The volatile fraction of the slurry was separated from the gangue by
      evaporation, condensed and then distilled through a reflux column. A small
      forecut containing arsenic chloride and water formed by reaction of
      hydrogen chloride with oxide contaminants in the ore was discarded. A
      second fraction, which boiled at 222.8.degree.C was collected and found to
      consist of 5780 parts by weight of high purity antimony trichloride. This
      represent 96.8% recovery of the antimony values in the flotation
      concentrate, exclusive of holdup in the column and reboiler.
PAR  Analysis of the gangue revealed that it contained less than 2% of the
      antimony present in the original flotation concentrate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas-liquid phase process for the production of antimony trichloride
      from antimony sulfide bearing ores and concentrates in particle form which
      comprises:
PA1  a. reacting antimony sulfide contained in a melt of antimony trichloride in
      at least one reaction zone with gaseous hydrogen chloride at a temperature
      above the melting point and below the boiling point of antimony
      trichloride to form molten antimony trichloride and hydrogen sulfide; and
PA1  b. purifying the formed antimony trichloride by fractional distillation,
      wherein the antimony trichloride is distilled and collected from an
      antimony trichloride containing distillable mass resulting from the
      reaction of antimony sulfide with hydrogen chloride.
NUM  2.
PAR  2. The process as claimed in claim 1 in which the antimony trichloride is
      distilled at a temperpature of from about 215.degree.C to about
      225.degree.C.
NUM  3.
PAR  3. The process as claimed in claim 2 in which the purified antimony
      trichloride is converted to antimony oxide by hydrolysis in the presence
      of an aqueous basic solution.
NUM  4.
PAR  4. The process as claimed in claim 3 in which the aqueous basic solution is
      an ammonia based solution.
NUM  5.
PAR  5. The process as claimed in claim 1 in which the purified antimony
      trichloride is converted to antimony oxide by hydrolysis in the presence
      of an aqueous basis solution.
NUM  6.
PAR  6. The process as claimed in claim 5 in which the aqueous basis solution is
      an ammonia based solution.
NUM  7.
PAR  7. The process as claimed in claim 1 in which the reaction is carried out
      at a temperature from about 72.degree.C to about 220.degree.C.
NUM  8.
PAR  8. The process as claimed in claim 7 in which the hydrogen chloride is
      anhydrous.
NUM  9.
PAR  9. The process as claimed in claim 1 in which the antimony trichloride is
      distilled and collected at atmospheric pressure and at a temperature
      between about 200.degree.C and 240.degree.C.
NUM  10.
PAR  10. The process as claimed in claim 1 in which the hydrogen chloride is
      anhydrous.
NUM  11.
PAR  11. The process as claimed in claim 1 in which the reaction is carried out
      at a temperature from about 72.degree.C to about 120.degree.C.
NUM  12.
PAR  12. The process as claimed in claim 1 in which the antimony trichloride is
      distilled and collected at a pressure of 2 atmospheres and at a
      temperature between about 248.degree.C and 252.degree.C.
NUM  13.
PAR  13. The process as claimed in claim 1 in which chlorination of antimony
      sulfide is carried out at elevated pressures.
NUM  14.
PAR  14. The process as claimed in claim 1 in which chlorination of antimony
      sulfide is carried out in a plurality of reaction zones connected in
      series.
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ABST
PAL  An arrangement of modular elements comprising a balance beam having a
      narrow top rail and trapezoidal base with steep sides giving the illusion
      of shallowness adapted by connecting means to be used together with one or
      more cylindrical pedestals each having a well and a recessed disc seated
      in said well which serves to carry a message and acts as the target or
      destination of a child walking the rail along a roughened strip
      longitudinally extending the length thereof, the child sensing the strip
      by the sense of touch through the bottom of his feet.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to educational devices for children from
      pre-school age through the elementary grades for improving their
      perception, coordination and attentiveness through physical exercise.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Footlik in U.S. Pat. No. 3,589,716 has proposed a balance beam for training
      children suffering from dyslexia and other learning disabilities in which
      the beam is constructed in a manner so as to wobble and make it a little
      difficult to walk the beam either on a level or on an incline.
PAR  It is known that the training of children on a balance beam for improving
      coordination can aid learning in reading, spelling and speech and can also
      improve other motor responses involving coordination with sensory stimuli
      and perception induced thereby involved in the assimilation of perceptual
      educational material. See Moritz, U.S. Pat. No. 3,339,920, issued Sept. 5,
      1967.
PAR  The raising of the beam or the tilting thereof creates tension and anxiety
      in the child who walks the beam. See for example the beams used by
      experienced gymnasts in Sorenson et al, U.S. Pat. No. 3,404,884 issued
      Oct. 8, 1968 or the rocking beam of Pitkanen, U.S. Pat. No. 3,485,493 or
      the tilted beam of Lowman, U.S. Pat. No. 1,747,721.
PAR  In none of these prior art balance beams is there used a straight beam
      giving the illusion of shallowness due to the color of the beam and the
      specific and critical details of construction of the tapered base of the
      beam in its relation to the narrow rail portion nor is there provided a
      running length of narrow line or band extending along the entire length of
      the rail to provide both a visible line pathway which can be
      simultaneously seen and felt through the bottom of the child's feet
      (stocking feet or bare feet or with light sneakers, slippers or shoes).
PAC  SUMMARY OF THE INVENTION
PAR  The present invention utilizes the novel principle of a balance beam of
      substantial height having bottom and side portions of trapezoidal shape to
      give the illusion of shallowness and a flat rail top portion having a
      narrow roughened light colored band which can be felt by the bottoms of
      the child's feet while he walks the rail along a stable path provided by
      the band while the beam is resting on a flat surface. Thus the child walks
      on a narrow rail following a colored central line one foot in front of the
      other, simultaneously seeing and feeling his way by the soles of his feet
      (stocking feet, slippers, etc., or barefooted) from the start at one end
      of the rail to the finish at the other end of the rail.
PAR  To aid training and play, the invention provides joining means on the beam
      to connect to a cylindrical pedestal serving as a target placed at the end
      or at both the beginning and at the beam end, the pedestal being at the
      same height as the rail so that the child can step up to the pedestal if
      he is starting to walk the rail or step down from the pedestal after he
      has finished walking the rail, or both.
PAR  By utilizing the various primary colors or pastel shades for the beams, the
      child's perception of color of the beam, color of the rail band and color
      of the pedestal may all be tested as variables conditioning the child's
      perception and performances and by using an instructor disc provided in a
      well of the pedestal, instructions may be marked on the surface of the
      disc to permit a programmed course of instruction and play.
PAR  In another aspect of the invention red and green shades may be used for the
      solid color of the beam and the color of the walking tape which is adhered
      to the rail so that pupils who are color blind to red and green may be
      exposed to a walking test on the rail and can see different shades of
      grey.
PAR  A still further embodiment of the invention, the beam may be colored black,
      placed on a black floor rug or surface, and the pupil required to walk
      along a white or light yellow walking tape adhered to the rail. The black
      of the beam blending with the black of the floor will permit the pupil
      while looking down to concentrate on the white line and he will not get
      the illusion of height by looking down unless he looks out and notices
      that he is at least 5 or 6 inches above the ground.
PAR  In still another embodiment of the invention the target pedestal may be
      joined to the beam by mechanical means, for example, a curved connecting
      beam which is seated in an end of the beam and engages through a groove an
      inner wall at the base of the target pedestal.
PAR  The target pedestal may preferably be cylindrical or octagonal in shape,
      both of these shapes permitting a right angular path as well as a straight
      path both to the pedestal and from the pedestal, e.g. the pedestal in both
      of these shapes serves as a center point of the cross rods or cross paths
      and thereby permit choices to be made by the pupil in response to indicia
      instructions on the instructor disc sitting in the well of the target
      pedestal or by the sound of an audio tape machine which is activated by a
      pin movement when the pupil steps on the disc and moves the pin against a
      lever which starts an audio tape machine to play programmed oral
      instructions. The oral message may be used to supercede the written
      message and this can be used in a game which trains decision making by the
      pupil.
PAR  The unique angular instruction at the base of the trapezoid provides
      stability and safety. Small children have more difficulty than larger
      children in walking the rail. The length of the rail at about three feet
      makes for a length of balancing path which is a challenge for the small
      pupil yet presents no hazard when the child falls to one side since his
      feet will strike the acute trapezoidal sides only a few inches from the
      floor and his depth perception will be such that by looking straight down
      he will feel himself to be much closer to the floor when he looks straight
      down than when he looks straight out; by looking straight out he will feel
      himself to be a 6 inch height above the floor but by looking straight down
      it will appear only a few inches to the floor. The length of the path
      which is a challenge to the older child if it is increased may be adjusted
      in accordance with the invention by using beam connecting means to join to
      short beams together with, e.g. a 6 foot path instead of a 3 foot path or
      a  9 foot path if desired.
PAR  In a preferred embodiment there is provided a beam having a narrow
      rectangular top rail portion and a base portion of trapezoidal cross
      section, the trapezoidal section being about one half the height of the
      beam, each acute angle of the trapezoidal base portion being the same and
      being between about 70.degree. - 75.degree. to thereby provide an illusion
      of shallowness to a child walking the beam, a cylindrical pedestal of the
      same height as said beam having a well in its upper surface, a recessed
      disc seated in said well, indicia on said surface of said disc to carry a
      message to a child walking the beam and connecting means at an end of the
      beam, said connecting means adapting the beam to be joined to said
      pedestal of like height.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to provide a balance beam of substantial
      height having bottom and side portions of trapezoidal shape to give the
      illusion of shallowness and a flat rail top portion having a narrow
      roughened light colored band which can be felt by the bottoms of the
      child's feet while he walks the rail along a stable path provided by the
      band while the beam is resting on a flat surface.
PAR  A further object of the invention is to provide joining means either
      magnetic or mechanical on the balance beam to connect to a pedestal
      serving as a target placed at the end or at both the beginning and at the
      beam end, the pedestal being at the same height as the rail so that the
      child can step up to the pedestal if he is starting to walk the rail or
      step down from the pedestal after he has finished walking the rail.
PAR  A further object of the invention is to use various primary colors or
      pastel shades for the beam, so that the child's perception of color of the
      beam, color of the rail band and color of the pedestal may all be tested
      as variables conditioning the child's perception and performance and by
      using an instructor disc provided in a well of the pedestal, instructions
      may be marked on the surface of the disc to permit a programmed course of
      instruction and play.
PAR  Another object of the invention is to provide a target pedestal, preferably
      cylindrical or octagonal in shape, both of these shapes permitting a right
      angular path as well as a straight path both to the pedestal and from the
      pedestal, e.g. the pedestal in both of these shapes serving as a center
      point of the cross rods or cross paths.
PAR  Still another object of the invention is to provide mechanically actuated
      sound instructions played by a tape recorder placed in the base portion of
      the pedestal to aid in training.
PAR  A further object of the invention is to provide novel connecting means for
      sidewise joining several pedestals to each other, several beams to each
      other, and several pedestals to several beams.
PAR  A further object is to provide dovetail-type means to join longitudinal
      faces of stable trapezoidal shaped beams to each other for creating an
      educational toy having widened portions top and bottom.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a view in perspective showing an exercise or a game in which five
      (5) beams are associated with five (5) target pedestals in a program where
      the pupil starts at A, bends down at B, and receives his instructions (see
      FIG. 4) by lifting up the disc which tells him to go to D not to C; and
PAR  FIG. 2 is a sectional view along line 2--2 of FIG. 1 which shows the
      magnetic connection between the magnets at the end of the beam and the
      metal skirt about the target pedestal; and
PAR  FIG. 3 shows a top view of the cylindrical form of a target pedestal, and
      the instruction disc which sits in the well of the target pedestal; and
PAR  FIG. 4 shows a bottom view of the instruction disc per se, which was picked
      up by the pupil at target B; and
PAR  FIG. 5 shows an end view of the beam and gives dimensions of the beam as
      well as a magnetic attaching means in a face of the end of the beam; and
PAR  FIG. 6 shows a perspective view of the beam with an adhered tape on the
      rail marking the center line of the beam for the walking path; and
PAR  FIG. 7 shows a modification of the beam adapted to mechanically interfit by
      means of curved connecting pins to an inner wall adjoining in a groove in
      the bottom portion of the target cylinder; and
PAR  FIG. 8 shows an alternative embodiment in a sectional view of the
      mechanical connector of beam and target pedestal. FIG. 8 also shows a
      surface 15 instead of a tape; and
PAR  FIG. 9 shows a modification of the target pedestal in which the disc rests
      on a movable pin actuating a lever and switch of a tape audio player to
      provide oral instruction when the disc depresses the pin under the weight
      of a child who stands on the disc; and
PAR  FIG. 10 is a modification of the shape of the target disc showing an
      octagonal shape pedestal with parts broken away in sectional views showing
      the mechanical connecting of the curved pin connector between the beam and
      the pedestal; and
PAR  FIG. 11 shows an elevational view, partly in section, of an alternate
      embodiment of connector different from that in FIG. 8, e.g., a straight
      connector comprising pin and sleeve members for joining a plurality of
      beams, end to end; and
PAR  FIG. 12 shows a plan view of a plurality of pedestals joined by a modified
      connector means; and
PAR  FIG. 13 shows a fragmentary plan view of a pedestal and beam joined by the
      modified connector means as in FIG. 12; and
PAR  FIG. 14 is an exploded perspective view showing the inter engagement of
      pedestal, beam, and modified connecting means used in FIGS. 12 and 13; and
PAR  FIG. 15 is a fragmentary plan view showing an end to end arrangement of two
      means joined by the connecting means as used in FIGS. 12 - 14; and
PAR  FIG. 16 is a plan view showing an array of regular polygonal pedestals in
      3, 4 and 5 side configurations and in a circular configuration, each with
      mortised sections for reviewing the connecting means as used in FIGS. 12 -
      15; and
PAR  FIG. 17 is a fragmentary plan view partly in section of a hollow embodiment
      of pedestal suitable for housing a tape recording player; and
PAR  FIG. 18 is a plan view of a parallel bar walking arrangement utilizing two
      beams and joined octagonal pedestals by means of the modified connecting
      means of FIGS. 12 - 15; and
PAR  FIG. 19 is a perspective view of a crawling beam having rounded edges for
      use by an infant, and formed of two trapezoidal beams joined at their
      narrow face by connecting means similar to that in FIGS. 12 - 15.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The magnetically connected assembly of five target pedestals, each
      designated 20, and five beams, each designated 10, is shown in FIGS. 1 and
      2 and the assembly comprises the stable beam 10 connected by magnetic
      connecting means to the target pedestal 20 with the beam securely resting
      on its widened base to present a narrow rail top portion 4 viewed by the
      child from above, for walking along the walking tape 5, so that when the
      child is walking the narrow beam surface 3, he has a visual impression of
      walking a line represented by the tape and feels that he is walking on the
      floor rather than 6 inches above the floor.
PAR  The connecting means, which is utilized in the embodiment of FIGS. 1 - 5,
      is magentic means 6 held at the side of the beam near the base between the
      widened trapezoidal surfaces 2 by means of a retainer 7.
PAR  The educational play under the supervision of the teacher, which is
      illustrated in FIG. 1, shows the child walking between the target marked
      B, on disc 23, and target marked D on the disc. At this stage in the
      training exercise, the child is successfully walking the tape between B
      and D, and the child, when he was at station B he was able to lift up disc
      23 by inserting his finger into recess 23, lifts up the disc, turns it
      over, and reads the instructions on the back of the disc, which says,
      "Don't go to C, go to D".
PAR  For the purposes of illustrating training, the child had started at A,
      walked the rail to B, had taken his instructions at B, and had made a
      choice to go to station D. The cylindrical pedestal 20, used at station B,
      illustrates a magnetic joining of 3 beams, 2 of which are at right angles
      to each other, and all of the other stations D, E, and A of the closed
      path have 2 beams.
PAR  The play and instructional possibilities can be widely varied because the
      variety of connecting means between the pedestal and the beam, the
      magnetic connecting means being useful for older children who could kick
      the beam away from the magnet holding means and are responsible enough to
      restore the connection without frustration and to program the hook
      connecting means of FIG. 7, the pin connecting means of FIG. 11, and the
      dovetail connecting means of FIG. 12 permit a greater variety of pedestal
      arrangements contributing to safety and ease of movement of the child.
      Four pedestals 50, of octoganal shape, can serve as a widened target
      platform in a similar arrangement to FIG. 1 to replace the cylindrical
      pedestal 20 and to afford a totally different type of connecting means in
      directions which move outwardly from the side faces of the octagons in
      comparison with the cylindrical faces 16 of the circular target pedestal
      20.
PAR  Thus, double beam arrangements may be achieved with the octagon pedestal as
      shown in FIG. 18 and with the child's participation in making the
      connections between the pedestal and the beam is a valuable part of the
      training exercise emphasizing physical activity.
PAR  In the embodiment shown in FIGS. 6, 7 and 8, a hook means 8 serves as a
      mechanical connection between the beam 10 and the pedestal 20.
PAR  This mechanical connection by the hook means which is shown in section in
      FIG. 8 illustrates a hook 8 which is integrally connected within a bore 9
      of the beam 10 at its straight portion and at its free hooked portion 8
      engages within a curved recessed portion in the pedestal 39g and locks in
      the upwardly extending recessed portion 39u, to be firmly attached to the
      pedestal by insertion and twisting to the locked position. The insertion
      of the hook 8 into the recess at the bottom part of the side of the
      pedestal 30 is shown in FIG. 10 and is visualized by the arrows showing
      turning movements and the relationship of the curved free part 29g and the
      upstanding free part 29u in FIG. 8 in the dotted section representing the
      bored or recessed parts 39g and 39u.
PAR  The advantages of the hook connecting means 8 over the magnetic connecting
      means 6 lies in the more secure mechanical connection uniquely provided by
      the hook. The magnetic means tends, over protracted periods, to loose its
      strength. Also the beam may be forcibly kicked away to detach from the
      pedestal and for younger childres the hook means 8 or the dovetail
      connecting means 54 is preferred.
PAR  To see the simplicity of positive connection of the hook, reference is made
      to FIG. 7, wherein the detachment of the beam from the circular pedestal
      20, in exploded view, is shown to demonstrate the clockwise locking motion
      (arrow at left end) and the counterclockwise opening motion when the free
      hook portion enters recessed 29g at the base of the pedestal 20.
PAR  The pedestal means 30 illustrated in FIG. 10 is octogonal in shape rather
      than circular in plan view as compared to pedestal 20 in FIGS. 1 - 3. In
      FIG. 16, there is shown a cylindrical pedestal means 50a which embodies a
      different recessed means for engaging connecting means, e.g., a
      dovetail-type connector for pedestal and beam which is preferred to that
      means in FIGS. 1 - 3 (magnetic) or FIGS. 8 - 10 (hook means), and this
      dovetail-type connecting means employed in FIG. 16 permits housing
      instructions, a treasure in a treasure hunt game, a tape recorder, or
      other article.
PAR  The versatility of the beam-pedestal combinations can be readily recognized
      by comparing the geometric combinations of FIG. 1 (circular) with those in
      FIGS. 12, 13, 16 and 18, (octagonal).
PAR  Four pedestals 50 are joined by means of dovetail-type connector 54 in
      recesses 52 there being one recess in each face of the octogon. The
      octogons may be doubled as in FIG. 18 to provide side by side pedestal
      means for parallel beam 56.
PAR  In FIGS. 14 and 16, there are illustrated a choice of circular and
      polygonal pedestals, e.g. circular pedestal 50a, triangular pedestal 50b,
      rectangular pedestal 50c, pentagonal pedestal 50d, and hexagonal pedestal
      50e. A preferred series of dovetail recesses, eight in number, permit
      interchangeability of the octogonal and circular pedestals to permit the
      play or game shown in FIG. 1 to be played with either shape of pedestal.
PAR  The pedestal construction for each embodiment shown permits programmed
      instructions, the components including written material for the teacher or
      student teacher, the disc 23, identifying, by indicia on surface 31 a
      target or destination, and a written message shown in under surface 32.
      This written message may contain any instructions desired as part of a
      continuing program.
PAR  The preferred beam dimensions have been determined after long
      experimentation with children varying in age from 2 to 16 years, and are
      shown in FIG. 5 wherein the walking tape, 1 inch in width, is formed of a
      pressure sensitive backed brightly colored tape having a resilient, nubby,
      non-slip surface and available from Minnesota Mining and Manufacturing
      Company under the tradename "Scotch-Tred," a registered trade mark of this
      company and is applied to rail 4.
PAR  The child perceives the 1 inch tape as a line which is straight from beam
      end to end, which he follows with his feet and eyes as he walks the rail.
      The 6 inch height is substantial to a child of 2 - 4 years, since it is
      generally about 15% of his height, which corresponds to an adult walking
      one foot above ground level. However, the trapezoidal sides (FIG. 5)
      ending about 3 inches above ground level with a widened base of 4 inches,
      gives an illustion of a 1 inch walking line mounted on a 3 inch rail and
      this gives confidence to the child who need not step down from the
      pedestal. Simultaneously, there is a feeling of height but safety because
      of the illusion of shallowness imparted by the beam sides and widened
      base.
PAR  A still further sleeve and pin connecting means is shown in FIG. 11,
      comprising sleeve 44 integrally mounted in beams 40, the pin 46 being
      spring loaded with spring means 43 at each end, these being held by
      detents 48 to permit one of the free ends, either right or left in FIG.
      11, to be pushed into the recessed 42 at the end of the beam 40.
PAR  This construction permits doubling, tripling, or multiplying the beam
      length as desired, thereby allowing smaller units to be put together in
      safety by the child as well as the teacher.
PAR  The joined beams 40 illustrated in FIG. 11 may bear a coating of wear
      resistant synthetic or natural resin material, e.g., polyurethane,
      polyolefin, alkyd, melamine resin, phenolic resin, lacquer, or other
      materials desirable by reason of low toxicity, low cost, and ease of
      application and repair. The coating may contain grains of sand, emory, or
      the like.
PAR  In the frictional surface 15 formed at part of the upper rail, the beam in
      FIG. 8, the non-slip characteristics are provided by embossing the surface
      of plastic material, synthetic, rubber, or plastic, so that the child may
      walk the beam safely.
PAR  The preferred material for long units, about 3 feet in length is wood and
      the preferred materials include:
     Balsa Wood (FIG. 2)                                                       
                        White Pine (FIG. 2)                                    
     Structural Plastic Foam                                                   
                        Redwood (FIG. 2)                                       
     Fiberglass Reinsorced Polyester Resin                                     
     Cycolac Plastic (ABS) (Marbon Plastics)                                   
     Rigid Molded Polyurethane Materials                                       
PAR  An important educational advantage of the invention is provided in the
      pedestal means of FIG. 9 by the disc actuated tape recorder means or other
      sounding means combining sound instructions or signals with the written
      indicia and instructions placed on disc 23 or disc 23 recessed portion.
      The teacher or child may flip the disc to expose the under message by
      finger or thumb grasping the disc edge at aperture 23 as shown in FIGS. 3
      and 4. In the embodiment of pedestal of FIG. 9, the weight of the child on
      disc 31 presses against and moves free floating pin 24 against lever arm
      26 to thereby actuate tape player 28 by tripping switch 27, and thereby
      emitting sound, voice or other signals to impart a teaching instruction to
      the child.
PAR  The sound unit may be mounted on a base and removed as a unit after
      detaching the mounting screws as shown in FIG. 9.
PAR  Briefly summarizing magnetic and mechanical connecting means simple in
      construction, yet easy to operate by teacher or child have been disclosed
      in the preferred embodiments herein and a great variety of beam to beam,
      pedestal to beam, and pedestal to pedestal arrays are provided to
      challenge the creativity of the child and to promote visual motor and
      perceptual skills as part of the child's total development and growth.
PAR  A combination face-abutting double beam educational development and play
      toy embodiment is illustrated in the alternate embodiment of FIG. 19,
      which toy may be used with or without a pedestal. There are four play or
      instructional surfaces. This embodiment of double beam employs the
      dovetail-type connector 54 in the top surface of each trapezoidal half 70
      and the connector is inserted at each end face into recess 72. It is
      contemplated that a child will crawl on the beam and will pass decals,
      puzzles, symbols, instructing sounding parts as part of a game emphasizing
      discovery perception and tactile tasks, using all of the limbs. By
      separating the beams, the child can practice straddling both beams at a
      lower height preferably at 3 inches and try to negotiate the entire length
      preferably about 30 inches. Obviously, this embodiment may incorporate the
      sounding tape device of FIG. 9.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A modular arrangement of a beam element, a pedestal element of like
      height, connecting means joining these elements, said beam element being
      of uniform cross section throughout its length having a narrow rectangular
      top rail portion and a base portion of trapezoidal cross section, the
      trapezoidal section being about one half the height of the beam, each
      acute angle of the trapezoidal base portion being the same and being
      between about 70.degree. - 75.degree. to thereby provide an illusion of
      shallowness to a child walking the beam, said pedestal element having a
      recess in the side to accommodate said connecting means, and comprising a
      body having a well in its upper surface, a disc in said well bearing
      indicia and an aperture adapting a child to pick up the disc and see
      indicia on either surface.
NUM  2.
PAR  2. A modular arrangement as claimed in claim 1 wherein said pedestal is
      circular in top plan view.
NUM  3.
PAR  3. A modular arrangement as claimed in claim 1 wherein said pedestal is
      triangular in top plan view.
NUM  4.
PAR  4. A modular arrangement as claimed in claim 1 wherein said pedestal is
      rectangular in top plan view.
NUM  5.
PAR  5. A modular arrangement as claimed in claim 1 wherein said pedestal is
      pentagonal in top plan view.
NUM  6.
PAR  6. A modular arrangement as claimed in claim 1 wherein said pedestal is
      hexagonal in top plan view.
NUM  7.
PAR  7. A modular arrangement as claimed in claim 1 wherein said pedestal is
      octogonal in top plan view.
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ABST
PAL  A liquid protein food of mild and pleasant taste is made by digesting
      powdered defatted bones including the bone marrow with trypsin, amylase
      and lipase which may be used in their pure state or mixed with other
      material. A pancreatin product, preferably Viokase, which contains the
      trypsin, amylase and lipase of suitable activity gives highly satisfactory
      results.
PAL  The digestion results in a liquid containing the solubilized protein of the
      marrow, and a solid residue which is mainly collagen and calcium
      phosphate. A soluble collagenous product and a substantially pure mineral
      product is made from the residue by hydrolyzing it at a pH of 2-5.
      Pancreatin or other enzyme containing material effective in hydrolyzing
      collagen may be used.
PAL  The defatted bones which are preferred for use in the digestion process are
      made by mixing bones including their marrow in an organic liquid fat
      solvent, such as ethylene dichloride, which forms an azeotrope with water.
PAL  The mixture is heated at a moderate temperature such as 60.degree.C and an
      azeotrope of solvent and water distills over. The fat is dissolved in the
      liquid solvent and is recovered by evaporation of the solvent. The fat
      obtained is suitable as a high grade soup stock and consists mainly of the
      fat from the bone marrow.
BSUM
PAR  The invention relates to a process of preparing food products from bones
      and products obtained thereby.
PAR  The bones used in the process of this invention are those which contain
      marrow in their centers. The marrow contains a valuable edible fat and
      also contains hemaglobin and other protein. The bone itself consists of an
      organic basis of albuminous nature in which a great amount of inorganic
      matter is deposited. The organic substance is mainly collagen with a minor
      amount of osseomucoid and very small amount of osseoalbuminoid. The
      inorganic material makes up about 40 percent of the dry residue of the
      bone and is chiefly calcuim phosphate and calcium carbonate, but there is
      also present a little magnesium and a trace of fluoride and chloride.
PAR  Whole bones, marrow and all, are generally used to make gelatin, the
      inorganic material being discarded and the constituents of the bone
      marrow, including bone marrow protein, not being separated from the other
      material of the bone during the process of making gelatin.
PAR  The bone marrow contains a nutritious protein which, so far as I know, has
      never been separated either wholly or partially from the other protein of
      the bone, and which never has been prepared and made suitable for use as a
      food.
PAR  An object of this invention is to provide a process for separating the
      protein of bone marrow from the major portion of the protein of the bone
      itself.
PAR  Another object is to provide a liquid food product containing the
      solubilized protein of bone marrow.
PAR  A further object is to provide a fat from bones which has a pleasant flavor
      and aroma and is useful as a high grade soup stock.
PAR  Another object is to provide a soluble collagenous product and minerals
      from the bone residue remaining after removal of fat from bone and the
      solubilizing of the protein of the bone marrow.
PAR  In accordance with one embodiment of this invention defatted and dehydrated
      particles containing bone and bone marrow are digested in an aqueous
      mixture of trypsin, amylase and lipase in an amount of each of said
      enzymes of at least 0.001% of the dry bone marrow by weight at a
      temperature of 15.degree. C. to 23.degree. C. and a pH of about 7 to 9 and
      for a time sufficient to dissolve a substantial amount of the protein of
      the bone marrow in said particles while dissolving not more than a portion
      of the protein of the bone in said particles. The solution obtained by the
      digestion process is separated from the residue by known means, such as
      decanting, filtering or centrifuging. The solution may be used itself as a
      liquid protein food or a solid protein may be recovered from the solution,
      such as by low temperature evaporation, or the solution may be spray dried
      to obtain a water soluble protein powder. The solid residue may be used to
      make a soluble collagenous product and a mineral product suitable for use
      in a pet food.
PAR  It has been found that trypsin, amylase and lipase must all be used to
      obtain satisfactory results in the digestion process, but that other
      enzymes present in pancreatin may also be present. It is particularly
      desirable to use a pancreatin product which contains approximately all the
      enzymes present in raw pancreas.
PAR  The digestion is carried out at not more than slightly above room
      temperature such as, for example, 15.degree.-23.degree. C, preferably
      approximately 20.degree. C. The time of digestion is not critical but
      should be sufficient to dissolve a substantial amount of the protein of
      the bone marrow, for example, a time of 2-8 hours. The digestion is
      carried out in an aqueous mixture at neutral or alkaline conditions, such
      as a pH of 7-9, preferably a pH of approximately 8.0.
PAR  The minimum amount of each of the three enzymes per unit weight of dry bone
      that must be used to suitably solubilize the protein of the marrow of the
      bone is very small, such as 0.001  percent of the dry bone marrow for each
      of the three enzymes in their active state. The amount is best determined
      by adding the enzymes to an aqueous mixture of the powdered bone and
      observing whether adequate solubilizing takes place in a reasonable period
      of time. For example, the weight of solid bone before and after contact
      with the enzymes is determined and if there is a substantial loss of
      weight in 3 hours time the amount of enzymes used is sufficient, otherwise
      more is required and is added.
PAR  It has been found that a suitable and efficient source of the enzymes
      trypsin, amylase and lipase is present in the pancreatin product sold by
      Viobin Corporation under the trademark Viokase. This Viokase has an
      activity of such enzymes in defatted pancreas tissue such that when it is
      mixed with powdered defatted bone and water only 0.1  percent of the
      Viokase on the basis of the dry bone is required. The amount of water
      appears to be unimportant so long as contact of the Viokase with the bone
      is maintained, but the total solids of bone and Viokase can be 5-10
      percent by weight of the total mixture substantially affecting the
      solubilizing reaction.
PAR  Viokase is a dehydrated and defatted powdered pancreas made in accordance
      with U.S. Pat. No. 2,503,313, wherein the pancreas is defatted with a fat
      solvent such as ethylene dichloride or other fat solvent which forms an
      azeotrope with water and dehydrated by azeotropic distillation at moderate
      temperatures, such as below 60.degree. C. See particularly Example 1
      showing the production of a suitable pancreatin for use in the process of
      this invention. This U.S. Pat. No. 2,503,313 is hereby incorporated by
      reference.
PAR  Viokase or any other pancreatin have the following activity is particularly
      suitable for the practice of this invention.
PAR  a. The activity of trypsin of at least 4 times the activity of the U.S.P.
      pancreatin powder made by comminuting fresh animal pancreas in the
      presence of water and thereafter adding absolute alcohol to precipitate a
      composition containing enzymes. The United States Pharmacopae sets forth
      standards of activity for this pancreatin. The standards are described in
      the United States Formularly, 12th Edition, 1965, pp.287-288. An activity
      of trypsin sufficient to render at least twenty-five times its own weight
      of casein nonprecipitable by acid-alcohol after incubation for one hour at
      40.degree. C is desirable.
PAR  b. Amylase activity at least 4 times the activity of the U.S.P. standard
      for the precipitated type pancreatin, and able to hydrolyze at least 25
      times its own weight of potato starch past the erythrodextrin stage in
      five minutes at 40.degree. C.
PAR  C. A lipolytic activity at least 4 times that of the U.S.P. pancreatin and
      for at least 2000 units per gram as determined by the method described by
      Desnuelle et al, Bull. Soc. Chi. Biol., Vol. 37, p.285, 1955.
PAR  A suitable amount of the dehydrated and defatted pancreas made by the
      process of Example 1 of U.S. Pat. No. 2,503,313 and having the activity
      set forth in said patent is 0.1  percent of the dry powdered marrow
      containing bone.
PAR  The following is also an example of a pancreatin which is suitable as a
      digesting agent in the process of this invention.
DETD
PAC  EXAMPLE 1
PAC  Production of Pancreatic Enzyme Material
PAR  A pancreas from a freshly killed pig is minced and autolyzed for
      twenty-four hours at 30.degree. C the minced mixture is then mixed with
      approximately 10 times its volume of ethylene dichloride at a temperature
      of 40.degree. C, and a pressure of about 215 mm of mercury is maintained.
      An azeotrope of solvent and water is distilled continuously until about 98
       percent of the water of the pancreas is removed. The temperature is
      controlled so that it does not exceed about 50.degree. C. Following the
      desired dehydration, the solvent is decanted or drained and fresh solvent
      is added to the dry residue. The mixture is stirred and finally the
      solvent is withdrawn as far as drainage will permit. The pressure is
      reduced to about 50-100 mm and temperature is still maintained not in
      excess of about 50.degree. C. These conditions are maintained until all of
      the ethylene dichloride is removed from the dry glands. The dried defatted
      granular residue is then separated and ground through a uniform mesh. The
      amylase activity of this material is found to be about 10-15 times that of
      the U.S.P. standard, and the proteolytic activity is also found to be
      about 4 times the U.S.P. standard. The lipase activity, according to the
      method previously described, is found to exceed 3000 units per gram.
PAR  Instead of using the dried defatted pancreas containing the enzymes, the
      enzymes of trypsin, amylase and lipase may be extracted with solvents by
      known procedures and the extracts used in the digestion process. The pure
      isolated enzymes may also be used but this greatly increases the expense
      and it has been found that the pancreatin containing the three exzymes
      apparently has other ingredients which aid in obtaining the solubilized
      proteins which are edible and have a mild and pleasant taste.
PAR  The powdered defatted bone which is digested is preferably made by mixing
      water and fat containing bones including their marrow in an organic fat
      solvent which forms an azeotrope with water which boils at a low
      temperature such as 60.degree. C or below. Suitable solvents are the
      chlorinated hydrocarbons and other solvent disclosed in U.S. Pat. Nos.
      2,503,313 and 2,619,425. The bones are treated the same way as the
      pancreas is treated in these patents. There is formed a defatted and
      dehydrated powdered bone which is particularly useful in the digestion
      process. There is also formed a solution of the fat in the solvent. On
      evaporation of the solvent at a moderate temperature of, for example,
      80.degree. C, there is obtained an edible fat which is a high grade soup
      stock. Because of the removal of water from the bone during the azeotropic
      distillation and the low temperature of distillation, preferably below
      80.degree. C, the fat is readily removed from the bone marrow with little
      or no decomposition. Hence it has superior flavor and odor
      characteristics. Furthermore the defatted bone by this process is so fat
      free and in such condition that it is particularly adaptable for the
      enzyme digestion process.
PAR  The following example illustrates a process for producing edible fat from
      bones containing marrow.
PAC  EXAMPLE 2
PAC  Production Of Edible Fat
PAR  Bones which contain bone marrow were cleaned from extraneous meat and fat,
      and the clean bones with their marrow were pulverized to a powder. The
      powdered bones were mixed in a distillation vessel with approximately 10
      times their volume of ethylene dichloride. At a temperature of 40.degree.
      C and a pressure of approximately 215 mm of mercury, an azeotrope of
      ethylene dichloride and water was distilled and this distillation was
      continued until about 98 percent of the water contained in the bone was
      removed. At no time was the temperature allowed to exceed approximately
      50.degree. C. When the bones had been dehydrated to the desired point, the
      solvent was drained out through a screened opening in the vessel and fresh
      solvent was added to the residue. The mixture was stirred and finally the
      solvent was withdrawn to the full extent that it would drain out. The
      pressure within the vessel was then reduced to about 50-100 mm and the
      vessel warmed, but preferably not to above 80.degree. C, until all the
      ethylene dichloride had been removed from the dehydrated bones. The
      dehydrated bones, which contained the nonfat constituents of the bone
      marrow, including the protein, were used to produce solubilized protein
      food in accordance with the digestion process of this invention. The
      solvent contained the fat from the bone, principally from the bone marrow.
      The solvent of this fat solution was evaporated at below about 80.degree.
      C, viz. 60.degree. C, leaving a residual fat.
PAR  The azeotropic distillation at low temperature to remove water makes the
      removal of fat from the bones by extraction much more efficient. The
      removal of the fat can be done in less time and to a greater degree. The
      fat is a high grade soup stock. The dry defatted bones are in better
      condition for digestion with enzymes than bones defatted without an
      azeotropic distillation of the water.
PAC  EXAMPLE 3
PAC  Solubilization Of Protein Of The Bone Marrow
PAR  Powdered defatted dry bone made in accordance with Example 2 was mixed in
      water and then the powdered defatted pancreas made in accordance with
      Example 1 was added. This pancreatin material had the trypsin, amylase and
      lipase activity as follows:
PA0  trypsin: approximately 1.00 hemaglobin units per gram of dried pancreatin;
PA0  amylase: an ability to hydrolize 25 times its own weight of potato starch
      past the erythrodextrin stage in 5 minutes at 40.degree. C;
PA0  lipase: activity of 4000 units per gram as determined by the method of
      Desnuelle et al, supra.
PAL  The pancreatin material of the above activity was used in an amount of 0.15
      grams per 100 grams of the bone on a dry basis. The powdered bone and
      pancreatin was present in the water in about 10  percent by weight. The
      water was made slightly alkaline with sodium hydroxide and the mixture
      maintained at a pH of approximately 8.0. The temperature of the mixture
      was maintained at approximately 20.degree. C.
PAR  The bone and bone marrow were kept in contact with the pancreatin and its
      enzymes for 5 hours, the digestion of marrow protein and conversion of
      this protein to a soluble form being substantially complete in about 4
      hours.
PAR  At the end of the 5 hours the aqueous solution of protein was separated
      from the bone residue. This solution was a mild and pleasant tasting
      liquid protein food suitable for animal and human consumption.
PAR  A breakdown of the materials used and obtained by the above process is
      given below:
TBL  Starting material - 2000 pounds of beef bone.                             
     Defatted and                                                              
     Dehydrated    Fat           Water                                         
     ______________________________________                                    
     895 pounds                                                                
             (44.7%)   435 pounds (21.7%)                                      
                                     670 pounds (33%)                          
     Protein 38.4%     crude,                                                  
     Ash     58.5%     excellent quality                                       
                                     discarded                                 
     Moisture                                                                  
             4.0%                                                              
     Fat     trace                                                             
     Enzymatic Digestion   Product from First Digestion                        
     ______________________________________                                    
     165 pounds soluble                                                        
                   .fwdarw.                                                    
                           730 pounds of bone residue                          
     edible marrow protein,                                                    
     good flavor                                                               
     Protein  85.2%            Protein      27.9%                              
     Ash      10.6%            Ash          69.0%                              
     Moisture 5.5%             Moisture     2.8%                               
     Fat      trace            Fat          trace                              
     ______________________________________                                    
PAR  It will be understood that the above examples are illustrative of the
      invention and that the proportions, temperature, time and other conditions
      may be varied within the skill of the art and in accordance with the
      general disclosure in this specification. For example, a pancreatin
      containing a lesser enzyme activity can be used by increasing the amount
      of pancreatin to bone. Also, of course, enzyme extracts or substantially
      pure enzyme can be used. Likewise, while defatted and dehydrated bone is
      preferred and gives better and quicker digestion, there can be used
      ordinary fat and water containing bone which has marrow with it.
PAC  EXAMPLE 4
PAC  Production of Soluble Collagenous Product and Mineral Products
PAR  The 730 pounds of bone residue of Example 3, which is mainly collagen and
      calcium phosphate, is processed to produce a soluble collagen protein and
      a valuable mineral residue. The bone residue of Example 3 is heated with
      pressure of about 15 pounds per square inch for a period of approximately
      21/2 hours for the purpose of breaking down the protein to facilitate a
      subsequent enzymatic digestion and to assure a sterilized raw material for
      the subsequent enzymatic digestion. Immediately following the step of
      heating the material under pressure, the material is cooled, the pH is
      adjusted to the range of 2 to 5, and digested with a pancreatic enzyme.
      The same pancreatic enzyme used to prepare the bone residue in Example 3
      is used in an amount of 0.1 grams per 100 grams of material on a dry
      basis. After digestion, approximately 103 pounds of collagen solubles are
      decanted, leaving about 627 pounds of bone residue. The bone residue
      consists of approximately 60  percent calcium and 5  percent calcium
      carbonate.
PAR  The invention may now be practiced in the various ways which will occur to
      those who will consider this disclosure, and it should be understood that
      all such variations in the practice should be included with the scope of
      the invention so long as it comes within the terms of the following claims
      as given further meaning by the language of the preceding description.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A process for making a liquid protein from the marrow of powdered bones
      which comprises dehydrating and extracting fat from said powdered bones to
      produce substantially fat free and moisture free particles including bone
      and bone marrow, contacting said particles in an aqueous mixture with the
      enzymes trypsin, amylase and lipase in an amount of each of said enzymes
      of at least 0.001 percent of the dry bone marrow by weight at a
      temperature of 15.degree. C. to 23.degree. C. and a pH of about 7 to 9 and
      for a time sufficient to enzymatically digest to solubilize a substantial
      amount of the protein of said bone marrow in said particles while
      solubilizing not more than a portion of the protein of the bone in said
      particles, and separating the protein solution from the residue.
NUM  2.
PAR  2. A process in accordance with claim 1 in which the enzymes are present in
      a pancreatin powder.
NUM  3.
PAR  3. A process in accordance with claim 2 in which the activity of the
      enzymes are:
PA1  a. An activity of trypsin sufficient to render at least 25 times its own
      weight of casein nonprecipitable by acid-alcohol after incubation for one
      hour at 40.degree. C;
PA1  b. An activity of amylase sufficient to hydrolize at least 25 times its own
      weight of potato starch past the erythrodextrin stage in 5 minutes at
      40.degree. C;
PA1  c. An activity of lipase at least 2000 units per gram as determined by the
      method described by Desnuelle et al in Bull. Soc. Chi. Biol., Vol. 37,
      p.285.
NUM  4.
PAR  4. A process in accordance with claim 2 in which the pancreatin is obtained
      by mixing comminuted pancreas with a fat solvent which forms an azeotrope
      with water, carrying out an azeotropic distillation to remove water and
      removing fat by extraction with fat solvent, the pancreatin obtained by
      said process having a trypsin activity at least 4 times the activity of
      the U.S.P. standard for precipitated pancreatin described in the United
      States Formularly, 12th Edition, pp. 287- 288, having an amylase activity
      at least 4 times that of said precipitated pancreatin and a lipase
      activity at least 4 times that of said precipitated pancreatin.
NUM  5.
PAR  5. A process in accordance with claim 1 in which the steps of dehydrating
      and extracting fat from the powdered bone comprise comminuting bones
      containing marrow, mixing said bones with a fat solvent that forms an
      azeotrope with water, carrying out an azeotropic distillation at a
      temperature no greater than 80.degree. C. to remove water and
      simultaneously remove fat by extraction.
NUM  6.
PAR  6. A process of making a soup stock fat from bone marrow which comprises
      the process of claim 5, the fat of the bone being extracted into the fat
      solvent during said distillation, and recovering fat from the fat solvent
      by evaporation of the fat solvent at a temperature below about 80.degree.
      C.
NUM  7.
PAR  7. A process in accordance with claim 6 in which the fat solvent is
      ethylene dichloride.
NUM  8.
PAR  8. A process of making a soluble collagenous product which comprises
      dehydrating and extracting fat from powdered bones to produce
      substantially fat free and moisture free particles containing bone and
      bone marrow, contacting said particles in an aqueous mixture with the
      enzymes trypsin, amylase and lipase in an amount of each of said enzymes
      of at least 0.001 percent of the dry bone marrow of said particles by
      weight at a temperature of 15.degree. C. to 23.degree. C. and a pH of
      about 7 to 9 and for a time sufficient to enzymatically digest to
      solubilize a substantial amount of the protein of the bone marrow of the
      particles while solubilizing not more than a portion of the protein of the
      bone contained in said particles, separating the protein solution from the
      residue, and enzymatically hydrolyzing the bone contained in the residue
      in an aqueous acid solution at a pH of 2- 5.
NUM  9.
PAR  9. A process in accordance with claim 8 wherein an enzyme effective in
      hydrolyzing collagen is used as a hydrolyzing agent.
NUM  10.
PAR  10. A process in accordance with claim 8 wherein a pancreatin is used as a
      hydrolyzing agent.
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ABST
PAL  Production of cyanogen chloride by reacting hydrogen cyanide and chlorine
      in the gaseous phase in the presence of a low activity carbon catalyst.
BSUM
PAR  The present invention relates to a process for the production of cyanogen
      chloride by reacting hydrogen cyanide and chlorine in the gaseous phase.
PAR  Cyanogen chloride is a valuable intermediate for the production of cyanuric
      chloride which is in turn a useful intermediate in the production of
      herbicides, dyes, chemotherapeutic agents, brightening agents, synthetic
      resins, plastics, rubber explosives and other materials.
PAR  It has already been proposed to produce cyanogen chloride by reacting
      hydrogen cyanide and chlorine in the gaseous phase in the presence of
      animal charcoal under the influence of light. (C.A. Vol. 15, (1921) page
      2593). This process cannot be used on a technical scale because owing to
      the poor selectivity of the catalyst larger amounts of by-products, such
      as dicyanogen and cyanuric chloride, are formed.
PAR  It is further known that hydrogen cyanide and chlorine can be reacted in
      the gaseous phase at a temperature of at least 350.degree.C in the
      presence of a fluidized activated carbon catalyst to obtain cyanuric
      chloride as the sole reaction product. (U.S. Pat. No. 2,762,798).
PAR  In a further known process hydrogen cyanide and chlorine are reacted in the
      gaseous phase in the presence of a graphite type carbon catalyst at a
      temperature of 200.degree. to 600.degree.C to obtain cyanogen chloride in
      good yield. (Belgian Pat. No. 779,690).
PAR  It has now been found that cyanogen chloride can be produced in good yields
      by reacting hydrogen cyanide and chlorine in the presence of a low
      activity carbon catalyst.
PAR  Accordingly, the present invention provides a process for the production of
      cyanogen chloride wherein hydrogen cyanide and chlorine are reacted at a
      temperature within the range of from 190.degree. to 300.degree.C in the
      presence of a low activity carbon catalyst having a carbon tetrachloride
      activity of about 10 or lower.
PAR  In the process according to the invention hydrogen cyanide and chlorine are
      used in equimolar amounts or the chlorine is used in an excess of up to
      300% calculated on the amount of hydrogen cyanide used. Preferably
      chlorine is used in an excess of 25 to 75% calculated on the amount of
      hydrogen cyanide used.
PAR  The reaction time, i.e., the time of contact of the reaction mixture with
      the catalyst is from 0.1 to 5 seconds, preferably 0.2 to 1 second. Within
      the temperature range of 190.degree. to 300.degree.C given above
      temperatures of 250.degree. to 290.degree.C are preferred.
PAR  As catalyst a low activity carbon of any origin having a carbon
      tetrachloride activity of 1 to 10 and a grain size of 4 to 14 mesh can be
      used. Preferably the active carbon used in the process according to the
      present invention has a carbon tetrachloride activity of 2 to 6. From an
      economical point of view it is particularly advantageous to use a spent
      active carbon catalyst previously used in the trimerization of cyanogen
      chloride to cyanuric chloride.
PAR  More specifically, the present invention provides a new process for the
      production of cyanogen chloride, wherein hydrogen cyanide is reacted with
      a 25 to 75% molar excess of chlorine at a temperature of 250.degree. to
      290.degree.C in the presence of a low activity carbon catalyst having a
      carbon tetrachloride activity of 1 to 10, the time of contact between
      reaction mixture and catalyst being 1 to 5 seconds.
PAR  In a still more specific aspect the present invention provides an
      improvement in a process for the production of cyanuric chloride by first
      reacting hydrogen cyanide and chlorine to form cyanogen chloride and
      subsequently trimerizing the latter in the presence of an active carbon
      catalyst to form cyanuric chloride, the improvement comprising performing
      the reaction of hydrogen cyanide with a 25 to 75% of chlorine at a
      temperature of 250.degree. to 290.degree.C in the presence of a spent
      carbon catalyst which was previously used in the trimerization of cyanogen
      chloride to form cyanuric chloride.
PAR  The gas mixture obtained after the performance of the process of the
      present invention consisting essentially of cyanogen chloride, hydrogen
      chloride, chlorine and small amounts of cyanuric chloride and hydrogen
      cyanide can be separated in the usual manner. For example, the mixture can
      be cooled in order to remove cyanuric chloride and subsequently treated
      with water to remove hydrogen chloride and hydrogen cyanide. In this
      manner it is possible to obtain an aqueous hydrochloric acid containing 15
      to 20% by weight of hydrogen chloride, which can be immediately used for
      other purposes or can be sold. The remaining gas mixture consisting
      essentially of cyanogen chloride and chlorine can be separated by
      distillation.
PAR  According to a further method the gas mixture obtained after performance of
      the process according to the invention can be separated by extraction with
      carbon tetrachloride to obtain a solution of cyanuric chloride, cyanogen
      chloride and chlorine (and hydrogen cyanide) in carbon tetrachloride and
      gaseous hydrogen chloride. Cyanogen chloride and chlorine are removed from
      the carbon tetrachloride solution by heating and subsequently separated by
      distillation. Cyanuric is obtained from the remaining carbon tetrachloride
      solution by evaporation of the solvent.
PAR  Under the reaction conditions specified above cyanogen chloride can be
      obtained in high yields while the undesirable formation of by-products,
      such as dicyanogen and cyanuric chloride is substantially avoided. In
      order to obtain a complete conversion of hydrogen cyanide into cyanogen
      chloride it is desirable to run the reaction through several reactors in
      series. Under the conditions specified above the amount of cyanuric
      chloride formed is below 1% and in most cases even below 0.5% calculated
      on the amount of hydrogen cyanide used. Thus, in the process according to
      the invention a gas mixture can be obtained which consists essentially of
      cyanogen chloride, chlorine, hydrogen chloride and a small amount of
      cyanuric chloride. From this mixture cyanogen chloride can be easily
      separated by the carbon tetrachloride extraction method referred to above.
      A specific advantage of this method resides in the fact that the
      by-product hydrogen chloride is obtained as a gas which can either be used
      immediately for other purposes or dissolved in water to obtain a
      hydrochloric acid of any desired concentration. The invention is further
      illustrated by way of the following non-limitative examples.
DETD
PAC  EXAMPLE
PAC  General Description of Procedure
PAR  A column of an inner diameter of 1 cm equipped with an outer heating
      device, for example, an outer jacket through which a heat transfer medium
      can be passed or a heating tape, is used as reactor. As heat transfer
      media hot water, hot oil or hot air can be used. A layer of low activity
      carbon catalyst having a height of 80 to 90 cm is placed into the column
      and hydrogen cyanide and chlorine are introduced at the bottom of the
      column while the reaction temperature is adjusted by means of the heating
      device. The feed rate of the gases are controlled and adjusted by means of
      rotameters. The gas mixture emerging at the top of the reaction column is
      analyzed to determine the rate of conversion. The results of the single
      runs are given in the following table.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Run Description-HCN/Cl.sub.2 Over Carbon Catalyst                         
                                     Feed Rates                                
                                             Conver-                           
     Run             Reactor Column                                            
                               Tempera-                                        
                                     (Mole/Min.)                               
                                             sion Length                       
     No.                                                                       
        Catalyst     Diameter Height                                           
                                ture HCN Cl.sub.2                              
                                             to CNCl                           
                                                  of Run                       
                                                       Comments                
     __________________________________________________________________________
     1  Spent plant Catalyst                                                   
                     1 cm                                                      
                         80    90-100.degree.C                                 
                                     0.066                                     
                                         0.113                                 
                                             80-95%                            
                                                  1 hr 0.27 sec. contact       
        4-20-64(1) 4 .times. 6 mesh                                            
                               by water                time. 0.5%              
        CCl.sub.4 activity 5.9 jacketing               conversion to cyanuric  
                                                       chloride (CC) by        
                                                       collecting overhead     
                                                       gas in ambient          
                                                       temperature traps.      
     2  Spent plant catalyst                                                   
                     1 cm                                                      
                         80    250.degree.C by                                 
                                     0.033                                     
                                         0.073                                 
                                             60-75%                            
                                                  4 hrs.                       
                                                       0.31 sec. contact       
                                                       time.                   
        6-6-65(1) 4.6 mesh     hot air   120%          Only 0.25% conversion   
        CCl.sub. 4 activity 1.8                                                
                               jacket    excess        to CC. CNCl conversion  
                                                       leveling out at 60%.    
                                                       Any CC formed removed   
                                                       by sublimation.         
     3  Special low activity                                                   
                     1 cm                                                      
                         85-90 280.degree.C by                                 
                                     0.074                                     
                                         0.074                                 
                                             22-24%                            
                                                  1 hr.                        
                                                       0.24 sec. contact       
        (&lt; 10 by CCl.sub.4) carbon                                             
                               hot air   0%            time. Due to .DELTA. P  
        supplied by Pittsburgh jacket    excess        across column,          
        Activated Carbon Co.                           material "diluted"      
                                                       1:1 by volume with      
                                                       1/8" I.D. glass         
                                                       helices. No CC ob-      
                                                       served.                 
     4  Special low activity                                                   
                     1 cm                                                      
                         85-90 275.degree.C by                                 
                                     0.026                                     
                                         0.096                                 
                                             53-55%                            
                                                  3-4 hrs.                     
                                                       Contact time 0.30       
        (&lt;10 by CCl.sub.4) carbon                                              
                               hot air   270%          sec.; no CC. Con-       
        supplied by Pittsburgh jacket    excess        version leveled         
        Activated Carbon Co.                           out.                    
     5  "            1 cm                                                      
                         85-90 285.degree.C by                                 
                                     0.034                                     
                                         0.053                                 
                                             63-66%                            
                                                  1.5- Contact time 0.41       
                               hot air   50%      2 hrs.                       
                                                       sec. No. CC ob-         
                               jacket    excess        served.                 
     6  "            1 cm                                                      
                         85-90 290.degree.C by                                 
                                     0.018                                     
                                         0.032                                 
                                             68-73%                            
                                                  1 hr.                        
                                                       Contact time 0.71       
                               hot air   80%           sec. No CC ob-          
                               jacket    excess        served.                 
     7  "            1 cm                                                      
                         85-90 280.degree.C by                                 
                                     0.016                                     
                                         0.026                                 
                                             57-58%                            
                                                  1 hr Contact time 0.86       
                               hot air   60%           sec. No CC ob-          
                               jacket    excess        served.                 
     __________________________________________________________________________
PAR  (1) These samples were obtained from the plant unit after previously being
      observed to be spent. Samples of each were submitted to Pittsburgh
      Activated Carbon Co. for analysis. The following results were obtained:
TBL          AD        CCl.sub.4                                               
                                Mol.                                           
     No.     g/CC      Activity No.   12 No.  Ash                              
     ______________________________________                                    
     4-20-64 0.753     5.9      184   181     0.06                             
     6-6-65  0.797     1.8      191   133     0.06                             
     ______________________________________                                    
PAR  Based on these activity figures, samples of catalysts for use in runs 139
      thru 141 were submitted by Pittsburg Activated Carbon Co. As material was
      of 12 .times. 30 mesh, introducing too large a pressure drop across the
      reactor column, such material was filtered and that retained on a 14 mesh
      sieve used after diluting with 1/8 inch glass helices.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of cyanogen chloride wherein hydrogen
      cyanide and chlorine are reacted at a temperature of 90.degree. to
      300.degree.C in the presence of a low activity carbon catalyst having a
      carbon tetrachloride activity of 1 to 10.
NUM  2.
PAR  2. A process according to claim 1 wherein chlorine is used in a molar
      excess of 25 to 75%.
NUM  3.
PAR  3. A process according to claim 1 wherein the reaction temperature is
      250.degree. to 290.degree.C.
NUM  4.
PAR  4. A process according to claim 1, wherein the contact time is 0.1 to 5
      seconds.
NUM  5.
PAR  5. A process according to claim 1 wherein a low activity carbon having a
      carbon tetrachloride activity of 2 to 6 and a grain size of 4 to 14 mesh
      is used as catalyst.
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ABST
PAL  In a process of concentrating an aqueous solution of ammonium sulfate and
      burning resultant concentrate at 850.degree.-1250.degree.C to form a
      combustion gas containing SO.sub.2, the improvement which comprises:
PAL  Conducting said concentrating by passing said combustion gas in direct
      contact with said aqueous solution of ammonium sulfate to evaporate water
      from said solution. If the concentrate is a slurry, it can be sent in
      total to the combustion step or it can be centrifuged with a recycle of
      mother liquor to the concentrating step. The evaporation can also be
      conducted so that substantially dry ammonium sulfate is obtained.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending, commonly assigned
      U.S. Patent Application Ser. No. 228,258 filed Feb. 22, 1972, now U.S.
      Pat. No. 3,795,731.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for the production of a gas containing
      sulfur dioxide from an aqueous ammonium sulfate solution obtained as a
      by-product, in particular, during the synthesis or organic compounds, such
      as caprolactam, for example.
PAR  The synthesis of several organic compounds, especially that of
      .epsilon.-caprolactam by way of cyclohexanone oxime, necessarily yields
      large amounts of ammonium sulfate, the precise amount of which is
      dependent on the method, for example, approximately 1 to 4 tons per ton of
      caprolactam. This ammonium sulfate is of very little economic value in the
      production of these organic compounds, since ammonium sulfate can be
      utilized only to a limited extent. A direct use as a fertilizer is
      impossible, because the impurities contained in this product result in a
      poorly crystallized, discolored ammonium sulfate. To attempt to upgrade
      the value of the ammonium sulfate, it is known to subject the ammonium
      sulfate solution obtained during the production of caprolactam, prior to
      crystallization, to a thermal pressure treatment, in order to produce a
      fertilizer (DAS [German Published Application] 1,284,954), or to treat
      this ammonium sulfate solution with aluminum sulfate and the sodium salt
      to ethylenediaminetetraacetic acid (Italian Patent No. 678,180). Ammonium
      sulfate solutions rich in organic components, obtained in the caprolactam
      production, can be evaporated and thereby separated from the organic
      components and can then be caused to crystallize, in accordance with Dutch
      Patent Applications 65 16058 and 65 16059. All of these measures, though
      increasing the quality of the thus-produced ammonium sulfate, are
      nevertheless relatively futile from a realistic marketing viewpoint
      because the use of high grade sulfate as a fertilizer is presently
      possible only to a very limited degree.
PAR  It is furthermore known from DOS [German Unexamined Published Application]
      1,916,149 to neutralize the mixture obtained during the rearrangement of
      cyclohexanone oxime with sulfuric acid with the use of a metallic oxide in
      place of ammonia; to reductively split the thus-formed metallic sulfates
      to the metallic oxides and sulfur dioxide; to re-use the metallic oxide
      for the neutralization; and to process the sulfur dioxide into sulfuric
      acid, which latter is again utilized in the rearrangement process. The
      method has the disadvantage that the neutralization with metallic oxides
      takes place more slowly than with the use of ammonia, and that the
      universally employed neutralization with ammonia must be abandoned.
PAR  Finally, it has been suggested in U.S. Pat. No. 3,795,731 to combust solid,
      finely divided ammonium sulfate at temperatures of between 800.degree. and
      1250.degree. C. to sulfur dioxide, steam, and nitrogen, and to maintain in
      the gases exiting from the combustion chamber, an oxygen concentration of
      between 1% and 10% by volume. In order to obtain the solid ammonium
      sulfate for the combustion, the salt must be crystallized out of the
      primarily obtained ammonium sulfate solution. This crystallization is
      generally conducted in an expensive, three-stage crystallizer and requires
      considerable expenses due to steam consumption and maintenance of a
      vacuum.
PAR  This invention is based on the problem of simplifying the recovery of the
      sulfur dioxide from ammonium sulfate solutions obtained in the synthesis
      of organic compounds by combustion, and to improve this process with
      respect to economy. In particular, the expensive crystallization of the
      ammonium sulfate in crystallizers prior to combustion is to be eliminated.
PAR  Thus, a principal object of this invention is to provide an improved
      process for the production of SO.sub.2 -containing gases from aqueous
      solutions of ammonium sulfate. Upon further study of the specification and
      appended claims, other objects and advantages of the invention will become
      apparent.
PAC  SUMMARY OF THE INVENTION
PAR  To attain the above objects of the invention, there is provided a process
      comprising the steps of concentrating an aqueous solution of ammonium
      sulfate and burning resultant concentrate at 850.degree.-1250.degree. C to
      form a combustion gas containing SO.sub.2, the improvement which comprises
      conduction said concentrating by passing said combustion gas in direct
      contact with said aqueous solution of ammonium to evaporate water from
      said solution.
PAR  The utilization of the hot gas for the evaporation of the solution and the
      crystallization of the ammonium sulfate eliminates the crystallizers
      employed heretofore and requires neither steam nor a vacuum. The water
      from the ammonium sulfate solution is vaporized into the combustion gas,
      the gas being cooled at the same time. In the evaporation stage, solid
      ammonium sulfate is produced from the ammonium sulfate solution; this
      solid ammonium sulfate can be obtained as a suspension or slurry, which
      still contains water, or as a solid, substantially anhydrous product e.
      g., water content below 10% by weight. The slurry or the moist salt can be
      directly fed to the combustion stage. By an additional cooling of the
      combustion gas, the water can again be separated therefrom.
PAR  In accordance with one embodiment of the invention, the ammonium sulfate
      solution is evaporated from a water content of 50 to 70% by weight to a
      water content of 20-45% by weight, and the thus-produced ammonium sulfate
      slurry is then burned. In correspondence with the water content of the
      ammonium sulfate slurry, a larger quantity of fuel is consumed during the
      combustion, as compared to the already suggested combustion of solid
      ammonium sulfate. The crystalline slurry can be introduced into the
      combustion furnace through nozzles with the aid of compressed air. It is
      also possible to finely distribute the slurry in the combustion furnace by
      introduction onto a rotating disk or in some other manner. In this
      embodiment, the water content in the incoming solution is usually lowered
      in the evaporation step by a percentage increment of 5 to 50% by weight.
PAR  According to another embodiment of the invention, the ammonium sulfate
      solution having a water content of 52 to 70% is evaporated until a
      suspension with 30-50% by weight of water is obtained, the incremented
      percent of water being decreased by about 2 to 40; the solid ammonium
      sulfate formed during the evaporation is then separated from the mother
      liquor and burned, and the mother liquor is recycled into the evaporation
      stage. Most advantageously, the ammonium sulfate is separated from the
      mother liquor by centrifuging, but it is also possible to employ rotary
      filters. The moisture content of the ammonium sulfate separated by
      centrifuging is generally below 20% by weight, preferably below 10% by
      weight H.sub.2 O, so that the minimum specific fuel consumption is
      obtained in the combustion stage by this mode of operation. The recycling
      of the mother liquor makes it possible to burn the ammonium sulfate,
      contained in the solution employed herein, in almost a quantitative
      manner. The mother liquor is reintroduced into the evaporator separately
      or together with fresh ammonium sulfate solution.
PAR  In accordance with a further and preferred embodiment of this invention,
      the ammonium sulfate solution is substantially evaporated to dryness by
      being atomized into the hot stream of combustion gas, and the resultant
      dry ammonium sulfate is then burned. The degree of evaporation, i. e.,
      whether a suspension, a slurry, or a dry crystallized product is obtained
      in the evaporation stage, depends on how finely the ammonium sulfate
      solution is dispersed by the nozzles, the temperature of the combustion
      gas upon entrance into the evaporator, and the contact time between
      solution and gas. The dry ammonium sulfate produced in accordance with
      this method can still contain up to 10% by weight of H.sub.2 O. A certain,
      minor moisture content in the ammonium sulfate, i. e., about at least 3%,
      preferably at least 5% water, prevents ammonia from being split off, which
      can otherwise readily result. In order to avoid the splitting of ammonia,
      the temperature of the dried ammonium sulfate is not to exceed 250.degree.
      C. The solid ammonium sulfate is discharged from the evaporator, for
      example, with the aid of a screw conveyor and fed to the combustion
      furnace by means of a suitable conveyor, for example, a conveyor belt or
      by pneumatic means.
PAR  The hot gas, after leaving the combustion stage, can be cooled in at least
      one heat exchanger, especially a waste heat boiler, and can then brought
      into contact with the ammonium sulfate solution to be evaporated. Thus, a
      portion of the heat of combustion can be utilized for preheating the
      oxygen-containing gas or, in special cases, for steam generation. In this
      connection, it is preferred that the temperature of the gas, during its
      contact with the solid ammonium sulfate, i. e., toward the end of the
      evaporation process, be controlled so as not to rise above
      240.degree.-280.degree. C, since the splitting-off of ammonia becomes
      noticeable above this temperature range. For this purpose, the heat
      balance can be adjusted accordingly by adjusting the various parameters
      affecting same, e. g., temperature and quantity of incoming gas, residence
      time, etc. Generally, it is preferred for this purpose to use an incoming
      combustion gas having a temperature of 500.degree. to 1100.degree. C.
PAR  At a gas temperature above 280.degree. C at the end of the evaporation
      process, a part of the ammonia passes over into the gaseous phase. Such a
      contingency can be dealt with by a subsequent scrubbing step with sulfuric
      acid wherein the ammonia can be removed from the gas. In this case, the
      ammonium-sulfate-containing scrubbing acid is to be burned additionally to
      the ammonium sulfate. The splitting-off of ammonia can also be prevented
      by adding some sulfuric acid to the ammonium sulfate prior to evaporation.
PAR  In accordance with a preferred embodiment of the present invention, the hot
      gas is conducted through the evaporator in parallel (cocurrent) flow with
      respect to the ammonium sulfate solution to be evaporated. This
      parallel-flow evaporation takes place in an especially gentle manner, so
      that the incoming gas temperature can be relatively high, e. g., about
      500.degree. to 1100.degree. C without splitting off appreciable amounts of
      ammonia.
PAR  The starting material for the evaporation step is advantageously an aqueous
      ammonium sulfate solution of a strength of about 32-40% by weight ammonium
      sulfate, obtained, for example, during the Beckmann rearrangement of
      cyclohexanone oxime to caprolactam and the subsequent neutralization of
      the mixture of the rearrangement reaction with ammonia. Moreover, ammonium
      sulfate solutions from other processes can likewise be utilized, for
      example, a neutral or optionally weakly acidic ammonium sulfate solution
      from the manufacture of acrylonitrile, methacrylonitrile, and other
      nitriles.
PAR  The gas leaving the evaporation stage at a temperature of between about
      100.degree. and 250.degree. C contains the entire water introduced into
      the process by the ammonium sulfate solution and produced by the
      combustion step; accordingly, the gas serves as the carrier medium for the
      removal of the water from the evaporation stage. Prior to processing the
      SO.sub.2 -containing gas to sulfuric acid, the water must be substantially
      completely removed from the gas. For this purpose, the SO.sub.2
      -containing combustion gas is cooled to 30.degree.-50.degree. C after
      passing through the evaporation stage. During this step, the major
      quantity of steam contained in the gas is condensed. The thus-condensed
      water still contains SO.sub.2 however, and in order to remove this latter
      compound, the condensate can be treated with air in a stripper column. The
      SO.sub.2 -laden air is advantageously employed as combustion air for the
      combustion of the ammonium sulfate.
PAR  Since in all cases the combustion gas contains, in addition to SO.sub.2,
      some SO.sub.3, several percent of sulfuric acid are formed in the
      condensed water; this sulfuric acid binds any ammonia split off from the
      gas. In this way, no ammonia passes into the gas drying tower, and the
      thus-formed concentrated sulfuric acid remains free of ammonia nitrogen.
PAR  Preferably, the provision is made to bring the SO.sub.2 -containing gas,
      after it has been used for evaporating the ammonium sulfate solution, into
      contact with sulfuric acid. This contact with sulfuric acid serves as a
      precautionary measure for scrubbing out any split-off ammonia from the
      gaseous stream, and the resultant ammonium sulfate can be recycled to the
      combustion stage.
PAR  In order to keep the formation of nitrogen oxides during the combustion at
      a minimum, the O.sub.2 -content of the combustion gas at the discharge end
      of the combustion furnace is preferably maintained at a value of between
      1% and 10% by volume. If minor amounts of nitrogen oxides have been formed
      and have been dissolved in the thus-produced sulfuric acid with the
      formation of ntirosylsulfuric acid, the product can be purified by the
      addition of suitable chemicals, such as hydrazine or amidosulfonic acid.
      The residence time of the starting material to be burned in the combustion
      furnace ranges preferably between 0.2 and 20 seconds. Examples for
      suitable fuels are natural gas; fuel oil, particularly a fuel oil enriched
      in sulfur; hydrogen sulfide; and sulfur. These fuels can be used
      individually or in combination. A suitable oxygen-containing gas is air,
      oxygen-enriched air, or essentially pure oxygen.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  The attached drawing is a schematic representation of a preferred
      embodiment of this invention, and after the following detailed description
      thereof, there are provided non-limitative examples for purposes of
      further illustrating the invention.
DETD
PAR  Through conduit 4, the ammonium sulfate solution is fed to the head of a
      spray tower 3; simultaneously, the combustion gas, precooled in the heat
      exchanger 2, is charged into this tower via conduit 13. In the spray tower
      3, the water of the ammonium sulfate solution is evaporated with the
      deposition of a solid salt; the latter is discharged at the bottom of the
      tower and is fed, after comminution (not shown), via conduit 9 to the
      combustion furnace 1. At the same time, fuel oil is charged into the
      furnace 1 via conduit 10 and air is fed via conduit 11. In the furnace,
      the ammonium sulfate is completely combusted.
PAR  The hot gas passes, via conduit 12, heat exchanger 2, conduit 13,
      evaporation tower 3, and conduit 5, into the cooling tower 6, wherein the
      predominant portion of the steam in the gas is condensed by direct contact
      with cold water. The gas, exhaustively freed of the water, is discharged
      from the cooling tower 6 via conduit 7 and is available for the production
      of sulfuric acid. The dilute sulfuric acid passing through the cooling
      tower 6 is constantly recycled and maintained at a temperature of about
      35.degree. C. by means of the direct cooler 8. An amount of dilute
      sulfuric acid corresponding to the water condensation in tower 6 is
      withdrawn from the cycle at 14.
PAR  The SO.sub.2 -containing gas produced in accordance with the present
      invention is processed into sulfuric acid advantageously by means of
      contact oxidation. The sulfuric acid can again be utilized in the
      manufacture of organic compounds, for example in the Beckmann
      rearrangement of cyclohexanone oxime, or in the scrubbing of NH.sub.3
      -containing gases.
PAC  EXAMPLE 1
PAR  4997 kg./h. of a 37.8% strength ammonium sulfate solution is introduced via
      nozzles, at a temperature of 50.degree. C., into an evaporation tower
      wherein 7590 Nm.sup.3 /h. of precooled combustion gas with a temperature
      of 690.degree. C. flows downwardly in parallel flow with the solution. The
      combustion gas consists of 4.1 vol.% SO.sub.2 ; 4.3 vol.% CO.sub.2 ; 3.3
      vol.% O.sub.2 ; 32.4 vol.% H.sub.2 O; and 55.9 vol.% N.sub.2. In the sump
      of the evaporation tower, 2517 kg./h. of an ammonium sulfate slurry is
      obtained, containing 75% by weight of ammonium sulfate in a solid or
      dissolved form. 10,820 Nm.sup.3 /h. of a gas with 2.9 vol.% SO.sub.2 ; 3.0
      vol.% CO.sub.2 ; 2.3 vol.% O.sub.2 ; 52.6 vol.% H.sub.2 O; and 39.2 vol.%
      N.sub.2 is discharged from the evaporation tower at about 110.degree. C.
      By cooling and subsequent treatment with sulfuric acid, the water is
      removed from this gas, thus obtaining about 5540 Nm.sup.3 of a dry gas
      with 6.1 vol.% SO.sub.2 ; 6.4 vol.% CO.sub.2 ; 4.9 vol.% O.sub.2 ; and
      82.6 vol.% N.sub.2.
PAR  The 75% strength ammonium sulfate slurry (2517 kg./h.) is combusted at
      about 1000.degree. C. in a combustion furnace with 210 kg./h. of fuel oil
      with a net calorific value of about 10,000 kcal./kg. and with 4960
      Nm.sup.3 /h. of air preheated to 500.degree. C. During this step, the
      above-mentioned 7590 Nm.sup.3 /h. of combustion gas is obtained which,
      after an intermediate cooling to 690.degree. C., serve for the evaporation
      of the ammonium sulfate solution.
PAC  EXAMPLE 2
PAR  4997 kg./h. of a 37.8% strength ammonium sulfate solution of a temperature
      of 50.degree. C. is mixed with 4816 kg./h. of a mother liquor containing
      51.8% by weight of ammonium sulfate; the mixture is charged through
      nozzles into an empty tower. In parallel flow with the solution to be
      evaporated, 6786 Nm.sup.3 /h. of combustion gas is conducted through the
      tower. The temperature of the combustion gas at the inlet of the tower is
      880.degree. C. This gas consists of 4.6% by weight SO.sub.2 ; 3.3% by
      weight O.sub.2 ; 62.0% by weight N.sub.2 ; 5.0% by weight CO.sub.2 ; and
      25.0% by weight H.sub.2 O. The thus-introduced solution gives off water to
      the combustion gas in the tower, so that 6742 kg./h. of an ammonium
      sulfate suspension is obtained in the sump containing 65% by weight of
      ammonium sulfate in a solid and dissolved form. Furthermore, 10,786
      Nm.sup.3 /h. of a gas is discharged from the tower containing 2.9% by
      weight SO.sub.2 ; 2.1% by weight O.sub.2 ; 39.0% by weight N.sub.2 ; 3.2%
      by weight CO.sub.2 ; and 52.8% by weight H.sub.2 O. After removal of the
      water by cooling and scrubbing with sulfuric acid, the result is a gas
      with 6.15% by weight SO.sub.2, which can be processed into sulfuric acid.
PAR  The ammonium sulfate suspension is separated, in a centrifuge into 1926
      kg./h. of solid ammonium sulfate with 2% by weight H.sub.2 O and 4816
      kg./h. of a 51.8% by weight ammonium sulfate solution. This ammonium
      sulfate solution is recycled into the evaporation tower as mentioned
      above. The solid ammonium sulfate is combusted in a furnace with 218
      kg./h. of fuel oil (net calorific value [H.sub.u ] = 10,000 kcal./kg) and
      4918 Nm.sup.3 /h. of air of a temperature of 20.degree. C., the combustion
      temperature being approximately 1000.degree. C. During this process, 6786
      Nm.sup.3 /h. of combustion gas is obtained which, after cooling to
      880.degree. C., serves for the evaporation of the ammonium sulfate
      solution.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process comprising the steps of concentrating a neutral aqueous
      solution of ammonium sulfate obtained in the synthesis of organic
      compounds and burning resultant concentrate at 850.degree.-1250.degree. C
      to form a combustion gas containing SO.sub.2 and SO.sub.3, the improvement
      which comprises:
PA1  conducting said concentrating by passing said combustion gas having a
      temperature of 500.degree.-1100.degree. C in direct contact with said
      aqueous solution of ammonium sulfate to evaporate sufficient water from
      said solution to form solid ammonium sulfate having a moisture content of
      at least 3% by weight from said solution.
NUM  2.
PAR  2. A process according to claim 1, wherein said concentrating is conducted
      so as to evaporate sufficient water to form a resultant concentrate having
      a water concentration of 30-50% by weight, said concentrate containing
      solids and a mother liquor, and comprising the further steps of separating
      said solids; burning said solids; and recycling said mother liquor to said
      concentrating step.
NUM  3.
PAR  3. A process according to claim 1, wherein said ammonium sulfate solution
      is sprayed into the combustion gas to form substantially dry ammonium
      sulfate having a water concentration of up to 10% by weight.
NUM  4.
PAR  4. A process according to claim 1, wherein said combustion gas and the
      ammonium sulfate solution to be concentrated are directly contacted in a
      cocurrent manner.
NUM  5.
PAR  5. A process according to claim 1, said ammonium sulfate solution to be
      concentrated being 32-40% by weight ammonium sulfate.
NUM  6.
PAR  6. A process according to claim 1, said ammonium sulfate being processed to
      particulate form prior to the burning step.
NUM  7.
PAR  7. A process according to claim 1, further comprising the subsequent step
      of cooling the SO.sub.2 -containing combustion gas to
      30.degree.-50.degree. C after said gas is contacted with the aqueous
      solution of ammonium sulfate.
NUM  8.
PAR  8. A process according to claim 1, further comprising the subsequent step
      of contacting the SO.sub.2 -containing combustion gas with sulfuric acid
      after said gas is contacted with the aqueous solution of ammonium sulfate.
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ABST
PAL  A transparent, activated, nonparticulate alumina with a total porosity of
      about 63% which consists of a unique pore morphology and size distribution
      and is thermally stable up to about 1,200.degree.C. at which temperature
      it can be nondestructively converted to alpha alumina is disclosed as well
      as a method of preparing said alumina by hydrolyzing aluminum alkoxides to
      form a particular sol which is essentially clear to the naked eye and the
      gel of which retains its integrity during drying and pyrolysis. The
      alumina thus produced is useful as a catalyst, absorbent and desiccant. In
      addition, a method of preparing the intermediate clear colloidal sol or
      gel consisting essentially of aluminum monohydrate is disclosed. This
      intermediate can be used to coat various substrates.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a divisional application of U.S. Ser. No. 281,434 filed Aug. 17,
      1972, now abandoned which in turn is a continuation-in-part application of
      U.S. Ser. No. 234,303 filed Mar. 13, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are many known forms of alumina such as alpha, gamma, delta, eta,
      theta, kappa, and chi all of which are activated except alpha. Such
      activated aluminas are of commercial importance because of their high
      surface areas which make them especially useful as catalyst supports.
      However, these aluminas are usually in powder or particle form and must be
      dispersed in a liquid medium before they can be applied as a coating over
      other materials. Dispersing the active forms of alumina is not only
      difficult but in some cases impossible due to agglomeration of the
      particles.
PAR  Activated aluminas as set forth by Stumpf et al, Industrial and Engineering
      Chemistry, 42, 1398 (1950) can be prepared in various ways. One method
      disclosed in U.S. Pat. No. 3,019,080 involves the hydrolysis of aluminum
      alkoxides in the presence of aqueous ammonia to produce pure alumina of
      unspecified form.
PAR  Another method set forth in U.S. Pat. No. 3,038,784 comprises hydrolyzing
      an aluminum alcoholate in the presence of hydrogen peroxide at from
      0.degree. to 22.degree. C. to form amorphous alumina. Gamma alumina is
      produced in U.S. Pat. No. 2,749,216 by hydrolyzing aluminum alkoxides at a
      temperature of 212.degree. to 300.degree. F. In U.S. Pat. No. 2,796,326
      aluminum secondary butoxide is hydrolyzed with water at 32.degree. to
      70.degree. F. to yield eta alumina. U.S. Pat. No. 3,357,791 discloses the
      hydrolysis of aluminum alkoxides in the presence of either acid or base to
      obtain colloidal particles of alpha alumina. All of these methods result
      in nontransparent, particulate forms of alumina as contrasted to the
      nonparticulate, transparent, porous form of the present invention.
PAR  More recently, Continental Oil Corporation, Ponca City, Oklahoma, developed
      a dispersed form of alumina marketed under the tradename of DISPAL. When
      this material is dispersed in an acidic medium, it has a milky appearance
      and can be dehydrated at about 500.degree. C. to gamma alumina with a
      surface area of 320 square meters per gram. However, this dispersed
      product has a much larger particle or agglomerate size and cannot be
      converted by heat to the transparent, nonparticulate, porous alumina now
      claimed.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that a novel form of alumina with unique properties
      can be prepared by hydrolyzing aluminum alkoxides such as the methoxide,
      ethoxide, isopropoxide and secondary butoxide provided certain critical
      processing parameters are observed. These parameters include (1) at least
      8 moles and preferably more than 20 moles of water per mole of aluminum
      alkoxide for hydrolysis (2) addition of about 0.03 to about 0.2 mole of a
      strong or moderately strong acid with an ionization constant of at least 1
      .times. 10.sup..sup.-5 per mole of aluminum alkoxide (3) using acids of
      sufficient strength which do not complex with aluminum at low
      concentrations and which are added preferably after the aluminum alkoxide
      is hydrolyzed and (4) heat treating the resulting slurry above 80.degree.
      C. for a period of time to obtain a clear, colloidal solution which can be
      applied over other materials to form a thin and continuous coating. If
      desired, the solution can be concentrated to form a gel which is then
      dried and pyrolyzed at about 500.degree. C. to complete the conversion to
      alumina in a transparent, nonparticulate, porous form with a high surface
      area.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the first step of the process of this invention, one mole of an aluminum
      alkoxide (preferably aluminum isopropoxide or aluminum secondary butoxide)
      or combinations thereof is added to at least 8 moles and preferably from
      70 to 200 moles of water at a temperature preferably from 60.degree. to
      80.degree. C. The mixture is stirred for about 15 minutes or until the
      hydrolysis of the alkoxide is essentially complete.
PAR  If less than 8 moles of water per mole of alkoxide are used, the desired
      transparent, nonparticulate alumina is not produced. If 8 to 20 moles of
      water per mole of alkoxide are used, a clear gel rather than a solution
      results in which case the heat treatment must be carried out in a closed
      system. Below 12 moles of water, heat supplied by the exothermic reaction
      of hydrolysis may be sufficient to obviate the necessity of the subsequent
      heat treatment. If a water temperature of less than 60.degree. C. is used
      for the hydrolysis, the aluminum monohydrate first formed is unstable and
      is converted to aluminum trihydrate within 20 hours or less. When this
      occurs, peptizing the slurry to a clear solution is very difficult if not
      impossible so that slurries prepared with cold water should be heated and
      peptized before such conversion takes place.
PAR  In the second step, an acid with an ionization constant of at least 1
      .times. 10.sup..sup.-5 and having a noncomplexing anion with aluminum in
      low concentration such as nitric, hydrochloric, perchloric, formic, acetic
      or chloroacetic acids or combinations thereof is added. The acid
      concentration employed is within the range of about 0.03 to 0.2 mole per
      mole of alkoxide and preferably about 0.07 mole of acid per mole of
      alkoxide is added in the case of noncomplexing, strong acids. However,
      with acids of moderate strength such as acetic acid, it is possible to add
      as much as 0.250 mole of acid per mole of alkoxide. This acid should be
      introduced preferably after the hydrolysis of the alkoxide is
      substantially complete to avoid longer heat treatment and formation of
      non-colloidal particles which must be removed before peptization.
PAR  If desired, the acid can be introduced in the form of a water soluble salt
      such as zirconium nitrate, calcium nitrate, ammonium nitrate, aluminum
      chloride and the like which will hydrolyze to produce an acidic solution.
PAR  The third step of the present invention consists in heat treating the
      hydrolyzed aqueous slurry above 80.degree. C. until a clear solution is
      formed. Below this temperature, peptization of the precipitate in the
      slurry is extremely slow and may require as much as 30 days whereas at
      about 95.degree. C. peptization is complete in about several hours to
      several days depending upon the acid concentration. Stirring during the
      heat treatment will enhance the rate of peptization. Alternatively, the
      slurry can be heated above 100.degree. C. in a pressurized container to
      enhance the rate of peptization. The colloidal solution is then evaporated
      to any desired concentration. About 25 gram equivalents of Al.sub.2
      O.sub.3 per 100 milliliters of solution can be obtained prior to gelling
      if the amount of acid employed is about 0.07 mole per mole of alkoxide.
      Variations from this acid concentration above or below cause a rapid
      increase in the gelling volume of the sol and therefore a sharp decrease
      in the concentration of equivalent alumina occurs.
PAR  If required, the fourth step involves the formation of the gel by either
      heating the clear, colloidal solution of step 3 above to evaporate the
      excess liquid or by adding an organic base such as urea and preferably an
      inorganic base such as ammonium hydroxide. Gels can also be formed using 8
      to 20 moles of water per mole of alkoxide in the initial hydrolysis step
      without going through the solution stage. Since the gel has a low
      cohesion, it must be supported on a liquid or solid which has a low
      adhesion to the gel. The concentrated solutions can be gelled in dialysis
      bags by evaporation or by contacting the bags with liquid or gaseous
      ammonia. A preferred support is mercury which prevents cracking due to the
      shrinkage which occurs during drying. Once the gel has formed, it is dried
      at room temperature during which time considerable shrinkage occurs unless
      it is in the form of a thin coating on a rigid substrate. These gels can
      also be extruded to produce monolithic, activated alumina articles such as
      tubing for filtering and catalytic reactor applications. The strength of
      such articles is significantly increased if exposed to ammonia during the
      forming stage.
PAR  In the fifth step of the present process, the dried gel is pyrolyzed at a
      temperature of about 500.degree. to 1,200.degree. C. and preferably below
      1,000.degree. C. to remove water and residual carbon resulting in a weight
      loss of about 17 - 20%. The time of heating at temperatures above
      900.degree. C. must be limited to avoid alpha alumina formation and
      sintering. Most of the loss occurs at 375.degree. - 475.degree. C. and
      within this heating range extreme care must be taken to prevent fracture
      such as by heating at a rate of 2.degree. C. per hour. At temperatures
      below about 500.degree. C., the partially pyrolyzed product is mainly a
      mixture of aluminum monohydrate and alumina. The solid alumina which
      results is transparent, activated, nonparticulate, about 63% porous with
      an orderly domain of 50 to 100 angstroms and over 90% of the pores are
      within several angstroms of a radius which can be varied from 30 to about
      150 angstroms by heat treatment without causing any broadening of the pore
      size distribution.
PAR  FInally, if desired, the alumina produced in the preceding step can be
      converted to alpha alumina nondestructively by heat treating at a
      temperature above 900.degree. C. The conversion proceeds very slowly at
      900.degree. C. and is completed within a few minutes at 1,200.degree. C.
PAC  PREFERRED EMBODIMENTS
PAR  The following examples more clearly set forth the metes and bounds of the
      critical parameters which must be employed in the now claimed process in
      order to obtain the unique alumina resulting from the practice of the
      present invention.
PAC  EXAMPLE 1
PAR  Deionized water (100 moles, 1800 ml.) was heated to 75.degree. C. and one
      mole (204 grams) of aluminum isopropoxide was added. The mixture was
      stirred for 15 minutes and then 0.072 mole (2.4 grams) of hydrochloric
      acid was added. The resulting slurry was heated in an oven at 95.degree.
      C. and after 24 hours a clear, colloidal solution of aluminum monohydrate
      formed. The term "aluminum monohydrate" as employed herein means an
      aluminum containing material which has a loss on ignition corresponding to
      about the monohydrate form of aluminum and also contains small amounts of
      organic material corresponding to a carbon content of about 2%. The same
      procedure was then used except that the hydrolysis was performed with
      water at room temperature (23.degree. C.). After holding samples for
      various intervals up to 60 hours, each slurry was heated for 4 days at
      95.degree. C. Good peptization was obtained during the first 21/2 hours
      but after that period of time, the aluminum monohydrate formed was
      substantially converted to aluminum trihydrate and could not be peptized.
      It was also found that the rate of conversion to the trihydrate could be
      retarded by adding an alcohol to the slurry. However, when water above
      40.degree. C. is used initially for the hydrolysis, no significant
      conversion to the trihydrate occurs.
PAC  EXAMPLE 2
PAR  One mole of aluminum isopropoxide was hydrolyzed with 100 moles of water at
      75.degree. C. and acidified with 0.072 mole of HCl. The resulting slurry
      was heated at 75.degree. C. for 4 days but about half of the precipitate
      remained since the temperature was below 80.degree. C. but readily
      peptized when heated at 95.degree. C.
PAC  EXAMPLE 3
PAR  Aluminum isopropoxide (51 grams, 0.25 mole) was hydrolyze with 360 grams
      (20 moles) of water at 75.degree. C. and 0.064 mole (1.7 grams) of
      hydrochloric acid per mole of alkoxide was added. The slurry was placed in
      a pressurized container and heated at 120.degree. C. for 6 hours after
      which time a colloidal solution which appeared clear to the naked eye
      formed.
PAC  EXAMPLE 4
PAR  One mole of Al(OC.sub.3 H.sub.7).sub.3 was hydrolyzed with 100 moles of
      water at 75.degree. C. After 15 minutes of stirring, various amounts of
      HCl were added to aliquots thereof, then heat treated, gelled by
      evaporation and pyrolyzed above 500.degree. C. with the following results.
TBL  __________________________________________________________________________
     Moles of Acid Per                                                         
                Condition of Slurry After                                      
                               Appearance of Al.sub.2 O.sub.3                  
     Mole of Alkoxide                                                          
                Heating 4 days at 95.degree.C.                                 
                               After Pyrolysis                                 
     __________________________________________________________________________
     0.015      Precipitate remains                                            
                               --                                              
     0.023      Precipitate remains                                            
                               --                                              
     0.038      Clear, no precipitate                                          
                               Transparent & non-                              
                               particulate                                     
     0.046      Clear, no precipitate                                          
                               Transparent & non-                              
                               particulate                                     
     0.053      Clear, no precipitate                                          
                               Transparent & non-                              
                               particulate                                     
     0.069      Clear, no precipitate                                          
                               Transparent & non-                              
                               particulate                                     
     0.107      Clear, no precipitate                                          
                               Transparent & non-                              
                               particulate                                     
     0.154      Clear, no precipitate                                          
                               Opaque & particulate                            
     0.207      Clear, no precipitate                                          
                               Opaque & particulate                            
     0.246      Clear, no precipitate                                          
                               Opaque & particulate                            
     __________________________________________________________________________
PAR  This data shows that when the acid-alkoxide ratio is below about 0.03 mole
      of acid per mole of alkoxide, only part of the precipitate peptizes upon
      heating. Above 0.150 mole of acid per mole of alkoxide, the slurry becomes
      clear and free of precipitate when heat treated but the resulting alumina
      from these sols is opaque and particulate whereas within the critical
      range of about 0.03 to 0.2 mole of acid per mole of alkoxide, not only all
      the precipitate peptized but also when pyrolyzed the resulting alumina is
      always transparent, nonparticulate and porous.
PAC  EXAMPLE 5
PAR  One mole (246 grams) of aluminum secondary butoxide was hydrolyzed with 200
      moles of water at 75.degree. C. and aliquots thereof treated with various
      amounts of HCl, heat treated, gelled by evaporation and pyrolyzed at
      600.degree. C. as shown in the table below.
TBL  __________________________________________________________________________
     Moles HC1 Per                                                             
               Condition of Slurry After                                       
                              Appearance of Al.sub.2 O.sub.3                   
     Mole of Alkoxide                                                          
               Heating 4 days at 95.degree.C.                                  
                              After Pyrolysis                                  
     __________________________________________________________________________
     0.014     Precipitate remains                                             
                              --                                               
     0.022     Precipitate remains                                             
                              --                                               
     0.037     Clear, no precipitate                                           
                              Transparent, non-                                
                              particulate                                      
     0.044     Clear, no precipitate                                           
                              Transparent, non-                                
                              particulate                                      
     0.052     Clear, no precipitate                                           
                              Transparent, non-                                
                              particulate                                      
     0.066     Clear, no precipitate                                           
                              Transparent, non-                                
                              particulate                                      
     0.104     Clear, no precipitate                                           
                              Transparent, non-                                
                              particulate                                      
     0.149     Clear, no precipitate                                           
                              Transparent, non-                                
                              particulate                                      
     0.202     Clear, no precipitate                                           
                              Opaque, particulate                              
     0.238     Clear, no precipitate                                           
                              Opaque, particulate                              
     __________________________________________________________________________
PAR  As with the aluminum isopropoxide of the preceding example, only a small
      amount of the precipitate peptized upon heating when less than about 0.03
      mole of HCl per mole of butoxide was employed. Within the critical limits
      of about 0.03 to 0.2 mole of acid per mole of butoxide, a clear colloidal
      solution foms when heat treated which when gelled and heated above
      500.degree. C. produces the desired transparent, nonparticulate alumina
      which is 63% porous and thermally stable up to about 1,200.degree. C. When
      the upper limit of acid is exceeded, a clear solution results but after
      heat treating, gelling and pyrolyzing, alumina formed is opaque and
      particulate.
PAC  EXAMPLE 6
PAR  One mole of aluminum secondary butoxide was hydrolyzed with 100 moles of
      water at 75.degree. C. and 17 grams (.04 mole) zirconium nitrate
      pentahydrate were added. After a 3-day heat treatment at 95.degree. C. a
      clear sol resulted. This and similar examples show that the necessary
      acidity can be produced by the addition of a water soluble salt or other
      acid producing compounds such as aldehydes which when heated form acids.
PAC  EXAMPLE 7
PAR  One mole of aluminum secondary butoxide was hydrolyzed with 25 moles of
      water at 75.degree. C. After mixing for 15 minutes, 0.20 mole of acetic
      acid having an ionization constant of 1.7 .times. 10.sup..sup.-5 was
      added. The resulting slurry was heated 7 days at 95.degree. C. and the
      colloidal solution obtained which was clear to the unaided eye was gelled
      with NH.sub.4 OH and pyrolyzed at 600.degree. C. to form a transparent,
      nonparticulate, porous alumina.
PAR  If desired, other selected acids may be used for acidification. In general,
      the acids must meet two requirements (1) the anion of the acid must be
      non-complexing with aluminum within the critical acid range employed and
      (2) the acid must be sufficiently strong to produce the necessary charge
      effect at these concentrations. Such acids include nitric, perchloric,
      formic, monochloroacetic, dichloroacetic and trichloroacetic or
      combinations thereof. To determine if an acid will complex with aluminum,
      it is simply added to the alkoxide after hydrolysis above 40.degree. C.
      and then peptized above 80.degree. C. and if a clear colloidal solution of
      aluminum monohydrate forms, then no complexing occurred. Similar results
      are obtained when other aluminum alkoxides or combinations thereof are
      hydrolyzed, acidified and peptized such as the methoxide, ethoxide,
      pentoxide, hexoxide, heptoxide and octoxide and isomers thereof but
      aluminum isopropoxide and aluminum secondary butoxide are preferred.
PAR  Once the alkoxide, water and acid have been combined and peptized and a
      clear, colloidal sol prepared, a gel can be formed by either evaporation
      of the excess liquid such as by boiling or alternatively, by adding an
      organic base like urea or an inorganic base such as NH.sub.4 OH. Since the
      gel generally shrinks to about one-third to one-half its original size, a
      greased container should be used to minimize friction. When a thin film of
      the colloidal solution is applied on a rigid material, the gel formed will
      retain the dimensions of the substrate without cracking. After the gel is
      formed, it is dried at about 20.degree. -35.degree. C. until it attains
      its final size. The dried gel is ultimately pyrolyzed at temperatures
      above 500.degree. C. by slowly heating at a uniform rate of about
      2.degree. C. per hour to prevent cracking of the porous, transparent,
      activated, solid alumina which results. If a partially pyrolyzed product
      is desired, the maximum temperature is limited to below 500.degree. C.
PAC  EXAMPLE 8
PAR  One mole of aluminum isopropoxide was hydrolyzed with 100 moles of water at
      75.degree. C., treated with various amounts of hydrochloric acid, heated
      at 95.degree. C. for 4 days to obtain a colloida sol clear to the naked
      eye, then gelled by evaporation and pyrolyz at 500.degree. C. The results
      are shown in the table below wherein m.sup.2 /g is square meters per gram
      and ml/g is milliliters per gram. The surface area, pore volume and pore
      radius were determined by the B-E-T (Brunauer, Emmett and Teller) method
      which makes use of gas adsorption and desorption measurements.
TBL  __________________________________________________________________________
     Moles Acid                                                                
            % Equivalent                                                       
                   Appearance                                                  
                             Surface                                           
     Per Mole                                                                  
            of Al.sub.2 O.sub.3 at                                             
                   of Al.sub.2 O.sub.3                                         
                             Area in                                           
                                  Pore Volume                                  
     Alkoxide                                                                  
            Gel Point                                                          
                   After Pyrolysis                                             
                             m.sup.2 /g                                        
                                  in ml/g                                      
     __________________________________________________________________________
     0.038  15     Transparent, non-                                           
                             230  0.420                                        
                   particulate                                                 
     0.053  17     Transparent, non-                                           
                             228  0.431                                        
                   particulate                                                 
     0.070  25     Transparent, non-                                           
                             232  0.451                                        
                   particulate                                                 
     0.107  11     Tendency to                                                 
                             210  0.393                                        
                   crack                                                       
     0.246  2.5    Opaque, parti-                                              
                             154  0.186                                        
                   culate                                                      
     __________________________________________________________________________
PAR  This example shows that beyond the upper limit of 0.150 mole of acid per
      mole of alkoxide, the equivalent alumina concentration at the gelling
      point of the sol greatly diminishes, the Al.sub.2 O.sub.3 after pyrolysis
      becomes opaque and both the surface area and pore volume are drastically
      reduced. However, about 0.07 mole of acid per mole of alkoxide results in
      optimum porosity, strength, surface area and transparency of the resultant
      alumina.
PAC  EXAMPLE 9
PAR  A gel prepared under the optimum conditions described in Example 8 was heat
      treated for 24 hours at various temperatures to determine the effect on
      surface area, pore radius and pore volume of the resulting alumina. The
      data are shown in the following table.
TBL  ______________________________________                                    
                Pore Radius  Pore                                              
     Heat Treatment                                                            
                With most Vol.                                                 
                             Volume   Surface Area                             
     Temp. .degree.C.                                                          
                in Angstroms in ml/g  in m.sup.2 /g                            
     ______________________________________                                    
     200        36           0.367    251                                      
     300        39           0.363    249                                      
     400        50           0.457    248                                      
     500        53           0.477    197                                      
     900        94           0.437    115                                      
     1000       114          0.353    80                                       
     ______________________________________                                    
PAR  It is apparent from this data that pore size can be increased by a heat
      treatment. The surface area decreases as the temperature increases but at
      any selected temperature below 900.degree. C., the surface area becomes
      stable after 24 hours. In contrast, the pore volume increases up to
      500.degree. C. and then remains constant up to 900.degree. C. At
      temperatures at 500.degree. C. and above, no further weight loss occurs
      which indicates the conversion to alumina is essentially complete.
PAC  EXAMPLE 10
PAR  A colloidal sol prepared as described in Example 1 was gelled by the
      addition of ammonium hydroxide. After drying at room temperature, the gel
      was heated to 200.degree. C. and then machined by drilling several holes
      and channels in the material. The drilled article was thereafter pyrolyzed
      at 600.degree. C. to obtain a solid, transparent alumina which was 63%
      porous. Upon heating to 1,200.degree. C., a porcelain-like, pure alpha
      alumina was formed with about 18% shrinkage but no cracks since surface
      nucleation and crystallization occur simultaneously during the heat
      treatment. It was found that the tendency to crack during machining is
      diminished when the heat treatment does not exceed 400.degree. C.
      Alternatively, the entire article can be impregnated with a liquid such as
      benzyl alcohol during the machining process to prevent cracking.
PAC  EXAMPLE 11
PAR  A mixture of 100 moles (1800 ml.) of water and 0.150 mole (5.4 grams) of
      HCl was heated to 75.degree. C. and one mole (204 grams) of aluminum
      isopropoxide was added with stirring. The slurry which formed was heated
      at 95.degree. C. in an oven but was still somewhat cloudy after 48 hours
      as contrasted to a similar slurry prepared in Example 1 which formed a
      clear solution after 24 hours at 95.degree. C. but wherein the acid was
      added after the hydrolysis of the alkoxide.
PAC  EXAMPLE 12
PAR  One mole of aluminum isopropoxide was hydrolyzed with 12 moles of water
      containing 0.1 mole of acetic acid at 25.degree. C. The resulting mixture
      was placed in a closed container and heated in an oven at 120.degree. C.
      for 12 hours. The clear gel which formed was extruded into tubes one
      millimeter in diameter. The tubes were dried and fired at 500.degree. C.
      to form monolithic, activated alumina.
PAC  EXAMPLE 13
PAR  Aluminum methoxide (78 grams) was added in portions to 1 liter of boiling
      water with stirring in 10 minutes. Concentrated nitric acid (4.1 grams)
      was then added and the mixture gently boiled to remove the methanol
      formed. After one hour, the mixture was refluxed for 3 hours to complete
      the sol formation which was found to have the same properties as the sols
      prepared from other aluminum alkoxides used in the preceding examples.
PAR  Although high surface area aluminas are well known for their use as
      catalysts, adsorbents and desiccants, some potential applications of these
      materials are limited by the fact that they cannot be coated over other
      materials as continuous films and produced as nonparticulate, monolithic
      articles. These desirable properties are characteristic of the transparent
      alumina of this invention whose X-ray diffraction pattern shows broad
      peaks at 1.40, 1.96 and 2.40 angstroms similar to delta alumina except for
      the peak intensity ratios. The index of refraction for the new transparent
      alumina is 1.62 - 1.67 compared to 1.76 for alpha alumina. The claimed
      alumina is stable in HCl, H.sub.2 SO.sub.4, HNO.sub.3 and water but not in
      HF or NH.sub.4 OH. It has a porosity of about 63%, a surface area of 80 to
      250 square meters per gram controlled by heat treatment, reasonably good
      optical transmission and is stable up to about 1,000.degree. to
      1,200.degree. C. at which temperature it transforms to alpha alumina
      nondestructively. The thermal coefficient of expansion is about 60 .times.
       10.sup..sup.-7 per degree centigrade.
PAR  As previously stated, the intermediate clear colloidal sol containing
      essentially aluminum monohydrate can be used to coat various porous and
      nonporous substrates such as glass, glass ceramic or porous ceramic to
      produce after pyrolysis a surface area which is extremely active and is
      capable of absorbing obnoxious gases from the atmosphere. The essentially
      transparent nonparticulate, porous product obtained by incomplete
      pyrolysis at 100.degree. - 500.degree. C. also has a high surface area and
      is useful as an adsorbent and dessicant. The transparent, solid, porous
      alumina prepared from the clear sol by gelling and pyrolyzing above
      500.degree. C. is useful as a catalyst in chemical reactions.
PAR  The type of aluminum alkoxide contemplated for use in the present invention
      can be represented by the formula Al(OR).sub.3 wherein R is a straight or
      branched alkyl group containing from one to 24 carbon atoms, although
      alkyl groups of from two to eight carbon atoms are preferred.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for preparing a transparent, monolithic, nonparticulate, porous
      product consisting essentially of alumina with a total porosity of at
      least 50% which comprises the steps of:
PA1  a. providing an acid peptized, clear colloidal solution by hydrolyzing an
      aluminum alkoxide of the formula Al(OR).sub.3, wherein R is an alkyl of
      1-24 carbon atoms, with water, wherein the mole ratio of water to said
      alkoxide is at least 8:1 and wherein said acid peptization is effected
      with about 0.03 to about 0.250 moles of acid per mole of said alkoxide,
      said acid having an ionization constant of at least 1 .times.
      10.sup..sup.-5 and having a noncomplexing anion with aluminum,
PA1  b. gelling said clear solution, and
PA1  c. drying said gel and pyrolyzing same by heating at a rate sufficiently
      slow to preclude cracking at a temperature in excess of about 500.degree.
      C. and for a time insufficient to form alpha Al.sub.2 O.sub.3 but
      sufficient to form said transparent, monolithic, porous, nonparticulate
      Al.sub.2 O.sub.3 product.
NUM  2.
PAR  2. A method as in claim 1 in which the colloidal solution is gelled by
      evaporation of the excess liquid.
NUM  3.
PAR  3. A method as in claim 1 in which the dried gel is pyrolyzed at about
      500.degree. to 600.degree. C.
NUM  4.
PAR  4. A method as in claim 1 which includes the additional step of
      nondestructively converting the transparent, nonparticulate alumina to
      alpha alumina by further heating above about 900.degree. C.
NUM  5.
PAR  5. The method of claim 1 wherein the moles of said acid per mole of
      alkoxide is about .03 to about .15 and wherein the mole ratio of water to
      said alkoxide is about 70:1 to about 200:1.
NUM  6.
PAR  6. The method of claim 5 wherein said acid is HCl.
NUM  7.
PAR  7. The method as in claim 5 in which about .07 moles of acid per mole of
      alkoxide are employed.
NUM  8.
PAR  8. The method of claim 1 wherein step (a) comprises combining said alkoxide
      and water at a temperature of about 40 to about 80.degree. C., adding said
      acid thereto, and then heating at a temperature of about 80.degree. C. to
      about 160.degree. C.
NUM  9.
PAR  9. The method as in claim 8 wherein said heating temperature is about
      80.degree. C. to about 95.degree. C. and said heating is done for a period
      of from 2 to 4 days.
NUM  10.
PAR  10. The method as in claim 8 in which from 70 to about 200 moles of water
      per mole of alkoxide are combined at a temperature from 60.degree. to
      80.degree. C.
NUM  11.
PAR  11. The method of claim 1 in which the alkoxide is a member of the group
      consisting of the methoxide, ethoxide, propoxide, and butoxide of aluminum
      and isomers thereof.
NUM  12.
PAR  12. The method as in claim 1 in which the alkoxide is aluminum
      isopropoxide.
NUM  13.
PAR  13. The method as in claim 1 in which the alkoxide is aluminum secondary
      butoxide.
NUM  14.
PAR  14. A method as in claim 1 in which the equivalent acidity is produced by
      adding a water soluble acidic salt having a noncomplexing anion with
      aluminum.
NUM  15.
PAR  15. A method as defined in claim 1 in which the colloidal solution is
      gelled by adding a base thereto.
NUM  16.
PAR  16. A method as in claim 14 in which the base is NH.sub.4 OH.
NUM  17.
PAR  17. The method of claim 1 wherein the amount of said acid is between about
      .03 to about .150.
NUM  18.
PAR  18. A method for preparing a transparent, monolithic, nonparticulate,
      porous product consisting essentially of Al.sub.2 O.sub.3 which comprises
      the steps of:
PA1  a. providing a gel of the hydrolysis product obtained by hydrolyzing an
      aluminum alkoxide of the formula Al(OR).sub.3, wherein R is an alkyl of
      1-24 carbon atoms, with water and an acid wherein the mole ratio of water
      to said alkoxide is in the range of 8:1 to 20:1 and wherein said acid is
      employed in an amount of about .03 to about .250 moles of acid per mole of
      said alkoxide, said acid having an ionization constant of at least 1
      .times. 10.sup..sup.-5 and having a noncomplexing anion with aluminum,
PA1  b. drying said gel, and
PA1  c. pyrolyzing said gel by heating at a rate sufficiently slow to preclude
      cracking at a temperature in excess of about 500.degree. C. so as to form
      said transparent, monolithic, porous, nonparticulate Al.sub.2 O.sub.3
      product, said heating being insufficient to form alpha alumina.
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ABST
PAL  A method for producing the Folliculotropin Releasing Hormone (FRH)
      biosynthetically is provided by utilizing, as key starting materials,
      fresh hypothalamic tissue, a buffered incubation medium, an ATP
      synthesizing system, radioactively labeled amino acids and a mixture of 21
      naturally occuring amino acids. Biosynthesis of the FRH is accomplished by
      incubation of the hypothalamic tissue for a short period of time in the
      presence of all the reagents necessary to promote the biosynthetic system
      to produce the Folliculotropin Releasing Hormone (FRH) of the hypothalamus
      gland of mammals. Examples of methods to isolate the FRH free of the
      luteotropin releasing hormone (LRH) are provided.
BSUM
PAR  This invention relates to the Folliculotropin Releasing Hormone (FRH) of
      the hypothalamus of mammals, and to alternative methods of biosynthesis
      and isolation of said FRH. This biosynthetic FRH has the biological,
      chemical and hormonal properties of the Folliculotropin Releasing Hormone
      (FRH) of the hypothalamus in the brain of mammals including man.
PAC  BACKGROUND OF THE INVENTION
PAR  A substance that stimulates the secretion of the follicle stimulating
      hormone has been reported by many investigators. This substance is present
      in homogenates of hypothalamic tissue from many species. The hypothalamus
      is a part of the forebrain; prosencephalon, which unlike the cerebellum
      and crebral hemispheres, has maintained a relative constancy of
      arrangement throughout its phylogenetic history. The hypothalamus is a
      small section of tissue of the diencephalon which is the posterior part of
      the prosencephalon, consisting of the hypothalamus, thalamus,
      metathalamus, and epithalamus. The hypothalamus is not considered as an
      organ with boundaries, but rather as a region of brain tissue which has
      significant functions in many aspects of mammalian physiology. Basically,
      the hypothalamus is divisible into medial and lateral portions. The medial
      portion joins the third ventricle. The lateral portion contains cells that
      are diffusely arranged among the fibers of what has long been called the
      medial forebrain bundle. An anatomic relationship which is a constant
      feature of the hypothalamus is its intimate association with the pituitary
      gland. The pituitary or hypophysis consists of anterior and posterior
      lobes, and the pars intermedia. Biochemical transport of the neurohormones
      from the hypothalamus to the anterior lobe or adenohypophysis is provided
      by certain blood vessels in a portal system which is a network of
      capillaries. The blood in these capillaries passes down the pituitary
      stalk and becomes distributed through another system of capillaries in the
      anterior lobe and one of the neurohormones thus transported is
      folliculotropin releasing hormone (FRH).
PAR  It is generally considered that there is one hypothalamic releasing hormone
      for each anterior pituitary hormone. This concept has not been proven and
      it has been found that the known luteotropin releasing hormone (LRH) and
      thyrotropin releasing hormone (TRH) stimulate the release of two pituitary
      hormones. It has been found that TRH can stimulate the release of
      prolactin and thyrotropin and that LRH can stimulate the release of
      luteotropin and folliculotropin.
PAR  A prolactin releasing hormone (PRH) has recently been described as being
      chemically distinct from TRH. [Valverde-R., et al., Endocrinology, 91, 982
      (1972)]. We now describe the biosynthesis of a Folliculotropin Releasing
      Hormone (FRH) chemically separable from LRH.
PAR  It has been proposed by Schally and White [Schally, et al., Science, 173,
      1036 (1971) and White, Hypophysiotropic Hormones of the Hypothalamus, J.
      Meites, ed., p. 248, 1970] that luteotropin releasing hormone (LRH) is the
      natural regulator of both luteotropin and folliculotropin. More recently,
      [Guillemin and Burgus, Scientific American, 227, 24 (1972)] it has been
      stated by noted investigators that "A third gonadotropic hormone, FSH
      (follicle stimulating hormone), may have its own hypothalamic releasing
      factor, FRF, but that has not been demonstrated."
PAR  We have found, indeed, that LRH releases folliculotropin to a limited
      degree in addition to a potent release of luteotropin. More important is
      our finding that hypothalamic extracts contain a hormone, chemically
      distinct from LRH, that stimulates a very high level of folliculotropin
      release as well as a limited release of luteotropin. The functions of the
      gonads are thus controlled by two hypothalamic releasing hormones, LRH and
      FRH, that both regulate the release of luteotropin and folliculotropin
      from the anterior pituitary. Each releasing hormone appears to have a
      primary and a secondary regulatory activity.
PAR  Only a few nanograms of each releasing hormone appears to exist in the
      hypothalamus of a single animal. Therefore, hypothalami from thousands of
      animals are required to isolate a sufficient quantity for structure
      elucidation studies. The biosynthetic approach to the isolation of a new
      hormone makes it possible to attach a radioactive tag to the compound of
      interest and increase the amount of hormone present in the starting
      tissue. Once the hypothalamic hormone has been radioactively labeled, it
      can be added to a large amount of tissue. This process increases the total
      quantity of hormone present to a quantity suitable for structure
      elucidation after the necessary purification procedures.
PAC  THE INVENTION
PAR  It has been found now that the folliculotropin releasing hormone (FRH) is
      chemically distinct from other releasing hormones present in hypothalamic
      extracts. The folliculotropin releasing hormone can be biosynthesized and
      radioactively labeled by a process involving incubation of fresh
      hypothalamic tissue in the presence of a radioactive amino acid.
PAR  The folliculotropin releasing hormone (FRH) activity present in
      hypothalamic extracts has become discernable since the structure
      elucidation [Matsuo, et al. Biochem. Biophys. Res. Commun., 43, 1334
      (1971)) and synthesis (Sievertsson, et al., Biochem. Biophys. Res.
      Commun., 44, 1566 (1971) and others] of the luteotropin releasing hormone
      (LRH).
PAR  Through careful study of the behavior of synthetic LRH in numerous
      biological test systems, it has been shown that LRH can stimulate the
      release of luteotropin and folliculotropin. Synthetic LRH will not
      release, in vitro, more than 35,000 ng/ml of FSH even at dose levels up to
      500 ng/ml. A dose of 0.9 ng and 500 ng have similar releasing activity for
      folliculotropin. Our partially purified hypothalamic extracts at Stage SP
      have shown extremely potent Folliculotropin Releasing Activity (FRH). Dose
      levels as low as 0.2 hypothalamic fragment equivalent (h.f.e.) from some
      preparations released &gt; 128,000 ng FSH/ml in the in vitro assay procedure.
      Folliculotropin Releasing Hormone (FRH) activity can be separated from
      Luteotropin Releasing Hormone (LRH) activity by chromatographic procedures
      described in greater detail herein below. For example:
PAR  Incubated tissue is lyophilized, extracted and defatted to give a standard
      preparation (Stage SP). Stage SP material is twice passed through Bio-Gel
      P-2 (Stage P-2) and then chromatographed on a Sephadex partition column in
      solvent system A. After this procedure the LRH and FRH activities are
      separated. A second chromatography in the same system gave a good
      separation of areas corresponding to the known LRH and the previously
      unknown FRH.
PAR  Alternatively, Stage P-2 Folliculotropin Releasing Hormone (FRH) material
      was chromatographed on a Sephadex partition column in solvent system B.
      The PC-B FRH was then chromatographed on diethylaminoethyl-Sephadex. The
      LRH and FRH present are cleanly separated, LRH is unretained and FRH is
      eluted with 500mM NH.sub.4 OAc after a continuous or stepwise gradient.
PAR  Alternatively, Stage PC-B FRH was chromatographed on
      carboxymethyl-Sephadex. The FRH active material is unretained and the LRH
      active material is eluted with 100 mM NH.sub.4 OAc after a stepwise
      gradient.
PAR  Alternatively, Stage PC-A Folliculotropin Releasing Hormone (FRH) was
      chromatographed on carboxymethyl-Sephadex. The FRH present was unretained
      and the LRH remaining was eluted with 100 mM NH.sub.4 OAc after a stepwise
      gradient.
PAR  Alternatively, Stage PC-A Folliculotropin Releasing Hormone (FRH) was
      chromatographed on carboxymethylcellulose. The FRH present was unretained
      and the LRH present was eluted with 70 mM NH.sub.4 OAc during a continuous
      gradient from 2 mM to 100 mM NH.sub.4 OAc.
PAR  Alternatively, PC-A FRH and LRH was chromatographed on
      diethylaminoethyl-Sephadex. The LRH material present is unretained and the
      Folliculotropin Releasing Hormone (FRH) is eluted with 500 mM NH.sub.4 OAc
      after a continuous or stepwise gradient from 2 mM to 500 mM.
PAR  The above described procedures produce biosynthetic Folliculotropin
      Releasing Hormone (FRH) free from the known decapeptide hormone LRH. The
      biosynthetic FRH of this invention is readily obtained by these procedures
      and is radioactively labeled with .sup.14 C for ease of identification and
      as an aid to the purification procedures.
PAR  Folliculotropin Releasing Hormone (FRH) is an important regulator of
      gonadal function in mammalian species. It could be used separately or in
      conjunction with the decapeptide LRH. In many respects, FRH may be more
      important to fertility control than LRH.
PAR  The examples given below are provided to exemplify the invention, and
      modification of these examples in terms of the sequential uses of the
      purification steps, as well as the selection of experimental conditions as
      to incubation time, temperature, solvents, column sizes, adsorbents, and
      other experimental details are all considered in the scope of the
      invention. While all of these alternatives are successful, in principle,
      some of the alternatives are more practical for isolation purposes than
      others.
PAR  The following examples are presented to illustrate methods of carrying out
      the present invention, and it should be understood that incubation medium
      reagents, radioactively labeled amino acids, column dimensions and
      chromatographic systems are only illustrative and are not intended to be
      limitative of the possible means available to produce radioactively
      labeled biosynthetic Folliculotropin Releasing Hormone (FRH). Additional
      available buffered incubation media which fall within the scope of this
      invention incude, but are not limited to such buffers as citrate, acetate,
      formate, carbonate-bicarbonate, Trishydrochloride. Radioactive labeled
      amino acids include, but are not limited to tritium (.sup.3 H) and
      carbon-14 (.sup.14 C) substitution at any position and any specific
      activity commercially available that can be incorporated by the
      hypothalamic tissue into Folliculotropin Releasing Hormone (FRH). Gel
      filtration materials available include, but are not limited to such gels
      as Sephadex G-10, G-15 and G-25; and Bio-Gel P-2 and P-4. Partition
      chromatography supports include, but are not limited to Sephadex G-25
      Fine, Bio-Gel P-2 (200-400 mesh) and Sephadex LH-20. Ion exchange
      chromatographic supports include, but are not limited to such supports as
      carboxymethylcellulose (CMC), diethylaminoethylcellulose (DEAE-C),
      carboxymethyl-Sephadex (CM-S), diethylaminoethyl-Sephadex (DEAE-S),
      sulfoethyl-Sephadex (SE-S), sulfopropyl-Sephadex (SP-S),
      diethyl-(2-hydroxy-propyl) aminoethyl-Sephadex (QAE-S),
      carboxymethyl-Bio-Gel (CM-BG) and BioRad AG-11A8 Ion Retardation resin
      (BG-AG).
DRWD
PAR  Results of radioactive distribution are graphically represented in the
      figures of the accompanying drawing wherein:
PAR  FIG. 1 is a graph illustrating the distribution obtained from separation on
      Bio-Gel P-2 of SP 102;
PAR  FIG. 2 is a graph illustrating the distribution obtained from separation on
      partition on column A of Stage PC-A.sub.2 samples;
PAR  FIG. 3 is a graph illustrating the distribution obtained from separation on
      column B of Stage PC-B samples; and,
PAR  FIG. 4 is a graph illustrating the distribution obtained from separation on
      partition column B of Stage P-2 samples.
DETD
PAC  EXPERIMENTAL PROCEDURES
PAC  THE BIOSYNTHESIS AND ISOLATION OF THE FOLLICULOTROPIN RELEASING HORMONE
      (FRH)
PAL  Section a. the biosynthesis of the Folliculotropin Releasing Hormone (FRH).
PAC  CHART I; EXAMPLE I
PAL  Incubation of Porcine Hypothalamic Fragments to Produce Biosynthetic
      Folliculotropin Releasing Hormone (FRH)
PAR  Porcine hypothalamic fragments were collected at Hormel and Co.
      slaughterhouse, Austin, Minnesota. They were placed in a Nalgene bottle in
      batches of 500 fragments and packed in wet ice in a styrofoam box and sent
      by Air Mail to the Institute for Biomedical Research, Austin, Texas. The
      ice cold tissue was received the day following shipment. About 25
      shipments have been received and incubated. The weight of 500 fragments
      ranged from 213 g to 372 g.
PAR  Each batch of 500 hypothalamic fragments was homogenized and incubated in
      500 ml of a medium containing 20 mM potassium phosphate, pH 7.4, 150 mM
      mannitol, 8 mM MgCl, 80 mM KCl, 0.2 mM EDTA, 10 mM sodium-succinate, 1 mM
      ADP, amino acid mixture 0.25 mM in each amino acid, 50 .mu.C .sup.14
      C-glutamic acid (UL, specific activity 260 mC/mmole) and 50 .mu.C .sup.14
      C-glutamine (UL, specific activity 10 mC/mmole). The amino acid mixture
      contained Arg-, His-, Leu-, Ile-, Lys.HCl, Met-, Phe-, Thr-, Trp-, Val-,
      Ala-, Asp-, Asn-, Glu-, Gln-, Gly-, Hyp-, Pro-, Ser-, Tyr- and Cys.HCl.
      Incubation was performed for 4 hours at 32.degree.C under an atmosphere of
      95% air and 5% carbondioxide. After 4 hours the incubation mixture was
      frozen and lyophilized. The dry, lyophilized, incubated tissue was stored
      in a freezer until it was extracted.
PAL  Extraction of Biosynthetic Folliculotropin Releasing Hormone (FRH) (Stage
      SP)
PAR  Four lyophilized batches of incubated tissue, equivalent to 2,000 fragments
      were combined for extraction of the biosynthetic Folliculotropin Releasing
      Hormone. In a few cases, the extraction was made on 1,000 or 500 fragment
      equivalents. In these cases the volumes of the solvents used were one-half
      and one-fourth respectively of that used for extraction of 2,000 fragment
      equivalents.
PAR  The 2,000 fragment equivalents were suspended in 1,100 ml cold 15%
      methanolic acetic acid, and homogenized for 2 minutes in a 1 gallon
      stainless steel Waring blender. The homogenate was transferred to a 3
      liter Erlenmeyer flask and the blender was rinsed twice with 100 ml of
      methanolic acetic acid. The homogenate was kept at room temperature for 4
      hours with occasional shaking before it was filtered under reduced
      pressure on a large Buchner funnel with a Whatman No. 1 filter paper. The
      filter cake was washed with 100 ml of methanolic acetic acid and then
      suspended in 500 ml of methanolic acetic acid. The suspenpion was kept at
      room temperature for 2 hours and then in a cold room at approximately
      +5.degree.C overnight. It was refiltered and the filter cake again washed
      with 100 ml of 15% HOAc/MeOH.
PAR  The combined filtrates were evaporated on a vacuum pump rotary evaporator,
      the temperature never exceeding 20.degree.C.
PAR  The dry residue was dissolved in 350 ml of boiling distilled water and
      heated at boiling temperature for about 2 minutes until a clear dark brown
      solution was formed. The solution was quickly cooled on ice and extracted
      3 times with methylene chloride in a separatory funnel using 400, 200 and
      100 ml of methylene chloride respectively. The combined methylene chloride
      layer was extracted with 100 ml distilled water. The combined aqueous
      solution was evaporated on a rotary evaporator at about 40.degree.C for
      1/2 hour to remove dissolved methylenechloride and then frozen and
      lyophilized. The lyophilized preparation was dissolved with heating in
      methanol. The solution was kept in a refrigerator overnight and filtered.
      The residue on the filter paper was washed twice with 25 ml methanol. The
      combined methanol filtrate was evaporated on a rotary evaporator and the
      residue was finally dried on a lyophilizer. This residue constitutes a
      standard preparation (Stanprep) of the Folliculotropin Releasing Hormone
      (Stage SP). The weight of five Stanpreps, each equivalent to 2000
      hypothalamic fragments ranged from 29.3 g to 41.1 g. Bioassay data on
      several Stanpreps are in Table I.
PAL  Gel Filtration Chromatography of Folliculotropin Releasing Hormone
      Preparations on Bio-Gel P-2 (Stage P-2)
PAR  Each Stanprep equivalent to 2,000 hypothalamic fragments was
      chromatographed on Bio-Gel P-2 100-200 mesh. The gel was swollen in either
      0.2 N or 1.0 N aqueous acetic acid and packed in a column 5.0 .times. 150
      mm. The Stanprep, dissolved in about 50 ml, was applied to and eluted from
      the column with either 0.2 N or 1.0 N acetic acid. Fractions of 14 ml were
      collected. The radioactive distribution in the fractions was determined
      and fractions were pooled according to radioactivity, lyophilized, and
      bioassayed in vitro for their release of luteotropin and folliculotropin.
      An example of the radioactive distribution from a P-2 column is given in
      FIG. I. and bioassay data are recorded in Table 2. The weight of the FRH
      active fractions was decreased to 5-10 g, which is 15-25% of the original
      weight.
PAR  Fractions equivalent to 10,000 hypothalamic fragments, No. 170-300 from
      five P-2 separations, which showed an exceptionally high release of
      folliculotropin were pooled and passed over a P-2 column a second time.
      Again the radioactive distribution was determined and fractions were
      pooled and bioassayed. Bioassay data are given in Table 3. The contents of
      tubes 140-400 were most potent in releasing folliculotropin and were
      chosen for further separation. The weight of these fractions was 19.0 g,
      which is 11.1% of the original weight of the five Stanpreps (171.5 g).
PAL  Separation of the Activities of Biosynthetic FRH and LRH Decapeptide
PAR  Many different methods were used for the further purification of FRH and
      for separating its activity from that of the luteotropin releasing hormone
      (LRH). An example is given of a series of continuous separations of one
      sample which succeeded in separating the activities of these two hormones.
      These steps are outlined in Chart I.
PAR  Following this, the purification of FRH from other samples with the help of
      a diversity of separation methods will be exemplified. (Charts II and III)
PAL  Isolation of Folliculotropin Releasing Hormone Activity, Partition
      Chromatography on Sephadex G-25 using 0.1% HOAc/H.sub.2 O-nBuOH-Pyr,
      11-5-3. System A. (Stage PC-A.sub.1)
PAR  Sephadex G-25 fine was swollen in the lower phase of the two phase solvent
      system 0.1% aqueous acetic acid-nbutanol-pyridine, 11-5-3, and packed in a
      column 2 .times. 90 cm. The column was washed with about 400 ml of the
      upper phase before a preparation previously purified on two P-2 columns,
      (Stage P-2) equivalent to 1,000 h.f.e. and weighing about 3 g was applied.
      The sample was dissolved in a few mls of the lower phase, adsorbed into
      the top of the column and eluted from the column with the upper phase
      while 10 ml fractions were collected. The fractions were pooled and
      assayed both in vivo and in vitro for FRH and LRH activity as shown in
      Table 4 and Table 5.
PAR  The contents of tubes 11-35 was the most active in releasing LH and was
      used for isolating the LRH activity on a carboxymethyl cellulose (CMC)
      column. The contents of tubes 56-100 was used for isolating the FRH
      activity.
PAL  Rechromatography of Folliculotropin Releasing Hormone (FRH) on a Sephadex
      G-25 Partition Column System A. (Stage PC-A.sub.2)
PAR  The column was prepared and the sample from tubes 56-100 (about 1g) of the
      previous column was rechromatographed in the same way as described above.
      The radioactive distribution was determined (FIG. II), the contents of the
      tubes were pooled based on this distribution pattern and bioassayed.
      (Table 6). Two separated fractions, active in release of LH and FH were
      obtained. The activity in tubes 11-25 corresponds to LRH and is much less
      than the corresponding activity from the first PC-A separation. Most of
      the LRH activity was removed in the first PC-A separation. The activity in
      tubes 46-112 is essentially unchanged compared to the bioassay activity
      from the first separation and the contents in these tubes were further
      purified as described below.
PAL  Sephadex G-25 Partition Chromatography-Solvent System B:
      n-Butanol-Acetic-Water, (4-1-5) (Stage PC-B)
PAR  Sephadex G-25 fine was swollen in the lower phase of the freshly prepared
      two phase solvent system n-butanol-acetic acid-water (4-1-5) and packed in
      a column 2 .times. 100 cm. The gel was washed with about 400 ml of the
      upper phase and the sample from the previous partition separation
      (PC-A.sub.2) (tubes 46-112, about 0.75 g) was dissolved in the lower phase
      and put onto the top of the column. The column was eluted with the upper
      phase and 10 ml fractions were collected.
PAR  Again the radioactive distribution over the tubes was determined and the
      tubes pooled according to this distribution and bioassayed. (FIG. III and
      Table 7). The best activity for release of FH was found in tubes 26-40.
      The contents of these tubes were submitted to further purification by ion
      exchange chromatography on DEAE Sephadex.
PAL  Ion Exchange Chromatography of Folliculotropin Releasing Hormone on DEAE
      Sephadex. (Stage DEAE-S).
PAR  The diethylaminoethyl (DEAE) Sephadex was swollen overnight in 1.0 M
      ammonium acetate (NH.sub.4 OAc)pH 7, filtered under reduced pressure,
      extensively washed with 0.002 M NH.sub.4 OAc pH 7 and packed in a column
      1.5 .times. 30 cm. The necessary amounts of 0.002 M NH.sub.4 OAc, pH 7 and
      0.100 M NH.sub.4 OAc, pH 4 were mixed to give solutions 0.010 M, 0.020 M,
      0.040 M, 0.060 M and 0.080 M in NH.sub.4 OAc, the pH also ranging from 7
      to 4.
PAR  The sample from tubes 26-40 from the previous partition chromatrographic
      separation (about 0.3 grams) was dissolved in 0.002 M NH.sub.4 OAc and
      adsorbed onto the top of the column. The column was eluted with 50 ml each
      of the stepwise NH.sub.4 OAc gradient solutions described above. Finally
      the column was washed with 50 ml of a solution 0.5 M in NH.sub.4 OAc and 2
      M in HOAc. All fractions were bioassayed for release of LH and FH. The 0.5
      M NH.sub.4 OAc eluate showed exceptionally good folliculotropin releasing
      hormone activity. (Table 8)
PAL  Isolation of the Luteotropin Releasing Hormone (LRH) Activity
PAR  The luteotropin releasing hormone which is a decapeptide has already been
      isolated from hypothalamic tissue and its structure has been elucidated
      and confirmed by synthesis. The behavior of this hormone in different
      chromatographic systems is known. The separation of the activity of LRH
      and FRH on a second partition chromatography column by use of 0.1% aqueous
      HOAc-n-BuOH-Pyr, 11-5-3, has been described (PC-A.sub.2).
PAR  A partial purification was obtained already on the first partition
      chromatography column (PC-A.sub.1).
PAR  The sample in tubes 11-35 from this separation was used for further
      isolation of the LRH activity.
PAL  Carboxymethylcellulose Chromatography
PAR  Carboxymethylcellulose was packed in a 1.5.times.30 cm column and
      equilibrated with 0.002 M NH.sub.4 OAc pH 4.5. The dry sample was
      dissolved in the same solvent and adsorbed onto the top of the column. It
      was eluted off the column by use of a continuous gradient from 0.002 M
      NH.sub.4 OAc pH 4.5 to 0.100 M NH.sub.4 OAc pH 7. A fraction active for
      release of both LH and FH was eluted with approximately 0.07 M NH.sub.4
      OAc (Table 9). It has both the chromatrographic and the bioassay
      characteristics of the LRH decapeptide.
PAC  CHART II: EXAMPLE II
PAL  Purification of Folliculotropin Releasing Hormone (FRH) by Use of Some
      Different Separation Methods
PAC  SEPARATION OF FRH FREE FROM LRH
PAL  Phenol Extraction
PAR  A 2.5 g sample from the first separation on Bio-Gel P-2, dissolved in
      distilled water, saturated with hydrogen sulfide, was extracted with
      phenol as described by Schally et al. (Schally et al., Endocrinology, 78,
      726 (1966)). About 0.5 g was extracted into the phenol phase. Contrary to
      the findings of Schally et al., the water phase had good activity for
      release of Folliculotropin. Table 10.
PAL  Column Chromatographic Separations
PAR  1. The sample in the water phase from the phenol extraction (about 2 g) was
      purified on a 0.1% aqueous HOAc-nBuOH-Pyr, 11-5-3, partition column in the
      same way as has been described above. Similar to what has been described
      above, two well separated fractions, active in release of Luteotropin and
      Folliculotropin were obtained Table 11. The first one in tubes 1-27
      corresponds to the decapeptide, LRH, the second active fraction in tubes
      56-102, releases folliculotropin and corresponds to FRH, (Stage
      PC-A.sub.1).
PAR  2. This fraction was further chromatographed on carboxymethylcellulose by
      using a continuous ammonium acetate gradient, 0.002 M pH 4.5 to 0.1 M pH
      7. Column size 1.5.times.30 cm.
PAR  A fraction very active in release of Folliculotropin was eluted off the
      column with 0.002 M NH.sub.4 OAc (Stage CMC.sub.1). Table 12. No activity
      was found in fractions corresponding to the behavior of LRH.
PAC  SEPARATION OF LRH FREE FROM FRH
PAL  Column Chromatography Separation
PAR  1. The sample in the phenol phase was next chromatographed on a 0.1%
      aqueous acetic acid-nBuOH-Pyr, 11-5-3, partition column (2 .times. 90 cm).
      Good activity for release of Luteotropin was found in tubes 4-26. Table
      13. This corresponds to the behavior of LRH (Stage PC-A.sub.2).
PAR  2. The sample in tubes 4-26 was submitted to ion exchange chromatography on
      a CMC column (1.5 .times. 30 cm). By using a continuous NH.sub.4 OAc
      gradient 0.002 M pH 4.5 to 0.100 M pH 7, a fraction active in release of
      Luteotropin was eluted from the column with about 0.07 M NH.sub.4 OAc
      Table 14. This behavior corresponds to that of LRH (Stage CMC).
PAC  CHART III: EXAMPLE III
PAL  Purification of Folliculotropin Releasing Hormones (FRH) on a Sephadex G-25
      Partition Column Using nBuOH-HOAc-H.sub.2 O, 4-1-5, a System B
PAR  Samples chromatographed twice on a Bio-Gel P-2 column have been further
      purified on a Sephadex G-25 partition column (2.5 .times. 90 cm), by use
      of the solvent system, nBuOH-HOAc-H.sub.2 O, (4-1-5). The column was
      prepared as described above. Several samples, weighing from 1.5 to 4.85 g
      have been fractionated. Between each separation the column was emptied and
      the gel extensively washed with lower phase. The column was then repacked
      and washed with upper phase before being used again.
PAR  Fractions of 10 ml were collected. The radioactive distribution in the
      fractions was determined and the contents of the tubes pooled according to
      this distribution FIG. IV. Assay data on some of these separations are in
      Table 15. The FRH activity was found in tubes 31-75 when a 2.5 .times. 90
      cm column was used, and in tubes 21-45 when a 2.0 .times. 90 cm column was
      used. Five separations, making a total of 9,400 h.f.e. (19.0 g) yielded
      4.2 g of FRH active fractions (Stage PC-B).
PAL  Purification of Folliculotropin Releasing Hormone (FRH) on Sephadex LH-20.
PAR  Sephadex LH-20 was swollen in distilled water overnight and packed into a
      column (1.5 .times. 45 cm). The column was washed with 150 ml of distilled
      water-nbutanol (100-9 v/v). A 0.55 g (450 h.f.e.) sample, which had been
      purified twice on a Bio-Gel P-2 column, was fractionated on the column.
      Water-butanol (100-9 v/v) was used to elute the column, 10 ml fractions
      were collected. The best FRH activity was found in tubes 8-10. Table 16.
      (Stage PC-LH). When the column was equilibrated and eluted with
      water-butanol (100-6 v/v) the best FRH activity was recovered in tubes
      6-8. Table 16.
PAC  ASSAY PROCEDURES FOR IN VITRO AND IN VIVO FOLLICULOTROPIN RELEASING HORMONE
      (FRH) AND LUTEOTROPIN RELEASING HORMONE (LRH) ASSAYS.
PAR  For the in vitro assays, pituitaries were obtained from female rats of the
      Sprague-Dawley strain which were 20 days old. Two pituitaries for each
      assay were incubated at 37.degree. C in 1 ml of lactated Ringer's solution
      (Travenol Laboratories) in 10-ml Teflon beakers in a Dubnoff shaker. After
      a pre-incubation period of 1 hour (PI.sub.1), the medium was removed for a
      control assay and fresh medium was added to the system. After a second
      hour of pre-incubation (PI.sub.2), the medium was removed for assay and
      replaced. During the incubation (I), the medium was removed and assayed
      for release of pituitary hormones four times at one-hour periods, I.sub.3,
      I.sub.4, I.sub.5, I.sub.6. The samples to be assayed were added after the
      two-hour pre-incubation period; the total experimental time was 6 hours.
      LH was determined by the radioimmunoassay method of Niswender et al.
      (Niswender, et al., Proc. Soc. Exp. Biol. Med., 128, 807 (1968)), and FSH
      was determined according to Daane and Parlow (Daane and Parlow,
      Endocrinology, 88, 653 (1971)). The release of LH and FSH were evident by
      comparison of the pre-incubation and incubation values. The reagents for
      assay of FSH were generously distributed by Dr. A. Parlow of NIAMD, NIH;
      Dr. G. Niswender generously supplied the anti-ovine LH serum No. 15. Dr.
      L. E. Reichert, Jr. supplied the ovine LH preparation for labelling and
      the reference standard of LH from the rat. The values for these assays
      were calculated in terms of ng of the following reference standards:
      LH-LER-1240-2 (0.60 NIH-LH-S1 units/mg) and FSH 2.1 .times. NIH-FSH-S 1
      units/mg.
PAR  The in vivo studies were performed in Sprague-Dawley adult female and male
      rats. Female rats were ovariectomized 2 or 3 months before the assays. All
      steroids were administered as a single injection, subcutaneously, 72 hours
      before injection of the decapeptide. Under ether anesthesia, blood was
      collected from the jugular vein and the decapeptide was injected into the
      same vein. Serum assays for LH and FSH were performed in duplicate by the
      double antibody radioimmunoassay of Niswender et al. and Daane and Parlow,
      respectively. The LH results are expressed in terms of ng/ml of LER
      1240-2-0.6 NIH-LH-S-I units/mg and FSH in terms of a preparation with a
      potency of 2.1 .times. NIH-FSH-S-I units/mg.
PAL  Section b. the isolation of the Folliculotropin Releasing Hormone
PAC  CHART IV; EXAMPLE IV.
PAL  Extraction of Tissue For Standard Preparation (Stanprep) of Folliculotropin
      Releasing Hormone (FRH)
PAR  Fresh porcine hypothalamic tissues were placed in Nalgene bottles at the
      slaughter house. Each bottle contained 500 hypothalamic fragment
      equivalents (h.f.e.) in 400 ml of reagent grade methanol. The Nalgene
      bottles of hypothalami were shipped by air mail and were placed under
      refrigeration upon arrival.
PAR  The cold hypothalamic fragments in batches of 5,000 h.f.e. were collected
      by filtration through a large Buchner funnel without filter paper. The
      partially dried glands were then lyophilized. The decanted filtrate was
      saved for later use. The lyophilized tissue (about 500g/5,000 h.f.e.) is
      thoroughly homogenized in 4,000 ml of cold 15% by weight glacial acetic
      acid in methanol using a 1 gallon stainless steel Waring blender. The
      homogenate was allowed to stand for at least 1 hour in the cold room
      before filtration. The homogenate was filtered using a large Buchner
      funnel and Whatman No. 1 filter paper under reduced pressure. The filter
      cake was resuspended in 15% acetic acid in methanol and refiltered after
      at least 2 hours standing in the cold room. This procedure was repeated
      until a total of 5 filtrations had been accomplished. The resultant
      combined filtrates were evaporated to dryness under reduced pressure and
      added to the decanted filtrate from the tissue. The entire methanolic
      extract was evaporated to dryness.
PAR  The resultant dark brown, syrupy residue was dissolved in 350 to 400 ml of
      2 M acetic acid (aqueous) and extracted three times with 400 ml of
      methylene chloride (CH.sub.2 Cl.sub.2). The combined CH.sub.2 Cl.sub.2
      layer was backwashed with 150 ml of 2 M acetic acid and then extracted
      with 150 ml of CH.sub.2 Cl.sub.2. The combined aqueous layers were then
      concentrated to dryness using a vacuum pump. The syrupy residue was taken
      up in about 300 ml of methanol and cooled to 0.degree.C overnight. The
      resulting fine precipitate was removed by filtration and the filtrate
      evaporated to dryness to give 50 g of "Stanprep" having Folliculotropin
      Releasing Hormone (FRH) activity from 5000 h.f.e. The in vitro assay
      results are shown in Table 17.
PAL  Gel Filtration Chromatography of Folliculotropin Releasing Hormone on
      Bio-Gel P-2
PAR  Batches (50 g each) of "Stanprep" were dissolved in 100 ml of 1 M acetic
      acid and applied to a Bio-Gel P-2 column (5.0 .times. 135 cm) (100-200
      mesh) (V.sub.0 = 910ml) (Exclusion limit 1800 Daltons) that was previously
      equilibrated in the same solvent. The column was eluted using a 2-3 ft.
      pressure head of solvent and 14 ml fractions were collected. Appropriate
      fractions were pooled and an aliquot from each pooled fraction was
      submitted for biological assay. The assay results of the pooled fractions
      are shown in Table 18. As shown in Table 18. the Folliculotropin Releasing
      Activity (FRH) activity is located in Fractions No. 101-250. In general
      the gel filtration fractions are divided into four major groups:
TBL                          LRH and                                           
                       Wt. % FRH Activity %                                    
     ______________________________________                                    
     Group A = No. 1-100                                                       
                        Inactive 2.1   0                                       
     "     B = No. 101-175                                                     
                        Active   84.5  40-45                                   
     "     C = No. 176-300                                                     
                        Active   13.1  55-60                                   
     "     D = No. 301-500                                                     
                        Inactive .3    0                                       
     ______________________________________                                    
PAL  Group B fractions are then rechromatographed on the same Bio-Gel P-2 column
      described above. A similar weight and hormonal activity distribution is
      obtained.
TBL  ______________________________________                                    
                  Wt. %  LRH and FRH Activity %                                
     ______________________________________                                    
     Group BA = No. 1-100                                                      
                        2.3      0                                             
     "     BB = 101-175 90.3     40-45                                         
     "     BC = 176-300 7.1      55-60                                         
     "     BD = 301-500 0.3      0                                             
     ______________________________________                                    
PAL  Group C fractions are combined from two identical columns, 10,000 h.f.e.,
      and rechromatographed on Bio-Gel P-2. The in vitro assay data is shown in
      Table 19.
PAR  The activity and weight distribution is as shown:
TBL               Wt. %  LRH and FRH Activity %                                
     ______________________________________                                    
     Group CA = No. 1-100                                                      
                        0.7      0                                             
     "     CB = 101-175 73.8     6                                             
     "     CC = 176-275 25.2     94                                            
     "     CD = 276-500 0.3      0                                             
     ______________________________________                                    
PAL  Group BC fractions are combined from two or three identical columns and
      rechromatographed to give similar results to those with combined Group C
      fractions. The in vitro assay data are shown in Table 20.
PAL  Folliculotropin Releasing Hormone (FRH) Partition Chromatography System A:
      n- Butanol-Pyridine-0.1% Acetic Acid (5:3:11).
PAR  A column (5.0 .times. 55 cm) was packed with Sephadex G-25 Fine that had
      been swollen overnight in the lower phase of the solvent system
      n-Butanol-Pyridine-0.1% acetic acid (5:3:11). The interstitial solvent
      that is excluded from the gel particles was replaced with the upper phase
      of solvent system A. A sample, 6.57g, was dissolved in 15 ml of the lower
      phase and applied to the top of the column. The column was eluted with the
      upper phase and 12 ml fractions were collected. After Fraction No. 300,
      the solvent was changed to lower phase of System A. The assay data is
      shown in Table 21. The activity and weight distribution is as shown below.
TBL  ______________________________________                                    
                        Activity %                                             
                   Wt. %  LRH       FRH                                        
     ______________________________________                                    
     Group A   21-100    19.0     85      0                                    
     Group B  101-140    14.9     15      &lt;5                                   
     Group C  141-300    53.1     0       80                                   
     Group D  301-380    13.0     0       &lt;20                                  
     ______________________________________                                    
PAL  For smaller samples (3-4 g), a column (2.0 .times. 85 cm) packed in the
      same manner as above was used. The Folliculotropin Releasing Hormone (FRH)
      and Luteotropin Releasing Hormone (LRH) activity distribution is shown in
      Table 22 and the weight distribution is as shown for 10 ml fractions:
TBL                     Activity %                                             
                   Wt. %  LRH       FRH                                        
     ______________________________________                                    
     Group A  11-30      4.5      85      0                                    
     Group B  31-40      5.8      15      &lt;5                                   
     Group C  41-80      57.5     0       95                                   
     Group D   81-120    32.2     0       &lt;5                                   
     ______________________________________                                    
PAL  Folliculotropin Releasing Hormone (FRH): Partition Chromatography System B:
      n-Butanol-Acetic acid-Water (4:1:5)
PAR  A column (2.5 .times. 80 cm) was packed with Sephadex G-25 Fine swollen in
      the lower phase of the solvent system: n-Butanol-Acetic acid-Water
      (4:1:5). The interstitial solvent was then displaced with the upper phase.
      A sample of 3.67g from Partition Column A (FRH region) was dissolved in 5
      ml of lower phase and applied to the top of the column. The column was
      eluted with the upper phase while collecting 10 ml fractions. The
      Folliculotropin Releasing Hormone (FRH) activity is shown in Table 23. The
      weight distribution is as shown below:
TBL                 Wt. %   FRH Activity %                                     
     ______________________________________                                    
     Group I   11-40      14.0      0                                          
     Group II  41-60      11.8      50                                         
     Group III 61-90      7.8       0                                          
     Group IV   91-110    66.4      50                                         
     ______________________________________                                    
PAL  Folliculotropin Releasing Hormone (FRH): Carboxymethylcellulose
      Chromatography
PAR  A column (1.5 .times. 80 cm) was packed with carboxymethyl cellulose that
      had been prepared by the method of Roy and Konigsberg (Roy and Konigsberg,
      Methods in Enzymology, 25, 221 (1972)) and then equilibrated with 2 mM pH
      4.5 NH.sub.4 OAc. A sample, 2.03 g, of FRH from Partition Column System A
      was dissolved in 10 ml of starting buffer and applied to the column. A
      linear gradient to 100 m M, pH 7 NH.sub.4 OAc was started at fraction No.
      11 and fractions of 10 ml were collected. A small amount of LRH activity
      present in the starting material appears in Fraction No. 61-65 (70 m M).
      The FRH activity (1.62 g) was unretained and was eluted in Fractions No.
      6-10. The assay results are shown in Table 24.
PAC  CHART V; EXAMPLE V.
PAL  Folliculotropin Releasing Hormone (FRH) Chromatography on Bio-Rad AG-11A8
      Ion Retardation Resin
PAR  A sample of 2.25 g of FRH from Partition Column System A was dissolved in
      15 ml of water and applied to a column (1.5 .times. 80 cm) of Bio-Rad
      AG-11A8 (50-100 mesh) resin. The column was eluted with water while
      collecting 10 ml fractions and finally eluted with 1 M acetic acid. The
      FRH assay results, in vitro, are shown in Table 25. The weight and
      activity distribution is as shown:
TBL                     Activity %                                             
                   Wt. %  LRH       FRH                                        
     ______________________________________                                    
     Group I  1-20       74.2     100     25                                   
     Group II 21-40      8.5      0       0                                    
     Group III                                                                 
              41-70      8.6      0       0                                    
     Group IV 71-165     1.1      0       15                                   
     Group V  1 M HOAc   7.6      0       60                                   
     ______________________________________                                    
PAL  Diethylaminoethylcellulose Chromatography
PAR  A column (1.5 .times. 25 cm) was packed with DEAE cellulose prepared by the
      method of Roy and Konigsberg. The column was equilibrated with 2 m M, pH
      9, NH.sub.4 OAc and a sample of 0.69 g of FRH from Partition Column A and
      desalting on Bio-Rad AG-11A8. The column was eluted with a continuous
      linear gradient buffer to pH 7, 100 m M NH.sub.4 OAc. The column was then
      washed with 2 M HOAc. The activity and weight distribution is shown below.
      In vitro assay results of pooled fractions (5 ml) are in Table 26.
TBL  ______________________________________                                    
                     Wt. %    Activity %                                       
     ______________________________________                                    
     Group I    6-10       72.4       &lt;5                                       
     Group II  11-70       20.2       0                                        
     Group III 71-110      2.8        0                                        
     Group IV  2 M HOAc    4.3        &lt;95                                      
     ______________________________________                                    
PAL  Folliculotropin Releasing Hormone (FRH): Cellulose Thin Layer
      Chromatography
PAR  A sample of FRH from Partition Column System A-Ion Retardation resin Group
      I was divided and chromatographed on two identical Cellulose TLC plates.
      One plate was developed in Chloroform-Methanol-Aqueous NH.sub.4 OH
      (60:45:20) and the second plate was developed in Chloroform-Methanol-32%
      Aqueous Acetic acid (60:45:20). The FRH activity is shown in Table 27.
TBL  CHART I EXAMPLE I                                                         
     __________________________________________________________________________
     Batches of 500 Fresh Porcine Hypothalami                                  
             .dwnarw. Buffered Medium                                          
             .dwnarw. Amino Acid Mixture                                       
             .dwnarw. ATP Synthesizing System                                  
             .dwnarw. .sup.14 C-glutamic acid and .sup.14 C-glutamine          
             .dwnarw. 32.degree.C, 95%Air/5%CO.sub.2, 4 hours                  
             Stage SP. Folliculotropin Releasing Hormone (FRH) and             
             Luteotropic Releasing Hormone (LRH) Labeled with .sup.14 C.       
             .dwnarw. BioGel P-2                                               
             .dwnarw. 0.2M or 1.0M HOAc                                        
             Stage P2 FRH + LRH                                                
             .dwnarw. Partition Chromatography                                 
             .dwnarw. System A                                                 
             CM-cellulose                                                      
     Stage PC-A.sub.1                                                          
             FRH + Stage PC-A.sub.1 LRH .fwdarw.Stage CMC LRH                  
             Linear Gradient                                                   
             .dwnarw. Partition Chromatography                                 
             .dwnarw. System A                                                 
     Stage PC-A.sub.2                                                          
             FRH + Stage PC-A.sub.2 LRH                                        
             .dwnarw. Partition Chromatography                                 
             .dwnarw. System B                                                 
     Stage PC-B                                                                
             FRH                                                               
             .dwnarw. DEAE-Sephadex                                            
             .dwnarw. Stepwise Gradient                                        
     Stage DEAE-S                                                              
             FRH                                                               
     __________________________________________________________________________
TBL  CHART II EXAMPLE II                                                       
     __________________________________________________________________________
     Stage P2 Folliculotropin Releasing Hormone (FRH) and                      
     Luteotropic Releasing Hormone (LRH). Labeled with .sup.14 C.              
                         Phenol extraction                                     
     H.sub.2 O                                                                 
           Phase                PhOH                                           
                                    Phase                                      
     .dwnarw.                                                                  
           Partition Chromatography                                            
                                .dwnarw.                                       
                                    Partition Chromatography                   
     .dwnarw.                                                                  
           System A             .dwnarw.                                       
                                    System A                                   
     Stage PC-A FRH + Stage PC-A LRH                                           
                                Stage                                          
                                    PC-A LRH                                   
     .dwnarw.                                                                  
           Carboxy methyl cellulose                                            
                                .dwnarw.                                       
                                     Carboxy methyl cellulose                  
     .dwnarw.                                                                  
           Chromatography       .dwnarw.                                       
                                    Chromatography                             
     .dwnarw.                                                                  
           Linear gradient      .dwnarw.                                       
                                    Linear gradient                            
     Stage CMC FRH              Stage                                          
                                    CMC LRH                                    
     __________________________________________________________________________
TBL  CHART III EXAMPLE III                                                     
     ______________________________________                                    
     Stage P2 Folliculotropin Releasing Hormone (FRH)                          
              Labeled with .sup.14 C.                                          
     Partition              Partition                                          
     Chromatography         Chromatography                                     
     System B               Sephadex LH-20                                     
     Stage PC-B FRH          Stage PC-LH FRH                                   
     ______________________________________                                    
TBL  CHART IV EXAMPLE IV                                                       
     __________________________________________________________________________
     Batches of 5000 Lyophilized Hypothalami                                   
     .dwnarw.               Methanolic acetic acid                             
                            Extraction                                         
                            Methylene chloride defatting                       
     Stage SP               Folliculotropin Releasing                          
     Hormone                (FRH) and Luteotropin Releasing                    
     Hormone                (LRH)                                              
     .dwnarw.               BioGel P-2                                         
                            1.0M HOAc                                          
     Stage P-2              FRH and LRH                                        
     .dwnarw.               Partition Chromatography                           
                            System A                                           
             CMC                     CMC                                       
     Stage CMC FRH                                                             
             .rarw.                                                            
                  Stage PC-A FRH +                                             
                            Stage PC-A LRH                                     
                                     .fwdarw.                                  
                                          Stage CMC LRH                        
             linear                  linear                                    
             or                      or                                        
             stepwise                stepwise                                  
             gradient                gradient                                  
                  .dwnarw.  Partition Chromatography                           
                            System B                                           
                  Stage     PC-B FRH                                           
                  .dwnarw.  DEAE-Sephadex or                                   
                            DEAE-Cellulose                                     
                            Linear or Stepwise Gradient                        
                  Stage     DEAE-S FRH                                         
     __________________________________________________________________________
TBL  CHART V EXAMPLE V                                                         
     ______________________________________                                    
              Stage PC-A FRH                                                   
                  Bio Rad AG-11A8                                              
                  Ion Retardation                                              
                  Resin, H.sub.2 O then HOAc                                   
               Stage AG FRH                                                    
     cellulose           DEAE-Cellulose                                        
       TLC               Linear Gradient                                       
     Stage TLC FRH           Stage DEAE-C FRH                                  
     ______________________________________                                    
TBL                                    Table 1                                 
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormone (FRH)                 
     and Luteotropin Releasing Hormone (LRH) in Stanpreps                      
     Stage SP)                                                                 
                            ng FSH/ml                                          
     IBR Descrip-   Preincubation                                              
                            Incubation                                         
     No. tion h.f.e.                                                           
                    P.sub.1                                                    
                        P.sub.2                                                
                            I.sub.3                                            
                                 I.sub.4                                       
                                      I.sub.5                                  
                                            I.sub.6                            
     __________________________________________________________________________
     2933                                                                      
         SP 101                                                                
              0.6, 3.0                                                         
                    1000                                                       
                        &lt;1000                                                  
                            12,500                                             
                                 52,000                                        
                                      60,000                                   
                                            52,000                             
     3163                                                                      
         SP 102                                                                
              0.5, 7.5                                                         
                    1250                                                       
                        &lt;1000                                                  
                             3,250                                             
                                 38,750                                        
                                      &gt;128,000                                 
                                            46,250                             
     3388                                                                      
         SP 105                                                                
              0.5, 2.5                                                         
                    --  1800                                                   
                            --   17,750                                        
                                      51,750                                   
                                            --                                 
     __________________________________________________________________________
                            ng LH/ml                                           
     __________________________________________________________________________
     2933                                                                      
         SP 101                                                                
              0.6, 3.0                                                         
                    20  20  378  &gt;714 &gt;714  &gt;714                               
     3163                                                                      
         SP 102                                                                
              0.5, 7.5                                                         
                    20  38  165  &gt;714 &gt;714  &gt;714                               
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormone (FRH)                 
     and Luteotropin Releasing Hormone (LRH) in Samples From                   
     First Bio-Gel P-2 Separation (Stage P-2)                                  
                              ng FSH/ml                                        
     IBR Descrip-   Preincubation                                              
                              Incubation                                       
     No. tion h.f.e.                                                           
                    P.sub.1                                                    
                         P.sub.2                                               
                              I.sub.3                                          
                                    I.sub.4                                    
                                         I.sub.5                               
                                               I.sub.6                         
     __________________________________________________________________________
     2910                                                                      
         SP 101                                                                
              0.2, 3                                                           
                    &lt;1000                                                      
                         &lt; 1000                                                
                               9000 10,750                                     
                                         42,000                                
                                               68,000                          
     2915                                                                      
         SP 101                                                                
              0.2, 3                                                           
                    1000 &lt; 1000                                                
                              26,000                                           
                                    37,500                                     
                                         126,000                               
                                               51,000                          
     3165                                                                      
         SP 102                                                                
              0.2, 2                                                           
                    2000 2750 17,150                                           
                                    13,500                                     
                                         52,500                                
                                               &gt;128,000                        
     3167                                                                      
         SP 102                                                                
              0.2, 2                                                           
                    2300 2650 28,000                                           
                                    34,000                                     
                                         67,500                                
                                               43,250                          
     3168                                                                      
         SP 102                                                                
              0.2, 2                                                           
                    53000                                                      
                         4300 10,150                                           
                                     8,900                                     
                                         &gt;128,000                              
                                               64,750                          
     3276                                                                      
         SP 104                                                                
              0.2, 1                                                           
                    3000 3500 20,000                                           
                                    --   76,750                                
                                               68,500                          
     3277                                                                      
         SP 104                                                                
              0.2, 1                                                           
                    5000 5000 110,000                                          
                                    --   68,500                                
                                               54,000                          
     3278                                                                      
         SP 104                                                                
              0.2, 1                                                           
                    5000 4500 64,000                                           
                                    --   59,500                                
                                               39,250                          
     3392                                                                      
         SP 105                                                                
               0.1, 0.5                                                        
                    --   1650 --    12,650                                     
                                         12,250                                
                                               --                              
     3393                                                                      
         SP 105                                                                
               0.1, 0.5                                                        
                    --   1900 --    13,500                                     
                                         16,500                                
                                               --                              
     3394                                                                      
         SP 105                                                                
               0.1, 0.5                                                        
                    --   5150 --     5,050                                     
                                          7,600                                
                                               --                              
     __________________________________________________________________________
                              ng LH/ml                                         
     __________________________________________________________________________
     2910                                                                      
         SP 101                                                                
              0.2, 3                                                           
                    14   13   151   168  &gt;714  &gt;714                            
     2915                                                                      
         SP 101                                                                
              0.2, 3                                                           
                    20   20   131   528  &gt;714  &gt;714                            
     3165                                                                      
         SP 102                                                                
              0.2, 2                                                           
                    50   60   155   258  &gt;714  &gt;714                            
     3167                                                                      
         SP 102                                                                
              0.2, 2                                                           
                    63   50   375   662  &gt;714  &gt;714                            
     3168                                                                      
         SP 102                                                                
              0.2, 2                                                           
                    225  88    80   115  &gt;714  &gt;714                            
     3276                                                                      
         SP 104                                                                
              0.2, 1                                                           
                    25   29   215   490  &gt;714  &gt;714                            
     3277                                                                      
         SP 104                                                                
              0.2, 1                                                           
                    126  208  405   683  &gt;714  &gt;714                            
     3278                                                                      
         SP 104                                                                
              0.2, 1                                                           
                    294  148  692   714  &gt;714  &gt;714                            
     __________________________________________________________________________
TBL                                    Table 3                                 
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormone                       
     (FRH) in Pooled Samples From Second Bio-Gel P-2                           
     Separation (Stage P-2)                                                    
                      ng FSH/ml                                                
     IBR Descrip-     Preincubation                                            
                              Incubation                                       
     No. tion    h.f.e.                                                        
                      P.sub.1                                                  
                          P.sub.2                                              
                              I.sub.3                                          
                                I.sub.4                                        
                                     I.sub.5                                   
                                          I.sub.6                              
     __________________________________________________________________________
     3432                                                                      
         IBR 101-105                                                           
                 0.2, 1                                                        
                      --  2000                                                 
                              --                                               
                                8100 25,700                                    
                                          --                                   
     3433                                                                      
         "       "    --  1750                                                 
                              --                                               
                                19100                                          
                                     34,650                                    
                                          --                                   
     3434                                                                      
         "       "    --  1250                                                 
                              --                                               
                                11400                                          
                                     29,950                                    
                                          --                                   
     3435                                                                      
         "       "    --  2250                                                 
                              --                                               
                                12550                                          
                                     15,600                                    
                                          --                                   
     3436                                                                      
         "       "    --  3500                                                 
                              --                                               
                                8250 19.950                                    
                                          --                                   
     3437                                                                      
         "       "    --  2500                                                 
                              --                                               
                                9800 14,600                                    
                                          --                                   
     3438                                                                      
         "       "    --  3100                                                 
                              --                                               
                                9100 43,250                                    
                                          --                                   
     __________________________________________________________________________
TBL                Table 4                                                     
     ______________________________________                                    
     In Vivo Assay of Luteotropin Releasing Hormone                            
     (LRH) in Samples from Stage PC-A.sub.1                                    
     IBR  Description                                                          
                     Tubes     h.f.e.                                          
                                     Before After                              
     ______________________________________                                    
     2748 May 5      11-35     3     7.2    224                                
                                     12     127                                
     2749 May 5      36-55     3     12     25.2                               
                                     9.2    12                                 
     7750 May 5      56-75     3     15.6   12.6                               
                                     7.2    39                                 
     7751 May 5       76-100   3     7.6    12                                 
                                     8      96                                 
     ______________________________________                                    
TBL                                    Table 5                                 
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormones                      
     (FRH) and Luteotropin Releasing Hormone (LRH) in                          
     Samples from Stage PC-A.sub.1                                             
                        ng FSH/ml                                              
     IBR Descrip-       Preincubation                                          
                                Incubation                                     
     No. tion Tubes h.f.e.                                                     
                        P.sub.1                                                
                            P.sub.2                                            
                                I.sub.3                                        
                                      I.sub.4                                  
                                            I.sub.5                            
                                                 I.sub.6                       
     __________________________________________________________________________
     2976                                                                      
         May 5                                                                 
              36-55 1,5 2400                                                   
                            1250                                               
                                  2,250                                        
                                      17,100                                   
                                            56,500                             
                                                 51,150                        
     2977                                                                      
         May 5                                                                 
              56-75 1,5 2000                                                   
                            1900                                               
                                121,000                                        
                                      112,500                                  
                                            38,000                             
                                                 30,750                        
     2978                                                                      
         May 5                                                                 
               76-100                                                          
                    1,5 1000                                                   
                            1000                                               
                                 55,500                                        
                                      46,750                                   
                                            40,500                             
                                                 16,600                        
     __________________________________________________________________________
                                ng LH/ml                                       
     __________________________________________________________________________
     2976                                                                      
         May 5                                                                 
              36-55 1,5 78  58   115   340  &gt; 714                              
                                                 &gt; 714                         
     2977                                                                      
         May 5                                                                 
              56-75 1,5 138 50  &gt; 714 &gt; 714 &gt; 714                              
                                                 &gt; 714                         
     2978                                                                      
         May 5                                                                 
               26-100                                                          
                    1,5 30  40  &gt; 714 &gt; 714 &gt; 714                              
                                                 &gt; 714                         
     __________________________________________________________________________
TBL                                    Table 6                                 
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormone (FRH) and             
     Luteotropin Releasing Hormone (LRH) in Samples from Stage PC-A.sub.2      
                        ng FSH/ml                                              
     IBR Descrip-       Preincubation                                          
                                 Incubation                                    
     No. tion Tubes h.f.e.                                                     
                        P.sub.1                                                
                            P.sub.2                                            
                                I.sub.3                                        
                                     I.sub.4                                   
                                         I.sub.5                               
                                              I.sub.6                          
     __________________________________________________________________________
     3213                                                                      
         May 5                                                                 
              11-25 1,5 5000                                                   
                            4000                                               
                                8,000                                          
                                     --  17,500                                
                                              18,000                           
     3214                                                                      
         May 5                                                                 
              26-45 1,5 3000                                                   
                            5000                                               
                                4,000                                          
                                     --   4,500                                
                                              5,500                            
     3215                                                                      
         May 5                                                                 
              46-65 1,5 3500                                                   
                            5000                                               
                                52,000                                         
                                     --  40,000                                
                                              28,250                           
     3216                                                                      
         May 5                                                                 
              66-85 1,5 3300                                                   
                            4500                                               
                                33,000                                         
                                     --  67,000                                
                                              47,500                           
     3217                                                                      
         May 5                                                                 
               86-112                                                          
                    1,5 4000                                                   
                            4000                                               
                                5,000                                          
                                     --  25,000                                
                                              55,500                           
     __________________________________________________________________________
                                ng LH/ml                                       
     __________________________________________________________________________
     3213                                                                      
         May 5                                                                 
              11-25 1,5 94  79  179  168 460  555                              
     3214                                                                      
         May 5                                                                 
              26-45 1,5 25  10   18   14  29   41                              
     3215                                                                      
         May 5                                                                 
              46-65 1,5 201 142 622  717 &gt; 714                                 
                                              &gt;714                             
     3216                                                                      
         May 5                                                                 
              66-85 1,5 59  69  358  535 &gt; 714                                 
                                              &gt;714                             
     3217                                                                      
         May 5                                                                 
               86-112                                                          
                    1,5 39  48   30  123 243  617                              
     __________________________________________________________________________
TBL                                    Table 7                                 
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormone in                    
     Samples from Stage PC-B                                                   
                        ng FSH/ml                                              
     IBR Descrip-       Preincubation                                          
                                Incubation                                     
     No. tion Tubes                                                            
                   h.f.e.                                                      
                        P.sub.1                                                
                            P.sub.2                                            
                                I.sub.3                                        
                                  I.sub.4                                      
                                       I.sub.5                                 
                                            I.sub.6                            
     __________________________________________________________________________
     3421                                                                      
         May 5                                                                 
               5-25                                                            
                   2,10 --  1500                                               
                                --                                             
                                  4,900                                        
                                       8,650                                   
                                            --                                 
     3422                                                                      
         May 5                                                                 
              26-40                                                            
                   2,10 --  2000                                               
                                --                                             
                                  33,250                                       
                                       43,500                                  
                                            --                                 
     3423                                                                      
         May 5                                                                 
              41-50                                                            
                   2,10 --  2000                                               
                                --                                             
                                  3,650                                        
                                       5,000                                   
                                            --                                 
     3425                                                                      
         May 5                                                                 
              51-70                                                            
                   2,10 --  1250                                               
                                --                                             
                                  2,500                                        
                                       4,750                                   
                                            --                                 
     __________________________________________________________________________
TBL                                    Table 8                                 
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormone (FRH)                 
     and Luteotropin Releasing Hormone (LRH) in Samples from                   
     Stage DEAE-S.                                                             
                     ng FSH/ml                                                 
     IBR             Preincubation                                             
                             Incubation                                        
     No. Description                                                           
                Fraction                                                       
                     P.sub.1                                                   
                         P.sub.2                                               
                             I.sub.3                                           
                               I.sub.4                                         
                                   I.sub.5                                     
                                        I.sub.6                                
     __________________________________________________________________________
     3652                                                                      
         May 5  0.04 M                                                         
                     --  2400                                                  
                             --                                                
                               6500                                            
                                   3,550                                       
                                        --                                     
     3653                                                                      
         May 5  0.06 M                                                         
                     --  1900                                                  
                             --                                                
                               4700                                            
                                   3,600                                       
                                        --                                     
     3654                                                                      
         May 5  0.08 M                                                         
                     --  2600                                                  
                             --                                                
                               6400                                            
                                   4,300                                       
                                        --                                     
     3656                                                                      
         May 5  0.5  M                                                         
                     --  2600                                                  
                             --                                                
                               --  90,750                                      
                                        --                                     
     __________________________________________________________________________
                             ng LH/ml                                          
     __________________________________________________________________________
     3656                                                                      
         May 5  0.5  M                                                         
                     --   130                                                  
                             --                                                
                               445 &gt; 714                                       
                                        --                                     
     __________________________________________________________________________
TBL                                    Table 9                                 
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormone (FRH) and             
     Luteotropin Releasing Hormone (LRH) in Samples from Stage                 
     CMC.                                                                      
                      ng FSH/ml                                                
     IBR              Preincubation                                            
                              Incubation                                       
     No. Description                                                           
                Fraction                                                       
                      P.sub.1                                                  
                          P.sub.2                                              
                              I.sub.3                                          
                                   I.sub.4                                     
                                        I.sub.5                                
                                             I.sub.6                           
     __________________________________________________________________________
     2981                                                                      
         May 5  0.002 M                                                        
                      2250                                                     
                          2600                                                 
                              9,600                                            
                                   15,500                                      
                                        19,250                                 
                                             22,750                            
     2982                                                                      
         May 5  0.01  M                                                        
                      1000                                                     
                          1350                                                 
                              7,950                                            
                                   5,250                                       
                                        11,000                                 
                                             14,150                            
     2983                                                                      
         May 5  0.04  M                                                        
                      1900                                                     
                          2500                                                 
                              7,700                                            
                                   3,750                                       
                                        12,000                                 
                                             13,000                            
     2984                                                                      
         May 5  0.07  M                                                        
                      3050                                                     
                          1850                                                 
                              12,250                                           
                                   19,500                                      
                                        30,750                                 
                                             34,250                            
     2985                                                                      
         May 5  0.100 M                                                        
                      1000                                                     
                          2000                                                 
                              2,850                                            
                                   4,500                                       
                                         6,000                                 
                                              6,500                            
     __________________________________________________________________________
                              ng LH/ml                                         
     __________________________________________________________________________
     2981                                                                      
         May 5  0.002 M                                                        
                      20  40  165  296  &gt; 714                                  
                                             560                               
     2982                                                                      
         May 5  0.01  M                                                        
                      30  39  228  150  348  515                               
     2983                                                                      
         May 5  0.04  M                                                        
                      30  44  157   85  398  365                               
     2984                                                                      
         May 5  0.07  M                                                        
                      121 50  283  &gt; 714                                       
                                        &gt; 714                                  
                                             &gt; 714                             
     2985                                                                      
         May 5  0.100 M                                                        
                      32  41   80  125  208  113                               
     __________________________________________________________________________
TBL                Table 10                                                    
     ______________________________________                                    
     In Vivo Assay of Folliculotropin Releasing Hormone (FRH) and              
     Luteotropin Releasing Hormone (LRH) in Samples from Phenol                
     Extraction of Stage P-2 Preparations.                                     
                            ng FSH/ml                                          
     IBR No.  Description Phase   h.f.e.                                       
                                        Before                                 
                                              After                            
     ______________________________________                                    
     2338     Jan. 20     PhOH    0.5   3330  2800                             
                                        3210  2890                             
     2339     Jan. 20     H.sub.2 O                                            
                                  5     4260  4990                             
                                        3400  4680                             
     ______________________________________                                    
                            ng LH/ml                                           
     ______________________________________                                    
     2338     Jan. 20     PhOH    0.5    6    25                               
                                         4    27                               
     2338     Jan. 20     H.sub.2 O                                            
                                  5     16    74                               
                                        12    79                               
     ______________________________________                                    
TBL                Table 11                                                    
     ______________________________________                                    
     In Vivo Assay of                                                          
     Folliculotropin Releasing Hormone (FRH) and                               
     Luteotropin Releasing Hormone (LRH) in Samples                            
     from Stage PC-A                                                           
                           ng FSH/ml                                           
     IBR No.  Description Fraction   Before After                              
     ______________________________________                                    
     2602     Jan. 20      1-27      3800   3300                               
     2604     Jan. 20     56-80      2850   2950                               
                                     2850   2800                               
     2605     Jan. 20      81-102    2350   3300                               
                                     1800   2000                               
     ______________________________________                                    
                           ng LH/ml                                            
     ______________________________________                                    
     2602     Jan. 20      1-27      14     62                                 
                                     14     43                                 
     2604     Jan. 20     56-80      14     33                                 
                                      8     50                                 
     2605     Jan. 20      81-102    &lt; 4    242                                
                                      6     23                                 
     ______________________________________                                    
TBL                                    Table 12                                
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormone (FRH) and             
     Luteotropin Releasing Hormone (LRH) in Samples from Stage                 
     CMC.sub.1                                                                 
                      ng FSH/ml                                                
     IBR              Preincubation                                            
                               Incubation                                      
     No. Description                                                           
                Fraction                                                       
                      P.sub.1                                                  
                           P.sub.2                                             
                               I.sub.3                                         
                                    I.sub.4                                    
                                       I.sub.5                                 
                                            I.sub.6                            
     __________________________________________________________________________
     2704                                                                      
         Jan. 20                                                               
                0.002 M                                                        
                      &lt; 1000                                                   
                           2100                                                
                               10250                                           
                                    1900                                       
                                       55,500                                  
                                            59,500                             
     2705                                                                      
         Jan. 20                                                               
                0.01 M                                                         
                      2400 3950                                                
                               12000                                           
                                    8750                                       
                                       28,500                                  
                                            28,500                             
     2706                                                                      
         Jan. 20                                                               
                0.04 M                                                         
                      1050 2000                                                
                               2500 2350                                       
                                       4,000                                   
                                            3,750                              
     2707                                                                      
         Jan. 20                                                               
                0.07 M                                                         
                      1000 1800                                                
                               2300 2150                                       
                                       3,250                                   
                                            3,750                              
     2708                                                                      
         Jan. 20                                                               
                0.10 M                                                         
                      1250 2050                                                
                               2200 3300                                       
                                       3,500                                   
                                            3,250                              
     __________________________________________________________________________
                               ng LH/ml                                        
     __________________________________________________________________________
     2704                                                                      
         Jan. 20                                                               
                0.002 M                                                        
                      &lt; 10 10  260  525 &gt; 714                                  
                                             &gt; 714                             
     2705                                                                      
         Jan. 20                                                               
                0.01 M                                                         
                      65   20  340  415 &gt; 714                                  
                                             582                               
     2706                                                                      
         Jan. 20                                                               
                0.04 M                                                         
                      20   20  40   53   68   38                               
     2707                                                                      
         Jan. 20                                                               
                0.07 M                                                         
                      26   20  50   35   60   40                               
     2708                                                                      
         Jan. 20                                                               
                0.10 M                                                         
                      10   10  18   50   38   70                               
     __________________________________________________________________________
TBL                Table 13                                                    
     ______________________________________                                    
     In Vivo Assay of                                                          
     Folliculotropin Releasing Hormone (FRH) and                               
     Luteotropin Releasing Hormone (LRH) in Samples                            
     from Stage PC-A.sub.2                                                     
                          ng FSH/ml                                            
     IBR    Description  Fraction   Before  After                              
     ______________________________________                                    
     2340   Jan. 20       4-26      3200    3830                               
                                    5300    5160                               
     ______________________________________                                    
                          ng LH/ml                                             
     ______________________________________                                    
     2340   Jan. 20       4-26       4      &gt;285                               
                                    10       263                               
     2341   Jan. 20      27-40      14      16                                 
                                    &lt;4      &lt;4                                 
     2342   Jan. 20      41-55      12      15                                 
                                    10      11                                 
     2559   Jan. 20      56-80       6       8                                 
                                    &lt;4      &lt;4                                 
     2560   Jan. 20       81-100     4       4                                 
                                    &lt;4      15                                 
     ______________________________________                                    
TBL                Table 14                                                    
     ______________________________________                                    
     In Vivo Assay of                                                          
     Luteotropin Releasing Hormone (LRH) in                                    
     Samples from Stage CMC                                                    
                          ng LH/ml                                             
     IBR     Description Fraction   Before  After                              
     ______________________________________                                    
     2564    Jan. 20     0.002 M    &lt;4      &lt;4                                 
                                    6       6                                  
     2565    Jan. 20     0.01 M     &lt;4      24.5                               
                                    6       12                                 
     2566    Jan. 20     0.02 M     10      14                                 
                                    12      14                                 
     2567    Jan. 20     0.04 M     6       6                                  
                                    8       6.4                                
     2568    Jan. 20     0.05 M     7       8                                  
                                    4       4                                  
     2569    Jan. 20     0.07 M     4       54.2                               
                                    4       72.0                               
     2570    Jan. 20     0.10 M     4       4                                  
                                    4       4                                  
     ______________________________________                                    
TBL                                    Table 15                                
     __________________________________________________________________________
     In Vitro Assay of                                                         
     Folliculotropin Releasing Hormone (FRH) in                                
     Samples from Stage PC-B                                                   
                     ng FSH/ml                                                 
     IBR             Preincubation                                             
                              Incubation                                       
     No. Description                                                           
                Fraction                                                       
                     P.sub.1                                                   
                          P.sub.2                                              
                              I.sub.3                                          
                                 I.sub.4                                       
                                      I.sub.5                                  
                                           I.sub.6                             
     __________________________________________________________________________
     3753                                                                      
         SP101-105                                                             
                24-40                                                          
                     --   3250        50,500                                   
                                           --                                  
     3794                                                                      
         SP101-105                                                             
                21-45                                                          
                     --   2600                                                 
                              -- 46,000                                        
                                      43,000                                   
                                           --                                  
     3797                                                                      
         SP101-105                                                             
                36-75                                                          
                     --   2600                                                 
                              -- 51,000                                        
                                      41,250                                   
                                           --                                  
     __________________________________________________________________________
TBL                                    Table 16                                
     __________________________________________________________________________
     In Vitro Assay of                                                         
     Folliculotropin Releasing Hormone (FRH) in                                
     Samples from Stage PC-LH                                                  
                     ng FSH/ml                                                 
     IBR             Preincubation                                             
                              Incubation                                       
     No. Description                                                           
                Fraction                                                       
                     P.sub.1                                                   
                          P.sub.2                                              
                              I.sub.3                                          
                                 I.sub.4                                       
                                    I.sub.5                                    
                                         I.sub.6                               
     __________________________________________________________________________
     3747                                                                      
         SP101-105                                                             
                8-10 --   3350                                                 
                              -- -- 54500                                      
                                         --                                    
          9% BuOH                                                              
     3733                                                                      
         SP101-105                                                             
                6-8  --   3150                                                 
                              -- -- 46700                                      
                                         --                                    
           6% BuOH                                                             
     __________________________________________________________________________
TBL                                    Table 17                                
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin                                         
     Releasing Hormone (FRH) in Stanprep (Stage SP)                            
                    ng FSH/ml                                                  
     IBR Descrip-                                                              
              Wt. of                                                           
                    Preincubation                                              
                            Incubation                                         
     No. tion dose, mg                                                         
                    P.sub.1                                                    
                        P.sub.2                                                
                            I.sub.3                                            
                                 I.sub.4                                       
                                      I.sub.5                                  
                                           I.sub.6                             
     __________________________________________________________________________
     3093                                                                      
         DH-133                                                                
              3.7,18.7                                                         
                    1450                                                       
                        3600                                                   
                            31,500                                             
                                 51,500                                        
                                      52,500                                   
                                           39,000                              
     3023                                                                      
         FK-I 5.6,29.1                                                         
                    1000                                                       
                        1500                                                   
                            13,750                                             
                                 18,900                                        
                                      46,000                                   
                                           &gt;128,000                            
     3173                                                                      
         FK-II                                                                 
              3.9,19.4                                                         
                    2850                                                       
                        3600                                                   
                            20,600                                             
                                 51,500                                        
                                      54,750                                   
                                           26,250                              
     3777                                                                      
         FK-III                                                                
                27.5                                                           
                    --  2300                                                   
                            --   --   35,500                                   
                                           --                                  
     __________________________________________________________________________
TBL                                    Table 18                                
     __________________________________________________________________________
     In Vitro Assay of                                                         
     Folliculotropin Releasing Hormone (FRH) from                              
     Pooled Fractions After Bio-Gel P-2 Chromatography                         
     of 5000 h.f.e. (Stage P-2)                                                
                 ng FSH/ml                                                     
     IBR Descrip-                                                              
                 Preincubation                                                 
                          Incubation                                           
     No. tion    P.sub.1                                                       
                      P.sub.2                                                  
                          I.sub.3                                              
                               I.sub.4                                         
                                      I.sub.5                                  
                                             I.sub.6                           
     __________________________________________________________________________
     3025                                                                      
         FK-I-101-                                                             
                 2400 2300                                                     
                           4650                                                
                                3750   17,250                                  
                                             35,750                            
         125                                                                   
     3026                                                                      
         FK-I-126-                                                             
                 2400 3600                                                     
                          38,500                                               
                               104,500                                         
                                      &gt;128,000                                 
                                             40,250                            
         150                                                                   
     3027                                                                      
         FK-I-151-                                                             
                 4000 3550                                                     
                          58,250                                               
                               &gt;128,000                                        
                                      &gt;128,000                                 
                                             53,500                            
         175                                                                   
     3028                                                                      
         FK-I-176-                                                             
                 4050 4250                                                     
                          14,500                                               
                               &gt;128,000                                        
                                      &gt;128,000                                 
                                             49,000                            
         200                                                                   
     3029                                                                      
         FM-I-201-                                                             
                 2800 2500                                                     
                          36,750                                               
                               92,500 &gt;128,000                                 
                                             &gt;128,000                          
         225                                                                   
     3030                                                                      
         FK-I-226-                                                             
                 3500 3350                                                     
                          10,000                                               
                               18,150 38,650 34,000                            
         250                                                                   
     3095                                                                      
         DH-125-101-                                                           
                 7300 8500                                                     
                          24,500                                               
                               16,600 16,150 19,750                            
         125                                                                   
     3096                                                                      
         DH-125-126-                                                           
                 9350 7000                                                     
                          33,500                                               
                               35,000 32,500 41,000                            
         150                                                                   
     3097                                                                      
         DH-125-151-                                                           
                 &lt;1000                                                         
                      1600                                                     
                          40,500                                               
                               51,750 38,500 24,000                            
         175                                                                   
     3098                                                                      
         DH-125-176-                                                           
                 2050 4000                                                     
                          49,500                                               
                               39,000 22,100 21,250                            
         200                                                                   
     3099                                                                      
         DH-125-201-                                                           
                 6000 8000                                                     
                          25,250                                               
                               22,750 49,000 39,000                            
         250                                                                   
     2995                                                                      
         DH-128-180-                                                           
                 3600 3250                                                     
                          33,750                                               
                               58,000 &gt;128,000                                 
                                             100,000                           
         359                                                                   
     __________________________________________________________________________
TBL                                    Table 19                                
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormone (FRH) from            
     Pooled Fractions After Rechromatography on Bio-Gel P-2 of 10,000 h.f.e.   
     (No. 180-360) (Stage P-2)                                                 
                   ng FSH/ml                                                   
                   Preincubation                                               
                            Incubation                                         
     IBR No.                                                                   
          Description                                                          
                   P.sub.1                                                     
                       P.sub.2                                                 
                            I.sub.3                                            
                                 I.sub.4                                       
                                      I.sub.5                                  
                                           I.sub.6                             
     __________________________________________________________________________
     2997 DH-128-101-                                                          
                   1950                                                        
                       3500 14,500                                             
                                 22,750                                        
                                      39,500                                   
                                           30,250                              
           125                                                                 
     2998 DH-128-126-                                                          
                   2150                                                        
                       4000 10,350                                             
                                 10,750                                        
                                      10,000                                   
                                           13,000                              
           150                                                                 
     2999 DH-128-151-                                                          
                   2050                                                        
                       4000 5750 5750 19,750                                   
                                           38,750                              
           175                                                                 
     3000 DH-128-176-                                                          
                   1100                                                        
                       3000 61,000                                             
                                 76,500                                        
                                      76,500                                   
                                           32,250                              
           200                                                                 
     3001 DH-128-201-                                                          
                   2850                                                        
                       3250 40,500                                             
                                 73,500                                        
                                      83,000                                   
                                           40,000                              
           225                                                                 
     3003 DH-128-226-                                                          
                   1100                                                        
                       1000  5,600                                             
                                  7,100                                        
                                      43,500                                   
                                           43,750                              
           250                                                                 
     3456 DH-129-2-106-                                                        
                   --  2750 --   22,000                                        
                                      47,750                                   
                                           --                                  
           175                                                                 
     3457 DH-129-2-176-                                                        
                   --  2250 --   23,000                                        
                                      27,650                                   
                                           --                                  
           275                                                                 
     3515 DH-129-3-101-                                                        
                   --  &lt;1000                                                   
                            --   17,256                                        
                                      36,500                                   
                                           --                                  
           175                                                                 
     3516 DH-129-3-176-                                                        
                   --  &lt;1000                                                   
                            --   37,250                                        
                                      27,250                                   
                                           --                                  
           300                                                                 
     __________________________________________________________________________
TBL                Table 20                                                    
     ______________________________________                                    
     In Vitro Assay of Folliculotropin Releasing Hormone (FRH)                 
     Fractions After Rechromatography of Group B Fractions From                
     First P-2 (Stage P-2)                                                     
     ______________________________________                                    
               ng FSH/ml                                                       
     IBR   Descrip-  Preincubation                                             
                                  Incubation                                   
     No.   tion      P.sub.1                                                   
                           P.sub.2                                             
                                  I.sub.3                                      
                                      I.sub.4                                  
                                             I.sub.5                           
                                                    I.sub.6                    
     ______________________________________                                    
     3518  FK-II-                                                              
           101-175   --    &lt;1000  --  45,500 43,000 --                         
     3519  FK-II-                                                              
           176-300   --    &lt;1000  --  56,250 50,500 --                         
     3602  FK-I-                                                               
           101-175   --    4150   --  65,250 28,000 --                         
     3603  FK-I-                                                               
           176-300   --    2350   --  66,750 30,150 --                         
     3605  DH-115-                                                             
           101-175   --    3550   --  87,000 71,750 --                         
     3606  DH-115-                                                             
           176-319   --    4900   --  51,900 81,500 --                         
     ______________________________________                                    
TBL                                    Table 21                                
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormone (FRH) of              
     Fractions from Partition Column: System A. (5.0.times.55 cm column)       
     (Stage PC-A)                                                              
                     ng FSH/ml                                                 
     IBR Descrip-                                                              
               Wt. of                                                          
                     Preincubation                                             
                             Incubation                                        
     No. tion  dose, mg                                                        
                     P.sub.1                                                   
                       P.sub.2                                                 
                             I.sub.3                                           
                               I.sub.4                                         
                                    I.sub.5                                    
                                         I.sub.6                               
     __________________________________________________________________________
     3554                                                                      
         DH-129-                                                               
               0.1,0.5                                                         
                     --                                                        
                       1300  --                                                
                               6,500                                           
                                    16,950                                     
                                         --                                    
         21-40                                                                 
     3528                                                                      
         DH-129-                                                               
               0.4,1.8                                                         
         41-60       --                                                        
                       1350  --                                                
                               14,350                                          
                                    28,250                                     
                                         --                                    
     3529                                                                      
         DH-129-                                                               
               1.6,8.3                                                         
         81-100      --                                                        
                       1650  --                                                
                               2,300                                           
                                    21,500                                     
                                         --                                    
     3530                                                                      
         DH-129-                                                               
               1.1,5.8                                                         
         101-120                                                               
               120     --    &lt;1000                                             
                               --   &lt;1,000                                     
                                         5,500                                 
                                           --                                  
     3531                                                                      
         DH-129-                                                               
               1.1,5.4                                                         
         121-140     --                                                        
                       1250  --                                                
                               6,300                                           
                                    25,300                                     
                                         --                                    
     3532                                                                      
         DH-129-                                                               
               0.7,3.5                                                         
         141-160       2600  --                                                
                               15,800                                          
                                    62,500                                     
                                         --                                    
     3533                                                                      
         DH-129-                                                               
               1.6,8.3                                                         
         161-180     --                                                        
                       1000  --                                                
                               46,900                                          
                                    45,750                                     
                                         --                                    
     3534                                                                      
         DH-129-                                                               
               2.1,10.6                                                        
         181-200     --                                                        
                       &lt;1000 --                                                
                               42,600                                          
                                    36,900                                     
                                         --                                    
     3535                                                                      
         DH-129-                                                               
               1.4,6.9                                                         
         201-220     --                                                        
                       &lt;1000 --                                                
                               41,500                                          
                                    37,250                                     
                                         --                                    
     3536                                                                      
         DH-129-                                                               
               0.8,4.1                                                         
         221-240     --                                                        
                       1850  --                                                
                               27,300                                          
                                    56,750                                     
                                         --                                    
     3537                                                                      
         DH-129-                                                               
               0.5,2.3                                                         
         261-280     --                                                        
                       1350  --                                                
                               14,750                                          
                                    58,000                                     
                                         --                                    
     3538                                                                      
         DH-129-                                                               
               0.3,1.5                                                         
         301-320     --                                                        
                       &lt;1000 --                                                
                               1,500                                           
                                    18,000                                     
                                         --                                    
     3635                                                                      
         DH-129-                                                               
               1.4,5.8                                                         
         321-340     --                                                        
                       2450  --                                                
                               18,750                                          
                                    69,500                                     
                                         --                                    
     3636                                                                      
         DH-129-                                                               
               0.7,3.4                                                         
         341-360     --                                                        
                       2200  --                                                
                               9,750                                           
                                    37,500                                     
                                         --                                    
     3637                                                                      
         DH-129-                                                               
               0.1,0.6                                                         
         361-380     --                                                        
                       1300  --                                                
                               4,250                                           
                                    3,000                                      
                                         --                                    
TBL                                    Table 22                                
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormone (FRH)                 
     in Fractions from Partition Column. System A. (2.0.times.85 column)       
     (Stage PC-A)                                                              
                     ng FSH/ml                                                 
     IBR Descrip-                                                              
               Wt. of                                                          
                     Preincubation                                             
                               Incubation                                      
     No. tion  dose, mg                                                        
                     P.sub.1                                                   
                          P.sub.2                                              
                               I.sub.3                                         
                                    I.sub.4                                    
                                         I.sub.5                               
                                              I.sub.6                          
     __________________________________________________________________________
     3076                                                                      
         DH-128-                                                               
         51-70       &lt;1000                                                     
                          1550 39,500                                          
                                    34,000                                     
                                         53,500                                
                                              41,250                           
     3079                                                                      
         DH-128-                                                               
         101-120     1000 &lt;1000                                                
                               1,000                                           
                                    1,100                                      
                                         2,600                                 
                                              3,650                            
     3116                                                                      
         DH-128-                                                               
         141-160     4100 4500 4,000                                           
                                    4,000                                      
                                         3,500                                 
                                              2,650                            
     3117                                                                      
         BC-57-                                                                
         11-20       3700 5250 16,750                                          
                                    12,500                                     
                                         19,750                                
                                              4,750                            
     3118                                                                      
         BC-57-                                                                
         21-30       5500 5750 22,500                                          
                                    4,750                                      
                                         14,750                                
                                              16,250                           
     3119                                                                      
         BC-57-                                                                
         31-40       2500 4750 5,100                                           
                                    6,250                                      
                                         9,150                                 
                                              8,850                            
     3120                                                                      
         BC-57-                                                                
         41-50       3350 3150 27,000                                          
                                    37,500                                     
                                         49,500                                
                                              46,500                           
     3121                                                                      
         BC-57                                                                 
         51-60       3500 3500 33,800                                          
                                    51,000                                     
                                         42,000                                
                                              30,000                           
     3122                                                                      
         BC-57                                                                 
         61-70       1950 1550 39,500                                          
                                    63,100                                     
                                         49,500                                
                                              40,000                           
     3147                                                                      
         BC-57                                                                 
         71-80       2100 3050 4,000                                           
                                    6,600                                      
                                         25,250                                
                                              36,250                           
     3148                                                                      
         BC-57                                                                 
         81-90       3100 3650 1,750                                           
                                    1,350                                      
                                         2,500                                 
                                              3,250                            
     3149                                                                      
         BC-57                                                                 
         90-100      5740 4950 3,000                                           
                                    3,300                                      
                                         2,200                                 
                                              2,750                            
     3152                                                                      
         BC-57-2-                                                              
         21-30       1000 1400 2,350                                           
                                    3,100                                      
                                         2,500                                 
                                              2,750                            
     3153                                                                      
         BC-57-2-                                                              
         31-40       1200 1600 2,000                                           
                                    1,750                                      
                                         3,000                                 
                                              1,900                            
     3154                                                                      
         BC-57-2-                                                              
         41-45       4450 5250 4,500                                           
                                    5,000                                      
                                         6,750                                 
                                              3,000                            
     3155                                                                      
         BC-57-2-                                                              
         46-55       1050 1300 39,900                                          
                                    48,500                                     
                                         45,000                                
                                              30,000                           
     3760                                                                      
         BC-63-                                                                
         21-30 0.1,0.5                                                         
                     --   3050 --   --   3,300                                 
                                              --                               
     3761                                                                      
         BC-63-                                                                
         31-40 0.2,1.1                                                         
                     --   4550 --   --   4,400                                 
                                              --                               
     3762                                                                      
         BC-63-                                                                
         41-50 0.5,2.4                                                         
                     --   3400 --   --   9,250                                 
                                              --                               
     3814                                                                      
         BC-63-                                                                
         51-60 0.7,3.7                                                         
                     --   3000 --   24,000                                     
                                         69,500                                
                                              --                               
     3815                                                                      
         BC-63-                                                                
         61-70 0.4,2.1                                                         
                     --   3000 --   2,500                                      
                                         4,000                                 
                                              --                               
     3763                                                                      
         BC-63-                                                                
         71-80 0.3,1.5                                                         
                     --   2650 --   --   2,250                                 
                                              --                               
     3764                                                                      
         BC-63-                                                                
         81-113                                                                
               0.8,4.0                                                         
                     --   4050 --   --   5,500                                 
                                              --                               
     __________________________________________________________________________
TBL                                    Table 23                                
     __________________________________________________________________________
     In Vitro Assay of Folliculotropin Releasing Hormone                       
     (FRH in Fraction from Partition Column System B. (2.5.times.80 cm)        
     (Stage PC-B)                                                              
                          ng FSH/ml                                            
                     Wt. of                                                    
                          Preincubation                                        
                                  Incubation                                   
     IBR No.                                                                   
          Description                                                          
                     dose,mg                                                   
                          P.sub.1                                              
                              P.sub.2                                          
                                  I.sub.3                                      
                                    I.sub.4                                    
                                      I.sub.5                                  
                                           I.sub.6                             
     __________________________________________________________________________
     3765 DH-129-A-11-25  --  3650                                             
                                  --                                           
                                    --                                         
                                      2950 --                                  
     3766 "    26-40      --  4350                                             
                                  --                                           
                                    --                                         
                                      3600 --                                  
     3767 "    41-50 2.3  --  4800                                             
                                  --                                           
                                    --                                         
                                      22,000                                   
                                           --                                  
     3768 "    51-60 2.0  --  2950                                             
                                  --                                           
                                    --                                         
                                      46,150                                   
                                           --                                  
     3769 "    61-70      --  3800                                             
                                  --                                           
                                    --                                         
                                      1500 --                                  
     3770 "     91-100    --  4500                                             
                                  --                                           
                                    --                                         
                                      33,750                                   
                                           --                                  
     3771 "    101-110                                                         
                     24.1 --  2750                                             
                                  --                                           
                                    --                                         
                                      53,750                                   
                                           --                                  
     3893 "    111-120                                                         
     3896 "    121-130                                                         
     3889 "    131-190                                                         
     __________________________________________________________________________
TBL                                    Table 24                                
     __________________________________________________________________________
     In Vitro Folliculotropin Releasing Hormone (FRH)                          
     Activity of Fractions from Carboxymethylcellulose                         
     Chromatography (Stage CMC)                                                
                     ng FSH/ml                                                 
     IBR Descrip-                                                              
               Wt. of                                                          
                     Preincubation                                             
                             Incubation                                        
     No. tion  dose, mg                                                        
                     P.sub.1                                                   
                         P.sub.2                                               
                             I.sub.3                                           
                                  I.sub.4                                      
                                       I.sub.5                                 
                                             I.sub.6                           
     __________________________________________________________________________
     3039                                                                      
         DH-128-                                                               
         A-No. 6                                                               
               0.5,2.6                                                         
                     6400                                                      
                         4200                                                  
                             17,650                                            
                                  12,750                                       
                                       48,500                                  
                                             48,000                            
     3040                                                                      
         DH-128-                                                               
         A-No. 7                                                               
               0.5,2.4                                                         
                     4000                                                      
                         4900                                                  
                             12,600                                            
                                  23,500                                       
                                       80,500                                  
                                             92,500                            
     3041                                                                      
         DH-128-                                                               
         A-No. 8                                                               
               0.4,2.0                                                         
                     2800                                                      
                         4350                                                  
                             14,550                                            
                                  20,000                                       
                                       103,500                                 
                                             99,000                            
     3042                                                                      
         DH-128-                                                               
         A-No. 9                                                               
               0.4,1.8                                                         
                     2900                                                      
                         3850                                                  
                             18,950                                            
                                  34,750                                       
                                       &gt;128,000                                
                                             &gt;128,000                          
     3043                                                                      
         DH-128-                                                               
         A-No. 10                                                              
               0.2,1.0                                                         
                     3100                                                      
                         3200                                                  
                             4,500                                             
                                  4,650                                        
                                       8,550 9,500                             
     3062                                                                      
         DH-128-                                                               
         A-No.61-65  3350                                                      
                         3150                                                  
                             3,850                                             
                                  3,850                                        
                                       9,850 17,300                            
     __________________________________________________________________________
TBL                                    Table 25                                
     __________________________________________________________________________
     In Vitro FRH Activity of Fractions From Bio-Rad AG-11A8                   
     Ion Retardation Resin (Stage AG)                                          
                      ng FSH/ml                                                
     IBR        Wt. of                                                         
                      Preincubation                                            
                              Incubation                                       
     No. Description                                                           
                dose, mg                                                       
                      P.sub.1                                                  
                          P.sub.2                                              
                              I.sub.3                                          
                                I.sub.4                                        
                                     I.sub.5                                   
                                          I.sub.6                              
     __________________________________________________________________________
     3640                                                                      
         DH-128-PC-                                                            
         A: 1-20                                                               
                1.0,5.1                                                        
                      --  1100                                                 
                              --                                               
                                6700 24,850                                    
                                          --                                   
     3461                                                                      
         DH-128-PC-                                                            
         A: 21-40                                                              
                0.2,1.1                                                        
                      --  3000                                                 
                              --                                               
                                2750  5,300                                    
                                          --                                   
     3462                                                                      
         DH-128-PC                                                             
         A: 41-70                                                              
                0.3,1.6                                                        
                      --  1700                                                 
                              --                                               
                                3150  2,650                                    
                                          --                                   
     3463                                                                      
         DH-128-PC-                                                            
         A: 71-165                                                             
                0.4,2.0                                                        
                      --  3750                                                 
                              --                                               
                                2300 16,350                                    
                                          --                                   
     3611                                                                      
         DH-128-PC-                                                            
         A: 1M HOAc                                                            
                2.0,11.0                                                       
                      --  2250                                                 
                              --                                               
                                39,750                                         
                                     99,500                                    
                                          --                                   
     __________________________________________________________________________
TBL                                    Table 26                                
     __________________________________________________________________________
     In Vitro FRH Activity of Fractions From Diethylaminoethyl                 
     cellulose Chromatography (Stage DEAE)                                     
                       ng FSH/ml                                               
     IBR  Descrip-                                                             
                Wt. of Preincubation                                           
                                 Incubation                                    
     No.  tion  Dose, mg                                                       
                       P   P.sub.2                                             
                                 I.sub.3                                       
                                     I.sub.4                                   
                                          I.sub.5                              
                                               I.sub.6                         
     __________________________________________________________________________
     3309 BC-57-2-                                                             
          6-10  0.6,3.0                                                        
                       1750                                                    
                           &lt;1000 4400                                          
                                     3150 4350 5500                            
     3310-                                                                     
          BC-57-2-                                                             
     3317 11-70 0.2,1.1                                                        
                       1860                                                    
                           1370  2290                                          
                                     2540 2720 1980                            
     3318-                                                                     
          BC-57-2-                                                             
     3321 71-110                                                               
                0.02,0.12                                                      
                       1990                                                    
                           1590  2050                                          
                                     3210 2500 2750                            
     3612 BC-57-2-                                                             
          2 M HOAc                                                             
                0.06,0.3                                                       
                       --  1500  --  17,500                                    
                                          66,750                               
     __________________________________________________________________________
TBL                                    Table 27                                
     __________________________________________________________________________
     In Vitro Folliculotropin Releasing Hormone (FRH) Activity After           
     Cellulose TLC in Basic and Acidic Solvent Systems (Stage TLC)             
                      ng FSH/ml                                                
     IBR Descrip-                                                              
                Wt. of                                                         
                      Preincubation                                            
                                Incubation                                     
     No. tion   dose, mg                                                       
                      P.sub.1                                                  
                            P.sub.2                                            
                                I.sub.3                                        
                                    I.sub.4                                    
                                         I.sub.5                               
                                              I.sub.6                          
     __________________________________________________________________________
         BASIC                                                                 
     3323                                                                      
         BC-57-AG-                                                             
         Band 1       1300  1300                                               
                                2750                                           
                                    1000 3000 2400                             
     3324                                                                      
         BC-57-AG-                                                             
         Band 2       1150  1100                                               
                                3000                                           
                                    2000 2050 3000                             
     3325                                                                      
         BC-57-AG-                                                             
         Band 3 0.4,2.0                                                        
                      1100  2100                                               
                                5400                                           
                                    5750 24,500                                
                                              26,200                           
     3326                                                                      
         BC-57-AG-                                                             
         Band 4       2100  1100                                               
                                2100                                           
                                    1500 1800 3350                             
     3327                                                                      
         BC-57-AG-                                                             
         Band 5       &lt;1000 1050                                               
                                3000                                           
                                    2050 3800 3600                             
     3328                                                                      
         BC-57-AG-                                                             
         Band 6       2150  1450                                               
                                1100                                           
                                    2500 3650 3400                             
         ACIDIC                                                                
     3704                                                                      
          "Band 1     --    3300                                               
                                --  --   7500 --                               
     3705                                                                      
          "Band 2     --    3300                                               
                                --  --   8500 --                               
     3706                                                                      
          "Band 3     --    2350                                               
                                --  --   6500 --                               
     3707                                                                      
          "Band 4                                                              
     3708                                                                      
          "Band 5                                                              
     3709                                                                      
          "Band 6                                                              
     3710                                                                      
          "Band 7     --    2000                                               
                                --  14,200                                     
                                         42,650                                
                                              --                               
     3711                                                                      
          "Band 8     --    2400                                               
                                --  4350 5250 --                               
     __________________________________________________________________________
CLMS
STM  What is claimed:
NUM  1.
PAR  1. The new and partially isolated hypothalamic hormone, Folliculotropin
      Releasing Hormone (FRH), which fulfills the same biological function as
      the intact hypothalamus of mammalians of releasing folliculotropin and
      which has an Rf of about 0.4 on cellulose TLC in the solvent system
      chloroform-methanol-32% acetic acid (60:45:20) and an Rf of about 0.6 on
      cellulose TLC in the solvent system chloroform-methanol-29% ammonium
      hydroxide (60:45:20).
NUM  2.
PAR  2. A method for biosynthetically preparing the Folliculotropin Releasing
      Hormone (FRH) to provide an increased yield at high purity of said FRH
      directly from hypothalamic tissue said method comprising lyophilizing
      incubated hypothalamic tissue and thereafter extracting and defatting said
      lyophilized tissue to obtain a standard preparation; twice passing said
      standard preparation through a filtering medium; chromatographing said
      twice passed preparation a first time on a partition column in a solvent
      system which is selected from those systems consisting of 0.1% acetic acid
      in water-n-butanol-pyridine (11-5-3); separating said preparation by means
      of a linear or step-wise gradient into those components which exhibit LRH
      and FRH activities; and, chromatographing a second time that separated
      component which exhibits FRH activity in said solvent system to
      biosynthetically obtain FRH.
NUM  3.
PAR  3. A method for diagnosing and analysing fertility in mammals comprising
      administering to a mammal a biologically effective amount of the FRH
      hormone of claim 1.
NUM  4.
PAR  4. The method of claim 2 wherein said method includes identifying said
      biosynthetically produced FRH by tagging its amino acids with a
      radioactive substance selected from the group consisting of tritium and
      carbon-14.
PATN
WKU  039446603
SRC  5
APN  419487&
APT  1
ART  125
APD  19731128
TTL  Pharmaceutical composition
ISD  19760316
NCL  11
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EXP  Rose; Shep K.
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NAM  Gottfried; Siegfried
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PAL  Chem. Abst. 60 P 14550f (1964).
PAL  Chem. Abst. 63 D 8135g (1965).
PAL  Chem. Abst. 71:122296n (1969)(abst. of Laurence et al. Symp. Carbenoxolone
      Sodium 1967 (pub. 1968) pp. 217-223 "Three-month Assessment of Duogastrone
      Therapy in Chronic Duodenal Ulcer."]
LREP
FRM  Wenderoth, Lind & Ponack
ABST
PAL  There is provided a pharmaceutical composition in dosage unit form
      comprising (a) 1 - 100 mg. of glycyrrhetinic acid and/or of at least one
      anti-inflammatory active derivative thereof, in admixture with (b) 1 - 50%
      by weight of alginic acid and/or at least one non-toxic salt thereof
      and/or of at least one carboxyalkyl-cellulose and/or of at least one
      non-toxic salt thereof, (c) 1 - 30% by weight of at least one non-toxic
      carbonate and/or bicarbonate and (d) 0 - 30% by weight of at least one
      antacid compound.
PARN
PAR  This application generally relates to subject matter which is similar to
      that disclosed in applicants' copending application Ser. No. 419,486,
      filed Nov. 28, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known, glycyrrhetinic acid and several derivatives thereof have
      valuable anti-inflammatory properties and can be administered topically
      and orally for the treatment of inflammatory conditions.
PAR  In particular, the disodium salt of glycyrrhetinic acid hemisuccinate is
      extensively used for the treatment of ulcerative conditions of the stomach
      and duodenum. This disodium salt is described and claimed in U.S. Pat. No.
      3,070,623 and a special form of dosage unit containing this disodium salt
      is described and claimed in U.S. Pat. No. 3,444,290.
PAR  Oesophagitis is a common inflammatory condition of the human oesophagus.
      There are various causes of this inflammatory condition but, broadly
      speaking, it involves inflammation of the mucous membranes lining the
      oesophagus.
PAR  Although glycyrrhetinic acid and several derivatives thereof are, as
      mentioned above, widely used in the treatment of inflammatory conditions,
      they have hitherto not been extensively used for the treatment of human
      oesophagitis because of the difficulty of ensuring a sufficiently high
      concentration of the active material in the oesophageal region for a
      sufficient period of time.
PAR  It is, therefore, an object of the present invention to provide a
      pharmaceutical composition in dosage unit form containing glyrrhetinic
      acid and/or an anti-inflammatory active derivative thereof which can be
      used for the treatment of oesophagitis.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, according to the present invention, there is provided a
      pharmaceutical composition in dosage unit form which comprises (a) 1 - 100
      mg. and preferably 10 - 50 mg. of glycyrrhetinic acid and/or at least one
      anti-inflammatory active derivative thereof, in admixture with (b) at
      least one non-toxic carbonate and/or bicarbonate and with (c) alginic acid
      and/or at least one non-toxic salt thereof and/or with at least one
      carboxyalkyl-cellulose and/or at least one non-toxic salt thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  When the alginic acid and/or carboxyalkyl-cellulose component is dispersed
      in water, a colloidal solution is formed which is very stable. The
      presence of a carbonate or bicarbonate results in the evolution of carbon
      dioxide when contacted by an acidic medium, such as is found in the
      stomach and lower part of the oesophagus. The result is, therefore, that
      the colloidal solution foams up and floats on top of the contents of the
      stomach. As a result of the normal reflux from the stomach into the
      oesophagus, the lower part of the oesophagus fills with a foam which
      remains in situ for a long period of time, this having been observed in
      clinical trials by endoscopy. This long-lasting foam in turn ensures that
      the glycyrrhetinic acid and/or active derivative thereof remains in
      contact with the inflammatory site for a long period of time and is thus
      able to exert a prolonged and beneficial effect. Furthermore, the foam
      results in an excellent distribution of the glycyrrhetinic acid and/or
      derivative thereof, either in the form of a solution or of a very finely
      divided dispersion, which, in turn, promotes absorption and adsorption
      thereof at the inflammatory site.
PAR  When the alginic acid is used in the pharmaceutical composition according
      to the present invention in the form of a salt, the preferred salt is the
      sodium or potassium salt.
PAR  The preferred carboxyalkyl celluloses used according to the present
      invention contain up to three carbon atoms in the alkyl radical, for
      example carboxymethyl cellulose, and the non-toxic salts thereof, for
      example, sodium carboxymethyl cellulose.
PAR  Any non-toxic and compatible carbonate or bicarbonate can be used, the
      preferred compounds being sodium carbonate, sodium bicarbonate, potassium
      carbonate, potassium bicarbonate, calcium carbonate and magnesium
      carbonate.
PAR  Apart from glycyrrhetinic acid per se, the pharmaceutical composition
      according to the present invention can also contain known derivatives of
      glycyrrhetinic acid which inhibit damage to the mucosa of the alimentary
      tract. Examples of such derivatives of glycyrrhetinic acid include the
      esters, hemiesters and hemiester salts thereof, especially the disodium
      salt of glycyrrhetinic acid hemisuccinate (also known as carbenoxolone
      sodium) (see U.S. Pat. No. 3,070,623 and British Patent Specification Nos.
      1,022,968 and 1,032,710); the salts of glycyrrhetinic acid with non-toxic
      organic bases (see our British Patent Specification Nos. 843,135 and
      870,651); the salts of glycyrrhetinic acid and glycyrrhetinic acid
      hemiesters with bismuth, zinc or a metal of Group IIA, IIIA or VIII of the
      periodic Table (see our British Patent Specification No. 950,777); the
      amides of glycyrrhetinic acid and of acylated glycyrrhetinic acid (see
      U.S. Pat. No. 1,060,344), and the non-toxic metal salts of
      3-acetyl-glycyrrhetinic acid, for example aluminium
      3-acetyl-18.beta.-glycyrrhetinate.
PAR  The pharmaceutical composition according to the present invention is in the
      form of a dosage unit, preferably a tablet, which can have a weight of,
      for example, from 0.20 - 5.0 g. and preferably of from 0.7 to 2.6 g. Each
      such dosage unit contains 1 - 100 mg. and preferably 10 - 50 mg. of
      glycyrrhetinic acid and/or at least one active derivative thereof, 1 - 50%
      by weight and preferably 10 - 40% by weight of alginic acid and/or of at
      least one non-toxic salt thereof and/or of at least one
      carboxyalkyl-cellulose and/or of at least one non-toxic salt thereof and 1
      - 30% by weight and preferably 3 - 10% by weight of at least one non-toxic
      carbonate and/or bicarbonate.
PAR  If desired, the pharmaceutical composition according to the present
      invention can also contain up to 30% by weight and preferably 5 - 15% by
      weight of at least one antacid compound, i.e., a non-toxic compound which
      counteracts acidity either by neutralising or buffering acidity, for
      example, aluminium hydroxide, aluminium phosphate, dihydroxyaluminium
      aminoacetate, magnesium hydroxide, magnesium trisilicate or the like.
PAR  Furthermore, the pharmaceutical composition according to the present
      invention can contain conventional solid pharmaceutical diluents or
      carriers, for example, starch, lactose, mannitol, methyl cellulose, talc,
      highly dispersed silicic acid, gelatine, agar-agar, calcium phosphate,
      magnesium stearate, animal and vegetable fats and solid high molecular
      weight polymers (such as polyethylene glycols). If desired, the
      composition can also comprise at least one flavouring and/or sweetening
      agent and can also contain or be coated with a colouring material.
PAR  The following Examples are given for the purpose of illustrating the
      present invention:
PAC  EXAMPLE 1
PAC  Tablet formulation
     carbenoxolone sodium   20      mg.                                        
     mannitol               400     mg.                                        
     alginic acid           200     mg.                                        
     sodium alginate        200     mg.                                        
     aluminium hydroxide, dried gel                                            
                            80      mg.                                        
     sodium bicarbonate     70      mg.                                        
     magnesium trisilicate  20      mg.                                        
     magnesium stearate     12      mg.                                        
     gum acacia             35      mg.                                        
     peppermint oil         2       mg.                                        
                            1039    mg.                                        
PAC  EXAMPLE 2
PAC  Tablet formulation
TBL  18.beta.-glycyrrhetinic acid                                              
                            10      mg.                                        
     mannitol               150     mg.                                        
     sucrose                150     mg.                                        
     alginic acid           150     mg.                                        
     sodium alginate        150     mg.                                        
     aluminium hydroxide, dried gel                                            
                            80      mg.                                        
     sodium bicarbonate     70      mg.                                        
     magnesium trisilicate  20      mg.                                        
     magnesium stearate     10      mg.                                        
     gum acacia             30      mg.                                        
     peppermint oil         2       mg.                                        
                            822     mg.                                        
PAC  EXAMPLE 3
PAC  Tablet formulation
TBL  carbenoxolone sodium   20      mg.                                        
     mannitol               400     mg.                                        
     carboxymethyl-cellulose                                                   
                            200     mg.                                        
     aluminium hydroxide, dried gel                                            
                            80      mg.                                        
     sodium bicarbonate     70      mg.                                        
     magnesium trisilicate  20      mg.                                        
     magnesium stearate     12      mg.                                        
     gum acacia             35      mg.                                        
     peppermint oil         1       mg.                                        
                            838     mg.                                        
PAR  The formulations described above in Examples 1, 2 and 3 are for
      administration to humans for the treatment and alleviation of oesophagitis
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A pharmaceutical composition in uncoated tablet dosage unit form useful
      for treating oesophagitis comprising (a) 1-100 mg. of at least one member
      selected from the group consisting of glycyrrhetinic acid, the hemiesters
      thereof, and the salts of the hemiesters, in admixture with (b) 1-50% by
      weight of at least one member selected from the group consisting of
      alginic acid, the non-toxic salts of alginic acid, the
      carboxyalkyl-cellulose and the non-toxic salts of the
      carboxyalkyl-celluloses, (c) 1-30% by weight of at least one member
      selected from the group consisting of the non-toxic carbonates and
      bicarbonates and (d) 0-30% by weight of at least one antacid compound
      selected from the group consisting of aluminum hydroxide, aluminum
      phosphate, dihydroxyaluminum aminoacetate, magnesium hydroxide, and
      magnesium trisilicate, said tablet composition capable of forming a
      colloidal solution in the stomach, whereby the carbonate or bicarbonate
      component (c) reacts with the acid medium in the stomach to evolve carbon
      dioxide gas which foams up the colloidal solution, thereby filling the
      lower oesophagus with a long lasting foam containing the active
      glycyrrhetinic acid component (a) which remains in contact with the
      inflammatory site in the oesophagus for a time sufficient to promote
      prolonged and beneficial results.
NUM  2.
PAR  2. A pharmaceutical composition according to claim 1, wherein said uncoated
      tablet dosage unit has a weight of 0.20 - 5.0 g.
NUM  3.
PAR  3. A pharmaceutical composition according to claim 1, wherein said uncoated
      tablet dosage unit has a weight of 0.7 - 2.6 g.
NUM  4.
PAR  4. A pharmaceutical composition according to claim 1, wherein the
      glycyrrhetinic acid component (a) is present in an amount of from 10 - 50
      mg.
NUM  5.
PAR  5. A pharmaceutical composition according to claim 1, wherein component (b)
      is present in an amount of from 10 - 40% by weight.
NUM  6.
PAR  6. A pharmaceutical composition according to claim 1, wherein component (c)
      is present in an amount of from 3 - 10% by weight.
NUM  7.
PAR  7. A pharmaceutical composition according to claim 1, wherein component (d)
      is present in an amount of from 5 - 15% by weight.
NUM  8.
PAR  8. A pharmaceutical composition according to claim 1, wherein the
      glycyrrhetinic acid component (a) is the disodium salt of glycyrrhetinic
      acid hemisuccinate.
NUM  9.
PAR  9. A pharmaceutical composition according to claim 1, which additionally
      comprises at least one member selected from the group consisting of
      pharmaceutical diluents and carriers, flavouring agents, sweetening agents
      and colouring materials.
NUM  10.
PAR  10. A pharmaceutical composition in uncoated tablet dosage unit form,
      useful for treating oesophagitis comprising (a) 10-50 mg. of the disodium
      salt of glycyrrhetinic acid hemisuccinate in admixture with (b) 10- 40% by
      weight of alginic acid of carboxymethycellulose (c) 3-10% by weight sodium
      bicarbonate and (d) 5-15% by weight of at least one antacid compound
      selected from the group consisting of aluminum hydroxide, aluminum
      phosphate, dihydroxyaluminum aminoacetate, magnesium hydroxide, and
      magnesium trisilicate, said tablet composition capable of forming a
      colloidal solution in the stomach, whereby the carbonate or bicarbonate
      component (c) reacts with the acid medium in the stomach to evolve carbon
      dioxide gas which foams up the colloidal solution, thereby filling the
      lower oesophagus with a long lasting foam containing the active
      glycyrrhetinic acid component (a) therein, thus ensuring that the active
      component (a) remains in contact with the inflammatory site in the
      oesophagus for a time sufficient to promote prolonged and beneficial
      results.
NUM  11.
PAR  11. A method of treating oesophagitis, which comprises administering to a
      human suffering from oesophagitis, a pharmaceutical composition according
      to claim 1; which composition forms a colloidal solution in the stomach,
      whereby the carbonate or bicarbonate component (c) reacts with the acid
      medium in the stomach to evolve carbon dioxide gas which foams up the
      colloidal solution, thereby filling the lower oesophagus with a long
      lasting foam containing the active glycyrrhetinic acid component (a)
      therein, thus ensuring that the active component (a) remains in contact
      with the inflammatory site in the oesophagus for a time sufficient to
      promote prolonged and beneficial results.
PATN
WKU  039446611
SRC  5
APN  4944801
APT  1
ART  124
APD  19740805
TTL  Dentifrices containing iridescent flakes
ISD  19760316
NCL  6
ECL  1
EXP  Huff; Richard L.
INVT
NAM  Colodney; Daniel
CTY  Somerville
STA  NJ
INVT
NAM  Steinke; John J.
CTY  Fayetteville
STA  NY
INVT
NAM  Mitchell; Robert
CTY  Somerset
STA  NJ
ASSG
NAM  Colgate-Palmolive Company
CTY  New York
STA  NY
COD  02
RLAP
COD  71
APN  319947
APD  19721229
PSC  03
RLAP
COD  82
APN  287185
APD  19720905
PSC  03
RLAP
COD  81
APN  120697
APD  19710303
PSC  03
RLAP
COD  82
APN  54575
APD  19700713
PSC  03
CLAS
OCL  424 49
EDF  2
ICL  A61K  716
FSC  424
FSS  49-58
UREF
PNO  50578
ISD  18651000
NAM  Hamilton et al.
OCL  424 49
UREF
PNO  801317
ISD  19051000
NAM  James
OCL  424 49
UREF
PNO  2059396
ISD  19361100
NAM  Ripert
OCL  424 49
FREF
PNO  449,713
ISD  19490600
CNT  IT
OCL  424 49
OREF
PAL  Durham, American Perfumer and Cosmetics, Vol. 82, pp. 31 & 32, July, 1967.
LREP
FR2  Stone; Robert L.
FR2  Grill; Murray M.
FR2  Sylvester; Herbert S.
ABST
PAL  A dentifrice containing small proportions of mother of pearl flakes or
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PAR  One aspect of this invention relates to a dentifrice comprising a
      transparent toothpaste in which iridescent flakes, in small amount, are
      dispersed. The invention provides a toothpaste of unique sparkling
      appearance having very good characteristics as a dentifrice, such as
      superior stain removal properties.
PAR  Transparent toothpastes, which are well known in the art, generally contain
      a dental vehicle which forms a gel or creamy mass of a consistency which
      can be desirably extruded from a collapsible tube such as an aluminum
      tube, or a lead tube.
PAR  The vehicle, often referred to as a gelled vehicle, usually contains
      liquids and solids. In general, the liquid comprises water and/or a
      humectant such as glycerine, sorbitol, propylene glycol or polyethylene
      glycol 400 including suitable mixtures thereof. It is usually advantageous
      to use a mixture of both water and one or two humectants. The total liquid
      content is generally about 20-90% by weight of the vehicle. The preferred
      humectants are glycerine and sorbitol. Typically, the vehicle contains 0-
      80% by weight of glycerine, about 20-80% by weight of sorbitol and about
      20-80% by weight of water.
PAR  The solid portion of the vehicle is a gelling agent, such as the natural
      and synthetic gums and gum-like materials, such as Irish Moss, gum
      tragacanth, alkali metal (e.g. Li, K or Na) carboxymethyl cellulose and
      hydroxymethyl carboxyethyl cellulose, polyvinyl pyrrolidone, starch, water
      soluble hydrophilic colloidal carboxyvinyl polymers such as those sold
      under the trademark Carbopol 934 and 940, hydroxyethyl cellulose, Indian
      gum, acacia gums, agar agar, locust bean gum, Laponite CP or SP, which are
      each synthetic inorganic complex silicate clays sold under trademark, by
      Laporte Industries, Ltd., and pectin or inorganic thickeners such as
      colloidal silica such as synthetic finely divided silicas including those
      sold under the trademarks Cab-O-Sil M5, Syloid 244, Syloid 266 and Aerosil
      D200. The solid portion of the vehicle is typically present in an amount
      up to about 10% by weight of the toothpaste and preferably about 0.5-5% by
      weight.
PAR  The art is well acquainted with the formulation of transparent dental
      gelled vehicles and the adjustments in composition needed to promote
      transparency. For instance, it is known that the presence of flavoring
      materials insoluble in the system will decrease transparency and that
      appropriate changes, e.g. in the surfactant system to increase the
      solubility of such flavoring materials will increase transparency.
PAR  The transparent toothpaste preferably also contains a dental polishing
      agent. The type and proportion of this polishing agent should be such as
      not to destroy the transparency of the toothpaste. One particularly
      suitable material is a porous amorphous silicic anhydride having an
      average particle size of about 1-65 microns, a surface area of about
      200-450 m.sup.2 /g and a bulk density of about 0.15-0.30 g/cm.sup.3. Such
      an amorphous silicic anhydride contains but little water, typically about
      5% or less, and is often referred to as a dehydrated silica gel. The
      preferred grades of amorphous silicic anhydride polishing agent are Syloid
      72 and Syloid 74 which are described in "The Davison Family of Syloid
      Silicas" published by their manufacturer, Grace, Davison Chemical Co.
      Santocel 100, manufactured by Monsanto, is also a desirable polishing
      agent. Syloid 72 has an average particle size of about 4 microns, a
      surface area of about 340 m.sup.2 /g and a bulk density of about 0.177
      g/cm.sup.3. Syloid 74 has an average particle size of about 8 microns, and
      a surface area of about 321 m.sup.2 /g and a bulk density of about 0.6
      g/cm.sup.3. A grade of Santocel 100 has an average particle size of about
      46-64 microns, a surface area of about 239 m.sup.2 /g and a bulk density
      of about 0.24 g/cm.sup.3. Other amorphous silicic anhydrides having
      surface areas greater than 450 g/cm.sup.3 and even greater than 600
      g/cm.sup.3, such as Syloid 63 which is also described in "The Davison
      Family of Syloid Silicas" published by Grace, Davison Chemical Co., may
      also be used. These amorphous silicic anhydrides may be used singly or in
      mixtures. They are typically employed in amount of about 5-50%, preferably
      about 10-20% of the transparent toothpaste. The maximum particle size in
      the preferred grades of amorphous silicic anhydride polishing agent is
      desirably below the minimum size of palpability and is typically less than
      75 microns. It is within the broad scope of the invention to use other
      polishing agents particularly those which have a refractive index similar
      to that of the vehicle.
PAR  An additional highly desirable polishing agent which may be added to the
      gel vehicle is a complex sodium alumino-silicate which has a refractive
      index of about 1.44-1.47, a mol ratio of silica to alumina of about 7:1,
      up to about 2% by weight of moisture and up to about 10% by weight of
      sodium oxide. Typically, this material has a particle size of up to about
      35 microns, preferably about 1-20 microns. The preferred moisture content
      is about 10-20% by weight, measured by loss at 105.degree.C. and the
      typical content of sodium oxide is about 5-10% by weight. Generally, the
      agent has a loose bulk density of up to about 0.2 g/cc, preferably about
      0.07-0.12 g/cc.
PAR  The transparent toothpaste may also contain surface active agent, e.g. to
      achieve increased prophylactic action, assist in achieving thorough and
      complete dispersion of the instant compositions throughout the oral
      cavity, and render the instant compositions more cosmetically acceptable.
      The organic surface active material may be anionic, nonionic, ampholytic,
      or cationic in nature, and it is preferred to employ as the surface active
      agent a detersive material which imparts to the composition detersive and
      foaming properties. Suitable types of such detergents are water soluble
      salts of higher fatty acid monoglyceride monosulfates, such as sodium salt
      of the monosulfated monoglyceride of hydrogenated coconut oil fatty acids,
      higher alkyl sulfates, such as sodium lauryl sulfate, alkyl aryl
      sulfonates, such as sodium dodecyl benzene sulfonate, higher alkyl
      sulfoacetates, higher fatty acid ester of 1,2 hydroxy propane sulfonates,
      and the substantially saturated higher aliphatic acyl amides of lower
      aliphatic amino carboxylic acid compounds, such as those having 12 to 16
      carbons in the fatty acid, alkyl or acyl radicals, and the like. Examples
      of the last mentioned amides are N-lauroyl sarcosine, and the sodium,
      potassium, and ethanolamine salts of N-lauroyl, N-myristoyl or N-palmitoyl
      sarcosine, which should be substantially free from soap or similar higher
      fatty acid material which tends to substantially reduce the effect of
      these compounds. The use of these sarcosine compounds in dentifrice
      compositions of the present invention is particularly advantageous since
      these materials exhibit a prolonged and marked effect in the inhibition of
      acid formation in the oral cavity due to carbohydrates breakdown in
      addition to exerting some reduction in the solubility of tooth enamel in
      acid solutions. Desirable surface-active effect is obtained with a long
      chain fatty acid monoglyceride sulfonate such as the sodium salt of
      hydrogenated coconut oil fatty acid monoglyceride sulfonate used alone or
      in combination with sodium lauryl sulfate.
PAR  Other particularly suitable surface active materials include nonionic
      agents such as condensates of sorbitan monstearate with approximately 60
      moles of ethylene oxide, condensates of ethylene oxide with propylene
      oxide condensates of propylene glycol ("Pluronics") and amphoteric agents
      such as quaternized imidazole derivatives, which are available under the
      trademark "Miranol" such as Miranol C.sub.2 M. Cationic surface active
      germicides and antibacterial compounds such as
      di-isobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride, benzyl
      dimethyl stearyl ammonium chloride, tertiary amines, having one fatty
      alkyl group (of from 12 to 18 carbon atoms) and two (poly) oxyethylene
      groups attached to the nitrogen (typically containing a total of from
      about 2 to 50 ethanoxy groups per molecule) and salts thereof with acids,
      and compounds of the structure
      ##EQU1##
      where R is a fatty alkyl group containing from about 12 to 18 carbon
      atoms, and x, y and z total 3 or higher, as well as salts thereof with
      mineral organic acids, may also be used. It is preferred that the total
      amount of surface-active agent be about 0.05-5% by weight, preferably
      about 1-3%, of the dentifrice.
PAR  Various other materials may be incorporated in the oral preparation of this
      invention. Examples thereof are coloring or whitening agents,
      preservatives, silicones, chlorophyll compounds, ammoniated materials,
      such as urea, diammoniumphosphate and mixtures thereof, and other
      constituents. Each of these adjuvants may be typically incorporated in the
      instant toothpastes in amounts up to about 5%.
PAR  The toothpaste may also contain antibacterial agents in amounts of about
      0.01-5%. Typical examples of such agents are guanidines, biguanides and
      amines such as:
PAR  N.sup.1 -(4-chlorobenzyl)-N.sup.5 -2,4-(dichlorobenzyl) biguanide;
PAR  p-chlorophenyl biguanide;
PAR  4-chlorobenzhydryl biguanide;
PAR  4-chlorobenzhydrylguanylurea;
PAR  N-3-lauroxypropyl-N.sup.5 -p-chlorobenzylbiguanide;
PAR  1,6-di-p-chlorophenylbiguanidohexane;
PAR  1-(lauryldimethylammonium)-8-(p-chlorobenzyldimethylammonium) octane
      dichloride;
PAR  5,6-dichloro-2-guanidinobenzimidazole;
PAR  N.sup.1 -p-chlorophenyl-N.sup.5 -laurylbiguanide;
PAR  5-amino-1,3-bis(2-ethylhexyl)-5-methylhexahydropyrimidine; and their
      non-toxic acid addition salts.
PAR  Suitable flavoring or sweetening sialagogues may be employed in formulating
      a flavor for the compositions of the present invention. Examples of
      suitable flavoring constituents include the flavoring oils, e.g., oils of
      spearmint, peppermint, wintergreen, sassafras, clove, sage, eucalyptus,
      marjoram, cinnamon, lemon and orange, as well as methylsalicylate.
      Suitable sweetening agents include sucrose, lactose, maltose, sorbitol,
      sodium cyclamate and saccharine. Suitably, flavor and sweetening agent may
      together comprise from about 0.01 to 5% or more of the compositions of the
      instant invention. Chloroform may be employed to modify the flavor.
PAR  The compositions of the present invention suitably may also contain a
      fluorine-containing compound having a beneficial effect on the care and
      hygiene of the oral cavity, e.g., diminution of enamel solubility in acid
      and protection of the teeth against decay. Examples thereof include sodium
      fluoride, stannous fluoride, potassium fluoride, potassium stannous
      fluoride (SnF.sub.2.sup.. KF), sodium hexafluorostannate, stannous
      chlorofluoride, sodium fluorozirconate and sodium monofluorophosphate.
      These materials, which dissociate or release fluorine-containing ions in
      water, suitably may be present in an effective but non-toxic amount,
      usually within the range of about 0.01 to 1% by weight of the water
      soluble fluorine content thereof.
PAR  The iridescent flakes used in the practice of this invention are generally
      present in amount of up to about 5%, preferably less than 3%, of the
      weight of the transparent toothpaste in which they are dispersed. A
      particularly suitable product is obtained when the iridescent flakes are
      mother of pearl flakes (a true nacreous secretion found on the inner
      surfaces of oyster shells and made up of non-toxic CaCO.sub.3). These
      mother of pearl flakes refract light in various wave lengths across the
      color spectrum and their incorporation in the transparent toothpaste (e.g.
      in proportions in the range of about 11/2 to 3%, preferably about 2%, for
      example about 13/4 to 21/4%) results in a multicolored speckled effect
      with the clarity of the transparent gel intact, giving a beautiful
      sparkle. In use, when one extrudes the product from a conventional
      toothpaste tube onto the toothpaste, the resulting extrudate (which
      usually has a thickness in the range of about 4 to 8 mm) is typically
      clear with visible spaced light refracting sparkling dots; as the
      extrudate is moved, relative to the eye of the observer, different dots
      become visible and the apparent colors of individual dots changes.
      Especially good results have been obtained with mother of pearl flakes
      screened so that they are retained on a 100 mesh (U.S. Standard) sieve
      (corresponding to a particle size of about 149 microns) and pass through a
      30 mesh sieve (corresponding to a particle size of about 590 microns) with
      the predominant portion being larger than 200 microns.
PAR  The mother of pearl flakes can be produced by grinding oyster shells and
      mechanically separating the mother of pearl flakes from the balance of the
      ground material, as by flotation. Typically, the mother of pearl flakes
      are flat, smooth-surfaced, less than 50 microns thick (e.g. 10-40
      microns), oval-shaped in plane view, and made up of numerous thin parallel
      layers (e.g. of thickness well below a micron to say 2-3 microns).
PAR  Another type of iridescent flake comprises thin transparent mica flakes
      coated with a thin layer of titanium dioxide. One type of such flakes or
      platelets has a TiO.sub.2 content of about 17%, an average thickness of
      less than 1 micron (e.g. 0.7 micron), with the longest dimension of most
      of the platelets being less than about 100 microns, e.g., about 15 to 40
      microns, the refractive index of the mica layer being about 1.58 and the
      refractive index of the TiO.sub.2 layer being about 2.3. When these are
      incorporated into the transparent toothpaste in proportion in the range of
      about 0.1 to 0.3%, preferably about 1/4%, the extrudate from the
      toothpaste tube is also sparkling, with the individual reflecting and
      iridescent dots being very small and close together, giving an overall
      opaque pearlescent effect. Still another but less desirable type of
      iridescent flakes comprises mica flakes carrying the coating of another
      material (namely BiOCl) whose refractive index is different from that of
      the mica.
PAR  By variation in particle concentration one can produce different effects.
      One may also use mixtures of various types of the flakes.
PAR  It is found, surprisingly, that the presence of the iridescent flakes not
      only imparts a unique esthetic appearance but also gives a substantial
      improvement in the properties of the dentifrice such as its ability to
      remove stains from the teeth. Certain iridescent flakes also substantially
      improve the polishing capability of the dentifrice in which they are
      present.
PAR  The transparent toothpaste may be prepared in well known manner. Thus, a
      gelling agent such as sodium carboxymethyl cellulose or Carbopol 934 and a
      preservative such as sodium benzoate, if employed, is dispersed with a
      humectant such as glycerine. Water may also be present. Additional
      humectant and water, as an aqueous 70% sorbitol solution, may then be
      mixed with the dispersion and heat applied at about
      40.degree.-65.degree.C., say 50.degree.C., to form a paste, gel or cream.
      Polishing agent is then added. Surface-active agent, such as sodium lauryl
      sulfate, if employed, is then dispersed in the mixture. The preparation is
      then cooled and desired flavor may be added.
PAR  The iridescent flakes are then dispersed in the toothpaste with minimal
      mechanical agitation, insufficient to substantially break them down. The
      toothpaste is then thoroughly deaerated (e.g. in vacuo) and tubed.
PAR  In the manufacture of dentifrices, it is conventional to remove entrained
      air from the product by de-aeration under vacuum typically at a late stage
      in the manufacture. In an aspect of the instant invention, it has been
      observed that in clear dentifrice gels of suitable viscosity, the
      dispersed, immobile air bubbles desirably enhance the appearance of the
      dentifrice, and can, therefore, be permitted to remain. Alternatively, the
      air can be replaced with another gas in nontoxic quantity, such as
      nitrogen or carbon dioxide. In particular, carbon dioxide can provide an
      effervescent character to the dentifrice.
PAR  In the event it is desired to have a minimum amount of air in the
      dentifrice, or only to have to remove a minimum amount of air from the
      dentifrice of the instant invention, the "Unimix" apparatus described in
      "Process Engineering" Sept. 11, 1970, pages 81-85, is particularly
      efficacious for this purpose. In this apparatus a mixing tool can be
      rotated in clockwise or counterclockwise mannter, and the action of the
      mixing tool is followed by the action of a scraper blade to ensure that
      the working surface of the apparatus is scraped clean. Preferably, a
      plastic such as polytetrafluorethane is used as the scraper since it is
      compatible with the various ingredients of the dentifrice. The positioning
      of the mixing tool and the scraper from a raised central column in the
      apparatus and the further presence of a hydraulically operated vacuum
      tight lid permits but little air to enter the formulation during
      processing. Thus, gelling agent and a portion of liquid including water
      and/or humectant can be efficiently blended in the Unimix apparatus. Then
      the remaining liquid can be separately blended with the polishing agent
      and additional components (except for post-added components, such as
      flavouring oil) in the Unimix, and then the two dispersions blended
      together in the Unimix apparatus. If desired, the small amount of air can
      be largely removed under the depressurised conditions in the apparatus.
      The apparatus can be used to blend ingredients at room temperature as well
      as at higher temperatures.
DETD
PAR  The following Examples are given to illustrate this invention further. In
      this application all proportions are by weight unless otherwise indicated
      and all sieve sizes are U.S. Standard.
PAC  EXAMPLE 1
PAR  A transparent toothpaste having the following formulation is prepared:
PAR  glycerine 25%; aqueous 70% solution of sorbitol 40%; cellulose gum (sodium
      carboxymethyl cellulose) 0.35%; colloidal silica (thickener, e.g.
      Cab-o-sil M5 manufactured by Cabot Corporation or Syloid 244, manufactured
      by Grace, Davison Chemical Co., having a bulk density of 0.11 g/cm.sup.3)
      31/2 %; Syloid 74, 18%, detergent (sodium lauryl sulfate) 2%; added water
      about 6%; the balance being a trace of blue dye (e.g. 0.1% of F. D. and C,
      blue -1, added as a 1% aqueous solution), preservatives and flavors. This
      transparent toothpaste is mechanically blended with 2% of mother of pearl
      flakes (of a size, previously described, retained on a 100 mesh sieve and
      passing through a 40 mesh sieve) When the resulting transparent sparkling
      toothpaste is tested for its ability to remove stains from human dental
      enamel it is found to be about 34% more effective than a similar
      toothpaste free of the mother of pearl flakes.
PAR  In the stain removal test, sections of human dental enamel are etched with
      0.1N HCl for 2 minutes, rinsed with water, then wet with a dilute solution
      of stannous fluoride, wiped dry, and finally exposed to a stream of
      hydrogen sulfide gas which results in the deposition of a brown deposit of
      stannous sulfide. The amount of stain on the surface is measured with a
      Gardner Automatic Color Difference meter. The surface is then brushed with
      a mechanical brushing machine for 3000 reciprocal strokes with a slurry of
      a dentifrice and the residual stain measured with the meter. Finally, the
      stain which remains is completely removed with dental pumice and the
      reflectance of this surface is read. The ability of a dentifrice to remove
      the stain is expressed by Equation 1.
      ##EQU2##
      Where .sup.R d initial, .sup.R d3000 strokes, and .sup.R d pumiced are
      respectively the reflectance values measured on the initially stained
      surface, after brushing for 3000 reciprocal strokes and after removing the
      residual stain by pumicing.
PAC  EXAMPLE 2
PAR  Example 1 is repeated using 0.25% of the TiO.sub.2 coated mica flakes
      previously described in place of the mother of pearl flakes. An opaque
      cream having a pearlescent character is obtained, which has stain removal
      properties similar to those of Example 1.
PAC  EXAMPLE 3
PAR  Example 1 is repeated, using 0.25% of Rona MP10 flakes (TiO.sub.2 -coated
      mica flakes, the longest dimensions of most platelets being about 50-80
      microns).
PAR  In the preferred embodiments of the invention a clear transparent
      toothpaste is used as the matrix in which the flakes are dispersed.
      Typically the transparency of the matrix is such that one can easily read
      ordinary print (e.g. newspaper print) through an 8mm thick extrudate of
      the transparent toothpaste. It is within the broader scope of the
      invention, however, to add the flakes to a matrix which is somewhat hazy,
      or less desirably, merely translucent or even opaque, and to use larger
      proportions of the flakes (e.g. 10% or 15% or more) to give an iridescent
      or sparkling effect. Opaque matrices may contain polishing agents well
      known in the art, whose index of refraction is considerably different from
      that of the vehicle, e.g. Al.sub.2 O.sub.3.sup.. 3H.sub.2 O, Ca.sub.2
      HPO.sub.4.sup.. 2H.sub.2 O, chalk, etc. It is also within the broader
      scope of the invention to incorporate the pearlescent flakes into
      dentifrices other than toothpastes, e.g. toothpowders and crushable tooth
      tablets.
PAR  As is well known mother of pearl (nacro) consists of prismatic psuedo
      hexagonal aragonite (CaCO.sub.3 of refractive index 1,6809) crystals
      oriented so that the long crystallographic axis is at right angles to
      plane of the platelets which are held together by conchiolin, a hornlike
      organic secretion.
PAR  It will be noted that the preferred pearlescent materials have parallel
      layers which are less than 1 micron in thickness and which produce
      interference colors by refraction of light. The indices of refraction of
      these materials are generally different from the index of refraction of
      the transparent toothpaste; for instance in one preferred embodiment the
      latter is about 1.4-1.5.
PAC  EXAMPLE 4
PAR  The following transparent toothpaste is blended with 2% of mother of pearl
      flakes of a size such that 100% are retained in a low mesh sieve while
      passing trough a 40 mesh sieve:
TBL                Toothpaste                                                  
     ______________________________________                                    
     Component             Parts                                               
     ______________________________________                                    
     Glycerine             15                                                  
     Sorbitol (70%)        45                                                  
     Sodium carboxymethyl                                                      
     cellulose             0.7                                                 
     Syloid 244            5                                                   
     Sodium aluminosilicate                                                    
                           16                                                  
     Sodium lauryl sulfate 2                                                   
     Sodium benzoate       0.5                                                 
     Sodium saccharine     0.2                                                 
     Color                 0.2                                                 
     Flavor                1                                                   
     Chloroform            2.5                                                 
     Water                 3                                                   
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Example 2 is repeated using 0.3% of TiO.sub.2 coated mica flakes of 15 to
      40 micron particle size having a platelet thickness of 0.7 micron and an
      anatase coating on both sides of each mica flake, and containing about 20%
      TiO.sub.2 and about 80% mica. The composition also contains 2% chloroform,
      0.17% sodium saccharin, 0.5% sodium benzoate, 1% of flavor (essential
      oil), 0.09% of a 1% aqueous solution of F D and C Blue -1, 0.09% of a 1%
      aqueous solution of F D and C Yellow -5, and 7.6% of added water. The
      resulting sparkling transparent green toothpaste has excellent enamel
      polishing characteristics.
PAR  Further embodiments of the invention will be apparent to one skilled in the
      art from the above description.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toothpaste containing about 0.1 to 5% of non-toxic iridescent mother
      of pearl flakes, which flakes are about 10-50 microns thick and about 149
      to 590 microns in particle size and are dispersed in a transparent
      toothpaste matrix.
NUM  2.
PAR  2. The toothpaste claimed in claim 1 wherein said toothpaste contains a
      dental polishing agent.
NUM  3.
PAR  3. The toothpaste claimed in claim 1 wherein said mother of pearl flakes
      are present in amount of about 11/2 to 3% by weight and said toothpaste
      when extruded as a ribbon 4 to 8mm thick is clear with visible spaced
      light refracting sparkling dots.
NUM  4.
PAR  4. The toothpaste claimed in claim 2 wherein said polishing agent is
      selected from the group consisting of porous amorphous silicic anhydride
      and complex sodium aluminosilicate.
NUM  5.
PAR  5. A method for treating dental enamel to reduce stain which forms thereon
      comprising brushing the surface of said human dental enamel bearing stain
      which forms thereon with a dentifrice containing a stain reducing amount
      of non-toxic iridescent flakes of mother of pearl, which flakes are 10-50
      microns thick and have a particle size distribution between 149-590
      microns for a time sufficient to reduce said stain.
NUM  6.
PAR  6. The method for treating dental enamel as in claim 5 in which said flakes
      are dispersed in a toothpaste which when extruded as a ribbon about 4 to 8
      mm thick is clear with visible spaced light refractive sparkling dots.
PATN
WKU  039446620
SRC  5
APN  5126525
APT  1
ART  125
APD  19741007
TTL  Non-volatile slow-release pesticidal generators
ISD  19760316
NCL  10
ECL  1
EXP  Turner; V. D.
INVT
NAM  Miller, Jr.; Alexander
CTY  Modesto
STA  CA
INVT
NAM  Morales; Juan G.
CTY  Modesto
STA  CA
ASSG
NAM  Shell Oil Company
CTY  Houston
STA  TX
COD  02
RLAP
COD  72
APN  244942
APD  19720417
PSC  03
CLAS
OCL  424 78
XCL  424 19
XCL  424219
EDF  2
ICL  A61K 3174
ICL  A01N  936
FSC  424
FSS  19;219;78
UREF
PNO  3769417
ISD  19731000
NAM  Van Breen
OCL  424 19
FREF
PNO  1,040,553
ISD  19660900
CNT  UK
ABST
PAL  Storage stable, slow-release pesticidal generators comprising
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate
      dispersed in a matrix of a plasticized thermoplastic resin, said generator
      being characterized by having on the surface thereof crystals of
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate in a
      specified crystalline form.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of U.S. application Ser. No. 244,942, filed
      Apr. 17, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to slow-release pesticide generators. More
      particularly, this invention relates to slow-release pesticide generators
      comprising a non-volatile vinyl phosphate pesticide dispersed in a
      plasticized thermoplastic resin wherein the pesticide migrates onto the
      resin surface and is maintained thereon in a certain crystalline form.
      These generators are useful in the control of non-vertebrate pests and
      particularly in the control of ectoparasites such as fleas and ticks on
      warm-blooded animals.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is known in the art to prepare slow-release pesticide generators in
      which a resinous substance is mixed with a volatile pesticide to form a
      composition that will slowly release the volatile pesticide into the
      surrounding atmosphere over an extended period of time. (See U.S. Pat. No.
      3,318,769). These generators function by the pesticide slowly being
      released from the generator and filling the surrounding atmosphere with a
      vaporous concentration of pesticide that is lethal to the pest but is
      innocuous to warm-blooded animals.
PAR  These slow-release compositions have been developed for numerous uses. The
      most common use consists in placing the slow-release product in the form
      of a strip in an enclosed atmosphere, such as in a room, and allowing the
      concentration of vaporous pesticide to build up to the point at which
      pests are killed but other life is not harmed.
PAR  Another use widely found for the slow-release compositions is as an
      ectoparasiticide. Collars made of the resinous generators are placed
      around the neck of the animal to be treated or a medallion may be hung
      from a collar on the animal. The pesticide vapor released from these
      products functions well to protect the animal from pests such as fleas and
      ticks over an extended period of time.
PAR  These prior art products contain as an active ingredient volatile phosphate
      esters which are toxic to warm-blooded animals at sufficiently high
      concentrations. When formulated into the slow-release resinous matrix and
      used as directed, the concentration of volatile pesticide in the air is
      low and presents no safety hazard.
PAR  However, in spite of the efficacy and safety of these prior art products,
      there are certain so-called "sensitive" animals who have a tendency to
      develop skin irritations in the vicinity of the point of contact with the
      volatile pesticide slow-release matrix. This is particularly true with
      cats. For example, in the case of collars the irritation has been found to
      develop in the area of the neck of the animal.
PAR  It would be highly desirous to develop a slow-release composition which
      would function effectively as an ectoparasiticide and yet be virtually
      free from the toxicity and skin irritation problems of prior art products.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  There has now been found a new slow-release pesticide generator which
      eliminates the objections to the prior art products and yet retains a high
      degree of efficacy against pests especially when used to rid animals of
      certain ectoparasites. Whereas the prior art slow-release products operate
      by using a volatile pesticide, it has now been found that a particular
      non-volatile pesticide may be incorporated into a resinous matrix to form
      a product which is both efficacious and has a high degree of safety.
PAR  In particular, it has been discovered that the .beta.-isomer of
      2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate may be
      incorporated into a thermoplastic resin to form a product which slowly
      releases the phosphate to the surface of the thermoplastic resin in a
      particular crystalline form, and that the crystalline form can be modified
      to yield a pesticide generator which is stable during storage, yet highly
      efficacious in use.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate is
      more pesticidally active than the corresponding .alpha.-isomer and has a
      very low mammalian toxicity. This has been reported, for example, by
      Whetstone et al, J. Agricultural Food Chemistry, Volume 14, pages 352-356,
      July-August 1966. The acute oral mammalian toxicity (LD.sub.50 in
      milligrams per kilogram of body weight, male rats) is 4000 to 5000 for the
      .beta.-isomer as compared to an LD.sub.50 of from 56-80 for the
      unformulated liquid vinyl phosphates typically used in the prior art.
      Conventionally, the .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl
      dimethyl phosphate has been formulated in dusts, wettable powders, water
      dispersable suspensions and emulsifiable concentrates. The possibility of
      incorporating dimethyl 1-(2,4,5-trichlorophenyl)-2-chlorovinyl phosphate
      into a thermoplastic resin is disclosed in British Pat. No. 1,040,553, but
      to our knowledge this has never been accomplished heretofore.
PAR  It has now been found that when
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate is
      incorporated into plasticized thermoplastic resin that it migrates to the
      surface of the resin and crystallizes thereon in one or more distinct
      crystalline forms herein called "polymorphs." It has further been found
      that the properties of the resulting compositions are significantly
      affected by the particular crystalline form or polymorph maintained on the
      surface of the composition, and that it is possible to vary the properties
      of the compositions in an advantageous manner by modifying the crystalline
      structure as hereinafter explained.
PAR  Optical microscopy and fusion studies on
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate and
      plasticized thermoplastic resin compositions containing it now indicate
      that this compound can occur in at least three crystalline or polymorphic
      forms hereinafter designated as "Polymorph I", "Polymorph II" and
      "Polymorph III". Polymorph I is the most stable form having platelet-like
      crystals melting at about 95.degree.-98.degree.C. Polymorph II is a
      metastable form having needle-like crystals and shows a phase
      transformation or melting point at 44.degree.-54.degree.C. Polymorph II
      may convert to Polymorph I or to Polymorph III which in turn converts to
      Polymorph I by phase transition (p.t.) at 76.degree.-81.degree.C. In some
      cases a melt may skip Polymorph II and directly form Polymorph III or I or
      a mixture of both. These transformations may be summarized by the
      following diagram
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PAR  Thermoplastic resin compositions containing
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate have
      now been found in which either Polymorph I or Polymorph II crystals may be
      maintained upon the surface of a thermoplastic resin. The compositions
      containing Polymorph I crystals on the surface are more stable and
      therefore less subject to bloom and have a longer storage or shelf life.
      On the other hand, compositions in which Polymorph II crystals are present
      on the surface are more toxic to insects and constantly release the
      toxicant from within the resin matrix.
PAR  Compositions containing Polymorph II on the surface of the thermoplastic
      resin can be obtained employing conventional methods of preparation. For
      example, such compositions can be prepared by mechanical mixing of the
      powdered ingredients which are heated to bring about a homogeneous melt
      which can be cast, extruded, injected or molded into the desired shape
      such as sheets, strips, films, rods, granules, pellets and the like. When
      the cast, extruded, injected or molded article is cooled to ambient
      conditions, the .beta.-chloro-1-(trichlorophenyl)-vinyl dimethyl phosphate
      migrates to and "blooms" onto the surface of the resin matrix in the form
      of needle-like Polymorph II crystals and, unless prevented, will continue
      to bloom in this form until the .beta.-chloro-1-(trichlorophenyl)-vinyl
      dimethyl phosphate initially present in the thermoplastic matrix has been
      substantially depleted. An important advantage of the compositions of the
      invention lies in the discovery that further bloom or crystal formation
      which is undesirable under certain conditions, such as during storage, can
      be substantially prevented or inhibited by conversion of the Polymorph II
      crystals to Polymorph I.
PAR  The formation of Polymorph I crystalline structure on the surface of the
      resin generator is accomplished by "curing" or heating the Polymorph
      II-containing pesticide generator as prepared above at an elevated
      temperature for a time sufficient to bring about the conversion of the
      polymorphic forms. This subsequent separate heating step may be
      accomplished by conventional means such as heating the Polymorph
      II-containing resin product in an oven. Other means such as microwave
      curing or subjecting to infrared light might also be used. Typically the
      conversion of Polymorph II to Polymorph I crystals will take place if the
      compositions are heated at about 130.degree. to 150.degree.F for about 30
      minutes to 2 hours. Generally, the thicker the layer of Polymorph II
      crystals initially on the surface, the longer the heating period or the
      higher the temperature required. For best results the resin product should
      contain a uniform Polymorph II crystal bloom before heating.
PAR  As previously mentioned, the conversion of Polymorph II to Polymorph I
      crystals is an important aspect of the present invention in that the
      continuous blooming of Polymorph II crystals under certain conditions,
      such as during storage, is undesirable since it can lead to the loss of a
      considerable portion of the .beta.-chloro-1-(trichlorophenyl)-vinyl
      dimethyl phosphate toxicant from the matrix while the product is "on the
      shelf". The conversion of the Polymorph II crystals to Polymorph I by the
      additional heating step (i.e., the further heating step after preparation
      of the initial resin product) substantially prevents or inhibits crystal
      bloom during storage thereby providing a storage stable product. This
      unexpected result is believed due to the fact that the Polymorph I
      crystals so formed are platelet-like in shape and are closely knit or
      overlap each other as shingles on a roof. In this formation migration of
      the phosphate toxicant from within the resin matrix to the surface is
      substantially prevented and the compositions can be stored over extended
      periods of time without significant loss of toxicant. To induce or start
      the blooming process again, all one has to do is to rub, wipe, abrade or
      otherwise disturb the surface of the resin generator, e.g., by stretching,
      to break or remove the Polymorph I crystalline structure whereupon the
      Polymorph II crystals start to bloom out again. A comparison of pesticidal
      toxicity has demonstrated that Polymorph II is more toxic than Polymorph
      I, hence it is desirable that Polymorph II bloom be resumed for maximum
      toxic effect.
PAR  In addition to polymorphism, the pesticidal toxicity of the crystals is
      determined somewhat by the crystal size. Smaller crystals present a
      greater surface area per unit weight than larger ones. Moreover, smaller
      crystals more uniformly cover a given area than larger crystals, thereby
      increasing the likelihood that a pest within that area will come in
      contact with the crystals. It therefore follows that smaller crystals are
      preferred as being pesticidally more active.
PAR  As mentioned above, the .beta.-chloro-1-(2,4,5-trichlorophenyl)-vinyl
      dimethyl phosphate in a conventionally prepared resin composition diffuses
      to the surface of the resin matrix and crystallizes in the form of
      Polymorph II crystals. The precise state of the phosphate ester remaining
      in the thermoplastic matrix is not known but it is believed to be in
      solution. The crystallization of .beta.-2-chloro-1-(trichlorophenyl)-vinyl
      dimethyl phosphate apparently follows the first portion of Ostwald's Rule
      that if a substance can exist in more than one form, the least stable is
      formed first, and changes ultimately into the more stable. Surprisingly,
      however, instead of converting to the more stable form, Polymorph II
      remains on the surface of the plastic matrix for a prolonged period of
      time.
PAR  The mode of action of the composition of the invention is different from
      that of the prior art vapor producing slow-release products. The
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate
      diffuses from within the thermoplastic matrix to the surface where it
      crystallizes or "blooms" out onto the surface as microcrystalline
      particles of Polymorph II which may grow from a few molecules to 100-300
      microns in size depending upon the rate of diffusion to the surface and
      the rate at which the "bloom" is removed from the surface of the resin.
      The pest to be controlled must be brought into physical contact with the
      active ingredient. In the case of protecting a pet against ectoparasites,
      this is accomplished by forming the resinous mixture into the form of a
      collar to be placed around the animal's neck. Since fleas and ticks tend
      to concentrate in or migrate through the area of the neck of the animal,
      some are brought into contact with the active phosphate ester on the
      surface of the collar and killed. It is also known that, due to the
      movement of the animal, the microcrystals are rubbed or wiped from the
      surface of the collar and spread into the fur of the animal where they
      continue to control ectoparasites. Whether the crystals removed from the
      surface of the resinous substrate remain as Polymorph II or convert to
      Polymorph I is not known. However, the invention is not limited to the use
      of any one polymorph as all polymorphs are biologically active. Moreover,
      the crystals blooming onto the surface of the resinous collar and falling
      into the fur of the animal are microcrystalline in size and even if in the
      form of Polymorph I are more active than crystals produced by conventional
      methods.
PAR  Any plasticized thermoplastic resin which is compatible with
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate and
      capable of releasing pesticidally effective amounts of this toxicant to
      the surface of the resin may be used. Typical of such resins are the vinyl
      resins, polyvinyl halides such as polyvinyl chloride; polyvinyl esters;
      polyvinylidene compounds such as polyvinylidene chloride; synthetic and
      natural elastomers, such as Hevea brasiliensis, cis-1,4-polyisoprene,
      polybutadiene, SBR rubber, and copolymers of such rubbers; cellulose
      plastics, such as cellulose acetate, cellulose butyrate, cellulose nitrate
      and the like. Because the primary use envisioned for the compositions of
      the invention is as a collar to control ectoparasites on pets or other
      animals, the resinous material should be sufficiently flexible to be used
      for that purpose. For this reason, thermoplastic materials such as
      polyvinyl chloride and copolymers thereof are preferred. In general
      thermoplastic resin concentrations may vary from about 20 to 70% by weight
      of the total composition.
PAR  The plasticizers which may be used are those conventionally used in the
      plasticization of thermoplastic resins such as polyvinyl chloride (PVC).
      These plasticizers are generally of two types, i.e., phosphate esters and
      esters of polybasic carboxylic acids. The phosphate esters are preferably
      relatively non-volatile and inert. These compounds are described by the
      structure
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      where R.degree. can be the same or different and is a hydrocarbon radical
      selected from the group consisting of alkyl, aryl, aralkyl, and alkaryl
      preferably having at least four carbon atoms. These esters are virtually
      non-volatile but impart excellent plasticized properties to the resulting
      composition. Because of their similar composition they are readily
      compatible with the .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl
      dimethyl phosphate. Typical phosphate esters include the triaryl
      phosphates, such as tricresyl phosphate, triphenyl phosphate,
      tri(p-tert-butylphenyl) phosphate, tri(biphenylyl) phosphate, o-biphenylyl
      diphenyl phosphate, and cresyl diphenyl phosphate; the trialkyl phosphates
      such as tri-n-butyl phosphate, tri-2-ethyl-hexyl phosphate, tri-n-octyl
      phosphate and tri-lauryl phosphate, tri-butoxyethyl phosphate; and such
      mixed phosphates as 2-ethyl-hexyl diphenyl phosphate and the like. Typical
      of the esters of polybasic carboxylic acids are phthalate esters, such as
      dioctyl phthalate, didecyl phthalate, ditridecyl phthalate, dibutyl
      phthalate, diphenyl phthalate, dicyclohexyl phthalate, dimethyl phthalate
      and dihexyl phthalate; the sebacates, such as dibutyl sebacate, dipentyl
      sebacate, n-butyl benzyl sebacate and dibenzyl sebacate; the adipates,
      such as dioctyl adipate, dicapryl adipate, diisobutyl adipate and dinonyl
      adipate, and the citrates such as tributyl citrate. Because of their
      availability, dioctyl adipate, dioctyl phthalate and tricresyl phosphate
      are most commonly used.
PAR  The compositions of the invention may vary depending upon the components
      used. The .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl
      phosphate may comprise from about 3 to 30% by weight of the total
      composition with concentrations of about 5 to 20% by weight being
      preferred. When used to formulate animal collars, optimum concentration of
      the active phosphate pesticide is in the neighborhood of 10% by weight or
      say from 7 to 13% by weight.
PAR  The amount of plasticizer to use will be that amount required to plasticize
      the resin to the required degree of flexibility. The plasticizer also
      contributes to the rate at which the
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate
      migrates to the surface of the composition. Different plasticizers and
      amount of plasticizer influence this rate of migration. Higher
      concentrations of plasticizer tend to raise the rate of phosphate
      migration to the surface. The maximum rate of migration seems to occur
      when using plasticizers having a solubility parameter of about 8.4 to 8.7
      Hildebrand units. In general plasticizer concentrations may vary from
      about 25 to 50% by weight of the total composition with amounts of 30 to
      40% by weight being preferred.
PAR  Other ingredients such as stabilizers, attractants, dyes, fillers, odorants
      or other biocides may also be used in the compositions without departing
      from the scope of this invention. Useful additives such as carbon black,
      titanium dioxide and other insoluble pigments and fillers, which when
      added in small amounts, i.e., 1% w or less serves to color the resinous
      mixture.
PAR  The migration rate of .beta. -2-chloro-1-(2,4,5-trichlorophenyl)-vinyl
      dimethyl phosphate to the surface of a slow-release generator having a
      resin matrix is only partially dependent upon the plasticizer used. Other
      factors influencing such migration include the concentration of the
      phosphate in the matrix, the geometry of the slow-release generator and
      the extent to which the bloom or crystals are removed from the surface of
      the generator. Obviously, less bloom on the surface will result in faster
      migration of the phosphate to the surface. As the bloom first appears, the
      crystals are very small in size, perhaps only a few molecules, but if the
      crystals are not removed they continue to grow until they are perhaps a
      few hundred microns. The larger and more numerous the crystals become, the
      more migration of the phosphate to the surface becomes inhibited.
PAR  The pesticide composition of this invention is effective in killing
      invertebrate pests, including various ticks, spiders, mites, and insects
      by subjecting them to the compositions of the invention. These
      compositions can be used as granules or pellets and placed in the soil
      wherein the slow sustained release of the phosphorus ester results in the
      control of various soil pests such as cutworms, rootworms, etc. The
      compositions can also be formed as sheets, rods or films and placed in
      barns or other areas usually inhabited by flies. When used for this
      purpose, incorporation of a pheromone or other attrractant into the
      composition will act to draw the flies to the composition. The major use
      anticipated, as previously stated, is the formation of the compositions
      into collars to be placed around the neck of an animal such as a dog or
      cat, for the control of ectoparasites on the animal.
PAR  The invention is illustrated by the following examples.
DETD
PAC  EXAMPLE I
PAR  Pet collars containing 11% w of
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate, 34% w
      of a plasticizer, 53.5% w polyvinyl chloride and 1.5% w of a PVC
      stabilizer were prepared by injection molding. Various plasticizers were
      used to demonstrate the effect the plasticizer has on the release rate of
      toxicant phosphate ester from the resin matrix. The release rate was
      determined by weight loss. The collars were all exposed in a fume hood
      maintained at 70.degree.-75.degree.F annd 30-50% relative humidity, and
      weight loss was determined by periodically wiping the collar and weighing
      the collar. The results are recorded in Tables I and II.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Cumulative Weight.sup.a) of .beta.-2-Chloro-1-(2,4,5-Trichlorophenyl)-Viny
     Dimethyl Phosphate Found on Surface of Collars, Grams                     
              Tributoxy-  Monocresyl                                           
                                2-Ethylhexyl                                   
        Tricresyl                                                              
              ethyl Trioctyl                                                   
                          diphenyl                                             
                                diphenyl                                       
                                        Tributyl                               
     Days                                                                      
        Phosphate                                                              
              Phosphate                                                        
                    Phosphate                                                  
                          Phosphate                                            
                                Phosphate                                      
                                        Phosphate                              
     __________________________________________________________________________
      2 .027  .206  .113  .056  .114    .023                                   
      4 .039  .334  .210  .090  .183    .370                                   
      7 .058  .476  .331  .118  .255    .527                                   
     10 .077  .607  .442  .147  .317    .659                                   
     17 .113  .806  .621  .208  .433    .875                                   
     24 .133  .952  .766  .236  .518    1.035                                  
     32 .156  1.100 .906  .275  .604    1.161                                  
     __________________________________________________________________________
      .sup.a) Determined by periodically wiping of collar following exposure at
      70-75.degree.F, 30-50% relative humidity in fume hood.                   
TBL                                    TABLE II                                
     __________________________________________________________________________
     Cumulative Weight.sup.a) of .beta.-2-Chloro-1-(2,4,5-Trichlorophenyl)-Viny
     Dimethyl Phosphate Found on Surface of Collars, Grams                     
         Dioctyl                                                               
               Didecyl                                                         
                     Ditridecyl                                                
                           Dibutyl                                             
     Days                                                                      
         Phthalate                                                             
               Phthalate                                                       
                     Phthalate                                                 
                           Phthalate                                           
                                 *   *                                         
     __________________________________________________________________________
     2   .067  .064  .059  .100  .088                                          
                                     .091                                      
     5   .133  .136  .116  .202  .208                                          
                                     .202                                      
     7   .165  .171  .137  .255  .278                                          
                                     .282                                      
     9   .196  .203  .169  .299  .340                                          
                                     .343                                      
     12  .240  .241  .200  .350  .409                                          
                                     .408                                      
     15  .269  .275  .225  .396  .463                                          
                                     .469                                      
     23  .340  .343  .282  .495  .590                                          
                                     .585                                      
     __________________________________________________________________________
      .sup.a) Determined by periodically wiping of collar following exposure at
      70-75.degree.F, 30-50% relative humidity in fume hood.                   
      *Phthalate esters of mixed straight chained alcohols.                    
PAC  EXAMPLE II
PAR  Dog collars were made by mixing the raw materials together as a melt and by
      injection molding forming them into collars. Collars A and B were
      heat-treated at 150.degree.F for four hours after preparation to convert
      the .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate
      from Polymorph II to Polymorph I to control bloom on the surface of the
      collar during storage. The formulation of the collars (% weight) was as
      follows:
TBL                     A     B       C                                        
     ______________________________________                                    
     .beta.-2-chloro-1-(2,4,5-trichloro-                                       
     phenyl)-vinyl dimethyl phosphate                                          
                          10      10      --                                   
     Di(2-ethylhexyl) adipate                                                  
                          34.5    34.5    38.2                                 
     Polyvinyl chloride resin                                                  
                          54      53      60.1                                 
     PVC Stabilizers      1.5     1.5      1.7                                 
     Styrene-Butadiene-Styrene                                                 
      Block Copolymer     --      1       --                                   
     ______________________________________                                    
PAR  The collars (10 of each formulation) were sealed in metal foil pouches and
      sent to a commercial testing laboratory. At the laboratory, the collars
      were wiped to remove Polymorph I from the surface, and placed around the
      neck of mixed breed dogs infected with C. felis. The dogs were grouped in
      separate units according to collar formulation. Each group was confined in
      a chain link run during the night in a ventilated building having a
      concrete slab floor. Self-feeding and watering facilities were provided in
      each run.
PAR  During the day, each group of dogs was placed in a separate run outside the
      building. These runs were partitioned on their common sides with solid
      plywood sheeting 6 feet in height. Sand was placed in the outside runs to
      simulate a more natural environment for the fleas.
PAR  Approximately 120 C. felis pupae per dog were placed in the outside runs
      each week. The weather during the course of the trail was favorable for
      natural emergence of the adult fleas. Counting of the fleas on the dogs
      was done 3 times weekly. Two attendants performed the counting, one on
      each side of the dog. Each had a fine tooth comb to turn the hair.
      Counting progressed from posterior to anterior extremities of the dog. The
      results are as follows in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     AVERAGE FLEA INFESTATION                                                  
     Cumulative Days                                                           
     Collar                                                                    
         0.sup.a                                                               
           2 4.sup.a                                                           
                 7 9 11.sup.a                                                  
                        14  16                                                 
                              18.sup.a                                         
                                 21                                            
                                   23 25.sup.a                                 
                                         28                                    
                                           32.sup.a                            
                                              34                               
                                                37                             
                                                  39.sup.a                     
                                                     42 44  46.sup.a           
                                                                49             
     __________________________________________________________________________
     A   0 .1                                                                  
             0   0 0 0  .2  0 0  0 0  0  .3                                    
                                           0  0 .1                             
                                                  0  .5 .3  .7  .8             
     B   0 0 0   0 0 0  0   0 0  0 0  0  .2                                    
                                           0  0 0 0  .3          .2            
                                                     .1          .3            
     C   8.2                                                                   
           6.0                                                                 
             10.4                                                              
                 7.4                                                           
                   4.4                                                         
                     3.8                                                       
                        11.3                                                   
                            7.5                                                
                              7.6                                              
                                 8.3                                           
                                   6.7                                         
                                      6.1                                      
                                         6.3                                   
                                           7.1                                 
                                              9.4                              
                                                8.0                            
                                                  7.7                          
                                                     9.7         11.1          
                                                     11.8        13.1          
     Control                                                                   
     Cumulative Days                                                           
     Collar                                                                    
         51  53.sup.a                                                          
                56  58 60.sup.a                                                
                          63 65 67.sup.a                                       
                                   70 72 74.sup.a                              
                                            77 79 81.sup.a                     
                                                     84 86 88.sup.a            
                                                              90 92            
     __________________________________________________________________________
     A   .3   .1                                                               
                 .4 0   .4                                                     
                           1.1                                                 
                              1.0                                              
                                 .8                                            
                                    .8                                         
                                       1.0                                     
                                          1.0                                  
                                             .5                                
                                                .6                             
                                                   1.0                         
                                                      .8                       
                                                         1.0                   
                                                            .9                 
                                                               1.5             
                                                               2.4             
     B   0    .1                                                               
                0    .1                                                        
                       0   .3                                                  
                              .1                                               
                                 .6                                            
                                    .4                                         
                                       .6                                      
                                          .7                                   
                                             .7                                
                                                .8                             
                                                   1.2                         
                                                      .6                       
                                                         .5                    
                                                            .8                 
                                                               1.1             
                                                               1.2             
     C   11.3                                                                  
             12.8                                                              
                12.3                                                           
                    14.1                                                       
                       12.4                                                    
                          14.4                                                 
                             11.6                                              
                                11.7                                           
                                   11.1                                        
                                      13.1                                     
                                         14.1                                  
                                            11.8                               
                                               12.8                            
                                                  14.0                         
                                                     11.9                      
                                                        10.9                   
                                                           9.4                 
                                                              19.0             
                                                              17.2             
     Control                                                                   
     __________________________________________________________________________
      .sup.a Date infested; counts prior to reinfestation at weekly intervals. 
PAR  The results show the effectiveness of collars containing
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate as
      compared to a control group wearing a placebo collar. No gross symptons on
      toxicity were noted in the dogs wearing the collar from formulations A and
      B. Dogs wearing C collars showed a progressive deterioration of their
      general health, particularly hair, coat and skin lesions due to the
      excessive scratching and mutilation caused by the flea burden they
      carried. Irritation around the necks of the dogs were minimal and
      apparently due to pressure mechanically produced by the collars.
PAC  EXAMPLE III
PAR  Cat collars were made in a manner similar to those made in Example II. The
      collars had the following formulation:
TBL                  A     B       C       D                                   
     ______________________________________                                    
     .beta.-2-chloro-1-(2,4,5-trichloro-                                       
     phenyl)-vinyl dimethyl phosphate                                          
                       5       10      20    --                                
     Di(2-ethylhexyl adipate)                                                  
                       39.5    34.5    30    33.0                              
     Polyvinyl chloride                                                        
                       54.0    54      48.5  65.5                              
     PVC Stabilizers   1.5     1.5     1.5    1.5                              
     ______________________________________                                    
PAR  Six collars of formulation D (Placebo collars) and five each of
      formulations A, B and C sealed in metal foil were sent to a commercial
      testing laboratory. At the laboratory the collars were wiped to remove
      Polymorph I and the collars were placed on cats. Each cat was infested
      with 100 fleas. At the end of 7 days each cat would be thoroughly checked
      and live fleas found counted. The cat would thereupon be reinfested with
      100 fleas and the procedure repeated. The tests continued for 16 weeks
      with the results being recorded in Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     AVERAGE FLEA INFESTATION                                                  
     Weeks                                                                     
     Collar                                                                    
         1   2  3   4   5   6   7   8   9   10  11  12  13  14  16             
     __________________________________________________________________________
     A   3.8 5.4                                                               
                10.0                                                           
                    6.8 7.2 10.6                                               
                                7.4 3.0 3.2 6.6 5.2 6.8 5.0 7.2 8.6            
     B   0.2 0  0   0   0   0   0.5 1.0 2.3 3.0 1.3 1.5 3.0 1.5 5.3            
     C   0.2 0  0   0   0   0   0   0   0   0.4 0   1.0 1.0 0.6 0.6            
     D   16.0                                                                  
             9.2                                                               
                19.8                                                           
                    16.8                                                       
                        16.0                                                   
                            31.7                                               
                                22.3                                           
                                    26.0                                       
                                        35.7                                   
                                            53.8                               
                                                61.2                           
                                                    51.3                       
                                                        55.3                   
                                                            44.8               
                                                                48.2           
     Control                                                                   
     __________________________________________________________________________
PAR  During the tests, one cat wearing a collar of formulation B died. Analysis
      of the collar showed it to contain the same ingredients as the other B
      collars. It was not believed that the collar contributed to the death of
      the cat. The data in the table clearly indicate the effectiveness of
      various concentrations of .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl
      dimethyl phosphate in reducing flea infestation.
PAC  EXAMPLE IV
PAR  The influence of particle size and the relative toxicity of the polymorphs
      of .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate are
      illustrated below. An approximate 5% w mixture was made by mixing together
      5.4% of toxicant, 34.6% w of dioctyl adipate as plasticizer, 58.5% w of
      polyvinyl chloride and 1.5% w of PVC stabilizer. This dry mixture was
      extruded through appropriate dies to form either a film 2-4 mils thick or
      a 1/8 inch diameter strand. The film was supported on 6 inch diameter
      embroidery hoops and the strand was tightly coiled over a 5 .times. 5 inch
      aluminum plate and secured with copper wire. The specimens were stored for
      5 days at about 73.degree.F.
PAR  Polymorph I was prepared by heating the resin formulations at 131.degree.F
      for 1 hour. Polymorph I was also prepared by spraying a benzene solution
      of toxicant on a glass plate.
PAR  Housefly toxicity was determined by exposing 50 flies under a 4 inch
      diameter screened cage for one hour to the toxicant and mortality readings
      made 24 hours later. Results are recorded below in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
            Crystal Size Toxicant Concentra-                                   
                                        % Mortality                            
     Polymorph                                                                 
            Range (microns)                                                    
                         tion mg/ft.sup.2                                      
                                        to Housefly                            
     ______________________________________                                    
     I.sup.a)                                                                  
            15-45        10             74                                     
     I.sup.b)                                                                  
            150-300      125            88                                     
     II.sup.c)                                                                 
            100-300      10             84                                     
     ______________________________________                                    
      .sup.a) Residue from benzene solution sprayed on glass.                  
      .sup.b) Crystals bloom from 1/8 inch diameter PVC strand, and converted t
      Polymorph I                                                              
      .sup.c) Crystals bloom from 2-4 ml thick PVC film.                       
PAR  The results indicate that at similar crystal sizes the concentration of
      Polymorph I must be greater than Polymorph II to obtain the same mortality
      counts.
PAC  EXAMPLE V
PAR  Compositions of .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl
      phosphate with plasticized polymers other than PVC were prepared by mixing
      the ingredients and then heated by molding, extrusion or in a Brabender
      mixer. The cooled compositions were allowed to set for several days and
      then examined for bloom on the surface. All compositions showed bloom. In
      each of the mixtures listed in Table VI, the plasticizer was dioctyl
      phthalate (DOP).
TBL                                    TABLE VI                                
     __________________________________________________________________________
                              .beta.-2-chloro-1-(2,4,5-                        
                   Polymer                                                     
                       Plasticizer                                             
                              trichlorophenyl)-vinyl                           
     Polymer       % w % w    dimethyl phosphate % w                           
     __________________________________________________________________________
     Acrylonitrile-Butadiene                                                   
     Styrene Polymer                                                           
                   55  35     10                                               
     Acrylonitrile elastomer                                                   
     Polyvinylacetate copolymer                                                
                   65  25     10                                               
     Polyvinylacetate                                                          
     copolymer     40  50     10                                               
     __________________________________________________________________________
PAC  EXAMPLE VI
PAR  The effect of heat treating (annealing) on the storage stability of the
      present compositions is illustrated below. Two lots of pet collars were
      prepared by mixing together as a melt 11.0% of
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate, 34.0%
      w dioctyl adipate as plasticizer, 53.2% w polyvinyl chloride, 1.5% w PVC
      stabilizer and 0.3% w pigment, and injection molding the resultant mixture
      into the form of pet collars. The injection molded collars were 21 inches
      long, weighed 21.7 grams and contained approximately 10.0%
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate, i.e.,
      2.17 g./collar. A portion of the injection molded collars, after a uniform
      layer of crystal bloom had formed, were heat treated in an oven maintained
      at 150.degree.F for 4 hours which resulted in the powdery crystal bloom
      disappearing, and after cooling slowly to room temperature, the appearance
      of the flat, shiny platelet-like Polymorph I crystals. The heat treated
      and the untreated collars were stored in individual sealed pouches under
      ambient conditions, i.e., approximately 70.degree.-74.degree. F.
      Periodically one or more treated and untreated collars were removed from
      storage and the amount of .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl
      dimethyl phosphate which crystallized on the surface determined. These
      results are tabulated below. The amount of toxicant which crystallized
      during storage is expressed as percent of the initial toxicant
      concentration.
TBL                TABLE VII                                                   
     ______________________________________                                    
     TOXICANT CRYSTALLIZATION DURING STORAGE                                   
              % of Toxicant Crystallized from Composition                      
     Storage      Heat                                                         
     Time in Package                                                           
                  Treated Collar                                               
                               Untreated Collar                                
     ______________________________________                                    
     1      week      0.8          3.3                                         
     17     days      0.9          6.6                                         
     1      month     1.2          7.3                                         
     2      months    1.8          8.8                                         
     3      months    1.8          11.5-18.4                                   
     6      months    2.1          12.9-18.4                                   
     1      year      2.8-5.5      32.8-49.8                                   
     ______________________________________                                    
PAR  The foregoing results indicate that the collars which were heat treated to
      form the platelet-like Polymorph I crystals on their surface were
      significantly more stable in storage than untreated collars which lost a
      large percentage of their available toxicant during the one year storage
      period.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A storage stable, slow-release pesticide composition for controlling
      invertebrate pests consisting essentially of a pesticidally effective
      amount of from about 3% to 30% by weight of the total composition of
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate
      dispersed in a matrix of plasticized thermoplastic resin compatible with
      said phosphate and capable of releasing a pesticidally effective amount of
      said phosphate onto the surface of said composition, said composition
      being characterized by having on the surface thereof a polymorphic form of
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate further
      characterized by a platelet-like crystalline structure and a melting point
      of 95.degree.-98.degree.C, which crystalline structure inhibits migration
      of further quantities of .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl
      dimethyl phosphate from within the matrix onto the surface thereof.
NUM  2.
PAR  2. A composition according to claim 1 wherein the composition contains from
      about 20 to 70% w of thermopastic resin and from about 25 to 50% of
      plasticizer for said resin.
NUM  3.
PAR  3. A composition according to claim 1 wherein the plasticized thermoplastic
      resin is plasticized polyvinyl chloride.
NUM  4.
PAR  4. A composition according to claim 2 wherein the thermoplastic resin is
      polyvinyl chloride.
NUM  5.
PAR  5. A method for preventing the release of
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate from
      within, onto the surface of a solid composition consisting essentially of
      a pesticidally effective amount of from about 3 to 30% by weight of the
      total composition of said .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl
      dimethyl phosphate dispersed in a matrix of plasticized thermoplastic
      resin compatible with said phosphate and capable of releasing a
      pesticidally effective amount of said phosphate onto the surface of said
      composition, said composition having on the surface thereof a polymorphic
      form of .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate
      characterized by a needle-like crystalline structure, which comprises
      subjecting said composition to an elevated temperature for a period of
      time sufficient to convert substantially all of said
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate in said
      needle-like polymorphic form to a polymorphic form characterized by a
      platelet-like crystalline structure and a melting point of
      95.degree.-98.degree.C, the presence of said latter polymorphic form
      serving to inhibit the migration of further quantities of
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate from
      within the matrix onto the surface of said composition.
NUM  6.
PAR  6. A method of inducing the release of
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate from
      within, onto the surface of a storage stable, slow-release pesticide
      composition consisting essentially of a pesticidally effective amount of
      from about 3% to 30% by weight of the total composition of said
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate
      dispersed in a matrix of plasticized thermoplastic resin compatible with
      said phosphate and capable of releasing a pesticidally effective amount of
      said phosphate onto the surface of said composition, the composition
      having on its surface said .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl
      dimethyl phosphate in a polymorphic form characterized by a platelet-like
      crystalline structure and a melting point of 95.degree.-98.degree.C, which
      method comprises disturbing the surface of said composition so as to
      remove said .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl
      phosphate in said polymorphic form therefrom, thereby permitting the
      migration of further amounts of
      .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate from
      within said composition.
NUM  7.
PAR  7. A method according to claim 6 wherein the plasticized thermoplastic
      resin in said composition is plasticized polyvinyl chloride.
NUM  8.
PAR  8. A method of controlling invertebrate pests which comprises subjecting
      said pests to a pesticidally effective amount of the composition of claim
      1.
NUM  9.
PAR  9. A method of controlling ectoparasites on dogs and cats which comprises
PA1  a. preparing the composition of claim 1 in the form of a collar,
PA1  b. disturbing the surface of said collar to remove the platelet-like
      crystals of .beta.-2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl
      phosphate present thereon thereby permitting a further amount of said
      phosphate insecticide to migrate from within the collar onto the surface
      thereof, and
PA1  c. attaching said collar to a dog or cat whereupon the phosphate pesticide
      present on the surface of said collar is rubbed or wiped therefrom by
      movement of the dog or cat and spreads into the fur of the animal thereby
      controlling ectoparasites.
NUM  10.
PAR  10. A method of controlling ectoparasites on dogs or cats according to
      claim 9 wherein the composition prepared in the form of a collar is the
      composition of claim 3.
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ABST
PAL  Mild light duty detergent formulation including an anionic surfactant
      having skin irritating characteristics and an effective amount of a
      homopolymer of ethylene oxide to reduce said skin irritation.
PARN
PAR  This is a continuation of Ser. No. 153,792, filed June 16, 1971, now
      abandoned.
BSUM
PAR  This invention relates to cleaning and washing formulations that, as a
      matter of course, come into substantial and prolonged contact with the
      user's hands. More specifically, the invention provides exceptionally mild
      detergent formulations of the type typically used for the manual washing
      of dishes, the hand washing of delicate fabrics, etc. Formulations of this
      type are commonly known as light duty detergents and can be in either dry
      powder or liquid form.
PAR  Since detergent formulations of this type come into substantial contact
      with the user's hands, they should, most advantageously, be formulated to
      impart a minimum amount of irritation to human skin. Although the amount
      of irritation imparted to an individual's hands by a particular detergent
      formulation is subjective, varying from person to person, it is well known
      that certain detergent ingredients, particularly anionic surfactants,
      cause some degree of skin irritation to virtually all individuals. This
      irritation is usually manifested by the reddening or chapping of the
      affected area or in extreme cases, actual cracking of the skin.
PAR  Since the most commonly used detergent formulations of this type are manual
      dishwashing liquids, the present invention will be described primarily
      with reference to those products. However, as will soon be apparent, the
      principles of the invention can also be advantageously used with dry
      powder detergent products and even detergent and soap-detergent toilet
      bars of the type that have objectionable skin irritating characteristics.
PAR  Although mildness to the skin is a very important consideration in
      formulating light duty detergents, other factors, such as grease cutting
      ability, billowing and consistant suds and, detergency properties are also
      quite important. These latter characteristics e.g. grease cutting,
      billowing consistent suds and detergency, are best obtained by a
      formulation comprising an aqueous solution of an anionic surface active
      agent in combination with various auxiliary ingredients that provide
      specific desired properties. The resulting formulation should be easy and
      economical to use, produce billowing and stable suds in the presence of
      fats and grease, have an attractive color and odor, and should be mild to
      the user's hands. The present invention provides an auxiliary ingredient
      for light duty detergent formulations that substantially reduces the
      irritation and chapping etc. usually experienced when using formulations
      of this type.
PAR  In accordance with the invention, from about 0.01 to about 5.0 percent by
      weight of a high molecular weight homopolymer of ethylene oxide is
      incorporated into light duty detergents to substantially reduce the skin
      irritation that may normally be caused by these products. The polymeric
      additive of the invention is in the form of a white granulated water
      soluble solid. It is suitable for use in aqueous liquid formulations and
      can be easily dry mixed with powdered formulations and detergent or
      soap-detergent bars. The polymeric additive of the invention is a
      homopolymer of ethylene oxide of the formula (CH.sub.2 --CH.sub.2
      --O).sub.n wherein n is an integer having a value as high as about
      1.5.times.10.sup.5  e.g. a molecular weight of as much as 8,600,000.
      Preferably, the polymeric additive used in accordance with the invention
      has a molecular weight between about 1.times.10.sup.5 and
      4.times.10.sup.6.
PAR  In further accordance with the invention, the amount of polymeric additive
      incorporated into the new formulation is inversely related to the
      molecular weight of the polymer. For example, an equivalent reduction in
      the skin irritation level caused by a given liquid dishwashing detergent
      can be obtained by incorporating therein about 0.1 percent by weight of
      the polymeric material having a molecular weight of about 4.times.10.sup.6
      as with 0.5 percent by weight the same polymeric material having a
      molecular weight of about 6.times.10.sup.5. In both cases, a substantial
      reduction in the amount of skin irritation caused by the formulation is
      obtained without any significant adverse effects on the other desirable
      properties of the formulation.
PAR  The new polyether additives are prepared in the presence of a catalyst and
      an organic diluent in which the ethylene oxide monomer is soluble and the
      polymeric product is insoluble. During polymerization the polymer chain
      grows through the addition of ethylene oxide monomer to an alkoxide
      radical derived from previously reacted monomer units. Ethylene oxide
      homopolymer derivatives prepared by this suspension polymerization
      technique are white, granular, water soluble materials ranging in
      molecular weight from about 100,000 to eight million and more. The polymer
      has been determined to be largely a linear chain with sufficient mobility
      under most conditions to form large crystalline aggregates. These
      polyether resins differ primarily in molecular weight and are very similar
      in chemical structure and physical properties. Typical physical properties
      are as follows:
TBL  Melting Point     65.+-.2.degree.C                                        
     Specific Gravity  1.21 g./cu.cm.                                          
     Bulk Density      17 to 33lb./cu                                          
     Moisture Content, 1%                                                      
     as supplied                                                               
     Ash Content, as CaO                                                       
                       0.3 to 0.8%                                             
     Heat of Fusion    33 cal./g.                                              
     Particle Size     98% through 10 mesh                                     
PAR  Liquid light duty detergents generally comprise, in aqueous solution, a
      primary active ingredient, a modifying or secondary active ingredient,
      solubilizing agents and other minor components. The combination of primary
      and secondary active ingredients usually comprises about 15 to about 40
      percent by weight of the formulation with the primary active ingredient
      usually making up 10 to 35 percent by weight.
PAR  The primary active ingredient is usually an anionic surface active agent
      although nonionic and cationic surfactants can be used. The most commonly
      used anionic surfactants are the linear alkyl benzene sulfonates having a
      C.sub.8 to C.sub.18 alkyl chain. Most preferred of this group are the
      sodium and ammonium salts of dodecylbenzene sulfonate. Ethoxylated
      sulfated fatty alcohols, usually in the form of a sodium or ammonium salt,
      and various combinations of this class of surfactant with alkyl benzene
      sulfonates are also frequently used as the primary active ingredient in
      liquid dishwashing detergents. Olefin sulfonates and paraffin sulfonates
      can also be used as the primary active ingredient in formulations of this
      type. In dry powder light duty formulations for the laundering of fine
      fabrics, the primary active ingredient is usually an alkylbenzene
      sulfonate or a sulfated ethoxylated of alkyl phenol such as octylphenol
      and nonylphenol, generally as the ammonium salt.
PAR  Representative olefin sulfonates include long chain hydroxyalkane sulfonate
      or mixtures of alkenesulfonates and hydroxyalkanesulfonates. These olefin
      sulfonate detergents may be prepared, in known manner, by the reaction of
      SO.sub.3 with long chain olefins (of 8-25, preferably 12-21, carbon atoms)
      of the formula RCH=CHR.sub.1, where R is alkyl and R.sub.1 is alkyl or
      hydrogen, to produce a mixture of sultones and alkenesulfonic acids, which
      mixture is then treated to convert the sultones to sulfonates. Examples of
      paraffin sulfonates are those having about 10-20, preferably about 15-20,
      carbon atoms such as the primary paraffin sulfonates made by reacting long
      chain alpha olefins and bisulfites (e.g. sodium bisulfite) or paraffin
      sulfonates having the sulfonate groups distributed along the paraffin
      chain such as the products made by reacting a long chain paraffin with
      sulfur dioxide and oxygen under ultra-violet light followed by
      neutralization with NaOH or other suitable base (as in U.S. Pat. Nos.
      2,503,280; 2,507,088; 3,260,741; 3,372,188 and German Pat. No. 735,096).
PAR  Liquid dishwashing detergents almost invariably also include as much as 25
      percent, typically about 5-15 percent by weight, of a secondary active
      ingredient in addition to the primary active ingredient. Although the
      typically used primary active ingredients usually provide a profusion of
      suds in clear water, the suds are substantially depleted when fat or
      grease is present in the water which, of course, is quite common. The
      function of the secondary active ingredient is primarily to maintain the
      volume and stability of suds during the dishwashing operation.
      Additionally, and most advantageously, the secondary active ingredient can
      also provide added detergency to the light duty formulation.
PAR  The most effective secondary active ingredients are the water soluble fatty
      alkylolamides, such as lauric and myristic mono and di ethanolamides. A
      combination of two or more of these fatty alkylolamides are usually
      incorporated into liquid dishwashing formulations.
PAR  The solubilizing agents usually employed in liquid light duty detergents
      are present in amounts of from about 5 percent to about 15 percent by
      weight. These include the water soluble lower alkyl alcohols, e.g.
      methanol, ethanol, isopropanol, polyethylene glycol and hydrotropes such
      as sodium xylene sulfonate. The presence of sodium xylene sulfonate is
      particularly advantageous in increasing the water solubility of the sodium
      salts of the alkyl benzene sulfonates. Other minor components of liquid
      dishwashing detergents include various perfumes and colorants such as
      opacifying agents and fluorescent dyes.
DETD
PAR  The following specific examples are further illustrative of the invention
      but it is understood that the invention is not limited thereto. Detergent
      formulations are prepared in the usual manner and all amounts and
      proportions are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A liquid light duty detergent suitable for manual dishwashing and having
      the following composition is formulated:
TBL  Ingredients               Parts                                           
     ______________________________________                                    
     Water                     46.3                                            
     Ethanol                   5.8                                             
     Sodium xylene sulfonate   4.0                                             
     Ammonium C.sub.12 -C.sub.15 alkyl                                         
                               13.0                                            
     triethenoxy ether sulfate                                                 
     Linear dodecyl benzene sulfonate                                          
                               23.0                                            
     (sodium salt)                                                             
     lauric/myristic monoethanolamide                                          
                               5                                               
     Perfume and colorants     2.8                                             
     Ethylene oxide homopolymer                                                
                               0.1                                             
     (M.W. 4.times.10.sup.6)                                                   
     ______________________________________                                    
PAR  The foregoing formulation, when panel tested by housewives in comparison to
      the same formulation without the polyether additive, showed a substantial
      decrease in the amount and severity of skin irritation experienced.
PAC  EXAMPLE 2
PAR  The formulation of example 1 is repeated with 0.5 parts of an ethylene
      oxide homopolymer having a molecular weight of 6.times.10.sup.5 in place
      of the polyether additive of example 1. Similar panel test results showed
      the same approximate decrease in the severity of irritation experienced
      relative to the same formulation without the polyether additive.
PAC  EXAMPLE 3
PAR  Example 2 is repeated except that 0.1 parts of the polyether additive are
      incorporated into the formulation instead of 0.5 parts. Although the panel
      test results for this formulation were not as dramatic as those for the
      formulations of examples 1 or 2, a substantial reduction in the amount of
      skin irritation experienced relative to the same formulation without the
      polyether component, was noted.
PAC  EXAMPLE 4
PAR  Example 1 is repeated with 5.0 parts of an ethylene oxide homopolymer
      having a molecular weight of 1.times.10.sup.5 in place of the polyether
      used in example 1. Similar panel test results showed a substantial
      decrease in the severity of skin irritation experienced, relative to the
      same formulation without the polyether additive.
PAC  EXAMPLE 5
PAR  A liquid light duty detergent suitable for manual dishwashing and having
      the following composition is formulated:
TBL  Ingredients                Parts                                          
     ______________________________________                                    
     Water                      45                                             
     Ethoxylated sulfated       10                                             
     C.sub.12 -C.sub.15 (ammonium salt)                                        
     alpha Olefin Sulfonates    18                                             
     (C.sub.12 -C.sub.21)                                                      
     Lauric/myristic diethanolamide                                            
                                5                                              
     Ethanol                    10                                             
     Perfume and colorants      0.5                                            
     Ethylene oxide homopolymer                                                
     (M.W. 6.times.10.sup.5)    0.25                                           
     ______________________________________                                    
PAR  The amount and severity of skin irritation experienced when using this
      formulation for the manual washing of dishes is significantly reduced by
      the presence of the ethylene oxide homopolymer component.
PAC  EXAMPLE 6
PAR  A liquid light duty detergent, suitable for washing fine fabrics by hand
      and having the following composition, can be formulated.
TBL  ______________________________________                                    
     Ingredients                Parts                                          
     ______________________________________                                    
     Water                      51.1                                           
     Sulfated octylphenol-ethylene oxide                                       
                                28.6                                           
     condensate (ammonium salt)                                                
     Lauric diethanolamide      10.4                                           
     isopropanol                6.3                                            
     Perfume and colorants      3.1                                            
     Ethylene oxide homopolymer 0.5                                            
     (M.W. 3.times.10.sup.5)                                                   
     ______________________________________                                    
PAR  The degree of skin irritation imparted by this formulation is significantly
      reduced by the presence of the polyether component.
PAC  EXAMPLE 7
PAR  A dry granular detergent powder having the following composition can be
      formulated by the usual techniques.
TBL  ______________________________________                                    
     Ingredients                Parts                                          
     ______________________________________                                    
     lauryl sulfate             40.0                                           
     (sodium salt)                                                             
     sodium sulfate             57.8                                           
     moisture                   1.7                                            
     Ethylene oxide homopolymer                                                
     (M.W. 6.times.10.sup.5)    0.5                                            
     ______________________________________                                    
PAR  The severity of skin irritation caused by this formulation in wash water is
      significantly reduced by the presence of the polyether component.
PAR  Similarly, and in accordance with the invention, the new polyether additive
      can be incorporated into many different and varied detergent formulations
      that normally exhibit a relatively high or unacceptable level of skin
      irritation. This would include liquid and dry powder cleaning agents that
      are formulated for various purposes and to which the user's skin is
      exposed to for a substantial period of time as well as to the specific
      formulations disclosed therein. Incorporation of the polyether additive of
      the invention into detergent or soap and detergent toilet bars in order to
      provide a milder bar of this type can also be accomplished in accordance
      with the invention.
PAR  Although the foregoing specific examples include preferred and typical
      formulations, they should not be taken as limitations on the invention.
      Accordingly, reference should be made to the following claims in
      determining the full scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for substantially reducing skin irritation of the hands by a
      light duty liquid or powder detergent formulation consisting essentially
      of 10% to 35% by weight of a water-soluble anionic surfactant having skin
      irritating characteristics and selected from the group consisting of
      C.sub.8 -C.sub.18 aklyl benzene sulfonates, C.sub.8 -C.sub.18 alkyl
      sulfates containing from 0 to 3 ethenoxy groups in the molecule, C.sub.8
      -C.sub.25 olefin sulfonates, C.sub.10 -C.sub.20 paraffin sulfonates,
      C.sub.8 -C.sub.9 alkyl phenol ethoxamer sulfates, and mixtures thereof
      which comprises contacting the hands with an aqueous washing solution of
      said detergent formulation containing said skin-irritating detergent and
      an effective amount of a homopolymer of ethylene oxide having the general
      formula (CH.sub.2 CH.sub.2 0)n wherein n is an integer sufficient to
      provide a molecular weight between about 1 .times. 105 and 4 .times.
      10.sup.6, said polymer being from about 0.01 to about 5% by weight of said
      formulation, with the balance of said formulation being either sodium
      sulfate or an aqueous medium containing up to 15% by weight of a
      solubilizing agent selected from the group consisting of C.sub.2 -C.sub.3
      alkanols, polyethylene glycols and sodium xylene sulfonate.
NUM  2.
PAR  2. The method of claim 1 further characterized by including from about 0.1
      to about 0.5 percent by weight of said homopolymer having a molecular
      weight between 4.times.10.sup.6 and 6.times.10.sup.5.
NUM  3.
PAR  3. The method of claim 1 wherein said anionic surfactant is chosen from the
      group consisting of sodium and ammonium salts of linear dodecylbenzene
      sulfonate.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein said formulation further
      includes from about 5% to 25% by weight of a C.sub.12 -C.sub.14 fatty acid
      ethanolamide.
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ABST
PAL  A synergistic acaricidal composition comprises as a first ingredient the
      .beta.-exotoxin of Bacillus thuringiensis or a metal salt thereof and has
      a second ingredient of one or more of the following chemical acaricides:
PA1  1,1-bis-(p-chlorophenyl) ethanol,
PA1  Bis-(p-chlorophenyl) sulfide,
PA1  Bis-(p-chlorophenoxy) methane.
PAL  The first and second ingredients are used generally in a ratio of about
      0.5:1 to 10:1 and may be dispersed in a major portion of an agronomically
      acceptable carrier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Organic chlorophenyl or chlorophenoxy acaricides play a leading role in the
      eradication of destructive ticks. However, the disadvantages of these
      materials, such as development of resistant strains and the considerable
      toxicity of the material have been noticed in recent years. Among the most
      effective and widely used of these organic chloro acaricides are:
PA1  1,1-bis-(p-chlorophenyl) ethanol - (called DMC).
PA1  bis-(p-chlorophenyl) sulfide - (called DDDS).
PA1  bis-(p-chlorophenoxy) methane - (called Neotran).
PAR  Bacillus thuringiensis, a spore-forming microorganism with crystalline
      parasporal bodies, has been employed commercially as a microbial
      insecticide for the control of insects such as species of the order
      Lepidoptera and certain flies and mites. B. thuringiensis and its use as
      an insect pathogen is described, inter alia, in C. L. Hannay and P.
      Fitz-James, "The Protein Crystals of Bacillus thuringiensis Berliner",
      Can. J. Microb., I, 694-710 (1955); A. M. Heimpel, "A Critical Review of
      Bacillus thuringiensis var. thuringiensis Berliner and Other
      Crystalliferous Bacteria", Ann. Rev. Entomology, 12, 287-322, (1967). B.
      thuringiensis insecticides are quite specific and are harmless to
      non-susceptible orders of insects, and relatively safe to animals and man.
PAR  "Endotoxin" is used by the art to define the toxicity associated with the
      water-insoluble crystals. "Exotoxin" denotes the so-called heat-stable,
      water-soluble fly toxin produced by Bacillus thuringiensis var.
      thuringiensis organisms. The water-soluble, heat-stable exotoxin was first
      reported in 1959 when its toxicity against the larvae of flies was noted.
      A review of the heat-stable exotoxin is contained in the previously
      mentioned article by A. M. Heimpel. This article summarizes the activity
      of the exotoxin (therein referred to as B.t. .beta.-exotoxin) and
      concludes that exotoxin is effective against insects belonging to some
      species of the orders "Lepidoptera, Diptera, Hymenoptera, Coleoptera, and
      Orthoptera." It is also reported that the exotoxin affects insects only at
      molting or during metamorphosis.
PAR  The probable chemical structure of Bacillus thuringiensis exotoxin has been
      elucidated by Bond et al., "A Purification and some Properties of an
      Insecticidal Exotoxin from Bacillus thuringiensis Berliner", R. P. M.
      Bond, C. B. C. Boyce and S. J. French, Biochem. J. (1969), 114, 477-488.
PAR  The proposed structure is:
      ##SPC1##
PAR  Various processes are known for the production of exotoxin. All involve the
      fermentation of a Bacillus thuringiensis variety thuringiensis organism in
      a medium such as the following:
TBL  Ingredient             Weight (%)                                         
     ______________________________________                                    
     Cane Molasses          0.5                                                
     Beet Molasses          0.5                                                
     Cottonseed Oil Meal    2.0                                                
     Casein                 1.0                                                
     Corn Steep Liquor      3.33                                               
     CaCO.sub.3             0.1                                                
     ______________________________________                                    
PAR  The medium is adjusted to a pH of about 7.6 with ammonium hydroxide and
      then sterilized at about 120.degree.C. for about 15 minutes. The medium is
      inoculated with Bacillus thuringiensis var. thuringiensis and the
      fermentation is conducted for about 24 hours at about 30.degree.C. At the
      termination of the fermentation the cells in the broth are in the
      pre-spore stage of development and not more than about 1% of the total
      population contained spores.
PAR  The final whole culture is screened through a 200 mesh screen and the
      resulting mixture of cells and liquor is concentrated at about
      125.degree.F. with a vacuum of about 25 inches of mercury. Final drying
      and micropulverizing produced a 200 mesh powder which is characterized by
      a LD.sub.50 of 2.9 mg%.
PAR  Another process for the production of both the exotoxin and endotoxin of
      Bacillus thuringiensis is proposed by Drake et al. U.S. Pat. No.
      3,087,865. Drake et al. further disclose the precipitation of exotoxin
      from aqueous supernatant fermentation liquor by addition of calcium
      chloride. The calcium salt thus produced, as well as corresponding
      magnesium and barium salts, are disclosed to possess insecticidal
      activity.
PAR  Other salts of .beta.-exotoxin which evidence insecticidal activity and may
      also be used in accordance with this invention are the copper, cadmium,
      manganese, tin, zinc, lead, cobalt, aluminum and iron salts.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention proposes to minimize the untoward side effects of
      certain chloro acaricides and preserve their prominent acaricidal
      activity. The present invention is based on unexpected findings of marked
      synergistic activity obtained by the combination of .beta.-exotoxin
      originated from Bacillus thuringiensis with the chloro chemicals, DMC,
      DDDS, and Neotran. The combination exerts its pesticidal activity at far
      smaller concentrations as compared with the dosage required in sole
      applications of the respective ingredients. In addition, the combined
      composition thus obtained is effective against ticks which have acquired
      resistance to the aforenamed chloro acaricide.
PAR  The said .beta.-exotoxin or the metallic salt thereof provided by the
      present invention is completely free of living organisms and quite safe to
      silk worms as well as advantageously being low toxic to the mammal and to
      the fish.
PAR  The present inventors found that .beta.-exotoxin or the metallic salt
      thereof is effective in certain degree owing to its inhibition on the
      ecdysis of the larva of ticks. However, it is entirely inactive against
      the ova and adult insects. In addition, the ecdysis inhibition is lost on
      the seventh day. Whereas DMC is able to kill the adult insects, its
      ovacidal effect is quite weak. Likewise, DDDS is able to kill the adult
      insects, but it is inactive against the larva and ova. Neotran is also
      active against the adult ticks, but inactive against the ova.
PAR  Thus, DMC, DDDS and Neotran to be blended in the present invention possess
      insecticidal activity against the adult ticks, the activity against the
      larva and ova being substantially weak, and so they cannot be employed
      alone. For the eradication of ticks, in addition, the development of drug
      resistance is rapid, which makes continued use impossible.
PAR  The present invention has been achieved based on the finding that blending
      DMC, DDDS, or Neotran with .beta.-exotoxin endows synergistic insecticidal
      activity against both adult ticks and the ova or larva thereof with lower
      dosage, long duration of residual effect, and a smaller tendency to
      develop drug resistance.
PAR  Briefly, the compositions of this invention comprise a first ingredient of
      the group consisting of .beta.-exotoxin and metal salts thereof and a
      second ingredient of the group consisting of 1,1-bis-(p-chlorophenyl)
      ethanol, bis-(p-chlorophenyl) sulfide, bis-(p-chlorophenoxy) methane. The
      invention also contemplates admixtures of the defined ingredients with an
      agronomically acceptable carrier, the total active ingredients comprising
      preferably about 5% to 50% of the admixture of active ingredients and
      carrier.
PAR  Exotoxin is known to possess insecticidal activity against the larvae of
      the fly. However, the activity is quite weak or nil against most other
      hazardous insects, and it is practically of no use in eradication of
      ticks. Nevertheless, blending exotoxin with DMC, DDDS or Neotran results
      in a composition of high and prolonged activity against ticks.
PAR  The dosage and concentration of the acaricidal composition are different
      depending on the modes of application and field conditions. A typical
      application would comprise the application of 2000 to 3200 grams per acre
      of .beta.-exotoxin and 200 to 1600 grams per acre of DMC, DDDS or Neotran.
      For example, in a 15 year old orange field, spraying 2000 liter per acre
      of the insecticidal composition comprising 400 ppm of .beta.-exotoxin and
      200 ppm of Neotran effects complete eradication of ticks parasiting
      therein. In the composition of this invention the proportion of exotoxin
      to organo-chloro acaricide is in the range of 0.5:1 to 10:1, and most
      preferably 0.5:1 to 2:1.
PAR  The acaricidal composition is to be employed by spraying directly or
      applying after dilution to a suitable concentration in the form of a
      powder, emulsion, or wettable powder, or upon blending with a carrier and
      an adjuvant.
PAR  The carrier is employed to transport the active ingredient to the desired
      infected sites, and so it may take the form of a solid, liquid or a gas.
      For example, the solid carrier may be any of various types of clay,
      prophyllite, talc, bentonite, white carbon, kaolin, diatomaceous earth,
      silica or vermiculite, etc.
PAR  The liquid carrier may be for example, water, benzene, kerosene, alcohol,
      acetone, xylene, methyl naphthalene, cyclohexanone, animal and vegetable
      oils, fatty acids and fatty acid esters.
PAR  Ordinary agricultural chemical adjuvants such as spreaders, emulsifiers,
      caking agents, wet spreaders comprising surfactants exemplified by
      polyoxyethylene alkylaryl ether, polyvinyl alcohol, polyoxyethylene
      sorbitanmonothiolate, alkyldimethylbenzylammonium chloride, alkylbenzene
      sulfonate, may be employed.
DETD
PAR  The invention is illustrated by the following examples:
PAC  EXAMPLE I
PAR  The leaves of haricot bean seedlings cultivated in pots 12 cm. in diameter
      were infested with 50 adult ticks. Subsequently, the leaves were immersed
      for 10 minutes in dilute solutions of the wettable powders of the
      acaricides, alone or in combinations thereof prepared according to Example
      IV-B, and diluted with water to the specified concentrations. The leaves
      were placed in a sun-room for 2 days and then checked for tick mortality.
      The results are shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Insecticides tested                                                       
                        Concentration                                          
                                    Insecticidal                               
                        (ppm)       activity (%)                               
     ______________________________________                                    
     .beta.-Exotoxin    2000        25                                         
     .beta.-Exotoxin calcium salt                                              
                        2000        18                                         
     .beta.-Exotoxin zinc salt                                                 
                        2000        24                                         
     DMC                 25         30                                         
     DDDS                250        47                                         
     Neotran             500        41                                         
     .beta.-Exotoxin + DMC                                                     
                        1000 +  25  100                                        
     Exotoxin + DDDS    500 + 250   93                                         
     .beta.-Exotoxin + Neotran                                                 
                        500 + 500   98                                         
     .beta.-Exotoxin calcium salt + DMC                                        
                        1000 +  25  94                                         
     .beta.-Exotoxin calcium salt + DDDS                                       
                        500 + 250   100                                        
     Exotoxin calcium   500 + 500   96                                         
         salt + Neotran                                                        
     .beta.-Exotoxin zinc salt + DDDS                                          
                        500 + 250   98                                         
     .beta.-Exotoxin zinc salt                                                 
                        500 + 500   100                                        
           + Neotran                                                           
     Non-treated        --           0                                         
     ______________________________________                                    
PAC  EXAMPLE II
PAR  The leaves of haricot bean seedlings cultivated in pots 12 cm. in diameter
      were infested with 40 to 60 tick ova, and the leaves were immersed for 10
      minutes in solutions of wettable powders of various acaricidal
      compositions diluted with water to specified concentrations. Subsequently
      the leaves were placed in a sun-room for 10 days and the tick mortality
      was determined. The results are shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
                                   Insecticidal                                
                                   activity                                    
     Insecticides tested                                                       
                        Concentration                                          
                                   against                                     
                        (ppm)      the ova (%)                                 
     ______________________________________                                    
     .beta.-Exotoxin    2000       18.6                                        
     .beta.-Exotoxin calcium salt                                              
                        2000       20.0                                        
     .beta.-Exotoxin zinc salt                                                 
                        2000       25.4                                        
     DMC                 250       43.7                                        
     DDDS               1000       48.4                                        
     Neotran            1000       51.6                                        
     .beta.-Exotoxin + DMC                                                     
                        1000 +  250                                            
                                   93.2                                        
     .beta.-Exotoxin + DDDS                                                    
                        1000 + 1000                                            
                                   100.0                                       
     .beta.-Exotoxin + Neotran                                                 
                        1000 + 1000                                            
                                   100.0                                       
     .beta.-Exotoxin calcium salt + DMC                                        
                        1000 +  250                                            
                                   100.0                                       
     .beta.-Exotoxin calcium salt + DDDS                                       
                        1000 + 1000                                            
                                   100.0                                       
     .beta.-Exotoxin calcium salt                                              
                        1000 + 1000                                            
                                   100.0                                       
           + Neotran                                                           
     .beta.-Exotoxin zinc salt + DMC                                           
                        1000 +  250                                            
                                   100.0                                       
     .beta.-Exotoxin zinc salt + DDDS                                          
                        1000 + 1000                                            
                                   100.0                                       
     .beta.-Exotoxin zinc salt                                                 
                        1000 + 1000                                            
                                   100.0                                       
           + Neotran                                                           
     Non-treated        --         0                                           
     ______________________________________                                    
PAC  EXAMPLE III
PAR  Wettable powders prepared according to Example IV-B and C were diluted to
      the specified concentrations with water. The diluted suspensions were
      sprayed in the amount of 2000 ml. per acre with a portable mechanical
      sprayer onto fully grown orange trees 15 years old. The number of ticks
      surviving at the specified time after the treatment (per 50 leaves) were
      determined. The acaricidal activity is shown in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
                                Number of                                      
                                      Number of surviving ticks after the      
                                      treatment                                
                                ticks be-                                      
     Insecticide tested Concentration                                          
                                fore the                                       
                        (ppm)   treatment                                      
                                      2 days                                   
                                          5 days                               
                                              8 days                           
                                                  16 days                      
                                                        25 days                
                                                              40               
     __________________________________________________________________________
                                                              days             
     .beta.-Exotoxin    1000    157   81  40  45  48    89    120              
     .beta.-Exotoxin calcium salt                                              
                        1000    164   90  74  38  62    90    140              
     .beta.-Exotoxin zinc salt                                                 
                        1000    155   101 101 98  111   120   184              
     DMC                 500    111   21  11  1   42    65    102              
     DDDS                500    156   11  14  18  44    85    113              
     Neotran             500    130   5   2   5   17    28    69               
     .beta.-Exotoxin + DMC                                                     
                        400 + 200                                              
                                142   3   2   1   2     1     10               
     .beta.-Exotoxin + DDDS                                                    
                        400 + 200                                              
                                156   2   9   3   4     4     17               
     .beta.-Exotoxin + Neotran                                                 
                        400 + 200                                              
                                134   2   1   2   1     0     4                
     .beta.-Exotoxin calcium salt + DMC                                        
                        400 + 200                                              
                                132   5   3   1   12    14    19               
     .beta.-Exotoxin calcium salt + DDDS                                       
                        400 + 200                                              
                                114   8   9   1   7     11    22               
     .beta.-Exotoxin calcium salt + Neotran                                    
                        400 + 200                                              
                                152   2   1   1   1     4     10               
     .beta.-Exotoxin zinc salt + DMC                                           
                        400 + 200                                              
                                162   6   4   2   1     1     8                
     .beta.-Exotoxin zinc salt + DDDS                                          
                        400 + 200                                              
                                148   11  8   6   1     16    29               
     .beta.-Exotoxin zinc salt + Neotran                                       
                        400 + 200                                              
                                112   3   1   1   1     2     13               
     Non-treated        --      132   83  102 141 286   186   240              
     __________________________________________________________________________
PAR  The acaricidal composition of this invention can be prepared in the form of
      dust, wettable powder, emulsion, granule, or aqueous solution by blending
      the active ingredients with a suitable carrier and, if desired, adding a
      surfactant, dispersing agent, spreader, or the like.
PAR  The present invention is further illustrated in detail by the following
      examples.
PAC  EXAMPLE IV
PAR  A. Powders
PAR  The mixture comprising by weight 10% .beta.-exotoxin calcium salt
      (containing 20% free .beta.-exotoxin), 1% DMC, and 89% kaolin is blended
      and pulverized into a fine powder.
PAR  B. Wettable powder
PAR  .beta.-Exotoxin (50% content) 40%, DDDS 10%, sodium dodecyl benzene
      sulfonate 2%, sodium dinaphthyl methane disulfonate 2%, (all by weight)
      are blended and pulverized with 46% of a  50/50 mixture of diatomaceous
      earth and clay. The resulting mixture provides a satisfactory wettable
      powder.
PAR  C. Wettable powder
PAR  Zinc salt of .beta.-exotoxin (containing 20% of .beta.-exotoxin) 50%,
      neotran 5%, sodium dodecyl sulfate 2%, sodium lignin sulfonate 3% (all by
      weight) are blended and pulverized with a  50/50 mixture of diatomaceous
      earth and clay. The resulting mixture is a satisfactory wettable powder.
PAR  D. Emulsion
PAR  .beta.-Exotoxin 10%, Neotran 10%, DMSO (dimethyl sulfoxide) 30%,
      cyclohexanone 30%, and sorbol 20%, are mixed to provide a concentrate
      satisfactory for the preparation of aqueous emulsions on addition of
      water.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acaricidal composition consisting essentially of a first ingredient
      of the group consisting of .beta.-exotoxin and metal salts thereof and a
      second ingredient of the group consisting of 1,1-bis-(p-chlorophenyl)
      ethanol, bis-(p-chlorophenyl) sulfide and bis-(p-chlorophenoxy) methane;
      said first and second ingredients being present in the ratio of about
      0.5:1 to about 10:1 by weight.
NUM  2.
PAR  2. A composition of claim 1 in which said second ingredient is
      1,1-bis-(p-chlorophenyl) ethanol; and said first and second ingredients
      are present in the ratio of about 0.5:1.0 to about 2.0:1.0.
NUM  3.
PAR  3. A composition of claim 1 in which said second ingredient is
      bis-(p-chlorophenyl) sulfide; and said first and second ingredients are
      present in the ratio of about 0.5:1.0 to about 2.0:1.0.
NUM  4.
PAR  4. A composition of claim 1 in which said second ingredient is
      bis-(p-chlorophenoxy) methane; and said first and second ingredients are
      present in the ratio of about 0.5:1.0 to about 2.0:1.0.
NUM  5.
PAR  5. An insecticidal composition comprising a major portion of an
      agronomically acceptable carrier and about 5% to about 50%, based upon the
      weight of said composition, of active ingredients consisting essentially
      of a first ingredient of the group consisting of .beta.-exotoxin and metal
      salts thereof and a second ingredient of the group consisting of
      1,1-bis-(p-chlorophenyl) ethanol, bis-(p-chlorophenyl) sulfide, and
      bis-(p-chlorophenoxy) methane; said first and second ingredients are
      present in the ratio of about 0.5:1.0 to about 10.0:1.0.
NUM  6.
PAR  6. A composition of claim 5 in which said second ingredient is
      1,1-bis-(p-chlorophenyl) ethanol; said first and second ingredients are
      present in the ratio of about 0.5:1.0 to about 2.0:1.0.
NUM  7.
PAR  7. A composition of claim 5 in which said second ingredient is
      bis-(p-chlorophenyl) sulfide; said first and second ingredients are
      present in the ratio of about 0.5:1.0 to about 2.0:1.0.
NUM  8.
PAR  8. A composition of claim 5 in which said second ingredient is
      bis-(p-chlorophenoxy) methane; said first and second ingredients are
      present in the ratio of about 0.5:1.0 to about 2.0:1.0.
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ABST
PAL  The biologically-active compounds disclosed herein are two low-molecular
      water-soluble compounds that are formed in the incretory apparatus of the
      pancreas, which exhibit a coronary dilating effect and which are
      characterized by the following physico-chemical and biological properties,
      on chromatograms with a butyl alcohol-acetic acid-water (4:1:5) solvent
      system, the distribution coefficient Rf for these compounds is 0.45 and
      0.6, respectively; in an electrophoretic field of 1500 v, at a pH of 3.8,
      an ionic strength of 0.1 and a current density of 1.2 mA/cm, one of these
      compounds moves toward the cathode (-6 cm) and the other towards the anode
      (+4 cm); they may be dialyzed through a semi-permeable membrane; they do
      not affect the glucose level of blood during their intravenous
      administration; the molecular weights according to the chromatographic,
      electrophoretic and gel filtration data is from 300-400 and from 200-300,
      respectively.
PAL  The method for isolating the said compounds from insulin-containing raw
      materials consists in that the serum of the venous blood of the pancreas
      is dialyzed against a 2N solution of acetic acid at a temperature of
      3.degree.-10.degree.C for from 24-48 hours, the dialyzate is lyophilized,
      and the end products are finally isolated from the dialyzate by gel
      filtration, chromatography and electrophoresis.
BSUM
PAR  This invention relates to novel biologically-active compounds and a method
      for isolating them from raw materials containing insulin.
PAR  According to the invention the novel biologicallyactive compounds are two
      low-molecular water-soluble substances that are formed in the incretory
      apparatus of the pancreas and which exhibit a coronary-dilating effect,
      and which are characterized by the following biological and
      physico-chemical properties: on chromatograms with a butyl alcohol-acetic
      acid-water (4:1:5) solvent system, the coefficient of distribution of
      these compounds Rf is 0.45 and 0.6, respectively; in the electrophoretic
      field of 1500 v at a pH of 3.8, an ionic strength of 0.1 and a current
      density of 1.2 mA is exhibited; one of these compounds moves toward the
      cathode (-6 cm), while the other toward the anode (+4cm); they may be
      dialized through a semi-permeable membrane; they do not change the glucose
      level in the blood during their intravenous administration; the molecular
      weight according to chromatographic, electrophoretic and gel filration
      data are from 300 - 400 and from 200 - 300, respectively.
PAR  These said, compounds are coronary dilating agents and can therefore be
      used in medicine. A physiological solution of the biologically-active
      compounds was administered intravenously to a cat and the volume of the
      cardiac blood flow was measured. The volume of the venous discharge from
      the heart increased 250 per cent 10 to 15 minutes after the intravenous
      administration of the preparation and persisted for from 1-2.5 hours, with
      the arterial pressure remaining practically unchanged during the entire
      experiment.
PAR  An intensification of the coronary blood flow is also corroborated by the
      results of experiments with radio-active isotopes. Radio-active iodine
      (Na.sup.131) was administered into the region of the experimental
      myocardial infarction in a dog. The descending branch of the left-hand
      coronary artery was tied up and the time during which the radioactive
      iodine was removed from the tied portion was measured. The administration
      of the biologically-active substances markedly increased the rate of
      discharge of the radioactive iodine from the blood vessels.
PAR  The proposed biologically-active substances are formed in the insular
      apparatus of the pancreas. This has been proven by the following fact. If
      the insular apparatus is affected by alloxane, the excretion of the said
      substances is either markedly inhibited or discontinues altogether.
PAR  When the sinus nerves are cut and the anterier hypothalamus mechanically
      destroyed (experiments on 50 cats), the biologically-active substances
      prove ineffective. These data indicate that the said substances do not
      exert any direct effect on the coronary circulation, but act through the
      stimulation of the coronary-dilating hormone excretion from the
      hypothalamus. The proposed novel substances do not affect the glucose
      level in the blood during their intravenous administration.
PAR  The method for isolating the said biologically-active compounds from
      insulin-containing material consists in that the serum of the venous blood
      of the pancreas is dialyzed against a 2N solution of acetic acid at a
      temperature of 3-10.degree.C for from 24-48 hours, the dialyzate is then
      lyophilized, and the end products are finally isolated by chromatography,
      electrophoresis and gel filtration.
PAR  The proposed method is carried out as follows.
PAR  The serum of the venous blood of the pancreas containing insulin is used as
      the starting material. The serum is dialyzed against a 2N solution of
      acetic acid at a temperature of 3.degree.-10.degree.C for from 24-48
      hours. The obtained dialyzate is lyophilized and the end products are
      finally isolated from the lyophilizate by gel filtration. Gel filtration
      is performed on a column with Sephadex packing (pore size 200 - 400 .mu.).
      A phosphate buffer (0.067M) is used as the elution agent. The components
      are separated by down-flow papers chromatography with a butyl
      alcohol-acetic acid-water solvent system (taken in the ratio of 4:1:5).
      Next, a high-voltage paper electrophoresis is carried out in a citrate
      buffer at a pH of 3.8, at 1500 v, an ionic strength of 0.1, and a current
      density of 1.2 mA/cm for 3.5 hours in order to isolate the end products
      which are two low-moleculr water-soluble compounds having the following
      biological and physico-chemical low-molecular on chromatograms with the
      above specified solvent system, the distribution coefficient Rf for these
      compounds is 0.45 and 0.6, respectively; in an electrophoretic field of
      1500 v. at an ionic strength of 0.1 and a current density of 1.2 mA/cm,
      one of these compounds moves toward the cathode (-6 cm), and the other
      toward the anode (+4 cm); they may be dialyzed through a semi-permeable
      membrane; they exhibit coronary dilating effect, and do not change the
      glucose level in the blood during their intravenous administration; and
      the molecular weight of one compound is from 300 - 400 and of the other
      from 200 - 300.
DETD
PAR  For a better understanding of the invention, the following example of its
      practical embodiment is given by way of illustration.
PAC  EXAMPLE
PAR  10 ml of venous blood serum from the pancreas is placed into a
      semi-permeable material bag and immersed into a vessel containing 50 ml of
      a 2N solution of acetic acid. Dialysis is carried out at a temperature of
      4.degree.C with stirring for 24 hours. The medium (2N solution of acetic
      acid) is changed twice. The dialyzates are added and lyophilzed. The
      lyophilizate thus obtained is subjected to gel filtration in order for the
      end products to be separated. Gel filtration is effected on a column
      packed with Sephadex (pore size 200 - 400 micron). The elution agent is
      0.067 M of a phosphate buffer. The separation of the components is
      effected by paper chromatography with a butyl alcohol-acetic acid-water
      (4:1:5) solvent system. This is followed by high-voltage paper
      electrophoresis in a citrate buffer (pH 3.8 ) at 1500 v, having an ionic
      strength of 0.1, and a current density of 1.2 mA/cm for 3.5 hours. The
      biologically-active compounds of the present invention are separated as a
      result.
PAR  The coronary dilating effect of these compounds has been tested on the
      coronary circulation of a cat by the Moravitz and Zahn method. The venous
      discharge from the heart vessels per unit time increases 250 per cent. The
      coronary dilating effect persists for 2.5 hours, the arterial pressure
      remaining unaltered during the course of the experiment.
PAR  The distribution coefficient Rf for these substances on chromatograms with
      a butyl alcoholacetic acid-water (4:1:5) solvent system is 0.45 to 0.6,
      respectively. In the electrophoretic field of 1500 v, at a pH of 3.8, an
      ionic strength of 0.1 and a current density of 1.2 mA/cm, one of these
      compounds moves toward the cathode (-6 cm) and the other toward the anode
      (+4 cm).
PAR  The molecular weight, according to chromatographic, electrophoretic and gel
      filtration data, is from 300-400 and from 200-300, respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of isolating biologically-active compounds which exhibit a
      coronary dilating effect from the venous blood of the pancreas comprising
      dialyzing the serum of the venous blood of the pancreas against a 2N
      solution of acetic acid at a temperature of 3-10.degree.C for from 24 to
      28 hours, lyophilizing the dialyzate, gel filtering the lyophilizate on a
      column with packing having a pore size of 200-400 .mu., and separating
      said compounds from each other by down-flow paper chromatography using
      said butyl alcohol-acetic acid-water solvent system in a ration of 4:1:5
      followed by high voltage paper electrophoresis in an electrophoretic field
      of 1,500 volts in a citrate buffer, at an ionic strength of 0.1 and a
      current density of 1.2 mA/cm.
NUM  2.
PAR  2. A biologically-active low-molecular weight water-soluble compound which
      is prepared by the method of claim 1, which compound exhibits a coronary
      dilating effect and is characterized by the following biological and
      physical-chemical properties:
PA1  A. on chromatograms with a butyl alcohol-acetic acid-water solvent system
      taken in the ratio of 4:1:5, the coefficient of distribution Rf is 0.45;
PA1  B. in an electrophoretic field of 1,500 v, at a pH of 3.8, an ionic
      strength of 0.1, and a current density of 1.2 mA/cm, said compound moves
      toward the cathode (-6 cm);
PA1  C. it is dialyzable through a semi-permeable membrance;
PA1  D. it does not change the glucose level of blood as it is intravenously
      administered;
PA1  E. and the molecular weight is from 300 to 400.
NUM  3.
PAR  3. A biologically-active low-molecular weight water-soluble compound which
      is prepared by the method of claim 1, which compound exhibits a coronary
      dilating effect and is characterized by the following biological and
      physical-chemical properties:
PA1  A. on chromatograms with a butyl alcohol-acetic acid-water solvent system
      taken in the ratio of 4:1:5, the coefficient of distribution Rf is 0.6;
PA1  B. in an electrophoretic field of 1,500 v, at a pH of 3.8, an ionic
      strength of 0.1, and a current density of 1.2 mA/cm, said compound moves
      toward the anode (+4 cm);
PA1  C. it is dialyzable through a semi-permeable membrane;
PA1  D. it does not change the glucose level of blood as it is intravenously
      administered;
PA1  E. and the molecular weight is from 200 to 300.
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ABST
PAL  Synergistic insecticidal combinations of esters of certain
      cyclopropanecarboxylic acids, e.g. pyrethrins, allethrin, and related
      compounds, with mono(alkyl and alkenyl) mono-.omega.-alkynyl aryl- and
      aralkylphosphonates are described. The preparation and properties of
      representative members of this new class of synergistic phosphonates are
      described, and test results of their synergistic combinations with
      representative cyclopropanecarboxylates are reported.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS:
PAR  This is a continuation-in-part of Ser. No. 294,238, filed Oct. 2, 1972, now
      U.S. Pat. No. 3,885,031, which is a division of Ser. No. 122,168, filed
      Mar. 8, 1971, now U.S. Pat. No. 3,709,988, which is a division of Ser. No.
      800,264 filed Feb. 18, 1969, now U.S. Pat. No. 3,652,741, which is a
      continuation-in-part of Ser. No. 630,204 filed Apr. 12, 1967, now
      abandoned, which is a continuation-in-part of Ser. No. 559,422 filed June
      22, 1966 and Ser. No. 624,689 filed Mar. 21, 1967, both now abandoned; and
      is related to copending applications Ser. No. 559,745 filed June 23, 1966,
      now U.S. Pat. No. 3,555,123 and Ser. No. 634,121 filed Apr. 27, 1967, now
      U.S. Pat. No. 3,557,259 which are continuations-in-part of Ser. No.
      540,175 filed Apr. 5, 1966 and Ser. No. 559,412 filed June 22, 1966,
      respectively, both now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  Among the most widely used insecticides today are the pyrethrins, the
      active principle of pyrethrum flowers (Chrysanthemum cinerariaefolium),
      which have a high order of insecticidal activity and a low mammalian
      toxicity. The relatively high cost and the uncertain supply pf pyrethrins
      have encouraged attempts to prepare synthetic insecticides which retain
      the desirable properties of pyrethrins. It has long been known that
      synthetic products having a basic structural similarity to pyrethrins in
      that they are esters of certain substituted cyclopropanecarboxylic acids,
      in particular 2,2-dimethyl-3-(2-methylpropenyl)cyclopropanecarboxylic acid
      (which is also known as chrysanthemumic acid and will be so referred to
      herein), exhibit insecticidal activity of a significant order.
PAR  The wide market which pyrethrins and related synthetic insecticides enjoy
      today is due primarily to the discovery of certain additives which enhance
      the activity of these insecticides. These additives, commonly called
      synergists, are agents which may or may not themselves exhibit
      insecticidal activity, but which when combined with pyrethrins or related
      compounds produce new insecticides, having an effectiveness significantly
      greater than the sum of the effectiveness of the components when used
      separately. A great deal of time and effort has been devoted to the search
      for effective synergists. One of the most effective and most widely used
      of the pyrethrins synergists is the compound piperonyl butoxide, which is
      described in synergistic combination with pyrethrins in Wachs U.S. Pat.
      No. 2,550,737. Unfortunately, it has been found that many compounds which
      are excellent synergists for pyrethrins are not nearly as effective when
      used with allethrin or other synthetic cyclopropanecarboxylic acid esters.
PAC  SUMMARY OF THE INVENTION:
PAR  This invention relates to novel compositions for the control of insects and
      acarids and in particular to such pesticidal compositions containing
      pyrethrins, allethrin, or related insecticidal cyclopropanecarboxylic acid
      esters, in combination with certain mono(alkyl or alkenyl)
      mono-.omega.-alkynyl aryl- and aralkylphosphonates as synergists for
      insecticidal activity.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The synergistic phosphonates of this class have the structural formula:
      ##EQU1##
      wherein R.sub.1 is an alkyl, alkenyl, or alkoxyalkyl group of from one to
      about twenty carbon atoms, straight or branched chain; R.sub.2 is an
      alkylene group of one to six carbon atoms, straight or branched chain; R
      is hydrogen or methyl; n is an integer from 0 to 3 inclusive; Ar is an
      aromatic radical such as phenyl, pyridyl, thienyl, pyrryl, furanyl,
      isothiazyl, and the corresponding benzoderivatives; Y is halogen; m is an
      integer from 0 to 2 inclusive; and X is oxygen or sulfur. When n is 2 or
      3, the R groups may be the same or different. Similarly, when m is 2, the
      Y groups may be the same or different.
PAR  Particularly preferred are those compounds represented by the following
      formulae:
      ##SPC1##
PAL  wherein R.sub.1 is an alkyl or alkenyl group of from one to about six
      carbon atoms; R.sub.2 is an alkylene group of from one to four carbon
      atoms; Y is chlorine or fluorine; and m is an integer from 0 to 2
      inclusive.
PAR  Of the natural and synthetic esters of cyclopropanecarboxylic acids the
      best known members, preferred for use herein because of their general
      insecticidal activity and availability, are the esters of chrysanthemumic
      acid, which have the general structure:
      ##EQU2##
      and wherein the radical R.sub.1 can be any of the very large number of
      radicals which have been found to form insecticidal chrysanthemumates. For
      example, this class of esters includes the pyrethrins, allethrin
      (3-allyl-2-methyl-4-oxo-2-cyclopentenyl chrysanthemumate) and related
      insecticides as described by Schechter and La Forge in U.S. Pat. No.
      2,661,374; cyclethrin (3-(2-cyclopentenyl)-2-methyl-4-oxo-2-cyclopentenyl
      chrysanthemumate) as described by Guest and Stansbury in U.S. Pat. No.
      2,891,888; furethrin (3-furfuryl-2-methyl-4-oxo-2-cyclopentenyl
      chrysanthemumate) as described in National Distillers Products British
      Pat. No. 678,230; barthrin (6-chloropiperonyl chrysanthemumate) and its
      bromo analog, as described by Barthel et al in U.S. Pat. No. 2,886,485;
      dimethrin (2,4-dimethylbenzyl chyrsanthemumate) and the 3,4-dimethyl
      isomer, as described by Barthel in U.S. Pat. No. 2,857,309; compounds of
      the class of (cyclohexene-1,2-dicarboximido)methyl chrysanthemumates as
      described in Belgian Pat. No. 646,399 and
      (cyclohexadiene-1,2-dicarboximido)methyl chrysanthemumates as described in
      Belgian Pat. No. 651,737, both to the Sumitomo Chemical Company, Ltd; and
      related compounds such as phthalimidoalkyl and substituted
      phthalimidoalkyl chrysanthemumates as described in Sumitomo Belgian Patent
      No. 635,902. Other insecticidal esters of chrysanthemumic acid also form
      synergistic combinations with the phosphonates of this invention.
PAR  Synthetic esters of other cyclopropanecarboxylic acids, closely related to
      chrysanthemumic acid, but having some variation in the substituents on the
      cyclopropane ring, have also been found to have insecticidal activity.
      Esters of this class are described in Netherlands Application No. 67,11587
      to Sumitomo Chemical Company, Ltd. and in Belgian Pat. No. 690,984 to
      National Research Development Corporation. The useful insecticides of this
      class, which form synergistic combinations with the phosphonates of this
      invention, include esters of 2,2,3,3-tetramethylcyclopropanecarboxylic
      acid, particularly (5-benzyl-3-furyl)methyl
      2,2,3,3-tetramethylcyclopropanecarboxylate.
PAR  More recently Elliott et al have reported highly active insecticidal
      cyclopropanecarboxylates arising from variations in the substituent at the
      3-position of 2,2-dimethylcyclopropanecarboxylic acid, Nature, 244, 456
      (1973), and 246, 169 (1973), including 3-phenyoxybenzyl
      2,2-dimethyl-3-(2,2-dichlorovinyl)cyclopropanecarboxylate.
PAR  The preparation of the phosphonates of this invention and their synergistic
      insecticidal properties are illustrated in the following examples, which
      are not intended to be limitative of the variety of procedures which are
      applicable to the synthesis of mono(alkyl or alkenyl) mono-.omega.
      -alkynyl phosphonates, or of the many insecticidal combinations in which
      they are effective. In these examples, all temperatures are in degrees
      centigrade.
PAC  EXAMPLE 1
PAC  Preparation of Butyl 3-Butynyl Phenylphosphonate
PAR  The starting material, butyl phenylphosphonochloridate, was prepared from
      dichlorophenylphosphine as follows: To a cold, stirred solution of 30.0 g
      of butanol and 41.4 g of trtiethylamine in about 300 ml of ethyl ether was
      added dropwise a solution of 34.6 g of dichlorophenylphosphine in about
      200 ml of ethyl ether while the temperature was maintained below
      0.degree.. When addition was completed, the mixture was allowed to warm to
      room temperature. Stirring was continued overnight. The mixture was
      filtered, and the filtrate was concentrated under reduced pressure. The
      residual oil was distilled under reduced pressure to give 39.5 g of
      dibutyl phenylphosphonite, b.p. 120.degree.-131.degree./ca 1.0 mm.
      Chlorine gas was bubbled into 38.5 g of dibutyl phenylphosphonite for
      about three hours. The mixture was warmed to 50.degree. under aspirator
      vacuum to remove butyl chloride. The residual colorless oil was dissolved
      in 100 ml of benzene, washed with 1% sodium hydroxide and with water,
      dried over magnesium sulfate, and the dried solution concentrated under
      reduced pressure to give 30.6 g of pale yellow butyl
      phenylphosphonochloridate.
PAR  A solution of 15.6 g of butyl phenylphosphonochloridate in 15 ml of benzene
      was added dropwise with stirring to a cold solution of 5.2 g of
      3-butyn-1-ol and 7.5 g of triethylamine in 45 ml of benzene while the
      temperature of the mixture was kept below 10.degree.. When addition was
      complete, the mixture was slowly warmed to approximately 50.degree. at
      which temperature it was stirred for one hour, then allowed to stand
      overnight at room temperature. The mixture was filtered, and the filtrate
      was washed with dilute hydrochloric acid, dilute sodium hydroxide, and
      water. The washed filtrate was dried over magnesium sulfate and
      concentrated under reduced pressure. The residue was distilled under
      reduced pressure to give 10.1 g of colorless butyl 3-butynyl
      phenylphosphonate. The stem and bath temperatures were
      91.degree.-106.degree. and 130.degree.-141.degree. respectively with the
      pressure at 2 microns.
PAR  Analysis: Calc'd for C.sub.14 H.sub.19 O.sub.3 P: C, 61.41; H, 7.53; Found:
      C, 61.61; H, 7.55.
PAC  EXAMPLE 2
PAC  The Synergistic Activity of Butyl 3-Butynyl Phenylphosphonate
PAR  The synergistic insecticidal activity of butyl 3-butynyl phenylphosphonate
      in combination with representative insecticidal cyclopropanecarboxylates,
      e.g. chrysanthemumates, was determined by the following procedure: The
      test compound and the cyclopropanecarboxylate were dissolved in 70 parts
      by colume of acetone, which was then made up to 100 parts by volume by
      addition of water. A group of 30 to 40 houseflies (Musca domestica L.),
      immobilized under carbon dioxide, was placed on a moist filter paper on a
      Buchner funnel attached to a vacuum source. Twenty-five ml of test
      solution was poured over the immobilized flies, this being sufficient
      volume that all flies were completely immersed. Vacuum was then applied to
      remove the test solution, and the flies were transferred to holding cages
      lined with absorbent paper. Mortality counts were made after 24 hours.
      Results are shown in Table 1. In this and subsequent tables, the amounts
      of the test ingredients are stated in concentration terms of mg per 100 ml
      of test solution.
TBL                Table 1                                                     
     ______________________________________                                    
     Synergistic Compositions of Butyl 3-Butynyl Phenylphosphonate             
                                       Mortality of                            
     Cyclopropanecarboxylate                                                   
                   mg      Synergist mg                                        
                                       Houseflies                              
     ______________________________________                                    
     Allethrin     10      50          100%                                    
                   none    50           38%                                    
                   10      none         34%                                    
     (1-Cyclohexene-1,2                                                        
                   10      50          100%                                    
     dicarboximido)methyl                                                      
                   none    50           38%                                    
     chrysanthemumate                                                          
                   10      none         28%                                    
     ______________________________________                                    
PAR  The results in Table 1 illustrate the synergistic interaction of a
      phosphonate of this invention with two different synthetic
      chrysanthemumates.
PAC  EXAMPLE 3
PAR  The synergistic activity of butyl 3-butynyl phenylphosphonate with a
      variety of chrysanthemumate esters was evaluated against houseflies by the
      following procedure: About one microliter of a solution containing the
      indicated amount of the test materials in 100 ml of acetone was applied
      topically to each of 35 to 45 three- to four-day-old houseflies in one to
      four replicates. After 24 hours the mortality was determined by physical
      counting of the dead and living flies, and the percent kill was
      calculated. Results are shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Compositions of Butyl 3-Butynyl Phenylphosphonate                         
     and Chrysanthemumates                                                     
                                      Mortality of                             
     Chrysanthemumate                                                          
                   mg      Synergist mg                                        
                                      Houseflies                               
     ______________________________________                                    
     Allethrin     14.4    72         98%                                      
                   none    72         2%                                       
                   14.4    none       10%                                      
     Pyrethrins    14.4    72         82%                                      
                   none    72         2%                                       
                   14.4    none       8%                                       
     (1-Cyclohexene-1,2                                                        
                   14.4    72         100%                                     
     dicarboximido)methyl                                                      
                   none    72         2%                                       
     chrysanthemumate                                                          
                   14.4    none       7%                                       
     ______________________________________                                    
PAR  The results shown in Table 2 are illustrative of the general synergistic
      interaction between an alkyl .omega.-alkynyl phenylphosphonate of this
      invention and chrysanthemumates. Even at dosages of 72 mg this phosphonate
      itself was essentially inactive, yet a consistent and substantial
      synergistic effect was observed in combinations with chrysanthemumates
      which themselves produced negligible kill of houseflies under these test
      conditions.
PAC  EXAMPLE 4
PAC  Preparation of Propyl 2-Propynyl Phenylphosphonate
PAR  Propyl phenylphosphinate used in the preparation of this synergist was
      prepared by the method of Kosolapoff, J.A.C.S. 72, 4292 (1950).
      Phenylphosphonous dichloride, 126.1 g, was added dropwise with stirring
      and cooling to 127 g propyl alcohol over a period of 30 minutes. The
      reaction mixture was allowed to warm to room temperature. After stirring
      at room temperature for 2 hours, the reaction mixture was warmed to
      40.degree.-50.degree. and stirred for one hour. Excess propyl alcohol was
      removed under reduced presure (hot water bath), and the residual oil was
      vacuum distilled. The major cut, propyl phenylphosphinate, boiled at
      103.degree. at 3 mm. Hg. n.sub.D.sup.25 1.5140. The total yield was 88 g
      of clear, colorless oil, identified by infrared spectral analysis.
PAR  A solution of 10.8 g propyl phenylphosphinate in 50 ml benzene was added
      dropwise to a chilled, stirred solution of 3.7 g 2-propyn-1-ol, 12.8 g
      bromotrichloromethane, and 7.1 g triethylamine in 100 ml benzene. During
      this addition the temperature was kept below 35.degree.. When addition was
      complete, the reaction mixture was warmed to room temperature, and
      stirring was continued for 15 hours. Precipitated triethylammonium bromide
      was removed by filtration and the filtrate washed successively with dilute
      hydrochloric acid, dilute sodium hydroxide, and water. The washed organic
      layer was dried over magnesium sulfate, and after removal of the drying
      agent, stripped of solvent under reduced pressure, leaving 13.1 g of light
      yellow oil. The product was distilled (diffusion) with a bath temperature
      of 109.degree.-118.degree. at 0.1.mu. Hg. giving 10.4 g of propyl
      2-propynyl phenylphosphonate as a clear, colorless oil.
PAR  Analysis: Calc'd for C.sub.12 H.sub.15 O.sub.3 P: C, 60.50; H, 6.35; P,
      13.00; Found: C, 60.52; H, 6.53; P, 13.15.
PAC  EXAMPLE 5
PAC  The Synergistic Activity of Propyl 2-Propynyl Phenylphosphonate
PAR  The synergistic insecticidal activity of propyl 2-propynyl
      phenylphosphonate in combination with allethrin, pyrethrins, and
      (1-cyclohexene-1,2-dicarboximido)methyl chrysanthemumate was determined by
      the test procedure of Example 2. Results are shown in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Compositions of Propyl 2-Propynyl Phenylphosphonate                       
     and Chrysanthemumates                                                     
                                      Mortality of                             
     Chrysanthemumate                                                          
                   mg      Synergist mg                                        
                                      Houseflies                               
     ______________________________________                                    
     Allethrin     10      50         100%                                     
                   none    50         0                                        
                   10      none       8%                                       
     Pyrethrins    10      50         100%                                     
                   none    50         0                                        
                   10      none       3%                                       
     (1-Cyclohexene-1,2                                                        
                   10      50         100%                                     
     dicarboximido)methyl                                                      
                   none    50         0                                        
     chrysanthemumate                                                          
                   10      none       12%                                      
     ______________________________________                                    
PAR  Table 3 shows that propyl 2-propynyl phenylphosphonate, itself inactive at
      the dosage used, is an effective synergist for a variety of
      chrysanthemumates.
PAC  EXAMPLE 6
PAR  The synergistic activity of propyl 2-propynyl phenylphosphonate with a
      variety of chrysanthemumate esters against houseflies was further
      demonstrated using the test procedure of Example 3. Results are shows in
      Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
     Compositions of Propyl 2-Propynyl Phenylphosphonate                       
     and Chrysanthemumates                                                     
                                      Mortality of                             
     Chrysanthemumate                                                          
                   mg      Synergist mg                                        
                                      Houseflies                               
     ______________________________________                                    
     Allethrin     14.4    72         71%                                      
                   none    72         4%                                       
                   14.4    none       10%                                      
     Pyrethrins    14.4    72         84%                                      
                   none    72         4%                                       
                   14.4    none       8%                                       
     (1-Cyclohexene-1,2-                                                       
                   14.4    72         100%                                     
     dicarboximido)methyl                                                      
                   none    72         4%                                       
     chrysanthemumate                                                          
                   14.4    none       7%                                       
     ______________________________________                                    
PAC  EXAMPLE 7
PAC  Preparation of sec-Butyl 2-Propynyl Phenylphosphonate
PAR  The intermediate sec-butyl phenylphosphinate was prepared as follows: Under
      a nitrogen atmosphere 25.9 g phenylphosphonous dichloride was added
      dropwise with stirring to 32.2 g sec-butyl alcohol. During the 20 minute
      period of addition the reaction mixture was held at 5.degree.-10.degree..
      The mixture was allowed to warm to room temperature and was stirred
      overnight. Excess sec-butyl alcohol was removed under reduced pressure to
      yield 27.8 g sec-butyl phenylphosphinate, identified by infrared spectral
      analysis.
PAR  A solution of 10.0 g sec-butyl phenylphosphinate in 20 ml benzene was added
      dropwise to a stirred solution of 3.4 g 2-propyn-1-ol, 9.4 g carbon
      tetrachloride, and 6.2 g triethylamine in 100 ml benzene. During addition
      the reaction mixture was kept at 15.degree.-20.degree., then allowed to
      warm to room temperature and stirred overnight. Precipitated
      triethylammonium chloride was removed by filtration and the filtrate
      washed successively, twice with 1% hydrochloric acid, once with 0.5%
      sodium hydroxide, and twice with water. The washed organic layer, dried
      over magnesium sulfate, was stripped of solvent under reduced pressure and
      then subjected to high vacuum with vigorous stirring at room temperature
      for six hours. The resulting oil, 8.0 g, identified as sec-butyl
      2-propynyl phenylphosphonate by infrared spectroscopy, was 98% pure by
      vapor phase chromatography.
PAR  Analysis: Calc'd for C.sub.13 H.sub.17 O.sub.3 P: C, 61.89; H, 6.79; P
      12.28; Found: C, 62.10; H, 6.77; P 12.31.
PAC  EXAMPLE 8
PAC  Preparation of Isobutyl 2-Propynyl Phenylphosphonate
PAR  Following the procedure described in Example 7, 25.9 g phenylphosphonous
      dichloride was reacted with 32.2 g isobutyl alcohol to yield 28.7 g
      isobutyl phenylphosphinate. The intermediate phosphinate, 10.0 g was
      reacted with 3.4 g 2-propyn-1-ol, 9.4 carbon tetrachloride, and 6.2 g of
      triethyl amine. Vapor phase chromatography showed the product to be 98%
      pure. Distillation in a short path still (diffusion pump, bath temperature
      108.degree.-121.degree.) gave fractions containing from 97.8 to 99.5% of
      isobutyl 2-propynyl phenylphosphonate, identified by infrared spectral
      analysis, for a total yield of 8.0 g.
PAR  Analysis: C.sub.13 H.sub.17 O.sub.3 P: C, 61.89; H, 6.79; P, 12.28; Found:
      C, 61.68; H, 6.71; P, 12.05.
PAC  EXAMPLE 9
PAC  Preparation of Ethyl 4-Pentynyl Phenylphosphonate
PAR  Following the procedure described in Example 1, 5.85 g 4-pentyn-1-ol was
      reacted with 11.3 g ethyl phenylphosphonochloridate. The final product,
      ethyl 4-pentynyl phenylphosphonate, distilled (diffusion system) at a bath
      temperature of 120.degree.-130.degree. at 0.01 mm Hg.
PAR  Analysis: Calc'd for C.sub.13 H.sub.17 O.sub.3 P: C, 61.90; H, 6.79; P,
      12.28; Found: C, 61.65; H, 7.04; P, 12.17.
PAC  EXAMPLE 10
PAC  Preparation of n-Butyl 3-Butynyl 2-Thienylphosphonate
PAR  Following the procedure described in Example 4, 4.0 g of 3-butyn-1-ol was
      reacted with 10.3 g of n-butyl 2-thienylphosphinate. The product, n-butyl
      3-butynyl 2-thienylphosphonate, was distilled in short path diffusion
      apparatus at 0.5.mu.Hg. with a bath temperature of
      128.degree.-140.degree.. n.sub.D.sup.25 1.5069.
PAR  Analysis: Calc'd for C.sub.12 H.sub.17 O.sub.3 PS: C, 52.93; H, 6.29; P,
      11.37; Found: C, 53.22; H, 6.46; P, 11.48.
PAC  EXAMPLE 11
PAC  Preparation of n-Octadecyl 3-Butynyl Phenylphosphonate
PAR  Following the procedure of Example 4, 12.6 g 3-butynyl phenylphosphinate
      was reacted with 17.4 g n-octadecanol. The product, n-octadecyl 3-butynyl
      phenylphosphonate, recrystallized from hexane, was a waxy solid, partially
      molten at room temperature.
PAR  Analysis: Calc'd for C.sub.28 H.sub.47 O.sub.3 P: C, 72.69; H, 10.24; P,
      6.69; Found: C, 72.74; H, 10.33; P, 6.58.
PAC  EXAMPLE 12
PAC  Preparation of Propyl 2-Propynyl Benzylphosphonate
PAR  The intermediate 2-propynyl benzylphosphonochloridate was prepared through
      a series of reactions starting with diethyl benzylphosphonate as set forth
      below.
PAR  In a flask equipped with heating mantle, stirrer, and reflux condenser were
      combined 1000 g diethyl benzylphosphonate and 3.8 liters of 12N
      hydrochloric acid. After the stirred mixture was heated to 65.degree.,
      enough dioxane (200- 210 ml) was added to give a clear solution. The
      solution was stirred and refluxed for 64 hours. When the solution was
      cooled to 45.degree.-50.degree., a solid separated out. The filtered solid
      was dried in a vacuum oven at 70.degree.-74.degree. for 15 hours, giving a
      yield of 703 g. benzylphosphonic acid, m.p. 171.degree.-173.degree..
PAR  In a flask equipped with a stirrer, reflux condenser, drying tube, solid
      addition funnel, and gas scrubber, a slurry of 111.5 g benzylphosphonic
      acid in 1 l hexane was stirred and warmed to 35.degree.-40.degree.. When
      the first 50 g portion of a total of 259 g PCl.sub.5 was added to the
      mixture, reaction started immediately as evidenced by evolution of HCl.
      The reaction mixture was then cooled to room temperature, and the balance
      of the PCl.sub.5 added in 50 g portions over a period of about 2 hours,
      during which time the temperature increased to 60.degree.. After the
      reaction mixture cooled to room temperature, SO.sub.2 was bubbled through
      the mixture for fifteen minutes to remove HCl. After removal of solvent
      under reduced pressure, the product was distilled in a short path still
      (pressure 0.01 mm., pot temperature 85.degree.-125.degree.) to give 123.7
      g benzylphosphonic dichloride.
PAR  Dipropyl benzylphosphonate was prepared by dropwise addition of 62 g
      benzylphosphonic dichloride in 200 ml benzene to a stirred solution of
      39.3 g n-propyl alcohol and 65.9 g triethylamine in 400 ml benzene. After
      stirring overnight the reaction mixture was filtered to remove
      triethylammonium chloride. The filtered solid was washed with benzene, and
      the washings added to the filtrate. The clear benzene solution was washed
      four times with 100 ml portions of 1% hydrochloric acid, twice with 100 ml
      portions of 1% sodium hydrozide, and finally with 100 ml water. The
      solution was then dried over magnesium sulfate. After removal of solvent
      under reduced pressure, the product was distilled in a short path still
      (pressure 0.06 mm., bath temperature 115.degree.-128.degree.) to give a
      total yield of 47 g dipropyl benzylphosphonate, n.sub.D.sup.25 1.4883,
      identified by infrared spectral analysis.
PAR  Analysis: Calc'd for C.sub.13 H.sub.21 O.sub.3 P: C, 60.93; H, 8.26; P,
      12.09; Found: C, 60.97; H, 8.18; P, 12.27.
PAR  Propyl benzylphosphonate was prepared from the intermediate dipropyl ester
      as follows: 45 g dipropyl benzylphosphonate 39 g soldium hydroxide, and
      350 ml distilled water were stirred at reflux temperature for 20 hours,
      during which period the cloudy reaction mixture became clear. When the pH
      was adjusted to 1 by dropwise addition of about 125 ml concentrated
      hydrochloric acid, a solid precipitate formed. Since the solid liquified
      during an attempt at filtration, the product was taken into solution by
      three successive extractions of the reaction mixture with 200 ml portions
      of chloroform. After the combined extracts were dried over magnesium
      sulfate, solvent was removed under reduced pressure to give a viscous,
      cloudy liquid. Further subjection to vacuum gave 37.5 g of sticky, white
      solid, propyl benzylphosphonate, used in the following synthesis step.
PAR  Propyl benzylphosphonochloridate was prepared as follows: Under a nitrogen
      atmosphere, in a flask equipped with a stirrer, gas inlet tube, condenser,
      and gas scrubber, 37.5 g propyl benzylphosphonate and 94 g thionyl
      chloride were stirred at 40.degree.-50.degree. for 41/2 hours. To aid in
      the removal of any volatile by-products, two successive 100 ml portions of
      benzene were added to the reaction mixture at room temperature and then
      removed under reduced pressure. Further subjection to vacuum gave 40.4 g
      of amber colored liquid, identified by infrared spectroscopy as propyl
      benzylphosphonochloridate.
PAR  The synergist propyl 2-propynyl benzylphosphonate was prepared as follows:
      In a flask equipped with a stirrer, a condenser fitted with a drying tube,
      and a dropping funnel, 20.5 g propyl benzylphosphonochloridate in 50 ml
      benzene was added dropwise, over a period of 30 minutes, to a stirred
      solution of 5.5 g 2-propyn-1-ol and 9.8 g triethylamine in 100 ml benzene.
      After stirring at room temperature for about 15 hours, the solution was
      filtered free of triethylammonium chloride, and washed twice with 50 ml 1%
      sodium hydroxide and once each with 50 ml 1% hydrochloric acid and 50 ml
      water. The solution was dried over magnesium sulfate and the solvent
      removed under reduced pressure to give an amber colored oil. The crude
      product was distilled in a molecular still (0.0001-0.00015 mm Hg, bath
      temperature 120.degree.C) to give 14.5 g propyl 2-propynyl
      benzylphosphonate, a lemon colored oil, n.sub.D.sup.25 1.5074.
PAR  Analysis: Calc'd for C.sub.13 H.sub.17 O.sub.3 P: C, 61.90; H, 6.79; P,
      12.28; Found: C, 61.81; H, 6.80; P, 12.16.
PAC  EXAMPLE 13
PAC  Preparation of Propyl 3-Butynyl Benzylphosphonate
PAR  Following the procedure of Example 12, 19.9 g propyl
      benzylphosphonochloridate was reacted with 6.6 g of 3-butyn-1-ol and 9.5 g
      triethylamine to give 15.6 g propyl 3-butynyl benzylphosphonate,
      identified by infrared spectral analysis, n.sub.D.sup.25 1.5052.
PAR  Analysis: calc'd for C.sub.14 H.sub.19 O.sub.3 P: C 63.15; H 7.19; P 11.63;
      Found: C 63.04; H 7.46; P 11.63.
PAC  EXAMPLE 14
PAC  Preparation of Ethyl 2-Propynyl Benzylphosphonate
PAR  The procedure of Example 12 was used to prepare ethyl 2-propynyl
      benzylphosphonate, identified by infrared spectral analysis,
      n.sub.D.sup.25 1.5124.
PAR  Analysis: Calc'd for C.sub.12 H.sub.15 O.sub.3 P: C 60.50; H 6.35; P 13.00;
      Found: C 60.56; H 6.45; P 12.73.
PAC  EXAMPLE 15
PAC  Preparation of Ethyl 2-Propynyl 4-Chlorobenzylphosphonate
PAR  The procedure of Example 12 was followed except that in the present example
      the unsaturated alcohol was reacted with the phosphonate moiete first, and
      the saturated alcohol was reacted second. Thus 4-chlorobenzylphosphonic
      dichloride was converted to di-2-propynyl 4-chlorobenzylphosphonate, and
      in the last step 2-propynyl 4-chlorobenzylphosphonochloridate was reacted
      with ethyl alcohol to give ethyl 2-propynyl 4-chlorobenzylphosphonate,
      identified by infrared spectral analysis, n.sub.D.sup.25 1.5218.
PAR  Analysis: Calc'd for C.sub.12 H.sub.14 ClO.sub.3 P: C 52.86; H 5.18; P
      11.36; Found: C 53.14; H 5.36; P 11.15.
PAC  EXAMPLE 16
PAC  Preparation of Propyl 2-Propynyl 4-Chlorobenzylphosphonate
PAR  Following the procedure of Example 15, 2-propynyl
      4-chlorobenzylphosphonochloridate was reacted with n-propyl alcohol to
      give propyl 2-propynyl 4-chlorobenzylphosphonate, identified by infrared
      spectral analysis, n.sub.D.sup.25 1.5174.
PAR  Analysis: Calc'd for C.sub.13 H.sub.16 ClO.sub.3 P: C 54.46; H 5.63; P
      10.80; Found: C 53.72; H 5.81; P 11.14.
PAC  EXAMPLE 17
PAC  Preparation of Propyl 2-Propynyl 3,4-Dichlorobenzylphosphonate
PAR  The procedure of Example 12 was followed except that
      3,4-dichlorobenzylphosphonic dichloride was prepared by the reaction of
      phosphorus pentachloride (505 g) with the diethyl ester of
      3,4-dichlorobenzylphosphonic acid (304 g) rather than with the free acid.
      The final product, propyl 2-propynyl 3,4-dichlorobenzylphosphonate, was
      identified by infrared spectral analysis, n.sub.D.sup.25 1.5305.
PAR  Analysis: Calc'd for C.sub.13 H.sub.15 Cl.sub.2 O.sub.3 P: C 48.62; H 4.71;
      P 9.64; Found: C 48.34; H 4.50; P 9.54.
PAC  EXAMPLES 18 TO 43
PAR  Following the general procedures exemplified above, a large number of
      compounds of this class are readily synthesized. The synergistic activity
      of typical phosphonates of this invention, in combination with typical and
      useful insecticidal cyclopropanecarboxylates is further illustrated in
      Table 5. These results were obtained following the procedure described in
      Example 2.
TBL                                    Table 5.                                
     __________________________________________________________________________
     Synergistic Insecticidal Compositions                                     
                                   Mortality                                   
     Cyclopropanecarboxylate                                                   
                  mg Phosphonate                                               
                                mg of Houseflies                               
     __________________________________________________________________________
     (1-Cyclohexene-1,2-                                                       
                  10 Methyl 2-propynyl                                         
                                50 100%                                        
     dicarboximido)methyl                                                      
                  none                                                         
                     phenylphosphonate                                         
                                50 0                                           
     chrysanthemumate                                                          
                  10            none                                           
                                   11%                                         
     Pyrethrins   10 Methyl 3-butynyl                                          
                                50 100%                                        
                  none                                                         
                     phenylphosphonate                                         
                                50 20%                                         
                  10            none                                           
                                   3%                                          
     Allethrin    10 Ethyl 3-butynyl                                           
                                50 100%                                        
                  none                                                         
                     phenylphosphonate                                         
                                50 36%                                         
                  10            none                                           
                                   8%                                          
     Allethrin    10 Ethyl 4-pentynyl                                          
                                50 79%                                         
                  none                                                         
                     phenylphosphonate                                         
                                50 0                                           
                  10            none                                           
                                   8%                                          
     Pyrethrins   10 Ethyl 3-butynyl                                           
                                50 100%                                        
                  none                                                         
                     benzylphosphonate                                         
                                50 7%                                          
                  10            none                                           
                                   3%                                          
     Pyrethrins   10 Ethyl 4-pentynyl                                          
                                50 100%                                        
                  none                                                         
                     benzylphosphonate                                         
                                50 38%                                         
                  10            none                                           
                                   3%                                          
     Allethrin    10 Ethyl 3-butynyl                                           
                                50 100%                                        
                  none                                                         
                     4-fluorobenzyl-                                           
                                50 8%                                          
                  10 phosphonate                                               
                                none                                           
                                   8%                                          
     (1-Cyclohexene-1,2-                                                       
                  10 n-Propyl 3-butynyl                                        
                                50 100%                                        
     dicarboximido)methyl                                                      
                  none                                                         
                     phenylphosphonate                                         
                                50 12%                                         
     chrysanthemumate                                                          
                  10            none                                           
                                   12%                                         
     Pyrethrins   10 n-Propyl 4-                                               
                                50 100%                                        
                  none                                                         
                     pentynyl phenyl-                                          
                                50 3%                                          
                  10 phosphonate                                               
                                none                                           
                                   3%                                          
     Allethrin    10 i-Propyl 2-                                               
                                50 100%                                        
                  none                                                         
                     propynyl phenyl-                                          
                                50 0                                           
                  10 phosphonate                                               
                                none                                           
                                   33%                                         
     (1-Cyclohexene-1,2-                                                       
                  10 2-Propenyl 2-                                             
                                50 100%                                        
     dicarboximido)methyl                                                      
                  none                                                         
                     propynyl phenyl-                                          
                                50 3%                                          
     chrysanthemumate                                                          
                  10 phosphonate                                               
                                none                                           
                                   11%                                         
     Pyrethrins   10 2-Propenyl 3-                                             
                                50 95%                                         
                  none                                                         
                     butynyl phenyl-                                           
                                50 0                                           
                  10 phosphonate                                               
                                none                                           
                                   7%                                          
     (1-Cyclohexene-1,2-                                                       
                  10 n-Butyl 3-butynyl                                         
                                50 100%                                        
     dicarboximido)methyl                                                      
                  none                                                         
                     2-thienylphosphon-                                        
                                50 26%                                         
     chrysanthemumate                                                          
                  10 ate        none                                           
                                   24%                                         
     (1-Cyclohexene-1,2-                                                       
                  10 n-Pentyl 2-                                               
                                50 100%                                        
     dicarboximido)methyl                                                      
                  none                                                         
                     propynyl phenyl-                                          
                                50 19%                                         
     chrysanthemumate                                                          
                  10 phosphonate                                               
                                none                                           
                                   28%                                         
     Allethrin    10 n-Pentyl 3-butynyl                                        
                                50 100%                                        
                  none                                                         
                     phenylphosphonate                                         
                                50 0                                           
                  10            none                                           
                                   39%                                         
     (1-Cyclohexene-1,2-                                                       
                  10 n-Pentyl 4-                                               
                                50 100%                                        
     dicarboximido)methyl                                                      
                  none                                                         
                     pentynyl phenyl-                                          
                                50 0                                           
     chrysanthemumate                                                          
                  10 phosphonate                                               
                                none                                           
                                   28%                                         
     Allethrin    10 n-Dodecyl 3-                                              
                                50 84%                                         
                  none                                                         
                     butynyl phenyl-                                           
                                50 3%                                          
                  10 phosphonate                                               
                                none                                           
                                   33%                                         
     Allethrin    10 n-Octadecyl 3-                                            
                                50 93%                                         
                  none                                                         
                     butynyl phenyl-                                           
                                50 10%                                         
                  10 phosphonate                                               
                                none                                           
                                   19%                                         
     Pyrethrins   10 sec-Butyl 2-                                              
                                50 100%                                        
                  none                                                         
                     propynyl phenyl-                                          
                                50 7%                                          
                  10 phosphonate                                               
                                none                                           
                                   31%                                         
     Pyrethrins   10 Isobutyl 2-                                               
                                50 100%                                        
                  none                                                         
                     propynyl phenyl-                                          
                                50 0                                           
                  10 phosphonate                                               
                                none                                           
                                   31%                                         
     Allethrin    10 n-Propyl 2-                                               
                                50 100%                                        
                  none                                                         
                     propynyl benzyl-                                          
                                50 4%                                          
                  10 phosphonate                                               
                                none                                           
                                   7%                                          
     Pyrethrins   10 n-Propyl 3-                                               
                                50 100%                                        
                  none                                                         
                     butynyl benzyl-                                           
                                50 3%                                          
                  10 phosphonate                                               
                                none                                           
                                   21%                                         
     (1-Cyclohexene-1,2-                                                       
                  10 Ethyl 2-   50 100%                                        
     dicarboximido)methyl                                                      
                  none                                                         
                     propynyl benzyl-                                          
                                50 3%                                          
     chrysanthemumate                                                          
                  10 phosphonate                                               
                                none                                           
                                   35%                                         
     Allethrin    10 Ethyl 2-   50 100%                                        
                  none                                                         
                     propynyl 4-                                               
                                50 0                                           
                  10 chlorobenzyl-                                             
                                none                                           
                                   3%                                          
                     phosphonate                                               
     Pyrethrins   10 n-Propyl 2-                                               
                                50 100%                                        
                  none                                                         
                     propynyl 4-                                               
                                50 3%                                          
                  10 chlorobenzyl-                                             
                                none                                           
                                   11%                                         
                     phosphonate                                               
     (1-cyclohexene-1,2-                                                       
                  10 n-Propyl 2-                                               
                                50 100%                                        
     dicarboximido)methyl                                                      
                  none                                                         
                     propynyl   50 10%                                         
     chrysanthemumate                                                          
                  10 3,4-dichloro-                                             
                                none                                           
                                   35%                                         
                     benzylphosphonate                                         
     __________________________________________________________________________
PAC  EXAMPLE 44
PAR  The synergistic activity of the phosphonates of this invention with
      chrysanthemumates over a wide range of chrysanthemumate to synergist
      ratios was demonstrated by a series of tests carried out by the method
      described in Example 2. Results for two different
      chrysanthemumate-synergist combinations are shown in Table 6.
TBL                Table 6                                                     
     ______________________________________                                    
     Compositions With Different Chrysanthemumate To Synergist                 
     Ratios                                                                    
     mg. Chrysan-                                                              
              mg.         Ratio    Mortality                                   
     themumate(A)                                                              
              Synergist(B)                                                     
                          A:B      of Houseflies                               
     ______________________________________                                    
                         compo- Compo-                                         
                         sition I                                              
                                sition II                                      
     5        none         --      9%     13%                                  
     5         10         1:2      83%    61%                                  
     5         25         1:5      100%   78%                                  
     5         50         1:10     100%   97%                                  
     5        100         1:20     100%   100%                                 
     5        250         1:50     100%   100%                                 
     none     100          --      8%     23%                                  
     none     250          --      3%     41%                                  
     ______________________________________                                    
     Composition I: Chrysanthemumate --                                        
                           (1-cyclohexene-1,2-                                 
                           dicarboximido)methyl                                
                           chrysanthemumate                                    
     Synergist --          propyl 2-propynyl                                   
                           phenyl-phosphonate                                  
     Composition II: Chrysanthemumate --                                       
                           allethrin                                           
     Synergist --          butyl 3-butynyl                                     
                           phenyl-phosphonate                                  
     ______________________________________                                    
PAL  The results in Table 6 illustrate the marked synergistic interaction found
      over a wide range of ratios.
PAC  EXAMPLE 45
PAR  Synergistic activity over a wide range of cyclopropanecarboxylate to
      synergist ratios was further demonstrated by a series of tests of
      representative phosphonates of the invention with (5-benzyl-3-furyl)methyl
      2,2,3,3-tetramethylcyclopropanecarboxylate. The test method was as
      described in Example 2, but with lower concentrations owing to the high
      level of activity of the cyclopropanecarboxylate. Results are shown in
      Table 7.
TBL                Table 7                                                     
     ______________________________________                                    
     (5-Benzyl-3-furyl)methyl 2,2,3,3-Tetramethylcyclopropane-                 
     carboxylate in Synergistic Compositions                                   
     mg. Cyclo- mg.                                                            
     propane-   Synergist Mortality of                                         
     carboxylate (A)                                                           
                (B)       Houseflies                                           
     ______________________________________                                    
                    A only B only   A+B                                        
     Synergist I:                                                              
     1.0        5         60       0      100                                  
     .5         5         54       0      98                                   
     .2         10        0        0      58                                   
     .2         20        0        42     100                                  
     Synergist II:                                                             
     .5         5         54       0      88                                   
     .2         10        0        0      65                                   
     .2         20        0        0      95                                   
     Synergist III:                                                            
     .5         5         54       0      74                                   
     .2         10        0        0      94                                   
     .2         20        0        22     100                                  
     ______________________________________                                    
      synergist I: Propyl 2-propynyl phenylphosphonate                         
      Synergist II: Isobutyl 2-propynyl phenylphosphonate                      
      Synergist III: Propyl 3-butynyl benzylphosphonate                        
PAC  EXAMPLE 46
PAR  The synergistic interaction of a phosphonate synergist of this invention
      with 3-phenoxybenzyl
      2,2-dimethyl-3-(2,2-dichlorovinyl)cyclopropanecarboxylate is exemplified
      below. About one microliter of a solution containing the equivalent of the
      indicated amount of the test materials in 100 ml of acetone was applied
      topically to each of 12-20 three- to four-day-old houseflies in each of
      four to five replicates for each concentration. After 24 hours the
      mortality was determined by physical counting of the dead and living
      flies, and the percent kill was calculated. Results are shown in Table 8.
TBL                Table 8                                                     
     ______________________________________                                    
     3-Phenoxybenzyl 2,2-Dimethyl-3-(2,2-dichlorovinyl)-                       
     cyclopropanecarboxylate in Synergistic Compositions.                      
     mg-Cyclopropane-                                                          
                mg. Synergist (B)                                              
                               Mortality                                       
     carboxylate (A)           of Houseflies.sup.(1)                           
     ______________________________________                                    
     1.3        6.5            8,5%                                            
     1.8        9.0            11,16%                                          
     2.5        12.5           26,27%                                          
     3.5        17.5           53,57%                                          
     2.5        --             6%                                              
     3.5        --             16%                                             
     5.0        --             40%                                             
     7.0        --             54%                                             
     --         50             0,4%                                            
     ______________________________________                                    
      (A) 3-phenoxybenzyl                                                      
      2,2-dimethyl-3-(2,2-dichlorovinyl)cyclopropanecarboxylate.               
      (B) isobutyl 2-propynyl phenylphosphonate                                
      .sup.(1) There were 2 tests of four to five replicates each where two    
      numbers are shown.                                                       
PAC  EXAMPLE 47
PAR  In the manner described in Example 46, synergistic compositions were
      studied in which the ratio of 3-phenoxybenzyl
      2,2-dimethyl-3-(2,2-dichlorovinyl)cyclopropanecarboxylate to isobutyl
      2-propynyl phenylphosphonate was varied. Results are shown in Table 9.
TBL                Table 9                                                     
     ______________________________________                                    
     Synergistic Compositions with Different Insecticide to                    
     Synergist Ratios                                                          
     mg Cyclopropane-                                                          
                mg Synergist (B)                                               
                              Ratio    Mortality of                            
     carboxylate (A)          A:B      Houseflies                              
     ______________________________________                                    
     4.0        none          --       22%                                     
     5.4        none          --       33%                                     
     7.2        none          --       43%                                     
     9.6        none          --       71%                                     
     13.0       none          --       82%                                     
     4.0        2.0           1:0.5    37%                                     
     5.4        2.7           1:0.5    53%                                     
     7.2        3.6           1:0.5    59%                                     
     4.5        5.63          1:1.25   78%                                     
     5.4        6.75          1:1.25   73%                                     
     7.0        8.75          1:1.25   89%                                     
     10.0       12.50         1:1.25   99%                                     
     3.5        8.75          1:2.5    64%                                     
     4.0        10.0          1:2.5    83%                                     
     5.2        13.0          1:2.5    86%                                     
     5.4        13.5          1:2.5    91%                                     
     3.0        15.0          1:5      84%                                     
     3.2        16.0          1:5      75%                                     
     4.0        20.0          1:5      92%                                     
     1.5        15.0          1:10     24%                                     
     2.2        22.0          1:10     63%                                     
     1.00       20.0          1:20     17%                                     
     1.50       30.0          1:20     68%                                     
     none       50            --       0,4%                                    
     ______________________________________                                    
      (A) 3-phenoxybenzyl                                                      
      2,2-dimethyl-3-(2,2-dichlorovinyl)cyclopropanecarboxylate.               
      (B) isobutyl 2-propynyl phenylphosphonate                                
PAC  EXAMPLE 48
PAR  The effectivness of the synergistic compositions of this invention is
      strikingly shown in aerosol formulations, as illustrated in the following
      example: Aerosol formulations were prepared containing a typical
      insecticidal chrysanthemumate, both with and without the synergist, in
      this example butyl 3-butynyl phenylphosphonate, as follows:
TBL                     With     Without                                       
                        Synergist                                              
                                Synergist                                      
     ______________________________________                                    
     (1-Cyclohexene-1,2-dicarboximido)-                                        
                          0.140 g   0.140 g                                    
     methyl chrysanthemumate                                                   
     (90% active)                                                              
     Butyl 3-butynyl phenylphosphonate                                         
                          0.625 g   none                                       
     Heavy aromatic naphtha                                                    
                          6.00 g    6.00 g                                     
     Purified kerosene    3.24 g    3.86 g                                     
     Trichloromonofluoromethane                                                
                          20.00 g   20.00 g                                    
     Dichlorodifluoromethane                                                   
                          20.00 g   20.00 g                                    
     ______________________________________                                    
PAR  A group of 200 to 300 houseflies was introduced into a 216 cu. ft. test
      chamber, prepared according to the specifications of the Chemical
      Specialties Manufacturers Association (Soap and Chemical Specialties, 1961
      Blue Book, p. 244). Measured amounts of the aerosol formulations were
      introduced into the chamber. Results, shown in Table 10 are the averages
      of nine replicates for the composition containing the synergist and of two
      replicates for the composition containing the chrysanthemumate alone.
TBL                Table 10.                                                   
     ______________________________________                                    
     Aerosol Formulations                                                      
     Composition                                                               
               Average Dose                                                    
                           Knockdown   Mortality                               
               (g/1000ft.sup.3)                                                
                           15 minutes  24 hours                                
     ______________________________________                                    
     With                                                                      
     Synergist 3.15 g      84%         71%                                     
     Without                                                                   
     Synergist 2.92 g      85%         14%                                     
     ______________________________________                                    
PAR  It is of particular interest to note that butyl 3-butynyl phenylphosphonate
      enhanced to a marked extent the percent kill obtained with this
      chrysanthemumate, which by itself exhibited excellent knockdown of
      houseflies, but very poor permanent effectiveness.
PAR  In addition to the specific phosphonates exemplified herein, similar
      synergistic behavior characterizes the other members of the class
      described, including but not limited to the following:
PAR  1-Ethylbutyl 5-hexynyl (4-chlorobenzyl)phosphonate; methyl 4-pentynyl
      phenylphosphonothionate; 2-ethoxyethyl 7-octynyl benzylphosphonate; propyl
      1-methyl-2-propynyl benzylphosphonothionate; methyl 1-methyl-3-butynyl
      (3-chlorobenzyl)phosphonate; i-propyl 3-butynyl
      (4-bromobenzyl)phosphonate; 2-pentenyl 1,1-dimethyl-3-butynyl
      benzylphosphonate; 2,4-dimethylpentyl 3-butynyl
      (1-phenylpropyl)phosphonate; 2-propenyl 2-ethyl-3-butynyl
      (2-phenylpropyl)phosphonate; 2-methylbutyl 3-butynyl
      (4-iodobenzyl)phosphonate; methyl 3-methyl-4-pentynyl
      (2,3-dichlorobenzyl)phosphonate; 2-propenyl 1-methyl-3-butynyl
      (2-pyridyl)-methylphosphonate; 2-methoxypropyl 1-ethyl-2-propynyl
      phenylphosphonate; methyl 1-ethyl-3-butynyl benzylphosphonothionate;
      n-propyl (2-methyl-3-butynyl) (3-fluorobenzyl)phosphonate; i-amyl
      3-butynyl (2-pyridyl)phosphonate; 2-methoxyethyl 2-propynyl
      phenylphosphonothionate; n-hexyl 1-ethyl-3-propynyl
      (4-chlorobenzyl)phosphonate; and the like.
PAR  The novel synergists of this invention may be prepared by adaptation of the
      synthetic procedures illustrated above, i.e. from suitable
      phosphonochloridates or phosphinates as well as by other known procedures.
      These procedures are well described in the chemical literature, for
      example by Kosalopoff, J.A.C.S. 72, 4292 (1950); Hudson et al, J. chem.
      Soc., 1859 (1960); Harman et al, U.S. Pat. No. 2,659,714; Bentov et al, J.
      Chem. Soc., 4750 (1964); and Cherbuliez et al, Helv. Chim. Acta, 46, 2464
      (1963).
PAR  The novel synergists described herein have a degree of effectiveness not
      shared by certain closely related compounds. The nature and location of
      the unsaturated linkage has been found to have a marked effect on the
      synergistic effectiveness of this class of compounds. For example,
      reduction of the acetylenic linkage to an olefinic or a saturated linkage
      diminishes the synergistic activity. Displacement of the acetylenic
      linkage from the terminal position also decreases the activity.
PAR  The synergistic compositions of this invention may be employed to control a
      variety of crop pests and household pests. These compositions are not
      usually applied full strength, but are generally incorporated with the
      adjuvants and carriers normally employed for facilitating dispersion of
      active ingredients for insecticidal applications, recognizing the accepted
      fact that the formulation and mode of application may affect the activity
      of a material. Striking results are obtained when these compositions are
      applied as space sprays and aerosol sprays, for example, or are formulated
      into any of the diluted and extended types of formulations used in
      insecticidal practice, including dusts, wettable powders, emulsifiable
      concentrates, solutions, granulars, baits, and the like, for application
      to foliage, within enclosed areas, to surfaces, and wherever insect
      control is desired.
PAR  These synergistic compositions may be made into liquid concentrates by
      solution or emulsification in suitable liquids, and into solid
      concentrates by admixing the active components with talc, clays, and other
      solid carriers used in the insecticide art. Such concentrates normally
      contain about 5-80% of the toxic composition, and the rest inert material
      which includes dispersing agents, emulsifying agents, and wetting agents.
      For practical application, the concentrates are normally diluted with
      water or other liquid for liquid sprays, with liquefied propellants for
      aerosols, or with additional solid carrier for application as a dust or
      granular formulation. Baits are usually prepared by mixing such
      concentrates with a suitable insect food, such as mixtures of cornmeal and
      sugar, and insect attractants may also be present. The concentration of
      the active ingredients in the diluted formulations, as generally applied
      for control of insects, is normally in the range of about 0.001% to about
      5%. Many variations of spraying and dusting compositions are well-known in
      the art, as are the techniques for formulating and applying these
      compositions.
PAR  Employing the synergistic pesticidal compositions described herein,
      enhanced control is obtained of both crop and household pests, including
      insects and acarids against which the cyclopropanecarboxylates are
      themselves effective, but at higher concentrations. This includes flying
      and crawling pests of the orders Coleoptera (beetles), Hemiptera (true
      bugs), Homoptera (aphids), Diptera (flies), Orthoptera (roaches), Acarina
      (mites and ticks), and Lepidoptera (butterflies and moths including their
      larvae). Because of the low mammalian toxicity of these compositions, they
      are preferred to compositions for use in control of pests in an
      environment inhabited by man and animals, including control of flies,
      mosquitoes, ants, roaches, moths, ticks, and the like, as well as in uses
      such as packaging, food and grain protection, and garden, pet, and
      livestock uses.
PAR  The relative amounts of synergist and chrysanthemumate employed are not
      critical, in that a relatively minor amount, e.g., less than one part of
      synergist per part of chrysanthemumate, is effective in imparting a
      beneficial effect to the combination. From practical considerations, it is
      preferred to use larger amounts of synergist, for example, from 2 to 50
      parts of synergist per part of cyclopropanecarboxylate. Even larger
      proportions of synergist may be employed without detriment, whether or not
      the optimum synergistic proportions have been achieved. It is clear that
      effective amounts of synergist should be employed in the compositions,
      that the components should be present in synergistic proportions, and that
      effective amounts of the compositions, to control the particular insect
      pests in the environment of infestation, should be applied.
PAR  It is apparent that many modifications may be made in the formulation and
      application of the compositions of this invention, without departing from
      the spirit and scope of the invention, and of the following claims:
CLMS
NUM  1.
PAR  1.  An insecticidal composition comprising an insecticidally effective
      amount of a combination of
PA1  A. 3-phenoxybenzyl
      2,2-dimethyl-3-(2,2-dichlorovinyl)cyclopropanecarboxylate the insecticidal
      activity of which is synergized by
PA1  B. a synergistically effective amount of a compound of the formula
      ##SPC2##
PAL  wherein n is 0 or 1, R.sub.1 is selected from the group consisting of alkyl
      and alkenyl having one to six carbon atoms; and R.sub.2 is alkylene of one
      to four carbon atoms; wherein the ratio of A:B is in the range of 1:0.5
      and 1:20.
NUM  2.
PAR  2. The insecticidal composition of claim 1 wherein n is 1.
NUM  3.
PAR  3. The insecticidal composition of claim 1 wherein n is 0.
NUM  4.
PAR  4. The insecticidal composition of claim 3 wherein R.sub.1 and R.sub.2 each
      contain three to four carbon atoms.
NUM  5.
PAR  5. The insecticidal composition of claim 4 wherein the synergist is
      isobutyl 2-propynyl phenylphosphonate or propyl 2-propynyl
      phenylphosphonate.
NUM  6.
PAR  6. The insecticidal composition of claim 4 wherein the synergist is
      isobutyl 2-propynyl phenylphosphonate.
NUM  7.
PAR  7. A method of controlling insects which comprises applying thereto an
      insecticidally effective amount of a composition comprising:
PA1  A. 3-phenoxybenzyl
      2,2-dimethyl-3-(2,2-dichlorovinyl)cyclopropanecarboxylate the insecticidal
      activity of which is synergized by
PA1  B. a synergistically effective amount of a compound of the formula
      ##SPC3##
PAL  wherein n is 0 or 1, R.sub.1 is selected from the group consisting of alkyl
      and alkenyl having one to six carbon atoms; and R.sub.2 is alkylene of one
      to four carbon atoms; wherein the ratio of A:B is in the range of 1:0.5
      and 1:20.
NUM  8.
PAR  8. The method of claim 7 wherein n is 1.
NUM  9.
PAR  9. The method of claim 7 whrein n is 0.
NUM  10.
PAR  10. The method of claim 9 wherein R.sub.1 and R.sub.2 each contain three to
      four carbon atoms.
NUM  11.
PAR  11. The method of claim 10 wherein the synergist is isobutyl 2-propynyl
      phenylphosphonate or propyl 2-propynyl phenylphosphonate.
NUM  12.
PAR  12. The method of claim 11 wherein the synergist is isobutyl 2-propynyl
      phenylphosphonate.
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ABST
PAL  Insecticidal, fungicidal and bactericidal substituted
      formylazapentadienenitriles are prepared by hydrolyzing an
      azapentadienylidene ammonium salt of the formula
      ##EQU1##
BSUM
PAC  RELATED APPLICATIONS
PAR  This application is related to three concurrently-filed applications of the
      subject inventors. These applications are entitled
      3-CHLORO-2-HYDRAZONOMETHYL-4-AZA-2,4-PENTADIENENITRILES, Ser. No. 393,812,
      now abandoned; 2-HYDRAZONOMETHYL-3-HYDROXY-4-AZA-2,4-PENTADIENENITRILES,
      Ser. No. 393,813; and  4(1H)-PYRIMIDINONES, Ser. No. 393,814. The
      disclosure of each of the related applications is incorporated herein by
      reference.
PAC  BACKGROUND
PAR  In the reaction of
      N-(3-chloro-4-cyano-5-dimethylamino-2-aza-2,4-pentadienylidene)-N,N-dimeth
     ylammonium perchlorate with nucleophilic reagents, substitution of the
      chlorine atom occurs [Ch. Jutz and W. Muller, Angew. Chem., 78, 1059
      (1966)]. Thus, with an aqueous ammonia or ammonium chloride solution
      4-dimethylamino-5-pyrimidinylcarbonitrile is produced with a splitting off
      of the two dimethylamino groups and simultaneous substitution of the
      chlorine atom.
PAC  SUMMARY
PAR  4-Aza-3-chloro-2-formyl-5-(tertiary)amino or
      cycloimino-2,4-pentadienenitriles of the formula
      ##EQU2##
      wherein R.sup.1 is alkyl having from 1 to 7, preferably from 1 to 4,
      carbon atoms, cycloalkyl having from 3 to 6 ring carbon atoms or, together
      with R.sup.2 and the nitrogen atom to which both are bound, a heterocyclic
      ring containing at least 2 ring carbon atoms and having from 3 to 6 ring
      members, ordinarily with at least two of the ring members being carbon
      atoms and at least one ring member being --O--, --S-- or --N(R.sup.7)--;
PA1  R.sup.2 is alkyl having from 1 to 7, preferably from 1 to 4, carbon atoms,
      cycloalkyl having from 3 to 6 ring carbon atoms or, together with R.sup.1
      and the nitrogen atom to which both are bound, a heterocyclic ring having
      from 3 to 6 ring members, ordinarily with at least two of the ring members
      being carbon atoms and at least one ring member being -O-, --S-- or
      --N(R.sup.7)--; and
PAR  R.sup.7 is a hydrogen atom (--H) or alkyl having from 1 to 7, preferably
      from 1 to 4, carbon atoms;
PAL  And their salts with organic or inorganic acids are useful as insecticides,
      for destroying or retarding the growth or proliferation of microorganisms,
      as fungicides and bactericides, as well as for intermediates for the
      synthesis of pharmaceuticals. They are prepared by hydrolyzing (preferably
      in admixture with organic solvent which is miscible with water) an
      azapentadienylidene ammonium salt of the formula
      ##EQU3##
      wherein each of R.sup.1 and R.sup.2 has its previously-ascribed meaning;
      each of R.sup.3 and R.sup.4 has one of the meanings of R.sup.1 and
      R.sup.2, respectively; and
PA1  Z.sup.- is an equivalent of an anion of an organic or inorganic acid; and,
      if desired, converting any thus-obtained free base into an acid addition
      salt or converting any thus-obtained acid addition salt into another such
      salt or into the corresponding free base.
PAR  In compounds of formula II Z.sup.- is preferably an equivalent of an anion
      of a strong inorganic or organic acid and, for process reasons,
      particularly of such an anion which forms (with the cation of formula II)
      a salt which is sparingly soluble in water, for example an equivalent of
      an anion of picric, styphnic, picrolonic, hexachloroplatinic, hydriodic or
      tetrafluoroboric acid and primarily a perchlorate.
PAC  DETAILS
PAR  The starting materials of formula II are conventional or are produced in a
      conventional manner from available materials, e.g. malonic dinitrile,
      cyanoacetic ester or cyanoacetamide, by Vilsmeyer formylation (Cf. Belgian
      patent specification 739,243).
PAR  Throughout the disclosure each reference to alkyl includes both straight
      chain and branched chain alkyl, e.g. methyl, ethyl, propyl, isopropyl,
      butyl, isobutyl, sec.-butyl or tert.-butyl, pentyl, isopentyl, 1- or
      2-methylbutyl, tert.-pentyl, hexyl, isohexyl, 1-, 2- or 3-methylpentyl,
      1-, 2- or 3-ethylbutyl, 1,2- 1,3- or 2,3-dimethylbutyl, heptyl or
      isoheptyl, unless otherwise limited. In each of R.sup.1 to R.sup.4 each
      alkyl has from 1 to 7, preferably from 1 to 4, carbon atoms.
PAR  Each cycloalkyl has from 3 to 6 ring carbon atoms and is, for example, a
      cyclopropyl, cyclopentyl, 2- or 3-methylcyclopentyl or, preferably, a
      cyclohexyl group.
PAR  An alkylene group made up of the radicals R.sup.1 and R.sup.2 (or R.sup.3
      and R.sup.4) has from 2 to 5 carbon atoms and is straight chained or
      branch chained, for example, an ethylene, trimethylene, 1- or
      2-methylethylene, tetramethylene, 1-, 2- or 3-methyltrimethylene, 1- or
      2-ethylethylene or, preferably, a pentamethylene group.
PAR  When each of one or more ring carbon atoms of such an alkylene group is
      replaced by a hetero atom, the resulting composite of R.sup.1 and R.sup.2
      (or R.sup.3 and R.sup.4) is, e.g. 3-aza-, 3-thia- or, preferably,
      3-oxa-pentamethylene.
PAR  Preferred compounds are those of the formula
      ##EQU4##
      wherein each of R.sup.1 * and R.sup.2 * is, independently, an alkyl with
      from 1 to 4 carbon atoms, particularly
      3-chloro-5-dimethylamino-2-formyl-4-aza-2,4-pentadienenitrile. In addition
      to their insecticidal, bactericidal and fungicidal utility, such compounds
      are particularly valuable as pharmaceutical intermediates.
PAR  Compounds of formula I are employed as pharmaceutical intermediates
      according to the following reaction schemes:
      ##EQU5##
      wherein R.sup.3 is an acyl radical of an organic acid, such as carbonic
      acid or a carboxylic acid, or a functional derivative thereof and
      preferably one of the following radicals:
      ##EQU6##
      R.sup.4 is a hydrogen atom (--H), an alkyl with from 1 to 14 carbon atoms,
      cycloalkyl with from 3 to 6 carbon atoms, substitued or unsubstituted
      phenyl or phenalkyl;
PAL  each of R.sup.5 and R.sup.6 is, independently, a hydrogen atom (--H),
      alkyl, cycloalkyl or together denote an alkylene group with from 2 to 5
      carbon atoms;
PA1  X is =S, =O or =NR.sup.7 ;
PA1  Y is -S- or -O-;
PA1  R.sup.7 is a hydrogen atom (-H) or alkyl; and each of R.sup.1 and R.sup.2
      has its previously-ascribed meaning.
PAR  Compounds of formulae III and IV and their pharmacologically-acceptable
      salts are useful for treating gout and, as such, are orally administrable
      in conventional dosage forms.
PAR  The compounds of formula I and their salts with organic and inorganic acids
      are thus valuable chemical intermediate products for the production of
      pharmacologically active compounds, for example substituted
      5-amino-3-chloro-2-hydrazonomethyl-4-aza-2,4-pentadieneitriles, such as
      are described in the previously-noted application Ser. No. 393,812. In
      view of their structure as .beta.-halogen vinylaldehydes, reaction thereof
      with substituted or non-substituted hydroxylamines, hydrazines,
      semicarbazides, amidines, guanidines or aminovinyl esters yields
      heterocyclics of the oxazol, pyrazol, pyridine and pyrimidine series
      (optionally containing still further functional groups), which are
      important as dyes, for plant protection and, more particularly, as
      pharmaceutical chemicals.
PAR  According to the subject invention an azapentadienylidene ammonium salt of
      formula II is reacted with water to form a corresponding
      formylazapentadienenitrile of formula I and/or a salt thereof with an
      organic or inorganic acid.
PAR  Compounds of formula I are thus obtained (according to reaction conditions)
      in free base form or in the form of an acid addition salt. These forms are
      interconverted in conventional manner.
PAR  The hydrolysis is preferably carried out in an aqueous organic medium, i.e.
      in the presence of or in admixture with organic solvents which are soluble
      in water or miscible with water, while cooling, at room or at an elevated
      temperature, preferably at from -20.degree. to +50.degree.C, and in
      particular at from 20.degree. to 30.degree.C. The operation is preferably
      carried out in the presence of a suitable stabilizer, preferably in the
      presence of pyrogallol. The ratio of water to organic solvent is variable
      within wide limits, the operation being carried out conveniently with a
      ratio of 1:10 to 10:1. Organic solvents in the aqueous organic reaction
      medium are soluble in water or solvents which can be mixed with water, for
      example alcohols, such as methanol, isopropanol and butanol; glycols, such
      as triethyleneglycol and 1,2-propanediol, dioxane; glycolethers, such as
      diethyleneglycoldimethylether; ketones, for example acetone and
      methylethylketone; formamide; dimethylformamide and dimethylsulfone, of
      which one or more can be used together with water, and more particularly
      ethanol or acetonitrile.
PAR  The conditions in the above-described reaction are selected to take into
      account all substituents in the starting compound of formula II.
PAR  Insecticidal, fungicidal and bactericidal compositions contain one or more
      of the compounds of the general formula I or its salts with organic or
      inorganic acids, preferably
      3-chloro-5-dimethylamino-2-formyl-4-aza-2,4-pentadienenitrile, in a
      concentration of 10 to 10,000 parts per million, preferably 100 to 1,000
      parts per million and usual carriers therefor. The compositions are solid,
      such as a powder, or liquid, such as a suspension, emulsion or solution.
      Useful carriers for powders are, for example, China clay, starch, talcum,
      calcium phosphate and solid high molecular polymers. Carriers for
      suspensions, emulsions and solutions are solvents, e.g. water, organic
      solvents, such as paraffins, plant oils and glycols, and nonionic or
      anionic emulsifiers, such as polyoxyethylene fatty acids and alkyl- or
      arylsulfonates, and dispersing agents, such as lignin. The carriers are
      used in conventional proportions. If the compositions are to be diluted
      prior to actual use, the concentration of the active ingredient is
      correspondingly higher.
PAR  The compounds of formula I are valuable bactericides and fungicides: For
      example 3-chloro-5-dimethylamino-2-formyl-4-aza-2,4-pentadienenitrile
      stops the growing of gram positive bacteria in a minimal concentration of
      80 .gamma./ml (Staph.aur., Strepto Gr.B, C, Entero) or 500.gamma./ml
      (Strepto Gr.A) of nutrient broth (glucose) and stops the growing of yeast
      in a minimal concentration of 500.gamma./ml (C. albicans) or 125
      .gamma./ml (C. paracrusei) of nutrient broth (Sabouraud solution) and acts
      against the proliferation of trichomonads in a minimal concentration of
      250 .gamma./ml of nutrient broth (Bacto fluid thioglycollate medium with
      addition of 10 % bovin serum).
PAR  Without further elaboration, one skilled in the art can, using the
      preceding description, utilize the present invention. The following
      specific embodiments are merely illustrative and not limitative of the
      remainder of the disclosure or of the invention described therein in any
      way whatsoever.
DETD
PAC  EXAMPLE 1
PAR  100 g of
      N-(3-chloro-4-cyano-5-dimethylamino-2-aza-2,4-pentadienylidene)N,N-dimethy
     lammonium perchlorate are dissolved in a mixture of 400 ml of acetonitrile
      and 400 ml of water. Stirring is carried out for 6 hours at 20.degree. to
      22.degree.C and is followed by double extraction with two 400 ml portions
      of trichloromethane. Following this the combined trichloromethane phases
      are extracted twice with two 1000 ml portions of water. The organic phase
      is dried with Na.sub.2 SO.sub.4 or MgSO.sub.4 and reduced in volume by
      distilling off of the solvent at 30.degree. to 35.degree.C to a quarter of
      the original volume. After allowing the resultant to stand for one hour in
      an ice-box at about 0.degree.C, the precipitate is vacuum filtered to
      yield yellowish crystals. 36 g (61%) of
      3-chloro-5-dimethylamino-2-formyl-4-aza-2,4-pentadienenitrile, with a
      melting point of 144.degree.C (with decomposition), are thus obtained.
PAR  Replacing the
      N-(3-chloro-4-cyano-5-dimethylamino-2-aza-2,4-pentadienylidene)-N,N-dimeth
     ylammonium perchlorate with an equivalent of
      N-(3-chloro-4-cyano-5-diethyl-, diisopropyl- or
      ethylmethyl-amino-2-aza-2,4-pentadienylidene)-N,N-dimethylammonium
      perchlorate results in the preparation, in similar manner, of the
      corresponding formylazapentadienenitrile of formula I.
PAC  EXAMPLE 2
PAR  31.4 g of
      N-(3-chloro-4-cyano-5-dimethylamino-2-aza-2,4-pentadienylidene)-N,N-dimeth
     yl ammonium perchlorate and 0.1 g of pyrogallol are stirred in a mixture of
      140 ml of water and 200 ml of ethanol for one hour at 25.degree.  to
      30.degree. C. Precipitaion of reaction products is completed by addition
      of 500 g of ice. Vacuum filtration is then carried out. This is followed
      by washing with cold water. Drying is effected at 20.degree.C over P.sub.2
      O.sub.5. 13.2 g (71.2%) of
      3-chloro-5-dimethylamino-2-formyl-4-aza-2,4-pentadienenitrile, with a
      melting point of 145.degree. to 147.degree.C (with decomposition), are
      thus obtained in the form of pale needles.
PAR  Replacing the N-(3-chloro-4
      -cyano-5-dimethylamino-2-aza-2,4-pentadienylidene)-N,N-dimethylammonium
      perchlorate with an equivalent of N-(3-chloro-4-cyano-5-(aziridin-1-yl)-,
      pyrrolidin-1-yl-piperidino-, morpholino-, piperazin-1-yl
      pyrozolidin-1-yl-2-aza-2,4-pentadienylidene)-N,N-dimethylammonium
      perchlorate results in the preparation, in similar manner, of the
      corresponding formylazapentadienenitrile of formula I.
PAR  The preceding description of the present invention is susceptible to
      various modifications, changes and adaptations, as is readily apparent to
      those skilled in the subject art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU7##
      wherein R.sup.1 is alkyl with from 1 to 7 carbon atoms, cycloalkyl with
      from 3 to 6 ring carbon atoms or, together with R.sup.2, alkylene with
      from 2 to 5 carbon atoms;
PA1  R.sup.2 is alkyl with from 1 to 7 carbon atoms, cycloalkyl with from 3 to 6
      ring carbon atoms or, together with R.sup.1, alkylene with from 2 to 5
      carbon atoms;
PAL  in free base or acid addition salt form.
NUM  2.
PAR  2. A compound according to claim 1 wherein each of R.sup.1 and R.sup.2,
      independently, has from 1 to 4 carbon atoms.
NUM  3.
PAR  3. A compound of claim 2 which is
      3-chloro-5-dimethylamino-2-formyl-4-aza-2,4-pentadienenitrile.
NUM  4.
PAR  4. A microbiocidal composition consisting essentially of active ingredient
      and carrier, a microbiocidally-active ingredient of which is a compound
      according to claim 1.
NUM  5.
PAR  5. An insecticidal composition consisting essentially of active ingredient
      and carrier, the composition containing an insecticidally-effective
      concentration of an insecticidally-active compound according to claim 1.
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ABST
PAL  The stability of tetracycline is improved by compounding it with 8 -
      hydroxyquinoline or a chlorinated and/or alkyl derivative thereof. In the
      compositions, which are particularly suitable for topical application, the
      tetracycline and the quinoline derivative are shown to behave
      synergistically against certain micro-organisms.
BSUM
PAR  This invention relates to tetracycline - based compositions for the
      treatment of microbial infections. The antibacterial activity of the
      tetracyclines is well known, but improved stability could be advantageous
      particularly in contact with air, particularly when in solution in water.
      Antimicrobial compositions comprising tetracycline in a variety of common
      pharmaceutical carriers, with improved shelf life particularly of opened
      and part-used product forms, e.g. multiple pack of impregnated wound
      dressings, would be of real use to the medical profession.
PAR  The present invention provides an antimicrobial composition comprising a
      tetracycline in a concentration to have an effective antibacterial action,
      8-hydroxyquinoline or a chlorinated and/or alkyl derivative thereof in a
      concentration to stabilise the tetracycline, and a pharmaceutically
      acceptable diluent and/or carrier. Both the tetracycline and the quinoline
      derivative may be present as such or in the form of a salt.
PAR  By a tetracycline is meant a member of the class of antibiotics broadly
      known as tetracyclines such as tetracycline, oxytetracycline,
      chlortetracycline, dimethylchlortetracycline, doxycycline, methacycline
      and their salts such as hydrochlorides. The concentration of tetracycline
      to provide an effective antimicrobial action depends on the circumstances
      of use, but will often be in the range of 0.1 to 6%, preferably 1 to 3%,
      by weight on the weight of the composition.
PAR  As stabilising agents, there are particularly envisaged 8-hydroxyquinoline,
      5-chloro-8-hydroxyquinoline, 5,7-dichloro-8-hydroxyquinoline,
      5,7-dichloro-8-hydroxyquinaldine, their salts such as hydrochlorides and
      sodium salts, and mixtures thereof. The concentration required to stabise
      the tetracycline, by retarding or preventing decomposition thereof, again
      depends on the circumstances of use, but will often be in the range of 0.1
      to 8%, particularly 1 to 3%, by weight on the weight of the composition.
      8-Hydroxyquinoline itself is somewhat toxic compared to its chlorinated
      derivatives and is likely to be used in concentrations only towards the
      lower ends of these ranges. 5-chloro-7-iodo derivatives of
      8-hydroxyquinoline may also be useful in cases where any liberated iodine
      does not accelerate decomposition of the tetracycline.
PAR  Preferably the ratio of the tetracycline to the 8-hydroxyquinoline or
      chlorinated and/or alkyl derivative thereof is between 3:1 and 1:3 by
      weight.
PAR  The compositions of this invention may be used for topical application to
      wounds, burns, ulcers, and topical infection, or for oral administration
      to combat internal infection.
PAR  In the treatment of surface wounds it is known that tetracyclines produce a
      good effect against a wide range of bacteria but that there is the
      possibility of contamination of the wound by mould spores or organisms
      resistant to tetracyclines. Such wounds as road accident abrasions are
      known to be very highly contaminated and have proved to be quite a problem
      as regards treatment with antibiotics. It has now been found that the
      incorporation of 5-chloro-8-hydroxyquinoline and other related
      8-hydroxyquinolines into topical formulations with tetracycline, results
      in a product having, not only improved storage stability, but also
      synergistic activity against a wide spectrum of microorganisms,.
PAR  A preferred composition for such purposes comprises from 1 to 3% by weight
      of tetracycline, from 1 to 3% by weight of 5-chloro-8-hydroxyquinoline and
      a pharmaceutically acceptable diluent or carrier.
PAR  Compositions for internal application preferably comprises
      5,7-dichloro-8-hydroxyquinoline as the stabilising agent.
PAR  8-Hydroxyquinoline and 8-hydroxyquinaldine derivatives are amphoteric and
      may therefore under some circumstances form salts with the tetracycline.
      It is believed, however, that the two active ingredients act separately,
      and that any salt formation that may take place does not adversely affect
      the antimicrobial properties of the composition.
PAR  The compositions may be prepared in the form of ointments, creams, lotions,
      passaries, powders and also spray pack formulations containing the active
      ingredients in solution or suspension.
PAR  The composition in the form of an ointment usually utilises a nonaqueous
      base material such as petrolatum. Such compositions in the form of
      ointments may be employed in the production of medicated dressings where a
      tulle prepared from say bleached cotton, cotton and rayon, or rayon is
      impregnated with the ointment.
PAR  For the treatment of oral infections and wounds such as ulcers where the
      composition may be in the form of an ointment, powder or lozenge the
      composition may also include suitable flavouring agents.
PAR  The compositions may also include anti-inflammatory drugs which are active
      when applied topically such as hydrocortisone. They may also include
      antioxidants such as sodium metabisulphite.
PAR  The invention is illustrated by the following non-limiting examples
DETD
PAC  EXAMPLE 1
PAR  A topical ointment was prepared having the following composition
TBL                    w/w                                                     
     ______________________________________                                    
     Tetracycline hydrochloride                                                
                               1%                                              
     5-Chloro-8-hydroxyquinoline                                               
                               1%                                              
     Sodium metabisulphite     0.2%                                            
     Yellow soft paraffin                                                      
                         to    100%                                            
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A topical ointment was prepared having the following composition
TBL                    w/w                                                     
     ______________________________________                                    
     Tetracycline hydrochloride                                                
                               2%                                              
     5-Chloro-8-hydroxyquinoline                                               
                               2%                                              
     Paraffin Wax              5%                                              
     Antioxidant               q.s.                                            
     Yellow Soft Paraffin                                                      
                         to    100%                                            
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  A formulation having the following composition was prepared and used to
      impregnate a tulle:
TBL                    w/w                                                     
     ______________________________________                                    
     Tetracycline hydrochloride                                                
                               1%                                              
     5-Chloro-8-hydroxyquinoline                                               
                               1%                                              
     Lanoline Anhydrous        0.5%                                            
     Paraffin Wax              2%                                              
     Antioxidant               q.s.                                            
     Yellow Soft Paraffin                                                      
                         to    100%                                            
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A topcial gel was prepared having the following composition
TBL                    w/w                                                     
     ______________________________________                                    
     Tetracycline hydrochloride                                                
                               1%                                              
     5-Chloro-8-hydroxyquinoline                                               
                               1%                                              
     Antioxidant               q.s.                                            
     Polyox WSR-205 (Union Carbide)                                            
                               2%                                              
     Propylene Glycol          85%                                             
     Water               to    100%                                            
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  A sterile dusting powder was prepared having the following composition
TBL                    w/w                                                     
     ______________________________________                                    
     Tetracycline hydrochloride                                                
                               2%                                              
     5-Chloro-8-hydroxyquinoline                                               
                               1%                                              
     Antioxidant               q.s.                                            
     Sterile absorbable dusting powder                                         
                         to    100%                                            
     ______________________________________                                    
PAL  5,7-dichloro-8-hydroxyquinaldine can be used in place of
      5-chloro-8-hydroxyquinoline.
PAC  EXAMPLE 6
PAR  A product for application in the form of an aerosol spray was prepared by
      filing into a 2 oz. aerosol container a concentrate containing
TBL  Tetracycline Hydrochloride                                                
                               100 mg                                          
     5-Chloro-8-hydroxyquinoline                                               
                               50 mg                                           
     Dipropylene Glycol        20 ml                                           
PAL  and then pressurizing the container by the addition as propellant of a
      mixture
TBL  Propellent 11-S  5 ml                                                     
     Propellent 12   10 ml                                                     
PAC  EXAMPLE 7
PAR  A powder in a form suitable for topical ulcer application was prepared
      having the following composition
TBL                     w/w                                                    
     ______________________________________                                    
     Tetracycline         1%                                                   
     5-Chloro-8-hydroxyquinoline                                               
                          1%                                                   
     Natrosol micronised  4%                                                   
     Spray Dried Acacia   3%                                                   
     Lactose              90.5%                                                
     Menthol               0.5%                                                
     Flavour/Antioxidant  q.s.                                                 
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  Mouth lozenges were prepared each lozenge having the composition:
TBL                     w/w                                                    
     ______________________________________                                    
     Oxytetracycline      5 mg                                                 
     5-Chloro-8-hydroxyquinoline                                               
                          10 mg                                                
     Flavour/Antioxidant  q.s.                                                 
     Sugar Base           to 1 gramme                                          
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  Pessaries were prepared, each pessary having the composition:
TBL                     w/w                                                    
     ______________________________________                                    
     Tetracycline          20 mg                                               
     5-Chloro-8-hydroxyquinoline                                               
                           40 mg                                               
     Antioxidant          q.s.                                                 
     Starch               100 mg                                               
     Lactose              to 1 Gramme                                          
     ______________________________________                                    
PAR  The antimicrobial activity and storage properties of the ointment of
      Example 1 (containing 1% tetracycline hydrochloride and 1%
      5-chloro-8-hydroxyquinoline) was compared with a similar ointment
      containing 1% tetracycline hydrochloride.
PAR  Surprisingly it was found that the ointment (A) containing 1% tetracycline
      hydrochloride and 1% 5-chloro-8-hydroxyquinoline was rather more stable
      than the ointment (B) containing 1% tetracycline hydrochloride alone. Thus
      visual examination of samples stored in the absence of light for 3 months
      and 6 months at room temperature, 37.degree.C and 45.degree.C showed only
      slight colour change with the former but severe darkening with the latter.
TBL  __________________________________________________________________________
     Initial                                                                   
            Room temperature                                                   
                        37.degree.C 45.degree.C                                
            3 month                                                            
                  6 month                                                      
                        3 month                                                
                              6 month                                          
                                    3 month                                    
                                          6 month                              
     __________________________________________________________________________
     A light-                                                                  
            light-                                                             
                  yellow                                                       
                        grey- yellow                                           
                                    grey- white-                               
       yellow                                                                  
            yellow      yellow      yellow                                     
                                          yellow                               
     B light-                                                                  
            orange-                                                            
                  orange-                                                      
                        brown-                                                 
                              red-  brown-                                     
                                          red-                                 
       yellow                                                                  
            yellow                                                             
                  yellow                                                       
                        yellow                                                 
                              yellow                                           
                                    yellow                                     
                                          yellow                               
     __________________________________________________________________________
PAR  Again on storage there was no evidence of evolved gases with the former
      ointment after storage at room temperature, 37.degree.C or 45.degree.C for
      3 or 6 months whereas with the latter after storage at room temperature
      for 3 or 6 months there was a slight odour, and with samples stored for 3
      or 6 month at 37.degree.C or 45.degree.C there was a strong odour.
PAR  The samples of ointment (A) and (B) stored at elevated temperatures for six
      months were examined by thin layer chromatography using cellulose plates.
      One gram samples of the ointments were washed with petroleum ether (b.p.
      40.degree.-60.degree.C) thus removing the 5-chloro-8-hydroxyquinoline and
      the jelly base and leaving as a residue the tetracycline and any of its
      breakdown products. The residue was taken up in methanol (2 mls)
      chloroform (2mls) and water (10 drops) and fractionated on cellulose
      preparative thin layer chromatography plates eluting with ethyl
      acetate/isopropanol/water (70:40:20). The main breakdown product from the
      sample of ointment (B) stored at 37.degree.C and 45.degree.C was extracted
      from the plates and found to be equivalent to 5% and 8% respectively of
      the tetracycline. In these two samples of ointment (B) there was also a
      minor proportion of a second breakdown product. With the ointment (A) the
      evidence was that breakdown if any was negligible.
PAR  The microbiological properties of ointment (A) were compared with those
      ointments (B) and an ointment (C) (containing 1%
      5-chloro-8-hydroxyquinoline) against a range of organisms isolated from
      clinical conditions.
PAR  Two tests were used to detect any bacteriostatic properties of the
      formulations.
PAC  Zone inhibition test
PAR  Pour plates were prepared, using 20 ml. nutrient agar containing 0.4 ml.
      culture. Plates were prepared for each culture tested. A well was cut in
      the centre of each plate which was then filled with the jelly under test.
      The plates were incubated at 37.degree.C/48H. Clear zones of inhibition
      which had developed were measured.
PAC  Minimum Inhibitory Concentration Test
PAR  5g of jelly were added to 95 ml. nutrient broth and the mixture left
      overnight in an incubator at 37.degree.C. This was done in order to
      improve the dispersion of the jelly in the nutrient broth and hence allow
      the antibiotic to deffuse into the liquid medium. At ambient temperature
      the jelly was completely immiscible in the broth.
PAR  The following day doubling dilutions of this 1 : 20 dilution were made to a
      final dilution of 1 : 10,240 i.e. a total of 10 dilutions were made in
      all.
PAR  Each dilution was incubated with 1 drop of 1 in 10 dilution of a 24 h.
      broth culture of organism under test and the tubes incubated at
      37.degree.C/72 h.
PAR  The minimum inhibitory concentration (MIC) of the jelly was the highest
      dilution which failed to allow growth of the organism.
PAR  From the MIC results and Zone inhibition results given in the table below,
      there is some evidence of synergism between the two agents against certain
      organisms, e.g. Staphylococcus albus, E. coli, some Proteus spp. and
      Klebsiella aerogenes.
TBL                                    TABLE                                   
     __________________________________________________________________________
     Results:                Inhibition test results on Jellies                
     Culture      Antibiotic Zone         MIC results                          
                  Sensitivity                                                  
                             Inhibition Results                                
                                         Lowest diln. preven-                  
                             Size of zone in mm                                
                                         ing growth of                         
                                         Organism:                             
                  Tetracycline                                                 
                         CHQ A   B   C   A   B   C                             
                                         1:  1:  1:                            
     __________________________________________________________________________
     Coliform 518 S      S    8* 3   5   &lt;20 80  &lt;20                           
     Coliform 608 S      S   5   5   5   &lt;20 20  &lt;20                           
     Coliform 578 S      S   6   0   6   160 &lt;20 320                           
     E. coli 566  S      S    7* 3   5   &lt;20 &lt;20 &lt;20                           
     E. coli 559  S      S   16* 4   9   80  &lt;20 80                            
     E. coli 604  S      S   8   6   7   80  &lt;20 160                           
     E. coli 026  R      S   4   0   3   20* &lt;20 &lt;20                           
     E. coli 9395 S      S   10* 3   3   80* 20  &lt;20                           
     Proteus 371   SS    S   6   0   6   160*                                  
                                             &lt;20 &lt;20                           
     Proteus 20522                                                             
                   SS    S   5   0   5   &lt;20 &lt;20 &lt;20                           
     Proteus 20029                                                             
                   SS    S    6* 0   4   &lt;20 &lt;20 80                            
     Proteus 20523                                                             
                   SS    S   6   0   6   &lt;20 &lt;20 20                            
     Proteus 20531                                                             
                   SS    S   2   0   2   &lt;20 &lt;20 &lt;20                           
     Pr. mirabilis 5887                                                        
                   SS    S   2   0   2   &lt;20 &lt;20 &lt;20                           
     Pr. mirabilis 25942                                                       
                   SS    S   7   0   7   &lt;20 &lt;20 &lt;20                           
     Pr. rettgeri 7475                                                         
                  S      S    7* 5   3   80* &lt;20 &lt;20                           
     Pr. vulgaris 4635                                                         
                  S      S    9* 2   4   40* &lt;20 &lt;20                           
     Pr. miribilis 25702                                                       
                  S      S   0   0   0   &lt;20 &lt;20 &lt;20                           
     Ps. multivorans BS                                                        
                  S      S   0   0   0   &lt;20 &lt;20 &lt;20                           
     Ps. multivorans MB                                                        
                  S      S   11  7    16 40* &lt;20 &lt;20                           
     Ps. aeruginosa 5267                                                       
                  S      R   0   0   0   &lt;20 &lt;20 &lt;20                           
     Ps. aeruginosa 1999                                                       
                  S      R   0   0   0   &lt;20 &lt;20 &lt;20                           
     Kleb, aerogenes 8172                                                      
                  S      S   14  7    13 640*                                  
                                             160 20                            
     Kleb. aerogenes 22352                                                     
                  S      S   8   5   8   40* &lt;20 &lt;20                           
     Serratia marcescens                                                       
                  S      S    2* 0   0   &lt;20 &lt;20 &lt;20                           
     Strep. faecalis 20190                                                     
                  R      S    5* 0   3   20  &lt;20 80                            
     Strep. faecalia 559                                                       
                  R      S   0   0   2   20  &lt;20 &lt;20                           
     Staph. albus 474                                                          
                  R      S   6   0   5   &lt;20 &lt;20 &lt;20                           
     Staph. albus 476                                                          
                  R      S   6   0   6   80* &lt;20 20                            
     Staph. albus 473                                                          
                  R      S   6   0   5   80* &lt;20 20                            
     Staph. albus 479                                                          
                  R      S   6   0   4   40  &lt;20 40                            
     Staph. aureus 20477                                                       
                  R      S    4* 0   2   40  &lt;20 20                            
     Staph. aureus 590                                                         
                  R      S   5   0   4   160*                                  
                                             &lt;20 40                            
     Staph. pyogenes                                                           
                  R      S   7   0   6   40  &lt;20 &lt;20                           
     Staph. aureus 7447                                                        
                  S      S    9* 5   7   1280                                  
                                             &lt;20 1280                          
     Candida albicans                                                          
                  R      S   19  0    20 40  &lt;20 40                            
     __________________________________________________________________________
      R = resistant.                                                           
      S = sensitive.                                                           
      SS = slightly sensitive                                                  
      *suggests possible synergistic effect between tetracycline hydrochloride 
      and 5 monochlor 8- hydroxyquinoline.                                     
PAC  EXAMPLE 10
PAR  A 1% by weight solution of tetracycline hydrochloride in water was divided
      into three parts. To the first part there was added 1% by weight of
      5-chloro-8-hydroxyquinoline. To the second part there was added 1%, by
      weight of 5,7-dichloro-8-hydroxyquinoline. No addition was made to the
      third part. The three aqueous compositions were then stored at 37.degree.C
      in air. Decomposition of tetracyline in the third part was quite rapid,
      and a brown colour developed within a week. The other two parts showed
      good stability after one weeks storage. It appears that the decomposition
      of tetracyline in aqueous solution is materially slowed down in the
      presence of chlorinated derivatives of 8-hydroxyquinoline.
PAR  In the Examples:-
PA1  Polyox W S R - 205 is believed to be a polyoxyethylene glycol.
PA1  Natrosol is a hydroxyethylcellulose.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A stable antimicrobial composition for topical or oral application
      comprising from 1 to 3% of tetracycline, from 1 to 3% of
      5-chloro-8-hydroxyquinoline or 5,7-chloro-8-hydroxyquinoline and a
      pharmaceutically acceptable diluent or carrier.
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ABST
PAL  Methods and compositions for controlling cannibalism and tail biting are
      disclosed containing 8-hydroxy quinoline as active material. They are
      particularly suitable for use in pigs.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to methods and compositions suitable for controlling
      cannibalism and tail biting in pigs.
PAR  The compositions used with method of the invention are distinguished by the
      fact that they contain at least one hydroxy quinoline derivative as active
      material. In the context of the invention, the expression "at least one
      hydroxy quinoline derivative" covers hydroxy quinoline itself and the
      various derivatives of hydroxy quinoline specified hereinafter.
PAC  BACKGROUND OF THE INVENTION
PAR  Cannibalism and tail biting are two well-known manifestations of
      aggressiveness in pigs and sows.
PAR  The most frequent manifestation of cannibalism is the sow which eats its
      young. There are various causes for this phenomenon, including late
      transfer to the farrowing shed, farrowing pains, the presence of a noisy
      or unknown person, mastitis, etc. Cannibalism may also occur following
      changes in breeding conditions, mixing of litters, transportation, or in
      one and the same litter when a pig is attacked by its congeners.
PAR  Tail biting is common among young animals. All the pigs of one and the same
      sty progressively have their tails bitten by one or two congeners. The
      lesions caused always have serious consequences: the pig that has been
      bitten suffers, becomes timid and no longer takes food. The stub of the
      tail becomes infected and the resulting degeneration of the spinal cord
      can cause paralysis.
PAR  There are various reasons for tail biting. It can be caused by feed
      problems, including severe rationing, unappetising or unbalanced food,
      sudden changes in ration, disturbed timetables, lack of water,
      insufficient feeding troughs. Tail biting can also be caused by the
      particular ambient conditions prevailing: excessively bright light, noise,
      inspections, storms, inadequate ventilation, high temperature, humidity,
      lack of space, the introduction of an animal into an already existing
      litter, damp, cold bedding, etc. Solutions to these problems that have
      already been proposed are either relatively ineffectual or too painful to
      the animal and, hence, prejudicial to its development.
PAR  Thus, it has been proposed either to cut the teeth of the young piglets or
      to cut their tails with forceps or with a rubber ring. It has also been
      proposed to apply theoretically repulsive products based on gas oil or on
      Norwegian pine oil, but unfortunately these products have no practical
      effectiveness.
PAR  It has now been found that the manifestations of aggression described above
      can be avoided by spraying a composition containing one or more hydroxy
      quinoline derivatives as its principal active material onto those parts of
      the animal capable of being attacked by its congeners.
PAR  The following compounds are examples of the 8-hydroxy quinoline derivatives
      which can be used for this purpose:
PA1  - 8-hydroxy quinoline and its organic salt such as its citrate, tartrate,
      sorbate, cinnamate;
PA1  - the double sulphate of 8-hydroxy quinoline and potassium;
PA1  The sulphate of hydroxy quinoline and potassium;
PA1  - 5-chloro-8-hydroxy quinoline;
PA1  - 5,7-dibromo-8-hydroxy quinoline;
PA1  - 5,7-diiodo-8-hydroxy quinoline;
PA1  - 5-chloro-7-iodo-8-hydroxy quinoline;
PA1  - 5-nitro-8-hydroxy quinoline;
PA1  - 7-iodo-8-hydroxy quinoline-5-sulphonic acid and its alkali metal salts;
PA1  - the methyl sulphate of N-methyl-8-hydroxy quinolinium;
PA1  - 8-hydroxy quinoline iodo bismuthate;
PA1  - the 8-hydroxy quinoleate of bismuth or aluminium copper and zinc;
PA1  - 8-hydroxy quinoline benzoate;
PA1  - 8-hydroxy quinoline sulphathiazole phthalate;
PA1  - 8-hydroxy quinoline salicylate;
PA1  - 8-hydroxy quinoline-5-sulphonic acid and its heavy metal salts
      (aluminium, bismuth, copper, zinc);
PA1  - 8 hydroxy quinoline hydrochloride;
PA1  - phosphorus derivatives of 8-hydroxy quinoline.
PAR  The mechanism responsible for the repulsive effect of the compositions
      according to the invention is not known in any detail, although the
      results obtained have been extremely spectacular and unexpected, a
      property of this nature never having been described in the past.
PAR  To enable them to be conveniently used by the consumer, the above hydroxy
      quinoline derivatives will generally be formulated with suitable fillers
      and/or additives and, if necessary, with other active materials capable of
      complementing the activity of the products according to the invention.
PAR  The formulations used in the method of this invention will preferably be
      liquid formulations or solid formulations which can be diluted with water
      or in a suitable solvent before application.
PAR  The formulations can be in the form of aqueous solutions in cases where the
      hydroxy quinoline derivative used is sufficiently soluble in water.
PAR  They can also be made up in the form of wettable powders containing the
      active material in dispersion in an inert filler optionally admixed with a
      surfactant or with antilumping agents or deflocculants.
PAR  The following are examples of compositions according to the invention:
     Composition A                                                             
     ______________________________________                                    
     neutral 8-hydroxy quinoline sulphate                                      
                                      200                                      
     double sulphate of hydroxy quinoline                                      
     and potassium                    100                                      
     water                    q.s.f.  1000                                     
     ______________________________________                                    
PAR  This composition is in the form of an aqueous solution which is ready for
      use.
TBL  ______________________________________                                    
     Composition B                                                             
     ______________________________________                                    
     5-nitro-8-hydroxy quinoline  100                                          
     8-hydroxy quinoline sulphathiazole                                        
     phthalate                    50                                           
     8-hydroxy quinoline salicylate                                            
                                  50                                           
     inert filler                 800                                          
     ______________________________________                                    
PAC  Composition C
PAR  This composition is particularly suitable for animals which have already
      been affected and in which it is desired to obtain a curative
      (disinfecting and healing) effect on the wounds in addition to the
      repulsive effect. The composition is as follows:
TBL  8-hydroxy quinoline iodo bismuthate                                       
                                      100                                      
     basic aluminium salicylate       100                                      
     water                    q.s.f.  1000                                     
TBL  Composition D                                                             
     ______________________________________                                    
     hydroxy quinoline sulphate   15 %                                         
     tranquiliser marketed under the Trade                                     
     Mark ALAMASK CPMN X          20 %                                         
     nonyl phenol (surfactant)     0.5 %                                       
     water                        64.5 %                                       
     ______________________________________                                    
PAR  Composition D was sprayed onto a group of pigs affected by tail-biting
      which, for 1 month previously, had been unsuccessfully subjected to
      various treatments with products based on fuel or Norwegian pine oil.
PAR  Immediately after treatment, the pigs stopped attacking their congeners.
      The composition retains its activity for about 15 days.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for controlling cannibalism and tail biting in pigs which
      comprises the step of applying, to the external surfaces of the pigs, a
      composition comprising an effective amount to prevent tail biting and
      cannibalism of an 8-hydroxy quinoline compound selected from the group
      consisting of at least one of 8-hydroxy quinoline; the double sulfate of
      potassium and 8-hydroxy quinoline; the neutral sulfate of 8-hydroxy
      quinoline; the salicylate, citrate, tartrate sorbate and cinnamate of
      8-hydroxy quinoline; 5 nitro-8-hydroxy quinoline; 8-hydroxy quinoline
      sulfathiazole phthalate; 2-iodo-8-hydroxy quinoline-5-sulfonic acid and
      the 8-hydroxy quinolinate of bismuth, aluminum, copper or zinc.
NUM  2.
PAR  2. The method according to claim 1 wherein said compound is combined with a
      compatible vehicle.
NUM  3.
PAR  3. The method according to claim 1 wherein said composition is sprayed onto
      the pigs.
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ABST
PAL  Dithiazolium salts of one of the following formulas:
      ##SPC1##
PAL  Where
PA0  R, r.sub.1, r.sub.2, and R.sub.3 are certain organic radicals, the ring
      ##EQU1##
      contains 5-8 atoms, and A, E, and G are alkylene,
PAL  And their use as pesticides.
PAL  An exemplary compound: Hydrochloric acid salt of
      3-dimethylamino-5-(4-methylpiperazin-l-yl)-1,2,4-dithiazolium chloride.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 304,793 filed Nov. 8, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,166,564 issued Jan. 19, 1965, discloses 3,5-bis(substituted
      amino)-1,2,4-dithiazolium salts of the formula
      ##EQU2##
      wherein X represents an anion of an acid having an ionization constant of
      at least 1 .times. 10.sup..sup.-7, and R.sub.1 and R.sub.2 represent
      certain substituted secondary amino groups. Examples given for R.sub.1 and
      R.sub.2 include dimethylamino, diethylamino, dipropylamino, dibutylamino,
      dilaurylamino, didodecylamino, dicyclohexylamino, methylstearylamino,
      distearylamino, diphenylamino, ditolylamino, tolylphenylamino,
      dinaphthylamino, methylphenylamino, butyltolylamino,
      cyclohexylphenylamino, piperidino and morpholino. The compounds are said
      to be useful to defoliate plants, specifically cotton.
PAR  Some of the compounds disclosed in U.S. Pat. No. 3,166,564 are also known
      in the art as housefly chemosterilants [J. Econ. Ent. 62, 522 (1969), J.
      Med. Chem. 15, 315, (1972), and J. Econ. Ent. 65, 390 (1972)] and one of
      them, 3,5-bis(diethylamino)-1,2,4-dithiazolium chloride, is known as a
      Japanese beetle chemo-sterilant [J. Econ. Ent. 63, 458 (1970)].
PAR  It has also been discovered that compounds of U.S. Pat. No. 3,166,564 are
      miticides, insecticides, and fungicides. U.S. application Ser. No.
      298,485, filed Oct. 18, 1972, now abandoned, as a continuation-in-part of
      U.S. application Ser. No. 149,328, filed June 2, 1971, now abandoned
      discloses the use of the compounds as miticides and insecticides. U.S.
      application Ser. No. 298,486, filed Oct. 18, 1972, now abandoned,
      discloses the use of the compounds as fungicides.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is a class novel insecticidal, miticidal, and fungicidal
      dithiazolium salts which can be represented by the formula Ia:
      ##SPC2##
PAL  Where
      ##EQU3##
      a is 0 through 4; B IS 1 OR 2;
      ##EQU4##
      d is 2 through 5; E IS 1 OR 2;
PAL  With the provision that the total number of atoms in the ring
      ##EQU5##
      is between 5 and 8, inclusive; R is alkyl of 1 through 6 carbon atoms;
PAL  with the provision that the sum of carbon atoms in A, E, and R is not more
      than 10;
PA1  X.sup.- is an anion of the corresponding acid HX having an ionization
      constant of at least 1 .times. 10.sup..sup.-7 ; and f is 0 or 1;
PAL  and dithiazolium salts which can be represented by the formula Ib:
      ##SPC3##
PAL  where
      ##EQU6##
      m is 0 through 6; n is 1 or 2;
PA0  R.sub.1 is methyl, --(CH.sub.2).sub.2 --NR.sub.2 R.sub.3 or
      --(CH.sub.2).sub.3 --NR.sub.2 R.sub.3 ;
PA0  R.sub.2 is methyl or ethyl;
PA0  R.sub.3 is alkyl of 1 through 6 carbon atoms; and
PA0  R.sub.2 and R.sub.3 taken together can be --(CH.sub.2).sub.p --;
PA1  p is 4 through 6;
PAL  with the provision that the sum of carbon atoms in G, R.sub.1, R.sub.2, and
      R.sub.3 is not more than 10;
PA0  X.sup.- is an anion of the corresponding acid HX having an ionization
      constant of at least 1 .times. 10.sup..sup.-7 ; and
PA1  q is 0, 1, or 2.
PAR  This invention also includes miticidal, fungicidal, and plant protective
      compositions containing the above compounds as active ingredient and
      methods for protecting plants from mites, fungi, aphids, Colorado potato
      bettle, Mexican bean beetle, and boll weevils by applying to the plant
      foliage a miticidally effective, fungicidally effective, or plant
      protective amount, but less than a defoliating amount, of at least one
      compound of formula Ia or formula Ib.
PAR  What is meant by a plant protective amount is that amount of at least one
      compound of formulas Ia or Ib that is necessary to prevents insects from
      causing damage to the plant. More specifically, under given conditions, a
      given species of insect can be killed with a certain quantity of a given
      compound or a given quantity of a combination of compounds of formula Ia
      and formula Ib. Under certain circumstances, a lesser quantity will be
      sufficient to protect the plant, i.e., even though the insect may not be
      killed, tests have shown that compounds of the present invention inhibit
      feeding of the insect or repel the insect. Thus, a plant protective amount
      includes not only an insecticidally effective amount, but also a lesser
      amount that is sufficient to prevent the insect from causing significant
      damage to the plant, by inhibiting the feeding of the insect, repelling
      the insect or otherwise. Similarly, a plant protective composition
      includes not only insecticidal composition, but also compositions which
      are not capable of killing the insect, but are capable of preventing the
      insect from causing significant damage by inhibiting the feeding of the
      insect, by repelling the insect, or otherwise.
PAR  In another embodiment this invention is a method for controlling
      mosquitoes, which comprises applying to the locus of mosquito larvae an
      insecticidally effective amount of at least one compound of either formula
      Ia or formula Ib.
PAR  In formulas Ia and Ib, X.sup.- is an anion of any acid HX with an
      ionization constant of at least 1 .times. 10.sup..sup.-7. Examples of such
      acids are HCl, HBr, HF, HI, H.sub.2 SO.sub.4, HSCN, H.sub.3 PO.sub.4,
      H.sub.2 SO.sub.3, acetic acid, oxalic acid, tartaric acid, benzoic acid,
      and N-lauryl-N-methyl-2-aminoethanesulfonic acid. The miticidal,
      fungicidal, and plant protective activity of the salts of formulas Ia and
      Ib is attributable to the cation.
PAR  An advantage of the compounds of formulas Ia and Ib over those disclosed in
      U.S. Pat. No. 3,166,564 is that they are generally less phytotoxic.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  Preferred Compounds
PAR  Certain of the compounds of formulas Ia and Ib are preferred because of
      their higher activity. These include those compounds of formula Ia where:
PAR  A and E are --(CH.sub.2).sub.2 --; and
PAR  R is alkyl of 1 through 4 carbon atoms; and those compounds of formula Ib
      where:
PAR  G is --(CH.sub.2).sub.2 -- or --(CH.sub.2).sub.3 --;
PAR  R.sub.1 is methyl;
PAR  R.sub.2 is methyl or ethyl; and
PAR  R.sub.3 is methyl or ethyl.
PAR  Most preferred because of their highest activity are the following
      compounds:
PA0  hydrochloric acid salt of
      3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium chloride
PA0  hydrobromic acid salt of
      3-dimethylamino-5-(4-propylpiperazin-1-yl)-1,2,4-dithiazolium bromide
PA0  hydrobromic acid salt of
      3-dimethylamino-5-[N-(2-dimethylaminoethyl)-N-methylamino]-1,2,4-dithiazol
     ium bromide
PA0  hydrobromic acid salt of
      3-dimethylamino-5-[N-(3-dimethylaminopropyl)-N-methylamino]-1,2,4-dithiazo
     lium bromide
PAC  Synthesis of the Final Products
PAR  The compounds of formulas Ia and Ib can be made by oxidation of an
      appropriate dithiobiuret of formulas IIa and IIb in the presence of an
      acid HX.
      ##EQU7##
PAR  The reaction can be carried out under general conditions described in U.S.
      Pat. No. 3,166,564 for oxidation of dithiobiurets in the presence of an
      acid to produce dithiazolium salts. To make the compounds where f or q is
      1 an additional equivalent of acid is used to form the desired salt. To
      make the compounds where q is 2, two additional equivalents of acid are
      used. As taught by the same reference, one salt can be converted to a salt
      of another acid by a simple displacement or by reacting one salt with a
      metal salt of another acid.
PAC  Synthesis of the Precursor Dithiobiurets
PAR  The dithiobiurets of formulas IIa and IIb and their use as insecticides,
      fungicides, and miticides are the subject matter of two copending U.S.
      pat. applications, Ser. Nos. 358,394, filed May 8, 1973 now U.S. Pat. No.
      3,890,322 issued June 17, 1975 and 358,396, filed May 8, 1973, now
      abandoned, filed simultaneously herewith by Russell F. Bellina and Colin
      L. McIntosh, respectively. These precursor dithiobiurets can be prepared
      by the general procedure described in the above-mentioned U.S. Pat. No.
      3,166,564 and further described in J. Med. Chem., 14, 772 (1971) i.e., by
      reacting an appropriate substituted thiocarbamoyl chloride with an alkali
      metal or ammonium thiocyanate to form a corresponding substituted
      thiocarbamoyl isothiocyanate, and then reacting the latter with an
      appropriate secondary amine.
PAR  The following Examples are given to illustrate the above processes. All
      parts are by weight unless specified otherwise.
PAC  EXAMPLE 1
PAC  Preparation of the hydrobromic acid salt of
      3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium bromide
PAR  To a solution of 14.6 parts of dimethylthiocarbamoyl isothiocyanate in 100
      parts of acetone at room temperature was added dropwise over a 15-minute
      period 10 parts of N-methylpiperazine. To the resulting mixture was added
      dropwise 34 parts of 48% aqueous hydrobromic acid over 15 minutes followed
      by the addition of 11.35 parts of 30% hydrogen peroxide over a 30 -minute
      period. The temperature of all of the previous reactions was maintained at
      25.degree.-35.degree.C. The reaction was then evaporated under reduced
      pressure at 50.degree.C. to afford the crude product as an oil.
      Trituration with acetone induced crystallization. The crude solid was
      recrystallized from ethanol to afford 25 parts of product, m.p.
      244.degree.-246.degree. C. dec. The analytical sample was recrystallized
      from ethanol/water to furnish the desired product, m.p.
      256.degree.-257.degree. C. dec.
PAC  EXAMPLE 2
PAC  Preparation of the hydrochloric acid salt of
      3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium chloride
PAR  A solution of 100 parts of N-methylpiperazine in 100 parts of acetone was
      added dropwise to a solution of 142 parts of dimethylthiocarbamoyl
      isothiocyanate in 650 parts of acetone at 10.degree. to 15.degree. C. This
      solution was allowed to warm to room temperature and stirred for 16 hours,
      during which time the solid dithiobiuret intermediate precipitated. The
      solid was filtered, washed with acetone, and air dried to furnish 120
      parts of the required dithiobiuret, m.p. 160.degree. C. 47 Parts of
      liquified chlorine was then added dropwise to a solution of 110 parts of
      the above dithiobiuret in 300 parts of dimethylformamide at 20.degree. to
      30.degree. C. This mixture was allowed to react at room temperature for 2
      hours, during which time a precipitate formed. The reaction mixture was
      filtered to afford 145 parts of crude product, m.p. 188.degree. -
      191.degree. C. Recrystallization from ethanol provided 60 parts of the
      pure, yellow hydrochloric acid salt of
      3-dimethylamino-5-(4methylpiperazine-1-yl)-1,2,4-dithiazolium chloride,
      m.p. 223.degree. - 226.degree. C.
PAC  EXAMPLE 3
PAC  Preparation of the hydrobromic acid salt of
      3-dimethylamino-5-(4-propylpiperazin-1-yl)-1,2,4-dithiazolium bromide
PAR  12 Parts of N-propylpiperazin in 50 parts of acetone was added dropwise to
      a solution of 14.2 parts of dimethylthiocarbamoyl isothiocyanate in 100
      parts of acetone at 10.degree.-15.degree. C. The solution was allowed to
      warm to room temperature, stirred for 2 hours, filtered, and evaporated
      under reduced pressure to remove the acetone therefrom. The resulting
      crude dithiobiuret intermediate was added to 50 parts of a 10% sodium
      hydroxide solution. The resulting solution was washed twice with 50 parts
      of chloroform and neutralized with glacial acetic acid. The solution was
      then extracted twice with 50 parts of methylene chloride. The organic
      extracts were dried, filterd, and evaporated under reduced pressure to
      afford the intermediate dithiobiuret as a viscous oil. 5.8 Parts of the
      dithiobiuret product was dissolved in 30 parts of methanol at
      10.degree.-20.degree. C. and bromine was added dropwise thereto until the
      orange color persisted. The solid which formed during the bromine addition
      was filtered to afford the crude product, a yellow solid, m.p.
      215.5.degree.  C. Recrystallization from an ethanol-water mixture provided
      one part of the hydrobromic acid salt of
      3-dimethylamino-5-(4-propylpiperazin-1-yl)-1,2,4-dithiazolium bromide,
      m.p. 264.degree. C.
PAC  EXAMPLE 4
PAC  Preparation of the hydrobromic acid salt of
      3-dimethylamino-5-[N-(3-dimethylaminopropyl)-N-methylamino]-1,2,4-dithiazo
     lium bromide
PAR  A solution of 5.8 parts of N,N,N'-trimethyltrimethylenediamine in 40 parts
      of acetone was added dropwise to a solution of 7.1 parts of
      dimethylthiocarbamoyl isothiocyanate in 40 parts of acetone at
      10.degree.-15.degree. C. This mixture was allowed to warm to room
      temperature and was stirred for one hour. 16.5 Parts of 48% hydrobromic
      acid was then added to the reaction mixture. This mixture was then cooled
      to 10.degree. C. and 6 parts of 30% hydrogen peroxide was added dropwise.
      This mixture was allowed to warm to room temperature, was stirred for 1
      hour, and then evaporated under vacuum. The residue was then added to 200
      parts of ethanol, concentrated slowly to about 100 parts, filtered, and
      then fully evaporated to afford 8 parts of the desired hydrobromic acid
      salt of
      3-dimethylamino-5-[N-(3-dimethylaminopropyl)-N-methylamino]-1,2,4-dithiazo
     lium bromide as a viscous oil.
PAC  EXAMPLE 5
PAC  Preparation of the hydrobromic acid salt of
      3-dimethylamino-5-[N-(2-dimethylaminoethyl)-N-methylamino]-1,2,4-dithiazol
     ium bromide
PAR  A solution of 10.2 parts of N,N,N'-trimethylethylenediamine in 20 parts of
      acetone was added dropwise to a solution of 14.2 parts of
      dimethylthiocarbamoyl isothiocyanate in 100 parts of acetone at
      10.degree.-15.degree. C. The resulting solution was allowed to warm to
      room temperature and stirred for 2 hours. This solution was then filtered
      and evaporated under reduced pressure. The residue was added to 50 parts
      of a 10% sodium hydroxide solution. This solution was washed with 100
      parts of chloroform, neutralized with glacial acetic acid, and then
      extracted twice with 50 parts of methylene chloride. The combined
      methylene chloride extracts were dried, filtered, and evaporated under
      reduced pressure to give 13 parts of the crude dithiobiuret product. This
      product was then recrystallized from ethanol to afford 5 parts of the
      required dithiobiuret, m.p. 93.degree.-94.degree. C. 5 Parts of this
      dithiobiuret were dissolved in 30 parts of methanol at 10.degree. C.
      Bromine was added dropwise to this solution until the orange color
      persisted. The reaction mixture was stirred at room temperature for one
      hour and was then filtered to give 8 parts of the crude product, m.p.
      140.degree. C. This product was recrystallized from ethanol to provide 3
      parts of the hydrobromic acid salt of
      3-dimethylamino-5-[N-(2-diethylaminoethyl)-N-methylamino]-1,2,4-dithiazoli
     um bromide, m.p. 244.degree. C.
PAR  By using an appropriate amine with an appropriate acid or an appropriate
      halogen, the following compounds can be prepared similarly:
PA0  thiocyanic acid salt of
      3-dimethylamino-5-(1,2,2-trimethylhydrazino)-1,2,4-dithiazolium
      thiocyanate
PA0  N-lauryl-N-methyl-2-aminoethane sulfonic acid salt of
      3-dimethylamino-5-(1,2,2-trimethylhydrazino)-1,2,4-dithiazolium
      N-lauryl-N-methyl-2-aminoethane sulfonate
PA0  hydrobromic acid salt of
      3-dimethylamino-5-(1-methyl-2-ethyl-2-hexylhydrazino)-1,2,4-dithiazolium
      bromide
PA0  hydrobromic acid salt of
      3-dimethylamino-5-[N-(azacyclohept-1-yl)-N-methylamino]-1,2,4-dithiazolium
      bromide
PA0  hydrochloric acid salt of
      3-dimethylamino-5-[N-pyrrolidin-1-yl)-N-methylamino]-1,2,4-dithiazolium
      chloride
PA0  hydroiodic acid salt of
      3-dimethylamino-5-[1-(2-dimethylaminoethyl)-2,2-diethylhydrazino]-1,2,4-di
     thiazolium iodide
PA0  hydrobromic acid salt of
      3-dimethylamino-5-[1-(3-diethylaminopropyl)-2,2-dimethylhydrazino]-1,2,4-d
     ithiazolium bromide
PA0  hydrobromic acid salt of
      3-dimethylamino-5-[N-(pyrrolidin-1-yl)-N-(2-dimethylaminoethyl)amino]-1,2,
     4-dithiazolium bromide
PA0  hydrochloric acid salt of
      3-dimethylamino-5-{N-(pyrrolidin-1-yl)-N-[2-(N-pyrrolidin-1-yl)ethyl]-amin
     o}-1,2,4-dithiazolium chloride
PA0  acetic acid salt of
      3-dimethylamino-5-[N,N-bis(2-dimethylaminoethyl)amino]-1,2,4-dithiazolium
      acetate
PA0  hydrochloric acid salt of
      3-dimethylamino-5-[N-(6-dimethylaminohexyl)-N-methylamino]-1,2,4-dithiazol
     ium chloride
PA0  oxalic acid salt of
      3-dimethylamino-5-[1-(2diethylaminoethyl)-N-methylamino]-1,2,4-dithiazoliu
     m oxalate
PA0  hydrochloric acid salt of
      3-dimethylamino-5-[N,N-bis-(2-diethylaminoethyl)amino]-1,2,4-dithiazolium
      chloride
PA0  hydrochloric acid salt of
      3-dimethylamino-5-{N-[2-(pyrrolidin-1-yl)ethyl]-N-methylamino}-1,2,4-dithi
     azolium chloride
PA0  hydrochloric acid salt of
      3-dimethylamino-5-{N-[2-(piperadin-1-yl)ethyl]-N-methylamino}-1,2,4-dithia
     zolium chloride
PA0  hydrobromic acid salt of
      3-dimethylamino-5-{N-[5-(pyrrolidin-1-yl)pentyl]-N-methylamino}-1,2,4-dith
     iazolium bromide
PA0  hydrobromic acid salt of
      3-dimethylamino-5-{N-[3-(N-ethyl-N-butylamino)propyl]-N-methylamino}-1,2,4
     -dithiazolium bromide
PA0  hydroiodic acid salt of
      3-dimethylamino-5-(5-methyl-1,5-diazacyclooct-1-yl)-1,2,4-dithiazolium
      iodide
PA0  hydroiodic acid salt of
      3-dimethylamino-5-(4-ethyl-1,4-diazacyclooct-1-yl)-1,2,4-dithiazolium
      iodide
PA0  hydrochloric acid salt of
      3-dimethylamino-5-(4,5,6-trimethyl-1,5-diazacyclooct-1-yl)-1,2,4-dithiazol
     ium chloride
PA0  hydrochloric acid salt of
      3-dimethylamino-5-(2,8-dimethyl-5-ethyl-1,5-diazacycloct-1-yl)-1,2,4-dithi
     azolium chloride
PA0  hydrobromic acid salt of
      3-dimethylamino-5-(4,5,8-trimethyl-1,5-diazacyclooct-1-yl)-1,2,4-dithiazol
     ium bromide
PA0  hydrobromic acid salt of
      3-dimethylamino-5-(4-methyl-1,4-diazacyclohept-1-yl)-1,2,4-dithiazolium
      bromide
PA0  hydrobromic acid salt of
      3-dimethylamino-5-(4-pentyl-1,4-diazacyclohept-1-yl)-1,2,4-dithiazolium
      bromide
PA0  hydrochloric acid salt of
      3-dimethylamino-5-(2-methyl-1,2-diazacyclohept-1-yl)-1,2,4-dithiazolium
      chloride
PA0  hydrochloric acid salt of
      3-dimethylamino-5-(2propyl-1,2-diazacyclopent-1-yl)-1,2,4-dithiazolium
      chloride
PA0  hydrochloric acid salt of
      3-dimethylamino-5-(2-hexyl-1,2-diazacyclohex-1-yl)-1,2,4-dithiazolium
      chloride
PA0  hydroiodic acid salt of
      3-dimethylamino-5-(2,3-dimethyl-1,2-diazacyclopent-1-yl)-1,2,4-dithiazoliu
     m iodide
PA0  hydroiodic acid salt of
      3-dimethylamino-5-(2-hexyl-2-methyl-1,2-diazacyclopent-1-yl)-1,2,4-dithiaz
     olium iodide
PA0  sulphuric acid salt of
      3-dimethylamino-5-(2,5-dimethyl-1,2-diazacyclopent-1-yl)-1,2,4-dithiazoliu
     m bisulfate
PA0  sulfuric acid salt of
      3-dimethylamino-5-(3,4,5-trimethylpiperazin-1-yl)-1,2,4-dithiazolium
      bisulfate
PA0  benzoic acid salt of
      3-dimethylamino-5-(2,4,6-trimethylpiperazin-1-yl)-1,2,4-dithiazolium
      benzoate
PA0  acetic acid salt of
      3-dimethylamino-5-(2,4,5-trimethylpiperazin-1-yl)-1,2,4-dithiazolium
      acetate
PA0  hydrochloric acid salt of
      3-dimethylamino-5-(2,6-dimethyl-4-isopropylpiperazin-1-yl)-1,2,4-dithiazol
     ium chloride
PA0  hydrofluoric acid salt of
      3-dimethylamino-5-(3-methyl-1,3-diazacyclopent-1-yl)-1,2,4-dithiazolium
      fluoride
PA0  hydrofluoric acid salt of
      3-dimethylamino-5-(3-pentyl-1,3-diazacyclopent-1-yl)-1,2,4-dithiazolium
      fluoride
PA0  hydrobromic acid salt of
      3-dimethylamino-5-(4-isopropylpiperazin-1-yl)-1,2,4-dithiazolium bromide
PA0  hydrobromic acid salt of
      3-dimethylamino-5-(4-secbutylpiperazin-1-yl)-1,2,4-dithiazolium bromide
PA0  oxalic acid salt of
      3-dimethylamino-5-(4-ethylpiperazin-1-yl)-1,2,4-dithiazolium oxalate
PA0  hydroiodic acid salt of
      3-dimethylamino-5-[N-2-dimethylamino-1-methylethyl)-N-methylamino]-1,2,4-d
     ithiazolium iodide
PA0  hydroiodic acid salt of
      3-dimethylamino-5-[N-(2-dimethylamino-2-methylethyl)-N-methylamino]-1,2,4-
     dithiazolium iodide
PA0  hydrochloric acid salt of
      3-dimethylamino-5-[N-(3-dimethylamino-1-methylpropyl)-N-methylamino]-1,2,4
     -dithiazolium chloride
PA0  hydrochloric acid salt of
      3-dimethylamino-5-[N-(3-dimethylamino-3-methylpropyl)-N-methylamino]-1,2,4
     -dithiazolium chloride
PA0  hydroiodic acid salt of
      3-dimethylamino-5-{N-[(2-pyrrolidin-1-yl)-1-methylethyl]-N-methylamino}-1,
     2,4-dithiazolium iodide
PA0  hydroiodic acid salt of
      3-dimethylamino-5-{N-[3-(azacyclohept-1-yl)-1-methylpropyl]-N-methylamino}
     -1,2,4-dithiazolium iodide
PAC  EXAMPLE 6
PAC  Preparation of
      3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium bromide
PAR  A solution of 0.54 parts of sodium methoxide in 10 parts of ethanol was
      added dropwise to a slurry of 4 parts of the hydrobromic acid salt of
      3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium bromide
      (prepared as in Example 1 above) in 40 parts of ethanol at 10.degree. C.
      This mixture was allowed to warm to room temperature and was stirred for 5
      days. The resulting solution was then filtered and evaporated under
      reduced pressure. The residue was extracted with acetonitrile, filtered,
      and evaporated to furnish 2.4 parts of a viscous clear yellow oil. The oil
      was induced to crystallize by trituration with acetone. The product (1.4
      parts) was filtered, washed with acetone, then washed with hexane, and air
      dried. The acetone filtered and washings were combined and a second crop
      of 0.6 parts of the product was filtered therefrom. Infrared analysis of
      the second crop indicated it contained less hydrobromic acid than the
      first crop. The second crop was recrystallized from an acetone hexane
      mixture, m.p. 103.degree.-105.degree.  C.
PAR  Calculated 24.6% Br.
PAR  Found 23.8% Br.
PAC  EXAMPLE 7
PAC  Preparation of
      3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium chloride
PAR  13.4 Parts of concentrated hydrochloric acid was added dropwise to a
      mixture of 24.6 parts of the dithiobiuret intermediate of Example 1 in 100
      parts of acetone at 10.degree. to 20.degree. C. This was followed by the
      dropwise addition of 11.4 parts of 30% hydrogen peroxide. The reaction
      mixture was then stirred for 1 hour, during which time a yellow oil
      precipitated. 100 Parts of water was added to this mixture. The resulting
      aqueous solution was washed three times with 50 part portions of
      chloroform and then evaporated under reduced pressure to afford the
      3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium chloride
      product as a hydroscopic solid.
PAR  The following compounds can be prepared similarly by using an appropriate
      acid salt in the method described in Example 6 or by using an appropriate
      amine and an appropriate acid in the method described in Example 7:
PA0  3-dimethylamino-5-(4-methyl-1,4-diazacyclohept-1-yl)-1,2,4-dithiazolium
      bromide
PA0  3-dimethylamino-5-(4-pentyl-1,4-diazacyclohept-1-yl)-1,2,4-dithiazolium
      bromide
PA0  3-dimethylamino-5-(2-methyl-1,2-diazacyclohept-1-yl)-1,2,4-dithiazolium
      chloride
PA0  3-dimethylamino-5-(2-propyl-1,2-diazacyclopent-1-yl)-1,2,4-dithiazolium
      fluoride
PA0  3-dimethylamino-5-(2-hexyl-1,2-diazacyclohex-1-yl)-1,2,4-dithiazolium
      iodide
PA0  3-dimethylamino-5-(2,3-dimethyl-1,2-diazacyclopent-1-yl)-1,2,4-dithiazolium
      iodide
PA0  3-dimethylamino-5-(2-hexyl-2-methyl-1,2-diazacyclopent-1-yl)-1,2,4-dithiazo
     lium iodide
PA0  3-dimethylamino-5-(2,5-dimethyl-1,2-diazacyclopent-1-yl)-1,2,4-dithiazolium
      bisulfate
PA0  3-dimethylamino-5-(3,4,5-trimethylpiperazin-1-yl)-1,2,4-dithiazolium
      bisulfate
PA0  3-dimethylamino-5-(2,4,6-trimethylpiperazin-1-yl)-1,2,4-dithiazolium
      benzoate
PA0  3-dimethylamino-5-(2,4,5-trimethylpiperazine-1-yl)-1,2,4-dithiazolium
      acetate
PA0  3-dimethylamino-5-(2,6-dimethyl-4-isopropylpiperazin-1-yl)-1,2,4-dithiazoli
     um chloride
PA0  3-dimethylamino-5-(3-methyl-1,3-diazacyclopent-1-yl)-1,2,4-dithiazolium
      fluoride
PA0  3-dimethylamino-5-(3-pentyl-1,3-diazacyclopent-1-yl)-1,2,4-dithiazolium
      fluoride
PA0  3-dimethylamino-5-(3-isopropylpiperazin-1-yl)-1,2,4-dithiazolium bromide
PA0  3-dimethylamino-5-(3-sec-butylpiperazin-1-yl)-1,2,4-dithiazolium bromide
PA0  3-dimethylamino-5-(3-ethylpiperazin-1-yl)-1,2,4-dithiazolium oxalate
PAC  EXAMPLE 8
PAC  Preparation of the dihydrobromic acid salt of
      3-dimethylamino-[N,N-bis(2-dimethylaminoethyl)amino]-1,2,4-dithiazolium
      bromide
PAR  15.9 Parts of 1,1,7,7-tetramethyldiethylenetriamine is added dropwise over
      a 15-minute period to a solution of 14.6 parts of dimethylthiocarbamoyl
      isothiocycanate in 100 parts of acetone. 51 Parts of 48% hydrobromic acid
      is then added dropwise to the resulting mixture after which 11.35 parts of
      a 30% hydrogen peroxide solution at 15.degree. to 20.degree. C. is added
      to this mixture over a 30-minute period. The dihydrobromic acid salt
      product will separate from the reaction mixture and can be purified by
      usual procedures.
PAR  By using the appropriate amine and acid, the following compounds can be
      prepared similarly:
PA0  dihydrobromic acid salt of
      3-dimethylamino-5-[1-(3-diethylaminopropyl)-2,2-dimethylhydrazino]-1,2,4-d
     ithiazolium bromide
PA0  dihydroiodic acid salt of
      3-dimethylamino-5-[N-(pyrrolidin-1-yl)-N-(2-dimethylaminoethyl)amino]-1,2,
     4-dithiazolium iodide
PA0  dihydrochloric acid salt of
      3-dimethylamino-5-[N-(pyrrolidin-1-yl)-N-(2-pyrrolidin-1-yl)ethyl)amino]-1
     ,2,4-dithiazolium chloride
PA0  diacetic acid salt of
      3-dimethylamino-5-[N,N-bis(2-dimethylaminoethyl)amino]-1,2,4-dithiazolium
      acetate
PA0  dihydrochloric acid salt of
      3-dimethylamino-5-[N,N-bis(2-dimethylaminoethyl)amino]-1,2,4-dithiazolium
      chloride
PAC  Formulation of the Compounds
PAR  Miticidal, fungicidal, and plant protective compositions can be prepared by
      mixing at least one compound of formulas Ia and Ib with an inert carrier
      and/or a surface-active agent to provide water-soluble powders, dusts, and
      liquid concentrates. The inert carrier can be a finely divided solid,
      water, or an organic liquid. The surface-active agent can by any anionic,
      cationic, or non-ionic agent which has heretofore been generally employed
      in pest-control compositions or an equivalent. Suitable surface-active
      agents are set forth, for example, in "Detergents and Emulsifiers 1970
      Annual" by John W. McCutcheon, Inc.
PAR  Water-soluble powders of this invention contain at least one compound of
      formulas Ia and Ib together with an inert, solid carrier which may itself
      be either water-soluble or water-insoluble. One or more surface-active
      agents may also be present to improve speed of wetting, dispersion, and
      solution in water.
PAR  The most suitable water-insoluble carriers are synthetic silicas, magnesium
      silicate, and natural clays, such as, diatomaceous earth, kaolinites,
      attapulgite clay, and the like. Water-soluble carriers include sugar,
      calcium sulfite dihydrate, sodium sulfite, urea, and the like.
PAR  The water-soluble powder formulations contain from about 25 to 99% by
      weight of at least one compound of formulas Ia and Ib and 1 to 75% by
      weight of inert carrier. Preferably, they also contain about 0.1% to 10%
      by weight of surface-active agents replacing equivalent amounts of inert
      carrier.
PAR  The more dilute of these water-soluble powders can also be used as dusts,
      and more concentrated compositions can be diluted with conventional dust
      diluents, such as to a range of 1 to 25% active ingredient.
PAR  Liquid concentrates of the invention contain at least one compound of
      formulas Ia and Ib together with a solvent consisting of water or an
      organic liquid or any suitable mixture of these. Organic liquids which can
      be used include dimethylformamide, ethylene glycol, diethylene glycol,
      propylene glycol, the monomethyl or ethyl ethers of the preceding glycols,
      methanol, ethanol, propanol, acetone, and other ketones.
PAR  Liquid concentrates of the invention contain from about 10 to about 60% by
      weight of active ingredient (at least one compound of formulas Ia and Ib),
      with the remainder comprising the solvents listed above either
      individually or in admixture.
PAR  These liquid compositions can be diluted with water and applied in the
      conventional manner to plants, but they are also particularly suitable for
      application at high concentrations in the typical ultra-low-volume or or
      low-volume application from aircraft or ground sprayer. The water-soluble
      powders can also be dissolved or dispersed in appropriate liquid carriers
      and applied as low-volume sprays.
PAR  Compositions of this invention can contain in addition to at least one
      compound of formulas Ia and Ib conventional insecticides, miticides,
      bactericides, and fungicides, or other agricultural chemicals such as
      fruit sap agent, fruit thinning compounds, fertilizer ingredients, and the
      like.
PAR  The following examples illustrate suitable formulations of the compounds of
      the present invention. All percents are by weight.
TBL  ______________________________________                                    
     EXAMPLE 9                                                                 
                               Percent                                         
     ______________________________________                                    
     Hydrobromic acid salt of 3-dimethylamino-5-[N-                            
                                 25.0                                          
      2-dimethylaminoethyl)-N-methylamino]-1,2,4-                              
      dithiazolium bromide                                                     
     Water                       25.0                                          
     Ethylene glycol             40.0                                          
     Ethanol                     10.0                                          
     ______________________________________                                    
PAR  The above ingredients are blended until a homogeneous solution results.
TBL  ______________________________________                                    
     EXAMPLE 10                                                                
                               Percent                                         
     ______________________________________                                    
     Hydrobromic acid salt of 3-dimethylamino-5-                               
                                 35.0                                          
      [N-(3-dimethylaminopropyl)-N-methylamino]-                               
      1,2,4-dithiazolium bromide                                               
     Dimethyl formamide          65.0                                          
     ______________________________________                                    
PAR  The active compound is blended with the dimethyl formamide with a
      homogeneous solution results.
TBL  ______________________________________                                    
     EXAMPLE 11                                                                
                               Percent                                         
     ______________________________________                                    
     Hydrochloric acid salt of 3-dimethylamino-                                
                                 95.0                                          
      5-(4-methylpiperazin-1-yl)-1,2,4-                                        
      dithiazolium chloride                                                    
     Sodium dioctyl sulfosuccinate                                             
                                  0.5                                          
     Synthetic silica             4.5                                          
     ______________________________________                                    
PAR  The above ingredients are blended, ground to pass an 0.50 mm screen and
      reblended.
TBL  ______________________________________                                    
     EXAMPLE 12                                                                
                              Percent                                          
     ______________________________________                                    
     Hydrobromic acid salt of 3-dimethyl-                                      
                                80.0                                           
      amino-5-(4-ethylpiperazin-1-yl)-1,2,4-                                   
      dithiazolium bromide                                                     
     Kaolinite clay             18.5                                           
     Sodium lignin sulfonate     0.5                                           
     Sodium alkylnaphthalene sulfonate                                         
                                 1.0                                           
     ______________________________________                                    
PAR  The above ingredients are blended, micropulverized to pass an 0.149 mm
      screen and reblended.
TBL  ______________________________________                                    
     EXAMPLE 13                                                                
                             Percent                                           
     ______________________________________                                    
     Sulfuric acid salt of 3-dimethyl-                                         
                               50.0                                            
      amino-5-(4-methylpiperazin-1-yl)-                                        
      1,2,4-dithiazolium bisulfate                                             
     Sucrose                   49.0                                            
     Methylated cellulose       0.5                                            
     Sodium dioctyl sulfosuccinate                                             
                                0.5                                            
     ______________________________________                                    
PAR  The above ingredients are blended, ground to pass an 0.30 mm screen and
      reblended.
PAC  Use of the Compounds
PAR  Many species of mites which cause damage to fruits, field crops,
      vegetables, ornamentals, animals, birds, and man are controlled by the
      compounds of this invention. The following is a list of representative
      susceptible mites along with the types of damage that they can cause:
      Panonychus ulmi (European red mite) and Tetranychus urticae (two spotted
      mite) which are commonly called "orchard mites," and which attach a great
      many deciduous trees, such as apple, pear, cherry, plum, and peach trees;
      Tetranychus atlanticus (Atlantic or strawberry mite), T. cinnabarinus
      (carmine spider mite) and T. pacificus (Pacific mite); which attach cotton
      and numerous other crop plants; Paratetranychus citri (citrus red mite)
      and others which attach citrus; Phyllocoptruta oleivora which causes
      citrus rust; Bryobia praetiosa (clover mite) which attacks clover,
      alfalfa, and other crops; Aceria neocynodomis which attacks grasses and
      other plants; Tyrophagus lintneri which is a serious pest in stored foods
      and on cultivated mushrooms; Lepidoglyphus destructor which injures
      Kentucky bluegrass seed in storage, and Dermanyssus gallinae (poultry
      mite) which reduce egg production and increase mortality of young chicks.
PAR  The compounds of formulas Ia and Ib are also useful for control of certain
      insect species such as: the apple aphid, Aphis pomi; bean aphid, Aphis
      fabae; green peach aphid, Myzus persicae; pea aphid, Macrosiphum pisi;
      potato aphid, Macrosiphum euphobiae; Colorado potato beetle, Leptinotarsa
      decemlineata; Mexican bean beetle, Epilachna varivestis; Southern
      armyworm, Prodenia eridania; bollworms, Heliothis zea and Heliothis
      virescens; mosquitoes, Aedes spp., Anopheles spp., and Culex spp.,; and
      boll weevils, Anthonomus grandis.
PAR  The compounds of formulas Ia and Ib are called fungicides, although in the
      strictest sense they do not necessarily kill fungi; they have an
      anti-sporulant effect or fungi, and control many plant diseases, including
      the tomoto late blight pathogen, Phytophthora infestans, the cucumber
      powdery mildew pathogen, Erysiphe cichoracearum, the apple scab pathogen,
      Venturia inaequalis, and the downy mildew pathogen, Pseudoperonospora
      cubensis.
PAR  The compounds of formulas Ia and Ib can be used for the protection of
      plants such as fruit-bearing trees, nut-bearing trees, ornamental trees,
      forest trees, vegetable crops, horticultural crops (including ornamental,
      small fruit and berries), and grain and seed crops. They are especially
      suited to protect apple, citrus, and peach trees, cotton, potatoes, peas,
      corn, and beans from mites, fungi, and certain insects.
PAR  Rates for application of the compounds of formulas Ia and Ib to field crops
      are from 0.01 to 4 kilograms of active ingredient per hectare. For the
      more active compounds, including the preferred compounds, rates in the
      range of 0.01 to 0.8 kg/ha. are preferred. The compounds should be applied
      to ornamental, nut, and fruit trees by spraying to run-off with a solution
      or suspension containing about 5 to 4,000 ppm, preferably about 10 to
      2,000 ppm and most preferably about 40 to 500 ppm of active ingredient.
      The compounds, of course, vary in their pesticidal activity and
      phytotoxicity. The compounds must be used in an amount which is effective
      to control the pests but less than the amount which will cause defoliation
      or other severe symptoms of phytotoxicity. The optimum amount for a given
      compound depends upon a number of variables which are well known to those
      skilled in the art of plant protection. These include, but are not limited
      to, the species of mite, fungus, or insect to be controlled, weather
      conditions expected, type of crop, stage of development of the crop and
      the interval between applications. It may be necessary or desirable to
      repeat application within the ranges given one or more times at intervals
      of 1 to 60 days.
PAR  The compounds of formulas Ia and Ib may be used for control of mosquito
      larvae breeding in swampy and other moist locations. The quantity of
      chemicals used depends on the amount of water present in the area and on
      the percent control of the larvae desired. Greater amounts of water
      present and a desired high percent kill require correspondingly greater
      amounts of active ingredient. In general, marshy areas where the water
      does not exceed one foot in depth may require 0.1 to 3 kg of active
      ingredient per hectare. The amount actually used should be predetermined
      from a knowledge of the area to be treated.
PAC  EXAMPLE 14
PAR  The foliage of two Red Kidney bean plants was infested with approximately
      200 two-spoted mites (Tetranychus urticae (approximately 50 per leaf) and
      then sprayed to run-off with a solution containing 10 ppm of the
      hydrochloric acid salt of
      3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium chloride. No
      living mites could be found on these plants one week after treatment.
      Treated plants were growing vigorously and no phytotoxicity was observed.
      The leaves of untreated control plants were badly damaged by the existing
      mites and large numbers of eggs were present.
PAR  The following table lists results of similar experiments with other
      compounds of the invention:
TBL                 Concentration                                              
                            %                                                  
     Name           ppm     Control                                            
                                 Phytotoxicity                                 
     __________________________________________________________________________
     hydrobromic acid salt of                                                  
                    10      100  None                                          
     3-dimethylamino-5-[N-(2-                                                  
     dimethylaminoethyl)-N-                                                    
     methylamino]-1,2,4-di-                                                    
     thiazolium bromide                                                        
     hydrobromic acid salt of                                                  
                    20      100  None                                          
     3-dimethylamino-5-[N-(3-                                                  
     dimethylaminopropyl)-N-                                                   
     methylamino]-1,2,4-di-                                                    
     thiazolium bromide                                                        
     hydrobromic acid salt of                                                  
                    500     100  None                                          
     3-dimethylamino-5-(4-N-                                                   
     propylpiperazinyl)-1,2,4-                                                 
     dithiazolium bromide                                                      
     __________________________________________________________________________
PAC  EXAMPLE 15
PAR  Foliar sprays of the hydrochloric acid salt of
      3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium chloride (I)
      protect foliage of cotton plants from attack by boll weevil for an
      extended period of time. The compound does not kill the weevils, but
      prevents or inhibits them from feeding. This experiment was based on
      excising treated leaves of uniform size and exposing them to weevils as
      indicated.
TBL  __________________________________________________________________________
                   Evaluation.sup.1                                            
     Concentration (0-3 days.sup.2)                                            
                              (7-10 days)                                      
     Compound                                                                  
           (ppm)   % Dead                                                      
                       % Feedings.sup.3                                        
                              % Dead                                           
                                  % Feeding                                    
     __________________________________________________________________________
     I     500     27  1      10  1                                            
           100     13  9      7   7                                            
     Untreated                                                                 
           --       0  70     0   50                                           
     __________________________________________________________________________
      .sup.1 Average of three replicates.                                      
      .sup.2 Exposure started at 0 and 7 days after spraying and continued for 
      days.                                                                    
      .sup.3 Percent of leaf consumed.                                         
PAC  EXAMPLE 16
PAR  The foliage of Red Kidney bean plants (2 per pot) was sprayed to run-off
      with a solution of the hydrochloric acid salt of
      3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium chloride (I)
      at the concentrations indicated below. When the leaves had dried each
      plant was uniformly infested with ten 10-day-old Mexican bean beetle
      larvae. Results were evaluated after 4 days of exposure. Percent control
      was based on the number of larvae remaining on the plant. Percent feeding
      was based on the portion of the leaves consumed.
TBL  ______________________________________                                    
                 Spray Concentration                                           
     Compound    (ppm)         % Control                                       
                                        % Feeding                              
     ______________________________________                                    
     I           500           100      12                                     
                 100           85       15                                     
     Untreated Control                                                         
                 --             0       90                                     
     ______________________________________                                    
PAC  EXAMPLE 17
PAR  The foliage of two Red Kidney beam plants was sprayed to run-off with a
      solution containing 10 ppm of the hydrochloric acid salt of
      3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium chloride.
      The following day the plants were infested with approximately 200
      two-spotted mites (50 per leaf). No living mites could be found on these
      plants one week after treatment. Treated plants were growing vigorously
      and no phytotoxicity was observed. The leaves of untreated control plants
      were badly damaged by the existing mites and large numbers of eggs were
      present.
PAC  EXAMPLE 18
PAR  The foliage of tomato seedlings was sprayed to run-off with a 400 ppm
      solution of the hydrochloric acid salt of
      3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium chloride.
      The next day the seedlings were inoculated with a spore suspension of the
      late blight fungus Phytophthora infestans. They were then incubated in a
      saturated humidity chamber for one day. Similar inoculated seedlings which
      had not been treated with the chemicals of this invention were severely
      diseased after five days. Seedlings treated as above were almost
      completely free of disease and were rated as at least 80 percent control.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for protecting plants from mites, aphids, Colorado potato
      beetle, Mexican bean beetle, and boll weevil which comprises applying to
      the plant foliage a miticidally effective amount, an insecticidally
      effective amount or a plant protective amount, but less than a defoliating
      amount of at least one compound of the formula
      ##SPC4##
PAL  where
PA1  R is alkyl of 1 through 6 carbon atoms;
PA1  X.sup.- is an anion of the corresponding acid HX having an ionization
      constant of at least 1 .times. 10.sup..sup.-7 ; and f is 0 or 1.
NUM  2.
PAR  2. The method of claim 1 wherein
PA1  R is alkyl of 1 through 4 carbon atoms.
NUM  3.
PAR  3. The method of claim 1 wherein the compound applied is the hydrochloric
      acid salt of 3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium
      chloride.
NUM  4.
PAR  4. The method of claim 1 wherein the compound applied is the hydrobromic
      acid salt of 3-dimethylamino-5-(4-propylpiperazin-1-yl)-1,2,4-dithiazolium
      bromide.
NUM  5.
PAR  5. The method of claim 1 wherein the compound is applied to a field crop at
      a rate in the range of about 0.01 to about 4 kg/ha.
NUM  6.
PAR  6. The method of claim 1 wherein the compound is applied to a field crop at
      a rate in the range of about 0.01 to about 0.8 kg/ha.
NUM  7.
PAR  7. The method of claim 1 wherein the compound is applied to trees by
      spraying the trees to run-off with a solution or suspension containing
      about 5 to about 4,000 ppm of the compound.
NUM  8.
PAR  8. The method of claim 1 wherein the compound is applied to trees by
      spraying the trees to run-off with a solution or suspension containing
      about 10 to about 2,000 ppm of the compound.
NUM  9.
PAR  9. The method of claim 1 wherein the compound is applied to trees by
      spraying the trees to run-off with a solution or suspension containing
      about 40 to about 500 ppm of the compound.
NUM  10.
PAR  10. A method for controlling mosquitoes which comprises applying to the
      locus of mosquito larvae an insecticidally effective amount of at least
      one compound of the formula
      ##SPC5##
PAL  where
PA1  R is alkyl of 1 through 6 carbonatoms;
PA1  X.sup.- is an anion of the corresponding acid HX having an ionization
      constant of at least 1 .times. 10.sup..sup.-7 ; and f is 0 or 1.
NUM  11.
PAR  11. The method of claim 10 wherein
PA1  R is alkyl of 1 through 4 carbon atoms.
NUM  12.
PAR  12. The method of claim 10 wherein the compound applied is the hydrochloric
      acid salt of 3-dimethylamino-5-(4-methylpiperazin-1-yl)-1,2,4-dithiazolium
      chloride.
NUM  13.
PAR  13. The method of claim 10 wherein the compound applied is the hydrobromic
      acid salt of 3-dimethylamino-5-(4-propylpiperazin-1-yl)-1,2,4-dithiazolium
      bromide.
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PAL  Dextrorotatory .alpha.-(4-aminophenyl)-.alpha.-lower alkylglutarimides or
      salts thereof normalize the secretion of malfunctioning adrenal glands.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  According to U.S. Pat. No. 2,848,455 recemic
      .alpha.-(4-aminophenyl)-.alpha.-lower alkylglutarimides, acid addition
      salts or lower alkanoyl derivatives thereof "exhibit anticonvulsive
      activity". The .alpha.-ethyl derivative, i.e. aminoglutethimide, its
      hydrochloride or phosphate, has been used in the form of injectable
      solutions or 125 and 250 mg tablets, as an anticonvulsant which, alone, or
      particularly as an adjunct, controls seizures in most forms of epilepsy,
      even in cases refractory to other therapeutic agents.
PAR  Furthermore, it has been shown that aminoglutethimide inhibits at high
      dosage levels the secretion of adrenal cortical hormones in both animals
      and man. Thus, according to U.S. Pat. No. 3,595,960 a method of treating
      hypertensives with reduced renin blood levels and normal or reduced
      mineralocorticoid secretion rate is disclosed, which consists in the
      administering to a host suffering from said hypertension about 8 to 15
      mg/kg/day of a recemic .alpha.-(4-aminophenyl)-.alpha.-lower
      alkylglutarimide, or its therapeutically acceptable acid addition salt or
      lower alkhanoyl derivative.
PAR  Suprisingly it has been found that the major known biological activities of
      said racemic products reside in the dextrorotatory antipodes, especially
      the inhibitory effects on the adrenal gland.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns and has for its object the provision of a
      new pharmaceutical composition comprising a pharmacologically effective
      amount of the dextrorotatory antipode of an
      .alpha.-(4-aminophenyl)-.alpha.-lower alkylglutarimide, or its lower
      alkanoyl derivative corresponding to Formula I
      ##SPC1##
PAL  wherein R (at the asymmetric carbon or .alpha.-position) is lower alkyl and
      X is hydrogen or lower alkanoyl, or a therapeutically acceptable acid
      addition salt thereof, and a pharmaceutical excipient; as well as a new
      method of treating a host suffering from malfunctioning adrenal glands
      with said dextrorotatory compounds of Formula I, or salts thereof,
      advantageously in the form of orally applicable pharmaceutical
      compositions, and preferably in a dosage range higher than the 8 to 15
      mg/kg/day claimed in U.S. Pat. No. 3,595,960, which amounts to 4 to 7.5
      mg/kg/day of the dextrorotatory ingredients.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The active ingredients of the compositions claimed herein are prepared from
      the racemic products described in U.S. Pat. No. 2,848,455 by conventional
      separation methods. Thus, for example, the free bases are salified or
      acylated with optically active acids, such as carboxylic or sulfonic
      acids, the diastereomeric salts or amides are separated, e.g. by the
      fractional crystallization of d- or 1l-tartrates, -maleates, -mandelates,
      -N-acetylphenylalaninates, -quinates, -6,6'-dinitrodiphenates
      or-camphorsulfonates and, if desired, resulting salts or amides are
      converted into the free antipodes by alkaline hydrolysis, e.g. with the
      use of aqeous alkali metal hydroxides or carbonates.
PAR  Said antipodes can be used in the free form or in the form of
      therapeutically acceptable acid addition salts thereof. Preferred salts
      are those of inorganic acids, e.g. hydrochloric, hydrobromic, sulfuric,
      nitric, perchloric or expecially phosphoric acid, but also those of
      organic acids, such as carboxylic or sulfonic acids, e.g. formic, acetic,
      propionic, succinic, glycollic, lactic, malic, tartaric, citric, ascorbic,
      maleic, hydroxymaleic, pyroracemic, phenylacetic, benzoic, 4-aminobenzoic,
      anthranilic, 4-hydroxybenzoic, salicylic, aminosalicylic, pamoic,
      nicotinic, methanesulfonic, ethanesulfonic, hydroxyethanesulfonic,
      ethylenesulfonic, benzenesulfonic, halogenbenzenesulfonic,
      toluenesulfonic, naphthalenesulfonic or sulfanilic acid; methionine,
      tryptophan, lysine or arginine.
PAR  The efficacy of the compositions according to the invention is demonstrable
      in animal tests, using advantageously mammals, such as mice or rats, as
      test objects. Thus, for example, the effect on the adrenal secretion is
      determined according to Chart, Progr. in Endocrinol. ICS 184 Excerpta
      Medica, Amsterdam (1968) and the adrenal vein corticosterone-levels are
      estimated by fluorometry according to Van der Vies et al, Acta Endocrinol.
      34, 513 (1960). According to the results obtained with an aqueous
      d-aminoglutethimide d-tartrate hemihydrate solution (an illustrative
      composition of the invention), when injected into the tail vein of rats at
      a dose of 5 mg/kg/day, caused a greater reduction of corticosterone
      blood-levels than 10 mg/kg/day of the corresponding aqueous solution of
      racemic aminoglutethimide phosphate, and the levorotatory tartrate
      antipode did not cause a significant reduction of the corticosterone
      secretion rate. Similar results can be observed in rats after oral
      administration of said solution, or starchy suspensions, at doses between
      about 5 and 120 mg/kg/day, at which latter high dosage level also some
      depression, ataxia, loss or righting reflex or startle response and loss
      in grip and climbing occurs. Accordingly, the compositions of the
      invention are preferably useful in the treatment of adrenal hyperfunction,
      especially in cases not amenable for surgery.
PAR  The new method for treating a host suffering from malfunctioning, more
      particularly oversecreting, adrenal glands consists in administering to
      him enterally or parenterally, e.g. orally or intravenously, a
      pharmacologically effective amount of said new compositions, preferably at
      a dosage level between about 8 and 80 mg/kg/day, advantageously between
      about 10 and 30 mg/kg/day, of said dextrorotatory compounds of Formula I,
      or their salts, either in a single, or preferably in multiple dosage
      units, e.g. between about 450 and about 1,000 mg per oral unit dosage
      form.
PAR  Preferred are tablets and gelatin capsules comprising the active ingredient
      together with a) diluents, e.g. lactose, dextrose, sucrose, mannitol,
      sorbitol, cellulose and/or glycine, b) lubricants, e.g. silica, talcum,
      stearic acid, its magnesium or calcium salt and/or polyethyleneglycol, for
      tablets also c) binders, e.g. magnesium aluminum silicate, starch paste,
      gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose and/or
      polyvinylpyrrolidone, if desired, d) disintegrants, e.g. starches, agar,
      alginic acid or its sodium salt, enzymes of the binders or effervescent
      mixtures and/or e) adsorbents, colorants, flavors and sweeteners.
      Injectable compositions are preferably aqueous isotonic solutions or
      suspensions, and suppositories are advantageously fatty emulsions or
      suspensions. They may be sterilized and/or contain adjuvants, such as
      preserving, stabilizing, wetting or emulsifying agents, solution
      promoters, salts for regulating the osmotic pressure and/or buffers. Said
      pharmaceutical compositions may also contain other therapeutically
      valuable substances. They are prepared according to conventional mixing,
      granulating or coating methods respectively, and contain about 10 to 90%,
      preferably about 20 to 80%, of the active ingredient by weight.
PAR  The following examples are intended to illustrate the invention and are not
      to be construed as being limitations thereon.
DETD
PAC  EXAMPLE 1
PAR  The stirred mixture of 709 g of d,l-aminoglutethimide, 460 g of d-tartaric
      acid and 20 lt of methanol is heated until dissolution occurs and allowed
      to slowly cool to room temperature. The precipitate formed is filtered off
      and recrystallized five times from methanol, to yield the
      d-aminoglutethimide d-tartrate hemihydrate, melting at 135.degree. to
      145.degree., [.alpha.].sub.D.sup.25 =+79.degree. (methanol).
PAR  7.65 g thereof are dissolved in 75 ml of water and the solution is
      neutralized with an aqueous solution of 2.1 g of sodium carbonate. The
      precipitate is collected, washed with water and dried, to yield the
      d-aminoglutethimide melting at 114-115.degree., [.alpha.].sub.D.sup.25
      =+163.1.degree. (methanol).
PAC  EXAMPLE 2
PAR  All the methanolic mother liquors obtained according to Example 1 are
      evaporated, to yield a residue of 387 g. It is dissolved in 2.5 lt of
      methanol, the solution neutralized with 105 g of sodium carbonate in 450
      ml of water, the mixture washed with methylene chloride and the
      precipitate collected. It is combined with 100 g of d,
      l-aminoglutethimide, dissolved in 9 lt of hot methanol containing 202 g of
      l-tartaric acid and the solution allowed to cool slowly to room
      temperature. The precipitate formed is filtered off and recrystallized
      four times from methanol, to yield the l-aminoglutethimide l-tartrate
      hemihydrate, [.alpha.].sub.D.sup.25 =-80.degree. (methanol).
PAR  It is cnverted into the free l-base as shown in Example 1, m.p.
      114-115.degree., [.alpha.].sub.D.sup.25 =-163.degree. (methanol).
      Accordingly, the physical data obtained confirm the optical purity of the
      valuable dextrorotatory compounds of Example 1.
PAC  EXAMPLE 3
PAR  To the solution of 2.32 g of d-aminoglutethimide in 6 ml of hot ethanol,
      1.4 g of 85% phosphoric acid are added while stirring and the mixture
      allowed to cool to room temperature. The precipitate formed is filtered
      off, washed with ethanol and dried, to yield the d-aminoglutethimide
      monophosphate hemiethanolate melting at 113-116.degree.,
      [.alpha.].sub.D.sup.25 = +108.degree. (methanol).
PAR  Analogously the l-aminoglutethimide monophosphate hemiethanolate is
      prepared, m.p. 113-116.degree., [.alpha.].sub.D.sup.25 = -107.degree.
      (methanol).
PAC  EXAMPLE 4
PAR  In order to establish the absolute configuration of the compounds of the
      invention, the compound of Example 2 was converted into the l-glutethimide
      (.alpha.-ethyl-.alpha.-phenylglutarimide), and the latter compared with
      the .alpha.-ethyl-.alpha.-phenylsuccinimide, the absolute configuration of
      which has been established by Knabe et al, Arch. Pharmazie 305, 849
      (1972), assuming that said glutarimides and succinimides will have the
      same chirooptical behavior if they contain the same chirality.
PAR  To the solution of 1.16 g of l-aminoglutethimide in 1 ml of concentrated
      hydrochloric acid and 6.2 ml of water, that of 0.4 g of sodium nitrite in
      0.8 ml of water is added during 20 minutes while stirring at 10.degree..
      Stirring is continued for another 20 minutes and the mixture poured into
      the ice-cold mixture of 3.1 ml of 50% hypophosphorous acid and 2.1 ml of
      water. It is allowed to stand overnight in the refrigerator, extracted
      with diethyl ether and the extract washed with 5% hydrochloric acid, 5%
      aqueous sodium carbonate, water and saturated aqueous sodium chloride. It
      is dried, evaporated, the residue chromatographed on silica gel and the
      column eluted with chloroform-ethyl acetate (4:1). The early fractions are
      evaporated and the residue recrystallized from cyclohexane, to yield the
      l-glutethimide melting at 97.degree.-98.degree., [.alpha.].sub.D.sup.25 =
      -183.7.degree. (methanol).
PAR  Due to the fact that the CD-curve of said l-glutethimide is nearly
      identical with that of the known
      S-.alpha.-ethyl-.alpha.-phenylsuccinimide, the compounds of Example 2 are
      the S-l-aminoglutethimide or its salt, and those of Examples 1 and 3 are
      the R-d-aminoglutethimide or its salts.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pharmaceutical composition for reducing adrenal hyperfunction,
      comprising an adrenal secretion reducing amount of the dextrorotatory
      antipode of an .alpha.-(4-aminophenyl)-.alpha.-lower alkylglutarimide or a
      therapeutically acceptable acid addition salt thereof, and a
      pharmaceutical excipient.
NUM  2.
PAR  2. A composition as claimed in claim 1, wherein the antipode is
      d-aminoglutethimide or a therapeutically acceptable acid addition salt
      thereof.
NUM  3.
PAR  3. A composition as claimed in claim 2, wherein the antipode is the
      d-aminoglutethimide d-tartrate.
NUM  4.
PAR  4. A composition as claimed in claim 2, wherein the antipode is the
      d-aminoglutethimide monophosphate.
NUM  5.
PAR  5. A composition as claimed in claim 1, wherein the antipode content is
      about 10 to 90% by weight.
NUM  6.
PAR  6. A composition as claimed in claim 5, wherein the antipode content is
      about 20 to 80% by weight.
NUM  7.
PAR  7. A composition as claimed in claim 1, containing between about 450 and
      about 1,000 mg of the antipode per oral unit dosage form.
NUM  8.
PAR  8. A method of treating a mammal suffering from malfunctioning adrenal
      glands, which consists in administering to him enterally or parenterally
      an adrenal secretion reducing amount of the composition claimed in claim
      1.
NUM  9.
PAR  9. A method as claimed in claim 8, wherein the effective amount of the
      antipode is between about 8 and 80 mg per kilogram body weight per day of
      treatment.
NUM  10.
PAR  10. A method as claimed in claim 8, wherein the effective amount of the
      antipode is between about 10 and 30 mg per kilogram body weight per day of
      treatment.
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ABST
PAL  Disclosed herein are 2-aminoalkyl-3-aryl-hetero-indenes useful as
      antimicrobial agents.
PARN
PAR  This invention is a continuation-in-part of application Ser. No. 314,899
      filed Dec. 13, 1972 now abandoned and relates to antimicrobial compounds
      and compositions containing them, to processes for their preparation, and
      to their use as antimicrobial agents. The compounds may be used in foods
      and in medicine and in industrial fields as antimicrobial agents.
      "Antimicrobial" as used herein refers to antibacterial, antifungal or
      antiprotozoal activity.
BSUM
PAR  The antimicrobial compounds of the invention are
      2-aminoalkyl-3-aryl-hetero-indenes of the formula:
      ##SPC1##
PAL  Wherein n is 0 or 1: R.sub.2 is hydrogen or amino lower alkylene having 1
      to 3 carbon atoms; R.sub.1 is carbonyl or lower alkylene having 1 to 3
      carbon atoms with the provisio that when R.sub.2 is hydrogen, R.sub.1 is
      lower alkylene; T is NH, S or O; X is halogen, nitro, or trifluoromethyl;
      Y is hydrogen, halogen, methyl or trifluoromethyl; M is hydrogen, halogen
      or methyl with the provisio that when X is nitro, M is halogen; Z is
      hydrogen, halogen, nitro or methyl; and the acid addition salts thereof.
PAR  "Heteroindene", as used herein, is an indene wherein the carbon atom in the
      1-position is replaced by a hetero atom selected from NH, S, or O, i.e.
      indole, benzothiophene and benzofuran, respectively.
PAR  As used herein the term "lower alkylene" refers to methylene, ethylene,
      propylene, and ispropylene and cyclopropylene. The term "halogen" as used
      herein comprehends fluorine, chlorine, bromine and iodine. Chloro is the
      preferred X substituent. A preferred location on the indole ring for the X
      moiety is the 5-position. Preferably M is ortho-halo, with ortho-fluoro or
      ortho-chloro being especially preferred. T is preferably NH although it
      may be S or O. The term "amino lower alkylene" refers to radicals
      represented by the formula --R.sub.3 --NH.sub.2 wherein R.sub.3 is lower
      alkylene as defined above. n preferably is O.
PAR  A particularly useful group of anti-microbial
      2-aminoalkyl-3-phenyl-hetero-indenes within formula I has the formula:
      ##SPC2##
PAL  Wherein n is 0 or 1, X is halogen or trifluoromethyl, M is hydrogen, bromo
      or chloro, and one of Y and Z is 2-fluoro or 2-chloro and the other is
      hydrogen, halo, nitro or trifluoromethyl. It is particularly desireable
      for the M,Z-substituted phenyl group to be 2-fluorophenyl,
      2,6-difluorophenyl, or 2,4-dichlorophenyl.
PAR  Particularly preferred compounds within this group include:
PA1  2-aminomethyl-5-chloro-3-(2-fluorophenyl)indole,
PA1  2-aminomethyl-5-chloro-3-(2,6-difluorophenyl)indole,
PA1  2-aminomethyl-5-chloro-3-(2,6-dichlorophenyl)indole,
PA1  2-aminomethyl-5-chloro-3-(2,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5,7-dichloro-3-(2,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5,6-dichloro-3-(2,4-dichlorophenyl)indole,
PA1  2-aminomethyl-6-chloro-3-(2,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5-chloro-6-bromo-3-phenylindole, and
PA1  5,6-dichloro-3-(2,4-dichlorophenyl)indole-2-(N-.beta.-aminoethyl)carboxamid
     e.
PAR  Other particularly interesting compounds within formula I include:
PA1  2-(1-aminoethyl)-5-chloro-3-phenylindole,
PA1  2-(1-aminoethyl)-5-chloro-6-bromo-3-phenylindole,
PA1  2-aminomethyl-5-chloro-3-(benzyl)indole,
PA1  2-aminomethyl-5-chloro-3-(3,4-dichlorophenyl)indole, and
PA1  2-[N-(.beta.-aminoethyl)aminoethyl]-5-chloro-3-phenylindole hydrochloride.
PAR  The acid addition salts can sometimes be used more conveniently than the
      indenes themselves; for example, because the salts have more convenient
      physical properties such as crystalline form or solubility, or because the
      salts are more readily purified by recrystallization, than the indenes.
      When the salts are used in food or medicine, the anion must, of course, be
      substantially non-toxic at the concentration or dosage used; when the
      salts are used in technical fields such as the preservation of paper,
      leather, or photographic goods, the anion need not necessarily be
      non-toxic.
PAR  Although some of the compounds of formula II have been proposed as
      intermediates in the preparation of benzodiazepines, many are novel; in
      particular, compounds in which M is halogen and/or Y and Z are not
      hydrogen are novel. Novel compounds within formula I include:
PA1  2-aminomethyl-5-chloro-3-(2,6-difluorophenyl)indole,
PA1  2-aminomethyl-5-chloro-6-bromo-3-phenylindole,
PA1  2-aminomethyl-5-chloro-3-(2,4-dichlorophenyl)indole,
PA1  2-(1-aminoethyl)-5-chloro-6-bromo-3-phenylindole,
PA1  2-aminomethyl-5,7-dichloro-3-(2,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5,6-dichloro-3-(2,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5-chloro-3-(3,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5-chloro-3-(2,4-dichlorophenyl)-6-nitroindole,
PA1  2-aminomethyl-6-chloro-3-(2,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5-iodo-3-(2,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5-trifluoromethyl-3-(2,4-dichlorophenyl) indole,
PA1  2-aminomethyl-6-chloro-3-(2,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5-chloro-3-(3,4-dimethylphenyl)indole.
PAR  Still other compounds within the formula I are:
PA1  2-aminopropyl-7-iodo-3-(3-nitrophenyl)indole,
PAR  2-(2'-aminopropyl)-5-trifluoromethyl-3-(2-fluoro-4-nitrophenyl)indole,
PA1  2-aminomethyl-3-(2-nitrophenyl)indole,
PA1  2-aminopropyl-7-bromo-3-(2-trifluoromethylphenyl)indole.
PAR  The 2-aminoalkyl-3-phenylindenes of the formula II and their acid addition
      salts can be prepared by standard methods, known for the preparation of
      substituted indenes or of amines; for example, processes disclosed in the
      following literature: U.S. Pat. Nos. 3,697,508; 3,558,604 and 3,558,603;
      Belgian Pat. No. 724,993; and "Benzodiazepines", Inaba, Ishizumi and
      Yamamoto, Chem. Pharm. Bull., 19(2), pages 263-272 (1971).
PAR  The 3-phenylindole nucleus itself is normally most conveniently obtained by
      a Fischer indole synthesis, or by an equivalent reaction in which a
      benzenediazonium salt reacts with an ester of a 2-benzylacetoacetic acid
      in the presence of alkali and the product is cyclised by heating in the
      presence of acid or in ethylene glycol. Further modifications, especially
      transformation of the substituent at the 2-position, and/or removal of a
      blocking or protecting group at the 1-position, may then be effected.
PAR  The 2-aminoalkyl-3-phenylbenzo [b] thiophenes can be prepared from methyl
      3-phenylbenzo [b] thiophene-2-carboxylate, known from Krubsack and Higa in
      Tetrahedron Letters No. 47, page 4823 (1972), by standard methods. The
      2-aminoalkyl-3-phenylbenzo [b] furans can be prepared from
      2-cyano-5-chloro-3-phenylbenzofuran, known from standard methods.
PAR  Typical final steps are, reduction of a precursor compound of the formula:
      ##SPC3##
PAL  wherein Q is a group directly reducible to R.sub.1 NHR.sub.2. The reduction
      can be effected by catalytic hydrogenation, by lithium aluminium hydride;
      electrolytically, etc.
PAR  A cyano group Q is most conveniently reduced with a boron hydride,
      especially borane, or with a complex metal hydride such as lithium
      aluminium hydride, calcium borohydride, or sodium borohydride in the
      presence of aluminium chloride or of boron trifluoride. The inert solvent
      will normally be an ether solvent, e.g., diethyl ether, tetrahydrofuran or
      dioxan. Compounds in which Q is a cyano group may also be reduced
      electrolytically.
PAR  Other suitable Q groups are carbamoyl or thiocarbamoyl, nitro alkyl, an
      oxime, ether or ester thereof, a ketimine, a hydrazine, or a
      semicarbazone.
PAR  Indenes wherein R.sub.2 is an amino lower alkylene may be prepared by
      reaction of the corresponding carboxylate with the appropriate amine.
PAR  The 2-aminoalkyl-3-phenyl-heteroindenes may be isolated from the foregoing
      processes as the free bases or as acid addition salts or may be
      interconverted into acid addition salts e.g., hydrochlorate, sulfurate,
      nitrate, phosphate, acetate or succinate, phenolate and the like. The acid
      may be so chosen as to additionally impart activity, e.g. hexylresoicinol,
      to enhance the antimicrobial spectrum.
PAR  The following examples illustrate the preparation of compounds of the
      formula I; Example 1 shows the preparation of a preferred compound by the
      standard reduction of the corresponding nitrile with lithium aluminium
      hydride, whereas Example 2 illustrates a slightly different final step and
      also the preparation of the appropriate precursors. Examples 3 and 4
      illustrates the most preferred compounds of the invention. Examples 5 and
      6 respectively illustrate a thiophene and furan compound according to the
      invention, while Example 7 illustrates a preferred indole wherein R.sub.2
      is an amino lower alkylene.
DETD
PAC  EXAMPLE 1
PAC  2-Aminomethyl-5-chloro-3-(2-fluorophenyl)indole
PAR  Add a solution of 7.5 g. (0.0277 mol) of
      5-chloro-3-(2-fluorophenyl)indole-2-carbonitrile in 100 ml. of dry ether
      to a stirred suspension of 1.25 g. (0.033 mol) of lithium aluminium
      hydride in 200 ml. of dry ether. Reflux the reaction mixture for 4 hours.
      Cool to room temperature and slowly add 3 ml. of water to quench the
      reaction. Filter the mixture and dry overnight over magnesium sulfate.
PAR  Filter the solution, evaporate to dryness and recrystallize the residue
      from a mixture of methylene chloride and petroleum ether to give the title
      compound. The hexylresorcinol salt melts at 150.degree.-152.degree.C.
PAC  EXAMPLE 2
PAC  2-Aminomethyl-5-chloro-3-(2,6-difluorophenyl)indole
PAR  Step A: N-[2-(2,6-difluorobenzoyl)-4-chloro]-phenylglycinonitrile A mixture
      of 5 g. (0.0186 mol) of 2-amino-5-chloro-2',6'-difluorobenzophenone, 3.9
      g. (0.06 mol) of potassium cyanide and 2.8 g. (0.093 mol) of
      paraformaldehyde is treated with 25 ml of glacial acetic acid saturated
      with dry hydrogen chloride. The mixture is refluxed for 15 minutes, then
      poured onto 800 ml of ice water.  The resulting precipitate is filtered
      off, washed with water and recrystallized from methanol (m.p.
      175.degree.-176.degree.). Recrystallization affords yellow needles; m.p.
      182.degree.-183.degree. .
PAR  Step B: 5-chloro-3-(2,6-difluorophenyl)indole-2-carbonitrile A solution of
      N-[2-(2,6-difluorobenzoyl)-4-chloro]phenylglycinonitrile (2.0g) in 20 ml
      of dry tetrahydrofuran is treated with a large excess (4 ml) of
      trifluoroacetic anhydride. The mixture is refluxed for 4hours, and solvent
      and excess of reagent are removed under vacuum. The residue is twice
      treated with dry tetrahydrofuran and each time evaporated to dryness.
      Finally, the residue is again dissolved in dry tetrahydrofuran and treated
      with 1 g of sodium hydride (57% in mineral oil).
PAR  The mixture is refluxed for one hour, cooled to room temperature and poured
      into a mixture of ice, water and chloroform. The organic layer is
      separated, water with water and dried over magnesium sulfate. Filtration
      and evaporation yield a semisolid, which is filtered through silica gel to
      give the title compound; m.p. 199.degree.-200.degree..
PAR  Step C: 2-aminomethyl-5-chloro-3-(2,6-difluorophenyl)indole
PAR  Borane in tetrahydrofuran (7 ml of a 1M solution) is added to a solution of
      1 g (3.46 mmol) of 5-chloro-3-(2,6-difluorophenyl)indole-2-carbonitrile in
      15 ml of dry tetrahydrofuran. The solution is stirred at room temperature
      for 2 hours and then refluxed for half an hour and cooled to room
      temperature. 5 ml of 5N aqueous HCl is added dropwise and the mixture is
      refluxed for 20 minutes. The mixture is then poured onto a mixture of ice
      and aqueous 10 percent ammonia, and the precipitate is extracted with
      chloroform. The chloroform layer is washed with water and dried over
      magnesium sulfate, filtered and evaporated to dryness. Recrystallization
      from chloroform (charcoal) affords colorless crystals; m.p.
      212.degree.-214.degree. .
PAC  EXAMPLE 3
PAC  2-Aminomethyl-6-bromo-5-chloro-3-phenylindole
PAR  Step A: Ethyl 6-bromo-5-chloro-3-phenylindole-2-carboxylate
PAR  All 11 ml (33 g.) of bromine to a mixture of ethyl
      5-chloro-3-phenylindole-2-carboxylate (30 g.) in 100 ml of acetic acid at
      10- 20.degree.. Stir overnight and then add a solution of sodium
      bisulfite. Filter and wash the precipitate with water. Stir the solid with
      methanol and filter to yield the title compound. Recrystallization from
      methanol yields the analytical sample; m.p. 205.degree.-206.degree.C.
PAR  Step B: 6-Bromo-5-chloro-3-phenylindole-2-carboxylic acid
PAR  Reflux the ester (13 g.) of step A in 100 ml of ethanol with 150 ml of 10%
      sodium hydroxide solution for 2 hours. Evaporate off most of the methanol
      and, after cooling the mixture, add 5% hydrochloric acid. Collect the
      precipitate and dry to obtain the title compound; m.p.
      241.degree.-242.degree.C.
PAR  Step C: 6-Bromo-5-chloro-3-phenylindole-2-carboxamide
PAR  Mix the acid (6 g.) of step B with 20 ml of thionyl chloride and boil under
      reflux for 0.5 hour. Evaporate the solution to dryness. Add
      tetrahydrofuran and evaporate twice to remove any remaining thionyl
      chloride. Add tetrahydrofuran (80 ml) and bubble ammonia gas through the
      solution. Add water to dissolve the precipitate at which time an oil
      separates. Add methanol to the oil to yield crystals which are collected
      and dried to yield the title compound.
PAR  Step D: 6-Bromo-5-chloro-3-phenylindole-2-carbonitrile
PAR  Reflux the amide (4.5 g.) of step C with phosphorous oxychloride (20 ml)
      for two hours. Cautiously pour the mixture, while still hot, onto
      ice-water. Collect the precipitate and dry to yield the title compound.
PAR  Step E: 2-Aminomethyl-6-bromo-5-chloro-3-phenylindole
PAR  Reflux the nitrile (10 g.) of step D in 100 ml of 1 molar borane in
      tetrahydrofuran for 4 hours, cool and then cautiously add 7 ml of
      concentrated hydrochloric acid. Evaporate the solution and add 5% sodium
      hydroxide with stirring. Collect the solid, dissolve in ethanol and
      precipitate with water. Collect and dry the precipitate to yield the title
      compound. Recrystallize from benzene; m.p. 162.degree.-163.degree.C. The
      hydrochloride melts at 202.degree.-204.degree.C.
PAC  EXAMPLE 4
PAC  2-Aminomethyl-5-chloro-3-(2,4-dichlorophenyl)indole
PAR  Step A: N-[2-(2,4-dichlorobenzoyl)-4-chloro]phenylglycinonitrile
PAR  Mix together 2-amino-2',4',5-trichlorobenzophenone (5 g.), potassium
      cyanide (3.25 g.), and paraformaldehyde (2.5 g.). Then add 12.5 ml of
      acetic acid saturated with hydrogen chloride and 12.5 ml of acetic acid.
      Keep the temperature below 70.degree. for several minutes and then boil
      under reflux for 5 minutes. Cool and pour onto ice-water. Collect the
      precipitate and extract with chloroform. Treat this solution with sodium
      carbonate solution and then water and finally dry (MgSO.sub.4). Evaporate
      to yield the title compound. Recrystallize from methylene
      chloride-petroleum ether; m.p. 166-167.degree..
PAR  Step B: 5-Chloro-3-(2,4-dichlorophenyl)indole-2-carbonitrile
PAR  Dissolve the glycinonitrile of step A (40 g.) in 175 ml of dry
      tetrahydrofuran. Add 50 ml of trifluoroacetic anhydride. Boil under reflux
      overnight. Remove the solvent under nitrogen. Add more solvent and remove
      twice. Dissolve the crystalline residue in tetrahydrofuran, and treat with
      20 g. of 57% sodium hydride in mineral oil. Boil under reflux for 30
      minutes and pour onto icewater. Stir and collect the solid. Wash with
      water, dry and wash with petroleum ether. Crystallize from methylene
      chloride-petroleum ether to obtain the title compound; m.p.
      181.degree.-182.degree. .
PAR  Step C: 2-Aminomethyl-5-chloro-3-(2,4-dichlorophenyl)indole
PAR  Dissolve the nitrile (22 g.) of step B in a mixture of 137 ml of 1 molar
      borane in tetrahydrofuran and 100 ml of tetrahydrofuran and stir for 4
      hours. Boil under reflux for 0.5 hour, cool and add 5 N hydrochloric acid.
      Boil under reflux for 1 hour and pour onto a mixture of ice and 10%
      ammonia. Extract with chloroform, wash and dry (MgSO.sub.4). Evaporate to
      yield the title compound. Crystallize from ether-petroleum ether to obtain
      the analytical sample; m.p. 179.degree.-180.degree.. To prepare the
      hydrochloride salt, dissolve this material in ethanol, add concentrated
      hydrochloric acid, collect and dry the material; m.p.
      226.degree.-228.degree..
PAC  EXAMPLE 5
PAC  2-Aminomethyl-5-bromo-3-phenylbenzo[ b]thiophene hydrochloride
PAR  Step A: Methyl 5-bromo-3-phenylbenzo[ b]thiophene-2-carboxylate
PAR  Add 29.3 g. bromine (10 ml; 0.37 mole) to 8.0 g. (0.03 mole) of methyl
      3-phenylbenzo [b]thiophene-2-carboxylate in 100 ml. of acetic acid and
      stir the mixture overnight at room temperature. Add a saturated solution
      of sodium bisulfite. Decant the supernatant and wash the oil with water.
      Triturate with methanol. Recrystallize from methanol to yield the title
      compound; m.p. 125.degree.-126.degree..
PAR  Step B: 5-Bromo-3-phenylbenzo[ b]thiophene-2 -carboxylic thiophene-
PAR  Heat three grams of methyl 5-bromo-3-phenylbenzo[ b]thiophene-2-carboxylate
      in a mixture of 50 ml. of methanol and 30 ml. of 10% sodium hydroxide,
      under reflux for one hour. Add concentrated hydrochloric acid to yield the
      title compound as a precipitate. Recrystallize from benzene; m.p.
      265.degree.-266.degree..
PAR  Step C: 5-Bromo-3-phenylbenzo[ b]thiophene-2-carboxamide
PAR  Reflux 2.8 g. 5-bromo-3-phenylbenzo[b]thiophene-2-carboxylic acid (0.0084
      mole) and 10 ml. of thionyl chloride in 15 ml. of dry tetrahydrofuran for
      one hour, evaporate to dryness, add 50 ml. of tetrahydrofuran twice and
      evaporated each time to dryness. Dissolve solid in 70 ml. of
      tetrahydrofuran, cool to about 10.degree. and add with stirring 10 ml. of
      concentrated ammonia. The title compound is obtained as a white solid;
      m.p. 201.degree.-202.degree..
PAR  Step D: 5-Bromo-2-cyano-3-phenylbenzo[ b]thiophene
PAR  Reflux 2.1 g. 5-bromo-3-phenylbenzo[ b]thiophene-2-carboxamide (0.0063
      mole) together with 10 ml. of phosphorus oxychloride for 11/2 hours and
      then carefully pour onto ice water. Filter off the white precipitate. Dry.
      Recrystallize the title compound from methanol; m.p.
      145.degree.-146.degree..
PAR  Step E: 2-Aminomethyl-5-bromo-3-phenylbenzo[ b]thiophene hydrochloride
PAR  Treat 1.4 g. 5-bromo-2-cyano-3-phenylbenzo[ b]thiophene (0.0045 mole) in 40
      ml of tetrahydrofuran, with 10 ml of 1 molar borane in tetrahydrofuran.
      Reflux the solution for 11/2 hours. Slowly add 10 ml of 5% hydrochloric
      acid. Heat the mixture for 1/2 hour, cool and add sufficient sodium
      hydroxide solution to basicity. Extract the solution with ether and wash
      twice with water. Dry the ether layer (MgSO.sub.4), filter and mix with 50
      ml of ether saturated with hydrogen chloride. Dry the precipitate to yield
      the title compound; m.p. over 225.degree. (decomp).
PAC  EXAMPLE 6
PAR  2-Aminomethyl-5-chloro-3-phenylbenzofuran hydrochloride
PAR  Treat 2.0 g. 2-cyano-5-chloro-3-phenylbenzofuran (0.008 mole) in 30 ml of
      tetrahydrofuran with 18 ml of borane in tetrahydrofuran (1 m solution).
      Reflux for 2 hours. Cool, add 10 ml of 10% hydrochloric acid and reflux
      for 1/2 hour. Evaporate the solution to dryness. Dissolve the residue in
      50 ml of ethanol. Add 30 ml of ethanol saturated with hydrogen chloride.
      Dry the precipitate obtained to yield the title compound; m.p.
      254.degree.-256.degree..
PAC  EXAMPLE 7
PAC  5,6-dichloro-3-(2,4-dichlorophenyl)indole-2-N-(.beta.-aminoethyl)carboxamid
     e
PAR  Step A: Ethyl 5,6-dichloro-3-(2,4-dichlorophenyl)indole-2-carboxylate
PAR  Prepare a solution of 3,4-dichlorophenyl-diazonium chloride by treating 8.2
      g. of 3,4-dichloroaniline in 25 ml of concentrated hydrochloric acid with
      a solution of 3.5 g. of sodium nitrite in 35 ml of water at -5.degree..
      Dissolve ethyl 2-(2,4-dichlorobenzyl) acetoacetate (14.3 g.) in 100 ml of
      ethanol with 8.3 g. of potassium hydroxide in 8.3 ml of water and cool to
      -5.degree.. Add the solution of the diazonium salt to the latter solution,
      keeping the temperature at 0.degree., and stir for 15 minutes. Extract
      with ether and wash the ether solution with two 75 ml portions of 5%
      sodium hydroxide and then with water and dry (MgSO.sub.4). Evaporate to
      yield the intermediate: ethyl 2,4-dichlorophenylpyruvate
      3,4-dichlorophenyl hydrazone. The analytical sample is obtained from
      ethanol; m.p. 160.degree.-161.degree.. Dissolve the hydrazone (125 g.) in
      700 ml of 20% ethanolic sulfuric acid and boil under reflux for 2 hours.
      Cool to room temperature and collect the crystalline product. Wash with
      50% aqueous alcohol. Recrystallize from ethanol; m.p.
      230.degree.-231.degree. .
PAR  Step B:
      5,6-dichloro-3-(2,4-dichlorophenyl)indole-2-N-(.beta.-aminoethyl)carboxami
     de
PAR  Boil a mixture of 1.0 g. of ethyl
      5,6-dichloro-3-(2,4-dichlorophenyl)indole-2-carboxylate, 1 ml of ethylene
      diamine and 5 ml of dry toluene under reflux for 24 hours. Then cool the
      mixture to room temperature, dilute with benzene, wash with water and dry
      over MgSO.sub.4. Filter off the MgSO.sub.4 and evaporate off the solvent
      to yield a solid residue, which upon crystallization from CHCl.sub.3
      -petroleum ether gives the title compound; 600 mg; m.p.
      216.degree.-218.degree..
PAR  The following compounds may be prepared in a final step similar to that of
      Examples 1-7:
PA1  2-(1-aminoethyl)-6-bromo-5-chloro-3-phenylindole,
PA1  2-aminomethyl-5,7-dichloro-3-(2,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5,6-dichloro-3-(2,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5-chloro-3-(3,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5-chloro-3-(2,4-dichlorophenyl)-6-nitroindole,
PA1  2-aminomethyl-6-chloro-3-(2,4-dichlorophenyl)-5-fluroindole,
PA1  2-aminomethyl-3-(2,4-dichlorophenyl)-5-iodoindole,
PA1  2-aminomethyl-3-(2,4-dichlorophenyl)-5-trifluoromethylindole,
PA1  2-aminomethyl-6-chloro-3-(2,4-dichlorophenyl)indole,
PA1  2-aminomethyl-5-chloro-3-(2,4-dichlorophenyl)-6-methoxyindole,
PA1  2-aminomethyl-5-chloro-3-(2-fluorophenyl)benzo[b]thiophene,
PA1  2-aminomethyl-5,6-dichloro-3-(2-fluorobenzyl)benzo[b]thiophene,
PA1  2-aminomethyl-6-bromo-3-(2,6-dichlorobenzyl)benzofuran,
PA1  2-aminomethyl-3-(2-chloro-6-methyl-phenyl)indole,
PA1  2-aminomethyl-5-chloro-3-(3,4-dimethylphenyl)indole,
PA1  2-aminomethyl-5,6-dichloro-3-(2,4 dichlorophenyl)benzo[ b]thiophene,
PA1  2-aminoethyl-5-iodo-3-(2,4 dichlorophenyl)benzo[b]thiophene,
PA1  2-aminomethyl-3-(2-chloro-6 methyl-benzyl)benzo[ b]thiophene,
PA1  2-aminomethyl-5-chloro-3-(2,4 dimethylphenyl)benzofuran,
PA1  2-aminomethyl-5-chloro-3-(2-chloro-6-trifluoromethylbenzyl)benzofuran,
PA1  2-aminomethyl-5-chloro-7-iodo-3-phenylbenzofuran hydrochloride,
PA1  5-chloro-3-(2-fluorophenyl)indole-2-N-(.beta.-aminoethyl) carboxamide,
PA1  5,6-dichloro-3-(2,6-difluorophenyl)indole-2-N-(.beta.-aminoethyl)carboxamid
     e,
PA1  5,6-dichloro-3-(2,4-dichlorobenzyl)indole-2-N-(.beta.-aminoethyl)carboxamid
     e, and
PA1  2-[N-(.beta.-aminoethyl)aminoethyl]-5-nitro-3-(2,4-di-trifluoromethylphenyl
     )indole.
PAR  The compounds of formula I and their non-toxic acid addition salts can be
      used to treat diverse types of susceptible microbial infections.
      Furthermore, they are capable of preserving a wide variety of preparations
      including medical, veterinary, cosmetic and food preparations from
      microbial contamination; a stabilizing amount of such a compound is
      incorporated in the preparation in which the preservation is desired.
PAR  Susceptibility can be readily determined by standard in vivo and in vitro
      tests well known to the microbiologist. Genera of susceptible
      microorganisms include bacteria, fungi, and protozoa.
PAR  Exemplifying susceptible bacterial microorganisms are Staphylococcus
      aureus, Streptococcus pyogenes C., Bacillus subtilis, Escherichia coli and
      Pseudomonas aeruginosa. Susceptible fungi include Candida albicans,
      Trichophyton mentagrophytes and Saccharomyces cerevisiae. Susceptible
      protozoal pathogens include Trychomonas vaginalis and Entamoeba
      histolytica.
PAR  Tables I to VII give the results of various in vitro and in vivo tests of
      representative 2-aminoalkyl-3-phenylindenes of formula II against a
      variety of microorganisms including bacteria, fungi and protozoa, and also
      report the toxicity of these 2-aminoalkyl-3-phenylindenes. The compounds
      of the tests are as follows:
TBL  Compound    Name                                                          
     ______________________________________                                    
     A           2-aminomethyl-5-chloro-3-(2-fluoro-                           
                 phenyl)indole                                                 
     B           2-aminomethyl-5-chloro-3-(2,6-di-                             
                 fluoro-phenyl)indole                                          
     C           2-(1-aminoethyl)-5-chloro-3-phenyl-                           
                 indole                                                        
     D           2-aminomethyl-6-bromo-5-chloro-3-                             
                 phenylindole                                                  
     E           2-aminomethyl-5-chloro-3-(2,4-di-                             
                 chlorophenyl)indole                                           
     ______________________________________                                    
PAL  All the tests were carried out and (when necessary) scored under standard
      conditions. "MIC" means "minimum inhibitory concentration."
PAC  TABLE I
PAR  In vitro Antibacterial Activity of 2-aminoalkyl-3-phenylindoles of the
      formula I. Dilution in Mueller Hinton Agar pH 7.4
TBL  MIC (mcg/ml)                                                              
     Organism     Compound                                                     
                  A    B    C    D    E                                        
     __________________________________________________________________________
     Staphylococcus aureus                                                     
      209P        7.5  7.5  7.5  3.0  3.0                                      
      Wood        3.0  7.5  7.5  3.0  3.0                                      
      Zeigler     3.0  7.5  3.0  3.0  0.8                                      
      Gray        7.5  7.5  7.5  3.0  3.0                                      
      59N         3.0  7.5  7.5  3.0  3.0                                      
     Streptococcus pyogenes                                                    
      C           7.5  17.5 7.5  3.0  3.0                                      
      27          7.5  7.5  7.5  3.0  3.0                                      
      Cruz        3.0  3.0  3.0  3.0  0.8                                      
     Enterococcus 373                                                          
                  7.5  7.5  7.5  3.0  3.0                                      
      0928/72     7.5  17.5 7.5  3.0  3.0                                      
     Escherichia coli                                                          
      10536       7.5  7.5  7.5  3.0  3.0                                      
      1574-1      7.5  7.5  3.0  3.0  3.0                                      
      777         3.0  7.5  3.0  3.0  3.0                                      
      4195        3.0  7.5  3.0  3.0  3.0                                      
      JR66        3.0  7.5  3.0  3.0  3.0                                      
     Klebsiella AD17                                                           
                  7.5  17.5 7.5  3.0  7.5                                      
      AD22        7.5  7.5  3.0  3.0  3.0                                      
      G3694       7.5  7.5  3.0  3.0  3.0                                      
      3020        7.5  7.5  3.0  3.0  3.0                                      
      121         7.5  17.5 3.0  3.0  7.5                                      
     Proteus mirabilis Hard                                                    
                  17.5 17.5 7.5  3.0  3.0                                      
     Peras        7.5  37.5 7.5  3.0  17.5                                     
     Proteus rettgeri                                                          
      mirabilis   17.5 17.5 7.5  7.5  17.5                                     
     Proteus vulgaris Napol                                                    
                  17.5 17.5 7.5  3.0  3.0                                      
     Proteus morganii Valz                                                     
                  17.5 17.5 7.5  3.0  17.5                                     
     Pseudomonas aeruginosa                                                    
      8709        17.5 17.5 17.5 7.5  7.5                                      
      762         17.5 17.5 37.5 17.5 17.5                                     
      130         17.5 17.5 17.5 17.5 7.5                                      
      138         17.5 17.5 17.5 7.5  17.5                                     
      Trav. 1     17.5 17.5 17.5 7.5  17.5                                     
     Salmonella ent. 1                                                         
                  7.5  7.5  7.5  3.0  3.0                                      
      C.sub.2 Napo                                                             
                  3.0  7.5  3.0  3.0  3.0                                      
      B typhi     7.5  7.5  3.0  3.0  3.0                                      
      C.sub.1 Oso 7.5  7.5  3.0  3.0  3.0                                      
      C.sub.2 Cuban                                                            
                  7.5  7.5  3.0  3.0  3.0                                      
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
     In vitro activity of 2-aminoalkyl-3-phenylindoles of the formula I        
     against anaerobes in fluid Thioglycollate medium                          
     MIC (mcg/ml) after 48 and 72 hrs                                          
     Organism       Compound                                                   
                    A         B         C       D       E                      
                    48   72   48   72   48  72  48  72  48  72                 
     __________________________________________________________________________
     Bacteroides melaninogenicus                                               
                    7.5  7.5  7.5  17.5 7.5 7.5 3.0 3.0 3.0 3.0                
     Bacteroides fragilis                                                      
                    7.5  7.5  3.0  3.0  3.0 3.0 .75 .75 .75 .75                
     Bacteroides corrodens                                                     
                    7.5  7.5  7.5  7.5  3.0 3.0 .75 .75 .75 3.0                
     Eubacterium lentum                                                        
                    17.5 17.5 17.5 17.5 7.5 7.5 .75 .75 3.0 3.0                
     Clostridium novyi                                                         
                    7.5  7.5  7.5  7.5  3.0 3.0 .75 .75 .75 .75                
     Clostridium septicum                                                      
                    7.5  7.5  3.0  3.0  3.0 3.0 .75 .75 .75 .75                
     Clostridium histolyticum                                                  
                    7.5  7.5  7.5  7.5  3.0 3.0 .3  .3  .3  .3                 
     Peptostreptococcus                                                        
                    3.0  3.0  3.0  3.0  3.0 3.0 .3  .3  .75 .75                
     __________________________________________________________________________
PAC  TABLE III
PAR  In vitro Anti-Candida Activity of 2-aminoalkyl-3-phenylindoles of the
      formula I. Dilutions in Sabouraud's Dextrose Agar
TBL  MIC (mcg/ml) after 48 hours                                               
            Compound                                                           
     Candida                                                                   
     albicans A       B         C     D       E                                
     ______________________________________                                    
     Burke    75      75        75    150     37.5                             
     Lusk     75      75        75    75      37.5                             
     Blunden  75      75        75    17.5    37.5                             
     Fix      75      75        75    75      37.5                             
     Collins  75      75        75    75      37.5                             
     Merkel   75      75        75    75      37.5                             
     29       75      75        37.5  75      37.5                             
     Wisconsin                                                                 
              75      150       75    150     37.5                             
     Sparks   75      150       75    150     37.5                             
     Bevan    75      150       75    150     37.5                             
     Newcomb  37.5    37.5      37.5  17.5    17.5                             
     Kennedy 1                                                                 
              37.5    75        37.5  17.5    37.5                             
     Pannell  75      75        75    75      17.5                             
     Atkisson 75      75        75    150     37.5                             
     1        75      150       75    150     37.5                             
     2        75      75        75    150     37.5                             
     3        75      150       75    75      37.5                             
     4        75      75        37.5  37.5    17.5                             
     5        75      75        75    75      17.5                             
     6        75      150       75    150     37.5                             
     8        75      150       75    150     37.5                             
     9        75      75        75    150     37.5                             
     Burnside 75      150       75    75      37.5                             
     Lehtman  75      150       75    150     37.5                             
     Fulcher  75      75        75    75      37.5                             
     Shurelli 75      150       75    150     37.5                             
     Frazier  75      150       75    150     37.5                             
     Boyer    75      150       75    150     37.5                             
     Sherod   75      150       75    150     37.5                             
     Bognay   75      75        75    75      37.5                             
     Johnson  75      150       75    150     37.5                             
     Gay      75      150       75    150     37.5                             
     Tyner    75      150       75    75      37.5                             
     Kennedy 2                                                                 
              75      150       75    150     37.5                             
     Bertrand 75      150       75    150     37.5                             
     Hons     75      150       75    150     37.5                             
     ______________________________________                                    
PAC  TABLE IV
PAR  In vitro Antifungal Activity of 2-aminoalkyl-3-phenylindoles of the formula
      I against Dermatophytes and Aspergillus. Dilutions in Sabouraud's Dextrose
      Broth.
TBL  __________________________________________________________________________
     MIC (mcg/ml) after 96 hours                                               
                  Compound                                                     
     Fungi        A    B     C    D    E                                       
     __________________________________________________________________________
     Trichophyton ascoides                                                     
                  17.5 17.5  7.5  7.5  7.5                                     
      discoides   7.5  17.5  17.5 7.5  7.5                                     
      ferrugineum 7.5  37.5  17.5 17.5 7.5                                     
      gallinae    7.5  7.5   37.5 75.0 17.5                                    
      megninii    3.0  7.5   7.5  3.0  3.0                                     
      mentagrophytes A                                                         
                  7.5  7.5   7.5  7.5  3.0                                     
      mentagrophytes B                                                         
                  7.5  7.5   7.5  3.0  17.5                                    
      mentagrophytes C                                                         
                  7.5  7.5   3.0  3.0  17.5                                    
      mentagrophytes Young                                                     
                  7.5  7.5   7.5  7.5  3.0                                     
      mentagrophytes H377                                                      
                  7.5  17.5  17.5 7.5  7.5                                     
      rubrum Blehl                                                             
                  7.5  17.5  37.5 7.5  3.0                                     
      rubrum 3    7.5  17.5  17.5 3.0  3.0                                     
      rubrum Haggerty                                                          
                  7.5  17.5  7.5  7.5  3.0                                     
      rubrum 360  7.5  17.5  7.5  3.0  3.0                                     
      schoenleinii                                                             
                  17.5 17.5  17.5 7.5  3.0                                     
      schoenleinii 2                                                           
                  3.0  7.5   3.0  7.5  3.0                                     
      soudenense  17.5 17.5  17.5 3.0  7.5                                     
      tonsurans   17.5 200.0 7.5  17.5 7.5                                     
     Tricoderm sp.                                                             
                  7.5  7.5   7.5  7.5  3.0                                     
     Microsporum nanum                                                         
                  3.0  17.5  3.0  3.0  3.0                                     
     Microsporum distortum                                                     
                  3.0  17.5  7.5  3.0  3.0                                     
     Epidermophyton floccosum                                                  
                  3.0  17.5  17.5 7.5  3.0                                     
     Aspergillus sp. No. 3                                                     
                  17.5 37.5  17.5 17.5 17.5                                    
     Aspergillus niger 6275                                                    
                  17.5 37.5  17.5 17.5 17.5                                    
     __________________________________________________________________________
PAC  TABLE V
PAR  Acute Toxicity of 2-aminoalkyl-3-phenylindoles of the formula I in mice.
TBL  ______________________________________                                    
     Acute LD.sub.50 (mg/kg)                                                   
     Compound   I.P.      S.C.      Oral                                       
     ______________________________________                                    
     A          250       850       &gt;1000                                      
     B          225       900       about  1000                                
     C          100       600       &gt;1000                                      
     D          175       750       about   950                                
     E           85       540       about   700                                
     ______________________________________                                    
PAC  TABLE VI
PAR  Effect of some 2-aminoalkyl-3-phenylindoles of the formula II against
      topical T. mentagrophytes infections in guinea pigs.
TBL  __________________________________________________________________________
                   Average No. of Days                                         
                               Average Sum of                                  
                   to become negative                                          
                               lesion scores                                   
     Compound                                                                  
           Concentration                                                       
                   Cultures                                                    
                         Lesion                                                
                               Days 1-5                                        
                                     Days 1-10                                 
     __________________________________________________________________________
     A     1%      6.8   9.0   11.8  16.0                                      
     "     4%      6.0   8.8   11.2  14.8                                      
     B     1%      9.6   14.2  11.6  20.0                                      
     "     4%      5.0   7.2    9.2  10.0                                      
     C     1%      12.4  14.4  13.0  25.0                                      
     "     4%      5.6   7.4   10.0  11.8                                      
     D     1%      &gt;22   &gt;22   11.6  29.2                                      
     "     4%      6.2   8.8   11.8  14.2                                      
     E     1%      &gt;22   &gt;22   12.6  34.2                                      
     "     4%      6.6   9.2   11.6  15.2                                      
     Untreated                                                                 
     controls      &gt;22   &gt;22   14.8  38.2                                      
     __________________________________________________________________________
PAC  TABLE VII
PAR  In vitro Anti-Trichomonal Activity of some 2-aminoalkyl-3-phenylindenes of
      formula II.
TBL  ______________________________________                                    
              Minimal Level (mcg/ml) to Produce                                
     Compound   90% Suppression 50% Suppression                                
     ______________________________________                                    
     A          40              24                                             
     B          75              32                                             
     C          38              30                                             
     D          38              20                                             
     E          28              14                                             
     ______________________________________                                    
PAR  The invention, therefore, provides compositions containing, as an active
      ingredient, a 2-aminoalkyl-3-phenyl-heteroindene of the formula I
      hereinbefore defined or an acid addition salt thereof, in association with
      a suitable carrier, excipient or diluent. In its function as active
      ingredient, the compound of the formula I or salt thereof may be used to
      preserve the carrier from microbial contamination; for example, the
      carrier may be cutting or other oil, paper, leather, photographic
      emulsion, canvas or rope. If the salt is non-toxic, the carrier may also
      be a food-stuff, food-additive or food-supplement, or a medicinal or
      cosmetic preparation. Such medicinal or cosmetic preparations may
      conveniently be in fluid form, e.g., lotions, creams, ointments,
      solutions, suspensions or aerosol preparations.
PAR  When used as preservatives, the compounds of the formula I or their salts
      are preferably incorporated into the composition to be preserved in an
      amount of 0.05 to 1% by weight, especially 0.1 to 0.5% by weight.
PAR  The compounds of formula I and their non-toxic acid addition salts can
      themselves be used in medicine as anti-microbial agents, and thus may be
      formulated as pharmaceutical compositions containing at least one said
      compound or salt together with a pharmaceutical carrier or excipient. Such
      a composition may, for example, be in the form of shaped products, in
      particular dosage units, such as pills, tablets, capsules, dragees,
      lozenges or suppositories (especially vaginal suppositories).
      Alternatively, such compositions may be adapted for injection and
      therefore have as carrier a sterile, pyrogen-free injectable liquid.
      Injectable compositions will normally be in the form of dosage units; the
      various dosage units mentioned conveniently contain from 2 to 100 mg.,
      preferably from 5 to 50 mg., of a compound of formula I or non-toxic acid
      addition salt thereof.
PAR  Compositions for oral administration, other than dosage units mentioned
      above, may be exemplified by powders, granulates, solutions, suspensions,
      elixirs or aerosols. Compositions for topical application may be
      exemplified by ointments, creams, lotions, solutions, suspensions,
      aerosols, gels, shampoos, soaps or dusting powders. The compositions may
      be adapted in particular as ophthalmic, otic and nasal preparations. Such
      compositions will normally be based upon standard carriers such as those
      selected from pharmaceutically acceptable vegetable oils, pharmaceutically
      acceptable polyalkylene glycols, isopropanol, gelatin, benzyl alcohol,
      gums, glycerol, petrolatum, preservatives starch, sugars such as lactose,
      talc, magnesium stearate, aerosol propellants such as chlorofluoroalkanes,
      and coloring, flavoring, sweetening, thickening, suspending, dispersing,
      emulsifying, wetting, stabilising and buffering agents.
PAR  The composition may also be in the form of an animal feed-stock,
      feed-additive or feed-supplement.
PAR  Compositions in which the active ingredient is a compound of the formula I
      or non-toxic acid addition salt thereof preferably contain from 0.5 to 10%
      thereof.
PAR  A suitable parenteral dosage range of the compounds of the formula I and
      non-toxic acid addition salts thereof is about 2 to 10 mg./kg./day. The
      compounds of formula I and their nontoxic acid addition salts may be
      formulated into dosage forms as the sole active ingredient or used in
      association with other ingredients to extend the therapeutic spectrum.
PAR  The following formulations exemplify pharmaceutical compositions containing
      2-aminoalkyl-hetero-indenes of this invention; the active ingredient
      illustrated may, of course, be replaced with another compound of formula I
      or non-toxic acid addition salt thereof, e.g., compound D or E or
      especially B from the foregoing tests.
TBL  ______________________________________                                    
     Formulation 1                                                             
     Topical Cream            Per kg.                                          
     ______________________________________                                    
     2-Aminomethyl-5-chloro-3-                                                 
     phenylindole             10 g. - 100 g.                                   
     Ethoxylated Cetyl/Stearyl Alcohol                                         
                              20 g.                                            
     Cetyl Alcohol            35 g.                                            
     Stearyl Alcohol          35 g.                                            
     Petrolatum               200 g.                                           
     Mineral Oil              50 g.                                            
     Buffers, Sufficient      --                                               
     Preservatives, Sufficient                                                 
                              --                                               
     Purified Water to make   1.0 kg.                                          
     ______________________________________                                    
PAR  Add the cetyl alcohol, stearyl alcohol, ethoxylated cetyl/stearyl alcohol,
      petrolatum and mineral oil to a suitable mixing vessel. Heat to
      80.degree.C. to melt. Mix. Add the preservatives, buffers and
      2-aminomethyl-5-chloro-3-phenylindole in approximately 95% of the purified
      water heated to 80.degree.C. in a suitable mixing vessel. Mix. Add the
      melted wax phase to the aqueous phase and mix while cooling to about
      40.degree.C. Add sufficient purified water to make 1 kg. Mix until cool.
TBL  ______________________________________                                    
     Formulation 2                                                             
     Topical Ointment      Per kg.                                             
     ______________________________________                                    
     2-Aminomethyl-5-chloro-3-                                                 
     (2-fluorophenyl)indole                                                    
                           10 g. - 100 g.                                      
     White Petrolatum, to make                                                 
                           1.0 kg.                                             
     ______________________________________                                    
PAR  Melt and heat the petrolatum to 50.degree.C. in a suitable mixing vessel.
      Remove a portion of the melted petrolatum and make therewith a slurry of
      the 2-aminomethyl-5-chloro-3-(2-fluorophenyl)indole. Pass the slurry
      through a suitable colloid mill and mill until a uniform dispersion is
      obtained. Add the milled slurry to the remainder of the melted petrolatum
      and mix until cool.
TBL  ______________________________________                                    
     Formulation 3                                                             
     Otic Suspension          mg/ml                                            
     ______________________________________                                    
     2-aminomethyl-5-chloro-3-                                                 
     (2-fluorophenyl)indole   5 - 10                                           
     Cetylpyridinium Chloride, NF                                              
                              0.20                                             
     Glyceryl Triacetate      880.0                                            
     Polyethylene glycol 200 q.s. ad                                           
                              1.0 ml                                           
     ______________________________________                                    
PAR  Melt and heat the petrolatum to 50.degree.C in a suitable mixing vessel.
      Remove a portion of the melted petrolatum and make a slurry of the
      2-aminomethyl-5-chloro-3-(2-fluorophenyl)indole. Pass the slurry through a
      suitable colloid mill and mill until a uniform dispersion is obtained. Add
      the milled slurry to the remainder of the melted petrolatum and mix until
      cool.
TBL  ______________________________________                                    
     Formulation 4                                                             
     Vaginal Tablets      mg/tablet mg/tablet                                  
     ______________________________________                                    
     2-Aminomethyl-5-chloro-3-                                                 
     (2-fluorophenyl) indole                                                   
                          10.0      5.0                                        
     Lactose Hydrous, Impalpable powder                                        
                          772.0     777.0                                      
      USP                                                                      
     Sodium Lauryl Sulfate                                                     
                          20.0      20.0                                       
     Polyvinylpyrrolidone 40.0      40.0                                       
     Corn Starch, Food Grade                                                   
                          150.0     150.0                                      
     Magnesium Stearate   8.0       8.0                                        
                          1000 mg   1000 mg                                    
     ______________________________________                                    
TBL  Formulation 5                                                             
     Intramuscular or Subcutaneous Oil                                         
          Injection            mg/ml                                           
     ______________________________________                                    
     2-aminomethyl-5-chloro-3-                                                 
     (2-fluorophenyl)indole    10 - 50                                         
     Aluminium Monostearate, USP                                               
                               20.0                                            
     Sesame Oil, Heat Treated, USP qs ad                                       
                               1.0 ml                                          
     ______________________________________                                    
PAR  Formulations 6 to 8 illustrate compositions preserved with a
      2-aminomethyl-3-phenylindole of the formula I:
TBL  Formulation 6                                                             
     Lotion                     mg/ml                                          
     ______________________________________                                    
     Betamethasone Valerate     1.22                                           
     2-aminomethyl-5-chloro-3-                                                 
     (2-fluorophenyl)indole HCl 1.00                                           
     Mineral Oil, USP           19.50                                          
     Diethylene Glycol Monostearate S.E.                                       
                                6.50                                           
     Cetostearyl Alcohol        6.50                                           
     Lanbritol Wax              9.30                                           
     Glycerin, USP              50.00                                          
     Isopropanol                65.00                                          
     Citric Acid                0.08                                           
     Purified Water, USP, to make                                              
                                1.00 ml                                        
     ______________________________________                                    
TBL  Formulation 7                                                             
     Intramuscular or Intravenous Solution                                     
                                  mg/ml                                        
     ______________________________________                                    
     Gentamicin (charged as sulfate)                                           
                                   40.0                                        
     Sodium Bisulfite, USP         3.2                                         
     Disodium Edetate, USP         0.1                                         
     2-aminomethyl-5-chloro-3-(2-fluorophenyl)-                                
     indole (charged as the hydrochloride salt)                                
                                   1-3                                         
     Water for Injection qs ad     1.0 ml                                      
     ______________________________________                                    
TBL  Formulation 8                                                             
     Aerosol Concentrate      mg/g                                             
     ______________________________________                                    
     Megalomicin A Phosphate  20.0                                             
     2-aminomethyl-5-chloro-3-                                                 
     (2-fluorophenyl)indole   1.0                                              
     Liquid Absorption Base   90.0                                             
     Stearic Acid             25.0                                             
     Glyceryl Monostearate    25.0                                             
     Isopropyl Myristate      50.0                                             
     Glycerol, USP            100.0                                            
     Alcohol SD 40            80.0                                             
     Triethanolamine          10.0                                             
     Purified Water, USP, to make                                              
                              1.0 g                                            
     ______________________________________                                    
PAR  This composition is packaged into a aerosol container with standard
      polyfluoroalkane propellant mixtures.
TBL  ______________________________________                                    
     Formulation 9                                                             
     Topical Cream            Per kg.                                          
     ______________________________________                                    
     2-Aminomethyl-5-bromo-3-phenylbenzo[b]                                    
     thiophene hydrochloride  10 g. - 100 g.                                   
     Stearic acid             60 g.                                            
     Propylene glycol Monostearate                                             
                              100 g.                                           
     Isopropyl Myristate      80 g.                                            
     Polyoxyethylene (20) Sorbitan                                             
     Monopalmitate            60 g.                                            
     Sorbitan Solution        20 g.                                            
     Buffers, Sufficient      --                                               
     Preservatives, Sufficient                                                 
                              --                                               
     Purified Water to make   1.0 kg.                                          
     ______________________________________                                    
PAR  Add the stearic acid, propylene glycol monostearate, isopropyl myristate
      and polyoxyethylene (20) sorbitan monopalmitate to a suitable mixing
      vessel. Heat to 80.degree.C to melt. Mix.
PAR  It is further contemplated that the compounds of the present invention also
      have herbicidal, insecticidal and other biocidal activity. The compounds
      may have selective and/or broad base activity depending upon the specific
      compound within formula I and the specific use for which it is applied.
PAR  When used as a herbicide, the compounds may be applied to a stand of crops
      and weeds in the post-emergence treatment and to the ground in the
      pre-plant or pre-emergence treatment in a number of ways, well known to
      the art. The water-soluble compounds, such as the hydrochloride salts, may
      be sprayed simply as alcoholic/aqueous solutions. The compounds can be
      deposited as dusts containing a powdered carrier such as talc, attaclay,
      etc. The compounds having limited water solubility, such as the amine base
      itself, can be applied as emulsions, the same being formulated as is well
      known in the art, with commercially available surface-active agents. Among
      the surface-active agents utilizable are the sulfonated vegetable oils,
      sodium lauryl sulfate, Tween No. 20 (a polyalkalene ether alcohol),
      carbowax (polyethylene glycols of M.W. 1500 or more), Atlas G-2122
      (polyoxyethylene glycol monolaurate), etc. Penetrants, sequestrants,
      mineral oils and cosolvents may also be included in the formulations. An
      example of a suitable formulation is given herein below:
PAC  FORMULATION 10
PAR  2-amino methyl-5-bromo-3-phenylbenzo[ b]thiophene hydrochoride ethanol.
PAR  This ethanol water formulation, when applied on the basis of 4- 8 lbs. of
      amine base, may be used on a pre-emergence basis against weeds, such as
      barnyard grass, crabgrass and chickweed.
PAR  The compounds may be used as a dusting powder or spray as above described
      against insects such as ringworm and brown planthopper.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for treating susceptible microbial infections, selected from
      the group consisting of bacterial, fungal and protozoal infections, which
      comprises administering to an animal species so infected an
      antimicrobially effective quantity of a compound represented by the
      formula:
      ##SPC4##
      wherein n is 0 or 1; R.sub.2 is hydrogen, or amino lower alkylene having 1
      to 3 carbon atoms; R.sub.1 is carbonyl or lower alkylene having 1 to 3
      carbon atoms with the provisio that when R.sub.2 is hydrogen, R.sub.1 is
      lower alkylene; T is NH; X is halogen, nitro, or trifluoromethyl; Y is
      hydrogen, halogen, methyl or trifluoromethyl; M is hydrogen, halogen or
      methyl with the provisio that when X is nitro, M is halogen; Z is
      hydrogen, halogen, nitro or methyl; or the acid addition salts thereof.
NUM  2.
PAR  2. The method of claim 1, wherein n is O.
NUM  3.
PAR  3. The method of claim 2, wherein X is chloro.
NUM  4.
PAR  4. The method of claim 2, wherein R.sub.2 is hydrogen.
NUM  5.
PAR  5. The method of claim 4, wherein R.sub.1 is methylene.
NUM  6.
PAR  6. The method of claim 5, wherein said compound is
      2-aminomethyl-5-chloro-3-phenylindole.
NUM  7.
PAR  7. The method of claim 2, wherein said compound is
      2-[N-(.beta.-aminoethyl)aminoethyl]-5-chloro-3-phenylindole hydrochloride.
NUM  8.
PAR  8. The method of claim 1, wherein said compound is
      5-aminomethyl-3-benzyl-5-chloroindole.
NUM  9.
PAR  9. The method of claim 3, wherein X and Y are dihalo.
NUM  10.
PAR  10. The method of claim 9, wherein said compound is
      2-aminomethyl-6-bromo-5-chloro-3-phenylindole.
NUM  11.
PAR  11. The method of claim 3, wherein M and Z are dihalo.
NUM  12.
PAR  12. The method of claim 11, wherein M and Z are 2,4-dichlorophenyl.
NUM  13.
PAR  13. The method of claim 12, wherein said compound is
      2-aminomethyl-5-chloro-3-(2,4-dichlorophenyl)indole.
NUM  14.
PAR  14. The method of claim 12, wherein said compound is
      5,6-dichloro-3-(2,4-dichlorophenyl)indole-2-N-(.beta.-aminoethyl)carboxami
     de.
NUM  15.
PAR  15. The method of claim 9, wherein M is fluoro.
NUM  16.
PAR  16. The method of claim 15, wherein said compound is
      2-aminomethyl-5-chloro-3-(2-fluorophenyl)indole.
NUM  17.
PAR  17. The method of claim 1, wherein the microbial infection is bacterial or
      fungal.
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ABST
PAL  Use of
      1-hydroxy-3-alkyl-6,6a,7,8,10,10a-hexahydro-9H-dibenzo[b,d]pyran-9-ones as
      an analgesic drug and pharmaceutical compositions containing same.
PARN
PAC  CROSS-REFERENCE
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 413,009 filed Nov. 5, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1-Hydroxy-9-keto-3-alkyl-7,8,9,10-tetrahydro-6H-dibenzo[b,d]pyrans
      (preferably named as 1-hydroxy-3-alkyl-6,
      6a,7,8,10,10a-hexahydro-9H-dibenzo[b,d]pyran-9-ones) were synthesized as
      intermediates by Fahrenholtz, Lurie and Kierstead, J. Am. Chem. Soc., 88,
      2079 (1966), 89 5934 (1967) according to the following reaction procedure:
      a 5-alkyl resorcinol is reacted with diethyl .alpha.-acetylglutarate to
      form an ethyl 4-methyl-5-hydroxy-7-alkylcoumarin-3-propionate. Cyclization
      of this lactone ester with a metal hydride yields a tricyclic keto lactone
      of the following structure (Formula I):
      ##SPC1##
PAL  Protection of the 9-keto group by ketal formation followed by treatment by
      the ketal with a methyl Grignard Reagent and subsequent cyclization and
      removal of the ketal group yields a
      1-hydroxy-3-alkyl-6,6-dimethyl-6,6a,7,8-tetrahydro-9H-dibenzo[b,d]pyran-9-
     one of Formula II below:
      ##SPC2##
PAL  Reduction of the .DELTA..sup.10(10a) double bond with lithium in liquid
      ammonia at - 78.degree.C. yields predominantly the trans ketone
      dl-trans-(1-hydroxy-3-alkyl-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-9H-dibe
     nzo[b,d]pyran-9-one) Formula III, along with minor quantities of the
      corresponding 6a,10a cis isomer.
      ##SPC3##
PAL  No pharmacological activity was reported for this compound and it was used
      only as an intermediate. Compounds according to Formula III can readily be
      transformed by treatment with a methyl Grignard Reagent to the
      corresponding 9-methyl-9-hydroxy compound, dehydration of which yields
      directly either a .DELTA..sup.8 or .DELTA..sup.9 -tetrahydrocannabinol
      derivative, the latter being an active constituent of hashish. The
      Fahrenholtz et al. synthesis is also described in U.S. Pat. No. 3,507,885
      and in U.S. Pat. No. 3,636,058, a continuation-in-part of the previous
      patent. (In the Fahrenholtz et al patents, structure VI corresponds to
      Formula I above, structure VII to Formula II above, and structure III to
      Formula III above). Although apparently only a single compound of Formula
      III above was actually prepared by Fahrenholtz (the 3-n-pentyl derivative
      -- see example 8 of U.S. Pat. No. 3,636,058), a large number of alkyl
      substituted resorcinols are described, all of which can be used to
      synthesize other 3-alkyl derivatives of Formula III. Resorcinols named
      include 5-(1,2-dimethylheptyl)resorcinol, 5-(1-methyloctyl)resorcinol,
      5-(1-methylheptyl)resorcinol,  5-(1,2-dimethylbutyl)resorcinol, etc. A
      review article "Problems of Drug Dependence -- Cannabis (Marijuana)
      Selected Bibliography (1950-1967) prepared by the Medical Literature
      Branch, Bureau of Medicine, FDA, Department of Health, Education and
      Welfare, Addendum I, Substances Occurring Naturally in Marijuana, etc.,
      Isbel, (Washington, D.C., 1968)" and an article entitled Recent Advances
      in the Chemistry of hashhish, Mechoulam and Gaoni, Fortschritte Der Chemie
      Organicher Naturstoffe, 25, 175 (Springer, Wien, 1957) mention the
      Fahrenholtz, et al. synthesis as well as other synthetic procedures for
      preparing active tetrahydrocannabinols; no pharmacological activity for
      compounds having a ketone group at 9 in the dibenzopyran ring system is
      recorded therein.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a process for the treatment of mammals suffering
      from pain and in need of analgesia which comprises administrating to a
      mammal in need of such treatment an effective dose of a compound of
      Formula IV:
      ##SPC4##
PAL  wherein R' is either C.sub.7 -C.sub.10 normal alkyl or is
      ##EQU1##
      wherein R" is C.sub.2 -C.sub.7 alkyl, R.sup.v is H or methyl, R'" is
      hydrogen or C.sub.1 -C.sub.4 alkanoyl, and wherein both R groups are the
      same and can be hydrogen or methyl. This invention also provides
      pharmaceutical compositions for use in the above process for providing
      analgesia, said pharmaceutical compositions being in unit dosage form for
      provision of analgesia consisting of a pharmaceutical carrier and, as a
      therapeutic agent, from 0.1 to 25 mg. of a compound of Formula IV. The
      dosage form may be given 1 to 6 times daily, yielding a daily dosage in
      the range of 0.1 to 100 mgs. of a compound of structure IV with the
      preferred daily dosage being in the range 1-20 mg.
PAR  Illustrative of R' in Formula IV when it is C.sub.7 -C.sub.10 normal alkyl
      are n-heptyl, n-octyl, n-nonyl and n-decyl. Illustrative groups which R"
      can represent in the grouping
      ##EQU2##
      are the following: ethyl, n-propyl, isopropyl, sec-butyl, n-butyl,
      isobutyl, iso-amyl, t-amyl, n-amyl 2-pentyl, 3-pentyl, 3-methyl-2-butyl,
      2-hexyl, 1-hexyl, 3-hexyl, 4-methyl-1-pentyl, 3-methyl-1-pentyl,
      3-methyl-2-pentyl, neopentyl, 3,3-dimethyl-1-butyl, 3,3-dimethyl-1-pentyl
      and the like groups. Thus groups illustrative of R', when it is the above
      moiety are the following: 1,2-dimethylheptyl, 1,1-dimethylheptyl,
      1,2-dimethylhexyl, 1,1-dimethylphenyl, 1,1-dimethylpropyl, 1-methylbutyl,
      1-methyloctyl, 1-methylheptyl, 1-methylhexyl and the like. The term
      C.sub.1 -C.sub.4 alkanoyl which R'" can represent includes acetyl,
      propionyl, n-butyryl and isobutyryl.
PAR  The followiing hexahydrodibenzopyranones illustrate the scope of Formula IV
      above for compounds useful in the processes and compositions of this
      invention.
PA1  1-Acetoxy-3-n-heptyl-6,6a,7,8,10,10a-hexahydro-9H-dibenzo[b,d]pyran-9-one,
PA1  1-hydroxy-3-(1'-methyl-2'-butenyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-9
     H-dibenzo[b,d]pyran-9-one,
PA1  1-propionoxy-3-(1'-methylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-9H-
     dibenzo[b,d]pyran-9-one,
PA1  1-hydroxy-3-(1',1'-dimethylheptyl)-6,6a,7,8,10,10a-hexahydro-9H-dibenzo[b,d
     ]pyran-9-one,
PA1  1-butyroxy-3-(1',2'-dimethylpentyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-
     9H-dibenzo[b,d]pyran-9-one,
PA1  1-hydroxy-3-(1',1'-dimethyl-2'-butyl)-6,6a,7,8,10,10a-hexahydro-9H-dibenzo[
     b,d]pyran-9-one,
PA1  1-hydroxy-3-n-heptyl-6,6-dimethyl-
      6,6a,7,8,10,10a-hexahydro-9H-dibenzo[b,d]pyran-9-one,
PA1  1-hydroxy-3-(1',1'-dimethylhexyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-9H
     -dibenzo[b,d]pyran-9-one,
PA1  1-acetoxy-3-n-heptyl-6,6a,7,8,10,10a-hexahydro-9H-dibenzo[b,d]pyran-9-one,
PA1  1-hydroxy-3-(1'-methyl-2'-butyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-9H-
     dibenzo[b,d]pyran-9-one,
PA1  1-propionoxy-3-(
      1'-methylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-9H-dibenzo[b,d]pyr
     an-9-one,
PA1  1-hydroxy-3-(1',1'-dimethylhexyl)-6,6a,7,8,10,10a-hexahydro-9H-dibenzo[b,d]
     pyran-9-one,
PA1  1-n-butyroxy-3-(1',1'-dimethylpentyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydr
     o-9H-dibenzo[b,d]pyran-9-one,
PA1  1-acetoxy-3-(1',1'-dimethyl-2'-butyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydr
     o-9H-dibenzo[b,d]pyran-9-one,
PAR  The compounds of this invention in which both R groups in the 6-position of
      Formula IV are methyl are prepared according to the procedure of
      Fahrenholtz et al. referred to above. In this procedure, an alkyl
      resorcinol is condensed with a dialkyl .alpha.-acetoglutarate followed by
      cyclization with sodium hydride in DMSO to yield a compound according to
      Formula I above which, after initial formation and reaction with a
      Grignard Reagent followed by treatment with 6N acid, yields a
      10,10a-dehydro-9H-dibenzo[b,d]pyran of Formula II above. Reduction of the
      .DELTA..sup.10(10a) double bond then yields dimethyl compounds according
      to Formula III.
PAR  Compounds in which both R groups attached to C.sub.6 are hydrogen in
      Formula IV are prepared according to the following general procedure: The
      ketone group of a keto-lactone according to Formula I above is reacted
      with ethylene glycol to form the corresponding 9-ketal. Reduction of the
      ketal with sodium bis-methoxyethoxyaluminum hydride in benzene yields a
      2-(2'-hydroxymethyl-5'-ethylenedioxy-.DELTA..sup.1 -cyclohexenyl)-5-alkyl
      resorcinol of formula V.
      ##SPC5##
PAR  On work-up in acidic medium, the ketal protecting group is removed and a
      compound of Va is actually isolated.
      ##SPC6##
PAR  Treatment of this resorcinol (Va) with the aluminum oxide in benzene
      cyclizes the compound to yield a derivative which, upon hydrogenation by
      the procedures of U.S. Pat. No. 3,507,885--either lithium, sodium, or
      potassium in liquid ammonia or hydrogenation over Raney nickel at a
      hydrogen pressure in the range 100-5000 psi--yields a
      dibenzo[b,d]pyran-9-one according to Formula III above in which both R
      groups attached to C.sub.6 are hydrogen.
PAR  Compounds according to formula IV above contain asymmetric centers at 6a
      and 10a. In addition, there may be asymmetric centers in the side-chain
      alkyl group as, for example, when R' is 1,2-dimethyl heptyl, two
      asymmetric centers are present in this side-chain. The Fahrenholtz
      synthetic procedure described above in which the double bond isomerizes
      from the .DELTA..sup.6a(10a) position to the .DELTA..sup.10(10a) position
      produces a racemate in which C.sub.6a is asymmetric, the hydrogen being
      either above or below the plane of the dibenzopyran fused-ring system.
      Hydrogenation of the .DELTA..sup.10(10a) double bond with, for example, an
      active metal in liquid ammonia produces a second asymmetric center at
      C.sub.10a, but the hydrogen which adds to this carbon under the
      hydrogenation or reduction conditions will usually take the more favorable
      trans configuration relative to the hydrogen at C.sub.6a with a lesser
      quantity of compound of the cis configuration being produced. Thus,
      synthesis of a compound in which the side chain contains no asymmetric
      centers, as for example
      1-hydroxy-3-(1',1'-dimethylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-
     9 H-dibenzo[b,d]pyran-9-one, will result in two racemates or racemic pairs
      in which the trans racemate predominates. Compounds such as
      1-hydroxy-3-(1',2'-dimethylheptyl-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-9
     H-dibenzo[b,d]pyran-9-one containing two asymmetric centers in the side
      chain will have a total of four asymmetric centers, those at 6a, 10a and
      at C.sub.1 -- and C.sub.2 -- in the side chain, yielding altogether 16
      possible isomers occuring as 8 racemates.
PAR  The resorcinol starting materials useful in the Fahrenholtz synthesis such
      as n-hexyl resorcinol are readily available from the art. Resorcinols with
      a doubly branched alkyl group in the 5-position can be prepared by the
      procedure of Adams et al., J. Am. Chem. Soc., 70, 664 (1948). These
      .alpha.,.alpha.-branched 5-alkylresorcinols are in general produced by
      doubly alkylating a 3,5-dimethoxyphenylacetonitrile, converting the
      nitrile group to a ketone, reducing the ketone carbonyl to an alcohol,
      dehydrating the alcohol and then hydrogenating the resulting double bond.
      Demethylation then yields a 5-(1',1'-dimethylalkyl resorcinol. Resorcinols
      having an alkyl side chain with an .alpha.,.beta.-substitution pattern are
      in general prepared from 3,5-dimethoxybenzamide. Conversion of the
      benzamide to a ketone using the appropriate Grignard Reagent followed by
      the action of a methyl Grignard Reagent on the resulting ketone yields a
      tertiary carbinol. Dehydration of the carbinol produces an ethylenic
      compound which on hydrogenation yields a
      3,5-dimethoxy-(.alpha.,.beta.-substituted alkyl)benzene. This latter
      compound is readily demethylated to form the corresponding
      5-(1'-methyl-2'-alkyl-substituted alkyl)resorcinol. 5-alkyl resorcinols
      lacking an .alpha. branch can be prepared by standard methods available in
      the art, including the reaction of a nitrile with a Grignard Reagent
      followed by reduction of the resulting carbonyl, dehydration of the thus
      formed benzylic alcohol and hydrogenation to yield an alkyl group, or by
      hydrogenolysis of a benzylic alcohol directly.
DETD
PAR  The synthesis procedure used for preparing compounds useful in the
      processes and compositions of this invention is illustrated by the
      following specific example:
PAC  EXAMPLE 1
PAR  Preparation of
      1-hydroxy-3-(1',1'-dimethylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-
     9H-dibenzo[b,d]pyran-9-one
PAR  A mixture containing 114 g. of 5-(1',1'-dimethylheptyl)resorcinol, 112 g.
      of diethyl 2-acetylglutarate and 74 g. of phosphorous oxychloride was
      stirred at ambient temperature for about 10 days. The reaction mixture was
      then dissolved in ethyl acetate and the ethyl acetate layer washed several
      times with an equal volume of water until the water wash was neutral to
      litmus. The organic layer was separated and dried, and the solvent removed
      by evaporation in vacuo. The residue, comprising ethyl
      7-(1',1'-dimethylheptyl)-5-hydroxy-4-methyl-2-oxy-2H-1-benzopyran-3-propio
     nate formed in the above reaction, was purified by chromatography over 2
      kg. of neutral alumina using chloroform as the eluant. 142 g. of purified
      product thus obtained, were dissolved in 300 ml. of DMSO
      (dimethylsulfoxide), and the solution added in dropwise fashion to a
      suspension of 33.6 g. of sodium hydride in 100 ml. of DMSO. After the
      addition had been completed, the reaction mixture was allowed to stand at
      ambient temperature overnight. Excess sodium hydride present was
      decomposed by the dropwise addition of ethanol. The reaction mixture was
      next carefully poured over a mixture of ice and 12 N aqueous hydrochloric
      acid. A solid resulted comprising
      3-(1',1'-dimethylheptyl)-7,10-dihydro-1-hydroxy-6H-dibenzo[b,d]pyran-6,9(8
     H)-dione, which was collected by filtration. The solid filter cake was
      dissolved in methyl ethyl ketone and the resulting solution washed with 5
      percent aqueous sodium bicarbonate followed by saturated aqueous sodium
      chloride. The organic layer was dried, and the solvent removed by
      evaporation in vacuo. Trituration of the crude residue with anhydrous
      ether followed by filtration (the filtrate being discarded) yielded about
      92.6 g. of a light yellow solid.
      3-(1',1'-Dimethylheptyl)-7,10-dihydro-1-hydroxy-6H-dibenzo[b,d]pyran-6,9(8
     H)-dione thus obtained was used in its semi-purified state. A solution of
      2.3 g. of the above product in 125 ml. of benzene also containing 2.5 ml.
      of ethylene glycol and 5 mg. of p-toluenesulfonoic acid was heated
      overnight under reflux using a water collector. After cooling, the
      reaction mixture was poured into 5 percent aqueous sodium bicarbonate. The
      organic layer was separated, washed with water and then dried. Removal of
      the organic solvent in vacuo yielded 2.5 g. of
      3-(1',1'-dimethylheptyl)-7,8-dihydro-1-hydroxyspiro[9H-dibenzo[b,d]pyran-9
     ,2'-[1,3]-dioxolan]-6(10H)-one. This product was also used without
      purification.
PAR  A solution of the product in 50 ml. of anhydrous ether was added dropwise
      to 46 ml. of a 2.8 M methyl Grignard Reagent in anhydrous ether. After the
      addition had been completed, the reaction mixture was refluxed overnight,
      cooled, and then carefully poured into an ice and 6N aqueous hydrochloric
      acid mixture. Evaportation of the ether by heating on a steam bath yielded
      a light yellow precipitate which was collected by filtration. The solid
      material was washed several times with ether to give 1.64 g. of a light
      yellow solid comprising
      dl-3-(1',1'-dimethylheptyl)-6,6a,7,8-tetrahydro-1-hydroxy-6,6-dimethyl-9H-
     dibenzo[b,d]pyran-9-one; MP = 194.degree.-6.degree.C. RF=0.26 (silica gel,
      20% ethyl acetate:benzene): UV (ethanol) .lambda..sub.max 207/230/323
      m.mu. (.epsilon.=25,600/13,200/23,200); IR(Chloroform) 6.1.mu. (C=O); NMR
      (CDCl.sub.3) .delta.7.4 (d/J=2 cps/1H/H.sub.10), .delta.6,46/6.26(2d/J=2
      cps/2H/H.sub.2 and H.sub.4), .delta.1.21(s/6H/gem dimethyl at C-1') and
      .delta.9.83ppm (t/3H/.omega.-methyl); molecular ion;  m/e=370.
PAR  A solution of 1.5 g. of
      dl-3-(1',1'-dimethylheptyl)-6,6a,7,8-tetrahydro-1-hydroxy-6,6-dimethyl-9H-
     dibenzo[b,d]pyran-9-one in 50 ml. of anhydrous tetrahydrofuran (THF) was
      added dropwise to a solution of lithium metal in liquid ammonia at
      -80.degree.C. Excess lithium metal was added in chunks to the solution as
      the blue color, indicating free dissolved lithium, disappeared. After the
      addition was complete, ammonium chloride was added to react with any
      excess lithium metal still present. The mixture was then allowed to warm
      to room temperature in a nitrogen atmosphere during which process the
      ammonia evaporated. The reaction mixture was then acidified in 1N aqueous
      hydrochloric acid, and the organic constituents extracted with ethyl
      acetate. The ethyl acetate extracts were combined, washed with water and
      dried. Evaporation of the ethyl acetate under reduced pressure yielded 1.4
      g of crude
      dl-trans-3-(1',1'-dimethylheptyl)-6,6a,7,8,10,10a-hexahydro-1-hydroxy-6,6-
     dimethyl-9H-dibenzo[b,d]pyran-9-one. The crude product was chromatographed
      over 50 g. of silica gel from benzene solution and the desired product was
      eluted in 20 ml. fractions with a benzene eluant containing 2 percent
      ethyl acetate. Fractions 200-240 contained 808 mg. of a white crystalline
      solid comprising purified
      dl-trans-3-(1',1'-dimethylheptyl)-6,6a,7,8,10,10a-hexahydro-1-hydroxy-6,6-
     dimethyl-9H-dibenzo[b,d]pyran-9-one. The purified compound melted at
      159.degree.-160.degree.C. after recrystallization from an ethyl
      acetate-hexane solvent mixture. R.sub.f = 0.45 (silica gel, 20% ethyl
      acetate:benzene). UV(ethanol) .lambda.max 207/280m.mu.
      (.epsilon.=47,000/250); IR(CHCl.sub.3) 5.85 .mu.(C=O); NMR (CDCl.sub.3)
      .delta.7.75(s/1H/exchanges with D.sub.2 O), .delta.6.36/6.34 (2d/J= 2
      cps/2H/H.sub.2 and H.sub.4), .delta.4.15(d broad/J=14,3
      cps/1H/H.sub.10.sub..alpha.), .delta.3.08-0.7 (multiplet/32H), especially
      .delta.1.47/1.13 (2s/each 3H/6.alpha. and 6.beta. CH.sub.3), .delta.1.21
      (s/6H/gem-dimethyl at C-1') and .delta.0.83 ppm (t/3H/.omega.-methyl);
      molecular ion, m/e 372.
PAR  Anal. Calcd. for C.sub.24 H.sub.36 O.sub.3 : C, 77.38; H, 9.74; O, 12.88.
      Found:C, 77.59; H, 9.68; O, 12.99.
PAR  dl-cis-3-(1',1'-dimethylheptyl)-6,6a,7,8,10,10a-hexahydro-1-hydroxy-6,6-dim
     ethyl-9H-dibenzo[b,d]pyran-9-one was prepared by further elution of the
      above chromatographic column with benzene containing 5 percent ethyl
      acetate. 140 mg of a white crystalline solid consisting of
      dl-cis-3-(1',1'-dimethylheptyl)-6,6a7,8,10,10a-hexahydro-1-hydroxy-6,6-dim
     ethyl-9H-dibenzo[b,d]pyran-9-one having the following physical and chemical
      characteristics: m.p. = 151.degree.-153.degree.C; R.sub.f 0.38(Silica Gel,
      20% EtOAc-benzene); NMR (CDCl.sub.3) .delta.6.98(s/1H/exchanges with
      D.sub.2 O), .delta.6.36(s broad/2H/H.sub.2 and H.sub.4), .delta.1.40,
      1.35(2s/each 3H/6.alpha. and 6.beta. CH.sub.3), .delta.1.20 (s/6H/gem
      dimethyl at C-1') and .delta.0.83 ppm (t/3H/.omega.-methyl); molecular
      ion, m/e 372
PAR  Anal. Calcd. for C.sub.24 H.sub.36 O.sub.3 : C, 77.38; H, 9.74; O, 12.88.
      Found:C, 77.61; H, 10.00; O, 12.57.
PAR  Other compounds preparable by the above procedure include:
PAR  dl-trans-3-(1',2'-dimethylheptyl)-6,6a,7,8,10,10a-hexahydro-1-hydroxy-6,6-d
     imethyl-9H-dibenzo[b,d]pyran-9-one having the following physical and
      chemical characteristics: m.p. 119.degree.-120.degree.C; R.sub.f =0.68
      (silica gel, 20% ethyl acetate:benzene); UV(C.sub.2 H.sub.5 OH)
      .lambda.max 208/280m.mu. (.epsilon.=48,400/800); IR (CHCl.sub.3) 5.85.mu.
      (C=O); NMR (CDCl.sub.3) .delta.6.30 (brs/2H/aromatics); .delta.4.23(d
      broad/J=14.0, 3.0 cps/1H/H.sub.10.sub..alpha.); .delta.1.50/1.15 (2s/each
      3H/6.alpha. and 6.beta. CH.sub.3) and .delta.0.82 ppm(t/3H.omega.-methyl);
      molecular ion, m/e=372.
PAR  Anal. Calcd. for C.sub.24 H.sub.36 O.sub.3 : C, 77.38; H, 9.74; O, 12.88.
      Found:C, 77.67; H, 9.98; O, 13.00.
PAR  dl-trans-3-n-heptyl-6,6a,7,8,10,10a-hexahydro-1-hydroxy-6,6-dimethyl-9H-dib
     enzo[b,d]pyran-9-one having the following physical and chemical
      characteristics: m.p. 116.degree.-117.degree.C; R.sub.f =0.38 (Silica gel,
      20% ethyl acetate:benzene);UV(C.sub.2 H.sub.5 OH) .lambda.max 208.280m.mu.
       (.epsilon.=12,000/600); IR (CHCl.sub.3) 5.87 .mu. (C=O); NMR (CDCl.sub.3
      .delta.7.95 (s/1H/exchanges with D.sub.2 O), .delta.6.30(s
      broad/2H/H.sub.2  and H.sub.4), .delta.4.22 (broad d/J = 14.0,
      3.0/1H/H.sub.10.sub..alpha.), .delta.1.30/1.12 (2s/each 3H/6.alpha. and
      6.beta. CH.sub.3) and .delta.0.87 ppm (t/3H/.omega.-methyl): molecular
      ion, m/e = 344.
PAR  Anal. Calcd. for C.sub.22 H.sub.32 O.sub.3 : C, 76.70; H, 9.36; O, 13.93.
      Found:C, 76.80; H, 9.12; O, 13.68
PAR  dl-trans-1-hydroxy-3-(1'-methylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahyd
     ro-9H-dibenzo[b,d]pyran-9-one with these characteristics: m.p.
      137.degree.-138.degree. R.sub.f 0.36 (Silica gel, 20% ethyl
      acetate:benzene); UV(EtOH) 208/280 m.mu. (.epsilon.= 48,800/400);
      IR(CHCl.sub.3) 5.86 .mu. (C=O); NMR (CDCl.sub.3) .delta.7.8
      (s/1H/exchanges with D.sub.2 O), .delta.6.32(2H/H.sub.2 and H.sub.4),
      .delta.4.20 (d broad/J=14/3 cps/1H/H.sub.10.sub..alpha.),
      .delta.1.48/1.13(2s/each 3H/6.alpha. and 6.beta. CH.sub.3),
      .delta.1.23(s/6H/gem dimethyl at C-1') and .delta.0.83ppm
      (t/3H/.omega.-methyl); high resolution mass spec confirms MW = 358 and
      empirical formula C.sub.23 H.sub.34 O.sub.3.
PAR  Other compounds preparable by the above procedure and useful in the
      processes of this invention include:
PAR  dl-trans-1-hydroxy-3-(1',1'-dimethylpentyl)-6,6-dimethyl-6,6a,7,8,10,10a-he
     xahydro-9H-dibenzo[b,d]pyran-9-one
PAR  dl-trans-1-hydroxy-3-(1',1'-dimethylpropyl)-6,6-dimethyl-6,6a,7,8,10,10a-he
     xahydro-9H-dibenzo[b,d]pyran-9-one
PAR  dl-trans-1-hydroxy-3-(1',1'-dimethyloctyl)-6,6-dimethyl-6,6a,7,8,10,10a-hex
     ahydro-9H-dibenzo[b,d]pyran-9-one
PAR  The 1-acetoxy derivatives according to the Formula IV in which R'" is
      C.sub.1 -C.sub.4 lower alkanoyl are prepared by reacting a compound in
      which R'" is hydrogen with a lower alkanoyl chloride or anhydride.
PAC  EXAMPLE 2
PAR  Preparation of
      dl-trans-1-acetoxy-3-(1',1'-dimethylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-h
     exahydro-9H-dibenzo[b,d]pyran-9-one:
PAR  A mixture of 500 mg. of
      dl-trans-1-hydroxy-3-(1',1'-dimethylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-h
     exahydro-9H-dibenzo[b,d]pyran-9-one, 5 ml. of acetic anhydride, and 5 ml.
      of pyridine was stirred under an inert atmosphere for 16 hours. The
      mixture was then poured onto ice and extracted with ethyl acetate. The
      ethyl acetate extract was washed with 1 N HCl and saturated sodium
      chloride solution, dried over anhydrous sodium sulfate and evaporated in
      vacuo to give 450 mg. of
      dl-trans-1-acetoxy-3-(1',1'-dimethylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-h
     exahydro-9H-dibenzo[b,d]pyran-9-one as a viscous oil: R.sub.f =0.33(Silica
      gel, 10% Ethyl acetate:benzene): IR(CHCl.sub.3) 5,62, 5.80, and 8.28 .mu.;
      molecular ion at m/e 414.
PAR  As previously mentioned, compounds represented by formula IV above are
      useful in the treatment of pain and have the ability to provide analgesia
      in mammals. They manifest this activity in standard laboratory tests such
      as the mouse-writhing test. In particular,
      dl-trans-1-hydroxy-3-(1',1'-dimethylheptyl)-6,6-dimethyl-6,6a,7,9,10,10a-h
     exahydro-9H-dibenzo[b,d]pyran-9-one at an oral dose level of 5 mg/kg gave a
      61 percent inhibition of writhing at 90 min. and 100 percent inhibition of
      writhing at 180 min.
PAR  Other compounds within the scope of Formula IV above which show excellent
      activity in the above tests and are therefore potent analgesics, include
      dl-trans-1-hydroxy-3-(1',2'-dimethylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-h
     exahydro-9H-dibenzo[b,d]pyran-9-one, dl-cis-1-hydroxy-
      3-(1',1'-dimethylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-9H-dibenzo
     [b,d]pyran-9-one,
      dl-trans-1-hydroxy-3-(1'-methylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahy
     dro-9H-dibenzo[b,d]pyran-9-one,
      dl-trans-1-hydroxy-3-(n-heptyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-9H-
     dibenzo[b,d]pyran-9-one,
      dl-trans-1-hydroxy-3(1',1'-dimethylpentyl)-6,6-dimethyl-6,6a,7,8,10,10a-he
     xahydro-9H-dibenzo[b,d]pyran-9-one,
      dl-trans-1-hydroxy-3-(1',1'-dimethylpropyl)-6,6-dimethyl-6,6a,7,8,10,10a-h
     exahydro-9H-dibenzo[b,d]pyran-9-one,
      dl-trans-1-hydroxy-3-(1',1'-dimethyloctyl)-6,6-dimethyl-6,6a,7,8,10,10a-he
     xahydro-9H-dibenzo[b,d]pyran-9-one, and
      dl-trans-1-acetoxy-3-(1',1'-dimethylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-h
     exahydro-9H-dibenzo[b,d]pyran-9-one.
PAR  Compounds represented by Formula IV above can be administered to mammals
      suffering who are in pain by either the oral or parenteral route, the oral
      route being preferred. The compounds are relatively insoluble and in
      preparing any pharmaceutical form containing them it is desirable that the
      compound be in a finely divided state such as that obtainable after rapid
      evaporation of a solution of the drug. In addition, aqueous suspensions of
      the drug should be used as soon as possible after being prepared, and the
      suspension concentrate should be maintained in the dry state until use
      since it has been found that, upon standing in solution, the compound
      which was originally in a finely divided state may slowly crystallize to a
      less absorbable form. Preferably, a polymorphic form of the drug, prepared
      by rapidly adding an ethanolic solution thereof to a large quantity of
      water, as set forth in the copending application of Arvind L. Thakkar,
      Ser. No. 413,011. filed Nov. 2, 1973 now abandoned, and in
      continuation-in-part application of Thakkar Ser. No. 504,391 filed Sept.
      11, 1974 should be used. The polymorphic form thus prepared is stable and
      readily absorbable, giving satisfactory drug blood levels after oral
      administration. It does not revert (probably by recrystallization) to less
      absorbable crystalline forms on standing for periods of time up to two
      weeks or longer.
PAR  An aqueous suspension of a drug represented by Formula IV is prepared as
      follows: An acetone solution containing 2 parts of weight of, for example
      1-hydroxy-3-(1',1'-dimethylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-
     9H-dibenzo[b,d]pyran-9-one is mixed with 1 part by weight of aqueous
      polyoxyethylenesorbitan monooleate. The solution is placed in a glass
      ampoule and the acetone evaporated in vacuo. Just before use, 100 parts by
      weight of water are added giving a final concentration of 2 mg/ml.
PAR  Capsules containing drug according to formula IV above suitable for use in
      the processes of this invention can be prepared as follows: 1 part of
      weight of drug (obtained by adding an ethanol solution thereof rapidly to
      a large volume of water and then collecting the precipitate) is mixed with
      9 parts of starch and the mixture loaded into empty telescoping gelatin
      capsules such that each capsules contains 10 mg of drug and 90 mg of
      starch. Alternatively, a mixture containing 10 parts of drug from acetone
      solution, 1 part of polyoxyethylenesorbitan monooleate or similar suitable
      surfactant and 89 parts of starch are thoroughly mixed and placed in empty
      telescoping gelatin capsules such that each capsule will contain 10 mg. of
      drug. Solutions of compounds according to the above formula for use in
      oral administration can be prepared in any desired strength in
      polyethyleneglycol 300 (N.F.). In addition, drugs according to Formula IV
      above in absorbable polymorphic form can be compounded into scored tablets
      containing from 0.4 to 100 mg of drug per tablet, along with other
      standard ingredients used in preparing tablets such as starch, a
      lubricants and binders.
PAR  One preferred mode of administration of a dibenzo[b,d]pyran-9-one according
      to Formula IV above is in the form of a dispersion with
      polyvinylpyrrolidone as taught in the copending application of Arvind L.
      Thakkar, Ser. No. 413,012, filed Nov. 2, 1973. In accordance with the
      teachings of Thakkar, a polyvinylpyrrolidone (PVP) complex is formed with
      the active drug having a structure of Formula IV above, for example
      1-hydroxy-3-(1',1'-dimethylheptyl)-6,6-dimethyl-6,6a,7,8,10,10a-hexahydro-
     9H-dibenzo[b,d]pyran-9-one. In preparing the complex, a solution of 90
      parts of PVP dissolved in ethanol is mixed with an ethanol solution
      containing 10 parts of drug, and the ethanol is evaporated therefrom in
      vacuo. The resulting solid is then mixed with 89 parts of starch and 1
      part of polyoxyethylenesorbitan monooleate, and the mixture loaded into an
      empty telescoping gelatin capsules such that each capsule contains 5 mg.
      of drug.
PAR  As will be understood by those versed in the art, it is possible to vary
      the amount of drug in each of the above dosage forms so that unit dosage
      will contain from 0.1 to 25 mg. of drug with final daily dosages of from
      0.1 to 100 mg/patient.
PAR  In treating humans in need of analgesia daily dosages of from 0.1 to 100 mg
      of active drug according to formula IV above are customarily administered.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for providing analgesia to mammals suffering from pain which
      comprises administering to a mammal in need of analgesia an analgetic dose
      of a compound represented by the formula
      ##SPC7##
PAL  wherein R' is either C.sub.7 -C.sub.10 normal alkyl or is the group
      ##EQU3##
      wherein R" is C.sub.2 -C.sub.7 alkyl and R.sup.v is H or methyl, wherein
      both R groups are identical and are H or methyl and wherein R'" is H or
      C.sub.1 -C.sub.4 alkanoyl, in an amount effective to provide analgesia.
NUM  2.
PAR  2. A process according to claim 1 in which a dose of from 0.1 to 100 mgs
      per day of the drug is administered.
NUM  3.
PAR  3. A process according to claim 1 in which a dose of from 1 to 20 mgs. per
      day of the drug is administered.
NUM  4.
PAR  4. A process according to claim 1 in which the drug is administered by the
      oral route.
NUM  5.
PAR  5. A process according to claim 1 in which
      dl-trans-1-hydroxy-3-(1',1'-dimethylheptyl)-6,6a,7,8,10,10a-hexahydro-6,6-
     dimethyl-9H-dibenzo[b,d]pyran-9-one is administered.
NUM  6.
PAR  6. A process according to claim 1 in which
      dl-trans-1-hydroxy-3-(1',2'-dimethylheptyl)-6,6a,7,8,10,10a-hexahydro-6,6-
     dimethyl-9H-dibenzo[b,d]pyran-9-one is administered.
NUM  7.
PAR  7. A process according to claim 1 in which
      dl-trans-1-hydroxy-3-(1'-methylheptyl)-6,6a,7,8,10,10a-hexahydro-6,6-dimet
     hyl-9H-dibenzo[b,d]pyran-9-one is administered.
PATN
WKU  039446743
SRC  5
APN  511408&
APT  1
ART  125
APD  19741002
TTL  Combating insects with o dimethoxymethylphenyl-N-methylcarbamate
ISD  19760316
NCL  2
ECL  1
EXP  Turner; V. D.
INVT
NAM  Nikles; Erwin
CTY  Allschwill
CNT  CH
INVT
NAM  Dittrich; Volker
CTY  Basel
CNT  CH
INVT
NAM  Pinter; Ladislaus
CTY  Basel
CNT  CH
ASSG
NAM  Ciba-Geigy AG
CTY  Basel
CNT  CH
COD  03
PRIR
CNT  CH
APD  19641008
APN  13113/64
RLAP
COD  74
APN  199008
APD  19711115
PSC  01
PNO  3856968
RLAP
COD  81
APN  758616
APD  19680909
PSC  03
RLAP
COD  82
APN  647274
APD  19670428
PSC  03
RLAP
COD  84
APN  493256
APD  19651005
PSC  03
CLAS
OCL  424300
XCL   71106
EDF  2
ICL  A01N  920
FSC  424
FSS  300
UREF
PNO  3349115
ISD  19671000
NAM  Weil et al.
OCL  424277
UREF
PNO  3470236
ISD  19690900
NAM  Hausweiler et al.
OCL  424300
UREF
PNO  3829437
ISD  19740800
NAM  Zumach et al.
OCL  424300
LREP
FR2  Rabin; Frederick H.
ABST
PAL  o-dimethoxy methylphenyl-N-methylcarbamate is disclosed as being useful for
      combatting insects.
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PAR  This is a division of application Ser. No. 199,008, filed on Nov. 15, 1971,
      now U.S. Pat. No. 3,856,968, which is a continuation of application Ser.
      No. 758,616, filed on Sept. 9, 1968, now abandoned. Said application Ser.
      No. 758,616 is a continuation-in-part of application Ser. No. 647,274,
      filed on Apr. 28, 1967, which in turn was a division of application Ser.
      No. 493,256 filed on Oct. 5, 1965, both now abandoned.
BSUM
PAR  The present invention provides new carbamates and processes for their
      manufacture as well as preparations that contain such carbamates.
PAR  The new carbamates correspond to the following general formula
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.2 are identical or different and each represents
      a hydrogen atom or a lower alkyl or lower alkenyl radical: X.sub.1 and
      X.sub.2 are identical or different and each represents a hydrogen atom or
      a lower saturated or unsaturated aliphatic radical, a halogen atom or a
      nitro group, and R represents a grouping of the formula
      ##EQU1##
      in ortho- or meta-position to the carbamoyloxy group, in which formula
      X.sub.3 and X.sub.4 are identical or different and each represents oxygen
      or sulphur and R.sub.3 and R.sub.4 are identical or different and each
      represents an alkyl, alkenyl or alkinyl radical or, together with the
      whole residue R, may form a saturated or unsaturated heterocycle having 5
      t 7 members which contains X.sub.3 and X.sub.4 as hetero atoms, and in
      which R.sub.3 and R.sub.4 may be substituted by lower aliphatic radicals,
      halogen, nitro or the hydroxyl group.
PAR  The carbamates defined above possess valuable bioconal, especially
      insecticidal and acaricidal properties. Furthermore, these carbamates act
      also as herbicides, bactericides, fungicides and molluscicides.
PAR  The new carbamates of the formula (I) are obtained by reacting a phenol of
      the formula
      ##SPC2##
PAL  With a reactive derivative of carbonic acid and an amine of the formula
      ##EQU2##
PAR  The reaction of the phenol II with a reactive derivative of carbonic acid
      and an amine III may be carried out in either sequence, depending to some
      extent on the constitution of the required final product.
PAR  According to the present process, a phenol II or an alkali metal salt
      thereof may be reacted, for example, with phosgene and the resulting
      chlorocarbonate or carbonate with an amine III.
PAR  Alternatively, the amine III may be first reacted with phosgene and the
      resulting carbamic acid chloride or (when R.sub.1 or R.sub.2 represents
      hydrogen) the isocyanate readily formed from it may be reacted with the
      phenol II. Furthermore, a urethane derived from the amine III, preferably
      an alkyl urethane, may be reacted with a phenol of the formula (II).
      (Transesterification.)
PAR  It is also possible to react an urea derived from an amine of the formula
      (III) with a phenol of the formula (II), preferably at raised temperature.
PAR  Some of the phenols of the formula (II) have been described in the
      literature, others are new. The residue R characterizes them as open-chain
      or cyclic acetals and mercaptals. They are manufactured by the processes
      known for the manufacture of this type of substance; as a rule, they are
      prepared by reacting an ortho- or meta-hydroxybenzaldehyde with a lower
      alcohol or mercaptan in the presence of an acid catalyst, for example zinc
      chloride, a mineral acid or para-toluenesulphonic acid. These reactions
      may also be carried out with aldehyde derivatives, for example oximes,
      aldehydanils, acetals (transacetalization). Another suitable route is the
      acetalization with the aid of orthoformic acid esters, formimine ethers,
      dimethylsulphite, orthosilicic acid esters in the presence of lower
      aliphatic alcohols, or the mercaptalization with lower orthothioborates.
PAR  Another route leading to the phenols of the formula (II) is the reaction of
      suitable halides with alkali metal or alkaline earth metal alcoholates and
      mercaptides.
PAR  The final products obtained are open-chain or cyclic acetals or mercaptals,
      depending on the stoichiometric proportions of the starting materials and
      on the valency of the alcohols or mercaptans. According to the size of the
      ring and the kind of hetero atom present in the residue R, the carbamates
      of this invention may be designated as derivatives of 1,3-dioxolan (from
      1,2-glycols), of 1,3-dioxan (from 1,3-glycols), of 1,3-dioxepan (from
      1,4-glycols), of 1,3-oxathiolane (from 1,2-hydroxymercaptans), of
      1,3-dithiolans (from 1,2-dithiols) or of 1,3-dithians (from 1,3-dithiols).
PAR  The acetalization or mercaptalization may be performed in two stages, with
      the semiacetals or semi-mercaptals being formed in the first reaction
      stage. When different alcohols are used in the two reaction stages, mixed
      acetals, mercaptals or monothioacetals are obtained.
PAR  When optically active alcohols or mercaptans are used, there may be
      prepared optically active phenols of the formula (II) and from them
      optically active carbamates of the formula (I). If the residue R of the
      formula (I) is cyclic and substituted, further isomerizing possibilities
      offer themselves. A carbamate of the formula (I) whose residue R is
      monosubstituted may be obtained in the cis-form or trans-form. In general,
      the present process for the manufacture of the carbamates gives rise to
      mixtures of all possible isomers; these mixtures can be separated into
      their constituents by known methods, for example by crystallization. For
      the manufacture of the preparations of this invention to be used for pest
      control, however, the stereoisomer mixtures obtained in the manufacture of
      the active substances are generally used.
PAR  As alcohols and mercaptans suitable for the maufacture of the phenols of
      the formula (II) there may be mentioned: methanol, ethanol, propanol,
      isopropanol, allyl alcohol, propargyl alcohol, 2-methoxyethanol,
      2-methylmercaptoethanol, 2-chloroethanol, 2-bromethanol,
      2-hydroxyethanethiol, methylmercaptan, ethylmercaptan, n-propylmercaptan,
      isopropylmercaptan, n-butylmercaptan, allylmercaptan, chlorallylmercaptan,
      dichlorallylmercaptan, propargylmercaptan, 2-methoxyethanethiol,
      2-methylmercaptoethanethiol, ethyleneglycol, racemic 1,2-propanediol,
      (+)(S)-1,2-propanediol, (-)(R)-1,2-propanediol, 3-fluoro-1,2-propanediol,
      3-chloro-1,2-propanediol, 3-bromo-1,2-propanediol, 3-iodo-1,2-propanediol,
      3-methoxy-1,2-propanediol, 3-ethoxy-1,2-propanediol,
      3-isopropoxy-1,2-propanediol, 3-allyloxy-1,2-propanediol,
      3-methallyloxy-1,2-propanediol, 3-propargyloxy-b 1,2-propanediol,
      3-acetoxy-1,2-propanediol, 3-methylmercapto-1,2-propanediol,
      3-chlorallylmercapto-1,2-propanediol, glycerol, 1,3-propanediol,
      2-chloro-1,3-propanediol, 2-bromo-1,3-propanediol,
      2-nitro-1,3-propanediol, (+)(R)-1,2-butanediol, (-)(S)-1,2-butanediol,
      racemic 1,2-butanediol, 1,3-butanediol, 1,4-butanediol,
      meso-2,3-butanediol, (-)(2R:3R)-2,3-butanediol, (+)(2S:3S)-2,3-butanediol,
      1-butene- 3,4-diol, 2-butene-1,4-diol, 2-hydroxymethyl-2-propen-1-ol,
      2-hydroxymethyl-2-buten-1-ol, 2-methyl-1,2-propanediol,
      3-chloro-2-methyl-1,2-propanediol, 3-chloro-2-chloromethyl-
      1,2-propanediol, 2-methyl-1,3-propanediol,
      2-nitro-2-methyl-1,3-propanediol, 1,2-pentanediol, 1,3-pentanediol,
      2,3-pentanediol, 2,4-pentanediol,  1-pentene-3,4-diol,
      2-methyl-1,2-butanediol, 2-methyl-1,3-butanediol, 2-methyl-2,3-butanediol,
      2-methyl-2,4-butanediol, 2-methyl-3,4-butanediol, 2-ethyl-1,3-propanediol,
      1,4-dichloro-2-methyl-2,3-butanediol, 4-bromo-2-methyl-2,3-butanediol,
      4-iodo-2-methyl-2,3-butanediol, 2,2-dimethyl-1,3-propanediol,
      2,2-bischloromethyl-1,3-propanediol, 2,4-hexanediol,
      2-methyl-2,3-pentanediol, 3-methyl-2,4-pentanediol,
      2,2-dimethyl-3,4-butanediol, 1,5-hexadiene-3,4-diol, 1,2-ethanedithiol,
      2-ethanol-1-thiol, 1,2-propanedithiol, 2-propanol-1-thiol,
      3-chloro-2-propanol-1-thiol, 3-propanol-1-thiol, 1,3-propanedithiol,
      1,2-butanedithiol, 2,3-butanedithiol, 2,2-dimethyl-1,3-propanedithiol or
      the like.
PAR  Most of the aromatic aldehydes required for the manufacture of the phenols
      of the formula (II) by the acetalizing or mercaptalizing method are known,
      while the others are new. They are obtained by the usual methods known for
      the manufacture of ortho- and meta-hydroxybenzaldehydes (cf. for example
      Houben-Weyl, Methoden der organischen Chemie, volume 7, part 1, Stuttgart
      1954).
PAR  From among the suitable aldehydes there may be mentioned: Salicylaldehyde,
      the isomeric salicylaldehydes substituted by methyl, fluorine, chlorine,
      bromine, iodine, methoxy, isopropoxy, allyloxy, propargyloxy,
      methylmercapto, allylmercapto, chlorallylmercapto, propargylmercapto,
      trifluoromethyl, nitro, lower dialkylamine or dialkenylamino groups, for
      example 4-methyl-salicylaldehyde, 5-methyl-salicylaldehyde,
      4-methoxy-salicylaldehyde, 4-isopropoxy-salicylaldehyde,
      4-chloro-salicylaldehyde, 5-chloro-salicylaldehyde,
      5-bromo-salicylaldehyde, 5-methylmercapto-salicylaldehyde,
      4-trifluoromethyl-salicylaldehyde, 5-nitro-salicylaldehyde,
      4-dimethylamino-salicylaldehyde, 3,5-dichloro-salicylaldehyde,
      3,5-dibromo-salicylaldehyde, 3,5-dinitro-salicylaldehyde,
      3-hydroxybenzaldehyde, 2-chloro-3-hydroxybenzaldehyde,
      6-bromo-3-hydroxybenzaldehyde, 5-hydroxy-3-methylbenzaldehyde and the
      like.
PAR  As mentioned above, the new carbamates of the formula (I) obtained by the
      present process possess valuable biocidal properties. Inter alia, these
      carbamates develop a very strong action, for example, against houseflies,
      aphids, caterpillars and beetles, for example corn weavil and Colorado
      beetle. Their contact effect is far superior to that of the known active
      substance "Carbaryl" (N-methyl-.alpha.-naphthylcarbamate).
PAR  Accordingly, the present invention also provides pesticidal preparations
      containing as active ingredient at least one carbamate of the formula (I)
      and, if desired, one of the following additives: Vehicles, solvents,
      diluents, dispersants, wetting agents, adhesives, fertilizers and, if
      required, further pesticides.
PAR  The broad aspect of the biocidal effect of the new preparations offers the
      advantage that a wide variety of vegetable and animal pests can be
      controlled with them.
PAR  They are not only suitable for use as herbicides but, when applied in a
      concentration that does not produce phytotoxic effects, they may also be
      used in plant protection since they develop an excellent effect against
      harmful microorganisms, for example against fungi, for example Alternaria
      solani, Phytopthora infestans and Septoria apii, as well as against
      harmful insects, acarides, nematodes and their ova and larvae.
PAR  Furthermore, the new preparations may also be used quite generally as
      microbicides, for example against Aspergillus species.
PAR  Spray solutions of compounds of the general formula (I) may be prepared,
      for example, with petroleum fractions having a high to medium boiling
      range, for example Diesel oil or kerosene, coal tar oil, or oils of
      vegetable or animal origin, as well as hydrocarbons, for example alkylated
      naphthalenes, tetrahydronaphthalene, if desired or required with the use
      of xylene mixtures, cyclohexanols, ketones or chlorinated hydrocarbons for
      example trichloroethane or tetrachloroethane, trichloroethylene or trior
      tetrachlorobenzenes. It is advantageous to use organic solvents having a
      boiling point above 100.degree.C.
PAR  It is especially advantageous to prepare aqueous forms of application from
      emulsion concentrates, pastes or wettable spray powders by addition of
      water. Suitable emulsifiers or dispersants are non-ionic products, for
      example condensation products of aliphatic alcohols, amines or carboxylic
      acids with a long-chain hydrocarbon residue of about 10 to 20 carbon atoms
      with ethylene oxide, for example the condensation product from octadecyl
      alcohol with 25 to 30 mols of ethylene oxide, or of commercial oleylamine
      with 15 mols of ethylene oxide, or of dodecylmercaptan with 12 mols of
      ethylene oxide. As suitable anionic emulsifiers, there may be mentioned
      the following: The sodium salt of dodecyl alcohol sulphuric acid ester,
      the sodium salt of dodecylbenzosulphonic acid, the potassium or
      triethanolamine salt of oleic acid or of abietic acid or of a mixture of
      these two acids, or the sodium salt of a petroleumsulphonic acid. Suitable
      cationic dispersants are quaternary ammonium compounds, for example cetyl
      pyridinium bromide and dihydroxyethyl benzyl dodecyl ammonium chloride.
PAR  For the manufacture of dusting and casting preparations, there may be used
      as solid vehicles: talcum, kaolin, bentonite, calcium carbonate, calcium
      phosphate or coal, cork meal, wood meal or other materials of vegetable
      origin. It is also very advantageous to manufacture the preparations in
      the form of granulates. The various forms of application may contain the
      conventional additives that improve the distribution, the adhesion,
      stability to rain or the penetration; as such substances there may be
      mentioned fatty acids, resin, glue, casein and alginates.
PAR  The preparations of this invention may be used by themselves or in
      conjunction or admixture with conventional pesticides, especially
      insecticides, acaricides, nematocides, bactericides, fungicides,
      herbicides and the like.
PAR  Especially suitable for insect control are carbamates of the formula (I)
      wherein R.sub.1 represents a hydrogen atom and R.sub.2 a lower alkyl
      radical, for example methyl, and R stands for a dioxolanyl, oxathiolanyl
      or dithiolanyl residue linked in ortho-position, and wherein X.sub.1 and
      X.sub.2 preferably represent hydrogen.
DETD
PAR  The following Examples illustrate the invention, the parts and percentages
      being by weight.
PAC  EXAMPLE 1
PAC  a. ortho-(1,3-dioxolan-2-yl)-phenol
PAR  A mixture of 244 parts of salicylaldehyde, 125 parts of ethyleneglycol, 1
      part of zinc chloride, 1 part by volume of concentrated phosphoric acid
      and 500 parts by volume of benzene was boiled in a circulating
      distillation apparatus until water was no longer being eliminated. The
      solution of the product was filtered and evaporated. The residue was
      distilled under a high vacuum. The product boiled at 88.degree. to
      91.degree.C under 0.04 mm Hg pressure and melted at 67.degree. to
      70.degree.C.
PAC  b. ortho-(1,3-dioxolan-2-yl)-phenyl-N-methyl-carbamate
PAR  A solution of 50 parts of ortho-(1,3-dioxolan-2-yl)-phenol in 300 parts by
      volume of dry toluene was mixed with about 0.2 part by volume of
      triethylamine, and 20 parts of methylisocyanate were dropped into this
      solution at room temperature. The temperature rose gradually to
      31.degree.C. The mixture was kept for 1 day at room temperature. The
      product was filtered off and crystallized from toluene; it melted at
      111.degree. to 114.degree.C.
PAC  EXAMPLE 2
PAR  When glycols (polyols) were reacted with unsubstituted or substituted
      ortho- or meta-hydroxybenzaldehydes, the condensation as described in
      Example 1 lead to cyclic acetals. When these acetals were reacted with
      methylisocyanate, they furnished, for example, the following carbamates:
TBL  No.                                                                       
        Aldehyde  Glycol    Cyclic acetal         Carbamate                    
     __________________________________________________________________________
     1  salicylaldehyde                                                        
                  1,2-propanediol                                              
                            b.p.85.degree.C/0.03mm Hg                          
                                          ortho-(4-methyl-1,3-dioxolan-2-yl)-ph
                                          enyl-                                
                                          N-methyl-carbamate (crystallizes     
                                          gradually)                           
     2  "         2,3-butanediol                                               
                            b.p.86.degree.C.0.07mm Hg                          
                                          ortho-(4,5-dimethyl-1,3-dioxolan-2-yl
                                          )-                                   
                  (commercial             phenyl-N-methyl-carbamate, m.p. 70 - 
                                          105.degree.C                         
                  mixture of                                                   
                  stereoisomers)                                               
     3  "         1-butene-3,4-diol                                            
                            b.p.82.degree.C/0.08mm Hg                          
                                          ortho-(4-vinyl-1,3-dioxolan-2-yl)-phe
                                          nyl-                                 
                                          N-methyl-carbamate                   
     4  "         glycerol-.alpha.-mono-                                       
                            b.p.111 - 114.degree.C                             
                                          ortho-(4-chloromethyl-1,3-dioxolan-2-
                                          yl)-                                 
                  chlorohydrin                                                 
                            0.3mm Hg      phenyl-N-methyl-carbamate, m.p.      
                                          about                                
                                          30 to 70.degree.C                    
     5  "         glycerol  m.p.148 to 149.degree.C                            
                                          ortho-(4-hydroxymethyl-1,3-dioxolan-2
                                          -yl)-                                
                            from acetonitrile                                  
                                          phenyl-N-methyl-carbamate, or        
                                          ortho-(5-hydroxy-1,3-dioxan-2-yl)-phe
                                          nyl-                                 
                                          N-methyl-carbamate, m.p.130 to       
                                          134.degree.C.                        
                                          As by-product the corresponding      
                                          bis-N-                               
                                          methyl-carbamate melting at 170 to   
                                          172.degree.C                         
                                          was obtained.                        
     6  "         1,3-propanediol                                              
                            b.p.92 to 96.degree.C                              
                                          ortho-(1,3-dioxan-2-yl)-phenyl-N-meth
                                          yl-                                  
                            0.01mm Hg     carbamate. M.p.125 to 127.degree.C   
                                          (from toluene)                       
     7  "         1,3-butanediol                                               
                            b.p.89 to 95.degree.C                              
                                          ortho-(4-methyl-1,3-dioxan-2-yl)-phen
                                          yl-                                  
                            0.06mm Hg     N-methyl-carbamate. M.p.146 to       
                                          148.degree.C                         
                                          (from acetonitrile)                  
     8  "         neopentylglycol                                              
                            b.p.90.degree.C/0.06mm                             
                                          ortho-(5,5-dimethyl-1,3-dioxan-2-yl)-
                                          phenyl-                              
                            Hg - m.p.58 - 60.degree.C                          
                                          N-methyl-carbamate. M.p.122 to       
                                          124.degree.C                         
                                          (from carbon tetrachloride)          
     9  salicylaldehyde                                                        
                  3-methyl-2,4-                                                
                            b.p.93.degree.C/0.01mm Hg                          
                                          ortho-4,5,6-trimethyl-1,3-dioxan-2-yl
                                          )-                                   
                  pentandediol            phenyl-N-methyl-carbamate m.p. 118   
                                          to 136.degree.C                      
     10 "         2-methyl-2-nitro-1,3-                                        
                            m.p.90 to 93.degree.C                              
                                          ortho-(5-methyl-5-nitro-1,3-dioxan-2-
                                          yl)-                                 
                  propanediol                                                  
                            (from ether+  phenyl-N-methyl-carbamate m.p.131 -  
                                          134.degree.C                         
                            cyclohexane)  (from isopropanol)                   
     11 "         2-butene-1,4-                                                
                            b.p.87.degree.C/0.03mm Hg                          
                                          ortho-(1,3-dioxep-5-en-2-yl)-phenyl-N
                                          -                                    
                  diol                    methyl-carbamate m.p.94              
                                          - 95.degree.C (from toluene)         
     12 4-methylsalicyl-                                                       
                  ethyleneglycol                                               
                            b.p.98.degree.C/0.02mm Hg;                         
                                          ortho-(1,3-dioxolan-2-yl)-meta'-methy
                                          lphenyl-                             
        aldehyde            crystallizes  N-methyl-carbamate m.p.96 to         
                                          99.degree.C (from                    
                                          toluene)                             
     13 5-methylsalicyl-                                                       
                  "         b.p.95 - 96.degree.C                               
                                          ortho-(1,3-dioxolan-2-yl)-para-methyl
                                          phenyl-                              
        aldehyde            0.01mm Hg     N-methyl-carbamate m.p.104 to        
                                          106.degree.C (from                   
                                          carbon tetrachloride)                
     14 mixture of 4- and                                                      
                  1,2-propanediol                                              
                            b.p.90.degree.C/0.7mm Hg                           
                                          ortho-(4-methyl-1,3-dioxolan-2-yl)-me
                                          ta- and                              
        6-trifluoro-                      meta'-trifluoromethylphenyl-N-methyl 
        methyl-salicyl-                   carbamate (viscous oil)              
        aldehyde +)                                                            
     15 5-chlorosalicyl-                                                       
                  ethyleneglycol                                               
                            m.p.82.degree.C (from                              
                                          para-chloro-ortho-(1,3-dioxolan-2-yl)
                                          -phenyl-                             
        aldehyde            toluene)      N-methyl carbamate m.p.109 -         
                                          112.degree.C (from                   
                                          benzene+hexane)                      
     16 mixture of 4- and                                                      
                  1,2-propanediol                                              
                            b.p.93 - 98.degree.C/0.01mm Hg                     
                                          ortho-(4-methyl-1,3-dioxolan-2-yl)-  
        6-chlorosalicyl-                  meta- and meta'-chlorophenyl-N-      
        aldehyde                          methyl carbamate, m.p. about 90 to   
                                          100.degree.C                         
     17 5-bromosalicyl-                                                        
                  ethyleneglycol                                               
                            m.p.81.degree.C (from hexane)                      
                                          para-bromo-ortho-(1,3-dioxolan-2-yl)-
        aldehyde                          phenyl-N-methyl-carbamate, m.p.      
                                          107 to 109.degree.C (from ethylene   
                                          chloride)                            
     18 3,5-dibromo-salicyl-                                                   
                  "         b.p.145.degree.C/0.17mm Hg                         
                                          ortho,para-dibromo-ortho'-(1,3-dioxo-
        aldehyde            m.p.60 to 64.degree.C                              
                                          lan-2-yl)-phenyl-N-methyl-carbamate  
                                          m.p.135 - 139.degree.C (from         
                                          acetonitrile)                        
     19 3,5-dinitro-                                                           
                  "         m.p. 134 - 140.degree.C (from                      
                                          ortho,para-dinitro-ortho'-(1,3-dioxo-
        salicylaldehyde     chlorobenzene)                                     
                                          lan-2-yl)-phenyl-N-methyl-carbamate  
                                          m.p.149 - 155.degree.C (from         
                                          acetone)                             
     20 meta-hydroxy-                                                          
                  "         b.p.113 to 115.degree.C/0.03                       
                                          meta-(1,3-dioxolan-2-yl)-phenyl-N-   
        benzaldehyde        mm Hg         methyl-carbamate, m.p.73 to          
                                          77.degree.C                          
                                          (from toluene)                       
     21 meta-hydroxy-                                                          
                  2,3-butanediol                                               
                            b.p.115.degree.C/0.1mm Hg                          
                                          meta-(4,5-dimethyl-1,3-dioxolan-2-yl)
        benzaldehyde                                                           
                  (commercial)            phenyl-N-methyl-carbamate, viscous   
                                          oil                                  
     __________________________________________________________________________
      +) 4(6)-trifluoromethyl-salicylaldehyde can be prepared from             
      3-trifluoromethylphenol by the method of J.C.Duff [J.Chem.Soc.1941, page 
      547, Proc.Iowa Acad.Sci.52, page 191 (1954)]. It boils at 77 to          
      80.degree.C under 14mm Hg pressure.                                      
PAC  EXAMPLE 3
PAC  Salicylaldehyde diethyl acetal
PAR  A mixture of 122 parts of salicylaldehyde, 180 parts of orthoformic acid
      ethyl ester and 120 parts of anhydrous ethanol was mixed with 1 ml of
      concentrated hydrochloric acid, whereupon the whole heated up
      spontaneously. After a short time, the solution was heated to the boil and
      then evaporated under vacuum, and the residue distilled under a high
      vacuum. The product passed over at 80.degree.C under 0.15 mm Hg pressure.
PAC  ortho-(diethoxymethyl)-phenyl-N-methyl-carbamate
PAR  A solution of 138 parts of salicylaldehyde diethyl acetal, 46 parts of
      methylisocyanate and 0.5 part of triethylenediamine in 1,000 parts by
      volume of dry toluene was kept for 14 hours at room temperature. The
      resulting crystalline ortho-(diethoxymethyl)-phenyl-N-methyl-carbamate was
      filtered off, washed with 250 parts by volume of dry toluene and dried
      under vacuum. It melted at 92.degree. to 93.degree.C.
PAR  ortho-(Dimethoxymethyl)-phenyl-N-methyl-carbamate, melting at 62.degree. to
      64.degree.C (after crystallization from dibutyl ether), was prepared in a
      similar manner, starting from salicylaldehyde dimethylacetal.
PAC  EXAMPLE 4
PAC  meta-hydroxybenzaldehyde-dimethylmercaptal
PAR  122 Parts of meta-hydroxybenzaldehyde were added portion-wise at about
      0.degree.C to a mixture of 100 parts of methylmercaptan, 2 parts by volume
      of concentrated hydrochloric acid and 500 parts by volume of chloroform.
      The solution was then kept for 14 hours at room temperature and washed
      with potassium bicarbonate solution and with water until the washings run
      neutral. Evaporation of the solvent under vacuum furnished
      meta-hydroxybenzaldehyde dimethylmercaptal as residue. The product passed
      over only in very small amounts under a high vacuum.
PAC  meta-(dimethylmercapto-methyl)-phenyl-N-methyl-carbamate
PAR  81 Parts of crude meta-hydroxybenzaldehyde dimethylmercaptal and 0.4 part
      of triethylenediamine were dissolved in 200 parts by volume of dry ether.
      29 Parts of methylisocyanate were dropped into this solution and the
      temperature maintained by cooling below 35.degree.C. The mixture was left
      for 1 day at room temperature and then evaporated. The residue was
      crystallized from methanol at -10.degree.C; the product melted at
      70.degree.C.
PAC  EXAMPLE 5
PAR  When salicylaldehyde or a substitution product thereof was condensed with a
      mercaptan as described in Example 4, there was obtained a mercaptal which
      on condensation with methylisocyanate gave rise to a carbamate. In this
      manner the following carbamates were accessible:
TBL  No.                                                                       
        Aldehyde   Mercaptan  Mercaptal          Carbamate +)                  
     __________________________________________________________________________
     1  salicylaldehyde                                                        
                   methylmercaptan                                             
                              non-distilling oil                               
                                         ortho-(dimethylmercapto-methyl)-phenyl
                                         -N-                                   
                                         methyl-carbamate                      
     2  "          ethylmercaptan                                              
                              "          ortho-(diethylmercapto-methyl)-phenyl-
                                         N-                                    
                                         methyl-carbamate m.p.41               
                                         - 45.degree.C                         
     3  "          isopropylmercaptan                                          
                              "          ortho-(diisopropylmercapto-methyl)-phe
                                         nyl-                                  
                                         N-methyl-carbamate                    
     4  "          allylmercaptan                                              
                              "          ortho-(diallylmercapto-methyl)-phenyl-
                                         N-                                    
                                         methyl-carbamate                      
     5  "          propargyl- "          ortho-(dipropargylmercapto-methyl)-phe
                                         nyl-                                  
                   mercaptan             N-methyl-carbamate                    
     6  "          n-butyl-   "          ortho-(di-n-butylmercapto-methyl)-phen
                                         yl-                                   
                   mercaptan             N-methyl-carbamate                    
     7  5-bromo-salicyl-                                                       
                   methylmercaptan                                             
                              "          para-bromo-ortho-(dimethylmercapto-met
                                         hyl)-                                 
        aldehyde                         phenyl-N-methyl-carbamate m.p.83 -    
                                         85.degree.C                           
                                         (from methanol)                       
     8  3-methoxy-sali-                                                        
                   "          "          ortho'-methoxy-ortho-(dimethylmercapto
                                         -                                     
        cyaldehyde                       methyl)-phenyl-N-methyl-carbamate     
                                         m.p.90 - 91.degree.C                  
     9  3,5-dinitro-                                                           
                   "          m.p.79 - 80.degree.C                             
                                         ortho',para-dinitro-ortho-(dimethyl-me
                                         rcapto-                               
        salicylaldehyde       (from methanol)                                  
                                         methyl)-phenyl-N-methyl-carbamate     
                                         m.p.185.degree.C, depending on the    
                                         heating speed                         
                                         (from acetonitrile)                   
     __________________________________________________________________________
      +) The carbamates, which are only obtained in the form of oils, are      
      identified by their elementary analyses                                  
PAC  EXAMPLE 6
PAC  ortho-[Bis(2-hydroxyethylmercapto)-methyl]-phenol
PAR  61 Parts of salicylaldehyde were stirred into an ice-cooled mixture of 150
      parts of 2-mercaptoethanol and 10 parts by volume of concentrated
      hydrochloric acid. The batch was then stirred for 1 hour at room
      temperature, extracted with 2 .times. 200 parts by volume of chloroform,
      the product was dissolved in ether and washed with 2 .times. 250 parts by
      volume of cold-saturated potassium bicarbonate solution. The solution was
      dried over anhydrous sodium sulphate, filtered, evaporated and freed from
      the last remnants of solvent under a high vacuum. The highly viscous
      residue was pure ortho-[bis-(2-hydroxyethylmercapto)-methyl]-phenol.
PAC  ortho-[Bis-(2-hydroxyethylmercapto)-methyl]-phenyl-N-methyl carbamate
PAR  39 Parts of the above mercaptal were dissolved in 250 parts by volume of
      dry ether, and 0.2 part of triethylenediamine and 9.5 parts of
      methylisocyanate were added. The temperature of the solution rose and the
      carbamate formed settled out in the form of an oil; it was freed under a
      high vacuum from the last remnants of solvent.
PAC  EXAMPLE 7
PAC  ortho-(ethylmercapto-methylmercapto-methyl)-phenol
PAR  48 Parts of methylmercaptan were mixed with 122 parts of salicylaldehyde
      while cooling with ice. The mixture was then kept for 1 hour at room
      temperature and then added in portions to 62 parts of ethylmercaptan
      containing 2 parts by volume of concentrated hydrochloric acid, while
      cooling with ice. The product was again kept at room temperature, then
      diluted with ether and washed with bicarbonate solution until free from
      acid. The solution was dried over anhydrous sodium sulphate, filtered and
      evaporated.
PAC  ortho-(ethylmercapto-methylmercapto-methyl)-phenyl-N-methyl-carbamate
PAR  64 Parts of the above mercaptal were reacted at room temperature in 200
      parts by volume of dry toluene in the presence of 0.2 part of
      triethylenediamine with 20 parts of methylisocyanate. After 14 hours'
      reaction time, the solution was evaporated. The residue was dissolved in
      toluene, and, while being cooled with ice, was washed with 2 .times. 100
      parts by volume of 2N-sodium hydroxide solution and then with 50 parts by
      volume of molar monosodium phosphate solution, dried and evaporated. The
      carbamate formed was obtained in the form of an oil.
PAC  EXAMPLE 8
PAC  ortho-(1,3-oxathiolan-2-yl)-phenol
PAR  82 Parts of 2-mercaptoethanol were mixed with 0.5 part by volume of
      concentrated hydrochloric acid and then dropwise with 122 parts of
      salicylaldehyde; the temperature of the mixture rose. The reaction mixture
      was stirred for 1 hour at room temperature, then diluted with 500 parts by
      volume of ether and washed with sodium bicarbonate solution and then with
      water until the washings ran neutral. The solution was dried over
      anhydrous sodium sulphate, filtered and evaporated.
PAR  The viscous residue was heated under a high vacuum at a bath temperature of
      160.degree.C, and the volatile phase was condensed. The condensate was
      then fractionated. At 112.degree.C under a pressure of 0.05mm Hg, the
      ortho-(1,3-oxathiolan-2-yl)-phenol formed passed over and crystallized on
      standing. It melted at 72.degree. - 74.degree.C.
PAC  ortho-(1,3-oxathiolan-2-yl)-phenyl-N-methyl-carbamate
PAR  15 Parts of methylisocyanate and 0.1 part of triethylenediamine were added
      to a solution of 37 parts of ortho-(1,3-oxathiolan-2-yl)-phenol in 100
      parts by volume of dry toluene. The mixture was moderately cooled to
      mantain its temperature below 35.degree.C. After a few hours, the
      resulting crystalline product was filtered off and recrystallized from
      toluene or carbon tetrachloride. It melted at 108.degree. to 109.degree.C.
PAC  EXAMPLE 9
PAC  ortho-(1,3-dithiolan-2-yl)-phenol
PAR  A mixture of 10.4 parts of ethanedithiol and 12.2 parts of salicylaldehyde
      was mixed with 0.1 part of concentrated hydrochloric acid, whereupon the
      temperature rose considerably. The reaction product was dissolved in 100
      parts by volume of toluene and washed with sodium bicarbonate solution and
      then with water until the washings ran neutral. The solution was dried
      over anhydrous sodium sulphate, filtered and evaporated. The residue was
      distilled under a high vacuum. It boiled at 129.degree.C under 0.12mm Hg
      pressure.
PAC  ortho-(1,3-dithiolan-2-yl)-phenyl-N-methyl-carbamate
PAR  ortho-(1,3-dithiolan-2-yl)-phenol was reacted with methylisocyanate in
      toluene in -Dithiolan-presence of a catalytic quantity of
      triethylenediamine as described in the preceding Examples. The product was
      obtained in crystalline form, and melted at 129.degree. to 132.degree.C.
PAR  The pure carbamate, obtained by crystallization from acetonitrile, melted
      at 139.degree.C.
PAR  In a similar manner, the following are prepared:
PAR  ortho-(1,3-dithian-2-yl)-phenyl-N-methyl-carbamate, melting at 155.degree.
      to 157.degree.C; from ortho-(1,3-dithian-2-yl)-phenol melting at
      132.degree. to 133.degree.C.
PAL  meta-(1,3-dithiolan-2-yl)-phenyl-N-methyl-carbamate, melting at 93.degree.
      to 96.degree.C; from meta-(1,3-dithiolan-2-yl)-phenol (an oil of which
      only small amounts can be distilled at 110.degree.C bath temperature under
      a high vacuum).
PAR  ortho-(4-methyl-1,3-dithiolan-2-yl)-phenyl-N-methyl-carbamate.
PAR  ortho-(4-hydroxymethyl-1,3-dithiolan-2-yl)-phenyl-N-methyl-carbamate, a
      resinous mass from ortho-(4-hydroxymethyl-1,3-dithiolan-2-yl)-phenol
      (prepared from salicylaldehyde and 2,3-dimercapto-1-propanol).
PAC  EXAMPLE 10
PAC  ortho,para-dinitro-ortho'-(1,3-dioxolan-2-yl)-phenol
PAR  A mixture of 196 parts of 3,5-dinitrosalicylaldehyde, 70 parts of glycol
      and 500 parts by volume of benzene was boiled in the presence of 1 part of
      anhydrous zinc chloride and 1 part by volume of concentrated phosphoric
      acid in a circulation distillation apparatus, until water was no longer
      being eliminated. After cooling, the product were filtered off and
      crystallized from chlorobenzene; it melted at 134.degree. to 140.degree.C.
PAC  ortho,para-dinitro-ortho'-(1,3-dioxolan-2-yl)-phenyl-N,N-dimethyl-carbamate
PAR  11.3 Parts of dimethylcarbamic acid chloride were added to a mixture of
      25.6 parts of ortho,para-dinitro-ortho'-(1,3-dioxolan-2-yl)-phenol, 200
      parts by volume of chlorobenzene and 25 parts of triethylamine. The
      solution was heated for 5 hours at 130.degree.C, allowed to cool,
      filtered, washed with 2N-sodium carbonate solution and evaporated. The
      residue was crystallized from alcohol. The product melted at 141.degree.
      to 142.degree.C.
PAR  By a similar reaction of ortho-(dimethylmercaptomethyl)-phenol with
      dimethylcarbamic acid chloride in boiling dioxane, washing the product
      with 2N-sodium hydroxide solution, there was obtained
      ortho-(dimethylmercaptomethyl)-phenyl-N,N-dimethyl-carbamate. On
      distillation under a high vacuum, a small amount of this product was
      obtained as a colourless, viscous oil.
PAC  EXAMPLE 11
PAC  Dusting Agent
PAR  Equal parts of an active substance described in Examples 1 to 10 were mixed
      with precipitated silica and finely ground. When this powder is mixed with
      kaolin or talcum, it may be used in the form of dusting preparations
      having the desired concentration of active substance. In general,
      preparations containing 1 to 5% of active substance are preferred.
PAC  Spray Powder
PAR  To manufacture a spray powder, the following ingredients, for example, were
      mixed and then finely ground:
PAL  50 parts of an active substance of Examples 1 to 10
PAL  20 parts of Hisil (highly adsorbent, precipitated silica)
PAL  25 parts of bolus alba (kaolin)
PAL  3.5 parts of a reaction product from para-tertiary octylphenol and ethylene
      oxide
PAL  1.5 parts of sodium 1-benzyl-2-stearyl-benzimidazole-6,3'-disulphonate.
PAC  Emulsion Concentrate
PAR  Readily soluble active substances were also formulated in the form of an
      emulsion concentrate as follows:
PAL  20 parts of active substance
PAL  70 parts of xylene
PAL  10 parts of a mixture of a reaction product of an alkylphenol with ethylene
      oxide and calcium dodecyl benzene-sulphonate
PAL  were mixed. On dilution with water to the desired concentration, an
      emulsion suitable for spraying was obtained.
PAC  EXAMPLE 12
PAR  The active substance of Example 1 and the active substance "Carbaryl" were
      subjected to a comparative test to establish their contact effect against
      houseflies and corn weavils. The new substance displayed a much greater,
      distinct contact-insecticidal effect.
PAR  When applied in a concentration of 0.04% in the control of aphids (aphis
      fabae) on young bean plants, it was found that after 2 days the active
      substance of Example 1 had completely destroyed the aphids. It was found
      to have a good diffusion and distinct systemic effect.
PAR  Carbaryl was found to be ineffective in these tests. Carbaryl has the
      composition of 1-naphthyl-N-methyl-carbamate.
PAR  The above-mentioned active substance is active in limit concentrations of
      1.2 parts per million against aedes larvae (24 hours).
PAR  The compound was also tested in dust form against various pests (1%,
      2g/m.sup.2 = 20kg per hectare) and the following results were recorded:
TBL                  after    after                                            
                     6 hours  24 hours                                         
     ______________________________________                                    
     Periplaneta americana                                                     
                       100%                                                    
     Phyllodronia germanica                                                    
                       100%                                                    
     Porcellio scaber  100%                                                    
     Formica rufa                 100%                                         
     ______________________________________                                    
PAR  A topical test on larvae of Periplaneta americana revealed in an evaluation
      made 24 hours later the following limit concentration of active substance
      compared with various commercially available phosphoric acid esters:
TBL  Phosphoric acid ester I                                                   
                         6                                                     
     Phosphoric acid ester II                                                  
                         13       in .gamma. per pest                          
     Phosphoric acid ester III                                                 
                         9                                                     
     active substance of                                                       
     Example 12                                                                
     I     = O,O-dimethyl-O-(3-methyl-4-nitrophenyl)-                          
            thionophosphate                                                    
     II    = O,O-dimethyl-O-(1-chloro-1-N-diethyl-carbaminyl-                  
            1-propen-2-yl)-phosphate                                           
     III   = O,O-dimethyl-O-(4-methylmercapto-3-methyl-                        
            phenyl)-thinophosphate.                                            
PAR  The active substance of Example 1 acts also against spider mites
      (Tetranychus urticae).
PAR  When tested as a stomach poison on Carausius, the said active substance
      displayed a good effect, against Prodenia a moderate to good effect and
      against Gastroidea rather a good effect.
PAC  EXAMPLE 13
PAR  The active substance ortho-(1,3-dithiolan-2-yl)-phenyl-N-methylcarbamate
      was formulated as a spray powder according to Example 11 and tested as a
      contact pesticide against potato beetle (Leptinotarsa decemlineata) and
      against aphids (Hyalopterus arundinis) on plums. The exact test conditions
      and the results (mortality of pests tested in %) are shown in the
      following Table:
TBL  Concentration of                                                          
                 Leptinotarea   Hyalopterus                                    
     active substance                                                          
                 decemlineata   arundinis                                      
               larvae beetles                                                  
               result inspected after                                          
               5      5         2        5                                     
               days   days      days     days                                  
               motality in percent                                             
     0.08%       100      100       100    100                                 
     0.02%       100      100       100    100                                 
     0.005%      100       80       100    100                                 
     0.001%      --        20       100    100                                 
      0.0003%    --       --        100     80                                 
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for combating insects comprising (1) as active ingredient
      an insecticidally effective amount of
      o-dimethoxymethylphenyl-N-methylcarbamate and (2) a suitable carrier.
NUM  2.
PAR  2. A method for controlling insects which comprises applying thereto an
      insecticidally effective amount of o-dimethoxy
      methylphenyl-N-methylcarbamate.
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ABST
PAL  Amides having aromatic substituents of the formula:
      ##SPC1##
PAL  Wherein R is an acyl radical derived from a carboxylic acid having from 3
      to 20 carbon atoms, X and Y are members selected from the group consisting
      of hydrogen, fluoro, trifluoromethyl and hydroxy, and n is an integer
      selected from the group consisting of 0, 1 and 2, exhibit an effect upon
      the central nervous system.
PARN
PAR  This application is a continuation of our co-pending application Ser. No.
      341,624, filed Mar. 15, 1973, which in turn is a continuation of
      application Ser. No. 198,974, filed Nov. 15, 1971 (now abandoned).
BSUM
PAR  This invention relates to novel substituted aryl and aralkyl amides and to
      methods for their production. More particularly, the invention relates to
      amides derived from amines having aromatic substituents such as those
      derived from .beta.-3,4-dihydroxy-phenethyl amine (dopamine). The
      invention also relates to methods for preparing and using such compounds.
PAR  The compounds of this invention are defined by the structural formula:
      ##SPC2##
PAL  Wherein R is an acyl radical having from 3 to 20 carbon atoms; X and Y are
      members selected from the group consisting of hydrogen, fluoro,
      trifluoromethyl, and hydroxy; and n is an integer selected from the group
      consisting of 0, 1 and 2.
PAR  The acyl radicals defined herein are derived from monobasic hydrocarbon
      carboxylic acids and may be straight chain, branched chain, cyclic and
      polycyclic carboxylic acids, also including bridged polycyclic carboxylic
      acids, i.e. those having at least three carbon atoms common to a pair of
      rings such as tricyclodecane (adamantane) carboxylic acid, bornane
      carboxylic acid, and the like. Also included are acyl radicals derived
      from such monobasic aromatic acids as benzoic and phenylacetic acids and
      the like.
PAR  The compounds of the instant invention (I) exhibit a substantial effect
      upon the central nervous system and are, particularly, valuable in
      alleviating the characteristic symptoms of parkinsonism. This degenerative
      disease of the nervous system is characterized by at least three classical
      abnormalities; rigidity, akinesia, and involuntary tremors.
PAC  BACKGROUND OF THE INVENTION
PAR  Recently, the known compound (-)-3-(3,4-dihydroxyphenyl)-L-alanine,
      (L-dopa) was found useful in the symptomatic treatment of parkinsonism.
      The use of L-dopa for such treatment was prompted by the finding that a
      relationship existed between the above-mentioned classical abnormalities
      and a biochemical deficiency of dopamine; it being known that certain
      enzymes were capable of converting L-dopa to dopamine. Thus, it was
      rationalized that the administration of L-dopa should increase the body's
      supply of dopamine and reduce the symptoms of Parkinsonism. The hypothesis
      was tested and proved valid. Since the observed therapeutic effect was
      believed to be due to the increased supply of dopamine, it was also
      reasoned that the administration of dopamine should also result in a
      reduction of the symptoms of Parkinsonism. Surprisingly, dopamine itself
      was found to be substantially ineffective in the treatment of such
      symptoms. Thus it is postulated that free dopamine is not transported
      across the blood-brain barrier and, therefore, does not give symptomatic
      relief. This being the case, it is surprising that certain amides of
      dopamine and of other substituted phenylamines exhibit such an effect.
PAC  PREPARATION OF THE PREFERRED EMBODIMENTS
PAR  The compounds of formula I wherein X and Y are other than hydroxy may be
      prepared by reacting the free amine or an acid addition salt thereof with
      the appropriate acylating agent, e.g. an acyl halide, preferably, in the
      presence of an acid acceptor to form the amide. The acid acceptors most
      frequently used in the art are tertiary amines, such as, pyridine,
      triethylamine, n-methyl piperidine and the like. Further, these tertiary
      amines may also be used as solvent for the reaction. In some instances, it
      may be convenient to use an excess of the amine being acylated as the acid
      acceptor. In those instances, the reaction may be effected in an inert
      organic solvent, such as an ether or an aromatic hydrocarbon e.g. diethyl
      ether, tetrahydrofuran, dioxane, benzene, toluene, xylene, or the like.
PAR  To illustrate the preparation of the compounds of formula I other than
      those wherein R.sub.2 and R.sub.3 are hydroxy, a phenyl amine or its
      mineral acid addition salt is dissolved or suspended with stirring in a
      suitable solvent, e.g. pyridine and an acyl halide or anhydride is
      carefully added dropwise or portionwise at about room temperature over
      about a 2 hour interval and the resulting suspension or solution is
      allowed to react for about 10 to 20 hours. The desired product is isolated
      by pouring the reaction mixture into an excess of a mixture of ice and a
      mineral acid with vigorous agitation whereupon the amide separates from
      the aqueous mixture, usually in the form of an oily mass, which may
      crystallize on continued agitation. However, it is usually preferable to
      extract the product with a water immiscible organic solvent followed by
      washing the extract with an aqueous solution of a weak base (e.g. sodium
      bicarbonate). The extract is then dried over a suitable drying agent (e.g.
      anhydrous sodium sulfate) and the solvent removed to yield the amide as an
      oily mass which may be crystallized from an appropriate solvent.
PAR  The foregoing reaction may be summarized by the following schematic
      representation:
PAC  SEQUENCE A
      ##SPC3##
PAL  wherein R and n are as previously defined and X and Y are as previously
      defined excluding hydroxy.
PAR  The compounds of formula I wherein X and Y are hydroxy or either X or Y is
      hydroxy may be prepared from readily available compounds wherein the
      hydroxy function(s) or protected hydroxy function(s) are already extant.
      Exemplary of protected hydroxy functions are ethers, esters, or the like.
      For example, a dihydroxy aryl or aralkyl amine may be acylated to known
      procedures, such as the one described above, to form a diacyloxy aryl or
      aralkyl amide. The amide is then selectively hydrolyzed to yield the
      desired dihydroxy aryl or aralkyl amide. Selective hydrolyses are
      generally known in the art and are usually effected at ambient
      temperatures but may also be effected either at elevated temperatures for
      short time intervals or under refrigeration for extended periods of time.
      For example, the selective hydrolysis of such amides may be effected by
      subjecting an aqueous alcoholic solution of the compound to ammonium
      hydroxide at room temperature, preferably under an inert atmosphere, for
      from about 1 to about 8 hours preferably, about 5 hours and isolating the
      resulting dihydroxy amide.
PAR  The foregoing reactions may be summarized by the following schematic
      representation:
PAC  SEQUENCE B
      ##SPC4##
PAL  wherein R and n are as previously defined.
PAR  Alternatively, the compounds of formula I wherein X and Y are hydroxy may
      be prepared from precursers having the hydroxy functions protected as
      ethers. Exemplary of such precursers are veratrylamine or
      homoveratrylamine (V) and piperonylamine, homopiperonylamine (VII) or the
      like. Such compounds are N-acylated by known methods and the free hydroxy
      function generated by treatment of the N-acyl compounds (VI) or (VIII)
      with known ether cleavage reagents, such as, boron tribromide, boron
      triiodide, lithium iodide, aluminum chloride or the like.
PAR  The foregoing reactions may be depicted by the following reaction
      sequences:
PAC  SEQUENCE C
      ##SPC5##
PAC  SEQUENCE D
      ##SPC6##
PAR  In each of reaction sequence C and reaction sequence D, R and n are as
      previously defined.
PAR  The compounds of formula I wherein X and Y are hydroxy may also be prepared
      from the corresponding dihydroxy amine by reacting the same with an acyl
      anhydride in an alcoholic solution. This method takes advantage of the
      favorable (more rapid) reaction rate of primary amines over those of the
      hydroxy groups. By the use of techniques generally known to the skilled
      art worker, the amide may be prepared in good yield and in a high state of
      purity.
DETD
PAR  The foregoing general procedures for preparing the compounds of formula I
      are specifically exemplified by the following examples.
PAC  EXAMPLE 1
PAC  N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-1-adamantanecarboxamide
PAR  Dissolve 15.0 g. of dopamine hydrochloride in 200 ml. of pyridine. With
      stirring, add 47.8 g. of 1-adamantane carboxylic acid chloride portionwise
      over a 2-hour period at room temperature. Stir at room temperature
      overnight. Add methanol (200 ml.), water (75 ml.) and concentrated
      ammonium hydroxide solution (50 ml.) to the reaction mixture and allow the
      clear solution to stand for 5 hours at room temperature. Pour the solution
      into 2 liters of 2N hydrochloric acid and ice with vigorous agitation.
      Extract the oily precipitate with ethyl acetate. Wash the extract with
      saturated aqueous sodium bicarbonate solution, dry over sodium sulfate and
      evaporate to a residue. Remove the last traces of ethyl acetate in vacuo
      and crystallize the product from acetone-ether to obtain the title
      product, m.p. 198.degree.-200.degree.C.
PAC  EXAMPLE 2
PAC  N-[[.beta.-(3,43,4-l -Dihydroxyphenyl)-ethyl]-cyclopropanecarboxamide
PAR  Dissolve 15.0 g. of dopamine hydrochloride in 200 ml. of pyridine. Add with
      stirring 24.96 g. of cyclopropane-carboxylic acid chloride portionwise
      over a 2-hour period at room temperature. Stir at room temperature
      overnight. Add methanol (200 ml.), water (75 ml.) and concentrate ammonium
      hydroxide solution (50 ml.) to the reaction mixture and allow the clear
      solution to stand for 5 hours at room temperature. Pour the solution into
      2 liters of of 2N hydrochloric acid and ice with vigorous agitation.
      Extract the oily precipitate with ethyl acetate. Wash the extract with
      saturated aqueous sodium bicarbonate solution, dry over sodium sulfate and
      evaporate to a residue. Dissolve the residue from ethyl acetate-ethyl
      ether and crystalline to obtain the title compound, m.p.
      174.5.degree.-176.degree.C.
PAC  EXAMPLE 3
PAC  N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl] -n-decanoylamide
PAR  Dissolve 15.0 g. of dopamine hydrochloride in 200 ml. of pyridine. Add with
      stirring 46.1 g. of n-decanoyl chloride portionwise over a 2-hour period
      at room temperature. Stir at room temperature overnight. Add methanol (200
      ml.), water (75 ml.) and concentrated ammonium hydroxide solution (50 ml.)
      to the reaction mixture and allow the clear solution to stand for 5 hours
      at room temperature. Pour the solution into 2 liters of 2N hydrochloric
      acid and ice with vigorous agitation. Extract the oily precipitate with
      ethyl acetate. Wash the extract with saturated aqueous sodium bicarbonate
      solution, dry over sodium sulfate and evaporate to a residue. Remove the
      last traces of ethyl acetate in vacuo and crystallize the product from an
      8:2 ethyl ether:hexane mixture to obtain the title product, m.p.
      71.degree.-75.degree.C.
PAC  EXAMPLE 4
PAC  N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-2,2-dimethylpropionamide
PAR  Dissolve 15.0 g. of dopamine hydrochloride in 200 ml. of pyridine. With
      stirring, add 28.8 g. of pivalyl chloride
      (.alpha.,.alpha.-dimethylpropionylchloride) portionwise over a 2-hour
      period at room temperature. Stir at room temperature overnight. Add
      methanol (200 ml.), water (75 ml.) and concentrated ammonium hydroxide
      solution (50 ml.) to the reaction mixture and allow the clear solution to
      stand for 5 hours at room temperature. Pour the solution into 2 liters of
      2N-hydrochloric acid and ice with vigorous agitation. Extract the oily
      precipitate with ethyl acetate. Wash the extract with saturated aqueous
      sodium bicarbonate solution, dry over sodium sulfate and evaporate to a
      residue. Remove the last traces of ethyl acetate in vacuo and crystallize
      the product from a 9:1 toluene:ethanol mixture to obtain the title product
      m.p. 143.5.degree.-146.degree.C.
PAC  EXAMPLE 5
PAC  N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-2,2-dimethylpropionamide
PAC  A. N-[.beta.-(3,4-Dimethoxyphenyl)-ethyl]-2,2-dimethylpropionamide
PAR  Dissolve 1.3 g. of pivalyl chloride in 10 ml. of ethyl ether and add to a
      previously prepared solution of 1.0 g. of homoveratrylamine in a mixture
      of 20 ml. of ethyl ether and 5.0 ml. of triethylamine. Stir the mixture
      for 15 minutes, then add 20 ml. of water and 25 ml. of ethyl acetate.
      Separate the layers and extract the aqueous layer several times with ethyl
      acetate. Combine the organic phases and wash with 2N hydrochloric acid,
      saturated sodium bicarbonate solution, and water. Dry the organic layer
      over anhydrous sodium sulfate, filter and evaporate to a residue.
      Crystallize the residue from ether to obtain the product of this step,
      m.p. 78.0.degree.-79.0.degree.C. B.
      N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-2,2-dimethylpropionamide
PAR  Dissolve 265 mg. of the product of step A in 15 ml. of methylene chloride
      and cool the solution to about -78.degree.C. Add 335 mg. of boron
      triiodide and allow the reaction mixture to warm up to about 0.degree.C
      with vigorous stirring. Stir the reaction mixture at about 0.degree.C
      overnight, then add about 10 ml. saturated sodium bicarbonate solution.
      Acidify the mixture with 2N hydrochloric acid and extract with ethyl
      acetate. Decolorize the extract with aqueous sodium thiosulfate, then wash
      the extract successively with 2N-hydrochloric acid solution, saturated
      sodium bicarbonate solution, and water. Dry the extract over anhydrous
      sodium sulfate and evaporate to a residue. Crystallize the residue from a
      toluene-ethanol mixture to obtain the title product, m.p.
      143.degree.-146.degree.C.
PAC  EXAMPLE 6
PAC  N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-cyclohexanecarboxamide
PAC  A. N-[.beta.-(3,4-Dimethoxyphenyl)-ethyl]-cyclohexanecarboxamide
PAR  Dissolve 2.0 g. of cyclohexane carboxylic acid chloride in 10 ml. of ethyl
      ether and add to a previously prepared solution of 2.0 g. of
      homoveratrylamine in a mixture of 20 ml. of ethyl ether and 5.0 ml. of
      triethylamine. Stir the mixture for 15 minutes, then add 20 ml. of water
      and 25 ml. of ethyl acetate. Separate the layers and extract the aqueous
      layers several times with ethyl acetate. Combine the organic phases and
      wash with 2N hydrochloric acid, saturated sodium bicarbonate solution and
      water. Dry the organic layer over anhydrous sodium sulfate, filter and
      evaporate to a residue. Crystallize the residue from ethyl acetate to
      obtain the product of this step, m.p. 110.degree.-111.degree.C.
PAC  B. N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-cyclohexanecarboxamide
PAR  Dissolve 2.0 g. of the product of Step A carboxylate in 15 ml. of methylene
      chloride and cool the solution to about -78.degree.C. Add 2.5 g. of boron
      triiodide and allow the reaction mixture to warm up to about 0.degree.C
      with vigorous stirring. Stir the reaction mixture at about 0.degree.C
      overnight, then add about 10 ml. saturated sodium bicarbonate solution.
      Acidify the mixture with 2N hydrochloric acid and extract with ethyl
      acetate. Decolorize the extract with aqueous sodium thiosulfate, then wash
      the extract successively with 2N hydrochloric acid solution, saturated
      sodium bicarbonate solution, and water. Dry the extract over anhydrous
      sodium sulfate and evaporate to a residue. Crystallize the residue from a
      toluene-ethanol mixture to obtain the title product 124.degree.C -
      126.degree.C.
PAC  EXAMPLE 7
PAC  N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-1-adamantanecarboxamide
PAC  A. N-[.beta.-(3,4-Methylenedioxyphenyl)-ethyl]-1-adamantanecarboxamide
PAR  Dissolve 0.5 g. of homopiperonylamine in 5 ml. of ethyl ether and 2.5 ml.
      of triethylamine. The mixture is cooled in an ice-bath and a solution of
      0.6 g. of 1-adamantane carboxylic acid chloride in 10 ml. of ethyl ether
      added dropwise. Stir the mixture for an additional 3 hours. Add water and
      extract the mixture with ethyl acetate. Wash the ethyl acetate extract
      with 2N hydrochloric acid, saturated sodium bicarbonate solution, and
      water. Dry over anhydrous sodium sulfate, filter and evaporate the
      filtrate to a residue. Crystallize the residue from ethyl acetate to
      obtain the product of this step, m.p. 146.degree.-148.degree.C.
PAC  B. N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-1-adamantanecarboxamide
PAR  Subject the product of step A to the process described in Example 6 Step B
      to obtain the title product.
PAC  EXAMPLE 8
PAC  N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-2,2-dimethylpropionamide
PAR  Mix 2.2 g. of lithium iodide trihydrate and 0.53 g. of
      N-[.beta.-(3,4-dimethoxyphenyl)-ethyl]-2,2-dimethylpropionamide, as
      prepared in Example 5, step A, heat under nitrogen to 180.degree. and hold
      for 6 hours. Allow the melt to cool to room temperature, then dissolve the
      solid mixture by shaking with an ethyl acetate-water mixture. Separate the
      layers and wash the ethyl acetate layer with 2N hydrochloric acid, water,
      saturated aqueous sodium thiosulfate, saturated sodium bicarbonate and
      water in the order set forth. Dry the ethyl acetate solution over
      anhydrous sodium sulfate, filter and evaporate to a residue. Crystallize
      the residue from a 9:1 mixture of toluene:ethanol to obtain the title
      product.
PAC  EXAMPLE 9
PAC  N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-2,2-dimethylpropionamide
PAR  Suspend 0.86 g. of lithium iodide in 10.0 ml. of S-collidine and add 0.53
      g. of N-[.beta.-(3,4-dimethoxyphenyl)-ethyl] 2,2-dimethylpropionamide (see
      Example 5, step A). Reflux the mixture for 3 hours with vigorous stirring,
      then cool to room temperature. Extract the two liquid phases with ethyl
      acetate and water and proceed as described in Example 8 to obtain the
      product of this example.
PAC  EXAMPLE 10
PAC  N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-2,2-dimethylpropionamide
PAR  Dissolve 0.53 g. of
      N-[.beta.-(3,4-dimethoxyphenyl)-ethyl]-2,2-dimethylpropionamide in 10 ml.
      of benzene and 15 g. of aluminum chloride. Reflux the mixture overnight
      (17 hours) with vigorous stirring. Cool the mixture to room temperature
      and, cautiously, pour the reaction mixture into dilute hydrochloric acid
      and ice with vigorous stirring. Separate the liquid phases and discard the
      benzene layer. Extract the aqueous layer with ethyl-acetate, then wash the
      extract with saturated sodium bicarbonate and water. Dry the extract over
      anhydrous sodium sulfate, filter and vaporate to a residue. Crystallize
      the residue from a 9:1 mixture of toluene:ethanol to obtain the title
      product.
PAC  EXAMPLE 11
PAC  N-Phenyl-1-adamantanecarboxamide
PAR  Dissolve 2.0 g. (10 mmoles) of 1-adamantane carboxylic acid chloride in 20
      ml. of ethyl ether and add to 3.0 ml. (32.9 mmoles) of aniline. Stir the
      mixture 15 minutes, then add 20 ml. of water and 25 ml. of ethyl acetate.
      Separate the layers and extract the aqueous layer several times with ethyl
      acetate. Combine the extracts and wash with 2N hydrochloric acid,
      saturated sodium bicarbonate solution, and water. Dry the extract over
      anhydrous sodium sulfate, filter and evaporate to a residue. Crystallize
      the residue from ethyl acetate to obtain the product of this example, m.p.
      196.degree.-199.degree.C.
PAC  EXAMPLE 12
PAC  N-Benzyl-1-adamantanecarboxamide
PAR  Dissolve 2.0 g. of (10 mmoles) of 1-adamantane carboxylic acid chloride in
      20 ml. of ethyl ether and add to 3.0 ml. (28.0 mmoles) of benzylamine and
      repeat the process of Example 11 to obtain the product of this example,
      m.p. 170.degree.-172.degree.C.
PAC  EXAMPLE 13
PAC  N-[.beta.-(phenylethyl)]-1-adamantanecarboxamide
PAR  Subject 1.63 g. (8.2 mmoles) of 1-adamantane carboxylic acid chloride, 1.0
      g. of phenylethylamine and 5.0 ml. of triethylamine to the process of
      Example 11 and obtain the title product, m.p. 131.degree.-133.degree.C.
PAC  EXAMPLE 14
PAC  N-(4-Methoxyphenyl)-1-adamantanecarboxamide
PAR  Subject 6.5 g. (33.0 mmoles) of 1-adamantane carboxylic acid chloride, 4.0
      g. (33.0 mmoles) of p-anisidine and 10.0 ml. of triethylamine to the
      process of Example 11 and crystallize the residue obtained thereby from
      chloroform to yield the title product, m.p. 181.degree.-184.degree.C.
PAC  EXAMPLE 15
PAC  N-(3-Methoxyphenyl)-1-adamantanecarboxamide
PAR  Subject 6.5 g. of adamantane carboxylic acid chloride, 4.0 g. of
      m-anisidine and 10.0 of triethylamine to the process of Example 14 and
      obtain thereby the title product, m.p. 172.degree.-174.degree.C.
PAC  EXAMPLE 16
PAC  N-(3,4-Dimethoxyphenyl)-1-adamantanecarboxamide
PAR  Subject 1.35 g. (6.8 mmoles) of adamantane carboxylic acid chloride, 1.0 g.
      (6.5 mmoles) of 4-amino veratrole and 4.0 ml. of triethylamine to the
      process of Example 11 and obtain thereby the title product, m.p.
      224.degree.-226.degree.C.
PAC  EXAMPLE 17
PAC  N-(3,4-Dimethoxybenzyl)-1-adamantanecarboxamide
PAR  Subject 4.0 g. (20 mmoles) of adamantane carboxylic acid chloride, 3.3 g.
      (20 mmoles) of veratrylamine and 10.0 ml. of triethylamine to the process
      of Example 11 and obtain thereby the title product, m.p.
      120.degree.-122.degree.C.
PAC  EXAMPLE 18
PAC  N-(3,4-Dimethoxyphenylethyl)-1-adamantanecarboxamide
PAR  Subject 2.0 g. of adamantane carboxylic acid chloride 1.8 g. (10.0 mmoles)
      of homoveratrylamine and 5.0 ml. of triethylamine to the process of
      Example 11. Crystallize the residue obtained thereby from an ethyl
      acetate-ethyl ether mixture to obtain the title product, m.p.
      132.degree.-133.degree.C.
PAC  EXAMPLE 19
PAC  N-(3-Fluorophenyl)-1-adamantanecarboxamide
PAR  Subject 3.6 g. (18 mmoles) of adamantane carboxylic acid chloride, 2.0 g.
      of m-fluoroaniline and 8.0 ml. of triethylamine to the process of Example
      11. Crystallize the residue obtained thereby from a mixture of
      chloroform-hexane to obtain the title product, m.p.
      174.degree.-177.degree.C.
PAC  EXAMPLE 20
PAC  N-(4-Fluorophenyl)-1-adamantanecarboxamide
PAR  Subject 2.29 g. of adamantane carboxylic acid chloride (11.5 mmoles) 1.11
      g. (10 mmoles) of p-fluoro-aniline and 4.0 ml. of triethylamine to the
      process of Example 11. Crystallize the residue obtained thereby from ethyl
      ether to yield the title product, m.p. 170.degree.-171.degree.C.
PAC  EXAMPLE 21
PAC  N-(3,4-Difluorophenyl)-1-adamantanecarboxamide
PAR  Subject 2.29 g. of adamantane carboxylic acid chloride (11.5 mmoles) 1.29
      g. of (10 mmoles) 3,4-difluoro-aniline and 4.0 ml. of triethylamine to the
      process of Example 11. Crystallize the residue obtained thereby from ethyl
      ether to yield the title product, m.p. 168.5.degree.-170.degree.C.
PAC  EXAMPLE 22
PAC  N-(3-Trifluoromethylphenyl)-1-adamantanecarboxamide
PAR  Subject 2.0 g. of adamantane carboxylic acid chloride, 1.60 (10 mmoles) of
      m-trifluoromethylaniline and 5.0 ml. of triethylamine to the process of
      Example 11. Crystallize the residue obtained thereby from a methylene
      chloride-hexane mixture to obtain the title product, m.p.
      171.degree.-174.degree.C.
PAC  EXAMPLE 23
PAC  N-(4-Trifluoromethylphenyl)-1-adamantanecarboxamide
PAR  Subject 2.0 g. of adamantane carboxylic acid chloride 1.6 g. (10 mmoles) of
      p-trifluoromethylaniline and 5.0 ml. of triethylamine to the process of
      Example 11. Crystallize the residue obtained thereby from a mixture of
      methylene chloride-hexane to obtain the product of this Example, m.p.
      189.degree.-193.degree.C.
PAC  EXAMPLE 24
PAC  N-[.beta.-(4-Hydroxyphenylethyl)]-1-adamantanecarboxamide
PAR  Dissolve 2.0 g. (14 mmoles) of .beta.-(4-hydroxyphenyl) ethylamine
      (tyramine) in 25 ml. of pyridine and add portionwise over a 2 hour period
      5.6 g. (28.0 mmole) of adamantane carboxylic acid chloride with stirring.
      Stir at room temperature overnight (about 17 hours). Pour the suspension
      into an excess of 2N hydrochloric acid and ice with stirring. Extract the
      product with ethyl acetate, wash the extract with saturated sodium
      bicarbonate followed by a water wash. Dry the extract over anhydrous
      sodium sulfate and evaporate to a residue. Crystallize the residue from a
      mixture of ethyl acetate-ethyl ether to obtain the title product, m.p.
      195.degree.-198.degree.C.
PAC  EXAMPLE 25
PAC  N-(4-Methoxybenzyl)-1-adamantanecarboxamide
PAR  Subject 4.0 g. (29.0 mmoles) of p-methoxy-benzylamine, 5.7 g. (29.0 mmoles)
      of adamantane carboxylic acid chloride and 10 ml. of triethylamine to the
      process of Example 11. Crystallize the residue obtained thereby from
      chloroform to obtain the product of this Example, m.p.
      91.degree.-94.degree.C.
PAC  EXAMPLE 26
PAC  N-(4-Hydroxybenzyl)-1-adamantanecarboxamide
PAR  Dissolve 3.0 g. of N-(4-methoxybenzyl)-1-adamantanecarboxamide in 25 ml. of
      methylene chloride and cool the solution to about -78.degree.C. Add 2.6 g.
      of boron triiodide and allow the reaction mixture to warm up to about
      0.degree.C with vigorous stirring. Stir the reaction mixture at about
      0.degree.C overnight, then follow the procedure described in Example 6B
      and crystallize the residue obtained thereby from ethyl acetate to obtain
      the product of this Example, m.p. 196.degree.-198.degree.C.
PAC  EXAMPLE 27
PAC  N-(3,4-Dihydroxyphenyl)-1-adamantanecarboxamide
PAR  Subject 2.0 of N-(3,4-dimethoxyphenyl)-1-adamantanecarboxamide and 2.5 g.
      of boron triiodide to the procedure set forth in Example 6B. Chromatograph
      the residue obtained thereby on a column containing 35 g. of silica gel
      using as the eluent a methylene chloride:ethanol: conc. ammonia (90:10:4
      v/v). Crystallize the product from chloroform to obtain the product of
      this Example, m.p. 196.degree.-199.degree.C.
PAC  EXAMPLE 28
PAC  N-(3,4-Dihydroxybenzyl)-1-adamantanecarboxamide
PAR  Subject 2.0 g. of N-(3,4-dimethoxybenzyl)-1-adamantanecarboxamide and 2.4
      g. of boron triiodide to the procedure of Example 6B except both the
      aqueous layer and the ethyl acetate extract are evaporated to a residue.
      The residue from the aqueous layer is extracted with chloroform which is
      used to dissolve the ethyl acetate residue. Concentrate the chloroform
      solution to obtain the title product, m.p. 183.degree.-184.degree.C.
PAR  As is true for most classes of compounds suitable for any given purpose or
      purposes, certain of such compounds are found to be more desirable than
      others. In the instant invention, it is found that the preferred compounds
      are those compounds of formula I wherein the acyl radical (R) is a cyclic
      or a bridged polycyclic group and in those instances wherein there are two
      substituents on the phenyl ring, said substituents are identical. Further,
      the preferred compounds are also those wherein n is either 0 or 2, i.e.
      wherein the nitrogen of the amide is either connected directly to the
      phenyl ring or is connected through an ethylene bridge. Particularly
      suitable compounds within the foregoing groups are:
PAC  N-[.beta.-(3,4-dihydroxyphenyl)-ethyl]-1-adamantanecarboxamide,
PAC  N-phenyl-1-adamantanecarboxamide,
PAC  N-(3,4-difluorophenyl)-1-adamantanecarboxamide, and
PAC  N-[.beta.-(3,4-dihydroxyphenyl)-ethyl]-cyclopropane carboxamide.
PAR  According to test results using rats having induced symptoms of
      Parkinsonism, the compounds of this invention, substantially reduced such
      symptoms when administered in the range of from about 1 to about 120 mg/kg
      of body weight per day. The compounds are preferably administered in the
      range of from about 12 to about 48 mg/kg/day in divided doses at intervals
      of about 4 hours. However, the dose to be administered is dependent upon
      the stage and severity of the symptoms and upon the animal species being
      treated.
PAR  The compounds of this invention may be administered by the oral route in
      the form of tablets, capsules, elixirs or the like. These dosage forms may
      include the usual pharmaceutical excipients such as starches, gums and
      alcohol bases. In addition, the compounds of this invention may be
      incorporated into a dosage unit together with such an analgesic to
      mitigate the pain incident to parkinsonism or similar disorders.
PAR  The compounds of this invention may also be administered by the injection
      of a parenteral solution or suspension containing the pharmaceutical
      excipients usually employed for such dosage forms.
PAR  The following are exemplary of the above-described dosage forms containing
      some of the excipients usually employed therewith.
TBL  ______________________________________                                    
     Capsule Formula         mg/Capsule                                        
     ______________________________________                                    
     N-[.beta. -(3,4-Dihydroxyphenyl)-ethyl]-                                  
     1-adamantanecarboxamide 200.00                                            
     Lactose, U.S.P.         139.00                                            
     Sodium Lauryl Sulfate, U.S.P.                                             
                             10.00                                             
     Corn Starch, Food Grade 100.00                                            
     Magnesium Stearate, U.S.P.                                                
                             1.00                                              
                             450.00                                            
     ______________________________________                                    
PAC  PROCEDURE
PAR  Blend and mill the
      N-[.beta.-(3,4-dihydroxyphenyl)-ethyl]-1-adamantanecarboxamide, lactose,
      sodium lauryl sulfate and corn starch; add the magnesium stearate and mix.
      Fill the formulation into hard gelatin capsules.
TBL  ______________________________________                                    
     Tablet Formula          mg/Tablet                                         
     ______________________________________                                    
     N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-                                   
     2,2-dimethylpropionamide                                                  
                             400.00                                            
     Mannitol, U.S.P.        172.00                                            
     Pluronic F-68, Food Grade                                                 
                             20.00                                             
     Corn Starch, Food Grade 80.00                                             
     Polyvinylpyrrolidone    25.00                                             
     Magnesium Stearate, U.S.P.                                                
                             3.00                                              
                             700.00                                            
     ______________________________________                                    
PAC  PROCEDURE
PAR  Prepare a damp mass consisting of the active ingredient and all of the
      remaining components of the formulation except the magnesium stearate and
      the starch; dry the mass; reduce to granules; add the magnesium stearate
      and the starch; mix and compress into tablets.
TBL  ______________________________________                                    
     Aqueous Suspension         mg/ml                                          
     ______________________________________                                    
     N-[.beta.-(3,4-Dihydroxyphenyl)-ethyl]-                                   
     1-adamantanecarboxamide    1.0                                            
     Methylcellulose            5.0                                            
     Polysorbate 80, U.S.P.     5.0                                            
     Benzyl Alcohol, NF         9.0                                            
     Sodium Chloride, U.S.P.    9.0                                            
     Water for Injection, U.S.P. q.s.                                          
                                1.0 ml.                                        
     ______________________________________                                    
PAC  PROCEDURE
PAR  Under aseptic conditions, prepare a solution of all of the components of
      the formulation except the active ingredient. Add the active ingredient
      with agitation. When the active ingredient is thoroughly mixed with the
      remainder of the formulation, fill the mixture aseptically into sterile
      vials.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of treating the symptoms of Parkinsonism which comprises
      administering to a mammal exhibiting such symptoms a therapeutically
      effective quantity of a compound of the formula:
      ##SPC7##
PAL  wherein R is an acyl radical derived from a hydrocarbon carboxylic acid
      having from 3 to 11 carbon atoms; X and Y are members selected from the
      group consisting of hydrogen, fluoro, trifluoromethyl and hydroxy; and n
      is an integer selected from the group consisting of 0, 1 and 2.
NUM  2.
PAR  2. A method of treating the symptoms of Parkinsonism which comprises
      administering to a mammal exhibiting such symptoms a therapeutically
      effective quantity of a compound of claim 1 of the formula:
      ##SPC8##
PAL  wherein R is an acyl radical derived from a hydrocarbon carboxylic acid
      having from 3 to 11 carbon atoms; X and Y are hydrogen; and n is an
      integer selected from the group consisting of 0, 1 and 2.
NUM  3.
PAR  3. A method of treating the symptoms of Parkinsonism which comprises
      administering to a mammal exhibiting such symptoms a therapeutically
      effective quantity of a compound of claim 1 of the formula:
      ##SPC9##
PAL  wherein R is an acyl radical derived from a hydrocarbon carboxylic acid
      having from 3 to 11 carbon atoms; X and Y are fluoro; and n is an integer
      selected from the group consisting of 0, 1 and 2.
NUM  4.
PAR  4. A method of treating the symptoms of Parkinsonism which comprises
      administering to a mammal exhibiting such symptoms a therapeutically
      effective quantity of a compound of claim 1 of the formula:
      ##SPC10##
PAL  wherein R is an acyl radical derived from a hydrocarbon carboxylic acid
      having from 3 to 11 carbon atoms; X and Y are trifluoromethyl; and n is an
      integer selected from the group consisting of 0, 1 and 2.
NUM  5.
PAR  5. A method of treating the symptoms of Parkinsonism which comprises
      administering to a mammal exhibiting such symptoms a therapeutically
      effective quantity of a compound of claim 1 of the formula:
      ##SPC11##
PAL  wherein R is an acyl radical derived from a hydrocarbon carboxylic acid
      having 3 to 11 carbon atoms; X and Y are hydroxy; and n is an integer
      selected from the group consisting of 0, 1 and 2.
NUM  6.
PAR  6. A method of treating the symptoms of Parkinsonism according to claim 5
      which comprises administering to a mammal exhibiting such symptoms a
      therapeutically effective quantity of a compound of claim 10 wherein R is
      an acyl radical derived from a hydrocarbon carboxylic acid having 11
      carbon atoms; X and Y are hydroxy; and n is 2.
NUM  7.
PAR  7. A method of treating the symptoms of Parkinsonism according to claim 6
      which comprises administering to a mammal having such symptoms from about
      1 to about 120 mg. of
      N-[.beta.-(3,4-dihydroxyphenyl)ethyl]-1-adamantanecarboxamide per kg. of
      body weight per day.
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ABST
PAL  A process for the manufacture of soybean products from soybean meals is
      described. The process comprises in combination the steps of (1) leaching
      the soybean meal by an aqueous solution and separating the solid residue
      from the extract; (2) adjusting the pH of the soybean extract to a range
      of 6.5-7.0; (3) sterilizing the thus-obtained soybean milk; (4) fermenting
      the soybean milk with a lactic culture selected from Streptococcus
      thermophilus, Lactobacillus arabinosus, Lactobacillus casei and mixtures
      thereof and (5) separating the resultant soybean curd. The process also
      describes the use of the soy protein curd as an additive to foodstuff
      products.
BSUM
PAR  The present invention relates to a new process for the manufacture of
      soybean cured from soybean meal and to soybean products obtained from said
      curd. The soybean meal preferably used for the present invention is the so
      called uncalcined meal obtained by heating the soybean meal during the
      desolventizing below 70.degree.C.
PAR  Today it is a generally recognized fact that soybean has become a major
      factor as a protein source, since it is one of the best and cheapest
      sources of protein per unit cost of production. The greatest obstacle to
      the use of soybean as a source of human food product is the bitter, beany
      taste and objectionable odor and color of such products. Thus, for
      example, the conventionally marketed soybean milk has an unattractive
      appearance and is vastly different in flavor from cow's milk and is often
      found unpalatable by those accustomed to cow's milk.
PAR  The main forms of soy protein products, are soy flour and grits, such as
      defatted soybean flour, soy concentrates and soy isolates. The full-fat
      soybean flour and soy concentrates are indeed relatively low-cost protein
      and calorie-rich food ingredients, which can be made in simple processing
      units, but they suffer from a beany taste. The soy isolates, which are
      defined in commerce as the major proteinaceous fraction of soybeans
      prepared from high quality dehulled beans, have indeed a better taste than
      the soybean flour, but are much more expensive.
PAR  The separation of the protein fraction of the soybean is practised today in
      the Far-East to produce soy-bean curd and Chinese cheese or so called
      tofu. Recently a new direction in the preparation of soy-bean cheese
      starting from raw soybeans under controlled conditions using a lactic
      starter organism has been reported. According to this method, the raw
      soybeans are washed and the resulting solution is cooked under pressure
      thus resulting in a soybean milk. The soybean milk has been converted into
      soybean curd by three different methods: (1) addition of CaSO.sub.4, (2)
      addition of acetic acid and (3) addition of lactic acid fermentation
      reagent. The yield of total reprecipitated protein obtained by adding
      acetic acid is about 68%, compared with 54-55% obtained by either the
      addition of calcium sulphate or by lactic acid fermentation reagent. The
      drawback of the method using a lactic acid fermentation reagent is the
      long period of time required for the coagulation of the curd and
      separation of the whey. The long period of coagulation increases the
      chances of contamination by undesirable microorganisms normally present in
      the soy milk, resulting from the raw soybeans or present in the
      environment. Also some improvements with respect to the palatability and
      physical and microbiological aspects of the curd obtained are still
      required. For this reason the addition of rennet extract and skim milk
      were tried by the same investigators. Indeed by incorporation of rennet
      extract and skim milk the overall time for the manufacture of the curd was
      lowered by 40 minutes; also this incorporation improved the flavor and
      taste of the final product. However, this method still suffers from the
      fact that the overall yield of the protein precipitation was only 55%.
      From a commercial and an economic point of view, it is desirable to
      recover substantially all of the protein from the soybean source material,
      but this led to harsh isolation procedures. These harsh isolation
      procedures extract not only protein, but also malodorous flavoring matter,
      pigmentary matter, mucilaginous matter etc. Furthermore the incorporation
      of the rennet extract and skim milk results in an enzymatic decomposition
      of casein, as well as of the soybean protein.
PAR  It is an object of the present invention to provide a new process for the
      manufacture of soybean curd, starting from soybean meal and its
      transformation into various soybean products.
PAR  It is another object of the present invention to obtain debittered soybean
      curd with improved palatable properties which can be processed into
      various soybean foodstuffs.
PAR  It is still another object of the present invention to obtain a soybean
      curd having a high content of protein.
PAR  These and other objects of the invention which may appear as this
      specification proceeds are achieved by this invention.
PAR  The invention, therefore consists in a process for the manufacture of
      soybean products from soybean meal which comprises in combination the
      steps of: (a) leaching the soybean meal by an aqueous solution and
      separating the solid residue; (b) pH adjustment of the soybean extract to
      a value between 6.5-7.0 to give a soybean milk; (c) sterilization of the
      soybean milk; (d) fermentation by a lactic culture; (e) separation of the
      soybean curd and (f) transformation of said curd into edible soybean
      products.
PAR  The soybean products obtained are characterized by improved body and flavor
      and have, in general, much better palatability properties than soybean
      products obtained from the curd obtained from soybeans by conventional
      methods.
PAR  Generally any type of soybean meal may be used. In particular uncalcined
      soybean meals, which are commonly defined as soybean meals desolventized
      below 70.degree.C, give the best results of yield recovery of the protein
      constituent.
PAR  The step (a) is preferably effected by means of a slightly alkaline earth
      metal hydroxide solution, but other neutral aqueous solutions or other
      alkaline substances or mixtures thereof may be used e.g. plain water,
      sodium hydroxide, calcium hydroxide, ammonium hydroxide etc. The
      efficiency of the leaching depends on the temperature, leaching time,
      ratio of the solution to the soybean meal and the concentration of the
      solution. Thus with a 0.01 M solution of Ca(OH).sub.2 at a temperature of
      55.degree.C, a leaching time of 30 minutes is required. Also when calcium
      hydroxide is used, a much better yield of milk recovery from soybean meal
      is achieved than using a neutral aqueous solution. In addition to that,
      the presence of calcium ion is an advantage taking into account that a
      principal objection of the use of soybean milk as a substitute for cow's
      milk is its exceedingly low calcium content, less than one fourth of the
      calcium content of cow's milk. On the other hand, when a high
      concentration of Ca(OH).sub.2 is present in the aqueous solution used in
      leaching, a hard curd is obtained; also the relative high concentration of
      calcium ions decreases the solubility of the curd. Preferred
      concentrations to be used are in the range of 0.003M-0.02M of
      Ca(OH).sub.2, or 0.01M of NaOH and preferred temperatures are in the range
      of 50.degree.-60.degree.C.
PAR  As an optional operation one or more additional leaching operations with
      fresh alkaline hydroxide or plain water may be performed on the wet
      residue obtained after decantation of the soybean extract. However large
      amounts of solvent will dilute the final soymilk and will cause some
      difficulties in the further steps of the process.
PAR  The separation of the soybean extract from the residue can be done by
      filtration under vacuum, filter-press or centrifugation. The preferred
      method found, is a combination of filter-press and centrifugation in which
      case more than 90% of the volume of the extract is obtained.
PAR  The pH adjustment is an important critical step required for the process.
      The decrease in pH to 6.5 enable a rapid growth of the bacteria in the
      further step, but a pH below 6.5 will cause precipitation of protein
      during the sterilization step. Thus a compromise between the growth of
      bacteria and the avoidance of protein precipitation has to be chosen. It
      was found that the pH of the solutions has to be between 6.5 and 7.0 and
      preferably between 6.6 and 6.8.
PAR  The pH adjustment can be done by an edible acid such as critic acid,
      hydrochloric acid, etc. The concentration of the acid used is not critical
      but should not be so high as to be capable of causing damage to soymilk,
      but on the other hand, as small a volume of aqueous acid is as possible to
      be handled is preferred. The preferred concentration of the acid is
      between 0.3N - 1N.
PAR  The sterilization step is absolutely required. Since the soymilk is rich in
      protein, sugars and salts, it is an adequate media for the growth of
      microorganisms which normally are present in soybeans. The heat treatment
      sterilizes the soy milk and destroys the antidigestive factors present in
      the soybeans; at the same time this heat treatment removes, to a certain
      extent, the beany flavor which the meal contains. It has been found that
      the sterilization also has a beneficial effect on the coagulation in the
      subsequent step. The time of sterilization depends on the temperature but
      overheating should be avoided since it may cause precipitation of the
      protein. Preferred conditions found for sterilization in an autoclave are
      110.degree.C - 120.degree.C for a period of 2-5 minutes.
PAR  The fermentation by lactic cultures used as a starter for the coagulation
      of the curd is an essential feature in the process of this invention. Up
      until the present time, commercial processes and processes known from the
      prior art for the precipitation of curd from soymilk addition of salts and
      heating. The curd obtained has indeed a white color, but has a bitter and
      beany taste. In accordance to step (d) of the present invention, the
      precipitation of the curd from the soy milk obtained after sterilization
      is done by adding a starter selected from a lactic culture. The lactic
      culture added as starter belongs to the family of lactobacillaceae, of the
      lactic group. Useful as coagulation agents according to the present
      invention are the bacteria which fulfill the main requirement of
      utilization of a sugar present in the soy milk as a source of
      carbohydrates (succrose and rafinose). Examples of these bacteria are:
      species of Streptococcus thermophilus (at pH 4.5) Lactobacillus arabinosus
      (at pH 4.2), Lactobacillus casei (at pH 5.2) etc. A person skilled in the
      art will easily select the proper bacteria according to the final product
      desired. The lactic culture lowers the pH of the soymilk to 5.2 -4.2 after
      4 - 18 hours at a temperature of 37.degree. - 40.degree. C. This lowering
      of pH is the result of transformation of carbohydrates present in the
      soymilk into the corresponding acids. It was unexpectedly found that by
      the use of the lactic culture alone, the separation of the curd from the
      soybean whey can be easily carried out by a combination of gravitational
      filtration and centrifugation. A slight increase in temperature improves
      the rate of separation.
PAR  The curd obtained is very rich in protein; more than 90% of the protein
      from the soymilk can be precipitated in the curd. This is a very high
      protein recovery which cannot be obtained by any of the other methods
      known from the prior art. The inventors had also tried to use in this step
      the known acid precipitation instead of lactic culture, but only 80% of
      protein from soymilk were found in the curd under the same conditions of
      experimentation. Thus the soya curd prepared according to the present
      invention is characterized by its high nutritional value, particularly in
      protein and has a better palatability and digestibility than the known
      soya curd, as found by a trained taste panel.
PAR  The entire process is carried out under controlled and relatively very mild
      conditions of temperature and reaction time so as to effect the desired
      flavor improvement without protein degradation. Although the reasons for
      the success of the better palatability are not entirely understood, a
      reasonable hypothesis based on the available evidence is that the organic
      materials responsible for the bad flavor are eliminated under the
      catalytic influence of the enzyme content of the lactic culture to form
      organic acids having less objectionable organoleptic properties, it seems
      that at the same time new desirable flavors are formed under the
      controlled fermentation conditions.
PAR  Various products can be manufactured from the high-protein improved curd,
      obtained according to the present invention. Among these products the
      following may be mentioned: spreads, meats, sausages, beverages, infant
      food formulations, whip toppings etc.
PAR  In the manufacture of spreads, the curd is homogenized with melting salts
      (e.g. sodium phosphate): fats and starch may also be added. All the
      mixture is further mixed with vegetables and spices thus obtaining
      flavored spread with various aromas. These spreads may be conserved and
      canned.
PAR  In the same manner as described above by performing a heat treatment in an
      autoclave at a temperature above 120.degree.C for 15 minutes it is
      possible to obtain a hard product, like hard-cheese, which can be sliced.
      It is also possible to use the curd as an additive in the manufacture of
      various meat products such as simulated meats resembling chicken and
      especially in the production of sausages or frankfurters. The curd from
      the soybean meal prepared according to the present invention may be used
      up to 25% by weight of the total ingredients of the sausage, thus
      enriching the sausage with protein and at the same time lowering the price
      in view of the relative low cost of the soy protein.
PAR  The use of the soy protein in the meat industry has a two-fold purpose: (1)
      to alter or improve existing meat products and (2) to extend or simulate
      meats. Any seasoning and flavoring agent may be added to the mass
      containing the curd so that the finished product can have a beef, chicken,
      garlic or onion flavor. From the curd obtained according to the present
      invention, it is possible to prepare by conventional methods special soy
      proteins which have emulsification and binding properties that contribute
      to the texture of the finished meat products.
PAR  Edible outer additives which may be used advantageously include starches,
      flours, gums, fats, proteinaceous materials such as oilseed protein,
      gelatin, cracker meal, bread crumbs, and oilseed meal. Coloring materials
      and fortifying nutrients such as vitamins may also be added. By additions
      of various flavoring materials and spices it is possible to obtain various
      snacks in the form of balls (granules).
PAR  It is also possible to apply a proteolytic enzymatic digestion of the curd,
      either by the addition of an enzyme reagent (such as pepsin, molsin) or by
      external proteolysis with the aid of a suitable microorganism such as
      Actinomucor elegans, or Aspergillus sojae.
PAR  Generally the curd can be used as an additive for any food-stuff which
      requires a source of protein, as commonly used in the food industry.
DETD
PAR  In order to illustrate further the nature of this invention and the manner
      of practicing the same more fully, the following examples are presented
      for clearness of understanding therefrom, without being limited thereto,
      for modifications will be obvious to those skilled in the art.
PAC  EXAMPLE 1
PAC  Preparation of curd.
PAR  1000 grams of soybean meal containing 42% total protein obtained from
      uncalcined soybeans (soybean-meal desolventized below 70.degree.C) were
      leached for 30 minutes with 10 liters of an aqueous solution of 0.01 M
      Ca(OH).sub.2 at 55.degree.C. During the leaching a continuous mixing was
      provided. The residue was separated by gravitation and finally passed
      through a screw press. The filtrate was centrifuged through a basket
      centrifuge. The filtrate is further adjusted to the pH of 6.7 by adding
      slowly under continuous stirring, an amount of 100 ml of HCl 0.5 N. The
      soybean milk obtained had a white milky color; it was introduced into 4
      bottles and sterilized in an autoclave at 116.degree. for 4 minutes. After
      that the milk was quickly cooled at 40.degree.C.
PAR  The content of the bottles was introduced into an open vessel and
      inocculated with 225 ml of a freshly prepared culture of Streptococcus
      thermophilus as lactic starter. The mixture was introduced in an incubator
      for 5 hours at 40.degree.C. A complete coagulation occured, the gel formed
      was cut into small cubic pieces and the curd was separated by filtration
      on cheese cloth. The curd obtained contained 18% solids which have 78%
      protein. The overall yield of protein recovery from the total protein
      present in the meal was 65%.
PAC  EXAMPLE 2
PAC  Preparation of curd
PAR  5000 grams of the same uncalcined soybeans used in Example 1 were leached
      with 35 liters of tap water for 60 minutes at 55.degree.C. During the
      leaching a continuous stirring was provided. The experiment was continued
      as in the previous Example. The soybean milk obtained was introduced in 12
      bottles, and sterilized into an autoclave at 116.degree.C for 4 minutes.
      The inocculation was performed with 750 ml of a freshly prepared culture
      of Streptococcus thermophilus. The procedure was the same as in the
      previous example and a similar product was obtained, but the overall yield
      of the protein recovery was only 30%.
PAC  EXAMPLE 3
PAC  Preparation of curd
PAR  The same experiment as in Example 1 was repeated using 1000 grams of the
      same uncalcined soybeans but the leaching was performed with 10 liters of
      a solution of 0.02 N NaOH. The same procedure was continued as in Example
      1 the only difference being the pH adjustment, which was done with 100 ml
      of citric acid, 0.5 N. The same lactic culture was used. A similar product
      to that obtained in Example 1 resulted but the overall yield of the
      protein recovery in this case was 70 %.
PAC  EXAMPLE 4
PAC  Preparation of curd
PAR  The same experiment as in Example 1 was repeated, the difference being the
      lactic starter used, which in this case was 225 ml of Lactobacillus
      arabinosus, and incubated for 16 hours at 40.degree.C. (getting a pH of
      4.2).
PAR  A similar product to that obtained in Example 1 was obtained, the overall
      yield being also 65% from the total protein present in the meal.
PAC  EXAMPLE 5
PAC  Preparation of curd
PAR  The same experiment as in Example 1 was repeated the difference being the
      lactic culture which in this experiment consists of a mixture of 100 mls
      of a freshly prepared culture of Streptococcus thermophilus + 125 mls of
      Lactobacillus arabinosus. The incubation was carried out for a period of 7
      hours at 40.degree.C. The overall yield of protein recovery from the total
      protein present in the meal was 68%.
PAC  EXAMPLE 6
PAC  Preparation of soybean spread
PAR  To 670 grams of the curd (18% solids) prepared according to Example 1, an
      amount of 330 ml of plain water were added. The slurry was blended and
      mixed with 20 grams of Na.sub.2 HPO.sub.4 and homogenized again. To the
      mixture obtained, 75 ml of sunflower oil, 37.5 grams of cornstarch and 20
      grams of NaCl were added. All the ingredients were again homogenized in
      obtaining a spread with an improved butter-like texture.
PAR  To obtain a spread with different flavor or spices: dehydrated onion (4%),
      garlic flavor, concentrated tomatoes paste, synthetic roquefort flavor
      (0.6), monosodium glutamate with garlic flavor or/and smoked flavor were
      added. The spreads were filled into cans, closed and heated to about
      90.degree.C for 15 minutes.
PAC  EXAMPLE 7
PAC  Preparation of hard cheese-like product
PAR  This product was prepared like in the previous example, but the cans were
      heated to 120.degree.C for 15 minutes.
PAC  EXAMPLE 8
PAC  Preparation of sausage
PAR  500 grams of the curd obtained in Example 1 (18% solids) were added to 1000
      grams of the sausage composition, and milled by extrusion. To the mixture
      obtained the following spices were added: 4.5 grams of salt, 1.5 grams of
      pepper, 0.15 grams of garlic 0.11 grams of marjoram and 0.3 grams of
      sodium glutamate; the total mass was homogenized again and treated as
      known in the sausage industry.
PAR  As is known to those of skill in the art, soybean meal desolventized below
      70.degree.C means the meal obtained by removing the solvent from the
      dehulled meal while the temperature is kept below 70.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of soybean products from soybean meal
      which comprises in combination the steps of: (a) leaching the soybean meal
      with an aqueous solution and separating the solid residue to obtain a
      soybean extract; (b) adjusting the pH of the soybean extract to a value
      between 6.5 - 7.0 to give a soybean milk; (c) sterilizing the soybean milk
      in order to destroy the antidigestive factors present in said soybean meal
      and to reduce the beany flavor of said meal; (d) fermenting said
      thus-obtained soybean milk after said sterilization with a lactic culture
      under conditions suitable to utilize natural sugar present in said soybean
      milk as a source of carbohydrates in order to produce a soybean curd; (e)
      separating the soybean curd and (f) transforming said curd into soybean
      products.
NUM  2.
PAR  2. A process for the manufacture of soybean products as in claim 1 in which
      the meal used resulted from the desolventized soybeans meal heated below
      70.degree.C.
NUM  3.
PAR  3. A process for the manufacture of soybean products as in claim 1 in which
      the leaching of the soybeans meal is carried out by an aqueous solution,
      wherein the alkaline substance is selected from Ca(OH).sub.2, NaOH and
      mixtures thereof.
NUM  4.
PAR  4. A process for the manufacture of soybean products according to claim 3,
      in which the Ca(OH).sub.2 solution has a concentration in the range of
      0.003-0.02 M.
NUM  5.
PAR  5. A process for the manufacture of soybean products according to claim 1
      in which a pH adjustment in the range of 6.6 - 6.8 is carried out on the
      soybean extract.
NUM  6.
PAR  6. A process for the manufacture of soybean products according to claim 5,
      in which the pH adjustment is done by an edible acid selected from
      hydrochloric acid an citric acid.
NUM  7.
PAR  7. A process for the manufacture of soybean products according to claim 1
      in which a fermentation is done by a lactic culture selected from
      Streptococcus thermophilus, Lactobacillus arabinosus, Lactobacillus casei
      and mixtures thereof.
NUM  8.
PAR  8. A process for the manufacture of soy protein based spreads obtained by
      incorporation of soya curd produced according to claim 1.
NUM  9.
PAR  9. A process for the manufacture of soy protein based hard cheese-like
      product obtained by incorporation of soya curd produced according to claim
      1.
NUM  10.
PAR  10. A process for the manufacture of soy protein based sausage product
      obtained by incorporation of soya curd produced according to claim 1.
NUM  11.
PAR  11. A process according to claim 1 in which the sterilization of said
      soybean milk is carried out by heating at a temperature of about
      110.degree.- 120.degree.C.
NUM  12.
PAR  12. A process in accordance with claim 1 in which the pH of said soybean
      milk after fermentation with said lactic culture is about 5.2 to 4.2.
NUM  13.
PAR  13. A process in accordance with claim 1 in which said soybean meal is
      leached with an aqueous Ca(OH).sub.2 solution having a concentration of
      about 0.003 to 0.02M, said soybean milk is sterilized at a temperature of
      about 110.degree.-120.degree.C and the pH of said soybean milk after
      fermentation with said lactic culture is about 5.2 to 4.2.
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ABST
PAL  An improved coffee percolation process is disclosed whereby improved yields
      of soluble coffee solids are obtained from roasted and ground coffee. The
      extraction columns of the percolator set are loaded with roasted and
      ground coffee such that there is a continually decreasing average particle
      size in the direction of flow of the extraction liquid.
PARN
PAR  This is a continuation, of application Ser. No. 442,720, filed Feb. 14,
      1974 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to coffee and more particularly to a coffee
      percolation process wherein soluble coffee solids are extracted from
      roasted and ground to produce a coffee extract which is further processed
      into a dry, reconstitutable soluble coffee powder.
PAR  Percolation is the semi-continuous countercurrent extraction of soluble
      coffee solids from roasted and ground coffee. The extraction process is
      performed in a percolator set which is a series of extraction columns,
      generally 4 to 6. At steady-state operation, the extraction columns
      contain roasted and ground coffee of varying degrees of extraction. An
      aqueous extraction liquid, generally water, is fed at elevated
      temperatures to the entrance of the extraction column containing the most
      extracted coffee in the percolator set, typically referred to as the spent
      stage extraction column. The extraction liquid passes through this column
      extracting soluble coffee solids from the coffee contained therein, exits
      this column, and is passed to and through the next successive extraction
      column containing the next most extracted roasted and ground coffee in the
      percolator set. In a similar manner the extraction liquid is passed
      through successive extraction columns containing progressively less
      extracted or fresher roasted and ground coffee extracting soluble coffee
      solids therefrom. Finally, the extraction liquid is passed through the
      extraction column containing the least extracted roasted and ground coffee
      in the percolator set (generally fresh, unextracted roasted and ground
      coffee). This column is typically referred to as the fresh stage
      extraction column. A pre-determined quantity of extraction liquid is
      drawn-off from this column as coffee extract, thus completing a cycle,
      which is then further processed to produce a dry soluble coffee product.
      The coffee extract will typically contain between 20 percent - 35 percent
      soluble coffee solids by weight.
PAR  A new cycle is begun by taking the spent stage extraction column from the
      previous cycle off stream and placing an extraction column generally
      containing fresh unextracted roasted and ground coffee on-stream thus
      becoming the fresh stage extraction column for draw-off of coffee extract
      for this cycle. Aqueous extraction liquid is then fed to the spent stage
      extraction column for this cycle, the coffee contained therein being the
      next most extracted coffee in the previous cycle, and the process
      continues as before with extraction liquid passing through extraction
      columns containing progressively less extracted roasted and ground coffee
      and finally being drawn off as coffee extract from the fresh stage
      extraction column.
PAR  In this manner, then, a given bed of roasted and ground coffee becomes
      progressively more extracted with each cycle. (Cycle being defined as the
      period between successive draw-offs of coffee extract from the fresh stage
      extraction column.)
PAR  An understandably important consideration in the coffee percolation art is
      to maximize the yield of soluble coffee solids obtained from a given
      charge of roasted and ground coffee. Unique to percolation, however, is
      the desire to avoid impairment of the characteristic flavor and aroma
      constituents of coffee so that the final soluble coffee product will more
      nearly resemble freshperked roasted and ground coffee. This factor often
      must often be balanced against yield maximization. Thus, for example, the
      use of extremely high temperatures, while useful in achieving high yields,
      is to be avoided since it will significantly impair and alter the delicate
      flavor and aroma characteristics of the coffee.
PAR  While numerous advances have been made in the art in achieving relatively
      good yields without substantially affecting product quality there exists a
      recognized need for further improvement in this area.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that the yield of soluble coffee solids from roasted and
      ground coffee can be increased by loading the extraction columns of the
      percolator set with roasted and ground coffee such that the average
      particle size of the coffee particles decreases in the direction of flow
      of the extraction liquid.
PAR  In packed bed extraction columns such as coffee extraction columns any
      tendency of the extraction liquid to channel is detrimental to the
      efficiency of extracting the packed bed. Channelling is a maldistribution
      of the extraction liquid through the roasted and ground coffee bed. This
      uneven or non-uniform flow follows preferential flow paths through the
      packed coffee bed and causes the areas outside of the preferential flow to
      be extracted to a lesser extent or not at all. The yield of soluble solids
      extracted based on the weight of the coffee bed is therefore decreased and
      further the quality of the resultant coffee extract may be lessened due to
      many flavorful coffee solids being unextracted.
PAR  The process of this invention serves to minimize channelling in the
      extraction columns and hence results in more efficient extraction of the
      roasted and ground coffee.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the process of this invention the roasted and ground
      coffee is positioned in the extraction columns of the percolator set such
      that the average particle size of the coffee decreases in the direction of
      flow of the aqueous extraction liquid.
PAR  It has been found that operation of the percolation process in this manner
      has the effect of insuring that the rate of change of pressure in the
      extraction column increases in the direction of the flow of the aqueous
      extraction liquid. This physical situation results in a uniform flow of
      extraction liquid through the bed of roasted and ground coffee with a
      minimum of channelling and bypassing of the coffee particles.
PAR  Various means may be employed to achieve the criteria of positioning the
      roasted and ground coffee within the extraction column such that the
      average particle size of the coffee particles continually decreases in the
      direction of liquid flow. In one embodiment of this invention, a coffee
      grinder is positioned such that the extraction column can be directly
      loaded with the ground coffee. The required amount of coffee is then
      passed through the coffee grinding apparatus while the grind setting of
      the apparatus is continually altered to produce particles of decreasing
      size as the extraction column is filled. Most commercial grinders are
      capable of such operation. It is apparent of course that while reference
      is made to a "grinder" any means of subdividing roasted coffee such as
      crushing, breaking, flaking, etc. may be employed.
PAR  Another means of achieving the roasted and ground coffee positions within
      the column critical to this invention involves subdividing the roasted
      coffee by any appropriate means and then separating the ground particles
      into two or more fractions of differing average grind size as for example
      by screening. Thus, for example, where two fractions are employed one
      being "coarse" and the other "fine" relative to the other, the extraction
      column is loaded first with coarse particles and then with mixtures of the
      coarse and fine particles progressively increasing in their concentration
      of fine particles, and then finally filling the extraction column with a
      last fraction comprised of only the fine coffee. This metering of the
      differing particle size fractions results in a continually decreasing
      average particle size within the extraction column.
PAR  When operating the percolation process according to this invention it will
      be appreciated that there can be finely-ground particles of roasted coffee
      at the outlet area of the extraction column. It may be desirable, in order
      to preclude the possibility of these fine particles plugging up the
      orifices of the fluid outlet means, to confine the roasted and ground
      coffee to a position above or below, depending upon whether downflow or
      upflow operation is utilized, the fluid outlet means. The remaining area
      in the extraction column can be "capped" within an inert filler material
      in accordance with our commonly-assigned application, our Ser. No.
      417,337.
PAR  The key to the present invention is the continual or progressive decrease
      in the average particle size of the roasted coffee in the extraction
      column in the direction of flow of the aqueous extraction liquid. It will
      be appreciated by those skilled in the art that generally commercial
      percolation processes necessitate the use of commercial subdividing
      apparatus which do not yield coffee particles of exactly the same size but
      rather yield a distribution of particle sizes. Hence, in the context of
      the present invention, the average particle size is employed to indicate
      that from one particular area of the coffee bed to the next, the size of
      the predominant number of particles decreases, i.e., the average particle
      size decreases.
PAR  While a certain number of un-averaged sized particles may be tolerated in
      proceeding from one fractional section of the coffee bed to the next, it
      has been found that certain limits exist in the amount of particles of
      uniform size which can be tolerated. For example, when the extraction
      column is filled in thirds, in the direction of flow, with coarsely ground
      coffee, then coffee of an intermediate grind, and then finely ground
      coffee, the advantages of this invention will not be achieved if the
      length of the bed of the uniformly sized particles is too long. Within
      these distinct zones of coffee particles having an average uniform size
      the extraction liquid will exhibit channelling and poor extraction will be
      encountered. While channelling is minimized at those areas in the column
      where transition occurs from larger to smaller average particle sizes such
      is not effective to offset the channelling occurring before and after
      these areas. As a general requirement, areas of uniformly sized particles
      should be no greater than, say, about 1/40 to 1/15 of the overall height
      of the packed coffee bed. Thus, for example, for column beds of 20 feet in
      height, uniformly sized particles may be tolerated in areas ranging from 6
      inches to 18 inches. When such criteria is met the average particle size
      is said to be continually decreasing within the context of this invention
      and channelling is minimized. Where such criterion is exceeded channelling
      will occur within the zones of uniform particle size to such a degree that
      no yield advantages are achieved. However, it is most preferred to have
      the extraction column loaded such that the average particle size of the
      roasted and ground coffee truly decreases from one point in the column to
      the next in the direction of extraction liquid flow.
PAR  The roasted and ground coffee of this invention may be decaffeinated and
      undecaffeinated coffee and may be a single coffee variety or a blend of
      coffee varieties. In a preferred embodiment of this invention a blend of
      coffee varieties is employed in each extraction column to achieve a
      quality improvement in the coffee extract drawn off from the fresh stage
      extraction column. The highest quality coffee of the blend is ground to a
      finer particle size than the other coffee varieties. Finer-sized coffee
      particles are more easily extracted of their soluble constituents and
      hence more of the coffee solids from the higher quality coffee are
      contained in the resultant coffee extract.
PAR  The aqueous extraction liquid of this invention, while generally water, may
      be a solution of solids such as salts or soluble coffee solids. It is
      generally preferred to feed the aqueous extraction liquid to the spent
      stage extraction column at temperatures in the range of 300.degree.F to
      350.degree.F and to draw-off coffee extract from the fresh stage
      extraction column at temperatures below about 220.degree.F. Suitable
      intercolumn heaters or coolers may be employed according to methods well
      known in the art to achieve this or any other desired temperature profile.
PAR  The process of this invention may be illustrated by the following examples.
DETD
PAC  EXAMPLE I
PAR  Roasted coffee is ground in a commercially available grinder and the
      resultant ground coffee is divided via screening into two equal weight
      fractions one having particle sizes below a 10 mesh U.S. screen size the
      other fraction being particles above that screen size. The fractions are
      loaded into separate feed hoppers leading into a vertical extraction
      column and the slide gate on the hopper containing the coarser fraction is
      metered to be open wide at the start of filling the column and
      progressively closed slowly during the feed period. The finer fraction is
      metered in the converse manner. The direction of flow of the aqueous
      extraction liquid through this column is from bottom to top.
PAC  EXAMPLE II
PAR  Roasted coffee is fed to two grinders whose settings are such that one
      grinder produces a grind distribution such that at least 90 percent of the
      particles will not pass through an 8 mesh U.S. screen and the other
      grinder produces a distribution such that at least 90 percent of the
      particles pass through an 8 mesh U.S. screen with less than about 2
      percent of the particles being able to pass through a 40 mesh U.S. screen.
      The two ground fractions are passed to separate feed hoppers which are
      metered in accordance with Example I while the extraction column is being
      loaded. Extraction liquid flow is in the upflow direction.
PAR  While this invention has been described with respect to certain embodiments
      and examples of the best mode of practicing the process, such examples are
      not intended to be limiting in any way. Obvious modifications and
      variations are believed ascertainable by those skilled-in-the-art without
      departing from the scope and spirit of the invention is defined by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a coffee percolation process wherein roasted and ground coffee is
      countercurrently contacted with an aqueous extraction liquid in a series
      of extraction columns of a percolator set, the improvement comprising
      positioning said roasted and ground coffee within each extraction column
      such that the average particle size of the roasted and ground coffee
      continually decreases in the direction of flow of said aqueous extraction
      liquid throughout said extraction column.
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PAL  A process for cooking quantities of foodstuffs comprises introduction of
      food and water into a pressurized cooking chamber where the food is cooked
      under pressure at temperatures of over 100.degree.C. The cooked food is
      then conveyed into a centrifugal separator wherein excess cooking water
      and its vapour are removed from the cooked food by subjecting the cooked
      food to centrifugal force.
PARN
PAR  This is a division, of application Ser. No. 289,941, filed Sept. 18, 1972,
      now U.S. Pat. No. 3,227,344.
BSUM
PAR  This invention relates to apparatus for the quick and controlled cooking in
      hot water of metered quantities of foodstuffs, such as rice, noodles,
      spaghetti and the like.
PAR  An object of the invention is to achieve metering and quick cooking of
      foodstuffs, as well as distribution of the cooked food to consumers, for
      example in vending machines.
PAR  It is particularly important to cook foods for self-distribution within a
      very short period. Therefore it is necessary to reduce the so-called
      "technical times", such as required to introduce the raw product into a
      cooking vessel and to unload the cooked product from said vessel, to close
      and to open said vessel, to allow water to drain off the cooked food and
      to separate it from the cooking liquid, as opposed to the real cooking
      time of the foodstuff.
PAR  Another object of the invention is to provide for dressing of the cooked
      food immediately following the cooking operation, to maintain a quantity
      of water in the food.
PAR  Still another object of the invention is to provide additives or dressings
      to the cooked food, in such a way as to admix said dressings thoroughly
      and evenly with the food.
PAR  The invention provides apparatus for cooking, in hot water, metered
      quantities of foodstuffs such as rice, noodles and the like, comprising a
      pressurized cooking chamber provided with means to maintain, in said
      chamber, pre-selected water pressures and temperatures, said chamber
      having openings for the introduction of raw foodstuff and for the
      extraction of ccoked food respectively, the apparatus further comprising
      metering means for introducing raw foodstuffs to the cooking chamber; a
      hot water generator for boiling water to temperatures over 100.degree.C
      the generator being connected to said cooking chamber,  maintain food in
      the chamber submerged in hot water during a cooking operation, and
      centrifugal separating means connected to the extraction opening of the
      cooking chamber to receive cooked food from the chamber, separate cooking
      water therefrom and absorb kinetic energy developed by the food.
PAR  In particular, to cook filamentary material such as spaghetti and the like,
      the cooking chamber comprises a main chamber and an elongate pre-cooking
      chamber having a cross-section smaller than that of the main chamber.
DRWD
     The invention will not be described by way of an example with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is an isometric projection, with sectioned parts, of a cooking
      vessel and separating unit;
PAR  FIG. 2 is a vertical part-section of the cooking vessel;
PAR  FIG. 3 is a cross-section through another form of cooking vessel;
PAR  FIGS. 4 and 5 are sections, along lines IV -- IV of FIG. 3 and the lines V
      -- V of FIG. 4 respectively;
PAR  FIG. 6 is a vertical cross-section of a metering device for long noodles or
      spaghetti;
PAR  FIGS. 7 and 8 are cross-sections along lines VII -- VII and VIII -- VIII of
      FIG. 6 respectively.
DETD
PAR  Considering now FIGS. 1 and 2 of the drawings, the units shown comprise:
PAR  A boiler A to feed a cooking chamber B with pressurized hot water, the
      outlet of the container leading to a centrifugal separator C.
PAR  A heat generator 10 of boiler A, preferably of the electric type has at an
      upper part thereof, a plurality of probes, 12, 14, 16 and 18, the first
      and last of said probes providing for the control of the minimum and
      maximum water levels in the boiler. The intermediate probes 14 and 16 are
      designed to control the operation of a feed pump (not shown) attached to
      connection 20. The probes are connected to appropriate control apparatus
      to adjust the performance of the boiler, in such a way that the water
      supply to the boiler is independent from the extraction of hot water from
      the boiler.
PAR  Boiler A connects to cooking chamber B by means of a tube 22 provided with
      controlled obturating member 24, to perform a food cooking operation as
      will be described.
PAR  The cooking vessel B as shown in FIGS. 1 and 2 serves to cook or boil
      noodles and the like, such as, for instance, "spaghetti" said noodles
      being introduced into the vessel in the form of a metered bundle D.
PAR  The vessel B comprises a cylindrical chamber 26 having the desired
      capacity, connected, at the upper end thereof, to a cylindrically shaped
      pre-cooking chamber 28, having a smaller diameter than that of chamber 26,
      the axis of said pre-cooking chamber being perpendicular to the axis of
      chamber 26. The diameter, and length of pre-cooking chamber 28 are
      substantially the same as those of the food bundle D. The top of
      pre-cooking chamber 28 is closed by means of an obturating member 30
      provided with feed hopper or feed box 32 for the raw material D. Further,
      pre-cooking chamber 28 has towards its upper end and next to obturating
      member 30, a duct 34 provided with a pin valve 36 to control communication
      between pre-cooking chamber and the atmosphere. The loading hopper or feed
      box 32 is situated below and in alignment with a container 38, the bottom
      of which has a swinging plate 40 integral with a shaft 42 of a motor 44
      and the upper part of said container is connected to the outlet of a
      volumetric metering device E, for example of the type as shown in FIGS. 6
      - 8.
PAR  Cooking or boiling chamber 26 has, at the center thereof, a connection 45
      for a duct 46 with an obturating member 48 to connect said chamber to a
      centrifugal separator C. Duct 46 can extend in any desired direction and
      it can have a length of up to 2 to 3 meters or more. Chamber 26 is closed
      by means of a cover 50 with a support 52 for a shaft 54, the axis of said
      shaft being displaced downwardly with respect to the axis of said chamber,
      said shaft firmly retaining a fork 56 with a roller 58 forming a mixer.
      Fork 56 is advantageously rotated in the direction of arrow X of FIG. 2
      and the fork is so dimensioned that the cylindrical roller thereof 58
      co-operates with the lower part of chamber 26.
PAR  The outlet tube 46 of cooking chamber B enters the upper part of the
      centrifugal separator C, the bottom of which is provided with a mouthpiece
      66 equipped with a closing disc 68 and one or more drainage openings 74
      are provided above said closing disc, said opening or openings each having
      an outlet tube 76.
PAR  Considering now the alternate embodiment of the apparatus shown in FIGS. 4
      and 5, the parts which are the same as or equivalent to those hereinbefore
      described are marked with the same reference numerals and said embodiment
      is provided with a fluid pressurized control or driving member to automate
      the above described apparatus.
PAR  In said alternate embodiment, the boiling or cooking vessel B has a
      pre-cooking chamber 28.sub.a the lower part of which connects the cooking
      chamber 26.sub.a having the shape of a truncated cone. The larger base of
      said cooking chamber 26.sub.a faces downwardly and said chamber is closed
      by a cover 50.sub.a which supports a shaft 54.sub.a of a motor F, to drive
      a blade 56.sub.a. As shown in FIG. 5, blade 56.sub.a is combined with a
      shifting cone 80, the walls of which are substantially parallel with the
      inner walls of chamber 26.
PAR  An obturating member 24.sub.a is actuated by a cam 82, said cam being
      driven by a corresponding motor, for the gradual introduction of hot water
      into the pressurized vessel or chamber B.
PAR  Chambers 26.sub.a and 28.sub.a are provided with heating means for the
      controlled heating thereof, such means consisting, in the illustrated
      case, of spaces 84 and 86 surrounding the walls of said chamber.
PAR  During the cooking or boiling operation, the pressure in container B is
      controlled by a pin valve 36 which connects pre-cooking chamber 28 to the
      outlet through curved slits 88 provided in the upper wall of pre-cooking
      chamber 28, immediately below an obturating member 30.sub.a, in such a way
      that, due to the relatively wide passage provided by slit 88 and to the
      limited height of said slits, it is possible to release the excess of
      pressure of container B with limited speed, to prevent the cooked food
      from being entrained by the vapour.
PAR  The movable parts of obturating members 30.sub.a and 48.sub.a
      advantageously consist of pierced balls, to allow for the free passage of
      the cooked food, it being possible to actuate such balls by means of
      alternate motors F and G through controlled electric valves, automatically
      to actuate the operating cycle of the apparatus by means of a programmer.
PAR  Metering device E, shown in FIGS. 6, 7, 8, is particularly suitable for
      metering spaghetti or like filamentary foodstuffs and comprises a
      container 100 for the filamentary material D, which is deposited into said
      container with the axes thereof inclined by an angle X (for example of
      30.degree.) with respect to axis VIII -- VIII of the container, in such a
      way that the filamentary elements D rest, with their ends, against wall
      102 of said container, the elements being influenced by gravity, to move
      towards an outlet 103 of the container. The opening is provided at the
      bottom of container 100, the section of which is rectangular and the
      container connects, by means of said section, with two inclined downwardly
      converging outlet walls.
PAR  A stop 105 is provided in outlet 103, said stop being attached, through a
      pivot 109, to an arm 106, pivotally connected at 107, to the body of the
      container 100.
PAR  By means of a driving member 101, arm 106 is moved in the direction of
      arrow Y, in opposition to a return spring 108 in such a way that stop 105
      moves down until reaching position 105, to allow the discharge of a bundle
      of the filamentary material D held between the stop on a metering blade
      110 into a collecting container 38 so that the individual elements of the
      filamentary material are disposed with their axes in a substantially
      vertical direction.
PAR  The transverse cross-section of the collecting container 38 is selected in
      accordance with the requirement to displace or to pack the cooked
      material.
PAR  As already mentioned with reference to the embodiment shown in FIGS. 1 and
      2, plate 40 is inserted between the outlet opening of collecting container
      38 and the feed hopper 32 and said plate is moved in the direction of
      arrow D, in order to discharge the metered material D into the cooking
      chamber situated below the container. The metered quantity of spaghetti D'
      which is delivered at each of the operations preformed by the plate, is
      determined by the position of blade 110 which is integral with a swinging
      arm 112 fulcrumed, at 113 to the body of the device. Blade 110 is
      constrained to slide in a slit 114 in the container 100 which is provided
      at a height .DELTA..sub.1 from stop 105.
PAR  If blade 110 is rotated in the direction of arrow K (toward position 116
      shown in FIG. 8), said blade penetrates into material D, to meter a
      constant portion established by width .DELTA..sub.2 of mouth-piece 103, as
      well as by distance .DELTA..sub.1 between stop 105 and blade 110. The
      blade is designed to retain material D which is situated above it, during
      the opening of stop 105, i.e., during the discharge operation of the
      metered quantity D.sub.1 which is then conveyed to collector 38. The width
      of slit 114 and of blade 110 should be less than one/half of the outer
      diameter of the individual spaghetti filaments, to prevent said filaments
      from wedging with each other.
PAR  The front edge 115 of blade 110 is preferably inclined with respect to the
      radial direction in such a way as to provide a permanent fit of the
      outermost part of the blade into slit 114 and the progressive outspreading
      of the spaghetti which is performed by said blade, in an inclined
      direction with respect to the axis of the spaghetti.
PAR  The metering operation is thus performed by alternate movements of the
      blade 110 and the stop 105.
PAR  The quantity of material which is extracted with each metering operation,
      can be varied, by changing, the height .DELTA..sub.1 by means of set screw
      116 which moves the end-stroke position of stop 105.
PAR  Stop 105 is, orientated through pivot 109, so as to be perpendicular with
      the axis of material D when it drops into the outlet 103. Return-spring
      108 can also operate as a damping means for the dropping material and/or
      to compensate possible irregularities during the performance of blade 110.
PAR  A stiff diaphragm 118 in the form of a wedge integral with container 100,
      co-operates in maintaining the spaghetti parallel to each other and
      parallel with the slide-walls, thus reducing the weight of the material
      situated above the metering areas.
PAR  In the operation of the apparatus, initially, the obturating members of the
      apparatus are in the following positions: obturating member 30 is open;
      pin-valve 36 is closed; obturating members 24 and 48 are closed;
      locking-disc 68 for the centrifugal separator C is closed; swinging blade
      40 of container 38 is closed.
PAR  When spaghetti is to be cooked, it is metered and delivered by the metering
      device E, into container 38, where the spaghetti is retained by means of
      plate 40. Thereafter, the plate 40 is caused to move away from container
      38, to allow the spaghetti-bundle drop into the cooking vessel B situated
      below the container. The drop of the raw material is damped by a water
      cushion, previously introduced; or by the amount of water which is left in
      chamber 26 after the performance of the preceding unloading operation. The
      obturating member 30 closes and cock 24 opens, to introduce a quantity of
      boiling water from boiler A, into chamber 26. To facilitate collection of
      the material in chamber 26 during the cooking step, a fork 56 is operated
      and then rotated during the entire cooking or boiling time. The stirring
      operation of the material which is performed during the cooking or boiling
      step also provides for expansion of the external layer and a quick soaking
      of said material, thus ensuring quick and uniform cooking thereof.
      Furthermore, the stirring operation of the material during the cooking
      stage is performed in counter-current with respect to the direction along
      which the material is loaded into and unloaded from container B, to ensure
      uniform cooking. During the softening and cooking stage of the food, valve
      36 is actuated at intervals to release, from the pressurized vessel B, the
      excess of vapor, for the purpose of ensuring good cooking conditions in
      accordance with the quality of material to be cooked. The material is
      cooked in hot water, without coming into contact with the vapour, by
      maintaining, in vessel or container B, the necessary liquid level and by
      releasing, at regular intervals, the vapour which forms in said chamber,
      due to the stirring operation. When the spaghetti reaches the desired
      cooking degree, intercepting member 43 is quickly actuated, to connect the
      boiling or cooking vessel B with the centrifugal separator C. As said
      separator is charged by atmospheric pressure, whereas cooking or boiling
      vessel B is charged by a higher pressure (for instance of over 2 atm.),
      the cooked spaghetti and the cooking liquid are conveyed substantially
      instantaneously into duct 46 and then unloaded into the centrifugal
      separator C. To convey the cooked food from the pressurized vessel B into
      the centrifugal separator C, it is possible to use conveying ducts 46 of a
      certain length; or otherwise a limited cross-section, as the conveyance of
      said cooked material is, at any time, ensured by the pressure difference
      existing between the cooking chamber B and the centrifugal separator C.
PAR  The material delivered by duct 46 and which is unloaded in a tangential
      direction into the centrifugal separator, is centrifuged and, as it loses
      kinetic energy, it collects at the bottom of the centrifugal separator,
      whilst the vapour is released to the atmosphere through duct 64.
PAR  Since the pressure which prevails in the centrifugal separator C is
      reduced, parts of the hot water content of the cooked material is
      released, in such a way that the water content of the ready cooked
      material is low. Therefore, it would be also possible to pre-boil the
      food-stuffs which in this case would be collected by the centrifugal
      separator C in the absence or almost in the absence of water, as the
      cooking water is removed from the cooked or boiled material.
PAR  Chamber 60 of the centrifugal separator C allows the collection not only of
      the centrifuged and cooked material, but also a certain amount of the
      cooking liquid which is carried by the cooked food. If the cooked food is
      served immediately to the consumer, part of said liquid is preserved in
      the cooked food and the quantity of said liquid varies according to the
      position of drainage opening 74 in the wall of chamber 65 of the
      centrifugal separator, whereas the remaining liquid is drained off through
      duct 76. Finally, the cooked food is unloaded through discharge opening
      68.
PAR  It is possible to modify the above-described cooking vessel, as well as the
      apparatus which incorporates said vessel according to the quality of food
      to be cooked. The cooking vessel can be maintained at required
      temperatures by circulating an appropriately heated fluid through the free
      spaces 84 and 86.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for cooking foodstuffs from the group consisting of rice,
      noodles and spaghetti, comprising the steps of: introducing a metered
      quantity of the foodstuff into a cooking chamber having an inlet opening
      and an outlet opening, hermetically sealing the inlet opening and the
      outlet opening of said cooking chamber; introducing water under pressure
      at a temperature of over 100.degree.C into the cooking chamber, extracting
      vapour from the cooking chamber by removing introduced water and
      foodstuffs through the outlet opening to obtain a rapid drop in pressure;
      and then removing excess water from the foodstuffs, removing vapour
      developed during the rapid drop in pressure from the foodstuffs and
      absorbing the kinetic energy developed in the foodstuffs during said
      removal from the cooking chamber by subjecting the foodstuffs to
      centrifugal force.
NUM  2.
PAR  2. The process for cooking foodstuffs as defined in claim 1 wherein the
      centrifugal force imparts a rotary motion to the foodstuffs.
NUM  3.
PAR  3. The process for cooking foodstuffs as defined in claim 2 wherein the
      rotary motion has an axis in a vertical plane.
NUM  4.
PAR  4. The process defined in claim 1 including adding metered quantities of
      dressings to the foodstuffs.
NUM  5.
PAR  5. A process for cooking raw filamentary spaghetti, comprising introducing
      a metered quantity of the raw spaghetti into an elongate cooking chamber
      having an inlet opening and an outlet opening, hermetically sealing the
      inlet opening and the outlet opening of said cooking chamber; introducing
      water under pressure at a temperature of over 100.degree.C into the
      cooking chamber, stirring the spaghetti in the water while it is
      maintained in the cooking chamber, extracting vapour from the spaghetti by
      removing introduced water and the spaghetti through the outlet opening to
      obtain a rapid drop in pressure; and then removing excess introduced water
      from the spaghetti, removing vapour developed during the rapid drop in
      pressure from the spaghetti and absorbing the kinetic energy developed in
      the spaghetti during the removal thereof from the cooking chamber by
      subjecting the spaghetti to centrifugal force.
NUM  6.
PAR  6. A process for cooking foodstuffs from the group consisting of rice,
      noodles and spaghetti, comprising introducing a metered quantity of the
      foodstuff into a cooking chamber having an inlet opening and an outlet
      opening, hermetically sealing the inlet opening and the outlet opening of
      said cooking chamber; introducing water under pressure and at a
      temperature of over 100.degree.C into the cooking chamber, stirring the
      foodstuff in the introduced water, and then subjecting the foodstuff,
      introduced water and vapour formed therefrom to centrifugal force.
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PAL  A coumarin-like aroma and flavor is imparted to tobacco, foods and drinks
      by adding the 2- and/or 3-alkyl-substituted indanone compound, such as,
      3,4-dimethyl-7-methoxyindan-1-one and 2,4-dimethyl-7-ethoxyindan-1-one.
      Such a aroma and flavor is further imparted by adding an aromatic
      composition comprizing said indanone compound, heliotropin and the
      alkyllactone, such as .gamma.-hexalactone and
      .beta.,.delta.-dimethyl-.delta.-valerolactone. The favourable examples of
      foods and drinks in this process are oil and fat product such as margarin
      and shortening; dairy product such as butter, cheese and yoghurt; meat
      product such as ham, sausage and bacon; confectionary such as cake and
      candy, fermentation product such as wine and brandy; drink such as cocoa,
      coffee, cocacola and soft drinks.
BSUM
PAR  The present invention relates to a process for imparting aroma and flavor
      to tobacco, foods and drinks. More particularly, the invention relates to
      a process for imparting aroma and flavor to tobacco, foods and drinks by
      adding or applying 2- and/or 3-alkyl-substituted indanone compound
      thereto.
PAR  The coumarin-series compounds have been widely applied as aromatics to
      tobacco products, oil and fat products, dairy products, confectionary,
      soft drinks and the like, however, such applications of these compounds
      have had disadvantages in that it is somewhat hazardous to the human
      health and expensive. Investigations have been carried out on the
      compounds which may impart a coumarin-like aroma and flavor to tobacco,
      foods or drinks and several compounds or products have already been found
      and marketed as being adoptable for such purpose.
PAR  We have also found that 2- and/or 3-alkyl-substituted indanone compound,
      which has never been known as aromatics, may impart a coumarin-like aroma
      and flavor to tobacco, foods and drinks, which aroma and flavor is rather
      superior to those imparted by the coumarin-series compounds themselves.
PAR  Accordingly, an object of the invention is to provide tobacco, foods and
      drinks, having a coumarin-like aroma and flavor, which is rather superior
      to those imparted by the coumarin-series compounds.
PAR  Another object of the invention is to provide such tobacco, foods and
      drinks which are less hazardous to the human health in comparison with the
      products using coumarin-series compounds.
PAR  A further object of the invention is to provide such tobacco, foods and
      drinks inexpensively in comparison with the products using the
      coumarin-series compounds.
DRWD
PAR  Still other objects of the invention will be understood from the following
      explanation of the invention in reference to the accompanying drawings, in
      which FIG. 1-3 show infrared spectrums of
      3-methyl-4,7-dimethoxyindan-1-one, 3,4,7-trimethylindan-1-one and
      3,4-dimethyl-7-hydroxyindan-1-one, respectively.
DETD
PAR  In accordance with the present invention, a coumarin-like aroma and flavor
      is imparted to tobacco, foods and drinks by adding thereto at least one
      member of the 2- and/or 3-alkyl-substituted indanone compound expressed by
      the general structural formula:
      ##SPC1##
PAL  where either each of R.sub.1 and R.sub.2 shows CH.sub.3, C.sub.2 H.sub.5,
      (CH.sub.3).sub.2 CH, HO, CH.sub.3 O or C.sub.2 H.sub.5 O, or R.sub.1
      combined with R.sub.2 shows --O--CH.sub.2 --O--; and each of R.sub.3 and
      R.sub.4 shows H, CH.sub.3, C.sub.2 H.sub.5, n-C.sub.3 H.sub.7 or
      (CH.sub.3).sub.2 CH, excepting the case that both of R.sub.3 and R.sub.4
      show H.
PAR  In the present invention, further in order to improve aroma and flavor of
      tobacco, foods and drinks, is added to the same, an aromatic composition
      comprising the indanone compound [I], helitropin and alkyllactone
      expressed either by the general structural formula:
      ##EQU1##
      where each of R, R', R" and R'" shows H, CH.sub.3, C.sub.2 H.sub.5,
      C.sub.3 H.sub.7, C.sub.4 H.sub.9, C.sub.5 H.sub.11, C.sub.6 H.sub.13 or
      --(CH.sub.2).sub.2 CH= CHC.sub.2 H.sub.5, or by the general structural
      formula:
      ##EQU2##
      where each of R, R', R" and R'" shows H, CH.sub.3, C.sub.2 H.sub.5,
      C.sub.3 H.sub.7, C.sub.4 H.sub.9, --CH.sub.2 OCH.sub.3 or --CH.sub.2
      OC.sub.2 H.sub.5.
PAR  With respect to the application of indanone derivative as aromatics to
      tobacco, foods and drinks, said indanone derivative having, of course, the
      definition of wider scope and comprising the indanone compound [I] of the
      present invention, only 1,1,2,3,3-pentamethylhexahydroindanone, the
      chemical structure of which is however far different from those of the
      indanone compound [I], has hitherto been known to impart a woody and musky
      aroma to the said products (cf. C.A., 75(1971), 154922n, ibid, 78(1973),
      12415e).
PAR  Thus, the suitable examples of the indanone compound [I] employed in the
      process according to the invention are 3,4-dimethyl-7-hydroxyindan-1-one,
      3,4-dimethyl-7-methoxyindan-1-one, 3,4-dimethyl-7-ethoxyindan-1-one,
      2,4-dimethyl-7-ethoxyindan-1-one,
      2-isopropyl-4-methyl-7-hydroxyindan-1-one,
      3-isopropyl-4-methyl-7-hydroxyindan-1-one, 3,4,7-trimethylindan-1-one,
      2-ethyl-4,7-dimethylindan-1-one, 3-isopropyl-4,7-dimethylindan-1-one,
      2-methyl-4,7-dimethoxyindan-1-one, 3-methyl-4,7-dimethoxyindan-1-one,
      2-isopropyl-4,7-dimethoxyindan-1-one,
      3-isopropyl-4,7-dimethoxyindan-1-one, 3-methyl-4,7-diethoxyindan-1-one,
      3-isopropyl-4,7-diethoxyindan-1-one,
      2-methyl-5,6-methylenedioxyindan-1-one,
      3-methyl-5,6-methylenedioxyindan-1-one,
      3-ethyl-5,6-methylenedioxyindan-1-one,
      3-isopropyl-5,6-methylenedioxyindan-1-one,
      2-methyl-4-methoxy-7-hydroxyindan-1-one,
      3-isopropyl-4-methoxy-7-hydroxyindan-1-one, and the like.
PAR  The above-mentioned indanone compounds have generally a coumarin-like aroma
      and flavor, however, the respective characteristics of aroma and flavor
      thereof depend on the kind of substituted groups in the indanone nucleus,
      so that it is necessary to use the same properly according to the
      respective purposes of their usage.
PAR  Among these indanone compounds in the process of the invention
      3,4,7-trimethylindan-1-one and 3,4-dimethyl-7-hydroxyindan-1-one are known
      from the literatures, in which however only the synthesizing processes
      thereof have respectively been described without any disclosures about
      utilization of such compounds such as aromatics (cf. J.C.S. 578(1957);
      J.A.C.A. 68, 1585(1956)). The other indanone compounds disclosed in the
      invention than the above-mentioned two compounds are all novel ones having
      never been described in literatures.
PAR  The indanone compound [I] employed in the process of the invention may be
      synthesized advantageously by condensation or condensing-cyclization
      reaction of the substituted benzene expressed by the general formula:
      ##SPC2##
PAL  where R.sub.1 and R.sub.2 have the previously defined meanings, either with
      acrylic acid derivative of the general formula:
      ##EQU3##
      where R.sub.3 and R.sub.4 have the previously defined meaning, or with
      .gamma.-butyrolactone derivative of the general formula:
      ##SPC3##
PAL  where R.sub.5 has the same meaning as that of R.sub.3 or R.sub.4.
PAR  For example, 3-methyl-4,7-dimethoxyindan-1-one is synthesized by causing
      the equimolecular amounts of p-dimethoxybenzene and crotonic acid chloride
      to react on each other in the presence of anhydrous aluminium chloride to
      form corresponding unsaturated ketone, followed by adding thereto
      excessive anhydrous aluminium chloride to complete the cyclization
      reaction. The reaction mixture is, after cooling, poured into a
      hydrochloric acid-ice and the resultant acidic solution is stirred with
      chloroform. The solvent layer separated is concentrated to crystallize out
      the desired indanone compound, which has not so intense top note of aroma
      but has a coumarin-like and refreshed aroma and flavor.
PAR  Likewise, 3,4-dimethyl-7-hydroxyindan-1-one may be synthesized by causing
      the equimolar amounts of .gamma.-butyrolactone and p-cresol to react on
      each other in a mixture of aluminium chloride and sodium chloride at a
      temperature of 140.degree.-200.degree.C, followed by pouring the reaction
      mixture into a hydrochloric acid-ice after having been cooled. The
      resultant acidic solution is either steam-distilled or stirred with
      benzene so as to isolate the desired indanone compound, which has a
      coumarin-like aroma and flavor, which aroma and flavor is markedly
      superior to those of various kinds of aromatics having hitherto been used
      as coumarin-substitutes in general.
PAR  3,4-dimethyl-7-methoxyindan-1-one, which may be formed by alkylating the
      OH-group of the above 3,4-dimethyl-7-hydroxyindan-1-one, has the melting
      point of 77.degree.-78.degree.C and has a slightly mild top note of aroma,
      which aroma is markedly coumarin-like.
PAR  The favourable examples of the alkyllactone of the formula [II] or [III]
      used in the process according to the invention are .gamma.-hexalactone,
      .gamma.-heptalactone, .gamma.-octalactone,
      .alpha.-ethyl-.gamma.-methyl-.gamma.-butyrolactone,
      .alpha.,.gamma.-diethyl-.gamma.-butyrolactone,
      .gamma.-methyl-.gamma.-ethyl-.gamma.-butyrolactone,
      .gamma.-methyl-.gamma.-isopropyl-.gamma.-butyrolactone,
      .gamma.-methyl-.gamma.-n-hexyl-.gamma.-butyrolactone,
      .gamma.-methyl-.gamma.-hexenyl-.gamma.-butyrolactone,
      .alpha.,.beta.,.gamma..gamma.-trimethyl-.gamma.-butyrolactone,
      .alpha.-isopropyl-.beta.-methyl-.gamma.-methyl-.gamma.butyrolactone,
      .gamma.-methyl-.delta.-valerolactone,
      .delta.-methyl-.delta.-valerolactone, .delta.-nonalactone,
      .delta.-decalactone, .delta.-undecalactone,
      .beta.,.delta.-dimethyl-.delta.-valerolactone,
      .beta.,.beta.,.delta.-trimethyl-.delta.-ethyl-.delta.-valerolacetone,
      .alpha.,.gamma.-dimethyl-.gamma.-methoxymethyl-.delta.-valerolactone,
      .alpha.,.delta.-dimethyl-.delta.-ethoxymethyl-.delta.-valerolactone, and
      the like.
PAR  According to the present process, suitable solvents and other aromatics
      which serve as modifiers, are employed, as in the routine manner, togehter
      with the main aromatics, the indanone compound [I]. As said solvents,
      propyleneglycol, aqueous glycerol solution, ethanol and the like, may be
      advantageously used. As said modifiers are used, for example,
      ethylvanillin, methyl anthranylate, eugenol, isoeugenol cinnamic aldehyde,
      and the like.
PAR  In general, the indanone compound [I] used in the process of the invention
      is so stable against the heating and the long time leaving, that the
      compound [I]or the aromatic composition comprising such indanone compound
      [I] may be added to tobacco, foods and drinks at various processing steps
      of the same. That is, as for tobacco, for example, the compound [I] or the
      aromatic composition is applicable to the tobaccos such as shredded
      tobacco, reconstituted tobacco, pipe tobacco, cigar tobacco, and the like.
      Further, the compound [I] or the aromatic composition may either be
      applied to cigarette paper, filter tip, packing paper, all of which are
      the materials for producing cigarettes, or be mixed with adhesive for
      cigarette paper. As for foods and drinks, the compound [I] or the aromatic
      composition may, for example, be added to bread, cookie or rice cracker,
      at the baking step thereof.
PAR  In the process of the present invention, the amount of the compound [I] or
      of the aromatic composition to be applied to tobacco, foods and drinks
      depends upon the kind, the usage and the customer's liking of such
      products. When the compound [I] is singly used, without heliotropin and
      alkyllactone, the amount thereof is 1-100 ppm by weight of the product to
      be treated. On the other hand, when the compound [I] is used together with
      heliotropin and alkyllactone, the suitable mixing proportions of the
      materials in such aromatic composition are as follows:
TBL  Indanone compound (I)      0.5-2.0 part                                   
     Heliotropin                0.3-0.7 part                                   
     Alkyllactone               0.5-1.2 part                                   
     Other aromatic (Modifier)                                                 
                        below   0.1  part                                      
     Solvent                    6-10   part                                    
PAL  That is, the proportion of the indanone compound [I] in the aromatic
      composition may preferably be 20-60 % of the amount of all the other
      constitutents except the solvent. And the amount of the above aromatic
      composition to be added to tobacco, foods and drinks, may be 0.1-10 ppm by
      weight of the product.
PAR  In the present invention, the favourable examples of foods and drinks,
      which may be treated so as to improve aroma and flavor thereof, are oil
      and fat product such as margarin and shortening; dairy product such as
      butter, cheese and yoghurt; meat product such as ham, sausage and bacon;
      confectionary such as cake and candy; fermentation product such as wine
      and brandy; drink such as cocoa, coffee, cocacola and soft drinks.
PAR  The following examples serve to illustrate the invention without limiting
      it any way:
PAC  EXAMPLE 1
PAR  10.4 g. (0.1 mol) of crotonic acid chloride is added dropwise to a mixture
      of 50 ml. of dried chloroform with 13.3 g. (0.1 mol) of anhydrous
      aluminium chloride, under ice-cooling, in the nitrogen gas stream. To the
      resulting mixture is added gradually 13.8 g. (0.1 mol) of
      p-dimethoxybenzene and the mixture is stirred for an hour. Further, to the
      reacted liquor is added 6.7 g. (0.05 mol) of anhydrous aluminium chloride,
      and the mixture is stirred for about 20 hours. The reaction mixture is
      then poured into a hydrochloric acid-ice and the resultant acidic solution
      is stirred with chloroform. The solvent layer is taken up and shaken with
      1 N aqueous caustic soda solution to remove acidic substance therefrom,
      then washed with water and dried with anhydrous sodium sulfate. The
      solution is concentrated to remove chloroform and to give crude crystals,
      which are recrystallized from n-hexane to yield 6.6 g. of whitish crystals
      of 3-methyl-4,7-dimethoxyindan-1-one having the melting point of
      68.degree.-69.degree.C.
PAR  Infrared spectrum: .nu. &gt; C=O, 1698 cm.sup.-.sup.1 ; .nu.--OCH.sub.3 2840
      cm.sup.-.sup.1 (cf. FIG. 1).
PAR  Elemental analysis: Calcd.: C, 69.90 %; H, 6.79 %. Found: C, 69.61 %; H,
      6.90 %.
PAR  A 5% ethanol solution of 3-methyl-4,7-dimethoxyindan-1-one obtained in the
      above is added to the blended tobacco consisting of 85 % of domestic
      (Japanese) leaf, 10 % of Oriental leaf and 5 % of tobacco stems, in an
      amount of 0.02 % by weight of the tobacco, which corresponds to 10 ppm of
      the indanone compound. Thus treated tobacco is made into cigarettes which
      are compared with those made of the same kind of blended tobacco treated
      with coumarin of 1 ppm, by a sensory test (applying the pair test method)
      with respect to aroma and flavor. The test is performed by a panel
      consisting of 20 professional persons and the results are shown in Table
      1, where numerals show the number of persons who have praised cigarette
      samples.
TBL                Table 1                                                     
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Cigarettes treated with coumarin                                          
                              11      10                                       
     Cigarettes treated with indanone compound                                 
                               9      10                                       
     ______________________________________                                    
PAR  The data in Table 1 show the cigarettes treated with the indanone compound
      are almost equivalent in both aroma and flavor to those treated with
      coumarin.
PAC  EXAMPLE 2
PAR  Into a mixture of 160 ml. of dried p-xylene and 53.2 g. (0.4 mol) of
      anhydrous aluminium chloride is added gradually 25.8 g. (0.3 mol) of
      crotonic acid at a temperature of 5.degree.-10.degree.C, in the nitrogen
      gas stream, and the resulting mixture is stirred for 3 hours. The reaction
      mixture is poured gradually into 200 ml. of 4 N hydrochloric acid-ice, and
      the xylene layer in the resultant acidic solution is separated and further
      the aqueous layer is shaken twice with benzene. The xylene layer
      incorporated with benzene layers is washed with water, and thereafter
      shaken thrice with aqueous caustic soda solution. The incorporated aqueous
      layers are washed with benzene, and acidified with hydrochloric acid to
      crystallize out whitish crystals of .beta.-(2,5-dimethylphenyl) butyric
      acid. The crystals are filtered, washed with water and dried under a
      reduced pressure to yield 43.2 g. of the refined ones.
PAR  Forty grams of crystals of said .beta.-(2,5-dimethylphenyl)butyric acid is
      added gradually into polyphosphoric acid which has been made from 306 g.
      of phosphorus pentaoxide and 195 ml. of phosphoric acid, while stirring,
      at a temperature of 5.degree.-10.degree. C, in the nitrogen gas stream,
      and the mixture is further stirred at a temperature of
      65.degree.-75.degree.C for 2 hours. After cooling, the reaction mixture is
      poured gradually into a ice-water, and the resultant mixture is shaken
      with benzene. The benzene layer is taken up and shaken with a 10 % aqueous
      caustic soda solution to remove non-reacting carboxylic acid, further
      washed with water and dried with anhydrous sodium sulfate. The solvent is
      removed by distillation, and the residue is further subjected to vacuum
      distillation, whereby 30.8 g. of 3,4,7-trimethylindan-1-one is distilled
      out at 98.degree.-100.degree.C/3.5mmHg.
PAR  Infrared spectrum: .nu. &gt; C=O, 1710 cm.sup.-.sup.1 (cf. FIG. 2).
PAR  Elemental analysis: Calcd.: C, 82.76 %; H, 8.04 %. Found: C, 82.27 %; H,
      8.21 %.
PAR  Likewise, a mixture of 21.6 g. (0.2 mol) of p-cresol and 17.2 g. (0.2 mol)
      of .gamma.-butyrolactone is added into a mixture of 79.8 g. (0.6 mol) of
      anhydrous aluminium chloride and 15.0 g. (0.26 mol) of sodium chloride
      which mixture has been molten at 140.degree.C, and the resultant mixture
      is heated at a temperature of 140.degree.-200.degree.C for about 3
      minutes. After cooling, the reaction mixture is poured into a hydrochloric
      acid-ice and the resulting acidic solution is stirred with benzene. The
      benzene layer is taken up and dried with anhydrous sodium sulfate. The
      solvent is removed by distillation, and the residue is further subjected
      to vacuum distillation, whereby yellowish liquid is distilled out at
      95.degree.-105.degree.C/2mmHg, which liquid is solidified on cooling. Upon
      recrystallization from n-hexane after decolorization with active carbon,
      14.9 g. of whitish-purple crystals of 3,4-dimethyl-7-hydroxyindan-1-one
      having a melting point of 52.degree.-53.degree.C is obtained.
PAR  Infrared spectrum: .nu. &gt; C=O, 1675 cm.sup.-.sup.1 ; .nu. --OH, 3375
      cm.sup.-.sup.1 (cf. FIG. 3).
PAR  Elemental analysis: Calcd.: C, 75.00 %; H, 6.82 %. Found: C, 74.85 %; H,
      6.94 %.
PAR  3,4,7-Trimethylindan-1-one and 3,4-dimethyl-7-hydroxyindan-1-one both of
      which are obtained in the above are mixed in the ratio 1:10, and a 5 %
      ethanol solution of this mixture is added to the blended tobacco
      consisting of 40 % of Burley leaf, 35 % of Bright Yellow leaf and 25 % of
      domestic (Japanese) leaf, in an amount of 0.02 % of the tobacco. Thus
      treated tobacco is prepared into cigarettes and submitted to a sensory
      test in the same way as described in Example 1. The results are shown in
      Table 2, the data of which show that the cigarettes treated with the
      indanone compounds are almost equivalent to those treated with coumarin,
      in aroma and flavor.
TBL                Table 2                                                     
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Cigarettes treated with coumarin                                          
                              11      9                                        
     Cigarettes treated with indanone compounds                                
                               9      11                                       
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  2-Methyl-5,6-methylenedioxyindan-1-one is added to shredded tobacco stems
      in an amount of 50 ppm by weight of the stems, and cigarettes are compared
      with the same kind of tobacco stems treated with coumarin of 5 ppm, by a
      sensor test carried out in the same way as in Example 1. The results are
      shown in Table 3, which shows that the cigarettes treated with the
      indanone compound are not inferior to those treated with coumarin, in
      aroma and flavor.
TBL                Table 3                                                     
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Cigarettes treated with coumarin                                          
                              11      10                                       
     Cigarettes treated with indanone compound                                 
                               9      10                                       
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  2-Methyl-4,7-dimethoxyindan-1-one synthesized in the similar way to that of
      Example 1 is added to acetate filter plugs in an amount of 50 ppm by
      weight of the plugs, which plugs are then attached to the cigarettes made
      of the shredded tobacco for marketed cigarettes "Echo". Aroma and flavor
      of these cigarettes are compared with those of the cigarettes with the
      filter plugs treated with coumarin of 5 ppm, by a sensory test. The
      results are shown in Table 3, which indicates that there is no difference
      between both the products using the present indanone compound and
      coumarin, respectively.
TBL                Table 4                                                     
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Cigarettes treated with coumarin                                          
                              10      10                                       
     Cigarettes treated with indanone compound                                 
                              10      10                                       
     ______________________________________                                    
PAC  EXAMPLE 5
TBL  3,4-Dimethyl-7-hydroxyindan-1-one                                         
                              1.0      part                                    
     3,4,7-Trimethylindan-1-one                                                
                              0.2      part                                    
     Heliotropin              0.6      part                                    
     .gamma.-Hexalactone      0.4      part                                    
     .gamma.-Heptalactone     0.2      part                                    
     .gamma.-Octalactone      0.4      part                                    
     .delta.-Decalactone (1 % )                                                
                              1.5      part                                    
     Propyleneglycol          7.2      part                                    
PAR  The aromatic composition consisting of the above-mentioned constituents is
      added in an amount of 1 ppm, to the blended tobacco consisting of 80 % of
      domestic (Japanese) leaf, 15 % of Orient leaf and 5 % of tobacco stems.
PAR  On the other hand, the mixture (in the ratio 5:1) of
      3,4-dimethyl-7-hydroxyindan-1-one and 3,4,7 -trimethylindan-1-one, both of
      which have been used in the above-described aromatic composition, is
      dissolved in ethanol in an amount of 5 %, and the solution is added to the
      blended tobacco in an amount to provide a tobacco containing 10 ppm by
      weight of said mixture of the indanone compounds.
PAR  The above two kinds of treated blended tobacco are prepared into
      cigarettes, respectively, which cigarettes are compared with those
      prepared from the blended tobacco but treated with coumarin and the
      coumarin substitute (A), respectively, each of an amount of 1 ppm thereof,
      said coumarin substitute (A) being made by Givaudan Dubendorf A.G. and
      marketed with the trade name "Coumarin Substitute 85505". the results of
      the sensory test are shown in Table 5, which shows that the cigarettes
      treated with the aromatic composition as well as the mixture of the
      indanone compounds are almost equal to those treated with coumarin and
      markedly superior to those treated with the conventional coumarin
      substitutent (A), in aroma and flavor.
TBL                Table 5                                                     
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Cigarettes treated with coumarin                                          
                              6       6                                        
     Cigarettes treated with coumarin substitute                               
                              3       2                                        
     (A)                                                                       
     Cigarettes treated with indanone compounds                                
                              5       5                                        
     Cigarettes treated with aromatic composition                              
                              6       7                                        
     ______________________________________                                    
PAC  EXAMPLE 6
TBL  2,4-Dimethyl-7-hydroxyindan-1-one                                         
                              1.0      part                                    
     3,477-Trimethylindan-1-one                                                
                              0.2      part                                    
     Heliotropin              0.4      part                                    
     .gamma.-Hexalactone      0.2      part                                    
     .gamma.Heptalactone      0.1      part                                    
     .gamma.Octalactone       0.1      part                                    
     .delta.-Nonalactone      0.2      part                                    
     .delta.-Decalactone (1 % )                                                
                              1.5      part                                    
     Ethylvanillin            0.002    part                                    
     Propyleneglycol          7.8      part                                    
PAR  The aromatic composition consisting of the above-mentioned constituents
      according to the present process is added in an amount of 1 ppm, to the
      blended tobacco consisting of 45 % of Burley leaf, 35 % of Bright Yellow
      leaf and 20 % of domestic (Japanese) leaf, and cigarettes are prepared
      therefrom. Further, the mixture (in the ratio 2:1) of the above-described
      2,4-dimethyl-7-hydroxyindan-1-one and 3,4,7-trimethylindan-1-one, is
      dissolved in ethanol in an amount of 5 %, and the solution is added to the
      blended tobacco in an amount to give 10 ppm by weight of said indanone
      compounds mixture thereto, and such tobacco is prepared into cigarettes.
PAR  Thus prepared two kinds of cigarettes are compared with those prepared from
      the blended tobacco but treated with coumarin and the coumarin substitute
      (A), respectively, each of an amount of 1 ppm. The results of the sensory
      test in the following Table 6 show that the cigarettes treated with the
      mixture of the indanone compounds as well as the aromatic composition are
      equivalent to those treated with coumarin, in aroma and flavor.
TBL                Table 6                                                     
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Cigarettes treated with coumarin                                          
                              7       5                                        
     Cigarettes treated with coumarin substitute                               
                              2       2                                        
     (A)                                                                       
     Cigarettes treated with indanone compounds                                
                              5       6                                        
     Cigarettes treated with aromatic composition                              
                              6       7                                        
     ______________________________________                                    
PAC  EXAMPLE 7
TBL  2-Methyl-5,6-methylenedioxyindan-1-one                                    
                              1.0      part                                    
     3,4-Dimethyl-7-hydroxyindan-1-one                                         
                              0.5      part                                    
     Heliotropin              0.6      part                                    
     .gamma.-Hexalactone      0.4      part                                    
     .gamma.-Heptalactone     0.2      part                                    
     .alpha.-Ethyl-.delta.-methyl-.delta.-butyrolactone                        
                              0.4      part                                    
     .delta.-Decalactone (1 %)                                                 
                              1.5      part                                    
     Methylanthranylate (1 %) 0.1      part                                    
     Propyleneglycol          7.1      part                                    
PAR  The above-described aromatic composition according to the present process
      is added in an amount of 1 ppm to the materials of cookies, and this
      materials are baked to form cookies. Likewise, the mixture (in the ratio
      2:1) of 2-methyl-5,6-methylenedioxyindan-1-one and
      3,4-dimethyl-7-hydroxyindan-1-one is dissolved in ethanol in an amount of
      5 %, and the solution is added to the materials of cookies in an amount to
      give 10 ppm by weight of said indanone compounds mixture to the materials
      of cookies, and the materials are baked.
PAR  These cookies are compared with those treated with coumarin and the
      coumarin substitute (B), respectively, each of an amount of 1 ppm, said
      coumarin substitute (B) being made by Fritzsche Dodge & Olcott (Japan)
      Ltd. and marketed with the trade name "Coumarin Replacement No. 23219".
      The results of the sensory test in Table 7 show that the product treated
      with the aromatic composition of this process is equal to that treated
      with coumarin, while that treated with the mixture of the indanone
      compounds is equal to that of the coumarin substitute (B).
TBL                Table 7                                                     
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Cookies treated with coumarin                                             
                              5       6                                        
     Cookies treated with coumarin substitute                                  
                              4       3                                        
     (B)                                                                       
     Cookies treated with indanone compounds                                   
                              4       4                                        
     Cookies treated with aromatic composition                                 
                              6       7                                        
     ______________________________________                                    
PAC  EXAMPLE 8
TBL  3-Methyl-4,7-dimethoxyindan-1-one                                         
                              1.0      part                                    
     3,4-Dimethyl-7-hydroxyindan-1-one                                         
                              0.5      part                                    
     Heliotropin              0.6      part                                    
     .gamma.-Hexalactone      0.4      part                                    
     .gamma.-Heptalactone     0.2      part                                    
TBL  .gamma.-Methyl-.gamma.-isopropyl-.gamma.-butyrolactone                    
                              0.4      part                                    
     .delta.-Decalactone (1 %)                                                 
                              1.5      part                                    
     Propyleneglycol          7.5      part                                    
PAR  The above-described aromatic composition of the present process is added in
      an amount of 1 ppm to the material meat of sausages, and this material
      meat is smoked to make sausges. Likewise, the mixture (in the ratio 2:1)
      of 3-methyl-4,7-dimethoxyindan-1-one and 3,4-dimethyl-7-hydroxindan-1-one
      is dissolved in ethanol in an amount of 5 %, and the solution is added to
      the material meat but in an amount to give 10 ppm by weight of said
      indanone compounds mixture thereto, and the material is smoked.
PAR  Thus obtained sausages are compared with those treated with coumarin and
      the coumarin substitute (B), respectively, each of an amount of 1 ppm. The
      results of the sensory test in Table 8 show that the sausages treated by
      the present process are almost equal to those treated with coumarin and
      superior to those of the coumarin substitute (B).
TBL                Table 8                                                     
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Sausages treated with coumarin                                            
                              6       6                                        
     Sausages treated with coumarin substitute                                 
                              2       3                                        
     (B)                                                                       
     Sausages treated with indanone compounds                                  
                              5       5                                        
     Sausages treated with aromatic composition                                
                              7       6                                        
     ______________________________________                                    
PAC  EXAMPLE 9
TBL  3-Ethyl-5,6-methylenedioxyindan-1-one                                     
                              1.0      part                                    
     3,4-Dimethyl-7-methoxyindan-1-one                                         
                              0.7      part                                    
     Heliotropin              0.6      part                                    
     .gamma.-Hexalactone      0.4      part                                    
TBL  .gamma.-Heptalactone     0.2      part                                    
     .alpha.-Methyl-.beta.-methyl-.gamma.-methyl-.gamma.-butyrolactone         
                              0.2      part                                    
     .delta.-Decalactone ( 1 % )                                               
                              1.5      part                                    
     Ethylvanillin            0.002    part                                    
     Propyleneglycol          7.5      part                                    
PAR  The above-described aromataic composition of the present process is added
      in an amount of 1 ppm to the material flour of cakes, and this flour is
      baked to make cakes. Likewise, a 5 % ethanol solution of the mixture (in
      the ratio 10:7) of 3-ethyl-5,6-methylenedioxyindan-1-one and
      3,4-dimethyl-7-methoxyindan-1-one is added to the material flour but in an
      amount to give 10 ppm by weight of said indanone compounds mixture
      thereto, and this material is baked.
PAR  Thus made cakes are compared with those treated with coumarin and the
      coumarin substitute (B), respectively, each of an amount of 1 ppm. The
      data of the sensory test are shown in Table 9, which indicates that the
      cakes treated with the aromatic composition are rather superior to those
      treated with comarin, while the cakes treated with the mixture of the
      indanone compounds are superior to those treated with the coumarin
      substitute (B).
TBL                Table 9                                                     
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Cakes treated with coumarin                                               
                              6       7                                        
     Cakes treated with coumarin substitute (B)                                
                              3       2                                        
     Cakes treated with indanone compounds                                     
                              4       4                                        
     Cakes treated with Aromatic composition                                   
                              7       7                                        
     ______________________________________                                    
PAC  EXAMPLE 10
TBL  2-Isopropyl-4-methyl-7-hydroxyinaan-1-one                                 
                              0.6      part                                    
     3,4-Dimethyl-7-methoxyindan-one-1-one                                     
                              0.6      part                                    
TBL  Heliotropin              0.6     part                                     
     .gamma.-Hexalactone      0.3     part                                     
     .gamma.-Heptalactone     0.2     part                                     
     .beta.,.beta.,.delta.-Trimethyl-.delta.-ethyl-.delta.-valerolactone       
                              0.2     part                                     
     .delta.-Decalactone ( 1 % )                                               
                              1.5     part                                     
     Ethylvanillin            0.002   part                                     
     Propyleneglycol          7.6     part                                     
PAR  The above-described aromatic composition according to the present process
      is added in an amount of 1 ppm to the materials of candies, and candies
      are prepared therefrom. A 5 % ethanol solution of the mixture (in the
      ratio 1:1) of 2-isopropyl-4-methyl-7-hydroxyindan-1-one and
      3,4-dimethyl-7-methoxyindan-1-one is added to the materials but in an
      amount to give 10 ppm by weight of said indanone compounds mixture
      thereto, and candies are prepared therefrom.
PAR  Thus made candies are compared with those treated with coumarin and the
      coumarin substitute (B), respectively, each of an amount of 1 ppm. The
      results of the sensory test shown in Table 10 indicate that the candies
      treated with aromatic composition are equivalent to those treated with
      coumarin, while those treated with the mixture of the indanone compounds
      are superior to those treated with the coumarin substitute (B).
TBL                Table 10                                                    
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Candies treated with coumarin                                             
                              7       7                                        
     Candies treated with coumarin substitute                                  
                              2       3                                        
     (B)                                                                       
     Candies treated with indanone compounds                                   
                              4       4                                        
     Candies treated with aromatic composition                                 
                              7       6                                        
     ______________________________________                                    
PAC  EXAMPLE II
TBL  3-Isopropyl-4-ethyl-7-hydroxyindan-1-one                                  
                              0.8     part                                     
     2-Methyl-5,6-methylenedioxyindan-1-one                                    
                              0.8     part                                     
     Heliotropin              0.5     part                                     
     .gamma.Hexalactone       0.4     part                                     
     .gamma.-Heptalactone     0.2     part                                     
     .alpha.-Isopropyl-.beta.,.gamma.-dimethyl-.gamma.-butyrolactone           
                              0.2     part                                     
     .delta.-Decalactone ( 1 % )                                               
                              1.5     part                                     
     Ethylvanillin            0.002   part                                     
     Propyleneglycol          7.8     part                                     
PAR  The above aromatic composition of the present process is added in an amount
      of 1 ppm to the material milk of yoghurt and the material is fermented to
      make yoghurt. A 5 % ethanol solution of the mixture (in the ratio 1:1) of
      3-isopropyl-4-ethyl-7-hydroxyindan-1-one and
      2-methyl-5,6-methylenedioxyindan-1-one is added to the material milk but
      in an amount to give 10 ppm by weight of said indanone compounds mixture
      thereto, and yoghurt is prepared therefrom.
PAR  Thus made yoghurt is compared with those treated with coumarin and the
      coumarin substitute (B), respectively, each of an amount of 1 ppm. The
      results of the sensory test in Table 11 show that the yoghurt treated with
      the aromatic composition is superior to that treated with coumarin, while
      that treated with the mixture of the indanone compounds is superior to
      that treated with the coumarin substitute (B).
TBL                Table 11                                                    
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Yoghurt treated with coumarin                                             
                              6       7                                        
     Yoghurt treated with coumarin substitute                                  
                              2       1                                        
     (B)                                                                       
     Yoghurt treated with indanone compounds                                   
                              4       5                                        
     Yoghurt treated with aromatic composition                                 
                              8       7                                        
     ______________________________________                                    
PAC  EXAMPLE 12
TBL  2-Ethyl-4-methyl-7-hydroxyindan-1-one                                     
                              1.2     part                                     
     3,4,7-Trimethylindan-1-one                                                
                              0.5     part                                     
     Heliotropin              0.5     part                                     
     .gamma.-Hexalactone      0.4     part                                     
     .gamma.-Heptalactone     0.2     part                                     
     .gamma.-Methyl-.delta.-valerolactone                                      
                              0.3     part                                     
     .delta.-Decalactone ( 1 % )                                               
                              1.3     part                                     
     Propyleneglycol          7.5     part                                     
PAR  The above aromatic composition of the present process is added in an amount
      of 1 ppm to the material plan oil of margarin, and margarin is prepared
      therefrom. A 5 % ethanol solution of the mixture (in the ratio 12:5) of
      2-ethyl-4-methyl-7-hydroxyindan-1-one and 3,4,7-trimethylindan-1-one is
      added to the material oil in an amount to give 10 ppm by weight of said
      indanone compounds mixture thereto, and margarin is prepared therefrom.
PAR  Thus made two kinds of margarin are compared with those treated with
      coumarin and the coumarin substitute (B), respectively, each of an amount
      of 1 ppm. The data of the sensory test obtained are shown in Table 12,
      which shows that the margarin treated with the aromatic composition of the
      present process is superior to that treated with coumarin, while the
      product treated with the mixture of the indanone compounds is superior to
      that treated with the coumarin substitute (B).
TBL                Table 12                                                    
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Margarin treated with coumarin                                            
                              7       6                                        
     Margarin treated with coumarin substitute                                 
                              3       2                                        
     (B)                                                                       
     Margarin treated with indanone compounds                                  
                              4       4                                        
     Margarin treated with aromatic composition                                
                              6       8                                        
     ______________________________________                                    
TBL  2-Ethyl-4-methyl-7-hydroxyindan-1-one                                     
                               1.0     part                                    
     3-Methyl-4,7-dimethoxyindan-1-one                                         
                               0.5     part                                    
     Heliotropin               0.4     part                                    
     .gamma.-Hexalactone       0.4     part                                    
     .gamma.-Heptalactone      0.2     part                                    
     .beta.,.delta.-Dimethyl-.delta.-valerolactone                             
                               0.3     part                                    
     .delta.-Decalactone ( 1 % )                                               
                               1.0     part                                    
     Ethylvanillin             0.003   part                                    
     Propyleneglycol           8.2     part                                    
PAR  the above aromatic composition of the present process is added to citron
      drink in an amount of 1.5 ppm, while a mixture of
      2-ethyl-4-methyl-7-hydroxyindan-1-one and
      3-methyl-4,7-dimethoxyindan-1-one in the ratio 2:1 is added to the citron
      drink in an amount of 10 ppm. These drinks are compared with those treated
      with coumarin and the coumarin substitute (B), respectively, each of an
      amount of 1 ppm. The data in Table 13 show that the product treated with
      the aromatic composition of this invention is equal to coumarin added
      product, while the product treated with the mixture of indanone compounds
      of this invention is superior to the coumarin substitute (B) added
      products.
TBL                Table 13                                                    
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Citron treated with coumarin                                              
                              7       8                                        
     Citron treated with coumarin substitute                                   
                              2       2                                        
     (B)                                                                       
     Citron treated with indanone compounds                                    
                              4       4                                        
     Citron treated with aromatic composition                                  
                              7       6                                        
     ______________________________________                                    
TBL  3-Isopropyl-4-methoxy-7-hydroxyindan-1-one                                
                              1.0      part                                    
     3-Methyl-5,6-methylenedioxyindan-1-one                                    
                              0.5      part                                    
     Heliotropin              0.5      part                                    
     .gamma.-Hexalactone      0.5      part                                    
     .gamma.-Heptalactone     0.4      part                                    
     .alpha.-Isopropyl-.beta.,.gamma.-dimethyl-.gamma.-butyrolacetone          
                              0.2      part                                    
     .delta.-Decalactone ( 1 % )                                               
                              1.5      part                                    
     Ethylvanillin            0.002    part                                    
     Propyleneglycol          8.0      part                                    
PAR  The above aromatic composition of the present invention is added to coffee
      in an amount of 1.2 ppm by dry weight of coffee. A mixture of
      3-isopropyl-4-methoxy-7-hydroxyindan-1-one and
      3-methyl-5,6-methylenedioxyindan-1-one in the ratio 2:1 is added to the
      coffee in an amount of 10 ppm. The above two kinds of coffee are compared
      with those treated with coumarin and coumarin substituted (B),
      respectively, each of an amount of 1 ppm. The data in Table 14 show that
      the products treated by the present process are almost equal to that
      treated with coumarin.
TBL                Table 14                                                    
     ______________________________________                                    
                            Aroma Flavor                                       
     ______________________________________                                    
     Coffee treated with coumarin                                              
                              6       6                                        
     Coffee treated with coumarin substitute                                   
                              1       3                                        
     (B)                                                                       
     Coffee treated with indanone compounds                                    
                              5       4                                        
     Coffee treated with aromatic composition                                  
                              8       7                                        
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Process for imparting a coumarin-like aroma and flavor to a consumable
      product selected from the group consisting of tobacco, food and drink,
      which comprises adding to said product at least one 2- and/or
      3-alkyl-substituted indanone compound having the general structural
      formula:
      ##SPC4##
PAL  where either each of R.sub.1 and R.sub.2 represents CH.sub.3 --, C.sub.2
      H.sub.5 --, (CH.sub.3).sub.2 CH--, HO--, CH.sub.3 O-- or C.sub.2 H.sub.5
      O--, or R.sub.1 combined with R.sub.2 represents --O--CH.sub.2 --O--; and
      each of R.sub.3 and R.sub.4 represents H, CH.sub.3, C.sub.2 H.sub.5,
      n--C.sub.3 H.sub.7 or (CH.sub.3).sub.2 CH--, excepting the case when both
      of R.sub.3 and R.sub.4 represent H.
NUM  2.
PAR  2. Process as claimed in claim 1, wherein the 2- and/or 3-alkyl-substituted
      indanone compound [I] is at least one member selected from the group
      consisting of 3,4-dimethyl-7-hydroxyindan-1-one,
      3,4-dimethyl-7-methoxyindan-1-one, 3,4-dimethyl-7-ethoxyindan-1-one,
      2,4-dimethyl-7-ethoxyindan-1-one,
      2-isopropyl-4-methyl-7-hydroxyindan-1-one,
      3-isopropyl-4-methyl-7-hydroxyindan-1-one, 3,4,7-trimethylindan1-one,
      2-ethyl-4,7-dimethylindan-1-one, 3-isopropyl-4,7-dimethylindan-1-one,
      2-methyl-4-, 7-dimethoxyindan-1-one, 3-methyl-4, 7-dimethoxyindan-1-one,
      2-isopropyl-4,7-dimethoxyindan-1-one,
      3-isopropyl-4,7-dimethoxyindan-1-one,3-methyl-4,7diethoxyindan-1-one,
      3-isopropyl-4,7-diethoxyindan-1-one,
      2-methyl-5,6-methylenedioxindan-1-one, 3-methyl-5,6-methylenedioxyindan-1-
     one, 3-ethyl-5,6-methylenedioxyindan-1-one,
      3-isopropyl-5,6-methylenedioxyndan-1-one,
      2-methyl-4-methoxy-7-hydroxyindan-1-one and
      3-isopropyl-4-methoxy-7-hydroxyindan-1-one.
NUM  3.
PAR  3. Process as claimed in claim 1, wherein the 2- and/or 3-alkyl-substituted
      indanone compound [I] is added to consumable product in an amount of about
      1 to about 100 ppm by weight of said product.
NUM  4.
PAR  4. Process as claimed in claim 1, wherein the2- and/or 3-alkyl-substituted
      indanone compound [I] is dissolved in at least one solvent selected from
      the group consisting of propylene glycol, aqueous glycerol solution and
      ethanol.
NUM  5.
PAR  5. Process as claimed in claim 1, wherein at least one modifier selected
      from the group consisting of ethyl vanillin, methyl anthranylate, eugenol,
      isoeugenol and cinnamic aldehyde, is used together with the said indanone
      compound [I].
NUM  6.
PAR  6. Process as claimed in claim 1, wherein the consumable product is
      selected from the group consisting of margarin, shortening, butter,
      cheese, yoghurt, ham, sausage, bacon, cake, candy, wine, brandy, cocoa,
      coffee, and soft drinks.
NUM  7.
PAR  7. Process as claimed in claim 1, wherein the 2- and/or 3-alkyl-substituted
      indanone compound [I] is applied to at least one product selected from
      shredded tobacco, re-constituted tobacco, pipe tobacco and/or cigar
      tobacco.
NUM  8.
PAR  8. Process as claimed in claim 1, wherein to said consumable product are
      added together with the said 2- and/or 3-alkyl-substituted indanone
      compound [I], heliotropin and alkyllactone expressed either by the general
      structural formula:
      ##EQU4##
      wherein each of R, R', R" and R'" shows H, CH.sub.3, C.sub.2 H.sub.5,
      C.sub.3 H.sub.7, C.sub.4 H.sub.9, C.sub.5 H.sub.11, C.sub.6 H.sub.13, or
      --(CH.sub.2).sub.2 CH=CHC.sub.2 H.sub.5, or by the general structural
      formula:
      ##EQU5##
      where each of R, R', R" and R'" shows H, CH.sub.3, C.sub.2 H.sub.5,
      C.sub.3 H.sub.7, C.sub.4 H.sub.9, --CH.sub.2 OCH.sub.3 or --CH.sub.2
      OC.sub.2 H.sub.5.
NUM  9.
PAR  9. Process as claimed in claim 8, wherein the 2- and/or 3-alkyl-substituted
      indanone compound [I] comprises at least one member selected from the
      group consisting of 3,4-dimethyl-7-hydroxyindan-1-one,
      3,4-dimethyl-7-methoxyindan1-one, 3,4-dimethyl-7-ethoxyindan-1-one,
      2,4,-dimethyl-7-ethoxyindan-1-one,
      2-isopropyl-4-methyl-7-hydroxyindan-1-one,
      3-isopropyl-4-methyl-7-hydroxyindan-1-one, 3,4,7-trimethylindan-1-one,
      2-ethyl-4,7-dimethylindan-1-one, 3-isopropyl-4,7-dimethylindan-1-one,
      2-methyl-4,7-dimethoxyindan-1-one, 3-methyl-4, 7-dimethoxyindan-1-one,
      2-isopropyl-4,7-dimethoxyindan-1-one,
      3-isopropyl-4,7-dimethoxyindan-1-one, 3-methyl-4,7-diethoxyindan-1-one,
      3-isopropyl-4,7-diethoxyindan-1-one,
      2-methyl-5,6-methylenedioxindan-1-one, 3-methyl-5,6-methylenedioxyndan-1-o
     ne, 3-ethyl-5,6-methylenedioxyindan-1-one,
      3-isopropyl-5,6-methylenedioxyindan-1-one,
      2-methyl-4-methoxy-7-hydroxyindan-1-one and
      3-isopropyl-4-methoxy-7-hydroxyindan-1-one.
NUM  10.
PAR  10. Process as claimed in claim 8, wherein said akyllactone [II] or [III]
      comprises at least one member selected from the group consisting of
      .gamma. hexalactone, .gamma.-heptalactone, .gamma.-octalactone,
      .alpha.-ethyl-.gamma.-methyl-.gamma.-butyrolactone, .alpha.,
      .gamma.-diethyl-.gamma.-butyroloactone,
      .gamma.-methyl-.gamma.-ethyl-.gamma.-butyrolactone,
      .gamma.-methyl-.gamma.-isopropyl-.gamma.-butyrolactone,
      .gamma.-methyl-.gamma.-n-hexyl-.gamma.-butyrolactone,
      .gamma.-methyl-.gamma.-hexenyl-.gamma.-butyrolactone, .alpha., .beta.,
      .gamma.-trimethyl-.gamma.-butyrolactone,
      .alpha.-isopropyl-.beta.-methyl-.gamma.-methyl-.gamma.-butyrolactone,
      .gamma.-methyl-.delta.-valerolactone, .delta.-methyl-.delta.-valerolactone
      .delta.-nonaclactone, .delta.-decalactone, .delta.-undecalactone,
      .beta.,.delta.-dimethyl-.delta.-valerolactone,
      .beta.,.beta.,.delta.-trimethyl-.delta.-ethyl-.delta.-valerolactone,
      .alpha.,.gamma.-dimethyl-.gamma.-methoxymethyl-.delta.-valerolactone and
      .alpha.,.gamma.-dimethyl-.gamma.-ethoxymethyl-.delta.-valerolactone.
NUM  11.
PAR  11. Process as claimed in claim 8, wherein the indanone compound [I] is
      dissolved in at least one solvent selected from the group consisting of
      ethyl vanillin, methyl anthranylate eugenol, isoeugenol and cinnamic
      aldehyde, and said solvent is used together with the said indanone
      compound [I].
NUM  12.
PAR  12. Process as claimed in claim 8, wherein the proportions of the
      ingredients added together are as follows:
TBL  Indanone compounds (1)                                                    
                          0.5-2.0    part                                      
     Heliotropin          0.3-0.7    part                                      
     Alkyllactone         0.5-1.2    part                                      
     Other aromatics (modifier)                                                
                          below 0.1  part                                      
     Solvent              6-10       part                                      
PAL  and the proportions of the indanone compound [I] is 20-60% of the amount of
      all the other constituents except the solvent.
NUM  13.
PAR  13. Process as claimed in claim 1, wherein the said indanone compound [I]
      is added to the consumable product in an amount of about 0.1-10 ppm by
      weight of said product.
NUM  14.
PAR  14. Process as claimed in claim 8, wherein said consumable product
      comprises one member selected from the group consisting of margarin,
      shortening, butter, cheese, yoghurt, ham, sausage, bacon, cake, candy,
      wine, brandy, cocoa, coffee, and soft drinks.
NUM  15.
PAR  15. Process as claimed in claim 8, wherein the said indanone compound [I]
      is applied to shredded tobacco, re-constituted tobacco, pipe tobacco or
      cigar tobacco.
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ABST
PAL  Aqueous oil emulsions which can be whipped to an overrun of 70 to 500% and
      heat treated for microbial stability are prepared containing an aqueous
      phase with a pH of 4.2 to 5.5, a fat content of 3 to 50%, an emulsifier
      that forms a flocculate in water at the pH of the aqueous phase, such as
      partial fatty acid esters of polyalcohols, and a globular protein in
      substantial absence of coagulated protein. The globular protein may be a
      complex of globular protein with an anionic polysaccharide and the fat may
      be butter fat or vegetable fat.
PARN
PAR  This ia a continuation, of application Ser. No. 361,692, filed May 18,
      1973, now abandoned.
BSUM
PAR  The present invention relates to an aqueous oil emulsion of prolonged
      storage life which on whipping gives a structure comparable with whipped
      dairy cream. Whipped dairy cream is a product which has been known for
      many years and which is very much appreciated by many people. The product
      is usually made some time before use by whipping a liquid fresh or
      pasteurized dairy cream after addition of sugar and/or whipping agents.
      Sometimes a sterilized canned dairy cream is used which is often a
      semi-solid product due to fat aggregation.
PAR  Because diary cream is rather expensive, filled creams have been proposed;
      filled creams are creams in which milk fat is replaced partly or wholly by
      other fats. For this purpose hardened vegetable fats are usually proposed,
      because unhardened vegetable fats are usually too liquid and have a
      detrimental effect on the structure of the whipped product. Sometimes the
      product could not be whipped at all in the presence of liquid fats (see
      for example M. E. Schulz in Milchwissenschaft, 26 (1971) 481-6,
      particularly paragraph VIII, in which it is stated that foam-destroying
      food products are oils and fats, particularly above their melting points,
      and emulsions containing free fat).
PAR  In recent years two tendencies have developed in this field. The first is
      based on research findings indicating that polyunsaturated fatty acids
      (PUFA) have a favourable influence in the prevention and combatting of
      artherosclerosis and similar heart diseases. As a consequence
      manufacturers of fat-containing products are more and more developing and
      marketing products in which the fat contains a considerable proportion of
      polyunsaturated fatty acids, in particular linoleic acid. Thus,
      margarines, halvarines (which are margarine-like products containing about
      40% fat instead of about 80% fat), and liquid coffee whiteners with a fat
      phase having a PUFA content of at least 40 mole % are marketed in the
      Netherlands. In the literature also other products with high-PUFA fats
      have been described, for example yoghurt and cheese. However, in the
      preparation of whippable creams containing high-PUFA fats, the
      manufacturers will encounter serious difficulties, because the higher PUFA
      content of the fat phase is accompanied by an increase of the proportion
      of liquid fat that decreases the whippability and the rigidity of the
      creams.
PAR  The second tendency is a result of changes in the distribution pattern of
      food products. In the past products such as milk, yoghurt, cream, were
      offered by the milkman, who delivered the products to the consumer every
      day. Thus the shelf-life need only be a few days. With the coming up of
      self-service stores, refrigerators in many houses and centralized
      production in a few factories a need arose for products having a longer
      keepability, i.e. 3-5 weeks at least at chilled cabinet temperatures
      (0.degree.-10.degree.C) but preferably at room temperature
      (20.degree.-25.degree.C). This tendency asks for preserving methods
      because the storage life of dairy products is often limited due to
      micro-biological spoilage. Because preserving agents are not permitted in
      many countries, theh industry has to develop sterilization or
      pasteurization methods to prepare products with a prolonged storage life.
      Some products can be sterilized without detrimental effects on their
      properties, such as milk, liquid coffee whiteners and custards. But
      sterilization of cream has not become popular, owing to the easy
      development of a cooked milk flavour, which is not appreciated, and to the
      formation of fat lumps. Another method for improving the storage life of a
      product is pasteurization of an acidified product. In acid products
      microorganisms develop less easily than in neutral products and some
      permitted preserving agents such as sorbic acid are only effective in acid
      medium. In the preparation of whippable creams pasteurization of acid
      creams was not possible, because it is generally known that acid creams
      are not or at least badly whippable if the pH is at a level of 4.9 or
      below (see for instance paragraph IV of the above cited review from the
      German dairy expert M. E. Schulz, in which it is stated that products like
      whipping cream, cream preparations and filled creams lose their
      foamability at pH values of 4.9 and below).
PAR  In general, a cream is considered whippable if with normal household mixers
      an overrun of at least 70-80% can be obtained. The usual overrun varies
      from about 140 to about 300%.
PAR  Important ingredients in the preparation of cream are proteins, because
      they stabilise the dispersion of fat, both in a liquid emulsion and in a
      whipped emulsion. However, when casein is the main protein, as in natural
      cream, the stabilising action of the protein is strongly decreased at a pH
      in the neighbourhood of its isoelectric point, i.e. at a pH of about 4-5,
      because then casein coagulates. This coagulate is used in the preparation
      of sour cream containing not more than 25% fat as described in U.S. Pat.
      Nos. 3,391,002, 3,355,298 and 3,359,116. It is generally known that
      products such as sour cream are not whippable or only whippable to a
      limited extent, e.g. to an overrun of about 25%, which is not comparable
      with the usual overrun of whipping cream (about 100-300%).
PAR  Thus up to now it has not been possible to prepare acid,
      protein-containing, whippable creams.
PAR  The present invention is based on the discovery that an aqueous phase
      containing particular emulsifiers shows a good foam formation only within
      a distinct pH range. This finding seems to coincide with the state of the
      emulsifier in the aqueous phase. The foaming properties of the system
      appeared to be dependent on the presence of a flocculate. It has been
      found that good foam formation can only be obtained if a flocculate of the
      emulsifier is present in the aqueous phase. It has further been found that
      the flocculate is not dispersed when a protein is present in the aqueous
      phase having a pH in the neighbourhood of the isoelectric point of the
      protein. It is believed that the flocculate becomes dispersed by the more
      ionised protein, if a protein is present in the aqueous phase having a pH
      further from the isoelectric point. It has not been found that a
      whippable, protein-containing emulsion can be made having a pH in the
      range of 4.2-5.5.
PAR  Thus the present invention provides an aqueous oil emulsion containing not
      more than 50% by weight of fat and an aqueous phase having a pH in the
      range of 4.2-5.5 and comprising 0.5-4% of its weight of globular protein
      in the substantial absence of coagulated protein and non-protein
      emulsifier of the type that forms a flocculate in water at the pH of the
      aqueous phase in an amount sufficient to retain dispersed gas when the
      emulsion is whipped. Both water-in-oil emulsions and oil-in-water
      emulsions can be prepared, but in most cases an oil-in-water emulsion is
      preferable.
PAR  A particular embodiment of the invention is an emulsion having a fat
      content of 3-25% by weight, which can be used as a low calorie cream with
      improved storage life and which can easily be whipped to a whipping cream
      having a good overrun and rigidity. In this embodiment the fat is
      preferably to one having a relatively high percentage of solid phase at
      the whipping temperature, i.e. one having an extrapolated melting
      dilatation of at least 1500 mm.sup.3 /25g at 0.degree.C. The dilatation of
      a fat is proportinal to the solids content of the fat and can be
      determined by the method described in H. A. Boekenoogen; Analysis and
      Characterisation of Oils, Fats and Fat Products; vol. I, pages 143-145 and
      155-156; Interscience Publishers 1964. The preferred whipping temperature
      is in the range of 0.degree.-10.degree.C. Suitable fats are butterfat,
      vegetable and animal fats which are solid at room temperature,
      hydrogenated and/or intersterified fats, for example interesterified palm
      kernel oil, hydrogenated vegetable oils, having a melting point above
      about 30.degree.-40.degree. C, etc.
PAR  Another embodiment of the invention is an emulsion having a fat content of
      25-50% by weight, particularly one in which the fat has a PUFA content of
      at least 30 mole %, i.e. at least 30% of the fatty acid radicals of the
      fat having two or more double bonds. In practice the major PUFA is
      linoleic acid. Suitable high PUFA fats are grapeseed oil, maize oil,
      safflower oil, soybean oil and sunflower oil. In order to improve the
      rigidity of the cream after whipping a small amount of so-called
      "hard-stock" in the fat phase of the emulsion is preferable, e.g. at least
      15% by weight of the fat phase. A "hard-stock" is a relatively high
      melting fatty acid triglyceride having a melting point of at least
      38.degree.C. A suitable "hard-stock" is an interesterified palm kernal oil
      havng a melting point of 39.degree.C.
PAR  Although whippable emulsions have been obtained in the whole pH range of
      4.2-5.5, a range of 4.6-5.4 is preferably, particularly for emulsions
      containing a fat phase with a high PUFA content, the range of 4.7-5.0
      being most preferable both for rigidity and taste of the cream. However,
      if the storagee life of the product should be so long as possible a pH
      range of 4.2-4.9 is preferable in view of better microbiological
      stability.
PAR  Globular proteins are proteins which form stable colloidal solutions in
      water in the whole pH range of 2.0-7.0, if required after addition of
      salt. Examples of these globular proteins are:
PA0  1. whey proteins, comprising beta-lactoglobulin, alpha-lactalbumin and
      serumalbumin;
PA0  2. blood serum proteins, the main constituent (about 80%) of which is blood
      serum albumin;
PA0  3. egg-white proteins, of which the main components are ovalbumin,
      conalbumin and ovumucoid (J. Sci. Fd. Agri. 17 (1966) p. 101-111);
PA0  4. soya whey proteins;
PA0  5. proteins from wheat germ; and
PA0  6. some lipoproteins, e.g. particular egg-yolk proteins.
PAL  The preferred amount of globular protein is 1.0-2.5%. Whey protein is
      preferable, because its heat stability is such that an emulsion containing
      whey protein can be pasteurized without appreciable coagulation of whey
      protein, and because it is a by-product in dairy manufacture having a high
      nutritional value which can now be used again in food manufacture. However
      the heat stability of whey protein and other globular proteins will be
      improved if at least part of the globular protein is present in the form
      of a complex with an anionic polysaccharide such as carrageenan, sodium
      alginate and carboxymethylcellulose (CMC). Because CMC is not permitted by
      food legislation in some countries and because the complexes of CMC and
      whey proteins have less buffering capacity, which is important for the
      taste of the product, complexes of globular proteins with anionic
      polysaccharides obtained from algae, such as carrageenan and sodium
      alginate are preferable. When very heat-sensitive globular proteins such
      as egg-white proteins are used, it is highly preferable if substantially
      all globular protein is present in the form of a complex with an anionic
      polysaccharide obtained from algae, but even for less heat-sensitive
      globular proteins the use of fully complexed globular proteins is
      advantageous for improving the taste of the product. When a complex of a
      globular protein and an anionic polysaccharide is used in an emulsion
      according to the present invention, that use is an embodiment of the
      invention described in co-pending application Ser. No. 496,782, filed Aug.
      12, 1974, in which specification the preparation of the complexes is
      described in detail.
PAR  As stated before the presence of a substantial amount of coagulated
      protein, as for example in sour cream, destroys almost completely the
      whippability of the emulsion. Therefore, the present emulsions contain
      globular protein in the substantial absence of coagulated protein.
      However, small amounts of coagulated protein, i.e. less than about 20% by
      weight of the total protein content, are not harmful for the whippability.
PAR  The non-protein emulsifier is preferably present in an amount of about
      0.3-2.0% by weight of the emulsion, a range of about 0.5-1.0% being most
      preferable. Suitable emulsifiers that form a flocculate in water at the pH
      of the aqueous phase are nonionic emulsifiers such as partial fatty acid
      esters of polyalcohols, for example glycerol and propylene glycol, and
      glycerolactopalmitate. Preferably a partial palmitic acid glyceride is
      used as an emulsifier. Both partial glycerides having a monoglyceride
      content of about 90% (so-called "high mono's") and partial glycerides
      having about equal amounts of monoglycerides and diglycerides (so-called
      "mono-diglycerides") can be used.
PAR  Other ingredients which are usual in cream type products can be added in
      appropriate amounts, if desired, for example lecithin in an amount of
      0.05-0.5% by weight of the emulsion which is favourable for improving the
      rigidity of the whipped cream, and mono-saccharides and/or disaccharides
      in an amount of 3-20% by weight of the emulsion which can be used for
      sweetening purposes. But also artificial sweeteners can be applied.
PAR  It most cases the emulsion has been pasteurised by heat in order to avoid
      microbiological spoilage during storage. But not for all applications are
      pasteurisation is necessary. For example, when the bottled cream is stored
      at about 0.degree.C, or when the emulsion is whipped immediately after its
      preparation and the whipped cream is applied as a topping on an ice cream
      tart that, of course, is stored at a temperature below 0.degree.C, the
      storage temperature is too low for microbiological activity and
      pasteurisation is not necessary.
PAR  Thus, a particular preferred embodiment of the invention is a low calorie
      cream, which is an aqueous oil emulsion containing:
PA0  a. 3-25% by weight of fat having an extrapolated melting dilatation of at
      least 1500 mm.sup.3 /25g at 0.degree.C, such as butter fat,
      interesterified palm kernel oil, hydrogenated fats and vegetable oils,
      etc.,
PA0  b. 0.5-2.0% by weight of partial fatty acid glyceride,
PA0  c. 0.05-0.5% by weight of lecithin, and
PA0  d. an aqueous phase having a pH of 4.2-5.5 and containing 3-20% by weight
      of the emulsion of mono- and/or disaccharides and 0.5-4% of its weight of
      whey protein of which at least 60% is in the form of a complex with an
      anionic polysaccharide obtained from algae.
PAR  Another particular preferred embodiment of the invention is a whippable
      high-PUFA cream, which is an aqueous oil emulsion containing:
PA0  a. 25-50% by weight of fat having a PUFA content of at least 30 mole % and
      containing at least 15% of its weight of a fatty acid triglyceride having
      a melting point of at least 38.degree.C,
PA0  b. 0.5-2.0% by weight of partial fatty acid glyceride,
PA0  c. 0.05-0.5% by weight of lecithin, and
PA0  d. an aqueous phase having a pH of 4.2-5.5 and containing 3-20% by weight
      of the emulsion of mono- and/or di-saccharides, and 0.5-4% of its weight
      of whey protein of which at least 60% is in the form of a complex with an
      anionic polysaccharide obtained from algae.
PAR  A further embodiment of the invention is a whipped emulsion prepared by
      whippinng an aqueous oil emulsion according to the invention. Such
      whipping can be carried out by whipping with a conventional household or
      industrial mixer using air as the gas to be dispersed, but also by
      applying a pressurised gas such as air, nitrogen and di-nitrogen oxide,
      which whips the emulsion during the simultaneous release of aqueous oil
      emulsion and gas such as applied in aerosol-packaged creams and
      whipped-cream equipment in use in ice cream shops.
PAR  The aqueous oil emulsions of the present invention have the advantages that
      they show a good foam formation and are whippable in general within 2-3
      minutes in contrast with many filled creams, i.e. creams contianing
      vegetable fats, which often show rather long whipping times (up to 10
      minutes and more). The low pH of the emulsions gives the advantage that
      the storage properties of the emulsions can be made much better than for
      conventional dairy whipping cream, as regards microbiological stability,
      formation of fat lumps, viscosity, etc.
PAR  Another embodiment of the present invention is a process for the
      preparation of an aqueous oil emulsion contaning not more than 50% by
      weight of fat and an aqueous phase having a pH in the range of 4.2-5.5,
      which comprises:
PA0  a. preparing an aqueous phase having a pH in the range of 4.2-5.5 and
      containing 0.5-4% of its weight of globular protein in the substantial
      absence of coagulated protein, and optionally mono- and/or disaccharides
      in an amount of 3-20% by weight of the emulsion,
PA0  b. mixing the aqueous phase with a non-protein emulsifier of the type that
      forms a flocculate at the pH of the aqueous phase in an amount sufficient
      to retain dispersed gas when the emulsion is whipped and with a fat in an
      amount of 3-50% by weight of the emulsion at a temperature at which the
      fat is liquid, and optionally with lecithin in an amount of 0.05-0.5% by
      weight of the emulsion, and
PA0  c. homogenising the mixture at a temperature at which the fat is liquid.
PAL  The non-protein emulsifier and the lecithin can be added to the aqueous
      phase, but pre-mixing with the fat is preferable for facilitating the
      emulsification of the fat in case of an oil-in-water emulsion.
PAR  Usually the homogenised emulsion is pasteurised and packaged, i.e. filled
      into a container which is subsequently sealed. The pasteurisation can be
      carried out continuously or batchwise before packaging, but when the
      emulsion will be sold in bottles or tins it is preferable that the
      non-whipped emulsion is packaged and then pasteurised under conditions
      that the content is moving with respect to the container. With
      substantially all globular protein present in the form of a complex with
      an anionic polysaccharide obtained from algae, emulsions according to the
      present invention have even been sterilised successfully.
PAR  It is also possible that an emulsion is whipped and then packaged, for
      example when the whipped emulsion is used as a topping on a ready-to-eat
      dessert. In such a process the emulsion is preferabaly cooled to a
      temperature of 0.degree.-10.degree.C before whipping. If the application
      of the whipped cream needs pasteurisation of the product, the emulsion can
      be pasteurised before cooling to 0.degree.-10.degree.C.
DETD
PAR  The invention will be illustrated by the following Examples in which
      percentages and parts are by weight unless stated otherwise.
PAC  Example 1
PAR  A fat phase of 32 parts maize oil, 8 parts interesterified palm kernel oil
      and 1 part C.sub.16 distilled monoglyceride was made at 60.degree.C. An
      aqueous phase of 5 parts cream containing 40% milk fat, 5 parts sugar and
      49 parts of a suspension of a complex of sodium alginate and non-denatured
      whey protein, which suspension contained 2% protein, was made at
      60.degree.C. The complex had been prepared as follows: 0.2% sodium
      alginate was added to cheese whey adjusted with caustic soda to a pH of 9
      and dissolved while stirring for 15 minutes. Subsequently the pH was
      decreased to 3.0 by addition of hydrochloric acid. The precipitated
      complex was isolated by centrifugation.
PAR  The fat phase was emulsified in the aqueous phase and the emulsion was
      homogenised and pasteurised or sterilised.
PAR  After storage for 3 weeks at 5.degree.C the cream was whipped within 3
      minuted with a normal mixer and had a good rigidity and appearance.
      Although the pH of the whipping cream was 4.9, the product did not taste
      sour.
PAC  Example 2-4
PAR  These Examples relate to a recombined, low calorie dairy cream. Butterfat
      (obtained by melting butter and separating the fat) was mixed with 0.95%
      glycerol monopalmitate, 0.05% of a monoglyceride marketed under the Trade
      Name Myverol 18-98, and 0.1% lecithin; the percentages are by weight of
      the emulsion. Saccharose was added in an amount of 10% by weight of the
      emulsion to an aqueous phase containing 0.89% of its weight of whey
      protein in the form of a complex with sodium alginate and prepared as
      described in Example 1, and free whey protein incorporated by adding an
      appropriate amount of whey protein concentrate marketed under the Trade
      Name Foretein 35, and having a pH of 4.8. The amounts of butter fat and
      free whey protein, and the properties of the whipped cream are given in
      Table 1. The fat phase and the aqueous phase were heated to
      65.degree.-70.degree.C, mixed and homogenised at 75 and 50 kg/cm.sup.2,
      and the emulsion was filled into bottles which were sealed and pasteurised
      for 10 minutes at 90.degree.C in such a way that the content was moving
      with respect to the bottle. After storing for one night at 5.degree.C
      samples were whipped with a Kenwood mixer in about 3 minutes.
PAC  Examples 5-7
PAR  These Examples relate to a low calorie filled cream. The procedure is
      similar to that of Examples 2-4, except that butter fat was replaced by an
      interesterified palm kernel oil. The variable figures are given in Table
      1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
            % aqueous phase                                                    
                     % free  %                                                 
     Ex.                                                                       
        % fat                                                                  
            before addition                                                    
                     protein in                                                
                             over-                                             
                                 Penetrometer                                  
            of saccharose                                                      
                     aqueous phase                                             
                             run value                                         
     __________________________________________________________________________
     2   5  84       0.42    368 35                                            
     3  10  79       0.44    340 23                                            
     4  15  74       0.47    310 20.5                                          
     5   5  84       0.42    320 &gt;36                                           
     6  10  79       0.44    322 32                                            
     7  15  74       0.47    328 23                                            
     __________________________________________________________________________
PAL  The penetrometer value was determined as the depth in mm which a cone falls
      into the whipped cream measured with a penetrometer. The angle of the cone
      is 90.degree., the weight is 65.6 g and the fall time is 5 seconds. A
      lower penetrometer value corresponds with a more rigid whipped cream. The
      piping properties of the whipped cream of Examples 2 and 5 were reasonable
      and those of Examples 3, 4, 6 and 7 were good. The rigidity of the
      Examples was good even after 8 hours.
PAC  Example 8
PAR  A fat phase was made by mixing 20% maize oil, 3.9% butter fat (added as
      butter) 5% of a hard-stock, 0.95% glycerol monopalmitate, 0.05% Myverol
      18-98.sup.(R) and 0.1% lecithin at about 65.degree.C. An aqueous phase
      (59%) containing 2.67% of its weight of free whey protein incorporated by
      addition of the appropriate amount of Foretein 35.sup.(R) was mixed with
      10% saccharose. The pH of the aqueous phase was 4.8. Unless otherwise
      stated the percentages are by weight of the emulsion. The fat phase and
      the aqueous phase containing the saccharose were mixed at about
      65.degree.C and the mixture was homogenised at 75 and 50 kg/cm.sup.2,
      filled into bottles and pasteurised (10 min/90.degree.C). After storing
      for one night at 5.degree.C a sample was whipped as described for Examples
      2-7. The overrun was 208%, the whipped cream showed reasonable piping
      properties, but less rigidity than the creams of Examples 2- 7.
PAC  Example 9
PAR  The procedure of Example 8 was repeated except that part of the whey
      protein was in the form of a complex with sodium alginate (0.89% whey
      protein in complexed form and 1.78% of free whey protein instead of 2.67%
      free whey protein). The overrun was 173%, the rigidity was similar too,
      but the piping properties of the whipped cream were slightly better than
      those of the cream according to Example 8. The PUFA content of the fat in
      Examples 8 and 9 was about 33%.
PAC  Example 10
PAR  A recombined dairy cream was made by mixing at about 60.degree.C 30%
      butter, 1% glycerol monopalmitate having a monoglyceride content of more
      than 90%, 10% sugar, and 59% of an aqueous phase containing 1% of its
      weight of whey protein in the form of a complex with sodium alginate and
      having a pH of 4.95. The mixture was homogenised at about
      60.degree.-70.degree.C at 175 and 100 kg/cm.sup.2, filled into bottles
      which were sealed and pasteurised under such conditions that the content
      was moving with respect to the container (10 min/90.degree.C). After
      storing overnight at 5.degree.C the emulsion was whipped in 2 minutes and
      gave a whipped cream having a overrun of 250%, a penetrometer value of 22
      and a good rigidity.
PAC  Examples 11 and 12
PAR  The procedure of Example 10 was repeated with the exception that 24% maize
      oil and 6% of hard-stock were used. An aqueous phase was used containing
      in addition 0.60% of its weight of free protein incorporated by addition
      of a product marketed under the Trade Name Hyfoama 68 (Example 11) or
      0.54% of its weight of free protein (introduced as the product marketed as
      Lux-Protein Powder) (Example 12). The pH of the aqueous phase was 4.95
      (Example 11) and 4.8 (Example 12).
TBL  ______________________________________                                    
                Example 11 Example 12                                          
     ______________________________________                                    
     Whipping time                                                             
                  4 minutes    2 minutes                                       
     Overrun      178%         165%                                            
     Penetrometer value                                                        
                  23.5         25                                              
     Rigidity     good         reasonable                                      
     ______________________________________                                    
PAL  The PUFA-content of the fat was about 41%.
PAC  Example 13
PAR  An edible emulsion was made following the procedure of Example 8 by mixing
      a fat mixture containing 20% maize oil, 5% hard-stock, 4.7% butter, 0.95%
      glycerol monopalmitate, 0.05% Myverol 18-98.sup.(R) and 0.1% lecithin with
      10% saccharose and an aqueous phase containing 0.89% of its weight of whey
      protein in the form of a complex with sodium alginate and 1.05% of its
      weight of free whey protein (Foretein 34.sup.(R)). The pH of the aqueous
      phase was varied from 4.3, 4.5, . . . 5.5. After whipping the products
      having a pH within the range of 4.6-5.4 gave creams having an overrun
      varying from 245% to 285% and a penetrometer value varying from 32 mm to
      36 mm.
PAC  Example 14
PAR  A fat phase containing 32% maize oil, 8% interesterified palm kernel oil
      and 0.5% monoglyceride marketed under the Trade Name Hymono SF33 and 59.5%
      of an aqueous phase having a pH of 4.2 containing 2% of its weight of whey
      protein in the form of a complex with sodium alginate were separately
      heated to 65.degree.-70.degree.C, and then mixed. The mixture was
      homogenised at 175 and 100 kg/cm.sup.2, filled into bottles which were
      sealed and pasteurised at varying temperatures (70.degree., 80.degree., .
      . . 100.degree.C) for 10 minutes. The products were whipped after storing
      overnight at 5.degree.C. The overrun varied from 157-167%, the
      penetrometer value varied from 28-31 and the piping properties were good.
      The whipped products did not give serum drainage.
PAC  Example 15
PAR  The procedure of Example 10 was repeated with the exception that 24% maize
      oil and 6% of hard-stock were used instead of 30% butter. The aqueous
      phase contained 1% of whey protein but complexed with carrageenan instead
      of sodium alginate. The pH was 4.8. After whipping for 3 minutes the
      overrun was 194%, the penetrometer value more than 36 mm and the rigidity
      was rather low.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of an aqueous oil emulsion of prolonged
      storage life, which can be whipped to an overrun of from 70 to 500
      percent, which comprises:
PA1  a. preparing an aqueous phase having a pH in the range of 4.2 to 5.0 and
      containing from 0.5 to 4 percent of its weight of globular protein in the
      substantial absence of coagulated protein, of which globular protein at
      least 60 percent by weight is in the form of a complex with an anionic
      polysaccharide;
PA1  b. mixing the aqueous phase with an emulsifier selected from the group
      consisting of partial fatty acid esters of glycerol, partial fatty acid
      esters of propylene glycol and glycerolactopalmitate in an amount of from
      0.3 to 2.0% by weight of the emulsion and with a fat in an amount of from
      3 to 50 percent by weight of the emulsion at a temperature at which the
      fat is liquid; and,
PA1  c. homogenizing the mixture at a temperature at which the fat is liquid.
NUM  2.
PAR  2. A process according to claim 1, in which the homogenised emulsion is
      both pasteurised by heat and packaged.
NUM  3.
PAR  3. A process according to claim 2, in which the non-whipped emulsion is
      packaged and then pasteurised under such conditions that the content is
      moving with respect to the container.
NUM  4.
PAR  4. A process according to claim 1, in which the emulsion is whipped and
      then packaged.
PATN
WKU  039446816
SRC  5
APN  4327233
APT  1
ART  175
APD  19740111
TTL  Foods containing salts of acetyl amino acids as water binders
ISD  19760316
NCL  10
ECL  1
EXA  Bernstein; Hiram H.
EXP  Yudkoff; Norman
INVT
NAM  Friedman; Herman H.
CTY  Bayside
STA  NY
INVT
NAM  Moreno; Victor
CTY  Montreal
CNT  CA
ASSG
NAM  General Foods Corporation
CTY  White Plains
STA  NY
COD  02
CLAS
OCL  426615
XCL  426641
XCL  426643
XCL  426644
EDF  2
ICL  A21D  400
FSC  426
FSS  227;321;335;151;212
FSC  252
FSS  194;384
FSC  260
FSS  534 L;534 E;534 X
UREF
PNO  2857282
ISD  19581000
NAM  Jansen
OCL  426321
UREF
PNO  3290368
ISD  19661200
NAM  Fernholz
OCL  426151
UREF
PNO  3374097
ISD  19680300
NAM  Laden
OCL  426162
UREF
PNO  3782971
ISD  19740100
NAM  VAN Roon
OCL  426212
FREF
PNO  1,086,214
ISD  19580800
CNT  DT
OCL  426212
LREP
FR2  Carvis; Thaddius J.
FR2  Donovan; Daniel J.
FR2  Struzzi; Bruno P.
ABST
PAL  Compounds of the general formula:
      ##EQU1##
      Wherein: R is a member selected from the group consisting of
      --(CH.sub.2).sub.n --CO.sub.2 M, --(CH.sub.2).sub.n --NO.sub.3,
      --(CH.sub.2).sub.n --SO.sub.3 M, and --(CH.sub.2).sub.n --NH.sub.2 ; n is
      an integer from 1 to 4; and M is an alkali metal; are useful as water
      binders in a wide variety of compositions, especially food and cosmetic
      compositions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to water binders, and more specifically to
      compositions employing a specific group of compounds having the ability to
      bind large amounts of water.
PAR  Water binders have a broad range of commercial signicance. There are many
      products, especially food and cosmetics, which will dry out upon exposure
      to ambient conditions. It is desirable, as suggested in U.S. Pat. No.
      3,374,097 to Laden, to add a humectant to bind the water within such
      compositions to prevent them from drying out. Additionally, as disclosed
      in the copending U.S. application filed concurrently herewith in the names
      of Friedman, Halik and Schwarz (GF Case No. 2198), it is desirable for
      moisturizing cosmetic compositions to include moisturizing humectant
      compounds to increase the moisture level of the skin when applied thereto.
      Yet further, moisture binders are useful for reducing the water activity,
      A.sub.w, in food products to make them resistant to microbial growth even
      when stored at ambient temperatures.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a wide range of
      compositions containing water bound therein.
PAR  This and other objects are accomplished according to the present invention
      which provides a composition comprising water, a material which tends to
      lose water when exposed to the atmosphere, and an amount, effective to
      bind water and reduce the tendency for water loss from the composition of
      a compound defined by the formula:
      ##EQU2##
      Wherein: R is a member selected from the group consisting of
      --(Ch.sub.2).sub.n --CO.sub.2 M, --(CH.sub.2).sub.n --NO.sub.3,
      --(CH.sub.2).sub.n --SO.sub.3 M, and --(CH.sub.2).sub.n --NH.sub.2 ; n is
      an integer from 1 to 4; and M is an alkali metal.
PAC  DETAILED DESCRIPTION
PAR  The present invention is based upon the discovery that compounds of the
      above general formula have the ability to strongly bind water within
      compositions. Exemplary of water binders defined by the above formula are
      the alkali metal salts of N-acetylated amino and imino acids. Examples of
      the latter series of compounds are the sodium and potassium
      N-acetyl-L-glutamate, the sodium and potassium salts of N-acetyl lysine,
      and the sodium and potassium salts of N-acetyl aspartic acid.
PAR  All of these compounds are commercially available in the acid form and can
      be purchased in the requisite purity for the intended use. Alternatively,
      they can be prepared by methods well known to the art. For example,
      N-acetyl-L-glutamic acid can be prepared by acetylating L-glutamic acid in
      aqueous solution with acetic anhydride. The resulting N-acetyl-L-glutamic
      acid is then purified in known manner.
PAR  Any of the alkali metal salts of these compounds which are suitable for the
      particular end use can be employed according to the present invention. The
      sodium and potassium salts are preferred. These salts can be easily
      prepared by neutralizing the acid form of these compounds with any
      suitable base containing the appropriate alkali metal cations. For
      example, the sodium salts of these compounds can be prepared by
      neutralizing the acid with a slight excess of sodium hydroxide, and the
      potassium salt with a slight excess of potassium hydroxide.
PAR  These salts are employed in the compositions of the present invention in
      any amount which is effective to bind water and reduce the tendency for
      water loss from the composition. Typically, these alkali metal salts will
      be employed in amounts greater than about 0.5% by weight of the
      composition. Preferably they are employed at levels of from about 1 to
      about 5% by weight of the composition. While the upper limit in most
      compositions is primarily a function of cost and a balancing of the
      properties of the composition with and without the addition of the water
      binders of the present invention, their use in food use can be limited by
      the levels of the alkali metals employed and the resultant salty taste of
      the composition. It would, of course, be possible to employ a combination
      of these salts in a combined amount effective to bind water and reduce the
      tendency of the composition to lose water.
PAR  The water binding compositions of the present invention, can have a wide
      range of utilities, depending upon the particular formulation of
      ingredients. For example, where a cosmetic preparation is desired, an
      emulsion comprising water and oil, with or without an emulsifier, can be
      admixed with one of the moisture binders of the present invention. In the
      cosmetic emulsion, the water binder is preferably added as the salt to the
      water phase; however, it may be added to the oil phase in the acid form
      and then neutralized in situ. When the composition of the present
      invention is desired to take the form of a food product, the water binder
      is added to an edible material. For example it may be employed in
      preparing intermediate moisture food products such as meat, fish, poultry,
      fruit and vegetable products. Exemplary of the meat products, are those
      for animals known as soft moist products. For example, those disclosed in
      U.S. Pat. Nos. 3,482,985 and 3,615,652 to H. M. Burgess et al. When added
      to vegetable products, the natural basic characteristic of the vegetables
      can aid in neutralizing the acid form of the water binding compounds to
      the salt form.
PAR  In food products, the water binders aid in reducing the tendency of the
      products to support microbial growth. In cosmetics for application to the
      skin, they can aid in maintaining soft, moist, healthy appearing skin.
      And, in all cases, they bind water and reduce the natural tendency of the
      compositions from drying when exposed to the atmosphere.
DETD
PAR  The following examples are presented for the purpose of further
      illustrating and explaining the present invention and should not be taken
      as limiting in any regard. Unless otherwise indicated, all parts and
      percentages are by weight.
PAC  EXAMPLE I
PAR  Two cosmetic preparations according to the present invention are prepared
      having the following formulations:
TBL                     Parts                                                  
     Ingredient           A         B                                          
     ______________________________________                                    
     glycerol monostearate                                                     
                          2         2                                          
     stearic acid         7         7                                          
     cetyl alcohol        5         5                                          
     disodium N-acetyl-L-glutamate                                             
                          3         --                                         
     dipotassium N-acetyl-L-glutamate                                          
                          --        3                                          
     water                82.5      83                                         
     perfume              0.5        0.5                                       
     ______________________________________                                    
PAR  The compositions are prepared by dissolving the alkali metal
      N-acetyl-L-glutamate in water at about 60.degree.C. The remaining
      ingredients, except for the perfume, are melted and mixed to form an oil
      phase. For each composition, the aqueous solution was added to the oil
      phase and stirred to form a uniform mass while cooling. The perfume is
      added last. The resultant mixture is useful as a moisturizer.
PAC  EXAMPLE II
PAR  The following is a formulation of an intermediate moisture pet food product
      containing meat meal:
TBL  Water            24.1                                                     
     Meat meal        11.3                                                     
     Soy flakes       35.5                                                     
     Sucrose          13.0                                                     
     Soya hulls       8.1                                                      
     Sorbitol         2.1                                                      
     Tallow           4.2                                                      
     Sodium chloride  1.0                                                      
     Potassium sorbate                                                         
                      0.3                                                      
     Propylene glycol 2.1                                                      
     Garlic           0.2                                                      
     Red dye          0.01                                                     
     Disodium N-acetyl-                                                        
      L-glutamate     2.0                                                      
PAC  EXAMPLE III
PAR  Fresh carrots are infused by a stabilizing solution at just below boiling
      for a period of about 18 hours. The carrots are peeled and trimmed before
      treatment in the following stabilizing solution:
TBL  Ingredient              %                                                 
     ______________________________________                                    
     Glycerol                85.0                                              
     Water                   5.5                                               
     Sodium Chloride         3.7                                               
     Disodium N-acetyl-                                                        
      L-glutamate            5.3                                               
     Potassium sorbate       0.5                                               
                             100                                               
     ______________________________________                                    
PAR  The carrots thus treated are more stable against microbial attack. Other
      vegetables are treated in similar manner.
PAR  Many modifications and variations of the present invention will be apparent
      to those skilled in the art upon reading the above disclosure. It is
      intended that all such modifications and variations be included within the
      scope of the present invention as defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A food product comprising: (a) a material selected from the group
      consisting of meat, fish, poultry, fruits and vegetables, which tends to
      lose water when exposed to the atmosphere; and (b) an amount, effective to
      bind water and reduce the tendency for water loss from the composition, of
      a water binding compound defined by the formula
      ##EQU3##
      Wherein: R is a member selected from the group consisting of
      --(CH.sub.2).sub.n --CO.sub.2 M, --(CH.sub.2).sub.n --NO.sub.3,
      --(CH.sub.2).sub.n --SO.sub.3 M, and --(CH.sub.2).sub.n --NH.sub.2 ; n is
      an integer from 1 to 4; and M is an alkali metal.
NUM  2.
PAR  2. A composition according to claim 1 wherein M is potassium.
NUM  3.
PAR  3. A composition according to claim 1 wherein M is sodium.
NUM  4.
PAR  4. A composition according to claim 3 wherein R is --(CH.sub.2).sub.4
      --NH.sub.2.
NUM  5.
PAR  5. A composition according to claim 1 wherein R is --(CH.sub.2).sub.4
      --NH.sub.2.
NUM  6.
PAR  6. A composition according to claim 1 wherein R is --(CH.sub.2)--CO.sub.2
      M.
NUM  7.
PAR  7. A composition according to claim 1 wherein R is --(CH.sub.2).sub.2
      --CO.sub.2 M.
NUM  8.
PAR  8. A composition according to claim 7 for use as a food product, wherein
      the material which would tend to lose water is a vegetable.
NUM  9.
PAR  9. A composition according to claim 7 for use as a food product, wherein
      the material which would tend to lose water is a meat product.
NUM  10.
PAR  10. A composition according to claim 9 wherein M is sodium and the water
      binding compound is employed at a level of from about 1 to about 5%.
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ABST
PAL  A method of forming an electrophotographic coating which includes preparing
      a mixture which comprises finely divided photoconductive material
      dispersed in an organic resin binder. The resin, which exhibits an acid
      value of at least 3, or a hydroxyl value of at least 15, is heat-treated
      for a time and temperature enclosed within the area ABCDEFGH of the
      temperature-treating diagram shown in the accompanying drawing. Following
      this treatment, the mixture is dissolved in a volatile solvent for the
      binder resin, and the dispersion is coated onto a conductive backing to
      form a substantially uniform layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of providing a pigment/binder type
      electrophotographic coating and compositions for such a method.
PAR  Pigment/binder type electrophotographic coatings generally refer to those
      comprising a photoconductive pigment dispersed in a binder such as an
      insulating resinous material. Such coatings are described in detail, for
      example, in U.S. Pat. No. 3,121,006. These coatings can be prepared by
      coating on a conductive backing a mixture comprising a photoconductive
      powder, a binder resin and solvent for said resin, followed by drying the
      coated mixture to evaporate the solvent. When the coating thickness is
      about 10 microns, the drying is completed in about 2 hours at room
      temperature. However, in order to insure a coating having satisfactory
      electrophotographic charge retaining properties, drying at an elevated
      temperature is recommended.
PAR  In the case of electrophotographic paper, such as Electrofax, which is used
      in document copying, and which is manufactured by paper manufacturers
      under controlled conditions, enforced drying may be carried out by the
      manufacturer without any difficulty. However, in the case of
      electrophotographic marking, utilizing electrophotographic marking paints,
      the end users of the paint must carry out coating and drying thereof on
      the material to be marked. Thus, enforced drying imposes upon the user an
      additional processing as well as an additional cost for suitable heating
      apparatus. Effective heating of materials to be marked is also a problem
      in that the materials are generally large in size, having enormous heat
      capacities, which also increases the cost of the marking operation. If
      heating is carried out by burning relatively low-cost crude petroleum,
      sulfur oxide compounds originating from impurities in the petroleum
      severely deteriorate the electrophotographic properties of the
      electrophotographic coating. Moreover, the installation of heating
      apparatus increases the potential of an explosion or fire during
      operation, since the electrophotographic marking operating requires
      various kinds of organic coating solvents, fixing agents, or in some
      cases, carrier liquid for development.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide a manufacturing method for
      an electrophotographic coating material which exhibits superior
      electrophotographic properties without enforced drying after coating.
PAR  Another object is to provide electrophotographic coating compositions and
      coating mixtures which require no drying process at elevated temperatures
      after coating.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawing illustrates the temperature treating period for the heat
      treatment and drying period of the present invention.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that electrophotographic coatings made from mixtures
      comprising a binder resin containing polar groups and a suitable
      photoconductive material, such as zinc oxide, which have been heat-treated
      under certain conditions prior to coating, exhibit satisfactory charge
      acceptance after drying at room temperature.
PAR  The binder resin of the present invention must have a suitable range of
      acid value or hydroxyl value and the heat-treatment must fall within a
      certain temperature range. It has been found that the binder resin must
      possess an acid value not less than 3, or a hydroxyl value not less than
      15, and that the dispersion comprising such resin and a photoconductive
      powder should be heat-treated in a condition included in the range
      enclosed by ABCDEFGH on the temperature-treating period diagram shown in
      the accompanying drawing.
PAR  According to the present invention, the heat-treated mixture is again
      redissolved in a volatile solvent, which can dissolve the binder resin,
      and the resulting dispersion is then coated on a conductive backing and
      then dried under a condition included in the range enclosed by JKLMN of
      the drawing.
PAR  In addition to the above described conditions, the resin binder used in the
      present invention must satisfy the conventional requirements for a binder
      for a pigment/binder type electrophotographic coating. The resin may be
      either thermoplastic or thermosetting. In the latter case, possible curing
      of the resin must be carefully avoided during the heat-treatment by
      controlling the temperature or period of heating or by adding an
      anti-oxidant to the mixture. Suitable resins include alkyd, alkyd modified
      with styrene, acrylic, or phenol-formaldehyde resin, epoxyester resin,
      vinyl polymers comprising vinyl acetate, acrylate, methacrylate, styrene,
      or vinyl chloride and butadiene-containing copolymers. A group of suitable
      vinyl polymers are described in Japanese Patent Publication 69-6394,
      however, the limitations on the molecular weight described therein is not
      critical, and polymers of wider molecular weight can be successfully used
      in the present invention. In addition, polymers containing hydroxylalkyl
      acrylate or methacrylate, or glycidyl acrylate or methacrylate as
      described in Japanese Patent Publication 69-17316 and German
      Offenlegungschrift No. 1,522,562 are also suitable for use in the present
      invention. When vinyl chloride-vinyl acetate copolymers are used, those
      containing 80 to 50 percent by weight of vinyl chloride are preferred.
      They may contain, as minor ingredient, maleic anhydride, maleic acid or
      vinyl alcohol unit. The above mentioned resins may be used solely or in
      combination. Suitable examples of these materials may be found in British
      Patent No. 1,141,282.
PAR  In the present invention, the binder resin may comprise one or more
      ingredients, thus those resins which do not satisfy the requirement on
      acid or hydroxyl value by themselves may be employed in combination with
      complementary partners. For example, low acid value resins may be mixed
      with those with high acid values. Polymer combinations may be selected
      considering still other factors affecting electrophotographic properties.
      For example, polysiloxane resins may be introduced in the formulation to
      improve insulating properties at relatively high humidities. If the acid
      or hydroxyl value of the binder resin used is too low, no improvement of
      charging property takes place by heat treatment under the conditions
      described above, or even under more intense conditions. Therefore, it is
      essential that the binder resin possesses an acid value not less than 3 or
      a hydroxyl value not less than 15. When the resin possesses a too high
      acid or hydroxyl value, poor electrophotographic properties sometimes
      occur, especially under high humid conditions. The preferable range for
      resins useful in the present invention are from 5 to 40 for acid value and
      from 20 to 150 for hydroxyl value.
PAR  Various photoconductive materials which are well known in the art may be
      used with the binder material to form a coating mixture. These materials
      include the oxides and sulfides of zinc, cadmium, titanium arsenic or
      lead. Among these, zinc oxide and titanium dioxide are especially
      preferred in that they exhibit a white or off-white coating. With a
      relatively high sensitivity, zinc oxide often surpasses titanium dioxide.
PAR  The blending or mixing of the binder resin and the photoconductive powder
      may be carried out by any conventional technique. Suitable techniques
      include the use of a ball mill, attritor, sand mill, roll mill or kneader.
      In some cases, this mixing procedure may be rather mild, and in place of
      the intense mixers described above, a simple stirrer may be employed.
PAR  No special limitation exists on the ratio of the binder resin to
      photoconductive powder. As in conventional electrophotographic members
      which contain a pigment/binder coating, too much binder tends to produce a
      developed image with high background, while with too little binder, the
      charge retention property deteriorates. The mixing ratio depends on the
      chemical composition of the binder, the photoconductor and other additives
      used. When the photoconductor is zinc oxide, the preferred range of the
      photoconductor/binder ratio lies between 3:1 and 10:1 by weight, with a
      more preferable ratio being from 5:1 to 8:1. Optionally, additives such as
      spectral sensitizers may also be used. No special requirement is imposed
      on the solvent used in the mixing operation. The amount of the solvent is
      preferably kept at a minimum in order to effectively and economically
      carry out the subsequent heat-treatment. For this point of view, mixing
      with a roll mill and kneader are especially suitable.
PAR  Mixtures comprising the binder resin and the photoconductive powder thus
      prepared are then subjected to heat-treatment in accordance with the
      present invention. It is desirable, prior to the heat-treatment, to remove
      the solvent from the mixture in order to promote the efficiency of the
      heat-treatment. This may be done, for example, by centrifuge. The mixture
      resulting from solvent removal may be pulverized or made into fine beads
      by any type of bead forming apparatus. The mixture containing the solvent
      may also be directly converted into powder through spray drying. Such a
      preliminary operation is effective to shorten the heat-treating period.
PAR  The heat-treating conditions are essentially important in the present
      invention in that improper selection of these conditions fails to achieve
      the objects of the present invention. Although the temperature of the
      treatment depends on the binder, the heating period, and the physical
      configuration of the mixture to be treated, it has been found that
      temperatures of at least about 40.degree.C are always necessary, with
      temperatures of about 60.degree.C or higher being preferred.
PAR  In general, with high temperatures at relatively longer time periods, and
      small particle diameters of the mixture, the charging property of the
      finally obtained electrophotographic coating is improved to a greater
      extent. However, treatment at too high a temperature results in difficulty
      of redispersion of the product due to aggregation, and also can cause the
      formation of hard cake as the result of softening of the resin above its
      softening point. In addition, thermally unstable additives such as
      spectral sensitizers tend to decompose, and the charging properties often
      begin to deteriorate when excessive heating is employed. It has been
      determined that the upper limit of the heat-treating temperature is about
      120.degree.C, and more preferably about 100.degree.C or less.
PAR  The time period for heating varies with the heat-treating temperature.
      Generally speaking, this relationship is qualitatively reciprocal. To more
      clearly define this relationship, numerous experiments were carried out
      with the following results. Below 60.degree.C far longer treating periods
      are required compared with about 60.degree.C. Thus, to realize a certain
      improvement, the lower limit of the heating period is about 1 hour at
      60.degree.C, about 4 hours at 50.degree.C and about 15 hours at
      40.degree.C. At higher temperatures, the time reduces to about half an
      hour at about 80.degree. to 100.degree.C. At the upper temperature limit,
      avoiding the above-mentioned adverse effects, treatments up to 11 hour at
      100.degree.C, and about 20 minutes at 120.degree.C are permitted. At
      temperatures higher than 120.degree.C, the control of the treating period
      becomes difficult since the difference between the upper and lower limits
      becomes very small. Below 80.degree.C, prolonged treatment did not prove
      adverse, and thus the upper limit of the treating time period may be
      determined mainly from the practical or industrial point of view. These
      experiments determined the range of the heat-treatment conditions set
      forth in the diagram of the drawing.
PAR  The heat-treatment of a mixture comprising a binder resin and a
      photoconductor in accordance with the present invention is preferably
      carried out under temperature and time conditions enclosed by the area
      ABCDEFGH on the temperature-treating period diagram shown in the drawing.
      The coordinates for each point from A to H are tabulated in Table 1 below,
      in which fluctuation of .+-. 5.degree.C and .+-. 10 percent are allowed
      for the temperature and time period, respectively.
TBL                TABLE I                                                     
     ______________________________________                                    
               Temperature (.degree.C)                                         
                            Period (Minutes)                                   
     ______________________________________                                    
     A          80              6,000                                          
     B          80              900                                            
     C          100             60                                             
     D          120             20                                             
     E          120             10                                             
     F          60              60                                             
     G          40              900                                            
     H          40              6,000                                          
     ______________________________________                                    
PAR  The heat-treatment may be carried out in various ways. One method includes
      using hot air and including passing a hot air stream to the treated
      material. During the treatment the material may be kept stationary or be
      perturbed or agitated by a stirrer. Other techniques such as floating bed
      heating, jet stream heating, gas stream heating, vacuum heating or spray
      drying may also be employed.
PAR  Redispersion of the heat-treated mixture may be easily accomplished by mild
      stirring with a dispersing solvent, provided that the preliminary blending
      is sufficiently satisfactory, and that the heat-treatment is appropriate.
      The dispersing solvent should be volatile and able to dissolve the binder
      resin. If the solubility of the resin in the solvent used is low, one
      fails to obtain a stable dispersion and the resulting coating does not
      show suerior electrophotographic properties. As a general empirical rule,
      coating dispersions with higher dispersion stability, result in improved
      electrophotographic properties. When the redispersion requires an intense
      mechanical work, for example, by a slightly excessive heat-treatment,
      powerful dispersing apparatus may be employed such as a ball mill,
      attritor, or sand mill, which results in providing stable, fine
      dispersions.
PAR  The coating mixtures thus prepared may be coated on any suitable conductive
      backing to form an electrophotographic coating. Almost any known coating
      method may be adopted for use in the present invention. These include
      spray coating, for example, when the materials to be coated is a rigid
      metal plate. Any suitable metal substrate such as iron, steel, aluminum or
      brass may be used. Other suitable substrates include wood, plastics or
      cellulose fiber products which have been surfacetreated with conductivity
      imparting agents.
PAR  As already described above, the drying conditions are limited by the
      temperature and time period. Suitable and practically feasible drying
      ranges are enclosed by the area JKLMN on the diagram. The coordinates are
      shown in Table II below.
PAR  In many cases, drying is completed when a substantial amount of the
      dispersing solvent has been removed from the coating surface. Thus the
      coated material may be left in the air without any air stream passing or
      heating.
TBL                TABLE II*                                                   
     ______________________________________                                    
              Temperature (.degree.C)                                          
                           Period (Minutes)                                    
     ______________________________________                                    
     J          40             300                                             
     K          50             30                                              
     L          50             5                                               
     M          10             30                                              
     N          10             600                                             
     ______________________________________                                    
      *Here, fluctuations are permitted .+-. 5.degree.C for temperature and .+-
      10 percent for the time period, respectively.                            
PAR  The dried coating according to the present invention exhibits an excellent
      charge accepting and retaining property after coating, followed by drying
      at relatively low temperatures such as 20.degree. to 30.degree.C in a
      short period of time up to about 2 hours. This feature of the invention,
      makes it particularly suitable for industrial marking whereby the imaging
      process is desirably effected soon after coating. The present invention
      eliminates the need for special drying apparatus in the marking process
      and reduces the economical charge of the user including running cost.
      Elimination of the heating source, moreover, remarkably reduces the
      possibility of explosion or fire hazard in the presence of inflammable
      solvents which are often needed for electrophotographic marking
      operations.
PAR  Another advantage of the present invention is that it may be expanded to
      allow a greater range of binder formulations which may be dried at room
      temperature. Conventionally, thermosetting resins when used for such
      formulations, necessarily suffered from the problem that these coating
      mixtures tended to cause a problem in some fields of electrophotographic
      marking where the coating is required to be stripped after marking and
      processing. If welding is carried out on the material bearing an
      electrophotographic coating, the welded portion often inlcudes blow holes.
      When the marked material is embedded in concrete, the presence of the
      coating will deteriorate the adhesion of the concrete and the coated
      substrate. These problems are solved utilizing the present invention which
      make various thermoplastic resins applicable for the marking processes
      which permit only room temperature drying.
PAR  The coating mixtures of the present invention can be supplied to the user
      not only in the form of paint, but in the form of pellets or coarse powder
      comprising a heat-treated mixture of resin binder and photoconductor. The
      use may disperse or dilute the pellet in a solvent prior to coating, and
      can select the solvent based primarily upon the evaporation rate.
      Therefore, rapid drying solvents such as methanol or ethanol may be
      utilized, enabling very short operating times. The general criterion for
      the selection of solvent is the vapor pressure at the drying temperature
      to be used and should be not lower than 10 mm Hg. For example, for at a
      drying temperature of 25.degree.C those solvents which have greater
      evaporating rates than n-Bu acetate, toluol and EtOH may be recommended,
      while at 40.degree.C, solvents more volatile than amyl acetate may be
      used. Since the practical range of temperature is about 10.degree. to
      35.degree.C in usual operating areas, xylol is the slowest solvent.
PAR  A certain class of resin were found to be soluble only in slowly
      evaporating solvent systems containing BuOH, iso-PrOH, Cellosolve, or
      Cellosolve acetate, and were able to give stable dispersions only when
      these solvents were employed. Coating mixtures containing such solvents
      require long drying periods only after which desirable electrophotographic
      properties develop. The application of the present invention avoids these
      problems.
PAR  The net effect of the heat-treatment of the present invention to cause a
      chemical interaction between the resin and the photoconductor surface
      which improves the charge accepting and retaining properties of the
      finally obtained coating. In fact, if one anaylzes the content of the
      residual solvent in the two coatings obtained from the same formulations
      with and without heat-treatment, in many instances no difference is
      detected, and yet the charge accepting and retaining properties are quite
      different.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following examples further specifically define the present invention
      with respect to a method of manufacturing and testing improved
      electrophotographic coating materials. Unless otherwise mentioned, parts
      and percentages in the examples are expressed by weight.
PAC  EXAMPLE I
PAR  The following ingredients are blended by passing through a three-roll mill
      twice at 20.degree.C to give a paste A.
TBL  ______________________________________                                    
     ZnO (Sazex 2,000 from                                                     
                       800 parts                                               
      Sakai Kagaku Ltd.)                                                       
     resin varnish*    200 parts                                               
     toluol            250 parts                                               
     ______________________________________                                    
      *A varnish containing 50 percent of the following copolymer; styrene 38  
      parts, butylacrylate 50 parts, 2-hydroxyethyl methacrylate 10 parts, and 
      acrylic acid 2 parts. The solvent consisted of toluol and BuOH (2:1 in   
      volume ratio). The acid value of the resin was 13, and hydroxyl value 20.
PAR  The resulting mixture containing the ZnO in a very finely dispersed state,
      exhibits a Hegmann Scale 7.0 at by measurement with the grind gauge.
PAR  After removal of the solvent by keeping the paste A at 40.degree.C for 5
      hours, the dried product is broken into pieces of about 1 cm.sup.3. The
      paste is then subjected to heat-treatment under the conditions shown in
      Table III. One hundred parts of the paste are charged in a ball mill
      together with 100 parts of solvent (toluol:MeOH mixtue in a 7:3 volume
      ratio) and ground for 10 hours at 20.degree.C. The resulting coating
      dispersion is coated with a coating rod onto an aluminized (by vacuum
      deposition) polyethylene terephthalate film to give a dried thickness of 8
      microns. The coating is then dried for 2 hours at 20.degree.C. The film is
      cut into 19 pieces designate samples 1-19, respectively.
PAR  For comparison, 100 parts of the paste A is diluted with 40 parts of
      toluene and coated on the same aluminized film in a similar mananer to
      give a dried thickness of about 8 microns. Then the film is cut into 12
      pieces (samples 20-31, respectively), each of which was dried but not
      heat-treated under a condition shown in Table III.
PAR  The charge accepting property of each sample is measured by charging the
      coating with -6KV corona discharge. The measured items are initial
      acceptance potential V.sub.o and the residual potential after 60 seconds
      dark storage V.sub.60, from which the residual ratio was obtained by the
      formula:
EQU  V.sub.60 / V.sub.0 .times.  100 (%)
PAL  these values are also listed in Table III.
PAR  While sample 8, which was treated at 40.degree.C for 2 hours, exhibits
      satisfactory charge acceptance, samples 1-7 show poor performance as the
      result of more mild treating conditions. On the other hand, samples 9-19
      which were subjected to more intense treatment exhibit comparable levels
      of acceptance potential to those obtained by enforced drying after
      coating. Samples 20-31, which were not heat-treated, show poor electrical
      properties in the low drying temperature range. Only with undesirable high
      drying temperatures could the electrical properties be raised to an
      acceptable level.
TBL                                    TABLE III                               
     __________________________________________________________________________
         Heat-treatment         Initial                                        
     Sample                                                                    
         Condition   Drying                                                    
                          Condition                                            
                                Acceptance                                     
                                        Residual                               
     No. Temp.                                                                 
              Period Temp.                                                     
                          Period                                               
                                Potential                                      
                                        Ratio                                  
     __________________________________________________________________________
     1    20.degree.C                                                          
                2 hr.                                                          
                      20.degree.C                                              
                          2  hr.                                               
                                -5  volts                                      
                                        0%                                     
     2   20   4      20   2     7       0                                      
     3   20   8      20   2     8       0                                      
     4   20   20     20   2     28      30                                     
     5   40   2      20   2     40      15                                     
     6   40   4      20   2     65      22                                     
     7   40   8      20   2     135     40                                     
     8   40   20     20   2     180     77                                     
     9   60   2      20   2     140     76                                     
     10  60   4      20   2     170     71                                     
     11  60   8      20   2     210     73                                     
     12  60   20     20   2     210     78                                     
     13  80   2      20   2     220     83                                     
     14  80   4      20   2     200     86                                     
     15  80   8      20   2     235     81                                     
     16  80   16     20   2     220     82                                     
     17  120  1/6    20   2     210     90                                     
     18  120  1/4    20   2     200     88                                     
     19  120  1/3    20   2     220     93                                     
     20  --   --     20   2     8       0                                      
     21  --   --     20   4     15      70                                     
     22  --   --     20   8     60      52                                     
     23  --   --     20   20    80      55                                     
     24  --   --     40   2     95      67                                     
     25  --   --     40   4     150     67                                     
     26  --   --     40   8     180     75                                     
     27  --   --     40   20    240     85                                     
     28  --   --     60   2     160     93                                     
     29  --   --     60   4     220     91                                     
     30  --   --     60   8     220     91                                     
     31  --   --     60   20    235     95                                     
     __________________________________________________________________________
PAC  EXAMPLE II
PAR  The following ingredients are blended by means of ball mill at 25.degree.C
      for 6 hours.
TBL  ______________________________________                                    
     ZnO (Sazex 3,000 manufactured                                             
                             500 parts                                         
     by Sakai Kagaku Ltd.)                                                     
     resin varnish*          200 parts                                         
     toluol                  330 parts                                         
     ______________________________________                                    
      *A varnish containing 50 percent of the following copolymer; styrene 40  
      parts, butylmethacrylate 40 parts, 2-hydroxyethyl methacrylate 10 parts, 
      and maleic anhydride 2 parts. The solvent comprises toluol. The acid and 
      hydride values of the resin are 14 and 21, respectively.                 
PAR  After removal of the solvent, the resulting mixture was heat-treated in a
      hot air stream dryer at 80.degree.C or 5 hours. The heat-treated product
      is again dispersed in toluol by ball milling for 10 hours. The coating
      dispersion thus prepared is coated on the same polyethylene terephthalate
      film as in Example I. The initial acceptance potential and potential
      residual ratio after 1 hour drying at 25.degree.C were -330 volts and 83
      percent, respectively.
PAR  For comparison, the preliminary ball-milled mixture is coated on PET film,
      without heat-treatment, and left at 25.degree.C for 1 hour, and exhibits
      corresponding values of -130 volts and 18 percent for acceptance potential
      aand potential residual ratio, respectively. When this coating is dried at
      50.degree.C for 16 hours, these values are improved to -281 volts and 88
      percent, respectively.
PAC  EXAMPLE III
PAR  The coating dispersion prepared according to the invention in Example II is
      coated on a shot-blasted steel plate (10 mm thick) by spray coating. The
      plate is left at 23.degree.C for 1 hour when the charging property is
      measured. The initial acceptance potential is -270 volts, and the residual
      ratio 84 percent.
PAC  EXAMPLE IV
PAR  The following ingredients are blended by passing twice a three roll blender
      at 20.degree.C.
TBL  ______________________________________                                    
     ZnO (Sazex 2,000)     500 parts                                           
     50% varnish of styrenated alkyd                                           
                           200 parts                                           
     resin having acid value 5, and                                            
     hydroxyl value 50                                                         
     Bu acetate            200 parts                                           
     ______________________________________                                    
PAR  The resulting paste is heat-treated at 80.degree.C for 4 hours. The product
      is dispersed in ethyl acetate by ball milling for 10 hours. This mixture
      is coated on the polyethylene terephthalate film as in Example I, and the
      film held at 20.degree.C for 1 hour. The initial acceptance potential is
      -270 volts, and the residual ratio 89 percent.
PAR  For the purpose of comparison, the paste obtained by the first blending
      with the three-roll blender was coated on the same substrate upon dilution
      with ethyl acetate. After 1 hour storage at 20.degree.C, the coating
      exhibited an initial acceptance potential of 80 volts, and a residual
      ratio of 11 percent.
PAC  EXAMPLE V
PAR  The procedures in Example IV were repeated except that the ZnO was replaced
      by TiO.sub.2 manufactured by Ishihara Sangyo Ltd. under the tradename R830
      (rutile form). The initial potential was -170 volts, and the residual
      ratio 77 percent.
PAC  EXAMPLE VI
PAR  The following ingredients were passed through a three-roll blender twice at
      20.degree.C.
TBL  ______________________________________                                    
     ZnO (Sazex 2,000)      800     parts                                      
     50% varnish of an acrylate                                                
                            200     parts                                      
     modified alkyd resin with                                                 
     acid value 16, and hydroxyl                                               
     value 25                                                                  
     toluol                 250     parts                                      
     anti-oxidant (Sumilizer BHT                                               
                            1       part                                       
     manufactured by Sumitomo                                                  
     Kagaku Ltd.)                                                              
     ______________________________________                                    
PAL  The resulting paste was heat-treated at 60.degree.C for 2 hours, and then
      again ball milled with solvent (toluol/MeOH 7:3 by volume mixture) for 10
      hours. The coating mixture thus obtained was coated on polyethylene
      terephthalate film similarly to the foregoing examples. The coated film
      was held at 20.degree.C for 2 hours. The measurement at that point gave an
      initial acceptance potential of -220 volts and a residual ratio of 83
      percent.
PAR  The mixture which was not heat-treated exhibited corresponding values of
      -100 volts and 65 percent.
PAR  Although specific components and proportions have been stated in the above
      description of the preferred embodiments of this invention, other suitable
      materials and procedures such as those listed above, may be used with
      similar results. In addition, other materials and changes may be utilized
      which synergize, enhance, or otherwise modify the photoreceptor and method
      of use.
PAR  Other modifications nad ramifications of the present invention would appear
      to those skilled in the art upon reading the disclosure. These are also
      intended to be within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming an electrophotographic article comprising: preparing
      a mixture which comprises finely divided photoconductive material
      dispersed in an organic resin binder, said resin having an acid value from
      about 5 to 40, or a hydroxyl value from about 20 to 150, heat-treating
      said mixture for a time and temperature enclosed within the areas ABCDEFGH
      of the temperature-treating diagram shown in the accompanying drawing,
      followed by dispersing said mixture into a volatile solvent for said
      binder resin, coating said dispersion on a conductive backing to form a
      substantially uniform layer, and drying said layer under the conditions
      enclosed within the areas JKLMN of the drawing.
NUM  2.
PAR  2. The method of claim 1 in which the heat-treating temperature range is
      from about 40.degree.-120.degree.C.
NUM  3.
PAR  3. The method of claim 1 wherein the photoconductive material is selected
      from the group consisting of zinc oxide and titanium dioxide.
NUM  4.
PAR  4. An electrophotographic article produced by the method of preparing a
      mixture which comprises finely divided photoconductive material dispersed
      in an organic resin binder, said resin having an acid value from about 5
      to 40, or a hydroxyl value from about 20 to 150, heat-treating said
      mixture for a time and temperature enclosed within the area ABCDEFGH of
      the temperature treating diagram shown in the accompanying drawing,
      followed by dispersing said mixture into a volatile solvent for said
      binder resin, coating said dispersion on a conductive backing to form a
      substantially uniform layer, and drying said layer under the conditions
      enclosed within the areas JKLMN of the drawing.
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ABST
PAL  A new ceramic treatment process and product and, more particularly, a
      process for forming and treating and shaping and treating of porous
      skeletal bodies to produce hardened dimensionally stable end products of
      relatively low temperatures and the resulting materials produced thereby
      which comprises the steps of treating a porous skeletal body by
      impregnating the interstices of the porous body with a compound of a metal
      capable of being converted to an oxide in situ at relatively low
      temperatures, heating the body so impregnated at temperatures well below
      normal vitrification to a temperature of at least 600.degree.F. and for a
      period of time sufficient to convert the compound impregnated therein to
      an oxide and repeating the impregnation and heating steps until the
      desired degree of hardness is obtained. The invention further contemplates
      the forming of the porous body from relatively finely divided materials
      which may be relatively pure powders, mixtures of powders or impure
      powders, including additives in the form of discrete particles, fibers,
      fillers and the like, which powders are molded and bound together or bound
      together and molded with a binder which may comprise the impregnating
      compound or other suitable binder prior to treatment.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 694,303, filed on Dec. 28, 1967,
      now U.S. Pat. No. 3,789,096; which is a continuation-in-part of
      application Ser. No. 642,704 filed on June 1, 1967, now abandoned.
BSUM
PAR  In Applicants' previously filed application, Ser. No. 642,704 filed June 1,
      1967, of which the present application is a continuation-in-part,
      Applicants disclosed the process of treating underfired porous partially
      vitrified relatively soft refractory ceramic which comprises the steps of
      shaping an underfired partially vitrified relatively soft refractory
      ceramic into a predetermined shape, impregnating the shaped ceramic with
      phosphoric acid and curing the impregnated ceramic at temperatures of at
      least 600.degree. F., but below vitrification temperatures for a time
      sufficient to drive out the moisture and produce a hard ceramic. Also
      disclosed was a process of producing a chemically hardened ceramic body
      which comprised the steps of providing a structure of a porous underfired
      partially vitrified substantially pure machinable refractory ceramic
      oxide, impregnating the core with a metal compound capable of being
      converted to an oxide and curing the impregnated core at temperatures of
      600.degree. F. and above for a time sufficient to convert the impregnant
      to an oxide to harden the ceramic.
PAR  Ceramic materials normally undergo substantial dimensional changes during
      the usual firing or vitrification steps. Thus, it has heretofore been
      extremely difficult to produce precision parts or intricate shapes from
      ceramics. Precision parts had to be shaped slightly oversize before
      firing. After firing, the parts required further machining with diamond
      cutting wheels or by using lapping methods. Many intricate shapes were
      just not available since thin sections of parts would crack during firing.
PAR  In accordance with the invention, it has been found that underfired or
      so-called machinable grade refractory ceramics can be shaped while in the
      relatively soft state and then impregnated and heat treated to produce a
      ceramic having all the desirable characteristics of a vitrified ceramic
      without the usual change in dimensions. The process of the instant
      invention appears to be useful in the treatment of such refractory ceramic
      materials as the oxides of aluminum, beryllium, zirconium, titanium,
      magnesium and the like. These materials in the commercially available
      machinable grade are quite soft and easily broken. Also, in the soft
      state, they can be readily cut with carbide cutting tools, drilled, filed,
      sanded and otherwise formed to practically any desired shape. One such
      aluminum and beryllium oxide material is available from Coors Porcelain
      Company of Golden, Colorado. When the machinable ceramics are treated by
      the method of this invention, they become very hard, approximating highly
      vitrified ceramic and, in addition, will retain the original machined and
      pre-treated dimensions. The treated material becomes so hard that the only
      practical method to do further machining is with diamond cutting wheels or
      by using lapping techniques.
PAR  The commercial value of the instant invention is readily seen when it is
      recognized that close tolerances on many intricate vitrified ceramic parts
      can only be obtained by machining with diamond cutting methods after
      firing. This is the case since there is considerable shrinkage which
      occurs during the firing. Also, there are many desired shapes which cannot
      be economically cast or molded during the firing process. In addition, it
      is often not feasible to construct molding dies for small quantities of a
      particular part. The method of the present invention in contrast thereto
      permits easy machining of parts to exact tolerances and then hardening the
      part without change in original dimensions.
PAR  It has now been found that the hardening process may be equally applied to
      the hardening of non-sintered bodies. It has been found that the base
      refractory material can be prepared in a powdered form (such as
      ball-milled aluminum oxide) and simply pressed, molded, slip cast,
      extruded, or otherwise processed so that the base oxide particles are
      packed into close proximity to provide a porous body. The hardening of the
      non-sintered bodies is essentially the same method as applied to the
      porous, partially sintered materials. The hardening is accomplished by
      impregnating the porous body with a metal compound, which may be in
      solution, which compound is capable of being converted to the metal oxide
      in situ at a temperature below sintering temperature in the range of from
      about 600.degree. F. to about 1500.degree. F. and heating the body to
      convert the compound to its oxide. The impregnation and cure cycle must be
      repeated at least for two cycles to provide any usable hardening. It has
      further been found that other finely divided materials, such as a powdered
      metal, oxide mixtures and the like will serve as the base material which
      may also contain additives such as glass or metal fibers or abrasive
      grains to provide special characteristics in the finished product.
PAR  It is, therefore, the principal object of this invention to provide an
      improved low temperature process for the forming and treating and shaping
      and treating of relatively soft porous bodies which avoids one or more of
      the disadvantages of prior art methods of producing close tolerance
      hardened shaped parts.
PAR  A further object of the present invention is to provide an improved low
      temperature process of producing hardened articles of manufacture of
      predetermined shapes, of predetermined characteristics and of
      predetermined dimensions.
PAR  Another object is to provide an improved low temperature method of
      producing articles of manufacture in close tolerance shapes of selected
      hardness, porosity and surface characteristics.
PAR  A still further object of the invention is to provide an improved process
      for the production of ceramic bearings capable of use with or without
      lubricants under unfavorable conditions.
PAR  A further object of the invention is to provide an improved process for the
      application of a refractory oxide coating to a substrate and/or the
      hardening of the oxide coating applied thereto.
PAR  A further object of the invention is to provide an improved low temperature
      process for the production of improved abrasive or polishing stones and
      grinding wheels which may include abrasive grain additives.
PAR  A further object of the invention is to provide a process for the
      production of a refractory ceramic oxide material having a negative
      temperature coefficient of electrical and heat conduction.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is had to the following description
      taken with the drawings, and its scope will be pointed out in the appended
      claims.
DRWD
PAR  FIGS. 1, 2 and 3 constitute a series of photographs of a pressed body of
      alumina powder with an increasing number of impregnation-cure cycles
      according to the present invention;
PAR  FIG. 4 is a photograph of a commercial sintered grinding wheel side by side
      with a grinding wheel made by the process of this invention;
PAR  FIG. 5 is a 300X metallographic photograph of a cross section through a
      commercial plasma sprayed chromia coating prior to treatment according to
      this invention; and,
PAR  FIG. 6 is a 300X photograph of the cross section of FIG. 5 after treatment.
DETD
PAR  This invention is directed to a process and product involving new types of
      materials that are formed by multiple chemical impregnations of a
      relatively soft porous body of finely divided refractory oxide base
      materials, each followed by a low temperature cure to convert the
      impregnant to an oxide. The resulting ceramic structure formed in this
      manner has been shown to exhibit extreme hardness, a high compressive
      strength and a dimensionally stable material over a wide temperature
      range. In addition, a number of these new ceramic materials show an
      inherently small coefficient of friction coupled with a very low wear rate
      characteristic.
PAR  Parts can be economically fabricated of this new material in a wide variety
      of intricate shapes and sizes. This is most easily accomplished by
      providing the base refractory material in a powdered form and packing the
      powder particles into close proximity by suitable means to provide a
      porous body of predetermined shape. The shaped pieces are then repeatedly
      chemically treated and cured at a temperature substantially below that
      used for normal ceramic vitrification.
PAR  One of the unique features of this chemical treatment and hardening method
      is that virtually no change occurs in the original dimensions of the
      shaped part during the hardening process. Therefore, expensive diamond
      machining of the finished hardened part is eliminated.
PAR  These new ceramic materials will withstand repeated water quenching from
      1000.degree. F. as well as prolonged exposure to temperature extremes of
      2000.degree. F. to -300.degree. F. Mohs scale hardness is in excess of 9,
      normally being about equal to that of silicon carbide. Rockwell hardness
      can be as high as A-85 to A-90, with associated compressive strengths in
      excess of 125,000 psi.
PAR  In addition to their use for the manufacture of precision parts, many of
      these ceramics exhibit excellent characteristics for low friction and low
      wear rate bearing and seal applications; in particular, journal bearings,
      thrust bearings and sliding type bearings and seals. When used in this
      manner, lubrication may be by means of a wide variety of conventional and
      non-conventional lubricants. Among those successfully tested to date
      include: tap water, sea water, alcohol, kerosene, polyethylene glycol,
      trichlorethylene, lubricating oils, silicone fluids and liquid metals.
      Solid lubricants have been used with good results at temperatures up to
      about 2000.degree. F. In addition, lightly loaded bearings have been
      operated for limited periods at high speed without lubrication.
PAR  Life tests of sleeve-type bearings have been and still are currently in
      progress. However, to date wear has been too low to obtain quantitative
      data, even after many months' time. Rub-shoe type wear rate tests have
      consequently been conducted and have shown exceptionally low wear rate
      characteristics. For example, a ceramic shoe of this invention riding on a
      ceramic wheel of the same material exhibited many times less wear than a
      bearing bronze shoe riding against a steel wheel using oil as the
      lubricating media. Also, unlike a conventional bronze-steel bearing
      combination, very heavy loads can be applied to many of the
      ceramic-to-ceramic material bearings without their showing any tendency
      toward galling, even when running with such poor lubricants as alcohol or
      water.
PAR  A special variation in treatment of this invention has also been found that
      will produce a honing or finishing material that appears to be superior in
      several respects to both natural and artificially produced grinding
      stones. For example, one such ceramic will remove metal far more rapidly
      than will an Arkansas stone, while at the same time producing a finer and
      more highly polished finish. Another ceramic material of this invention
      displays a wide variation in electrical and heat conduction with
      relatively small changes in temperature.
PAR  The basic method employed for producing the new ceramic materials consists
      of chemically impregnating a porous, refractory oxide structure followed
      by a low temperature cure. The porous refractory acts as the skeletal
      framework around which the final ceramic structure is formed.
PAR  The simplest chemical hardening method consists of impregnating the shaped
      porous body with a solution of chromic acid. The thoroughly impregnated
      material is then cured in an oven with the final temperature reaching at
      least 600.degree. - 1000.degree. F. or higher. The impregnation and curing
      cycle is repeated at least once. With a suitable refractory base material,
      this simple acid treatment will produce a hard ceramic body having
      numerous uses.
PAR  The finely divided base material may be mixed with a binder, such as kaolin
      and the like, before shaping or the impregnant may serve as the binder
      after the first cure. This also may be accomplished by impregnation of the
      porous structure with a water solution of a soluble metal compound
      convertible to an oxide and subsequently converting same to the oxide by
      simply elevating the temperature to the required conversion point. The
      metal compound is selected so that the oxide conversion will normally take
      place at a temperature less than about 1500.degree. F.
PAR  As mentioned previously, the ceramic material is built around a porous
      refractory base material that functions as the skeletal structure. The
      types of such materials that are suitable for use in the present invention
      include various grades of alumina, titania, beryllia, magnesia, magnesium
      silicate and stabilized zirconia. Some materials were obtained from the
      manufacturer in an "underfired" or "machinable" form. In this condition,
      these materials were normally found to be soft enough to allow machining
      by conventional means, and exhibited a relatively high effective porosity
      (10% to 50%) to allow for subsequent chemical treatment by the process of
      this invention. Table I lists the major type designation, manufacturer,
      and indicated hardness, porosity and fabrication method for each of the
      skeletal refractory materials tested.
PAR  The addresses of the manufacturers referred to in Table I are as follows:
      American Lava Corp., Chattanooga, Tennessee; Amerisil, Inc., Hillside, New
      Jersey; Coors, Golden, Colorado; and, Du-Co Ceramics, Saxonburg,
      Pennsylvania.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     UNDERFIRED, POROUS REFRACTORY BASE MATERIALS                              
     __________________________________________________________________________
           Manufacturer's                                                      
     Base  Type           Major   Other   Sintering                            
                                                 Effective                     
                                                      Mohs                     
     Material                                                                  
           Designation                                                         
                   Manufacturer                                                
                          Oxide   Oxides  Temp.  Porosity                      
                                                      Hardness                 
                                                           Remarks             
     __________________________________________________________________________
     Alumina                                                                   
           AHP-99  Coors  99% Al.sub.2 O.sub.3                                 
                                  0.5% SiO.sub.2                               
                                          2670.degree.F.                       
                                                 45.7%                         
                                                      2-3  Isostatic           
                                  0.2% CaO                 Pressed             
                                  0.2% MgO                                     
     Alumina                                                                   
           AP-99-L3                                                            
                   Coors  99% Al.sub.2 O.sub.3                                 
                                          2570.degree.F.                       
                                                 42.4%                         
                                                      2-3  Extruded            
     Alumina                                                                   
           AP-99-l1                                                            
                   Coors  99% Al.sub.2 O.sub.3                                 
                                          1700.degree.F.                       
                                                      0-1  Extruded            
     Alumina                                                                   
           AP-99-l2                                                            
                   Coors  99% Al.sub.2 O.sub.3                                 
                                          2130.degree.F.                       
                                                      1    Extruded            
     Alumina                                                                   
           AP-99-L1                                                            
                   Coors  99% Al.sub.2 O.sub.3                                 
                                          2642.degree.F.   Extruded            
     Alumina                                                                   
           AP-99-L2                                                            
                   Coors  99% Al.sub.2 O.sub.3                                 
                                          2670.degree.F.                       
                                                      5-6  Extruded            
     Alumina                                                                   
           AP-99C-L1                                                           
                   Coors  99% Al.sub.2 O.sub.3                                 
                                          2642.degree.F.                       
                                                      4-5  Cast                
     Alumina                                                                   
           AP-99C-l2                                                           
                   Coors  99% Al.sub.2 O.sub.3                                 
                                          2130.degree.F.   Cast                
     Alumina                                                                   
           AP-99C-L3                                                           
                   Coors  99% Al.sub.2 O.sub.3                                 
                                          2570.degree.F.   Cast                
     Alumina                                                                   
           AlSiMag 614                                                         
                   Am. Lava                                                    
                          96% Al.sub. 2 O.sub.3                                
                                  SiO     2000.degree.F.                       
                                                      1-2  ordered green,      
           (green) Corp.          MgO                      fired for 20 min.   
                                  CaO                      at 2000.degree.F.   
                                                           Extruded rod        
     Alumina                                                                   
           AlSiMag 393                                                         
                   Am. Lava                                                    
                          90% Al.sub.2 O.sub.3        4-5                      
                   Corp.                                                       
     Alumina                                                                   
           AlSiMag 548                                                         
                   Am. Lava                                                    
                          99.8% Al.sub.2 O.sub.3                               
                   Corp.                                                       
     Beryllia                                                                  
           BP-96-i1                                                            
                   Coors  96% BeO         1700.degree.F.                       
                                                      1-2  Extruded            
     Magnesia                                                                  
           187E4   Du-Co  89% MgO SiO.sub.2                                    
                                          2000.degree.F.                       
                                                      1-2                      
                   Ceramics                                                    
     Magnesia                                                                  
           187E77  Du-Co  96% MgO SiO.sub.2                                    
                                          2000.degree.F.                       
                                                      1-2                      
                   Ceramics                                                    
     Magnesium                                                                 
           AlSiMag 222                                                         
                   Am. Lava                                                    
                          MgO.SiO.sub.2               2-3                      
     Silicate      Corp.                                                       
     Silica                                                                    
           No. 3   Amersil,                                                    
                          99% SiO.sub.2               2-3  Hot Pressed         
           Porosity                                                            
                   Inc.                                                        
     Zirconia                                                                  
           172H20  Du-Co  95% ZrO.sub.2                                        
                                  5% CaO              1-2  Made from ZCA       
                   Ceramics                                Type F Coarse       
                                                           Grain Zirconia-     
                                                           (CaO stabilized)    
     Titania                                                                   
           AlSiMag 192                                                         
                   Am. Lava                                                    
                          98% TiO.sub.2                                        
                                  SiO.sub.2                                    
                                          2000.degree.F.                       
                                                      2- 3 Ordered Green       
                   Corp.          MgO                      fired 20 min.       
           (Underfired)           CaO                      at 2000.degree.F.   
     Alumina                                                                   
           AP-995-L3                                                           
                   Coors  99.5% Al.sub.2 O.sub.3                               
                                          2570.degree.F.   Extruded            
     Alumina                                                                   
           AP-997-L3                                                           
                   Coors  99.7% Al.sub.2 O.sub.3                               
                                          2570.degree.F.   Cast                
     Alumina                                                                   
           AP-94-l1                                                            
                   Coors  94% Al.sub.2 O.sub.3                                 
                                  3.75% SiO.sub.2                              
                                                 33.1%                         
                                                      2-3  Extruded            
                                  0.9% CaO                                     
                                  0.75% MgO                                    
                                          1700.degree.F.                       
                                  0.5% ZrO.sub.2                               
                                  0.1% Fe.sub.2 O.sub.3                        
     Alumina                                                                   
           AP-94-l2                                                            
                   Coors  94% Al.sub.2 O.sub.3                                 
                                  3.75% SiO.sub.2                              
                                          2130.degree.F.                       
                                                 33.0%                         
                                                      2-3  Extruded            
                                  0.9% CaO                                     
                                  0.75% MgO                                    
                                  0.5% ZrO.sub.2                               
                                  0.1% Fe.sub.2 O.sub.3                        
     Alumina                                                                   
           AP-94-l2                                                            
                   Coors  94% Al.sub.2 O.sub.3                                 
                                    "     2130.degree.F.                       
                                                 44.1%                         
                                                      2-3  Isostatic           
           (Isostatic)                                     Pressed             
     Alumina                                                                   
           AP-85-l1                                                            
                   Coors  85% Al.sub.2 O.sub.3                                 
                                  10% SiO.sub.2                                
                                          1700.degree.F.                       
                                                 33.4%                         
                                                      2-3  Extruded            
                                  2.75% MgO                                    
                                  1.25% CaO                                    
                                  0.75% BaO                                    
                                  0.25% Fe.sub.2 O.sub.3                       
     Alumina                                                                   
           AlSiMag 614                                                         
                   Am. Lava                                                    
                          96% Al.sub.2 O.sub.3                                 
                                          &gt;2000.degree.F.                      
                                                      6-7  Too hard for        
           (underfired)                                                        
                   Corp.                                   easy                
     __________________________________________________________________________
                                                           machining           
PAR  These materials are fabricated by one or more of several commercially used
      methods such as powder pressing, extrusion, isostatic forming or slip
      casting. The important factor, however, is that the formed or pressed
      oxide be only partially sintered since optimum sintering will result in a
      dense body with insufficient porosity to be usable in the chemical
      treatment method of this invention.
PAR  In addition to the alumina, beryllia, magnesia, titania and zirconia
      materials, it is anticipated that many of the other partially sintered
      refractory oxides would make applicable skeletal structures for the
      improved ceramic material. Among these would be the oxides of Barium,
      Calcium, Cerium, Chromium, Cobalt, Gallium, Hafnium, Lanthanum, Manganese,
      Nickel, Niobium, Tantalum, Thorium, Tin, Uranium, Vanadium, Yttrium and
      Zinc. Also, many of the complex-refractory oxides should be suitable base
      materials. Of the complex-refractories, only the magnesium silicate has
      been tested to date. Other complex-refractories that may be suitable if
      produced in a porous, partially sintered (underfired) form are Aluminum
      silicate, Aluminum titanate, Barium aluminate, Barium silicate, Barium
      zirconate, Beryllium aluminate, Beryllium silicate, Beryllium titanate,
      Beryllium zirconate, Calcium chromite, Calcium phosphate, Calcium
      silicate, Calcium titanate, Calcium zirconate, Cobalt aluminate, Magnesium
      aluminate, Magnesium chromite, Magnesium ferrite, Magnesium lanthanate,
      Magnesium silicate, Magnesium titanate, Magnesium zirconate, Magnesium
      zirconium silicate, Nickel aluminate, Potassium aluminum silicate,
      Strontium aluminate, Strontium phosphate, Strontium zirconate, Thorium
      zirconate, Zinc aluminate, Zinc zirconium silicate and Zirconium silicate.
PAR  The novel process according to the invention is particularly adapted to the
      treating of porous, partially vitrified refractory ceramics such as the
      oxides of Aluminum, Barium, Beryllium, Calcium, Cerium, Chromium, Cobalt,
      Gallium, Hafnium, Lanthanum, Magnesium, Manganese, Nickel, Niobium,
      Tantalum, Thorium, Tin, Titanium, Uranium, Vanadium, Yttrium, Zinc and
      Zirconium and mixtures thereof. The oxides may be substantially pure or
      may contain or have amounts of impurities or additives, such as an oxide
      of a metal other than that of the body such as Cadmium, Chromium, Cobalt,
      Copper, Iron, Magnesium, Manganese, Nickel, Titanium and the like and/or
      other salts of such metals which ultimately will convert to oxides at
      least during the final curing step. The process of this invention also
      contemplates the addition of amounts of additives such as a salt of a
      metal other than that of the body and convertible to an oxide such as the
      acetates, chlorides, nitrates and oxalates of Aluminum, Beryllium,
      Cadmium, Calcium, Cerium, Chromium, Cobalt, Copper, Iron, Lanthanum,
      Lithium, Magnesium, Molybdenum, Nickel, Strontium, Thorium, Tin, Tungsten,
      Zinc and Zirconium which are added to the ceramic during treatment.
PAR  The process of this invention may comprise the forming of a partially
      sintered untreated ceramic into a predetermined shape or the forming
      thereof from a powder and a binder. It will be understood that, while
      precast machinable stock may be used, it is possible to precast to
      intricate shapes and prefire to an underfired condition before the ceramic
      is subjected to Applicants' process. The ceramic, either stock or formed,
      is usually quite porous. The simplest method of chemically hardening the
      porous refractory structure is with a phosphoric acid treatment; however,
      this precludes multiple treatments as the reaction seems to go to
      completion in one treatment. The ceramic is impregnated with a
      concentrated phosphoric acid solution, usually of 85% concentration. The
      ceramic can be evacuated in a vacuum before immersion in the acid to
      hasten the impregnation or, as has been found to be particularly
      effective, the ceramic can be heated to from about 300.degree. to about
      600.degree. F. and then immersed in the phosphoric acid solution. The
      heating causes a vacuum to be produced within the voids of the ceramic and
      the phosphoric acid is drawn all through the ceramic upon immersion. While
      a considerably longer time is required, the ceramic also can be just
      immersed in the phosphoric acid solution for a length of time sufficient
      for complete impregnation. Greater uniformity is achieved by using the
      vacuum or heating impregnation techniques. When the part is thoroughly
      impregnated with phosphoric acid, it is removed from the solution, excess
      phosphoric acid on the surface is drained or wiped off.
PAR  Next, Applicants' novel process comprises the controlled heat curing of the
      phosphoric acid impregnated ceramic. The heating cycle is usually started
      around 150.degree. F. and ends at about at least about 900.degree. F. The
      ceramic pieces are preferably placed in powdered asbestos, and the like,
      to minimize shock during the heating and cooling cycle. The powdered
      asbestos also serves to absorb liquid driven out of the ceramic as the
      temperature is raised. The excess liquid, if not absorbed, would be likely
      to craze the surface of the ceramic.
PAR  As pointed out, one of the unique features of the method of the invention
      is that virtually no dimensional changes occur in the machined piece
      during the hardening process. Therefore, expensive diamond-type machining
      of a hardened part is eliminated.
PAR  The property of physical hardness has been used as the primary means of
      determining effects of varying the underfired base materials, chemical
      treatment and curing methods. Table II below sets forth the hardness
      measurements for various materials which have been given a simple
      phosphoric acid treatment.
TBL                                    TABLE II                                
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR SIMPLE ACID TREATMENT                           
     __________________________________________________________________________
     Sample                                                                    
         Base Type              Major   H.sub.3 PO.sub.4                       
                                               Mohs Rockwell                   
     No. Material                                                              
              Designation                                                      
                       Manufacturer                                            
                                Oxide   Impregnation                           
                                               Hardness                        
                                                    Hardness                   
                                                          Remarks              
     __________________________________________________________________________
     21E Alumina                                                               
              AP-85-l1 Coors    85% Al.sub.2 O.sub.3                           
                                        85%    8-9  A-66.5                     
     22E Alumina                                                               
              AP-94-l1 Coors    94% Al.sub.2 O.sub.3                           
                                        85%    6-7  A-69.5                     
     23E Alumina                                                               
              AP-94-l2 Coors    94% Al.sub.2 O.sub.3                           
                                        85%    6-7  A-71.0                     
     24E Alumina                                                               
              AP-94-l2 Coors    94% Al.sub.2 O.sub.3                           
                                        85%    6-7  A-57.5                     
              (isostatic)                                                      
     25E Alumina                                                               
              AP-99-L3 Coors    99% Al.sub.2 O.sub.3                           
                                        85%    8-9  A-70.5                     
     20E Alumina                                                               
              AHP-99   Coors    99% Al.sub.2 O.sub.3                           
                                        85%    6-7  A-52.5                     
     A7  Alumina                                                               
              AlSiMag 614                                                      
                       Am. Lava Corp.                                          
                                96% Al.sub.2 O.sub.3                           
                                        85%    8-9  A-73.7                     
              (underfired)                                                     
     30E Alumina                                                               
              AlSiMag 393                                                      
                       Am. Lava Corp.                                          
                                90% Al.sub.2 O.sub.3                           
                                        85%    8-9  fractured                  
     29E Alumina                                                               
              AlSiMag 548                                                      
                       Am. Lava Corp.                                          
                                99.8% Al.sub.2 O.sub.3                         
                                        85%    6-7  fractured                  
     26E Beryllia                                                              
              BP-96-l1 Coors    96% BeO 85%    6-7  fractured                  
     a-1 Magnesia                                                              
              187E4    Du-Co Ceramics                                          
                                89% MgO 85%    4-5  fractured                  
     6-1 Magnesia                                                              
              187E77   Du-Co Ceramics                                          
                                96% MgO 85%    4-5  A-37.0                     
     28-E                                                                      
         Magnesium                                                             
              AlSiMag 222                                                      
                       Am. Lava Corp.                                          
                                MgO.SiO.sub.2                                  
                                        85%                                    
         Silicate                                                              
     27-E                                                                      
         Silica                                                                
              No. 3 Porosity                                                   
                       Amersil, Inc.                                           
                                99% SiO.sub.2                                  
                                        85%         Fractured                  
     56-T                                                                      
         Titania                                                               
              AlSiMag 192                                                      
                       Am. Lava Corp.                                          
                                TiO.sub.2                                      
                                        85%    4-5  Fractured                  
              (underfired)                                                     
     Z-1 Zirconia                                                              
              172H20   Du-Co Ceramics                                          
                                95% ZrO.sub.2                                  
                                        85%    8-9  A-54.0                     
     44T Alumina                                                               
              AlSiMag  Am. Lava Corp.                                          
                                MgO.SiO.sub.2                                  
                                        85%    5-6  A-65.5                     
              (2000.degree.F.)                                                 
     C60 Alumina                                                               
              AP-99C-l2                                                        
                       Coors    99% Al.sub.2 O.sub.3                           
                                        85%                                    
     146 Alumina                                                               
              AP-99C-L1                                                        
                       Coors    99% Al.sub.2 O.sub.3                           
                                        85%         A-66.4                     
     __________________________________________________________________________
PAR  Several significant differences in the final product are achieved by the
      variation of portions of the treating process. While a pure or nearly pure
      ceramic material can be significantly hardened by a phosphoric acid
      treatment, prior multiple impregnations of the ceramic with a solution of
      a salt convertible to an oxide and cures converting same to the oxide will
      produce an increase in the hardness of the ceramic and the further
      phosphoric acid treatment which may be given if desired usually produces
      an even harder end product.
PAR  Where the ceramic material is impregnated with a high concentration of
      phosphoric acid and heat treated, a good bearing material is produced and
      two pieces of this same material will slide against one another with a low
      coefficient of friction. After such pieces are worn in for a short while,
      a shiny surface film is produced which remains shiny even at elevated
      temperatures. Where the more concentrated phosphoric acid is used, the
      resulting product is more dense with smaller unfilled pores. Where a
      relatively pure ceramic oxide is treated, the addition thereto of another
      oxide during treatment substantially increases the hardness of the
      finished product. While it is not completely known what occurs in the
      treating process, the pores of the underfired ceramic are believed to be
      filled or partially filled with a reaction product of the ceramic and the
      additive, if any, with the phosphoric acid, probably a complex metal
      phosphate.
PAR  Where the ceramic material, such as aluminum oxide, is impregnated with a
      high concentration of phosphoric acid having dissolved therein aluminum
      phosphate crystals until saturated at from 250.degree. - 400.degree. F.
      and is then heat treated, a material is produced which cannot be polished
      to more than a dull finish, is quite porous and makes an excellent
      polishing and sharpening stone. This characteristic is also produced where
      the treatment with phosphoric acid is carried out with dilute acid
      solutions. It is believed that less reaction product is available to fill
      the pores, providing a more open and abrasive surface. Here again, the
      addition of another oxide during treatment substantially increases the
      hardness of the final product. The starting porous aluminum oxide grades
      have ranged from about 25% to about 60% effective porosity and, when
      subjected to a starved or dilute phosphoric acid treatment, remain quite
      porous which may account for the excellent polishing and sharpening
      characteristics of the thus treated material.
PAR  The heat treating of the phosphoric acid impregnated ceramic should be
      initiated at about 150.degree. F. to 350.degree. F. for a short period of
      time to drive out excess moisture and then the temperature is raised in
      steps for a series of time intervals until the final cure is accomplished
      at at least 500.degree. - 600.degree. F. and preferably at at least
      850.degree. - 900.degree. F. The ceramic will become quite hard at
      500.degree. F. - 600.degree. F., but good electrical resistivity is not
      achieved until the ceramic is subjected to a temperature of 850.degree. F.
      or higher. Temperatures above 1000.degree. F. and as high as 3000.degree.
      F. have been used with good success. It is found that, once the heat
      treatment has been carried to above 850.degree. F., the temperature may be
      increased to well above the normal vitrifying temperatures (e.g.
      3000.degree. F.) without producing any shrinkage or change in the original
      physical dimensions. Further, the high temperatures do not appear to
      affect the hardness of the material from that of the material heated to
      850.degree. F.
PAR  While the mechanism of Applicants' process is not completely understood, it
      is believed that aluminum phosphate may be formed and deposited in the
      crystal lattice structure of the aluminum oxide as well as within the
      voids of the porous ceramic. Further, the phosphates of the impurities
      and/or additives may be formed and possibly as part of the lattice
      structure.
PAR  As pointed out above, the ceramic materials which are chemically treated
      and hardened according to one embodiment of the present process display
      the unique characteristic of exhibiting a low coefficient of friction when
      sliding against themselves. The coefficient of friction between identical
      pieces of the material is considerably less than when used in contact with
      any dissimilar ceramic or metal tested to date.
PAR  Although these materials may be operated dry where they are lightly loaded
      for limited periods of time, the starting friction is considerably higher
      than when a lubricating material is present. Lubrication may be by a
      number of different liquids such as tap water, sea water, kerosene,
      trichlorethylene, lubricating oils, silicone fluids and liquid metals. Dry
      lubricants such as molybdenum di-sulfide, graphite, wax and the like are
      also suitable. It is possible also to form the lubricant in situ within
      the pore structure of the bearing.
PAR  The bearings can be easily and economically fabricated in a wide variety of
      shapes and sizes. The untreated ceramic material in the form of partially
      fired bars or plates is machined to size and shape using conventional high
      speed steel or carbide tooling. The machined pieces are then chemically
      treated and hardened at temperatures substantially below normal
      vitrification temperatures. The hardening occurs with substantially no
      change in dimensions, thus avoiding expensive diamond machining of the
      finished part.
PAR  The ceramic bearing being fairly porous may be used as the lubricant
      reservoir analogous to that of sintered bronze bearings. In other
      instances, the bearing can be operated partially or totally submerged in
      the lubricant or the non-rotating member can be connected to an external
      lubricant reservoir.
PAR  Typical bearings fabricated of ceramic according to the present invention
      can withstand repeated water quenching from at least 1000.degree. F., as
      well as prolonged exposure to temperatures as high as 2000.degree. F. and
      as low as -300.degree. F. The compressive strength is on the order of
      about 125,000 psi or better, and the hardness on the Mohs scale is between
      9-10 or on the order of about A-80 - A-90 on the Rockwell scale.
PAR  The ceramic materials of Table I were subjected to several slightly
      different treatments according to this invention, which are: (1)
      impregnation in phosphoric acid alone; (2) one or more oxide impregnations
      followed by a single phosphoric acid treatment; or, (3) one or more oxide
      impregnations alone.
PAR  A typical phosphoric acid impregnation process according to the present
      invention comprises heating the ceramic piece to about 300.degree. -
      600.degree. F. for about 20 minutes, the piece is then immersed in an 85%
      phosphoric acid solution while hot for about 40 minutes. The piece is then
      placed in an oven and progressively heated from 150.degree. F. to about
      1000.degree. F. over a period of about 120 minutes. The piece is then
      cooled to room temperature.
PAR  A typical combination salt and phosphoric acid impregnation process
      comprises heating the ceramic piece to about 250.degree. - 450.degree. F.
      for about 20 minutes. The heated piece is then immersed in the salt
      solution for about 40 minutes. The piece is removed from the salt solution
      and cured progressively from 150.degree. F. to 1000.degree. F. over a
      period of 120 minutes. The previous steps can be repeated if desired. The
      piece is then cooled to about 600.degree. F. and immersed in an 85%
      phosphoric acid solution for about 40 minutes. The piece is then placed in
      an oven and cured over a temperature range of from 150.degree. to
      1000.degree. F. over a period of about 120 minutes and subsequently cooled
      to ambient temperature in about 15 minutes.
PAR  Fully hardened samples were prepared according to the above treatments from
      the materials of Table I.
PAR  As previously stated, impurities existing in the base material appear to
      have an effect on the resultant hardness of the treated piece. Therefore,
      it was decided to artificially add refractory oxides to the porous base
      structure prior to treating with the phosphoric acid. This was
      accomplished by impregnating the refractory base material with a nitrate,
      chloride, acetate or other highly water soluble salt or an acid of the
      oxide desired, and then converting to the metal oxide by heating slowly to
      an elevated temperature. Following the oxide impregnation cycle (which may
      consist of one or more salt or acid treatments and curing), the body was
      then treated with phosphoric acid.
PAR  Tables III, IV, V and VI show the effect of added oxides to Coors alumina
      products AP-94-11, AP-85-11, AP-99-L3 and AHP-99, respectively. In these
      tests, three impregnations of the saturated salt were used (to assure
      ample "loading" with the desired oxide), followed by the 85% phosphoric
      acid treatment.
PAR  It is interesting to note that these tables show a wide variation in
      hardness depending on the oxide treatment. In some cases, the hardness is
      considerably increased over that of the same base material treated with
      acid only, while in others, the increase is not so marked. The hardness
      that is obtained with the phosphoric acid treatment only (no oxide
      impregnation) is listed for comparison purposes.
PAR  The Cr.sub.2 O.sub.3 treatment is of special interest in that, when used
      with the 99%, 94% and 85% Al.sub.2 O.sub.3 base structures, the resulting
      ceramic is exceptionally high in hardness as compared to all other oxide
      impregnations tested. The Cr.sub.2 O.sub.3 may be added as a solution of a
      soluble salt or preferably as a concentrated solution of chromic acid.
      These four tables also show that the AHP-99 material (99% Al.sub.2
      O.sub.3) is the poorest choice for the base structure of these four types.
      However, since the AP-99-L3 is also a 99% alumina composition, it must be
      assumed that the hardness is not a factor of the refractory purity alone,
      but that other factors such as difference in effective pore size is
      probably responsible for some or all of the noted differences.
PAR  Tables VII, VIII and IX show the same type of data using aluminum oxides
      secured from the American Lava Corporation as their types 614
      (underfired), 393 and 548. These are 96%, 90% and 99.8% Al.sub.2 O.sub.3
      compositions, respectively.
PAR  Hardness measurements obtained with Coors 96% beryllium oxide for four
      different salt impregnations is shown in Table X. It is interesting that
      this base material produces results about equal to the best alumina
      material tested (Coors AP-99), indicating that refractory skeletal
      structures other than alumina are definite candidates for the ceramic
      fabrication method.
PAR  Tables XI and XII show hardness results for oxide impregnated magnesia
      material. While the hardness values are quite low as compared to the
      alumina or the beryllia, this is to be expected since magnesia, even in
      its fully fired state, is not a particularly hard material (Mohs 51/2).
PAR  Tables XIII and XIV cover "AlSiMag" No. 222 magnesium silicate and
      "Amersil" 99% silica, respectively. For reasons not fully understood,
      refractory base materials containing a high percentage of silica do not
      appear to respond well to the phosphoric acid hardening method. Even in
      these two tests, however, the chromic oxide impregnation provided
      noticeably better results than the other impregnations used.
PAR  Table XV lists results obtained with a partially sintered, zirconia
      refractory base material. This particular underfired zirconia was
      fabricated from a calcia stabilized but coarse grain material. It is
      anticipated that a fine grained zirconia, and possibly a magnesium oxide
      stabilized type, would provide better results. Nevertheless, the zirconia
      also reacts to the chemical hardening method in the same general manner as
      does the alumina, magnesia and beryllia and, to a lesser extent, the
      magnesia silicate and silica materials. Table XVA lists results obtained
      with aluminum oxide material and Table XVB lists results obtained with
      titanium dioxide material.
PAR  With regard to the effect of pore size, it would be noted that the AHP-99
      Coors material has quite large pores, compared to the other Coors
      material, being on the order of less than one micron compared with 2 to 3
      microns for the AHP-99 materials. It would appear that the pore size would
      preferably be less than 2 microns and substantially uniform in size.
TBL                                    TABLE III                               
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING COORS AP-94-l1 ALUMINA REFRACTORY BASE MATERIAL                     
     (Acid Treated Hardness Mohs 8-9, Rockwell 70.7)                           
     __________________________________________________________________________
     Sample                                                                    
         Oxide   Salt   No. Salt                                               
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     No. Formed  Impregnation                                                  
                        Impreg.                                                
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     1   Al.sub.2 O.sub.3                                                      
                 Al(NO.sub.3).sub.2                                            
                        3x     85%    9-10 A-71.5                              
                                                 None                          
     7-1 BeO     BeCl.sub.2                                                    
                        3x     85%    9-10 A-74.4                              
                                                 None                          
     5   CaO     Ca(NO.sub.3).sub.2                                            
                        3x     85%    8-9  A-55  None                          
     3   CdO     Cd(NO.sub.3).sub.2                                            
                        3x     85%    8-9  A-63  None                          
     C-1 CeO.sub.2                                                             
                 Ce(NO.sub.3).sub.2                                            
                        3x     85%    9-10 A-71.1                              
                                                 None                          
     9   CoO     Co(NO.sub.3).sub.2                                            
                        3x     85%    8-9  A-74.8                              
                                                 None                          
     L-4 Cr.sub.2 O.sub.3                                                      
                 CrO.sub.3                                                     
                        3x     85%    9-10 A-81.5                              
                                                 None                          
     7-3 CuO     Cu(NO.sub.3).sub.2                                            
                        3x     85%    9-10 A-61.0                              
                                                 None                          
     7   Fe.sub.2 O.sub.3                                                      
                 FeCl.sub.3                                                    
                        3x     85%    8-9  A-72.5                              
                                                 None                          
     7-5 La.sub.2 O.sub.3                                                      
                 La(NO.sub.3).sub.2                                            
                        3x     85%    8-9  A-53.5                              
                                                 Yes                           
     7-7 Li.sub.2 O                                                            
                 LiC.sub. 2 H.sub.3 O.sub.2                                    
                        3x     85%    8-9  A-48.2                              
                                                 Yes                           
     11  MgO     Mg(C.sub.2 H.sub.3 O.sub.2).sub.2                             
                        3x     85%    9-10 Fractured                           
                                                 Yes                           
     D-5 MgCr.sub.2 O.sub.4                                                    
                 MgCrO.sub.4                                                   
                        3x     85%    9-10 A-73.8                              
                                                 None                          
     13  NiO     Ni(NO.sub.3).sub.2                                            
                        3x     85%    9-10 A-75.6                              
                                                 None                          
     D-1 SnO     SnCl.sub.2                                                    
                        3x     85%    9-10 A-71.7                              
                                                 None                          
     15  SrO     Sr(NO.sub.3).sub.2                                            
                        3x     85%    8-9  Fractured                           
                                                 Yes                           
     7-9 ThO.sub.2                                                             
                 Th(NO.sub.3).sub.4                                            
                        3x     85%    9-10 A-73.5                              
                                                 None                          
     17  TiO.sub.2                                                             
                 Ti.sub.2 (C.sub.2 O.sub.4).sub.3                              
                        3x     85%    9-10 A-73.5                              
                                                 None                          
     9-X WO.sub.3                                                              
                 H.sub.4 SiW.sub.16 O.sub.40                                   
                        3x     85%    9-10 A-72.1                              
                                                 None                          
     Zn94                                                                      
         ZnO     ZnCl.sub.2                                                    
                        3x     85%    8-9  A-73.8                              
                                                 None                          
     D-3 ZrO.sub.2                                                             
                 ZrOCl.sub.2                                                   
                        3x     85%    9-10 A-76.1                              
                                                 None                          
     l-A Fe.sub.2 O.sub.3.Cr.sub.2 O.sub.3                                     
                 (1)FeCl.sub.3 +                                               
                        3x     85%    9-10 A-77  None                          
                 (1)CrO.sub.3                                                  
     __________________________________________________________________________
TBL                                    TABLE IV                                
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING COORS AP-85-l1 ALUMINA REFRACTORY BASE MATERIAL                     
     (Acid Treated Hardness Mohs 8-9, Rockwell A-65.9)                         
     __________________________________________________________________________
            Oxide                                                              
                 Salt    No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                 Impregnation                                                  
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     8-4    Al.sub.2 O.sub.3                                                   
                 Al(NO.sub.3).sub.2                                            
                         3x    85%    8-9  A-71 None                           
     8-2    CeO.sub.2                                                          
                 Ce(NO.sub.3).sub.2                                            
                         3x    85%    9-10 A-74 Yes                            
     8-1    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         3x    85%    9-10 A-81 None                           
     8-5    MgO  Mg(C.sub.2 H.sub.3 O.sub.2).sub.2                             
                         3x    85%    8-9  A-66 Yes Shattered During           
                                                    Rockwell Test              
     8-6    TiO.sub.2                                                          
                 Ti(C.sub.2 O.sub.4).sub.3                                     
                         3x    85%    8-9  A-68 Yes Shattered During           
                                                    Rockwell Test              
     8-3    ZrO.sub.2                                                          
                 ZrOCl.sub.2                                                   
                         3x    85%    9-10 A-72 None                           
     __________________________________________________________________________
TBL                                    TABLE V                                 
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING COORS AP-99-L3 ALUMINA REFRACTORY BASE MATERIAL                     
     (Acid Treated Hardness Mohs 8-9, Rockwell A-70.5)                         
     __________________________________________________________________________
            Oxide Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     L-4    CeO.sub.2                                                          
                  Ce(NO.sub.3).sub.2                                           
                         3x    85%    8-9  A-69.1                              
                                                Yes Exploded in Oven           
     L-1    Cr.sub.2 O.sub.3                                                   
                  CrO.sub.3                                                    
                         3x    85%    9-10 A-80.5                              
                                                None                           
     L-3    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         3x    85%    9-10 A-71.0                              
                                                None                           
     L-2    ZrO.sub.2                                                          
                  ZrOCl.sub.2                                                  
                         3x    85%    9-10 A-60.1                              
                                                None                           
     __________________________________________________________________________
TBL                                    TABLE VI                                
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING COORS AHP-99 ALUMINA REFRACTORY BASE MATERIAL                       
     (Acid Treated Hardness Mohs 5-6, Rockwell A-54.8)                         
     __________________________________________________________________________
            Oxide Salt    No. Salt                                             
                                H.sub.3 PO.sub.4                               
                                       Mohs Rockwell                           
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                          Impreg.                                              
                                Impregnation                                   
                                       Hardness                                
                                            Hardness                           
                                                  Cracks                       
                                                      Remarks                  
     __________________________________________________________________________
     2      Al.sub.2 O.sub.3                                                   
                  Al(NO.sub.3).sub.2                                           
                          3x    85%    8-9  A-60.0                             
                                                  None                         
     7-2    BeO   BeCl.sub.2                                                   
                          3x    85%    8-9  A-57.0                             
                                                  None                         
     8-X    BeO   Be(NO.sub.3).sub.2                                           
                          3x    85%    6-7  A-67.9                             
                                                  None                         
     6      CaO   Ca(NO.sub.3).sub.2                                           
                          3x    85%    6-7  Fractured                          
                                                  None                         
     4      CdO   Cd(NO.sub.3).sub.2                                           
                          3x    85%    4-5  A-55.0                             
                                                  None                         
     C-5    CeO.sub.2                                                          
                  Ce(NO.sub.3).sub.2                                           
                          3x    85%    8-9  A-54.9                             
                                                  None                         
     10     CoO   Co(NO.sub.3).sub.2                                           
                          3x    85%    6-7  A-62.2                             
                                                  None                         
     K-7    Cr.sub.2 O.sub.3                                                   
                  CrO.sub.3                                                    
                          3x    85%    9-10 A-69.2                             
                                                  None                         
     7-4    CuO   Cu(NO.sub.3).sub.2                                           
                          3x    85%    4-5  A-47.1                             
                                                  None                         
     8      Fe.sub.2 O.sub.3                                                   
                  FeCl.sub.3                                                   
                          3x    85%    8-9  A-45.2                             
                                                  None                         
     7-6    La.sub.2 O.sub.3                                                   
                  La(NO.sub.3).sub. 2                                          
                          3x    85%    8-9  A-59.0                             
                                                  None                         
     7-8    Li.sub.2 O                                                         
                  LiC.sub.2 H.sub.3 O.sub.2                                    
                          3x    85%    5-6  A-53.1                             
                                                  Yes                          
     12     MgO   Mg(C.sub.2 H.sub.3 O.sub.2).sub.2                            
                          3x    85%    6-7  A-52.3                             
                                                  None                         
     K-3    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                          3x    85%    9-10 A-63.5                             
                                                  None                         
     14     NiO   Ni(NO.sub.3).sub.2                                           
                          3x    85%    7-8  A-59.6                             
                                                  None                         
     6-X    PbO   Pb(NO.sub.3).sub.2                                           
                          3x    85%    5-6  A-55.1                             
                                                  None                         
     4-X    Sb.sub.2 O.sub.3                                                   
                  SbCl.sub.3                                                   
                          3x    85%    6-7  A-59.4                             
                                                  None                         
     D-2    SnO   SnCl.sub.2                                                   
                          3x    85%    8-9  A-52.0                             
                                                  None                         
     1b     SrO   Sr(NO.sub.3).sub.2                                           
                          3x    85%    8-9  A-26.0                             
                                                  None                         
     7-9    ThO.sub.2                                                          
                  Th(NO.sub.3).sub.4                                           
                          3x    85%    9-10 A-58.7                             
                                                  None                         
     18     TiO.sub.2                                                          
                  Ti.sub.2 (C.sub.2 O.sub.4).sub.3                             
                          3x    85%    8-9  A-53.3                             
                                                  None                         
     10-X   WO.sub.3                                                           
                  H.sub.4 SiW.sub.16 O.sub.40                                  
                          3x    85%    8-9  A-69.0                             
                                                  None                         
     Zn-1   ZnO   Zn(NO.sub.3).sub.2                                           
                          3x    85%    8-9  A-48.1                             
                                                  None                         
     An99   ZnO   ZnCl.sub.2                                                   
                          3x    85%    8-9  A-72.8                             
                                                  None                         
     K-5    ZrO.sub.2                                                          
                  ZrOCl.sub.2                                                  
                          3x    85%    8-9  A-61.7                             
                                                  None                         
     __________________________________________________________________________
TBL                                    TABLE VII                               
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING ALSIMAG 614 (UNDERFIRED) ALUMINA REFRACTORY BASE MATERIAL*          
     (Acid Treated Hardness Mohs 8-9, Rockwell A-73.7, 96% Al.sub.2 O.sub.3)   
     __________________________________________________________________________
            Oxide Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     A-11   CeO.sub.2                                                          
                  Ce(NO.sub.3).sub.2                                           
                         3x    85%    8-9  A-69.0                              
                                                None                           
                                                    Fractured During           
                                                    Rockwell Test              
     A-14   Cr.sub.2 O.sub.3                                                   
                  CrO.sub.3                                                    
                         3x    85%    9-10 A-76.0                              
                                                None                           
     A-13   CoO   Co(NO.sub.3).sub.2                                           
                         3x    85%    9-10 A-73.0                              
                                                None                           
                                                    Fractured During           
                                                    Rockwell Test              
     A-8    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         3x    85%    9-10 A-65.5                              
                                                None                           
                                                    Fractured During           
                                                    Rockwell Test              
     A-12   NiO   Ni(NO.sub.3).sub.2                                           
                         3x    85%    6-7  A-72.5                              
                                                None                           
                                                    Fractured During           
                                                    Rockwell Test              
     A-10   ZnO   Zn(NO.sub.3).sub.2                                           
                         3x    85%    6-7  A-73.3                              
                                                None                           
     A-9    ZrO.sub.2                                                          
                  ZrOCl.sub.2                                                  
                         3x    85%    9-10 A-68.0                              
                                                None                           
                                                    Fractured During           
                                                    Rockwell                   
     __________________________________________________________________________
                                                    Test                       
      *Fired at &gt;2000.degree.F.                                                
TBL                                    TABLE VIII                              
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING ALSIMAG 393 ALUMINA REFRACTORY BASE MATERIAL                        
     (Acid Treated Hardness Mohs 8-9, Rockwell A- , 90% Al.sub.2 O.sub.3       
     __________________________________________________________________________
            Oxide Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     A-4    Cr.sub.2 O.sub.3                                                   
                  CrO.sub.3                                                    
                         3x    85% P  9-10 A-77.0                              
                                                 None                          
     A-5    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         3x    85% P  9-10 Shattered                           
                                                 None                          
     A-6    ZrO.sub.2                                                          
                  ZrOCl.sub.2                                                  
                         3x    85% P  8-9  A-68.5                              
                                                 None                          
     __________________________________________________________________________
TBL                                    TABLE IX                                
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING ALSIMAG 548 ALUMINA REFRACTORY BASE MATERIAL                        
     (Acid Treated Hardness Mohs 6-7, Rockwell A- , 99.8% Al.sub.2 O.sub.3)    
     __________________________________________________________________________
            Oxide Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     A-1    Cr.sub.2 O.sub.3                                                   
                  CrO.sub.3                                                    
                         3x    85%    8-9  Fractured                           
                                                 None                          
     A-2    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         3x    85%    8-9  Fractured                           
                                                 None                          
     A-3    ZrO.sub.2                                                          
                  ZrOCl.sub.2                                                  
                         3x    85%    8-9  A-76.4                              
                                                 None                          
     __________________________________________________________________________
TBL                                    TABLE X                                 
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING COORS BP-96-11 BERYLLIA REFRACTORY BASE MATERIAL                    
     (Acid Treated Hardness Mohs 6-7, Rockwell A- )                            
     __________________________________________________________________________
            Oxide                                                              
                 Salt   No. Salt                                               
                              H.sub.3 PO.sub.4                                 
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                 Impregnation                                                  
                        Impreg.                                                
                              Impregnation                                     
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     B-1    Al.sub.2 O.sub.3                                                   
                 Al(NO.sub.3).sub.2                                            
                        3x    85%     8-9  A-74 None                           
     B-2    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                        3x    85%     9-10 A-81 None                           
                                                    Shattered in               
                                                    Rockwell Testing           
     B-4    MgCrO.sub.4                                                        
                 MgCrO.sub.4                                                   
                        3x    85%     9-10 A-71 None                           
     B-3    ZrO.sub.2                                                          
                 ZrOCl.sub.2                                                   
                        3x    85%     9-10 A-75 None                           
                                                    Shattered in               
                                                    Rockwell                   
     __________________________________________________________________________
                                                    Testing                    
TBL                                    TABLE XI                                
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING DU-CO 89% MAGNESIA REFRACTORY BASE MATERIAL                         
     (Acid Treated Hardness Mohs 4-5, Rockwell - Fractured)                    
     __________________________________________________________________________
            Oxide Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     9-4    Al.sub.2 O.sub.3                                                   
                  Al(NO.sub.3).sub.2                                           
                         3x    85%    4-5  Fractured                           
                                                None                           
     9-2    Cr.sub.2 O.sub.3                                                   
                  CrO.sub.3                                                    
                         3x    85%    8-9  Fractured                           
                                                None                           
     9-3    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         3x    85%    8-9  A-51.5                              
                                                None                           
     9-6    TiO.sub.2                                                          
                  Ti.sub.2 (C.sub.2 O.sub.4).sub.3                             
                         3x    85%    N.M. N.M.     MgO Base                   
                                                    Disintegrated              
     9-5    ZrO.sub.2                                                          
                  ZrOCl.sub.2                                                  
                         3x    85%    N.M. N.M.     MgO Base                   
                                                    Disintegrated              
     __________________________________________________________________________
TBL                                    TABLE XII                               
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING DU-CO 96% MAGNESIA REFRACTORY BASE MATERIAL                         
     (Acid Treated Hardness Mohs 4-5, Rockwell A-37.0)                         
     __________________________________________________________________________
            Oxide Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     6-4    Al.sub.2 O.sub.3                                                   
                  Al(NO.sub.3).sub.2                                           
                         3x    85%    3-4  Fractured                           
                                                 None                          
     6-2    Cr.sub.2 O.sub.3                                                   
                  CrO.sub.3                                                    
                         3x    85%    6-7  Fractured                           
                                                 None                          
     6-3    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         3x    85%    6-7  A-44.25                             
                                                 None                          
     6-6    TiO.sub.2                                                          
                  Ti.sub.2 (C.sub.2 O.sub.4).sub.3                             
                         3x    85%    N.M. N.M.      Dissolved                 
     6-5    ZrO.sub.2                                                          
                  ZrOCl.sub.2                                                  
                         3x    85%    N.M. N.M.      Dissolved                 
     __________________________________________________________________________
TBL                                    TABLE XIII                              
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING ALSIMAG 222 MAGNESIUM-SILICATE REFRACTORY BASE MATERIAL             
     (Acid Treated Harness Mohs , Rockwell A- )                                
     __________________________________________________________________________
            Oxide Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     MS-1   Al.sub.2 O.sub.3                                                   
                  Al(NO.sub.3).sub.2                                           
                         3x    85%    3-4  Fractured                           
                                                 None                          
     MS-2   Cr.sub.2 O.sub.3                                                   
                  CrO.sub.3                                                    
                         3x    85%    8-9  Fractured                           
                                                 None                          
     MS-3   MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         3x    85%    7-8  A-41  None                          
                                                     Shattered During          
                                                     Rockwell Test             
     MS-4   ZrO.sub.2                                                          
                  ZrOCl.sub.2                                                  
                         3x    85%    1-2  Fractured                           
                                                 None                          
     __________________________________________________________________________
TBL                                    TABLE XIV                               
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING AMERSIL NO. 3 POROSITY SILICA REFRACTORY BASE MATERIAL              
     (Acid Treated Hardness Mohs, Rockwell A- )                                
     __________________________________________________________________________
            Oxide Salt    No. Salt                                             
                                H.sub.3 PO.sub.4                               
                                       Mohs Rockwell                           
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                          Impreg.                                              
                                Impregnation                                   
                                       Hardness                                
                                            Hardness                           
                                                  Cracks                       
                                                      Remarks                  
     __________________________________________________________________________
     S-2    Al.sub.2 O.sub.3                                                   
                  Al(NO.sub.3).sub.2                                           
                          3x    85%    4-5  Fractured                          
                                                  None                         
     S-6    CeO.sub.2                                                          
                  Ce(NO.sub.3).sub.2                                           
                          3x    85%    4-5  Fractured                          
                                                  None                         
     S-1    Cr.sub.2 O.sub.3                                                   
                  CrO.sub.3                                                    
                          3x    85%    6-7  A-54.0                             
                                                  None                         
     S-3    MgO   Mg(C.sub.2 H.sub.3 O.sub.2).sub.2                            
                          3x    85%    4-5  Fractured                          
                                                  None                         
     S-5    MgCrO.sub.4                                                        
                  MgCrO.sub.4                                                  
                          3x    85%    6-7  Fractured                          
                                                  None                         
     S-4    ZrO.sub.2                                                          
                  ZrOCl.sub.2                                                  
                          3x    85%    4-5  Fractured                          
                                                  None                         
     __________________________________________________________________________
TBL                                    TABLE XV                                
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING DU-CO ZIRCONIA REFRACTORY BASE MATERIAL                             
     (Acid Treated Hardness Mohs 8-9, Rockwell A-54.0)                         
     __________________________________________________________________________
            Oxide Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     Z-4    Al.sub.2 O.sub.3                                                   
                  Al(NO.sub.3).sub.2                                           
                         3x    85%    6-7  A-46.8                              
                                                 None                          
     Z-2    Cr.sub.2 O.sub.3                                                   
                  CrO.sub.3                                                    
                         3x    85%    9-10 A-66.2                              
                                                 None                          
     Z-7    MgO   Mg(C.sub.2 H.sub.3 O.sub.2).sub.2                            
                         3x    85%    6-7  Fractured                           
                                                 None                          
     Z-3    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         3x    85%    9-10 A-58.0                              
                                                 None                          
     Z-8    ThO.sub.2                                                          
                  Th(NO.sub.3).sub.2                                           
                         3x    85%    6-7  A-55.3                              
                                                 None                          
     Z-6    ZnO   Zn(NO.sub.3).sub.2                                           
                         3x    85%    6-7  A-44.7                              
                                                 None                          
     Z-5    ZrO.sub.2                                                          
                  ZrOCl.sub.2                                                  
                         3x    85%    8-9  A-60.3                              
                                                 None                          
     __________________________________________________________________________
TBL                                    TABLE XVA                               
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING ALSIMAG 614 96% Al.sub.2 O.sub.3 REFRACTORY BASE MATERIAL PARTIALLY 
     SINTERED AT 2000.degree.F.                                                
     (Acid Treated Hardness Mohs , Rockwell A- )                               
     __________________________________________________________________________
            Oxide Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     40T    Cr.sub.2 O.sub.3                                                   
                  CrO.sub.3                                                    
                         3x    85%    9-10 A-82.5                              
                                                 None                          
     41T    ZrO.sub.2                                                          
                  ZrOCl.sub.2                                                  
                         3x    85%    9-10 A-74.5                              
                                                 None                          
     42T    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         3x    85%    9-10 A-67.5                              
                                                 None                          
     43T    NiO   Ni(NO.sub.3).sub.2                                           
                         3x    85%    9-10 A-69.5                              
                                                 None                          
     44T          None         85%    5-6  A-65.5                              
                                                 None                          
     __________________________________________________________________________
TBL                                    TABLE XVB                               
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR VARIOUS OXIDE IMPREGNATIONS                     
     USING ALSIMAG 192 TITANIA 98% TiO.sub.2 REFRACTORY BASE MATERIAL          
     PARTIALLY SINTERED AT 2000.degree.F.                                      
     (Acid Treated Hardness Mohs , Rockwell A- )                               
     __________________________________________________________________________
            Oxide Salt    No. Salt                                             
                                H.sub.3 PO.sub.4                               
                                       Mohs Rockwell                           
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                          Impreg.                                              
                                Impregnation                                   
                                       Hardness                                
                                            Hardness                           
                                                  Cracks                       
                                                      Remarks                  
     __________________________________________________________________________
     50-T   Cr.sub.2 O.sub.3                                                   
                  CrO.sub.3                                                    
                          3x    85%    8-9  A-77.5                             
                                                  None                         
     51-T   ZrO.sub.2                                                          
                  ZrOCl.sub.2                                                  
                          3x    85%    8-9  A-66.0                             
                                                  None                         
     52-T   BeO   Be(NO.sub.3).sub.2                                           
                          3x    85%    6-7  A-69.0                             
                                                  None                         
     53-T   MgO   Mg(C.sub.2 H.sub.3 O.sub.2).sub.2                            
                          3x    85%    6-7  Fractured                          
     54-T   Al.sub.2 O.sub.3                                                   
                  Al(NO.sub.3).sub.2                                           
                          3x    85%    5-6  Fractured                          
     55-T   MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                          3x    85%    9-10 A-65.0                             
     56-T         None          85%    4-5  Fractured                          
     __________________________________________________________________________
PAR  Tables XVI-XXIX show the hardness of selected base materials which have
      been treated with multiple salt impregnations to illustrate the effect on
      hardness of varying the amount of added oxide prior to the final acid
      treatment. In the preceding Tables, all samples were impregnated with the
      salt solution three times. The following impregnations were varied from as
      few as one time to a maximum of eleven times, and included a final
      phosphoric acid treatment. The base materials and oxide impregnations
      tested in this manner were selected from the materials of Table I.
PAR  Table XVI shows the effect of 1 through 11 chmroic oxide impregnations
      using Coors AP-99-L3 alumina base material, while Table XVIA shows the
      effect of 1 through 8 chromic oxide impregnations with AP-94-11 alumina
      base material and Table XVII shows 1 through 5 impregnations with AP-94-12
      material. These tables show the definite increase in hardness with
      increase in number of oxide impregnations. The rate of increase in
      hardness is also seen to decrease as the number of impregnations increase.
      This would appear to follow since there is probably less and less
      interstitial space for the oxides with each successive treatment. Specific
      gravity and porosity tests bear this out.
TBL                                    TABLE XVI                               
     __________________________________________________________________________
     HARDNESS VARIATION WITH NUMBER OF CHROMIC OXIDE IMPREGNATIONS             
     USING COORS AP-99-L3 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Oxide                                                              
                 Salt    No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                 Impregnation                                                  
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     80-L   Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         1x    85%    9-10 A-73.2                              
                                                None                           
     81-L   Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         3x    85%    9-10 A-80.4                              
                                                None                           
     82-L   Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         5x    85%    9-10 A-83.9                              
                                                None                           
     83-L   Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         7x    85%    9-10 A-87.6                              
     84-L   Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         9x    85%    9-10 A-88.3                              
                                                None                           
     85-L   Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         11x   85%    9-10 A-88.9                              
                                                None                           
     __________________________________________________________________________
TBL                                    TABLE XVIA                              
     __________________________________________________________________________
     HARDNESS VARIATION WITH NUMBER OF CHROMIC OXIDE IMPREGNATIONS             
     USING COORS AP-94-11 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Oxide                                                              
                 Salt    No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                 Impregnation                                                  
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     L-8    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         1x    85%    9-10 A-76.4                              
                                                None                           
     L-9    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         2x    85%    9-10 A-80.7                              
                                                None                           
     3X     Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         3x    85%    9-10 A-81.8                              
                                                None                           
     --     Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         4x    85%    9-10                                     
     5X     Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         5x    85%    9-10 A-85.0                              
                                                None                           
     6X     Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         6x    85%    9-10 A-85.0                              
                                                None                           
     7X     Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         7x    85%    9-10 A-86.0                              
                                                None                           
     8X     Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         8x    85%    9-10 A-87.0                              
                                                None                           
     __________________________________________________________________________
TBL                                    TABLE XVII                              
     __________________________________________________________________________
     HARDNESS VARIATION WITH NUMBER OF CHROMIC OXIDE IMPREGNATIONS             
     USING COORS AP-94-l2 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Oxide                                                              
                 Salt    No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                 Impregnation                                                  
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     L-7    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         1x    85%    9-10 A-75.8                              
     K-8    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         2x    85%    9-10 A-79.6                              
     L-4    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         3x    85%    9-10 A-81.5                              
     L-5    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         4x    85%    9-10 A-83.9                              
     2-S    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         5x    85%    9-10 A-86.0                              
                         6x    85%                                             
     3-S    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         7x    85%    9-10 A-83.0                              
     4-S    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         9x    85%    9-10 A-84.0                              
     5-S    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         11x   85%    9-10 A-85.0                              
     __________________________________________________________________________
PAR  These tables show that there is very little difference in the hardness
      results obtained between the AP-94-11 and the AP-94-12 materials. The
      difference between these two base materials is in their sintering
      temperatures, respectively 1700.degree.F. and 2130.degree.F.
PAR  Table XVIII shows the results obtained with chromic oxide impregnations on
      Coors AHP-99 alumina material. While the hardness increases with the
      number of chromic oxide impregnations, the hardness numbers obtained for a
      given number of treatments is much less than those obtained with chromic
      oxide treatment of Coors AP-99-L3 material of Table XVI. Since these
      alumina materials are both 99% aluminum oxide, and both have the same
      effective porosity of about 40%, the differences measured must be a result
      of the different pore size. The AHP-99 material has larger pores on the
      order of 2-3 microns average, while the AP-99-L3 average pore size is
      0.6-0.7 microns.
TBL                                    TABLE XVIII                             
     __________________________________________________________________________
     HARDNESS VARIATION WITH NUMBER OF CHROMIC OXIDE IMPREGNATIONS             
     USING COORS AHP-99 ALUMINA REFRACTORY BASE MATERIAL                       
     __________________________________________________________________________
            Oxide                                                              
                 Salt    No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                 Impregnation                                                  
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     O-6    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         1x    85%                                             
     L-1    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         2x    85%    8-9  A-57.4                              
                                                None                           
     O-7    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         3x    85%    9-10 A-69.2                              
                                                None                           
     L-2    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         4x    85%    8-9  A-68.7                              
                                                None                           
     O-8    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         5x    85%    9-10 A-73.0                              
                                                None                           
     --                  6x                                                    
     3-U    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         7x    85%    9-10 A-80.0                              
                                                None                           
     --                  8x                                                    
     4-U    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         9x    85%    9-10 A-76.0                              
                                                None                           
     --                  10x                                                   
     5-U    Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                         11x   85%    9-10 A-79.0                              
     __________________________________________________________________________
PAR  Tables XIX and XX show the effect of hardness for 1 through 5 impregnations
      of zirconium oxide into base materials of AP-94-12 and AHP-99 alumina,
      respectively., Again, the AP-94 material produces greater hardness than
      the AHP-99 for comparable impregnations. Also, while the AP-94 material
      impregnated with zirconium oxide does not produce as hard an end product
      as does the chromic oxide impregnation, the reverse is true when
      considering the AHP-99 material. Again, the explanation is undoubtedly
      connected with differences in pore size and/or impurities in the base
      material.
PAR  Tables XXI and XXII show similar tests to those just described, except that
      the impregnant was a concentrated solution of magnesium chromate instead
      of a concentrated solution of zirconyl chloride.
TBL                                    TABLE XIX                               
     __________________________________________________________________________
     HARDNESS VARIATIONS WITH NUMBER OF ZIRCONIUM OXIDE IMPREGNATIONS          
     USING COORS AP-94-l2 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Oxide                                                              
                 Salt    No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                 Impregnation                                                  
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     Y-1    ZrO.sub.2                                                          
                 ZrOCl.sub.2                                                   
                         1x    85%    8-9  A-71.9                              
                                                None                           
     K-6    ZrO.sub.2                                                          
                 ZrOCl.sub.2                                                   
                         2x    85%    8-9  A-74.6                              
                                                None                           
     5-T    ZrO.sub.2                                                          
                 ZrOCl.sub.2                                                   
                         3x    85%    9-10 A-70.0                              
                                                None                           
     --                  4x                                                    
     6-T    ZrO.sub.2                                                          
                 ZrOCl.sub.2                                                   
                         5x    85%    9-10 A-73.0                              
                                                None                           
     --                  6x                                                    
     7-T    ZrO.sub.2                                                          
                 ZrOCl.sub.2                                                   
                         7x    85%    9-10 A-73.0                              
                                                None                           
     --                  8x                                                    
     8-T    ZrO.sub.2                                                          
                 ZrOCl.sub.2                                                   
                         9x    85%    9-10 A-80.5                              
                                                None                           
     --                  10x                                                   
     9-T    ZrO.sub.2                                                          
                 ZrOCl.sub.2                                                   
                         11x   85%    9-10 A-78.0                              
                                                None                           
     __________________________________________________________________________
TBL                                    TABLE XX                                
     __________________________________________________________________________
     HARDNESS VARIATIONS WITH NUMBER OF ZIRCONIUM OXIDE IMPREGNATIONS          
     USING COORS AHP-99 ALUMINA REFRACTORY BASE MATERIAL                       
     __________________________________________________________________________
            Oxide Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     Y-2    ZrO.sub.2                                                          
                  ZrCl.sub.2                                                   
                         1x    85%    5-6  A-55.5                              
                                                 None                          
     Y-4    ZrO.sub.2                                                          
                  ZrCl.sub.2                                                   
                         2x    85%    9-10 A-63.5                              
                                                 None                          
     K-5    ZrO.sub.2                                                          
                  ZrCl.sub.2                                                   
                         3x    85%    9-10 A-61.7                              
                                                 None                          
     Y-5    ZrO.sub.2                                                          
                  ZrCl.sub.2                                                   
                         4x    85%    9-10 A-71.6                              
                                                 None                          
     __________________________________________________________________________
TBL                                    TABLE XXI                               
     __________________________________________________________________________
     HARDNESS VARIATION WITH NUMBER OF MAGNESIUM CHROMITE IMPREGNATIONS        
     USING COORS AP-94-12 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Oxide Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     M-1    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         1x    85%    9-10 A-66  None                          
     M-2    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         3x    85%    9-10 A-72  None                          
     M-3    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         5x    85%    9-10 A-70  None                          
     __________________________________________________________________________
TBL                                    TABLE XXII                              
     __________________________________________________________________________
     HARDNESS VARIATION WITH NUMBER OF MAGNESIUM CHROMITE IMPREGNATIONS        
     USING COORS AHP-99 ALUMINA REFRACTORY BASE MATERIAL                       
     __________________________________________________________________________
            Oxide Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Formed                                                             
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     M-4    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         1x    85%    6-7  A-50  None                          
     M-5    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         3x    85%    9-10 A-53  None                          
     M-6    MgCr.sub.2 O.sub.4                                                 
                  MgCrO.sub.4                                                  
                         5x    85%    9-10 A-61  None                          
     __________________________________________________________________________
PAR  Tables XXIII and XXIV are for ceric oxide impregnated AP-94-11 and AHP-99
      base materials, respectively. Table XXV covers the AP-94 material with
      concentrated cobalt nitrate solution used as the impregnant. Table XXVI is
      for the same base material but using a concentrated silico-tungstic acid
      solution for the impregnant. Table XXVII is again for the AP-94 base
      material but using a 1:1 mixture of concentrated ferric chloride solution
      and chromic acid as the impregnating solution to form what appears to be a
      ferric chromite when cured.
TBL                                    TABLE XXIII                             
     __________________________________________________________________________
     HARDNESS VARIATIONS WITH NUMBER OF CERIC OXIDE IMPREGNATIONS              
     USING COORS AP-94-l1 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Oxide                                                              
                Salt   No. Salt                                                
                             H.sub.3 PO.sub.4                                  
                                    Mohs Rockwell                              
     Sample No.                                                                
            Formed                                                             
                Impregnation                                                   
                       Impreg.                                                 
                             Impregnation                                      
                                    Hardness                                   
                                         Hardness                              
                                              Cracks                           
                                                  Remarks                      
     __________________________________________________________________________
     C-0    CeO.sub.2                                                          
                Ce(NO.sub.3).sub.2                                             
                       2x    85%    8-9  A-68.3                                
                                              None                             
     C-1    CeO.sub.2                                                          
                Ce(NO.sub.3).sub.2                                             
                       3x    85%    9-10 A-71.1                                
                                              None                             
     C-2    CeO.sub.2                                                          
                Ce(NO.sub.3).sub.2                                             
                       4x    85%    9-10 A-72.9                                
                                              None                             
     C-3    CeO.sub.2                                                          
                Ce(NO.sub.3).sub.2                                             
                       5x    85%    9-10 A-74.6                                
                                              None                             
     C-4    CeO.sub.2                                                          
                Ce(NO.sub.3).sub.2                                             
                       6x    85%    9-10 A-75.7                                
                                              None                             
     __________________________________________________________________________
TBL                                    TABLE XXIV                              
     __________________________________________________________________________
     HARDNESS VARIATIONS WITH NUMBER OF CERIC OXIDE IMPREGNATIONS              
     USING COORS AHP-99 ALUMINA REFRACTORY BASE MATERIAL                       
     __________________________________________________________________________
            Oxide                                                              
                Salt   No. Salt                                                
                             H.sub.3 PO.sub.4                                  
                                    Mohs Rockwell                              
     Sample No.                                                                
            Formed                                                             
                Impregnation                                                   
                       Impreg.                                                 
                             Impregnation                                      
                                    Hardness                                   
                                         Hardness                              
                                              Cracks                           
                                                  Remarks                      
     __________________________________________________________________________
     C-5    CeO.sub.2                                                          
                Ce(NO.sub.3).sub.2                                             
                       3x    85%    8-9  A-54.9                                
                                              None                             
     C-6    CeO.sub.2                                                          
                Ce(NO.sub.3).sub.2                                             
                       4x    85%    8-9  A-59.4                                
                                              None                             
     C-7    CeO.sub.2                                                          
                Ce(NO.sub.3).sub.2                                             
                       5x    85%    8-9  A-59.0                                
                                              None                             
     C-8    CeO.sub.2                                                          
                Ce(NO.sub.3).sub.2                                             
                       6x    85%    8-9  A-60.1                                
                                              None                             
     __________________________________________________________________________
TBL                                    TABLE XXV                               
     __________________________________________________________________________
     HARDNESS VARIATION WITH NUMBER OF COBALT OXIDE IMPREGNATIONS              
     USING COORS AP-94-12 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Oxide                                                              
                Salt   No. Salt                                                
                             H.sub.3 PO.sub.4                                  
                                    Mohs Rockwell                              
     Sample No.                                                                
            Formed                                                             
                Impregnation                                                   
                       Impreg                                                  
                             Impregnation                                      
                                    Hardness                                   
                                         Hardness                              
                                              Cracks                           
                                                  Remarks                      
     __________________________________________________________________________
     3-B    CoO Co(NO.sub.3).sub.2                                             
                       1x    85%    9-10 A-71.5                                
                                              None                             
     --     --  --     2x    --     --   --   --                               
     4-B    CoO Co(NO.sub.3).sub.2                                             
                       3x    85%    9-10 A-73.0                                
                                              None                             
     --     --  --     4x    --     --   --   --                               
     1-T    CoO Co(NO.sub.3).sub.2                                             
                       5x    85%    9-10 A-74.5                                
                                              None                             
     __________________________________________________________________________
TBL                                    TABLE XXVI                              
     __________________________________________________________________________
     HARDNESS VARIATIONS WITH NUMBER OF TUNGSTIC OXIDE IMPREGNATIONS           
     USING COORS AP-94-l2 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Oxide                                                              
                Salt    No. Salt                                               
                              H.sub.3 PO.sub.4                                 
                                     Mohs Rockwell                             
     Sample No.                                                                
            Formed                                                             
                Impregnation                                                   
                        Impreg.                                                
                              Impregnation                                     
                                     Hardness                                  
                                          Hardness                             
                                               Cracks                          
                                                   Remarks                     
     __________________________________________________________________________
     1-W    WO.sub.3                                                           
                H.sub.4 SiW.sub.16 O.sub.40                                    
                        1x    85%    8-9  A-69.0                               
                                               None                            
     2-W    WO.sub.3                                                           
                H.sub.4 SiW.sub.16 O.sub.40                                    
                        3x    85%    7-8  A-71.0                               
                                               None                            
     5-W    WO.sub.3                                                           
                H.sub.4 SiW.sub.16 O.sub.40                                    
                        4x    85%    9-10 A-76.0                               
                                               None                            
     3-W    WO.sub.3                                                           
                H.sub.4 SiW.sub.16 O.sub.40                                    
                        5x    85%    9-10 A-76.0                               
                                               None                            
     7-W    WO.sub.3                                                           
                H.sub.4 SiW.sub.16 O.sub.40                                    
                        6x    85%    --   --   --                              
     8-W    WO.sub.3                                                           
                H.sub.4 SiW.sub.16 O.sub.40                                    
                        7x    85%    9-10 A-75.0                               
                                               None                            
     __________________________________________________________________________
TBL                                    TABLE XXVII                             
     __________________________________________________________________________
     HARDNESS VARIATIONS WITH NUMBER OF FERRIC CHROMITE IMPREGNATIONS          
     USING COORS AP-94-l2 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Oxide  Salt   No. Salt                                             
                                H.sub.3 PO.sub.4                               
                                       Mohs Rockwell                           
     Sample No.                                                                
            Formed Impregnation                                                
                          Impreg.                                              
                                Impregnation                                   
                                       Hardness                                
                                            Hardness                           
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     4-A    Fe.sub.2 O.sub.3 Cr.sub.2 O.sub.3                                  
                   (1)FeCl.sub.3 +                                             
                          1x    85%    6-7  A-72 None                          
                   (1)CrO.sub.3                                                
     --     --     --     2x    --     --   --   --                            
     1-A    Fe.sub.2 O.sub.3 Cr.sub.2 O.sub.3                                  
                   (1)FeCl.sub.3 +                                             
                          3x    85%    9-10 A-75 None                          
                   (1)CrO.sub.3                                                
     2-A    Fe.sub.2 O.sub.3 Cr.sub.2 O.sub.3                                  
                   (1)FeCl.sub.3 +                                             
                          4x    85%    9-10 A-77 None                          
                   (1)CrO.sub.3                                                
     3-A    Fe.sub.2 O.sub.3 Cr.sub.2 O.sub.3                                  
                   (1)FeCl.sub.3 +                                             
                          5x    85%    9-10 A-82 None                          
                   (1)CrO.sub.3                                                
     __________________________________________________________________________
PAR  A zirconia base material has been used for tests shown as Tables XXVIII and
      XXIX. These are for a coarse grain, calcia stabilized, 95% zirconia
      underfired refractory material with chromic oxide and zirconcium oxide
      impregnations as shown.
TBL                                    TABLE XXVIII                            
     __________________________________________________________________________
     HARDNESS VARIATIONS WITH NUMBER OF CHROMIC OXIDE IMPREGNATIONS            
     USING DU-CO, CALCIA STABILIZED, 95% ZIRCONIA BASE MATERIAL                
     __________________________________________________________________________
            Oxide                                                              
                 Salt   No. Salt                                               
                              H.sub.3 PO.sub.4                                 
                                     Mohs Rockwell                             
     Sample No.                                                                
            Formed                                                             
                 Impregnation                                                  
                        Impreg.                                                
                              Impregnation                                     
                                     Hardness                                  
                                          Hardness                             
                                               Cracks                          
                                                   Remarks                     
     __________________________________________________________________________
     20-Z   Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                        3x    85%    6-7  A-69.5                               
                                               None                            
     21-Z   Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                        5x    85%    6-7  A-78.5                               
                                               None                            
     22-Z   Cr.sub.2 O.sub.3                                                   
                 CrO.sub.3                                                     
                        7x    85%    6-7  A-77 None                            
     23-Z   None None   None  85%    8-9  A-54 None                            
     __________________________________________________________________________
TBL                                    TABLE XXIX                              
     __________________________________________________________________________
     HARDNESS VARIATIONS WITH NUMBER OF ZIRCONIUM OXIDE IMPREGNATIONS          
     USING DU-CO, CALCIA STABILIZED, 95% ZIRCONIA BASE MATERIAL                
     __________________________________________________________________________
            Oxide                                                              
                Salt   No. Salt                                                
                             H.sub.3 PO.sub.4                                  
                                    Mohs Rockwell                              
     Sample No.                                                                
            Formed                                                             
                Impregnation                                                   
                       Impreg.                                                 
                             Impregnation                                      
                                    Hardness                                   
                                         Hardness                              
                                               Cracks                          
                                                   Remarks                     
     __________________________________________________________________________
     23-Z   ZrO.sub.2                                                          
                ZrOCl.sub.2                                                    
                       3x    85%    6-7  A-65  None                            
     24-Z   ZrO.sub.2                                                          
                ZrOCl.sub.2                                                    
                       5x    85%    6-7  A-66  None                            
     25-Z   ZrO.sub.2                                                          
                ZrOCl.sub.2                                                    
                       7x    85%    6-7  Fractured                             
                                               --                              
     26-Z   None                                                               
                None   None  85%    8-9  A-54  None                            
     __________________________________________________________________________
PAR  A series of multiple phosphoric acid treatments of the Coors AP-94, AP-85
      and AHP-99 alumina base materials has been investigated. The results are
      shown in Tables XXX, XXXI and XXXII. For the most part, these tests show
      that one phosphoric acid treatment is equal to, or better than, more than
      one treatment.
PAR  Table XXXIII shows the same type of multiple acid treatment test, except
      that the Coors (AP-94) material has been first impregnated with three
      chromic acid applications prior to the final phosphoric acid treatments.
      Again, one phosphoric acid treatment appears to be optimum.
TBL                                    TABLE XXX                               
     __________________________________________________________________________
     MULTIPLE ACID IMPREGNATIONS                                               
     USING COORS AP-94-12 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Salt   No. Salt                                                    
                         H.sub.3 PO.sub.4                                      
                                No. Acid                                       
                                      Mohs Rockwell                            
     Sample No.                                                                
            Impregnation                                                       
                   Impreg.                                                     
                         Impregnation                                          
                                Impreg.                                        
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     P-1    None   --    85%    1x    8-9  A-68.7                              
                                                None                           
     P-2    None   --    85%    2x    8-9  A-67.8                              
                                                None                           
     P-3    None   --    85%    3x    6-7  A-67.7                              
                                                None                           
     P-4    None   --    421/2% 1x    4-5  A-64.8                              
                                                Yes Fractured                  
     P-5    None   --    421/2% 2x    6-7  A-58.7                              
                                                Yes Fractured                  
     P-6    None   --    421/2% 3x    6-7  A-58.5                              
                                                None                           
                                                    Fractured                  
     __________________________________________________________________________
TBL                                    TABLE XXXI                              
     __________________________________________________________________________
     MULTIPLE ACID IMPREGNATIONS                                               
     USING COORS AP-85-l1 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Salt   No. Salt                                                    
                         H.sub.3 PO.sub.4                                      
                                No. Acid                                       
                                      Mohs Rockwell                            
     Sample No.                                                                
            Impregnation                                                       
                   Impreg.                                                     
                         Impregnation                                          
                                Impreg.                                        
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     P-7    None   --    85%    1x    8-9  A-61.2                              
                                                 Yes                           
     P-8    None   --    85%    2x    9-10 A-58.5                              
                                                 Yes Fractured                 
     P-9    None   --    85%    3x    6-7  A-63.0                              
                                                 None                          
     P-10   None   --    421/2% 1x    4-5  A-53.7                              
                                                 None                          
     P-11   None   --    421/2% 2x    6-7  Fractured                           
                                                 Yes Fractured                 
     P-12   None   --    421/2% 3x    6-7  A-67.6                              
                                                 Yes                           
     __________________________________________________________________________
TBL                                    TABLE XXXII                             
     __________________________________________________________________________
     MULTIPLE ACID IMPREGNATIONS                                               
     USING COORS AHP-99 ALUMINA REFRACTORY BASE MATERIAL                       
     __________________________________________________________________________
            Salt   No. Salt                                                    
                         H.sub.3 PO.sub.4                                      
                                No. Acid                                       
                                      Mohs Rockwell                            
     Sample No.                                                                
            Impregnation                                                       
                   Impreg.                                                     
                         Impregnation                                          
                                Impreg.                                        
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     P-13   None   --    85% P  1x    5-6  A-44.2                              
                                                 None                          
     P-14   None   --    85% P  2x    6-7  A-45.0                              
                                                 Yes Fractured                 
     P-15   None   --    85% P  3x    6-7  A-68.0                              
                                                 None                          
     1-R    None   --    85% P  3x    N.M. N.M.  Yes                           
     2-R    None   --    85% P  4x    N.M. N.M.  Yes                           
     3-R    None   --    85% P  5x    N.M. N.M.  Yes                           
     4-R    None   --    85% P  6x    N.M. N.M.  Yes                           
     P-16   None   --    421/2% P                                              
                                1x    4-5  A-31.7                              
                                                 None                          
     P-17   None   --    421/2% P                                              
                                2x    6-7  Fractured                           
                                                 Yes Fractured                 
     P-18   None   --    421/2% P                                              
                                3x    6-7  A-41.3                              
                                                 None                          
     __________________________________________________________________________
TBL                                    TABLE XXXIII                            
     __________________________________________________________________________
     MULTIPLE ACID IMPREGNATION TEST                                           
     USING COORS AP-94-l2 ALUMINA REFRACTORY BASE MATERIAL                     
     WITH CHROMIC OXIDE PRE-TREATMENT                                          
     __________________________________________________________________________
            No. Salt                                                           
                   No. Salt                                                    
                         H.sub.3 PO.sub.4                                      
                                No. Acid                                       
                                      Mohs Rockwell                            
     Sample No.                                                                
            Impregnation                                                       
                   Impreg.                                                     
                         Impregnation                                          
                                Impreg.                                        
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     1-C    CrO.sub.3                                                          
                   3x    85%    1x    9-10 A-82.5                              
                                                None                           
     2-C    CrO.sub.3                                                          
                   3x    85%    2x    9-10 A-81.0                              
                                                None                           
     3-C    CrO.sub.3                                                          
                   3x    421/2% 1x    9-10 A-78.1                              
                                                None                           
     4-C    CrO.sub.3                                                          
                   3x    421/2% 2x    9-10 A-81.0                              
                                                None                           
     5-C    CrO.sub.3                                                          
                   3x    421/2% 3x    9-10 A-81.0                              
                                                None                           
     __________________________________________________________________________
PAR  Tables XXIV and XXXV show the effect of varying the phosphoric acid
      concentration. In the previous tests, the acid strength has been either
      85% or 421/2% H.sub.3 PO.sub.4. In these two tests, 95%, 90% and 75%
      phosphoric acid are also compared with the standard 85% strength
      treatment. Table XXXIV covers the AP-94 base material and Table XXXV the
      AHP-99 material.
TBL                                    TABLE XXXIV                             
     __________________________________________________________________________
     EFFECT ON HARDNESS OF VARYING ACID CONCENTRATION                          
     USING COORS AP-94-12 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Salt   No. Salt                                                    
                         H.sub.3 PO.sub.4                                      
                                No. Acid                                       
                                      Mohs Rockwell                            
     Sample No.                                                                
            Impregnation                                                       
                   Impreg.                                                     
                         Impregnation                                          
                                Impreg.                                        
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     21-E   None   --    95%    1x    5-6  A-63.0                              
                                                None                           
     23-E   None   --    85%    1x    6-7  A-65.0                              
                                                None                           
     25-E   None   --    75%    1x    6-7  A-59.5                              
                                                None                           
     P-4    None   --    421/2% 1x    4-5  A-64.8                              
                                                None                           
     27.E   CrO.sub.3                                                          
                   3x    95%    1x    9-10 A-83.0                              
                                                None                           
     29-E   CrO.sub.3                                                          
                   3x    85%    1x    9-10 A-80.5                              
                                                None                           
     31-E   CrO.sub.3                                                          
                   3x    75%    1x    8-9  A-82.0                              
                                                None                           
     3-C    CrO.sub.3                                                          
                   3x    421/2% 1x    9-10 A-81.0                              
                                                None                           
     L-4    CrO.sub.3                                                          
                   3x    85%    1x    9-10 A-81.5                              
                                                None                           
     __________________________________________________________________________
TBL                                    TABLE XXXV                              
     __________________________________________________________________________
     EFFECT ON HARDNESS OF VARYING ACID CONCENTRATION                          
     USING COORS AHP-99 ALUMINA REFRACTORY BASE MATERIAL                       
     __________________________________________________________________________
            Salt   No. Salt                                                    
                         H.sub.3 PO.sub.4                                      
                                No. Acid                                       
                                      Mohs Rockwell                            
     Sample No.                                                                
            Impregnation                                                       
                   Impreg.                                                     
                         Impregnation                                          
                                Impreg.                                        
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     20-E   None   --    95%    1x    4-5  A-46.0                              
                                                None                           
     22-E   None   --    85%    1x    6-7  A-56.0                              
                                                None                           
     24-E   None   --    75%    1x    6-7  A-46.0                              
                                                None                           
     P-16   None   --    421/2% 1x    4-5  A-31.7                              
                                                None                           
     26-E   CrO.sub.3                                                          
                   3x    95%    1x    5-6  A-70.0                              
                                                None                           
     28-E   CrO.sub.3                                                          
                   3x    85%    1x    4-5  A-74.0                              
                                                None                           
     30-E   CrO.sub.3                                                          
                   3x    75%    1x    4-5  A-71.5                              
                                                None                           
     __________________________________________________________________________
PAR  When conducting impregnation tests with various metal oxides, it was found
      that a marked increase in the Mohs hardness scratch number occurred in
      several instances, even before the final phosphoric acid treatment. It has
      now been found that this marked increase in hardness occurs with at least
      two single oxides; chromic oxide and cobalt oxide, and at least two
      complex oxides; magnesium chromite and iron chromite, when used as
      impregnants for one or more of the porous aluminia base materials. A fifth
      impregnant, silico-tungsten acid, has also been found to react in a
      similar manner.
PAR  Tables XXXVI and XXXVII, respectively, show the hardness measurements
      obtained with AP-94-11 and AHP-99 alumina base materials with multiple
      impregnations with chromium trioxide (chromic acid) which is converted to
      chromic oxide on curing (no final acid treatment). Table XXXVIII covers
      the same two base refractory materials with multiple impregnations with
      magnesium chromate which is converted to magnesium chromite on curing.
      Table XXXIX shows the same Coors AP-94-11 alumina material, but using
      multiple impregnations with ferric chloride-chromic acid solution which is
      converted to ferric chromite on curing. Table XXXIXA shows the Coors
      AP-94-12 material with multiple silico-tungstic acid impregnations.
TBL                                    TABLE XXXVI                             
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR MULTIPLE Cr.sub.2 O.sub.3 IMPREGNATIONS         
     WITHOUT FINAL ACID TREATMENT                                              
     USING COORS AP-94-12 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Base  Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Material                                                           
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     O-1    AP-94-12                                                           
                  CrO.sub.3                                                    
                         1x    None   4-5  A-43.0                              
                                                None                           
     O-2    AP-94-12                                                           
                  CrO.sub.3                                                    
                         2x    None   4-5  A-62.2                              
                                                None                           
     O-3    AP-94-12                                                           
                  CrO.sub.3                                                    
                         3x    None   8-9  A-74.0                              
                                                None                           
     O-4    AP-94-12                                                           
                  CrO.sub.3                                                    
                         4X    None   9-10 A-82.0                              
                                                None                           
     O-5    AP-94-12                                                           
                  CrO.sub.3                                                    
                         5x    None   9-10 A-84.0                              
                                                None                           
     3-S    AP-94-12                                                           
                  CrO.sub.3                                                    
                         7x    None   9-10 A-84.0                              
                                                None                           
     4-S    AP-94-12                                                           
                  CrO.sub.3                                                    
                         9x    None   9-10 A-84.5                              
                                                None                           
     5-S    AP-94-12                                                           
                  CrO.sub.3                                                    
                         11x   None   9-10 A-86.0                              
                                                None                           
     __________________________________________________________________________
TBL                                    TABLE XXXVII                            
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR MULTIPLE Cr.sub.2 O.sub.3 IMPREGNATIONS         
     WITHOUT FINAL ACID TREATMENT                                              
     USING COORS AHP-99 ALUMINA REFRACTORY BASE MATERIAL                       
     __________________________________________________________________________
            Base  Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Material                                                           
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
                                                    Remarks                    
     __________________________________________________________________________
     O-6    AHP-99                                                             
                  CrO.sub.3                                                    
                         1x    None   3-4  A-15.2                              
                                                None                           
     O-7    AHP-99                                                             
                  CrO.sub.3                                                    
                         3x    None   6-7  A-54.7                              
                                                None                           
     O-8    AHP-99                                                             
                  CrO.sub.3                                                    
                         5x    None   8-9  A-69.0                              
                                                None                           
     3-U    AHP-99                                                             
                  CrO.sub.3                                                    
                         7x    None   9-10 A-75.0                              
                                                None                           
     4-U    AHP-99                                                             
                  CrO.sub.3                                                    
                         9x    None   9-10 A-78.0                              
                                                None                           
     5-U    AHP-99                                                             
                  CrO.sub.3                                                    
                         11x   None   9-10 A-79.5                              
                                                None                           
     __________________________________________________________________________
TBL                                    TABLE XXXVIII                           
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR MULTIPLE MAGNESIUM CHROMITE                     
     IMPREGNATIONS WITHOUT FINAL ACID TREATMENT                                
     __________________________________________________________________________
            Base  Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Material                                                           
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                Cracks                         
     __________________________________________________________________________
     M-1    AP-94-12                                                           
                  MgCrO.sub.4                                                  
                         1x    None   4-5  A-24.7                              
                                                None                           
     M-2    AP-94-12                                                           
                  MgCrO.sub.4                                                  
                         3x    None   8-9  A-49.2                              
                                                None                           
     M-3    AP-94-12                                                           
                  MgCrO.sub.4                                                  
                         5x    None   9-10 A-63.1                              
                                                None                           
     M-4    AHP-99                                                             
                  MgCrO.sub.4                                                  
                         1x    None   3-4  A-8.7                               
                                                None                           
     M-5    AHP-99                                                             
                  MgCrO.sub.4                                                  
                         3x    None   6-7  A-28.8                              
                                                None                           
     M-6    AHP-99                                                             
                  MgCrO.sub.4                                                  
                         5x    None   8-9  A-39.0                              
                                                None                           
     __________________________________________________________________________
TBL                                    TABLE XXXIX                             
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR MULTIPLE IMPREGNATIONS                          
     WITHOUT FINAL ACID TREATMENT                                              
     USING COORS AP-94-11 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Oxide  Salt   No. Salt                                             
                                H.sub.3 PO.sub.4                               
                                       Mohs                                    
     Sample No.                                                                
            Formed Impregnation                                                
                          Impreg.                                              
                                Impregnation                                   
                                       Hardness                                
     __________________________________________________________________________
     4-A    Fe.sub.2 O.sub.3 Cr.sub.2 O.sub.3                                  
                   (1)FeCl.sub.3 +                                             
                          1x    85%    4-5                                     
                   (1)CrO.sub.3                                                
     5-A    Fe.sub.2 O.sub.3 Cr.sub.2 O.sub.3                                  
                   (1)FeCl.sub.3 +                                             
                          3x    85%    9-10                                    
                   (1)CrO.sub.3                                                
     6-A    Fe.sub.2 O.sub.3 Cr.sub.2 O.sub.3                                  
                   (1)FeCl.sub.3 +                                             
                          5x    85%    9-10                                    
                   (1)CrO.sub.3                                                
     __________________________________________________________________________
TBL                                    TABLE XXXIXA                            
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR MULTIPLE TUNGSTIC OXIDE                         
     IMPREGNATIONS WITHOUT FINAL ACID TREATMENT                                
     USING COORS AP-94-12 ALUMINA REFRACTORY BASE MATERIAL                     
     __________________________________________________________________________
            Base  Salt   No. Salt                                              
                               H.sub.3 PO.sub.4                                
                                      Mohs Rockwell                            
     Sample No.                                                                
            Material                                                           
                  Impregnation                                                 
                         Impreg.                                               
                               Impregnation                                    
                                      Hardness                                 
                                           Hardness                            
                                                 Cracks                        
                                                     Remarks                   
     __________________________________________________________________________
     1-W    AP-94-12                                                           
                  H.sub.4 SiW.sub.16 O.sub.40                                  
                         1x    None   4-5  A-35.0                              
                                                 None                          
     2-W    AP-94-12                                                           
                  H.sub.4 SiW.sub.16 O.sub.40                                  
                         3x    None   7-8  Fractured                           
                                                 None                          
     5-W    AP-94-12                                                           
                  H.sub.4 SiW.sub.16 O.sub.40                                  
                         4x    None   8-9  A-75.0                              
                                                 None                          
     3-W    AP-94-12                                                           
                  H.sub.4 SiW.sub.16 O.sub.40                                  
                         5x    None   8-9  A-69.5                              
                                                 None                          
     7-W    AP-94-12                                                           
                  H.sub.4 SiW.sub.16 O.sub.40                                  
                         6x    None   9-10 A-65.0                              
                                                 None                          
     8-W    AP-94-12                                                           
                  H.sub.4 SiW.sub.16 O.sub.40                                  
                         7x    None   9-10 A-74.0                              
                                                 None                          
     __________________________________________________________________________
PAR  Compressive strength tests have been conducted for several treated
      refractory ceramics using the ASTM tentative standard, Method C528-637.
PAR  The data presented in Tables XL, XLI, XLII and XLIII cover Coors AP-94-11,
      AP-94-12, AP-85-11 and AP-99-L3 alumina refractory base materials,
      respectively, with a single phoshoric acid treatment only.
TBL                                    TABLE XL                                
     __________________________________________________________________________
     COMPRESSIVE STRENGTH MEASUREMENTS FOR                                     
     COORS AP-94-11 ALUMINA REFRACTORY BASE MATERIAL                           
     USING SINGLE ACID TREATMENT ONLY                                          
     __________________________________________________________________________
            Salt   No. Salt                                                    
                         H.sub.3 PO.sub.4                                      
                                Sample                                         
                                     Area     Compressive                      
     Sample No.                                                                
            Impregnation                                                       
                   Impreg.                                                     
                         Impregnation                                          
                                Diameter                                       
                                     (in.sup.2)                                
                                         1bf  Strength                         
                                                     Remarks                   
     __________________________________________________________________________
     1      None   --    85%    .622 .303                                      
                                         22.7K                                 
                                              74,800 psi                       
     2      None   --    85%    .623 .304                                      
                                         23.2K                                 
                                              76,500 psi                       
     3      None   --    85%    .625 .306                                      
                                         24.2K                                 
                                              82,200 psi                       
     4      None   --    85%    .622 .303                                      
                                         16.2K                                 
                                              53,500 psi                       
     5      None   --    85%    .622 .303                                      
                                         22.4K                                 
                                              74,000 psi                       
     Avg.                                     72,500 psi                       
     __________________________________________________________________________
TBL                                    TABLE XLI                               
     __________________________________________________________________________
     COMPRESSIVE STRENGTH MEASUREMENTS FOR                                     
     COORS AP-94-12 ALUMINA REFRACTORY BASE MATERIAL                           
     USING SINGLE ACID TREATMENT ONLY                                          
     __________________________________________________________________________
            Salt   No. Salt                                                    
                         H.sub.3 PO.sub.4                                      
                                Sample                                         
                                     Area     Compressive                      
     Sample No.                                                                
            Impregnation                                                       
                   Impreg.                                                     
                         Impregnation                                          
                                Diameter                                       
                                     (in.sup.2)                                
                                         1bf  Strength                         
                                                     Remarks                   
     __________________________________________________________________________
     1      None   --    85%    .622 .303                                      
                                         26.3K                                 
                                              87,000 psi                       
     2      None   --    85%    .623 .304                                      
                                         21.8K                                 
                                              71,800 psi                       
     3      None   --    85%    .625 .306                                      
                                         25.7K                                 
                                              83,800 psi                       
     4      None   --    85%    .621 .302                                      
                                         29.0K                                 
                                              94,000 psi                       
     5      None   --    85%    .624 .305                                      
                                         22.0K                                 
                                              72,300 psi                       
     Avg.                                     81,800 psi                       
     __________________________________________________________________________
TBL                                    TABLE XLII                              
     __________________________________________________________________________
     COMPRESSIVE STRENGTH MEASUREMENTS FOR                                     
     COORS AP-85-11 ALUMINA REFRACTORY BASE MATERIAL                           
     USING SINGLE ACID TREATMENT ONLY                                          
     __________________________________________________________________________
            Salt   No. Salt                                                    
                         H.sub.3 PO.sub.4                                      
                                Sample                                         
                                     Area     Compressive                      
     Sample No.                                                                
            Impregnation                                                       
                   Impreg.                                                     
                         Impregnation                                          
                                Diameter                                       
                                     (in.sup.2)                                
                                         1bf  Strength                         
                                                     Remarks                   
     __________________________________________________________________________
     1      None   --    85%    .625 .306                                      
                                         17.8K                                 
                                              58,300 psi                       
     2      None   --    85%    .625 .306                                      
                                         20.0K                                 
                                              65,500 psi                       
     3      None   --    85%    .625 .306                                      
                                         12.6K                                 
                                              41,000 psi                       
     4      None   --    85%    .624 .305                                      
                                         12.7K                                 
                                              41,600 psi                       
     5      None   --    85%    .623 .304                                      
                                         18.95K                                
                                              62,300 psi                       
     Avg.                                     53,740 psi                       
     __________________________________________________________________________
TBL                                    TABLE XLIII                             
     __________________________________________________________________________
     COMPRESSIVE STRENGTH MEASUREMENTS FOR                                     
     COORS AP-99-L3 ALUMINA REFRACTORY BASE MATERIAL                           
     USING SINGLE ACID TREATMENT ONLY                                          
     __________________________________________________________________________
     Sample                                                                    
         Salt   No. Salt                                                       
                      H.sub.3 PO.sub.4                                         
                             Sample                                            
                                  Area     Compressive                         
     No. Impregnation                                                          
                Impreg.                                                        
                      Impregnation                                             
                             Diameter                                          
                                  (in.sup.2)                                   
                                      1bf  Strength                            
                                                  Remarks                      
     __________________________________________________________________________
     1   None   --    85%    .625 .306                                         
                                      23.6K                                    
                                           77,400 psi                          
     2   None   --    85%    .624 .305                                         
                                      21.7K                                    
                                           71,000 psi                          
     3   None   --    85%    .625 .305                                         
                                      21.6K                                    
                                           70,900 psi                          
     Avg.                                  73,100 psi                          
     __________________________________________________________________________
PAR  Tables XLIV, XLV and XLVI covers Coors AHP-99 base material with three
      impregnations of chromic oxide (chromic acid), magnesium chromite and
      zirconium oxide, respectively. A final, single phosphoric acid treatment
      was also used in each case.
PAR  Table XLVII shows compressive strength measurements for Coors AP-94-11
      material with three chromic oxide (chromic acid) impregnations, plus final
      phosphoric acid treatment.
TBL                                    TABLE XLIV                              
     __________________________________________________________________________
     COMPRESSIVE STRENGTH MEASUREMENTS FOR                                     
     COORS AHP-99 ALUMINA REFRACTORY BASE MATERIAL                             
     USING CHROMIC OXIDE IMPREGNATIONS PLUS SINGLE ACID TREATMENT              
     __________________________________________________________________________
     Sample                                                                    
         Salt   No. Salt                                                       
                      H.sub.3 PO.sub.4                                         
                             Sample                                            
                                  Area    Compressive                          
     No. Impregnation                                                          
                Impreg.                                                        
                      Impregnation                                             
                             Diameter                                          
                                  (in.sup.2)                                   
                                      1bf Strength                             
                                                 Remarks                       
     __________________________________________________________________________
     N-7 CrO.sub.3                                                             
                3x    85%    .249 .049                                         
                                      3900                                     
                                          78,100 psi                           
     N-8 CrO.sub.3                                                             
                3x    85%    .250 .049                                         
                                      4475                                     
                                          89,600 psi                           
     C-1 CrO.sub.3                                                             
                3x    85%    .249 .049                                         
                                      4150                                     
                                          85,215 psi                           
     C-2 CrO.sub.3                                                             
                3x    85%    .250 .049                                         
                                      3750                                     
                                          76,375 psi                           
     C-3 CrO.sub.3                                                             
                3x    85%    .250 .049                                         
                                      3050                                     
                                          62,370 psi                           
     C-4 CrO.sub.3                                                             
                3x    85%    .249 .049                                         
                                      4375                                     
                                          89,835 psi                           
     Avg.                                 80,249 psi                           
     __________________________________________________________________________
TBL                                    TABLE XLV                               
     __________________________________________________________________________
     COMPRESSIVE STRENGTH MEASUREMENTS FOR                                     
     COORS AHP-99 ALUMINA REFRACTORY BASE MATERIAL                             
     USING MAGNESIUM CHROMITE IMPREGNATIONS PLUS SINGLE ACID                   
     __________________________________________________________________________
     TREATMENT                                                                 
     Sample                                                                    
         Salt   No. Salt                                                       
                      H.sub.3 PO.sub.4                                         
                             Sample                                            
                                  Area     Compressive                         
     No. Impregnation                                                          
                Impreg.                                                        
                      Impregnation                                             
                             Diameter                                          
                                  (in.sup.2)                                   
                                       1bf Strength                            
                                                  Remarks                      
     __________________________________________________________________________
     N-2 MgCrO.sub.4                                                           
                3x    85%    .250 .0492                                        
                                       4175                                    
                                           83,600 psi                          
     N-3 MgCrO.sub.4                                                           
                3x    85%    .250 .0492                                        
                                       3575                                    
                                           71,500 psi                          
     Avg.                                  77,550 psi                          
     __________________________________________________________________________
TBL                                    TABLE XLVI                              
     __________________________________________________________________________
     COMPRESSIVE STRENGTH MEASUREMENTS FOR                                     
     COORS AHP-99 ALUMINA REFRACTORY BASE MATERIAL                             
     USING ZIRCONIUM OXIDE IMPREGNATIONS PLUS SINGLE ACID TREATMENT            
     __________________________________________________________________________
     Sample                                                                    
         Salt   No. Salt                                                       
                      H.sub.3 PO.sub.4                                         
                             Sample                                            
                                  Area                                         
                                      1bf Compressive                          
     No. Impregnation                                                          
                Impreg.                                                        
                      Impregnation                                             
                             Diameter                                          
                                  (in.sup.2)                                   
                                          Strength                             
                                                 Remarks                       
     __________________________________________________________________________
     N-5 ZrOCl.sub.2                                                           
                3x    85%    .249 .049                                         
                                      2375                                     
                                          47,500 psi                           
     N-6 ZrOCl.sub.2                                                           
                3x    85%    .250 .049                                         
                                      1800                                     
                                          36,050 psi                           
     Avg.                                 41,775 psi                           
     __________________________________________________________________________
TBL                                    TABLE XLVII                             
     __________________________________________________________________________
     COMPRESSIVE STRENGTH MEASUREMENTS FOR                                     
     COORS AP-94-11 ALUMINA REFRACTORY BASE MATERIAL                           
     USING CHROMIC OXIDE IMPREGNATIONS                                         
     __________________________________________________________________________
     Sample                                                                    
         Salt   No. Salt                                                       
                      H.sub.3 PO.sub.4                                         
                             Sample                                            
                                  Area    Compressive                          
     No. Impregnation                                                          
                Impreg.                                                        
                      Impregnation                                             
                             Diameter                                          
                                  (in.sup.2)                                   
                                      1bf Strength                             
                                                  Remarks                      
     __________________________________________________________________________
     C-5 CrO.sub.3                                                             
                3x    85%    .251 .041                                         
                                      6100                                     
                                          123,730 psi                          
     C-6 CrO.sub.3                                                             
                3x    85%    .251 .049                                         
                                      6600                                     
                                          133,333 psi                          
     Avg.                                 128,532 psi                          
     __________________________________________________________________________
PAR  Modulus of Rupture tests have been conducted using the procedure of ASTM
      Method C369-56 with the exception that the sample size has been reduced.
      The ASTM Method calls for samples 3/4 inch in diameter .times. 6 inches in
      length. The present ceramic samples have been prepared with dimensions on
      the order of 1/4 in diameter .times. 2 inches in length. The sample size
      change was made because of the lack of curing ovens long enough to
      conveniently handle the 6 inch piece.
PAR  Table XLVIII lists the modulus of rupture test results for the Coors
      AP-94-12 base material with multiple (zero, three and six) chromic oxide
      (chromic acid) impregnations, and Table XLVIIIA lists the modulus of
      rupture tests for the Coors AP-99-L3 base material with multiple (three
      and six) chromic oxide (chromic acid) impregnations and with chromic acid
      plus other oxide impregnations.
TBL                                    TABLE XLVIII                            
     __________________________________________________________________________
     MODULUS OF RUPTURE TEST DATA FOR                                          
     COORS AP-94-12 (ISOSTATIC) ALUMINA REFRACTORY BASE MATERIAL               
     __________________________________________________________________________
     Sample                                                                    
         Salt   No. Salt                                                       
                      H.sub.3 PO.sub.4                                         
                                  Support  Modulus                             
     No. Impregnation                                                          
                Impreg.                                                        
                      Impregnation                                             
                             Diameter                                          
                                  Distance                                     
                                       1bf of Rupture                          
                                                 Remarks                       
     __________________________________________________________________________
     1-R None   --    85%    0.295     68  10,200                              
     2-R None   --    85%    0.295     68  10,200                              
     3-R CrO.sub.3                                                             
                3x    85%    0.293     92  14,000                              
     4-R CrO.sub.3                                                             
                3x    85%    0.292     65  10,000                              
     5-R CrO.sub.3                                                             
                6x    85%    0.254     76  11,480                              
     __________________________________________________________________________
TBL                                    TABLE XLVIIIA                           
     __________________________________________________________________________
     MODULUS OF RUPTURE TEST DATA FOR                                          
     COORS AP-99-L3 ALUMINA REFRACTORY BASE MATERIAL                           
     __________________________________________________________________________
     Sample                                                                    
         Salt   No. Salt                                                       
                      H.sub.3 PO.sub.4                                         
                                  Support  Modulus                             
     No. Impregnation                                                          
                Impreg.                                                        
                      Impregnation                                             
                             Diameter                                          
                                  Distance                                     
                                       1bf of Rupture                          
                                                 Remarks                       
     __________________________________________________________________________
     7   None   --    85%    .260 1.50 in.                                     
                                       82  17,900                              
     9   CrO.sub.3                                                             
                3x    85%    .258 1.50 in.                                     
                                       125 27,900                              
     10  CrO.sub.3                                                             
                3x    85%    .258 1.50 in.                                     
                                       110 24,500                              
     11  CrO.sub.3                                                             
                6x    85%    .258 1.50 in.                                     
                                       84  18,700                              
     12  CrO.sub.3                                                             
                6x    85%    .260 1.50 in.                                     
                                       164 35,700                              
     13  CrO.sub.3 +                                                           
                4x                                                             
         ZrOCl.sub.2                                                           
                2x    85%    .258 1.50 in.                                     
                                       148 33,000                              
     14  CrO.sub.3 +                                                           
                4x                                                             
         ZrOCl.sub.2                                                           
                2x    85%    .257 1.50 in.                                     
                                       128 28,900                              
     15  CrO.sub.3 +                                                           
                4x                                                             
         Ni(NO.sub.3).sub.2                                                    
                2x    85%    .260 1.50 in.                                     
                                       110 24,000                              
     16  CrO.sub.3 +                                                           
                4x                                                             
         Ni(NO.sub.3).sub.2                                                    
                2x    85%    .258 1.50 in.                                     
                                       124 27,600                              
     17  CrO.sub.3 +                                                           
                4x                                                             
         H.sub.4 SiW.sub.16 O.sub.40                                           
                2x    85%    .258 1.50 in.                                     
                                       105 23,400                              
     19  CrO.sub. 3 +                                                          
                4x                                                             
         Be(NO.sub.3).sub.2                                                    
                2x    85%    .258 1.50 in.                                     
                                       80  17,800                              
     __________________________________________________________________________
PAR  Specific gravity determinations for a number of the porous refractory base
      materials, measured in the received condition, are presented in Table
      XLVIX.
PAR  Specific gravity measurements for some of these same materials, but
      processed with a single phosphoric acid treatment, are listed in Table L.
PAR  Table LI shows specific gravity measurements for Coors AP-99-L3 alumina
      base material with 1 through 11 chromic oxide (chromic acid)
      impregnations. This table shows that a maximum density was obtained with
      nine chromic oxide impregnations.
TBL                                    TABLE XLVIX                             
     __________________________________________________________________________
     SPECIFIC GRAVITY DETERMINATIONS FOR VARIOUS REFRACTORY BASE MATERIALS     
     WITHOUT OXIDE OR ACID TREATMENTS (AS RECEIVED CONDITION)                  
     __________________________________________________________________________
     Sample                                                                    
         Base  Salt No. Salt                                                   
                          H.sub.3 PO.sub.4                                     
                               Volume                                          
                                    Wt. in Air                                 
                                           Length                              
                                                Diameter                       
                                                     Specific                  
     No. Material                                                              
               Impreg.                                                         
                    Impreg.                                                    
                          Impreg.                                              
                               (cc) (Dry)(gms)                                 
                                           (cm) (cm) Gravity                   
     __________________________________________________________________________
     A99 AHP-99                                                                
               None --    None 1.684                                           
                                    3.53   1.471                               
                                                1.210                          
                                                     2.10                      
     B93 AP-99-L3                                                              
               None --    None 1.674                                           
                                    3.95   1.474                               
                                                1.205                          
                                                     2.36                      
     C51 AP-85-l1                                                              
               None --    None 1.645                                           
                                    3.94   1.456                               
                                                1.200                          
                                                     2.39                      
     D41 AP-94-l1                                                              
               None --    None 1.678                                           
                                    4.15   1.478                               
                                                1.205                          
                                                     2.47                      
     E42 AP-94-l2                                                              
               None --    None 1.696                                           
                                    4.21   1.494                               
                                                1.205                          
                                                     2.48                      
     E421                                                                      
         AP-94-l2                                                              
               None --    None 1.678                                           
                                    3.60   1.478                               
                                                1.204                          
                                                     2.14                      
         (Isostatic)                                                           
     __________________________________________________________________________
TBL                                    TABLE L                                 
     __________________________________________________________________________
     SPECIFIC GRAVITY DETERMINATIONS FOR VARIOUS REFRACTORY BASE MATERIALS     
     WITH SINGLE ACID TREATMENT ONLY                                           
     __________________________________________________________________________
     Sample                                                                    
         Base   Salt No. Salt                                                  
                            H.sub.3 PO.sub.4                                   
                                 Volume                                        
                                     Wt. in Air                                
                                            Length                             
                                                 Diameter                      
                                                      Specific                 
     No. Material                                                              
                Impreg.                                                        
                     Impreg.                                                   
                            Impreg.                                            
                                 (cc)                                          
                                     (Dry)(ams)                                
                                            (cm) (cm) Gravity                  
     __________________________________________________________________________
     A99 AHP-99 None --     85%  1.71                                          
                                     4.31   1.494                              
                                                 1.210                         
                                                      2.52                     
     A93 AP-99-L3                                                              
                None --     85%  1.678                                         
                                     4.63   1.474                              
                                                 1.206                         
                                                      2.75                     
     A51 AP-85-l1                                                              
                None --     85%  1.632                                         
                                     4.49   1.466                              
                                                 1.194                         
                                                      2.75                     
     A41 AP-94-l1                                                              
                None --     85%  1.671                                         
                                     4.74   1.475                              
                                                 1.204                         
                                                      2.83                     
     A42 AP-94-l2                                                              
                None --     85%  1.692                                         
                                     4.83   1.494                              
                                                 1.204                         
                                                      2.85                     
     A421                                                                      
         AP-94-l2                                                              
                None --     85%  1.675                                         
                                     4.32   1.478                              
                                                 1.203                         
                                                      2.58                     
         (Isostatic)                                                           
     __________________________________________________________________________
TBL                                    TABLE LI                                
     __________________________________________________________________________
     SPECIFIC GRAVITY DETERMINATIONS FOR COORS AP-99-L3 ALUMINA REFRACTORY     
     BASE MATERIAL                                                             
     WITH MULTIPLE CHROMIC OXIDE IMPREGNATIONS                                 
     __________________________________________________________________________
     Sample                                                                    
         Base  Salt No. Salt                                                   
                          H.sub.3 PO.sub.4                                     
                               Volume                                          
                                    Wt. in Air                                 
                                         Length                                
                                              Diameter                         
                                                   Specific                    
     No. Material                                                              
               Impreg.                                                         
                    Impreg.                                                    
                          Impreg.                                              
                               (cc) (Dry)(gms)                                 
                                         (cm) (cm) Gravity                     
     __________________________________________________________________________
     1   AP-99-L3                                                              
               CrO.sub.3                                                       
                    1x    None 1.337                                           
                                    3.70 .704 1.555                            
                                                   2.77                        
     2   AP-99-L3                                                              
               CrO.sub.3                                                       
                    3x    85%  1.349                                           
                                    4.23 .710 1.555                            
                                                   3.09                        
     3   AP-99-L3                                                              
               CrO.sub.3                                                       
                    5x    85%  1.368                                           
                                    4.74 .714 1.563                            
                                                   3.46                        
     4   AP-99-L3                                                              
               CrO.sub.3                                                       
                    7x    85%  1.337                                           
                                    4.95 .704 1.555                            
                                                   3.70                        
     5   AP-99-L3                                                              
               CrO.sub.3                                                       
                    9x    85%  1.391                                           
                                    5.30 .726 1.563                            
                                                   3.81                        
     6   AP-99-L3                                                              
               CrO.sub.3                                                       
                    11x   85%  1.334                                           
                                    5.07 .696 1.564                            
                                                   3.80                        
     __________________________________________________________________________
PAR  To determine the effective porosity of these ceramic materials, water
      absorption tests were made. The porosity percentage was calculated by
      determining the weight of the absorbed water in grams divided by the
      volume of the sample in cubic centimeters. This type of measurement gives
      the effective porosity only since there may be completely entrapped pores
      or pores too small to admit water.
PAR  Table LII shows the effective porosity measurements made for a number of
      the porous, underfired refractory base materials prior to any treatment of
      any kind. These materials show porosity variations ranging from about 30%
      to about 50% for the types tested.
PAR  Table LIII shows the same type data as above except that the porous base
      materials have been given a single phosphoric acid treatment only.
TBL                                    TABLE LII                               
     __________________________________________________________________________
     EFFECTIVE POROSITY DETERMINATIONS FOR VARIOUS REFRACTORY BASE             
                                                               ATERIALS        
     WITHOUT OXIDE OR ACID TREATMENT (AS RECEIVED CONDITION)                   
     __________________________________________________________________________
     Sample                                                                    
         Base   Salt    H.sub.3 PO.sub.4                                       
                             Wt. Soaked                                        
                                     Wt. in Air                                
                                            H.sub.2 O(gms)                     
                                                   Volume                      
                                                        Effective              
     No. Material                                                              
                Impreg.                                                        
                     No.                                                       
                        Impreg.                                                
                             in H.sub.2 O(gms)                                 
                                     (Dry)(gms)                                
                                            Absorbed                           
                                                   (cc) Porosity               
     __________________________________________________________________________
     A99 AHP-99 None -- None 4.30    3.53   .77    1.684                       
                                                        45.7%                  
     B93 AP-99-L3                                                              
                None -- None 4.66    3.95   .71    1.673                       
                                                        42.4%                  
     C51 AP-85-l1                                                              
                None -- None 4.49    3.94   .55    1.645                       
                                                        33.4%                  
     D41 AP-94-l1                                                              
                None -- None 4.71    4.15   .56    1.678                       
                                                        33.5%                  
     E42 AP-94-l2                                                              
                None -- None 4.77    4.21   .56    1.696                       
                                                        33.0%                  
     F421                                                                      
         AP-94-l2                                                              
                None -- None 4.34    3.60   .74    1.678                       
                                                        44.1%                  
         (Isostatic)                                                           
     __________________________________________________________________________
TBL                                    TABLE LIII                              
     __________________________________________________________________________
     EFFECTIVE POROSITY DETERMINATIONS FOR VARIOUS REFRACTORY BASE MATERIALS   
     WITH SINGLE ACID TREATMENT ONLY                                           
     __________________________________________________________________________
     No.    Base   Salt No.                                                    
                           H.sub.3 PO.sub.4                                    
                                Wt. Soaked                                     
                                        Wt. in Air                             
                                              H.sub.2 O (gms)                  
                                                     Volume                    
                                                          Effective            
     Sample Material                                                           
                   Impreg. Impreg.                                             
                                in H.sub.2 O (gms)                             
                                        (Dry)(gms)                             
                                              Absorbed                         
                                                     (cc) Porosity             
     __________________________________________________________________________
     99     AHP-99 None -- 85%  4.64    4.31  .33    1.710                     
                                                          19.3%                
     93     AP-99-L3                                                           
                   None -- 85%  4.87    4.62  .25    1.678                     
                                                          14.9%                
     51     AP-85-l1                                                           
                   None -- 85%  4.70    4.49  .21    1.632                     
                                                          12.9%                
     41     AP-94-l1                                                           
                   None -- 85%  4.95    4.74  .26    1.671                     
                                                          12.6%                
     42     AP-94-l2                                                           
                   None -- 85%  5.03    4.83  .20    1.692                     
                                                          11.8%                
     421    AP-94-l2                                                           
                   None -- 85%  4.66    4.32  .28    1.675                     
                                                          16.7%                
            (Isostatic)                                                        
     __________________________________________________________________________
PAR  Table LIV presents data obtained by using 1 through 11 chromic oxide
      (chromic acid) impregnations followed by the single phosphoric acid
      treatment. In this test, Coors AP-99-L3 base material was used. As in the
      case of the specific gravity measurements, minimum porosity occurs at
      about 9-11 impregnations.
TBL                                    TABLE LIV                               
     __________________________________________________________________________
     EFFECTIVE POROSITY DETERMINATIONS FOR COORS AP-99-L3 ALUMINA REFRACTORY   
     BASE MATERIAL                                                             
     WITH MULTIPLE CHROMIC OXIDE IMPREGNATIONS                                 
     __________________________________________________________________________
     No.    Base   Salt    H.sub.3 PO.sub.4                                    
                                Wt. Soaked                                     
                                        Wt. in Air                             
                                              H.sub.2 O (gms)                  
                                                     Volume                    
                                                          Effective            
     Sample Material                                                           
                   Impreg.                                                     
                        No.                                                    
                           Impreg.                                             
                                in H.sub.2 O (gms)                             
                                        (Dry)(gms)                             
                                              Absorbed                         
                                                     (cc) Porosity             
     __________________________________________________________________________
     1      AP-99-L3                                                           
                   CrO.sub.3                                                   
                        1x None 3.95    3.70  .25    1.337                     
                                                          18.2%                
     2      AP-99-L3                                                           
                   CrO.sub.3                                                   
                        3x None 4.52    4.23  .29    1.349                     
                                                          21.5%                
     3      AP-99-L3                                                           
                   CrO.sub.3                                                   
                        5x None 4.95    4.78  .21    1.368                     
                                                          15.3%                
     4      AP-99-L3                                                           
                   CrO.sub.3                                                   
                        7x None 5.10    4.95  .15    1.337                     
                                                          11.2%                
     5      AP-99-L3                                                           
                   CrO.sub.3                                                   
                        9x None 5.32    5.30  .02    1.391                     
                                                          1.43%                
     6      AP-99-L3                                                           
                   CrO.sub.3                                                   
                        11x                                                    
                           None 5.08    5.07  .01    1.334                     
                                                          0.74%                
     __________________________________________________________________________
PAR  Samples of AHP-99 alumina, with single phosphoric acid treatment only, have
      been fabricated in the form of thin discs measuring 1/4 .times. 3 inches.
      They were then heated to 1000.degree.F. and water quenched, reheated to
      1000.degree.F. and again quenched for a total of 10 cycles. No visible
      signs of cracking or checking were observed.
PAR  The same type test has been performed with similarly prepared samples using
      liquid nitrogen as the quenching media. While liquid nitrogen does not
      produce as severe a thermal shock as does a good conductor such as water,
      it does, however, provide a much wider temperature excursion. The samples
      were left immersed until gas formation ceased and it is estimated that a
      temperature of about -300.degree.F. had been reached. Again, no cracks or
      fatiguing were noticed after ten cycles.
PAR  These two thermal shock cyclings (1000.degree.F. and liquid nitrogen) were
      repeated using AP-94-11 alumina base material. These samples were
      prepared, however, with three, five and seven chromic oxide (chromic acid)
      impregnations prior to the final phosphoric acid treatment. In this case,
      the samples measured approximately 1/8 in thickness by 3/4 inches in
      diameter. Again, no cracking or structural failure occurred after ten
      cycles in either environment. Mohs hardness measurements also remained
      unchanged from the pre-test condition.
PAR  All the ceramic type materials produced according to the present invention
      have been repeatedly cycled between ambient temperature and 2000.degree.F.
      This includes Coors AHP-99, AP-94, AP-85 to AP-99, basic alumina material
      with Cr.sub.2 O.sub.3, MgCr.sub.2 O.sub.4, ZrO.sub.2 and many other
      multiple oxide impregnations, as well as several similar combinations with
      the beryllia, zirconia and magnesia base materials. It has also been found
      that ceramic parts produced by this invention can be cooled very rapidly
      after heating to high temperatures. For example, a thin cross section
      piece can be removed from a 2000.degree.F. oven and placed directly on an
      aluminum cooling plate without cracking.
PAR  Thin plates of Coors AHP-99 base material with single phosphoric acid
      treatment have been exposed continuously to 1000.degree.F. for 61/2 days.
      No fracturing or cracking could be detected and the pre- and postexposure
      hardness measurements were identical.
PAR  Additional samples were prepared using Coors AHP-99 and AP-94-12 base
      materials with three magnesium chromite and five chromic oxide (chromic
      acid) impregnations, respectively. In each type sample, a final phosphoric
      acid treatment was used following the oxide impregnation. These samples
      were exposed to 1000.degree.F. for 60 hours followed by 8 hours at
      2000.degree.F. Again, no structural or hardness changes could be observed.
PAR  Sample ceramic parts (approximately 1/8 thick .times. 3/4 inch in diameter)
      using AHP-99 base material with a single phosphoric acid treatment have
      also been immersed in liquid nitrogen for 16 hours and then removed and
      returned to room temperature. No change in hardness was observed and no
      evidence of cracking or fractures could be found.
PAR  Tests have been conducted with machined rods and discs of ceramic materials
      produced by the instant process to determine what changes occur in
      dimension between the pre-hardened and the treated and hardened condition.
      The accuracy of these measurements is considered to be .+-.0.0001.
PAR  Table LV covers AP-99-L3, AP-85-11 and AP-94-12 porous alumina machined
      pieces before and after a single phosphoric acid treatment. These parts
      were cured at a final temperature of 1800.degree.F.
TBL                                    TABLE LV                                
     __________________________________________________________________________
     DIMENSIONAL CHANGE TESTS FOR HARDENED VS. PRE-HARDENED CERAMIC MATERIAL   
     MAX. TEMP. 1800.degree.F., 1 HR.                                          
     __________________________________________________________________________
            Base Salt    H.sub.3 PO.sub.4                                      
                              Pre-Hardened Dimensions                          
                                            Hardened Dimensions                
                                                        Percent Change         
     Sample No.                                                                
            Material                                                           
                 Impreg.                                                       
                      No.                                                      
                         Impreg.                                               
                              Length Diameter                                  
                                            Length                             
                                                  Diameter                     
                                                        Length                 
                                                              Diameter         
     __________________________________________________________________________
     E      AP-99-L3                                                           
                 None -- 85%  4.957  0.3653 4.955 0.3652                       
                                                        -0.040%                
                                                              -0.027%          
     C      AP-94-12                                                           
                 None -- 85%  0.7001 0.3781 0.7001                             
                                                  0.3779                       
                                                        0%    -0.058%          
     B      AP-94-11                                                           
                 None -- 85%  0.9467 0.8536 0.9457                             
                                                  0.8532                       
                                                        -0.105%                
                                                              -0.045%          
     D-9    AHP-99                                                             
                 CrO.sub.3                                                     
                      3x 85%  0.8521 1.0940 0.8521                             
                                                  1.0940                       
                                                        0%    0%               
     D-4    AP-94-11                                                           
                 CrO.sub.3                                                     
                      3x 85%  0.1954 0.7560 0.1954                             
                                                  0.7555                       
                                                        0%    -0.066%          
     D-7    AP-94-11                                                           
                 ZrOU.sub.2                                                    
                      3x 85%  0.8971 0.3040 0.8963                             
                                                  0.3037                       
                                                        -0.089%                
                                                              -0.096           
            AP-94-12                                                           
                 CrO.sub.3                                                     
                      3x 85%                                                   
     __________________________________________________________________________
      Note: Pre-hardened dimensions were read from the machined base material  
      prior to any chemical treatment. Hardened dimensions were read after     
      chemically treating part and curing to 1800.degree.F. for 1 hour.        
PAR  Table LVI shows dimensional change readings for AP-99-L3 and AP-94-12
      materials treated with multiple oxide impregnations followed by a final
      single acid treatment and cured at a final temperature of 1800.degree.F.
      Percentage values, as above, reflect change in dimension between those of
      the original machined basic porous structure and those obtained after the
      part has been chemically treated and hardened. As can be seen, the
      dimensional changes are exceedingly small.
TBL                                    TABLE LVI                               
     __________________________________________________________________________
     DIMENSIONAL CHANGE TESTS FOR HARDENED VS. PRE-HARDENED CERAMIC MATERIAL   
     MAX. TEMP. 2300.degree.F., 2 HRS.                                         
     __________________________________________________________________________
     Sample                                                                    
          Base   Salt    H.sub.3 PO.sub.4                                      
                              Pre-Hardened Dimensions                          
                                            Hardened Dimensions                
                                                        Precent Change         
     No.  Material                                                             
                 Impreg.                                                       
                      No.                                                      
                         Impreg.                                               
                              Length Diameter                                  
                                            Length                             
                                                  Diameter                     
                                                        Length                 
                                                              Diameter         
     __________________________________________________________________________
     D70  AP-99-L3                                                             
                 CrO.sub.3                                                     
                      3x 85%  1.9765 0.2570 1.9765                             
                                                  0.2570                       
                                                        0%    0%               
     D71  AP-99-L3                                                             
                 CrO.sub.3                                                     
                      6x 85%  1.9760 0.2595 1.9765                             
                                                  0.2595                       
                                                        +0.025%                
                                                              0%               
     D-72 AP-99-L3                                                             
                 ZrOCl.sub.2                                                   
                      5x 85%  1.9760 0.2579 1.9765                             
                                                  0.2579                       
                                                        +0.025%                
                                                              0%               
     D73  AP-94-12                                                             
                 CrO.sub.3                                                     
                      3x 85%  1.9824 0.2590 1.9815                             
                                                  0.2590                       
                                                        -0.045%                
                                                              0%               
          (Isostatic)                                                          
     D74  AP-94-12                                                             
                 CrO.sub.3                                                     
                      6x 85%  1.9916 0.2592 1.9910                             
                                                  0.2592                       
                                                        -0.030%                
                                                              0%               
          (Isostatic)                                                          
     D75  AP-94-12                                                             
                 CrO.sub.3                                                     
                      4x 85%  1.9805 0.2681 1.9800                             
                                                  0.2681                       
                                                        -0.025%                
                                                              0%               
          (Isostatic)                                                          
                 ZrOCl.sub.2                                                   
                      2x                                                       
     __________________________________________________________________________
      Note: Pre-hardened dimensions were read from the machined base material  
      prior to any chemical treatment. Hardened dimensions were read after     
      chemically treating part and curing to 1800.degree.F.                    
PAR  Various of the treated ceramic materials have been subjected to a number of
      standard solvents and reagents. Little or no effect has been observed.
      Immersion tests for treated ceramics utilizing the single phosphoric acid
      treatment only and for ceramic types incorporating various oxide
      impregnations, both with and without the final phosphoric acid treatment,
      have been made in acetone, trichloroethylene, hydrochloric acid, sodium
      hydroxide, sea water, ferric chloride and concentrated sulfuric acid with
      no observable effect on either the hardness or physical appearance.
PAR  X-ray diffraction analysis of the structure of several types of treated
      ceramic materials has been conducted using a Norelco diffractometer
      manufactured by North American Phillips, Inc. The results are briefly
      summarized in the following Table LVII. Accuracy of measurements can be
      considered to be at least 0.1%.
TBL                                    TABLE LVII                              
     __________________________________________________________________________
     X-RAY DIFFRACTION CRYSTAL STRUCTURE IDENTIFICATION                        
     __________________________________________________________________________
            Base Salt    H.sub.3 PO.sub.4                                      
     Sample No.                                                                
            Material                                                           
                 Impreg.                                                       
                      No.                                                      
                         Impreg.                                               
                              X-Ray Diffraction Identification                 
     __________________________________________________________________________
     A      AHP-99                                                             
                 None -- None Al.sub.2 O.sub.3                                 
     B      AP-94                                                              
                 None -- None Al.sub.2 O.sub.3                                 
     C      AHP-99                                                             
                 None -- 85%  Al.sub.2 O.sub.3 +X                              
     D      AP-94                                                              
                 None -- 85%  Al.sub.2 O.sub.3 +X                              
     E      AHP-99                                                             
                 ZrOCl.sub.2                                                   
                      3x 85%  Al.sub.2 O.sub.3 +Zr.sub.2 P.sub.2 O.sub.7       
                              +X+(ZrO.sub.2 trace)                             
     F      AHP-99                                                             
                 MgCrO.sub.4                                                   
                      3x 85%  Al.sub.2 O.sub.3 +MgCrO.sub.4 +X+(Cr.sub.2       
                              O.sub.3 trace)                                   
     G      AHP-99                                                             
                 MgCrO.sub.4                                                   
                      3x None Al.sub.2 O.sub.3 +MgCrO.sub.4                    
     O-7    AHP-99                                                             
                 CrO.sub.3                                                     
                      3x None Al.sub.2 O.sub.3 +Cr.sub.2 O.sub.3               
     K-7    AHP-99                                                             
                 CrO.sub.3                                                     
                      3x 85%  Al.sub.2 O.sub.3 +Cr.sub.2 O.sub.3 +X            
     O-3    AP-94                                                              
                 CrO.sub.3                                                     
                      3x None Al.sub.2 O.sub.3 +CrO.sub.3                      
     L-7    AP-94                                                              
                 CrO.sub.3                                                     
                      1x 85%  Al.sub.2 O.sub.3 +CrO.sub.3 + X                  
     K-8    AP-94                                                              
                 CrO.sub.3                                                     
                      2x 85%  Al.sub.2 O.sub.3 +CrO.sub.3 +X                   
     L-4    AP-94                                                              
                 CrO.sub.3                                                     
                      3x 85%  Al.sub.2 O.sub.3 +CrO.sub.3 +X                   
     L-5    AP-94                                                              
                 CrO.sub.3                                                     
                      4x 85%  Al.sub.2 O.sub.3 +CrO.sub.3 +X                   
     L-6    AP-94                                                              
                 CrO.sub.3                                                     
                      5x 85%  Al.sub.2 O.sub.3 +CrO.sub.3 +X                   
     8X     AP-94                                                              
                 CrO.sub.3                                                     
                      8x 85%  Al.sub.2 O.sub.3 +CrO.sub.3 +X                   
     __________________________________________________________________________
PAR  It will be noted that in each X-ray diffraction study of an aluminum oxide
      ceramic sample which has been subjected to a phosphoric acid treatment
      according to the present invention, there appears a line which has been
      labled X as there is not existing information in the X-ray indexes of a
      line having been previously observed at this position. As shown in the
      Table LVII, the untreated AHP-99 and AP-94 alumina samples A and B do not
      display the X line, while samples C and D and the others treated with
      phosphoric acid according to this invention do provide the X line. The X
      line occurs at a d spacing approximately 4.12 A. The nearest compound is
      that of AIPO.sub.4, aluminum ortho phosphate having the most intense line
      with a d spacing of 4.077 angstroms, relative intensity 100 in the 1-1-1
      planes; next most intense line spacing 2.506 angstroms, relative intensity
      20, 2-2-0 planes; next most intense line d spacing 2.867 angstroms,
      relative intensity 10, 1-1-2  planes; next line d spacing 3.162 angstroms,
      relative intensity 10, 0-2-1 and 2-0-1 planes. There are a number of
      lesser intense lines. It is important to note, however, that none of the
      lines with d spacing of 4.077 A; 2.506 A; 2.867 A; 3.162 A or any of the
      remaining lines appear on the X-ray diffraction chart of the aluminum
      oxide ceramic materials which have been treated with phosphoric acid
      according to the present invention. It is assumed that the phosphoric acid
      treatment results in or produces a new compound or at best a new
      crystalline structure which accounts for the improved and unique
      properties of the treated aluminum oxide materials. The source of
      information for the X-ray data on aluminum ortho phosphate is the National
      Bureau of Standards Circular No. 539, Oct. 4, 1960.
PAR  Samples of ceramic material formed using Coors AP-99-L3 alumina base
      refractory material with single phosphoric acid treatment only (no oxide
      impregnation) have been subjected to various nuclear radiation
      environment.
PAR  One such test consisted of exposing small coil forms made of the material
      to a transient nuclear environment in a fast burst reactor. In this case,
      the small pieces (.about. 1/4 diameter .times. 1/8 inch length) were
      exposed to a neutron flux rate of 2.8 .times. 10.sup.17 n/cm.sup.2 -sec
      with associated gammas of 6 .times. 10.sup.7 rads/sec. The total dose per
      burst was .about. 2.2 .times. 10.sup.12 n/cm.sup.2 (fast neutron), 1.8
      .times. 10n.sup.13 /cm.sup.2 (thermal neutrons) and 5 .times. 10.sup.3
      rads. No noticeable effect in the ceramic material could be detected.
PAR  Another test was conducted in which small samples of the same type ceramic
      were irradiated for a period of time long enough to accumulate a total
      exposure of approximately 10.sup.19 (.gtoreq.MeV). Even with this very
      high exposure, no physical change in the ceramic part could be detected.
PAR  Parts to be fabricated using the method and materials of this invention are
      first machined to the correct dimensions from the relatively soft,
      partially sintered, porous refractory base material.
PAR  In this original, untreated condition, the material will normally have a
      Mohs hardness somewhere between 1 to 3 and preferably between 2-3 (such as
      the Coors AHP-99 and AP-94 alumina).
PAR  This hardness range allows machining using ordinary high speed steel or
      carbide tool bits, drills, cutters, saws, etc. While carbide tooling is
      recommended for quantity production to reduce tool wear, high speed tool
      steel will also hold up quite well providing cutting speeds are low to
      prevent heat buildup at point of contact.
PAR  Very fine and intricate parts can be machined and processed from this
      material. Thin walled parts, such as coil bobbins, can be made with
      sections as thin as 0.010 inch with little difficulty. Also, providing
      slow speeds are used to prevent heating, holes as small as 1/64 inch have
      been drilled to an inch or so in depth.
PAR  Recommended lathe turning speeds for small parts (1.4- 2 inches dia.) are
      about 250 rpm and drilling should ordinarily be done at speeds of less
      than 150 rpm. Band saw cutting should be at 10ft/min or less. Finished
      parts may also be easily sanded by hand using conventional "wet or dri"
      type silicon carbide paper with grit size ranging from 100 to 600,
      depending on the final finish desired.
PAR  Since the part will become extremely hard following the chemical treatment
      and hardening process, the dimensions and surface finish desired in the
      final cured state should be completed during the initial machining
      operation. It is possible to provide final polishing operations after not
      more than three oxide impregnations using silicon carbide paper. After
      this point, it will usually be necessary to resort to diamond machining
      since the hardness of most of the hardened ceramic materials will usually
      exceed that of silicon carbide.
PAR  In order to fabricate a hardened ceramic part according to this invention,
      the piece, machined from the soft, base refractory material, must next be
      chemically treated and cured.
PAR  The chemical treatment method will normally consist of one of the
      following: (1) Impregnation in phosphoric acid only; (2) One or more oxide
      impregnations followed by a single phosphoric acid treatment; (3) One or
      more oxide impregnations without final phosphoric acid treatment. The
      choice of impregnation method will, of course, depend on the final
      physical, chemical and electrical properties desired, as well as the
      economic factors involved.
PAR  Following each chemical impregnation, the part is elevated in temperature
      to remove the water (including water of crystallization) and to convert
      the salt, or acid solution to an inert crystalline structure. A typical
      impregnation and curing cycle is shown in Table LVIII.
TBL                                    TABLE LVIII                             
     __________________________________________________________________________
     CURING AND HARDENING CYCLE FOR                                            
     UNDERFIRED REFRACTORY CERAMICS                                            
     __________________________________________________________________________
     Step                                                                      
        Description        Temperature                                         
                                    Time                                       
     __________________________________________________________________________
     1  Heat basic ceramic material                                            
                           350.degree.F.                                       
                                    20 min.                                    
     2  Immerse part in salt solution                                          
                           Ambient  40 min.                                    
     3  Cure part          150.degree.F.-1000.degree.F.                        
                                    120 min.                                   
     4  Cool piece to 600.degree.F.                                            
                           600.degree.F.                                       
                                    20 min.                                    
     5  Immerse in phosphoric acid solution                                    
                           Ambient  40 min.                                    
     6  Harden part        150.degree.F.-1000.degree.F.                        
                                    120 min.                                   
     7  Cool piece to ambient                                                  
                           Ambient  15 min.                                    
     __________________________________________________________________________
PAR  The above applies to any part having its thinnest section not exceeding
      5/8inch. For thicker pieces, longer curing cycles (steps 3 and 6) and
      immersion times (steps 2 and 5) are required. Steps 2 and 3 may be
      repeated for desired number of salt impregnations, depending on mechanical
      strength properties desired. Where only phosphoric acid treatment is
      desired, steps 2, 3 and 4 can be omitted. In like manner, if only an oxide
      treatment is to be used, steps 5 and 6 can be omitted.
PAR  Many of the refractory ceramic materials of this invention have been found
      to exhibit excellent characteristics for bearing and seal applications.
      Even the simple phosphoric acid treated refractory base materials exhibit
      a noticeably low coefficient of friction characteristic, suggesting
      possible bearing use.
PAR  Static and sliding coefficient of friction data has been measured for
      several refractory ceramic materials produced in accordance with the
      present invention.
PAR  Table LIX lists static coefficients determined by sliding various oxide
      impregnated specimens on a chromic oxide impregnated slide. The slide and
      most of the oxide impregnated sliders were also given a final phosphoric
      acid treatment. As can be seen from the data presented in Table LIX, the
      lowest coefficient is provided by the like materials. The one sample,
      given four chromic oxide impregnations followed by one zirconium oxide
      impregnation (plus final phosphoric acid treatment), produced the highest
      friction coefficient when sliding against the chromic oxide treated slide.
PAR  Table LIX shows that the lowest friction coefficients are generally
      obtained by sliding identical ceramic materials against each other rather
      than unlike materials.
TBL                                    TABLE LIX                               
     __________________________________________________________________________
     COEFFICIENT OF STATIC FRICTION MEASUREMENTS, RUN DRY                      
     __________________________________________________________________________
     SLIDER                         SLIDE                                      
     Base  Salt     H.sub.3 PO.sub.4                                           
                         Base  Salt    H.sub.3 PO.sub.4                        
                                            Load      Friction                 
     Material                                                                  
           Impreg.                                                             
                 No.                                                           
                    Impreg.                                                    
                         Material                                              
                               Impreg.                                         
                                    No.                                        
                                       Impreg.                                 
                                            (lbs)                              
                                                 1bf  Coefficient              
     __________________________________________________________________________
     AP-94-12                                                                  
           CrO.sub.3                                                           
                 5x None AP-94-12                                              
                               CrO.sub.3                                       
                                    4x 85%  62.38                              
                                                 8.2  .131                     
     AP-94-12                                                                  
           CrO.sub.3                                                           
                 5x 85%  AP-94-12                                              
                               CrO.sub.3                                       
                                    4x 85%  62.38                              
                                                 11.4 .183                     
     AP-94-12                                                                  
           ZrOCo.sub.2                                                         
                 5x 85%  AP-94-12                                              
                               CrO.sub.3                                       
                                    4x 85%  62.38                              
                                                 9.6  .154                     
     AP-94-12                                                                  
           MgCrO.sub.4                                                         
                 5x None AP-94-12                                              
                               CrO.sub.3                                       
                                    4x 85%  62.38                              
                                                 9.8  .157                     
     AP-94-12                                                                  
           Ni(NO.sub.3).sub.2                                                  
                 5x 85%  AP-94-12                                              
                               CrO.sub.3                                       
                                    4x 85%  62.38                              
                                                 8.8  .141                     
     AP-94-12                                                                  
           Co(NO.sub.3).sub.2                                                  
                 5x 85%  AP-94-12                                              
                               CrO.sub.3                                       
                                    4x 85%  62.38                              
                                                 8.3  .133                     
     AP-94-12                                                                  
           SnCl.sub.2                                                          
                 5x 85%  AP-94-12                                              
                               CrO.sub.3                                       
                                    4x 85%  62.38                              
                                                 9.3  .149                     
     AP-94-12                                                                  
           None  -- 85%  AP-94-12                                              
                               CrO.sub.3                                       
                                    4x 85%  62.38                              
                                                 10.7 .172                     
     AP-94-12                                                                  
           CrO.sub.3 +                                                         
                 4x 85%  AP-94-12                                              
                               CrO.sub.3                                       
                                    4x 85%  62.38                              
                                                 11.3 .181                     
           ZrOCl.sub.2                                                         
                 1x                                                            
     __________________________________________________________________________
      Note: Contact area of slider .apprxeq. .6 in.sup.2                       
PAR  Table LXI lists coefficients of friction for some common materials and is
      included for comparison purposes.
TBL                                    TABLE LXI                               
     __________________________________________________________________________
     COEFFICIENT OF STATIC AND                                                 
     SLIDING FRICTION COMPRESSION DATA                                         
     __________________________________________________________________________
                    Static Friction                                            
                              Sliding Friction                                 
     Materials      Dry       Dry                                              
     __________________________________________________________________________
     Glass on Glass 0.94      0.4                                              
     Hard Steel on Hard Steel                                                  
                    0.78      0.42                                             
     Hard Steel on Graphite                                                    
                    0.21      --                                               
     Hard Steel on Babbit                                                      
                    0.70      0.33                                             
     Brass on Mild Steel                                                       
                    0.51      0.44                                             
     Cast Iron on Cast Iron                                                    
                    1.10      0.15                                             
     Teflon on Teflon                                                          
                    0.04      0.04                                             
     Teflon on Steel                                                           
                    0.04      0.04                                             
     Tungsten Carbide on Tungsten                                              
     Carbide        0.2       --                                               
     Tungsten Carbide on Steel                                                 
                    0.5       --                                               
     __________________________________________________________________________
      Note: Above data from American Institute of Physics Handbook, 1957.      
PAR  Wear rate test data was obtained with a variety of treated refractory
      ceramics using a single rub-shoe type test. Both conventional and
      non-conventional lubricants have been used in these wear rate tests,
      including No. 10 SAE motor oil, glycerine, No. 200 polyethylene glycol,
      G.E. F-50 Versilube silicone lubricant, alcohol, gasoline, paraffin,
      apiezon high vacuum grease, tap water and sea water.
PAR  The rub-shoe test arrangement consists of a single shoe riding against the
      periphery of a rotating wheel. The wheel in these tests has normally been
      operated at either 60 or 300 rpm. The contact pressure between the shoe
      and wheel is variable and may be adjusted simply to changing weights on
      the end of a lever arm to which the shoe is attached. The wheel is
      directly driven by means of an electric motor. The slow drive speed has
      been used because wear rates are generally more severe at slow speeds than
      at high speeds since more surface-to-surface contact can occur through the
      lubricating film.
PAR  Since the shoe has a flat contacting surface, the line contact pressure
      between shoe and wheel is extremely high at the beinning of the test. As
      would be expected, therefore, the highest wear is experienced at the start
      of the test which the wear rate diminishing with time (as the shoe wears,
      the psi loading decreases). While this type arrangement is unlike any
      actual bearing design, it does allow a convenient and rapid means of
      comparing wear rates.
PAR  Table LXII lists the types of treated refractory ceramic materials tested
      using the rub-shoe arrangement. For the most part, the variations consist
      in the oxide impregnation employed, which has been found to be a
      significant factor in the wear properties. Unless otherwise specified, the
      shoe width has been standardized at 0.25 inch with a wheel diameter of
      1.10 inches.
TBL                                    TABLE LXII                              
     __________________________________________________________________________
     RUB-SHOE TEST PARTS                                                       
     __________________________________________________________________________
          Base  1st      2nd     Final                                         
                                      Rockwell                                 
                                           Mohs                                
     Part No.                                                                  
          Material                                                             
                Impreg.                                                        
                      No.                                                      
                         Impreg.                                               
                              No.                                              
                                 Impreg.                                       
                                      Hardness                                 
                                           Hardness                            
                                                Remarks                        
     __________________________________________________________________________
     W-1  AP-94-12                                                             
                CrO.sub.3                                                      
                      5x None -- None      9-10                                
     W-2  AP-94-12                                                             
                CrO.sub.3                                                      
                      5x None    85%       9-10                                
     W-3  AP-94-12                                                             
                CrO.sub.3                                                      
                      4x ZrOCl.sub.2                                           
                              1x 85%       9-10                                
     W-4  AP-94-12                                                             
                --    -- --   -- --   --   --                                  
     W-5  AP-94-12                                                             
                None  -- None -- 85%       8-9                                 
     W-6  AP-94-12                                                             
                ZrOCl.sub.2                                                    
                      5x None -- 85%       9-10                                
     W-7  AP-94-12                                                             
                MgCrO.sub.4                                                    
                      5x None -- None      8-9                                 
     W-8  AP-94-12                                                             
                Ni(NO.sub.3).sub.2                                             
                      5x None -- 85%       9-10                                
     W-9  AP-94-12                                                             
                Co(NO.sub.3).sub.2                                             
                      5x None -- 85%       9-10                                
     W-10 AP-94-12                                                             
                SnCl.sub.2                                                     
                      5x None -- 85%       9-10                                
     W-1-A                                                                     
          AP-94-12                                                             
                CrO.sub.3                                                      
                      8x None -- 85%       9-10                                
     W-7-A                                                                     
          AP-94-12                                                             
                MgCrO.sub.4                                                    
                      5x None -- 85%                                           
     __________________________________________________________________________
PAR  Tables LXIII through LXVII show comparison runs for various treated
      refractory ceramic materials using a variety of lubricants. Some
      comparisons have also been made with conventional bearing materials such
      as a bearing bronze shoe riding against a mild steel wheel. Such
      comparisons, however, are not too meaningful since the metal bearings are
      used only under very lightly loaded conditions with good lubricants or
      else galling occurs. The better treated refractory ceramic materials under
      these conditions show negligible wear.
TBL                                    TABLE LXIII                             
     __________________________________________________________________________
     RUB-SHOE WEAR-RATE COMPARISON TESTS                                       
     Load 10 lbs, Run Time 1 hr, Lubricant Alcohol, rpm 300                    
     Wheel Diameter, 1.1", Shoe Width .25", Base Material AP-94-l2             
     __________________________________________________________________________
                                               Cor-                            
                                               rec-                            
                                           Wear                                
                                               ted Wear                        
                                                       Wear                    
     Wheel                                                                     
         Salt    H.sub.3 PO.sub.4                                              
                     Shoe                                                      
                         Salt    H.sub.3 PO.sub.4                              
                                     Wear  Length                              
                                               Depth                           
                                                   Width                       
                                                       Rate Re-                
     No. Impreg.                                                               
              No.                                                              
                 Impreg.                                                       
                     No. Impreg.                                               
                              No.                                              
                                 Impreg.                                       
                                     Depth (in)                                
                                           (in)                                
                                               (in)                            
                                                   (in)                        
                                                       (in/ft)                 
                                                            marks              
     __________________________________________________________________________
                                                       .times.10.sup..sup.-9   
     W-1 CrO.sub.3                                                             
              5x None                                                          
                     W-1 CrO.sub.3                                             
                              5x None                                          
                                     .000345                                   
                                           .240                                
                                               .00033                          
                                                   .030                        
                                                       65                      
     W-2 CrO.sub.3                                                             
              5x 85% W-2 CrO.sub.3                                             
                              5x 85% .00029                                    
                                           .235                                
                                               .00027                          
                                                   .030                        
                                                       53                      
     W-3 CrO.sub.3 +                                                           
              4x 85% W-3 CrO.sub.3 +                                           
                              4x 85% .00010                                    
                                           .250                                
                                               .00010                          
                                                   .025                        
                                                       20                      
         ZrOCl.sub.2                                                           
              1x         ZrOCl.sub.2                                           
                              1x                                               
     W-5 None -- 85% W-5 None -- 85% .000885                                   
                                           .250                                
                                               .00089                          
                                                   .060                        
                                                       175                     
     W-6 ZrOCl.sub.2                                                           
              5x 85% W-6 ZrOCl.sub.2                                           
                              5x 85% .00075                                    
                                           .250                                
                                               .00075                          
                                                   .060                        
                                                       147                     
     W-7 MgCrO.sub.4                                                           
              5x None                                                          
                     W-7 MgCrO.sub.4                                           
                              5x None                                          
                                     .000485                                   
                                           .250                                
                                               .00049                          
                                                   .045                        
                                                       96                      
     W-8 Ni(NO.sub.3).sub.2                                                    
              5x 85% W-8 Ni(NO.sub.3).sub.2                                    
                              5x 85% .000465                                   
                                           .250                                
                                               .00047                          
                                                   .050                        
                                                       92                      
     W-9 Co(NO.sub.3).sub.2                                                    
              5x 85% W-9 Co(NO.sub.3).sub.2                                    
                              5x 85% .00125                                    
                                           .250                                
                                               .00103                          
                                                   .075                        
                                                       200                     
     W-10                                                                      
         SnCl.sub.2                                                            
              5x 85% W-10                                                      
                         SnCl.sub.2                                            
                              5x 85% .00055                                    
                                           .250                                
                                               .00055                          
                                                   .050                        
                                                       107                     
     W-1-A                                                                     
         CrO.sub.3                                                             
              8x 85% W-1-A                                                     
                         CrO.sub.3                                             
                              8x 85% .00000                                    
                                           N.M.                                
                                               .00000                          
                                                   N.M.                        
                                                       0                       
     __________________________________________________________________________
TBL                                    TABLE LXIV                              
     __________________________________________________________________________
     RUB-SHOE WEAR-RATE COMPARISON TESTS                                       
     Load 30 lbs, Run Time 2 hrs, Lubricant Alcohol, rpm 300                   
     Wheel Diameter 1.1", Shoe Width .25", Base Material AP-94-l2              
     __________________________________________________________________________
                                           Wear     Wear                       
                                                        Wear                   
     Wheel                                                                     
         Salt    H.sub.3 PO.sub.4                                              
                     Shoe                                                      
                         Salt    H.sub.3 PO.sub.4                              
                                     Wear  Length                              
                                               Corrected                       
                                                    Width                      
                                                        Rate                   
     No. Impreg.                                                               
              No.                                                              
                 Impreg.                                                       
                     No. Impreg.                                               
                              No.                                              
                                 Impreg.                                       
                                     Depth (in)                                
                                           (in)                                
                                               Depth (in)                      
                                                    (in)                       
                                                        (in/ft)                
                                                             Remarks           
     __________________________________________________________________________
                                                        .times.10.sup..sup.-9  
     W-1 CrO.sub.3                                                             
              5x None                                                          
                     W-1 CrO.sub.3                                             
                              5x None                                          
                                     .00050                                    
                                           .235                                
                                               .00047                          
                                                    .045                       
                                                        46                     
     W-2 CrO.sub.3                                                             
              5x 85% W-2 CrO.sub.3                                             
                              5x 85% .00041                                    
                                           .220                                
                                               .00036                          
                                                    .035                       
                                                        35                     
     W-3 CrO.sub.3 +                                                           
              4x 85% W-3 CrO.sub.3 +                                           
                              4x 85% .000315                                   
                                           .220                                
                                               .00028                          
                                                    .035                       
                                                        28                     
         ZrOCl.sub.2                                                           
              1x         ZrOCl.sub.2                                           
                              1x                                               
     W-2 CrO.sub.3                                                             
              5x 85% W-9 Co(NO.sub.3).sub.2                                    
                              5x 85% .0093 .245                                
                                               .00091                          
                                                    .055                       
                                                        89                     
     W-9 Co(NO.sub.3).sub.2                                                    
              5x 85% W-2 CrO.sub.3                                             
                              5x 85% .0071 .250                                
                                               .00071                          
                                                    .060                       
                                                        70                     
     W-3 CrO.sub.3 +                                                           
              4x 85% W-2 CrO.sub.3                                             
                              5x 85% .0026 .230                                
                                               .00024                          
                                                    .030                       
                                                        24                     
         ZrOCl.sub.2                                                           
              1x                                                               
     W-2 CrO.sub.3                                                             
              5x 85% W-3 CrO.sub.4x                                            
                              +  4x  85%   .0031                               
                                               .200 .00025                     
                                                        .040 25                
                         ZrOCl.sub.2                                           
                              1x                                               
     W-3 CrO.sub.3 +                                                           
              4x 85% W-3 CrO.sub.3 +                                           
                              4x 85% .00001                                    
                                           .220                                
                                               .00021                          
                                                    .035                       
                                                        21   Re-run after      
         ZrOCl.sub.2                                                           
              1x         ZrOCl.sub.2                                           
                              1x                             Wheel well        
                                                             polished          
     W-1-A                                                                     
         CrO.sub.3                                                             
              8x 85% W-1-A                                                     
                         CrO.sub.3                                             
                              8x 85% .000045                                   
                                           .215                                
                                               .00004                          
                                                    .020                       
                                                        4                      
     W-8 Ni(NO.sub.3).sub.2                                                    
              5x 85% W-8 Ni(NO.sub.3).sub.2                                    
                              5x 85% .000765                                   
                                           .245                                
                                               .00075                          
                                                    .065                       
                                                        74                     
     __________________________________________________________________________
TBL                                    TABLE LXV                               
     __________________________________________________________________________
     RUB-SHOE WEAR-RATE COMPARISON TESTS                                       
     Load 10 lbs, Run Time 1 hr, Lubricant H.sub.2 O, rpm 300                  
     Wheel Diameter 1.1", Shoe Width .25", Base Material AP-94-l2              
     __________________________________________________________________________
                                           Wear     Wear                       
                                                        Wear                   
     Wheel                                                                     
         Salt    H.sub.3 PO.sub.4                                              
                     Shoe                                                      
                         Salt    H.sub.3 PO.sub.4                              
                                     Wear  Length                              
                                               Corrected                       
                                                    Width                      
                                                        Rate                   
     No. Impreg.                                                               
              No.                                                              
                 Impreg.                                                       
                     No. Impreg.                                               
                              No.                                              
                                 Impreg.                                       
                                     Depth (in)                                
                                           (in)                                
                                               Depth (in)                      
                                                    (in)                       
                                                        (in/ft)                
                                                            Remarks            
     __________________________________________________________________________
                                                        .times.10.sup..sup.-9  
     W-1-A                                                                     
         CrO.sub.3                                                             
              8x 85% W-1-A                                                     
                         CrO.sub.3                                             
                              8x 85% N.M.  N.M.                                
                                               N.M. N.M.                       
                                                        N.M.                   
                                                            High Wear          
     W-3 CrO.sub.3 +                                                           
              4x 85% W-3 CrO.sub.3 +                                           
                              4x 85% .000135                                   
                                           .190                                
                                               .000103                         
                                                    .025                       
                                                        20                     
         ZrOCl.sub.2                                                           
              1x         ZrOCl.sub.2                                           
                              1x                                               
     W-2 CrO.sub.3                                                             
              5x 85% W-2 CrO.sub.3                                             
                              5x 85% .000145                                   
                                           .245                                
                                               .000142                         
                                                    .035                       
                                                        28                     
     W-5 None -- 85% W-5 None -- 85% N.M.  N.M.                                
                                               N.M. N.M.                       
                                                        N.M.                   
                                                            High Wear          
     W-6 ZrOCl.sub.2                                                           
              5x 85% W-6 ZrOCl.sub.2                                           
                              5x 85% N.M.  N.M.                                
                                               N.M. N.M.                       
                                                        N.M.                   
                                                            Squeeks            
     W-7 MgCrO.sub.4                                                           
              5x None                                                          
                     W-7 MgCrO.sub.4                                           
                              5x None                                          
                                     .00094                                    
                                           .250                                
                                               .000940                         
                                                    .070                       
                                                        177                    
     W-8 Ni(NO.sub.3).sub.2                                                    
              5x 85% W-8 Ni(NO.sub.3).sub.2                                    
                              5x 85% N.M.  N.M.                                
                                               N.M. N.M.                       
                                                        N.M.                   
                                                            Squeeks            
     W-9 Co(NO.sub.3).sub.2                                                    
              5x 85% W-9 Co(NO.sub.3).sub.2                                    
                              5x 85% N.M.  N.M.                                
                                               N.M. N.M.                       
                                                        N.M.                   
                                                            Squeeks            
     W-10                                                                      
         SnCl.sub.2                                                            
              5x 85% W-10                                                      
                         SnCl.sub.2                                            
                              5x 85% .00286                                    
                                           .230                                
                                               .000263                         
                                                    .115                       
                                                        52                     
     W-2-A                                                                     
         CrO.sub.3                                                             
              5x 85%+                                                          
                     W-2-A                                                     
                         CrO.sub.3                                             
                              5x 85%+                                          
                                     .000055                                   
                                           .225                                
                                               .000050                         
                                                    .020                       
                                                        10                     
                 AlPO.sub.4      AlPO.sub.4                                    
     __________________________________________________________________________
TBL                                    TABLE LXVI                              
     __________________________________________________________________________
     LUBRICANT COMPARISON RUNS USING W-8 RUB-SHOE                              
     (NiO - 5x impregnation)                                                   
     __________________________________________________________________________
                     Run     Wear  Wear                                        
                                       Corrected                               
                                             Wear                              
                                                 Wear                          
     Run         Load                                                          
                     Time    Depth Length                                      
                                       Depth Width                             
                                                 Rate                          
     No.                                                                       
        Lubricant                                                              
                 (lbs)                                                         
                     (hrs)                                                     
                         rpm (in)  (in)                                        
                                       (in)  (in)                              
                                                 (in/ft)                       
                                                      Remarks                  
     __________________________________________________________________________
                                                 .times.10.sup..sup.-9         
     1  Alcohol  30  2   300 .000765                                           
                                   .245      .065                              
                                                 74                            
     2  Polyethylene                                                           
                 30  2   300 .000405                                           
                                   .250                                        
                                       .000248                                 
                                             .050                              
                                                 24                            
        Glycol                                                                 
     3  Top Water                                                              
                 30  2   300 N.M.  N.M.                                        
                                       N.M.  N.M.                              
                                                 N.M.                          
     4  No. 10 SAE Oil                                                         
                 30  2   300 .000005                                           
                                   .175      .010                              
     5  Paraffin 30  2   300                                                   
     __________________________________________________________________________
TBL                                    TABLE LXVII                             
     __________________________________________________________________________
     LUBRICANT COMPARISON RUNS USING W-3 RUB-SHOE                              
     (CrO.sub.3 - 8x impregnation)                                             
     __________________________________________________________________________
                     Run     Wear  Wear                                        
                                       Corrected                               
                                             Wear                              
                                                 Wear                          
     Run         Load                                                          
                     Time    Depth Length                                      
                                       Depth Width                             
                                                 Rate                          
     No.                                                                       
        Lubricant                                                              
                 (lbs)                                                         
                     (hrs)                                                     
                         rpm (in)  (in)                                        
                                       (in)  (in)                              
                                                 (in/ft)                       
                                                      Remarks                  
     __________________________________________________________________________
                                                 .times.10.sup..sup.-9         
     1  Tap Water                                                              
                 30  2   300 N.M.  N.M.                                        
                                       N.M.  N.M.                              
                                                 N.M.                          
     2  Alcohol  30  2   300 .00001                                            
                                   .220      .035                              
                                                 .88                           
     3  No. 10 SAE Oil                                                         
                 30  2   300 .000005                                           
                                   .235      .025                              
                                                 .49                           
     4  Tap Water                                                              
                 10  1   300                                                   
     __________________________________________________________________________
PAR  The treated refractory ceramic material has been found to perform most
      satisfactorily as a bearing when used against a like material. This is
      unlike metal bearings where different metals are invariably used to
      achieve low wear rates. The reason for this behavior is not fully
      understood.
PAR  The Bearings and Seals branch of the Marine Engineering Laboratory of the
      U.S. Navy Department employs a single rub-shoe test for their sea water
      lubricated materials. In this case, the shoe has a 1 inch width (usually
      made as 1 inch cube) and rides on a 1 1/4 wide .times. 2 inch diameter
      wheel. The rpm is adjustable over a range of from 3 to 300. The standard
      loading is 4 lbs.
PAR  Similar tests were conducted using several of the single oxide impregnated
      chemically treated and hardened ceramic materials. Wear rates were
      measured to be between 1.55 .times. 10.sup.-.sup.9 and 3.1 .times.
      10.sup.-.sup.9 inches of wear/ft. of travel with 1 inch contact length, 4
      lb. load at point of contact, 60 rpm wheel speed, sea water lubrication
      and 92 hours running time. This is at least two orders of magnitude less
      wear than with the titanium carbide/carbon combination presently being
      used for submarine seals by the M.E.L. Multi-oxide impregnated materials
      provide even lower wear rates.
PAR  Life tests have been made on several bearing configurations. They have been
      lubricated with various oils and water. Two oil lubricated bearings have a
      total running time to date of over 6615 hours at 1800 rpm without any
      visible signs of wear. A radially loaded dual bearing had one bearing
      running in No. 10 SAE motor oil and the other running under sea water
      operated at 3200 rpm. The load on these bearings totals 1.5 pounds. These
      bearings have been operated continuously for over 5272 hours with no sign
      of wear. It should be noted that a bearing to be used with or under water
      should be cured at a temperature which is at least sufficiently high to
      drive all of the water of crystallization out of the ceramic and convert
      the structure thereof to a water-insoluble state. As indicated previously,
      this temperature is found to be at least about 600.degree.F. to about
      1000.degree.F. for the aluminum oxide ceramics.
PAR  It will be appreciated that these bearings have marine applications in a
      submersible system and would not require special seals, special
      lubrication or added buoyancy problems. Silicone lubricated bearings would
      be useful in low temperature applications and the bearings are also useful
      in liquid metal lubricated systems.
PAR  From room temperature to 600.degree.F., the friction coefficient of the
      treated refractory ceramic materials has been found to remain extremely
      low. The ceramic materials exhibit a higher friction coefficient between
      about 800.degree.F. and 1200.degree.F. Above this temperature, however, it
      again begins to slide more freely, attaining a reasonably low coefficient
      as 2000.degree.F. temperatures are approached. Since this behavior of
      increasing and then decreasing friction with temperature is almost
      identical to that reported for fully vitrified aluminum oxide ceramics, it
      is expected that the aluminum oxide base of the treated refractory ceramic
      is the major contributing factor to the related elevated temperature
      behavior.
PAR  The fact that the treated refractory material can be fabricated with a
      relatively high degree of porosity suggests the possible use of solid
      lubricants. This can be accomplished by impregnating the porous ceramic
      with a salt solution convertible to a solid lubricant, such as a salt of
      molybdenum or cadmium, and converting same in situ to the sulfide.
PAR  A variation in the chemical hardening and salt impregnation method of this
      invention results in an excellent abrasive material for the honing and
      finishing of metals. When treated correctly, such an abrasive stone will
      remove metal very rapidly in addition to having the feature of not loading
      the stone with metal particles.
PAR  The basic material found to be most satisfactory for this purpose is Coors
      AHP-99 aluminum oxide, although others have been found to be satisfactory.
      The chemical hardening treatment is different than that used to process
      standard treated ceramic parts and bearings, however. After machining to
      the desired shape, the ceramic material is first treated with a reduced
      strength or starved phosphoric acid solution of less than 85% and then
      cured at at least 600.degree.F. Following this, a salt impregnation may be
      added and the piece re-cured at a temperature sufficient to convert the
      salt to an oxide. (For standard ceramic pieces, the salt impregnation is
      made prior to the chemical hardening treatment.) This procedure has been
      found to retain a high degree of porosity, in addition to providing the
      necessary low loading of the pores and rapid cutting properties. It will
      be noted that 85% phosphoric acid saturated with aluminum phosphate will
      also provide the necessary starved acid solution.
PAR  The most significant advantages of this new abrasive material should be in
      the fact that the desired shapes and close tolerances can be generated
      prior to the hardening of the abrasive. When using sintering techniques in
      the production of abrasives, a high proportion of the expense is in the
      grinding and finishing operations. A further advantage of the present
      process may be in the low temperature-short time cycle involved in the
      curing and hardening process, as compared to the presently employed high
      temperature sintering method. Tables LXVIII and LXIX illustrate a variety
      of abrasive materials resulting from varying the acid concentration and
      the impregnant.
TBL                                    TABLE LXVIII                            
     __________________________________________________________________________
     HONING MATERIAL TESTS USING VARIOUS ACID CONCENTRATIONS                   
     __________________________________________________________________________
              1st Treatment                                                    
     Sample                                                                    
         Base        H.sub.2 O Salt Im-                                        
     No. Material                                                              
              85% H.sub.3 PO.sub.4                                             
                     Parts by Volume                                           
                               pregnation                                      
                                     Hardness                                  
                                          Characteristics                      
                                                      Rating                   
                                                            Grade              
     __________________________________________________________________________
     1-H AHP-99                                                                
              (1)    (1)       None       Grabs and Slips                      
                                                      Poor  --                 
     2-H AHP-99                                                                
              (1)    (1)       CrO.sub.3  Grabs and Slips                      
                                                      Poor  --                 
     3-H AHP-99                                                                
              (1)    (1)       ZrOCl.sub.2                                     
                                          Grabs and Slips                      
                                                      Poor  --                 
     4-H AHP-99                                                                
              (1)    (2)       None       Not as Good as 5-6                   
                                                      Good  Coarse             
     5-H AHP-99                                                                
              (1)    (2)       CrO.sub.3  Fast Cutting                         
                                                      Excellent                
                                                            Coarse             
     6-H AHP-99                                                                
              (1)    (2)       ZrOCl.sub.2                                     
                                          Fast Cutting                         
                                                      Excellent                
                                                            Coarse             
     7-H AHP-99                                                                
              (1)    (3)       None       Not as Good as 8-9                   
                                                      Good  Coarse             
                                          Only Good Cutting                    
     8-H AHP-99                                                                
              (1)    (3)       CrO.sub.3  Fast Cutting                         
                                                      Excellent                
                                                            Coarse             
     9-H AHP-99                                                                
              (1)    (3)       ZrOCl.sub.2                                     
                                          Fast Cutting                         
                                                      Excellent                
                                                            Coarse             
     10-H                                                                      
         AHP-99                                                                
              (1)    (4)       None       Not as Good as 11-12                 
                                                      Good  Coarse             
                                          Fairly Fast Cutting                  
     11-H                                                                      
         AHP-99                                                                
              (1)    (4)       CrO.sub.3  Not as Good as 12                    
                                                      Excellent                
                                                            Coarse             
     12-H                                                                      
         AHP-99                                                                
              (1)    (4)       ZrOCl.sub.2                                     
                                          Fast Cutting                         
                                                      Excellent                
                                                            Coarse             
     __________________________________________________________________________
TBL                                    TABLE LXIX                              
     __________________________________________________________________________
     HONING MATERIAL TESTS USING VARIOUS OXIDE IMPREGNATIONS                   
     __________________________________________________________________________
              1st Treatment                                                    
     Sample                                                                    
         Base        H.sub.2 O Salt                                            
     No. Material                                                              
              85% H.sub.3 PO.sub.4                                             
                     Parts by Volume                                           
                               Impregnation                                    
                                      Hardness                                 
                                           Characteristics                     
                                                      Rating                   
                                                            Grade              
     __________________________________________________________________________
     1-Q AHP-99                                                                
              (1)    (2)       Be(NO.sub.3).sub.2                              
                                           Grabs Very Slightly                 
                                                      Excellent                
                                                            Fine               
     4-Q AHP-99                                                                
              (1)    (2)       Ni(NO.sub.3).sub.2                              
                                           Grabs Slightly                      
                                                      Good  Med. Fine          
     5-Q AHP-99                                                                
              (1)    (2)       Th(NO.sub.3).sub.2                              
                                           Fairly Fast Cutting                 
                                                      Good  Med. Coarse        
     6-Q AHP-99                                                                
              (1)    (2)       SnCl.sub.2  Fast Cutting                        
                                                      Excellent                
                                                            Coarse             
     7-Q AHP-99                                                                
              (1)    (2)       Ti.sub.2 (C.sub.2 O.sub.4).sub.3                
                                           Fast Cutting                        
                                                      Excellent                
                                                            Coarse             
     8-Q AHP-99                                                                
              (1)    (2)       Zr(NO.sub.3).sub.2                              
                                           Fast Cutting                        
                                                      Excellent                
                                                            Coarse             
     9-Q AHP-99                                                                
              (1)    (2)       MgCrO.sub.4 About Same as 5-Q                   
                                                      Good  Med. Coarse        
     6-H AHP-99                                                                
              (1)    (2)       ZrOCl.sub.2            Excellent                
                                                            Coarse             
     5-H AHP-99                                                                
              (1)    (2)       CrO.sub.3              Excellent                
                                                            Coarse             
     17-Q                                                                      
         AHP-99                                                                
              (1)    (2)       Cu(NO.sub.3).sub.2                              
                                      5-6  Fast Cutting                        
                                                      Excellent                
                                                            Fine               
     18-Q                                                                      
         AHP-99                                                                
              (1)    (2)       FeCl.sub. 2                                     
                                      4-5  Fairly Fast Cutting                 
                                                      Good  Med.               
     19-Q                                                                      
         AHP-99                                                                
              (1)    (2)       La(NO.sub.3).sub.2                              
                                      3-4  Very Fast Cutting                   
                                                      Excellent                
                                                            Coarse             
     20-Q                                                                      
         AHP-99                                                                
              (1)    (2)       L.sub.1 C.sub.2 H.sub.3 O.sub.2                 
                                      3-4  Fast Cutting                        
                                                      Excellent                
                                                            Med.               
     21-Q                                                                      
         AHP-99                                                                
              (1)    (2)       Sr(NO.sub.3).sub.2                              
                                      6-7  Slips Slightly                      
                                                      Good  Med. Coarse        
     22-Q                                                                      
         AHP-99                                                                
              (1)    (2)       H.sub.4 SiW.sub.16 O.sub.40                     
                                      5-6  Very Fast Cutting                   
                                                      Excellent                
                                                            Coarse             
     __________________________________________________________________________
PAR  It was further found that, on impregnating and curing the aluminum oxide
      several times with chromic acid, there is produced a material which
      exhibits marked changes in conductivity, both electrical and heat
      conductivity, with changes in temperature. As an example, a piece of Coors
      AP-99-L3 aluminum oxide 0.625 inches in diameter and 0.040 inches thick
      was impregnated with chromic acid and cured through seven cycles and then
      given a final phosphoric acid treatment and cure. This specimen exhibited
      an electrical resistance of 185K ohms of 45.degree.F. When heated to
      70.degree.F., this specimen had an electrical resistance of 80K ohms, and
      at 1000.degree.F., the resistance dropped to 6.5 ohms. Another piece of
      Coors AP-99-L3 aluminum oxide 2.0 inches long and 0.25 inches in diameter
      was given a single chromic oxide impregnation. This piece was subjected to
      increasing voltage gradients over its length and displayed increasing
      current conductance to higher potentials as follows: 6KV-4.8 .mu.a;
      12KV-11 .mu.a; 18 KV-15.5 .mu.a; 24KV-23 .mu.a; and, 30KV-31 .mu.a.
PAR  While it is not known exactly what occurs when the underfired, porous,
      substantially pure refractory oxide ceramic is impreganted with phosphoric
      acid and cured, it is believed that possibly due to the nascent character
      of the surfaces of the porous structure, a chemical reaction or
      reorientation occurs as possibly evidenced by the unidentified line on the
      X-ray diffraction analysis. The pores of the porous starting material
      appear to be packed with a reaction product to provide an increase in the
      density of the treated material. The packing of the reaction product
      within the pores of the skeletal refractory base material appears to
      provide support therefor and when the density approaches the maximum, the
      hardness and strength of the material approaches a maximum.
PAR  Certain oxide additives, such as chromic oxide, when impregnated into
      substantially pure porous refractory oxides, will provide a substantial
      enhancement of the hardness and strength of such material without further
      treatment. Here again, the mechanism by which this is accomplished is not
      fully understood. It is not certain whether a true reaction occurs between
      the refractory base material and the oxide formed, whether there is a
      chemical linkage or sharing of electrons or whether the oxide is merely
      physically deposited. It would appear that something akin to a chemical
      bonding occurs. This is further borne out by the finding that when the
      refractory aluminum oxide base material is impregnated with phosphoric
      acid and cured, the thus treated material will not respond to or react
      with the oxide producing material. Where one of several impregnations with
      an oxide producing material has been made and appropriately cured, further
      impregnations and cures with the oxide producing materials will usually
      result in further accumulations of the oxide; however, once the phosphoric
      acid is impregnated into the refractory base material and cured, the base
      material will not materially be hardened by any further oxide additions.
      This would appear to indicate a completion of a chemical reaction between
      the refractory base oxide and the phosphoric acid on being cured to
      produce the unidentified reaction product having d plane spacing of 4.12
      angstroms.
PAR  It was found that the higher the purity of the porous partially sintered
      refractory oxide base material, the harder the treated and cured product.
      Using as a starting material Coors AP-99-L3 which contains 99% aluminum
      oxide, it is possible to produce a hardness of Rockwell A-90 with the
      treating process of this invention. The base material can be treated with
      either phosphoric acid or a salt convertible to an oxide or both. The
      phosphoric acid appears to react with the base or skeletal oxide and
      possibly with the added oxide as well. While phosphoric acid is to be
      preferred from the point of ease of use, other materials may be used as
      the source of the phosphate ion which are capable of releasing same, such
      as sodium phosphate and sodium triphosphate in solution.
PAR  Applicants' previously filed application, of which the present application
      is a continuation in part, discloses and claims the chemical treatment of
      partially sintered refractory base materials. It has now been found that
      the base refractory material can be prepared from a powder or other finely
      divided form of the base material by the incorporation of a suitable
      binder therewith, such as a clay, kaolin and the like, and then pressed,
      molded, slip-cast, extruded or otherwise processed into a shape so that
      the base oxide particles are packed into close proximity. The packing of
      the particles is such that the resulting structure is porous and has a
      substantial amount of interconnecting voids to allow for adequate
      impregnation with the chemical treating solution. In lieu of a binder
      referred to above, the particles may be wetted with the chemical treating
      solution and packed into a mold or packed into a mold and wetted, then
      impregnated with the chemical treating solution and cured through at least
      one impregnation and cure cycle whereby the particles are held together
      sufficiently to permit handling and removal from the mold. It is also
      possible to form a mixture of chemical treating solution and the particles
      with just enough solution to wet the particles or add sufficient binder to
      produce a kneadable mass which can be shaped and cured. After the initial
      shaping and curing, these pieces are subjected to multiple cycle
      impregnations and cures to produce the necessary hardness in the finished
      piece. The chemical treating solution is a solution of a compound which is
      capable of being converted to a metal oxide within the voids between
      particles forming the structure at temperatures below the sintering
      temperatures of the particles and which fall within the range of from
      about 600.degree.F. to about 1500.degree.F.
PAR  The hardening of structures formed from relatively finely divided particles
      of the base refractory materials has several advantages over starting with
      porous partially sintered or underfired pieces, first in avoiding the need
      for the initial moderately high temperature sintering step and, second,
      the powder forming method allows the use of a wide variety of starting
      materials which are not readily available in sintered form or may be
      difficult to sinter. Also, a wide variety of oxide mixtures may be
      employed with almost any percentage variation without regard to how such
      oxides would act when fused together using normal high temperature
      manufacturing methods. Also, very pure oxide bodies can be employed,
      unlike the case with sintered bodies where silica, magnesia and other
      fluxing materials are added to reduce sintering temperatures to practical
      limits. Finally, this new method allows for the incorporation of ceramic
      fibers, metal powders and a wide variety of reinforcing materials such as
      wires, screens and the like. Even glass cloth reinforcing can be employed
      because of the low curing temperatures involved.
PAR  The hardening process preferably comprises the use of multiple
      impregnations of the porous body with a solution of a compound capable of
      being converted to an oxide at temperatures below the sintering
      temperature of the body and heating the body to convert the compound to
      the oxide. The chemical solution usually consists of a relatively
      concentrated water solution of a soluble metal salt or oxide that is
      convertible to a stable oxide by the application of heat. Compounds which
      satisfy this requirement are, for example: cerrous nitrate, zirconyl
      chloride, cobalt and nickel nitrate, titanium oxalate, silico-tungstic
      acid, magnesium chromate, beryllium nitrate, chromium trioxide or chromic
      acid, chromium sulfate, chromium chloride and the like. The preferred
      compound of a particular metal is usually selected on the basis of maximum
      solubility. The higher the solubility, normally the greater the amount of
      the metal oxide will be deposited in the refractory oxide body after each
      chemical impregnation-cure cycle. For this same reason, a concentrated
      solution is to be preferred to a dilute solution of the compound. Alcohol,
      ether and other solvents may be used; however, water is preferred because
      of its greater solubility characteristic for most all of the metal salts
      and oxides under consideration. Other factors, such as salt to oxide
      conversion temperatures, stability throughout the conversion temperature
      range, relationship of crystal sizes during conversion to the interstitial
      spaces in the porous base material, desired hardness and strength of the
      final product are other considerations in the selection and preparation of
      the impregnating chemical solution.
PAR  The most desirable chemical treatment from the standpoint of achieving
      maximum hardness and strength has been found to be one or more of the high
      solubility chormium compounds. Among these, concentrated chromic acid has
      been found to be the most efficient in terms of achieving maximum hardness
      in the fewest number of impregnation-cure cycles. It should be pointed
      out, however, that other chromium compounds also have advantages. For
      example, the tri-valent salts such as the chloride or sulfate can be
      employed with the hexavalent chromium trioxide form may present a health
      hazard. Also, a non-acidic form such as magnesium chromate may be
      desirable when chemically hardening basic refractory bodies such as
      calcium oxide.
PAR  While the chromic acid impregnation-treatment process has many advantages,
      the treated refractory body is generally not suitable for low-loss
      electrical parts because of the negative electrical resistivity
      characteristics with increasing temperature as pointed out previously. If
      low electrical conductivity is required over wide temperature ranges, then
      one of the other hardening treatment, such as cerrous nitrate, zirconium
      oxychloride, beryllium nitrate, etc., would be used.
PAR  It is significant that the process of this invention involves multiple
      chemical treatment to achieve maximum hardness, at least two or more
      treatments being required in every case. As briefly mentioned previously,
      it has been found that a variety of metal salts and soluble oxides can be
      used for this chemical hardening process, some with greater success than
      others as far as ultimate hardness and strength is concerned. It appears
      that, during the initial heat conversion, the refractory oxide formed,
      such as Cr.sub.2 O.sub.3 and the like, makes a very strong bond to the
      refractory oxide particles, such as alumina and the like, used as the
      porous oxide body. Subsequent treatments, on the other hand, appear to
      form a strong bond to the oxide previously deposited. A thin section
      (petrographic) slide of a porous alumina body indeed reveals that the
      initial chromic acid treatment, followed by conversion to the Cr.sub.2
      O.sub.3 form by heat, results in a thorough coating of the alumina
      particles by the green oxide. By examining pores of relatively large cross
      section, there is seen to be a continuation of this coating effect as
      subsequent impregnations-heat conversion cycles are applied. Referring to
      the photographs of FIGS. 1, 2 and 3, there is shown a pressed body of
      Coors AP-99-L3 alumina powder with successive impregnation-cure cycles
      using concentrated chromic acid according to the present invention. FIG. 1
      shows a section of the body after a single chromic acid impregnation and
      cure. The structure as shown in FIG. 1 is quite rough showing considerable
      unfilled voids. FIG. 2 shows a section of the same body after a total of
      five (5) impregnation-cure cycles with chromic acid. It is seen that the
      texture of the body is less rough and many of the voids are filled and
      filling up. FIG. 3 shows a section of the same body after undergoing a
      total of nine (9) impregnation-cure cycles with chromic acid. Here, it is
      seen that the texture is even less rough and many of the voids have been
      filled. The converted oxide has been found to exhibit a strong attraction
      to either the oxide used as the initial pressed body, or subsequently, to
      itself. The center of the pores are seen to fill up only after several
      treatments. The hardness of such a porous oxide body increases
      considerably as the treatment process is repeated.
PAR  A porous alumina body was treated with a diluted phosphoric acid solution
      and cured prior to the chromic acid treatment. Here, it was seen by
      examination of a thin section slide that the chromia was not attracted or
      deposited on the aluminum phosphate surface but, rather, appeared to fill
      up the larger pores with a loosely packed or porous green material even
      with the initial treatment. In this case, the chromia does not appear to
      make an effective bond to aluminum phosphate as it did to the aluminum
      oxide of the previous example.
PAR  While many of the refractory oxides can be effectively coated with a
      moderately well adhering layer of chromia using the chromic acid treatment
      method, production of strongly bonded refractory materials have been found
      to require the presence of small pores, gaps, crocks or interstices. Under
      such conditions, a very hard and dense part will result. Also, as might be
      anticipated, physical hardness with a given number of chemical treatments,
      and using a particular refractory oxide material, will depend on the
      particle size, shape and packing pressure employed. If the pore sizes are
      too large, it may take an excessive number of treatments before the body
      attains a high degree of hardness. If the spaces are too small, then the
      chemical solution cannot penetrate properly. While the statements above
      have been directed primarily to the chromic acid treatment, this was by
      way of example only. The same effects have generally been found to be true
      with many of the other soluble metal salt and oxide solutions mentioned.
PAR  It also should be noted that it is not essential to use a refractory oxide
      base material in order to obtain a hardened product using the chemical
      treatment method according to the present invention. The main requirement
      is for the base structure to contain the necessary small voids and
      interstices in which the oxide may be formed. For example, a piece of
      woven glass cloth has been effectively hardened in this manner and becomes
      brittle and ceramic-like in nature after only a few chromic acid
      impregnations and cures. In a like manner, compacted steel wool; kaolin
      and alumina fibers; kaolin, glass and quartz paper, and the like have been
      effectively hardened. In addition, it has been found that a variety of
      lightly pressed metal powders can be similarly hardened. A chemical bond
      appears to be occurring between the chromic oxide and the pressed
      material. As in the case of pressed porous oxide bodies, multiple
      treatments are required to produce a well bonded and hard structure with
      the other materials. It appears that the chemical bonding occurs with an
      oxide since, where the initial base material is other than an oxide, i.e.,
      a metal powder, the formation of an oxide coating thereon appears to be
      necessary before satisfactory bonding action takes place. There is almost
      always a layer of oxide on the particles or one is formed in situ during
      the impregnation and curing process with the oxygen being supplied from
      the atmosphere or by the reagents. If, as in the case of titanium metal
      powder, where the formation of a suitable oxide coating may not occur
      during the curing step, an oxidation step may precede the chemical
      treatment. This may involve only a simple heating step to a temperature to
      produce an oxide coating on the particles. It will also be noted that
      oxide which is deposited anad formed in the voids and interstices of the
      porous body according to the present process serves as a bonding agent for
      subsequent oxide depositions.
PAR  Table LXX shows the hardness results achieved with a wide variety of
      pressed oxide structures treated with chromic acid. The chromic acid in
      this case was prepared as a concentrated aqueous solution by adding
      chromium trioxide (CrO.sub.3) to water until no more crystals would
      dissolve at room temperature. The samples were formed by mixing a small
      quantity of concentrated chromic acid with the refractory oxide powder and
      pressing the damp mix into a ring type mold. Pressing was accomplished
      either by means of an hydraulic press using a die of the approximate 1/2
      inch mold diameter or in later tests was done by means of hand tamping
      with a small flat die punch. The hand tamping method appears to provide
      more uniform results, especially when certain "hard-to-flow" type oxides
      are encountered. The pressed samples were then oven cured to a maximum of
      1200.degree. F. The still porous samples were then heated to 350.degree.
      F., immersed in concentrated chromic acid, removed and then heated slowly
      to 1200.degree. F. and the process repeated for the number of cycles
      indicated in Table LXX.
PAR  A typical curing cycle is as follows: Body heated to room temperature of up
      to 350.degree. F. immersed in concentrated chromic acid solution; remove
      from acid solution and cure in an oven at 150.degree. F. for 20 minutes;
      cure at 350.degree. F. for 20 minutes; cure at from 500.degree. F. to
      550.degree. F. for 30 minutes; cure at 750.degree. F. to 800.degree. F.
      for 20 minutes; cure at 1200.degree. F. for 15 to 20 minutes; remove from
      oven; and, cool to room temperature or to 350.degree. F. for further
      immersion. These steps would, of course, be repeated for multiple cycle
      treatment.
PAR  Heating the body to 350.degree. F. prior to immersion in the chemical
      solution was done only as an attempt to create a partial vacuum within the
      part upon cooling to enhance complete impregnation with the treating
      solution. It has been found that capillary action is usually sufficient to
      cause complete impregnation within the parts even at room temperature;
      however, it has been found that improved impregnation is accomplished by
      heating the impregnating solution, particularly chromic acid. A
      temperature on the order of 190.degree. F. for chromic acid produces an
      increase in impregnation on the order of about 10%.
PAR  In order to assure flat smooth surfaces, especially with the hand tamped
      samples, the test pieces were lightly sanded on silicon carbide abrasive
      paper after the first or second cycle. Early finishing was done only to
      avoid the necessity of diamond lapping which, for most of these samples,
      would be required after three or four impregnations.
PAR  Table LXXI has been included for comparison purposes and gives the 15-N
      Rockwell hardness values for a variety of common materials. It can be seen
      that some of the oxides hardened by the method of the present invention as
      listed in Table LXX become extremely hard. Table LXXII is a conversion
      table for Rockwell A hardness to Rockwell 15-N over a limited range.
PAR  Table LXXIII shows the test results obtained with structures press formed
      from finely divided mixtures of refractory oxides. These structures were
      prepared in the same manner as those described above for those shown in
      Table LXX. The ultimate hardness of a structure appears to be generally
      predictable, based on the single oxide hardness of the particular oxides
      used.
TBL                                    TABLE LXX                               
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR PRESSED SAMPLES COMPOSED OF                     
     HIGH PURITY SINGLE OXIDES WITH MULTIPLE CHROMIC ACID IMPREGNATION-CURE    
     CYCLES                                                                    
     __________________________________________________________________________
                                  15-N Rockwell Hardness vs                    
                                  No. Impregnations                            
     Sample                                                                    
         Base Oxide Material                                                   
                        Forming Pressure                                       
                                  3x 5x 7x 9x 11x                              
                                                 13x                           
     __________________________________________________________________________
     97  Al.sub.2 O.sub.3 (30.mu. Meller 99.98%)                               
                        20,000 psi                                             
                                  57.4                                         
                                     80.7                                      
                                        -- 91.6                                
                                              92.7                             
                                                 94.6                          
     116 Cr.sub.2 O.sub.3                                                      
                        Hand Tamped                                            
                                  84.5                                         
                                     88.1                                      
                                        94.3                                   
                                           96.2                                
                                              96.0                             
                                                 96.6                          
     J   TiO.sub.2 (anatase)                                                   
                        20,000 psi                                             
                                  -- -- 78.6                                   
                                           83.6                                
                                              89.9                             
                                                 90.0                          
     K   TiO.sub.2 (rutile)                                                    
                        20,000 psi                                             
                                  -- 84.3                                      
                                        89.6                                   
                                           91.7                                
                                              91.4                             
                                                 91.7                          
     W   ZrO.sub.2      10,000 psi                                             
                                  -- 88.4                                      
                                        90.0                                   
                                           90.5                                
                                              93.1                             
                                                 91.0                          
     98  BeO            20,000 psi                                             
                                  84.1                                         
                                     91.9                                      
                                        92.4                                   
                                           95.2                                
                                              95.5                             
                                                 95.3                          
     Y   HySiO.sub.2    10,000 psi                                             
                                  -- 81.0                                      
                                        86.7                                   
                                           92.0                                
                                              94.3                             
                                                 93.1                          
     Z   NiO            10,000 psi                                             
                                  -- 78.8                                      
                                        86.5                                   
                                           86.5                                
                                              89.2                             
                                                 88.9                          
     AA  CoO            10,000 psi                                             
                                  -- 75.1                                      
                                        85.9                                   
                                           89.3                                
                                              89.0                             
                                                 --                            
     BB  CeO            10,000 psi                                             
                                  -- 85.1                                      
                                        88.4                                   
                                           90.3                                
                                              89.8                             
                                                 --                            
     CC  Fe.sub.2 O.sub.3                                                      
                        10,000 psi                                             
                                  -- 84.8                                      
                                        86.2                                   
                                           89.1                                
                                              91.0                             
                                                 --                            
     28  Al.sub.2 O.sub.3 H.sub.2 O                                            
                        20,000 psi                                             
                                  57.0                                         
                                     75.8                                      
                                        84.3                                   
                                           88.2                                
                                              86.8                             
                                                 89.5                          
     111 SnO.sub.2      20,000 psi                                             
                                  84.5                                         
                                     87.0                                      
                                        -- 93.8                                
                                              93.9                             
                                                 94.7                          
     188 MnO.sub.2      Hand Tamped                                            
                                  -- -- 68.7                                   
                                           -- 77.5                             
                                                 84.3                          
     190 WO.sub.3       Hand Tamped                                            
                                  59.5                                         
                                     -- 74.0                                   
                                           84.1                                
                                              85.5                             
                                                 85.8                          
     191 Ta.sub.2 O.sub.5                                                      
                        Hand Tamped                                            
                                  77.8                                         
                                     85.4                                      
                                        89.6                                   
                                           91.1                                
                                              92.2                             
                                                 90.8                          
     222 Fe.sub.3 O.sub.4                                                      
                        Hand Tamped                                            
                                  84.7                                         
                                     88.0                                      
                                        91.5                                   
                                           94.2                                
                                              95.5                             
                                                 95.4                          
     __________________________________________________________________________
TBL                TABLE LXXI                                                  
     ______________________________________                                    
     15N-ROCKWELL HARDNESS VALUES                                              
     FOR SOME COMMON MATERIALS                                                 
     ______________________________________                                    
     Titanium, Type A         15N-63                                           
     Cold Rolled Steel (1040) 15N-69                                           
     303 Stainless Steel      15N-69.6                                         
     416 Stainless Steel      15N-72                                           
     Beryllia Ceramic (Coors BD-96                                             
                              15N-88.5                                         
     Titania Ceramic (AlSiMag 192)                                             
                              15N-89.6                                         
     Spring Steel (Hack Saw Blade)                                             
                              15N-91                                           
     Hardened Tool Steel (Rex AAA)                                             
                              15N-92.4                                         
     Pyrex Glass, Tempered    15N-93.6                                         
     Alumina Ceramic (Coors AD-94)                                             
                              15N-94.2                                         
     Alumina Ceramic (Coors AD-995)                                            
                              15N-94.8                                         
     Tungsten Carbide Alloy (Carboloy 603)                                     
                              15N-95.9                                         
     ______________________________________                                    
      NOTE: Above average readings were made on actual samples. Values may not 
      necessarily agree with those of manufacturers published data.            
TBL                TABLE LXXII                                                 
     ______________________________________                                    
     HARDNESS CONVERSION - ROCKWELL A TO ROCKWELL 15-N                         
     ______________________________________                                    
     Rockwell A                                                                
              Rockwell 15-N                                                    
                          Rockwell A Rockwell 15-N                             
     ______________________________________                                    
     92.0     96.5        79.0       88.5                                      
     91.5     --          78.5       88.0                                      
     91.0     96.0        78.0       87.5                                      
     90.5     --          77.5       87.0                                      
     90.0     95.5        77.0       86.5                                      
     89.5     --          76.5       86.0                                      
     89.0     95.0        76.0       85.5                                      
     88.5     --          75.5       85.0                                      
     88.0     94.5        74.5       84.5                                      
     87.0     --          74.0       84.0                                      
     86.5     94.0        73.5       83.5                                      
     86.0     93.5        73.0       83.0                                      
     85.5     --          72.5       82.5                                      
     85.0     93.0        72.0       82.0                                      
     84.5     92.5        71.5       81.5                                      
     84.0     92.0        71.0       81.0                                      
     83.5     --          70.5       80.5                                      
     83.0     91.5        70.0       80.0                                      
     82.5     91.0        69.5       79.5                                      
     81.5     90.5        69.0       79.0                                      
     81.0     90.0        68.5       78.5                                      
     80.5     89.5        68.0       78.0                                      
     80.0     --          67.5       77.0                                      
     79.5     89.0        67.0       76.5                                      
     66.5     76.0        63.0       72.0                                      
     66.0     75.5        62.5       71.5                                      
     65.5     75.0        62.0       71.0                                      
     65.0     74.5        61.5       70.5                                      
     64.5     74.0        61.0       70.0                                      
     64.0     73.5        60.5       69.5                                      
     63.5     72.5                                                             
     ______________________________________                                    
TBL                                    TABLE LXXIII                            
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR PRESSED SAMPLES COMPOSED OF                     
     HIGH PURITY MIXED OXIDES WITH MULTIPLE CHROMIC ACID IMPREGNATIONS         
     __________________________________________________________________________
                                      15-N Rockwell Hardness vs No.            
                                      Impregnations                            
     Sample                                                                    
         Base Oxide Material                                                   
                            Forming Pressure                                   
                                      3x  5x  7x  9x  11x 13x                  
     __________________________________________________________________________
     EE  ZrO.sub.2 (1) + Al.sub.2 O.sub.3 -tabular(1)                          
                            10,000 psi                                         
                                      --  87.7                                 
                                              91.0                             
                                                  92.9                         
                                                      92.4                     
                                                          93.1                 
     225 Cr.sub.2 O.sub.3 (4) + Fe.sub.3 O.sub.4 (1)                           
                            Hand Tamped                                        
                                      --  89.5                                 
                                              94.0                             
                                                  94.4                         
                                                      95.7                     
                                                          96.2                 
     GG  BeO(1) + Al.sub.2 O.sub.3 -tabular(1)                                 
                            10,000 psi                                         
                                      --  92.0                                 
                                              91.7                             
                                                  94.0                         
                                                      94.6                     
                                                          92.5                 
     HH  NiO(1) + Al.sub.2 O.sub.3 -tabular(1)                                 
                            10,000 psi                                         
                                      --  85.2                                 
                                              88.6                             
                                                  90.7                         
                                                      91.4                     
                                                          91.7                 
     7   TiO.sub.2 -rutile(2) + Al.sub.2 O.sub.3 -tabular(1)                   
                            20,000 psi                                         
                                      80.0                                     
                                          86.2                                 
                                              91.5                             
                                                  92.2                         
                                                      91.5                     
                                                          93.0                 
     8   TiO.sub.2 -rutile(1) + Al.sub.2 O.sub.3 -tabular(1)                   
                            20,000 psi                                         
                                      79.6                                     
                                          87.6                                 
                                              91.9                             
                                                  89.6                         
                                                      91.3                     
                                                          89.7                 
     9   TiO.sub.2 -rutile(1) + Al.sub.2 O.sub.3 -tabular(1)                   
                            20,000 psi                                         
                                      78.2                                     
                                          89.6                                 
                                              93.0                             
                                                  93.4                         
                                                      90.1                     
                                                          89.9                 
     10  CeO(1) + Al.sub.2 O.sub.3 -tabular(1)                                 
                            20,000 psi                                         
                                      81.4                                     
                                          88.3                                 
                                              91.4                             
                                                  91.4                         
                                                      91.4                     
                                                          92.5                 
     11  Fe.sub.2 O.sub.3 (1) + Al.sub.2 O.sub.3 -tabular(1)                   
                            20,000 psi                                         
                                      82.4                                     
                                          87.3                                 
                                              91.6                             
                                                  92.7                         
                                                      93.5                     
                                                          93.5                 
     13  Cr.sub.2 O.sub.3 (1) + Al.sub.2 O.sub.3 -tabular(1)                   
                            20,000 psi                                         
                                      82.8                                     
                                          90.4                                 
                                              93.6                             
                                                  94.5                         
                                                      94.4                     
                                                          94.5                 
     14  Cr.sub.2 O.sub.3 (1) + Al.sub.2 O.sub.3 -tabular(2)                   
                            20,000 psi                                         
                                      81.8                                     
                                          90.8                                 
                                              91.1                             
                                                  93.9                         
                                                      93.4                     
                                                          94.1                 
     15  Cr.sub.2 O.sub.3 (1) + TiO.sub.2 -rutile(1)                           
                            20,000 psi                                         
                                      83.0                                     
                                          86.9                                 
                                              90.1                             
                                                  90.4                         
                                                      92.4                     
                                                          91.9                 
     16  Cr.sub.2 O.sub.3 (1) + BeO(1)                                         
                            20,000 psi                                         
                                      83.5                                     
                                          92.2                                 
                                              --  95.5                         
                                                      95.4                     
                                                          96.7                 
     17  Cr.sub.2 O.sub.3 (1) + ZrO.sub.2 (1)                                  
                            20,000 psi                                         
                                      85.0                                     
                                          88.7                                 
                                              92.1                             
                                                  93.5                         
                                                      93.6                     
                                                          94.6                 
     18  BeO(1) + TiO.sub.2 -rutile(1)                                         
                            20,000 psi                                         
                                      80.3                                     
                                          89.3                                 
                                              92.3                             
                                                  88.6                         
                                                      94.2                     
                                                          93.5                 
     19  ZrO.sub.2 (1) + TiO.sub.2 -rutile(1)                                  
                            20,000 psi                                         
                                      75.7                                     
                                          81.6                                 
                                              86.1                             
                                                  88.2                         
                                                      89.5                     
                                                          92.3                 
     20  ZrO.sub.2 (1) + BeO(1)                                                
                            20,000 psi                                         
                                      81.9                                     
                                          87.8                                 
                                              92.0                             
                                                  94.0                         
                                                      95.1                     
                                                          94.3                 
     __________________________________________________________________________
PAR  Samples were prepared to determine the effect of particle size on the
      hardness of pressed refractory oxides hardened by means of the present
      chemical process. Samples described below were chemically treated with
      chromic acid and cured at a maximum temperature of 1200.degree. F.
PAR  Table LXXIV covers Rockwell hardness measurements for samples pressed from
      several grades of Meller 99.8% aluminum oxide. The tests were conducted on
      samples predominently of 0.06 .mu., 0.3 .mu., 1.0 .mu. particle size in
      addition to a 1-30 .mu. and a 5-10 .mu. range particle size. It is
      interesting to note from the table that there is very little difference in
      the hardness values achieved with any of these various size oxides except
      for the 5-10 .mu. type which gave noticeably lower values.
PAR  Because of the limited particle size distribution of the 5-10 .mu. powder,
      it is quite probable that the pressed body has a structure composed of
      both large and small pores. This would be primarily due to the lack of
      fine particles to fit into the spaces between the larger ones. Such a
      structure is difficult to completely harden since, once the smaller pores
      or passages become filled, there is no longer any way to reach the larger,
      and by now sealed off, spaces with subsequent treatments.
PAR  Table LXXV shows the results of another comparison using Alcoa T-61 tabular
      alumina (.about.99.3% Al.sub.2 O.sub.3). Sample A was pressed using a dry
      milled grade as received from the manufacturer (-325 mesh). The remaining
      samples employed the same material with additional ball milling using
      water as the vehicle. Microscopic examination of particles showed a
      definite reduction in size with hours of milling. The -325 mesh material,
      48 hour milled material and the mixtures of various particle sizes, show
      the best results. The 24 hour and the 96 hour ball milled materials show
      definitely inferior hardness results. The same results have been achieved
      with the 24 hour and 96 hour materials in several other tests so it can
      again only be assumed that a difference in pore structure exists in the
      bodies pressed from this material.
PAR  Indications as a result of a great many samples are that maximum hardness
      and density with a given oxide material is achieved only with particle
      sizes and shapes that provide the most uniform interstitial structure. In
      such cases, there can be a very complete impregnation resulting in the
      most dense and hardest structure possible with the materials involved. The
      uniform interstitial requirement would also explain the reason that
      lightly pressed samples can sometimes be chemically treated to a greater
      degree of hardness than those formed under extremely high pressure. In the
      latter case, trapped pores, or at least spaces with smaller passages
      leading to them, may occur, resulting in less than maximum hardness.
TBL                                    TABLE LXXIV                             
     __________________________________________________________________________
     HARDNESS VARIATIONS AS A RESULT OF USING                                  
     HIGH PURITY ALUMINA (99.98% Al.sub.2 O.sub.3) OF DIFFERENT PARTICLE       
     __________________________________________________________________________
     SIZES                                                                     
                                   15-N Rockwell Hardness vs. No.              
                                   Impregnations                               
     Sample                                                                    
         Base Oxide Material                                                   
                         Forming Pressure                                      
                                   3x  5x  7x  9x  11x 13x                     
     __________________________________________________________________________
     124 Al.sub.2 O.sub.3, 99.98% Meller, 0.06.mu.                             
                         Hand Tamped                                           
                                   66.8                                        
                                       78.4                                    
                                           84.0                                
                                               92.5                            
                                                   95.0                        
                                                       93.5                    
     123 Al.sub.2 O.sub.3, 99.98% Meller, 0.06.mu.                             
                         Hand Tamped                                           
                                   75.2                                        
                                       --  91.9                                
                                               92.6                            
                                                   93.9                        
                                                       94.1                    
     122 Al.sub.2 O.sub.3, 99.98% Meller, 0.06.mu.                             
                         Hand Tamped                                           
                                   76.4                                        
                                       --  92.1                                
                                               93.6                            
                                                   94.7                        
                                                       95.8                    
     125 Al.sub.2 O.sub.3, 99.98% Meller, 0.06.mu.                             
                         Hand Tamped                                           
                                   76.5                                        
                                       87.6                                    
                                           88.9                                
                                               88.9                            
                                                   91.6                        
                                                       91.2                    
     126 Al.sub.2 O.sub.3, 99.98% Meller, 0.06.mu.                             
                         Hand Tamped                                           
                                   74.0                                        
                                       --  91.4                                
                                               92.4                            
                                                   93.7                        
                                                       95.3                    
     __________________________________________________________________________
TBL                                    TABLE LXXV                              
     __________________________________________________________________________
     HARDNESS VARIATIONS IN ALCOA TABULAR ALUMINA                              
     DRY GROUND OR WET MILLED TO OBTAIN DIFFERENT PARTICLE SIZE AND            
     __________________________________________________________________________
     RANGES                                                                    
                                               15-N Rockwell Hardness vs. No.  
                                               Impregnations                   
     Sample                                                                    
         Base Oxide Material         Forming Pressure                          
                                              3x  5x 7x 9x  11x 13x            
     __________________________________________________________________________
     A   Al.sub.2 O.sub.3 -tabular, Alcoa T-61(-325 mesh)                      
                                     20,000 psi                                
                                               N.M.                            
                                                  N.M.                         
                                                     92.8                      
                                                        93.1                   
                                                            94.8               
                                                                94.3           
     29  Al.sub.2 O.sub.3 -tabular, T-61(-325 mesh), ball milled 24            
                                     20,000 psi                                
                                               81.8                            
                                                  88.8                         
                                                     90.7                      
                                                        91.6                   
                                                            92.8               
                                                                92.9           
     30  Al.sub.2 O.sub.3 -tabular, T-61(-325 mesh), ball milled 48            
                                     20,000 psi                                
                                               82.4                            
                                                  90.6                         
                                                     92.0                      
                                                        94.0                   
                                                            95.0               
                                                                94.3           
     31  Al.sub.2 O.sub.3 -tabular, T-61(-325 mesh), ball milled 96            
                                     20,000 psi                                
                                               82.1                            
                                                  87.1                         
                                                     91.7                      
                                                        91.6                   
                                                            90.4               
                                                                92.7           
     32  Al.sub.2 O.sub.3 -tabular, T-61(-325 mesh), ball milled               
                                     20,000 psi                                
                                               83.9                            
                                                  90.3                         
                                                     92.1                      
                                                        91.7                   
                                                            93.1               
                                                                93.2           
         24 hrs. (1 part), 48 hrs. (1 part), 96 hrs. (1 part)                  
     33  Al.sub.2 O.sub.3 -tabular, T-61(-325 mesh), -325 mesh (1              
                                     20,000 psi                                
                                               81.6                            
                                                  90.0                         
                                                     91.9                      
                                                        93.4                   
                                                            94.2               
                                                                93.7           
         96 hrs. (1 part), 24 hrs. (1 part), 48 hrs. (1 part)                  
     __________________________________________________________________________
PAR  Samples were prepared and tested to determine the effect on hardness due to
      using various available forms of alumina and chromia as the base oxide
      material for pressed samples. Among the forms of alumina investigated were
      alpha, beta and gamma types and including hydrated, calcined, tabular and
      fused varieties of one or more of these types. The chromia (Cr.sub.2
      O.sub.3) is available in a much narrower selection of forms. However, a
      comparison of standard finely divided, chemically produced chromia with
      that of fused ball milled chromia has been made.
PAR  Table LXXVI gives hardness comparisons for pressed samples made from
      several commercially available Alcoa aluminas. These include tabular,
      calcined and hydrated forms. As might be expected, the hydrated forms do
      not achieve maximum hardness, at least as rapidly as do the tabular and
      calcined types. Since the particular hydrated aluminas tested (Type C-37
      and C-331) are approximately 65% Al.sub.2 O.sub.3 in their pre-heated
      condition, it is to be understood that more chemical treatment-cure cycles
      would be required to reach maximum hardness than would be the case with
      the tabular and calcined varieties.
PAR  The hydrated aluminas take the form of white granular crystals with the
      formula Al.sub.2 O.sub.3 . 3H.sub.2 O (or sometimes written Al(OH).sub.3).
      Type C-37 is a beta crystal form with a +325 mesh size (325 mesh
      .apprxeq.35 micron particle size), while C-331 is much finer than 325
      mesh, having an average particle size of only 6.5 to 8.5 microns.
PAR  The tabular and calcined aluminas listed in Table LXXVI are all -325 mesh
      and are 99+% Al.sub.2 O.sub.3. These are aluminas of the alpha type. The
      tabular alumina is ground from tablet-like crystals (well developed alpha
      alumina) that has been converted to the corundum form by heating to a
      temperature slightly below the fusion point (3700.degree. F.) of aluminum
      oxide. The calcined aluminas are here considered to be of a less well
      developed alpha form.
PAR  There is very little difference in hardness of samples produced with the
      tabular as compared with the calcined aluminas. Since it was expected that
      the hydrated alumina (especially sample 152) would approach comparable
      hardness with additional chemical hardening treatments, samples 151 and
      152 were given additional impregnations. After 17 impregnation-cure
      cycles, No. 152 achieved a hardness of 15-N-93.2 on the Rockwell scale.
      Sample No. 151 did not do as well, reaching only 15-N-90.6 after 17
      cycles. This sample (151) is composed of large size particles, being
      predominently greater than 35 .mu. in dimension, which probably accounts
      for the very slow rate at which hardness of this sample is increasing.
PAR  Table LXXVII shows hardness results obtained by means of the chemical
      hardening process of the invention using a variety of additional aluminum
      oxide forms. These include crushed and/or ball milled fused alumina
      abrasives of 90% to 99% purity in addition to one test (No. 167) pressed
      from a -325 mesh fused bauxite material containing about 5-8% titanium and
      other impurities. From the data of Tables LXXVI and LXXVII, it would
      appear that maximum hardness of alumina material is not as dependent on
      form or purity as it is on particle size and uniformity of porosity. It
      must be pointed out, however, that the major impurity of most of the
      materials listed, especially those of Table LXXII, are iron oxide and
      titania, which as seen earlier also provides an extremely hard body when
      used by themselves with the chromic acid treatment.
PAR  Table LXXVIII shows comparison of three chromia samples. Number 116 is
      pressed from the standard 99% chemically produced chromia of finely
      divided crystalline form. Sample 205 is the same material after ball
      milling wet for 40 hours. These two samples show only slight differences
      in hardness. The third test, sample 220, however, shows significantly
      lower hardness. This material was prepared by ball milling plasma sprayed
      chromium oxide coatings built up to a heavy layer on a subsequently
      discarded metal substrate. While the purity of sample 220 is nominally
      about 90% (with a high percentage of silica for the impurity), this
      material was quite difficult to ball mill with a noticeable percentage of
      large size particles being included along with the greater percentage of
      very fine particles. Again, therefore, reduced hardness of this particular
      sample is believed to be due primarily to an unfortunate interstitial
      structure of irregular porosity, rather than purity or the fact that it is
      a re-ground fused material.
TBL                                    TABLE LXXVI                             
     __________________________________________________________________________
     HARDNESS RESULTS OBTAINED WITH A VARIETY OF                               
     COMMERCIALLY AVAILABLE FORMS OF ALUMINA AFTER CHEMICAL HARDENING          
     __________________________________________________________________________
                                        15-N Rockwell Hardness vs. No.         
                                        Impregnations                          
     Sample                                                                    
         Base Oxide Material  Forming Pressure                                 
                                        3x  5x  7x  9x  11x 13x                
     __________________________________________________________________________
     119 Al.sub.2 O.sub.3, tabular, Alcoa T-61 (-325 mesh)                     
                              Hand Tamped                                      
                                        80.6                                   
                                            91.3                               
                                                92.1                           
                                                    92.6                       
                                                        94.3                   
                                                            94.0               
     155 Al.sub.2 O.sub.3, calcined, Alcoa A-3(-325 mesh)                      
                              Hand Tamped                                      
                                        71.9                                   
                                            86.4                               
                                                89.1                           
                                                    92.1                       
                                                        92.7                   
                                                            93.9               
     154 Al.sub.2 O.sub.3, calcined, Alcoa A-5 (-325 mesh)                     
                              Hand Tamped                                      
                                        --  79.2                               
                                                89.1                           
                                                    94.1                       
                                                        94.8                   
                                                            94.6               
     153 Al.sub.2 O.sub.3, calcined, Alcoa A-14 (-325 mesh)                    
                              Hand Tamped                                      
                                        73.4                                   
                                            88.9                               
                                                93.0                           
                                                    93.3                       
                                                        93.4                   
                                                            93.7               
     151 Al.sub.2 O.sub.3, hydrated, Alcoa C-37                                
                              Hand Tamped                                      
                                        41.9                                   
                                            65.9                               
                                                80.4                           
                                                    82.2                       
                                                        87.4                   
                                                            88.6               
     152 Al.sub.2 O.sub.3, hydrated, Alcoa C-331                               
                              Hand Tamped                                      
                                        --  --  81.3                           
                                                    85.8                       
                                                        90.3                   
                                                            92.2               
     __________________________________________________________________________
TBL                                    TABLE LXXVII                            
     __________________________________________________________________________
     HARDNESS RESULTS OBTAINED BY CHEMICALLY TREATING A NUMBER OF              
     COMMERCIALLY AVAILABLE, FUSED ALUMINA MATERIALS                           
     __________________________________________________________________________
                                            15-N Rockwell Hardness vs. No.     
                                            Impregnations                      
     Sample                                                                    
         Base Oxide Material      Forming Pressure                             
                                            3x  5x  7x  9x  11x 13x            
     __________________________________________________________________________
     45  Al.sub.2 O.sub.3, fused 1700 grit abrasive                            
                                  20,000 psi                                   
                                            65.3                               
                                                83.0                           
                                                    86.4                       
                                                        87.6                   
                                                            86.8               
                                                                89.6           
     50  Al.sub.2 O.sub.3, fused 1700 grit, ball milled 96 hours               
                                  20,000 psi                                   
                                            78.1                               
                                                87.4                           
                                                    87.3                       
                                                        89.2                   
                                                            88.9               
                                                                90.2           
     60  Al.sub.2 O.sub.3, fused 36 grit semi-friable, ball milled             
                                  20,000 psi                                   
                                            76.1                               
                                                87.0                           
                                                    88.8                       
                                                        90.3                   
                                                            90.4               
                                                                92.0           
         48 hours                                                              
     206 Al.sub.2 O.sub.3, fused 240 grit friable (99%),                       
                                  Hand Tamped                                  
                                            74.5                               
                                                89.0                           
                                                    93.3                       
                                                        94.1                   
                                                            93.9               
                                                                93.4           
         ball milled 40 hours                                                  
     167 Fused Bauxite, DCF abrasive, -325 mesh                                
                                  Hand Tamped                                  
                                            --  87.2                           
                                                    92.6                       
                                                        93.4                   
                                                            --  93.8           
     __________________________________________________________________________
TBL                                    TABLE LXXVIII                           
     __________________________________________________________________________
     HARDNESS RESULTS OBTAINED BY CHEMICALLY HARDENING STANDARD AND            
     BALL MILLED CHROMIA AND BALL MILLED, FUSED CHROMIA PRESSED                
     __________________________________________________________________________
     SAMPLES                                                                   
                                     15-N Rockwell Hardness vs No.             
                                     Impregnations                             
     Sample                                                                    
         Base Oxide Material                                                   
                           Forming Pressure                                    
                                     3x   5x  7x  9x  11x 13x                  
     __________________________________________________________________________
     220 Fused Cr.sub.2 O.sub.3, ball milled 48 hours                          
                           Hand Tamped                                         
                                     85.8 91.7                                 
                                              92.3                             
                                                  92.6                         
                                                      93.3                     
                                                          93.6                 
     116 Cr.sub.2 O.sub.3, 99% (chemically reduced)                            
                           Hand Tamped                                         
                                     84.5 88.1                                 
                                              94.3                             
                                                  96.2                         
                                                      96.0                     
                                                          96.6                 
     205 Cr.sub.2 O.sub.3, 99%, ball milled 40 hours                           
                           Hand Tamped                                         
                                     75.8 89.4                                 
                                              93.8                             
                                                  95.7                         
                                                      95.9                     
                                                          96.0                 
     __________________________________________________________________________
PAR  Powdered oxide forming pressure variations and their effect on hardness
      have been investigated to a limited extent.
PAR  Table LXXIX shows variations in die pressure for alumina samples made from
      a 99.5% Al.sub.2 O.sub.3 ball milled material. Treatment and curing were
      identical to that of previous chromic acid processing. Maximum cure
      temperature was 1200.degree. F. Samples were approximately 1/2 inch in
      diameter and about 1/10 inch in thickness. Pressure was applied to the 1/2
      inch diameter areas by means of a hydraulic press. The sample was
      contained within a ring mold which was removed after reaching about
      1200.degree. F. during the initial cure cycle.
PAR  Table LXXX shows data of the same type, but made using chromia (99.9%)
      instead of alumina or the base oxide material.
PAR  The data presented in Tables LXXIX and LXXX show very little significant
      variation in hardness with die pressure within the ranges tested. It has
      been found that too little pressure will sometimes result in a part with
      voids and "soft spots." It is also suspected (based partly on inconclusive
      tests) that too high a forming pressure could close up vital passages and
      result in less than optimum hardness.
TBL                                    TABLE LXXIX                             
     __________________________________________________________________________
     HARDNESS VARIATIONS FOR CHEMICALLY TREATED PRESSED ALUMINA SAMPLES        
     USING DIFFERENT FORMING PRESSURES                                         
     __________________________________________________________________________
                                         15-N Rockwell Hardness vs No.         
                                         Impregnations                         
     Sample                                                                    
         Base Oxide Material   Forming Pressure                                
                                        3x 5x  7x  9x  11x 13x                 
     __________________________________________________________________________
     R   Al.sub.2 O.sub.3, Coors AHP-99, Ball Milled 48 hrs.                   
                                5,000 psi                                      
                                         --                                    
                                           85.8                                
                                               88.4                            
                                                   91.7                        
                                                       92.5                    
                                                           92.9                
     P   Al.sub.2 O.sub.3, Coors AHP-99, Ball Milled 48 hrs.                   
                               10,000 psi                                      
                                         --                                    
                                           84.7                                
                                               90.7                            
                                                   91.9                        
                                                       91.6                    
                                                           90.8                
     O   Al.sub.2 O.sub.3, Coors AHP-99, Ball Milled 48 hrs.                   
                               20,000 psi                                      
                                         --                                    
                                            -- 88.1                            
                                                   91.3                        
                                                       93.5                    
                                                           93.4                
     B   Al.sub.2 O.sub.3,Coors AHP-99, Ball Milled 48 hrs.                    
                               40,000 psi                                      
                                         --                                    
                                           88.9                                
                                               90.9                            
                                                   93.5                        
                                                       94.7                    
                                                           93.8                
     __________________________________________________________________________
TBL                                    TABLE LXXX                              
     __________________________________________________________________________
     HARDNESS VARIATIONS FOR CHEMICALLY TREATED PRESSED CHROMIA SAMPLES        
     USING DIFFERENT FORMING PRESSURES                                         
     __________________________________________________________________________
                                       15-N Rockwell Hardness vs No.           
                                       Impregnations                           
     Sample                                                                    
         Base Oxide Material Forming Pressure                                  
                                      3x 5x  7x  9x  11x 13x                   
     __________________________________________________________________________
     T   Cr.sub.2 O.sub.3, 99% (very fine powdered form)                       
                              5,000 psi                                        
                                       --                                      
                                         84.6                                  
                                             91.6                              
                                                 93.8                          
                                                     95.2                      
                                                         96.2                  
     U   Cr.sub.2 O.sub.3, 99% (very fine powdered form)                       
                             10,000 psi                                        
                                       --                                      
                                         90.3                                  
                                             94.2                              
                                                 96.1                          
                                                     96.4                      
                                                         95.9                  
     I   Cr.sub.2 O.sub.3, 99% (very fine powdered form)                       
                             20,000 psi                                        
                                       --                                      
                                         88.3                                  
                                             92.3                              
                                                 95.7                          
                                                     94.2                      
                                                         97.0                  
     S   Cr.sub.2 O.sub.3, 99% (very fine powdered form)                       
                             40,000 psi                                        
                                       --                                      
                                         79.6                                  
                                             93.7                              
                                                 94.3                          
                                                     96.7                      
                                                         95.3                  
     __________________________________________________________________________
PAR  Various schemes of type and amount of moistening agent used have been
      investigated and their effect on product hardness and density determined.
      These variations, at least as applied to pressed oxide samples, have been
      fairly minor in effect.
PAR  For example, using concentrated chromic acid as the refractory oxide powder
      moistening agent in pressed samples, little difference in final sample
      hardness was found whether a very little acid or a great excess was used.
      Three such samples are shown in Table LXXXI. When too much acid was used,
      the excess was simply forced out of the mold when pressure was applied.
      When very little (or a diluted chromic acid solution) was used as the
      moistening agent, a minor degradation in hardness is sometimes noted in
      the first two or three impregnation-cure cycles.
PAR  Other tests were performed in which the powder was pressed dry, with water
      or polyethylene glycol as the moistening agent. In this case, the pressed
      oxide was left in the mold, dried out and chromic acid applied and
      converted to the Cr.sub.2 O.sub.3 form before removing the sample from the
      mold. Aside from the inconvenience of requiring the initial chemical
      treatment in the mold before the sample could be removed and handled
      without falling apart, little difference in ultimate hardness was found.
TBL                                    TABLE LXXXI                             
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR CHEMICALLY TREATED PRESSED ALUMINA SAMPLES      
     USING VARYING AMOUNTS OF CHROMIC ACID AS THE OXIDE MOISTENING             
     __________________________________________________________________________
     AGENT                                                                     
                                 Condition                                     
                                         Forming                               
                                              15-N Rockwell Hardness vs No.    
                                              Impregnations                    
     Sample                                                                    
         Base Oxide Material     of Mix  Pressure                              
                                               3x 5x 7x  9x  11x 13x           
     __________________________________________________________________________
     JJ  Al.sub.2 O.sub.3 (94%) Coors AP-94, Ball Milled 52 hrs.               
                                 slightly damp                                 
                                         10,000 psi                            
                                               83.9                            
                                                  88.5                         
                                                     92.3                      
                                                         92.1                  
                                                             93.1              
                                                                 --            
     KK  Al.sub.2 O.sub.3 (94%) Coors AP-94, Ball Milled 52 hrs.               
                                 damp    10,000 psi                            
                                               81.8                            
                                                  89.2                         
                                                     91.5                      
                                                         90.9                  
                                                             91.9              
                                                                 --            
     LL  Al.sub.2 O.sub.3 (94%) Coors AP-94, Ball Milled 52 hrs.               
                                 wet     10,000 psi                            
                                               83.1                            
                                                  89.4                         
                                                     93.0                      
                                                         93.1                  
                                                             93.1              
                                                                 --            
     __________________________________________________________________________
PAR  Tests were made with identically prepared pressed oxide samples with the
      only variation being the curing temperature. The chromic oxide treatment
      was employed except that the maximum cure temperatures for individual
      sample runs were selected as 900.degree. F., 1200.degree. F., and
      1500.degree. F. These temperatures were selected because definite color
      changes are seen to occur in these ranges, changing from a darker
      blue-green with 850.degree. to 1000.degree. F. cure temperature to a
      medium green at 1200.degree. F. and a somewhat lighter green at
      1400.degree. to 1500.degree. F. It is expected that the color variation is
      due to an incomplete decomposition of the CrO.sub.3 at the lower
      temperatures and that some of the intermediate chromium oxides such as
      CrO.sub.2, Cr.sub.6 O.sub.15, Cr.sub.4 O.sub.9, etc., may be present. No
      significant difference in hardness of the samples cured at the different
      temperatures was found.
PAR  During the heating of chromic acid impregnated samples, and especially in
      the 400.degree. to 700.degree. F. temperature range, there tends to be an
      evolvement of reddish fumes from the sample. The fumes become quite
      noticeable when heated to the above temperatures should the oven door be
      opened admitting a fresh supply of air. In the 400.degree. to 700.degree.
      F. temperature range, the chromic acid has most certainly been converted
      to the chromium trioxide form, the water having been driven off by this
      time. Because of this noticeable decomposition in the presence of air, the
      hardening or conversion process was carried out in an inert atmosphere and
      the results compared with the normal oven curing method in which at least
      a partial oxygen environment exists. Another test consisted of forcing air
      through the oven during the curing cycles.
PAR  None of these tests showed any significant difference in amount of weight
      increase in the sample, even after several impregnation-cure cycles.
      Hardness differences likewise could not be detected.
PAR  This section describes hardness results obtained with pressed bodies formed
      of so-called impure refractory materials such as kaolin, clays and the
      like, or high purity oxides to which such impurities have been added.
PAR  Table LXXXIII shows hardness results of a variety of commercially available
      kaolin clays. The kaolins tested were all products of the Georgia Kaolin
      Company and represent both hydrated and calcined types of a variety of
      mean particle sizes. Table LXXXIV gives particle size data for these
      various grades. Kaolin materials are aluminum silicate clays and generally
      take the form of small plate-like crystals. The alumina content may range
      from about 40% to 50%, depending on the grade and type involved. Table
      LXXXIII shows a wide variety of hardness values depending on the type
      used. As might be expected. The calcined kaolins provide the highest
      hardness values. Two of these, Glomax-JD and Glomax-LL (samples 211 to
      213), are seen to achieve a Rockwell hardness in excess of 15-N-94. This
      is comparable with the maximum hardness for several of the high purity
      (99+%) aluminum oxides previously described.
PAR  Table LXXXV shows similar hardness tables for other impure materials,
      including feldspar, fused and non-fused bauxite, Kentucky ball clay,
      bentonite and other clays. While hardness values of these materials are
      not as great as for some of the kaolins or many of the purer oxides
      described earlier, some of them are at least comparable with commercially
      available ceramic materials formed by high temperature sintering
      processes. The 100 mesh feldspar and bauxite might have shown better
      hardness values if they had been milled to a much finer particle size and
      dehydrated before attempting to chemically harden.
PAR  The data presented in Table LXXXVI is of a test series showing hardness
      achieved by adding 25% or less, by volume, amounts of kaolin, or iron
      oxide of the Fe.sub.3 O.sub.4 form to a &gt;99+% base oxide material. It will
      be noted that these additions (.apprxeq.10% to 20% by weight) do not
      necessarily degrade the hardness over that obtained with the pure oxide.
      For example, comparing the 99% alumina sample No. 206 with the impure
      sample No. 223 or the 99% chromia sample No. 116 with sample No. 225 and
      No. 219, the Fe.sub.3 O.sub.4 or calcined kaolin additives result at best
      in only minor hardness degradation in these particular percentage
      combinations. Again, as expected, the particle size distribution and
      resulting interstitial structure of the pressed body appears to be playing
      a large role in ultimate hardness obtained.
TBL                                    TABLE LXXXIII                           
     __________________________________________________________________________
     HARDNESS MEASUREMENTS OBTAINED BY MULTIPLE CHEMICAL TREATMENTS            
     USING VARIOUS GRADES AND TYPES OF KAOLIN AS THE PRESSED                   
     __________________________________________________________________________
     OXIDE                                                                     
                                        15-N Rockwell Hardness vs No.          
                                        Impregnations                          
     Sample                                                                    
         Base Oxide Material  Forming Pressure                                 
                                        3x  5x  7x  9x  11x 13x                
     __________________________________________________________________________
     207 Kaolin, Pioneer Air Floated (hydrated)                                
                              Hand Tamped                                      
                                        68.3                                   
                                            84.4                               
                                                88.7                           
                                                    90.5                       
                                                        90.0                   
                                                            89.3               
     208 Kaolin, Ajax P (hydrated)                                             
                              Hand Tamped                                      
                                        69.7                                   
                                            84.0                               
                                                89.3                           
                                                    90.1                       
                                                        90.2                   
                                                            90.1               
     209 Kaolin, Ajax 70 (hydrated)                                            
                              Hand Tamped                                      
                                        69.7                                   
                                            84.7                               
                                                89.1                           
                                                    90.3                       
                                                        89.9                   
                                                            90.3               
     210 Kaolin, Ajax SC (calcined)                                            
                              Hand Tamped                                      
                                         -- 70.5                               
                                                87.1                           
                                                    91.0                       
                                                        91.8                   
                                                            92.4               
     211 Kaolin, Glomax JD (calcined)                                          
                              Hand Tamped                                      
                                         -- 82.6                               
                                                90.6                           
                                                    92.8                       
                                                        94.2                   
                                                            94.1               
     212 Kaolin, Glomax HE (calcined)                                          
                              Hand Tamped                                      
                                         --  -- 78.6                           
                                                    88.4                       
                                                        91.7                   
                                                            93.0               
     213 Kaolin, Glomax LL (calcined)                                          
                              Hand Tamped                                      
                                        66.8                                   
                                             -- 90.4                           
                                                    92.3                       
                                                        93.5                   
                                                            94.3               
     214 Kaolin, Glomax PVR (calcined)                                         
                              Hand Tamped                                      
                                        68.8                                   
                                            84.6                               
                                                88.5                           
                                                    90.4                       
                                                        91.4                   
                                                            90.9               
     215 Kaolin, Velvacast (hydrated)                                          
                              Hand Tamped                                      
                                        79.5                                   
                                            86.0                               
                                                88.5                           
                                                    89.7                       
                                                        90.0                   
                                                            89.4               
     __________________________________________________________________________
TBL                TABLE LXXXIV                                                
     ______________________________________                                    
     PARTICLE SIZE VARIATIONS FOR HYDRATED AND CALCINED                        
     KAOLINS MANUFACTURED BY THE                                               
     GEORGIA KAOLIN COMPANY                                                    
     ______________________________________                                    
     1. HYDRATED KAOLINS                                                       
     Type Designation                                                          
                    Mean Particle Size                                         
                                   % &lt;2 Microns                                
     ______________________________________                                    
     Ajax P         0.45-0.50.mu.  92-94%                                      
     Ajax 70        0.75-0.80.mu.  70-74%                                      
     Velvacast      3.5-4.5.mu.    30-35%                                      
     Pioneer Air Floated                                                       
                    0.8-1.0.mu.    55-65%                                      
     2. CALCINED KAOLINS                                                       
     Type Designation                                                          
                    Mean Particle Size                                         
                                   % &lt;2 Microns                                
     ______________________________________                                    
     Ajax S         5.0-6.4.mu.    14-20%                                      
     Glomax JD      0.9.mu.        .about.89%                                  
     Glomax HE      1.2.mu.        .about.80%                                  
     Glomas LL      1.8.mu.        .about.52%                                  
     Glomax PVR     4.8.mu.        .about.22%                                  
     ______________________________________                                    
TBL                                    TABLE LXXXV                             
     __________________________________________________________________________
     HARDNESS MEASUREMENTS OBTAINED AFTER MULTIPLE CHEMICAL TREATMENTS         
     USING A VARIETY OF CLAYS AND GROUND ORES AS THE PRESSED BASE              
     __________________________________________________________________________
                                                               MATERIALS       
                                        15-N Rockwell Hardness vs. No.         
                                        Impregnations                          
     Sample                                                                    
         Base Oxide Material  Forming Pressure                                 
                                        3x  5x  7x  9x  11x 13x                
     __________________________________________________________________________
     4   Feldspar, -100 mesh  20,000 psi                                       
                                        65.6                                   
                                            88.6                               
                                                80.1                           
                                                     -- 87.2                   
                                                            87.8               
     36  Bauxite, -100 mesh   20,000 psi                                       
                                         -- 46.5                               
                                                73.6                           
                                                    80.2                       
                                                        84.1                   
                                                            77.9               
     35  King Island (Alaska) Clay                                             
                              20,000 psi                                       
                                         -- 64.0                               
                                                72.3                           
                                                    76.1                       
                                                        84.3                   
                                                            87.1               
     69  Amaco type X-11 Grey Clay                                             
                              20,000 psi                                       
                                        48.4                                   
                                            51.9                               
                                                57.0                           
                                                    73.1                       
                                                        75.2                   
                                                            74.5               
     77  Kentucky Ball Clay   20,000 psi                                       
                                        61.2                                   
                                            72.8                               
                                                76.2                           
                                                    89.3                       
                                                        91.3                   
                                                            91.8               
     96  Bentonite Clay       20,000 psi                                       
                                        N.M.                                   
                                            N.M.                               
                                                N.M.                           
                                                    N.M.                       
                                                        N.M.                   
                                                            N.M.               
     142 Fused Bauxite, DCF abrasive, -325 mesh                                
                              Hand Tamped                                      
                                        70.3                                   
                                            85.3                               
                                                90.0                           
                                                    89.4                       
                                                        89.1                   
                                                            92.4               
     __________________________________________________________________________
TBL                                    TABLE LXXXVI                            
     __________________________________________________________________________
     HARDNESS MEASUREMENTS OF PRESSED SAMPLES AS A RESULT OF                   
     MULTIPLE CHEMICAL TREATMENTS FOR RELATIVELY PURE OXIDES WITH              
     KAOLIN ADDED AS THE IMPURITY                                              
     __________________________________________________________________________
                                                15-N Rockwell                  
                            Ball  Parts by      Hardness vs No. Impregnations  
     Sample   Base Oxide Material                                              
                            Milled                                             
                                  Volume                                       
                                      Forming Pressure                         
                                                3x 5x 7x 9x 11x                
                                                               13x             
     __________________________________________________________________________
     226 Cr.sub.2 O.sub.3                                                      
              Kaolin, Ajax P                                                   
                            --    4:1 Hand Tamped                              
                                                -- 85.9                        
                                                      90.5                     
                                                         91.6                  
                                                            92.4               
                                                               94.0            
     225 Cr.sub.2 O.sub.3                                                      
              Fe.sub.3 O.sub.4                                                 
                            --    4:1 Hand Tamped                              
                                                -- 89.5                        
                                                      94.0                     
                                                         94.4                  
                                                            95.7               
                                                               96.2            
     224 Kaolin,                                                               
              Al.sub.2 O.sub.3, 240 grit Friable                               
         Ajax P                                                                
              Abrasive (99%)                                                   
                            40 hrs.                                            
                                  1:4 Hand Tamped                              
                                                -- 86.9                        
                                                      89.9                     
                                                         90.9                  
                                                            93.0               
                                                               91.5            
     223 Fe.sub.3 O.sub.4                                                      
              Al.sub.2 O.sub.3, 240 grit Friable                               
              Abrasive (99%)                                                   
                            40 hrs.                                            
                                  1:4 Hand Tamped                              
                                                -- 89.2                        
                                                      92.3                     
                                                         92.8                  
                                                            93.1               
                                                               93.5            
     219 Cr.sub.2 O.sub.3                                                      
              Kaolin, Glomax HE                                                
                            --    4:1 Hand Tamped                              
                                                82.0                           
                                                   89.1                        
                                                      93.0                     
                                                         95.5                  
                                                            96.4               
                                                               96.2            
     217 Cr.sub.2 O.sub.3                                                      
              Kaolin, Ajax 70                                                  
                            --    6:1 Hand Tamped                              
                                                85.5                           
                                                   91.4                        
                                                      94.1                     
                                                         95.0                  
                                                            95.3               
                                                               94.7            
     216 Cr.sub.2 O.sub.3                                                      
              Kaolin, Ajax 70                                                  
                            --    4:1 Hand Tamped                              
                                                81.6                           
                                                   89.2                        
                                                      91.7                     
                                                         95.0                  
                                                            94.5               
                                                               94.6            
     206 --   Al.sub.2 O.sub.3, 240 grit Friable                               
              Abrasive      40 hrs.                                            
                                  0:1 Hand Tamped                              
                                                74.5                           
                                                   89.0                        
                                                      93.3                     
                                                         94.1                  
                                                            93.9               
                                                               93.4            
     116 Cr.sub.2 O.sub.3                                                      
              --                  1:0 Hand Tamped                              
                                                84.5                           
                                                   88.1                        
                                                      94.3                     
                                                         96.2                  
                                                            96.0               
                                                               96.6            
     __________________________________________________________________________
PAR  The process of this invention also encompasses composites made with a base
      refractory oxide material such as alumina or chromia to which has been
      added powdered metals, metal fibers, ceramic fibers, glass fibers, glass
      or metal cloth, high strength whiskers and the like.
PAR  The chemical hardening method is particularly interesting for use in the
      fabrication of these composite materials. First, the low temperature
      (600.degree. to 1500.degree. F.) hardening requirement allows the use of
      many additives and reinforcing materials that could not be employed with
      ceramic based composites if the normal high temperature (2500.degree. to
      4000.degree. F.) sintering or fusing temperatures are used. Secondly, the
      instant process appears to make a very strong chemical bond to many of
      these added materials, including glass and ceramic fibers and many of the
      metals.
PAR  The exceptionally strong bond to metals is believed to be due to a chemical
      bond to the metal oxide film that forms on the surface. Most of these
      metal oxides, such as those readily formed on iron, titanium, aluminum and
      many of the stainless steels are strongly bound to the metal surface. The
      chromium treatment (normally chromic acid) has, of course, already been
      shown to make strong bonds to most metal oxides, including those of
      titanium, iron, nickel and aluminum. Therefore, the metal oxide appears to
      form the required bridge making a true chemical bond to the metal
      possible.
PAR  A number of these composite material structures hardened by the chemical
      process of this invention are shown in Table LXXXVII. Some of these
      combinations are mixtures of widely different physical sizes and shapes of
      the same material, others are refractory oxides with added glass, metal or
      ceramic fibers, some are mixtures of refractory oxide and metal powders,
      and others are ceramic base materials with additives such as boron nitride
      or graphite used as "built-in" solid lubricants. Many other composites
      can, of course, be readily visualized using this low temperature bonding
      technique that should provide new families of materials not heretofore
      possible with normal high temperature sintering processes.
TBL                                    TABLE LXXXVII                           
     __________________________________________________________________________
     HARDNESS DATA OBTAINED FOR A                                              
     VARIETY OF CHEMICALLY TREATED COMPOSITE MATERIALS                         
     __________________________________________________________________________
     Reinforcing or              Parts by     15-N Rockwell Hardness vs No.    
                                              Impregnations                    
     Sample                                                                    
         Added Material                                                        
                     Base Oxide Material                                       
                                 Volume                                        
                                     Forming Pressure                          
                                               3x  5x  7x  9x 11x              
                                                                 13x           
     __________________________________________________________________________
     185 No. 30 Friable Al.sub.2 O.sub.3                                       
                     Al.sub.2 O.sub.3 -tabular, -325,                          
                                 1:1 Hand Tamped                               
                                               87.5                            
                                                   90.4                        
                                                       90.8                    
                                                           92.9                
                                                              95.1             
                                                                 94.3          
         Abrasive    Ball Milled 48 Hours                                      
     186 No. 30 Friable Al.sub.2 O.sub.3                                       
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 2:1 Hand Tamped                               
                                               87.6                            
                                                   91.7                        
                                                       92.3                    
                                                           93.6                
                                                              92.6             
                                                                 93.6          
         Abrasive    Ball Milled 48 Hours                                      
     187 No. 30 Friable Al.sub.2 O.sub.3                                       
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 3:1 Hand Tamped                               
                                               87.5                            
                                                   89.9                        
                                                       91.5                    
                                                           93.0                
                                                              93.2             
                                                                 93.2          
         Abrasive    Ball Milled 48 Hours                                      
     40  Glass Cloth Al.sub.2 O.sub.3 -tabular, -325                           
                                 --  20,000 psi                                
                                               81.5                            
                                                   87.3                        
                                                       88.5                    
                                                           91.8                
                                                              88.5             
                                                                 90.3          
                     Ball Milled 24 Hours                                      
     53  Boron Carbide                                                         
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 1:1 20,000 psi                                
                                               40.3                            
                                                   64.4                        
                                                       70.0                    
                                                           70.2                
                                                              74.9             
                                                                 77.3          
         (fine)      Ball Milled 96 Hours                                      
     50  1700 grit S.F.                                                        
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 2:1 20,000 psi                                
                                               78.1                            
                                                   87.4                        
                                                       87.3                    
                                                           89.2                
                                                              88.9             
                                                                 90.2          
         Abrasive    Ball Milled 96 Hours                                      
     70  Graphite    Al.sub.2 O.sub.3 -tabular, -325                           
                                 1:5 20,000 psi                                
                                               64.4                            
                                                   81.1                        
                                                       86.4                    
                                                           89.8                
                                                              91.4             
                                                                 90.7          
                     Ball Milled 24 Hours                                      
     78  Fe (reduced)                                                          
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 1:1 20,000 psi                                
                                               81.5                            
                                                   83.0                        
                                                       83.1                    
                                                           83.3                
                                                              83.3             
                                                                 82.4          
                     Ball Milled 96 Hours                                      
     85  Kaolin Fibers                                                         
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 --  20,000 psi                                
                                               84.6                            
                                                   86.2                        
                                                       85.0                    
                                                           91.0                
                                                              92.6             
                                                                 93.3          
         (chopped)   Ball Milled 96 Hours                                      
     88  Kaolin Fibers                                                         
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 --  20,000 psi                                
                                               78.5                            
                                                   89.1                        
                                                       89.0                    
                                                           89.5                
                                                              87.4             
                                                                 90.8          
         (unlubricated)                                                        
                     Ball Milled 96 Hours                                      
     87  Alumina Fibers                                                        
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 --  20,000 psi                                
                                               86.1                            
                                                   88.3                        
                                                       90.9                    
                                                           93.4                
                                                              92.2             
                                                                 94.2          
                     Ball Milled 96 Hours                                      
     95  Kaolin Fibers                                                         
                     Cr.sub.2 O.sub.3                                          
                                 --  20,000 psi                                
                                               --  83.7                        
                                                       --  91.4                
                                                              91.8             
                                                                 92.6          
         (chopped)                                                             
     118 Alumina Fibers                                                        
                     Cr.sub.2 O.sub.3                                          
                                 --  Hand Tamped                               
                                               82.2                            
                                                   86.4                        
                                                       90.4                    
                                                           92.5                
                                                              96.3             
                                                                 94.5          
     100 Fe (reduced)                                                          
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 2:1 20,000 psi                                
                                               72.5                            
                                                   78.9                        
                                                       --  80.7                
                                                              82.4             
                                                                 81.0          
                     Ball Milled 96 Hours                                      
     101 Fe (reduced)                                                          
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 1:2 20,000 psi                                
                                               84.3                            
                                                   87.2                        
                                                       --  88.3                
                                                              88.3             
                                                                 88.6          
                     Ball Milled 96 Hours                                      
     102 Fe (reduced)                                                          
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 1:3 20,000 psi                                
                                               84.2                            
                                                   88.3                        
                                                       --  90.0                
                                                              91.1             
                                                                 91.3          
                     Ball Milled 96 Hours                                      
     130 Alumina Fibers                                                        
                     TiO.sub.2   --  Hand Tamped                               
                                               79.8                            
                                                   --  89.0                    
                                                           91.6                
                                                              92.1             
                                                                 92.4          
     132 Alumina Fibers                                                        
                     BeO         --  Hand Tamped                               
                                               83.7                            
                                                   88.3                        
                                                       91.3                    
                                                           92.5                
                                                              93.7             
                                                                 94.9          
     135 Kaolin Fibers                                                         
                     Kaolin      --  Hand Tamped                               
                                               49.3                            
                                                   61.4                        
                                                       66.5                    
                                                           78.5                
                                                              86.0             
                                                                 87.6          
         (chopped)                                                             
     194 Boron Nitride                                                         
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 1:1 Hand Tamped                               
                                               73.5                            
                                                   73.8                        
                                                       74.1                    
                                                           -- 79.0             
                                                                 82.8          
                     Ball Milled 96 Hours                                      
     195 Boron Nitride                                                         
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 1:4 Hand Tamped                               
                                               84.7                            
                                                   89.0                        
                                                       92.9                    
                                                           93.1                
                                                              93.4             
                                                                 95.0          
                     Ball Milled 96 Hours                                      
     198 Boron (amorphous)                                                     
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 1:3 Hand Tamped                               
                                               86.1                            
                                                   86.4                        
                                                       84.5                    
                                                           87.6                
                                                              88.3             
                                                                 88.6          
                     Ball Milled 48 Hours                                      
     199 CaF.sub.2   Al.sub.2 O.sub.3 -tabular, -325                           
                                 1:3 Hand Tamped                               
                                               59.9                            
                                                   72.9                        
                                                       85.7                    
                                                           87.9                
                                                              86.1             
                                                                 86.4          
                     Ball Milled 48 Hours                                      
     200 Mica (powdered)                                                       
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 1:3 Hand Tamped                               
                                               89.0                            
                                                   90.1                        
                                                       91.3                    
                                                           91.9                
                                                              92.2             
                                                                 92.8          
                     Ball Milled 48 Hours                                      
     227 000 Steel Wool                                                        
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 --  Hand Tamped                               
                                               --  90.3                        
                                                       99.2                    
                                                           91.9                
                                                              93.5             
                                                                 92.2          
                     Ball Milled 96 Hours                                      
     232 Stainless Steel                                                       
                     Al.sub.2 O.sub.3 -tabular, -325                           
                                 --  Hand Tamped                               
                                               --  --  --  -- -- --            
         Screen      Ball Milled 96 Hours                                      
     __________________________________________________________________________
PAR  As previously mentioned, it has been found that a strong chemical type bond
      can be made to many metals, glass, ceramics and related materials. Table
      LXXXVIII shows hardness results for a series of pressed metal powder
      samples. When pressing these metal powders, the forming pressure is
      extremely important since the pressure will have a decided effect on the
      pore structure. This is especially true with ductile metals such as copper
      or aluminum where excessive pressure will tend to eliminate the
      interconnected porous structure altogether. While the hardness achieved is
      not as great as with most ceramic bodies, it has been found to be higher
      than values for the same metal in its normal solid form, evidence that a
      well bonded composite has been formed between the metal particles during
      the chromic acid-chromic oxide conversion process. Table LXXXIX lists for
      comparison purposes the 15-N Rockwell hardness values for most of the
      metals used in the composites of Table LXXXVIII.
PAR  Table XC shows a number of miscellaneous materials such as ground glass,
      glass and ceramic fibers, boron carbide, silicon carbide, etc. treated
      with the process of this invention and the resulting hardness
      measurements.
PAR  Impregnation-cure cycles for samples listed in Tables LXXXVIII and XC were
      as previously set out. Maximum cure temperature was 1200.degree.F. except
      for powdered aluminum sample of Table LXXXVIII which was reduced to
      1000.degree.F.
TBL                                    TABLE LXXXVIII                          
     __________________________________________________________________________
     HARDNESS VALUES AS A FUNCTION OF NUMBER OF CHEMICAL TREATMENT             
     FOR VARIOUS PRESSED METAL POWDERS                                         
     __________________________________________________________________________
                                     15-N Rockwell Hardness vs No.             
                                     Impregnations                             
     Sample                                                                    
         Base Oxide Material                                                   
                           Forming Pressure                                    
                                     3x   5x  7x  9x  11x 13x                  
     __________________________________________________________________________
     38  Mo, powdered (fine)                                                   
                           20,000 psi                                          
                                     76.7 74.1                                 
                                              73.7                             
                                                  74.2                         
                                                      79.0                     
                                                          79.0                 
     46  Cr, powdered (coarse)                                                 
                           20,000 psi                                          
                                     62.1 71.9                                 
                                              72.8                             
                                                  75.2                         
                                                      74.4                     
                                                          78.5                 
     64  Al, powdered (very fine)                                              
                           10,000 psi                                          
                                     Too soft                                  
                                     N.M. N.M.                                 
                                              N.M.                             
                                                  N.M.                         
                                                      N.M.                     
                                                          N.M.                 
     59  Cu, powdered(.about..005"particles)                                   
                           40,000 psi                                          
                                     34.5 35.1                                 
                                              41.1                             
                                                  --  --  --                   
     79  Fe, reduced (very fine)                                               
                           Hand Tamped                                         
                                     75.8 78.6                                 
                                              80.0                             
                                                  77.8                         
                                                      --  78.8                 
     __________________________________________________________________________
TBL                TABLE LXXXIX                                                
     ______________________________________                                    
     ROCKWELL HARDNESS VALUES                                                  
     FOR SOME COMMON METALS                                                    
     ______________________________________                                    
     Iron (cold rolled steel)                                                  
                             15N-69                                            
     Titanium, Type A        15N-63                                            
     303 Stainless Steel     15N-69.6                                          
     316 Stainless Steel     15N-                                              
     Aluminum Alloy          15N-43                                            
     Copper                  15N-24                                            
     Brass                   15N-43                                            
     Tempered (Spring) Steel 15N-91                                            
     ______________________________________                                    
TBL                                    TABLE XC                                
     __________________________________________________________________________
     HARDNESS VALUES AS A FUNCTION OF NUMBER OF CHEMICAL TREATMENTS            
     FOR A VARIETY OF PRESSED POWDERS, FIBERS, ETC.                            
     __________________________________________________________________________
                                            15-N Rockwell Hardness vs No.      
                                            Impregnations                      
     Sample                                                                    
         Base Oxide Material      Forming Pressure                             
                                            3x  5x  7x  9x  11x 13x            
     __________________________________________________________________________
     44  Ground Glass             20,000 psi                                   
                                            45.5                               
                                                67.0                           
                                                    76.1                       
                                                        80.7                   
                                                            80.7               
                                                                83.7           
     52  Boron Carbide (fine powder)                                           
                                  20,000 psi                                   
                                            40.4                               
                                                69.8                           
                                                    58.8                       
                                                        72.5                   
                                                            76.4               
                                                                72.5           
     72  Glass Paper (cut in discs and pressed in mold)                        
                                  20,000 psi                                   
                                            74.9                               
                                                80.5                           
                                                    80.2                       
                                                        80.2                   
                                                            87.8               
                                                                79.3           
     81  Aluminia Fibers          20,000 psi                                   
                                            79.4                               
                                                84.4                           
                                                    89.0                       
                                                        92.0                   
                                                            92.6               
                                                                92.0           
     82  Kaolin Fibers(chopped bulk)                                           
                                  20,000 psi                                   
                                            75.2                               
                                                75.2                           
                                                    84.4                       
                                                        87.7                   
                                                            90.2               
                                                                --             
     83  Kaolin Fibers (unlubricated)                                          
                                  20,000 psi                                   
                                            64.3                               
                                                77.9                           
                                                    85.0                       
                                                        90.6                   
                                                            91.0               
                                                                90.9           
     __________________________________________________________________________
PAR  Normally, maximum hardness of treated materials may be achieved with either
      multiple chromic acid or other oxide forming compound plus cure treatments
      alone or with a number of such treatments followed by a single phosphoric
      impregnation cure. Using two or more phosphoric acid treatments will not
      materially increase hardness and often results in cracking of the part if
      sufficient porosity still exists. Furthermore, it has been found that the
      phosphoric acid treatment works most efficiently in materials with fairly
      large pore sizes as contrasted to the chromic acid treatment that provides
      most rapid hardening in a structure with smaller pores.
PAR  The phosphoric acid treatment is interesting, therefore, as a final
      hardening treatment for pressed oxide bodies to minimize the number of
      chromic acid treatments required.
PAR  Tables XCI, XCII and XCIII provide comparison data between pressed oxide
      bodies with multiple chromic acid-cure cycles with and without a final
      phosphoric acid treatment. Hardness measurements have been made for
      pressed bodies of chromia, -325 mesh tabular alumina and additionally ball
      milled tabular alumina. In each case, samples have been prepared and
      tested after 3, 5, 7, 9 and 11 chromic acid impregnations. After the
      hardness measurement was made, the part was impregnated with phosphoric
      acid and slowly cured to 1200.degree.F. and, after cooling to room
      temperature and slightly polished, was re-measured to see effect on
      hardness.
PAR  As can be seen in the tables, the phosphoric acid treatment has a marked
      effect towards increasing hardness of the pre-treated part until the pore
      size, resulting from the chromic acid cure cycles, becomes too small to
      accept the phosphoric acid, at least in meaningful amounts.
PAR  Table XCI, using a finely divided pressed chromia body, shows that nine
      chromic acid treatments followed by a single phosphoric acid treatment
      will provide as hard a sample as will eleven chromic acid treatments and
      no phosphoric acid treatment. Also, using the phosphoric acid after eleven
      chromic acid cycles has no additional effect on the hardness.
PAR  Table XCII is a relatively coarse alumina body having a much larger pore
      structure than that of Table XCI. In this case, the advantage of the
      phosphoric acid in a larger pore structure body can be seen. Here the
      phosphoric acid treatment applied to a sample pre-treated seven times in
      chromic acid is harder than for one treated eleven times without the final
      phosphoric acid impregnation and cure. The phosphoric acid treatment after
      nine cycles appears to be about optimum in hardness since using the
      phosphoric after eleven times is not as effective.
PAR  Table XCIII shows results more typical of a smaller particle size pressed
      body.
PAR  These tables show the important role played by the interstitial structure,
      or pore size for both the chromic acid and phosphoric acid treatments.
PAR  Additional X-ray diffraction analysis of phosphoric acid treated porous
      refractory oxide samples usually reveals the presence of phosphates of the
      base material. For example, a porous aluminum oxide body treated with
      phosphoric acid and suitably cured (600.degree.F. or higher) show the
      formation of aluminum phosphate (AlPO.sub.4) of the orthorhombic form
      (ASTM card 11-500). Similarly treated titania samples show the presence of
      TiP.sub.2 O.sub.7 (ASTM card 3-0300). While phosphoric acid treated porous
      beryllia bodies showed no catalogued beryllium phosphate, the presence of
      an unidentifiable X-ray pattern strongly suggests the formation of such a
      phosphate. In all these cases, the X-ray diffraction patterns also showed
      the presence of the base oxide material in addition to Cr.sub.2 O.sub.3 if
      a chromic acid pre-treatment was employed. In no case was a chromium
      phosphate identified, probably due to the higher reaction temperature of
      the chromium oxide with the phosphorous oxide than that of the other
      oxides involved. For x-ray diffraction studies, the samples were ground
      into fine powders by means of mullite mortars, mixed with DuPont's
      Household Duco cement and rolled into thin rods, or fibers, between two
      microscope slides held 0.013 inch apart in a special jig. When dry, the
      rods were mounted into 10 cm diameter single crystal rotation General
      Electric cameras that have been modified for doing powder studies. The
      patterns were recorded on Ilford Industrial x-ray Film G with nickel
      filtered copper radiation produced at 40 KV and 221/2 ma. The time of
      exposure was 11/2 hours with a fine focus tube.
TBL                                    TABLE XCI                               
     __________________________________________________________________________
     PRESSED CHROMIA SAMPLES SHOWING EFFECT ON HARDNESS                        
     WITH AND WITHOUT FINAL PHOSPHORIC ACID TREATMENT                          
     SAMPLES PRESSED FROM VERY FINE (MICRON SIZE) Cr.sub.2 O.sub.3 POWDER      
     __________________________________________________________________________
                        H.sub.2 CrO.sub.4                                      
                              H.sub.3 PO.sub.4                                 
     Sample No.                                                                
            Base Oxide Material                                                
                        Treatment                                              
                              Treatment                                        
                                    Forming Pressure                           
                                              Rockwell Hardness                
                                                         Remarks               
     __________________________________________________________________________
     X-1    Cr.sub.2 O.sub.3                                                   
                        3x    None  Hand Tamped                                
                                              15N-87.8                         
     X-1-P  Cr.sub.2 O.sub.3                                                   
                        3x    1x    Hand Tamped                                
                                              15N-93.8                         
     X-2    Cr.sub.2 O.sub.3                                                   
                        5x    None  Hand Tamped                                
                                              N.M.                             
     X-2-P  Cr.sub.2 O.sub.3                                                   
                        5x    1x    Hand Tamped                                
                                              15N-94.7                         
     X-3    Cr.sub.2 O.sub.3                                                   
                        7x    None  Hand Tamped                                
                                              15N-94.5                         
     X-3-P  Cr.sub.2 O.sub.3                                                   
                        7x    1x    Hand 15N-95.9                              
     X-4    Cr.sub.2 O.sub.3                                                   
                        9x    None  Hand Tamped                                
                                              15N-95.8                         
     X-4-P  Cr.sub.2 O.sub.3                                                   
                        9x    1x    Hand Tamped                                
                                              15N-97.0                         
     X-5    Cr.sub.2 O.sub.3                                                   
                        11x   None  Hand Tamped                                
                                              15N-97.1                         
     X-5-P  Cr.sub.2 O.sub.3                                                   
                        11x   1x    Hand Tamped                                
                                              15N-97.0                         
     __________________________________________________________________________
TBL                                    TABLE XCII                              
     __________________________________________________________________________
     PRESSED ALUMINA SAMPLES SHOWING EFFECT ON HARDNESS                        
     WITH AND WITHOUT FINAL PHOSPHORIC ACID TREATMENT                          
     SAMPLES PRESSED FROM -325 MESH ALCOA TABULAR ALUMINA                      
     __________________________________________________________________________
                          H.sub.2 CrO.sub.4                                    
                                H.sub.3 PO.sub.4                               
     Sample No.                                                                
            Base Oxide Material                                                
                          Treatment                                            
                                Treatment                                      
                                      Forming Pressure                         
                                                Rockwell Hardness              
                                                           Remarks             
     __________________________________________________________________________
     X-11   Al.sub.2 O.sub.3 (-325 mesh) T-61                                  
                          3x    None  Hand Tamped                              
                                                15N-70.2                       
     X-11-P Al.sub.2 O.sub.3 (-325 mesh) T-61                                  
                          3x    1x    Hand Tamped                              
                                                15N-90.7                       
     X-12   Al.sub.2 O.sub.3 (-325 mesh) T-61                                  
                          5x    None  Hand Tamped                              
                                                15N-85.1                       
     X-12-P Al.sub.2 O.sub.3 (-325 mesh) T-61                                  
                          5x    1x    Hand Tamped                              
                                                15N-91.5                       
     X-13   Al.sub.2 O.sub.3 (-325 mesh) T-61                                  
                          7x    None  Hand Tamped                              
                                                15N-90.9                       
     X-13-P Al.sub.2 O.sub.3 (-325 mesh) T-61                                  
                          7x    1x    Hand Tamped                              
                                                15N-94.2                       
     X-14   Al.sub.2 O.sub.3 (-325 mesh) T-61                                  
                          9x    None  Hand Tamped                              
                                                15N-91.3                       
     X-14-P Al.sub.2 O.sub.3 (-325 mesh) T-61                                  
                          9x    1x    Hand Tamped                              
                                                15N-95.5                       
     X-15   Al.sub.2 O.sub.3 (-325 mesh) T-61                                  
                          11x   None  Hand Tamped                              
                                                15N-92.9                       
     X-15-P Al.sub.2 O.sub. 3 (-325 mesh) T-61                                 
                          11x   1x    Hand Tamped                              
                                                15N-93.9                       
     __________________________________________________________________________
TBL                                    TABLE XCIII                             
     __________________________________________________________________________
     PRESSED ALUMINA SAMPLES SHOWING EFFECT ON HARDNESS                        
     WITH AND WITHOUT FINAL PHOSPHORIC ACID TREATMENT                          
     SAMPLES PRESSED FROM ALCOA TABULAR ALUMINA (-325 MESH)                    
     BALL MILLED WET FOR 96 HOURS TO REDUCE TO MICRON SIZE PARTICLES           
     __________________________________________________________________________
                         H.sub.2 CrO.sub.4                                     
                               H.sub.3 PO.sub.4                                
     Sample No.                                                                
            Base Oxide Material                                                
                         Treatment                                             
                               Treatment                                       
                                     Forming Pressure                          
                                               Rockwell Hardness               
                                                          Remarks              
     __________________________________________________________________________
     X-6    Al.sub.2 O.sub.3 T-61 (-325 mesh)                                  
                         3x    None  Hand Tamped                               
                                               15N-89.1                        
     X-6-P  Al.sub.2 O.sub.3 T-61 (-325 mesh)                                  
                         3x    1x    Hand Tamped                               
                                               15N-92.8                        
     X-7    Al.sub.2 O.sub.3 T-61 (-325 mesh)                                  
                         5x    None  Hand Tamped                               
                                               N.M.                            
     X-7-P  Al.sub.3 O.sub.3 T-61 (-325 mesh)                                  
                         5x    1x    Hand Tamped                               
                                               15N-93.2                        
     X-8    Al.sub.2 O.sub.3 T-61 (-325 mesh)                                  
                         7x    None  Hand Tamped                               
                                               15N-92.9                        
     X-8-P  Al.sub.2 O.sub.3 T-61 (-325 mesh)                                  
                         7x    1x    Hand Tamped                               
                                               15N-94.5                        
     X-9    Al.sub.2 O.sub.3 T-61 (-325 mesh)                                  
                         9x    None  Hand Tamped                               
                                               15N-92.8                        
     X-9-P  Al.sub.2 O.sub.3 T-61 (-325 mesh)                                  
                         9x    1x    Hand Tamped                               
                                               15N-93.9                        
     X-10   Al.sub.2 O.sub.3 T-61 (- 325 mesh)                                 
                         11x   None  Hand Tamped                               
                                               15N-93.8                        
     X-10-P Al.sub.2 O.sub.3 T-61 (-325 mesh)                                  
                         11x   1x    Hand Tamped                               
                                               15N-94.2                        
     __________________________________________________________________________
PAR  While pressing has been employed for the samples described up to this
      point, it has been found that other forming methods, such as extruding,
      slip casting or molding, can also be used with excellent results. In fact,
      almost any method can be employed that will cause the refractory oxide
      powder to remain in a relatively closely packed form until the oxide
      forming compound treatment can be applied and suitably cured.
PAR  One suitable method is to simply pack the dry refractory oxide powder into
      a partially confined container such as a hole drilled part way through a
      block of metal. Chromic acid can be applied at the exposed surface and,
      after soaking into the powder, the form can be suitably heated, causing
      the powder to be bonded together. After one or two such impregnation-cure
      cycles, the mold can be removed and the part further treated until the
      desired degree of hardness, consistent with the oxide and pore structure,
      is achieved.
PAR  Another method is to slip cast an oxide-water slurry using a plaster or
      similar type porous mold. Thin layers of oxide can also be deposited by
      simply pouring a slurry into a flat container and allowing the water (or
      other solvent) to evaporate, leaving a relatively dense, closely packed
      oxide behind. In many such cases, it has been found desirable to add a
      small percentage of chromic acid, chromium chloride or other such salt to
      the slurry so that partial bonding of the oxide powder will occur upon
      initial drying and heating. If this is not done, the initial chromic acid
      treatment may loosen the dry oxide powder upon immersion. Another method
      involves the addition of a small percentage of hydrated kaolin to the wet
      oxide powder. When the oxide-kaolin-water mixture is initially dried and
      heated to 1000.degree. to 1200.degree.F. (or higher), the kaolin bonds the
      oxide powder sufficiently to prevent the first concentrated chromic acid
      impregnation from loosening the packed oxide.
PAR  Extruded parts normally will make use of moist refractory oxide(s) with
      kaolin added. In this case, the kaolin acts as an effective plasticizer to
      allow easy extrusion from the die in addition to serving as the initial
      bonding agent to prevent the part from disintegrating in the initial
      chromic acid impregnation (as described in the preceeding paragraph). Of
      course, the chromic acid (or chromium salt solution) may be added to the
      original refractory oxide-kaolin mixture if desired.
PAR  Tables XCIV and XCV show hardness test results of still another forming
      method. This consisted of mixing aluminum oxide or chromium oxide powder
      with varying percentages of kaolin or bentonite clay. Water was added
      until a plastic consistency resembling modeling clay was achieved. Samples
      of this material were formed into a flat disc shaped piece about 1/2 in
      diameter .times. 3/8 thick using only finger pressure. The parts were
      subsequently dried in the oven and heated to 1200.degree.F. to set the
      kaolin-oxide bond. Multiple chromic acid impregnation-cure cycles were
      given these samples, as noted in Table XCIV. While this forming method is
      similar to that used for making extruded parts, a much more plastic
      consistency is employed in the hand forming method, utilizing more water
      and extremely low forming pressures. These samples undoubtedly have a
      larger pore structure than those formed of the same materials using higher
      pressures and less moisture as indicated by their slightly slower
      hardening rate. Nevertheless, hardness after 15 chromic acid impregnations
      was found to be about the same as would be expected for 13 cycles using
      other forming methods with the same oxides. These tables show that there
      is very little difference in hardness rate with number of cure cycles due
      to the particle size of two grades of kaolin employed. Too little kaolin
      results in less than optimum hardness as does the use of bentonite clay in
      most cases.
PAR  Table XCV shows hardness results of the molded samples of Table XCIV after
      15 chromic acid cycles followed by a single phosphoric acid impregnation
      and 1200.degree.F. cure. The non-phosphoric treated data is re-listed for
      comparison purposes.
TBL                                    TABLE XCIV                              
     __________________________________________________________________________
     HARDNESS MEASUREMENTS FOR HAND MOLDED SAMPLES                             
     USING MULTIPLE CHROMIC ACID IMPREGNATIONS                                 
     __________________________________________________________________________
                                          15-N Rockwell Hardness vs No.        
                                          Impregnations                        
     Sample No.                                                                
            Base Oxide      Plasticizer                                        
                                      %   3x     5x  7x  9x  11x 13x           
     __________________________________________________________________________
     P-1    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Kaolin, Ajax P                                     
                                      20% --     --  87.9                      
                                                         88.5                  
                                                             92.9              
                                                                 93.5          
     P-2    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Kaolin, Ajax P                                     
                                      15% --     --  86.2                      
                                                         89.3                  
                                                             91.3              
                                                                 93.6          
     P-3    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Kaolin, Ajax P                                     
                                      10% --     --  87.7                      
                                                         90.5                  
                                                             92.1              
                                                                 94.1          
     P-4    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Kaolin, Ajax P                                     
                                      5%  --     --  85.6                      
                                                         85.0                  
                                                             90.2              
                                                                 92.9          
     P-5    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Kaolin, Ajax 70                                    
                                      20% --     --  85.3                      
                                                         85.1                  
                                                             91.9              
                                                                 93.0          
     P-6    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Kaolin, Ajax 70                                    
                                      15% --     --  84.0                      
                                                         89.2                  
                                                             91.1              
                                                                 93.0          
     P-7    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Kaolin, Ajax 70                                    
                                      10% --     --  83.9                      
                                                         89.6                  
                                                             91.7              
                                                                 93.8          
     P-8    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Kaolin, Ajax 70                                    
                                      5%  --     --  80.7                      
                                                         63.9                  
                                                             92.9              
                                                                 91.7          
     P-9    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Bentonite 8%  --     --  71.1                      
                                                         81.1                  
                                                             89.3              
                                                                 90.9          
     P-10   Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Bentonite 6%  --     --  73.6                      
                                                         88.0                  
                                                             89.7              
                                                                 92.1          
     P-11   Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Bentonite 4%  --     --  74.0                      
                                                         71.2                  
                                                             89.7              
                                                                 93.8          
     P-12   Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Bentonite 2%  dissolved in                         
                                                 --  --  --  --  --            
                                          H.sub.2 CrO.sub.4                    
     P-13   Al.sub.2 O.sub.3, Alcoa T-61 (-325 mesh)                           
                            Kaolin, Ajax P                                     
                                      15% --     --  86.0                      
                                                         91.7                  
                                                             92.8              
                                                                 93.5          
     P-14   Al.sub.2 O.sub.3, Alcoa T-61 (-325 mesh)                           
                            Kaolin, Ajax 70                                    
                                      15% --     --  88.1                      
                                                         91.7                  
                                                             92.5              
                                                                 93.5          
     P-15   Al.sub.2 O.sub.3, Alcoa T-61 (-325 mesh)                           
                            Bentonite 5%  --     44.7                          
                                                     67.3                      
                                                         78.8                  
                                                             86.1              
                                                                 87.8          
     P-16   Al.sub.2 O.sub.3, Alcoa A-3 (-325 mesh)                            
                            Kaolin, Ajax P                                     
                                      15% --     80.9                          
                                                     89.1                      
                                                         90.4                  
                                                             92.5              
                                                                 95.1          
     P-17   Al.sub.2 O.sub.3, Alcoa A-3 (-325 mesh)                            
                            Kaolin, Ajax 70                                    
                                      15% --     74.7                          
                                                     86.4                      
                                                         90.0                  
                                                             89.9              
                                                                 94.0          
     P-18   Al.sub.2 O.sub.3, Alcoa A-3 (-325 mesh)                            
                            Bentonite 5%  --     --  80.6                      
                                                         84.3                  
                                                             91.4              
                                                                 93.1          
     P-19   Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Kaolin, Ajax P                                     
                                      15% --     79.8                          
                                                     86.0                      
                                                         89.5                  
                                                             90.3              
                                                                 92.9          
     P-20   Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Kaolin, Ajax 70                                    
                                      15% --     --  77.4                      
                                                         78.0                  
                                                             87.2              
                                                                 92.8          
     P-21   Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                            Bentonite 5%  --     65.1                          
                                                     74.1                      
                                                         81.7                  
                                                             90.5              
                                                                 90.0          
     P-28   Alcoa T-61 (-325 mesh)                                             
                            Kaolin, Ajax P                                     
                                      15% --     82.6                          
                                                     84.6                      
                                                         88.4                  
                                                             91.0              
                                                                 93.3          
            Ball Milled 48 hours                                               
     P-29   Alcoa T-61 (-325 mesh)                                             
                            Kaolin, Ajax P                                     
                                      5%  --     78.5                          
                                                     77.2                      
                                                         88.9                  
                                                             93.9              
                                                                 94.7          
            Ball Milled 48 hours                                               
     P-30   Alcoa T-61 (-325 mesh)                                             
                            Kaolin, Ajax 70                                    
                                      15% --     82.0                          
                                                     90.4                      
                                                         90.9                  
                                                             92.9              
                                                                 92.6          
            Ball Milled 48 hours                                               
     P-31   Alcoa T-61 (-325 mesh)                                             
                            Kaolin, Ajax 70                                    
                                      5%  --     61.0                          
                                                     84.9                      
                                                         90.0                  
                                                             92.8              
                                                                 94.4          
            Ball Milled 48 hours                                               
     P-32   Alcoa T-61 (-325 mesh)                                             
                            Bentonite 6%  --     65.3                          
                                                     71.0                      
                                                         87.0                  
                                                             89.4              
                                                                 92.2          
            Ball Milled 48 hours                                               
     P-33   Alcoa T-61 (-325 mesh)                                             
                            Bentonite 2%  --     --  77.9                      
                                                         87.2                  
                                                             92.3              
                                                                 93.8          
            Ball Milled 48 hours                                               
     P-34   Alcoa T-61 (-325 mesh)                                             
                            Kaolin, Ajax P                                     
                                      15% --     73.4                          
                                                     85.3                      
                                                         86.7                  
                                                             92.1              
                                                                 93.4          
            Ball Milled 96 hours                                               
     P-35   Alcoa T-61 (-325 mesh)                                             
                            Kaolin, Ajax P                                     
                                      5%  --     --  --  --  --  --            
            Ball Milled 96 hours                                               
     P-36   Alcoa T-61 (-325 mesh)                                             
                            Kaolin, Ajax 70                                    
                                      15% --     63.7                          
                                                     83.5                      
                                                         85.6                  
                                                             76.7              
                                                                 76.0          
            Ball Milled 96 hours                                               
     P-37   Alcoa T-61 (-325 mesh)                                             
                            Kaolin, Ajax 70                                    
                                      5%  --     77.7                          
                                                     79.6                      
                                                         85.8                  
                                                             93.0              
                                                                 93.0          
            Ball Milled 96 hours                                               
     P-38   Alcoa T-61 (-325 mesh)                                             
                            Bentonite 6%  --     56.3                          
                                                     77.7                      
                                                         80.3                  
                                                             91.6              
                                                                 92.5          
            Ball Milled 96 hours                                               
     P-39   Alcoa T-61 (-325 mesh)                                             
                            Bentonite 2%  dissolved in                         
                                                 --  --  --  --  --            
            Ball Milled 96 hours          H.sub.2 CrO.sub.4                    
     P-40   Cr.sub.2 O.sub.3                                                   
                            Kaolin, Ajax P                                     
                                      15% dissolved in                         
                                                 --  --  --  --  --            
                                          H.sub.2 CrO.sub.4                    
     P-41   Cr.sub.2 O.sub.3                                                   
                            Kaolin, Ajax P                                     
                                      5%  dissolved in                         
                                                 --  --  --  --  --            
                                          H.sub.2 CrO.sub.4                    
     P-42   Cr.sub.2 O.sub.3                                                   
                            Kaolin, Ajax 70                                    
                                      15%        65.7                          
                                                     73.2                      
                                                         90.1                  
                                                             89.9              
                                                                 92.9          
     P-43   Cr.sub.2 O.sub.3                                                   
                            Kaolin, Ajax 70                                    
                                      5%  dissolved in                         
                                                 --  --  --  --  --            
                                          H.sub.2 CrO.sub.4                    
     P-44   Cr.sub.2 O.sub.3                                                   
                            Bentonite 6%  dissolved in                         
                                                 --  --  --  --  --            
                                          H.sub.2 CrO.sub.4                    
     P-45   Cr.sub.2 O.sub.3                                                   
                            Bentonite 2%  dissolved in                         
                                                 --  --  --  --  --            
                                          H.sub.2 CrO.sub.4                    
     __________________________________________________________________________
TBL                                    TABLE XCV                               
     __________________________________________________________________________
     HARDNESS MEASUREMENT COMPARISONS FOR SAMPLES LISTED IN TABLE XCIV         
     FOR 15 CHROMIC ACID IMPREGNATIONS FOLLOWED BY PHOSPHORIC ACID             
     __________________________________________________________________________
     TREATMENT                                                                 
                                            15-N Rockwell Hardness             
                                            Measurement                        
     Sample No.                                                                
            Base Oxide       Plasticizer                                       
                                       %    15 .times. H.sub.2 CrO.sub.4       
                                                       15 .times. H.sub.2      
                                                       CrO.sub.4 + H.sub.3     
                                                       PO.sub.4                
     __________________________________________________________________________
     P-1    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                             Kaolin, Ajax P                                    
                                       20%  93.3       94.6                    
     P-2    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                             Kaolin, Ajax P                                    
                                       15%  94.5       95.4                    
     P-3    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                             Kaolin, Ajax P                                    
                                       10%  94.4       94.2                    
     P-4    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                             Kaolin, Ajax P                                    
                                       5%   95.3       94.3                    
     P-5    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                             Kaolin, Ajax 70                                   
                                       20%  94.3       94.8                    
     P-6    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                             Kaolin, Ajax 70                                   
                                       15%  93.5       94.6                    
     P-7    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                             Kaolin, Ajax 70                                   
                                       10%  94.5       94.3                    
     P-8    Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                             Kaolin, Ajax 70                                   
                                       5%   95.4       95.4                    
     P-9    Al.sub.2 O.sub.3, Alcoa A-14 (-325 mesh)                           
                             Bentonite 8%   92.8       93.5                    
     P-10   Al.sub.2 O.sub.3, Alcoa A-14 (-325 mesh)                           
                             Bentonite 6%   94.7       95.3                    
     P-11   Al.sub.2 O.sub.3, Alcoa A-14 (-325 mesh)                           
                             Bentonite 4%   92.6       95.2                    
     P-13   Al.sub.2 O.sub.3, Alcoa T-61 (-325 mesh)                           
                             Kaolin, Ajax P                                    
                                       15%  93.5       94.3                    
     P-14   Al.sub.2 O.sub.3, Alcoa T-61 (-325 mesh)                           
                             Kaolin, Ajax 70                                   
                                       15   93.7       94.0                    
     P-15   Al.sub.2 O.sub.3, Alcoa T-61 (-325 mesh)                           
                             Bentonite 5%   90.4       92.5                    
     P-16   Al.sub.2 O.sub.3, Alcoa A-3 (-325 mesh)                            
                             Kaolin, Ajax P                                    
                                       15%  95.4       95.2                    
     P-17   Al.sub.2 O.sub.3, Alcoa A-3 (-325 mesh)                            
                             Kaolin, Ajax 70                                   
                                       15%  94.9       94.9                    
     P-18   Al.sub.2 O.sub.3, Alcoa A-3 (-325 mesh)                            
                             Bentonite 5%   95.2       95.6                    
     P-19   Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                             Kaolin, Ajax P                                    
                                       15%  91.9       94.6                    
     P-20   Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                             Kaolin, Ajax 70                                   
                                       15%  94.5       94.7                    
     P-21   Al.sub.2 O.sub.3, Alcoa A-5 (-325 mesh)                            
                             Bentonite 5%   91.9       92.3                    
     P-28   Alcoa T-61 (-325 mesh)                                             
                             Kaolin, Ajax P                                    
                                       15%  93.2       94.0                    
            Ball Milled 48 hours                                               
     P-29   Alcoa T-61 (-325 mesh)                                             
                             Kaolin, Ajax P                                    
                                       5%   94.3       95.3                    
            Ball Milled 48 hours                                               
     P-30   Alcoa T-61 (-325 mesh)                                             
                             Kaolin, Ajax 70                                   
                                       15%  95.0       94.1                    
            Ball Milled 48 hours                                               
     P-31   Alcoa T-61 (-325 mesh)                                             
                             Kaolin, Ajax 70                                   
                                       5%   95.0       94.9                    
            Ball Milled 48 hours                                               
     P-32   Alcoa T-61 (-325 mesh)                                             
                             Bentonite 6%   92.8       91.8                    
            Ball Milled 48 hours                                               
     P-33   Alcoa T-61 (-325 mesh)                                             
                             Bentonite 2%   94.3       94.3                    
            Ball Milled 48 hours                                               
     P-34   Alcoa T-61 (-325 mesh)                                             
                             Kaolin, Ajax P                                    
                                       15%  94.6       95.5                    
            Ball Milled 96 hours                                               
     P-35   Alcoa T-61 (-325 mesh)                                             
                             Kaolin, Ajax P                                    
                                       5%   N.M.       N.M.                    
            Ball Milled 96 hours                                               
     P-36   Alcoa T-61 (-325 mesh)                                             
                             Kaolin, Ajax 70                                   
                                       15%  94.6       95.3                    
            Ball Milled 96 hours                                               
     P-37   Alcoa T-61 (-325 mesh)                                             
                             Kaolin, Ajax 70                                   
                                       5%   93.3       94.9                    
            Ball Milled 96 hours                                               
     P-38   Alcoa T-61 (-325 mesh)                                             
                             Bentonite 6%   93.5       94.1                    
            Ball Milled 96 hours                                               
     P-42   Cr.sub.2 O.sub.3 (-325 mesh)                                       
                             Kaolin, Ajax 70                                   
                                       15%  95.2       95.5                    
     __________________________________________________________________________
PAR  The chemical process of this invention has also been found to provide
      advantages when used as a post-treatment for commercially produced fully
      sintered or fused abrasive items. It has also proven to be of use for the
      complete manufacture of such items entirely by the low temperature
      chemical bonding and hardening method of the invention. The materials that
      have been treated or produced in this manner have included crushed and
      extruded abrasive grain, tumbling chips, abrasive wheels, bonded hones and
      related items.
PAR  It has been found that a large number of refractory oxide materials can be
      effectively bonded and hardened by means of multiple impregnations thereof
      with a metal compound such as a salt or metal acid solution followed by
      heating of the treated material to a temperature sufficient to convert the
      metal compound into its refractory oxide form.
PAR  One of the most efficient metal acid solutions that has been found for use
      in this chemical bonding and hardening process is chromic acid. In this
      case, the maximum curing temperature used is normally about 1200.degree.F.
      During the heating process, the chromic acid is converted first to a
      chromium trioxide (CrO.sub.3) form, then through a series of intermediate
      oxides and finally to the stable, refractory chromic oxide (Cr.sub.2
      O.sub.3) form.
PAR  The chemical treating process of this invention has been found to be useful
      for coating various types of commercially available aluminum oxide and
      silicon carbide abrasive grains. The purpose of the chemical treatment is
      two fold. First, to harden the abrasive and, secondly, to provide a more
      adherent coating for subsequent bonding of the abrasive grains together
      using a resin, or similar organic type, binder.
PAR  The basic coating process consists of wetting the grain with chromic acid,
      preferably concentrated, and curing in an oven to a temperature of about
      1200.degree.F. The process may be repeated for the desired number of
      impregnation-cure cycles depending on the hardness or type of coating
      desired.
PAR  Whether the hardening effect is due primarily to the chemical penetration
      and bonding within the fissures and pores of the abrasive grain, or
      whether there is also a case hardening effect due to the coated surface,
      is not known. Microscopic examination of coated abrasive grains shows a
      well coated surface in addition to some noticeable penetration, depending
      on the type of abrasive used. The coating, at least after two or three
      impregnation-cure cycles, is seen to be very dense at the abrasive
      particle interface, while the exposed surface is somewhat porous. This
      graduation in coating density probably accounts for the apparent
      improvement in resin bonding, since there is now a somewhat porous exposed
      surface with which to bond rather than a slick surface as normally
      presented by the untreated abrasive.
PAR  The types of abrasive grains that have been successfully treated include
      friable and semi-friable types of fused and crushed aluminum oxide grain,
      such as Norton Type 57, 32 or 38 or equivalent Agsco Types 57, C-34, etc.;
      sintered aluminum oxide granules, such as Norton or Agsco Type 75 or 44;
      and extruded or pelletized abrasives, such as Agsco Type 76A. In addition,
      silicon carbide of both the "green" and "black" abrasive grades have been
      treated with apparently equal success.
PAR  While it has been difficult to design quantitative laboratory measurements
      to show that increased abrasive hardness and resin bond strengths have
      been achieved, comparative production tests have been made that show both
      these effects. One such test consisted of making 10  inch diameter resin
      bonded wheels using 46 and 36 semi-friable grade aluminum oxide abrasive.
      These wheels were 1/8 inch thick and were used to trim high chromium alloy
      castings on a production job. Wheels made of the chemically treated grain
      not only showed much less wheel wear, but also removed metal, under the
      same pressure and surface feet per minute conditions, 10% to 20% faster
      than the same type wheels using untreated grain of the same type. In this
      test, the chemically treated grain had been processed using 7 concentrated
      chromic acid immersion-cure cycles. During the manufacture of the wheels,
      it was noted that additional liquid was required to be added to the resin
      formulation when using with the treated abrasive, indicative of increased
      porosity due to the chromic oxide grain coating.
PAR  Some typical abrasive coating procedures are shown in Table XCVI. The
      method listed as CO-1 is the basic chromic acid treatment in which
      multiple impregnation-cure cycles, using a concentrated acid solution, is
      employed. The number of treatments used depends on the hardness or amount
      of coating desired. The remaining coating formulations listed make use of
      a finely divided refractory oxide and/or kaolin slurry. When this is
      applied to the abrasive grain and subsequently heated to drive out the
      moisture, a finely divided, porous oxide coating is deposited on the
      abrasive grain. This pre-coating step has been designed to provide an
      improved chromic oxide bond with fewer chromic acid impregnation-heat
      conversion cycles than would be the case with chromic acid treatments
      alone.
PAR  It will be noted in Table XCVI that methods CO-2, CO-3 and CO-4 employ
      hydrated kaolin as a constituent of the pre-coating slurry. It has been
      found that adding a small percentage of kaolin, as low as 5% to 10% of the
      calcined oxides, will provide a sufficient bond between the oxide
      particles, after heating to 1000.degree.F. to 1200.degree.F., to allow
      subsequent impregnation in the concentrated chromic acid solution without
      disintegration of the oxide coating. While kaolin has been used, other
      clays such as Kentucky ball clay, bentonite, and the like, may also be
      employed for this purpose of providing a heat setable pre-coating. Table
      LXXXIV lists the types of kaolin materials used. The particular types used
      in this instance are products of the Georgia Kaolin Company with
      processing facilities at Peachtree, Georgia.
TBL                                    TABLE XCVI                              
     __________________________________________________________________________
     TYPICAL ABRASIVE GRAIN TREATMENTS DESIGNED TO                             
     INCREASE GRAIN HARDNESS AND IMPROVE RESIN BOND STRENGTH                   
     __________________________________________________________________________
                                                    Maximum                    
                                                           Impregnation-       
     Method No.                                                                
             Step                                                              
                 Coating Formulation                Cure Temp.                 
                                                           Cure                
     __________________________________________________________________________
                                                           Cycles              
     CO-1    1   H.sub.2 CrO.sub.4 (concentrated solution)                     
                                                    1200.degree.F.             
                                                           multiple            
     CO-2    1   Kaolin (Ajax P) + H.sub.2 O mixed as slurry and used to coat  
                 abrasive grains                    1200.degree.F.             
                                                           1x                  
     CO-2    2   H.sub.2 CrO.sub.4 (concentrated solution)                     
                                                    1200.degree.F.             
                                                           multiple            
     CO-3    1   Calcined Kaolin (Glomax LL) 80%, Hydrated Kaolin (Ajax P) 20% 
                 +                                                             
                 H.sub.2 O mixed as a slurry and applied to abrasive           
                                                    1200.degree.F.             
                                                           1x                  
     CO-3    2   H.sub.2 CrO.sub.4 (concentrated solution)                     
                                                    1200.degree.F.             
                                                           multiple            
     CO-4    1   Fe.sub.3 O.sub.4 (Mapico Black Pigment) 50%, Hydrated Kaolin  
                 (Ajax P) 50% +                                                
                 H.sub.2 O mixed as a slurry and applied to abrasive           
                                                    1200.degree.F.             
                                                           1x                  
     CO-4    2   H.sub.2 CrO.sub.4 (concentrated solution)                     
                                                    1200.degree.F.             
                                                           multiple            
     CO-5    1   Calcined Alumina (Alcoa A-3, -325 mesh) 80%, Fe.sub.3 O.sub.4 
                 (pigment) 20% +                                               
                 diluted H.sub.2 CrO.sub.4 solution (.about.10% concentration) 
                 to form a slurry                   1200.degree.F.             
                                                           1x                  
     CO-5    2   H.sub.2 CrO.sub.4 (concentrated solution)                     
                                                    1200.degree.F.             
                                                           multiple            
     __________________________________________________________________________
PAR  Crushed, extruded and pressed abrasive grains have all been produced using
      the chemical bonding and hardening process of this invention. Because of
      the high degree of hardness required in such material, the chromium type
      treatment is normally preferred. This consists of treating a porous
      refractory oxide body with multiple concentrated chromic acid
      impregnations. Following each impregnation, the treated material is heated
      to a temperature of about 1000.degree.F. to 1200.degree.F. During this
      heating cycle, the chromic acid is converted, within the porous body
      structure, to the green Cr.sub.2 O.sub.3 form.
PAR  Crushed abrasives, resembling standard fused grain, can be made from a wide
      variety of porous oxide bodies. These may take the form of crushing and
      grading chemically hardened, partially sintered refractory oxide material.
      They may also be made from chemically hardened, pressed or extruded
      refractory oxide bodies.
PAR  Another method has been to use a relatively wet, plastic oxide mixture and
      to simply flow such a slurry onto flat drying trays. A very wet
      consistency can be used with this process method if desired. The
      evaporation of the excess water tends to provide a more closely packed
      oxide matrix than would be the case if a drier consistency were used.
PAR  For the slurry and pressed ways of forming the refractory oxide porous
      structure, three methods have been found to be highly satisfactory. The
      first method is to mix a small amount of chromic acid solution with the
      refractory oxide powder. The chromic acid may be either concentrated or
      diluted for this purpose, although a diluted solution would normally be
      used when preparing a slurry to allow rapid evaporation on the drying
      trays and as dense as possible oxide packing upon drying. Subsequent
      heating of the oxide-chromic acid mixture will cause sufficient bonding of
      the powdered material to allow subsequent immersions in the chromic acid
      solution without disintegration of the porous structure. The second method
      is to add a small percentage, usually 5% to 30%, of kaolin, Kentucky ball
      clay, bentonite, and the like, to the powdered refractory oxide and use
      water as the wetting liquid. Upon heating to a reasonable temperature,
      usually 1000.degree.F. to 1200.degree.F., depending on the type of clay
      used, the mixture as in the first method above will become sufficiently
      bonded or "set" after drying to allow immersion in the subsequent chromic
      acid solution treatment without disintegration. The third method is to
      employ a combination of the first and second methods.
PAR  Chemically hardened extruded material suitable for crushing into abrasive
      grain, is made using method two or three. In this case, the kaolin or clay
      acts as a plasticizer. With most of the refractory oxides tested, at least
      10% kaolin or Kentucky ball clay, or at least 2% bentonite was found to be
      necessary to achieve adequate plasticity for extrusion purposes.
      Interestingly enough, the presence of these kaolin-clay additives does not
      appreciably effect the ultimate hardness of the treated material.
PAR  While aluminum oxide refractory materials have been used for the majority
      of the crushed abrasive samples, chromia, tin oxide, titania and other
      refractory oxides have also been tested and may have some application as
      specialized abrasives where cost is not of prime importance. The oxides
      used to form these abrasives are used in finely powdered form, normally
      being -325 mesh or finer. Among the aluminum oxide materials employed for
      abrasive purposes, the 99+% Al.sub.2 O.sub.3 calcined, tabular and fused
      forms have all been successfully used. In addition, it has been found that
      a high degree of purity is not necessarily a requirement for a hard
      material. One oxide form that has been found to be very satisfactory is a
      fused bauxite, -325 mesh, known as Type DCF in the industry.
PAR  Table XCVII lists some partially sintered porous refractory materials that,
      when chemically hardened, crushed and graded, have been found to make
      suitable abrasive grain.
PAR  Table XCVIII is a similar listing showing formulations using crushed,
      chemically hardened extruded material. Table XCIX covers chemically
      hardened pressed material. Table C shows some oxide formulations for use
      with the wet slurry method. Typical hardness values listed in these tables
      were made prior to crushing into grain.
PAR  Another commercially used form of abrasive material that has been found to
      lend itself to manufacture by the chemical hardening method is extruded
      grain. This material usually takes the form of small diameter extruded
      "pellets" having a length to diameter ratio of about 1:3. Extruded grain
      diameters currently in use by the grinding wheel industry range from about
      3/16 diameter to as small as 1/32.
PAR  When using the chemical hardening method, the extrusions are made by
      forcing under pressure, a relatively plastic oxide mixture of modeling
      clay consistency, through an appropriate die. Some suitable plasticizer,
      such as kaolin, must be added to the refractory oxide mix to allow
      suitable flow of the material through the die. In this case, the
      plasticizer can usually also provide sufficient bonding of the oxide
      material following the initial curing cycle to allow for subsequent
      chromic acid impregnation without disintegration. Of course, chromic acid
      can also be added to the mix prior to extrusion.
PAR  Table CI lists a number if experimental formulations that have been found
      to provide hard extrusions with a minimum of impregnation-cure cycles.
      Hardness values for the extruded grain made of these formulations are
      listed. For hardness comparison purposes, several commercially available
      sintered extruded grain materials were found to have Rockwell hardness
      values of about 15N-93.
PAR  Another type of abrasive material known as tumbling chips has been made
      using chemically hardened pressed refractory powders. These tumbling
      abrasives are usually small discs about 1/2 to 3/8 inch diameter by 1/4 to
      1/8 inch in thickness.
TBL                                    TABLE XCVII                             
     __________________________________________________________________________
     CRUSHED ABRASIVE GRAIN MADE FROM                                          
     CHEMICALLY HARDENED, PARTIALLY SINTERED MATERIAL                          
     __________________________________________________________________________
     Partially Sintered Porous                                                 
                       %    Sintering                                          
                                  Impregnating                                 
                                          Cure  Rockwell Hardness vs. Impreg.  
                                                Cycle                          
     No. Refractory Material                                                   
                       Al.sub.2 O.sub.3                                        
                            Temp. Solution                                     
                                          Temp. 5x  7x  9x  11x 13x            
     __________________________________________________________________________
     Coors AP-94-l1, Extruded                                                  
                       94%  1700.degree.F.                                     
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                A-82.4                         
                                                    A-84.9                     
                                                        A-85.4                 
                                                            A-84.8             
                                                                A-86.3         
     Coors AP-99-l1, Extruded                                                  
                       99%  1700.degree.F.                                     
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                A-73.5                         
                                                    A-83.0                     
                                                        A-84.9                 
                                                            A-85.8             
                                                                A-86.0         
     Coors AP-99-L3, Extruded                                                  
                       99%  2570.degree.F.                                     
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                A-77.5                         
                                                    A-84.3                     
                                                        A-84.6                 
                                                            A-85.6             
                                                                A-86.6         
     Coors AP-99C-L1, Cast                                                     
                       99%  2642.degree.F.                                     
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                A-81.8                         
                                                    A-84.6                     
                                                        A-87.3                 
                                                            A-88.0             
                                                                A-87.1         
     AlSiMag No. 614, Pressed                                                  
                       96%  &gt;2000.degree.F.                                    
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                A-75.5                         
                                                    A-83.4                     
                                                        A-84.7                 
                                                            A-85.3             
                                                                A-84.2         
     AlSiMag No. 748, Pressed                                                  
                       99.8%                                                   
                            &gt;2000.degree.F.                                    
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                A-86.9                         
                                                    A-90.7                     
                                                        A-90.7                 
                                                            A-90.8             
                                                                --             
     __________________________________________________________________________
      Note: Hardness Measurements made prior to crushing.                      
TBL                                    TABLE XCVIII                            
     __________________________________________________________________________
     CRUSHED ABRASIVE GRAIN MADE FROM                                          
     CHEMICALLY HARDENED REFRACTORY OXIDE EXTRUDED MATERIAL                    
     __________________________________________________________________________
                     Parts by                                                  
                          Moistening                                           
                                 Impregnating                                  
                                         Cure 15-N Rockwell vs No.             
                                              Impregnation Cycles              
     No.                                                                       
        Oxide Formulation                                                      
                     Weight                                                    
                          Agent  Solution                                      
                                         Temp.                                 
                                              5x  7x  9x   11x  13x            
     __________________________________________________________________________
     27B                                                                       
        DCF Abrasive 75.0 H.sub.2 O                                            
                                 100% H.sub.2 CrO.sub.4                        
                                         1200.degree.F.                        
                                              --  --  92.5 93.3 --             
        Fe.sub.3 O.sub.4 (pigment grade)                                       
                     19.0                                                      
        Kaolin (Ajax P)                                                        
                     14.0                                                      
     13B                                                                       
        DCF Abrasive 25.00                                                     
                          H.sub.2 O                                            
                                 100% H.sub.2 CrO.sub.4                        
                                         1200.degree.F.                        
                                              --  --  92.4 93.9 --             
        Fe.sub.3 O.sub.4 (pigment grade)                                       
                      3.75                                                     
        Kaolin (Ajax 70)                                                       
                      6.33                                                     
     16A                                                                       
        DCF Abrasive 25.00                                                     
                          10% H.sub.2 CrO.sub.4                                
                                 100% H.sub.2 CrO.sub.4                        
                                         1200.degree.F.                        
                                              --  --  --   --   --             
        Kaolin (Ajax P)                                                        
                      5.50                                                     
     __________________________________________________________________________
      Note: Hardness measurements made prior to crushing.                      
TBL                                    TABLE XCIX                              
     __________________________________________________________________________
     CRUSHED ABRASIVE GRAIN MADE FROM                                          
     CHEMICALLY HARDENED, PRESSED REFRACTORY OXIDE MATERIAL                    
     __________________________________________________________________________
                      Parts by                                                 
                           Moistening                                          
                                   Impregnating                                
                                           Cure                                
                                               15-N Rockwell vs No.            
                                               Impregnation Cycles             
     No. Oxide Formulation                                                     
                      Weight                                                   
                           Agent   Solution                                    
                                           Temp. 5x 7x  9x  11x 13x            
     __________________________________________________________________________
     167 DCF Abrasive 100  100% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                           1200.degree.F.                      
                                                 87.2                          
                                                    92.6                       
                                                        93.4                   
                                                            --  93.8           
     228 DCF Abrasive 122.0                                                    
                           100% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                           1200.degree.F.                      
                                                 -- 90.7                       
                                                        92.7                   
                                                            93.0               
                                                                94.1           
         Kaolin (Ajax P)                                                       
                      7.5                                                      
     154 Alumina, Alcoa A-5                                                    
                      100  100% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                           1200.degree.F.                      
                                                 79.2                          
                                                    89.1                       
                                                        94.1                   
                                                            94.8               
                                                                94.6           
         (-325 mesh)                                                           
     221 Kaolin (Glomax JD)                                                    
                      100  100% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                           1200.degree.F.                      
                                                 82.6                          
                                                    90.6                       
                                                        92.8                   
                                                            94.2               
                                                                94.1           
     213 Kaolin (Glomax LL)                                                    
                      100  100% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                           1200.degree.F.                      
                                                 -- 90.4                       
                                                        92.3                   
                                                            93.5               
                                                                94.3           
     219 Cr.sub.2 O.sub.3 (-325 mesh)                                          
                      52.1 100% H.sub.2 CrO.sub. 4                             
                                   100% H.sub.2 CrO.sub.4                      
                                           1200.degree.F.                      
                                                 89.1                          
                                                    93.0                       
                                                        95.5                   
                                                            96.4               
                                                                96.2           
         Kaolin (Glomax HE)                                                    
                      8.7                                                      
     225 Cr.sub.2 O.sub.3 (-325 mesh)                                          
                      52.1 100% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                           1200.degree.F.                      
                                                 89.5                          
                                                    94.0                       
                                                        94.4                   
                                                            95.7               
                                                                96.2           
         Fe.sub.3 O.sub.4 (pigment grade)                                      
                      12.5                                                     
     __________________________________________________________________________
      Note: Hardness measurements made prior to crushing.                      
TBL                                    TABLE C                                 
     __________________________________________________________________________
     CRUSHED ABRASIVE GRAIN MADE BY                                            
     WET SLURRY METHOD USING REFRACTORY OXIDE POWDERS                          
     __________________________________________________________________________
                      Parts by                                                 
                           Moistening                                          
                                  Impregnating                                 
                                         Cure  15-N Rockwell vs No.            
                                               Impregnation Cycles             
     No. Oxide Formulation                                                     
                      Weight                                                   
                           Agent  Solution                                     
                                         Temp. 4x  6x  8x  10x 12x             
     __________________________________________________________________________
     1-N Al.sub.2 O.sub.3 -325 mesh                                            
         (Alcoa A-3)  10.0 H.sub.2 O (8.6)                                     
                                  100% H.sub.2 CrO.sub.4                       
                                         1200.degree.F.                        
         (Kaolin (Ajax P)                                                      
                      2.0                                                      
     2-N DCF Abrasive 40.0 H.sub.2 O (42.0)                                    
                                  100% H.sub.2 CrO.sub.4                       
                                         1200.degree.F.                        
         Kaolin (Ajax P)                                                       
                      9.6                                                      
         Fe.sub.3 O.sub.4 (pigment grade)                                      
                      8.0                                                      
     3-N DCF Abrasive 20.0 H.sub.2 O (22.0)                                    
                                  100% H.sub.2 CrO.sub.4                       
                                         1200.degree.F.                        
         Kaolin (Glomax LL)                                                    
                      10.0                                                     
         Kaolin (Ajax P)                                                       
                      6.0                                                      
     4-N DCF Abrasive 38.0 10% H.sub.2 CrO.sub.4                               
                                  100% H.sub.2 CrO.sub.4                       
                                         1200.degree.F.                        
         Fe.sub.3 O.sub.4 (pigment grade)                                      
                           (13.3)                                              
     5-N Silicic Acid 38.1 10% H.sub.2 CrO.sub.4                               
                                  100% H.sub.2 CrO.sub.4                       
                                         1200.degree.F.                        
         Fe.sub.3 O.sub.4                                                      
                      25.0                                                     
         Kaolin (Ajax P)                                                       
                      7.5                                                      
     __________________________________________________________________________
      Note: Hardness measurement made prior to crushing.                       
TBL                                    TABLE CI                                
     __________________________________________________________________________
     EXTRUDED GRAIN MADE FROM                                                  
     CHEMICALLY HARDENED REFRACTORY OXIDE FORMULATIONS                         
     (1/16" dia. .times. approx. 3/16" length grain)                           
     __________________________________________________________________________
                       Parts by                                                
                            Moistening                                         
                                  Impregnating                                 
                                          Cure                                 
                                              15-N Rockwell vs No.             
                                              Impregnation Cycles              
     No. Oxide Formulation                                                     
                       Weight                                                  
                            Agent Solution                                     
                                          Temp. 4x  6x  8x  10x 11x            
     __________________________________________________________________________
     1B  DCF Abrasive +                                                        
                       25.0 H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                89.6                           
                                                    89.6                       
                                                        91.7                   
                                                            92.6               
                                                                N.M.           
         Kaolin (Ajax P)                                                       
                       5.5                                                     
     2B  DCF Abrasive +                                                        
                       25.0 H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                82.3                           
                                                    87.2                       
                                                        91.1                   
                                                            91.5               
                                                                N.M.           
         Kaolin (Ajax P)                                                       
                       7.0                                                     
     4B  DCF Abrasive +                                                        
                       25.0 H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                79.0                           
                                                    88.1                       
                                                        90.4                   
                                                            91.0               
                                                                N.M.           
         Kaolin (Ajax 70)                                                      
                       7.0                                                     
     8B  DCF Abrasive +                                                        
                       25.0 H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                71.7                           
                                                    82.9                       
                                                        87.6                   
                                                            87.4               
                                                                N.M.           
         Bentonite     2.0                                                     
     10B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                78.9                           
                                                    87.8                       
                                                        91.8                   
                                                            92.7               
                                                                N.M.           
         Fe.sub. 3 O.sub.4 (pigment grade) +                                   
                       1.25                                                    
         Kaolin (Ajax P)                                                       
                       5.78                                                    
     11B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                83.1                           
                                                    89.7                       
                                                        92.2                   
                                                            93.5               
                                                                N.M.           
         Fe.sub.3 O.sub.4 (pigment grade) +                                    
                       3.75                                                    
         Kaolin (Ajax P)                                                       
     12B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                85.9                           
                                                    89.6                       
                                                        91.9                   
                                                            93.2               
                                                                N.M.           
         Fe.sub.3 O.sub.4 (pigment grade) +                                    
                       1.25                                                    
         Kaolin (Ajax 70)                                                      
                       5.78                                                    
     13B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                81.3                           
                                                    88.3                       
                                                        93.5                   
                                                            92.5               
                                                                93.9           
         Fe.sub.3 O.sub.4 (pigment grade) +                                    
                       3.75                                                    
         Kaolin (Ajax 70)                                                      
                       6.33                                                    
     21B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                79.0                           
                                                    88.7                       
                                                        90.5                   
                                                            93.2               
                                                                93.5           
         Fe.sub.3 O.sub.4 (pigment grade)                                      
                       0.75                                                    
         Kaolin (Ajax P)                                                       
                       3.86                                                    
     23B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                82.8                           
                                                    89.2                       
                                                        92.8                   
                                                            92.6               
                                                                93.5           
         Fe.sub.3 O.sub.4 (pigment grade)                                      
                       3.75                                                    
         Kaolin (Ajax P)                                                       
                       4.30                                                    
     24B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                82.1                           
                                                    88.6                       
                                                        90.3                   
                                                            92.6               
                                                                92.7           
         Fe.sub.3 O.sub.4 (pigment grade) +                                    
                       6.25                                                    
         Kaolin (Ajax P)                                                       
                       6.88                                                    
     25B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                82.2                           
                                                    87.5                       
                                                        91.9                   
                                                            93.1               
                                                                92.9           
         Fe.sub.3 O.sub.4 (pigment grade) +                                    
                       2.50                                                    
         Kaolin (Ajax P)                                                       
                       4.13                                                    
     26B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                79.6                           
                                                    88.5                       
                                                        90.7                   
                                                            92.8               
                                                                93.4           
         Fe.sub.3 O.sub.4 (pigment grade) +                                    
                       5.00                                                    
         Kaolin (Ajax P)                                                       
                       4.50                                                    
     27B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                81.3                           
                                                    88.0                       
                                                        91.3                   
                                                            94.0               
                                                                93.3           
         Fe.sub.3 O.sub.4 (pigment grade)                                      
                       6.25                                                    
         Kaolin (Ajax P)                                                       
                       4.69                                                    
     28B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                79.6                           
                                                    90.6                       
                                                        90.4                   
                                                            92.8               
                                                                93.5           
         Fe.sub.3 O.sub.4 (pigment grade)                                      
                       6.25                                                    
         Kaolin (Ajax 70)                                                      
                       6.88                                                    
     29B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                80.3                           
                                                    89.2                       
                                                        91.8                   
                                                            91.5               
                                                                92.9           
         Fe.sub.3 O.sub. 4 (pigment grade) +                                   
                       .75                                                     
         Kaolin (Ajax 70)                                                      
                       3.86                                                    
     31B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                83.2                           
                                                    86.9                       
                                                        91.1                   
                                                            91.4               
                                                                91.5           
         Fe.sub.3 O.sub.4 (pigment grade) +                                    
                       3.75                                                    
         Kaolin (Ajax 70)                                                      
                       4.30                                                    
     33B DCF Abrasive +                                                        
                       25.00                                                   
                            H.sub.2 O                                          
                                  100% H.sub.2 CrO.sub.4                       
                                          1200.degree.F.                       
                                                79.1                           
                                                    87.4                       
                                                        93.3                   
                                                            93.0               
                                                                92.7           
         Fe.sub.3 O.sub.4 (pigment grade) +                                    
                       6.25                                                    
         Kaolin (Ajax 70)                                                      
                       4.69                                                    
     __________________________________________________________________________
PAR  The chemical impregnation-curing method of this invention can also be
      applied to most vitrified type abrasive wheels. When treating in this way,
      the wheels become harder and show a noticeable decrease in wear rate.
PAR  The treatment usually employed consists of multiple chromic acid
      impregnations. The wheel is cured following each impregnation at a
      temperature between 1000.degree.F. to 1200.degree.F., although lower
      curing temperatures may be used with longer cure times. Higher
      temperatures may also be used but are not necessary to achieve the desired
      conversion to the chromic oxide (Cr.sub.2 O.sub.3) form.
PAR  Another application of the treatment of the invention involves the
      hardening of partially sintered wheels. In this case, the wheel is
      processed with the chemical hardening method after only an initial
      pre-sintering of the wheel. This involves a more moderate firing
      temperature just sufficient to provide minimal bonding of the abrasive
      grit to allow handling during the chemical treatment. The required
      pre-sintering temperature will, of course, depend upon the type of bonding
      material used by the manufacturer. At least two types of wheels have been
      chemically treated without handling difficulty after pre-sintering at
      1800.degree.F. to 2000.degree.F. Pre-sintered wheels processed in this
      manner performed at least comparable to fully sintered wheels in
      laboratory tests, but it has been found that even the presintering step is
      not required as the complete bonding method is equally effective.
PAR  The processing of abrasive wheels and related items made by bonding the
      abrasive grit entirely by means of the chemical hardening method involves:
      moistening the abrasive grain with chromic acid; pressing into a suitable
      mold; curing at a temperature of approximately 1200.degree.F.; cooling,
      and, re-impregnating with chromic acid, and recuring for the number of
      cycles required to achieve the desired bond strength between abrasive
      particles.
PAR  The chromic acid treatment not only coats the abrasive grains with chromic
      oxide (Cr.sub.2 O.sub.3) formed during the thermal conversion process, but
      also forms a very strong bond or bridge between the abrasive grains
      wherever they are touching or nearly touching each other. This property of
      forming very strong bonds in small gaps and spaces between refractory
      oxide materials forms the basis for the chemical bonding and hardening
      process of this invention.
PAR  Abrasive wheels made by the low temperature chemical bonding process
      appears to provide superior cutting properties to those made by the more
      conventional high temperature sintering method. The absence of a glassy
      matrix and associated fused edges of the abrasive grains may be chiefly
      responsible for the improved cutting action of the chemically bonded
      wheels. This is readily seen in FIG. 4 of the drawings, which shows a view
      of the broken section of two grinding wheels. The wheel on the left is a
      grinding wheel formed and hardened by the process of this invention, while
      the light wheel on the right is a commercial sintered wheel. Both wheels
      are made of No. 46 friable grade aluminum oxide abrasive grain and are 3/8
      inch in side-to-side thickness. The abrasive grains in the darker wheel
      were coated and hardened, then bound using chromic oxide as the treating
      solution as set forth for sample No. 45 of Table CIII. The glassy matrix
      and fused edges of the grains are very much in evidence in the commercial
      sintered wheel. Also, it is believed that increased abrasive grain
      hardness is achieved, probably due to the chromic oxide coating and/or
      bonding of grain fractures, pores, and the like, as is found to be the
      case with the treated abrasive grains in resin bonded wheels.
PAR  While abrasive wheels can be made using multiple chromic acid treatments
      only, as described above, a more practical method has been evolved. This
      involves mixing a small percentage of kaolin ball clay, finely divided
      aluminum oxide or other such powdered refractory oxide material with the
      abrasive grain. The grain and finely powdered oxide is then moistened with
      water or a chromic acid solution until a damp plastic mixture is obtained
      suitable for pressing into a mold. If wate is used as the moistening
      agent, then a hydrated material such as kaolin or ball clay should be used
      as the binder to provide sufficient plasticity to the mix to not only
      allow easy removal of the wheel from the mold while still in the damp
      state, but also to provide sufficient bonding following the first
      1000.degree.F. to 1200.degree.F. cure cycle to keep the grains together
      during subsequent chromic acid impregnations. Another more efficient
      method in most cases is to use the chromic acid as the moistening agent in
      place of water alone. The chromic acid will provide a very adequate bond
      during the initial cure even when a minimum of powdered binder is used. A
      hydrated clay material is, of course, also not required when the chromic
      acid is employed as the moistening agent, thereby allowing the use of a
      wide variety of other types of finely powdered refractory oxide binders.
PAR  While the wheel is normally removed from the mold immediately after
      pressing, it may also be left in the mold and removed at some later point
      during the cure cycle. For example, it has been found very convenient in
      some cases to remove the wheel after curing to a temperature of about
      350.degree.F. At this temperature, the wheel has become quite dry and
      stiff, expecially where chromic acid is used as the moistening agent, and
      removal can be made with little danger of either distortion or breakage.
      After removing from the mold, the cure is completed by heating to the
      requisite temperature, i.e., 1000.degree. F. to 1200.degree.F., to assure
      adequate setting of the binder before proceeding with subsequent chemical
      impregnation-cure cycles. Pressing of the grain or grain mixture in the
      mold may be done by such methods as hand or motorized tamping or by using
      conventional high pressure hydraulic or mechanical pressing techniques.
      Curing may be accomplished in conventional electric or gas fired ovens.
      Other types of heating methods, such as dielectric and inductive, may, of
      course, also be employed after working out suitable time/input power
      cycles and frequencies.
PAR  A large number of abrasive wheels have been made and tested using the
      chemical bonding and hardening method. These have been made in the form of
      mounted and unmounted wheels as small as 1/2 inch in diameter to as large
      as 7 inches in diameter, the largest size that could be conveniently cured
      in the available ovens. Abrasive grain used has varied from No. 600 to No.
      8 grit size. Both aluminum oxide, friable and semi-friable grades, and
      silicon carbide, black and green grades, grain has been used in wheels
      manufactured with this process. The typical impregnation-cure cycle has
      been found satisfactory for wheels up to at least 7 inches in diameter
      .times. 1/2inch thick. Smaller wheels can be processed in less time and it
      is anticipated that very massive wheels will take somewhat longer times.
PAR  Table CII lists a number of chemically bonded abrasive wheel formulations
      that have given excellent results. Wheels made from these formulations
      have ranged from 1/2 inch diameter to 7 inches in diameter and 1/8 to 178
      inch in thickness, respectively. The impregnation-cure cycles were
      performed as in Table LXXVI.
PAR  As will be obvious to those skilled in the abrasive wheel art, a wide range
      of variation in the wheel formulation may be dictated, depending on the
      exact type of material to be cut and the quality of the wheel desired. For
      example, the wheel hardness can be controlled by the chromic acid
      concentration, number of acid impregantion-cure cycles, type and amount of
      binder employed, forming pressure, type and size of abrasive grain used,
      etc. Other considerations may include curing temperature, use of
      reinforcing materials, and even whether or not "burnout" type fillers
      should be added for greater "chip" clearance.
PAR  Tables CII, CIV, CV, CVI, CVII and CVIII show a series of abrasive wheel
      tests using 3 inches diameter .times. 3/8 inch thick wheels with a 3/8
      inch diameter center hole. These tests were made to determine cutting
      speed and wear rates for various wheel formulations when cutting hardened
      steel. The wheel was mounted on a DuMore grinder and run at a constant
      6000 rpm for all tests in the series. The sample to be cut (ground)
      consisted of a 5/16 inch diameter hardened drill rod blank about 3/4 inch
      in length. The hardness of the steel was measured at Rockwell C-65. The
      drill rod blank was held securely in a special pivoted test fixture so
      that the blank would be held against the wheel with a constant force
      during the test. The test rod to wheel loading was adjusted to 2 lbs by
      means of a movable weight on the pivoted lever arm of the test fixture. In
      these test runs, the entire cutting edge of the wheel was in contact with
      the length of the drill rod blank and produced a plunge-cut.
PAR  Table CIII shows 2 minute test run comparisons for wheels made with No. 46
      grit, friable grade aluminum oxide abrasive using the plunge-cut and
      hardened drill rod blanks as described above. Table CIV shows 2 minute
      cutting and wheel wear comparisons run in the same manner except with
      wheels fabricated with No. 46, semi-friable aluminum oxide grain. Tables
      CV and CVI show similar plunge-cut test runs, except using No. 60 friable
      and semi-friable alumina grain, respectively.
PAR  Tables CVII and CVIII also list cutting and wear tests for 2 minute
      plunge-cuts with hardened drill rod. Table CVII uses No. 46 grit, black
      grade silicon carbide abrasive, while the green grade is used in Table
      CVIII.
PAR  Table CIX shows, for comparison purposes, cutting and wear characteristics
      for three hardness grades of commercially produced sintered abrasive
      wheels. These were manufactured using the normal high temperature
      sintering process and are of a high quality type. They are of a friable
      alumina type, using No. 46 grit. This test was also conducted using the
      same plunge-cut technique with hardened drill rod blanks as in the
      preceding tests with chemically bonded wheels. The hardness values listed
      in the tables correspond to the industry standard where A is very soft, M
      is medium and Z is extremely hard. While cutting and wear comparisons are
      hard to make, it appears that wheels made by the chemically bonded method
      compare favorably to those fabricated using the standard high temperature
      sintering method.
PAR  Additional tests of chemically bonded wheels cured at various temperatures
      have been made. In general, little difference in cutting properties is
      noted between wheels cured at 1000.degree.F., 1200.degree.F. and
      1400.degree.F. Curing at 1000.degree.F. will require a slightly longer
      time than at 1400.degree.F. to achieve the same hardness.
PAR  Some of the wheels tested above were also used to cut tungsten carbide
      alloy having a Rockwell hardness of 15N-95.9. Cutting and wear
      characteristics with this material are given in Table CX for plunge-cut
      testing using the same method as described earlier for the hardened drill
      rod tests. Since it was found that this type test tends to overheat the
      tungsten carbide rod, the method of testing was changed to a cross feed
      type of cut where one corner of the wheel is doing the major share of the
      work. In this case, a constant load was not used. Instead, the tungsten
      carbide was held stationary while the wheel was fed across it, taking a
      0.001 inch cut with each pass of the wheel. The data obtained is shown in
      Table CXI and shows much less wheel wear than when using the plunge-cut
      method of Table CX.
PAR  All of the previously described grinding tests were conducted dry.
      Additional testing has been done using soluble oil and water as the
      cutting fluid. Little difference could be seen in the cutting and wear
      characteristics during short duration tests. However, the coolant does, of
      course, prevent the work from overheating during long duration cutting.
PAR  The use of "burn-out" fillers was mentioned in an earlier paragraph. An
      example of this is shown in Tables CII and CVI as wheel No. A-34 and wheel
      No. 63, respectively. Here, the "burn-out" material was Lytron 810, a
      material manufactured by Monsanto Chemical Co. This has characteristics
      similar to those of polystyrene and related products in that it sublimes
      at a temperature somewhere between 600.degree.F. to 800.degree.F., leaving
      virtually no residue. The use of such a material may be considered in
      cases where additional chip clearance is desired for special cutting jobs.
PAR  Another consideration of prime importance in abrasive wheel design is the
      bond strength. This property is usually measured in terms of modulus of
      rupture. Since there appear to be no well recognized standards in the
      industry, comparison type tests have been made using 3/4 .times. 3/8
      .times. 6 inch test bars. Table CXII shows modulus of rupture values
      obtained for a number of chemically bonded test bar samples, while Table
      CXIII shows values for commercially produced, high temperature sintered
      bars of the same dimensions and grain type. The hardness values of these
      bars have been determined using the A to Z industry scale previously
      described. While it is very difficult to make comparisons on an absolute
      basis, it appears from the test data that chemically bonded wheels will
      show at least comparable strengths to those of standard sintered wheels,
      providing comparable hardness values, grain type and forming pressures are
      considered.
PAR  It will be appreciated that the low temperatures involved in the bonding
      process of this invention permit the inclusion of additives to grinding
      wheels which normally will not withstand the high temperatures necessary
      in the manufacture of sintered grinding. These additives include glass
      fibers, diamonds and the like. Glass fibers may be added to the grinding
      wheel composition before molding. Finely divided diamonds, on the order of
      100 mesh, may be mixed with finely divided silicon carbide particles and a
      binder to form a paste. The paste can be applied as a coating to the
      cutting surface of a silicon carbide or alumina grinding wheel. The
      diamond-silicon carbide layer then is hardened and bonded to the grinding
      wheel by the process of this invention. Repeated impregnations with
      chromic acid for example and curing at about 1000.degree.F. will produce a
      highly bonded hardened layer of diamonds embedded in silicon carbide
      particles. A final treatment with phosphoric acid and cure again at about
      1000.degree.F. will provide an increase in the modulus of rupture of the
      wheel. Care should be exercised to use a curing temperature below that
      which would destroy the original identity of the additives.
TBL                                    TABLE CII                               
     __________________________________________________________________________
     SOME TYPICAL GRINDING WHEEL FORMULATIONS                                  
     USING THE CHEMICALLY BONDED METHOD                                        
     __________________________________________________________________________
                                         Moist-                 Wheel          
                                         ening                                 
                                              Impregnating                     
                                                      Cure                     
                                                          Cure  Hard-          
     No.                                                                       
        Wheel Size                                                             
                 Abrasive Grain                                                
                            Binder   %   Agent                                 
                                              Solution                         
                                                      Cycles                   
                                                          Temp. ness           
     __________________________________________________________________________
     A-2                                                                       
        1/2".times.3/8".times.1/8"                                             
                 220 grit silicon                                              
                            Alcoa T-61                                         
                                     47.5%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      2x  1300.degree.F.       
                                                                Med.           
                 carbide (black)                                               
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     A-3                                                                       
        1/2".times.3/8".times.1/8"                                             
                 220 grit silicon                                              
                            Alcoa T-61                                         
                                     31% 100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1300.degree.F.       
                                                                Med.           
                 carbide (black)                                               
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     A-4                                                                       
        1/2".times.3/8".times.1/8"                                             
                 220 grit silicon                                              
                            Alcoa T-61                                         
                                     23% 100% 100% H.sub.2 CrO.sub.4           
                                                      4x  1300.degree.F.       
                                                                Med.           
                 carbide (black)                                               
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     A-34                                                                      
        1/2" .times.3/8".times.1/8"                                            
                 220 grit silicon                                              
                            Alcoa T-61                                         
                                     12.6%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      4x  1300.degree.F.       
                                                                Med.           
                 carbide (black)                                               
                            Alumina      H.sub.2 CrO.sub.4                     
                 plus Lytron 810 as                                            
                            Ball Milled                                        
                 burn-out filler                                               
                            96 Hours                                           
     EE 1/2".times.3/8".times.1/8"                                             
                 220 grit silicon                                              
                            Kaolin   22.4%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      2x  1300.degree.F.       
                                                                Med.           
                 carbide (black)                                               
                            (Ajax P)     H.sub.2 CrO.sub.4                     
     FF 1/2".times.3/8".times.1/8"                                             
                 220 grit silicon                                              
                            Kaolin   12.6%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1300.degree.F.       
                                                                Med.           
                 carbide (black)                                               
                            (Ajax P)     H.sub.2 CrO.sub.4      Soft           
     K  1/2".times.3/16".times.1/8"                                            
                 80 grit silicon                                               
                            Alcoa T-61                                         
                                     48.5%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      1x  1300.degree.F.       
                                                                Med.           
                 carbide (black)                                               
                            Alumina      H.sub.2 CrO.sub.4      Hard           
                            Ball Milled                                        
                            96 Hours                                           
     J  1/2".times.3/16".times.1/8"                                            
                 80 grit silicon                                               
                            Alcoa T-61                                         
                                     32% 100% 100% H.sub.2 CrO.sub.4           
                                                      2x  1300.degree.F.       
                                                                Med.           
                 carbide (black)                                               
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     I  1/2".times.3/16".times.1/8"                                            
                 80 grit silicon                                               
                            Alcoa T-61                                         
                                     24% 100% 100% H.sub.2 CrO.sub.4           
                                                      2x  1300.degree.F.       
                                                                Med.           
                 carbide (black)                                               
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     U  1/2".times.3/16".times.1/8"                                            
                 80 grit silicon                                               
                            Amaco Grey                                         
                                     43% 100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1300.degree.F.       
                                                                Med.           
                 carbide (black)                                               
                            Clay No. X-11                                      
                                         H.sub.2 CrO.sub.4                     
     O  1/2".times.3/16".times.1/8"                                            
                 36 grit alumina,                                              
                            Alcoa T-61                                         
                                     26.3                                      
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      1x  1300.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     W  1/2".times.3/16".times.1/8"                                            
                 36 grit alumina,                                              
                            Alcoa T-61                                         
                                     19.2%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      2x  1300.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     A-6                                                                       
        1/2".times.3/16 ".times.1/8"                                           
                 36 grit alumina,                                              
                            Alcoa T-61                                         
                                     15.1%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1300.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     N  1/2".times.3/16".times.1/8"                                            
                 36 grit alumina,                                              
                            None     --  100% 100% H.sub.2 CrO.sub.4           
                                                      2x  1300.degree.F.       
                                                                Med.           
                 semi-friable grade      H.sub.2 CrO.sub.4      Soft           
     A-32                                                                      
        1/2".times.3/16".times.1/8"                                            
                 36 grit alumina,                                              
                            Alcoa T-61                                         
                                     25.8%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      2x  1300.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            24 Hours                                           
     A-33                                                                      
        1/2".times.3/16".times.1/8"                                            
                 36 grit alumina,                                              
                            Alcoa T-61                                         
                                     26.7%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1300.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Alumina      H.sub.2 CrO.sub.4                     
                            (-325 mesh)                                        
     A-15                                                                      
        1/2".times.3/16".times.1/8"                                            
                 36 grit alumina                                               
                            Kaolin   10.2%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1300.degree.F.       
                                                                Med.           
                 semi-friable grade      H.sub.2 CrO.sub.4                     
     A-13                                                                      
        1/2".times.3/16".times.1/8"                                            
                 36 grit alumina,                                              
                            Amaco Grey                                         
                                     36.3%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1300.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Clay No. X-11                                      
                                         H.sub.2 CrO.sub.4                     
     A-14                                                                      
        1/2".times.3/16 ".times.1/8"                                           
                 36 grit alumina,                                              
                            Amaco Grey                                         
                                     27.5%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1300.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Clay No. X-11                                      
                                         H.sub.2 CrO.sub.4      Soft           
     A-8                                                                       
        1/2".times.3/16".times.1/8"                                            
                 36 grit alumina,                                              
                            36 grit S.F.                                       
                                     33.3%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      2x  1300.degree.F.       
                                                                Med.           
                 Semi-friable grade                                            
                            Alumina,     H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            24 Hours                                           
     A-7                                                                       
        1/2".times.3/16".times.1/8"                                            
                 36 grit alumina,                                              
                            36 grit S.F.                                       
                                     25% 100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1300.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Alumina,     H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            24 Hours                                           
     A-26                                                                      
        1/2".times.3/16".times.1/8"                                            
                 46 grit alumina,                                              
                            Kentucky 11.6%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      4x  1300.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Ball Clay    H.sub.2 CrO.sub.4                     
     A-22                                                                      
        1/2".times.3/16".times.1/8"                                            
                 46 grit alumina,                                              
                            None     --  100% 100% H.sub.2 CrO.sub.4           
                                                      4x  1300.degree.F.       
                                                                Med.           
                 semi-friable grade      H.sub.2 CrO.sub.4                     
     E-1                                                                       
        1-1/2".times.1/4".times.1/4"                                           
                 36 grit alumina,                                              
                            Alcoa T-61                                         
                                     26.3%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      2x  1200.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     E-3                                                                       
        1-1/2".times.1/4".times.1/4"                                           
                 36 grit alumina,                                              
                            Kaolin   10.2%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1200.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            (Ajax P)     H.sub.2 CrO.sub.4                     
     E-2                                                                       
        1-1/2".times.1/4".times.1/4"                                           
                 36 grit alumina,                                              
                            Alcoa T-61                                         
                                     26.3%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1200.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     E-4                                                                       
        1-1/2".times.1/4".times.1/4"                                           
                 46 grit alumina,                                              
                            Alcoa T-61                                         
                                     27.5%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      2x  1200.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     E-5                                                                       
        1-1/2".times.1/4".times.1/4"                                           
                 46 grit alumina,                                              
                            Alcoa T-61                                         
                                     27.5%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1200.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     E-6                                                                       
        1-1/2".times.1/4".times.1/4"                                           
                 46 grit alumina,                                              
                            Kaolin   10.8%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1200.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            (Ajax P)     H.sub.2 CrO.sub.4                     
     E-7                                                                       
        1-1/2".times.1/4".times.1/4"                                           
                 60 grit alumina,                                              
                            Alcoa T-61                                         
                                     29.1%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1200.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            Alumina      H.sub.2 CrO.sub.4                     
                            Ball Milled                                        
                            96 Hours                                           
     E-8                                                                       
        1-1/2".times.1/4".times.1/4"                                           
                 60 grit alumina,                                              
                            Kaolin   11.6%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1200.degree.F.       
                                                                Med.           
                 semi-friable grade                                            
                            (Ajax P)     H.sub.2 CrO.sub.4                     
     E-9                                                                       
        1-1/2".times.1/4".times.1/4"                                           
                 60 grit silicon                                               
                            Alcoa T-61                                         
                                     12.7%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1200.degree.F.       
                                                                Med.           
                 carbide (black)                                               
                            Alumina      H.sub.2 CrO.sub.4                     
                            Milled 96 hrs                                      
     E-10                                                                      
        1-1/2".times.1/4".times.1/4"                                           
                 60 grit silicon                                               
                            Kaolin   12.7%                                     
                                         100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1200.degree.F.       
                                                                Med.           
                 carbide (black)         H.sub.2 CrO.sub.4                     
     84 7".times.1/2".times.1-1/4"                                             
                 46 grit alumina,                                              
                            Kaolin   9%  100% 100% H.sub.2 CrO.sub.4           
                                                      2x  1200.degree.F.       
                                                                Med.           
                 friable grade                                                 
                            (Ajax P)     H.sub.2 CrO.sub.4      Soft           
     85 7".times.1/2".times.1-1/4"                                             
                 46 grit alumina,                                              
                            Kaolin   9%  100% 100% H.sub.2 CrO.sub.4           
                                                      3x  1200.degree.F.       
                                                                Med.           
                 friable grade                                                 
                            (Ajax P)     H.sub.2 CrO.sub.4                     
     86 7".times.1/2".times.1-1/4"                                             
                 46 grit alumina,                                              
                            Kaolin   9%  10%  100% H.sub.2 CrO.sub.4           
                                                      3x  1200.degree.F.       
                                                                Med.           
                 friable grade                                                 
                            (Ajax P)     H.sub.2 CrO.sub.4      Hard           
     87 7".times.1/2".times.1-1/4"                                             
                 46 grit alumina,                                              
                            Kaolin   9%  50%  50% H.sub.2 CrO.sub.4            
                                                      4x  1200.degree.F.       
                                                                Med.           
                 friable grade                                                 
                            (Ajax P)     H.sub.2 CrO.sub.4                     
     88 7".times.1/2".times.1-1/4"                                             
                 46 grit alumina,                                              
                            Kaolin   6%  50%  50% H.sub.2 CrO.sub.4            
                                                      3x  1200.degree.F.       
                                                                Med.           
                 friable grade                                                 
                            (Ajax P)     H.sub.2 CrO.sub.4      Soft           
     89 7".times.1/2".times.1-1/4"                                             
                 46 grit alumina,                                              
                            Kaolin   10% 25%  25% H.sub.2 CrO.sub.4            
                                                      4x  1200.degree.F.       
                                                                Med.           
                 friable grade                                                 
                            (Ajax P)     H.sub.2 CrO.sub.4                     
     __________________________________________________________________________
TBL                                    TABLE CIII                              
     __________________________________________________________________________
     CHEMICALLY BONDED ABRASIVE WHEEL TESTS                                    
     USING TWO MINUTE PLUNGE-CUT METHOD                                        
     WHEELS FABRICATED FROM NO. 46 GRIT FRIABLE GRADE ALUMINUM                 
     __________________________________________________________________________
     OXIDE                                                                     
     TEST CONDITIONS: Wheel Diameter .about.2.5", Wheel Width 3/8", Wheel RPM  
     6000, Blank Hardness Rockwell C-65, Blank Diameter                        
     0.313, Blank-To-Wheel Pressure 2 lbs.                                     
                                                       Original                
     Wheel             Moistening                                              
                               Impregnation                                    
                                       Cure                                    
                                           Cure  Wheel Wheel                   
                                                            Wheel              
                                                                Depth          
     No. Binder   %    Agent   Solution                                        
                                       Cycles                                  
                                           Temp. Hardness                      
                                                       Dia. Wear               
                                                                of             
     __________________________________________________________________________
                                                                Cut            
     17  Alcoa T-61                                                            
                  27.2%                                                        
                       100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       1x  1200.degree.F.                      
                                                 Med.Hard                      
                                                       2.411"                  
                                                            .000"              
                                                                .091"          
         Alumina                                                               
         Milled 96 hrs.                                                        
     18  Alcoa T-61                                                            
                  23%  100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       1x  1200.degree.F.                      
                                                 Med.  2.437"                  
                                                            .000"              
                                                                .063"          
         Alumina                                                               
         Milled 96 hrs.                                                        
     19  Alcoa T-61                                                            
                  19.9%                                                        
                       100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       1x  1200.degree.F.                      
                                                 Med.  2.431"                  
                                                            .000"              
                                                                .067"          
         Alumina                                                               
         Milled 96 hrs.                                                        
     82  Alcoa T-61                                                            
                  15.7%                                                        
                       10% H.sub.2 CrO.sub.4                                   
                               100% H.sub.2 CrO.sub.4                          
                                       3x  1200.degree.F.                      
                                                 Med.  2.475"                  
                                                            .000"              
                                                                .111"          
         Alumina                                                               
         Milled 96 hrs.                                                        
     32  Alcoa T-61                                                            
                  13%  100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       3x  1200.degree.F.                      
                                                 Med.  2.375"                  
                                                            .000"              
                                                                .093"          
         Alumina                                                               
         Milled 96 hrs.                                                        
     33  Alcoa T-61                                                            
                  19.9%                                                        
                       100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       1x  1200.degree.F.                      
                                                 Med.Soft                      
                                                       2.416"                  
                                                            .000"              
                                                                .085"          
         Alumina                                                               
         Milled 48 hrs.                                                        
     34  Alcoa T-61                                                            
                  19.6%                                                        
                       100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       1x  1200.degree.F.                      
                                                 Soft  2.435"                  
                                                            .000"              
                                                                .082"          
         Alumina                                                               
         Milled 24 hrs.                                                        
     64  Alcoa C-331                                                           
                  12.1%                                                        
                       100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       2x  1200.degree.F.                      
                                                 Med.  2.417"                  
                                                            .000"              
                                                                .069"          
         hydrated alumina                                                      
         (-325 mesh)                                                           
     38  Fe.sub.3 O.sub.4                                                      
                  11.7%                                                        
                       100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       4x  1200.degree.F.                      
                                                 Med.  2.367"                  
                                                            .000"              
                                                                .118"          
         pigment grade                                                         
     39  Fe.sub.3 O.sub.4 +                                                    
                       100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                        3x 1200.degree.F.                      
                                                 Med.  2.380"                  
                                                            .000"              
                                                                .101"          
         Kentucky                                                              
         Ball Clay                                                             
     40  Kentucky 7.2% 100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       3x  1200.degree.F.                      
                                                 Med.Soft                      
                                                       2.425"                  
                                                            .000" .083"        
         Ball Clay                                                             
     42  Kentucky 8.8% 100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       3x  1200.degree.F.                      
                                                 Med.  2.426"                  
                                                            .000"              
                                                                .131"          
         Ball Clay                                                             
     52  Kaolin (PAF)                                                          
                  6.8% 100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       3x  1200.degree.F.                      
                                                 Med.  2.487"                  
                                                            .000"              
                                                                .071"          
     50  Kaolin (PAF)                                                          
                  6.8% 100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       4x  1200.degree.F.                      
                                                 Med.Hard                      
                                                       2.487"                  
                                                            .000"              
                                                                .043"          
     66  Kaolin (PAF)                                                          
                  6.8% 100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       3x  1000.degree.F.                      
                                                 Med.  2.448"                  
                                                            .000"              
                                                                .113"          
     45  Kaolin (Ajax P)                                                       
                  5.6% 100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       3x  1200.degree.F.                      
                                                 Med.  2.438"                  
                                                            .000"              
                                                                .117"          
     47  Kaolin (Ajax P)                                                       
                  5.6% 100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       4x  1200.degree.F.                      
                                                 Med.Hard                      
                                                       2.481"                  
                                                            .000"              
                                                                .016"          
     65  Kaolin (Ajax P)                                                       
                  5.6% 100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       4x  1000.degree.F.                      
                                                 Med.  2.416"                  
                                                            .000"              
                                                                .069"          
     46  Kaolin (Ajax 70)                                                      
                  7%   100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       3x  1200.degree.F.                      
                                                 Med.  2.506"                  
                                                            .000"              
                                                                .103"          
     48  Kaolin (Glomax                                                        
                  6.3% 100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       3x  1200.degree.F.                      
                                                 Med.  2.467"                  
                                                            .000"              
                                                                .040"          
         JD)                                                                   
     49  Kaolin (Glomax                                                        
                  6.5% 100% H.sub.2 CrO.sub.4                                  
                               100% H.sub.2 CrO.sub.4                          
                                       3x  1200.degree.F.                      
                                                 Med.  2.470"                  
                                                            .000"              
                                                                .051"          
         HE)                                                                   
     __________________________________________________________________________
TBL                                    TABLE CIV                               
     __________________________________________________________________________
     CHEMICALLY BONDED ABRASIVE WHEEL TESTS                                    
     USING TWO MINUTE PLUNGE-CUT METHOD                                        
     WHEELS FABRICATED USING NO. 46 GRIT SEMI-FRIABLE ALUMINUM OXIDE           
     __________________________________________________________________________
     GRAIN                                                                     
     TEST CONDITIONS: Wheel Diameter.about.2.5", Wheel Width 3/8", Wheel RPM   
     6000, Blank Hardness Rockwell C-65, Blank Diameter                        
     0.313, Blank-To-Wheel Pressure 2 lbs.                                     
                                                  Original                     
     Wheel           Moistening                                                
                            Impregnation                                       
                                   Cure                                        
                                       Cure Wheel Wheel                        
                                                       Wheel                   
                                                           Depth               
     No. Binder  %   Agent  Solution                                           
                                   Cycles                                      
                                       Temp.                                   
                                            Hardness                           
                                                  Dia. Wear                    
                                                           of                  
                                                               Remarks         
     __________________________________________________________________________
     21  Alcoa T-61                                                            
                 23.3%                                                         
                     100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   1x  1200.degree.F.                          
                                            Med.Hard                           
                                                  2.359"                       
                                                       .000"                   
                                                           .076"               
         Alumina                                                               
         Milled 96 hrs.                                                        
     22  Alcoa T-61                                                            
                 20.2%                                                         
                     100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   1x  1200.degree.F.                          
                                            Med.  2.394"                       
                                                       .000"                   
                                                           .071"               
         Alumina                                                               
         Milled 96 hrs.                                                        
     54  Kaolin(Ajax P)                                                        
                 5.7%                                                          
                     100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.  2.454"                       
                                                       .000"                   
                                                           .074"               
     67  Kaolin(Ajax P)                                                        
                 8.8%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   2x  1200.degree.F.                          
                                            Med.Hard                           
                                                  2.416"                       
                                                       .000"                   
                                                           .094"               
     68  Kaolin(Ajax P)                                                        
                 8.1%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   2x  1200.degree.F.                          
                                            Med.Hard                           
                                                  2.442"                       
                                                       .000"                   
                                                           .070"               
     69  Kaolin(Ajax P)                                                        
                 7.5%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   2x  1200.degree.F.                          
                                            Med.  2.347"                       
                                                       .000"                   
                                                           .123"               
                                                               Med.            
     70  Kaolin(Ajax P)                                                        
                 6.9%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   2x  1200.degree.F.                          
                                            Med.  2.450"                       
                                                       .000"                   
                                                           .093"               
     71  Kaolin(Ajax P)                                                        
                 6.5%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   2x  1200.degree.F.                          
                                            Med.  2.467"                       
                                                       .000"                   
                                                           .087"               
     72  Kaolin(Ajax P)                                                        
                 6.5%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.Hard                           
                                                  2.475"                       
                                                       .000"                   
                                                           .089"               
     73  Kaolin(Ajax P)                                                        
                 6.1%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.  2.465"                       
                                                       .000"                   
                                                           .152"               
     74  Kaolin(Ajax P)                                                        
                 5.7%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.  2.485"                       
                                                       .000"                   
                                                           .085"               
     75  Kaolin(Ajax P)                                                        
                 5.4%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.Soft                           
                                                  2.508"                       
                                                       .000"                   
                                                           .135"               
     76  Kaolin(Ajax P)                                                        
                 5.1%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.Soft                           
                                                  2.494"                       
                                                       .000".085"              
     69A Kaolin (Ajax P)                                                       
                 7.5%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            25% H.sub.2 CrO.sub.4                              
                                   3x  1200.degree.F.                          
                                            Med.Soft                           
                                                  2.391"                       
                                                       .000"                   
                                                           .216"               
                                                               Two tests       
                                                           .097"               
                                                               Run             
     69B Kaolin(Ajax P)                                                        
                 7.5%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            50% H.sub.2 CrO.sub.4                              
                                   3x  1200.degree.F.                          
                                            Med.Soft                           
                                                  2.433"                       
                                                       .000"                   
                                                           .095"               
     __________________________________________________________________________
TBL                                    TABLE CV                                
     __________________________________________________________________________
     CHEMICALLY BONDED ABRASIVE WHEEL TESTS                                    
     USING TWO MINUTE PLUNGE-CUT METHOD                                        
     WHEELS FABRICATED USING NO. 60 FRIABLE ALUMINA GRAIN                      
     __________________________________________________________________________
     TEST CONDITIONS: Wheel Diameter.about.2.5", Wheel Width 3/8", Wheel RPM   
     6000, Blank Hardness Rockwell C-65, Blank Diameter                        
     0.313, Blank-To-Wheel Pressure 2 lbs.                                     
                                                  Original                     
     Wheel           Moistening                                                
                            Impregnation                                       
                                   Cure                                        
                                       Cure Wheel Wheel                        
                                                       Wheel                   
                                                           Depth               
                                                               Remarks         
     No. Binder  %   Agent  Solution                                           
                                   Cycles                                      
                                       Temp.                                   
                                            Hardness                           
                                                  Dia. Wear                    
                                                           of                  
     __________________________________________________________________________
                                                           Cut                 
     77  Kaolin(Ajax P)                                                        
                 6.5%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.Hard                           
                                                  2.500"                       
                                                       .000"                   
                                                           .198"               
     78  Kaolin(Ajax P)                                                        
                 6.1%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.  2.515"                       
                                                       .000"                   
                                                           .080"               
                                                               Two tests       
                                                           .211"               
                                                               Run             
     79  Kaolin(Ajax P)                                                        
                 5.7%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.  2.486"                       
                                                       .000"                   
                                                           .071"               
     80  Kaolin(Ajax P)                                                        
                 5.4%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.  2.500"                       
                                                       .000"                   
                                                           .066"               
     81  Kaolin(Ajax P)                                                        
                 5.1%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.Soft                           
                                                  2.498"                       
                                                       .000"                   
                                                           .133"               
                                                               Two tests       
                                                           .193"               
                                                               Run             
     __________________________________________________________________________
TBL                                    TABLE CVI                               
     __________________________________________________________________________
     CHEMICALLY BONDED ABRASIVE WHEEL TESTS                                    
     USING TWO MINUTE PLUNGE-CUT METHOD                                        
     WHEELS FABRICATED USING NO. 60 SEMI-FRIABLE GRADE ALUMINUM OXIDE          
     __________________________________________________________________________
     GRAIN                                                                     
     TEST CONDITIONS: Wheel Diameter.about.2.5", Wheel Width 3/8 ", Wheel RPM  
     6000, Blank Hardness Rockwell C-65, Blank Diameter                        
     0.313, Blank-To-Wheel Pressure 2 lbs.                                     
                                                  Original                     
     Wheel           Moistening                                                
                            Impregnation                                       
                                   Cure                                        
                                       Cure Wheel Wheel                        
                                                       Wheel                   
                                                           Depth               
     No. Binder  %   Agent  Solution                                           
                                   Cycles                                      
                                       Temp.                                   
                                            Hardness                           
                                                  Dia. Wear                    
                                                           of                  
                                                               Remarks         
     __________________________________________________________________________
     60  Alcoa T-61                                                            
                 21/4%                                                         
                     100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   1x  1200.degree.F.                          
                                            Med.  2.453"                       
                                                       .000"                   
                                                           .081"               
         Alumina                                                               
         Milled 96 hrs.                                                        
     58  Kaolin(Ajax P)                                                        
                 8%  100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   2x  1200.degree.F.                          
                                            Med.  2.384"                       
                                                       .000"                   
                                                           .090"               
     59  Kaolin(Ajax P)                                                        
                 6.1%                                                          
                     100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.  2.420"                       
                                                       .000"                   
                                                           .089"               
     63  Ajax P + Lytron                                                       
                 8.7%                                                          
                     100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.  2.331"                       
                                                       .000"                   
                                                           .105"               
         SiO as burn-out                                                       
         filler                                                                
     83  Kaolin(Ajax P)                                                        
                 6.1%                                                          
                     10% H.sub.2 CrO.sub.4                                     
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.  2.487"                       
                                                       .000"                   
                                                           .188"               
                                                               Two tests       
                                                           .125"               
                                                               Run             
     __________________________________________________________________________
TBL                                    TABLE CVII                              
     __________________________________________________________________________
     CHEMICALLY BONDED ABRASIVE WHEEL TESTS                                    
     USING TWO MINUTE PLUNGE-CUT METHOD                                        
     WITH HARDENED DRILL ROD AND NO. 46 GRIT SILICON CARBIDE (BLACK GRADE)     
     WHEELS                                                                    
     __________________________________________________________________________
     TEST CONDITIONS: Wheel Diameter.about.2.5", Wheel Width 3/8", Wheel RPM   
     6000, Blank Hardness Rockwell C-65, Blank Diameter                        
     0.313, Blank-To-Wheel Pressure 2 lbs.                                     
     Wheel           Moistening                                                
                            Impregnation                                       
                                   Cure                                        
                                       Cure Wheel Original                     
                                                         Wheel                 
                                                             Depth             
     No. Binder  %   Agent  Solution                                           
                                   Cycles                                      
                                       Temp.                                   
                                            Hardness                           
                                                  Wheel Dia.                   
                                                         Wear                  
                                                             of                
     __________________________________________________________________________
                                                             Cut               
     26  Alcoa T-61                                                            
                 31.1%                                                         
                     100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   2x  1200.degree.F.                          
                                            Med.  2.297" .000"                 
                                                             .045"             
         Alumina                                                               
         Milled 96 hrs.                                                        
     27  Alcoa T-61                                                            
                 26.6%                                                         
                     100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   2x  1200.degree.F.                          
                                            Med.  2.358" .000"                 
                                                             .053"             
         Alumina                                                               
         Milled 96 hrs.                                                        
     28  Alcoa T-61                                                            
                 23.2%                                                         
                     100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   2x  1200.degree.F.                          
                                            Med.Soft                           
                                                  2.428" .000"                 
                                                             .037"             
         Alumina                                                               
         Milled 96 hrs.                                                        
     57  Kaolin(Ajax P)                                                        
                 6.7%                                                          
                     100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.  2.425" .000"                 
                                                             .020"             
     __________________________________________________________________________
TBL                                    TABLE CVIII                             
     __________________________________________________________________________
     CHEMICALLY BONDED ABRASIVE WHEEL TESTS                                    
     USING TWO MINUTE PLUNGE-CUT METHOD                                        
     WITH HARDENED DRILL ROD AND NO. 46 GRIT SILICON CARBIDE (GREEN GRADE)     
     WHEELS                                                                    
     __________________________________________________________________________
     TEST CONDITIONS: Wheel Diameter.about.2.5", Wheel Width 3/8", Wheel RPM   
     6000, Blank Hardness Rockwell C-65, Blank Diameter                        
     0.313, Blank-To-Wheel Pressure 2 lbs.                                     
     Wheel           Moistening                                                
                            Impregnation                                       
                                   Cure                                        
                                       Cure Wheel Original                     
                                                         Wheel                 
                                                             Depth             
     No. Binder  %   Agent  Solution                                           
                                   Cycles                                      
                                       Temp.                                   
                                            Hardness                           
                                                  Wheel Dia.                   
                                                         Wear                  
                                                             of                
     __________________________________________________________________________
                                                             Cut               
     56  Alcoa T-61                                                            
                 24.5%                                                         
                     100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   2x  1200.degree.F.                          
                                            Med.Hard                           
                                                  2.416" .000"                 
                                                             .021"             
         Alumina                                                               
         Milled 96 hrs.                                                        
     55  Kaolin(Ajax P)                                                        
                 7.2%                                                          
                     100% H.sub.2 CrO.sub.4                                    
                            100% H.sub.2 CrO.sub.4                             
                                   3x  1200.degree.F.                          
                                            Med.  2.422" .000"                 
                                                             .063"             
     __________________________________________________________________________
TBL                                    TABLE CIX                               
     __________________________________________________________________________
     COMMERCIAL GRINDING WHEEL CUTTING AND WEAR DATA                           
     FOR TWO MINUTE PLUNGE-CUT METHOD                                          
     USING 2 LB. WHEEL-TO-WORK FORCE WITH HARDENED DRILL ROD TEST              
     __________________________________________________________________________
     BLANKS                                                                    
     TEST CONDITIONS: Blank hardness Rockwell C-65, Blank Diameter 0.313       
     Wheel                                 Wheel                               
                                               Wheel                           
                                                    Wheel                      
                                                        Depth of               
     No. Type of Wheel    Wheel Hardness                                       
                                   Wheel Speed                                 
                                           Width                               
                                               Diameter                        
                                                    Wear                       
                                                        Cut                    
     __________________________________________________________________________
     J-1 No. 46 Friable Aluminum Oxide                                         
                          J        6000 rpm                                    
                                           3/8"                                
                                               2.498"                          
                                                    .000"                      
                                                        .104"                  
     L-1 No. 46 Friable Aluminum Oxide                                         
                          L        6000 rpm                                    
                                           3/8"                                
                                               2.497"                          
                                                    .000"                      
                                                        .097"                  
     R-1 No. 46 Friable Aluminum Oxide                                         
                          R        6000 rpm                                    
                                           3/8"                                
                                               2.497"                          
                                                    .000"                      
                                                        .080"                  
     __________________________________________________________________________
TBL                                    TABLE CX                                
     __________________________________________________________________________
     CHEMICALLY BONDED ABRASIVE WHEEL TESTS                                    
     USING TWO MINUTE PLUNGE-CUT METHOD AGAINST TUNGSTEN CARBIDE ALLOY BLANKS  
     WHEELS FABRICATED FROM NO. 46 FRIABLE GRADE ALUMINUM OXIDE                
     __________________________________________________________________________
     GRAIN                                                                     
     TEST CONDITIONS: Wheel Diameter.about.2.5", Wheel Width 3/8", Wheel RPM   
     6000, Blank Hardness Rockwell 15N-95.9, Blank                             
     Diameter .189, Blank-To-Wheel Pressure 2 lbs.                             
     Wheel             Moistening                                              
                              Impregnation                                     
                                     Cure                                      
                                         Cure Wheel Original                   
                                                           Wheel               
                                                               Depth           
     No. Binder    %   Agent  Solution                                         
                                     Cycles                                    
                                         Temp.                                 
                                              Hardness                         
                                                    Wheel Dia.                 
                                                           Wear                
                                                               of              
     __________________________________________________________________________
                                                               Cut             
     29  Alcoa T-61                                                            
                   19.9%                                                       
                       100% H.sub.2 CrO.sub.4                                  
                              100% H.sub.2 CrO.sub.4                           
                                     1x  1000.degree.F.                        
                                              Med.  2.408" .009"               
                                                               .006"           
         Alumina                                                               
         Milled 96 hrs.                                                        
     31  Alcoa T-61                                                            
                   19.9%                                                       
                       100% H.sub.2 CrO.sub.4                                  
                              100% H.sub.2 CrO.sub.4                           
                                     1x  1200.degree.F.                        
                                              Med.  2.411" .009"               
                                                               .006"           
         Alumina                                                               
         Milled 96 hrs.                                                        
     42  Kentucky Ball Clay                                                    
                   8.8%                                                        
                       100% H.sub.2 CrO.sub. 4                                 
                              100% H.sub.2 CrO.sub.4                           
                                     3x  1200.degree.F.                        
                                              Med.  2.411" .006"               
                                                               .008"           
     45  Kaolin(Ajax P)                                                        
                   5.6%                                                        
                       100% H.sub.2 CrO.sub.4                                  
                              100% H.sub.2 CrO.sub.4                           
                                     3x  1200.degree.F.                        
                                              Med.  2.432" .010"               
                                                               .007"           
     66  Kaolin(PAF)                                                           
                   6.8%                                                        
                       100% H.sub.2 CrO.sub.4                                  
                              100% H.sub.2 CrO.sub.4                           
                                     3x  1000.degree.F.                        
                                              Med.  2.425" .002"               
                                                               .003"           
     __________________________________________________________________________
TBL                                    TABLE CXI                               
     __________________________________________________________________________
     CHEMICALLY BONDED ABRASIVE WHEEL TESTS                                    
     USING CROSS FEED METHOD FOR CUTTING TUNGSTEN CARBIDE ALLOY MATERIAL       
     0.030" OF MATERIAL REMOVED FROM END OF BLANK USING 0.001" FEED ON EACH    
     PASS                                                                      
     __________________________________________________________________________
     Blank Hardness Rockwell 15N-95.9, Blank Diameter 0.188".                  
                                                              T.C.             
     Wheel                  Moistening                                         
                                   Impregnating                                
                                          Cure                                 
                                              Cure Original                    
                                                          Wheel                
                                                              Material         
     No. Abrasive Grain                                                        
                   Binder                                                      
                        %   Agent  Agent  Cycles                               
                                              Temp.                            
                                                   Wheel Dia.                  
                                                          Wear                 
                                                              Removed          
     __________________________________________________________________________
     67  46 grit alumina,                                                      
                   Ajax P                                                      
                        8.8%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                          2x  1200.degree.F.                   
                                                   2.326" .006"                
                                                              .030"            
         semi-friable grade                                                    
     69  46 grit alumina,                                                      
                   Ajax P                                                      
                        7.5%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                          2x  1200.degree.F.                   
                                                   2.278" .014"                
                                                              .030"            
         semi-friable grade                                                    
     71  46 grit alumina,                                                      
                   Ajax P                                                      
                        6.5%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                          2x  1200.degree.F.                   
                                                   2.340" .030"                
                                                              .030"            
         semi-friable grade                                                    
     77  60 grit alumina,                                                      
                   Ajax P                                                      
                        6.5%                                                   
                            10% H.sub. 2 CrO.sub.4                             
                                   100% H.sub.2 CrO.sub.4                      
                                          3x  1200.degree.F.                   
                                                   2.475" .001"                
                                                              .030"            
         friable grade                                                         
     79  60 grit alumina,                                                      
                   Ajax P                                                      
                        5.7%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                          3x  1200.degree.F.                   
                                                   2.472" .002"                
                                                              .030"            
         friable grade                                                         
     81  60 grit alumina,                                                      
                   Ajax P                                                      
                        5.1%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                          3x  1200.degree.F.                   
                                                   2.485" .003"                
                                                              .030"            
         friable grade                                                         
     82  46 grit alumina,                                                      
                   Ajax P                                                      
                        5.6%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                          3x  1200.degree.F.                   
                                                   2.450" .001"                
                                                              .030"            
         friable grade                                                         
      74 46 grit alumina,                                                      
                   Ajax P                                                      
                        5.6%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                          3x  1200.degree.F.                   
                                                   2.466" .002"                
                                                              .030"            
         friable grade                                                         
     72  46 grit alumina,                                                      
                   Ajax P                                                      
                        6.5%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                          3x  1200.degree.F.                   
                                                   2.463" .003"                
                                                              .030"            
         semi-friable grade                                                    
     76  46 grit alumina,                                                      
                   Ajax P                                                      
                        5.1%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                          3x  1200.degree.F.                   
                                                   2.481" .001"                
                                                              .030"            
         semi-friable grade                                                    
     83  60 grit alumina,                                                      
                   Ajax P                                                      
                        6.1%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                          3x  1200.degree.F.                   
                                                   2.475" .008"                
                                                              .030"            
         semi-friable grade                                                    
     79  60 grit alumina,                                                      
                   Ajax P                                                      
                        5.7%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   100% H.sub.2 CrO.sub.4                      
                                          3x  1200.degree.F.                   
                                                   2.472" .002"                
                                                              .030"            
         friable grade                                                         
     69A 46 grit alumina,                                                      
                   Ajax P                                                      
                        7.5%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   25 % H.sub.2 CrOhd 4                        
                                          3x  1200.degree.F.                   
                                                   2.308" .004"                
                                                              .030"            
         semi-friable grade                                                    
     69B 46 grit alumina,                                                      
                   Ajax P                                                      
                        7.5%                                                   
                            10% H.sub.2 CrO.sub.4                              
                                   50 % H.sub.2 CrO.sub.4                      
                                          3x  1200.degree.F.                   
                                                   2.425" .005"                
                                                              .030"            
         semi-friable grade                                                    
     __________________________________________________________________________
TBL                                    TABLE CXII                              
     __________________________________________________________________________
     MODULUS OF RUPTURE VALUES FOR                                             
     SEVERAL TYPES OF CHEMICALLY BONDED ABRASIVE TEST BARS                     
     __________________________________________________________________________
                                                          Modulus              
                                 Moistening                                    
                                         Impregnating                          
                                                 Cure                          
                                                     Cure of                   
     No.                                                                       
        Abrasive    Binder   %   Agent   Solution                              
                                                 Cycles                        
                                                     Temp.                     
                                                          Rupture              
                                                               Remarks         
     __________________________________________________________________________
     1-1                                                                       
        No. 46 grit alumina,                                                   
                    Alcoa T-61                                                 
                             19.9%                                             
                                 100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 2x  1200.degree.F.            
                                                          2390                 
                                                               &lt;"G"            
        friable grade                                                          
                    Alumina                                    Hardness        
                    Milled 96 hrs.                                             
     1-2                                                                       
        No. 46 grit alumina,                                                   
                    Alcoa T-61                                                 
                             19.9%                                             
                                 100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 2x  1200.degree.F.            
                                                          2240                 
                                                               &lt;"G"            
        friable grade                                                          
                    Alumina                                    Hardness        
                    Milled 96 hrs.                                             
     1-3                                                                       
        No. 46 grit alumina, 19.9%                                             
                                 100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 2x  1200.degree.F.            
                                                          2410                 
                                                               &lt;"G"            
        friable grade                                                          
                    Alcoa T-61                                 Hardness        
                    Alumina                                                    
                    Milled 96 hrs.                                             
                                         Average Value    2347 psi             
     41-1                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             6%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 2x  1200.degree.F.            
                                                           932                 
                                                               &lt;"G"            
        friable grade                                          Hardness        
     41-2                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             6%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 2x  1200.degree.F.            
                                                          1198                 
                                                               &lt;"G"            
        friable grade                                          Hardness        
     41-3                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             6%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 2x  1200.degree.F.            
                                                          1145                 
                                                               &lt;"G"            
        friable grade                                          Hardness        
                                         Average Value    1092 psi             
     42-1                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             9%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 2x  1200.degree.F.            
                                                          1598                 
                                                               &lt;"G"            
        friable grade                                          Hardness        
     42-2                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             9%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 2x  1200.degree.F.            
                                                          1998                 
                                                               &lt;"G"            
        friable grade                                          Hardness        
     42-3                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             9%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 2x  1200.degree.F.            
                                                          1865                 
                                                               &lt;"G"            
        friable grade                                          Hardness        
                                         Average Value    1820 psi             
     43-1                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             12% 100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 2x  1200.degree.F.            
                                                          3463                 
                                                               .about.J        
        friable grade                                          Hardness        
     43-2                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             12% 100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 2x  1200.degree.F.            
                                                          2930                 
                                                               .about.J        
        friable grade                                          Hardness        
     43-3                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             12% 100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 2x  1200.degree.F.            
                                                          3063                 
                                                               .about.J        
        friable grade                                          Hardness        
                                         Average Value    3152 psi             
     44-1                                                                      
        No. grit alumina,                                                      
                    Kaolin (Ajax P)                                            
                             6%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 3x  1200.degree.F.            
                                                          2716                 
                                                               .about."H"      
        friable grade                                          Hardness        
     44-2                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             6%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 3x  1200.degree.F.            
                                                          2876                 
                                                               .about."H"      
        friable grade                                          Hardness        
     44-3                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             6%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 3x  1200.degree.F.            
                                                          3196                 
                                                               .about."H"      
        friable grade                                          Hardness        
                                         Average Value    2929 psi             
     45-1                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             9%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 3x  1200.degree.F.            
                                                          2397                 
                                                               &lt;"G"            
        friable grade                                          Hardness        
     45-2                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             9%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 3x  1200.degree.F.            
                                                          2530                 
                                                               &lt;"G"            
        friable grade                                          Hardness        
     45-3                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             9%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 3x  1200.degree.F.            
                                                          2344                 
                                                               &lt;"G"            
        friable grade                                          Hardness        
                                         Average Value    2424 psi             
     50-1                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             9%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 4x  1200.degree.F.            
                                                          3063                 
                                                               .about."H"      
        friable grade                                          Hardness        
     50-2                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             9%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 4x  1200.degree.F.            
                                                          3063                 
                                                               .about."H"      
        friable grade                                          Hardness        
     50-3                                                                      
        No. 46 grit alumina,                                                   
                    Kaolin (Ajax P)                                            
                             9%  100% H.sub.2 CrO.sub.4                        
                                         100% H.sub.2 CrO.sub.4                
                                                 4x  1200.degree.F.            
                                                          3063                 
                                                               .about."H"      
        friable grade                                          Hardness        
                                         Average Value    3063                 
     __________________________________________________________________________
                                                          psi                  
TBL                                    TABLE CXII                              
     __________________________________________________________________________
     MODULUS OF RUPTURE VALUES OBTAINED FROM TWO HARDNESS GRADES OF            
     COMMERCIAL, SIN-                                                          
     TERED TEST BARS OF APPROXIMATELY THE SAME DIMENSIONS OF THOSE USED IN     
     TABLE CXII                                                                
     __________________________________________________________________________
                           Moistening                                          
                                 Impregnating                                  
                                          Cure                                 
                                              Cure                             
                                                  Modulus                      
     No. Abrasive Grain                                                        
                     Binder                                                    
                         % Agent Solution Cycles                               
                                              Temp.                            
                                                  of Rupture                   
                                                        Remarks                
     __________________________________________________________________________
     J-1 No. 46 grit alumina,                                                  
                     --  --                                                    
                           --    --       --  --  3102 psi                     
                                                        J Hardness             
         friable grade wheel                                                   
     J-2 No. 46 grit alumina,                                                  
                     --  --                                                    
                           --    --       --  --  3785 psi                     
                                                        J Hardness             
         friable grade wheel                                                   
     J-3 No. 46 grit alumina,                                                  
                     --  --                                                    
                           --    --       --  --  3133 psi                     
                                                        J Hardness             
         friable grade wheel                                                   
                                 Average Value    3340 psi                     
     L-1 No. 46 grit alumina,                                                  
                     --  --                                                    
                           --    --       --  --  3764 psi                     
                                                        L Hardness             
         friable grade wheel                                                   
     L-2 No. 46 grit alumina,                                                  
                     --  --                                                    
                           --    --       --  --  3655 psi                     
                                                        L Hardness             
         friable grade wheel                                                   
     L-3 No. 46 grit alumina,                                                  
                     --  --                                                    
                           --    --       --  --  3900 psi                     
                                                        L Hardness             
         friable grade wheel                                                   
                                 Average Value    3773 psi                     
     __________________________________________________________________________
PAR  It has been found that many of the techniques for chemically hardening and
      bonding abrasive wheels can also be applied to bonded honing materials.
      Both the chemical treatment applied to sintered or partially sintered
      hones and the complete chemically bonded methods, described in the
      preceding tables, are applicable.
PAR  Table CXIV shows test results using various chemical hardening treatments
      applied to commercially produced hones. These were manufactured for the
      Sunnen Products Company, St. Louis, Missouri, and the abrasive numbers
      shown in the table are their standard stock numbers. Testing was done
      using a Standard Sunnen Honing Machine (Model MB-1600) so that constant
      hone pressure, mandrel speed and lubrication of the hone and part could be
      maintained for all samples being compared. The tests of Table CXIV were
      conducted using non-hardened Carpenter "RDS" tool steel with test pieces
      honed internally. The steel part has an ID of approximately 0.380 inch and
      a length of 0.75 inch. The Sunnen type K-12 hones used in this test
      measured 1/8 in width .times. 3/4/4 inches in length and are made of an
      aluminum oxide grain. Impregnation and curing cycles for the treated hones
      follow those used in the treating of the powdered base materials
      previously set forth.
PAR  Table CXV shows the same type test as shown in Table CXIV, except that
      silicon carbide hones and hardened steel test pieces were used instead of
      the aluminum oxide hones and non-hardened steel.
PAR  The test data of Tables CXIV and CXV show that the chemical hardening
      treatment of the invention has a decided effect towards increasing hone
      life. Conversely, it can be seen that more steel can be removed for a
      given amount of hone wear. This, of course, should result in greater
      honing efficiency, especially where greater hone pressure can be used.
PAR  Some hones made entirely by the chemical bonding method are listed in Table
      CXVI. A wide variation in formulation will also be obvious to those
      skilled in the art, and will be based on type of material to be honed,
      hone hardness, desired cutting speed and related properties. The hones
      listed in Table CXVI show only two of these possible variations.
TBL                                    TABLE CXIV                              
     __________________________________________________________________________
     COMPARATIVE HONING TESTS                                                  
     __________________________________________________________________________
     Material Hones Carpenter RDS (Not Hardened), ID .about.0.380", Length     
     0.75", Hone Size and Type K-12A Sunnon Hones (Aluminum                    
     Oxide Grit), Length of Test 3 Minutes, Hone Pressure                      
                                      Maxi-                                    
                                  Cure                                         
                                      mum  Hone                                
                                               Material                        
     No.                                                                       
        Abrasive                                                               
              Parts                                                            
                  Binder                                                       
                      Parts                                                    
                          Solution                                             
                                  Cycles                                       
                                      Temp.                                    
                                           Wear                                
                                               Removed                         
                                                     Remarks                   
     __________________________________________________________________________
     B  K-12A-61                                                               
              --  --  --  --      --  --   .0483"                              
                                               .0059"                          
                                                     Not Treated - as          
                                                     received                  
                                                     from manufacturer         
     C  K-12A-63                                                               
              --  --  --  --      --  --   .0368"                              
                                               .0080"                          
                                                     Not Treated - as          
                                                     received                  
                                                     from manufacturer         
     D  K-12A-65                                                               
              --  --  --  --      --  --   .0069"                              
                                               .0071"                          
                                                     Not Treated - as          
                                                     received                  
                                                     from manufacturer         
     A  K-12A-59                                                               
              --  --  --  --      --  --   .0011"                              
                                               .0086"                          
                                                     Not Treated - as          
                                                     received                  
                                                     from manufacturer         
     F  K-12A-61                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  2x  1200.degree.F.                           
                                           .0062"                              
                                               .0072"                          
     G  K-12A-63                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  2x  1200.degree.F.                           
                                           .0052"                              
                                               .0063"                          
     H  K-12A-65                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  2x  1200.degree.F.                           
                                           .0029"                              
                                               .0063"                          
     E  K-12A-59                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  2x  1200.degree.F.                           
                                           .0003"                              
                                               .0078"                          
     B  K-12A-61                                                               
              --  --  --  --      --  --   .0483"                              
                                               .0059"                          
                                                     Not Treated - as          
                                                     received                  
                                                     from manufacturer         
     A-1                                                                       
        K-12A-61                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  1x  1200.degree.F.                           
                                           .0474"                              
                                               .0105"                          
                                                     Questionable Data         
     B-1                                                                       
        K-12A-61                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  2x  1200.degree.F.                           
                                           .0005"                              
                                               .0044"                          
     C-1                                                                       
        K-12A-61                                                               
              --  --  --  100% H.sub. 2 CrO.sub.4                              
                                  3x  1200.degree.F.                           
                                           .0002"                              
                                               .0028"                          
     D-1                                                                       
        K-12A-61                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  4x  1200.degree.F.                           
                                           .0001"                              
                                               .0038"                          
     __________________________________________________________________________
TBL                                    TABLE CXV                               
     __________________________________________________________________________
     COMPARATIVE HONING TESTS                                                  
     __________________________________________________________________________
     Material Honed Carpenter RDS (hardened), ID .about.0.380", Length 0.75",  
     Hone Size and Type K-12J Sunnen Hones (Silicon Carbide                    
     Grit), Length of Test 3 Minutes, Hone Pressure                            
                                      Maxi-                                    
                                  Cure                                         
                                      mum  Hone                                
                                               Material                        
     No.                                                                       
        Abrasive                                                               
              Parts                                                            
                  Binder                                                       
                      Parts                                                    
                          Solution                                             
                                  Cycles                                       
                                      Temp.                                    
                                           Wear                                
                                               Removed                         
                                                     Remarks                   
     __________________________________________________________________________
     9  K-12J-63                                                               
              --  --  --  --      --  --   .0674"                              
                                               .0031"                          
                                                     Not Treated - as          
                                                     received                  
                                                     from manufacturer         
     10 K-12J-55                                                               
              --  --  --  --      --  --   .0609"                              
                                               .0183"                          
                                                     Not Treated - as          
                                                     received                  
                                                     from manufacturer         
     11 K-12J-57                                                               
              --  --  --  --      --  --   .0176"                              
                                               .0169"                          
                                                     Not Treated - as          
                                                     received                  
                                                     from manufacturer         
     12 K-12J-59                                                               
              --  --  --  --      --  --   .0005"                              
                                               .0073"                          
                                                     Not Treated - as          
                                                     received                  
                                                     from manufacturer         
     1  K-12J-63                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  2x  1200.degree.F.                           
                                           .0171"                              
                                               .0101"                          
     2  K-12J-55                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  2x  1200.degree.F.                           
                                           .0002"                              
                                               .006"                           
     3  K-12J-57                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  2x  1200.degree.F.                           
                                           .0002"                              
                                               .0045"                          
     4  K-12J-59                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  2x  1200.degree.F.                           
                                           .0002"                              
                                               .005"                           
     9  K-12J-63                                                               
              --  --  --  --      --  --   .0674"                              
                                               .0031"                          
                                                     Not Treated - as          
                                                     received                  
                                                     from manufacturer         
     5  K-12J-63                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  1x  1200.degree.F.                           
                                           --  --                              
     1  K-12J-63                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  2x  1200.degree.F.                           
                                           .0171"                              
                                               .0101"                          
     6  K-12J-63                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  3x  1200.degree.F.                           
                                           .0093"                              
                                               .0099"                          
     7  K-12J-63                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  5x  1200.degree.F.                           
                                           .0001"                              
                                               .0105"                          
     8  K-12J-63                                                               
              --  --  --  100% H.sub.2 CrO.sub.4                               
                                  7x  1200.degree.F.                           
                                           .0000"                              
                                               .0054"                          
     __________________________________________________________________________
TBL                                    TABLE CXVI                              
     __________________________________________________________________________
     SOME TYPICAL HONES MADE ENTIRELY BY THE CHEMICAL BONDING                  
     __________________________________________________________________________
     METHOD                                                                    
                                           Moistening                          
                                                   Impregnating                
                                                           Cure                
                                                               Cure            
     No.                                                                       
        Hone Size  Abrasive   Binder   %   Agent   Solution                    
                                                           Cycles              
                                                               Temp.           
     __________________________________________________________________________
     H-1                                                                       
        0.1" .times. 0.095" .times. 1.75"                                      
                   100 grit alumina,                                           
                              Kentucky 10% 100% H.sub.2 CrO.sub.4              
                                                   100% H.sub.2 CrO.sub.4      
                                                           2x  1200.degree.F.  
                   friable grade                                               
                              Ball Clay                                        
     H-7                                                                       
        3/8" .times. 3/8" .times.6"                                            
                   100 grit alumina,                                           
                              Kentucky 10% 100% H.sub.2 CrO.sub.4              
                                                   100% H.sub.2 CrO.sub.4      
                                                           2x  1200.degree.F.  
                   friable grade                                               
                              Ball Clay                                        
     H-4                                                                       
        0.1" .times. 0.095" .times. 1.75"                                      
                   100 grit alumina,                                           
                              Alumina, 20% 100% H.sub.2 CrO.sub.4              
                                                   100% H.sub.2 CrO.sub.4      
                                                           2x  1200.degree.F.  
                   friable grade                                               
                              Alcoa T-61                                       
                              Milled 96 hrs.                                   
     H-8                                                                       
        0.1" .times. 0.095" .times. 1.75"                                      
                   100 grit alumina,                                           
                              Alumina, 20% 100% H.sub.2 CrO.sub.4              
                                                   100% H.sub.2 CrO.sub.4      
                                                           2x  1200.degree.F.  
                   friable grade                                               
                              Alcoa T-61                                       
                              Milled 96 hrs.                                   
     __________________________________________________________________________
PAR  The chemical bonding and hardening method of this invention has also been
      found to provide a means of producing ceramic based coatings for a wide
      variety of metal and non-metal substrates.
PAR  One embodiment in which the chemical hardening and bonding method may be
      used is as a post treatment for commercially applied flame sprayed, plasma
      sprayed or detonation type ceramic coatings. Not only can the inherently
      porous structure of such coatings be filled sufficiently to achieve
      oxidation protection for the substrate, but also the bond strength and
      hardness have been found to be considerably increased. Hardness values for
      plasma sprayed chromia coatings have been increased from 100 gram Knoop
      readings of less than 1600 prior to treatment to as high as 2900 after the
      chemical processing.
PAR  A second method of using the chemical bonding and hardening method of the
      invention involves the application of the coating directly to the
      substrate using a wet application method. In this case, the coating
      normally consists of a water based slurry composed of one or refractory
      oxides in finely divided form. When the water is evaporated, a closely
      packed, but still porous, oxide coating remains on the substrate surface.
      This porous coating may then be bonded and hardened using the method of
      the invention.
PAR  The chemical bonding treatment that has been found to be the most suitable
      for either of the embodiments discussed above involves the use of
      multiple, chromic acid impregnation-cure cycles. As earlier mentioned, at
      least two cycles of impregnation and curing are required to provide usable
      hardening and bonding. The chromic acid, used ad the impregnating
      solution, is converted to a refractory chromic oxide form during each cure
      cycle. The conversion to the chromic oxide (Cr.sub.2 O.sub.3) form can be
      accomplished at temperatures as low as 850.degree. F., although
      temperatures of 1000.degree. F. to 1200.degree.F. are more normally used
      because of the much faster conversion rate at the high temperatures.
PAR  In order to prevent the freshly applied but dried coating from
      disintegrating when immersed in the chromic acid solution, two basic
      methods have been evolved: (1) A small amount of chromic acid can be added
      to the wet oxide coating formulation prior to application to the
      substrate. During the initial drying and curing cycle, the conversion of
      the acid to the chromic oxide (Cr.sub.2 O.sub.3) form will provide the
      necessary initial bond for the powdered refractory coating. (2) A suitable
      initial bond can be achieved by adding a small percentage of hydrated
      kaolin or similar clay binder material to the wet coating mixture. Again,
      upon suitable curing, the kaolin will provide a water resistant bond
      between the oxide particles sufficient to allow subsequent impregnation in
      the chromic oxide solution. Of course, both of these initial bonding
      methods may be combined if desired.
PAR  A wide number of tests have been made with these coating formulations on a
      variety of metal substrates. It is indicated that a true chemical bond
      exists, not only within the refractory oxide coating material itself, but
      also between the coating and the metal substrate. In the latter case, it
      is believed that the chemical bond to the metal is, in effect, due to a
      bond to the metal oxide that forms on the substrate. In most cases, a good
      oxide layer on the metal will be formed due to the release of oxygen
      during the initial chromic acid-chromic oxide conversion cycle. For
      metals, such as titanium, which are difficult to oxidize except at high
      temperatures, it may be desirable to pre-oxidize the substrate prior to
      applying the coating, if maximum coating-to-substrate bond strength is
      desired.
PAR  While the above statements have all assumed using a refractory oxide
      coating on a metal substrate, other useful variations exit. For example,
      it has been found that powdered metal coatings can be applied with equal
      success to a variety of substrates using the same chemical bonding
      technique as described earlier for purely oxide coatings. Also, coatings
      of either ceramic or metal have been successfully applied and bonded to
      ceramic substrates. These examples can be seen to be merely variations of
      the same basic chemical bonding process.
PAR  A coating consisting mainly of a powdered metal will, of course, actually
      be a metal-ceramic composite because of the chromic oxide bonding material
      in addition to the oxide(s) formed on the metal powder that make the
      chromic oxide to metal bond possible. The solely refractory oxide coatings
      will also usually be ceramic-ceramic mixtures, unless chromic oxide powder
      is used as the only powder in the coating formulation. It can be seen,
      therefore, that a tremendously wide range of coating variations exist.
PAR  Among the basic coating materials used to date in various combinations have
      been: aluminum oxide, zirconium oxide, chromium oxide, titanium oxide,
      beryllium oxide, iron oxides, tin oxide, silicon dioxide, and nickel
      oxide; powdered metals have included stainless steel, titanium, iron,
      chromium and copper. Miscellaneous materials have included boron and
      silicon carbide and a variety of ceramic fibers used as reinforcing for
      the coatings. Substrates that have been successfully used and to which
      well adhering coatings have been applied include 400 series stainless
      steel, 300 series stainless steel, titanium, cold rolled steel, beryllium
      copper, inconel, beryllium and nickel. Non-metallic substrates that have
      been coated to data include glass, aluminum oxide and beryllium oxide.
PAR  Still another variation in the process involves the use of multiple chromic
      acid, conversion cycles applied directly to a metal surface. Here, the
      treatment makes a chromic oxide bond with the oxidized metal surface.
      After several "dipping"-cure cycles, a very thin but extremely hard, dense
      and tough coating is achieved. The coating is dark green in color, and may
      range in thickness from a few millionths of an inch to perhaps 0.001 inch
      or more, depending on the extent to which the metal surface has been
      oxidized and/or the number of chromic acid treatments used. Several types
      of metals has been given protective coatings using this method. Among
      those that have proven quite successful to date are titanium, 400 series
      stainless steel, INCONEL and aluminum.
PAR  Commercially available coatings applied by means of the flame spray, plasma
      spray and so-called detonation methods may be hardened by the method of
      the invention. As pointed out above, coatings applied by these methods are
      inherently porous. Not only does the chemical treatment method provide a
      means of closing up the porous body, it also can be used to significantly
      increase the coating hardness. In addition, pull tests have invariably
      shown a definite improvement in coating-to-substrate adhesion.
PAR  FIGS. 5 and 6 show 300X magnification photographs of both a non-treated and
      a treated coating, respectively. The photographs were taken as cross
      sections through the coated sample and show the coating, metal substrate
      and epoxy used to embed the section in the metallographic sample holder.
      FIG. 5 shows a plasma sprayed chromic oxide coating on a titanium
      substrate as received from a reliable vendor with no post-chemical
      treatment. This photograph is typical of other samples of the same type
      coating and clearly shows the sizeable extent of the interconnected porous
      structure. FIG. 6 shows the same type coating after nine impregnation-cure
      cycles using the chromic acid type treatment with 1200.degree. F. maximum
      cure temperature. This is a view of sample 4-74 shown in Table CXVII. Note
      that the interconnected porosity is now virtually eliminated, although a
      few trapped pores still remain. The hardness of the non-treated sample,
      shown in the photograph of FIG. 5, averaged 1594 on the 100 gram Knoop
      scale and 1682 on the 300 gram Vickers scale. After nine chemical
      treatments. FIG. 6, the hardness had increased to an average reading of
      2940 on the 100 gram Knoop scale and 2704 on the 300 gram Vickers scale.
PAR  Hardness measurements and the chemical treatment procedure for the example
      above, along with several others, is shown in Table CXVII. These tests
      were all made using plasma sprayed chromic oxide coatings on titanium
      balls. Chromic acid and/or phosphoric acid treatments were employed as
      indicated. The chromic acid treatment consists in impregnating the coated
      area with chromic acid and then slowly elevating the temperature until the
      acid has been converted to the chromic oxide form. Multiple treatments are
      usually employed to achieve a high degree of hardness. The phosphoric acid
      treatment, when used, is applied and cured in a similar manner to that
      used for the chromic acid treatment. X-ray diffraction analysis has shown
      that the phosphoric acid treatment results in the formation of a phosphate
      of one or more of the oxides present in the porous coating upon heating to
      the appropriate curing temperature. The phosphoric acid treatment, unlike
      the chromic acid method, has been found to be effective only as a final
      process. Multiple phosphoric treatments not only result in virtually no
      significant increase in hardness, they also often result in the fracturing
      of the ceramic structure. Both treatments are normally cured to
      1000.degree. F. to 1200.degree. F. Curing temperatures as low as
      600.degree.F. can often be used, but will normally require somewhat longer
      exposure times.
PAR  The chromic acid treatment has been found to be most effective when used to
      harden a structure having relatively small pores. This is probably related
      to the extremely small ultimate crystal size of the chromic oxide (5.35).
      When used to fill large size pores, many successive treatments may be
      required before adequate "filling" and associated hardness is achieved. On
      the other hand, the phosphoric acid impregnation method words most
      effectively when relatively larger size pores are present. In fact, this
      treatment will have little or no effect toward increasing the hardness of
      a ceramic structure if the pores are too small. Since most commercially
      applied ceramic coatings will be found to contain an interstitial porosity
      of widely mixed dimension, the use of multiple chromic acid treatments
      followed by a final phosphoric acid treatment has usually been found to
      provide optimum coating hardness with the fewest number of total
      impregnation-cure cycles.
PAR  Table CXVIII lists hardness results obtained by providing seven chromic
      acid impregnation-cure cycles followed by a final phosphoric acid
      treatment for an 80% chromia, 20% alumina coating applied by the Linde
      detonation process of Union Carbide Co. Again, hardness was noticeably
      increased following the chemical treatment process.
PAR  Tables CXIX through CXXV, inclusive, show 15N-Rockwell hardness values
      obtained by applying chemical treatments to both flame and plasma sprayed
      coatings on steel substrates. The coatings shown in these Tables include
      chromic oxide, aluminum oxide, zirconium oxide and titanium oxide. In
      every case, the chemical treatments are seen to substantially increase the
      coating hardness. Curing temperatures for this particular series was
      limited to 900.degree.F. for the chromic acid treatment and 1200.degree.F.
      for curing the phosphoric acid. The coatings were applied using either the
      "Rokide" flame spray method of The Norton Company or the "Metco" plasma
      spray method of Metallizing Specialties Company as appropriate for the
      oxide material indicated in the Tables. A standard nickel-aluminide
      undercoat was applied prior to coating with the ceramic oxide. Coating
      thickness for these samples was held between 0.010 to 0.012 inch by
      lapping the surface after coating. Samples tested were flat discs 3/4 inch
      in diameter. The same four types of treated ceramic coatings have also
      been applied to titanium and aluminum substrates. Hardness results were
      substantially identical to those of Tables CXIX through CXXV.
PAR  The marked increase in coating-to-substrate bond strength as a result of
      the chemical processing is shown in Table CXXVI. Shown are a variety of
      chromic acid and/or phosphoric acid treatments applied to plasma sprayed
      chromic oxide coatings on titanium balls. The item listed as 4-X in the
      Table CXXVI shows average bond strength values for coated balls not
      chemically treated. Bond strength measurements for the chemically treated
      samples listed were taken from the same lot. The measurements were mode by
      determining the pull (in pounds force) required to separate a properly
      contoured metal rod that had been cemented to the coating with an epoxy
      cement. The contact area between the pull rod and the coated ball was 0.11
      square inches. Referring again to Table CXXVI, it is seen that the
      adhesive-to-coating bond fails in some cases instead of the
      coating-to-substrate bond. In other cases, some failure is seen to occur
      in both bonds. When part (or all) of the failure is adhesive, the
      coating-to-substrate bond strength is impossible to determine except that
      it will, of course, be equal to or greater than the value at which the
      adhesive failure occurred.
TBL                                    TABLE CXVII                             
     __________________________________________________________________________
     INCREASE IN HARDNESS VALUES FOR COMMERCIAL PLASMA SPRAYED CHROMIC OXIDE   
     COATINGS                                                                  
     DUE TO PROCESSING WITH CHEMICAL HARDENING PROCESS                         
     __________________________________________________________________________
            Ceramic                                                            
                 Metal                                                         
                      Chromic Acid                                             
                              Cure  Phos. Acid                                 
                                            Cure  100 Gram                     
                                                        300 Gram               
                                                              Rockwell         
     Sample No.                                                                
            Coating                                                            
                 Substrate                                                     
                      Impregnations                                            
                              Temp. Impregnations                              
                                            Temp. Knoop Vickers                
                                                              Hardness         
     __________________________________________________________________________
     4-X    Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                      None    --    None    --    1594* 1682* N.M.             
     4-65   Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                      None    --    1x      1200.degree.F.                     
                                                  2050  2053  N.M.             
     4-66   Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                      3x      900.degree.F.                                    
                                    1x      1200.degree.F.                     
                                                  2108  2142  N.M.             
     4-67   Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                      5x      900.degree.F.                                    
                                    1x      1200.degree.F.                     
                                                  2115  2385  N.M.             
     4-70   Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                      9x      900.degree.F.                                    
                                    1x      1200.degree.F.                     
                                                  2280  2127  N.M.             
     4-72   Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                      9x      900.degree.F.                                    
                                    None    --    2200  2210  N.M.             
     4-74   Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                      9x      1200.degree.F.                                   
                                    None    --    2940  2704  N.M.             
     __________________________________________________________________________
      *Average values for lot of 100 samples as received from vendor (no       
      chemical treatment). Treated samples list hardness values for average of 
      six readings and were samples taken from same lot as 4-X.                
TBL                                    TABLE CXVIII                            
     __________________________________________________________________________
     INCREASE IN HARDNESS VALUE FOR CHROMIA-ALUMINA COATING APPLIED TO         
     TITANIUM SUBSTRATE BY LINDE DETONATION PROCESS FOLLOWED BY                
     CHEMICAL HARDENING AND BONDING TREATMENT                                  
     __________________________________________________________________________
            Ceramic                                                            
                  Metal                                                        
                       Chromic Acid                                            
                               Cure  Phos. Acid                                
                                             Cure  100 Gram                    
                                                         300                   
                                                               Rockwell        
     Sample No.                                                                
            Coating                                                            
                  Substrate                                                    
                       Impregnations                                           
                               Temp. Impregnations                             
                                             Temp. Knoop Vickers               
                                                               Hardness        
     __________________________________________________________________________
     3-X    80%Cr.sub.2 O.sub.3                                                
                  Titanium                                                     
                       None    --    None    --    960*  1090* N.M.            
            20%Al.sub.2 O.sub.3                                                
     3-100  80%Cr.sub.2 O.sub.3                                                
                  Titanium                                                     
                       7x      900.degree.F.                                   
                                     1x      1200.degree.F.                    
                                                   1761  1720  N.M.            
            20%Al.sub.2 O.sub.3                                                
     __________________________________________________________________________
      *Average readings for coated samples taken from same lot as No. 3-100    
      prior to chemical treatment.                                             
TBL                                    TABLE CXIX                              
     __________________________________________________________________________
     INCREASE IN HARDNESS FOR COMMERCIAL FLAME SPRAYED CHROMIA COATINGS        
     USING ROKIDE C MATERIAL                                                   
     __________________________________________________________________________
            Ceramic                                                            
                 Metal                                                         
                      Chromic Acid                                             
                              Cure  Phos. Acid                                 
                                            Cure  100 Gram                     
                                                        300 Gram               
                                                              Rockwell         
     Sample No.                                                                
            Coating                                                            
                 Substrate                                                     
                      Impregnations                                            
                              Temp. Impregnations                              
                                            Temp. Knoop Vickers                
                                                              Hardness         
     __________________________________________________________________________
     65-X   Cr.sub.2 O.sub.3                                                   
                 Steel                                                         
                      None    --    None    --    N.M.  N.M.  15N-90.9         
     65     Cr.sub.2 O.sub.3                                                   
                 Steel                                                         
                      3x      900.degree.F.                                    
                                    None    --    N.M.  N.M.  15N-94.5         
     65-A   Cr.sub.2 O.sub.3                                                   
                 Steel                                                         
                      3x      900.degree.F.                                    
                                    1x      1200.degree.F.                     
                                                  N.M.  N.M.  15N-94.7         
     67     Cr.sub.2 O.sub.3                                                   
                 Steel                                                         
                      5x      900.degree.F.                                    
                                    None    --    N.M.  N.M.  N.M.             
     66     Cr.sub.2 O.sub.3                                                   
                 Steel                                                         
                      5x      900.degree.F.                                    
                                    1x      1200.degree.F.                     
                                                  N.M.  N.M.  15N-94.3         
     __________________________________________________________________________
TBL                                    TABLE CXX                               
     __________________________________________________________________________
     INCREASE IN HARDNESS FOR COMMERCIAL PLASMA SPRAYED CHROMIA COATINGS       
     USING METCO 106NS MATERIAL                                                
     __________________________________________________________________________
            Ceramic                                                            
                 Metal                                                         
                      Chromic Acid                                             
                              Cure  Phos. Acid                                 
                                            Cure  100 Gram                     
                                                        300 Gram               
                                                              Rockwell         
     Sample No.                                                                
            Coating                                                            
                 Substrate                                                     
                      Impregnation                                             
                              Temp. Impregnation                               
                                            Temp. Knoop Vickers                
                                                              Hardness         
     __________________________________________________________________________
     73-X   Cr.sub.2 O.sub.3                                                   
                 Steel                                                         
                      None    --    None    --    N.M.  N.M.  15N-91.9         
     73     Cr.sub.2 O.sub.3                                                   
                 Steel                                                         
                      3x      900.degree.F.                                    
                                    None    --    N.M.  N.M.  15N-95.5         
     75     Cr.sub.2 O.sub.3                                                   
                 Steel                                                         
                      5x      900.degree.F.                                    
                                    None    --    N.M.  N.M.  15N-95.1         
     73-A   Cr.sub.2 O.sub.3                                                   
                 Steel                                                         
                      5x      900.degree.F.                                    
                                    1x      1200.degree.F.                     
                                                  N.M.  N.M.  15N-95.9         
     __________________________________________________________________________
TBL                                    TABLE CXXI                              
     __________________________________________________________________________
     INCREASE IN HARDNESS FOR COMMERCIAL FLAME SPRAYED ALUMINA COATINGS        
     USING ROKIDE A MATERIAL                                                   
            Ceramic                                                            
                 Metal                                                         
                      Chromic Acid                                             
                              Cure  Phos. Acid                                 
                                            Cure  100 Gram                     
                                                        300 Gram               
                                                              Rockwell         
     Sample No.                                                                
            Coating                                                            
                 Substrate                                                     
                      Impregnations                                            
                              Temp. Impregnations                              
                                            Temp. Knoop Vickers                
                                                              Hardness         
     __________________________________________________________________________
     72-X   Al.sub.2 O.sub.3                                                   
                 Steel                                                         
                      None    --    None    --    N.M.  N.M.  15N-86.9         
     72     Al.sub.2 O.sub.3                                                   
                 Steel                                                         
                      3x      900.degree.F.                                    
                                    None    --    N.M.  N.M.  15N-92.7         
     72-A   Al.sub.2 O.sub.3                                                   
                 Steel                                                         
                      3x      900.degree.F.                                    
                                    1x      1200.degree.F.                     
                                                  N.M.  N.M.  15N-93.6         
     77     Al.sub.2 O.sub.3                                                   
                 Steel                                                         
                      5x      900.degree.F.                                    
                                    None    --    N.M.  N.M.  15N-92.3         
     76     Al.sub.2 O.sub.3                                                   
                 Steel                                                         
                      5x      900.degree.F.                                    
                                    1x      1200.degree.F.                     
                                                  N.M.  N.M.  15N-92.4         
     __________________________________________________________________________
TBL                                    TABLE CXXII                             
     __________________________________________________________________________
     INCREASE IN HARDNESS FOR COMMERCIAL PLASMA SPRAYED ALUMINA COATINGS       
     USING METCO 105 MATERIAL                                                  
     __________________________________________________________________________
            Ceramic                                                            
                 Metal Chromic Acid                                            
                               Cure Phos. Acid                                 
                                            Cure  100 Gram                     
                                                        300 Gram               
                                                              Rockwell         
     Sample No.                                                                
            Coating                                                            
                 Substrate                                                     
                       Impregnations                                           
                               Temp.                                           
                                    Impregnations                              
                                            Temp. Knoop Vickers                
                                                              Hardness         
     __________________________________________________________________________
     61-X   Al.sub.2 O.sub.3                                                   
                 Steel None    --   None    --    N.M.  N.M.  15N-85.3         
     61     Al.sub.2 O.sub.3                                                   
                 Steel 3x      900.degree.F.                                   
                                    None    --    N.M.  N.M.  15N-91.1         
     68     Al.sub.2 O.sub.3                                                   
                 Steel 5x      900.degree.F.                                   
                                    None    --    N.M.  N.M.  15N-92.5         
     61-A   Al.sub.2 O.sub.3                                                   
                 Steel 5x      900.degree.F.                                   
                                    1x      1200.degree.F.                     
                                                  N.M.  N.M.  15N-95.9         
     __________________________________________________________________________
TBL                                    TABLE CXXIII                            
     __________________________________________________________________________
     INCREASE IN HARDNESS FOR COMMERCIAL FLAME SPRAYED ZIRCONIA COATINGS       
     USING ROKIDE Z MATERIAL                                                   
     __________________________________________________________________________
            Ceramic                                                            
                 Metal Chromic Acid                                            
                               Cure Phos. Acid                                 
                                            Cure  100 Gram                     
                                                        300 Gram               
                                                              Rockwell         
     Sample No.                                                                
            Coating                                                            
                 Substrate                                                     
                       Impregnations                                           
                               Temp.                                           
                                    Impregnations                              
                                            Temp. Knoop Vickers                
                                                              Hardness         
     __________________________________________________________________________
     64-X   ZrO.sub.2                                                          
                 Steel None    --   None    --    N.M.  N.M.  15N-77.0         
     64     ZrO.sub.2                                                          
                 Steel 3x      900.degree.F.                                   
                                    None    --    N.M.  N.M.  15N-87.8         
     64-A   ZrO.sub.2                                                          
                 Steel 3x      900.degree.F.                                   
                                    1x      1200.degree.F.                     
                                                  N.M.  N.M.  15N-92.2         
     79     ZrO.sub.2                                                          
                 Steel 5x      900.degree.F.                                   
                                    None    --    N.M.  N.M.  15N-88.3         
     69     ZrO.sub.2                                                          
                 Steel 5x      900.degree.F.                                   
                                    1x      1200.degree.F.                     
                                                  N.M.  N.M.  15N-88.3         
     __________________________________________________________________________
TBL                                    TABLE CXXIV                             
     __________________________________________________________________________
     INCREASE IN HARDNESS FOR COMMERCIAL PLASMA SPRAYED ZIRCONIA COATINGS      
     USING METCO 201B MATERIAL                                                 
     __________________________________________________________________________
            Ceramic                                                            
                 Metal Chromic Acid                                            
                               Cure Phos. Acid                                 
                                            Cure  100 Gram                     
                                                        300 Gram               
                                                              Rockwell         
     Sample No.                                                                
            Coating                                                            
                 Substrate                                                     
                       Impregnations                                           
                               Temp.                                           
                                    Impregnations                              
                                            Temp. Knoop Vickers                
                                                              Hardness         
     __________________________________________________________________________
     74-X   ZrO.sub.2                                                          
                 Steel None    --   None    --    N.M.  N.M.  15N-79.2         
     74     ZrO.sub.2                                                          
                 Steel 3x      900.degree.F.                                   
                                    None    --    N.M.  N.M.  15N-88.5         
     80     ZrO.sub.2                                                          
                 Steel 5x      900.degree.F.                                   
                                    None    --    N.M.  N.M.  15N-88.5         
     74-A   ZrO.sub.2                                                          
                 Steel 5x      900.degree.F.                                   
                                    1x      1200.degree.F.                     
                                                  N.M.  N.M.  15N-91.9         
     __________________________________________________________________________
TBL                                    TABLE CXXV                              
     __________________________________________________________________________
     INCREASE IN HARDNESS FOR COMMERCIAL PLASMA SPRAYED TITANIA COATINGS       
     USING METCO 102 MATERIAL                                                  
     __________________________________________________________________________
            Ceramic                                                            
                 Metal Chromic Acid                                            
                               Cure Phos. Acid                                 
                                            Cure  100 Gram                     
                                                        300 Gram               
                                                              Rockwell         
     Sample No.                                                                
            Coating                                                            
                 Substrate                                                     
                       Impregnations                                           
                               Temp.                                           
                                    Impregnations                              
                                            Temp. Knoop Vickers                
                                                              Hardness         
     __________________________________________________________________________
     62-X   TiO.sub.2                                                          
                 Steel None    --   None    --    N.M.  N.M.  15N-84.4         
     62     TiO.sub.2                                                          
                 Steel 3x      900.degree.F.                                   
                                    None    --    N.M.  N.M.  15N-90.5         
     78     TiO.sub.2                                                          
                 Steel 5x      900.degree.F.                                   
                                    None    --    N.M.  N.M.  15N-91.0         
     62-A   TiO.sub.2                                                          
                 Steel 5x      900.degree.F.                                   
                                    1x      1200.degree.F.                     
                                                  N.M.  N.M.  15N-91.0         
     __________________________________________________________________________
TBL                                    TABLE CXXVI                             
     __________________________________________________________________________
     BOND STRENGTH MEASUREMENTS FOR PLASMA SPRAYED CHROMIA COATINGS            
     WITH AND WITHOUT CHEMICAL TREATMENTS                                      
     __________________________________________________________________________
            Ceramic                                                            
                 Metal Chromic Acid                                            
                               Cure Phos. Acid                                 
                                            Cure  Pull Test                    
                                                          Bond Type            
     Sample No.                                                                
            Coating                                                            
                 Substrate                                                     
                       Impregnations                                           
                               Temp.                                           
                                    Impregnations                              
                                            Temp. .11 in.sup.2                 
                                                          Strength             
                                                               Failure         
     __________________________________________________________________________
     4X*    Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                       None    --   None    --    240 lbf*                     
                                                          2182 100%            
                                                          psi  coating         
     4-65   Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                       None    --   1x      1200.degree.F.                     
                                                  847 lbf 7700 75%             
                                                          psi  adhesive        
     4-66   Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                       3x      900.degree.F.                                   
                                    1x      1200.degree.F.                     
                                                  508 lbf 4618 75%             
                                                          psi  adhesive        
     4-67   Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                       5x      900.degree.F.                                   
                                    1x      1200.degree.F.                     
                                                  830 lbf 7545 80%             
                                                          psi  adhesive        
     4-70   Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                       9x      900.degree.F.                                   
                                    1x      1200.degree.F.                     
                                                  470 lbf 4273 100%            
                                                          psi  adhesive        
     4-72   Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                       9x      900.degree.F.                                   
                                    None    --    984 lbf 8945 75%             
                                                          psi  coating         
     4-74   Cr.sub.2 O.sub.3                                                   
                 Titanium                                                      
                       9x      900.degree.F.                                   
                                    None    --    930 lbf 8455 85%             
                                                          psi  adhesive        
     __________________________________________________________________________
      *Average coating-to-substrate bond strengths measured from large number o
      coated samples as received from vendor. Treated samples are from same lot
                                                                               
PAR  The application of ceramic coatings using the wet slurry method is now
      described. In this method, the coating is initially applied to the
      substrate in the form of a liquid based mixture of one or more finely
      divided refractory oxides. When the liquid, normally water, has left the
      slurry, a closely packed but still porous oxide coating will remain on the
      surface of the substrate. This porous coating is then bonded and hardened
      using the same general multiple chromic acid-chromic oxide conversion
      cycles described earlier. A final phosphoric acid treatment may also be
      used.
PAR  To prevent the freshly applied coating from disintegrating when
      subsequently impregnated with the initial chromic acid hardening and
      bonding treatment, two basic techniques have been developed as previously
      mentioned.
PAR  A small amount of chromic acid or chromium trioxide may be added to the
      slurry prior to application and, on curing the coating, the oxides will be
      sufficiently bonded to permit subsequent acid immersion or a binder, such
      as kaolin, may be added to the slurry to provide the necessary bonding
      action or both may be used.
PAR  A wide variety of refractory oxides, in finely divided form, have been
      found to be suitable for use in these coating formulations. These have
      included chromic oxide, aluminum oxide, beryllium oxide, silicon dioxide,
      titanium dioxide, stannic oxide, calcined and hydrated kaolin, zirconium
      oxide and iron oxides. Several variables must be considered, however, when
      compounding these formulations. These include oxide particle sizes and
      shapes, thermal expansion and conductivity characteristics of the oxide
      coating as compared to those of the substrate, upper temperature range
      that the coating is to be subjected to, desired coating flexibility
      characteristics, etc. Also, as pointed out previously, the use of ceramic
      reinforcement fibers and the like can be considered.
PAR  Both the chromic acid multiple treatment method and the final phosphoric
      acid treatment methods as described previously have been found useful for
      hardening and bonding coatings applied by the wet slurry method. The
      phosphoric acid final hardening treatment is particularly useful for
      coatings in which larger particle sizes are employed and where some larger
      pores may be present that might otherwise be difficult to "fill" using the
      chromic acid method alone.
PAR  Table CXXVII shows a series of tests using a variety of aluminium oxide
      based coating formulations applied to titanium substrates. These samples
      were titanium discs measuring 1/2 inch is diameter by 3/16 inch in
      thickness. The coating was applied to one side only. The Table lists the
      Mohs scale hardness values obtained as compared to the number of chromic
      acid impregnation-cure cycles. No phosphoric acid final treatment was used
      in this particular test series. The Alcoa materials listed in the coating
      formulation column of Table CXXVII are either calcined or tabular alumina
      of a -325 mesh grade unless additional ball milling is indicated. When
      addition ball milling is indicated, it refers to milling in a wet
      condition. The kaolin listed as "Ajax P" in Table CXXVII is a hydrated
      form manufactured by the Georgia Kaolin Company.
PAR  Table CXXVII also lists coating-to-substrate bond strengths measured for
      these particular formulation and treatment methods. The bond strengths
      were measured after 13 chromic acid impregnation-cure cycles using the
      same pull test previously described in which a metal rod with a contacting
      surface area of 0.11 square inches is attached to the ceramic coating by
      means of an epoxy cement. Again, the type of bond failure, coating or
      adhesive, is listed in terms of approximate percentage failure area. It
      can be seen that exceedingly high coating bond strengths have been
      achieved with the majority of these coatings. It should also be pointed
      out that these samples have been applied to a smooth titanium surface with
      no special cleaning preparation to remove finger prints or other
      contamination. The typical coarse sandblasted surface pre-treatment, as
      used in plasma sprayed and similar type commercial coatings, is not
      required when using the method of this invention. Here, a true chemical
      bond is made to the metal surface assuring high bond strength without
      relying on mechanical bonding means. This may often be an important
      practical consideration when physically disturbing the metal substrate may
      seriously affect its mechanical strength or fatigue properties. A case in
      point would be a protective coating applied to turbine blades.
PAR  Table CXXVIII shows a similar type titanium sample with a ceramic slurry
      applied coating, but lists the increase in Rockwell hardness readings with
      number of chromic acid impregnation-cure cycles. The 15N scale was used to
      prevent breaking through the thin coating.
PAR  A variety of coating formulations applied to different metal substrates are
      listed in Table CXXIX. These coatings have been hardened using the
      multiple chromic acid treatment method both with and without a final
      phosphoric acid impregnation-cure cycle. Hardness value, bond strength and
      micro-crack determinations have been made for the majority of the samples
      listed in this Table. Micro-crack inspection was accomplished using an
      ultra-sensitive Zyglo (fluorescent) method. Table CXXIX also lists a
      pigment grade Fe.sub.3 O.sub.4. This is manufactured by Columbia Carbon
      Company and sold as "Mapico Black". This is a synthetic magnetite having
      an average composition of 22% FeO and 77% of Fe.sub.2 O.sub.3. This
      converts to the red Fe.sub.2 O.sub.3 form during the first cure cycle.
      Samples No. 21 and No. 35 of Table CXXIX show the use of reduced iron.
      This is a very finely divided iron powder and is also converted during the
      oven curing cycles to the red Fe.sub.2 O.sub.3 form. The item listed is
      some of the formulations as H.sub.2 SiO.sub.3 is a technical grade silicic
      acid. The maximum curing temperature used for all samples listed in Table
      CXXIX was 1200.degree.F.
PAR  Thermal shock tests have been made to determine the compatibility of
      various coating formulations to particular substrates. Table CXXX lists a
      number of the formulation-substrate combinations that have been tested and
      showed satisfactory results following the severe thermal shock tests to
      which they were subjected. The test consisted of heating the ceramic
      coated metal substrate until stabilized at 1200.degree.F. and then
      quenching in either water at room temperature or liquid nitrogen. While
      the water quench method certainly provides the most severe thermal shock
      conditions, the liquid nitrogen subjects the coated part to a much wider
      temperature excursion. When using the liquid nitrogen treatment, the part
      under test was allowed to remain in the bath for some time after all
      bubbling had stopped and the temperature had undoubtedly dropped well
      below -300.degree.F. After removing from the water or liquid nitrogen, the
      coated parts were then dried out and checked for micro-cracks, flaking,
      softening or failure of any other kind.
PAR  As a result of many thermal shock tests, it has been found that if a
      coating will survive the water quench test, it will also invariably pass
      the liquid nitrogen test. The reverse has not been found to be true and,
      in fact, the vast majority of coated samples tested easily survived the
      liquid nitrogen quench test from 1200.degree.F. In addition, it has been
      found that these chemically bonded coatings have a remarkable degree of
      flexibility without cracking or otherwise failing. For these reasons, it
      is felt that coatingsubstrate combinations that fail during the thermal
      shock tests do so more because of differences in thermal conductivity
      properties than because of minor thermal expansion mismatches.
PAR  A number of ceramic coated, thin INCONEL strips have been tested for
      flexural properties. Coating formulations such as those shown for Samples
      No. A-1, A-4, A-6, A-8, A-12, A-38, A-40, A-42, A-50 and 6 of Table CXXVII
      have been tested in this manner without failure. While the type test was
      extremely simple in nature, it showed that a high degree of flexibility is
      exhibited by the coating. Even when the strip is bent until cracking and
      spalling of the coating occurs, there usually is still a layer of ceramic
      still adhering to the metal surface, attesting to the strong chemical bond
      to the metal oxide layer.
PAR  Although not specifically listed in the coating formulations included in
      these tests, most of the coating slurries were compounded with the
      addition of a small amount of an organic wetting agent. The wetting agent
      or surfacant helps in causing the wet coating mixture to flow more easily
      and uniformly over the substrate surface. The organic agent will, of
      course, decompose during the normal curing cycle.
PAR  While most all of the examples listed in the Tables following this
      paragraph show coatings applied to metal substrates, various ceramics,
      glass and other non-metals have also been successfully used with properly
      matched coating formulations. Here, it is assumed that a bond is made
      directly to the oxide material of the substrate in the same manner as it
      is believed the bond is made to the metal oxide layer formed on the metal
      substrates. Some examples are listed in Table CXXXI.
TBL                                    TABLE CXXVII                            
     __________________________________________________________________________
     INCREASE IN HARDNESS READINGS WITH NUMBER OF CHROMIC ACID IMPREGNATION    
     CURE CYCLES                                                               
     COATING BOND STRENGTH TO TITANIUM SUBSTRATE IS ALSO GIVEN                 
     __________________________________________________________________________
     Sample           Parts Impregnating                                       
                                    Cure Mohs Hardness vs No. Cure             
                                                          Bondes               
                                                               Type            
     No. Coating Formulation                                                   
                      (By Wt.)                                                 
                            Solution                                           
                                    Temp.                                      
                                         5x 7x 9x 11x                          
                                                     13x  Strength             
                                                               Failure         
     __________________________________________________________________________
     A-1 Alcoa A-14 (-325 mesh)                                                
                      5.0   100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         5-6                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 4400 100%            
         Kaolin - Ajax P                                                       
                      0.5                                 psi  coating         
         H.sub.2 O    5.5                                                      
     A-4 Alcoa A-14 (-325 mesh)                                                
                      5.0   100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         4-5                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 10400                
                                                               100%            
         Kaolin - Ajax P                                                       
                      0.5                                 psi  adhesive        
         H.sub.2 O    8.25                                                     
     A-6 Alcoa A-14 (-325 mesh)                                                
                      5.0   100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         5-6                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 10350                
                                                               100%            
         Kaolin - Ajax P.                                                      
                      1.0                                 psi  adhesive        
         H.sub.2 O    6.0                                                      
     A-8 Alcoa A-14 (-325 mesh)                                                
                      5.0   100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         4-5                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 7280 100%            
         Kaolin - Ajax P                                                       
                      1.0                                 psi  adhesive        
         H.sub.2 O    9.0                                                      
     A-12                                                                      
         Alcoa A-14 (-325 mesh)                                                
                      5.0   100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         4-5                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 N.M. --              
         Kaolin - Ajax P.                                                      
                      1.5                                                      
         H.sub.2 O    9.75                                                     
     A-38                                                                      
         Alcoa T-61 (-325 mesh)                                                
                      5.00  100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         4-5                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 7870 100%            
         Kaolin - Ajax P.                                                      
                      0.50                                psi  adhesive        
         H.sub.2 O    5.50                                                     
     A-40                                                                      
         Alcoa T-61 (-325 mesh)                                                
                      5.00  100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         4-5                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 .gtoreq.7280         
                                                               100%            
         Kaolin - Ajax P                                                       
                      0.50                                psi  adhesive        
         H.sub.2 O    8.25                                                     
     A-42                                                                      
         Alcoa T-61 (-325 mesh)                                                
                      5.00  100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         4-5                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 4670 100%            
         Kaolin - Ajax P                                                       
                      1.00                                psi  coating         
         H.sub.2 O    6.00                                                     
     A-44                                                                      
         Alcoa T-61 (-325 mesh)                                                
                      5.00  100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         4-5                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 4350 100%            
         Kaolin - Ajax P                                                       
                      1.00                                psi  coating         
         H.sub.2 O    9.00                                                     
     A-46                                                                      
         Alcoa T-61 (-325 mesh)                                                
                      5.00  100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         4-5                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 .gtoreq.9420         
                                                               100%            
         Kaolin - Ajax P                                                       
                      1.50                                psi  adhesive        
         H.sub.2 O    6.50                                                     
     A-48                                                                      
         Alcoa T-61 (-325 mesh)                                                
                      5.00  100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         4-5                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 9100 100%            
         Kaolin - Ajax P                                                       
                      1.50                                psi  adhesive        
         H.sub.2 O    9.75                                                     
     A-50                                                                      
         Alcoa T-61                                                            
         (Milled 48 Hours)                                                     
                      5.00  100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         4-5                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 8830 100%            
         Kaolin - Ajax P                                                       
                      0.50                                psi  adhesive        
         H.sub.2 O    5.50                                                     
     A-52                                                                      
         Alcoa T-61                                                            
         (Milled 48 Hours)                                                     
                      5.00  100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         4-5                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 6180 100%            
         Kaolin - Ajax P                                                       
                      0.50                                psi  adhesive        
         H.sub.2 O    8.25                                                     
     A-55                                                                      
         Alcoa T-61   5.00  100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         4-5                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 8180 100%            
         (Milled 48 Hours)                                psi  adhesive        
         Kaolin - Ajax P                                                       
                      1.00                                                     
         H.sub.2 O    6.00                                                     
     6   Meller Al.sub.2 O.sub.3                                               
                      5.00  100% H.sub.2 CrO.sub.4                             
                                    1200.degree.F.                             
                                         5-6                                   
                                            8-9                                
                                               9-10                            
                                                  9-10                         
                                                     9-10 8820 100%            
         (1-30 .mu.)                                      psi  adhesive        
         Kaolin - Ajax P                                                       
                      0.50                                                     
         H.sub.2 O    5.50                                                     
     __________________________________________________________________________
TBL                                    TABLE CXXVIII                           
     __________________________________________________________________________
     INCREASE IN ROCKWELL HARDNESS VALUES WITH                                 
     INCREASING NUMBER OF CHROMIC ACID IMPREGNATION-1200.degree.F. CURE CYCLES 
     FOR ALUMINA TYPE COATING                                                  
     __________________________________________________________________________
     Sample No. 5                                                              
     __________________________________________________________________________
     1/2 inch diameter titanium substrate (3/16 inch thick disc)               
     Coating Thickness:                                                        
                    .about..020 inch                                           
     Coating Formulation:                                                      
                    (a) Alcoa T-61 (-325 mesh)                                 
                                   --  10.0 (parts by weight)                  
                      ball milled 48 hours                                     
                    (b) 100% Chromic Acid                                      
                                   --   0.1                                    
                    (c) H.sub.2 O  --   7.5                                    
     Impregnation Solution:                                                    
                    100% H.sub.2 CrO.sub.4                                     
     Maximum Cure Temperature:                                                 
                    1200.degree.F.                                             
     Rockwell Hardness vs No. Impregnation-Cure Cycles:                        
                                    5x =  15N-83.9                             
                                    7x =  15N-91.4                             
                                    9x =  15N-92.9                             
                                   11x =  15N-94.4                             
                                   13x =  15N-94.8                             
     __________________________________________________________________________
TBL                                    TABLE CXXIX                             
     __________________________________________________________________________
     HARDNESS, BOND STRENGTH AND MICRO-CRACK TESTING FOR                       
     DIFFERENT CHEMICALLY TREATED CERAMIC COATINGS APPLIED TO A                
     VARIETY OF METAL SUBSTRATES                                               
     __________________________________________________________________________
                             Parts    Final                                    
     Sample                                                                    
          Metal              (By H.sub.2 CrO.sub.4                             
                                      H.sub.3 PO.sub.4                         
                                                 Cracks                        
                                                     Coating                   
                                                          Bond Type            
     No.  Substrate                                                            
                Coating Formulation                                            
                             Wt.)                                              
                                 Impreg.                                       
                                      Impreg.                                  
                                           Hardness                            
                                                 (zyglo)                       
                                                     Thickness                 
                                                          Strength             
                                                               Failure         
     __________________________________________________________________________
     A-40 Titanium                                                             
                Alcoa T-61 (-325 mesh)                                         
                             5.0 13x  None 9-10 Mohs                           
                                                 None                          
                                                     .about..010"              
                                                          7380 100%            
                                                          psi  adhesive        
          (1/2" dia.)                                                          
                Kaolin - Ajax P                                                
                             0.5           1870-300g                           
                H.sub.2 O    5.5           Vickers                             
     5    Titanium                                                             
                Alcoa T-61   10.0                                              
                                 13x  None 9-10 Mohs                           
                                                 None                          
                                                     .0085"                    
                                                          2411 100%            
                                                          psi  coating         
          (1/2" dia.)                                                          
                (ball milled 48 hrs.)      2150-300g                           
                100% H.sub.2 CrO.sub.4                                         
                             0.1           Vickers -                           
                H.sub.2 O    7.5           2023-100g                           
                                           Knoop                               
     12   Titanium                                                             
                Alcoa T-61   9.7 13x  None 9-10 Mohs                           
                                                 None                          
                                                     .0025"                    
                                                          2726 100%            
                                                          psi  coating         
          (1/2" dia.)                                                          
                (ball milled 96 hrs.)      1670-100g                           
                Kaolin - Ajax P                                                
                             0.3           Knoop                               
                100% H.sub.2 CrO.sub.4                                         
                             0.1                                               
                H.sub.2 O    5.0                                               
     13   Titanium                                                             
                Alcoa T-61   9.7 13x  None 9-10 Mohs                           
                                                 None                          
                                                     .002"                     
                                                          7136 100%            
                                                          psi  adhesive        
          (1/2" dia.)                                                          
                (ball milled 96 hrs.)                                          
                Kaolin - Ajax P                                                
                             0.3                                               
                100% H.sub.2 CrO.sub.4                                         
                             0.1                                               
                H.sub.2 O    7.5                                               
     440C-1                                                                    
          440C Stain-                                                          
                H.sub.2 SiO.sub.3                                              
                             5.0 5x   1x   9-10 Mohs                           
                                                 None                          
                                                     .006"                     
                                                          5100 100%            
                                                          psi  coating         
          less Steel                                                           
                Fe.sub.3 O.sub.4 (pigment grade)                               
                             1.0           1196-100g                           
          (2" dia.)                                                            
                Kaolin - Ajax P                                                
                             1.5           Knoop -                             
                H.sub.2 O    8.0           1219-300g                           
                                           Vickers                             
     416-1                                                                     
          416   Cr.sub.2 O.sub.3                                               
                             1.6 5x   1x   9-10 Mohs                           
                                                 None                          
                                                     .004"                     
                                                          4900 60%             
                                                          psi  coating         
          Stainless                                                            
                Fe.sub.3 O.sub.4                                               
                             1.7           927-100g            40%             
                                                               adhesive        
          (1" dia.)                                                            
                H.sub.2 SiO.sub.3                                              
                             1.7           Knoop -                             
                Kaolin - Ajax P                                                
                             1.0           890-100g                            
                H.sub.2 O    10.2          Knoop                               
     416-2                                                                     
          416   H.sub.2 SiO.sub.3                                              
                             5.0 5x   1x   9-10 Mohs                           
                                                 None                          
                                                     .013"                     
                                                          5560 10%             
                                                          psi  coating         
          Stainless                                                            
                Kaolin - Ajax P                                                
                             1.2           769-100g            90%             
                                                               adhesive        
          (1" dia.)                                                            
                H.sub.2 O                  Knoop -                             
                                           777-300g            adhesive        
                                           Vickers                             
     416-3                                                                     
          416   Alcoa A-5 (-325 mesh)                                          
                             5.0 7x   1x   9-10 Mohs                           
                                                 None                          
                                                     .016"                     
                                                          5460 100%            
                                                          psi  adhesive        
          Stainless                                                            
                H.sub.2 SiO.sub.3                                              
                             1.0           1163-100g                           
          (1" dia.)                                                            
                Kaolin - Ajax P                                                
                             0.6           Knoop -                             
                H.sub.2 O                  1177-300g                           
                                           Vickers                             
     P-1  An-355                                                               
                H.sub.2 SiO.sub.3                                              
                             5.0 7x   1x   907-100g                            
                                                 None                          
                                                     .012"                     
                                                          6680 75%             
                                                          psi  coating         
          Stainless                                                            
                Kaolin - Ajax P                                                
                             1.0           Knoop               25%             
                                                               adhesion        
          (1/2 ".times.3")                                                     
                H.sub.2 O    7.5                                               
     P-2  An-355                                                               
                H.sub.2 SiO.sub.3                                              
                             5.0 7x   1x   879-100g                            
                                                 None                          
                                                     .006"                     
                                                          6730 25%             
                                                          psi  coating         
          Stainless                                                            
                Fe.sub.3 O.sub.4                                               
                             1.0           Knoop               75%             
                                                               adhesion        
          (1/2".times.3")                                                      
                Kaolin - Ajax P                                                
                             1.0                                               
                H.sub.2 O    8.2                                               
     P-3  An-355                                                               
                H.sub.2 SiO.sub.3                                              
                             3.0 7x   1x   9-10 Mohs                           
                                                 None                          
                                                     .008"                     
                                                          8030 15%             
                                                          psi  coating         
          Stainless                                                            
                Fe.sub.3 O.sub.4                                               
                             2.0           1355-100g           85%             
                                                               adhesive        
          (1/2".times.3")                                                      
                Kaolin - Ajax P                                                
                             1.0           Knoop -                             
                H.sub.2 O    9.2           1148-300g                           
                                           Vickers                             
     A    Titanium                                                             
                H.sub.2 SiO.sub.3                                              
                             1.7 5x   1x   9-10 Mohs                           
                                                 None                          
                                                     .about..018"              
                                                          8100 10%             
                                                               -         psi co
                                                               ating           
          (1/2".times.2")                                                      
                Fe.sub.3 O.sub.4                                               
                             1.6                               85%             
                                                               adhesive        
                Cr.sub.2 O.sub.3                                               
                             1.6                                               
                Kaolin - Ajax P                                                
                             1.0                                               
                H.sub.2 O    10.2                                              
     21   440 C H.sub.2 SiO.sub.3                                              
                             2.5 5x   1x   8-9 Mohs                            
                                                 None                          
                                                     .about..015"              
                                                          N.M. --              
          Stainless                                                            
                Fe (-325 mesh)                                                 
                             2.5                                               
                Kaolin - Ajax P                                                
                             1.5                                               
                H.sub.2 O    9.0                                               
     35   INCONEL                                                              
                Fe (-325 mesh)                                                 
                             5.0 3x   1x   7-8 Mohs                            
                                                 None                          
                                                     .about..012"              
                                                          N.M. --              
                Kaolin - Ajax P                                                
                             1.0                                               
                H.sub.2 O    6.5                                               
     __________________________________________________________________________
TBL                                    TABLE CXXX                              
     __________________________________________________________________________
     THERMAL SHOCK TESTS FOR CHEMICALLY BONDED COATINGS APPLIED TO A           
     VARIETY OF METAL SUBSTRATES USING WATER AND LIQUID NITROGEN QUENCHING     
     TECHNIQUE                                                                 
     __________________________________________________________________________
                                            Final                              
     Sample                     Parts  H.sub.2 CrO.sub.4                       
                                            H.sub.3 PO.sub.4                   
                                                 H.sub.2 O Quench              
                                                          L.N. Quench          
     No. Metal Substrate                                                       
                   Coating Formulation                                         
                                (By Wt.)                                       
                                       Impreg.                                 
                                            Impreg.                            
                                                 from 1200.degree. F.          
                                                          from 1200.degree.    
     __________________________________________________________________________
                                                          F.                   
     A-3 Titanium Type A                                                       
                   Alcoa A-14 (-325 mesh)                                      
                                5.0    13x  None no cracks or                  
                                                          no cracks or         
         (1/2" dia.)                                                           
                   Kaolin - Ajax P                                             
                                0.5              other failure                 
                                                          other failure        
                   H.sub.2 O    8.25                                           
     A-5 Titanium Type A                                                       
                   Alcoa A-14 (-325 mesh)                                      
                                5.0    13x  None no cracks or                  
                                                          no cracks or         
         (1/2" dia.)                                                           
                   Kaolin - Ajax P                                             
                                1.0              other failure                 
                                                          other failure        
                   H.sub.2 O    6.0                                            
     A-7 Titanium Type A                                                       
                   Alcoa A-14 (-325 mesh)                                      
                                5.0    13x  None no cracks or                  
                                                          no cracks or         
         (1/2" dia.)                                                           
                   Kaolin - Ajax P                                             
                                1.0              other failure                 
                                                          other failure        
                   H.sub.2 O    9.0                                            
     A-51                                                                      
         Titanium Type A                                                       
                   Alcoa T-61 (-325 mesh)                                      
                                5.0    13x  None no cracks or                  
                                                          no cracks or         
         (1/2" dia.)                                                           
                   milled 48 hours               other failure                 
                                                          other failure        
                   Kaolin - Ajax P                                             
                                0.5                                            
                   H.sub.2 O    5.5                                            
     A-39                                                                      
         Titanium Type A                                                       
                   Alcoa T-61 (-325 mesh)                                      
                                5.0    13x  None no cracks or                  
                                                          no cracks or         
         (1/2" dia.)                                                           
                   Kaolin - Ajax P                                             
                                0.5              other failure                 
                                                          other failure        
                   H.sub.2 O    5.0                                            
     A-36                                                                      
         Titanium Type A                                                       
                   Alcoa A-41 (-325 mesh)                                      
                                5.0    13x  None no cracks or                  
                                                          no cracks or         
         (1/2" dia.)                                                           
                   Kaolin - Ajax P                                             
                                0.5              other failure                 
                                                          other failure        
                   H.sub.2 O    8.25                                           
     A-61                                                                      
         Titanium Type A                                                       
                   Meller 99.98% Al.sub.2 O.sub.3                              
                                5.0    13x  None no cracks or                  
                                                          no cracks or         
         (1/2" dia.)                                                           
                   (1-30 .mu.)                   other failure                 
                                                          other failure        
                   Kaolin - Ajax P                                             
                                0.5                                            
                   H.sub.2 O    5.5                                            
     C-1 416 Stainless                                                         
                   Alcoa A-5 (-325 mesh)                                       
                                1.6    13x  None no cracks or                  
                                                          no cracks or         
         (3/4" dia.)                                                           
                   Fe.sub.3 O.sub.4 (pigment grade)                            
                                1.7              other failure                 
                                                          other failure        
                   H.sub.2 SiO.sub.3                                           
                                1.7                                            
                   Kaolin - Ajax P                                             
                                1.0                                            
                   H.sub.2 O    9.2                                            
     C-2 INCONEL   Alcoa A-5 (-325 mesh)                                       
                                2.5    10x  1x   no cracks or                  
                                                          no cracks or         
         (3/4" dia.)                                                           
                   Fe.sub.3 O.sub.4                                            
                                2.5              other failure                 
                                                          other failure        
                   Kaolin - Ajax P                                             
                                1.0                                            
                   H.sub.2 O    8.5                                            
     C-3 416 Stainless                                                         
                   Alcoa A-5 (-325 mesh)                                       
                                3.0    10x  1x   no cracks or                  
                                                          no cracks or         
         (3/4" dia.)                                                           
                   Fe.sub.3 O.sub.4                                            
                                2.0              other failure                 
                                                          other failure        
                   Kaolin - Ajax P                                             
                                1.0                                            
                   H.sub.2 O    8.1                                            
     C-4 INCONEL   Cr.sub.2 O.sub.3                                            
                                2.5    10x  1x   no cracks or                  
                                                          no cracks or         
         (3/4" dia.)                                                           
                   H.sub.2 SiO.sub.3                                           
                                2.5              other failure                 
                                                          other failure        
                   Kaolin - Ajax P                                             
                                1.0                                            
                   H.sub.2 O    8.5                                            
     C-5 440C - Stainless                                                      
                   Cr.sub.2 O.sub.3                                            
                                1.6    9x   1x   no cracks or                  
                                                          no cracks or         
         (11/2"  dia.)                                                         
                   Fe.sub.3 O.sub.4                                            
                                1.7              other failure                 
                                                          other failure        
                   H.sub.2 SiO.sub.3                                           
                                1.7                                            
                   Kaolin - Ajax P                                             
                                1.0                                            
                   H.sub.2 O    10.2                                           
     C-8 INCONEL   H.sub.2 SiO.sub.3                                           
                                3.0    7x   1x   no cracks or                  
                                                          no cracks or         
         3/4" dia.)                                                            
                   Fe.sub.3 O.sub.4                                            
                                2.0              other failure                 
                                                          other failure        
                   Kaolin - Ajax P                                             
                                1.0                                            
                   H.sub.2 O    10.2                                           
     C-12                                                                      
         INCONEL   H.sub.2 SiO.sub.3                                           
                                5.0    5x   1x   no cracks or                  
                                                          no cracks or         
         (3/4" dia.)                                                           
                   Kaolin - Ajax P                                             
                                1.5              other failure                 
                                                          other failure        
                   H.sub.2 O    9.0                                            
     C-18                                                                      
         Titanium  H.sub.2 SiO.sub.3                                           
                                5.0    8x   1x   no cracks or                  
                                                          no cracks or         
         (1/2" .times. 2")                                                     
                   Fe.sub.3 O.sub.4                                            
                                1.0              other failure                 
                                                          other failure        
                   Kaolin - Ajax P                                             
                                1.5                                            
                   H.sub.2 O    9.4                                            
     C-48                                                                      
         Titanium  Alcoa A-3 (-325 mesh)                                       
                                5.0    3x   None no cracks or                  
                                                          no cracks or         
         (1/2" .times. 2")                                                     
                   100% H.sub.2 CrO.sub.4                                      
                                2.8              other failure                 
                                                          other failure        
                   H.sub.2 O    1.0                                            
     C-26                                                                      
         Titanium  Alcoa A-5 (-325 mesh)                                       
                                1.6    7x   None no cracks or                  
                                                          no cracks or         
         (1/2" .times. 2")                                                     
                   SnO          1.7              other failure                 
                                                          other failure        
                   Fe.sub.3 O.sub.4                                            
                                1.7                                            
                   Kaolin - Ajax P                                             
                                1.5                                            
                   H.sub.2 O    9.0                                            
     __________________________________________________________________________
TBL                                    TABLE CXXXI                             
     __________________________________________________________________________
     EXAMPLES OF CERAMIC COATING FORMULATIONS THAT HAVE EXHIBITED              
     GOOD BONDING CHARACTERISTICS TO SOME NON-METAL SUBSTRATES                 
     __________________________________________________________________________
                                       Final                                   
     Sample                                                                    
         Metal              Parts H.sub.2 CrO.sub.4                            
                                       H.sub.3 PO.sub.4                        
                                                 Cracks                        
                                                     Coating                   
                                                           Bond Type           
     No. Substrate                                                             
               Coating Formulation                                             
                            (By Wt.)                                           
                                  Impreg.                                      
                                       Impreg.                                 
                                            Hardness                           
                                                 (zyglo)                       
                                                     Thickness                 
                                                           Strength            
                                                                Failure        
     __________________________________________________________________________
     C-58                                                                      
         Alumina                                                               
               H.sub.2 SiO.sub.3                                               
                            1.0   3x   1x   6-7  --  --    --   --             
                                            Mohs                               
         (Al.sub.2 O.sub.3)                                                    
               Alcoa A-3 (-325 mesh)                                           
                            4.0                                                
               100% H.sub.2 CrO.sub.4                                          
                            2.1                                                
               H.sub.2 O    1.0                                                
     C-55                                                                      
         Beryllia                                                              
               Cr.sub.2 O.sub.3                                                
                            5.0   2x   1x   6-7  --  --    --   --             
                                            Mohs                               
         (BeO) Kaolin - Ajax P                                                 
                            1.0                                                
               H.sub.2 O    7.0                                                
     __________________________________________________________________________
PAR  It has also been found that formulations composed chiefly of metal powders
      can be used to make well adhering, dense and hard coatings when applied to
      a variety of metal and non-metal substrates. In this case, it appears that
      a strong chemical type bond is made between the oxide layer on the metal
      particles and the chromic oxide formed during the chromic acid
      impregnation-cure cycle.
PAR  A number of these powdered metal coating formulations are listed in Table
      CXXXII. Those listed have been found to have excellent adherence and in
      many cases have been tested using the liquid nitrogen and water quench
      thermal shock method previously described for ceramic coatings.  These
      high percentage metal coatings have also been found to possess noticeable
      ductility. For example, a center punch will generally simply produce a
      dent by displacing some of the coating material rather than chipping or
      fracturing the coating under the center punch as in the case of most of
      the predominantly ceramic coatings described earlier.
PAR  Table CXXXIII lists a few miscellaneous type coatings applied to metal and
      non-metal substrates. These include coatings composed mainly of finely
      powdered silicon carbide, boron carbide, and glass. In the case of the
      carbide materials, there may not be a chemical bond to the chromic oxide.
      However, the chromic oxide will undoubtedly surround the carbide particles
      or otherwise form an interlocking bond to itself as well as to the coating
      substrate. In the case of the powdered glass coating formulation, a
      chemical bond between the chromic oxide and the glass does probably occur
      because of the high percentage of silica and other oxides present.
PAR  It can be seen that many other metal and non-metal coatings can be applied
      using this wet slurry method with subsequent hardening by the chemical
      treatment method of this invention. A wide variety of reinforcing
      materials can, of course, also be incorporated into the coating mixtures.
TBL                                    TABLE CXXXII                            
     __________________________________________________________________________
     SELECTED COATING FORMULATIONS                                             
     USING METAL POWDERS APPLIED TO VARIOUS SUBSTRATES                         
     __________________________________________________________________________
                                             Final                             
                                  Parts H.sub.2 CrO.sub.4                      
                                             H.sub.3 PO.sub.4                  
                                                  H.sub.2 O Quench             
                                                           L.N. Quench         
     Sample No.                                                                
            Metal Substrate                                                    
                      Coating Formulation                                      
                                  (By Wt.)                                     
                                        Impreg.                                
                                             Impreg.                           
                                                  from 1200.degree. F.         
                                                           from 1200.degree.   
     __________________________________________________________________________
                                                           F.                  
     C-32   Titanium  Chromium (-325 mesh)                                     
                                  5.0   2x   None no cracks or                 
                                                           no cracks or        
            (1/2" .times. 2")                                                  
                      Kaolin - Ajax P                                          
                                  1.5             other failure                
                                                           other failure       
                      H.sub.2 O   5.0                                          
     C-34   440C Stainless                                                     
                      Titanium (-325 mesh)                                     
                                  5.0   2x   None no cracks or                 
                                                           no cracks or        
            (11/2" dia.)                                                       
                      Kaolin - Ajax P                                          
                                  1.0             other failure                
                                                           other failure       
                      H.sub.2 O   5.3                                          
     C-36   INCONEL   Titanium    5.0   3x   1x   no cracks or                 
                                                           no cracks or        
            (3/4" dia.)                                                        
                      100% H.sub.2 CrO.sub.4                                   
                                  2.1             other failure                
                                                           other failure       
                      H.sub.2 O   4.0                                          
     C-37   416 Stainless                                                      
                      Titanium    5.0   3x   None no cracks or                 
                                                           no cracks or        
            (3/4" dia.)                                                        
                      100% H.sub.2 CrO.sub.4                                   
                                  4.2             other failure                
                                                           other failure       
                      H.sub.2 O   2.5                                          
     C-38   440C Stainless                                                     
                      Titanium (-325 mesh)                                     
                                  5.0   2x   None no cracks or                 
                                                           no cracks or        
            (11/2" dia.)                                                       
                      Kaolin - Ajax P                                          
                                   .5             other failure                
                                                           other failure       
                      H.sub.2 O   5.2                                          
     X-6    Beryllium Boron (amorphous)                                        
                                  2.5   4x   None No cracking                  
                                                           not tested          
                      H.sub.2 SiO.sub.3                                        
                                  2.5             failure                      
                      10% H.sub.2 CrO.sub.4                                    
                                  6.0                                          
     C-50   Titanium - also                                                    
                      Nickel (-325 mesh)                                       
                                  5.0   3x   1x   no cracking or               
            Aluminum Oxide                                                     
                      Kaolin - Ajax P                                          
                                  1.0             failure                      
                      H.sub.2 O   3.0                                          
     C-53   440C Stainless                                                     
                      Tungsten (-325 mesh)                                     
                                  5.0   3x   1x   no cracking or               
                      Cr.sub.2 O.sub.3                                         
                                  2.1             failure                      
                      H.sub.2 O   2.0                                          
     C-54   416 Stainless -                                                    
                      316 Stainless Steel                                      
            also Beryllium                                                     
                      (-325 mesh) 5.0   3x   1x   no cracking or               
            Oxide     Kaolin - Ajax P                                          
                                  1.0             failure                      
                      H.sub.2 O   4.0                                          
     __________________________________________________________________________
TBL                                    TABLE CXXXIII                           
     __________________________________________________________________________
     SOME SELECTED MISCELLANEOUS COATING MATERIALS                             
     APPLIED TO METAL AND NON-METAL SUBSTRATES                                 
     __________________________________________________________________________
                                    Final                                      
     Sample                                                                    
         Metal  Coating  Parts H.sub.2 CrO.sub.4                               
                                    H.sub.3 PO.sub.4                           
                                         4     Cracks                          
                                                    Coating                    
                                                          Bond Type            
     No. Substrate                                                             
                Formulation                                                    
                         (By Wt.)                                              
                               Impreg.                                         
                                    Impreg.                                    
                                         Hardness                              
                                               (zyglo)                         
                                                    Thickness                  
                                                          Strength             
                                                               Failure         
     __________________________________________________________________________
     C-52                                                                      
         440C   Silicon Carbide                                                
                         5.0   3x   1x   6-7 Mohs                              
                                               N.M. .about..010"               
                                                          N.M. --              
         Stainless -                                                           
                100% H.sub.2 CrO.sub.4                                         
                         2.1                                                   
         Also   H.sub.2 O                                                      
                         1.0                                                   
         Titanium                                                              
     C-56                                                                      
         Titanium +                                                            
                Boron Carbide                                                  
                         5.0   3x   1x   6-7 Mohs                              
                                               N.M. .about..010"               
                                                          N.M. --              
         INCONEL                                                               
                100% H.sub.2 CrO.sub.4                                         
                         2.1                                                   
                H.sub.2 O                                                      
                         2.5                                                   
     N-20                                                                      
         440C   Titania-Lead Glass                                             
                         5.0   3x   1x   N.M.  N.M. .about..010"               
                                                          N.M. --              
         Stainless                                                             
                (-325 mesh)                                                    
         (11/2" 10% H.sub.2 CrO.sub.4                                          
                         2.0                                                   
         dia.)                                                                 
     __________________________________________________________________________
PAR  It has also been observed that a thin but very hard, tough and extremely
      well adhering coating was built up on the exposed surfaces of many of the
      metal substrates after several chromic acid cure cycles.
PAR  Subsequent experimentation has shown that these very thin, dark green
      protective coatings can be readily formed on such metals as 400 series
      stainless steel, titanium, INCONEL and aluminum. The coating has also been
      applied to beryllium copper, steel and 300 series stainless steel,
      although with somewhat less adherence.
PAR  It is expected that most any metal that will form a well adhering oxide
      coating can be successfully protected in this manner. As mentioned earlier
      in connection with ceramic and metal coatings, it is flet that the chromic
      oxide formed during the chromic acid heat conversion cycles produces a
      strong chemical bond to the porous oxide layer formed on the metal. When
      using hard to oxidize metals such as titanium, it has been found that a
      heavier, more tenacious coating will result if the metal is preoxidized
      prior to the multiple chromic acid impregnation-cure cycles. While the
      hardness of very thin coatings prepared in this way is difficult to
      measure, scratch tests will usually give Moh scale values of at least 8 to
      9 after a few chromic acid application-cure cycles.
PAR  While there have been described what at present are considered to be the
      preferred embodiments of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention. It is aimed, therefore, in
      the appended claims to cover all such changes and modifications which fall
      within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a chemically hardened refractory coating on a
      substrate having a porous coating thereon of a refractory oxide having a
      vitrification temperature in excess of 600.degree.F. which comprises:
PA1  impregnating the porous oxide coating with a solution of a chromium
      compound which is capable of being converted to an oxide on being heated;
PA1  drying and curing said impregnated coating by heating same to a temperature
      below the vitrification temperature of the oxide but sufficient to convert
      the chromium compound in situ to an oxide; and,
PA1  repeating the impregnation and curing steps at least once to harden and
      densify the coating.
NUM  2.
PAR  2. The method of claim 1 wherein the oxide refractory is selected from the
      group consisting of oxides of aluminum, barium, beryllium, calcium,
      cerium, chromium, cobalt, copper, gallium, hafnium, iron, lanthanum,
      magnesium, manganese, molybdenum, nickel niobium, silicon tantalum,
      thorium, tin, titanium, tungsten, uranium, vanadium, yttrium, zinc,
      zirconium and mixtures thereof.
NUM  3.
PAR  3. The method of claim 1 wherein the solution is chromic acid.
NUM  4.
PAR  4. The method of claim 1 which includes as a last step the impregnation of
      the hardened refractory body with phosphoric acid and heating and curing
      said body by raising the temperature of said body to at least about
      600.degree.F. in increments over a period of time sufficient to completely
      dry and harden the body.
NUM  5.
PAR  5. The method of claim 1 wherein the drying and curing is carried out at a
      temperature of at least 600.degree.F.
NUM  6.
PAR  6. The method of claim 1 wherein the porous refractory oxide coating is
      sprayed onto the substrate in a porous state prior to impregnation.
NUM  7.
PAR  7. The method of claim 6 where the coating is plasma sprayed on to the
      substrate.
NUM  8.
PAR  8. The method of claim 6 where the coating is formed on the substrate by a
      detonation process.
NUM  9.
PAR  9. A method of producing a chemically hardened coating on a substrate which
      comprises:
PA1  forming a porous refractory oxide coating having a vitrification
      temperature in excess of 600.degree.F. on the substrate;
PA1  impregnating the porous oxide coating with a solution of a chromium
      compound which is capable of being converted to an oxide on being heated;
PA1  drying and curing said impregnated coating by heating same to a temperature
      below the vitrification temperature of the oxide coating but sufficient to
      convert the chromium compound in situ to an oxide;
PA1  repeating the impregnation and curing steps at least once to harden and
      densify the coating.
NUM  10.
PAR  10. The method of claim 9 wherein the refractory oxide coating is formed
      and applied to the substrate by means of flame spraying.
NUM  11.
PAR  11. THe method of claim 9 wherein the refractory oxide coating is formed
      and applied to the substrate by means of plasma spraying.
NUM  12.
PAR  12. The method of claim 9 wherein the refractory oxide coating is formed
      and applied to the substrate by means of a detonation process.
NUM  13.
PAR  13. The method of claim 9 wherein the refractory oxide coating is selected
      from the group consisting of oxides of aluminum, barium, beryllium,
      calcium, cerium, chromium, cobalt, copper, gallium, hafnium, iron,
      lanthanum, magnesium, manganese, molybdenum, nickel, niobium, silicon,
      tantalum, thorium, tin, titanium, tungsten, uranium, vanodium, yttrium,
      zinc, zirconium and mixtures thereof.
NUM  14.
PAR  14. The method of claim 9 wherein the solution is chromic acid.
NUM  15.
PAR  15. The method of claim 9 which includes as a last step the impregnation of
      the hardened refractory body with phosphoric acid and heating and curing
      said body by raising the temperature of said body to at least about
      600.degree.F. in increments over a period of time sufficient to completely
      dry and harden the body.
NUM  16.
PAR  16. The method of claim 9 where the substrate is metal and the oxide
      coating is formed by oxidation of the metal substrates.
NUM  17.
PAR  17. The method of claim 9 where the coating is flame sprayed onto the
      substrate.
NUM  18.
PAR  18. The method of claim 9 wherein the drying and curing is carried out at a
      temperature of at least 600.degree.F.
NUM  19.
PAR  19. The method of claim 9 wherein the refractory oxide coating is formed by
      applying a slurry of finely divided particles of at least one refractory
      oxide suspended in a fluid to the substrate and driving out the fluid to
      produce a porous coating.
NUM  20.
PAR  20. The method of claim 19 wherein the fluid is chromic acid.
NUM  21.
PAR  21. The method of claim 19 wherein the fluid is a solution of a chromium
      compound.
NUM  22.
PAR  22. A method of producing a chemically hardened coating on a substrate
      which comprises:
PA1  applying a slurry of finely divided particles of a metal in a fluid to a
      substrate and driving out the fluid to produce a porous coating;
PA1  impregnating the porous coating with a solution of a chromium compound
      which is capable of being converted to an oxide on being heated;
PA1  drying and curing said impregnated coating by heating same to a temperature
      below the vitrification temperaturre of said coating but sufficient to
      convert the chromium compound in situ to an oxide; and,
PA1  repeating the impregnation and curing steps at least once to harden and
      densify the coating.
NUM  23.
PAR  23. The method of claim 22 wherein the fluid is chromic acid.
NUM  24.
PAR  24. The method of claim 22 wherein the fluid is a solution of a chromium
      compound.
NUM  25.
PAR  25. The method of claim 22 wherein the metal particles are selected from
      the group consisting of stainless steel, molybdenum, titanium, aluminum,
      iron, nickel, chromium, tungsten and copper.
NUM  26.
PAR  26. The method of producing a chemically hardened coating on a substrate
      which comprises:
PA1  applying a slurry of finely divided particles of a carbide selected from
      the group consisting of boron and silicon carbides in a fluid to a
      substrate and driving out the fluid to produce a porous coating;
PA1  impregnating the porous coating with a solution of a chromium compound
      which is capable of being converted to an oxide on being heated;
PA1  drying and curing said impregnated coating by heating same to a temperature
      below the vitrification temperature of said coating but sufficient to
      convert the chromium compound in situ to an oxide; and,
PA1  repeating the impregnation and curing steps at least once to harden and
      densify the coating.
NUM  27.
PAR  27. The method of claim 26 wherein the fluid is chromic acid.
NUM  28.
PAR  28. The method of claim 26 wherein the fluid is a solution of a chromium
      compound.
PATN
WKU  039446840
SRC  5
APN  4722949
APT  1
ART  165
APD  19740522
TTL  Process for depositing transparent, electrically conductive tin
      containing oxide coatings on a substrate
ISD  19760316
NCL  11
ECL  9
EXP  Weiffenbach; Cameron K.
NDR  1
NFG  2
INVT
NAM  Kane; James
CTY  Affoltern am Albis
CNT  CH
INVT
NAM  Schweizer; Hanspeter
CTY  Zurich
CNT  CH
ASSG
NAM  RCA Corporation
CTY  New York
STA  NY
COD  02
RLAP
COD  72
APN  391359
APD  19730824
PSC  04
CLAS
OCL  427109
XCL  427126
XCL  427248
XCL  427255
EDF  2
ICL  B05D  512
ICL  C23C 1108
FSC  117
FSS  106 R;211
FSC  427
FSS  109;126;255;248
UREF
PNO  2567331
ISD  19510900
NAM  Gaiser et al.
OCL  117211
UREF
PNO  2617742
ISD  19521100
NAM  Olson
OCL  117211
UREF
PNO  2694649
ISD  19541100
NAM  Tarnopol
OCL  117211
UREF
PNO  2740731
ISD  19560400
NAM  Lytle et al.
OCL  117211
UREF
PNO  2833902
ISD  19530500
NAM  Gaiser et al.
OCL  117211
UREF
PNO  2932590
ISD  19600400
NAM  Barrett et al.
OCL  117211
UREF
PNO  3107177
ISD  19631000
NAM  Saunders et al.
OCL  117211
UREF
PNO  3647531
ISD  19720300
NAM  Matsushita et al.
OCL  117211
UREF
PNO  3658568
ISD  19720400
NAM  Donley
OCL  117106R
UREF
PNO  3663857
ISD  19720500
NAM  Soellner et al.
OCL  117211
UREF
PNO  3705054
ISD  19721200
NAM  Matsushita et al.
OCL  117211
LREP
FR2  Bruestle; Glenn H.
FR2  Wilfond; Arthur E.
FR2  Morris; Birgit E.
ABST
PAL  Certain volatile organotin compounds are vaporized in a heated carrier gas
      stream and brought into contact with a preheated substrate to be coated in
      an atmosphere containing oxygen. Indium oxide coatings may be doped with
      tin by vaporizing an organotin compound and an indium chelate of a
      .beta.-diketone and bringing the vapors in contact with a heated substrate
      in an oxidizing atmosphere.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 391,359 filed Aug. 24, 1973. A process for depositing indium
      oxide coatings is disclosed in copending application of Kane, Ser. No.
      341,693 filed Mar. 15, 1973, and issued as U.S. Pat. No. 3,854,992 on Dec.
      17, 1974.
BSUM
PAR  This invention relates to depositing tin containing oxide coatings. More
      particularly, this invention relates to a process for fabricating
      transparent, electrically conductive coatings of tin and indium oxides by
      chemical vapor deposition.
PAC  BACKGROUND OF THE INVENTION
PAR  Transparent, conductive tin oxide coatings on substrates such as glass, are
      widely employed for windshields, display devices, faceplates of cathode
      ray tubes, liquid crystal cells and the like. For the fabrication of
      faceplates of cathode ray tubes or vidicon faceplates, for example,
      electrical conductivity, measured as resistivity, should be on the order
      of less than 50,000 ohms per square and transparency, measured as percent
      light transmission in the visible range, should be over 80%. The most
      widely employed commercial process for fabricating tin oxide coatings is
      based on the pyrolysis of tin halide compounds. A compound such as stannic
      chloride is dissolved in a solvent and the solution sprayed onto the
      surface of a preheated substrate where the stannic chloride is pyrolized
      to form tin oxide. This method is inexpensive but is difficult to control
      to fabricate uniform, haze-free coatings, probably due to the action of
      hydrochloric acid, a by-product of the reaction, on the surface of the
      substrate.
PAR  The pyrolysis of organotin compounds has been tried. U.S. Pat. No.
      2,567,331 discloses a method of applying a conductive, transparent coating
      of tin oxide to a glass substrate by spraying liquified dibutyl tin
      diacetate onto the glass which was preheated to its melting point. The
      resultant coating, while electrically conducting, had a less than
      satisfactory transmission of 58% and a high reflectivity of 20%. Some
      improvement was obtained by spraying the tin compound dissolved in an
      alcohol solvent, when transmission was increased and reflectivity was
      decreased. Very high spray temperatures are required for this process,
      however, on the order of 600-700.degree.C., which severely limit the
      substrates that can be employed and largely preclude the use of
      inexpensive, ordinary glass substrates. Another disadvantage of this
      process is that the tin oxide coating had a brownish appearance.
PAR  U.S. Pat. No. 3,107,177 discloses an improvement in the above process
      whereby fluorine is introduced into the tin oxide coating. The resultant
      tin oxide coatings have improved conductivity, but again, high
      temperatures are required which result in distortion or warping of low
      melting substrates such as glass.
PAR  Transparent, conductive coatings of tin oxide and indium oxide mixtures are
      employed in electro-optic devices such as liquid crystal display panels.
      The most widely used techniques for depositing this type of coating are
      radio frequency sputtering and electron beam evaporation. These techniques
      produce excellent coatings but require costly equipment, high electrical
      consumption and have a relatively low production rate.
PAR  Thus, a process for preparing transparent, haze-free, conductive coatings
      of tin oxide or tin oxide and indium oxide mixtures which is rapid and
      inexpensive and can be carried out at low temperatures would be highly
      desirable.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that thin, uniform, transparent electrically conducting
      coatings of tin-containing oxide films can be deposited by chemical vapor
      deposition, e.g., tin oxide can be deposited onto a low melting substrate
      in a simple, inexpensive manner by vaporizing certain volatile organotin
      compounds and contacting the vapor with a heated substrate in the presence
      of an oxidizing gas. Oxide films of tin and indium can be deposited onto a
      substrate by contacting the substrate with the vapors of a volatile indium
      chelate of a .beta.-diketone and the vapors of a volatile organotin
      compound in an oxidizing atmosphere.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional elevational view of an apparatus suitable for
      carrying out the process of the invention.
PAR  FIG. 2 is a sectional elevation view of a liquid crystal cell using
      electrodes deposited by the process of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the present process, certain organo-tin compounds which are
      volatile at low temperatures can be vaporized in a heated carrier gas
      stream and transported to a reaction chamber having an oxygen atmosphere,
      or an oxygen atmosphere also containing water, where the vapor is
      contacted with a preheated substrate. This process can be used to dope
      indium oxide coatings with tin, by vaporizing an organotin compound
      simultaneously with an indium chelate of a .beta.-diketone in a carrier
      gas stream and contacting the vapors on a heated substrate in an oxidizing
      atmosphere.
PAR  The organotin compounds suitable for use in the present process are
      compounds that are volatile at temperatures below about 200.degree.C.,
      such as compounds having the formula (R--.sub.2 Sn--OOCR).sub.2 or
      (R.sub.3 Sn--.sub.2 O wherein R is a lower alkyl group. Suitable compounds
      include dibutyl tin diacetate, bis(tri-n-propyl) tin oxide and
      bis(tri-n-butyl) tin oxide, for example. These organotin compounds may be
      vaporized by heating to a temperature between about 80.degree. to
      150.degree.C., preferably between about 100.degree. to 120.degree.C. They
      may be vaporized by heating in a boiling water bath, i.e., a temperature
      about 100.degree.C. Other organotin compounds which may be used to deposit
      a tin containing oxide film include tetraphenyl tin and tetraisopropyl
      tin.
PAR  An indium compound useful in the present process is an indium chelate of a
      .beta.-diketone. A preferred compound is the indium chelate of
      2,2,6,6-tetramethylheptane-3,5-dione prepared by the method described by
      Eisentraut et al., JACS 87, 5254 (1965) for the preparation of the
      corresponding rare earth chelate compounds.
PAR  This chelate has the structure
      ##SPC1##
PAL  This indium chelate has a melting point of 173.degree.C. and can be
      volatilized and transported in an inert gas stream at temperatures above
      about 180.degree.C. The indium chelate of
      2,2,6,6-tetramethylheptane-3,5-dione is thermally stable up to about
      250.degree.C. A copending application of Kane, Ser. No. 341,693 filed Mar.
      15, 1973 discloses the use of this indium chelate to form indium oxide
      coatings.
PAR  The carrier gas can be any inert gas or gas mixture, such as one or more of
      neon, argon, krypton, nitrogen and the like and can contain oxygen as
      well. The carrier gas may be preheated, e.g., the carrier gas for carrying
      the vapor of an indium chelate is preheated to a temperature between
      180.degree.-250.degree.C., preferably 200.degree.-250.degree.C.
PAR  The oxygen-containing gas can be oxygen or oxygen admixed with an inert
      gas, such as nitrogen. Water vapor can be present. The gas flows should be
      maintained at a level adequate to ensure sufficient oxygen in the reaction
      chamber for reaction of the organotin compound to form tin oxide to occur.
      If the oxide concentration is too low, the resultant tin oxide-containing
      films have decreased conductivity. The presence of water vapor in the
      oxygen-containing gas generally improves conductivity of the tin
      oxide-containing film.
PAR  When mixed films of tin and indium oxide are prepared the substrate
      temperature should be in the range of 350.degree.-550.degree.C.;
      temperatures on the order of 450.degree.-500.degree.C. are preferred. Too
      low a temperature results in an inefficiently low rate of reaction. Very
      high temperatures of reaction limit the nature of the substrate that can
      be employed.
PAR  The time required for deposition can vary from about five minutes up to an
      hour or more, depending on the temperatures of the carrier gas and the
      substrate and the thickness of the tin containing oxide coating desired.
      In general, coatings of high transparency and good electrical conductivity
      can be formed in about 5-15 minutes. Extended reaction times may result in
      increasing migration of impurities into the coating from the substrate or
      cause irreversible change in the coating, e.g., crystallization which
      could result in a decrease in electrical conductivity. If the thickness of
      the film is too thin, i.e., less than 500 A, conductivity is low; if it is
      too large, i.e., more than 5000 A, transparency will be adversely
      affected.
PAR  The present process can deposit thin tin oxide-containing coatings on a
      variety of substrates which are heat resistant of deposition temperatures.
      Although glass has been referred to particularly hereinabove, other inert
      substrates such as quartz, sapphire, garnet, alumina, silicon, gallium
      arsenide, spinel, magnesium oxide, strontium titanate, gallium phosphide
      and the like, can be substituted.
PAR  When an apparatus is employed whereby the substrates to be coated are
      rotated during deposition of the tin containing oxide coating, such as is
      shown in FIG. 1, slight variations in the temperature of the substrate,
      gas flow rate, volume and the like, are not critical and will not
      adversely affect the uniformity of the tin oxide coating deposited.
      However, if the substrates to be coated are mounted on a stationary
      platform, the gas flow rates, temperatures, relative amounts of incoming
      gases and the like must be more carefully regulated to ensure uniform tin
      oxide containing coatings. Optimum parameters of these variables for each
      organotin compound, indium chelate, and apparatus employed can be
      determined by a series of test runs as will be known to one skilled in the
      art. An apparatus suitable for practicing the present invention is
      illustrated in FIG. 1, but it is understood that various changes in design
      can be made, as will be known to one skilled in the art.
PAR  Referring to FIG. 1, a carrier gas is introduced into a closed container 10
      for the organotin compound 12 via an inlet tube 14. The container 10 is
      immersed in a boiling water bath 16. The temperatures of the boiling water
      bath is about 98.degree.C. The carrier gas and the volatized organotin
      compound passes via a tube 18 which is encased in a heater tape 20
      maintained at about 135.degree.C., to an inlet tube 22 and into the top
      portion 24 of the reaction chamber 26. Additional carrier gas may be
      admitted into the inlet tube 22 via a second carrier gas inlet tube 28 to
      control the carrier gas flow.
PAR  A carrier gas is introduced into a closed container 30 for the indium
      chelate of 2,2,6,6-tetramethylheptane-3,5-dione 32 via an inlet tube 34.
      The carrier gas and indium chelate are heated to a temperature of between
      about 180.degree.C. to 250.degree.C. in a furnace 38. The preferred
      temperature is between about 200.degree.-250.degree.C. The indium
      container 30 and the furnace 38 may be placed apart from the reaction
      chamber 26 or may be mounted on top of the reaction chamber 26 as
      illustrated in FIG. 1. The carrier gas and the indium chelate vapors are
      transported into the top portion 24 of the reaction chamber 26 via an
      inlet tube 40.
PAR  The organotin vapors and the indium chelate vapors mix in the top portion
      24 of the reaction chamber 26 prior to the introduction of the reactant
      gas stream. The reactant gas stream is an oxygen containing carrier gas
      saturated with water by bubbling it through a water 42 contained in a
      bubbler 44 via an inlet tube 46. The temperature of the water 42 is about
      23.degree.C. The reactant gas stream is introduced into the reaction
      chamber 26 via an inlet tube 48 which extends well into the reaction
      chamber 26 and past the top portion 24 of the reaction chamber 26.
PAR  The substrates 50 to be coated with the tin containing indium oxide film
      are mounted on a heated platform 52 and heated to a temperature of between
      about 350.degree. to 550.degree.C. The preferred temperature for the
      substrates 50 is a temperature of between about 450.degree. to
      500.degree.C. The platform 52 is slowly rotated on a shaft 54 turned by a
      motor (not shown) to evenly coat the substrates. Spent gases exit from the
      reaction chamber 26 via an outlet tube 56.
PAR  The deposition rate of the oxide coating is controlled by the rate of
      introduction of the organo-metallic compounds. It is also dependent on the
      substrate temperature. Using the above apparatus and conditions, it is
      possible to achieve deposition rates up to 1000 Angstroms/minute. Better
      control of the reaction is achieved by restricting the deposition rate to
      a rate of between about 200-500 Angstroms/minute.
PAR  The invention will be further illustrated by the following examples, but it
      is to be understood that the invention is not meant to be limited to the
      details described therein.
PAR  A series of quartz plates and polished silicon wafers were coated with tin
      doped indium oxide in an apparatus described above. The deposition
      parameters of the temperature of deposition and the gas flow rates were
      changed in a systematic manner so that a series of coatings with gradually
      decreasing tin concentration were obtained. The flow rate of the
      oxygen-containing gas stream was 1500 cc/minute of N.sub.2 and 300
      cc/minute of O.sub.2 through water. The indium furnace was maintained at a
      temperature of about 220.degree.C. The water bath for vaporizing the tin
      had a temperature of about 98.degree.C. The indium chelate of
      2,2,6,6-tetramethylheptane-3,5-dione was used as the volatile indium
      compound. Dibutyl tin diacetate was used as the volatile tin compound. The
      deposition parameters, together with the thickness and composition data,
      on this series are presented in Table I.
PAR  All films were deposited in a 4 inch diameter reactor and were soluble in
      37% HC1 at 70.degree.C. within 3 minutes. All films were dissolved off the
      quartz substrates in 37% HC1 at 70.degree.C. The indium content of the
      films was determined by wet chemical quantitative microanalysis. Tin
      concentrations were measured by atomic absorption analysis with an error
      limit of approximately 5%.
PAR  Mass spectrographic analysis was employed to examine the impurities in a
      typical film (Sample 5) deposited on a high-purity silicon. The results,
      expressed in ppm atomic based on In.sub.2 O.sub.3 = 100% (the value for In
      is therefore 400,000 ppma) indicate the film is quite pure with highest
      concentration of impurities being for iron (5.4 ppm) and chlorine (1.4
      ppm). The Sn/In atomic ratio is 0.0600 which agrees reasonably well with
      the weight ratio of 0.0744 (=0.0672 atomic) determined by chemical
      analysis.
PAR  Thickness measurements were made using a Sloan "Dektak" fitted with a 25
      micron stylus after etching a step in the tin doped indium oxide layer
      using dilute hydrochloric acid. The sheet resistivity was measured in a
      conventional manner using a four-part probe having a point separation of
      the probe of 10 mils. The substrate temperatures were recorded directly on
      the surface of the hotplate reactor with bimetallic temperature
      indicators. The deposition time was 10 minutes for all samples. Both
      quartz and polished silicon substrates were coated. The optical readings
      were from the quartz substrates. The optical transmission of the films was
      measured by comparing the light transmitted by a coated quartz substrate
      with an uncoated substrate in the reference beam. The data for the optical
      transmission and resistivity of the samples are given in Table II.
PAR  Tables I and II also give comparable data for films of indium oxide and tin
      oxide alone. The indium oxide data is taken from that recorded for sample
      E in Table I disclosed in Example 1 of copending application of Kane, Ser.
      No. 341,693 filed Mar. 15, 1973. The tin oxide data is taken from that
      recorded for Sample D of Table I for Example 1 of copending application of
      Kane, et al. filed Aug. 24, 1973 of which this application is a
      continuation-in-part.
PAR  The present invention can be used to deposit thin transparent indium and
      tin oxide mixtures useful as electrodes in liquid crystal cells for
      display devices. Referring now to FIG. 2, one or more thin coatings 58 and
      60 of a mixture of indium and tin oxide about 1000 to 1500 A thick are
      deposited on one or more clear plates 62 and 64, e.g., glass plates, by
      the method described above. The most important criterion for a liquid
      crystal electrode is the measured sheet resistance after processing. This
      sheet resistance should not exceed 200 .OMEGA./square. The indium and tin
      oxide coated glass plates 62 and 64 form a liquid crystal cell by
      disposing the indium and tin oxide coated surfaces 58 and 60 of the glass
      plates 62 and 64 parallel to and opposite to each other and separating the
      coated surfaces 58 and 60 with spacers 66 and 68. The spacing between the
      indium and tin oxide coatings may vary from about 5 to 50 .mu. with
      nominal values being in the 10-20 .mu. range. A liquid crystal material
      70, which is either highly ordered or highly disordered when a voltage is
      applied across it, is placed between the two electrodes 58 and 60. The
      electrodes 58 and 60 are connected to leads 72 and 74 connected to a
      voltage source (not shown). The liquid crystal cell is sealed with
      hermetic, water-tight seals 76 and 78.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Sample Deposition                                                         
                  Gas Flow  Ratio                                              
                                 Film                                          
            Temp.,                                                             
                  Sn-N.sub.2,                                                  
                       In-N.sub.2,                                             
                            Sn-N.sub.2                                         
                                 Thickness                                     
                                       Sn,     In,  Sn/In                      
            .degree.C.                                                         
                  cc/min.                                                      
                       cc/min.                                                 
                            In-N.sub.2                                         
                                 A     mg      mg   weight ratio               
     __________________________________________________________________________
     1      475   420  1160 0.363                                              
                                 .about.1,360                                  
                                       0.108   0.913                           
                                                    0.118                      
     2      505   420  1160 0.363                                              
                                 .about.2,040                                  
                                       0.125   1.350                           
                                                    0.0926                     
     3      530   420  1160 0.363                                              
                                 .about.3,410                                  
                                       0.036   0.420                           
                                                    0.0857                     
     4      530   1160 1160 1.000                                              
                                 --    --      --   --                         
     5      530   1160  420 2.760                                              
                                 --    --      --   --                         
     6      555   420  1160 0.363                                              
                                 4,818 0.158   3.200                           
                                                    0.0494                     
     7      555   420  2040 0.206                                              
                                 7,442 0.318   7.100                           
                                                    0.0448                     
     8      555   1160 1160 1.000                                              
                                 7,458 0.608   8.175                           
                                                    0.0744                     
                                       by mass spec.                           
                                                    0.0672                     
     Indium oxide                                                              
     alone  450   --    700  --  --    --      --   --                         
     Tin oxide                                                                 
     alone  450   1130 --    --  1,300 --      --   1                          
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
                            Sheet Film                                         
     Sample % Transmission  Resistance                                         
                                  Resistivity                                  
            4000-4800 A                                                        
                    5200-6000 A                                                
                            ohm/square                                         
                                  10.sup.-.sup.4 ohm/cm                        
     __________________________________________________________________________
     1      74-86    95-100 90.7  .about.12.2                                  
     2      74-99   95- 84  28.5  .about. 5.82                                 
     3      70-80   92-89   14.0  .about. 4.77                                 
     4      61-80   87-88   9.0   --                                           
     5      39-82    89-100 39.4  --                                           
     6      85-99   83-99   10.0  4.82                                         
     7      57-68   71-76   2.95  2.20                                         
     8      52-72   73-76   9.5   7.10                                         
     Indium oxide                                                              
     alone  72.5-97  98-94.3                                                   
                            1360  --                                           
     Tin oxide                                                                 
     alone  92.4-99.6                                                          
                    97.4-91 6000  --                                           
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process of depositing an oxide coating containing tin and indium on
      a substrate which comprises:
PA1  a. vaporizing an indium chelate of 2,2,6,6-tetramethylheptane-3,5-dione,
PA1  b. vaporizing an organotin compound having a vaporization temperature below
      about 200.degree.C.,
PA1  c. heating said substrate to a temperature of from about 350.degree.C. to
      about 550.degree.C., and
PA1  d. contacting said heated substrate with said indium vapor and said tin
      vapor in an oxidizing atmosphere.
NUM  2.
PAR  2. The process of claim 1 wherein said indium chelate is vaporized by
      heating at a temperature of from about 180.degree. to about 250.degree.C.
NUM  3.
PAR  3. The process of claim 2 wherein said indium chelate is vaporized by
      heating at a temperature of between about 200.degree. to 250.degree.C.
NUM  4.
PAR  4. The process of claim 1 wherein the organotin compound is selected from
      the group consisting of (R).sub.2 Sn--OOCR).sub.2 and (R.sub.3 Sn).sub.2 O
      compounds wherein R is a lower alkyl group.
NUM  5.
PAR  5. The process of claim 4 wherein said organotin compound is vaporized by
      heating to a temperature from about 80.degree. to about 200.degree.C.
NUM  6.
PAR  6. The process of claim 1 wherein said organotin compound is selected from
      a group comprising dibutyl tin diacetate, bis(tri-n-propyl) tin oxide and
      bis(tri-n-butyl) tin oxide.
NUM  7.
PAR  7. The process of claim 1 wherein said substrate is heated to a temperature
      between about 450.degree.C.
NUM  8.
PAR  8. The process of claim 1 wherein said oxidizing atmosphere contains water
      vapor.
NUM  9.
PAR  9. The process of depositing transparent, uniform, electrically conductive
      tin doped indium oxide coatings on a substrate comprising:
PA1  a. vaporizing an indium chelate of 2,2,6,6-tetramethylheptane-3,5-dione at
      a temperature of from about 180.degree. to about 250.degree.C.,
PA1  b. vaporizing dibutyl tin diacetate at a temperature of from about
      80.degree.C. to about 120.degree.C.,
PA1  c. heating said substrate to a temperature of from about 350.degree.C. to
      about 550.degree.C.,
PA1  d. and contacting said heated substrate with said indium vapor and said tin
      vapor in an oxidizing atmosphere.
NUM  10.
PAR  10. The process of claim 9 wherein the oxidizing atmosphere contains water
      vapor.
NUM  11.
PAR  11. The process of claim 9 wherein the substrate is a clear glass plate
      having a melting temperature above about 450.degree.C. and said tin doped
      indium oxide film forms an electrode for use in a liquid crystal cell.
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ABST
PAL  Heat barrier materials are prepared by forming an intimate admixture of
      alkaline earth sulfate and finely divided carbonaceous material into a
      shaped composition and subjecting said shaped composition to a high
      temperature to cause a surface reaction to produce a coating comprising
      alkaline earth sulfide on the surface of said shaped composition.
PARN
PAR  This application is a continuation-in-part of my application filed Sept.
      30, 1968, Ser. No. 763,931, now abandoned which is, in turn, a
      continuation-in-part of my application filed Mar. 14, 1968, Ser. No.
      713,231, now abandoned.
BSUM
PAR  It is an object of this invention to provide a method of forming alkaline
      earth sulfides in position upon the surface of a shaped composition to
      form a barrier to the penetration of thermal energy into such a
      composition upon the continued application of energy producing high
      temperature to the surface thereof.
PAR  It is a further object of this invention to provide a method of forming
      alkaline earth sulfides by the direct reduction of alkaline earth sulfates
      through the application of a high temperature atmosphere to a bonded
      intimate mixture of the alkaline earth sulfates and carbonaceous material.
PAR  It is a further object of this invention to produce a method of producing
      at the surface of an alkaline earth sulfate composition an alkaline earth
      sulfide coating through the reduction of the alkaline earth sulfate with
      available carbon to form sulfides in situ as a heat barrier.
PAR  It is a further object of this invention to provide a method of forming
      alkaline earth sulfides by the direct reduction of alkaline earth sulfate
      hydrates by intimately mixing in said hydrates thermosetting and/or
      elastomeric carbon-containing plastics and the application thereto of
      atmospheres of high temperature so that the sulfates are reduced to the
      sulfides at approximately the thermal decomposition temperature of the
      plastics.
PAR  It is a further object of this invention to provide a method of forming
      alkaline earth sulfides by the reduction of alkaline earth sulfates
      through the heating of the alkaline earth sulfates and carbon-containing
      thermosetting plastics in intimate contact and at the thermal
      decomposition temperature of the said plastics wherein a slow reducing
      reaction is performed resulting in the formation upon the surface of the
      material a relatively thin coating of the sulfide which restricts the
      transmission of thermal energy through the material and in which the rate
      of formation of the sulfide is slow, resulting in a low rate of erosion of
      the surface of the material.
PAR  The art of which I have knowledge is that appearing in the book entitled
      "High-Temperature Technology", Editor-in-Chief I. E. Campbell, published
      by John Wiley & Sons, New York, Chapter 9 thereof entitled "Sulfides", and
      the patent to Veatch U.S. Pat. No. 2,797,201.
PAR  There has long been sought a preparation or composition which would be
      effective as a heat barrier to prevent transmission of thermal energy from
      one surface to another and which, for example, might be effectively used
      under conditions where high velocity, high temperature gas flames or the
      like are applied to a surface and which would be effective to prevent the
      thermal energy so transmitted to said surface from being transmitted
      through the said material.
PAR  I have discovered that an effective heat barrier can be produced in situ
      upon the surface of a composition consisting essentially of an intimate
      admixture of alkaline earth sulfate and finely divided carbonaceous
      material. Upon application of heat to a surface of such a composition, the
      alkaline earth sulfate and carbon react, primarily at the surface of the
      composition, whereby the sulfate is reduced to sulfide to provide an
      effective thermal barrier on such surface.
PAR  In one embodiment of my invention, the compositions may be formed by using
      calcined alkaline earth sulfates, i.e., those sulfates which are not fully
      hydrated. The sulfates may be mixed with water to form a slurry to which
      carbonaceous material in the condition of fine subdivision is added and
      thoroughly admixed. The mixture is allowed to set due to hydration of the
      alkaline earth sulfates so that there is formed a composition in which the
      alkaline earth sulfate crystals form a matrix in which the particles of
      finely divided carbonaceous material are held in intimate mixture
      therewith. The composition, before setting, can be formed into sheets or
      blocks or can be applied directly to the surface to be protected from
      heat. When high temperature is applied thereto, there results the
      formation upon the surface of an alkaline earth sulfide due to the
      reduction of the sulfate to the sulfide by the carbon which is available
      at such surface. However, the invention is not limited to use of those
      sulfates which form hydrates nor to those which set by taking up water of
      crystallization. It is merely necessary that the admixture of alkaline
      earth sulfate and carbonaceous material be formed or held in some manner
      in a desired shape which may be subjected to high temperature conditions.
PAR  The term "high temperature" as used herein means a temperature at least as
      great as that at which the sulfates react with the intimately associated
      carbon to form sulfides. It is believed that this temperature is in the
      order of about 900.degree. C.
PAR  The alkaline earth sulfates which are applicable for use in carrying out my
      invention include magnesium sulfate, calcium sulfate, strontium sulfate,
      barium sulfate, and all of the alkaline earth sulfates of Perioidic Table
      2-A as well as mixtures of any of these sulfates.
PAR  The carbonaceous materials which are useful for carrying out my invention
      include all materials which will provide available carbon under the
      influence of sufficient heat to effect the reaction of carbon with
      sulfates according to the representative equation:
EQU  MSO.sub.4 + 2C .fwdarw. MS + 2CO.sub.2
PAL  where M is an alkaline earth metal.
PAR  These materials include all forms of free carbon, such as carbon black,
      charcoal, coke, and graphite as well as those materials which will
      decompose, coke or char under the influence of heat to produce available
      carbon. The latter materials include carbonaceous materials of natural
      origin, such as coal, tars, pitches, asphalts, sawdust, nutshells, and
      other wood or vegetable wastes, natural rubber, gums and resins and
      materials of synthetic origin including substantially all of the
      carbon-containing synthetic resins. The carbonaceous materials may be
      employed in the form of particles which are already of small size or which
      have been reduced in size by comminuting or by process of manufacture.
      Mixtures of the various carbonaceous materials may be used as desired. One
      class of suitable materials is that known under the trademark
      "Microballoons" as disclosed in U.S. Pat. No. 2,797,201. The carbonaceous
      material may be any of the heat-decomposable film-forming materials
      disclosed in this patent including cellulose derivatives, such as
      cellulose acetate, cellulose acetate-butyrate, and cellulose
      acetate-propionate, thermoplastic synthetic resins, such as polyvinyl
      resins, i.e., polyvinyl alcohol (water- or organic solvent-soluble),
      polyvinyl chloride, copolymers of vinyl chloride and vinyl acetate,
      polyvinyl butyral, polystyrene, polyvinylidene chloride, acrylic resins
      such as polymethyl methacrylate, polyallyl, polyethylene, and polyamide
      (nylon) resins, and thermosetting resins, such as alkyd,
      phenol-formaldehyde, urea-formaldehyde and melamine-formaldehyde resins,
      natural film-forming materials including soybean protein, zein protein,
      alginates, and cellulose.
PAR  It is important that the carbonaceous material be finely divided in order
      that it may be intimately dispersed in the alkaline earth sulfate so that
      carbon is available at substantially all points over the surface area of
      product composition, whereupon application of heat to such surface will
      provide a substantially complete coating of alkaline earth sulfide over
      such surface with exclusion of uncoated portions which might otherwise
      destroy the effectiveness of the product material as a heat barrier. In
      general, the carbonaceous material should have a maximum average particle
      size below about 500 microns and, in particular, where hollow spheres of
      film-forming materials are used the particle size should be below about
      500 microns not only to provide the necessary available carbon over the
      entire surface area but to avoid formation of surface irregularities and
      holes due to melting or collapsing of the spheres under the influence of
      heat. Thus, where "Microballoons" such as those described in U.S. Pat. No.
      2,797,201 are used as a source of carbonaceous material, they should have
      an average diameter of about 1 to 500 microns, preferably 1 to 250
      microns.
PAR  The proportions of carbonaceous material to alkaline earth sulfate may be
      varied depending upon the conditions of application or use desired, the
      nature of the particular carbonaceous material used, the strength and/or
      flexibility of the desired product, and the like. The optimum amount of
      each carbonaceous material necessary to give the desired sulfide coating
      is readily determined by simple experimentation. In general, the amount of
      carbonaceous material should be sufficient to provide at least 2 moles of
      carbon for each mole of alkaline earth sulfate (on an anhydrous basis). I
      prefer to use about 0.02 to 5 parts by volume of carbonaceous material to
      1 part by volume of alkaline earth metal sulfate.
PAR  The application of heat to the surface of my heat barrier materials may be
      from any source which will provide a temperature sufficient to cause the
      reaction between the alkaline earth sulfate and carbon. For example, the
      heat may be convective (such as a flame or hot gases); radiative
      (infrared, laser beam, etc.) or conductive (contact with a hot object) or
      combinations of these. Flames of reducing, neutral or oxidizing nature
      will cause the reaction to occur. The reaction between sulfate and carbon
      is believed to occur at a temperature of about 900.degree. C. Continued
      heating at higher temperatures may cause some reaction between alkaline
      earth sulfide and sulfate to form alkaline earth oxide. However, the
      presence of some oxide in the sulfide surface coating is beneficial and is
      considered within the scope of my invention.
PAR  Where organic material other than free carbon is used, my theory of the
      operation performed under the conditions stated is that the carbonaceous
      material chars at its temperature of decomposition leaving primarily
      carbon in intimate mixture with the sulfate. Ordinarily the water of
      crystallization of hydrated sulfates is dissipated before or at the
      decomposition temperature of the carbonaceous material. Upon decomposition
      and further application of heat the carbon acts as a reducing agent to
      reduce the alkaline earth sulfate to the sulfide as a surface condition
      upon the composition. This formation of alkaline earth sulfides on the
      surface is as a relatively thin coating which appears, under the influence
      of the heat conditions above set forth, to be in the nature of a layer
      which is adherent to the composition and acts either by heat-producing
      energy reflection or dispersion as a barrier which reduces to a high
      degree the transmission of the heat further into the material or
      composition. The surface condition having been formed, further heat
      transmission into the composition is inhibited so that further charring of
      the carbonaceous material is slowed down as is further reduction of
      sulfate to sulfide.
PAR  I have further discovered that I am able to control the flexibility of the
      composition of my invention by adding to the composition of alkaline earth
      sulfates, elastomeric carbonaceous materials such as vinyl, styrene,
      acrylic, cellulosic, olefinic, and nylon polymers and copolymers or other
      elastomers, so that I am able to produce a flexible composition as
      distinguished from a hard inflexible material without interfering with the
      fundamental property of forming the sulfide upon the surface thereon under
      conditions of heat application as hereinabove set forth. Thermoplastics
      such as the polyvinyl alcohols and polyvinyl acetates may be dissolved or
      suspended in the water or other liquid used to form the alkaline earth
      sulfate composition. Mixtures of the various carbonaceous materials, both
      thermosetting and elastomeric, may be used. The formation of the
      composition having flexible as distinguished from rigid characteristics
      enables the composition to be used and applied under conditions where
      rigidity of the composition would deter its application. It is not
      necessary to use alkaline earth sulfates which form hydrates nor is it
      necessary to use water as a bonding agent in this embodiment of my
      invention. For example, BaSO.sub.4, which does not form hydrates, may be
      mixed with acrylic polymer or with other elastomers dissolved in an
      organic liquid to form a paste which can then be formed into any desired
      shape. The organic liquid can then be evaporated to leave the elastomer in
      intimate admixture with the sulfate.
PAR  I have further found that in the preparation of the composition embodying
      my invention that I am able to produce the composition in such manner as
      to avoid the formation of cracks or fissures in the material upon the
      conditions of application of high temperature to its surface as
      hereinabove defined by incorporating in the composition formed of the
      alkali earth sulfates and carbonaceous material a strain or grid of
      fiberglas or other fibrous material, e.g. rockwood, asbestos, sisal and
      the like, either at the surface or embedded in the composition as it is
      formed.
PAR  In carrying out one embodiment of my invention I prepare a slurry of any of
      the hydratable forms of the alkaline earth sulfates with water and mix
      decomposable carbonaceous material in fine particle size into this slurry.
      The resulting composition will set due to the sulfates taking up of water
      of crystallization to form a rigid or semi-rigid structure. After the
      composition has set and there is applied to a surface thereof a high
      temperature atmosphere the reaction is first to drive off water
      crystallization. As the surface temperature rises and reaches the thermal
      decomposition temperature of the carbonaceous material the reaction
      performed is apparently to release carbon in active form in intimate
      contact with the sulfate which reduces the sulfate to the sulfide forming
      a relatively thin layer or coating of sulfide upon the surface which is
      adherent to the composition, relatively thin, and performs the functions
      of restricting further transmission of heat into the composition so that
      the reaction of decomposition of the carbonaceous material is slow and
      therefore the erosion of the surface is controlled.
PAR  For example, I have discovered that I am able to reduce directly the
      alkaline earth sulfates to the alkaline earth sulfides principally through
      the action of the active carbon constituents of a thermosetting plastic
      releasing carbon dioxide, and that such reaction proceeds at a relatively
      slow rate due to the formation upon the surface of the composition an
      alkaline earth sulfide as an adherent film or layer which inhibits the
      transmission of heat into the composition to prevent further decomposition
      of the thermosetting plastic, i.e., controls erosion of the product and
      the rate of the reaction performed.
PAR  The reaction produced in employing calcium sulfate crystals and the
      thermosetting plastic phenolic resin may be in accordance with the
      following equation:
      ##EQU1##
PAR  The reaction above stated in indicating the presence of a trace of carbon
      monoxide and a trace of hydrocarbons was derived from gas analysis of the
      gases from the surface of the composition where the temperature upon the
      surface was as stated.
PAR  In the above equation I have not endeavored to fully balance the equation
      because of the fact that gas analysis of the gas formed upon that surface
      will show variable quantities of the respective gases produced dependent
      upon the time when the gas samples were taken from the surface.
      Fundamentally these same reactions occur in employing the hydratable
      sulfates of other alkaline earth metals of Group 2-A of the Periodic Table
      and with phenolic resin or other plastics, and would logically follow with
      reference to radium sulfate although due to the expense and my inability
      to obtain samples of radium sulfate I have not actually been able to
      establish that radium sulfate would in all respect act in the same manner
      as the other members of the No. 2-A grouping of the Periodic Table. The
      invention is not limited to hydratable sulfates. Water or other liquid
      bonding agents may be used with sulfates which do not form hydrates.
PAR  It is recognized that it has heretofore been suggested that the sulfates
      are susceptible to direct reduction with carbonaceous materials to form
      sulfides. However, the novelty of my invention is believed to reside in
      the formation of the sulfides in such a manner that they form a thin layer
      or coating upon the surface of a shaped composition in such condition that
      they are adherent to the composition under the continued application of
      high temperature conditions to the surface and act as a barrier to heat
      transmission through the surface, thereby controlling the rate of erosion
      of the surface and at the same time and due to the same conditions control
      the rate at which the reaction progresses in the composition.
PAR  Further, one embodiment of my invention resides in the use of organic
      plastics in such composition wherein at the thermal decomposition
      temperature of such plastic the carbon resulting acts as the primary
      reducing agent and in that this rate of thermal decomposition of the
      organic plastic is retarded by the heat barrier characteristics of the
      thin layer of sulfide bonded upon the surface of the composition.
PAR  I believe, although I have not been definitely able to thoroughly establish
      the fact, that the action of reducing the alkaline earth sulfates to the
      corresponding sulfides occurs at what is commonly referred to as the
      thermal decomposition temperature of the organic material, i.e., that
      temperature at which the organic materials ordinarily decompose rather
      than melt or boil. I further believe, although I have not been able to
      thoroughly establish the fact, that the reaction occurring is primarily
      one due to the high availability of reactive carbon derived from the said
      organic sources, which is maintained in intimate contact with sulfate in
      this reaction so that one of the products of the reducing action is carbon
      dioxide.
PAR  In carrying out this embodiment of my invention I have found that I may
      employ any organic material which possesses the property of heat
      decomposition at elevated temperature. Among the thermosetting plastics
      which I may employ are the phenolic resins, urea formaldehydes, and
      melamine formaldehydes. The above specific plastics are set forth as
      examples only and not as limitations of the plastics which may be used,
      the necessary factor of which is that upon application of heat thereto the
      plastics decompose to provide carbon in intimate contact with the sulfate
      to carry out the reduction reaction.
PAR  I have further observed that it is apparently characteristic of my
      invention that the primary reducing action accomplished at the controlled
      rate as herein stated is due to the presence of finely divided carbon
      within the composition.
PAR  It is therefore my belief that fundamentally the reaction which occurs is
      represented by the following equation using calcium sulfate dihydrate as
      an example:
EQU  CaSO.sub.4 .2H.sub.2 O heat 1100.degree.-1400.degree.F. CaSO.sub.4 +
      2H.sub.2 O                                                (1)
EQU  caSO.sub.4 + 2C heat &gt; 1500.degree.F. CaS + 2 CO.sub.2     ( 2)
PAL  wherein, however, the reducing reaction when carried out with such
      thermosetting plastics as phenolic resin is such that there may be present
      as products of reaction due to imperfect reduction in addition to carbon
      dioxide, carbon monoxide and water, and I have observed in small
      quantities in such gas analysis the presence of hydrocarbons.
PAR  The ability of such alkaline earth sulfide to coat the surface of the
      composition formed of the alkaline earth sulfates and thermosetting
      plastics is established from the fact that I have found high temperature
      atmospheres such as produced by the plasma jet flames directly applied to
      such surfaces have produced a thin calcium sulfide coating upon the
      surface on continued application of such high temperature atmosphere to
      the surface for 24 seconds where the temperature of the gas flame applied
      upon such surface was in the range of 10,000.degree. F. which has raised
      the temperature at the surface to which such high temperature atmosphere
      was applied to in the neighborhood of 4500.degree. to 5000.degree. F. and
      where at the termination of said application of heat after 24 seconds to
      said surface, and where the composition was only 1/2 inch in thickness the
      back surface at which the high temperature atmosphere was applied had
      reached only the temperature of 140.degree. F. I account for this
      phenomena solely by what I will term heat rejection which in all
      probability is due to reflection or dispersion of the thermal energy away
      from the composition so that they do not effectively penetrate the
      composition. This phenomena is a surface phenomena in that during this
      period of time the total erosion of the surface, i.e., due to the
      formation of the calcium sulfide thereon is 0.199 inch showing that the
      alkaline earth sulfide formed upon the surface not only acts as a heat
      barrier but also an erosion barrier. At lower temperatures such as those
      resulting from the direct application of an acetylene-oxygen flame to the
      surface results of a similar character have been found. The same is true
      where the surfaces have been exposed to the temperature created by the
      burning of propane gas, the flames of which are applied directly to the
      surface while the burners in which said flames are formed have been
      located at distances of 12 or more inches away from the surface. In the
      latter case reducing flames so applied were at a temperature in the
      neighborhood of 2000.degree. F.
PAR  It has been found that when the composition having the said alkaline earth
      sulfide barrier formed upon its surface is allowed to cool in the ordinary
      atmosphere the adherent alkaline earth sulfide coating disintegrates
      rapidly, apparently due to the reaction of the alkaline earth sulfide with
      water contained in the air, producing primarily alkaline earth hydroxide.
      Upon removal of this now powdery material from the surface the same
      composition may be reused with the same results, i.e., the formation of
      the coating of alkaline earth sulfide upon the surface exhibiting the same
      heat retardant and erosion barrier characteristics.
DETD
      The following are set forth as specific examples of the composition
      embodying my invention and of the test results observed.
PAC  EXAMPLE I
PAR  Calcium sulfate, i.e., calcium sulfate hemihydrate (CaSO.sub.4.1/2 H.sub.2
      O) is mixed with water to form a slurry using the same proportions of
      calcium sulfate hemihydrate and water as is ordinarily used in forming a
      slurry for casting purposes. The slurry thus formed is allowed to stand
      for such period of time as will permit the addition thereto of phenolic
      resin either in finely ground condition or as microballoons without the
      tendency of the said phenolic resin to separate during the subsequent
      setting, which thereby forms a matrix holding the phenolic resin
      intimately dispersed with the calcium sulfate throughout the composition.
      In this composition I employ in this specific example 30% by volume of
      CaSO.sub.4.1/2 H.sub.2 O and 70% by volume of finely divided phenolic
      resin of 500 micron maximum average particle size and the amount of water
      added to form the slurry is in accordance with good practice that amount
      which will permit the formation of a thick cream slurry, i.e., in most
      cases employing the minimum of water which will permit the formation of a
      uniform intimate mixture of the CaSO.sub.4.1/2  H.sub.2 O and phenolic
      resin. The ratio of CaSO.sub.4.1/2 H.sub.2 O, phenolic resin and water
      employed in forming the composition may, of course, be varied depending
      upon the conditions of application or use desired and is not herein set
      forth as a limitation of the proportions of ingredients used in carrying
      out my invention.
PAR  I have similarly prepared compositions employing magnesium sulfate,
      strontium sulfate, and barium sulfate, and phenolic resin, and others of
      the carbonaceous plastics.
PAC  EXAMPLE II
PAR  In producing the composition embodying my invention so that it will have
      flexibility as distinguished from rigid compositions produced by the above
      set forth example, I have in a similar manner produced the slurry of the
      alkaline earth sulfate and water and thermosetting plastic and have added
      thereto a suspension of thermoplastic material and have found that the
      composition thereby produced is flexible as distinguished from a rigid
      composition. Specifically, I have mixed 100 parts by volume of
      CaSO.sub.4.1/2 H.sub.2 O, sufficient water to form the slurry as above
      described, to which I have added 200 parts by volume of phenolic resin,
      and 100 parts by volume of the approximately 50% suspension of polyvinyl
      acetate in water and have found that upon setting, the resultant
      composition was flexible as distinguished from the rigid composition
      produced by the first stated example. The operation apparently performed
      in this example is that the addition of the vinyl plastics to the
      composition in excess of that set forth in the first example given has
      prevented the complete interlock of the crystals of the alkaline earth
      sulfate, leaving the composition flexible.
PAC  HEAT-BARRIER TESTS
PAR  A test block of the composition was prepared in the manner hereinabove set
      forth in Example I in which proportions were 70% by volume of phenolic
      resin microballoons (max. average particle size 500 microns) to 30% by
      volume of CaSO.sub.4.1/2 H.sub.2 O with water which was allowed to set to
      form test blocks which were 2 .times. 2 inches square and of 1/2 inch
      thickness. An arc plasma jet flame was applied to the surface of such
      block under the following conditions:
     Heat Flux (Btu/ft.sup.2 - second                                          
                             1000                                              
     Gas Enthalpy (Btu/lb)   6050                                              
     Test Duration in seconds                                                  
                             24                                                
     Stagnation Pressure (psig)                                                
                             1.242                                             
     Gas Velocity (ft/second)                                                  
                             10025                                             
     with the following results:                                               
     Decrease in weight (grams)                                                
                             4.7874                                            
     Percentage decrease in weight                                             
                             3.4                                               
     Depth of erosion in inches in the                                         
     surface so exposed      0.199                                             
     Final temperature in .degree.F.                                           
      (a) Back Face          140                                               
      (b) Front Face         4820                                              
      (c) Front Face (Total Radiation)                                         
                             4340                                              
PAR  Further tests were conducted in blocks of the same composition to determine
      the rate of erosion of the surface with the following results:
TBL          Heat Flux    Test Time  Erosion Rate                              
     Specimen                                                                  
             (Btu/ft.sup.2 sec)                                                
                          (sec)      (mil/sec)                                 
     ______________________________________                                    
     A       100          137        3.27                                      
     B       500          24         3.96                                      
     C       500          44         7.70                                      
     D       1000         24         8.30                                      
     ______________________________________                                    
PAR  Further tests were conducted employing larger sheets of the same
      composition of like thickness which were tested in an oven over propane
      gas burners which were spaced 18 inches on center and where the burners
      were placed 30 inches from the face of the test panel. Propane gas was
      burned in the burners under the conditions hereinafter set forth. The
      temperatures at the face of the panel, toward which the flames were
      directed were measured by means of eight Chromel-Alumel thermocouples
      encased in 1/2 inch iron pipe and placed approximately 6 inches from the
      panel face. The vertical and lateral placement of the thermocouples was
      determined by experimentation and visual observation of the flow pattern
      of the burning gases. Thermocouple leads were connected through a rotary
      switch to a Techniques Associates Pyrotemp Model 9-B pyrometer from which
      temperature readings were obtained manually. The backside temperatures
      were taken by placing seven ironconstantan thermocouples on the cross
      framing of the panel and with one thermocouple placed directly on the back
      surface of the composition. The following temperature readings in degrees
      Fahrenheit were taken from the panel face:
TBL  Temperature Readings, Degrees F.                                          
     Panel Face                                                                
     Minutes                                                                   
          Station No.                      Required Temp.                      
     __________________________________________________________________________
          1    2   3   4   5   6   7   8                                       
     2    250  200 164 164 204 174 115 158 --                                  
     5    490  --  --  --  --  --  --  --  1000                                
     7    760  605 334 273 630 555 300 280 1150                                
     12   1020 870 590 --  --  --  --  --  1340                                
     __________________________________________________________________________
PAR  The pressure of the gas flowing to the burners at the start of the test was
      5 pounds per square inch which was increased to 10 pounds per square inch
      after 5 minutes at which gas pressure the test was continued for the full
      duration of 12 minutes.
PAR  The temperatures at the back of the panel measured by the thermocouples as
      above described were as shown by the following table:
TBL  Temperature Readings, Degrees F.                                          
     Panel Back                                                                
     Minutes     Min.          Max.                                            
     ______________________________________                                    
     0           87            102                                             
     2           87            102                                             
     4           90            103                                             
     6           90            110                                             
     8           87            109                                             
     10          92            112                                             
     12          92            113                                             
     14          93            124                                             
     16          94            126                                             
     18          76            108                                             
     ______________________________________                                    
PAR  Further tests utilizing substantially the same equipment and test samples
      of the same character have been conducted wherein for a total elapsed time
      of 2 hours and 15 minutes the average surface temperatures taken over the
      hot side surface have been in excess of 1900.degree. F. and the
      temperature of the back face taken likewise over the distributed points as
      hereinabove indicated has been less than 180.degree. F.
PAC  EXAMPLE III
PAR  The following materials were mixed and cast into sheet form which upon
      setting provided a material of excellent fire resistance, a sulfide
      surface coating being formed upon exposure to high temperature
      environment.
TBL  ______________________________________                                    
     CaSO.sub.4.1/2 H.sub.2 O  1800 gms.                                       
     Pulverized anthracite coal                                                
                               450 gms.                                        
     (-200 mesh)                                                               
     Glass fibers (approx. 1") 39.6 gms.                                       
     Liquid phase              900 gms.                                        
     ______________________________________                                    
PAL  The liquid phase was a solution of 5 ounces of polyvinyl acetate emulsion
      in 3 quarts of water.
PAR  Other forms of carbon, such as carbon black, pulverized charcoal and finely
      divided graphite may be substituted for coal in the above formula. The
      glass fibers and polyvinyl acetate may be omitted if high strength and
      flexibility is not necessary for the particular use. Other sulfates, such
      as barium sulfate, may be substituted for part or all of the calcium
      sulfate. Other polymers may be included as solutions or dispersions in the
      liquid phase to impart the special characteristics of these polymers. It
      will be understood that emulsifiers and disperants as well as anti-foaming
      agents may be included as desired.
PAC  PARTICLE SIZE
PAR  In order to illustrate the importance of particle size of carbonaceous
      materials the following samples were prepared and tested:
TBL                   Approx. Max.                                             
                               Vol. Ratio                                      
     Sample                                                                    
         Organic Additive                                                      
                      Particle Size                                            
                               CaSO.sub.4.1/2 H.sub.2 O                        
     No.              (microns)                                                
                               to Organic                                      
     __________________________________________________________________________
     1   Ground Nut Shells                                                     
                      74       1:1                                             
     2   Ground Nut Shells                                                     
                      74       2:1                                             
     3   Phenolic Microballoons                                                
                      500      1:1                                             
     4   Phenolic Microballoons                                                
                      500      2:1                                             
     5   Ground Polyurethane                                                   
                      1000     2:1                                             
     6   Polystyrene beads                                                     
                      7000     2:1                                             
          (expanded)                                                           
     7   Polystyrene beads                                                     
                      2000     2:1                                             
          (expanded)                                                           
     8   None         --       --                                              
     __________________________________________________________________________
PAR  These materials were mixed with water and cast into 3 .times. 3 .times. 1
      inch test samples. After the samples had set they were subjected to a
      flame provided by an oxy-acetylene torch. The tip of the torch was
      approximately 5 inches from the sample surface and the torch was adjusted
      to provide a slight excess of oxygen. The condition and brightness of the
      surface of the material during the test was recorded photographically.
      Sample 8, which contained no carbonaceous additive, was taken as the
      control sample.
PAR  The samples containing the larger size particles exhibited severe surface
      erosion when exposed to the flame. The surface brightness of the control
      sample 8 was given a value of 1 and the relative brightness of the surface
      of the other samples was measured against this control value. Samples 1
      and 2 had a relative surface brightness of about 32 and 64, respectively,
      representing a high surface reflectivity due to the formation of a uniform
      sulfide and/or oxide coating on the surface. Sample 5 showed substantially
      no increase in surface brightness over the control and samples 6 and 7 had
      a relative surface brightness of about 2. The relative surface brightness
      of samples 3 and 4 was intermediate between that of samples 6 and 7 and
      sample 1. On the basis of these tests I conclude that the maximum average
      particle size of carbonaceous material which will provide beneficial
      results pursuant to the present invention is about 500 microns. Samples
      1-4 are representative examples within the scope of the invention. Samples
      5 through 7 do not constitute representative examples of the invention.
      The materials of these samples may be usefully employed where the average
      particle sizes are reduced to no greater than about 500 microns.
PAR  Having fully described my invention it is to be understood that my
      invention is not limited to the details herein set forth but is of the
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of forming a heat barrier which includes applying to a
      surface of a shaped intimate admixture of alkaline earth sulfate and
      thermosetting plastic of reduced particle size, a heat source to produce
      an adherent alkaline earth sulfide layer upon said surface to thereby form
      a a heat barrier coating resistant to the penetration of thermal energy
      into the body of said admixture, and using said admixture as a heat
      barrier material.
NUM  2.
PAR  2. The method as defined in claim 1 wherein the layer is formed by
      reduction of alkaline earth sulfate by reaction with carbon produced by
      the decomposition of the thermosetting plastic to produce alkaline earth
      sulfide and carbon dioxide.
NUM  3.
PAR  3. The method as defined in claim 1 wherein the alkaline earth sulfate is
      selected from the class consisting of beryllium sulfate, magnesium
      sulfate, calcium sulfate, strontium sulfate, barium sulfate, radium
      sulfate and mixtures thereof.
NUM  4.
PAR  4. The method as defined in claim 1 wherein the thermosetting plastic is
      selected from the class consisting of phenolic resins, urea formaldehydes,
      melamine formaldehydes, and which decompose upon the application of heat
      thereto to provide available carbon.
NUM  5.
PAR  5. The method for forming a heat barrier including the steps of
PA1  a. holding a thermosetting plastic of reduced particle size in intimate
      contact within a shaped matrix of alkaline earth sulfate hydrate,
PA1  b. heating the surface of the composition so formed with a reducing flame
      to an elevated temperature at which the thermosetting plastic decomposes,
PA1  c. reacting the carbon produced by the decomposition of the thermosetting
      plastic at said surface with the sulfate to reduce the sulfate at said
      surface to a sulfide, and to form an adherent heat barrier coating upon
      said surface, and
PA1  d. using said composition as a heat barrier.
NUM  6.
PAR  6. The method as defined in claim 5 herein wherein the alkaline earth
      sulfide formed upon the surface of the composition is formed as a
      relatively thin coating which acts to disperse heat from said composition
      and forms a barrier to the transmission of heat into said composition.
NUM  7.
PAR  7. The method as defined in claim 5 herein wherein the sulfate hydrate
      employed is derived from the class of beryllium sulfate, magnesium
      sulfate, calcium sulfate, radium sulfate and mixtures thereof.
NUM  8.
PAR  8. The method as defined in claim 5 herein wherein the thermosetting
      plastic used is selected from the class consisting of thermosetting
      plastics including phenolic resin, urea formaldehydes, and melamine
      formaldehydes which decompose at elevated temperatures producing carbon
      which is reactive with the sulfate to reduce the same to the sulfides at
      elevated temperatures.
NUM  9.
PAR  9. The method of forming a heat barrier which comprises
PA1  a. bonding in intimate contact an alkaline earth sulfate with thermosetting
      plastic of reduced particle size to form a shaped article,
PA1  b. applying to the surface of said shaped article a high temperature
      reducing flame to produce thereon an alkaline earth sulfide coating
      resistant to the transmission of thermal energy, and
PA1  c. using said article as a heat barrier.
NUM  10.
PAR  10. The method as defined in claim 9
PA1  a. wherein the alkaline earth sulfate is calcium sulfate and the
      thermosetting plastic is a heat decomposable phenolic plastic.
NUM  11.
PAR  11. The method as defined in claim 9
PA1  a. wherein the alkaline earth sulfate and thermosetting plastic are bonded
      together by the addition of water.
NUM  12.
PAR  12. The method of forming a heat barrier which comprises
PA1  a. mixing an alkaline earth sulfate with carbonaceous material comprising a
      carbon-containing material which will coke or char under the influence of
      heat to provide available carbon and having a maximum average particle
      size below about 500 microns,
PA1  b. forming the resulting mixture into a shaped material,
PA1  c. applying to the surface of the shaped material a high temperature
      atmosphere to produce thereon a coating of alkaline earth sulfide
      resistant to the transmission of thermal energy and
PA1  d. using said shaped material as a heat barrier.
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ABST
PAL  An elongated continuous porous sheet of fibrous carbon, such as paper of
      matted graphite fibers, woven graphite cloth or carbonized filter paper is
      longitudinally traversed through a reduced pressure heating zone (5 mm. of
      Hg.) in which hydrocarbon gas is perpendicularly directed at relatively
      high velocities through restricted flow passages at the sheet, which is
      heated to a temperature of about 2200.degree.C. The sheets are traversed
      at a speed of about 60 to 3600 feet per hour at a temperature of about
      2000.degree. to 2400.degree.C at a pressure of from about 4 to 20 mm. Hg.
      A hydrocarbon gas, at a flow rate of from about 5 to 20 c.f.m. effectively
      infiltrates the carbon sheet material and increases the sheet density by
      at least 20 grams per square meter. The velocity of the carbon depositing
      flow stream is maintained at from about 20 to 200 ft. per minute (STP).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Sheets of carbon infiltrated with pyrolytic graphite are very useful as
      electrodes in fuel cells. These infiltrated sheets have heretofore been
      individually infiltrated in batches. An object of this invention is to
      provide an effective method and apparatus for making continuous vapor
      deposits of pyrolytic graphite on porous carbon sheets of fibrous
      material.
PAC  SUMMARY
PAR  In accordance with this invention, an elongated sheet of porous fibrous
      carbon is infiltrated with pyrolytic graphite by longitudinally traversing
      it through a treating zone where it is heated to a relatively high
      temperature capable of depositing pyrolytic graphite from a hydrocarbon
      gas. The treating zone is maintained at a subatmospheric pressure, and a
      flow of hydrocarbon gas is impinged on the sheet at a relatively high
      velocity through a number of substantially narrow flow streams. This
      deposits pyrolytic graphite on the sheet without obstructing the flow of
      streams. Advantageous deposits are obtained by traversing the sheets at
      speeds ranging from about 60-3600 ft. per hour through a heating zone
      maintained at a temperature of from about 2000.degree.-2400.degree.C and
      at a subatmospheric pressure ranging from about 3-20 mm. of Hg.
PAR  Clogging of the carbon depositing flow streams is avoided by maintaining
      their velocity at speeds ranging from about 20 to 200 (STP) ft. per min.
      The elongated sheet can be divided up into smaller sheets after passage
      through the treating zone. The required subatmospheric pressure in the
      treating zone is facilitated by maintaining auxiliary zones on both sides
      of the treating zone at subatmospheric pressures ranging from about 5-760
      mm. of Hg. and most effectively by the use of tandem subatmospheric
      auxiliary zones having outer tandem zones ranging from about 760-70 mm. of
      Hg. and inner tandem auxiliary zones ranging from about 70-5 mm. of Hg.
PAR  A highly effective apparatus for the continuous vapor deposition of
      pyrolytic graphite on porous fibrous sheets of carbon material includes a
      subatmospheric chamber within which the elongated sheet is longitudinally
      traversed in a narrow slot between a pair of elongated guide plates. A
      number of flow passages through the guide plates intersect the slot to
      impinge a relatively high velocity flow of hydrocarbon gas on the sheet
      passing through it. The lower plate and indirectly the sheet are heated to
      the deposition temperature by passing an electrical current through the
      lower plate. The flow of gas through the many narrow flow passages in the
      guide plates cools them and concentrates the deposition of pyrolytic
      graphite on the heated sheets. This prevents the flow passages from being
      clogged with deposited graphite. The treating chamber is maintained at a
      subatmospheric pressure from about 3-20 mm. of Hg. and tandem pairs of
      subatmospheric antechambers may be disposed on both ends of the
      subatmospheric chamber to help maintain the subatmospheric pressure in it.
      A cutter may be disposed at the end of the apparatus to cut the elongated
      sheet into a number of individual sheets. A slot about 40 mils thick can
      suitably accommodate a pair of 13 mil. thick sheets. The guide plates may
      effectively be provided by ported blocks of polycrystalline graphite with
      which entrance and exit tubes may be aligned.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Novel features and advantages of the present invention will become apparent
      to one skilled in the art from a reading of the following description in
      conjunction with the accompanying drawings wherein similar reference
      characters refer to similar parts and in which:
PAR  FIG. 1 is a diagrammatic view in elevation of a continuous carbon vapor
      depositing apparatus which is one embodiment of this invention;
PAR  FIG. 2 is a diagrammatic view in elevation showing the manner in which
      pyrolytic graphite deposits on a fiber during the operation of this
      invention;
PAR  FIG. 3 is a top plan view of a continuous carbon vapor depositing apparatus
      and auxiliary equipment;
PAR  FIG. 4 is a front view in elevation of the apparatus and equipment shown in
      FIG. 3;
PAR  FIG. 5 is a cross-sectional view taken through FIG. 4 along the line 5--5;
PAR  FIG. 6 is a cross-sectional view taken through FIG. 3 along the line 6--6;
PAR  FIG. 7 is a top plan view of the guide plates used in the apparatus shown
      in FIGS. 5 and 6;
PAR  FIG. 8 is an end view of the guide plates shown in FIG. 7;
PAR  FIG. 9 is a cross-sectional view taken through FIG. 7 along the line 9--9;
PAR  FIG. 10 is a top plan view of parts inside the subatmospheric chamber of
      the apparatus shown in FIGS. 5 and 6;
PAR  FIG. 11 is a cross-sectional view taken through FIG. 10 along the line
      11--11; and
PAR  FIG. 12 is a cross-sectional view taken through FIG. 11 along the line
      12--12.
DETD
PAR  In FIG. 1 is shown a continuous carbon vapor depositing apparatus 10 for
      infiltrating an elongated sheet 12 of porous fibrous carbon with pyrolytic
      graphite. Pyrolytic graphite is anisotropic graphite, which is deposited
      at high temperatures from a hydrocarbon gas. The basal planes are randomly
      stacked, which causes a marked directional difference in physical, thermal
      and electrical properties. A principal anisotropic property is thermal
      conductivity in the planar direction similar to copper, whereas, it is an
      execllent insulator similar to a phenolic plastic in the direction through
      the thickness.
PAR  Sheet 12 supplied between feed rolls 14 is for example a carbon or graphite
      material, such as; a paper of matted graphite fibers; a woven graphite
      cloth or carbonized cellulosic paper. After the porous fibrous carbon
      material is infiltrated with pyrolytic graphite in apparatus 10, it is
      extremely well adapted for use as an electrode in a fuel cell, such as
      oxygen-hydrogen fuel cell like those used in stationary fuel cells.
PAR  Sheet 12 is, for example, a pair of continuous elongated sheets of porous
      fibrous graphite, each about 13 mils thick. Sheet 12 also may be a single
      thickness about 26 mils thick and about 8 to 13 inches wide. The ultimate
      infiltrated material will have an electrical resistivity of less than 0.02
      ohm-cm, porosity of 60-80% and a mean pore diameter of about 60 microns.
PAR  Sheet 12 is infiltrated in a treating zone 16 within subatmospheric
      pressure chamber 18, which is maintained by drawing a vacuum through
      vacuum service equipment 58 (later described). A pair of tandem vacuum
      plenums or antechambers 22 and 24 on both ends of chamber 18 help maintain
      the subatmospheric pressure in the chamber as the sheet is continuously
      fed into and out of it through entrance throat 26 and exit throat 28.
      Safety seals 20 are supplied with an inert gas, such a nitrogen, in an
      emergency, if the seal on the system should be lost, to prevent air from
      rushing into the hot zone.
PAR  Main subatmospheric chamber 18 is maintained about from 3-70 mm. of Hg. and
      outer auxiliary vacuum plenums or antechambers 22 are maintained at a
      subatmospheric pressure ranging from about 760-70 mm. of Hg. Inner vacuum
      plenums or antechambers 24 are maintained at about 70-3 mm. of Hg. The
      subatmospheric pressure reduces hydrocarbon molecular collisions and
      minimizes sooting.
PAR  Hydrocarbon gas is supplied in the direction of arrows 30 to chamber 18
      through supply tubes 32 leading to distributing chambers 34 connected
      above upper perforated guide plate 36 (later described). The hydrocarbon
      gas is for example comprised of acetylene, natural gas, methane, or the
      like supplied at a rate of about 4-100 C.F.M. and preferably at about 40
      c.f.m. The supplied gas can also include diluents such as hydrogen,
      nitrogen, ammonia, argon, etc., and mixtures thereof.
PAR  Guide plate 36 helps form a guide slot 38 for longitudinal traversal by
      sheet 12 in conjunction with lower perforated guide plate 40 (also later
      described). Lower guide plate 40 is heated by current from electrical
      power cables 88 connected and supplied through transformer 44 to provide
      heat to slot 38 and sheet 12 passing through it. Chamber 18 is accordingly
      maintained at a pyrolytic graphite depositing temperature of from about
      2000.degree.-2400.degree.C perferably at about 2200.degree.C.
PAR  After passage through chamber 18 and auxiliary vacuum plenums 24 and 22,
      sheet 12 is divided into a number of separate sheets 12A by cutter 46
      operated by a suitable prime mover 48.
PAR  FIG. 2 illustrates the manner in which pyrolytic carbon deposits 50 are
      made on a fiber 52 within sheet material 12 when hydrocarbon gas impinges
      upon it in the direction of arrow 54, which designates the direction of
      flow of gas. It is believed that the distortion of carbon deposit is
      caused by the presence of eddy currents simulated by curved arrow 56 in
      back of fiber 52, which creates a low pressure area in back of fiber 52 in
      which the carbon deposits predominate. The downstream distortion of carbon
      deposit 50 does not interfere with the operation of sheets 12A as suitable
      fuel cell electrodes.
PAR  FIGS. 3 and 4 show a suitable arrangement of auxilary apparatus 11,
      including vacuum equipment 58 which includes main vacuum pumps 60
      connected to chamber 18 through valve manifold 59, filter 61 and main
      conduit 62. Two booster vacuum pumps 64 also included. Booster vacuum
      pumps 64 are each connected to inner tandem vacuum chambers 24 by conduits
      68. Outer tandem vacuum plenums 22 are connected to condenser 70 through
      conduit 72. Condenser 70 condenses the exhaust of the steam evactor 71 in
      the vacuum system and removes it from the system.
PAR  FIGS. 5 and 6 show additional details of chamber 18 and included equipment.
      Entrance and exit throats 26 and 28 are formed by a spaced pair of steel
      plates joined at their sides to form the out portions of guide slot 38
      through which sheet 12 is traversed. The subatmospheric pressures in
      auxiliary subatmospheric antechambers or plenums 22 and 24 are read on
      gauges 74 connected to them. Guide throats 26 and 28 also extend within
      chamber 18 close up to the treating portion of guide slot 38 formed
      between upper guide plate 36 and lower guide plate 40. Plates 36 and 40
      are made, for example, of polycrystalline graphite, which is temperature
      resistant and capable of acting as an electrical resistance element for
      heating slot 38 and sheet 12 within it. Electrical current is conducted to
      the portion of lower plate 40 disposed over lower bridge 80 through hollow
      contact rods 79, which are forcefully pressed against accurate recesses 78
      in the ends of lower bridge 80. Rods 79 are forced against recesses 78 by
      support rods 76, which are inserted through brackets 81, which are
      insulated from the bottom of the outer section of lower plate 40 by a
      sheet of insulating material 83, such as a phenolic plastic. Spring 84
      reacts between the end of support rod 76 and hollow spring retainer 86,
      which is also mounted below outer section of lower plate 40 and insulated
      from it by a sheet of phenolic material 83. As shown in FIG. 4, electrical
      current supplied through cables 42 and electrical conduits 88 is connected
      to the aforementioned electrical heating assembly by the connection of
      electrical conduits 88 to support rods 76 by direct or indirect
      connections. Support rod 76 and contact rod 79 are made of water-cooled
      copper tubing. The structure which forms slot 38 can also be heated by any
      other suitable heating means, such as electrical induction heating.
PAR  FIGS. 7-9 show flow ports 90 through upper guide plate 36 and lower guide
      plate 40 for directing the flow of hydrocarbon gas against sheet 12
      passing within slot 38 between plates 36 aand 40. Ports 90 are, for
      example, about 1/2inch in diameter. In the illustrated apparatus plates 36
      and 40 are about 6 ft. long and approximately 378 ports are provided
      through them. Plates 36 and 40 are about 11/2 ft. wide and slot 38 is
      about 40 mils. thick or deep and about 141/2 inches wide to accommodate
      sheets up to about 13 inches wide.
PAR  FIGS. 10-12 show additional internal details within chamber 18 including
      distributing chambers 34 whose walls are made of polycrystalline graphite.
      Four distributing chambers 34 are provided. Within each of chambers 34 are
      provided channeled blocks 92 including flow passages 96 corresponding to
      each of ports 90 and aligned therewith. Flow passages 96 form relatively
      narrow or substantially restricted flow passages for directing hydrocarbon
      gas into and out of contact with sheet 12. A flow of hydrocarbon gas at a
      rate from about 5-20 cfm. to the overall apparatus provides relatively
      high velocities of flow within flow passages 96 and ports 90 aligned
      therewith of from about 20 to 200 (STP) ft. per minute. This relatively
      high velocity through passages 96 and ports 90 substantially cools the
      walls of the passages, which are also made of polycrystalline graphite, to
      prevent the graphite from depositing out on the walls of flow passages 96
      and clogging them before the gas impinges on sheet 12. A similar block 94
      is disposed under lower guide plate 40 in alignment with upper channeled
      block 92 with its passageways 96 in alignment with upper passageways
      having the same reference number. Lower channeled manifold 94 directs the
      gas away from sheet 12 after it has impinged upon it and deposits
      pyrolytic carbon on fibers 52 of sheet 12. As previously described, the
      exhausted and carbon-depleted gas is removed through the vacuum system.
      Auxiliary insulating blocks 98 are provided around chamber 18 to complete
      its structure. Through bolts 100 help connect the parts of chamber 18
      together.
PAR  The rate and amount of the pyrolytic graphite deposit are controlled by:
      temperature of the sheet, velocity of the hydrocarbon gas, concentration
      of hydrocarbon in the gas and pressure of the gas. The gas is delivered
      through the tubes fast enough to prevent it from depositing on the walls
      of the tube, and the graphite deposits upon the hot porous fibrous sheet
      12. The high velocity through the tubes unexpectedly prevents clogging
      them up by deposits of graphite and the impingement of the gas on the
      solid portions of the porous mat forms turbulent zones in back of the
      fibers in which the carbon deposits relatively quickly. Graphite deposits
      are, therefore, built up on the back sides of the carbon filaments,
      whereas the tubes do not collect appreciable amounts of carbon. This might
      be helped by the cooling effect of the rapidly flowing hydrocarbon gas.
      The high vacuum in chamber 18 prevents sooting caused by collisions of
      hydrocarbon molecules. Sooting can also be prevented by diluting the
      hydrocarbon gas with a gas like argon, hydrogen, ammonia, nitrogen or
      mixtures thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of infiltrating a sheet of porous fibrous carbon with pyrolytic
      graphite comprising the steps of traversing an elongated sheet of porous
      fibrous carbon in a longitudinal path of travel, drawing a subatmospheric
      pressure in a treating zone in said path to reduce sooting, heating the
      sheet in the treating zone to a pyrolytic carbon-deposition temperature,
      impinging relatively narrow flow streams of hydrocarbon gas upon the
      heated sheet in the treating zone through a number of substantially
      restricted flow channels directed at the sheet to cause the gas to flow at
      a velocity of from about 20 to about 200 (STP) feet per minute whereby a
      deposit of pyrolytic graphite is infiltrated on the sheet without
      substantially obstructing the flow channels.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein the sheet is traversed at a
      speed of from about 60 to 3600 feet per hour.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein the subatmospheric pressure
      ranges from about 3 to 20 mm. of Hg.
NUM  4.
PAR  4. A method as set forth in claim 1 wherein the deposition temperature
      ranges from about 2000.degree. to 2400.degree.C.
NUM  5.
PAR  5. A method as set forth in claim 1 wherein the deposition temperature is
      about 2200.degree.C.
NUM  6.
PAR  6. A method as set forth in claim 1 wherein a density of deposit from about
      10 to 30 grams of pyrolytic carbon per square mater is infiltrated on the
      sheet.
NUM  7.
PAR  7. A method as set forth in claim 1, wherein the elongated sheet is cut up
      into smaller sheets after passing through the treating zone.
NUM  8.
PAR  8. A method as set forth in claim 1, wherein the sheet of porous fibrous
      carbon is treated while it is passed through a slot between a pair of
      blocks of polycrystalline carbon and an electrical current is passed
      through one of the blocks to heat it and the porous sheet of fibrous
      carbon.
NUM  9.
PAR  9. A method as set forth in claim 1 wherein the subatmospheric pressure in
      the zone is approximately 4 to 8 mm. of Hg.
NUM  10.
PAR  10. A method as set forth in claim 1 wherein auxiliary subatmospheric zones
      are disposed on both ends of the treating zone, and a subatmospheric
      pressure of from about 760-5 mm. of Hg. is maintained in the auxiliary
      zones.
NUM  11.
PAR  11. A method as set forth in claim 10 wherein each of the auxiliary zones
      are comprised of a pair of tandem auxiliary zones, the outer of the tandem
      auxiliary zones being maintained at a subatmospheric pressure of from
      about 760-70 mm. of Hg., and the inner of the tandem auxiliary zones being
      maintained at a subatmospheric pressure of from about 70-5 mm. of Hg.
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ABST
PAL  A purifying agent consisting of an activated siliceous porous mineral
      substance and used for processing industrial waste water is prepared by
      impregnating a siliceous porous mineral substance containing a water
      insoluble metal oxide such as diatomaceous earth and foamed perlite with
      hydrochloric acid, sulfuric acid or a mixture thereof, and then baking the
      impregnated mineral substance at a temperature of from 100.degree.C to
      500.degree.C thereby converting at least a portion of the water insoluble
      metal oxide into a water soluble metal salt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of preparing a purifying agent for
      efficiently purifying pulp waste water, waste water from dyeing factories
      and other industrial waste waters by activating highly siliceous porous
      mineral substances such as diatomaceous earth or foamed perlite by baking
      it at a temperature of from 100.degree. to 500.degree.C, preferably from
      250.degree. to 350.degree.C, thereby imparting to the substances the
      properties of coagulation and decolorization in addition to their inherent
      properties of dehydration and filtering.
PAR  Similar to waste gas, industrial waste water is a source of serious public
      hazard and conventional methods of processing industrial waste water
      include chemical biological methods and a method of utilizing active
      carbon. However, all of these prior art methods are not sufficiently
      efficient, especially they can not effectively decolorize.
PAR  Heretobefore, use of diatomaceous earth and foamed perlite has been limited
      to auxiliary filtering material or filler for processing industrial waste
      water and the method of processing diatomaceous earth and foamed perlite
      has been limited to the pickling treatment for removing clay, organic
      substances and soluble salts which are contained in these materials and to
      the baking treatment for the purpose of imparting thereto suitable
      strength and hardness which are necessary for the filtering material or
      the baking treatment at high temperatures for foaming.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an improved method of preparing a
      purifying agent having sufficient mechanical strength, hardness and
      adsorbing, coagulating and decolorizing properties so that fine particles
      contained in the water to be purified are readily coagulated into flocks
      which are easy to separate.
PAR  Another object of this invention is to provide an inexpensive active
      purifying agent which can be readily regenerated.
PAR  According to this invention these and further objects can be accomplished
      by providing a method of preparing an activated siliceous porous mineral
      purifying agent comprising the steps of impregnating a siliceous porous
      mineral substance containing a water insoluble metal oxide with
      hydrochloric acid, sulfuric acid or a mixture thereof and then baking the
      impregnated mineral substance at a temperature of from 100.degree.C to
      500.degree.C thereby converting at least a portion of the water insoluble
      metal oxide into a water soluble metal salt.
PAR  The siliceous porous mineral substance utilized in this invention includes
      diatomaceous earth and foamed perlite which contain Al.sub.2 O.sub.3 and
      Fe.sub.2 O.sub.3.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention can be more fully understood from the following detailed
      description taken in conjunction with the accompanying drawing in which:
PAR  FIG. 1 is a graph showing the relationship between the quantity of iron in
      diatomaceous earth converted into a water soluble compound, and the
      quantity of sulfuric acid incorporated at various baking temperatures; and
PAR  FIG. 2 is a similar graph showing the relationship between the quantity of
      aluminum, contained in diatomaceous earth and foamed perlite respectively,
      converted into a water soluble compound and the quantity of sulfuric acid
      incorporated at various baking temperatures.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to this invention diatomaceous earth or foamed perlite is
      impregnated with sulfuric acid or hydrochloric acid and is then baked to
      convert into a water soluble sulfate or chloride the water insoluble
      oxides of metals such as Al.sub.2 O.sub.3 and Fe.sub.2 O.sub.3 which are
      contained in the diatomaceous earth or foamed perlite to impart it
      coagulating and dicolorizing capabilities.
PAR  The first step of said activating treatment comprises impregnation of the
      diatomaceous earth or foamed perlite with a mineral acid such as sulfuric
      acid or hydrochloric acid or a mixture thereof. The quantity of the acid
      used is determined by the quantity of metals such as aluminum and iron
      which are to be converted into water soluble compounds. Since the quantity
      of such water soluble compounds of aluminum and iron is determined in
      accordance with the degree of purification desired, this quantity
      determines the quantity of the acid to be incorporated. However, at this
      stage, as it is necessary to uniformly impregnate the diatomaceous earth
      or foamed perlite with the acid it is necessary to soak the diatomaceous
      earth or foamed perlite in the acid suitably diluted with water of a
      sufficient quantity of water not to cause waste of time and fuel in the
      next succeeding baking step. Further, it is not necessary to convert all
      of the metal oxides into water soluble compounds by a single baking step
      but where a suitable quantity of the acid is selected the baking step may
      be performed several times. For this reason, it is rather advantageous
      that the diatomaceous earth or the foamed perlite utilized in this
      invention contains a substantial quantity of metal oxides such as Al.sub.2
      O.sub.3 and Fe.sub.2 O.sub.3.
PAR  The second step of this invention involves baking of the diatomaceous earth
      or foamed perlite which has been impregnated with the acid. The baking
      temperature must be a temperature at which the metal oxides in the raw
      material are converted into water soluble salts of inorganic acids, such
      as sulfates or chlorides, and the resulting salts of the inorganic acid
      will not be reconverted into water insoluble oxides that is a temperature
      below the decomposition temperatures of said salts. As shown in FIGS. 1
      and 2, as a result of numerous experiments we have found that the range of
      the suitable baking temperature lies between 100.degree.C and
      500.degree.C, preferably between 250.degree.C and 350.degree.C. In these
      figures, the ordinate shows the concentrations of water soluble aluminum
      and water soluble iron which were obtained by extracting with 1 liter of
      distilled water 1 g. of the diatomaceous and foamed perlite after acid
      treatment and baking and the abscissa shows the quantity of 95% sulfuric
      acid incorporated to 1 kg of the raw material. Baking time was 10 minutes
      for respective baking temperatures. As the content of iron in perlite is
      small (see Table 2  below), it is not shown in FIG. 1. Thus the function
      of the activated perlite is caused mainly by the water soluble aluminum
      compound.
PAR  The method of activating the diatomaceous earth and the foamed perlite will
      now be described in detail with reference to some preferred examples.
PAR  The diatomaceous earth and the foamed perlite having compositions shown in
      Table 1 below were pulverized into coarse particles. 1 kg of the powders
      of the respective raw materials having a particle size smaller than 10
      mesh was sampled and dilute sulfuric acid solution obtained by diluting
      150 cc of 95% sulfuric acid with about 1 liter of water was added to
      respective powders and thoroughly mixed therewith for uniformly wetting
      the powders. 1 g. of a sample of each mixture was baked in an electric
      furnace at a temperature of about 300.degree.C for 10 minutes. Each 1 g.
      of the baked diatomaceous earth and baked foamed perlite was extracted
      with 1 liter of distilled water and the quantities of aluminum and iron
      dissolved in the water are shown in the following Table 2.
TBL                                    Table 1                                 
     __________________________________________________________________________
            Weight %                                                           
     Composi-                              Place of                            
     tion   SiO.sub.2                                                          
                 Al.sub.2 O.sub.3                                              
                      Fe.sub.2 O.sub.3                                         
                           CaO K.sub.2 O                                       
                                   Na.sub.2 O                                  
                                       Others                                  
                                           production                          
     __________________________________________________________________________
     diatomaceous                                                              
     earth  71.8 12.8 4.0  --  --  --  11.4                                    
                                           Hokuriku                            
     foamed                                                                    
     perlite                                                                   
            75.3 15.3 1.1  0.15                                                
                               3.9 3.4 0.85                                    
                                           Kyushu                              
     __________________________________________________________________________
TBL                Table 2                                                     
     ______________________________________                                    
     Water soluble component                                                   
     concentration (ppm)                                                       
                      Al       Fe       Si                                     
     ______________________________________                                    
     Raw diatomaceous                                                          
     earth            0.86     0.89     0.067                                  
     Activated diatomaceous                                                    
                      19.7     13.4     0                                      
     earth                                                                     
     Activated foamed perlite                                                  
                      20.3     3.1      0                                      
     ______________________________________                                    
PAR  The solids obtained by filtration and separation were subjected to similar
      acid treatment, baking and extraction and the resulting quantities of
      water soluble aluminum compounds and iron compounds are shown in the
      following Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Water soluble                                                             
     composition (ppm)                                                         
                      Al          Fe                                           
     ______________________________________                                    
     Retreated and reactivated                                                 
     diatomaceous earth                                                        
                      12.0        9.5                                          
     Retreated and reactivated                                                 
     foamed perlite   13.5        1.5                                          
     ______________________________________                                    
PAR  The advantages of using the activated diatomaceous earth and activated
      foamed perlite as the purifying agents for purifying industrial waste
      water will be described in detail in the following.
PAR  In the treatment of waste water containing suspended solids which are
      difficult to precipitate or filters, it is usual to use an organic or
      inorganic coagulating agent. However, the activated diatomaceous earth and
      the activated foamed perlite activated as above described contain
      inorganic coagulating agents in the form of water soluble aluminum and
      iron salts so that when these activated substances are incorporated into
      industrial waste water and admixed therewith fine particles suspending in
      the waste water are adsorbed on the surface of the activated substances
      due to their inherent adsorbing property. In addition, these adsorbed fine
      particles are coagulated by the coagulating property imparted to these
      substances in accordance with this invention. The coagulated particles
      grow into flocks which separate from the activated substance and
      precipitate. The precipitated flocks can be separated by filtration. This
      capability is one of the advantageous feature of the novel purifying agent
      for use in the purification of industrial waste water.
PAR  The condition of activation, the quantity of the water soluble salt formed
      and the inherent adsorptive property are substantially the same for
      diatomaceous earth and foamed perlite. Accordingly, the purifying power is
      also the same. For this reason, it is possible to use the activated
      diatomaceous earth and the activated foamed perlite under substantially
      the same condition. Accordingly, the following examples are shown mainly
      in terms of the activated diatomaceous earth.
PAC  EXAMPLE 1
PAR  Above described activated diatomaceous earth and activated foamed perlite
      were used in decolorizing tests for 1 liter of an aqueous solution
      containing 250 ppm of a dispersed dye (Resoline Blue BR, a trade name of
      Bayer Co.). The result of the tests are shown in the following Tables 4
      and 5. Table 4 shows the result of using the purifying agents shown in
      Table 2 whereas Table 5 shows the result of using the purifying agents
      shown in Table 3.
TBL                Table 4                                                     
     ______________________________________                                    
     quantity                                                                  
     of puri-                                                                  
             percentage of decolorization (%)                                  
     fying   raw diatioma-                                                     
                        activated diato-                                       
                                     activated foamed                          
     agent(g/l)                                                                
             ceous earth                                                       
                        maceous earth                                          
                                     perlite                                   
     ______________________________________                                    
     0.5     --         85           80                                        
     1.0     --         100          100                                       
     1.5     --         --           --                                        
     2.0     --         --           --                                        
     5       56         --           --                                        
     8       85         --           --                                        
     10      100        ----                                                   
     ______________________________________                                    
TBL                Table 5                                                     
     ______________________________________                                    
     quantity                                                                  
     of puri-                                                                  
             percentage of decolorization (%)                                  
     fying   raw diatoma-                                                      
                        activated diato-                                       
                                     activated foamed                          
     agent(g/l)                                                                
             ceous earth                                                       
                        maceous earth                                          
                                     perlite                                   
     ______________________________________                                    
     0.5     --         70           65                                        
     1.0     --         90           88                                        
     1.5     --         98           96                                        
     2.0     --         100          100                                       
     5       56         --           --                                        
     8       85         --           --                                        
     10      100        --           --                                        
     ______________________________________                                    
PAR  The chemical oxygen demand (COD) of the purified water when it was
      decolorized 100% was about 10.
PAC  EXAMPLE 2
PAR  The activated diatomaceous earth described above was used in the
      decolorizing and filtering tests of an aqueous solution containing 250 ppm
      of a basic dye (Cathion Red 4 GH-Trademark) and the result is shown in the
      following Table 6.
TBL                Table 6                                                     
     ______________________________________                                    
     purifying (decolor-                                                       
                  quantity used                                                
                              percentage of                                    
                                          COD                                  
     izing) agent (g/l)       decolorization                                   
                                          (ppm)                                
     ______________________________________                                    
     raw diatomaceous                                                          
     earth        10          100         10                                   
     activated diato-                                                          
     maceous earth                                                             
                   2          100         15                                   
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  The novel purifying agent was used in the test of adsorbing and filtering a
      surfactant. The liquid treated contained an anion surfactant
      (alkylbenzenesulphonate) at a concentration of 1,000 ppm and its COD was
      192 ppm. After purification, the liquid was filtered with a filter paper.
      The results of test are shown in the following Table 7.
TBL                Table 7                                                     
     ______________________________________                                    
                          quantity of sur-                                     
     purifying (ad-                                                            
                quantity  factant in the                                       
     sorbing) agent                                                            
                used      liquid treated                                       
                                        COD                                    
                (g/l)     (ppm)         (ppm)                                  
     ______________________________________                                    
     raw diatomaceous                                                          
     earth      10        52            12                                     
     activated diato-                                                          
     maceous earth                                                             
                 1        42             8                                     
     ______________________________________                                    
PAR  Tables 6 and 7 show that the activated diatomaceous earth of this invention
      is also effective to remove ionic substances such as an anionic surfactant
      as well as a basic dye.
PAC  EXAMPLE 4
PAR  The activated diatomaceous earth was used in the field test of industrial
      water containing a dispersed dye, a surfactant, inorganic salts (Na.sub.2
      CO.sub.3, Na.sub.2 SO.sub.4.1OH.sub.2 O, Na.sub.2 S.sub.2 O.sub.4.2H.sub.2
      O), organic salts (CH.sub.3 COOH, CH.sub.3 COONa, etc.) and the quality of
      the water before and after purification was measured. The result is shown
      in the following Table 8. The quantity of the activated diatomaceous earth
      used as the purifying agent was 2 g/liter.
TBL                Table 8                                                     
     ______________________________________                                    
                                 transparency                                  
     color COD (ppm)  pH         (cm)     percentage                           
     of the                                                                    
           before  after  before                                               
                                after                                          
                                     before                                    
                                           after                               
                                                of                             
     sample                                                                    
           treat-  treat- treat-                                               
                                treat-                                         
                                     treat-                                    
                                           treat-                              
                                                decolori-                      
           ment    ment   ment  ment ment  ment zation(%)                      
     ______________________________________                                    
     pale                                  more                                
     brown 261     31.4   10    7    11.5  than 100                            
                                           30                                  
     dark                                  more                                
     blue  158     30.9    9    7    10.0  than 100                            
                                           30                                  
     ______________________________________                                    
PAR  As can be noted from this table when the novel activated diatomaceous earth
      is used as a purifying agent of industrial waste water, 100%
      decolorization is possible and the COD is reduced to about 30 ppm which
      shows that the purification efficiency is extremely high.
PAC  EXAMPLE 5
PAR  The decolorization capability of regenerated diatomaceous earth obtained by
      drying and baking a cake like substance obtained by the purification
      treatment was tested and the result thereof is shown in the following
      Table 9.
TBL                Table 9                                                     
     ______________________________________                                    
     purifying (decolori-                                                      
                  quantity used                                                
                              percentage                                       
     zation) agent                                                             
                  (g/l)       of decolor-                                      
                                         COD                                   
                              ization (%)                                      
                                         (ppm)                                 
     ______________________________________                                    
     regenerated diato-                                                        
     maceous earth                                                             
                  3           100        20                                    
     ______________________________________                                    
PAR  As above described, this invention provides activated diatomaceous earth
      and activated foamed perlite which are effective purifying agents for
      processing industrial waste water. With these purifying agents, the waste
      substances contained in the processed water coagulate on the nuclei
      comprising the activated diatomaceous earth or the activated foamed
      perlite which are solid having suitable mechanical strength and hardness
      so that the coagulated substances rapidly precipitate and can be readily
      separated. Moreover such coagulated substances do not clog the filter thus
      facilitating the filtering operation. The activated diatomaceous earth and
      the activated foamed perlite may be used singly or concurrently with
      similar advantages.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of preparing activated siliceous porous mineral substances so as
      to increase the ability thereof to purify waste waters and the like, which
      consists essentially of impregnating an adsorptive siliceous porous
      mineral substance containing water insoluble SiO.sub.2 and a water
      insoluble metal oxide and being selected from the group consisting of
      diatomaceous earth and foamed perlite with at least one mineral acid
      selected from the group consisting of hydrochloric acid and sulphuric acid
      in an amount sufficient to convert a predetermined quantity of said
      insoluble metal oxide to the corresponding water soluble salt, baking the
      thus impregnated porous mineral substance at a temperature of from
      100.degree. C to 500.degree.C for a time sufficient to convert said
      predetermined quantity of said water insoluble metal oxide into the
      corresponding water soluble salt which remains within the porous structure
      of said porous mineral substance and there acts as coagulant for
      impurities in waste water and the like to increase the purifying action of
      said adsorptive siliceous porous mineral substance while said SiO.sub.2
      remains in its water insoluble adsorbent form, and retaining said water
      soluble metal salt in said porous structure of said activated siliceous
      porous mineral substance until the same is used for the purification of
      waste waters and the like.
NUM  2.
PAR  2. The activated siliceous porous mineral substance produced by the method
      of claim 1.
NUM  3.
PAR  3. The method according to claim 1 wherein said water insoluble metal oxide
      is selected from the group consisting of Al.sub.2 O.sub.3 and Fe.sub.2
      O.sub.3.
NUM  4.
PAR  4. The method according to claim 1 wherein said baking is performed at a
      temperature of from 250.degree.C to 350.degree.C.
NUM  5.
PAR  5. Method according to claim 1 wherein said porous mineral substance
      contains both Al.sub.2 O.sub.3 and Fe.sub.2 O.sub.3 as metal oxides.
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PAL  A fire-resistant, water- and oil-repellent nonwoven fabric is prepared
      using a fire-retardant, surfactant-free adhesive/binder containing halogen
      and/or phosphorus additive, followed by treatment with a fluorochemical
      repellent agent.
BSUM
PAR  This invention relates to an improved method of producing a fire-resistant,
      water-and oil-repellent nonwoven fabric. More particularly, this invention
      concerns a two-step process in which a nonwoven substrate is first
      prepared from conventional fibers using a fire-resistant, surfactant-free
      adhesive/binder, followed by treatment of the nonwoven substrate with a
      limited amount of fluorochemical oil-and water-repellent agent.
PAR  Nonwoven fabrics are broadly defined as a textile structure consisting of a
      web or mat of fibers held together with a binding material (adhesive).
      Natural or synthetic fibers and blends thereof may be used, including
      cotton, rayon, cellulose acetate and triacetate, nylon, acrylic,
      polyester, paper, wood pulp fibers and the like. Conventional techniques
      for preparing nonwoven fabrics are well known and described in the
      literature, for example, "Chemicals for Nonwoven Fabrics,"  J. Taylor,
      American Dyestuff Reporter, Mar. 9, 1959, and "The New Trend in Fiber
      Processing Technology,"  A. J. Bobkowicz, Soil and Crop Science Society of
      Florida, v. 21, pages 148-170 (1961); R. Krema, "Nonwoven Textiles,"
      Textile Trade Press, Manchester, England (1962); M. McDonald, "Nonwoven
      Fabrics Technology,"  Noyes Data Corp., Park Ridge, N.J. (1971); and U.S.
      Pat. Nos. 3,126,297; 3,316,122; 3,658,579 and 3,310,459.
PAR  A major use of nonwoven fabrics now being produced commercially is as
      disposable surgical caps, gowns, pads, drapes and the like for hospital
      use. Such articles are normally made repellent not only to protect the
      wearer, but also to prevent the transfer of liquid borne infections from
      doctor-to-patient and patient-to-doctor. Fluorochemical repellents, even
      though more costly than the conventional hydrocarbon repellents, are
      preferred for this use because of greater durability to sterilization
      treatments and greater resistance to penetration by alcoholic and
      low-surface tension disinfectant solutions. It is generally expected
      throughout the industry that in the near future the U.S. Federal Trade
      Commission will impose flammability limits on all nonwoven fabrics sold
      for hospital use. It has been a major objective, therefore, for producers
      of such goods to develop an effective, yet economical, fire-resistant and
      repellent treatment for nonwoven fabrics.
PAR  Intent on minimizing costs, most workers in the field have concentrated
      their efforts on formulating a one-bath, combined adhesive or
      binder/fire-retardant/fluorochemical repellent treatment. This approach,
      however, has a number of major difficulties and disadvantages, including
      the following: The less expensive fire retardants are water-soluble salts
      such as ammonium sulfate, ammonium sulfamate, ammonium bromide, mono-and
      diammonium phosphate, and the like. These salts are required in relatively
      high loadings (10 to 20% on weight of dry fabric) in order to reduce
      flammability. When the resulting large amounts of such ionic salts are
      combined with repellents, especially latex or emulsion-type repellents,
      high concentrations of surfactants are often required to overcome bath
      instability. After application to the fabric, the high level of both
      surfactant and soluble fire-retardant salt tend to override repellency by
      a combined rewetting/wicking action. Use of two-bath treatments, that is,
      application of the binder/adhesive followed by a fire-retardant/repellent
      combination or application of the repellent combined with the
      binder/adhesive followed by the fire-retardant, in general has also failed
      to overcome these difficulties. These effects can only be overcome by the
      use of a larger amount of the fluorochemical repellent, making the
      treatment too costly for practical usage. Attempts have also been made to
      utilize in the one or two-bath treatment the so called "durable" textile
      fire retardants, which, due to chemical reactivity, produce a water
      insoluble treatment. On the whole, such finishes are too costly for
      products that are intended to be disposed of after one use, and most of
      these finishes also require multiple processing steps for application
      which is undesirable for low-cost products such as the nonwovens. Yet
      another process, described in a recent patent, U.S. Pat. No. 3,655,422,
      attempts to circumvent the difficulties by applying the binder, the
      fluorochemical repellent, and the fire retardant, each from separate
      baths. However, not only is a special heat-degradable surfactant required
      in the fire-retardant bath, but the multiplicity of processing steps
      greatly adds to the cost of the finished fabric.
PAR  A new method of producing a fire retardant/repellent nonwoven fabric has
      now been discovered, which not only can be carried out by conventional
      processing techniques, but which also eliminates the heretofore
      prohibitively large requirement for expensive fluorochemical repellent. In
      the practice of this invention, the nonwoven sheet is assembled using
      conventional equipment; but using fire-retardant, "surfactant-free" scrim
      adhesives in the case of a scrim-reinforced (SRM) fabric, or in the case
      of a wet-or dry-laid fabric, using fire-retardant, "surfactant-free"
      saturation binders. Then, in a second bath, the assembled nonwoven fabric
      is treated with a repellent of the fluorochemical type. The less expensive
      fire retardant additives, such as those mentioned previously, may also be
      added in minimal amounts to repellent formulations in order to bring the
      treated fabrics to a desired level of non-flammability. The same
      ingredients applied together in a single-bath process do not provide
      required economies or satisfactory performance.
PAR  Briefly stated, the process of this invention involves a two-bath method of
      preparing an oil- and water-repellent, fire-retardant, nonwoven fabric,
      embodying the steps of:
PAR  A. fabricating a nonwoven fabric of fibers bound together by about 5  to
      50%, preferably about 20 to 30%, (based on dry weight of non-woven fabric)
      of fire retardant, surfactant-free adhesive/binder solids selected from
      the class consisting of alkyl acrylate and vinyl acetate aqueous
      dispersion polymers, containing in admixture therewith from about 25% to
      110% preferably about 50 to 100% (based on the weight of said polymer) of
      halogen-and/or phosphorus-containing flame retardant agent; and drying the
      fabric, usually at a temperature of from about 195.degree. to about
      300.degree. F;
PAR  B. contacting the fabric with an aqueous bath containing in admixture a
      fluorochemical oil- and water-repellent substance, said fluorochemical
      repellent being present in sufficient amount to deposit from about 0.05 to
      0.8% by weight of repellent solids based on the dry fabric. Optionally,
      there may be in admixture within the aqueous fluorochemical-containing
      bath, and depending on the degree of fire-retardancy imparted to the
      fabric by the binder used in step (A), a water-soluble, fire-retardant
      salt, said salt being present in sufficient quantity to impart additional
      fire-retardancy to said fabric but being no greater than about 6% by
      weight of the dry fabric; and finally drying the fabric.
PAR  The adhesive/binder systems used in the first step of the process of this
      invention are aqueous polymer dispersions of vinyl acetate or of alkyl
      acrylates (e.g., lower alkyl esters of acrylic or methacrylic acid wherein
      the alkyl group has one to six carbon atoms) said polymer dispersions
      having been synthesized using dispersion stabilizers, i.e., protective
      colloids, in minimal amounts in lieu of emulsifiers. Methods for preparing
      such so-called "surfactant-free" polymer dispersions are well known; see,
      for instance, Kirk-Othmer, Encyclopedia of Chemical Technology, Second
      Edition, Vol. 21 p. 331 and Vol. 1, p. 305, John Wiley & Sons, N. Y.;
      Encyclopedia of Polymer Science and Technology, Vol. 1, pg. 204, and Vol.
      15, pg. 607, John Wiley & Sons, N.Y.; Technical Bulletin, "Vinyl Acetate,"
      Celanese Chemical Co.; and Canadian Pat. No. 676,155. Protective colloids
      operable herein may be generally classified under two types: (1) natural
      or modified-natural products, such as gum agar, gum arabic, gum
      tragacanth, water soluble starches, pectin, gelatin, alginates, and
      modified cellulosics such as carboxymethyl cellulose and hydroxycellulose;
      and (2) synthetic products such as polyvinyl alcohol, polymethacrylamide,
      polyvinylpyrollidone, sufonated polystyrene, and alkali salts of
      polymethacrylic and polyacrylic acids. The preferred stabilizers for the
      polymeric dispersions used in this invention are hydroxyethyl cellulose
      and polyvinyl alcohol. The acrylate polymer or vinyl acetate polymer may
      be made hydrophilic, thus being more easily stabilized in aqueous
      dispersions, by incorporating functional groupings such as hydroxyl,
      amines, amides, sulfonates, and carboxylates, into the basic polymer
      backbone by copolymerization of the vinyl acetate or alkyl acrylate with
      an appropriate functional monomer.
PAR  The halogen and/or phosphorus-containing flame retardant agent that is
      combined with the aforesaid binder/adhesive may be selected from a wide
      variety of known compositions, many commercially available, see Modern
      Plastics Encyclopedia, Vol. 47, No. 10A(1970-71), p. 854, McGraw-Hill, N.
      Y.; and Encyclopedia of Polymer Science and Technology, Vol. 7, p. 21,
      John Wiley & Sons, N. Y. Preferred for utilization with the present
      polyacrylate and polyvinyl acetate systems are tricresyl phosphate,
      diphenyl cresyl phosphate, tributyl phosphate, trioctyl phosphate,
      tris(2-ethylhexyl) phosphate, tris(chloroethyl) phosphate,
      tris(dichloropropyl) phosphate, tris(dibromopropyl) phosphate, and
      chlorinated paraffins. When the above-described adhesive/binder and firs
      retardant agent/plasticizer systems are employed in the construction of
      the nonwoven in the amounts previously specified, sufficient flame
      resistance is imparted to the fabric so that the requirement for
      additional water-soluble, fire retardant salts is generally less than 6%
      of the weight of the dry fabric. The adhesive/binders may make up 5-50% of
      the final weight of the nonwoven fabric, although generally 20-30% is
      preferred. The assembled nonwoven structure is dried in a conventional
      manner by heating to about 195.degree.-300.degree. F, such as by passage
      through steam-heated rolls.
PAR  The fluorochemical repellent agents which are utilized in the second step
      treatment for the assembled nonwoven fabric according to the process of
      this invention are well known compositions. Preferred repellent agents are
      aqueous latices of acrylate and methacrylate polymers and copolymers
      having long chain (e.g., C.sub.6 -C.sub.16) fluorinated alkyl side-chains
      or "tails" which impart the hydrophobic and oleophobic characteristics to
      the substrate. Representative and typical of such preferred fluorochemical
      agents are the following: U.S. Pat. No. 3,068,187 describing copolymers
      based on the monomer R.sub.f SO.sub.2 N(CH.sub.2 CH.sub.3)CH.sub.2
      CH.sub.2 OOC(CH.sub.3)C=CH.sub.2 where R.sub.f is perfluoroalkyl of at
      least four carbon atoms; U.S. Pat. No. 3,378,609 describing a polymer or
      copolymer of R.sub.f CH.sub.2 CH.sub.2 OOC(CH.sub.3)C=CH.sub.2 ; U.S.
      3,544,633 describing polymers and copolymers of R.sub.f CH.sub.2 CH.sub.2
      SOC(CH.sub.3)C=CH.sub.2, and the acrylate homologs of the foregoing
      methacrylate fluoroalkyl monomers. Other representative fluorochemical
      agents operable in the invention are described in U.S. Pat. Nos.
      3,102,103; 3,248,260; 3,256,230; 3,256,231; 3,277,039; 3,282,905;
      2,803,615; 3,385,812; 3,384,627; 3,386,977; 3,395,174; 3,428,709;
      3,457,247; 3,497,575; 3,356,628; 3,532,659; and 3,547,861. Yet other
      representative fluorochemical agents are chromium coordination complexes
      of a perfluoroalkyl carboxylic acid, wherein the perfluoroalkyl group
      (linear or branched chain) embodied therein desirably contains from about
      6 to about 18 carbon atoms, preferably 8 to 15 carbon atoms.
      Representative complexes are described in U.S. Pat. No. 3,351,643 which
      discloses chromium coordination complexes of perfluoroalkyl acids of the
      structure
      ##EQU1##
      where R.sub.f is perfluoroalkyl, R is hydrogen or alkyl having one to four
      carbon atoms and R' is alkylene having one to six carbon atoms; and U.S.
      Pat. No. 2,934,450 which describes chromium coordination complexes of
      perfluoroalkyl acids having the structure
      ##EQU2##
      where R.sub.f is the perfluoroalkyl group, R is hydrogen or alkyl having 1
      to 6 carbon atoms and R' is an alkylene group having from 1 to 12 carbon
      atoms. Other perfluoroalkyl carboxylic acids of this type which may be
      converted into chromium coordination complexes essentially in the manner
      described in the foregoing patents and used in the second step of the
      process of this invention are represented by the following (where n and m
      are integers as described in the references):
      ##EQU3##
      and the other fluoroalkyl acids described in U.S. Pat. No. 3,471,518;
      R.sub.f COOH as described in U.S. Pat. No. 3,311,566; R.sub.f
      (CH.sub.2).sub.n COOH as described in U.S. Pat. No. 2,951,051; R.sub.f
      (CH.sub.2)S(CH.sub.2).sub.n COOH as described in U.S. Pat. No. 3,172,910;
      R.sub.f O(CF.sub.2).sub.m COOH and R.sub.f O(CF.sub.2).sub.m
      (CH.sub.2).sub.n COOH as described in U.S. Pat. No. 3,453,333; R.sub.f
      O(CF(CF.sub.3)CF.sub.2 O).sub.n CF(CF.sub.3)COOH as described in U.S. Pat.
      No. 3,274,239 and U.S. Pat. No. 3,250,080; R.sub.f (CH.sub.2).sub.n
      O(CH.sub.2).sub.2 COOH and other acids described in U.S. Pat. Nos.
      3,231,604 and 3,145,222; and R.sub.f CH(OH)COOH described in U.S. Pat. No.
      3,202,706, and other like fluoroalkyl acids. Optionally, there may be
      combined with the fluorochemical repellent a less costly non-fluorinated
      repellent which acts as an extender therefor. Typical of those materials
      useful as extenders are resins prepared by reacting methylolated melamine,
      urea, guanidine and like amines or amides with organic alcohols, acids,
      amides, amines, or ketones where in at least one alkyl, alkenyl,
      cycloalkyl or alkaryl grouping consists of a chain of eight carbon atoms
      or greater. Such products are normally supplied in a form of emulsions or
      solids capable of emulsification, and may on occasion be combined with
      emulsified waxes. Products of these types are described in U.S. Pat. Nos.
      2,361,185; 2,471,346; 2,236,672; 2,783,231; 2,398,569; 2,197,357;
      2,927,090; 2,477,346; 2,313,741; 3,232,697; 3,337,362; 2,793,142;
      3,067,159; 2,693,460; 3,180,750; 3,480,579; and 3.067,159. Other useful
      extenders are of the stearamidomethyl pyridinium chloride type as
      described in U.S. Pat. Nos. 2,212,654 and 2,361,185.
PAR  Optionally in admixture with the above-described fluorochemical repellent
      in the second step treatment of the process is a water-soluble, inorganic,
      fire-retardant salt in an amount in the aqueous composition sufficient to
      provide up to about 6%, preferably 2 to 3%, of the salt retained on the
      fabric on a dry weight basis. Representative and preferred of such
      fire-retardant salts are ammonium sulfate, ammonium sulfamate, ammonium
      bromide, mono- and diammonium phosphates, borax, and boric acid salts.
      Other fire retardant salts are described in Textile World, "Update:
      Flame-Retardant Chemicals," Vol. 119, No. 10 (1969), p. 102. Following the
      second stage treatment for repellency as herein described, the nonwoven
      fabric is dried and cured at from about 220.degree. to 300.degree. F,
      using conventional nonwoven drying techniques.
PAR  The degree of fire retardancy residing in the nonwoven fabrics prepared in
      accordance with this invention may be regulated over a wide scope ranging
      from fabrics which do not ignite or support combustion to fabrics which
      have some flame resistance (i.e., reduced flammability) for safety to the
      user but can be disposed of by burning the solid material for reasons of
      sanitation. The degree of flame retardancy may be measured by the simple
      Match Test (National Fire Prevention Association, "Match Flame Test," Fire
      Tests No. 701, Sec. 60 (1966) which determines whether a fabric specimen
      held in vertical position can be ignited by a match, or by the more
      sophisticated Fire Resistance of Textile Fabrics Test (American
      Association of Textile Chemists and Colorists, Test Method 34-1969, "Fire
      Resistance of Textile Fabrics") which measures the char length produced by
      a Bunsen flame. As mentioned earlier, fabrics may also be produced in
      accordance with this invention which, although supporting combustion, show
      reduced rates of flammability. The International Nonwovens and Disposables
      Association has decreed that the conventional Flammability of Clothing
      Textile Test (American Association of Textile Chemists and Colorists, Test
      Method 33-1962, "Flammability of Clothing Textiles," or Disposable
      Association Recommended Test (DART) 50.0-71, "Flammability"), will be used
      to measure the degree of flammability of such nonwoven disposable soft
      goods. This test measures the time of burn over a length of 6 inches of a
      specimen of fabric held at a 45.degree. angle. The nonwovens industry has
      at present followed the lead from the textile industry in adapting a
      minimum burn-time of 3.5 seconds as the requirement for all disposable
      soft goods to be used in clothing applications. There have been recent
      discussions, however, between the nonwoven industry and governmental
      agencies suggesting that the flammability limits may be changed in the
      future to a minimum burn time of eight seconds on all "paper-like"
      nonwovens used as clothing.
DETD
PAR  The following examples are presented to illustrate and clarify the
      invention, and to demonstrate the unexpected advantages obtained by its
      practice in the manufacture of disposable nonwoven fabrics.
PAC  EXAMPLE 1
PAR  A commercial cotton scrim of 13 by 10 thread count was attached to a tack
      frame in such a manner as to loosely stretch the material in all
      directions. With the scrim supported by a glass plate, fire-retardant,
      "surfactant-free" adhesive (an aqueous suspension of polyvinyl acetate,
      diluted with water to 40% by weight solids, containing polyvinyl alcohol
      as suspension stabilizer, and the fire-retardants tris(2,3-dibromopropyl)
      phosphate and diphenylcresyl phosphate, 25 and 28%, respectively (based on
      the weight of polymer residue) was applied and evenly distributed by means
      of a rubber roller (approximately 100% wet pickup. The frame with scrim
      were then placed over a sheet of cellulosic tissue, dry weight 2.8 g/sq.
      ft. A second sheet of the same tissue was then placed over the top of the
      scrim and the sheets pressed with the roller. The scrim-reinforced ("SRM")
      nonwoven fabric, thus produced, was removed from the frame, dried on a
      Williams plate dryer at 203.degree. F and trimmed. Weight of adhesive
      applied, on basis of total fabric, was approximately 20%.
PAR  The above-prepared SRM fabric was treated by immersion in an aqueous bath
      containing 5% ammonium sulfamate and 2.5% fluorochemical repellent (a
      polymeric latex* derived from the monomer
      ##EQU4##
      where R.sub.f is perfluoroalkyl of 7 to 11 carbon atoms, according to U.S.
      Pat. No. 3,544,663), and then passed through pressure rolls of an Atlas
      laboratory padder so as to give approximately 90% wet pick-up of solution.
      The sheet was then dried on a Williams plate dryer at 200.degree. F, and
      cured at 250.degree. F for 21/2 minutes in a forced air oven. The treated
      nonwoven fabric resisted water penetration for over one hour in the Mason
      Jar Test and was found to be self-extinguishing by the Match Flame Test.
      (The Mason Jar Test is the Disposables Association Recommended Test (DART)
      80.9-70, for water repellency evaluation. This test measures the time of
      penetration of a 0.9% saline solution, under pressure of a 41/2  inch
      head, through a specimen of nonwoven fabric held in the mouth of a
      standard Mason Jar by screw-ring and gasket, and supported on a flat glass
      plate.)
FNT  * A 20% solids dispersion made by mixing, on a 50/50 solids basis, an
      emulsion copolymer of 80% C.sub.9 F.sub.19 C.sub.2 H.sub.4
      SC(O)C(CH.sub.3)=CH.sub.2 and 20% stearyl methacrylate, and an emulsion
      copolymer of 71% butyl methacrylate, 24% of 3,5,5-trimethylhexyl
      methacrylate and 5% N-methylolacrylamide.
PAR  Examples 2-5 deal with the application of a variety of water repellent
      agents and fire retardants as the second step of the treatment of an SRM
      fabric as produced in Example 1, with fire-retardant adhesive. The
      procedure used in all cases is the same as described above.
PAC  EXAMPLE 2
PAR  A sample of SRM nonwoven fabric prepared as in the previous example was
      treated in an aqueous bath containing 2% of fluorochemical repellent, 28%
      solids ("Scotchgard FC-208, "  3M Co., a polymeric latex derived from the
      monomer C.sub.8 F.sub.17 SO.sub.2 N(C.sub.3 H.sub.7)C.sub.2 H.sub.4
      OOCC(CH.sub. 3)=CH.sub.2, according to U.S. Pat. No. 3,068,187); 2% of an
      emulsion of a reactive nitrogenous extender resin ("Aerotex Repellent 96,
      " American Cyanamid Co.), and 4% of ammonium bromide to give 90% wet
      pickup of solution, and then dried. The treated fabric resisted water
      penetration for over one hour by the Mason Jar Test, and was
      self-extinguishing by the Match Flame Test.
PAC  EXAMPLE 3
PAR  A sample of the SRM nonwoven fabric as described in Example 1 was treated
      in an aqueous bath containing 0.7% of the fluorochemical repellent
      described in Example 1; 0.7% of an emulsion of a hydrophobic extender
      resin ("Norane 18,"  product of Sun Chemical Co.); and 4% of a complex
      phosphate compound ("Graftex 281," GAF Corp.), to give 90% wet pickup, and
      then dried. The treated fabric resisted water penetration for over 1 hour
      in the Mason Jar Test and was shown to be self-extinguishing by the Match
      Flame Test.
PAC  EXAMPLE 4
PAR  Another sample of the SRM fabric treated in the previous examples was
      immersed in an aqueous bath containing 2.4% fluorochemical repellent (30%
      solids) consisting of a chromium coordination complex of perfluoroalkyl
      carboxylic acids, according to U.S. Pat. No. 3,351,643; and 5% ammonium
      sulfamate, to give approximately 90% wet pickup, and then dried. The
      treated nonwoven fabric resisted water penetration for 15 minutes in the
      Mason Jar Test, and was found to be self-extinguishing by the Match Flame
      Test.
PAC  EXAMPLE 5
PAR  An SRM nonwoven fabric was prepared as described in Example 1 except that
      the weight of the surfactant-free adhesive composition was 25% based on
      the weight of dry fabric. An aqueous bath containing 1.5% of the
      fluorochemical repellent of Example 1 was padded onto the fabric to give a
      90% wet pickup and the fabric was dried. It withstood water penetration
      for over one hour by the Mason Jar Test, and gave a burn time of 11
      seconds on the 45.degree. Flammability Test.
PAR  The following two examples demonstrate the advantages of the present
      two-bath fire retardant/repellent treatments when applied to a
      mixed-fiber, wet-laid nonwoven.
PAC  EXAMPLE 6
PAR  A commercially-manufactured, wet-laid, nonwoven sheet comprised of nylon,
      rayon and cellulose fibers was saturated with an aqueous bath containing
      37.5% of a surfactant-stabilized polyvinyl chloride emulsion binder; 4% of
      the fluorochemical repellent of Example 1; 8% of "Norane 18" emulsion of a
      hydrophobic extender resin; and 12% of "Graftex 218" complex phosphate
      fire retardant compound, to give a 140% wet pickup. The sheet was then
      dried on the Williams plate dryer at 195.degree. F and cured at
      250.degree. F for 2 1/2 minutes in a forced-air oven. The nonwoven sheet,
      thus produced, was shown to be self-extinguishing by the Match Flame Test,
      but showed immediate penetration by water in the Mason Jar Test.
PAC  EXAMPLE 7
PAR  A sheet of the wet-laid nonwoven described in the previous example was
      saturated with a 60% solution of the fire-retardant binder resin of
      Example 1 to give approximately 140% wet pickup, and dried and cured as in
      the preceeding example. Using the techniques of Example 1, the fabric was
      contacted with an aqueous bath containing 2% of the fluorochemical
      repellent described in Example 1; 6% of the "Norane 18" emulsion of
      hydrophobic extender resin; 12% of ammonium sulfamate, and 2% isobutyl
      alcohol, to give 43% wet pickup, and then dried. The resulting nonwoven
      resisted penetration of water for 20 minutes in the Mason Jar Test and was
      shown to be self-extinguishing by the Match Flame Test.
PAR  The following example illustrates the difficulty of achieving acceptable
      and economical repellency and flame retardancy for nonwoven fabric
      produced when conventional adhesives are employed.
PAC  EXAMPLE 8 21/2
PAR  A commerical SRM nonwoven fabric consisting of two layers of cellulose
      tissues combined with a cellulosic scrim, produced without a
      fire-retardant adhesive, was saturated by passing it below the surface of
      an aqueous bath containing 1% of fluorochemical repellent (20% solids) as
      described in Example 1, and then through the pressure rolls of an Atlas
      laboratory padder so as to give approximately 115% wet pick-up. The sheet
      was then dried on a Williams plate dryer at 90.degree. C, and cured at
      120.degree. C for 21/2  minutes in a forced-air oven. The treated nonwoven
      thus produced showed no water penetration after 60 minutes in the Mason
      Jar Test, but was highly flammable when tested by the Match Flame Test.
PAR  Another sheet of the original nonwoven fabric was treated in an aqueous
      bath containing 20% of ammonium sulfamate (sufficient as previously
      determined to produce complete nonflammability), and 10% of the
      fluorochemical. The resulting treated fabric was found to be
      self-extinguishing by the Match Flame Test, but despite the high level of
      expensive fluorochemical, withstood water penetration in the Mason Jar
      Test for only 3 minutes.
PAR  The following examples, 9-13, demonstrate the preparation and use of a
      variety of fire-retardant, surfactant-free adhesives for nonwoven fabrics
      in accordance with the process of this invention.
PAC  EXAMPLE 9
PAR  A surfactant-free polyvinyl acetate polymer dispersion was prepared as
      follows. A polyvinyl alcohol dispersion "stabilizer" was prepared by
      adding 13.9 grams "Elvanol 52-22" and 4.6 grams of "Elvanol 51-05"
      (polyvinyl alcohols, 4% aqueous solutions of which have viscosities at
      20.degree. C of 21-25 cp and 4-6 cp, respectively, determined by the
      Hoeppler falling ball method; products of DuPont Co.) to 218.7 g. of water
      with stirring and warming. One third of this solution was charged to a
      stirred polymerization flask. With stirring, a 194.6-grams "heel" of a
      previously prepared surfactant-free polyvinyl acetate polymer dispersion,
      43.8 grams of vinyl acetate monomer, 64.6 grams of water, and 0.9 gram of
      sodium bicarbonate were added. The flask was purged with nitrogen, 4.8
      grams of 4% aqueous hydrogen peroxide added, and the reaction mix heated
      to 78.degree.-80.degree. C. Over the next four-hour period the remaining
      polyvinyl alcohol solution and 400.1 grams of additional vinyl acetate
      monomer were slowly added, followed by the addition of 54 grams of 7.4%
      hydrogen peroxide solution. After the reaction exotherm had dissipated,
      the temperature of the reaction mix was raised to 90.degree. C, held there
      for 1 hour, then cooled. The resulting polymer dispersion contained 50%
      solids.
PAR  One hundred grams of the "surfactant-free" polyvinylacetate dispersion
      polymer prepared above was placed into a Waring Blender, and while mixing
      at slow speed, 25 grams of tri(dibromopropyl) phosphate and 25 grams of
      diphenyl cresyl phosphate were added. Mixing was continued for 2 minutes.
      The resulting adhesive was used to prepare a SRM nonwoven fabric using the
      techniques described in Example 1.
PAR  The nonwoven fabric was then treated with an aqueous bath containing 0.5%
      of the fluorochemical repellent of Example 1; 1.25% of "Aerotex 96"
      extender resin, and 6% of ammonium sulfamate, to obtain a wet pickup of
      about 90%. The dried, treated nonwoven fabric resisted water penetration
      for over 1 hour in the Mason Jar Test, and was found to be self
      extinguishing by the Match Flame Test.
PAC  EXAMPLE 10
PAR  An aqueous, surfactant-free, polyvinyl acetate polymer dispersion prepared
      as in Example 9 was mixed in a Waring Blender for 2 minutes with 35 grams
      tris(dichloropropyl) phosphate and 35 grams water. The resulting
      dispersion, containing approximately 50% solids, was used as an adhesive
      to prepare an SRM fabric as described in Example 1. The resulting SRM
      fabric, containing 30% adhesive solids on a dry weight basis, was then
      padded with an aqueous bath containing 2% of the fluorochemical repellent
      of Example 1 and 1% of ammonium sulfamate, and dried. The treated fabric
      withstood water penetration in excess of 1 hour in the Mason Jar Test, and
      gave a burn time of 8 seconds in the 45.degree. Flammability Test.
PAC  EXAMPLE 11
PAR  One hundred grams of a commercially available, surfactant free, lower
      acrylate polymer aqueous dispersion ("National Starch 1856-63") was mixed
      for 2 minutes at slow speed in a Waring Blender with 25 grams of
      tris(dibromopropyl) phosphate, 28 grams of diphenyl cresyl phosphate, 10
      grams of polyacrylic acid thickener ("Acrysol GS," a product of Rohm and
      Haas Co.), and 17 grams of water. The resulting dispersion, containing 57%
      solids, was used as the adhesive in preparing an SRM nonwoven fabric using
      the techniques described in Example 1. The fabric was then treated with an
      aqueous bath containing 2% of the fluorochemical repellent of Example 1,
      2.5% of "Aerotex 96" extender, and 6% of ammonium sulfamate, and dried.
      The treated nonwoven fabric resisted water penetration over 1 hour in the
      Mason Jar Test, and was found to be self extinguishing by both the Match
      Flame and 45.degree. Flammability Test.
PAC  EXAMPLE 12
PAR  One hundred twenty grams of a commercially available, surfactant-free,
      aqueous dispersion acrylate polymer binder composition ("Nacrylic 4401,"
      National Starch Co.) was mixed for 2 minutes at show speed in a Waring
      blender while adding 25 grams of tris (dibromopropyl) phosphate and 25
      grams of diphenyl cresyl phosphate. The resulting dispersion, containing
      58.5% solids, was diluted to 50% solids with water and used as the
      adhesive in the preparation of an SRM fabric as described in Example 1.
      The resulting nonwoven fabric, containing 28% adhesive on a dry weight
      basis, was padded with an aqueous bath containing 2.5% of the
      fluorochemical repellent of Example 1 and 2% of a ammonium sulfamate to
      give an 88% wet pickup, and dried. The treated fabric resisted water
      penetration for over 1 hour in the Mason jar Test, and gave a burn of 25
      seconds in the 45.degree. Flammability Test.
PAC  EXAMPLE 13
PAR  One hundred twenty grams of the polymer dispersion used in Example 12 was
      mixed in a Waring Blender with a premix of 20 grams of
      tris(.beta.-chloroethyl) phosphate, 10 grams tricresyl phosphate and 5
      grams decabromodiphenyl oxide. The resulting dispersion, solids content
      55%, was diluted with water to 40% solids and used as the adhesive in
      preparing an SRM fabric according to the technique of Example 1. This
      fabric was padded with an aqueous bath containing 2.5% of the
      fluorochemical repellent of the preceding examples and 3% of a
      commercially available mixture of fire-retardant complex phosphate salts
      ("Gaftex 281," GAF Corp.) to give about 85% wet pickup, and dried. The
      treated fabric resisted water penetration in excess of 1 hour in the Mason
      Jar Test, and gave a burn time of 12 seconds in the 45.degree.
      Flammability Test.
PAR  The examples that are next presented demonstrate even more dramatically
      that the claimed two-step process provides economical water repellency and
      fire retardancy in nonwovens, and is compared to the poor results obtained
      by simultaneous application of the agents, that is, as a one-step
      treatment.
PAC  EXAMPLE 14
PAR  In an attempt to carry out Example No. 1 as a "one-step" process the
      following formulation (for 50% wet pick-up) was made up as the adhesive:
PA1  65 gms. of the adhesive suspension (62% solids)
PA1  4.5 gms. fluorochemical repellent
PA1  9.0 gms. ammonium sulfamate dissolved in
PA1  21.5 gms. water
PAL  The resulting formulation immediately coagulated and was of no value as an
      adhesive.
PAC  EXAMPLE 15
PAR  In an attempt to carry out Part 2 of Example 9 as a "one-step" process, the
      following adhesive was formulated (for 50% wet pick-up):
PA1  50 gms. vinyl acetate polymer latex (50% solids)
PA1  12.5 gms. tri(dibromopropyl) phosphate
PA1  12.5 gms. diphenyl cresyl phosphate
PA1  2.7 gms. fluorochemical repellent
PA1  1.0 gm. "Aerotex 96" repellent
PA1  10.0 gms. ammonium sulfamate in 10gms. water.
PAL  The resulting latex formulation immediately coagulated and was of no value.
PAC  EXAMPLE 16
PAR  In an attempt to make a one-step version of Example 5 the following
      adhesive formulation was made up:
PA1  65 gms. adhesive suspension (62% solids)
PA1  2.25 gms. fluorochemical repellent
PA1  32.75 gms. of water
PAL  An SRM fabric was prepared using the same materials of construction and the
      same techniques as described in Example 14 above. Pick-up of the adhesive
      solids was 29% (estimated 72% wet pick-up) on the weight of the dry
      fabric. Drying was done on a Williams plate dryer and curing in a
      forced-air oven at 120.degree. C for 3 minutes. The resulting fabric was
      immediately penetrated by water in the Mason Jar Test, and showed an
      8-second burn time on the 45.degree. Flammability Test. Water repellency
      performance from this one-step process was therefore much inferior to that
      obtained by the two-step procedure of Example 5 in which the sheet
      resisted water penetration for over 60 minutes.
PAC  EXAMPLE 17
PAR  In a second attempt to make a one-step version of Example 5, the following
      adhesive was formulated, greatly increasing the amount of expensive
      fluorochemical repellent:
PA1  65 gms. of the adhesive suspension (62% solids)
PA1  10 gms. fluorochemical repellent
PA1  25 gms. of water
PAL  In the same manner as in Example 16 an SRM nonwoven sheet was prepared.
      Pick-up of dry adhesive was 32% (estimated 80% wet pick-up). Again there
      was immediate penetration by water in the Mason Jar Test thus emphasizing
      the poor performance obtained with a one-step process. Burn time on the
      45.degree. flammability test was 7 seconds.
PAC  EXAMPLE 18
PAR  In another possible one-stop process (one expected to give maximum
      saturation of the outer tissues of the SRM fabric) techniques similar to
      those used with wet-laid nonwovens were employed. Two sheets of the
      cellulosic tissue sandwiched dry over a cellulosic scrim (same materials
      of construction as previously used) were dipped below the surface of a
      bath comprised of:
PA1  26.5 gms. of the adhesive suspension of Example 1 (62% solids)
PA1  0.9 gms. fluorochemical repellent of Example 1
PA1  72.5 gms. water
PAL  The sandwich was passed through the rolls of a laboratory Atlas padder. The
      wet pick-up was approx. 150% (thus giving approximately the same pick-up
      of binder and repellent as used in Example 5). The resulting sheet was
      dried on a Williams plate dryer and then further dried in a forced-air
      oven at 120.degree. C for 3 minutes. The resulting sheet showed immediate
      penetration by water in the Mason Jar Test showing again the poor
      performance from a one-step process. Burn time on the 45.degree.
      flammability test was 6 seconds.
PAC  EXAMPLE 19
PAR  In additional experiments using the method of Example 18, in which the
      amount of the fire-retardant adhesive binder was increased by 20% and the
      amount of fluorochemical repellent by a multiple of 5.5, the maximum time
      that the fabric withstood water penetration by the Mason Jar Test was only
      3 to 4 minutes, a very to showing. Maximum burn time was 7 seconds.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing an oil and water-repellent, fire retardant,
      nonwoven fabric which comprises the steps of: (A) providing a dry nonwoven
      fabric of fibers bound together by about 5 to 50%, based on dry weight of
      the nonwoven fabric, of surfactant-free adhesive solid selected from the
      class consisting of vinyl acetate and alkyl acrylate aqueous dispersion
      polymers, containing in admixture therewith from about 25 to 110%, based
      on the weight of the polymer, of a flame retardant agent selected from the
      group consisting of halogen, phosphorus and halogen and phosphorus
      containing flame retardants; (B) treating the fabric with an aqueous bath
      containing in admixture a fluorochemical oil and water-repellent
      composition in an amount sufficient to deposit on the fabric from about
      0.05 to 0.8% solids by weight thereof, based on the dry fabric weight, and
      drying the fabric.
NUM  2.
PAR  2. A process according to claim 1 wherein the amount of adhesive used in
      step A is from aabout 20 to 30%.
NUM  3.
PAR  3. A process according to claim 1 wherein the amount of flame retardant
      additive agent is from about 50 to 100% based on the weight of polymer.
NUM  4.
PAR  4. A process according to claim 1 wherein the flame retardant additive
      agent is selected from the group consisting of tricresyl phosphate,
      diphenyl cresyl phosphate, tributyl phosphate, trioctyl phosphate, tris
      (2-ethylhexyl) phosphate, tris(chloroethyl) phosphate,
      tris(dichloropropyl) phosphate, tris(dibromopropyl) phosphate, and
      chlorinated paraffins.
NUM  5.
PAR  5. A process according to claim 1 wherein the aqueous bath of step B
      contains a water-soluble fire-retardant salt in an amount sufficient to
      deposit up to about 6% of salt based on weight of dry fabric.
NUM  6.
PAR  6. A process according to claim 5 wherein the fire-retardant salt is
      selected from the group consisting of ammonium sulfate, ammonium
      sulfamate, ammonium bromide, mono-and diammonium phosphates, borax, and
      boric acid salts.
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ABST
PAL  Continuous, glossy coatings are provided by compositions comprising a
      copolymer of vinylidene fluoride and tetrafluoroethylene or
      perfluoropropene and an acrylate polymer dispersed in a gloss enhancing
      solvent comprising 2-nitropropane, cyclohexanone or dimethylacetamide, or
      a combination of such solvents. The coatings obtained have the outstanding
      resistance and weatherability properties characteristic of fluoropolymer
      coatings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Dispersions of poly(vinylidene fluoride) are known in the art and coating
      compositions containing a polymer of vinylidene fluoride as a major
      component are well known. For example, fluorinated olefin polymers
      containing 90 percent or more by weight vinylidene fluoride, a latent
      solvent for the vinylidene fluoride and an acrylate polymer have been
      successfully employed to provide coatings when baked from 125.degree. to
      about 300.degree.C. It is also known that copolymers of vinylidene
      fluoride wherein the minor constituent is a fluorinated comonomer, for
      example, tetrafluoroethylene, hexafluoropropene, chlorotrifluoroethylene,
      and the like, have been employed to produce compositions when blended with
      an acrylate polymer. Generally, however, in order to provide for glossy
      coatings when utilizing copolymers of vinylidene fluoride and
      tetrafluoroethylene it has been necessary to bake such compositions at
      relatively high temperatures in order to fuse the polymer. When air drying
      compositions are formulated, the gloss, when measured with a 60 degree
      gloss meter, is generally below 10 percent.
PAC  DESCRIPTION OF THE INVENTION
PAR  Now it has been discovered that coating compositions which can be dried at
      ambient temperatures to provide glossy coatings by utilizing a copolymer
      of vinylidene fluoride and tetrafluoroethylene or perfluoropropene and an
      acrylate polymer, dissolved and/or dispersed in a suitable solvent. More
      particularly, the invention relates to an air drying coating composition
      in which the vehicle comprises from about 20 percent by weight to about 70
      percent based on the total weight of the vehicle solids, of a copolymer of
      vinylidene fluoride and tetrafluoroethylene or perfluoropropene and from
      about 30 percent to about 80 percent of an acrylate polymer. The vehicle
      composition is dissolved or dispersed in a gloss enhancing solvent
      selected from a member of the class consisting of 2-nitropropane
      cyclohexanone, dimethylacetamide and combinations thereof. Suitable blends
      include from about 90 parts 2-nitropropane and about 10 parts
      cyclohexanone and from about 0 percent to about 90 percent by weight based
      on the total solvent of dimethylacetamide. Other solvent(s) may be
      employed along with the above solvents or in various combinations
      therewith.
PAR  The fluorocarbon polymer employed in this invention is a copolymer of
      vinylidene fluoride with tetrafluoroethylene or perfluoropropene
      containing from about 95 percent to about 60 percent by weight of
      vinylidene fluoride and from about 5 percent to about 40 percent by weight
      of tetrafluoroethylene or perfluoropropene. An example of such a copolymer
      which is available commercially and is known as "Kynar-SL," has the
      following properties:
TBL  Melting point          122-126.degree.C.                                  
     Heat distortion temperature                                               
                             95-103.degree.C.                                  
     Heat of crystallization (66 psi)                                          
                            4.6 cal./g.                                        
     Specific gravity       1.88                                               
     Refractive Index (n.sub.D.sup.25)                                         
                            1.40                                               
     Molecular weight (average)                                                
                            135-165,000                                        
     Tensile Strength (35.degree.C.)                                           
                            7200                                               
PAR  Chemical analysis of "Kynar-SL" shows it to contain about 63 percent
      fluorine and the copolymer comprised of about 78 percent vinylidene
      fluoride and about 22 percent tetrafluoroethylene. Useful solutions of
      this copolymer are readily prepared by stirring the powdered copolymer
      into a solvent or solvent mixture which is heated to about 150.degree.F.
      In order to prevent partial solvation and gel formation, it is recommended
      that the copolymer be added slowly while the solvent is continually
      agitated. Other methods can be used to incorporate this copolymer into the
      compositions of this invention, as disclosed hereinbelow.
PAR  Solvents which exhibit gloss enhancing characteristics are essential to
      this invention and for purposes of this invention, the preferred solvent
      mixture comprises about 90 parts by weight of 2-nitropropane and about 10
      parts by weight of cyclohexanone. Not only does such solvent mixture
      provide for gloss enhancing properties, but other desirable
      characteristics such as good color stability, durability and non-blushing
      characteristics are also provided. This gloss enhancing solvent mixture
      may be employed with any of the above-mentioned solvents. However, in some
      instances, the 2-nitropropane or cyclohexanone may be utilized alone as
      the sole gloss enhancing solvent.
PAR  The proportions when three or more solvents are utilized will depend on the
      gloss desired and other film properties which are influenced by the
      particular solvent parameters. A particularly preferred, three component,
      gloss enhancing solvent combination that may be employed comprises the
      golio blend of 2-nitropropane - cyclohexanone and dimethylacetamide. When
      dimethylacetamide is used in addition to 90/10 blend of 2-nitropropane and
      cyclohexanone, the dimethylacetamide may be present in amounts from about
      0 percent by total solvent weight to about 90 percent by weight or even
      higher and in some instances the sole gloss-enhancing solvent may be
      dimethylacetamide. In other instances the solvent mixture of 90/10
      2-nitropropane and cyclohexanone may comprise the sole gloss enhancing
      solvent system. Thus, the gloss enhancing properties are exhibited by the
      dimethylacetamide alone; the 90/10 blend of 2-nitropropane and
      cyclohexanone or by a combination of the 90/10 blend along with the
      dimethylacetamide. Other non-gloss enhancing solvents such as those
      described above may be utilized with the 90/10 blend, with the
      dimethylacetamide or with the 90/10 blend of 2-nitropropane and
      cyclohexanone along with the dimethylacetamide. However, in the present
      invention, it is preferred to employ a three-solvent gloss-enhancing
      system comprising a 90/10 blend of 2-nitropropane and cyclohexanone along
      with the given amount of dimethylacetamide.
PAR  As mentioned hereinabove, the 90/10 blend of 2-nitropropane and
      cyclohexanone not only enhances the gloss of the coating compositions of
      this invention but also provides for good color stability, durability and
      reduces blushing when compared to other solvents.
PAR  Another solvent that may be used in combination with the 90/10 blend of
      2-nitropropane-cyclohexane is dimethylacetamide.
PAR  The dimethylacetamide is of particular importance because usually as the
      proportion of the dimethylacetamide is increased, the gloss of the coating
      composition employing said solvent is also increased. Thus, the gloss of
      the coating compositions of this invention are readily further enhanced by
      additions of dimethylacetamide in addition to the 90/10 blend of
      2-nitropropane-cyclohexanone.
PAR  There are a large number of solvents which in most instances do not
      substantially affect the gloss of the compositions herein and which can be
      used in combinations with the gloss-enhancing solvents described above,
      for example, triethyl phosphate, dimethyl sulfoxide,
      N-methyl-2-pyrrolidone, dimethylformamide, ethyl acetate, methyl ethyl
      ketone, acetone, isophorone, methyl isoamyl ketone, pentoxone, methyl
      Cellosolve acetate, 1,4-dioxane, methyl isobutyl ketone, tetrahydrofuran,
      1-nitropropane, Cellosolve acetate, ethyl isoamyl ketone, butyrolactone,
      dimethyl phthalate, carbitol acetate, diisobutyl ketone, propylene
      carbonate, diacetone acrylamide, butyl carbitol acetate, tributyl
      phosphate, amyl acetate, methanol, ethanol, N-propanol, isopropanol,
      N-butanol, pentanol-1, 2-ethyl butanol, 2-ethyl hexanol, cyclohexanol,
      ethylene glycol, propylene-1,3-butanediol, glycerol, m-cresol, diethylene
      glycol, ethyl lactate, 4-hydroxy-4-methyl-pentanone-2, acetic anhydride,
      2-methoxy ethanol, 2-ethoxy ethanol, 2-butoxy ethanol, methyl carbitol,
      butyl carbitol, dimethyl, diethylene glycol, ethyl acetate, m-butyl
      acetate, chloroform, ethylene chloride, methylene chloride,
      trichloroethylene chlorobenzene, chloropropanol, epichlorohydrin,
      acetophenone, acetonitrile, nitromethane, nitrobenzene aniline,
      2-pyrrolidone, ethylene cyanohydrin, toluene, xylene, ethyl benzene,
      hexane and the like.
PAR  Likewise, there are many suitable solvent blends that are useful, for
      example, listed below are some suitable mixtures:
TBL                           Ratio in                                         
            Solvent Blend     Parts by Weight                                  
     ______________________________________                                    
     Methyl isobutyl ketone/toluene                                            
                              3:1                                              
     Methyl isobutyl ketone/cyclohexanone                                      
                              3:1                                              
     Methyl isobutyl ketone/2-nitropropane                                     
                              3:1                                              
     Methyl isobutyl ketone/ethyl acetate                                      
                              3:1                                              
     Methyl ethyl ketone/cyclohexanone                                         
                              3:1                                              
     Methyl ethyl ketone/toluene                                               
                              3:1                                              
     Methyl ethyl ketone/2-nitropropane                                        
                              3:1                                              
     Methyl ethyl ketone/methyl isobutyl ketone                                
                              3:1                                              
     Acetone/cyclohexanone    3:1                                              
     Acetone/toluene          3:1                                              
     Acetone/2-nitropropane   3:1                                              
     Acetone/methyl isobutyl ketone                                            
                              3:1                                              
     Ethyl acetate/diisobutyl ketone                                           
                              1:1                                              
     Dimethyl acetamide-cyclohexanone                                          
                              1:1                                              
     Cyclohexanone/methyl isobutyl ketone                                      
                              1:1                                              
     Cyclohexanone/methyl isobutyl ketone                                      
                              2:1                                              
     Cyclohexanone/methyl isobutyl ketone                                      
                              4:1                                              
     Cyclohexanone/dimethylacetamide                                           
                              1:2                                              
     Cyclohexanone/dimethylacetamide                                           
                              3:1                                              
     Cyclohexanone/dimethylacetamide                                           
                              2:1                                              
     Cyclohexanone/methyl Cellosolve acetate                                   
                              1:1                                              
     Cyclohexanone/methyl Cellosolve acetate                                   
                              2:1                                              
     Cyclohexanone/methyl isobutyl ketone                                      
                              1:2                                              
     Methyl Cellosolve acetate/methyl isobutyl ketone                          
                              4:1                                              
     Methyl Cellosolve acetate/dimethylacetamide                               
                              4:1                                              
     ______________________________________                                    
PAR  The amount of non-gloss enhancing solvent employed is not critical and may
      vary from as low as about 10 percent to as high as about 90 percent based
      on weight of total solvent utilized.
PAR  In addition to the copolymers of vinylidene fluoride and
      tetrafluoroethylene or perfluoropropene and the solvent system hereinabove
      described, it is also necessary to employ an acrylate polymer in order to
      produce the glossy coating compositions of this invention.
PAR  Generally, the acrylate polymers employed in this invention comprise
      homopolymers and copolymers of alkyl acrylates and methacrylates having up
      to about 18 carbon atoms, as well as polymers of an amide of acrylic or
      methacrylic acid, particularly copolymers of such amides with another
      copolymerizable monomer.
PAR  Acrylate polymers that are suitable include poly(methyl methacrylate),
      poly(ethyl methacrylate), poly(n-butyl methacrylate), poly(n-hexyl
      methacrylate), poly(methyl acrylate), poly(ethyl acrylate), poly(n-butyl
      acrylate) and poly(2-ethylhexyl acrylate), as well as other polymers and
      copolymers made from monomers, such as methyl methacrylate, butyl
      acrylate, acrylamide, 2-ethylhexyl acrylate, decyl acrylate, methyl
      acrylate, ethyl acrylate, and the like. Functional monomers that are
      particularly useful include acrylic and methacrylic acids, hydroxyethyl
      acrylate and methacrylate, hydroxypropyl methacrylate and acrylate,
      dimethylaminoethyl acrylate and methacrylate and tertiarybutylaminoethyl
      acrylate and methacrylate.
PAR  Also included are acrylate polymers containing a functional group which is
      modified after the copolymerization, for example, a glycidyl
      methacrylate-containing polymer in which the epoxide group has been opened
      by carboxylic acids, alcohols, amines, ammonia, or phosphoric acids.
PAR  Particularly useful acrylate polymers are those of the type described in
      U.S. Pat. Nos. 3,194,777 and 3,276,905, that is, interpolymers of from
      about 50 percent to about 90 percent by weight of methyl methacrylate and
      10 percent to 50 percent by weight of an alkyl ester of methacrylic acid
      in which the alkyd group contains from 8 to 18 carbon atoms.
PAR  Also suitable are those commercially-available thermoplastic acrylate
      compositions, for example, copolymers of methyl methacrylate, ethyl
      acrylate, butyl acrylate, 2-ethylhexyl acrylate, etc.
PAR  The amount of the particular acrylate polymer employed is not critical,
      however, the amount will influence the gloss, durability and flexibility
      among other properties. Generally, amounts from as low as about 30 percent
      to about as high as about 80 percent by weight, based on total weight of
      the vehicle solids, are utilized.
PAR  In addition to the copolymers of vinylidene fluoride and
      tetrafluoroethylene solvent system and acrylate polymer, other components
      may be incorporated to provide for internal plasticizing, overcome crazing
      and the like. Examples of such components include alkyd resins, cellulose
      derivatives, vinyl resins and the like.
PAR  The compositions of this invention can easily be pigmented. Any
      conventional pigment known in the art may be employed, for example, carbon
      black, chromic yellow, titanium dioxide, phthalocyanine greens and blues,
      toluidine red, metal oxides, sulfides and the various metallic flake
      pigments such as aluminum flake. In addition to color pigments, other
      additives used in coating compositions may be employed. These include
      fillers and extenders such as talc, clays, silicates, and diatomaceous
      earth. Other additives include bactericides, fungicides, flow agents,
      silicones and other film-forming materials such as nitrocellulose,
      polyvinyl acetal resins and the like.
PAR  The coating compositions of this invention are applicable to the coating of
      virtually any substrate, including steel, aluminum, zinc, copper, and
      numerous other metals, as well as wood, paper, glass, plastics, etc. The
      compositions are readily suitable for repairing previously coated
      surfaces, especially those coated with fluorocarbon polymers. Likewise,
      these coating compositions can be applied as one coat enamel and provide
      for the desired protection and appearance.
PAR  These coating compositions are generally applied to the substrate as a
      "thin layer", that is, a layer which can vary as a wet film thickness from
      about 0.5 mil or less to about 20 mils or higher. Essentially any
      application method can be used, including brushing, roll coating flow
      coating, spraying, etc.
PAR  As mentioned hereinabove, the coating compositions of this invention
      provide for glossy films which prior hereto could not be obtained. Whereas
      prior coating compositions comprising copolymers of vinylidene fluoride
      and tetrafluoroethylene only provided for films having a gloss of less
      than 10 percent when air dried, it is now possible to produce films having
      a high gloss when air dried, for example, a film having a gloss of as high
      as 84 percent is readily prepared by utilizing the gloss-enhancing solvent
      mixtures of this invention. In addition, the compositions of the invention
      have improved color stability and durability. Also noted is the improved
      non-blushing characteristics of such compositions.
DETD
PAR  The following examples illustrate in detail the preparation of the coating
      compositions of this invention. The examples are not intended to limit the
      invention; however, there are, of course, numerous possible variations and
      modifications thereof. All parts and percentages in the examples, as well
      as throughout this specification, are by weight unless otherwise
      indicated.
PAC  EXAMPLE I
PAR  The following components were blended and were ground in a conventional
      sand mill employing zirconium media until a Hegman reading of about 6.5
      was obtained:
TBL                         Parts by Weight                                    
     Acrylic resin* (35% solids in 2-nitropropane)                             
                              40.0                                             
     2-nitropropane           40.0                                             
     Phthalocyanine blue      72.7                                             
     Chrome oxide green       13.2                                             
     Carbon black             1.5                                              
     Chrome yellow            14.6                                             
     Titanium dioxide         33.12                                            
      *Comprising 70 percent by weight methyl methacrylate and 30 percent by   
      weight ethyl acrylate.                                                   
PAR  This pigment paste was reduced with 467.0 parts of the acrylic resin above.
      Subsequently, 177.0 parts of a copolymer of 78 percent vinylidene fluoride
      and 22 percent tetrafluoroethylene were blended with 530.0 parts of
      nitropropane and heated to 175.degree.F. until a substantially clear
      solution was obtained. On cooling, this solution was added to the above
      pigment paste. The coating composition thus obtained was applied to an
      aluminum panel having thereon a prime coat comprising a vehicle system
      containing 35.4 percent by weight of an acrylic resin comprising 10.0
      percent acrylamide, 2.5 percent methacrylic acid, 42.5 percent ethyl
      acrylate, 25.0 percent methyl methacrylate and 20.0 percent
      methacrylonitrile, the said acrylic resin reduced to 45.0 percent weight
      solids with a blend of 33.0 percent xylene, 40 percent Solvesso 150 and
      25.0 percent butyl Cellosolve; 14.3 percent by weight of the acrylic resin
      above and 50.3 percent by weight of poly(vinylidene fluoride). This resin
      system was pigmented with pigments as employed in the air-dry topcoat
      composition in a manner to obtain a pigment-to-binder ratio of about 0.38
      to 1.0. This prime coat composition was applied in a manner to obtain 1.0
      mil film thickness, said film was baked for about 2 minutes at
      500.degree.F. The air-dry composition of this invention was applied over
      the prime coat composition with a 0.070 drawbar. After drying, this
      topcoat composition had a gloss of 84 percent (85 degree gloss meter) and
      40 percent (60 degree gloss meter).
PAR  Example I is illustrative of the glossy coating composition that can be
      produced by utilizing a 50:50 ratio of acrylate polymer (acryloid B-44)
      and a fluorocarbon polymer wherein substantially all of the gloss
      enhancing solvent is 2-nitropropane.
PAC  EXAMPLE II
PAR  A composition similar to that of Example I except that this example was
      applied at 20.3 percent total weight solids to an aluminum panel utilizing
      Nordson air-less spray system at from about 400 to 800 psi and at a
      temperature of from about 130.degree.-200.degree.F., the film produced had
      a gloss of about 5 percent (60 degree gloss meter); however, where the
      solids content was reduced to 18.4 percent by cyclohexanone, the film
      produced had a gloss of 56 percent (60 degree gloss meter). A gloss drop
      was noted after the film aged one day. This was probably due to further
      drying of the film, but when sprayed over a prime coat composition as used
      in Example I, the air-dry composition retained its gloss. Analysis showed
      gloss enhancing solvents to be in the following ratio: 91 percent
      2-nitropropane and 9 percent cyclohexanone.
PAC  EXAMPLE III
PAR  An air-dry coating composition was made as in Example I except that during
      the formulating, the acrylate polymer was reduced to 35 percent total
      solids by employing a gloss-enhancing solvent mixture comprising 90
      percent 2-nitropropane and 10 percent cyclohexanone and the fluorocarbon
      polymer solution was prepared in a 90/10 solvent blend of 2-nitropropane
      and cyclohexanone. The entire composition was reduced to 18.0 percent
      weight solids by employing the solvent ratio disclosed above. When this
      composition was drawn down with an 0.070 drawbar and the film produced was
      permitted to dry, the gloss of the film was 20 percent (60 degree gloss
      meter).
PAC  EXAMPLE IV
PAR  This air-dry coating composition was similar to Example III except that
      Example IV had a ratio of acrylate polymer to fluorocarbon polymer of
      55:45 respectively. The gloss of the coating composition had a reading of
      35 percent (60 degree of gloss meter).
PAC  EXAMPLE V
PAR  This example was similar to that of Example I except that the acrylate
      polymer employed was comprised of 95.8 percent by weight methyl
      methacrylate and 4.2 percent aminoethyl methacrylate, the said resin was
      prepared at 65.0 total solids content in toluene and subsequently cut to
      35.0 percent solids content by employing a 90/10 blend of 2-nitropropane
      and cyclohexanone. In addition, in this example, part of the acrylate
      polymer was combined with the solvent blend and the fluorocarbon polymer
      and subsequently heated to dissolve said fluorocarbon polymer.
PAR  When this example was formulated into a coating composition at 18.0 percent
      total solids content, the films produced had a gloss of 34 percent (60
      degree gloss meter).
PAC  EXAMPLES VI-VIII
PAR  These examples are similar to that of Example IV except that the ratio of
      acrylate polymer to fluorocarbon is increased. Table I set forth below
      tabulates the ratio employed and the gloss provided when such compositions
      were formulated into coatings:
TBL                TABLE I                                                     
     ______________________________________                                    
              Ratio of                                                         
              Acrylate Polymer to                                              
              Fluorocarbon Polymer                                             
                            Gloss (60.degree. meter)                           
     ______________________________________                                    
     Example VI 60/40           50%                                            
     Example VII                                                               
                65/35           55%                                            
     Example VIII                                                              
                70/30           75%                                            
     ______________________________________                                    
PAC  EXAMPLE IX
PAR  This example is similar to that of Example V except that Example IX
      contains therein a ratio of acrylate polymer to fluorocarbon polymer of
      55/45. The gloss provided by compositions prepared thereof was 58 percent
      (60 degree gloss meter).
PAC  EXAMPLE X
PAR  This example was prepared in a manner similar to that of Example V;
      however, in addition to the 90/10 gloss-enhancing solvent mixture of
      2-nitropropane and cyclohexanone, dimethylacetamide was employed in an
      amount to comprise 7.6 percent by weight of three solvents mentioned
      herein. The coating compositions produced were applied at a solids content
      of 30.0 percent and provided films having a gloss of 56 percent (60 degree
      gloss meter) when drawn down on an aluminum panel and air-dried to produce
      a film of 1.0 mil thickness.
PAC  EXAMPLE XI
PAR  The coating composition employed with this example was similar to that of
      Example V; however, the acrylate polymer employed was comprised of 77.5
      percent methyl methacrylate, 20.0 percent methacrylonitrile and 2.5
      percent methacrylic acid. When applied at 18.0 percent solids content, the
      gloss of the films produced was 57 percent (60 degree gloss meter).
PAC  EXAMPLE XII
PAR  Example XI was reproduced in a manner so that of the solvents employed
      dimethylacetamide comprised about 5.0 percent by weight of the total
      solvents. This composition provided for a gloss of 73 percent (60 degree
      gloss meter) when applied at a solids content of about 18.0 percent. It
      will be noted that an addition of dimethylacetamide increased the gloss
      about 16 percent units when compared to that of Example XI.
PAC  EXAMPLES XIII-XXI
PAR  To a control composition (composition of Example V at 20.0 percent total
      solids content) aliquots of dimethylacetamide range from 0.46 to about
      21.6 percent by weight of 2-nitropropane, cyclohexanone and
      dimethylacetamide. All compositions were formulated at about 30.0 percent
      total solids. The gloss measurements were tabulated and set forth in Table
      II below:
TBL                TABLE II                                                    
     ______________________________________                                    
                 Percent                                                       
                 Dimethylacetamide                                             
                             Gloss (60.degree.Meter)                           
     ______________________________________                                    
     Control - Example V at                                                    
                   0             26%                                           
      20% solids content                                                       
     Example XIII  0.46          35%                                           
     Example XIV   1.36          34%                                           
     Example XV    2.24          44%                                           
     Example XVI   3.10          47%                                           
     Example XVII  3.96          56%                                           
     Example XVIII 5.00          58%                                           
     Example XIX   9.20          63%                                           
     Example XX    15.50         65%                                           
     Example XXI   21.6          67%                                           
     ______________________________________                                    
PAR  It will be noted from the date of Table II that as the proportion of
      dimethylacetamide increased, there was a general increase in the
      respective gloss, thus reflective of the gloss-enhancing properties of
      dimethylacetamide.
PAR  Although the fluorocarbon polymer solution may readily be blended at
      ambient temperatures with the acrylate polymer to provide for a suitable
      resinous system it is in most instances preferred to admix the
      fluorocarbon polymer solution and the acrylate polymer and heat to about
      200.degree.-220.degree.F. and maintain for about 1 hour. For example,
      resinous systems having a high degree of compatibility and improved
      clarity may be prepared by heating a composition comprising 383.0 parts
      2-nitropropane, 17.0 parts cyclohexanone and 25.0 parts dimethylacetamide,
      to 150.degree.F. and adding thereto slowly under constant agitation 50.0
      parts of fluorocarbon polymer. This dissolved fluorocarbon polymer is then
      admixed with 125.0 parts of acrylate polymer (as in Example V) cut to 40.0
      percent total solids, the admixture is then heated to about 212.degree.F.
      and maintained for 1 hour. Such compositions have improved clarity and
      compatibility when compared to similar compositions wherein the
      fluorocarbon polymer and the acrylate polymer are admixed at ambient
      temperature.
PAR  In addition to the examples disclosed herein, various other compositions
      may be employed which also provide for glossy films. For example, the
      ratio of the fluorocarbon to acrylate polymer may be varied and other
      acrylate polymers may be employed in addition to or in substitution for
      those used hereinabove, for example, poly(methyl methacrylate) or
      poly(ethyl methacrylate) may be used.
PAR  Solvents other than those specifically set out in the examples may be
      utilized in addition to the preferred solvents and in various proportions,
      for example, isophorone, acetophenone, chloropropanol, dioxane and the
      like may be used along with the 2-nitropropane-cyclohexanone mixture of
      dimethylacetamide or other combinations.
PAR  Other pigments such as metal sulfides, phthalocyanine green or blue and the
      like may be used and additives such as bactericides, flow agents,
      silicones and the like may be used as desired.
PAR  According to the provisions of the Patent Statutes, there are described
      above the invention and what are now considered to be its best
      embodiments. However, within the scope of the appended claims, it is to be
      understood that the invention can be practiced otherwise than as
      specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A coating composition which dries in air at ambient temperature to form
      a high gloss, continuous film, comprising:
PA1  A. from about 20 percent to about 70 percent, based on the total weight of
      (A) and (B), of a fluorocarbon polymer comprising from about 95 percent to
      about 60 percent by weight of vinylidene fluoride and from about 5 percent
      to about 40 percent by weight of tetrafluoroethylene or perfluoropropene;
PA1  B. from about 30 percent to about 80 percent, based on the total weight of
      (A) and (B), of an acrylate polymer;
PAL  wherein Components (A) and (B) are dissolved in gloss-enhancing solvent
      comprising a member selected from the class consisting of 2-nitropropane,
      cyclohexanone, dimethylacetamide, and combinations thereof.
NUM  2.
PAR  2. The composition of claim 1 in which said gloss-enhancing solvent is a
      solvent mixture comprising:
PA1  a. from about 10 percent to about 100 percent by weight, based on solvent,
      of a solvent blend of 90 parts 2-nitropropane and 10 parts cyclohexanone;
      and
PA1  b. from about 0 percent to about 90 percent by weight, based on solvent, of
      dimethylacetamide.
NUM  3.
PAR  3. A composition as in claim 1 wherein components (A) and (B) each comprise
      about 50 percent of the total weight of (A) and (B).
NUM  4.
PAR  4. A composition as in claim 3 wherein said acrylate polymer is comprised
      of 70 percent by weight of methyl methacrylate and 30 percent ethyl
      acrylate.
NUM  5.
PAR  5. A composition as in claim 3 wherein said acrylate polymer is comprised
      of methyl methacrylate and aminoethyl methacrylate.
NUM  6.
PAR  6. A composition as in claim 1 wherein said gloss-enhancing solvent system
      is comprised of a 90/10 blend by weight of 2-nitropropane and
      cyclohexanone.
NUM  7.
PAR  7. A composition as in claim 1 wherein said gloss-enhancing solvent system
      is comprised of a 90/10 blend of 2-nitropropane and cyclohexanone and from
      about 1 percent to about 25 percent by weight of dimethylacetamide.
NUM  8.
PAR  8. A method of coating a substrate to form a high gloss, continuous film
      thereon consisting of:
PA1  1. applying to said substrate a composition comprising:
PA2  A. from about 20 percent to about 70 percent, based on the total weight of
      (A) and (B), of a fluorocarbon polymer comprising from about 95 percent to
      about 60 percent by weight of vinylidene fluoride and from about 5 percent
      to about 40 percent by weight of tetrafluoroethylene or perfluoropropene;
PA2  B. from about 30 percent to about 80 percent, based on the total weight of
      (A) and (B), of an acrylate polymer;
PAL  wherein components (A) and (B) are dissolved in a gloss-enhancing solvent
      selected from the class consisting of 2-nitropropane, cyclohexanone and
      dimethylacetamide, and combinations thereof; and
PA1  2. drying said composition in air at ambient temperature to form said high
      gloss, continuous film.
NUM  9.
PAR  9. The method as in claim 8 in which gloss-enhancing solvent system is a
      solvent mixture comprising:
PA1  A. from about 10 percent to about 100 percent by weight, based on a
      solvent, of a solvent blend of 90 parts 2-nitropropane and 10 parts
      cyclohexanone; and
PA1  B. from 0 percent to about 90 percent by weight, based on solvent, of
      dimethylacetamide.
NUM  10.
PAR  10. A method as in claim 8 wherein component (A) and (B) each comprises
      about 50 percent of the total weight of (A) and (B).
NUM  11.
PAR  11. A method as in claim 8 wherein said acrylate polymer is comprised of 70
      percent by weight methyl methacrylate and 30 percent by weight ethyl
      acrylate.
NUM  12.
PAR  12. A method as in claim 8 wherein said acrylate polymer was comprised of
      methyl methacrylate and amino-ethyl methacrylate.
NUM  13.
PAR  13. A method as in claim 8 wherein said gloss-enhancing solvent system is
      comprised of a 90/10 blend by weight of 2-nitropropane and cyclohexanone.
NUM  14.
PAR  14. A method as in claim 8 wherein said gloss-enhancing system is comprised
      of a 90/10 blend of 2-nitropropane and cyclohexanone and about 1 percent
      to about 25 percent by weight based on total solvent, of
      dimethylacetamide.
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ABST
PAL  Nonwovens of natural and synthetic fibers which are bonded uniformly over
      the whole cross-section are obtained by using as binders aqueous polymer
      dispersions containing as heat-sensitizing agents alkoxylated amines
      having inverse solubility and a pH of less than 6.
PARN
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      362,901, filed May 23, 1973, now U.S. Pat. No. 3,878,152.
BSUM
PAR  This application discloses and claims subject matter described in German
      Patent application P 22 26 269.7, filed May 30, 1972, German Patent
      application P 22 63 921.0, filed Dec. 29, 1972 and German Patent
      application P 23 06 541.0, filed Feb. 10, 1973, which are incorporated
      herein by reference.
PAR  This invention relates to the production of bonded nonwovens employing
      heat-sensitized polymer dispersions.
PAR  It is known to prepare bonded nonwovens from natural and/or synthetic
      fibers by impregnating the unbonded webs with aqueous polymer dispersions,
      separating excess impregnating liquid from the impregnated webs, and
      drying the latter usually at elevated temperature, e.g., above
      60.degree.C, frequently from 60.degree.to 160.degree.C. To make the bonded
      webs as resistant as possible to organic solvents used in dry cleaning it
      is advisable to crosslink the polymers by drying at above 100.degree.C. A
      multiplicity of aqueous polymer dispersions are known and suitable for
      bonding the fibers in unbonded webs, e.g., in the processes of German
      Printed applications DAS 1,159,384 and 1,172,853 and U.S. Pat. No.
      2,724,707 and 2,868,754 aqueous dispersions of butadiene copolymers are
      used which contain polymerized units of, predominantly, acrylonitrile
      and/or styrene, and minor amounts of acrylic acid and/or acrylamide. In
      the process of German Printed application DAS 1,579,082 (British
      1,178,754) the binders are aqueous dispersions of copolymers containing 40
      to 95 wt percent of butadiene, 0 to 55 percent of styrene and/or
      acrylonitrile,  0 to 5 percent of ethylenically unsaturated carboxylic
      acids such as acrylic, methacrylic and itaconic acid, 1 to 7 percent of
      (meth)acrylamide and/or its N-methylol derivatives, and 0.1 to 3 percent
      of polymerizable compounds having at least two isolated double bonds. In
      the processes taught in German Printed Applications DAS 1,086,208 and
      1,277,191 and British 880,993 aqueous dispersions of acrylic ester
      copolymers may be used which contain units of acrylic and/or methacrylic
      esters of alkanols containing 1 to 8 carbon atoms. Aqueous dispersions of
      copolymers of vinyl esters are also suitable (see for instance German
      application DAS 1,086,208 and Belgian 705,248). Other examples of the
      numerous patents disclosing aqueous polymer dispersions as binders for
      nonwovens are German Printed applications DAS 1,134,353; 1,135,412; and
      1,159,384; German Laid-Open applications DOS 2,035,847 and 1,902,459; U.S.
      Pat. Nos. 3,101,292; 2,931,749; and 2,982,682; British 914,714 and
      867,545; and Belgian 654,817. All these specifications are incorporated
      herein as references.
PAR  Binders of the said type are used for example for bonding nonwovens of
      cotton, wool, rayon staple, silk or synthetic fibers, e.g., of
      polyacrylonitrile, polyamides such as polyhexamethylene adipamide, and
      saturated polyesters such as polyethylene glycol terephthalate, and of
      mineral fibers, e.g., glass fibers, asbestos fibers and rockwool. The
      binders are suitable for the production of needle-punched fabrics, filter
      mats, leather-like materials, fabrics for the clothing industry,
      industrial nonwoven materials, needlepunched carpeting, etc. These
      materials are used for producing bed linen, tablecloths, surgical
      dressings, dusters, decorative materials, blinds, etc.
PAR  In the prior art processes, the unbonded webs may be bonded with the
      aqueous polymer dispersions by spraying, padding or impregnating; for
      instance, the webs may be passed through an impregnating bath and the
      excess liquor squeezed out between two rollers. The binder-containing webs
      are then dried, during which process the binder copolymer may, and
      particularly at temperatures of more than 100.degree.C, crosslink.
      Usually, thermal treatment of only a few minutes' duration is sufficient
      to crosslink the prior art crosslinkable binders. Catalysts, e.g., acids
      or acid-yielding compounds such as phosphoric acid, maleic acid, ammonium
      nitrate, magnesium chloride and ammonium oxalate are often added to the
      binder dispersions to accelerate the crosslinking reaction.
PAR  When nonwovens are bonded using aqueous polymer dispersion of the said type
      difficulties are incurred particularly during drying and when the webs are
      relatively thick, because the polymer particles migrate to the surface of
      the webs. The avoidance of this migration phenomenon is of particular
      importance in the case of thick webs (cf. German Laid-Open application DOS
      2,035,847). Attempts have therefore been made to curb migration of the
      polymer particles by shock drying, i.e., initial drying at fairly high
      temperatures; however, this measure is generally insufficiently
      successful. It has also been attempted to flocculate the polymer
      dispersion onto the material to be bonded by adding coagulants, or in the
      case of natural or synthetic rubber latices by adding heat sensitizers.
      Finally, it has in practice been possible to suppress migration to a
      certain extent by adding sodium alginate or polyacrylic acid salts to the
      impregnating liquor. However, the effect of these art measures for
      preventing migration is unsatisfactory. In particular, the handle of
      materials prepared in such a manner is frequently too harsh and their
      fastness to water is poor as a result of the addition of polar products.
      Even the addition of water-soluble polymers of N-vinylcaprolactam to the
      aqueous polymer dispersions as taught in German Laid-Open application DOS
      2,035,847 is incapable of satisfactorily preventing migration of the
      polymer particles on drying.
PAR  We have now found that nonwovens may be advantageously bonded by
      impregnating the nonwovens in conventional manner with aqueous polymer
      dispersions, followed by drying, when polymer dispersions are used which
      have been heat-sensitized by the addition of alkoxylated amines of inverse
      solubility and by adjusting the pH to below 6 if not already below 6.
PAR  Suitable synthetic anionic and non-ionic aqueous primary dispersions of
      polymers are for example those of monoolefins and diolefins, particularly
      ethylene and butadiene, of monovinylaromatic compounds, particularly
      styrene, vinyl toluenes, .alpha.-methylstyrene and o-chlorostyrene, of
      vinyl halides and/or vinylidene halides, particularly vinyl chloride and
      vinylidene chloride, of monoolefinically unsaturated carboxylates usually
      containing form 3 to 20 and in particular from 4 to 14 carbon atoms, such
      as vinyl esters of saturated straight-chain or branched-chain aliphatic
      carboxylic acids, e.g. vinyl acetate, vinyl propionate, vinyl n-butyrate,
      vinyl pivalate, vinyl laurate and vinyl stearate, of alkyl acrylates and
      alkyl methacrylates, such as methyl acrylate, methyl methacrylate, ethyl
      acrylate, n-butyl acrylate, n-butyl methacrylate, t-butyl acrylate,
      n-hexyl acrylate, n-hexyl methacrylate, 2-ethylhexyl acrylate,
      2-ethylhexyl methacrylate, n-decyl acrylate and n-dodecyl methacrylate,
      and of dialkyl esters of .alpha.,.beta.-monoolefinically unsaturated
      dicarboxylic acids, such as the dimethyl, diethyl, di-n-butyl and
      di-n-hexyl esters of maleic acid, fumaric acid and itaconic acid, and of
      vinyl ethers such as vinyl ethyl ether, vinyl methyl ether, vinyl n-butyl
      ether and vinyl s-butyl ether. The aqueous polymer dispersions of the
      above kinds may contain polymerized units of one or more of said monomers.
      Of particular interest are for example the usual aqueous dispersions of
      ethylene/vinyl acetate copolymers, copolymers of butadiene, styrene and/or
      acrylonitrile, acrylate copolymers, acrylate/styrene copolymers, vinyl
      chloride/acrylate copolymers, vinylidene chloride/acrylate copolymers,
      vinyl chloride/vinylidene chloride copolymers and vinylidene
      chloride/acrylonitrile copolymers.
PAR  The polymer dispersions of this kind may also contain, in quantities
      ranging from about 3 to 20 percent of the weight of the polymer, nitriles
      of .alpha.,.beta.-olefinically unsaturated carboxylic acids, such as in
      particular acrylonitrile, and also, in amounts usually ranging from 0.5 to
      10 percent and in particular from 0.5 to 5 percent by weight, olefinically
      unsaturated monomers having reactive groups, which are often soluble in
      water, for example .alpha.,.beta.-unsaturated, usually C.sub.3-5 mono- and
      di-carboxylic acids, such as acrylic acid, methacrylic acid, crotonic
      acid, maleic acid, fumaric acid and itaconic acid and their amides which
      may be substituted by methylol groups at the nitrogen atom or which are
      substituted by C.sub.1-4 alkoxymethyl groups, for example acrylamide,
      methacrylamide, N-methylol acrylamide, maleic amide and maleic imide,
      hydroxylalkyl acrylates and methacrylates such as glycol monoacrylate and
      monomethacrylate, butanediol-1,4-monoacrylate and monomethacrylate,
      monoalkyl esters of .alpha.,.beta.-olefinically unsaturated dicarboxylic
      acids of the above kinds, such as in particular monoethyl maleate and
      mono-n-butyl maleate, heterocyclic vinyl compounds such as N-vinyl
      pyrrolidone and N-vinylimidazole, monomers having a number of isolated
      double bonds such as divinyl benzene, methylene-bis-acrylamide and diallyl
      phthalate, and also vinylsulfonic acid and its esters and alkali metal
      salts, in the form of polymerized units.
PAR  The polymer dispersions may be manufactured with the use of conventional
      anionic and/or non-ionic emulsifiers and optionally conventional
      protective colloids. Examples of suitable emulsifying and dispersing
      agents are alkyl sulfates, such as lauryl sulfate, alkali metal salts of
      fatty acids, such as sodium stearate and potassium oleate, alkyl
      sulfonates, ethoxylated alkyl phenols having C.sub.8-12 alkyl groups and
      exhibiting from 5 to 30 and in particular from 10 to 25 ethylene oxide
      radicals, and their sulfonation products and alkoxylated, in particular
      ethoxylated, fatty alcohols, fatty amines and fatty acids, and possibly,
      in minor quantities, polyvinyl alcohol, partially saponified vinyl acetate
      polymers, carboxymethyl cellulose and hydroxyethyl cellulose. The amount
      of emulsifiers in the polymer dispersions is generally between 0 and 5
      percent and preferably between 0.1 and 2 percent by weight, based on the
      weight of the polymer, the dispersions often containing both anionic and
      non-ionic emulsifiers. The polymer dispersions having particle diameters
      of more than 0.2 .mu.u, on average, usually contain 0.1 to 1 percent by
      weight of emulsifier, and polymer dispersions having particle diameters of
      less than 0.2 .mu.u, on average, usually contain from 1 to 4 percent and
      in particular from 1 to 2 percent of emulsifier, based on the weight of
      the polymers.
PAR  In our novel process, alkoxylated amines having inverse water solubility
      are added to the polymer dispersions of the above kind. Thus the water
      solubility of the alkoxylated amines used as sensitizers is greater at
      lower temperatures, e.g. room temperature, than at elevated temperatures,
      e.g. at 50.degree.or 90.degree.C. The alkoxylated amines may be derived
      from monofunctional or polyfunctional amines generally having from 1 to 10
      and preferably from 1 to 3 amino groups. Of particular interest are amines
      having 2 amino groups. The amino groups in the alkoxylated amines may be
      primary, secondary or tertiary amino groups. The alkoxylated amines are
      preferably derived from straight-chain or branched-chain aliphatic amines,
      particularly polyfunctional straight-chain aliphatic amines such as
      ethylene diamine, diethylene triamine, dipropylene triamine, triethylene
      tetramine and tetraethylene pentamine, and also from ethanolamine,
      diethanolamine and triethanolamine, ethylene diamine being of particular
      interest. The alkoxy radical of the alkoxylated amines may, in particular,
      be derived from ethylene oxide and/or propylene oxide. If the alkoxylated
      amines are derived from ethylene oxide and propylene oxide, the etyhlene
      oxide and propylene oxide may be attached, in the usual way, either
      randomly or as blocks. We prefer the alkoxylated amines to contain
      attached propylene oxide or ethylene oxide and propylene oxide when they
      are derived from alkyl amines containing a total of up to 4 carbon atoms
      in the molecule. Where the alkoxylated amines are derived from alkyl
      amines having more than 4 carbons and in particular more than 8 carbons in
      the molecule, they may contain attached radicals of ethylene oxide along,
      propylene oxide alone or ethylene oxide and propylene oxide together.
PAR  When the alkoxylated amines contain ethylene oxide and propylene oxide, it
      has been found advantageous if the amount of attached porpylene oxide
      increases with increasing amounts of amino groups in the amine used as
      starting material. The molar ratio of ethylene oxide to propylene oxide in
      such alkoxylated amines is frequently between 1:10 and 1:1 and the means
      molecular weight of the alkoxylated amines is generally between about 200
      and 15,000 and preferably between 800 and 6,000 (measured by determining
      the hydroxyl number by the acetic anhydride method). The means molecular
      weight of propoxylated amines, containing attached propylene oxide only,
      is generally between 600 and 1,400. In general, the alkoxylated amines
      have a turbidity point between about 10.degree.and 70.degree.C in 1
      percent aqueous solution. Particularly interesting alkoxylated amines are
      those derived from ethylene diamine by the addition of propylene oxide or
      of ethylene oxide and propylene oxide in a molar ratio of from 1:1 to 1:5,
      the ethylene oxide and propylene oxide radicals being distributed randomly
      or as blocks.
PAR  In our novel process the alkoxylated amines of the above kinds may be added
      in amounts usually of from 1 to 20 percent and preferably from 2 to 10
      percent by weight of the polymers, to the polymer dispersions which
      generally have a polymer content of from 5 to 60 percent and in particular
      from 20 to 50 percent by weight, the addition being made at room
      temperature. The amount of alkoxylated amine necessary in each to achieve
      the desired heat-sensitizing effect in the various types of dispersion may
      be readily determined by simple experiments. To achieve
      heat-sensitization, the pH of the mixture is adjusted to below 6, if the
      starting polymer dispersion has a pH of 6 or more, this adjustment being
      carried out immediately or, if desired, after storage. To this end, use
      may be made of, say, dilute mineral acids such as hydrochloric, sulfuric
      and phosphoric acids, or organic acids such as acetic acid. Preferably the
      pH is set to below 4 and in particular at a value between 1 and  3, and in
      the case of pH between 4 and 6 it has been found advantageous also to add
      to the mixture electrolytes such as sodium chloride or magnesium chloride
      in amounts of from about 1 to 3 percent by weight, based on the weight of
      the polymer. If the starting polymer dispersion has a pH of less than 6
      and in particular from 1 to 3, and the alkoxylated amines having inverse
      solubility are added thereto, acidification is unnecessary. In such cases,
      it may sometimes be advantageous to add electrolytes or to lower the pH
      further, for example from 5 to 2, in order to increase the
      heat-sensitizing effect. In some cases it may even be convenient to add
      the alkoxylated amines and dilute acids together to polymer dispersions
      having a pH of 6 or more.
PAR  For the production of nonwoven fabrics by the process of the invention
      conventional natural or synthetic fibers are suitable. Impregnation of the
      unbonded webs with the heat-sensitized polymer dispersions of a pH of
      below 6 and drying of the impregnated material are carried out in
      conventional manner. The heat-sensitized polymer dispersions may also be
      foamed in known manner.
PAR  Examples of particularly suitable heat-sensitized polymer dispersions are
      those given in Examples 4, 6, 12, 16, 17 and 18 of application Ser. No.
      362,901. The dispersion of Example 6 is particularly suitable for the
      present process for bonding leather replacement materials, and the
      dispersion of Example 12 for bonding needlepunched fabrics.
PAR  Bonded nonwovens of natural or synthetic fibers are obtained by our novel
      process which exhibit no migration of the polymer particles as they
      coagulate almost immediately upon commencement of drying.
DETD
PAC  EXAMPLE 1
PA1  a. A conventional nonwoven fabric (product weight 50 g/m.sup.2) of 100
      percent polyhexamethylene adipamide fibers (3.3 dtex, 40 mm) is bonded
      with a sensitized dispersion diluted to a 20 percent solids content in
      conventional manner by impregnating, followed by drying of the impregnated
      web. The weight ratio of fiber : butyl acrylate copolymer is 2:1 and
      drying is carried out for 6 minutes at 150.degree.C. There is obtained a
      nonwoven material which is uniformly bonded over its whole cross-section
      and whose top and bottom surfaces are identical. b. By contrast, a poorly
      bonded web is obtained under otherwise the same conditions when the binder
      is a dispersion of the same composition but which contains no sensitizing
      agent; furthermore, the surfaces of the web have differing properties.
PAC  EXAMPLES 2 and 3
PA1  a. The procedure of Example 1 a) is adopted except that impregnation is
      carried out with sensitized dispersion diluted to 20 wt percent on fabrics
      (product weight in each case: 45 g/m.sup.2) consisting of 100 percent
      rayon staple (2) and polyethylene glycol terephthalate fibers (3) (in each
      case 1.7 dtex, 40 mm). Nonwoven fabrics are obtained which are uniformly
      bonded over the whole cross-section and whose top and bottom surfaces are
      identical. b. By contrast, poorly bonded webs exhibiting different
      properties at the top and bottom surfaces are obtained when, under
      otherwise the same conditions, the binder is a dispersion of the same
      composition but which contains no sensitizing agent.
PAC  EXAMPLE 4
PA1  a. A needlepunched fabric (product weight 400 g/m.sup.2) consisting of 60
      wt percent of polyhexamethylene adipamide fibers and 40 wt percent of
      polyethylene glycol terephthalate fibers is impregnated with the
      sensitized dispersion diluted to 30 wt percent such that the ratio of
      fiber weight : butyl acrylate copolymer is 1:1, and dried in conventional
      manner for 10 minutes at 150.degree.C. A fabric is obtained which is
      uniformly bonded over its whole cross-section and whose top and bottom
      surfaces are identical. b. The procedure of Example 4 a) is adopted except
      that the nonsensitized dispersion is used. Under otherwise the same
      conditions a poorly bonded fabric is obtained which exhibits different
      properties at the top and bottom surfaces.
PAC  EXAMPLE 5
PAR  The procedure of Example 4 a) is adopted except that a needlepunched fabric
      (product weight 350 g/m.sup.2) is used consisting of 30 wt percent of
      polyethylene glycol terephthalate fibers, 50 wt percent of polycaprolactam
      fibers and 20 wt percent of viscose fibers. In this instance, too, only
      when employing the heat-sensitized dispersion is a fabric obtained which
      is uniformly bonded over its whole cross-section and which exhibits the
      same properties at its top and bottom surfaces.
PAC  EXAMPLE 6
PAR  The procedure of Example 4 a) is adopted except that a needle-punched web
      (product weight 400 g/m.sup.2) is used consisting of 60 wt percent of
      polyhexamethylene adipamide fibers, 30 wt percent of polyethylene glycol
      terephthalate fibers and 10 wt percent of polypropylene fibers. In this
      case, too, only when employing the heat-sensitized dispersion is a fabric
      obtained which is uniformly bonded over its whole cross-section and which
      exhibits the same properties at its top and bottom surfaces.
PAC  EXAMPLE 7
PAR  The procedure of Example 1 a) is adopted except that a web is used (product
      weight 60 g/m.sup.2) consisting of equal parts by weight of
      polyhexamethylene adipamide fibers and polyacrylonitrile fibers. Here,
      too, only when the heat-sensitized dispersion is used is a fabric obtained
      which is uniformly bonded over its whole cross-section and which exhibits
      the same properties at its top and bottom surfaces.
PAC  EXAMPLE 8
PAR  To 100 parts of a 20 percent (40percent) aqueous dispersion of a copolymer
      of 50 parts of n-butyl acrylate, 48 parts of styrene and 2 parts of
      methacrylic acid containing 1.5 parts of the sodium salt of a C.sub.16-18
      alkyl sulfonate as emulsifier, there are added 1.6 parts (3.2 parts) of
      the sensitizer A, whereupon the pH is adjusted to 2 (1.9) by the addition
      of dilute aqueous hydrochloric acid. There is obtained a polymer
      dispersion which coagulates virtually completely within a few second at
      45.degree.C (37.5.degree.C). The sensitized dispersion is suitable as a
      binder for non-woven fabrics.
PAC  EXAMPLE 9
PAR  To 100 parts of a conventionally prepared 20 percent aqueous dispersion of
      a copolymer of 47 parts of n-butyl acrylate, 51 parts of vinyl acetate and
      2 parts of acrylic acid, containing 2 percent, based on the polymer, of
      lauryl sulfate as emulsifier, there are added 1.6 parts of sensitizer A,
      whereupon the pH is adjusted to 2. There is obtained a sensitized polymer
      dispersion which coagulates virtually completely within a few seconds at
      45.degree.C. The sensitized dispersion is suitable for making coatings,
      textile finishes and for use as a binder for leather-like non-woven webs.
PAC  EXAMPLE 10
PAR  To 100 parts of a conventionally prepared 20 percent aqueous dispersion of
      a copolymer of 69 parts of butadiene, 30 parts of acrylonitrile and 1 part
      of N-methylol methacrylamide, containing 1.5 parts of sodium lauryl
      sulfate as emulsifier, there are added 5 percent by weight, based on the
      amount of polymer, of sensitizer H and 2 parts of maleic acid. There is
      obtained a heat-sensitive polymer dispersion having a pH of 3.6 and a
      coagulation temperature of 42.5.degree.C. The sensitized dispersion is
      suitable for binding needlepunched nonwoven webs serving, for example, as
      starting materials for the manufacture of leather substitutes.
PAC  EXAMPLE 11
PAR  To a conventionally prepared 35 percent aqueous dispersion of a copolymer
      of 87 parts of n-butyl acrylate, 10 parts of acrylonitrile, 2 parts of
      N-butoxymethyl methacrylamide and 1 part of acrylic acid, containing 0.8
      part of the sodium salt of a C.sub.12-14 alkylaryl sulfonate and 0.5 part
      of sodium pyrophosphate and having a pH of 4, there is added 0.7 part of a
      polyadduct of 25 moles of propylene oxide and 6 moles of ethylene oxide
      per mole of ethylene diamine. The resulting mixture has a pH of 4.3 and
      coagulates completely within a few seconds when heated to 52.degree.C.
      This dispersion is suitable for use as a binder in nonwoven webs.
PAC  EXAMPLE 12
PAR  To 100 parts of a 30 percent aqueous dispersion of a conventionally
      prepared copolymer of 50 parts of styrene and 50 parts of n-butyl
      acrylate, containing 0.8 part of the sodium salt of lauryl sulfonate and
      0.3 part of a C.sub.12-16 fatty acid amido N-n-propylbetaine mixture
      ##EQU1##
      as emulsifier and having a pH of 2.6, there are added, at room
      temperature, 1.2 parts of a polyadduct of 20 moles of propylene oxide and
      5 moles of ethylene oxide per mole of ethylene diamine.
PAR  The resulting mixture has a pH of 3 and coagulates quickly and completely
      when heated to 68.degree.C. The mixture is readily foamable and is
      suitable for use in foamed form for foam-impregnating nonwoven fabrics, in
      which case it coagulates when heated immediately after impregnation to at
      least 68.degree.C to stiffen to nonwoven fabric whilst showing virtually
      no migration of the binder polymer.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for binding nonwoven fabrics by impregnating the fabrics
      with anionic or non-ionic aqueous heat-sensitized polymer dispersions and
      drying the impregnated fabrics at elevated temperature in the usual
      manner, the improvement of using a polymer dispersion containing 2 to 10
      percent by weight, based on the polymer, of a polyalkoxylated aliphatic
      amine containing from 1 to 10 amino groups and being alkoxylated with an
      alkylene oxide selected from the group consisting of ethylene oxide,
      propylene oxide, and both ethylene and propylene oxides, said
      polyalkoxylated amine having inverse solubility and a mean molecular
      weight of from 200 to 15,000, as measured by the hydroxyl number
      determined by the acetic anhydride method, and said polymer dispersion
      containing said polyalkoxylated amine having a pH below 6.
NUM  2.
PAR  2. Aa processs as claimed in claim 1, wherein said alkoxylated amine is a
      polyoxypropylated aliphatic amine having 1 to 4 carbon atoms and 1 to 3
      amino groups, said polyoxypropylated amine having a mean molecular weight
      of from 800 to 6000, as measured aforesaid.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein said alkoxylated amine is an
      aliphatic amine with 1 to 4 carbon atoms and 1 to 3 amino groups and the
      oxyalkylene groups thereof are those of both ethylene oxide and propylene
      oxide in a molar ration between 1:10 and 1:1, respectively, said
      polyalkoxylated amine having a mean molecular weight of from 800 to 6,000
      as measured aforesaid.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein said aliphatic amine has more
      than 4 carbon atoms and 1 to 3 amino groups.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein said alkoxylated amine is
      ethylene diamine, diethylene triamine, triethylene tetramine,
      tetraethylene pentamine or dipropylene triamine which is oxyalkylated with
      both ethylene oxide and propylene oxide in a mole ratio of said oxides of
      1:10 to 1:1, respectively.
NUM  6.
PAR  6. A process as claimed in claim 1, wherein said alkoxylated amine is
      polyoxypropylated triethanolamine, diethanolamine, or ethanolamine.
NUM  7.
PAR  7. A process as claimed in claim 1, wherein said alkoxylated amine is
      polyoxypropylated ethylene diamine.
NUM  8.
PAR  8. A process as claimed in claim 1, wherein said oxyalkylated amine is
      ethylene diamine which is oxyalkylated with both ehtylene oxide and
      propylene oxide in a mole ratio of said oxides of 1:10 to 1:1,
      respectively.
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ABST
PAL  A decorative assembly or toy consisting of a transparent image of the
      mascot or other representation symbolic of a first athletic team with the
      image of the mascot of a second athletic team embedded within the first
      image in a manner and position to give the appearance of having been
      devoured by the first image.
BSUM
PAR  This invention relates to a novel decorative assembly or toy, such as a
      paperweight or the like, that visibly symbolizes the dominance of one
      rival athletic team over another.
PAR  There exists today in the United States as well as throughout the world
      much interest in team athletic events from secondary schools through
      professional sports, and over the years many traditional rivalries have
      formed between certain competing teams. This interest has sparked an
      entire industry concerned with the production and sale of novelty items,
      such as pennants, flags, caps, etc., to fans and spectators so that they
      can visibly express their support for a particular team.
PAR  In accordance with the present invention, there is provided a new and
      unique type of novelty item or decorative assembly for such purpose that
      comprises a transparent image of the mascot or symbol of a first athletic
      team with an essentially opaque image of the mascot or symbol of a second
      athletic team embedded within said first image in a manner and position to
      give the appearance of having been devoured by the first image.
DETD
PAR  With reference to the accompanying drawing which is exemplary and
      explanatory of the invention, there is shown a transparent image 10, here
      shown in the form of an elephant, representing the mascot of one athletic
      team or other representation symbolic of a particular team or educational
      institution. Preferably, image 10 is a casting of a moldable and
      transparent synthetic resin, such as a polyester resin, acrylic resin, or
      other resin commonly used in the production of decorative plastic
      assemblies.
PAR  A second and smaller and essentially opaque image 20, here shown in the
      form of a tiger, is completely embedded within first image 10 and
      represents the mascot or symbol of another rival athletic team or
      institution. In view of the transparent character of the first image, the
      smaller image or mascot 20 thus appears to have been devoured or swallowed
      by the first mascot creating an impression of total dominance of the first
      image over the second. Thus, it can be appreciated that the assembly of
      this invention visibly conveys the partisan support of its owner or
      possessor.
PAR  Preferably, the smaller image 20 is a casting made from plaster of Paris or
      the like and suitably painted to represent the desired mascot.
PAR  It will be obvious, of course, that other pairs of mascots representing
      traditional rivals or competing athletic teams can be used in place of
      those shown without departing from the scope of the present invention.
PAR  As shown in the drawing, the mascots are mounted on a pedestal or platform
      30 making it suitable as a paperweight and providing a flat surface upon
      which team slogans, names, or other identifying matter may be placed.
      Alternatively, the decorative item can be mounted to the base of a pen or
      pencil holder.
PAR  In production the transparent resin is first poured or injected into a
      suitable mold cavity and before the resin is hardened, the second image 20
      is embedded within the body of the first image. The resin is then
      permitted to harden and fastened to a suitable base member.
PAR  The invention in its broader aspects is not limited to the specific details
      shown and described and departures may be made from such description
      without departing from the principles of the invention and without
      sacrificing its chief advantages.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A decorative assembly comprising a transparent casting made from a
      moldable and transparent synthetic resin representing an image of a mascot
      and an opague image of another mascot embedded within said first mascot in
      a manner and position to give the appearance of having been devoured by
      said first mascot.
NUM  2.
PAR  2. The assembly of claim 1, in which the resin is selected from the group
      consisting of polyester and acrylic resins.
NUM  3.
PAR  3. The assembly of claim 1, in which the image of the dominated or second
      mascot is a painted casting made from plaster of Paris.
NUM  4.
PAR  4. The decorative assembly of claim 1, mounted on a base member.
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ABST
PAL  Pressure sensitive materials and methods of making same, wherein a layer of
      adhesive material is sandwiched between a printing paper sheet surface and
      a backing sheet surface which is preferably of high density and coated
      with an adhesive release agent, preferably a silicone material. The
      backing sheet is of undulating form with the size of the undulations being
      large enough to provide a high coefficient of friction with a finger
      engaged therewith and being small enough to minimize stretching thereof
      and to thereby facilitate removal and to provide substantially uniform
      support of the printing paper for letter press printing thereon without
      mottling. A barrier coating may be provided on the surface of the printing
      sheet which is engaged with the adhesive and a non-skid coating may be
      provided on the exposed surface of the backing sheet.
PARN
PAR  This is a continuation of application Ser. No. 212,046 filed Dec. 27, 1971,
      now abandoned.
BSUM
PAR  This invention relates to pressure sensitive materials and methods of
      making same and more particularly to pressure sensitive materials such as
      printed labels, provided with a backing sheet which is removable to permit
      adherence of the printed lable to a selected receiving surface. The
      pressure sensitive materials of the invention are economically
      manufacturable while permitting ready removal of the backing sheet,
      eliminating the oozing of adhesive from edges, eliminating curls and
      waviness and permitting letter press printing without any mottling
      effects. The materials are of minimum thickness and volume and are of
      uniform and consistent quality.
PAR  Pressure sensitive materials are known in the art in which an adhesive
      layer is sandwiched between a paper sheet and a backing sheet which is
      removable to permit pressing of the adhesive layer on a selected receiving
      surface. To permit removal of the backing sheet, various systems have been
      proposed. In one system, a mechanically manufactured slit or cut is
      provided at one or more places in the backing sheet. In another, there is
      an absence of adhesive along one or more edges. It has also been proposed
      to provide chemically etched lines at one or more places in the release
      sheet, either extending completely through the release sheet, or partially
      therethrough to weaken the sheet. A further proposal has been to provide a
      very stiff backing sheet such that bending pressure alone serves to break
      the bond between the adhesive and the backing sheet.
PAR  Another prior art system, described in the Kapral Pat. No. 3,533,899
      involves the use of a silicone coated, polyolefin surfaced release backing
      paper, prepared with a high degree of mechanical crepe, such that convex
      bending of a label (backing facing outward) and with concurrent thumb
      pressure, will tend to stretch the backing, thereby loosening the backing
      from the adhesive. Additional finger or thumb pressure is then employed to
      seize the separated backing and pull it from the adhesive.
PAR  Such prior systems have objectionable features. The provision of slits,
      cuts or chemically etched lines is quite expensive as is also the
      provision of stiff backing paper or the silicone coated, polyolefin
      surfaced paper. The system in which there is an absence of adhesive along
      one or more edges of the paper requires that the paper be cut away in use
      and also means that each label must have a predetermined size during
      manufacture. The provision of a backing paper with a high degree of
      mechanical crepe is not altogether satisfactory in that the backing paper
      oftentimes fractures, releasing loose fibers and dust. In addition,
      satisfactory letter press printing is not possible, due to a mottling
      effect from the backing sheet. Also, with a high degree of mechanical
      crepe extreme variations in bulk an extremely non-uniform surface which
      causes an undesirable grossly uneven attachment.
PAR  This invention was evolved with the general object of overcoming the
      disadvantages of prior systems and of providing pressure sensitive
      materials and methods of making the same to obtain economy in manufacture
      along with excellent performance and consistent and high quality. A
      specific object is to provide pressure sensitive materials and methods of
      making the same by which a backing sheet can be readily and consistently
      removed while at the same time permitting letter press printing of the
      paper sheet.
PAR  In accordance with this invention, a layer of adhesive material is
      sandwiched between a printing paper sheet surface and a backing sheet
      surface coated with an adhesive release agent, preferably a silicone
      material which is relatively inexpensive. The backing sheet is of
      undulating form, the undulations being large enough to provide a high
      coefficient of friction when engaged by a finger while being small enough
      to minimize stretching thereof and to thereby facilitate removal and to
      provide substantially uniform support of the printing paper for letter
      press printing thereon without mottling. In one arrangement, the backing
      sheet is contracted to form the undulations, whereby the degree of
      contraction is substantially less than it is in the prior art system
      wherein the backing paper is prepared with a high degree of mechanical
      crepe. In another arrangement, the backing sheet is provided with a
      swirled waffle embossing to provide the highly desirable undulations. In
      both arrangements, preferably, the degree of stretchability is less than
      10 per cent. With this relatively small degree of stretchability, the size
      of the undulations is also small, achieving the very important advantage
      of providing substantially uniform support of the paper for letter press
      printing thereon without mottling and also producing other important
      advantages. In particular, the undulations are uniform and consistent, and
      thus there is a minimum disruption and breakup of fiber in the backing
      sheet, obviating the release of loose fibers and dust into the adhesive.
      In addition, the overall thickness of the material is greatly reduced,
      correspondingly reducing the volume for a given quantity of the material.
PAR  Another specific feature is in the application of an amount of pressure in
      assembly sufficient to obtain engagement of the adhesive layer with from
      40 to 60 per cent of the total area of the release agent coating on the
      backing sheet. With this feature, the backing sheet is securely held until
      removal is desired, which can be readily accomplished. This feature is
      also advantageous in decreasing exposure of the adhesive to air.
PAR  Another important feature and advantage relates to the use in the
      combination of an inexpensive silicone release agent. Such agents are, by
      themselves, known in the art, but in prior art systems, difficulties have
      been experienced in connection with removal of the backing sheet. In the
      material of this invention, it is possible to use the inexpensive silicone
      material while still obtaining the advantage of ready removability of the
      backer sheet and consistent and high quality.
PAR  Still another feature relates to the formation of at least one surface of
      the backing sheet with a high density to minimize absorption of the
      release agent.
PAR  A further important feature relates to the provision of a non-skid
      composition on the exposed surface of the backing sheet, further
      facilitating frictional engagement with the backing sheet and removal
      thereof.
DRWD
PAR  This invention contemplates other objects, features and advantages which
      will become more apparent from the following detailed description taken in
      conjunction with the accompanying drawings which illustrate a preferred
      embodiment and in which:
PAR  FIG. 1 is a front plan view of a label of a pressure sensitive material
      according to the invention, also illustrating the placement of fingers for
      separation of a backing sheet;
PAR  FIG. 2 is a rear plan view of a portion of the label of FIG. 1;
PAR  FIG. 3 is a sectional view on a greatly enlarged scale, taken substantially
      along line III--III of FIG. 2;
PAR  FIG. 4 is a rear plan view of a portion of another label according to the
      invention;
PAR  FIG. 5 is a sectional view on a greatly enlarged scale, taken substantially
      along the line V--V of FIG. 4; and
PAR  FIG. 6 is a greatly enlarged sectional view of a portion of still another
      label according to the invention.
DETD
PAR  Reference numeral 10 generally designates a label constructed from a
      pressure sensitive material formed in accordance with the principles of
      this invention. The illustrated label 10 includes a paper sheet 11 and a
      backing sheet 12 having facing surfaces 13 and 14 and an adhesive layer 15
      sandwiched between the surfaces 13 and 14 with a coating 16 of an adhesive
      release agent on the surface of the backing sheet 12, engaged with the
      adhesive. In accordance with the invention, the backing sheet 12 is of
      contracted undulating form to facilitate manual removal thereof. As shown
      in FIG. 1, a corner portion of the label 10 may be held with the thumb and
      index fingers engaged with the sheets 11 and 12. The corner portion is
      then bent forwardly until it is disposed approximately at right angles to
      the remaining portion of the label 10, and with a light squeezing and
      sliding motion, the backing sheet 12 may be then separated from the
      adhesive. Thereafter, the backing sheet 12 can be peeled away from the
      adhesive layer 15 after which the sheet 11 may be pressed against a
      selected surface, to be adhered thereto by the adhesive layer 15. By
      bending the corner portion, the backing sheet 12 readily lifts up from the
      adhesive without the necessity of compressing or crushing the backing
      sheet, which crushing occurs when a heavy squeezing and sliding motion is
      performed without first bending the label. Moreover, with the construction
      of the label 10 according to the invention, laterally applied pressure,
      such as the pressure applied by rollers of a printing press, does not
      cause a separation of the backing sheet from the adhesive, since such a
      separation during printing would be unwanted and undesirable.
PAR  Also in accordance with the invention, the degree of contraction of the
      backing sheet and the size of the undulations are small enough to permit
      letter press printing of the sheet, substantially without any mottling
      effect, such as would result with a high contracted sheet of sharply
      creped configuration. It has been found that by proper proportioning of
      the degree of contraction, letter press printing is possible while at the
      same time, the backing sheet 12 can be readily removed. Preferably, the
      degree of contraction of the backing sheet 12 is less than 10 per cent and
      most preferably, it is in the range of from about 0 to 8 per cent.
PAR  It is found that the use of a restricted degree of contraction of the
      backing sheet has another important advantage in that the undulations of
      the sheet are relatively smooth and rounded, minimizing fracturing of
      fibers and the release of loose fibers and dust into the adhesive layer
      15.
PAR  Another important feature is in the engagement of the adhesive layer 15
      with a relatively large area of the coating 16, preferably with from 40 to
      60 per cent of the total area of the coating 16. With this feature, the
      initial adhesive tack is substantially increased and the exposure of the
      adhesive to air is decreased. The attainment of the large contact area is
      facilitated by the use of the relatively small degree of contraction and
      size of the undulations. In making the material, the pressure applied to
      the sheets 11 and 12 is held within a certain range to obtain the required
      contact area. The required pressure range depends upon the particular
      materials used, the viscosity of the adhesive, temperature and curing
      relationship of the adhesive during its initial stages of manufacture. It
      is preferably optimized by adjustment until the desired area of contact is
      obtained in the output product.
PAR  The paper sheet 11 may be of a type of material which shows porosity to
      organic solvents contained in the adhesive layer 15 and in such cases, a
      suitable coating 17 is applied to the surface 13 to inhibit passage of the
      solvent into the paper. When the sheet 11 is of a type of material having
      a natural barrier resistance to the influx of solvents, the coating 17 may
      be eliminated.
PAR  The adhesive layer 15 is of any one of a number of commercially available
      latex or synthetic, self-sticking, pressure sensitive compounds. The
      adhesive may either be of a "permanent" type, i.e., one in which operates
      to so secure the sheet 11 to a surface as to prevent removal without
      destruction or of a "removable" type, i.e., one which permits clean
      removal, without damage, and reuse. The thickness of the layer 15 may
      preferably be in the range of from 0.0005 to 0.002 inches.
PAR  The coating 16 is preferably any one of a number of commercially available
      silicones in an aqueous or organic solvent solution. It is noted that with
      the invention, no polyolefin barrier film or other costly component is
      required.
PAR  At least the surface 14 of the backing sheet 12 is densified to minimize
      absorption of the release agent of the layer 16. A sheet of densified or
      calendered paper of kraft character is preferably employed to minimize
      such absorption as well as to reduce the likelihood of dust formation. The
      sheet 12 may be a creped or crinkled sheet having a thickness of from
      0.003 to 0.010 inches. Sheets in the thirty to fifty pound range provide
      optimum handling but heavier stock may be used when the sheet 11 is in the
      form of an extremely light printing paper or film.
PAR  To further facilitate removal, a layer 18 of a commercially available
      non-skid compound may be applied to the outer surface of the backing sheet
      12.
PAR  Referring now to FIGS. 4-6 of the drawings, there is shown a label 20 which
      is also constructed from a pressure sensitive material formed in
      accordance with the present invention. The label 20 is similar to the
      label 10, except that instead of being contracted, the backing sheet has a
      swirled waffle embossment to form the desirable undulations. The label 20
      includes a paper sheet 21 and a backing sheet 22 with facing surfaces 23
      and 24 and with an adhesive layer 25 sandwiched between the surfaces 23
      and 24. A coating 26 of an adhesive release agent on the surface of the
      backing sheet 22 is engaged with the adhesive. In accordance with the
      present invention, an embossment 27 on the backing sheet 21 is configured
      in the shape of a swirled waffle pattern to provide evenly distributed
      undulations. The embossment 27 is applied to the back face of the backing
      sheet 22, and comprises a series of crossing longitudinally-extending
      grooves 28 and transversely-extending grooves 29 in the rear face of the
      backing sheet 22 to provide corresponding longitudinally-extending ridges
      31 and transversely-extending ridges 33 on the front face of the backing
      sheet to engage the adhesive. Each one of the grooves is of a sinusoidal
      shape. The backing sheet 22 is embossed prior to securing it in place on
      the adhesive-backed printing sheet 21, and it is removed in the same
      manner as the backing sheet 12 is removed from the sheet 11 of the label
      10.
PAR  With the construction of the label 20, uniform evenly-distributed
      undulations are provided, and thus the label 20 provides even greater
      resistance to laterally-applied pressures and enables ease of separation
      when a corner portion is bent over in accordance with the foregoing
      description of the method of removing the backing sheet. In the same
      manner as the label 10, the undulations of the label 20 are smooth and
      rounded to minimize fiber fracture, and the adhesive engages a relatively
      large area of the coating 26. In the case of the label 20, the adhesive
      engages approximately 40 to 50 per cent of the total area of the coating
      26. All of the other foregoing advantages and features mentioned in
      connection with the label 10 apply equally to the label 20. For example,
      the size of the undulations of the backing sheet 22 are small enough to
      permit letter press printing without mottling the print.
PAR  A suitable coating 35 applied to the surface 23 inhibits passage into the
      paper sheet 21 of organic solvents contained in the adhesive, if the paper
      is of the type which is porous to such solvents. The surface 24, the
      adhesive layer 25 and the coating 26 are similar to the surface 14, the
      adhesive 15 and the coating 16 of the label 10, respectively.
PAR  Referring now to FIG. 6 of the drawings, there is shown a label 50, which
      is also constructed in accordance with the present invention, and which is
      identical to the label 20 except that the label 50 is assembled somewhat
      differently in that the reverse side of the embossed backing sheet of the
      label 50 engages the adhesive. The label 50 includes a paper sheet 51, a
      backing sheet 52 with an adhesive layer 53 disposed between opposed faces
      54 and 55, an adhesive release coating 56 disposed on the surface of the
      backing sheet and engaged with the adhesive layer 53, and a
      solvent-inhibiting coating 58 disposed on the surface 54 engages the
      adhesive. A swirled waffle pattern embossment generally indicated at 57 on
      the backing sheet 52 is identical to the embossment 27 of the label 20,
      but the grooved side of the backing sheet 52 engages the adhesive. A
      plurality of protuberances 59 defined by the intersecting grooves of the
      embossment 57 engage the adhesive and provide uniformly-distributed
      undulations. The backing sheet 52 is removed in the same manner as the
      backing sheet 22 of the label 20, and in all other respects the label 50
      is identical to the label 20 and all of the foregoing advantages and
      features of the label 20 apply equally to the label 50. With regard to the
      label 50, the adhesive layer 53 engages a somewhat greater percentage of
      the total area of the coating 56 as compared to the label 20.
PAR  Thus, in view of the foregoing description, it should now be apparent that
      the pressure sensitive material of this invention has a number of
      important advantages. As compared to the prior art types of construction
      in which a backing sheet is split, the material of this invention
      minimizes wastage and permits full use of the pressure sensitive sheet. It
      is not necessary to face cut the printing surface or provide the splits
      and the material is much more economically produced. The backing sheet is
      quickly and easily removed, adhesive ooze from the edge of the sheet and
      through backer splits is minimized or eliminated, ghost lines or lighter
      printing areas over splits are eliminated in the printing operation and
      curl and waviness due to splits are eliminated.
PAR  As compared to a prior art construction having a silicone coated,
      polyolefin surfaced and highly creped stock, the material of this
      invention is much less costly to produce, as a substantially increased
      initial tack and grab due to the increased contact area, and variability
      in the release force is minimized. The releasability factor can be
      relatively low, in the range of 30-40 grams, per lineal inch Keil PSTC
      standard Johnson & Johnson test method for example, and can be held
      constant within a relatively narrow range. The material is also
      substantially thinner and occupies much less volume. In addition, the
      formation of dust and loose fibers is minimized and because of the greater
      contact area there is a decrease in exposure of the adhesive to air,
      thereby minimizing aging effects. A very important additional advantage is
      that letter press printing is possible without any mottling effect.
PAR  It will be understood that modifications and variations may be effected
      without departing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a pressure sensitive material, a printing paper sheet and a backing
      sheet of fibrous material having coextensive facing surfaces, a layer of
      adhesive material sandwiched between said coextensive facing surfaces of
      said paper sheet and said backing sheet, and a coating of an adhesive
      release agent on the surface of said backing sheet engaged with said
      adhesive layer, said release agent providing a predetermined releasability
      factor, said backing sheet having uniformly distributed undulations
      therein of a predetermined size and in a swirled waffle pattern such that
      a predetermined percentage of the total area of said adhesive layer is in
      engagement with said coating with such engagement being uniformly
      distributed throughout said surface of said backing sheet, said
      undulations being smooth and rounded to facilitate letter press printing
      and to minimize fracturing of fibers of said backing sheet and release of
      loose fibers into said adhesive material, said backing sheet also having a
      predetermined degree of stretchability and being contracted to a
      predetermined degree in forming said smooth and rounded undulations, said
      predetermined releasability factor and said predetermined percentage being
      high enough and said predetermined size of said undulations, said
      predetermined degree of stretchability and said predetermined degree of
      contraction being low enough to substantially obviate relative movement of
      said printing paper sheet and said backing sheet during letter press
      printing and to permit accurate letter press printing of said printing
      paper sheet without mottling, said predetermined releasability factor and
      said predetermined percentage being also low enough and the size of said
      undulations, said predetermined degree of stretchability and said
      predetermined degree of contraction being large enough to permit ready
      removal of said backing sheet by engagement of the finger of a user
      therewith, said predetermined releasability factor being on the order of
      30-40 grams per lineal inch on the Keil scale, said predetermined
      percentage being from 40 to 60%, said predetermined degree of
      stretchability being less than 10% and said degree of contraction being
      from 2 to 10%.
NUM  2.
PAR  2. In a material as defined in claim 1, said printing paper and backing
      sheets being rectangular, and said swirled waffle pattern of said
      undulations being such that the portions of said backing sheet engaged
      with said adhesive layer are quadrinlinearly shaped and are separated by
      crossing ridge portions extending in angular non-parallel relation to the
      peripheral edge portions of said printing paper and backing sheets.
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ABST
PAL  A flocked weatherstrip is provided for sealing the space between two
      relatively movable closure members such as sliding doors. The weatherstrip
      includes a plastic base strip mounting on one of the closure members and
      having a body of elongated fibers attached to a surface thereof for
      sealing engagement with the other closure member. The body of flocked
      fibers includes two groups of interspersed elongated fibers of common
      material having different deniers and lengths, whereby the body of fibers
      is of greatest density adjacent the surface of the strip.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of my application Ser. No.
      264,910 filed June 21, 1972 now abandoned.
BSUM
PAR  The present invention relates to weatherstrips and, more particularly, to
      an improved flocked fiber weatherstrip for sealing the space between
      relatively movable closure members.
PAR  Generally, weatherstripping provided between relatively slideable closure
      members, such as sliding glass doors, serves to minimize rattling or
      vibration, to minimize friction during sliding movement, to exclude
      moisture and water, to provide variable clearance for assembly of the
      closure members and, most importantly, to prevent infiltration of air
      through the space therebetween. Specifications for flocked fiber
      weatherstripping require that air infiltration characteristics be measured
      when the flocked pile is compressed to eighty percent of the free overall
      height of the weatherstrip. Such compression causes the fibers to bend
      laterally of their free disposition and relative to one another, whereby
      passages for air through the fiber pile are created reducing the
      resistance to air infiltration. Accordingly, it becomes important to
      minimize the decrease in resistance to air infiltration which results from
      fiber distortion caused by such compression.
PAR  To produce a flocked pile on the surface of a weatherstrip body, the
      surface is provided with an adhesive coating and elongated fibers of the
      same length and having uniform and very small diameters are deposited
      electrostatically on the surface of the body. With this procedure, the
      propelling force on each fiber is limited and it is not possible to
      tightly compress the fibers laterally of the fiber axes on the surface of
      the body. In other words, the number of fibers which can be
      electrostatiically deposited on the surface of the body is limited. This,
      together with distortion resulting from fiber compression, makes it very
      difficult to achieve a desired density and to meet air filtration
      specifications.
PAR  Heretofore, efforts have been made to increase fiber density in
      weatherstrips of the foregoing character by either increasing or
      decreasing the denier of the fibers used. The number of fibers which can
      be electrostatically deposited decreases with increasing denier. The
      reason for this, by way of example, is believed to be due to the fact that
      for a given area, a larger number of cylindrical objects one inch in
      diameter can be placed in the area than can cylindrical objects one foot
      in diameter. Therefore, by increasing the fiber denier, density is reduced
      and resistance to air infiltration is reduced. Decreasing the denier of
      the fibers results in a fiber pile having less than a desired stiffness to
      resist rattling, vibration and the like. Moreover, smaller denier fibers
      present problems with regard to obtaining a desired density when they are
      electrostatically deposited. In this respect, when there are already a
      large number of small diameter fibers on the surface of the weatherstrip
      body, additional fibers of the same diameter must pass between the fibers
      and into the spaces therebetween in order to stick in the adhesive on the
      surface of the body. The frictional resistance of additional fibers
      passing through fibers which are already deposited causes very small
      denier fibers to bend and hang up before they strike the adhesive on the
      surface of the article. This, of course, reduces the density which would
      be obtained if the fibers could penetrate to the surface of the
      weatherstrip body. Accordingly, such previous efforts have not produced a
      flocked fiber weatherstrip having an optimum fiber density, crush
      resistance and resistance to air infiltration under test specifications.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a flocked fiber weatherstrip is
      provided by which the above problems are overcome and desirable air
      infiltration and density characteristics are obtained. In this respect,
      the weatherstrip of the present invention includes a flocked pile defined
      by interspersed first and second pluralities of elongated fibers. The
      first plurality of fibers each have a longitudinal axis, opposite end
      portions, and a common diameter and length. The second plurality of fibers
      each have a longitudinal axis, opposite end portions, and a common second
      diameter and length less than the first diameter and length.
PAR  The first plurality of fibers are propelled toward an adhesive-coated
      surface of the body of the weatherstrip with their longitudinal axes
      extending substantially perpendicular to the surface so that one end
      portion thereof will be embedded in the adhesive. Once a flocked pile is
      formed on the surface of the body from the first plurality of fibers, the
      second plurality of fibers are propelled toward the surface with their
      longitudinal axes extending generally perpendicular to the surface so that
      one end portion thereof will be embedded in the adhesive. The first
      plurality of fibers are distributed throughout the surface of the
      weatherstrip body, and the second plurality of fibers are distributed
      throughout the surface of the article and throughout the first plurality
      of fibers. The larger diameters of the first plurality of fibers provides
      spaces therebetween which can be penetrated by the smaller diameter fibers
      of the second plurality without the frictional resistance encountered when
      all of the fibers are of the same diameter. Moreover, the shorter length
      of the second plurality of fibers makes it possible for them to be
      propelled through the first plurality of fibers to embed in the adhesive
      without bending. The resulting flocked fiber weatherstrip has a flocked
      pile with a greater density adjacent the surface of the body than adjacent
      the outer surface of the flocked pile as defined by the larger and longer
      diameter fibers. Moreover, the smaller fibers laterally support the larger
      and longer fibers thereby increasing the resistance to fiber deflection
      and distortion resulting from compression of the fiber pile during use.
      This in turn increases resistance to air infiltration across the fiber
      pile.
PAR  In a preferred arrangement, the first and second plurality of fibers are
      formed of a common material, with the second plurality of fibers having a
      substantially smaller denier and length than the first plurality of
      fibers. In the preferred arrangement, the denier of the second plurality
      of fibers is fifteen to forty percent of the denier of the first plurality
      of fibers. Generally, this means that the diameter of the second plurality
      of fibers is around twenty-five to sixty percent of the diameter of the
      first plurality of fibers. Preferably, the denier and diameter of the
      second plurality of fibers are in the lower limits of these ranges in
      order to achieve optimum density and desirable air infiltration
      characteristics. Preferably, the length of the second plurality of fibers
      is at least equal to the resultant height of the fiber pile when the free
      height of the weatherstrip including the height of the body and the free
      height of the fibers is compressed to eighty percent of the free height.
      In other words, when the free height of the weatherstrip is compressed
      20%.
PAR  It is a principal object of the present invention to provide an improved
      flocked pile weatherstrip.
PAR  It is a further object of the present invention to provide a flocked pile
      weatherstrip having improved density and air infiltration characteristics.
PAR  It is also an object of the present invention to provide a flocked pile
      weatherstrip having a greater density adjacent the surface of the
      weatherstrip body than adjacent the outer surface of the pile.
PAR  It is an additional object of the present invention to provide a flocked
      fiber weatherstrip including interspersed first and second fibers and in
      which the denier and length of the first fibers is greater than the denier
      and length of the second fibers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing objects, and others, will in part be obvious and in part
      pointed out more fully hereinafter in conjunction with the description of
      a preferred embodiment of the invention illustrated in the accompanying
      drawing and in which:
PAR  FIG. 1 is a perspective view of a pair of cooperable closure members
      provided with a weatherstrip made in accordance with the present
      invention;
PAR  FIG. 2 is an enlarged cross-sectional view of the weatherstrip and closure
      members shown in FIG. 1;
PAR  FIG. 3 is a perspective view showing the weatherstrip having the improved
      flock pile of the present invention on a surface of the weatherstrip body;
PAR  FIG. 4 is a partial plan view looking generally in the direction of arrows
      4--4 of FIG. 3;
PAR  FIG. 5 is a diagrammatic illustration showing relationships between
      adjacent small denier fibers of the same length;
PAR  FIG. 6 is a side elevational view of an electrostatic flocking apparatus;
      and,
PAR  FIG. 7 is a cross-sectional elevational view looking generally in the
      direction of arrows 7--7 of FIG. 6.
DETD
PAR  Referring now to the drawings, wherein the showings are for the purpose of
      illustrating a preferred embodiment of the invention only and not for the
      purpose of limiting the invention, FIGS. 1 and 2 show portions of a pair
      of cooperating relatively slideable closure members 10 and 12 which may,
      for example, be components of a sliding glass door assembly. In such an
      assembly, member 10 is a frame element of one door panel and member 12 is
      the glass pane of the other door panel. Member 10 carries a weatherstrip
      14 which, in the embodiment shown, includes an elongate body 16 of a
      suitable synthetic plastic material, such as vinyl. Body 16 is generally
      T-shaped in cross section and is received in a correspondingly contoured
      recess 18 in member 10. While the T-shaped body configuration and mounting
      arrangement is preferred, it will be appreciated that other body
      structures and mounting arrangements can be readily employed. Body 16 has
      an outer surface 20 which is longitudinally coextensive therewith and
      which is spaced from and faces planar surface 22 of closure member 12. It
      will be appreciated that the length of body 16 and thus surface 20 is
      determined by the length of closure members 10 and 12. The lateral
      dimensions of such weatherstrips are quite small relative to the length
      dimension and vary depending on the use of the weatherstrip. By way of
      example, surface 20 of a strip for sealing sliding glass doors may have a
      width of about 0.100 inch.
PAR  As best seen in FIG. 2, outer surface 20 of body 16 is provided with a pile
      24 of flocked fiber sealing material. The structure of the flocked fiber
      pile is described in greater detail hereinafter. When body 16 is mounted
      on member 10, outer surface 20 is spaced from surface 22 of closure member
      12 a given distance 26. In the embodiment shown, closure members 10 and 12
      are relatively slideable in opposite directions as indicated by
      double-head arrow 28, and the flocked fibers of pile 24 sealingly engage
      surface 22 to minimize the infiltration of air laterally across the
      weatherstrip.
PAR  FIGS. 3 and 4 of the drawing show the structure of the flocked fiber pile
      24. In this respect, it will be seen that pile 24 is comprised of a first
      plurality of fibers 30 and a second plurality of fibers 32. Fibers 30 and
      32 extend upwardly from outer surface 20 of weatherstrip body 16 and have
      inner ends adjacent outer surface 20 and outer ends spaced therefrom.
      Further, all of the fibers 30 are of substantially the same length between
      the opposite ends thereof and are of substantially the same diameter along
      their lengths. Similarly, all of the fibers 32 are of substantially the
      same length between the opposite ends thereof and are of substantially the
      same diameter along their lengths. Fibers 30 and 32 are electrostatically
      deposited on outer surface 20 of body 16 and are retained thereon such as
      by an adhesive coating on the surface which sets subsequent to the
      electrostatic deposition. Alternatively, it will be recognized that it is
      also possible to heat body 16 when the latter is of a thermoplastic
      material so that at least surface 20 thereof is soft enough to cause
      fibers 30 and 32 to adhere thereto during electrostatic deposition.
PAR  Preferably, fibers 30 and 32 are formed of a common material, and the
      preferred material is nylon. It will be appreciated, however, that other
      natural and synthetic fibers, such as wool, cotton or rayon may be used to
      carry out the principles of the present invention. As is well known, nylon
      fibers can be produced by extruding nylon into strands having a desired
      cross-sectional dimension and then chopping the strands into the desired
      length. As is shown in FIG. 3, fibers 30 have a length 34 between the
      opposite ends thereof, and fibers 32 have a length 36 between the opposite
      ends thereof. Fibers 32 are shorter in length than fibers 30 and length 36
      preferably is at least equal to the height of the fiber pile when the
      fiber pile is compressed such that the overall height of the weatherstrip
      is 80% of the uncompressed or free height of the weatherstrip, as
      described hereinafter. Further, it is preferred to provide for length 36
      to correspond to distance 26, as shown in FIG. 2. Accordingly, all of the
      fibers 30 and 32 span the space between body surface 20 and panel surface
      22. As shown in FIG. 4 of the drawing, the longer fibers 30 have a
      diameter greater than the diameter of the shorter fibers 32, and the
      latter fibers are disposed in the spaces between adjacent fibers 30, thus
      minimizing the open space that would otherwise exist between fibers 30.
PAR  In accordance with a preferred arrangement, body 16 has a height between
      the base thereof and surface 20 of 0.110 inch. Fibers 30 have a denier of
      from 15 to 18 and a length between the opposite ends thereof of from 0.05
      inch to 0.110 inch. Fibers 32 have a denier of 3 to 6 and a length between
      the opposite ends thereof of from 0.02 inch to 0.07 inch. As mentioned
      above, the preferred length of fibers 32 is at least equal to the
      compressed height of the weatherstrip. In this respect, for example, if
      body 16 has a height of 0.110 inch and fibers 30 have a length of 0.110
      inch, the free height of the weatherstrip is 0.220 inch. When compressed
      to 80% of this height, the overall height of the weatherstrip is 0.176
      inch. Of this dimension 0.066 inch is fiber height. Thus, when fibers 30
      are 0.110 inch long, fibers 32 preferably are 0.066 or 0.070 inch long.
      Generally, when fibers 30 and 32 are formed of a common material, the
      denier of fibers 32 will be 15% to 40% of the denier of fibers 30, and for
      the body size and lengths given above the length of fibers 32 generally
      will be 40  to 60% of the length of the fibers 30 depending on the length
      of fibers 30. The body dimension of 0.110 inch is generally a fixed
      dimension for such weatherstrips, but it will be appreciated that other
      body height dimensions could be employed. It will be further appreciated
      that the larger denier fibers are juxtaposed longitudinally and laterally
      of surface 20, and that the smaller denier fibers occupy the spaces
      therebetween to increase the density of the lower portion of the pile as
      defined by the height of the shorter fibers.
PAR  As mentioned hereinabove, fibers 30 are longer than fibers 32, and fibers
      32 are preferably of a length at least equal to the distance between outer
      surface 20 of body 16 and panel surface 22. As further mentioned above,
      this length relationship provides for all of the fibers 30 and 32 to span
      the space between surfaces 20 and 22. The longer lengths of fibers 30
      provide for the outer ends thereof to bend into sliding engagement with
      panel surface 22, as shown in FIG. 2, and the smaller diameter fibers
      therebetween provide lateral support for the larger fibers against
      deflection in response to compression and sliding engagement with panel
      surface 22. It will be appreciated, therefore, that the combination of the
      larger and smaller denier fibers increase the density of the fiber pile
      between surfaces 20 and 22 with respect to the density which would be
      achieved if all of the fibers were of the larger denier. Moreover, it will
      be appreciated that the longer lengths and larger denier of fibers 30
      provides the flocked fiber pile with a desired resistance to crushing, and
      the smaller denier and shorter length of fibers 32 together with fibers 30
      provides optimum density and stability and, thus, optimum air infiltration
      characteristics when the flocked pile is compressed to 80% of the free
      overall height of the weatherstrip.
PAR  Fibers 30 and 32 are deposited on weatherstrip body 16 electrostatically
      and in a manner such as is shown and described in U.S. Pat. No. 3,269,356
      to Friderici which is hereby incorporated herein by reference. An
      apparatus for accomplishing such deposition in accordance with the
      teachings of the Friderici patent is shown in FIGS. 6 and 7. Referring to
      the latter Figures, the apparatus includes a generally rectangular housing
      40 having depending supporting legs 42. Interior area 44 of housing 40
      defines a flocking chamber, and upper and lower electrode assemblies 46
      and 48 are positioned in chamber 44 in parallel relationship to one
      another. An electrostatic field is generated between the electrode
      assemblies when an electrical potential is applied thereto.
PAR  A movable conveyor 50 extends through flocking chamber 40 and supports
      elongated weatherstrip bodies 16 to be flocked. As previously explained,
      outer surfaces 20 of bodies 16 are coated with a suitable adhesive capable
      of adhesively bonding fibers thereto. Fibers 30 are introduced into
      housing 40 from hopper 52, and a rotatably driven brush 54 and inner
      hopper 56 cooperate to dispense the fibers into chamber 44. Spaced apart
      flexible members 58 suspend a screen 60 in a substantially horizontal
      position beneath hopper 56. Screen 60 is preferably vibrated so that
      fibers 30 will be somewhat evenly distributed throughout the screen as the
      fibers fall therethrough toward upper electrode assembly 46.
PAR  Electrode assemblies 46 and 48 generate a substantially uniform
      electrostatic field so that the fibers are uniformly distributed
      throughout chamber 44. The fibers will then be deposited on outer surface
      20 of bodies 16 in a high and uniform density. More particularly, an
      alternating electrical potential is applied to upper and lower electrode
      assemblies 46 and 48, and an electrostatic field having the approximate
      configuration of the electrode assemblies is generated. The fibers fall
      into this electrostatic field and become longitudinally aligned with the
      lines of force extending between the electrode assemblies. The fibers move
      substantially perpendicular to surface 20 and, eventually, the fibers are
      propelled downward into the adhesive coated surface 20 and are retained
      therein with one end portion thereof bonded to the surface by the
      adhesive. Thus, a uniformly flocked surface is formed.
PAR  Due to the close relationship of fibers 30, the flocked pile first produced
      will have a maximum density and distribution for fibers of the size of
      fibers 30. Bodies 16 are then moved through another apparatus
      substantially identical to that described with reference to FIGS. 6 and 7.
      The second apparatus is supplied only with the smaller denier fibers 32
      which are capable of penetrating into the spaces between fibers 30 so that
      their lower end portions are bonded to the adhesive coated surfaces 20. As
      shown in FIG. 4, the first operation produces a substantially uniform
      distribution of fibers 30 which have small spaces therebetween, and the
      spaces between fibers 30 is filled with fibers 32 by the second operation.
      This, together with the fiber lengths makes it possible to achieve a
      greater density in the portion of flocked pile 24 adjacent surface 20 than
      in the portion adjacent the outer ends of larger fibers 30.
PAR  If fibers 32 are quite long, or it is attempted to propel fibers 32 between
      similar sized fibers which are very closely spaced, fibers 32 would bend
      as shown in FIG. 5. In this respect, penetration of the fibers between
      fibers already deposited is frictionally resisted by the previously
      deposited fibers. This bending of such long fibers will prevent having one
      end portion thereof penetrate to the adhesive on surface 20 so that the
      fibers could be bonded thereto. Accordingly, these fibers do not become a
      permanent part of the pile and fiber density is reduced by the loss
      thereof. The larger spaces between adjacent fibers 30 resulting from the
      larger denier thereof enables the smaller denier fibers to penetrate the
      spaces and reach surface 20.
PAR  The arrangement described produces a flocked pile 24 having a greater
      density adjacent surface 20 of weatherstrip body 16 than adjacent the free
      outer ends of the flocked pile. This provides a flocked pile weatherstrip
      having optimum air infiltration characteristics and provides a density for
      such a weatherstrip which heretofore was not considered possible.
PAR  Although the invention has been described with reference to a preferred
      embodiment, it is obvious that equivalent alterations and modifications
      will occur to those skilled in the art upon the reading and understanding
      of this specification. The present invention includes all such equivalent
      alterations and modifications and is limited only by the scope of the
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a weatherstrip for sealing the space between cooperable relatively
      movable closure members, said weatherstrip being mountable on one of said
      closure members and including an elongate body of synthetic plastic having
      an outer surface coextensive in length therewith, said outer surface being
      spaced a given distance from and facing the other of said closure members
      when said weatherstrip is mounted on said one closure member, flocked
      fiber on said outer surface and projecting therefrom toward said other
      closure member for sealing engagement therewith, the improvement
      comprising: said flocked fiber including a first plurality of fibers
      distributed throughout said outer surface and having a first denier and a
      first length, and a second plurality of fibers distributed throughout said
      first plurality of fibers and having a second denier generally 15 to 40%
      of said first denier and a second length generally 40 to 60% of said first
      length.
NUM  2.
PAR  2. The improvement according to claim 1, wherein said body has a base and a
      height dimension between said base and outer surface, said height
      dimension and said first length define a free weatherstrip height
      dimension, and said second length is at least equal to the resultant
      height of said first plurality of fibers when said free height is
      compressed 20%.
NUM  3.
PAR  3. The improvement according to claim 2, wherein said first length is from
      about 0.05 to 0.100 inch.
NUM  4.
PAR  4. The improvement according to claim 2, wherein said first denier is from
      15 to 18.
NUM  5.
PAR  5. The improvement according to claim 5, wherein said second denier is from
      3 to 6.
NUM  6.
PAR  6. The improvement according to claim 1, wherein said first length is from
      about 0.05 inch to 0.110 inch, said second length is from about 0.02 inch
      to 0.066 inch, said first denier is from 15 to 18, and said second denier
      is from 3 to 6.
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ABST
PAL  A fabric-conditioning article adapted to the conditioning of fabrics in a
      laundry dryer comprising a flexible substrate carrying a conditioning
      agent removable to fabrics by contact therewith a laundry dryer and having
      slit openings which permit at least about 75 percent of the normal volume
      of air flow through said dryer when said article is used therein. The
      article is adapted to the provision of fabric-conditioning effects without
      undesirable restriction by the article of the flow of air through the
      dryer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an article useful in the conditioning of fabrics
      in a laundry dryer. More particularly, it relates to an improved
      fabric-conditioning article in the form of a flexible substrate carrying a
      conditioning agent removable to fabrics in a laundry dryer.
PAR  The employment of fabric-conditioning articles to impart softening,
      antistatic, lubricating, bacteriostatic mildew-proofing or other desirable
      fabric-conditioning effects in a laundry dryer has been described in the
      art. For example, U.S. Pat. No. 3,442,692 to Gaiser (May 6, 1969)
      describes the conditioning of fabrics in a laundry dryer by cotumbling the
      fabrics with a flexible substrate carrying a conditioning agent. The
      conditioning agent is removed to the tumbling fabrics to provide a fabric
      conditioning which otherwise might only inconveniently be effected by
      treatment, for example, during the rinsing cycle of a laundering
      operation. Similarly, U.S. Pat. No. 3,686,025, issued Aug. 22, 1972 to
      Morton, describes an article for conditioning fabrics in a laundry dryer.
      The article comprises an absorptive substrate impregnated with a
      fabric-softening agent for the provision of fabric softening effects with
      minimal staining tendencies.
PAR  While the fabric-conditioning articles of the prior art are effective to
      provide a variety of fabric surface modifications, such as fabric
      softening, their effectiveness can be diminished where they are not
      structurally compatible with the various types of automatic laundry dryers
      available in the marketplace. There may be a tendency, for example, for
      such articles to become physically immobilized in certain types of laundry
      dryers by sticking or otherwise attaching to the exhaust outlet means of
      the dryer or to a lint filter or trap by the drawing effect of exhausting
      air and water vapor. The passage of air into the area within which the
      tumbling clothes are confined and out of the dryer, as by passage through
      a perforated rear wall or door, creates a drawing effect capable of
      holding a fabric-conditioning article in such a manner as to impede the
      flow of air out of the laundry dryer.
PAR  The tendency of a fabric-conditioning article to restrict air flow is most
      noticeable where the article is employed in a fabric load comprised of
      only a few tumbling fabrics. A load of 2 lbs. dry weight or less is an
      example of such a load. Normally, restricted air flow will result in slow
      or inefficient drying. If air blockage is sufficient, dangerous build-up
      of heat in the dryer can occur and should the temperature in the heater
      housing exceed a preset limit, for example, 275.degree.F, the high-limit
      thermostat of the dryer will open and thereby interrupt the flow of
      current to the heater or gas to the burner. In some models, the high-limit
      thermostat will also shut off power to the drive motor requiring that the
      dryer be restarted. The high-limit thermostat is closed in normal
      operation and any situation calling this device into operation is
      desirably avoided.
PAR  It is an object of the present invention to provide a fabric-conditioning
      article compatible with laundry dryers.
PAR  It is another object of the present invention to provide a
      fabric-conditioning article capable of conditioning fabrics in a laundry
      dryer without adversely affecting air flow.
PAR  A further object is to provide an article for conditioning fabrics in a
      laundry dryer and which prevents undesirable build-up of heat.
PAR  Other objects will become apparent from the description appearing
      hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects can be achieved by the present invention which
      resides in a fabric-conditioning article especially adapted to the
      conditioning of fabrics by tumbling of the fabrics in a laundry dryer and
      which is structurally compatible with laundry dryers as to minimize
      air-flow interruption. Summarizing the invention, it comprises a
      fabric-conditioning article comprising a web substrate carrying a
      fabric-conditioning agent removable to fabrics by contact therewith in a
      laundry dryer and having slit openings sufficient in size and number as to
      reduce restriction by said article of the flow of air through a laundry
      dryer. In its method aspect, the invention provides, in the conditioning
      of fabrics by addition of conditioning agents thereto, the step of
      commingling the fabrics to be conditioned with a substrate carrying a
      conditioning agent removable to the fabrics and having slit openings to
      thereby reduce the hindering or restrictive effect of the article upon the
      exhaust of air from the dryer.
PAR  The fabric-conditioning article comprises a flexible web such as paper or
      cloth carrying a conditioning agent such as a fabric softening agent and
      is normally made up into a tubular roll of individual sheets. A desired
      length of the treated web is torn off the roll or a sheet removed from its
      package and placed into the clothes dryer wherein the fabrics to be
      treated have been loaded. The dryer is then operated in customary fashion,
      and fabric conditioning occurs as the fabrics directly contact the treated
      web, whereby the conditioning agent is transferred from the web substrate
      to the fabric. Particularly when small fabric loads are tumbled and the
      probability of a tumbling fabric-conditioning article of making repeated
      or prolonged contact with a laundry dryer exhaust outlet is enhanced, the
      slit openings of the treated web advantageously minimize the interruption
      of air flow through the dryer. This is effected by passage of air through
      the slit web structure or by crumpling or puckering of the slit web in
      such a manner as to permit minimal blockage of the air exhaust outlet
      and/or ready detachment therefrom by collision with tumbling fabrics.
PAR  Various objects, details, constructions, operations, uses, advantages and
      modifications of the invention will be apparent from the following
      description, taken in conjunction with the illustrative drawing of certain
      embodiments thereof.
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PAC  THE DRAWING
PAR  FIG. 1 is a plan view of a fabric-conditioning article of the invention.
PAR  FIG. 2 is an enlarged fragmentary sectional view of the article of FIG. 1
      in use.
PAR  FIG. 3 is a plan view of another embodiment of the invention.
PAR  FIG. 4 is a side view of the article of FIG. 3 in a flexed position.
PAR  FIG. 5 is an isometric view of a perforated roll of fabric-conditioning
      article from which individual sheets can be detached for use in the method
      hereof.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, is shown a conditioning article 10 having a flexible web
      substrate 12 coated or impregnated with a conditioning agent, not shown,
      designed to be transferred to tumbling articles of laundry coming into
      contact therewith. As is illustrated in FIG. 1, the conditioning article
      10 contains a plurality of curvilinear slits 14 in the form of an inverted
      U-shape. When the article is commingled with fabrics in a laundry dryer
      and is caused to be drawn by the changing volumes of circulating air onto
      the air exhaust outlet of a conventional laundry dryer, the effect of the
      drawing air or gas is to open the individual gate-like or flap structures
      16 so as to permit the passage of air therethrough. As the article 10 is
      placed into a form-retaining relationship to a perforated door or wall
      exhaust outlet, the gate-like structures 16 permit sufficient passage of
      air as to release the vacuum or drawing effect of the circulating air and
      cause the article to fall into the tumbling fabrics with the result that
      contact between the article and the exhaust outlet is minimized and
      contact between the article and the tumbling fabrics is maximized.
PAR  In FIG. 2 is shown an enlarged fragmentary sectional view of the
      fabric-conditioning article 10 of FIG. 1. The flexible web substrate 12
      carrying the conditioning agent has a gate-like or flap structure 16 shown
      in an open position which permits passage of air therethrough.
PAR  In FIG. 3 is shown a plan view of a fabric-conditioning article 20
      comprising a flexible web substrate 22 carrying a fabric conditioning
      agent and having a plurality of rectilinear slits 24 extending along one
      dimension of the web substrate 22 and being placed a finite distance from
      the ends 26. The slits define a plurality of sections 28. In FIG. 4 is
      shown a side view of the conditioning article of FIG. 3. As illustrated,
      flexing of the substrate 22 and section 28 provides an air space 30
      through which circulating air can pass. The article, if drawn to the
      exhaust outlet of a laundry dryer, is drawn in a flexed or crumpled form,
      leaving at least a portion of the exhaust outlet uncovered by the article
      and thereby permitting passage of air through the outlet. The puckering or
      crumpling of the article allows tumbling fabrics to make contact with and
      remove the article from the exhaust outlet thereby effecting retumbling of
      the fabrics and fabric-conditioning article.
PAR  In FIG. 5 is shown a roll 40 of wound web 42 having spaced lines of
      weakness 44, in the form of perforations, detachably connecting sections
      46 which provide sheets having a coating or impregnation of the
      conditioning agent, each sheet being of a size carrying the same
      predetermined amount of agent suitable for use in treating a usual load of
      clothes in a conventional household laundry dryer. As illustrated,
      rectilinear slits 48 are shown extending a finite distance from the
      perforated lines of weakness.
PAR  The fabric conditioning articles of the invention comprise a flexible web
      substrate carrying a conditioning agent. Suitable substrate materials for
      carrying the conditioning agent include a variety of natural or synthetic
      substrate materials. Suitable substrates are those which have the ability
      to retain a fabric-conditioning agent in a form which is releasable to
      fabrics tumbled therewith and which have a resistance to shredding or
      other tearing failures when tumbled with damp clothes in a dryer. Examples
      of suitable substrates include paper towelling, swatches of woven and
      non-woven cloth, papers, sponges, plastics and felts. Fibrous materials
      can be natural or synthetic but are preferably cellulosic. Foam plastic
      web materials, such as the polyurethanes, can also be employed.
PAR  In one embodiment of the invention, a substrate which is relatively
      impermeable to the fabric-conditioning agent is employed so as to dispose
      the fabric-conditioning agent onto the substrate as a discrete surface
      coating. Wet strength papers, regenerated cellulose, rayon, nylon,
      polyester, polyacrylonitrile, polyolefin and other synthetic woven or
      non-woven fibrous materials are suitable for this purpose. Wet strength
      paper is suitably employed and can be treated with a waterproofing or
      sizing material such as a thermosetting resin, starch or other impregnant,
      having the effect of reducing water absorption by fibrous cellulosic
      products and allowing the formation of a coating of conditioning agent.
      Waxy papers which carry coatings or impregnations of paraffin or
      microcrystalline or synthetic wax can be used, e.g., "butcher paper" or
      dry waxed paper, to the extent of reducing moisture absorption but
      permitting adherent coating of the paper with conditioning agent. Wet
      strength papers, such as Kraft or bond paper, can be suitably employed.
PAR  Preferred articles of the invention include those formed from a substrate
      having an absorption capacity in relation, for example, to fabric
      softening agents as to provide an impregnated article capable of
      controllably releasing the softening agent to treated fabrics. Improved
      softness or feel of the treated fabrics is provided without overdosing or
      localized concentration of softener in the form of spots or stains.
      Suitable absorbent substrate materials are described in considerable
      detail in U.S. Pat. No. 3,686,025, issued Aug. 22, 1972 to Morton.
      Preferred absorbent substrates are cellulosic materials such as multi-ply
      paper towel and non-woven cloth substrates. Preferred paper towel
      materials and their method of manufacture can be found in U.S. Pat. No.
      3,414,459, issued Dec. 3, 1968 to Wells, and incorporated herein by
      reference. Preferred non-woven cloth substrates can be generally defined
      as adhesively-bonded fibrous or filamentous products having a web
      structure, in which the fibers or filaments are distributed haphazardly,
      as in the "wet bag" process, or with a degree of orientation, as in the
      "carding" process. Such substrates exhibit desirable strength in all
      directions and are resistant to shredding or tearing failures when tumbled
      with damp fabrics. The fibers or filaments of such non-woven cloth
      substrates can be natural (e.g., wool, silk, jute, hemp, cotton, linen,
      sisal or ramie) or synthetic (e.g., rayon, cellulose ester, polyvinyl
      derivatives, polyolefins, polyamides or polyesters) and are bonded
      together with a polymeric binder resin such as polyvinyl acetate. Such
      substrates will normally have a void volume of from about 40 percent to
      about 90 percent, to provide desirable absorbent properties.
PAR  The conditioning agents employed herein include any of a variety of agents
      employed generally in textile treating operations. Accordingly, fabric
      softening, anti-static, anti-mildew, germicidal, mothproofing and
      anti-wrinkling agents, perfumes and the like can be employed. The most
      universal preference, however, is for agents which act to soften fabrics
      or otherwise improve their feel or hand. Softening agents which also have
      antistatic properties and which reduce static charge or fabric cling are
      especially preferred.
PAR  Typically, the fabric softening agents that can be employed are compounds
      having a relatively-long hydrocarbon group serving to provide
      hydrophobicity or lubricity. Among such groups are alkyl groups containing
      8 or more carbon atoms and preferably from 12 to 22 carbon atoms. Suitable
      fabric softening agents include cationic, anionic, nonionic, or
      zwitterionic compounds. Cationic fabric-softening agents include the
      cationic nitrogen-containing compounds such as quaternary ammonium
      compounds and amines which have one or two straight-chain organic groups
      of at least eight carbon atoms. Preferably, they have one or two such
      groups of from 12 to 22 carbon atoms. Preferred cation-active softener
      compounds include the quaternary ammonium softener compounds corresponding
      to the formula
      ##EQU1##
      wherein R is hydrogen or an aliphatic group of from 12 to 22 carbons;
      R.sub.1 is an aliphatic group having from 12 to 22 carbon atoms; R.sub.2
      and R.sub.3 are each alkyl groups of from 1 to 3 carbon atoms; and X is an
      anion selected from halogen, acetate phosphate, nitrite and methyl sulfate
      radicals.
PAR  Because of their excellent softening efficacy and ready availability,
      preferred cationic softener compounds of the invention are the dialkyl
      dimethyl ammonium chlorides, wherein the alkyl groups have from 12 to 22
      carbon atoms and are derived from long-chain fatty acids, such as
      hydrogenated tallow. As employed herein, alkyl is intended as including
      unsaturated compounds such as are present in alkyl groups derived from
      naturally occurring fatty oils. The term "tallow" refers to fatty alkyl
      groups derived from tallow fatty acids. Such fatty acids give rise to
      quaternary softener compounds wherein R and R.sub.1 have predominantly
      from 16 to 18 carbon atoms. The term "coconut" refers to fatty acid groups
      from coconut oil fatty acids. The coconut-alkyl R and R.sub.1 groups have
      from about 8 to about 18 carbon atoms and predominate in C.sub.12 to
      C.sub.14 alkyl groups. Representative examples of quaternary softeners of
      the invention include tallow trimethyl ammonium chloride; ditallow
      dimethyl ammonium chloride; ditallow dimethyl ammonium methyl sulfate;
      dihexadecyl dimethyl ammonium chloride; di(hydrogenated tallow) dimethyl
      ammonium chloride, dioctadecyl dimethyl ammonium chloride; dieicosyl
      dimethyl ammonium chloride; didocosyl dimethyl ammonium chloride;
      di(hydrogenated tallow) dimethyl ammonium methyl sulfate; dihexadecyl
      diethyl ammonium chloride; dihexadecyl diethyl ammonium chloride;
      dihexadecyl dimethyl ammonium acetate; ditallow dipropyl ammonium
      phosphate; ditallow dimethyl ammonium nitrate; di(coconut-alkyl) dimethyl
      ammonium chloride.
PAR  Suitable cation-active amine softener compounds are the primary, secondary
      and tertiary amine compounds having at least one straight-chain organic
      group of from 12 to 22 carbon atoms and 1,3-propylene diamine compounds
      having a straight-chain organic group of from 12 to 22 carbon atoms.
      Examples of such softener actives include primary tallow amine; primary
      hydrogenated-tallow amine; tallow 1,3-propylene diamine; oleyl
      1,3-propylene diamine; coconut 1,3-propylene diamine; soya 1,3-propylene
      diamine and the like.
PAR  Other suitable cation-active softener compounds herein are the quaternary
      imidazolinium salts. Preferred salts are those conforming to the formula
      ##EQU2##
      wherein R.sub.6 is an alkyl containing from 1 to 4, preferably from 1 to
      2, carbon atoms, R.sub.7 is an alkyl containing from 1 to 4 carbon atoms
      or a hydrogen radical, R.sub.8 is an alkyl containing from 8 to 22,
      preferably at least 15, carbon atoms, R.sub.5 is hydrogen or an alkyl
      containing from 8 to 22, preferably at least 15, carbon atoms, and X is an
      anion, preferably methyl sulfate or chloride ions. Other suitable anions
      include those disclosed with reference to the cationic quaternary ammonium
      fabric softeners described hereinbefore. Particularly preferred are those
      imidazolinium compounds in which both R.sub.5 and R.sub.8 are alkyls of
      from 12 to 22 carbon atoms, e.g., 2-heptadecyl-1,1-methyl
      [(2-stearoylamido)ethyl] imidazolinium methyl sulfate.
PAR  Other cationic quaternary ammonium fabric softeners, which are useful
      herein include, for example alkyl (C.sub.12 to C.sub.22)-pyridinium
      chlorides, alkyl (C.sub.12 to C.sub.22)-alkyl (C.sub.1 to
      C.sub.3)-morpholinium chlorides, and quaternary derivatives of amino acids
      and amino esters.
PAR  The anionic conditioning agents can include any of the various
      surface-active anionic fabric-softening and antistatic agents such as
      alkali metal or ammonium salts of higher fatty alcohol sulfates, higher
      fatty alcohol ether sulfates, higher fatty alcohol sulfonates, the linear
      higher alkyl benzene sulfonates, the higher fatty acyl taurides and
      isethionates. Generally, the cation of such compounds will be an alkali
      metal or other water-solubilizing radical. The hydrophobic moiety of such
      compounds will normally contain from 10 to 22 carbon atoms. Alkali metal
      and ammonium soaps of fatty acids of from 10 to 22 carbon atoms can also
      be employed and include the sodium or potassium coconut or tallow soaps.
PAR  Suitable nonionic fabric softeners and antistatic agents that can be
      employed are the polyoxyalkylene glycols, the higher fatty alcohol esters
      of polyoxyalkylene glycols, the higher fatty alcohol ethers of
      polyoxyalkylene glycols. Also suitable are the ethoxylates of long-chain
      alcohols of from 8 to 22 carbon atoms such as the ethoxylates of tallow
      alcohol with, for example, 10 to 40 moles of ethylene oxide. Other
      nonionics include the amides such as the alkanolamides, e.g., the higher
      fatty amides and higher fatty acid mono- and di-lower alkanolamides,
      wherein the long-chain hydrophobic groups have from about 10 to 22 carbon
      atoms.
PAR  Other suitable softening agents include the zwitterionic compounds of the
      formula
      ##EQU3##
      Wherein R.sub.9 and R.sub.10 are each methyl, ethyl, n-propyl, isopropyl,
      2-hydroxyethyl or 2-hydroxypropyl, R.sub.8 is a 12 to 22 carbon atom alkyl
      or alkenyl and wherein said alkyl or alkenyl contains from 0 to 2 hydroxyl
      substituents, from 0 to 5 ether linkages, and from 0 to 1 amide linkage,
      and R.sub.11 is an alkylene group containing from 1 to 4 carbon atoms with
      from 0 to 1 hydroxyl substituents; particularly preferred are compounds
      wherein R.sub.8 is a carbon chain containing from 14 to 18 carbon atoms
      selected from the group consisting of alkyls and alkenyls and wherein said
      alkyls and alkenyls contain 0 to 2 hydroxyl substituents. Specific
      examples of the particularly preferred compounds of this class include the
      following:
      3-(N-hexadecyl-N,N-dimethylammonio)-2-hydroxypropane-1-sulfonate; and
      3-(N-octadecyl-N,N-dimethylammonio)-propane-1-sulfonate.
PAR  Other examples of conditioning agents suitable for the articles herein are
      described in detail in U.S. Pat. No. 3,686,025 at column 5, line 51 to
      column 14, line 6, which disclosure is incorporated herein by reference.
PAR  The amount of conditioning agent carried by the substrate is an amount
      sufficient to provide the desired conditioning effect without substantial
      excess. The amount will vary in any given case and will depend, for
      example, upon the nature of the particular conditioning agent or substrate
      material and the type of conditioning effect desired. When the
      conditioning agent is a fabric softening agent, such agent will preferably
      be employed in a weight ratio of agent to untreated substrate of from 1:1
      to 4:1 or more. Generally, the amount of softener will range from about 2
      grams to about 37 grams per foot length of a substrate no more than 11
      inches wide, with small amounts of softener being used on light-weight
      substrates, such as non-woven cloths, and large amounts on heavy
      substrates, such as multi-ply paper.
PAR  The fabric-conditioning articles of the invention can be prepared by
      employing a number of coating or impregnating techniques known in the art.
      The relationship between conditioning agent and web substrate is a
      physical one and for this reason one method will be more suited than
      another and will depend upon the type of article desired or the nature of
      conditioning agent or substrate employed. Suitable articles can be
      prepared, for example, by padding techniques whereby a web is passed
      through a solution or dispersion of conditioning agent, the excess is
      removed and the article is allowed to dry. Similarly, the conditioning
      agent can be sprayed in known manner to provide a similar article.
      Hot-melt application of a normally-solid fabric softener, for example, can
      be employed to provide a waxy coated article suited for softening tumbling
      fabrics. The precise method by which a conditioning article of the
      invention is prepared should not, however, be considered as limiting the
      present invention which is directed to certain structural modifications of
      such conditioning articles to provide laundry dryer compatibility.
      Examples of fabric conditioning articles suited for such modification and
      of methods of preparing them are provided in considerable detail in U.S.
      Pat. Nos. 3,442,692, 3,632,396 and 3,686,025, incorporated herein by
      reference.
PAR  The fabric conditioning articles of the present invention are structured to
      be compatible with conventional laundry dryer designs. While it is
      preferred to employ the articles of the present invention in an automatic
      laundry dryer, other equivalent machines can be employed, and in some
      instances, heat and drying air may be omitted for part or all of the
      cycle. Generally, however, heated air will be employed and such air will
      be circulated frequently in the dryer. Normally, there are from about 5 to
      50 volume changes of drying gas in the dryer drum per minute and the air
      moves at about 125 to 175 cubic feet per minute. These changing volumes of
      air create a drawing or suction effect which can, especially in small
      loads, cause a fabric, such as a sock, handkerchief or the like, or a
      fabric-conditioning article, to be disposed on the surface of the air
      outlet of the dryer. A usual load of fabrics of from about 4 to 12 pounds
      dry weight will fill from about 10 percent to 70 percent of the volume of
      most dryers and will normally pose little difficulty. A sufficient number
      of tumbling items will normally be present to prevent any item from being
      drawn to the exhaust outlet or to cause it to be removed from the outlet.
      In the event, however, a fabric conditioning article is caused to be
      disposed in relation to the air exhaust outlet in such a manner as to
      permit blockage of passing air, undesirable temperature increases can
      result. This can occur in the case of the employment of fabric-softening
      articles prepared from normally-solid or waxy softener agents which soften
      or melt under conditions of heat and which, therefore, may tend to adhere
      to an exhaust outlet.
PAR  The slit openings are provided in the fabric-conditioning articles of the
      invention for two principal purposes. Importantly, the slits permit
      passage of air in the event the article is placed in a blocking
      relationship to the air exhaust outlet. Moreover, the slit openings
      provide a degree of flexibility or resiliency causing the article to
      crumple or pucker. The effect of such crumpling is that only a portion of
      the air exhaust outlet will be covered by the conditioning article in the
      event it is carried by the moving air stream to the exhaust outlet.
      Moreover, the crumpled article is more readily removed by tumbling fabrics
      than would be the case if the article were placed in a flat relationship
      to the exhaust outlet.
PAR  The type and number of slit openings can vary considerably and will depend
      upon the nature of the substrate material, its inherent flexibility or
      rigidity, the nature of the conditioning agent carried therein or thereon,
      and the extent to which increased passage of air therethrough is desired.
      The articles of the invention can comprise a large number of small slits
      of various type or configuration or fewer larger slits. For example, a
      single rectilinear or wavy slit, or a plurality thereof, confined to
      within the area of a sheet and extending close to opposite edges of the
      article, can be employed. By maintaining a border around all edges of the
      conditioning article, a desired degree of flexibility and surface area
      availability to tumbling fabrics can be maintained. While, for example,
      rectilinear slits can be cut into a conditioning article completely to the
      edges of the article, confinement of the slits to within the area of the
      article will be preferred where the convenience of a roll form of
      conditioning article is desired.
PAR  According to a preferred embodiment of the invention, a sheet of
      fabric-conditioning article is provided with a plurality of rectilinear
      slits extending in one direction, e.g., the machine direction of the web
      substrate, and in a substantially parallel relationship. The slits can be
      aligned or in a staggered relationship. A preferred embodiment will
      contain from 5 to 9 of such slits which will extend to within about 2
      inches and preferably 1 inch from the edge of the web material which is,
      for example, a 9 inches .times. 11 inches sheet. In general, the greater
      the number and the longer the slits, the greater the effect in preventing
      restriction of air flow. Such an article permits the individual panel
      areas or sections within the rectilinear slits to flex or move in
      independent relationship to each other and out of the plane of the sheet.
      This flexing minimizes the probability that such an article will align
      itself in a flat and blocking relationship to an exhaust outlet. The
      inherent puckering or crumpling tendency of the article allows the article
      to contact the air outlet in such a manner as to leave at least a portion
      of the air exhaust outlet uncovered. In addition, the tumbling fabrics in
      the dryer will collide with the crumpled article causing it to be removed
      from the exhaust outlet. Its removal is readily accomplished by reason of
      the protrusion of the crumpled article which makes it more available for
      contact with the tumbling load of fabrics in the dryer.
PAR  The slit openings in the conditioning articles of the invention can be in a
      variety of configurations and sizes as can be readily appreciated. In some
      instances, it may be desirable to provide slit openings as C-, U- or
      V-shaped slits. Such slits arranged in a continuous or regular or
      irregular pattern are desirable from the standpoint of permitting
      gate-like or flap structures which permit the passage of air therethrough.
PAR  In accordance with a preferred embodiment of the invention, a plurality of
      curvilinear slit openings, such as U-shaped, or C-shaped slits are
      provided in a continuously patterned arrangement. These slit arrangements
      provide flap-like or gate-like structures which should approximate the
      size of the perforations normally employed in laundry dryer exhaust
      outlets. A width dimension of from about 0.02 to about 0.40 inch is
      preferred. U- or C-shaped slits, e.g., about 1/8 inch in diameter, are
      desirably provided in close proximity to each other, e.g., about 1/8 inch
      apart, as to simulate, for example, a fish-scale pattern. Such design in
      addition to permitting passage of air, provides a degree of flexibility to
      the substrate as to allow flexing or puckering of the article in use.
      Similarly, the slit openings can be arranged as spaced rows of slits or as
      a plurality of geometrical patterns. For example, an article of the
      invention can comprise a plurality of squares, circles, triangles or the
      like, each of which is comprised of a plurality of individual slits. Other
      embodiments include small or large S-shaped slits, X-slits or crosses;
      slits conforming to alphabetical or numerical patterns, logograms, marks,
      floral and other designs can also be employed.
PAR  It will be appreciated that the passage of air through an article of the
      invention will depend upon the number and size of the slit openings. The
      number and size of slits desirably employed can be determined on the basis
      of trial and error. Obviously, only a few small slits will not likely
      permit a substantial increase in the amount of air capable of passing
      through the article. Accordingly, the number of slits will be determined
      by the extent to which such increase of air passage is desired.
      Preferably, a fabric conditioning article of the invention will contain a
      sufficient number of slit openings as to permit the passage of at least
      about 75 percent of the normal volume of air flow of the laundry dryer.
      This permits fabrics to be dried efficiently without undesirable
      temperature build-up or alternate on/off cycling of the heater and
      resulting rise and fall of dryer temperature. Normal operating
      temperatures are adhered to and extended drying times are thereby avoided.
      Preferably, an article will have a sufficient number of slit openings as
      to allow at least 85 percent of the volume of air to pass through the
      dryer.
PAR  The fabric conditioning articles of the invention are simple to employ and
      normally will be employed in a laundry dryer which is operated at a
      temperature, for example, of from 75.degree.F to 210.degree.F and for a
      drying period of from about 5 to 45 minutes. A load of fabrics to be dried
      is placed into the dryer and a sheet, such as may be detached by tearing
      from a perforated roll, is simply added to the dryer which is operated in
      usual fashion. The treated fabrics are then removed and handled in
      customary fashion.
PAR  The following Examples illustrate certain preferred embodiments of the
      invention and are not intended as limiting the invention. The quaternary
      ammonium fabric softening agent of Examples I - IV was di tallow dimethyl
      ammonium chloride. Other of the various fabric conditioning agents
      described hereinbefore in detail can be employed to advantage.
PAC  EXAMPLE I
PAR  Sheets of non-woven cloth substrate (9 inches .times. 11 inches) carrying a
      quaternary ammonium fabric-softening agent were provided, respectively,
      with one, three, five, seven and nine slit(s) of 7-inch length as follows.
      One sheet contained a rectilinear slit of 7-inch length along the machine
      direction of the substrate and placed in the center of the sheet (4.5
      inches from either edge). The 7-inch slit with a 2-inch margin at each end
      comprised the 11-inch dimension. The multiple and parallel slit
      variations, all slits being 7 inches in length, were prepared by confining
      the slits, cut in the machine direction, to within a bordered area. A
      2-inch margin was provided by allowing 2 inches at each end of each slit.
      Similarly, a 1.5-inch margin was provided along the 11-inch dimension by
      placing a slit 1.5 inches from each edge and equidistantly spacing the
      remaining slits. In so doing, the slits were spaced on the 9 inches
      .times. 11 inches sheet within an area of 6 inches .times. 7 inches.
PAR  Each article of the invention was evaluated for its potential to minimize
      interference with dryer air flow by observing its tendency to stick or
      otherwise adhere to the exhause outlet of a laundry dryer by tumbling the
      article in a fabric load purposely designed to maximize the probability of
      a tumbling article being drawn to an exhaust outlet. Each load, of 0.6 lb.
      dry weight, was comprised of two pillowcases and the fabric-conditioning
      article. The laundry dryer, a "Kenmore 800" automatic, electric home
      clothes dryer, was operated in a conventional manner for a 15-minute
      cycle. Each fabric-conditioning article was tumbled with the pillowcases
      and was observed for its tendency to become attached to the perforated
      rear-wall exhaust outlet. The number of times that the article adhered to
      the outlet for a 20-second duration was recorded. A control article having
      no slits was evaluated in the same manner for purposes of comparison. The
      following results were obtained, duplicate numbers representing separate
      evaluation of replicate samples:
TBL                       No. of                                               
                          20-second                                            
     Article              contacts                                             
     ______________________________________                                    
     Control (no slits)   15                                                   
     one seven-inch slit  2,3                                                  
     three seven-inch slits                                                    
                          2,3,3,5                                              
     five seven-inch slits                                                     
                          1,3,2,4                                              
     seven seven-inch slits                                                    
                          1,0,3,2                                              
     nine seven-inch slits                                                     
                          1,0                                                  
     ______________________________________                                    
PAC  EXAMPLE II
PAR  A sheet of non-woven cloth (9 inches .times. 11 inches) carrying a
      quaternary ammonium fabric-softening agent was provided with five parallel
      5-inch slits, the slits being cut into the machine direction. The outer
      slits were placed 1.5 inches inwardly from the 11-inch side. The three
      additional 5-inch slits were placed equidistantly within the encompassed
      area. The 5-inch slits were placed such that, in alternating pattern, the
      slits had a 2-inch margin at one end and a 4-inch margin at the other,
      i.e., the 11-inch dimension comprised a 2-inch margin, a 5-inch slit and a
      4-inch margin. The two outermost and the center 5-inch slits extended to
      within 2 inches from one edge of the substrate while the two remaining
      5-inch slits extended to within 2 inches of the opposite edge.
PAC  EXAMPLE III
PAR  A sheet of non-woven cloth (9 inches .times. 11 inches) carrying a
      quaternary ammonium fabric-softening agent was provided with seven
      parallel 5-inch slits in the same manner as in the article of EXAMPLE II.
      Four of 5-inch parallel slits, including the two outermost slits, extended
      to within 2 inches from one edge and 4 inches from the opposite edge. The
      remaining three 5-inch slits extended to within 2 inches from one edge and
      4 inches from the other.
PAR  The articles of EXAMPLES II and III were evaluated in the same manner as
      that of EXAMPLE I with the following results:
TBL                       No. of                                               
                          20-second                                            
     Article              contacts                                             
     ______________________________________                                    
     EXAMPLE II           2,6                                                  
     EXAMPLE III          1,0                                                  
     ______________________________________                                    
PAC  EXAMPLE IV
PAR  A 9 inches .times. 11 inches non-woven cloth substrate carrying a
      quaternary ammonium fabric-softening agent was provided with a plurality
      of C-shaped slits in the following manner. A cutting die providing a
      C-shaped slit of approximately 0.12 inch in its longest dimension was
      employed to provide a plurality of slits in a similated fish-scale design.
      The slits were cut in such a manner as to completely cover the area of the
      substrate, the distance between adjacent slits being approximately 0.1
      inch. The number of C-shaped slits comprised an average of approximately
      15 per square inch. The article was evaluated as described previously with
      the result that there were no contacts of 20-second duration in the
      15-minute drying cycle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fabric conditioning article comprising a flexible web substrate
      carrying a fabric-conditioning agent removable to fabrics by contact
      therewith in a laundry dryer, said web substrate containing slit openings
      sufficient in size and number as to permit at least about 75 percent of
      the normal volume of air flow through said dryer when said article is used
      therein.
NUM  2.
PAR  2. The article of claim 1 wherein the slit openings comprise a plurality of
      rectilinear slits extending along one dimension of a web substrate.
NUM  3.
PAR  3. The article of claim 2 wherein the slits extend to within one inch from
      at least one edge of said dimension.
NUM  4.
PAR  4. The article of claim 2 wherein there are from 5 to 9 such slits in a
      substantially parallel relationship.
NUM  5.
PAR  5. The article of claim 4 wherein the slits are in a substantially
      equidistant relationship.
NUM  6.
PAR  6. The article of claim 1 wherein the flexible substrate is a non-woven
      cloth web and the fabric-conditioning agent is a fabric softening agent.
NUM  7.
PAR  7. The article of claim 1 wherein the slit openings comprise a plurality of
      curvilinear slits.
NUM  8.
PAR  8. The article of claim 7 wherein the curvilinear slits are provided in a
      continuous pattern of U-shaped, C-shaped slits.
NUM  9.
PAR  9. The article of claim 8 wherein the curvelinear slits define flap
      structures having widths of from about 0.02 to 0.40 inch.
NUM  10.
PAR  10. The article of claim 8 wherein the flexible substrate is a nonwoven
      cloth web and the fabric-conditioning agent is a fabric softening agent.
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ABST
PAL  A heat printing sheet is prepared by coating a base with a molten printing
      composition which comprises 10 - 60% by weight of at least one tackifier
      selected from the group consisting of terpene resins, hydrogenated
      cyclopentadiene resins, cumarone-indene resins, phenol resins,
      styreneolefin copolymers, .alpha.-methylstyrene-vinyltoluene copolymers,
      rosins, polyol esters, hydrogenated rosins, hydrogenated rosin-polyol
      esters and rosin; 5 - 50% by weight of at least one wax selected from the
      group consisting of plant wax, petroleum wax, coal wax, synthetic wax; 10
      - 60% by weight of an ethylene-vinyl acetate copolymer which contains 5 -
      50% by weight of a vinylacetate component and which has a melt index of 4
      - 1000 g/10 min, 5 - 40% by weight of a filler which is bendable with said
      tackifier, wax or ethylene-vinylacetate copolymer; and a pigment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a heat printing sheet which is used for printing
      intellegence on a substrate by heat-pressing one side of a base whereby
      the intellegence is imprinted on the substrate by a printing composition
      which is coated on the side of the base which is not heat pressed.
PAR  2. Description of the Prior Art:
PAR  Heretofore, it has been known to print intellegence on a substrate by silk
      screen techniques. Printing marks applied by conventional means to fabrics
      have low cleaning fastness and are too easily removed by cleaning
      processes. One procedure has been considered in an attempt to overcome the
      difficulties associated with heat printing processes. However, when this
      procedure was used in a heat printing process, the mark obtained was
      blurred.
PAR  Thus, a need continues to exist for a composition which when applied to a
      base is amenable to heat printing procedures.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of this invention is to provide a printing sheet
      which when compressed with heat provides a clear mark which has high
      adhesive strength to a substrate and which is heat-printed at relatively
      low pressures so that no blooming of the printed mark is noticed.
PAR  Briefly, this object and other objects of this invention as hereinafter
      will become more readily apparent can be attained by providing a heat
      printing sheet which is coated on one side with a molten composition
      comprising 10 - 60% by weight of at least one tackifier selected from the
      group consisting of terpene resins, hydrogenated cyclopentadiene resins,
      phenol resins, styrene-olefin copolymers,
      .alpha.-methylstyrene-vinyltoluene copolymers, rosin-polyol esters such as
      rosin glycerine esters, rosins of pentaerythritol esters, hydrogenated
      rosins, hydrogenated rosin-polyol esters, rosins of maleic anhydride
      polyesters and derivatives thereof, and disproportionated rosins; 5 - 50%
      by weight of at least one wax of plant waxes, petroleum waxes, coal waxes,
      and synthetic waxes; 10 - 60% by weight of an ethylene-vinylacetate
      copolymer which contains 5 - 50% by weight of a vinylacetate component and
      which has a melt index of 4 - 1000 g/10 min., 5 - 40% by weight of a
      filler which is blendable with the tackifier, wax or ethylene-vinylacetate
      copolymer; and a pigment.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The ethylene-vinylacetate copolymer which is used in the printing
      composition of the invention is produced by a high pressure method, and
      comprises preferably 7 - 45% by weight, especially 20 - 40% by weight of a
      vinylacetate component. The copolymer has a melt index of 4 - 1000 g/10
      min, preferably 15 - 400 g/10 min.
PAR  The tackifiers which are used in the printing composition of the invention
      are preferably terpene resins such as a .beta.-pinene polymer having a
      molecular weight of 500 - 5000, hydrogenated cyclopetadiene resins having
      a molecular weight of 500 - 5000, dipentene polymers having a molecular
      weight of 1000 - 3000, phenol resins of a molecular weight of 300 - 3000,
      styrene-olefin copolymers having a molecular weight of 500 - 5000, and
      .alpha.-methylstyrene-vinyltoluene copolymers having a molecular weight of
      500 - 5000. It is especially preferable to combine a rosin tackifier such
      as a rosin-polyol ester, a hydrogenated rosin, or a hydrogenated
      rosin-polyol ester with the other tackifier.
PAR  The waxes used in the printing composition of the invention preferably
      include plant waxes such as carnauba wax which has a molecular weight of
      400 - 4000; petroleum waxes such as paraffin wax having a melting point of
      100.degree.F - 160.degree.F; coal waxes such as a Fisher Tropsch wax which
      has a molecular weight of 500 - 1500; synthetic waxes such as polyethylene
      wax which has a molecular weight of 400 - 40,000, preferably 400 - 20,000,
      polypropylene wax which has a molecular weight of 400 - 4000, and low
      molecular weight oxidizing polypropylene compounds which have a molecular
      weight of 500 - 6000, preferably 1000 - 3000 and an acid value of 1.5 -
      4.0.
PAR  The fillers used in the printing composition are preferably talc and clay.
PAR  Other additives can also be added to the printing composition depending
      upon the purpose desired. For example, when a heat resistant composition
      is required, it is especially preferable to add an anti-oxidant. Suitable
      anti-oxidants include 2,4-bis(n-octylthio)-6-(4'
      -hydroxy-3,5'-di-tert-butylanilino)-1,3,5-triazine, tetrakis
      [methylene-3(3',5'-di-tert-butyl-4'-hydroxyphenyl propionate]methane,
      tri-nonylphenyl phosphate, distearyl thiodipropionate,
      2,6-di-tert-butyl-p-cresol,
      4,4'-thiobis(6-tert-butyl-m-cresol),N,N'-di-.beta.-naphthyl-p-phenylenedia
     mine, 4,4'-butylidene bis(6-tert-butyl-m-cresol) and 2-mercapto
      benzimidazol.
PAR  The pigments which are added to the heat printing composition are admixed
      with the tackifier, the wax, the ethylene-vinylacetate copolymer and the
      filler in a melt blending procedure. The choice of pigment, of course,
      depends upon the type of color desired. Preferably the inorganic pigments
      and organic pigments which are used have a high heat resistance.
PAR  In the process for preparing the printing composition the components are
      thoroughly mixed at temperatures of 90.degree. - 230.degree.C whereby the
      components melt. After the molten composition is cooled, it is stored as a
      solid. When the composition is to be used, the composition is melted and
      then coated on any suitable mark-engraved metallic roll by a heat melting
      process. The molten composition which has been coated on the unengraved
      surface of the roll is removed by a mechanical method such as a doctor
      knife from all portions of the metallic roll except the engraved portions
      of the roll. The molten composition is applied to a base such as paper by
      contacting the base with the rotating metallic roll. The molten
      composition is then cooled and a heat printing sheet having a solid
      composition suitable for heat printing techniques is obtained. Suitable
      bases for the heat printing sheet of this invention include Japanese
      paper, machine made paper, cloth, plastics, and the like. From an economic
      point of view paper is preferably used.
PAR  Marks or figures can be applied to a substrate by placing the heat printing
      sheet with the composition side down on a substrate such as paper, fabric
      made of a natural fiber, synthetic fiber or artificial fiber, plastic,
      film, wood, metal, porcelain or the like, and then pressing the back
      surface of the heat printing sheet with a heating device such as an iron.
PAR  The heat printing sheet of this invention has substantially improved
      properties in comparison to conventional heat printing sheets prepared by
      melt-blending polyethylene, ethylene-vinylacetate copolymer,
      chloronaphthalene, butyl rubber, ethyl cellulose, hydrogenated caster oil
      or the like, or silk screens which employ a printing solution of a
      thermoplastic resin and a modifier in a solvent.
PAR  Marks or figures of excellent clarity and sharpness can be heat printed on
      a fibrous substrate such as leather or the like because of the presence of
      the tackifier in the printing composition. Sharpness is defined as the
      ability to print a mark or figure on a substrate from the heat printing
      sheet within a short time. Furthermore, when the printed substrate is
      stretched or elongated, the printed marks or figures are not deformed
      because of the presence of the tackifier in the composition. The presence
      of the tackifier also prolongs the "printing life" of the sheet.
PAR  The presence of the rosins in the composition imparts low heat stability
      and low dispersibility characteristics to the composition. Thus, the
      presence of the rosins in the composition is preferred.
PAR  The presence of the waxes enhances the ability of the composition to
      imprint marks of excellent sharpness as well as providing excellent
      dispersibility of the pigment in the composition. The physical forms of
      the waxes which are used include white colored needle or plane crystals as
      well as other solid forms. On the other hand, micro-crystalline forms of
      wax such as those which consist of fine, delicate needles are unsuitable.
PAR  The presence of the filler prevents deformation of the printed mark when
      the mark shrinks after it has been printed on the base. Deformation of the
      printed mark which is caused by shrinking, disproportionation or cracking
      of the printed mark occurs when molten ink is coated over the printed
      mark.
PAR  The types of pigments which are useful include the conventional pigments.
PAR  The presence of the rubber-like elastomer in the composition yields a
      composition which is highly resistant to shrinking and crushing. Suitable
      rubber-like elastomers include butyl rubber, styrene-butadiene rubber and
      isoprene rubber.
PAR  With the printing composition of this invention intricately shaped marks
      can be clearly printed on substrates without blurring or deformation of
      the marks. The molten composition which is applied to the heat printing
      sheet should be a uniform mixture of the components and should be capable
      of easily being applied to the base of a heat printing sheet. The
      composition should also be capable of being easily transferred from a base
      to a substrate upon which it is firmly bonded. Thus, the molten
      composition should be able to be applied to a substrate such that stable
      marks are obtained on the substrate because of the substantial adhesive
      strength of the composition. Marks of sufficient thickness can be attained
      by heat printing the molten composition on a substrate. Generally,
      conventional heat printing compositions have had the tendency to blur when
      the molten compositions flow under heat printing conditions as the
      thickness of the molten compositions increase. However, the heat printing
      sheet of this invention does not have this disadvantage and marks of
      excellent clarity can be easily applied to substrates. Once the marks from
      the composition of the invention are firmly applied to a substrate they
      can not be peeled from the substrate. For example, when the marks are
      heat-printed on the cloth of a shirt, the printed marks do not peel from
      the fabric when the shirt is washed. In conclusion, the characteristics of
      marks applied to substrates from the heat printing sheet of the invention
      include excellent adhesive strength, softness, coherency and no tendency
      to blur.
PAR  Having generally described this invention, a further understanding can be
      obtained by reference to certain specific examples which are provided
      herein for purpose of illustration only and are not intended to be
      limiting unless limiting unless specified.
DETD
PAC  EXAMPLE 1
PAR  A 40% by weight amount of an ethylene-vinylacetate copolymer (28% by weight
      of the vinylacetate component) with a melt index of 150 g/10 min
      (hereinafter referred to as an EVA copolymer), 30% by weight of a
      hydrogenated rosin glycerine ester, 20% by weight of a polyethylene wax
      with a molecular weight of 500 and 10% by weight of a clay as a filler,
      were melted and blended in a stainless steel tank equipped with a stirrer.
      15 Parts by weight of a pigment were added to 100 parts by weight of the
      stirred mixture, and the mixture was melt-blended at 150.degree.C for 2
      hours whereby a molten composition was obtained. A red pigment mixture and
      a black pigment mixture were separately prepared, each containing a
      portion of the molten composition. The molten composition which had been
      prepared was placed in the pan of a photogravure type coater at
      150.degree.C. The surface of a metallic printing roll which was compatable
      with the photogravure coater was engraved with a specific mark. A strip of
      paper was continuously passed through the gap between the printing roll
      and the roller press at a line speed of 50 m/min. As the paper contacted
      the applicators, the molten composition containing the red pigment was
      printed on the paper base in the shape of the mark. Subsequently, the
      molten composition containing the black pigment was printed on the paper
      base and a heat printing sheet was obtained. The printing surface of the
      heat printing sheet was placed on the cloth of a shirt and was
      heat-pressed from the back-surface of the sheet with a heated iron whereby
      a printed mark was transferred to the cloth. The cloth printed with the
      composition was washed ten times. However, the clarity of the mark did not
      change, by the washing as conducted under the procedures of the Japanese
      Industrial Standard L 0844 method.
PAC  EXAMPLES 2 - 8
PAR  In accordance with the procedure of Example 1, an ethylene-vinylacetate
      copolymer, a tackifier and a filler were heat-blended and a pigment was
      admixed with the mixture. A particular mark using the composition was
      coated on a paper base. The heat printing sheets obtained by this
      procedure were tested by test methods A, B and C. Test A involved the
      observation of the degree of blooming of the composition on the
      back-surface of the paper base. Test B involved the measurement of the
      degree of blocking of the printing composition. The test was conducted by
      keeping 1000 m of the treated paper in a continuously wound position at
      30.degree.C for 24 hours. After the paper was unwound, it was rewound and
      any indication of blocking was detected by the sound emitted by the paper
      as it was rewound. Test C involved a determination of the clarity of the
      printed composition whereby any deformation of the printed mark was
      indicated. A mark of the composition from the heat printing sheet was
      printed on the material of a white shirt made from a synthetic fiber by
      heat-pressing the sheet with a hot iron, and the cleaning fastness of the
      printed mark was tested at 45.degree.C for 24 hours in a 2% aqueous
      solution of sodium alkylbenzene sulfonate. Test D measured the cleaning
      fastness of the printed mark by washing an article containing the mark ten
      times. A detergent was used and the degree of deformation and the degree
      of discoloring of the printed mark as well as the amount of the printed
      composition which was removed was observed when the printed material was
      washed by the Japanese Industrial Standard L0844 and L0848 methods.
TBL  __________________________________________________________________________
     Example                                                                   
          Composition         Test                                             
                              A   B    C   D                                   
     __________________________________________________________________________
     2    EVA copolymer 40 wt.%                                                
          (VA 15 wt.% MI 400)                                                  
          .beta.-pinene polymer                                                
                        15 wt.%                                                
          (MW = 1,000)                                                         
          polypropylene wax                                                    
                        20 wt.%                                                
                              no  no   no  no                                  
          (MW = 2,400)        change                                           
                                  change                                       
                                       change                                  
                                           change                              
          clay (average 5.mu.)                                                 
                        25 wt.%                                                
     pigment: mixture (carbon black)                                           
     = 10; 100 wt. part                                                        
     __________________________________________________________________________
     3    EVA copolymer 30 wt.%                                                
          (VA 30 wt.% MI 24)                                                   
          terpene resin 30 wt.%                                                
          (MW = 2,000)                                                         
          polypropylene wax                                                    
                        10 wt.%                                                
                              no  no   no  no                                  
          (MW = 2,400)        change                                           
                                  change                                       
                                       change                                  
                                           change                              
          CaCO.sub.3 (average 1.mu.)                                           
                        30 wt.%                                                
     pigment: mixture (titanium oxide)                                         
     = 14 : 100 wt. part                                                       
     __________________________________________________________________________
     4    EVA copolymer                                                        
          (VA 30 wt.% MI 600)                                                  
                        20 wt.%                                                
          hydrogenated dicyclo-                                                
          pentadiene resin                                                     
                        30 wt.%                                                
                              no  no   no  no                                  
                              change                                           
                                  change                                       
                                       change                                  
                                           change                              
          paraffin wax                                                         
          (157.degree.F)                                                       
                        30 wt.%                                                
          CaCO.sub.3 (average 1.mu.)                                           
                        20 wt.%                                                
     pigment : mixture (phthalocyanine Blue)                                   
     = 5 : 100 wt. part                                                        
     __________________________________________________________________________
     5    EVA copolymer                                                        
          (VA 7 wt.% MI 42)                                                    
                        30 wt.%                                                
          hydrogenated rosin                                                   
                        10 wt.%                                                
                              no  no   no  no                                  
                              change                                           
                                  change                                       
                                       change                                  
                                           change                              
          hydrogenated rosin-                                                  
                        20 wt.%                                                
          glycerine ester                                                      
          paraffin wax (130.degree.F)                                          
                        20 wt.%                                                
          CaCO.sub.3 (average 6.mu.)                                           
                        10 wt.%                                                
     pigment : mixture (phthalocyanine Green)                                  
     = 5 : 100 wt. part                                                        
     __________________________________________________________________________
     6    EVA copolymer                                                        
          (VA 24 wt.% MI 70)                                                   
                        20 wt.%                                                
          styrene-olefin                                                       
                        10 wt.%                                                
          copolymer                                                            
          (MW = 3,000)                                                         
          hydrogenated rosin                                                   
                        20 wt.%                                                
          glycerin ester                                                       
                              no  no   no  no                                  
          polyethylene wax                                                     
                        20 wt.%                                                
                              change                                           
                                  change                                       
                                       change                                  
                                           change                              
          (MW = 1,000)                                                         
          clay (average 5.mu.)                                                 
                        30 wt.%                                                
     pigment : mixture (Watchung Red)                                          
     = 15 : 100 wt. part                                                       
     __________________________________________________________________________
     7    EVA copolymer                                                        
          (VA 35 wt.% MI 240)                                                  
                        25 wt.%                                                
          .alpha.-methylstyrene                                                
                        15 wt.%                                                
          vinyltoluene copolymer                                               
                              no  no   no  no                                  
          (MW = 2,500)        change                                           
                                  change                                       
                                       change                                  
                                           change                              
          low molecular weight                                                 
                        15 wt.%                                                
          styrene resin (MW = 2,000)                                           
          synthetic wax (MP 108.degree.C)                                      
                        35 wt.%                                                
          clay (average 5.mu.)                                                 
                        10 wt.%                                                
     pigment : mixture (Brilliant Carmine)                                     
     = 15 : 100 wt. part                                                       
     __________________________________________________________________________
     8    EVA copolymer 25 wt.%                                                
          (VA 35 wt.% MI 240)                                                  
          .alpha.-methylstyrene-                                               
          vinyltoluene copolymer                                               
                        15 wt.%                                                
          (MW = 2,500)        no  no   no  no                                  
          hydrogenated  15 wt.%                                                
                              change                                           
                                  change                                       
                                       change                                  
                                           change                              
          dicyclopentadiene resin                                              
          (MW = 3,000)                                                         
          paraffin wax (145.degree.F)                                          
                        15 wt.%                                                
          polyethylene wax                                                     
                        10 wt.%                                                
          (MW = 2,000)                                                         
          Talc (average 5.mu.)                                                 
                        20 wt.%                                                
     pigment : mixture (Benzidine yellow)                                      
     = 15 : 100 wt. part                                                       
     __________________________________________________________________________
     9    EVA copolymer                                                        
          (VA 40 wt.% MI 60)                                                   
                        40 wt.%                                                
          styrene-olefin copolymer                                             
                              no  no   no  no                                  
                        25 wt.%                                                
                              change                                           
                                  change                                       
                                       change                                  
                                           change                              
          (MW 3,000)                                                           
          Fisher troph wax                                                     
                        10 wt.%                                                
          low molecular weight                                                 
          polypropylene oxidized                                               
          compound      20 wt.%                                                
          (AV = 20, MW = 3,500)                                                
          BaSO.sub.4     5 wt.%                                                
     pigment : butyl rubber: mixture                                           
     5 : 10 : 100 wt. part                                                     
     (carbon black)                                                            
     __________________________________________________________________________
      VA: vinylacetate component                                               
      MI: melt index g/10 min.                                                 
      MW: molecular weight                                                     
      mixture: EVA copolymer, tackifier, filler and wax                        
      pigment ratio: part by weight to 100 parts by weight of the mixture.     
PAR  Having now fully described this invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A heat printing sheet, which comprises:
PA1  a substrate having coated thereon, a heat transferable composition in the
      form of characteristic marks or figures, said composition comprising 10 -
      60 % by weight of at least one tackifier selected from the group
      consisting of terpene resins, hydrogenated cyclopentadiene resins,
      cumarone-indene resins, phenol resins, styrene-olefin copolymers,
      .alpha.-methylstyrene-vinyltoluene copolymers, rosins, polyol esters,
      hydrogenated rosin-polyol esters; 5 - 50% by weight of at least one wax
      selected from the group consisting of plant wax, petroleum wax, coal wax,
      synthetic wax; 10 - 60% by weight of an ethylene-vinyl acetate copolymer
      which contains 5 - 50% by weight of a vinylacetate component and which has
      a melt index of 4 - 1000 g/10 min; 5 - 40% by weight of a filler which is
      blendable with said tackifier, wax or ethylene-vinylacetate copolymer; and
      a pigment.
NUM  2.
PAR  2. The heat printing sheet of claim 1, wherein said tackifier is a terpene
      polymer having a molecular weight of 500 - 5,000, a hydrogenated
      cyclopentadiene resin having a molecular weight of 500 - 5000, a phenol
      resin with a molecular weight of 300 - 3,000, a styrene-olefin copolymer
      having a molecular weight of 500 - 5000 or an
      .alpha.-methylstyrene-vinyltoluene copolymer having a molecular weight of
      500 - 5000.
NUM  3.
PAR  3. The heat printing sheet of claim 1, wherein said tackifier is a
      tackifier combination which contains a rosin type tackifier.
NUM  4.
PAR  4. The heat printing sheet of claim 1, wherein said wax is carnauba wax
      having a molecular weight of 400 - 4000, paraffin wax having a melting
      point of 100.degree.F - 160.degree.F, a Fisher Tropsch wax having a
      molecular weight of 500 - 1500, a polyethylene wax having a molecular
      weight of 400 - 20,000 or a polypropylene wax having a molecular weight of
      400 - 4000.
NUM  5.
PAR  5. The heat printing sheet of claim 1, which further comprises an
      antioxidant.
NUM  6.
PAR  6. The heat printing sheet of claim 1, wherein said wax is an oxidized low
      molecular weight polypropylene compound having a molecular weight of 500 -
      6000.
NUM  7.
PAR  7. The heat printing sheet of claim 1, which further comprises a
      rubber-like elastomer of butyl rubber, styrene-butadiene rubber, or
      isoprene rubber.
NUM  8.
PAR  8. The heat printing sheet of claim 5, wherein said antioxidant is selected
      from the group consisting of
      2,4-bis(n-octylthio)-6-(4'-hydroxy-3,5'-di-tert-butylanilino)-1,3,5-triazi
     ne, tetrakis methane, tri-nonylphenyl phosphate, distearyl
      thiodipropionate, 2,6-di-tert-butyl-p-cresol,
      4,4'-thiobis(6-tert-butyl-m-cersol),
      N,N'-di-.beta.-naphthyl-p-phenylenediamine, 4,4'-butylidene
      bis(6-tert-butyl-m-cresol) and 2-mercapto benzimidazol.
PATN
WKU  039446964
SRC  5
APN  5506182
APT  1
ART  115
APD  19750218
TTL  High-adhesion conductors
ISD  19760316
NCL  6
ECL  1
EXA  Bell; Mark
EXP  Douglas; Winston A.
INVT
NAM  Larry; John Robert
CTY  Youngstown
STA  NY
ASSG
NAM  E. I. Du Pont de Nemours and Company
CTY  Wilmington
STA  DE
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XCL  428210
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XCL  106 53
XCL  106 49
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ISD  19671000
NAM  Short
OCL  106 49
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ABST
PAL  Glass frits for producing high-adhesion silver conductor patterns on
      ceramic substrates, useful in electronic circuitry. Metallizations of such
      frits. Conductors produced therewith.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application U.S.
      Ser. No. 404,796, filed Oct. 9, 1973, now U.S. Pat. No. 3,896,054, which
      in turn is a continuation-in-part of my application U.S. Ser. No. 231,375,
      filed Mar. 2, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to conductor metallizations, and more particularly,
      to glass frits useful in producing metallizations to produce high-adhesion
      conductors on dielectric substrates.
PAR  Metallizations fired onto a dielectric substrate to produce conductor
      patterns usually comprise noble metals and an inorganic binder and are
      applied to the substrate as a dispersion thereof in an inert liquid
      medium. The metallic component provides the functional utility while the
      binder (e.g., glass, Bi.sub.2 O.sub.3, etc.) bonds the metal to the
      substrate.
PAR  Silver (including Pd/Ag) conductor metallizations (glass frit plus noble
      metal) presently employed in high-performance electronic applications for
      producing fired conductor patterns on dielectric substrates are often
      deficient in that properties such as ease of solderability and high
      adhesion (initial and thermally aged) are not obtained simultaneously. To
      prevent adhesive failure, leads to conductor patterns are often designed
      to impart a mechanical strength which compliments the soldered bond
      strength. This is done by swaging pins in the ceramic substrate prior to
      soldering or by using clip-on leads. Better adhesion of the conductor to
      the substrate would eliminate these steps and present cost savings.
      Furthermore, in certain applications, not only is a conductor fire and a
      resistor fire necessary with a given substrate, but also an encapsulation
      fire (glass) at about 500.degree.C., which thermal treatment often leads
      to poor solderability in Pd/Ag conductors located elsewhere on the
      substrate.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides glass frits useful in silver metallizing
      compositions for producing highly adherent conductor patterns on ceramic
      substrates. The glass frits consist essentially of the components listed
      in Table I, operable, preferred and optimum proportions being set forth in
      that Table.
TBL                TABLE I                                                     
     ______________________________________                                    
     GLASS FRITS (Wt. %)                                                       
     Component                                                                 
              Operable    Preferred   Optimum                                  
              Range       Range       Range                                    
     ______________________________________                                    
     PbO      5-22        8-22        8-15                                     
     CaO      1-5         2-5         2-3.3                                    
     Al.sub.2 O.sub.3                                                          
              0.7-3       0.7-2.1     0.8-1.4                                  
     B.sub.2 O.sub.3                                                           
              0.7-2.5     0.7-2       0.9-1.6                                  
     SiO.sub.2                                                                 
              5-20        7-19        7.5-12.5                                 
     Bi.sub.2 O.sub.3                                                          
              50-85       50-80       66-80                                    
     ______________________________________                                    
PAR  This invention includes metallizations of the above glass frits and finely
      divided silver or palladium/silver, and those metallizations dispersed in
      an inert organic vehicle. Also, conductor patterns of such metallizations
      sintered (fired) on ceramic substrates.
PAC  DETAILED DESCRIPTION
PAR  The term silver metallizing compositions, as used herein, refers to
      compositions of finely divided glass frits and finely divided noble metal,
      wherein the noble metal is silver or silver/palladium. The present
      invention resides in the particular high-adhesion frit discovered by
      applicant, and hence, conventionally used silver/palladium proportions are
      involved, from metallizations of silver only to metallizations of about 2
      parts Ag to 1 part palladium. Expressed differently, the noble metal
      content of the metallization is about 66-100% Ag and 0-34% Pd. The Pd/Ag
      metallizations may be mechanical mixtures or alloys.
PAR  The present invention provides improved glass frits for silver
      metallizations, as set forth in Table I.
PAR  The particle size of the solids does not normally exceed 40 microns. The
      ratio of metal to frit may be any conventionally used ratio, depending
      upon the properties desired. This ratio, although not a part of this
      invention, is normally in the range of 3-30% of the total solids content.
PAR  Dispersions of these solids may be prepared in any inert liquid vehicle,
      usually an organic liquid, with or without thickening and/or stabilizing
      agents and/or other common additives. Exemplary of the organic liquids
      which can be used are the aliphatic alcohols; esters of such alcohols, for
      example, the acetate and propionates; terpenes such as pine oil, .alpha.-
      and .beta.-terpineol and the like; solutions of resins such as the
      polymethacrylates of lower alcohols, or solutions of ethylcellulose, in
      solvents such as pine oil and the monobutyl ether of ethylene glycol
      monoacetate. The vehicle may contain or be composed of volatile liquids to
      promote fast setting after application to the substrate.
PAR  The ratio of inert vehicle to solids (glass and metal) may very
      considerably and depends upon the manner in which the dispersion of
      metallizing composition in vehicle is to be applied and the kind of
      vehicle used. Generally, from 1 to 20 parts by weight of solids per part
      by weight of vehicle will be used to produce a dispersion of the desired
      consistency. Preferably, 4-10 parts of solid per part of vehicle will be
      used.
PAR  As indicated above, the metallizing compositions of the present invention
      are printed onto ceramic substrates, after which the printed substrate is
      fired to mature the metallizing compositions of the present invention,
      thereby forming continuous conductors. Although not a part of this
      invention, the printed substrate is fired at a temperature below the
      melting point of the noble metal used, at a temperature high enough to
      mature (sinter) the conductor pattern. Typically, the firing is conducted
      at 750.degree.-950.degree.C. for 5-10 minutes at peak temperature.
PAR  These dispersions may be printed on any desired dielectric substrate; the
      substrate is normally a prefired (sintered) alumina ceramic substrate,
      although the metallization can be printed on green (unfired) substrates
      and cofired therewith.
PAR  The present invention is illustrated by the following examples and is
      contrasted with the comparative showings. In the examples and elsewhere in
      the specification and claims, all percentages, proportions and parts are
      by weight.
DETD
PAC  Examples 1-8
PAR  Glass frits with respective compositions set forth in Table II were
      prepared by melting together at 950.degree.C. the appropriate amounts of
      Pb.sub.3 O.sub.4, CaCO.sub.3, Al.sub.2 O.sub.3.sup.. 3H.sub.2 O, H.sub.3
      BO.sub.3, SiO.sub.2 and Bi.sub.2 O.sub.3 ; pouring the melt into water to
      form a frit; milling the resultant frit; filtering the product through
      filter paper; and drying the resultant powdered frit (passes through No.
      325 screen, U.S. Standard Sieve Scale).
TBL                TABLE II                                                    
     ______________________________________                                    
     GLASS FRITS USED IN EXAMPLES (Wt. %)                                      
     Component                                                                 
              Glass     Glass     Glass   Glass                                
              A         B         C       D                                    
     ______________________________________                                    
     PbO      21.8      14.5      10.9    8.7                                  
     CaO      4.9       3.3       2.4     2.0                                  
     Al.sub.2 O.sub.3                                                          
              2.1       1.4       1.1     0.8                                  
     B.sub.2 O.sub.3                                                           
              2.5       1.6       1.2     1.0                                  
     SiO.sub.2                                                                 
              18.7      12.5      9.4     7.5                                  
     Bi.sub.2 O.sub.3                                                          
              50.0      66.7      75.0    80.0                                 
     ______________________________________                                    
PAR  The frits of Table II were combined with a Pd/Ag mixture (1/2.5) and
      dispersed in a vehicle of ethylcellulose and .beta.-terpineol (1/9), as
      set forth in Table III. The palladium had a surface area of 9 m.sup.2 /g.,
      the silver 1.5 m.sup.2 /g.
PAR  The respective compositions were each screen printed on a series of
      prefired 96% Al.sub.2 O.sub.3 substrates through a patterned 200-mesh
      screen having nine 80-mil .times. 80-mil openings aligned in a 3 .times. 3
      matrix. The prints were dried, and then fired in a belt furnace at various
      firing sequences for various tests.
TBL                TABLE III                                                   
     ______________________________________                                    
              Pd/Ag METALLIZING COMPOSITIONS USED                              
              IN EXAMPLES (Wt. %)                                              
     Component                                                                 
              Example No.                                                      
     ______________________________________                                    
              1      2      3    4    5    6    7    8                         
     Pd       19.0   19.0   18.0 18.0 19.0 18.0 18.0 18.0                      
     Ag       47.5   47.5   45.0 45.0 47.5 45.0 45.0 45.0                      
     Glass A   8.0   12.0   --   --   --   --   --   --                        
     Glass B  --     --     10.5 13.5 --   --   --   --                        
     Glass C  --     --     --   --   12.0 16.0 --   --                        
     Glass D  --     --     --   --   --   --   15.0 20.0                      
     Vehicle  25.5   21.5   26.5 23.5 21.5 21.0 22.0 17.0                      
     ______________________________________                                    
PAR  In two series of firings, separate samples were fired consecutively in a
      belt furnace at 850.degree.C., 760.degree.C. and 500.degree.C. or at
      760.degree.C., 760.degree.C., and 500.degree.C. (8 minutes at peak at
      850.degree.C. and 760.degree.C.; 2 minutes at peak at 500.degree.C.), to
      simulate a process involving a conductor fire, resistor fire, and
      encapsulant fire, as often occurs in hybrid microelectronics fabrication.
      To test the adhesion of the conductor in each series, wire leads were then
      attached to the conductor pads by placing a 20-guage pretinned copper wire
      across three of the fired metallization pads and dipping in a solder pot
      (62/36/2, Sn/Pb/Ag) at 220.degree.C. Bond strengths were then measured by
      pulling the soldered leads with an Instron tester. At least nine pads were
      pulled for each sample to obtain a representative bond strength. Results
      are reported in Table IV under the columns headed "Initial." A second
      series of aged samples were similarly tested (after the above-described
      triple firing test, the soldered chip with lead attached was held at
      150.degree.C. for 48 hours; results are found in Table IV under the
      columns headed "Aged.").
TBL                TABLE IV                                                    
     ______________________________________                                    
     ADHESION VALUES (LBS.) OF FIRED METALLIZATION                             
     Example After 760/760/500.degree.C.                                       
                              After 850/760/500.degree.C.                      
     No.     Firing Sequence  Firing Sequence                                  
     ______________________________________                                    
             Initial   Aged       Initial Aged                                 
     1       --        --         6.3     2.8                                  
     2       --        --         6.2     5.2                                  
     3       5.7       3.0        5.1     2.2                                  
     4       5.1       3.4        5.1     3.5                                  
     5       5.1       3.3        5.2     2.8                                  
     6       5.7       4.9        5.2     4.6                                  
     7       4.5       3.5        4.9     2.9                                  
     8       4.8       4.4        4.8     3.5                                  
     ______________________________________                                    
PAR  The solderability of the above samples for Examples 1-8 was observed to be
      the following: For Examples 1 and 2, the solderability of both the samples
      fired at both 760.degree./760.degree./500.degree.C. and
      850.degree./760.degree./500.degree.C. was fair, while that for Examples
      3-8 was good to excellent for those fired at
      760.degree./760.degree./500.degree.C. and excellent for those fired at
      850.degree./760.degree./500.degree.C. Similar samples from which the third
      (500.degree.C.) firing was omitted (i.e., firings at
      760.degree./760.degree.C. and at 850.degree./760.degree.C.) all exhibited
      excellent solderability.
PAR  Solder leach resistance was determined with the compositions of Examples
      1-8. Samples were prepared having 20-mil wide conductor lines by the
      850.degree./760.degree./500.degree.C. triple fire process, for each
      composition. The samples were then dipped into a rosin flux (Dutch Boy
      115); dip soldered in 62/36/2 Sn/Pb/Ag at 230.degree.C. for 10 seconds;
      allowed to stand for 2-3 seconds for solder leveling; and quenched in
      tirchloroethylene. The cycle was repeated through 8 cycles, and in no case
      was the 20 -mil line leached through.
PAC  Comparative Showing A
PAR  It was found that it is important in this invention to provide the Bi.sub.2
      O.sub.3 as part of the frit, rather than by using separate additions of
      free, unfritted Bi.sub.2 O.sub.s and a glass frit. A composition was made
      by roll milling 15.5% Pd (9 m.sup.2 /g.), 46.5% Ag (1.5 m.sup.2 /g.), 4%
      glass (43.5% PbO, 9.8% CaO, 4.3% Al.sub.2 O.sub.3, 4.9% B.sub.2 O.sub.3
      and 37.5% SiO.sub.2), 10% Bi.sub.2 O.sub.3 and 24% of the vehicle of
      Examples 1-8. This is quite similar in elemental constituents to the frit
      of Example 6. The composition gave poor solderability after the
      760.degree./760.degree./500.degree.C. firing cycles, and only slightly
      better solderability when fired at 850.degree./760.degree./500.degree.C.
      Adhesion after an 850.degree./760.degree.C. firing sequence was 5.5 pounds
      (initial) and 3.4 pounds (aged).
PAC  Comparative Showing B
PAR  The glass frits of this invention were compared with the performance of a
      prior art composition as follows. The Pd, Ag and vehicle of Examples 1-8
      were used. A Ag/Pd composition of 15.5% Pd, 46.4% Ag, 3% glass frit (27.2%
      ZnO, 25.4% B.sub.2 O.sub.3, and 23.5% SiO.sub.2, 6.4% Al.sub.2 O.sub.3, 4%
      ZrO.sub.2, 1% BaO, 4% CaO, 8.5% Na.sub.2 O), 7% Bi.sub.2 O.sub.3 and 27.4%
      vehicle, when fired in a belt furnace at 850.degree.C. (8 min. peak) gave
      an initial adhesion of 5.2 pounds and an aged adhesion of only 1.8 pounds.
      Solder leach resistance was only 4 cycles, using the method employed in
      Examples 1-8.
PAC  Comparative showings R, S, T, U, V
PAR  I have conducted a series of experiments side by side using the same metal
      powders, vehicles and relative proportions of metal/glass/vehicle, printed
      on the same type of substrates, and the resulting printed substrates were
      fired under the same conditions and examined using the same test
      conditions. Only the glass binder was changed, to permit comparison of
      metallizations containing the glass of Hoffman U.S. Pat. No. 3,480,566
      with that of the present application, to show both the improved behavior
      with the glasses of the present invention and the significance of the
      minor constituents in the glasses of the present invention.
PAR  The glasses used in this series of experiments are set forth in Table V.
      The glass powders were prepared by melting the constituents at
      950.degree.C., pouring the melt into water to form a frit and then
      ball-milling the frit to a fine powder which passed through a No. 325
      screen (U.S. Standard Sieve Scale).
PAR  The metallizating compositions which were evaluated are shown in Table VI.
      The Pd had a surface area of 7m.sup.2 /g., the silver 1.5m.sup.2 /g. The
      vehicle is comprised of an ethyl cellulose-terpineol (1:9) system. All
      proportions and percentages are by weight.
PAR  The respective compositions were each screenprinted on a series of prefired
      96% Al.sub.2 O.sub.3 substrates through a patterned 200 mesh screen having
      nine 80 mil .times. 80 mil openings aligned in a 3 .times. 3 matrix. The
      prints were dried and then fired in a belt furnace at various firing
      sequences for various tests.
PAR  In two series of firings separate samples were fired consecutively in a
      belt furnace at 850.degree.C., 760.degree.C. and 500.degree.C. or at
      760.degree.C., 760.degree.C., and 500.degree.C. (8 min. at peak at each of
      850.degree.C. and 760.degree.C.; 2 min. at peak at 500.degree.C.) to
      simulate a process involving a conductor fire, resistor fire, and
      encapsulant fire, as often occurs in hybrid microelectronics fabrication.
      To test the adhesion of the conductor in each series, wire leads were then
      attached to the conductor pads by placing a 20-guage pretinned copper wire
      across three of the fired metallization pads and dipping in a solder pot
      (62/36/2, Sn/Pd/Ag) at 220.degree.C. Bond strengths were then measured by
      pulling soldered leads with an Instron tester. At least nine pads were
      pulled for each sample to obtain a representative bond strength. Results
      are reported in Table VII under the columns headed "Initial". A second
      series of aged samples were similarly tested (after the above-described
      triple firing test, the soldered chip with lead attached was held at
      150.degree.C. for 48 hours, then pulled; results are found in Table VII
      under the columns headed "Aged").
PAR  The solderability of the above samples is set forth in Table VIII. The
      solder leach resistance was determined on the fired parts prepared with
      each of the above glasses. Samples were prepared having 20-mil-wide
      conductor lines by the above-described
      850.degree./760.degree./500.degree.C. triple fire process for each
      composition. The samples were then dipped into a rosin flux (Dutch Boy
      115); dip soldered in 62 Sn/36 Pb/2 Ag at 230.degree.C. for 10 seconds;
      allowed to stand 2 to 3 seconds for solder leveling; and quenched in
      trichloroethylene. The cycle was repeated until the 20-mil line leached
      through. Table IX summarizes the number of such solder leach cycles which
      each fired conductor composition withstood.
TBL                TABLE V                                                     
     ______________________________________                                    
     Present           Hoffman                                                 
     Invention         Glasses                                                 
     Glass   Glass    Glass    Ex.    Ex.    Ex.                               
     Component                                                                 
             A        C        1      23     26                                
     ______________________________________                                    
     Bi.sub.2 O.sub.3                                                          
             50.0     75.0     75.5   49.0   73.0                              
     PbO     21.8     10.9     6.5    45.0   20.0                              
     B.sub.2 O.sub.3                                                           
             2.5      1.2      6.5    2.0    --                                
     SiO.sub.2                                                                 
             18.7     9.4      6.5    2.0    5.0                               
     CaO     4.9      2.5      --     --     --                                
     Al.sub.2 O.sub.3                                                          
             2.1      1.1      --     --     --                                
     WO.sub.3                                                                  
             --       --       5.0    --     2.0                               
     V.sub.2 O.sub.5                                                           
             --       --       --     2.0    --                                
     ______________________________________                                    
TBL                table vi                                                    
     ______________________________________                                    
     components of                                                             
                  Showings                                                     
     Metallization (wt.%)                                                      
                  R       S       T     U     V                                
     ______________________________________                                    
     Pd           18      18      18    18    18                               
     Ag           45      45      45    45    45                               
     Present Invention,                                                        
      Glass C     16      --      --    --    --                               
     Hoffman Ex. 1                                                             
      Glass       --      16      --    --    --                               
     Hoffman Ex. 26                                                            
      Glass       --      --      16    --    --                               
     Present Invention,                                                        
      Glass A     --      --      --    10    --                               
     Hoffman Ex. 23                                                            
      Glass       --      --      --    --    10                               
     Vehicle      21      21      21    27    27                               
     ______________________________________                                    
TBL                TABLE VII                                                   
     ______________________________________                                    
     ADHESION VALUES (LBS.) -- FIRED METALLIZATION                             
     Showings of                                                               
              760/760/500.degree.C.                                            
                              850/750/500.degree.C                             
     Table VI Initial   Aged      Initial Aged                                 
     ______________________________________                                    
     R        6.6       5.9       6.4     5.2                                  
     S        6.3       5.5       5.8     4.1                                  
     T        6.0       4.4       6.1     3.9                                  
     U        5.6       5.9       6.5     4.4                                  
     V        4.8       1.5       3.9     1.6                                  
     ______________________________________                                    
TBL                table viii                                                  
     ______________________________________                                    
     solderability                                                             
     showings of                                                               
              760/760/500.degree.C.                                            
                              850/760/500.degree.C.                            
     Table VI Firing Sequence Firing Sequence                                  
     ______________________________________                                    
     R        Good            Good                                             
     S        Good            Good                                             
     T        Poor            Fair                                             
     U        Fair            Good                                             
     V        Fair            Fair                                             
     ______________________________________                                    
TBL                TABLE IX                                                    
     ______________________________________                                    
     SOLDER LEACH RESISTANCE (850/760/500.degree.C.)                           
     Showings of       No. of Cycles                                           
     Table V           to Failure                                              
     ______________________________________                                    
     R                 8                                                       
     S                 7                                                       
     T                 8                                                       
     U                 6                                                       
     V                 5                                                       
     ______________________________________                                    
PAR  The above data illustrate the improved results obtained with the glasses of
      the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In electrical conductor patterns of silver or palladium silver particles
      plus inorganic binder therefor, adherent to a ceramic substrate, conductor
      patterns of improved soldering characteristics and improved adhesion to
      the substrate, wherein said inorganic binder is a glass consisting
      essentially of, by weight,
PA1  5-22% PbO
PA1  1-5% caO
PA1  0.7-3% al.sub.2 O.sub.3
PA1  0.7-2.5% b.sub.2 o.sub.3
PA1  5-20% siO.sub.2 and
PA1  50-85% Bi.sub.2 O.sub.3
NUM  2.
PAR  2. Conductor patterns according to claim 1 wherein said glass consists
      essentially of, by weight,
PA1  8-22% PbO
PA1  2-5% caO
PA1  0.7-2.1% al.sub.2 O.sub.3
PA1  0.7-2% b.sub.2 o.sub.3
PA1  7-19% siO.sub.2 and
PA1  50-80% Bi.sub.2 O.sub.3
NUM  3.
PAR  3. Conductor patterns according to claim 2 wherein said glass consists
      essentially of, by weight,
PA1  8-15% PbO
PA1  2-3.3% caO
PA1  0.8-1.4% al.sub.2 O.sub.3
PA1  0.9-1.6% b.sub.2 o.sub.3
PA1  7.5-12.5% siO.sub.2
PA1  66-80% bi.sub.2 O.sub.3
NUM  4.
PAR  4. Conductor patterns according to claim 3 wherein said glass consists
      essentially of, by weight,
PA1  14.5% PbO
PA1  3.3% caO
PA1  1.4% al.sub.2 O.sub.3
PA1  1.6% b.sub.2 o.sub.3
PA1  12.5% siO.sub.2
PA1  66.7% bi.sub.2 O.sub.3
NUM  5.
PAR  5. Conductor patterns according to claim 3 wherein said glass consists
      essentially of, by weight,
PA1  10.9% PbO
PA1  2.4% caO
PA1  1.1% al.sub.2 O.sub.3
PA1  1.2% b.sub.2 o.sub.3
PA1  9.4% siO.sub.2
PA1  75.0% bi.sub.2 O.sub.3
NUM  6.
PAR  6. Conductor patterns according to claim 3 wherein said glass consists
      essentially of, by weight,
PA1  8.7% PbO
PA1  2.0% caO
PA1  0.8% al.sub.2 O.sub.3
PA1  1.0% b.sub.2 o.sub.3
PA1  7.5% siO.sub.2
PA1  80.0% bi.sub.2 O.sub.3
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ABST
PAL  A glass body having a fluorescent pattern inwardly of a surface thereof is
      formed by depositing a first material in a predetermined pattern on a
      surface of glass containing readily ion-exchangeable first ions, the first
      material containing second ions capable of ion-exchange with the first
      ions, one of the glass and the first material containing ions for
      providing a fluorescence center, and by causing the second ions to
      penetrate into the glass through ion-exchange with the first ions so that
      the fluorescence-center providing ions may be distributed in a pattern
      which is in positive or negative relationship with the predetermined
      pattern.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to optical elements, and more particularly to a
      glass body having a fluorescent pattern for use in optical instruments,
      for example, the fluorescent pattern existing inwardly of a surface of the
      glass body, and to a method of making such glass body.
PAR  2. Description of the Prior Art
PAR  Glass bodies having a graticule, reticule, grating, character, symbol or
      other pattern formed on a surface thereof have been widely used with
      various optical instruments. These patterns have heretofore been formed
      either by applying a pigment on a surface of a glass body or by engraving
      the surface of the glass body through one of several various techniques to
      provide recesses in such surface, and then filling the recesses with a
      pigment. The pattern thus formed is always exposed outwardly of the
      surface of the glass body, and accordingly tends to reduce the amount of
      light transmissive through the glass or to obstruct the field of view.
PAR  To eliminate these disadvantages, there has already been proposed a method
      whereby a pattern is formed on a surface of a glass body by using a
      fluorescent dye or pigment which is normally transparent, but which, when
      irradiated with exciting radiations, can produce a color. The pattern
      provided by such method overcomes the above-noted disadvantages in that it
      appears only when irradiated with exciting radiations, but is otherwise
      invisible, thus to maintain the glass body transparent. However, the
      fluorescent dye or pigment used for the pattern is always exposed so that
      the pattern formed thereby is susceptible to chemical and physical
      destruction or injury. If, in an effort to overcome these disadvantages,
      the surface of the glass body coated with the fluorescent dye or pigment
      is covered with a separate film of glass, not only the capacity of
      fluorescence but also the configurational accuracy of the pattern would be
      so severely reduced that such glass body would lose its usefulness for
      fine measuring instruments.
PAC  SUMMARY OF THE INVENTION
PAR  We have conceived a glass body having a fluorescent pattern inwardly of a
      surface thereof, by which we are able to eliminate all the disadvantages
      noted above. More specifically, we contribute a glass body having a
      predetermined fluorescent pattern formed inwardly of a surface thereof by
      causing ions for providing a fluorescence center or ions for blocking the
      fluorescence of a fluorescent material to penetrate into the glass through
      the process of ion-exchange. We also provide a method of making such glass
      body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood, and in order that the present contribution to
      the art may be better appreciated. There are, of course, additional
      features of the invention that will be described hereinafter and which
      will form the subject of the claims appended hereto. Those skilled in the
      art will appreciate that the conception upon which this disclosure is
      based may readily be utilized as a basis for the designing of other
      structures for carrying out the several purposes of the invention. It is
      important therefore, that the claims be regarded as including such
      equivalent constructions as do not depart from the spirit and scope of the
      invention.
PAR  Specific embodiments of the invention have been chosen for purposes of
      illustration and description, and are shown in the accompanying drawings,
      forming a part of the specification wherein:
PAR  FIG. 1 is a cross-sectional view of a first embodiment of the present
      invention and showing the manner in which a material for providing a
      fluorescence center when it has penetrated into glass is disposed on a
      surface of a glass body;
PAR  FIG. 2 is a corss-sectional view showing the stage at which the material
      for providing a fluorescence center has penetrated into the glass;
PAR  FIG. 3 is a plan view corresponding to FIG. 2;
PAR  FIG. 4 is a cross-sectional view of a second embodiment of the present
      invention and showing the manner in which a material for blocking the
      fluorescence of the material for providing the fluorescence center
      (hereinafter referred to as "material for providing an extinction center")
      is disposed on a surface of a fluorescent glass body;
PAR  FIG. 5 is a cross-sectional view showing the stage at which the material
      for providing an extinction center has penetrated into the glass;
PAR  FIG. 6 is a plan view corresponding to FIG. 5;
PAR  FIG. 7 is a cross-sectional view showing a modification of the second
      embodiment; and
PAR  FIG. 8 schematically shows a microscope which has incorporated therein the
      glass body having a fluorescent pattern according to the present invention
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The principle underlying the present invention consists in causing certain
      ions to penetrate into the interior of a glass body containing readily
      ion-exchangeable ions through the exchange of ions therebetween so that
      the distribution of the penetrant ions may form a predetermined pattern
      inwardly of the surface of the glass body, thereby causing a fluorescent
      pattern corresponding to the predetermined pattern formed inwardly of the
      glass surface. When used with optical instruments, the glass body will
      take the shape of a plate, wedge, prism or lens, for example, but these
      shapes are not limiting or restrictive. The surface through which the ions
      penetrate should desirably be a smooth surface polished by a conventional
      mechanical, thermal or chemical process.
PAR  The invention will hereinafter be described in detail with respect to two
      embodiments thereof.
PAR  A first embodiment of which penetrant ions provide a fluorescence center
      will first be considered. The readily ion-exchangeable ions contained in
      the glass are those containing one or more types of alkali metal ions or
      positive monovalent ions. Alternatively, divalent or other multivalent
      ions which are readily reducible into positive monovalent ions may be
      used. The ions which can readily penetrate into the glass through the
      ion-exchange process may suitably be gold, silver or thallium ions which
      are positive monovalent ions and provide a fluorescence center. The
      ion-penetration may be achieved by metal film vapor phase oxidation, metal
      film field oxidation, chemical pasting, dipping in molten salt, or ion
      implantation, etc.
PAR  Referring to FIG. 1, a transparent glass body 1 containing sodium oxide
      therein has a smooth surface 1a, on which a desired pattern of silver film
      2 is formed through vacuum evaporation by the use of a masking plate (not
      shown) which is in negative relationship with a desired fluorescent
      pattern to be formed. Subsequently, the glass body 1 with the silver film
      2 so deposited thereon is placed in an atmosphere containing 0.5 to 5% by
      weight of sulphur trioxide, and heated at 200.degree. to 450.degree.C for
      15 to 90 minutes. As a result, the silver is oxidized and activated to
      form silver ions, which exchange with the sodium ions in the glass body 1
      thereby to penetrate into the glass. At this stage, some of the silver
      ions are reduced into silver atoms. In FIG. 2, numeral 2' designates the
      regions of the glass body in which the penetrant silver ions and the
      silver atoms are present. When the glass body 1, as shown in FIG. 2, is
      irradiated with exciting radiations such as ultraviolet rays, the silver
      ions and silver atoms will provide a fluorescence center so that only the
      regions 2' will emit fluorescence.
PAR  The glass body 1 may also be formed of a material containing potassium
      oxide, lithium oxide or the like instead of sodium oxide. In these cases,
      of course, potassium or lithium ions which are alkali metal ions are
      ion-exchanged. Also, the silver may be substituted for by a metal such as
      gold, copper or thallium which is oxidizable to form mono-valent ions.
PAR  The formation of the metal film on the glass body 1 may be accomplished by
      the use of a masking plate and not only through vacuum evaporation but
      also through sputtering, chemical plating or other suitable techniques.
      Alternatively, the metal film may be formed over the entire surface area
      of the glass body 1 through any one of the above-mentioned various
      techniques, whereafter the film may be made into a desired pattern by a
      suitable etching technique.
PAR  If the temperature at which the silver film is heated in the atmosphere of
      sulphur trioxide exceeds 450.degree.C, the silver ions which have already
      penetrated into the glass might be reduced and colored, and temperatures
      below 200.degree.C would wastefully increase the treatment time and are
      therefor impractical.
PAR  Oxidation-penetration with a copper film is more difficult to effect than
      with a silver film and in addition, the copper ions that have penetrated
      are less reducible. For these reasons, heating temperatures in the range
      of 300.degree. to 450.degree.C are suitable for copper.
PAR  For a thallium film, the heating temperature may suitably range from
      250.degree. to 350.degree.C.
PAR  There follows an example of an experiment in which the metal film provided
      on the glass body as shown in FIG. 1 is caused to effect ion-penetration
      by field heating.
PAR  In the case of a soda lime glass plate having a thickness of 1.2 mm. and
      having a desired pattern of silver film formed on one surface thereof,
      electrodes are provided on the opposite sides of the glass plate and a
      voltage of 120 V is applied to these electrodes with the electrode
      adjacent the silver film as the positive pole, while the glass plate is
      heated at 350.degree.C for 15 minutes. As a result, silver ions moderately
      penetrate into the glass plate to form a fluorescent pattern. Such field
      heating is meritorious in that the heating temperature can be reduced with
      less possibility of the penetrant ions being reduced and colored, that the
      treatment time can be shorter, and that a delicate fluorescent pattern can
      be formed. When used with the resist technique, the field heating can
      provide a pattern of 2-micron line width.
PAR  According to the embodiment described above, the metal ions penetrate into
      the glass body to provide a fluorescence center, whereas a second
      embodiment will next be described in which a glass body containing ions
      for providing a fluorescence center is penetrated by certain other ions
      which act to extinguish the fluorescence thereby to form a fluorescent
      pattern.
PAR  In the second embodiment, the glass body contains ions for providing a
      fluorescence center, i.e. ions having an incomplete f-electron shell such
      as europium (III) Eu.sup.3.sup.+, terbium (III) Tb.sup.3.sup.+  or uranyl
      UO.sub.2.sup.2.sup.+ ; ions having an incomplete d-electron shell such as
      manganese (II) Mn.sup.2.sup.+  or chromium (III) Cr.sup.3.sup.+ ; ions
      having a complete s.sup.2 -electron shell such as bismuth (III)
      Bi.sup.3.sup.+, antimony (III) Sb.sup.3.sup.+, lead (II) Pb.sup.2.sup.+,
      tin(II) Sn.sup.2.sup.+, indium (I) In.sup.+ or gallium (I) Ga.sup.+; or
      ions having a complete d.sup.10 -electron shell such as copper (I)
      Cu.sup.=, silver (I) Ag.sup.+ or gold (I) Au.sup.+. The glass body also
      contains therein alkali ions which are readily ion-exchangeable, as in the
      case of the first embodiment. Therefore, such glass body produces
      fluorescence when irradiated with ultraviolet rays, visible rays in a
      certain wavelength range, X-rays or other radiations.
PAR  Further, ions which should penetrate into the interior of the fluorescent
      glass through ion-exchange can readily penetrate thereinto and thereafter
      can extinguish the fluorescence.
PAR  Such penetrant ions may suitably be gold, silver, copper or thallium ions.
      In the first embodiment, the gold, silver, copper or thallium ions were
      monovalent ions for providing the fluorescence center, whereas, in the
      second embodiment, these ions may be made to act as an extinction center
      for negating the luminescence of those fluorescence-center providing ions
      in the fluorescent glass, by suitably selecting and combining the
      composition of the glass, the density of the penetrant ions, and their
      existential conditions.
PAR  The ion penetration may be accomplished by the same technique as that
      employed in the first embodiment, such as metal film vapor phase
      oxidation, metal film field oxidation, chemical pasting, dipping in molten
      salt, or ion implantation.
PAR  The second embodiment will now be described with reference to FIGS. 4, 5
      and 6.
PAR  The fluorescent glass comprises a glass substrate formed of 45% silicon
      oxide (SiO.sub.2), 13% boron oxide (B.sub.2 O.sub.3), 2% aluminum oxide
      (Al.sub.2 O.sub.3), 10% sodium oxide (Na.sub.2 O), 5% potassium oxide
      (K.sub.2 O), 15% barium oxide (BaO) and 10% zinc oxide (ZnO), all
      percentages being by weight, and 0.2% by weight of uranium oxide
      (UO.sub.3) added to the glass substrate, this being the percentage of an
      increase to a gross amount. Herein, the uranium present in the state of
      uranyl UO.sub.2.sup.2.sup.+ provides the fluorescence center and the
      alkali ions of sodium and potassium are the ions which are to be
      ion-exchanged with the penetrant ions. In FIG. 4, such a fluorescent glass
      10 has a surface 10a, on which silver is deposited through vacuum
      evaporation with the glass surface 10a being masked by a masking plate
      having a pattern similar to a desired fluorescent pattern (i.e. a pattern
      which is in positive relationship with the fluorescent pattern), whereby
      there is formed a silver film 20 having a negative pattern with respect to
      the desired pattern.
PAR  Alternatively, a silver film may be formed over the entire surface 10a of
      the glass, whereafter it may be treated by the resist technique so as to
      leave a negative pattern of silver film 20.
PAR  Subsequently, the glass with the silver film 20 so deposited thereon is
      placed in an atmosphere containing 0.5 to 5% by weight of sulpher
      trioxide, and heated therein at 200.degree. to 450.degree.C for 15 to 90
      minutes, whereby the silver is oxidized and activated to form silver ions,
      which in turn effect ion-exchange with the alkali ions in the glass 10
      thereby to penetrate into the glass body. In FIG. 5, numeral 20'
      designates the regions of the glass body in which the penetrant silver
      ions are present. FIG. 6 is a plan view corresponding to FIG. 5. The
      conditions of the treatment for such ion penetration are determined by the
      composition of the glass and the amount of the pentrant ions. Any
      inappropriate conditions would cause the pentrant silver ions to be
      reduced and aggregate into a coloidal, colored form which deteriorates the
      performance of the fluorescent pattern.
PAR  When the ion-penetrated surface of the glass thus provided is irradiated
      with exciting radiations such as ultraviolet rays, the regions of the
      glass body which are free of the silver ion penetration will produce
      fluorescence while the ion-penetrated regions 20' will produce no
      fluorescence because in these regions 20' the ultraviolet rays are only
      absorbed through the coation between those ions for providing the
      fluorescence center and those silver ions providing the extinction center.
      Thus, only the regions free of the silver ion penetration will form a
      bright pattern upon exposure to the ultraviolet rays. The glass looks
      transparent except during the exposure to the ultraviolet rays.
PAR  There follows the result of a test carried out by using the field heating
      technique to effect ion-penetration in the second embodiment.
PAR  By using any one of the aforesaid various techniques, a silver film of a
      pattern which is in a negative relationship with a desired fluorescent
      pattern is formed on a surface of a body composed of fluorescent glass
      containing therein lead ions for providing a fluorescence center and
      readily ion-exchangeable sodium ions, e.g. glass composed of 67 %
      SiO.sub.2, 16% Na.sub.2 O, 13% PbO and ZnO, all percentages being by
      weight. A positive electrode is provided on that side of the glass body on
      which the silver film has been deposited, and a negative electrode is
      provided on the other side of the glass body, whereafter the glass body is
      heated. In case of glass having a thickness of 1.2 mm, the heating was
      continued at 240.degree.C for 20 minutes with a voltage of 90 V applied,
      whereupon the silver ions penetrated to a depth of about 5 to 10 microns
      into the interior from the surface of the glass body.
PAR  In the second embodiment, the ion-penetration may alternatively be
      accomplished by forming on a surface of a lead-containing glass body 100
      (FIG. 7), a coating 200 of tin oxide in positive relationship with a
      desired fluorescent pattern, thereafter heating the glass in an atmosphere
      of gasified cuprous bromide to cause copper ions to penetrate into the
      regions of the glass which are not covered with the tin oxide. In this
      case, the heating must be continued at about 400.degree.C for about 1
      hour.
PAR  FIG. 8 schematically illustrates an application to a microscope of the
      glass having a fluorescent pattern formed by any one of the various
      methods described above. Light from a source of visible light 30 provided
      in the body B of the microscope travels through a necessary optical system
      to a sample S resting on a support table 2. The support table is freely
      movable vertically and horizontally. A transparent glass member 32, which
      has a fluorescent pattern in the form of a graticule or reticule, is
      disposed in the focal plane of the objective 31 of the microscope. Thus,
      the image of the sample S is formed on the glass 32 through the objective
      31. The formed image of the sample S can be seen by a viewer E through a
      prism 33 and an eyepiece 34. The formed image can also be recorded with
      the aid of a camera C by moving the prism 33 in the direction of arrow A
      away from the optical path extending through the microscope to the camera.
      An ultraviolet lamp 35 is disposed so as to irradiate the surface 32a of
      the glass 32 which is formed with the fluorescent pattern.
PAR  The use of the microscope will now be described. When the light source 30
      is turned on with the lamp 35 turned off, the viewer E can see only the
      image of the sample S and the fluroescent pattern on the glass does not
      appear in his field of view. Therefore, the viewer E can freely select any
      desired portion of the sample S by moving the support table 2. Thereafter,
      the lamp 35 is turned on, whereupon the fluorescent pattern appears in the
      field of view so that the viewer E can determine the size or the position
      of the desired portion of the sample in accordance with the scale provided
      by the fluorescent pattern.
PAR  The fluorescent glass provided by the present invention causes its
      fluorescent pattern to appear only when it is irradiated with exciting
      radiations, and the fluorescent pattern has a great mechanical or chemical
      resistance because it is formed inwardly of the glass surface.
PAR  We believe that the construction and operation of our novel contribution
      will now be understood and that its advantages will be fully appreciated
      by those persons skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A normally transparent glass body which exhibits fluorescence in a
      desired pattern inwardly of a surface thereof when subjected to
      ultraviolet radiations, which consists essentially of a fluorescent
      silicate glass containing ions for providing a fluorescent center, alkali
      metal ions which are ion-exchangeable and
PA1  ions for providing an extinction center present in said glass body in areas
      other than those of said desired pattern and extinguish the fluorescent
      properties of said ions for providing a fluorescent center,
PA1  said ions for providing an extinction center having been penetrated into
      said glass body from said surface through ion-exchange with said alkali
      metal ions, whereby, when subjected to ultraviolet radiations said glass
      body exhibits fluorescence in a desired pattern in those areas not
      containing said other ions.
NUM  2.
PAR  2. The glass body of claim 1 wherein said ions for providing a fluorescent
      center are at least one member selected from the group consisting of ions
      having an incomplete f-electron shell, ions having an incomplete
      d-electron shell, ions having a complete S.sup.2 -electron shell, and ions
      having a complete d.sup.10 -electron shell; and wherein said ions for
      providing an extinction center are at least one member selected from the
      group consisting of gold, silver, copper and thallium ions.
NUM  3.
PAR  3. The glass body of claim 2 wherein said ions for providing fluorescent
      center are selected from the group consisting of Eu.sup.+.sup.3,
      Tb.sup.+.sup.3, UO.sub.2.sup.+.sup.2, Mn.sup.+.sup.2, Cr.sup.+.sup.3,
      Bi.sup.+.sup.3, Sb.sup.+.sup.3, Pb.sup.+.sup.2, Sn.sup.+.sup.2,
      In.sup.+.sup.1, Ga.sup.+.sup.1, Cu.sup.+.sup.2, Ag.sup.+.sup.1, and
      Au.sup.+.sup.1.
NUM  4.
PAR  4. The glass body of claim 2 wherein said desired pattern is a positive
      pattern.
NUM  5.
PAR  5. The glass body of claim 2 wherein the surface from which said other ions
      are penetrated into said glass body is a smooth surface.
NUM  6.
PAR  6. The glass body of claim 2 wherein said other ions are present only in
      the surface region of said glass body.
NUM  7.
PAR  7. The glass body of claim 6 wherein the depth of penetration of said other
      ions from said surface is from 5 to 10 microns.
NUM  8.
PAR  8. A normally transparent glass body which exhibits fluorescence in a
      positive pattern in a region extending inwardly from a surface thereof
      when subjected to ultraviolet radiations, which consists essentially of a
      fluorescent silicate glass containing alkali metal ions which are
      ion-exchangeable, ions for providing a flourescent center, which are at
      least one member selected from the group consisting of ions having an
      incomplete f-electron shell, ions having an incomplete d-electron shell,
      ions having a complete S.sup.2 -electron shell, and ions having a complete
      d.sup.10 -electron shell; and ions for providing an extinction center
      present only in said region of said glass body in areas other than those
      of said desired pattern, extinguish the fluorescent properties of said
      ions for providing a fluorescent center and are at least one member
      selected from the group consisting of silver, gold, copper and thallium
      ions, said ions for providing an extinction center having been penetrated
      into said glass body from said surface through ion-exchange with said
      alkali metal ions, whereby when subjected to ultraviolet radiations, said
      glass body exhibits fluorescence in a positive pattern in those areas not
      containing said ions for providing an extinction center.
NUM  9.
PAR  9. The glass body of claim 8 wherein said fluorescence producing ions are
      selected from the group consisting of Eu.sup.+.sup.3, Tb.sup.+.sup.3,
      UO.sub.2.sup.+.sup.2, Mn.sup.+.sup.2, Cr.sup.+.sup.3, Bi.sup.+.sup.3,
      Sb.sup.+.sup.3, Pb.sup.+.sup.2, Sn.sup.+.sup.2, In.sup.+.sup.1,
      Ga.sup.+.sup.1, Cu.sup.+.sup.2, Ag.sup.+.sup.1, and Au.sup.+.sup.1.
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ABST
PAL  A specially prepared fiber reinforcement and improved gypsum wallboard are
      disclosed. The fiber reinforcement includes a multiplicity of relatively
      long fibers which are disposed at the interface of the core and cover
      sheets of the wallboard and are adhesively bonded to the cover sheets and
      incorporated predominantly into the portion of the core immediately
      adjacent to the cover sheets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a gypsum wallboard and more particularly to a
      novel fiber reinforcement for the wallboard and to a novel process for
      constructing gypsum wallboard.
PAR  In the making of gypsum wallboard, it has frequently been the practice to
      employ reinforcing fibers in order to strengthen the wallboard. Such
      fibers are usually incorporated into the stucco slurry which is cast
      between the front and back paper cover sheets to make up the gypsum
      wallboard. The fibers tend to reinforce the core in much the same manner
      as the paper cover sheets which surround the core. These fibers span the
      local discontinuities in the stucco matrix and unite adjacent zones or
      agglomerates of matrix particles. The fibers, for instance, reduce the
      amount of core fragments that might otherwise detach from the board during
      nailing near an edge of the board where the core is exposed.
PAR  Of the many kinds of fibers which are available, only two have been widely
      used in gypsum board, paper fiber and glass fiber. The paper fiber is the
      more widely used type of fiber because it is cheaper, but the glass fiber
      has the advantage of being highly fire resistant and, therefore, is
      essential in the makeup of many gypsum products which have to meet certain
      fire specifications. While both types of fiber are used to provide "core
      integrity", in the event of fire, glass fibers can sustain core integrity
      for a longer, more critically useful period than paper fibers.
PAR  The diameter of individual glass filaments presently used as reinforcing
      fibers for gypsum board core is less than one-half thousandth of an inch.
      Because of their small diameter their tensile breaking strength is quite
      low, less than about 0.07 lb. Their size also makes them easily airborne.
      The handling of such filaments is facilitated by incorporating numbers of
      them into a strand called an " end", and combining a number of ends into a
      larger strand called "roving". For example, a glass fiber reinforcement
      roving may contain 60 ends, each of which consists of about 200 filaments.
PAR  Roving is usually chopped into nearly uniform lengths and conveyed to the
      gypsum board slurry mixer. These actions tend to separate the roving into
      a mixture of individual filaments and bundles of filaments. Further
      disaggregation, as well as dispersion and perhaps some fiber breakage,
      takes place in the slurry mixer. But the disaggregation is seldom perfect,
      so gypsum board core normally contains a mixture of individual filaments
      and bundles of filaments.
PAR  When fibers are incorporated into the gypsum slurry, they tend to slow the
      slurry flow thus slowing the manufacture of the board. In order to speed
      up the slurry flow to the proper level it is necessary to add excess water
      to the slurry. This is disadvantageous because: (1) the water added to the
      slurry must be eventually driven out in the drying process; and (2) the
      excess water decreases core density and this reduces fiber pull-out
      resistance.
PAR  A further limitation with respect to the fibers which might be incorporated
      into the gypsum slurry is that the fibers longer than about one-half inch
      cannot be introduced into present gypsum board slurry mixers because such
      longer  fibers would become entangled and hang up on the pins and other
      parts of the machine. Moreover, if longer fibers were incorporated into
      the slurry for the core, they would tend to reinforce the core, but would
      result in a corresponding impairment in the scoring and breaking
      properties of the board. In the field when workmen wish to cut a gypsum
      board, they simply score it through the paper with a knife. The scoring
      does not usually penetrate deeply into the core and does not sever many of
      the fibers in the core. Thus, when the board core is snapped, the
      unsevered fibers that extend across the fracture tend to pull away core
      aggregates resulting in a very irregular edge which interferes with the
      fitting of adjacent pieces together and could be a source for complaint.
      While this situation could perhaps be somewhat minimized by increasing the
      core density of the board or changing the fiber geometry or using various
      agents to improve fiber-to-core "bond", none of these are presently
      practical approaches to improving the pull-out resistance of the fibers to
      effect a clean break across the scored portion of the board. Increasing
      the density of the core is impractical because the present market prefers
      lightweight gypsum board, and additives to improve the bond are not
      practical because they are presently very expensive. Finally, a change in
      a glass fiber geometry has been found to be presently uneconomical.
PAR  The present invention provides a unique approach to the solution of the
      foregoing problems. The invention eliminates the need for incorporating
      excess water in the stucco slurry. Moreover, the invention increases the
      strength of the board only where it is most needed and in the normally
      weakest (i.e., transverse) direction, and this strengthening is
      accomplished without greatly impairing the scoring and breaking properties
      of the board.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, an improvement is provided in a gypsum
      board and the process for making gypsum board which features the
      reinforcement of the gypsum board by means of incorporating into selected
      portions thereof relatively long reinforcing fibers. In accordance with
      one embodiment of the invention, the gypsum board having a set gypsum core
      securely bonded to a paper cover sheet, has a plurality of reinforcing
      fibers disposed at the interface of the core and at least one of the cover
      sheets. The fibers have an average length greater than the "critical fiber
      length" and are affixed to the cover sheet and incorporated principally
      into the portion of the core immediately adjacent the cover sheet. The
      "critical fiber length" is a function of the physical characteristics
      (geometry and strength) of the fiber and of the board core density. It is
      defined as the shortest length of the particular fiber which will break
      off before it will pull out from the particular core matrix. It is
      preferred that the fibers be of glass, that they be oriented at least
      partially in a direction transverse to the principal orientation of the
      fibers in the paper cover sheets, and that they be incorporated at both
      the interfaces of each of the two cover sheets and the core.
PAR  The fibers may be incorporated in substantially continuous strands which in
      one embodiment are bonded to the cover sheets in an undulated pattern. In
      other embodiments the strands are incorporated in the form of an open
      fiber mat such as a fish net or scrim arrangement or in the form of an
      open, chopped strand mat with random fiber orientation.
PAR  The improved process for making the gypsum board includes the steps of
      making a slurry of stucco, casting the stucco between a back and a front
      cover sheet, with each of the sheets including a bond liner exposed to the
      slurry, and then drying the slurry so cast so as to form a gypsum core
      secured to the sheets. The improvement specifically comprises
      incorporating reinforcing fibers into the wallboard at the interface of
      the stucco slurry and the bond liner of at least one of the cover sheets,
      the fibers having average lengths greater than the "critical fiber length"
       for the gypsum core and the fiber employed.
PAR  It is preferred that the incorporating step include the step of securing
      the reinforcing fibers to the bond liner before the bond liner is brought
      into contact with the stucco slurry. The securing step may be accomplished
      by the means of adhesive, and the reinforcing fibers may be flocked onto
      the adhesively coated liner prior to the casting step. The flocking is
      preferably done with glass fibers at the rate of at least 3 pounds of
      glass fibers per 1,000 square feet of board but at a rate insufficient to
      prevent a secure bond between the core and the cover sheet. The fibers may
      also be secured to the bond liner by means of an electrostatic flocking
      process.
PAR  In accordance with alternative embodiments of the process, the fibers may
      be incorporated as continuous strands or they may be incorporated by
      utilizing continuous open glass fiber mats, as stated above. In this
      instance, the continuity of the reinforcing material permits other methods
      to be used to position the reinforcement, in lieu of adhesive or
      electrostatic attachment. For instance, the reinforcing scrim can be
      simply placed on the bond liner of the bottom or front sheet and held
      there by its own weight. The reinforcing scrim can be held against the
      bond liner of the upper sheet by tension.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged cross-sectional view of gypsum wallboard constructed
      in accordance with this invention, the reinforcing fibers being enlarged
      for illustration purposes only;
PAR  FIG. 2 is a schematic perspective view of a gypsum board machine for making
      reinforced gypsum board of FIG. 1 in accordance with this invention;
PAR  FIG. 3 is a schematic top plan view of a gypsum wallboard machine showing
      the incorporation of a slightly modified fiber reinforcement into the
      board at the interface between the core and cover sheets; and
PAR  FIG. 4 is a schematic side elevation view of another wallboard machine
      showing the incorporation of another modified fiber reinforcement into the
      board at the interface between the core and cover sheets.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The instant invention relates to an improved reinforced gypsum board and
      the process for manufacturing that board. In FIG. 1, there is illustrated
      a reinforced gypsum board 10 constructed in accordance with this
      invention. This board includes a set gypsum core 12 securely bonded to the
      interior surfaces or bond liners of the paper cover sheets 14 and 16
      respectively. At the interface 17 of the core and bond liner of at least
      one of the cover sheets are a number of reinforcing fibers 18. In the
      illustrated embodiment, the reinforcing fibers 18 are disposed in the
      vicinity of, i.e., at or immediately adjacent, the interfaces of the core
      and each of the cover sheets. As will be further described, however, in
      certain instances it may be desirable to have these fibers only at or
      immediately adjacent the interface of one of the cover sheets 14 or 16 and
      the core 12.
PAR  It is preferred that the reinforcing fibers 18 be of the glass fiber type.
      Glass has several distinct advantages over other types of fibers which
      could be used, such as, for example, sisal fiber. The glass fibers are
      incombustible, they are clean and pure, and they have a high modulus of
      elasticity. The high modulus of elasticity is a very desirable factor
      because gypsum board core itself is rather brittle. The glass fibers
      should be free from alkali attack i.e., they should be inert, in order to
      give proper strength and bonding action.
PAR  It is also desirable that the reinforcing fibers extend at least partially
      in a direction transverse to the orientation of the fibers in the paper
      cover sheets 14 and 16. The orientation of the fibers in the paper would
      normally be predominantly in the machine direction which is the length of
      the paper sheet. The reinforcing fibers 18 preferably extend diagonally so
      that there is reinforcement in both the longitudinal and transverse
      directions of the board.
PAR  The reinforcing fibers should be separated or form an open reinforcement
      structure so that the gypsum matrix forming the core 12 will intimately
      contact and be secured to the bond liner of the cover sheets 14 and 16.
      The reinforcement structure formed by the fibers 18 may take any of a
      number of different forms. For example, the reinforcement may be in the
      form of continuous strands composed of numerous monofilaments that are
      undulated in a pair or crossing patterns to resemble a net or they may be
      in the form of an open preformed mat structure resembling a fish net or
      scrim or even a chopped strand mat with random fiber orientation.
      Satisfactory reinforcement may be achieved with approximately 3 pounds of
      fibers per 1000 square feet of interface, with the upper limit on the
      fibers being that which will not adversely affect the bond between the
      core and bond liner of the cover sheet.
PAR  The reinforcing monofilament fibers are preferably hairlike, having a
      diameter in the range of between about 0.00026 inch and about 0.00045
      inch, which is the present current range of diameters of reinforcing glass
      fibers used in the core of some boards. The average length of the
      reinforcing fibers is greater that the "critical fiber length". The
      critical fiber length for any particular fiber and given board core
      density is the shortest length of that fiber which will be frictionally
      gripped by the core with such force that it will break off rather than
      pull out of the core. Theoretically the force required to pull a fiber out
      of a gypsum board core matrix derives from the friction between the fiber
      and the points of contact with the porous core matrix. The greater the
      length of the fiber, the greater the number of points of contact with the
      core matrix and the greater the "pull-out resistance". When the length of
      the particular fiber is increased so that the "pull-out resistance" of the
      fiber is greater than the tensile strength of the fiber, the fiber breaks
      before it pulls out. At that point, the "critical fiber length" has been
      reached. At current board densities, the "critical fiber length" for glass
      fibers is more than 10 times the current average length for reinforcing
      glass fibers used to reinforce the core of some boards. Specifically it is
      preferred that the glass fibers have an average length which is greater
      than about 10 inches, more than twice the critical fiber length, in order
      to achieve the proper "pull-out resistance" with the present core density
      (i.e., 40 lbs./cu. ft.) and fiber being used. As one example, a number of
      fibers may be intersected by a crack in a cast gypsum sheet. Some of the
      fibers will be intersected at their midpoint; others will be intersected
      closer to one end than another. In the latter case, if the encapsulated
      fiber length on either side of the crack is less than the critical fiber
      length, the fiber will pull out. If this length, on both sides of the
      crack, is greater than the critical fiber length, the fiber will break.
PAR  This description of critical fiber length may be applied also to scrim or
      continuous strand reinforcement even though the strands in each consist of
      more than a single monofilament. For instance, such strands may be
      comprised of one or more "ends" each of which contains about 200
      monofilaments. In this case, the "pull-out resistance" would be greater
      than for a single small diameter monofilament due to the larger effective
      circumferential bonding area of the bundle of monofilaments and the
      greater frictional resistance to withdrawal derived from their continuity,
      undulating pattern, and, in the case of scrim, their intermittent points
      of mutual attachment. It should be noted that "ends" containing fewer than
      200 monofilaments may be procured, although initially at a premium price,
      depending on the cost of this departure from current manufacturing
      practice.
PAR  The improved wallboard of this invention is adapted to be made upon and the
      improved process is adapted to be practiced upon existing wallboard making
      machines with certain modifications as will be further and more fully
      described herein. But this does not preclude the attachment of the
      reinforcing fiber to the sheet paper stock to comprise a unit.
PAR  In FIG. 2, there is schematically shown a gypsum wallboard making machine
      19 on which the process of the invention may be practiced and the gypsum
      board of the invention made. In this apparatus, the back or top paper
      cover sheet 14 is contained on a roll 14a adjacent the forward or
      right-hand end of the machine 19 and the front or bottom paper cover sheet
      16 is contained on a roll 16a toward the back or rear side of the machine
      at the left of the drawing in FIG. 1. In the usual board making machine,
      the bottom cover sheet 16 is drawn from the roll 16a over a series of
      support or back up rollers 20, 21, 22, 23 and 24. It will be understood
      that these rollers are illustrated schematically only and that there may
      be a number of rollers or supporting members intermediate the rollers
      shown in order to support the paper as it moves through the machine. Above
      the support roller 22 may be a chute 26 through which the core material
      12, in the form of stucco slurry from the mixing unit (not shonw), is
      conveyed to and spread upon the inner surface or bond liner of the front
      or bottom cover sheet 16. The front cover sheet with the stucco 12 thereon
      is then moved forwardly toward the support roller 23. Above the support
      roller 23 is a roller 28 which in the schematically illustrated machine
      has a dual function. The back or top cover sheet 14 from the roll 14a
      extends over and then under the roller 28 into contact with the stucco
      carried on the bottom cover sheet 16. The roller 28 thus serves to guide
      the back cover sheet 14 into contact with the stucco, and it further
      determines the thickness of the wall board being formed because the
      surface of this roller is spaced from the surface of the roller 23 by a
      distance equal to the desired thickness of the finished gypsum board. Thus
      the stucco 12 which forms the core of the board is squezed or pressed
      between the cover sheets 14 and 16 by the rollers 23 and 28, and as the
      uncured board moves through the machine it passes between a number of
      finishing devices or rolers such as rollers 24 and 30. The board is then
      dried in high temperature kilns.
PAR  The present invention involves the incorporation of reinforcng fibers
      having certain characteristics into the wallboard primarily at the
      interface between the stucco slurry or core and the inner surface or bond
      liner of at least one of the paper cover sheets. In order to assure that
      the reinforcing fibers are properly positioned at the interface, these
      fibers may be adhesively secured to the bond liner before the bond liner
      is brought into contact with the stucco slurry. In pendng patent
      application of William J. Long, Ser. No. 221,324, filed Jan. 27, 1972,
      co-owned with the instant application, there is disclosed a process for
      improving the bond between the paper cover sheets and the gypsum core
      through the use of adhesives applied to the cover paper. The process of
      that application is characterized by the coating of adhesive onto the
      paper cover sheet before the cover sheets reach the board machine. The
      adhesive is applied in a discrete, spaced apart pattern, so that it does
      not interfere with wet bonding when the precoated sheet passes into the
      board machine. As applied to the instant application, the tackiness of the
      adhesive must be sufficient to adhere the fibers to the surface of the
      cover sheets. Therefore, in the embodiment illustrated in FIG. 2, an
      adhesive emulsion, for instance, in the form of polyvinyl acetate emulsion
      or other adhesive such as a hot-melt adhesive, is used in addition to or
      possibly in place of the starch adhesives described in the aforesaid
      application Ser. No. 221,324. Adhesive emulsions may be sprayed onto the
      bond liner of the cover sheets 14 and 16 by means of sprayers 32 and 34
      respectively. However it is applied, it must form a pattern characterized
      by discrete, spaced apart locations of the adhesive. This can be done so
      that the maximum distance between adhesive "spots" is on the order of
      one-fourth of an inch, so that the length of the fibers will insure
      anchorage of most of them to the sheet somewhere along the length of the
      fibers.
PAR  In the schematically illustrated embodiment of FIG. 2, the reinforcing
      fibers are continuous filament fibers 18, which are fed from a plurality
      of bobbins 36 and are guided into contact with the adhesively coated cover
      sheets 14 and 16 by suitable guide means 38 and 40, respectively. In this
      embodiment, the fibers are laid in a pair of crossing undulated or zigzag
      patterns to form a reinforcing structure which resembles an open net. The
      bobbins 36 may be mounted on vertical spindles 42 which extend upwardly
      from suitable support members 44 and 45 located above the back and front
      cover sheets 14 and 16, respectively. Each support member 44 and 45
      accommodates two sets of bobbins 36, one set for each undulated fiber
      pattern. However, in FIG. 2, only one set of bobbins is shown on each
      support member, the other set having been broken away for illustration
      purposes. The guide means 38 is carried on an arm 46 which is pivotally
      connected to the support 44 and this guide means includes a first guide
      bar 48 located above the plane of the top cover sheet 14. The first guide
      bar 48 is adapted to engage and guide the fibers from the set of bobbins
      36 shown in FIG. 2. One end of the bar 48 is a rack 48a driven by a pinion
      50 attached to the output shaft 52a of a motor 52. A second guide bar 54
      attached by another arm (not shown) to the support member 44 is adapted to
      engage and guide the fibers from the second set of bobbins 36 (not shown).
      The second guide bar 54 has a rack 54a at one end which is in engagement
      with the pinion 50. The motor 52 is reversible and is driven to
      reciprocate the guide bars 48 and 54 in opposite directions transverse to
      the direction of movement of the cover sheets and wallboard through the
      machine 19 (i.e., the "machine direction" ) as indicated by the arrows.
      The guide bars 48 and 54 are reciprocally moved in their opposed
      transverse directions as the top cover sheet 14 is moved longitudinally in
      the machine direction, and thus the reinforcing fibers 18 are diagonally
      laid onto the inner surface or bond liner of the top cover sheet 14 in a
      pair of crossing undulated or zigzag patterns.
PAR  It will be appreciated that reciprocating guide bars are but one means for
      guiding the reinforcing fibers 18 onto the paper. In some instances, it
      may be desirable to have a longitudinally straight rather than a crossing
      undulated (diagonal) pattern. However, since it is preferred to reinforce
      the board in a transverse direction, which is normally the weakest
      direction and is transverse to the direction of orientation of the fibers
      in the paper cover sheet, this is best done by a pattern which extends at
      least partially in the transverse direction, as distinguished from a
      pattern in which the fibers are all extending in a longitudinal direction.
      The pattern, of course, may be varied and may be the same or different
      from the pattern used for the front cover sheet 16. From the first and
      second guide bar 48 and 54 the reinforcing fibers 18 may be passed beneath
      the roller 56 which cooperates with the underlying roller 28 to press the
      fibers against the adhesively coated bond liner of the top or back cover
      sheet 14. If desired, roller 56 may be omitted and the fibers will be held
      in place by tension (and adhesion) as they pass over the roller 28.
PAR  The guide means 40 for laying down the pattern of fibers on the bond liner
      of the bottom cover sheet 16 may be identical to the guide means 38, just
      described. Again only one set of bobbins 36 is shown on the support member
      45, the other set having been removed for illustration purposes. The guide
      means 40 is carried on an arm 58 which is pivotally connected to the
      support 45 and this guide means includes a first guide bar 60 located
      above the plane of the bottom or front cover sheet 16. This first guide
      bar is adapted to engage and guide the fibers from the first set of
      bobbins 36 which is shown in FIG. 2. One end of the bar 60 is a rack 60a
      driven by a pinion 62 attached to the output shaft of a reversible motor
      64. A second guide bar 66 attached by another arm (not shown) to the
      support member 45 is adapted to engage and guide the fibers from the
      second set of bobbins 36 (not shown in FIG. 2). The second guide bar 66
      has a rack 66a at one end which is in engagement with the pinion 62.
      Reciprocation of the motor 64, which may be electrically or mechanically
      synchronized to the operation of the motor 52, causes the guide bars 60
      and 66 to reciprocate in opposite directions transverse to the direction
      of movement of the front paper cover sheet 16. Thus the reinforcing fibers
      18 are diagonally laid onto the bond liner of the front cover sheet 16 in
      a pair of crossing undulated or zigzag patterns.
PAR  The fibers 18 laid down by the concurrent longitudinal movement of the
      front cover sheet 16 and the transverse opposed movement of the guide bars
      60 and 66 pass between the press down roller 68 and the support roller 21
      which press the fibers against the adhesively coated bond liner of the
      front cover sheet 16. The cover sheet 16 with the pattern of fibers 18
      adhesively secured thereto is then passed beneath the slurry chute 26
      where the stucco slurry 12 is applied thereto.
PAR  Alternatively, the fibers may be guided onto the sheet 16 from a position
      below the plane of the sheet as it passes over roller 21, thus permitting
      tension to secure the fibers in place, as will be appreciated. In that
      case, roller 68 may be omitted.
PAR  FIGS. 3 and 4 show various alternative embodiments of the process. These
      alternatives differ primarily in the form of the reinforcing fibers. In
      FIG. 3, the reinforcing fibers 18 are preformed into a bottom or front
      scrim or fish net 69 and a top or back scrim 70. The back scrim 70 is
      carried on a roll 71 and is unrolled with the back cover sheet 14 from the
      roll 14a. The bond liner of the back cover sheet 14 may be precoated with
      adhesive, in accordance with the teaching of application Ser. No. 221,324,
      so that the scrim 70 may be adhesively attached thereto, or alternatively
      the scrim 70 may be simply held in place by is own weight and tension
      around roller 28. The back scrim 70 may be pressed into contact with the
      adhesively coated bond liner of the back cover sheet 14 by means of a
      pressure roller 72. The front scrim 69 is unrolled from a scrim roll 74
      and is laid over the bond liner of the front cover sheet 16 taken from the
      roll 16a. The bond liner may be adhesively coated, if adhesive attachment
      of the scrim thereto is desired. The front scrim 69 and the front paper
      cover sheet 16 may be pressed together by means of a pressure roller 76.
      The stucco core slurry 12 is fed downwardly through a chute 78 to the top
      surface of the front cover sheet 16 to which the front scrim 69 has been
      adhesively attached. As the front cover sheet 16 with the scrim 69 and the
      stucco slurry 12 thereon is moved beneath the roller 80 the top cover
      sheet 14 with the scrim 70 adhesively attached thereto is moved into
      contact with the stucco slurry forming the core of the board. Thus the
      front scrim 69 is deposited at the interface between the stucco core
      slurry and the front cover sheet 16, and the back scrim 70 is deposited at
      the interface between the back cover sheet 14 and the stucco slurry.
PAR  In FIG. 4, another slight modification of the process is schematically
      illustrated. In this case the fibers 18 in random orientation are
      deposited (i.e., flocked) as a thin open mat 83 onto the surface of the
      cover sheets after the cover sheets have been coated with additional
      adhesive so that the flocked fiber mat will stay in place. Optionally,
      electrostatic flocking may be used. The fibers of the mat 83 have an
      average length exceeding the "critical fiber length", and the flocking is
      a very open flocking so that the stucco slurry or core matrix will
      intimately contact the cover sheet surface through the flocking. In the
      illustrated apparatus on which this embodiment of the process is carried
      out, the back cover sheet 14 from the roll 14a is subjected to an adhesive
      spray from a spray unit 82, and after the adhesive has been applied the
      paper is moved beneath a flocking unit 84 for the application of fibers as
      a thin open mat 83 to the adhesively coated surface of the paper. The unit
      84 may apply the fibers by blowing them onto the surface of the back cover
      sheet 14. The fibers may be pressed down into intimate contact with the
      adhesive coated surface of the back cover sheet 14 by means of a press
      roller 86 acting against the dual purpose roller 88 therebeneath. The
      function of this roller 88 has been previously described in connection
      with the first embodiment. Similarly, the front cover sheet 16 from the
      roll 16a is moved beneath a spray unit 90 which sprays adhesive onto the
      surface of the cover sheet. The adhesively coated front cover sheet is
      then moved beneath the flocking unit 92 which blows or otherwise applies
      the fibers as a thin open mat 93, and thereafter the press roller 94
      acting against a support roller 96 presses the flocked fiber mat 93 into
      intimate contact with the adhesively coated surface of the front cover
      sheet 16. Optionally, the fiber's weight or electrostatic flocking process
      may be used in lieu of adhesive. The bottom cover sheet 16 with the
      flocked fiber mat secured thereto is then moved beneath the chute 98 where
      the stucco core slurry 12 is applied. The front cover sheet 16 with the
      fiber mat 93 and the stucco slurry or core matrix thereon is then moved
      between the dual purpose roller 88 and the support roller 100 to press the
      core matrix into intimate contact with the back and front cover sheets 14
      and 16 which have the flocked fiber mats 83 and 93 attached thereto. Thus
      the flocked fiber mats 83 and 93 which are affixed to the back and front
      cover sheets 14 and 16, respectively, are disposed at the interface
      between the interior surfaces or bond liners of the respective cover
      sheets and the stucco slurry forming the core 12 for the board.
PAR  The reinforcing fibers 18 in all instances described herein have an average
      length greater than the "critical fiber length" and the fibers at the
      interface between the core and bond liner must in all instances be
      sufficiently open or porous so that there is uniformly good contact
      between the core and cover paper. Otherwise, there is apt to be a weakness
      in the wallboard paper-to-core bond with accompanying peelers wherein the
      cover sheets peel cleanly from the core without adhering to any of the
      gypsum or "blows" wherein the paper separates in spots during the kiln
      heating. It has been found that if the fibers are applied at the rate of
      approximately 6 to 24 pounds per thousand square feet of interface, a
      satisfactory result is achieved with the upper limit of the amount of
      fibers being only limited by the necessity for porosity and good contact
      between the core matrix and the cover paper. But in the case of scrim or
      continuous strand reinforcement, the upper limit may be appreciably higher
      since these reinforcements may contain numerous monofilaments arranged in
      a way that does not adversely affect porosity and intimate contact.
PAR  In all of the embodiments described, the reinforcing fibers have been
      incorporated both at the core and bottom or front cover sheet interface
      and at the core and top or back sheet interface. In many instances, it may
      be desirable to incorporate the fibers only at the core and front sheet
      interface. This would, for example, improve the scoring and breaking
      properties of the board because the scoring would usually penetrate the
      reinforcing fibers located at the front sheet-core interface.
PAR  By incorporating the reinforcing of glass fibers into the wallboard at the
      interface of the core and the bond liner of one of the cover sheets, it
      has been found that the ultimate strength of the composite board is
      increased from about 9% to about 30% depending upon the amount of fibers
      used. When the fibers are added at the rate of 6 to 12 pounds per thousand
      square feet, approximately a 9% increase in the ultimate strength may be
      obtained, and when the rate of 24 pounds per thousand square feet is
      employed approximately a 30% increase in the ultimate strength may be
      obtained. As even more significant increase in mechanical properties was
      found to occur after the board had been loaded to its ultimate strength
      and the paper cover sheets have failed. Measuring the flexural strength of
      the specimen after such cover sheet failure, it has been found that
      specimens of reinforced wallboards constructed in accordance with this
      invention can sustain loads of between about 40% and about 60% of the
      ultimate load of standard gypsum wallboard control specimen. This is shown
      in Table I below which are the results of flexure tests made upon
      specimens of gypsum board prepared in accordance with the invention and
      upon standard gypsum wallboard control specimens. In the case of board
      from which the reinforced specimens A, B and C were taken, glass fiber
      roving was cut 12 inches long and partially manually separated. This open
      roving was sprayed with a diluted polyvinyl acetate emulsion and then
      pressed onto the face paper inner surface (bond liner). The boards thus
      prepared were 12 .times. 18 .times. 1/2 inch (thick), and these boards
      varied in accordance with the amount of fiber used, i.e., 6 pounds per
      MSF, 12 pounds per MSF and 24 pounds per MSF. All were compared to
      standard wallboard specimens prepared without the utilization of
      reinforcing fibers at the interface in accordance with this invention. Two
      flexure test specimens 5 .times. 18 inches were cut from each board. Each
      specimen was tested as a simple beam loaded at the center of a 14 inch
      span by means of a Tinius-Olsen Universal Testing Machine. The results
      were averaged and are as follows:
TBL                                    TABLE I                                 
     __________________________________________________________________________
                             AVERAGE LOAD                                      
                                      SUSTAINED                                
             AVERAGE                                                           
                    AVG. %   SUSTAINED                                         
                                      LOAD AS %                                
     TEST    ULTIMATE                                                          
                    INCREASE IN                                                
                             AFTER PAPER                                       
                                      OF ULTIMATE                              
     SPECIMEN                                                                  
             LOAD (LBS)                                                        
                    ULTIMATE LOAD*                                             
                             FAILURE (LBS)                                     
                                      LOAD*                                    
     __________________________________________________________________________
     Control  91.87  0       0         0                                       
     (0 lb/MSF)                                                                
     A       100.12  9.0     39.12    42.6                                     
     (6 lb/MSF)                                                                
     B       103.25 12.4     45.00    49.0                                     
     (12 lb/MSF)                                                               
     C       119.25 29.8     55.00    59.9                                     
     (24 lb/MSF)                                                               
     __________________________________________________________________________
      *(Compared to Ultimate Load of Control)                                  
PAR  It may be seen from the test results that one of the advantages of the
      incorporation of reinforcing fibers greater than the critical fiber length
      at the interface between the paper cover sheets and the core is an
      increase in the ultimate strength in flexure. However, an even more
      significant advantage is seen in an increase in the flexural strength of
      the board after the paper failure. There are a number of additional
      advantages. The process of this invention enables the reinforcing fibers
      to be incorporated where they will do the most good and without requiring
      any further additions of water to the stucco slurry, if reinforcing fibers
      are added to the slurry at the desirable level. In addition, the
      disposition of the reinforcing fibers at the interface between the bond
      liner of the cover sheets and the core results in a gypsum board which has
      excellent scoring and breaking properties and the use of fiberglass for
      reinforcement provides increased fire retardation for the composite
      wallboard even after the paper liner has burned off. Finally the
      reinforcement may be provided not only in the machine direction but also
      in the transverse direction. When in accordance with the present invention
      the fibers are applied directly to the cover sheets and particularly when
      they are adhesively secured to the cover sheets, the orientation may be
      predetermined and there is no tendency for this orientation to change
      during the manufacturing process. There is a tendency for short
      reinforcing fibers to orient themselves in the machine direction when they
      are an integral component of the core slurry.
PAR  Although the invention has been described with a certain degree of
      particularity, it will be understood by those skilled in the art that many
      modifications may be made therein without departing from the true spirit
      and scope of the invention which is defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a gypsum board having a set gypsum core securely bonded to paper
      cover sheets; the improvement comprising a plurality of glass reinforcing
      fibers in the gypsum core wherein a majority of said fibers are disposed
      immediately adjacent the interface of the core and at least one of the
      cover sheets, said fibers being of an average length sufficiently great so
      that they are frictionally gripped by the core with such force that said
      fibers will break off rather than pull out of the core when said fibers
      are subjected to external tension, and being bonded to the cover sheet.
NUM  2.
PAR  2. The improved gypsum board as defined in claim 1 wherein the average
      length of said fibers is greater than twice the length defined in claim 1.
NUM  3.
PAR  3. The improved gypsum board as defined in claim 1 wherein said fibers are
      on the average greater than 10 inches in length for a core density of
      about 40 lbs./cu. ft.
NUM  4.
PAR  4. The improved gypsum board as defined in claim 1 wherein said fibers are
      oriented at least partially in a direction transverse to the orientation
      of the fibers in the paper cover sheet.
NUM  5.
PAR  5. The improved gypsum board as defined in claim 1 wherein said fibers are
      disposed at the interfaces of each of the two cover sheets and the core.
NUM  6.
PAR  6. The improved gypsum board as defined in claim 5 wherein said fibers are
      disposed at the interface in an amount of at least 3 pounds per 1000
      square feet of interface yet insufficient to adversely affect the bond
      between the core and cover sheet.
NUM  7.
PAR  7. The improved gypsum board as defined in claim 1 wherein said fibers are
      in the form of substantially continuous strands.
NUM  8.
PAR  8. The improved gypsum board as defined in claim 7 wherein said strands are
      undulated.
NUM  9.
PAR  9. The improved gypsum board as defined in claim 1 wherein said fibers are
      glass and are in the form of an open fiber mat.
NUM  10.
PAR  10. The improved gypsum board as defined in claim 9 wherein said fibers are
      in the form of a scrim.
NUM  11.
PAR  11. The improved gypsum board as defined in claim 9 wherein said fibers are
      in the form of a chopped strand mat with random fiber orientation.
NUM  12.
PAR  12. The improved gypsum board as defined in claim 1 wherein said fibers are
      bonded to the cover sheet by starch.
NUM  13.
PAR  13. The improved gypsum board as defined in claim 1 wherein said fibers are
      bonded to the cover sheet by polyvinyl alcohol.
NUM  14.
PAR  14. The improved gypsum board as defined in claim 1 wherein said fibers are
      incorporated into the portion of the core only adjacent the cover sheet.
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ABST
PAL  Opaque voided films having a total luminous transmission not exceeding 25%
      are made from blends of a polyester preferably polyethylene terephthalate,
      with 3 to 27% of an ethylene or propylene polymer, prepared by dry
      blending. One end use of the film, as a base for photographic prints is
      also described.
BSUM
PAR  This invention relates to the production of opaque molecularly oriented
      films of linear polyesters.
PAR  U.S. Pat. No. 3,579,609 relates to polyethylene terephthalate films
      containing an olefine polymer or copolymer or polytetramethylene oxide
      additive to enhance the flex-resistant properties of the film. Such
      flex-resistant films are said to contain no voiding.
PAR  U.S. Pat. No. 3,640,944 relates to polyethylene terephthalate tapes
      containing from 1 to 30% by weight of a high temperature polymeric
      additive, such as polysulphone, polyphenyleneoxide or
      poly-4-methyl-1-pentene and up to 3% of a light absorbing material. Such
      films are said to be voided and opaque. The polymeric additive and the
      light absorbing material are blended into the polyethylene terephthalate
      by introducing them into the reaction vessel in which the polyethylene
      terephthalate is polymerised or by introducing the polyethylene
      terephthalate and the additives into the film extruder alone or together.
PAR  British Pat. No. 1,195,153 relates to the production of oriented films of
      polyethylene terephthalate containing from 0.01 to 5% by weight of
      polyamide or polypropylene having a melting point not higher than that of
      polyethylene terephthalate by manufacturing conditions which are the same
      as those used for ordinary polyethylene terephthalate films. The polyamide
      or polypropylene may be incorporated at the polycondensation stage in the
      production of the polyethylene terephthalate or in the supply hopper of
      the extruder. The presence of the polyamide or polypropylene is said to
      improve the homogeneity of the films which are also relatively
      transparent.
PAR  British Pat. No. 1,096,064 relates to thermoplastic films containing
      additives which may be polymers other than those from which the film is
      made, which other polymers either melt at a temperature higher than the
      highest temperature used during the fabrication of the film or are
      virtually immiscible with the molten film forming material when the other
      polymer itself is in the molten state. Polyamides incorporated into
      polyethylene terephthalate films are disclosed.
PAR  The present invention relates to a selection of polymeric additives in
      polyethylene terephthalate and forming conditions by which an opaque and
      voided film may be produced.
PAR  According to the present invention a process for the production of an
      opaque molecularly oriented and heat set linear polyester film comprises
      forming a blend of particles of a linear polyester with from 3 to 27% by
      weight of particles of a homopolymer or copolymer of ethylene or
      propylene, extruding the blend as a film, quenching and biaxially
      orienting the film by stretching it in mutually perpendicular directions,
      and heat setting the film.
PAR  The opacity of the resulting film arises through voiding which occurs
      between the regions of the linear polyester and the propylene polymer
      during the stretching operation.
PAR  The linear polyester component of the film may consist of any thermoplastic
      film forming polyester which may be produced by condensing one or more
      dicarboxylic acids or a lower alkyl diester thereof, e.g. terephthalic
      acid, isophthalic, phthalic, 2,5-, 2,6- or 2,7-naphthalene dicarboxylic
      acid, succinic acid, sebacic acid, adipic acid, azelaic acid, bibenzoic
      acid, and hexahydroterephthalic acid, or bis-p-carboxy phenoxy ethane,
      with one or more glycols, e.g. ethylene glycol, 1,3-propanediol,
      1-4-butanediol, neopentyl glycol and 1,4-cyclohexanedimethanol. It is to
      be understood that a copolyester of any of the above materials may be
      used. The preferred polyester is polyethylene terephthalate.
PAR  The polymeric additive which is blended with the polyester is a homopolymer
      or copolymer of ethylene or propylene. A mixture of homopolymers and/or
      copolymers of ethylene and propylene may be employed if desired. Generally
      a homopolymer produces adequate opacity in the film and it is preferred to
      use homopolypropylene. An amount of 3 to 27% by weight of polymeric
      additive, based on the total weight of the blend, is used. Amounts less
      than 3% by weight do not produce an adequate opacifying effect. Increasing
      the amount of polymeric additive causes the tensile properties, such as
      tensile yield and break strength, modulus and elongation to break, to
      deteriorate and it has been found that amounts generally exceeding about
      30% by weight can lead to film splitting during production. Satisfactory
      opacifying and tensile properties can be obtained with up to 20% by weight
      of polymeric additive. Amounts of polymeric additive in the range 8 to 11%
      by weight are useful and produce good opacity and useful tensile
      properties.
PAR  The polymeric additive used according to this invention is incompatible
      with the polyester component of the film and exists in the form of
      discrete globules dispersed throughout the oriented and heat set film. The
      opacity of the film is produced by voiding which occurs between the
      additive globules and the polyester when the film is stretched. It has
      been discovered that the polymeric additive must be blended with the
      linear polyester prior to extrusion through the film forming die by a
      process which results in a loosely blended mixture and does not develop an
      intimate bond between the polyester and the polymeric additive. Such a
      blending operation preserves the incompatibility of the components and
      leads to voiding when the film is stretched. A process of dry blending the
      polyester and polymeric additive has been found to be useful. For
      instance, blending may be accomplished by mixing finely divided, e.g.
      powdered or granular, polyester and polymeric additive and, thoroughly
      mixing them together, e.g. by tumbling them. The resulting mixture is then
      fed to the film forming extruder. Blended polyester and polymeric additive
      which has been extruded and, e.g. reduced to a granulated form, can be
      successfully re-extruded into an opaque voided film. It is thus possible
      to re-feed scrap film, e.g. as edge trimmings, through the process.
      Alternatively, blending may be effected by combining melt streams of
      polyester and the polymeric additive just prior to extrusion. If the
      polymeric additive is added to the polymerisation vessel in which the
      linear polyester is produced, it has been found that voiding and hence
      opacity is not developed during stretching. This is thought to be on
      account of some form of chemical or physical bonding which may arise
      between the additive and polyester during thermal processing.
PAR  The extrusion, quenching and stretching of the film may be effected by any
      process which is known in the art for producing oriented polyester film,
      e.g. by a flat film process or a bubble or tubular process. The flat film
      process is preferred for making film according to this invention and
      involves extruding the blend through a slit die and rapidly quenching the
      extruded web upon a chilled casting drum so that the polyester component
      of the film is quenched into the amorphous state. The quenched film is
      then biaxially oriented by stretching in mutually perpendicular directions
      at a temperature above the glass-rubber transition temperature of the
      polyester. Generally the film is stretched in one direction first and then
      in the second direction although stretching may be effected in both
      directions simultaneously if desired. In a typical process the film is
      stretched firstly in the direction of extrusion over a set of rotating
      rollers or between two pairs of nip rollers and is then stretched in the
      direction transverse thereto by means of a stenter apparatus. The film may
      be stretched in each direction to 2.5 to 4.5 times its original dimension
      in the direction of stretching.
PAR  After the film has been stretched it is heat set by heating to a
      temperature sufficient to crystallise the polyester whilst restraining the
      film against retraction in both directions of stretching. The voiding
      tends to collapse as the heat setting temperature is increased and the
      degree of collapse increases as the temperature increases. Hence the light
      transmission increases with an increase in heat setting temperatures.
      Whilst heat setting temperatures up to about 230.degree.C can be used
      without destroying the voids, temperatures below 200.degree.C generally
      result in a greater degree of voiding and higher opacity.
PAR  The opacity as determined by the total luminous transmission of a film
      depends upon the thickness of the film. Thus the stretched and heat set
      films made according to this invention have a total luminous transmission
      not exceeding 25%, preferably not exceeding 20%, for films having a
      thickness of at least 100 .mu., when measured by ASTM test method
      D-1003-61. Films of thickness 50 to 99 .mu. have a total luminous
      transmission generally up to 30%.
PAR  The invention also therefore relates to opaque biaxially oriented and heat
      set films produced from a blend of a linear polyester and from 3 to 27% by
      weight of a homopolymer or copolymer of ethylene or propylene and having a
      total luminous transmission of up to 30%. Such films may be made by the
      process specified above.
PAR  The globules of polymeric additive distributed throughout the film produced
      according to this invention are generally 5 to 10 .mu. in diameter and the
      voids surrounding the globules 3 to 4 times the actual diameter of the
      globules.
PAR  It has been found that the voiding tends to collapse when the void size is
      of the order of the film thickness. Such film therefore tends to exhibit
      poor opacity because of the smaller number of void surfaces at which light
      scattering can occur. Accordingly it is therefore preferred that the
      opaque films of this invention should have a thickness of at least 25
      microns. Film thicknesses of between 100 and 250 microns are convenient
      for most end uses.
PAR  Because of the voiding, the films are less dense, i.e. lighter in weight,
      and more resilient than non-voided films. The density of the films of this
      invention is in the range 0.7 to 1.20.
PAR  The films may contain any compatible additive, such as pigments. Thus a
      light reflecting pigment, such as titanium dioxide, may be incorporated to
      improve the appearance and whiteness of the films. Other additives and
      fillers may be used to provide special effects such as slip and pencil
      take properties.
PAR  The films of this invention may be used without further treatment or they
      may be further treated, for example by the application of a coating. This
      coating may be heat sealable and can be applied by means of extrusion (in
      which case the film is preferably first treated with a priming material),
      or the heat seal polymer may be applied from aqueous dispersion. A further
      method of producing a coated film is to apply the coating to the film at
      some stage before orientation, or preferably, in the case of biaxially
      oriented film, between the two stages of biaxial orientation of the film.
      Suitable coatings which may be applied in this way include coatings of
      vinylidene chloride copolymers for example vinylidene
      chloride/acrylonitrile copolymers containing from 4 to 20% of
      acrylonitrile.
PAR  The films may be used in any of the applications for which polyethylene
      terephthalate is used, except of course those where a high degree of
      transparency is required. For example the film may be used as a paper
      substitute; as a base for carbon paper and carbon ribbon for use in
      typewriters; in applications where very high speed printing of tape is
      required, e.g. in high speed printing machines which are used in
      conjunction with computers; textile threads where the decorative
      appearance of the films is useful; magnetic recording tape; cable wrapping
      and as a thermal barrier in protective clothing.
PAR  The films of this invention exhibit a remarkable paper-like texture and are
      therefore suitable for use as a paper substitute, in particular as a base
      for photographic prints, i.e. as a substitute for photographic printing
      paper.
PAR  The invention therefore also relates to a photographic print base or
      printing material comprising a support in the form of an opaque biaxially
      oriented and heat set film formed from a blend of a linear polyester and
      from 3 to 27% by weight of a homopolymer or copolymer of ethylene or
      propylene having a total luminous transmission not exceeding 20%, said
      support carrying a photosensitive layer. The support preferably has a
      thickness of at least 100 .mu., and is preferably made from blends
      containing up to 20% by weight of the polymeric additive.
PAR  Conveniently the photosensitive layer is a silver halide-containing
      gelatinous layer. The photosensitive layer may be applied directly to the
      surface of the opaque support but preferably one or more intermediate
      layers are provided to enhance the adhesion of the photosensitive layer to
      the film surface. The intermediate layer(s) may be applied by any suitable
      method known for the application of coatings to polyester film surfaces.
      Generally, a polymeric subbing layer, such as vinylidene chloride
      copolymer which may be applied to the film surface from an aqueous
      dispersion during the film production (e.g. between the two stretching
      operations) or after the film has been made, may be applied directly to
      the surface of the film and a gelatinous subbing layer applied over the
      polymeric layer.
PAR  The photosensitive layer may be applied by any process commonly known in
      the photographic art for applying such layers.
PAR  Depending upon the conditions employed for producing the opaque film, the
      surface of the film may have a mat textured appearance. Such a surface is
      not very suitable for some photographic print uses and a glossy surface is
      preferred. Therefore the surface of the opaque support film may be
      modified by applying a layer of non-voided polyester or a polymer or
      copolymer of an .alpha.-olefine, polyethylene being particularly suitable.
      Such an assembly may be made by melt extruding a polyethylene layer on to
      the surface of the polyester support. Where the non-voided layer is of a
      polyester, it may be applied by coextruding laminae of the polyester +
      ethylene or propylene polymer and the unmodified polyester.
PAR  A support provided with a polymeric coating such as polyethylene may be
      coated with one or more intermediate layers as described above which may
      conveniently include a polymeric subbing layer and a gelatinous subbing
      layer. The surface of a coating such as polyethylene may need
      pretreatment, e.g. by corona discharge, to develop adhesion to further
      coatings which may be applied to it.
PAR  A variety of sandwich structures of voided and non-voided films may be
      made, comprising a layer of the opaque voided film laminated with one or
      more layers of polymeric non-voided films. An example of such a structure
      is a sandwich of a voided core layer with non-voided, but preferably
      opaque, polymeric layer on either side of the core. Such a sandwich would
      have greater stiffness relative to its weight (because of the lower
      density of the voided core) but would have both surfaces glossy. This type
      of sandwich could be used for applications such as identity documents and
      photographic prints.
PAR  Another example is a sandwich of one non-voided layer laminated to a voided
      layer. This sandwich could be used for laminating to boards and other
      substrates to give a glossy surface. The voided backing layer which is
      bonded to the substrate masks any grain or roughness of the substrate.
      Without such a backing layer any grain or roughness of the substrate shows
      on the glossy surface.
PAR  Yet another sandwich is a voided layer on either side of a non-voided core.
      Such a sandwich has greater resilience and formability, less sharp edges
      and improved tear resistance than a non-voided polyester film of the same
      thickness. This type of sandwich is of use as a synthetic paper and may be
      used in place of polyester film/paper laminate or polyester film/unwoven
      synthetic fibre fibric laminates in electrical applications.
DETD
PAR  The present invention is illustrated in further detail by the following
      examples.
PAC  EXAMPLE 1
PAR  Polyethylene terephthalate granules were tumble blended with 5% by weight
      of granular propylene homopolymer having a melt flow index of 4.0 when
      measured by ASTM test method D-1238-65T using a 2.16 kg weight at
      230.degree.C. The blend was extruded in the form of a film and rapidly
      quenched to render the polyester component amorphous. The film was then
      stretched in the machine direction 2.8 times its initial dimension at
      98.degree.C and then stretched transversely 3.0 times its initial
      dimension at 105.degree.C. The film was heat set under constant dimensions
      at 190.degree.C to give a finished film of 155 microns thickness. The film
      produced had a white opaque appearance resulting from voiding around the
      polypropylene globules and its total luminous transmission was 21%. The
      film also exhibited the following properties.
TBL  ______________________________________                                    
                        Machine Transverse                                     
                        direction                                              
                                direction                                      
     ______________________________________                                    
     Yield strength                                                            
                   10.sup.3 .times. psi                                        
                              9.7       10.7                                   
       F.sub.5     10.sup.3 .times. psi                                        
                              9.4       10.3                                   
     Break strength                                                            
                   10.sup.3 .times. psi                                        
                              17.9      17.2                                   
     Modulus kg mm.sup..sup.-2                                                 
                              324        389                                   
     Elongation at break %    209        130                                   
     ______________________________________                                    
PAR  The film was coated with conventional vinylidene chloride copolymer and
      gelatinous subbing layers and then overcoated with a gelatinous light
      sensitive silver bromide emulsion. The coated film rendered excellent
      photographic prints when exposed to a light image and processed in a
      conventional manner.
PAC  EXAMPLES 2 TO 5
PAR  The procedure of Example 1 was repeated for Examples 2 to 5. The polymeric
      additive was granular polypropylene homopolymer having a melt flow index
      of 4.0 when measured by ASTM test method D-1238-65T using a 2.16 kg weight
      at 230.degree.C and the polyester was polyethylene terephthalate. The
      proportion of polypropylene added and the stretching and heat setting
      conditions are shown in the following table together with the properties
      of the resulting film which was voided and opaque.
TBL  __________________________________________________________________________
                       Examples                                                
                       2    3    4    5                                        
     __________________________________________________________________________
     Percentage by weight of                                                   
     polypropylene     5     10   10   10                                      
     Machine direction draw                                                    
     ratio at 98.degree.C                                                      
                       2.8:1                                                   
                            3.0:1                                              
                                 2.8:1                                         
                                      2.8:1                                    
     Transverse direction draw                                                 
     ratio at 105.degree.C                                                     
                       3.0:1                                                   
                            3.2:1                                              
                                 3.0:1                                         
                                      3.0:1                                    
     Heat set temperature .degree.C                                            
                       190  200  190  190                                      
     Final film thickness microns                                              
                       170  140  160  190                                      
     Total luminous transmission %                                             
                        16  8     13  8                                        
     Yield                                                                     
     strength                                                                  
            machine direction                                                  
                       12.3 8.1  8.5  7.9                                      
     10.sup.3 .times. psi                                                      
            transverse direction                                               
                       12.8 8.2  9.2  8.9                                      
     Break                                                                     
     strength                                                                  
            machine direction                                                  
                       23.5 14.1 13.4 13.3                                     
     10.sup.3 .times. psi                                                      
            transverse direction                                               
                       22.8 14.1 14.0 12.7                                     
     Modulus                                                                   
            machine direction                                                  
                       389  --   283  256                                      
     kg mm.sup..sup.-2                                                         
            transverse direction                                               
                       453  --   339  312                                      
     Elongation                                                                
            machine direction                                                  
     at break %                                                                
            transverse direction                                               
     F.sub.5                                                                   
            machine direction                                                  
                       11.3 8.1  7.9  7.7                                      
     10.sup.3 .times. psi                                                      
            transverse direction                                               
                       12.1 8.4  8.9  8.5                                      
     __________________________________________________________________________
PAR  The films so obtained were coated firstly with a conventional vinylidene
      chloride subbing layer and then with a conventional gelatinous subbing
      layer using standard coating techniques. An overcoating of a gelatinous
      light sensitive silver bromide layer was then applied. When the coated
      films were exposed to a light image and developed and fixed in
      conventional processing solutions good quality photographic prints were
      obtained.
PAR  In modifications to the above Examples 1 to 5 the opaque films obtained
      therein were coated with a subbing layer comprising a mixture of a
      butadiene copolymer and gelatin. The butadiene copolymer had the
      composition: 36.8 mole % butadiene, 60.5 mole % styrene and 2.7 mole %
      itaconic acid.
PAR  The subbing composition made up from the butadiene copolymer was (parts
      being measured by weight):
TBL  10 parts       butadiene/styrene/itaconic                                 
                    acid copolymer                                             
      1 part        gelatin                                                    
      1 part        active ionic emulsifier                                    
                    available commercially                                     
                    under the trade name                                       
                    "Teepol" 610                                               
     88 parts       distilled water                                            
PAR  The films coated with the above composition were overcoated with a
      conventional gelatinous silver bromide emulsion. When exposed to a light
      image and processed in conventional photographic processing solutions good
      quality photographic prints were obtained.
PAC  EXAMPLES 6 to 14
PAR  The procedure of Example 1 was repeated using the same polypropylene
      polymeric additive blended in amounts of 15, 20 and 25% by weight with
      polyethylene terephthalate. The stretching conditions were as specified in
      Example 1. The amounts of polypropylene and heat setting temperatures are
      specified in the following table together with the resulting film
      properties.
TBL  __________________________________________________________________________
              Examples                                                         
               6   7   8   9  10  11  12  13  14                               
     __________________________________________________________________________
     Percentage by                                                             
     weight of                                                                 
              15  15  15  15  15  15  15  20  25                               
     polypropylene                                                             
     Heat set                                                                  
     temperature .degree.C                                                     
              213 205 199 200 205 216 217 190 190                              
     Final film                                                                
     thickness                                                                 
              70  70  68  120 135 105 185 75  70                               
     microns                                                                   
     Total luminous                                                            
     transmission %                                                            
              25  25  26  15  19  21  12  24  25                               
     Density  0.93                                                             
                  1.02                                                         
                      0.94                                                     
                          0.93                                                 
                              0.92                                             
                                  1.02                                         
                                      0.83                                     
                                          0.85                                 
                                              0.82                             
     __________________________________________________________________________
PAR  The opaque films obtained in these examples were coated with a conventional
      gelatinous light sensitive silver bromide emulsion and yielded good
      quality photographic prints when exposed to a light image and processed in
      a conventional manner.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of an opaque molecularly oriented and heat
      set linear polyester film, which comprises forming a loosely blended
      mixture of particles of a linear polyester produced by condensing at least
      one dicarboxylic acid, a lower alkyl diester thereof or
      bis-p-carboxyphenoxyethane with at least one glycol with from 3 to 27% by
      weight of particles of a homopolymer of ethylene or propylene, there being
      no intimate bond between the polyester and homopolymer, extruding the
      blended mixture as a film, quenching and biaxially orienting the film by
      stretching it in mutually perpendicular directions, and heat setting the
      film.
NUM  2.
PAR  2. A process according to claim 1, in which the linear polyester is
      polyethylene terephthalate.
NUM  3.
PAR  3. A process according to claim 1, in which the blended mixture is formed
      with a homopolymer of propylene.
NUM  4.
PAR  4. A process according to claim 1, in which the homopolymer is present in
      an amount of up to 20% by weight.
NUM  5.
PAR  5. A process according to claim 1, in which the heat setting temperature is
      up to 200.degree.C.
NUM  6.
PAR  6. An opaque molecularly oriented and heat set linear polyester film
      produced from a blend of particles of a linear polyester produced by
      condensing at least one dicarboxylic acid, a lower alkyl diester thereof
      or bis-p-carboxyphenoxyethane with at least one glycol and from 3 to 27%
      by weight of particles of a homopolymer of ethylene or propylene and
      having a total luminous transmission of up to 30%, the homopolymer being
      dispersed in the form of discrete particles throughout the oriented and
      heat set film.
NUM  7.
PAR  7. An opaque film according to claim 6, having a thickness of at least 100
      .mu. and a total luminous transmission not exceeding 20%.
NUM  8.
PAR  8. An opaque film according to claim 6, having a density in the range 0.7
      to 1.20.
NUM  9.
PAR  9. An opaque film according to claim 6, in which the linear polyester is
      polyethylene terephthalate.
NUM  10.
PAR  10. An opaque film according to claim 6, in which the blend is formed with
      a homopolymer of propylene.
NUM  11.
PAR  11. The process of claim 1 wherein the polyester and homopolymer are
      blended together by dry blending powdered or granulated polyester and the
      homopolymer to obtain said loosely blended mixture wherein there is no
      intimate bond between the polyester and homopolymer.
NUM  12.
PAR  12. The process of claim 1 wherein the polyester and homopolymer are
      blended together by combining to melt streams of the polyester and
      homopolymer just before extrusion.
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ABST
PAL  A method of manufacturing polyamide coated textile material comprises
      treatment of textile material with a solution of polyamide and benzene
      sulphonic acid n-butylamide as plasticizer in formic acid followed by
      contacting the textile material with water in order to precipitate the
      polyamide on the textile material.
BSUM
PAR  This invention relates to improvements in a method of manufacturing
      polyamide coated textile material and to the textile material made
      according to the method.
PAR  The Netherlands Pat. Specification No. 136 749 describes a method of
      manufacturing a polyamide coated textile material, and in particular
      artificial leather and in which a cohesive basic layer, comprising uneven
      textile fibers, is treated with a solution of a polyamide and a
      plasticizer in a mixture of formic acid and a solvent for the plasticizer,
      the solvent being mixable with water and formic acid. On termination of
      treatment, the textile material is brought into contact with water whereby
      polyamide and the plasticiser precipitate. As a plasticizer
      tricresylphosphate and dibutylphtalate in a quantity of 10 to 50% by
      weight calculated plasticizer is used. A suitable solvent for the
      plasticizer on the basis of the polyamide is acetone.
PAR  It has been found that the mechanical characteristics, and in particular
      that of resistance to wear, of the textile material coated with a
      polyamide leaves much to be desired. With fiber webs treated in the manner
      foregoingly described, the attendant disadvantages occur of different
      products being obtained especially when the product is split into several
      layers, with different degrees of resistance to wear.
PAR  It has been found that these disadvantages are eliminated when, during
      treatment, the solvent is dispensed with and benzene sulphonic acid
      n-butylamide is employed.
PAR  The present invention is directed to a method of manufacture of polyamide
      coated textile material in which a cohesive basic layer comprising textile
      fibres of random types are treated with a solution of a polyamide and a
      plasticizer in formic acid and whereafter the polyamide, with the aid of
      water, on the basic layer is precipitated, and characterised in this that
      as a plasticizer benzene sulphonic acid n-butylamide is employed.
PAR  According to the present invention, the plasticizer employed is marketed by
      the Badische Aniline and Soad Factory under the name "Plastomoll BMB".
PAR  As polyamides, which can be employed in accordance with the invention, all
      those of polyamides which are soluble in formic acid come into
      consideration.
PAR  According to the present invention, the method lends itself to the
      treatment of fiber webs in particular. In a treated fibre web, the
      polyamide is evenly distributed so that all the products obtained have
      consistent characteristics in the matter of resistance to wear as far as
      the mechanical characteristics are concerned. Furthermore, the method
      according to the invention is applicable to the treatment of raw cotton
      fibres while also woven material can be treated.
PAR  The present method is effected by dissolving the polyamide and the
      plasticizer in formic acid, the quantity of plasticiser is preferably 10
      to 100% by weight calculated on the basis of the polyamide. Furthermore
      materials can be added to the polyamide to make it resistant to light,
      oxygen and micro-organisms. A suitable binder to increase resistance to
      light is manganese sulphate; copper binders may be employed to combat the
      destructive effects of microorganisms. After the textile material has been
      impregnated with the desired quantity of polyamide, the material is
      brought into contact with water, whereupon the polyamide coagulates.
      Following this it is washed with water and finally dried.
PAR  The content of the coagulating bath can entirely comprise water wherein a
      basic reagant medium such as sodium carbonate, sodium hydroxide or
      potassium hydroxide, or ammonia can be added.
PAR  Material can be added which preferably reacts with formic acid under the
      generation of gas, for example sodium carbonate or ammonium carbonate, and
      through which the polyamide obtains a porous structure which, for certain
      applications, is highly suitable. The resistance to wear is not
      unfavorably influenced by the foam structure.
DETD
PAC  EXAMPLE I.
PAR  15 parts by weight of polycaprolactam yarn waste is discharged into 100
      parts by weight of an 80% solution of formic acid in water. 7.5 parts by
      weight of "Plastomoll BMB", 0.05 parts by weight of manganese sulphate and
      1.3 parts of aniline coloring medium are then added. Cotton fibers having
      a weight of 180 grams/centimeter.sup. 2, and a fiber web having a weight
      of 327 grams/centimeter.sup.2 are then fed through the solution. The
      fibers are successively smoothed down by feeding through two knife edges,
      and freed of superfluous liquid by squeezing, then immersed in water of a
      temperature of 10.degree.C whereby the polycaprolactam coagulates. After
      termination of this process the fibers are washed in water and, following
      this, dried. In this manner the treated fibres become soft, supple and
      extremely wear resistant.
PAC  EXAMPLE II.
PAR  The treatment as described in Example I is repeated but with this
      difference however, that 7.5 parts by weight of acetone is added. The
      treated fibers were less soft and resistant to wear than the fibers
      treated by the method of Example I.
PAC  EXAMPLE III.
PAR  A fiber web and a cotton weave treated in accordance with the present
      method of example I, and a fiber web and a cotton weave which were treated
      in accordance with the method of Netherlands Pat. Specification No. 136
      749 were subjected to rubbing tests on a friction generating apparatus in
      which the materials are tensioned over a platform, stretched 10% and then
      subjected to the backward and forward rubbing action of a weight thereon,
      for example of 500 grams, having affixed thereunder a rubber strip of
      between 1.5 and 0.3 centimeters thick. The rubbing actions were continued
      until the cotton weaves became visible and a hole in the fiber web
      appeared. With the cotton weave treated in accordance with the Netherlands
      Pat. Specification No. 136,749 method and in accordance with the present
      method, 75 and 212 rubbing actions were required respectively to make the
      weaves visible. For the fiber webs 920 and 1200 rubbing operations were
      required, respectively. From these results it has been found that the
      weaves and fiber webs treated according to the method of the present
      invention exhibit a higher degree of resistance to wear.
PAC  EXAMPLE IV.
PAR  In comparing the treatments of the fiber webs as described in the method of
      example III with that of Examples I and II, the result was that after 1160
      and 600 respectively rubbing actions a hole became visible.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of manufacturing polyamide coated textile material in which
      a cohesive basic layer, comprising textile fibers of random types, is
      treated with a solution of a polyamide and a plasticizer in formic acid
      and whereafter the polyamide is precipitated by contact with a water
      coagulation bath,
PA1  the improvement wherein benzene sulphonic acid n-butylamide is employed as
      said plasticizer and said formic acid is the only solvent present in said
      solution.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the plasticizer is employed in a
      quantity of 10 to 100% by weight calculated on the basis of the polyamide.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the water coagulation bath
      contains a compound which generates a gas by reaction with formic acid.
NUM  4.
PAR  4. A polyamide coated textile material manufactured by the method of claim
      1.
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ABST
PAL  Method for making sheet materials are disclosed having a layer or layers of
      a non-uniform thickness, in particular a method of making sheet materials
      tapered from a maximum thickness near one and to a minimum thickness near
      the opposite end; and sheet materials prepared by such methods. The
      preparation of photographic film assemblages is disclosed including a
      first sheet material including at least one photosensitive layer and a
      second sheet material in super position therewith, which assemblages are
      adapted for forming photographic images viewable as reflection prints
      without separation of the respective sheet materials.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous forms of photographic, self-developing assemblages have been
      proposed in the prior art as well as being sold commercially, including
      both roll film and individual film units. The type of film assemblage or
      unit with which the present invention is concerned generally comprises a
      pair of sheets, one of which serves as a support for a photosensitive
      image-recording medium and a rupturable container of a viscous liquid
      processing agent adapted to be distruibted in a thin layer in contact with
      an exposed area of the photosensitive medium by superposing the sheets and
      avdancing them between a pair of pressure-applying members to distribute
      the processing liquid between the sheets for permeation into the recording
      medium. The photosensitive sheet (carrying the photosensitive medium) and
      the other or second sheet may be separated or superposed during exposure,
      are superposed during processing, and may be separated or allowed to
      remain laminated to one another by the processing liquid subsequent to
      processing; or they may be retained in superposed relation prior to,
      during, and subsequent to exposure and processing. Film units of this
      latter type are disclosed, for example, in U.S. Pat. Nos. 3,415,644,
      3,415,645, 3,415,646, 3,473,925, 3,550,515, 3,578,540, 3,589,904,
      3,594,164, 3,594,165, 3,607,285, 3,615,421, 3,615,436, 3,615,539,
      3,615,540, 3,619,192, 3,619,193, 3,621,768, 3,652,281, 3,652,282,
      3,672,890, and 3,689,262.
PAR  Whatever the basic format and structure of the film assemblage, it is
      important, particularly in film units of the type described in the
      aforementioned U.S. patents, to spread the processing liquid in a layer of
      uniformly predetermined thickness throughout the area exposed and
      processed, preferably to produce an image visible through one of the
      sheets. One approach to liquid spreading and spread thickness control is
      to employ juxtaposed pressure-applying members, particularly rollers,
      resiliently biased toward one another and move the film unit therebetween
      to first eject the liquid from a rupturable container attached to the
      sheets near the leading end of the area to be processed and then
      progressively spread the mass of ejected liquid toward the trailing end of
      this area and the sheets. Liquid spread thickness control is achieved by
      providing sheet-like spacing elements at least at the lateral margins of
      the sheets for separating the medial portions of the pressure-applying
      members and sheets in the area to be processed in order to provide space
      between the sheets in which the liquid is spread. Heretofore, such spacing
      means have taken the form of uniformly thick layers or sheets formed of
      such materials as paper, organic plastics, and metallic foil, or
      combinations thereof, in the form of sheets or layers having openings
      defining the image area or strips and/or combinations of strips and sheets
      adapted to define the area to be processed.
PAR  In the film unit structure described in the aforementioned patents, these
      spacing means are designed to perform a number of functions in addition to
      spread thickness control including masking of non-image areas e.g. forming
      a border, and securing the two sheets to one another at at least their
      lateral and trailing end margins. For this purpose, the spacing means take
      the form of a generally rectangular sheet formed with a rectangular
      exposure and/or viewing opening surrounded on at least three sides by
      lateral and trailing end marginal portions secured to one of the
      photosensitive and second sheets, folded around the lateral and trailing
      end edges of the sheets and secured to the other of the photosensitive and
      second sheets.
PAR  The copending application of Edwin H. Land, Ser. No. 250,611 now U.S. Pat.
      No. 3,761,268, relates to such film units wherein the spacing means is
      tapered to permit the developing liquid to be applied as a layer of more
      uniform thickness to obviate the problems which are inherent when the
      developing liquid is not so applied in a uniformly predetermined
      thickness. The spacing means of this copending application may be in the
      form of a binder sheet of known function having a central opening through
      which the film unit is photoexposed and/or through which the resulting
      image is to be viewed, the sheet being tapered from a maximum thickness
      near the leading edge (edge which exits from the exposure apparatus first)
      of the central opening to a minimum thickness at a point between the
      trailing edge of the central opening and the trailing edge of the sheet.
      This taper from maximum to minimum thickness may be on the order of 0.30
      mil .+-. 0.03 mil.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to novel methods for making sheet
      materials of non-uniform thickness, particularly sheet materials being
      tapered from a maximum thickness near one end to a minimum thickness near
      the opposite end, which sheet materials are especially useful in the film
      units described in the aforementioned copending application, Ser. No.
      250,611, now U.S. Pat. No. 3,761,268. The present invention also
      contemplates novel sheet materials of this description.
PAR  In accordance with this invention, the sheet materials are prepared by
      applying to a base sheet one or more layers by gravure printing
      techniques, the tapering being accomplished by employing gravure rollers
      having side-to-side gradations in the pocket (cell) depth. Preferably, the
      sheet materials are prepared by applying a plurality of layers of a white
      pigment, e.g., titanium dioxide, at least one of these layers being so
      tapered. The present invention also contemplates sheet materials of this
      description including at least one tapered pigment layer. The pigment
      layer or layers may be applied to one or both sides of a base material to
      provide the desired tapered sheet material.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is perspective view, partially in section, illustrating a typical
      film unit embodying the invention;
PAR  FIG. 2 is a plan view of a component of the film unit of FIG. 1; and
PAR  FIG. 3 is a sectional view taken substantially along the line 3--3 of FIG.
      2;
PAR  FIG. 4 is a dagrammatic cross-sectional view of a base sheet employed to
      prepare the tapered sheet materials of this invention;
PAR  FIG. 5 is a similar view of one embodiment of this invention;
PAR  FIG. 6 is a similar view of another embodiment of this invention; and
PAR  FIg. 7 is a partially schematic perspective view showing the gravure
      process by which the layers are applied to provide the tapered sheet
      materials.
DETD
PAR  As was mentioned previously, the present invention is directed to sheet
      materials of non-uniform thickness, particularly to such sheet materials
      which are tapered from a maximum thickness near one end to a minimum
      thickness near the opposite end. Since the sheet materials prepared in
      accordance with this invention are especially useful in photographic film
      units of the type previously described, the nature and objects of the
      invention may best be understood by reference to such film units.
PAR  The film assemblages disclosed in the aforementioned U.S. Pat. No.
      3,761,268 may be adapted to the performance of a number of different
      image-forming processes and particularly to the production of positive
      photographic prints, preferably in full color, produced by a diffusion
      transfer process in which a photographic image-recording medium including
      a photosensitive material such as a silver halide is exposed to form an
      image (latent) therein and is treated by wetting with a liquid processing
      agent to develop the image in the image-recording medium, form an
      imagewise distribution of transferrable image-forming substances and
      transfer the image-forming substances by diffusion to an image-receptive
      stratum in which they are immobilized to form a visible positive image.
PAR  A preferred embodiment of a film unit of this type includes all of the
      material and reagents required to produce a full color photographic print
      by a process such as disclosed in U.S. Pat. No. 2,983,606, and in many of
      the aforementioned U.S. patents. Such a film unit includes a
      photosensitive element comprising a silver halide emulsion and a dye
      developer, that is a dye which is a silver halide developing agent; an
      image-receptive layer of a dyeable material which may be carried on the
      same support as the photosensitive layer, (see, for example, U.S. Pat.
      Nos. 3,594,164 and 3,594,165); or on a separate support which is
      superposed with the image-recording medium, i.e., image-recording layer
      and support, at least during processing (see, for example, U.S. Pat. Nos.
      3,415,644 and 3,415,646).
PAR  As noted in the aforementioned patents, the silver halide layer has
      associated therewith a dye image-providing material which provides an
      imagewise distribution of a processing composition diffusible
      image-forming substance as a function of exposure of its associated
      photosensitive silver halide such as the dye image-providing materials
      disclosed in the aforementioned patent numbers. Application of the liquid
      processing composition results in imagewise differential transfer of dye
      image-providing material to a contiguous image-receptive element or layer
      providing dye image formation in such an element as a function of the
      point-to-point degree of photoexposure of the silver halide layer.
PAR  Reference is now made to FIG. 1 which shows an illustrative film unit of
      this description, the thickness of the material being exaggerated for
      clarity. Film unit 10 is essentially the same as the film unit described
      in the aforementioned U.S. Pat. No. 3,619,192 and comprises a
      photosensitive or image-recording sheet 12, a second or image-receiving
      sheet 14, and a rupturable container 16 holding a quantity of processing
      liquid 18. Sheets 12 and 14 are preferably rectangular and are arranged in
      superposed face-to-face contact with their lateral edges in alignment.
      Sheet 14 is preferably longer than sheet 12 having a length exceeding the
      length of sheet 12 by at least the shorter dimension of container 16 of
      processing liquid 18. Container 16 is mounted on the extended portion of
      receiving element 14 adjacent the leading edge of photosensitive element
      12 in position to discharge its liquid contents between the photosensitive
      and image-receiving elements at the leading edge of the latter.
PAR  Photosensitive and image-receiving elements 12 and 14 are secured to one
      another at their lateral and trailing end margins by a binding element 20
      (the original shape of which is shown most clearly in FIG. 2) in the form
      of a generally rectangular sheet larger than the image-receiving element.
      Binding element 20 is in the general form of a frame having a large
      rectangular exposure opening 22 defining the extent of the area in which
      the image is produced in the film unit, surrounded by lateral edge
      portions 24, a trailing end portion 26 and a leading end portion 28.
      Binding element 20 is secured to the outer surface of image-receiving
      element 14 with the lateral edges of exposure opening 22 located
      substantially parallel with and equally spaced from the lateral edges of
      sheets 12 and 14. Lateral marginal portions 24 of the binding element are
      folded around the lateral edges of sheets 12 and 14 and secured to the
      lateral margins of element 12. Trailing end portion 26 of the binding
      sheet is folded around the trailing edges of sheets 12 and 14 and secured
      to the outer surface of sheet 12 near the trailing edge thereof.
PAR  Container 16 is mounted on the extended portion of element 14. The leading
      end portion 28 of binding element 24 extends at least over sheet 14 and
      preferably around the leading edge thereof where it is secured at its
      leading end margin to container 16 to retain the container against the
      image-receiving element. In an alternative embodiment, the container 16
      may be secured to element 14 so that binding element 20 need only extend
      to the leading edge of element 14. The preferred form of film unit shown
      is adapted to produce a reflection print surrounded by a white border and
      viewed against a white background so that binding element 20 is formed of
      an opaque white material to provide an aesthetically pleasing product as
      well as to prevent exposure of the photosensitive material by light
      admitted at or near the edges of sheets 12 and 14 if and as the film unit
      is moved directly into the light from between the pressure-applying
      members during processing.
PAR  Container 16 is of the type shown in U.S. Pat. No. 2,543,181,  and is
      formed by folding a rectangular blank of a fluid impervious sheet material
      medially and sealing the marginal sections of the blank to one another to
      form a cavity for containing processing liquid 18. Such containers are
      well known, have been in use for many years, and include longitudinal,
      marginal sections 30 at which the seal is weaker than the end seals so
      that upon the application of a compressive force to the walls of the
      container in the region of the liquid-filled cavity, there will be
      generated within the liquid hydraulic pressure sufficient to separate
      longitudinal and marginal sections 30 throughout the major portion of
      their length to form a discharge mount at least equal in length to the
      cavity and the width of opening 22 through which procesing liquid 18 is
      discharged. Container 16 is mounted on sheet 14 with the edges of marginal
      sections 30 located adjacent the leading edge of sheet 12. A binding strip
      32 is secured in overlapping relation to the leading edge of element 12
      and longitudinal marginal section 30 of container 16 for cooperating with
      sheet 14 to form a passage for conducting the liquid from the container
      between the sheets at the leading end margin of sheet 12.
PAR  Film unit 10 is adapted to be processed by advancing the film unit, leading
      end foremost, between a pair of juxtaposed pressure-applying members
      preferably in the form of cylindrical rollers which may be rotated
      manually or by a motor for moving the film unit therebetween. The
      pressure-applying members or rollers initially pass over the container
      ejecting its liquid contents as an elongated mass between the leading end
      portion of sheet 12 and the facing adjacent portion of sheet 14. Continued
      movement of the film unit relative to and betwen the rollers results in
      spreading of the processing liquid as a thin layer betwen the sheets at
      least over the area defined by opening 22 in binding element 20. In order
      to insure distribution of processing liquid in a layer of the desired
      thickness over the entire area defined by opening 22, excess processing
      liquid 18 is provided in container 16 and provision is made within the
      film unit for collecting and retaining this excess processing liquid. A
      variety of liquid collecting and retaining structures are shown in many of
      the aforementioned patents including, for example, a spacing member 34
      secured between the trailing edge portion of photosensitive element 12 and
      a trailing edge portion 26 of binding element 10 adhered to sheet 12.
      Spacing element 34 may take the form of a comb-shaped strip or a strip
      formed with perforations designed to space apart the pressure-applying
      members as they pass over the trailing end of the film unit and provide
      spaces within the trailing end of the film unit for collecting and
      retaining excess processing liquid overrun.
PAR  As previously indicated, the preferred form of film unit shown is adapted
      to be advanced from between pressure-applying members from the camera or
      other apparatus in which it is exposed into the light where processing
      continues to completion. The processing liquid and/or layers of the film
      unit contain agents for preventing or at least inhibiting further exposure
      of the photosensitive image-recording material and/or desensitizing the
      image-recording material so that it is not subjected to an image-forming
      exposure as it emerges into the light. In the particular film unit
      construction shown, the processing liquid is spread between the
      image-recording medium and the image-receiving layer which is carried on a
      transparent support in order to permit exposure of the photosensitive
      material and viewing of the diffusion transfer image formed in or on the
      image-receiving layer. Accordingly, the processing liquid not only
      comprises the agents necessary to produce a dye transfer image, e.g., an
      aqueous alkaline solution with a pH at which dye developers associated
      with the silver halide layers are soluble and diffusible, but also
      contains a light-reflecting agent in a quantity sufficient to mask the dye
      developers retained in the image-recording layer (laminted thereto)
      subsequent to processing. In the preferred embodiment, the
      light-reflecting agent and an optical filter agent as described in U.S.
      Pat. No. 3,647,437 will be present in the layer of liquid spread between
      the transparent sheet 14 and photosensitive sheet 12 which may be light
      opague, in a concentration sufficient to inhibit exposure of the
      image-recording medium by actinic radiation transmitted by transparent
      sheet 14. It is for these latter two reasons as well as to achieve uniform
      processing that it is important that the layer of processing liquid have a
      thickness maintained within relatively close tolerances. Typically, the
      processing liquid is initially distributed in a layer having a thickness
      of the order of 0.003 to 0.004 inch which is reduced as the solvent, i.e.,
      water, is absorbed, to a layer having a thickness of the order of 0.002
      inch. The light-reflecting agent is selected for its suitability as a
      background for viewing the dye transfer image formed in the dyeable
      polymeric image-receiving layer as well as for its opaque properties and
      its freedom from interference with the formation and color integrity of
      the dye transfer image. This agent should be aesthetically pleasing and
      should not provide a "noisy background" that may degrade the image or
      detract from the information content thereof. For this purpose, suitable
      light-reflecting agents are those providing a white background such as
      conventionally employed to provide backgrounds for photographic reflection
      prints and having optical properties particularly suited for the
      reflection of incident radiation.
PAR  As examples of suitable light-reflecting agents, mention may be made of
      barium sulfate, zinc oxide, titanium dioxide, barium stearate, silver
      flake, silicates, alumina, zirconium, acetyl acetate, sodium zirconium
      sulfate, and the like. Titanium dioxide is especially preferred for its
      whiteness and high reflection properties, and formulations of processing
      liquids including titanium dioxide are given in various of the
      aforementioned patents.
PAR  As is well known in the art and noted in the aforementioned patents,
      particularly U.S. Pat. No. 3,619,192, the depth of the layer of processing
      liquid initially spread between the sheets 12 and 14 is controlled by
      providing narrow strips or layers at the lateral margins of the area in
      which the liquid is spread and the image is formed. Whether the film
      assemblage comprises a plurality of image areas arranged in coiled strip
      form or a single exposure film unit, such strips or layers may be located
      between the sheets as shown, for example, in U.S. Pat. No. 2,627,460 and
      as will be noted from an examination of the various photographic film
      products (both in roll and film unit form) sold by Polaroid Corporation,
      in which spread control is achieved by a masking sheet located between the
      photosensitive and image-receiving sheets. In the preferred embodiment of
      the invention illustrated, marginal portions 24 of binding element 20
      function to control the thickness of the layer of processing composition
      by engaging the end portions of the pressure-applying rollers and
      separating the medial portions thereof sufficiently to provide a space
      between sheets 12 and 14 in which the layer of processing liquid is
      distributed.
PAR  As previously noted, when processing a film assemblage or unit of the type
      incorporating the present invention, the leading end portion of the film
      unit which includes the container of processing liquid constitutes one of
      the thicker portions of the film unit offering substantially more
      resistance to movement between a pair of pressure-applying members than
      the portion of the film unit in the region of the area defined by opening
      22 and adapted to be processed. Thus, whether the film assemblage be moved
      manually or by a motor driven system, there is more resistance to movement
      during the beginning of spreading so the speed of movement tends to
      increase throughout the spreading process resulting in a minimum thickness
      spread near the leading edge of the exposed area and layer of liquid, to a
      maximum thickness spread near the trailing edge of the exposed area and
      layer of liquid Not only does film assemblage thickness contribute to this
      problem, but it is further aggravated by the fact that the liquid is
      spread by advancing a mass thereof between the sheets and this mass
      decreases in volume during the spreading thereby resulting in a
      commensurate decrease in the resistance to movement of the film unit
      between the pressure-applying members.
PAR  In accordance with the invention described in the aforementioned copending
      application, Ser. No. 250,611, a uniform thickness layer of processing
      liquid is obtained by tapering the spread thickness control components of
      the film assemblage, e.g., binding sheet 20 of the illustrative film unit,
      opposite to the direction of taper that would be expected of the layer of
      processing liquid. This tapering is illustrated somewhat schematically in
      FIGS. 2 and 3. FIG. 2 shows a sequence of connected binding sheets 20
      adapted to be severed from one another along the broken lines designated
      40 which form the lateral edges of the individual binding sheets and along
      the dashed lines designated 82 which define the leading and trailing end
      edges of each binding sheet, which edges are notched at 42 and 44 so that
      each corner of each binding sheet 20 is cut off at approximately a
      45.degree. angle to prevent overlapping of the sheet material when the
      marginal portions are folded around the edges of sheet 14 and secured to
      the margins of sheet 12 and the margin of container 16. The inner reach of
      leading end portion 28 is designatd 80. In embodiments such as roll film
      in which a mask is employed between the sheets to control the image area
      as well as spread thickness, a mask sheet similar to the binding sheet
      shown may be employed, the principle differences being that the lateral
      edges of the sheet will be tapered longitudinally while the arrangement of
      openings will differ to provide wide trailing and leading end portions.
PAR  The binding sheet 20 as illustrated in FIG. 3, comprises a dimensionally
      stable support sheet 48 on which is coated a multiple strata layer 50.
      Sheet 48 is of substantially uniform thickness, e.g. of the order of 1.0
      to 1.5 mils, and may be formed of a multiple ply material composed, for
      example, of outer strata of thin "capacitor" tissue paper each
      approximately 0.3 mils thick adhered to opposite sides of a polyester film
      approximately 0.5 mil thick. A sequence of coatings are applied to support
      48 to form layer 50 which is of uniform maximum thickness from the leading
      edge of element 20 to near the leading edge of opening 22 where it
      commences to taper uniformly to a minimum thickness proximate the base of
      stripe 50 toward the trailing edge of opening 22. Coating 50 essentially
      comprises a white pigment such as titanium dioxide in a polymeric binder
      designed to perform both mechanical and aesthetic functions. The
      mechanical function, as noted, is to control the spread thickness while
      the aesthetic funtion is to provide a pleasing white border surrounding
      the visible image.
PAR  A typical binding sheet 20 is illustrated by way of example in FIGS. 2 and
      3 together with pertinent dimensions. The binding sheet is designed for
      use with a film unit having an overall dimension of approximately 4.25 by
      3.5 in. with an image area approximately 3.14 in. square. The processing
      liquid is distributed within the film unit between sheets 12 and 14 by
      rapidly advancing the film unit between a pair of motor driven
      pressure-applying rollers, the speed of advancement being of the order of
      10 inches per second, to form a layer of processing liquid approximately
      0.003 in. thick. It has been found that the use of a uniform thickness
      binding element 20 may result in tapering of the layer of processing
      liquid by as much as 0.001 in. or 331/3 percent and that variations in
      spread thickness due to mechanical factors such as deviations in spread
      roll concentricity, spread roll spread, gear chatter in the spread roll
      drive system, and the like, also contribute measurably to variations in
      the thickness of the layer of processing liquid spread between the sheets.
      However, it has been found that tapering of the marginal sections 24 of
      sheet 20 not only substantially eliminates the end to end taper of the
      layer of processing liquid, but also reduces or eliminates the variations
      in spread thickness resulting from mechanical factors such as noted above,
      thus producing a substantially uniformly thick processing liquid layer and
      a better quality and more pleasing image.
PAR  In the example shown, the support sheet 48 is coated on one side with a
      multiple strata layer basically comprising a layer or layers of titanium
      dioxide pigment applied in a polyester binder and overcoated with a clear
      lacquer consisting, for example, essentially of nitrocellulose and a wax
      modifier, for preventing dirt accumulation and cracking, and functioning
      as a friction-reducing coating. Typically, a base 1.24 mils thick is
      coated on one side to taper from a maximum overall thickness of 1.98 mils
      near the leading edge of opening 22 to a minimum thickness of 1.66 mils
      just beyond the trailing edge of the opening. A heat seal coating is
      applied to the opposite side of support sheet 48 to provide for lamination
      of sheet 20 to sheets 12 and 14. The heat-sealed coating consisting, for
      example, essentially of ethylene vinyl acetate, increases the maximum
      overall thickness to approximately 2.2 mils and the minimum thickness to
      approximately 1.92 mils thus providing a total difference in thickness
      between the ends of the tapered section of 0.28 mils. In the example
      given, the desired taper is 0.30 mils with a tolerance of .+-. 0.03 mils,
      or approximately 10.sup.-.sup.4 times the length of opening 22. The
      difference in thickness between the ends of the tapered portions is
      therefore approximately fifteen percent of the maximum thickness.
PAR  Sheet 20 is initially provided as shown in FIG. 2, as a part of an extended
      sheet coated as shown as described, is cut along the broken lines 40 and
      82, is adhered to sheet 14, and is folded around the lateral and trailing
      end edges of sheet 14 and adhered to the lateral and trailing end margins
      of sheet 12. In this way, the taper of the binding sheet is effectively
      doubled inasmuch as two layers (adhered to sheets 12 and 14) of the
      binding sheet engage the pressure-applying rolls as the film unit is moved
      therebetween. Thus, the taper is effectively increased to approximately
      0.6 mils and this has been found effective to produce the desired
      uniformly thick spread.
PAR  It will be noted from FIGS. 2 and 3 that each trailing end portion of sheet
      20 is provided with a stripe along the trailing edge comprising a portion
      of layer 50 and being of maximum thickness. The purpose of this stripe,
      designated 50a is to enable coiling of an elongated strip of sheets 20 by
      providing at least lateral margins which are of equal thickness. Stripe
      50a, whose edge is designated 84, has no effect on the spreading of the
      processing liquid inasmuch as it is located beyond the trailing edge of
      opening 22 which defines the area in which spread thickness is critical.
PAR  While the white pigment layer which provides the tapered strips adjacent
      the lateral edges of the superposed sheets of the film unit is illustrated
      as a layer on a binding sheet which also functions to provide a border
      around the visible transfer image, it should be understood that the
      tapered layer may take other forms including, for example, narrow strips
      provided with tapered coatings or coatings applied directly to either or
      both of the photosensitive and second sheets such as shown in the
      copending U.S. application of Rogers B. Downey, Ser. No. 102,447, now U.S.
      Pat. No. 3,694,206. Alternatively, in film assemblages of both the film
      unit and roll film type in which a transfer image, usually a reflection
      print, is formed on an image-receiving sheet which is separated from the
      photosensitive sheet, the support of the image-receiving sheet is usually
      paper or a laminate coated with a white reflective material such as
      titanium dioxide so that it would be considered to fall within the scope
      of the present invention to build up and taper one or several of the
      coatings or layers comprising the receiving sheet in accordance with the
      teachings herein.
PAR  The present invention is directed to novel procedures for preparing tapered
      elements such as the binding element shown in FIGS. 1-3. In accordance
      with this invention, they may be prepared simply and efficiently by
      gravure coating techniques wherein gravure rollers are employed to apply
      one or more tapered layers to a base sheet to provide the desired tapered
      sheet material.
PAR  Conventional gravure coating or printing techniques employ a gravure roller
      typically having a plurality of pockets or cells (measured at so many a
      linear inch) in which the fluid to be applied to a sheet material is
      deposited from a fluid supply source, e.g., a well or fluid reservoir in
      which the roller is partially submerged. A doctor blade or the like is
      commonly employed to remove excess fluid before contact with the sheet
      material so that the thickness of the coating so deposited is essentially
      a function of the depth of these pockets or cells. [It will of course be
      appreciated that in procedures where patterns or printing is desired, the
      pockets are so arranged on the roller; whereas, in systems where a
      continuous layer is desired, the pockets are of suitable concentration so
      that areas of the sheet material corresponding to interstices between
      pockets of the roller are "filled in" with fluid to provide the desired
      continuous layer.]
PAR  A gravure roller is prepared by known photogravure processes using an
      appropriate screen to obtain maximum depth and suitable wall. Pockets of
      predetermined desired depth are obtained by controlling the rate of etch
      employed to prepare the pockets.
PAR  In accordance with the present invention, the desired tapered coating is
      obtained by providing gradations in the pocket (cell) depth from side to
      side of the roller in accordance with the predetermined taper
      contemplated. Thus, for example, and with reference to FIG. 3, the cells
      would be of maximum depth along areas of the roller corresponding to
      leading end portions 28 and trailing end portion 26 of element 20 wherein
      the strata of pigment 50 and 50a, respectively, are of maximum thickness,
      the depth of the cells being gradated therebetween to provide the shown
      taper.
PAR  While it is theoretically possible to apply the tapered layer in a single
      coating, in practical applications, the taper is provided by applying a
      plurality of separate layers, one or more of which may be of uniform
      thickness in combination with a layer or layers of tapered thickness.
PAR  A preferred base sheet for use in the practice of this invention (see FIG.
      4) comprises a polyester such as polyethylene terephthalate which may be
      transparent or which may include a colorant such as a white pigment, the
      polyester having a thin paper base material laminated to both sides by
      means of a suitable adhesive. The paper base material may be normal
      density tissue, e.g., "capacitor" tissue having a density of 1.0. Such
      tissue possesses on the order of one pound of pulp/ 0.1 mil and is
      preferably a mil or less thick. The preferred base sheet structure may be
      on the order of 1.0 to 1.5 mils thick and may, for example, comprise a
      0.50 mil white "mylar" (trademaark of E. I. duPont de Nemours & Co. for a
      film of polyethylene terephthalate resin) having a 0.30 mil thick
      capacitor tissue paper laminated to each side. Other base sheet structures
      may obviously be employed and one such alternative structure may, for
      example, comprise a 0.50 mil thick white mylar film having a 1.00
      capacitor tissue paper laminated to one side by means of a suitable
      polyester adhesive. The adhesive layer employed in either structure may be
      on the order of 0.15 mil thick and may optionally include a pigment or
      other colorant, e.g., a white pigment such as titanium dioxide.
PAR  FIG. 7 illustrates how a base sheet, e.g., the sheet of FIG. 4 is coated in
      accordance with the practice of this invention. As shown therein, sheet 48
      to be coated is fed in the direction of the arrows between gravure roller
      62 having pockets or cells 66 and a superposed roller 64. Roller 62 is
      shown to be partially submerged in coating fluid 70 contained in container
      68. Doctor blade 72 is positioned so as to remove excess fluid from roller
      62 so that the thickness of the coating of fluid 70 applied to sheet
      material 48 is essentially a function of the depth of cells 66.
PAR  As was mentioned previously, in accordance with this invention, the depth
      of cells 66 is gradated from side to side on the roller, so that the
      thickness of the coating so applied is tapered from the predetermined
      maximum to minimum thicknesses.
PAR  To prepare the binding element shown in FIGS. 2 and 3, conceptually sheet
      48 and roller 62 should be of the linear dimension between the leading and
      trailing ends of element 20, e.g., 4.58 inches in the illustrative sheet
      20. However, from the standpoint of commercial production, it is
      preferable if the width of sheet 48 and roller 62 is in multiples of the
      desired width; the coated sheet 48 then being slit longitudinally to
      provide multiple rolls of tapered sheet material of the desired width. In
      FIG. 7, the gravure roller is shown to contain three sets of cells. It
      will be appreciated that the gradations in each set are identical so that
      coated sheet 48 in effect contains three identical tapers. The thus coated
      sheet may then be slit longitudinally to provide three identical rolls of
      tapered sheet material prepared from the same gravure coating procedure.
PAR  While FIG. 7 illustrates a gravure roller wide enough to provide three
      rolls of tapered sheet material useful in the preparation of binding
      element 20, it is contemplated that the roller may be of sufficient width
      to provide eight such rolls, e.g., be 8 .times. 48 or approximately 40
      inches wide. In production runs, the rolls of ssheet material 48 may be as
      long as 30,000 feet.
PAR  As was mentioned previously, while it is theoretically possible to apply
      the desired taper in a single coating, practical considerations make it
      desirable to employ a plurality of coatings to achieve this taper. Hence,
      practically speaking, coating 50 has previously been described in the
      illustrative description as a multiple strata layer.
PAR  Such a multiple strata layer product is shown in FIG. 5 as comprising base
      sheet 48, e.g., the three ply base of FIG. 4, having a first tapered
      pigment layer 52, a second tapered pigment layer 54, and a "uniform"
      pigment layer 56. [The three pigment layers are applied in the manner
      shown in FIG. 7, as will be illustrated in more detail hereinafter.] The
      tapered sheet material is further shown to contain an adhesive 58 on the
      opposed surface of the base sheet 48 and a clear overcoat 60 over the
      pigment coatings. Adhesive coating 58, which may, for example, be a
      heat-activated adhesive such as a modified ethylene/vinyl acetate
      heat-activated adhesive, is employed to seal the tapered sheet material to
      another substrate, e.g., to elements 12 and 14 in the embodiment shown in
      FIGS. 1-3; whereas the clear overcoat 60, which may, for example, be a
      clear lacquer such as nitrocellulose with a wax modifier, serves such
      functions as reducing friction, preventing dirt accumulation, cracking,
      and/or otherwise protecting the outer surface of the sheet material.
PAR  The embodiment shown in FIG. 5 may be prepared by first coating a 1.24 mils
      thick three ply base (as shown in FIG. 4 and described previously) with
      titanium dioxide in a polyester binding to provide a tapered layer 52 of a
      1.40 mils minimum thickness to a 1.66 mils maximum thickness. A second
      coating 54 is then applied to provide a minimum 1.45 mils and maximum 1.88
      mils total thickness. "Flat" (uniform thickness) coating 56 is then
      applied, providing a 1.63 - 1.96 mils total thickness. [While the term
      "flat" or "uniform" thickness coating in employed to denote coatings
      applied by conventional gravure techniques wherein all of the pockets or
      cells are of the same depth, it will be noted that the minimum thickness
      actually increased 0.18 mil and the maximum thickness only 0.08 mil. This
      result, changing the taper from 0.43 to 0.33 in what may be termed a
      "reverse taper" was caused by the pressure at the nip of the rollers
      varying in the taper previously formed and to which the flat coating was
      applied, so that thinner areas of the previously tapered sheet (minimum
      thickness areas) received more of the flat coating.] Application of the
      lacquer overcoat resulted in a 1.66 - 1.98 mils thickness (0.32 taper);
      and final application of the heat-activated adhesive provided a final
      product with a 1.92 - 2.20 mils thickness (0.28 taper).
PAR  While only the tapered layers need be applied by gravure rollers in
      accordance with this invention, for economy and ease of production, all
      coating steps are preferably done by gravure. This is preferably done in a
      continuous run wherein the base material is fed through a series of
      gravure stations with a drying station located between each gravure
      station. The drying stations may, for example, be gas-fired hot air dryers
      and the sheet material may be fed through the various stations at a rate
      of on the order of 200 feet/minute with a drying time of about 6 seconds.
PAR  A particularly preferred tapered sheet material of this invention is shown
      in FIG. 6. In this embodiment, a first uniform or flat coating 52a is
      first applied to base 48, e.g., the aforementioned three ply structure,
      followed by first and second tapered coatings 54a and 56a. In the manner
      described above, clear overcoat 60 may be applied over the pigment
      coatings and an adhesive layer (not shown) applied on the opposed surface
      of base 48. The invention will be further illustrated below by a more
      detailed description of the preparation of the preferred tapered sheet
      material of FIG. 6.
PAR  The gravure rollers employed were about 40 inches wide and about 27 inches
      in diameter. The rollers were divided across their width into eight equal
      parts, the cells in each part of the rollers employed to make tapered
      coatings being gradated in the same manner, so that the rollers were
      adapted to make a coated sheet material which could then be slit into
      eight substantially identical tapered sheet materials approximately 4.576
      inches wide, as shown in FIG. 3. Gas-fired hot air dryers were stationed
      to permit drying between successive coating operations.
PAR  The first of the gravure rollers, adapted to provide uniform layer 52a,
      contained about 100 pockets/linear inch, the depth of the pockets being
      about 58 microns.
PAR  The second gravure roller, for preparing 1st tapered coating 54a, contained
      about 60 pockets/linear inch, the depth of the pockets in each of the
      eight equal parts being gradated laterally from 25-85 microns. More
      specifically, in order to provide maximum thickness area 50a at the
      trailing end equal to the maximum thickness at the leading end (FIG. 3),
      the pocket depths in each of the eight 4.58 inch sections of the roller
      were about 85 microns for approximately the first quarter inch, then
      gradated from about 25-85 microns over the next 3.52 inches of the
      section, and 85 microns for the remainder of the section, these pocket
      depths recurring across the roller for the other seven sections thereof.
PAR  The third gravure roller, for providing 2nd tapered coating 56a, also
      contained about 60 pockets/linear inch, the pocket depths being gradated
      in the manner of the second gravure roller, except that the depths varied
      from 15-110 microns.
PAR  A fourth gravure roller of conventional uniform pocket depth and having
      approximately 100 pockets/linear inch was employed to apply a clear
      lacquer overcoat approximately 0.09 mil thick; and fifth and sixth gravure
      rollers of like description were employed together to form a heat-sealable
      adhesive layer on the free surface of the base material, the adhesive
      layer being about 0.30 mil thick. [Since the gravure coating technique
      does not readily permit application of this 0.30 mil adhesive layer in a
      single coating, the desired thickness was actually obtained in two stages.
      It may be done by applying two equal adhesive coatings, e.g., two 0.15 mil
      coatings = 0.30 mil, or by two unequal coatings, e.g., 0.08 and 0.22 =
      0.30]
PAR  The three ply base material previously described (FIG. 4) was fed through
      the series of rollers and dryers at 200 feet/minute, the drying step after
      each coating being about 6 seconds.
PAR  The first gravure roller applied a flat coating of pigment about 0.2 mil
      thick; the second a pigment taper from 0.01-0.03 mil (minimum) to
      0.18-0.21 mil (maximum) thickness; the third a pigment taper from
      0.02-0.05 mil (minimum) to 0.17-20 mil (maximum) thickness; the fourth a
      lacquer coating of about 0.09 mil; the fifth an adhesive coating of about
      0.08; and the sixth an adhesive coating of about 0.22 [to obtain an
      adhesive layer of about 0.30 mil].
PAR  From the foregoing figures, it will be seen that the precise taper may
      vary. Tolerances on the order of .+-. 0.06 mil and higher are
      satisfactory, although the preferred tolerance or variance is on the order
      of .+-. 0.03 mil. A typical tapered sheet material of FIG. 6 prepared in
      the foregoing manner may thus have a minimum thickness of 2.05 .+-. 0.05
      mil; and a maximum thickness of 2.30 .+-. 0.05 mil (a taper of 0.25 mil
      .+-. 0.05 mil).
PAR  As was mentioned previously, the gravure rollers employed to prepare
      tapered coatings have on the order of 60 pockets/inch; whereas those
      employed to prepare flat coatings have on the order of 100 pockets/inch.
      Due to the fewer number of pockets, the rollers employed to prepare
      tapered coatings do not provide as smooth a layer so that the coating has
      a somewhat "mottled" or textured appearance observable to the naked eye
      upon close observance. This is not necessarily undesirable and, in fact,
      the tapered materials of FIG. 6, wherein the top pigment layer is tapered,
      possess such a textured appearance which is regarded as aesthetically
      pleasing and hence desirable. However, where perfectly smooth surfaces are
      found desirable, the top layer should be a flat pigment layer, as in the
      embodiment of FIG. 5.
PAR  Following completion of the coating operations described above, the thus
      coated sheet material was slit into eight equal sections to provide 8
      equal rolls of the tapered sheet material of FIG. 6. These rolls may then
      be employed in the production of the film units of FIGS. 1-3.
PAR  This may be accomplished, for example, in a continuous assembly operation
      wherein the roll of tapered sheet material, elements 12 and 14, and
      rupturable container 16 are fed from supply sources into the production
      assembly equipment. In such an operation, individual elements 12 and 14
      may first be laminated together, central opening 22 is provided in the
      moving roll of tapered sheet material to provide binding element 24 which
      is then heat sealed by means of adhesive layer 58 to one of elements 12
      and 14, e.g., element 14. Rupturable container 16 is then sealed to the
      binding element 24 which is then cut into the individual units (see FIG.
      2). [Note: it is preferred not to sever the roll of tapered sheet material
      provided with central openings 22 until this point, so that the continuous
      roll of binding elements 24 serves as the transport means for the
      individual film units through the assembly operation.] Following severance
      of the roll to provide the individual film units containing all of the
      essential materials, element 24 is cut at the corners (as shown in FIG. 2
      and described previously), folded over the other of elements 12 and 14,
      e.g., element 12 in the described assembly, and then heat sealed thereto.
      The addition of binding strip 32 securing the leading edge of element 12
      to container 16 (FIG. 1) thus completes assembly of the film unit which
      may then be transported to the packaging and shipping stations of the
      assembly operation.
PAR  While the invention has been described in detail in connection with its use
      in preparing photographic film units, it will be appreciated that the
      invention is not restricted thereto. It may obviously be employed in the
      preparation of various other sheet materials of non-uniform thickness and
      such other applications of this invention will be readily apparent to
      those skilled in the art in the light of the foregoing description.
PAR  It will be appreciated that the coatings applied in the practice of this
      invention need not provide a taper, e.g., a gradated increase in
      thickness, nor need the coatings cover the entire surface of the base
      sheet to which they are applied. The coatings may be applied in the form
      of a predetermined pattern. Alternatively, in lieu of having the coating
      thickness taper from near one edge of the sheet material towards the
      other, taper may be effected from opposite edges toward the center. It is
      therefore to be expressly understood that the foregoing description
      pertains only to the production of spacing means for the disclosed types
      of film units, the preferred use of the present invention, and this
      description is by way of illustration and not by way of limitation.
PAR  Since certain changes may be made in the above product and process without
      departing from the scope of the invention herein involved, it is intended
      that all matter contained in the above description or shown in the
      accompanying drawings shall be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method of manufacturing a photographic film assemblage including:
PA1  a. a pair of dimensionally stable elements in face-to-face contact having
      at least an image area therebetween;
PA1  b. a sheet-like support adjacent one of said elements; and
PA1  c. at least a pair of elongated spacing layers each formed by applying to
      said sheet-like support at least a coating, tapered in thickness, of a
      pigment-containing liquid coating composition so that said spacing layers
      taper in thickness from a maximum near the leading end of said image area
      to a minimum near the trailing end of said image area, said supported
      spacing layers forming a spacing element which is adhered to at least one
      of said dimensionally stable elements at the lateral margins of said image
      area;
PA1  said assemblage adapted to be processed by a viscous liquid processing
      agent distributed between said dimensionally stable elements in a layer at
      least coextensive with said image area;
PA1  the improvement comprising preparing said spacing layers by doctoring said
      liquid into the cells of a gravure roller varying in depth according to
      the taper desired; pressing said gravure roller into contact with said
      support to transfer said liquid thereto; and drying said liquid to a solid
      state to form a tapered thickness coating.
NUM  2.
PAR  2. The method of manufacturing a photographic film assemblage according to
      claim 1 wherein said tapered thickness coating is formed by successively
      coating said support with a plurality of strata of said coating
      composition, at least one of said strata being applied by a gravure
      printing utilizing a gravure roller having cells varying in depth to
      provide a tapered thickness strata.
NUM  3.
PAR  3. The method of manufacturing a photographic film assemblage according to
      claim 2 wherein a stratum of said coating composition having a
      substantially uniform thickness is coated on said support to add to the
      thickness of said tapered thickness coating.
NUM  4.
PAR  4. The method of manufacturing a photographic film assemblage according to
      claim 3 further including the step of overcoating said tapered thickness,
      pigment-containing coating with a relatively thin stratum of a
      substantially transparent material.
NUM  5.
PAR  5. The method of manufacturing a photographic film assemblage according to
      claim 1 wherein a stratum of said coating agent having a substantially
      uniform thickness is coated on said suppport to add to the thickness of
      said tapered thickness, pigment-containing coating.
NUM  6.
PAR  6. The method of manufacturing a photographic film assemblage according to
      claim 1 wherein said support is a sheet-like element initially independent
      of said dimensionally stable elements, said tapered thickness coating is
      applied to said support to form at least one of said spacing layers and
      thereafter said spacing layers are adhered to at least one of said
      dimensionally stable elements.
NUM  7.
PAR  7. The method of manufacturing a photographic film assemblage according to
      claim 6 wherein a layer of a thermoplastic, polymeric adhesive is coated
      on the opposite side of said support from said coating, and said spacing
      layer is adhered to at least one of said elements through said adhesive by
      applying heat and pressure to said spacing layer to activate said
      adhesive.
NUM  8.
PAR  8. The method of manufacturing a photographic film assemblage according to
      claim 6 wherein said spacing layers comprise a tapered, pigment-containing
      coating applied to a single support to form a spacing element, an opening
      corresponding to said area is formed in said spacing element and said
      sppacing element is adhered to at least one of said dimensionally stable
      elements adjacent the edges of said opening with said elements aligned
      substantially with the edges of said area.
NUM  9.
PAR  9. The method of manufacturing a photographic film assemblage according to
      claim 8 wherein said spacing element is adhered to the outer space of one
      of said dimensionally stable elements is folded around at least the
      lateral edges of both of said dimensionally stable elements and adhered to
      the outer surface of the other of said dimensionally stable elements.
NUM  10.
PAR  10. The method of manufacturing a photographic film assemblage according to
      claim 8 wherein a pigment-containing coating at least equal in thickness
      to the maximum thickness of said tapered, pigment-containing coating is
      applied to said support at opposite ends of said tapered
      pigment-containing coating.
NUM  11.
PAR  11. In a method of manufacturing a photographic film unit comprising two
      substantially rectangular sheet-like elements secured in face-to-face
      relation by a binding sheet which is formed with a rectangular opening
      defining an image area and includes lateral, leading and trailing end
      sections surrounding said opening, said binding sheet adhered to the
      surface of one of said elements with at least part of said lateral
      sections of said binding sheet folded around the lateral edges of both
      said elements and adhered to the margins of the second of said elements;
PA1  the improvement comprising the steps of forming said binding sheet tapered
      in thickness at least at its lateral sections from a maximum near the
      leading end of the opening therein to a minimum at the trailing end of the
      opening by:
PA1  forming a gravure roller having at least a first region with cells of a
      uniform maximum depth and an adjacent second region having cells tapering
      from said maximum depth to a minimum depth;
PA1  doctoring a liquid containing a pigment into said cells;
PA1  pressing said gravure roller into engagement with a support sheet to
      transfer said liquid from said roller to said support sheet;
PA1  drying said liquid to form a solid, pigment-containing coating including a
      first area of substantially uniform maximum thickness and a second area
      tapering from said maximum thickness at said first area to a minimum
      thickness; and
PA1  forming a rectangular opening in said second area.
NUM  12.
PAR  12. The method of manufacturing a photographic film unit according to claim
      11 wherein said first and second areas share a substantially linear,
      common boundary and said opening is formed with the leading edge thereof
      substantially parallel with and closely adjacent said boundary.
NUM  13.
PAR  13. The method of manufacturing a film assemblage according to claim 11
      wherein said support sheet has a length many times the width of a
      photographic film unit, said gravure roller is formed with at least a
      third region with cells of uniform maximum depth contiguous to said second
      region at the opposite end thereof from said first region for forming a
      solid, pigment-containing coating in a third area of said support sheet,
      and said regions extend circumferentially completely around said gravure
      roller and said roller is employed to form a pigment-containing coating on
      said support sheet having a plurality of elongated strips comprising said
      first, second, and third areas.
NUM  14.
PAR  14. The method of manufacturing a photographic film unit according to claim
      13 wherein said coated support sheet is cut along parallel lines to form
      an elongated strip having a width such that the lateral edges thereof lie
      in said first and third areas and is formed with a succession of spaced
      rectangular openings in said second area.
NUM  15.
PAR  15. The method of manufacturing a photographic film unit according to claim
      14 wherein said strip is severed transversely intermediate said openings
      to form a multiplicity of binding sheets.
NUM  16.
PAR  16. The method of manufacturing a photographic film unit according to claim
      14 wherein a plurality of said sheet-like elements are adhered to said
      strip with the lateral edges of said elements located in spaced parallel
      relation intermediate said openings prior to severing said strip.
NUM  17.
PAR  17. The method of manufacturing a photographic film unit according to claim
      16 wherein a layer of a thermoplastic, polymeric adhesive is coated on the
      opposite side of said support from said pigment-containing coating and a
      plurality of sheet-like elements are adhered to said strip by applying
      heat and pressure to said strip and said elements in regions surrounding
      the openings in said strip.
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ABST
PAL  A binder composition of colloidal silica and silsesquioxane polymer
      (RSiO.sub.3 /.sub.2) is applied to fibrous masses from an acidified
      water-alcohol vehicle to fabricate coherent three-dimensional structures,
      such as bonded asbestos mats.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improved binder compositions. In one
      aspect, the invention relates to coherent, three-dimensional fibrous
      structures containing a novel binder. In another aspect, the invention
      relates to a process for the fabrication of coherent fibrous structures,
      such as fiberglass thermal insulation.
PAR  Resin bonded fibrous materials are well-known items of manufacture which
      have numerous uses, such as thermal insulation, acoustical barriers,
      electrical insulation and the like. Binder resins, generally used in
      fibrous sheets, fabrics and laminates, are the phenolics, melamines,
      silicones, caseins and epoxies. The fibers used in the manufacture of such
      items include cellulosic fibers such as wood fibers and cotton; nylon,
      rayon, polyesters, glass and asbestos. The nature of the binder resin has
      a direct effect on the physical properties of the fibrous item. The
      flammability of binder resins, especially in thermal insulation, has been
      a special concern of the industry.
PAR  The present invention provides an improved binder composition which is
      economical as well as substantially non-burning. When used to impregnate
      or otherwise coat fibrous masses, the binder provides a strong coherent
      structure which has increased resistance to burning.
PAR  Thus, it is an object of the present invention to provide an improved
      binder composition.
PAR  It is another object of the invention to provide a method of fabricating
      coherent fibrous structures.
PAR  A further object of the present invention is to provide a three-dimensional
      fibrous structure having reduced flammability characteristics.
PAR  These and other objects of the present invention will be apparent to one
      skilled in the art upon consideration of the following disclosure and
      appended claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, there is provided a coherent
      three-dimensional structure comprising a plurality of contiguous fibers,
      said fibers being bonded at their points of contact with a composition
      consisting essentially of 10 to 75 weight percent colloidal silica
      uniformly dispersed in a matrix of 25 to 90 weight percent RSiO.sub.3
      /.sub.2 in which R is selected from the group consisting of alkyl radicals
      of 1 to 3 inclusive carbon atoms, the vinyl radical, the
      3,3,3-trifluoropropyl radical, the gamma-glycidoxypropyl radical and the
      gamma-methacryloxypropyl radical, at least 70 weight percent of the matrix
      being CH.sub.3 SiO.sub.3 /.sub.2.
PAR  Further, the invention encompasses a method of fabricating a coherent
      three-dimensional structure comprising coating a plurality of contiguous
      fibers with sufficient binder composition to bond said fibers at their
      points of contact; said binder composition consisting essentially of a
      dispersion of colloidal silica in a lower aliphatic alcohol-water solution
      of the partial condensate of a silanol of the formula RSi(OH).sub.3 in
      which R is selected from the group consisting of alkyl radicals of 1 to 3
      inclusive carbon atoms, the vinyl radical, the 3,3,3-trifluoropropyl
      radical, the gammaglycidoxypropyl radical and the gamma-methacryloxypropyl
      radical, at least 70 weight percent of the silanol being CH.sub.3
      Si(OH).sub.3, said composition containing 1 to 40 weight percent solids
      consisting essentially of 10 to 75 weight percent colloidal silica and 25
      to 90 weight percent of the partial condensate, said composition
      containing sufficient acid to provide a pH in the range of 3.0 to 6.0; and
      therefore curing said partial condensate.
PAR  The binder composition utilized in the above-described method is a solution
      dispersion containing from about 1 to 40 weight percent solids based on
      the weight of colloidal silica and partial condensate present in the
      vehicle. The major portion of the partial condensate is that of CH.sub.3
      Si(OH).sub.3 ; a minor amount (30% or less) of the siloxanol being
      obtained from cocondensation with C.sub.2 H.sub.5 Si(OH).sub.3, C.sub.3
      H.sub.7 Si(OH).sub.3,
      ##EQU1##
      and mixtures thereof. From both the standpoint of economy and
      nonflammability properties in the cured binder, it is preferred to utilize
      all monomethyltrisilanol in formulating the vehicle. The presence of at
      least 70 weight percent of CH.sub.3 SiO.sub.3 /.sub.2 in the siloxane
      component of the composition provides a binder of low organic content.
      Reduction of the organic content of the resin is a major factor in
      obtaining low flammability.
PAR  The trisilanols, RSi(OH).sub.3, are generated in situ by adding the
      corresponding trialkoxysilanes to an acidic aqueous dispersion of
      colloidal silica. Exemplary trialkoxysilanes are those containing methoxy,
      ethoxy, isopropoxy and t-butoxy substituents which upon hydrolysis
      liberate the corresponding alcohol; thus, generating at least a portion of
      the alcohol present in the fluid binder. Upon generation of the silanol in
      the acidic aqueous medium, there is condensation of the hydroxyl
      substituents to form --Si--O--Si-- bonding. The condensation takes place
      over a period of time and is not complete, but rather, the siloxane
      retains an appreciable quantity of silicon-bonded hydroxyl groups which
      render the polymer soluble in the alcohol-water cosolvent. This soluble
      partial condensate can be characterized as a siloxanol polymer having at
      least one silicon-bonded hydroxyl group per every three -SiOSi- units.
      During curing of the binder, these residual hydroxyls condense to provide
      a silsesquioxane, RSiO.sub.3 /.sub.2.
PAR  The silica component of the composition is present as colloidal silica.
      Aqueous dispersions generally contain colloidal silica having a particle
      diameter size in the range of 5 to 150 millimicrons. These silica
      hydrosols are prepared by methods well-known in the art and are
      commercially available under such registered trademarks as "Ludox" and
      "Nalcoag". It is preferred to use colloidal silica of 15-60 millimicron
      particle size in order to provide greater shelf life in the binder
      composition. Colloidal silicas of this type are relatively free of
      Na.sub.2 O and other metal oxides, generally containing less than 2 weight
      percent and preferably less than 1 weight percent Na.sub.2 O. These
      silicas are available as both acidic and basic hydrosols. Colloidal silica
      is to be distinguished from other water dispersible forms of SiO.sub.2,
      such as polysilicic acid or alkali metal silicates which are not within
      the scope of the present invention.
PAR  The binder consists of silica dispersed in a solution of the siloxanol in a
      lower aliphatic alcohol-water cosolvent. Suitable lower aliphatic alcohols
      are water miscible and include methanol, ethanol, isopropanol and
      t-butanol. Of course mixtures of such alcohols can be utilized.
      Isopropanol is the preferred alcohol and when mixtures of alcohol are
      used, it is preferred that at least 50 weight percent of isopropanol be
      present in such mixture. The solvent system should contain from about 20
      to 65 weight percent alcohol to ensure solubility of the siloxanol.
      Optionally minor amounts (no more than 20 weight percent) of a
      water-miscible polar solvent, such as acetone, butyl cellosolve and the
      like, can be present in the cosolvent system.
PAR  To provide shelf life and minimize gellation in the binder composition,
      sufficient inorganic or water-miscible organic acid to provide a pH of
      from 3.0 to 6.0 must be present. Suitable acids include both organic and
      inorganic acids such as hydrochloric, acetic, chloroacetic, citric,
      benzoic, dimethylmalonic, formic, glutaric, glycolic, maleic, malonic,
      toluene-sulfonic, oxalic and the like. The specific acid utilized has a
      direct effect on the rate of silanol condensation which in turn determines
      shelf life of the composition. The stronger acids, such as hydrochloric
      and toluenesulfonic acid, give appreciably shortened shelf or bath life
      and require less ageing to obtain the described soluble partial
      condensate. It is preferred to add sufficient water-miscible carboxylic
      acid selected from the group consisting of acetic, formic, propionic and
      maleic acids to provide pH in the range of 4 to 5.5 in the binder
      composition. In addition to providing good bath life, the alkali metal
      salts of these acids are soluble, thus allowing the use of these acids
      with silicas containing a substantial (greater than 0.2% Na.sub.2 O)
      amount of alkali metal or metal oxide.
PAR  The binder is easily prepared by adding trialkoxysilanes, such as
      RSi(OCH.sub.3).sub.3, to colloidal silica dispersion after adjusting the
      pH of the dispersion to the desired level by addition of the acid, or the
      acid can be added to either the silane or the hydrosol prior to mixing the
      two components, provided that the mixing is done rapidly. The amount of
      acid necessary to obtain the desired pH will vary with the alkali metal
      content of the silica but is usually less than one weight percent of the
      composition. Alcohol is generated by hydrolysis of the silicon-bonded
      alkoxy substitutents, for example, hydrolysis of one mole of --Si(OC.sub.2
      H.sub.5).sub.3 generates three moles of ethanol. Depending upon the
      percent solids desired in the final composition, additional alcohol, water
      or a water-miscible solvent can be added. The binder composition should be
      well mixed and allowed to age for a short period of time to ensure
      formation of the partial condensate. The composition thus obtained is a
      clear or slightly hazy low viscosity dispersion which is stable for
      several days. The condensation of .ident.SiOH continues at a very slow
      rate and the composition will eventually form gel structures. The bath
      life of the composition can be extended by maintaining the dispersion at
      below room temperature, for example at 40.degree.F.
PAR  Buffered latent condensation catalysts can be added to the composition so
      that milder curing conditions can be utilized to obtain the optimum
      properties in the final coating. Alkali metal salts of carboxylic acids,
      such as potassium formate, are one class of such latent catalysts. The
      amine carboxylates and quaternary ammonium carboxylates are another such
      class of latent catalysts. Of course, the catalysts must be soluble or at
      least miscible in the cosolvent system. The calalysts are latent to the
      extent that at room temperature they do not appreciably shorten the bath
      life of the composition, but upon heating the calalyst dissociates and
      generates a catalytic species active to promote condensation, for example
      an amine. Buffered catalysts are used to avoid effects on the pH of the
      composition. Certain of the commercially available colloidal silica
      dispersions contain free alkali metal which reacts with the organic acid
      during the adjustment of pH to generate the carboxylate catalyst in situ.
      This is particularly true when starting with a hydrosol having a pH of 8
      or 9. The binder can be catalyzed by addition of carboxylates such as
      dimethylamine acetate, ethanolamine acetate, dimethylaniline formate,
      tetraethylammonium benzoate, sodium acetate, sodium propionate, sodium
      formate or benzyltrimethylammonium acetate. The amount of catalyst can be
      varied depending upon the desired curing condition, but above about 1.5
      weight percent catalyst in the vehicle, the shelf life is shortened and
      the physical properties of the resin may be impaired. It is preferred to
      utilize from about 0.05 to 1 weight percent of the catalyst.
PAR  To provide the greatest stability in the dispersion while obtaining optimum
      properties in the cured binder, it is preferred to utilize a binder
      composition having a pH in the range of 4-5 which contains 1 to 10 weight
      percent solids; the silica portion having a particle size in the range of
      10-60 millimicrons; the partial condensate of CH.sub.3 Si(OH).sub.3 being
      present in an amount in the range of 35 to 55 weight percent of the total
      solids in a cosolvent of methanol, isopropanol and water, the alcohols
      representing from 30 to 60 weight percent of the cosolvent and a catalyst
      selected from the group consisting of sodium acetate and
      benzyltrimethylammonium acetate being present in an amount in the range of
      0.05 to 0.5 weight percent of the composition. Such a vehicle is
      relatively stable, having a shelf life of approximately one month. When
      coated onto fibers, the binder can be cured in a relatively short time at
      temperatures in the range of 75.degree.-125.degree.C.
PAR  The liquid binder compositions can be coated onto a fibrous mass using
      conventional application techniques. For example, if the fibers are in the
      form of a sheet fabric, mat or web, the structure can be impregnated by
      spraying, dipping, brushing and the like. Discrete or individual fiber
      masses can be coated with the binder composition, formed into a structure
      and then cured to obtain fibers bonded to one another at their points of
      contact. For example, asbestos fibers can be slurried in the liquid binder
      and then sprayed into a mold or onto a surface to form a thermal
      insulation material. The optimum percent solids (colloidal silica and
      partial condensate) in the liquid binder composition will vary with the
      nature of the fiber and the method of coating but will generally be in a
      range of from 1 to 40 weight percent solids. When spraying fiberglass
      batts, a composition containing 2 to 10 weight percent solids has been
      found to be very effective.
PAR  After application of the binder composition to a fibrous mass, the solvent
      component is evaporated and the siloxane portion cured. Curing via further
      condensation of the silanol functionality to form .ident.SiOSi.ident.
      bonds will take place at room temperature but exposure to higher
      temperatures accerlates the cure rate. Complete curing is obtained in less
      than 30 minutes at 230 .degree.C or in the case of cellulosic fibers can
      be carried out at least 85.degree.C. for 12 hours.
PAR  Upon curing there is obtained a fibrous structure, the fibers therein being
      bonded at their points of contact with a composition consisting
      essentially of 10 to 75 weight percent colloidal silica and 25 to 90
      weight percent silsesquioxane polymer of the formula RSiO.sub.3 /.sub.2 in
      which R has been previously described. It should be understood that the
      polymer need not be completely condensed and that the resin may contain
      residual hydroxyl substituents. The residual hydroxy content of such a
      resin may be as great as 10 weight percent calculated at % .ident.SiOH.
      Resilient fiber masses coated with the binder may be confined under
      pressure during the curing step to ensure that contiguous fibers are
      bonded at their points of contact. The amount of cured binder composition
      present in the structure can be varied with the method of application and
      nature of the fiber but is generally in the range of from 1 to 30 weight
      percent of the article. The articles obtained by the practice of the
      invention have a strong, coherent three dimensional structure which has
      numerous applications in industry.
PAR  Fibers suitable for fabrication of the structures include cellulosic,
      inorganic, polymeric or metallic type fibers and mixtures thereof.
      Exemplary cellulosic fibers include wood cellulose, such as pulps derived
      from hardwood, softwoods and woody annual plants, hemp, cotton, and jute.
      In organic fibers which can be utilized are glass, asbestos, titanium
      dioxide, aluminum oxide, graphite and the like. Suitable synthetic
      polymeric fibers are those formed from both homopolymeric and copolymeric
      materials such as vinyl resins formed by polymerization of vinyl halides
      or copolymerization of a vinyl halide with a vinyl ester; polyolefins, for
      example polyethylene or polypropylene; polyurethanes; polyamides, for
      example polyhexamethylene adipamide; acrylics, polyesters, polyaldehydes
      and cellulose esters such as nitrates, acetates and propionates. Metallic
      fibrous structures include those fabricated from fibers of iron, copper,
      aluminum, steel, titanium and the like. Hollow fibers can be utilized if
      desired. The fibers may be pretreated or coated with a priming agent to
      promote adhesion of the binder resin. It is necessary, of course, that a
      plurality of fibers be present in adequate number and be spacially
      arranged to provide the fiber to fiber contact necessary to obtain the
      desired physical properties in the final structure. Thus, the fibers may
      be in the form of a sheet, web, mat, fabric, tow, bundle, laminate or the
      like.
PAR  It is also within the scope of the invention to utilize conventional
      additives in fabricating the articles of the present invention. Materials
      such as pigments, dyes, antioxidants and antistatic agents may be
      utilized. The fibrous structure can also contain specific materials
      necessary to obtain a special property necessary to the end use of the
      particular article. For example, in fabricating acoustical tile,
      vermiculite or perlite are often present in combination with the fibers.
PAR  Regarding materials to be utilized as thermal insulation, a preferred
      structure is that of fiberglass nonwoven mats (batts) bonded with a
      composition comprising 30 to 50 weight percent SiO.sub.2 (colloidal
      silica) and 50 to 70 weight percent CH.sub.3 SiO.sub.3 /.sub.2, the binder
      loading of such a structure being in the range of 3 to 25 weight percent.
      When utilized with glass fibers, this specific binder composition gives
      optimum retention of strength at elevated temperatures while being
      essentially nonflammable.
PAR  The following examples are exemplary and not intended as limiting the
      invention which is delineated in the claims.
DETD
PAC  EXAMPLE 1
PAR  One gram of glacial acetic acid was combined with 50 grams of an aqueous
      dispersion of 13-14 millimicron colloidal silica (30% solids and 0.32%
      Na.sub.2 O) after which 30.4 grams of methyltrimethoxysilane were added.
      After mixing for one hour, the binder composition was filtered. The
      composition contained 50 weight percent SiO.sub.2 and 50 weight percent
      the partial condensate (calculated on the weight CH.sub.3 SiO.sub.3
      /.sub.2) in a methanol-water medium. After aging for two-days to ensure
      formation of the partial condensate, portions of the composition were
      diluted with isopropanol to produce a series of binders containing from
      0.4 to 3.2 weight percent solids having a pH in the range of 4.5 to 5.2.
PAR  Six specimens, approximately 100 mm. wide .times. 305 mm. long .times. 27.7
      mm. thick were cut from glass fiber mat which had been heat-cleaned for 72
      hours at 350.degree.C. to remove the starch sizing. The mats had a density
      of about 0.25 lb./cu. ft. Five of the fiberglass mats were coated with the
      isopropanol diluted compositions by spraying until the mat appeared
      thorougly wet. The sixth portion was used as an untreated control.
PAR  The above-described fiberglass mats were placed between metal plates
      separated by 27.7 mm. spacers and cured for 16 hours at 85.degree.C. After
      removal from the curing oven, each specimen was weighed. To determine the
      degree of bonding, the thickness of each mat was measured under a
      compressive load of 0.62 gm/cm.sup.2. A metal plate weighting 190 grams
      and measuring 100 mm. 33  305 mm. was placed on the cured mats and six
      measurements were made around the perimeter to obtain an average
      thickness.
PAR  To determine if the cured binder deteriorated at high temperatures, the
      coated specimens were placed in a 350.degree.C. oven under a load of 0.62
      gm/cm.sup.2. After 100 hours, the compressed mats were removed from the
      oven, weighed and the thickness was again measured. Results of this
      testing are tabulated below:
TBL               Mat Weight (gms)                                             
                                 Mat Thickness (mm)                            
           % Solids                                                            
                  After  After   After  After                                  
     Fiberglass                                                                
           in Coating                                                          
                  16 hrs. at                                                   
                         100 hrs. at                                           
                                 16 hrs. at                                    
                                        100 hrs. at                            
     Mat   Composition                                                         
                  85.degree.C.                                                 
                         350.degree.C.                                         
                                 85.degree.C.                                  
                                        350.degree.C.                          
     __________________________________________________________________________
     No. 1 uncoated                                                            
                  3.3    --      2.0    --                                     
           control                                                             
     No. 2 0.4    3.3    3.3     3.0    1.3                                    
     No. 3 0.8    3.0    3.2     5.7    1.8                                    
     No. 4 1.6    4.5    4.5     12.8   7.7                                    
     No. 5 3.2    5.4    5.3     19.2   14.2                                   
     __________________________________________________________________________
PAR  One heat-aged mat No. (5) was compressed to 50% of its thickness and held
      for about two minutes at room temperature. When the compressive force was
      removed the mat returned to greater than 95% of its previous thickness.
PAR  These data demonstrate that strong coherent glass fiber structures
      resistant to high temperature can be obtained by practice of the
      invention.
PAC  EXAMPLE 2
PAR  Four different binder compositions containing from 25 to 50 weight percent
      partial condensate (calculated as % CH.sub.3 SiO.sub.3 /.sub.2) and 50 to
      75 weight percent SiO.sub.2, based on the solids content, were prepared by
      adding the appropriate amounts of methyltrimethoxysilane to portions of an
      aqueous dispersion of colloidal silica containing 34% SiO.sub.2, less than
      0.01 Na.sub.2 O having an average particle size of 16-22 millimicron
      diameter to which acetic acid had been previously added. The compositions
      were shaken for one hour after which the pH of each was determined to be
      in the range of from 4.0 to 4.5. After aging for four days the
      compositions were diluted to 4 weight percent solids by addition of
      isopropanol.
PAR  Heat-cleaned glass fiber mats, similar to those described above, except 56
      mm. thick, were weighed then sprayed until thoroughly wet with one of the
      binder compositions. A fifth mat was uncoated and used as a control. The
      mat specimens were placed between metal plates separated by 56 mm. spacers
      and cured for 15 minutes at 232.degree.C. After curing the specimens were
      weighed, binder content calculated and thickness was measured under a 0.62
      gm./cm.sup.2 load as described in Example 1. The coated mats were
      heat-aged for 100 hours at 350.degree.C. under compression as previously
      described. Results of this evaluation are tabulated below:
TBL                       Mat Weight (gms)                                     
                                     Mat Thickness (mm)                        
          % CH.sub.3 SiO.sub.3 /.sub.2                                         
                  Binder  After                                                
                              After Heat                                       
                                     After                                     
                                         After Heat                            
     Mat  in Binder                                                            
                  Loading - %                                                  
                          Curing                                               
                              Ageing Curing                                    
                                         Ageing                                
     __________________________________________________________________________
     No. 1                                                                     
          control none    6.1 --      4.3                                      
                                         --                                    
     No. 2                                                                     
          25      18.0    7.2 7.1    15.5                                      
                                          8.7                                  
     No. 3                                                                     
          30      10.6    7.3 7.4    30.0                                      
                                         21.3                                  
     No. 4                                                                     
          40      12.9    7.0 6.8    32.5                                      
                                         21.3                                  
     No. 5                                                                     
          50      15.6    7.4 7.3    41.8                                      
                                         28.7                                  
     __________________________________________________________________________
PAR  These data demonstrate that while the lower monomethylsilsesquioxane
      content (25%) gives some retention of strength at elevated temperatures, a
      monomethyl content of 30 weight percent and above give substantial
      improvements in retained strength.
PAR  Two of the above specimens (No. 4 and No. 5) were held over the direct heat
      of a laboratory burner. Although the glass fibers melted away from the
      heat and a silica deposit formed on the fibers due to the decomposition of
      the binder, there was no smoke nor was a flame emitted. When the specimens
      were removed from the burner flame, no residual flame was observed.
PAC  EXAMPLE 3
PAR  A series of binder compositions containing from 50 to 100 weight percent
      CH.sub.3 SiO.sub.3 /.sub.2 and 0 to 50 weight percent SiO.sub.2, based on
      the solids content, were prepared by the manner described in Example 2,
      except that the 30% solids colloidal dispersion of Example 1 was utilized
      as the silica component. After ageing for three days, the 4% resin solids
      in isopropanolmethanol-water cosolvent were sprayed onto 56 mm. thick
      fiberglass mats and cured for 15 minutes at 232.degree.C. between metal
      plates separated by 56 mm. spacers. After curing the specimens were
      weighed, binder loading calculated and the thickness measured under the
      0.62 gm./cm.sup.2 load as previously described. Results were as follows:
TBL                        Binder Loading                                      
                                       Thickness*                              
     Mat    % CH.sub.3 SiO.sub.3 /.sub.2 in Binder                             
                           %           (%)                                     
     ______________________________________                                    
     No. 1  50             9.3         70.5                                    
     No. 2  70             7.1         68.4                                    
     No. 3  90             6.7         60.5                                    
     No. 4  100            5.8         44.4                                    
     ______________________________________                                    
     *Thickness under 0.62 gm./cm.sup.2 load .times. 100                       
     Thickness under no load                                                   
PAR  It is apparent from these data and the data of Example 2 that superior
      strength is obtained when from 30 to 90 weight percent of the binder is
      the silsesquioxane. The optimum retention of thickness for this glass
      fiber structure is obtained with a binder containing from 50 to 70 weight
      percent CH.sub.3 SiO.sub.3 /.sub.2. Further testing showed that a 50%
      CH.sub.3 SiO.sub.3 /.sub.2 - 50% SiO.sub.2 binder resin applied to the
      fiberglass mat from a 6% solids solution/dispersion gave a binder loading
      of 11.9% resin, with the mat retaining 82.5% of its original thicknes when
      compressed with the 0.62 gm./cm.sup.2 load.
PAC  EXAMPLE 4
PAR  The binder composition of Example 1 was utilized to coat asbestos fibers
      which were molded in the form of tensile bar specimens. After ageing, the
      binder composition was diluted to 5% solids with isopropanol. The dilute
      binder (200 grams) was utilized to coat 90 grams of chrysolite asbestos
      fibers loosely contained in a dog-bone shaped mold. Six specimens were
      fabricated. The asbestos structures were cured at 200 .degree.C. for 2
      hours and then retained at 80.degree.C. for 12 hours to ensure removal of
      all of the binder cosolvent.
PAR  Two of the structures were heat-aged for about 96 hours at 350.degree.C.
      while another pair were exposed to 100% relative humidity at 33.degree.C.
      for 96 hours. The heat-aged material exhibited about 1% weight loss and
      the specimens in the humidity chamber picked up less than 1/2% water. The
      tensile strengths of the specimens were in the range of 25 to 40 psi.
PAR  The specimens were exposed to a Bunsen burner flame and did not ignite or
      emit smoke.
PAC  EXAMPLE 5
PAR  Shredded tissue paper was coated with the dilute binder of Example 4 and
      molded in the form of a tensile bar specimen. Excess binder was squeezed
      from the molded specimen. After curing for 12 hours at 50.degree.C. and
      for one hour at 125.degree.C., the cellulosic structure was determined to
      contain 75 weight percent CH.sub.3 SiO.sub.3 /.sub.2 --SiO.sub.2 binder.
      The structure had a tensile strength of 27 psi and exhibited flame
      retardant properties.
PAR  Reasonable modification and variation are within the scope of the present
      invention which is directed to resin-bonded fibrous structures and a
      method for fabricating such structures.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A coherent three-dimensional structure comprising a plurality of
      contiguous fibers, said fibers being bonded at their points of contact
      with a composition consisting essentially of 10 to 75 weight percent
      colloidal silica uniformly dispersed in a matrix of 25 to 90 weight
      RSiO.sub.3 /.sub.2 in which R is selected from the group consisting of
      alkyl radicals of 1 to 3 inclusive carbon atoms, the vinyl radical, the
      3,3,3-trifluoropropyl radical, the gamma-glycidoxypropyl radical and the
      gamma-methacryloxypropyl radical, at least 70 weight percent of the matrix
      being CH.sub.3 SiO.sub.3 /.sub.2.
NUM  2.
PAR  2. A structure in accordance witn claim 1 wherein said matrix portion is
      CH.sub.3 SiO.sub.3 /.sub.2.
NUM  3.
PAR  3. A structure in accordance witn claim 2 wherein the fibers are selected
      from the group consisting of cellulosic fibers, inorganic fibers,
      synthetic polymeric fibers, and metallic fibers.
NUM  4.
PAR  4. A structure in accordance with claim 3 wherein the fibers are inorganic
      fibers.
NUM  5.
PAR  5. A structure in accordance with claim 4 wherein the fibers are glass
      fibers.
NUM  6.
PAR  6. A structure in accordance with claim 1 wherein the binder composition
      comprises 3 to 25 weight percent of the structure.
NUM  7.
PAR  7. A structure in accordance with claim 1 comprising a plurality of glass
      fibers in the form of a nonwoven mat, said fibers being bonded at their
      points of contact with a composition consisting essentially of about 30 to
      50 weight percent of colloidal silica dispersed in a matrix of about 50 to
      70 weight percent CH.sub.3 SiO.sub.3 /.sub.2, said composition being
      present in an amount in the range of from 3 to 25 weight percent, based on
      the total weight of the structure.
NUM  8.
PAR  8. A method of fabricating a coherent three-dimensional structure
      comprising coating a plurality of contiguous fibers with sufficient binder
      composition to bond said fibers at their points of contact; said binder
      composition consisting essentially of a dispersion of colloidal silica in
      a lower aliphatic alcohol-water solution of the partial condensate of a
      silanol of the formula RSi(OH).sub.3 in which R is selected from the group
      consisting of alkyl radicals of 1 to 3 inclusive carbon atoms, the vinyl
      radical, the 3,3,3-trifluoropropyl radical, the gamma-glycidoxypropyl
      radical and the gammamethacryloxypropyl radical, at least 70 weight
      percent of the silanol being CH.sub.3 Si(OH).sub.3 said composition
      containing 1 to 40 weight percent solids consisting essentially of 10 to
      75 weight percent colloidal silica and 25 to 90 weight percent of the
      partial condensate, said composition containing sufficient acid to provide
      a pH in the range of 3.0 to 6.0; and thereafter curing said partial
      condensate.
NUM  9.
PAR  9. A method of claim 8 wherein the curing is effected at elevated
      temperatures in the range of from 75.degree. to 125.degree.C.
NUM  10.
PAR  10. A method of claim 8 wherein the partial condensate is that of CH.sub.3
      Si(OH).sub.3.
NUM  11.
PAR  11. A method of claim 8 wherein the binder composition contains from 0.1 to
      1.5 weight percent of a buffered latent silanol condensation catalyst.
NUM  12.
PAR  12. A method in accordance with claim 11 wherein the catalyst is an alkali
      metal salt of a carboxylic acid.
NUM  13.
PAR  13. A method in accordance with claim 12 wherein the catalyst is sodium
      acetate.
NUM  14.
PAR  14. A method in accordance with claim 8 wherein the acid is selected from
      the group consisting of acetic acid, formic acid, propionic acid and
      maleic acid.
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ABST
PAL  Aqueous dispersions of heat-hardenable phenolic resins are disclosed. They
      are characterized by excellent stability and by a low Pollution Index;
      they are capable of being infinitely diluted with water, and they are
      especially desirable for use in applications wherein mineral fibers are
      sprayed with the aqueous dispersions and subsequently formed into mineral
      fiber batts.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 466,790,
      now abandoned filed May 3, 1974, which was a division of application Ser.
      No. 239,316, filed March 29, 1974, now U.S. Pat. No. 3,823,103, which was
      a continuation-in-part of application Ser. No. 164,819, filed July 21,
      1971, now abandoned.
BSUM
PAR  The invention relates to aqueous dispersions based on heat-hardenable
      phenolic resins. More particularly, the invention relates to aqueous
      dispersions of heat-hardenable phenolic resins, which are characterized by
      excellent stability and by a low pollution index, and which are capable of
      being infinitely diluted with water. In view of the properties noted above
      and, also, in view of the excellent adhesion to glass, when cured, the
      aqueous dispersions of this invention have particular utility in
      applications wherein mineral fibers are sprayed with the aqueous
      dispersions and subsequently formed into mineral fiber batts and other
      such compacted structures.
PAR  Mineral fiber batts and other such compacted structures, which have found
      wide acceptance in the fields of thermal and acoustical insulation, have
      been produced by first blowing a stream of molten glass or slag with high
      pressure steam in such a manner that the glass or slag stream is drawn
      into fibers of random lengths. The fibers, while in transit in a forming
      hood or blow chamber, and while still at elevated temperatures from the
      drawing operation, have then been sprayed with an aqueous solution of a
      heat-hardenable phenolic resin and thereafter allowed to settle into a
      continuous mat on an endless foraminous conveyor belt. Generally, there is
      sufficient residual heat in the mineral fibers to volatilize substantially
      all of the water from the "phenolic" binder, leaving the binder on the
      fibers in a viscous or semi-viscous state. The sprayed fibers, in the form
      of a batt, have been transferred to a curing oven, heated by air which is
      at relatively high temperatures, about 400.degree.F and which is blown
      through the batt. The relatively high temperatures involved effect a cure
      of the binder to an infusible state.
PAR  At the relatively high temperatures employed in this process, the low
      molecular weight components of the water-soluble phenolic resin tend to
      volatilize, escape to, and polute the atmosphere. Consequently, the use of
      water-soluble, heat-hardenable phenolic resins as binders in the
      production of fiber batts, is being severely restricted in view of the
      current pollution standards now in effect in may areas of the country.
PAR  Attempts to utilize phenolic resins made up of molecules of higher
      molecular weight, in the form of aqueous dispersions, in order to minimize
      volatilization have not proved to be particularly successful. Such
      dispersions have poor stability characteristics as the phenolic resin
      thereof settles out within a few minutes after preparation, coalescing
      into a continuous resin phase. Furthermore, such dispersions cannot be
      diluted with water to a consistency suitable for use in spray
      applications.
PAR  The present invention provides aqueous dispersions which can be
      successfully used in the production of mineral fiber batts by a spray
      operation, the dispersions being characterized by excellent bonding and
      application efficiency. The aqueous dispersions of this invention exhibit
      a tensile strength of at least about 300 psi when tested according to the
      Glass Adhesion Test described subsequently in this specification. Also,
      the aqueous dispersions remain stable for periods of time in excess of
      about 2 weeks, that is, the phenolic resin particles thereof do not settle
      out into a continuous resin phase. Consequently, the dispersions can be
      prepared, shipped to the ultimate user, and stored for extended periods of
      time. Further, the aqueous dispersions of this invention can be infinitely
      diluted with water to any desired concentration of phenolic resin solids
      with substantially no change in the size and uniformity of the dispersed
      resin particles. Furthermore, the aqueous dispersions of this invention
      retain the excellent properties discussed above, and also retain their
      flow and gel properties for extended periods of time, in contrast to the
      water-soluble phenolic resins. Also, the aqueous dispersions of this
      invention have a pollution index of less than about 6 percent, which is
      acceptable from an environmental standpoint, based on standards currently
      in force.
PAR  The aqueous dispersions of this invention contain a heat-hardenable
      phenolic resin having a weight average molecular weight of at least about
      400, generally about 500 to about 3000, and preferably about 500 to about
      2000.
PAR  Particularly desirable aqueous dispersions are those having a gel time of
      not more than about 180 seconds, generally about 10 to about 170 seconds,
      preferably about 20 to about 150 seconds, and more preferably about 30 to
      about 100 seconds, wherein the heat-hardenable phenolic resin thereof has
      a weight average molecular weight as defined above and wherein
      substantially all of the resin particles have a diameter of less than
      about 60 microns. Even more desirable aqueous dispersions are those as
      defined in the preceding paragraph wherein the resin particles have a
      diameter on average of about 5 to about 20 microns with substantially all
      resin particles having a diameter less than about 40 microns.
PAR  The heat-hardenable phenolic resins, used to produce the aqueous
      dispersions of this invention are resole resins obtained by condensing a
      phenol with an aldehyde in the presence of an alkaline catalyst.
PAR  Among suitable phenols which can be condensed with an aldehyde to produce
      phenol-aldehyde "resole" resins are the monohydric as well as the
      polyhydric phenols.
PAR  Among suitable monohydric phenols can be noted; phenol and those phenols
      having the general formula:
PAC  FORMULA I
      ##SPC1##
PAL  wherein x is an integer having a value of 1 to 2 inclusive, each R, which
      can be the same or different, is an alkyl radical containing from 1 to 9
      carbon atoms inclusive, an alkoxy radical containing from 1 to 9 carbon
      atoms inclusive, or a halogen, e.g., chlorine, bromine and iodine; with
      the proviso that at least three positions other than meta to the hydroxyl
      group are unsubstituted.
PAR  Specific phenols falling within the scope of Formula I are: alkylated
      phenols, exemplary of which are m-cresol, m-ethylphenol, m-propylphenol,
      m-isopropylphenol, m-sec-butylphenol, m-amylphenol, m-hexylphenol,
      m-nonylphenol and other like phenols, as well as the commercially
      available meta-cresol which contains small amounts of both the para and
      the ortho isomers; alkoxylated phenols, exemplary of which are
      m-methoxyphenol, m-ethoxyphenol, m-propoxyphenol, m-hexoxyphenol,
      3,5-dimethoxyphenol, and the like; halogenated phenols such as
      meta-chlorophenol, meta-bromophenol, and the like.
PAR  Among suitable polyhydric phenols can be noted resorcinol, and the like, as
      well as polyhydric, polynuclear phenols having the formula:
PAC  FORMULA 2
      ##SPC2##
PAL  wherein Z is a divalent radical, as for example, sulfur, oxygen,
      alkylidene, alkylene and the like; and also substituted derivatives of
      phenols falling with the scope of Formula 2.
PAR  Exemplary of specific polyhydric, polynuclear phenols are the following:
      bis(hydroxyphenyl)alkanes such as 2,2-bis(4-hydroxyphenyl)propane,
      commonly referred to as Bisphenol A, 2,4'-dihydroxyldiphenylmethane,
      dihydroxydiphenyl sulfone and the like.
PAR  Also small amounts of di- and/or mono-functional phenols such as
      p-nonylphenol and 2,5-di-tert-butylphenol can be used in conjunction with
      tri and higher functional phenols, illustrated above, to produce suitable
      phenolic resins for purposes of this invention.
PAR  Examples of aldehydes which can be condensed with the phenols listed above
      to produce the phenol-aldehyde resins are: formaldehyde in any of its
      available forms, i.e., formalin and para-formaldehyde; furfural, and the
      like.
PAR  The amount of aldehyde used to prepare the heat-hardenable or resole resins
      of this invention is at least about 0.9 mole per mole of phenol, generally
      about 1 to about 3 moles, and preferably about 1.2 to about 2.5 moles per
      mole of phenol.
PAR  As previously stated, the condensation of a phenol and an aldehyde is
      carried out in a reaction medium containing an alkaline catalyst.
      Illustrative of suitable catalysts are the following: alkali metal and
      alkaline earth metal hydroxides or oxides, as for example, sodium
      hydroxide, potassium hydroxide, calcium hydroxide, calcium oxide, barium
      hydroxide, barium oxide and the like, or an amine such as
      hexamethylenetetramine or ammonia.
PAR  Particularly desirable resins for purposes of this invention are those
      produced using barium hydroxide as a catalyst. An aqueous dispersion of
      such resin when applied to mineral fibers and cured, exhibits an unusually
      high degree of adhesiveness thereto.
PAR  The amount of catalyst used in producing the resole resins is about 0.01 to
      about 0.1 mole per mole of phenol, preferably about 0.02 to about 0.05
      mole per mole of phenol. For a detailed discussion of condensates produced
      from a phenol and an aldehyde and methods for the production thereof,
      reference is made to the following:
PA1  "Phenolic Resins" by W. A. Keutgen ENCYCLOPEDIA OF POLYMER SCIENCE &
      TECHNOLOGY Volume 10, pages 1-73 Published by Interscience, John Wiley -
      1969
PAR  The preparation of the aqueous dispersions of this invention can be carried
      out by a number of convenient methods, for example by condensing a phenol
      with an aldehyde in a reaction mixture containing an alkaline catalyst to
      produce a heat-hardenable phenolic resin, adding to the mixture a mixture
      of "gums", as will be described subsequently, and adjusting the pH of the
      resultant mixture, if necessary, to less than about 8, generally to a pH
      of about 3 to about 7.5, and preferably to a pH of about 4.5 to about 6.5,
      and then condensing (bodying) the resin, if necessary, to a weight average
      molecular weight as previously described.
PAR  Alternatively, the pH of the mixture can be adjusted, if necessary, prior
      to the addition of the gums, the gums then added and the resin then bodied
      as indicated above. Also, the gums can be added, along with the phenol,
      aldehyde, and alkaline catalyst, into the reaction flask, and this mixture
      can then be condensed and bodied, as described above.
PAR  With each of the methods described, the aqueous dispersion produced has a
      pH of less than about 8 generally about 3 to about 7.5 and preferably
      about 4.5 to about 6.5.
PAR  The gums which are used to prepare the aqueous dispersions are a mixture of
      gum arabic and one or more of the following gums: (1) a polysaccharide
      having mannose and galactose units, particularly desirable examples of
      such polysaccharides being a guar gum, a locust bean gum, and the like
      (Guar gums are available commercially from Stein Hall & Co. under the
      designation "Jaguar" gums); (2) a polysaccharide having D-mannuronic acid
      and L-guluronic acid units, particularly desirable examples of such
      polysaccharides being algin gum, and the like; and (3) gum carageenan.
PAR  The combined weight of the gums used in producing the aqueous dispersions
      is about 0.5 to about 12, preferably about 0.5 to about 10 and more
      preferably about 1.2 to about 4.5 parts by weight, based on each 100 parts
      by weight "phenol" used in producing the heat-hardenable phenolic resin.
      The weight ratio of gum arabic to the other recited gums is about 0.5 to
      about 20 to 1, preferably about 0.5 to about 16 to 1 and more preferably
      about 1 to about 5 to 1.
PAR  The production of the dispersions of this invention is further exemplified
      by the Examples noted in the specification wherein the gums are utilized
      in the form of aqueous solutions or in the dry form.
PAR  In utilizing the dispersions of this invention for mineral fiber bonding by
      a "spray" application wherein the solid resin content is of the order of
      about 2 to about 20 percent by weight, it is customary to add thereto such
      additives as flame-retardants, exemplary of which are urea and the like,
      silane coupling agents and other additives well known in the art. Silane
      coupling agents are generally used in amounts of about 0.1 percent to
      about 0.5 percent by weight based on the solids content of the aqueous
      dispersion. Among suitable silanes are the trialkoxy amino alkyl silanes
      wherein a nitrogen atom thereof is separated from a silicon atom by a
      least three sequential carbon atoms. Specific silanes are the following:
      ##EQU1##
PAR  A particularly desirable silane is one used in carrying out the Glass
      Adhesion Test.
PAR  Although the aqueous dispersions of this invention have been described
      primarily in relation to "spray" applications to produce mineral fiber
      batts suitable as thermal and acoustical insulation, the aqueous
      dispersions can be used as laminating varnishes, additives to paper and
      other cellulosic pulp and in general, in bonding applications, to bond
      together organic and inorganic particles and fibers.
PAR  In the following examples, which are illustrative of the present invention,
      properties noted therein were determined by the following procedures.
PAR  Gel Time - determined by placing a two gram sample of the aqueous
      dispersion on a hot plate which was at a temperature of 150.degree.C. The
      resin was stroked with a spatula and the time required to reach a "no
      string" condition noted and reported as the Gel Time. A "no string"
      condition is reached when there is no pulling of strings of the material,
      by the spatula, from the main body of the resin.
PAR  Pollution Index - determined by weighing a two gram sample of the
      dispersion into a weighed tin. To the sample, there was then added 15 ml.
      analytical grade methanol and the contents of the tin thoroughly mixed.
      The tin, containing the sample, was placed in a 300.degree.F oven for 2
      hours. At the end of the two hour period, the tin was removed from the
      oven and placed in a desiccator where the tin and the residue cooled to
      room temperature. The tin, containing the residue, was weighed and the
      weight of the residue recorded. Tin and residue were then placed in a
      450.degree.F oven for 20 minutes. The tin, with the residue therein, was
      removed from the oven, cooled to room temperature in a desiccator and
      reweighed. Percent weight loss of the residue, resulting from the heating
      cycle in the 450.degree.F oven was calculated and reported as the
      Pollution Index. A pollution Index below about six percent is acceptable
      from an environmental standpoint.
PAR  Glass Adhesion Test - the composition to be tested, based on the aqueous
      dispersion of Example I had the following formulation:
TBL                        GRAMS                                               
     ______________________________________                                    
     dispersion of Example I 34.38                                             
     ammonium sulfate        0.2                                               
      (accelerator)                                                            
     urea                    3.6                                               
     silane                  0.54                                              
     water                   6.82                                              
     ______________________________________                                    
PAR  The composition was prepared by weighing the water into a 100 ml. beaker
      and adding the ammonium sulfate thereto. The mixture was stirred to
      solution and to this solution there was then added in sequence, the
      aqueous dispersion, the urea and silane. The pH of the ultimate mixture
      was adjusted to 8.2 by the addition thereto of ammonium hydroxide. The
      composition was charged into a Hobart mixer which contained 582 grams of
      small glass beads (designated as P-93 Glass Spheres by the supplier,
      Cataphote Corp.). The materials were thoroughly mixed and the mixture then
      poured into a mold, having a number of dog-bone shaped cavities, which had
      been preheated in a 450.degree.F oven. The filled mold was placed in the
      450.degree.F oven for 5 minutes. Test specimens were then removed from the
      mold, half placed in a desiccator and the other half placed in a humidity
      chamber wherein the relative humidity was 100% and the temperature was
      120.degree.F.
PAR  Binder content of each specimen was 3 percent by weight.
PAR  Specimens were aged and tested for tensile strength which is indicative of
      "bonding" strength, using a Baldwin Tensile Tester with the cross-head
      speed set at 0.2 inch per minute.
PAR  The silane used in the formulation had the following structure:
EQU  H.sub.2 NC.sub.2 H.sub.4 NHC.sub.2 H.sub.4 NHC.sub.3 H.sub.6
      Si(OCH.sub.3).sub.3
EQU  Molecular Weight Distribution = Mw/Mn
EQU  Number Average Molecular Weight = (Mn) and
EQU  Weight Average Molecular Weight = (Mw) : determined
PAL  according to procedure described in J. Polymer Science, Part A, 2, 835,
      1964 by J. Moore.
PAR  Particle Size of Resin in the Aqueous Dispersion - determined using a
      Coulter Counter.
DETD
PAC  EXAMPLE 1
PAR  Into a five-liter, round bottom flask, equipped with a reflux condenser,
      agitator, thermometer and heating mantle, there was charged 1200 grams of
      phenol, 1668 grams aqueous formaldehyde (40%), and a slurry of 30 grams of
      barium hydroxide monohydrate in 60 grams of water. The mixture was then
      heated to a temperature of 75.degree.C., whereupon the heating mantle was
      removed and the mixture was allowed to reach a stage of atmospheric reflux
      through its exothermic heat of reaction. The mixture was then allowed to
      reflux for about forty-five minutes. At the end of the forty-five minute
      period, a water solution, made up of 24 grams of gum arabic, 6 grams of
      guar gum, and 720 grams of water, was added to the contents of the flask.
      After the addition of the gum there was then added, to the flask, a water
      solution, made up of 12 grams of sulfuric acid (96.6%) and 48 grams of
      water, to neutralize the barium hydroxide. The contents of the flask were
      then brought to a temperature of about  85.degree.C. and maintained at
      this temperature for about 10 minutes. At the end of the 10 minute period,
      the contents of the reaction flask were cooled to a temperature of about
      50.degree.C. and discharged into a container as a resin-in-water
      dispersion having a solids content of 42 percent by weight.
PAR  Solids content of the aqueous dispersions, as noted in this specification,
      was determined by placing a weighed sample of the dispersion in a
      300.degree.F. oven for 2 hours and weighing the residue after the 2 hour
      period. Percent solids was calculated by dividing the weight of the
      residue by the weight of the sample and multiplying by 100.
TBL  ______________________________________                                    
     Properties of the phenol-formaldehyde resin:                              
     ______________________________________                                    
     Mole ratio of reactants -                                                 
      formaldehyde to phenol                                                   
                         = 1.75 to 1                                           
     Number average molecular weight                                           
                         = 360                                                 
     Weight average molecular weight                                           
                         = 760                                                 
     Molecular weight distribution                                             
                         = 2.1                                                 
     Free phenol         = 6.2 percent by wt.                                  
     Amount of resin made up of                                                
      one ring compounds = 22 percent by wt.                                   
     Amount of resin made up of                                                
      one and two ring compounds                                               
                         = 46 percent by wt.                                   
     Gel time            = 75 seconds                                          
     Particle size (diameter) of                                               
      the resin in the dispersion,                                             
      on average         = 10 microns                                          
     Diameter of substantially all                                             
      of particles of resin in the                                             
      dispersion, less than                                                    
                         = 30 microns                                          
     ______________________________________                                    
PAR  The particles were excellently dispersed in the aqueous medium, as
      determined by microscopic examination.
TBL  ______________________________________                                    
     pH of the aqueous dispersion                                              
                           = 5.7                                               
     Pollution Index of the aqueous                                            
      dispersion           = 2.9 percent                                       
     ______________________________________                                    
PAR  The aqueous dispersion had excellent stability characteristics - no visual
      settling of particles after two weeks storage at a temperature of about
      23.degree.C. Also, the dispersion could be infinitely diluted with water
      without significant change as to particle size.
TBL  ______________________________________                                    
     Glass Adhesion Test                                                       
     ______________________________________                                    
     Average value of 6                                                        
     test specimens                                                            
     (aged 1 hr. in desiccator)                                                
                            = 700 psi                                          
     Average value of 6                                                        
     test specimens                                                            
     (aged 16 hours in humidity                                                
     chamber)               = 600 psi                                          
     ______________________________________                                    
PAR  On the basis of 100 parts by weight phenol changed into the reaction flask,
      the amount of gum arabic in the dispersion was 2 parts by weight, and the
      amount of guar gum was 0.5 part by weight.
PAR  The guar gum noted in this and in subsequent examples is a commercial
      product sold by Stein-Hall under the designation Jaguar J2S1.
PAC  EXAMPLE 2
PAR  Into a five-liter, round bottom flask, equipped with a reflux condenser,
      agitator, thermometer and heating mantle, there was charged 720 grams of
      water, 24 grams of gum arabic, and 6 grams of guar gum. The materials were
      mixed for 15 minutes, and to the mixture there was then added 1200 grams
      of phenol, 1668 grams of aqueous formaldehyde (40%), and 48 grams of
      aqueous sodium hydroxide (25%). The mixture was then heated to a
      temperature of 75.degree.C., whereupon the heating mantle was removed and
      the mixture was allowed to reach a stage of reflux through its exothermic
      heat of reaction. The mixture was then allowed to reflux for about
      forty-five minutes. At the end of the forty-five minute period, the
      reacted mixture was cooled to a temperature of 85.degree.C., and an
      aqueous mixture, made up of 15.6 grams of aqueous phosphoric acid (85%)
      and 36 grams of water, was added. After 1.5 hours at a temperature of
      85.degree.C., the contents of the flask were discharged into a container
      as a resin-in-water dispersion having a solids content of 42.2 percent by
      weight.
TBL  ______________________________________                                    
     Properties of the phenol-formaldehyde resin:                              
     ______________________________________                                    
     Mole ratio of reactants -                                                 
      formaldehyde to phenol                                                   
                            = 1.75 to 1                                        
     Number average molecular weight                                           
                            = 330                                              
     Weight average molecular weight                                           
                            = 1500                                             
     Molecular weight distribution                                             
                            = 4.5                                              
     Gel time               = 76 seconds                                       
     ______________________________________                                    
PAR  The size of the resin particles, dispersion thereof in the aqueous medium,
      and the stability and the dilutability characteristics of the aqueous
      dispersion were comparable to those of Example 1.
TBL  ______________________________________                                    
     pH of the aqueous dispersion                                              
                            = 6.75                                             
     Pollution Index of the                                                    
      aqueous dispersion    = 3.3 percent                                      
     ______________________________________                                    
PAR  On the basis of 100 parts by weight phenol charged into the reaction flask,
      the amount of gum arabic used was 2 parts by weight, and the amount of
      guar gum was 0.5 part by weight.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was repeated using the materials and amounts as
      noted below. This example differs from Example 1 primarily in that a
      smaller amount of formaldehyde was used, sodium hydroxide was the
      catalyst, and phosphoric acid was the neutralizing agent.
TBL  ______________________________________                                    
                         AMOUNT IN GRAMS                                       
     ______________________________________                                    
     Phenol                1200                                                
     Formaldehyde (40% aqueous                                                 
      solution)            1332                                                
     Sodium hydroxide (25% aqueous                                             
      solution)            48                                                  
     Gum arabic            24                                                  
     Guar gum              6                                                   
     Water                 720                                                 
     Phosphoric acid (85%) 15.6                                                
     Water                 36                                                  
     ______________________________________                                    
PAR  Solids content of the resin-in-water dispersion was 45.6 percent by weight.
TBL  ______________________________________                                    
     Properties of the phenol-formaldehyde resin:                              
     ______________________________________                                    
     Mole ratio of reactants-                                                  
      formaldehyde to phenol                                                   
                            = 1.40 to 1                                        
     Number average molecular weight                                           
                            = 380                                              
     Weight average molecular weight                                           
                            = 990                                              
     Molecular weight distribution                                             
                            = 2.6                                              
     Gel time               = 58 seconds                                       
     ______________________________________                                    
PAR  The size of the resin particles, dispersion thereof in the aqueous medium,
      and the stability and dilutability characteristics of the aqueous
      dispersion were comparable to those of Example 1.
TBL  ______________________________________                                    
     pH of the aqueous dispersion                                              
                            = 6.5                                              
     Pollution Index of the                                                    
      aqueous dispersion    = 2.8 percent                                      
     ______________________________________                                    
PAR  On the basis of 100 parts by weight phenol charged into the reaction flask,
      the amount of gum arabic used was 2 parts by weight, and the amount of
      guar gum was 0.5 part by weight.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was repeated using the materials and amounts
      noted below. This example differs from Example 1 primarily in that a
      larger amount of formaldehyde was used, sodium hydroxide was the catalyst,
      and phosphoric acid was the neutralizing agent.
TBL  ______________________________________                                    
                         AMOUNT IN GRAMS                                       
     ______________________________________                                    
     Phenol                1100                                                
     Formaldehyde (40% aqueous                                                 
      solution)            1760                                                
     Sodium hydroxide (25% aqueous                                             
      solution)            44                                                  
     Gum arabic            22                                                  
     Guar gum              5.5                                                 
     Water                 660                                                 
     Phosphoric acid (85%) 14.3                                                
     Water                 33                                                  
     ______________________________________                                    
PAR  The solids content of the resin-in-water dispersion was 42.3 percent by
      weight.
TBL  ______________________________________                                    
     Properties of the phenol-formaldehyde resin:                              
     ______________________________________                                    
     Mole ratio of reactants -                                                 
      formaldehyde to phenol                                                   
                            = 2.01 to 1                                        
     Number average molecular weight                                           
                            = 340                                              
     Weight average molecular weight                                           
                            = 850                                              
     Molecular weight distribution                                             
                            = 2.5                                              
     Gel Time               = 59 seconds                                       
     ______________________________________                                    
PAR  The size of the resin particles, dispersion thereof in the aqueous medium,
      and the stability and dilutability characteristics of the aqueous
      dispersion were comparable to those of Example 1.
TBL  ______________________________________                                    
     pH of the aqueous dispersion                                              
                            = 6.6                                              
     Pollution Index of the aqueous                                            
      dispersion            = 3.7 percent                                      
     ______________________________________                                    
PAR  On the basis of 100 parts by weight phenol charged into the reaction flask,
      the amount of gum arabic used was 2 parts by weight, and the amount of
      guar gum was 0.5 part by weight.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 was repeated using the materials and amounts
      noted below. This example differs from Example 1 primarily in that sodium
      hydroxide was used as the catalyst and hydrochloric acid was used as the
      neutralizing agent.
TBL  ______________________________________                                    
                         AMOUNT IN GRAMS                                       
     ______________________________________                                    
     Phenol                1200                                                
     Formaldehyde (40% aqueous                                                 
                           1668                                                
      solution)                                                                
     Sodium hydroxide (25% aqueous                                             
                           48                                                  
      solution)                                                                
     Gum arabic            24                                                  
     Guar gum               6                                                  
     Water                  720                                                
     Hydrochloric acid (37%)                                                   
                           19                                                  
     Water                 58                                                  
     Solids content of resin-in-water                                          
      dispersion           = 41% by weight                                     
     ______________________________________                                    
     Properties of the phenol-formaldehyde resin:                              
     ______________________________________                                    
     Mole ratio of reactants -                                                 
      formaldehyde to phenol                                                   
                           = 1.75 to 1                                         
     Number average molecular weight                                           
                           = 370                                               
     Weight average molecular weight                                           
                           = 1190                                              
     Molecular weight distribution                                             
                           = 3.2                                               
     Gel time              = 62 seconds                                        
     ______________________________________                                    
PAR  The size and uniformity of the resin particles, dispersion thereof in the
      aqueous medium, and the stability of the aqueous dispersion were
      comparable to those of Example 1.
TBL  ______________________________________                                    
     pH of the aqueous dispersion                                              
                           = 6.7                                               
     Pollution Index of the aqueous                                            
      dispersion           = 3.5 percent                                       
     ______________________________________                                    
PAR  On the basis of 100 parts by weight phenol charged into the reaction flask,
      the amount of gum arabic used was 2 parts by weight, and the amount of
      guar gum was 0.5 part by weight.
PAC  EXAMPLES 6-8
PAR  The procedure of Example 1 is repeated, using in each instance, various
      amounts of gum arabic and guar gum. Amounts used, in parts by weight,
      based on 100 parts by weight of phenol that are charged into the reaction
      flask, are noted below:
TBL  Example 6       gum arabic                                                
     10                                                                        
                     guar gum                                                  
     0.5                                                                       
     Example 7       gum arabic                                                
                     guar gum                                                  
     0.5                                                                       
     Example 8       gum arabic                                                
     0.5                                                                       
                     guar gum                                                  
     0.5                                                                       
PAR  Properties of these dispersions are comparable to the properties of the
      dispersion of Example 1.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 was repeated using the materials and amounts
      noted below. This example differs from Example 1 primarily in that a
      mixture of phenol and p-nonylphenol was used.
TBL  ______________________________________                                    
                        AMOUNT IN GRAMS                                        
     ______________________________________                                    
     Phenol               360                                                  
     p-Nonylphenol        40                                                   
     Formaldehyde (40% aqueous                                                 
      solution)           520                                                  
     Barium hydroxide monohydrate                                              
                          10                                                   
     Gum arabic           2                                                    
     Guar gum             3                                                    
     Water                270                                                  
     Sulfuric acid (96.6%)                                                     
                          3.33                                                 
     Water                13                                                   
     ______________________________________                                    
PAR  The solids content of the resin-in-water dispersion was 42.1 percent by
      weight.
TBL  ______________________________________                                    
     Properties of the phenol-formaldehyde resin:                              
     ______________________________________                                    
     Mole ratio of reactants -                                                 
      formaldehyde to phenol                                                   
                            = 1.75 to 1                                        
     Number average molecular weight                                           
                            = 410                                              
     Weight average molecular weight                                           
                            = 1440                                             
     Molecular weight distribution                                             
                            = 3.5                                              
     Gel time               = 60 seconds                                       
     ______________________________________                                    
PAR  The size of the resin particles, dispersion thereof in the aqueous medium,
      and the stability and dilutability characteristics of the aqueous
      dispersion were comparable to those of Example 1.
TBL  ______________________________________                                    
     pH of the aqueous dispersion                                              
                            = 6.4                                              
     Pollution Index of the aqueous                                            
      dispersion            = 3.2 percent                                      
     Glass Adhesion Test                                                       
     Average value of 6 test specimens                                         
      (aged 1 hr. in desiccator)                                               
                            = 600 psi                                          
     Average value of 6 test specimens                                         
      (aged 16 hrs. in humidity                                                
      chamber)              = 625 psi                                          
     ______________________________________                                    
PAR  The formulation of the composition tested using the aqueous dispersion of
      this example was as follows:
TBL                       GRAMS                                                
     ______________________________________                                    
     Aqueous dispersion     33.73                                              
     Ammonium sulfate       0.2                                                
     Urea                   3.6                                                
     Silane                 0.54                                               
     Water                  7.4                                                
     ______________________________________                                    
PAR  Amounts of glass beads used was 582 grams and the resin content of each
      composite or structure produced was 3 percent by weight.
PAR  On the basis of 100 parts by weight "phenols" charged into the reaction
      flask, the amount of gum arabic used was 0.5 parts by weight, and the
      amount of guar gum was 0.75 part by weight.
PAC  EXAMPLE 10
PAR  Example 1 is repeated with the exception that the mole ratio of
      formaldehyde to phenol is 1.89 to 1, and in lieu of the gums of Example 1,
      the following gums are used, in the amounts noted, based on 100 parts by
      weight of phenol charged:
TBL         2 parts by weight gum arabic                                       
            1 part by weight gum carageenan                                    
PAR  The gum carageenan of this example was obtained from Marine Colloids, Inc.
      under the trade designation "Viscarin 402."
TBL  ______________________________________                                    
     Properties of the phenol-formaldehyde resin:                              
     ______________________________________                                    
     Mole ratio of reactants -                                                 
      formaldehyde to phenol                                                   
                           = 1.89 to 1                                         
     Number average molecular weight                                           
                           = 310                                               
     Weight average molecular weight                                           
                           = 870                                               
     Molecular weight distribution                                             
                           = 2.8                                               
     Gel time              = 145 seconds                                       
     Solids content of resin-in-                                               
      water dispersion     = 45% by weight                                     
     ______________________________________                                    
PAR  The size of the resin particles, dispersion thereof in the aqueous medium,
      and the stability and dilutability characteristics of the aqueous
      dispersion are comparable to those of Example 1.
TBL  ______________________________________                                    
     pH of the aqueous dispersion                                              
                           = 5.4                                               
     Pollution Index of the aqueous                                            
      dispersion           = 3.4 percent                                       
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  Example 1 was repeated using, in lieu of the guar gum, locust bean gum in
      the same weight relationship.
TBL  ______________________________________                                    
     Properties of the phenol-formaldehyde resin:                              
     ______________________________________                                    
     Mole ratio of reactants -                                                 
      formaldehyde to phenol                                                   
                           = 1.75 to 1                                         
     Number average molecular weight                                           
                           = 420                                               
     Weight average molecular weight                                           
                           = 1930                                              
     Molecular weight distribution                                             
                           = 4.6                                               
     Gel time              = 75 seconds                                        
     Solids content of resin-in-                                               
      water dispersion     = 41% by weight                                     
     ______________________________________                                    
PAR  The size of the resin particles, dispersion thereof in the aqueous medium,
      and the stability and dilutability characteristics of the aqueous
      dispersion were comparable to those of Example 1.
TBL  ______________________________________                                    
     pH of the aqueous dispersion                                              
                           = 5.5                                               
     Pollution Index of the aqueous                                            
      dispersion           = 3.5 percent                                       
     ______________________________________                                    
PAC  EXAMPLE 12
PAR  Example 1 was repeated using, in lieu of the guar gum of Example 1, Jaguar
      1212A, a guar gum obtained from Stein-Hall, in the same weight
      relationship.
TBL  ______________________________________                                    
     Properties of the phenol-formaldehyde resin:                              
     ______________________________________                                    
     Mole ratio of reactants -                                                 
      formaldehyde to phenol                                                   
                           = 1.75 to 1                                         
     Number average molecular weight                                           
                           = 410                                               
     Weight average molecular weight                                           
                           = 1760                                              
     Molecular weight distribution                                             
                           = 4.3                                               
     Gel time              = 80 seconds                                        
     Particle size (diameter) of the                                           
      resin in the dispersion, on                                              
      average              = 15 microns                                        
     Diameter of substantially all of                                          
      the particles of the resin in                                            
      the dispersion       = 30 microns                                        
     Solids content of resin-in-                                               
      water dispersion     = 41% by weight                                     
     ______________________________________                                    
PAR  The size of the resin particles, dispersion thereof in the aqueous medium,
      and the stability and dilutability characteristics of the aqueous
      dispersion were comparable to those of Example 1.
TBL  ______________________________________                                    
     pH of the aqueous dispersion                                              
                           = 5.75                                              
     Pollution Index of the aqueous                                            
      dispersion           = 3.4 percent                                       
     ______________________________________                                    
PAC  EXAMPLE 13
PAR  The procedure of Example 1 was repeated using the materials and amounts
      thereof as noted below.
TBL  ______________________________________                                    
                        AMOUNT IN GRAMS                                        
     ______________________________________                                    
     Phenol               1200                                                 
     Formaldehyde (40% aqueous                                                 
      solution)           1332                                                 
     Barium hydroxide monohydrate                                              
                          30                                                   
     Gum arabic           24                                                   
     Guar gum              6                                                   
     Sulfuric acid (20%)  63                                                   
     Water                 792                                                 
     ______________________________________                                    
PAR  Solids content of the resin-in-water dispersion was 41 percent by weight.
TBL  ______________________________________                                    
     Properties of the phenol-formaldehyde resin:                              
     ______________________________________                                    
     Mole ratio of reactants -                                                 
      formaldehyde to phenol                                                   
                            = 1.4 to 1                                         
     Number average molecular weight                                           
                            = 330                                              
     Weight average molecular weight                                           
                            = 857                                              
     Molecular weight distribution                                             
                            = 2.6                                              
     Free phenol            = 11.9 percent                                     
     Amount resin made up of one                                               
      ring compounds        = 31 percent                                       
     Amount of resin made up of one                                            
      and two ring compounds                                                   
                            = 56 percent                                       
     Gel time               = 132 seconds                                      
     ______________________________________                                    
PAR  The size of the resin particles, dispersion thereof in the aqueous medium,
      and the stability and dilutability characteristics of the aqueous
      dispersion were comparable to those of Example 1.
TBL  ______________________________________                                    
     pH of the aqueous dispersion                                              
                           = 5.0                                               
     Pollution Index of the aqueous                                            
      dispersion           = 3.2 percent                                       
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  Into a five-liter, round bottom flask, equipped with a reflux condenser,
      agitator, thermometer and heating mantle, there was charged 1200 grams of
      phenol, 1332 grams aqueous formaldehyde (40%), 30 grams of barium
      hydroxide monohydrate, 24 grams of gum arabic, and 6 grams of guar gum.
      The resultant mixture was then heated to a temperature of about
      75.degree.C., whereupon the heating mantle was removed and the mixture was
      allowed to reach a stage of atmospheric reflux through its exothermic heat
      of reaction. The mixture was then allowed to reflux for about 35 minutes.
      At the end of the 35 minute period, 792 grams of water were added to the
      contents of the flask. To the flask, there was then added 61 grams of
      aqueous sulfuric acid (20%), and the contents of the flask were brought to
      a temperature of 85.degree.C. and were maintained at this temperature for
      about 95 minutes. At the end of this period, the contents of the flask
      were cooled below about 50.degree.C. and were then discharged into a
      container as a resin-in-water dispersion having a solids content of 42
      percent by weight.
TBL  ______________________________________                                    
     Properties of the phenol-formaldehyde resin:                              
     ______________________________________                                    
     Mole ratio of reactants -                                                 
      formaldehyde to phenol                                                   
                            = 1.40 to 1                                        
     Number average molecular weight                                           
                            = 350                                              
     Molecular weight distribution                                             
                            = 3.96                                             
     Weight average molecular weight                                           
                            = 1390                                             
     Amount of resin made up of one                                            
      ring compounds        = 29 percent                                       
     Amount of resin made up of one                                            
      and two ring compounds                                                   
                            = 52 percent                                       
     Gel time               = 125 seconds                                      
     ______________________________________                                    
PAR  The size of the resin particles, dispersion thereof in the aqueous medium,
      and the stability and dilutability characteristics of the aqueous
      dispersion were comparable to those of Example 1.
TBL  ______________________________________                                    
     pH of the aqueous dispersion                                              
                           = 5.3                                               
     Pollution Index of the aqueous                                            
      dispersion           = 3.4 percent                                       
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  Into a 12-liter reaction flask, equipped with a reflux condenser,
      thermometer and agitator, there was charged 3000 grams of phenol, 3000
      grams of aqueous formaldehyde (40%), and 180 grams of
      hexamethylenetetramine. The resultant mixture was heated to a temperature
      of 80.degree.C. under a pressure of 16-17 mm of Hg, and held at
      80.degree.C. for about 25 minutes. At the end of the 25 minute period, 60
      grams of gum arabic, 15 grams of guar gum, and 1800 grams of water were
      added to the flask in the order recited. The reaction mixture was held at
      a temperature of 85.degree.C. until the gel time of the product was about
      60 seconds. At this point, 120 grams of hexamethylenetetramine were added
      to the flask, and the reaction continued at a temperature of 85.degree.C.
      to a product gel time of 25 seconds. The content of the flask were cooled
      rapidly to below a temperature of 50.degree.C., and were discharged into a
      container as a resin-in-water dispersion having a solids content of 42
      percent by weight.
TBL  ______________________________________                                    
     Properties of the phenol-formaldehyde resin:                              
     ______________________________________                                    
     Mole ratio of reactants -                                                 
      formaldehyde to phenol                                                   
                         = 1.26 to 1                                           
     Number average molecular weight                                           
                         = 340                                                 
     Weight average molecular weight                                           
                         = 723                                                 
     Molecular weight distribution                                             
                         = 2.13                                                
     Amount of resin made up of one                                            
      ring compounds     = 29.5 percent by wt.                                 
     Amount of resin made up of one                                            
      and two ring compounds                                                   
                         = 53.0 percent by wt.                                 
     Gel time            = 25 seconds                                          
     ______________________________________                                    
PAR  The size of the resin particles, dispersion thereof in the aqueous medium
      and the stability and dilutability characteristics of the aqueous
      dispersion were comparable to those of Example 1.
TBL  ______________________________________                                    
     pH of the aqueous dispersion                                              
                              = 7.6                                            
     Pollution Index of the aqueous                                            
      dispersion              = 2.0                                            
     ______________________________________                                    
PAC  EXAMPLE 16
PAR  This example illustrates the use of the aqueous dispersions of the
      invention in the preparation of cellulosic products.
PAR  To a mixture of 65 grams of kraft paper pulp, 85 grams of the aqueous
      dispersion of Example 1, and 10,000 grams of water, there was added
      sufficient alum to adjust the pH thereof to 4.5. The resin-pulp mixture
      was then collected on a 100 mesh screen to form a sheet, and was then
      dried at room temperature to a moisture content of about 8 percent. The
      dried sheet was then hot pressed for 5 minutes at a pressure of 500 psig,
      using platens which had been preheated to a temperature of 420.degree.F.
PAR  A hard, rigid board was obtained, evidence of excellent bonding of the
      paper pulp fibers by the phenolic resin.
PAC  CONTROL 1
PAR  The procedure of Example 1 was repeated using as the sole "gum", gum
      arabic. The actual materials used and amounts thereof are noted below.
TBL  ______________________________________                                    
                         AMOUNT IN GRAMS                                       
     ______________________________________                                    
     Phenol                1200                                                
     Formaldehyde (40% aqueous                                                 
      solution)            1668                                                
     Sodium hydroxide (25% aqueous                                             
      solution)            48                                                  
     Gum arabic            36                                                  
     Water                 480                                                 
     Phosphoric acid (85%) 15.6                                                
     Water                 36                                                  
     ______________________________________                                    
PAR  The solids content of the resin-in-water dispersion was 44 percent by
      weight.
TBL  ______________________________________                                    
     Gel time           = 42 seconds                                           
     ______________________________________                                    
PAR  Particles of the resin were undesirably large and non-uniform, stability
      was poor, and the particles settled out rapidly.
PAR  On the basis of 100 parts by weight phenol charged into the reaction flask,
      the amount of gum arabic used was 3 parts by weight.
PAC  CONTROL 2
PAR  The procedure of Example 1 was repeated using as the sole gum, guar gum.
      The actual materials used and amounts thereof are noted below:
TBL                     AMOUNT IN GRAMS                                        
     ______________________________________                                    
     Phenol               1200                                                 
     Formaldehyde (40% aqueous                                                 
      solution)           1668                                                 
     Barium hydroxide monohydrate                                              
                          30                                                   
     Guar gum             12                                                   
     Water                 920                                                 
     Sulfuric acid (96.6%)                                                     
                          10                                                   
     Water                40                                                   
     ______________________________________                                    
PAR  This formulation resulted in a water-in-resin dispersion rather than a
      resin-in-water dispersion. Consequently, the composition obtained could
      not be diluted with water and used in spray coating applications.
PAR  On the basis of 100 parts by weight phenol charged into the reaction flask,
      the amount of guar gum used was 1 percent by weight.
PAC  CONTROL 3
PAR  Example 1 is repeated with the exception that 20 parts by weight gum arabic
      are used, based on 100 parts of phenol charged.
PAR  Diluting the dispersion to 10% by weight, on a solids basis, results in a
      rapid settling out of the particles.
PAC  CONTROL 4
PAR  Example 4 is repeated with the exception that no "gums" are used. No
      dispersion forms.
PAR  The term "infinitely dilutable" as used herein means that the aqueous
      dispersions can be diluted to a solids content of 1 percent by weight with
      no substantial change in the size and uniformity of the dispersed resin
      particles therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Organic or inorganic fibers bonded by the cured product of an aqueous
      dispersion containing dispersed particles of a heat-hardening resole
      phenolic resin in water and containing gum arabic and at least one of the
      following gums: a polysaccharide consisting essentially of mannose and
      galactose units, a polysaccharide consisting essentially of D-mannuronic
      and L-guluronic acid units, and gum carageenan,
PA1  wherein the combined weight of the recited gums is about 0.5 to about 12
      parts by weight per 100 parts by weight phenol used in producing the
      phenolic resin, and the weight ratio of the gum arabic to the other
      recited gum is about 0.5 to about 20 to 1, wherein said aqueous dispersion
      is stable for a period of time in excess of about two weeks, and wherein
      said aqueous dispersion is infinitely dilutable with water.
NUM  2.
PAR  2. The bonded fibers of claim 1 wherein said fibers are mineral fibers.
NUM  3.
PAR  3. The bonded fibers of claim 1 wherein said fibers are cellulosic.
NUM  4.
PAR  4. The bonded fibers of claim 1 wherein said fibers are glass.
NUM  5.
PAR  5. The bonded fibers of claim 1 wherein said fibers are slag.
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ABST
PAL  The invention relates to a composite structure comprising plural open-cell
      foam phases impregnated with a hardenable resin such that the cells of one
      phase are filled with the cured resin while the cells of another phase are
      coated but unfilled with the resin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The subject matter of the invention relates to the construction and method
      of fabricating laminated structures of the type wherein a plurality of
      materials are joined together to provide an integral structure having the
      composite physical and chemical characteristics of the materials utilized.
      The invention is more specifically concerned with composites predominantly
      utilizing synthetic or nonmetallic materials, such as high strength
      fibers, open-cell resinous foams, and thermosetting resins.
PAR  As new combinations of materials are sought in composite laminar
      structures, frequent difficulty is experienced both in initially bonding
      the materials together and also in maintaining laminar integrity in
      subsequent use. Particularly where mechanical rather than chemical bonding
      is relied upon in fabricating laminated structures, delamination in use is
      a common problem. As more or different laminar or sheet materials are
      employed, interface bond strength is affected not only by the chemical
      compatibility between the laminates and the bonding material but also by
      certain physical characteristics such as dissimilar coefficients of
      expansion. It is also important to composite integrity that discrete
      laminar interfaces be eliminated and that composite penetration by
      deleterious liquids be prevented. It is found that the fewer chemically
      and physically dissimilar materials used and the fewer molding steps
      required in forming laminar composites, the greater likelihood of
      maintaining the ultimate integrity of the resultant structure.
PAR  One of the most broadly promising applications for the use of composite
      structures comprised mainly of plastic or synthetic materials is as
      lighter weight and less costly alternatives to many metallic structures.
      Nowhere is this promise greater than with respect to building vehicle
      bodies and components for use on land, sea or in the air.
PAR  Factors such as material and labor costs, reduced energy consumption,
      improved human comfort and safety and increased product durability offer
      increased incentives for the use of plastic or synthetic materials to
      replace metal. Today reinforced or composite plastic materials
      increasingly are being utilized in vehicle bodies and in other structural
      applications as direct substitutes for metal.
PAR  In addition to eliminating corrosion, plastic or resin based composites
      offer the opportunity of significantly reduced vehicular weight thereby
      lowering fuel consumption and also providing improved sound and thermal
      insulation qualities for enhanced passenger comfort. It is the purpose of
      the present invention to provide composite structures to more effectively
      achieve these and other objectives.
PAR  One of the important concepts of the present unique composite structure is
      in utilizing plural layers of chemically compatible open-cell foam
      materials having substantially different compressive resistances whereby
      during a single low pressure molding operation differing amounts of cured
      resin are retained in the various foam layers.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Schafer U.S. Pat. Nos. 3,193,437 and 3,193,441 illustrate the concept of an
      initially resilient and open-cell foam material impregnated with a
      thermosetting resin, used alone or in combination with reinforcing fibers,
      and wherein a foam layer is compressed so that the thermosetting resin
      substantially fills the cells of the foam and which resin is cured while
      maintaining the foam layer in a compressed condition. The resultant
      composite structure, while having reasonable physical strength, has
      relatively poor thermal and sound insulating characteristics and generally
      lacks rigidity, which latter qualities are more effectively achieved with
      an open-cell construction having entrained pockets of air.
PAR  Windecker U.S. Pat. No. 3,269,887 discloses the use of a single layer
      open-cell foam material impregnated with a thermosetting resin and cured
      to provide a lightweight composite material of an open-cell construction.
      Windecker also discloses bonding a reinforcing layer to his pre-formed
      hardened foam. Where Windecker seeks to provide a composite structure
      impermeable to liquids, the patentee resorts to a float device such as
      shown in his U.S. Pat. No. 3,467,345 wherein either the foam core is first
      molded and a hardened skin thereafter applied to the hardened foam, or, a
      hardened skin is pre-formed and the foam variously inserted within the
      skin.
PAR  The prior art fails to teach or suggest an integrally molded composite
      structure comprised of a plurality of initially open-cell foam layers in
      combination with a thermosetting resin for bonding the layers together and
      concomitantly filling substantially all the cells of one foam layer while
      providing a thin resin film coating about the cells of the other layer
      whereby most of the latter cells remain unfilled with resin. More
      specifically, the prior art does not disclose the concept of combining
      initially open-cell foam layers having different resistances to
      compression which enables a thermosetting resin to fill the cells of one
      foam layer while merely coating but not filling most of the cells of the
      other foam layer and all of which may be achieved in a single molding
      step.
PAR  Neither does the prior art disclose a laminar composite having plural
      layers of open-cell materials of differing compressive resistances in
      combination with a high strength reinforcing layer wherein all layers are
      permeated by and bonded together with a thermosetting resin matrix which
      extends throughout the structure to eliminate discrete laminar interfaces.
PAC  SUMMARY OF THE INVENTION
PAR  Through a unique combination of materials, composite structures made in
      accordance with the present invention are formable in a single molding
      step, are moldable with small radius curvatures, are impervious to
      liquids, have good sound and thermal insulation characteristics, and are
      highly resistant to delamination.
PAR  The subject laminar composites begin with a plurality of layers of
      initially resilient and open-cell foam material, e.g. polyurethane, and
      which layers are impregnated to varying degrees with an uncured
      thermosetting resin. At least two of the foam layers must have
      substantially different compressive resistances. In other words, at least
      one of such layers has a relatively low compressive resistance, i.e., it
      is relatively "soft", while another layer has a relatively high
      compressive resistance, i.e., it is relatively "stiff". Even though
      characterized as soft or stiff relative to each other, all of the
      open-cell foam layers are sufficiently resilient or elastic to be easily
      moldable in a broad range of configurations.
PAR  Each of the foam layers has an open-cell construction, that is, adjacent
      cells are initially in open communication with each other so as to be
      impregnatable with the uncured thermosetting resin. Where increased
      strength is required, a layer of high strength reinforcing filaments or
      fibers, such as fiberglass, is disposed adjacent the relatively soft foam
      layer. As the foam layers are subjected to a controlled compression load
      during the molding operation, the soft layer is substantially reduced in
      thickness causing now excess and uncured resin to be expelled into the
      interstices of the high strength fiber layer so as to completely imbed the
      fiber layer in the resin matrix. During such compression substantially all
      of the cells of the soft foam layer are completely filled with resin. At
      the same time, the cells of the relatively stiff foam layer, while coated
      with a thin film of resin during the impregnation step, compress to a far
      lesser extent with the result that after curing of the resin most of the
      cells of this layer remain coated or surrounded but unfilled within a now
      rigidified resin matrix. The result of this construction is a composite
      structure having a high strength reinforcing layer, a greatly compressed
      liquid-impervious layer of foam material with substantially all of its
      cells completely filled with cured thermosetting resin and a third layer
      having resin coated but unfilled cells.
PAR  The number of layers utilized in making a composite structure in accordance
      with the invention can be varied depending on the ultimate physical
      characteristics required. However, it is basic to the invention that the
      composite include at least two initially elastic or resilient foam layers
      having open and interconnected cells and with one of these layers having a
      resistance to compression substantially less than the other layer. The
      resilient foam may be a polyurethane foam or any other suitable elastic
      open-cell material. White it is preferred that the foam layers have the
      same chemical composition, different foam materials may be used so long as
      they are chemically compatible with each other and with the bonding resin.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 shows a composite structure made in accordance with the invention;
PAR  FIGS. 2a and 2b represent a test fixture to illustrate the relative
      compressibility of different foam layers;
PAR  FIG. 3 illustrates a mold for forming a composite structure.
PAR  FIGS. 4 and 5 illustrate further embodiments of the invention; and
PAR  FIG. 6 shows a composite structure integrally formed with various types of
      inserts.
DETD
PAR  An illustrative composite structure is shown generally at 10 in FIG. 1 and
      includes a foam core comprising a first foam layer 12, two adjacent foam
      layers 14 and outer reinforcing layers 16. Layer 12 and layers 14 are
      preferably of the same chemical composition, e.g., polyurethane, or are
      materials sufficiently compatible as to preclude any adverse chemical
      reactions between layers or between the layers and the bonding resin.
PAR  Typical of polyurethane foam materials which may be used are those sold by
      the Firestone Tire Co. and identified as P-1014 and P-2845. A significant
      difference in these foams is their resistance to compressive loads. P-1014
      is described by the manufacturer as weighing 1.0 pounds per cubic foot of
      density and as having 14 pounds resistance over a 50 square inch area.
      P-2845 is described as weighing 2.8 pounds per cubic foot of density and
      as having 45 pounds resistance over a 50 square inch area. The compression
      resistance specification is measured in accordance with A.S.T.M.
      Standardized Methods Specification No. D 1564-71 or 72. It is apparent
      from the foregoing specifications and descriptions that the cells of
      layers 14 are substantially larger than those of layer 12.
PAR  While both are initially elastic or resilient and therefore easily
      formable, in relationship to each other layer 14 may be characterized as
      soft and layer 12 as stiff.
PAR  In referring to the foam materials as having open cells it is meant that
      initially or before molding substantially all of the cells are in open
      communication with the other cells so that the foam can be impregnated
      throughout with a liquid resinous material.
PAR  FIGS. 2a and 2b disclose a fixture 20 for demonstrating the relative
      compressibility of the soft and stiff foam layers 12a and 14a respectively
      utilizing Firestone polyurethane materials P-1014 and P-2845. Fixture 20
      includes a lower platen 22 fixed relative to threaded bolts 24, an upper
      platen 26 slidably supported upon the bolts and retained thereon by nuts
      28. FIG. 2a shows the fixture loaded with three layers 12a and 14a of
      resilient polyurethane foam of initially equal thicknesses, e.g., one inch
      each. In FIG. 2a, upper platen 26 is merely resting on the foam layers. In
      FIG. 2b, nuts 28 have been threaded downwardly, causing upper platen to
      variously compress the foam layers. The substantially different
      resistances to compression of materials P-1014 and P-2845 cause layers 14a
      each to be reduced to a one-eighth (1/8) inch thickness or by 87.5 per
      cent while layer 12a is reduced only slightly to three-fourths (3/4) inch
      thickness or by 25 per cent. As will be more apparent subsequently, the
      degree of compressibility of each foam layer affects the extent to which
      the uncured resin fills or coats the open cells of each layer.
PAR  It is to be understood that the original foam layer thicknesses depicted in
      FIGS. 2a are merely illustrative and may be varied depending on the
      ultimate physical properties desired.
PAR  In the embodiment of FIG. 1, reinforcing layers 16 are comprised of high
      tensile strength filaments or fibers such as fiberglass. Depending on the
      ultimate physical properties required or the shape to be molded, the fiber
      layer may assume various forms such as a chopped strand mat, a continuous
      swirl mat, a multi-direction or a uni-direction cloth. For example, if the
      shape to be molded includes relatively tight radius curvatures, it is
      preferable to use a continuous swirl mat of fiberglass fibers. During
      molding such a mat conforms closely to a tightly curved surface and avoids
      wrinkling or bunching sometimes associated with a cloth layer. The form
      selected for the reinforcing layer 16 will depend on factors such as the
      configuration to be molded, tensile strength and surface finish. In any
      event, the reinforcing layer should be such as to permit its being
      permeated throughout its thickness by the bonding resin during the molding
      and curing process.
PAR  The bonding resin is of a thermosetting type. Polyester or epoxy resins
      have been successfully used for the intended purpose and are of the types
      commonly used today in making fiber reinforced boat hulls and vehicle
      bodies. As will be more apparent when the method of forming the composite
      is described subsequently, after the molding and curing have been
      completed, the cured resin extends throughout all layers and surfaces of
      the composite forming what may be termed a continuous resin phase or
      matrix. In thus extending throughout the composite, the continuous resin
      phase eliminates discrete interfaces between laminations and thereby
      greatly reduces the possibility of delamination in use.
PAR  In the cured composite structures of FIGS. 1, 4, 5 and 6, foam layers 14
      are substantially reduced in thickness from their initial size due to
      being compressed during the molding and curing process. Due to such
      compression, substantially all of the cells of layer or layers 14 are
      completely filled with the hardened resin. Likewise the interstices of
      reinforcing layer or layers 16 are also filled with the hardened resin. In
      thus filling the cells of compressed layer 14 with cured resin, a hard and
      liquid-impervious layer is created. Such impermeability is also an
      important factor in avoiding delamination in subsequent use. In those
      cases where both faces of the composite may be subjected to moisture, it
      is preferred that compressed foam layers 14 be disposed on both exposed
      faces of layer 12.
PAR  To better understand composite structure 10 depicted in FIG. 1, a process
      by which the composite may be fabricated will now be described. Open-cell
      layers 12 and 14 are first impregnated with the uncured thermosetting
      resin, as for example, by dipping or passing each layer through a tank or
      container of the liquid resin. If the molding process promptly follows the
      impregnating step, the resin in the tank will also contain a catalyst
      whereby curing will begin upon the application of heat. If an intermediate
      storage period is contemplated, the catalyst will be added subsequently.
      To control the amount of resin retained therein, each foam layer is passed
      through a roller device whereby excess resin is squeezed out. Since it is
      ultimately desired to completely fill the cells of layers 14 and to
      provide sufficient resin to impregnate reinforcing layer 16, layers 14 are
      only lightly squeezed after impregnation. Since it is desired that most of
      the cells of the less resilient foam layer 12 remain coated but unfilled
      after molding and curing, this layer is squeezed sufficiently to insure
      the wetting of all of its cells while removing all excess resin.
PAR  After the impregnating and squeezing steps the various layers 12, 14 and 16
      are stacked in the lower half 32 of a mold 30 such as illustrated in FIG.
      3, after which the upper half 34 of the mold is closed to apply a
      compressive force to the sandwich and heat applied to cure the resin.
      Upper mold member 34 includes stop portions 36 to limit the extent to
      which the foam layers are compressed.
PAR  As illustrated in the fixture of FIG. 2b, soft layers 14 are more
      compressible than layer 12 and are heavily impregnated with resin; thus,
      when subjected to compression loading within mold 30, layers 14 are
      substantially reduced in thickness thereby insuring filling of the cells
      and expelling the excess resin to fully impregnate reinforcing layer 16.
      Since layer 12 undergoes relatively little compression during the molding
      process, most of its cells are coated with a thin film of cured resin but
      remain open.
PAR  While the invention has been illustrated utilizing two open-cell layers 14
      and two reinforcing layers 16, other combinations are comprehended within
      the scope of the invention. For instance, where only one high strength
      reinforced outer surface will suffice, a composite 40 such as shown in
      FIG. 4 may be made. In this case the composite includes one reinforcing
      layer 16, one substantially compressed foam layer 14 and an open-cell
      layer 12.
PAR  Where the added strength of one or more reinforcing layers is not required
      and further where one liquid-impervious layer is adequate, a composite 42
      may be constituted as shown in FIG. 5. In this case the composite is
      comprised of the compressed foam layer 14 having its cells filled with
      cured resin and a substantially open-cell layer 12 both contained within a
      continuous resin matrix.
PAR  In all embodiments illustrated the molding process is basically the same
      and results in a rigidified composite structure.
PAR  The ability to combine initially elastic foam layers as heretofore
      described also permits the integral incorporation into the composite
      structure of a variety of functional elements which otherwise would have
      to be exteriorly and subsequently attached to the finished composite
      structure. The advantages of this further capability is to reduce
      fabricating the construction costs while protecting the functional element
      or elements and enhancing the aesthetic quality of the structure being
      fabricated. FIG. 6 illustrates a variety of functional elements which can
      be thus incorporated.
PAR  In the embodiment illustrated in FIG. 6 the basic composite structure 44 is
      similar to that shown in FIG. 1 and includes external reinforcing layers
      16, compressed and resin-filled layers 14 and the coated but unfilled foam
      core 12. In forming the composite sandwich and prior to the molding and
      curing step, various functional elements may be incorporated within the
      open-cell layer 12. Such elements can include, for example, a fluid
      conduit 46, a stiffening or reinforcing member 48, electrical wiring 50 or
      tubing 52.
PAR  Various references have been made throughout the foregoing description and
      in the drawings to layers of initially resilient open-cell foams. Such
      layers have been illustrated as being initially separate. It is within the
      scope of this invention to employ an integral sheet of open-cell foam
      material wherein said sheet includes adjacent layers or portions having
      substantially different resistances to compression. This can be achieved
      by forming an integral or one-piece open-cell material which includes a
      layer of larger open cells and another layer of small open cells wherein
      one layer would be soft and highly compressible with respect to the other.
CLMS
STM  The embodiments of the present invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A composite structure comprising a plurality of layers of initially
      resilient materials having open and connected cells, at least two of said
      layers having substantially different initial compressive resistances, a
      layer of high strength filaments overlaying the open-cell layer of lesser
      compressive resistance, a thermosetting resinous material impregnating the
      open-cell layers, said resinous material having been cured while
      maintaining the layers of resilient material and high strength filaments
      under compression whereby the cured resinous material is disposed as a
      continuous and rigid phase, throughout all of said layers.
NUM  2.
PAR  2. A composite structure comprising a core section, said core section
      including a plurality of layers of initially resilient open-cell material,
      at least one of said layers initially having a substantially lower
      resistance to compression than another of said layers, a layer of high
      strength reinforcing filaments disposed proximate the lower compression
      resistance layer, and a thermosetting resin impregnating said open-cell
      layers, said resin being cured while maintaining said open-cell and
      reinforcing layers under compression sufficient to substantially reduce
      the original thickness of said lower compression resistance layer, said
      cured resin forming a continuous bonding matrix extending across the
      thickness of said structure.
NUM  3.
PAR  3. A composite structure as set forth in claim 2 wherein said cured resin
      completely fills substantially all of the cells of the lower compression
      resistance layer.
NUM  4.
PAR  4. A composite structure comprising a multi-phase construction, a first
      phase comprising an initially resilient material having open and connected
      cells, said resilient material including adjacent portions having
      substantially different initial compressive resistances, a second phase
      comprising a layer of high strength filaments disposed adjacent that
      portion of the resilient material having the lesser compressive
      resistance, and the third phase comprising a hardenable resin, said resin
      phase being cured while maintaining all three phases under compression
      whereby said cured resin phase is continuous throughout said structure and
      maintains said first phase in a compressed and rigidified condition.
NUM  5.
PAR  5. A composite structure as set forth in claim 4 wherein the cured third
      phase resinous material fills substantially all the cells of that portion
      of the resilient material having the lesser compressive resistance.
NUM  6.
PAR  6. A composite structure as set forth in claim 5 wherein the cured third
      phase resinous material provides a thin coating on the cells of that
      portion of the resilient material having the greater compressive
      resistance.
NUM  7.
PAR  7. A composite structure comprising first and second layers of initially
      resilient material, each of said layers having open and connected cells,
      said first layer having a resistance to compression substantially less
      than that of said second layer and a thermosetting resin impregnating both
      of said layers, said resin being cured while maintaining said layers under
      compression sufficient to substantially reduce the thickness and fill the
      cells of said first layer, the cells of said second layer being coated
      with a thin film of cured resin whereby most of said latter cells remain
      unfilled by the cured resin.
NUM  8.
PAR  8. A composite structure comprising initially resilient first and second
      foam phases, each of said foam phases including open cells, and a hardened
      resin phase extending throughout said first and second foam phases, said
      resin phase filling substantially all of the cells of said first foam
      phase, most of the cells of said second foam phase being coated with a
      thin film of said resin phase whereby most of said latter cells remain
      unfilled by said resin phase.
NUM  9.
PAR  9. A composite structure ass set forth in claim 8 wherein said hardened
      resin phase is a thermosetting resin.
NUM  10.
PAR  10. A composite structure as set forth in claim 8 wherein said first foam
      phase is substantially compressed relative to said second foam phase.
NUM  11.
PAR  11. The method of forming a composite structure having at least two layers
      of initially resilient, open-cell foam materials bonded together and
      rigidified by a thermosetting resin, said method comprising:
PA1  a. impregnating each of said layers with an uncured thermosetting resin so
      as to wet substantially all of the cells of said foam layers;
PA1  b. stacking said resin-impregnated layers;
PA1  c. subjecting said stacked layers to compression sufficient to fill with
      uncured resin substantially all the cells of one foam layer while leaving
      wetted but unfilled substantially all the cells of said other foam layer;
      and
PA1  d. curing said resin while maintaining said stacked layers under
      compression.
NUM  12.
PAR  12. The method of forming a composite structure comprising:
PA1  a. impregnating first and second layers of open-cell resilient materials
      with an uncured hardenable resin;
PA1  b. stacking said layers;
PA1  c. subjecting said stacked layers to a molding pressure sufficient to
PA2  1. substantially reduce the thickness of said first layer to thereby fill
      substantially all the cells of said first layer with the uncured resin,
PA2  2. leave wetted but unfilled with uncured resin most of the cells of said
      second layer; and
PA1  d. curing said resin while maintaining said stacked layers under said
      molding pressure.
NUM  13.
PAR  13. The method of forming a composite structure having at least two layers
      of initially resilient, open-cell foam materials, a layer of reinforcing
      elements, and a resin matrix bonding said layers together, said method
      comprising:
PA1  a. impregnating each of said foam layers with an uncured thermosetting
      resin so as to wet substantially all of the cells of said foam layers;
PA1  b. stacking said resin-impregnated layers and a layer of reinforcing
      elements;
PA1  c. subjecting said stacked layers to compression sufficient to
PA2  1. substantially reduce the thickness of one foam layer so as to fill
      substantially all the cells thereof with uncured resin and to imbed the
      layer of reinforcing elements in resin expelled form said reduced layer,
PA2  2. leave wetted but unfilled with resin most of the cells of the other foam
      layer; and
PA1  d. curing said resin while maintaining said stacked layers under
      compression.
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PAL  In an electrostatic recording material comprising an electroconductive base
      sheet and a dielectric layer supported thereon, the electrostatic
      recording material being characterized in that the dielectric layer
      contains 10 to 70 wt.% of non-conductive and non-photoconductive finely
      divided powder coated with organopolysiloxane.
BSUM
PAR  This invention relates to an improved electrostatic recording material and
      a method for manufacturing the same, more particularly to improvements in
      an electrostatic recording material having an electroconductive base sheet
      and a dielectric layer supported thereon and to a method for manufacturing
      the improved recording material.
PAR  The electrostatic recording system has recently been widely applied to a
      facsimile or a computer input-output system or the like as a system
      suitable for high speed recording in a high speed telecommunication
      system, a high speed graphic reproduction system, etc. The electrostatic
      recording material as a recording medium basically comprises a
      nonphotoconductive dielectric layer, which serves as an electric
      charge-retentive layer, and an electroconductive base sheet which supports
      the dielectric layer. Electrostatic images of electrical signals formed on
      the electric charge-retentive layer are made visible with a developer
      comprising a toner and a carrier which has a polarity opposite to the
      polarity of the electrostatic image charge, and fixed as permanent visible
      images by further treatment.
PAR  Generally, the non-photoconductive dielectric layer of such electrostatic
      recording material is produced from a polymeric substance having
      insulating properties. When it is made of the insulating polymeric
      substance alone, the resin forms a substantially indiscrete film which
      renders the surface of the dielectric layer very glossy and therefore
      gives an unnatural appearance unlike ordinary office paper. Since the
      surface is very smooth and does not absorb aqueous or oily ink, it is not
      fully amenable to writing with a pencil, pen and ball point pen, to
      printing and to marking with a stamp. These are great disadvantages of the
      electrostatic recording material which is intended for a wide variety of
      uses.
PAR  To overcome the foregoing drawbacks, some proposals have heretofore been
      made, but the proposed improvements involve further drawbacks and are
      accordingly not satisfactory for practical use. For instance, it is known
      to render the dielectric layer rough-surfaced by incorporating in the
      insulating resin finely divided powder of a non-conductive inorganic or
      organic material such as barium sulfate, coloidal silica, titanium
      dioxide, zinc oxide, aluminum hydroxide, calcium carbonate, pulverized
      natural cellulose or starch in order to make the surface of recording
      material less glossy and to thereby improve the writing and marking
      properties. However, if the powder used is photoconductive as is the case
      with zinc oxide or titanium dioxide, the dielectric layer is prone to
      marked deterioration in its electrostatic characteristics, i.e. charge
      retentive and dielectric properties, even when exposed indirectly to
      visible rays or ultraviolet rays. It is noted, moreover, that the use of
      any powder reduces the insulating properties of the dielectric layer and
      increases its moisture-sensitivity or hygroscopicity, seriously impairing
      the electrostatic characteristics of the dielectric layer. Thus especially
      in a humid environment, the density of copy image lowers greatly to a
      level unfit for practical use. Such undesirable tendency is inevitable,
      although to a varying extent in accordance with the kind of the inorganic
      or organic powder. Especially in the case where the dielectric layer
      forming resin is a hydrophilic resin applicable as an aqueous coating
      composition, the resin permits the inorganic or organic powder to exhibit
      a greater tendency to retain absorbed water than is the case with a
      hydrophobic resin to be used in the form of coating composition of the
      organic solvent type, thereby deteriorating the electrostatic
      characteristics more markedly.
PAR  An object of this invention is to provide an improved novel electrostatic
      recording material free of the drawbacks described.
PAR  More specifically, an object of this invention is to provide an
      electrostatic recording material having the same appearance as
      substantially glossless ordinary paper for office use and capable of
      recording clear copy images.
PAR  Another object of this invention is to provide an electrostatic recording
      material highly amenable to writing with pencils and aqueous ink, stamping
      and printing.
PAR  Other objects and advantages of this invention will become apparent from
      the following detailed description.
PAR  The present invention provides an electrostatic recording material having
      an electroconductive base sheet and a dielectric layer supported thereon,
      which is characterized in that the dielectric layer contains 10 to 70
      wt.%, based on the dry weight of the layer, of non-conductive and
      non-photoconductive finely divided powder coated with organopolysiloxane.
PAR  The non-conductive and non-photoconductive powder incorporated in the
      dielectric layer of electrostatic recording material of this invention
      gives its surface a glossless appearance like ordinary office paper and
      excellent writing, stamping and printing properties. Moreover, the
      organopolysiloxane coating the particles of powder remarkably represses
      the tendency that the use of powder reduces the insulating properties of
      dielectric layer and increases the hygroscopicity thereof, thereby
      permitting the dielectric layer to retain electrostatic characteristics
      substantially free of deterioration to record clear and sharp images. This
      effect is achieved only by coating the powder with organopolysiloxane. If
      the powder is coated with some other hydrophobic polymeric substance such
      as wax, polyethylene, polystyrene, polyacrylate or polyvinyl chloride, the
      resulting dielectric layer will exhibit very poor electrostatic
      characteristics.
PAR  Organopolysiloxanes to be used in this invention for coating the
      non-photoconductive powder include those having various organosiloxane
      units, representative examples of which are organopolysiloxanes having the
      following organosiloxane units and cross-linked products thereof:
      ##EQU1##
      wherein R.sup.1 is an organo group, and R.sup.2 is an organo group,
      hydrogen atom, hydroxyl group or halogen atom. Preferable organo groups
      represented by R.sup.1 and R.sup.2 are each an alkyl group having 1 to 5
      carbon atoms, acyl group having 2 to 4 carbon atoms, aminoalkyl group
      having 2 to 4 carbon atoms, iminoalkyl group having 2 to 4 carbon atoms,
      aralkyl group having 7 to 10 carbon atoms, phenyl group, alkoxyl group
      having 1 to 5 carbon atoms, acyloxyl group having 1 to 5 carbon atoms,
      alkenyl group having 2 to 8 carbon atoms or glycidyloxyl group.
PAR  According to this invention, the organopolysiloxane coating the fine powder
      is preferably one which itself has been cross-linked, because if the fine
      powder is coated with cross-linked organopolysiloxane, the dielectric
      layer will have more excellent electrostatic characteristics than when the
      polysiloxane is not cross-linked. In fact, outstanding electrostatic
      characteristics are assured by cross-linked organopolysiloxane even at
      high humidities or even when the insulating polymeric substance to form
      the dielectric layer is applied in the form of an aqueous coating
      composition. The cross-linked organopolysiloxanes in the present invention
      include those having two-dimensional linear structure and those having
      three-dimensional reticular structure obtained by the mutual reaction of
      organopolysiloxanes. In accordance with the mechanism of cross-linking
      reaction, such cross-linked organopolysiloxanes are classified into the
      condensation polymerization type and the addition polymerization type. The
      former includes a) the condensation products of polysiloxanes having
      organohydroxysiloxane units, b) the condensation products of polysiloxane
      having organohydroxysiloxane units and polysiloxane having
      organohydrogensiloxane units, and c) the condensation products of
      polysiloxane having organohydroxysiloxane units and polysiloxane having
      alkoxysiloxane units. The polysiloxanes having organohydroxysiloxane units
      are preferably those having the same organo group as one represented by
      R.sup.1 referred to above, among which those having an alkyl group having
      1 to 5 carbon atoms or phenyl group are more preferable. Generally used as
      the most preferable is polysiloxane having the terminal end closed with a
      hydroxyl group and represented by the formula
      ##EQU2##
      wherein R.sup.3 is an alkyl group having 1 to 5 carbon atoms and phenyl
      group. Preferable as the polysiloxanes having organohydrogensiloxane units
      are also those having the same organo group as represented by R.sup.1,
      among which more preferable are those having an alkyl group having 1 to 5
      carbon atoms or phenyl group. The polysiloxanes having alkoxysiloxane
      units are preferably those in which the alkoxysiloxane unit has an alkoxyl
      group and the same organo group as represented by R.sup.1 above.
PAR  The most preferable cross-linked organopolysiloxanes of the addition
      polymerization type are typically the addition polymers of
      organopolysiloxane having vinyl group and organohydrogenpolysiloxane. The
      organopolysiloxane having vinyl group include those having a vinyl group
      at the terminal end of molecular chain, those having a vinyl group bonded
      to a silicon atom in the main chain and those having vinyl groups bonded
      to the terminal end of molecular chain and to a silicon atom in the main
      chain. Examples thereof are alkyl(C.sub.1 -C.sub.5) vinylpolysiloxane,
      phenylvinylpolysiloxane, vinylalkoxy(C.sub.1 -C.sub.2)polysiloxane,
      alkyl(C.sub.1 -C.sub.5)vinylaralkyl(C.sub.1 -C.sub.5)polysiloxane,
      alkyl(C.sub.1 -C.sub.5)phenylvinylpolysiloxane, alkyl(C.sub.1
      -C.sub.3)vinylhalo(F, Cl or Br)alkyl(C.sub.1 -C.sub.4)polysiloxane,
      alkyl(C.sub.1 -C.sub.3)vinylphenylhalo(F, Cl or Br)alkyl(C.sub.1
      -C.sub.4)-polysiloxane, etc. The indication of carbon number given in the
      parentheses refers to the carbon number of the alkyl or alkoxyl group
      preceding the parentheses, the same as hereinafter.
PAR  The organohydrogenpolysiloxanes include those having hydrogen atoms bonded
      at the terminal end of molecular chain and/or to silicon atoms in the main
      chain. Examples thereof are alkyl(C.sub.1 -C.sub.5)hydrogenpolysiloxane,
      phenylhydrogenpolysiloxane, alkyl(C.sub.1
      -C.sub.5)phenylhydrogenpolysiloxane,
      methylhydrogenglycidyloxypropylpolysiloxane, etc.
PAR  The ratio of organopolysiloxane having vinyl group to
      organohydrogenpolysiloxane to be mixed therewith is preferably such that
      the number of the hydrogen atoms bonded to silicon atoms will correspond
      to 50 to 500%, advantageously 150 to 300%, of the total number of vinyl
      groups.
PAR  Organopolysiloxanes of another reaction type are those described in
      "KEISO-JUSHI(Silicone-Resin)": by NAKAJIMA, et al., published by The
      INDUSTRIAL DAILY NEWS. These are generally called silicone varnishes,
      which will be cross-linked to form a three-dimensional reticular structure
      when treated at a relatively high temperature of about 200.degree.C.
      Examples are methylsilicone varnish, phenylsilicone varnish,
      phenylmethylsilicone varnish, etc. When they are heated, the hydroxyl
      groups thereof undergo dehydration condensation. The methyl group may be
      replaced by ethyl group, propyl group, phenyl group, or the like.
PAR  Such organopolysiloxane to be hardened into a three-dimensional structure
      may be modified with alkyd resin, acryl resin, polyester, phenol resin,
      melamine resin, urethane resin or the like in order to lower the hardening
      temperature. The modified organopolysiloxane is usable in this invention
      without substantial adverse effects.
PAR  Exemplary of polysiloxane of another reaction type may also include an oily
      polysiloxane, so-called solventless silicone varnish, which has olefin
      group such as vinyl group. It is also one of the suitable materials for
      coating the fine powder according to this invention, since the vinyl
      groups undergo polymerization in the presence, for example, of peroxides.
PAR  Examples of the finely divided powder to be coated with the
      organopolysiloxane in this invention are various non-electroconductive and
      non-photoelectroconductive inorganic or organic materials which are
      usually white to pale colors. For example, they include finely divided
      powder of silicic acids, silicates, polyvalent metal carbonates such as
      calcium carbonate, magnesium carbonate, etc., polyvalent metal sulfates
      such as barium sulfate, calcium sulfate, etc., polyvalent metal oxides
      such as aluminum oxide, magnesium oxide, etc., polyvalent metal hydroxides
      such as aluminum hydroxide, barium hydroxide, magnesium hydroxide, etc.,
      quartz sand, natural clays, clays processed for modification such as
      calcined clays, pulverized cellulose and starch. Inorganic materials which
      are known as semiphotoconductive metal oxides or sulfides such as zinc
      oxide, titanium oxide, cadmium sulfide and lead sulfide are not usable in
      this invention, since they render the dielectric layer photoconductive.
      The fine powder has an average particle size of 0.1 to 10.mu., preferably
      1 to 5.mu..
PAR  Among the non-conductive and non-photoconductive materials enumerated
      above, calcined clays are especially preferable for use. The calcined
      clays can be prepared from clay minerals predominantly consisting of
      ferrosilicate minerals of aluminum, iron, magnesium and alkali metals,
      such as kaolin, sericite, bentonite, pyrophyllite, montmorillonite, talc,
      etc. by calcining them at 200.degree. to 1,000.degree.C. When calcined at
      such temperature, the fine powder of ferrosilicate minerals does not
      present noticeable changes in appearance, but X-ray diffraction patterns
      show that it has been made amorphous and therefore exhibits improved
      electric characteristics due to the release of so-called constitution
      water, i.e., physically absorbed water, chemically absorbed water and
      crystal water. Almost always, the calcining treatment reduces the apparent
      specific gravity of the starting material and renders the same porous,
      assuring remarkable improvements in writability and mat finished
      appearance of the recording material obtained.
PAR  The non-photoconductive fine powder is coated with organopolysiloxane by
      various methods. For instance, when organopolysiloxane is not subjected to
      cross-linking reaction, it is dispersed or dissolved in water or organic
      solvent, and the resulting dispersion or solution is mixed with the fine
      powder, followed by drying, whereby the powder will be coated.
      Alternatively when organopolysiloxane is to be subjected to cross-linking
      reaction, a suitable catalyst is added to the aqueous or solvent solution
      or dispersion of organopolysiloxane, and the mixture is further mixed with
      the fine powder. After drying the resulting mixture, it is heated for
      hardening. Usable for cross linking by condensation reaction are known
      acid or basic catalysts such as zinc octate, tin octate, tin oleate,
      dibutyl tin dioctate, dibutyl tin dilaurate, iron octate, lead octate,
      cobalt octate and like higher fatty acid salts of metals and butyl amine,
      dibutyl amine and like organic amines. The catalyst can be usually used in
      an amount of 0.1 to 20 weight percent, preferably 1 to 10 weight percent,
      based on the weight of the organopolysiloxanes. Usually, the condensation
      reaction is effected by heating the dried mixture at about 70.degree.  to
      250.degree.C. In order to decrease the curing temperature alkoxysilane or
      partially hydrolyzed product thereof can be used as a cross-linking agent.
      Examples of such cross-linking agent are CH.sub.3 Si(OC.sub.2
      H.sub.5).sub.3, C.sub.6 H.sub.5 Si(C.sub.2 H.sub.5).sub.3, CH.sub.2
      =CHSi(OC.sub.2 H.sub.5).sub.3, Si(OC.sub.2 H.sub.5).sub.4, Si(OC.sub.3
      H.sub.7).sub.4, Si(OC.sub.2 H.sub.4 OCH.sub.3).sub.4, etc. Such
      cross-linking agent is usually in an amount of 1 to 10 weight percent,
      preferably 3 to 6 weight percent, based on the weight of the
      organopolysiloxanes. The catalysts to be used for cross linking by
      addition polymerization are platinum powder and chloroplatinic acid. The
      catalyst is used in an amount of 0.5 to 20 millionth part by weight,
      calculated as platinum and based on the total weight of
      organopolysiloxanes. Usually, the addition polymerization is easily
      conducted by heating the starting mixture at 100.degree. to 180.degree.C.
      To adjust the strength of the polysiloxane coating obtained, the mixture
      of vinyl-containing organopolysiloxane and organohydrogenpolysiloxane may
      contain another organopolysiloxanes such as methylpolysiloxane,
      methylphenylpolysiloxane, etc.
PAR  According to this invention the fine powder is completely or partially
      coated with organopolysiloxane. The amount of organopolysiloxane coating
      the fine powder is usually at least 0.1 wt.%, based on the fine powder,
      although variable with the kind, shape and particle size of the fine
      powder. The fine powder can be coated with a large amount of
      organopolysiloxane, but the amount more than 10 weight percent based on
      the fine powder gives no better results. Preferable amount is in the range
      of 1 to 6 weight percent, based on the weight of the fine powder.
PAR  The dielectric layer according to this invention is prepared from
      conventionally known polymeric substances having insulating properties.
      Examples are homopolymers or copolymers of vinyl monomers such as vinyl
      chloride, vinyl acetate, vinyl acetal, vinylidene chloride, ethylene,
      styrene, butadiene, acrylates, methacrylates, acrylonitrile, and crotonic
      acid; silicone resin; polyester; polyurethane; alkyd resin; epoxy resin;
      chlorinated rubber and the like. These high polymeric insulating
      substances can be used alone or in admixture with one another.
PAR  Such insulating polymeric substances are dissolved or dispersed in water or
      acetone, toluene, benzene, methyl ethyl ketone or like organic solvent,
      and the finely divided powder coated with organopolysiloxane as described
      above is mixed with and dispersed in the solution or dispersion to prepare
      a coating composition for forming the dielectric layer. Aqueous
      dispersions to be used for the preparation of coating compositions are
      preferably as follows: i) Aqueous dispersion containing 100 weight parts
      of a water-insoluble polymer consisting of at least one of ethylenic
      monomers including olefin, aromatic vinyl monomer, acrylate, methacrylate
      and vinyl halide and conjugated diolefinic monomers, 1 to 200 weight parts
      of a water-soluble polymer containing 8 to 50 mole % of carboxyl groups
      and 0 to 6 weight parts of nonionic emulsifier and/or anionic emulsifier,
      as disclosed in Japanese Patent Publication No. 32374/1973; ii) Aqueous
      solution of ammonium or amine salt of a copolymer comprising (a) a
      carboxyl-containing monomer containing 8 to 50 mole % of free carboxyl
      groups, (b) 5 to 60 mole % of an aromatic vinyl monomer and (c) 0 to 87
      mole % of ethylenic monomer other than (b) and/or conjugated diolefinic
      monomer, as disclosed in Japanese Pat. Publication No. 3935/1974; and III)
      Ammoniacal or amine aqueous solution or dispersion of a watersoluble
      copolymer capable of forming a film at room temperature and comprising (a)
      a carboxyl-containing monomer containing 2 to 30 mole % of free carboxyl
      groups and (b) at least one monomer of aliphatic .alpha.-olefins in an
      amount polymerizable therewith, as disclosed in Japanese Pat. Application
      No. 88839/1972. The fine powder coated with organopolysiloxane is mixed
      with and dispersed in such aqueous dispersion to prepare a coating
      composition.
PAR  The coating composition thus prepared is advantageous in that it is
      mechanically and thermally stable and gives a dielectric layer having
      excellent recording characteristics. The amount of the fine powder coated
      with organopolysiloxane which must be determined in accordance with the
      particle size, shape and kind of the fine powder is 10 to 70 wt.%,
      preferably 30 to 60 wt.%, based on the dry weight of the dielectric layer,
      i.e., the total weight of solids in the composition. If the amount is less
      than 10 wt.%, the gloss and writing and printing properties of the
      resulting recording material can not be improved, while with the amount
      larger than 70 wt.% the electrostatic characteristics of the resulting
      recording material are impaired.
PAR  Further in the case of a coating composition of the solvent type, a very
      small amount of non-treated fine powder can be used in combination with
      the fine powder treated with organopolysiloxane to assure improved
      adsorption of aqueous ink.
PAR  The coating composition thus prepared is then applied by a conventional
      coater to a base sheet which has been processed to reduced electric
      resistivity and then dried. The base sheets to be employed in this
      invention are those conventionally known. They are rendered low in
      electric resistivity by known treatment as by causing them to contain, for
      example, inorganic salt, organic polymeric electrolyte, metal powder or
      carbon powder so that the treated surface will have resistivity of
      10.sup.5 to 10.sup.11 ohms. Any of sheet materials is usable as the base
      sheet. Examples are paper, plastic film, cloth and metal foil, among which
      paper is inexpensive and easy to treat and is therefore most practical to
      use.
PAR  The electrostatic recording material of this invention appears and feels
      the same as substantially glossless ordinary paper for office use and has
      outstanding electrostatic characteristics to record clear and sharp copy
      images. Moreover, it is highly amenable to writing or marking.
PAR  This invention will be described below with reference to examples, but
      these examples are merely illustrative, but not limitative of the present
      invention. In the examples, parts and percentages are all by weight,
      unless otherwise specified. The properties of the recording material shown
      in the examples were determined by the following methods.
PAR  A. Saturated charge potential
PAR  Each of the coating compositions obtained in the following examples was
      applied to an aluminum foil, dried to form a 10-.mu. thick coating and
      then left to stand at 60% RH for 24 hours. Subsequently, the coated foil
      was charged by corona discharge at -6 KV and saturated charge potential
      was measured by electrometer of the rotating sector type. The saturated
      charge potential is in direct corresponding relation to the density of
      copy image. Accordingly, the higher the saturated charge potential is, the
      higher the density of copy image is. If the charge potential was below
      -200 V on a 10-micron thick coating, the density of obtained copy image
      was low and for this reason the composition used was evaluated as failing
      to fulfil the objects of this invention. The polarity of corona charge
      applied for the measurement of saturated charge potential may be positive
      as well as negative.
PAR  B. Gloss
PAR  Evaluated in terms of values measured by 75.degree. Specular glossmeter.
      The higher the value, the more unnatural is the gloss of the dielectric
      layer. If the value of gloss is over 50, the paper does not show natural
      appearance and for this reason the composition used is evaluated as
      failing to fulfil the object of this invention.
PAR  C. Writing property
PAR  Markings were made on the surface of dielectric layer with a pencil, ball
      point pen and aqueous ink and evaluated by relative comparison. High
      writing property means high amenability to stamping.
PAC  EXAMPLES 1 to 9
PAC  Calcining treatment for clay
PAR  Natural clay of the aluminum silicate type consisting of crystals in the
      form of hexagonal plate was calcined in an electric furnace at 800.degree.
      C for 1 hour, whereby the clay was found to be amorphous as determined by
      X-ray diffraction. The calcined clay had an average particle size of 2
      .mu..
PAC  Surface treatment of the calcined clay
PAR  Each of the various organopolysiloxanes to be given later was dissolved in
      toluol in combination with each of the catalysts and/or cross-linking
      agents shown later to prepare 10% toluol solution thereof. The solution
      was added to the calcined clay in an amount of 3% by solid weight based on
      the clay and fully mixed therewith. The mixture was heated under the
      conditions shown in Table 1 to evaporate off the solvent and to cross-link
      the organopolysiloxane coating the calcined clay.
PAC  Preparation of recording material
PAR  One surface of wood free paper consisting of 50 parts of NBKP and 50 parts
      of LBKP and weighing 60 g/m.sup.2 was coated with aqueous solution of
      polyvinylbenzyltrimethyl ammonium chloride to prepare a base sheet having
      a surface resistivity of 10.sup.6 ohms.
PAR  In a solid ratio by weight of 1 : 1, the clay coated with the cross-linked
      organopolysiloxane as above was mixed with a 20% ammoniacal aqueous
      solution of a copolymer consisting of 30 parts of butadiene, 20 parts of
      styrene, 30 parts of methylmethacrylate and 20 parts of methacrylic acid
      to prepare a coating composition.
PAR  The coating composition was applied by an air blade coater to the other
      surface of the treated base sheet and then dried to obtain an
      electrostatic recording material having a dielectric layer of 10
      g/m.sup.2.
PAC  Organopolysiloxanes and catalysts used
PAC  In Example 1
PAR  1. Organopolysiloxane of the dehydration condensation type: 100 parts of
      hydroxyl terminated methylphenylpolysiloxane.
PAR  b. Catalyst: 1 part of zinc octylate. In Example 2
PAR  a. Organopolysiloxane of the dealcoholization condensation type:
      dimethylpolysiloxane having hydroxyl and alkoxyl groups in the molecule.
PAR  b. No catalyst.
PAC  In Example 3
PAR  a. Organopolysiloxane of the dehydrogenation condensation type: 100 parts
      of organopolysiloxane of a 10 : 1 weight ratio mixture of
      .omega.-dihydroxydimethylpolysiloxane and methylhydrogenpolysiloxane.
PAR  b. Catalyst: 1 part of dibutyl tin dioctate.
PAR  c. Cross-linking agent: 3 parts of tetramethylglycol orthosilicate.
PAC  In Example 4
PAR  a. Organopolysiloxane mixture of the addition polymerization type: a
      mixture of 70 parts of organopolysiloxane having viscosity of 3,000 cps
      (25.degree. C) and comprising dimethylvinylsiloxy units and dimethylsiloxy
      units in the ratio of 0.5 mole of the former unit to 100 moles of the
      latter unit and 5 parts of organohydrogenpolysiloxane comprising SiO units
      and dimethylhydrogensiloxy units in the molar ratio of 1 : 2.
PAR  b. Catalyst: 0.05 part of 5% octyl alcohol solution of chloroplatinic acid.
PAC  In Example 5
PAR  a. Organopolysiloxane mixture of the addition polymerization type: a
      mixture of 10 parts of organopolysiloxane having a viscosity of 500 cps
      (25.degree. C) and comprising trimethylsiloxy units, methylvinylsiloxy
      units and methylphenylsiloxy units in the molar ratio of 1 : 15 : 4 and 10
      parts of organohydrogenpolysiloxane comprising methylhydrogensiloxy units,
      dimethylhydrogensiloxy units and diethylsiloxy units in the molar ratio of
      5.5 : 1 : 3.
PAR  b. Catalyst: 0.02 part of 5% propyl alcohol solution of chloroplatinic
      acid.
PAC  In Example 6
PAR  a. Organopolysiloxane mixture of the addition polymerization type: a
      mixture of 100 parts of organopolysiloxane comprising dimethylvinylsiloxy
      units and dimethylsiloxy units in the molar ratio of 3 : 25, 3 parts of
      organopolysiloxane comprising methylhydrogensiloxy units and methylsiloxy
      units in the molar ratio of 5.5 : 3 and 3 parts of organopolysiloxane
      comprising trimethylsiloxy units, methylvinylsiloxy units and
      diethylsiloxy units in the molar ratio of 1 : 4 : 15.
PAR  b. Catalyst: 0.1 part of 5% ethylhexanol solution of chloroplatinic acid.
PAC  In Example 7
PAR  a. Cross-linkable alkyd-modified organopolysiloxane: 100 parts of
      alkyd-modified slicone varnish (methylphenylpolysiloxane with hydroxyl
      ending modified with alkyd resin).
PAR  b. Catalyst: 1 part of zinc octylate.
PAC  In Example 8
PAR  a. Organopolysiloxane of the vinyl polymerization type: 100 parts of
      solventless silicone (methylphenylpolysiloxane with vinyl ending).
PAR  b. Catalyst: 1.5 parts of dicumyl peroxide.
PAC  In Example 9
PAR  a. Organopolysiloxane of the condensation type: 100 parts of
      methylhydrogenpolysiloxane.
PAR  b. Catalyst: 1 part of dibutyl tin dioctate.
DETD
PAC  COMPARISON EXAMPLE 1
PAR  An electrostatic recording material was prepared in the same manner as in
      Example 1 except that the calcined clay was not subjected to any surface
      treatment.
PAC  COMPARISON EXAMPLE 2
PAR  An electrostatic recording material was prepared in the same manner as in
      Example 1 except that the solution used for the surface treatment of the
      calcined clay was prepared by dissolving 3 parts of methyl methacrylate
      resin in 30 parts of a 1 : 1 weight ratio solvent mixture of toluol and
      methyl ethyl ketone.
PAC  COMPARISON EXAMPLE 3
PAR  An electrostatic recording material was prepared in the same manner as in
      Comparison Example 2  except that a copolymer of 90 mole % of vinyl
      chloride and 10 mole % of vinyl acetate was used in place of the methyl
      methacrylate resin.
PAC  COMPARISON EXAMPLE 4
PAR  An electrostatic recording material was prepared in the same manner as in
      Example 1 except that the fine powder was not used.
PAR  Various properties of the electrostatic recording materials are shown in
      Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
            Heating  Saturated charge                                          
                                 Surface                                       
                                      Writing*                                 
            conditions                                                         
                     potential (volts)                                         
                                 gloss                                         
                                      property                                 
                     50 % RH                                                   
                           85% RH                                              
     __________________________________________________________________________
     Example                                                                   
     1      200 .degree.C, 1 hr                                                
                     -400  -300  12   A                                        
     2      200.degree.C, 1 hr                                                 
                     -380  -290  15   A                                        
     3      90.degree.C, 1 hr                                                  
                     -410  -310  10   A                                        
     4      150.degree.C, 20 min                                               
                     -430  -340  10   A                                        
     5      150.degree.C, 20 min                                               
                     -420  -340  12   A                                        
     6      150.degree.C, 20 min                                               
                     -420  -320  11   A                                        
     7      150.degree.C, 20 min                                               
                     -370  -270  12   A                                        
     8      200.degree.C, 3 hr                                                 
                     -380  -300  15   A                                        
     9      200.degree.C, 1 hr                                                 
                     -350  -250  13   A                                        
     Comp. Ex.                                                                 
     1      --        -50    0   10   A                                        
     2      150.degree.C, 20 min                                               
                     -120   -30  15   A                                        
     3      150.degree.C, 20 min                                               
                     -100   -30  15   A                                        
     4      --       -450  -430  65   C                                        
     __________________________________________________________________________
      Note:                                                                    
      *Criteria of evaluation given above and in Tables to follow:             
      A: Excellent                                                             
      B: Good                                                                  
      C: Poor                                                                  
PAR  An electrostatic latent image was formed by usual electrophotographic
      process on a photosensitive plate comprising an aluminum sheet and a
      photosensitive layer of sensitized polyvinylcarbazole. The recording
      surface of dielectric layer of the electrostatic recording material
      prepared above was brought into intimate contact with the latent image
      bearing surface of the photosensitive plate. The rear surfaces of the two
      were short-circuited and then the recording material was separated from
      the plate to transfer the latent image onto the dielectric layer.
      Subsequently, the latent image on the recording material was made visible
      with a known developer of the wet type. The same procedure was followed
      for the recording materials of Examples and Comparison Examples above.
      Clear and sharp copy images were produced on the recording materials of
      Examples 1 to 9 with high density, even at a high humidity of 85% RH.
      Moreover, the dielectric layers had the same appearance as ordinary office
      paper and were found highly amenable to writing with a pencil, ball point
      pen and aqueous ink and to stamping.
PAR  In contrast, only very obscure copy images were found on the recording
      materials of Comparison Examples 1 to 3. In fact, it was almost impossible
      to obtain copy images at high humidity. The recording material of
      Comparison Example 4 had very unnatural surface gloss and failed to permit
      satisfactory writing and stamping with aqueous ink and oily ink because of
      its nonabsorbent property.
PAC  EXAMPLE 10
PAR  Dimethylpolysiloxane (silicone oil) was dissolved in toluol to prepare 10%
      solution. The solution was added to the calcined clay of Example 1 in an
      amount of 3% by solid weight based on the calcined clay. The mixture was
      then heated at 150.degree. C for 5 minutes to evaporate off the solvent.
PAR  Subsequently following the same procedure as in Example 1, electrostatic
      recording material was prepared. The properties of the recording material
      are listed in Table 2.
PAC  EXAMPLE 11
PAR  Calcined clay of Example 1 was treated in the same manner as in Example 10
      except that methylphenylpolysiloxane (silicone oil) was used as
      polysiloxane. Using the resulting surface-treated calcined clay,
      electrostatic recording material was prepared in the same manner as in
      Example 1. The properties of the recording material are listed in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Example Saturated charge                                                  
                             Surface   Writing                                 
     No.     potential (volts)                                                 
                             gloss     property                                
     50% RH        85% RH                                                      
     ______________________________________                                    
     10      -330      -250      15      A                                     
     11      -300      -210      13      A                                     
     ______________________________________                                    
PAR  A signal charge was directly applied to these electrostatic recording
      materials at -800 volts for 100 microseconds to form electrostatic latent
      images, which were made visible as sharp copy images when developed with a
      positively charged developer of the dry type.
PAR  The dielectric surfaces of the materials did not have unnatural gloss and
      were found to be excellent in writing properties.
PAC  EXAMPLES 12 to 16
PAC  Surface treatment of fine powder
PAR  The organopolysiloxane mixture the same as in Example 4 was dissolved in
      toluol in combination with 0.05 part of 5% octyl alcohol solution of
      chloroplatinic acid to prepare 10% solution and the solution was added to
      each of various fine powders given below in an amount of 2% by solid
      weight based on the powder. The amount was fully mixed and then heated at
      150.degree. C for 20 minutes to evaporate off the solvent and to complete
      the cross-linking reaction.
PAC  Preparation of recording material
PAR  In the same manner as in Example 4, electrostatic recording materials were
      prepared.
PAC  Fine powders used
TBL  In Example 12: silicic anhydride                                          
                          (average particle                                    
                          size : 0.1 .mu.).                                    
     In Example 13: calcium carbonate                                          
                          (average particle                                    
                          size : 0.2 .mu.). -In Example 14: barium             
                          sulfate (average particle                            
                          size : 3 .mu.). -In Example 15: natural              
                          clay (average particle                               
                          size : 2 .mu.). -In Example 16: corn starch (average 
                          particle                                             
                          size : 8 .mu.).                                      
PAC  COMPARISON EXAMPLE 5
PAR  In the same manner as in Example 14, an electrostatic recording material
      was prepared, except that the barium sulfate used was not subjected to any
      surface treatment.
PAR  The properties of the electrostatic recording materials are listed in Table
      3.
TBL                Table 3                                                     
     ______________________________________                                    
             Saturated charge                                                  
                          Surface   Writing                                    
             potential (volts)                                                 
                          gloss     property                                   
             50% RH                                                            
     ______________________________________                                    
     Example 12                                                                
               -250           20        B                                      
     13        -270           28        B                                      
     14        -340           38        B                                      
     15        -300           25        B                                      
     16        -250           30        B                                      
     Comp. Ex. 5                                                               
                -30           35        B                                      
     ______________________________________                                    
PAR  In the same manner as in Example 1, the electrostatic recording materials
      obtained were used for recording. Clear and sharp copy images were
      produced on those Examples of this invention. Furthermore the dielectric
      surfaces of the materials were free of unnatural gloss and had good
      writing property, whereas the recording materials of the Comparision
      Example gave an obscure copy image with a low density.
PAC  EXAMPLES 17 TO 20 AND COMPARISON EXAMPLES 6 AND 7
PAR  Four kinds of electrostatic recording materials were prepared in the same
      manner as in Example 5, except that the amount of the surface-treated
      calcined clay to be used were varied as shown in Table 4 below. The
      properties of the resulting recording materials are given in Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
             Amount of*                                                        
                      Saturated Surface  Writing                               
             the      charge    gloss    property                              
             treated  potential                                                
             clay (%) (volts)                                                  
                      60% RH                                                   
     ______________________________________                                    
     Example 17                                                                
               70         -300       8     A                                   
     18        50         -420      12     A                                   
     19        30         -425      25     B                                   
     20        10         -430      40     B                                   
     Comp. Ex. 6                                                               
                5         -440      55     C                                   
     7          0         -450      65     C                                   
     ______________________________________                                    
      Note:                                                                    
      *Amount of the treated clay shows the percentage by weight of            
      surface-treated calcined clay based on the dry weight of the dielectric  
      layer formed.                                                            
PAR  In the same manner as in Example 1, the electrostatic recording materials
      obtained were used for recording. Clear and sharp copy images were
      produced on those of Examples 17 to 20. Furthermore the dielectric
      surfaces of the materials obtained in Examples 17 to 20 were free of
      unnatural gloss and had good writing property, whereas the recording
      materials of the Comparison Examples had very unnatural surface gloss and
      poor writing property.
PAC  EXAMPLES 21 TO 27
PAR  Various electrostatic recording materials were prepared in the same manner
      as in Example 5 except that following resins were used as insulating resin
      binders in the preparation of the recording materials.
PAR  In Example 21: Ammoniacal aqueous dispersion having solid concentration of
      50% and containing 100 parts of 20 : 80 molar ratio butadiene-styrene
      copolymer and 14 parts of 30 : 55 : 15 molar ratio butadienemethyl
      methacrylate-methacrylic acid copolymer.
PA1  In Example 22: Ammoniacal aqueous dispersion having solid concentration of
      50% and containing 100 parts of 20 : 80 molar ratio butadienestyrene
      copolymer, 11 parts of 30 : 55 : 15 molar ratio butadiene-methyl
      methacrylatemethacrylic acid copolymer and 2 parts of polyoxyethylene
      lauryl ether (HLB=17).
PA1  In Example 23: Ammoniacal aqueous solution having solid concentration of
      20% and containing copolymer of 91 mole % of ethylene and 9 mole % of
      acrylic acid.
PA1  In Example 24: Ammoniacal aqueous solution having solid concentration of
      20% and containing copolymer of 94 mole % of ethylene and 6 mole % of
      maleic acid.
PA1  In Example 25: Methyl ethyl ketone solution having solid concentration of
      20% and containing copolymer of 90 mole % of vinyl chloride and 10 mole %
      of vinyl acetate.
PA1  In Example 26: Methyl ethyl ketone solution of polyvinyl butylate having
      solid concentration of 15%.
PA1  In Example 27: Ammoniacal aqueous solution having solid concentration of
      20% and containing copolymer of 90 mole % of vinyl acetate and 10 mole %
      of crotonic acid.
PAR  Table 5 shows the properties of the electrostatic recording materials
      obtained.
TBL                Table 5                                                     
     ______________________________________                                    
             Saturated charge                                                  
                         Surface    Writing                                    
             potential (volts)                                                 
                         gloss      property                                   
             50% RH 85% RH                                                     
     ______________________________________                                    
     Example 21                                                                
               -420     -340     15       A                                    
     22        -400     -300     13       A                                    
     23        -350     -250     13       A                                    
     24        -360     -250     12       A                                    
     25        -300     -220     10       A                                    
     26        -320     -220     10       A                                    
     27        -280     -210     14       A                                    
     ______________________________________                                    
PAR  In the same manner as in Example 1, these electrostatic recording materials
      were used for recording, with clear and sharp copy images formed thereon
      with high density. Especially those of Example 21 to 24 gave distinct copy
      images even at a high humidity of 85% RH. The dielectric layers were all
      free of unnatural gloss and were found to be highly amenable to writing
      and stamping.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In an electrostatic recording material consisting essentially of an
      electroconductive base sheet and a dielectric layer of organic polymer
      materials supported thereon, the electrostatic recording materials being
      characterized in that the dielectric layer contains 10 to 70 wt. % of
      non-conductive and non-photoconductive finely divided powder coated with
      organopolysiloxane having the organosiloxane units represented by the
      formula of
      ##EQU3##
      wherein R.sup.1 is an organo group and R.sup.2 is an organo group,
      hydrogen atom, hydroxyl or halogen atom.
NUM  2.
PAR  2. The electrostatic recording material as set forth in claim 1 wherein the
      organopolysiloxane is cross-linked organopolysiloxane.
NUM  3.
PAR  3. The electrostatic recording material as set forth in claim 2 wherein the
      cross-linked organopolysiloxane is a condensation product of polysiloxanes
      having organohydroxysiloxane units.
NUM  4.
PAR  4. The electrostatic recording material as set forth in claim 2 wherein the
      cross-linked organopolysiloxane is a condensation product of polysiloxane
      having organohydroxysiloxane units and polysiloxane having
      organohydrogensiloxane units.
NUM  5.
PAR  5. The electrostatic recording material as set forth in claim 2 wherein the
      cross-linked organopolysiloxane is a condensation product of polysiloxane
      having organohydroxysiloxane units and polysiloxane having alkoxysiloxane
      units.
NUM  6.
PAR  6. The electrostatic recording material as set forth in claim 2 wherein the
      cross-linked organopolysiloxane is an addition polymer of polysiloxane
      having organosiloxane units containing vinyl group and polysiloxane having
      organohydrogensiloxane units.
NUM  7.
PAR  7. The electrostatic recording material as set forth in claim 1 wherein the
      non-conductive and non-photoconductive finely divided powder is calcined
      clay.
NUM  8.
PAR  8. The electrostatic recording material as set forth in claim 1 wherein the
      non-conductive and non-photoconductive finely divided powder has an
      average particle size of 0.1 to 10 .mu..
NUM  9.
PAR  9. The electrostatic recording material as set forth in claim 1 wherein the
      non-conductive and non-photoconductive finely divided powder is coated
      with the organopolysiloxane in an amount of at least 0.1 wt.% based on the
      fine powder.
NUM  10.
PAR  10. The electrostatic recording material as set forth in claim 9 wherein
      the amount of the organopolysiloxane is in the range of 1 to 6 wt.%.
NUM  11.
PAR  11. The electrostatic recording material as set forth in claim 1 wherein
      said organo groups shown by R.sup.1 and R.sup.2 are each an alkyl group
      having 1 to 5 carbon atoms, acyl group having 2 to 4 carbon atoms,
      aminoalkyl group having 2 to 4 carbon atoms, iminoalkyl group having 2 to
      4 carbon atoms, aralkyl group having 7 to 10 carbon atoms, phenyl group,
      alkoxyl group having 1 to 5 carbon atoms, acyloxyl group having 1 to 5
      carbon atoms, alkenyl group having 2 to 8 carbon atoms or glycidyloxyl
      group.
NUM  12.
PAR  12. The electrostatic recording material as set forth in claim 1, wherein
      said electroconductive base sheet is paper having a reduced electric
      resistivity.
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ABST
PAL  Magnet wire bearing a poly(ethylene trimellitate imide) varnish coating
      which is capable of forming a unitary structure after producing a
      fabricated article from the coated wire where the poly(ethylene
      trimellitate imide) cures on heating or application of electrical current.
BSUM
PAR  This invention relates to wire bearing a self-bonding varnish coating. More
      particular, this invention relates to magnet wire bearing a self-bonding
      poly(ethylenetrimellitate imide) coating.
PAR  Magnet wire is an essential element of many electrical components, such as
      armatures, stators, coils, etc. Typically, the bare magnet wire is
      insulated by coating with one or more layers of a magnet wire enamel.
      N.E.M.A. standards require that the insulating enamel layer must be
      flexible and thermally stable under the conditions of use and that the
      coated wire must have specific mechanical properties. The thermal rating
      of magnet wire enamels is normally determined by ASTM D-2307 (1968).
      Magnet wire components used in small appliances and under the hood of
      automobiles generally require relatively high thermal ratings and
      correspondingly the most expensive enamels. Accordingly, various types of
      enamels are employed depending upon the thermal properties required by the
      end use. The enameled magnet wire is fabricated into the desired
      electrical component, dipped into a varnish and the varnish heat fused.
      The varnish is necessary to hold the wound magnet wire in place in the
      electrical component and enhances to some extent the insulating value of
      the finished component.
PAR  There has been considerable interest in avoiding the relatively time
      consuming varnish dipping step. Accordingly, industry would like
      self-bonding magnet wire varnishes where (1) the varnish can be applied
      directly to the unwound enameled magnet wire, (2) the varnish layer
      provides a tack-free top coating on the enameled wire which maintains its
      integrity during fabrication (winding, assembly, etc.), (3) the varnished
      wire passes the N.E.M.A. standards for enameled wire and (4) the varnish
      layer can be heat fused after fabrication to form essentially the same
      unitary electrical components as the prior art process. The advantage of a
      self-bonding varnish is apparent when one considers the speed at which the
      wire can be coated with varnish as opposed to dipping and handling
      numerous fabricated parts.
PAR  Self-bonding epoxy varnishes have been developed. However, these epoxy
      varnishes are limited to end uses having a rating of 130.degree.C or
      below. Above about 130.degree.C, the epoxy breaks down. Until now there
      have been no suitable self-bonding magnet wire varnishes developed for the
      class 155 rated (class F) enamels or higher rated enamels. Accordingly,
      there is a need for self-bonding varnishes for the polyester enamels,
      which have a class F rating (155.degree.C), polyester or polyesterimide
      enamels, which have a class H rating (180.degree.C) and for the polyimide
      and polyamideimide enamels, which have a 220.degree.C rating. These
      enamels presently require that the fabricated element be dipped into a
      suitable varnish prior to heat curing.
PAR  The general object of this invention is to provide new magnet wiring
      bearing a continuous self-bonding varnish top coat. A more specific object
      is to provide magnet wire bearing a self-bonding varnish top coat and
      polyester, polyesterimide, polyimide and polyamideimide enamel subbing
      layers. Other objects appear hereinafter.
PAR  I have now found that the objects of this invention can be attained by
      employing poly(ethylenetrimellitate imides) having an I.V. of at least 0.3
      dl/g as a top coat varnish. The poly(ethylenetrimellitate imides) have
      excellent thermal properties (stable at over 220.degree.C), can be applied
      directly to enameled or subbed magnet wire and dry to a non-tacky coating.
      The poly(ethylenetrimellitate imide) coated magnet wire passes the
      N.E.M.A. standards and the varnish fuses on heating the fabricated
      elements to the desired unitary structure. For simplicity the articles of
      this invention can be viewed as magnet wire bearing a self-bonding top
      coat varnish comprising a poly(ethylenetrimellitate imide) having an I.V.
      of at least 0.3. However, the magnet wire usually comprises one or more
      layers of one or more relatively thermally stable subbing layers, such as
      one or more polyester, polyimide, polyesterimide or polyamideimide subbing
      layers.
PAR  For the purpose of this invention, the inherent viscosity is measured at
      25.degree.C and 0.5% w/v in 60/40 w/w phenol/1, 1, 2, 2-tetrachloroethane.
PAR  The poly(ethylenetrimellitate imides) of this invention have an I.V.
      (inherent viscosity) of at least 0.3 dl/g, preferably at least 0.4 dl/g.
      If the I.V. is below 0.3, the coating lacks physical properties and the
      varnished magnet wire cannot be processed easily.
PAR  The poly(ethylenetrimellitate imides) can be produced by polymerizing
      N-hydroxyethyl trimellitic acid imide in the presence of a suitable
      catalyst. The N-hydroxyethyl trimellitic acid imide can be prepared
      separately and charged to the polymerization apparatus. Preferably
      trimellitic anhydride and/or acid and ethanol amine are reacted together
      to form N-hydroxyethyl trimellitic acid imide in the manner described in
      U.S. Pat. 3,060,191 and allowed Ser. No. 432,569, filed Jan. 11, 1974
      which are incorporated by reference, and the resultant reaction product
      polymerized.
PAR  In general, the N-hydroxyethyl trimellitic acid imide comprises at least 90
      mol percent of the mer units in the polymer and preferably 100 mol percent
      of the mer units. Other things being equal, the homopolymeric poly
      (ethylenetrimellitate imide) has a higher melting point than the
      copolymeric products. Suitable other N-hydroxyalkyl trimellitic acid imide
      comonomers include N-hydroxyethyl trimellitic acid imide, N-hydroxypropyl
      trimellitic acid imide, N-hydroxybutyl trimellitic acid imide,
      N-hydroxyhexyl trimellitic acid imide, N-hydroxyoctyl trimellitic acid
      imide, etc. Two or more of these monomers can be copolymerized with the
      N-hydroxyethyl trimellitic acid imide. If desired the N-hydroxyethyl
      trimellitic acid imide can be copolymerized with up to 10 mol percent of
      one or more comonomers capable of reacting as if it had both terminal acyl
      functionality and -XH functionality wherein X stands
      ##EQU1##
      Suitable comonomers of this type include amino acids, such as aminoacetic
      acid, aminohexanoic acid, aminobenzoic acid, etc.; lactams, such as
      caprolactam, etc.; lactones, such as beta-propiolactone, caprolactone,
      etc.; hydroxycarboxylic acids such as salicylic acid, glycollic acid,
      etc.; half-esters of dicarboxylic acids and glycols, such as the
      half-ester of ethylene glycol and maleic anhydride, etc.
PAR  Catalysts suitable for producing the poly(ethylenetrimellitate imides)
      include antimony trioxide, antimony tributoxide, tetrabutyl titanate,
      tetra-isopropyl titanate, stannous salts, such as stannous laurate and
      various organotin compounds, such as dibutyltin maleate, dibutyltin
      dilaurate, dibutyltin diacetate, tributyltin adipate, dibutyltin
      salicylate, dibutylin dichloride, etc. Of these, the organotin salts and
      stannous salts of mono and dicarboxylic acids are the most versatile. For
      example, the antimony catalysts are not very effective in solid state
      polymerization, while the tin and titanate catalysts can be used
      advantageously in both states. The tin catalysts have the advantage over
      the titanate catalysts in that it is possible to produce polymers having
      an I.V. of up to about 0.7 dl/g in a single stage melt polymerization
      whereas the maximum I.V. attainable with titanate catalysts is about 0.4
      dl/g in a single stage melt polymerization. The higher I.V. attainable
      with the tin compounds is due to the fact that higher esterification
      temperatures can be employed without substantial polymer degradation. This
      is apparently due to the tin compounds acting as stabilizers and/or having
      catalytic activity at higher temperatures. For example, the optimum melt
      polymerization temperature for the titanate catalysts is about 235.degree.
       to 285.degree.C (preferably 244.degree. to 265.degree.C) and for the tin
      catalysts 235.degree. to 315.degree.C (preferably 265.degree. to
      295.degree.C). The lower temperatures yield products having the least
      color while the higher temperatures yield higher molecular weight polymers
      and/or faster reactions. The tin catalysts also permit the attainment of a
      second stage I.V. of 1.5 in about one-half to one-fourth the time it takes
      to reach a second stage I.V. of 1.5 with the titanate catalysts. All of
      these catalysts can be used in a concentration of 0.01 to 2 parts by
      weight (preferably 0.1 to 0.5 parts by weight) per 100 parts by weight
      N-hydroxyethyl trimellitic acid imide.
PAR  The N-hydroxyethyl trimellitic acid imide can be polymerized in a one or
      two stage process. In either case, the N-hydroxyethyl trimellitic acid
      imide is polymerized in a melt at a temperature of 225 to 340.degree.C. In
      the two stage process, the solidified first stage polymer is ground or
      pelletized and then polymerized further at a temperature of 200 to
      275.degree.C while maintaining the polymer in a solid state. Other things
      being equal, the two stage process permits the production of polymers
      having a higher I.V. than that obtainable in a one stage process. The
      higher molecular weight is attainable since the larger surface area in the
      second stage polymerization facilitates removal of water.
PAR  In the preferred method of producing of polymers of this invention starting
      with ethanol amine and trimellitic acid compound, the trimellitic acid
      compound, preferably anhydride, is dissolved or dispersed in a suitable
      solvent (such as dimethyl formamide) or diluent (such as water) and one
      mole of ethanol amine is added per mol of trimellitic acid compound. After
      all the ethanol amine is added, the solvent or diluent is removed, usually
      under vacuum. The polyesterification catalyst can be added at the same
      time as the ethanol amine or, if desired, after the solvent is removed.
      The N-hydroxyethyl trimellitic acid imide and/or the partially condensed
      reactants are melt polymerized at a temperature of 200.degree. to
      315.degree.C, preferably under vacuum. The melt polymerization is
      continued until the polymerization reaches an equilibrium, usually about 1
      to 6 hours. The maximum first stage I.V. of (a) uncatalyzed reactions is
      about 0.15, (b) of titanate catalyst is about 0.4, (c) of tin catalyst
      about 0.7, and (d) antimony catalyst about 0.8. In general the higher the
      I.V. of the polymer in the first stage, the higher the polymer melting
      point and the easier it is to maintain the polymer in the solid state
      during the second polymerization.
PAR  The solid state polymerization, which is carried out below the melting
      point of the polymer, can be conducted in several ways. However, all of
      the techniques require heating the ground or pelletized polymer below the
      polymer melting point, generally 200.degree. to 275.degree.C while either
      sparging with an inert gas, such as nitrogen or air, or operating under a
      vacuum. As indicated above, these conditions facilitate the removal of
      water from the polymer and thereby enhance polymer chain growth.
PAR  Substantially any one or more thermally stable magnet wire enamels can be
      used as subbing layers for the self-bonding poly(ethylenetrimellitate
      imide) top coats. As indicated above, suitable subbing layers include
      polyesters, polyesterimides, polyamideimides, polyimides, etc.; see for
      example U.S. Pat. Nos. 3,022,200 of Koerner, et al.; 3,371,009 of Traynor,
      et al.; 3,428,486 of George; 3,475,212 of Bach, all of which patents are
      incorporated by reference. A particular useful combination is to employ a
      polyester laver or layers directly in contact with the magnet wire and
      higher thermally rated enamels as the outer enamel layer. For example, it
      is desirable to have a polyester enamel subbing layer in direct contact
      with the magnet wire and either a polyimide or polyamideimide enamel layer
      in direct contact with the polyester layer and the
      poly(ethylenetrimellitate imide) top coat. Of course, each of these layers
      may be formed by one or more applications of the particular polymer.
PAR  The thermally stable enamels and the poly(ethylenetrimellitate imides) can
      be applied to magnet wire by passing the wire through the polymer
      solution, through a suitable die and then through an oven maintained at an
      elevated temperature to cure and/or dry the resins on the wire. Where
      desired, the wire may be passed through the polymer solution and dies a
      number of times and through the oven after each pass through the polymer
      solution. In this way a thicker polymer buildup is obtainable than can be
      obtained with only a single pass through a polymer solution. Typically the
      die provides a clearance of from about 2 to 4 mils around the wire. The
      speed at which the wire is passed through the polymer solution and the
      temperature at which the oven is maintained depends upon the particular
      polymer solution employed, the buildup of polymer desired, the length of
      the oven in which the coated wire is cured and/or dried and the molecular
      weight of the polymer used in the coating operation. The various
      parameters for applying the thermally stable enamels are well known by
      practitioners in this industry and particularly efficacious combinations
      of enamels and operating conditions can be determined by routine
      experimentation.
PAR  The self-bonding poly(ethylenetrimellitate imides) are preferably applied
      from a 10 to 30 percent by weight solution of an organic solvent such as
      cresylic acid or meta-cresol or mixtures of these with xylenes, at a rate
      of 20 to 100 feet per minute and dried at a temperature of 250.degree. to
      500.degree.C before winding the wire and fabricating the wound magnet wire
      into the desired electrical component.
PAR  After fabrication of the electrical component, the thermoplastic
      poly(ethylenetrimellitate imides) coatings can be bonded together at a
      temperature of 200.degree. to 300.degree.C or higher for approximately 60
      minutes to 5 minutes. In general, the higher the fusion temperature the
      shorter the heating time. Surprisingly, the poly(ethylenetrimellitate
      imide) coatings can also be bonded together by passing sufficient current
      through the wire to raise the wire temperature to about 200.degree. to
      400.degree.C.
PAR  The following examples are merely illustrative.
DETD
PAC  EXAMPLE I
PAR  Eighteen gauge (.0403 inch diameter) copper AWG wire, annealed at
      750.degree.F under nitrogen, was coated in a G.E. laboratory Model Type M
      Wire Tower by passing the annealed wire at 40 to 50 feet per minute
      through a 30% solids room temperature bath of an ethylene
      glycol/trishydroxyethyl isocyanurate terephthalate polyester (Isonel 200
      XWE 490) in cresylic acid and dried in a two stage 15-foot oven where the
      first 71/2  feet of the oven was maintained at 500.degree.F and the second
      half of the oven was maintained at 850.degree.F. Four coats of polyester
      were applied in this manner thereby increasing the wire diameter by 2.2
      mils. Two layers of a trimellitic anhydride/methylene bisaniline/methylene
      bisaniline diisocyanate amideimide polymer of the type described in Hanson
      et al. Application Ser. No. 348,868 filed Apr. 4, 1973, now U.S. Pat. No.
      3,847,878, which is incorporated by reference, were applied in essentially
      the same manner by passing the polyester coated wire through a 25% solids
      room temperature bath of the amideimidepolymer in a 2:1 weight ratio of
      N-methylpyrolidone:xylene and dried in the two stage oven at 500.degree.F
      and 850.degree.F thereby increasing the enamel layer diameter an
      additional 0.8 mils. Two bond coats of homopolymeric
      poly(ethylenetrimellitate imide) having an I.V. of about 0.45 were applied
      in essentially the same manner by passing the enameled copper wire through
      a room temperature 21-22% solids bath of poly(ethylenetrimellitate imide)
      in a 2:1 weight ratio of cresylic acid:xylene and drying at 500.degree.F
      and 850.degree.F to increase the wire diameter 0.6 to 0.8 mils.
PAR  The magnet wire was wound, fused and tested according to N.E.M.A. Magnet
      Wire Standards MW-1000-1973 except using 225.degree.C as bonding
      temperature with the results set forth below in Table I:
PAC  EXAMPLE II
PAR  Example I was repeated except that the magnet wire was passed through the
      baths at 40 feet per minute instead of 50 feet per minute. The results are
      set forth below in Table I:
TBL                                    Table I                                 
     __________________________________________________________________________
     Test         NEMA Spec.                                                   
                          Ex. I   Ex. II                                       
     __________________________________________________________________________
     20% JERK + MANDREL                                                        
                  3X MAX  1X      1X                                           
     SNAP + MANDREL                                                            
                  PASS    3X      2X                                           
     BURN OUT, OFM                                                             
                  AT LEAST 6.8                                                 
                          7.7     9.8                                          
     DIELECTRIC STRENGTH                                                       
                  5700 VOLTS                                                   
                          11,000 VOLTS                                         
                                  10,000 VOLTS                                 
     UNILATERAL SCRAPE                                                         
                  1150 grams                                                   
                          1450 grams                                           
                                  1340 grams                                   
     BOND STRENGTH IN                                                          
                  9 Min   14      14                                           
     KILOGRAMS                                                                 
     __________________________________________________________________________
PAR  The above data illustrates that poly(ethylenetrimellitate imide) is an
      excellent self-bonding top coat varnish.
PAC  EXAMPLE III
PAR  Example I was repeated according to the twisted pair bond strength test of
      the N.E.M.A. Magnet Wire Standards MW-1000-1972 with essentially the same
      results except that the self-bonding poly(ethylenetrimellitate imide) top
      coat varnish was cured by resistance heating using a Techrand Burnout
      tester set at 36 amps for (A) 30 seconds and (B) 60 seconds.
PAC  EXAMPLE IV
PAR  Example I was repeated except that six coats of the polyester was applied
      as the enamel layer and the magnet wire was passed through the baths at 45
      feet per minute. The results are set forth below in Table II.
TBL                Table II                                                    
     ______________________________________                                    
     Test            NEMA Spec.   Ex. IV                                       
     ______________________________________                                    
     20% JERK + MANDREL                                                        
                     3X MAX       1X                                           
     SNAP + MANDREL  PASS         1X                                           
     BURN OUT, OFM   AT LEAST 4.3 6.8                                          
     DIELECTRIC STRENGTH                                                       
                     5700 VOLTS   12,000 VOLTS                                 
     BOND STRENGTH IN                                                          
                     9 Min        12                                           
     KILOGRAMS                                                                 
     ______________________________________                                    
PAC  EXAMPLE V
PAR  Example I was repeated except that six coats of Isomid (a polyesterimide)
      was applied from a 30% solids cresylic acid bath as the enamel layer and
      the magnet wire was passed through the baths at 45 feet per minute. The
      results are set forth below in Table III:
TBL                Table III                                                   
     ______________________________________                                    
     Test            NEMA Spec.   Ex. V                                        
     ______________________________________                                    
     20% JERK + MANDREL                                                        
                     3X MAX       1X                                           
     SNAP + MANDREL  PASS         1X                                           
     BURN OUT, OFM   AT LEAST 5.1 8.1                                          
     DIELECTRIC STRENGTH                                                       
                     5700 VOLTS   12,000 VOLTS                                 
     BOND STRENGTH IN                                                          
                     9 Min        12                                           
     KILOGRAMS                                                                 
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. Magnet wire bearing a continuous self-bonding varnish top coat
      comprising a poly(ethylenetrimellitate imide) having an inherent viscosity
      of at least 0.3 dl/g.
NUM  2.
PAR  2. The article of claim 1, wherein said poly(ethylenetrimellitate imide) is
      a homopolymer having an inherent viscosity of at least 0.4 dl/g.
NUM  3.
PAR  3. The article of claim 2, wherein said magnet wire bears at least one
      enamel subbing layer selected from the group consisting of a polyester,
      polyesterimide, polyimide and polyamideimide.
NUM  4.
PAR  4. The article of claim 3, wherein said poly(ethylenetrimellitate imide) is
      a homopolymer having an inherent viscosity of at least 0.4 dl/g.
NUM  5.
PAR  5. The article of claim 4, wherein a polyester enamel subbing layer is in
      direct contact with the magnet wire.
NUM  6.
PAR  6. The article of claim 5, wherein a polyamideimide enamel subbing layer is
      in direct contact with the polyester subbing layer and
      poly(ethylenetrimellitate imide) top coat.
NUM  7.
PAR  7. The article of claim 5, wherein a polyimide enamel subbing layer is in
      direct contact with the polyester subbing layer and
      poly(ethylenetrimellitate imide) top coat.
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ABST
PAL  A composition for use in the treatment of glass fibers and glass fibers
      treated therewith, wherein the composition is formulated to include an
      organo silicon compound in the form of an epoxy, an amino or an alkenyl
      silane blended with an organo silicon compound containing a
      beta-chloroalkoxy group. The glass fibers treated with the composition can
      be used in the reinforcement of thermosetting resins and elastomeric
      materials.
PARN
PAR  This is a continuation-in-part of copending applications Serial No.
      347,264, now U.S. Pat. No. 3,899,524, and Serial No. 347,241, both filed
      on April 2, 1973.
BSUM
PAR  This invention relates to size compositions, and more particularly to size
      compositions for use in the treatment of glass fibers to improve the
      bonding relationship between glass fibers and resinous plastics in the
      manufacture of glass fiber reinforced plastics.
PAR  The term "glass fibers", are used herein, is intended to refer to and
      include (1) continuous fibers formed by rapid attenuation of hundreds of
      streams of molten glass and to strands formed when such continuous glass
      fiber filaments are gathered together as they are being formed; and to
      yarns and cords formed by plying and/or twisting a number of strands
      together, and to woven and non-woven fabrics which are formed of such
      glass fiber strands, yarns or cords, and (2) discontinuous fibers formed
      by high pressure stream, air or other suitable attenuating force directed
      onto multiple streams of molten glass issuing from a glass melting bushing
      or from an orifice containing spinner, and to yarns that are formed when
      such discontinuous fibers are gathered together to form a silver which is
      drafted into a yarn; and to woven and non-woven fabrics formed of such
      yarns of discontinuous fibers, and (3) combinations of such continuous and
      discontinuous fibers in strands, yarns, cords and fabrics formed thereof.
PAR  It is now standard practice in the manufacture of glass fiber-reinforced
      plastics to employ glass fibers which have been coated with an organo
      silicon compound in the form of an organo silane or its hydrolysis
      products (e.g., the corresponding silanols and/or polysiloxanes). The
      nature of the organo silicon compound employed depends somewhat on the
      particular plastic to be reinforced. For example, where the resin is a
      polyepoxide, the organo silicon compound is frequently an organo silane
      containing an epoxy group
      ##EQU1##
      where x is an integer from 2 to 5 and R is an alkyl group containing 1 to
      5 carbon atoms, or the corresponding hydrolysis products thereof. Where
      the resin is a polyester, the organo silicon compound frequently contains
      ethylenic unsaturation; the silane can be
EQU  CH.sub.2 =CH-Si (OR).sub.3                                 ( 2)
PAL  or more preferably
      ##EQU2##
      wherein R.sub.1 is hydrogen or methyl.
PAR  While such silanes as well as their hydrolysis products are quite effective
      in promoting a secure bond between glass fibers and thermosetting
      plastics, they are quite expensive and therefore provide a significant
      contribution to the overall cost of manufacture of glass fiber reinforced
      plastics. Numerous attempts have been made to reduce the cost of such
      silanes, usually by replacing a portion of the epoxy or acryloxyalkyl
      silanes with a less expensive silane. In U.S. Pat. No. 3,702,783 there is
      described a size composition which is formulated to contain a
      glycidoxyalkyl silane of the type described above and a methyltrialkoxy
      silane. However, the methyltrialkoxy silane is not significantly less
      expensive than the glycidoxyalkyl silane and, consequently, the organo
      silicon compounds proposed by the foregoing patent represent only marginal
      savings.
PAR  It is accordingly an object of the present invention to provide a size
      composition for use in the treatment of glass fibers to promote a secure
      bonding relationship between glass fibers and organic resins.
PAR  It is a more specific object of the invention to provide a size composition
      for use in the treatment of glass fibers for use as reinforcement for
      resinous plastics or as reinforcement for elastomeric materials.
PAR  It is another object of the invention to provide glass fibers treated with
      the composition of this invention for use as reinforcement for plastic or
      elastomeric materials.
PAR  The concepts of the present invention reside in a glass fiber size
      composition which is formulated to include as the essential components a
      blend of an acrylate silane having the formula
      ##EQU3##
      wherein R is hydrogen or methyl, x is an integer from 3 to 6 and R.sub.1
      is lower alkyl (e.g., methyl, ethyl, propyl, isopropyl, etc.), or the
      hydrolysis products thereof such as the corresponding silanol or
      polysiloxane and a complex organo silane characterized by one or more
      beta-haloalkoxy groups of the formula
      ##EQU4##
      wherein X is halogen.
PAR  Representative acrylate silanes include gamma-acryloxypropyltrimethoxy
      silane, gamma-methacryloxypropyltriethoxy silane,
      .DELTA.-methacryloxybutyltrimethoxy silane, etc. Preferred is
      gamma-methacryloxypropyltrimethoxy silane since this material is
      commercially available from Union Carbide under the trademark A-174. Such
      silanes are prepared in a conventional manner by forming the corresponding
      chloroalkyl silane by the reaction
EQU  HSiX.sub.3 + CH.sub.2 =CH-(CH.sub.2).sub.y -CH.sub.2 Cl .sup.Pt catalyst
      ##EQU5##
      wherein y is O or an integer from 1 to 3, and reacting the product with
      the desired alkali metal acrylate or methacrylate salt
      ##EQU6##
PAR  The complex silanes having the beta-haloalkoxy group employed in the
      practice of the invention are those described in copending applications
      Ser. No. 347,264 and Ser. No. 347,241, both of which are filed on Apr. 2,
      1973, and the disclosures of which are incorporated herein by reference.
PAR  As is described in the foregoing copending applications, the complex organo
      silanes are prepared by reaction of various combinations of epoxides with
      a halosilane, and preferably a silicon tetrahalide. Epoxides used in the
      preparation of such silanes include alkylene oxides and the following: 1.
      Epoxides of the formula
      ##EQU7##
      wherein R.sub.2 is an aryl group such as phenyl or phenyl substituted with
      an amino group, a halogen group, an alkyl group; alkyl containing 1 to 20
      carbon atoms and substituted derivatives thereof; an alkenyl group
      containing 2 to 8 carbon atoms (e.g., vinyl, allyl, etc.); styrene oxide;
      a group having the formula
      ##EQU8##
      wherein R' is hydrogen or methyl. Illustrative of such epoxides are phenyl
      glycidyl ether, cresyl glycidyl ether, allyl glycidyl ether, glycidyl
      acrylate, glycidyl methacrylate, a mixture of n-octyl and n-decyl glycidyl
      ethers (Epoxide No. 7 from Proctor and Gamble) and a mixture of n-dodecyl
      and n-tetradecyl glycidyl ethers (Epoxide No. 8 from Procter and Gamble).
      2. Epoxides of the formula
      ##EQU9##
      wherein R.sub.3 is a divalent organic radical such as alkylene containing
      1 to 10 carbon atoms; alkylene-oxyalkylene containing 2 to 20 carbons;
      oxyalkyleneoxy containing 1 to 10 carbon atoms; oxyalkylene-oxyalkyleneoxy
      containing 2 to 20 carbon atoms; divalent aromatic groups such as a group
      of the formula
      ##SPC1##
PAR  A numbeer of such epoxides are commercially available from Dow and Ciba and
      include the following:
      ##EQU10##
      ##SPC2##
      3. Cycloalkane epoxides, including the following:
      ##EQU11##
      ##SPC3##
      ##SPC4##
PAR  In accordance with one embodiment of copending application Ser. No.
      347,264, the organo silicon compounds are prepared by reaction of from 1
      to 3 epoxide equivalents of the alkylene oxide and at least 0.5 and up to
      3 epoxide equivalents of the epoxide containing a functional group per
      mole of the silicon tetrahalide. As used herein, the term "epoxide
      equivalent" refers to the number of moles of the epoxide divided by the
      number of epoxide groups per molecule. Thus, this reaction may be
      illustrated by the following:
      ##EQU12##
      wherein X represents halogen, R.sub.4 is hydrogen or C.sub.1 to C.sub.4
      alkyl (e.g., methyl, ethyl, propyl, etc.), and R.sub.5 is hydrogen or
      C.sub.1 to C.sub.4 alkyl, and preferably hydrogen, a represents the
      epoxide equivalent of the alkylene oxide and b represents the epoxide
      equivalent of the epoxide containing a functional group
      ##EQU13##
PAR  In actual practice, the reaction product produced is a mixture of compounds
      which can be utilized as such without the need to separate specific
      compounds contained in the reaction product.
PAR  However, compounds contained in the reaction mixture can be, if desired,
      separated from the mixture by known techniques, such as fractional
      distillation, liquid chromatography, etc., to yield the substantially pure
      compounds. Such compounds frequently depend upon the epoxide equivalents
      employed, that is, the values of a and b. For example, when the reaction
      mixture contains about 2 to 3 epoxide equivalents of the alkylene oxide
      and about 1 to 2 epoxide equivalents of the epoxide containing the
      functional group, the reaction product includes the following compounds:
      ##EQU14##
      wherein X is an integer from 2 to 3 and y is an integer from 1 to 2, and
      ##EQU15##
      wherein x is 3 and y is 1 and where X, R.sub.3 and R.sub.4 are as
      described above, as well as the corresponding derivatives where the
      epoxide is a cyclohexane epoxide.
PAR  Where the epoxide containing the functional group includes two or more
      epoxide groups, it is generally preferred that the equivalents of the
      alkylene oxide a be at least 2.2 and preferably at least 2.5 to avoid
      polymer formation which leads to gelling of the reaction product.
PAR  In preparing the reaction mixtures of the present invention, the reactants
      are contacted in the liquid phase. An inert organic solvent can be
      employed, if desired, but is not essential to the practice of the
      invention. The reaction temperature is not critical as the reaction
      generally takes place spontaneously and evolves heat. Best results are
      usually achieved when the reaction temperature is maintained below
      100.degree.C, such as within the range of 0.degree. to 100.degree.C.
PAR  Where the epoxide containing the functional group as described above
      contains two or more epoxide groups, it is frequently preferred that the
      alkylene oxide be added to the halosilane prior to the time that the
      diepoxide is added to the reaction mixture. This procedure has the
      advantage that the reaction of alkylene oxide with the silicon tetrahalide
      is quite exothermic and thus raises the temperature of the reaction medium
      to a level suitable for addition of the epoxide containing the functional
      grouping.
PAR  Where the epoxide containing the functional group is a monoepoxide, the
      alkylene oxide or the monoepoxide can be added to the reaction mixture
      before the other, or they may be added simultaneously.
PAR  Where the reaction mixture contains two or more equivalents of an epoxide
      containing two or more epoxide groups per molecule, the reaction product
      includes compounds in which one of the epoxide groups in the functional
      epoxide remains unreacted with the silicon tetrahalide. For example, when
      the functional epoxide is one of those defined by 2 above, the reaction
      product includes compounds
      ##EQU16##
      where R.sub.3, R.sub.4 and X are as described above.
PAR  In accordance with yet another embodiment of the invention, the halosilane
      employed in the reaction can contain one or more organo groups attached
      directly to the silicon atom through a carbon-to-silicon bond. In the
      preferred practice of this embodiment of the invention, the halosilane is
      of the formula
EQU  (R.sub.7).sub.n SiX.sub.(4.sub.-n)                         ( 29)
PAL  wherein R.sub.7 is an organic group containing 1 to 20 carbon atoms, n is
      an integer from 1 to 2 and X is halogen and preferably chlorine or
      bromine.
PAR  R.sub.7 is preferably alkyl containing 1 to 20, and preferably 1 to 6
      carbon atoms (e.g., methyl, ethyl, propyl, isopropyl, lauryl, etc.);
      alkenyl containing 2 to 20 and preferably 2 to 6 carbon atoms (e.g.,
      vinyl, allyl, 3-butenyl, 4-pentenyl, etc.), cycloalkyl, such as
      cyclopentyl, cyclohexyl, etc., phenyl, as well as substituted derivatives
      thereof.
PAR  Where the organo halosilanes described above are reacted with an alkylene
      oxide and an epoxide containing a functional group as described above, it
      is preferred to employ from 1 to 2.5 epoxide equivalents or moles of the
      alkylene oxide per mole of the halosilane and from 0.5 to 3 epoxide
      equivalents of the epoxide containing the functional group per mole of the
      halosilane. Where the latter epoxide contains two epoxide groups and n =
      1, it is desirable to employ at least 1.2 and perferably at least 1.5
      epoxide equivalents of the alkylene oxide to minimize gel formation.
PAR  As is the case in the embodiments described above, the reaction product is
      usually in the form of a mixture of compounds. However, compounds which
      can be separated from the reaction products include:
      ##EQU17##
      where R.sub.7, R.sub.4, R.sub.2 and X are as described above and e is an
      integer from 1 to 2, and f is an integer from 1 to 2, with the total of e
      and f being equal to 3 where n is 1, and to 2 where n is 2;
      ##EQU18##
      and/or
      ##EQU19##
PAR  If desired, in the practice of this embodiment of the invention, the
      reaction can be carried out using a monoepoxide containing a functional
      group alone. This reaction frequently produces specific compounds but can
      also result in mixtures. Compounds produced include the following types:
      ##EQU20##
PAR  Representative of specific compounds include the following:
      ##EQU21##
      (CH.sub.2 =CHSiCl.sub.3 1 mole; allyl glycidyl ether 3 epoxide
      equivalents)
      ##EQU22##
      (CH.sub.2 =CHSiCl.sub.3 1 mole; glycidyl acrylate 3 epoxide equivalents)
PAR  In accordance with one embodiment of copending application Ser. No.
      347,241, the organo silicon compounds are prepared by reaction of from 1
      to 3 epoxide equivalents of the monoepoxide and at least 0.5 and up to 3
      epoxide equivalents of another epoxide containing a functional group per
      mole of the silicon tetrahalide. As used herein, the term "epoxide
      equivalent" refers to the number of moles of the epoxide times by the
      number of epoxide groups per molecule.
PAR  For example, use can be made of a monoepoxide containing another functional
      group and a diepoxide as described above. This reaction can be illustrated
      by way of the following equations:
      ##EQU23##
      wherein X represents halogen, a represents the epoxide equivalent of the
      monoepoxide and b represents the epoxide equivalent of the diepoxide. In
      actual practice, the reaction product produced is a mixture of compounds
      which can be utilized as such without the need to separate specific
      compounds contained in the reaction product.
PAR  However, compounds contained in the reaction mixture can be, if desired,
      separated from the mixture by known techniques such as fractional
      distillation, liquid chromatography, etc., to yeild substantially pure
      compounds.
PAR  It has been found that in the reaction mixture, a should be at least 2.2,
      and preferably at least 2.5, to avoid polymer formation which causes
      gelling of the product. Thus, a is within the range of 2.2 to 3.5 and b is
      within the range of 0.5 to 1.8. It has also been found that where the
      reaction mixture contains 2 or more epoxide equivalents of the diepoxide,
      the compounds which predominate in the reaction mixture have the general
      formula
      ##EQU24##
      wherein c is within the range of 2.0 to 3 and d is within the range of 1
      to 2.0. Most frequently, c is 3 and d is 1.
PAR  Where, however, use is made of less than 2 epoxide equivalents of the
      diepoxide, and epoxide equivalents used total 4, the product of the
      reaction includes compounds containing no free epoxy groups; these
      compounds have the general formula
      ##EQU25##
      if a = 3 and b = 1/2 (e.g., 36).
PAR  It will be observed that in all of the compounds specifically described
      above, each bond to the silicon atom contains a beta-haloalkoxy group. As
      indicated above, it is believed that such groupings impart improved
      stability to the compounds.
PAR  In accordance with another concept of the present invention, the reaction
      is carried out with 0.5 to 2.5 moles of an alkylene oxide in addition to
      0.5 to 2.5 epoxide equivalents of monoepoxide and the diepoxide. In this
      embodiment of the invention, the alkylene oxide reacts with the halosilane
      in a similar manner to form a beta-haloalkoxy group attached directly to
      the silicon atom. This reaction can proceed in two ways, depending upon
      the amount of diepoxide employed. Thus, where the amount of the diepoxide
      is less than two epoxide equivalents, the reaction proceeds as follows:
      ##EQU26##
      where e and g are each integers from 1 to 2 and f is 1, and R is hydrogen
      or C.sub.1 to C.sub.6 alkyl (e.g., methyl, ethyl, propyl, etc.).
PAR  As with the embodiment described above, the reaction product of the above
      is a mixture which can be used as such or, if desired, the predominant
      compounds having the formula stated above can be separated from the
      reaction mixture.
PAR  Another group of compounds which can be employed in the practice of the
      invention include compounds prepared by reaction of substantially
      stoichiometric amounts of a silicon tetrahalide and an epoxide (9) as
      described above, preferably an epoxide containing ethylenic unsaturation.
      Preferred epoxides are those of the formula
      ##EQU27##
      where R.sub.8 is C.sub.2 to C.sub.8 alkenyl (e.g. alkyl, vinyl, etc.) or a
      group
      ##EQU28##
      wherein R' is as described above.
PAR  These compounds have the formula
      ##EQU29##
      Representative compounds include the following
      ##EQU30##
PAR  The combination of the acrylate silane and the beta-haloalkoxy organo
      silicon compounds is formulated into a size composition for application to
      the glass fibers. The size composition is formulated with a solvent or
      diluent such as an inert organic solvent or with water. For reasons of
      economy, water is frequently preferred but volatile organic solvents may
      also be employed if desired; suitable solvents include aliphatic
      aldehydes, aliphatic ketones, alcohols, etc.
PAR  The relative proportions of the acrylate silane and the beta-haloalkoxy
      organo silicon compound can be varied within fairly wide ranges. Best
      results are usually obtained when the acrylate solvent constitutes from
      0.05 to 2% by weight of the size composition and the beta-haloalkoxy
      constitutes 0.5 to 3% by weight of the size composition. It has been found
      that the weight ratio of the acrylate silane to the beta-haloalkoxy organo
      silicon compound is within the range of 0.05 to 1, and preferably 0.1 to
      0.7. Since the acrylate silane is the more expensive component, the amount
      of the beta-haloalkoxy organo compound usually exceeds the amount of the
      acrylate silane on a weight basis.
PAR  While it is not essential to the practice of the invention, it is
      frequently preferred to formulate the size composition to include a
      film-forming material. A variety of film-forming materials can be used for
      this purpose, including polyester resins, polyamide resins, polyolefin
      resins (e.g., polyethylene, polypropylene, etc.), polyepoxide resins,
      vinyl resins (e.g., polyvinyl chloride, polyvinyl acetate, polyvinyl
      alcohol, polyvinyl pyrrolidone, etc.), waxes, polybutadienes, partially
      dextrinized starches and others. Such film forming materials are
      themselves well known to those skilled in the art and are described in
      U.S. Pat. Nos. 2,931,739, 2,958,114, 3,040,413, 3,252,278, 3,424,608.
      Combinations of two or more of such film-forming materials can also be
      used.
PAR  The size composition employed in the practice of this invention can also be
      formulated to include any of a variety of wetting agents, glass fiber
      lubricants, etc., also well known to the art.
PAR  The resulting size composition can be used in the treatment of glass fibers
      for use as reinforcement of thermosetting resins as well as elastomeric
      materials in accordance with conventional techniques. It has been found
      that the combination of the acrylate silanes and the beta-haloalkoxy
      organo silicon compounds containing ethylenic unsaturation are
      particularly well suited for use as a size for glass fibers for
      reinforcement of polyester resins.
PAR  While not equivalent to the acrylate silanes described above, other
      conventional organo silanes can be used in combination with the
      beta-haloalkoxy organo silicon compounds in the preparation of size
      compositions. Such silanes include alkenyl silanes of the formula
EQU  CH.sub.2 =CH-(CH.sub.2).sub.a -Si(OR.sub.1).sub.3          ( 41)
PAL  wherein a is 0 or an integer from 1 to 3, and R.sub.1 is as described
      above.
PAR  Also suitable are glycidoxy alkyl silanes of the formula
      ##EQU31##
      wherein x and R.sub.1 are as described above, and amino silanes of the
      formula
EQU  H.sub.2 N--(CH.sub.2).sub.b -- Si (OR.sub.1).sub.3         ( 43)
PAL  wherein b is an integer from 3 to 6. Representative examples include
      vinyltriethoxy silane, glycidoxypropyltrimethoxy silane and
      aminopropyltrimethoxy silane.
PAR  Having described the basic concepts of the invention, reference is now made
      to the following examples which are provided by way of illustration and
      not by way of limitation of the practice of the invention in the
      formulation of size compositions and the use of such compositions in the
      treatment of glass fibers.
DETD
PAC  EXAMPLE 1
PAR  An organo silane is prepared by SiCl.sub. 127.4 g (0.75 mole) of CiCl.sub.4
      in a reaction flask, and then adding 87.1 g (1.5 mole) of propylene oxide
      and 171.1 g (1.5 mole) of allyl glycidyl ether. The product of the
      reaction is found to be a mixture which includes the compound
      ##EQU32##
PAC  EXAMPLE 2
PAR  Using the procedure outlined in Example 1, one mole of SiCl.sub.4 is
      reacted with 3 moles of propylene oxide and 1 epoxide equivalent of DER
      332. The product is a mixture which contains the compound
      ##SPC5##
PAC  EXAMPLE 3
PAR  One mole of SiCl.sub.4 is reacted sequentially with 2.5 moles of propylene
      oxide, 0.5 mole of allyl glycidyl ether and 1 epoxide equivalent of DER
      332. The product is a mixture which includes the compound
      ##SPC6##
PAC  EXAMPLE 4
PAR  One mole of SiCl.sub.4 is reacted with 2 moles of propylene oxide and 2
      moles of glycidyl acrylate. The reaction mixture produced is found to
      contain the compound
      ##EQU33##
PAC  EXAMPLE 5
PAR  One mole of SiCl.sub.4 is reacted with 2.5 moles of propylene oxide, and
      the product is reacted with 0.5 moles of Epoxide No. 7 and 1.0 epoxy
      equivalent of ERE 1359. The product is a mixture which contains the
      compound
      ##SPC7##
PAC  EXAMPLE 6
PAR  One mole of SiCl.sub.4 is reacted with 3 moles of propylene oxide and 1
      mole of glycidyl acrylate. The product, a mixture, contains the compound
      ##EQU34##
PAC  EXAMPLE 7
PAR  Using the procedure of Example 1, 1 mole of SiCl.sub.4 is reacted with 2
      moles of propylene oxide, 1 mole of glycidyl methacrylate and 1 epoxy
      equivalent of ERE 1359. The product includes
      ##SPC8##
PAC  EXAMPLE 8
PAR  One mole of SiCl.sub.4 is reacted with 2 moles of propylene oxide, 1 mole
      of glycidyl methacrylate and 1 epoxy equivalent of DER 332. The mixture
      forming the product includes the compound
      ##SPC9##
PAC  EXAMPLE 9
PAR  One mole of SiCl.sub.4 is reacted with 2 moles of propylene oxide, 1 mole
      of glycidyl acrylate and 1 epoxy equivalent of ERE 1359. The mixture
      resulting includes the compound
      ##SPC10##
PAC  EXAMPLE 10
PAR  One mole of SiCl.sub.4 is reacted with 2 moles of propylene oxide, 1 mole
      of allyl glycidyl ether and 1 epoxide equivalent of ERE 1359. The mixture
      produced includes the compound
      ##SPC11##
PAC  EXAMPLE 11
PAR  One mole of SiCl.sub.4 is reacted with 2 moles of propylene oxide, 1 mole
      of glycidyl acrylate and 1 epoxy equivalent of DER 332. The product
      includes the compound
      ##SPC12##
PAC  EXAMPLE 12
PAR  One mole of SiCl.sub.4 is reacted with 2 moles of propylene oxide, 1 mole
      of glycidyl acrylate and 1 epoxide equivalent of ERL 4206. The mixture
      forming the product includes the compound
      ##SPC13##
PAC  EXAMPLE 13
PAR  One mole of SiCl.sub.4 is reacted with 2 moles of propylene oxide, 1 mole
      of allyl glycidyl ether and 1 epoxy equivalent of ERL 4206. The product
      includes
      ##SPC14##
PAR  In the preparation of each of the foregoing beta-haloalkoxy compounds, the
      reactants are added sequentially to the SiCl.sub.4 in the order indicated
      in each of the examples.
PAC  EXAMPLE 14
PAR  Each of the foregoing reaction products of Examples 1-13 is then tested in
      a size composition in combination with gammamethacryloxypropyltrimethoxy
      silane (A-174 from Union Carbide). The size compositions were each
      formulated in accordance with the following
TBL                Test Size                                                   
     ______________________________________                                    
     Polyvinylacetate                                                          
                     2.0% by weight                                            
     A-174           0.2% by weight                                            
     Beta-haloalkoxysilane                                                     
                     Amount equal to same                                      
                     number of moles as A-174                                  
     Water to 100%   used                                                      
     ______________________________________                                    
PAR  Each of the size compositions is applied to glass fibers as they are
      formed, and the coated glass fibers are dried at 265.degree.F for 16
      hours. The glass fibers coated (in the form of slivers) are then employed
      as reinforcement in standard polyester test rods. The rods are then tested
      to determine their flex strength, in a dry state and after having been
      contacted with boiling water for 4 hours. A control size is also used in
      the same manner; the control size is formulated as follows:
TBL                Control Size                                                
     ______________________________________                                    
     Polyvinylacetate    2 % by weight                                         
     A-174               0.4% by weight                                        
     Water to 100%                                                             
     ______________________________________                                    
PAR  The results of these tests are shown in the following table.
TBL                TABLE I                                                     
     ______________________________________                                    
     Silane                                                                    
           Beta-haloalkoxy                                                     
                         Flex (4-hr boil)                                      
                                      Flex (dry)                               
     A-174 Compound      (psi .times. 10.sup.3)                                
                                      (psi .times. 10.sup.3)                   
     ______________________________________                                    
     0.4%  --            178.4        185.3                                    
     0.2%  Ex. 1  0.415 %                                                      
                         181.8        198.5                                    
     0.2%  Ex. 2  0.415 %                                                      
                         178.3        193.6                                    
     0.2%  Ex. 3  0.433 %                                                      
                         196.3        190.0                                    
     0.2%  Ex. 4  0.440 %                                                      
                         183.9        196.5                                    
     0.2%  Ex. 5  0.345 %                                                      
                         192.1        201.8                                    
     0.2%  Ex. 6  0.368 %                                                      
                         183.7        185.1                                    
     0.2%  Ex. 7  0.421 %                                                      
                         176.3        189.8                                    
     0.2%  Ex. 8  0.470 %                                                      
                         182.0        194.0                                    
     0.2%  Ex. 9  0.410 %                                                      
                         179.6        190.8                                    
     0.2%  Ex. 10 0.411 %                                                      
                         185.7        188.0                                    
     0.2%  Ex. 11 0.458 %                                                      
                         171.2        188.7                                    
     0.2%  Ex. 12 0.390 %                                                      
                         180.9        193.2                                    
     0.2%  Ex. 13 0.392 %                                                      
                         171.8        191.0                                    
     ______________________________________                                    
PAR  As shown by the above data, the use of .beta.-haloalkoxy compounds in
      combination with A-174 is at least equal to the use of A-174 alone and
      generally superior in bonding glass fibers to polyester resins.
PAC  EXAMPLE 15
PAR  A series of size compositions are formulated in accordance with the
      following two recipes:
TBL  Polyepoxide-amine resin (MME-1A)                                          
                         2.29%                                                 
     Polyepoxide-amine resin (MME-3A)                                          
                         0.41%                                                 
     Polyepoxide-amine resin (ME-10)                                           
                         0.81%                                                 
     Acetic acid         0.35%                                                 
     A-174               0.15%                                                 
     Beta-haloalkoxy compound                                                  
                         variable                                              
     Wetting agent (Triton X-100)                                              
                         amount equal to 1/10th                                
                         haloalkoxy compound                                   
                         on weight basis                                       
     SM (2050)           0.3%                                                  
     Polyvinylacetate (PVAc 25-1014)                                           
                         0.7%                                                  
     Water                                                                     
PAR  The polyepoxide-amine resins are fiber-forming resins and are described in
      U.S. Pat. No. 3,169,884.
PAR  The size compositions are applied to glass fibers in the form of slivers
      which are then dried at 235.degree.F for 10 hours. The coated fibers are
      then tested as reinforcement for a polyester resin as described in Example
      14.
PAR  The results of the flex tests are shwon in the following table.
TBL                TABLE II                                                    
     ______________________________________                                    
     Silane  Beta-haloalkoxy                                                   
                            Flex         Flex                                  
     A-174   Compound       (24 hr boil) (dry)                                 
     ______________________________________                                    
     0.3 %   --             146.1        161.9                                 
     0.15%   Ex. 1    0.15 %    134.9      188.0                               
     0.15%   Ex. 1    0.311%*   137.1      197.3                               
     0.15%   Ex. 3    0.15 %    146.1      192.0                               
     0.15%   Ex. 3    0.325%*   152.3      197.4                               
     0.15%   Ex. 4    0.15 %    153.2      185.4                               
     0.15%   Ex. 4    0.33 %*   153.0      179.8                               
     0.15%   Ex. 11   0.15 %    153.4      184.7                               
     0.15%   Ex. 11   0.32 %*   143.2      173.7                               
     0.15%   Ex. 5    0.15 %    149.9      176.8                               
     0.15%   Ex. 5    0.259%*   151.5      187.8                               
     ______________________________________                                    
      *The amount of .beta.-haloalkoxy compound used equals, on a molar basis, 
      the amount of A-174 present.                                             
PAC  EXAMPLE 16
PAR  Using the procedure described in Example 1, one mole of vinyl
      trichlorosilane is reacted with 2 moles of propylene oxide and 1 mole of
      glycidyl methacrylate. The product of the reaction is found to contain the
      compound
      ##EQU35##
PAR  The reaction product is formulated into the following size composition:
TBL  Reaction product          0.41 %                                          
     .DELTA.-glycidoxybutyltriethoxy silane                                    
                               0.25 %                                          
     Water to 100%                                                             
PAR  The above composition can be applied to glass fibers to form a coating
      thereon as described above; the fibers are well suited for use as
      reinforcement for thermosetting resins.
PAR  It has been found that .beta.-haloalkoxy organo silicon compounds described
      in the foregoing copending applications which contain free epoxy groups
      are preferably formulated with epoxy silanes. The concept is illustrated
      by the following example.
PAC  EXAMPLE 17
PAR  One mole of SiCl.sub.4 is reacted sequentially with 3 epoxide equivalents
      of propylene oxide and then 2 epoxide equivalents of ERE 1359. The product
      is a mixture which includes the compound
      ##SPC15##
PAR  The reaction product is formulated into the following size composition:
TBL  Reaction product          0.3 %                                           
     Glycidoxypropyltrimethoxy silane                                          
                               0.2 %                                           
     Epoxy resin               3.5 %                                           
     Diacetone alcohol to 100%                                                 
PAR  The above composition can be used to size glass fibers for use as
      reinforcement for epoxy resins.
PAR  In a similar manner, the .beta.-haloalkoxy compounds described in Examples
      1 to 13, 15 and 16 can also be formulated with vinyl silanes and amino
      silanes for use as reinforcement for both resins and elastomeric
      materials.
PAR  In the final reinforcement resin, the thermosetting resin constitutes a
      continuous phase in which the coated glass fiber reinforcements are
      distributed. The glass fibers can be in the form of chopped fibers, woven
      or non-woven mats, slivers, strands, etc. The coating on the glass fiber
      surfaces operates to establish a secure bonding relationship between the
      glass fibers and the resin.
PAR  It will be understood that various changes and modifications can be made in
      the details of procedure, formulation and use without departing from the
      spirit of the invention, especially as defined in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Glass fibers having a thin size coating thereon, said coating comprising
      an organo silane having the formula
      ##EQU36##
      wherein R is hydrogen or methyl, x is an integer from 3 to 6, and R.sub.1
      is alkyl or hydrolysis products thereof, and an organo silicon compound
      prepared by reaction of (1) a halosilane selected from the group
      consisting of a tetrahalosilane and a halosilane of the formula
EQU  (R.sub.7).sub.n SiX.sub.4.sub.-n
PAL  wherein R.sub.7 is an organic group containing 1 to 20 carbon atoms, n is
      an integer from 1 to 2 and X is halogen, (2) a monoepoxide selected from
      the group consisting of an alkylene oxide, a functional epoxide having the
      formula
      ##EQU37##
      wherein R.sub.2 is selected from the group consisting of aryl, alkyl,
      alkenyl and a group having the formula
      ##EQU38##
      where R' is hydrogen or methyl, and combinations thereof, and (3) a
      diepoxide selected from the group consisting of an epoxide of the formula
      ##EQU39##
      wherein R.sub.3 is a divalent organic group and a cycloalkane diepoxide,
      with (2) being reacted in a ratio of 1 to 3 epoxide equivalents per mole
      of (1) and (3) being reacted in a ratio of 0.5 to 3 epoxide equivalents
      per mole of (1).
NUM  2.
PAR  2. Glass fibers as defined in claim 1 wherein (2) is reacted in a ratio of
      at least 2.2 epoxide equivalents per mole of (1).
NUM  3.
PAR  3. Glass fibers as defined in claim 1 wherein the halosilane is a
      tetrahalosilane.
NUM  4.
PAR  4. Glass fibers as defined in claim 1 wherein R.sub.2 is a group containing
      ethylenic unsaturation.
NUM  5.
PAR  5. Glass fibers as defined in claim 1 wherein (3) is a diepoxide selected
      from the group consisting of an epoxide having the formula
      ##SPC16##
PAL  and an epoxide having the formula
      ##SPC17##
NUM  6.
PAR  6. Glass fibers as defined in claim 1 wherein the coating includes a film
      forming material.
NUM  7.
PAR  7. In a glass fiber reinforced plastic material in which a thermosetting
      resin constitutes a continuous phase in which the glass fibers are
      distributed, the improvement in the bonding relationship between the glass
      fibers and the resin comprising glass fibers as defined in claim 1.
NUM  8.
PAR  8. A reinforced plastic as defined in claim 7 wherein the resin is a
      polyester resin.
PATN
WKU  039447081
SRC  5
APN  4349938
APT  1
ART  164
APD  19740121
TTL  Synthetic fibers and process for making same
ISD  19760316
NCL  4
ECL  1
EXP  Kendell; Lorraine T.
NDR  5
NFG  17
INVT
NAM  Dumas; Victor
CTY  Sainte-Foy-les-Lyon
CNT  FR
ASSG
NAM  Rhone-Poulenc Textile
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19730119
APN  73.02197
CLAS
OCL  428400
XCL  264178F
XCL  428398
XCL  428401
EDF  2
ICL  D01D  508
ICL  D02G  300
FSC  161
FSS  175;177;178;180
FSC  264
FSS  178 F
FSC  428
FSS  373;397;398;400;401
UREF
PNO  2200946
ISD  19400500
NAM  Bloch
XCL  161180
UREF
PNO  2324397
ISD  19430700
NAM  Hull
OCL  264178F
UREF
PNO  2904840
ISD  19590900
NAM  Hochreuter
XCL  161178
UREF
PNO  3155754
ISD  19641100
NAM  Adams
XCL  161175
UREF
PNO  3550369
ISD  19701200
NAM  Pitzl
XCL  161180
UREF
PNO  3671381
ISD  19720600
NAM  Hansen
OCL  161180
UREF
PNO  3728072
ISD  19730400
NAM  Orito et al.
XCL  161180
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  Synthetic filaments having a dull appearance and a feel similar to that of
      natural fibers, as well as a process for making same, are disclosed. The
      filaments have an integral skin-core structure, with the core formed of
      oriented dense polymer and the skin formed of the same polymer, in a
      fibrous and vesicular form. The filaments are produced by spinning the
      filaments and quenching the filaments while in the molten state in an
      inert cooling medium having a temperature of less than 100.degree.C. The
      inert cooling medium is a swelling agent for the polymer at temperatures
      above the polymer solidification point and a non-swelling agent for the
      polymer at temperatures less than 100.degree.C, the degree of swelling
      progressively decreasing with the decrease of the polymer filament
      temperature from the polymer solidification temperature to the temperature
      of the cooling medium. The inert cooling medium is thereafter removed from
      the surface of the solidified filament, and the filaments are stretched at
      a draw ratio of at least two.
BSUM
PAR  The filaments produced according to the present invention have multiple
      uses, among which may be mentioned the production of garments, as well as
      in the industrial field.
PAC  BACKGROUND OF THE INVENTION
PAR  Various types of synthetic fibers having different surface structures, as
      well as the processes for obtaining such fibers, are known to the art.
PAR  U.S. Pat. Nos. 3,102,323 and 3,184,369 disclose a process for treating
      unstretched filaments, by passing the filaments into a cracking agent bath
      (such as a bath of acetone, dimethyl formamide or dimethyl sulfoxide) to
      produce cracked fibers, and then stretching the cracked fibers to produce
      nodular fibers. British patent 1,199,385 discloses immersing a still
      molten filament in a crystallizing agent, and then stretching the
      surface-crystallized filaments to produce filaments having irregular rough
      surfaces with protuberances and ribs. French patent 1,078,949 discloses
      apparatus and process for treating filaments in the solidified state. The
      filaments are treated with a swelling agent, a hot fluid, and then a cold
      fluid to obtain a filament having a porous surface.
PAR  Products produced by the prior art possess various physical characteristics
      and particularly a coefficient of friction (filament on filament) which
      facilitates the manufacturing operations utilizing threads made from such
      filaments. Such filaments are capable of being used as brush bristles,
      ropes, non-woven fabrics, and the like. However, these filaments do not
      possess the desired qualities such as a dull appearance, natural touch and
      a flexibility for making garments which have sufficiently high physical
      properties. There prior art products are generally obtained by the action
      of a solvent liquid or crystallizing agent on the solidified unstretched
      fiber which is formed into its final shape during a subsequent stretching
      operation.
PAC  DESCRIPTION OF THE INVENTION
PAR  Synthetic filaments having a compact dense polymeric core and an integral
      fibrous vesicular skin of a thickness between 0.5 and 10 .mu. have a dull
      appearance and a feel similar to that of natural origin. The core and skin
      are formed of the same synthetic polymer and are connected without
      discontinuity.
PAR  The filaments, fibers and bristles of the present invention are opaque,
      with a dull appearance, even if the polymer is unpigmented. This
      appearance of the filaments results from a surface structure which differs
      considerably from filaments produced by prior processes. The novel surface
      structure of the present filaments is readily apparent from examination of
      the filaments with an optical microscope or with a sweeping electron
      microscope. The filaments of the present invention have a feel similar to
      that of natural fibers, of either animal origin or vegetable origin. The
      present filaments acquire a slight natural crimping of unusual appearance
      after mechanical treatment, such as superstretching. The filaments of the
      present invention can undergo all of the treatments usually applied to
      synthetic filaments such as thermal treatment, texturizing and the like.
PAR  The new structure of the filaments of the present invention results in such
      characteristics of volume, weak aptitude to electrification, rapid
      fixation of humidity and the like, that the filaments are suitable for use
      in garments wherein no known synthetic filament until now has the
      properties to enable the wearer to reach the degree of comfort provided by
      natural fibers. Furthermore, the filaments of the present invention are
      highly suitable for those applications requiring a large specific surface,
      including uses in adhesion processes, in the manufacture of heating
      fibers, in the manufacture of non-woven fabrics, etc.
PAR  The filaments of the present invention are produced by spinning a
      filament-forming synthetic polymer in the molten state. The molten
      filaments are immersed, after a short passage in air, in an inert cooling
      liquid medium having a temperature less than 100.degree.C. The inert
      cooling medium swells the polymer when the polymer temperature is higher
      than the polymer solidification point. The inert cooling medium is a
      non-swelling agent for the polymer when the polymer is at the temperature
      of the cooling medium. The degrees of swelling of the polymer
      progressively decreases with the decrease of the temperature of the
      filament from the polymer solidification temperature to the temperature of
      the inert cooling medium.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a photograph, magnified 2000 times, of a typical unstretched
      filament.
PAR  FIG. 2 is a photograph, magnified 9000 times, of a longitudinal
      cross-section of a stretched filament.
PAR  FIG. 3 is a photograph, magnified 10,000 times, of the surface of typical
      filaments of the present invention.
PAR  FIG. 4 is a schematic diagram of the process for producing the filaments of
      the present invention.
DETD
PAR  FIG. 1 is a photograph, magnified 2000 times, of a typical unstretched
      filament after emergence from the inert cooling medium bath, It will be
      noted that the filament has a superficial entanglement of protuberances,
      vesicles and fibrilla.
PAR  After the filament has been stretched, an examination of transverse
      sections of the filaments illustrates that the filaments are made of a
      core of synthetic polymer of identical appearance to the cores of
      conventional filaments, with this oriented relatively dense polymer core
      being surrounded by a skin having a thickness of no more than 0.25 d,
      wherein d is the filament diameter. The skin thickness is generally
      between 0.5 and 10.mu. and preferably between 2 and 5.mu.. A typical
      filament, after the stretching operation, is shown in FIG. 2, which is a
      photograph of a longitudinal cross-section of a filament magnified 9000
      times.
PAR  FIG. 3 is a photograph, magnified 10,000 times, of the surface of typical
      filaments of the present invention, illustrating that the surface or skin
      of the filament comprises a multitude of extremely agitated vesicles, the
      vesicles themselves being composed of an entanglement of fibrilla or
      rootlets enclosing less organized tufts of polymer.
PAR  The process for producing the filaments of the present invention is
      schematically shown in FIG. 4. Filaments 3 in the molten state are formed
      by spinneret 1. The filaments are passed, while still in the molten state,
      into liquid bath 2. Liquid bath 2 contains an inert cooling liquid
      maintained at a temperature of less than 100.degree.C. The inert cooling
      liquid is chosen for its particular swelling properties in relation to the
      spun polymer filament. This liquid must have a slight vapor pressure under
      the operating temperature, and a high boiling point, preferably
      substantially higher than 100.degree.C, more preferably higher than
      130.degree.C. The inert cooling liquid must, of course, be chemically
      inert to the filaments. Furthermore, the inert cooling liquid must cause a
      superficial swelling of the polymer moving through the liquid before the
      polymer temperature drops, due to cooling by contact with the liquid, to
      the point that the polymer solidifies. At the point the polymer
      solidifies, the swollen polymer starts to deflate, with the deflation
      progressively occurring with the decrease of the polymer filament
      temperature, until the polymer reaches the temperature of the cooling
      liquid and has substantially obtained its ultimate appearance. The
      distance between the spinneret and the cooling bath surface must be less
      than the distance necessary for the filament to solidify while travelling
      through ambient air. Heating means could be used to increase this
      distance, but normally such action is unnecessary. The distance between
      the spinneret and the cooling bath surface is a function of the title of
      the filament and the spinning speed, and is generally less than 150 mm,
      preferably between 5 and 110 mm, and most preferably between 5 and 120 mm.
PAR  The temperature of the inert cooling medium bath must be maintained below
      100.degree.C, preferably between 5.degree.C and 90.degree.C, by
      appropriate cooling means (not shown).
PAR  The spinning speed is generally between 5 and 250 meters per minute,
      preferably between 50 and 150 meters per minute. The time that the
      filaments 3 pass through the cooling bath must be sufficient to insure
      total filament solidification. The filament must be solidified between the
      time the filament enters the bath and the time of first contact of the
      filament with a solid surface, which will generally be a return disk 4
      located in the bath. This distance depends upon various factors including
      the spinning speed, the title of the filament and the degree of swelling
      acquired by the filament during immersion in the bath. This length can be
      very small, in some instances in the order of a millimeter or so, but is
      generally significantly larger for technological reasons. There is no
      upper limit for this distance.
PAR  The cooling bath may contain various additives dissolved in the bath. Such
      additives may be those types susceptible to superficial fixation on the
      filament, such as, for instance, dyestuffs, reticulating agents,
      fireproofing agents, plasticizing agents, softening agents, and the like.
PAR  After passing through the cooling bath, the filaments are passed through a
      washing bath 5 which contains a liquid which is inert to the polymer but
      is miscible in all porportions with the cooling bath liquid. The cooling
      bath liquid should be completely removed from the filament when the
      filament exits from the washing bath. The distance the filament travels in
      the washing bath will vary according to a number of factors, but is at
      least sufficient to result in a filament which is substantially free of
      cooling bath liquid. The temperature of the washing bath is conveniently
      ambient temperature but higher or lower temperatures may be used if
      desired.
PAR  The filaments are then subjected to a coventional stretching by known
      means. The stretching means may be either discontinuous or continuous. For
      instance, the filament may be passed over heated plate 8 between two pairs
      of rollers 6 and 7. They also can be stretched between two pairs of heated
      rollers. The draw ratio and the temperature of the drawing are dependent
      on the nature of the polymer to be drawn. Generally the draw ratio is 2 to
      6 or even more; the temperature of drawing can vary between the room
      temperature and 170.degree.C or more. After the stretching operation, the
      filament may be thermally treated, crimped, texturized, or subjected to
      other conventional treatments.
PAR  All polymers which can be spun in the molten state may be used in
      practicing the present process. Particularly preferred polymers are
      polyamides, polyesters, polyolefins, and copolymers of polyamides,
      polyesters and/or polyolefins.
PAR  Among suitable polyamides are Nylon-6, Nylon-6,6, Nylon-6,10, polyamide-11,
      and other polyamides described in Floyd, "Polyamide Resins," Reinhold
      Publishing Corp., New York, 1958, the disclosure of which is hereby
      incorporated by reference. Suitable polyesters are polyalkylene
      terephthalates wherein the alkylene unit contains 2 - 6 carbon atoms,
      including polyethylene terephthalate and polybutylene terephthalate. The
      polyolefins are polymers of olefins having 2 - 12 carbon atoms, including
      polyethylene, polypropylene, poly(4-methylhexene-1), and the like. As
      previously mentioned, copolymers may be used, including copolyamides,
      copolyesters and copolyolefins.
PAR  The polymer is normally spun at a spinneret temperature, according to the
      nature of said polymer, between the melting point of the polymer and the
      polymer degradation temperature.
PAR  The suitability of a particular compound for use as the inert cooling
      liquid may be readily determined by a simple test.
PAR  Dissolution tests have been made with a concentration of 1percent, by
      heating till ebullition in test-tubes, 0.05 g of stretched yarn having a
      regular count, in 5 cm.sup.3 of the cooling liquid to be tested.
PAR  The products which are suitable to be used are those in which the yarn is
      quite soluble before or near ebullition and which, after cooling, give a
      solid phase such as precipitate or gel.
PAR  Among particular combinations of polymer and inert cooling medium which are
      particularly preferred are the following:
     Polymer           Inert Cooling Liquid                                    
     ______________________________________                                    
     Polyamide         Benzyl alcohol                                          
                       Ethylene glycol                                         
                       Diethylene glycol                                       
                       Trimethylene glycol                                     
                       Triethylene glycol                                      
                       Formamide                                               
                       Ethanolamine                                            
                       .gamma. -butyrolactone - 1,4 butane diol                
                       N-methyl pyrrolidone                                    
     Polyester         Benzyl alcohol                                          
                       Cyclohexanol                                            
                       Triethylene glycol                                      
                       Benzaldehyde                                            
                       1-2-dichlorobenzene                                     
                       Nitrobenzene                                            
                       .gamma. butyrolactone                                   
                       Dimethylformamide                                       
                       Aniline                                                 
                       N-methylaniline                                         
     Polypropylene     Cyclohexanol                                            
                       Heptanol                                                
                       Octanol                                                 
     ______________________________________                                    
PAR  If desired, the inert cooling medium may be a mixture of pure miscible
      compounds with each other.
PAC  EXAMPLES OF THE INVENTION
PAR  The invention will be more clearly understood with reference to the
      following examples. In the examples, the following test procedures were
      used: -- the relative viscosity of the polyamides (i.e., the ratio between
      the viscosity of the solution and the viscosity of the pure solvent) was
      determined on a solution containing 8.4 percent by weight of polymer in a
      90 percent formic acid solution at 25.degree.C.
PAL  the intrinsic viscosity of polyesters was determined on a 1 percent
      concentration solution (weight/volume) of the polyester in
      orthochlorophenol at 25.degree.C.
PAL  the inherent viscosity of polyesters is expressed by the formula IV =
      specific viscosity/concentration .times. 1000 wherein the concentration is
      expressed in g/100 ml, and the specific viscosity is determined at
      25.degree.C on a solution containing 1 percent (weight/volume) of polymer
      in orthochlorophenol.
PAL  the "toughness index" corresponds to the half-product of the tensile
      strength the elongation
PAL  the luminescence (Y percent) and the yellowing index (IJ) are measured on
      an Elrepho photocolorimeter (Zeiss) according to the method described in
      the second edition of Kirk Othmer' s Encyclopedia of Chemical Technology
      (John Wiley, 1964) Vol. 5, p. 802 at 805
PAL  the thermalstability is expressed in terms of the loss of tensile strength
      in percent, after a sample was maintained at 150.degree.C in dry air for 4
      hours.
PAL  the apparent density is determined on filaments wound under a winding
      tension of 50 mg/dtex.
PAL  the water absorption is measured as the time in seconds for a drop of water
      placed on a roll of the filaments to disappear.
PAL  the wetness index is the time in seconds for a ball of the filaments placed
      on the water surface to be totally submerged.
PAL  the electrification is expressed by the electric charge accumulating on the
      filament, measured by a Rotschild electrometer.
PAL  the coefficient of friction (filament on filament) is based on the tensions
      upstream and downstream, measured by the Rotschild electronic tensiometer,
      or a filament in motion (20 m/mn) wrapped one or several times on itself.
PAC  EXAMPLE 1
PAR  Poly(hexamethylenediamine adipate) having a relative viscosity of 33 was
      spun through a spinneret having 7 apertures of 0.1 mm in diameter at a
      speed of 55 meters per minute at a spinneret temperature of 279.degree.C.
      The resulting 7 filaments, while in the melted state, were passed into a
      bath of N-methyl pyrrolidone maintained at 40.degree.C. The N-methyl
      pyrrolidone bath surface was located 8 mm below the lower face of the
      spinneret. The filaments traveled a distance of 150 mm in the N-methyl
      pyrrolidone at a speed of 55 meters per minute, and then the resulting
      solidified filaments were passed through a bath of countercurrent
      circulating water 1.20 meters in length. Finally, the filaments were
      stretched on a heated plate maintained at 108.degree.C at a speed of 178
      meters per minute, corresponding to a stretching rate of 3.24.
PAR  Control filaments were spun under identical conditions, except the filament
      was cooled in ambient air till their solidification with no countercurrent
      circulating water bath, and then stretched to a draw ratio of 3.24.
PAR  FIGS. 5 and 6 are photographs of sections of the filaments magnified 500
      times. FIG. 5 is a section of the filament spun into the N-methyl
      pyrrolidone bath, and FIG. 6 is a section of the filaments cooled in
      ambient air. FIGS. 7 and 8 are photographs of the filaments magnified 2000
      times. FIG. 7 is a photograph of the surface of a filament spun into the
      N-methyl pyrrolidone bath, and FIG. 8 is a photograph of the surface of a
      filament cooled in ambient air.
PAR  FIGS. 5 - 8 demonstrate that the filaments of the present invention, unlike
      filaments cooled in ambient air, have a porous skin of about 4.mu.
      thickness, formed of fibrillary protuberances connected to each other by a
      system of oriented ligaments.
PAR  The physical characteristics of the filaments of this example and of the
      control example are set forth in the following Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
                     Fiber Spun in  Fiber Spun                                 
     Characteristics N-Methyl Pyrrolidone                                      
                                    in Air                                     
     ______________________________________                                    
     Dry dynamometry                                                           
     Title        dtex   35             35                                     
     Tensile Strength                                                          
                 g/tex   27             47                                     
     Elongation  %       60             32                                     
     Toughness index                                                           
                 g/tex   810            750                                    
     Modulus of                                                                
     elasticity  g/tex   180            300                                    
     Wet dynamometry                                                           
     Tensile Strength                                                          
                 g/tex   27             42                                     
     Elongation  %       60             36                                     
     Toughness index                                                           
                 g/tex   810            755                                    
     Boiling                                                                   
     /Water shrinkage                                                          
                 %       6.5            9.5                                    
     Thermal stability   16             23                                     
     Color : I.J.        10              2                                     
         Y%              82             70                                     
     Density             1.155          1.1415                                 
     ______________________________________                                    
PAR  Similar fibers were spun, and then passed into a bath of N-methyl
      pyrrolidone, and treated at 180.degree.C, for 30 seconds through dry air
      under a tension of 9 g/tex. The filaments then had the following dry
      dynamometric characteristics values:
TBL  Tensile strength        45 g/tex                                          
     Elongation             17.8%                                              
     Toughness index        400 g/tex                                          
     Modulus of elasticity  417 g/tex                                          
PAR  Consideration of Table I above will indicate that the principal
      characteristics of the filaments of the present invention are close to
      those of filaments produced according to conventional methods. The tensile
      strength of the filament of the present invention is somewhat less than
      that of the control filament, in the dry as well as in the wet state, but
      the filament of the present invention had a higher elongation to rupture
      and a toughness index, which characterizes the level of the aggregrate of
      the mechanical properties of the filament, which was higher by a factor of
      about 8 percent. These improved properties indicate that the presence of a
      visiculated skin or coating does not decrease the overall physical
      properties of the filament.
PAR  Table II set forth below indicates the filament properties which are of
      concern during handling and finishing treatments, as well as for the
      ultimate end use.
TBL                TABLE II                                                    
     ______________________________________                                    
                   Fiber Spun in    Fiber Spun                                 
     Properties    N-Methyl Pyrrolidone                                        
                                    in Air                                     
     ______________________________________                                    
     Apparent Density                                                          
                   0.76             0.91                                       
     Water Absorption                                                          
                   immediate        5 seconds                                  
     Wetness       10 to 60         300 to 480                                 
     Feel          natural, rather rough                                       
                                    synthetic                                  
     ______________________________________                                    
PAR  It will be readily appreciated that the properties of the filaments of the
      present invention are closer to those of fibers of natural origin than
      filaments which are spun in air.
PAC  EXAMPLE 2
PAR  Poly(hexamethylenediamine adipate) having a relative viscosity of 33 was
      spun through a spinneret having 3 apertures of 0.1 mm in diameter at a
      spinneret temperature at 273.degree.C and a spinning speed at 55 meters
      per minute. The filaments, still in the melted state, were passed into a
      bath of ethylene glycol maintained at 40.degree.C, with the surface of the
      bath located 15 mm from the face of the spinneret. The filaments traveled
      a distance of 150 mm in the ethylene glycol bath, and then the solidified
      filaments were passed through a water bath for a distance of 1.20 meters.
      Thereafter, the filaments were stretched on a heated plate maintained at
      135.degree.C at a speed of 170.5 meters per minute, corresponding to a
      stretching rate of 4.26.
PAR  The resulting filaments have a dull appearance due to the cellular
      structure of the skin, which was about 3.mu. thick. The surface of the
      filament is shown magnified 2000 times in FIG. 9.
PAR  The physical characteristics of the filaments are set forth in the
      following table:
TBL  Title              in dtex          26.7                                  
     Tensile strength   in g/tex         37.5                                  
     Elongation to rupture                                                     
                        in %             32.5                                  
     Modulus of elasticity                                                     
                        in g/tex         231                                   
     Boiling water shrinkage                                                   
                        %                9.5                                   
     Thermal stability  %                3                                     
PAC  EXAMPLES 3, 4 and 5
PAR  These examples relate to using three different polyamides. Polycapronamide
      was used in Example 3, poly(hexamethylene diamine sebacate) was used in
      Example 4 and polyundecanamide was used in Example 5. Each polymer was
      spun through a spinneret having one aperture of 0.23 mm in diameter at a
      spinneret temperature and spinning speed set forth in Table 3. The
      filaments were passed to a N-methyl pyrrolidone bath located 15 mm below
      the lower face of the spinneret. The filaments traveled a distance of 150
      mm through the cooling bath which was maintained at 40.degree.C. The
      solidified filaments were passed through a water bath, as described in
      Example 1, and then subjected to a continuous stretching operation over a
      heated plate, with the stretching conditions set forth in Table 3 below:
TBL                TABLE III                                                   
     ______________________________________                                    
     Example           3         4         5                                   
     ______________________________________                                    
     Spinneret temperature, .degree.C                                          
                       276       279       236                                 
     Spinning speed, m/mn                                                      
                        50       49         50                                 
     Stretching speed, m/mn                                                    
                       166       98        179                                 
     Temperature of stretching                                                 
     plate,.degree.C   135       85         10                                 
     Stretching rate   3.3        2        3.6                                 
     ______________________________________                                    
PAR  FIGS. 10, 11 and 12 represent photographs of the surfaces of the filaments,
      magnified 2000 times, of Examples 2 - 5 respectively.
PAR  Table 4 below sets forth the physical characteristics of the filaments of
      Examples 3, 4 and 5.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Example             3        4        5                                   
     ______________________________________                                    
     Title          dtex     21.8     32.1   22.3                              
     Tensile strength                                                          
                    g/tex    27.6     19.9   35.6                              
     Elongation to rupture                                                     
                    %        62.6     62.3   41.3                              
     Modulus of elasticity                                                     
                    g/tex    107      159    164                               
     Boiling water shrinkage                                                   
                    %        13.2      9.7    9.6                              
     Thermal stability                                                         
                    %        38.5     67     43                                
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  A copolyamide of adipic acid, terephthalic acid and hexamethylenediamine,
      containing 70 moles of adipic acid for each 30 moles of terephthalic acid,
      having a relative viscosity of 28.8, was spun through a spinneret having a
      single aperture 0.23 mm in diameter, with the spinneret maintained at
      279.degree.C at a spinning speed of 40 meters per minute. The molten
      filaments were passed to an ethylene glycol bath, the surface of which was
      located 15 mm below the lower face of the spinneret. After being in
      contact with the ethylene glycol bath for 22.10.sup..sup.-2 seconds, the
      filaments were passed through a water wash bath and then stretched on a
      heated plate maintained at a temperature of 120.degree.C. The filaments
      were stretched at a speed of 166.5 meters per minute, corresponding to a
      stretching rate of 4.16.
PAR  The fine superficial disturbances produced a fiber appearance which was at
      the same time dull and glossy is illustrated in FIG. 13, which is a
      photograph of the surface of the filament magnified 2000 times.
PAC  EXAMPLE 7
PAR  Example 6 was repeated, except the ethylene glycol bath was replaced by a
      bath of N-methyl pyrrolidone containing 5 percent by weight of Soluble
      Black PLSPS of FMC (dyeing mixture of anthraquinone and perinone
      derivatives).
PAR  The resulting filament, which was black and had a dull appearance, had the
      following physical characteristics:
TBL  Title                dtex         26.3                                    
     Tensile strength     g/tex        35.4                                    
     Elongation to rupture                                                     
                          %            46.9                                    
     Modulus of elasticity                                                     
                          g/tex        320                                     
     Boiling water shrinkage                                                   
                          %            10.8                                    
     Thermal stability    %             0                                      
PAC  EXAMPLE 8
PAR  Polyethylene terephthalate, having an intrinsic viscosity of 0.65 was
      extruded at 267.degree.C through a spinneret aperture 0.23 mm in diameter.
      The molten filament was passed through a bath of benzyl alcohol maintained
      at 41.degree.C, the surface of which was located at 15 mm from the
      spinneret surface.
PAR  The filament was solidified in the benzyl alcohol bath thru which it was
      passed for a distance of 150 mm and was then continuously washed with
      acetone to remove the benzyl alcohol therefrom. Finally the filament was
      stretched on a heated plate maintained at 120.degree.C and a stretching
      speed at 172 meters per minute, corresponding to a stretching rate of 4.3
      fold.
PAR  The resulting filament had a dull appearance and soft feel, due to the
      surface of the filament, which is illustrated in FIG. 14, which is a
      photograph of the filament surface magnified 2000 times.
PAR  The filament had the following physical characteristics:
TBL  Title                dtex         29.9                                    
     Tensile strength     g/tex        32.3                                    
     Elongation to rupture                                                     
                          %            59.6                                    
     Modulus of elasticity                                                     
                          g/tex        436                                     
     Boiling water shrinkage                                                   
                          %            12.3                                    
     Thermal stability    %             9                                      
     Skin thickness       .mu.          4                                      
PAC  EXAMPLE 9
PAR  Example 8 was repeated, except the molten filament was passed into a
      dimethylformamide bath. The solidified filament was washed in a water bath
      and then stretched using the conditions of Example 8. The resulting
      filament had a very dull appearance, and is illustrated by FIG. 15, which
      is a photograph of the surface of the filament magnified 2000 times.
PAR  The physical characteristics of the filaments of this example are as
      follows:
TBL  Title                dtex         21                                      
     Tensile strength     g/tex        26.9                                    
     Elongation to rupture                                                     
                          %            59.6                                    
     Modulus of elasticity                                                     
                          g/tex        554                                     
     Boiling water shrinkage                                                   
                          %             9.3                                    
     Thermal stability    %             9                                      
     Skin thickness       .mu.          1                                      
PAC  EXAMPLE 10
PAR  Polybutylene terephthalate (produced from terephthalic acid and 1,4-butane
      diol), having a viscosity index of 115 and a viscosity in the molten state
      of 3150 poises, was spun at 266.degree.C at a speed of 35.6 meters per
      minute through a spinneret having 23 apertures having a diameter of 0.10
      mm into a N-methyl pyrrolidone bath maintained at 40.degree.C, the surface
      of which was 15 mm from the spinneret face. The filaments were passed
      through the N-methyl pyrrolidone bath for a distance of 150 mm. The
      filaments were then passed through a water washing bath maintained at
      ambient temperature, and were then stretched on a heated plate maintained
      at 140.degree.C at a speed of 184.6 meters per minute, corresponding to a
      stretching rate of 5.18.
PAR  The resulting filament had a dull appearance and silky feel. FIG. 16 is a
      photograph of the surface of the filament, magnified 2000 times.
PAR  A yarn was made from 23 filaments, and the yarn had a title of 87 dtex, a
      tensile strength of 35.6 g/tex, an elongation of 38 percent, and a modulus
      of elasticity of 400 g/tex.
PAR  In comparison, a control filament was spun under identical conditions, but
      passing the molten filament through atmospheric air to cool and solidify
      same. The control filament was stretched under the same conditions. The
      control filament had a lower electrification value, being only 2000 volts
      against 5000 volts for the filament of Example 10, and also a lower
      coefficient of friction (filament on filament) being only 0.17 as compared
      to 0.20 for the filament of Example 10.
PAC  EXAMPLE 11
PAR  Polypropylene MW 23, Societe Normande de Matieres Plastiques, was extruded
      at 220.degree.C at a speed of 35 meters per minute, through a spinneret
      aperture 0.23 mm in diameter, and passed, while still in the molten state,
      to a bath of 1,2-dichlorobenzene maintained at a temperature of
      40.degree.C and located 15 mm below the spinneret surface. The filament
      was maintained in the 1,2-dichlorobenzene bath during a time it traveled a
      distance of 150 mm in the bath.
PAR  The 1,2-dichlorobenzene was removed from the filament surface by washing
      with ethyl alcohol. Then the filament was stretched on a heated plate
      maintained at a temperature of 80.degree.C at a speed of 170 meters per
      minute, corresponding to a stretching rate of 4.85.
PAR  The filament, which had a dull appearance, is illustrated by FIG. 17, which
      is a photograph of the filament surface magnified 2000 times. The
      filaments had the following physical characteristics.
TBL  Title                dtex         18.2                                    
     Tensile strength     g/tex        33.1                                    
     Elongation to rupture                                                     
                          %            32.3                                    
     Modulus of elasticity                                                     
                          g/tex        478                                     
     Boiling water shrinkage                                                   
                          %             6.1                                    
     Skin thickness       .mu.          6                                      
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Synthetic polymer filaments having a dull appearance and a feel similar
      to natural fibers, said filaments being selected from the group consisting
      of polyamide, polyester and polyolefin, and having an integral core-skin
      structure, said core of oriented dense polymer, and said skin of fibrous
      vesicular polymer having a thickness of about 2 to 6.mu. and having
      protuberances, vesicles and fibrilla.
NUM  2.
PAR  2. Filaments according to claim 1, wherein said skin has a thickness of 2 -
      5 .mu..
NUM  3.
PAR  3. Filaments according to claim 1 made of polyhexamethylenediamine adipate,
      polycapronamide, polyhexamethylenediamine sebacate, polyundecanamide,
      polyhexamethylenediamine adipate/terephthalate, polyethylene
      terephthalate, polybutylene terephthalate or polypropylene.
NUM  4.
PAR  4. Filaments according to claim 1, wherein the skin has a thickness no
      greater than 0.25d, wherein d is the filament diameter.
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ABST
PAL  The characteristics of the surface of an article may be modified, e.g., in
      respect to adhesion, wettability or other physical characteristics, by
      exposing the surface to an electrical discharge in a mixture of certain
      gases. The practice of this invention is particularly useful in improving
      the gelatin adherence characteristics of a photographic film base support.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the modification of a surface by employing an
      electrical discharge in a gaseous atmosphere and, more specifically, to
      enhancing the adhesion, wettability, etc., of such a surface by exposure
      to an electrical discharge in a mixture of gases.
PAR  2. Description of the Prior Art
PAR  Processes for the initiation of polymerization at the surface of a
      substrate and specifically for the deposition of a thin, uniform polymer
      film upon a surface by employing a plasma (an excited gas phase) generated
      from an electrical discharge in an atmosphere of gaseous organic monomer
      are well established in the art. Generally in these processes a single
      ethylenically unsaturated monomer such as styrene is introduced into a
      previously evacuated chamber and brought to a partial vacuum. The item to
      be coated, e.g., a continuously moving web of metal, textile paper,
      plastic film, rubber, etc., serves as one of the electrodes or is in close
      contact with an electrode and, usually, alternating current at several
      hundred volts is supplied thereto at low current density to produce an
      electrical discharge. This electrical energy is transferred to the gaseous
      medium primarily to form a plasma by ionization or other excitation of the
      gas phase molecules, which eventually leads to chemical changes in the
      monomer as bonds are broken and new ones formed. It is believed that ions,
      radicals and/or ion-radical fragments are thus formed, which recombine as
      they accumulate on the electrodes or other surfaces in contact with the
      plasma to form polymeric coatings thereon. Detailed descriptions of such
      processes may be found in the art, for example, U.S. Pat. Nos. 2,932,591;
      3,057,792; 3,068,510; and 3,069,283.
PAR  Normally, surface modificatioon of a substrate through exposure to a plasma
      as described above is accomplished by using a single gaseous monomer,
      preferably one with some carbon-carbon unsaturation, which alone serves as
      the propagating species in the polymerization to form a homopolymer.
      Saturated aliphatic compounds alone have been considered very inefficient
      in such gas discharge reactions, showing generally unacceptable yields of
      polymer per kilowatt hour.
PAR  Particularly significant improvements have been reported in the hydrophilic
      (wetting) properties of a variety of substrates which have been subjected
      to two or more successive ionizing discharges using a different activated
      gas for each such discharge. See, for example, U.S. Pat. No. 3,477,902 and
      3,600,122. In general, the discharge in the first gas of these multistep
      processes serves to flood the surface of the substrate with stable
      reactive sites, e.g., peroxide groups, which subsequently lead to
      polymerization reactions at the substrate surface upon discharge in the
      second gas.
PAR  Multicomponent gas phase systems similar to those of the present invention
      have been employed in connection with the synthesis of copolymers through
      high energy nuclear radiolysis reactions, as described in my U.S. Pat. No.
      3,462,354. Such a system may comprise, for example, the three gaseous
      components X, A and B, where X is a rare gas molecule and A and B are
      reactant gas molecules. Under specified conditions, when the above mixture
      is irradiated with high energy nuclear radiation, e.g., gamma radiation,
      the rare gas X absorbs most of the radiation energy, thereby forming rare
      gas ions which then transfer charge to the reactant molecule A, ionizing
      the latter, and these ions react with the other reactant molecule B in an
      ion-molecule reaction to form products of valve from relatively low value
      reactants. An illustrative system of the above-described type would be one
      comprising xenon as X, ethane as A and carbon monoxide as B.
PAR  Where one desires only small amounts of polymer for coating or surface
      modification purposes, however, high energy radiation from electron
      accelerators or radioactive sources is not well suited because of the
      expense, complexity, potential hazard and relatively long irradiation
      exposures connected therewith. It would, therefore, be advantageous if
      meaningful surface modification of a substrate could be obtained by
      combining the convenience and economies of a low energy source such as the
      aforedescribed electrical discharge with the advantages of material cost
      and simplicity offered by the simple gaseous mixtures such as those just
      mentioned.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, a surface, for example, an organic polymeric
      surface or a metallic surface, may be modified in respect to its physical
      properties, e.g., wettability, by exposing the surface to a mixture of
      gaseous reactants which has been "activated" by an electrical discharge
      between electrodes, preferably a glow discharge.
PAR  It is believed that surface modification according to this invention may
      result from a copolymerization or other reaction between the gases in the
      mixture under the influence of the electrical discharge to form a thin
      layer of a reaction product, e.g., a copolymer, at the surface which
      alters its physical properties.
PAR  In a preferable embodiment employing a glow discharge, the mixture of gases
      constituting the medium therefor comprises a first gaseous reactant which
      contains a multiple covalent bond involving carbon, oxygen and/or nitrogen
      atoms, other than an ethylenic bond, and at least a second different
      gaseous reactant which is void of such multiple bonds and contains either
      single bonds between its atoms, i.e., are saturated, or have ethylenic
      unsaturation. Preferably, the first reactant also has an ionization
      potential and concentration which is greater than the second monomer to
      encourage the ion-molecule reactions which are thought to lead to the
      desired copolymerization reactions.
PAR  According to an advantageous mode of practicing the invention, mixtures of
      such readily available gases as, for example, carbon monoxide and ethane,
      carbon monoxide and ammonia or ammonia and acetylene may be employed in a
      glow discharge at several hundred volts A.C. in a partial vacuum to
      greatly enhance the characteristics of a substrate surface, for example,
      by increasing the wettability of several base materials, particularly the
      various photographic film bases.
PAR  It is, therefore, an object of this invention to provide an electrical
      discharge process which employs a mixture of gaseous reactants to modify
      the characteristics of the surface of an article.
PAR  A further object is to provide a process for depositing a thin coating onto
      the surface of an article for the purpose of improving the surface
      properties thereof.
PAR  A still further object is to provide a substrate having coated on at least
      one surface thereof a thin coating formed by an electrical discharge in a
      mixture of gaseous reactants in contact with said surface.
PAR  Another object is to provide a process for increasing the adherence of an
      aqueous gelatin-containing layer to the surface of an organic polymeric
      support, particularly a photographic film.
PAR  Other objects will in part be apparent and will in part appear hereinafter.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The essence of the present invention is the discovery that a desirable
      modification of the surface of an article may be obtained by subjecting
      this surface to an electrical discharge in an atmosphere comprising a
      mixture of certain gaseous reactants.
PAR  The term "surface modification" is herein employed to designate a physical
      change at the surface of an article as the result of the electrical
      discharge, which change may be manifested in a variety of ways including,
      for example, an increase in wettability, an enhancement in the adhesion of
      layers coated on the surface, reduction in the electrostatic charge at the
      surface, etc. For the purposes of the present detailed description, it
      will be assumed that this modification is the result of the deposition on
      the surface of a thin coating of a reaction product of the electrical
      discharge process.
PAR  Although the exact mechanism of the surface modification according to the
      present invention is not known,, the phenomena observed may be explained
      from what is known about the high-energy radiolysis of similar
      multicomponent gas phase systems and also from basic tenets of electrical
      discharge polymerization processes. Of course, it is understood that the
      theoretical explanations herein offered by no means limit the invention in
      any way.
PAR  When any radiation induced reaction takes place in a gas phase, ions or
      other excited species such as free radicals are initially formed by the
      fragmentation of the gas molecules. These fragments are known to have
      relatively long lifetime and, as a result, there is good probability that
      they may react with available neutral molecules in various ways. When
      these reactions involve a mixture of two or more different reactants as in
      the present invention, ions of one reactant and molecules of another may
      combine as the result of ion-molecule reactions to form larger molecules
      comprising units from each reactant in the mixture. In many cases, the
      resultant material may possess qualities superior to either reactant
      alone.
PAR  As previously indicated, the electrical energy employed in the present
      invention serves to break chemical bonds in the organic gas molecules and
      thereby form excited species which may initiate polymerization reactions.
      If the bond is broken in an unsymmetrical manner, so that both electrons
      originally forming the bond remain attached to one of the atoms which were
      originally bound together, the excited species formed are herein
      designated as ionic in nature. However, where the bond is broken
      symmetrically, with each atom retaining an unpaired electron, the reactive
      species formed are herein referred to generally as free radicals.
      Polymerization reactions may proceed either by ionic or free radical
      mechanisms, although the detailed description of one form of the present
      invention will hereinafter be described in terms of excited species formed
      by ionization. However, it is to be understood that free-radical processes
      may also be involved and are within the scope of this invention.
PAR  When discussing the electrical energy required to break chemical bonds and
      initiate the chemical reactions described herein, it is customary to
      employ units of electron volts (eV), which may be defined as the units of
      energy equal to the energy gained by an electron in passing from a point
      of low potential to a point one volt higher in potential (or 1.60 .times.
      10.sup..sup.-12 erg). Ionization potentials expressed hereinafter for the
      various gases employed in the practice of this invention relate to the
      voltage or potential difference in electron volt units required to ionize
      the particular gas (i.e., remove an electron from its atomic orbit).
PAR  It will be recognized that such conditions as current density, pressure,
      voltage and temperature used for the electrical discharge treatment of
      this invention will vary depending on the type of discharge and materials
      employed. Optimum operating conditions are known in the art for various
      types of electrical discharge and these may be used herein if a meaningful
      surface modification of an article according to this invention may be
      obtained thereby.
PAR  A preferred electrical discharge for the practice of this invention is the
      self-sustaining glow discharge type, which is herein characterized as a
      low-pressure, low-voltage electrical discharge, i.e., conducted in a
      partial vacuum, for examples, about 0.1 to 10 mm mercury pressure, at
      ambient temperatures and several hundred volts. Higher pressures can be
      utilized if accompanied by the appropriate increase in voltage. The basic
      equipment for glow discharges of the type suitable for the present
      invention is conventional in the art, and may consist of an evacuated
      chamber with access to sources of the gaseous reactants under pressure and
      spaced-apart electrodes in the chamber wired to an external power supply.
      Preferably, alternating current of utility line frequency (50-60 c.p.s) at
      voltages in the range of 200-1000 volts is supplied at low current density
      to the electrodes to produce in the gaseous atmosphere of the chamber the
      mild sparks and more or less uniform illumination which characterizes the
      glow discharge. A further description of the above-described glow
      discharge and variations thereof may be found in the book, The Plasma
      State, by E. J. Hellund, Reinhold Publishing Corporation (1961), and also
      various U.S. patents, including U.S. Pat. Nos. 3,444,061; 3,450,617  and
      those previously mentioned.
PAR  Mixtures comprising a wide variety of gaseous reactants are contemplated as
      suitable for the practice of this invention, as will be described in more
      detail later. The compounds selected are all characterized by being
      normally gaseous or having such low boiling points as to be vaporized
      under the conditions of the electrical discharge reaction. Preferably
      these compounds are readily available, inexpensive materials with
      sufficient vapor pressure at operating conditions to sustain a glow
      discharge and are capable of reaction together under the influence of such
      a discharge. This invention lends itself to the use of compounds which are
      not normally considered monomeric materials, such as for example, oxides
      of carbon, lower alkanes, ammonia and the like.
PAR  At least two different gaseous reactants of certain characteristics to be
      described hereinafter must be present in the mixture serving as the
      discharge medium of the present invention, although it will be understood
      that more than two reactants and the inclusion of essentially nonreactive
      gases in the mixture are also possible.
PAR  When the gaseous mixtures of this invention are subjected to an electrical
      discharge, several phenomena are possible and may in fact explain the
      surface modification which is observed in the practice of the invention.
      For example, in an illustrative two reactant discharge medium suitable for
      the ion-molecule reactions of the invention, a first reactant A may be
      designated the "molecule reactant" and the second reactant B a precursor
      to the ionic species which is formed by the electrical discharge, i.e.,
      the "ion reactant precursor." Reactants A and B are preferably selected to
      possess different propensities to form an ionized species upon
      irradiation, i.e., different ionization potentials, with the ion reactant
      precursor having the lower ionization potential. This selection thus
      allows the excitation or ionization of B to occur at an energy level lower
      than that required for the ionization of A, and produce at that energy
      level a reactive mixture of ions of B and molecules of A. These ions and
      molecules could be expected to enter into chain-type copolymerization
      reactions, for example, as illustrated below:
      ##EQU1##
PAR  The relative concentrations of the reactants in the mixture may influence
      the above-described reaction and therefore the molecule reactant A is
      preferably present at a concentration greater than or at least equal to
      that of the ion reactant precursor B, in order to avoid as much as
      possible reaction of the latter with itself. Furthermore, it should be
      noted that in each system suitable for the practice of this invention, the
      reactants should be selected so that the chemical reaction between ion and
      molecule reactants to form the metastable entity (AB).sup.+ is at least
      thermoneutral and preferably exothermic to ensure that the reaction is
      thermodynamically possible according to well established principles of
      chemistry. This determination may be made, for example, from a calculation
      of the heat of formation of (AB).sup.+ from available thermodynamic data
      for reactants A and B or may be estimated from assumptions regarding the
      possible structures of (AB).sup.+ and commonly accepted values for bond
      energies.
PAR  As previously indicated, many mixtures of gaseous reactants are
      contemplated as suitable for the practice of the invention. Generally
      speaking, the components of these mixtures may be classified into the two
      types of reactants described above, each having different general
      characteristics.
PAR  Preferred molecule reactants of the A type comprise compounds whose
      structure contains a multiple covalent bond involving carbon, oxygen
      and/or nitrogen atoms, other than an ethylenic bond (which is defined for
      purposes of this application as the bond represented by C=C). As examples
      of such multiple bonds, mention may be made of C=O, C.tbd.O, C.tbd.C,
      C.tbd.N, N.tbd.N, O=O, etc. In general, reactants of the A type contain
      atoms whose valence is unsaturated. The term "structure" herein designates
      the classical structural formula which can be written for a compound,
      which may in fact be a resonance hybrid of a variety of structures.
PAR  Preferred ion reactant precursors of the B type have a structure which
      excludes the above-described multiple bonds and contains either single
      bonds between atoms or one or more ethylenic bonds. Examples of bonds such
      as found in this second type of reactant include C--H, N--H, C--C, S--H,
      C--O, C=C, etc. Typically, reactants of the B type contain atoms whose
      valence is fully saturated or they contain ethylenic unsaturation.
PAR  Since electrical discharge processes such as the present invention depend
      on the breaking and reformation of the chemical bonds in the reactants,
      the type of bonding between atoms in the reactants is believed to be
      important and may account at least in part for the fact that a useful
      surface modifying reaction is possible according to this invention. Single
      bonds found in B type reactants would be expected to fragment under the
      influence of the electrical discharge more readily than the multiple bonds
      of the A type, thus increasing the probability that the above-described
      ion-molecule mixtures and attendant reactions would take place. However,
      this theory has value which is independent of the invention and it is not
      offered as a full explanation.
PAR  Since reactants of the A type are characterized as being capable of serving
      as the molecule reactant in the ion-molecule reactions described
      hereinbefore, whereas reactants of the B type more appropriately serve as
      the ion reactant precursor therein, the A type reactant preferably has an
      ionization potential which is greater than that of the B type reactant
      with which it is mixed.
PAR  As examples of molecule reactants of the A type, mention may be made of the
      oxides of carbon, particularly carbon monoxide and carbon dioxide;
      acetylenes such as acetylene, methyl acetylene, ethyl acetylene, etc., and
      other gaseous compounds having nonethylenic multiple covalent bonds such
      as, for example, nitrogen, oxygen, hydrogen cyanide, cyanogen, sulfur
      dioxide and the like.
PAR  Ion reactants of the B type may be selected from a wide variety of
      compounds such as, for example, the lower aliphatic hydrocarbons, i.e.,
      those aliphatic hydrocarbons having from 1 to 4 carbon atoms and
      particularly the lower alkanes, such as ethane, propane, n-butane,
      methane, etc., and the lower olefins such as ethylene, propylene,
      iso-butene, etc. Mention may also be made of ammonia and its derivatives
      as suitable examples of reactants of the second type.
PAR  As examples of specific mixtures within the scope of this invention,
      mention may be made of the following:
TBL  (ionization potentials appear in parenthesis                              
     after each reactant)                                                      
     First-type reactant      Second-type reactant                             
     ______________________________________                                    
     CO      (14.0)    and        C.sub.2 H.sub.6                              
                                          (11.5)                               
     CO      (14.0)    and        C.sub.2 H.sub.4                              
                                          (10.5)                               
     CO      (14.0)    and        C.sub.3 H.sub.6                              
                                          ( 9.7)                               
     CO      (14.0)    and        iso-C.sub.4 H.sub.8                          
                                          ( 9.2)                               
     CO      (14.0)    and        NH.sub.3                                     
                                          (10.2)                               
     CO      (14.0)    and        H.sub.2 O                                    
                                          (12.6)                               
     CO.sub.2                                                                  
             (13.0)    and        CH.sub.4                                     
                                          (12.6)                               
     CO.sub.2                                                                  
             (13.0)    and        C.sub.2 H.sub.4                              
                                          (10.5)                               
     O.sub.2 (12.1)    and        CH.sub.4                                     
                                          (12.6)                               
     O.sub.2 (12.1)    and        C.sub.2 H.sub.4                              
                                          (10.5)                               
     C.sub.2 H.sub.2                                                           
             (11.6)    and        NH.sub.3                                     
                                          (10.2)                               
     ______________________________________                                    
PAR  It will be understood that mixtures of three or more reactants are also
      contemplated by this invention, as well as mixtures including any of the
      various rare or essentially nonreactive gases described previously.
      Illustrative of the former would be the mixture consisting of carbon
      monoxide, ethane and ammonia, whereas a mixture consisting of carbon
      monoxide, ethane and argon or krypton would be illustrative of the latter.
PAR  As should be apparent, in each of the mixtures, described above, the
      reactants should not be mixed indiscriminately for the optimum practice of
      this invention, but preferably in accordance with the above described
      conditions of ionization potential and basic principles of thermodynamics.
      Other considerations known in the art, such as those mentioned previously
      relative to concentration of components, should also be weighed to
      optimize the desired results.
PAR  One preferred embodiment of this invention involves the modification of a
      surface by employing a mixture consisting of carbon monoxide, CO, and
      ethane, C.sub.2 H.sub.6, and a glow discharge produced by an A.C. voltage
      between electrodes in a conventional discharge chamber. Ethane in the
      above reaction may be considered the ion reactant precursor B and
      possesses an ionization potential of 11.5 eV, which signifies that when a
      molecule of ethane in its normal or ground state absorbs 11.5 eV of
      radiation energy from the glow discharge, it can be expected to form a
      positively charged ion, C.sub.2 H.sub.6 .sup.+. The ethane may also
      undergo further fragmentation to form several other ionic species, for
      example C.sub.2 H.sub.5 .sup.+, C.sub.2 H.sub.4 .sup.+, etc. Carbon
      monoxide, which may be considered the molecule reactant A in this system,
      has a significantly higher ionization potential of 14.0 eV. The gases are
      preferably mixed together such that the CO is present in a greater amount,
      for example, a molar ratio of about 10:1 of CO to C.sub.2 H.sub.6.
PAR  The article whose surface is to be modified may be placed, or preferably
      advanced through, a discharge chamber containing the mixture of gases in a
      partial vacuum, e.g., 1 mm Hg. pressure and at room temperature. If the
      article is a continuous substrate, one electrode may be a roller over
      which the substrate is guided and the other electrode may be a wire screen
      disposed over the roller and substrate at a distance of about 1/4 inch
      from the roller. An A.C. voltage of about 400 volts and utility line
      frequency may then be applied across the electrodes to produce a current
      of about 60 milliamps. The substrate may be moved slowly between the
      electrodes through the glow discharge, for example, at a rate of about 60
      square inches of surface per minute, with the surface to be modified
      exposed to the activated gas mixture.
PAR  It is preferred that most of the energy produced by the glow discharge is
      employed to ionize the ethane, however, ionization of the carbon monoxide
      is possible since it is present in such relatively large amounts.
      Nevertheless, by virtue of carbon monoxide's higher ionization potential,
      charge transfer may take place between the ionized carbon monoxide and the
      ethane, to ultimately result in ionized ethane:
      ##EQU2##
PAR  The resulting ionized ethane is able to react with the molecular CO, as
      indicated before, and the molar fraction of CO in the mixture is purposely
      made sufficiently high to bring about this result. Without intending to be
      bound by theory, it is believed that an exothermic copolymerization
      reaction such as the folloing may occur:
      ##EQU3##
PAR  The metastable ionic entity E is reactive, either with itself, or with one
      or both reactants forming same, or with ethane, and alone, or as part of a
      chain of such entities, migrates to the surface/electrode where
      copolymerization may continue until ion-electron recombination
      (neutralizaton) takes place. These series of reactions thereby can provide
      a relatively uniform deposit of a copolymer or a similar reaction product
      on the surface which may account for changes in the properties of that
      surface.
PAR  The term "copolymerization" as used herein and in the claims is intended to
      denote the chemical reaction such as depicted above in which molecules or
      excited series of one reactant and molecules or excited species of another
      different reactant combine to form larger molecules called "copolymers."
      The term "reaction product" is intended to designate the material
      deposited on or otherwise adhered to the surface of the article as a
      result of the glow discharge induced reaction between the gaseous
      reactants of the mixture. This reaction product may be of low molecular
      weight and comprise only a simple compound or may be a high molecular
      weight copolymer in which units derived from the reactants of the gaseous
      phase are repeated many times as represented by a high value for the
      subscript n in the above formula. The actual coating of the reaction
      product may occur by electro-deposition or the surface may be disrupted in
      some way so as to react with the product in a grafting-type process.
      Regardless of the mechanism involved, this invention is intended to
      encompass any process wherein a change in the surface properties of an
      article is obtained by exposure to an electric discharge plasma comprising
      the hereindescribed mixtures of gases.
PAR  The changes in surface properties which are observed after treatment
      according to this invention, may in large part be a function of the groups
      found in the deposited coating, for example, various carbonyl groups such
      as aldehyde, ester or ketone groups may be present. The nature of these
      groups in comparison with the untreated surface may, for example, make the
      surface more hydrophilic and therefore more wettable or they may reduce
      considerably the retention of electrostatic charges by the surface.
PAR  It should be understood that there is no necessity in the process of this
      invention to include an inert or essentially nonreactive gas into the
      gaseous reaction mixture either as an activating gas or an energy
      absorbing gas as is common in high energy radiolysis and some electrical
      discharge surface modification processes in the prior art, although this
      practice is not excluded from the scope of the invention. Thus, the rare
      gases such as neon, argon, krypton, xenon or radon may be employed herein
      if thought advantageous, for example, to minimize indiscriminate bond
      breakage or to provide additional activation of the surface. However,
      direct ionization and reaction of the gaseous reactants in the mixtures
      employed is preferred. This procedure provides a convenient yet
      inexpensive means for surface modification since generally considered low
      value but readily available compounds, such as carbon monoxide, ethane,
      methane, ammonia and the like may be employed exclusively in the discharge
      mixture.
PAR  As examples of materials for which surface modification according to the
      present invention is contemplated, mention may be made of various
      substrates including metal, textile, paper, plastic film, and the like.
      The material treated may be in any shape or form, although an advantageous
      and preferred mode of practice of this invention involves the surface
      treatment of a continuous web or strip of material.
PAR  The invention is applied very advantageously to the manufacture of supports
      for photographic products, particularly photographic films in which
      emulsions containing gelatin or other solutions are coated on the support.
      The increase in wettability resulting from the practice of this invention
      greatly improves the adherence of these gelatin coatings to the surface of
      the support by a treatment which is simple and rapid in comparison with
      the customary processes employed in the art for this purposes. Any of the
      various materials which are employed as photographic supports are
      contemplated as suitable for treatment with this invention, including the
      organic polymeric materials such as, for example, polyesters such as
      poly(ethylene glycol terephthalate), polycarbonates, polyamides such as
      poly(n-hexyleneadipamide), polyolefins such as polyethylene, and other
      homopolymers and vinyl polymers.
DETD
PAR  The invention is further illustrated by the following examples which set
      out representative embodiments thereof, but are not intended to limit the
      invention to the details set forth therein.
PAC  EXAMPLE I
PAR  A 10 ft. .times. 5 inch .times. 0.003 ft. sample of a polyester film base
      having on one surface thereof a coating of cellulose acetate butyrate
      (CAB) was treated as follows:
PAR  A vacuum discharge chamber was employed which was connected through valves
      to a diffusion pump, and also to a source of CO (ionization potential =
      14.0 eV) and a source of C.sub.2 H.sub.6 (11.5 eV) under pressure. The
      electrodes consisted of a metal roller and a wire screen disposed in the
      chamber about 1/4 inch from each other and connected to a source of A.C.
      power.
PAR  The chamber was first entirely evacuated by the diffusion pump. CO was then
      released into the chamber with the diffusion pump valved off until a
      pressure corresponding to 40 mm of mercury was reached. Then C.sub.2
      H.sub.6 was allowed to enter the chamber until the pressure reached a
      total of 44 mm (i.e., about 4 mm of C.sub.2 H.sub.6). Thus, a molar ratio
      of 10:1 of CO to C.sub.2 H.sub.6 was established in the chamber. The total
      pressure was then reduced in the chamber by use of the diffusion pump to a
      total pressure of about 1 mm. The temperature was approximately that of
      room temperature, or 75.degree. F.
PAR  The film base sample was then run through the chamber between the
      electrodes in contact with the roller electrode at a rate of about 1 foot
      per minute as it was exposed to a glow discharge between the electrodes
      produced by the following conditions:
PA1  Voltage -- 400 volts A.C.
PA1  Frequency -- 60 c.p.s.
PA1  Current -- 60 milliamps
PAL  A blue colored discharge with a little arcing was obtained. After the film
      base had run through the discharge, the pressure in the chamber was
      elevated to atmospheric pressure and the system opened.
PAR  A simple test was performed on each surface (polyester and CAB) to
      determine the change in wettability effected by the above treatment. A
      drop of water was placed on the surface to be tested and the angle at the
      point of contact between the drop and the surface of the film observed. In
      the case of both of the treated surfaces, wettability was very good and
      the drop spread out along the surface. However, a similar test on the
      untreated control surfaces resulted in a very high angle and, in fact, the
      drop remained beaded.
PAR  Another test performed involved coating an aqueous gelatin overcoat over
      the treated surface and allowing it to dry. Then an incision was made
      across the overcoat, and an adhesive tape pressed firmly over the
      incision. The tape was torn off briskly and the extent of overcoat
      adherence checked. The gelatin overcoat adherence was excellent for the
      treated surfaces, but poor when a similar test was performed on the
      control sections.
PAC  EXAMPLE II
PAR  To further characterize the surface modification observed, the procedure of
      Example I was repeated; however, a strip of gold plated copper foil was
      employed as the substrate. A uniform brown deposit formed on the foil as a
      result of the glow discharge treatment and this deposit was analyzed
      employing a Raman-laser spectrophotometer. The results indicated the
      presence of carbonyl groups in the deposited product. Similar samples
      analyzed by IR spectrophotometry indicated broad bands of absorption at
      wavelengths characteristic of the presence of carbonyl groups in the
      deposit.
PAC  EXAMPLE III
PAR  Employing the same apparatus and film base material as described in Example
      I, a similar glow discharge treatment was performed using a 3:1 mixture of
      CO (14.0 eV) and NH.sub.3 (10.2 eV) as the gaseous mixture. The discharge
      chamber was evacuated with the diffusion pump and NH.sub.3 was introduced
      and bled off twice to flush the system of any remaining air. The chamber
      was then filled with NH.sub.3 to a pressure of 5 mm of mercury. The CO was
      then introduced to a total pressure of 20 mm to ensure that 15 mm of CO
      was present in the chamber. Pressure was reduced to 1.5 mm for discharge.
      The rate of movement of the base through the discharge was 1 foot per
      minute and discharge conditions were:
PA1  A.c. voltage -- 410 volts
PA1  Frequency -- 60 c.p.s.
PA1  Current -- 60-70 milliamps
PAL  The treated surface wetted extremely well in places. The degree of this
      wettability, however, was not uniform throughout the sample, although at
      all locations tested wettability was improved over the untreated surface
      of the control sample. The treated sample was very hydrophilic and a
      tackiness developed when rubbed with a finger wet with water.
PAC  EXAMPLE IV
PAR  The same glow discharge apparatus and film base material as described in
      Example I were similarly employed to perform a glow discharge treatment
      using a 1:1 mixture of C.sub.2 H.sub.2 (11.6 eV) and NH.sub.3 (10.2 eV).
      The discharge chamber was evacuated, the NH.sub.3 added to a pressure of 5
      mm and the C.sub.2 H.sub.2 added to a total pressure of 10 mm. The total
      pressure in the chamber was reduced to 1 mm and the base material, moving
      through the chamber at a rate of 1 foot per minute, was subjected to a
      glow discharge produced by:
PA1  Voltage -- 300 volts
PA1  Frequency -- 60 c.p.s.
PA1  Current -- 60 milliamps
PAL  Again the treated surface wet very well in comparison to an untreated
      control.
PAR  Since certain changes may be made in the above process without departing
      from the scope of the invention herein involved, it is intended that all
      matter contained in the above description shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of modifying the surface properties of a substrate which
      comprises the steps of:
PA1  establishing in a reaction chamber a gaseous medium comprising a mixture of
      an oxide of carbon with either a lower alkane or ammonia each having a
      lower ionization potential than said oxide of carbon;
PA1  disposing at least a portion of said substrate in said chamber with at
      least one surface thereof contacting said medium; and
PA1  applying a voltage in the range from about 200 to 1000 volts across a pair
      of electrodes disposed in said chamber under a partial vacuum of about 0.1
      to about 10 mm Hg pressure so as to maintain a glow discharge in said
      medium,
PA1  said glow discharge being sufficient to induce a reaction between the
      components of said mixture thereby to provide a hydrophilic reaction
      product on the surface of said substrate which improves the wettability of
      said surface.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said oxide of carbon is carbon
      monoxide.
NUM  3.
PAR  3. A method as defined in claim 2 wherein said carbon monoxide is present
      in the major amount.
NUM  4.
PAR  4. A method as defined in claim 1 wherein said medium further comprises an
      essentially nonreactive gas.
NUM  5.
PAR  5. A method as defined in claim 4 wherein said nonreactive gas is neon,
      argon, krypton, xenon or radon.
NUM  6.
PAR  6. A method as defined in claim 1 wherein said article is an organic
      polymeric film base.
NUM  7.
PAR  7. A substrate having at least one surface modified according to the
      process of claim 1.
NUM  8.
PAR  8. A method for increasing the adherence of an aqueous gelatin-containing
      layer to the surface of a continuous polymeric support of a photographic
      film, which method comprises:
PA1  establishing in a reaction chamber, a gaseous medium comprising a mixture
      of carbon monoxide and either a lower alkane or ammonia each having a
      lower ionization potential than said carbon monoxide;
PA1  advancing said support through said chamber between electrodes in said
      chamber, at least one surface thereof contacting said medium;
PA1  maintaining a gaseous glow discharge in a partial vacuum of about 0.1 to
      about 10 mm Hg pressure in said medium by applying an A.C. voltage of from
      about 200 to about 1000 volts across said electrodes, said glow discharge
      being sufficient to induce a reaction between the reactants of said
      mixture which results in the formation of a continuous hydrophilic coating
      on the surface of said advancing support which improves the wettability of
      said surface; and
PA1  applying said aqueous gelatin-containing layer over said coating.
NUM  9.
PAR  9. A method as defined in claim 8 wherein said lower alkane is ethane.
NUM  10.
PAR  10. An article having deposited on at least one surface of a support a thin
      hydrophilic layer comprising the reaction product resulting from an
      electrical glow discharge conducted at a voltage in the range from about
      200 to 1000 volts in a partial vacuum of about 0.1 to 10 mm Hg pressure in
      a gaseous atmosphere in contact with said surface, said atmosphere
      comprising a mixture of an oxide of carbon with either a lower alkane or
      ammonia each having a lower ionization potential than said oxide of
      carbon.
NUM  11.
PAR  11. An article as defined in claim 10 wherein said support is a
      photographic film base support.
NUM  12.
PAR  12. An article as defined in claim 11 wherein at least one gelatin
      containing layer is coated over said thin hydrophilic layer.
NUM  13.
PAR  13. An article as defined in claim 10 wherein said reaction product
      contains carbonyl groups.
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ABST
PAL  A transparency is disclosed, which is suitable for use in a multicolored
      xerographic reproduction process comprising a transparent, thermoplastic
      film sheet having at least one surface coated with a material selected
      from the group of long chain aliphatic hydrocarbons. The coated
      transparency, when used in a multicolored electrostatic copying process
      improves adhesion of the multicolored image thereon and permits
      reproduction of colors and color densities in said image which correspond
      well to the multicolored original copied.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to xerographic reproduction and specifically to
      transparencies which are suitable for use in a xerographic reproduction
      process.
PAR  Transparencies are a highly useful product in visual education since an
      image on a transparency may be projected with the necessary degree of
      magnification onto a screen where it may be viewed by a large number of
      persons. Transparencies have heretofore been made by photographic
      reproduction of the desired image and accordingly have required the skill
      of an individual who is familiar with complex photographic reproduction
      processes. Photographic reproduction of transparencies also requires the
      expenditure of a large amount of time and money and is thus undesirable
      for this reason. Therefore, an easy and inexpensive means for the
      production of transparencies has been sought whereby transparencies could
      be conveniently and economically imaged and then used an unlimited number
      of times in visual education programs.
PAR  The advent of xerography and electrostatic copying as generally disclosed
      by Carlson in U.S. Pat. No. 2,297,691 has proven to be a highly successful
      process for reproduction with the inherent advantages of speed and
      reliability. In a usual xerographic process, an electrostatic image of an
      object is formed on a recording member such as a xerographic plate or
      drum. The xerographic plate may comprise a layer of photoconductive
      material, such as selenium on a conductive metal backing. The latent
      electrostatic image which is formed on the photoconductive material is
      developed into a powder image which is then subsequently transferred to a
      sheet of paper and affixed thereon to form a permanent print.
PAR  The xerographic process has therefore proven to be an easy and reliable
      means for the production of transparencies. Transparencies made by a
      xerographic process are produced by forming an electrostatic image of the
      desired object, developing it, and then transferring it to a transparent
      sheet material with the image being permanently affixed or fused thereto
      by either the application of heat or by the action of a solvent vapor. In
      either case the toner which is used to develop the powdered image is
      coalesced on the sheet material by the fusing technique to form a
      permanent image thereon. Solvent fusion techniques, for transparent
      materials made by a xerographic process, for example, are illustrated in
      U.S. Pat. Nos. 3,049,810 and 3,148,078.
PAR  While the xerographic reproduction process is an apparent solution to the
      problem of economical and efficient production of transparencies, other
      problems have also been encountered with its use in the production of
      transparencies. One of the most pronounced problems with producing
      transparencies by an electrostatic copying process is to get the powdered
      or developed image to adhere well to a transparent film material before
      the image is permanently affixed thereto by fusing. Failure to achieve
      this results in an irregular substrate-toner interface resulting in
      extensive light scattering in projection and, therefore, loss in color. A
      further problem encountered is obtaining proper and uniform density of the
      image after fixing or fusion and without resultant damage to the
      transparent film material either in the fusion process or in the transfer
      system employed within the machine. For this reason, various coating and
      combinations thereof with various types of transparent sheet materials
      have been previously proposed to obviate some of these difficulties.
      Included are various single component polymeric coatings such as are
      exemplified in U.S. Pat. Nos. 3,539,341 and 3,535,112.
PAR  The above coatings, while of some assistance in improving adhesion of the
      developed electrostatic image to a transparent film material,
      nevertheless, are not entirely suitable when transparencies are produced
      by a multicolored xerographic imaging process. The difficulties
      encountered with a multicolored imaging process and transparencies
      produced thereby are due in part to the multicomponent pigmented and dyed
      developers required in the multicolored imaging process and their varying
      degree of attraction for the transparent sheet material. Furthermore, the
      problem of getting the correct degree of coalescence of the toner
      particles in the permanent image is an even more critical matter with
      multicolored imaging than with single color image development. This
      increased criticality is due to the fact that black or single color
      transparencies only require complete opaqueness or nonopaqueness to
      produce a transparency which has images suitable for projection.
PAR  Multicolored transparency images, on the other hand, must allow for a
      certain degree of color density for each color or color combination in the
      image which is sufficient and uniform enough to allow projection of a
      uniform and true color. This, therefore, requires a different and unique
      combination of materials being employed and more critical controls being
      imposed upon the transparent materials which are used in a multicolor
      xerographic imaging process to obtain the correct degree of attraction of
      toner to the transparent sheet as well as proper coalescence of toner
      particles for good consistent hue and color density.
PAR  The instant invention relates to a transparency which fulfills all the
      requirements for use in the production of multicolored electrophotographic
      images. The subject invention is particularly suited to overcome
      difficulties associated with the projection of color xerographic images
      which are formed on transparencies. In addition, the instant invention
      utilizes materials which are readily available and are relatively simple
      to work with. By means of the subject invention effective transparencies
      for use in a xerographic color process are easily prepared.
PAR  It is an object of the present invention to provide a transparency which is
      permanent in nature and having the sheet strength necessary to allow
      repeated use thereof for visual education purposes.
PAR  It is also an object of the present invention to provide for production of
      a color transparency by a xerographic multicolor imaging process which in
      turn eliminates the skill of a technician who is trained in reproduction
      photographic processing.
PAR  These and other objects, as well as the scope, nature and utilization of
      this invention will be apparent by the following detailed description and
      appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been determined that the general objective of producing a
      transparency which will permanently hold a true and consistent multicolor
      xerographic image may be best achieved by utilizing a transparent,
      thermoplastic, film sheet such as a polysulfone, a polycarbonate, or a
      polyester sheet material, followed by the coating of this sheet prior to
      xerographic imaging with a long chain aliphatic hydrocarbon. It is this
      coating composition which has been found to insure that all colored
      pigments required in the multicolored reproduction process are properly
      attracted to and held by the transparent sheets during imaging and sheet
      transfer so that a permanent image having a uniform and accurate color
      densities may be then fused on the transparent sheet. This coating
      overcomes the previously noted difficulties with producing a transparency
      by a multicolored electrostatic copying process, among which are poor
      adherence of the developed xerographic image on the transparent film, as
      well as difficulty in insuring that a consistent and true color density is
      developed from the colored original which will also be suitable for
      projection or magnification on a screen. As indicated, these problems
      while existing with single color xerographic imaging, are even more
      pronounced when a multicolored xerographic process is employed.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the process of multicolored xerographic reproduction, a subtractive
      color to color reproduction technique is used to develop images formed on
      the photoconductive layer. Furthermore, a multicolor xerographic imaging
      process may also employ multiple scanning of the colored original at
      different wavelengths of light to produce multiple images corresponding to
      each primary color involved in the original. These primary color images
      may be then recombined to form a single multicolored image corresponding
      to the original by using a multicomponent or multicolored toner in a
      subtractive color to color reproduction process. A subtractive color to
      color reproduction process is illustrated in U.S. Pat. No. 3,057,720.
PAR  Toners which are employed in multicolor xerography use subtractive primary
      colors, yellow, cyan (blue green) and magenta. These in turn are used to
      reproduce a wide gamut of colors normally found in the colored original.
      For the purposes of illustration, when subtractive mixing of the yellow
      and cyan colorants take place, greens are obtained. Likewise, the mixing
      of magenta and yellow colorant in varying amounts reproduces reds, while
      combining the cyan with magenta results in the reproduction of blues.
      Mixtures of equal amounts of each toner, of course, will produce a black
      image.
PAR  Production of the multicolored copy from the colored original may be
      appropriately achieved by any multicolored xerographic imaging process. It
      is not intended that this invention be limited by particular variations in
      the multicolored xerographic imaging processes that might be employed or
      with the equipment used in said process. Nevertheless, for the purposes of
      illustration, a suitable process for color imaging begins with proper
      discernment of the color composition of the original subject matter and
      recording thereof. This may be conveniently accomplished by sequential
      optical scanning of the color original a number of times to formulate a
      sequence of the latent electrostatic images which correspond to the
      primary colors in the original. This is accomplished by the light image
      passing through an appropriate color filter so that the latent image is
      then in effect, color separated according to the various primary colors.
      Theoretically, the latent image which is formed by passing the light image
      through a green filter should require the magentas (the complementary
      color) as areas of relatively high charge density on the drum surface,
      while the green (the separated color) should cause a low-charged density
      level. The magentas are then made visible by applying a green absorbing
      magenta toner to the image bearing member. By the same token, a blue
      separation is developed with a cyan toner. The three developed color
      separations are then brought together in registration upon the final sheet
      of support material to produce a multicolored facsimile of the original
      colored document copy.
PAR  It is this multicomponent developer system used in a subtractive color to
      color reproduction process which presents numerous problems when, for
      example, a color transparency is produced thereby which will reproduce,
      with uniform and accurate consistency the color densities which correspond
      to the colored original.
PAR  In the production of transparencies by a multicolored xerographic imaging
      process according to the present invention, a transparent, thermoplastic
      film sheet is selected as the support material upon which the multicolored
      xerographic image is to be developed. Although the sheet material may be
      any suitable thermoplastic film material which has the clearness, strength
      and heat resistance to allow repeated projection thereof, materials which
      are particularly preferred for the present invention include thermoplastic
      resins such as the polysulfones, polycarbonates, and polyesters.
PAR  Thermoplastic sheet material which may be conveniently utilized in the
      present invention includes polysulfone sheet material which are
      commercially available from Rowland Products, Inc., Kensington,
      Connecticut and Instar Supply Co., Inc., New York, New York under the name
      Folacron PSN, as well as polycarbonate sheet materials commercially
      available from General Electric Corp., Waterford, New York under the names
      LEXAN SL1007 (a tetrachloro-polycarbonate) and LEXAN DL616   (a tetrabromo
      polycarbonate). These materials may be selected from any thickness range
      desired, although in selecting film thickness, the films should be thick
      enough to have the necessary strength but still be thin enough to remain
      flexible throughout continuous use thereof. A suitable thickness of the
      film suitable for use in xerographic imaging, will generally be 3 to 8
      mils.
PAR  The thermoplastic film material is then coated with a long chain aliphatic
      hydrocarbon coating composition which has been found to significantly
      improve adhesion of a multicolored xerographic image to a transparency
      during the xerographic development process while at the same time during
      image fusion, permitting accurate reproduction of color density on the
      transparency. The coating in this regard has been found to assist in
      permanent fixing or fusing of the developed image to the transparency by
      either solvent vapor or heat fusion techniques.
PAR  The coating developed herein comprises a mixture of a long chain aliphatic
      hydrocarbon and a suitable solvent for coating purposes. Generally the
      long chain aliphatic hydrocarbons of the present invention have melting
      points above above 40.degree.C. Typical of long chain aliphatic
      hydrocarbons within the purview of the present invention are the following
      alkanes:
PAR  n-dodocane (44.4.degree.C)
PAR  n-tetracosane (50.9.degree.C)
PAR  n-octacosane (61.4.degree.C)
PAR  n-dotriacontane (69.7.degree.C)
PAR  n-hexatriacontane (76.2.degree.C)
PAR  n-docosane (44.degree.C.)
PAR  n-tricosane (47.3.degree.C)
PAR  n-hexacosane (56.0.degree.C)
PAR  n-nonacosane (65.degree.C)
PAL  Any and all of the above listed hydrocarbons can be used singularly or in
      combination within the purview of the present invention.
PAR  The coating mixture will be normally applied to the transparent film
      material in the form of a solution and because of this, the choice of
      solvents to provide the solution is important, relative to the coating
      composition, since it must not cloud or change the film material and it
      must at the same time provide enough solubility for the coating
      composition to provide a clear uniform coating on the transparency with no
      evidence of component insolubility.
PAR  Suitable solvents for the long chain aliphatic hydrocarbons are those
      organic liquids which will dissolve the compounds but which are
      nonsolvents for and nondestructive of the substrate material. The solvent
      composition found to be suitable for use with the present compounds and
      for their application to transparencies produced therewith are hydrocarbon
      solvents such as hexane, heptane and other low boiling organic solvents.
      Additionally, low boiling petroleum fractions can be used. And further,
      mixtures of these conventional solvents may be employed to attain the
      requisite coating on the transparency. Aside from the selection features
      mentioned above, the particular solvent utilized is not critical to the
      transparencies formed within the purview of the present invention. It is
      only necessary that the proper amounts of the coating compounds are
      dissolved in the aforementioned solvent mixture and that a continuous film
      is formed on evaporation of the solvent. In this regard the compounds
      generally should be in a concentration of at least 0.3% by weight of the
      total coating composition (hydrocarbon compound and solvent).
PAR  It is, therefore, the selection of the particular long chain aliphatic
      hydrocarbon materials which is critical for proper fixing and adhesion of
      the multicolored xerographic image to the transparency. It is also these
      materials which allows correct reproduction of color density in the fused
      image, as well as giving strength to the film which is needed for sheet
      transfer during copying and continuous use of the transparency after
      formation. The compounds used must also be compatible with the
      multicomponent toners used for the subtractive color reproduction
      processes and accordingly prevent precipitation or deposition of the toner
      as discrete, recognizable, particles in the final developed image as
      opposed to coalescence and formation of a uniform and consistent toner
      film. If the toner is deposited as recognizable and discrete particles,
      then an image is produced which has a "dirty" or spotty look and the color
      density thus becomes eratic. The coating materials must therefore be
      compatible with the toner materials used to develop the multicolor images,
      while at the same time being transparent and yet strong enough to permit
      normal handling of transparencies.
PAR  The long chain aliphatic hydrocarbon materials which may be used in the
      coating composition of the present invention may be any commercially
      available form of these materials. Suitable for use, for example, is
      octacosane available from Eastman Kodak, Co. of Rochester, New York.
PAR  The coating composition after dissolution in the appropriate solvent
      mixture is applied to the transparent thermoplastic film by techniques
      which are well known to those skilled in the art of paper coating. Various
      techniques which are suitable for coating could be by roll, wire wound
      rod, air knife, or any other uniform application means used in paper
      coating. For instance, the coating may be simply passed (or dipped)
      through a hopper containing the coating composition in liquid form, which
      is provided by a doctor blade or the coating may be applied by use of a
      more precise coating apparatus such as a gravure press. Preferably a
      coating of between above about 0.1 mils thickness is produced upon the
      transparent thermoplastic film sheet after evaporation of a solvent or
      solidification of the dissolved hydrocarbon compounds. Since the polymeric
      coating on the sheet is in the nature of an extremely thin film, no
      significant impairment of the transparency of the sheet itself results
      from its presence and the transparency formed therefrom by electrostatic
      image, processes the requisite degree of clearness to be satisfactory for
      most visual education purposes.
PAR  The following represents a specific illustration of the present invention
      although it should be understood that the invention is not intended to be
      limited to specific details to be set forth thereon.
DETD
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  In the following illustrations two film types were used, LEXAN DL616 (a
      tetrachloro polycarbonate) and LEXAN SL1007 (a tetrabromo polycarbonate).
      The coatings on the transparencies were made by coating the films in the
      various solutions, air drying and curing at 150.degree.-170.degree.C.
      Prints were produced in a Xerox Model D processor (flat plate) using a
      premixed developer containing 10 g. of Xerox Cyan Toner, internally
      designated as XT 1318C-13, and 500 g. of carrier material, internally
      designated as XC910-20. Print fixing was accomplished in a Xerox Model D
      fuser which had temperatures ranging between 150.degree.-170.degree.C. The
      resulting transparencies were judged by projection using a
      "Telegraph-Resolute" mode 21105 overhead projector and rating on a
      transparency scale of from 1 to 10. Therefore, a rating of 1 indicates
      that no color whatsoever was visible on the projection screen while a
      rating of 10 indicates complete transparency.
PAR  One long chain aliphatic hydrocarbon material, octacosane, was analyzed in
      the aforementioned manner with the solvent being hexane. The color
      transparency rating was about 7, which can be considered better than
      acceptable for projectable color.
PAR  The hydrocarbon coated transparent sheet material is then subjected to a
      multicolored xerographic imaging process, as outlined above, with
      resultant heat fixing of the adherent image. It is observed that superior
      image adhesion occurred both before and after the fusion step. In
      addition, the colors reproduced are uniform, with consistent color density
      and with no evidence of toner spotting. Additionally, the colored
      transparencies of the instant invention are found to exhibit lower
      frictional and static properties when compared with the uncoated
      transparencies.
PAR  It can be seen from the example set forth that the transparencies which are
      coated with the instant coating compounds exhibits improved toner adhesion
      properties and therefore are capable of better color image projection than
      those transparencies containing no coat.
PAR  There will now be obvious to those skilled in the art many modifications
      and variations of the invention set forth above. These modifications and
      variations will not, however, depart from the scope of the invention if
      defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transparency for the formation of an adherent electrostatic image
      thereon comprising a thermoplastic film sheet, said sheet having at least
      one surface coated with a long chain aliphatic hydrocarbon having a
      melting point of above 40.degree.C., said coating having a thickness of
      above 0.1 mil.
NUM  2.
PAR  2. A transparency as set forth in claim 1 wherein the aliphatic hydrocarbon
      material is octacosane.
NUM  3.
PAR  3. A transparency as set forth in claim 1 wherein said thermoplastic film
      sheet is a polysulfone, polycarbonate, or polyester material.
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ABST
PAL  A transparency is disclosed, which is suitable for use in a multicolored
      xerographic reproduction process comprising a transparent, thermoplastic
      film sheet having at least one surface coated with a material selected
      from the group of nonvolatile amine compounds. The coated transparency,
      when used in a multicolored electrostatic copying process improves
      adhesion of the multicolored image thereon and permits reproduction of
      colors and color densities in said image which correspond well to the
      copied multicolored original.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to xerographic reproduction and specifically to
      transparencies which are suitable for use in a xerographic reproduction
      process.
PAR  Transparencies are a highly useful product in visual education since an
      image on a transparency may be projected with the necessary degree of
      magnification onto a screen where it may be viewed by a large number of
      persons. Transparencies have heretofore been made by photographic
      reproduction of the desired image and accordingly have required the skill
      of an individual who is familiar with complex photographic reproduction
      processes. Photographic reproduction of transparencies also requires the
      expenditure of a large amount of time and money and is thus undesirable
      for this reason. Therefore, an easy and inexpensive means for the
      production of transparencies has been sought whereby transparencies could
      be conveniently and economically imaged and then used an unlimited number
      of times in visual education programs.
PAR  The advent of xerography and electrostatic copying as generally disclosed
      by Carlson in U.S. Pat. No. 2,297,691 has proven to be a highly successful
      process for reproduction with the inherent advantages of speed and
      reliability. In a usual xerographic process, an electrostatic image of an
      object is formed on a recording member such as a xerographic plate or
      drum. The xerographic plate may comprise a layer of photoconductive
      material, such as selenium on a conductive metal backing. The latent
      electrostatic image which is formed on the photoconductive material is
      developed into a powder image which is then subsequently transferred to a
      sheet of paper and affixed thereon to form a permanent print.
PAR  The xerographic process has therefore proven to be an easy and reliable
      means for the production of transparencies. Transparencies made by a
      xerographic process are produced by forming an electrostatic image of the
      desired object, developing it, and then transferring it to a transparent
      sheet material with the image being permanently affixed or fused thereto
      by either the application of heat or by the action of a solvent vapor. In
      either case the toner which is used to develop the powdered image is
      coalesced on the sheet material by the fusing technique to form a
      permanent image thereon. Solvent fusion techniques, for transparent
      materials made by a xerographic process, for example, are illustrated in
      U.S. Pats. No. 3,049,810 and 3,148,078.
PAR  While the xerographic reproduction process is an apparent solution to the
      problem of economical and efficient production of transparencies, other
      problems have also been encountered with its use in the production of
      transparencies. One of the most pronounced problems with producing
      transparencies by an electrostatic copying process is to get the powdered
      or developed image to adhere well to a transparent film material before
      the image is permanently affixed thereto by fusing. Failure to achieve
      this results in an irregular substrate-toner interface resulting in
      extensive light scattering in projection and, therefore, loss in color. A
      further problem encountered is obtaining proper and uniform density of the
      image after fixing or fusion and without resultant damage to the
      transparent film material either in the fusion process or in the transfer
      system employed within the machine. For this reason, various coating and
      combinations thereof with various types of transparent sheet materials
      have been previously proposed to obviate some of these difficulties.
      Included are various single component polymeric coatings such as are
      exemplified in U.S. Pats. 3,539,340; 3,539,341 and 3,535,112.
PAR  The above coatings, while of some assistance in improving adhesion of the
      developed electrostatic image to a transparent film material,
      nevertheless, are not entirely suitable when transparencies are produced
      by a multicolored xerographic imaging process. The difficulties
      encountered with a multicolored imaging process and transparencies
      produced thereby are due in part to the multicomponent pigmented and dyed
      developers required in the multicolored imaging process and their varying
      degree of attraction for the transparent sheet material. Furthermore, the
      problem of getting the correct degree of coalescence of the toner
      particles in the permanent image is an even more critical matter with
      multicolored imaging than with single color image development. This
      increased criticality is due to the fact that black or single color
      transparencies only require complete opaqueness or nonopaqueness to
      produce a transparency which has images suitable for projection.
PAR  Multicolored transparency images, on the other hand, must allow for a
      certain degree of color density for each color or color combination in the
      image which is sufficient and uniform enough to allow projection of a
      uniform and true color. This, therefore, requires a different and unique
      combination of materials being employed and more critical controls being
      imposed upon the transparent materials which are used in a multicolor
      xerographic imaging process to obtain the correct degree of attraction of
      toner to the transparent sheet as well as proper coalescence of toner
      particles for consistent hue and good color density.
PAR  The instant invention relates to a transparency which fulfills all the
      requirements for use in the production of multicolored electrophotographic
      images. The subject invention is particularly suited to overcome
      difficulties associated with the projection of color xerographic images
      which are formed on transparencies. In addition, the instant invention
      utilizes materials which are readily available and are relatively simple
      to work with. By means of the subject invention effective transparencies
      for use in a xerographic color process are easily prepared.
PAR  It is an object of the present invention to provide a transparency which is
      permanent in nature and having the sheet strength necessary to allow
      repeated use thereof for visual education purposes.
PAR  It is also an object of the present invention to provide for production of
      a color transparency by a xerographic multicolor imaging process which in
      turn eliminates the skill of a technician who is trained in reproduction
      photographic processing.
PAR  These and other objects, as well as the scope, nature and utilization of
      this invention will be apparent by the following detailed description and
      appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been determined that the general objective of producing a
      transparency which will permanently hold a true and consistent multicolor
      xerographic image may be best achieved by utilizing a transparent,
      thermoplastic, film sheet such as a polysulfone or polycarbonate sheet
      material, followed by the coating of this sheet prior to xerographic
      imaging with a nonvolatile amine compound such as 1,8-diamino octane,
      n-octadecyl amine, or n-dodecyl amine, among others. It is this coating
      composition which has been found to insure that all colored pigments
      required in the multicolored reproduction process are properly attracted
      to and held by the transparent sheets during imaging and sheet transfer so
      that a permanent image having uniform and accurate color densities may be
      then fused on the transparent sheet. This coating overcomes the previously
      noted difficulties with producing a transparency by a multicolored
      electrostatic copying process, among which are poor adherence of the
      developed xerographic image on the transparent film, as well as difficulty
      in insuring that a consistent and true color density is developed from the
      colored original which will also be suitable for projection or
      magnification on a screen. As indicated, these problems while existing
      with single color xerographic imaging, are even more pronounced when a
      multicolored xerographic process is employed.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the process of multicolored xerographic reproduction, a subtractive
      color to color reproduction technique is used to develop images formed on
      the photoconductive layer. Furthermore, a multicolor xerographic imaging
      process may also employ multiple scanning of the colored original at
      different wavelengths of light to produce multiple images corresponding to
      each primary color involved in the original. These primary color images
      may be then recombined to form a single multicolored image corresponding
      to the original by using a multicomponent or multicolored toner in a
      subtractive color to color reproduction process. A subtractive color to
      color reproduction process is illustrated in U.S. Pat. No. 3,057,720.
PAR  Toners which are employed in multicolor xerography use subtractive primary
      colors, yellow, cyan (blue green) and magneta. These in turn are used to
      reproduce a wide gamut of colors normally found in the colored original.
      For the purposes of illustration, when subtractive mixing of the yellow
      and cyan colorants take place, greens are obtained. Likewise, the mixing
      of magneta and yellow colorant in varying amounts reproduces reds, while
      combining the cyan with magenta results in the reproduction of blues.
      Mixtures of equal amounts of each toner, of course, will produce a black
      image.
PAR  Production of the multicolored copy from the colored original may be
      appropriately achieved by any multicolored xerographic imaging process. It
      is not intended that this invention be limited by particular variations in
      the multicolored xerographic imaging processes that might be employed or
      with the equipment used in said process. Nevertheless, for the purposes of
      illustration, a suitable process for color imaging begins with proper
      discernment of the color composition of the original subject matter and
      recording thereof. This may be conveniently accomplished by sequential
      optical scanning of the color original a number of times to formulate a
      sequence of the latent electrostatic images which correspond to the
      primary colors in the original. This is accomplished by the light image
      passing through an appropriate color filter so that the latent image is
      then in effect, color separated according to the various primary colors.
      Theoretically, the latent image which is formed by passing the light image
      through a green filter should require the magentas (the complementary
      color) as areas of relatively high charge density on the drum surface,
      while the green (the separated color) should cause a low-charged density
      level. The magentas are then made visible by applying a green absorbing
      magenta toner to the image bearing member. By the same token, a blue
      separation is developed with a cyan toner. The three developed color
      separations are then brought together in registration upon the final sheet
      of support material to produce a multicolored facsimile of the original
      colored document copy.
PAR  It is this multicomponent developer system used in a subtractive color to
      color reproduction process which presents numerous problems when, for
      example, a color transparency is produced thereby which will reproduce,
      with uniform and accurate consistency the color densities which correspond
      to the colored original.
PAR  In the production of transparencies by a multicolored xerographic imaging
      process according to the present invention, a transparent, thermoplastic
      film sheet material is selected as the support material upon which the
      multicolored xerographic image is to be developed. Although the sheet
      material may be any suitable thermoplastic film material which has the
      clearness, strength and heat resistance to allow repeated projection
      thereof, materials which are particularly preferred for the present
      invention include thermoplastic resins such as the polysulfones,
      polycarbonates and polyesters.
PAR  Thermoplastic sheet material which may be conveniently utilized in the
      present invention includes polysulfone sheet material which are
      commercially available form Rowland Products Inc., Kensington, Connecticut
      and Instar Supply Co., Inc. New York, New York under the name Folacron
      PSN, as well as polycarbonate sheet materials commercially available from
      General Electric Corp., Waterford, New York under the names LEXAN SL1007
      (a tetrachloro-polycarbonate) and LEXAN DL616 (a tetrabromo
      polycarbonate). These materials may be selected from any thickness range
      desired, although in selecting film thickness, the films should be thick
      enough to have the necessary strength but still be thin enough to remain
      flexible throughout continuous use thereof. A suitable thickness of the
      film suitable for use in xerographic imaging, will generally be from about
      3 to 8 mils.
PAR  The thermoplastic film material is then coated with an aliphatic amine
      coating composition which has been found to significantly improve adhesion
      of a multicolored xerographic image to a transparency during the
      xerographic development process while at the same time during image
      fusion, permitting accurate reproduction of color density on the
      transparency. The coating in this regard has been found to assist in
      permanent fixing or fusing of the developed image to the transparency by
      either solvent vapor or heat fusion techniques.
PAR  The coating developed herein comprises a mixture of a nonvolatile amine and
      a suitable solvent for coating purposes. The meaning of nonvolatile within
      the context of the present invention are those amines with melting points
      above 40.degree.C. Typical of amines within the purview of the present
      invention are:
PAC  primary amines
EQU  R -- NH.sub.2
PAL  where R = linear or branched alkyl groups of from 10 to 30 carbon atoms.
PAC  secondary amines
      ##EQU1##
      where R and R' are linear or branched alkyl groups having from 10 to 30
      carbon atoms.
PAC  tertiary amines
      ##EQU2##
      where R, R' and R" are linear or branched alkyl groups of from 10 to 30
      carbon atoms.
PAC  diamines
      ##EQU3##
      where n is from 2 to 10 and R, R", R'", R"" are linear or branched alkyl
      groups of from 10 to 30 carbon atoms.
PAR  While any and all of the above nonvolatile amines may be used within the
      purview of the present invention, especially preferred amines are
      1,8-diamino octane, n-octadecyl amine, n-dodecyl amine and mixtures
      thereof.
PAR  The coating mixture will be normally applied to the transparent film
      material in the form of a solution and because of this, the choice of
      solvents to provide the solution is important, relative to the coating
      composition, since it must not cloud or change the film material and it
      must at the same time provide enough solubility for the coating
      composition to provide a clear uniform coating on the transparency with no
      evidence of component insolubility.
PAR  Suitable solvents for the aliphatic amines are those organic liquids which
      will dissolve the amine but which are nonsolvents for and nondestructive
      of the substrate material. The solvent composition found to be suitable
      for use with the present compounds and for their application to
      transparencies produced therewith are hydrocarbon solvents such as hexane.
      Additionally, alcohols such as ethanol and isopropanol can be used. And
      further, mixtures of conventional solvents may be employed to attain the
      requisite coating on the transparency. Aside from the selection features
      mentioned above, the particular solvent utilized is not critical to the
      transparencies formed within the purview of the present invention. It is
      only necessary that the proper amounts of the coating compounds are
      dissolved in the aforementioned solvent mixture and that a continuous film
      is formed on evaporation of the solvent. Compounds generally should be in
      a concentration of at least 0.3% by weight for optimum results.
PAR  It is, therefore, the selection of the particular amine materials which is
      critical for proper fixing and adhesion of the multicolored xerographic
      image to the transparency. It is also these materials which allow correct
      reproduction of color density in the fused image, as well as giving
      strength to the film which is needed for sheet transfer during copying and
      continuous use of the transparency after formation. The compounds used
      must also be compatible with the multicomponent toners used for the
      subtractive color reproduction processes and accordingly prevent
      precipitation or deposition of the toner as discrete, recognizable,
      particles in the final developed image as opposed to coalescence and
      formation of a uniform and consistent toner film. If the toner is
      deposited as recognizable and discrete particles, then an image is
      produced which has a "dirty" or spotty look and the color density thus
      becomes eratic. The coating materials must therefore be compatible with
      the toner materials used to develop the multicolor images, while at the
      same time being transparent and yet strong enough to permit normal
      handling of transparencies.
PAR  The amine compounds which may be used in the coating composition of the
      present invention may be any commercially available form of these
      materials. Suitable for use, for example, is 1,8-diamo octane, n-octadecyl
      amine, n-dodecyl amine, tallow amine, and hydrogenated tallow amine all
      supplied by the Armour Industrial Chemical Company of Chicago, Illinois.
PAR  The coating composition after dissolution in the appropriate solvent
      mixture is applied to the transparent thermoplastic film by techniques
      which are well known to those skilled in the art of paper coating. Various
      techniques which are suitable for coating could be by roll, wire wound
      rod, air knife, or any other uniform application means used in paper
      coating. For instance, the coating may be simply passed (or dipped)
      through a hopper containing the coating composition in liquid form, which
      is provided by a doctor blade or the coating may be applied by use of a
      more precise coating apparatus such as a gravure press. Preferably a
      coating of above about 0.1 mil thickness is produced upon the transparent
      thermoplastic film sheet after evaporation of a solvent or solidification
      of the dissolved amine materials in the form of a film. Since the coating
      on the sheet is in the nature of an extremely thin film, no significant
      impairment of the transparency of the sheet itself results from its
      presence and the transparency formed therefrom by electrostatic image
      evidences the requisite degree of clearness to be satisfactory for most
      visual education purposes.
PAR  The following represents a specific illustration of the present invention
      although it should be understood that the invention is not intended to be
      limited to specific details to be set forth thereon.
DETD
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  In the following illustrations two film types were used, LEXAN DL616 (a
      tetrachloro polycarbonate) and LEXAN SL1007 (a tetrabromo polycarbonate).
      The coatings on the transparencies were made by coating the films in the
      various solutions, air drying and curing at 150.degree.-170.degree.C.
      Prints were produced in a Xerox Model D processor (flat plate) using a
      premixed developer containing 10 g. of Xerox Cyan Toner, internally
      designated as XT 1318C-13, and 500 g. of carrier material, internally
      designated as XC910-20. Print fixing was accomplished in a Xerox Model D
      fuser which had temperatures ranging between 150.degree.-170.degree.C. The
      resulting transparencies were judged by projection using a
      "Telegraph-Resolute" mode 21105 overhead projector and rating on a
      transparency scale of from 1 to 10. Therefore, a rating of 1 indicates
      that no color whatsoever was visible on the projection screen while a
      rating of 10 indicates complete transparency.
PAR  Two materials, N-dodecylamine and N-octadecylamine, were analyzed in the
      sforementioned manner and appear in Table 1. The solvent used in all cases
      was hexane. Note that the transparency ratings of the particular coatings
      having requisite concentration have ratings of 7 or above which can be
      considered satisfactory and acceptable. Ratings of 5 are shown for those
      coating solutions in which the amount of amine falls below 0.3% by weight.
PAR  All of the coated transparent sheet materials are then subjected to a
      colored xerographic imaging process, as outlined above, with resultant
      heat fixing of the adherent image. It is observed that superior image
      adhesion occurred both before and after the fusion step. In addition, the
      colors reproduced are uniform, with consistent color density and with no
      evidence of toner "spotting". Additionally, the colored transparencies of
      the instant invention are found to exhibit lower frictional and static
      properties when compared with the uncoated transparencies.
PAR  It can be seen from the data set forth that the transparencies which are
      coated with the instant coating compounds exhibit improved toner adhesion
      properties and therefore are capable of better color image projection than
      those transparencies containing no coat.
PAR  There will now be obvious to those skilled in the art many modifications
      and variations of the invention set forth above. These modifications and
      variations will not, however, depart from the scope of the invention if
      defined by the following claims.
TBL                TABLE I                                                     
     ______________________________________                                    
                   Curing    Print Fuse                                        
     Coating       Time/Sec. Time/Min. Transparency                            
     ______________________________________                                    
     0.3% h-dodecylamine/                                                      
     hexane         0        0.5       7                                       
     0.3% h-dodecylamine/                                                      
     hexane        30        0.5       7                                       
     0.3% h-dodecylamine/                                                      
     hexane        15        0.5       10                                      
     0.3% h-dodecylamine/                                                      
     hexane         5        0.5       10                                      
     3% n-octadecyl amine/                                                     
     hexane        60        1.0       10                                      
     0.3% n-octadecyl amine/                                                   
     hexane        60        1.0       10                                      
     0.1% n-octadecyl amine/                                                   
     hexane        60        1.0       5                                       
     0.01% n-octadecyl                                                         
     amine/hexane  60        1.0       5                                       
     0.01% n-octadecyl                                                         
     amine hexane  360       0.5       5                                       
     0.3% n-octadecyl amine/                                                   
     hexane        360       0.5       7                                       
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transparency for the formation of an adherent electrostatic image
      thereon comprising a thermoplastic film sheet, said sheet having at least
      one surface coated with a nonvolatile aliphatic amine compound selected
      from the group consisting of 1,8-diamino octane, n-octadecyl amine,
      n-dodecyl amine and mixtures thereof, said coating having a thickness of
      above 0.1 mil.
NUM  2.
PAR  2. A transparency as set forth in claim 1 wherein said thermoplastic film
      sheet is a polysulfone, polycarbonate, or polyester material.
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ABST
PAL  Steel ligatures are provided having coated thereon a thin film of a resin
      composition containing zinc particles. The resin composition comprises a
      mixture of an epoxy resin and a phenolic resin, and the coating may be
      cured, or substantially uncured, as desired.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to steel ligatures, and particularly to steel
      strapping, coated with zinc particles, or dust, the particles being bonded
      to each other and to the surface of the strapping with a resinous
      composition comprising a mixture of an epoxy resin and a phenolic resin.
      The invention also relates to a method for applying such coatings to steel
      ligatures.
PAR  The coating of steel to provide protection against corrosion caused by
      exposure to the elements has been known for many years. Organic resinous
      films provide protection, but weather resistance is limited, particularly
      when the film is thin. Pigmentation of the organic resinous film is
      somewhat beneficial, but weather resistance is still inadequate.
PAR  The incorporation of zinc dust into organic resinous films to enhance
      weather resistance is known, but these coatings, when heavily loaded with
      zinc, generally lack the flexibility, toughness and abrasion resistance
      essential to use on steel strapping.
PAR  In Lucas U.S. Pat. No. 3,242,001 there is disclosed a steel strapping
      coated with a heavily loaded zinc dust-containing organic resinous
      material of particular composition which is durable and flexible and has
      weather resistance substantially superior to that of prior steel strapping
      and adequate for most uses. Specifically, the Lucas patent teaches steel
      strapping coated with a thin and flexible film comprising 80 to 96 parts
      by weight of finely divided zinc particles, and 4 to 20 parts by weight of
      a resinous composition comprising a heat-cured oily butadiene polymer
      having a molecular weight from about 1,000 to about 30,000 and a high
      molecular weight linear condensation product of epichlorohydrin and
      bisphenol A having an average molecular weight of approximately 100,000.
PAR  While the coated steel strapping of the Lucas invention provides excellent
      corrosion protection for most uses, it is not satisfactory for uses in
      which the strapping is to be exposed to severe weathering conditions over
      an extended period. Some makers of bricks, for example, use steel
      strapping to make bundles of bricks and then store the bundles out of
      doors, exposed to the weather, for weeks or months until they are sold and
      used. Failure of the protective coating under these severe conditions
      causes discoloration of the bricks by the rusting of the strapping, making
      the bricks unsatisfactory for many purposes. Failure of the protective
      coating can also lead ultimately to the weakening and failure of the
      strapping itself to perform its function.
PAR  The use of steel strapping under conditions which expose it to acid is also
      a severe use. Some fabricators of aluminum ingots, for example, wrap steel
      strapping around bundles of ingots and then immerse the bundles into an
      acid pickling bath while suspending them by the strapping. Packets of acid
      may remain in the narrow spaces between the strapping and the ingot
      surfaces after the ingots are withdrawn from the acid bath and the
      prolonged exposure of the coated strapping to this acid may weaken the
      strapping and ultimately cause failure.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one aspect of the instant invention steel ligatures,
      such steel strapping or wire, are provided which have coated thereon a
      thin film of a resinous composition containing a high loading of zinc
      particles (at least about 80% by weight) and comprising a mixture of from
      about 8 to 65 weight percent of a phenolformaldehyde resin and from about
      35 to 92 weight percent of an epoxy resin and particularly a low molecular
      weight reaction product of epichlorohydrin and bisphenol A.
PAR  The resin mixture is unique in that neither the phenolic resin, by itself,
      nor the epoxy resin, by itself, will product a satisfactory coating when
      heavily loaded with zinc dust, the phenolic being too brittle for
      satisfactory adhesion on a flexible ligature and the epoxy providing poor
      corrosion resistance. Furthermore, the substitution of a urea-formaldehyde
      resin or a melamine-formaldehyde resin for the phenol-formaldehyde resin
      does not provide a coating with equivalent resistance to corrosion.
PAR  The method of this invention involves the application of a zinc
      dust-containing solution of the resin composition in an organic solvent to
      the surface of the ligature as a thin film followed by heating to drive
      off the solvent. Further heating to cure the resin composition may be
      employed, if desired, but is not essential.
PAR  Suitable coatings in accordance with this invention require an extremely
      finely divided zinc dust having an average particle size of 10 microns, or
      less, and preferably less than 5 microns. In the coatings, zinc dust
      comprises from about 80 to about 96 weight percent of the coating, the
      remainder being binder. Zinc dust in concentrations below about 80 weight
      percent are so encased in the resinous binder that they are unable to
      provide any appreciable galvanic effect. Coatings having zinc dust in
      concentrations above about 96 weight percent have so little binder that
      they lack the necessary toughness to survive as a protective coating in
      normal ligature usage. The preferred concentration of zinc dust in the
      coatings is from about 83 to about 95 weight percent.
PAR  The phenolic resin used in the binder composition is an alkali-catalyzed
      phenol-formaldehyde condensation product of low molecular weight and
      preferably having an average molecular weight in the range of about 800 to
      about 2000. It is an A-stage product (as described at pages 117-8 in "The
      Chemistry of Commercial plastics" by Reginald L. Wakeman - Reinhold
      Publishing Corp., 1947) which is soluble in alcohols and ketones.
PAR  As stated above, the binder composition may contain as little as 8 weight
      percent or as much as 65 weight percent of the phenolic resin. However,
      for optimum results the concentration of the phenolic resin should be in
      the range of from about 30 to about 40 weight percent of the binder
      composition.
PAR  The epoxy resin component is preferably a condensation product of
      epichlorohydrin and bisphenol A having an average molecular weight in the
      range of about 1200 to about 5000 and most preferably in the range of
      about 1500 to about 2700.
PAR  The resinous components of the binder composition are intimately blended by
      solution in a suitable solvent. HIgh boiling solvents and solvent systems
      are preferred, the preferred solvents being cellosolve acetate, carbitol
      and mixtures thereof. Ketones, such as methyl ethyl ketone and methyl
      isobutyl ketone are also suitable solvents, but their use involves a
      flammability hazard.
PAR  The coating composition used in this invention is generally applied to the
      surface of the ligature in a concentration of about 60 to 80 weight
      percent of solids and about 20 to 40 weight percent of solvent. Preferably
      the percentage of solvent is from about 22 to about 30 weight percent. The
      coating composition may be applied by brushing or spraying but is
      preferably applied by passing the ligature through a reservoir containing
      the coating composition and then wiping off the excess liquid. The coating
      composition is generally applied to the ligature in thicknesses from about
      0.6 to about 1.2 mils to produce a final coating after solidification from
      about 0.3 to about 0.6 mils.
PAR  After application of the coating composition the ligature is passed through
      one or more ovens for heating to drive off the solvent and, if desired, to
      cure the resins. Passage of the ligature through the oven or ovens is
      preferably in a vertical direction to avoid the possibility of producing
      an uneven coating due to sag of the coating composition by gravitational
      effect before solidification.
PAR  The heating of the ligature coated with the liquid coating composition
      drives off the solvent and effects at least a partial cure of the resinous
      composition. It is a distinctive feature of this invention, however, that
      satisfactory coatings are produced even under mild heating conditions
      under which curing is so minimal that the coatings are soluble in solvent
      systems similar to those from which the coatings are formed. Satisfactory
      coatings have been produced, for example, at temperatures as low as
      300.degree.F. and at heating times at such low temperatures as low as 20
      seconds.
PAR  When a fully cured coating is desired which is insoluble in solvents,
      heating at higher temperatures, of the order of 600.degree.F. to
      800.degree.F. are employed. Heating times at such higher temperatures may
      be as low as 15 seconds but may, if desired, be extended to 90 seconds, or
      more.
DETD
PAC  EXAMPLES 1 TO 30
PAR  To determine the effect of different levels of phenolic resin and the
      effect of different curing temperatures and times on the resistance of
      coated steel strapping to salt spray exposure, a series of tests were run.
      In each of the tests the predominant resinous component in the coating
      composition was a condensation product of epichlorohydrin and bisphenol A
      having an average molecular weight in the range of 2000 to 2700. The
      coating compositions comprised 86 weight percent of zinc dust and 14
      weight percent of the resinous binder composition. It was applied to short
      lengths of steel strapping 1/2 inch wide .times. 0.020 inches thick in
      amounts sufficient to produce a coating of about 0.4 mil thickness. On
      each sample an "X" mark was scratched through the coating to the bare
      metal with a carbide scribe. Resistance to rusting at the "X" mark was an
      indication of galvanic protection by the zinc since the purely mechanical
      protection of an organic coating seal does not protect underlying steel
      against corrosion once the seal is broken by a scratch.
PAR  In Examples 1 to 3, the binder consisted of 100% of epoxy resin and no
      phenolic resin; in Examples 4 to 12, the binder consisted of 92% of epoxy
      resin and 8% of phenolic resin having a molecular weight in the range of
      800 to 1200; in Examples 13 to 21, the binder consisted of 83% of epoxy
      resin and 17% of the same phenolic resin; and in Examples 22 to 30, the
      binder consisted of 65% of epoxy resin and 35% of the same phenolic resin.
TBL                                    TABLE I                                 
     __________________________________________________________________________
          Curing                                                               
     Example                                                                   
          Temp./Curing                                                         
                  Rust After  Rust After                                       
     No.  Time    Salt Fog--48 hrs.                                            
                              Salt Fog--100 hrs.                               
     __________________________________________________________________________
     1    400/30  at X & surface spots                                         
                              at X & much at surface                           
     2    400/45  at X        at X & much at surface                           
     3    400/60  partial at X                                                 
                              at X & much at surface                           
     4    400/30  partial at X                                                 
                              at X & surface spots                             
     5    400/45  at X        at X & substantial over                          
                              surface                                          
     6    400/60  partial at X                                                 
                              at X & substantial over                          
                              surface                                          
     7    700/20  partial at X                                                 
                              at X & substantial over                          
                              surface                                          
     8    700/25  none        at X & fine over surface                         
     9    700/30  none        at X & fine over surface                         
     10   700/40  none        partial at X & spots one                         
                              side                                             
     11   700/50  none        trace                                            
     12   700/60  none        trace                                            
     13   400/30  none        none at X but spots edge                         
                              and back surface                                 
     14   400/45  trace       at X & substantial at edge                       
     15   400/60  none        at X & surface spots                             
     16   700/20  partial at X                                                 
                              at X & surface spots                             
                  & surface spots                                              
     17   700/25  none        many small surface spots                         
     18   700/30  partial at X                                                 
                              substantial at X &                               
                              small spots on surface                           
     19   700/40  none        small spots                                      
     20   700/50  none        trace spots                                      
     21   700/60  none        many small spots                                 
     22   400/30  substantial at                                               
                              at edge & substantial                            
                  edge & back on back                                          
     23   400/45  none        many tiny spots                                  
     24   400/60  none        trace tiny spots                                 
     25   700/20  none        trace tiny spots                                 
     26   700/25  none        trace spots at edge                              
     27   700/30  none        trace spots at edge                              
     28   700/40  substantial at X                                             
                              at X and bend                                    
                  & bend                                                       
     29   700/50  substantial at X                                             
                              at X--many tiny surface                          
                              spots                                            
     30   700/60  none        trace at bend edge spots                         
                              on back side                                     
     __________________________________________________________________________
PAC  EXAMPLES 31 TO 39
PAR  A series of steel strapping samples were coated with a coating composition
      comprising 86 weight percent of zinc dust and 14 weight percent of a
      binder comprising 35 weight percent of phenolic resin and 65 weight
      percent of a condensation product of epichlorohydrin and bisphenol A
      having an average molecular weight of 1500 to 2000. The coatings were
      generally similar to those described in connection with Example 1 to 30.
      The heating temperatures (.degree.F.), times (seconds), and the salt spray
      test results were as follows:
TBL                                    TABLE II                                
     __________________________________________________________________________
          Curing  Rust After                                                   
                          Rust After                                           
     Example                                                                   
          Temp./Curing                                                         
                  Salt Fog--                                                   
                          Salt Fog--                                           
     No.  Time    48 hrs. 100 hrs.                                             
     __________________________________________________________________________
     31   400/30  partial at X                                                 
                          at X & fine surface spots                            
     32   400/45  partial at X                                                 
                          at X & fine surface spots                            
     33   400/60  none    at X & fine surface spots                            
     34   700/20  none    substantial fine spots                               
     35   700/25  none    many fine surface spots                              
     36   700/30  none    many fine surface spots                              
     37   700/40  none    trace                                                
     38   700/50  none    trace                                                
     39   700/60  none    trace                                                
     __________________________________________________________________________
PAC  EXAMPLES 40 TO 49
PAR  Another series of steel strapping samples were coated with the coating
      composition of Examples 31 to 39. The heating temperatures (.degree.F.),
      times (seconds), and the salt spray test results were as follows:
TBL                TABLE III                                                   
     ______________________________________                                    
     Exam- Curing      Rust After                                              
     ple   Temp./Curing                                                        
                       Salt       Rust After                                   
     No.   Time        Fog--48 hrs.                                            
                                  Salt Fog--100 hrs.                           
     ______________________________________                                    
     40    300/20      none       none                                         
     41    300/30      none       none                                         
     42    300/45      none       trace at X                                   
     43    300/60      none       partial at X                                 
     44    300/90      none       none--trace of stain                         
     45    400/15      trace      some at X                                    
     46    400/20      none       none                                         
     47    400/30      none       none                                         
     48    400/45      none       none                                         
     49    400/60      none       none                                         
     ______________________________________                                    
PAC  EXAMPLES 50 TO 53
PAR  For comparison purposes another series of steel strapping samples were
      coated with a coating composition comprising as the resinous ingredient a
      mixture of 15 weight percent of a melamine-formaldehyde condensation
      product and 85 weight percent of the low molecular weight epoxy resin of
      Examples 1 to 30. The heating temperatures (.degree.F.), times (seconds),
      and the salt spray test results were as follows:
TBL                TABLE IV                                                    
     ______________________________________                                    
            Curing                                                             
     Example                                                                   
            Temp./Curing                                                       
                        Rust After                                             
     No.    Time        Salt Fog--48 hrs.                                      
     ______________________________________                                    
     50     700/15      at X, some stain near X, bend,                         
                        surface & edges good                                   
     51     700/20      at X, some stain near X, bend,                         
                        surface & edges good                                   
     52     700/30      partial at X, some stain near X,                       
                        bend, surface & edges good                             
     53     700/40      partial at X, some stain next X,                       
                        bend, surface & edges good                             
     ______________________________________                                    
PAC  EXAMPLES 54 TO 56
PAR  For comparison purposes another series of steel strapping samples were
      coated with a coating composition comprising as the resinous ingredient a
      mixture of 79 weight percent of the low molecular weight epoxy resin of
      Examples 31 to 39 and 21 weight percent of a flexible ureaformaldehyde
      condensation product. The heating temperatures (F.degree..), times
      (seconds), and the salt spray test results were as follows:
TBL                TABLE V                                                     
     ______________________________________                                    
                Curing                                                         
     Example    Temp./Curing  Rust After                                       
     No.        Time          Salt Fog--100 hrs.                               
     ______________________________________                                    
     54         700/25        badly rusted                                     
     55         700/35        badly rusted                                     
     56         700/45        badly rusted                                     
     ______________________________________                                    
PAR  This invention has been described with respect to a specific embodiment
      thereof, however, it will be apparent to those skilled in the art that
      numerous modifications and variations may be effected without departing
      from the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steel ligature having adherently coated thereon a thin and flexible
      film comprising from about 80 to about 96 weight percent of finely divided
      zinc particles and 4 to 20 weight percent of a binder material, said
      binder material comprising from about 8 to about 65 weight percent of a
      phenol-formaldehyde resin and from about 35 to about 92 weight percent of
      a low molecular weight epoxy resin.
NUM  2.
PAR  2. The ligature of claim 1 wherein said phenol-formaldehyde resin is a
      phenol-formaldehyde condensation product having an average molecular
      weight in the range between about 800 and about 2000.
NUM  3.
PAR  3. The ligature of claim 1 wherein said epoxy resin is a condensation
      product of epichlorohydrin and bisphenol A having an average molecular
      weight in the range between about 1200 and about 5000.
NUM  4.
PAR  4. The ligature of claim 1 wherein said coating has a thickness between
      about 0.3 and about 0.6 mils.
NUM  5.
PAR  5. The ligature of claim 1 wherein said finely divided zinc particles have
      an average particle size no greater than 10 microns.
NUM  6.
PAR  6. A steel strapping having adherently coated thereon a flexible film
      having a thickness between about 0.3 and 0.6 mils and comprising from
      about 83 to about 95 weight percent of finely divided zinc particles
      having an average particle size no greater than about 4 microns and about
      5 to about 17 parts by weight of a binder material, said binder material
      comprising from about 30 to about 40 weight percent of a
      phenol-formaldehyde condensation product having an average molecular
      weight in the range of about 800 to about 2000 and about 60 to about 70
      weight percent of a condensation product of epichlorohydrin and bisphenol
      A having average molecular weight in the range between about 1200 and
      about 5000.
NUM  7.
PAR  7. A method of making a corrosion resistant steel ligature which comprises
      applying to a steel ligature a liquid composition containg from about 20
      to about 40 weight percent of solvents and 80 to about 60 weight percent
      of solids, said solid comprising from about 80 to about 96 weight percent
      of finely divided zinc particles and from about 4 to about 20 weight
      percent by a binder material comprising from about 8 to about 65 weight
      percent of phenol-formaldehyde resin and from about 35 to about 92 weight
      percent of a low molecular weight of epoxy resin, and thereafter heating
      said coated ligature to at least drive off said solvent and leave a solid
      coherent coating on said ligature.
NUM  8.
PAR  8. The method of claim 7 wherein said heating is at a temperature and for a
      time such that said binder material remains soluble in said solvent.
NUM  9.
PAR  9. The method of claim 7 wherein said heating is at a temperature and for a
      time such that said binder material becomes insoluble in said solvent.
NUM  10.
PAR  10. The method of claim 8 wherein said heating is at a temperature from
      about 300.degree. to about 400.degree. F.
NUM  11.
PAR  11. The method of claim 9 wherein said heating is at a temperature of about
      700.degree. F.
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ABST
PAL  Method and apparatus for pre-heating a vitrifiable batch before it is
      introduced into a glass melting furnace. The hot gases from the furnace
      are used for this purpose. The batch is fed onto a support which provides
      apertures or openings. The support and the batch on it are heated by hot
      gases from the furnace until the batch is in at least a partly molten
      condition in which it flows through the support apertures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for pre-heating a vitrifiable batch
      prior to its introduction into a glass-melting furnace, in which
      pre-heating use is made of hot gases from the melting furnace. The
      invention also relates to apparatus for carrying out this process.
PAR  It is known to pre-heat a vitrifiable batch during its feed to a
      glass-melting furnace by feeding the batch in counter-current to hot gases
      escaping from the furnace. The gases thereby pre-heat the batch by
      heat-exchange.
PAR  The known processes can be roughly divided into three categories. In known
      processes of a first category the batch is allowed to fall freely in a
      shaft which also serves as a chimney for gases escaping from the furnace.
      The batch is thus heated by heat-exchange as it falls towards the furnace
      entrance. Such processes are not considered to be satisfactory for a
      number of reasons. One reason is the low heat recovery due to the brevity
      of the heat-exchange contact between the batch and the hot gases. A second
      objection to such processes is the fact that the batch entering the
      furnace tends to be of uncontrolled variable composition due to the
      segregation of batch constituents of different sizes and specific
      gravities during their fall. This lack of uniformity in the feed to the
      furnace tends to be greater when there is a longer fall path of the batch
      in heat exchange relationship to the hot gases.
PAR  The second category of known processes comprises those in which the batch
      forms a column in a feed shaft through which the hot gases can pass via
      the labyrinth of spaces between the individual batch pieces or particles.
      This type of feed system cannot be used for batches in powder form because
      the column of powder is substantially impervious to the furnace gases.
      This feed system is only applicable for feeding batches in the form of
      granules or pieces large enough to ensure that the batch column is
      pervious to the furnace gases. Experience shows that even when the batch
      forms a gas-pervious column, the feed to the furnace is not satisfactory.
      The feed of batch to the furnace is irregular and substantial variation in
      the temperature to which different parts of the batch are pre-heated
      cannot be avoided. These irregularities render it very difficult to
      sustain given quality standards in the production and conditioning of
      molten glass in the furnace.
PAR  In the known processes of the third category, the batch is delivered into a
      feed shaft wherein there are baffle walls past which the furnace gases can
      flow and which are constructed and arranged to catch at least some of the
      delivered batch. The baffle walls are constructed and arranged so that any
      batch material falling thereon is retained until, due to melting of batch
      constituents, it acquires a flowable condition and can flow along the
      baffle walls and pour over the edges thereof, into the furnace. With this
      system it should be possible to avoid undesirable variations in course of
      time in the pre-heated condition of the batch entering the furnace.
      However, in practice the feed rate is very irregular. It has proved to be
      impossible to prevent interruptions in the flow of batch off the baffle
      walls due to batch material thereon becoming sintered or retained at
      positions where it is not adequately exposed to the hot gases with the
      result that such material forms a barrier obstructing the continuous flow
      of material along the baffle walls.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to avoid these disadvantages of the
      known systems.
PAR  Another object of the present invention is to provide a pre-heating process
      whereby a regular feed of batch of substantially uniform composition and
      in a substantially uniform pre-heated condition can be achieved.
PAR  It is also an object of the invention to provide a process whereby at the
      same time a very significant heat recovery from the furnace gases may be
      realized.
PAR  A program according to the present invention is performed by having at
      least part of the batch fed onto at least one apertured segment which is
      directly exposed to gases from the furnace. Batch material is temporarily
      retained by such support and heated thereon until it is in a molten or
      partly molten condition in which it flows through the support apertures.
PAR  The process according to the invention affords the important advantage of
      maintaining a substantially uniform condition of the batch feeding to the
      furnace from the supports. This is because the batch material is retained
      on the support until it is in sufficiently flowable condition to flow
      downwardly through the support apertures. In other words each support
      prevents quantities of batch material delivered onto such support from
      descending into the furnace before the material has been brought to an at
      least partially melted condition. This condition, which corresponds with a
      certain viscosity of the batch material, is determined largely by the
      dimensions of the support apertures and necessarily remains substantially
      constant in course of time during the furnace operation.
PAR  Another important advantage of the process according to the invention is
      that feed of batch material from the supports cannot be obstructed by
      material which is not being heated to flowable condition. As soon as batch
      material immediately superadjacent a support attains a sufficiently
      flowable condition it descends through the immediately underlying support
      apertures and allows overlying batch material to take its place. This
      phenomenon takes place continuously at all positions over the whole area
      of the apertured supports. Consequently, there is a continuous
      well-controlled rate of feed of batch to the furnace. Moreover, this feed
      rate is not dependent on the maintenance of a constant rate of delivery of
      batch material onto the apertured supports.
PAR  Yet another important advantage of the invention is a very efficient
      utilization of heat supplied by the furnace gases for pre-heating the
      vitrifiable batch. This good heat recovery is dependent on the fact that
      each support for batch material is exposed to the gases, and on the
      apertured form of such support. Batch material does not descend through a
      support aperture until the material is at least partially molten, and when
      the material does so descend it does so gradually and forms, as its
      viscosity decreases, a suspended drop or bead which depends from the
      support and is consequently enveloped by hot furnace gases. There is thus
      a large aggregate surface contact area between the melting batch material
      and the hot gases and this provides a condition which is favorable to a
      large heat transfer coefficient.
PAR  It is also notable that a process according to the invention is applicable
      with batches of various physical states, e.g., powder, granules, pellets,
      agglomerates.
PAR  In the foregoing definition of the invention the condition of the batch
      material as it flows through the support apertures is described as molten
      or partly molten. A vitrifiable batch contains a mixture of constituents
      having different melting temperatures or ranges. Generally speaking, if
      the lower melting constituents in any given batch portion which is
      retained by an apertured support are brought to a molten condition, that
      suffices to render that batch portion flowable so that it can pass through
      the support apertures. However, it is also possible when carrying out the
      invention to heat a supported quantity of batch material to such an extent
      and so rapidly that substantially the whole mass thereof is in molten
      state as it flows through the support apertures.
PAR  Preferably, batch material is temporarily retained by a plurality of such
      apertured supports located at different levels, and at least part of the
      batch material flows through two or more supports, one after another,
      before reaching the furnace. When proceeding in that way a relatively
      large proportion of the heat content of hot furnace gases is used for
      pre-heating batch material. However, a higher feed rate of molten or
      partially molten batch material to the furnace can be achieved.
PAR  Advantageously, at least a part of the hot furnace gases is caused to flow
      upwardly past and in contact with batch material supported on the support.
      In these circumstances the surface area of the supported batch material
      which is in close heat-exchange relationship to the hot gases from the
      furnace is larger. Consequently, there can be a greater useful heat
      recovery and a more rapid pre-heating of the batch material to a required
      temperature.
PAR  In certain embodiments of the invention, which are favored because of the
      efficient utilization of the heat content of the hot furnace gases, batch
      material is temporarily retained by a plurality of apertured supports
      disposed at different levels and in staggered relationship so that (in
      plan view) they overlap. At least a part of the hot furnace gases is
      caused to flow upwardly along an undulating path past and in contact with
      batch material on such apertured supports. In such processes, not only is
      there a feed of some molten or partially molten batch material from one
      support onto another, but also there is a relatively large contact surface
      area between the hot gas stream and each of the supported quantities of
      batch material so that the advantages associated with both of these
      conditions are realized.
PAR  The invention includes processes wherein at least part of the batch is at
      least partially melted while in the upper layers of a heap of batch
      material on an apertured support. By so heating the supported batch
      material that it already becomes at least partially molten while it is in
      such upper layers, a higher feed rate of batch material through a given
      apertured support area can be achieved. Advantageously, at least part of
      the hot furnace gases is caused to flow across and in contact with the top
      of a heap of batch material on an apertured support. In that case, hot
      combustion gases from the furnace are used for raising the temperature of
      batch material in upper layers of a supported heap and thus contribute to
      shortening the pre-heating time and increasing the feed rate of batch
      material through the support.
PAR  In some processes according to the invention, and in which hot furnace
      gases are conducted in heat-exchange relation to the upper layers of a
      supported heap of batch material as aforesaid, at least part of the hot
      gases is caused first to flow across and in contact with the bottom of an
      apertured support, and then to flow across and in contact with the top of
      the supported heap of batch material. This feature is favored because it
      is conducive to a very good heat recovery from any given part of the hot
      gases used for the pre-heating of batch material.
PAR  The invention includes processes wherein the apertured supports are heated
      in part by heat transferred thereto from the hot furnace gases and in part
      by heat generated directly in the support by another energy source. By
      virtue of such a supplementary heat supply the amount of vitrifiable batch
      material which is pre-melted in a given time can be increased and/or the
      extent to which its viscosity is lowered, prior to entry into the furnace,
      can be increased. By way of example, a fluid heating medium can be
      circulated through an apertured support for increasing the amount of heat
      radiated from such support to the supported batch material.
PAR  In preferred embodiments, using supplementary heating, batch material while
      retained by an apertured support is heated in part by heat transferred
      thereto from the hot furnace gases and in part by heat generated directly
      in such supported material by another energy source. The degree of
      pre-melting of the batch material and/or the feed rate of molten or partly
      molten material to the furnace can be significantly increased for a
      relatively low additional energy consumption if the energy is supplied
      within the mass of supported batch material.
PAR  Particular importance is attached to processes according to the invention,
      wherein electric current is passed through supported batch material so
      that heat is generated therein by Joule effect. The advantages
      hereinbefore referred to, associated with the use of a heat source
      supplementary to the furnace gases, is particularly in evidence when using
      this electrical heating technique. It has been found possible, by using
      such a technique, to at least triple the amount of batch material melted
      per unit of time.
PAR  Preferably, the batch is fed onto an apertured support in agglomerated
      condition. By an agglomerated condition is meant a condition in which the
      individual pieces or particles of the batch themselves comprise smaller
      particles or pieces which cohere or are bonded together, in whatever
      manner. Thus, the agglomeration may be due, e.g., to sintering or to the
      bonding of elementary batch particles together by means of a bonding
      agent, thereby to form pellets, granules, wafers or bodies of some other
      physical form. A specific example is pellets of ovoid form comprising
      agglomerated particles and having a mean diameter of approximately 70 mm.
      Another example is granules of the order of from 10 to 20 mm. The term
      "granules" denotes irregularly shaped bodies. A third example is wafers
      having a thickness of a few millimeters and length and breadth dimensions
      of some centimeters. In carrying out the present invention it is
      preferable for the batch fed to the apertured supports for pre-heating to
      be in the form of agglomerated pieces, preferably granules. In an
      agglomerating operation, elementary particles of batch ingredients are
      compacted together and this considerably assists the subsequent heating of
      the batch material by heat exchange to bring about its melting or partial
      melting. Moreover, the agglomerating helps to preserve the uniformity of
      the batch composition during handling of the batch prior to, during and
      after feeding thereof to the apertured supports on which it is pre-heated.
      Agglomerating also ensures that very fine vitrifiable substances are not
      entrained by the hot combustion gases from the furnace.
PAR  Considerable advantages can be realized by subjecting the batch material to
      some heating prior to feeding it to the apertured supports. In certain
      recommended processes the batch is brought to a temperature above
      600.degree. C. before being fed to such supports. Such preliminary heating
      can be carried out in a heating zone distinct from that in which the
      pre-heating process whereby the batch material is wholly or partially
      melted is performed. Consequently, the conditions obtaining in that
      preliminary heating zone, in respect of the disposition of the batch
      material in relation to the heat source and in other respects, can be
      chosen with due regard to the physical condition of the batch material
      over the temperature range prevailing in that preliminary zone so as to
      optimize the efficiency of heat utilization.
PAR  It is very satisfactory when the batch material is in agglomerated form,
      e.g., in the form of granules, to heat such batch material in a
      preliminary heating zone by passing hot furnace gases through layers of
      the batch material. Such preliminary heating can be continued up to a
      temperature just below that at which the granules would commence to cohere
      and thus become difficult to feed in a proper manner to the next
      pre-heating stage.
PAR  Preliminary heating temperatures above 600.degree. C., and even above
      700.degree. C., are often appropriate, for example in the case of batches
      for manufacturing soda-lime glasses such as are used in the manufacture of
      flat glass using a glass-melting tank furnace.
PAR  The process according to the invention has been devised more particularly
      from the melting or partial melting of soda-lime glass batches. However,
      the process can be employed in the pre-heating of other vitrifiable
      batches.
PAR  The invention includes apparatus for use in pre-heating a vitrifiable batch
      prior to its introduction into a glass-melting furnace. Thus, the
      invention includes apparatus comprising a feed shaft into which
      vitrifiable batch can be fed and which also provides a flow path for hot
      gases escaping from the furnace. At least one support for temporarily
      supporting batch material while heat is transferred to it from such hot
      gases is disposed in the shaft. There is at least one support which is of
      apertured form and which is disposed so that its bottom side forms part of
      the boundary of the gas flow path, and so that between such support and
      the inner surface of the shaft there is a gap via which such gases can
      flow upwardly past and in contact with such support.
PAR  Such apparatus, as can be deduced from the foregoing description of the
      pre-heating processes according to the invention, affords important
      advantages. Here it should suffice to emphasize that the apparatus makes
      it possible for batch material to be fed in a predetermined molten or
      partly molten condition and at a properly controlled rate, to a
      glass-melting furnace. This is due in part to the provision of a batch
      material support or supports which are capable of holding a quantity or
      quantities of batch material so long as that material is in solid
      condition, but allows the material to pass through the support once the
      material has been brought to a flowable condition in which it can pass
      through the support apertures by melting or partial melting. Another
      factor which enables the apparatus to provide the specified results is
      that the hot furnace gases have access to the bottom of each apertured
      support and are able to envelop the individual quantities of molten or
      partially molten batch material descending from the support apertures. In
      addition, as the gases flow upwardly past and in contact with the
      apertured support they can also make heat-exchange contact with the
      supported heap of material at one or more sides of such heap and thereby
      further assist in the required pre-heating of the batch material. One or
      more guide walls may be provided for guiding or deflecting hot gases
      towards the top of a heap of batch material when present on the support.
PAR  The invention also includes pre-heating apparatus comprising a feed shaft
      into which vitrifiable batch can be fed. At least one support for
      temporarily supporting batch material is disposed in the shaft. There is
      at least one support which is of apertured form and which is formed by or
      associated with heating means for heating batch material on such support
      to bring such material to a flowable condition in which it can flow
      downwardly through the support apertures. Such heating means includes
      electrodes between which an electric current can be passed for generating
      heat in the supported batch material by Joule effect.
PAR  As hereinbefore explained, the provision of supplementary heating means in
      the form of electrodes via which electric current can be passed through
      the supported batch material enables pre-melting of supported batch
      materials to be very rapidly and easily achieved. In such an apparatus it
      is advantageous, for reasons already stated, for there to be, between an
      apertured support and the inner surface of the shaft, a gap via which hot
      gases can flow upwardly past and in contact with such support.
PAR  When electrodes are used as aforesaid for generating heat within a
      supported heap of batch material, the electrodes should preferably be
      disposed only a short distance above the apertured support level.
      Preferably, the distance is 10 cm or less. The electrodes may be made of a
      refractory metal or alloy. It is suitable to provide at least one pair of
      electrodes which are disposed so as to intrude into a supported heap of
      batch material from opposite sides thereof, the inner ends of the opposed
      electrodes being spaced by a few centimeters. The electrodes are connected
      to a voltage source the output of which depends, inter alia, on the
      electrical conductivity of the vitrifiable composition in the zone where
      the electrodes are located, and on the electrode spacing.
PAR  When electrodes are used for electrically heating batch material the degree
      and/or rate of pre-melting can be controlled by regulating the electric
      power supply to the electrodes. Any electrode arrangement alternative to
      that described can be employed, still with the aim of achieving a
      substantially uniform distribution of supplementary heat throughout the
      volume of the supported batch material.
PAR  The shaft of a pre-heating apparatus according to the invention is
      preferably a vertical shaft wherein pre-melted batch can fall vertically
      from the apertured supports either directly into a glass-melting tank or
      to a receiving zone at the bottom of the shaft from which such batch can
      flow along an inclined surface into a glass-melting tank. The shaft walls
      are preferably made of refractory material such as refractory
      heat-insulated bricks.
PAR  Preferably, there is at least one apertured support which has a retaining
      wall, bordering the gap for the upward flow of gases, for retaining a heap
      of batch material on the support. Such a retaining wall enables taller
      heaps of material to be retained on the support preparatory to pre-melting
      and thus allows greater latitude in the continuity and/or rate of feed of
      batch material into the shaft for maintaining a continuous feed of batch
      material to the furnace.
PAR  In some apparatus according to the invention there is provided, in the
      vicinity of an apertured support, a passageway for hot furnace gases which
      leads out of the shaft near the bottom of that support and back into the
      shaft at a position such that gases leaving that passageway will be
      directed across and in contact with batch material on the support. By
      providing such an external passageway the advantage of conveying hot gases
      first in contact with the apertured support and then in contact with the
      top of the supported heap of batch material is realized without reducing
      the effective cross-section of the shaft. In other words, the support can
      extend over the whole of such cross-section. The passageway can be
      heat-insulated to reduce heat loss from the hot gases passing
      therethrough.
PAR  Advantageously, means is provided for directly generating heat in an
      apertured support. Makeup or supplementary heat, however supplied,
      contributes to acceleration of the pre-melting operation. Supply of
      supplementary heat via the support itself is a very convenient way of
      achieving this advantage. By way of example, the apertured support can be
      formed by tubes through which fluid heating medium can be passed. This
      fluid medium may, e.g., be combustion gases from the furnace.
PAR  Apparatus according to the invention may incorporate supplementary heating
      means of a kind or having a location alternative to those above described,
      e.g., one or more electrical resistance heaters or heating tubes, or one
      or more gas or liquid fuel burners disposed at a level above or below an
      apertured support.
PAR  Preferably, there is at least one apertured support which extends over the
      entire cross-section of the shaft. The whole shaft cross-section is then
      utilized for supplying batch material in pre-melted condition. This is
      favorable for ensuring a good feed distribution to the furnace.
PAR  In certain very satisfactory apparatus according to the invention there is
      a plurality of apertured supports located at different levels and
      staggered relationship in the shaft, so that the supports define an
      undulating path for hot gases escaping from said furnace with each other
      and with the inner surface of the shaft. This type of apparatus provides a
      very efficient heat-exchange and a well distributed feed of pre-melted
      batch material.
PAR  Preferably, there is at least one apertured support which is disposed
      horizontally. This is the most suitable orientation both for retaining a
      heap of batch material and for ensuring a substantially uniform flow of
      pre-melted batch material through the support over its whole area. A
      horizontal disposition is particularly recommended for a support located
      in a bottom part of the shaft. Other supports, if any, can be disposed at
      an inclination to the horizontal, or horizontally.
PAR  Preferably, there is at least one apertured support formed by spaced bars.
      Such a support is better able to withstand the high temperature conditions
      in the shaft. Such bars may be solid or they may be hollow, i.e., of
      tubular form, and may be of round, square or any other desired
      cross-sectional shape. Suitable refractory materials for the bars are,
      e.g., refractory metals, silico-alumina refractories such as those
      prepared by electrofusing and combinations of such refractory materials.
      Usually it is suitable to employ bars having a diameter or width of
      several centimeters. The bars can have a protective coating providing
      enhanced resistance to heat and chemical attack under the severe
      conditions prevailing in the shaft. The bars may be rotatably mounted so
      that they can be individually rotated about their axes.
PAR  Preferably, there is at least one support formed by spaced hollow bars and
      means is provided for circulating cooling medium through such bars. By
      internally cooling the bars their working life can be increased. A liquid
      or gaseous medium can be used as cooling medium. Gas cooling is preferred
      in order not to withdraw too much of the heat supplied for pre-melting the
      batch material.
PAR  Advantageously there is at least one support which is formed by bars with a
      between-bar spacing greater than 10 mm. This is the preferred minimum
      spacing for obtaining a satisfactory flow rate of pre-melted material
      through the support but the actual spacing selected for any given
      apparatus depends, inter alia, on the nature of the batch to be handled,
      particularly on the size of the batch pieces or particles, but also on the
      viscosity of the batch material at the temperature to which it will be
      raised while on the support.
PAR  The invention includes apparatus wherein there are two or more supports
      formed by spaced bars and located at different levels so that batch
      material can feed through one support onto another, and there are supports
      at different levels which have different between-bar spacings. The choice
      of different between-bar spacings for different levels is a manner of
      achieving substantially the same flow rate of pre-melted material through
      supports at different levels notwithstanding differences between the
      temperatures and therefore the viscosities of the batch material at these
      different levels. The between-bar spacings can be chosen to compensate for
      this factor. A decrease in spacing from the top support to the bottom
      supports is often desirable for this purpose.
PAR  The apparatus, according to certain embodiments thereof, includes means in
      the form of a variable-delivery vibrating distributor for feeding
      vitrifiable batch into the shaft. Such feed means may comprise vibrating
      plates or other bodies. A vibratory action is particularly useful if the
      condition of the batch material prior to entry into the shaft is such that
      the batch particles or pieces tend to stick together with the result of an
      irregular feed into the shaft. By providing control means for varying the
      vibration rate the feed rate can be effectively controlled.
PAR  Preferably, there is an inclined chute for guiding batch material from the
      bottom of the shaft into a glass-melting tank furnace. Such chute may be
      connected to the melting end of the furnace so that the pre-melted batch
      flows by gravity down the chute and directly onto the surface of the bath
      of molten glass in the tank. Hot furnace gases can be directed upwardly
      along the chute and into the shaft through an opening in the shaft wall,
      from which opening the gases then rise in counter-current to the
      descending pre-heated batch material. The gases in this case also serve by
      heat exchange to heat the pre-melted batch material as it descends along
      the chute and enters the furnace.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical cross-sectional view of a first embodiment of the
      present invention.
PAR  FIG. 2 is a vertical cross-sectional view of another embodiment with
      supports at different levels.
PAR  FIG. 3 is a vertical cross-sectional view of a further embodiment.
PAR  FIG. 4 is a vertical cross-sectional view of a still further embodiment of
      the invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus represented in FIG. 1 includes a vertical shaft 1, the upper
      part 2 of which is connected to a vibrating chute 3 via which vitrifiable
      batch is fed into the shaft. The bottom part 4 of the shaft has an
      inclined bottom surface 5 along which vitrifiable batch material 11, after
      being brought to an at least partially melted condition, discharges from
      the shaft. The batch material 11 fed into the shaft forms a heap on a
      horizontal apertured support 6.
PAR  The batch entering the shaft from the chute 3 is in the form of grains. The
      grains are prepared by agglomeration of the batch constituents in an
      agglomerating apparatus (not shown) of known type. The grains are then fed
      through the hopper inlet of a preliminary stage pre-heating chamber 7 in
      which the grains are brought to a temperature of approximately 650.degree.
      C. before discharging from the bottom of this chamber onto the chute 3.
PAR  In the illustrated embodiment the pre-heating of the batch in chamber 7 is
      effected by heat transfer from hot furnace gases which escape from the
      upper part 2 of the shaft 1 and flow upwardly along chute 3 and the
      chamber 7 in counter-current to the descending grains. The gases
      eventually leave the chamber 7 via a gas outlet pipe 8. By way of
      modification, the heating of the grains in the chamber 7 could be effected
      by gas burners or other heating devices.
PAR  The further pre-heating of the batch material in the shaft 1, in accordance
      with the present invention, takes place in part by heat transfer from hot
      gases which enter the shaft 1 via a bottom opening 9 from the melting
      chamber of a glass-melting tank furnace. The temperature of these gases on
      entry into the shaft 1 is approximately 1350.degree. C. These furnace
      gases enter the bottom part 4 of the shaft 1 and flow into contact with
      the apertured support 6 which supports the granular batch material 11. The
      shaft is provided with one or more by-pass passageways 10 via which the
      hot gases flow out of the shaft proper from a position immediately beneath
      the apertured support and then back into the shaft at a position near the
      top of the heap of batch material 11. The combustion gases from the
      glass-melting furnace therefore heat the heap of material 11 from below
      and from above and there is a large transfer of heat to this heap of
      material resulting in at least partial melting of batch material both at
      the bottom and in upper layers of the heap.
PAR  In the illustrated apparatus the flow of hot furnace gases through the
      shaft 1 is by natural draft. If desired provision could be made for
      supplementing the natural draft effect by artificial means.
PAR  The apertured support 6 is formed by spaced parallel tubes 12 of circular
      cross-section. The individual tubes are 86 mm in diameter and include a
      refractory steel core enclosed by a sheath of a silico-alumina substance.
      The tubes are cooled internally by air flow. The width of the gaps between
      the tubes is approximately 15 mm.
PAR  The apparatus further includes a system of electrodes such as 13 which are
      located so as to intrude horizontally into the heap of batch material 11
      at a level which is a few centimeters above the apertured support 6. The
      electrodes 13 are bars of approximately 33 mm diameter, made of a
      refractory steel or alloy. The electrodes are arranged in two series (one
      of which is shown) which intrude into the heap of batch material from
      opposite sides of the shaft. The opposed series of electrodes are
      connected to a voltage source (not shown) providing for a power supply of
      up to 0.12 Kw per Kg of batch passing between the electrodes per hour.
PAR  When the shaft 1 is initially charged with batch material, it is heated
      solely by heat transfer from the hot furnace gases. The temperature of the
      batch material 11 at the bottom of the heap is raised by this heat
      transfer to such an extent that the material adjacent the apertured
      support 6 becomes at least partially molten and commences to flow
      downwardly between the tubes 12, forming depending drops or beads which
      become progressively larger and therefore present a progressively
      increasing surface area in direct contact with the hot furnace gases
      flowing along the underside of the apertured support. This descending
      batch material becomes progressively less viscous and eventually falls in
      streams onto the inclined bottom surface 5 of the shaft, from which
      surface the material flows into the bath 14 of molten glass in the
      glass-melting furnace. Once this condition has been established, the feed
      of solid batch material into the shaft 1 and the flow of molten or
      partially molten batch material from the apertured support 6 can proceed
      continuously. The pre-heated condition of the different streams of batch
      material flowing downwardly from the support 6 is substantially the same
      for all the streams and remains substantially constant in course of time.
      Moreover, the feed of batch material is well distributed over the whole of
      the bottom surface 5 of the shaft and therefore across the full width of
      the opening 9 leading to the furnace.
PAR  Once a vitreous phase or phases has or have been formed in the batch
      material above the support 6, electric current can pass through this
      material between the electrodes 13 so that additional heat is generated
      within the heap of material 11 by Joule effect. This supplementary heating
      helps appreciably to increase the rate of flow of molten material from the
      apertured support. Moreover, the flow rate can be very flexibly controlled
      by regulating the electric power supplied to the electrodes.
PAR  The stable supply of material to the furnace from the apertured support 6
      at a rate which can be nicely controlled, enables the feed of batch to the
      furnace to be mantained without interruption.
PAR  By way of example, the rate of flow of partially melted batch material may
      be 200 kg/h/m.sup.2 of cross-sectional area of the shaft 1 without
      supplementary heating by means of the electrodes, and 600 kg/h/m.sup.2
      when such supplementary heating is applied.
PAR  Reference is now made to the embodiment of the invention shown in FIG. 2.
      This apparatus includes a vertical shaft 15 similar to the shaft 1 in the
      FIG. 1 apparatus. The upper part 16 of the shaft is fed with vitrifiable
      batch via a chute 17 which is vibrated to improve the continuity of the
      batch supply. The bottom part 18 of the shaft has an inclined bottom
      surface 19 along which molten or partly molten vitrifiable batch material
      discharges from the shaft.
PAR  Within the shaft there are four apertured supports 20-23 in the form of
      gratings, disposed at different levels. Each grating is formed by spaced
      parallel air-cooled tubes 86 mm in diameter, the width of the between-bar
      spacing being 17.5  mm. The top grating 20 occupies a central part of the
      front-to-rear internal dimension of the chamber (measured in the plane of
      the drawing), as does also the grating 22. Each of the gratings 21 and 23
      comprises two sections respectively set against the front and rear walls
      of the shaft, there being ample space between these sections to allow for
      the free fall of molten or partly molten batch material from the central
      grating at the next higher grating level. It will be apparent that in plan
      aspect there is an overlap of gratings disposed at different levels. The
      gratings together cover the full cross-sectional area of the shaft. Any
      batch material which discharges over boundaries of the gratings 20-22
      falls onto a heap of batch material retained by an underlying grating.
PAR  The vitrifiable batch material which enters the upper part 16 of the shaft
      is in the form of granules which are formed by a granule forming apparatus
      (not shown) of known form and which are then fed through the hopper
      entrance of a chamber 24 in which the granules are subjected to a
      preliminary pre-heating by heat transfer from hot gases which escape from
      the shaft 1 and flow upwardly through chute 17 and chamber 24 before being
      evacuated via the outlet pipe 25. The granules are heated in the chamber
      24 to a temperature of 650.degree. C.
PAR  The batch material is further pre-heated in shaft 15 by heat transfer from
      hot gases which are conducted into the shaft from the glass-melting
      furnace via a bottom opening 26. These hot gases rise along undulating or
      zig-zag paths which extend between the two sections of grating 23, around
      the grating 22, between the grating section 21 and then around the top
      grating 20. In the course of this flow the hot gases directly contact the
      undersides of the gratings and the heaps 27 of batch material supported
      thereby, and also the top layers of batch material in such heaps. There is
      therefore a very effective heat transfer from the gases to the supported
      quantities of batch material.
PAR  If the batch material on the top grating 20 is sufficiently heated to cause
      a continuous flow of batch material in molten or partially molten
      condition through that grating, the rate of feed of granules into the
      shaft can be adjusted so that substantially all of this infed material is
      caught by and then flows through that grating. However, if the material on
      grating 20 is not heated sufficiently to cause a flow of this material
      through that grating, or if such flow occurs but is at a rate less than
      the rate of feed of granules into the shaft, granules will accumulate on
      the grating 20 and form a heap having natural slopes along which granules
      entering the shaft descend so as to fall onto the grating 21. Discharge of
      batch material from this grating 21 may take place through this grating
      and/or over the boundaries of its component sections, depending on the
      temperature to which material on this grating is raised. In all cases,
      however, the batch material falling onto the bottom inclined surface 19 is
      in molten, or partially molten, condition and is material which flows
      directly onto such surface through the gratings 22 and 23.
PAR  The maximum rate of supply of molten or partially molten batch material to
      the furnace which can be achieved with apparatus of the kind shown in FIG.
      2 depends in part on the number of gratings and the number of levels at
      which gratings are provided, within the shaft. By increasing such number
      and thereby increasing the total surface area of contact between the hot
      furnace gases and the heaped batch material, the rate of feed of molten or
      partially molten material to the furnace can be increased.
PAR  In an actual process performed in the apparatus shown in FIG. 2 it was
      possible to achieve a rate of flow of molten or partially molten material
      of 700 kg/h/m.sup.2 of shaft cross-section without supplementary heating.
PAR  In the illustrated embodiment, the batch material flows from the bottom
      surface 19 of the shaft directly onto the surface of a bath of molten
      glass 28 in the melting chamber of a furnace having a wall 29 to which the
      feed apparatus according to the invention is connected.
PAR  Reference is now made to FIG. 3. The apparatus shown in that figure
      comprises a shaft 30 with refractory walls and having a lower part 32
      which is of larger cross-section than its upper part 31. In the lower part
      32 there is a grating support in the form of a trough 33 for receiving
      vitrifiable batch material 34 to be pre-melted. This batch material is at
      least partially pre-melted and flows in pasty or very viscous state
      between the bars 35 of the grating and falls onto a quantity of molten
      glass 36 held in a fore-part of a glass-melting furnace 37.
PAR  Hot gases 38 are conducted from the glass-melting furnace into the lower
      part 32 of the shaft 30 where such gases directly contact the bars 35
      forming the horizontal floor of the trough 33 and also directly contact
      the molten or partially molten batch material flowing downwardly between
      those bars. The hot gases flow upwardly as indicated at 39, between the
      trough 33 and the rear wall of the shaft 30 and then flow inwardly over
      the top of the heap 34 of batch material supported by the trough, before
      rising through the upper part of the shaft.
PAR  The pre-heating shaft 30 is surmounted by a louvered heat exchanger 40, as
      known per se, into which the batch material is fed via a filling hopper
      41. The batch material is subjected to a preliminary heating in this heat
      exchanger by heat transfer from the gases which leave the shaft 30 and
      flow in counter-current to the material in the heat exchanger before
      discharging via the exhaust pipe 42.
PAR  In the heat exchanger 40 the batch material is heated to a temperature of
      about 600.degree. C., at which temperature the batch material is still in
      solid condition. The thus pre-heated solid batch material falls through
      the throat connection 43 between the shaft 30 and the heat exchanger 40
      and onto the heap 34.
PAR  This preliminary heating is valuable from the point of view of heat economy
      because it makes use of a further part of the heat content of the furnace
      gases. The preliminary heating has the further advantage of facilitating
      the following pre-heating stage in the shaft 30.
PAR  The trough 33 has a width of 1.05 m. The width of the passage 39 between
      the trough 33 and the rear wall of the shaft is about 25 cm.
PAR  The trough bars 35 are of square section and are disposed with their
      diagonal planes vertical and horizontal. Each bar is 75 mm square in
      section (diagonal dimension 96 mm) and the between-bar spacing at its
      narrowest point is 30 mm. The bars 35 are made of a zirconia based
      refractory material commercially known as "Zac" (Trademark). Zac is an
      electrocast refractory based on alumina, silica and zirconia produced by
      "Societe Europeenne des Produits Refractaires" France. Such bars have a
      high resistance to oxidation and to corrosion by the batch material at
      high temperature.
PAR  The vertical sill or retaining wall of the trough serves to retain a heap
      of batch material of about 40 cm. in height. The provision of such a
      retaining wall is advantageous because is enables a taller heap of batch
      material to be retained for progressive pre-melting as the batch material
      descends towards the bottom of the apertured support.
PAR  The apparatus includes electrodes 44 which intrude into the heap 34 at a
      level about 70 mm above the bottom bars 35. These electrodes are made of a
      refractory metal (molybdenum with a protective layer of MoSi.sub.2) and
      have a diameter of 33 mm. The electrodes are arranged in two opposed
      series (one of which is shown) which intrude into the batch material from
      opposite sides of the shaft. The opposed series of electrodes are
      connected to a voltage source (not shown) developing 25 Kw.
PAR  For greatest effectiveness, the electrodes should be placed in the vicinity
      of the bottom bars 35, near the bottom of the heap 34, which is the region
      where liquid phases, favorable to the passage of electric current through
      the batch material, are predominantly formed.
PAR  The temperature of the hot furnace gases under the trough 33 is
      approximately 1350.degree. C., which is sufficient for bringing the batch
      material to a temperature between 1100.degree. and 1150.degree. C., at
      which it is substantially entirely in molten condition, before such
      material falls from the trough into the bath 36. Gas or liquid fuel
      burners such as 45 serve to maintain the required temperature of the glass
      in the melting chamber of the furnace. If desired, one or more such
      burners can be provided above the bath 36 in the fore-part of the furnace
      in order to accelerate the complete melting of the batch material flowing
      through the trough 33.
PAR  Now referring to FIG. 4, there is shown an apparatus comprising a vertical
      pre-heating shaft 48 into the top of which a vitrifiable batch in the form
      of granules is fed.
PAR  These granules are fed into the shaft by a distributing conveyor 49
      extending through a chamber 50 in which the granules are heated at a
      temperature of the order of 600.degree. C.
PAR  The heat required is supplied at least in part by hot gases which are fed
      into the chamber 50 via a conduit 57.
PAR  The shaft 48 is equipped in the lower portion thereof with a series of
      spaced parallel bars 51 forming an apertured support 52, actually a
      grating, which occupies the whole of the interior cross-section of the
      shaft. The bars 51 are of rectangular section and are oriented with their
      longer sectional dimension vertical. The between-bar spacing is 20 mm.
PAR  Immediately beneath the grating 52 the pre-heating shaft communicates with
      a space 53 within the entry end of a glass-melting furnace 54 holding a
      bath of molten glass 55 which extends beneath the pre-heating shaft. Hot
      gases in the furnace circulate in the space above the molten glass bath
      and thus pass through the space 53 in direct contact with the grating.
      There is no exhaust passage for these gases.
PAR  The batch granules fed into the pre-heating shaft 48 form a heap 56, about
      50 cm in height, on the grating 52. The material in the lower layers of
      this heap become heated by heat transfer from the hot gases in the space
      53 to such an extent that such material becomes partially melted and forms
      a pasty mass which flows downwardly between the bars 51. The material
      flowing between the bars becomes further heated and progressively less
      viscous and pours onto the surface of the molten glass bath 55.
PAR  In one apparatus according to FIG. 4 the grating bars 51 were composed of a
      molybdenum core with a MoSi.sub.2 protective coating enclosed by a sheath
      of a stainless steel known as AISI 310 described in "Metals Reference
      Book" Colin and Smithells, London, 1962. These bars constituted two series
      of electrodes connected to opposite poles of a voltage source developing
      about 130 V. The two series were disposed with the bar-electrodes of one
      series alternating with bar-electrodes of the other series along the
      grating. Due to the vertical orientation of the bar sections and their
      close spacing there is a large field area for the passage of electric
      current through batch material located between the bars in that apparatus.
      The period of time during which any given increment of batch material is
      in this field is sufficient for that material to become considerably
      hotter and less viscous than when the electrical heating is omitted and
      reliance is placed entirely on heat transfer from the gases circulating
      beneath the grating. In the actual example referred to, employing the
      electrodes, the batch material was brought to a temperature of
      1100.degree. C. in the vicinity of the grating.
PAR  The spacing between the bars can be modified in course of use of the
      apparatus according to the degree of pre-melting required. The bars can be
      easily replaced when they have become worn or corroded by long contact
      with molten glass.
PAR  It is within the scope of the invention to employ two or more superposed
      layers of electrodes in the grating, or to provide supplementary
      electrodes at one or more levels above the grating and within the heap of
      batch material thereon. In the latter case it is preferably for the
      supplementary electrodes to be located at only a short distance, e.g.,
      less than 10 cm above the grating.
PAR  The passage of electric current through batch material is dependent on the
      formation of a vitreous phase or phases between the electrodes. That
      condition can be brought about solely by heating of the batch material by
      heat transfer from the furnace gases and/or by heat supplied by one or
      more gas or liquid fuel burners disposed in the space 53 and/or at a
      position or positions in the shaft 48 above the heap of material 56. Such
      burners, if used, can be withdrawn or extinguished once the conditions
      necessary to the operation of the electrodes has become established.
PAR  The following are specific examples of the performance of a process
      according to the invention.
PAC  EXAMPLE 1
PAR  A pre-heating apparatus as represented in FIG. 1 and connected as shown to
      the melting end of a glass-melting tank furnace, included a vertical shaft
      having a height of 2 m and a cross-sectional area of 0.27 m.sup.2. The
      shaft was formed of refractory bricks. The grating for supporting the
      batch material pre-heated in the shaft was composed of spaced
      circular-section bars composed of electro-fused refractory material based
      on zirconia as is well known for the construction of refractory linings of
      glass-melting furnaces. The bars were arranged with a between-bar spacing
      of 15 mm. Their diameter was 86 mm.
PAR  The furnace was employed for melting a soda-lima glass batch and the
      temperature of the molten glass in the furnace tank at its melting end was
      1500.degree. C. Hot combustion gases from the furnace entered the bottom
      of the pre-heating shaft at a rate of 60 m.sup.3 (NTP)* per hour. The
      temperature of these gases at a position immediately beneath the grating
      was 1330.degree. C.
FNT  * NTP : Normal Temperature and Pressure.
PAR  Batch of a conventional chemical composition for ordinary soda-lime glass
      manufacture was fed into the top of the pre-heating shaft. The batch was
      in the form of granules in the size range 10 to 20 mm. The granules
      entered the pre-heating shaft at a temperature of 650.degree. C.
PAR  The granules were fed into the shaft so as to establish a heap
      approximately 40 cm in height on the grating. At a position just above the
      top of this heap the furnace gases in the shaft were at a temperature of
      1100.degree. to 1250.degree. C. The initially formed heap of the batch
      material was heated in part by heat transfer from the hot furnace gases
      and in part by fuel burners (not shown) which were introduced into the
      shaft just above the heap of batch material. Once a substantially uniform
      flow of molten batch material through the grating occurred, the burners
      were withdrawn and granules were fed into the shaft continuously at a
      controlled rate to maintain the height of the top of the heap on the
      grating substantially at a constant level.
PAR  The batch material flowing through the grating remained of a substantially
      constant composition, containing the different batch ingredients in the
      required proportions. This material flowing through the grating was about
      80 percent by weight a viscous liquid phase and about 20 percent by weight
      quartz grains dispersed in that liquid phase. This partially molten
      material had a temperature of 1150.degree. C., and the rate of flow of
      this material into the tank furnace was 48 Kg per hour.
PAR  Tests showed that a continuous flow of batch material through the grating
      (although at a reduced rate) would take place even if the solid phase
      content of such material were up to about 50 percent by weight.
PAC  EXAMPLE 2
PAR  A process was performed as described in Example 1 but the heating of the
      batch material on the grating was continuously assisted by passing
      electric current through the batch material between opposed series of
      electrodes disposed at a level approximately 10 cm above the grating, the
      electrodes of each pair being at a mutual spacing of about 70 mm. Electric
      power of 25 Kw was supplied to the series of electrodes at 130 V. Due to
      this supplementary heating, the rate of flow of batch material through the
      grating was higher than in Example 1, the flow rate being in fact 190 Kg
      per hour, and the rate of feed of batch granules into the shaft was
      correspondingly higher than the feed rate in Example 1.
PAC  EXAMPLE 3
PAR  Apparatus as represented in FIG. 2 was used, including a vertical
      pre-heating shaft 2 m in height and having a cross-sectional area of 0.27
      m.sup.2. The gratings at the four different levels were formed by spaced
      parallel air-cooled tubes 86 mm in diameter. The between-bar spacing of
      the gratings differed. The between-bar spacing of the top grating was 20
      mm and that of the bottom grating 17.5 mm. The vertical distance between
      the gratings at the different levels was 30 cm.
PAR  The pre-heating shaft was supplied with batch in the form of granules in
      the size range 8 to 15 mm, the granules having a temperature of
      650.degree. C on entry into the pre-heating shaft. The feed rate of batch
      into the shaft was 192 Kg/hr. Hot combustion gases from the glass-melting
      furnace entered the bottom of the pre-heating shaft at a volume rate of 55
      m.sup.3 (NTP) per hour and at a temperature of 1317.degree. C. The
      temperature of the hot gases at a level above the top grating was
      1099.degree. C.
PAR  The partially melted batch falling to the foot of the shaft had a
      temperature of 1100.degree. C and was about 80 percent by weight a viscous
      liquid phase and about 20 percent by weight quartz grains dispersed in
      that liquid phase.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for pre-heating a vitrifiable batch prior to its introduction
      into a glass-melting furnace using hot gases from the melting furnace,
      comprising directly exposing at least one support including a plurality of
      spaced bars to gases from the furnace, feeding at least part of the batch
      onto the support, temporarily retaining batch material by such support,
      and heating batch material on the support until it is in at least a partly
      molten condition in which it flows through the spaces between bars.
NUM  2.
PAR  2. A process as defined in claim 1 wherein during the step of retaining,
      batch material is temporarily retained by a plurality of supports
      including a plurality of spaced bars, the supports being located at
      different levels, and at least part of the batch material flows through at
      least two such supports, one after another, before reaching the furnace.
NUM  3.
PAR  3. A process as defined in claim 1 comprising directing at least a part of
      the hot furnace gases to flow upwardly past and in contact with batch
      material on the support.
NUM  4.
PAR  4. A process as defined in claim 3 wherein during the step of retaining,
      batch material is temporarily retained by a plurality of supports
      including a plurality of spaced bars, the supports being disposed at
      different levels and in staggered relationship so that, as considered in
      plan view, they overlap, and comprising directing at least a part of the
      hot furnace gases to flow upwardly along an undulating path past and in
      contact with batch material on each support.
NUM  5.
PAR  5. A process as defined in claim 1 wherein during the step of heating at
      least part of the batch is at least partially melted while in the upper
      layers of a heap of batch material on the support.
NUM  6.
PAR  6. A process as defined in claim 1 comprising directing at least part of
      the hot furnace gases to flow across and in contact with the top of a heap
      of batch material on the support.
NUM  7.
PAR  7. A process as defined in claim 6 comprising directing at least part of
      the hot furnace gases to flow across and in contact with the bottom of the
      support and then to flow across and in contact with the top of a heap of
      batch material on that support.
NUM  8.
PAR  8. A process as defined in claim 1 wherein during the step of heating the
      support is heated in part by heat transferred thereto from the hot furnace
      gases and in part by heat generated directly in the support by another
      energy source.
NUM  9.
PAR  9. A process as defined in claim 1 wherein during the step of heating, an
      electric current is passed through batch material retained on the support
      thereby to generate heat in that material by Joule effect.
NUM  10.
PAR  10. A process as defined in claim 1 comprising heating the batch to a
      temperature above 600.degree. C. before feeding the batch onto the
      support.
NUM  11.
PAR  11. Apparatus for use in pre-heating a vitrifiable batch prior to its
      introduction into a glass-melting furnace, comprising a feed shaft into
      which vitrifiable batch can be fed and providing a flow path for hot gases
      escaping from such furnace, at least one support in said shaft for
      temporarily supporting batch material while heat is transferred to it from
      such hot gases, said support including a plurality of spaced bars and
      disposed so that its bottom side forms part of the boundary of the gas
      flow path and so that between such support and the inner surface of the
      shaft there is a gap via which such gases can flow upwardly past and in
      contact with such support.
NUM  12.
PAR  12. Apparatus for use in pre-heating a vitrifiable batch prior to its
      introduction into a glass-melting furnace, comprising, a feed shaft into
      which vitrifiable batch can be fed, at least one support in said shaft for
      temporarily supporting batch material, said support having apertures,
      heating means for heating batch material on such support to bring such
      material to a flowable condition in which it can flow downwardly through
      the support apertures, said heating means including electrodes between
      which an electric current can be passed for generating heat in said
      supported batch material by Joule effect.
NUM  13.
PAR  13. Apparatus as defined in claim 12 wherein the support is disposed so
      that between such support and the inner surface of the shaft there is a
      gap via which said hot gases can flow upwardly past and in contact with
      such support.
NUM  14.
PAR  14. Apparatus as defined in claim 12 wherein the support has a retaining
      wall, bordering the gap, for retaining a heap of batch material on such
      support.
NUM  15.
PAR  15. Apparatus as defined in claim 12 wherein in the vicinity of the support
      there is a passageway for hot furnace gases which leads out of said shaft
      near the bottom of that support and back into said shaft at a position
      such that gases leaving that passageway will be directed across and in
      contact with batch material on such support.
NUM  16.
PAR  16. Apparatus as defined in claim 12 comprising means for directly
      generating heat in the support.
NUM  17.
PAR  17. Apparatus as defined in claim 12 wherein the support extends over the
      entire cross-section of said shaft.
NUM  18.
PAR  18. Apparatus as defined in claim 12 wherein there is a plurality of
      supports located at different levels and in staggered relationship in said
      shaft so that said supports define with each other and with the inner
      surface of the shaft an undulating path for hot gases escaping from said
      furnace.
NUM  19.
PAR  19. Apparatus as defined in claim 12 wherein the support is disposed
      horizontally.
NUM  20.
PAR  20. Apparatus as defined in claim 12 wherein the support is formed by
      spaced bars.
NUM  21.
PAR  21. Apparatus as defined in claim 20 wherein the support is formed by
      spaced hollow bars and further comprising means for circulating cooling
      medium through such bars.
NUM  22.
PAR  22. Apparatus as defined in claim 12 wherein the bars have a between-bar
      spacing greater than 10 mm.
NUM  23.
PAR  23. Apparatus as defined in claim 12 wherein there are at least two
      supports formed by spaced bars and located at different levels so that
      batch material can feed through one said support onto another and the
      supports are at different levels which have different between-bar
      spacings.
NUM  24.
PAR  24. Apparatus as defined in claim 23 wherein the support has a between-bar
      spacing greater than that of at least one support disposed at a lower
      level in the shaft.
NUM  25.
PAR  25. Apparatus as defined in claim 12 comprising means in the form of a
      variable-delivery vibrating distributor for feeding vitrifiable batch into
      said shaft.
NUM  26.
PAR  26. Apparatus as defined in claim 12 comprising an inclined chute for
      guiding batch material from the bottom of said shaft into a glass-melting
      furnace.
NUM  27.
PAR  27. Apparatus as defined in claim 12 wherein the support is formed by the
      heating means.
NUM  28.
PAR  28. A process for pre-heating a vitrifiable batch prior to its introduction
      into a glass-melting furnace using hot gases from the melting furnace,
      comprising directly exposing at least one support having apertures to
      gases from the furnace, feeding at least part of the batch onto the
      apertured support, temporarily retaining batch material by such support,
      heating batch material on the support until it is in at least a partly
      molten condition in which it flows through the support apertures and,
      during the step of heating, heating the support in part by heat
      transferred thereto from the hot furnace gases and in part by heat
      generated directly in the support by another energy source.
NUM  29.
PAR  29. A process for pre-heating a vitrifiable batch prior to its introduction
      into a glass-melting furnace using hot gases from the melting furnace,
      comprising directly exposing at least one support having apertures to
      gases from the furnace, feeding at least part of the batch onto the
      apertured support, temporarily retaining batch material by such support,
      heating batch material on the support until it is in at least a partly
      molten condition in which it flows through the support apertures and,
      during the step of heating, batch material while retained by the support
      is heated in part by heat transferred thereto from the hot furnace gases
      and in part by heat generated directly in such supported material by
      another energy source which includes passing an electric current through
      batch material retained on the support thereby to generate heat in that
      material by Joule effect.
NUM  30.
PAR  30. A process for pre-heating a vitrifiable batch prior to its introduction
      into a glass-melting furnace using hot gases from the melting furnace,
      comprising directly exposing at least one support having apertures to
      gases from the furnace, feeding at least part of the batch onto the
      apertured support, temporarily retaining batch material by such support,
      heating batch material on the support until it is in at least a partly
      molten condition in which it flows through the support apertures, and
      heating the batch to a temperature above 600.degree. C. before feeding the
      batch onto the apertured support.
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PAL  An electroslag remelting plant comprises a cooled mould, a base plate
      adapted for shaping the bottom part of an ingot, a single-phase
      transformer having a secondary winding with a midpoint, and two similar
      groups of electrodes, each one of the two groups of electrodes comprises
      at least two electrodes and being connected to one of the ends of the
      secondary winding of the single-phase transformer so that each two
      proximate adjacent electrodes have an opposite polarity.
PARN
PAR  This is a continuation of application Ser. No. 353,670, filed Apr. 23, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to electrometallurgy and more
      particularly, it relates to electroslag remelting plants.
PAR  The invention may prove to be most advantageous for melting ingots by
      remelting a plurality of electrodes at one and the same time, with the
      number of the electrodes exceeding four and being divisible by two.
PAR  There are known in the art electroslag remelting installations wherein four
      and more electrodes coupled to a singlephase transformer are remelted at
      one and the same time. In order to achieve high performance
      characteristics of the remelting process, reduce power input per ton of
      the remelted metal and decrease the capacity of the single-phase
      transformer feeding the furnace, the electrodes are connected in series to
      the secondary winding of the above transformer. Half of the electrodes
      (one group) is connected to one end of the secondary winding of the
      transformer, the other half (another group) being connected to another
      end.
PAR  In the known plants, the electrodes in each group are disposed in a single
      row, side by side, with the electrode groups facing each other.
PAR  In melting in such installations an alternating current is made to pass
      nearer to the surface of the electrodes turned to the electrodes of an
      opposite polarity, i.e. internal surfaces of the electrodes facing the
      oppositepolarity electrodes are heated to a higher temperature than their
      external surfaces. Thus, in remelting the electrodes in magnetic steel,
      200 mm thick, a drop in temperature along the electrode sections may reach
      200.degree.C. With such a large temperature gradient the electrodes are
      liable to warp and a hazard may take place that the electrodes will touch
      a mould wall and, hence, burn it through. It is for this reason that in
      the above plants in order to exclude contact between the electrodes and
      the mould wall either the mould cross section is increased or the
      electrode section is reduced with a simultaneous enlargement of the
      electrode length and, hence, of the plant height. In these cases heat
      losses as well as power input per ton of the remelted metal are increased.
      Moreover, due to substantial heating of the electrode surfaces, the metal
      of the electrode surfaces is oxidized with the products of oxidation
      getting into slag and impairing the degree of refinement of the metal.
      When remelting the electrodes subject prior to the remelting operation to
      warping, which may always happen in practice, the electrodes of unlike
      polarity may be spaced out at different distances. In this case the
      electrodes placed on smaller spacing will upon melting be immersed in a
      slag bath to a smaller depth and those on larger spacings will be immersed
      in the slag bath to a larger depth during melting. The foregoing results
      in the formation of defects on the surface of the ingot obtained and
      adversely affects quality of metal.
PAC  SUMMARY OF THE INVENTION
PAR  The main object of the present invention is to provide a plant for the
      electroslag remelting of two groups of electrodes which, in comparison
      with the known plants of the same type will ensure a more uniform and
      lower heating of the electrodes along their longitudinal sections.
PAR  Another object of the invention is to provide a plant for electroslag
      remelting which will reduce warping of the electrodes along their length
      in the course of melting.
PAR  Still another object of the invention is the provision of an electroslag
      remelting plant which will decrease susceptibility of the electrode metal
      to oxidation during the melting process.
PAR  These and other objects are achieved by the provision of a plant for the
      electroslag remelting in a cooled mould of two similar groups of
      electrodes, each of which comprises at least two electrodes and is
      connected to one end of the secondary winding of a single-phase
      transformer with a winding midpoint being electrically associated with a
      base plate and the mould, wherein, according to the invention, two
      proximate adjacent electrodes have an opposite polarity.
PAR  In the herein-proposed plant the proximate adjacent electrodes may be
      spaced out at equal distances. It is most expedient that the distance be
      equal to 0.1-2.0 of the electrode thickness. With the distance smaller
      than 0.1 of the electrode thickness, the electrode may melt off on the
      surface of the slag bath with the ensuing intense oxidation of the
      electrode.
PAR  With the electrode spacing exceeding twice the electrode thickness, defects
      may form on the surface of the ingot in the spacing between the peripheral
      electrodes and in the macrostructure of the ingot.
PAR  When carrying out remelting in the plant according to the invention the
      electric current is distributed along the electrode section more uniformly
      and the electrode surfaces turned to the adjacent electrodes will be
      heated to a lesser degree, maximum density of the current on the above
      surfaces being less than that obtainable in the known plants of the same
      type.
PAR  The herein-proposed plant may incorporate the molten slag start, i.e.,
      remelting may be commenced by both pouring the molten slag into the mould
      or melting it in the mould with the help of consumable or nonconsumable
      electrodes introduced into the mould.
PAR  It is expedient that the slag be poured into the bottom part of the mould
      by making use of a bottom-pour device made in such a manner that a port
      for introducing the slag into the mould is located near the mould wall
      between the two proximate electrodes. With the port disposed between the
      electrodes, the slag contacts simultaneously two electrodes of the
      opposite polarity ensuring thereby accurate location of the slag level in
      the mould.
PAR  Further with the above arrangement of the port adapted for introducing the
      slag, to reduce metal rejects in the form of bottom scrap the melting
      process may be started with the slag heated to high temperatures without
      entrapping the metal into the port. The metal which happens to get into
      the port interferes with the further operation with the ingot (handling,
      forging or rolling) and this involves additional expenditures on cutting
      the metal from the ingot after melting.
PAR  In melting ingots of a rectangular cross section with the electrodes in
      both groups being arranged in a single row, the port for introducing the
      slag into the mould is disposed between the two proximate adjacent
      electrodes arranged in the central zone of the mould.
PAR  When melting the slag in the plant mould with the aid of the consumable
      electrodes a conventional dummy bar -- a metallic plate -- may be used to
      protect the base plate from the effect of electric arcs striken in melting
      the slag. The dummy bar may be mounted on the base plate under the two
      adjacent electrodes of different groups with the electric arcs, which melt
      the slag, being striken in succession between the electrodes and the steel
      plate mounted on the base plate.
PAR  In such a manner a restricted flux melting area is created near the two
      electrodes with the area progressively enlarged throughout the entire
      cross section of the mould and with the remaining electrodes being
      gradually introduced into the slag bath. To reduce an ingot building-up
      rate and to conduct melting with a shallow metal bath, the mould with the
      base plate or an electrode holder with the electrodes may be made to allow
      their transfer in a horizontal plant at a distance not less than the
      spacing between the center points of the cross section of the two adjacent
      electrodes.
PAR  This horizontal transfer may be rectilinear or circular in melting annular
      ingots both with a solid section or hollow ones.
PAR  To increase productivity of the remelting process in the herein-proposed
      plant use may be made of the so-called dead blanks mounted between the
      live electrodes of unlike polarity and insulated from the plant.
PAR  It is expedient that the total weight of the dead blanks amounts to 10-50%
      of that of the ingot being built-up so that the larger the ingot weight
      and electrode section, the greater may be the weight percentage of the
      dead blanks of the ingot weight.
PAR  The distance between the dead blanks and electrodes is determined by blank
      thickness, amounting to 0.1-1 of the blank thickness.
PAR  In order to enable the production of the long ingots which requires the
      adjustment of the rate of cooling of the bottom part of the ingot during
      melting, as well as for obtaining hollow ingots and concurrent melting of
      several ingots with a solid cross section, the mould and base plate are
      allowed to traverse vertically relative to each other.
PAR  In order to keep the level of the metal bath at a preset height in the
      movable mould, it is expedient that the plant be fitted with a metal bath
      level gauge built into the mould wall so that its working end face is
      located opposite to one of the consumable electrodes by virtue of which a
      layer of slag on the gauge end face may be thinner than on the ingot.
PAR  For maintaining the level of the metal bath at a preset height relative to
      the movable mould, it is expedient that the plant be furnished with a
      metal bath level gauge built into the mould wall so that the gauge working
      end face is positioned between the two adjacent electrodes. In this case
      the probability of passage of the electric current through the gauge is
      practically excluded.
PAR  Usually the ingots, on being melted, remain in the mould, practically until
      the slag is completely hardened.
PAR  To reduce the ingot holding time in the mould, the plant is equipped with a
      device for tapping slag from the mould.
PAR  It is expedient that the slag hole be located in a spacing between the two
      proximate electrodes. This affords the possibility of tapping the slag
      with the electrodes accommodated in the mould.
PAR  Depending on the ingot section, the slag hole may be spaced some 20-200 mm
      apart from the metal level in the mould at the end of the melting process.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be better understood from a consideration of a
      detailed description of exemplary embodiments thereof, when read in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a general view of the plant, according to the invention, in
      melting a hollow ingot with the mould section along a vertical plane;
PAR  FIG. 2 shows a layout of the electrodes in the mould in melting a hollow
      ingot and a schematic illustrating their connection to the secondary
      winding of the transformer;
PAR  FIG. 3 is a layout of the electrodes in the mould in melting a rectangular
      ingot with a solid section and a schematic showing their connection to the
      secondary winding of the transformer;
PAR  FIG. 4 is a layout of four electrodes having a round section in the mould
      also featuring a round section;
PAR  FIG. 5 is a layout of the electrodes in a single row in melting a narrow
      rectangular ingot and a schematic illustrating their connection to the
      transformer secondary winding;
PAR  FIG. 6 is a longitudinal sectional view of the mould for melting hollow
      ingots;
PAR  FIG. 7 is a layout of dead blanks in the mould for melting a hollow ingot;
      and
PAR  FIG. 8 depicts a longitudinal sectional view of a mould with an ingot at
      the end of the melting process and with a device for drawing off the slag.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a plant comprises a hollow metallic mast 1
      incorporating counterweights (not shown in FIG. 1). The mast may be
      square, rectangular or round in cross section. The mast is fitted with
      guide rods 2 and a toothed rack 3 fastened to the mast. The mast 1 mounts
      a trolley 4 adapted for securing a mould 5 and a trolley 6 for electrodes
      7. The trolley 4 traverses along the mast 1 with the help of a drive 8,
      the trolley 6 being traversed along the mast 1 by a drive 9. Both trolleys
      move along the guide rods 2 through the use of the toothed rack 3 which is
      engaged with pinions of the drives 8 and 9. Near the mast of the
      herein-proposed plant runs a railroad track 10 along which travles a
      trolley 11 with a drive 12. The trolley 11 mounts a base plate 13 adapted
      for securing to it a device 14 for pouring slag into the bottom part of
      the mould 5 which at the initial stage of the melting process is installed
      on the base plate 13, as shown in FIG. 1 by dotted lines. The external
      surface of the base plate 13 is provided with a recess 15 through which
      the space of the slag-pouring device 14 communicates with that of the
      mould 5 when the slag is poured through the device 14. The device 14 is so
      made that it can be detached from the base plate 13. The base plate 13 is
      cooled with water (the water inlet for cooling the base plate and mould is
      not shown in the drawing).
PAR  The recess 15 is arranged in the base plate 13 opposite to the spacing
      between the electrodes 7. Built in the wall of the mould 5 is a level
      gauge 16 indicating the level of liquid metal 17. Above the gauge 16 in
      the opposite wall of the mould 5 there is a hole 18 closed during
      remelting with an uncooled copper or graphite plug 19. Near the hole 18
      from the mould wall runs a trough 20 adapted for tapping the slag into a
      container 21, with the process being effected after the plug 19 has been
      drawn out of the hole 18 at the end of the melting operation (the
      container 21 is shown by a dotted line). The consumable electrodes 7 are
      made fast in an electrode holder 22, being insulated from one another and
      subdivided into two similar groups a and b.
PAR  In accordance with the invention, the electrodes 7a.sub.1, 7a.sub.2,
      7a.sub.3 (FIG. 2) of the group 7a are so arranged in relation to the
      electrodes 7b.sub.1, 7b.sub.2, 7b.sub.3 of the group b that each two
      proximate adjacent electrodes are of an opposite polarity.
PAR  An electric current is passed to the electrode holder 22 (FIG. 1) along
      copper cooled pipes 23 fastened to the trolley 6. Connected to the ends of
      these pipes are water-colled flexible cables 24 which, in turn, are
      coupled to bus bars 25a and 25b. The latter are connected each to one of
      the ends of the secondary winding of an A.C. single-phase transformer 26.
      The bus bar 25o is coupled by a flexible cable (wire) 27 (FIG. 1) from one
      side to the leadout of a midpoint of the secondary winding of the above
      transformer and from the other side to the base plate 13. The latter is,
      in turn, connected to the mould 5 with the help of a flexible cable (wire)
      28. Thus, the midpoint (zero point) of the secondary winding is
      electrically associated with both the base plate and the mould.
PAR  The spacings on which the electrodes are placed in the electrode holder are
      equal to each other, amounting, depending on the weight and steel grade,
      to 0.1-2.0 of the electrode thickness.
PAR  A slight mismatch between the electrode spacings is quite possible, insofar
      as in practice the consumable electrodes for industrial use always feature
      a certain degree of warping.
PAR  In melting ingots having a rectangular cross section by remelting the
      rectangular electrodes 7, the electrodes are arranged as shown in FIG. 3,
      in pairs with their wide sides facing one another.
PAR  Where an ingot of a circular, as it is represented in FIG. 4, or square
      cross section is to be melted, it is expedient that the four electrodes 7,
      circular of square in cross section, be used with the winding of the
      transformer 26 being connected as shown in FIG. 4.
PAR  In producing a rectangular ingot by remelting the electrodes 7 having a
      circular or square cross section, they are located in a row and connected
      to the transformer as shown in FIG. 5.
PAR  In case of the electrode diameter equalling or exceeding the wall thickness
      of a hollow ingot, an internal mould 29 (FIG. 6) fastened to the external
      mould 5 is narrowed in its top portion. It is expedient that the surface
      30 connecting the top and bottom portions be fitted with an annular slot
      31 to be filled with molten metal 32 during remelting.
PAR  The base plate 13 mounts a cooled collar 33 which in the initial period of
      the melting process enters a clearance between the external mould 5 and
      the bottom portion of the internal mould 29. The height of the collar 33
      is chosen so that before the mould 5 commences to move upwards by a signal
      received from the level gauge 16, a layer of metal 20-60 mm thick has been
      hardened on the collar 33 in a space 34 adapted to shape the ingot 35.
PAR  The collar 33 may be used for mounting and attaching by any suitable means
      dummy bars 36 adapted for holding the ingot in place and feeding current
      to it. In the plant shown in FIG. 7 the spacings between the electrodes 7
      of unlike polarity (a and b) may accommodate dead blanks 37 fixed in
      relation to the electrodes and insulated from them, with the blank weight
      ranging from 10 to 50% of that of the ingot being built-up.
PAR  In place of the mould 5 which is capable of revolving relative to the base
      plate 13, the plant may comprise a mould 38 fastened to the base plate 13
      (FIG. 8). To lift such a mould from the ingot use may be made of the
      trolley 4, if furnished with brackets which are attached to it (not shown
      in the drawings).
PAR  The mould 38 is preferably used for producing short ingots of a large cross
      section. In order to reduce the depth of the metal bath in melting such
      ingots, the base plate 13 in conjunction with the mould 38 may reciprocate
      with the help of the trolley 11 and drive 12.
PAR  For tapping the slag from the mould 38, as in the case of the mould 5, use
      is made of a slag tapping device comprising a pipe 39 adapted for drawing
      off the slag by being introduced into the slag in the spacing between the
      two electrodes. The pipe 39 may be either cooled or lined with a
      refractory material chemically stable and resistant against erosion by
      slag, such as graphite.
PAR  To enable slagging with the help of some transporation gear or a crane, the
      above device is traversed so that the end of the pipe 39 is immersed in
      the slag between the electrodes. Depending on the ingot cross section a
      clearance between the end of the pipe 39 and the metal (liquid metal)
      ranges from 20 to 200 mm. The larger the ingot section and the depth of
      the slag bath, the greater is the clearance. For an ingot 1500 mm in
      diameter, the pipe 39 may be mounted at a distance of 80-100 mm from the
      liquid metal. In this case, the remaining layer of the slag 80-100 mm
      thick will be sufficient to warm the top portion of the ingot and of the
      metal bath and to protect the metal against oxidation. Such a layer of
      slag will harden practically simultaneously with the last batches of metal
      and will not delay the withdrawal of the ingot.
PAR  Upon introducing the pipe 39, a device adapted to eject air from a chamber
      40 is cut in with the chamber being closed on the side of a connecting
      pipe 41 with a fusible end cap 42 of a membrane type.
PAR  The liquid slag is drawn off into the chamber 40, fuses the end cap 42 and
      flows down into the container 21. Further slagging is effected by gravity,
      insofar as a passage 43 for drawing off air is plugged with hardened slag.
PAR  The plant shown in FIG. 1 is also suitable for melting ingots with the slag
      bath being established in the mould by means of consumable or
      nonconsumable electrodes which, upon establishing the slag bath, are
      removed from the electrode holder and replaced by the consumable
      electrodes introduced into the slag bath.
PAR  Let us consider the operation of the disclosed herein plant by analysing an
      illustrative example, i.e. melting a hollow ingot by using the molten slag
      start. The base plate 13 mounts the metallic dummy bars 36 or a single
      annular dummy bar adapted to hold the ingot on the base plate and to
      provide contact between the ingot and the base plate, with the dummy bars
      being fastened by any known method uniformly along the perimeter of the
      ingot.
PAR  Following that the trolley 4 with the mould 5 and accommodated in it level
      gauge 16 are descended with the plug 19 turned down in such a manner that
      the mould bottom surface will touch that of the base plate 13. Then the
      electrodes 7 are installed in the electrode holder 22 so that their lower
      ends are spaced apart from the base plate 13 at a distance approximately
      equal to a requisite depth of the slag bath. After that, the device 14 for
      pouring slag into the bottom portion of the mould 5 along the recess 15 is
      set up on the base plate 13. Then, the transformer 26 is energized and a
      requisite amount of the slag is poured into the mould 5. The moment of
      completion of the pouring operation may be determined by the passage of an
      electric current through the electrodes 7. Upon building up the ingot to
      the level gauge 16, the mould is transferred upward by a signal from the
      level gauge with a speed equal to the ingot building-up rate. After the
      molten slag start, the electrodes 7 are lowered as they melt off.
PAR  An upward motion of the mould may be performed either continuously or
      intermittently. The current magnitude and the voltage are maintained so
      that the requisite ingot building-up rate is ensured.
PAR  Upon melting the ingot of a requisite hiehgt, it is allowed to shrink by
      changing the current and voltage of the transformer 26, whereupon the
      transformer is de-energized and the plug 19 driven out of the hole 18 by
      any suitable method. Slag is tapped through the hole 18 into the container
      21. At the same time the mould 5 is moved upward, otherwise the internal
      mould 44 can be caught by the ingot through to its shrinkage.
PAR  When slagging is completed, the mould 5 is lifted above the solidified
      ingot, whereupon the base plate 13 with the ingot is rolled out from under
      the electrode holder 22 with the help of the drive 12.
PAR  Upon detaching the dummy bar 36, the ingot is removed from the base plate
      13. Electrode stubs or inventory parts intended for reuse, if any, are
      also stripped from the electrode holder 22. The recess 15, and if
      necessary the device 14, are cleaned from hardened slag. A new dummy bar
      is made fast and the next hollow ingot is melted by following the
      above-described sequence of operations.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electroslag remelting plant comprising: a cooled mould; a base plate
      adapted for shaping the bottom part of an ingot; a means having a hole
      arranged near the mould wall for bottom pouring of molten slag into the
      bottom part of the mould; a means having a hole for tapping molten slag
      from the mould accommodated in the top portion of the mould; a means
      mounted in the mould wall for detecting the level of molten metal in the
      mould; a single-phase transformer having a secondary winding with a
      midpoint electrically connected to the base plate and the mould; two
      similar groups of electrodes; each one of the two groups of the electrodes
      comprising at least two electrodes disposed in the mould and connected to
      one of the ends of the secondary winding of the single phase transformer
      so that each two proximate adjacent electrodes have an opposite polarity;
      a means for holding the electrodes immovable relative to each other over
      the mould and for supplying electric current to the electrodes; a means
      for moving the means for holding the electrodes in a vertical and a
      horizontal direction; a means for moving the mould in a vertical and a
      horizontal direction; and a means for moving the base plate in a
      horizontal direction.
NUM  2.
PAR  2. The plant as claimed in claim 1 wherein the electrodes are arranged
      along the perimeter of the cross section of the mould.
NUM  3.
PAR  3. The plant as claimed as claim 1 wherein the electrodes are arranged in
      the central zone of the cross section of the mould.
NUM  4.
PAR  4. The plant as claimed in claim 1 wherein the spacings between the
      proximate adjacent electrodes are equal to each other and are within the
      range from 0.1 to 2.0 electrode thicknesses.
NUM  5.
PAR  5. The plant as claimed in claim 1 wherein the electrode holder and the
      mould with the base plate are made to allow their reciprocating motion in
      a horizontal direction at a distance not less than that between the
      centers of the adjacent electrodes.
NUM  6.
PAR  6. The plant as claimed in claim 1 wherein the hole of the means for
      pouring slag into the mould is arranged opposite the spacing between two
      electrodes of opposite polarity.
NUM  7.
PAR  7. The plant as claimed in claim 1 wherein the means for detecting the
      level of molten metal in the mould has its working element arranged
      opposite the spacing between two proximate adjacent electrodes.
NUM  8.
PAR  8. The plant as claimed in claim 1 wherein the tapping hole of the slag
      tapping means is arranged between two adjacent electrodes at a distance of
      20 to 200 mm above the level of metal at the end of melting and made in
      the mould wall.
NUM  9.
PAR  9. The plant as claimed in claim 1 wherein the means for tapping the slag
      from the mould comprises a pipe adapted for drawing off the slag, said
      pipe being introduced into the slag between the two adjacent electrodes.
NUM  10.
PAR  10. The plant as claimed in claim 9 wherein the pipe introduced into the
      slag for drawing it off is provided with a cooling means.
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ABST
PAL  An induction crucible furnace having a crucible surrounded by an induction
      coil member that is prestressed in axial direction by ring members
      disposed at opposite ends of the coil member and connected together by a
      plurality of tie rods extending parallel to the axis of the coil member
      and distributed uniformly about the periphery of the crucible one of the
      ring members being fixed to a base frame of the furnace, includes spacer
      means disposed between the ring members and the coil member and having
      inner and outer diameters matching those of at least one of the members.
BSUM
PAR  The invention relates to an induction crucible furnace and more
      particularly, to such a furnace having a crucible surrounded by an
      induction coil that is prestressed in axial direction by rings disposed at
      opposite ends of the coil and connected together by a plurality of tie
      rods extending parallel to the axis of the coil and distributed uniformly
      about the periphery of the crucible, the upper or the lower ring, being
      fixed to a support structure or base frame of the furnace.
PAR  In such a furnace, the usually ceramic crucible filled with melt lies close
      to the coil with an intervening intermediate layer of asbestos serving as
      thermal insulation, the coil being braced or supported radially outwardly
      at a base frame of the furnace.
PAR  Since the crucible expands with increasing temperature and returns to its
      original mass when the temperature subsides again, it is necessary, in
      order to avoid damage to the coil, to fix the latter against axial
      movement. The rings located at opposite ends of the coil and maintained at
      a predetermined spacing from one another by tie rods that are adjustable
      in length and elastic or resilient per se, accordingly serve this purpose.
PAR  In heretofore known induction crucible furnaces, the coil has a height
      which corresponds to that of the furnace. In many cases, therefore, the
      uppermost and lowermost parts of the coil are deenergized or off-circuit
      due to the particular arrangement of the current supply leads. The heat
      losses due to current in the effective middle part of the coil and the
      heat losses of the crucible in the outer currentless coil sections are
      absorbed and dissipated by the coolant fluid, such as water, which flows
      through the entire coil.
PAR  A disadvantage of this prior art furnace construction is that, due to the
      magnetic transverse field extending above and below the middle effective
      part of the coil, voltages are induced in the outer coil sections through
      which no current flows and thereby possibly in the metal parts of the
      furnace base frame, depending upon the remoteness thereof, the thus
      induced voltages greatly increasing the current consumption of the
      furnace. In order to reduce these losses, it has been proposed heretofore
      to provide bundles or packets of a laminated ferromagnetic material
      between the effective middle part of the coil and the terminal currentless
      sections thereof. This form of construction is very costly, however, and
      can be effected only with great difficulty, especially in the case of
      furnaces having coils that are subjected to stress in axial direction.
PAR  It is accordingly an object of the invention to provide an induction
      crucible furnace which avoids the foregoing disadvantages of the
      heretofore known furnaces of this general type. More specifically, it is
      an object of the invention to provide an induction crucible furnace with
      means for effectively preventing transverse magnetic fields extending in
      the air above and below the ends of the coil from penetrating into the
      coil in the direction of the stress applied thereto or from penetrating
      into the metal parts of the furnace base frame.
PAR  With the foregoing and other objects in view, there is provided in an
      induction crucible furnace having a crucible surrounded by an induction
      coil member that is prestressed in axial direction by ring members
      disposed at opposite ends of the coil member and connected together by a
      plurality of tie rods extending parallel to the axis of the coil member
      and distributed uniformly about the periphery of the crucible, one of the
      ring members being fixed to a base frame of the furnace, the improvement
      therein comprising spacer means disposed between the ring members and the
      coil member and having inner and outer diameters matching those of at
      least one of the members.
PAR  So that the construction and installation of the spacer means can be
      effected in an advantageous manner, and in accordance with other features
      of the invention, the spacer means are either longitudinally slotted
      cylinders or are in the form of a spiral having a plurality of turns.
PAR  In accordance with further alternative features of the invention, the
      spacer means are formed of a plurality of superimposed rings or ring
      sections, the latter being uniformly distributed at the periphery of the
      coil member.
PAR  In accordance with additional features of the invention and depending upon
      the use for the particular embodiment, the spacer means are formed either
      of insulating material or of nonmagnetic, electrically-conductive material
      isolated or insulated on all sides thereof, and are fluid-cooled, as by
      water, to remove heat therefrom.
PAR  In order to cut off or neutralize the flow of current in the multipartite
      spacer means, which can be produced by induced voltages of the transverse
      magnetic fields originating from the coil and running through the air,
      there is also provided in accordance with the invention, in order to
      galvanically separate the individual parts of the spacer means, that the
      spacer means comprise a plurality of superimposed rings or ring sections
      respectively formed of insulating material and of nonmagnetic,
      electrically-conductive material and disposed in layers of predetermined
      section, the rings or ring sections of nonmagnetic,
      electrically-conductive material being isolated or insulated on all sides
      thereof and being either wholly or partly fluid-cooled, as by water.
PAR  In order that the spacer means disposed between the ring members and the
      coil member, which produces strong natural oscillations in the lower
      frequency range, be securely retained and be protected against
      eccentricity, the spacer means, in accordance with another feature of the
      invention, are provided with radially extending projections, such as
      collars, or other similar means, for guiding the spacer means with respect
      to either the coil member or the ring members or all thereof.
PAR  In accordance with a concomitant feature of the invention, which increases
      the operational reliability of the furnace, insulating means are located
      between the ring member and the spacer means as well as between the spacer
      means and the induction member.
PAR  Although the invention is illustrated and described herein as induction
      crucible furnace, it is nevertheless not intended to be limited to the
      details shown since various modifications and structural changes may be
      made therein without departing from the spirit of the invention and within
      the scope and range of equivalents of the claims.
DRWD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the drawings
PAR  FIG. 1 of the drawing is a vertical sectional view of an induction crucible
      furnace constructed in accordance with the invention.
PAR  FIG. 2 is a view similar to that of FIG. 1 of another embodiment of the
      induction crucible furnace of the invention, employing a plurality of
      superimposed ring sections at the periphery of the coil member;
PAR  FIG. 3 is a top plan view of the cylindrical spacer member 6 of FIG. 1;
PAR  FIG. 4 is a top plan view of one layer of the ring sections of the spacer
      member of FIG. 2; and
PAR  FIGS. 5 and 6 are enlarged fragmentary views of FIGS. 2 and 1,
      respectively, showing structural details within the suitably identified
      broken circles.
DETD
PAR  Referring now to FIG. 1 of the drawing, there is shown therein a support
      plate 1 carrying a ceramic crucible 2 in which a melt 3 is received. The
      crucible 2 is radially outwardly braced or supported through an
      intermediate asbestos layer 4 with a coil 5, that is provided with
      terminals or junctions for current supply and water cooling, and with
      spacer members 6 and 7.
PAR  The coil 5 and the spacer members 6 and 7 are maintained in pre-stressed
      condition in axial direction through metallic water-cooled rings 8 and 9
      that are connected one to the other by tie rods 10 that are uniformly
      distributed about the periphery of the crucible 2.
PAR  The tie rods 10 are adjustable in length by means of threaded sleeves 11
      and screws 12, and per se elastic or resilient due to the set of springs
      13 with which they are respectively provided.
PAR  In the illustrated embodiment of FIG. 1, the spacer members 6 and 7 are
      formed of superimposed rings 14 and 15 that are alternatingly disposed.
      The rings 14 are solid, as shown in the cross-sectional view thereof in
      the figure, and are formed of insulating material. The other rings 15 are
      provided with bores, as shown in the figure, for conducting coolant water
      therethrough. Moreover the other rings 15 are formed of nonmagnetic,
      electrically-conductive material which is isolated or insulated on all
      sides thereof.
PAR  Layers of insulation are also provided between the rings 8 and 9 and the
      spacer members 6 and 7, respectively, as well as between the latter and
      the coil 5.
PAR  The rings 14 and 15 and the insulating layers 16 are provided at the outer
      surfaces thereof with peripheral collars 17 received in corresponding
      recesses 18 (note FIG. 6) for guiding and centering the rings 14 and 15
      and the insulating layers 16 with respect to one another and with respect
      to the coil 5 and the rings 8 and 9.
PAR  In addition to being formed of rings, as in the aforedescribed embodiment,
      the spacer members 6 and 7 may also be formed of longitudinally slotted
      cylinders, as shown in FIGS. 2, 3 and 5, the slot 19 being clearly shown
      in FIG. 5, a spiral member having a plurality of turns or superimposed
      ring sections uniformly distributed at the periphery of the coil 5, as
      shown in FIG. 4.
PAR  Thus, the advantages derived from the invention of the instant application
      are especially that the power losses are diminished and, due to the lower
      consumption of electrical energy resulting therefrom, the operation of the
      furnace becomes more efficient than heretofore possible.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an induction crucible furnace having a crucible surrounded by an
      induction coil member that is prestressed in axial direction by ring
      members disposed at opposite ends of the coil member and connected
      together by a plurality of tie rods extending parallel to the axis of the
      coil member and distributed uniformly about the periphery of the crucible,
      one of the ring members being fixed to a base frame of the furnace, the
      improvement therein comprising spacer means disposed between and
      separating the ring members and the coil member and having inner diameters
      matching at least one of the ring members, said spacer means comprising
      longitudinally slotted cylinders.
NUM  2.
PAR  2. In an induction crucible furnace having a crucible surrounded by an
      induction coil member that is prestressed in axial direction by ring
      members disposed at opposite ends of the coil member and connected
      together by a plurality of tie rods extending parallel to the axis of the
      coil member and distributed uniformly about the periphery of the crucible,
      one of the ring members being fixed to a base frame of the furnace, the
      improvement therein comprising spacer means disposed between and
      separating the ring members and the coil member and having inner diameters
      matching at least one of the ring members, said spacer means comprising a
      plurality of superimposed ring sections uniformly distributed at the
      periphery of the coil member.
NUM  3.
PAR  3. In an induction crucible furnace having a crucible surrounded by an
      induction coil member that is prestressed in axial direction by ring
      members disposed at opposite ends of the coil member and connected
      together by a plurality of tie rods extending parallel to the axis of the
      coil member and distributed uniformly about the periphery of the crucible,
      one of the ring members being fixed to a base frame of the furnace, the
      improvement therein comprising spacer means disposed between and
      separating the ring members and the coil member and having inner diameters
      matching at least one of the ring members, said spacer means comprising a
      plurality of superimposed sections of rings respectively formed of
      insulating material and of non-magnetic, electrically-conductive material
      and disposed in layers of predetermined selection, the ring sections of
      nonmagnetic electrically-conductive material being electrically insulated
      on all sides thereof and being at least partly fluid-cooled.
NUM  4.
PAR  4. In an induction crucible furnace having a crucible surrounded by an
      induction coil member that is prestressed in axial direction by ring
      members disposed at opposite ends of the coil member and connected
      together by a plurality of tie rods extending parallel to the axis of the
      coil member and distributed uniformly about the periphery of the crucible,
      one of the ring members being fixed to a base frame of the furnace, the
      improvement therein comprising spacer means disposed between and
      separating the ring members and the coil member and having inner diameters
      matching at least one of the ring members, said spacer means being formed
      with radially extending projections for guiding and centering said spacer
      means with respect to at least one of said members.
NUM  5.
PAR  5. Induction crucible furnace according to claim 4 wherein said radially
      extending projections are collars formed on said spacer means.
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PAL  A radial elastomeric seal is disposed between concentric cylindrical
      members to form a barrier between the interior of the concentric members
      and the exterior thereof to prevent contamination products from entering
      the interior of the members during welding of one end of one member to the
      outer surface of the other.
BSUM
PAC  RELATED APPLICATIONS
PAR  This application is related to copending application Ser. No. 362,534,
      filed May 21, 1973, now U.S. Pat. No. 3,813,475 in the name of John C.
      Cronin, entitled GROUNDED GAS INSULATED BUS ENCLOSURE - COMBINED ENCLOSURE
      JOINT BACKUP RING AND CONTAMINATION CONTROL DEVICE, and assigned to the
      assignee of the present invention.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gas-insulated transmission systems, and more
      specifically relates to a novel elastomeric seal for preventing
      contamination products from reaching the interior of a gas-insulated
      transmission system during the welding of the outer housings.
PAR  Gas-insulated transmission systems of the type to which the invention
      applies are shown in the above-noted U.S. Pat. No. 3,813,475 and are
      generally comprised of an elongated conductor which is supported centrally
      within a cylindrical grounded housing by means of spaced insulator support
      devices. The interior of the outer grounded conductive cylinder is then
      filled with a suitable gas having desired dielectric characteristics, such
      as sulfur hexafluoride under pressure. The bus is then operated at
      extremely high voltages, for example, 500 KV. The outer housing of the
      buses have relatively small diameters, for example, 15 inches. This
      creates exceptionally high electric fields within the interior of the
      gas-filled housing so that great caution must be exercised to prevent
      contamination including moisture, conductive particles, dust and the like
      from reaching the interior of the bus since the presence of these
      contaminants can lead to dielectric failure of the bus. Thus, the
      components which constitute the transmission line must be clean and dry
      and the gas which fills the housing must also be clean and dry and the
      housing interior must be free of conductive particles and the like.
      Conductive particle traps are commonly used along the length of the
      transmission line and are formed by low field intensity regions which will
      tend to trap conductive contaminants once these contaminants reach the
      trap region.
PAR  One serious source of contamination of the interior of the grounded housing
      is the welding process in which outer enclosure sections are welded to one
      another during the installation of the line. That is, the transmission
      line is frequently made in discrete lengths which are factory-assembled
      and then shipped to a site for installation. These factory-assembled
      sections, which might each be 50 feet long, must then be connected
      together in the field, and the outer enclosures are commonly welded to one
      another to form a gas-tight seal and to cause the housing sections to
      become electrically continuous. During this welding process, weld spatter
      and other contamination can enter the interior of the housings and can
      interfere with the electrical performance of the system.
PAR  In the past and in order to prevent contamination of the interior of the
      conductive housing during welding, various attempts have been made to seal
      the joint before welding as by wrapping insulation tape on the inner
      member of a telescoping joint; through the use of wiper rings; through the
      use of solid "O" rings; and through the use of various geometries for the
      shoulders of the backup welding rings. All of these prior methods had one
      or more disadvantages. Thus, none were able to accommodate large
      tolerances and out-of-roundness variations of the sections to be joined.
      Moreover, some were expensive, as the use of solid O rings, wiper rings or
      high temperature tape in the joint. The mere use of extended shoulders for
      the backup rings has the disadvantage in that it is not a positive method
      for contamination control.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a novel elastomeric seal, which
      preferably is formed of a compressible hollow elastomeric tube, is secured
      in place in a position where it is disposed between the interior of the
      grounded cylindrical housing and the exterior regions of the housing which
      are to be welded to the next housing. In one embodiment of the invention,
      this seal ring is placed around the opposite extensions of a backup weld
      ring and a butt weld is made between adjacent housing ends. In a second
      embodiment of the invention, the ring is placed on the straight portion of
      a "bell and spigot" joint. In either case, the seal is formed around the
      outer circumference of the inner member of telescoping cylinders and the
      end of the outer member is welded around a circumference of the inner
      member. Other types of joints can clearly accommodate the seal of the
      invention in any desired way.
PAR  Once the compressible ring is positioned on one of the elements of the
      joint, the other is moved into place and the external weld is made. The
      compressible seal ring is configured so that it will be compressed when
      the elements of the joint are moved together. Thus, relatively large
      tolerances and out-of-roundness can be accommodated by the ring because it
      is hollow and is easily compressed. Note that the annular gap between
      telescoping members is designed so that the ring will be compressed a
      given amount when the telescoping members are in position relative to one
      another.
PAR  The compressible ring can be made from long sections of hollow elongated
      tubing by wrapping tubing around the inner telescoping member and by
      joining the ends of the tubing as by cementing.
PAR  A preferred hollow elastomeric tube, which can be used in accordance with
      the invention, is of silicone rubber capable of withstanding high
      temperatures and having an outside diameter of one-fourth inch with a 1/16
      inch wall thickness. The ends of the tube can be cut at a 20.degree. angle
      to the axis of the tube to form a "skiv" joint. The tube ends may then be
      joined by a suitable silicone rubber adhesive of any commercially
      available type.
PAR  All of the materials used for the seal are preferably materials capable of
      withstanding the high temperatures produced during the welding of the
      joint. Clearly, however, any number of materials could be selected and the
      tube can be formed in any desired way depending upon the particular
      application to be made of the invention. It is also possible and useful to
      place an insert in one end of the tube after it is cut to length to aid in
      alignment of the tube ends when joining the ends.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross-sectional view through a typical
      gas-insulated bus system in which the outer conductive housings are welded
      with a butt joint and which incorporates the novel hollow elastomer tube
      contamination ring of the invention.
PAR  FIG. 2 is an enlarged view in cross-section of the elastomeric ring of the
      invention compressed between the concentric members being sealed in FIG.
      1.
PAR  FIG. 3 is a cross-sectional view of FIG. 1 taken across the section lines
      3--3 in FIG. 1.
PAR  FIG. 4 is a cross-sectional view of the novel elastomeric seal of the
      invention as applied to a bell and spigot joint.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring first to FIGS. 1 and 3, there is shown therein a conventional
      type of gas-insulated transmission system in which a central conductor 10
      is supported within a grounded conductive housing 11. The interior of
      housing 11 is then filled with sulfur hexafluoride gas at some desired
      elevated pressure.
PAR  FIG. 1 specifically shows one joint in the elongated system where the
      system will be formed of a plurality of factory-assembled segments which
      might be each 50 feet in length and which are assembled at the site of the
      installation of the transmission system. Note that the bus of FIG. 1
      typically will have a diameter of about 15 inches for housing 11 and a
      diameter of about 5 inches for the hollow conductor 10.
PAR  A plurality of insulators, such as conical insulator 12, will be spaced
      along the length of each section in order to physically support the
      central conductor relative to the outer grounded housing. Note that
      conductor 10 and housing 11 may each be formed of aluminum.
PAR  FIG. 1 specifically shows the opposite ends of two discrete sections which
      are connected to one another. Thus, a left-hand section consists of the
      central conductor 10a and its outer housing 11a, while the right-hand
      section consists of the central conductor 10b and outer housing 11b. In
      order to join together the two sections, a suitable sliding type contact
      arrangement, schematically illustrated by the contact segments 15 and 16,
      electrically connect central conductors 10a and 10b to one another. The
      outer housing 11, however, must be gas-tight and conventionally the two
      housing sections 11a and 11b are secured together and sealed by welding.
PAR  In the embodiment of FIG. 1, a butt weld 20 is used in the manner described
      in U.S. Pat. No. 3,813,475. In forming the butt weld 20, a backup welding
      ring 21 is used in the manner described in U.S. Pat. No. 3,813,415.
PAR  In accordance with the present invention, novel compressible elastomeric
      sealing tubes 30 and 31 are formed as rings surrounding the end portions
      32 and 33, respectively, of backup welding ring 21. The rings 30 and 31
      which, in accordance with the invention, are formed of hollow silicone
      rubber tubing have a diameter of about one-fourth inch and a wall
      thickness of about 1/16 of an inch. Each of rings 30 and 31 are initially
      wrapped on end portions 32 and 33 and their ends, which might have been
      cut at an angle of about 20.degree. to the axis of the tube, are cemented
      at the joint 35 shown in Fig. 3.
PAR  Since tubes 30 and 31 are hollow tubes, they will accommodate relatively
      large variations in the relative roundness and positions of cylindrical
      end portions 32 and 33 of weld ring 21 with respect to cylindrical
      housings 11a and 11b, respectively.
PAR  The parts are designed such that the annular gap between the interiors of
      housings 11a and 11b and the exteriors of ring portions 32 and 33 is about
      3/16 of an inch. Thus, when the housings 11a and 11b are telescoped over
      the weld ring ends 32 and 33, the seals will compress as shown in enlarged
      view in FIG. 2, thereby to form a tight seal against the passage of
      contamination products, past rings 30 and 31, and into the interior of
      housing 11. Thereafter, the butt weld 20 is formed and the unit can be
      placed into operation, with the assurance that contamination products did
      not reach the interior of the housing 11 during the welding process.
PAR  FIG. 4 illustrates the application of the present invention to a typical
      bell and spigot type joint. Thus, in FIG. 4 the end of two bus sections
      are illustrated, where the first bus section consists of central conductor
      50 and outer housing 51, while the other bus section consists of central
      bus 52 and outer housing 53. FIG. 4 also illustrates the use of disk type
      insulators 54 and 55 for the support insulators within the two bus
      sections shown in FIG. 4. Clearly, conical insulators could have been
      used, if desired, or any other type support system could be used.
PAR  The central conductors 50 and 52 are then conventionally joined as by a
      sliding connector containing contact fingers 60 and 61.
PAR  The two outer housings 51 and 53 are then arranged such that the end of
      housing 51 is straight and nests within the enlarged end portion 53a of
      housing 53. The end of section 53a is then welded by the weld 62 to the
      outer housing 51 to form a gas-tight seal and to form a continuous
      electrical path from housing 51 to housing 53.
PAR  In accordance with the present invention, an elastomeric seal 70 of hollow
      material which is identical to the seal used in connection with FIGS. 1, 2
      and 3 is disposed between housing 51 and housing portion 53a of housing
      53. The gap between the two housings is made smaller than the normal
      diameter of the seal 70 so that the seal will be compressed to form a good
      contamination seal between the two housing regions. Moreover, the seal can
      be even further compressed if necessary to accommodate variations due to
      tolerances in the manufacture of the housings and to accommodate any
      out-of-roundness of the two housings.
PAR  The seal ring 70 is applied in essentially the same manner as the rings 30
      and 31 are applied in FIGS. 1 and 3 and is simply wrapped around the
      exterior of housing 51 and its ends joined to one another over a suitable
      joint which could be a skiv joint like the joint 35 of FIG. 3.
PAR  Although this invention has been described with respect to preferred
      embodiments, it should be understood that many variations and
      modifications will now be obvious to those skilled in the art and,
      therefore, the scope of this invention is to be limited, not by the
      specific disclosure herein, but only by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive privilege or
      property is claimed are defined as follows:
NUM  1.
PAR  1. In combination, first and second compressible contamination seals, first
      and second discrete high-voltage gas-filled transmission line sections,
      and a backup welding ring;
PA1  said first and second high-voltage gas-filled transmission line sections
      each consisting of substantially identical axially aligned first and
      second outer housings which are cylindrical in cross-section, the ends of
      said first and second outer housings which face one another being spaced
      from one another, a weld bead connected between and joining said spaced
      ends of said first and second housings, an elongated central conductor
      suspended within said first and second outer housings; said central
      conductor being generally circular in cross-section, and a plurality of
      support insulators axially spaced from one another along the axis of said
      elongated central conductor and connected between said elongated central
      conductor and said first and second housings suspending said central
      conductor within said axially aligned first and second outer housings and
      in insulated relationship therewith;
PA1  said backup welding ring comprising a cylindrical ring having a relatively
      short axial length in comparison to the length of said first and second
      outer housings and having an enlarged central diameter region axially
      aligned with said spaced ends of said first and second housings and in
      contact with the inner diameter of said weld bead, and having first and
      second end portions which extend axially outward in opposite directions
      from said enlarged central diameter region and which are respectively
      disposed within the interior of said first and second housings and which
      are respectively adjacent said ends of said first and second housings;
      said first and second end portions of said backup welding ring having
      identical outer diameters which are radially spaced from the respective
      surrounding interior diameters of said first and second housings;
PA1  said first and second compressible contamination seals respectively secured
      to and surrounding said backup welding ring first and second end portions
      and being disposed in respective spaced planes which are perpendicular to
      the axis of said backup welding ring, and being compressed in the annular
      spaces between the inner surface of said first and second housings,
      respectively, and the opposing outer surfaces of said first and second end
      portions of said backup welding ring; said first and second compressible
      contamination seals each being axially spaced from said weld bead.
NUM  2.
PAR  2. The combination of claim 1 wherein the radial dimension of said annular
      spaces between the opposing surfaces of said first and second housings and
      said first and second end portions of said backup welding ring is about
      3/16 inches, and wherein said first and second compressible contamination
      seals have a cross-section diameter greater than said radial dimension of
      said annular spaces.
NUM  3.
PAR  3. The combination of claim 2 wherein each of said first and second
      housings have a diameter of about 15 inches and a relatively thin wall
      thickness, and a length of about 50 feet, and wherein said elongated
      central conductor has an outer diameter of about 5 inches.
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ABST
PAL  A telephone service cable which runs from a distribution cable to a
      subscriber's premises or to a pay station is another link in a buried
      communications system having a water-resisting capability. A spirally
      quaded core comprised of individually insulated conductors is advanced
      through a bath of a flame-retardant, water-resistant composition prior to
      enclosing the core with a jacket. The interstices in the core and between
      the core and an inner jacket are caused to be filled with the composition
      which comprises a liquid system and a solid system. The liquid system
      includes a chlorinated paraffin while the solid system includes a
      polyvinyl chloride resin and a chlorinated polyethylene. An epoxy
      stabilizer and a phosphite stabilizer may be added to prevent thermal
      degradation of the filling composition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a flame retardant water-proofing composition and
      coating transmission member therewith, and, more particularly, to a
      composition which is flame-retardant for use near subscriber's premises
      and is sufficiently water-resistant to complete a buried loop waterproof
      system for communications cable.
PAR  2. Description of the Prior Art
PAR  It has been an objective in the telecommunications industry to provide
      underground transmission media for various reasons. One of these, of
      course, is the aesthetic appeal of the absence of overhead lines. Another
      is the prevention of discontinuity of service due to fallen trees,
      windstorms and the like.
PAR  Of course, the burial of transmission media poses several problems which
      must be overcome to make such a system feasible. One of these is the
      problem of ingress of moisture into the buried cable with accompanying
      loss in transmission characteristics. In order to overcome this, the cable
      must be designed to prevent or resist the ingress of moisture.
PAR  The trend today is to fill the interstices of the cores of cable and wire
      with a waterproofing compound. A waterproofing compound is available for
      filling the interstices of exchange cable, such as is disclosed in U.S.
      Pat. No. 3,607,487 issued on Dec. 2, 1968 in the names of M. C. Biskeborn,
      J. P. McCann and R. A. Sabia. The patented composition is comprised of a
      mixture of petroleum jelly and a crystalline olefin polymer.
PAR  The last link in a buried loop plant includes a so-called service wire or
      cable which extends from a distribution cable to a subscriber's premises
      or to a pay station. Of course, the hereinbefore-described service cable
      poses an additional problem. Since the service cable extends to
      subscriber's premises, it is required that this cable also be
      flame-retardant. This requires that any waterproofing compound must also
      be flame-retardant.
PAR  While the petrolatum compound commonly used to fill the interstices of
      cable is water-resistant, it does not appear to offer the flame-retardant
      characteristics which are required for installation adjacent to
      subscriber's premises.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a waterproofing composition which is both
      water-resistant and flame-retardant. A composition embodying the
      principles of this invention includes a liquid chlorinated paraffin
      constituent for flame-retardancy and for advantageously imparting
      water-resistance to the compound, a polyvinyl chloride resin base, which
      provides viscosity and toughness for the composition, and a chlorinated
      polyethylene for providing tack so as to adhere to individually -insulated
      conductors. An epoxy and phosphite stabilizer for preventing thermal
      degradation may be added to the composition.
PAR  An elongated transmission member to be provided with a coating of a
      flame-retardant, water-resistant composition is advanced through a bath of
      composition which includes a polyvinyl chloride homopolymer, a chlorinated
      polyethylene and a chlorinated paraffin where these three constituents are
      present in an amount ranging from at least 85.5 parts by weight per 100
      parts by weight of the composition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The various features of the invention will be more readily understood from
      the following detailed description when read in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a sectional view of a service cable which includes a twisted quad
      of individually insulated conductors and a waterproofing composition
      embodying the principles of this invention filling the interstices of the
      core and between the core and an inner jacket; and
PAR  FIG. 2 is a perspective view of an apparatus which may be used to apply the
      waterproofing composition to the service cable.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1 there is shown a strand material in the form of a
      cable 10 which includes polyethylene -insulated conductors 11--11. Four
      conductors 11--11 are twisted together to form a quaded core, designated
      generally by the numeral 13. Commonly used conductors are copper and
      aluminum as well as alloys of either of these materials. Moreover, it is
      common practice to tin conductors to aid in making solder joints and no
      complications are introduced by this conventional procedure.
PAR  In the presently used environment, the individual polyethylene-insulated
      conductors 11--11 are enclosed by an inner jacket 16 which includes a
      polyvinyl chloride constituent, a metallic microorganism shield 17 and an
      outer jacket 18. Prior to the jacketing of the individual conductors
      11--11, the service cable 10 has the interstices thereof filled with a
      waterproofing composition 19 which embodies the principles of the present
      invention.
PAR  By filling the interstices of the cable 10, protection is afforded against
      entry of water even if the cable were surrounded by water and the jacket
      18 and shield 17 punctured by lightening or mechanical means. The shield
      17 intercepts and absorbs the lightning but may have holes burned therein.
      Thus water can penetrate beyond the shield 17, but penetrates radially and
      longitudinally limited only by the water-resistant effectiveness of the
      composition 19 filling the interstices.
PAR  In order to be acceptable for filling purposes in a specified environment,
      the waterproofing composition 19 must possess certain properties. The
      waterproofing composition 19 must be flame-retardant, water-resistant and
      must be capable of being processed in a manufacturing facility.
PAR  A liquid constituent may be found which would have the required
      flame-retardant and water-retardant properties. However, a liquid lacks
      the body and the strength to act as a sole-constituent filling system.
PAR  On the other hand, a solid constituent or combination of several solid
      constituents may very well be found which would possess the requisite
      properties. However, a solid system in powder form, for example, could not
      be applied to the conductors 11--11 nor to the core of a stranded article
      to waterproof the conductors nor the stranded core.
PAR  Also, it is most desirable to fill the interstices of the cable 10 with a
      composition which can withstand flexing. The hereinbefore-described
      patented waterproofing compound is crystalline. This property may become
      manifested in microfissures or cracks when the filled cable 10 is
      subjected to flexure during wide temperature fluctuations.
PAR  A composition suitable for the described filling purposes must display
      toughness and yet must necessarily be a blend of solid and liquid
      constituents. After processing, the solid and liquid constituents must
      cooperate to solidify to the extent of forming a gelatinous substance.
PAR  While certain constituents may possess some of these properties, it is
      thought to be unknown that there is a combination of these constituents
      which will provide the desired properties of a waterproofing composition.
PAR  The composition which embodies the principles of this invention is a
      thermoplastic composition which comprises a liquid system and a solid
      system. The two systems complement each other to provide the requisite
      properties of the waterproofing composition while being capable of being
      processed in an economical and efficient manner.
PAR  The liquid system of the composition which embodies the principles of this
      invention includes a chlorinated paraffin. The chlorinated paraffin is
      added into the composition to provide the required flame-retardancy for
      the composition. If this constituent is not in liquid form, the mixing
      cycle of the composition is lengthened with an accompanying increase in
      the cost of processing.
PAR  The chlorinated paraffin provides the claimed composition with another
      important property. The chlorinated paraffin provides the composition with
      a water-retardancy characteristic. The chlorinated paraffin is a
      hydrocarbon material which is immiscible with water. Since the chlorinated
      paraffin is impervious to water, the filling of the interstices of the
      cable impedes the ingress of water.
PAR  The chlorinated paraffin constituent which is selected must posses certain
      specified properties for the purposes of the inventive composition. The
      chlorinated paraffin should have a molecular weight which falls within a
      range of 300 to 800 and should have a chlorine content which is in the
      range of 35 to 70 percent.
PAR  It is convenient to discuss concentrations in terms of 100 parts by weight
      of the composition. Concentrations so designated, therefore, result in
      compositions having 100 parts with each part designated as a percent by
      weight of the 100 parts.
PAR  A preferred concentration of the chlorinated paraffin is approximately 81.0
      to 94.0 percent by weight per 100 percent by weight of the composition. If
      less than 81.0 percent by weight is used, additional solid materials must
      be used. This would increase the viscosity of the composition. The solid
      content of the composition is designed in order to achieve adequate
      viscosity for processing, to provide the ability to fill the interstices
      of the cable, and to provide for tack of the composition on the strand
      material. An increase in viscosity would increase processing costs. In the
      alternative, if less than 81 parts by weight of the chlorinated paraffin
      are used, the percent by weight of the stabilizers could be increased. But
      stabilizers are relatively expensive and this would inordinately increase
      the cost of the composition. If more than 94.0 percent by weight is used,
      then the solid content is insufficient to develop the gelling properties
      which are characteristic of a desirable waterproofing composition.
PAR  An acceptable liquid chlorinated paraffin is marketed by Imperial Chemical
      Industries, Ltd. under the trade name Cereclor and designated S-52. The
      Cereclor S-52 has a chlorine content of approximately 52 percent.
PAR  Of course, since the chlorinated paraffin provides the composition with
      both flame-retardance and water-retardancy, the question could be raised
      as to why the waterproofing composition 19 would not solely be comprised
      of the chlorinated paraffin. This is not feasible since the chlorinated
      paraffin which is used is in liquid form and hence lacks the consistancy
      and strength to act as a sole-constituent filling system. Solid
      constituents which are capable of being dissolved in the chlorinated
      paraffin at an elevated temperature must be added to the composition.
PAR  One of the solid system constituents of the composition 19 is a polyvinyl
      chloride homopolymer resin (hereinafter referred to as PVC). The PVC resin
      has all of the characteristics associated with a homopolymer which
      includes some abrasion resistance, but which in and of itself is heat
      unstable. However, when the PVC resin is caused to soften in order to
      process the waterproofing composition, the resistance to abrasion is
      reduced. Further, the PVC must be a suitable electrical grade PVC
      homopolymer. Also, the term "polymeric material" is defined as the PVC
      constituent.
PAR  The PVC homopolymer may be any of a number of general purpose or dispersion
      resins well known in the art for use as electrical insulation. In
      accordance with the A.S.T.M. standard for 1966, suitable compounds may be
      classified as within the range from GP 4-00003 to GP 6-00003 inclusive or
      D-2-00003 to D-5-00003. Definitions of these characteristics are set forth
      in the A.S.T.M. standard under designation D 1755-66.
PAR  Briefly, the designation, GP, designates a general purpose resin whereas
      the designation, D, denotes a dispersion resin. The first numerals (e.g.
      entries 4 through 6) represent a polymer molecular weight in terms of
      solution viscosity, and the last digit, 3, indicates the usual preference
      for an electrical conductivity less than 6 ohms per centimeter per gram.
      The bar under or the bar over a numeral indicates a value less than or
      more than, respectively, the numeral. The four ciphers in the designations
      indicate that the properties of particle size, apparent bulk density,
      plasticizer absorption and dry flow may be any A.S.T.M. level, i.e., 1-9,
      and, therefore, these properties are not critical for the inventive
      purposes.
PAR  The primary solid constituent is the PVC. In the service cable 10, the
      inner jacket 16 is generally formed of a PVC material. As a result, there
      is a tendency toward fusion of the inner jacket 16 to the waterproofing
      composition 19 which is contiguous thereto (see FIG. 1). This obstructs
      the path of any water which might achieve ingress into the cable 10 beyond
      the shield 17.
PAR  The PVC resin must be selected depending on the end use and the
      requirements for processability. For example, the larger the particle
      size, the greater the time required for the PVC to dissolve in the
      presence of the other constituents. Therefore, if time is a factor in the
      manufacturing process, a PVC dispersion resin should be selected because
      of its smaller particle size. The PVC imparts viscosity and toughness to
      the composition.
PAR  A PVC resin having a substantial chlorine content should be used. The
      flame-retardancy of the PVC resin is proportional to the chlorine content
      thereof. It should be noted, however, that all the PVC resins would have
      approximately the same chlorine content. The theoretical chlorine content
      in PVC resin generally used would be on the order or magnitude of 56
      percent.
PAR  The PVC resin is inherently flame-resistant because of the chlorine content
      thereof which is 56 percent by weight. However, when the PVC resin is
      compounded with general purpose plasticizers, the flame -retardancy of the
      PVC is diminished. In order to restore the level of the self-extinguishing
      characteristic of the PVC, an additive is required. One such additive is
      the chlorinated paraffin.
PAR  A preferred concentration of the PVC resin is 4.0 to 10.0 percent by weight
      of the composition. If less than 4.0 percent is used, the composition is
      not sufficiently viscious to coat the strand material. The composition
      would tend to drip off the sections of the strand material as the strand
      material is advanced through a bath of the water-proofing composition.
      Moreover, the resistance to flow at elevated temperatures would be
      unsatisfactory. On the other hand, if greater than 10.0 percent by weight
      of the PVC resin is used, the composition is too viscous for processing
      and for the application to the individual conductors 11--11 on the core of
      the service cable 10.
PAR  The PVC surprisingly is an extremely advantageous solid constituent for the
      purposes of the composition. Although the chlorinated paraffin may provide
      water-resistant properties in and of itself, some combinations thereof
      with solid constituents other than PVC yielded unacceptable
      water-resistant properties.
PAR  Moreover, it is unexpected to use PVC in an environment such as that of the
      waterproofing composition 19. Generally, PVC is thought to be used in the
      environment of molded and extruded applications, not as a gelatiious
      material for filling or coating.
PAR  Further, it is not believed to be generally known that PVC is a
      water-blocking constituent. Because of the process used to manufacture PVC
      homopolymers, a bulk polymerization process using water suspension, a
      small amount, i.e. a fraction of one percent, of the water which is used
      in that process is not removed from the PVC final product. Theoretically,
      the PVC could absorb a small amount of additional moisture and it is
      hypothesized that this negates its use as a water-blocking agent.
PAR  Also, it was not known that the PVC would be soluble in the total
      composition. Advantageously, the PVC dissolves in the liquid system
      comprising the chlorinated paraffin at a mixing temperature of
      approximately 300.degree. F.
PAR  Another solid constituent which is combined with the PVC resin and the
      chlorinated paraffin is a chlorinated polyethylene. The chlorinated
      polyethylene provides tack so that the composition adheres to the
      individually polyethylene -insulated conductors 11--11 which comprise the
      core. The capability of the composition to cling to the conductors 11--11
      is especially important in at least one of the processes which is used to
      fill the cable 10.
PAR  Since the conductors 11--11 are individually insulated with polyethylene,
      sufficiently high processing temperatures could cause the composition,
      through the vehicle of the chlorinated polyethylene ingredient, to fuse to
      the conductor insulation. Although the temperatures used are not
      sufficient to promote fusion, tack of the composition to the conductors
      11--11 exists. This is true regardless of the insulation material which is
      used to insulate the conductors 11--11.
PAR  A preferred concentration of the chlorinated polyethylene added to the
      polyvinyl chloride resin is 0.5 to 1.5 percent by weight per 100 percent
      by weight of the composition. If less than 0.5 percent is used, some of
      the tack of the composition is lost. If more than 1.5 percent of the
      weight of the composition is chlorinated polyethylene, there is excessive
      tack. The waterproofing composition 19 would tend to cling excessively to
      the conductors 11--11. This may result in an installer not being able to
      remove the waterproofing composition from the insulation in order to strip
      the conductor 11.
PAR  The chlorinated polyethylene may be a chlorinated polyethylene such as CPE
      4814 as marketed by The Dow Chemical Company. Moreover, the chlorinated
      polyethylene should be selected so as to have a chlorine content in range
      of from 25 to 50 percent by weight of that constituent. The CPE 4814
      advantageously has a chlorine content of 48 percent. Because of the
      magnitude of its chlorine content, the chlorinated polyethylene also adds
      to the flame-retardancy of the composition.
PAR  The composition embodying the principles of this invention may comprise the
      polyvinyl chloride homopolymer, the chlorinated polyethylene constituent
      and the chlorinated paraffin in total 100 parts by weight of the
      composition. The PVC and the chlorinated polyethylene are in solid form
      added to the chlorinated paraffin which is in liquid form to provide a
      compound suitable for filling. The combined weight of these three
      constituents may be less than 100 but should be at least 85.5 parts by
      weight of the total composition. Where the combined weights of these
      constituents is less than 100 parts by weight, the remainder of the
      composition is structured to include stabilizers which are useful during
      processing.
PAR  Combined with the polyvinyl chloride resin, the chlorinated paraffin, and
      the chlorinated polyethylene is an epoxy stabilizer. The epoxy stabilizer
      adds heat stability to the composition 19 in order to prevent thermal
      degradation during the mixing of the composition and the application of
      the composition to the strand material 10. This is especially important
      since the PVC resin and the chlorinated paraffin are lacking in heat
      stability.
PAR  A preferred concentration of the liquid epoxy type stabilizer is 1.0 to 4.0
      percent by weight per 100 percent by weight of the total composition. If
      less than 1 percent is used, there is a reduction in the heat stability of
      the composition. Also, discoloration occurs because of the rapid evolution
      of the hydrochloric acid from the composition. If more than 4 percent by
      weight is used, the constituent percentage becomes uneconomical. This is
      so because the efficiency level of the stability tends to level off and
      the stabilizer is costly in comparison to the other constituents.
PAR  An acceptable epoxy stabilizer is marketed by the Argus Chemical Company
      under the designation, Mark 224. A liquid epoxy type stabilizer is used
      because of its superior effectiveness in stabilizing the PVC resin and the
      chlorinated paraffin. One species of the liquid epoxy type stabilizer
      meeting the above criteria is an modified epoxidized soybean oil.
PAR  Combined with the polyvinyl chloride resin, the chlorinated paraffin, the
      chlorinated polyethylene and the epoxy stabilizer is a phosphite
      stabilizer which is added to the composition to provide additional heat
      stability and to prevent thermal degradation during the processing
      thereof.
PAR  A preferred concentration of the phosphite stabilizer is 0.5 to 3.5 percent
      by weight per 100 percent by weight of the composition. If less than 0.5
      percent by weight is used, the heat stability of the composition is
      reduced. If an amount in excess of 3.5 percent by weight is used, the
      additional amount in excess of the 3.5 percent becomes uneconomical
      because of the relatively high cost of this constituent.
PAR  An acceptable phosphite stabilizer is one marketed by the Argus Chemical
      Company under the designation, Mark 517.  The Mark 517 is a species of an
      alkyl aryl phosphite chelator. The chelator defines a function which is to
      prevent degradation during mixing and hence retard discoloration. If this
      material is not present, the waterproofing composition may turn opaque
      although the water retarding characteristics may remain the same.
PAR  It has been found that the temperature during the mixing of the
      constituents should not exceed 350.degree. F. This will avoid degradation
      of the composition and a resulting decrease in the aesthetic quality
      thereof.
PAC  EXAMPLES AND TESTING
PAR  The hereinbefore-described composition has been found to satisfy the
      requirements of a waterproofing composition for filled service cable.
      Specifically, the composition is flame-retardant, has exceptional heat
      stability, and imparts excellent water-resistant properties to the cable.
PAR  The following examples illustrate various flame -retardant water-resistant
      compositions prepared in accordance with the principles of this invention
      and which provide the filled service cable 10 with the desired
      characteristics. In all cases, the cable structure is that of a multiple
      conductor service cable having polyethylene-insulated conductors. The
      examples are set forth in tabular form. For comparison purposes, all
      examples set forth were carried out using the general purpose PVC
      homopolymer described hereinbefore. Moreover, all amounts are in parts by
      weights.
PAR  The composition designated Example D in Table I has proven to be the
      preferred embodiment for filling the cable 10.
TBL                                    Table I                                 
     __________________________________________________________________________
     Ranges % By           Example                                             
     Weight                                                                    
     of Composition                                                            
                Constituent                                                    
                           A    B    C        D                                
     __________________________________________________________________________
     4.0-10.0                                                                  
             PVC Resin     6.0  4.0  10.0 8.0                                  
     0.5-1.5 Chlorinated Polyethylene                                          
                           1.0  0.5  1.5  1.0                                  
     1.0-4.0 Epoxy Stabilizer                                                  
                           3.0  1.0  4.0  4.0                                  
     0.5-3.5 Phosphite Stabilizer                                              
                           3.0  0.5  3.5  2.0                                  
     81.0-94.0                                                                 
             Chlorinated Paraffin                                              
                           87.0 94.0 81.0 85.0                                 
     __________________________________________________________________________
PAC  TESTING
PAR  The flame-retardant, waterproofing composition must possess specified
      properties, some of which have been described hereinbefore. The following
      table illustrates some additional properties of the example compositions
      designated in Table I.
TBL  __________________________________________________________________________
     Test Results                                                              
                 Example                                                       
     Properties  A     B      C      D                                         
     __________________________________________________________________________
     SP.GRAVITY  1.260 1.236  1.234  1.250                                     
     Viscosity (CPS)                                                           
      250.degree.F                                                             
                 613   186    196    840                                       
      266        420   140    149    575                                       
      275        254   108    129    480                                       
      300        171   74     88     313                                       
      325        119   54     63     213                                       
     Flash Point 350.degree.F                                                  
                       380.degree.F                                            
                              370.degree.F                                     
                                     350.degree.F                              
     Flow at 65.degree.C                                                       
                 NONE  NONE   NONE   NONE                                      
     Melting Point .degree.F                                                   
                 248   244    242    260.degree.F                              
                                           Approx.                             
     Adhesion to Metal                                                         
                 PASSES                                                        
                       PASSES PASSES PASSES                                    
     Vol.Resist (100V DC)                                                      
                 5.61.times.10.sup.9                                           
                       2.44.times.10.sup.10                                    
                              2.87.times.10.sup.10                             
                                     5.42.times.10.sup.9                       
     Dielectric Constant                                                       
      10.sup.5 Hertz                                                           
                 7.92  7.81   7.65   7.76                                      
      10.sup.6 Hertz                                                           
                 7.54  7.48   7.36   7.34                                      
     Dissipation Factor                                                        
      10.sup.5 Hertz                                                           
                 0.0299                                                        
                       0.0218 0.0236 0.0325                                    
      10.sup.6 Hertz                                                           
                 0.0941                                                        
                       0.1180 0.0890 0.1380                                    
     __________________________________________________________________________
PAR  The desired viscosity is such that at atmospheric pressure the
      waterproofing composition 19 will flow into the interstices of a cable
      core at a temperature range of 220.degree. of 280.degree.F. If the
      waterproofing composition 19 is too viscous, all the air bubbles in the
      core are not expelled, thereby causing occlusions within the core.
PAR  The consistency of the composition prevents it from oozing or being
      displaced and flowing during handling. It has a putty-like consistency
      which is not sticky or greasy. Installers can form splices by peeling away
      the jacket and stripping the conductor insulation. It is sufficiently
      putty-like so that it can be removed from the conductors 11--11 without
      special instruments.
PAR  The flash point is a measure of the relative flamability and a flash point
      equal to or greater than 350.degree.F is desired.
PAR  The flow at 65.degree.C is important to insure that the waterproofing
      composition 19 does not flow at a temperature which may be reached
      generally in the subscriber's premises.
PAR  The characteristic of adhesion to metal is important to indicate whether or
      not the waterproofing composition 19 is suitable for use in a cable
      environment. The adhesion to metal property is important to prevent
      separation of the filling material 16 from metallic surfaces which it
      engages as a result of temperature fluctuation. A composition embodying
      the principles of this invention is cast in a dish constructed of
      aluminum. The dish and composition are chilled down to a temperature of
      approximately -55.degree.F. Then the temperature is raised to room
      temperature and the composition is examined. If the composition has not
      contracted so as to be spaced from the walls of the dish, the composition
      is said to "pass".
PAR  The dielectric constant is important in avoiding loss of signal in longer
      run cables. This is not especially important to the short run filled
      service cable.
PAC  USING THE COMPOSITION
PAR  In using the composition 19 which embodies the principles of this
      invention, the conductors 11--11 are advanced into a filling tank,
      designated generally by the numeral 21 (see FIG. 2) which holds a bath of
      the filling composition 19.
PAR  The temperature of the bath of the composition 19 in the tank 21 coupled
      with the time during which the conductors 11--11 are exposed to the bath
      is important. That combination must be such that the temperature of the
      conductor insulation remains less than its softening point. If the
      softening point is reached, the conductor insulation will be swelled and
      abraded off the conductors 11--11 as the conductors are advanced about a
      roller arrangement within the tank 21. Also, the temperature of the bath
      must not be so high as to degrade the composition 19. It has been found
      that a suitable bath temperature is 220.degree. to 300.degree.F at
      atmospheric pressure. Also, it has been found that a bath temperature of
      approximately 280.degree.F and a line speed of approximately 400 feet per
      minute satisfies this requirement for the polyethylene-insulated
      conductors 11--11.
PAR  The conductors 11--11 are advanced over rollers 26, 27 and 28 as seen in
      FIG. 2. The rollers 26 and 28 are spaced apart horizontally. The roller 27
      is positioned such that an angle which the conductors 11--11 make with the
      horizontal as the conductors are moved from roller 26 to the roller 27 is
      within a specified range of 20.degree. to 70.degree.. This and other
      aspects of the filling process are disclosed in copending application Ser.
      No. 388,694 filed of even date herewith in the name of J. M. Hacker, now
      U.S. Pat. 3,885,380.
PAR  As the twisted cable 10 is passed about the roller 26, and then up and
      about the roller 27, the generally circular configuration of the core
      comprised of the conductors 11--11 tends to become elliptical or flattened
      thereby allowing each of the conductors to receive a coating of the
      composition 19. Then as the flattened array of the conductors 11--11 is
      passed under the roller 28, the conductors are reformed into their
      original configuration of the cable core. Subsequently, the core is
      advanced through a wiping die 29 in the wall of the tank 11 to remove the
      excess composition.
PAR  The reformation of the conductors 11--11 into the original quaded
      configuration causes the interstices between the conductors in the
      reformed cable core to be filled with the flame-retardant, water-resistant
      composition 19. As the cable core is advanced through the wiping die 29,
      the wiping die gathers together the hitherto slightly separated core
      comprising the composition-covered, insulated conductors 11--11. Excessive
      amounts of the composition 19 clinging to the conductors 11--11 is removed
      from the conductors in the reformed core and results in a generally
      regularly shaped coating of the composition about the core (see FIG. 1).
PAR  Test results have shown that the filling of the interstices of the service
      cable 10 is extremely complete. Samples of the filled cable 10 indicated
      that the core of the spiralled quad of the four conductors 11--11 is
      filled so as to produce a continuous filament, the cross sectional
      configuration of which is that of the core.
PAR  It should be understood that the composition 19 embodying the principles of
      this invention may be used to provide a waterproofing composition for
      cables having more or less than the number of conductors used in this
      description. Cables which are formed by twisting a plurality of conductors
      about a longitudinal axis or by stranding together previously twisted
      pairs may be filled with a composition embodying the principles of this
      invention.
PAR  It should be understood that while the composition which embodies the
      principles of this invention have been used to coat the insulated
      conductors 11--11 of the service cable 10, other transmission members may
      be coated therewith. Such transmission members may include multiconductor
      stranded cables as well as systems currently under development such as
      fiber optic transmission members.
PAR  It is to be understood that the above described arrangements are simply
      illustrative of the invention. Other arrangements may be devised by those
      skilled in the art which will embody the principles of the invention and
      fall within the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An elongated transmission member comprising a plurality of individually
      insulated conductors having a jacket formed thereover, the interstices
      formed between the conductors being filled substantially with a
      flame-retardant, water-resistant composition which comprises a polyvinyl
      chloride homopolymer, a chlorinated polyethylene, and a chlorinated
      paraffin where the polyvinyl chloride homopolymer, the chlorinated
      polyethylene and the chlorinated paraffin are present in an amount range
      from at least 85.5 parts by weight per 100 parts by weight of the
      composition.
NUM  2.
PAR  2. The elongated transmission member of claim 1, wherein the polyvinyl
      chloride homopolymer ranges from 4.0 to 10.0 parts by weight per 100 parts
      by weight of the composition.
NUM  3.
PAR  3. The elongated transmission member of claim 1, wherein the chlorinated
      polyethylene ranges from 0.5 to 1.5 parts by weight of the composition.
NUM  4.
PAR  4. The elongated transmission member of claim 1, wherein the chlorinated
      paraffin ranges from 81.0 to 94.0 parts by weight per 100 parts by weight
      of the composition.
NUM  5.
PAR  5. The elongated transmission member of claim 1, wherein the composition
      further comprises an epoxy stabilizer and wherein the epoxy stabilizer
      ranges from 1.0 to 4.0 parts by weight per 100 parts by weight of the
      composition.
NUM  6.
PAR  6. The elongated transmission member of claim 5, wherein the composition
      further comprises a phosphite stabilizer, and wherein the phosphite
      stabilizer ranges from 0.5 to 3.5 parts by weight per 100 parts by weight
      of the composition.
NUM  7.
PAR  7. An elongated transmission member comprising a plurality of individually
      insulated conductors having a jacket formed thereover, substantially all
      the interstices formed among the conductors and between ones of the
      conductors and the jacket being filled substantially with a
      flame-retardant, water-resistant composition which includes 4.0 to 10.0
      percent by weight of a polyvinyl chloride homopolymer material; 0.5 to 1.5
      percent by weight of a chlorinated polyethylene, and 81.0 to 94.0 percent
      by weight of a chlorinated paraffin.
NUM  8.
PAR  8. The elongated transmission member of claim 7 wherein the composition
      also includes 1.0 to 4.0 percent by weight of an epoxy stabilizer and 0.5
      to 3.5 percent by weight of a phosphite stabilizer.
NUM  9.
PAR  9. A method of making an elongated transmission member comprising a
      plurality of conductors with substantially all the interstices between the
      conductors being filled substantially with a flame-retardant,
      water-resistant composition, which includes the steps of:
PA1  advancing the elongated transmission member; and
PA1  coating the conductors which comprise the elongated transmission member
      with a composition which includes a polyvinyl chloride homopolymer, a
      chlorinated polyethylene, and a chlorinated paraffin wherein the polyvinyl
      chloride homopolymer, the chlorinated polyethylene and the chlorinated
      paraffin are present in an amount ranging from at least 85.5 parts by
      weight per 100 parts by weight of the composition.
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ABST
PAL  An enclosure including a housing open at the bottom and arranged to conceal
      pad mounted equipment such as electrical equipment. The housing has one or
      more doors for access to the interior and includes at least one lateral
      rib in its walls for reinforcement. The housing is formed integrally from
      two molded joined sections and has a bottom inturned flange that
      reinforces the housing and also is used to secure the housing on a ground
      supported pad. The door is provided with an inturned peripheral flange and
      the housing around the door opening is formed with a semi-circular or
      U-shaped guard flange receiving the inturned flange on the door to provide
      a tamper-proof joint around the door.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in enclosures for pad
      mounted equipment.
PAR  Pad mounted enclosures have heretofore been provided for concealing various
      types of electrical equipment such as transformers and other mechanisms in
      distribution systems. It is extremely important in such equipment that
      unauthorized access to the interior of the enclosures be prevented. Such
      of course can be partly accomplished by sturdy construction of the
      housings and by use of sturdy lock means on the doors. However, the area
      around the door joints in the housing may be particularly vulnerable since
      the usual joint may possibly be penetrated by pushing a piece of wire or
      the like therethrough. While this type of entry may be remote, regulations
      require that the door joints be completely tamper proof.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention and forming a primary objective thereof,
      an enclosure for pad mounted equipment is provided that employs a door
      joint positively preventing anyone from pushing a wire or the like
      therethrough and more particularly such is accomplished by providing
      associated flanges on the door and enclosure forming a reversely directed
      path through the joint so that a wire being pushed in the joint opening is
      reversed in direction and dead ends against a wall surface.
PAR  Another object of the invention is to provide an enclosure of the type
      described that is molded of dielectric material, the enclosure having a
      reinforcing rib extending up the sides and over the top and being formed
      into an integral unit from two molded sections with the securing joint
      between the two sections extending substantially centrally of said
      reinforcing rib.
PAR  The invention will be better understood and additional objects and
      advantages will become apparent from the following description taken in
      connection with the accompanying drawings which illustrate a preferred
      form of the device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of an enclosure embodying features of
      the present invention, a portion of this view being broken away;
PAR  FIG. 2 is a side elevational view of the instant enclosure, this view being
      taken from the right side of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary sectional view taken on the line 3--3 of
      FIG. 1;
PAR  FIG. 4 is an enlarged fragmentary foreshortened sectional view taken on the
      line 4--4 of FIG. 1; and
PAR  FIG. 5 is an enlarged fragmentary sectional view taken on the line 5--5 of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With particular reference to the drawings, the enclosure of the present
      invention comprises a housing 10 with upright walls consisting of a front
      end wall 12, a rear end wall 14, side walls 16, and a top wall 18. The
      bottom of the housing is open except that all the walls terminate at their
      bottom ends in an inturned flange 20, FIGS. 4 and 5, which serves as a
      footing for the enclosure. The enclosure is seated on a concrete pad or
      the like, not shown, and the flange 20 has openings 22 therein for
      receiving anchor bolts, also not shown, for firmly anchoring the enclosure
      in place on the pad. The flange 20 also adds strength to the housing and
      provides a good seal with the supporting pad without the necessity of
      using plastic trim around the base edge. Furthermore, attachment to the
      pad is accomplished without the need of molding anchor clips into the
      inner surface of the enclosure. The housing is tapered to a lesser
      dimension toward its upper end to increase the rigidity thereof as well as
      to enhance its appearance. The top wall 18 is arched slightly both
      longitudinally and laterally to further add to the rigidity of the
      structure and also to enhance its appearance.
PAR  The housing is reinforced structurally by ribs 24 formed vertically in the
      front and rear walls. The front ribs extend upwardly through a lower
      portion of the housing and are vertically aligned with ribs 26 formed in a
      door 28. A transverse reinforcing rib 30 also extends up the sides and
      over the top.
PAR  In a preferred construction, the housing 10 is formed from two molded
      sections 10a and 10b, best seen in FIGS. 2 and 4, and these two sections
      are secured integrally together to form the enclosure. More particularly,
      the two sections of the housing are molded of glass fiber or other high
      strength, corrosion free, dielectric material in separate molds, and the
      two sections are then joined along opposing straight edges 32. These edges
      are preferably secured together adhesively to form an integral,
      weather-tight joint.
PAR  As best seen in FIG. 2, the molded shape of the two housing sections is
      such that the connecting edge 32 extends substantially centrally of the
      lateral rib 30, and to reinforce the connection between the two body
      portions 10a and 10b, a filler layer 34 is laid in the inner cavity of the
      rib 30 and along the top of the inturned flange 20. Layer 34 may be formed
      of a glass fiber layup in conventional practice, and is securely welded in
      place by suitable resin treatment as well known in the art. Filler layers
      or segments 36, similar to layer 34 in rib 30 but not necessarily
      extending the full length of the ribs, are also provided in the inside
      cavity of rear ribs 24, FIGS. 1 and 4, and these filler layers are molded
      around hangers 38 or the like. Portions of the hangers project out of the
      layer 36 for supporting interior fixtures.
PAR  The formation of the housing in two sections facilitates easy manufacture.
      That is, by molding it in the two sections, the sections due to their
      tapered shape are readily extracted from the mold and the various
      construction and contours thereof as necessary are readily formed in a
      mold with a minimum of mold inserts. Furthermore, the two sections are
      more easily handled after molding than if one large enclosure were molded,
      and since one whole side of the molded pieces is open, namely, that side
      to which securement is to be made to the other sections, a workman can
      readily work the inner surface, as opposed to a one-piece housing where
      working access can only be had through the bottom or through a door
      opening.
PAR  The door 28 of the housing is disposed in an opening 40 provided in the
      front wall 12. The door and housing are constructed especially to prevent
      persons from pushing wire or other material through the door joint, or
      otherwise to have access, and for this purpose the front wall 12 of the
      housing around the door opening has an inwardly extending flange 42
      terminating in a semi-circular guard 44. The concave portion of the
      semi-circular guard 44 faces to the front, and the door 28 has a
      peripheral right angular flange 46 adapted to project into the concave
      portion of guard 44. The particular construction of the door and the
      housing at the door opening, comprising the inturned flange 46 on the door
      and the flange portions 42 and 44 on the housing, provide a joint which
      has a reversely directed path therethrough and therefore a path that makes
      it impossible for anyone to penetrate with a wire or the like. The type of
      joint described also eliminates the necessity of using sealing strips
      around the door or around the door opening.
PAR  The bottom flange 46 on the door has one or more locating pins 48, FIG. 5,
      arranged for engagement in apertures 50 in the flange 42, these parts
      being arranged such that upon reception of the pins 48 in the apertures 50
      the front surface of the door will be substantially flush with the front
      surface of wall 12 when the door is closed.
PAR  The upper end of the door is locked in place, as by lock means comprising a
      pair of hasp members 52, FIGS. 1 and 2, one of which is on the front wall
      of the housing at the top of the opening and the other of which is on the
      door. These hasp members have apertures 54 to receive a lock pin 56 with a
      bottom aperture 58 arranged to receive a padlock, not shown.
PAR  In a preferred construction, the door is molded with a slight curvature in
      its vertical dimension and with the concaved portion of such curvature
      facing the front. Thus, when the door is being closed by swinging it in
      from the top, assuming that the locating pins 48 are first engaged in the
      apertures 50, the door must be forcibly sprung to a straight configuration
      to fully close it. FIG. 3 shows in phantom lines the normal or curved
      shape of the door and illustrates that in the closed position of the door
      as shown in full lines it must be sprung to a straight configuration so as
      to be fully closed and capable of receiving the lock pin 56. The curved
      shape of the door provides firm engagement of its flanges 46 at the sides
      with the flange portion 44, and such door when closed is thus firmly held
      against any play.
PAR  It is to be understood that the form of my invention herein shown and
      described is to be taken as a preferred example of the same and that
      various changes in the shape, size and arrangement of parts may be
      resorted to without departing from the spirit of my invention, or the
      scope of the subjoined claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. An enclosure for electrical equipment of the type arranged to be seated
      on a ground supported pad, comprising
PA1  a. a housing having side walls, front and rear end walls, and a top wall,
      the bottom being open,
PA1  b. said housing being molded of dielectric material,
PA1  c. means on said housing arranged to secure it to a ground supported pad,
PA1  d. a door opening in one of said end walls,
PA1  e. an inturned flange on said end wall around said door opening having an
      arcuate extension projecting into the door opening with its concaved
      portion facing outwardly,
PA1  f. a door mounted in said opening in confined relation within said inturned
      flange,
PA1  g. and an inturned flange on said door extending into the concave portion
      of the arcuate extension of the inturned flange on said end wall whereby
      to prevent unauthorized persons from pushing a foreign object through the
      joint.
NUM  2.
PAR  2. The enclosure of claim 1 including locator pin and aperture means on the
      bottom of said door and in said inturned flange arranged to position said
      door in the opening and to hold the bottom of the door in place, and lock
      means at the top of said door and on said housing at the top of said door
      opening for securing the door in place.
NUM  3.
PAR  3. The enclosure of claim 1 wherein the inturned flanges at the sides of
      said door opening are substantially straight and said door is vertically
      arcuate with the concave portion thereof facing out, whereby said door
      when mounted in said opening must be bent into a straight configuration,
      thus providing a firm engagement of the sides of the door with the
      housing.
NUM  4.
PAR  4. The enclosure of claim 1 including rib means molded in said housing to
      extend up the sides and over the top for increasing the structural
      strength thereof.
NUM  5.
PAR  5. The enclosure of claim 4 including rib means molded in said housing to
      extend up the end walls also for increasing the structural strength
      thereof.
NUM  6.
PAR  6. The enclosure of claim 4 wherein said housing is formed from two molded
      sections comprising front and rear sections and said sections are joined
      substantially centrally of said rib means.
NUM  7.
PAR  7. The enclosure of claim 1 wherein said means for securing the housing to
      a ground supported pad comprises an inturned flange at the bottom of at
      least some of said side walls and front and rear walls, and means in said
      inturned bottom flange for anchoring it on a supporting pad to hold the
      enclosure on the pad.
NUM  8.
PAR  8. An enclosure for electrical equipment of the type arranged to be seated
      on a ground-supported pad, comprising:
PA1  a. a housing having side walls, front and rear end walls, and a top wall,
      the bottom being open,
PA1  b. means on said housing arranged to secure it to a ground supported pad,
PA1  c. a door opening in one of said end walls,
PA1  d. a door mounted in said opening,
PA1  e. said housing being molded of dialectric material,
PA1  f. outwardly projecting rib means molded in said housing up the sides and
      over the top for increasing the structural strength thereof,
PA1  g. said housing being formed from two molded sections comprising front and
      rear sections and said sections being joined substantially centrally of
      said rib means,
PA1  h. said rib means forming an internal cavity in the housing,
PA1  i. and a filler layer secured in said cavity across the joint between said
      housing parts to reinforce such joint.
NUM  9.
PAR  9. The enclosure of claim 8 wherein said means for securing the housing to
      a ground supported pad comprises an inturned flange at the bottom of at
      least some of said side walls and front and rear walls, and means in said
      inturned bottom flange for anchoring it on a supporting pad to hold the
      enclosure on the pad.
PATN
WKU  039447197
SRC  5
APN  436533&
APT  1
ART  213
APD  19740125
TTL  Wire routing apparatus
ISD  19760316
NCL  2
ECL  1
EXP  Clay; Darrell L.
NDR  1
NFG  4
INVT
NAM  Rubey; Ulyss Ray
CTY  Lewisville
STA  TX
ASSG
NAM  United Wiring and Manufacturing Co.
CTY  Garland
STA  TX
COD  02
RLAP
COD  72
APN  318589
APD  19721226
PSC  01
PNO  3825999
CLAS
OCL  174 72A
XCL  174 685
XCL  317122
EDF  2
ICL  H02B  900
ICL  H05K  118
FSC  174
FSS  68.5;95;97;174;175;40 CC;72 A;164
FSC  248
FSS  DIG. 3;223
FSC  211
FSS  87;60
FSC  317
FSS  101 CC;122
FSC   24
FSS  204;208 A
UREF
PNO  2397801
ISD  19460400
NAM  Mitchell
OCL   24204
UREF
PNO  2764626
ISD  19560900
NAM  Teichroew
OCL  174174
UREF
PNO  3187902
ISD  19650600
NAM  Nelson
UCL  248DIG.3
UREF
PNO  3193231
ISD  19650700
NAM  Curry
OCL  248223
UREF
PNO  3626086
ISD  19711200
NAM  Rubey
XCL  174 72A
UREF
PNO  3631300
ISD  19711200
NAM  Humble
OCL  317122
UREF
PNO  3643133
ISD  19720200
NAM  Towell
XCL  174 68.5
UREF
PNO  3825999
ISD  19740700
NAM  Rubey
XCL  174 72A
FREF
PNO  975,405
ISD  19501000
CNT  FR
OCL  174175
FREF
PNO  1,290,461
ISD  19610400
CNT  FR
OCL  174 40CC
LREP
FRM  Richards, Harris and Medlock
ABST
PAL  Wire routing guides are used on circuit boards employing solder pads plated
      onto the reverse side of an insulative board in an orthogonal array and
      connected to aligned conductive areas on the obverse side by
      plated-through holes. The wire routing guides, having upstanding fingers,
      are mounted on the reverse side of the board with conductive pins from
      electrical components extending through the holes in the board from the
      obverse side to the reverse side. Insulated wire is threaded around the
      wire routing guides and pins of the electrical components and guided in
      accordance with a predetermined pattern of component interconnections. For
      interconnections between points on the board, wire is threaded
      substantially orthogonally.
PARN
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This is a continuation-in-part of an application Ser. No. 318,589, filed
      Dec. 26, 1972, now U.S. Pat. No. 3,825,999.
BSUM
PAR  This invention relates to wire routing apparatus for automatic wiring of
      electrical circuit boards, and more particularly to wire routing apparatus
      for use with a method of making selective electrical connections between
      conductive pins of circuit components.
PAR  Heretofore various techniques have been proposed for making circuit
      connections in electrical circuits. In one widely used technique wiring
      printed circuit boards, circuit elements are mounted on insulative boards
      and connections are made by soldering leads of the elements to conductive
      paths plated onto the boards. Circuit paths may be formed on both sides of
      a board by interconnected plated-through holes in the board. The resulting
      assembly comprising the board, components mounted on the board and plated
      circuit connections between the electrical components is typically
      referred to as a "printed circuit".
PAR  Printed circuit techniques have disadvantages. The packaging density of
      circuit elements is relatively low, so that the number of printed circuit
      boards required for a given application is not minimized. This results in
      increased production time and requires large inventories. Perhaps more
      importantly, the cost of the engineering work involved in making the art
      work for a printed circuit is relatively high, as are the costs involved
      in revising the art work should it become necessary to change the printed
      circuit arrangement.
PAR  Another technique employs multi-layer circuit boards. An assembly of two or
      more printed circuit boards are stacked and circuit connections are then
      provided between the boards. The high engineering costs involved in
      preparing original art work for printed circuit boards and in subsequently
      changing the art work are compounded when multiple boards are used.
      Further, the yield that can be achieved in manufacturing such systems is
      low when complex electrical circuits are involved.
PAR  Still another approach involves a technique of wire wrapping. Conductive
      leads extend from circuit components into cantilever conductive sockets of
      square or rectangular cross-section. Electrical connections are then made
      to the sockets by spiral wrapping the end segments of individual wires
      very tightly around the sockets to assure contact at the corners of the
      socket. This technique requires an inventory of sockets for the electrical
      components. Where insulated wire is used, it is necessary to prestrip the
      ends of each wire. These two characteristics of the wire wrapping
      technique result in a very high unit cost per electrical connection.
PAR  In an effort to reduce costs and avoid other disadvantages encountered in
      the foregoing, electrical components have been attached to conductive
      areas on a circuit board in accordance with the method described in U.S.
      Pat. No. 3,626,086 wherein rows of solder pads are plated onto one side of
      a board. Metal strips with protruding fingers on opposite sides of the
      strip are positioned between rows of solder pads.
PAR  Insulated wire is then strung between solder pads soldering one end of the
      wire to a pad, passing the wire around and between the fingers and thence
      to another pad where it is soldered. After all of the connections
      necessary for a particular assembly have been thus formed, conducting
      leads of the circuit components are soldered to the pads to complete the
      assembly.
PAR  The present invention relates to apparatus for routing electrical
      connections to circuit components comprising an improvement over the
      technique of U.S. Pat. No. 3,626,086. Guide strips having central
      upstanding guide fingers with opposed downwardly inclined surfaces are
      mounted on one side of the board. Component leads are inserted into the
      holes in the board from the side opposite the guide strips. Insulated wire
      is then passed around the conductive leads and around the guide fingers
      along predertermined paths. The wires following orthogonal paths are then
      soldered to pads and wires following diagonal paths are severed to leave
      desired interconnections in place.
PAR  In one application of the present invention, the solder pads are arranged
      in an othogonal array with the wire guides extending in one direction of
      the array. Wires which are to remain intact are strung along orthogonal
      directions, and wires which are to be severed extend angularly.
PAR  The wire routing guide maintains a predetermined spaced relationship
      between wires to be soldered to pads and wires which pass between adjacent
      guides.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by referring to
      the following detailed description when taken in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of a wire guide member in accordance with the
      invention;
PAR  FIG. 2 is a side view of an alternate embodiment of a wire guide member of
      the invention;
PAR  FIG. 3 is a cross section view of the embodiment of the wire guide member
      of FIG. 2; and
PAR  FIG. 4 is a sectional view of a board in a support for automatic wiring.
DETD
PAR  Referring to the drawings, where FIG. 1 illustrates a wire guide 10 which
      is a unitary structure formed entirely from an insulative material. Guide
      10 includes a wide, flat base 12 which is adhesively secured to the
      reverse side of a circuit board. T-shaped pillars or finger guides 14
      extend upwardly from the base 12. Each guide 14 has opposed, outwardly
      facing, downwardly and inwardly inclined camming surfaces 16. Confronting
      faces of adjacent guides are parallel and planar. Guide 10 may be made
      from a plastic extrusion of cross section shown in FIG. 1. The strips are
      then transversely grooved forming lands and grooves of equal width and
      spacing corresponding with the spacing between holes in a circuit board to
      which the guide is attached. With such cross section, wire wrapped around
      any guide 14 automatically is cammed downwardly toward the base 12.
PAR  FIGS. 2 and 3 illustrate an alternate embodiment of the wire guide 10 that
      includes a flat base 12 formed from an insulative material. Extending
      upwardly from the flat base 12 is the plurality of substantially T-shaped
      pillars or finger guides 14 as described with respect to FIG. 1. Extending
      downwardly from the flat base 12 are mounting pins 13 that are spaced on
      the base in a longitudinal direction. Each of the mounting pins 13
      includes a cylindrical shank portion terminating in a bulbous end having a
      substantially spherical configuration. The diameter of the bulbous end is
      greater than the diameter of the cylindrical shaft with the length of the
      shaft between the base 12 and the bulbous end greater than the thickness
      dimension of a circuit board to which the guide will be mounted. As
      explained previously, the guide 10 may be made from a plastic extrusion
      entirely from an isulative material.
PAR  To utilize the guide of FIGS. 2 and 3, mounting holes are punched or
      otherwise formed in a circuit board 20 such as indicated by the opening 15
      of FIG. 4. These openings are formed in the circuit board 20 between rows
      of pads 17. The diameter of the openings 15 are larger than the diameter
      of the cylindrical shaft of the mounting pin 13, but smaller than the
      diameter of the bulbous end. Before mounting a wire guide 10 on the
      circuit board 20, the bulbous end is compressed while passing through an
      opening 15 and expands to its normal dimension to provide a secure
      mounting of a strip to the board.
PAR  A method of wiring electrical components incorporating the present
      invention and utilizing the printed circuit board 20 to which guide 10 of
      FIG. 1 or FIG. 3 is applied is illustrated in FIG. 4. As shown in FIG. 4,
      four guide strips 10 are secured to the reverse side 32 of a circuit board
      20 by conventional means, such as by suitable adhesives. Guides 10 are
      mounted between rows of pads 22 as shown. The guides 10 are mounted on the
      surface of alternate ribbons of the conductive bus area.
PAR  Component leads are then inserted through the holes 17 from the obverse
      side 30 to the reverse side 32 thereof. The components may comprise any of
      the various circuit elements which are commonly utilized in fabricating
      electronic devices. For example, they may be resistors, capacitors,
      inductors and other "passive" devices. They may also comprise diodes,
      transistors, SCR's, and various "active" electrical components. In the
      form illustrated, the circuit board 20 is designed to accommodate dual
      in-line integrated circuit packages of the type illustrated in FIG. 4.
      Components of this type comprise a body 40 which may house various types
      of active and/or passive circuit elements, with two rows of conductive
      pins 42 extending from spaced points along the opposite sides of the body
      40. They are mounted on board 20 with each pin 42 extending through one of
      the mounting holes 17. Thus the mounting holes preferably are located to
      correspond with the positioning of leads on components to be wired. It
      will be recognized that substantially the entire obverse side 30 of board
      20 may be covered with circuit packages, or any lesser number of packages
      may be mounted on board 20 in accordance with the requirements of a
      particular application.
PAR  After components are mounted, board 20 is positioned on an x-y table 44
      (FIG. 4) with the reverse side 32 thereof up and with the obverse side 30
      down. A wire feed unit 46 is positioned above the x-y table and is
      provided with a supply of insulated wire 48. Unit 46 includes a wire
      capillary 50 for dispensing wire from the supply 48 at a level closely
      adjacent to side 32 of board 20.
PAR  Feed unit 50 and table 44 are operated such that relative movement between
      them preferably is preprogrammed to drive table 44 along paths such that a
      continuous wire will be strung to all desired locations on the board in
      one continuous operation. This operation is indicated in FIG. 4, where
      wire extends from the supply 48 through capillary 50. It is first
      connected to a fixed point. Thereafter the x-y table 44 moves under
      program control or manually to string wire 52 across the reverse side 32
      of board 20.
PAR  The wire 52 is wrapped around one guide 10 and due to the camming surfaces
      16 (FIG. 1) of guide 14, the wire is cammed downwardly toward board 20
      during wrapping. This assures that previously installed wire will not
      obstruct the path of capillary 50 in subsequent wiring operations.
PAR  In laying the wire 52, the path thereof is substantially in accordance with
      the directions of the orthogonal array of solder pads 22 where a single
      length of wire interconnects two of the pins 42. Typically, a circuit does
      not comprise a single length of wire connected between various conductive
      pins. It is necessary to utilize many discrete lengths of wire in order to
      form all of the connections that are generally necessary.
PAR  Since wire 52 is installed as a single length to reach all points of
      connection, it is necessary to sever wire 52 at various points. As above
      indicated where a cut is to be made, wire 52 passes from a guide 14,
      passes preferably twice around pin 42, and then around a different guide
      14, causing the wire to extend diagonally rather than orthogonally.
PAR  After wire 52 has been installed in all desired locations, a knife holder
      (not shown) carrying knives moves downward to drive the knives onto the
      areas between adjacent pads 22. The knives engage only portions of wire
      which extend diagonally or angularly. By this means the wire is severed at
      all desired points. Alternatively, one of the knives may be mounted in an
      x-y unit and moved under program control to locations where wire is to be
      severed.
PAR  Whenever the x-y table moves to string wire 52 angularly, this is followed
      by wrapping the wire 52 around a pair of fixed edge pins on table 44
      located adjacent board 20. By this means, the "tail" remaining after wire
      52 is cut by knives is secured to the edge pins and is thereby
      automatically withdrawn when board 20 is removed from the x-y table.
PAR  As above noted, the relative movement between the wire feed unit 46 and
      table 44 may be carried out manually. Preferably the movements of the x-y
      table 44 are preprogrammed such as by means of a computer, a numerical
      control system, or the like. The orthogonal array of the component parts
      of the printed circuit board and the space between the component parts
      readily accommodate automatic control of the wiring operation. Production
      line operations involving many replications of the same board are carried
      out much more rapidly and accurately than could be done manually.
PAR  After knives cut the angularly extending portions of the wire 52, board 20
      is removed from the x-y table and is positioned on a second x-y table (not
      shown) where insulation removal and soldering operation takes place
      simultaneously. The insulation is of the type which vaporizes at soldering
      temperature.
PAR  Solder connections are formed between wire 52, pads 22, plated-through
      holes 17 and pins positioned therein. Contact heating, induction heating,
      laser beam, infrared or microwave heating, all well known, may be utilized
      individually or in combination to vaporize the insulation and to melt the
      solder either simultaneously or in two separate steps. The soldering
      operation may comprise a reflow process utilizing the plating comprising
      pads 22, or additional solder may be deposited on top of pads 22. In any
      event, soldering is one step in the wiring operation. Solder connections
      adjacent to pins 42 projecting through holes 17 electrically interconnect
      selected pins 42 in accordance with the requirements of a particular
      wiring operation.
PAR  Where it is necessary to thread wire 52 between adjacent guides 10, the
      wire may pass adjacent to a pad 22 that is to be soldered. In such case,
      soldering is preferably carried out with the aid of shield members. Such
      members may actually displace wire 52, but in any event maintain
      predetermined spaced relationships to pads 22 and affords additional
      thermal isolation for the wire adjacent a solder location during the
      soldering operation.
PAR  Where all operations are to be carried out on the same x-y table, unit 46
      (FIG. 4) may include wire threading apparatus, wire cutting apparatus and
      soldering apparatus. The cutting operation may be carried out during the
      threading operation. In such a case the wire is restarted downstream of
      each cut. This is preferably accomplished by programming unit 46 to wrap
      the wire two or more times around one of pins 42 followed by additional
      wire stringing.
PAR  From the foregoing it will be understood that the present invention
      comprises a novel apparatus for routing wiring of electrical components
      which overcomes the difficulties that have long been associated with the
      prior art. High costs involved in providing art work for conventional
      printed circuit board and multi-layer printed circuit board wiring
      techniques are completely eliminated. Likewise, the costs that are
      involved in effecting changes in circuitry wired by these techniques are
      completely eliminated. Rather, in accordance with the present invention a
      single printed circuit board may be utilized to form any desired wiring
      pattern by simply changing the programming of a computer or a numerical
      control wiring system. The use of the invention is also advantageous over
      wire wrapping techniques. Thus, the sockets that are necessary for use in
      wire wrapping systems are eliminated. Also, in accordance with the present
      invention, it is not necessary to prestrip insulated wires in order to
      carry out the wiring operation.
PAR  Other advantages are also obtained by use of the present invention. Thus,
      electrical components, particularly integrated circuit packages, may be
      mounted in a printed circuit board and wiring connections formed directly
      to pins thereof. Alternatively, pins can be mounted in the circuit board
      and wiring connections formed to such pins, whereupon pins of I.C.
      packages or other components may be soldered to the opposite side of the
      board without danger of unsoldering either the pins or soldered wire
      connections on the reverse side of the board. Similar techniques may be
      utilized to replace defective in-line packages or other components without
      danger of disrupting the wiring connections.
PAR  Although particular embodiments of the invention have been illustrated in
      the drawings and described in the foregoing detailed description, it will
      be understood that the invention is not limited to the embodiments
      disclosed, but is capable of numerous rearrangements, modifications, and
      substitutions of parts and elements without departing from the spirit of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Wire routing apparatus for mounting on a circuit board supporting
      interconnected electrical components, comprising:
PA1  a base having an elongated substantially rectangular configuration,
PA1  a plurality of substantially T-shaped fingers extending upwardly from said
      base and spaced thereon in a longitudinal direction, each of the plurality
      of fingers comprisng:
PA2  a. a pillar extending upwardly from said base,
PA2  b. a cross bar having a substantially rectangular configuration with its
      longitudinal axis transverse to the longitudinal direction of said base
      and extending from said pillar, and
PA2  c. opposed camming surfaces extending from said pillar to said cross bar
      and facing outwardly from said pillar transverse to the longitudinal
      direction of the base, said surfaces inclining inwardly to the pillar from
      said cross bar and facing downwardly.
NUM  2.
PAR  2. Wire routing apparatus for mounting on a circuit board as set forth in
      claim 1 wherein the confronting faces of adjacent fingers are parallel and
      planar.
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ABST
PAL  Protection against the Corona effect is obtained, at the junction between a
      conductor cable and an insulating cable, by means of loops at an acute
      angle with the insulating cable, these loops being made of conductor
      elements clamped in the fixing means, and at least one of the loops being
      formed by the conductor cable itself.
BSUM
PAR  The present invention relates to a system equipped with a device to prevent
      the Corona effect when the end of a conductor cable is fixed to the end of
      an insulating cable.
PAR  The Corona effect is constituted by an electrical discharge which takes
      place when a point upon a conductor is at a high potential and when,
      around this point, the potential gradient is in excess of a certain
      critical value. The Corona effect tends to occur where the end of a
      conductor cable is fixed to the end of an insulating cable; this is the
      case, for example, with antennas which, by way of radiator elements,
      comprise cables carrying potentials in excess of 1000 volts, these cables
      being stretched between a point upon a mast and a point located at one of
      the ends of an insulating cable whose other end is attached to the ground.
PAR  Devices designed to provide protection against the occurrence of the Corona
      effect are well-known; the known devices comprise a metal ring attached to
      the conductor cable by means of metal potential-equalising strips in such
      a fashion that the plane of the ring is perpendicular to the conductor
      cable and that the conductor cable passes through the centre of symmetry
      of the ring. The ring, together with the associated strips, defines the
      volume within which there is no longer any need to take special
      precautions in order to reduce the normally large potential gradients
      which exist at the location of the conductor cable end, the heads of
      bolts, cable clamps and other components of the fixing element linking the
      conductor cable to an insulator of the ceramic insulator type.
PAR  A protective device of this type operates perfectly, but has several
      drawbacks. First of all, its price is high due to the cost of the ring
      with its strips, the cost of the ceramic insulator and the cost of the
      fixing device. In addition, the ceramic insulator is a fragile component,
      necessitating the holding of a stock of spares.
PAR  The object of the present invention is a system equipped with a device
      providing protection against the Corona effect, which is simple to produce
      and efficient, even in rainy weather, at voltages of some few kilovolts on
      the conductor cable, the device not having the aforementioned drawbacks.
PAR  This result is achieved by means of conventional clamping elements, the
      conductor cable and, possibly, conductor cable runs, in order to form the
      device which affords protection against the Corona effect.
PAR  In accordance with the invention, there is provided a system equipped with
      an arrangement providing protection against the Corona effect, said system
      comprising a conductor cable and an insulating cable, and fixing means for
      connecting said cables together substantially in extension of each other,
      said arrangement comprising n loops (n being a positive integer) each of
      which is located substantially in a half-plane which, in relation to said
      insulating cable, makes an acute angle whose apex lies in said fixing
      means, said conductor cable passing twice, in reverse directions, through
      said fixing means so as to form at least one of said loops.
DRWD
PAR  The invention will be better understood and other of its features rendered
      apparent, from a consideration of the ensuing description and the related
      drawing in which:
PAR  FIG. 1 is a first embodiment of a system in accordance with the invention;
PAR  FIG. 2 is a second embodiment of a system in accordance with the invention.
DETD
PAR  FIG. 1 illustrates a conductor cable 1 connected to an insulating cable 2,
      by means of a sleeve 3.
PAR  The conductor cable arrives from the left-hand side of the drawing, passes
      through the sleeve 3, forms a loop 10 and passes back through the sleeve
      3; the end 11 of the cable 1 reappears at the left-hand side of the sleeve
      3. The insulating cable, which arrives from the right-hand side of the
      figure, is also clamped in the sleeve 3.
PAR  An additional loop 40 is formed by means of a section of conductor cable,
      4, whose ends 41, 42 are located at the left-hand side of the sleeve 3
      shown in the figure. From these two ends, the section of conductor cable
      passes through the sleeve 3 and then forms the loop 40.
PAR  The two loops 10 and 40 are each substantially disposed in a half-plane
      making an acute angle with the insulating cable 2 and the two half-planes
      of these two loops are virtually symmetrical in relation to said
      insulating cable.
PAR  By means of an additional sleeve or a metal binding, the ends 11, 41 and 42
      are then clamped against the conductor 1 in order to prevent any Corona
      effect from taking place at the left of the sleeve 3. In the drawing, this
      latter clamping device has not been shown simply in order to make it
      easier to follow the paths taken by the various conductors.
PAR  It would be equally possible, prior to assembling them together, to cut the
      conductors so that the ends 11, 41, 42 do not pass beyond the sleeve 3,
      but this would mean the need for close attention at the time of assembly
      to the lengths of the different cables and would constitute a source of
      nuisance.
PAR  The two loops 10 and 40, by virtue of their rounded form and the volume
      which they define between one another, reduce the normally substantial
      potential gradients occurring at the end of the conductor cable.
      Consequently, even in rainy conditions and indeed even under conditions of
      sea fog, the voltage on the conductor 1 can reach several kilovolts
      without any incidence of Corona effect, and this prevents the insulating
      cable from deteriorating.
PAR  FIG. 2 illustrates a system in accordance with the invention in which the
      loops for providing protection against the Corona effect are formed by
      means of the strands of a seven-strand conductor cable 1. The strands of
      the conductor cable are parted after the cable has passed through a fixing
      element 3a constituted by three cable clamps 30, 31 and 32. This fixing
      element is primarily designed to attach the conductor cable 1 to an
      insulating cable 2 in the same way as the sleeve 3 of FIG. 1, but although
      for this same kind of application a single sleeve is considered
      sufficient, it is often necessary, in order to achieve the same fixing
      security, to utilise three cable clamps in line.
PAR  The seven strands of the cable 1 are arranged in order to form 7 loops, 101
      to 107, substantially identical to one another and arranged more or less
      regularly around the insulating cable 2. The free ends of the strands are
      clamped in one, 32, of the cable clamps of the fixing element 3a.
PAR  The seven strands of the conductor 1 are then cut flush with the cable
      clamp 32. This prevents any Corona effect from occurring to the left of
      the cable clamp 32 because the cable clamps, due to their rounded form,
      define a low potential gradient in their neighbourhood and, thus, the
      small tips of the seven strands run no risk of producing electrical
      discharges. In FIG. 2, the strands have been shown before their ends have
      been cut, in order to better illustrate the paths which they follow.
PAR  A system of this kind constitutes a means of protection against the Corona
      effect, which is even better than that offered by the system shown in FIG.
      1, but requires more time to produce and therefore costs more.
PAR  Other variant embodiments of a system according to the invention are
      possible. Thus, for example, the number of loops could be reduced to one
      or could have any value compatible with the clamping possibilities offered
      by the selected fixing element; similarly, the system in accordance with
      the invention could comprise several loops made from a multi-strand
      conductor cable, and one or more supplementary loops formed from pieces of
      conductor cables.
PAR  Of course, the invention is not limited to the embodiments described and
      shown which were given solely by way of example.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system equipped with an arrangement providing protection against the
      Corona effect, said system comprising a conductor cable and an insulating
      cable, and fixing means connecting said cables together substantially in
      extension of each other, said arrangement comprising n loops of conductor
      elements (n being a positive integer) each of which is located
      substantially in a half-plane which, in relation to said insulating cable,
      makes an acute angle whose apex lies in said fixing means, said conductor
      cable passing twice, in reverse directions, through said fixing means so
      as to form at least one of said loops.
NUM  2.
PAR  2. A system equipped with an arrangement providing protection against the
      Corona effect, as claimed in claim 1, wherein n is greater than 1, wherein
      said n loops are arranged about said insulating cable and wherein said
      arrangement comprises m conductive cable sections, m being a positive
      integer smaller than n, each of said sections being clamped in said fixing
      means so as to form one of said n loops.
NUM  3.
PAR  3. A system equipped with an arrangement providing protection against the
      Corona effect, as claimed in claim 1, wherein n is greater than 1 and
      wherein said conductor cable is formed by a plurality of strands and is
      divided lengthwise between the first and the second times it passes
      through said fixing means so as to form a plurality of said n loops.
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ABST
PAL  A device for splicing multiconductor wires is provided to achieve splices
      of balanced length whereby each conductor of the wire carries a
      substantially equal tensile load. First and second crimp barrels are
      mounted in a frame having shoulders at opposite ends. Stripped wire
      conductors are respectively inserted at each end and the conductors are
      crimped in the barrels. The frame is dimensioned to provide substantially
      equal tensile loading on each conductor of the wire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical connections, and more particularly to
      a splice device.
PAR  The term multiconductor wire in the present specification is utilized to
      denote a wire such as a telephone cable or other means including a
      plurality of conductors which may be separately insulated and all covered
      in a common insulating jacket. Other variations are well known. The
      multiconductor wire is also referred to by those skilled in the art as a
      multiwire cable.
PAR  It is a common requirement that the conductors at the end of the first
      multiconductor wire be spliced to conductors at the end of a second
      multiconductor wire. One application in which this arises is in the use of
      a multiconductor wire as a telephone cable. Telephone cables are strung
      from telephone pole to a house. The multiconductor wire comprising the
      drop line is spliced to a wire at the telephone pole. A first conductor of
      the first wire is spliced to a first conductor of the second wire.
      Similarly, a second conductor of the first wire is spliced to a second
      conductor of the second wire. It is well known to perform this splicing by
      removing the outer cable jacket and stripping the individual conductors
      adjacent to the end of each wire. The first conductors of each wire may be
      spliced together in a first crimp barrel. Similarly, the second conductors
      of each wire may be spliced together in a second crimp barrel. In order to
      complete the splice connection, it is necessary to electrically isolate
      the two crimp barrels from each other, for example as by use of an
      insulating tape, and to provide overall insulation of the spliced area. It
      is a common result of such an operation to provide splices of unequal
      length. In other words, the distance from a reference point adjacent the
      stripped end of the first wire to a reference point adjacent the stripped
      end of the second wire when traced along the first conductor splice is
      different from that traced along the second conductor splice.
PAR  This difference in splice lengths present a physical disadvantage. In
      applications such as a telephone drop line splice, the splice bears a
      tensile load of at least a portion of cable. In typical uses, the splice
      bears the weight of an entire telephone cable running from a telephone
      pole to a house. In certain climates in winter seasons, the tensile load
      on the drop line may be markedly increased by the weight of icicles which
      form on and hang from the suspended telephone cable. Where splice lengths
      of first and second conductors are unequal, the entire tensile load is
      borne by the shorter of the two spice conductors. This splice conductor
      under load must elongate substantially until it is equal in length to the
      second splice before any of the load is transferred to the second splice.
      It has been the experience of telephone companies, for example, that
      overstressing and breaking of the first splice connection results.
PAR  Due to difficulty in performing the above-described splicing process in the
      field, telephone companies will frequently ship broken cables back to
      their shops, increasing expense in repair.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a
      multiconductor wire splice device for providing a multiconductor splice in
      which tensile load is borne substantially equal by each of a plurality of
      conductors, whereby tensile strength of the splice connection is
      increased.
PAR  It is also an object of the present invention to provide a splice device of
      the type described which is reliable in use.
PAR  It is further an object of the present invention to provide a splice device
      of the type described which is simple to use and comprises one assembly
      rather than a plurality of discrete parts.
PAR  It is also a general object of the present invention to provide a splice
      device of the type described in which splice lengths of balanced length
      may be provided between conductors even where stripped conductor ends may
      be of unequal length.
PAR  Briefly stated, in accordance with the present invention, there is provided
      a splice device in which a plurality of splice barrels are mounted, each
      splice barrel for receiving a conductor from first and second wires. The
      splice barrels are mounted in a frame. The frame receives stripped ends of
      conductors of first and second wires and a plurality of splices are made.
      The frame is dimensioned to provide substantially equal tensile loading on
      each spliced conductor. In this manner, balanced splice lengths for each
      conductor of the first and second wires are provided.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The means by which the foregoing objects and features of novelty are
      achieved are pointed out with particularity in the claims forming the
      concluding portion of the specification. The invention, both as to its
      organizaton and manner of operation, may be further understood by
      reference to the following description taken in connection with the
      following drawing.
PAR  Of the drawings:
PAR  FIG. 1 is a prespective illustration of first and second multiconductor
      wires spliced in a device constructed in accordance with the present
      invention;
PAR  FIG. 2 is an exploded partial view of FIG. 1;
PAR  FIG. 3 is a plan view of first and second mutliconductor wires prepared for
      splicing in accordance with the present invention;
PAR  FIG. 4 is a plan view, partly broken away, of FIG. 1;
PAR  FIG. 5 is a plan view of a further embodiment of the present invention
      utilized for splicing multiconductor wires each including more than two
      conductors; and,
PAR  FIG. 6 is a plan view of a three-conductor wire prepared for installation
      in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a first multiconductor wire 1 is spliced to a
      second multiconductor wire 2 which may have an outer jacket 3 by means of
      a splice device 10 constructed in accordance with the present invention.
      In the preferred embodiment for splicing two-conductor wires, the splice
      device 10 includes first and second splice barrels 11 and 12 which are of
      equal length and held parallel to each other at a predetermined, fixed
      distance by an insulative frame 14. The frame 14 includes an axial leg 16
      spaced intermediate the splice barrels 11 and 12, a central transverse leg
      17 is provided for supporting the axial centers of the splice barrels 11
      and 12 from the axial leg 16. The term outer with respect to the axial
      direction means closer to the conductor 1 or the conductor 2 as is readily
      apparent in context, and the term outer in a transverse direction means
      away from the center of the axial leg 16. First and second outer
      transverse legs 18 and 19 are provided for abutting the wires 1 and 2
      respectively and for supporting the ends of the splice barrels 11 and 12
      to the axial leg 16. Outer wedge members 20 and 21 are provided
      respectively extending from opposite ends of the axial leg 16 adjacent the
      wires 1 and 2 respectively. The members 20 and 21 preferably have an inner
      end the same width as the leg 16 and are each tapered to an outer edge 22
      and 23 respectively.
PAR  In the preferred embodiment, the legs 16, 18 and 19 are parallel, and the
      leg 17 is equidistantly spaced from the legs 18 and 19. The axial width of
      the legs 17, 18 and 19, and the transverse length thereof is chosen so
      that the outer ends of the legs 17, 18 and 19 surround the splice barrels
      11 or 12 and provide structural integrity for the frame 14. Dimensioning
      of the axial leg 16 and transverse legs 17, 18 and 19 is a function of the
      size of the conductors to be spliced, the distance between adjacent
      conductors of the wires 1 and 2, the size of the splice barrels 11 and 12,
      and the material of which the frame 10 is constructed. The frame 14 may be
      constructed of any of a number of well-known nonconductive materials. The
      outer transverse leg 18 has an outer face 31 (FIG. 2) which is normal to
      the axial leg 16. Similarly, the outer leg 19 has an outer transverse face
      32. The outer transverse leg 18 has bores 36 and 37 for receiving and
      holding first ends of the splice barrels 11 and 12 respectively. Bores 38
      and 39 in the outer transverse leg 19 respectively retain second ends of
      the splice barrels 11 and 12.
PAR  Referring to the splice barrels 11 and 12 in greater detail, they may
      comprise any suitable means for joining ends of conductors from first and
      second wires. In the preferred embodiment, the splice barrels 11 and 12
      comprise well-known crimp barrels. Conductor ends described further below
      in the splice barrels 11 and 12 may be secured by means of crimps 34 (FIG.
      1). The transverse legs 17, 18 and 19 and the axial leg 16 may act as
      guides and alignment means for a crimping tool in order to provide a fast,
      efficient, simplified and uniform crimping. Simultaneous crimping of both
      crimp barrels at one end is facilitated, enhancing ease of insertion of
      either wire 1 or 2. The crimp barrels 11 and 12 may be provided with
      inspection ports 35, preferably adjacent either side of the leg 17 for
      verifying the presence of a conductor before and after crimping. As seen
      in FIGS. 1, 2 and 3, the wires 1 and 2 are covered by insulation 40 which
      houses and spaces first and second conductors 41 and 42 in the wire 1. The
      first and second conductors 41 and 42 have respective ends 43 and 44. The
      wire 2 contains first and second conductors 46 and 47 having ends 48 and
      49.
PAR  FIG. 3 is an illustration of the wires 1 and 2 prepared for insertion in
      the splice device 10. Dotted lines indicate where outer jacketing and
      insulation has been removed from conductor end 43 and 44 of the wire 1 and
      from conductor ends 48 and 49 of the wire 2. The insulation 40 is cut
      square with respect to each conductor to provide a face 51 on the wire 1
      and a face 52 on the wire 2. Cutting square is a well-known term in the
      art indicating that the wire ends may rest flush against the outer
      transverse faces 31 and 32 respectively of the splice device 10.
      Additionally, a slot 56 may be cut in the wire 1 and slot 57 may be cut in
      the wire 2 at the cut end of the insulation 40 parallel to and equidistant
      from the conductor ends 43 and 44 and the conductor ends 48 and 49
      respectively. The length of the slot 56 and of the slot 57 respectively
      are substantially equal to the axial lengths of the end pieces 20 and 21
      respectively. This is an operation used to improve reliability of the
      resulting connection. It is well-known that moisture dust or other
      materials may enter a connection and provide what is known as a tracking
      path between conductors 41 and 42 or between conductors 46 and 47 along
      the face 51 of the insulation 40. The purpose of cutting a slot such as
      the slots 56 and 57 is to increase the length of the above-described
      tracking path, thus improving electrical isolation. The slots 56 and 57
      may be formed by well-known cutting means. Alternatively, the end or wedge
      pieces 20 and 21 may respectively be provided with cutting surfaces
      comprising the edges 22 and 23 so that the formation of the slot 56 or 57
      may be accomplished simply by inserting the wires 1 and 2 into the splice
      device 10 with the edges 22 and 23 forming the slot as the wires are
      inserted.
PAR  FIG. 4 is an illustration of an assembly in accordance with the present
      invention. FIG. 4 is partly broken away to better show the relationship of
      the crimp barrel 11 to the transverse arms 17, 18 and 19 and the unity of
      the crimp barrel through the length of the splice device 10. In FIG. 4,
      first and second conductor ends 43 and 44 of the wire 1 are respectively
      received in the crimp barrels 11 and 12.
PAR  In use, similar operations are performed on both the wires 1 and 2.
      Operations are performed on the wire 2 which are performed corresponding
      to the following with respect to the wire 1. As indicated in FIG. 3,
      insulation 40 is stripped from the wire 1 to expose the first and second
      conductor ends 43 and 44 and to form the insulation face 51. The invention
      enables a user holding the wire 1 to insert the conductor ends 43 and 44
      simultaneously into first ends of the splice barrels 11 and 12
      respectively. The insulation face 51 abuts the outer face 31 or the outer
      transverse leg 18 (FIG. 4). As the insulation 40 passes over the wedge
      member 20, the face 51 of the insulation 40 is modified. The resulting
      face 51 is referred to as the formed face 51. In FIG. 4, the formed face
      51 mates with the outer face 31 of the outer transverse leg 18, and is
      retained in position by means of crimping or otherwise securing the
      conductor ends 43 and 44 in the splice barrels 11 and 12. The wire 1 is
      mounted in the splice device 10 so that there is no slack on individual
      conductors.
PAR  Because the conductor ends 43 and 44 are retained in splice barrels 11 and
      12, they need not be of uniform length as illustrated in FIG. 2. Because
      lengths of conductor ends 43 and 44 need not be equal, complexity of
      operation in the field or in a shop to perform a splice is markedly
      reduced. In the preferred embodiment, the total lengths of the first
      conductor ends 43 and 48 are less than the length of the splice barrel 11.
      The user is thus given a relatively greater amount of latitude in
      preparing the conductor ends 43, 44, 48 and 49.
PAR  The splice barrels 11 and 12 provide a rigid, uniform connection between
      the outer transverse legs 18 and 19. Therefore, the spatial relationship
      of the wires 1 and 2 to the splice device 10 is substantially identical
      under tensile load and no-load conditions. Therefore, substantially equal
      tensile load is applied to each conductor of each wire 1 and 2. In order
      to provide this "no-slack" condition it is preferred that the formed
      conductor faces 51 and 52 mate as exactly as is practical with the outer
      transverse faces 31 and 32 of the outer transverse legs 18 and 19. This
      may be done by cutting the insulation 40 square and providing flat (except
      for the wedge members 20 and 21) faces 31 and 32. In order to minimize
      vector multiplication of tensile load, it is preferred that the faces 31
      and 32 be parallel and in transverse registration. The wedge members also
      mate with the formed insulation faces 51 and 52 to assist in maintaining
      the desired spatial relationships specified above which yield the desired
      loading characteristics.
PAR  The range of tensile forces to be applied to the splice device 10 in a
      given application is generally predetermined. Application of tensile load
      on the wires 1 and 2 results in a compressive load applied to the frame
      14. The frame 14 is constructed of material which is rigid to the
      predetermined range of compressive load to be applied. Suitable materials
      are well-known, and selection of an appropriate material is readily
      apparent to one having ordinary skill in the art.
PAR  Although many relative dispositions of the splice barrels 11 and 12 may be
      provided in accordance with the present invention to provide the
      above-described spatial and tensile load relationships, it is preferred
      that they be mounted parallel to each other. In this manner, the effect of
      dividing the tensile load F by cosine theta, where theta is an angle
      between the applied force and a crimp barrel, is avoided. Loading
      characteristics may also be improved since in use, the wires 1 and 2 will
      generally be the same size, and a splice device 10 will generally be made
      for preferably accomodating one size of multiconductor wire. Therefore, in
      the preferred form, the splice barrels 11 and 12 are mounted such that
      their centerline distances (distance from the transverse center of one to
      the transverse center of another) is substantially equal to the centerline
      distances of the conductors 41 and 42 in the insulation 40 plus the width
      w (FIG. 4) of the wedge member 23 at its base (i.e., where the wedge
      member 23 intersects the outer transverse leg 18). It should be noted that
      the frame 14 may be constructed without wedge members 20 and 21. In this
      case, the width w is equal to zero.
PAR  Referring now to FIG. 5, there is illustrated a further embodiment of the
      present invention for providing a rigid splice between first and second
      wires having more than two conductors. A splice device 60 is provided
      including parallel splice barrels 61, 62, and 63. The splice barrels 61,
      62 and 63 are maintained in a splice frame 64 having a first axial leg 65
      positioned intermediate the splice barrels 61 and 62 and a second axial
      leg 66 positioned intermediate the splice barrels 62 and 63. The axial
      legs 65 and 66 are joined by a central transverse leg 68 and outer
      transverse legs 69 and 70. The splice barrels 61, 62 and 63 extend through
      the legs 68, 69 and 70 and terminate with the outer faces 77 and 80 of the
      outer transverse legs 69 and 70. Wedge members 71 and 72 are provided
      extending from opposite ends of the axial leg 65. Wedge members 73 and 74
      extend from opposite ends of the axial leg 66. Inner faces of the wedge
      members 71 and 73 are parallel and define a recess for receiving a central
      insulated conductor 78 of a three-conductor wire 79. Outer faces of the
      wedge members 71 and 73 are curved for guiding outer insulated conductors
      81 and 82 of the three-conductor wire 79 toward the splice barrels 61 and
      63, respectively. As seen in FIG. 6, the three-conductor wire 79 may be
      prepared for insertion in the splice device 60 by cutting insulation 85
      square with respect to conductors 86, 87 and 88. Slots 89 and 90 may be
      formed adjacent the insulated conductors 81 and 73 and 82 respectively. As
      in the embodiment of FIG. 1, formation of the slots 89 and 90 may be
      performed by cutting or by insertion over sharp edges at the outer ends of
      the wedge members 71 and 73. A second three-wire conductor 91 having
      conductors 92, 93 and 94 may be similarly prepared with slots 95 and 96
      and inserted at the opposite end of the splice device 60. The wire 79 has
      an insulation face 98, and the wire 91 has an insulation face 99.
PAR  In order to provide for a rigid connection an offset shoulder 75 is
      provided on the transverse face 77, and an offset shoulder 76 is provided
      on the outer face 80 of the transverse leg 70. In other words, the portion
      of the transverse leg 69 receiving the insulated conductor 78 is recessed
      a distance d (FIG. 5) with respect to the portions of the transverse leg
      69 which receive the insulated conductors 81 and 82. Therefore, the wire
      79 may be conveniently stripped square as shown in FIG. 6, and when
      inserted in the splice device 60, the formed insulation face 98 mates with
      the face 77 of the outer transverse leg 69 despite the spreading of the
      insulated conductors 98, 81 and 82. Similarly, the formed insulation face
      99 mates with the face 80 of the outer transverse leg 70. Completions of
      the electrical connections is completed as in the embodiment of FIG. 1.
PAR  Thus in this embodiment also, equal tensile loading on conductors is
      maintained. The present invention provides for the most facile stripping
      of conductors and for abutting exposed insulation ends squarely against
      the splicing device. Within the splicing device, equality of splice length
      is maintained. Constant length splice barrels may be provided between the
      opposite outer transverse legs of the splice device 10 or 60. Ends of the
      splice barrels 61 and 63 may terminate in the axial middle of the outer
      transverse legs 69 and 70 if desired. Desired spatial relationships are
      provided in accordance with the above teachings recited with respect to
      FIGS. 1 through 4. Thus equal tensile loading is maintained on each
      conductor in a multiconductor wire.
PAR  The foregoing specification has been written with a view toward enabling
      those skilled in the art to make many modifications in the specific
      embodiments disclosed to provide a splice device constructed in accordance
      with the present invention. For example, specific dimensions of the
      transverse and axial legs may be varied. Means for supporting the splice
      barrels other than transverse legs per se may be utilized. Other
      modifications will readily suggest themselves to those skilled in the art.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A multiconductor wire splice device for splicing first and second wires
      so as to substantially equalize any tensile loading on the conductors of
      said first and second wires, each wire containing a plurality of
      conductors housed in insulation and being stripped to expose an insulation
      face and conductor ends, said splice device comprising, in combination:
PA1  a plurality of splice barrels, each splice barrel for receiving a conductor
      end of said first wire and a conductor end of said second wire and for
      providing an electrical connection and a rigid mechanical connection
      between said conductor ends;
PA1  a frame supporting said splice barrels in spaced parallel relationship,
      said frame being rigid with respect to a predetermined level of tensile
      load to be applied to said wires, said frame being further defined as
      comprising an axial leg mounted intermediate said splice barrels and first
      and second transverse legs extending from said axial leg and supporting
      said splice barrels; and,
PA1  outer faces formed on said transverse legs on opposite ends of said frame
      for abutting the exposed insulation faces of said first and second wires
      respectively, said outer faces being further provided with at least one
      wedge member adapted for insertion between said conductors of said wires
      and extending outwardly from said frame.
NUM  2.
PAR  2. The splice device according to claim 1 wherein said plurality of splice
      barrels comprises a first and second splice barrel mounted in mutually
      parallel relationship to said axial leg, whereby vector multiplication of
      axial tensile forces applied to said splice barrels is minimized.
NUM  3.
PAR  3. The splice device of claim 1 wherein said outer faces are parallel,
      whereby improved mating is provided with square cut insulation faces of
      said wires.
NUM  4.
PAR  4. The splice device of claim 3 further comprising first and second wedge
      members extending outwardly from opposite ends of said axial leg
      respectively, said wedge members for providing insulated conductors at
      said end faces and providing an increased tracking path therebetween.
NUM  5.
PAR  5. The splice device according to claim 4 wherein said wedge members are
      formed with sharp outer edges for forming a slot in insulation pushed over
      one of said edges toward one of said outer faces to form said insulation
      face of one of said wires.
NUM  6.
PAR  6. The splice device of claim 5 wherein the centerline distance between
      said splice barrels at one of said outer faces is equal to the centerline
      distance between first and second conductors in a selected wire plus the
      width of the wedge member at the said outer face.
NUM  7.
PAR  7. A multiconductor wire splice device for splicing first and second wires,
      each wire containing three conductors housed in insulation and being
      stripped to expose an insulation face and conductor ends, said splice
      device comprising, in combination:
PA1  three splice barrels, each splice barrel for receiving a conductor end of
      said first wire and a conductor end of said second wire and for providing
      an electrical connection and a rigid mechanical connection between said
      conductor ends;
PA1  a frame supporting said splice barrels in spaced parallel relationship said
      frame further comprising:
PA1  outer faces on opposite ends of said frame for abutting the exposed
      insulation faces of said first and second wires respectively;
PA1  a first axial leg mounted parallel to and intermediate the first and second
      splice barrels and a second axial leg mounted parallel to and intermediate
      the second and third splice barrels;
PA1  first and second outer transverse legs extending from said first and second
      axial legs and supporting said splice barrels; and,
PA1  two wedge members each respectively extending from each of said outer faces
      of said outer transverse legs in registration with an opposite end of one
      of said first and second axial legs respectively, said wedge members being
      formed such that a parallel recess is formed in registration with said
      second splice barrel and having surfaces for directing insulated
      conductors from a center conductor toward positions in registration with
      said first and third splice barrels respectively.
NUM  8.
PAR  8. The splice device according to claim 7 wherein said wedge members are
      provided with sharp outer edges for forming slots in insulation inserted
      over said wedge members toward said outer faces, whereby said insulation
      faces of said first and second wires are formed.
NUM  9.
PAR  9. The splice according to claim 7 wherein said outer faces of said outer
      transverse legs are provided with offset shoulders dimensioned such that
      the proportion of said outer face receiving said first and third
      conductors of a multiconductor wire are displaced with respect to the
      portion of the outer face for receiving the center conductor of said
      three-conductor wire whereby a formed face of square cut insulation on one
      of said wires mates with an outer face of an outer transverse leg.
NUM  10.
PAR  10. The device claimed in claim 7 wherein said first and second
      multiconductor wires each contain three conductors, said frame supports
      three splice barrels and said portion of said frame being adapted for
      abutting said insulation material is provided with offset shoulders
      adjacent the abuttment of the insulation about the outer two conductors of
      said first and second multiconductor wires.
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ABST
PAL  An antenna mount for a vehicle includes an insulated base with an
      internally threaded sleeve defining a central opening in the base. A
      blind-type clamping assembly threads into the sleeve for anchoring the
      base to a body panel of a vehicle. The clamping assembly includes a clamp
      member with a threaded stud and integral oblong clamping flange at the
      lower end of the stud. A stud nut threaded internally and externally
      threads onto the stud and into the sleeve for joining the clamping
      assembly to the base. The stud joins the flange at a position offset from
      the geometric center of the flange toward one of its ends to subdivide the
      flange into two flange portions of unequal length so as to facilitate
      entry of the flange through a smaller than usual installation hole in the
      vehicle body panel and subsequent clamping of the flange against the
      underside of the panel through progressive threading of the stud nut into
      the base. Lead-in conductor cable passages are provided through the
      clamping assembly and base, and the stud nut and stud provide an anchor
      for the cable within the base.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a mount for attaching a radio antenna to
      the roof or other body panel of a vehicle.
PAR  2. Description of the Prior Art
PAR  Many different types of mobile antenna mounts are available and have been
      proposed, most of which are complex, difficult to install, and require
      making a large hold in the automobile roof or other body panel to which
      the antenna is to be attached. For example, a common size of lead-in
      electrical conductor cable used in connection with mobile radio antennas
      is a so-called RG-58A/U type coaxial sheathed cable having an insulated
      outer sheath, an outer conductor cable within the sheath, an insulated
      inner sheath, and an inner conductor cable within the inner sheath. Such a
      conductor cable has a nominal outer diameter of approximately
      three-sixteenths inch. Many available mobile antenna mounts for
      accomodating a lead-in cable of this size require drilling a 3/4 inch hole
      in the body panel of the vehicle for insertion of a flange-type clamping
      portion of the antenna mount and clamping the mount in blind fashion to
      the underside of the panel. A hole of this size is not only difficult to
      seal against water, but is also difficult to conceal if the antenna mount
      is ever removed.
PAR  One available type of mobile antenna mount not requiring such a large hole
      is one having a snap-in type blind anchor. However, such snap-in anchors
      are not entirely satisfactory because once installed, they are difficult
      to remove. Also, the effective clamping surface of snap-in anchors must
      necessarily be small because of the inherent nature of this type of
      anchor. This results in a relatively uncertain connection which can be
      inadvertently released if the installation hole should later become
      enlarged through the effects of vibration or other factors.
PAR  Prior mounts of the flange type rely on some sort of clamping flange for
      gripping the underside of the vehicle body panel. The flange- or
      shoulder-bearing element typically is carried at the lower end of a
      threaded stud. The stud is screwed into the antenna base after insertion
      of the flange through the installation hole to clamp the flange against
      the underside and the antenna base against the upper side of the panel.
      The clamping flanges of prior known mounts are symmetrically arranged with
      respect to the axis of the threaded stud to which it is attached, thereby
      requiring a hole in the roof having a diameter slightly in excess of the
      sum of the outer diameter of the stud and one-half the total length of the
      flange extension beyond the stud.
PAR  Examples of various common prior flange and snap-in type mounts as
      described are shown in a four-page sales brochure entitled "Larsen 150 MHz
      Mobile Gain Antennas" (Form 73150) published by Larsen Electronics, Inc.,
      of Vancouver, Wash.
PAR  Other typical prior mounts are shown in U.S. Pat. Nos. 3,624,662;
      3,545,148; 3,492,769; 3,444,313; 3,267,476; 3,076,936; 2,946,842; and
      2,786,884, all requiring relatively large-diameter mounting holes in the
      vehicle roof or other body panel because of their symmetrical clamping
      structures.
PAR  From the foregoing the need for an improved antenna mount of simplified
      weatherproof construction, providing easy installation and removal and
      requiring only a small mounting hole for the clamp assembly of such mount,
      will be apparent.
PAC  SUMMARY OF THE INVENTION
PAR  The antenna mount of the invention overcomes the foregoing deficiencies of
      the prior art by providing a simplified, effective and weatherproof base
      and clamping assembly capable of easy installation through a small
      mounting hole of one-half the diameter of holes required for prior
      flange-type mounts. The clamping assembly has only two moving parts -- a
      one-piece clamp member including a threaded clamping stud with integral
      flange, and a stud nut for threaded engagement with the stud and base.
PAR  To provide for insertion of the clamp member through a small installation
      hole in a body panel of a vehicle, the clamping stud is offset toward one
      end of an oblong flange from its geometric center, thereby providing long
      and short flange portions. As a result, the installation hole for the
      flange need only have a diameter approximating the sum of the stud
      diameter and the length of the short flange portion. As a practical
      result, whereas prior flange-type mounts require an installation hole of
      3/4 -inch diameter, the mount of the invention requires a mounting hole of
      only 3/8 -inch diameter, one-half the former size, without sacrificing any
      clamping strength.
PAR  Primary objects of the invention are to provide an antenna mount featuring
      (1) an improved flange-type clamping assembly requiring a much smaller
      installation hole than previously required for such assemblies; (2) a
      strong, effective clamping assembly which resists the loosening effects of
      vibration; (3) a minimum number of separable parts in the total mounting
      assembly; (4) quick and easy installation and removal from a vehicle; (5)
      simple and effective attachment of the lead-in cable; and (6) water and
      weatherproof construction when installed.
PAR  The foregoing and other objects, features and advantages will be more
      apparent from the following detailed description which refers to the
      accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is an elevational view of a mount of the invention mounting an
      antenna on the roof of a vehicle;
PAR  FIG. 2 is a vertical sectional view of the assembly of FIG. 1 on an
      enlarged scale;
PAR  FIG. 3 is a horizontal sectional view taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a perspective view of the clamping member of the antenna mount
      shown in the preceding figures; and
PAR  FIG. 5 is a view illustrating a manner of installation of the mount on the
      roof of a vehicle.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing, FIG. 1 shows the antenna mount 10 of the
      invention mounting an antenna 12 having a rod or whip 14 secured by a set
      screw 15 to an antenna base 16. Antenna mount 10 includes an insulated
      base 18 secured to the exterior of the roof or other body panel 20 of a
      vehicle by a clamping means 22.
PAR  As shown in FIG. 2, mounting base 18 includes a cylindrical insulator
      housing 24 of epoxy or other suitable moldable dielectric and waterproof
      material. A brass, internally threaded and externally knurled sleeve 26 is
      bonded to an interior wall portion of insulator housing 24 to define a
      large central opening 27 in the housing extending axially inwardly from a
      flat bottom wall 28.
PAR  An antenna mounting means comprising a brass, externally threaded mounting
      stud 30 projects upwardly from the center of a flat top wall 31 of the
      insulator housing. The stud has an enlarged base portion 32 within and
      bonded to housing 24. An annular groove 33 of base portion 32 is filled
      with insulator material during the bonding process to anchor the stud
      firmly within the housing. The internally threaded base 16 of antenna 12
      is screwed onto stud 30 to secure the antenna to mounting base 18. Stud 30
      is topped by a cap portion 34 having a horizontal groove 36 at its upper
      end for anchoring an inner conductor of the coaxial lead-in cable. An
      axial cable passage 38 extends through mounting stud 30, such passage
      being considerably smaller than the larger passage 27 defined by mounting
      sleeve 26 and forming an upward continuation of the larger one. Stud
      passage 38 is larger near the base of stud 30 than in its upper portion
      for a reason that will become clear hereinafter.
PAR  Referring particularly to FIGS. 2 and 4, the clamping assembly 22 includes
      a clamping member 40, shown separately in FIG. 4, and an internally and
      externally threaded clamping or stud nut 42. Clamp member 40 includes an
      externally threaded clamp stud 44 for receiving stud nut 42 and an
      integral clamping flange 46 extending laterally from the lower end of the
      clamp stud. The external threads of stud nut 42 mate with the internal
      threads of mounting sleeve 26 to provide for screw-threaded attachment of
      the clamping assembly to base 18.
PAR  An important feature of the clamp member 40 is the intersection of an
      unthreaded lower portion 44a of the clamp stud 44 with the upper surface
      of flange 46 at a position offset from the geometric center of the flange
      toward one end thereof to subdivide the flange into two flange portions of
      unequal length, including a short flange portion 46a and a much longer
      flange portion 46b. The flange itself is generally oblong as viewed in
      plan, as will be apparent from FIG. 4, having a width from side to side
      slightly less than the diameter of the installation hole 48 shown in FIG.
      2. The opposite ends of the flange are rounded, which also facilitate
      entry of the flange through the installation hole.
PAR  Flange 46 has a raised central boss portion 50 centered on upper surface of
      the flange. This boss portion is sized so as to fit snugly within the
      installation hole 48 and thus properly center the flange with respect to
      the hole so that opposite lip portions 52, 53 extending beyond the boss
      are properly positioned for engagement with the underside of the vehicle
      panel 20. Preferably the upper surfaces of the lip portions 52, 53 are
      dimpled, as shown in FIG. 4, to provide such lips with burrs which help
      the flange resist rotation relative to the undersurface of body panel 20
      as base 18 is threaded onto the clamp assembly during installation. Also
      because of interference that would otherwise result between the flange and
      the panel 20 during insertion of the flange through hole 48 in such panel,
      the short end 46a of the flange is beveled at 60 inwardly from its upper
      surface to its lower surface, as shown in FIGS. 2, 4 and 5.
PAR  A lead-in cable passage 54 extends axially through the clamp stud and
      flange. The lower portion of this passage is slightly larger than the
      upper portion to receive the full diameter of the lead-in cable including
      outer sheath. The diameter of the upper portion is reduced to a size so as
      to receive only a portion of cable having the outer sheath removed, as
      will be apparent from FIG. 2.
PAR  With a clamp member 40 as described, having the eccentric or offset
      clamping stud 44, the flange portion 46 can be inserted through a much
      smaller installation opening 48 than would otherwise be required if the
      stud were centered on the flange. This is illustrated in FIG. 5 where the
      flange 46 is shown being inserted through installation hole 48 to the
      underside of roof panel 20. It will be apparent that with the offset stud,
      the installation hole 48 need only have a diameter approximating the sum
      of the diameter of the lower unthreaded stud portion 44a and the length of
      the short flange portion 46a beyond the stud, or a diameter represented by
      the distance d from the beveled end 60 of the flange to the farthest point
      on the stud from such end. If the stud should be centered on the flange
      rather than offset toward end 60 as shown, the distance d would obviously
      be much greater and thus a much larger diameter hole 48 would be required
      to insert the flange through the hole.
PAR  The lip portions 52, 53 of flange 46 are made as thick as possible without
      creating interference problems with respect to the roof panel upon their
      insertion through panel hole 48 to provide such lips with as high a
      clamping strength as possible. The height of boss 50 above the upper
      surfaces of the lips in no case should exceed the thickness of the vehicle
      body panel so that such boss will not protrude above the upper surface of
      the body panel. In a successful prototype antenna mount for use with a
      coaxial lead-in cable of the previously mentioned type having a nominal
      3/16 -inch diameter, the stud portion of the clamp member has a nominal
      outer diameter of 0.310 inch, a nominal inner diameter of 0.145 inch at
      the upper small diameter passage portion, and 0.210 inch at the lower
      enlarged portion of the passage. The stud is provided with 5/16 -24
      thread. The threaded portion of the stud is 0.220 inch long and the
      unthreaded portion is 0.140 inch long. The overall length of the flange
      portion is nominally nine-sixteenths inch, the lip portions three
      thirty-seconds inch each, and the total length of the boss portion is
      nominally three-eights inch. The offset of the stud from the center flange
      is such that the short flange portion has a length of three thirty-seconds
      inch, whereas the long flange portion has a length of approximately
      seven-sixteenths inch. The thickness of the lip portions is 0.060 inch and
      the height of the raised boss above the upper surface of the flange lips
      is 0.025 inch for a maximum flange thickness of 0.085 inch. In the
      prototype the integral clamp member is made of a lead alloy material and
      the stud nut is made of brass.
PAR  Stud nut 42 has an upper unthreaded cap portion 42a with an internal cable
      passage 62 of smaller diameter than the upper internal passage of the
      clamping stud. As an example, the diameter of the cap passage is 0.115
      inch in the aforementioned prototype. Thus when the stud nut is fully
      threaded onto the stud, an interior shoulder 43 of the cap portion
      approaches and overlies the upper end of the stud. The internal passage of
      the stud nut cap is sized so as to receive only the inner conductor of the
      lead-in cable and its surrounding sheath, but not the outer braided
      conductor or its sheath. Thus as the stud nut is threaded onto its stud,
      shoulder 43 compresses the outer conductor braid of the lead-in cable
      against the top of the clamp stud in the manner shown in FIG. 2 to secure
      the cable within the base. However, the inner conductor of the cable and
      its sheath continues up through the cap and into the base 32 of antenna
      mounting stud 30.
PAR  During installation of the mount on the roof of a vehicle, a water-sealing
      means is provided between the bottom of the base and the exterior surface
      of the roof. In the illustrated embodiment, the water-sealing means is an
      O-ring 63 retained within an annular groove 64 centered about the large
      interior opening in the bottom of the insulator housing. However, other
      sealing means could be used, such as a rubber washer.
PAC  INSTALLATION
PAR  To install an antenna on the roof of an automobile using the mount of the
      present invention, the following steps are taken:
PAR  First, a conventional coaxial lead-in cable, preferably of the type
      RG-58-A/U, is prepared by removing the vinyl insulating sheath from the
      cable for a distance of approximately 2 inches from one end, with care
      being taken not to nick the outer conductor braid. Then the exposed outer
      conductor braid is pushed back from the unsheathed end to expose the
      plastic inner sheathing surrounding the inner conductor, after which
      one-half inch of the inner conductor and its surrounding inner sheath are
      removed from the same end of the cable. Following this the outer conductor
      braid is pulled back over the shortened inner plastic sheath and twisted
      at its outer end to form a small-diameter tip on the outer conductor
      braid.
PAR  Next the prepared end of the cable is threaded through clamp member 40 from
      the bottom up until the outer sheath of the cable abuts the upper end of
      the enlarged lower portion of the cable passage in the clamp member,
      leaving only the unsheathed braid and coaxial inner conductor protruding
      from the upper end of the clamp member. At this point the braid is pushed
      back against the top of clamp stud 44, but without permitting any of the
      conductor braid to hang over the threads of the stud. This leaves only the
      inner conductor and its surrounding sheath extending far beyond the upper
      end of the clamp stud. Stud nut 42 is next threaded onto stud 44 and
      tightened securely to compress the outer conductor braid between the inner
      shoulder of the nut and the upper end of the stud.
PAR  With the lead-in cable thus secured to the clamping assembly, a 3/8-inch
      hole is drilled at a desired location in a vehicle body panel. For
      successful blind installation of a clamping assembly having the dimensions
      previously mentioned, the body panel on which the antenna is to be
      installed should not exceed 0.070 inch. As shown in FIG. 5, the portion of
      lead-in cable 56 extending from the bottom of the clamp member is bent
      sharply against the bottom of the long flange portion and pushed through
      installation hole 48 with the flange at approximately right angles to the
      body panel. At the same time long flange portion 46b is inserted first
      into hole 48 and then rotated (counter clockwise in FIG. 5) to raise the
      long portion of the flange up beneath the panel while simultaneously
      lowering the short beveled end of the flange down through the hole.
PAR  Next, the one-piece base 18 is threaded onto the stud nut after the inner
      conductor and its sheath are first threaded upwardly through the axial
      passage of the antenna mounting stud 30. As the mounting base is threaded
      onto the stud nut, a slight upward pull is exerted on the lead-in cable
      and the boss 50. is centered in hole 48 so that flange lips 52, 53 engage
      the undersurface of panel 20 to resist rotation of the flange during the
      threading operation. A small hole 66 (see FIG. 1) in the side of the
      insulator housing is sized to receive a small Allen-type wrench which can
      be used for final tightening of the mounting base against the exterior
      surface of the body panel. The base should be tightened until the O-ring
      seal 63 is compressed between the base and the body panel to form a
      waterproof seal. The O-ring seal when in compression not only acts as a
      water seal, but also acts to resist loosening of the base caused by
      vehicle-induced vibrations.
PAR  With the base installed on vehicle panel 20, only the inner conductor of
      lead-in cable 56 extends from the upper cap end of antenna mounting stud
      30. This conductor is bent down into channel 36 of the stud cap, and then
      wound once around the side of the cap. Although not necessary, the inner
      conductor may be soldered in place. Following this the antenna base 16 is
      threaded onto mounting stud 30 to secure the antenna whip to the mount and
      complete the installation.
PAR  Having illustrated and described what is presently a preferred embodiment
      of my invention, it should be apparent to those skilled in the art that
      the same permits of modification in arrangement and detail. For example,
      numerous shapes, sizes and types of insulated bases could be used with the
      same basic offset clamping member shown. I claim as my invention all such
      modifications that come within the true spirit and scope of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An antenna mount for a vehicle comprising:
PA1  an internally threaded insulator base adapted for mounting on the exterior
      of a vehicle body panel inculding antenna mounting means at an upper end
      portion of said base,
PA1  clamping means for securing said base to said body panel including an
      externally threaded clamp stud for threaded connection to said base above
      said panel and an integral thin oblong clamp flange extending laterally in
      opposite directions from a lower end of said stud for clamping engagement
      with the underside of said vehicle body panel, said flange having a
      maximum thickness dimension substantially less than its length and width
      dimensions,
PA1  said stud being joined to said flange at a position offset from the
      geometric center of said flange toward one end thereof so as to enable
      insertion of said flange portion through a small circular hole in said
      body panel of only slightly larger diameter than said stud and subsequent
      clamping of said flange against the underside of said body panel through
      progressive threading of said stud into said base,
PA1  said clamping means and said insulator base having a cable passage
      extending therethrough axially of said clamp stud and base for directing a
      coaxial lead-in conductor cable into said base and an inner conductor of
      said cable through said base to said antenna mounting means,
PA1  and means within said base for clamping an outer conductor of said cable to
      an upper end of said clamp stud within said base above said panel.
NUM  2.
PAR  2. A device according to claim 1 wherein said stud intersects said flange
      at a position so as to divide said flange into two flange portions of
      unequal length, the shorter of said flange portions having an undercut
      bevel at the free end thereof to facilitate insertion of said flange
      portion through said small hole without interference with said body panel.
NUM  3.
PAR  3. A device according to claim 1 wherein said flange includes a boss
      portion raised from an upper surface of said flange inwardly of the
      opposite ends thereof to define a pair of thin panel-engaging lips
      extending outwardly from said boss portion, said boss portion being sized
      to fit closely within said small circular hole to center said lips below
      and beyond opposite ends of said hole, said stud intersecting said boss
      portion adjacent one end of said boss portion.
NUM  4.
PAR  4. A device according to claim 1 wherein said means within said base for
      clamping an outer conductor comprises an externally and internally
      threaded clamping nut for threaded engagement internally with said clamp
      stud and externally with said base, said clamping nut having an internal
      shoulder portion overlying the upper end of said clamp stud for
      compressing the outer conductor of a coaxial lead-in cable against an
      upper end of said clamp stud upon threading of said nut onto said clamp
      stud.
NUM  5.
PAR  5. A device according to claim 3 wherein said clamping flange is oblong,
      said clamp stud being centered between the opposite sides of said flange,
      said lips having flat upper surfaces for engagement with the underside of
      said body panel, said upper surfaces of said lips being burred to resist
      rotational movement with respect to said underside.
NUM  6.
PAR  6. An antenna and coaxial cable mounting assembly for securement within a
      minimal circular opening of a vehicle panel in blind fashion from the
      exterior thereof, said assembly comprising:
PA1  a clamping member including a thin, oblong flange portion having an upper
      surface adapted to engage an inner surface of said panel, an integral boss
      portion extending upwardly from the upper surface of said flange portion
      between the opposite ends thereof and adapted to substantially fill said
      opening to center said flange portion below and on opposite sides of said
      opening, and an externally threaded stud portion extending upwardly from
      said boss portion to extend above said panel at a position offset from the
      center and toward one end of said flange portion,
PA1  said clamping member having a clamp conductor cable passage therethrough
      from a lower surface of said flange portion to an upper end of said stud
      portion,
PA1  a hollow externally and internally threaded clamping nut for threaded
      engagement with the external threads of said stud portion, said clamping
      nut having a nut conductor cable passage extending axially therethrough as
      a continuation of said clamp cable passage, said nut defining an internal
      shoulder at an intersection of said nut cable passage and its internally
      threaded portion and overlying the upper end of said stud portion such
      that upon threading of said nut onto said stud portion the outer conductor
      of said coaxial cable is compressed between said internal shoulder of said
      nut and the upper end of said stud portion,
PA1  an internally threaded insulator base for threaded engagement with the
      external threads of said clamping nut so as to house said nut and said
      stud portion above said panel, said insulator housing including antenna
      connector means at an upper end thereof and an insulator cable passage
      extending axially therethrough to said antenna connector means as a
      continuation of said nut and clamp cable passages for passing therethrough
      the inner conductor of said coaxial cable,
PA1  and annular resilient fluid sealing means for interposition between a lower
      end of said insulator base and the outer surface of said panel in
      surrounding relationship to said stud portion whereby upon threading of
      said insulator base onto said clamping nut said sealing means is
      compressed between the lower end of said base and the outer surface of
      said panel and said flange portion is drawn upwardly against the inner
      surface of said panel.
NUM  7.
PAR  7. A mounting assembly according to claim 6 wherein at least an uppermost
      portion of said clamp cable passage has a first predetermined diameter
      sufficient to pass therethrough only the outer and inner conductors and
      the insulation therebetween of said coaxial cable, said nut cable passage
      having a second predetermined diameter less than said first predetermined
      diameter for passing therethrough only the inner conductor and surrounding
      insulation of said coaxial cable, at least the uppermost portion of said
      insulator cable passage having a third predetermined diameter less than
      said second predetermined diameter for passing therethrough only the inner
      conductor of said coaxial cable but not the insulation surrounding said
      inner conductor.
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ABST
PAL  A central station is described which acts as an interface between a two-way
      communication system superimposed on a power distribution network and a
      data processing computer. Information from the computer is converted into
      control signals for activating various sequences of sub-tasks by the
      communication system. Information from communication system is temporarily
      stored, converted into a suitable code, and transferred to the data
      processing computer by way of a teletypewriter terminal. Provision is also
      made for receiving and responding to priority signals from the system.
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PAC  A. BACKGROUND
PAC  1. Introduction
PAR  This invention relates to data communication systems and more particularly
      to data communication systems adapted for use on power lines for
      monitoring loads, providing load control, detecting and locating faults,
      providing transformer protection, automatic meter reading and two-way
      communications and the like.
PAC  2. Related applications
PAR  This application relates to application Ser. Nos. 529,998, 529,999 and
      530,000 filed concurrently herewith by the present applicant and assigned
      to the assignee of the present invention.
PAC  3. Field of the invention
PAR  Electrical power to individual residences and industrial users is generally
      provided in a local service area by a power company which receives its
      power from either a local generating station, a high voltage transmission
      tie-line, or both. The power company then distributes this power through a
      power distribution network originating from the power source and
      terminating at the user's location. Simplified, this distribution network
      comprises a tree-like structure that branches out from the source of power
      through several levels of distribution voltages and ultimately to a large
      number of users. (It is understood that power companies frequently provide
      additional interconnections at various voltage levels to form loops for
      improving the reliability of the service. For purposes of description,
      this complexity is ignored since it does not affect the operation of the
      present invention.) The generated power is distributed by step-down and
      distribution transformers. The transformers may be considered the nodes
      with each node receiving its power at a higher voltage level and
      delivering its power to one or more branches at a lower voltage level.
PAR  The distribution of electrical power in this manner requires a high degree
      of reliability to insure continuous service to the power users. The power
      company is therefore under a heavy burden of systematically monitoring the
      various loads, providing load control where necessary, detecting the
      existence of power outages and location of faults producing such outages.
      While some degree of automation has been utilized to meet these needs of
      the power company, monitoring and control of loads, as well as fault
      detection and numerous other functions encountered in power distribution
      are still primarily handled by company personnel assigned to perform these
      various tasks. Additionally, since power users are billed only for the
      power consumed, it is presently necessary to employ personnel for reading
      each of the watt-hour meters at the various customer locations. The
      performance of these various functions therefore necessitates a large
      number of specially skilled individuals. The costs of maintaining such
      skilled individuals is ultimately passed on to the consumer, thereby
      increasing his costs.
PAC  4. Prior art
PAR  In the past, many attempts have been made to automate some or all of these
      functions and, possibly, to provide a two-way communication system as
      well. One possibility that has been considered in the use of telephone
      lines or other communication links independent of the power line
      distribution system. However, this approach is too costly for the benefits
      received. Alternatively, systems have been proposed utilizing the power
      line distribution system itself. These systems have proven unsatisfactory
      for several reasons. One reason is the noise on the line; for example,
      from motors, atmospheric noise (the line acts as an antenna), switching of
      loads, static, arcs, etc. Another reason is the impedance variations in
      the line itself, e.g., due to humidity changes, load variations,
      variations in height above ground and the like, as well as data
      transmission barriers in the form of impedance discontinuities caused by
      step-down and distribution transformers, and series and shunt capacitors
      to control power factor.
PAR  These and other difficulties combine to produce what may be considered a
      uniquely hostile environment in which to reliably transmit data. The
      result is that any automation of the meter reading function was usually
      limited to only one level in the power distribution system, e.g., from the
      pole repeater to the consumer, with other communication links to a central
      office. Further, two-way communication has been limited due to the number
      of transmission errors that may occur with systems of the prior art.
      Similarly, power line transmission systems of the prior art do not provide
      random access to the user locations.
PAC  B. SUMMARY OF THE INVENTION
PAC  1. Objects
PAR  In view of the foregoing, it is therefore an object of the present
      invention to provide a data communication system adapted to be used on a
      power line distribution network which provides random access capability
      from a central station to any terminal in the distribution network.
PAR  It is another object of this invention to provide a power line transmission
      network with a two-way transmission path uniquely established from a
      central office.
PAR  It is a further object of this invention to provide means for bridging
      transmission barriers in a power distribution network to establish a
      communication link between a terminal station and a central station.
PAR  It is another object of this invention to provide random access data
      collection through a common transmission medium.
PAR  It is a further object of the present invention to provide a relatively low
      cost data communication system adapted to be used on a power line
      distribution network.
PAC  2. Summary
PAR  The data communication system of the present invention is superimposed on
      the electric power distribution network and provides a two-way
      transmission path that is uniquely established between a central office
      and any particular point in the power distribution network. The two-way
      transmission path is provided through the common transmission medium of
      the electric power distribution network and selectively located repeaters
      which bridge the transmission barriers at tone frequencies imposed by
      various power distribution devices, such as transformers and power factor
      correction capacitors. In operation of the two-way data communications
      system of the present invention, command signals are sent to a selected
      location in the power distribution network and data signals responsive to
      the command signal are received back at the central station.
PAR  The two-way communications link is achieved with a repeater system
      comprising intermediate repeaters, substation repeaters and pole
      repeaters. The intermediate repeaters are selectively located between the
      central station and a power distribution substation. The substation
      repeater is located at the distribution substation and the pole repeaters
      are located at the distribution point in the system servicing one or more
      users. The two-way data communication system also comprises a terminal
      station for generating data signals when queried by the central station.
      The terminal stations are located at the user's location and upon
      interrogation, provide a data signal representative of data collected from
      various recording instruments, such as watt-hour meters, water and gas
      meters, temperature sensors or other instruments located at the user's
      location.
PAR  Selection of a particular terminal station for data collection purposes is
      obtained by transmitting a code from the central office as a sequence of
      three parts, in which each part may be a combination of two frequencies or
      tones out of 12  frequencies. Each level repeater, i.e., intermediate,
      substation, and pole, is assigned 12 frequencies, for example, so that a
      particular path through the tree-like network is selected by three
      successive two out of 12 frequency selections.
PAR  The terminal station transmit their data by time division multiplexing,
      i.e., only one terminal station transmits its data at a time. The
      transmitted data signals from the various terminal stations are relayed by
      the same chain of repeaters, each adding its own identification tones to
      the data signal, so that the information received at the central station
      includes pole, substation, and intermediate repeaters identification tones
      plus the data signals from the time division multiplexed terminal
      stations.
PAR  The foregoing sequence of operations may be utilized for remote meter
      reading, fault location along a transmission line, transformer protection,
      supervision and signal functions, load control, line protection, and
      numerous other two-way coded communications functions.
PAR  The data communication system of the present invention therefore provides a
      two-way transmission path uniquely established between a central station
      and any particular terminal station in the system. This random access
      capability provides the versatility and flexibility necessary to provide
      complete automatic operation of a local power distribution network.
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PAC  3. Brief description of drawings
PAR  A more complete understanding of the present invention can be obtained by
      considering the following detailed description in connection with the
      accompanying drawings in which:
PA1  Fig. 1 illustrates a power distribution system with the communication
      system of the present invention superimposed thereon.
PAR  FIG. 2 illustrates a tone receiver suitable for use in the system of the
      present invention.
PAR  FIG. 3 illustrates the operation of the tone receiver.
PAR  FIG. 4 illustrates a tone generator suitable for use in the system of the
      present invention.
PAR  FIG. 5 illustrates the operation of the tone generator.
PAR  FIG. 6 illustrates a terminal station.
PAR  FIG. 7 illustrates a terminal station transmitting an alarm.
PAR  FIG. 8 illustrates a tone repeater/translator.
PAR  FIG. 9 illustrates an alternative embodiment of a tone repeator/translator.
PAR  FIG. 10 illustrates the repeater used in the system of the present
      invention.
PAR  FIG. 11 illustrates the central station.
PAR  FIG. 12 illustrates a transceiver used in the central station.
PAR  FIG. 13 illustrates the decoding logic used in the central station.
PAR  FIG. 14 illustrates the major portions of the data handling unit of the
      central station.
PAR  FIG. 15 illustrates the switching circuitry of the data handling unit.
PAR  FIG. 16, consisting of connecting FIGS. 16a and 16b, illustrates the
      remainder of data handling unit.
PAR  FIG. 17 illustrates the timing circuitry of the central station.
PAR  FIG. 18 illustrates the ancillary logic of the central station.
DETD
PAC  C. DETAILED DESCRIPTION OF THE INVENTION
PAC  1. The general system
PAR  FIG. 1 is a typical tree-like structure of an electric power distribution
      network in which electric power is generated or otherwise received from a
      high voltage transmission line at the central station. The electric power
      is distributed to electric power users via the usual transmission lines
      and step-down transformers located at the various nodal points illustrated
      in FIG. 1.
PAR  Superimposed on this power distribution network is the two-way data
      communications system of the present invention. At the various nodal
      points in the distribution network, a system of intermediate, substation
      and pole repeaters is employed for receiving command signals originating
      from the central station and retransmitting these signals to the next
      lower repeater in the network minus the identification of the preceding
      repeater. As used herein, "higher" and "lower" are relative to FIG. 1 and
      refer, respectively, to moving toward the central station and moving
      toward the terminal stations.
PAR  For example, a command signal originating from the central station 11
      directed to a specific terminal station 15, for example, requires the
      selection of a specific chain of repeaters consisting of one intermediate
      repeater, one substation repeater and one pole repeater.
PAR  The command signal is a three-part signal with the parts transmitted
      seriatim. Each part is a six bit word, enabling 64  possible words, 64
      being preferred for engineering considerations as the maximum number of
      possibilities. Each of the three parts is transmitted as a combination of
      two tones or frequencies out of 12 possible frequencies (two out of 12
      selections actually producing 66 possible combinations).
PAR  It is understood that the number and combinations of tones are a matter of
      routine engineering and that the specifics given herein are by way of
      example only. Other formats for data signalling may be used according to
      the particular need.
PAR  Each level repeater, i.e., intermediate, substation and pole repeater, is
      assigned 12 frequencies, so that a particular path through the network is
      selected by three successive two out of 12 frequency selections. Thus, the
      addressing code transmitted from the central station consists of six tones
      selected from 36 available tones. Since these tones are used for alerting
      a specific chain of repeaters, this address code is called the alert
      tones.
PAR  The first pair of alert tones turns on a particular one of the intermediate
      repeaters, 12, which in turn relays the remaining four tones to the
      substation repeaters 13 connected thereto. The second pair of alert tones
      turns on one of substation repeaters 13, which then relays the remaining
      two tones to pole repeaters 14 connected thereto. This last pair of alert
      tones turns on one of pole repeaters 14, thus completing a specific chain
      of repeaters between central station 11 and a particular pole repeater 14.
PAR  When pole repeater 14 is alerted, it sends out a pulse of single time
      duration, for example, at a particular frequency. This pulse alerts all
      terminal stations assigned to pole repeater 14, e.g., 15 and 16. The
      terminal stations then transmit their data, such as coded watt-hour meter
      readings, in a time-division multiplexing manner; that is, each terminal
      station transmits its data after a selected time delay from receipt of the
      alerting pulse. The manner in which this function is performed will be
      described more fully below.
PAR  The data transmitted from the terminal stations is received by pole
      repeater 14 and relayed to substation repeater 13. In a similar manner,
      the substation and intermediate repeaters relay the data signal. The
      signal received at central station 11 therefore includes three successive
      two out of 12 frequency selections which identify the intermediate,
      substation and pole repeaters transmitting the data and the data from the
      terminal stations in the selected time division multiplexing manner.
PAR  As more fully described herein, there is a short time interval in a
      repeater after it is activated before the data signals are received from
      lower level devices. In the two-way communication system described here,
      this time interval is used to transmit a signal in the data signal format
      for identifying the repeater activated, which is also relayed by higher
      level devices in the system, eventually reaching the data processing
      computer through the central station. This coded signal corresponds to the
      alert tones used in alerting that chain of repeators. This code repeats
      several times in a specific pattern for identifying the activated
      repeaters. The pattern assures that the identifying codes for repeaters
      activated in three different levels for establishing the specific two-way
      transmission path are accurately received in the central station. Also,
      the identifying code pattern may be different when a repeater is used in
      different tasks in the system.
PAR  The repeater identifying codes are processed by majority logic in the
      central station for correction of normal transmission errors. Thus, the
      central data processing computer always has the correct repeater
      identification code associated with collected data. The particular
      terminal station that originates the data can be identified by the order
      of data's occurrence in the data sequence collected from a single, time
      multiplexed group.
PAR  After having alerted a particular intermediate and substation repeater,
      another pole repeater connected to the same node in the tree-like network
      may be alerted to collect data from the group of terminal stations
      connected thereto, e.g., 17 and 18. However, the system in accordance with
      the present invention provides random access, i.e., the same intermediate
      and substation repeaters need not be selected by the next alert tone from
      the central station. In this way, the watt-hour meter readings from
      various terminal stations may be collected in an organized way for
      subsequent billing purposes at the central station. Those skilled in the
      art can readily appreciate that from a data management point of view, it
      may be desirable to limit the total amount of data collected in such
      stepping operations. For example, it may be desirable to restrict each
      inquiry to 32 lines of data, i.e., from 32 different pole repeaters, so
      that, for 32 terminal stations per repeater, the data block corresponds to
      1024 terminal stations.
PAR  In addition to providing automatic meter reading, the power line data
      communication system of the present invention is also capable of providing
      an alarm function at the central station whenever an emergency condition
      exists, in a terminal station for example. The alarm function is provided
      by a specific tone originating from a terminal station and relayed through
      the various levels of repeaters to the central station. The chain of
      repeaters that relay this alarm tone are turned on by the alarm tone and
      the relaying of any regular data collection signal, if any, is blocked
      whenever an alarm tone is sent. During this alarm function, the identity
      of the repeater chain involved in the alarm process is relayed to the
      central station. The central station can then query the particular group
      of terminal stations from which the alarm originated and cause data from
      this group to be sent to the central station. During this inquiry, the
      data of the alarming station is sent along with the alarm tone. This
      second transmission of the alarm tone identifies the alarming station by
      the time position of the alarm and data tones in the time multiplex
      signals from the pole repeater. The same coded data is used for repeater
      identification during an alarm, however, the pattern is slightly
      different. Specifically, an alarm code precedes the idenfitication codes.
PAR  The alarm function may be used to povide indications of power outage,
      overloaded transformers, unusual power demands from a particular terminal
      station or other emergency conditions as desired.
PAR  As more fully described herein, in connection with each repeater, the level
      to level frequency groups need not be the same. That is, the pole
      repeaters connected to a particular substation repeater may respond to
      combinations of tones a, b, c, d (taking just four tones for the sake of
      example). However, the substation repeater may generate the appropriate
      two of these tones in response to two of tones e, f, g and h. In so doing,
      better isolation is obtained between the levels of the system.
PAR  This isolation can be provided at all levels of the system. For example,
      assume central station 11 sends out a combination of tones (selected from
      three groups of two out of 12) 1, 2-3, 4-5, 6 corresponding to a
      particular path through the intermediate, substation and pole repeaters.
      The intermediate repeater alerted by tones 1, 2 would then transmit tones
      7, 8-9, 10 , corresponding to tones 3, 4-5, 6, respectively. The
      particular substation alerted by tones 7, 8 would then send out tones 11,
      12 instead of 5, 6 or 9, 10, respectively. The result is that each level
      is completely isolated from the next since each level has its own set of
      frequency groups.
PAR  As is apparent to those of skill in the art, various modifications may be
      made while still achieving the isolation of one level from the next. For
      example, alternate levels may have the same frequency groups.
PAC  2. Apparatus used throughout the system
PAR  In order to simplify the drawings illustrating in detailed block diagrams
      the terminal station, pole repeater, etc., two elements used extensively
      throughout the communication system of the present invention shall now be
      described in detail and later illustrated by a single block. The first of
      these elements is illustrated in FIG. 2 and comprises one embodiment of a
      tone receiver suitable for use in the present invention.
PAL  a. The tone receiver
PAR  Tone receiver 20 comprises an automatic gain control (A.G.C.) amplifier and
      limiter 21; a commutating filter comprising resistor 22, single
      pole-multiposition switch 23 and capacitors 24-27; peak detector 28'; and
      threshold device 28.
PAR  A.G.C. amplifier and limiter 21 serve to amplify the incoming signal to an
      approximately uniform level and also to clip any incoming signals
      exceeding a predetermined level. As previously indicated, a power line is
      an exceedingly noisy environment in which to communicate. A.G.C. amplifier
      and limiter 21 serve to exclude a certain amount of that noise from the
      receiver.
PAR  The commutating filter may best be understood in conjunction with FIG. 3,
      wherein a sinusoidal waveform is illustrated as having samples 29 taken at
      particular points in the waveform. The commutating filter operates on the
      basis that the theoretical average for noise (i.e., unwanted signals) is
      zero; that is, noise contains approximately equal positive and negative
      components. The commutating filter comprises an R.C. network wherein a
      resistor and a plurality of capacitors are connected by a multiposition
      switch. The switch changes position at a switching or commutating
      frequency equal to n times the frequency of the desired incoming signal,
      where n is an integer equal to the number of capacitors in the filter, so
      that the switch completes one rotation per cycle of incoming signal.
PAR  As switch 23 rotates, connecting resistor 22 to different ones of the
      capacitors, a series of samples is taken of the incoming signal. As can be
      readily appreciated, if the incoming signal has the same frequency as the
      rotation of switch 23, then samples 29 are taken at the same point in the
      waveform for several cycles of the incoming signal. Because the samples
      occur at approximately the same point on the waveform during each cycle of
      the incoming signal, charge will accumulate on at least some of filter
      capacitors 24-27. As switch 23 rotates, it also samples the voltage on
      capacitors 24-27 for peak detector 28'. Peak detector 28' couples the
      highest sample voltage to threshold device 28 which produces an output
      pulse when the threshold is exceeded, indicating a signal of the proper
      frequency has been received.
PAR  As can be appreciated by inspection of FIG. 2, the receiver is particularly
      adapted to receive signals in an exceedingly noisy environment.
      Specifically, the receiver comprises a three stage filter. The first stage
      removes noise exceeding a predetermined amplitude; the second stage is
      noise tolerant and frequency dependent in sampling the incoming signal at
      regular intervals and averaging the samples over a number of cycles; and
      the third stage, usually considered as an amplitude dependent device,
      becomes amplitude-dependent-at-a-certain-frequency due to the preceding
      filter. Thus, the combination of seemingly simple and inexpensive elements
      produces an economical, narrowband, noise tolerant receiver for the data
      transmission system herein described.
PAR  The bandwidth of receiver 20 is inversely proportional to the R-C time
      constant of resistor 22 and the sum of capacitors 24-27. In a system
      actually constructed, series or cascade connected commutating filters
      having different time constants are used to broaden the response curve so
      that less expensive (less stable) crystal oscillators can be used. In the
      receiver built the time constants are 0.05 and 0.15 seconds corresponding
      to bandwidths of 20.00 and 6.67 hz., respectively. This combination of
      filters produces a receiver having a nominal bandwidth of 7 hz.
PAR  The number of positions of switch 23 is not critical, although at least
      three positions are necessary. A practical range for the number of
      positions is from three to 12.
PAR  The center frequency of the commutating filter is determined by the
      commutating frequency applied to switch 23. Only a signal received in
      synchronism with switch 23 will produce a signal on capacitors 24-27 that
      does not average zero over a predetermined number of cycles of the
      incoming signal. Thus, receiver 20 may be utilized to receive any incoming
      signal throughout the data communication system of the present invention.
      The only change needed to receive different tones is that the commutation
      frequency be changed to n times the frequency of the desired signal. The
      commutation signal may be readily derived from a local clock signal by
      suitable division.
PAR  Receiver 20 as illustrated in FIG. 2 includes a mechanical form of
      commutating filter. In actual practice the commutating filter may be
      implemented by discrete semiconductor devices or integrated circuit
      devices performing the same function as rotating switch 23. For example, a
      plurality of sampling circuits can be sequentially activated by a ring
      counter. This type of operation is well known per se in the art. Also,
      while illustrated by capacitors 24-27, the filtering or averaging portion
      of receiver 20 may comprise .pi.-network low-pass filters or other
      suitable filters. Further information on the operation of the commutating
      filter can be obtained from LePage, Cahn, Brown; Analysis of a Comb Filter
      Using Synchronously Commutated Capacitors; A.I.E.E. Transactions; Part I,
      p.p. 63--68, 1953.
PAL  b. The tone generator
PAR  FIG 4 illustrates one embodiment of a data tone generator suitable for use
      in the present invention. Data tone generator 30 comprises divider 31
      having the input thereof connected to a local clock frequency, a voltage
      controlled oscillator 32 whose frequency is to be locked to, and a
      submultiple of, the local clock frequency. The output of voltage
      controlled oscillator 32 is locked to the local clock signals by way of
      phase comparator 33 and a second divider 34.
PAR  The operation of data tone generator 30 is analogous to that of a transfer
      oscillator, as used for frequency measurements. Specifically, incoming
      signals from the clock source are divided by divider 31 to a lower
      frequency. The output signal from voltage controlled oscillator 32 is
      reduced to a lower frequency by divider 34. The output signals from
      dividers 31 and 34 are compared in phase comparator 33, which produces an
      output voltage for controlling voltage controlled oscillator 32 in the
      well-known phase locked loop. Tone generator 30 produces an output signal
      at a frequency, C, equal to B/A times the incoming clock signal. The
      output signal from voltage controlled oscillator 32 is thus a fixed
      submultiple of the clock signal and is phase locked to the clock signal.
PAR  As further illustrated in FIG. 4, tone generator 30 may comprise a
      plurality of similar oscillators; for example, elements 35-38
      corresponding respectively to elements 31-34. The input of each oscillator
      is connected to the local source of clock signals. In this manner a
      plurality of tones can be readily generated.
PAR  As previously noted, a plurality of tones is utilized in the selection of a
      particular path through the tree-like network of the power distribution
      system. While a plurality of tone generators, one for each tone to be
      generated, can be utilized to implement the present invention, the
      equipment necessary can be greatly simplified by using logic control
      circuitry to vary the division ratios of dividers 31 and 34. In this
      regard, FIG. 5 illustrates a plurality of combinations of division ratios
      for oscillators 31 and 34 as well as the resulting output signals. As can
      be readily appreciated, varying the division ratio of divider 34 produces
      different frequencies from voltage controlled oscillator 32. If the
      division ratio of oscillator 31 is also changed, different families or
      sets of spaced frequencies are produced by voltage controlled oscillator
      32. Different sets of tones are determined by divider 31, while the
      specific member of the set is determined by divider 34.
PAR  Varying the division ratio of a divider is well known per se in the art and
      may comprise varying the feedback connections within the divider/counter
      to provide different division ratios. The logic involved in varying the
      division ratio of a counter in response to an encoded input signal may
      simply comprise a switching matrix for converting the encoded data to a
      plurality of feedback paths, thereby determining the division ratio of the
      particular counter.
PAR  Thus, only six oscillators are needed to produce the three sets of two out
      of twelve tones noted previously, as opposed to the thirty-six separate
      oscillators as would be needed if fixed frequency oscillators were used.
PAR  A further economy of parts is obtained since the same apparatus can be used
      throughout the data communication system of the present invention, i.e.,
      it is less expensive to make 10,000 identical oscillators than 100 of each
      of 100 different oscillators. Similarly, receiver 20, illustrated in FIG.
      2, can be identical throughout the data communication system of the
      present invention. There is thus achieved by the present invention a
      simplicity and economy of apparatus that enables the present invention to
      be implemented in integrated circuit technology at relatively low cost.
PAR  While a preferred receiver and tone generator have been shown and
      described, it is understood that various other circuits suitable for use
      as receivers or tone generators can be utilized.
PAC  3. The terminal station
PAR  FIGS. 6 and 7 illustrate a terminal station for use in the data
      communication system of the present invention. The terminal station is
      typically located at the user's location, such as the residence of a power
      company subscriber. Typically, high voltage lines 45 are coupled to the
      user's residence by way of a distribution transformer 46 and service lines
      47. At each user location, watt-hour meter 48 monitors the amount of power
      consumed by all of the various electrical equipment at the user location,
      collectively illustrated by load 49.
PAR  The pole repeater of the present invention is illustrated as connected to
      service line 47, typically 200 volts. Depending upon the frequency band
      utilized for the tones, the pole repeater may be coupled on the other side
      of distribution transformer 46. Specifically, for tones greater than
      approximaterly 15 Khz. the pole repeater is preferably connected to the
      primary of distribution transformer 46, usually in the range of 4 to 35 KV
      depending upon whether the service is urban or rural. For tones less than
      approximately 15 Khz., the pole repeater is connected as shown.
PAR  This choice of connection is due to the loss the higher frequency tone
      signals suffer in passing through a distribution transformer, on the order
      of approximately 20 db. The total loss between transmitter and receiver is
      the combination of two factors: the insertion loss of the transmission
      path, and the power absorbed by loads shunted on the distribution line.
      The high insertion loss of distribution transformer will increase the loss
      due to the first factor, but it also effectively isolates most of the
      loads except those that share the same distribution transformer with the
      terminal station in question, and greatly reduce the loss due to the
      second factor. Since there is a single distribution transformer between a
      pole repeater and a terminal station, coupling the pole repeater to the
      high voltage side of the distribution transformer at high tone frequencies
      will not significantly increase the transmission loss between the terminal
      station and the pole repeater. Furthermore, at higher frequencies, the
      noise level of high voltage lines is somewhat lower, thus off-setting the
      signal loss through the distribution transformer.
PAR  As described above, the terminal station receives command signals from the
      central station by way of the pole repeater and responds with data
      indicative of a recording instrument, such as a watt-hour meter. The
      transmitted data is in the form of discrete frequencies or tones which are
      preferably harmonics of 30 Hertz. For example, assuming the terminal
      station is provided with twelve discrete tones or frequencies for
      transmitting data, these frequencies may comprise the range of 8070-8730
      Hertz, which corresponds to the 269th-291st harmonics of 30 Hertz. These
      12 tones are then utilized to provide a coded signal representative of the
      watt-hour meter reading. The selected tones are transmitted from the
      terminal station and relayed by the pole and other repeaters back to the
      central station.
PAR  The terminal station is connected to service line 47 by way of coupler 50
      which may, for example, comprise a toroid through which one line of the
      service line passes as the primary of a transformer. The secondary winding
      of the transformer may comprise several turns of wire which may be
      resonated at the range of frequencies or tones transmitted by the terminal
      station. The secondary winding of coupler 50 is connected to a
      transmit-receive (T-R) switch 51 which may, for example, comprise a simple
      single-pole double throw relay or a suitable semi-conductor equivalent. In
      the unactivated condition, T-R switch 51 normally connects coupler 50 to
      alert tone receiver 52.
PAR  When an alert tone is received by alert tone receiver 52, encoded 53 is
      activated to encode the reading of watt-hour meter 48 into a suitable
      form, such as binary or binary coded decimal, for controlling the tones
      generated by tone generator 54. The output of tone generator 54 is
      amplified by power amplifier 55 and transmitted by way of T-R switch and
      coupler 50 to the pole repeater. Clock 56 is a master oscillator
      continuously running at a high multiple of the local clock pulse rate used
      for local clock signals b for tone generator 54 and alert tone receiver
      52.
PAR  Should an alarm situation develop at the user location, alarm tone
      generator 57 provides a unique signal which is amplified by power
      amplifier 55 and transmitted to the pole repeater by way of T-R switch 51
      and coupler 50, regardless of the other operations being carried out at
      the time, and also independently of whether or not the particular pole
      repeater has been activated. Thus, an alarm condition is immediately
      communicated to the central station even if that particular pole repeater
      and terminal station were not being interrogated at the time.
PAR  Receive tone flip-flop 58 is put in the set condition by an output signal
      from alert tone receiver 52. Receive tone flip-flop 58 temporarily stores
      the received pulse, activates the encoder, and establishes initial timing
      conditions within the terminal station when alerted. The overall timing
      and control of the terminal station is accomplished by timing and control
      circuit 70 which has inputs connected to clock source 56, flip-flop 58 and
      alarm circuit 60. The outputs from timing and control circuit 70 control
      T-R switch 51, alarm tone generator 57, the reset of flip-flop 58, and the
      application of the data tone signal to power amplifier 55 by way of gate
      95.
PAR  Alarm generator 60 comprises a physical switch 61 which may be actuated by
      any type of alarm situation such as a local power outage, fire, etc.
      Battery 62 and resistor 63 are connected as shown to switch 61 to provide
      a single pulse having a duration equal to the time switch 61 is closed.
      This pulse is differentiated by differentiator 64 and suitably shaped by
      pulse shaper 65 which may, for example, comprise a monostable
      multivibrator. Thus the output from alarm circuit 60 is a single pulse,
      i.e., one pulse for each actuation of switch 61. It is understood that
      switch 61 is representative of whatever sense apparatus is used to detect
      alarm conditions.
PAR  As more fully described below, timing and control circuit 70, in response
      to an alarm pulse, causes the transmission of an alarm tone followed by a
      waiting period for a response from the pole repeater. If no response is
      obtained, the transmission of the alarm tone followed by a pause is
      repeated a fixed number of times as determined by timing and control
      circuit 70. Since the alarm tone has priority throughout the entire data
      communication system of the present invention, if an unanswered alarm were
      permitted to continue indefinitely, data communication would be
      effectively stopped by a single alarm. Thus, after a fixed number of
      tries, an alarm signal from a terminal station is ignored unless alarm
      switch 61 is opened and closed again.
PAR  An alarm is answered by an alert tone from the pole repeater to which the
      terminal station responds by transmitting its alarm data along with the
      alarm tone. This information is then relayed to the central station which
      identifies the particular terminal station by the repeater codes plus the
      timing of the alarm signal. As previously noted, the terminal stations
      transmit their data to the pole repeater in time division multiplex
      format. Thus, the initial alarm tone, which overrides other
      communications, merely tells the data processing computer which pole
      repeater has an alarming terminal station. In order to identify the
      particular terminal station, the data processing computer causes an alert
      tone to be transmitted by the central station through the repeaters to
      alert the right group of terminal stations, causing the terminal stations
      to send their data in time sequence. The identity of the alarming station
      is thus indicated by the data tones being accompanied by an alarm tone.
PAR  Timing and control circuit 70 comprises an alarm flip-flop 66 having the
      set input thereof connected to the output of alarm circuit 60. The output
      of flip-flop 66 is coupled to the control input of switch 67 which may
      comprise any suitable controlled switch, for example, an AND circuit for
      digital signals. The control input for the controllable switches is
      indicated by an arrowhead, whereas the controlled input does not have an
      arrowhead. The controlled input to switch 67 comprises b clock pulses
      derived from clock source 56. These clock pulses are counted in alarm
      counter 67 having, in addition to a "carry" output and "reset" input, taps
      connected thereto for controlling the timing of the alarm tone from the
      terminal station. One tap from alarm counter 68 is coupled by way of OR
      gate 69 to OR gate 71 and flip-flop 72. The other input to OR gate 69 is
      connected to the output of pulse shaper 65. The second input to OR gate 71
      is connected to the output of control switch 76. The output of flip-flop
      72 is coupled to one input of OR gate 73 and to the controlled input of
      alarm tone generator 57. The output of OR gate 73 controls T-R switch 51
      and, specifically, sets T-R switch 51 into the transmit mode. In the
      absence of a pulse from OR gate 73, T-R switch 51 is normally in the
      receive mode.
PAR  The "carry" output from alarm counter 68 is coupled as one input to OR gate
      74. The output of OR gate 74 is connected to the reset inputs of flip-flop
      66 and alarm counter 68. The second input to OR gate 74 is coupled to a
      tap on data counter 79. The same tap from data counter 79 is connected as
      one input to OR gate 75, which has another input thereof connected to a
      second tap on alarm counter 68 and a third input connected to the "carry"
      output of alarm counter 68. The output of OR gate 75 is connected to the
      "reset" input of flip-flop 72.
PAR  Controlled switch 76 has the control input thereof connected to the output
      of flip-flop 66 and the output thereof connected to OR gate 71. The
      controlled input to switch 76 is connected to the "carry" and "reset"
      terminals of delay counter 78. Delay counter 78 has the input thereof
      connected by way of controlled switch 77 to a source of b clock pulses.
      The control input to switch 77 is connected to the output of alert tone
      received flip-flop 58.
PAR  Data counter 79 has the input thereof connected to a source of b clock
      signals by way of control led switch 81, which has the control input
      thereof connected to the output of flip-flop 82. The output of flip-flop
      82 is also connected as one input to each of OR gates 73 and 83. The
      output of OR gate 83 is connected to the controlled input of switch 84.
PAR  Switch 84 comprises one path by which clock signals from clock source 56
      can reach divider 85, the output of which comprises the b clock signals.
      The other path by which clock pulses from source 56 can reach divider 85
      is by way of controlled switch 86 having the control input thereof
      connected to the output of flip-flop 66. Thus, clock source 56 runs
      continuously, providing a continuous series of a clock pulses and a
      switched series of b pulses from divider 85. The b clock pulses are
      produced when an alert tone is received (by way of switch 84), or by way
      of switch 86 (when an alarm is sounding). The initial timing of local
      clock pulses b is determined by the first closing of switch 84 or switch
      86. Continuous clock pulses a are provided to tone generator 54 and alert
      tone receiver 52.
PAR  In response to an alert tone, encoder 53 is activated to encode the meter
      reading on watt-hour meter 48 into binary form which is then stored in
      buffer memory 91. Encoder 53 may comprise any suitable encoder and may,
      for example, comprise the encoder described in copending patent
      application Ser. No. 348,745, filed Apr. 6, 1973, and assigned to the
      assignee of the present invention. The clock input to buffer memory 91 is
      connected to the output of controlled switch 81, the connection
      illustrated by the letter f. The information stored in buffer memory 91 is
      read out under the control of clock signals f to the inputs of tone
      control logic 92 which, as previously described, controls the data tones
      generated by tone generator 54.
PAR  If desired, the alarm function may be utilized to provide an indication of
      more than one alarm situation. In this case, transfer gate 93 couples
      alarm data code signals from alarm data circuit 94 to tone control logic
      92. Alarm data circuit 94 produces a unique output code, depending upon
      the nature of the alarm. Alarm switch 61 may thus comprise many signal
      pole switches in which one switch is utilized in alarm circuit 60 to
      indicate that a particular alarm situation exists, and other switches
      would be used in conjunction with a different alarm. Different alarm data
      codes stored in alarm data circuit 94 would then indicate which type of
      alarm situation exists. In addition, an alarm signal may be repeated if
      desired.
PAR  As can be seen by inspection, FIGS. 6 and 7 illustrate the same circuit
      with the exception that in FIG. 6 alarm switch 61 is open, whereas in FIG.
      7 alarm switch 61 is closed. The overall operation of a terminal station
      in accordance with the present invention will be described in several
      parts. The first part dealing with the reception of an alert tone is
      ilustrated in FIG. 6 by the more heavily lined interconnections. A second
      part, dealing with the alarm function, will be described in conjunction
      with FIG. 7 wherein the signal lines actuated during an alarm condition
      are heavier than those of the remainder of the circuit. It will be
      appreciated that the more heavily lined interconnections of FIGS. 6 and 7
      represent initial conditions, i.e., the start of the particular cycle.
PAR  In connection with FIG. 6, an alert tone is received and data is
      transmitted by the terminal station as follows: the pole repeater, as
      described more fully hereafter, receives a coded signal from the next
      higher repeater. This signal is decoded by the pole repeater and is
      responded to by the production of an alert tone by the pole repeater. This
      alert tone on service line 47 is coupled to all terminal stations
      connected to that service line. In addition, it also passes through
      distribution transformer 46 to high voltage distribution line 45. Thus,
      the alert tone will eventually reach many other terminal stations
      connected to other distribution transformers proximate transformer 46. Due
      to frequency allocations and attenuation on the lines, only the proper
      terminal stations will respond.
PAR  In the terminal station illustrated in FIG. 6, coupler 50 couples this tone
      to transmit receive switch 51, which is in the receive position. The
      received tone is applied to alert tone receiver 52 and decoded as
      described in connection with FIG. 2. The output pulse from alert tone
      receiver 52 is applied to the set input of receive flip-flop 58. Receive
      flip-flop 58 produces an output pulse signal that is applied to encoder 53
      to initiate a meter reading which is suitably encoded and stored in buffer
      memory 91.
PAR  The output of flip-flop 58 also actuates switch 84 by way of OR gate 83 to
      cause the production of b clock pulse signals from divider 85. The output
      of flip-flop 58 also actuates switch 77 coupling the clock pulse signals
      from b to delay counter 78. Delay counter 78 provides a different amount
      of delay for each terminal station connected to the same pole repeater. At
      the end of the predetermined delay, delay counter 78 produces a "carry"
      output pulse which resets flip-flop 58 and sets flip-flop 82. The output
      of flip-flop 82 is coupled by way of OR gate 83 to switch 84 to maintain
      the production of b clock pulses. The output of flip-flop 82 is also
      coupled by way of OR gate 73 to T-R switch 51, placing it in the transmit
      mode. Flip-flop 82 also actuates switch 81, providing b clock pulse
      signals to data counter 79 and to buffer memory 91. These clock pulse
      signals cause buffer memory 91 to read out into tone control logic 92
      which, in turn, controls tone generator 54, thereby producing a tone code
      output signal which is coupled by way of switch 95 to power amplifier 55.
      Controlled switch 95 is actuated by flip-flop 82 by way of OR gate 73.
      Power amplifier 55 amplifies the data tones generated seriatim by tone
      generator 54 and applied these amplified tones to T-R switch 51 which
      couples them by way of coupler 50 to service line 47 and the pole
      repeater.
PAR  During this time, data counter 79 counts b clock pulse signals. At the end
      of the period determined by the count capacity of data counter 79, an
      output pulse is produced on the "carry" output line which resets data
      counter 79 and flip-flop 82. The time delay introduced by data counter 79
      is sufficient for the information stored in buffer memory 91 to be
      completely read out and converted into a series of data tones by tone
      generator 54. Upon resetting flip-flop 82, switch 84 is opened, thereby
      terminating the b clock pulses, T-R switch 51 reverts to the receive mode,
      and switch 95 is opened thereby disconnecting tone generator 54 from power
      amplifier 55. The system has thus completely reset and is ready to receive
      another alert tone from the pole repeater.
PAR  FIG. 7 illustrates the alarm operation of a terminal station in accordance
      with the present invention. During the alarm mode as previously indicated,
      there are a number of combinations of events that can take place. The
      usual sequence of events is that alarm circuit 60 will be actuated,
      causing an alarm tone to be transmitted by the terminal station. The
      terminal station then waits a predetermined period for an answer from the
      pole repeater. The pole repeater will answer with an alert tone thereby
      causing the terminal station to repeat the alarm tone and accompany the
      alarm tone with data tones. The data tones, while controlled by control
      logic 82, comprise alarm data from memory 94 since transfer gate 93 is
      activated by an output pulse from shaper 65 when alarm switch 61 is
      closed. Provision is also made, however, for the possibility that the pole
      repeater will not answer. In this event, the terminal station repeats the
      alarm signal and again waits for an answer. If the pole repeater responds
      with an alert tone, the terminal station then transmits the alarm tone
      with the data from alarm data memory 94. However, if there is still no
      answer the cycle continues a predetermined number of times after which the
      terminal station simply shuts off and ignores the actuation of alarm
      circuit 60. However, the alarm function is so designed that the alarm
      cycle is repeated for each separate actuation of switch 61, i.e., if
      switch 61 is opened and then closed again, the alarm cycle will be
      repeated.
PAR  Specifically, the closure of switch 61 applies a fixed amplitude pulse to
      differentiator 64 which differentiates the signal and applies the
      resulting spike to pulse shaper 65, which may, for example, comprise a
      monostable multivibrator. The output from pulse shaper 65 is applied to
      the set input of flip-flop 66, which serves to store the alarm signal. The
      output from pulse shaper 65 is also applied to OR gate 69 and is coupled
      by OR gate 69 and OR gate 71 to the set input of flip-flop 72. Flip-flop
      72, in turn, actuates alarm tone generator 57 and, by way of OR gate 73,
      T-R switch 51. Thus, an alarm tone is generated and is transmitted by the
      terminal station to the pole repeater.
PAR  The output of flip-flop 66 is also coupled to the control input of switch
      67, closing the switch to couple b clock pulse signals to alarm counter
      68. Alarm counter 68 has at least two taps thereon to control the
      repetition period and duration of the alarm signal. As counter 68 counts
      the b clock pulse signals, the first tap encountered (going from left to
      right) is the tap indicated as coming out of the lower portion of block
      68, which is coupled by way of OR gate 75 to the reset input of flip-flop
      72. Thus, after a predetermined duration of the alarm tone, the alarm is
      shut off and T-R switch 51 reverts to the receive mode. During the time
      period determined by the spacing of the first tap and the second tap on
      alarm counter 68, the terminal station waits for a response from the pole
      repeater. The duration of this waiting period is such that if the pole
      repeater were going to answer at all, it would have answered in this
      period, i.e., the duration of the waiting period exceeds the sum of the
      equipment delays of the various elements in the terminal station and in
      the pole repeater.
PAR  At the end of the waiting period, as determined by a second tap,
      illustrated as coming out of the upper portion of block 68, a pulse is
      produced that is coupled by way of OR gates 69 and 71 to the set input of
      flip-flop 72. As previously described, the output of flip-flop 72 causes
      an alarm tone to be generated by alarm tone generator 57 and transmitted
      by way of T-R switch 51 to the pole repeater. At the end of the
      transmission period, determined by the count capacity between the second
      and third taps on alarm counter 68 an output pulse is produced on the
      third tap and coupled by way of OR gate 75 to the reset input of flip-flop
      72, thus terminating the second alarm pulse and initiating a second
      waiting period. At the end of the second waiting period, determined by the
      count capacity between the third tap and the "carry" output, a "carry"
      pulse is produced which is coupled by way of OR gate 74 to the reset
      inputs of flip-flop 66 and counter 68. This terminates the alarm function
      even though no response has been received from the pole repeater. If an
      alert tone is received from the pole repeater after the termination of the
      alarm function, there is no alarm tone transmitted, even though switch 61
      is still in the closed position. The response of the terminal station is a
      normal data transmission.
PAR  While illustrated in FIG. 7 as containing only three taps, obviously
      counter 68 may comprise any desired number of taps to provide the desired
      number of transmit-and-wait cycles. Also, as described, counter 68 acts as
      a multiple tap delay line. It is understood that, depending upon the
      counting pattern and the use of additional logic circuitry, a greater or
      lesser number of taps may be used to provide the same number of
      transmit-and-wait cycles.
PAR  If, during waiting periods determined by the count capacity between the
      taps on counter 68 and the frequency of the b clock pulses, an alert tone
      is received, then a data read out proceeds as described in connection with
      FIG. 6 with the addition of an accompanying alarm tone as determined by
      data counter 79. Specifically, after delay counter 78 determines the
      appropriate time for transmission, an output on the "carry" line of
      counter 78 sets flip-flop 82 which in turn causes b clock pulse signals to
      be applied by way of switch 81 to data counter 79. The "carry" output of
      delay counter 78 is coupled by way of switch 76 and OR gate 71 to the set
      input of flip-flop 72. Switch 76 is in a closed condition due to the set
      output of flip-flop 66. This causes the transmission of an alarm tone by
      alarm tone generator 57, power amplifier 55 and T-R switch 51.
PAR  At the end of an initial transmission period, determined by the tap on data
      counter 79, a pulse is produced on the tap of data counter 79 which is
      coupled by way of OR gate 75 to the reset input of flip-flop 72, thereby
      terminating the transmission of the alarm tone. The pulse on the tap of
      data counter 79 is also coupled by way of OR gate 74 to the reset inputs
      of flip-flop 66 and counter 68, thereby clearing the alarm circuit. Data
      counter 79 counts b clock pulses for a time period sufficient to transmit
      data tones controlled by alarm data buffer memory 94 as previously
      described in connection with FIG. 6.
PAR  If desired, the alarm function need not have priority in the communication
      system of the present invention. This may be desirable, for example, where
      a plurality of alarm functions at each terminal station are provided and
      included in alarm data memory 94 as several different codes, each for a
      different alarm condition. Having a plurality of alarm functions available
      to a terminal station increases the probability of an alarm sounding
      during the basic data collection operation of the communication system of
      the present invention. However, although some interruptions may occur, the
      relatively low duty factor of the function, compared to total system time
      makes the occurrence of an interruption relatively rare. Further, even if
      an interruption does occur, and some data is lost, the random access
      capability of the system allows the meters to be re-read.
PAR  Only when the system is devoted to high duty factor tasks may the
      interruptions become intolerable; for example, with power demand meters,
      where every demand meter needs periodic reading, with a period of less
      than 1 hour. Under these circumstances, an alternative reading format may
      be used; viz., all of the alarm functions, except the most urgent one, are
      given a non-priority status. For example, much maintenance work requiring
      a field check by utility personnel does not require instantaneous
      attention in a two-way communication system. The non-priority alarms are
      read as part of the routine meter reading task.
PAR  This change in format slightly changes the construction of the terminal
      station. Specifically, instead of sending either meter data or alarm data,
      both are sent and the time allowed for each meter to respond must be
      increased, which is accomplished by changing the count capacities of
      counters 78 and 79. An additional tap is added to data counter 79 to
      actuate an additional data transfer gate which connects an added alarm
      buffer memory to tone control logic 92. The inputs to the alarm buffer
      memory is connected to added alarm data memories, actuated by additional
      alarm circuits, similar to circuit 60 but more simple, e.g., omitting
      differentiator 64 and shaper 65. In essence, a plurality of alarm circuits
      are provided in parallel, only one has direct access to a transfer control
      gate, the other transfer gate is actuated by the data counter during
      routine data collection. Thus, one alarm still has priority, the rest do
      not.
PAR  In the central station, the last word of data from each terminal station is
      examined for an alarm condition. If desired, to provide a key or check
      bit, the first bit of the word may always be a logic 1 to indicate an
      alarm condition, with the remaining bits identifying the exact nature of
      the alarm.
PAC  4. The repeaters
PAL  a. The tone repeaters/translators
PAR  FIGS. 8, 9 and 10 relate to the repeaters utilized in the system of the
      present invention. Specifically, FIG. 10 illustrates a generalized
      repeater for use in the system of the present invention wherein the
      interconnections for use as a pole repeater are illustrated by a solid
      line and additional equipment or connections for use as an intermediate or
      substation repeater are illustrated by dashed lines. FIGS. 8 and 9 each
      illustrate a tone repeater suitable for use in FIG. 10.
PAR  As previously indicated, it is necessary that the tones utilized to
      communicate from one level to the next be different in frequency to
      improve isolation between levels since the communication at all levels is
      carried out in a common transmission medium. This is generally referred to
      as frequency multiplex. In addition, it is necessary to amplify the signal
      amplitude in proceeding from one level to the next. While, in theory, one
      could simply amplify the received signal, for example, by a simple
      amplifier or a regenerative amplifier, i.e., one that goes into
      oscillation upon receiving a signal at its resonant frequency, such is
      undesirable in a power line communication system due to the extreme level
      of noise encountered on the power lines, often many times larger than the
      signal itself. Thus, simply amplifying a received signal will amplify an
      appreciable amount of noise as well. Thus, it is preferred in the system
      of the present invention to utilize what may be described generally as
      signal translators, wherein a received signal is decoded and a new signal
      is generated to replace it, the frequency of the new signal is at a
      different frequency for transmission at the next level in the frequency
      multiplex format. FIGS. 8 and 9 illustrate two examples of suitable tone
      repeaters. FIG. 8 utilizes dividers to generate the tones from a local
      oscillator, whereas FIG. 9 utilizes tone generators similar to that
      illustrated in FIG. 2 to generate the tones for the next level.
PAR  In FIG. 8, an incoming signal is applied to input 101 and coupled to a
      plurality of receivers, illustrated by receivers 103, 104 and 105, in
      parallel. The outputs of receivers 103-105 are coupled to the control
      input of controlled switches 106-108, respectively. The analogue inputs to
      controlled switches 106-108 are connected to dividers 109-111,
      respectively. Dividers 109-111 divide a clock signal, for example,
      provided by reference oscillator 112, by different divisors to produce a
      plurality of different frequencies.
PAR  When a particular receiver, for example, receiver 104, receives an incoming
      signal it produces an output pulse which closes controlled switch 107
      thereby coupling divider 110 to summation network 113. Thus, the output
      signal on output 102 is determined by the frequency of reference
      oscillator 112 and the division ratio provided by dividers 109-111. The
      frequency of the incoming signal is thus translated to any desired
      frequency and there need be no direct relationship between the frequency
      of the incoming signal and the frequency of the signal on output 102.
PAR  A similar result is obtained from the tone repeater illustrated in FIG. 9
      wherein a logic controlled tone generator, such as illustrated in FIG. 4,
      is utilized to generate the tone frequencies for the next level, depending
      upon the combination of tones received.
PAR  Specifically, an incoming signal is coupled by way of input 120 to a
      plurality of receivers 121-122, each responding to a different received
      tone. Also coupled to receivers 121-122 is oscillator 124 which may, for
      example, comprise the local clock oscillator or a signal derived
      therefrom. The outputs of receivers 121-122 are coupled to buffer storage
      125 by way of decoding logic 123, then to transfer circuit 126 and data
      tone control logic 127. Transfer circuit 126 has an additional input to
      which b clock pulses are connected as shown in FIG. 10. Tone generator 128
      functions as described in connection with FIG. 4 under the control of data
      tone control logic 127.
PAR  In operation, an incoming signal is applied to input 120 and thereby to
      receivers 121-122 in parallel. Each received tone actuates one of
      receivers 121-122, producing an output from the threshold device. The
      threshold devices of all the receivers are connected to the inputs of a
      decoding logic. For the data format of three simultaneous tones, each at
      one of four possible frequencies, the decoding logic is as more fully
      described in conjunction with FIG. 13. The output signals from the decoder
      are temporarily stored in buffer storage 125 for one clock interval.
      During this interval, the stored information is coupled to tone control
      logic 127 by transfer gate 126 where it is converted into suitable control
      signals by the data tone control logic from which the feed-back paths of
      the dividers in tone generator 128 are determined. Thus, the output signal
      from tone generator 128 comprises a series of tones directly controlled by
      the received signal but having no direct frequency relationship to the
      received tones. The output on line 129 may be a series of tones in either
      a higher or lower band than the received tones on input 120. It is
      understood that FIGS. 8 and 9 represent two examples of suitable tone
      repeaters for use in the present invention. In the discussion below of the
      repeaters, the tone repeater of FIG. 9 is used, in conjunction with a
      threetone format. This is by way of example only. Other frequency
      translating tone repeaters may be utilized.
PAL  b. The pole repeater
PAR  As previously indicated, FIG. 10 illustrates in detail the component parts
      of the repeaters utilized as pole, substation, or intermediate repeaters.
      Depending upon the level at which they are used, the pole, substation, and
      intermediate repeaters differ little except for additional receivers or
      tone generators utilized to accommodate the number of tone signals being
      transmitted through the system. As more fully described below, since the
      pole repeater is receiving only two tones and produces only an alert tone
      in response thereto, the apparatus for the pole repeater is somewhat
      simplified as compared to the intermediate and substation repeaters.
      However, the intermediate and substation repeaters omit the alert tone
      generator and the associated control switch and comprise additional
      identification tone repeaters, depending upon the number of tones
      received; i.e., one for substation repeaters and two for intermediate
      repeaters. A pole repeater is illustrated by solid lines in FIG. 10, and
      the additional apparatus utilized for higher level repeaters is indicated
      by a dashed line.
PAR  The low voltage side of the repeater is coupled to lower voltage
      distribution line 47 by fan-out coupler 130 which may, for example,
      comprise a toroid having the lower voltage distribution line passing
      therethrough as a single-turn primary winding. Frequency divider network
      131 is connected to fan-out coupler 130 and serves to separate the
      incoming and outgoing signals at the lower voltage or fan-out side of the
      repeater. The output side of frequency divider 131 is connected to data
      tone repeater 132 which is illustrated as comprising the elements
      previously described in connection with FIG. 8. The output of tone
      repeater 132 is connected to power amplifier 133. The output of power
      amplifier 133 is connected to frequency dividing network 134 which has the
      input/output terminal thereof connected to trunk coupler 135.
PAR  Implicit in the foregoing description is the intention that the term
      "fan-out" refer to the lower voltage side of the repeater and that "trunk"
      refer to the higher voltage side of the repeater. It will be noted, too,
      that the repeater effectively couples around distribution transformer 137
      in that fan-out coupler 130 is coupled to low voltage lines 138 while
      trunk coupler 135 is coupled to high voltage lines 136.
PAR  When a repeater is located at a power substation, the by-passing
      capabilities of the repeater can be used to the fullest extent, i.e., not
      only can the step-down transformer by by-passed, but the switchgear and
      protective devices in the power substation can also be by-passed. This
      enables one to communicate around the power substation irrespective of the
      open or closed status of switching devices within the substation, thereby
      increasing the reliability of the system. In order to accomplish this, the
      couplers are not connected right at the transformer to the higher and
      lower voltage lines, but are connected at the line entrance and exit of
      the power substation.
PAR  The output of frequency divider 134 is connected to alert tone receivers
      141 and 142. The outputs of receivers 141 and 142 are combined in AND
      circuit 143. The output of AND gate 143 is connected to the controlling
      input of controlled switch 151 and differentiator 145. The output of
      differentiator 145 is connected to shaper 146, the output of which is
      coupled to the controlling input of controlled switch 189 (by way of
      connection j), the set input of flip-flops 144 and 155, and by way of
      controlled switch 194 to the set input of flip-flop 193. The output of
      flip-flop 144 is connected to the controlling input of controlled switch
      153. The input of alert tone generator 145' is connected to continuous
      clock source a and its output is passed through controlled switch 189 to
      the input of power amplifier 146'. The output of power amplifier 146' is
      connected to input of frequency dividing network 131.
PAR  There are two parallel paths between clock source 150 and divider 152. One
      through controlled switch 151 and the other through controlled switch 163.
      The output of the divider 152 is the local clock pulses b, which pass
      through controlled switch 153 to counter 154. The output of flip-flop 155
      is connected as one input to OR gate 156, to the other input of which is
      connected OR gate 183 in alarm circuit 170. The output of OR gate 156 is
      connected to the controlling input of controlled switch 157, and by way of
      inverter 158, to the controlling input of controlled switch 159.
      Identification storage register 161 is connected to transfer circuit 162
      which couples the identification code to tone control logic 127. The tap
      of counter 154 is connected to the reset input of flip-flop 155. The carry
      output of counter 154 is connected to its reset input and to the reset
      inputs of flip-flops 144 and 195.
PAR  The repeater further comprises an alarm circuit 170 for sensing an alarm
      tone from the next lower level and relaying that tone to the next higher
      level at a different frequency. Specifically, alarm circuit 170 comprises
      alarm receiver 171 coupled to the output of frequency dividing network
      131. The output of alarm receiver 171 is coupled to the set inputs of
      flip-flops 172, 175, and 195. The output of flip-flop 172 is coupled to
      the control input of controlled switch 173. The switched input of
      controlled switch 173 is connected to the output of alarm tone generator
      174. The output of controlled switch 173 is connected to a second input of
      power amplifier 133. The output of flip-flop 175 is connected to one input
      of OR gate 184 and to the control input of controlled switch 176.
      Controlled switch 176 couples b clock pulses to counter 177. A tap on
      counter 177 is coupled by way of controlled switch 192 to the set input of
      flip-flop 178 and to one input of OR gate 183. The carry output of counter
      177 connects to its reset and the reset input of flip-flops 175 and 193.
      The output of flip-flop 178 is connected to the control input of
      controlled switch 179, which couples b clock pulses to counter 181, and
      the other input of OR gate 184. The output of OR gate 184 is connected to
      the control input of controlled switches 163 and 187; and, by way of
      inverter 188 to the control input of controlled switch 190. Controlled
      switch 187 shunts the inputs to receivers 103-105 to ground and is used in
      pole repeaters only. Controlled switch 190 as inserted between the output
      of address repeaters 185 and 186 and power amplifier 146' is used only in
      intermediate and substation repeaters. Controlled switch 194 interconnects
      the output of shaper 146 and the set input of flip-flop 193. The control
      input of switch 194 is connected to output of flip-flop 195. The carry
      output of counter 181 is connected to the the reset thereof and to the
      input of counter 182. The carry output of counter 182 is connected to the
      reset thereof and to the reset input of flip-flop 178.
PAR  The second tap from counter 177, by way of controlled switch 192, and a tap
      from counter 181 comprise the inputs to OR gate 183. The output of OR gate
      183 is connected to the other input of OR gate 156. The output of
      flip-flop 193 is inverted by inverter 191 and coupled to the control input
      of controlled switch 192.
PAR  Address repeater 185/186 is included for relaying repeater selection codes
      to a lower level after frequency translation. The address repeater is
      illustrated as two blocks, 185 and 186, representing the receiving and
      tone generating portions, respectively, of the tone repeater illustrated,
      for example, in FIG. 9. Two such repeaters are used in the intermediate
      repeater, while one is used in the substation repeater.
PAR  Generally, the function of the chain of repeaters is to provide an
      addressable communication link between the central station and the
      terminal stations and, in the process, provide signal amplifying and
      frequency translation capability to isolate one level of repeaters from
      the next. In addition, discontinuities, such as transformers and
      protective devices are by-passed at signal frequencies. Thus, the
      repeaters serve as the building block for a random access two-way
      communication system that reaches everywhere in a power distribution
      network.
PAR  An alert tone from the central station is coupled by way of trunk coupler
      135 to frequency dividing network 134. Frequency dividing network 134
      corresponds in function to the transmit-receive switch utilized in the
      terminal station. However, if it is desired to transmit and receive
      simultaneously, it is necessary to provide a continuous connection between
      the power amplifier and the receivers with the trunk coupler. Frequency
      dividing network 134 comprises, for example, band-pass and band-reject
      filters arranged so as to isolate the transmit and receive portions of the
      repeater while at the same time coupling both the transmitter and the
      receivers to the trunk coupler. Thus, the signals are divided in frequency
      divider 134 according to the frequency thereof to provide isolation
      between incoming and outgoing signals on the high voltage side of the
      repeater. Other types of isolation devices, such as hybrid couplers, may
      be used instead.
PAR  The alert tones are detected by receivers 141 and 142, the outputs of which
      are combined in AND circuit 143 and coupled to the control input of
      controlled switch 151 and, during the transition from low to high at the
      output of AND circuit 143, a one-shot pulse is generated by differentiator
      145 and shaper 146. The output of flip-flop 178 in alarm circuit 170 is
      connected to the control input of controlled switch 163 located in a
      parallel path with switch 151. These two parallel switches control the
      initial state of the timing control circuitry for the repeater. When an
      alert or an alarm is received, the corresponding switch in the parallel
      path is closed, thereby coupling the a clock source to divider 152, which
      determines the timing of local clock pulses b. These clock pulses are
      coupled by way of controlled switch 153 to counter 154, controlled switch
      is turned on by the output of flip-flop 144, which is set by the one-shot
      pulse from shaper 146. The one-shot pulse also controls the sending of an
      alert tone through controlled switch 189. Thus, the duration of the alert
      tone is determined by the duration of the one-shot pulse. This one-shot
      pulse also sets flip-flop 155 and may also set flip-flop 193 is alarm
      circuit 170 through controlled switch 194. Switch 194 is controlled by
      flip-flop 195, which is set by the output of alarm receiver 171 and reset
      by the carry pulse from counter 154.
PAR  As alert tone generator 145' generates an alert tone, which is coupled by
      way of power amplifier 146' and frequency divider 131 to fan-out couple
      130, the set output of flip-flop 155 is coupled by way of OR gate 156 to
      controlled switch 157, thereby coupling b clock pulse signals to transfer
      circuit 162. This causes the identification of the pole repeater to be
      read out from identification register 161 and transmitted as a tone code
      from tone generator 128, power amplifier 133, frequency divider 134 and
      trunk coupler 135. This identifies the repeater to the next higher level
      in the communication system. During the identification portion, counter
      154 has been counting b clock pulse signals and at a predetermined count
      determined by the position of the tap, e.g., three, produces an output
      pulse on the tap which resets flip-flop 155, thereby terminating the
      identification mode after three repetitions of the identifying code.
PAR  The set output of flip-flop 155 is converted to a low level signal by
      inverter 158, thereby shutting off b clock pulse signals from transfer
      circuit 126 during identification. When flip-flop 155 is reset, switch 157
      is opened and 159 is closed, coupling b clock pulse signals through
      transfer gate 126, thereby enabling the data tones received by way of
      fan-out coupler 130 and frequency divider 131 to be translated in
      frequency by tone repeater 132 and transmitted by way of power amplifier
      133, frequency divider 134 and trunk coupler 135. After a sufficient time
      has elapsed for all of the terminal stations to report, as determined by
      the duration of the alert tones for this repeater from the central
      station, the output of AND gate 143 goes low and turns off switch 151.
PAR  Whenever both switch 151 and 163 are off, the local clock pulse b stops,
      thus terminating the repeating function in the repeater because the
      repeater is designed to function only as long as local clock pulses b is
      present. Actually, a portion of repeater must always be on, to assure that
      the alert tones and alarm tones may be received to activate this repeater.
      It is desirable to limit this portion for saving power. The following
      lists the active components which are always on: clock source 150, alert
      receivers 141, 142; AND gate 143; differentiator 145; shaper 146;
      controlled switches 151, 163; alarm tone receiver 171; flip-flops 172, 175
      and 193; and OR gate 184. The remaining portion of the repeater will be
      activated when either controlled switch 151 or 163 is closed. This is
      equivalent to saying the repeater is fully activated whenever the local
      clock pulses b is present.
PAR  The set input of flip-flop 155 is connected to the output of shaper 146 and
      the reset input is connected to a tap of counter 154. The count capacity
      at this tap is equal to the number of repetitions of the repeater
      identification code. (The repetition of identification codes allows the
      central station to correct repeater identification codes by majority
      logic, as described below in conjunction with the central station.) When
      the output of flip-flop 155 is high, it allows controlled switch 157 to
      pass b clock pulses to transfer gate 162, thus allowing repeater
      identification codes to be transmitted through trunk coupler 135. The
      count capacity of counter 154 is one count larger than its tap. Thus, one
      time interval later, the carry pulse will reset it, and also reset
      flip-flop 144, to open controlled switch 153 and block the b clock pulses
      from counter 154.
PAL  c. The higher level repeaters
PAR  The identification tones are repeated by data tone repeater 132 and
      transmitted by way of trunk coupler 135 for higher level repeaters. This
      occurs only at the addressed repeater as determined by alert tone
      receivers 141 and 142, i.e., receivers 141 and 142 interpret two of the
      identification tones from a higher level as alert tones, the coincidence
      of which makes the output of AND gate 143 go high, thereby either enabling
      alert tone generator 145 as in the pole repeater or transmitting the
      remaining portions of the alert tones to the next lower level repeater, as
      in the substation or intermediate repeaters.
PAR  In addition to different numbers of receivers or transmitters, the pole
      repeaters have an alert tone generator 145' and a grounding switch 187,
      whereas substation and intermediate repeaters have address repeaters 185,
      186 and an alert-tone cutoff switch 190. The purpose of controlled
      switches 187 and 190 is to assure that the alarm task has priority over
      the data collection task. When an alarm tone is received in a pole
      repeater, controlled switch 187 grounds the input of the fan-out receiver.
      This interrupts the data transfer function of the repeater even if the
      alarm is sounded during the routine data collection task. In the
      substation or intermediate repeater, the requirement of relaying repeater
      identification codes rules out grounding fan-out receivers as a means to
      interrupt data collection. The equivalent result is obtained by controlled
      switch 190 after the repeater receives an alarm. At that instant, switch
      190 interrupts the address code used for alerting lower repeaters.
      Whenever a lower repeater loses its alert tone, the data transfer function
      in that repeater is interrupted. Therefore, normal data collection is
      always interrupted whenever an alarm is sounded.
PAR  This interruption feature has another important benefit, in that it
      minimizes the difficulty of another repeater in the system picking up the
      alarm. (1) If this should happen, two alarm signals are then relayed to
      the central station. Because of the tree structure, then two paths will
      eventually converge. In this situation, interrupting the data transfer
      function after receiving a first alarm assures only the proper path will
      be identified by that repeater to the central station. (2) Since there are
      circuit delays in the system, the correct alarm will arrive first and
      block spurious alarms.
PAR  Alarm circuit 170 is coupled to the output of frequency divider 131. Should
      an alarm sound at any time, the operation of the system is such that the
      alarm overrides any other function. An alarm received from a lower level
      device is detected by alarm receiver 171 which produces an output pulse
      setting flip-flops 172 and 175. The high output of flip-flop 172 closes
      switch 173, thereby coupling an alarm tone (at a different frequency) to
      power amplifier 133. Flip-flop 172 controls the duration of the
      re-transmitted alarm tone. Controlled switch 187, under the control of
      flip-flop 178 grounds the input to the receivers in tone repeater 132
      during the period of re-transmitting the alarm tone and repeater
      identification code, thus terminating any data transfer function of the
      pole repeater if the alarm sounds during routine data collection.
PAR  The remaining apparatus in alarm circuit 170 controls the timing of events
      so that after a single alarm tone is re-transmitted, a repeated
      identification code of the repeater is transmitted. The number of
      repetitions is a matter of choice and, as more fully described below, is
      done for the purpose of providing error correcting capability in the
      central station.
PAR  Counter 177 controls several functions in the operation of the alarm
      circuit. The capacity of counter 182 is one less than the number of
      identification code repetitions. Counter 181 determines the spacing
      between identifications. Counter 181 is necessary to spread out the
      identification tones since each repeater in the chain to the central
      station must be given an opportunity to identify itself. Thus, the signal
      received by the central station is an alarm tone followed by a particular
      number of repeated identifications wherein the identification tones from
      each repeater are interleaved so that a number of complete identifications
      are received.
PAR  Specifically, the high output from flip-flop 175 closes switch 176, thereby
      connecting b clock pulses to counter 177. A first tap on counter 177
      resets flip-flop 172, thereby terminating the alarm tone. A second tap,
      defines a waiting period before the transmission of the first repeater
      identification code. Thus, the tap is connected at different points in the
      counter for the pole, substation, and intermediate repeaters. For example,
      if the first tap is at the first count, the second tap is at the second,
      third, or fourth count positions for the pole, substation and intermediate
      repeaters, respectively. An output pulse at the second tap is coupled by
      controlled switch 192 to set flip-flop 178 and, by way of OR gates 183 and
      156, causes the transmission of an identification by closing switch 157,
      thereby coupling b clock pulse signals to transfer circuit 162. At the end
      of one count, this identification code terminates but, after a preset time
      interval, is repeated a fixed number of times as determined by counter
      182.
PAR  The remaining repetitions are controlled by switch 179 and counters 181 and
      182. Specifically, an output from flip-flop 178 closes switch 179, thereby
      coupling b clock pulse signals to the input of counter 181. A tap at the
      last count on counter 181 is connected by way of OR gate 183 and 156 to
      controlled switch 157, thereby initiating a second identification
      transmission. The position of the tap on counter 177 determines the
      position of the identification in the data stream to the central station
      as described above. By varying the position of the identification tone
      codes, the tones are interleaved and received at the central station as a
      single identification, repeated a given number of times. The count
      capacity of counter 181 is always one more than the count spacing between
      identifications of the same repeater. Each carry output of counter 181
      resets the counter and is coupled to counter 182 which counts through
      capacity to reset itself and flip-flop 178. For example, counter 182 may
      comprise a pair of flip-flops, thus having a capacity of 4 counts. Thus,
      after four repetitions, flip-flop 178 is reset, thereby terminating the
      alarm cycle. Note, however, that the alarm has been repeated five times,
      once under the control of counter 177 and the remaining four times under
      the control of counter 182.
PAR  Or gate 184 combines the outputs of flip-flop 175 and flip-flop 178. Its
      output is high from the time an alarm is received by alarm receivers 171
      until the end of transmission of the repeater identification code during
      an alarm; i.e., during the entire alarm function of the repeater. The
      input of OR gate 184 is coupled to controlled switches 163 and 187 and, by
      way of an inverter, to controlled switch 190.
PAR  Since counter 177 has a count capacity one greater than the count at its
      second tap, its carry pulse occurs one time interval later than the pulse
      on its second tap. The carry pulse of counter 177 is used for the reset
      thereof and also for resetting flip-flops 175 and 193. The repeater
      identification function associated with an alarm is initiated by the
      output pulse on the second tap on counter 177. This pulse must pass
      through switch 192 before it can be effective. Therefore, initial repeater
      identification during alarm only occurs when switch 192 is closed. The
      transmission of the alarm tone is initiated by the output of the alarm
      receiver and transmitted under the control of a pulse on the first tap of
      counter 177. This pulse does not pass through switch 192 and the alarm
      tone transfer function of the repeater is not affected by switch 192.
      Switch 192 is controlled by the output of flip-flop 193 through inverter
      191. Thus, switch 192 is closed only when the output of flip-flop 193 is
      low and opened when high. Flip-flop 193 is set by a one-shot pulse passed
      through controlled switch 194 from shaper 146. This pulse only occurs
      during the transition of the output of AND gate 143 from low to high,
      i.e., during the instant the repeater is being alerted. Flip-flop 193 is
      reset by the carry pulse of counter 177, which will occur once each time
      an alarm tone is received by the repeater, but always later than the pulse
      occurred on the second tap of counter 177.
PAR  When the system is dormant or alerted for routine data collection, there is
      no alarm pulse to set flip-flop 195. Therefore, flip-flop 193 is also not
      set because either there is no set pulse or it is blocked by open switch
      194. Thus the alarm circuit is ready for relaying both the alarm tone and
      the repeater identification if an alarm is sounded. Then, the alarm
      receiver output will set flip-flop 195 to close switch 194, although there
      is no output from shaper 146 to set flip-flop 193 as yet. After an alarm
      reaches the central station, a new alert to read the alarm data will reach
      this repeater. Since switch 194 is closed, the one-shot pulse from shaper
      146 will set flip-flop 193 and open the switch 192. When the alarm tone
      associated with the alarm data is received by this repeater, the repeater
      identification function associated with the alarm will be blocked by open
      switch 192, although the alarm tone relaying function will still proceed
      normally. The carry pulse from counter 154 resets flip-flop 195, opens
      switch 194, and closes switch 192. The next carry pulse from counter 177
      will reset flip-flop 193, returning the alarm circuit back to normal.
      Thus, the alarm tone associated with the alarm data, being sent in
      response to an alert tone from the central station, does not re-trigger
      the response as for the initial alarm from the lower level.
PAR  The alarm function is similar in all levels of repeaters except that in
      higher level repeaters, the data comprises the identification tones of all
      of the lower level repeaters. Thus, the transmission from the intermediate
      or substation repeaters comprises a single alarm tone followed by the
      identification of the highest level repeater and then the identification
      of the lower level repeaters. While the use of a single alarm tone may
      result in the loss of an alarm, i.e., the alarm goes unanswered, such is
      not catastrophic due to the alarm repeat feature of the terminal station.
PAR  As previously described in connection with the terminal station, the
      terminal station will repeat the alarm if an answer is not obtained within
      a predetermined amount of time. However, it is understood that the system
      operates at a speed such that the alarm is not repeated before
      communication is completed through the chain to the central station and
      the central station has had a chance to respond. In a working system, for
      example, a terminal station repeating an unanswered alarm signal at a rate
      of once every ten seconds or so would provide an ample time for
      communication up to the central station and back down again.
PAR  In addition, while described in conjunction with a preferred system in
      which transmission and reception can be carried out at the same time, some
      equipment simplification can be obtained by utilizing T-R switches for
      frequency dividing networks 131 and 134. However, this requires that all
      of the repeaters operate on a time multiplex basis wherein only part of
      the time is available for reception and the remainder is available for
      transmission. This appreciably slows down the system and requires
      synchronization of the repeaters at all levels.
PAR  In the two-way communication system of the present invention, the repeaters
      in the path between the central station and a particular terminal station
      are activated only for the length of time necessary to carry out the task,
      as determined by the central data processing computer issuing the command,
      i.e., by the duration of the alert tone. In the case of an alarm
      situation, the repeater circuitry maintains an ON condition for the
      duration of the alarm. If the above-noted time multiplex format is used,
      wherein only a portion of the time is available for transmission and the
      remainder available for reception, suitable boxcar circuits, or other
      suitable devices, must be added to the system at the outputs of the alert
      tone receivers to convert the sequence of spaced alerting signals into a
      continuous signal.
PAC  5. The central station
PAL  a. Generally
PAR  The central station is illustrated in FIGS. 11-17, of which FIG. 11 is a
      general block diagram of the central station illustrating how the
      remaining FIGURES are interconnected.
PAR  Functionally, central station 11 is the upper end of the data communication
      system of the present invention and forms an interface with a central data
      processing computer (not illustrated), wherein power consumption and
      billings are calculated and reports of alarm conditions are received. In
      central station 11, the incoming data is stored temporarily, decoded,
      converted into a suitable seven bit word code, e.g. ASCII code, for
      feeding data to the computer throuogh a teletypewriter terminal.
PAR  As with other portions of the system, flexibility, economy of apparatus and
      relatively low cost are among the objects to which apparatus of the
      central station is directed. To these ends, the central station also
      utilizes the receivers and tone code generators as described in FIGS. 2
      and 4. In addition, the number of responses to the various conditions that
      may be encountered in operating the system are accommodated by various
      combinations of sub-tasks. Thus, instead of the number of responses being
      the same as the number of possible conditions, the response is formed by
      various combinations of six sub-tasks, thereby simplifying the generation
      of a response by the central station.
PAR  Central Station 11 is coupled to a high voltage transmission line by way of
      line coupler 201, frequency divider 202 and fan-out transceiver 203.
      Received data, except for an alarm tone, is coupled by way of a plurality
      of connections R-2 to decoding logic 204 which also may provide a missing
      data detection function. The decoded data is coupled to the S-10 input of
      data handling unit 205 where the information is converted into a suitable
      code, for example, ASCII code, and transferred to teletypewriter buffer
      206. Teletypewriter buffer 206 serves as the connection between central
      station 11 and one of the teletypewriter terminals of the central data
      processing computer. It is understood that the computer need not be
      proximate the central station, but can be coupled thereby by a suitable
      two-way transmission link, for example a pair of wide-band telephone lines
      or other communication channel of similar capacity.
PAR  Data handling unit 205 provides control signals supplied by the computer by
      way of teletypewriter buffer 206 to repeater tone code generators 207-209.
      By suitable selection of tone code patterns, coupled to inputs R-10, R-9,
      and R-8 of transceiver 203, the unique path is defined through the data
      transmission network of the present invention to a particular pole
      repeater. Upon receiving an alert tone, the pole repeater reads out the
      data from the various terminal stations as previously described. The data
      is coupled through the data handling unit and teletypewriter buffer 206 to
      the computer where calculation of power consumption and billings are made.
      Logic circuitry 210 comprises a plurality of logic circuits for triggering
      the various subtasks and actuating the switches in the data handling unit
      205 to carry them out, thereby defining a particular response to the
      conditions sensed by the data handling unit. In addition, time sequence
      controller 211, as more fully described in connection with FIG. 17,
      controls the timing of the various functions within central station 11.
PAL  b. The transceiver
PAR  FIGS. 12-18 illustrate in detailed block diagrams the interconnections
      among the blocks illustrated in FIG. 11. FIG. 12 is a detailed block
      diagram of fan-out transceiver 203. In fan-out transceiver 203, incoming
      signals from line coupler 201 and frequency divider 202 are coupled to the
      input of data receiver 220 and alarm receiver 221. Data receiver 220
      comprises a plurality of tone receivers, previously described, and has the
      outputs of the threshold comparators collectively designated R-2 in FIG.
      12. The format of data code tones within the communication system
      determine the number of receivers for data receiver 220. In this
      particular case, since the data tone format uses three tones, each at one
      of four frequencies and carrying two bits of information each, 12 tone
      receivers are needed to interpret this code format. There are 12 outputs,
      collectively designated R-2, as the output of data receiver 220. A
      multiple conductor cable representing these outputs is connected to the
      D-8 input of decoding logic 204.
PAR  As indicated in FIG. 12, alarm receiver 221 comprises a single output,
      designated R-1, which is coupled to the A-1 input of time sequence
      controller 211. As previously noted, if more than on alarm condition is to
      be sensed in the communication system of the present invention, the
      difference will be detected in alarm data collection. Alarm receiver 221
      always comprises a single tone receiver.
PAR  On the transmit side of transceiver 203, the outputs from alert tone
      generators 207, 208 and 209 are connected respectively to inputs R-10,
      R-9, and R-8. These inputs are combined and applied as a single input to
      controlled switch 222. The outputs of the alert tone generators are
      amplified by amplifier 223 and applied as one input to frequency divider
      202. The input R-8 passes through controlled switch 229 which is
      controlled by the output of flip-flop 229a, the input to which is inverted
      by inverter 229b. The set and reset inputs to flip-flop 229a are connected
      to terminals R-11 and R-12 respectively. R-11 is connected to output
      terminal F-5 of data handling unit 206 while R-12 is connected to F-13 of
      the data handling unit. When flip-flop 229a is set, controlled switch
      disconnects the alert tone for pole repeaters from the signal input to
      controlled switch 222. This disconnects pole repeater selection tone
      generator 209 from the power amplifier at the beginning of the fourth
      sub-task (more fully described below).
PAR  Control circuitry within fan-out transceiver 203 comprises flip-flops 224
      and 227 and OR gates 225 and 226. Flip-flop 224 is normally in the "set"
      state, thereby closing controlled switch 222 for transferring the
      generated alert tones to amplifier 223. The set input of flip-flop 224 is
      connected to input R-5 which is also connected as one input to OR circuit
      226. The output from OR circuit 226 is connected to the set input of
      flip-flop 227. Flip-flop 227 actuates power switch 228 thereby providing
      power to data receiver 220 from a source of supply schematically
      illustrated as a plus (+) sign. The input to R-5 is an initiation pulse
      from the T-3 output of timing sequence controller 211. A holding pulse
      from the M-6 output of monitoring device 282 in data handling unit 205 is
      coupled to the R-6 input, which is coupled by way of OR circuit 225 to the
      reset input of flip-flop 224 and directly to the reset input of flip-flop
      227. This serves to shut off the transceiver temporarily during data
      collection, either at end of normal operations or whenever monitoring
      device 282, internal to data handling unit 205, senses the occurrence of
      something abnormal. Input R-7 is a control signal coupled from the A-4
      output of the alarm circuitry internal to timing sequence controller 211;
      this signal indicates an alarm tone is received and serves to shut off the
      transmission side of fan-out transceiver 203 so that, if there is routine
      data collection at that moment, it will be interrupted. A signal on input
      R-7 also sets flip-flop 227, thereby enabling data receiver 220 to receive
      the anticipated address code for the repeaters that relayed the alarm
      while the central station is inactive. The remaining inputs, R-3 and R-4,
      to transceiver 203 are from the master oscillator output 0-1 and clock
      pulse output 0-2 in the oscillator portion of timing sequence controller
      211 and serve to operate the receivers in the manner previously described
      in connection with the tone receivers.
PAL  c. The decoding logic
PAR  FIG. 13 is a detailed block diagram of the decoding logic within block 204
      of FIG. 11. Specificially, decoding logic 204 comprises a plurality of OR
      gates 241-252 connected as illustrated to the outputs of the receivers in
      transceiver 203. The outputs of OR gates 241-252 are connected as
      illustrated to the inputs of flip-flops 255-260. The outputs of flip-flops
      255-260 form a six-bit code word D2-D7, which forms one part of the output
      of decoder 204. The outputs of OR circuits 241-252 are also connected as
      illustrated to the inputs of comparators 262-267. The outputs of
      comparators 262-267 are combined as illustrated by way of OR gates 268-271
      to form the input to flip-flop 272. The output of flip-flop 272 comprises
      the D1 output of decoding logic 204.
PAR  Essentially, decoding logic 204 comprises two sections. The first, formed
      by OR gates 241-252 and flip-flops 255-260, performs the decoding function
      for converting the received signal to a six-bit code for use in the
      central station. Comparators 262-267 and the OR gates associated therewith
      form the missing data detector portion of decoding logic 204.
PAR  As previously discussed, the received signal comprises three tones, each
      one being a selected one of four tones for a total of 12 possible tones.
      The tones are detected by three groups of four receivers in transceiver
      203, and these groups are arranged as illustrated. Considering the central
      portion of decoder 204, the output of the first receiver is connected to
      OR gates 245 and 247. The output of the second receiver in the group is
      coupled to OR gates 245 and 248. The output of the third receiver in the
      group is coupled to OR gates 246 and 247, and the output of the fourth
      receiver in the group is coupled to OR gates 246 and 248. The outputs of
      OR gates 245 and 247 form the set inputs to flip-flops 257 and 258,
      respectively. The outputs of OR gates 246 and 248 form the reset inputs to
      flip-flops 257 and 258, respectively.
PAR  The adopted data format assigns two bits of information to each data tone;
      thus, it may be received at any one of the four receivers in a group
      corresponding to the four possible discrete frequencies assigned to that
      tone. When the presence of the data tone at a particular receiver in the
      group is established, the output of that receiver goes to logic 1. A
      properly received signal will produce one and only one logic 1 among a
      group of four receivers. According to the arrangement shown in FIG. 13,
      this causes the outputs of two of the OR gates to go to logic 1 and
      assures that one of the logic 1 appears at one of the two left-hand OR
      gates, and that the other logic 1 appears at one of the two right-hand OR
      gates in the group.
PAR  Assuming, for example, that the second tone is detected in the first
      receiver of the second group, then the outputs of OR gates 245 and 247
      will be a logic 1 while the outputs of OR gates 246 and 248 are a logic 0.
      Thus, flip-flops 257 and 258 are placed in the set position and a logic 1
      appears at outputs D4 and D5. Similarly, as can be seen by inspection, a
      tone received by the remaining receivers in the second group would
      similarly define a unique code signal at outputs D4 and D5. The receivers
      and OR gates for the first and third groups function similarly to provide
      a unique output signal at outputs D2, D3, D6 and D7, uniquely defining in
      a six-bit word the particular three out of 12 combination of received
      tones from the lower portions of the communication system.
PAR  Continuing with the second tone group, the missing data detector functions
      as follows. Binary comparators 264 and 265 produce a logic 1 output only
      when the inputs thereof are the same. Thus, if no data is received, a
      logic 0 is presented to the inputs of comparators 264 and 265. This logic
      1 output produced under these conditions is coupled by way of OR gates 269
      and 271 to the input of flip-flop 272 which goes into the set state and
      produces a logic 1 at the output, D1. By virtue of the interconnections
      between the receivers in the second group in transceiver 203 and OR gates
      245-248, any received signal will be coupled to one side of comparators
      264 and 265, thereby producing a logic 0 at the outputs thereof.
PAR  The missing data detector portions of decoder 204 also provide an erroneous
      data reception indication in that the reception of two tones within a
      single group will cause both inputs to one of binary comparators 264 and
      265 to be a logic 1. When both inputs are the same logic level, that
      binary comparator will produce a logic 1 output signal which is coupled to
      flip-flop 272, thereby again causing a logic 1 to appear at output D1 to
      indicate the error. As more fully explained below, the lack of data or an
      erroneous data reading will cause the central station to request a second
      reading through the preselected path to a particular pole repeater. The
      missing data indication at point D1 is coupled to the F-6 input of data
      handling unit 205, while outputs D2-D7 are coupled by multiple conductor
      cable to the S-10 input of data handling unit 205 where, as more fully
      described below, the data is stored temporarily and ultimately transferred
      to the data processor by way of teletypewriter buffer 206.
PAL  d. The data handling unit
PAR  FIG. 14 illustrates in block form the major sections and functions of data
      handling unit 205. Data handling unit 205 comprises a switching device 281
      and a monitoring device 282. Connected to switching device 281 are
      majority logic circuits 283-285, each having six bit positions
      corresponding to outputs D2-D7 in parallel from the decoding logic. This
      six bit word corresponds to the address code of a repeater. The repeated
      address codes appearing at the decoding logic output are sequentially
      transferred to appropriate majority logic positions through the input
      section of six pole majority logic stepping switch 297. After the repeated
      address codes are fed to a majority logic circuit, the output at any bit
      position corresponds to the majority of the logic levels of the repeated
      inputs to that bit position. The construction and operation of majority
      logic circuits is well known in the art and will not be further detailed
      here. The outputs of the three majority logic circuits are transferred to
      corresponding control memories through the synchronous stepping of the six
      pole output section of majority logic stepping switch 304 and the six pole
      input section of control memory stepping switch 305.
PAR  Connected to the other side of switching device 281 are a plurality of
      control memories 286-291 which receive or deliver information from or to
      the data processing computer by way of teletypewriter buffer 206. In
      addition, as more fully described below, three of the control memories,
      288-290, are interconnected with majority logic circuits 283-285 by way of
      switching device 281 and store the corrected repeater identification codes
      for three levels of repeaters for transmittal to the data processing
      computer.
PAR  Monitoring device 282 comprises four counters and logic circuitry for
      controlling the timing and operating of the central station, including the
      selection of sub-tasks to be performed and the detection of failures when
      the system is not performing properly. As previously noted, these
      sub-tasks are arranged in predetermined groups to provide the various
      responses for the different input conditions that may be encountered. The
      first sub-task is loading the instruction given by the data processing
      computer through the teletypewriter buffer to the controlling memory of
      the data handling unit. The format of the instruction may, for example,
      comprise eight 7-bit ASCII code words.
PAR  The second sub-task is the reading of the data stored in the six control
      memories to be reported back to the data processing computer through the
      teletypewriter buffer. This sub-task is triggered by a holding pulse
      generated by the monitoring device in response to changes of logic levels
      in control memory 291.
PAR  The third sub-task is to establish a two-way communication path between the
      central station and a group of time multiplexed terminal stations. The
      particular group and the actual communication path selected under this
      task is predetermined by the information stored in controlling memories
      288-290. The data transfer path for this task is from the buffer memories
      at the output of the decoding logic to majority logic circuits 283-285.
PAR  The fourth sub-task is to change over from one pole repeater to the next,
      while the alerted substation and intermediate repeaters remain unchanged,
      after the completion of data collection from all terminal stations reached
      through the original pole repeater. The data collected from all the
      terminal stations on a single pole repeater that form a time-multiplexed
      transmission group is referred to herein as a complete line of data. The
      initiation of this sub-task is controlled by instructions given by the
      computer. In particular, if the second bit of a control memory is set to a
      logic 1, upon reception of a complete line of data, the change of pole
      repeater is initiated until the number of pole repeaters reached by this
      procedure is equal to the number specified by the second to seventh bit in
      control memory 287.
PAR  The fifth sub-task is data collection. This sub-task follows either the
      third or the fourth sub-task immediately. The data transfer route for this
      sub-task is from the receiver-buffer memory to the data transformation
      unit and from the data transformation unit to the teletypewriter buffer.
      Thus, all the data as transmitted by the terminal station is transferred
      directly to the data processing computer through its teletypewriter
      terminal. After all of the lines of time multiplexed groups specified by
      an instruction have been collected, a line counter within monitoring
      device 282 produces an output pulse, which serves to terminate the
      operation of the central station and trigger the second sub-task, wherein
      the data stored in controlling memories that specifies the transmission
      path, scope, duration and monitoring of the data collection will be read
      back to the data processing computer.
PAR  The duration of this sub-task is specified by the contents stored in
      memories 286 and 287. The second to seventh bit in control memory 286
      specifies the duration of the data collection at each pole repeater while
      the second to seventh bits in control memory 287 specifies the number of
      pole repeaters selected in a given data collection.
PAR  The sixth sub-task is the response to an alarm originated from the terminal
      station by the central station. This response includes the termination of
      on-going data collection, if any, the collection of repeater
      identification codes which describe the specific route over which the
      alarm tone has been relayed to the central station, and transferring the
      identification data to the control memories. The data transfer path within
      the central station is similar to the second sub-task; from the buffer
      memories at the output of the decoding logic to majority logic circuits
      283-285.
PAR  The various sub-tasks are carried out by way of initiation pulses in
      association with the actuation of switching device 281, illustrated in
      detailed form in FIG. 15. All of the data flowing through the central
      station, either from or to the central data processing computer, passes
      through switching device 281, which controls the flow of data through
      various possible paths, depending upon the sub-task being carried out. The
      changes in connections between the various components and data sources at
      various times is illustrated schematically in FIG. 15 as a plurality of
      stepping switches. It is understood by those in the art that while
      illustrated as a plurality of stepping switches, the various changes in
      interconnections can be easily implemented utilizing integrated circuit
      technology as a plurality of logic gates. The illustration of FIG. 15 as a
      plurality of stepping switches is merely to simplify the description of
      the functioning of switching device 281.
PAR  Input S-10 to switching device 281 comprises seven wires from the data
      buffer formed by flip-flops 255-260 and 272 in FIG. 13, the information
      outputs as outputs D-2 to D-7. In addition, as a first bit of information,
      is the output of the missing data detector D-1. The outputs from the
      buffers are transferred through a seven bit data transfer gate to
      seven-pole, double-throw switch 296. The last six bit outputs of the first
      position of switch 296 is connected to the input section of six pole
      majority logic stepping switch 297. Comparing FIG. 15 with FIG. 14, it can
      be seen that the inputs to the majority logic circuits 283-285, are
      sequentially selected by six pole input switch 297 so that the data
      received from the repeaters without the first bit for missing data
      indication is sequentially transferred into the proper majority logic a
      number of times corresponding to the number of code repetitions. And later
      after the inconsistencies between repeated bits have been corrected
      according to majority voting, their outputs are sequentially transferred
      to proper control memories in the data handling unit through the six-pole
      output section of stepping switch 304 in conjunction with six-pole input
      stepping switch 305 in switching device 281.
PAR  The second position output of seven pole switch 296 is connected to
      terminal 298, which is the seven wire input to code transformation unit
      299. Code transformation unit 299 serves to transform the received data
      code in certain circumstances.
PAR  During data collection, at any time interval, if any data is missing or
      some error in transmission has caused decoding difficulties, these
      conditions are sensed by missing data detector, and a logic 1 will be
      written into first bit of buffer memory D-1. In such an instance, some of
      the other flip-flops in the remaining six bits of data buffer memory D2-D7
      will be set randomly at least for some of the bits or even for all the
      bits causing decoding difficulty. The data format at the buffer memory,
      for current data is that the first bit is always logic 0 followed by six
      random bits, which for missing or erroneous data the first bit is always
      logic 1, also followed by six random bits. This distinction is sufficient
      for the computer to interpret the correct or incorrect data normally. At
      the central station all operational and monitoring codes used are seven
      bit words with the first bit always assigned logic 1. Therefore, it is
      possible for missing or erroneous data to coincide with these operating or
      monitoring codes. To avoid the possibility of confusion to the computer or
      the triggering of the wrong operation at the central station, the same
      code cannot have two different meanings. To accomplish this, the data
      transformation unit is used to convert all missing or erroneous data to a
      standard seven bit word: 1000000. Since no useful information is carried
      by missing or erroneous data, this transformation causes no loss of useful
      information and a unique code is produced.
PAR  Six-pole, two position switch 303 interconnects the sic-pole output section
      of the majority logic stepping switch 304 in its first position. This code
      transformation assumes the computer will always know when one word of data
      is missing. The transformed code is fed into teletypewriter buffer 206 for
      communication with the computer by way of the first position on seven pole
      two position switch 301 in switching device 281. The common position of
      switch 301 is connected by seven bit parallel data transformer data 302 to
      seven bit teletypewriter data buffer 206. As illustrated in FIG. 14, a
      plurality of control memories are interconnected with switching device 281
      so that data from switch 303 is sequentially read into control memories
      286-291. Output section 307 of the six-pole control memory stepping switch
      is connected to the second position of the last six bit poles of
      seven-pole, two position switch 301. The first bit pole at the second
      position is permanently connected to a logic 1 output. The common terminal
      of the seven pole switch is connected to seven bit, parallel data transfer
      gate 302. Thus, the transfer of information sequentially from the control
      memories to the last six bits of teletypewriter buffer 206 is by way of
      switches 307 and 301 and gate 302, while the first bit and the buffer
      always receives a logic 1 in this position from switch 301 and gate 302.
      In this way, the data stored in the central station control memories
      always have a logic 1 as the first bit when the data therein is read out
      into the data processing computer in association with a specific set of
      collected data. Thus, the monitoring information can be examined and the
      two-way communication path can be verified by the computer whenever it is
      necessary. A single pole, single throw switch 309 is mechanically coupled
      to the control memory stepping switch so that it closes when the stepping
      switch reaches its sixth position. The two terminals of the switch are
      connected to terminals S-13 and S-14. Thus S-13 and S-14 will be shorted
      together only when the control stepping switch reaches its sixth position.
      During the operation of the communication system, the first two memories
      286 and 287, are for data format and timing control, as discussed below;
      the next three memories, 288-290, define the actual two-way communication
      path; and the last memory 291, monitors the condition of the communication
      system, for example, malfunctions and alarms.
PAR  Thus, when operation of the communication system is initiated, control
      codes from the data processing computer are read into the teletypewriter
      buffer and coupled sequentially into the control memories by way of
      stepping switch 306. As previously noted, these memories control the
      timing and define the actual two-way path through the data communication
      system. As can be seen by inspection of FIGS. 15 and 11, the outputs of
      these memories serve to control the tone codes generated by generators
      207-209, the ouputs of which are coupled through fan-out transceiver 203
      to frequency dividing network 202 and line coupler 201 for alerting three
      levels of repeaters. The communication system of the present invention
      then functions as previously described to cause the initiation of data
      readout from the terminal stations coupled to a particular pole repeater.
PAR  At the beginning of the period, the data received is used for verification
      of the communication path established, and is coupled by way of the data
      flip-flops through switches 295 and 296 to the majority logic stepping
      switches, 297 and 304. If the outputs of the majority logic circuits
      coincide with the address defined in the controlling memories, then switch
      296 is actuated to connect the data buffer with the input of code
      transformation unit 299 beginning the collection of terminal station data.
      The output of the code transformation unit is coupled by way of switches
      301 and 302 to teletypewriter buffer 206 which then transfers the
      information to the central data processing computer. After each line of
      data is received, a new path is defined through the communication system
      to obtain data from different groups of terminal stations.
PAR  During an alarm, the operation of the central station is interrupted and a
      priority is afforded the alarm signal. The identification codes following
      the alarm tone are coupled through the majority circuits by switches
      295-297 and fed into control memories 287-289 by switches 303-306
      (sub-task 6). The control memories are read out to the data processing
      computer by way of teletypewriter 206 (sub-task 2). The central station
      then initiates data collection from the pole repeater sending the alarm
      signal (sub-task 3 and 5). Finally, sub-task 2 is again performed to
      report the alarm data to the computer thereby completing the alarm
      response.
PAR  The operation of switching device 281 may thus be summarized in terms of
      the flow of information as follows. Information may take one of the
      following paths through switching device 281: (a) receiver buffer to code
      transformation unit to teletypewriter buffer; (b) receiver buffer to
      majority logic; (c) various majority logic to control memories; (d)
      control memories to teletypewriter buffer; (e) teletypewriter buffer to
      controlling memories.
PAR  The responses by the central station are made up by various combinations of
      the sub-tasks enumerated above. In summary, these responses are formulated
      as follows. When the central station is collecting data from a single
      group of terminal stations reached through a single pole repeater, the
      task is accomplished as the following sequence of sub-tasks; 1-3-5-2. The
      central station collects data from groups of terminal station through N
      different pole repeaters as follows: 1-3-5-(4-5), wherein the two
      sub-tasks in parentheses are repeated N-1 times. An alarm can occur at
      various stages of the operation of the communication system, requiring
      slightly different combinations of sub-tasks. If an alarm occurs when the
      system is inactive, the response is as follows: 6-3-2. If the alarm occurs
      when the system is collecting data, the response is formulated as follows:
      6/2-3-2, wherein the sixth sub-task interrupts the data collection and
      causes a reading of the constants stored in the control memories to
      determine the identity of the repeater relaying the data in aborted
      condition. If an alarm occurs when the system is receiving instructions
      from the data processing computer, the response is the same as above
      except that the sixth sub-task is interrupted until the information is
      completely loaded in the central station, then the data collection is
      aborted and the second sub-task carried out to read the identify of the
      repeaters involved in the intended path for the unexecuted data collection
      to the data processing computer. Thus, the response may also be written as
      6/2-3-2.
PAR  The response of the central station to these various conditions may be more
      clearly understood by considering FIGS. 16 and 17 in which data handling
      unit 205 and timing sequence controller 211 are illustrated in detailed
      form.
PAR  Referring to FIG. 16, made up of FIGS. 16a and 16b (on separate sheets of
      the drawing) which directly connect to each other, the data handling unit
      may be divided into three main sections. One comprises six control
      memories, also illustrated in FIG. 14, bearing reference numerals 286-291.
      The second portion comprises the majority logic circuits including
      registers 283-285. The third portion comprises what may be considered
      monitoring devices, comprising logic circuitry and four counters, 331-334.
      Interconnecting the third, fourth, and fifth control memory with the
      majority logic circuits are comparators 322-324, respectively. Five-bit
      comparator 321 compares the last five bits (third through seventh) of data
      from first control memory 286 with the data stored in data counter 332.
      Comparator 325 compares the data stored in control memory 291 with the
      data stored in register 329. Register 329 comprises all zeros so that
      comparator 325 serves as a monitoring device, such that certain events
      within the central station cause one of the digits of register 291 to go
      from a logic 0 to a logic 1. In order to simplify FIG. 16, switching
      device 281 has been omitted; however, the interconnections are illustrated
      by references to the switch positions illustrated in FIG. 15.
PAR  In addition to switching device 281, data transfer gates are utilized to
      interconnect the memories with selected ones of the counters in the
      monitoring portion of the data handling unit. Specifically, data transfer
      gate 335 interconnects the data output from the first five bits of control
      memory 286 with step counter 331. Transfer gate 336 interconnects control
      memory 287 with line counter 333. A strobe pulse for causing the transfer
      of the data by gate 336 is provided on input M-11, which is connected,
      along with input F-9 and O-4, to output T-3 of timing sequence controller
      211 for the initiation pulse of the third sub-task. The strobe pulse for
      transfer gate 335 is through OR gate 335a, one of the inputs to which are
      connected to terminals M-11, which is connected with F-9 to receive the
      initiation pulse for the third sub-task from T-3. The other input of OR
      gate 335a is connected to F-3 from the carry output of counter 331.
PAR  Counter 334 provides a portion of the timing control within data handling
      unit 205 in a manner similar to that of the repeaters. Specifically, the
      time when counter 334 is active defines a time period for repeater
      identification. Taps are utilized on counter 334 to block the alert tone
      to the pole repeaters for two time intervals after the initiation of the
      fourth sub-task and to control the timing of the generation of strobe
      pulses for actuating comparators 323 and 324. The first tap is located at
      the second count of counter 334 and is connected to terminal F13. Clock
      pulses provided on input F-8 are coupled to one of two outputs in gate 338
      under the control of flip-flop 337. In the reset state, gate 338 couples
      the clock signals to the input of counter 334. At appropriate time
      intervals, determined by the position of the taps on counter 334, AND
      gates 341 and 342 are enabled, thereby providing strobe pulses to
      comparators 323 and 324, respectively for comparing data between majority
      logics 284 and 283, and corresponding memories 289 and 290. In the set
      state, gate 338 couples clock signals to the input of counter 331. Each
      clock pulse reduces the contents of counter 331 by one so that the time
      between the application of clock pulse signals to the input of counter 331
      and a "carry" pulse appearing at the output thereof, when the content is
      reduced to zero, is determined by the information stored in counter 331
      from control memory 286. Upon the production of a carry pulse, flip-flop
      337 is reset, thereby coupling clock pulse signals to counter 334. AND
      circuit 339 senses the carry pulse from counter 331 and, assuming the
      first bit in control memory 286 is also a logic 1, produces an output
      pulse which initiates the fourth sub-task. Thus, the logic 1 in the second
      bit of memory 286 is used to indicate data will be collected from more
      than one pole repeater, but via the same substation repeater. This output
      pulse appears at output F-5 for increasing the content of memory 288 by
      one which modifies the pair of address tones generated by generator 209
      for alerting a new pole repeater. As indicated in FIG. 11, the output
      pulse at F-5 is coupled to input X-4 of switch controller 210 to initiate
      the fourth sub-task, i.e., the change over to a new pole repeater for the
      collection of the next line of data.
PAR  The carry output of counter 331 is also coupled to the reset input of
      flip-flop 340 and OR gate 335a. The set input to flip-flop 340 is
      connected to input F-9, which received the initiation pulse for the third
      sub-task from T-3. Only during the set period of flip-flop 340 can AND
      gates 341 and 342 be activated by a pulse on the tap of counter 334. As
      illustrated in FIG. 16, by way of example, a logic 1 level at the sixth
      and ninth bit positions in counter 334 coincident with the set output from
      flip-flop 340 actuates AND gate 342 and 341, respectively. The output
      pulses from AND gates 341 and 342 actuate comparators 323 and 324,
      respectively, as previously described. The reset input of flip-flop 340 is
      the carry pulse from step counter 331. Since that pulse also initiates the
      fourth sub-task, after the reset of flip-flop 340, AND gates 341 and 342
      cannot be activated. Thus, there is no comparison of substation and
      intermediate repeater addresses during the fourth sub-task. Input M-9,
      which is also coupled to output F-7 for the carry pulse of counter 334
      actuates comparator 321 to sense whether a line of data is missing, and
      actuates AND gate 345 by way of delay means 343 and a single shot
      multivibrator 344, the output of which occurs at the twelfth interval
      after the initiation pulse for the third sub-task. The output of AND gate
      345 is coupled to the strobe input of comparator 322. Thus, the output
      from AND gate 345 causes the comparison between the information stored in
      majority logic 285 and control memory 288. The outputs of comparators
      321-324 and carry output of line counter 333 are combined in OR gate 326
      which has the output thereof connected as one input to OR gates 327 and
      328. The other input to OR gate 328 is coupled to the reset alarm pulse.
      The output of OR gate 328 is connected to one bit position in control
      memory 291. In addition, other inputs to control memory 291 are obtained
      from comparators 321-324 and OR circuit 346. The inputs to OR circuit 346
      comprise the alarm and reset alarm inputs, M-15 and M-16, respectively,
      from outputs A-2 and A-3 of timing sequence controller 211. The output of
      OR circuit 346 provides the other input to OR circuit 327. The output of
      OR circuit 327 comprises the strobe input to comparator 325. The output
      from OR circuit 328 is coupled to one bit of control memory 291 and to the
      M-7 output of data handling unit 205. When comparator 325 is strobed, and
      the contents of memory 291 is different from the all zero contents of
      register 325, a holding pulse is produced at the output of comparator 325,
      which is coupled to output terminal M-8. OR gate 328 is coupled to the
      second bit of memory 291 (the first bit in all the memories is not
      illustrated). The output of OR gate 346 is coupled to the third bit of
      memory 291. Thus, an alarm changes only the third bit to a logic 1 while
      the reset alarm changes both the second and third bits to logic 1 in
      memory 291. At end normal data collection, a carry pulse is produced by
      causing OR gate 326 to change the second bit of memory 291 to a logic 1.
      During routine data collection, every bit of missing data produce a pulse
      to advance counter 332. If every bit of data in a line is missing, then
      the content of counter 322 will agree with the last five bits of control
      memory 281. Comparator 321 will produce a output pulse when strobed. This
      pulse changes the fourth bit of memory 291 to logic 1 and causes the
      second bit of memory 291 to go to a logic 1 by way of OR gates 326 and
      328, respectively. When the pole repeater address stored is majority logic
      285 does not agree with memory 288, comparator 322 will produce a pulse
      when strobed. This pulse causes the fifth bit of memory 291 to change to a
      logic 1 and, by way of OR gate 326, changes the second bit of memory 291
      to a logic 1. When the substation repeater address stored in majority
      logic 284 does not agree with memory 289, comparator 323 produces a pulse
      when strobed. This pulse changes the sixth bit of memory 291 to logic 1
      and, by way of OR gate 326, changes the second bit of memory 291 to logic
      1. When the intermediate repeater address stored in majority logic 283
      does not agree with memory 290, comparator 324 produces a pulse when
      strobed. This pulse changed the seventh bit of memory 291 to a logic 1
      and, by way of OR gate 326 changes the second bit of memory 291 to a logic
      1.  Because a logic 1 is always written in the first bit of all codes
      stored in the control memories during transfer to the teletypewriter
      buffer for relaying to the computer, the computer will read the following
      monitoring codes to indicate various condition of the data collected from
      the central station.
PA1  1100000 Normal ending of data collection
PA1  1100001 Wrong address in intermediate repeater
PA1  1100010 Wrong address in substation repeater
PA1  1100100 Wrong addresss in pole repeater
PA1  1100011 Wrong address in intermediate and substation repeater
PA1  1100101 Wrong address in intermediate and pole repeater
PA1  1100110 Wrong address in substation and pole repeater
PA1  1100111 Wrong address in intermediate, substation and pole repeater
PA1  1101000 Missing a complete line of data
PA1  1010000 Data collection interrupted by an alarm
PA1  1110000 Alarm addresses and alarm data.
PAR  Switch controller 210 receives the triggering pulses for various sub-tasks.
      Its major function is to generate all the necessary control pulses
      according to the sub-task performed such that the two multi-pole stepping
      switches 297; 304 and 306; 307 and the three multipole, two position
      switches 296, 301 and 303 in switching device 281 are always set in the
      right position at the right time. Switch controller 210 also provides the
      appropriate strobe pulses for the three sets of multi-bit, parallel data
      transfer gates 295, 302 and 305 at the proper moment. Thus, the sequential
      data transfers, as previously described, are currently executed. The
      switch controller receives clock pulses for carrying out the prescribed
      junctions from the teletypewriter during the first sub-task, and removes
      clock pulses from the central station during the second, third, fourth,
      fifth and sixth sub-tasks.
PAR  The switch controller also performs an auxiliary function in controlling
      the first circuit in time sequence controller 211 by providing the set and
      reset pulses for flip-flop 365, which controls the multi-pole, two
      position switch in that circuit and the strobe pulses for comparator 360.
PAR  FIG. 18 illustrates switch controller 210 with legends identifying the
      signal on various lines throughout the central station. The terminals of
      switch controller 210 are as follows: X-1, X-2, X-3, X-4, and X-6 are
      inputs for the triggering pulse of the first, second, third, fourth and
      sixth sub-task, respectively. X-5 and X-10 are inputs for clock pulses
      from the central station and the teletypewriter buffer, respectively. X-7,
      X-8 and X-9 are output terminals for strobe pulses for the three set of
      parallel data transfer gates 295, 302, and 305, respectively. X-13 is the
      output for the strobe pulse to comparator 360. X-11 and X-12 are the
      outputs for the reset and onset pulses, respectively, to flip-flop 365
      which controls multi-pole, two position sub-tasks 363 and 364 in the first
      circuit of timing sequence controller 211.
PAL  c. The timing circuitry
PAR  In FIG. 17, timing sequence controller 211 comprises two circuits. The
      first contains binary comparator 360 which compares information received
      from teletypewriter buffer 206 with the information stored in read only
      memory 361 or 362 by way of seven-pole, double-throw switches 363 and 364.
      The output of binary comparator 360 is coupled to either the T-2 or T-3
      outputs by way of seven-pole, double-throw switch 364. The positions of
      switches 363 and 364 are controlled together by way of a suitable
      mechanical actuator under the control of flip-flop 365. The T-4 and T-5
      inputs to flip-flop 365 comprise the set and reset inputs, respectively.
      As illustrated in FIG. 17, it is taken that an input signal on the set
      input will cause switches 363 and 364 to assume the positions illustrated,
      while an input on the reset side of flip-flop 365 will cause the switches
      to change to the other position.
PAR  Timing sequence controller 211 also comprises the master oscillator 365',
      the output of which is directly coupled to output 0-1 and controlled
      switch 366 with its output connected to divider 367, the clock pulses at
      the output of which is connected to output 0-2. The set output of
      flip-flop 368 closes control switch 366 and has the set input thereof
      connected to OR gate 369, the inputs to which form the 0-3 and 0-4 inputs
      to timing sequence controller 211. Input 0-5 is connected to the reset of
      flip-flop 368.
PAR  Output 0-2 is connected as one of the inputs to the A-5 input of timing
      sequence controller 211. Delay device 373 receives the signal to be
      delayed from the A-1 input by way of single-pole, double-throw switch 379
      under the control of flip-flop 371 only in its reset position. Thus, only
      the first alarm pulse received from input A-1 is delayed by an appropriate
      time interval, e.g., 11 seconds, which is longer than the expected time
      when the pole repeater is alerted during the alarm and will return a
      second alarm signal concomitantly with the alarm data read out of the
      terminal stations associated therewith. However, the delay time is shorter
      than the time for the terminal station to send a repeated alarm. After the
      delay, one-shot 374 produces an output pulse which is coupled by way of OR
      gate 372 to the reset input of flip-flop 371, thereby readying the
      flip-flop for another alarm tone. Otherwise, during the eleven second
      waiting period inserted by delay 373, if a second alarm tone is received
      in conjunction with the alarm data, since flip-flop 371 is in set
      position, single-pole, double throw switch 379 will direct the alarm pulse
      to OR gate 372, to reset the flip-flop, thereby readying it for the next
      alarm. The direct and inverted outputs of flip-flop 371 are coupled
      separately to single-shot multivibrators 375 and 376 through two
      differentiators (not shown). One-shot 375 generates a pulse during the set
      transition of flip-flop 371 and one-shot 376 generates a pulse during the
      reset transition of the same flip-flop. The output pulse of one-shots 375
      and 376 are connected to output terminals A-4 and A-2, respectively. Input
      A-7 is coupled to one-shot multivibrator 377 through delay device 380,
      which delays the output by one pulse interval. One-shot 377 is triggered
      when an external switch between terminals A-6 and A-7 is closed, during
      the set condition of flip-flop 371. The external switch is closed only
      when the control memory stepping switch is at its sixth step. Thus when
      the central station is inactive, control memory stepping switches 306 and
      307 are not at the sixth position, the one-shot 377 will generate a pulse
      during the set transition of flip-flop 371. Otherwise, if the first or
      second subtask is in progress at central station, and flip-flop 371 is
      set, one-shot 377 will wait until the first or second subtask in the
      control station is completed before generating its output pulse.
PAL  f. Operation
PAR  Considering in particular FIGS. 16 and 17, central station 11 operates as
      follows. When information from the data processing computer is fed into
      teletypewriter buffer 206, i.e., a code message is received from the
      computer, binary comparator 360 compares the information in teletypewriter
      buffer 206 with the information stored in read only memory 361. If the
      information coincides, comparator 360 produces an output pulse which is
      coupled to the T-2 output by way of switch 364 to initiate the loading
      procedure (first subtask). During this time the control memories are
      sequentially loaded by way of teletypewriter buffer 206 and switches 303
      and 305. Strobe pulses from the X-9 output of the logic circuitry is
      provided to enable parallel data transfer gates 305 to pass the
      information to the control memories sequentially by way of multiple
      position switch 306. The output pulse on the T-2 output is connected to
      the F-9 and M-11 inputs of the data handling unit which sets flip-flop 340
      and transfers the data from control memories 286 and 287 to step counter
      331 and line counter 333, respectively, thus readying the system for data
      collection. Information stored in these two counters controls the total
      time duration for this data collection. The output pulse at the T-2 output
      of timing sequence controller 211 is coupled to the X-1 input of logic
      circuitry 210 which produces a signal on the X-12 output thereof. This
      output is connected to the T-5 input of timing sequence controller 211
      which resets flip-flop 365, thereby coupling binary comparator 360 to read
      only memory 362. In addition, switch 364 is thrown to the other position,
      thereby connecting the output of comparator 360 to the T-3 output of
      timing sequence controller 211. After the control memories are loaded, the
      next information supplied to teletypewriter buffer 206 by the data
      processing computer is an initiation code for the third sub-task. This
      coincides with the data stored in read only memory 362, and binary
      comparator 360 produces an output pulse which is connected to the T-3
      output of timing sequence controller 211 to start the sequence for
      establishing a communication path between the central station and a
      particular pole repeater. This output signal is coupled to the R-5 input
      of fan-out transceiver 203 wherein it sets flip-flop 227 by way of OR gate
      226 and sets flip-flop 224, thereby activating both the transmitting and
      receiving portions of fan-out transceiver 203. The signal is also coupled
      to the M-11 input of data handling unit 205, thereby transferring data to
      counters 331 and 333. Also, the signal is coupled to the 0-4 input of time
      sequence controller 211, thereby setting flip-flop 368 and opening gate
      366. Thus, clock pulse signals are not applied throughout the system by
      way of output 0-2, thereby enabling the receivers and data handling unit
      205 to operate.
PAR  This third sub-task is triggered by the matching of the last word (the
      initiation code) from the computer with the contents of read only memory
      362. The third sub-task may also be triggered by an alarm condition, where
      a pulse derived from the alarm pulse provides the initiation of the third
      sub-task. This alternative initiation of the third sub-task will be more
      fully discussed in connection with sub-task 6.
PAR  After the third sub-task begins, the information received from a pole
      repeater comprises the address thereof repeated three times which is
      coupled through switches 295-297, sequentially to appropriate majority
      logic circuits. The corrected addresses at the outputs of the three
      majority logic circuits are coupled by switches 303-306 to the control
      memories. The identification of the path chosen is compared in comparators
      322-324 with the intended address stored in control memories 288-290. If
      the addresses are not the same, one of comparators 322-324 will produce an
      output pulse which is coupled to control memory 291 storing a logic 1 as
      one of the digits thereof. This would actuate comparator 325 and cause the
      generation of a holding pulse on the M-8 output, thereby interrupting data
      reception and causing the initiation of the second sub-tasks by the data
      processing computer. Only if all of the addressed stored in the majority
      logic circuits are correct will the central station proceed with the fifth
      sub-task, routine data collection.
PAR  During the time intervals in which the different portions of the data from
      the various levels of repeaters are received, counter 334 controls the
      timing of the comparisons by the position of the taps thereon so that, at
      the time of reception of the different address portions, the addresses are
      checked by comparators 323 and 324 which are activated by strobe pulses
      from the second and third taps on counter 334. At the end of the interval
      determined by the capacity of counter 334, a carry pulse is connected to
      terminals F-7 and M-9, and coupled to delay unit 343, thence to
      single-shot 344. The length of the delay by delay unit 343 is sufficient
      to locate the output pulse of single shot 344 in the twelfth pulse
      interval after counting begins in counter 334. The output of single shot
      344 enables AND gate 345 for a single clock interval. The output of AND
      gate 345 comprises a strobe input to comparator 322 which compares the
      information stored in majority logic 285 and control memory 288.
PAR  The fourth sub-task is to change to a new pole repeater without changing
      either the substation or intermediate repeater. This sub-task is performed
      only when the following conditions are met:
PAR  1. After the collection of a complete line of data, a carry pulse is
      produced by counter 331.
PAR  2. A logic 1 is stored in the second bit position of control memory 286.
PAR  3. There is no carry pulse from counter 333.
PAR  Where the second condition is met, one input of AND gate 339 is high. Thus,
      under the first condition, the carry pulse appears at the output of AND
      gate 339 and is coupled to terminals F-5 and M-18. The output from AND
      gate 339 is the fourth sub-task initiation pulse and is coupled to the
      count input of memory 288 advancing the count thereof. Thus, during the
      subsequent time interval a different pole repeater is addressed. During
      the fourth sub-task, two things are different from the third sub-task.
      First, because there is no change in intermediate repeater and substation
      repeater, no comparison between majority logic 284 or 283 with control
      memories 289 or 290, respectively, is required; therefore, the strobe
      pulse for comparators 323 and 324 should be blocked. This is achieved by
      resetting flip-flop 340 at the beginning of the fourth sub-task by the
      carry pulse of step counter 331. Second, during the transition from the
      pair of alert tones for the old pole repeater to the pair of alert tones
      for the new pole repeater, the transmission of the pole repeater
      alert-tones should be temporarily blocked during the transition period.
      This is achieved by a controlled switch in the output path of alerting
      tone generator 209, the switch is controlled by inverted output of the
      flip-flop connected thereto. The set signal for this flip-flop is the
      output of AND gate 339, and the reset signal is the output at first tap at
      counter 334 located at the second pulse after counting starts there. Thus,
      at the beginning of the fourth sub-task the alert tones for the pole
      repeater are blocked for two pulse intervals.
PAR  At the end of the third sub-task, before the seven-pole, two-position
      switch 296 switches to its second position for the fifth sub-task, the
      connection through the first position remains connected to majority logic
      285. Thus at the beginning of fourth sub-task, only switch 296 need return
      to its first position to enable the address code received to be
      transferred to the proper majority logic circuit. Then the strobe pulse
      for comparator 322 is produced exactly the same way as in third sub-task.
      If no discrepancy occurs during this comparison, then the central station
      will proceed to the fifth sub-task automatically, as at the end of the
      third sub-task. Otherwise, a discrepancy in the comparison causes the
      generation of a holding pulse, causing the central station to proceed to
      the second sub-task and terminate the routine data collection.
PAR  After the completion of the third sub-task, the fifth sub-task begins
      automatically, in which data relayed from a particular pole repeater
      through a specific transmission path selected by the address tones
      corresponding to the codes stored in control memories 288-290 are coupled
      through the data buffer in decoding logic by way of switch 296, parallel
      data transfer gate 295, through code transformation unit 299, switch 301
      and parallel data transfer gate 302 to teletypewriter buffer 206.
PAR  Actually, this routine data collection begins at the last interval
      determined by the capacity of gate counter 334; then a carry pulse is
      applied to the set input of flip-flop 337. This pulse actuates switch 338
      to the set position, thereby coupling clock-pulse signals to the input of
      step counter 331, beginning the routine data collection. At the end of an
      interval determined by the capacity of step counter 331, during which a
      complete line of data should be received from the pole repeater, a carry
      pulse is produced that is coupled to the reset input of flip-flops 337 and
      340 and to one input of AND gate 339, ending the fifth sub-task.
PAR  The process of changing the pole repeater address without recourse to the
      data processing unit may continue until all the pole repeaters, as
      determined by the capacity of line counter 333, have been reached without
      changing substation repeaters. The carry output of counter 333 is also
      coupled to the count input of line counter 333. Depending upon the
      capacity of counter 333, as determined by the contents stored from control
      memory 287, line counter 333 counts down and, upon crossing 0, produces a
      carry output signal which is coupled to OR gate 326 and terminates the
      communication through the network as described before. Because the carry
      pulse violates the third condition noted above for the initiation of the
      fourth sub-task; at the end of the extended data collection, the fourth
      sub-task will not be performed again. At this point, the data processing
      computer is notified of the termination of the readings and may either
      stop the readings for a given time interval or initiate a new set of
      readings with a different address stored in control memories 288-290,
      thereby selecting a different path through the communication network to a
      particular pole repeater or group of pole repeaters.
PAR  It is understood that if the contents of the second control memory, control
      memory 281, comprised a logic 1 at the unit's position (at the seventh bit
      position), then line counter 333 would have a capacity of one and only a
      single pole repeater would be interrogated in that particular cycle from
      the data processing computer. At the end of the single line of data, data
      collection would be terminated until the data processing computer applied
      a new address to control memories 288-290. This data collection format is
      particularly useful in collecting alarm data or in re-reading an erroneous
      meter reading.
PAR  A routine data collection is terminated by the second sub-task in which the
      contents of the control memories are read back to the data processing
      computer. The second sub-task is initiated by a pulse at the M-7 terminal
      (FIG. 11). This pulse is produced by OR gate 328 (FIG. 16) in response to
      a pulse from OR gate 326, which, in turn, receives a pulse from line
      counter 333 at the end of the last line of data as counter 333 cycles
      through zero.
PAR  The output pulse from OR gate 326 goes to both of OR gates 327 and 328. The
      output from OR gate 328 is stored as a logic 1 in control memory 291. The
      output from OR gate 327 receives its input either from OR gate 326 or OR
      gate 346, which encompasses all the situations in which one or more bits
      in control memory 291 has been set to a logic 1, producing a strobe pulse
      for comparator 325, which produces a holding pulse at the output thereof
      since the contents of memory 291 no longer match the contents of read only
      memory 329. The holding pulse shuts off the clock signal by resetting
      flip-flop 368 (FIG. 17) and shuts off transceiver 203 by resetting
      flip-flops 224 and 227 (FIG. 12). The pulse applied to X-2 of switch
      control 210 causes switching device 281 to sequentially read out the
      control memories to the data processing computer through teletypewriter
      buffer 206.
PAR  The sixth sub-task is the response by the central station to an alarm
      originated from a terminal station. This sub-task, because the timing of
      the alarm is unpredictable, may occur in one of the following three
      situations: (a) when the central station is inactive; (b) when the first
      or second sub-task is in progress; (c) when the third, fourth, or fifth
      sub-task is in progress. The response to the alarm can be subdivided into
      two portions, the immediate actions and the delayed actions which may wait
      until the central station can properly terminate its current activity. The
      immediate reactions are the setting of alarm flip-flop 371 in the timing
      sequence controller (FIG. 17), turning on the data receiver, if it is not
      on, by way of flip-flop 227 (FIG. 12), and turning off the transmitter, if
      it is not turned off, by way of the reset input to flip-flop 224 (FIG.
      12). The delayed reactions are the initiation of the second sub-tasks for
      properly terminating the current activity in the central station, e.g.,
      when the first or second sub-task is in progress, the response is delayed
      until the data processing computer has completed the loading or reporting
      back task.
PAR  An alarm signal received by way of line coupler 201 and frequency dividing
      network 202 (FIG. 12) causes alarm receiver 221 to produce an output pulse
      on output R-1. This output is connected to the A-1 input of timing
      sequence controller 211 (FIG. 17). This pulse switches flip-flop 371 to
      the set position and is coupled by way of delay 373 to single-shot
      multivibrator 374 through switch 379 which is in the reset position until
      flip-flop 371 responds to the incoming pulse and assumes the set position,
      whereupon switch 371 changes position and couples input A-1 to one input
      of OR circuit 372. This portion of timing sequence controller 211
      functions as described previously to wait for a repeat of the alarm or for
      the particular pole repeater to respond to the alert tone to be
      transmitted by the central station.
PAR  Flip-flop 371 produces an output pulse which is coupled to the A-6 output
      and to the A-4 output, by way of single-shot multivibrator 375. The output
      from single-shot multivibrator 374 is applied to the reset input of
      flip-flop 224 (FIG. 12) by way of OR gate 225. The same input signal is
      coupled to the set input of flip-flop 227 by way of OR gate 226. The
      effect of this is to turn off the transmitting portion and turn on the
      receiving portion of fan-out transceiver 203. Thus, transceiver 203 is
      ready to receive the data following the alarm tone which identifies the
      communication path through the system. The alarm pulse at output A-4 is
      connected to input X-6 of switch control 210 to trigger the generation of
      control pulses for the sixth sub-task, since the repeater identification
      codes which follow an alarm tone are interleaved and repeated five times.
      In addition to switching the multi-pole, two-position switch, the majority
      logic stepping switch must stop at every pulse interval for five
      revolutions so that every received address code will be sequentially
      loaded into the proper majority logic. Then, through majority logic
      stepping switch and control memory stepping switch together, the correct
      address code at the output of majority logic is loaded into corresponding
      control memories. Thus, the central station is placed in a quiescent state
      even when it has had data collection interrupted by an alarm. Thus, after
      the incoming address codes are stored in the control memories, the
      remaining control memories properly set, the third sub-task is initiated
      to establish a two-way communication path, following the path originally
      taken by the alarm tone, for collecting alarm data. The procedure for
      alarm data collection is not different from routine data collection from a
      single pole repeater. The only difference is when the terminal station
      originating the alarm takes its turn to transmit its alarm data, it will
      also transmit an alarm tone concomitantly with the data.
PAR  The receipt of the alarm tone with the alarm data, when flip-flop 371 is
      set, the alarm pulse within the delay interval set by delay 373 (FIG. 17)
      is coupled from the A-1 input to OR gate 312 by switch 379 in the "set"
      position. The output of OR gate 372 is coupled to the reset input of
      flip-flop 371. The output of flip-flop 371 causes a pulse at the output of
      single-shot multivibrator 376, the output of which is connected to the A-2
      output of timing sequence controller 211.
PAR  This output signal is coupled to the M-16 input of data handling unit 205
      (FIG. 16) as the inputs to OR circuits 328 and 346. The output of OR
      circuit 346 is coupled by OR circuit 327 to the strobe input of comparator
      325. The outputs of OR circuits 328 and 346 cause a logic 1 to be stored
      in the first and second bit positions of comparator 291. The timing of
      this comparison provides the data processing computer with the
      identification of the terminal station generating the alarm, and initiates
      the second sub-task, thereby terminating further data collection.
PAR  As previously noted, the logic in decoding logic 204 can sense either
      absence of data or certain types of erroneous data. If either of these
      conditions occur during data collection, flip-flop 272 (FIG. 13) goes into
      the set state, producing a logic 1 output at D-1. This pulse is coupled to
      the F-6 terminal of the data handling unit (FIG. 16). This pulse changes
      the count in the data counter 332 if all time slots for data transmission
      assigned to a pole repeater contain missing or erroneous data. The counts
      in counter 332 will be identical to the last fine bits of control memory
      286. When comparator 321 is strobed it produces an output signal which is
      coupled to OR gate 326, triggering the second sub-task as previously
      described. The output from comparator 321 is also coupled to the second
      bit position of control memory 291 to provide a coded description of the
      malfunction. The data processing computer can then take the appropriate
      action.
PAC  D. Conclusion
PAR  Thus, the central station operates as a data interface for the data
      processing computer and comprises what may be considered a segmented data
      bus in which data is selectively circulated within the central station
      among storage units and comparators so that the central station can
      operate semiautonomously, or under the complete control of the data
      processing computer, depending upon whether a single line of data or a
      plurality of lines of data are to be collected. It will be apparent to
      those of skill in the art that the data collection can be made more
      autonomous by the addition of counters and logic circuitry to
      automatically select a new substation or intermediate repeater address in
      addition to the selection of different pole repeater addresses.
PAR  As previously noted, the power distribution system herein described is a
      simplified form of power distribution system as compared to systems in
      actual use. These actual systems comprise a number of closed loops, open
      loops, and permanent radials in various combinations. Also, the lines may
      be polyphase rather than single-phase as implicit in the foregoing
      description of the present invention. These complexities do not affect the
      operation of the present invention.
PAR  There is one variation between the power system upon which the foregoing
      description of the present invention is based and some actual power
      systems which, while not affecting the invention, per se, may cause slight
      confusion. Specifically, the term "central station" as used herein may not
      correspond to that term as used by some utilities. Specifically, the
      "central station" as used herein may not be the same as the central
      station referred to by some utilities in describing the power distribution
      grid. Stated another way, the central station described herein may be
      considered a "petit" central station in a larger network having a more
      comprehensive central station. In such case, the teletypewriter output is
      merely one terminal among many to a time sharing computer.
PAR  When the central data processing computer is connected to many petit
      central stations, one each through its teletypewriter terminals, then a
      teletypewriter terminal selection code is incorporated in the software of
      the computer. This can serve as a petit central station identification
      code due to the one to one correspondence of terminals and petit central
      stations and is easily accomplished by making the initiation code stored
      in read only memory 362 (FIG. 17) different for each petit central
      station. In this way, only the instruction loaded into the correct petit
      central station can be executed by matching the initiation code with the
      code stored in read only memory 362.
PAR  There is provided by the present invention a unique data communication
      system for an extremely hostile environment. The system, by utilizing both
      address and time multiplex selection, provides an economical apparatus for
      collecting data from a large number of terminal stations. The individual
      portions of the system conserve power by having minimal apparatus on all
      the time, which also reduces the chances of self-generated interference.
      The system increases communication reliability, over and above that
      obtained from the loops built into the power distribution network, by
      including by-pass capability at the power distribution points of the
      network.
PAR  It will be apparent to those of skill in the art that various modifications
      can be made within the spirit and scope of the present invention. For
      example, while some error checking circuitry has been disclosed,
      additional error checking circuitry, known in the art, can be utilized at
      various levels of the present invention. Also, various main and standby
      power supplies can be utilized with the system of the present invention
      since the system may function despite a power interrupting fault by virtue
      of its circuit interrupter by-passing capability. Also, while the various
      repeaters have been described as at discrete physical locations, some or
      all the repeaters at one level may be merged and physically located with
      the repeaters at a higher level or, in the case of the intermediate
      repeaters, physically located in the central station. In this variation,
      the appropriate receiving and transmitting portions of the repeaters are
      eliminated.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A central station for a two-way communication system utilizing a power
      distribution network as the communication medium, said system comprising a
      plurality of multi-level, addressable repeaters, said central station
      comprising:
PA1  coupling means for coupling the central station to said power distribution
      network;
PA1  transceiver means coupled to said coupling means for transmitting and
      receiving signals between said central station and said two-way
      communication system;
PA1  teletypewriter buffer means for transferring information between said
      central station and a data processing computer;
PA1  decoding logic means coupled to said transceiver means for decoding tone
      code signals from said system;
PA1  data handling means coupled to said decoding logic means and said
      teletypewriter buffer means for monitoring data from said system and
      storing control information from a computer by way of said teletypewriter
      buffer means; and
PA1  tone generating means coupled to said data handling means and said
      transceiver means for generating address selection tone codes, selecting a
      particular communication path through said network under the control of
      the information stored in said data handling means.
NUM  2.
PAR  2. The central station as set forth in claim 1 and further comprising
      timing means coupled to said teletypewriter buffer means for starting the
      operation of the central station in response to a predetermined code
      sequence from a computer by way of said teletypewriter buffer means.
NUM  3.
PAR  3. The central station as set forth in claim 1 wherein said transceiver
      means comprises a priority signal receiver for initiating a response by
      the central station to a priority signal.
NUM  4.
PAR  4. The central station as set forth in claim 3 wherein said data handling
      means further comprises:
PA1  means for storing the identification of the path over which the priority
      signal is sent; and
PA1  means for interrogating over the same path the source of the priority
      signal; and
PA1  means for identifying the particular source of said priority signal.
NUM  5.
PAR  5. The central station as set forth in claim 4 wherein said timing means
      comprises:
PA1  logic means for preventing a response to said interrogation from causing a
      second interrogation.
NUM  6.
PAR  6. The central station as set forth in claim 1 wherein said data handling
      means comprises:
PA1  storage means for storing control information received from a computer by
      way of said teletypewriter buffer means; and
PA1  switch means, interconnecting said storage means and said teletypewriter
      buffer means, for sequentially transferring said control information to
      said storage means.
NUM  7.
PAR  7. The central station as set forth in claim 6 wherein said data handling
      means further comprises:
PA1  monitoring means for comparing data from said system with stored
      information and terminating the operation of said central station when the
      data and the information do not correspond.
NUM  8.
PAR  8. The central station as set forth in claim 7 wherein said data handling
      means further comprises:
PA1  means coupled to said monitoring means for providing a plurality of unique
      codes, each identifying different causes for the termination of the
      operation of the central station.
NUM  9.
PAR  9. The central station as set forth in claim 7 wherein said data handling
      means further comprises:
PA1  counting and logic means, coupled to said tone generating means, for
      automatically switching to a second path through said system when all of
      the data is collected from a first path through said system.
NUM  10.
PAR  10. The central station as set forth in claim 9 wherein said counting and
      logic means continues to change paths until a predetermined amount of data
      is collected, whereupon the operation of the central station is
      terminated.
NUM  11.
PAR  11. The central station as set forth in claim 10 wherein said transceiver
      means includes logic means for interrupting the operation of said
      transceiver means during the period of transition from one path to the
      next.
NUM  12.
PAR  12. The central station as set forth in claim 1 wherein said decoding means
      includes means for detecting missing data.
NUM  13.
PAR  13. The central station as set forth in claim 1 wherein said data handling
      means includes:
PA1  majority logic means for receiving repeated sequences of tones and
      correcting errors therein.
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ABST
PAL  A paging system, or the like, having a transmitting station and a plurality
      of pocket sized subscriber units is disclosed. The transmitting station
      has a keyboard for encoding alphanumeric characters of a message and a
      subscriber code, a storage means for a predetermined number of characters
      of a message, means for converting a binary character code, such as ASCII,
      to a binary code representative of the character to be displayed in matrix
      form, and a format circuit for transmitting successive columns of the
      successive matrix code with blank columns and timing spaces therebetween
      to facilitate reconstruction of the subscriber code and message. Each of
      the subscriber units is battery powered and sized to be carried in a
      pocket of the user's clothing. Each pocket unit includes a receiver, means
      for detecting a unique subscriber code and enabling the display, for
      example, a non-impact type thermal printer having a single column of
      thermal print elements, and a system for advancing a thermally sensitive
      record tape past the print elements. Synchronism of such pocket printer is
      controlled by the format of the subscriber code and message, with blank
      spaces at the end of each column of data being detected to cause the print
      elements to be heated in accordance with the column data and then the
      record tape advanced one column width. A receiver having a nonprinting,
      visual message display is also disclosed.
BSUM
PAR  This invention relates generally to a system for transmitting a message to
      a selected individual at a remote point by a suitable transmission link,
      and more particularly relates to a wireless paging system of a type to be
      used to maintain contact with doctors, repairmen, and the like.
PAR  There are a number of systems presently in use for paging or calling
      selected individuals such as doctors, repairmen, servicemen, etc. Such
      systems usually consist of a central radio transmitter and a small
      receiver for each individual who is on call. When a subscriber is to be
      contacted, the transmitter sends a set of frequencies in the audio range
      to form a preselected code. Each subscriber set consists of a
      superheterodyne receiver, a bank of reed relays and a buzzer alarm. Each
      reed of the relay bank is tuned to a different audio frequency. When the
      frequencies received match the frequencies to which the reeds of the relay
      bank are tuned, the alarm is activated. In some units an audio buzzer is
      used, while in others a sub-audible vibration which can be felt only by
      the subscriber wearing the unit is produced. In every case, however, the
      subscriber is then expected to use a telephone to call the central station
      to receive his message.
PAR  Some of the disadvantages of this system are that the subscriber has no
      indication of the urgency of the call. Accordingly, he must assume that
      the call is urgent and call the central station as soon as possible to
      hear his message. In most cases it is necessary to make a written note of
      the message for future use. Some systems have been produced where a voice
      message is transmitted directly by the central station. These have suffer
      from a lack of privacy and have not been widely adopted. The alarm type
      systems are widely used.
PAR  This invention is concerned with a paging system which is significantly
      improved in that it provides a visible message for the individual
      subscriber as the result of a portable pocket receiving and display unit.
      When using such a system, the subscriber can immediately ascertain the
      urgency of the call without the time and inconvenience required to respond
      by telephone to the central office. In one embodiment, a non-impact type
      permanent printer is utilized so that the user also has a printed record
      of the call which may include an address to which a repairman, for
      example, is to proceed, or a telephone number which a doctor, for example,
      should call. In either application, the name of a customer or patient can
      be given and some indication made as to the nature of the customer or
      patient's needs, or the general urgency of the call using a code.
PAR  In another embodiment, the message is displayed in the form of alphanumeric
      character using matrices of light emitting diodes or of liquid crystal
      elements. Either embodiment thus provides a message which can be read by
      the subscriber, greatly reducing the possibility of error compared to an
      audio message.
PAR  There are many other applications where it is desirable to deliver a
      message in a discreet and unobtrusive manner. For example, office
      conferences are often interrupted by secretaries ascertaining whether or
      not participants in the conference wish to take a telephone call. A simple
      message system in accordance with the present invention could be used to
      indicate in an unobjectionable manner the name of a calling party and
      solicit a response as to whether the conferee wishes to be further
      interrupted.
PAR  This invention is concerned with a system comprised of a transmitting
      station for transmitting data representative of a subscriber code and a
      series of characters of a message. One or more battery powered, pocket
      sized receiving printer units are provided which include a radio receiver,
      means for detecting a unique subscriber code and producing an enable
      signal, and means responsive to the enable signal for thermally printing
      the message in dot matrix form on a thermally sensitive tape.
PAR  In accordance with one aspect of the invention, the pocket printer utilizes
      a unique, simple and inexpensive thermal printhead comprised of a single
      row of discrete semiconductor heater elements having beam leads mounted
      upon a suitable substrate. Each heater element includes a diffused
      transistor which may be independently controlled to selectively heat the
      elements. Because of the single column of elements, the task of
      individually controlling the elements is greatly simplified.
PAR  In accordance with another aspect of the invention, a unique, simple and
      highly reliable tape advance mechanism increments the tape past the column
      of heater elements column-by-column. Data defining each character as a dot
      matrix is generated and the column of print elements is successively
      activated in accordance with the columns of the matrix as the tape is
      indexed. In one embodiment, the unique paper advance mechanism utilizes a
      roller clutch, the rim of which holds the paper in thermal coupling with
      the thermal elements. The hub of the roller clutch is oscillated by a
      lever which is moved through an advance stroke by a solenoid and returned
      by a spring preparatory to the next advance stroke.
PAR  In the preferred form, the pocket printer utilizes a record strip accordion
      folded into a succession of flat reaches. The unit is designed to permit
      easy loading of the record tape, and the arrangement of components is such
      as to facilitate a compact unit suitable for being carried in the pocket
      of a person's clothing.
PAR  In accordance with a more specific aspect of the system of the invention,
      the transmitting unit preferably converts a conventional character data
      code having a relatively limited number of bits, such as seven, to matrix
      character data, typically for a 5 .times. 5 matrix having 25 bits. The
      matrix character data is then formated by the transmitting station as a
      series of binary pulses representative of successive columns of the matrix
      character. The pulses representative of successive columns are separated
      by intervals having data of a different character such as signals
      representative of no data, to provide timing. Conditions representative of
      columns of blank space are also provided between successive characters. In
      such a system, the pocket printer then need only detect the subscriber
      code, activate the column of thermal elements in accordance with the
      incoming data, and index the record tape in response to the blank interval
      between the bits of column data.
PAR  In an alternate form, the message is presented in the form of alphanumeric
      characters on a display. Liquid crystal displays or light emitting diode
      displays are suitable for this purpose. Short messages may be presented in
      their entirety, while longer messages will move across the display in a
      manner similar to that used to present the news in Times Square.
PAR  Other details of the system are claimed in this application, both in
      combination with the system and as subcombinations useful in other
      applications.
PAR  The present invention provides for the first time a portable pocket paging
      system which produces a readable display of the message in a discreet and
      unobtrusive manner. The pocket unit has a minimum of logic circuitry, and
      simple, light and relatively inexpensive mechanical components. The unit
      is very compact, lightweight, and has a low power consumption.
DRWD
PAR  The novel features believed characteristic of this invention are set forth
      in the appended claims. The invention itself, however, as well as other
      objects and advantages thereof, may best be understood by reference to the
      following detailed description of illustrative embodiments, when read in
      conjunction with the accompanying drawings, wherein:
PAC  DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a schematic block diagram illustrating the system in accordance
      with the present invention;
PAR  FIG. 2 is a simplified isometric of a pocket printer of the system of FIG.
      1;
PAR  FIG. 3 is a top view of the pocket printer of FIG. 2;
PAR  FIG. 4 is a sectional view taken substantially on line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view taken substantially on line 5--5 of FIG. 4;
PAR  FIG. 6 is a plan view of the thermal printhead used in the device of FIG.
      2;
PAR  FIG. 7 is a side view of a thermal printhead of FIG. 6;
PAR  FIG. 8 is a top view of an individual thermal element of the printhead of
      FIG. 6;
PAR  FIG. 9 is a side view of the thermal element shown in FIG. 8;
PAR  FIG. 10 is a simplified sectional view similar to FIG. 4 illustrating
      another pocket printer in accordance with the present invention;
PAR  FIG. 11 is a simplified block diagram which serves to illustrate the
      operation of the system of FIG. 1;
PAR  FIG. 12 is a circuit diagram of the message transmitting station of the
      system of FIG. 1;
PAR  FIG. 13 is a schematic circuit diagram of a pocket printer of the system of
      FIG. 1;
PAR  FIG. 14 is a block diagram of another printing system in accordance with
      the broader aspects of the present invention.
PAR  FIG. 15 is a simplified isometric view of a pocket unit with a light
      emitting diode display; and
PAR  FIG. 16 is a schematic circuit diagram of the unit of FIG. 15.
DETD
PAR  Referring now to FIG. 1, a system for transmitting a personalized printed
      message is indicated generally by the reference numeral 10. The system 10
      includes a message transmitting station 12 and one or more pocket printers
      14. As will presently be described, the message transmitting station 12
      comprises a suitable means for encoding an alphanumeric message, such as a
      conventional computer input-output terminal, a format generating system,
      and a radio transmitter for transmitting coded information representative
      of a subscriber code and the message. Each of the pocket printers 14
      includes a radio receiver, means for detecting a particular subscriber
      code, and a thermal printing unit for printing the message which is
      enabled only when a predetermined subscriber code is detected. For most
      applications, each of the pocket printers 14 will have a unique subscriber
      code so that only one printer will print each message. For other
      applications, more than one, or even all of the printers may respond to a
      particular code.
PAR  A pocket printer in accordance with the present invention is indicated
      generally by the reference numeral 14 in FIGS. 2 and 3. The pocket printer
      is designed to fit in a man's shirt or coat pocket, and is approximately
      the size of a king-sized package of cigarettes, less than about ten cubic
      inches. The printer may include a generally rectangular housing 16 having
      a lid 18 the same size as the entire end of the housing 16. The lid 18 is
      connected to the housing 16 by a hinge 20 and is conveniently formed of
      clear plastic.
PAR  As best seen in FIG. 4, the housing 16 includes compartments for a battery
      22 and an electronics package 24 which will presently be described in
      detail. The housing also forms a chamber 26 for a length of an accordion
      folded thermally sensitive paper tape 28. The record tape 28 passes from
      the chamber 26 between the roller 300 of a record advance mechanism 32 and
      a single column printhead assembly 34 mounted on the underside of the lid
      18, then out an opening between the lid and housing. This arrangement
      permits a package of accordion folded record tape 28 to be easily loaded
      when the lid 18 is pivoted upwardly to the position 18a illustrated in
      dotted outline in FIG. 5. The record tape 28 may then be inserted in the
      chamber 26 with the end placed across the top of the roller 30. When the
      lid 18 is closed the loading operation is complete.
PAR  The record tape advance mechanism 32 is comprised of a main frame element
      36 which has a yoke 36a supporting the roller 30. The roller 30 is a
      roller clutch of a conventional and well known design, such as that
      supplied by the Torrington Company of Torrington, Conn., as Roller Clutch
      RC-040708, and is characterized in that the rim 30a will roll freely about
      the hub 30b in a counter clockwise direction, when referring to FIG. 4,
      but is prevented from rolling around the hub in the clockwise direction.
      An oscillating plate 40 includes a pair of ears 40a which form a yoke
      which is fixed to the hub 30b of the roller 30. A tab 40b on the end of
      the plate 40 is connected by a spring 42 to a tab 36b of the main frame 36
      such that the spring will bias the plate 40 to the position illustrated.
      An adjusting screw 44 is threaded through a tab 36c on the main frame 36
      to limit movement of the plate 40 as a result of the action of the spring
      42, and thus adjust the advancing stroke of roller 30.
PAR  In operation, the spring 42 biases the plate 40 against the adjusting screw
      44. When the solenoid 38 is energized, the plate 40 is pulled down against
      the armature, rotating the hub 30b counter clockwise. Since the rim 30a
      cannot rotate clockwise on the hub, the rim rotates counter clockwise with
      the hub, thus advancing the record tape 28 one increment to the left. When
      the solenoid 38 is deenergized, the spring 42 pulls the tab 40b downwardly
      to move the plate 40 back to the position illustrated. This moves the hub
      30b of the roller 30 clockwise. However, since the rim 30a of the roller
      30 is free to rotate counter clockwise relative to the hub 30b, the rim
      30a remains in the advanced position as a result of the friction between
      the record tape 28 and the printhead 34. As will hereafter be described in
      detail, the record tape 28 is advanced a distance of about 0.02 inches
      each time the solenoid is energized.
PAR  The thermal printhead 34 in accordance with this invention is illustrated
      in detail in FIG. 6. The printhead 34 is typically fabricated on a ceramic
      substrate 50, although other suitable substrates may also be employed. A
      plurality of printed circuit lines 52a-52g are formed on the lower face of
      the substrate 50 using methods which are well known in the semi-conductor
      industry. A plurality of heater elements 54a-54e are mounted on the
      substrate 50. Each of the heater elements 54a-54e is composed of a
      monolithic chip of semiconductor material typically about 0.023 .times.
      0.025 .times. 0.005 inches in size. A transistor may be formed in face 56
      of the chip adjacent the ceramic substrate 50 using diffusion and other
      conventional methods which are well known in the semi-conductor art. This
      transistor is designed to have a relatively high collector resistance so
      that the respective chip will be heated by collector current when the
      transistor is turned on by an appropriate voltage applied to its base.
      Although a transistor element is preferred for this application due to the
      smaller control currents required, it is also possible to use resistors or
      lossy diodes as heating elements. In these cases only two connections to
      each element would be required. Beam leads 57, 58 and 59 are connected to
      the collector, base, and emitter of the transistor formed in the face 56
      of the heating element 54 by conventional beam lead methods which are also
      well known in the semi-conductor industry, and typically include the
      electro plating relatively thin metallized films formed by deposition on
      the surface 56 of a major slice to produce thick films, followed by a
      reverse etching step, in which the silicon is etched from the side
      opposite side 56 until the beams 57, 58, and 59 are left in the
      cantilevered positions illustrated.
PAR  The collector and emitter beam leads 57 and 58 of all of the elements
      54a-54e are connected to conductors 52f and 52g formed on the ceramic
      substrate 50. The base beam leads 59 of the elements 54a-54e are connected
      to conductors 52a-52e, respectively. The beam leads 57-59 may be connected
      to the conductors 52a-52g by any suitable conventional method, such as by
      ultrasonic welding techniques. The semi-conductors 52a-52g are
      electrically connected to the electronics package 24 by a conventional
      flexible strap 60 having a corresponding number of conductors formed on
      one face and mated with the conductors 52a-52g using conventional
      techniques.
PAR  An alternative embodiment of the pocket printer is indicated generally by
      the reference numeral 70 in FIG. 10. The pocket printer 70 includes the
      same components as the pocket printer 14 except that the components are
      rearranged to provide a relatively long, narrow unit only slightly larger
      size than a standard fountain pen. The pocket printer 70 includes a tape
      advance mechanism 72, having the roller 74. This unit may be substantially
      identical to the mechanism 32 of unit 14. A chamber 76, for receiving an
      accordion folded record tape 77, is positioned adjacent the printer 72,
      and both are covered by a lid 78 hinged in the same manner as illustrated
      in FIG. 2. A printhead 80 is mounted on the hinged lid 78. A battery 82
      and electronics package 84 are positioned as illustrated. The record tape
      77 is fed upwardly into a cap 86 which is snapped over the end of the
      printer 70 after the lid 78 is closed. The cap 86 has a circular chamber
      formed by wall 88 to cause the tape to coil into a convenient roll as
      represented by the dotted line 77a.
PAR  The operation of the system 10, including the transmitting station 12, the
      pocket printer 14, and the format of the data transmitted between the two
      is illustrated in FIG. 11. The transmitting station 12 includes a standard
      keyboard 100 which may be any suitable computer input-output terminal. The
      keyboard 100 is characterized by a separate key for each character to be
      generated. When a particular key is depressed, a unique seven bit binary
      code is produced on outputs 102. In the specific embodiment of the present
      invention, it is advantageous to use a keyboard which utilizes the ASCII
      code.
PAR  As a message is composed, it is automatically shifted into a one hundred
      character, seven bit shift register storage 104. The format of the message
      is illustrated by data block 105. The message is comprised of
      approximately 100 character positions, i.e., words, each having seven
      bits. The first word is a "Beginning Of Message" code BOM. This is
      followed by a subscriber's code which identifies the particular pocket
      printer to be addressed. It is convenient to use numbers, such as
      thirty-one (31) as shown in block form, for the subscriber code. This is
      followed by a message comprised of alphanumeric characters of any number
      up to the maximum permitted by the shift register storage 104. However,
      regardless of the number of characters in the message, the message must
      always be terminated by an End of Message code EOM.
PAR  The output from the shift register storage 104 is applied to the input of a
      matrix character generator 106. The matrix character generator 106
      converts the seven bit code representative of a particular character to 25
      parallel bits each representative of a dot in a five by five matrix
      character, which has five columns numbered from left to right and five
      rows numbered from top to bottom. The output from the matrix character
      generator 106 is applied to a parallel to serial format generator 108.
PAR  In addition, the first four bits from the last position of the shift
      register storage 104, and the first four bits of the next to last position
      of the shift register storage 104 are multiplexed to the first eight
      output bits of the parallel to serial format generator 108 for purpose of
      sending a subscriber's code as will hereafter be described. Additional
      bits could be used for more complex codes if desired.
PAR  An EOM detector 110 continually monitors the seven bit word being entered
      into the shift register storage 104 and produces a logic signal when the
      EOM code is detected. A BOM and EOM detector 113 continually monitors the
      seven bit data word being applied to the matrix character generator 106
      producing one logic signal when a BOM code is detected and another logic
      signal when an EOM code is detected. The outputs of detectors 110 and 113
      are applied to the format generator 108. The serial output of the format
      generator 108 is applied to a transmitter 114.
PAR  In the operation of the transmitting station 12, the characters are
      compiled in the message format block 105 and are entered into the shift
      register storage 104 under the control of the keyboard 100 as the message
      is composed. When the operator strikes the end of message key, the
      detector 110 detects the end of message code EOM and provides a signal to
      the format generator 108. The format generator 108 then causes the shift
      register storage 104 to shift the message through the shift register until
      the beginning of message code BOM is detected by detector 113 and a signal
      supplied to the format generating circuit 108. This indicates that on the
      next clock pulse, the subscriber code number three (3) will be in the last
      position of the shift register 104 and the number one (1) in the next to
      the last position. The first four bits from each character, which in ASCII
      code fully identify the numerals, are then positioned at the first eight
      serial output bits of the format generating circuit 108. These are then
      multiplexed into the circuit 108 and serially transmitted as the first
      eight bits at the right hand end of data line 120a in FIG. 11.
PAR  In this example, each binary data bit in the serial string is simply a
      pulse of a suitable frequency of 0.5 milliseconds duration for a logic 0
      and 1.5 milliseconds duration for a logic 1. The different pulse lengths
      are decoded by the pocket printer 14 as will hereafter be described in
      detail. The total interval of time between the start of successive data
      pulses is typically about 2 milliseconds.
PAR  The format generator circuit 108 next provides a blank interval, during
      which no pulses are transmitted, for about four pulse intervals. This is
      followed by five logic 0 pulses, a second blank interval four pulses wide,
      a second set of five logic 0 pulses, and a third blank interval four
      pulses wide. The format generator circuit 108 then transmits the 25 bits
      of the matrix character in serial fashion as indicated by the remaining
      portion of the data on line 120b. The format generator 108 transmits the
      five data bits representing the dots in Column 1, followed by the data for
      Columns 2 through 5. However, no pulses are transmitted after each column
      of data for a period of four normal pulses to provide a blank timing space
      after each column of five bits. After the five columns of the matrix
      character are transmitted, two columns of logic 0 bits are transmitted,
      each followed by four bit blank periods for timing to provide a normal
      space between the present character and the next succeeding character, as
      will presently be described.
PAR  Continuing the description of FIG. 11, the pocket printer 14 includes a
      receiver 130 of conventional design which detects the presence or absence
      of the bursts of frequency representing the data pulses and produces a
      single pulse at the output having a length corresponding to the particular
      data pulse, either about 0.5 milliseconds for a logic 0, or about 1.5
      milliseconds for a logic 1. The output from the receiver 130 is connected
      to apply the serial data pulses to the serial input of a shift register
      132, to a code detector circuit 134, to a blank detector 136, and to a
      message present detector 141. A hard wired subscriber code 140 is
      preloaded into the shift register 132 in response to the detector 141
      detecting the presence of an incoming message. The serial output from
      shift register 132 is applied to the subscriber code detector 134, and the
      parallel outputs are applied to a storage register 138. The outputs of the
      storage register 138 control the thermal elements 54A-E of the printhead.
      The blank detector 136 detects the four bit blank spaces in the code and
      causes the register 138 to load information from the shift register 132,
      and also causes the paper advance mechanism 32 to advance the record 28
      one column increment.
PAR  During the operation of the pocket printer 14, each of the first eight bits
      of the subscriber code is applied to the code detector 134. At the same
      time the preloaded subscriber code is shifted in synchronism from the
      shift register 132 to the code detector 134. The code detector 134
      compares the successive bits of the incoming subscriber code with the hard
      wired subscriber code and in the event of a mismatch automatically
      disables a print enable circuit 142 and disables register 138 until the
      enable circuit 142 is reset by a signal from the message present detector
      141. However, if no mismatch in the subscriber code is detected, the
      incoming data bits representative of the successive columns of the
      successive characters are applied to the shift register 132. The five data
      bits of each column are then transferred to the register 138 and the paper
      is advanced one column when the blank detector 136 detects the four blank
      spaces. This procedure is repeated until all characters of the message
      have been received. It will be recalled that two blank columns are
      provided after the five columns of each character to provide normal
      spacing between characters. The absence of pulses for a sufficient length
      of time results in the message present detector 141 preparing the system
      to detect the subscriber code of the next message.
PAR  A more detailed logic diagram of the message transmitting station is
      illustrated in FIG. 12. A keyboard 150 is used to generate a series of
      seven bit words each representative of a character. As previously
      mentioned, the ASCII code is preferred. These seven bits are applied to a
      shift register 152. The outputs from the shift register 152 are applied to
      a one character shift register 154. The outputs from the one character
      shift register 154 are applied to a five-by-five matrix character
      generator 156.
PAR  The rate at which data is shifted through the large shift register 152 and
      one character shift register 154 is controlled by a clock 158, which
      responds with one clock pulse for each output received from NOR gate 160.
      When characters are being input to the shift register, which will be
      called Mode I, the shift registers are clocked by the strobe from the
      keyboard through gates 162 and 160. The strobe from the keyboard 150 is
      gated through AND gate 162 and NOR gate 160 to cause the clock 158 to
      generate a clock pulse in response to the strobe from the keyboard
      whenever a latch 164 is in the logic 1 state. The flip-flop 164 is in the
      logic 1 state, which defines Mode I, until an end of message code detector
      166 detects an end of code character EOM at the output of keyboard 150, at
      which time the flip-flop switches to a logic 0 state to start Mode II. It
      will be noted that the flip-flop 164 is clocked by the inverted strobe
      from the keyboard 150. Modes II and III are defined by the states of
      flip-flops 180 and 182 which control gates 186 an 194 as will presently be
      described.
PAR  The first four bits of the output of shift register 152 and the first four
      bits of the shift register 154 are applied to an eight bit multiplexer 168
      together with the first eight bits of the matrix generator 156. The output
      of the multiplexer 168 and the last seventeen outputs of the matrix
      generator 156 are applied to a parallel load shift register 170. A
      beginning of message code detector 172 and an end of message detector 174
      are both connected to the outputs of the one character shift register 154.
      The output from the EOM detector 174 is connected through a NOR gate 178
      to the preset input of flip-flop 176 and to the clear inputs of flip-flops
      180 and 182. This condition exists during both Modes I and II. The output
      of the BOM detector 172 is connected through an inverter to the logic
      input of flip-flop 176 and sets flip-flop 176 to a logic 0 state which
      presets flip-flop 180 to a logic 1 state to disable gate 186 and terminate
      Mode II. The output of gate 178 is also connected to the preset input of
      flip-flop 176. The other input to gate 178 is from a power up pulse
      generator (not illustrated) which presets the four flip-flops in the same
      manner as the detection of an EOM code by detector 174.
PAR  The Q output of flip-flop 164 also enables the second clock 184 when the
      flip-flop is in a logic 0 state. The output from clock 184 is applied to
      one input of AND gate 186. The Q output of flip-flop 180 is applied to the
      other input of gate 186. The output of gate 186 is applied through NOR
      gate 188 and inverter 190 to one input of AND gate 192. The other input of
      AND gate 192 is the Q output of flip-flop 164. The other AND gate 194 at
      the input of NOR gate 188 is controlled by the Q output of flip-flop 182
      and the carry output of a column counter 196. The clock input of flip-flop
      182 is controlled by the carry output of a data bit counter 198 which is
      first passed through an inverter 200.
PAR  Both the data bit counter 198 and the column counter 196 are clocked by the
      output of the second clock 184. Both counters 198 and 196 are
      automatically preloaded when a carry signal occurs through the inverter
      200 and the NOR gate 202, respectively. The counter 196 is preloaded when
      the latch 182 is in the logic 0 state through NOR gate 202. The data bit
      counter 198 is an up counter which can be preloaded to a selected count by
      a logic 0 level applied at the load input LD. When the flip-flop 182 is in
      a logic 0 state, the data counter 198 is preloaded with a count which will
      result in a carry output after twelve clock pulses. When the flip-flop 182
      is at a logic 1 state, the counter 198 is preloaded to produce a carry
      output signal after the counter has received nine clock pulses. The column
      counter 196, on the other hand, is preloaded to produce a carry signal
      after three clock pulses have been received when the Q output of flip-flop
      182 count enable is at a logic 0 level, and is preloaded to produce a
      carry signal after seven clock pulses when the Q output of flip-flop 182
      is in the logic 1 level.
PAR  A NAND gate 204 detects the last four counts of the data bit counter 198
      prior to the carry output. The output from gate 204 inhibits the serial
      clock to the shift register 170 through NOR gate 206 and also inhibits the
      transfer of data through AND gate 208. The output of gate 208 is passed
      through NAND gate 214, which is enabled by the Q output of latch 182, to a
      transmitter 210. A NAND gate 216 decodes the last two counts of the
      counter 196 before a carry signal is produced. The output of NAND gate 216
      disables AND gate 218 so that data from the shift register 170 cannot be
      applied to a pulse width modulator circuit 220. In the absence of a logic
      1 level from gate 218, which indicates a logic 1 bit at the output of the
      shift register, the pulse width modulator 220 produces a 0 pulse upon
      receiving a response from clock 184. The output of the pulse width
      modulator 220 is applied to gate 208.
PAR  In the operation of the circuit of FIG. 12, assume that the circuit is just
      powered up. This produces a logic 0 at the output of NOR gate 178 which
      presets flip-flops 164 and 176 to a logic 1 state and clears flip-flops
      180 and 182 to a logic 0 state. The logic 1 state of flip-flop 164 enables
      gate 162 and disables gate 192. As a result, strobe pulses from the
      keyboard 150 can be passed through to clock 158 to operate the shift
      register storage 152 and 154 in synchronism with the operation of the
      keyboard 150. The logic 0 state of flip-flop 180 enables gate 186, but
      clock 184 is disabled by the logic 0 level on the Q output of flip-flop
      164. As a result of the logic 0 state of flip-flop 182, the logic 0 level
      on the Q output disables gate 194, sets up the preload code for counter
      198 to provide a count of twelve, and disables transmit gate 214. The
      logic 1 level on the Q output of flip-flop 182 switches the multiplexer
      168 such as to connect the lower eight input lines coming from the outputs
      of shift registers 152 and 154 to the shift register 170, and causes the
      output of gate 202 to go to a logic 0, thus enabling data to be parallel
      loaded into shift register 170. As a result, character data may be
      sequentially entered in the shift registers 152 and 154 by the keyboard
      150 as a result of the strobe pulses passed through gates 162 and 160 to
      the clock 158. After the complete message has been entered, the operator
      strikes the end of message (EOM) code which is immediately detected by the
      end of message detector 166. The next strobe pulse produced by the
      keyboard 150 then causes the flip-flop 164 to switch to a logic 0 state,
      which causes the system to change from Mode I to Mode II operation. This
      disables gate 162 and enables gate 192 and the second clock 184. The
      pulses from the clock 184 are then passed through gates 186, 188, 190, 192
      and 160 to drive the clock 158 and shift the data to the shift registers
      152 and 154 at the relatively high rate of clock 184.
PAR  When the beginning of message code is positioned in the one character shift
      register 154, the output of the BOM detector 172 goes to a logic 1 level
      which is inverted and applied to the input of flip-flop 176. On the next
      clock pulse, the first word of the message, which is the first digit of
      the subscriber code, is shifted into shift register 154, and flip-flop 176
      is simultaneously clocked to a logic 0 state. This immediately presets
      flip-flop 180 to the logic 1 state, thus disabling gate 186 to terminate
      the flow of clock pulses from clock 184 to clock 158 and thus stop the
      data flow in shift register 152 and 154. This may be considered the end of
      Mode II operation.
PAR  The first four bits at the output of shift register 154 together with the
      first four bits of the output of shift register 152 are thus definitive of
      the subscriber code. With the flip-flop 182 in the logic 0 state, the Q
      output switches the eight bit multiplexer 168 such that the eight
      subscriber code inputs are applied to the first eight inputs of the shift
      register 170. Also, the Q output is applied through NOR gate 202 to the
      parallel load input of shift register 170 so that this data is loaded.
      This input is also applied through the inverter and gate 206 to inhibit
      the data out clock for the shift register 170. The Q output of flip-flop
      182 is at a logic 0 which disables gate 194 so that the data cannot be
      shifted in shift registers 152 and 154 and transmit gate 214 is disabled
      to prevent any transmission. In addition, the logic 0 level of the Q
      output of flip-flop 182 establishes a preload code for counter 198 to
      produce a carry signal on the count of twelve, while the Q output provides
      a preload code for the counter 196 to produce a carry signal on the count
      of three.
PAR  Since the pulses from clock 184 continue to clock the data bit counter 198,
      this counter proceeds through a cycle until a carry signal is applied
      through inverter 200 to the clock input of flip-flop 182. This signal also
      loads counter 196 with the count of 3 and loads counter 198 with the count
      of 12. When flip-flop 182 changes to a logic 1 state, the NAND gate 214 is
      enabled, and AND gate 194 is enabled so that carry output of the column
      counter 196 will now be applied to clock 158. In addition, the transmit
      gate 214 is enabled to permit data to be transmitted. The Q output of
      flip-flop 182 goes to a logic 0 so that the multiplexer 168 now connects
      the first eight outputs from the matrix generator 156 to the first eight
      inputs of the parallel load shift register 170, but the eight bits from
      the shift register 152 and 154 were already loaded in register 170. In
      addition, the logic 0 level on the Q output of flip-flop 182 allows the
      output of gate 202 to go to a logic 1 level to prevent parallel loading of
      the shift register 170 and enable gate 206 so that the pulses from clock
      184 will cause the data to be shifted out of the shift register 170 to
      gate 218.
PAR  The first eight bits of data, which is the subscriber code, are then
      shifted out through gate 218 to the pulse width modulator 220. The
      modulated pulses are than passed through gates 208 and 214 to the
      transmitter 210 and are transmitted. When the counter 198 has counted
      eight pulses, which are the eight bits of data representative of the
      subscriber code, the gate 204 produces a logic 0 level for the next four
      clock pulses. The logic 0 level is inverted at gate 206 and inhibits the
      clock applied to the shift register 170 so that no more data is shifted
      out. The logic 0 output of gate 204 also disables AND gate 208 so that no
      pulses are transmitted for the four counts to provide the blank period at
      the end of the subscriber code.
PAR  At the end of the four counts, the counter 198 produces a carry signal
      which causes the counter 198 to preload to the count of nine, because the
      Q output of flip-flop 182 is now at a logic 1 level. Also, since the
      counter 196 is now within two counts of producing a carry signal, the gate
      216 produces a logic 0 level which disables gate 218. As a result, the
      next five clock pulses result in the pulse width modulator 220 creating
      five successive logic 0 levels, which are transmitted to provide a spacing
      column at the print out. When the counter 198 reaches four counts from the
      carry signal, gate 204 again disables gate 208 so that no data is
      transmitted for four clock pulses to provide a blank interval. This cycle
      of transmitting five logic 0's followed by a blank interval four clock
      intervals long is repeated one more time as the counter 198 cycles through
      a count of nine, thus providing at least two additional spacing columns
      after the two spacing columns provided after the last character of the
      last message.
PAR  At this time, the counter 196 produces a carry signal which is passed
      through gate 202 to cause the counter 196 to load to the count of seven as
      a result of the logic 0 at the Q output of flip-flop 182. This carry
      signal is also applied as a logic 0 to cause the parallel load shift
      register 170 to load the 25 outputs from the matrix generator 156, which
      are the outputs for the first numeral of the subscriber code. The same
      signal, of course, inhibits the data out clock pulses to the shift
      register 170. The carry signal from counter 196 is also applied as a clock
      pulse through gate 194, which is now enabled by the logic 1 at the Q
      output of flip-flop 182. This pulse is applied through gates 188, 190, 192
      and 160 to the clock 158 which then shifts the message in the register
      over one character. The counters 198 and 196 then proceed through a
      standard character transmission routine. The first five clock pulses
      result in the first column of data being clocked out of the shift register
      170 and through gate 218 to the pulse width modulator 220, and thence
      through gates 208 and 214 to the transmitter 210. After five data pulses,
      the gate 204 inhibits the clock to the shift register 170 through gate
      206, and disables gate 208 to prevent the transmission of any pulses for
      four clock intervals, thus producing the blank interval at the end of the
      first column of data. When the counter 198 produces a carry after nine
      clock pulses, the column counter 196 is incremented and the counter 198
      presets to again provide a carry signal after the count of nine. The
      second column of five bits is transmitted in the same manner followed by a
      blank of four intervals. This procedure is repeated for columns 3, 4 and 5
      of the first character, at which time gate 216 disables gate 218. Then the
      next five pulses are all logic 0's because of the logic 0 at the output of
      gate 218. This is followed by a blank interval four clock periods long,
      followed by another five logic 0's, and then another blank interval four
      clock pulses long, at which time column counter 196 also produces a carry
      signal. The two five bit intervals of logic 0's provide blank columns
      between adjacent characters for normal spacing.
PAR  When the counter 196 has reached the count of seven, indicating that the
      five columns of the character and the two blank columns for spacing have
      been transmitted, the carry signal of counter 196 again causes the shift
      register 170 to load the next character of the message as a result of the
      operation of gate 202 while disabling the serial output clock through gate
      206, and then causes the shift registers 152 and 154 to move data up one
      character as a result of the clock through gate 194, etc., to clock 158.
      The next character is then transmitted in the same manner by cycling the
      counter 198 through seven cycles. During each cycle with counter 198, data
      is transmitted during the first five counts. During the last two cycles of
      the counter 198, gate 216 disables gate 218 so that all logic 0's are
      transmitted to provide two columns of space.
PAR  This procedure is repeated until the end of message (EOM) character is
      positioned in the one bit shift register 154. At that time, the EOM
      detector 174 produces a logic 1 output which causes the output of gate 178
      to go to a logic 0. This presets flip-flops 176 and 164 to the logic 1
      state, and clears flip-flops 180 and 182 to the logic 0 state in the same
      manner that the power up pulse did at the start of the cycle. This
      completes a message cycle. As previously mentioned, this condition results
      in the disabling of gate 214 so that the transmitter 210 cannot send any
      further pulses for a period of time required to enter the next message,
      and all components are ready for the entry of the next message by the
      keyboard 150.
PAR  A detailed schematic diagram of the pocket printer is illustrated in FIG.
      13. A receiver 250 receives the carry signal and produces a pulse having a
      duration of approximately 0.5 milliseconds for a logic 0 level and
      approximately 1.5 milliseconds for a logic 1 level. These pulses are input
      through an exclusive OR gate 252 which functions merely as an inverter.
      The pulses are also applied to the clock input of the one-shot 254 which
      produces a logic 1 level at the output for approximately 1.0 milliseconds.
PAR  The trailing edge of this logic 1 level pulse is used to determine whether
      the incoming pulses is a logic 0 or a logic 1 as will presently be
      described. The trailing edge of the output from one-shot 254 also triggers
      a 3 millisecond retriggerable one-shot 256 and a twenty-five millisecond
      retriggerable one-shot 258. The three millisecond one-shot 256 is used to
      detect the blank space after each five bits of data for a column. The 25
      millisecond one-shot 258 is used to detect the end of a message.
PAR  The output from one-shot 254 is applied through gate 260 to clock the
      serial shift mode of operation of a shift register 262, which is comprised
      of two four-bit units 262a and 262b to provide a total of eight bits. It
      will be noted that both units are clocked by the output from gate 260 and
      that the D output of the first is connected to the serial input of the
      second. The first five parallel outputs of the shift register 262 are
      applied to a five bit storage register 264, which is comprised of a four
      bit unit 264a and a single flip-flop 264b. The outputs from the five bit
      storage register 264 are applied through five NAND gates 266A-266E and
      sets of inverters and resisters to drive the five heating elements 54A-54E
      respectively.
PAR  The complement of the subscriber code is stored in two four-bit hard-wired
      registers 268 and 270 to provide parallel loading to the shift register
      262. The complements of the first numeral of the subscriber code is
      contained in register 268 and is shifted into the four bits of shift
      register 262b. The complement of the four bit code for the second numeral
      of the subscriber code is shifted into the four digits of shift register
      262a from register 270. The parallel load occurs when clock input 272
      transitions from a logic 1 level to a logic 0 level.
PAR  The serial output of shift register 262 is applied as one input to an
      exclusive OR gate 274. The other input to the exclusive OR gate is the
      output from the inverting gate 252. The output from the gate 274 is
      applied to the data input of flip-flop 276. The Q output of flip-flop 276
      is connected to the data input to a second flip-flop 278. The Q output of
      flip-flop 278 is in turn connected to the data input of a third flip-flop
      280. All three flip-flops 276, 278 and 280 are set to a logic 0 level when
      the true output of one-shot 258 transitions from a logic 1 to a logic 0
      level. The flip-flop 276 is clocked when the output of NAND gate 282
      transitions from a logic 0 level to a logic 1 level. This occurs as a
      result of the output of one-shot 254 transitioning from a logic 1 level to
      a logic 0 level when the gate 282 is enabled by both flip-flops 276 and
      278 being in a logic 0 state, so that both Q outputs are at a logic 1
      level.
PAR  The true output of flip-flop 280 is connected through a NAND gate 284 and
      an exclusive OR gate 286 which is used merely as an inverter to enable
      NAND gate 266A-266E whenever flip-flop 280 is in the logic 1 state. Gate
      284 produces a print enable signal whenever the output of flip-flop 280
      and one-shot 256 are at a logic 1 level. The record strip advance solenoid
      38 is energized whenever a logic 1 level is applied to both diodes 288 and
      290 as a result of flip-flop 280 being in the logic 1 state and one-shot
      256 being at the logic 0 state.
PAR  In the operation of the circuit of FIG. 13, assume that no data pulses have
      been received by the receiver 250 for a period of at least 25 milliseconds
      so that the end of message one-shot 258, and of course the end of column
      one-shot 256 and the data bit one-shot 254 are all in the logic 0 state.
      The logic 1 level on the Q output of one-shot 258 thus causes the
      complement of the subscriber's code in registers 268 and 270 to be loaded
      into the shift register 262. The logic 0 level on the Q output of one-shot
      258 clears flip-flops 276, 278 and 280 to the logic 0 state. The logic 0
      of the Q output of one-shot 256 disables gate 284 so that all of the NAND
      gates 266A-266E are also disabled. The Q output of one-shot 256 is at a
      logic 1 level, and the Q output of one-shot 256 provides a logic 0 at the
      clock input of the flip-flop 264b to prevent data being loaded into the
      register.
PAR  When the first positive going pulse is output from the receiver 250 in
      response to an incoming data pulse, the positive going edge triggers the
      one-shot 254. The positive going data is also inverted and applied to an
      input of exclusive OR gate 274. The first preloaded bit of a subscriber's
      code is output from the shift register 262 to the other input of exclusive
      OR gate 274. Since the subscriber's code loaded in the shift register 262
      is the complement, each of the successive bits should be different if the
      incoming code is the subscriber code for this particular unit. Assuming
      the first bits are different, the output from gate 274 will be in a logic
      0 when the gate 282 is clocked at the end of 1 millisecond by the negative
      going edge of the pulse from one-shot 254. As a result, the flip-flop 276
      will remain in the logic 0 state. The trailing edge of the pulse from
      one-shot 254 also clocks the shift register 262 to advance the complement
      subscriber code bits one position to the right. If all eight of the
      incoming bits representing the subscriber code are different from the
      complement eight bits shifted from the shift register 262, the flip-flop
      276 remains in the logic 0 state.
PAR  However, the first bit that is the same, indicating that the incoming code
      is different from the hard wired subscriber code, the gate 274 produces a
      logic 1 output which results in flip-flop 276 switching to the logic 1
      state. The logic 0 at the Q output of flip-flop 276 then disables gate 282
      so that no further clock pulses can be applied to the flip-flop 276, and
      it remains in the logic 1 state until the message is over and one-shot 258
      again clears flip-flop 276 to a logic 0 state. The logic 0 level on the Q
      output of flip-flop 276 also provides a logic 0 level at the data input of
      flip-flop 278 to prevent this flip-flop 278 from erroneously changing to a
      logic 1 state and allowing a print cycle to possibly occur.
PAR  Assume that all eight digits of the subscriber's codes favorably compare so
      that flip-flop 276 remains in a logic 0 state. So long as data pulses are
      coming in at a rate greater than 1 every 3 milliseconds, one-shot 256
      remains in the logic 1 state. However, during the first blank interval
      after the eight subscriber code bits have been receivied, which blank
      interval is four data bits long, one-shot 256 times out and reverts to the
      logic 0 state. When the Q output of one-shot 256 goes to a logic 1 level,
      flip-flop 278 will be switched to a logic 1 state, it is assumed that the
      flip-flop 276 will remain in the logic 0 state indicating that the correct
      subscriber code was received. The Q output of flip-flop 278 then disables
      gate 282 so that flip-flop 276 is no longer operative. However, flip-flop
      280 remains in the logic 0 state so that print gate 284 remains disabled,
      and the solenoid 38 remains disabled because of the logic 0 level at diode
      288. One-shot 258 remains active.
PAR  When the next string of five logic 0 pulses are received, which are all
      logic 0 pulses, one-shot 254 is again fired by the leading edge of the
      first pulse. The 25 millisecond one-shot 258 is still in the logic 1
      state, and the three millisecond one-shot 256 is again triggered by the
      leading edge of that first pulse from one-shot 254. The only event that
      occurs at the end of each of the five data pulses is that the data pulse
      is decoded as it is clocked into shift register 262 by the trailing edge
      of the pulse from one-shot 254. This occurs because a logic 0 bit applied
      at the serial input of the shift register 262 reverts to a logic 0 level
      after about 0,5 milliseconds so that when the trailing edge of the 1
      millisecond one-shot occurs, a logic 0 is shifted into the shift register.
      However, if a logic 1 pulse of 1.5 milliseconds is applied from gate 252,
      then the input is at a logic 1 level when a trailing edge occurs, so that
      a logic 1 is input to the shift register. After the five bits, in this
      case all logic 0, are shifted into the shift register 262, the blank
      interval causes the 3 millisecond one-shot 256 to time out. This loads the
      five bits in shift register 262 into storage register 264 and also clocks
      flip-flop 280 to the logic 1 state as a result of the logic 1 level at the
      data input, thus enabling gate 284 and gates 266a-266e. The logic 0 of the
      just received data is then applied to the five print elements, which
      remain "off" because of the logic 0 state.
PAR  The gate formed by diodes 288 and 290 was also enabled when flip-flop 280
      was switched to a logic 1 state. Thus, at the beginning of the next five
      bits of data, the leading edge of the pulse from the one-shot 254 again
      triggers the three second one-shot 256 to a logic 1 state. This back
      biases diode 290 and causes the drive solenoid to be energized, thus
      indexing the record tape. At the same time, gate 284 is enabled, which
      causes the data transferred to the register 264 when the one-shot 256
      previously timed out to be applied to the elements of the printhead. Thus,
      those bits of the storage register 264 which are a logic 1 level then turn
      the transistors of the heater elements 54a-54e, respectively, on, to cause
      heating of a local spot on the paper. After the next 5 bits of common data
      are introduced to the register 262, the 3 millisecond one-shot 256 again
      times out. The switch of a Q output from the logic 1 to the logic 0 state
      disables gate 284, and thus gates 266A-266E, and also deenergizes solenoid
      38 by taking the back bias off diode 290. In addition, the switch of the Q
      output to a logic 1 state clocks register 264 to transfer the new data
      into the register.
PAR  Since the remaining portion of the data message transmitted is a series of
      nine bit words containing five data pulses followed by four clock
      intervals with no pulses, the operation of the circuit of FIG. 13 is
      repeated. That is, the first data pulse of each set of five triggers
      one-shot 256 on, thus energizing the solenoid 38 to immediately index the
      paper and also enabling the print gates 266a-266e to cause the values
      stored in register 262 to be printed by energizing the thermal elements of
      the printhead. When the one-shot 256 times out during the blank interval
      after the five data bits, the new data in shift register 262 is
      transferred to the storage register 264 as the gates 266a-266e are
      disabled and the solenoid 38 deenergized.
PAR  At the conclusion of the message when no further data bits are received,
      the 25 millisecond one-shot 258 times out. This resets flip-flops 276, 278
      and 280 to the logic 0 state and stores the complement of the subscriber
      code into shift register 262. This prepares the circuit to receive and
      compare the subscriber code at the front of the next message with the
      stored code. From the preceding detailed description of the preferred
      embodiment of the invention, it will be appreciated that a highly unique
      system for delivering a printed message to a selected individual has been
      described. The system utilizes a very small, portable pocket printer. As a
      result of the unique format generating system, the pocket printer can
      utilize a unique and relatively inexpensive thermal printing device which
      is particularly adapted to miniaturization. The unique printing device has
      the capability of utilizing accordion folded record paper since it prints
      only one column at a time, thus providing maximum storage capacity for a
      given area. In addition, the pocket printing circuit has a minimum amount
      of circuitry and is timed entirely from the received message. The pocket
      printer has a unique arrangement of components which permits it to be
      packaged in a minimum space. In addition, the arrangement of components
      permits the unit to be easily loaded with the record tape.
PAR  Although the specific embodiment of the invention heretofore described is
      particularly suited to the transmission of data serially one bit at a
      time, it is to be understood that within the broader aspects of the
      invention, other means of data transmission may be employed. For example,
      more conventional codes, such as the ASCII code, may be used to transmit
      the characters with a minimum number of bits, and these bits may be
      transmitted either serially or in parallel. In such a case, it is still
      desirable to use the simplified printing technique heretofore described.
      In such a system, however, the matrix character data could be generated in
      the receiving unit utilizing a system similar to that illustrated in FIG.
      14. In such a system, the radio receiver would receive data representative
      of the character but having fewer bits. The receiver would generate this
      code as seven parallel bits of information as represented by the character
      code generator 350. These outputs would then be applied to a matrix
      character generator 352 which would produce, for a five by five character
      matrix, 25 outputs which could be grouped in five columns 354A-354C. A
      suitable multiplexer and timing generator 356 would then sequentially
      apply these sets of five logic levels each representing a column to a
      column of five printing elements 356A-358E, respectively, so that a column
      of dots would be formed upon a record strip 360. The multiplexer and
      timing generator 356 would also activate a record advance mechanism 362
      which would advance the record strip 360 so that successive columns would
      be imprinted on the record strip 360 to establish the printed message. It
      will also be appreciated that the method and system of the present
      invention could be used generally in facsimile transmission where the
      number of print elements in a column extending transversely of the
      movement of the record paper could be increased as required.
PAR  In the preferred embodiment, a non-impact type permanent printer, i.e., a
      thermal printer, has been described. However, temporary displays such as
      visible light emitting diode (VLED) and liquid crystal displays may be
      utilized in certain cases. Such a system is indicated generally by the
      reference numeral 400 in FIGS. 15 and 16. The device 400 may be housed in
      a package similar to that heretofore described except that an alphanumeric
      display 402 is provided as a visual message read-out. As mentioned, the
      read-out 402 may be formed of visible, light emanating diodes or liquid
      crystals arranged in a suitable matrix such as a 5 .times. 5 dot matrix or
      an eight segment matrix for producing the desired alphanumeric characters.
      For the present application, the elements are arranged in a 5 .times. 5
      dot matrix. The display 402 is illustrated as having 100 columns, thus
      providing about fifteen five-column characters with two-column spacing.
PAR  The unit 400 may have circuitry identical to the circuitry illustrated in
      FIG. 11 up to the register 138. The remainder of the circuitry is
      illustrated in the block diagram of FIG. 16. The output from the shift
      register 132 is applied to a 5 .times. 100 bit shift register memory 406.
      The shift register memory 406 is a recirculating memory, typically of the
      dynamic type, in which information is continuously shifted. The output
      from the memory 406 is applied to the row inputs of display 402. A column
      decoder 408 is in effect a multiplexer which applies the data at the
      output of the memory 406 to a selected single column of the display 402.
PAR  A timing generator 410 controls the operation of the shift register 406 and
      the column decoder 408 in a manner to input data from the register 138 as
      the last bit of the recirculating message in the memory 406 each time a
      signal is received from the blank detector 136 indicating that a new
      column of data has been input to the register 138. The timing generator
      410 also synchronizes the operation of the shift register memory 406 and
      the column decoder 408 so that the column data at the output of the memory
      406 is multiplexed to the appropriate column of the display 402. The
      recirculation of column data with the memory 406 is at a rate of at least
      one recycle for each incoming column of data applied to the register 138.
      The timing generator 410 detects the position of the last column in which
      data was entered in register 406 and enters the new data from shift
      register 132 in the next succeeding column. As a result, the incoming
      message is continually displayed as it is received. In the event the
      incoming message is longer than the shift register 406 and display 402,
      the message can be moved from left to right across the display, leaving
      the last 15 characters of the message as a semipermanent record if
      desired.
PAR  Although preferred embodiments of the invention have been described in
      detail, it is to be understood that various changes, substitutions and
      alterations can be made therein without departing from the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for communicating an alphanumeric message to a selected
      receiver unit comprising:
PA1  a. means for compiling and transmitting by radio successive multicharacter
      alphanumeric messages in dot matrix format, each preceded by selected unit
      address code, said means including means to transmit sets of sequential
      data pulses, each pulse representing one of two states, with predetermined
      time spaces between said sets where each set represents a dot matrix
      column for a character display,
PA1  b. a plurality of unitary portable units each having a housing and
      including a radio receiver means for receiving said address codes and said
      messages,
PA1  c. visual display means in each of said units each including a single
      column of elements for producing, column at a time, visible fractions of
      characters to be displayed in dot matrix form in response to receipt of
      each set of said pulses,
PA1  d. means responsive to said address code designating a selected receiver to
      enable said elements to respond to the message which follows said address
      code, and
PA1  e. timing means responsive to the occurrence of each of said time spaces
      between said sets to increment the display of said messages a distance
      corresponding to one matrix column width whereby multiple increments are
      produced where any said set comprises only pulses representing the second
      of said two states.
NUM  2.
PAR  2. The combination set forth in claim 1 in which said single column of
      elements is mounted on a movable portion of said housing where said
      elements are inwardly facing and means are provided for moving a paper
      strip past said elements in response to each of said sets of said pulses.
NUM  3.
PAR  3. The combination set forth in claim 1 in which said single column of
      elements is mounted inwardly facing on a transparent cover of said housing
      and is movable into and out of engagement with a record receiving element
      at a print station in said housing to provide for production of a printed
      message the existence of which may be ascertained from the view through
      said cover.
NUM  4.
PAR  4. The system of claim 1 wherein said display means comprises a permanent
      record display of said message.
NUM  5.
PAR  5. The system of claim 4 wherein said display means comprises a nonimpact
      type printer.
NUM  6.
PAR  6. The system of claim 5 wherein said nonimpact type printer comprises a
      strip of thermally sensitive paper and electrically energizable heating
      elements for printing a single row of characters extending along the
      length of the strip of paper.
NUM  7.
PAR  7. The system of claim 1 wherein said display means comprises means for
      temporarily displaying said message as a single row of characters.
NUM  8.
PAR  8. The system of claim 6 wherein:
PA1  the means for compiling and transmitting the message of alphanumeric
      characters produces a series of sets of binary coded pulses, each set
      being representative of a column of a dot matrix displaying the respective
      characters, and
PA1  each printer includes a single column of said heating elements extending
      transversely of a record strip for printing column at a time an
      alphanumeric character in dot matrix form, means for successively
      energizing the heating elements in response to the coded pulses of the
      successive sets of binary coded pulses, and
PA1  means for moving the record strip in synchronism with the energization of
      the heating elements such that successive columns of the dot matrices will
      be disposed in adjacent relationship to produce the characters.
NUM  9.
PAR  9. The system of claim 1 wherein the means for compiling and transmitting a
      message of alphanumeric characters preceded by a prescribed code
      comprises:
PA1  keyboard means for producing an alphanumeric code in response to the
      depression of a key for each alphanumeric character of a message,
PA1  shift register storage means for storing a plurality of characters
      successively encoded by the keyboard means,
PA1  matrix character generator means for successively producing a set of binary
      logic signals representative of the condition of the dots in a matrix to
      visually present the characters represented by the alphanumeric codes
      successively output from the shift register storage means, and
PA1  format means for serially transmitting the logic signals output by the
      matrix character generator means in a predetermined format.
NUM  10.
PAR  10. The system of claim 9 wherein:
PA1  the format means includes means to transmit a series of sets of data pulses
      representative of the conditions of dots of a column of dots in the matrix
      and means to transmit representations of two blank data columns following
      the last set of each character, and
PA1  means to space each set of data pulses by a predetermined time interval to
      signify the end of each set of data pulses and responsive to occurrence of
      time intervals following receipt of said representations to provide spaces
      between adjacent characters.
NUM  11.
PAR  11. The system of claim 9 wherein:
PA1  the format means includes means first to transmit a subscriber code derived
      from the first two characters output from the shift register storage
      means, and
PA1  means then to transmit representations of the characters in accordance with
      a dot matrix format.
NUM  12.
PAR  12. The combination of claim 1 in which means in each said unit reject
      messages not preceded by the address code unique thereto.
NUM  13.
PAR  13. The combination set forth in claim 1 in which said selected unit is of
      pocket size of less than ten cubic inches and includes said single column
      of elements mounted adjacent to a paper supply receptacle and further
      includes means to step a paper strip past and in contact with said
      elements.
NUM  14.
PAR  14. A system for communicating an alphanumeric message to a selected
      receiver unit comprising:
PA1  a. means for compiling and transmitting by radio successive multicharacter
      alphanumeric messages in dot matrix format, each preceded by a selected
      unit address code, said means including means to transmit sets of
      sequential data pulses with predetermined time spaced between said sets
      where each set represents a dot matrix column of a character to be
      displayed,
PA1  b. a plurality of unitary portable units each including a radio receiver
      means for receiving said address codes and said messages as logic signals,
PA1  c. a single column of heating elements controllable by a set of logic
      signals for producing, column at a time, fractions of characters to be
      displayed in dot matrix form,
PA1  d. thermally sensitive record means movable transversely of the column of
      heating elements,
PA1  e. means responsive to said address code designating a selected receiver
      unit to enable said elements to respond to the message which follows said
      address code,
PA1  f. storage means for a plurality of logic signals corresponding to the
      number of said heating elements, the logic signals selectively controlling
      the energization of said heating elements,
PA1  g. a shift register having a number of bits corresponding to the number of
      logic signals stored in the storage means for receiving a series of
      incoming data signals representing said message,
PA1  h. means for detecting a unique signal indicating that a number of data
      signals corresponding to the number of bits of the shift register have
      been received in the shift register and for then causing the data signals
      in the shift register to be transferred to the storage register and the
      heating elements to be energized in accordance therewith to produce a
      character in dot matrix form on said record means, and
PA1  i. timing means responsive to said time spaces between said sets to
      increment the display of said messages a distance corresponding to one
      matrix column width.
NUM  15.
PAR  15. The system of claim 14 wherein:
PA1  the incoming data signals are binarily coded signals and the unique signal
      is an absence of transmission for a predetermined period of time.
NUM  16.
PAR  16. The system of claim 14 further characterized by:
PA1  means in said receiver for loading a predetermined subscriber code into a
      shift register,
PA1  means for serially clocking the subscriber code from the shift register in
      synchronism with an incoming series of binarily coded data signals, and
PA1  comparator means for comparing the subscriber code binary signals clocked
      from the shift register with the incoming binary signals and for disabling
      the printing system in the event of a predetermined mismatch of any two
      binary signals.
NUM  17.
PAR  17. A system for communicating an alphanumeric message to a selected
      receiver unit comprising:
PA1  a. means for compiling and transmitting by radio successive multicharacter
      alphanumeric messages in dot matrix format, each preceded by a selected
      unit address code, said means including means to transmit sets of
      sequential data pulses with predetermined time spaced between said sets
      where each set represents a dot matrix column of a character to be
      displayed, including
PA2  i. keyboard means for producing an alphanumeric code in response to the
      depression of a key for each alphanumeric character of a message,
PA2  ii. shift register storage means for storing a plurality of characters
      successively encoded by the keyboard means,
PA2  iii. matrix character generator means for successively producing a set of
      binary logic signals representative of the condition of the dots in a
      matrix to visually present the characters represented by the alphanumeric
      codes successively output from the shift register storage means, and
PA2  iv. format means for serially transmitting the logic signals output by the
      matrix character generator means in a predetermined format having means to
      transmit a series of sets of data pulses representative of the conditions
      of dots of a column of dots in the matrix with means to space each set of
      data pulses by a predetermined time interval to signify the end of each
      set of data pulses, means to establish two blank data columns following
      the last set of each character,
PA1  b. a plurality of unitary portable units each including a radio receiver
      means for receiving said address codes and said messages,
PA1  c. a single column of heating elements controllable by a set of logic
      signals for producing, column at a time, fractions of characters to be
      displayed in dot matrix form,
PA1  d. thermally sensitive record means movable transversely of the column of
      heating elements,
PA1  e. means responsive to said address code designating a selected receiver
      unit to enable said elements to respond to the message which follows said
      address code,
PA1  f. further storage means for a plurality of logic signals corresponding to
      the number of said heating elements, the logic signals selectively
      controlling the energization of said heating elements,
PA1  g. a shift register having a number of bits corresponding to the number of
      logic signals stored in the storage means for receiving a series of
      incoming data signals representing said message,
PA1  h. means for detecting a unique signal indicating that a number of data
      signals corresponding to the number of bits of said shift register storage
      means have been received in the said shift register and for then causing
      said data signals in the shift register to be transferred to said further
      storage means and the heating elements to be energized in accordance
      therewith to produce a fraction of a character on said record means, and
PA1  i. timing means operative upon each occurrence of said time spaces between
      said sets to increment the display of said messages a distance
      corresponding to one matrix column width and to increment the display of
      said messages multiples of said distance upon receipt of said blank data
      columns.
NUM  18.
PAR  18. In a system for communicating an alphanumeric message to a selected
      receiver unit which includes means for compiling and transmitting by radio
      successive multicharacter alphanumeric messages in dot matrix format, each
      preceded by a selected unit address code, said means including means to
      transmit sets of sequential data pulses with predetermined time spaced
      between said sets where each set represents a dot matrix column of a
      character to be displayed, the improvement comprising:
PA1  a. a unitary portable unit including a radio receiver means for receiving
      said address codes and said messages to produce sets of logic signals
      representative of said messages,
PA1  b. a single column of heating elements controllable by a set of logic
      signals for producing, column at a time, fractions of characters to be
      displayed in dot matrix form,
PA1  c. thermally sensitive record means movable transversely of the column of
      heating elements,
PA1  d. means responsive to said address code designating a selected receiver
      unit to enable said elements to respond to the message which follows said
      address code,
PA1  e. storage means for a set of said logic signals corresponding to the
      number of said heating elements, the logic signals selectively controlling
      the energization of said heating elements,
PA1  f. a shift register having a number of bits corresponding to the number of
      logic signals stored in the storage means for receiving a series of
      incoming data signals representing said message,
PA1  g. means for detecting a unique signal indicating that a number of data
      signals corresponding to the number of bits of the shift register have
      been received in the shift register and for then causing the data signals
      in the shift register to be transferred to the storage means and the
      heating elements to be energized in accordance therewith to produce a
      character in dot matrix form on said record means, and
PA1  h. timing means responsive to the occurrence of said time spaces between
      said sets to increment the display of said messages a distance
      corresponding to one matrix column width.
NUM  19.
PAR  19. In a system for communicating an alphanumeric message to a selected
      receiver unit having means for compiling and transmitting by radio
      successive multicharacter alphanumeric messages in dot matrix format, each
      preceded by a selected unit address code, said means including means to
      transmit sets of sequential data pulses with predetermined time spaced
      between said sets where each set represents a dot matrix column of a
      character to be displayed, including
PA2  i. keyboard means for producing an alphanumeric code in response to the
      depression of a key for each alphanumeric character of a message,
PA2  ii. shift register storage means for storing a plurality of characters
      successively encoded by the keyboard means,
PA2  iii. matrix character generator means for successively producing a set of
      binary logic signals representative of the condition of the dots in a
      matrix to visually present the characters represented by the alphanumeric
      codes successively output from the shift register storage means, and
PA2  iv. format means for serially transmitting the logic signals output by the
      matrix character generator means in a predetermined format having means to
      transmit a series of sets of data pulses representative of the conditions
      of dots of a column of dots in the matrix with means to space each set of
      data pulses by a predetermined time interval to signify the end of each
      set of data pulses, means to establish two blank data columns following
      the last set of each character,
PAL  the improvement comprising:
PA1  a. a unitary portable unit including a radio receiver means for receiving
      said address codes and said messages to produce logic signals
      representative of said messages,
PA1  b. a single column of heating elements controllable by a set of said logic
      signals for producing, column at a time, fractions of characters to be
      displayed in dot matrix form,
PA1  c. thermally sensitive record means movable transversely of the column of
      heating elements,
PA1  d. means responsive to said address code designating a selected receiver
      unit to enable said elements to respond to the message which follows said
      address code,
PA1  e. further storage means for a set of said logic signals corresponding to
      the number of said heating elements, the logic signals selectively
      controlling the energization of said heating elements,
PA1  f. a shift register having a number of bits corresponding to the number of
      logic signals stored in the further storage means for receiving a series
      of incoming data signals representing said message,
PA1  g. means for detecting a unique signal indicating that a number of data
      signals corresponding to the number of bits of the shift register have
      been received in the shift register and for then causing the data signals
      in the shift register storage means to be transferred to the further
      storage means and the heating elements to be energized in accordance
      therewith to produce a character in dot matrix form on said record means,
      and
PA1  h. timing means operative upon occurrence of each of said time spaces
      between said sets to increment the display of said messages a distance
      corresponding to one matrix column width and to increment the display of
      said messages multiples of said distance upon receipt of said blank data
      columns.
NUM  20.
PAR  20. A paging receiver capable of displaying a visual message, comprising:
PA1  a. a housing having a physical volume less than ten cubic inches,
PA1  b. a radio receiver in said housing capable of receiving signals
      transmitted in digital format, said format including an address code
      identifying a particular receiver and an alphanumeric message in the form
      of sets of data pulses, each pulse being representative of the condition
      of a dot in the column of a matrix,
PA1  c. means to enable a visual display upon receipt of said address code,
PA1  d. means to energize said display in response to said message data sets,
PA1  e. means to index said display in response to the occurrence of blank time
      spaces after each message data set to present multiple character messages,
      and
PA1  f. battery means within said housing for energizing the system.
NUM  21.
PAR  21. The system of claim 20 wherein said visual display comprises a
      permanent record display means for said message.
NUM  22.
PAR  22. The receiver of claim 20 wherein said visual display comprises a
      nonimpact type printer.
NUM  23.
PAR  23. The system of the receiver of claim 22 wherein said nonimpact printer
      comprises a strip of thermally sensitive paper and electrically
      energizable heating elements for printing a single row of characters
      extending along the length of the strip of paper.
NUM  24.
PAR  24. The receiver of claim 20 wherein said visual display comprises means
      for temporarily displaying said complete message as a single row of
      characters.
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ABST
PAL  An automatic frequency control (AFC) circuit for a signal receiver having a
      tuner, intermediate frequency (IF) amplifier, video amplifier, and sync
      pulse separation means includes a discriminator coupled to the IF stage
      and a signal combining means coupled to the discriminator means and sync
      pulse separation means and to the tuner to effect a given "pull-in" range
      for the tuner in response to error signals from the discriminator and an
      increased "pull-in" range upon loss of sync signals from the sync pulse
      separation means when the tuner stage is increasingly detuned.
PARN
PAR  This is a continuation of application Ser. No. 397,591, filed Sept. 14,
      1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Normally, signal receivers and particularly television signal receivers
      employ an automatic frequency control (AFC) circuit wherein a tuner stage
      includes the usual mixer and oscillator stage and a received signal is
      heterodyned to provide a signal at a so-called intermediate frequency or
      IF signal. This IF signal is applied to a group of IF amplifier stages and
      to a discriminator tuned to a given frequency. Any deviation in the signal
      from the tuned frequency provides an error or AFC correction signal. In
      turn, the error signal is coupled back to the oscillator of the tuner in a
      manner such that the oscillator tuning is altered to reduce the frequency
      deviation of the signal applied to the IF stages with respect to the tuned
      frequency of the discriminator stages.
PAR  Although the above-mentioned AFC circuitry has been and still is utilized
      in numerous applications with a great deal of success, it has been found
      that the presettability of many present-day tuners and particularly 70
      detent tuners is frequently insufficient when such circuitry is employed.
      More specifically, it has been found that AFC systems employing a
      discriminator tend to provide an error signal having a "pull-in" range
      limited to a small portion of the discriminator response curve.
PAR  For example, apparatus having an adjacent carrier signal, such as the sound
      carrier in a TV receiver, provides an error correction response which
      tends to push the oscillator of the tuner stage away from rather than
      toward the desired tuning when the discriminator response curve has a
      negative-going slope. Also, apparatus employing a DC amplifier for the
      error voltage does not always have an amplifier bias voltage and an error
      signal quiescent voltage which coincide. Thus, the system will tend to
      "block" due to this non-coincident operation condition when the
      discriminator response is a negative-going slope and is of a magnitude
      less than the difference between the above-mentioned bias and quiescent
      potentials.
PAR  As a result, normal AFC systems utilizing discriminator type circuitry do
      not normally provide a wide band "pull-in" range. Moreover, wide band
      "pull-in" is a highly desirable condition in AFC systems when tuners,
      seventy detent or others, with limited presettability capabilities are
      employed.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an enhanced automatic
      frequency control (AFC) circuit for a signal receiver. Another object of
      the invention is to provide an AFC circuit having an improved "pull-in"
      range. Still another object of the invention is to provide an AFC circuit
      utilizing potentials from sync pulse separation means to enhance the
      "pull-in" range of the system. A further object of the invention is to
      utilize discriminator means and sync pulse separation means to improve the
      "pull-in" range of the system. A further object of the invention is to
      utilize discriminator means and sync pulse separation means to improve the
      "pull-in" range of an AFC system.
PAR  These and other objects and advantages are achieved in one aspect of this
      invention by an automatic frequency control circuit for a television
      receiver having an intermediate frequency amplifier stage coupled to a
      tuner stage and by a detector stage to a video amplifier stage connected
      to a cathode ray tube. The automatic frequency control circuit includes
      discriminator means coupled to the intermediate frequency amplifier stage,
      means coupled to the video amplifier stage for detecting sync pulses, and
      signal combining means. The signal combining means is coupled to the
      discriminator means, the means for detecting sync pulses, and the tuner
      stage. The signal combining means effects a given "pull-in" range of the
      tuner stage in response to error signals from the discriminator means and
      an increased "pull-in" range in response to a signal from the means for
      detecting sync pulses indicative of the absence of detected sync pulses.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating an embodiment of the invention;
PAR  FIG. 2 illustrates, in block and schematic form, an embodiment of the AFC
      system of FIG. 1;
PAR  FIG. 3 illustrates the error correction voltage characteristic curve of an
      ordinary prior art AFC circuit; and
PAR  FIG. 4 is an error correction voltage characteristic curve of the
      embodiment of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure and appended claims in conjunction with
      the attached drawings.
PAR  In the drawings, the block diagram of FIG. 1 illustrates a television
      receiver having an antenna 5 for intercepting broadcast signals. A tuner
      stage 7 including an amplifier, a mixer, and an oscillator is coupled to
      the antenna 5 and to one or more of the IF amplifier stages 9. In the
      usual manner, the tuner stage 7 heterodynes the intercepted signal to
      provide an IF signal which is applied to the tuned IF stages 9.
PAR  A signal from the IF amplifier stages 9 is applied to a series connected
      detector stage 11, a video amplifier stage 13, and a cathode ray tube 15
      to provide a visual display. The signal from the IF stages 9 is also
      applied by way of an amplifier stage 17 to an AFC discriminator stage 19.
      Also, a signal from the video amplifier stage 13 is applied to a sync
      pulse separation means 21 which, in turn, is coupled to the cathode ray
      tube 15 and to a sync pulse detection means 23.
PAR  A signal combining means 25, in the form of an amplifier stage in this
      instance, couples the discriminator means 19 and the sync pulse detector
      means 23 to the tuner stage 7 of the signal receiver. Thus, error signals
      are provided by the discriminator means 19 for input signals from the
      tuner deviating from the frequency of the discriminator stage 19 while a
      potential representative of sync pulse signals is provided by the sync
      pulse detector means 23. Moreover, the error signals and sync pulse
      potential are combined at proper instances of "de-tuning" and applied to
      the tuner stage 7 to effect an enhanced "pull-in" range of the AFC
      circuit.
PAR  More specifically, FIG. 2 illustrates a television receiver having an
      antenna 5 coupled to tuner stage 7 which is, in turn, coupled to an IF
      amplifier stage 9. The IF amplifier stage 9 provides an output which is
      coupled to a detector stage 11 connected to a video amplifier stage 13
      coupled to a cathode ray tube 15.
PAR  The output of the IF amplifier stage 9 is also coupled to an amplifier
      stage 17 connected to the AFC discriminator stage 19. Also, the output of
      the video amplifier stage 13 is connected to a sync separator means
      coupled to the cathode ray tube 15 and to a sync pulse detector means 23.
      In turn, a signal combining means 25 is coupled to the AFC discriminator
      means 19, the sync pulse detector means 23 and to the tuner stage 7.
PAR  In this embodiment, the amplifier stage 17 is in the form of a transistor
      27 having a base electrode coupled to the output of the IF amplifier stage
      9 by a capacitor 29 and to circuit ground by a parallel connected resistor
      31 and capacitor 33. An emitter electrode is also coupled to circuit
      ground by a parallel connected resistor 35 and capacitor 37 while the
      collector electrode is coupled to a potential source B+ by a primary
      winding 39 of a transformer 41.
PAR  The discriminator means 19 includes a secondary winding 43 of the
      transformer 41 shunted by a capacitor 45 and each end of the secondary
      winding 43 is connected to a diode, 47 and 49 respectively. The diodes 47
      and 49 are interconnected by series connected resistors 51 and 53 each
      shunted by a capacitor, 55 and 57. The junction of the resistors 51 and 53
      and the capacitors 55 and 57 is coupled by a tertiary winding 59 of the
      transformer 41 to the center of the sedondary winding 43. Also, the
      junction of the diode 47 and resistor 51 and capacitor 55 is coupled to a
      bias development means 60 including a pair of resistors 61 and 63 series
      connected to a potential source B+ and to a potential reference level or
      circuit ground.
PAR  The output of the sync separator means 21 is applied to the sync pulse
      detector means 23 which, in this instance, is in the form of a Darlington
      switch having a first transistor 65 with a base electrode coupled by a
      resistor 67 to the sync separator means 21 and by a parallel connected
      resistor 69 and capacitor 71 to circuit ground. Obviously, the detector
      means 23 may be in the form of a single transistor or a combination of
      bipolar or FET type transistors for example. The emitter electrode is
      connected to the base of a second transistor 73 having an emitter
      connected to circuit ground by a resistor 75. The collectors of both
      transistors 65 and 73 are connected to the base of a third transistor 77
      and by a resistor 79 to a potential source B+. The collector of the third
      transistor 77 is coupled to the potential source B+ and to the emitter
      electrode of a transistor 81 of the signal combining means 25.
PAR  This transistor 81 of the signal combining means 25 has an emitter
      electrode which is also connected to circuit ground by resistor 83. The
      base electrode is coupled by a resistor 85 to the junction of the diode
      49, resistor 53, and capacitor 57 of the discriminator means 19. The
      collector electrode is coupled by a resistor 87 to the tuner stage 7 of
      the signal receiver and by another series connected resistor 89 to the
      potential source B+.
PAR  As to operation, FIG. 3 illustrates an unbalanced error potential developed
      by a normal or usual type AFC circuit. A received signal is heterodyned in
      a tuner, which is slightly de-tuned, and provides an output signal which
      deviates slightly from the tuned frequency of the discriminator stage. The
      IF stages amplify the signal and provide an output to a discriminator
      means whereby an error signal, FIG. 3, having a "pull-in" range A is
      provided.
PAR  As can be seen in the prior art curve of FIG. 3, an ordinary AFC circuit
      has a blocking-free pull-in range A which is determined by the tuner
      sensitivity and the location and strength of adjacent carriers. Moreover,
      the curve may be non-coincident with the quiescent voltage, if there is
      any.
PAR  It can be readily understood that negative-going slope segments S.sub.1 and
      S.sub.2 provide potentials to a tuner stage which are opposite to a
      desired polarity and which may tend to push the oscillator tuning away
      rather than toward the desired or correct tuning frequency f.sub.o. Such a
      condition is frequently encountered when signals other than a picture
      carrier signal are present or when the tuner amplifier bias and quiescent
      potential of the error signal differ.
PAR  As previously mentioned, many receivers and particularly those employing 70
      detent tuner stages have a presettability problem whereby an increased
      "pull-in" range is desirable and required for satisfactory operation.
      Thus, the AFC circuitry set forth in FIG. 2 becomes appropriate.
PAR  More specifically, a signal received by the tuner stage 7 of FIG. 2 is
      heterodyned to provide an IF signal which is applied to and slightly
      deviates in frequency from the tuned frequency of the discriminator stage
      19. The IF stages 9 provide an amplified output representative of this
      deviation in frequency from the tuned discriminator frequency and this
      output is applied via an amplifier stage 17 to the discriminator means 19.
PAR  The discriminator means 19 includes a bias development means 60 which is
      preselected such that a signal combining means 25 is in a state of
      saturation conduction for error signals below the correct tuning
      frequency, f.sub.o of FIG. 4. Thus, a steady state output V.sub.1 having a
      frequency "pull-in" which exceeds the ordinary AFC system of FIG. 3 is
      provided. The pull-in range is limited only by the tuner sensitivity and
      it is insensitive to noncoincidence of the quiescent potential.
PAR  Also, error signals above the correct tuning frequency f.sub.o ordinarily
      reach a steady state level V.sub.2 and then follow a negative slope as
      illustrated in FIG. 3. However, at a given frequency of de-tuning, x of
      FIG. 4, the sync signals normally available to the sync pulse separation
      means 21 are no longer available. Thereupon, the output potential
      available from the sync detector 23 and applied to the signal combining
      means 25 is lost. Upon loss of the potential from the sync detector 23,
      the signal combining means 25 is rendered non-conductive or turned off
      whereupon the steady state potential, essentially B+ or V.sub.2, is
      maintained and the "pull-in" range greatly extended.
PAR  Thus, there has been provided a unique wide band AFC circuit for a signal
      receiver. The circuit is inexpensive of components and structure while
      enhancing the signal frequency "pull-in" capabilities of the signal
      receiver. Moreover, undesired blocking of the system for negative-going
      slope characteristics has been virtually eliminated without deleterious
      effect upon circuit operation.
PAR  While there has been shown and described what is at present considered the
      preferred embodiment of the invention, it will be obvious to those skilled
      in the art that various changes and modifications may be made therein
      without departing from the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a television receiver having an intermediate frequency (IF) amplifier
      stage coupled to a tuner stage and by a detector stage to a video
      amplifier stage connected to a cathode ray tube, an automatic frequency
      control (AFC) circuit comprising:
PA1  discriminator means coupled to said IF amplifier stage for providing an
      error signal in response to signals deviating from the tuned frequency of
      said discriminator means;
PA1  means coupled to said video amplifier stage for detecting sync pulses; and
PA1  signal combining means coupling said discriminator means and said means for
      detecting sync pulses to said tuner stage for effecting a given "pull-in"
      range of said tuner stage in response to error signals from said
      discriminator means and an increased "pull-in" range in response to a
      signal from said means for detecting sync pulses indicative of the absence
      of detected sync pulses.
NUM  2.
PAR  2. An automatic frequency control (AFC) circuit as defined in claim 1
      wherein said means for detecting sync pulses includes a sync pulse
      separation means coupled to said video amplifier stage and a sync pulse
      detector stage coupled to said sync pulse separation means and to said
      signal combining means.
NUM  3.
PAR  3. An automatic frequency control (AFC) circuit as defined in claim 1
      wherein said signal combining means includes an amplifier stage having an
      output electrode coupled to a potential source and to said tuner stage, a
      first input electrode coupled to said discriminator means, and a second
      input electrode coupled to said means for detecting sync pulses.
NUM  4.
PAR  4. An automatic frequency control (AFC) circuit as defined in claim 3
      wherein said discriminator means includes a bias development means for
      effecting saturation conduction of said amplifier stage for error signals
      indicative of frequencies below the desired tuning frequency.
NUM  5.
PAR  5. An automatic frequency control (AFC) circuit as defined in claim 4
      wherein said bias development means includes a pair of resistors series
      coupling a potential source to a potential reference level.
NUM  6.
PAR  6. An automatic frequency control (AFC) circuit for a signal receiver
      having an intermediate frequency (IF) amplifier stage coupling a tuner
      stage to a detector stage with a video amplifier stage coupling the
      detector stage to a cathode ray tube and to a sync pulse separation means
      comprising:
PA1  discriminator means coupled to said IF amplifier stage and including a bias
      development means;
PA1  means coupled to said video amplifier stage for detecting sync pulses; and
PA1  signal combining means coupled to said discriminator means, to said means
      for detecting sync pulses, and to said tuner stage for coupling of an
      error signal from said discriminator means to said tuner stage to cause
      alteration in tuning frequency with a given "pull-in" range of said tuner
      stage and an increase of said "pull-in" range upon a loss of a signal from
      said means for detecting sync pulses.
NUM  7.
PAR  7. An automatic frequency control (AFC) circuit as defined in claim 6
      wherein said bias development means of said discriminator means causes
      saturation conduction of said signal combining means for error signals
      indicative of frequencies below the desired tuning frequency.
NUM  8.
PAR  8. An automatic frequency (AFC) circuit as defined in claim 6 wherein said
      signal combining means includes a transistor having a base electrode
      coupled to said discriminator means, an emitter electrode coupled to said
      means for detecting sync pulses, and a collector electrode coupled to a
      potential source and to said tuner stage.
NUM  9.
PAR  9. An automatic frequency control (AFC) circuit as defined in claim 6
      wherein said means for detecting sync pulses includes said sync pulse
      separation means and a detector stage coupled to said sync pulse
      separation means and to said signal combining means.
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ABST
PAL  A printing master making apparatus is disclosed. The apparatus comprises a
      first rotary cylinder on which an original is wound, a second rotary
      cylinder on which a recording object is installed, a detecting system, and
      a reproducing system. The two cylinders are synchronous with each other
      when rotated. The necessary color light from the original is detected in
      terms of an electric signal by the detecting system. The detected signal
      is then expanded or contracted by a given length of time, and/or the time
      axis of the detected signal is converted. The recording object is caused
      to undergo an excitation by the reproducing system according to the
      expanded or contracted signal and thus the margin of dye blur or the
      margin of pattern overlap is adjusted, and at least the rotary cylinder is
      enlarged or compressed in its circumferential direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to apparatus for making printing masters
      used, for example, in general printing and textile printing.
PAR  2. Description of the Prior Art
PAR  In natural color and multi-color photographic printing and plate-making, it
      is the general practice that an original pattern is decomposed into three
      print patterns in three primary colors or into four print patterns
      including a monochromatic pattern in addition to the three primary color
      patterns. The desired color tone is reproduced by superimposedly printing
      these patterns on an object. In textile printing, there have been
      difficulties in reproducing the desired color tone by simply superimposing
      a set of print patterns on an object cloth, chiefly due to the dye or
      pigment used. This has made it impossible to use the three primary colors.
      Hence, in multi-color printing for a pattern comprising, for example, five
      colors, the provision of five printing masters, constructed by decomposing
      an original pattern, has been indispensable.
PAR  Recently, the decomposition of an original tone has been achieved by a
      mechanical process using a color decomposing apparatus, which normally
      comprises more than three photoelectric systems depending upon the number
      of colors to be detected for color tone decomposition. FIG. 1
      schematically illustrates an example of a conventional color decomposing
      apparatus (with only one photoelectric system shown for explanatory
      simplicity).
PAR  Referring to FIG. 1, the numeral 1 denotes a first rotary cylinder on which
      a pattern original 2 is wound. The numeral 3 denotes a second rotary
      cylinder which is synchronous with the cylinder 1 when rotated and on
      which a recording object 4 such as a photosensitive film or a
      photosensitive copper plate is wound. The numeral 5 denotes an
      illumination lamp and 6 a projection lens for converging the light from
      the lamp 5 and thus illuminating a given point on the original 2. The
      numeral 7 denotes an optical system for detecting color components from
      the light reflected from the original 2, and 8 is a photoelectric
      transducer element, such as a phototransistor and a photoelectric electron
      - multiplier tube, for transducing the decomposed light into an electric
      signal. The numeral 100 stands for a detecting system which comprises the
      illumination lamp 5, the projection lens 6, the optical system 7, and the
      photoelectric transducer element 8. The numeral 9 denotes an amplifier, 10
      a wave shaping circuit, 11 a drive amplifier, 12 a crater tube, such as an
      electro-optic transducer element for producing light in response to an
      input signal given, and 13 is a lens for converging the light from the
      electro-optic transducer element 12. The numeral 101 stands for a
      reproducing system which comprises the electro-optic transducer element
      12, and the lens 13. The detecting system 100 and the reproducing system
      101 are moved by a drive device (not shown) in the rotating axial
      direction of the rotary cylinders 1 and 3, to thereby make auxiliary
      scanning on the pattern original 2 and on the recording object 4.
PAR  The conventional apparatus of FIG. 1 operates in the following manner. The
      original 2 which is wound on the rotary cylinder 1 is illuminated with the
      lamp 5 by way of the projection lens 6. The light reflected from the
      original 2 is led to the optical system 7 and decomposed into color light
      components. The decomposed light is transduced into an electrical signal
      by the photoelectric transducer element 8. The electric signal detected by
      the detecting device 100 is then amplified by the amplifier 9 shaped by
      the shaping circuit 10, and then supplied through the drive amplifier 11
      to the reproducing device 101 in which the electric signal is transduced
      into light by the electro-optic transducer element 12. The light is then
      converged through the lens 13, and applied to the recording object 4 on
      the rotary cylinder 3. The rotary cylinders 1 and 3 are rotated in the
      arrow-marked direction by a motor (not shown) to cause the detecting
      device 100 and the reproducing device 101 to perform main scanning. Also,
      the detecting device 100 and the reproducing device 101 are moved by a
      drive device (not shown) in the rotating axial direction of the cylinders
      1 and 3 to cause the devices 100 and 101 to perform auxiliary scanning.
      Consequently, the entire surface of the pattern original 2 is scanned
      whereby a printing master is formed.
PAR  In textile printing, it is to be taken into consideration that the printing
      object is a cloth which is more or less elastic, and the degree of dye
      blurring over the cloth varies according to the kind of cloth, the
      thickening agent used, and the printing method or process employed. To
      obtain an accurate print reproduction, therefore, the pattern of the
      master is made smaller than that of the original by an amount of estimated
      dye blurring (or a "bleed allowance"), or is made slightly larger than
      that of the original by an amount of pattern overlap (or an "overlap
      allowance") thereby preventing the boundary between patterns on the cloth
      from being left undyed. In practical printing, however, while somewhat
      satisfactory, the conventional color-decomposing apparatus has been far
      from perfect in making printing masters accurately without depending on
      human skill.
PAR  In roller printing, it should be understood that the size of the printing
      master should be changed according to the diameter of the engraved roll
      used in order to realize the complete repeat printing of an original. For
      this purpose, it is necessary to enlarge or compress the rotary cylinder
      only in its circumferential direction as shown in FIG. 1. Accordingly, the
      diameter of the rotary cylinder 1 should be different from that of the
      rotary cylinder 3. In practice, however, the rotary cylinders 1 and 3 are
      too heavy to be readily handled in order to change their sizes accurately.
      Thus, in the prior art conventional apparatus, an accurate printing master
      could not be realized without dependence upon a photographic process or
      human skill which would be used to adjust the blur margin or the overlap
      allowance. However, the use of a photographic process requires the use of
      films at an intermediate process which is time consuming and expensive.
      Moreover, the process of manually making the printing master is heavily
      dependent on the experience skill of a craftsman, which takes a good many
      years to attain. In addition, it takes this process a considerable length
      of time to produce a complete printing master, with the result that the
      production cost rises considerably.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved unique printing master making apparatus capable of adjusting a
      given blur margin or overlap allowance.
PAR  Another object of the present invention is to provide a new and improved
      unique printing master making apparatus capable of adjusting a given blur
      margin or overlap allowance and permitting expansion or contraction of
      such margin.
PAR  Briefly, in accordance with the present invention, the foregoing and other
      objects are in one aspect attained by the provision of a printing master
      making apparatus in which a first rotary cylinder on which an original is
      wound and a second rotary cylinder on which a recording object is
      installed are rotated synchronously with each other. The necessary color
      light from the original on the first rotary cylinder is detected in terms
      of an electric signal by a detecting system and the detected signal is
      expanded or contracted by a given length of time by an
      expanding/contracting circuit. The recording object installed on the
      second rotary cylinder is caused to undergo excitation by a reproducing
      system according to the output signal and thus the bleed allowance or the
      overlap allowance is adjusted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the present invention will become
      apparent from the following description when taken in conjunction with the
      appended drawings, wherein:
PAR  FIG. 1 is a schematic diagram showing the construction of a conventional
      color-decomposing apparatus,
PAR  FIG. 2 is a schematic diagram showing the construction of a preferred
      apparatus embodying this invention,
PAR  FIGS. 3 and 5 are block diagrams showing by way of example the memory
      circuit shown in FIG. 2,
PAR  FIG. 4 is a block diagram showing by way of example the
      expanding/contracting circuit shown in FIG. 2,
PAR  FIG. 6 is a diagram useful for illustrating the operation of a preferred
      embodiment of the present invention,
PAR  FIG. 7 is a schematic diagram showing a second alternative and preferred
      embodiment of the present invention, and
PAR  FIG. 8 is a schematic diagram showing a third alternative and preferred
      embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein like reference numerals refer to or
      designate identical or corresponding parts throughout the several views
      and more particularly to FIG. 2 thereof, wherein one preferred embodiment
      of the present invention is shown. Those like elements of FIG. 2 described
      with reference to FIG. 1 will not be repeated.
PAR  In FIG. 2, the numeral 14 represents a rotary encoder connected to the
      rotary cylinder 1. This encoder generates an N number of control pulses
      and one pulse of zero signal per rotation of the rotary cylinder 1. The
      numeral 15 denotes a pulse shaping amplifier for shaping the control pulse
      and the zero signal into N .times. 2.sup.n pulses of clock signal and a
      pulse of zero signal. The numeral 16 denotes a gate circuit and the
      numeral 17 denotes a memory circuit of the main scanning direction (i.e.,
      the rotating direction of the cylinders 1 and 2). The numeral 18 denotes a
      memory circuit of the auxiliary scanning direction (i.e., the direction in
      which the detecting system 100 and the reproducing system 101 are
      traversed). The numerals 19 and 20 denote an expanding/contracting circuit
      for determining the values of the bleed allowance and overlap allowance.
      The expanding/contracting circuit is capable of expanding or contracting
      the input signal by a given length of time and generates a corresponding
      output signal. The numeral 102 indicates a bleed allowance/overlap
      allowance adjusting circuit (hereinafter briefly referred to as the OL
      circuit) which comprises the memory circuits 17 and 18, and the
      expanding/contracting circuit 19 and 20.
PAR  The bleed allowance (or overlap allowance) is generally about 0.1 to 0.5
      mm, depending on the kind of cloth of the printing object. Thus, when the
      diameter of the light spot of each of the detecting system 100 and the
      reproducing system 101 is determined to be 0.1 mm, a printing master
      having no blank areas can be obtained by applying 0.1 mm space auxiliary
      scanning. Hence, by taking this 0.1 mm space as a unit, i.e., one bit, the
      memory circuits 17 and 18 can be constituted of shift registers.
PAR  FIG. 3 schematically illustrates an example of the memory circuit 17 of the
      main scanning direction wherein the numerals 26 to 29 denote shift
      register devices each comprising a single or a plurality of shift
      registers. The numeral 30 denotes a signal input terminal, 31 a clock
      signal input terminal and 32 to 35 output terminals.
PAR  FIG. 4 shows in block form an example of the expanding/contracting circuit
      19 and 20 wherein the numeral 36 denotes an OR circuit, 37 an AND circuit,
      38 to 42 signal input terminals, 43 and 44 output terminals, and 45a to
      45j width selection switches.
PAR  FIG. 5 shows in block form an example of the memory circuit 18 of the
      auxiliary scanning direction wherein 52 to 56 denote shift register
      devices each consisting of, for example, 4,000 shift registers when the
      circumference of the rotary cylinder 1 is 400 mm. (The number of shift
      registers is equal to the quotient resulting from the division of the
      circumference of the cylinder 1 by 0.1 mm.)
PAR  It should be understood that a static IC may be used for the shift register
      element. With the static IC, however, a large numer of IC's (i.e., 4000
      IC's) are needed to constitute one shift register device if, for example,
      the bleed allowance (or overlap allowance) is 0.1 mm as described above.
      One solution to this problem is to use a package type MOS-LSI such as, for
      example, 1024 bits MOS-LSI shift register, Model 1404A, manufactured by
      INTEL, U.S.A. The shift register devices 53 and 54 can be obtained by the
      use of this MOS-LSI under the following condition.
      ##EQU1##
      where L: the length of the circumference of the rotary cylinder 1
PA1  M: the number of INTEL 1404A MOS-LSI shift registers with 1024 bits per
      package
PA1  N: the number of pulses of the output signal of the rotary encoder 14
PAL  Then, for example, when L = 409.6 mm, M = 4, N = 1024, and n = 2, one shift
      register device can be constituted of four MOS-LSI shift registers.
PAR  The operation for adjusting the bleed allowance in the main scanning
      direction will now be described below by referring to FIG. 6, in which the
      numeral 57 denotes a specific color pattern outline of an original wound
      on the rotary cylinder 1, and 58 denotes an outline after the adjustment
      of a bleed allowance. The space between the two outlines then represents
      the bleed allowance.
PAR  The numeral 59 indicates an outline after the adjustment of an overlap
      allowance, and the space between the two outlines 59 and 57 represents the
      overlap allowance. Assume that the light spot of the detecting system 100
      scans the specific color pattern indicated by the outline 57, in the
      arrow-marked direction. The signal detected by the detecting system 100
      during the scanning is amplified by the amplifier 9, shaped by the wave
      shaping circuit 10 into a signal A, which is supplied through the gate
      circuit 16 to the memory circuit 17 of the main scanning direction. This
      signal is then led to the shift register device 26 (FIG. 3) which is
      driven by the clock signal generated by the pulse shaping amplifier 15 at
      the time interval for which the detecting system 100 scans 0.1 mm. FIG. 6
      shows a signal B which is delayed by .tau. behind the signal A and led to
      the output terminal 32 and to the shift register 27 in the next stage.
      This signal, with a delay by .tau. , becomes a signal C which is led to
      the output terminal 33 and to the shift register device 28 in the next
      stage. In the same manner as above, a delayed signal D appears at the
      output terminal 34, and a delayed signal E at the output terminal 35. The
      signals B through E appearing at the output terminals 32 through 35, and
      the signal A applied to the input terminal 30 are supplied to the
      expanding/contracting circuit 19 in the next stage. In FIG. 4, the signal
      A goes to the input terminal 38, the signal B to the input terminal 39,
      and the signal C through E to input terminals 40 through 42 respectively.
      If width selection switches 45f, 45g and 45h are closed, the signals A,B
      and C enter the AND circuit 37 in which these signals are AND-gated to
      result in a signal I (FIG. 6) at the output terminal 44. When the signal B
      is taken as a reference signal, the signal I is smaller than the signal B
      by the time length .tau. . In other words, the signal I is a signal which
      includes the adjustment of bleed allowance by 0.1 mm toward the inside of
      the outline 57 on the original pattern. If however, width selection
      switches 45a, 45b and 45c are closed, the signals A, B and C are led to
      the OR circuit 35 in which these signals are OR-gated to result in a
      signal H (FIG. 6) at the output terminal 43. This signal H is larger than
      the reference signal B by the time length .tau. as a whole. In other
      words, this signal H is a signal which includes the adjustment of overlap
      allowance by 0.1 mm toward the outside of the outline 57 on the original
      pattern. If the width selection switches 45a, 45b, 45c, 45d and 45e are
      closed, a signal F is obtained, which is larger than the signal C by a
      value of 0.2  mm for the adjustment of overlap allowance. If however, the
      width selection switches 45f, 45g, 45h, 45i and 45j are closed, a signal G
      is obtained, which is smaller than the signal C by a value of 0.2 mm for
      the adjustment of bleed allowance. In this manner, a signal including the
      adjustment of the necessary bleed allowance or overlap allowance can be
      obtained. The adjusted signal is led to the memory circuit 18 in the next
      stage, thence to the shift register device 52 (FIG. 5) which is driven by
      the clock signal from the pulse shaping amplifier 15. This signal is
      shifted from the shift register device 52 to the shift register devices
      53, 54, 55 and 56 in succession. The outputs of the shift register devices
      52 through 56 are then supplied to another expanding/contracting circuit
      20 in the next stage through output terminals 47 to 51 respectively. In
      FIG. 4, one signal appearing at the input terminal 30 is supplied to the
      input terminal 38 the signal appearing at the output terminal 47, to the
      input terminal 39, and similarly the signals appearing at the output
      terminals 48 through 50, to input terminals 40 through 42 respectively.
      When a bleed allowance of 0.1 mm is desired in the auxiliary scanning
      direction as in the main scanning direction, then the width selection
      switches 45f, 45g and 45h are closed whereby the signals led to the input
      terminals 38, 39 and 40 are AND-gated by the AND circuit 37 to allow a 0.1
      mm bleed allowance to be adjusted in the auxiliary scanning direction.
      Thus, a signal adjusted for the bleed allowance by 0.1 mm in both the
      auxiliary scanning direction and the main scanning direction is obtained
      at the output terminal 44. For the adjustment of overlap allowance, a
      signal adjusted for the necessary overlap allowance in the main scanning
      direction is applied to expanding/contracting circuit 20 through the
      memory circuit 18. Then, by closing the width selection switches 45a, 45b
      and 45c (FIG. 4), the signals led to the input terminals 38 through 40 are
      OR-gated by the OR circuit 36 whereby 0.1 mm overlap allowance is adjusted
      in the auxiliary scanning direction, and a signal adjusted for the overlap
      allowance by 0.1 mm in the both scanning directions is obtained at the
      output terminal 43. If the width switches 45a, 45b, 45c, 45d and 45e are
      closed, an overlap allowance of 0.2 mm is adjusted. If, however, the width
      switches 45f, 45g, 45h, 45i and 45j are closed, a bleed allowance of 0.2
      mm is adjusted. In this manner, the necessary bleed or overlap allowance
      can be adjusted.
PAR  The signal which has been adjusted for the necessary bleed allowance or
      overlap allowance by the OL circuit 102 is applied through the drive
      amplifier to the reproducing system 101, thereby exposing the recording
      object 4 installed on the rotary cylinder 3 and thus forming a printing
      master wherein adjustments are made for the bleed or overlap allowance and
      separate printing. By separate printing is meant that when a film original
      is wrapped on a roller, the pattern is adjusted at the connected part in
      order to make a normal shape across the connecting part.
PAR  Referring now to FIG. 7, there is schematically illustrated a second
      embodiment of the invention. It should be again noted that like references
      denote like components in FIGS. 1, 2 and 7, and therefore, no description
      is given for those components already described. In FIG. 7, the numeral 22
      stands for a first-in-first-out type shift register (hereinafter briefly
      referred to as FIFO), which is a multistage shift register operable at
      different frequencies for write and read clocks. The numeral 23 denotes a
      clock amplifier, 24 an oscillator, and 25 a frequency controller for
      controlling the oscillation frequency of the oscillator 24 according to
      the ratio of expansion or contraction of a pattern original. The numeral
      103 denotes an enlarging/compression circuit for the repeat printing
      (hereinafter designated briefly as RT circuit) which comprises the FIFO
      22, the clock amplifier 23, the oscillator 24, and the frequency
      controller 25. The signal adjusted for a bleed or overlap allowance by the
      OL circuit 102 is registered into the FIFO 22 by the clock signal from the
      pulse shaping amplifier 15. The registered signal is amplified by the
      clock amplifier 23 and is then read at the time of the read clock signal
      from the oscillator 24. The oscillation frequency of this clock signal has
      been controlled by the frequency controller 25 according to the ratio of
      enlargement or compression, and the read start clock phase of the clock
      signal has been controlled by a 0 signal from the pulse shaping amplifier
      25. For example, when the length of the pattern original 2 in the
      circumferential direction is 350 mm, and the circumference of the rotary
      cylinder 3 on which a recording object is installed is 400 mm, an accurate
      repeat printing having no blanks can be obtained at the expansion ratio of
      400/350. When the write clock frequency for the FIFO 22 is f.sub.o, then
      the read clock frequency f.sub.1 is given as
      ##EQU2##
      For compression where the read frequency is higher than the write
      frequency (f.sub.1 &gt; f.sub.o), then a shift register corresponding to one
      rotation of the rotary cylinder 1 should be inserted as a buffer between
      the FIFO 22 and the OL circuit 102.
PAR  The signal treated by the OL circuit 102 and the RT circuit 103 and
      adjusted for the desired bleed or overlap allowance and repeat printing
      (expansion or contraction), is applied through the drive amplifier 11 to
      the reproducing system 101 whereby the recording object 4 wound on the
      rotary cylinder 3 is exposed and thus a printing master for which the
      bleed or overlap allowance is adjusted and repeat printing is formed is
      provided.
PAR  In the above embodiment, the adjustment of bleed allowance in the main
      scanning direction is first made. However, it should be clear that the
      bleed allowance in the auxiliary scanning direction may instead be first
      adjusted. Also, an example wherein shift registers are used for the OL
      circuit has been described. However, here again it should be clear that
      other memory means, such as magnetic drums, magnetic tapes and magnetic
      disks, which are synchronous with the rotary cylinder may instead be used.
PAR  Moreover, while in the above embodiment, a reflection type detecting
      optical system is used as illustrated in the drawing, a transparent type
      detecting optical system may instead be used.
PAR  In the embodiment shown in FIG. 7, the RT circuit 103 is disposed after the
      OL circuit 102. As an alteration, the OL circuit 102 may be installed
      after the RT circuit 103.
PAR  Referring now to FIG. 8, there is shown a third embodiment of the present
      invention wherein only the RT circuit 103 is used without the OL circuit
      102. In this embodiment, the signal detected by the detecting system 100
      is amplified by the amplifier 9 and shaped by the wave shaping circuit 10.
      This signal is supplied through the gate 16 to the RT circuit 103 wherein
      its time axis is converted. The resultant expanded or contracted signal is
      applied through the drive amplifier 11 to the reproducing system 101, to
      expose the recording object 4 wound on the rotary cylinder 3 whereby an
      expanded or contracted printing master is formed.
PAR  In the foregoing embodiments, the enlargement or compression of the rotary
      cylinder has been considered only in its circumferential direction. In
      addition to this circumferential enlargement or compression, a
      longitudinal and a lateral enlargement or compression of the rotary
      cylinder may be made when an arrangement capable of changing the feed
      speeds of the detecting system and the reproducing system are used in
      combination with the foregoing apparatus.
PAR  While a few preferred embodiments of the invention have been described,
      numerous variations thereto will occur to those skilled in the art within
      the scope of the present inventive concepts which are delineated by the
      following claims.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A textile printing master making apparatus comprising:
PA1  a first and a second rotary cylinder to be rotated synchronously with each
      other;
PA1  a detecting system for scanning a cloth original wound on the first rotary
      cylinder to detect the necessary color light in terms of an electric
      signal;
PA1  a memory circuit for storing the detected electric signal;
PA1  an expanding/contracting circuit for adjusting the bleed allowance or the
      overlap allowance capable of generating an output signal expanded or
      contracted by a given time length based on the input signal to the memory
      circuit; and,
PA1  a reproducing system for exciting a recording object installed on the
      second rotary cylinder according to the output signal of the
      expanding/contracting circuit.
NUM  2.
PAR  2. A textile printing master making apparatus in accordance with claim 1
      wherein two systems of the memory circuit and the expanding/contracting
      circuit are provided, and output signals corresponding to the electric
      signal in the scanning direction of the detecting system and to the
      electric signal in the rotating direction of the rotary cylinder are
      supplied to the reproducing system.
NUM  3.
PAR  3. A textile printing master making apparatus comprising:
PA1  a first and a second rotary cylinder to be rotated synchronously with each
      other;
PA1  a detecting system for scanning a cloth original wound on the first rotary
      cylinder to detect the necessary color light in terms of an electric
      signal;
PA1  a memory circuit for storing the detected electric signal;
PA1  an expanding/contracting circuit for adjusting the bleed allowance or the
      overlap allowance capable of generating an output signal expanded or
      contracted by a given time length based on the input signal to the memory
      circuit;
PA1  an enlarging/compressing circuit for converting the time axis of the output
      signal of the expanding/contracting circuit to enlarge or compress the
      original in its circumferential direction; and
PA1  a reproducing system for exciting a recording object installed on the
      second rotary cylinder according to the output signal of the
      enlarging/compressing circuit.
NUM  4.
PAR  4. A textile printing master making apparatus in accordance with claim 3,
      wherein two systems of the memory circuit and the expanding/contracting
      circuit are provided, and wherein output signals corresponding to the
      electric signal in the scanning direction of the detecting system and to
      the electric signal in the rotating direction of the rotary cylinders are
      supplied to the enlarging/compressing circuit.
NUM  5.
PAR  5. A textile printing master making apparatus comprising:
PA1  a first and a second rotary cylinder to be rotated synchronously with each
      other;
PA1  a detecting system for scanning a cloth original wound on the first rotary
      cylinder to detect the necessary color light in terms of an electric
      signal;
PA1  an enlarging/compressing circuit for converting the time axis of the
      detected electric signal to enlarge or compress the original in its
      circumferential direction;
PA1  a memory circuit for storing the output signal from the
      enlarging/compressing circuit;
PA1  an expanding/contracting circuit for adjusting the bleed allowance or the
      overlap allowance capable of generating an output signal expanded or
      contracted by a given time length based on the input signal to the memory
      circuit; and
PA1  a reproducing system for exciting a recording object installed on the
      second rotary cylinder according to the output signal of the
      expanding/contracting circuit.
NUM  6.
PAR  6. A textile printing master making apparatus in accordance with claim 5,
      wherein two systems of the memory circuit and the expanding/contracting
      circuit are provided, and wherein output signals corresponding to the
      electric signal in the scanning direction of the detecting system and to
      the electric signal in the rotating direction of the rotary cylinders are
      supplied to the reproducing system.
NUM  7.
PAR  7. A textile printing master making apparatus comprising:
PA1  a first and a second rotary cylinder to be rotated synchronously with each
      other;
PA1  a detecting system for scanning a cloth original wound on the first rotary
      cylinder to detect the necessary color light in terms of an electric
      signal;
PA1  an enlarging/compressing circuit for converting the time axis of the
      detected electric signal to enlarge or compress the original in its
      circumferential direction to adjust the bleed allowance or the overlap
      allowance; and
PA1  a reproducing system for giving excitation to a recording object installed
      on the second rotary cylinder according to the output signal of the
      enlarging/compressing circuit; wherein at least the original is enlarged
      or compressed in its circumferential direction by the
      enlarging/compressing circuit.
NUM  8.
PAR  8. A printing master making apparatus comprising:
PA1  first and second rotary cylinders to be rotated synchronously with each
      other;
PA1  a detecting system for scanning an original wound on the first rotary
      cylinder and thus detecting the necessary color light in terms of an
      electric signal;
PA1  a memory circuit for storing the detected electric signal;
PA1  an expanding/contracting circuit capable of generating an output signal
      expanded or contracted by a given time length based on the input signal,
      said circuit having the same time axis as the signal based on the input
      signal to the memory circuit; and
PA1  a reproducing system for exciting a recording object installed on the
      second rotary cylinder according to the output signal of the
      expanding/contracting circuit so that the bleed allowance or the overlap
      allowance can be adjusted by the expanding/contracting circuit.
NUM  9.
PAR  9. A printing master making apparatus in accordance with claim 8 wherein
      two systems of the memory circuit and the expanding/contracting circuit
      are provided and output signals corresponding to the electric signal in
      the scanning direction of the detecting system and to the electric signal
      in the rotating direction of the rotary cylinder are supplied to the
      reproducing system.
NUM  10.
PAR  10. A printing master making apparatus comprising:
PA1  first and second rotary cylinders to be rotated synchronously with each
      other;
PA1  a detecting system for scanning an original wound on the first rotary
      cylinder and thus detecting the necessary color light in terms of an
      electric signal;
PA1  a memory circuit for storing the detected electric signal;
PA1  an expanding/contracting circuit capable of generating an output signal
      expanded or contracted by a given time length based on the input signal,
      said circuit having the same time axis with the signal based on the input
      signal to the memory circuit;
PA1  an enlarging/compressing circuit for converting the time axis of the output
      signal of the expanding/contracting circuit; and
PA1  a reproducing system for exciting a recording object installed on the
      second rotary cylinder according to the output signal of the
      enlarging/compressing circuit so that the bleed allowance or the overlap
      allowance can be adjusted by the expanding/contracting circuit at the same
      time at least the original is enlarged or compressed in its
      circumferential direction by the enlarging/compressing circuit.
NUM  11.
PAR  11. A printing master making apparatus in accordance with claim 10 wherein
      two systems of the memory circuit and the expanding/contracting circuit
      are provided and wherein output signals corresponding to the electric
      signal in the scanning direction of the detecting system and to the
      electric signal in the rotating direction of the rotary cylinders are
      supplied to the enlarging/compressing circuit.
NUM  12.
PAR  12. A printing master making apparatus comprising:
PA1  first and second rotary cylinders to be rotated synchronously with each
      other;
PA1  a detecting system for scanning an original wound on the first rotary
      cylinder and thus detecting the necessary color light in terms of an
      electric signal;
PA1  an enlarging/compressing circuit for converting the time axis of the
      detected electric signal;
PA1  a memory circuit for storing the output signal from the
      enlarging/compressing circuit;
PA1  an expanding/contracting circuit capable of generating an output signal
      expanded or contracted by a given time length based on the input signal,
      said circuit having the same time axis as the signal based on the input
      signal to the memory circuit; and
PA1  a reproducing system for exciting a recording object installed on the
      second rotary cylinder according to the output signal of the
      expanding/contracting circuit so that at least the original is enlarged or
      compressed in its circumferential direction and at the same time the bleed
      allowance or the overlap allowance is adjusted by the
      expanding/contracting circuit.
NUM  13.
PAR  13. A printing master making apparatus in accordance with claim 12 wherein
      two systems of the memory circuit and the expanding/contracting circuit
      are provided and wherein output signals corresponding to the electric
      signal in the scanning direction of the detecting system and to the
      electric signal in the rotating direction of the rotary cylinders are
      supplied to the reproducing system.
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ABST
PAL  A video signal play back device derives video signals from a track on a
      video disc using a light source and an optical path to a lens system which
      is supported by an air bearing at a predetermined spacing from the surface
      of the disc. The optical path includes a mirror which is articulated for
      rotational motion about an axis which shifts the point of impingement of
      the transmitted light beam upon the disc in the radial direction. The
      returned beam is directed to a single photosensitive pick-up which,
      provides input signals to a circuit which generates a "fine" servo control
      signal to drive the articulated mirror. The air bearing member includes
      apparatus providing a bias force that varies with the radial displacement
      of the transducer assembly relative to the disc center.
PARN
PAR  This is a continuation division of application Ser. No. 299,893, filed Oct.
      24, 1972 now U.S. Pat. No. 3,829,622.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  Systems have heretofore been developed for reproducing signals at video
      frequencies from information recorded on discs, tapes, or other media.
      Such systems have utilized, among other things, optical recordings upon
      photosensitive discs, electron beam recording on thermo plastic surfaces
      and, in prior patents assigned to the assignee of the present invention,
      systems utilizing a rotating disc which is responsive to impinging
      radiation to reflect or transmit radiation corresponding to and
      representative of the information stored on the surface of the disc.
PAR  For example, in U.S. Pat. No. 3,530,258, issued to David Paul Gregg and
      Keith O. Johnson on Sept. 22, 1970, there was shown and described a system
      in which a video signal transducer included a servo controlled pair of
      flexible, fibre optic elements. An air bearing supported an objective lens
      system. A light source of radiant energy was positioned below the disc and
      the transducer and the transducer was responsive to transmitted light.
PAR  Other patents have shown the use of a radiant source which directed an
      energy beam to the surface of the disc and provided a transducer that was
      responsive to reflected energy. One of the major problems to be
      encountered in the recording and reproduction of video information, arises
      directly from a consideration of the energy levels involved in such a
      process and the restraints imposed by the considerations of size, weight
      and operating conditions.
PAR  To be commercially desirable as a home instrument, the system should be
      able to store and reproduce a "program" of at least 15 to 30 minutes in
      length. The record disc should be of an easily handled size, comparable to
      the phonograph records currently in use. If the playback turntable was
      operated at 1800 rpm, some 54,000 revolutions would provide 30 minutes of
      playback. Assuming a 1 micron track width and 1 micron spacing between
      adjacent tracks, a circular band approximately 4.25 inches wide is
      required. Assuming that the smallest radius at which information can be
      stored is approximately 3 inches, the resultant disc is about 15 inches in
      diameter. The duration of the program or the speed of the turntable can
      change the dimensions of the recorded area, as can the width of the
      individual track and the spacing between adjacent tracks.
PAR  Assuming that the video information has been recorded in some digital
      fashion, the presence or absence of a signal can be detected at an
      appropriate information rate. If the width of the track is approximately
      one micron, and that the space between adjacent tracks is also one micron,
      the quantity of energy necessary to impart information from the disc can
      be determined. It is necessary to provide sufficient radiant energy to
      "illuminate" a "spot" of approximately 1 micron in diameter and, at the
      same time, provide sufficient radiant energy at the detector, so that the
      "presence" or "absence" of a signal can be distinguished.
PAR  It has been discovered, in attempting to utilize the transmitted radiation
      techniques of the prior art, that the provision of an inordinately large
      amount of radiation into the system is required in order to "transmit" a
      sufficiently useful increment of energy for detection through the record.
      It has also been determined that a substantial magnification is required
      to enable a state-of-the-art transducer to respond to a 1 micron diameter
      radiant spot.
PAR  If a light source illuminates the entire field which can be scanned by the
      detector under control of the servo system, it will be seen that an
      extraordinary light intensity must be provided before the light
      transmitted through or reflected from the disc will be of sufficient
      intensity to register upon the photosensitive device.
PAR  In a preferred embodiment of the present invention, an articulated mirror
      is utilized in conjunction with a second mirror to provide multiple
      reflecting paths. With a plurality of reflections, assuming the use of a
      highly collimated source, small amounts of mirror motion are necessary to
      move the point of impingement of the radiant spot upon the disc. Moreover,
      a plurality of reflections provides a longer optical path which enables
      the use of longer focal-length lenses, for directing a radiant spot to the
      disc and for focusing the image of the reflected spot upon the
      photosensitive transducer.
PAR  An important aspect of the present invention is the ability to direct the
      illuminating radiation to a particular spot and to return the information
      from the spot thus illuminated to a detector system. The prior art has
      suggested the use of a pair of transducers in conjunction with a summing
      amplifier to provide signal information and a differential amplifier to
      provide feedback servo information for error correction. However, given
      the limitations of the extremely low radiation levels, the diffraction
      limited characteristics of the image and the extreme sensitivity of the
      system to noise and vibration, such an approach is not entirely
      satisfactory. A difference "curve following" technique described in the
      patent to W. D. Munro, U.S. Pat. No. 2,838,683, issued June 10, 1958, has
      suggested an alternative solution.
PAR  In the preferred embodiment therefore, a single photosensitive pickup is
      used as one input to a differential amplifier, and a second input is
      provided from a fixed bias source. The bias is adjusted to balance the
      input of the photodetector when it is illuminated by the reflected spot
      that is approximately half way into the information track, for example, on
      the periphery side of the track. If the intensity of the radiation upon
      the detector increases in a system where the track is "darker" than the
      band between "tracks", then a servo signal is developed to drive the
      mirror in a first direction, tending to move the spot toward the track and
      toward the center. Similarly, if the radiation decreases, the relatively
      higher magnitude of the bias causes an error signal to be generated which
      moves the mirror and the "spot" in a respectively opposite direction, away
      from the tract and toward the periphery.
PAR  Since, in the preferred embodiment, one revolution of the disc represents
      one "frame" of the T.V. picture, an error in tracking, where the track is
      "lost", merely results in either the skipping or the repeating of a frame,
      both of which are undetectable by the human observer.
PAR  In alternative embodiments, it is possible to use the earlier prior art
      technique of the photodetector pair.
PAR  A second, articulated mirror may be provided which rotates in a second
      direction, orthogonal to the direction used for the radial tracking of the
      image. Such tracking may be considered to be in the circumferential
      direction and would aid in the synchronization and timing of the recorded
      information with respect to the timing frequencies generated in the
      reproducer circuits. As is known, television circuits, and especially
      color television circuits, require extremely accurate time synchronization
      in order to maintain color fidelity. Therefore, any error in synchronism
      between the local oscillator of the reproduction apparatus and the timing
      information recorded on the disc, may be resolved and eliminated through
      the use of mirror motion in the second direction.
PAR  It has been found that any errors resulting from eccentricity of the disc
      can be simply corrected. It will be noted that the tracking circuit which
      maintains the radiant spot on the appropriate spiral track will undergo
      some periodic signal fluctuation that is related to eccentricity. It can
      then be shown that the change in instantaneous velocity in the
      circumferential direction also changes in substantially similar fashion,
      but lags by one-quarter revolution of the disc. Therefore, it is possible
      either to sense the velocity changes from the recorded timing information
      and from this derive a correcting signal to drive the tracking servos, or
      to sense the eccentricity from the tracking servo and use that signal with
      an appropriate phase shift to drive the "timing" servo to correct for
      velocity changes due to eccentricity. In an alternative embodiment, a
      single axis articulated mirror corrects for tracking and electronic
      circuits compensate for timing errors.
PAR  In yet another improvement, it has been discovered that the bias force need
      to maintain the air bearing that supports the objective lens at a
      predetermined distance from the disc surface varies as a function of the
      surface velocity of the disc. Since the surface velocity is directly
      related to the relative radial location of the air bearing, a simple
      mechanical cam assembly is employed to modify the bias force on the air
      bearing as a function of radial location of the playback assembly.
PAR  Accordingly, it is an object of the present invention to provide an
      improved playback assembly for a disc upon which video information has
      been recorded.
PAR  It is yet another object of the invention to provide an improved tracking
      circuit for optically scanning a video disc.
PAR  It is yet another object of the invention to provide an improved scanning
      assembly for video disc which includes an optical system for directing a
      radiant energy spot to the disc and to detect reflected radiant energy
      therefrom and to direct this reflected energy to a photosensitive
      transducer.
PAR  It is yet an additional object of the invention to provide an improved
      articulated mirror assembly in the optical path between a light source and
      the surface of the video disc, which mirror assembly can be used to direct
      the location of the spot relative to the disc surface within certain
      limits.
PAR  It is yet an additional object of the invention to provide an articulated
      mirror assembly in an optical path which permits, with small incremental
      motions of the mirror, to vary widely the location of a transmitted spot
      of radiant energy on the surface of the disc and, at the same time,
      transmit to a detector system the returned radiant energy.
PAR  It is yet a different object of the invention to provide a video disc
      playback assembly which directs a radiant spot to the surface of the disc
      and directs the returning radiation to a photosensitive detector and which
      detects returning radiation from the disc surface.
PAR  It is yet an additional object of the invention to provide a radiation
      detector for a video disc playback assembly which applies an input to a
      differential amplifier, the second input to which is a fixed bias, for
      generating an error signal to control the optical system directing a
      radiant spot to the disc surface and returning a reflected spot therefrom
      to the detector.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to organization and method of operation, together with
      further objects and advantages thereof will be better understood from the
      following description considered in connection with the accompanying
      drawings in which several preferred embodiments of the invention are
      illustrated by way of example. It is to be expressly understood, however,
      that the drawings are for the purpose of illustration only and are not
      intended as a definition of the limits of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an idealized side view of a playback assembly according to the
      present invention;
PAR  FIG. 2 is a more detailed block diagram of the elements in the optical
      playback system;
PAR  FIG. 3 is an idealized view of an alternative articulated mirror assembly;
PAR  FIG. 4 is a block diagram of a suitable detector and tracking circuit of
      the prior art;
PAR  FIG. 5 is a block diagram of an optical detector of the prior art suitable
      for use in the present invention;
PAR  FIG. 6 is an enlarged side view of the optical head and air bearing
      assembly;
PAR  FIG. 7 is a top idealized view of a cam and follower assembly for
      controlling the bias on the air bearing assembly; and
PAR  FIG. 8 is a side view of another alternative articulated mirror arrangement
      useful in the system of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning first to FIG. 1, there is shown, in side view, a playback assembly
      10 suitable for use in the present invention. The playback assembly 10
      includes a laser element 12 which moves with the playback assembly 10. It
      is, however, within the state-of-the-art to provide a stationary laser
      which is coupled optically to the movable assembly 10. Preferably, the
      laser 12 provides coherent, polarized light. A read head 14 is mounted in
      arm 16 of the playback assembly 10.
PAR  A video disc 20, which has video information recorded upon it is mounted on
      a turntable 22, which is adapted to rotate the disc 20 at a relatively
      high speed. In the preferred embodiment, the turntable speed is set at
      1800 rpm.
PAR  Suitable video discs have been described and claimed in the patents to
      Gregg, Johnson, supra.
PAR  The playback assembly 10 is mounted on a rotatable element 24 which, in the
      view of FIG. 1, translates the reading head in the radial direction
      relative to the disc 20 and in an arc that is generally orthogonal to the
      plane of the drawing.
PAR  The laser 12 generates a reading beam 26 which generally passes from the
      laser 12 through an optical system to the playback head 14. The beam is
      then directed to the surface of the disc 20 and returns through the
      playback head 14 along the same optical path until a read assembly 28 is
      encountered. The read assembly 28 is mounted on the arm 16.
PAR  In operation, the laser directs a reading light beam 26 to the surface of
      the disc 20 through the optical system. The information recorded upon the
      disc interacts with the impinging beam and a reflected beam is produced
      which contains the recorded information. The reflected light beam is
      returned to the optical system which "analyzes" the returned beam to
      determine whether the beam is properly tracking the signal channel.
PAR  If the electronics determine that the laser spot is not being directed to a
      predetermined area of the information channel, appropriate servo signals
      are derived which, when applied to the read head 14, cause the point of
      impringement of the laser beam to shift in the radial direction to retain
      alignment with the track that is being read.
PAR  In an alternative embodiment, the driver for the rotatable element 24 for
      the playback assembly 10 can also be controlled by the servo signals which
      changes the position of the laser spot. In yet other embodiments, a motor
      can be coupled to the turntable driver to provide a predetermined
      increment of radial motion for each revolution of the turntable 22. In any
      case, the playback head 10 can be made to track the information channel
      recorded on the disc 20 with a "coarse" adjustment being applied to the
      driver of the rotatable element 24 and a "fine" adjustment being applied
      to an articulated mirror, described in greater detail below.
PAR  A cam and follower assembly 132, described in greater detail in conjunction
      with FIG. 7 below, is located on the rotatable element 24 and communicates
      with the arm 16 through a flexible cable 130.
PAR  Turning next to FIG. 2, there is shown a diagram of the elements of the
      reading system. The reading laser beam 26 is applied to a beam splitting
      prism 30. The prism 30 is rotated slightly with respect to the optical
      path. A lens 32 is provided to better form the beam 26 at the surface 20
      and to optimize the resolving power of the system. The transmitted portion
      of the beam 26 is applied through a quarter wave plate 36 and is then
      directed through the reading head 14 to the disc 20.
PAR  A returning beam 38 containing the information from the disc 20 follows
      substantially the identical path. At the quarter wave plate 36, the
      returning beam is now given an additional quarter wave shift for a total
      polarization of one-half wavelength. The returning beam 38 reaches the
      beam splitter 30 and is reflected therefrom to a suitable optical system
      40. Light from the laser 12 that is initially reflected in the prism 30
      and re-reflected from the base of the prism will, due to the slight
      rotation of the prism 30, be aimed at a point that wholly misses the
      detector 40. Moreover, the cumulative effect of the quarter wave plate
      which polarizes the returning beam by .lambda./2 substantially attenuates
      any transmitted component. What is transmitted is cross polarized with
      respect to the laser 12.
PAR  The read head 14 includes a fluid-bearing member 50 which is adjacent to
      and supportive of a microscope objective lens 52. A limited amount of
      vertical adjustment is available in the objective lens 52. Directing the
      illumination to the objective lens 52 is an articulated mirror 54 which is
      mounted adjacent to and cooperates with a second or fixed mirror 56 that
      is substantially parallel with the articulated mirror 54. The fixed mirror
      receives the reading beam 26 and directs it to the articulated mirror 54.
PAR  The reading beam 26 undergoes at least one reflection from the articulated
      mirror 54 before the beam is applied to the objective lens 52. Two such
      reflections are illustrated in the embodiment of FIG. 2. Similarly, the
      beam path is such that a reflected beam 38 returning from the surface of
      the disc 20 would also undergo two reflections from the articulated mirror
      54 and two reflections from the fixed mirror 56 before proceeding into the
      optical path including an additional fixed mirror 57 which ultimately
      leads to read assembly 28.
PAR  In the embodiment illustrated, the articulated mirror 54 is mounted on a
      point pivot 58 that is centrally located with respect to the mirror 54.
      The mirror 54 may have an oblong shape with the long axis in the plane of
      the drawing and the short axis orthogonal to the plane of the drawing. As
      shown, a mirror driver 60 is connected to one end of the mirror 54 and is
      operable to impart motion about the central pivot 58.
PAR  If the driver 60 rotates the mirror 54 in the clockwise direction, as
      viewed in FIG. 2, the point of impingement of the read beam 26 will be
      shifted to the left. This would represent a deflection of the beam in a
      first radial direction. If the driver 58 rotates the mirror 54 in the
      counter-clockwise direction, then the point of impingement of the
      transmitted beam 26 will be shifted to the right, as seen in FIG. 2, or in
      a second, opposite radial direction.
PAR  It will be obvious that the reflected beam 38 and the reading beam 26 trace
      identical paths between the surface of the disc 20 and the beam splitter
      30. The articulated mirror 54 serves to "steer" the reading spot to a
      desired location and then "reads" only the illuminated area, transmitting
      that information back to the read assembly 28.
PAR  In alternative embodiments, the articulated mirror 54 and the stationary
      mirror 56 can be adjusted and repositioned to provide a greater plurality
      of reflections between the two mirrors before the beam continues either to
      or from the disc surface 20. In such an arrangement, the magnitude of
      mirror deflection required to steer the reading spot appropriately can be
      greatly reduced. The driver 60 therefore, need only impart small,
      incremental motions to the articulated mirror 54.
PAR  In an alternative embodiment, as shown in FIG. 3, a first articulated
      mirror 54' is provided which is mounted on a central pivot member 58', and
      is driven about an axis orthogonal to the plane of the FIGURE and in the
      clockwise and counter-clockwise direction by a first driver 60' that is
      coupled to the mirror 54' at the end of a long axis.
PAR  A second driver 60" is coupled to one end of a third mirror 54" for
      imparting rotational motion to the third mirror 54" about the long axis
      that is in the plane of the FIGURE.
PAR  In operation, the first driver 60' permits translation of the beams in the
      "radial" direction to permit "fine" tracking of the information channel.
      The second driver 60" is used to translate the beam in the circumferential
      direction, to provide time synchronization, if desired, and to compensate
      for eccentricity.
PAR  In other embodiments, the problem of time synchronization can be handled
      mathematically, as a step in the process of electronically compensating
      for eccentricity of the disc 20 and in such embodiments, only the single
      articulated mirror is used.
PAR  Turning next to FIG. 4, there is shown a preferred embodiment of the
      optical detector assembly 40 which utilizes some of the electronics of the
      Munro patent, supra. As shown in FIG. 4, the returned optical image 38 is
      directed to impinge upon a photocell 70 when a channel is being tracked
      properly, with the spot on the outer half of the track, a predetermined
      output signal is generated. The output of the photocell 70 is applied to a
      comparator 72. An adjustable bias 74 is applied to the other input of the
      comparator 72 and is adjusted to provide a null when the predetermined
      output signal is being applied. The error signals resulting from drift can
      be integrated, and the output of the integrator can be applied to an
      appropriate circuit to urge the movable playback assembly 10 relating to
      the center of the disc 20. The error signal can also used to apply a
      signal directly to the mirror driver 60 of FIG. 2 to urge the beam to
      follow the track.
PAR  If, however, the track is not being followed properly, depending, of
      course, upon the characteristics of the disc surface, a condition will be
      presented in which the energy impinging upon the photocell 70 will be
      different than the bias provided by bias circuit 74, and accordingly, the
      error signal of appropriate polarity will be provided to correct the
      position of the light spot relative to the information channel. The
      integrator output then is applied to the movable playback assembly 10, and
      if the bias signal is greater, a forcing function is generated tending to
      send the spot toward the periphery of the disc. If the received signal is
      greater, the spot is directed to the center of the disc. As the spot
      follows the spiral track properly, the differential output tends toward
      the null. For this example, it is assumed that an appropriate mechanism
      drives the rotatable element 24 so that the arm moves in the radial
      direction at a predetermined rate. The output of the integrator would then
      provide a correcting signal tending to correct the rate at which the arm
      is moving toward the center. Alternatively, if the arm is to be driven
      entirely by the output of the integrator, the convention observed is
      substantially immaterial. If the bias signal being greater urges the spot
      toward the center of the disc, then the spot will follow the track on the
      "inner" edge. On the other hand, if a greater bias signal drives the spot
      toward the periphery, then the spot will follow the outer edge of the
      track. In either case, the error signal, when integrated, will provide an
      appropriate forcing function to the arm driver circuits so that the arm
      generally follows the track.
PAR  In FIG. 5, there is illustrated the prior art optical detector electronics
      utilized and shown as FIG. 10 in the previously issued Gregg, et al., U.S.
      Pat. No. 3,530,258, assigned to the assignee of the present invention. For
      convenience, the same reference numbers are used in Gregg, et al., and
      herein. A pair of photo detectors 96, 98 are employed which, in
      combination, provide an additive information signal and, when differenced,
      an error signal which controls servo elements that redirect the reading
      elements. As applied to the present invention, the radial error signal
      could be applied to either of the drivers 60, 60' of the articulated
      mirror assemblies of FIGS. 2 and 3, respectively.
PAR  As shown in FIG. 5, a dual photo detector has two sections 96, 98 whose
      outputs are applied to respective amplifiers 100, 101. The outputs of the
      amplifiers 100, 101 are summed in a summing network 106. The output from
      the summing network represents the sum signal from the two photo detector
      sections 96, 98 and constitutes the modulated signal output of the
      transducer.
PAR  The signal amplitude from the first photo detector section is applied to a
      detector 102, and this detector produces a negative unidirectional signal
      representative thereof. The signal amplitude from the second photo
      detector section is applied to a detector 103, and the latter detector
      produces a negative unidirectional signal in response thereto. The two
      signals are added algebraically in a summing network 105 which produces an
      error signal.
PAR  In the present example, the resulting error signal is amplified in an
      amplifier 104, and it is applied to the driver 60'. The error signal
      applied to the circuits of FIG. 3 and driver 60' causes the mirror 54' to
      shift the beams in a radial direction with respect to the disc 20, as
      explained above. The direction and amount of the shift depends on the
      polarity and amplitude of the error signal, so as to maintain the spot in
      perfect registry with the recording track on the record 20.
PAR  The output signal from the summing network 106 is applied to appropriate
      video detection and reproducing circuitry such as is illustrated in FIGS.
      17 and 18 of Gregg, et al, supra, and described therein.
PAR  The DC component of the output of the amplifier 104, when properly
      processed, may be used in several ways to move the pick-up arm of FIG. 1
      across the disc 20 at very nearly the rate which makes the signal approach
      zero. One method is to integrate this component over short intervals until
      it reaches a predetermined value, at which it triggers a solenoid. This
      solenoid, in turn, actuates a light-duty friction ratchet which then turns
      the pick-up arm through a very small angle, as is taught in Gregg, et al.,
      supra.
PAR  Another method, also suggested in Gregg, et al., supra, is to use an
      inexpensive electric clock movement with a reduction gear to drive the arm
      continuously across the disc at a rate just slightly above 2 microns for
      each 1/30 second or revolution of the disc. In this case, the integrated
      signal of the first method is used to interrupt the motor voltage
      occasionally. To assist the process, the arm 16 of FIG. 1 may be biased
      slightly towards the center of the disc 20.
PAR  In FIG. 6, there is shown an enlarged side view of the lens and air bearing
      assembly of the playback head 14. The movable arm 16 connects to the
      playback head 14 through a pair of parallel leaf springs 120, 122. The
      spring force of the leaf springs 120, 122 is generally insufficient to
      maintain the springs in the horizontal position with the playback head 14
      unsupported by the fluid bearing that is generated by the rotating disc
      20. Within the read head 14 is the fluid bearing member 50 and the
      microscope type objective lens 52. Also contained in the read head 14 are
      the fixed and articulated mirrors 54, 56, 57 necessary to direct the beam
      of light from the source to the lens 52 and back from the surface of the
      disc 20.
PAR  A support post 124 extends outward of the read head 14 toward the inner end
      of the arm 16. Mounted to this support post 124 is a bias spring 126, the
      other end of which is fastened to a lever 128. The lever 128 is coupled to
      the arm 16 and, through a flexible cable 130, connects to a cam and
      follower assembly 132, to be described in connection with FIG. 7, below.
PAR  Also included, but not described in detail, are appropriate interlocking
      solenoid assemblies operating in conjunction with the cam and follower
      assembly to maintain the read head 14 out of contact with the disc 20 as
      the arm 16 swings out of engagement with the disc 20, and which act to
      prevent damage if, for any reason, the disc 20 should slow appreciably
      while being tracked by the read head 14.
PAR  The bias spring 126, when compressed, acts like a solid rod, enabling the
      lever 128 to directly cam the read head 14 upward and away from the disc
      20, if this configuration is desired. Alternatively, when the read head 14
      is in position over the disc, the lever 128 rotates in the opposite
      direction, relieving the compression on the spring 126. Under normal
      circumstances, the weight of the read head 14 is supported by the fluid
      bearing member 50 on the disc, thereby enabling the leaf springs 120, 122
      to be substantially parallel and horizontal.
PAR  According to the present invention, an additional bias is provided through
      the use of the bias spring 126 to maintain a substantially constant
      separation between the read head 14 and the fluid bearing member 50 and
      the surface of the disc 20. The relative surface velocity changes as the
      moving arm 16 progresses toward the center of the disc and the fluid
      bearing is less able to support the read head. Therefore, at the outset,
      the lever 128 is rotated in the downward direction, applying a stretch to
      the spring 126 which, in turn, imparts a downward force to the support arm
      124, thereby increasing the bias on the fluid bearing 50 while the fluid
      pressure is at its greatest.
PAR  As the arm 16 moves inwardly of the disc 20 and the surface velocity is
      reduced, a cam follower arrangement gradually rotates the lever 128 in the
      upward direction, reducing the tension of the spring 126, thereby
      lessening the bias on the read head 14. By selecting an appropriate cam
      contour, the bias on the fluid bearing 50 can be maintained at an optimum
      value for constant separation from the disc 20 for the surface velocity of
      the disc at any radial location.
PAR  Turning now to FIG. 7, there is shown one form of cam and follower assembly
      132 that can drive the lever 128 through the flexible cable 130 (also
      shown in FIG. 1). A cam 140 is cut so that at the outermost position of
      the arm 16, a follower 142 rests on a high lobe which maintains the head
      14 in an "up" position, safely out of contact with the edge of the
      rotating disc 20.
PAR  As the arm 16 tracks inwardly, the follower 142 immediately proceeds to the
      innermost point on the cam 140 surface, applying maximum bias to the read
      head 14. As the arm then continues inwardly in the radial direction, the
      follower 142 gradually rides outwardly from the center of the cam 140,
      thereby reducing the bias forces on the read head 14.
PAR  It is clear that techniques are readily available for transmitting simple
      mechanical motion from the cam follower assembly 132 to the arm 16, and
      the specific details are unnecessary in the present application.
PAR  In FIG. 8, there is shown an alternative configuration for the articulated
      mirror assembly that is mounted on the read head 14. In this alternative
      embodiment, a fixed mirror 150 and an articulated mirror 152 are arranged
      on converging planes. An incoming beam in the horizontal direction
      impinges upon the articulated mirror 152, and through multiple reflection
      between the fixed mirror 150 and the articulated mirror 152, the beam is
      ultimately rotated through 90.degree. and is directed downward into the
      reading assembly. Similarly, the returning beam retraces the same path.
      The mirror 152 is articulated to rotate about an axis that is in the plane
      of the drawing to deflect the transmitted beam in a direction that is
      perpendicular to the plane of the drawing.
PAR  The angle of incidence of the mirror 150 and the angle of convergence
      between the mirrors 150 and 152 are controlled so that the incoming beam
      makes a plurality of reflections off of the two mirrors before being
      directed into the disc. Moreover, since the pair of mirrors, in addition
      to providing a "folded" light path, also rotates the beam through
      90.degree., a separate 45.degree. mirror can be omitted, thereby
      increasing the intensity of available light to the disc. Of course, this
      would permit at least one extra reflection between the mirror pair without
      in any way degrading the quality of the light beam. The same number of
      internal reflections as in the embodiment of FIG. 2 could be employed with
      less light loss in the mirror system.
PAR  Thus, there has been shown an improved video disc reading assembly which
      steers the illuminating radiation to the information track on the surface
      of the disc and steers the return signal from the track to an optical
      detector. An articulated mirror enables the steering of both the
      transmitted and the returned light beam.
PAR  An improved optical detector is utilized in combination with a fixed bias
      source so that a single detector provides both the information signal and
      the servo signals necessary to track the information channel.
PAR  A novel air bearing assembly has also been disclosed, which enables a
      microscope lens to travel at a fixed distance above the disc supported on
      a fluid bearing, and means are provided to impart a variable bias to the
      fluid bearing as a function of relative velocity between the disc and the
      bearing member.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. In a video disc playback system including a rotatable turntable adapted
      to carry a video disc, a player element, a turntable and a video disc
      carried thereby, an improved transducer system comprising:
PA1  a. optical system means, carried on the player element including an optical
      path having a first portion between the disc and a radiant energy source,
      a second portion for applying radiant energy to the disc and for returning
      radiant energy reflected from the disc and a third portion for applying
      returned radiant energy to an energy sensitive transducer;
PA1  b. energy beam steering means in said second path portion for directing a
      radiant energy beam to a precisely selected location relative to a disc
      and for directing the reflected portion of the applied radiant energy beam
      to said third portion; and
PA1  c. translating means for imparting relative motion between the turntable
      and the player element at a predetermined rate in the radial direction for
      transporting said energy beam steering means in the radial direction
      relative to a disc.
NUM  2.
PAR  2. A transducer system of claim 1 above wherein said energy beam steering
      means include an articulated mirror for shifting the point of impingement
      of the energy beam in the radial direction and for transmitting energy
      reflected from the point of impingement to said third path portion.
NUM  3.
PAR  3. The transducer system of claim 2 above wherein said energy beam steering
      means include a fixed mirror in proximity to said articulated mirror for
      increasing the optical path and for providing more than one reflection
      from said articulated mirror in the paths of the applied energy beam and
      the reflected energy beam wherein small increments of motion imparted to
      said articulated mirror result in substantially larger excursions of the
      point of impringement of the applied energy beam.
NUM  4.
PAR  4. The transducer system of claim 3, above wherein said fixed and
      articulated mirrors are positioned to impart multiple reflections to the
      applied and reflected energy beams, thereby increasing the effective
      length of said optical path second portion.
NUM  5.
PAR  5. The transducer system of claim 1, above further including servo means
      coupled to said energy beam steering means and to the energy sensitive
      transducer operable in response to the magnitude of reflected energy to
      relocate the point of impingement of the applied beam relative to the
      disc.
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ABST
PAL  Methods and apparatus for recording and subsequently reproducing video
      information at a display scan rate record image fields or other video
      signal quanta on a recording medium at a first relative recording medium
      velocity and in accordance with a predetermined arithmetic progression.
      The recorded image fields or other video signal quanta are reproduced at a
      second relative velocity being higher than the first velocity so that the
      reproduced video signal quanta are synchronized at the display scan rate.
      The reproduction of recorded image field or video signal quanta is
      repeated in the same reproducing operation at the second relative
      velocity. The repeated reproduction of any recorded image field or other
      video signal quantum in the same reproducing operation is completed before
      commencement of the reproduction of any recorded image field or other
      video signal quantum whose number in the predetermined arithmetic
      progression occurs more than one term after the number of the particular
      image field or other video signal quantum. Each occurring image field or
      other video signal quantum may be recorded by this method or apparatus. On
      the other hand, skip field techniques may be realized by the methods and
      apparatus of the subject invention.
PARN
PAC  CROSS-REFERENCE
PAR  This is a continuation-in-part of my previous U.S. Pat. application Ser.
      No. 293,713, filed Sept. 29, 1972 which is now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The subject invention relates to the recording, the reproduction and the
      display of video information.
PAR  2. Description of the Prior Art
PAR  Recent years have seen an increasing sophistication of video recording and
      display methods and apparatus. However, despite tremendous efforts, the
      television industry still has now been able to place video recording and
      playback equipment within the reach of the public at large. Few
      institutions and even fewer individuals can afford to equip themselves
      with video recording and playback apparatus.
PAR  Existing approaches to the problem call for equipment which has to meet
      very high quality requirements and which for that reason is bound to be
      expensive and complicated. Existing approaches also require equipment with
      extremely high bandwidth handling capability.
PAR  The effects of this problem are particularly felt in the areas of video
      tape and video disk recording and playback. In both of these areas, the
      video information is recorded in what may be called "a multiply coiled
      recording track." In particular, this multiply coiled recording trach in
      the case of a video disk is typically the spiral track in which the video
      information is recorded. In the case of video tape, the multiply coiled
      recording track comes about when the tape is wound on a coil during the
      recording process.
PAR  The point in both instances is that the longer the recording track needed
      for recording given video program, the larger will be the size of the
      recording medium, such as the coiled recording tape or the video disk,
      necessary for containing the recorded video program. This either renders
      video tape coils and video disks too bulky for many applications or then
      requires the provision of several tapes or disks even for programs of
      moderate length.
PAR  Skip field techniques alone frequently have not been adequate for
      satisfactorily solving this problem, as such methods have tended to
      introduce a certain choppiness into the video display at the point where
      they could have yielded some useful reduction in tape coil or video disk
      size or number. This applies to prior-art skip field techniques in
      general, including the skip field methods disclosed in German Patent
      Publication No. 1,214,719, by Telefunken Patentverwertungsgesellschaft
      m.b.H., issued Apr. 21, 1966; U.S. Pat. No. 3,470,315, by N. Kihara,
      issued Sept. 30, 1969; and U.S. Pat. No. 3,652,788, by T. Nakashima,
      issued Mar. 28, 1972, for instance.
PAR  In an effort to reduce the flicker of slow scan images, the German Patent
      Specification No. 1,051,318, by Fernseh G.m.b.H., issued Aug. 20, 1959,
      suggested that each image be recorded on an endless magnetic carrier and
      be continuously and repeatedly reproduced from that endless carrier. That
      proposal had the inherent disadvantage that it necessitated provision of a
      bypass path for the playback head past the recording head and periodic,
      rapid channeling of the playback head away from the endless carrier and
      along said bypass path. The latter German Patent thus also failed to
      provide a contribution to a reduction in size of the requisite recording
      media.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to overcome the above mentioned
      disadvantages.
PAR  It is a related object of this invention to reduce the necessary size of a
      recording medium in the case of video disks, coiled video tapes and other
      recording media of the "multiply coiled recording track" type.
PAR  It is another object of this invention to reduce cost and complexity of
      video recording and reproducing equipment.
PAR  It is another object of this invention to improve the reliability of video
      recording and reproducing methods and equipment.
PAR  It is a further object of this invention to improve the quality of recorded
      and reproduced video presentations.
PAR  It is a further object of this invention to provide and exploit scan
      conversion techniques which realize the above mentioned objects.
PAR  It is a related object of this invention to provide improved video
      recording and reproducing methods and apparatus employing advanced scan
      conversion techniques.
PAR  It is a furhter object of this invention to provide improved skip field
      techniques.
PAR  It is a further object of this invention to provide methods and apparatus
      in which image fields or other video signal quanta are skipped during
      recording for the purpose of a reduced bandwidth, without an occurrence of
      corresponding empty spaces on the recording media.
PAR  It is a further object of this invention to provide advanced embodiments of
      scan conversion and skip field techniques and to provide improved methods
      and apparatus exploiting these techniques.
PAR  Other objects of this invention will become apparent in the further course
      of this disclosure.
PAR  From a first aspect thereof, the subject invention resides in a method of
      recording video information on a recording medium having a multiply coiled
      recording track, and subsequently displaying said video information at a
      display scan rate. The invention according to this aspect resides, more
      specifically, in an improvement for reducing the size of the recording
      medium relative to a size requisite for a recording at said display scan
      rate, comprising a combination the steps of providing signals which
      include said video information in a series of video signal quanta
      synchronized at a scan rate lower then said display scan rate, recording
      said signals including said video signal quanta on a recording medium at a
      first relative recording medium velocity and in accordance with the
      arithmetic progression
EQU  u = a + (n - l)d
PAL  wherein:
PA1  u denotes the numbers of the quanta which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression,
PAL  reproducing said recorded signal including said recorded video signal
      quanta in a reproducing operation at a second relative velocity being
      higher than said first velocity so that said reproduced video signal
      quanta are synchronized at said display scan rate, repeating in the same
      reproducing operation the reproduction of recorded video signal quanta at
      said second relative velocity, the repeated reproduction of any recorded
      video signal quantum in the same reproducing operation being completed
      before commencement of the reproduction of any recorded video signal
      quantum whose number in said arithmetic progression occurs more than one
      term after the number of the particular video signal quantum, and
      displaying at said display scan rate the video information containing in
      said reproduced video signal quanta.
PAR  In accordance with a preferred embodiment of the invention, the above
      mentioned signals comprising the video information in a series of video
      signal quanta synchronized at said lower scan rate are provided by
      providing signals comprising said video information in a series of image
      fields synchronized at said lower scan rate, said signals including said
      image fields are recorded on said recording medium at said first relative
      recording medium velocity and in accordance with the arithmetic
      progression
EQU  u = a + (n - l)d
PAL  wherein:
PA1  u denotes the numbers of the image fields which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression,
PAL  said recorded video signals including said recorded image fields are
      reproduced in a reproductive operation at a second relative velocity
      higher than said first velocity so that said reproduced image fields are
      synchronized at said display scan rate, the reproduction of recorded image
      fields at said second relative velocity is repeated in the same
      reproducing operation, the repeated reproduction of any recorded image
      field in the same reproducing operation being completed before
      commencement of the reproduction of any recorded image field whose number
      in said arithmetic progression occurs more than one term after the number
      of the particular image field, and the information contained in said
      reproduced image fields is displayed at said display scan rate.
PAR  From a second aspect thereof, the subject invention resides in a method of
      playing back video information from a recording medium having a multiply
      coiled recording track containing a video recording produced by a method
      including the steps of providing signals which include said video
      information in a series of video signal quanta synchronized at a scan rate
      lower than a predetermined display scan rate, and recording said signals
      including said video signal quanta on said recording medium at a first
      relative recording medium velocity and in accordance with the arithmetic
      progression
EQU  u = a + (n - l)d
PAL  wherein:
PA1  u denotes the numbers of the quanta which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression.
PAL  The invention according to the latter aspect resides, more specifically, in
      the improvement comprising in combination the steps of reproducing said
      recorded signals including said recorded video signal quanta from said
      video recording in a reproducing operation effected at a second relative
      recording medium velocity being higher than said first velocity so that
      said reproduced video signal quanta are synchronized at said display scan
      rate, repeating in the said reproducing operation the reproduction of
      recorded video signal quanta at said second relative velocity, the
      repeated reproduction of any recorded video signal quantum in the same
      reproducing operation being completed before commencement of the
      reproduction of any recorded video signal quantum whose number in said
      arithmetic progression occurs more than one term after the number of the
      particular video signal quantum, and displaying at said display scan rate
      the video information contained in said reproduced video signal quanta.
PAR  From a third aspect thereof, the subject invention resides in apparatus for
      recording video information on a recording medium having a multiply coiled
      recording track, and subsequently reproducing said video information at a
      display scan rate. The invention according to this aspect resides, more
      specifically, in an improvement for reducing the size of the recording
      medium relative to a size requisite for a recording at said display scan
      rate, comprising, in combination, means for providing signals comprising
      said video information in a series of video signal quanta synchronized at
      a scan rate lower than said display scan rate, means for recording said
      signals including said video signal quanta on said recording medium at a
      first relative recording medium velocity and in accordance with the
      arithmetic progression
EQU  u = a + (n - l)d
PAL  wherein:
PA1  u denotes the numbers of the quanta which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression, and
PAL  means for reproducing said recorded signals including said recorded video
      signal quanta at a second relative velocity being higher than said first
      velocity so that said reproduced video signal quanta are synchronized at
      said display scan rate, said reproducing means including means for
      repeating in the same reproducing operation the reproduction of recorded
      video signal quanta at said second relative velocity, said repeating means
      including means for completing the repeated reproduction of any recorded
      video signal quantum in the same reproducing operation before commencement
      of the reproduction of any recorded video signal quantum whose number in
      said arithmetic progression occurs more than one term after the number of
      the particular signal quantum.
PAR  In accordance with a preferred embodiment of this invention, said signal
      providing means include means for providing signals comprising said video
      information in a series of image frames synchronized at said lower scan
      rate, said recording means include means for recording said signals
      including said image fields on said recording medium at said first
      velocity and in accordance with the arithmetic progression
EQU  u = a + (n -  l)d
PAL  wherein:
PA1  u denotes the numbers of the image fields which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression, and
PAL  said reproducing means include means for reproducing said recorded signals
      including said image fields at said second velocity being higher than said
      first velocity so that said reproduced image fields are synchronized at
      said display scan rate, said repeating means include means for repeating
      in the same reproducing operation the reproduction of recorded image
      frames at said second relative velocity, said repeating means including
      means for completing the repeated reproduction of any recorded image field
      in the same reproducing operation before commencement of the reproduction
      of any recorded image frame whose number in said arithmetic progression
      occurs more than one term after the number of the particular image field.
PAR  In accordance with a fourth aspect thereof, the subject invention resides
      in an apparatus for playing back video information from a recording medium
      having a multiply coiled recording track containing a video recording
      produced by a method including the steps of providing signals which
      include said video information in a series of image fields synchronized at
      a scan rate lower than a predetermined display scan rate, and recording
      said signals including said image fields on said recording medium at a
      first relative recording medium velocity and in accordance with the
      arithmetic progression
EQU  u = a + (n - l)d
PAL  wherein
PA1  u denotes the numbers of the image fields which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression.
PAL  The invention according to this aspect resides, more specifically, in the
      improvement comprising, in combination, means for reproducing said
      recorded signals including said recorded image fields from said video
      recording at a second relative velocity being higher than said first
      velocity so that said reproduced image fields are synchronized at said
      display scan rate, said reproducing means including means for repeating in
      the same reproducing operation the reproduction of recorded image fields
      at said second relative velocity, said repeating means including means for
      completing the repeated reproduction of any recorded image fields in the
      same reproduction of any recorded image fields whose number in said
      arithmetic progression occurs more than one term after the number of the
      particular image field.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The subject invention and its objects and various aspects will become more
      readily apparent from the following detailed description of preferred
      embodiments thereof, illustrated by way of example in the accompanying
      drawings, in which like reference numerals designate like or functionally
      equivalent parts, and in which:
PAR  FIG. 1 is a diagrammatic view of a video information recording apparatus in
      accordance with a preferred embodiment of the subject invention;
PAR  FIG. 2 is a diagrammatic view of a video information playback apparatus in
      accordance with the preferred embodiment of the subject invention;
PAR  FIG. 3 is a schematic showing of video information recording tape on which
      video information has been recorded with the apparatus of FIG. 1, and from
      which video information is reproduced by the apparatus of FIG. 2;
PAR  FIG. 4 is a table illustrating a playback method in accordance with a
      preferred embodiment of the subject invention, carried out by the
      apparatus of FIG. 2;
PAR  FIG. 5 is a diagrammatic illustration of a video information recording and
      playback apparatus in accordance with a further preferred embodiment of
      the subject invention;
PAR  FIG. 6 is a table illustrating a video information playback method
      according to a preferred embodiment of the subject invention, carried out
      by the apparatus of FIG. 5;
PAR  FIG. 7 is a diagrammatic illustration of a video information recording and
      playback apparatus in accordance with yet another preferred embodiment of
      the subject invention;
PAR  FIG. 8 is a table illustrating a video information playback method in
      accordance with a preferred embodiment of the subject invention, which may
      be carried out by the apparatus of FIG. 7;
PAR  FIG. 9 is a table illustrating another video information playback method in
      accordance with a preferred embodiment of the subject invention, which may
      be carried out by the apparatus of FIG. 7.
PAR  FIG. 10 is a table illustrating a skip field-type video information
      recording and playback method according to a preferred embodiment of the
      subject invention, which may be carried out with the apparatus of FIG. 7.
PAR  FIG. 11 is a diagrammatic illustration of a skip field-type video
      information recording and playback apparatus in accordance with a further
      preferred embodiment of the subject invention;
PAR  FIG. 12 is a schematic showing of a video information recording tape on
      which video information has been recorded by the apparatus of FIG. 11;
PAR  FIG. 13 is a schematic showing of a video information recording tape on
      which video information has been recorded by the apparatus of FIG. 7 and
      by the use of the skip field-type technique illustrated by the table of
      FIG. 10;
PAR  FIG. 14 is a diagrammatic illustration of a video information playback
      apparatus in accordance with a preferred embodiment of the subject
      invention, which may be used in conjunction with the apparatus of FIG. 11;
PAR  FIG. 15 is a table illustrating skip field-type video information and
      playback methods in accordance with further preferred embodiments of the
      subject invention, which may be carried out by the apparatus of FIG. 11 or
      FIGS. 11 and 14;
PAR  FIG. 16 is a diagrammatic illustration of a servo system that may be
      employed in video information recording and playback equipment herein
      disclosed;
PAR  FIG. 17 is a block diagram of equipment that may be employed in conjunction
      with the apparatus of FIG. 7 in a skip field-type recording mode;
PAR  FIG. 18 is a diagrammatic view of video disk recording and playback
      equipment;
PAR  FIG. 19 is a diagrammatic top view of a video disk useful in the equipment
      of FIG 18;
PAR  FIG. 20 is a block diagram of a modification of the equipment of FIG. 18;
      and
PAR  FIGS. 21 to 24 show and illustrate various recording and reproduction
      patterns.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The video information recording apparatus 10 of the preferred embodiment of
      the subject invention illustrated in FIG. 1 has a video camera for
      providing signals comprising the video information in a series of video
      signal quanta synchronized at a scan rate which is lower than a display
      scan rate. The display scan rate is the scan rate at which recorded video
      information will be displayed after reproduction or playback thereof. The
      video camera 12 as well as its synchronization equipment 13 may be of
      conventional construction and design. In particular, the synchronization
      equipment 13 may be designed in a conventional manner so that it
      synchronizes the camera 12 at the named lower scan rate. The lower scan
      rate provided for the camera 12 may bear the same relationship to the
      display scan rate as the relative recording speed bears to the relative
      playback speed, to be described below. For instance, if the playback speed
      is equal to twice the recording speed, then the lower scan rate provided
      for the camera may be equal to one-half the display scan rate.
PAR  The apparatus 10 of FIG. 11 also has a linear recording machine 14 having
      at least one recorded head 1. Magnetic recording tape 16 is derived from a
      supply coil 16' and is guided with the aid of two rollers 17 and 18 around
      one half of a drum 19. The tape 16 is thus provided in a 180.degree. wrap.
      During and after recording the recording tape 16 is wound unto a further
      coil 16".
PAR  While FIGS. 1, 2, 3, 5, 7, 11, 12, 13, 14 and 16 are based on the use of
      magnetic video recording tape of a conventional type, it should be
      understood that the subject invention is not limited to magnetic video
      tape recording, as other video recording techniques, including video disc
      recording, are well known in the art.
PAR  In the preferred embodiment of FIG. 1 and in most of the other illustrated
      embodiments, only a single recording device or head 1 is used to record
      the information synchronized at the lower scan rate. Also, that single
      recording device is typically maintained stationary during the recording
      operation, as long as no skip field technique is employed.
PAR  Accordingly, a motion arresting device 21 is symbolically shown to indicate
      that the recording head 1 is maintained stationary. In some applications
      it may be advantageous to employ recording heads which are different from
      the heads which are used during playback of the recorded information. For
      instance, the information may be recorded with a head which has a wider
      gap than the heads used for a playback of the recorded information.
PAR  If different heads and different machines are used for recording and for
      playback, then the recording machine may be an ordinary type of linear
      recorder in which the recording tape is moved past a stationary recording
      head in a straight path. On the other hand, FIG. 1 illustrates an
      embodiment in which a second head 2 is provided at the drum 19, but is not
      employed in the recording operation.
PAR  The video signals provided by the camera 12 and synchronized at the lower
      scan rate are applied by a lead 23 to the recording head 1. Since the head
      1 is maintained stationary during recording, it follows that the video
      signals are recorded on the recording tape 16 at a first relative velocity
      which is equal to the tape velocity imposed on the recording tape 16 by a
      tape drive 24. The tape drive 24 may be of a conventional type which
      drives the tape with a very high precision.
PAR  The recording machine 14 records the video signals including the video
      signal quanta received from the camera 12 on the recording tape 16 in
      accordance with the arithmetic progression
EQU  u = a + (n - l)d
PAL  wherein:
PA1  u denotes the number of the quanta which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term of the progression.
PAR  With the recording head 1 being maintained stationary and with the
      apparatus 10 illustrated in FIG. 1 lacking equipment for skipping or
      suppressing image fields or other video signal quanta, it follows that the
      positive integer d in the case of FIG. 1 is equal to one (1). Since no
      zero image fields or other zero video signal quanta occur in practice, it
      follows that the positive integer a has to be at least equal to one (1).
      In practice, this means that the first image field or other video signal
      quantum in a series is recorded. This is, of course, a matter of
      definition under which the field or quantum which is first recorded is
      designated as the first field or quantum.
PAR  The integer n in the arithmetic progression designates the order of any
      term in that progression. For instance, n is one (1) for the first term,
      two (2) for the second term, three (3) for the third term, and so forth.
PAR  If d is one (1) as in the case of FIG. 1, then u becomes 1, 2, 3, 4, 5, et
      seq. This means that every image field or video signal quanta is recorded
      on the tape 16. The term "video signal quanta" as herein employed refers
      to any recurring portion of the video signal which contains video
      information. For instance, horizontal lines may be video signal quanta. On
      the other hand, image fields may be video signal quanta. By way of further
      example, the video signal quanta may be image frames composed of pairs of
      interlaced image fields. In some instances, horizontal image lines, the
      image fields and the image frames are all synchronized at the lower scan
      rate so that all three of these entities qualify for the term "video
      signal quanta". In other instances, recurring portions of the video signal
      may be skipped or suppressed prior to reporting so that only the recorded
      part of the video signal may qualify for the term "recorded video signal
      quanta". For instance, in a skip field technique one field of each frame
      may be skipped or suppressed so that only the remaining fields qualify for
      the term "recorded video signal quanta".
PAR  As seen in FIG. 3, every one of the fields number 1, 2, 3, 4 and 5 is
      recorded on the tape 16 by the recorder 14. Of course, each recorded field
      contains not only the video information seen by the camera 12, but also
      the requisite horizontal and vertical synchronization pulses which may be
      provided in a conventional manner by the synchronization equipment 13.
PAR  According to FIG. 2, the video information is reproduced directly from the
      tape 16 onto which it was recorded. This is, indeed, often the case in
      practice where the video information is recorded and reproduced on and
      from the same recording tape. However, it is also within the scope of the
      subject invention that the video information recorded on the tape 16 be
      copied onto another tape (not shown) from which the recorded information
      is subsequently reproduced. The copying of video recording tapes is well
      known as may be seen from the following United States patents which are
      herewith incorporated by reference herein: U.S. Pat. No. 2,738,383, by R.
      Herr et al., issued Mar. 13, 1956, U.S. Pat. No. 3,465,105, by Akio Kumada
      et al., issued Sept. 2, 1969, U.S. Pat. No. 3,541,577, by J. U. Lemke,
      issued Nov. 17, 1970, and 3,613,102, by N. B. Daly et al., issued Oct. 12,
      1971.
PAR  The playback apparatus 26 has the above mentioned drum 19 about which the
      tape 16 is guided with the aid of rollers 17 and 18. In contrast to the
      recording apparatus of FIG. 1, the heads 1 and 2 are rotated by a drive
      28.
PAR  The tape drive 24 and the head drive 28 need to be in exact synchronism
      during their operation to prevent the recording heads from being off tape
      when they are supposed to pick up recorded signals and to prevent the
      recording heads from repeatedly commencing reproduction of recorded image
      fields at instances other than the field beginnings. Also, the
      head-to-tape velocity has to be kept within very narrow tolerances to
      preserve the desired playback scan rate and to inhibit flutter and other
      timebase errors as would be caused by irregularities in the head-to-tape
      velocity.
PAR  The problem presently under discussion is not unique to the systems of the
      subject invention and has in principle been solved in the art of video
      tape recording with rotating heads. Accordingly, only a simplified block
      diagram is shown in FIG. 16 of a suitable position and velocity servo
      system that may be employed in the practice of the subject invention with
      respect to the playback equipment herein disclosed as well as with respect
      to recording equipment of the type disclosed below with rotating heads.
PAR  According to FIG. 16, the tape drive 24 and the head drive 28 include
      synchronous electric motors 31 and 32 which are energized by a
      conventional oscillator-controlled alternating-current power source 33. A
      crystal oscillator 34 may be employed to control the power source 33.
PAR  The synchronous motor 32 may be employed to drive the heads 1 and 2 through
      a high-precision differential gear 35. A servo motor 36 may then be
      employed to correct position and velocity errors of the rotating heads by
      way of the differential gear 35.
PAR  The servo motor 36 is part of a closed-loop servo system 38 which includes
      a phase detector 39. In FIG. 16, as well as in FIG. 2, a brush 41 and
      commutator segments 42 and 43 are employed to pick up the electric signals
      generated by the rotating playback heads 1 and 2 and to apply these
      signals to a lead 44. In instances where mechanical commutator
      arrangements are not practically feasible or where an electronic solution
      is desired, circular slip rings cooperating with an electronic gating
      system of the type disclosed in FIG. 7 may be employed. In FIG. 16, the
      vertical sync pulses are stripped from the reproduced video signal
      occurring in the lead 44 and are applied to a lead 46. Conventional sync
      stripper equipment 47 may be employed for this purpose. A digital counter
      48 divides the vertical sync pulses by a given factor so that the
      frequency or repetition rate of the resulting signal occurring at the
      input 51 of the phase detector 39 is equal to the frequency or repetition
      rate of the signal occurring at the second input 52 of the phase detector
      39 when position and velocity synchronism has been achieved.
PAR  The signal which is applied to the input 52 of the phase detector 39 is
      generated by a position sensor 53 that may be of a conventional type. By
      way of example, a familiar type of position sensor employs an aperture,
      indicated at 54, in a disc 55 on which the heads 1 and 2 are mounted and
      which is rotated by the drive 28 for the desired rotation of the playback
      heads. The position sensor 53 then employs a photocell (not shown) which
      senses a light source (not shown) through the aperture 54 each time this
      aperture is in alignment with the light source and the photocell.
PAR  In a conventional manner, the output signal of the phase detector 39 is
      employed to a servo amplifier by way of a loop filter (low-pass filter)
      58. The servo amplifier 57 energizes the servo motor 36 which may, for
      instance, be of a permanent magnet field type which has a polarity
      sensitive sense of rotation.
PAR  Instead of the mechanical solution employing the differential gear 35, a
      conventional type of electronic motor control system could be used for
      varying the speed of rotation of the head drive. On the other hand, it is
      in some instances possible to employ an electrically operated break 59
      instead of the differential gear 35 and servo motor 36. Systems of this
      type, which are in use in commercially available slant-track recorders,
      employ a head drive which rotates the heads at a slightly faster rate than
      the rate normally required. The break is then slightly applied during
      normal operation so as to cause rotation of the head at nominal speed. If
      the head velocity becomes successive, the break is applied stronger. For
      increased head velocity, the break is somewhat lifted.
PAR  Since the playback heads are rotated against the tape in the playback
      apparatus of FIG. 2, whilst the recording head was mainained stationary in
      the recording apparatus of FIG. 1, it follows that the recorded signal
      including the recorded image fields are reproduced at a second relative
      velocity (head-to-tape velocity) which is higher than the first velocity
      at which the signals were recorded. Where, as in FIG. 1, the recorded
      signals were synchronized at a lower scan rate than the display scan rate,
      the second relative velocity provided during playback bears such a
      relationship to the first relative velocity during recording that the
      reproduced video signal occurring in the lead 44 is synchronized at the
      desired display scan rate. The played-back video signals are then applied
      to, and displayed by, conventional video display equipment 61, with the
      aid of conventional synchronization equipment 62 which responds to the
      sync pulses in the reproduced video signal. If desired, the played-back
      video signals may be modulated on a carrier so as to be applicable to
      antenna terminals of conventional television receivers.
PAR  In accordance with an important aspect of the subject invention, the
      reproduction of recorded image fields at the mentioned second relative
      velocity is repeated in the same reproducing operation. This is to be
      clearly distinguished from prior-art situations in which the same video
      program is reproduced over and over. Of course, if a video program is
      reproduced two or more times, it can also be said that the reproduction of
      recorded image fields is repeated. However, in accordance with the aspect
      of the present invention under discussion, the reproduction of image
      frames is repeated in the same reproducing operation, rather than merely
      in a subsequent running of the tape 16. Also, the repeated reproduction of
      any recorded image field in the same reproducing operation is completed
      before commencement of the reproduction of any recorded image field whose
      number in the above mentioned arithmetic progression occurs more than one
      term after the number of the particular image. field.
PAR  The latter requirement according to the subject invention will now be
      explained with the aid of FIG. 4. The left-hand column of the table of
      FIG. 4 lists the playback heads 1 and 2 by number. The center column lists
      the number of the fields (see FIG. 3) that are being reproduced by a given
      head. The right-hand column lists the number of the image frames that are
      being reproduced. In this respect it will be recalled that each image
      frame consists of two interlaced image fields. The first frame is thus
      composed of the first and second fields. The second frame is composed of
      the third and fourth fields. The third frame is composed of the fifth and
      sixth fields, and so forth.
PAR  In the preferred embodiment shown in FIG. 2, the head speed is equal to the
      tape speed. Since the heads rotate against the tape, it may be said that
      V.sub.H = - V.sub.T ; wherein V.sub.H is the head velocity and minus
      V.sub.T is the tape velocity. In this case, the scan conversion factor is
      two, since the head-to-tape velocity upon playback is twice the
      head-to-tape velocity during recording. The scan rate of the signal
      reproduced by the camera 12 in FIG. 1 is then equal to one-half the
      display scan rate of the signal reproduced in FIG. 2.
PAR  Examining FIG. 4, we find that the head 1 reproduced the recorded first and
      second image fields in sequence. The head 2 then again reproduces the
      recorded first and second fields in sequence. The head 2 thereupon
      reproduced the recorded third and fourth fields in sequence, and the head
      1 thereafter again reproduces the recorded third and fourth fields in
      sequence. The same pattern of reproduction is followed in the further
      course of the reproducing operation, with the next reproduced field being
      the field 5 which is played back by the head 1 as shown at the bottom of
      FIG. 4. In this manner, each field is reproduced twice and each frame is
      reproduced twice, as shown in FIG. 4.
PAR  It may thus be said that each field (or in the instant case also each
      frame) is reproduced m times, wherein m is the quotient of the second and
      first relative velocities (head-to-tape velocities). In the above
      mentioned arithmetic progression, the second image field occurs in the
      term after the first image field. The third image field occurs in the term
      after the second image field. Similarly, the fourth image field occurs in
      the term after the third image field and the fifth image field occurs in
      the term after the fourth image field. This is the case when the above
      mentioned positive integers a and d are equal to one (1).
PAR  Reverting now to the above mentioned statement about the repeated
      reproduction of any recorded image field, it will be noted from FIG. 4
      that the reproduction of the first and second image fields is completed
      before commencement of the reproduction of the third image field.
      Similarly, the repeated reproduction of the third and fourth image fields
      are completed before commencement of the reproduction of the fifth image
      field, and so forth. The reproducing mode represented by the table of FIG.
      4 is thus within the inventive requirement that the repeated reproduction
      of any recorded video signal quantum in the same reproducing operation is
      completed before commencement of the reproduction of any recorded video
      signal quantum whose number in the arithmetic progession mentioned above
      occurs more than one term after the number of particular video signal
      quantum. In practice, this is a critical limitation whose violation
      results in an untenable waste of the available recording bandwidth.
PAR  The table of FIG. 4 also displays a further feature pursuant to a preferred
      embodiment of the subject invention. According to this special feature,
      the reproduction of each recorded image field takes place after the
      reproduction of an immediately adjacent image field in the above mentioned
      arithmetic progression. For instance, as seen in FIG. 4, the reproduction
      of the first image field is repeated after the reproduction of the second
      image field. The reproduction of the second image field is repeated after
      the reproduction of the first image field. The reproduction of the third
      image field is repeated after the reproduction of the fourth image field,
      and the reproduction of the fourth image field is repeated after the
      reproduction of the third image field. In this manner, each frame is
      reproduced twice as a complete frame.
PAR  A further preferred embodiment of the subject invention is shown in FIG. 5.
PAR  According to FIG. 5, a recording and playback apparatus 64 has four heads
      1, 2, 3 and 4. The heads are angularly displaced from each other by an
      angle of 90.degree.. In addition to the segments 42 and 43, the apparatus
      74 has segments 65 and 66 for the heads 3 and 4. The segments 42 43, 65
      and 66 thus serve to apply the reproduced video signals from the heads 1,
      2, 3 and 4 to the brush 41 and thence to the display device (see FIG. 2)
      by way of the lead 44.
PAR  During recording, the head 1 of the apparatus shown in FIG. 5 is held
      stationary as indicated at 21. The tape is advanced along a 90.degree.
      wrap about the drum 19 by the tape drive 24.
PAR  The reduced scan rate video signals generated by the camera 12 (see FIG. 1)
      are applied by the stationary recording head 1 by way of the lead 23,
      brush 41 and commutator segment 42. The first, second, third, fourth,
      fifth, et seq., image fields are thus recorded in succession onto the tape
      16 at the above mentioned first relative velocity.
PAR  The blocking 21 of the head 1 is removed for playback and the head drive 28
      is energized in the above mentioned manner to rotate the heads against the
      tape. By way of example, the head speed may be equal to the tape speed
      (V.sub.H =-V.sub.T). In that case, the scan conversion between recording
      and playback proceeds by a factor of two. Also, the playback proceeds in
      accordance with a table of FIG. 6. In accordance with that table, the
      heads 1 and 2 take turns in reproducing the first field twice. The heads 2
      and 3 then take turns in reproducing the second field twice. The heads 3
      and 4 then cooperate in reproducing the third field twice. The heads 4 and
      1 then reproduce the fourth field twice in succession, and so forth, with
      the fifth field being the next field reproduced by the head 1.
PAR  FIG. 6 illustrates a further preferred embodiment of the subject invention
      according to which the repeated reproduction of any recorded field in the
      same reproducing operation is completed before the commencement of the
      reproduction of any further recorded image field. This has the
      considerable advantage of an immediate compensation for the reduced
      recording bandwidth. While the video information is generated at a reduced
      scan rate (see camera 12) and is recorded at a reduced bandwidth (see
      stationary recording head 1), the reproduction of each image frame is
      repeated to compensate for the reduced original scan rate and reduced
      recording bandwith to a considerable extent.
PAR  A video recording and playback apparatus in accordance with a further
      preferred embodiment of the subject invention will now be disclosed with
      the aid of FIG. 7.
PAR  According to FIG. 7, three recording heads 1, 2 and 3 are displaced from
      each other by angles of 120.degree.. Three brushes 72, 73 and 74 and three
      slip rings 76, 77 and 78 cooperate in feeding signals to and from the
      heads 1, 2 and 3 respectively.
PAR  For recording, the above mentioned reduced scan rate camera 12 is connected
      to the head 1 by way of the lead 23, a double-throw switch 81, a
      double-throw switch 82, the brush 72 and the slip ring 76. The first,
      second, third, fourth, fifth, et seq., frames are thus recorded on the
      tape 16 in the manner generally shown in FIG. 3.
PAR  For playback, the tape drive 24 advances the tape 16 in a 180.degree. wrap
      about the drum 19. The heads 1, 2 and 3 are rotated against the tape by
      the drive 28.
PAR  Three gates 81', 82' and 83' are employed for a sequential application of
      the reproduced signals to the display equipment 61 and synchronization
      equipment 62 (see FIG. 2) by way of the lead 44. The gates 81' to 83' are
      sequentially operated by a sequencer 85 which is energized by vertical
      synchronization pulses provided by a vertical sync stripper 86 that is
      connected to the lead 44. The gating system of FIG. 7 may be implemented
      with prior-art equipment, such as with the type of signal processing
      apparatus and systems shown in the U.S. Pat. No. 3,512,008, by B. H. Dann,
      and 3,512,094, by B. H. Dann et al, both issued on May 12, 1970 and both
      incorporated by reference herein.
PAR  The function of the gates 81' to 83' and sequencer 85 is further explained
      with the aid of the tables of FIGS. 8 and 9. According to FIG. 8, the head
      velocity during playback is again equal to minus the tape velocity for a
      2:1 scan conversion during playback. The heads 1 and 2 first take turns in
      reproducing the first field. The heads 2 and 3 then take turns in
      reproducing the second field. The heads 3 and 1 then cooperate in
      reproducing the third field, and so forth. Each vertical sync signal from
      the stripper 86 causes the sequencer 85 to switch on the next gate in
      sequence. During playback, the switches 81 and 82 are, of course, in their
      second position illustrated in dotted outline in FIG. 7. The switch 81
      then grounds the unused lead between switches 81 and 82. The switch 81 may
      be replaced by a solid lead if the unused lead between the switches 81 and
      82 does not cause interference with the then used part of the equipment.
PAR  For a 4:1 scan conversion, the heads 1 to 3 are rotated at trice the speed
      of the tape 16 during playback. In that case, the camera 12 may be
      operated at one-fourth the display scan rate of the display equipment 61
      (see FIG. 2).
PAR  The latter mode of operation may be designated by the equation V.sub.H = -
      3V.sub.T, as indicated in FIG. 9.
PAR  As also indicated in FIG. 9, the heads 1, 2, 3 and 1 first take turns in
      reproducing the first field four times. The same heads then take turns in
      reproducing the second field four times. The same heads thereafter take
      turns in reproducing the third field four times, and so forth. Again, each
      recorded image field is reproduced m times wherein m is the quotient of
      the second and first relative velocities (head-to-tape recording and
      playback velocities).
PAR  The tables 8 and 9 represent another case in which the repeated
      reproduction of any recorded image field in the same reproduction
      operation is completed before commencement of the reproduction of any
      further recorded image field. The solution according to FIG. 9 trades some
      fast-action reproduction capability for a reduced bandwith. Undue flicker
      is avoided by a stepped-up repetition of the image field reproduction.
PAR  As illustrated with the aid of the table shown in FIG. 10, the equipment of
      FIG. 7 may be employed for carrying out a skip-field technique. Skip-field
      techniques as such are well known and are frequently employed in prior-art
      equipment for bandwidth limiting purposes. In accordance with this aspect
      of the subject invention, skip-field techniques are carried out by using
      as the factor d in the above mentioned arithmetic progression a positive
      integer which is greater than one. For instance, if the above mentioned
      positive integer is two (2), then only the odd fields are recorded on the
      tape 16.
PAR  In accordance with the preferred embodiment illustrated in FIG. 10, the
      factor d in the above mentioned arithmetic progression is made equal to
      four (4). In that case, only the first, fifth, ninth, thirteenth, et seq.,
      fields are recorded on the tape 16. To this end, the heads 1 to 3 are
      rotated by the drive 28 so that the head velocity is equal to minus three
      times the tape velocity (V.sub.H = - 3V.sub.T). As before, only the head 1
      is energized during recording by the signal generated by the camera 12 and
      applied to the head 1 by way of the lead 23, switches 81 and 82, brush 72
      and slip ring 76.
PAR  The head 1 is first caused to record the first field on the tape 16. The
      head 1 then moves off the tape. If a 90.degree. wrap is used for the tape
      16 in the apparatus of FIG. 7 during recording, then the head 1 only moves
      back onto the tape 16 during occurrence of the fifth image field.
      Similarly, the head 1 then moves off the recording tape and only moves
      back onto the recording tape during occurrence of the thirteenth image
      field. Accordingly, only the first, fifth, ninth, thirteenth, et seq.,
      fields are recorded on the tape 16.
PAR  It should be understood at this juncture that the skip field techniques
      herein disclosed are not limited to the recording of signals received
      directly from a video camera. Rather, the skip field techniques herein
      disclosed may advantageously be employed for recordng video signals
      received from a broadcast or other wireless or cable communication. Also,
      these skip field techniques herein disclosed may be employed to record
      video signals received from a video camera that is operated at the same
      scan rate as the device with which the video information is being
      displayed upon reproduction of the recorded video signals.
PAR  FIG. 17 diagrammatically shows equipment for providing the apparatus of
      FIG. 7 with video information that is recorded with the aid of a skip
      field technique.
PAR  According to FIG. 17, a television receiver 91, which may be of a
      conventional type, is employed to provide at a lead 92 video information
      that has been broadcast or otherwise communicated in a conventional manner
      by a wireless or cable transmission. A vertical sync stripper 93, which
      may be of a conventional type, separates the vertical sync signals from
      the received video information and applies these vertical sync signals by
      way of a lead 94 to a counter of four 95 which, in a conventional manner,
      divides the number of vertical sync signals by a factor of four. The
      result of this division is a pulse train which is applied by a lead 97 to
      a delay device 98 and by a lead 99 to one input of a logic AND-element
      100.
PAR  The delay device 98 includes conventional components for delaying the pulse
      train received from the counter 95 by the duration of one image field in
      the video information received by the television receiver 91. A
      conventional inverter 102 inverts the pulse train delayed by the device 98
      and applies the inverted pulse train to the other input of the AND-element
      100. As its name implies, the AND-element 100 provides only an output at a
      lead 104 when both of its inputs are energized.
PAR  In consequence of the operation of the components of the circuit of FIG. 17
      so far discussed, a gate 105 receives a gating signal by way of the lead
      104 only every fourth image frame after the first image frame.
      Accordingly, the gate 105 only gates the first, fifth, ninth, thirteenth,
      et seq., image frames from the receiver 91 and lead 92 to a lead 107. The
      gated image fields are applied to the rotating recording head 1 by way of
      the previously disclosed switch 82, brush 72 and slip ring 76. In
      accordance with a table shown in FIG. 10, the head 1 is rotated at a
      velocity equal to minus three times the tape velocity (V.sub.H = -
      3V.sub.T).
PAR  FIG. 13 symbolically illustrates the image fields recorded on the tape 16
      by the skip field recording techniques represented in FIG. 10. As an
      important, it will be noted that these and other skip field recording
      techniques herein disclosed provide linear recordings in which the
      spacings between adjacent linearly recorded signal quanta or image fields
      are shorter than the length of a recorded image quantum or image field. In
      fact, the image fields recorded with skip field techniques according to
      the subject invention are typically present on the tape 16 without
      significant spaces remaining therebetween.
PAR  A reproduction or replay of video information which has been recorded as
      shown in FIG. 13 will now be described. For this purpose, the equipment
      shown in FIG. 7 may again be employed. As a result, and as shown in FIG.
      10, the heads 1, 2, 3 and 1 take turns in replaying the first recorded
      field. The same heads then take turns in replaying the next recorded
      field, which is the fifth image field. Thereafter, the same heads take
      turns in replaying the next recorded field, which is the ninth image
      field, and so forth until all recorded fields have been replayed. The
      replayed fields are displayed by the display device 61 (see FIG. 2) as
      before.
PAR  Reviewing the table of FIG. 10, it will be noted that, in accordance with a
      preferred embodiment of the subject invention, each recorded image field
      is reproduced d times, wherein d is the above mentioned positive integer
      and, in the case of a skip field technique, is greater than one.
PAR  Further equipment for carrying out a skip field linear recording technique
      according to a preferred embodiment of the subject invention is shown in
      FIG. 11.
PAR  According to FIG. 11, broadcast or otherwise communicated video signals are
      received by a television receiver 91 and applied to the lead 92. A
      vertical sync stripper applies the vertical sync signals from the received
      signal to a lead 94. A counter of two 112 provides a pulse train in which
      the number of vertical sync signals is divided by two. This pulse train
      actuates the gate 105 so that only every odd image field is applied from
      the receiver 91 by way of the lead 107 simultaneously to the four heads of
      the linear tape recording apparatus 64. The resulting record is shown in
      FIG. 12 and is also illustrated in the left-hand column of FIG. 15.
PAR  As indicated in FIG. 15, the above mentioned factor d is two, so that only
      every odd image field is recorded, as shown in FIG. 12. The heads 1, 2, 3,
      4 and 1 take turns in recording the first, third, fifth, seventh, ninth,
      et seq., image fields on the tape 16.
PAR  The center column of FIG. 15 illustrates playback with the type of
      four-head apparatus shown in FIG. 11. Each recorded field is reproduced
      twice. The double reproduction of each recorded field is completed before
      any reproduction of the next recorded field is commenced.
PAR  FIG. 14 and the right-hand column of FIG. 15 illustrate playback of the
      information recorded as shown in FIG. 12 with a machine 64 having a
      180.degree. wrap. The machine of FIG. 14 may be thought of as a two-head
      machine or then as a four-head machine having the heads 2 and 4
      deactivated.
PAR  As seen in the right-hand column of FIG. 15, two adjacent recorded fields
      are reproduced in turn and such reproduction is thereupon repeated. The
      repeated reproduction of any recorded image field is being completed
      before commencement of the reproduction of any recorded image field whose
      number in the above mentioned arithmetic progression occurs more than one
      term after the number of the particular image field.
PAR  Whether the equipment of FIG. 11 or the equipment of FIG. 14 is used, the
      reproduced video signals are applied by way of the lead 44 to the display
      device 61 (see FIG. 2) for a display of the reproduced video information.
PAR  Several video disk embodiments of the methods and apparatus of the subject
      invention will now be disclosed with the aid of FIGS. 18 et seq.
PAR  In particular, FIG. 18 shows video disk recording and playback equipment
      120 having a drive 121 for rotating a video disk 123 via a drive shaft
      124. The drive 121 is energized from a power source 125 and is of a dual
      speed type, driving the video disk 123 at a first speed upon closure of a
      switch 126, and alternatively at a second, higher speed upon closure of a
      switch 127. The power source 125 may include a conventional control (not
      shown) for maintaining the velocity of the video disk 123 with a high
      precision. Controls of this type are well known in the field of magnetic
      tape recording, where the velocity of the recording tape is kept within
      extremely narrow tolerances, and also in the field of video disk recording
      and playback.
PAR  Several photographic, thermal and other methods have become known for
      recording video information on a video disk master, and no limitation of
      the invention to any of these techniques is intended herein. By way of
      example, the recording equipment 120 may include a laser 128 which
      produces a strong beam of collimated light 129 which is modulated by a
      light modulator 131 with video signals derived from a video signal source
      132 and to be recorded on the video disk 123. The video signal source 132
      may, for instance, include a video camera 12 with synchronizing equipment
      13 (see FIG. 1) or a television receiver 91 (see FIG. 11). Alternatively,
      the video signal source 132 may include a film scanner, which derives
      video information from motion picture film and similar pictorial recording
      media. Film scanners are well known in the field of video recording and
      video signal generation.
PAR  The modulated laser beam is reflected by a mirror 132 onto the rotating
      disk 123. For recording purposes, this disk may be a master disk of a
      photosensitive, thermally responsive or other known type. At this
      juncture, and in connection with the video disk recording and playback
      methods and apparatus herein disclosed, reference may be had to the
      following U.S. patents which are herewith incorporated by reference
      herein: U.S. Pat. No. 3,501,586, entitled Analog To Digital To Optical
      Photographic Recording and Playback System, by J. T. Russell, issued March
      17, 1970, U.S. Pat. No. 3,381,086, entitled Reproduction of Television
      Signals from Photographic Disc Recordings, by D. L. De Moss et al., issued
      Apr. 30, 1968, and U.S. Pat. No. 3,833,769, entitled Apparatus for
      Positional Control of a Reading Head in a Device for Reproducing Optically
      Coded Video Disk Recordings, by Klass Compaan et al., issued Sept. 3,
      1974.
PAR  Reference may also be had to the following Belgian patents by N. V.
      Philips' Gloeilampenfabrieken, disclosing further video disk and sound
      recording methods and equipment: 780,146, issued Sept. 4, 1972, 780,451,
      issued Sept. 11, 1972, 780,452, issued Sept. 11, 1972, and 781,018, issued
      Sept. 21, 1972.
PAR  Further disclosures of video disk recording methods, apparatus and media
      are contained in the Philips Technical Review, Vol. 33, No. 7, 1973, pp.
      178 through 193, containing the following articles: "The Philips `VLP`
      system" by K. Compaan et al., "Signal processing in the Philips `VLP`
      system", by W. van den Bussche et al, "The optical scanning system of the
      Philips `VLP` record player", by G. Bouwhuis et al, and "Control
      mechanisms in the Philips `VLP` record player", by P. J. M. Janssen et al.
PAR  The laser 128, with light modulator 131 and mirror 134 are mounted on a
      carriage 136 which is advanced by a conventional drive 137 in a radial
      direction relative to the disk 123. This carriage advance may be
      continuous, so as to provide a multiply coiled recording track in the form
      of a spiral, or incrementally, to provide multiply coiled recording tracks
      in the form of concentric circles.
PAR  In principle, the playback may take place from the same disk on which the
      recording has been effected. However, it will be more typical, especially
      in a commercial situation, that the recorded disk will be employed as a
      master to manufacture a multitude of video disks for the consumer market
      or for other purposes. The term "recording" as herein employed extends not
      only to the recording process itself, but also to the transfer of recorded
      information onto the disk or disks from which reproduction is to take
      place. For the sake of simplicity, the reference numeral 123 has been
      employed in the drawings to designate both master and copy disks.
PAR  In principle, the same laser may be employed for recording and playback
      purposes. However, a further laser 141 is shown in FIG. 18 for generating
      a reading beam 142 which is reflected via a beam splitter 143, a mirror
      144 and the mirror 134 onto the track of a previously manufactured video
      information record on the disk 123. For reading purposes, the mirror 144
      is advanced from the solidly illustrated rest position to the active
      position shown by the dotted line 145 in FIG. 18.
PAR  In reality, the laser 141, beam splitter 143 and mirror 144 may be located
      in the same perpendicular plane to the surface of the sheet on which FIG.
      18 is drawn as the laser 128 and the mirror 134, as illustrated in FIG. 2
      of the above mentioned article entitled "The Philips `VLP` system" on page
      180.
PAR  In either case, the laser 141, beam splitter 143 and mirror 144 are also
      mounted on the carriage 136 which is again advanced by the drive 137 so
      that the reading beam follows the recording track on the disk 123.
PAR  Conventional equipment may be employed to ascertain that the reading beam
      follows exactly the recording track. To this end, the mirror 134 may be
      pivoted and may be tilted about its pivot point by a piezoelectric or
      electromagnetic drive 147 so as to maintain the reading beam at all times
      on the recording track. By way of example, an auxiliary laser beam may be
      employed to scan the recording track and to provide a luminous signal
      indicating deviations of the reading beam from the track. Since such
      auxiliary equipment may be conventional, it has not specifically been
      illustrated in FIG. 18. However, a pair of photoelectric detectors 148 and
      149 are shown in FIG. 18 as being alternatively energized by a luminous
      image 151 of the recording track whenever the reading beam deviates
      therefrom. The signals thus generated by the photoelectric detectors 148
      and 149 proceed via resistors 152 and 153, respectively, to an input 154
      of an operational amplifier 155, where they oppose each other. The
      operational amplifier 155 energizes the mirror drive 147 in response to
      the net signal of the photoelectric detectors 148 and 149 so as to keep
      both reading beam and auxiliary beam on the recording track of the video
      disk 123.
PAR  As an alternative solution, the recording tracks on the video disk may have
      the form of concentric rings and the drive 137 may be incremental, whereby
      the reading beam will stay on a track for repeated scanning thereof until
      the mirror 134 is energized to advance the reading beam to the next track.
PAR  The reading beam projected by the laser 141 is modulated at the recording
      track in accordance with the recorded video information, and is reflected
      via the mirrors 134 and 144 and the beam splitter 143 onto a photoelectric
      detector 158 which may also be of a conventional type. The latter detector
      reproduces the video information picked up by the reading beam and a video
      amplifier 159 cooperates with the photodetector to provide video equipment
      161 with the reproduced video information for a display thereof, such as
      by the video receiver or display apparatus 61 (see FIG. 2).
PAR  In accordance with principles of the subject invention, recording of the
      video signals on the disk takes place at a first relative recording medium
      velocity, while reproduction of recorded video signals from the disk takes
      place at the above mentioned higher second relative velocity. To this end,
      the switch 126 shown in FIG. 18 may be closed for recording, whereby the
      drive 121 rotates the disk at a first speed, and the switch 127 may be
      closed during playback whereby the drive 121 rotates the disk at a higher
      second speed, as mentioned above. By way of example, the speed of rotation
      of the disk prevailing during reproduction of the video signals may be
      equal to m times the speed of rotation of the disk during recording,
      wherein m is equal to the number of times that each image field or other
      video signal quantum is reproduced in the same operation during playback.
PAR  For instance, the ratio between playback and recording speeds would be
      equal to two if each image field is reproduced twice in succession, while
      this ratio would be equal to three if each image field is reproduced three
      times in succession.
PAR  If desired, conventional technology may be employed to cause the reading
      beam to remain on a given track during more than one revolution so as to
      effect repeated reproduction of one and the same image field within the
      scope of the subject invention. For instance, the technique described on
      page 192 and shown in FIGS. 5 and 6 of the above mentioned Philips
      Technical Review article entitled "Control mechanisms in the Philips `VLP`
      record player" may be employed to cause the mirror 134 to return the
      reading beam from one end of one revolution track spiral to the beginning
      of that one revolution for a repeated scanning of that portion of the
      recording track. As explained in the latter article, a pulse doublet, as
      produced by a conventional doublet generator 163 may be employed for this
      purpose, such as by momentary application to the input 134 of the
      operational amplifier 155, whereby the control of the photoelectric
      detectors 148 and 149 will be temporarily removed from the drive of the
      mirror 134, as I have explained in great detail in my U.S. Pat. No.
      3,677,626, issued July 18, 1972 and herewith incorporated by reference
      herein.
PAR  In similarity to the system of the latter U.S. patent, the doublet
      generator 163 is driven by a control 165 when a flyback motion of the
      mirror 134 for a jumping of the reading beam from to another track portion
      is desired.
PAR  To energize the control 165 at the correct instant, control signals may be
      recorded on the disk 123, such as during one or more segments, shown at
      166 and 167 in FIG. 19, during which the recording of the vertical retrace
      signal takes place. These mirror flyback control signals may be of any
      suitable type, and the control signal detector in the control 165 may be
      of any corresponding kind. For instance, the control signals may comprise
      a series of pulses, which are detected by the control 165, and the number
      of which indicates when and how often the doublet generator 153 is to be
      energized.
PAR  Utilizations of the video disk recording and playback equipment of FIG. 18
      will now be disclosed with the aid of FIGS. 19 to 24.
PAR  In particular, FIG. 10 symbolically shows three adjacent recording track
      portions 171, 172, and 173 of a spiral recording track 174. In accordance
      with a diagram 176 of FIG. 21, a first video image frame or field A is
      recorded in the track portion 171. A second image field or frame B is
      recorded in the track portion 172, and a third image field or frame C is
      recorded in the track portion 173. Each field or frame may occupy an
      entire revolution of the track, as desired. By energizing the doublet
      generator 153 at the end of each odd-numbered revolution of the video disk
      123, each of the image fields or frames A, B and C is reproduced twice as
      shown in the diagram 178 of FIG. 21.
PAR  At the same time, the video disk is driven twice as fast as it was driven
      during recording. Assuming that the image fields or frames A, B and C were
      recorded at one half the display scan rate, the playback method according
      to the preferred embodiment of the subject invention as just disclosed
      will both increase the scan rate of the video signal to the requisite
      display scan rate and reduce flicker by reproducing and displaying every
      image field or frame twice. Of course, other playback patterns, such as
      those disclosed above in connection with the video tape version, may be
      effected as desired.
PAR  Two particularly advantageous patterns will now be disclosed with the aid
      of FIGS. 22 to 24. While this part of the disclosure is styled in terms of
      video disk recording and playback, it should be understood that it has
      also application to the video tape version of the disclosed systems.
PAR  The patterns of FIGS. 22 and 23 have particular utility in the reproduction
      of video recordings by motion picture frame scanning. In that case, it is
      important to convert the standard motion picture rate of 24 motion picture
      image frames per second into the standard television scanning rate of 60
      fields per second.
PAR  A recently promulgated approach attempts to solve this problem by scanning,
      say, each odd-numbered motion picture frame three times 1/60 sec. and each
      even-numbered frame twice at 1/60 sec. so that the total time for five
      video fields is 1/12 sec.
PAR  It is clear that that type of film to video conversion places a
      considerable amount of redundant information on the tape or disk.
      Unfortunately, this redundancy of information does not even contribute
      toward any increase in motion sensitivity of the resulting display, since
      that motion sensitivity is, of course, limited by the 24 frames per second
      of the motion picture film which is being scanned.
PAR  From this fact situation I have concluded that the average motion
      sensitivity remains intact as long as at least 24 frames per second are
      recorded on the video disk or tape. The requisite video display scan rate
      can then be generated in accordance with the principles of the subject
      invention. As a by-product, longer play times can be generated.
PAR  For the purpose of the examples shown in FIGS. 22 and 23, each of the track
      portions or revolutions 171 to 173 shown in FIG. 19 is considered
      subdivided into a first half to the right side of the sectors 166 and 167
      and a second half to the left side of these sectors. The image fields are
      individually designated by a numeral corresponding to the frame of which
      they are part (two fields A and B for each frame), and by a letter
      indicating whether it is the first field (A) or the second field (B) of
      the particular frame.
PAR  By way of example, the diagram 181 in FIG. 22 shows that the first field of
      the first frame (1A), the second field of the second frame (2B), the first
      field of the third frame (3A), the second field of the fourth frame (4B),
      et seq. are recorded on the video disk 123.
PAR  The time axis (t) also shown that each field is recorded in 5/120 sec. 24
      fields or twelve frames may thus be recorded per second.
PAR  In FIG. 19, each half of each track portion 171 to 173 is designated by a
      reference corresponding to the designation contained in the diagram 181
      and being underlined to distinguish that case from the case illustrated in
      FIG. 23 and to be disclosed below. In particular, the field 1A is recorded
      by the modulated beam of the laser 128 in the first half of the first
      track portion 171. No recording of video information then takes place for
      the equivalent of a full revolution of the video disk 123. Accordingly,
      the fields 1B and 2A are skipped. With conventional type of film scanning
      equipment, the fields may be blanked during these skipping intervals. In
      this manner, the second half of the track portion 171 will reach the
      recording beam, which will be placed thereon with the aid of the doublet
      generator 163. The next field in succession, namely the field 2B, will now
      be recorded in the second half of the track portion 171. In basically the
      same manner, the field 3A will be recorded in the first half of the
      recording track portion 172, the field 4B in the second half of that track
      portion, the field 5A in the first half of the track portion 173, and the
      field 6B in the second half of that track portion. During this recording
      operation, the drive 121 rotates the video disk at a rate of 3600 divided
      by the number of fields per revolution (e.g. 2) times a factor equal to
      the quotient of the motion picture frame rate (e.g. 24) divided by the
      video image field rate (e.g. 60), yielding in the example under
      consideration a recording velocity of the disk of 720 rpm.
PAR  During the corresponding playback operation, the drive 121 rotates the disk
      at 1800 rpm to provide the standard video display rate of 60 fields or 30
      frames per second. As shown by the diagram 183 of FIG. 22, the first and
      second halves of the track portion 171 are repeatedly scanned so that the
      field 1A is reproduced three times and the field 2B is reproduced twice in
      a mutually interlaced fashion. The second and first halves of the track
      portion 172 is thereby scanned repeatedly so that the fields 3A and 4B are
      reproduced twice and three times, respectively, in a mutually interlaced
      fashion. The remaining recording fields are reproduced in the same manner,
      until the entire recording has been played back. One further advantage of
      the example just disclosed is that the play time is increased by a factor
      of 2.5. The recording diagram 185 of FIG. 23 ties in with the
      parenthetical references in FIG. 19 and shown what fields of a scanned
      motion picture are recorded where. In particular, FIGS. 19 and 23 show
      that the field 1A is recorded in the first half of the track 171, the
      field 1B in the second half of that track, the field 2B in the second half
      of the track 172, the field 3A in the first half of that track, the field
      4A in the first half of track 173, and the field 4B in the second half of
      that track.
PAR  The diagram 185 further shows blank spaces for some of the fields that are
      not recorded. In reality, these blank spaces do not exist on the video
      disk, since the recording beam is returned to the beginnng of each
      subsequent track portion or track portion fraction as mentioned above.
PAR  For the purpose of increased clarity, FIG. 24 shows the fields which are
      recorded in relationship to the motion picture image frames 1, 2, 3, 4 et
      seq. It is thus seen that both fields are recorded for the frames one and
      four, but only the second field for the frame two and first field for the
      frame three of the scanned motion picture.
PAR  The diagram 186 in FIG. 23 then shown how the recorded fields are
      repeatedly reproduced during playback at increased recording disk velocity
      so as to provide the requisite motion picture display scan rate. In
      practice, an increase in play time of 1.7 is achieved by this method.
PAR  The video disk recording and methods so far described have particular
      utility in cases where no sound accompaniment is present with the recorded
      video information.
PAR  In the case of sound accompaniment, the sound is preferably recorded in a
      standard manner in a marginal sound channel of the tape in the tape
      version of the illustrated preferred embodiment. In the video disk
      version, the sound may either be distributed over more than one channel
      per revolution or may be compressed into a short interval per revolution.
PAR  In the former case, the particular sound channels are appropriately
      sequenced during repeated playback while the compressed sound
      accompaniment is appropriately expanded and spread over the repeated
      reproduction.
PAR  By way of example, a sequencer 191 connects a source of sound
      accompaniment, such as the video track playback equipment of a motion
      picture scanner (not shown), alternatively to three audio channels 193,
      194 and 195. These channels may be different frequency band channels, as
      is conventional in video disk recording. The three channels are modulated
      onto the recording beam and are thus recorded onto the disk 123. Upon
      playback, the audio information is derived by an audio separator 196 from
      the signal generated by the photoelectric reading beam detector 158. This
      regenerated audio accompaniment is picked up in the channels 193, 194 and
      195 and is appropriately distributed from these channels by the sequencer
      191 to audio reproduction equipment 198 which may, for instance, include
      sound amplifier and loud speaker equipment. The sequencer 191 may be
      actuated by a driver 199 which may be energized by code signals recorded
      on and reproduced from the disk and being similar in nature to the code
      signals which control the actuation of the doublet or flyback pulse
      generator 163, but being sufficiently distinct therefrom to avoid mutual
      interference.
PAR  If desired or necessary, the sound input equipment 192 may include
      recording and playback equipment to adapt the frequency of the audio
      signal to the slow scan of the video recording process, so that the sound
      accompaniment has real time frequency at the audio reproducing equipment
      198.
PAR  A different approach in accordance with a preferred embodiment of the
      subject invention resides in a compression of the audio accompaniment into
      the sectors 166 and 167 reserved on the video disk for vertical retrace
      signals of the video information. This compression and recording of the
      audio information can be accomplished with the aid of shift registers
      which clock in the audio information at the first rate and clock out that
      information at a second rate. The compressed audio information is thus
      recorded within the sectors 166 and 167 at the above mentioned first
      relative recording medium velocity.
PAR  Upon playback, the compressed audio information is reproduced with the aid
      of the reading beam at the above mentioned second relative velocity. The
      real time nature of the audio accompaniment is then restored, such as with
      the aid of the shift register system shown in FIG. 20.
PAR  In particular, the audio separation and pickup equipment 196 applies the
      reproduced compressed audio accompaniment to two alternatively operating
      shift registers 200 and 201.
PAR  A first clock 202 clocks in the compressed sound accompaniment at a first
      rate and a clock 203 clocks the sound accompaniment out of the registers
      200 and 201 at a higher second rate so as to restore the real time nature
      of the sound accompaniment which is thereupon rendered audible by the
      audio equipment 198 in synchronism with the displayed video information.
PAR  The subject extensive disclosure will suggest or render apparent various
      modifications and variations within the spirit and scope of the invention
      to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of recording video information on a recording medium having
      a multiply coiled recording track, and subsequently displaying said video
      information at a display scan rate, an improvement for reducing the size
      of the recording medium relative to a size requisite for a recording at
      said display scan rate, comprising in combination the steps of:
PA1  providing signals which include said video information in a series of video
      signal quanta synchronized at a scan rate lower than said display scan
      rate;
PA1  recording said signals including said video signal quanta on said recording
      medium at a first relative recording medium velocity and in accordance
      with the arithmetic progression
EQU  u = a + (n - l)d
PAL  wherein:
PA1  u denotes the numbers of the quanta which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression,
PAL  reproducing said recorded signals including said recorded video signal
      quanta in a reproducing operation at a second relative velocity being
      higher than said first velocity so that said reproduced video signal
      quanta are synchronized at said display scan rate; repeating in the same
      reproducing operation the reproduction of recorded video signal quanta at
      said second relative velocity, the repeated reproduction of any recorded
      video signal quantum in the same reproducing operation being completed
      before commencement of the reproduction of any recorded video signal
      quantum whose number in said arithmetic progression occurs more than one
      term after the number of the particular video signal quantum; and
PA1  displaying at said display scan rate the video information contained in
      said reproduced video signal quanta.
NUM  2.
PAR  2. A method as claimed in claim 1, including the step of:
PA1  reproducing each recorded video signal quantum m times, wherein m is the
      quotient of said second relative velocity divided by said first relative
      velocity.
NUM  3.
PAR  3. A method as claimed in claim 1, including the steps of:
PA1  recording all of said video signal quanta synchronized at said lower scan
      rate on said recording medium.
NUM  4.
PAR  4. A method as claimed in claim 3, including the step of:
PA1  reproducing each recorded video signal quantum m times, wherein m is the
      quotient of said second relative velocity divided by said first relative
      velocity.
NUM  5.
PAR  5. A method as claimed in claim 1, including the steps of:
PA1  recording on said recording medium with a single recording device said
      video signal quanta synchronized at said lower scan rate; and
PA1  repeatedly reproducing said recorded video signal quanta at said second
      relative velocity with more than one playback device.
NUM  6.
PAR  6. A method as claimed in claim 5, including the steps of:
PA1  advancing said recording medium;
PA1  holding said single recording device stationary relative to said advancing
      recording medium; and
PA1  rotating said playback devices during said reproductions of said recorded
      video signal quanta.
NUM  7.
PAR  7. A method as claimed in claim 1, including the steps of:
PA1  providing a video recording disk having a multiply coiled recording track;
      and
PA1  recording said signals including said video signal quanta in said multiply
      coiled recording track.
NUM  8.
PAR  8. A method as claimed in claim 1, including the steps of:
PA1  providing a video recording tape having a recording track;
PA1  winding said recording tape into a coil having multiple turns along which
      said recording track extends;
PA1  unwinding said recording tape from said coil;
PA1  recording said signals including said video signal quanta on said unwound
      recording tape at said first relative recording medium velocity and in
      accordance with said arithmetic progression; and
PA1  rewinding said recording tape into a coil having multiple turns along which
      said recording track extends.
NUM  9.
PAR  9. A method as claimed in claim 1, including the steps of:
PA1  providing an audio accompaniment for said video information;
PA1  recording said audio accompaniment on said recording medium at said first
      relative recording medium velocity;
PA1  reproducing said recorded audio accompaniment during reproduction of said
      recorded signals; and
PA1  rendering said reproduced audio accompaniment audible.
NUM  10.
PAR  10. A method as claimed in claim 9, including the steps of:
PA1  compressing said provided audio accompaniment relative to real time;
PA1  recording said compressed audio accompaniment on said recording medium at
      said first relative recording medium velocity;
PA1  reproducing said recorded compressed audio accompaniment at said second
      relative velocity and restoring the real time nature of said audio
      accompaniment; and
PA1  rendering said restored real time audio accompaniment audible in
      synchronism with said displayed video information.
NUM  11.
PAR  11. A method as claimed in claim 9, including the steps of:
PA1  providing more than one audio channel;
PA1  distributing said provided audio accompaniment over said audio channels;
PA1  recording said distributed audio accompaniments on said recording medium in
      said audio channels at said first relative recording medium velocity;
PA1  reproduciing said recorded audio accompaniment sequentially from said audio
      channels during reproduction of said recorded signals; and
PA1  rendering said reproduced audio accompaniment audible in synchronism with
      said video information.
NUM  12.
PAR  12. A method as claimned in claim 1, including the steps of:
PA1  providing a video recording disk having a multiply coiled recording track;
PA1  recording said signals including said video signal quanta in said multiply
      coiled recording track;
PA1  providing a video signal pickup for reproducing recorded video signals;
PA1  directing said video signal pickup onto a particular portion of said coiled
      recording track for a reproduction of a particular video signal quantum;
      and
PA1  redirecting said video signal pickup onto said particular recording track
      portion for each repeated reproduction of said particular video signal
      quantum.
NUM  13.
PAR  13. A method as claimed in claim 12, including the steps of:
PA1  recording a first video signal quantum in a first portion of said multiply
      coiled track corresponding to a first revolution of said video disk;
PA1  recording a second video signal quantum in a second portion of said
      multiply coiled track corresponding to a second revolution of said video
      disk;
PA1  recording a third video signal quantum in a third portion of said multiply
      coiled track corresponding to a third revolution of said video disk;
PA1  directing and subsequently redirecting said pickup onto said first portion
      of said track during two subsequent revolutions of said video disk;
PA1  directing and subsequently redirecting said pickup onto said second portion
      of said track during two further revolutions of said video disk; and
PA1  directing and subsequently redirecting said pickup onto said third portion
      of said track during two yet further revolutions of said video disk.
NUM  14.
PAR  14. A method as claimed in claim 12, including the steps of:
PA1  recording a first video signal quantum in a first half of a first portion
      of said multiply coiled track;
PA1  recording a second video signal quantum in the second half of said first
      track portion;
PA1  recording a third video signal quantum in a first half of a second portion
      of said track;
PA1  recording a fourth video signal quantum in the second half of said second
      track portion;
PA1  recording a fifth video signal quantum in a first half of a third portion
      of said track;
PA1  recording a sixth video signal quantum in the second half of said third
      track portion;
PA1  directing and subsequently redirecting said pickup unto said first portion
      of said track;
PA1  directing and subsequently redirecting said pickup unto said second portion
      of said track; and
PA1  directing and subsequently redirecting said pickup unto said third portion
      of said track.
NUM  15.
PAR  15. A method as claimed in claim 14, including the steps of:
PA1  providing and recording one image field of a first video image frame as
      said first video signal quantum;
PA1  providing and recording one image field of a second video image frame as
      said second video signal quantum;
PA1  providing and recording one image field of a third video image frame as
      said third video signal quantum;
PA1  providing and recording one image field of a fourth video image frame as
      said fourth video signal quantum;
PA1  providing and recording one image field of a fifth video image frame as
      said fifth video signal quantum; and
PA1  providing and recording ome image field of a sixth video image frame as
      said sixth video signal quantum.
NUM  16.
PAR  16. A method as claimed in claim 14, including the steps of:
PA1  providing and recording a first image field of a first video image frame as
      said first video signal quantum;
PA1  providing and recording a second image field of a second video image frame
      as said second video signal quantum;
PA1  providing and recording a first image field of a third video image frame as
      said third video signal quantum;
PA1  providing and recording a second image field of a fourth video image frame
      as said fourth video signal quantum;
PA1  providing and recording a first image field of a fifth video image frame as
      said fifth video signal quantum; and
PA1  providing and recording a second image field of a sixth video image frame
      as said sixth video signal quantum, with said image fields of said first,
      third and fifth video image frames corresponding to each other and said
      second image fields of said second, fourth and sixth video image frames
      corresponding to each other.
NUM  17.
PAR  17. A method as claimed in claim 14, including the steps of:
PA1  providing and recording a first image field of a first video image frame as
      said first video signal quantum;
PA1  providing and recording the second image field of said first video image
      frame as said second video signal quantum;
PA1  providing and recording a first image field of a third video image frame as
      said third video signal quantum;
PA1  providing and recording a second image field of a second video image frame
      as said fourth video signal quantum;
PA1  providing and recording a first image field of a fourth video image frame
      as said fifth video signal quantum; and
PA1  providing and recording a second image field of a fourth video image frame
      as said sixth video signal quantum.
NUM  18.
PAR  18. A method of recording video information on a recording medium having a
      multiply coiled recording track, and subsequently displaying said video
      information at a display scan rate, an improvement for reducing the size
      of the recording medium relative to a size requisite for a recording at
      said display scan rate, comprising in combination the steps of:
PA1  providing signals which include said video information in a series of image
      fields synchronized at a scan rate lower than said display scan rate;
PA1  recording said signals including said image fields on said recording medium
      at a first relative recording medium velocity and in accordance with the
      arithmetic progression
EQU  u = a + (n - l)d
PAL  wherein:
PA1  u denotes the numbers of the image fields which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression;
PA1  reproducing said recorded video signals including said recorded image
      fields in a reproducing operation at a second relative velocity being
      higher than said first velocity so that said reproduced image fields are
      synchronized at said display scan rate;
PA1  repeating in the same reproducing operation the reproduction of recorded
      image fields at said second relative velocity, the repeated reproduction
      of any recorded image field in the same reproducing operation being
      completed before commencement of the reproduction of any recorded image
      field whose number in said arithmetic progression occurs more than one
      term after the number of the particular image field; and
PA1  displaying the information contained in said reproduced image fields at
      said display scan rate.
NUM  19.
PAR  19. A method as claimed in claim 18, including the step of:
PA1  reproducing each recorded image field m times, wherein m is the quotient of
      said second relative velocity divided by said first relative velocity.
NUM  20.
PAR  20. A method as claimed in claim 18, including the step of:
PA1  recording all of said image fields synchronized at said lower scan rate on
      said recording medium.
NUM  21.
PAR  21. A method as claimed in claim 20, including the step of:
PA1  reproducing each recorded image field m times, wherein m is the quotient of
      said second relative velocity divided by said first relative velocity.
NUM  22.
PAR  22. A method as claimed in claim 18, including the steps of:
PA1  recording on said recording medium with a single recording device said
      image fields synchronized at said lower scan rate; and
PA1  repeatedly reproducing said recorded image fields at said second relative
      velocity with more than one playback device.
NUM  23.
PAR  23. A method as claimed in claim 22, including the steps of:
PA1  advancing said recording medium;
PA1  holding said single recording device stationary relative to said advancing
      recording medium; and
PA1  rotating said playback devices during said reproductions of said recorded
      image fields.
NUM  24.
PAR  24. A method as claimed in claim 18, including the step of:
PA1  completing the repeated reproduction of any recorded image field in the
      same reproducing operation before commencement of the reproduction of any
      further recorded image field.
NUM  25.
PAR  25. A method as claimed in claim 18, including the step of:
PA1  effecting the repeated reproduction of each recorded image field after the
      reproduction of an immediately adjacent image field in said arithmetic
      progression.
NUM  26.
PAR  26. A method as claimed in claim 25, including the step of:
PA1  reproducing each recorded image field m times, wherein m is the quotient of
      said second relative velocity divided by said first relative velocity.
NUM  27.
PAR  27. A method as claimed in claim 18, including the step of:
PA1  recording said selected image fields linearly on said recording medium and
      making the spacings between adjacent recorded image fields shorter than
      the length of a recorded image field.
NUM  28.
PAR  28. A method as claimed in claim 18, including the steps of:
PA1  providing a video recording disk having a multiply coiled recording track;
      and
PA1  recording said signals including said image fields in said multiply coiled
      recording track.
NUM  29.
PAR  29. A method as claimed in claim 18, including the steps of:
PA1  providing a video recording tape having a recording track;
PA1  winding said recording tape into a coil having multiple turns along which
      said recording track extends;
PA1  unwinding said recording tape from said coil;
PA1  recording said signals including said image fields on said unwound
      recording tape at said first relative recording medium velocity and in
      accordance with said arithmetic progression; and
PA1  rewinding said recording tape into a coil having multiple turns along which
      said recording track extends.
NUM  30.
PAR  30. In a method of playing back video information from a recording medium
      having a multiply coiled recording track containing a video recording
      produced by a method including the steps of providing signals which
      include said video information in a series of video signal quanta
      synchronized at a scan rate lower than a predetermined display scan rate,
      and recording said signals including said video signal quanta on said
      recording medium at a first relative recording medium velocity and in
      accordance with the arithmetic progression
EQU  u = a + (n - l)d
PAL  wherein:
PA1  u denotes the numbers of the quanta which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression,
PAL  the improvement comprising in combination the steps of:
PA1  reproducing said recorded signals including said recorded video signal
      quanta from said video recording in a reproducing operation effected at a
      second relative recording medium velocity being higher than said first
      velocity so that said reproduced video signal quanta are synchronized at
      said display scan rate;
PA1  repeating in the same reproducing operation the reproduction of recorded
      video signal quanta at said second relative velocity, the repeated
      reproduction of any recorded video signal quantum in the same reproducing
      operation being completed before commencement of the reproduction of any
      recorded video signal quantum whose number in said arithmetic progression
      occurs more than one term after the number of the particular video signal
      quantum; and
PA1  displaying at said display scan rate the video information contained in
      said reproduced video signal quanta.
NUM  31.
PAR  31. A method as claimed in claim 30, including the step of:
PA1  reproducing each recorded video signal quantum m times, wherein m is the
      quotient of said second relative velocity divided by said first relative
      velocity.
NUM  32.
PAR  32. A method as claimed in claim 30, including the step of:
PA1  repeatedly reproducing said recorded video signal quanta at said second
      relative velocity with more than one playback device.
NUM  33.
PAR  33. A method as claimed in claim 32, including the step of:
PA1  rotating said playback devices during said reproductions of said recorded
      video signal quanta.
NUM  34.
PAR  34. A method as claimed in claim 30, wherein said multiply coiled recording
      track is contained in a video recording disk, and wherein said reproducing
      operations include the steps of:
PA1  repeatedly reproducing said recorded signals including said recorded video
      signal quanta from said multiply coiled recording track of said video
      recording disk.
NUM  35.
PAR  35. A method as claimed in claim 30, wherein said multiply coiled recording
      track is contained on a video recording tape wound into a coil having
      multiple turns along which said recording track extends, and wherein said
      reproducing operations include the steps of:
PA1  unwinding said recording tape from said coil;
PA1  repeatedly reproducing said recorded signals including said recorded video
      signal quanta from said unwound recording tape; and
PA1  rewinding said recording tape into a coil having multiple turns along which
      said recording track extends.
NUM  36.
PAR  36. In a method of playing back video information from a recording medium
      having a multiply coiled recording track containing a video recording
      produced by a method including the steps of providing signals which
      include said video information in a series of image fields synchronized at
      a scan rate lower than a predetermined display scan rate, and recording
      said signals including said image fields on said recording medium at a
      first relative recording medium velocity and in accordance with the
      arithmetic progression
EQU  u = a + (n - l)d
PAL  wherein:
PA1  u denotes the numbers of the image fields which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression,
PAL  the improvement comprising in combination the steps of:
PA1  reproducing said recorded video signals including said recorded image
      fields in a reproducing operation at a second relative recording medium
      velocity being higher than said first velocity so that said reproduced
      image fields are synchronized at said display scan rate;
PA1  repeating in the same reproducing operation the reproduction of recorded
      image fields at said second relative velocity, the repeated reproduction
      of any recorded image field in the same reproducing operation being
      completed before commencement of the reproduction of any recorded image
      field whose number in said arithmetic progression occurs more than one
      term after the number of the particular image field; and
PA1  displaying the information contained in said reproduced image fields at
      said display scan rate.
NUM  37.
PAR  37. A method as claimed in claim 36, including the step of:
PA1  reproducing each recorded image field m times, wherein m is the quotient of
      said second relative velocity divided by said first relative velocity.
NUM  38.
PAR  38. A method as claimed in claim 36, including the step of:
PA1  repeatedly reproducing said recorded image fields at said second relative
      velocity with more than one playback device.
NUM  39.
PAR  39. A method as claimed in claim 38, including the step of:
PA1  rotating said playback devices during said reproductions of said recorded
      image fields.
NUM  40.
PAR  40. A method as claimed in claim 36, wherein said multiply coiled recording
      track is contained in a video recording disk, and wherein said reproducing
      operations include the steps of:
PA1  repeatedly reproducing said recorded signals including said recorded image
      fields from said multiply coiled recording track of said video recording
      disk.
NUM  41.
PAR  41. A method as claimed in claim 36, wherein said multiply coiled recording
      track is contained on a video recording tape wound into a coil having
      multiple turns along which said recording track extends, and wherein said
      reproducing operations include the steps of:
PA1  unwinding said recording tape from said coil;
PA1  repeatedly reproducing said recorded signals including said recorded image
      fields from said unwound recording tape; and
PA1  rewinding said recording tape into a coil having multiple turns along which
      said recording track extends.
NUM  42.
PAR  42. In apparatus for recording video information on a recording medium
      having a multiply coiled recording track, and subsequently displaying said
      video information at a display scan rate, an improvement for reducing the
      size of the recording medium relative to a size requisite for a recording
      at said display scan rate, comprising in combination:
PA1  means for providing signals which include said video information in a
      series of video signal quanta synchronized at a scan rate lower than said
      display scan rate;
PA1  means for recording said signals including said video signal quanta on said
      recording medium at a first relative recording medium velocity and in
      accordance with the arithmetic progression
EQU  u = a + (n - l)d
PAL  wherein:
PA1  u denotes the numbers of the quanta which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression; and
PA1  means for reproducing said recorded signals including said recorded video
      signal quanta at a second relative velocity being higher than said first
      velocity so that said reproduced video signal quanta are synchronized at
      said display scan rate, said reproducing means including means for
      repeating in the same reproducing operation the reproduction of recorded
      video signal quanta at said second relative velocity, said repeating means
      including means for completing the repeated reproduction of any recorded
      video signal quantum in the same reproducing operation before commencement
      of the reproduction of any recorded video signal quantum whose number in
      said arithmetic progression occurs more than one term after the number of
      the particular signal quantum.
NUM  43.
PAR  43. An apparatus as claimed in claim 42, wherein:
PA1  said reproducing means include means for reproducing each recorded video
      signal quantum m times, wherein m is the quotient of said second relative
      velocity divided by said first relative velocity.
NUM  44.
PAR  44. An apparatus as claimed in claim 42, wherein:
PA1  said recording means include means for recording on said recording medium
      all of said video signal quanta synchronized at said lower scan rate.
NUM  45.
PAR  45. An apparatus as claimed in claim 44, wherein:
PA1  said reproducing means include means for reproducing each recorded video
      signal quantum m times, wherein m is the quotient of said second relative
      velocity divided by said first relative velocity.
NUM  46.
PAR  46. An apparatus as claimed in claim 42, wherein:
PA1  said recording means include a single recording device for recording said
      signals on said recording medium; and
PA1  said reproducing means include more than one playback device.
NUM  47.
PAR  47. An apparatus as claimed in claim 46, wherein:
PA1  said recording means include means for maintaining said single recording
      device stationary during said recording; and
PA1  said reproducing means include means for rotating said playback devices
      during said reproductions of said recorded video signal quanta.
NUM  48.
PAR  48. An apparatus as claimed in claim 42, wherein:
PA1  said recording medium is a video recording disk having a multiply coiled
      recording track; and
PA1  said recording means include means for recording said signals including
      said video signal quanta in said multiply coiled recording track.
NUM  49.
PAR  49. An apparatus as claimed in claim 42, wherein:
PA1  said recording medium is a video recording tape having a recording track;
      and
PA1  said recording means include means for winding said recording tape into a
      coil having multiple turns along which said recording track extends and
      for unwinding recording tape from a coil, and means for recording said
      signals including said video signal quanta onto said unwound tape.
NUM  50.
PAR  50. An apparatus as claimed in claim 42, including:
PA1  means for providing an audio accompaniment for said video information;
PA1  means for recording said audio accompaniment on said recording medium at
      said first relative recording medium velocity; and
PA1  means for reproducing said recorded audio accompaniment during the
      reproduction of said recorded signals.
NUM  51.
PAR  51. An apparatus as claimed in claim 50, wherein:
PA1  said audio accompaniment providing means include means for compressing said
      audio accompaniment relative to real time;
PA1  said audio accompaniment recording means include means for recording said
      compressed audio accompaniment on said recording medium at said first
      relative recording medium velocity; and
PA1  said reproducing means include means for reproducing said recorded
      compressed audio accompaniment at said second relative velocity and
      restoring the real time nature of said audio accompaniment.
NUM  52.
PAR  52. An apparatus as claimed in claim 50, wherein:
PA1  said audio accompaniment recording means include means for recording said
      audio accompaniment in more than one audio channel; and
PA1  said reproducing means include means for reproducing said recorded audio
      accompaniment sequentially from said audio channels during reproduction of
      said recorded signals.
NUM  53.
PAR  53. An apparatus as claimed in claim 42, wherein:
PA1  said recording medium is a video recording disk having a multiply coiled
      recording track;
PA1  said recording means include means for recording said signals in said
      recording track; and
PA1  said reproducing means include video signal pickup means for reproducing
      recorded video signals, and means for repeatedly directing said pickup
      means onto a particular portion of said coiled recording track for a
      reproduction of a particular video signal quantum.
NUM  54.
PAR  54. In apparatus for recording video information on a recording medium
      having a multiply coiled recording track and subsequently reproducing said
      video information at a display scan rate, an improvement for reducing the
      size of the recording medium relative to a size requisite for a recording
      at said display scan rate, comprising in combination:
PA1  means for providing signals which include said video information in a
      series of image fields synchronized at a scan rate lower than said display
      scan rate;
PA1  means for recording said signals including said image fields on said
      recording medium at a first relative recording medium velocity and in
      accordance with the arithmetic progression
EQU  u = a + (n - l)d
PAL  wherein:
PA1  u denotes the numbers of the image fields which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression; and
PA1  means for reproducing said recorded signals including said image fields at
      a second relative velocity being higher than said first velocity so that
      said reproduced image fields are synchronized at said display scan rate,
      said reproducing means include means for repeating in the same reproducing
      operation the reproduction of recorded image fields at said second
      relative velocity, said repeating means including means for completing the
      repeated reproduction of any recorded image field in the same reproducing
      operation before commencement of the reproduction of any recorded image
      field whose number in said arithmetic progression occurs more than one
      term after the number of the particular image field.
NUM  55.
PAR  55. An apparatus as claimed in claim 54, wherein:
PA1  said reproducing means include means for reproducing each recorded image
      field m times, wherein m is the quotient of said second relative velocity
      divided by said first relative velocity.
NUM  56.
PAR  56. An apparatus as claimed in claim 54, wherein:
PA1  said recording means include means for recording on said recording medium
      all of said image frames synchronized at said lower scan rate.
NUM  57.
PAR  57. An apparatus as claimed in claim 56, wherein:
PA1  said reproducing means include means for reproducing each recorded image
      field m times, wherein m is the quotient of said second relative velocity
      divided by said first relative velocity.
NUM  58.
PAR  58. An apparatus as claimed in claim 54, wherein:
PA1  said recording means include a single recording device for recording on
      said recording medium said signals including said image fields
      synchronized at said lower scan rate; and
PA1  said reproducing means include more than one playback device.
NUM  59.
PAR  59. An apparatus as claimed in claim 58, wherein:
PA1  said recording means include means for maintaining said single recording
      device stationary during said recording; and
PA1  said reproducing means include means for rotating said playback devices
      during said reproductions of said recorded image fields.
NUM  60.
PAR  60. An apparatus as claimed in claim 54, wherein:
PA1  said reproducing means include means for completing the repeated
      reproduction of any recorded image field in the same reproducing operation
      before commencement of the reproduction of any further recorded image
      field.
NUM  61.
PAR  61. An apparatus as claimed in claim 54, wherein:
PA1  said reproducing means include means for effecting the reproduction of each
      recorded image field after the reproduction of an immediately adjacent
      image field in said arithmetic progression.
NUM  62.
PAR  62. An apparatus as claimed in claim 61, wherein:
PA1  said reproducing means include means for reproducing each recorded image
      field m times, wherein m is the quotient of said second relative velocity
      divided by said first relative velocity.
NUM  63.
PAR  63. An apparatus as claimed in claim 54, wherein:
PA1  said recording means include means for recording said selected image fields
      linearly on said recording medium, and means for making the spacings
      between adjacent recorded image fields shorter than the length of a
      recorded image field.
NUM  64.
PAR  64. An apparatus as claimed in claim 54, wherein:
PA1  said recording medium is a video recording disk having a multiply coiled
      recording track; and
PA1  said recording means include means for recording said signals including
      said image fields in said multiply coiled recording track.
NUM  65.
PAR  65. An apparatus as claimed in claim 54, wherein:
PA1  said recording medium is a video recording tape having a recording track;
      and
PA1  said recording means include means for winding said recording tape into a
      coil having multiple turns along which said recording track extends and
      for unwinding recording tape from a coil, and means for recording said
      signals including said image fields onto said unwound tape.
NUM  66.
PAR  66. In apparatus for playing back video information from a recording medium
      having a multiply coiled recording track containing a video recording
      procedure by a method including the steps of providing signals which
      include said video information in a series of video signals quanta
      synchronized at a scan rate lower than a predetermined display scan rate,
      and recording said signals including said video signal quanta on said
      recording medium at a first relative recording medium velocity and in
      accordance with the arithmetic progression
EQU  u = a + (n - l)
PAL  wherein:
PA1  u denotes the numbers of the quanta which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression,
PAL  the improvement comprising in combination:
PA1  means for reproducing said recorded signals including said recorded video
      signal quanta from said video recording at a second relative velocity
      being higher than said first velocity so that said reproduced video signal
      quanta are synchronized at said display scan rate, said reproducing means
      including means for repeating in the same reproducing operation the
      reproduction of recorded video signal quanta at said second relative
      velocity, said repeating means including means for completing the repeated
      reproduction of any recorded video signal quantum in the same reproducing
      operation before commencement of the reproduction of any recorded video
      signal quantum whose number in said arithmetic progression occurs more
      than one term after the number of the particular signal quantum.
NUM  67.
PAR  67. An apparatus as claimed in claim 66, wherein:
PA1  said reproducing means include means for reproducing each recorded video
      signal quantum m times, wherein m is the quotient of said second relative
      velocity divided by said first relative velocity.
NUM  68.
PAR  68. An apparatus as claimed in claim 66, wherein:
PA1  said recording means include means for recording on said recording medium
      all of said video signal quanta synchronized at said lower scan rate.
NUM  69.
PAR  69. An apparatus as claimed in claim 68, wherein:
PA1  said reproducing means include means for reproducing each recorded video
      signal quantum m times, wherein m is the quotient of said second relative
      velocity divided by said first relative velocity.
NUM  70.
PAR  70. An apparatus as claimed in claim 66, wherein:
PA1  said reproducing means include more than one playback device.
NUM  71.
PAR  71. An apparatus as claimed in claim 70, wherein:
PA1  said reproducing means include means for rotating said playback devices
      during said reproductions of said recorded video signal quanta.
NUM  72.
PAR  72. In apparatus for playing back video information from a recording medium
      having a multiply coiled recording track containing a video recording
      produced by a method including the steps of providing signals which
      include said video information in a series of image fields synchronized at
      a scan rate lower than a predetermined display scan rate, and recording
      said signals including said image fields on said recording medium at a
      first relative recording medium velocity and in accordance with the
      arithmetic progression
EQU  u = a + (n - l)d
PAL  wherein:
PA1  u denotes the numbers of the image fields which are recorded,
PA1  a and d are positive integers above zero, and
PA1  n is the order of any term in the progression,
PAL  the improvement comprising in combination:
PA1  means for reproducing said recorded signals including said recorded image
      fields from said video recording at a second relative velocity being
      higher than said first velocity so that said reproduced image fields are
      synchronized at said display scan rate, said reproducing means including
      means for repeating in the same reproducing operation the reproduction of
      recorded image fields at said second relative velocity, said repeating
      means including means for completing the repeated reproduction of any
      recorded image fields in the same reproducing operation before
      commencement of the reproduction of any recorded image fields whose number
      in said arithmetic progression occurs more than one term after the number
      of the particular image field.
NUM  73.
PAR  73. An apparatus as claimed in claim 72, wherein:
PA1  said reproducing means include means for reproducing each recorded image
      field m times, wherein m is the quotient of said second relative velocity
      divided by said first relative velocity.
NUM  74.
PAR  74. An apparatus as claimed in claim 72, wherein:
PA1  said recording means include means for recording on said recording medium
      all of said image fields synchronized at said lower scan rate.
NUM  75.
PAR  75. An apparatus as claimed in claim 74, wherein:
PA1  said reproducing means include means for reproducing each recorded image
      field m times, wherein m is the quotient of said second relative velocity
      divided by said first relative velocity.
NUM  76.
PAR  76. An apparatus as claimed in claim 72, wherein:
PA1  said reproducing means include more than one playback device.
NUM  77.
PAR  77. An apparatus as claimed in claim 76, wherein:
PA1  said reproducing means include means for rotating said playback devices
      during said reproductions of said recorded image fields.
NUM  78.
PAR  78. An apparatus as claimed in claim 72, wherein:
PA1  said reproducing means include means for completing the repeated
      reproduction of any recorded image field in the same reproducing operation
      before commencement of the reproduction of any further recorded image
      field.
NUM  79.
PAR  79. An apparatus as claimed in claim 72, wherein:
PA1  said reproducing means include means for effecting the reproduction of each
      recorded image field after the reproduction of an immediately adjacent
      image field in said arithmetic progression.
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ABST
PAL  A system for providing a display of information to a helicopter pilot
       perting the pilot to hover over a fixed land position selected while in
      flight includes a television monitor upon whose screen the pilot sees the
      forward scene on the top portion of the screen and the scene beneath the
      helicopter on the bottom portion of the screen. The bottom portion of the
      monitor screen is provided with symbols whose position or length varies
      and which represent altitude, ascent or descent velocity, rate and
      direction of movement, acceleration and the position of the helicopter
      relative to a selected ground object. The system includes a mirror which
      may be positioned to reflect the ground into one-half of the viewing angle
      of the image camera, the mirror being stabilized against pitch and roll by
      a motor system controlled by a gyroscope system.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      U.S. Government for governmental purposes without the payment of any
      royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to information display systems for aircraft
      guidance and more particularly to such a system for presenting sufficient
      information to a helicopter pilot to enable him to check the area for
      obstacles and to hover over a selected ground location.
PAR  At the present time a pilot, during the day and if the day is clear, can
      visually recognize objects on the ground or land features. He may then
      maneuver his helicopter and hover over a target object or feature by
      visually aligning his helicopter with other ground features and watching
      his altimeter. The accuracy of his hovering maneuver depends on his own
      skill and the availability of visible terrain features. A skilled
      helicopter pilot can, for example, hover and descend directly over an
      injured person who is to be evacuated and can maintain a hover position
      within 15 feet of a selected ground feature.
PAR  The presence of fog, smoke or nighttime operation presents an entirely
      different problem to a pilot who wishes to locate a certain ground
      position and accurately hover over that position. The problem is less
      serious if the area is lighted, for example, by flares or spotlights, or
      if the night is illuminated by bright moonlight or if the helicopter is
      equipped with a spotlight and the pilot is able to use it. However, there
      are occasions, particularly in military combat situations, where lights
      cannot be used without revealing the presence, to the enemy, of the
      helicopter (in the case of a helicopter spotlight or flare) or the
      presence of ground personnel (in the case of ground lighting). Such
      nighttime and hidden operations may be required, for example, to evacuate
      a pilot shot down behind enemy lines, to supply an isolated outpost in the
      possible presence of enemy troops, or to attack enemy tanks or other enemy
      forces under cover of darkness.
PAR  It is an objective of the present invention to provide an information
      display system for use by a helicopter pilot which would enable the pilot
      to hover his helicopter over any ground position selected by him.
PAR  It is an objective of the present invention to provide an information
      display system for use by a helicopter pilot which will provide sufficient
      information so that, without excessive training time or unusual pilot
      skill, he may hover within a few feet of his selected ground object or
      feature.
PAR  It is an objective of the present invention to provide such an information
      display system for use by a helicopter pilot which will permit him to
      hover over a target even in the fog or at night without artificial
      illumination of the target or its area and without the presence of
      moonlight.
PAR  It is an objective of the present invention to provide an information
      display system for use by a helicopter pilot which will present on a
      screen simultaneously information about the area forward of the helicopter
      and information about the area underneath the helicopter; and both sets of
      information will be in their usual vertical order, with the forward area
      presented above the ground area, for ready comprehension.
PAR  It is an objective of the present invention to provide an information
      display system for use by a helicopter pilot which will show, using a
      representative symbol on a screen, the position of the aircraft in
      relationship to the features or objects on the ground.
PAR  It is an objective of the present invention to provide an information
      display system for use by a helicopter pilot which will show, using
      representative symbols on a screen, the altitude of the helicopter and the
      rate (velocity) of its ascent or descent.
PAR  It is an objective of the present invention to provide an information
      display system for use by a helicopter pilot which will show, using
      representative symbols on a screen, the velocity or movement of the
      aircraft relative to a selected ground object and its acceleration
      relative to such object.
PAR  It is a feature of the present invention to provide a system for displaying
      information to a pilot to enable him to hover his helicopter over a
      selected location. The system includes an image camera, such as a
      forward-looking infrared sensor or television camera or the like, having
      an effective viewing angle and mounted on the helicopter so that said
      viewing angle is substantially forward looking. Hereinafter the term
      "image camera" will include any device which can generate a picture of an
      area. A mirror is positionable so that it may be located within the
      viewing angle to thereby reflect ground information to the camera when the
      helicopter is hovering. The system also includes means to stabilize the
      mirror against the pitch and roll of said helicopter, a television monitor
      mounted within the helicopter, and means to transmit and invert the image
      from the image camera to the television monitor. Consequently, the image
      reflected from the stabilized mirror will appear in the bottom portion of
      the monitor screen.
PAR  In one embodiment of the present invention the means to stabilize the
      mirror includes a gimbal mounting fixed to the helicopter and a bracket
      fixed to the mirror, a first and a second shaft perpendicular to each
      other, a first motor and a second motor to respectively position the first
      shaft and the bracket, two motor control means each to control each of
      said motors, and a pitch and roll gyroscope connected to provide position
      signal information to respective ones of said motor control means.
PAR  It is a further feature of the present invention to provide, in the system,
      a pair of position sensing transducers and a pair of electronic
      amplifiers, those transducers and amplifiers being connected to provide
      shaft position feedback to the respective motor control means.
PAR  It is a further feature of the present invention to provide, on the lower
      portion of the monitor viewing screen, means to symbolically represent and
      display the position and rate of direction of movement of the helicopter.
PAR  The lower portion of the viewing screen preferably also shows means to
      symbolically represent and display the acceleration and direction of
      acceleration of the helicopter and means to symbolically represent and
      display the altitude and rate of ascent or descent of the helicopter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objectives and features of the present invention will be apparent
      from the detailed description which follows and which provides the
      inventor's best mode of practicing the said invention, the detailed
      description being taken in conjunction with the accompanying drawings.
PAR  In the drawings:
PAR  FIG. 1 is a block schematic diagram of the system of the present invention;
PAR  FIG. 2 is a side plan view of the stabilized mirror of the system shown in
      FIG. 1;
PAR  FIG. 3 is a front plan view of the bottom portion of the television monitor
      of the system of FIG. 1 showing the electronically generated symbols
      presented to the helicopter pilot; and
PAR  FIG. 4 is a front plan view of the pilot's mirror control unit.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As shown in FIG. 1, the entire system is mounted within an aircraft and
      includes a mirror 10 which is automatically positioned within the viewing
      angle of the image camera 11 under control of the pilot 60. The image
      camera 11 may be of various types, for example, it may be a forward
      looking infra-red optical system which converts the infra-red radiation
      present at night to a visible form. Alternatively, camera 11 may be a low
      light level television camera which may operate at night by the low level
      light obtained from starlight or moonlight or the camera 11 may be a
      normal television camera which operates under daylight conditions or using
      a search light. The camera 11 is fixedly mounted on the aircraft and the
      aircraft would generally be a helicopter capable of a hovering operation.
      The camera 11 is connected to an electronics shaping circuit 12 which, in
      the case of the forward looking infrared camera, will convert the incoming
      signals from camera 11 to an output which is in the form of conventional
      video signals. The video signals from the electronic shaping circuit 12
      are transmitted by a video cable 13 to a video combiner 14. The video
      combiner 14 may be a mixer which combines two different video signals so
      that they may be both portrayed on the television monitor screen as a
      superimposed picture. A suitable video combiner is available from Dynair
      Company of California.
PAR  The video signal from the video combiner 14 is transmitted by video cable
      15 to the image inverter 16. The image inverter 16 functions to correct
      the image inversion of the fore-aft downlooking presentation caused by the
      mirror and to place the image which would otherwise be at the top portion
      of the television monitor and re-position it to the bottom portion of the
      television monitor and similarly to re-position the image which would be
      otherwise at the bottom portion, for example, the bottom 40%, of the
      television monitor and re-position is so that it is at the top portion of
      the television monitor. The image inverter 16 is required because the
      mirror 10 inverts the reflected image and would otherwise place the ground
      portion of the image at the top of the television monitoring screen. The
      helicopter pilot, however, is habituated to seeing the ground at the
      bottom of his view, the horizon next, and the sky area at the top. The
      image inverter 16 preferably is an electronic system which alters the
      vertical raster, i.e., the order of the vertical scan. Instead of starting
      from the top and progressing from the top downward, the vertical scan may
      start at the bottom, go to the center, and then skip to the top and go
      from the top to the center. The image inverter 16 will provide,
      consequently, this conventional type of image on the television monitor
      18, to which it is connected by video cable 17.
PAR  The television monitor 18 may be a conventional television monitor
      available from various manufacturers, such as RCA Corporation of New
      Jersey or Conrac Corporation. In addition to the image of the scene in
      front of the aircraft (which is produced by the lower 20.degree. of the
      viewing angle of camera 11) and the image of the scene beneath the
      aircraft (which is produced by the camera 11 viewing the scene reflected
      from the mirror 10) the television monitor 18 at the bottom portion of its
      screen also presents a set of active symbols representing flight
      information. This set of active electronically generated symbols
      representing flight information is obtained from instrumentation which
      would normally be in the aircraft for flying purposes, although,
      alternatively, additional instruments may be used to provide certain
      active symbols. By "active symbols" is meant that the visual symbol is
      produced on the screen by the TV gun and is seen as moving, for example,
      becomes longer or moves position, in proportion to the element represented
      by the symbol. Preferably, the information provided by the symbols
      includes the rate of climb, which may be obtained from the instantaneous
      vertical speed indicator; the altitude, which may be obtained from an
      altitude radar; the acceleration in the horizontal direction, which may be
      obtained from an attitude gyroscope; and the velocity and direction of
      velocity, which may be obtained, for example, from a doppler velocity
      radar or from the image motion sensor system 30 shown in FIG. 1.
PAR  The image motion system 30 includes a first image motion sensor 31 which is
      fixed to the aircraft and has a sensing element which is directed at and
      views the stabilized mirror 10. This image motion sensor 31, as well as
      the other components of the image motion sensing system, is available from
      Actron Industries of Monrovia, Cal. The image motion sensor 31 may be
      stabilized or mounted in a strap-down version, as shown at 37. The switch
      32 indicates that when either version of mounting the image motion sensor
      is used, the sensor is still connected to band-pass filter 33 which in
      turn is connected to the pulse former 34. The pulse former 34 is connected
      to a rate comparator 35 which provides an output signal which represents
      i.e., is directly proportional to, the velocity of the aircraft divided by
      the height of the aircraft. That output is connected to one of the inputs
      of differential amplifier 36.
PAR  A rate gyroscope 38, fixed to the aircraft, is connected by line 39 as the
      second input of the differential amplifier 36 and provides the aircraft's
      rate. When the image motion sensor is used in the strap-down version 37 or
      fixed to the airframe, the rotational rates of the helicopter must be
      subtracted from the translational rate by the rate gyroscope 38. The
      differential amplifier 36 provides its output to the signal conditioner
      40. The signal conditioner 40 is connected by line 41 to the "TITED"
      display 42 described in further detail below, which generates the
      representatives symbols. The other inputs to the signal conditioner 40 are
      from other aircraft instruments which provide a basis for the symbology to
      be displayed on the television monitor 18. One of the inputs to the signal
      conditioner 40 is from the rate of climb instrument 50, providing the rate
      of ascent or descent. A still further input to signal conditioner 40 is
      from the radar altimeter 51, providing the aircraft's height. A still
      further input to signal conditioner 40 is from the accelerometer 52 which
      alternatively could be an attitude gyroscope. As explained before, a still
      further input, which is alternative to the image motion sensor system
      (including the image motion sensors 31 and 37) would be a doppler velocity
      radar 53 or an inertial system, either of which would provide a signal
      proportional to the velocity of the aircraft.
PAR  As shown in FIG. 1, the pilot 60 watches the television monitor 18 and
      guides the aircraft in accordance with the symbols and scenes presented to
      him on the television monitor 18. As shown in FIG. 4, the pilot 60 is
      provided with bias controls 56, 57 on the pilot mirror control unit 59
      which provide electrical signals to change the direction or angle of the
      mirror and gives the pilot 60 the ability to look at different areas below
      or in front of the helicopter. The pilot mirror control unit 59 also has
      an on-off switch 58 which selects the mode of the mirror 10 either for a
      down-looking presentation or a stored mirror position with only a
      forward-looking presentation. The signals representing the movement of the
      controls are sent over the lines 61 and 62 to the signal conditioners 63
      and 64. The signal conditioners are connected by respective lines 65 and
      66, as one of the inpts to their respective signal amplifiers 67 and 68. A
      second input to the signal amplifier 67 is from the signal conditioning
      circuit 70, which conditioning circuit 70 is connected by line 71 to the
      vertical gyroscope 72.
PAR  The vertical gyroscope 72 provides an electrical signal representing pitch
      on line 71 to the signal conditioning circuit 70. The vertical gyroscope
      72 provides electrical signals representative of both pitch and roll and
      is a normal instrument found within the aircraft and is normally used in
      connection with the attitude instruments. Alternatively, other aircraft
      may have inertial platforms, utilized for navigational purposes, which
      inertial platforms outputs provide signals representative of the pitch and
      roll of the aircraft. Those pitch and roll signals may be used alternative
      to those described in connection with the vertical gyroscope 72. The roll
      signal from the vertical gyroscope 72 is provided on line 73 to the signal
      conditioner 74 which in turn is connected by line 75 to the signal
      amplifier 68.
PAR  The signal amplifier 67 is connected by line 80 to a power amplifier 81
      which is the control for the motor 82. Motor 82 is a precise positioning
      motor whose output shaft is fixed to, or otherwise controls, the pitch
      gimbal to which mirror 10 is directly, or indirectly, fastened. The motor
      82 will turn the pitch gimbal 89 so that the mirror 10 is stabilized
      against pitch, i.e., regardless of the pitch of the aircraft the mirror 10
      will remain stable in relationship to the ground. The pitch gimbal is
      physically connected to a position transducer 83 whose electrical signal
      output is connected by line 84 to the signal amplifier 67. The motor 82
      has its output shaft connected to tachometer 85 whose electrical signal is
      provied over line 86 as an input to the signal amplifier 67.
PAR  A similar system exists for the control of the roll gimbal. It comprises
      the signal amplifier 68 whose output controls the power amplifier 90 which
      in turn is the control for the precision position motor 91. The roll
      gimbal 92 also contains a position transducer 93 whose electrical signal
      output is transmitted by line 94 to the signal conditioner 74 and to the
      signal amplifier 68. The roll gimbal 92 also contains a tachometer 95
      whose signal output on line 96 is to the input of the signal amplifier 68.
      The position transducers 93 and 83 may be precision feedback
      potentiometers which provide an electrical signal in accordance with the
      exact physical position of their respective motor shafts.
PAR  As shown in FIG. 2, the mirror 10 is stabilized in reference to the ground
      and preferably will be compensated for .+-.15.degree. of either pitch or
      roll, or both pitch and roll, about the hover position. The mirror 10 is
      shown, in full lines, in 20.degree. (one-half) of the viewing angle of the
      camera 11 and may be withdrawn, to the dashed line position, when not
      being used. The mirror is behind window 153, which may be a germanium
      window in the case of a night sensor camera 11. The mirror 10 is fixed, at
      its rear surface, to bracket 150 whose opposite end supports a
      counter-weight 151. The bracket 150 is pivoted on support shaft 152. The
      pitch motor 82 is fixedly mounted on the bracket 150 so that its support
      shaft 152 (output shaft of motor 82) will turn the bracket, i.e., the
      motor 82 turns relative to its support shaft 152 which shaft does not
      rotate about its axis. The roll motor 91 is fixed to the gimbal support
      154 and the output shaft of the roll motor is perpendicular to, and fixed
      to, the support shaft 152. Consequently, the turning of the roll motor
      shaft will turn the support shaft 152 in a direction about perpendicular
      to its axis.
PAR  The "TITED" (Tactical Avionics Systems Simulation Integrated Trajectory
      Error Display) display provides electrical control signals for the gun of
      the TV monitor 18 so that symbols representing altitude, rate of ascent or
      descent, helicopter position, helicopter velocity and helicopter
      acceleration are shown in the bottom portion of the screen TV monitor 18.
PAR  The general type of digital electronic system for generating the displays
      is described in Technical Report ECOM-4094 (OSD-1366) "Attitude Line
      Generator For Television Displays" by C. J. Capriglione and E. A. Karcher,
      March 1973, and in Technical Report ECOM-4184 (OSD-1366) "Preflight Test
      Simulation of Superimposed Integrated Trajector Error Displays," by C.
      Tsoubanos and R. Covington, January 1974. In general a continuous line is
      generated, representing helicopter velocity and direction. The direction
      of the line indicates aircraft direction and its length indicates
      velocity.
PAR  As shown in FIG. 3 the bottom portion 100 of the screen of the TV monitor
      18 has a set of horizontal fixed marks which are the altitude and rate of
      climb scale 102 including a reference mark 101. Preferably the bottom
      portion is about 40% of the screen. A vertical thick line 104 becomes
      higher or lower and is the line representing altitude relative to ground
      line 103. A rectangular shaped symbol 105 moves up and down next to marks
      102 and represents rate of climb.
PAR  A circle 106 which is fixed represents the helicopter and a line 107,
      starting from circle 106, represents velocity, the length of line 107
      being proportional to velocity, i.e., horizontal movement of the
      helicopter relative to ground. A small circle 108 represents acceleration
      and its movement, around the center of the circle 106, represents
      direction of acceleration.
PAR  These electronically derived symbols permit a pilot to maintain a hovering
      position within 5 feet of the selected location (ground reference) for
      mission completion utilizing the stabilized mirror and system of the
      present invention. It is realized that the symbols for altitude and
      altitude rate duplicate information normally obtained from flight
      instrumentation; however, the presence of those symbols on the TV monitor
      screen permits the pilot to maintain a hover position by only watching the
      screen, minimizing loss of time in scanning the instruments.
PAR  Alternatively, and less preferred, additional electronically derived
      symbols may be presented. For example, the bottom portion of the screen
      may also display such symbols representing torque, an artificial horizon
      and a zero pitch reference and airspeed.
PAR  FIG. 2 is a drawing showing in greater detail the pitch gimbal 96 and the
      roll gimbal 92 and their relationship to the mirror 10. Preferably the
      mirror 10 may be removed from in front of a camera 11, for example, by a
      separate solenoid operated retracting mechanism. This will enable the
      camera 11 to be a full field of forward vision, for example, a full
      40.degree. over forward vision when the pilot wishes to see forward and
      does not wish to see the ground. Alternatively, when the pilot wishes to
      see both the ground and forward at the same time, he operates a control
      button which swings the mirror mechanism into position in front of
      one-half of the viewing angle of the camera 11. The mirror 10 is shown in
      FIG. 2 in heavy lines in its position in front of 20.degree. of the
      viewing angle of camera 11 and is shown in its withdrawn position in dash
      lines.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for displaying information to enable a helicopter to hover over
      a selected location, said system including an image camera having an
      effective viewing angle and mounted on said helicopter so that said
      viewing angle is substantially forward looking;
PA1  a mirror positionable within said viewing angle to reflect ground
      information to said camera when the helicopter is hovering;
PA1  means to stabilize said mirror against the pitch and roll of said
      helicopter;
PA1  a television monitor mounted within the helicopter; and
PA1  means to transmit and invert the image from the image camera to the
      television monitor so that the image reflected from said mirror will
      appear in the bottom portion of said monitor screen and the images not
      reflected from said mirror will appear in the top portion of said monitor
      screen.
NUM  2.
PAR  2. A system as in claim 1 wherein said image camera is a low light level
      television camera.
NUM  3.
PAR  3. A system as in claim 1 wherein said image camera is an infrared night
      sensor.
NUM  4.
PAR  4. A system as in claim 1 wherein the means to stabilize the mirror
      includes a gimbal mounting fixed to said helicopter, a first and a second
      shaft perpendicular to each other and said first shaft being rotatable in
      relationship to said gimbal mounting, and a first motor and a second motor
      to respectively position said mirror relative to said first and second
      shafts, two motor control means each to control each of said motors, and a
      pitch and roll gyroscope connected to provide pitch and roll position
      information signals to respective ones of said motor control means.
NUM  5.
PAR  5. A system as in claim 4 and further including a pair of shaft position
      sensing transducers and a pair of electronic amplifiers, one of said
      transducers and amplifiers connected to provide position feedback to the
      respective motor control means.
NUM  6.
PAR  6. A system as in claim 1 and including mirror mounting means which mount
      said mirror so that, under operator control, it is positioned within said
      viewing angle or alternatively withdrawn therefrom.
NUM  7.
PAR  7. A system for displaying information to enable a helicopter to hover over
      a selected location, said system including an image camera having an
      effective viewing angle and mounted on said helicopter so that said
      viewing angle is substantially forward looking;
PA1  a mirror positionable within said viewing angle to reflect ground
      information to said camera when the helicopter is hovering;
PA1  means to stabilize said mirror against the pitch and roll of said
      helicopter;
PA1  a television monitor mounted within the helicopter;
PA1  means to transmit and invert the image from the image camera to the
      television monitor so that the image reflected from said mirror will
      appear in the bottom portion of said monitor screen and the image not
      reflected from said mirror will appear in the top portion of said monitor
      screen; and
PA1  means to symbolically represent and display the position and direction of
      movement of the helicopter and said bottom portion of said monitor screen.
NUM  8.
PAR  8. A system as in claim 7 and further including means to symbolically
      represent and display the acceleration and direction of movement of said
      helicopter on said bottom portion of said monitor screen.
NUM  9.
PAR  9. A system as in claim 7 and further including means to symbolically
      represent and display the altitude and rate of ascent or descent of the
      helicopter on said bottom portion of said monitor screen.
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ABST
PAL  A device for the elimination of the effect of background radiation on the
      image representation in an IR-camera comprises scanning elements and a
      detector for the conversion of IR-radiation to a video signal and this
      video signal is supplied to an image representation unit via an a.c.
      voltage-coupled circuit, an image signal and a background signal appearing
      periodically and separate from each other in the camera.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many IR-cameras a scanning element is arranged in front of an
      IR-detector, said element consisting of rotating prisms of e.g. silicon.
      Scanning elements are also used which contain tilting mirrors and
      rotating, reflecting drums. Such a scanning element causes the scanned
      object to be scanned in two directions.
PAR  Such scanning elements are operative so that the IR-detector, beside
      receiving radiation from the scanned object, also receives radiation from
      the camera housing and other parts included in the scanning device.
PAR  Owing to the manner of action of the scanning element only a certain
      portion of a sweep in the line and frame part can be used as a video
      signal. This part is approximately 70% of the sweep. The remaining part
      (30% or more) of the sweep is not pure image information but contains a
      signal from the scanning element itself.
PAR  A standard type of IR-camera is designed so that the detector signal is
      d.c. voltage-coupled to the image tube. This is often a good solution, but
      in certain applications, where the temperature level of the object is of
      no interest, it is nevertheless a disadvantage to always have to balance
      out manually the detector signal to zero (grey image) in order to obtain a
      true grey-tone image. The balancing depends upon the absolute temperature
      of the object concerned, and if, for example, in the first place the
      grey-tone image is balanced with an IR-camera directed towards a certain
      object for the study of the same, and subsequently the camera is directed
      towards another object at a somewhat different temperature level, a new
      balancing will have to be carried out.
PAR  To avoid this manual balancing, it is appropriate to a.c. voltage-couple
      the detector signal to the image tube. According to the known technique,
      the procedure is usually to insert a capacitor in the amplifier chain in
      series with the amplifier. On the output side of the capacitor the video
      signal mean value is then assumed to be zero, possibly with a constant
      voltage added from a separate adjusting element so as to adapt the d.c.
      voltage level of the signal to the grey level of the cathode-ray tube
      included in the image representation unit. As mentioned earlier, it is
      only a certain portion of the video signal which contains the desired
      information. It is not desirable that the portion of the video signal
      which does not contain valuable information should influence the
      mean-value formation in the a.c. voltage coupling in the system, since the
      automatic balancing would then be incorrect.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention such an influence by this undesired signal
      is prevented by blocking the video signal during these parts of the sweep
      when the video signal contains undesired information.
PAR  The characteristics of the invention will be evident from the enclosed
      claims.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in detail with the help of the enclosed
      drawing, which in FIG. 1 shows an example of a wiring diagram of an a.c.
      voltage-coupled IR-camera in accordance with the invention. FIG. 2 shows
      in diagrammatic form signals at different points in FIG. 1.
DETD
PAR  In the example according to FIG. 1 it is assumed that the heat radiation of
      an object 1 is to be examined with the help of an IR-camera. The
      IR-radiation of the object 1 is converted by means of an IR-detector 4 to
      an electric video signal. In front of this IR-detector 4 lenses 2 and a
      scanning element 3 are arranged. In a conventional d.c. voltage-coupled
      IR-camera the video signal is fed from the detector via an amplifier 7
      across a switch 11 which is then assumed to be closed and a further
      amplifier 12 to a cathode-ray tube 14. The manual balancing mentioned
      above is carried out with the help of a slide rheostat 5 connected between
      a voltage source 6 and for example earth.
PAR  The a.c. voltage-coupling can be included in that a capacitor 10 is
      connected in parallel with the switch 11. The a.c. voltage-coupling is
      obtained when the switch 11 is opened. However, such an a.c.
      voltage-coupling will not function satisfactorily in accordance with what
      was said before, since the video signal during a large part of the sweep
      contains undesired information from the camera housing and different
      details in the scanning element.
PAR  In accordance with the invention the capacitor 10 is connected in series
      with a switching means 8 which breaks the video signal during the time
      when the video signal, as mentioned earlier, contains undesired
      information.
PAR  The switching means 8 is controlled from the scanning element 3 so that
      synchronization of the function of the switching means is obtained, which
      of course is possible since it is the scanning device which causes the
      video signal during a large part of the time to contain undesired
      information. This can be arranged for example so that if the scanning
      element consists of one or more rotating prisms, the angular position of
      these determines whether the video signal is to be broken or not, since it
      is when these prisms assume certain angular positions that undesired
      information will enter into the video signal.
PAR  As an example of a switching means, a field effect transistor has been
      indicated in the drawing.  It should be pointed out, however, that other
      types of electrical and electromechanical breaking means can likewise be
      used. The control input 9 of the field effect transistor 8 is connected to
      a logic unit 13, which picks up the position of the scanning element 3 and
      depending thereupon controls the field effect transistor to close or to
      open the path for the video signal.
PAR  During the time the field effect transistor is blocked (the impedance in
      the field effect transistor is high) the signal to the video amplifier is
      negligible. This means that the mean value (grey tone) in the image is
      determined only by the part of the video signal which contains the desired
      image information.
PAR  On the output side of the capacitor 10 a circuit 15, 16 has been indicated
      on the drawing, consisting of a fixed and a variable resistor 15 and a
      d.c. voltage terminal 16 for the adjustment of the d.c. voltage level of
      the video signal, by means of which the mean value of the video signal can
      thus be adapted to the image representation unit.
PAR  FIGS. 2a-c show the signal at three different points in the device
      according to FIG. 1. In FIG. 2 the horizontal axis is a time axis and the
      vertical axis is a voltage axis. In FIG. 1 the signals U.sub.1, U.sub.2
      and U.sub.3 are indicated at three points corresponding to FIG. 2a, 2b and
      2c, respectively.
PAR  In accordance with the above the signal U.sub.1 contains a video signal
      with on the one hand the desired information and on the other hand the
      undesired information. With the usually occurring scanning devices the
      undesired information will periodically enter into the video signal. In
      FIG. 2a a period of the video signal has been marked T and the part of the
      period which contains the undesired information is marked T.sub.1
      -T.sub.2, and the part of the video signal period which contains desired
      information is marked T.sub.2 -T.sub.3.
PAR  The mean value U.sub.ml of the signal U.sub.1 during a period T according
      to FIG. 2a is
      ##EQU1##
PAR  During the period T.sub.1 -T.sub.2 no new information (signal) is supplied
      to the capacitor 10 because the switching means 8 is open and blocks the
      signal. The voltage over the capacitor 10 will be the same during the time
      T.sub.1 -T.sub.2 as it was at time T.sub.1. This is shown in FIG. 2b.
PAR  The mean value U.sub.m2 of the signal U.sub.2 in FIG. 2b can be written:
      ##EQU2##
PAR  The signal U.sub.2 is the signal appearing at a point between the breaking
      means 8 and the capacitor 10.
PAR  The signal U.sub.3 on the opposite side of the capacitor 10 will consist of
      the a.c. voltage part of signal U.sub.2, since the capacitor 10 does not
      transmit the d.c. voltage.
PAR  The a.c. voltage signal will exist only during the period T.sub.2 -T.sub.3
      and the signal U.sub.3 will therefore have the appearance according to
      FIG. 2c.
PAR  This means that the mean value in the image, which is shown by the
      cathode-ray tube 14, will be determined only by the a.c. voltage part of
      the video signal containing the desired image information (FIG. 2c).
PAR  Although this invention has been described with respect to its preferred
      embodiments, it should be understood that many variations and
      modifications will now be obvious to those skilled in the art, and it is
      preferred, therefore, that the scope of the invention be limited, not by
      the specific disclosure herein, only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for the elimination of the effect of background radiation on
      the image representation in an IR-camera, which comprises scanning
      elements and a detector for the conversion of IR-radiation to a video
      signal, a-c coupling means for coupling said video signal to an image
      representation unit, said video signal including an image signal and a
      background signal appearing periodically and separate from each other on
      said detector, switching means in the path of the video signal between
      said detector and said a-c coupling means therefor, said switching means
      being operative to open and close the signal path for the video signal
      periodically under control from said scanning element, whereby only the
      part of the video signal which contains said image signal is passed to
      said image representation unit.
NUM  2.
PAR  2. A device in accordance with claim 1, wherein said switching means
      includes a field effect transistor, said field effect transistor having a
      control input connected to a logic unit operative to pick up the position
      of the scanning element to thereby control said field effect transistor to
      close or open the path for the video signal.
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PAL  A digital special effects generator combines two or more video signals
      under the control of a control lever or programmable hardware. Forward and
      reverse horizontal, vertical and corner wipes as well as a QUAD effect
      where four video signals may be simultaneously displayed are among the
      effects obtainable. An improved analog-to-digital converter is utilized to
      generate a digital signal representative of the position of the control
      lever, and a digital quantizer is used in conjunction with the
      analog-to-digital converter to eliminate jitter in the digital signal. The
      transition between video signals is controlled by comparing the digital
      lever position representative signal with a digital signal representative
      of the scanning beam position, and providing a video transition signal
      when a predetermined relationship between the two digital signals is
      reached. Border video switching circuitry utilizing a digital counter to
      control border width is used to generate a variable width, variable
      pattern border between the video displays.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to special effects generators for
      use in combining multiple input video signals into a single video output
      signal, and more particularly, to such a generator that uses digital logic
      circuitry to generate the special effects.
PAR  Special effects generators are used in television studios to combine
      several video signals into a single composite video signal. A typical
      special effects generator combines a portion of one signal with portions
      of one or more other signals under the control of one or more control
      levers. A typical special effect is a "horizontal wipe" in which portions
      of the images are represented by two input signals are combined into a
      single output image with a vertical line separating the two image
      portions. The horizontal position of the vertical line is determined by
      the position of a manually actuated lever. The line can be made to proceed
      horizontally across the screen in response to movement of the lever to
      provide a "wiping" effect where one image portion is gradually displaced
      by the other image portion. Other similar special effects are "vertical
      wipes" in which a horizontal line separating the image portions can be
      moved vertically across the screen, and "corner wipes" where a portion of
      one video signal is displayed in one corner of the output image and a
      portion of another video signal comprises the rest of the output image.
      The corner image is generally rectangular in shape, and has a size that is
      controllable by the position of a control lever. The size of the corner
      image can be made to increase in size in response to movement of the
      control lever until the corner image comprises the entire output image.
      Another special effect is a "QUAD effect" wherein portions of four video
      images can be combined into a single output image with each of the four
      image portions being displayed in a separate quadrant of the output image.
      The relative sizes of the four images comprising the output image can be
      varied by actuating a control lever which adjusts the position of the
      horizontal and vertical lines separating the four images.
PAR  Special effects generators may conveniently be classified into two
      categories: analog and digital. Analog special effects generators utilize
      analog signal processing circuitry including horizontal and vertical
      sawtooth and parabolic generators that generate analog potentials
      proportional to the horizontal and vertical positions of a scanning spot.
      Analog comparators are used for comparing various combinations of these
      analog signals with internally generated control signals proportional to
      the position of a lever or other control. Switching signals are generated
      as a result of the analog comparisons for operating electronic switches
      that apply portions of various video signals to a transmission medium in
      accordance with the result of the comparison.
PAR  Analog special effects generators are generally difficult to align and
      suffer from other drawbacks including time and temperature drift and
      susceptibility to noise. Consequently, digital special effects generators
      have been developed that eliminate most of the problems associated with
      analog special effects generators. One such digital special effects
      generator is described in U.S. Pat. No. 3,821,468 issued to Albert E.
      Busch on June 28, 1974 and assigned to the same assignee as the assignee
      of the present invention. The above Busch patent is incorporated herein by
      reference.
PAR  The apparatus described in the Busch patent provides a wide variety of
      special effects including diamonds, circles, horizontal and vertical wipes
      and others. Consequently, the circuitry required to provide these effects
      results in a rather complex and costly system. It has been found that for
      many applications, some of the special effects provided by the generator
      described in the Busch patent, such as the circle which require complex
      circuitry to implement, are not necessary. It has also been found that
      other effects that are relatively easy to implement and not provided by
      the generator described in the Busch patent are desirable. Such effects
      include the corner wipe and the QUAD effect described above. Furthermore,
      new circuit developments have made it possible to simplify the circuitry
      of the prior art generators while simultaneously improving performance.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved digital special effects generator that overcomes many of the
      disadvantages of the prior art analog and digital special effects
      generators.
PAR  It is an other object of the present invention to provide a simplified
      digital special effects generator that provides useful special effects not
      provided by more complex generators.
PAR  It is yet another object of the present invention to provide a digital
      special effects generator that provides a corner wipe effect.
PAR  It is still another object of the present invention to provide a digital
      special effects generator that provides a fixed and a variable QUAD mode
      of operation.
PAR  More specifically, it is an object of the present invention to provide a
      digital special effects generator utilizing a digital quantizer for
      eliminating jitter in the transition between video signals and a digital
      border counter for providing a stable border between the video signals
PAR  Another object of the invention is to provide improved circuitry for
      generating the digital lever position representative signal and for
      electronically reversing the direction of operation of the lever.
PAR  In accordance with a preferred embodiment of the invention a lever is
      provided for controlling the wiping action of the generator. The position
      of the lever is converted to a digital signal by an analog-to-digital
      converter. The analog-to-digital converter employs a source of clock
      pulses and a counter for counting the clock pulses The number of clock
      pulses is determined by the position of the lever which operates a
      potentiometer that controls the width of an ouput pulse generated by a
      variable pulse width producing circuit. The output pulse from the variable
      width pulse producing circuit is combined with a fixed duration output
      pulse from a fixed width pulse producing circuit and with a limit pulse
      from a wipe limit pulse producing circuit in a circuit that renders the
      counter operative to count clock pulses only upon the coincidence of the
      three pulses from the three pulse producing circuits. The limit pulse
      producing circuit limits the maximum wipe range obtainable by moving the
      control lever, and the use of a fixed width pulse in conjunction with a
      variable width pulse reduces the percentage change required in the width
      of the variable width pulse that must be provided to generate a complete
      wipe.
PAR  A pair of digital comparators are utilized to compare the count in the
      lever counter with one or more counts indicating the horizontal and
      vertical position of the scanning beam. The horizontal position indicating
      counter is reset at the beginning of each scanning line and counts clock
      pulses until a maximum count of 255 is reached. The vertical position
      indicating count is reset at the beginning of each field and counts
      horizontal synchronizing pulses to provide a count indicative of the
      number of lines that have been scanned during each field. A noninterlaced
      system is utilized and a count capacity of 255 is utilized in the
      horizontal and vertical position indicating counters to provide equal
      resolution of beam position in the horizontal and vertical positions.
PAR  In order to eliminate the jitter in the display that can occur at the
      transition point between video signals, a digital quantizer is employed in
      conjunction with a latch in the lever counter circuit. The lever count
      from the lever counter is transferred to the latch for comparison with the
      horizontal and vertical counts only upon command from the digital
      quantizer. This prevents small variations in the lever count resulting
      from a setting of the lever between two digital count representative
      positions from causing jittering to occur in the visual display during the
      transition between the video signals. The digital quantizer contains an
      adder circuit that compares the instantaneous count from the lever counter
      with the count stored in the latch circuit, and provides a load signal to
      the latch circuit only when the difference between the count stored in the
      latch circuit and the instantaneous count in the lever counter exceeds a
      predetermined amount, indicative of a change in the lever position. When a
      small difference (on the order of approximately one bit) is sensed, the
      count currently stored in the latch is retained to prevent the small
      changes in count from causing a jittering of the video transition point.
PAR  Various effects are provided by variously combining the outputs of the
      horizontal and vertical comparators. A horizontal wipe is provided by
      disabling the vertical comparator and utilizing the results of the
      horizontal comparison to operate a pair of video switches for alternately
      applying first and second video signals to the transmission medium. A
      vertical wipe effect is generated by disabling the horizontal comparator
      and utilizing the output of the vertical comparator to control the video
      switches. The direction of the horizontal and vertical wipes may be
      reversed by reversing the counting sequence of the horizontal and vertical
      counters.
PAR  A corner wipe is obtained by utilizing the results of both of the
      horizontal and vertical comparisons to control the video switches. The
      initial position and direction of propagation of the corner wipe can be
      made to begin at any quadrant and proceed along any diagonal by reversing
      the counting sequence of either one or both of the horizontal and vertical
      counters.
PAR  A fixed QUAD effect is provided by disabling the lever counter and applying
      a 128-count signal to the horizontal and vertical comparators to provide
      four substantially equal size video images in the four quadrants of the
      composite image. A variable QUAD effect wherein the relative size of the
      four images may be controlled by the position of the control lever is
      provided by enabling the lever counter and utilizing the results of the
      horizontal and vertical comparisons to control four video switches to
      change the relative size of the four image portions.
PAR  Border control circuitry is utilized to control a border video switch that
      provides a preselected video pattern at its output between transitions in
      the video signal to generate a variable pattern border between the video
      images. The width of the vertical border is determined by a presettable
      counter counting clock pulses, and the width of the horizontal border is
      determined by a second presettable counter counting horizontal
      synchronization pulses. The counters count until overflow following a
      respective horizontal or vertical transition, and the border video switch
      is enabled during the time that the counters are counting. Presetting an
      initial count in each of the counters determines the length of time
      required for each counter to overflow and thereby adjusts the width of the
      borders.
DRWD
PAR  The other objects and advantages of the present invention will be readily
      apparent from the following detailed description and drawings wherein:
PAR  FIG. 1 is a perspective drawing of the control panel for the special
      effects generator according to the invention;
PAR  FIG. 1A illustrates the physical interrelationship between FIGS. 3-8;
PAR  FIG. 2 is a functional block diagram illustrating the operation of the
      video special effects generator according to the invention; and
PAR  FIGS. 3-9 are detailed circuit diagrams of the special effects generator
      according to the invention drawn in digital logic form.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 2 for an overview description of the special effects
      generator system according to the invention, there is shown a horizontal
      and lever clock 100 which synchronizes the operation of the system.
      Because the system shown in FIG. 2 is a noninterlaced type of system, and
      it is desired to maintain substantially equal resolution in the horizontal
      and vertical directions, the frequency of the clock 100 is selected to
      generate 255 pulses per horizontal line. This corresponds approximately
      one half of a standard 535 line scanning system and makes it convenient to
      utilize 8-bit counters and comparators to generate the special effects. If
      an interlace system is desired, as in the referenced U.S. Pat. No.
      3,821,468, each horizontal line would be divided into segments
      substantially equal in number to the number of the scanning lines per
      field.
PAR  The pulses from the clock 100 are applied to a lever control system 200
      which generates a digital signal proportional to the position of a control
      lever 211 (FIG. 1) mounted on a control panel and movable for creating the
      special effects. The control lever 211 drives a potentiometer 210
      connected to the lever control circuit 200 and controls a timing circuit
      within the lever control circuit 200 which passes a predetermined number
      of pulses from the clock 100 to a lever counter 300 during each scanning
      line depending upon the position of the control lever 211. As a result,
      the position of the lever 211 is represented by a burst of digital pulses,
      the number of the pulses in the burst being representative of the position
      of the lever.
PAR  The lever counter 300 counts the number of pulses in each burst. The pulse
      burst count thus generated is periodically applied to a lever latch
      circuit 400 and stored for comparison with a horizontal or a vertical
      count signal.
PAR  The horizontal count signal is generated by a horizontal counter 500 that
      also counts the clock pulses from the clock 100. The horizontal counter
      500 is reset to zero at the beginning of each scanning line and reaches a
      full count of 255 at the end of that scanning line. Consequently, the
      instantaneous count present in the counter 500 provides a digital
      indication of the instantaneous position of the scanning beam; a zero
      count indicating that the horizontal scan has just been initiated, a full
      count of 255 indicating that a scan has just been completed, and an
      intermediate count such as 128 indicating that the scanning beam is
      currently positioned horizontally near the center of the viewing screen.
PAR  The count in the lever latch circuit 400 is compared with the instantaneous
      count in the horizontal counter 500 by a horizontal comparator 600. The
      output of the horizontal counter 600 is a two-level signal indicating
      whether the count present in the lever latch circuit 400 is greater or
      less than the instantaneous count present in the horizontal counter 500.
      This signal is suitable for controlling a plurality of video switches 1900
      to cause one of the switches 1900 to apply a first video signal to a
      transmission channel when the count in the lever latch circuit 400 is
      greater and a second video signal to the transmission channel when the
      count in the horizontal counter 500 is greater to provide a vertically
      split screen or horizontal wipe effect.
PAR  In a similar manner, a vertical count signal from a vertical counter 700 is
      compared with the count present in the lever latch circuit 400 by a
      vertical comparator 800 to provide a horizontally split screen or vertical
      wipe effect. The vertical counter 700 counts the horizontal synchronizing
      pulses associated with the video signal to provide a count representative
      of the number of the line being scanned to provide an indication of the
      vertical position of the scanning beam. The horizontal synchronizing
      pulses are applied to an input of the vertical counter labelled HORIZONTAL
      DRIVE. The horizontal synchronizing pulses may be recovered from the
      composite video signal by conventional synchronization recovery circuits,
      or they may be received directly from the horizontal synchronizing circuit
      that provides the horizontal synchronization for the video signal being
      transmitted. If necessary, pulse shaping circuitry may be utilized to
      alter the shape and polarity of the horizontal synchronizing pulses to
      make the pulses compatible with the operation of the vertical counter 700
      and the rest of the special effects generator circuitry.
PAR  In accordance with an important feature of the present invention, a digital
      quantizer 900 is utilized to control the transfer of the count from the
      lever counter 300 to the lever latch circuit 400. Because the count from
      the lever counter 300 is a digital signal representative of the analog
      position of the lever, it can provide an accurate indication of the
      position of the lever only at discrete points. If the lever happens to be
      positioned between two of these discrete points, the lever counter 300 may
      provide pulse bursts of varying lengths, the first burst length being
      representative of one of the discrete points and the second burst length
      being representative of a second discrete point. If this variable burst
      length signal were applied to the lever latch circuit 400 directly and
      compared with the output of the counter 500 or 700, the resulting split
      screen image would have an undesirable jitter occurring at the transition
      point between images Consequently, the digital quantizer 900 is utilized
      to compare the current value of the count in the lever counter 300 with
      the value of the count stored in the lever latch circuit 400. If that
      difference is small, indicating that the lever has not moved, but rather
      that it is positioned between points represented by two different counts
      of the lever counter, the current count in the lever counter is not loaded
      into the lever latch. If the count difference exceeds a predetermined
      amount, indicating that the lever has moved, the current count in the
      counter 300 is loaded into the lever latch 400 for comparison with the
      horizontal or vertical count signals from the counters 500 and 700.
PAR  It is often desirable to provide a border between the images in a split
      screen display. When such a border is provided, it is desirable to be able
      to control the width of the border, and also to be able to change the
      color of the border. This is accomplished by a horizontal border counter
      1000, a vertical border counter 1100, a border control circuit 1200 and a
      border gating circuit 1300. The horizontal border counter 1000 and the
      vertical border counter 1100 control the border gating circuit 1300 to
      cause a video signal having the desired color and pattern to be displayed
      during the transition between the display of different video signals. The
      border control circuit 1200 controls the length of time the border video
      signal is displayed and thereby controls the width of the borders.
PAR  The horizontal and vertical border counters 1000 and 1100 are digital
      border counters each utilizing counting circuitry that is activated by a
      transition in the output of the horizontal comparator 600 or the vertical
      comparator 800, respectively. For example, once the horizontal border
      counter 1000 is activated by a transition in the output of the horizontal
      comparator 600, indicating that the video has been switched, the
      horizontal border counter 1000 begins to count clock pulses from the clock
      100. During the time that the horizontal border counter 1000 is counting,
      it provides a signal to the border gating circuit 1300 to cause the border
      video to be applied to the output channel. The horizontal border counter
      1000 counts until a predetermined count, determined by the border control
      circuit 1200, is reached. At this point, the counting is terminated, the
      border video signal is inhibited by the border gating circuit 1300 and the
      second video signal is applied to the output channel. The border control
      circuit 1200 adjusts the width of the border by determining the number of
      pulses that must be applied to the horizontal border counter 1000 before
      the border video signal is inhibited.
PAR  The operation of the vertical border counter 1100 is similar, with the
      exception that horizontal drive pulses are counted rather than clock
      pulses. The horizontal border counter 1000 generates a vertical line
      between the video images and the vertical border counter generates a
      horizontal line between the video images, thereby permitting up to four
      images to be simultaneously displayed with a border being displayed
      between each of the images.
PAR  The outputs of the horizontal and vertical comparators 600 and 800 are
      applied to an A/B gating circuit 1400. The A/B gating circuit 1400
      provides a high or a low signal to an output gating circuit 1500 depending
      on whether the first or the second video signal (video A or video B) has
      been selected by the horizontal and vertical comparators 600 and 800. In
      addition, the outputs of the comparators 600 and 800 and the output of the
      border gating circuit 1300 is applied to the output gating circuit 1500 to
      cause the output gating circuit 1500 to select one of four video signals
      (A, B, C or D) or the border signal to be applied to the output channel
      depending on the state of the outputs of the comparators 600 and 800 and
      the gating circuits 1300 and 1400. The actual video switching is
      accomplished by the five video switches 1900 (A, B, C and D video switches
      and a border switch).
PAR  Many different special effects are obtainable with the circuit according to
      the invention, including horizontal and vertical wipes, corner wipes in
      all quadrants and a QUAD display of four different video signals. The
      various effects are selected by an effects selector 1600. The effects
      selector 1600 includes a matrix circuit controlled by several effect
      selector push-button switches 1628, 1630, 1632, 1634, 1636 and 1638 (FIG.
      1). Pushing a particular effects push button causes the matrix to enable
      various portions of the circuit to provide the desired effects. For
      example, if a horizontal wipe effect is desired, the effects selector
      disables the operation of the horizontal comparator and makes the
      appropriate adjustment to the border gating circuit 1300 and the A/B
      gating circuit 1400 to cause two video signals to be displayed
      side-by-side on the screen with the transition between the two video
      signals being controlled by the position of the control lever 211.
      Similarly, disabling the horizontal comparator 600 and enabling the
      vertical comparator 800 causes a vertical wipe effect wherein two video
      signals are displayed on the screen one above the other with the position
      of the transition being controlld by the position of the control lever
      211. By reversing the polarity of the logic applied to the horizontal
      comparator 600 from the lever latch 400, the direction of the wipe can be
      reversed, i.e., the transition between the video signals can be made to
      proceed across the screen from right to left, rather than from left to
      right when the lever 211 is moved in a given direction. A similar polarity
      reversal to the vertical comparator 800 reverses the direction of the
      vertical wipe.
PAR  Allowing both the horizontal and vertical comparators 600 and 800 to
      operate simultaneously, causes a corner wipe effect wherein a first video
      signal is displayed in a corner of the screen and a second video signal is
      displayed in the remainder of the screen. Moving the lever 211 causes the
      area occupied by the first video signal to increase, proceeding from the
      corner and gradually increasing until the first video signal is displayed
      on the entire screen surface. By selectively applying reverse polarity
      signals to the horizontal comparator 600 and the vertical comparator 800
      from the lever latch circuit 400 causes the first video signal selectively
      to be displayed in any one of the four corners of the screen.
PAR  If the horizontal comparator 600 and the vertical comparator 800 are both
      enabled, and the output gating function provided by the output gating
      circuit 1500 modified, a QUAD effect can be achieved. In such an effect,
      four different video signals may be simultaneously displayed, one in each
      corner of the screen. A fixed QUAD mode is provided wherein four equal
      size images are displayed, and a variable QUAD mode is provided to permit
      the relative sizes of the four images to be adjusted by the lever 211.
PAR  Finally, a limit gating circuit 1800 is coupled to the lever control
      circuit 200 and the lever counter 300 to determine whether the lever
      control circuit 200 is providing any pulses to the lever counter 300 and
      whether the lever counter 300 has a full count. The lever control circuit
      200 providing no pulses indicating that a first video signal (video B) is
      fully occupying the screen and a full count in the lever counter 300
      indicates that a second video signal (video A) is completely occupying the
      screen. These signals are denoted as B LIMIT and A LIMIT, respectively.
      The limit gating circuit 1800 provides an output signal if either of these
      conditions occurs.
PAR  FIG. 1 shows the layout of the control panel for controlling the operation
      of the special effects generator according to the invention. The control
      panel includes the effect selector push-button switches 1628, 1630, 1632,
      1634, 1636 and 1638 which select the various wipe modes of operation. The
      control lever 211 that controls the lever control potentiometer 210 causes
      the wipe to proceed across the viewing screen in the direction indicated
      by the arrows on the buttons of the switches 1628, 1630, 1632, 1634, 1636
      and 1638 when moved in one direction. Moving the lever in the opposite
      direction reverses the direction of the wipe. A wipe reverse switch 1712
      reverses the direction of the wipe with respect to the direction of
      movement of the lever 211, and permits sequential wipes in the same
      direction by alternately depressing and disabling the wipe reverse switch
      1712 and moving the lever 211 in the opposite directions.
PAR  A QUAD mode selector switch 1722 selects the QUAD mode, and depressing a
      variable QUAD mode switch 1730 provides a variable QUAD wipe pattern in
      which the image portion displayed in the upper left hand quadrant of the
      viewing screen (designated by the letter B) may be gradually enlarged with
      respect to the other three images by moving the control lever 211. As the
      size of the image B increases, its lower right hand corner proceeds
      diagonally across the viewing screen (similar to a corner wipe) until the
      image B occupies the entire viewing screen.
PAR  The width of the border is controlled by a knob 1201 which controls the
      operation of switches 1202, 1204 and 1206 (FIG. 8) to select the width of
      the border. The pattern displayed in the border is controlled by a pair of
      switches 1902 and 1904, the switch 1902 causing a pattern border to be
      displayed, and the switch 1904 causing a single color matte border to be
      displayed. The switches 1902 and 1904 selectively cause a video signal for
      generating either a pattern border or a matte border to be applied to the
      output channel during the border interval. A plurality of video signal
      mixing control switches 1906 are utilized to combine the output signal
      from the video switches 1900 with other video signals as necessary to
      provide the desired effect.
PAR  The circuit illustrated in FIG. 2 is shown in greater detail in FIGS. 3-9.
      In order to aid in the explanation of the circuitry shown in FIGS. 3-9,
      the circuitry has been arranged in groups of components with each group of
      components being functionally equivalent to a corresponding block in FIG.
      2. Such groups have been enclosed by dashed lines and designated by the
      same reference numeral as designates the corresponding block in FIG. 2. It
      has been attempted to make the component groups of FIGS. 3-9 correspond to
      the blocks in FIG. 2 as closely as possible; however, because of practical
      considerations, interconnections not shown in FIG. 2 are necessary between
      groups. The interconnections between FIGS. 3-9 are alphanumerically
      designated, with the points on the various figures that are connected
      together being identified by the same reference character. In certain
      instances, it is difficlt to classify a component as belonging to one
      particular group because such a component may be performing more than one
      function. Such components have been arbitrarily assigned to one of the
      groups to aid in the description of the invention; however, other
      groupings are possible.
PAR  The oscillator 100 utilizes an integrated oscillator circuit 102 operating
      at a frequency of approximately 4 megahertz to provide the required 255
      pulses per line for a 535 line noninterlaced system. In the embodiment
      shown, the oscillator circuit 102 includes an MC4024 integrated circuit
      oscillator manufactured by Motorola Inc. A fixed capacitor 104 and a
      variable capacitor 106 determine the frequency of the oscillator circuit
      102, the capacitor 106 providing an adjustment for adjusting the frequency
      of the oscillator 102 to compensate for component and other variations.
      The output of the oscillator 102 must be synchronized with the horizontal
      line frequency to avoid drift and jitter. This is accomplished by a gate
      108 connected as an inverting amplifier that receives horizontal
      synchronizing (horizontal drive) pulses and applies them to the oscillator
      circuit 102 via a resistor 110. A power supply comprising a voltage
      regulator 112 and a pair of filtering capacitors 114 and 116 supply a
      stabilized voltage to the oscillator 102. In this embodiment, the voltage
      regulator 112 includes a Fairchild LM309K integrated circuit; however,
      other regulators may be used. An exclusive-OR gate 118 serves as an output
      stage for applying the oscillator pulses to the rest of the circuitry.
PAR  In accordance with another important feature of the present invention, the
      lever control circuit 200 utilizes a 4-input NAND gate 220 for passing
      clock pulses from the clock 100 to the lever counter 300 when the gate 220
      is enabled. The clock pulses from the clock 100 are applied to one input
      of the NAND gate 220 and are passed by that gate when a high active state
      signal is applied to the other three inputs of the gate. The three input
      signals to the three other inputs of the gate 220 include a fixed duration
      pulse, a variable duration pulse and a limit pulse. The fixed duration
      pulse is generated by a fixed width circuit 222 comprising a pair of
      monostable multivibrators 224 and 226 and a latch 229 formed by a pair of
      NAND gates 228 and 230. The monostable multivibrator 224 provides a
      positive going pulse at its Q output each time a negative going horizontal
      drive pulse is applied to its input. A vertical drive pulse (similar to a
      horizontal drive pulse except that it occurs at the beginning of each
      field rather than at the beginning of each line) is applied to the gate
      230 while the Q output of the multivibrator 224 is applied to an input of
      the gate 228. The gates 228 and 230 are interconnected so that the
      presence of both the horizontal and vertical drive pulses is necessary to
      cause the latch 22a (output of the gate 230) to change state. When this
      occurs, a positive pulse is applied to the multivibrator 226 to cause the
      Q output of the multivibrator 226 to go to a low active state for a period
      of time determined by the values of a capacitor 232, a resistor 234 and a
      potentiometer 236. As a result, a fixed duration low state pulse is
      generated at the beginning of each scanning line when both the horizontal
      and vertical drive pulses are present.
PAR  The variable width pulse is generated by a monostable multivibrator 238
      similar to the multivibrator 226. The multivibrator 238 is triggered by
      the output pulse from the gate 230 at the same time that the multivibrator
      226 is triggered. The duration of the output pulse from the multivibrator
      238 is determined by a capacitor 240, a resistor 242 a potentiometer 244
      and the lever controlled potentiometer 210. Consequently, the width of the
      output pulse from the multivibrator 238 is dependent on the position of
      the lever 211. The potentiometer 244 provides a vernier adjustment of the
      pulse width, as does the potentiometer 236 in the fixed width pulse
      circuit 222. Typically, the lever controlled control potentiometer 210
      varies the width of the pulse over a two-to-one range, ranging from a
      width substantially equal to the width of the fixed width pulse to a width
      approximately twice as wide as the fixed pulse. Such a two-to-one pulse
      width variation is sufficient to move the video transistion across the
      entire viewing screen. The fixed width pulse typically has a duration
      substantially equal to the time interval between horizontal drive pulses.
PAR  The Q output of the multivibrator 238 is then applied to the gate 220 via
      an AND gate 246 and a NOR gate 220 which are controlled by a second
      variable width pulse circuit. The second variable width pulse circuit
      comprises a monostable multivibrator 250 similar to the monostable
      multivibrator 238. The multivibrator 250 is also triggered by the output
      pulse from the gate 230 and provides an output pulse having a duration
      determined by the values of a capacitor 252, a resistor 254, a vernier
      potentiometer 256 and a potentiometer 258 similar to the lever
      potentiometer 210 and located on an auxilliary control panel (not shown).
      The multivibrator 250 serves as a preselected wipe circuit usable instead
      of the lever controlled wipe circuit comprising the multivibrator 238 and
      associated circuitry. The selection of the wipe circuit that controls the
      gate 220 is determined by the state of the signal applied to an input
      point 260. If a high state signal is applied to the input point 260, the
      gate 246 is enabled to permit the multivibrator 238 to control the gate
      220. If a low state signal is applied to the input point 260, the gate 246
      is disabled and the low state signal is inverted by an inverting amplifier
      262 to provide a high state signal to a gate 264 to enable the gate 264 to
      pass the output of the multivibrator 250 to the gate 220. Consequently,
      the width of the variable pulse applied to the gate 220 may be determined
      by the value of either the lever controlled potentiometer 210 or the
      preset potentiometer 258, depending on the state of the signal applied to
      the input point 260.
PAR  The limit pulse is generated by a monostable multivibrator 266 which is
      also triggered by the output pulse from the gate 230. The width of the
      limit pulse is determined by the values of a pair of capacitors 268 and
      270, a limit potentiometer 272 and a resistor 274. The limit pulse
      provided by the multivibrator 266 serves to enable the gate 220 when the
      limit pulse is in its high state. Because the gate 200 requires a high
      state signal at each of its inputs in order to pass clock pulses, the
      width of the high state pulse from the multivibrator 266 limits the
      maximum number of clock pulses that can be passed by the gate 220 to a
      number corresponding to the width of the pulse from the multivibrator 266,
      regardless of the duration of the pulses from either of the multivibrators
      238 and 250. A defeat switch 276 disables the operation of the
      multivibrator 266 when a limit is not desired.
PAR  Operation of the lever control circuit is as follows. At the beginning of
      each scanning line when the horizontal and vertical drive pulses coincide,
      the multivibrator 226 applies a low active state signal to one of the
      inputs of the gate 220. This disables the gate 220 for a period of time
      equal to the time duration of the fixed pulse which has a duration
      approximately equal to the interval between horizontal drive pulses.
      Simultaneously, the multivibrators 238 and 250 are triggered, and the Q
      output pulse from one of the multivibrators 238 and 250 is inverted by the
      gate 248 and applied as a positive active state pulse to one of the inputs
      of the gate 220. If the width of the variable pulse is wider than that of
      the fixed pulse, and if the output of the multivibrator 266 is in its high
      state, the gate 220 will pass clock pulses from the clock circuit 100 for
      a period of time beginning with the termination of the fixed width pulse
      and ending with the termination of the variable pulse. Because the width
      of the variable pulse can be extended to twice the width of the fixed
      width pulse, and because 255 clock pulses occur between each horizontal
      drive pulse, up to 255 pulses can be passed by the gate 220. If the
      variable width pulse is reduced to the width of the fixed pulse, both
      pulses terminate simultaneously, and no clock pulses are passed. As a
      result, a two-to-one variation in the width of the variable pulse permits
      from zero to 255 clock pulses to be passed.
PAR  The maximum number of pulses that can be passed is limited by the
      multivibrator 266. As previously described, as long as the width of the
      high active state pulse from the multivibrator 266 equals or exceeds the
      width of the variable pulse, the number of pulses passed by the gate 220
      is controlled by the width of the variable pulse. However, if the output
      from the multivibrator 266 goes to its low state prior to the termination
      of the variable width pulse, the gate will be disabled by the limit pulse,
      and the maximum number of pulses will be determined by the width of the
      limit pulse, regardless of the length of the variable pulse. As a result,
      the range of control of the lever 211 is limited by the multivibrator 266.
PAR  The output pulses from the gate 220 are inverted by an inverting amplifier
      302 within the lever counter circuit 300 and applied to an 8-bit counter
      304 fabricated from two 4-bit counters 306 and 308 connected in cascade.
      The count in the counter 304 is representative of the position of the
      lever 211. The counters 306 and 308 have their outputs connected to a pair
      of latches 402 and 404 that store the contents of the respective counters
      306 and 308 upon receipt of an appropriate load signal.
PAR  The clock pulses from the clock 100 are also applied to the horizontal
      counter 500 which comprises an 8-bit counter formed from two 4-bit
      counters 502 and 504 similar to the counters 306 and 308. The counters 502
      and 504 are reset at the beginning of each line by a horizontal drive
      pulse applied to a reset line 506 and reach their full count of 255 at the
      end of that line. Consequently, the instantaneous count in the counters
      502 and 504 is representative of the position of the scanning beam on any
      given line.
PAR  The outputs of the horizontal counters 502 and 504 are applied to a pair of
      digital comparators 602 and 604 connected as an 8-bit comparator. The
      outputs of the latches 402 and 404 are also connected to the comparators
      602 and 604 via eight exclusive NOR gates 606. The exclusive NOR gates 606
      serve as polarity inverters for inverting the polarity of the count from
      the latches 402 and 404 when a low active state signal is applied to the
      exclusive NOR gates 606 via a line 608. When a high state signal is
      applied to the line 608, the exclusive NOR gates do not invert, but pass
      the count from the latches 402 and 404 to the comparators 602 and 604
      without a polarity reversal.
PAR  The comparators 602 and 604 compare the values of the counts from the latch
      circuit 400 and the horizontal counters 500 and provide a first state
      output signal to a line 610 when the value of the count in the latch
      circuit 400 exceeds the value of the count in the counter 500. A second
      state signal is provided when the count in the counter 500 exceeds the
      count stored in the latch 400. This change of state is used to control one
      of the video switches 1900 and causes a first or second video signal to be
      applied to the output channel, with the transition between the first and
      second video signals being dependent upon the position of the lever 211.
PAR  The transition point between the first and second video signals can be
      moved across the viewing screen by changing the position of the lever 211.
      With the exclusive OR gates 606 operating in noninverting mode, as the
      lever 211 is moved in a direction that increases the count stored in the
      latch 400, the transition point moves horizontally across the screen
      proceeding from the left side of the screen to the right side when
      conventional scanning is used. If the exclusive NOR gates 606 are
      operating in an inverting mode, the transition point proceeds in the
      opposite direction, beginning at the right edge of the screen and
      proceeding toward the left as the count in the latch 400 increases.
      Consequently, the exclusive NOR gates 606 provide a method of
      electronically reversing the direction of travel of the video transition
      to enable the wipe to proceed in either direction.
PAR  The count in the latch 400 is also applied to a pair of counters 802 and
      804 within the vertical comparator circuit 800 by means of eight exclusive
      NOR gates 806. The comparators 802 and 804 compare the contents of the
      latch 400 with the contents of the vertical counter 700 which comprises a
      pair of 4-bit counters 702 and 704 similar to counters 502 and 504. The
      counters 702 and 704 are reset at a field rate by the vertical drive
      signal applied to a reset line 706. Between resets, the counters 702 and
      704 count the horizontal drive pulses that occur at the beginning of each
      of the scanning lines. Consequently, since there are approximately 255
      scanning lines per active part of the field, the counters 702 and 704
      reach a full count at the end of each field, with each of the intermediate
      counts being representative of a single line in the field.
PAR  The instantaneous count from the vertical counter 700 is compared with the
      count stored in the latch circuit 400 by the comparators 802 and 804,
      whose operation is similar to the comparators 602 and 604 previously
      described. Polarity reversal of the exclusive NOR gates 806 is achieved by
      applying a low active state signal to a line 808. A high active state
      signal applied to the line 808 causes the latch signal to be passed to the
      counters 802 and 804 uninverted. The output of the comparator 804 is
      applied to an output line 810 to provide an indication of whether the
      count stored in the latch circuit 400 exceeds or is less than the
      instantaneous count in the vertical counter 400. Changing the count stored
      in the latch circuit 400 causes the transition between the video signals
      to occur at different vertical points on the screen and a vertical wipe
      reversal can be achieved by changing the state of the signal applied to
      the line 808.
PAR  In accordance with an important aspect of the invention, the lever latch
      circuit 400 is controlled by the digital quantizer circuit 900 to permit
      new information to be loaded into the latches 402 and 404 only when a
      significant change has occured in the value of the lever count. This
      prevents jittering and other undesirable effects caused by small changes
      in the count that occur at some settings of the control lever 211. The
      digital quantizer 900 comprises a pair of 4-bit binary full adders 902 and
      904 connected as an 8-bit full adder. Various integrated circuits are
      usable as the full adders 902 and 904; however, in the present invention,
      type 74LS83 full adders manufactured by Texas Instruments are used. The
      full adder 902 adds the output of the lever counter 306 and the Q output
      of the latch 402. The counter 904 adds the output of the lever counter 308
      and the Q output of the latch 404. Because the outputs of the comparators
      306 and 308 and the Q outputs of the latches 402 and 404 have opposite
      polarity logic. The outputs of the adders 902 and 904 will be either all
      zeros or all ones if the outputs of the counters have the same value as
      the count stored in the latches.
PAR  The output signals from the counters 902 and 904 are applied to a 7-input
      NAND gate 906. They are also applied to a 7-input NAND gate 908 after
      being inverted by seven inverting amplifiers 910 prior. Because one count
      changes in the output of the lever counters 306 and 308 are to be ignored,
      the least significant bit output signal from the adder 902 is not applied
      to the gates 906 and 908. Consequently, only the seven most significant
      bits from the adders 902 and 904 are examined by the gates 906 and 908 to
      determine whether they are all ones or all zeros.
PAR  The output of the NAND gate 906 is normally low when the signals applied to
      its inputs are all ones. If any one of the input signals goes to zero, the
      output of the NAND gate 906 will go high. Hence, for a new count increase
      or decrease of more than two bits (a change in the second least
      significant bit from the adder 902), the output of the gate 906 will go
      high. The output of the NAND gate 908 will be low when all of the outputs
      from the adders 902 and 904 are zero. When the new count increases by at
      least three bits, the output of the NAND gate 904 will go high. The
      outputs of the NAND gates 906 and 908 are applied to a NAND gate 912 to
      enable the gates 906 and 908 when the count increases by at least three
      bits or decreases by at least two bits. The high state signals permit the
      present count of the lever counters 306 and 308 to be transferred into the
      latches 402 and 404 when a one is applied to the third input of the gate
      912 at the end of each field when the counters 702 and 704 in the vertical
      counter 700 reach a full count.
PAR  The three ones applied to the NAND gate 912 cause the output of the gate
      912 to go low to trigger a monostable multivibrator 406. The monostable
      multivibrator 406 applies a low active state output signal to a NOR gate
      408 when triggered. The low active state signal from the multivibrator 406
      enables the NOR gate 408 to permit the NOR gate 408 to apply a positive
      pulse to the latches 402 and 404 upon receipt of the next low active state
      vertical drive pulse at the other input of the gate 408. The positive
      pulse from the gate 408 loads the count present in the counters 306 and
      308 into the latches 402 and 404. If there has not been a sufficient
      change in the count to trigger the multivibrator 406, the high state
      output from the multivibrator 406 maintains the output of the gate 408
      low, thereby rendering the output of the gate 406 nonresponsive to
      vertical drive pulses. Hence, the count stored in the latches 402 and 404
      is changed at the end of each field only if a sufficient change in the
      lever count has occurred.
PAR  In accordance with another important aspect of the present invention, the
      horizontal and vertical border counters 1000 and 1100 serve as timing
      circuits for activating a gating circuit for passing border video signals
      for a predetermined time following each horizontal or vertical transition.
      The horizontal border counter 1000 utilizes a presettable 4-bit counter
      1002 as the counting element. A suitable 4-bit counter usable as the
      counter 1002 is a Texas Instruments type 74193 presettable counter. The
      counter is enabled by a monostable multivibrator 1004 that provides an
      enabling pulse to a NAND gate 1006 in response to a transition signal from
      the comparator 604 which is applied to the multivibrator 1004 via a
      bistable multivibrator 1602. The gate 1006 forms a latch circuit in
      conjunction with a second NAND gate 1008, and the pulse from the
      monostable multivibrator 1004 causes the latch to toggle and to provide a
      high level enabling signal to a NAND gate 1010. The other input of the
      NAND gate 1010 is connected to the output of the gate 118 in the clock
      circuit 100.
PAR  The enabling of the gate 1010 permits clock pulses to be counted by the
      counter 1002 until a full count is reached. When the full count is
      reached, a low active state signal is applied to the cathode of a diode
      1012. The low active state signal again toggles the latch and disables the
      gate 101, thereby terminating the count. The length of time that the
      counter 1002 counts is determined by the border control circuit 1200. The
      border control circuit 1200 includes three border width selector switches
      1202, 1204 and 1206 each connected to one of three inverting amplifiers
      1208, 1210 and 1212. The outputs of the inverting amplifiers 1208, 1210
      and 1212 are connected to three preset inputs of the counter 1002. The
      counter 1212 presets the most significant bit stage, the counter 1212
      presets the next most significant bit stage and the counter 1212 presets
      the third most significant bit stage. Consequently, when the switch 1202
      is closed, a high level signal is applied to the counter 1002 to thereby
      fill its most significant bit stage. As a result, only three least
      significant bit stages can be filled by counting pulses from the clock
      circuit 100, and the counter 1002 overflows in a relatively short time,
      thereby resulting in a narrow width border. Closing the switch 1204 loads
      a one into an intermediate stage in the counter 1002 to provide a medium
      width border, and closing the switch 1206 loads a one into a less
      significant stage of the counter 1002 to provide a wide border.
PAR  The output signal from the horizontal border counter 1000 is obtained from
      the output of the gate 1006. A high level output signal indicates that the
      counter 1002 is counting and renders the border gating circuit 1300
      operative to apply the border video to the output channel. A low level
      output from the gate 1006 indicates that the count has been completed and
      disables the border gating circuit 1300.
PAR  The construction of the vertical border counter is similar to that of the
      horizontal border counter 1000. The vertical border counter 1100 comprises
      a vertical counter circuit 1102, a monostable multivibrator 1104, a pair
      of NAND gates 1106 and 1108 and a diode 1112. The operation of the
      vertical border counter circuit 1100 is the same as that of the horizontal
      border counter circuit 1000 with the exception that horizontal drive
      pulses (rather than clock pulses) are applied to the counter 1102 via a
      NAND gate 1110. The counter 1102 is presettable by the border control
      circuit 1200 and counts horizontal drive pulses until overflow occurs. As
      a result, the border control circuit 1200 determines the number of
      scanning lines comprising the horizontal borders. The output signal from
      the vertical border counter 1100 is taken from the output of the gate 1106
      and applied to the border gating circuit 1300.
PAR  The horizontal and vertical border counter circuits 1000 and 1100 are
      synchronized with the horizontal and vertical drive pulses, respectively.
      The vertical drive pulses are applied to the vertical border counter 1100
      through a diode 1114, and the horizontal drive pulses are applied to the
      horizontal border counter 1000 through a diode 1014. The function of the
      horizontal and vertical drive pulses is to reset the respective counters
      at the end of each line or field.
PAR  The effect selector 1600 contains a diode switching matrix for selectively
      connecting various ones of the comparators to the gating circuits 1300,
      1400 and 1500, and for modifying the operation of the gating circuits
      1300, 1400 and 1500 to provide the video switching function necessary to
      achieve the desired effect. The switching matrix comprising a plurality of
      resistors 1604 each coupled to a common line 1606 carrying a positive
      potential corresponding to a high state logic level. Each of the resistors
      1604 is connected to one of a plurality of control lines 1608, 1610, 1612,
      1614, 1616, 1618, 1620, 1622, 1624 and 1626, and applies the high logic
      level potential from the line 1606 to one of the control lines. The effect
      selector push-button switches 1628, 1630, 1632, 1634, 1636 and 1638 each
      have one terminal connected to ground and the other terminal connected to
      one of a plurality of switching lines 1640, 1642, 1644, 1646, 1648 and
      1650. The control lines and the switching lines are interconnected by a
      plurality of diodes which bring the potential of preselected ones of the
      control lines to a low state logic level (ground) when one of the effect
      selector switches is closed. For example, closing the switch 1628 forward
      biases a diode 1652 interconnecting the switching line 1640 and the
      control line 1610 to apply a low state logic level to a bistable 1654. The
      low level signal disables the bistable 1654 to prevent the application of
      the output signal from the vertical comparator 800 to the A/B gating
      circuit 1400 and the border gating circuit 1300. As a result, only the
      horizontal comparator 600 controls the selection of the video signal and a
      horizontal wipe as illustrated in the figure adjacent the switch 1628
      results. The closing of the switch 1628 also forward biases the diodes
      1654, 1656 and 1658 and results in a low level signal being applied to an
      exclusive NOR gate 1402 to reverse the polarity of the switching waveform
      from the circuit 1400 and to a pair of NAND gates 1302 and 1304 in the
      border switching circuit 1300 to disable the border video switching
      circuit during vertical transitions, thereby eliminating the horizontal
      border and permitting only a vertical border at the video transition.
PAR  Similarly, closing the switch 1630 forward biases diodes 1660 and 1662 to
      disable the bistable 1602 and invert the polarity of the output of an
      exclusive NOR gate 1404. Simultaneously, two NAND gates 1306 and 1308 in
      the border gating circuit 1300 are disabled to permit only a horizontal
      border line to occur between vertical transitions to video.
PAR  A corner wipe is achieved by closing the switch 1602 to forward bias a pair
      of diodes 1668 and 1670 to apply a low level potential to the lines 1622
      and 1626. This allows both the horizontal and vertical comparators to
      control the gating circuits 1300 and 1400 and results in a corner wipe as
      illustrated in the drawing adjacent to the switch 1632. The closing of the
      switch 1632 also applies a low level potential to the inputs of the gates
      1302 and 1306 to disable the border video for the lower portion of the
      vertical scan and the right hand portion of the horizontal scan to provide
      a border only around the edge of the corner video. Moving the control
      lever 211 causes the corner wipe to proceed across the screen diagonally
      from the upper left hand corner to the lower right hand corner.
PAR  Closing the switch 1634 forward biases diodes 1672, 1674, 1676 and 1678 to
      lower the potentials on the control lines 1614, 1618, 1620 and 1626. This
      reverses the polarity of the output of the gates 1402 and applies a
      polarity reversing signal to the gates 806 via a pair of gates 1680 and
      1682. The polarity reversing signal reverses the polarity of the latch
      output signal applied to the comparators 802 and 804 to reverse the
      direction of movement of the vertical component of the wipe to provide a
      corner wipe proceeding from the lower left hand corner to the upper right
      hand corner. The polarity reversal of the output of the gate 1402 adjusts
      the polarity at the output of the gate 1406 to make the operation of the
      A/B gating circuit 1400 consistent with the inverted pattern, i.e., to
      cause the corner video signal to be displayed in the lower left hand
      corner rather than the upper left hand corner. The diodes 1676 and 1678
      disable the border video signal during the upper portion of the vertical
      border and the right hand portion of the horizontal border.
PAR  Closing the switch 1636 forward biases a pair of diodes 1684 and 1686 to
      lower the potential of the lines 1612 and 1616. Lowering the potential of
      the lines 1612 causes a low level potential to be applied to the polarity
      reversing gates 606 via three gates 1692, 1694 and 1696 to reverse the
      direction of the horizontal component of the wipe. The low level signal on
      the line 1616 inverts the polarity of the output of the gate 1404 and the
      low level signal on the lines 1622 and 1624 suppresses the lower portion
      of the vertical border and the left hand portion of the horizontal border
      to provide a corner wipe proceeding from the upper right hand corner to
      the lower left hand corner.
PAR  Closing the switch 1638 forward biases diodes 1700, 1702, 1704, 1708 and
      1710. This reverses the polarity of the outputs of the gates 606 and 806,
      applies a low level signal to the lines 1616 and 1618 to reverse the
      polarity of the output of the gates 1402 and 1404, and applies a low level
      signal to the lines 1620 and 1624 to suppress the upper portion of the
      vertical border and the left hand portion of the horizontal border to
      provide a corner wipe beginning in the lower right hand corner and
      proceeding to the upper left hand corner.
PAR  The direction of movement of the wipe that has been selected by one of the
      switches 1628, 1630, 1632, 1634, 1636 and 1638 may be reversed by closing
      a switch 1712. The closing of the switch 1712 applies a low level signal
      to the D input of a bistable multivibrator 1714 by grounding the D input
      through a diode 1716. This causes the Q output of the bistable
      multivibrator 1714 to go high following the next vertical drive pulse
      applied to the clock input of the multivibrator 1714. The high output
      pulse is then twice inverted by a NAND gate 1718 and an inverting
      amplifier 1720 and applied to the exclusive NOR gates 1682 and 1694 to
      reverse the polarity of the output of the horizontal and vertical polarity
      reversing gates 606 and 806.
PAR  The QUAD mode, where four pictures are simultaneously displayed in four
      separate quadrants of the viewing screen is selected by closing a switch
      1722 to thereby apply a low level signal to the D input of a bistable
      multivibrator 1724 by grounding the cathode of a diode 1727. This results
      in a low level output signal being produced at the Q output of the
      multivibrator 1724 following the receipt of the next vertical drive pulse
      at the clock input thereof. The low level output signal disables a gate
      1726 and prevents the lever counters 306 and 308 from being reset by the
      output of the monostable multivibrator 226. The low level Q output signal
      from the multivibrator 1724 is also applied to an exclusive NOR gate 1728.
      This causes the exclusive NOR gate 1728 to apply a high level signal to
      the most significant bit input of the counters 604 and 804 and results in
      a 128 count being applied to the horizontal and vertical comparators. The
      128 count (approximately one half of 255) causes the horizontal comparator
      to change state at the center of each scanning line, and the vertical
      comparator to change state at the center of each field. The outputs of the
      horizontal and vertical comparators are applied to the bistables 1602 and
      1654 to toggle the multivibrators 1602 and 1654 once at the center of each
      line and once at the center of each field, respectively. The Q outputs of
      the multivibrators 1602 and 1654 are applied to the A/B gating circuit
      1400 and to a quardrant recognition circuit (to be described in a
      subsequent portion of this specification) in the output gating circuit
      1500. The horizontal and vertical Q outputs from the multivibrators 1602
      and 1654, together with the output of the A/B gating circuit 1400, provide
      sufficient information to the output gating circuit 1500 to control four
      of the video switches 1900 so that four video signals are gated in the
      proper sequence to cause a different video image to be displayed in each
      of the four quadrants of the viewing screen.
PAR  When the QUAD mode is selected by the switch 1722, the sizes of the four
      displayed images are equal and not adjustable by movement of the lever
      211. If a variable QUAD mode in which the relative sizes of the four
      images may be altered is desired, a variable QUAD mode switch 1730 should
      be closed instead of the switch 1722. Closing the switch 1730 generates
      the appropriate border and video switching signals to provide the QUAD
      pattern, and opening the switch 1722 removes the 128 count preset in the
      counters 604 and 804 makes the QUAD patern responsive to the position of
      the lever 211. This permits the size of the upper left hand image to be
      increased or decreased with respect to the size of the other three images
      in a manner similar to that obtained in a corner wipe.
PAR  Closing the switch 1730 applies a low level signal to the D input of a
      bistable multivibrator 1732 through a diode 1734. This causes the
      multivibrator 1732 to be toggled by the next vertical drive pulse applied
      to its clock input, and results in a low level signal being applied to one
      of the inputs of an AND gate 1736 connected to the Q output of the
      multivibrator 1732. The output of the gate 1736 goes low and disables the
      gate 1718 to thereby disable the normal control path for the wipe reverse
      switch 1712. An alternate control path for the wipe reverse switch 1712 is
      provided by a NAND gate 1740 which is enabled by the output of the gate
      1736 after it has been reversed in polarity by an inverting amplifier
      1738. The enabling of the NAND gate 1740 permits the Q output signal from
      the wipe reverse multivibrators 1714 to be applied to the gate 1796. As a
      result, only the direction of the horizontal wipe is reversed by the wipe
      lever 1712 when the wipe reverse switch is closed. This is different from
      the normal wipe reverse mode is which the direction of both the horizontal
      and vertical wipes is reversed in response to the closing of the wipe
      reverse switch 1712.
PAR  The output signal from the gate 1740 is also applied to a NAND gate 1742
      together with the Q output of the multivibrator 1714. The output of the
      gate 1742 controls the A/B gating circuit 1400 so that the proper video
      signal is applied to each quadrant of the viewing screen in a manner
      similar to that in the QUAD mode. When both the switch 1730 and the wipe
      reverse switch 1712 are closed, a polarity reversing signal is applied to
      a gate 1406 in the A/B gating circuit 1400 via the gate 1740. As a result,
      the image disposed in the upper right hand corner of the viewing screen
      can be made to increase with respect to the size of the other three images
      when both the switches 1730 and 1712 are closed.
PAR  In order to provide a border separating the four images, the output of the
      gate 1736 is also applied to the gates 1310, 1312, 1314 and 1316 to
      disable the operation of the latches 1311 and 1315. The disabling of the
      latches 1311 and 1315 causes a high level output signal to be applied to
      all four of the gates 1302, 1304, 1306 and 1308, thereby causing the
      horizontal and vertical borders to extend across the entire screen,
      thereby separating the four images. The above described operation of the
      border gating circuitry is more fully explained in a subsequent portion of
      this specification.
PAR  The border gating circuitry 1300 contains three basic sections: one section
      for generating a horizontal border switching signal, a section for
      generating a vertical border switching signal and a section for generating
      a rectangular area for filling in the intersection of the horizontal and
      vertical borders. The horizontal border is generated by the circuitry
      including the latch 1311 and the gates 1302 and 1304. In the nonQUAD mode
      of operation, a high level signal is applied to the inputs of the gates
      1310 and 1312 via a line 1318 to enable the latch 1311. The latch 1311 is
      toggled by the Q output of the one-shot 1004 each time the output of the
      horizontal comparator 604 changes state. The latch 1311 is reset at the
      beginning of each horizontal line by a low active state horizontal drive
      pulse applied to the gate 1312. The output signals from the gates 1310 and
      1312 are complementary and are applied to inputs of the gates 1302 and
      1304, respectively. The resetting of the latch 1311 by the horizontal
      drive pulse causes a high level signal initially to be applied to the gate
      1304 and a low level signal to the gate 1302. This results in the gate
      1304 being enabled and the gate 1302 being disabled at the initiation of
      each scanning line. Following the transition of the output signal from the
      comparator 604, the latch 1311 toggles to enable the gate 1302 for the
      remainder of the scanning line. The gates 1302 and 1304 are connected to
      the effect selector circuit 1600, and the gate 1302 is disabled by closing
      one of the effects selector switches when an effect not requiring a border
      during the portion of the horizontal scan following the transition of the
      comparator 604 is selected. Similarly, the gate 1304 is disabled when a
      horizontal border is not required during the initial portion of the scan.
PAR  The operation of the vertical border generating circuit is similar to that
      of the horizontal border generating circuit with the exception that the
      latch 1315 is toggled during the transition of the output signal from the
      vertical comparator 804 and reset by a low active state vertical drive
      pulse. The complementary outputs of the latch 1315 are applied to the
      gates 1306 and 1304 which are selectively enabled to provide a vertical
      border in the upper or lower portion of the viewing screen as desired.
PAR  When the effect selected requires both a horizontal and a vertical border,
      it is necessary to provide a rectangle at the intersection of the two
      borders to complete the border effect. The rectangle is provided by an AND
      gate 1320 that is enabled when both the horizontal and vertical border
      counters 1002 and 1102 are operating.
PAR  The outputs of the gates 1302, 1304, 1306 and 1308 are applied to a 4-input
      NAND gate 1322 which provides a high level output if any one of its inputs
      goes low. The output of the gate 1322 is applied to a NOR gate 1324
      together with the output of the gate 1320. The NOR gate 1324 serves to
      combine the outputs of the gates 1320 and 1322 to provide a combined
      border switching signal that goes low if the output of either one of the
      gates 1320 or 1322 goes high. The output of the gate 1324 is applied to
      the output gating circuit 1500 to control the switching of the border
      video signal.
PAR  The operation of the border gating circuit 1300 when one of the QUAD modes
      has been selected is similar to its operation in the wipe mode with the
      exception that a low level signal is applied to the line 1318 to disable
      the latches 1311 and 1315 when the QUAD mode or variable QUAD mode is
      selected. This results in a high level output signal appearing at both
      outputs of each of the latches 1311 and 1315. The high outputs provide an
      enabling signal to the gates 1302, 1304, 1306 and 1308 during the entire
      horizontal and vertical scans, respectively. This permits a border
      extending across the entire horizontal and vertical scans to be generated
      for separating the four video signals.
PAR  The function of the A/B gating circuit 1400 is relatively straightforward.
      As previously described, the A/B gating circuit contains three exclusive
      NOR gates 1402, 1404 and 1406, operating in conjunction with a NOR gate
      1408 to provide an A/B switching signal indicating whether a first or a
      second video signal (A or B video) is to be applied to the output channel.
      The polarity of the A/B switching signal is determined by the states of
      the outputs of the horizontal and vertical comparators, and may be
      inverted in accordance with the desired effect by applying the appropriate
      polarity switching signals to the gates 1402, 1404 and 1406. The circuit
      1400 also provides horizontal Q and vertical Q signals, each indicating
      the state of the output of one of the comparators 604 and 804. Together,
      the horizontal and vertical Q signals and the A/B switching signal contain
      enough information to permit the output gating circuit 1500 to identify
      the quadrant being scanned and to activate the appropriate ones of the
      video switches 1900 necessary to generate the effect selected by the
      effect selector 1600. Video switches similar to those described in the
      referenced Busch patent may be used as the video switches 1900.
PAR  The limit gating circuit 1800 provides an output when a full count or a
      zero count is present in the lever counters. The limit gating circuit 1800
      contains an 8-input NAND gate 1802 that is responsive to a full count in
      the lever counter 304 and generates a low level output signal when the
      full count is reached. The low level output signal from the gate 1802
      triggers a monostable multivibrator 1804 which applies a low level output
      pulse to an AND gate 310 in the lever counter circuit 300 to prevent
      further clock pulses from being applied to the counter 304 after the full
      count has been reached. The output signal from the gate 1802 is also
      applied to a retriggerable A limit multivibrator 1806 which generates a
      positive level A limit output signal at its Q output.
PAR  The gate 220 applies clock pulses to a B limit retriggerable monostable
      multivibrator 1808. The multivibrator 1808 is maintained in a triggered
      state as long as pulses are received from the gate 220; however, if no
      pulses are received within an interval somewhat greater than a vertical
      field interval, the multivibrator 1808 returns to its rest state and
      provides a B limit signal at its Q output. A NAND gate 1810 is coupled to
      the Q output of the multivibrator 1808 and the Q output of the
      multivibrator 1806 to provide a high level signal if either the A or the B
      limit is reached.
PAR  The output gating circuit 1500 (FIG. 9) contains a QUAD mode switching
      signal decoder 1501 having four NAND gates 1502, 1504, 1506 and 1508.
      Inputs of the gates 1502 and 1504 are connected to the respective Q and Q
      outputs of the bistable multivibrator 1602 by means of a pair of leads 14
      and 16 which are connected to correspondingly numbered leads in FIG. 5.
      Similarly, the gates 1506 and 1508 are connected to the respective Q and Q
      outputs of the bistable multivibrator 1654 via leads 15 and 17.
PAR  The gate 1502 serves as a channel A decoder for providing a low active
      state output signal when the horizontal Q and vertical Q inputs are high.
      The gate 1504 acts as a channel B decoder to provide a low active state
      output signal when the horizontal Q and vertical Q signals are high.
      Similarly, the gate 1506 provides a low output when the horizontal Q and
      the vertical Q outputs are high, and the gate 1508 provides a low output
      when the horizontal Q and the vertical Q outputs are high. Consequently
      each of the gates 1502, 1504, 1506 and 1508 provides a low level output
      signal when a different quadrant of the screen is being scanned. The
      output signals from the gates 1502, 1504, 1506 and 1508 are passed via
      NAND gates 1510, 1512, 1514, 1516, NAND gates 1518, 1520, 1522, 1524 and
      applied to four bistable multivibrators 1526, 1528, 1530 and 1532,
      respectively. Each of the four multivibrators 1526, 1528, 1530 and 1532
      provides a low active state output signal at its Q output when the output
      of its corresponding gate 1502, 1504, 1506 and 1508 is low, and the NAND
      gates interposed therebetween are enabled.
PAR  The gates 1510, 1512, 1514 and 1516 are enabled when a high level signal is
      applied to a gate 1534 from the inverter 1738 via a line 20 and a blanking
      pulse is not present. This results in a low active state signal at the
      output of the gate 1534 which is inverted by an inverting amplifier 1536
      and applied to the gates 1510, 1512, 1514 and 1516. The high level signal
      on the line 20 indicates that the system is operating in the QUAD mode.
      The low level output signal from the gate 1534 is used to disable an AND
      gate 1538 which provides a low level output signal to disable a pair of
      NAND gates 1540 and 1542. The gates 1540 and 1542 apply a high level
      output signal to a pair of exclusive NOR gates 1544 and 1546 which apply a
      high level enabling signal to the gates 1518 and 1520 provided that the
      potential on the line 1548 connected to the other inputs of the NOR gates
      1544 and 1546 is also high. This is the normal case occurring when no A or
      B limit signal is generated and the output of a gate 1550 is high.
PAR  The high output of the gate 1550 is inverted by an inverting amplifier 1552
      and applied to a pair of NAND gates 1554 and 1556 which apply a high
      output signal to a pair of respective NOR gates 1558 and 1560. The low
      level output signals from the NAND gate 1538 is inverted by an inverting
      amplifier 1562 and applied to the exclusive NOR gates 1558 and 1560 to
      cause the outputs of the gates 1558 and 1560 to provide a high enabling
      signal to the gates 1522 and 1524. As a result, all of the gates between
      the decoding gates 1502, 1504, 1506 and 1508 are enabled in the QUAD mode,
      and the outputs of the bistable multivibrators 1526, 1528, 1530 and 1532
      reflect the quadrant being scanned and provides an output signal to an
      appropriate one of the video switches 1900 for applying the appropriate
      video signal to the output channel.
PAR  The border video switch output signal is provided by a border video
      bistable multivibrator 1562 that is controlled by a 3-input NAND gate
      1564. The NAND gate 1564 is enabled by a bistable multivibrator 1566 when
      the border switch 1568 is closed. The border video switching signal from
      the border gating circuit 1300 is applied to an inverting amplifier 1570
      via a line 22 and inverted by the amplifier 1570 to activate the gate 1564
      when the switch 1568 is closed and the voltage level on the line 22 is
      low. Thus, the border video switching signal from the border gating
      circuit 1300 controls the multivibrator 1562 which controls the border
      video switch.
PAR  To provide for synchronization of the output gating circuit 1500, the gate
      1564 is periodically disabled during the blanking intervals by low level
      blanking pulses applied to a line 1572. The bistable multivibrator 1566 is
      reset by low level vertical drive pulses applied to a line 1574.
      Synchronization for the output multivibrators 1526, 1528, 1530, 1532 and
      1562 is provided by a NAND gate 1573 that strobes data into the output
      multivibrators at the clock rate. The second input of the NAND gate 1573
      is connected to a bistable multivibrator 1575 that disables the NAND gate
      1573 upon receipt of an A limit or a B limit signal from a line 12 (via an
      inverting amplifier 1576). The output of the amplifier 1576 also disables
      the border control multivibrator 1566 to terminate the generation of a
      pattern.
PAR  The wipe mode of operation is controlled by a pair of NAND gates 1578 and
      1580 and an inverting amplifier 1582. One input of the NAND gate 1578 is
      connected to the A/B switching output of the A/B gating circuit 1400 (gate
      1810, FIG. 4). The A/B output signal is passed by the gates 1578 and 1580
      except when a blanking pulse is present or when a high A limit signal is
      applied to a gate 1584. The A/B switching signal is twice inverted by the
      gates 1578 and 1580 and applied to the gate 1540. The A/B signal is again
      inverted by the amplifier 1582 and applied to the gate 1542 to thereby
      provide complementary signals to the gates 1540 and 1542 for alternately
      operating the gates 1518 and 1520 (via the gates 1544 and 1546). The gates
      1518 and 1520 alternately operate the multivibrators 1526 and 1528 to
      thereby alternately apply the channel A and channel B video signals to the
      output channel, with the B channel video signal being applied to the
      output channel when the output of the gate 1580 is high and the A channel
      signal being applied to the output channel when the output of the gate
      1580 is low. The gates 1522 and 1524 are disabled in this mode by applying
      a high level signal to the gates 1554 and 1566 from the line 10 via the
      gate 1550, the inverting amplifier 1552 and a second inverting amplifier
      1586.
PAR  The gates 1540, 1542, 1554 and 1556 may also be selectively enabled by the
      gates 1578, 1580, 1586 and 1550 during the blanking intervals to select
      synchronization from any one of the four video signals; however, the
      synchronization selection system is not part of the present invention and
      will not be discussed.
PAR  While certain preferred embodiments of the invention have been described by
      way of illustration, many modifications will occur to those skilled in the
      art; it will be understood, of course, that it is not desired that the
      invention be limited thereto, since modifications may be made, and it is,
      therefore, contemplated by the appended claims to cover any such
      modifications as fall within the true scope and spirit of the invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A video special effects generator for controlling the combining of video
      input signals into a video output signal under the control of horizontal
      and vertical synchronizing signals, said generator comprising:
PA1  means for generating a series of first digital representations including a
      source of periodic signals, means for counting said periodic signals,
      means for generating a variable width signal, means for generating a fixed
      width signal and means operatively coupled to said variable width signal
      generating means and said fixed width signal generating means for
      rendering said counting means operative to count said periodic signals
      only upon the existence of a predetermined time relationship between said
      fixed and said variable width signals;
PA1  means responsive to horizontal synchronizing signals for generating a
      second digital representation having a value corresponding to the time
      elapsed since the most recent horizontal synchronizing signal;
PA1  means responsive to vertical synchronizing signals for generating a third
      digital representation having a value corresponding to the elapsed time
      since the most recent vertical synchronizing signal;
PA1  digital signal comparing means responsive to said digital representations
      for generating an output control signal having a state dependent upon the
      relative values of various ones of the digital signal representations
      applied thereto;
PA1  video switching means for switching the video input signals into the video
      output signal under the control of the output signal generated by the
      digital signal comparing means; and
PA1  means for altering the effect of various ones of said first, second and
      third signal representations on said output control signal to produce
      special effects controlled in accordance with said series of first digital
      representations.
NUM  2.
PAR  2. A video special effects generator as recited in claim 1 further
      including second means for generating a variable width signal operatively
      coupled to said means for rendering said counting means operative, said
      last-mentioned means being responsive to said variable width signal
      generating means, said fixed width signal generating means and said second
      variable width signal generating means for rendering said counting means
      operative to count said periodic signals only upon the existence of a
      predetermined time relationship between said fixed width signal, said
      variable width signal and said second variable width signal.
NUM  3.
PAR  3. A video special effects generator as recited in claim 1 wherein said
      means for rendering said counting means operative includes gating means
      responsive to said variable width signal for rendering said counting means
      operative to count said periodic signals, said gating means being further
      responsive to said fixed width signal for inhibiting the operation of said
      counting means for the duration of said fixed width signal.
NUM  4.
PAR  4. A video special effects generator as recited in claim 3 further
      including means for generating a second variable width signal operatively
      coupled to said gating means for enabling the operation of said counting
      means only for the duration of said second variable width signal.
NUM  5.
PAR  5. A video special effects generator as recited in claim 4 wherein each of
      said fixed and variable width signal generating means includes a
      monostable multivibrator responsive to one of said synchronizing signals
      for generating one of said fixed and variable width signals, respectively.
NUM  6.
PAR  6. A video special effects generator as recited in claim 5 wherein said
      gating means is electrically coupled to said source of periodic signals
      and operative to pass said periodic signals when enabled by said first and
      second variable width signal and not inhibited by said fixed width signal.
NUM  7.
PAR  7. A video special effects generator for controlling the combining of video
      input signals into a video output signal under the control of horizontal
      and vertical synchronizing signals, said generator comprising:
PA1  means for generating a series of first digital representations;
PA1  means for storing one of said series of first digital representations;
PA1  means operatively coupled to said first digital representation generating
      means and said storing means for comparing each of said series of first
      digital representations with said stored representation and rendering said
      storing means operative to store the last compared one of said series of
      first digital representations when the value of said last compared first
      digital representation differs from said stored first digital
      representation by a predetermined amount;
PA1  means responsive to horizontal synchronizing signals for generating a
      second digital representation having a magnitude corresponding to the time
      elapsed since the most recent horizontal synchronizing signal;
PA1  means responsive to vertical synchronizing signals for generating a third
      digital representation having a value corresponding to the time elapsed
      since the most recent vertical synchronizing signal;
PA1  digital signal comparing means responsive to said digital representations
      for generating an output control signal having a state dependent upon the
      relative values of various ones of the digital signal representations
      applied thereto;
PA1  video switching means for switching the video input signals into the video
      output signal under the control of the output signal generated by the
      digital signal comparing means; and
PA1  means for altering the effect of various ones of said first, second and
      third signal representations on said output control signal to produce
      special effects controlled in accordance with said series of first digital
      representations.
NUM  8.
PAR  8. A video special effects generator as recited in claim 7 wherein said
      means for comparing said first digital representations with said stored
      representations include means for adding the 2's complements of each of
      said first digital representations and said stored representations and
      providing a series of digital sum signals each representative of the sum
      of one of said first digital representations and said stored digital
      representation and means coupled to said adding means for comparing
      predetermined digits of said digital sum signal, said comparing means
      being operative to provide a loading signal to said storing means to
      render said storing means operative to store the last compared one of said
      first digital representations when the values of said compared
      predetermined digits of said sum are unequal.
NUM  9.
PAR  9. A video special effects generator as recited in claim 8 wherein the
      predetermined digits of said digital sum signal include all digits thereof
      except the least significant digit.
NUM  10.
PAR  10. A video special effects generator as recited in claim 8 wherein said
      comparing means includes gating means operatively coupled to said adding
      means, said gating means being operative to provide said loading signal
      whenever said predetermined digits of said sum are not all ones or all
      zeros.
NUM  11.
PAR  11. A video special effects generator for controlling the combining of
      video input signals into a video output signal under the control of
      horizontal and vertical synchronizing signals, said generator comprising:
PA1  means for generating a series of first digital representations;
PA1  means responsive to horizontal synchronizing signals for generating a
      second digital representation having a value corresponding to the time
      elapsed since the most recent horizontal synchronizing signal;
PA1  means responsive to vertical synchronizing signals for generating a third
      digital representation having a value corresponding to the time elapsed
      since the most recent vertical synchronizing signal;
PA1  digital signal comparing means responsive to said digital representations
      for generating an output control signal having a state dependent upon the
      relative values of various ones of the digital signal representations
      applied thereto;
PA1  means coupled to said comparing means for reversing the dependency of the
      state of said output control signal upon the relative values of the
      digital signal representations supplied to said signal inputs;
PA1  video switching means for switching the video input signals into the video
      output signal under the control of the output control signal generated by
      the digital signal comparing means; and
PA1  means for altering the effect of various ones of said first, second and
      third signal representations on said control signal to produce special
      effects controlled in accordance with the series of first digital
      representations.
NUM  12.
PAR  12. A video special effects generator as recited in claim 11 wherein said
      state dependency reversing means includes means coupled to said comparing
      means for selectively inverting one of the digital representations applied
      to said comparing means.
NUM  13.
PAR  13. A video special effects generator as recited in claim 12 wherein said
      inverting means includes means for selectively inverting said first
      digital representation.
NUM  14.
PAR  14. A video special effects generator as recited in claim 13 wherein said
      first digital representation inverting means includes a plurality of
      exclusive NOR gates interposed between said comparing means and said first
      digital signal representation generating means.
NUM  15.
PAR  15. A video special effects generator for controlling the combining of
      video input signals into a video output signal under the control of
      horizontal and vertical synchronizing signals said generator comprising:
PA1  means for generating a series of first digital representations;
PA1  means responsive to horizontal synchronizing signals for generating a
      second digital representation having a value corresponding to the time
      elapsed since the most recent horizontal synchronizing signal;
PA1  means responsive to vertical synchronizing signals for generating a third
      digital representation having a value corresponding to the elapsed time
      since the most recent vertical synchronizing signal;
PA1  digital signal comparing means responsive to said digital representations
      for generating an output control signal having a state dependent upon the
      relative values of various ones of the digital signal representations
      applied thereto;
PA1  counting means for initiating a count in response to a change in the state
      of the output control signal from said digital comparing means, said
      counting means including means for providing an output signal
      representative of the time duration of said count;
PA1  video switching means for switching one of the video input signals into the
      video output signal under the control of the output signal generated by
      said counting means; and
PA1  means for altering the effect of various ones of said first, second and
      third signal representations on said control signal to produce special
      effects controlled in accordance with said series of first digital
      representations.
NUM  16.
PAR  16. A video special effects generator as recited in claim 15 wherein said
      counting means includes a programmable counter and means for
      preprogramming an initial value into the counter for determining the
      duration of the count.
NUM  17.
PAR  17. A video special effects generator as recited in claim 16 further
      including means operatively coupled to said counter for altering the
      preprogammed initial value to thereby alter the duration of the count.
NUM  18.
PAR  18. A video special effects generator as recited in claim 16 wherein said
      counter has a predetermined capacity and said counting means includes
      gating means coupled to the output of said counter for terminating the
      count when the counter is filled to capacity.
NUM  19.
PAR  19. A video special effects generator as recited in claim 16 further
      including a source of periodic signals operatively coupled to said
      counter, said counter being operative to count said periodic signals and
      responsive to each of said horizontal synchronizing signals for resetting
      the count to said preprogrammed initial value.
NUM  20.
PAR  20. A video special effects generator as recited in claim 16 wherein said
      counter includes means for receiving said horizontal synchronizing
      signals, said counter being operative to count said horizontal
      synchronizing signals and responsive to each of said vertical
      synchronizing signals for resetting the count to said programmed initial
      value.
NUM  21.
PAR  21. A video special effects generator for controlling the combining of
      video input signals into a video output signal under the control of
      horizontal and vertical synchronizing signals, said generator comprising:
PA1  means for generating a first digital representation, said first digital
      representation generating means including means for generating a single
      binary digit;
PA1  means responsive to horizontal synchronizing signals for generating a
      second digital representation having a value corresponding to the time
      elapsed since the most recent horizontal synchronizing signal;
PA1  means responsive to vertical synchronizing signals for generating a third
      digital representation having a value corresponding to the time elapsed
      since the most recent vertical synchronizing signal;
PA1  digital signal comparing means responsive to said digital representations
      for generating an output control signal having a state dependent upon the
      values of the second and third signal representations relative to the
      value represented by the single binary digit; and
PA1  video switching means for switching the video input signals into the video
      output signal under the control of the output signal generated by the
      digital signal comparing means for generating a special effect controlled
      in accordance with said first digital representation.
NUM  22.
PAR  22. A video special effects generator as recited in claim 21 wherein said
      video switching means includes means for alternately switching four video
      input signals into the video output signal to provide a composite video
      signal containing portions of each of the four video input signals.
NUM  23.
PAR  23. A video special effects generator as recited in claim 22 wherein each
      of said second and third digital representations has a predetermined
      maximum value, and wherein said first digital representation has a value
      substantially equal to one half of the maximum value of each of said first
      and second digital representations.
NUM  24.
PAR  24. A video special effects generator as recited in claim 23 wherein the
      maximum value of said first and second digital representations is equal to
      255 and wherein the value represented by said single binary digit is equal
      to 128.
NUM  25.
PAR  25. A video special effects generator as recited in claim 22 further
      including means for generating a series of fourth digital representations
      and means for selectively applying one of said first and series of fourth
      digital representations to said digital signal comparing means, said
      digital signal comparing means being responsive to the values of the
      second and third signal representations relative to the value of the one
      of said first and series of fourth digital representations selectively
      applied thereto for generating the output control signal to provide a
      special effect controlled in accordance with one of said first and series
      of fourth digital representations.
NUM  26.
PAR  26. A video special effects generator as recited in claim 25 wherein said
      fourth digital representation generating means includes means for
      selecting one of said fourth digital representations.
NUM  27.
PAR  27. A video special effects generator as recited in claim 26 wherein said
      fourth digital representation selecting means includes means manually
      operable for selecting said fourth digital representation.
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ABST
PAL  An acoustically scanned, optical imaging system for converting patterns of
      light into electrical signals. The system includes a monolithic convolver
      that scans incident light patterns using two counter propagating acoustic
      waves. Located in front of the convolver is an opaque grid that places a
      spatial periodicity into the light patterns. When the frequencies of the
      two acoustic waves propagating in the convolver are selected so that the
      difference between them is a function of the spatial periodicity placed in
      the light patterns, the minimum threshold signal or dark current from the
      convolver is substantially reduced. The imaging system also includes four
      alternative signal generating and processing circuits that can provide a
      one dimensional scan, a fast Fourier transform and a Fresnel transform of
      the light patterns incident on the convolver. Patterns of colored light
      also can be convolved into electrical signals by using colored filters as
      the grid.
GOVT
PAC  GOVERNMENT CONTRACT
PAR  The invention described herein was made in the performance of work under a
      contract with the National Science Foundation, Contract No. GK 24635.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to ultrasonic sound systems and,
      more particularly, to systems for acoustically scanning optical images.
PAR  2. Description of the Prior Art
PAR  A general introduction to this field of technology can be found in an
      article entitled "Acoustic Surface Waves" written by Mr. G. S. Kino and
      Mr. H. J. Shaw and published in the "Scientific American", October 1972,
      Vol. 227, No. 4 at page 51.
PAR  The initial developement of acoustically scanned optical imaging systems
      was carried out by Mr. C. F. Quate. This early work disclosed that when a
      photosensitive semiconductor body was placed close to the surface of a
      piezoelectric acoustic surface wave delay line, a pattern of illumination
      incident on the semiconductor body caused a corresponding change in the
      interaction between an acoustic surface wave in the delay line and the
      electrons in the semiconductor body.
PAR  A more recent development has been the use of a convolver incorporating a
      lithium niobate (LiNbO.sub.3) surface wave delay line separated by an air
      gap from a silicon (Si) semiconductor body. The air gap is used to prevent
      the lithium niobate from mechanically stressing the silicon body during
      operation. The development and use of lithium niobate convolvers is
      further described in the following articles and patents:
PA1  U.s. pat. Nos. 3,826,865 and 3,826,866 entitled "Method for
      Acousto-Electric Scanning" issued to Mr. C. F. Quate et al. and assigned
      to the Board of Trustees of Leland Stanford Junior University.
PA1  N. j. moll, O. W. Otto, and C. F. Quate, "Scanning Optical Patterns with
      Acoustic Surface Waves", J. de Physique, 33, Colloque C-6, Supplement, pp.
      231-234 (November-December 1972).
PA1  C. f. quate, "Optical Image Scanning with Acoustic Surface Waves", pending
      publication in the IEEE Transactions on Sonics and Ultrasonics.
PA1  S. takada, H. Hayakawa and N. Mikoshiba, "Surface-Wave-Acoustoelectric
      Image Scanner", Proceedings of the 5th Converence (1973 International) on
      Solid State Devices, pp. 194-198, 1973.
PAR  The parametric interaction between the two counter propagating surface
      waves in a delay line and the theory of operation of convolvers is
      described in an article entitled "Signal Processing by Parametric
      Interactions in Delay-Line Devices" written by Mr. G. S. Kino et al. and
      published in IEEE Transactions on Microwave Theory and Techniques, Vol
      MTT-21, No. 4, April 1973, pp. 244-255. This article also refers to the
      development of monolithic convolvers.
PAR  Heretofore, one problem experienced with lithium niobate convolvers has
      been maintaining the uniformity of the spacing between the semiconductor
      body and the lithium niobate. This spacing across the air gap usually has
      a thickness of from one thousand angstroms to one micron. In most
      practical applications it is difficult to prevent the lithium niobate from
      deforming the infintesimal amount necessary to destroy the uniformity of
      the air gap. The problem is further compounded because the air gap itself
      prevents the convolver from being mechanically rigid and flexure
      resistant. In addition, random charges of electrons or ions tend to
      collect on the outside surfaces of the lithium niobate and the
      semiconductor body and can destroy the uniformity of the interaction.
PAR  One problem heretofore experienced with convolvers has been the large,
      continuous, minimum signal output occurring during operation. This large,
      minimum output is called the dark current because convolvers generate this
      large signal even when there is no incident illumination and the convolver
      is located in the dark. The dark current is generated because the two
      counterpropagating acoustic waves are mixed together within the convolver
      and produce a combined output signal. The illumination incident on the
      convolver merely varies this pre-existing output signal level.
PAR  Another difficulty with these prior convolvers has been their limited
      dynamic range. At the high end of the range the maximum output signal
      occurs when there is so much incident light that the convolver saturates
      and produces a continuous high level output. At the low end of the range
      the dark current described hereinbefore comprises the minimum, low level
      signal output. Any signal weaker than the dark current is buried in the
      low level output and is not observable. Since the dark current is
      indistinguishable from a signal level produced by ordinary incident
      illumination, there has been heretofore no desirable way to lower the
      minimum signal level and thereby increase the dynamic range of the system.
PAR  Lastly, there has always been a continuing need to find devices that will
      convert patterns of light into electrical signals and, in particular, to
      discover systems to perform fast Fourier and Fresnel transforms of these
      light patterns in real time. Further, there has always been a need to
      develop devices that will transform patterns of light into electrical
      signals with a nondestructive readout.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  The present invention includes a monolithic convolver for acoustically
      scanning an optical image. The monolithic convolver combines a
      photosensitive semiconductor body, an intermediate layer, and a
      piezoelectric substrate together into a mechanically rigid, unitary
      sandwich. The present invention also includes an opaque grid located in
      front of the semiconductor body for placing a spatial periodicity into the
      illumination incident on the convolver. When the frequencies of the two
      acoustic waves propagating in the convolver are selected so that the
      difference between them is a function of the spatial periodicity in the
      incident illumination, the dark current in the output of the convolver is
      substantially reduced. Moreover, there is an observable output signal only
      when there is illumination incident on the convolver. The present
      invention further includes four alternative signal generating and
      processing circuits that provide a one dimensional scan, a fast Fourier
      transform, and a Fresnel transform of the optical image. In addition, the
      present invention contemplates using colored filters as the grid and
      obtaining electrical signals from the convolver corresponding to the
      colors in the image incident on the convolver.
PAR  The primary object of the present invention is to provide a method and
      apparatus that overcomes the disadvantages and difficulties heretofore
      experienced in the prior art.
PAR  An additional object of the present invention is to provide an acoustically
      scanned, optical imaging device that is mechanically rigid and not subject
      to the problems stemming from maintaining a uniform air gap thickness.
PAR  A further object of the present invention is to eliminate or at least to
      reduce the dark current from the output of acoustically scanned optical
      convolvers.
PAR  Another object of the present invention is to increase the dynamic range of
      acoustically scanned, optical imaging devices.
PAR  Still another object of the present invention is to develop a device that
      will perform a fast Fourier transform, a Fresnel transform and a digital
      transform of an optical image in real time.
PAR  An additional object of the present invention is to improve the signal to
      noise ratio of acoustically scanned optical imaging convolvers. A further
      object of the present invention is to use colored filters as grids and to
      obtain electrical signals from a convolver corresponding to the colors in
      the image incident on the convolver.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiments have been set
      forth in detail in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of an acoustically scanned, optical imaging,
      monolithic convolver and a signal generating and processing circuit for
      generating a Fourier transform in real time of the optical image of the
      object;
PAR  FIG. 2 is a perspective view, partially cut away, of the monolithic
      convolver of FIG. 1;
PAR  FIG. 3 is a schematic diagram of an alternative illuminating assembly for
      reflecting light off of the object and onto a convolver;
PAR  FIG. 4 is a schematic diagram of an acoustically scanned, optical imaging,
      lithium niobate convolver and a second signal generating and processing
      circuit for generating a one dimensional scan in real time of the optical
      image of the object;
PAR  FIG. 5 is a perspective view of the rear side of the lithium niobate
      convolver of FIG. 4 illustrating the air gap therein;
PAR  FIG. 6 is a perspective view of the front side of the lithium niobate
      convolver of FIG. 4;
PAR  FIG. 7 is a schematic diagram of a third signal generating and processing
      circuit for generating a Fresnel transform in real time of the optical
      image of the object;
PAR  FIG. 8 is a table comparing the three embodiments of the signal generating
      and processing circuits of FIGS. 1, 4, and 7;
PAR  FIG. 9 is a schematic diagram of a fourth signal generating and processing
      circuit using coded signals for the counter-propagating waves and a
      matched filter to obtain a one dimensional scan of the image of the
      object;
PAR  FIG. 10 is a schematic diagram of an acoustically scanned, optical imaging,
      monolithic convolver having a plurality of colored filter-grids for
      generating electrical signals corresponding to the colors in the image
      incident on the convolver;
PAR  FIG. 11 is a end view of one of the filter-grids of FIG. 10;
PAR  FIG. 12 is a plan view, partially cut away, of an alternative embodiment of
      the acoustically scanned, optical imaging, monolithic convolver
      illustrating means for concentrating the acoustic surface waves into a
      wave guide formed in the piezoelectric layer;
PAR  FIG. 13 is a side elevation, in section taken along line 13--13 of FIG. 12
      of the monolithic convolver of FIG. 12; and
PAR  FIG. 14 is an end evolution, in section taken along line 14--14 of FIG. 12
      of the monolithic convolver of FIG. 12.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Description of the Monolithic Convolver
PAR  Referring to FIG. 1, reference numeral 9 indicates an illuminating assembly
      including an incandescent light source 10 that supplies illumination for
      an acousto-electric scanning system described hereinafter. The
      illumination from the light source is incident on a first, simple,
      biconvex lens 12. This first lens refracts the rays from the light source
      into a parallel beam and directs the light toward an object 14 that is
      optically imaged by the system. The object in FIG. 1 is a photographic
      transparency and can be either a black and white negative or a colored
      slide. The light passing through the object is focused by a second
      biconvex lens 16 onto a convolver 18 hereinafter described. The object 14
      is vertically moved by a rack and pinion gear 20 so that the image of
      object can be vertically scanned. The pinion gear is turned by a stepping
      motor 22 and the vertical position of the object is measured by a
      potentiometer 24 attached to the shaft of the stepping motor. The output
      of the potentiometer is an electrical signal indicating the vertical
      position of the object with respect to the convolver 18.
PAR  Referring to FIG. 3, the convolver 18 can also be illuminated by reflecting
      light off of an object 14' such as a page of printed text. The
      illumination from the light source 10' is directed through the lenses 12',
      16' in the same manner as hereinbefore described. The printed page is
      imaged line by line by moving the page past the convolver.
PAR  It should be noted that reference numeral 18 is used to indicate the
      general type of convolver that is acoustically scanned and optical
      imaging. This type of convolver is operable with any type of
      electromagnetic radiation from any source as long as the radiation causes
      conductivity perturbations in the semiconductor body as hereinafter
      described. The convolver illustrated in FIGS. 1 and 2 and identified by
      reference numeral 26 is a monolithic convolver formed in a multilayered
      sandwich. The monolithic convolver forms a mechanically rigid unit that
      resists deformation and flexure.
PAR  The monolithic convolver 26 includes an optical grid 28 that performs as an
      opaque mask. The grid consists of a plurality of uniformly spaced apart
      elements each having a spacing of distance L. These elements block the
      light coming from the second biconvex lens 16 and place periodicity in the
      light before the light reaches the semiconductor body. The grid can be
      fabricated from any opaque material including metals such as aluminum and
      gold; however, when conductive materials are used, the grid should be
      grounded. In the embodiments actually constructed the grid spacing varied
      between 50 to 100 microns.
PAR  The grid 28 is supported by a transparent sheet 30 that overlies the
      monolithic convolver. The transparent sheet can be fabricated from any
      material that is transparent to the incident light including gold foil,
      vacuum evaporated polysilicon, and tin oxide. The grid 28 and the
      transparent sheet 30 are in turn both supported and spaced away from the
      convolver sandwich by two elongate spacers 32. The spacers position the
      grid sufficiently far away from the sandwich so that the grid does not
      influence either the acoustic waves traveling in the piezoelectric layer
      hereinafter described or the electric fields associated therewith. It
      should be noted, too, that the grid must be positioned sufficiently close
      to the sandwich so that the periodicity is not washed out of the light
      before it reaches the semiconductor body. Parenthetically, if these grid
      locating criteria are satisfied, the grid can be located within the
      convolver sandwich in front of the semiconductor body. The exact height of
      the spacers is not a critical dimension, and it has been observed that
      maintaining a uniform thickness between the grid and the convolver
      sandwich is not required. In one embodiment that was constructed, spacers
      having a height of between 100 microns to 1 millimeter were found to be
      satisfactory.
PAR  The multilayered sandwich of the monolithic convolver 26 includes a
      piezoelectric layer 34 located directly behind the transparent sheet 30
      and the grid 28. The piezoelectric layer is transparent to the
      illumination coming from the light source 10 and provides the
      piezoelectric coupling between the two counterpropagating acoustic surface
      waves and the semiconductor body as hereinafter described. Located on top
      of the piezoelectric layer 34 is a thin, transparent metal film 33 that is
      connected to ground. This metal film provides one leg of the output signal
      circuit hereinafter described. In the preferred embodiment the
      piezoelectric layer is made of zinc oxide (ZnO) that has been sputtered
      onto the sandwich. It has been observed that the layer should have a
      thickness of approximately 0.05 times the wavelength of the incident
      light, i.e. t = 0.05.lambda.. Although this layer can also be fabricated
      from aluminum nitride and cadmium sulfide, for the purposes of brevity the
      piezoelectric layer will hereinafter be referred to as the zinc oxide
      layer. In the embodiment that was constructed to operate at 130 megahertz,
      the zinc oxide layer was approximately  1.2  microns thick.
PAR  Underlying the piezoelectric layer 34 and forming part of the convolver
      sandwich is a photosensitive semiconductor body 38. In the preferred
      embodiment the semiconductor body is made of silicon (Si) and, for
      brevity, will be hereinafter referred to as the silicon layer. However,
      this layer can be fabricated from indium antimonide (InSb) for sensitivity
      in infrared light and gallium arsenide (GaAs) for visible light. The
      silicon layer is the basic substrate of the sandwich and includes an N
      layer of silicon epitaxially grown on bulk N+ silicon to provide good
      conduction to the N layer. In FIG. 2 the N layer is located proximate to
      zinc oxide layer 34. The silicon layer is a photosensitive, variable
      charge density material that produces conductivity perturbations
      corresponding to the intensity variations of the light incident on the
      convolver. In the embodiment that was actually constructed, commercially
      available N+ phosphorous doped silicon was used. The N layer was
      approximately 2 microns thick and the silicon was cut so that the phase
      velocity and group velocity of the acoustic waves were colinear.
PAR  Located between the zinc oxide layer 34 and the silicon layer 38 is an
      intermediate layer 36. The intermediate layer protects the exposed surface
      of the silicon layer from zinc oxide contamination during fabrication. In
      addition, the intermediate layer both provides a virgin surface on which
      to grow the zinc oxide layer and also provides a low density of surface
      states at the surface of the silicon layer. In the embodiment actually
      constructed, the intermediate layer comprised a layer of silicon dioxide
      approximately 1,000 angstroms thick. It has also been observed that the
      silicon dioxide layer itself can be protected from contamination by
      placing a layer of silicon nitride or phosphorous glass approximately
      1,000 angstroms thick between the silicon dioxide layer and the zinc oxide
      layer. For the purposes of brevity the intermediate layer 36 will
      hereinafter be referred to as the silicon dioxide layer.
PAR  On the exposed surface of the zinc oxide layer 34 at either end thereof is
      located an interdigital transducer 40. The zinc oxide layer forms an
      acoustic surface wave delay line and the interdigital transducers are
      input electrodes that can be driven to generate acoustic surface waves in
      the zinc oxide layer. The construction and operation of both interdigital
      electrodes and acoustic surface wave delay lines are further described in
      the "Scientific American" article cited hereinbefore.
PAR  Directly underlying each interdigital transducer 40 and located on top of
      the silicon dioxide layer 36 is a gold shielding pad 44. The gold pads are
      the same size as the interdigital transducers and insulate the driving
      signal at the transducer so that the signal does not penetrate into the
      silicon layer 38. The shielding pads thus reduce the driving signal loss
      and optimize the efficiency of the transducers. The pads are vacuum
      evaporated onto the silicon dioxide. Care must be taken to keep the gold
      crystallites of the film well aligned with their [1,1,1,]  surfaces
      pointing upwardly. This is done by fast evaporation on top of a Ti flash.
      The purpose is to provide a good surface on which to grow well aligned
      ZnO, that is with the C-axes of the crystallites normal to the Si surface.
      Such ZnO will have a piezoelectric coupling coefficient comparable to a
      perfect crystal.
PAR  There is an output electrode 42 located on the exposed surface of the
      silicon layer 38. The output electrode is a metal film vacuum evaporated
      onto the N+ layer of silicon and has approximately the same dimensions as
      the acoustic surface wave delay line hereinbefore described. In the
      embodiments actually constructed, the output electrode 42 was either an
      aluminum film or gold film of the order of 50-200 angstroms thick so as to
      be transparent to light.
PAR  The sandwich of the monolithic convolver 36 is fabricated using
      semiconductor production techniques. The silicon substrate 38 is cut from
      a piece of commercially available, bulk N+ phosphorous doped silicon and
      the N layer is grown epitaxially on the substrate by chemical vapor
      deposition. Immediately after the N layer is formed, the exposed surface
      is oxidized and a layer of silicon dioxide approximately one thousand
      angstroms thick is grown on top. Next, the gold shielding pads 44 are laid
      down on top of the silicon dioxide layer 36 by vacuum evaporation. The
      silicon dioxide layer 38 can also be protected by layers of silicon
      nitride or phosphorous glass grown by chemical vapor deposition.
      Thereafter, the zinc oxide layer 34 is RF sputtered on to the sandwich and
      the interdigital transducers 40 are deposited on top of the zinc oxide
      layer so that each transducer overlies a corresponding gold pad. Lastly,
      the transparent metal film 33 is placed on the zinc oxide layer.
PAR  Referring to FIG. 1, the monolithic convolver 26 is driven by a
      conventional signal generator 48 having an output of frequency
      .omega..sub.1 + .omega..sub.2. This output from the signal generator 48 is
      passed to a mixer 50. In addition, the monolithic convolver is also driven
      by a chirp generator 52 having an output of frequency .omega..sub.1 +
      .mu.t, where .omega..sub.1 is the continuous frequency component of the
      signal and .mu.t is a chirp signal having a chirp rate of .mu. over time
      t. A chirp signal is a signal that varies in frequency as a function of
      time. The signal .omega..sub.1 + .mu.t from the chirp generator 52 is
      applied directly to the interdigital transducer 40 and is also identified
      hereinafter as a scan pulse (S). The signal .omega..sub.1 + .mu.t from the
      chirp generator 52 is also passed to the mixer 50 where the signal is
      subtracted from the output .omega..sub.1 + .omega..sub.2 of the signal
      generator 48. The resulting output signal from the mixer 50 is
      .omega..sub.2 - .mu.t and is identified hereinafter as a read pulse (R).
      The read pulse is applied to the interdigital transducer 40'. In summary,
      two linear FM chirp signals, .omega..sub.1 + .mu.t and .omega..sub.2 -
      .mu.t, are inserted into the opposite ends of the convolver 26.
PAC  Operation of the Monolithic Convolver
PAR  In operation, the illumination from the light source 10 passes through the
      object 14 and a pattern of light is obtained therefrom. The image of the
      object is focused on the convolver 26 by the lens 16, and the grid 28
      places a spatial periodicity in the light. Next, the light passes through
      both the transparent sheet 30 and the transparent piezoelectric layer 34
      and is thereafter incident on the semiconductor body 38. Since the
      semiconductor body is optically sensitive, the incident light changes the
      electrical conductivity of the silicon layer 38. Simultaneously, the
      piezoelectric layer 34 is driven by the two linear FM chirp signals,
      .omega..sub.1 + .mu.t, .omega..sub.2 - .mu.t generated by the two
      interdigital transducers 40. Each transducer generates a counter
      propagating acoustic wave that travels down the piezoelectric layer.
PAR  Within the semiconductor body the pattern of light generates corresponding
      perturbations in the electron charge density. Since the piezoelectric
      layer 34 is placed so close to the semiconductor body, there is a
      corresponding change in the interaction between the acoustic surface waves
      and the perturbated electron charge density in the semiconductor body. In
      other words, as each acoustic wave travels along the piezoelectric layer
      34 at the acoustic wave velocity, the wave senses any change in the
      electron carrier density in the semiconductor resulting from local
      variations in the intensity of the illumination incident on the
      semiconductor body.
PAR  More specifically, there is an electric field associated with each acoustic
      wave that propagates along the zinc oxide layer 34, and this electric
      field interacts with the perturbated charge carriers in the semiconductor
      body. As the acoustic wave passes proximate to the semiconductor body, the
      electric field E normal to the surface of the semiconductor produces a
      depletion layer of thickness l where E = qN.sub.d l/.epsilon., and N.sub.d
      is the donor density of an n type semiconductor, q the electronic charge
      and .epsilon. the permittivity of the semiconductor.
PAR  In turn, there is a potential .phi. developed across the depletion layer
      where:
EQU  .phi. = qN.sub.d l.sup.2 /2.epsilon.
PAL  or
      ##EQU1##
      Thus, when the electric field E is supplied across the surface of the
      semiconductor body, a potential is developed across the depletion layer
      that is proportional to the square of the electric field.
PAR  The action of the grid may be best understood by considering first the
      interaction when the chirp rate, .mu., equals zero. In this case two
      signals .omega..sub.1 and .omega..sub.2 are inserted into the opposite
      ends of the zinc oxide layer 34. The acoustic waves counter propagate in
      the system and have electric fields that vary as exp j [.omega..sub.1 t -
      k.sub.2 z] and exp j [.omega..sub.2 t + k.sub.2 z] where
      ##EQU2##
      and v is the acoustic surface wave velocity.
PAR  As hereinbefore described, the optical grid 28 imparts a periodic spatial
      modulation to the intensity of the light incident along the length of the
      semiconductor layer 38. In effect, the grid introduces a Fourier component
      with an effective wave number K into the electron charge carrier density
      of the semiconductor body 66. In order to obtain an output (O) from the
      convolver corresponding to the image of the object 14, the propagation
      constants K.sub.1, K.sub.2 of the two input waves R, S must be chosen that
EQU  K.sub.1 - K.sub.2 .+-. K = 0
PAL  or
      ##EQU3##
      where L is the spacing between the elements of the grid 28. This
      requirement means that the frequencies of the scanning and reading input
      signals must be altered so that
EQU  .omega..sub.1 - .omega..sub.2 .+-. kv = 0
PAL  or
      ##EQU4##
      Thus, an output signal (O) is obtained from the convolver at the sum
      frequency (.omega..sub.1 + .omega..sub.2) = 2.omega..sub.1 .+-. Kv only
      when there is light incident on the convolver. In the dark or when there
      is no incident light, the output signal is very small because the
      propagation constants K.sub.1, K.sub.2 of the acoustic waves are not
      matched. In short, by using the optical grid 28 and by properly selecting
      the scanning and reading frequencies, the dark current can be
      substantially eliminated.
PAR  It should be noted, also, that the monolithic convolver 26 is operable
      without the optical grid 28. The convolver then operates in much the same
      manner as the lithium niobate convolvers described in the references cited
      hereinbefore.
PAC  Signal Processing Circuit Providing a Fourier Transform
PAR  Referring to FIG. 1, the output signal (O) obtained at the output electrode
      42 of the convolver is passed to a conventional high pass filter 54. The
      high pass filter eliminates the leakage frequencies .omega..sub.1 + .mu.t
      and .omega..sub.2 - .mu.t from the output signal. The device is used with
      the grid whose action is the same as for constant frequency signals. The
      output signal from the filter is .omega..sub.1 + .omega..sub.2 modulated
      by the Fourier transform of the image of the object. This signal output is
      passed to a conventional spectrum analyzer 56 that displays the amplitude
      of the signal as a function of frequency. The output of the spectrum
      analyzer, in turn, is used to intensity modulate an oscilloscope 58. The
      horizontal sweep of the oscilloscope is triggered by the leading edge of
      the chirp signal .mu.t generated by the chirp generator 52. The vertical
      input to the oscilloscope is obtained from the position signal of the
      object 14 obtained from the potentiometer 24 on the stepping motor 22
      hereinbefore described.
PAR  The visual output of the oscilloscope is the Fourier transform of the
      optical image of the object 14. This can be shown as follows:
PAR  Assuming that the two input signals are .omega..sub.1 + .mu. t,
      .omega..sub.2 - .mu.t and their phases are
      ##EQU5##
      then at the plane Z (neglecting additive constants) the signals are of the
      form:
      ##EQU6##
      respectively.
PAR  When the semiconductor is illuminated through a grating, the grating
      introduces a periodicity into the illumination whose fundamental component
      can be expressed as cos 2.pi.z/l. The output is of the form
      ##EQU7##
      where n(z) is the carrier density variation due to illumination
PAR  Rewriting
      ##EQU8##
PAR  The periodicity cos
      ##EQU9##
      and choosing
      ##EQU10##
      from
      ##EQU11##
      as was used for the constant frequency assumption with the use of a grid.
PAR  Keeping only the contribution due to the e 2j.pi.z/l term, then
      ##EQU12##
PAR  Thus, the output is a carrier e j(.omega..sub.1 + .omega..sub.2)t modulated
      by the Fourier transform of n(z).
PAC  Lithium Niobate Convolver
PAR  Referring to FIGS. 4-6, reference numeral 62 generally indicates a
      conventional lithium niobate convolver. This convolver is illuminated by a
      light source 10 and lenses 12, 16 in the same manner as hereinbefore
      described. The object 14 to be imaged is vertically moved with a stepping
      motor 22 and a rack and pinion gear 20 also described hereinbefore.
PAR  The lithium niobate convolver 62 includes a layer 64 of lithium niobate
      (LiNb O.sub.3) that forms an acoustic surface wave delay line. At each end
      of the niobate layer is a interdigital transducer 40 for inducing an
      acoustic surface wave into the lithium niobate. Since lithium niobate is
      optically transparent, the light from the optical system 9 passes through
      the niobate layer and is incident on an underlying semiconductor layer 66
      fabricated from silicon. As hereinbefore described, the semiconductor
      layer can also be fabricated from indium antimonide (In Sb) or gallium
      arsenide. The silicon layer provides a photosensitive, variable charge
      density material that produces conductivity perturbations corresponding to
      intensity variations of the light incident on the convolver. The silicon
      layer is spaced from the lithium niobate layer by two spacers 68 so that
      an air gap 70 is created therebetween. The air gap is typically from 1,000
      angstroms to 1 micron thick and must be uniformly controlled so that a
      constant spacing dimension is maintained. The construction and operation
      of lithium niobate convolvers is further disclosed in the articles cited
      hereinbefore.
PAR  To the conventional lithium niobate convolver 62 hereinbefore described is
      added an optical grid 28. The grid performs as an optical mask and
      consists of a plurality of uniformly spaced apart elements each having a
      spacing L. The grid is deposited directly on the lithium niobate so that
      it places a spatial periodicity in the light from the object 14. It should
      be appreciated that the grid locating criteria described hereinbefore are
      satisfied by this arrangement.
PAR  The lithium niobate convolver 62 is driven by a scanning pulse (S) obtained
      by combining a signal of frequency .omega..sub.1 generated by a signal
      generator 72 with a short pulse generated by a pulse generator 74. The
      short pulse and the signal of frequency .omega..sub.1 are combined
      together at a mixer 76 and passed to the interdigital transducer 40. The
      convolver is also driven by a reading pulse (R) obtained by combining a
      signal of frequency .omega..sub.2 generated by a signal generator 78 with
      a long pulse generated by a pulse generator 80. The long pulse and the
      signal of frequency .omega..sub.2 are combined together at a mixer 82 and
      passed to the interdigital transducer 40'.
PAR  The operation of the lithium niobate convolver 62 (FIG. 4) is similar to
      the monolithic convolver 26 (FIG. 1) hereinbefore described. The scanning
      and reading pulses counterpropagate through the niobate delay line 64 and
      generate electric fields that vary as exp j(.omega..sub.1 t - k.sub.1 z)
      and exp j (.omega..sub.2 t + k.sub.2 z) respectively, where k.sub.1 =
      .omega..sub.1 /v, K.sub.2 =.omega..sub.2 /v and V is the acoustic surface
      wave velocity in the lithium niobate. The optical grid 28 imparts a
      spatial modulation to the intensity of the light incident on the
      semiconductor body 66 in a simular manner as described in connection with
      the monolithic convolver. To obtain an output (O) from the convolver, the
      frequencies of the scanning and reading pulses must be chosen such that
EQU  .omega..sub.1 - .omega..sub.2 .+-. Kv = 0                  (7)
PAL  or
      ##EQU13##
PAR  Thus, an output signal is obtained at the sum frequency .omega..sub.1 +
      .omega..sub.2 only when there is light incident on the grid equipped
      convolver and the dark current is substantially eliminated.
PAC  Signal Processing Circuit Providing A One Dimensional Scan
PAR  The signal output (O) of the lithium niobate convolver 62 is obtained from
      an output electrode 42 located on the rear surface of the silicon layer
      66. The electrode is a vapor deposited metal film that completely covers
      the exposed rear surface of the silicon layer. The output electrode is
      connected to a highpass filter 54, hereinbefore described, and an
      amplifier 84. The filter eliminates the leakage, scan and read pulses from
      the output signal. The amplifier is connected to a diode 86 and a resistor
      88 that together form a detector circuit that modulates the output of the
      amplifier. The output of the detector circuit is, in turn, connected to an
      oscilloscope 58 and provides the intensity modulation input for the
      oscilloscope. The short pulse obtained from the pulse generator 74
      triggers the horizontal sweep of the oscilloscope, and the position signal
      obtained from the potentiometer 24 provides the vertical input to the
      oscilloscope. The visual output from the oscilloscope is one single line
      of the image.
PAC  Signal Processing Circuit Providing a Fresnel Transform and A Real Image
PAR  Referring to FIG. 7, reference numerals 9, 14, and 18 generally indicate,
      respectively, the illuminating assembly, the object, and one of the
      convolvers hereinbefore described. The convolver is driven by a read pulse
      (R) having a frequency .omega..sub.2 that is supplied by a signal
      generator 91. The scan pulse (S) is a linear FM chirp signal having a
      frequency .omega..sub.1 + .mu..sub.1 t that is obtained from a signal
      generator 92. The output from the convolver is amplified by an amplifier
      93 and passed to a signal mixer 94. Also connected to the signal mixer is
      a signal generator 95 having a linear FM chirp signal output of frequency
      .omega..sub.3 + .mu..sub.2 t. The output from the signal generator 95 is
      negatively added at the signal mixer 94 to the output from the amplifier
      93. The resulting output of the signal mixer 94 is a signal modulated by
      the Fresnell transform of the image of the object 14 and having a
      frequency .omega.= .omega..sub.1 + .omega..sub.2 - .omega..sub.3 +
      (.mu..sub.1 - .mu..sub.2)t.
PAR  The output signal from the signal mixer 94 is passed to a dispersive filter
      96 that delays transmission of the signal as a function of its frequency.
      The input signal to the dispersive filter is basically a chirp signal
      (.mu..sub.1 - .mu..sub.2)t that has a frequency component that varies with
      respect to time. The dispersive filter is matched to the chirp signal
      input so that within the filter the trailing edge of the chirp signal
      catches up to its leading edge. The resulting output signal from the
      dispersive filter is a sharp pulse corresponding to a spot on the image of
      the object 14. Further description of the operation and construction of
      dispersive filters can be found in "Radar Signals and Introduction to
      Theory and Application", Chapter 1, by Mr. C. E. Cooks and Mr. M.
      Burnfield, Academic Press, New York 1967.
PAR  The output signal obtained from the dispersive filter 96 is used to
      intensity modulate an oscilloscope 58. The horizontal sweep of the
      oscilloscope is triggered by the leading edge of the scan pulse
      .omega..sub.1 + .mu..sub.1 t. The vertical input to the oscilloscope is
      obtained in the same manner as hereinbefore described in connection with
      the monolithic and lithium niobate convolvers. The visual output of the
      oscilloscope is a reconstructed image of the object 14.
PAR  Referring to FIGS. 1, 4, and 7, it should be noted that the signal
      generating and processing circuit using the short pulse for the scan (S)
      input (FIG. 4) is limited to the velocity of the scan of the image
      corresponding to the acoustic velocity of the convolver. In this case the
      time spent scanning any one spot on the image is relatively short because
      the pulse width of the short pulse is small. In contrast, the signal
      generating and processing circuits using chirp signals (FIGS. 1 and 7) can
      use a chirp having a relatively long pulse length. When a long chirp is
      propagated along the acoustic delay line, the chirp continuously scans any
      one spot on the image. In fact, a chirp can be used to scan one spot on
      the image for a full line time. The net effect is that there is a
      substantial increase in the time spent obtaining a signal from any one
      particular spot on the image. Therefore, the total signal energy
      corresponding to that one spot can be concentrated into a very high signal
      level and used to modulate the intensity of the oscilloscope 58. This
      effect results in an increase in the signal to noise ratio by the ratio of
      the line scan time to the time to scan one spot in the pulsed system. This
      is
      ##EQU14##
      where N is the number of spots.
PAR  When the dispersive filter 96 (FIG. 7) is used, the velocity of scan of the
      image can be slowed to an arbitrarily slow rate and the signal to noise
      ratio can be arbitrarily increased. The scan velocity can be chosen of
      arbitrary length because the dispersive filter collapses the chirp output
      signal from the convolver into one sharp, pulse corresponding to the spot
      on the object. In other words, as the scan velocity is increasingly
      slowed, the intensity signal obtained from the dispersive filter becomes
      larger and larger. Thus, the velocity of scan and the signal to noise
      ratio can be arbitrarily controlled.
PAC  Digital Convolver
PAR  Referring to FIG. 9, reference numerals 9, 14, 18, and 28 indicate
      respectively the illuminating assembly, the object, and one of the
      convolvers hereinbefore described. The convolver includes an optical grid
      28 that places a spatial periodicity into the incident light also as
      hereinbefore described. The convolver is energized by a scan pulse (S)
      supplied by a digital signal generator 101 and a read pulse (R) supplied
      by a second digital signal generator 103. The scan and read pulses are
      applied directly to two inner-digital transducers (not shown) and generate
      two counter propagating digitally coded signals in the acoustic surface
      wave delay line of the convolver. The output (O) from the convolver is
      passed to a matched filter 105 that is digitally coded to correspond to
      the output code obtained from the convolver. Thus a digital transform of
      the image is obtained. The output from the matched filter is a signal
      pulse corresponding to spot on the image. Thus, when this signal
      generating and processing circuit is connected to an oscilloscope (not
      shown), a one-dimensional scan of the image can be obtained without using
      chirp signals to drive the convolver. The same signal to noise advantages
      are obtained. Such digital transforms such as the Hadamard transform are
      of great importance for compressing the bandwidth of signals sent as a
      digital code.
PAC  Color Convolver
PAR  Referring to FIG. 10, reference numeral 108 generally indicates a convolver
      for generating electrical signals corresponding to the colors in the image
      incident on the convolver. The colored object 14' is a photographic slide
      transparency and is illuminated by white light from a light source (not
      shown). The white light passing through the object is filtered into a
      pattern of colored light corresponding to the image and a bi-convex lens
      16 focuses the colored image onto the convolver. The object 14' is
      vertically moved by the combination of a rack and pinion gear 20 and a
      stepping motor 22 so that the colored image can be vertically scanned.
PAR  The color convolver 108 includes a plurality of filter grids 110, 110' and
      110", each performing in a similar manner as the optical grid 28
      hereinbefore described. Each filter grid 110 consists of a plurality of
      spaced apart, parallel, colored filter strips 112 located on a transparent
      sheet. A filter strip is an elongate, narrow optical filter that removes a
      predetermined portion of the spectrum of light incident on the strip. The
      filter strips are selected to filter out the complimentary color of the
      color of interest; yellow filter strips are used to filter out blue light,
      blue strips for yellow light, and cyan for red light. Each filter strip
      has a uniform width and a uniform spacing of distance L. Between each
      filter strip the filter grid is transparent to white light, and all of the
      filter strips on the same filter grid filter out the same portion of the
      spectrum.
PAR  The filter grids 110, 110', and 110" are rigidly mounted on two transparent
      sheets 30, 30' that overlie a monolithic convolver. The transparent sheets
      are selected to pass white light and are positioned so that the filter
      strips 112 on each grid underlie each other in staggered or stepped
      relationship. The combined effect on the three filter grids is to place a
      spatial periodicity into three predetermined portions of the spectrum of
      light incident on the convolver. In the preferred embodiment these
      portions are the red, blue, and yellow regions of the spectrum.
PAR  The filter grids 110 are supported and spaced away from the convolver
      sandwich by two sets of elongate spacers 32, 32'. These spacers position
      the filter grids sufficiently far away from the sandwich so that the
      filter grids do not influence either the acoustic waves traveling in the
      piezoelectric layer of the convolver or the electrical fields associated
      therewith. As hereinbefore described, the filter grids must be positioned
      sufficiently close to the sandwich so that the spatial periodicities
      placed in the light are not washed out before the light reaches the
      semiconductor body.
PAR  The multilayered sandwich of the color convolver 108 is constructed and
      operates in essentially the same manner as the monolithic convolver 26
      (FIG. 1) hereinbefore described and like numerals identify the
      corresponding parts in all figures. Thus, for the purposes of brevity, the
      description of the color convolver sandwich need not be repeated. It
      should be noted, however that the transparent gold shielding pad 44 (FIG.
      10) underlies a plurality of interdigital transducers 40.
PAR  The color convolver 108 is driven by three signal generators 114, 116, 118
      that provide signals .omega..sub.1 + .mu..sub.1 t, .omega..sub.2 +
      .mu..sub.1 t, and .omega..sub.3 + .mu..sub.1 t respectively to three
      innerdigital electrodes 40. The color convolver is also driven by a fourth
      signal generator 120 that generates an output .omega..sub.O - .mu..sub.O t
      that drives the innerdigital electrode 40'. The signals impressed upon the
      innerdigital electrodes 40 and 40.degree. generate counter propagating,
      acoustic waves that travel through the piezoelectric layer 34.
PAR  The propagation constants of the center frequencies (t=0) of the chirped
      acoustic waves from the signal generators 120, 114, 116 and 118 are
      respectively:
      ##EQU15##
      where v equals the acoustic velocity wave in the piezoelectric layer 34.
PAR  The spacing L between each filter strip 112 on the three filter grids 110
      must satisfy the following requirements:
EQU  .vertline.K.sub.114 - K.sub.120 .vertline. &gt; 0
EQU  .vertline.k.sub.116 - k.sub.120 .vertline. &gt; 0
EQU  .vertline.k.sub.118 - k.sub.120 .vertline. &gt; 0
PAR  the output from the color convolver 108 comprises three signals
      .omega..sub.A, .omega..sub.B and .omega..sub.c given by the following
      equations:
EQU  .omega..sub.A = .omega..sub.O + .omega..sub.1 + (.mu..sub.1 - .mu..sub.O)t
EQU  .omega..sub.B = .omega..sub.2 + .omega..sub.1 + (.mu..sub.1 - .mu..sub.O)t
EQU  .omega..sub.C = .omega..sub.3 + .omega..sub.O + (.mu..sub.1 - .mu..sub.t)t
PAR  It has been observed that the range over which (.mu..sub.1 - .mu..sub.O)t
      extends can be limited to 5 megahertz whereas .mu..sub.1 t or .mu..sub.O t
      can extend over 25 megahertz and 20 megahertz respectively so(.mu..sub.1 +
      .mu..sub.O)t extends over 45 megahertz. Thus, to obtain a complete
      separation of the color output signals, it is only necessary for
      .omega..sub.1, .omega..sub.2 and .omega..sub.3 to be separated by no more
      than 5 megahertz. The net result is that the colors chosen for the filter
      strips 112 need not be separated by large differences in period.
PAR  Although the monolithic convolver is described as the preferred embodiment
      of the color convolver, it should be noted that the lithium niobate
      convolver 62 hereinbefore described can also be used to convolve colored
      images into electrical signals. In fact, the lithium niobate convolver is
      functionally interchangeable with the monolithic convolver 26 in all of
      the embodiments described herein, and each convolver can be used with any
      of the signal generating and signal processing circuits described in the
      specification.
PAR  Further, it should be noted that each convolver 26, 62, and 108 includes an
      optical grid 28, 110 that places a spatial periodicity in the illumination
      incident on the convolver. Moreover, the propagation constants K.sub.S,
      K.sub.R of the counter propagating scan and read input signals for all of
      the embodiments are selected so that K.sub.S - K.sub.R .+-. K = 0, where K
      is an effective wave number of the Fourier component in the semiconductor
      charge carrier density induced by the spatially modulated light.
PAR  Referring to FIGS. 12, 13 and 14, reference numeral 128 generally indicates
      a monolithic convolver according to the presend invention with means for
      concentrating the acoustic waves propagating the piezoelectric layer of
      the convolver. The convolver in this embodiment includes an optical grid
      (not shown) supported on a transparent sheet 30 and spaced from the
      piezoelectric layer by two spacers 32. The convolver sandwich includes a
      silicon layer 38 surmounted by a silicon dioxide layer 36 and a zinc oxide
      layer 34'. The counterpropagating acoustic surface waves are induced in
      the zinc oxide layer by two sets of interdigital transducers 40. With the
      exception of the zinc oxide layer 34', the construction and operation of
      the convolver in this embodiment is similar in all respects to the
      convolvers hereinbefore described.
PAR  The zinc oxide layer 34' of the monolithic convolver 128 includes two
      transducer electrode sections 130, two constriction sections 132 and a
      wave guide portion 134. The transducer sections are located at the ends of
      the zinc oxide layer and are proportioned to accomodate conventionally
      sized interdigital transducers 40. The wave guide portion 134 of the zinc
      oxide layer is an elongate, narrow, thin strip of piezoelectric material
      centrally located between the transducer sections. In addition, along the
      length of the wave guide portion there is deposited a metal film 135 on
      which is located a plurality of electrical terminal points from which the
      output signal is obtained from the convolver. The two constriction
      sections are located between the transducer sections 130 and the wave
      guide portion 134 and provide means for concentrating the acoustic waves
      generated by the interdigital transducers. The acoustic waves are
      concentrated into the reduced cross sectional area of the wave guide
      portion of the zinc oxide layer by the constriction fabricated in the
      layer itself.
PAR  It has been observed that the acoustic waves propagating under the zinc
      oxide layer travel at a slower speed than the surface waves located
      outside of the zinc oxide layer on the silicon substrate. Thus, the
      portion of the zinc oxide layer having the reduced cross sectional area
      acts as a wave guide and the electric fields generated by the acoustic
      waves decrease exponentially in a direction perpendicular to the axis of
      propagation. These electric fields decrease to an amplitude of
      approximately 1/e in a distance of .lambda./2 .pi. where .lambda. is the
      acoustic wavelength.
PAR  The concentration of acoustic waves in the wave guide portion increases the
      conversion or output efficiency of the convolver by a factor 1/R.sup.2
      where R is the factor by which the acoustic beam is constricted. The
      conversion efficiency is increased because nonlinear convolvers generate
      output signals that depend upon the power of the acoustic waves divided by
      the cross sectional area of the piezoelectric layer.
PAR  In an embodiment that was actually constructed, the piezoelectric layer 34'
      of the monolithic convolver 128 was chemically etched in order to form the
      constriction and wave guide sections and the gold film 135 deposited on
      top of it. In this convolver the acoustic surface wave beam at the
      interdigital transducers was approximately 1 millimeter wide and have a
      wavelength of 30 .mu.m at 100 megahertz. The constriction section 132 was
      approximately 4 millimeters long and had the shape of a truncated pyramid.
      The width of the wave guide portion was approximately 1/10th of a
      millimeter.
PAR  It should be noted that the use of a wave guide in the piezoelectric layer
      is not limited to a monolithic convolver but can be used on any convolver
      incorporating a nonlinear semiconductor including lithium niobate
      convolvers.
PAR  Thus, although the best modes contemplated for carrying out the present
      invention have been herein shown and described, it will be apparent that
      modification and variation may be made without departing from what is
      regarded to be the subject matter of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for detecting the information present in the light from an
      optical image by acoustically scanning the charge carrier density
      perturbations in a semiconductor body, comprising:
PA1  a. a photosensitive semiconductor body that produces charge carrier density
      perturbations corresponding to the information in the light that impinges
      on the semiconductor body, said body having first and second ends;
PA1  b. a piezoelectric layer having first and second ends corresponding to the
      first and second ends of the semiconductor body, said piezoelectric layer
      propagates acoustic waves between its first and second ends;
PA1  c. an intermediate layer of electrically insulated solid material located
      between the semiconductor body and the piezoelectric layer and in direct
      physical contact therewith said intermediate layer controlling the number
      of surface states at the surface of the semiconductor body;
PA1  d. a first input electrode on said piezoelectric layer adjacent to the
      first end of the semiconductor body for generating a first acoustic wave
      in one direction past the semiconductor body;
PA1  e. a second input electrode on said piezoelectric layer adjacent to the
      second end of the semiconductor body for generating a second acoustic wave
      in an opposite direction past the semiconductor body, said first and
      second acoustic waves nonlinearly interact and scan the charge carrier
      density perturbations in the semiconductor body; and
PA1  f. output electrode means on said apparatus for obtaining electrical output
      signals corresponding to the charge carrier density perturbations in the
      semiconductor body, whereby the information present in the light is
      detected.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said intermediate layer overlies the
      semiconductor body so that a low density of surface states in the
      semiconductor body is provided at the innerface therebetween and so that
      the semiconductor body is protected from contamination during manufacture
      of the apparatus.
NUM  3.
PAR  3. The apparatus of claim 1 further including a shielding pad underlying
      each input electrode and overlying the semiconductor body so that acoustic
      wave energy loss by interaction with the semiconductor body is reduced.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the output electrode means includes a
      first output electrode located on the exposed surface of piezoelectric
      layer and a second output electrode located on the exposed surface of the
      semiconductor body.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said semiconductor body is fabricated
      from silicon, said piezoelectric layer is fabricated from zinc oxide, and
      said intermediate layer is fabricated from silicon dioxide.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said semiconductor body is fabricated
      from indium antimonide.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said piezoelectric layer is fabricated
      from cadmium sulfide.
NUM  8.
PAR  8. The apparatus of claim 5 wherein the intermediate layer further includes
      a layer of silicon nitride deposited on the silicon dioxide.
NUM  9.
PAR  9. The apparatus of claim 5 wherein the intermediate layer further includes
      a layer of phosphorous glass deposited on the silicon dioxide.
NUM  10.
PAR  10. A monolithic convolver for converting incident light images into
      corresponding electrical signals by acoustic scanning, comprising:
PA1  a. a photosensitive semiconductor substrate wherein the incident light
      generates corresponding perturbations in the charge carrier density of the
      substrate;
PA1  b. a transparent piezoelectric layer through which the incident light is
      transmitted;
PA1  c. means for generating counterpropagating acoustic surface waves that
      travel through the piezoelectric layer and nonlinearly interact, said
      waves acoustically scan the perturbations in charge carrier density of the
      substrate;
PA1  d. an intermediate layer of electrically insulated solid material
      sandwiched between the piezoelectric layer and the semiconductor
      substrate, said piezoelectric layer being located sufficiently close to
      the substrate that the acoustic surface waves interact with the
      perturbations in the charge carrier density; and said intermediate layer
      controlling the number of surface states at the surface of the
      semiconductor body;
PA1  e. means for obtaining electrical output signals from said
      counterpropagating acoustic surface waves in the piezoelectric layer,
      whereby the incident light images are converted into corresponding
      electrical signals.
NUM  11.
PAR  11. The monolithic convolver of claim 10 further including:
PA1  a. an optical grid of uniformly spaced apart opaque elements that place a
      spatial periodicity l into the light before said light reaches the
      semiconductor substrate; and
PA1  b. means for predetermining the frequencies of said counterpropagating
      waves such that the difference between said frequencies substantially
      equals an integral multiple of the periodicity introduced into the
      incident light.
NUM  12.
PAR  12. An improved acousto-electric convolver for converting incident light
      images into corresponding electrical signals by acoustic scanning of the
      type having a photosensitive semiconductor body that produces conductivity
      perturbations therein corresponding to the incident light images, a
      piezoelectric layer for counterpropagating acoustic waves past the
      semiconductor body, means for generating said acoustic waves in the
      piezoelectric layer, and output means on said piezoelectric layer for
      converting the acoustic waves into electrical output signals, the
      improvement comprising:
PA1  a. means located in front of the semiconductor body for introducing a
      spatial periodicity into the incident light before said light reaches the
      semiconductor body; and
PA1  b. means for generating said acoustic waves with predetermined frequencies
      such that the difference between said frequencies substantially equals an
      integral multiple of the periodicity introduced into the incident light.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said spatial periodicity introducing
      means includes an optical grid of uniformly spaced apart opaque elements
      that block the incident light before it reaches the semiconductor body.
NUM  14.
PAR  14. The apparatus of claim 12 wherein the spatial periodicity introducing
      means places a period l into the incident light and the acoustic wave
      generating means predetermines the waves such that (.omega..sub.1 -
      .omega..sub.2) l/V = 2N.pi. where N is any integer, V is the acoustic
      velocity of the waves in the piezoelectric layer, and .omega..sub.1,
      .omega..sub.2 are the respective frequencies of the acoustic waves.
NUM  15.
PAR  15. An improved acousto-electric convolver for converting incident light
      images into corresponding electrical signals by acoustic scanning of the
      type having a photosensitive semiconductor body that produces conductivity
      perturbations in the charge carrier density corresponding to the light
      images, a piezoelectric layer, the semiconductor body, means for
      generating said acoustic waves in the piezoelectric layer, and output
      means on said piezoelectric layer for converting the acoustic waves into
      electrical output signals, the improvement comprising:
PA1  a. means located in front of the semiconductor body for introducing a
      Fourier component with an effective wave number K into the charge carrier
      density of the semiconductor body; and
PA1  b. means for generating in the piezoelectric layer said acoustic waves with
      propagation constants K, and K.sub.2 predetermined such that
EQU  K.sub.1 - K.sub.2 .+-. K = 0
PAL  where K is said effective wave number of the Fourier component.
NUM  16.
PAR  16. The improved convolver of claim 15 wherein said Fourier component
      introducing means includes an optical grid of uniformly spaced apart
      opaque elements, said elements having a spacing of distance l and wherein
      said propagation constants K.sub.1, and K.sub.2 are predetermined such
      that
      ##EQU16##
NUM  17.
PAR  17. The improved convolver of claim 15 further including means for spacing
      said Fourier component introducing means from the piezoelectric layer such
      that said introducing means does not electrically interact with said
      acoustic waves.
NUM  18.
PAR  18. A method for converting incident light images into corresponding
      electrical signals by acoustic scanning, comprising the steps of:
PA1  a. impinging the incident light onto a photosensitive semiconductor body
      wherein conductivity perturbations are produced corresponding to the
      image;
PA1  b. introducing a spatial periodicity of period l into the incident light
      before said light impinges on the semiconductor body;
PA1  c. scanning the semiconductor body with nonlinearly interacting
      counterpropagating acoustic waves having predetermined frequencies, said
      waves correspondingly interact in accordance with the charge carrier
      density perturbations in the semiconductor body and thereby produce
      electrical output signals corresponding to the incident light images; and
PA1  d. predetermining the frequencies of the acoustic waves so that the
      difference between said frequencies substantially equals an integral
      multiple of the periodicity l introduced into the incident light.
NUM  19.
PAR  19. The method of claim 18 wherein the step of scanning the semiconductor
      body, includes:
PA1  a. propagating a first acoustic wave of frequency .omega., proximate to the
      semiconductor body in a plane parallel therewith and from one end thereof;
      and
PA1  b. counterpropagating a second acoustic wave of frequency .omega..sub.2
      proximate to the semiconductor body in a plane parallel to the body and
      from an end thereof opposite to said first acoustic wave.
NUM  20.
PAR  20. The method of claim 19 wherein the step of predetermining the
      frequencies of the acoustic waves includes predetermining said frequencies
      .omega..sub.1, .omega..sub.2 such that
      ##EQU17##
      where V is the acoustic velocity of the waves; l is the periodicity, and N
      is any integer.
NUM  21.
PAR  21. The method of claim 18 wherein the step of introducing a spatial
      periodicity into the incident light includes interrupting a portion the
      light with an opaque grating means before said light impinges on the
      semiconductor body.
NUM  22.
PAR  22. An improved acousto-electric convolver for converting incident light
      images into corresponding electrical signals by acoustic scanning of the
      type having a photosensitive semiconductor body that produces charge
      carrier perturbations therein corresponding to the incident light images,
      a piezoelectric layer for counterpropagating acoustic waves past the
      semiconductor body, means for generating said acoustic waves in the
      piezoelectric layer, and output means on said piezoelectric layer for
      converting the acoustic waves into electrical output signals, the
      improvement comprising:
PA1  a. means located in front of the semiconductor body for introducing at
      least two spatial periodicities into the incident light before said light
      reaches the semiconductor body; and
PA1  b. means for generating said acoustic waves with predetermined frequencies
      such that the differences between said frequencies substantially equal
      integral multiples of the periodicities introduced into the incident
      light.
NUM  23.
PAR  23. The convolver of claim 22 wherein said periodicity introducing means
      includes at least two filter grids each having a plurality of uniformly
      spaced apart filter strips thereon that block a predetermined portion of
      the spectrum of incident light before said light reaches the semiconductor
      body.
NUM  24.
PAR  24. The convolver of claim 22 wherein said acoustic wave generating means,
      includes:
PA1  a. at least two signal generators that propagate in the same direction
      waves having propagation constants K.sub.1 and K.sub.2 ; and
PA1  b. at least one signal generator that propagates in an opposite direction a
      wave having a propagation constant K.sub.3, the frequencies of the
      aforesaid waves are predetermined such that:
EQU  .vertline.K.sub.1 - K.sub.3 .vertline.&gt; 0
EQU  .vertline.k.sub.2 - k.sub.3 .vertline.&gt; 0
NUM  25.
PAR  25. an improved apparatus for detecting the information present in the
      light from an optical image of the type having a photosensitive
      semiconductor body that produces charge carrier density perturbations
      corresponding to the information in the light that impinges on the body, a
      piezoelectric layer having first and second ends for counterpropagating
      interacting acoustic waves past the semiconductor body, a first input
      electrode on said piezoelectric layer adjacent to said first end for
      generating a first acoustic wave in one direction past the semiconductor
      body, a second input electrode on said piezoelectric layer adjacent to
      said second end for generating a second acoustic wave in an opposite
      direction past the semiconductor body, and output electrode means on said
      apparatus for converting the interacting acoustic waves into electrical
      output signals corresponding to the charge carrier density perturbations
      in the semiconductor body, the improvement comprising:
PA1  a. means located in front of the semiconductor body for introducing a
      spatial periodicity into the incident light before said light reaches the
      semiconductor body;
PA1  b. a first signal generator for generating a relatively short scanning
      pulse;
PA1  c. a second signal generator for generating a signal of frequency
      .omega..sub.1 ;
PA1  d. first mixer means connected to the first and second signal generators
      for combining the relatively short scanning pulse from the first signal
      generator with the signal of frequency .omega..sub.1 from the second
      signal generator, the output of said first mixer means being connected to
      said first input electrode;
PA1  e. a third signal generator for generating a relatively long reading pulse;
PA1  f. a fourth signal generator for generating a signal of frequency
      .omega..sub.2 ;
PA1  g. second mixer means connected to the third and fourth signal generator
      for combining the relatively long reading pulse from the third signal
      generator with the signal of frequency .omega..sub.2 from the fourth
      signal generator, the output of said second mixer means being connected to
      said second input electrode, said frequencies .omega..sub.1, .omega..sub.2
      are predetermined such that the difference between the frequencies
      substantially equals an integral multiple of the periodicity introduced
      into the light by the periodicity introducing means.
NUM  26.
PAR  26. The apparatus of claim 25 further including:
PA1  a. means connected to the output electrode means for intensity modulating
      the scan of an oscilloscope; and
PA1  b. means connected to the oscilloscope for driving the scan of said
      oscilloscope in correspondence with the motion of the optical image,
      whereby the visual output of the oscilloscope is a one dimensional scan of
      the optical image.
NUM  27.
PAR  27. An improved apparatus for detecting the information present in the
      light from an optical image of the type having a photosensitive
      semiconductor body that produces charge carrier density perturbations
      corresponding to the information in the light that impinges on the body, a
      piezoelectric layer having first and second ends for counterpropagating
      interacting acoustic waves past the semiconductor body, a first input
      electrode on said piezoelectric layer adjacent to said first end for
      generating a first acoustic wave in one direction past the semiconductor
      body, a second input electrode on said piezoelectric layer adjacent to
      said second end for generating a second acoustic wave in an opposite
      direction past the semiconductor body, and output electrode means on said
      apparatus for converting the interacting acoustic waves into electrical
      output signals corresponding to the charge carrier density perturbations
      in the semiconductor body, the improvement comprising:
PA1  a. means located in front of the semiconductor body for introducing a
      spatial periodicity into the incident light before said light reaches the
      semiconductor body;
PA1  b. first means connected to the first input electrode for generating
      thereat a signal of frequency .omega..sub.1 + .mu.t where .omega..sub.1 is
      the continuous frequency component of the signal and .mu.t is a chirp
      signal having a chirp rate .mu. over time t;
PA1  c. second means connected to the second input electrode for generating
      thereat a signal of frequency .omega..sub.2 - .mu.t where .omega..sub.2 is
      the continuous frequency component of the signal and .mu.t is a chirp
      signal having a chirp rate .mu. over time t, said signal frequencies
      .omega..sub.1, .omega..sub.2 are predetermined such that the difference
      between the frequencies substantially equals an integral multiple of the
      periodicity introduced into the light by the periodicity introducing
      means; and
PA1  d. output electrode means connected to said apparatus having an output
      signal of frequency .omega..sub.1 + .omega..sub.2 modulated by the Fourier
      transform of the image.
NUM  28.
PAR  28. The apparatus of claim 27 further including:
PA1  a. spectrum analyzer means connected to the output electrode means for
      intensity modulating the scan of an oscilloscope; and
PA1  b. means connected to the oscilloscope for driving the scan of said
      oscilloscope in correspondence with the motion of the optical image,
      whereby the visual output of the oscilloscope is a Fourier transform of
      the image.
NUM  29.
PAR  29. An improved apparatus for detecting the information present in the
      light from an optical image of the type having a photosensitive
      semiconductor body that produces conductivity perturbations corresponding
      to the information in the light that impinges on the body, a piezoelectric
      layer having first and second ends for propagating interacting acoustic
      waves past the semiconductor body, a first input electrode on said
      piezoelectric layer adjacent to said first end for generating a first
      acoustic wave in one direction past the semiconductor body, a second input
      electrode on said piezoelectric layer adjacent to said second end for
      generating a second acoustic wave in an opposite direction past the
      semiconductor body, and output electrode means on said apparatus for
      converting the interacting acoustic waves into electrical output singals
      corresponding to the conductivity perturbations in the semiconductor body,
      the improvement comprising:
PA1  a. means located in front of the semiconductor body for introducing a
      spatial periodicity into the incident light before said light reaches the
      semiconductor body;
PA1  b. first means connected to said first input electrode for generating
      thereat a signal of frequency .omega..sub.1 + .mu..sub.1 t where
      .omega..sub.1 is a signal of constant frequency and .mu..sub.1 t is a
      chirp signal having a chirp rate of .mu..sub.1 over time t;
PA1  c. second means connected to said second input electrode for generating
      thereat a signal of frequency .omega..sub.2, said signal frequencies
      .omega..sub.1, .omega..sub.2 are predetermined such that the difference
      between the frequencies substantially equals an integral multiple of the
      periodicity introduced into the light by the periodicity introducing
      means;
PA1  d. third means for generating a signal of frequency .omega..sub.3 +
      .mu..sub.2 t, where .omega..sub.3 is a signal of constant frequency and
      .mu..sub.2 t is a chirp signal having a chirp rate of .mu..sub.2 over time
      t; and
PA1  e. mixing means connected to both said output electrode means and said
      third signal generator means for subtracting the output signal obtained
      from the third signal generator means from the output signal obtained from
      the output electrode means, whereby said mixing means has an output signal
      that is modulated by the Fresnel transform of the optical image.
NUM  30.
PAR  30. The apparatus of claim 29 further including:
PA1  a. dispersive filter means connected to the output of said mixer means for
      intensity modulating the scan of an oscilloscope; and
PA1  b. means connected to the oscilloscope for driving the scan said
      oscilloscope in correspondence with the motion of the optical image,
      whereby the visual output of the oscilloscope is the optical image itself.
NUM  31.
PAR  31. An improved apparatus for detecting the information present in the
      light from an optical image of the type having a photosensitive
      semiconductor body that produces charge carrier density perturbations
      corresponding to the information in the light that impinges on the body, a
      piezoelectric layer having first and second ends for counterpropagating
      interacting acoustic waves past the semiconductor body, a first input
      electrode on said piezoelectric layer adjacent to said first end for
      generating a first acoustic wave in one direction past the semiconductor
      body, a second input electrode on said piezoelectric layer adjacent to
      said second end for generating a second acoustic wave in an opposite
      direction past the semiconductor body, and output electrode means on said
      apparatus for converting the interacting acoustic waves into electrical
      output signals corresponding to the charge carrier density perturbations
      in the semiconductor body, the improvement comprising:
PA1  a. means located in front of the semiconductor body for introducing a
      Fourier component with an effective wave number K into the charge carrier
      density of the semiconductor body;
PA1  b. first means connected to the first input electrode for generating
      thereat a first digitally coded signal, said first digital signal having a
      propagation constant K, in said piezoelectric layer; and
PA1  c. second means connected to the second input electrode for generating
      thereat a second digitally coded signal, said second digital signal having
      a propagation constant K.sub.2 in said piezoelectric layer, said
      propagation constants K, and K.sub.2 being predetermined so that
EQU  K.sub.1 - K.sub.2 .+-. K = 0
PAL  where K is said effective wave number of the Fourier component.
NUM  32.
PAR  32. The apparatus of claim 31 further including:
PA1  a. matched filter means connected to the output electrode means and
      digitally coded to correspond to the output therefrom such that the output
      from said matched filter means is a signal pulse corresponding to a spot
      on the image.
NUM  33.
PAR  33. Apparatus for detecting the information present in the light from an
      optical image by acoustically scanning the charge carrier density
      perturbations in a semiconductor body, comprising:
PA1  a. a photosensitive semiconductor body that produces charge carrier density
      perturbations corresponding to the information in the light that impinges
      on the semiconductor body, said body having first and second ends;
PA1  b. a piezoelectric layer having first and second ends corresponding to the
      first and second ends of the semiconductor body, said piezoelectric layer
      propagates acoustic waves between its first and second ends;
PA1  c. an intermediate layer located between the semiconductor body and the
      piezoelectric layer and in direct physical contact therewith;
PA1  d. a first input electrode on said piezoelectric layer adjacent to the
      first end of the semiconductor body for generating a first acoustic wave
      in one direction past the semiconductor body;
PA1  e. a second input electrode on said piezoelectric layer adjacent to the
      second end of the semiconductor body for generating a second acoustic wave
      in an opposite direction past the semiconductor body, said first and
      second acoustic waves nonlinearly interact and scan the charge carrier
      perturbations in the semiconductor body;
PA1  f. output electrode means on said apparatus for obtaining electrical output
      signals corresponding to the conductivity perturbations in the
      semiconductor body, whereby the information present in the light is
      detected; and
PA1  g. means located proximate to the input electrodes for concentrating the
      first and second acoustic waves propagating in the piezoelectric layer.
NUM  34.
PAR  34. The apparatus of claim 33 wherein the means for concentrating the
      propagating acoustic waves is a constriction fabricated in the
      piezoelectric layer of the apparatus.
NUM  35.
PAR  35. The apparatus of claim 33 wherein the piezoelectric layer includes:
PA1  a. first and second electrode sections for mounting said first and second
      input electrodes;
PA1  b. a wave guide portion centrally located between said first and second
      electrode sections wherein the first and second concentrated acoustic
      waves nonlinearly interact; and
PA1  c. first and second wave constriction sections located between the first
      and second electrode sections and the wave guide portion wherein said
      first and second acoustic waves generated by the input electrodes are
      concentrated for propagation in the wave guide portion.
NUM  36.
PAR  36. An improved acousto-electric convolver for converting incident light
      images into corresponding electrical signals by acoustic scanning of the
      type having a photosensitive semiconductor body that produces conductivity
      perturbations therein corresponding to the incident light images, a
      piezoelectric layer for counter-propagating acoustic waves past the
      semiconductor body, means for generating said acoustic waves in the
      piezoelectric layer, and output means on said piezoelectric layer for
      converting the acoustic waves into electrical output signals, the
      improvement comprising:
PA1  a. means located in front of the semiconductor body for introducing a
      spatial periodicity into the incident light before said light reaches the
      semiconductor body;
PA1  b. means for generating said acoustic waves with predetermined frequencies
      such that the difference between said frequencies substantially equals an
      integral multiple of the periodicity introduced into the incident light;
      and
PA1  c. means located proximate to the acoustic wave generating means for
      concentrating the acoustic waves propagating in the piezoelectric layer.
NUM  37.
PAR  37. The apparatus of claim 36 wherein the means for concentrating the
      acoustic waves is a constriction fabricated in the piezoelectric layer of
      the apparatus.
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ABST
PAL  An electron - optical - photographic system utilizes the novel qualities of
      an optical density wedge filter for use with a CRT oscillograph having an
      optical density along the taper of the wedge equal to the square root of
      the probability density distribution of a random variable, e.g., "white
      noise" displayed on one side of the X-axis of the oscillograph. The visual
      portrayal of the amplitude-time presentation of noise (as on a cathode ray
      tube) is modified by the filter to produce a uniform gray pattern.
      Addition of a sinusoidal signal to the noise then results in a clear
      recognition of the signal even when it is well below the noise level.
PARN
PAR  This is a continuation of application Ser. No. 216,513, filed Jan. 10, 1972
      which is a continuation of Ser. No. 859,612, filed Sept. 15, 1969.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to signal recognition apparatus and more
      particularly to filter means which greatly increases the ability to detect
      a relatively weak signal, when present, in the presence of high level-wide
      band noise. For convenience unless otherwise stated the use herein of the
      terms signal and noise means, respectively, the rms of the signal when
      present and the rms of the noise.
PAR  In attempting to detect a desired signal in incoming radiant energy
      comprised of the desired signal and unknown noise the general practice has
      been to "hard clip" and count the number of axis crossings in bearing-time
      recording. This practice necessarily eliminates information contained in
      the wave form (signature) of the signal and probably the presence of
      transients and therefore detection may not be possible except when the
      transient has an extremely high signal to noise ratio.
PAR  For a sine wave signal displayed on a cathode ray tube, there is one
      writing-versus-time speed for which the wave will be equally bright over
      its entire cycle. That is, a sine wave having a wave length equal to 2
      .pi. times its amplitude as displayed on the face of a CRT oscillograph
      has a uniform writing speed of the electron beam and is of uniform
      brightness. A more rapid amplitude with respect to time writing speed will
      result in the axis-crossings being depressed in brightness relative to the
      wave crests and troughs, and a slower writing speed will result in the
      reverse effect. If an extremely high writing speed is employed, the
      "turn-around" points (the extreme points of the crests and troughs) can be
      so strongly emphasized relative to the other portions of the waves that
      only they contribute significantly to the pattern brightness. One way of
      accomplishing this is to compress the wave length on the tube face so that
      dx/dt approaches zero and then only the turn-arounds will be visible,
      i.e., both dy/dt and the writing speed are near zero.
PAR  Because the amplitude excursions of noise are random (they possess a
      certain probability distribution), the use of the turn-around accentuation
      process just described leads, when a long sample of noise is displayed on
      a cathode ray tube, to a varying brightness pattern. Because, for the
      noise case, small excursions occur more frequently than large, the
      accentuation of their turn-around points will cause the CRT display to be
      much brighter near the axis than in areas more distant from the axis.
PAR  The present invention introduces the concept of a shaded mask or filter
      made quite opaque near the axis and less opaque as the distance from the
      axis increases. The variation in opacity is chosen such that when the mask
      (filter) is placed in front of the CRT display, the noise pattern above
      described is changed from one being much brighter near the axis to one
      which is uniformly bright over the entire range of signal valves, i.e., a
      uniform gray pattern results. Thus the filter (mask) of the present
      invention may be defined as an optical wedge of variable density
      transparency where the optical density along the taper of the wedge is
      equal to the square root of the probability density distribution of a
      random variable.
PAR  If the random noise signal which is generating the uniform pattern is
      disturbed by the addition of a non-random signal, the filter no longer
      appears a uniform gray. This may be explained by considering that the
      original noise signal is riding "on top" of the non-random signal which
      causes the noise pattern to move up and down in synhcronism therewith. A
      sinusoidal signal accordingly transforms the uniform gray pattern into one
      having striations whose spacing corresponds to the period of the sine-wave
      signal. The presence of, as well as the frequency of a repetitive signal
      is thus revealed even though it was deeply embedded in the noise. Further
      enhancement in signal detection is possible if the frequency of the signal
      to be detected is known or discovered; then the sweep repetition rate can
      be adjusted to this frequency or a sub-multiple thereof and a photograph
      made of numerous repeated sweeps.
PAR  The objects of the present invention include the efficient visual portrayal
      of a signal generated in a phosphor layer in the presence of high level
      noise, effectively hard clipping at all possible levels and cross
      correlating signal data from all levels, the providing of novel filter
      means which effect spectacular improvements in results obtainable with
      existing signal processing equipment, and the capability of detecting
      low-level transients.
PAR  Other objects and advantages of the invention will become apparent from the
      following description when read in connection with the accompanying
      drawing and its scope will be pointed out in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawing:
PAR  FIGS. 1 and 2 are front and side elevations, respectively, of a preferred
      embodiment of the filter of the invention;
PAR  FIG. 3 is a graph illustrating the optical characteristics of the
      embodiment shown in FIGS. 1 and 2;
PAR  FIGS. 4 and 5 are front and side views, respectively, of another filter
      construction embodying the invention;
PAR  FIG. 6 is a graph illustrating the optical characteristics of the filter
      construction shown in FIGS. 3 and 3A;
PAR  FIG. 7 is a schematic view of an arrangement for producing in situ on a CRT
      a filter incorporating the invention;
PAR  FIG. 8 is a fragmentary cross section of the face of the CRT of FIG. 7
      showing its fiber optics construction;
PAR  FIG. 9 is a diagrammatic view in perspective showing one system
      incorporating the invention;
PAR  FIG. 10 illustrates further processing of the output of the arrangement
      shown in FIG. 9;
PAR  FIG. 11 is a schematic diagram illustrating the use of the invention as an
      internal combustion engine analyzer; and
PAR  FIG. 12 is a side view of a filter having two tapered wedges joined butt to
      butt.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Because discussions of the statistical theory of random distribution use
      the Greek letter (.sigma.) for specifying the standard deviation of random
      variables, the filter and the procedure described above are frequently
      referred to as a sigma filter and a sigma process, respectively. Thus the
      proper variation in opacity of the filter is obtained by plotting density
      against .sigma. (standard deivation) and such a filter, if non-scattering,
      may be placed on the face of a CRT oscillograph display with its butt edge
      on the X-axis of the display and its thin edge at a 3 .sigma. level of
      random noise display which level in practice is obtained by adjusting the
      amplitude of the Y-axis excursions. If the filter is light scattering, as
      would be the case if formed in a silver halide emulsion, then it is
      positioned in an image of the tube display either by conventional
      objective lenses or by providing the tube with a fiber-optic face plate
      upon the back of which the phosphor is deposited whereby any image formed
      in the phosphor is moved to the front of the fiber-optic plate. This
      latter structure makes it very convenient to form a sigma filter in situ
      simply by coating the fiber optic face with a photographic emulsion,
      exposing the emulsion to a random noise display and thereafter developing
      the exposed emulsion to a negative at gamma unity. It may be well to note
      that the 3 .sigma. level is a somewhat arbitrary choice but seems
      reasonable because only approximately one in a thousand excursions of
      random noise exceed that amplitude, i.e. 0.1 percent.
PAR  In FIGS. 1 and 2 there are shown two views of an optical density wedge 11
      which tapers along its vertical dimension in a non-linear manner such that
      its density increases from its thin edge 12 to its thick or butt edge 13
      as a direct function of the square root of the probability density
      distribution of a random variable which is shown in graph form in FIG. 3.
      As was pointed out above the curve 14 of the graph is not plotted above
      the 3.sigma. level because no more than 0.1 percent of a random variable
      exceeds this level.
PAR  FIGS. 4 and 5 show a density wedge 15 having effectively the optical
      properties of the filter shown in FIGS. 1 and 2 and differs therefrom in
      that its density increases from its thin edge 16 to its butt edge 17 in a
      series of steps, here shown as seven, as presented in graph form in FIG. 6
      in which the center of the several rises of the steps lie on and define a
      curve corresponding to the curve 14 in FIG. 3.
PAR  The filters 11 and 15 are preferably cast in a suitably shaped mold using
      gelatine having dispersed therein finely divided lampblack which does not
      scatter light. One reason for the step filter 15 being illustrated is that
      it may readily be constructed from strips of commercially available
      neutral density filter sheets and thus avoid the cost of tooling for
      quantity production of cast filters. The filters may of course be made of
      other materials which may contain a dye of a color which is substantially
      complementary to the color of the fluorescent radiation of the
      oscillograph with which it is to be utilized. Also, a performed `wedge`
      container may be filled with a silicone grease, e.g. Dow-Corning-7
      compound, dyed so that its transparency varies with thickness; one
      suitable dye being Cyanamide Calco Nigrosine Base. Transparency varies
      from 90 to 10 percent as the thickness of the grease varies from 0.0001 to
      0.001 inch. Another and quite convenient way of making a filter according
      to the invention is a photographic one which may be practiced in several
      ways; one of which is to make a print of a filter onto a suitable
      photographic film or plate and another way is to expose a light sensitive
      emulsion directly to an image of an oscillograph display of random noise.
      In each procedure the exposed emulsion is developed to gamma unity.
PAR  FIG. 7 shows a CRT oscillograph 20 provided with a fiber-optic face plate
      21 and having its horizontal and vertical deflection means connected,
      respectively, to an X-sweep circuit 22 and to a uniform power spectrum
      random noise generator 23. As shown in FIG. 8 the fiber-optic face plate
      21 has a phosphor coating 24 on its black surface and has a photographic
      emulsion layer 25 on its front face. After exposure to the random noise
      display the emulsion layer is developed, in situ, to a negative at gamma
      unity to provide a filter according to the invention. It is to be
      understood that the generator 23 (or circuits not shown) is adjusted so
      that the X-axis is positioned at the bottom of the plate 21 and so that
      the top of the Y-deflection is at the 3 level.
PAR  FIG. 9 in a partly exploded view shows a sigma filter 30 in contact (as
      indicated by numeral 31) with the face of a CRT oscillograph 32 which has
      been adjusted to place the top of its Y-deflection at the 3 level when
      energized from a signal-plus-noise source 33 and to place its X-axis, the
      0 level, near the bottom of the face of the tube 32. The face of the tube
      below the X-axis is masked off as with black tape. The filter is
      photographed, preferably at one-to-one magnification, via a lens 34 on a
      film 35 which is then developed to gamma unity. A positive print 36 (FIG.
      10) of the negative film 35 is made from which a plurality of transverse
      strips or zones may be overprinted on a film strip which is then processed
      to a high gamma, or, as is preferred and as shown in FIG. 10, the positive
      film 36 is printed onto a film strip 37 through a collimating lens 38
      provided with a slot diaphragm 39, and a cylindrical lens 40 arranged with
      its axis perpendicular to the taper of the filter image on the film 36
      thus effectively overprinting on the film 37 all of the transverse strips
      or zones of the filter image on the film 36. The film 37 is developed to a
      high gamma and will show striations indicated on the filter 30 in FIG. 9.
      Referring again to FIG. 9 the display on the face of the oscillograph 32
      showing high level noise mixed with a low level repetitive signal and
      wherein it is indicated that the repetitive signal is only slightly
      apparent at the top of the display whereas when the filter 30 is in place
      as shown, the striations become apparent throughout the height of the
      filter i.e. as explained above the signal adds to all of the noise
      excursions above the X-axis.
PAR  FIG. 11 indicates a use of the invention in connection with the analyzing
      of the operation of an internal combustion engine. As herein shown a sweep
      circuit 50 for a CRT oscillograph 51 on which a sigma filter 52 is
      mounted, is initiated by a selected portion of an internal combustion
      engine 53 and here shown as a spark plug 54. A microphone 55 positioned to
      pick up sound from the engine 53 provides a corresponding electrical
      signal which is passed through an amplifier 56 and a wide band pass filter
      57 to the vertical deflection plate of the tube 51. Signals such as might
      result from repetitive piston slap in a single cylinder of a multiple
      cylinder engine are weak relative to random noise and probably could not
      be resolved by electronic hard clipping alone. However using the system of
      the present invention the display as viewed by an observer 58 essentially
      hard clips at all possible levels and permits the eye to observe
      transients due to unwanted clicks or slaps, etc. and with knowledge of the
      sequence of operation of the different parts of the engine 53, the
      observer can identify the source of the undesirable transient.
PAR  FIG. 12 shows a filter 60 having a double taper to that when desired, both
      the positive and negative portions of a signal may be observed e.g., an
      implosion has the stronger part of its signal opposite to the stronger
      part of a signal wave caused by an explosion.
PAR  If as was discussed above the tube display is compressed so that dx/dt
      approaches zero i.e., there is no X-axis sweep, then a high gamma film can
      be moved in the X-direction on the face of the sigma filter, or in an
      image thereof, to record the display in two-dimensional form for visual
      inspection which greatly enhances recognition and/or interpretation
      because the signal repetition rate is readily visible to the eye. This
      enhancement reuslts from the fact that the S/N (signal to noise) ratio of
      any low frequency signal in the presence of wide band noise will profit by
      the benefit effected by a multiplicity of mathematically independent
      observations because on every occasion that the rate of change of the
      signal is equal and opposite to the instantaneous rate of change of noise,
      ds/dt will be equal and opposite to dN/dt and the writing speed of signal
      plus noise is zero and is recordable as just explained.
PAR  A very useful arrangement which directly provides an observer with a
      suitable display i.e., no photographic step need be involved, is to
      provide the CRT oscillograph 32 of FIG. 9 with a memory phosphor and so
      adjusted as to provide high constrast. The display is presented on
      substantially the entire face of the tube 32 with a single sweep along the
      X-axis at a sweep rate adjusted to obtain a sharp edge (edge effect) to
      the signal display. That is to say that dx/dt is very small compared to
      dy/dt and after some practice adjusting the X-scan rate an operator
      becomes adept at producing a very satisfactory display which preferably is
      rendered more legible by condensing the display vertically, as by a
      cylindrical lens such as the lens 40 in FIG. 10, to match the recognition
      ability of the human eye.
PAR  It will be evident from the foregoing that the present invention represents
      an enormous advance in the art of signal recognition in the presence of
      high level noise. It may be well to mention that the sigma filter of the
      invention is in practice much thinner than the apparent thickness of those
      illustrated in the drawing although, of course, the filters can be of any
      desired dimensions as long as they comply with the optical requirements
      herein set forth.
PAR  While for the purpose of disclosing the invention to enable those skilled
      in the art to practice the same only a few preferred embodiments have been
      described in detail, it will be obvious that the novel features may be
      incorporated in a variety of embodiments without departing from the scope
      of the invention pointed out in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of optically enhancing signal recognition in the presence of
      noise in a visual display on a cathode ray oscillograph which comprises
      the steps of:
PA1  generating a visual display in a high contrast memory phosphor by a single
      sweep along the X-axis of said oscillograph at a sweep rate which is very
      small compared to the real time change in the amplitude of a signal; and
PA1  modifying the light combining from the visual display such that the entire
      visual display appears uniformly bright when random noise alone is
      represented by the said display, whereby optical hard clipping of a
      non-random signal occurs at all levels.
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ABST
PAL  A video projecting system having a cabinet with one end being opened, a
      screen in the cabinet and its upper portion, a movable side board attached
      to the cabinet at the lower side of its opening, and a projector and a
      mirror both attached to the movable side board on its inner surface, in
      which when the movable side board is drawn out a picture from the
      projector is reflected on the mirror and then projected onto the screen.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a video projecting system, and
      more particularly to an improved video projecting system.
PAR  2. Description of the Prior Art
PAR  A so-called video projecting system has been proposed for projecting a
      picture formed on a television receiver (which will be hereafter referred
      to as a TV picture screen) onto a screen so as to observe the TV picture
      screen like a movie picture screen. However, since the prior art video
      projecting system consists of a projector proper and a screen and the
      projector is located at the center of a room when it is used, the
      projector will be in views way and the viewers often feel a sense of
      oppression.
PAR  Further, in the case where the video projecting system is conveyed from a
      maker to a user, its components must be wrapped separately, which results
      in trouble and high cost. In addition, for this reason it is difficult to
      reduce its conveyance cost.
PAR  Further, in addition to high conveyance fee, there may be a risk that the
      screen of the video projecting system is damaged.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a video projecting
      system which comprises a cabinet with its one end being opened, a screen
      attached to the cabinet in its and at its upper side, a movable side board
      mounted on the cabinet at the lower side of the open end of the cabinet,
      and a projector and a mirror mounted on the side board at its inner
      surface, and in which when the side board is drawn out a picture from the
      projector is reflected on the mirror and then is projected onto the
      screen.
PAR  Accordingly, it is an object of the present invention to provide a novel
      video projecting system free from the deflects inherent in the prior art.
PAR  It is another object of the invention to provide a video projector system
      which does not spoil the beauty of a room where the video projecting
      system is located but increases the same.
PAR  It is a further object of the invention to provide a video projecting
      system which can prevent unnecessary reflected light on a floor from being
      reached to a screen by its lid or side board.
PAR  The other objects, features and advantages of the invention will become
      apparent from the following descreption taken in conjunction with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An attached FIGURE is a schematic cross-sectional diagram showing an
      embodiment of the video projecting system according to the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the attached FIGURE, an embodiment of the video
      projecting system according to the present invention will be hereinafter
      described. In the FIGURE, reference numeral 1 designates a cabinet; 2 a
      screen fixedly located in the cabinet 1; 3 a fixed plate located in the
      cabinet 1 and supporting the screen 2; 4 a movable shutter which may cover
      the front portion of the cabinet 1 at the front of the screen 2, as shown
      by two-dot chain lines when the video projecting system is not used; 5 a
      movable lid or side board which may be inclined at the front side of the
      cabinet 1 when the projecting system is used; 6 a projector which is
      integrally fixed to the movable side board 5 on its inner surface; 5' a
      rotatable lid or side board which is rotatably connected through a hinge 7
      to the inside board 5; 8 a mirror attached to the side board 5' on its
      inner surface; 9 a fixed fulcrum to the cabinet 1; 10 a movable fulcrum;
      11 and 12 stays, the stay 11 being stretched between the fulcrums 9 and
      10, the stay 12 being rotatably attached at its one end to the movable
      side board 5' and at its other end to the movable fulcrum 10 and being so
      selected in its length that the angle of the mirror 8 attached to the side
      board 5' is made suitable relative to the projector 6 and the screen 2
      therebetween when the video projecting system is actually used; and 13 a
      stay which is rotatably attached at its one end to the movable side board
      5 and at its other end to a fulcrum 14 provided at a mid way of the stay
      12.
PAR  The attached FIGURE shows the video projecting system of the invention in a
      used condition. In such a condition, the light emitted from the projector
      6 is reflected on the mirror 8, and then projected onto the screen 2 to
      form a picture thereon. When the video projecting system is not used, if
      the movable fulcrum 10 is moved from the lower side to the upper side and
      at the same time the movable side board 5 is pushed inwards, the stay 11
      is rotated in the clockwise direction in the FIGURE about the fixed
      fulcrum 9 and simultaneously the movable side board 5' is made gradually
      free from the restriction of the stay 12 to become parallel to the movable
      side board 5. Finally, as shown by two-dot chain lines in the FIGURE, the
      movable side boards 5 and 5' and the projector 6 are accommodated or
      housed in the cabinet 1 completely. In this case, the stays 11 and 12 are
      moved to locations shown by reference numerals 11' and 12'; the movable
      fulcrum 10 to 10'; the stay 13 to 13'; and the fulcrum 14 to 14',
      respectively, and then they are folded.
PAR  If the video projecting system will be used again, the above mentioned
      processes will be repeated reversely. Thus, the video projecting system
      can be brought to the condition shown in the FIGURE by the solid lines
      easily.
PAR  As described above, according to the present invention, it is no need when
      used to locate the video projecting system at a predetermined position
      such as the center of a room, so that the video projecting system never
      becomes in viewers' way, the views never feel a sense of oppression, and
      in addition when accommodated it is sufficient to urge the movable side
      boards 5 and 5'  inwards.
PAR  Further, with the invention, the wrapping and the conveyance of the video
      projecting system can be much simplified, and hence their costs are
      reduced. In addition, when the video projecting system is located in a
      room, it may increase the look of the room in association with its column
      type.
PAR  Still further, when the video projecting system of the invention is
      actually used, its lids or side boards are inclined in its front
      direction, so that unnecessary lights reflected on the floor of a room are
      prevented by the side boards from being reached to the screen from the
      floor of the room. Therefore, viewer's sense of sight is prevented from
      being fatigued and the projected picture onto the screen can be looked at
      clearly by the viewer.
PAR  The above description is given on only one preferred embodiment of the
      invention, but it will be apparent that many modifications and variations
      could be effected by one skilled in the art without departing from the
      spirits or scope of the novel concepts of the present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A video projecting apparatus comprising an upright cabinet having an
      opening at the front thereof; a screen mounted within the upper portion of
      said cabinet so as to be viewable through the corresponding portion of
      said opening of the cabinet; a front wall member pivotally mounted, at its
      lower end, on said front of the cabinet for swinging movement between a
      closed position, in which said front wall member closes the lower portion
      of said opening, and an operative position, in which said front wall
      member is inclined upwardly and outwardly from said front of the cabinet
      for preventing the impingement on the screen of light that is reflected
      upwardly from in front of the front wall member; a projector mounted on
      said front wall member in back of the latter for projecting a video image
      upwardly and forwardly in respect to said screen when said front wall
      member is in said operative position; and a mirror mounted at the upper
      portion of said front wall member for reflecting said video image from
      said projector against said screen when said front wall member is in said
      operative position.
NUM  2.
PAR  2. A video projecting apparatus according to claim 1; in which said screen
      is inclined downwardly and rearwardly within said upper portion of the
      cabinet.
NUM  3.
PAR  3. A video projecting apparatus according to claim 1; in which said mirror
      is carried by an extension of said front wall member which is pivotally
      secured to said upper portion of the front wall member; and further
      comprising link means connecting said cabinet, front wall member and
      extension for disposing said extension substantially coplanar with said
      front wall member when the latter is in said closed position and for
      tilting said extension and mirror rearwardly relative to the plane of said
      front wall member when the latter is in said operative position.
NUM  4.
PAR  4. A video projecting apparatus according to claim 3; further comprising
      closure means for closing said opening at the front of the cabinet above
      said extension when said front wall member is in said closed position.
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PAL  Method and apparatus for enhancing the directional content of information
      recorded or transmitted as four separate channels on a medium having only
      two independent tracks or channels and subsequently decoded into four
      signals each of which contains predominantly information pertaining to one
      of the four original channels but also information pertaining to others,
      in such a way that the resultant output signals when amplified and
      presented to four separate loudspeakers give the listener the illusion of
      four separate sources of sound. The system is characterized by detection
      apparatus which continuously recognizes the direction of the predominant
      sound source and produces corresponding control signals, processing
      apparatus which imposes suitable level-limiting and time-constant
      characteristics on these signals and generates therefrom a number of
      voltages representing the coefficients of a modifying matrix, and a matrix
      multiplier which multiplies the incoming four signals by the modifying
      matrix to obtain four output signals in which the directionality of the
      predominant sound source is enhanced. In particular, the coefficients of
      the modifying matrix generated by this system are such as to substantially
      reduce or remove the components of the predominant signal from all
      channels other than those in which it should appear while simultaneously
      producing no change in the total power output from the four loudspeakers
      resulting from any and all signals present. Furthermore the presence of
      signals corresponding to sound sources in other directions than the
      principal ones represented by the four loudspeakers can be detected and
      result in a modifying matrix which enhances their directionality, and the
      simultaneous presence of sufficiently distinct signals in more than one
      channel can also result in a modifying matrix which enhances their
      directions, thereby creating a substantially perfect impression of
      independent sound sources in their originally intended locations. The
      system is applicable to the decoded signals obtained from a simple matrix
      decoder using and 4-2-4 quadraphonic matrix encoding and decoding system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for reproducing four separate channels
      of information after recording or transmission on a medium having only two
      tracks, and presenting it on four loudspeakers to give the listener the
      illusion of sound coming from a corresponding number of separate sources.
      More particularly, the present invention is concerned with the
      modification of the four signals obtained from a preceding quadraphonic
      matrix decoder not forming part of the invention in such a way as to
      enhance the directional content of said signals before presenting them to
      the loudspeakers.
PAR  Previous methods of enhancing the directionality of such signals have been
      incorporated as part of the matrix decoder and designed and intended for
      use with one particular quadraphonic system such as the SQ system of
      Columbia Broadcasting System, Inc. and the QS system of Sansui Electric
      Co., Ltd. The present invention differs from these in that it accepts the
      four outputs from a simple matrix decoder operating on any such system,
      and does not therefore include a 2-4 matrix decoder as such. Although
      there are differences in the mathematical formulation of the various
      systems, it is possible for the enhancement system to operate effectively
      with any system and to be switched from one system to another with only
      minor changes in the detailed circuitry. The enhancement system operates
      on the same principles whatever quadraphonic matrix is used.
PAR  In previous types of logic-directed decoders or similar systems, the
      approach has either been piecemeal resulting in only modest improvements,
      or has been unable to carry out the function of separating the signals
      whilst at the same time maintaining absolute constancy of the total power
      output due to any source being reproduced. This is important because the
      psychoacoustic effect on which such systems depend is sensitive to
      variation of the total power. By adopting a holistic approach to the
      problem, a new mathematical basis has been formulated for the enhancement
      system, and the method thus devised has been implemented in a novel way.
PAR  Previous systems of this kind have employed devices such as variable gain
      amplifiers, photoconductive cells or field-effect transistors to
      accomplish the limited objectives. In some cases, little effort has been
      made to reduce unwanted effects such as harmonic distortion. One of the
      features of the present invention is that it can be embodied in a way
      which maintains very low harmonic distortion, and is therefore compatible
      with the best high fidelity sound reproducers.
PAR  The invention also embodies improved methods of detecting the direction of
      the predominant signals and for imposing suitable limiting and
      attack-decay characteristics on the control signals thus obtained.
PAR  While the invention is primarily designed for use in a quadraphonic sound
      system, the invention has broader utility in that it can be used to
      enhance the directionality of any such signals having directional
      information. The enhanced signals could then be applied to an appropriate
      device other than a loudspeaker. For instance, the method of this
      invention could be applied to a known communication system in which five
      separate transmission channels are employed to carry ten simultaneous
      messages, each message being transmitted on a different pair of the five
      channels. Further, the method of this invention is not limited to any
      specific number of channels.
PAC  SUMMARY OF THE INVENTION
PAR  An understanding of the elements of matrix algebra is necessary for full
      comprehension of the operating principles of the invention.
PAC  MATHEMATICAL PRINCIPLES OF THE SYSTEM
PAR  The encoding and decoding processes employed in a quadraphonic 4-2-4 matrix
      system can be represented in the notation of matrix algebra. In this
      notation, the four original signals are represented as a column vector s
      of four elements s.sub.1, s.sub.2, s.sub.3 and s.sub.4. These elements
      have values which vary with time in accordance with the signals in the
      corresponding channels. For the purposes of this argument the left front
      channels will be regarded as channel 1, the right front as channel 2, the
      right back as channel 3 and the left back as channel 4.
PAR  The encoded pair of signals is also represented as a column vector e having
      two elements e.sub.1 and e.sub.2 corresponding to the left and right
      channels of the stereophonic recording or transmission medium respectivey.
      The encoding process is represented by a rectangular array or matrix of
      eight coefficients with double subscripts. This matrix E has coefficients
      e.sub.11, e.sub.12, e.sub.13, e.sub.14, e.sub.21, e.sub.22, e.sub.23 and
      e.sub.24 where the first subscript refers to the row and the second to the
      column in which the element appears. The complete encoding process is
      represented in full by the matrix equation:
     e.sub.1         e.sub.11                                                  
                             e.sub.12                                          
                                  e.sub.13                                     
                                       e.sub.14                                
                                              s.sub.1                          
             =                                   (1)                           
     e.sub.2         e.sub.21                                                  
                             e.sub.22                                          
                                  e.sub.23                                     
                                       e.sub.24                                
                                              s.sub.2                          
                                             s.sub.3                           
                                             s.sub.4                           
PAL  in which the juxtaposition of the two matrices on the right-hand side means
      that the matrices are to be multiplied together in accordance with the
      normal mathematical convention, giving the following equations for e.sub.1
      and e.sub.2 :
EQU  e.sub.1 = e.sub.11 s.sub.1 + e.sub.12 s.sub.2 + e.sub.13 s.sub.3 + e.sub.14
      s.sub.4                                                   (2)
PAL  e.sub.2 = e.sub.21 s.sub.1 + e.sub.22 s.sub.2 + e.sub.23 s.sub.3 + e.sub.24
      s.sub.4                                                   (3)
PAL  In abbreviated matrix notaton, this operation is represented by the
      equation:
EQU  e = E s                                                    (4)
PAR  The four decoded signals are represented by the column vector d and the
      decoding process by the matrix D which has eight elements d.sub.11 to
      d.sub.42 arranged in four rows by two columns. The decoding equation is
      represented by :
EQU  d = D e                                                    (5)
PAL  The overall process corresponds to a transformation from the original
      signals s to the decoded signals d which can be represented by a 4-row by
      4-column matrix T.sub.o in the equation:
EQU  d = T.sub.o s                                              (6)
PAL  The matrix T.sub.o is the product of D and E, i.e.:
EQU  T.sub.o = D E                                              (7)
PAL  it is important that in an equation of this kind matrix T.sub.o has as many
      rows as D and as many columns as E, and in his case it represents four
      separate equations like (2) and (3). Furthermore, the order of D and E is
      important.
PAR  To enhance the directionality of the decoded signals it is necessary to
      modify them by an additional process. If the modified signals are
      represented by the 4-element column vector m and the modifying process by
      the matrix M, having 4 rows and 4 columns, the modification can be
      represented by the equation:
EQU  m = M d                                                    (8)
EQU  = T s                                                      (9)
PAL  where T is the 4.times.4 transformation matrix from the original signals to
      the modified decoded signals, and
EQU  T = M T.sub.o                                              (10)
PAR  From this it can be seen that the required process is a matrix
      multiplication, i.e the decoded signals treated as a group of four are
      multiplied by the coefficients m.sub.11 to m.sub.44 of the modifying
      matrix M and summed to give the four modified signals m. The values of the
      coefficients of M vary with the perceived direction of the predominant
      sound source and also depend on the particular coefficients of T.sub.o
      which represents the qudraphonic matrix system.
PAR  For an ideal quadraphonic system, each output channel consists entirely of
      the corresponding input channel so the transformation would be represented
      by the identity matrix I, thus:
TBL            1      0      0    0                                            
               0      1      0    0                                            
     T = I =                           (11)                                    
               0      0      1    0                                            
               0      0      0    1                                            
PAL  In this case the modifying matrix would also be I, and it is often
      convenient electrically to split the modifying matrix up into two
      components:
EQU  M = B + I                                                  (12)
PAL  where the elements of B not the main diagonal are equal to the
      corresponding elements of M, but those on the main diagonal are 1 less
      than corresponding elements of M.
PAR  To distinguish the controlling direction of M, it will be used as
      predominant subscript with centre front at 0.degree. and direction angle
      increasing clockwise so that left front is at 315.degree.. The modifying
      matrix for a predeterminant left front signal will be called M.sub.315.
PAR  The transformation matrix T must satisfy two requirements: the primary
      signal must be confined to the speaker or pair of speakers which can
      reproduce its direction precisely, and eliminated from all others, and
      this must be done without changing the total power output of the system
      for either the primary signal or for any other signals present.
PAC  APPLICATION TO THE SQ SYSTEM
PAR  By way of example, the foregoing mathematical principles are applied to the
      SQ system below. The encoding matrix for SQ is:
TBL           1      0      0.707  -j0.707                                     
     E =                                  (13)                                 
              0      1      j0.707 -0.707                                      
PAL  and the decoding matrix is:
TBL           1        0                                                       
              0        1                                                       
     D =                        (14)                                           
              0.707    -j0.707                                                 
              j0.707   -0.707                                                  
PAL  so from equation (7) the overall transformation is represented by:
TBL           1        0        0.707  -j0.707                                 
              0        1        j0.707 -0.707                                  
     T.sub.o =                                (15)                             
              0.707    -j0.707  1      0                                       
              j0.707   -0.707   0      1                                       
PAL  In this representation the element in the third row and first column, for
      example, represents the relative signal level in the third or right back
      loudspeaker due to a sound signal in the first or left front channel, and
      the letter j represents the square root of -1 corresponding to a phase
      angle of 90.degree.. The relative power in each speaker can be ascertained
      by squaring the absolute values of the elements. Thus, the relative powers
      in the first, second, third and fourth speakers due to a signal in the
      first channel are the squares of the first, second, third and fourth
      elements of the first column; in this context only the magnitudes of these
      squares are relevant so the powers in the four speakers are 1, 0, 0.5 and
      0.5 respectively, making a total power of 2 units. Carrying out the same
      operations on the other columns also gives the figure of 2 units for the
      total relative power due to sources placed at right front, right back or
      left back. The relative powers due to sources in a position midway between
      two speakers can be calculated, by adding two columns corresponding to the
      speakers, squaring the magnitudes of the four sums thus obtained and
      taking half the result; thus, a center front signal produces 0.5 units of
      relative power in each speaker, again totaling 2 units, and the same total
      is found for center left, center right and center back sources.
PAR  The presence of a zero in any element implies that the speaker
      corresponding to the row produces no output when the system reproduces a
      sound source in the position corresponding to the column.
PAR  It follows that the requirements imposed on the transformation matrix are
      that the elements in the column or columns corresponding to the source
      position and the row or rows corresponding to the speakers which are
      necessary for the reproduction of the sound source should be non-zero, and
      the elements in the same column or columns and all other rows should be
      zero. Furthermore, the sum of the squares of the magnitudes of the
      elements in each column should be 2, and the total relative power for
      sources midway between the speakers as defined above should also be 2.
PAR  These requirements partially define the elements of the modifying matrix,
      but because the transformation matrix T.sub.o is singular (i.e. it cannot
      have a mathematical inverse) ther is a certain freedom of choice of these
      elements. To derive the modifying matrix for a left front signal,
      M.sub.315, we note that the signals present in the two back channels must
      be canceled by adding a suitable proportion of the signal in the left
      front channel in an appropriate phase, and the signal in the left front
      channel must be increased to compensate for the reduction in total power
      which would otherwise occur. Furthermore, the gains of the other channels
      may need to be altered accordingly. Thus, the modifying matrix may have
      the form:
TBL            k.sub.1                                                         
                      0      0    0                                            
               0      k.sub.2                                                  
                             0    0                                            
     M.sub.315 =                       (16)                                    
               k.sub.3                                                         
                      0      k.sub.4                                           
                                  0                                            
               k.sub.5                                                         
                      0      0    k.sub.6                                      
PAL  where the coefficients K.sub.1 to K.sub.6 are to be found. The
      corresponding transformation matrix T.sub.315 defined by equation (10) is:
TBL         k.sub.1   0          0.707 k.sub.1                                 
                                        - j0.707k.sub.1                        
            0         k.sub.2   j0.707k.sub.2                                  
                                         -0.707 k.sub.2                        
     T.sub.315 =                                                               
             k.sub.3 +0.707k.sub.4                                             
                      - j0.707k.sub.4                                          
                                 0.707 k.sub.3 +k.sub.4                        
                                        - j0.707k.sub.4                        
            k.sub.5 +j0.707k.sub.6                                             
                       -0.707 k.sub.6                                          
                                 0.707 k.sub.5                                 
                                        - j0.707k.sub.5 +k.sub.6               
     (17)                                                                      
PAL  with the requirements that:
EQU  k.sub.3 +0.707k.sub.4 = 0                                  (18)
EQU  k.sub.5 +j0.707k.sub.6 = 0                                 (19)
EQU  k.sub.1 = 2                                                (20)
PAL  corresponding to cancellation of the left front signal in the right back
      and left back channels and a total power of 2 units in the four speakers
      due to the left front source.
PAR  Substituting these requirements into equation (17) leads to the simplified
      matrix:
TBL         1.414   0         1      -j                                        
            0       k.sub.2    j0.707k.sub.2                                   
                                     -0.707 k.sub.2                            
     T.sub.315 =                            (21)                               
            0       -j0.707k.sub.4                                             
                              0.5 k.sub.4                                      
                                      j0.5k.sub.4                              
            0        -0.707 k.sub.6                                            
                              - j0.5k.sub.6                                    
                                      0.5 k.sub.6                              
PAL  The requirement that the sum of the squares of the magnitudes of the
      elements of each column should be 2 gives the equation:
EQU  k.sub.2.sup.2 + 0.5k.sub.4.sup.2 + 0.5k.sub.6.sup.2 = 2    (22)
PAL  and this also satisfies the requirements for central sources so there are
      two arbitrary choices available at this point. Referring to equation (15)
      the total power in each speaker due to unit incoherent sources placed in
      each corner is 2 units. Equation (21) indicates that the total power in
      the left front speaker due to this combination of sources, obtained by
      summing the squares of the magnitudes of the elements in the first row, is
      4 units. Since the total power from all four speakers is to be unchanged
      and was previously 8 units, the remaining 4 units have to be shared out
      among the other three speakers in an acceptable way. This is an arbitrary
      choice, but logically it would be reasonable to divide the power equally
      between them so that:
EQU  2k.sub.2.sup.2 = k.sub.4.sup.2 = k.sub.6.sup.2 = 1.333     (23)
PAL  which gives the values k.sub. 2 = 0.817, k.sub.4 = k.sub.6 = 1.155, and the
      modifying matrix is therefore:
TBL            1.414     0       0     0                                       
               0         0.817   0     0                                       
     M.sub.315 =                             (24)                              
               -0.817    0       1.155 0                                       
               -j0.817   0       0     1.155                                   
PAL  The corresponding transformation matrix is therefore:
TBL            1.414   0        1      -j                                      
               0       0.817    j0.577 -0.577                                  
     T.sub.315 =                              (25)                             
               0       -j0.817  0.577  j0.577                                  
               0       -0.817   -j0.577                                        
                                        0.577                                  
PAL  The electrically inconvenient imaginary term -j0.817 in M.sub.315 can be
      removed by noting that the left back signal is -0.817 times the original
      right front signal so that an alternative form of M.sub.315 is:
TBL            1.414     0         0      0                                    
               0         0.817     0      0                                    
     M.sub.315 =                              (26)                             
               -0.817    0         1.155  0                                    
               0         -0.817    0      0                                    
PAL  The corresponding matrix B.sub.315 is therefore:
TBL            0.414     0        0      0                                     
               0         -0.183   0      0                                     
     B.sub.315 =                              (27)                             
               -0.817    0        0.155  0                                     
               0         -0.817   0      -1                                    
PAL  where B.sub.315 and M.sub.315 are related by equation (12).
PAR  Similar reasoning leads to the modifying matrices for the other three
      corner signals which are:
TBL            0.817    0       0      0                                       
               0        1.414   0      0                                       
     M.sub.45 =                               (28)                             
               0.817    0       0      0                                       
               0        0.817   0      1.155                                   
               1.155    0       -0.817 0                                       
               0        0       0      -0.817                                  
     M.sub.135 =                              (29)                             
               0        0       1.414  0                                       
               0        0       0      0.817                                   
               0        0       0.817  0                                       
               0        1.155   0      0.817                                   
     M.sub.225 =                              (30)                             
               0        0       0.817  0                                       
               0        0       0      1.414                                   
PAL  for right front, right back and left back predominant sources respectively.
      The corresponding B matrices are:
TBL            -0.183   0       0      0                                       
               0        0.414   0      0                                       
     B.sub.45  =                              (31)                             
               0.817    0       -1     0                                       
               0        0.817   0      0.155                                   
               0.155    0       -0.817 0                                       
               0        -1      0      -0.817                                  
     B.sub.135 =                              (32)                             
               0        0       0.414  0                                       
               0        0       0      -0.183                                  
               -1       0       0.817  0                                       
               0        0.155   0      0.817                                   
     B.sub.225 =                              (33)                             
               0        0       -0.183 0                                       
               0        0       0      0.414                                   
PAL  For a center front source, the transferred signals in the rear channels are
      in antiphase and can therefore be canceled by summing them. This procedure
      does not change the output powers of the transferred signals from the
      front corners because these signals are in quadrature. It would be better,
      therefore, to reduce the gain of the rear channels as well. In the front
      channels the center front signal must be increased to compensate for its
      reduction in the rear, while the front corners should also be increased
      somewhat if the rear transferred signals are reduced. A suitable form of
      the modifying matrix will be symmetric (about the main diagonal) and of
      the form:
TBL           k.sub.1 k.sub.2 0     0                                          
              k.sub.2 k.sub.1 0     0                                          
     M.sub.0 =                            (34)                                 
              0       0       k.sub.3                                          
                                     k.sub.3                                   
              0       0       k.sub.3                                          
                                     k.sub.3                                   
PAL  and the corresponding transformation matrix T.sub.0 [not to be confused
      with T.sub.o defined in equation (15)] is:
TBL         k.sub.1                                                            
                    k.sub.2                                                    
                          0.707 k.sub.1 +j0.707k.sub.2                         
                                   -0.707 k.sub.2 -j0.707k.sub.1               
            k.sub.2                                                            
                    k.sub.1                                                    
                          0.707 k.sub.2 +j0.707k.sub.1                         
                                   -0.707 k.sub.2 -j0.707k.sub.1               
     T.sub.0 =                                (35)                             
            0.707k.sub.3 (1+j)                                                 
                   -0.707k.sub.3 (1+j)                                         
                          k.sub.3  k.sub.3                                     
            0.707 k.sub.3 (1+j)                                                
                   -0.707k.sub.3 (1+j)                                         
                          k.sub.3  k.sub.3                                     
PAL  The requirements for constant total power give the equation:
EQU  k.sub.1.sup.2 + k.sub.2.sup.2 + 2k.sub.3.sup.2 = 2         (36)
PAL  and for the center front signal:
EQU  (k.sub.1 + k.sub.2).sup.2 = 2                              (37)
PAL  The center back signal gives no new information, nor do any different
      equations arise from center side signals, and it follows that any values
      of k.sub.1, k.sub.2 and k.sub.3 which satisfy the above equations will
      also result in preservation of the total powers due to sources in these
      positions. The arbitrary choice in this case is to leave the gains of the
      front corner channels unchanged, making k.sub.1 = 1, k.sub.2 = 0.414 and
      k.sub.3 = 0.644. The modifying matrix becomes:
TBL           1       0.414   0     0                                          
              0.414   1       0     0                                          
     M.sub.0 =                            (38)                                 
              0       0       0.644 0.644                                      
              0       0       0.644 0.644                                      
PAL  and the corresponding B matrix is:
TBL           0       0.414   0      0                                         
              0.414   0       0      0                                         
     B.sub.0 =                              (39)                               
              0       0       -0.356 0.644                                     
              0       0       0.644  -0.356                                    
PAL  Similarly, for center back signals the modifying matrix is:
TBL            0.644   0.644   0     0                                         
               0.644   0.644   0     0                                         
     M.sub.180 =                           (40)                                
               0       0       1     0.414                                     
               0       0       0.414 1                                         
PAL  and the corresponding B matrix is given by:
TBL            -0.356   0.644    0     0                                       
               0.644    -0.356   0     0                                       
     B.sub.180 =                             (41)                              
               0        0        0     0.414                                   
               0        0        0.414 0                                       
PAL  Similar arguments and reasoning applied to the center left and center right
      signals when encoded by means of panpots as distinct from the use of an SQ
      position encoder give the modifying matrices:
TBL               0.707   0       0     0.707                                  
                  0       0.707   0.707 0                                      
     M.sub.90 = M.sub.270 =                   (42)                             
                  0       0.707   0.707 0                                      
                  0.707   0       0     0.707                                  
PAL  and the corresponding B matrices:
TBL              -0.293  0       0      0.707                                  
                 0       -0.293   0.707                                        
                                       0                                       
     B.sub.90 = B.sub.270 =                  (43)                              
                 0        0.707  -0.293                                        
                                       0                                       
                  0.707  0       0     -0.293                                  
PAL  and for position encoded center left and center right signals the
      appropriate modifying matrices and B matrices are:
TBL               0.924                                                        
                      0.383                                                    
                           -0.383                                              
                                0.924                                          
                 -0.383                                                        
                      0.924                                                    
                            0.924                                              
                                0.383                                          
     M.sub.90 ' = M.sub.270 ' =        (44)                                    
                 -0.383                                                        
                      0.924                                                    
                            0.924                                              
                                0.383                                          
                  0.924                                                        
                      0.383                                                    
                           -0.383                                              
                                0.924                                          
                 -0.076                                                        
                      0.383                                                    
                           -0.383                                              
                                0.924                                          
                 -0.383                                                        
                      -0.076                                                   
                            0.924                                              
                                0.383                                          
     B.sub.90 ' = B.sub.270 =          (45)                                    
                 -0.383                                                        
                      0.924                                                    
                           -0.076                                              
                                0.383                                          
                  0.924                                                        
                      0.383                                                    
                           -0.383                                              
                                -0.076                                         
PAL  It is possible to deduce modifying matrices which have similar
      characteristics for other directions than those above. It will be noted
      that all the coefficients of the B matrices are of magnitude less than or
      equal to 1, with the practical consequence that the process of matrix
      multiplication can be implemented electronically quite easily.
PAR  By producing control signals c.sub.0, c.sub.45, c.sub.90, . . . ,
      c.sub.315, each of which takes on a value of 1 when a signal from the
      corresponding direction occurs or 0 when the predominant signal is from a
      different direction, the matrix control coefficients can be written as a
      linear combination of the B matrices,
EQU  B(t) = .SIGMA. c.sub..theta.(t)B.sub..theta.               (46)
PAL  thus the modifying matrix as a function of time is given by
EQU  M(t) = B(t) + I                                            (46-1)
PAL  and if the sum of the control coefficients is always equal to 1, it follows
      that
EQU  M(t) = .SIGMA.c.sbsp.5(t)M.sub..theta.                     (46-2)
PAL   in which the time dependence of B is related to the variation of the
      control parameters with time as the predominant signals change.
      Furthermore, if the control parameters are allowed to take intermediate
      values when the predominant signal source lies between two directions for
      which control parameters are provided, a modifying matrix results which is
      reasonably effective in suppressing the transferred signals and at
      maintaining the total power constant. This means that quite a small number
      of control signals can be used in the interest of simplicity. It is also
      possible that if control signals are present from two different directions
      simultaneously the resultant modifying matrix will have characteristics
      which partially suppress the transferred signals due to both sound
      sources, although in these cases the total power output will vary to some
      extent.
PAR  For example, if signals are provided for left front and left back and these
      signals take on the value 0.5 when a center left position encoded signal
      is present, the resultant B matrix is:
EQU  B".sub.270 = 0.5B.sub.225 + 0.5B.sub.315                   (47)
TBL          -0.293  0        0.408                                            
                                   0                                           
             0       -0.014  0      0.408                                      
     =                                   (48)                                  
             -0.408  0       -0.014                                            
                                   0                                           
             0       -0.408  0     -0.293                                      
PAL  and the corresponding modifying matrix is:
TBL              0.707  0       0.408 0                                        
                0        0.986  0     0.408                                    
     M.sub.270 " =                          (49)                               
                -0.408  0       0.986 0                                        
                0       -0.408  0     0.707                                    
PAL  The transformation matrix defined by equation (10) is:
TBL          0.996                                                             
                  -j0.289                                                      
                       0.908                                                   
                            -j0.500                                            
             j0.289                                                            
                  0.697                                                        
                       j0.697                                                  
                            -0.289                                             
     T.sub.270 " =                 (50)                                        
             0.289                                                             
                  -j0.697                                                      
                       0.697                                                   
                            j0.289                                             
             j0.500                                                            
                  -0.908                                                       
                       -j0.289                                                 
                            0.996                                              
PAL  Summing the squares of the column elements shows that the total power due
      to corner sources falls to 1.41 for left corners and 1.88 for right
      corners, but a position encoded center left signal has equivalent
      components of s of 0.924, 0.383, -0.383, 0.924 applied to the four inputs
      of the encoder and the resultant output signal from the matrix multiplier
      will therefore be 0.573(1-j), 0, 0, 0.573(1+j). The center left signal is
      thus completely suppressed in the right channels, although total power is
      reduced by about 1.8dB. It is also clear that, if the above control
      signals had been produced by two signals, one in each of left front and
      left back channels, the separation of these two signals would have been
      increased from the basic 3dB to 6dB since t.sub.11 and t.sub.44 are 0.996
      and t.sub.14 and t.sub.41 have magnitudes of 0.5
PAR  The coefficients of the matrix B of equation (46) are defined below in
      terms of the conrol coefficients and the elements of the B matrices
      corresponding thereto, from equations (27), (31) to (33), (39), (41), (43)
      and (45)
PA1  b.sub.11 = -0.183c.sub.45 -0.293c.sub.90 -0.076c'.sub.90 +0.155c.sub.135
      -0.356c.sub.180 -c.sub.225 -0.293c.sub.270 -0.076c'.sub.270
      +0.414c.sub.315                                           ( 46a)
PA1  b.sub.12 = 0.414c.sub.0 0.383c'.sub.90 +0.644c.sub.180 +0.383c'.sub.270 (
      46b)
PA1  b.sub.13 = -0.383c'.sub.90 -0.817c.sub.135 +0.817c.sub.225 -0.383c'.sub.270
      ( 46c)
PA1  b.sub.14 = 0.707c.sub.90 +0.924c'.sub.90 +0.707c.sub.270 +0.924c'.sub.270 (
      46d)
PA1  b.sub.21 = 0.414c.sub.0 -0.383c'.sub.90 +0.644c.sub.180 -0.383c'.sub.270 (
      46e)
PA1  b.sub.22 = 0.414c.sub.45 -0.293c.sub.90 -0.076c' .sub.90 -c.sub.135
      -0.356c.sub.180 +0.155c.sub.225 -0.293c.sub.270 -0.076c'.sub.270
      -0.183c.sub.315                                           ( 46f)
PA1  b.sub. 23 = 0.707c.sub.90 +0.924c'.sub.90 +0.707c.sub.270 +0.924'.sub.270 (
      46g)
PA1  b.sub.24 = 0.383c'.sub.90 -0.817c.sub.135 +0.817c.sub.225 +0.383c'.sub.270
      ( 46h)
PA1  b.sub.31 = 0.817c.sub.45 -0.383c'.sub.90 -0.383c'.sub.270 -0.817c.sub.315 (
      46i)
PA1  b.sub.32 = 0.707c.sub.90 +0.924c'.sub.90 +0.924c'.sub.270 +0.707c.sub.270 (
      46j)
PA1  b.sub.33 = -0.356c.sub.0 -c.sub.45 -0.293c.sub.90 -0.076c'.sub.90
      +0.414c.sub.135 -0.183c.sub.225 -0.293c.sub.270 -0.076c'.sub.270
      +0.155c.sub.315                                           ( 46k)
PA1  b.sub.34 = 0.644c.sub.0 +0.383c'.sub.90 +0.414c.sub.180 +0.383c'.sub.270(
      46l)
PA1  b.sub.41 = 0.707c.sub.90 +0.924c'.sub.90 +0.707c.sub.270 +0.924c'.sub.270(
      46m)
PA1  b.sub.42 = 0.817c.sub.45 +0.383c'.sub.90 +0.383c'.sub.270 -0.817c.sub.315(
      46n)
PA1  b.sub.43 = 0.644c.sub.0 -0.383c'.sub.90 +0.414c.sub.180 -0.383c'.sub.270(
      46o)
PA1  b.sub.44 = -0.356c.sub.0 +0.155c.sub.45 -0.293c.sub.90 -0.076c'.sub.90
      -0.183c.sub.135 +0.414c.sub.225 -0.293c.sub.270 -0.076c'.sub.270
      -c.sub.315( 46p)
PAL  For the simplified embodiment with centre left and right controls omitted,
      these simplify to:
PA1  b.sub.11 = -0.183c.sub.45 +0.155c.sub.135 -0.356c.sub.180 -c.sub.225
      +0.414c.sub.315                                           ( 46q)
PA1  b.sub.12 = b.sub.21 = 0.414c.sub.0 +0.644c.sub.180         ( 46r)
PA1  b.sub.13 = b.sub.24 = -0.817c.sub.135 +0.817c.sub.225      ( 46s)
PA1  b.sub.14 = b.sub.23 = b.sub.32 = b.sub.41 = 0              (46t)
PA1  b.sub.22 = 0.414c.sub.45 -c.sub.135 -0.356c.sub.180 +0.155c.sub.225
      -0.183c.sub.315                                           ( 46u)
PA1  b.sub.31 = b.sub.42 = 0.817c.sub.45 -0.817c.sub.315        ( 46v)
PA1  b.sub.33 = -0.356c.sub.0 -c.sub.45 +0.414c.sub.135 -0.183c.sub.225
      +0.155c.sub.315                                           ( 46w)
PA1  b.sub.34 = b.sub.43 = 0.644c.sub.0 +0.414c.sub.180          ( 46x)
PA1  b.sub.44 = -0.356c.sub.0 +0.155c.sub.45 -0.183c.sub.135 +0.414c.sub.225
      -c.sub.315                                                ( 46y)
PAC  APPLICATION TO THE QS SYSTEM
PAR  In the QS system the overall transformation is represented by the matrix:
TBL           1        0.707    0      j0.707                                  
              0.707    1        -j0.707                                        
                                       0                                       
     T.sub.o =                                (51)                             
              0        j0.707   1      0.707                                   
              -j0.707  0        0.707  1                                       
PAL  By very similar reasoning to that adopted for the SQ system, the modifying
      matrices for the corner channels are found to be:
TBL             1.414  0       0     0                                         
               -0.817   1.155  0     0                                         
     M.sub.315 =                           (52)                                
               0       0        0.817                                          
                                     0                                         
               0       0        0.817                                          
                                     0                                         
                1.155  -0.817  0     0                                         
               0        1.414  0     0                                         
     M.sub.45   =                          (53)                                
               0       0       0      0.817                                    
               0       0       0      0.817                                    
                0.817  0       0     0                                         
                0.817  0       0     0                                         
     M.sub.135 =                           (54)                                
               0       0        1.414                                          
                                     0                                         
               0       0       -0.817                                          
                                      1.155                                    
               0        0.817  0     0                                         
               0        0.817  0     0                                         
     M.sub.225 =                           (55)                                
               0       0        1.155                                          
                                     -0.817                                    
               0       0       0      1.414                                    
PAL  Again by similar reasoning to that of the SQ case, suitable modifying
      matrices for the centre front and centre back signals are:
TBL            0.765   0.317   0     0                                         
               0.317   0.765   0     0                                         
     M.sub.0    =                          (56)                                
               0       0       0.533 0.533                                     
               0       0       0.533 0.533                                     
               0.533   0.533   0     0                                         
               0.533   0.533   0     0                                         
     M.sub.180 =                           (57)                                
               0       0       0.765 0.317                                     
               0       0       0.317 0.765                                     
PAL  Each of the above matrices are dependent on an arbitrary choice of some
      design parameter, as in the case of SQ, and these matrices are designed to
      give essentially similar performance characteristics in the two cases. For
      the centre left and centre right signals, it can be shown that the
      modifying matrices must be different, and a possible matrix for centre
      right is:
TBL            0.707   0       0     -0.707                                    
               0       0.707   0.707 0                                         
     M.sub.90 =                            (58)                                
               0       0.707   0.707 0                                         
               0.707   0       0     -0.707                                    
PAL  and for center left,
TBL            0.707   0       0     0.707                                     
               0       -0.707  0.707 0                                         
     M.sub.270 =                           (59)                                
               0       -0.707  0.707 0                                         
               0.707   0       0     0.707                                     
PAL  The corresponding B matrices are defined by equation (12).
PAR  In a similar manner, the matrices required to modify the output signals of
      any other quadraphonic phase matrix such as BMX can be deduced. Also, as
      has been mentioned, the described system can be utilized to enhance the
      output signals from any device providing output signals containing
      directional information.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The exact nature and details of the invention can be obtained from the
      following detailed description of the invention when read in conjunction
      with the annexed drawing in which:
PAR  FIG. 1 is a block diagram showing a preferred embodiment of the invention
      in a quadraphonic sound system;
PAR  FIG. 2 is a detailed showing of a suitable detector of the invention for
      application in an SQ quadraphonic sound system;
PAR  FIG. 3 is a detailed showing of a suitable detector of the invention for
      application in a QS quadraphonic sound system;
PAR  FIG. 4 is a detailed showing of a modification of the detector of FIG. 2;
PAR  FIG. 5 is a detailed showing of a preferred interface between a rectifier
      output and a typical smoothing filter of the detector;
PAR  FIG. 6 is an amplifier gain control characteristic diagram;
PAR  FIG. 7 shows a typical comparator circuit utilized in the processor of this
      invention;
PAR  FIG. 8 is a detailed showing of the coefficient generator and matrix
      multiplier sections of the invention;
PAR  FIG. 9 is a detailed showing of an example of a coefficient generator or
      the invention used in the ten signal system of FIG. 2;
PAR  FIG. 10 is a detailed showing of an example of a coefficient generator of
      the invention used in the six signal system of FIG. 4;
PAR  FIG. 11 is a detailed showing of a signal combiner that can be used in this
      invention; and
PAR  FIG. 12 is a detailed showing of a possible circuit configuration of one of
      the matrix multiplier blocks of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Although the invention is applicable to any of a number of quadraphonic
      matrix systems, or for that matter to any matrix system where four signals
      having direction information are derived from a pair of sources containing
      this direction information, the invention will be described mainly in the
      context of the SQ system of Columbia Broadcasting System (CBS) and in
      addition a configuration of the detector of the invention when used with a
      QS system of Sansui Electric Co., Ltd. is also specifically disclosed.
PAR  Referring to FIG. 1, this figure shows the invention in block diagram as
      used in a quadraphonic sound system. The invention is enclosed in the
      dotted box 114. The balance of elements in this figure show how the
      invention is connected in a quadraphonic sound system. That is, the
      elements outside of dotted box 114 represent a typical quadraphonic sound
      system in which the invention has been incorporated.
PAR  As shown in FIG. 1, a pair of input signals are applied to the leads 100
      and 101. These signals, the left (L) and right (R) signals, are derived
      from, for examaple, a two-track record and contain direction information.
      The L and R signals are applied to a matrix quadraphonic decoder 102 of,
      for example, an SQ system of CBS. Four output sgnals L'.sub.F (left
      front), R'.sub.F (right front), R'.sub.B (right back) and L'.sub.B (left
      back) are derived from decoder 102. These four signals are operated on by
      the circuitry of this invention in dotted box 114 to produce four enhanced
      signals L".sub.F (left front), R".sub.F (right front), R".sub.B (right
      back) and L".sub.B (left back).
PAR  The four speakers 110, 111, 112 and 113 are shown enclosed in a dotted box
      115 which represents, for example, a room in which the quadraphonic system
      is located. Speakers 110, 111, 112 and 113 are the left front, right
      front, left back and right back speakers, respectively. Thus, the signals
      L".sub.F are applied through an amplifier 106 to speaker 110, the R".sub.F
      signals are applied through an amplifier 107 to speaker 111, the L".sub.B
      signals are applied through an amplifier 109 to speaker 112, and the
      R".sub.B signals are applied through an amplifier 108 to speaker 113.
PAR  This invention provides the enhanced signals L".sub.F, R".sub.F, L".sub.B
      and R".sub.B by means of a detector 103, a processor 104 and a matrix
      multiplier 105. The L'.sub.F, R'.sub.F, R'.sub.B and L'.sub.B signals from
      decoder 102 are applied to both detector 103 and matrix multiplier 105.
      Detector 103 in response to the L'.sub.F, R'.sub.F, R'.sub.B and L'.sub.B
      signals applied thereto provides, by suitable techniques of amplitude
      comparison, a number of control signals labeled C.theta. each activated by
      the presence of a predominant sound source in a corresponding direction
      .theta.. These control signals are applied as input signals to processor
      104. Processor 104, by means of circuitry controlling the charging and
      discharging of capacitors in accordance with the control signals present,
      adjusts the attack and decay characteristics of these signals to give
      optimum results. Following adjustment of the attack and decay
      characteristics, processor 104 limits the signals and combines them in
      various proportions to produce signals corresponding to the coefficients
      b.sub.ij of matrix B of equation (46) in accordance with equations (46a)
      to (46p) for example. These matrix coefficient signals are applied to
      matrix multiplier 105 as shown in FIG. 1 and the signals L'.sub.F,
      R'.sub.F, R'.sub.B and L'.sub.B are also applied to matrix multiplier 105.
      Matrix multiplier 105 carries out the operation of matrix multiplication
      of the incoming signals vector d, whose components are L'.sub.F, R'.sub.F,
      R'.sub.B and L'.sub.B, by the matrix M defined by equations (12) and (46)
      to produce the four audio signals L".sub.F, R".sub.F, R".sub.B and
      L".sub.B which are the components of vector m of equation (8). These
      output signals are substantially identical psychoacoustically to the
      original signals applied to the matrix encoder used for recording or
      transmission of the signals L and R which are subsequently applied to
      matrix decoder 102.
PAR  Referring back to detector 103, detector 103 can provide any number of
      control signals as desired; however, typically between five and ten such
      signals are provided. FIGS. 2 and 4 show in detail two alternate
      embodiments of detector 103 as applied to the SQ system. In FIG. 2, ten
      control signals are provided and in FIG. 4 only six control signals are
      provided. FIG. 3 is a detailed showing of detector 7 as applied to a QS
      system.
PAR  In the FIG. 2 embodiment of detector 103, the four signals L'.sub.F,
      R'.sub.F, R'.sub.B and L'.sub.B are applied to the four variable gain
      amplifiers 116, 117, 118 and 119 respectively. Variable gain amplifiers
      116, 117, 118 and 119 form part of an automatic gain control system. The
      outputs of these amplifiers labeled L'.sub.Fo, R'.sub.Fo, R'.sub.Bo and
      L'.sub.Bo are essentially the same signals as the input signals L'.sub.F,
      R'.sub.F, R'.sub.B and L'.sub.B except that they are standardized to a
      predetermined level by variable gain amplifiers 116, 117, 118 and 119.
      These output signals from amplifiers 116 through 119 are applied to the
      attenuators 120, 121, 122 and 123 and to the signal combiners 124, 125,
      126, 127, 128 and 129 in the manner shown in FIG. 2. For example, the
      output signals L'.sub.Fo from amplifier 116 are applied to attenuator 120
      and combiners 124 and 127; and the signals R'.sub.Fo from amplifier 117
      are applied to attenuator 121 and combiners 124, 125, 128 and 129.
      Attenuators 120 through 123 attenuate these signals by the factor
      indicated and combiners 124 through 129 combine the signals in the
      proportions indicated to produce the ten signals S.sub.45, S.sub.180,
      S.sub.315, S.sub.270 S.sub.225, S.sub.o S.sub.135, S.sub.90, S'.sub.270
      and S'.sub.90, each of which becomes zero when the predominant signal
      comes from the direction indicated by the subscript. The two primed
      signals S'.sub.270 and S'.sub.90 are those which are zero for position
      encoded center left and right sources. These signals also reach a maximum
      level for some other direction of the source, and the attenuations and
      combinations of the attenuators and combiners are such that these maxima
      are all at the same level.
PAR  These direction sensitive signals S.sub.45, S.sub.180, S.sub.315,
      S.sub.270, S.sub.225, S.sub.o, S.sub.135, S.sub.90, S'.sub.270 and
      S'.sub.90 are rectified by the rectifiers 130, 131, 132, 133, 134, 135,
      136, 137, 138 and 139 respectively. The transfer characteristics of each
      of the rectifiers 130 through 139 is indicated diagrammatically on each of
      the boxes representing the rectifiers. There are no smoothing time
      constants at the outputs of the rectifiers and the unsmoothed signals from
      rectifiers 130, 131, 132, 133, 134, 135, 136, 137, 138 and 139 are applied
      to the resistors 140, 141, 142, 143, 144, 145, 146, 147, 148 and 149
      respectively. All of the resistors 140 through 149 are connected to the
      input of the amplifier 150. Thus, resistors 140 through 149 combine the
      signals from rectifiers 130 through 139 at the input of amplifier 150. If
      resistors 143, 144, 145, 147, 148 and 149 have a resistance value R then
      resistors 140, 141, 142 and 146 have a resistance value 2R. These values
      of resistance add equal proportions of each of the corner signals and the
      center front or back signals, and the average center left and center right
      signals to the input of amplifier 150. The resistor 151 serves as a
      feedback resistor and its value is chosen to given an output d.c. level
      equal to a fraction of the maximum d.c. level reached by any rectifier
      output. The capacitor 152 is a smoothing capacitor. The output from
      amplifier 150 is applied to a unity gain inverter 153 which inverts the
      output of amplifier 150 to the correct polarity to drive the gain control
      inputs of variable gain amplifiers 116 through 119. Thus, the signals from
      inverter 153 provide a gain control voltage to variable gain amplifiers
      116 through 119.
PAR  Amplifiers 116 through 119 may typically have a gain control characteristic
      similar to that shown in FIG. 6. The characteristic curve shown in FIG. 6
      has a fairly sharp knee and a rather narrow operating range of control
      voltage. The control is essentially logarithmic so that the amplifier gain
      falls by, for example, 1dB per mV above the knee voltage. The logarithmic
      characteristic aids the overall stability of the automatic gain control
      system and its sharpness ensures that the normalized signals stay close to
      the predetermined level over a wide range of input levels.
PAR  In addition to providing a drive voltage to amplifiers 116 through 119,
      inverter 153 provides a reference level voltage to the comparator
      amplifiers 164 through 173. Comparator amplifiers 164 through 173 each
      have two inputs and one of the two inputs of all the comparators 164
      through 173 is coupled to the output of inverter 153. The second input of
      each of the comparators 164 through 173 is connected to output of a
      different one of the smoothing filters 154 through 163 as shown in FIG. 2.
      Smoothing filters 154 through 173 are connected between rectifiers 130
      through 139 and comparators 164 through 173 in such a manner that the
      output of each rectifier after being smoothed by its associated smoothing
      filter is applied as the second input to the associated comparator. That
      is, the output of rectifier 134 is smoothed by filter 154 and then applied
      to the second input of comparator amplifier 164, the output of rectifier
      131 is smoothed by filter 155 and then applied as the second input to
      comparator 165, etc. The output of each smoothing filter 154 through 163
      is compared by its associated comparator 164 through 173 to the reference
      level voltage provided by inverter 153. The comparator amplifier 164
      through 173 provides an output only if the input from the associated
      smoothing filter 154 through 163 is less than the reference from inverter
      153. The reference level is so chosen that only those signals applied to
      comparators 164 through 173 that fall within a defined range of the
      specified direction fall below the reference level since each direction
      signal applied to the comparators 164 through 173 may have minima other
      than those in the specified direction.
PAR  The output signals from comparators 164, 165, 166, 167, 168, 169, 170, 171,
      172 and 173 are labeled
EQU  C.sub.45, C.sub.180, C.sub.315, C.sub.270, C.sub.225, C.sub.o, C.sub.135,
      C.sub.90, C'.sub.270 and C'.sub.90.
PAL  These signals are the raw directional control signals that are applied to
      processor 104.
PAR  FIG. 5 shows a typical interface between a smoothing filter and its
      associated rectifier of FIG. 2 and shows a typical filter that can be
      utilized for the smoothing filters 154 through 163. FIG. 5 shows a two
      stage ladder filter comprising the resistors 180 and 181 and the
      capacitors 182 and 183. The filter is designed to have as fast a transient
      response as possible with a satisfactory attenuation of ripple at the
      lowest signal frequencies. Since the intention is to detect the absence of
      a signal at the detection point, a PNP transistor 184 is utilized to pull
      down the input whenever the signal applied to the base of transistor 184
      from the associated rectifier, normally a full-wave rectified audio signal
      with a non-zero average level, falls to zero. Current is supplied to the
      emitter of transistor 184 by means of the current source 185. Current
      source 185 is of such a value that faithful reproduction of the positive
      peaks of the input signal at the emitter is ensured. Thus, the response to
      a sudden cessation of the signal is made as rapid as possible.
PAR  FIG. 3 is a detailed showing of a possible configuration of detector 103
      when the invention is utilized in a QS system. As is the case in FIG. 2,
      the circuitry of FIG. 3 includes the four variable gain amplifiers 200
      through 203, the attenuators 204 through 207 and the signal combiners 208
      through 211. Attenuators 204 through 207 and combiners 208 through 211 are
      connected to the outputs of variable gain amplifiers 200 through 203 in
      the manner indicated in FIG. 3. The balance of the circuitry and the
      circuit connections are identical in character to the corresponding
      circuitry of FIG. 2 except that the number of separate individual elements
      provided is smaller since only eight control signals are provided in FIG.
      3 as compared to the ten control signals provided with the circuitry of
      FIG. 2. Thus, the circuitry of FIG. 3 in addition to the attenuators, the
      combiners and the variable gain amplifiers includes the eight full-wave
      rectifiers 212 through 219, the eight associated smoothing filters 233
      though 240, the eight associated comparator amplifiers 241 through 248,
      the eight resistors 220 through 227 in the gain control circuitry, the
      summing amplifier 228, the feedback resistor 229, the smoothing capacitor
      230 and the unity gain inverter 231. The resistors 220 through 227,
      summing amplifier 228 and unity gain inverter 231 of course provide the
      gain control and reference level voltage to variable gain amplifiers 200
      through 203 and to comparators 241 through 248 respectively. Unlike the
      corresponding resistors in FIG. 2, resistors 220 through 227 all have the
      same resistance value in FIG. 3 since there are no alternative center left
      and right signals. In addition to this difference in the resistors, the
      corresponding signals from most of the attenuators and combiners in FIG. 3
      when compared with these elements in FIG. 2 are zero at different
      directions since the encoding and decoding equations for the QS system are
      different than the encoding and decoding equation of the SQ system. The
      outputs from attenuators 204 through 207 and combiners 208 through 211
      starting at attenuator 204 and proceeding downward in FIG. 3 are
      S.sub.125, S.sub.180, S.sub.225, S.sub.270, S.sub.315, S.sub.o, S.sub.45,
      and S.sub.90 and the control signals from comparator amplifiers 241, 242,
      243, 244, 245, 246, 247 and 248 are C.sub.135, C.sub.180, C.sub.225,
      C.sub.270, C.sub.315, C.sub.o, C.sub.45 and C.sub.90 respectively.
PAR  FIG. 4 shows a simplified implementation of the detector when the invention
      is used in the SQ system. In other words, FIG. 4 is a simplified version
      of the circuitry of FIG. 2. In FIG. 2 ten control signals are provided
      whereas in FIG. 4 only six control signals are provided, the control
      signals for center left and right being omitted. This, of course, results
      in cost savings in the detector and in the following circuitry, but these
      savings in cost may be accompanied with a loss in quality of the ultimate
      signals to the speakers. Except for the reduction in the number of control
      signals provided, the circuitry of FIG. 4 is identical to the circuitry of
      FIG. 2. By a direct comparison with FIG. 2, it will be obvious that the
      comparator amplifiers, smoothing filters, rectifiers and combiners that
      provide the C.sub.270, C.sub.90, C'.sub.90 and C'.sub.270 (center left and
      right and alternative center left and right) signals in FIG. 2 and
      resistors 140, 141, 142 and 146 of FIG. 2 are omitted in the circuitry of
      FIG. 4; otherwise, the circuits are identical and the operation of the
      identical circuitry is the same. Therefore, the numerals used in FIG. 4
      are identical for corresponding elements to the numerals used in FIG. 2. A
      detailed discussion of the circuitry of FIG. 4 would merely be a
      repetition of that given above for FIG. 2 and therefore such a detailed
      description of FIG. 4 should not be necessary. It should be noted,
      however, that since the center left and right and alternate center left
      and right signals are not provided in FIG. 4, the resistors of FIG. 2
      eliminated in FIG. 4 are resistors 140, 141, 142 and 146 which have a
      resistance value twice that of the remaining resistors.
PAR  The detailed circuitry shown in FIGS. 2, 3, and 4 for detector 103 are
      given as an example of preferred circuit arrangements for detector 103,
      however, it will be obvious to those skilled in the art that various
      modifications and changes can be made to these circuits. However, the fact
      that these circuits provide a reference voltage that is substantially
      independent of the source direction is of particular significance and
      represents an improvement over systems which define the reference voltage
      only from the rectified levels of the four input signals without combining
      these signals. For example, the reference level signal obtained with the
      ten directional control signals system of FIG. 2 varies by less than
      one-half percent with source direction; whereas in those systems that
      define the reference level voltage only from the rectified levels of the
      four signals, the reference voltage may vary as much as fourteen percent
      with source direction. Furthermore, the comparison of the rectified
      signals with the reference voltage as derived in FIGS. 2, 3 and 4 permits
      the detection efficiency to be virtually independent of the signal level.
      This insures that the enhancement of the directionality in the signals
      remains effective over a wider range of input signal level than has been
      achieved in other systems.
PAR  FIG. 7 shows a typical circuit that may be used for the comparator
      amplifiers of FIGS. 2, 3 and 4 and typical circuitry for a portion of
      processor 104. Thus in FIG. 7 the comparator amplifier shown in detail may
      be comparator amplifier 164 of FIGS. 2 and 4. Of course, the circuitry of
      all the other comparator amplifiers in FIGS. 2, 3 and 4 would be identical
      to the circuitry shown in FIG. 7. Further, other known suitable comparator
      circuts could be used for the comparator amplifiers of these figures.
PAR  Referring now specifically to FIG. 7, comparator amplifier 164 comprises a
      first transistor 300 and second transistor 302. The emitter of transistor
      300 is coupled to the emitter of transistor 302 through a resistor 301.
      Input signals from the associated rectifier, which in this case would be
      rectifier 154 of either FIG. 2 or 4 since it is assumed that the
      comparator shown in detail is comparator 164, are applied to the base of
      transistor 300. The reference level voltage is applied to the base of
      transistor 302. A current source 312 is coupled to the common point of the
      emitter of transistor 302 and resistor 301 and the collector of transistor
      302 is connected to ground.
PAR  The balance of the circuitry in FIG. 7 is a part of the total circuitry of
      processor 104. As shown in FIG. 7, this circuitry includes a pair of
      Darlington connected transistors 310 and 311, a second pair of base
      connected transistors 306 and 307 and a plurality of transistors 315a to
      315x. The number of transistors 315 that are provided is one less than the
      number of comparator amplifiers provided. Thus, for the ten signal system
      exemplified by FIG. 2, nine such 315 transistors would be provided in each
      stage. In the ten signal case, ten stages identical to the circuitry of
      FIG. 7 would be provided.
PAR  The three series connected diodes 317, 318 and 319 are connected between
      the collector of transistor 311 and ground, and a current source 314 is
      coupled to the collector of transistor 311. Any output signals present at
      the collector of transistor 311 are applied to a coefficient generator as
      will be apparent later herein.
PAR  The 315 transistors are all connected in parallel and a diode 308 and a
      resistor 307 are connected in series between ground and the emitters of
      the 315 transistors. The base of each of the 315 transistors is connected
      to a point 313 of a different one of the other stages. For example, the
      base of transistor 315a could be connected to the point 313 of the stage
      of processor 104 associated with comparator 165 of FIG. 2 and the
      transistor 315b could be connected to the point 313 of the stage of
      processor 104 associated with comparator 166.
PAR  The emitters of both transistors 307 and 306 are connected to ground and
      their base electrodes are directly connected together and to the common
      point of the series connection of resistor 309 and diode 308. The
      collector of transistor 307 is coupled to the base of Darlington
      transistor 310 and the common point of a resistor 303 and the collector of
      comparator transistor 300. Resistor 303 is connected in series with a
      capacitor 304 between ground and the collector of comparator transistor
      300. A diode 305 is connected across capacitor 304 and the collector of
      transistor 306 is connected to the common point of diode 305, capacitor
      304 and resistor 303.
PAR  As was mentioned above and is shown in FIG. 7, the signals from the
      associated rectifiers are applied to the base of comparator transistor 300
      and the reference level voltage is applied to the base of comparator
      transistor 302. Under normal conditions the current provided by current
      source 312 flows through the collector of transistor 307; however, if the
      input signal voltage applied to the base of comparator transistor 300
      falls below the reference level voltage applied to the base of comparator
      transistor 302, part of this current flow is diverted through the
      collector of comparator transistor 300.
PAR  Resistor 301 is chosen to have a value which will ensure that all the
      current is transferred to transistor 67 substantially before the output
      from the associated rectifier reaches zero. This characteristic assists
      the detection of predominant signals in the presence of significant
      signals from other directions.
PAR  When the current from current source 312 is diverted to transistor 300, a
      voltage is generated across resistor 303, and capacitor 304 commences to
      charge. At the same time the voltage at the emitter of transistor 311 of
      the Darlington pair rises immediately to a maximum value determined by the
      diodes 316, 317 and 318. The PNP Darlington pair of transistors 311 and
      312 act as a buffer and level shifter. If the signal to the base of
      comparator transistor 300 is of short duration, capacitor 304 will not
      retain a significant charge and the output at the emitter of transistor
      311 will drop quickly. On the other hand if the signal to the base of
      comparator transistor 300 is of a longer duration, capacitor 304 will
      charge to a level limited by diode 305 and upon the cessation of the input
      signal to comparator transistor 300 capacitor 304 will discharge slowly,
      thereby causing the output voltage at the emitter of transistor 311 to
      decay slowly. If, in the meantime, another signal from a different
      direction is present one of the other stages will be active and the output
      voltage from that stage will be applied to the base of the 315 transistor
      connected to point 313 of that stage thereby causing current to flow in
      resistor 309. This current flow in resistor 309 causes a similar current
      flow in transistors 306 and 307 since this current flow in resistor 309
      provides a forward bias on the bases of transistors 306 and 307. This
      forward bias is limited by diode 308. This current flow in transistors 306
      and 307 immediately pulls down the base voltage on transistor 310 and
      commences to discharge capacitor 304 fairly rapidly. When the signal in
      this other stage ceases, the current flow in transistors 306 and 307
      ceases. If the current flow in transistors 306 and 307 is of such short
      duration that capacitor 304 has not discharged completely, the voltage at
      the base of transistor 310 will rise again at the cessation of this short
      duration current flow in transistors 306 and 307. This feature enables the
      directional control to be temporarily snatched by a brief signal from a
      different direction to the predominant signal.
PAR  FIG. 8 shows a typical configuration of the coefficient generator which
      provides the matrix coefficient signals to matrix multiplier 105 and a
      typical configuration of matrix multiplier 105. The signals applied to the
      coefficient generator are, of course, provided from the output of
      transistors 311 of the stages such as the stage shown in FIG. 7. In FIG. 7
      the diodes 316, 317 and 318 are part of the interface to the coefficient
      generator.
PAR  In FIG. 8, only eight directional control signals are shown. Thus, the
      coefficient generator of FIG. 8 could be the coefficient generator
      associated with the detector of FIG. 3 or, as will be apparent later, this
      eight directional control signal could come from the ten signal detector
      of FIG. 2 with the center left and right signals combined. The important
      fact to be kept in mind with respect to FIG. 8 is that the configuration
      shown is a typical one for use with eight directional control signals.
PAR  The coefficient generator of FIG. 8 comprises the sixteen signal combiners
      400 through 415. The directional control signals from the comparators of
      detector 103 are applied to combiners 400 through 415 of the coefficient
      generator through their associated circuits such as the circuit shown in
      FIG. 7. The directional control signals may be applied to the combiners
      400 through 415 in the manner shown in FIG. 8. However, as will be
      apparent later, other combinations of these directional control signals
      can be applied to combiners 400 through 415. The particular combination of
      signals applied to a particular combiner of the coefficient generator will
      depend upon the design of the combiner and the system in which the
      invention is utilized. In any event, the design of a given one of the
      combiners 400 through 415 and the directional control signals applied to
      it must be such that the coefficient generator provides the appropriate
      coefficient signals to the matrix multiplier.
PAR  In FIG. 8, matrix multiplier 105 is shown as comprising the four multiplier
      blocks 416, 417, 418 and 419. The matrix coefficient output signals from
      four combiners of the coefficient generator are applied to each of the
      multiplier blocks 416 through 419. For example, the output signals from
      combiners 400, 402, 401 and 403 are applied to multiplier block 416 and
      the output signals from combiners 412, 414, 413 and 415 are applied to
      multiplier 419. In addition to the matrix coefficient signals from the
      four associated combiners, the signals L'.sub.F, R'.sub.F, R' .sub.B and
      L'.sub.B from matrix quadraphonic decoder 102 of FIG. 1 are applied to
      multiplier blocks 416, 417, 418 and 419 respectively. Each of the
      multipliers 416 through 419 multiplies the decoded input signals applied
      to it from matrix quadraphonic decoder 102 by each of the four coefficient
      signals applied to that multiplier. Thus, multiplier 416 multiplies the
      L'.sub.F signal by each of the coefficient signals received from combiners
      400, 401, 402 and 404 and multiplier 417 multiplies the R'.sub.F signals
      by each of the coefficient signals from combiners 404, 405, 406 and 407,
      etc. This multiplication process provides four outputs from each of the
      multipliers 416 through 419 a shown in FIG. 8.
PAR  In addition to the multiplier blocks 416 through 419, the matrix multiplier
      includes the four current amplifiers 420, 421, 422 and 423 and the current
      to voltage converters 424, 425, 426 and 427. The signals L'.sub.F,
      R'.sub.F, R'.sub.B and L'.sub.B are applied to the inputs of current
      amplifiers 420, 421, 422 and 423 and the outputs of current amplifiers
      420, 421, 422 and 423 are coupled to the inputs of current to voltage
      converters 424, 425, 426 and 427 respectively. In addition to the output
      from the associated current amplifier, one of the four outputs from each
      of the four multiplier blocks 416 through 419 is applied to the input of
      one of the current to voltage converters 424 through 427. For example, the
      output of current amplifier 420, the b.sub.11 L'.sub.F output of
      multiplier 416, the b.sub.12 R'.sub.F output of multiplier 417, the
      b.sub.13 R'.sub.B output of multiplier 418 and the b.sub.14 L'.sub.B
      output of multiplier 419 are all applied to the input of current to
      voltage converter 424. In response to the five inputs to each of the
      current to voltage converters 424 through 427, these converters produce
      the four signals required by equation (8). In FIG. 8 sixteen combiners are
      shown; in application to a particular system, the actual number may be
      less, the outputs being applied to more than one coefficient input of the
      matrix multiplier.
PAR  FIG. 9 shows in detail a typical coefficient generator for the ten
      directional control signal detector of FIG. 2. As is the case in FIG. 8,
      the coefficient generator of FIG. 9 includes sixteen combiners. Note,
      however, that only eight instead of ten directional signals are applied to
      the combiners 500 through 515. The ten directional control signals are
      reduced to eight by combining the center left and center right pairs. The
      particular combinations of the directional control signals by combiners
      500 through 515 are indicated for each of the combiners in FIG. 9. The
      outputs from combiners 500 through 515 are labeled identically to the
      outputs from combiners 400 through 415 with the second numeral of the
      subscript indicating to which multiplier that signal is applied and the
      first numeral of the subscript to which input of that multiplier. Thus,
      coefficient output b.sub.11 applied to the first input of multiplier 416
      of FIG. 8, b.sub.21 is applied to the second input of multiplier 416, etc.
PAR  FIG. 10 shows in detail a typical coefficient generator for the six
      directional control signal system of FIG. 4. The six directional control
      signal system requires only eight distinct outputs from the coefficient
      generator and these outputs are provided by the eight signal combiners 600
      through 607. Typical proportions of the combinations of the signals is
      indicated in each of the combiners 600 through 607. The outputs of
      combiners 600 through 607 are again designated by the letter b with the
      subscript indicating the multiplier and multiplier input to which that
      signal is applied. In FIG. 10 arrangement the output of each of the
      combiners 601, 602, 605 and 606 is connected to two multipliers of the
      matrix multiplier. This provides for a total of only twelve coefficient
      outputs rather than the sixteen outputs for the sixteen inputs of the
      matrix multiplier. The other four outputs which are the outputs b.sub.14,
      b.sub.23, b.sub.32, and b.sub.41 are identically zero, therefore these
      outputs can be omitted. The fact that these signals are zero is indicated
      in FIG. 10. Thus, the sixteen signals are accounted for. With respect to
      providing a coefficient signal to more than one input of the matrix
      multiplier from a single combiner, the number of combiners provided in
      FIG. 9 could also be reduced.
PAR  Referring back to FIG. 9, it will be noted that combiners 503, 506, 509 and
      512 are identical and have the same directional control signal inputs.
      Therefore, all but one of these combiners could be eliminated with the
      output of the remaining one of the four being connected to four inputs of
      the matrix multiplier. For example, if combiners 506, 509 and 512 were
      eliminated, combiner 503 would provide the b.sub.41, b.sub.32, b.sub. 23
      and b.sub.14 inputs to the matrix multiplier.
PAR  The combiners of FIGS. 8, 9 and 10 could be built using operational
      amplifiers or a simple alternative circuit such as the circuit shown in
      FIG. 11 can be utilized. Referring to FIG. 11, in this circuit which is
      designed to interface with the circuit of FIG. 7 the input signals from
      two or more directional control outputs are applied to the bases of the
      transistors 700 and 701 and to the bases of as many additional transistors
      such as transistors 700 and 701 as are required. The number of transistors
      such as transistors 700 and 701 required for a given combiner depends of
      course upon the number of different combinations that are to be made in a
      given combiner. The collectors of transistors 700 and 701 are connected to
      a voltage source V.sub.1 and the emitters of transistors 700 and 701 are
      connected to the input resistors 702 and 703 respectively. Resistor 703 is
      coupled to the collector and base of the transistor 704 which is diode
      connected to the base of the transistor 705, the base of which is
      connected to the base of transistor 704, and to the base of the transistor
      706. The emitter of each of the transistors 704, 705 and 706 is connected
      to a common point. A current source 717 having a value 2I is coupled to
      the collector of transistor 705 and the current source 718 having a value
      I is coupled to the collector of transistor 706. A diode connected
      transistor 708 with its base connected to its collector is coupled to the
      collector of transistor 706 and the base of the transistor 709 is also
      coupled to the collector of transistor 706.
PAR  A second set of transistors associated with input resistor 702 consisting
      of the transistors 710, 711, 712, 713, 714 are provided. Transistors 710,
      711, 712, 713 and 714 correspond directly to transistors 709, 708, 706,
      705 and 704 respectively, and are interconnected in the same fashion as
      transistors 704 through 709 except, of course, that resistor 702 is
      associated with the transistors 710 through 714 whereas input resistor 703
      is associated with transistors 704 through 709. In addition, the current
      sources 719 and 720 are associated with transistors 710 through 714 in the
      same manner that current sources 717 and 718 are associated with
      transistors 704 through 709. Thus, the circuit of FIG. 11 actually
      comprises two circuits that are structurally identical with the elements
      interconnected in an identical fashion. If additional inputs such as the
      inputs to the bases of transistors 700 and 701 are required, then
      additional transistors and resistors such as transistor 721 and resistor
      722 would be provided.
PAR  In addition to the circuitry thus far described, the circuit of FIG. 11
      includes the transistors 715 and 716. The emitters of transistors 715 and
      716 are both connected to a voltage source +V.sub.2. Transistors 715 and
      716 diode both diodes connected since the base of each transistor is
      connected to its collector. The collector of transistor 709 is coupled to
      the base collector connection of transistor 715 and the output from this
      portion of the circuit is taken at this point. Similarly, the collector of
      transistor 710 is coupled to the base-collector connection of transistor
      716 and the output of this part of the circuitry is taken at this point.
      The coefficient outputs are derived in a differential form to allow the
      use of a doubly balanced matrix multiplier. The output associated with
      transistor 715, labeled +, and the output associated with transistor 716,
      labeled -, form one such differential pair. The designation of the signals
      refers to the sense of variation of these two outputs.
PAR  The resistance value of resistor 703 is chosen such that the current
      flowing in transistor 705 is b.sub.ij I where b.sub.ij is the appropriate
      value of the coefficient required corresponding to the particular
      direction signal, and I is the current flowing in current source 718. The
      current flow in the collectors of transistors 705 and 706 is equal if they
      are matched, and therefore, the net current flow in diode connected
      transistor 708 is (1-b.sub.ij)I, and this current is mirrored in the
      collector of transistor 709. Similarly, the resistance value of resistor
      702 is chosen such that the current flowing in transistor 713 is b.sub.ij
      ', where b.sub.ij ' is the value of b.sub.ij for that source direction,
      and I is the current flowing in current source 719. The current flow in
      transistors 713 and 712 is equal if they are matched and, therefore, the
      net current flowing in diode connected transistor 711 is (1-b.sub.ij ')I,
      and this current is mirrored in the collector of transistor 710. Under
      these conditions the net current flowing in transistor 715 is 2I- b.sub.ij
      I-- (1-b.sub.ij ')I, and flowing in transistor 716 is (1-b.sub.ij '+
      b.sub.ij)I. The total current on the two transistors 715 and 716 is always
      2I. The voltages generated across transistors 715 and 716 are proportional
      to the logarithm of the currents, and are suitable for driving the matrix
      multiplier element shown in FIG. 12.
PAR  FIG. 12 shows in detail a circuit configuration that can be used for each
      of the composite multiplier blocks 416, 417, 418 and 419 of FIG. 8. This
      circuit includes a first set 821 of eight matched transistors (the
      transistors 800 through 807) and a second set 822 of eight matched
      transistors (the transistors 808 through 815). The base of each of the
      transistors 800 through 807 is connected to a different one of the eight
      inputs b.sub.11 .+-., b.sub.21 .+-., b.sub.31 .+-., and b.sub.41 .+-., and
      the base of each of the transistors 808 through 815 is also connected to a
      different one of these eight inputs. The emitters of the transistors 800
      through 807 are all connected to the collector of the transistor 816, and
      the emitters of transistors 808 through 815 are all connected to the
      collector of the transistor 819. The emitter of transistor 816 is coupled
      to a current source 820 through a resistor 817 and the emitter of
      transistor 819 is coupled to a current source 820 through the resistor
      818. Current source 820 has a current value of 16I. The positive L'.sub.F
      signals from matrix quadraphonic decoder 102 of FIG. 1 are applied to the
      base of transistor 819, and the negative L'.sub.F signals from matrix
      quadraphonic decoder 102 are applied to the base of transistor 816.
PAR  Eight outputs, the outputs .+-.L".sub.F1, .+-.R".sub.F1, .+-.R".sub.B1 and
      .+-.L".sub.B1 are provided from the circuit of FIG. 12. The collector of
      each of the transistors 800 through 807 is connected to a different one of
      these outputs, and the collector of each of the transistors 808 through
      815 is also connected to a different one of these outputs. For example,
      the collector of transistor 800 and the collector of transistor 814 are
      connected to the positive L".sub.F1 output, the collector of transistor
      801 and the collector of transistor 815 are connected to the negative
      L".sub.F1 output and the collector of transistor 803 and the collector of
      transistor 812 are connected to the .+-.R".sub.F1 output. Thus, a
      collector of one transistor of set 821 and the collector of one transistor
      of set 822 are both connected to the same output. Note however that the
      base of each such pair of transistors is connected to a different polarity
      of the input. For example, the collector of transistor 800 and the
      collector of transistor 814 are connected to the +L".sub.F1 output, but
      the base of transistor 800 is connected to the +b.sub.11 input and the
      base of transistor 814 is connected to the -b.sub.11 input.
PAR  The current 16I from current source 820 divides equally between transistors
      816 and 819 and the other two sets 821 and 822 of matched transistors. In
      sets 821 and 822 any pair of transistors always carries a total current of
      2I. A pair of transistors in each of the sets is defined as the two
      transistors connected to the positive and negative terminals of the same
      input. For example, transistor 800 and 801 which are connected to
      +b.sub.11 and -b.sub.11 are a pair and transistors 814 and 815 are a pair.
PAR  Two transistors of each of the sets 821 and 822 are connected to a pair of
      transistors such as the pair 715 and 716 of FIG. 11. For example, assume
      that the b.sub.ij output of FIG. 11 is .+-.b.sub.11 then the base of
      transistor 800 and the base of transistor 815 would be connected to the
      positive output of FIG. 11, and the base of transistor 801 and the base of
      transistor 814 would be connected to the negative output of FIG. 11.
      Similarly, pairs of the remaining transistors of sets 821 and 822 would be
      connected to transistors pairs such as the transistor 715 and 716 pairs of
      FIG. 11. Each pair of transistors such as the transistors 715 and 716
      defines one coefficient of the matrix B. The current in each pair of the
      transistors in FIG. 12 remains 2I in total, but divides in proportions
      equal to those of the pair of transistors such as transistors 715 and 716
      to which the pair is connected.
PAR  Not only does the direct current divide in this way, but also the
      alternating components superimposed on the direct current when a signal is
      applied to the bases of transistors 816 and 819 divide in this manner to a
      high degree of accuracy. These signals are in antiphase; thus, when the
      .+-. inputs at a given input are equal the signal reaching the associated
      output by way of the associated transistor in set 821 is precisely
      canceled by the signal reaching this output from the associated transistor
      in set 822. If however the voltages are unbalanced, the currents reaching
      the associated output from a transistor in set 821 will be different than
      the current reaching this output from the associated transistor in set
      822, but the total current taken by a pair as defined above is still 2I so
      none of the other currents are effected.
PAR  This operation of the circuitry of FIG. 12 may be more apparent if a
      specific input such as the b.sub.11 input is specifically considered. If
      the voltages on +b.sub.11 and -b.sub.11 are equal, the signal current
      reaching output L".sub.F1 + by way of transistor 800 is precisely canceled
      by the antiphase signal current reaching this output from transistor 814
      and the current in each of the transistors 131 and 132 is I making a total
      current of 2I in this pair. If on the other hand the voltages are
      unbalanced by an amount corresponding to the coefficient b.sub.ij, the
      current reaching output L".sub.F1 + via transistor 800 is greater than the
      current via transistor 814 in just the proportions as set by this value,
      and the antiphase current in L".sub.F1.sub.- is similarly in the right
      proportion. The total current in transistors 800 and 801 is still 2I so,
      as mentioned above, none of the other currents are affected. Thus, each of
      the four pairs of voltages applied to the bases of the sets 820 and 821
      splits up the current 2I and the corresponding signal components to its
      pair of transistors in the correct proportion independently of the others
      and supplies the correct output current to the associated output bus. The
      gain is determined by the values of resistors 817 and 818. In order to
      achieve low distortion, a high input impedance and good signal handling
      capacity, it may be necessary to replace transistors 816 and 819 with
      compound devices. However, transistors 816 and 819 alone do provide
      satisfactory operation in most instances.
PAR  FIG. 12 shows suitable circuitry for the multiplier blocks 416 through 419
      of FIG. 8. However, other circuitry can also be used. For example, the
      matrix multiplier can be fabricated by using sixteen commercially
      available analog multipliers such as the Motorola MC1495 devices along
      with additional amplifiers to provide the direct input-to-output links
      corresponding to the identity matrix I of equation (12).
PAR  From the foregoing, it should be apparent that this invention by
      consideration of the mathematical relationships between the signals from a
      quadraphonic matrix decoder and the devising of suitable multiplying
      matrices provides a method for effectively canceling transferred signals
      without affecting the total power output of the loudspeakers according to
      the direction of the predominant sound source from moment to moment. This
      method of enhancing the directional content of audio information is
      accomplished by practical circuitry of some complexity. The relatively
      complex circuitry can, however, be constructed from commercially available
      components or can be fabricated in the form of a special purpose
      monolithic integrated circuit. Because the mathematical relationships
      differ for different quadraphonic systems, the precise details of the
      circuits of the invention will vary from system to system. However, from
      the foregoing description of the invention including the mathematical
      principles involved, it should be apparent that it is perfectly feasible
      to switch from one quadraphonic system to another without difficulty.
      Further, while the invention has been described in detail with respect to
      quadraphonic sound systems, it should be apparent that this invention can
      be utilized to enhance any signals having directional information. In
      other words, the four signals from the matrix decoder 12 could come from
      some device other than a second recording and this invention would enhance
      the directionality of such signals. Thus, this invention broadly provides
      means for detecting and processing the direction information contained in
      signals having directional information in such a manner as to enhance this
      direction information prior to application to the end device or devices.
      In a quadraphonic sound system, these end devices are, of course,
      loudspeakers.
PAR  While a specific embodiment of the invention and specific embodiments of
      the circuits that may be utilized to carry out the invention have been
      specifically described, it will be apparent to those skilled in the art
      that various changes and modifications may be made to the invention as
      described without departing from the spirit and scope of the invention as
      defined in the claims. For example, the specific circuits shown in FIGS.
      2, 3 and 4 for detector 103 of FIG. 1 are amplitude detection circuits;
      however, where the signals from decoder 102 of FIG. 1 are phase related,
      detector 103 could be a phase detector. The phase detector would provide
      the directional control signals to processor 104. Thus, the detector 103
      could include either phase detection or amplitude detection or a
      combination of both types if this invention is utilized in systems in
      which the signals are phase related. No specific circuitry is shown for a
      phase detector since phase comparators which would be used in such a
      detector are well known in the art.
CLMS
STM  What is claimed is: directional
NUM  1.
PAR  1. A system for enhancing the directional information content of a
      plurality of input signals containing directonal information to produce a
      plurality of output signals by means of a matrix multiplication process,
      comprising:
PA1  a. detector means for providing a plurality of direction control signals in
      response to said plurality of signals containing directional information;
PA1  b. processor means for receiving said plurality of direction control
      signals and for providing, in response to said received plurality of
      direction control signals, a plurality of coefficient signals, the value
      of each of said coefficient signals at any time being determined by the
      values of said plurality of direction control signals; and
PA1  c. matrix multiplication means for multiplying said plurality of input
      signals containing directional information by said plurality of
      coefficient signals, in accordance with the mathematical convention of
      multiplication of a vector by a matrix, to produce said plurality of
      output signals, the values of said plurality of coefficients being such
      that when said plurality of input signals is multiplied by said plurality
      of coefficient signals to produce said plurality of output signals, the
      predominant directional information contained in said plurality of input
      signals is substantially removed from all output signals other than those
      in which said predominant directional information should appear while the
      total effective power in the output signals due to every component of
      directional information present in the input signals is simultaneously
      maintained substantially unchanged.
NUM  2.
PAR  2. The system as defined in claim 1 wherein said detector includes gain
      control circuitry for providing a gain control voltage and a reference
      voltage.
NUM  3.
PAR  3. The system as defined in claim 1 wherein said detector includes a
      plurality of amplitude detectors.
NUM  4.
PAR  4. The system as defined in claim 1 wherein said processor includes a
      signal attack and decay control circuitry.
NUM  5.
PAR  5. The enhancement system as defined in claim 4 wherein said attack and
      decay circuitry comprises separate charge storage means associated wih
      each of said plurality of direction control signals, each of said charge
      storing means being charged by its associated direction control signal if
      only that associated direction control signal is present at a given time
      and retaining said charge for a given duration of time after said
      associated direction control signal ceases; and means to discharge a
      charged storage means when a direction control signal not associated with
      that charged storage means arises before the end of said duration of time.
NUM  6.
PAR  6. The enhancement system as defined in claim 5 wherein means are provided
      with each of said separate charge storage means for limiting the charge
      that can be stored.
NUM  7.
PAR  7. The enhancemment system as defined in claim 6 wherein each of said
      separate charge storage means is a capacitor.
NUM  8.
PAR  8. The system as defined in claim 1 wherein said plurality of signals
      containing directional information are first, second, third and fourth
      composite signals and said plurality of output signals are first, second,
      third and fourth output signals.
NUM  9.
PAR  9. The system as defined in claim 8 wherein said plurality of coefficient
      signals does not exceed sixteen in number.
NUM  10.
PAR  10. The system as defined in claim 9 wherein said coefficient signals
      represent the coefficients of a matrix of dimension four by four as
      defined in mathematics.
NUM  11.
PAR  11. The system as defined in claim 10 wherein said matrix multiplier means
      includes first, second, third and fourth composite multipliers.
NUM  12.
PAR  12. The system as defined in claim 11 wherein said processor means includes
      signal attack and decay control circuitry.
NUM  13.
PAR  13. The system as defined in claim 12 wherein said plurality of direction
      control signals does not exceed ten in number.
NUM  14.
PAR  14. The system as defined in claim 13 wherein said detector means includes
      gain control circuitry for providing a gain control voltage and a
      reference level voltage.
NUM  15.
PAR  15. In combination with a sound system which reproduces on four separate
      speakers four audio information signals contained in first, second, third
      and fourth composite signals derived from two other composite signals,
      each of said first, second, third and fourth composite signals including a
      combination of at least three of four said audio information signals with
      preselected amplitude and phase relationships, a system for enhancing the
      directional information content of said first, second, third and fourth
      composite signals to produce first, second, third and fourth output
      signals by means of a matrix multiplication process, comprising:
PA1  a. detector means for producing a plurality of direction control signals in
      response to said first, second, third and fourth composite signals;
PA1  b. processor means having a plurality of inputs equal in number to said
      plurality of direction control signals for producing in response to said
      plurality of direction control signals a plurality of matrix coefficient
      signals, the value of each of said coefficient signals at any time being
      determined by the values of said plurality of direction control signals;
      and,
PA1  c. matrix multiplier means for multiplying said first, second, third and
      fourth composite signals by said plurality of coefficient signals, in
      accordance with the mathematical convention of multiplication of a vector
      by a matrix, to produce said first, second, third and fourth output
      signals, the values of said plurality of coefficient signals being such
      that when said first, second, third and fourth composite signals are
      multiplied by said plurality of coefficient signals to produce said first,
      second, third and fourth output signals, the predominant directional
      information contained in said first, second, third and fourth composite
      signals is substantially removed from all output signals other than those
      in which said predominant directional information should appear while the
      total effective power in the output signals due to every component of
      directional information present in said first, second, third and fourth
      composite signals is simultaneously maintained substantially unchanged.
NUM  16.
PAR  16. The enhancement system as defined in claim 15 wherein said plurality of
      matrix coefficient signals does not exceed sixteen in number.
NUM  17.
PAR  17. The enhancement system as defined in claim 15 wherein said coefficient
      signals represent the coefficients of a matrix of dimension four by four
      as defined in mathematics.
NUM  18.
PAR  18. The enhancement system as defined in claim 17 wherein said matrix
      multiplier includes four separate composite multipliers.
NUM  19.
PAR  19. The enhancement system as defined in claim 18 wherein each of said four
      composite multipliers comprises a first set of eight current devices; a
      second set of eight current devices; four pairs of input terminals for
      receiving the negative and positive components of four of said matrix
      coefficient signals; means to couple a different one of said current
      devices of both said first and second set of eight current devices to each
      terminal of four pairs of input terminals; first, second, third and fourth
      pairs of output terminals, each pair of said first, second, third and
      fourth pairs of output terminals providing a negative and positive
      terminal; means for coupling a different one of said current devices of
      both said first and second set of eight current devices to each terminal
      of said first, second, third and fourth pairs of output terminals to
      provide first, second, third and fourth negative-positive current signal
      pairs to said first, second, third and fourth pairs of output terminals
      respectively; a pair of voltage controlled current sources; means to apply
      one of said first, second, third and fourth composite signals to said pair
      of voltage-controlled current sources; means to couple one of said pair of
      voltage controlled current sources to said first set of eight current
      devices; and means to couple the other one of said pair of voltage
      controlled current sources to said second set of eight current devices.
NUM  20.
PAR  20. The enhancement system as defined in claim 19 wherein said matrix
      multiplier further comprises first, second, third and fourth current to
      voltage converters; and wherein means are provided to couple a different
      pair of said four pairs of output terminals of each of said multipliers to
      each of said first, second, third and fourth current to voltage
      converters.
NUM  21.
PAR  21. The enhancement system as defined in claim 20 wherein said matrix
      multiplier further includes first, second, third and fourth current
      amplifiers; means to couple said first, second, third and fourth composite
      signals to the input of said first, second, third and fourth current
      amplifiers respectively; and means to couple the output of said first,
      second, third and fourth current amplifiers to the input of said first,
      second, third and fourth current to voltage converters respectively.
NUM  22.
PAR  22. The enhancement system as defined in claim 21 wherein said processor
      means includes attack and decay circuitry.
NUM  23.
PAR  23. The enhancement system as described in claim 22 wherein said attack and
      decay circuitry comprises a plurality of individual attack and decay
      circuits.
NUM  24.
PAR  24. The enhancement system as defined in claim 23 wherein said processor
      further includes a plurality of processor signal combiners; and means to
      apply the output of more than one of said attack and decay circuits to
      each of said processor signal combiners to provide a different one of said
      plurality of matrix coefficient signals at the output of each of said
      plurality of processor signal combiners.
NUM  25.
PAR  25. The enhancement system as defined in claim 24 wherein said attack and
      decay circuitry comprises separate charge storage means associated with
      each of said plurality of direction control signals, each of said charge
      storing means being charged by its associated direction control signal if
      only that associated direction control signal is present at a given time
      and retaining said charge for a given duration of time after said
      associated direction control signal ceases; and means to discharge a
      charged storage means when a direction control signal not associated with
      that charged storage means arises before the end of said duration of time.
NUM  26.
PAR  26. The enhancement system as defined in claim 25 wherein means are
      provided with each of said separate charge storage means for limiting the
      charge that can be stored.
NUM  27.
PAR  27. The enhancement system as defined in claim 26 wherein each of said
      separate charge storage means is a capacitor.
NUM  28.
PAR  28. The enhancement system as defined in claim 27 wherein said plurality of
      control signals does not exceed ten in number.
NUM  29.
PAR  29. The enhancement system as defined in claim 28 wherein said processor
      means includes gain control circuitry for generating a gain control
      voltage and a reference level voltage.
NUM  30.
PAR  30. The enhancement system as defined in claim 29 wherein said detector
      means comprises first, second, third and fourth variable gain amplifiers
      each having a signal input, a gain control voltage input and an output;
      means to couple said first, second, third and fourth composite signals to
      the signal input of said first, second, third and fourth variable gain
      amplifiers respectively; first, second, third and fourth attenuators each
      having an input and an output; means to couple the output of said first,
      second, third and fourth variable gain amplifiers to said input of said
      first, second, third and fourth attenuators respectively; a plurality of
      signal combiners each having an input and an output; means to couple the
      output of at least two of said first, second, third and fourth variable
      gain amplifiers to the input of each of said plurality of signal
      combiners; a plurality of rectifiers equal in number to the sum of said
      plurality of signal combiners and said first, second, third and fourth
      attenuators, each of said plurality of rectifiers having an input and an
      output; means to couple said output of a different one of said plurality
      of signal combiners and said first, second, third and fourth attenuators
      to said input of each of said plurality of rectifiers; means coupled to
      the said output of all of said plurality of rectifiers for deriving a
      control voltage; means to apply said control voltage to said gain control
      input of each of said first, second, third and fourth variable amplifiers
      as a gain control voltage; a plurality of smoothing filters equal in
      number to said plurality of rectifiers, each of said smoothing filters
      having an input and an output; means to couple said output of a different
      one of said plurality of rectifiers to said input of each said plurality
      of smoothing filters; a plurality of comparators each having first and
      second inputs and an output; means to apply said control voltage to said
      first input of all of said plurality of comparators as a reference level
      voltage; and means to couple said output of a different one of said
      plurality of said smoothing filters to said second input of each of said
      plurality of comparators whereby each one of said plurality of comparators
      provides on its respective output one of said plurality of direction
      control signals, whenever the input signal at its first input exceeds that
      at its second input.
NUM  31.
PAR  31. The enhancement system as defined in claim 30 wherein said means for
      deriving a control voltage comprises a plurality of resistors equal in
      number to said plurality of rectifiers; a summing amplifier having an
      input and an output; means to couple one end of all of said plurality of
      resistors to said input of said summing amplifier; means to couple the
      output of a different one of said plurality of rectifiers to the other end
      of each resistor of said plurality of resistors, a unity gain inverter
      having an input and an output; means to couple said output of said summing
      amplifier to said input of said unity gain inverter whereby said control
      voltage is provided on said output of said unity gain inverter.
NUM  32.
PAR  32. A method for enhancing the directional information content of a
      plurality of input signals containing directional information to produce a
      plurality of output signals by means of a matrix multiplication process
      comprising the steps of:
PA1  a. deriving from said plurality of signals containing directional
      information a plurality of directional control signals;
PA1  b. deriving in response to said plurality of directional control signals a
      plurality of coefficient signals, the value of each coefficient signal at
      any given time being determined by the values of said plurality of
      direction control signals; and
PA1  c. multiplying said plurality of input signals containing directional
      information by said plurality of coefficient signals, in accordance with
      the mathematical convention of multiplication of a vector by a matrix, to
      produce said plurality of output signals, the values of said plurality of
      coefficient signals being such that when said plurality of input signals
      is multiplied by said plurality of coefficient signals to produce said
      plurality of output signals, the predominant directional information
      contained in said plurality of input signals is substantially removed from
      all said output signals other than those in which said predominant
      directional information should appear while the total effective power in
      said output signals due to every component of directional information in
      said input signals is simultaneously maintained substantially unchanged.
NUM  33.
PAR  33. A method for enhancing the directional information content of first,
      second, third and fourth composite signals by a matrix multiplication
      process to produce first, second, third and fourth output signals
      comprising the steps of:
PA1  a. deriving from said first, second, third and fourth composite signals a
      plurality of direction control signals;
PA1  b. deriving from said plurality of direction control signals a plurality of
      matrix coefficient signals, the value of each of said plurality of matrix
      coefficient signals at any given time being determined by the values of
      said plurality of direction control signals;
PA1  c. multiplying said first, second, third and fourth composite signals
      considered as a time-varying vector of dimension four as defined in
      mathematics by said plurality of matrix coefficient signals, in accordance
      with the mathematical convention of multiplication of a vector by a
      matrix, to produce first, second, third and fourth output signals in which
      the predominant directional information contained in said first, second,
      third and fourth composite signals is substantially removed from all of
      said output signals except those output signals in which it should appear
      while at the same time the total effective power in said output signals
      due to every component of directional information present in said first,
      second, third and fourth composite signal is maintained substantially
      unchanged.
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ABST
PAL  In a video communications system for remotely located conference rooms, a
      voice-operated switching (VOX) circuit comprising:
PA1  1. an audio level discriminator (ALD) circuit for eliminating input audio
      signals below a predetermined magnitude and for locking out access to the
      VOX circuit when another VOX circuit is activated;
PA1  2. an audio duration control (ADC) circuit for controlling the activation
      of the VOX circuit and the possible loss of access to and preemption by
      another conferee during pauses between audio signals from any conferee
      presently having activated the VOX circuit and associated video system;
PA1  3. an attack time control (ATC) circuit for preventing short duration audio
      signals above the threshold level of the ALD circuit from activating the
      VOX circuit; and
PA1  4. an activation circuit for coordinating the output signals of the ALD,
      ADC, and ATC circuits and operating a video switcher in response to the
      aforesaid output signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to video communication systems for televising
      remotely located conference rooms and, more particularly, to improvements
      in voice-operated switching circuits for selective and automatic actuation
      of the system.
PAR  Audio or voice-operated switching circuits are known in the art and have a
      primary area of application, for example, in two-way video communications
      systems for connecting two or more groups of remotely located conferees to
      simulate a face-to-face meeting. The video systems are usually comprised
      of a plurality of cameras at each remote location (e.g., a conference
      room) directed toward the various conferee-speaking locations within the
      conference room. At each remote location one or more monitors, which are
      connectible to a plurality of cameras at the other remote locations, are
      available for viewing by each of the conferees or groups of conferees. In
      such applications, the voice-operated switching circuit is utilized to
      selectively and automatically activate the particular camera directed
      toward the location of the particular conferee speaking at any particular
      time while maintaining unactivated the plurality of other cameras in each
      conference room and, thus, cause the video image of the particular speaker
      along with the audio signal to be transmitted to the various remote
      locations and there be reproducible on the respective monitor and audio
      speaker systems at each location. Such circuits usually function (1) to
      control the video switching selection when conferees at the same location
      speak simultaneously; (2) to maintain the camera system in operation
      without interruption even though the conferee makes short pauses between
      words and sentences; and (3) to prevent actuation of the switching circuit
      by background noise of a low audible level or of a short duration. One
      such system is described in U.S. Pat. No. 3,601,530. The design of the
      switching circuits in this system has been found to be highly complex and
      expensive.
PAR  Accordingly, it is an object of this invention to provide an improved
      switching circuit for a conference room video communications system.
PAR  It is another object of this invention to provide an electronically simple
      voice-operated switching system which utilizes a minimum number of
      expensive integrated-circuit components.
PAR  These and other objects will be apparent from the following description
      taken in conjunction with the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention herein, a video communications system
      comprises a plurality of cameras, a video switcher for automatically and
      selectively activating said cameras, and a plurality of voice-operated
      switching (VOX) circuits, each said VOX circuit comprising an audio level
      discriminator (ALD) circuit for eliminating input audio signals below a
      predetermined magnitude and for locking out access to other, and thus
      disabling, VOX circuits when one VOX circuit is activated; an audio
      duration control (ADC) circuit for controlling activation of the VOX
      circuits and for preventing the preemption of access to other VOX circuits
      by another conferee during pauses between audio signals from any one
      conferee who has already activated one VOX circuit; and an attack time
      control (ATC) circuit for preventing short duration audio signals above
      the threshold of the ALD circuit from activating a VOX circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic block diagram of a video communications system which
      utilizes voice-operated switching circuits constructed in accordance with
      the invention herein.
PAR  FIG. 2 is a detailed, schematic block diagram of one of the voice-operated
      switching circuits shown in FIG. 1.
PAR  FIG. 3, comprised of A-L, is a graphical illustration of the wave forms at
      denoted points in the voice-operated switching circuit of FIG. 2.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTT
PAR  In FIG. 1, a video communications system is shown which utilizes
      voice-operated switching (VOX) circuits, in accordance with the invention
      herein, to control the video communications between the conference room in
      which it is intended to be installed and one or more other remotely
      located conference rooms is shown, each conference room having a plurality
      of speaking locations therein. The invention may be adequately illustrated
      by reference to two speaking locations per conference room. However, it
      will be understood by those skilled in the art that the invention has
      equal applicability to more than two locations as well as to more than two
      remotely located conference rooms. In the system of FIG. 1, there is in
      each conference room a plurality of, preferably, directional microphones
      of any conventional type, for example three microphones 1, 3, 5
      corresponding to a first speaking location in the conference room and
      three microphones 7, 9, 11 corresponding to a second speaking location in
      the same conference room. For each group of microphones there are one or
      more conferees who have access to these microphones. Corresponding to each
      group of microphones, there is one camera which will be actuated upon the
      speaking of one of the conferees into the group of microphones
      corresponding to this speaking location. The audio input into microphones
      1, 3, 5 is transmitted to preamplifiers 2, 4, 6, respectively, for
      amplifications, and from there through automatic gain control amplifier 14
      to the remote conference room by conventional means (not shown).
      Similarly, an audio input to microphones 7, 9, 11 is transmitted first to
      preamplifiers 8, 10, 12, respectively, and then through automatic gain
      control amplifier 15 to the remote location by conventional means (not
      shown). The audio signals from the same conference room are mixed to form
      a main audio output into the remote conference room. Desirably, the audio
      systems in both remotely located conference rooms are continuously
      operable irrespective of the location of the conferee speaking and the
      video image thereof being reproduced on all the monitors (not shown), in
      the respective locations, for viewing by the conferees. Alternatively
      however, as will be apparent to those skilled in the art, a switching
      circuit could be used to control selectively the activation of a portion
      or portions of the audio system.
PAR  A VOX circuit 13 cooperates with the first group of microphones 1, 3, 5 and
      a second VOX circuit 16 cooperates with the second group of microphones 7,
      9, 11. A VOX circuit is required for each speaking location among which
      selection is desired. Which VOX circuit is first actuated depends on which
      conferee speaks first. The audio signal generated by the conferee is
      picked up by the microphones corresponding to the location of the conferee
      and transmitted to the corresponding VOX circuit. The output of the VOX
      circuit is then transmitted to a video switcher 21. The video switcher 21,
      which controls the operation of the respective cameras 17 and 19 in
      accordance with conventional switching techniques, which techniques form
      no part of the invention herein, then activates the appropriate camera.
PAR  The respective VOX circuits 13, 16 are connected by a lead 23 which, when
      one of the VOX circuits is in an activated state and has switched on the
      camera corresponding thereto, preempts the actuation of the remaining VOX
      circuit(s). That is to say, only one camera can be operated at a time.
PAR  In FIG. 2, a detailed, schematic block diagram is shown of a VOX circuit
      such as the circuits 13 and 16 of FIG. 1, each of which is identical in
      construction. As has been stated, the VOX circuit controls the selective
      actuation of one of a plurality of cameras in response to audio signals
      generated by conferees at a corresponding one of the locations.
PAR  The VOX circuit 13 is comprised of an audio level discriminator (ALD)
      circuit 25 which is responsive only to an audio signal above a
      predetermined magnitude. This aids in isolating or preventing the
      inadvertent activation of the VOX circuit 13 due to background noise below
      the predetermined minimum level. As will be explained in more detail
      below, the speaker who speaks first in time activates the video system
      camera viewing his particular location via the VOX circuit corresponding
      to his particular location and can maintain control over the video system
      so long as he continues to speak. The VOX circuit 13 generates a signal
      which is transmitted to the remaining VOX circuit(s) such as VOX circuit
      16 via line 23 to preempt or "lock out" another conferee at a remote
      location from acquiring control over the video system by activation of the
      particular VOX circuit corresponding to his location.
PAR  The ALD circuit 25 is coupled to an audio duration control (ADC) circuit 27
      which prevents the video system from being switched to another conferee
      who speaks or starts to speak at another speaking location within the
      conference room during lapses or pauses in the speaking of the conferee
      having control over the video system, via his VOX circuit, at any
      particular time. The output of the ALD circuit 25 is further coupled to an
      attack time control (ATC) circuit 29 which prevents short duration noise,
      for example, tapping on a conference table with a pencil, from actuating
      any VOX circuit. That is to say, circuit 25 requires an audio signal of
      greater than a predetermined duration before actuation of VOX circuit 13
      in response thereto is possible. The output of ADC circuit 27 and ATC
      circuit 29 are combined in an activation circuit 31. Thus, the outputs of
      the three component circuits 25, 27, 29 which respond to audio signals
      which are above a predetermined audio level and beyond a predetermined
      time duration are combined in the circuit 31 to provide an input signal to
      the video switcher 21 which will, in turn, provide an output to activate
      the corresponding camera.
PAR  Reference is now made to FIGS. 2 and 3 for a detailed explanation of the
      block diagram and the wave forms which are generated by each of the
      subcomponents.
PAR  FIG. 3 shows a qualitative graphical illustration, for explanatory purposes
      only, of the wave forms, as a function of time, produced at each
      transmission stage of a signal through an exemplary one of the VOX
      circuits, for example the VOX circuit 13. The leading and trailing edges
      of the wave forms are shown on the left and right, respectively, of each
      graph. The alphabetized sections of FIG. 3 correspond to the alphabetical
      denotations in FIG. 2.
PAR  The ALD circuit 25 is comprised of a bridging input operational amplifier
      32 which has an input terminal 33 for coupling to the balanced output of
      the microphone or audio pickup system in the various conference room
      locations. The amplifier 32 may be of any conventional type such as
      Fairchild No. 741. The audio input signal to ALD circuit 25, which can be
      represented by a sine wave (FIG. 3A) is amplified by an amplifier 32. A
      full-wave rectifier 37 is coupled to the output of amplifier 32 for
      producing a rectified DC voltage proportional to the amplitude -- peak to
      peak -- of the audio input signal (FIG. 3B). The output of the rectifier
      37 is supplied to a differential comparator 43 of any conventional type
      such as Fairchild No. 210 via a first input terminal 38 thereof. The DC
      input to terminal 38 is electronically compared with a predetermined
      threshold voltage which is determined by the setting of a threshold
      voltage control 39 connected to a second input terminal 41 of the
      comparator 43. Accordingly, a DC voltage input to terminal 38 below a
      predetermined level will be preempted from activating the comparator 43.
      The audio input signal has been converted at this point from an analog
      signal to a digital signal. That is, a digital 0 is produced when the
      input signal supplied to the input terminal 38 is below the predetermined
      threshold voltage and when the input signal is equal to or greater than
      the predetermined threshold voltage, a digital 1 is produced and supplied
      to a NAND gate 49 via a first input terminal 47.
PAR  The pulse width t.sub.c of the digital 1 output (FIG. 3C) generated by
      comparator 43 and supplied to NAND gate 49 is determined by the duration
      of the audio signal (FIG. 3A, e.g., the audio signal produced by
      pronouncing one word) supplied to the audio input of the amplifier 32.
PAR  The amplitude of the digial 1 pulse is constant and predetermined (e.g., 5
      volts) by the comparator 43 for inputs above the threshold voltage set on
      control 39. Gate 49 has a second input terminal 51 which receives a
      digital output signal from the VOX circuit 16 corresponding to other
      speaking locations within the conference room, a digital 0 being
      indicative of the present activation of another VOX circuit 16 by a
      speaker remote from the location corresponding to the illustrated VOX
      circuit 13 (FIG. 2). Accordingly, when digital 1 and digital 0 inputs are
      supplied to terminals 47, 51, respectively, the output at D will be a
      digital 1; and when the inputs are both digital 1's, the output of gate 49
      will be a digital 0, as shown in FIG. 2D. Thus, NAND gate 49 serves two
      functions: (1) to invert the digital output; and (2) to lock out access to
      the VOX circuit 13 (FIG. 2) when the video system is in use by another
      conferee at other speaking locations within the conference room.
PAR  In summary, ALD circuit 25 controls the access of a speaker to the VOX
      circuit 13 and the camera corresponding thereto (1) by eliminating audio
      signals below a predetermined threshold; and (2) by being locked out or
      nonresponsive to any audio input when another VOX circuit 16 is activated.
PAR  The digital output of the ALD circuit 25 is transmitted to the ADC circuit
      27 via an input lead 59. As previously stated, the ADC circuit controls
      the activation of the VOX circuit and prevents the preemption by another
      conferee during pauses between audio signals from any conferee already
      having activated the VOX circuit 13 and associated video system. The ADC
      circuit 27 is comprised of a resistor 53 and capacitor 57, the combination
      of which integrates the input signal D supplied via lead 59. A diode 55 is
      coupled across the resistor 53, which diode 55 permits the leading edge of
      the negative-going pulse (FIG. 3D) to be short-circuited around the
      resistor 53 and to remain unintegrated. The time constant of the resistor
      53 and capacitor 57 combination, as will be apparent to those skilled in
      the art, determines the integrated duration of the pulse output (FIG. 3E).
      The integrated output is transmitted to an input terminal 60 of a field
      effect transistor 61 which provides a low impedance input into a
      differential comparator 63, which may be of the same type as comparator
      43, via an input terminal 65. A duration control 67 is connected to a
      second input terminal 69. The duration control 67 can be adjusted to
      predetermine the pulse width of the output (FIG. 3G) supplied from
      comparator 63. This can be seen in FIG. 3F, wherein the dotted lines
      represent two exemplary threshold voltages which can be set on the control
      67. The resulting pulse widths of the output from comparator 63 are shown
      in FIG. 3G. As will be apparent, if the integrated pulse is more negative
      than the threshold voltage, the comparator 63 output will be a digital 0;
      and when the pulse is less negative than the threshold voltage, the output
      from the comparator 63 will be a digital 1. The duration control 67 is
      always set in accordance with foregoing conditions to yield a digital 0
      output when an output signal is received from the ALD circuit 25. The
      pulse output of the comparator 63 is then supplied to a monostable
      multivibrator (MV) 71 via an input terminal 73. The MV 71 may be of any
      conventional construction such a Motorola No. MC851. The output pulse
      (FIG. 3H) of MV 71 is triggered by the trailing edge of the input pulse
      generated from the comparator 63. The pulse width t.sub.h (FIG. 3H) is
      determined by the external RC time constant of control 67. As can be seen,
      because the pulse (FIG. 3H) generated by the monostable MV 71 is triggered
      by the trailing edge of its input pulse (FIG. 3G), the time of the pulse
      will be determined by the adjustment of threshold voltage control 67.
      Accordingly, the adjustment of the threshold voltage control 67 can be
      used to adjust the length of time that the VOX circuit 13 continues the
      activation of the corresponding camera and thus be responsive to the
      conferee speaking at that location when the conferee pauses or stops
      speaking.
PAR  The output from ALD circuit 25 is also supplied to ATC circuit 29 via lead
      77. As has been stated, the ATC circuit prevents short duration audio
      signals above the threshold level of control 29 from activating the VOX
      circuit 13. The first stage of ATC circuit 29 is a monostable MV 75 which
      has an attack time control 79 for adjusting and determining the duration
      or pulse width of the digital signal generated thereby. The control 79 is
      comprised of a resistor-capacitor circuit (not shown) to provide an
      external adjustable RC time constant for reset input 76. The output of the
      MV 75 (FIG. 3I) is coupled to the input of a second monostable MV 81. The
      MV's 75, 81 may be of any conventional construction such as Motorola No.
      MC851. The pulse width of the output of the MV 81 is fixed, but the time
      of the pulse is determined or delayed by the variation of the pulse width
      of the MV 75, the trailing edge of the pulse (FIG. 3I) generated by MV 75
      being used to trigger MV 81. The output of the MV 81 is connected to NAND
      gate 83 via a first terminal 85.
PAR  Additionally, the output (FIG. 3D) of ALD circuit 25 is coupled to a second
      terminal 82 of gate 83 through an inverter 84. If the duration of the
      pulse (FIG. 3K) (remembering that the pulse width thereof is proportional
      to the duration of the original audio signal (FIG. 3A)) is shorter than
      the delay time fixed by MV 75, then the digital signals (pulses) will be
      non-coincidental and non-overlapping in time (as shown by a first example
      which is represented by the dotted lines, FIGS. 3J, K) and, accordingly,
      the output from NAND gate 83 will be a digital 1. If, on the other hand,
      the pulse width (FIG. 3K) is longer than the delay time (as shown by a
      second example which is represented by the solid lines, FIGS. 3J, K), the
      digital output of gate 83 (FIG. 3L) will be a digital 0 because at least a
      portion of the pulses will be coincident at the gate 83.
PAR  In summary, it can be seen that the ATC circuit 29 will generate a digital
      output indicative of whether an audio input signal (FIG. 3A) is less than
      or greater than or equal to a predetermined adjustable standard duration.
      Accordingly, as will be explained hereinbelow, the VOX circuit 13 can be
      made to be nonresponsive to audio input signals less than the
      predetermined minimum duration.
PAR  The output of the ATC circuit 29 is coupled to a flip-flop 86 via a set
      input terminal 90, and the output of ADC circuit 27 is coupled to a clear
      input terminal 89 of flip-flop 86, the flip-flop 86 being the first stage
      of the activation circuit 31. The flip-flop 86 may be of any conventional
      construction such as Motorola No. MC848. The flip-flop 86 is designed such
      that it can only be triggered by a digital 0. Thus, in the first case,
      when the output of ATC circuit 29 is a digital 1 -- which corresponds to
      when the audio input signal (FIG. 3A) is less than the predetermined
      duration -- the flip-flop 86 will not initiate a switching function.
      Accordingly, in the second case when the output of the ATC circuit 29 is a
      digital 0 (FIG. 3L)--which corresponds to when the audit input signal is
      greater than or equal to the predetermined duration -- the flip-flop 86
      will be triggered and will remain activated until it is cleared or
      terminated by the digital 0 output pulse (FIG. 3H) generated by the ADC
      circuit 27 (assuming that audio signal A having the proper parameters set
      forth hereinbefore has been received by the VOX circuit 13). An amplifier
      87, which is connected to an output lead 88 of flip-flop 86, is turned on
      to transmit an amplified output for the duration of the pulse generated by
      flip-flop 86 and is turned off between such pulses. The output of the amp
      87 can be used to energize a relay 91 of any other similar conventional
      electromechanical and electronic system to perform the various switching
      operations required by the video switcher 21 to actuate the video system
      in accordance with the location of the source of the input audio signal A.
PAR  When the VOX circuit 13 has been activated to provide a switching input
      signal to the video switcher 21, all the remaining VOX circuits are locked
      out, i.e., preempted from actuation by a digital 0 generated by the
      flip-flop 86 at a second output terminal 93 during interval of time
      between the reception of a set input pulse and a clear input pulse by the
      flip-flop 86. The terminal 93 is connected to the second input terminal 51
      of NAND gate 49 (via, e.g., line 23) in each of the other VOX circuits.
      This prevents a pulse output from NAND gate 49 and thereby deactivates the
      other VOX circuit(s) until the activated VOX circuit 13 is deactivated by
      a pause in speaking by the conferee at the location corresponding to the
      activated VOX circuit.
PAR  The VOX circuit 13 has only been described in regard to a schematic block
      diagram of the specific components thereof in view of the fact that all
      such components are of a conventional construction and, accordingly, the
      details of construction thereof form no part of the invention described
      herein.
PAR  While the invention has been shown and described with respect to a
      preferred embodiment thereof, it is not intended to be limited to any
      particular form shown and described. Accordingly, the appended claims are
      intended to cover all modifications within the spirit and scope of the
      invention described herein.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In a video communications system for remotely located conferees, a
      plurality of VOX circuits for controlling respective television cameras
      responsive to audio signals from respective speaking locations, each said
      VOX circuit including:
PA1  a. input audio level discriminator means for generating an output signal
      coincident with an input audio signal of equal or greater level than a
      selected threshold level;
PA1  b. attack time control means responsive to the output of the audio level
      discriminator means for generating a set signal when the duration of the
      output of the audio level discriminator means exceeds a predetermined
      amount;
PA1  c. audio duration control means responsive to the termination of the output
      of the audio level discriminator means for generating a clear signal
      delayed a selected time after said termination; and
PA1  d. activation circuit means responsive to the set signal and the clear
      signal for activating a respective camera control means throughout the
      interval between the set signal and the clear signal.
NUM  2.
PAR  2. The video communications system of claim 1 wherein each said VOX circuit
      includes a self-disabling means responsive to a lock-out signal from any
      of the other VOX circuits, and further includes means for generating a
      lock-out signal for disabling the other VOX circuits during said interval.
NUM  3.
PAR  3. The video communication system of claim 1 wherein each said VOX circuit
      includes in the audio level discriminator means thereof a self-disabling
      means responsive to a lock-out signal from any of the other VOX circuits,
      and wherein each said VOX circuit includes in the activation circuit means
      thereof lock-out signal generating means for generating a lock-out signal
      adapted to disable the other VOX circuits during said interval.
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ABST
PAL  A circuit for improving the accuracy of a video measuring device which
      removes errors caused by variations in the horizontal deflection voltage
      by continuously monitoring the horizontal deflection voltage and comparing
      it with a preset reference voltage and adjusting the horizontal deflection
      voltage if any variation from the reference occurs. This assures that
      measurements made with the video system remain accurate at all times and
      measurements can be made with great accuracy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to measuring devices and in particular to
      a novel type television camera measuring system.
PAR  2. Description of the Prior Art
PAR  Television systems have been used for measurement purposes however systems
      of the prior art normally had a relatively poor linearity and operational
      stability with regard to the geometry of the optical--electrical image
      conversion function and thus measurements made with such systems are often
      inaccurate. The reasons for these inaccuracies is that the horizontal
      deflection system which deflects the electron beam which scans the image
      of the object in a television camera tube such as a vidicon is subject to
      nonlinearity effects, drift effects and fluctuations which depend upon the
      operating temperature of the camera. Since the camera operates under
      widely differing temperature ranges such errors are common. One reason for
      the fluctuations which occur during temperature changes is that the camera
      components including the conductor leads have characteristics which vary
      as a function of temperature and thus as the temperature changes the
      amplitude of the horizontal deflection current will vary in the deflection
      system.
PAR  Since the amplitude of the horizontal deflection current determines the
      angle of the electron beam in the horizontal plane, variations in the
      horizontal deflection current will result in scanning rate changes and the
      scanning time within which a given object is scanned and it is this time
      which is used to represent a measure of the geometric width of an object.
      Thus variations in the amplitude of the horizontal deflection current
      cause inaccuracies in measurements made with such systems.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a television camera
      measuring system which eliminates the inaccuracies caused by variations in
      the horizontal deflection voltage for a vidicon tube so as to provide a
      measurement system of high accuracy.
PAR  The invention provides for monitoring and controlling the horizontal
      deflection coil current so that the current is regulated to a constant
      peak amplitude as it scans the photosensitive target of a television
      camera tube thus stabilizing measurements of objects impressed upon the
      target of the television camera tube.
PAR  A saw tooth generator which provides an output saw tooth wave which applies
      current to the horizontal deflection coil is monitored and rectified and
      compared with a preset reference current. If the detected horizontal
      deflection current varies from the reference current an output is produced
      which is proportional to this difference and is supplied to the control of
      the saw tooth generator so as to vary its output until it equals that of
      the preset current. An alternative system is provided wherein a preset
      signal can be suppled to the saw tooth generator to control its output in
      the event that the follow-up system of the invention fails or for some
      reason is disconnected.
PAR  Other objects features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof taken in conjunction with the accompanying drawings although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure and in which
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a block diagram of the improvement in television camera
      measuring device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The FIGURE illustrates the very accurate measuring system of the invention
      which can be used for example in industrial production of monocrystalline
      silicon by non-crucible zone drawing, for example, and in which the peak
      value of the horizontal deflection current is maintained at a constant
      amplitude thus allowing measurements of high accuracy to be maintained. By
      maintaining such horizontal deflection current at a constant amplitude the
      electron beam of the vidicon tube will be deflected in a constant manner
      irrespective of operating conditions such as temperature variations and
      the scanning time required to scan an object will be maintained constant
      thus allowing accurate measurements to be made.
PAR  In the FIGURE an object which is to be measured might, for example, be the
      melt zone produced during a non-crucible zone melting process of a
      semiconductor rod is to be measured. The rod 2 has a melt portion 2a which
      is to be measured. An optical system 12 of a television camera 1 projects
      the object to be measured onto the target 13 of a vidicon television
      camera tube 14. The vidicon target 13 is scanned in line fashion by an
      electron beam 16 produced by an electron gun 15. The horizontal deflection
      coil 11 is provided which scans the electron beam in the horizontal
      direction on the vidicon target 13.
PAR  The output of the vidicon tube 14 is a modulated electrical signal
      comprising the modulation of the beam 16 by the image on the target 13 is
      provided to a video signal processing circuit 3 which provides an output
      to an indicator 23 that processes the signal and provides the measurement
      indicator 24 of the object being observed.
PAR  The present invention provides automatic means for maintaining the
      horizontal deflection current in the deflection coil 11 at a constant peak
      value so that the measurements made with the system of the invention will
      be accurate and will not vary with temperature and other changes in the
      system. A horizontal deflection current generator 4 produces a saw tooth
      wave which is fed to the horizontal deflection coil 11 in series with a
      pickup resistor 5.
PAR  A signal is supplied to an amplifier 6 from opposite ends of the pickup
      resistor 5 and the voltage drop across the resistor 5 will at any instant
      be proportional to the deflection current in the coil 11 at that instant.
      The saw tooth voltage occurring at the output of the amplifier 6 is
      supplied to a rectifier 7 which produces an output d.c. voltage
      proportional to the peak value of the deflection current furnished by the
      saw tooth generator 4. A comparison circuit 33 receives the output of
      rectifier 7 and compares it with a voltage on a variable wiper contact 34
      of a potentiometer 8 which has terminals 31 and 32 to which a reference
      voltage E.sub.1 is applied. The comparison circuit produces an output
      which is the difference between the output of the rectifier 7 and the
      voltage on the contact 34 of the potentiometer 8 and supplies it to an
      amplifier 9. The output of the amplifier 9 is supplied to a contact 21 of
      a switch havng a movable contact 10 which when in engagement with the
      contact 21 supplies an input to the saw tooth generator 4 to control peak
      amplitude current of the saw tooth generator 4.
PAR  Thus, in operation the contact 34 of the potentiometer 8 sets the level of
      the horizontal deflection current applied by the generator 4 to the
      horizontal deflection coil 11 and if the current to the horizontal
      deflection coil 11 increases or decreases this will be detected as an
      output of the comparison circuit 33. Such output will be fed to the saw
      tooth generator 4 through the amplifier 9 to adjust the peak amplitude of
      the saw tooth current from the generator 4 to the level where the output
      of the rectifier 7 is equal to the signal on the variable contact 34 of
      the potentiometer 8. Thus the circuit includes an automatic follow-up
      system to maintain the horizontal peak of the horizontal deflection
      current constant in the horizontal deflection coil 11.
PAR  We realize, of course, that if the peak value of the saw tooth current wave
      is to be set to any other value the movable contact 34 may be set to a
      different level and circuit of the invention will adjust the output of the
      saw tooth wave generator 4 to such new value.
PAR  The movable contact 10 may be moved to engage the contact 22 to apply
      voltage from the movable contact 18 of the potentiometer 20. The
      potentiometer 20 has contacts 26 and 17 to which a voltage E.sub.2 is
      applied. When the switch 10 engages the contact 22 the output of the saw
      tooth generator 4 will have a peak amplitude depending on the voltage on
      the wiper contact 18. This arrangement may be used for calibration
      purposes or in the event that some of the components in the automatic
      control system fail.
PAR  It is seen that invention provides a new and novel circuitry for
      automatically maintaining the amplitude of the saw tooth current in the
      horizontal deflection coil constant so as to maintain linearity in the
      measuring device.
PAR  Although the invention has been described with respect to preferred
      embodiments it is not to be so limited as changes and modifications may be
      effected which are within the full intended scope as defined by the
      appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for monitoring the molten zone of a semi-conductor rod in a
      crucible free melting system comprising a television camera having a
      vidicon tube for monitoring the melting zone and in which an image of the
      melting zone is projected onto said vidicon tube and in which said vidicon
      tube is scanned by an electron beam, a deflection coil for scanning said
      electron beam in the horizontal direction, a saw tooth generator connected
      to said deflection col and providing an alternating current thereto, a
      resistor connected between said saw tooth generator and said deflection
      coil, a rectifier connected to said resistor and producing a direct
      current which is analogous to the peak value of said alternating current
      supplied to said deflection coil, a reference voltage, a potentiometer
      connected across said reference voltage, a comparison circuit having
      inputs connected to said rectifier and said potentiometer and supplying an
      output indicative of the difference in values of the inputs, and an
      amplitude adjusting means in said saw tooth generator which receives the
      output of said comparison circuit to control the amplitude of the
      alternating current output supplied to said deflection coil.
NUM  2.
PAR  2. A device for monitoring according to claim 1 including an amplifier
      connected between said resistor and said rectifier.
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ABST
PAL  A method for enhancing the visibility on a television screen of small
      difficult-to-see game objects that are thrown or shot according to the
      rules of the game. The method comprises photographing the game while the
      game object that is being used in the game carries a retroreflective layer
      attached to the exterior surface of the object; and projecting a light
      beam parallel to the optical axis of said television camera so that light
      retroreflected by said retroreflective layer causes a visible contrast
      between the image of the game object and the image of the background for
      the object in a telecast picture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Television viewing of a hockey match is hampered by poor visibility on the
      television screen of the hockey puck. The puck is small, and it is passed,
      shot, and deflected at high speed. In addition, a television viewer sees
      only a limited portion of the whole hockey match, and the scene being
      viewed rapidly changes as the television camera moves to follow the
      action. As a result, it is difficult to follow the puck from player to
      player, and it is especially difficult to follow the puck as it is shot
      toward the goal and either deflected, caught or missed by the goal tender.
      For most viewers, recognition that a goal has been scored probably comes
      after the fact, when a signal light is lighted or the announcer informs
      the viewers that a goal has been scored. Although hockey is a popular
      sport, telecasts of hockey matches would have wider appeal and would be
      more fully enjoyed if the movement of the puck could be more closely
      followed.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, a method of the invention, which is useful to enhance the
      visibility on a television screen of any small, difficult-to-see game
      object that is shot or thrown according to the rules of a game that is
      being telecast, comprises:
PA1  1. photographing said game with at least one television camera while the
      said object that is being used in the game carries a retroreflective layer
      attached to the exterior surface of the object;
PA1  2. projecting toward the game a light beam that is parallel to, and no more
      than slightly spaced from, the optical axis of said television camera, so
      that the lens of the camera will be within the cone of light from said
      light beam that is retroreflected by the object; and
PA1  3. telecasting the picture photographed by the camera, whereby there is a
      visible contrast between the image of the object and the image of the
      background for the object on the screen of television receivers that
      receive the telecast picture.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of apparatus used in accordance with the
      invention for telecasting a hockey match;
PAR  FIG. 2 is a perspective view of a hockey puck that is useful according to
      the present invention; and
PAR  FIG. 3 is a partial sectional view taken along the lines 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 schematically illustrates an arrangement of apparatus useful in the
      invention, including a television camera 10 and a lamp 11 attached to the
      camera, which are both directed at a rink where a hockey match is being
      played. A hockey puck 12 on the rink surface 13 is within the scene
      photographed by the camera 10. The hockey puck 12 has at least one
      retroreflective layer attached to its exterior surface, and may take the
      form illustrated in FIGS. 2 and 3. As shown in FIG. 2, the hockey puck 12
      carries a retroreflective layer 15 on its top surface, a corresponding
      retroreflective layer on its bottom surface, and a retroreflective layer
      16 as a band around the cylindrical side surface of the puck.
PAR  The retroreflective layers on the hockey puck 12 may be provided by a
      variety of commercially available retroreflective sheet materials, but a
      preferred sheet material is an "exposed-lens" sheet material such as
      described in U.S. Pat. No. 3,382,908 or 3,449,201. The sheet material
      described in those patents generally comprises a monolayer of solid glass
      microspheres partially embedded in an elastomeric support sheet and
      partially exposed above the support sheet. Specular reflective means
      underlie the embedded surfaces of the microspheres; in the described
      sheeting the specular reflective means comprises a layer of metal
      vapor-deposited on the embedded surface of the microspheres. Light rays
      travel to the glass microspheres, are refracted within the microspheres so
      as to focus generally on the specular reflective means, and then are
      returned along substantially the same path that they traveled to the
      microspheres. Retroreflection occurs even when light rays strike the
      retroreflective surface at an angle to a line perpendicular or normal to
      the retroflective surface. This property is known as "angularity", and for
      preferred retroreflective materials it permits retroreflection of rays
      striking the retroreflective surface at an angle of 60.degree. or more.
      Because of the exposed nature of the glass microspheres in the described
      exposed-lens sheeting, the sheeting provides a high degree of reflection;
      and because the microspheres are embedded in elastomer, the
      retroreflective layer has greater durability.
PAR  The construction of the preferred retroreflective layers is illustrated in
      more detail in FIG. 3, which is a greatly enlarged partial view taken
      along the lines 3--3 of FIG. 2. FIG. 3 shows a monolayer of glass
      microspheres 17 partially embedded in a support sheet 18 of elastomer,
      which is adhered to the main body 19 of the hockey puck. Structures as
      shown in FIG. 3 can be formed by inserting sheet material comprising the
      microspheres 17 and support sheet 18 into a mold at the time of
      manufacture of the puck, whereupon the sheet material is vulcanized to the
      main body of the puck. Alternatively, the retroreflective sheet material
      can be adhered to the puck by adhesive. Preferably the retroreflective
      layers 15 and 16 are inlaid into the puck as shown so as not to extend
      above the adjacent, non-retroreflective surfaces of the puck. And in some
      embodiments, the exterior surfaces of the retroreflective layers are
      recessed below the adjacent non-retroreflective surfaces of the puck.
PAR  The lamp 11 attached to the camera 10 is directed to provide a light beam
      that substantially parallels the optical axis 21 of the camera. The
      possible path of a ray of light from the lamp 11 retroreflected by the
      hockey puck 12 is illustrated by the light ray 22. The retroreflection
      does not necessarily return an incident light ray along exactly the
      identical path it traveled to the retroreflective surface, but instead the
      retroreflected rays return as a narrow cone of light rays. Thus the
      illustrative ray 22 of light travels from the lamp 10 to the
      retroreflective surface 15 of the hockey puck 12, and then is
      retroreflected along a path within a narrow cone represented by the dashed
      lines 23. While the cone 23 is narrow, it is sufficiently wide so that it
      includes the lens 24 of the camera 10. The result is that light reflected
      from the hockey puck reaches the lens of the camera and intensifies the
      brightness of the image of the puck on a television screen.
PAR  Instead of projecting light directly from a lamp to the rink, the light
      beam can be projected through a beamsplitter positioned in front of the
      camera lens so as to project the light exactly along the optical axis of
      the camera. For such a procedure, a lamp is placed at the side of the
      camera in position to project at the beam-splitter a light beam that is
      perpendicular to the optical axis of the camera. The beamsplitter divides
      the light and directs part of it to the rink.
PAR  The lamp need not be affixed to the camera 10, but most conveniently it is
      attached to the camera so as to move with the camera and illuminate the
      scene being photographed by the camera. The lamp need not provide an
      intense or narrow beam of light to achieve the desired retroreflection.
      For example, the light beam will typically not provide illumination (such
      as that of a spotlight) that is visible to on-site spectators of the
      hockey match. And because of the narrowly directed nature of the
      retroreflected light rays, the retroreflected light will generally not be
      noticed by the players.
PAR  The invention is useful to enhance the visibility during a hockey match of
      other difficult-to-see items besides a hockey puck -- such as numerals and
      team or player-position insignia on uniforms -- as well as to enhance the
      visibility of items of other games, such as tennis balls and golf balls.
      In addition, retroreflective layers are attached to hockey sticks
      according to the invention to enhance the visibility of the sticks when
      they are moved. Particularly useful hockey sticks for the invention are
      the hockey sticks of molded reinforced polymeric material described in
      Johnson et al., U.S. Pat. No. 3,859,162,  which is incorporated herein by
      reference. For purposes of the present invention, such molded hockey
      sticks are provided with retroreflective layers in one procedure by
      attaching retroreflective sheet material to the interior surface of the
      molds prior to introduction into the mold of the reinforced polymeric
      material. The retroreflective layers on the hockey sticks or on other
      implements of a game may be of distinctive colors or patterns to identify
      particular teams.
PAR  The invention will be further illustrated by the following example. A
      Sylvania "Sun Gun" Professional Model SG-60, 1000-watt directional
      floodlight, set for operation at low power, was mounted onto a standard
      television camera so that the central axis of the light beam from the
      floodlight was approximately parallel to the optical axis of the camera.
      Retroreflective layers of the type described in the U.S. Pat. No.
      3,382,908 or 3,449,201, comprising a monolayer of glass microspheres
      partially embedded in the elastomeric support sheet, were adhered over the
      top and bottom surfaces and the cylindrical side surface of the puck. The
      camera and floodlight were positioned adjacent a hockey rink and the
      described puck was shot around the rink at a distance varying from about
      30 to 230 feet from the camera and floodlight. The camera was operated
      during this time and the signals developed in the camera were fed to a
      television monitor. The puch was found to have a much greater visibility
      on the screen of the monitor than conventional pucks have, and the puck
      was easily followed at all times.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for enhancing the visibility on a television screen of small,
      difficult-to-see objects that are shot or thrown according to the rules of
      a telecast game, comprising:
PA1  1. photographing the game with at least one television camera while the
      said object that is used in the game carries at least one retroreflective
      layer attached to the exterior surface of the object;
PA1  2. projecting toward the game a light beam that is substantially parallel
      to, and no more than slightly spaced from, the optical axis of said
      television camera, so that the lens of the camera will be within the cone
      of light from the light beam that is retroreflected by the retroreflective
      layer carried on said object; and
PA1  3. telecasting the picture photographed by the camera; whereby there is a
      visible contrast between the image of the object and the image of the
      background for the object on the screen of television receivers that
      receive the telecast picture.
NUM  2.
PAR  2. A method of claim 1 in which the light beam is projected by a lamp
      affixed to said television camera.
NUM  3.
PAR  3. A method for enhancing the visibility of a hockey puck on a television
      screen during telecasting of a hockey match comprising:
PA1  1. photographing the hockey match with at least one television camera while
      the hockey puck that is being used in the match carries at least one
      retroreflective layer attached to the exterior surface of the puck;
PAR  2.  projecting toward the hockey match a light beam that is substantially
      parallel to, and no more than slightly spaced from, the optical axis of
      said television camera, so that the lens of the camera will be within the
      cone of light from said light beam that is retroreflected by the
      retroreflective layer carried on said hockey puck; and
PA1  3. telecasting the picture photographed by the camera; whereby there is a
      visible contrast between the image of the hockey puck and the image of the
      background for the puck on the screen of television receivers that receive
      the telecast picture.
NUM  4.
PAR  4. A method of claim 3 in which the light beam is projected by a lamp
      affixed to said television camera.
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ABST
PAL  This invention relates to an electro-optical system having a red reflecting
      dichroic mirror arranged to reflect red light to a first photomultiplier
      through a red-transmitting filter, and to transmit blue and green light to
      a blue reflecting dichroic mirror arranged to reflect blue light received
      thereby from the red reflecting dichroic mirror to a second
      photomultiplier through a series combination of a low pass blue
      transmitting filter and a high pass blue transmitting filter and to
      transmit green light. A third photomultiplier being arranged to receive
      through a green transmitting filter green light received by the blue
      reflecting dichroic mirror from the red reflecting dichroic mirror. The
      photomultipliers produce electrical signals representative of the
      intensity of the light incident on their photocathodes.
PAL  The electro-optical system includes a cathode ray tube and lens for
      scanning an image bearing medium with a spot of light over a limited
      region, and three plano-cylindrical lenses for producing respective
      distributions of light over the photocathodes of the photomultipliers.
      This optical arrangement produces substantially the same distribution of
      light of the said photosensitive area for all positions of the spot of
      light in the said limited region.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electro-optical systems, and particularly to
      electro-optical systems for flying spot television scanner apparatus.
PAR  A flying spot television scanner apparatus typically comprises a film
      transport mechanism including a driven take-up spool and a driven
      intermittent drive mechanism. Electric motors are provided for driving the
      take-up spool and the intermittent drive mechanism, and these motors are
      so controlled as to ensure that a film passes through a film gate in the
      transport mechanism at a rate of film frames per second which preserves
      the illusion of natural motion on the film and also enables each frame of
      the film to be scanned by two or more television scanning fields while
      ensuring that pull-down of the film between successive frames presented
      for scanning in the gate occurs only during a field blanking pulse of the
      television scanning. The scanning is accomplished by a point of light
      carrying out a television field scan on the picture area of a film frame
      in the gate. This point of light is produced by a cathode ray tude
      combined in the flying spot scanner apparatus with an optical system
      arranged to project an image of a faster area of the screen of the cathode
      ray tube onto the picture area in the gate. The cathode ray tube is
      coupled to television scanning and blanking circuits which in operation
      produce a television raster on the raster area of the tube screen.
PAR  For color television, the light from the scanned film must be separated
      into red, green, and blue components centered on predetermined wavelengths
      prescribed by standards accepted for color television.
PAR  This separation is, in known flying spot scanners, typically achieved by
      the use of two dichroic mirrors and a respective trimming filter for each
      separated color. Such an arrangement is described at pages 139 to 143 of
      "Principles of PAL Color Television and Related Systems" by H. V. Sims,
      1969, published by Iliffe Books, Butterworth & Co. (Publishers) Ltd.,
      London. The separated light is sensed by three photomultipliers, one for
      the red light, one for the green, and one for the blue.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the present invention there is provided an
      electro-optical system including a red-reflecting dichroic mirror arranged
      to reflect red light to a first photosensitive electrooptical device
      through a red-transmitting filter, and to transmit blue and green light to
      a blue-reflecting dichroic mirror. The blue-reflecting dichroic mirror is
      arranged to reflect blue light received thereby from the red-reflecting
      dichroic mirror to a second photosensitive device through a series
      combination of a low pass blue-transmitting filter and a high pass
      blue-transmitting filter and to transmit green light. A third
      photosensitive electro-optical device is arranged to receive through a
      green-transmitting filter green light received by the blue-reflecting
      dichroic mirror from the red-reflecting dichroic mirror. The three
      photosensitive electro-optical devices produce, in operation when
      receiving light transmitted thereto by the respective filter or filters,
      electrical signals representative of the intensity of the light incident
      thereon. Each photosensitive device may be a photomultiplier having a
      suitable photocathode arranged to receive the light incident upon the
      device from the respective filter or filters.
PAR  According to another aspect of the present invention there is provided an
      electro-optical system including means for scanning an image-bearing
      medium with a spot of light over a limited region, and an optical
      arrangement for producing a distribution of light over a photosensitive
      area of an electro-optical light sensing device. The optical arrangement
      produces substantially the same distribution of light of the said
      photosensitive area for all positions of the spot of light in the said
      limited region. Where the said limited region is rectangular and the said
      photosensitive area is rectangular, the optical arrangement can be in the
      form of a single plano-cylindrical lens having the axis of its cylindrical
      surface lying parallel to respective sides of the said region and the said
      area. The said area may be the usable area of a larger photosensitive
      area.
PAR  A preferred embodiment of the present invention will now be described with
      reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of part of an electro-optical system of a flying
      spot scanner for use with color film and embodying the invention,
PAR  FIG. 2 is a simplified perspective view of part of the electrooptical
      system of FIG. 1,
PAR  FIG. 3 is a graphical representation of the percentage relative response of
      a cathode ray tube phosphor or stimulation by an electron beam,
PAR  FIG. 4 is a graphical representation of the variation of the percentage of
      light transmitted with wavelength by a dichroic mirror which reflects red
      light,
PAR  FIG. 5 is a graphical representation of the variation of the percentage of
      light transmitted with wavelength by a dichroic mirror which reflects blue
      light,
PAR  FIG. 6 is a graphical representation of the variation of the percentage of
      light transmitted with wavelength by four different filters, and
PAR  FIG. 7 is a block diagram of a flying spot scanner television system
      incorporating the electro-optical system of FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A novel flying spot television scanner apparatus embodying the present
      invention will not be described with reference to FIG. 7 of the
      accompanying drawings. In FIG. 7 there is shown a television transmitter
      apparatus coupled by a transmission line such as a coaxial cable to an
      antenna and a television receiver. Where the transmitter apparatus is
      intended to broadcast a programme via the antenna, the coupled receiver
      may be a transmission monitoring receiver. Alternatively, the apparatus of
      FIG. 7 may be intended primarily as a cable television system, the
      transmission antenna being disconnected or replaced by a receiving antenna
      for the individual receiver and the receiving antenna may be disconnected
      when the receiver is being supplied by the transmitter apparatus, or may
      remain connected if there is on risk of interference from signals in the
      channel of frequencies transmitted by the transmitter apparatus.
PAR  The transmitter apparatus includes a flying spot receiver with a film
      transport mechanism including a driven take-up spool and a driven
      intermittent drive mechanism of the invention. A first d.c. electric motor
      controlled by motor control circuits is coupled through, for example,
      conventional reduction gearing to drive the take-up spool, and a second
      d.c. electric motor controlled by the motor control circuits is coupled
      through, for example, conventional reduction gearing to drive the
      intermittent drive mechanism of the invention. The film transport
      mechanism also includes a film gate through which film from a supply spool
      is drawn by the intermittent drive mechanism to pass before a video head
      and through a sound head before winding on to the take-up spool.
      Conventional mechanical details of the film transport which will be
      obvious to those skilled in the art will, for clarity, not be described
      herein. The motor control circuits are preferably as described and claimed
      in the co-pending application entitled "Control Apparatus for Electric
      Motors" by Geoffrey Sword, John L. Lawrence, Stephen R. Raggett and
      Bernard Blakemore, and filed on the same day as the present application.
      The intermittent drive mechanism may be as described and claimed in the
      co-pending application, Ser. No. 440,761, entitled "Mechanisms for
      Transporting Perforated Strip Material" by John T. Taylor, Anthony J.
      Halliday, Jonathan G. C. Angel, and Bernard Blakemore, and filed on the
      same day as the present application.
PAR  The scanner includes a flying spot cathode ray tube controlled by a
      synchronizing pulse generator. Such arrangements are described in "The
      Focal Encyclopedia of Film & Television Techniques" published in 1969 by
      The Focal Press, London and New York, at pages 817 to 845. Synchronizing
      pulse generators are described in the aforesaid Focal Encyclopedia at page
      811.
PAR  In operation a television field raster is produced on the screen of the
      cathode ray tube, and the light from the scanning spot constituting this
      raster is focussed by a lens or lens system to form an image of the raster
      on a picture area of a frame of the film in the film gate. The novel video
      head of this invention is a color television video head incorporating a
      photomultiplier for each of three colors and suitable optical elements for
      color separation and for focussing light from the illuminated picture on
      to respective sensitive areas of the photomultipliers, thereby producing
      in operation a video signal which is supplied by the video head to the
      composite video signal-forming portion of television transmitter circuits,
      the output of the synchronizing pulse generator likewise being supplied
      thereto in known manner for the production in the transmitter circuits of
      a composite video signal. Where the color system is the NTSC system, the
      transmitter circuits and synchronizing pulse generator may be as described
      in "Principles of Color Television" by The Hazeltine Laboratories Staff,
      published in 1956 by John Wiley & Sons, Inc., Library of Congress
      Catalogue Card Number 56-8693. Where the color system is the PAL system,
      the transmitter circuits and synchronizing pulse generator may be as
      described in "PAL Color Television" by G. Boris Townsend, published by the
      Syndics of the Cambridge University Press, London.
PAR  In FIG. 1 there is shown schematically part of an electro-optical system of
      the flying spot scanner in which an objective lens 11 forms an image of a
      spot of light on a cathode ray tube screen 12, shown in FIG. 2, on a frame
      of a film 13 which is transported through the scanner in operation. Since
      the film will normally be a color film, the remainder of the
      electro-optical system is constructed to resolve light transmitted through
      the film 13 into three components which are respectively red, blue and
      green. Light transmitted through the film 13 falls first on a
      red-reflecting dichroic mirror 14 which reflects the red component of the
      light incident thereon to a red filter 15. Light which is transmitted by
      the red filter 15 falls on a plano-cylindrical lens 16 having the axis of
      its cylindrical surface parallel to the width of the film 13 and to the
      longitudinal axis of the photo-cathode (not shown) of a photomultiplier
      17.
PAR  Light which is transmitted by the red dichroic mirror 14 from the film 13
      is incident upon a blue-reflecting dichroic mirror 18 which reflects the
      blue component of the light incident thereon to a low pass blue filter 19.
      Light transmitted through the low pass blue filter 19 from the mirror 18
      is incident upon a high pass blue filter 20. The blue filters 19 and 20
      define a band of wavelengths in the blue region of the spectrum which is
      allowed in the system of FIG. 1 to reach a plano-cylindrical lens 21 and
      thence the photocathode (not shown) of a photomultiplier 22 from the film
      13.
PAR  The axis of the cylindrical surface of the lens 21 is parallel to the width
      of the film 13 and to the longitudinal axis of the photocathode of the
      photomultiplier 22.
PAR  Light from the film 13 which passes through the blue dichroic mirror 18 is
      incident upon a green filter 23. Light which is transmitted by the filter
      23 from the film 13 is incident upon a plano-cylindrical lens 24 having
      the axis of its cylindrical surface parallel to the width of the film 13
      and to the longitudinal axis of the photocathode 26 (FIG. 2) of a
      photomultiplier 25.
PAR  In operation, a television scanning raster is produced on the screen 12 by
      the electron beam of the cathode ray tube, as indicated in FIG. 2. Thus
      the spot of light on the screen 12 traces out a rectangular array of
      scanning lines to form the raster. The lens 11 is arranged to form on a
      frame 27 of the film 13 held in the gate of the film transport mechanism,
      described in the aforesaid co-pending application entitled "Mechanisms for
      Transporting Perforated Strip Material," an image of the raster traced out
      on the screen 12. Thus each point in the frame 27 is illuminated in turn
      by light from the screen 12 and transmits a portion of that light,
      attenuated and filtered according to the optical density and color of the
      film at the respective point of the frame 27, to the mirror 14.
PAR  The mirror 14 is arranged to reflect red light incident thereon from the
      frame 27 into a direction substantially parallel to the height of the
      frame 27. Similarly, the mirror 18 is arranged to reflect blue light
      incident thereon from the mirror 14 into a direction substantially
      parallel to the height of the frame 27.
PAR  FIG. 3 shows that the phosphor of a known cathode ray tube screen, type GU
      by Mullard Limited, England, has a high peak energy emission at
      substantially 4150 Angstrom units, taken as 100 percent, and a lower peak
      of substantially 48 percent at substantially 5300 Angstrom units, there
      being a minimum of substantially 26 percent at substantially 4750 Angstrom
      units. The response at the red end of the spectrum diminishes, reaching
      substantially 23 percent at 6100 Angstrom units.
PAR  FIG. 4 shows the percentage of incident light transmitted by the
      red-reflecting mirror 14 as a function of wavelength. Substantially 97
      percent of incident light having a wavelength at or above 6000 Angstrom
      units is reflected by the mirror 14. From FIG. 6 it can be seen that the
      red filter 15 transmits substantially 97 percent of the light incident
      thereon having a wavelength at or above substantially 6150 Angstrom units,
      the percentage transmission as a function of wavelength for the filter 15
      being indicated by the legend RED SHAPING FILTER on FIG. 6, and the point
      of 50 percent transmission being indicated by a cross. The filter 15
      absorbs substantially 97 percent of light at or below 5650 Angstrom units.
      At and below 5250 Angstrom units the mirror 14 transmits substantially 95
      percent of the incident light.
PAR  FIG. 5 shows that the blue-reflecting mirror 18 transmits substantially 95
      percent of incident light at and above 5350 Angstrom units, and reflects
      substantially 98 percent of light at and below 4400 Angstrom units. The
      low pass blue filter 19 transmits substantially 95 percent of light at and
      above 4650 Angstrom units, and absorbs substantially 97 percent of light
      at and below 4000 Angstrom units. Hence the light incident upon the high
      pass blue filter 20 contains wavelengths confined substantially to a range
      of 4000 to 5250 Angstrom units. The high pass blue filter absorbs
      substantially 97 percent of the incident light at or above 5000 Angstrom
      units, and transmits substantially 95 percent of light at or below 4400.
      The 50 percent transmission points of the filters 19 and 20 are
      respectively 4700 and 4300 Angstrom units, and each of the filters
      transmits substantially 93 percent at 4500 Angstrom units. As a result of
      these characteristics and that of the mirror 14, at least 70 percent of
      light in the range 4450 to 4550 Angstrom units from the film 13 reaches
      the photomultiplier 17 with a peak of substantially 86.5 percent at 4500
      Angstrom units.
PAR  The blue-reflecting mirror 18 has incident upon it light of wavelengths at
      and below 6000 Angstrom units, and therefore the light incident upon the
      green filter 23 lies in a range of substantially 4400 to 6000 Angstrom
      units, and mainly within a range of substantially 4650 to 5650 Angstrom
      units defined by the 50 percent transmission points of the mirrors 14 and
      18, a peak of substantially 90 percent transmission being provided by the
      combination of the mirrors 14 and 18 at substantially 5250 Angstrom units.
      The green filter 23, as indicated in FIG. 6, absorbs substantially 97
      percent of incident light at or below 4800 Angstrom units, transmitting 50
      percent at substantially 5150 Angstrom units and substantially 95 percent
      at 5500 Angstrom units and above. At 5250 Angstrom units the filter 23
      transmits substantially 89 percent of the incident light, and most of the
      light transmitted to the photomultiplier from the film 13 when clear is in
      a range of substantially 5200 to 5600 Angstrom units.
PAR  The relative response of the phosphor type GU at the peak blue wavelength
      of 4500 Angstrom units is substantially 45 percent, and at the peak green
      wavelength of 5250 Angstrom units is substantially 46 percent. At the red
      wavelength of 6100 Angstrom units the relative response of type GU
      phosphor is substantially 22.5 percent, and the relative response
      diminishes rapidly at longer wavelengths, being 10 percent at
      substantially 6600 Angstrom units. To give comparable outputs at the
      wavelengths of 4500, 5300 and 6100 Angstrom units, the photomultipliers
      17, 22 and 25 are chosen to be respectively RCA types 931A, 931A and 4472.
PAR  The focal length and position of each of the cylindrical lenses 16, 21 and
      24 is such that each cylindrical lens produces on the photocathode of the
      respective photomultiplier 17, 22 or 25 a rectangular area 27 of light
      which is substantially in register with the usable area of the
      photocathode, i.e. of the same size, shape and location, for every
      position of the spot of light produced on the frame 27 by the lens 11. In
      one constructed embodiment, each cylindrical lens has a focal length of 25
      millimeters and has its plane face at a distance of substantially one inch
      from the respective photocathode. The frame 27 measures substantially 5
      millimeters by four millimeters and the respective photocathode measures
      substantially 1.1 inches by 0.5 inches, being curved along 0.5 inch sides
      and presenting a usable area of substantially 0.1 inch by 0.9 inch.
PAR  The red filter 15 is in this case a dyed glass filter, and the blue and
      green filters 19, 20 and 23 are interference filters.
PAR  The distance from the frame 27 to the plane face of the lens 16 along the
      optical path for red light is substantially 2 inches, and to the plane
      faces of the lens 21 and 24 for blue and green light respectively is
      substantially 3 inches.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electro-optical system comprising electronic scanning means for
      scanning an image bearing medium with a spot of light over a limited
      region; optical means for producing a distribution of light over a
      predetermined area; and electro-optical light sensing means having a
      photosensitive area corresponding to said predetermined area, said optical
      means producing substantially the same distribution of light over said
      photosensitive area for all positions of the spot of light in said limited
      region.
NUM  2.
PAR  2. An electro-optical system as claimed in claim 1, wherein said limited
      region is rectangular and said photosensitive area is rectangular, said
      optical means comprising a plano-cylindrical lens having the axis of its
      cylindrical surface lying parallel to respective sides of said region and
      said areas.
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PAL  A coordinate position information output device is disclosed in which the
      impedance at a position addressed by a contact pen, a light pen, a
      magnetic pen or the like is varied; a forward current is caused to flow by
      the impedance change in a charge storage diode; and a backward current
      flowing in the charge storage diode for a moment immediately thereafter is
      utilized as coordinate position information.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a coordinate position information output device,
      and more particularly to a coordinate position information output device
      in which information at the coordinate position addressed with a contact
      pen, light pen, heat pen, magnetic pen or the like is applied to a display
      device to effect writing, erasing, etc.
PAR  2. Description of the Prior Art
PAR  In the field of graphic display, since a high value is set on man-machine
      communication, it is necessary that coordinate information to be addressed
      is properly generated by an operator's addressing. A known device for
      generating such coordinate information is an address tablet having a
      matrix-like electrode arrangement and called RAND TABLET, and it is
      employed in a display system of the type using a cathode ray tube.
PAR  However, such a conventional coordinate position information output device
      involves complicated peripheral circuits. Further, in this known device,
      information at a coordinate position is provided in a coded form suitable
      for application to a computer, so that, in order to address a matrix-like
      display device, it is necessary to decode the output information through a
      computer and then to designate a coordinate position to be addressed and
      drive a drive circuit. There has also been proposed such a method that, in
      a display panel having a matrix-like electrode such as a plasma display
      panel, a coordinate position is addressed directly with a voltage pen or
      light pen for writing and erasing. With this direct pen address system,
      however, an accurate operation cannot be expected and many problems still
      remain unsettled for putting this system to practical use and, in
      addition, it is impossible to apply an input from a desired position apart
      from the display panel.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a novel coordinate position
      information output device in which, by addressing an intersecting point of
      a matrix-like electrode arrangement with a pen such as a contact pen, a
      light pen, a heat pen, a magnetic pen or the like, information at the
      addressed position is picked up and in which peripheral circuits therefor
      are simplified to thereby permit the output information to be used
      directly as an impression voltage for writing, erasing or the like on a
      display device.
PAR  Briefly stated, the coordinate position information output device of this
      invention is characterized by the provision of a coordinate position
      indicating plate having formed thereon column and line electrodes spaced
      apart from each other at least at each of their intersecting points
      through an element whose resistance varies with pressure, light, heat,
      magnetic field or the like applied thereto, or insulated from each other;
      charge storage diodes so connected as to flow therein a current in a
      forward direction due to lowering of the resistance of the element at the
      intersecting point by pressure, light, heat, magnetic field or the like,
      or due to short-circuiting of the intersecting point; and voltage
      impressing means by which a current flowing in the conducted charge
      storage diode in a backward direction for a moment is used as coordinate
      position information.
PAR  Other objects, features and advantages of this invention will become more
      apparent from the following description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram, for explaining one example of this invention;
PAR  FIG. 2 is a diagram, for explaining an intersecting point of electrodes of
      a coordinate position indicating plate;
PAR  FIG. 3 is a circuit diagram showing connections of the principal part
      between the coordinate position indicating plate and a matrix display
      device;
PAR  FIG. 4 is a waveform diagram, for explaining the operation of the circuit
      shown in FIG. 3;
PAR  FIG. 5 is a diagram, for explaining another example of this invention;
PAR  FIG. 6 is a cross-sectional view showing the principal part of the
      coordinate position indicating plate; and
PAR  FIGS. 7 to 11, inclusive, are diagrams, for explaining other examples of
      this invention, respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows in perspective the principal part of one example of this
      invention. A coordinate position indicating plate 1 comprises an
      insulating plate 2, which is transparent when mounted on a matrix display
      device 10 and transparent or opaque when disposed separately of the device
      10, line electrodes L1, L2, ... and column electrodes C1, C2, ... disposed
      to intersect the line electrodes at right angles, the line and column
      electrodes being disposed on the insulating plate 2 and insulated from
      each other at their intersecting points. A pen 3 comprises a conductor 4
      at its tip and an insulating rod 5. With the above arrangement, each
      intersecting point of the electrodes of the coordinate position indicating
      plate 1 can be short-circuited by the conductor 4 of the pen 3.
PAR  The matrix display device 10 may be, for example, a plasma display panel,
      in which electrodes X1, X2, ... and electrodes Y1, Y2, ... covered with
      dielectric layers are disposed to intersect each other at right angles in
      contact with a discharge gas sealed space and discharge cells are formed
      at the intersecting points of the electrodes, as is well-known in the art.
PAR  FIG. 2 illustrates one example of the electrode intersecting point of the
      coordinate position indicating plate 1. The line electrode Li (i=1, 2,
      ...) and the column electrode Cj (j=1, 2, ...) are insulated from each
      other by an insulating layer 6 formed on the underside of the column
      electrode Cj. The curvature of the conductor 4 of the pen 3 is selected to
      enable short-circuiting of the electrode intersecting point. It is
      considered more effective to employ the conductor 4 made of a conductive
      rubber.
PAR  The coordinate position indicating plate 1 and the matrix display device 10
      are interconnected through a circuit shown in FIG. 3. In FIG. 3, reference
      characters Q1 to Q8, Q91 and Q92 indicate transistors and D11 to D82
      designate diodes, the diodes D21, D22, D41 and D42 being charge storage
      diodes. As is well-known in the art, the charge storage diode is capable
      of flowing therein a current in a backward direction for a moment after
      flowing a forward current.
PAR  Signals S1 to S9 which are applied to the bases of the transistors are
      selected to be of such timing as depicted in FIG. 4. The electrodes Y1, Y2
      of the plasma display panel, which is one example of the matrix display
      device 10, are supplied with a voltage +Vs by the transistor Q1 at the
      timing of the signal S1 and grounded through the transistor Q4 at the
      timing of the signal S4. The electrodes X1, X2 are supplied with the
      voltage +Vs by the transistor Q2 at the timing of the signal S2 and
      grounded through the transistor Q3 at the timing of the signal S3.
      Consequently, the discharge cells at the intersecting points of the
      electrodes X1, X2 and Y1, Y2 are supplied with a sustain voltage composed
      of the pulses +Vs and -Vs as indicated by V12 in FIG. 4.
PAR  The electrodes L1 and L2 of the coordinate position indicating plate 1 are
      supplied with a pulse voltage +Vc, for example, +5V, through the
      transistor Q5 at the timing of the signal S5. For example, when the
      intersecting point of the electrodes L1 and C2 is short-circuited by the
      pen 3, the impedance at that intersecting point is reduced from infinity
      to zero and the transistors Q5 and Q6 are simultaneously turned on by the
      signals S5 and S6. As a result, the voltage +Vc is applied to a line from
      the transistor Q5 to the transistor Q6 through the diode D41, the diode
      D31, the line electrode L1, the column electrode C2, the diode D12 and the
      diode D22 to flow a current in the line. At the next instant, the
      transistors Q7, Q8, Q91 and Q92 are turned on by the signals S7, S8 and
      S9, so that the charge storage diodes, i.e. the diodes D22 and D41 in
      which the current was previously caused to flow forward, will now conduct
      in a backward direction for a moment. Therefore the electrode Y2 of the
      plasma display panel is supplied with a voltage +Vw/2 through the
      transistor Q7 and the diode D22, and the electrode X1 is supplied with a
      voltage -Vw/2 through the transistor Q8, the diode D41 and the transistor
      Q91. As a result of this, the discharge cell at the intersecting point of
      the electrodes X1 and Y2 is supplied with a write voltage Vw. Vw is higher
      than a firing voltage and occurs after the voltage +Vs, as indicated by
      V12 in FIG. 4.
PAR  Reference character T in FIG. 4 represents the time for short-circuiting by
      the pen 3, showing the case in which the write voltage Vw is applied twice
      in the short-circuiting period. If short-circuiting continues for a longer
      period of time, the write voltage Vw is repeatedly applied. However, once
      a discharge spot has been produced in the discharge cell of the plasma
      display panel, the discharge spot is continuously maintained by the
      sustain voltage even after the pen 3 is disconnected, thereby providing a
      display.
PAR  if the level or the pulse width of the voltage applied through the
      transistors Q7 and Q8 is selected so that the voltage may become an
      erasing voltage, it is possible to erase the discharge cell of the plasma
      display panel corresponding to the position short-circuited by the pen 3
      on the coordinate position indicating plate 1.
PAR  As described above, the electrodes L1, L2, C1 and C2 of the coordinate
      position indicating plate 1 are supplied with the low voltage pulse
      through the transistor Q5. However, larger voltages such as the write
      voltage Vw and so on are cut off from the electrode intersecting points by
      the leakage preventing diodes D11, D12, D31 and D32, so that this system
      is not dangerous to the operator. Further, information at the coordinate
      position addressed by the pen 3 can be picked up in the form of a voltage
      such as a write voltage, an erasing voltage or the like through the charge
      storage diode in which a current is caused to flow. Consequently, this
      invention is of particular utility when used with a plasma display panel
      capable of a memory display.
PAR  In the above example, the electrode intersecting point of the coordinate
      position indicating plate is short-circuited by the conductor pen. It is
      also possible to adopt a construction of a pressure-sensitive resistance
      element interposed at least at each of the intersecting points of the
      column and line electrodes and the impedance at the intersecting point can
      be lowered by a pressure with a pen, thereby causing a current to flow in
      the charge storage diode, with the same results as obtained above.
      Further, in the above example, the intersecting points of the electrodes
      of the coordinate position indicating plate 1 and those of the electrodes
      of the matrix display device 10 need not always completely correspond to
      each other but desired random correspondence is also possible. Moreover,
      the matrix display device 10 may be such a device as formed with
      luminescent diodes, liquid crystal, electroluminescence or the like. In
      the case of a device having no memory function in its self such as a
      plasma display panel, it is sufficient only to provide a device for
      storing coordinate position information. It is also possible, that the
      coordinate position information by the backward current of the charge
      storage diode is encoded on both sides of the column electrodes C1 and C2
      and the line electrodes L1 and L2 and used as an information processing
      input.
PAR  as described above, in the foregoing example, the pen is brought into
      contact with the coordinate position indicating plate at a selected one of
      the electrode intersecting points. A forward current is caused to flow in
      the charge storage diode corresponding to the addressed intersecting
      point. Then a backward current flows in the charge storage diode after the
      forward flowing current is utilized as coordinate position information.
      Neither a high voltage nor a complicated pulse voltage is applied to the
      coordinate position indicating plate which is addressed with the pen, so
      that the device of the above example is easy to handle.
PAR  FIG. 5 is a perspective view showing the principal part of another example
      of this invention. A coordinate position indicating plate 11 is composed
      of column electrodes C11, C12, ... and line electrodes L11, L12, ...
      disposed to intersect each other at right angles; an element 12 whose
      resistance varies with light, heat, magnetic field, etc. and which is
      disposed in the form of an intermediate layer between the column and line
      electrodes at least at each intersecting point thereof; and insulating
      layers 13 and 14 disposed on the top and bottom surfaces of the above
      assembly. A pen 15 is a light pen, a heat pen or a magnetic pen. For
      example, in the case of the light pen, it is constructed to incorporate
      therein a light source or an optical fiber 16, as shown, to emit light
      from the tip of the pen. In the case of using such a light pen, the
      insulating layer 13 is formed of a transparent insulating material and the
      element 12 is formed of a photoconductor.
PAR  The photoconductive element 12 is formed of ZnO or ZnS in the region of
      ultraviolet rays (300 to 400 m.mu.); ZnSe, CdS or CdSe in the region of
      visible rays (400 to 750m.mu.); and PbS, PbSe, PbTe, InSe or Ge in the
      region of infrared rays (750 to 6000m.mu.).
PAR  Where the coordinate position indicating plate 11 is mounted on a matrix
      display device 10 of the same construction as that employed in the
      foregoing example, the insulating layers 13 and 14 are are required to be
      transparent. Where the coordinate position indicating, plate 11 is placed
      separately of the matrix display device 10, the insulating layer 14 need
      not be transparent. Further, in the case of employing the heat or magnetic
      pen, if the positions of the electrode intersecting points are indicated,
      the insulating layers 13 and 14 may be opaque. The upper insulating layer
      13 is provided for protecting the electrodes and may be dispensed with in
      some cases.
PAR  FIG. 6 shows in section the principal part of the intersecting point of the
      column electrode C1i (i=1, 2, ...) and the line electrode L1j (j=1, 2,
      ...). The intermediate element 12 is shown to be provided throughtout the
      coordinate position indicating plate but it may also be provided only at
      the intersecting points as referred to above. Further, it is also possible
      to obtain a similar coordinate position indicating plate by employing
      other light responsive elements, for example, photo diodes, as the column
      and line electrodes, that is, connecting them in a matrix form.
PAR  The matrix display device 10 may be a plasma display panel, in which
      electrodes X1, X2, ... and electrodes Y1, Y2, ... covered with dielectric
      layers are disposed to intersect each other at right angles in contact
      with a discharge gas space and discharge cells are formed at the
      intersecting points of the electrodes, as described previously.
PAR  The corrdinate position indicating plate 11 and the matrix display device
      10 are interconnected with each other by the circuit shown in FIG. 3, as
      is the case with the foregoing example, and writing or erasing is effected
      on the matrix display device 10 at the position corresponding to the
      coordinate position addressed by the pen 15. Such an operation is the same
      as described previously with regard to FIGS. 3 and 4.
PAR  In the case of using a heat pen in place of the light pen, the element 12
      is formed of a heat-sensitive resistor, for example, an Mn-Ni-Co oxide.
PAR  Further, in the case of employing a magnetic pen, the element 12 is formed
      with a Hall effect element, a lead switch or a magnetic resistance element
      and a coil is wound around the indicating plate to produce a magnetic
      field at all times so that the aforesaid element may have a predetermined
      resistance value at each electrode intersecting point. Under such
      conditions, if desired coordinates are addressed with the magnetic pen
      adapted to generate a reverse magnetic field, the resistance of the
      element at the position of the addressed coordinates is lowered, by which
      a current can be flowed in the charge storage diode corresponding to the
      addressed coordinates. The coordinate position indicating plate can also
      be constructed by employing lead switches as other elements responding to
      the magnetic pen and connecting them in a matrix form.
PAR  As described above, in the above example, a desired electrode intersecting
      point is addressed with the light, heat or magnetic pen and a forward
      current is thereby caused to flow in the charge storage diode
      corresponding to the addressed electrode intersecting point and then a
      backward current flowing in the charge storage diode is utilized as
      information of the position of the addressed coordinate. This example does
      not necessitate direct contact of the pen with the electrodes, and hence
      is easy to handle. Further, the voltage applied to the electrodes is not a
      complicated pulse voltage, so that peripheral circuits can also be
      simplified in construction.
PAR  FIG. 7 is a diagram, for explaining another example of this invention.
      Reference character PDP indicates the plasma display panel also described
      previously in connection with the foregoing examples. Reference numeral 21
      designates a coordinate position indicating plate constructed to be used
      with a light pen; 22a and 22b identify flexible connecting leads; 23
      denotes a film having recorded thereon images 23a and 23b; 24 represents a
      light intercepting member having a slit 24a formed therein; and 25 shows a
      source of light. The plasma display panel PDP and the coordinate position
      indicating plate 21 are shown to be interconnected by the flexible
      connecting leads 22a and 22b but, in practice, they are connected with
      each other through such a circuit depicted in FIG. 3.
PAR  When the light intercepting member 24 is travelled in a direction of the
      arrow, light from the light source 25 scans the film 23 through the slit
      24a and light corresponding to the images 23a and 23b on the film 23 is
      projected onto the coordinate position indicating plate 21 to provide the
      same output as that obtained by addressing the coordinate position
      indicating plate 21 with a plurality of aligned light pens in accordance
      with the brightness of the images 23a and 23b, by which writing in the
      plasma display panel PDP iis achieved. FIG. 7 shows the state in which the
      images have been scanned by light through the slit 24a to the half of the
      image 23b and hence written in the plasma display panel PDP
      correspondingly.
PAR  The light scanning may be achieved by fixing the light source 25 and using
      the light passing through the slit 24a as in the above example but may
      also be performed by disposing the light source 25 in a casing having
      formed therein the slit 24a and travelling the casing in the direction of
      the arrow. In such a case of employing the slit 24a, parallel writing in
      the plasma display panel is effected and, on the other hand, it is also
      possible to scan the film 23 by using a light beam; in which case,
      sequential writing results. Further, if the transistors Q5, Q8 and Q6 and
      Q7 in FIG. 3 are not used in common with the electrodes but connected for
      individual lines so that the coordinate position indicating plate 21 may
      be read by electrical scanning, the scanning of the film by light is not
      necessary and it is sufficient only to irradiate the entire area of the
      film at the same time.
PAR  When the film 23 is scanned by the light passing through the slit 24a as
      described above, a write voltage Vw corresponding thereto is applied to
      the electrode of the plasma display panel PDP to write therein the images
      23a and 23b. Accordingly, the images on the film 23 can be transferred as
      it is to the plasma display panel PDP and the plasma display panel PDP can
      also be disposed at a desired position within a range in which it can be
      connected with the coordinate position indicating plate 21.
PAR  FIG. 8 is a diagram, for explaining another example of this invention in
      connection with the case where a map of the stereographic projection is
      converted into a map of the Mercator method. A coordinate position
      indicating plate 31 has electrodes 32 and 33 corresponding to latitudes
      and longitudes of the earth, respectively, and intermediate elements as of
      a photoconductor, heat-sensitive resistor, pressure-sensitive resistor or
      the like are interposed between the electrodes 32 and 33 at their
      intersecting points, as described above with regard to the foregoing
      examples. A matrix display device 34 has a plurality of parallel
      electrodes 35 and a plurality of parallel electrodes 36 crossing them at
      right angles, which are connected with the electrodes 32 and 33 of the
      coordinate position indicating plate 31, respectively. For the sake of
      simplicity, the electrodes are shown to be directly interconnected but, in
      practice, they are connected with each other through such a circuit as
      depicted in FIG. 3.
PAR  By performing writing in the matrix display device 34 by drawing such an
      illustrated map with a pen such as a contact pen, a light pen or a heat
      pen selected in accordance with the construction of the coordinate
      position indicating plate 31 or by light scanning of a film having drawn
      thereon the map as in the example of FIG. 7, the map of the stereographic
      projection on the coordinate position indicating plate 31 is converted
      into a map of the Mercator method and displayed on the matrix display
      device 34, since the intersecting points of the electrodes 32 and 33
      curved in accordance with the latitudes and the longitudes correspond to
      the intersecting points of the straight-line electrodes 35 and 36 of the
      plasma display device 34 respectively.
PAR  FIG. 9 is a schematic diagram, for explaining another example of this
      invention as applied to the case of displaying the circular coordinate
      system in the form of the orthogonal coordinate system. Electrodes of a
      coordinate position indicating plate 41 are radial and electrodes 43 are
      concentric and intermediate elements having characteristics corresponding
      to the light, heat, pressure, magnetic or like pen are interposed between
      the electrodes 42 and 43 at their intersecting points in the same manner
      as described previously in the foregoing examples. A plasma display panel
      44, which is one example of the matrix display panel, has electrodes 45
      and 46 disposed to intersect each other at right angles as in the
      foregoing examples and the electrodes 42, 45 and the electrodes 43, 46 are
      connected in pairs. Also in this example, the coordinate position
      indicating plate 41 and the plasma display panel 44 are interconnected so
      that a write voltage may be applied to the latter by a signal from the
      former. In FIG. 9, the circuit therefor is not shown for the sake of
      brevity.
PAR  In the case of a figure such that the electrodes 42 and 43 of the
      coordinate position indicating plate 41 marked with circles are conducted,
      signals are written in the plasma display panel 44 at the positions marked
      with circles to provide a display, in which the position in the radial
      direction corresponds to the ordinate and the position in the
      circumferential direction corresponds to the abscissa. In this manner, the
      figure is converted. Accordingly, this invention can be applied to the
      case where a radar image indicating a target in the form of a bright spot
      is displayed in the orthogonal coordinate system of the plasma display
      panel.
PAR  In the foregoing examples, the relations of the electrode arrangements and
      structures of the coordinate position indicating plate and the plasma
      display panel may be reversed. In such a case, for example, in the example
      of FIG. 8, the map of the Mercator method can be cconverted into that of
      the stereographic projection. Further, the pattern of the electrode
      arrangements need not be limited specifically to those in the foregoing
      examples but may be selected as desired in accordance with the mode of
      conversion. Since the coordinate position indicating plate is simple in
      construction, it need not always be planar but may be curved as desired.
PAR  FIG. 10 is a schematic diagram, for explaining another example of this
      invention as applied to the case of displaying a figure on a reduced
      scale. A coordinate position indicating plate 51 is composed of electrodes
      52 and 53 disposed to intersect each other at right angles and
      intermediate layers disposed between the electrodes at their intersecting
      points in the same manner as in the foregoing examples. The intermediate
      layers are insulating layers or pressure-sensitive resistance layers in
      the case of using a contact pen, photoconductive layers in the case of a
      light, heat sensitive resistance layers in the case of a heat pen, or
      magnetic layers in the case of a magnetic pen. On the other hand, in a
      matrix display device, for example, in a plasma display panel 54, the
      pitch of electrodes 55 and 56 intersecting each other at right angles is
      smaller than that of the electrodes 52 and 53 of the coordinate position
      indicating plate 51. Accordingly, by connecting the electrodes 52 and 56
      to each other and those 53 and 55 to each other in pairs respectively, a
      hatched triangular figure on the coordinate position indicating plate 51
      is displayed on a reduced scale on the plasma display panel 54 as
      indicated by circles. Also in the present example, for the sake of
      brevity, the coordinate position indicating plate 51 and the plasma
      display panel 54, which should be interconnected through such a circuit as
      illustrated in FIG. 3, are shown to be directly connected to each other.
PAR  FIG. 11 is a schematic diagram, for explaining still another example of
      this invention as applied to the case of displaying a figure on an
      enlarged scale. The pitch of electrodes 62 and 63 of a coordinate position
      indicating plate 61 is smaller than that of electrodes 65 and 66 of a
      plasma display panel 64, so that when signals corresponding to a
      rectangular figure hatched on the coordinate position indicating plate 61
      are applied to the plasma display panel 64, the figure is displayed by
      discharge spots of the plasma display panel marked with circles on a
      proportionally enlarged scale. The writing in the plasma display panel 64
      can be effected by the same means as in the foregoing examples. Further,
      the pitch of the electrodes of the plasma display panel 64 is large, so
      that it is preferred for providing a clear display to assemble a plurality
      of electrodes into one set or employ wide electrodes.
PAR  The foregoing examples of FIGS. 8 to 11 are advantageous in that an input
      figure can easily be displayed in a converted coordinate system or on an
      enlarged or reduced scale.
PAR  It will be apparent that many modifications and variations may be effected
      without departing from the scope of the novel concepts of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coordinate position information output apparatus comprising:
PA1  a. a coordinate position indicating plate having a plurality of row
      electrodes and a plurality of column electrodes intersectingly disposed
      thereon defining intersection points, and an impedance element located at
      each intersection point of said electrodes;
PA1  b. an external address means for addressing selected intersection points
      and thereby reducing the impedance and establishing a current path between
      corresponding electrodes;
PA1  c. a plurality of unidirectional conducting elements each having a
      relatively long charge storage time and respectively connected to a
      corresponding one of row and column electrodes to provide a unidirectional
      current conducting path to each of said intersecting points;
PA1  d. a first circuit means for applying a forward voltage to said
      unidirectional conducting elements causing charge to be stored and a
      forward current to flow in said unidirectional conducting elements
      corresponding to addressed intersecting points of said plate;
PA1  e. second circuit means for applying a reverse voltage to said
      unidirectional conducting elements substantially immediately after the
      termination of said forward voltage, causing reverse current to flow in
      said undirectional conducting elements connected to said electrodes
      corresponding to addressed intersecting points; and
PA1  f. a matrix display device including a plurality of input conductors each
      corresponding to a respective one of said row and column electrodes, each
      of said input conductors being connected to respective ones of said
      unidirectional conducting elements;
PA1  whereby coordinate display information is supplied to said matrix display
      device by said input conductors as said reverse current flows in said
      unidirectional conducting elements in proportion to the charge stored
      therein.
NUM  2.
PAR  2. A coordinate position information apparatus as in claim 1 wherein said
      second circuit means applies a reverse voltage of +Vw/2 to said
      unidirectional conducting elements corresponding to said plurality of row
      electrodes, and a reverse voltage of -Vw/2 to said unidirectional
      conducting elements corresponding to said plurality of column electrodes,
      wherein Vw is the write voltage for the matrix display device.
NUM  3.
PAR  3. A coordinate information output apparatus as in claim 1 wherein said
      matrix display device includes a plurality of display electrodes
      respectively connected to said plurality of input conductors, said display
      electrodes disposed within said matrix display device to provide current
      paths for said reverse current from respective ones of said unidirectional
      conducting elements.
NUM  4.
PAR  4. A coordinate position information output apparatus as in claim 1 further
      comprising timing signal means controlling said first and second circuits
      for alternately and periodically applying said forward voltages and said
      reverse voltages respectively to said unidirectional conducting elements.
NUM  5.
PAR  5. A coordinate position information output apparatus as in claim 3 wherein
      the angles of intersection between the plurality of row electrodes and the
      plurality of column electrodes disposed on said coordinate position
      indicating plate are different than the angles of intersection between
      corresponding electrodes and said matrix display device.
NUM  6.
PAR  6. A coordinate position information output apparatus as in claim 3 wherein
      said plurality of row electrodes and said plurality of column electrodes
      have a non-linear relationship to said corresponding plurality of
      electrodes in said matrix display device.
NUM  7.
PAR  7. A coordinate position information output apparatus according to claim 1
      wherein said coordinate position indicating plate is curved.
NUM  8.
PAR  8. A coordinate position information output apparatus comprising: a
      coordinate position indicating plate with a first surface, a plurality of
      row electrodes and a plurality of column electrodes disposed on said first
      surface forming electrode intersecting points and defining address points,
      impedance element means establishing electrical resistance between said
      plurality of row electrodes and said plurality of column electrodes at
      said intersecting points;
PA1  an external addressing means for lowering the resistance between said row
      electrodes and said column electrodes corresponding to selected address
      points;
PA1  a first circuit means including a plurality of charge storage diodes, each
      of which is connected to a corresponding one of said row and column
      electrodes, said first circuit means applying a forward voltage to said
      charge storage diodes, said charge storage diodes being connected to said
      electrodes so as to maintain a forward current flow through said
      corresponding charge storage diodes when said corresponding address point
      is addressed by said external address means and said forward voltage is
      applied;
PA1  second circuit means connected to said charge storage diodes and applying a
      reverse voltage thereto at the termination of said forward voltage causing
      said charge storage diodes which were maintaining a forward current flow
      to momentarily maintain a reverse current flow;
PA1  a matrix display panel having a first set of electrodes which correspond to
      said plurality of row electrodes, a second set of electrodes which
      correspond to said plurality of column electrodes, wherein said first set
      of electrodes form intersections with said second set of electrodes and
      are separated by a display medium, said intersections defining display
      points on said matrix display panel, each electrode of said first and
      second sets of electrodes being connected to a respective one of said
      charge storage diodes whereby said reverse current flows in said
      corresponding electrodes of said first and second sets of electrodes,
      thereby activating said display medium in said matrix display panel
      corresponding to said address points.
NUM  9.
PAR  9. A coordinate position information output apparatus as in claim 8,
      wherein said matrix display panel is a plasma display panel and said
      display medium is a discharge gas.
NUM  10.
PAR  10. A coordinate position information output apparatus as in claim 8,
      wherein said external address means is a conducting element which, when
      applied to a selected one of said address points, causes a corresponding
      one of said row electrodes and a corresponding one of said column
      electrodes to be short circuited.
NUM  11.
PAR  11. A coordinate position information output apparatus according to claim
      8, wherein said impedance element is pressure-sensitive and is
      characterized by a decrease in resistance with an increase in pressure,
      and said external addressing means is a device for applying pressure to
      selected ones of said address points, thereby causing forward current to
      flow between corresponding ones of said row electrodes and said column
      electrodes.
NUM  12.
PAR  12. A coordinate position information output apparatus according to claim
      8, wherein said impedance element is a photo conductor, and said external
      addressing means is a light source for addressing selected ones of said
      address points, thereby causing forward current to flow between
      corresponding ones of said plurality of row electrodes and said plurality
      of column electrodes.
NUM  13.
PAR  13. A coordinate position information output apparatus according to claim
      8, further comprising leakage preventing means connected between said
      charge storage diodes and said plurality of row electrodes and said
      plurality of column electrodes allowing forward current to flow
      therethrough when a corresponding address point is addressed and
      preventing said reverse current from flowing therethrough.
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ABST
PAL  Maximizing the printing rate of an electronic printer by causing it to
      print data characters at a relatively constant rate despite variations in
      the pattern of the incoming data. The number of characters in an incoming
      data pattern to be printed substantially simultaneously is monitored and
      the printing rate controlled within certain limits to provide a maximum
      printing rate consistent with the power and mechanical limits of the
      printer design.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electronic data processing and more
      particularly to methods and means for maximizing the rate of printing by
      electronic printers by varying the printing rate as a function of the
      print density of data being received from a remote source.
PAR  Printing systems exist today that have the capability of responding to data
      from a source at the normal printing speed of the printer. Oftentimes
      because of electronic and mechanical limitations associated with the
      printing process, these printing systems are designed to operate well
      within the worst case situation. Such arrangements do not distinguish
      between variations of the print density of data being received from the
      source. It would be desirable if the printing function could be carried
      out substantially always at the maximum printing rate consistent with the
      power and mechanical limits associated with the printer design.
PAR  A particular application for such a system exists in the case of the line
      printer wherein a full line of input data characters are stored in memory
      then processed sequentially before a plurality of such stored input data
      characters are printed along a line on a record medium. In such an
      arrangement it would be desirable to control the number of characters
      printed simultaneously during any one alignment of print characters, which
      do the printing, along a line on a record medium. It is also desirable to
      limit the maximum rate at which the print characters are caused to effect
      printing over a period of time corresponding to a plurality of such
      alignments.
PAR  One prior art approach detects a droop in the power supply voltage and
      inhibits line feed for a predetermined duration. Using the droop in a
      power supply is not a sufficiently precise method for effecting close
      control. Also it is desirable to delay printing to varying degrees
      depending on the degree of variations in print rate.
PAR  Protection also is provided against an excessive average print rate by
      inhibiting line feed for a predetermined time after the line is printed.
      However, for certain data this approach would result in excessive delay
      and therefore provide less than the maximum tolerable print rate.
PAR  Accordingly, one object of the invention is to provide an improved
      apparatus for controlling the printing of a printing system so that it
      operates at a maximum rate within the power and mechanical limitations of
      the system design.
PAR  Another object of this invention is to provide a method and apparatus for
      maximizing the printing speed of an electronic printer despite variations
      in the patterns of incoming data.
PAR  Another object of this invention is to suspend printing of input data
      character signals whenever the number of such signals available for
      printing exceed a predetermined number during any single alignment of
      print characters along a line on a record medium.
PAR  Another object of this invention is to provide a method and apparatus for
      suspending printing of input data character signals whenever the number of
      such signals available for printing exceeds a predetermined average rate.
PAR  Another object of this invention is to protect a printer from overstress
      due to an excessive number of columns of symbols or characters being
      printed substantially simultaneously, while preventing loss of data due to
      the protecting scheme.
PAR  Another object of this invention is to protect a printer from overstress
      due to an excessive print rate, while insuring that printing take place
      substantially at no less than an acceptable maximum average rate, even
      though the data pattern has considerable variation.
PAR  Another object of this invention is to provide an improved data printing
      method and arrangement for a printer having design limitations.
PAR  In accordance with one embodiment of the invention, an arrangement is
      provided wherein a plurality of recording characters are adapted for
      effective serial movement across each line in succession on a record
      medium containing column locations and a plurality of such characters are
      available for substantially simultaneous recording along each line. To
      control recording, means are provided for sensing the number of such
      characters to be substantially simultaneously recorded during each
      columnar alignment of said characters to provide a control signal when
      said number reaches a limit N, where N represents less than the maximum
      number of aligned characters which could be printed during such alignment,
      and means responsive to said control signal to limit recording of
      characters within each such alignment to a number which is a function of
      the value of N.
PAR  Further recording control is provided by means which sense the number of
      such characters to be recorded during a given plurality of columnar
      alignments of said characters to provide a control signal when said number
      reaches a limit M, where M represents less than the maximum number of
      aligned characters which could be recorded during such given plurality of
      columnar alignments, and means responsive to said control signal to limit
      recording of characters within such given plurality of alignments to a
      number which is a function of the value of M. In a particular embodiment,
      said given plurality of alignments corresponds to a given plurality of
      lines, and the means responsive to said control signal limits recording of
      characters beyond the completion of the character recording on the line
      associated with the providing of said control signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention believed to be novel are set forth
      with particularity in the appended claims. The function itself however
      both as to organization and method of operation together with further
      objects and advantages thereof may best be understood by reference to the
      following description taken in conjunction with the accompanying drawings
      in which:
PAR  FIG. 1 shows in block diagram form certain general considerations involved
      in line printers wherein the invention would be applicable.
PAR  FIG. 2 illustrates in detail block diagram form features of the present
      invention particularly in their application to a line printer.
PAR  FIG. 3 illustrates certain block diagrams useful in explaining the
      operation of the present invention.
PAR  FIG. 4 illustrates in block diagram form one embodiment of a reversible
      counter which is well known in the art.
PAR  FIG. 5 illustrates graphically the manner in which the present invention
      operates to produce the desired results.
DETD
PAC  DESCRIPTION OF TYPICAL EMBODIMENTS
PAR  Referring to FIG. 1 there is shown a generalized block diagram of one
      embodiment of the invention as applied to a line printer. In such a
      printer the input data characters received from a source not shown are
      stored in a memory or other storage device. Generally this involves
      storing a line of input data characters at a time. The data received from
      the source is stored in memory in the sequence in which it is to be
      printed along a line on a record medium by means such as impact printing
      through an inked ribbon onto paper. The printing mechanism itself
      generally involves providing relative movement between print characters or
      type and the record medium. This could involve type carried by a drum or
      disk, belt, etc. For purposes of this description, it shall be assumed
      that the printing is accomplished by flexible fingers carried by an
      endless belt wherein the printing type is located at one extremity of the
      finger. As the belt with fingers moves across a line on a record medium,
      hammers located along the line of printing are energized to selectively
      strike and drive the type bearing fingers to impact the paper through an
      inked ribbon. For further details of this type of type belt arrangement
      reference can be made to the U.S. Pat. No. 3,803,558 issued to Clifford M.
      Jones and Earle B. McDowell on Apr. 9, 1974 and assigned to a common
      assignee. In order to accomplish printing of type characters at the
      desired column locations where a moving belt of type is involved, certain
      data needs to be processed. In the particular embodiment selected for
      explaining the invention, this involves comparing the input data
      characters stored in memory, the column at which the characters are to be
      printed and the instantaneous location of the moving belt and type
      fingers.
PAR  In FIG. 1 a comparator 1 responds to input data characters available over
      lead 2 from a memory source not shown and the column information
      associated with each input data character available on 2 as well as the
      column location of the individual type fingers on the rotating belt all
      available on lead 3. In the particular embodiment mentioned in the
      aforesaid patent the comparator performs the comparison F +  C -  N =  K
      where F is the number representing or associated with the instantaneous
      location of a particular type finger, N is a number representing the input
      data character being considered and C is the number representing the
      column location at which such input data character is to be printed and
      where K is a number determined by the number of sets of print characters
      or type fonts involved in the comparison process. Thus, for example, if
      the comparison involved only a single set, K would be zero. If two sets,
      then K would be the value of the number of characters in the set. If three
      sets, then K would be twice the value of the number of characters in the
      set. The comparison is satisfied when a logic signal is produced
      indicating that the type finger at the given column location along a line
      on the record medium corresponds to the input data character desired to be
      printed at that location. For each alignment of type characters with
      columns along a line on the record medium the comparator performs the
      aforesaid comparison for all of the input data characters stored in memory
      and produces an equal comparison signal on lead 4 for each character in
      memory for which a corresponding print character is located at the column
      location where such data character is to be printed. For purposes of
      discussion the equal compare signals available on 4 occur serially in the
      order in which the comparisons are carried out by comparator 1. The
      inhibit compare control block 5 is normally open and passes the equal
      compare signals available on lead 4 over lead 6 to a plurality of
      circuits. One such output is applied to the hammer drive circuit 7. Hammer
      drive circuit 7 comprises well known circuits which respond to equal
      compare signals to gate a drive signal available on 13 from source 13A to
      the hammer associated with the column selection signal available on 8 from
      source 8A. The hammer drive circuit thus drives selected print characters
      carried by the belt into the record medium at an appropriate time. In the
      particular embodiment described the hammer drive circuits receive column
      selection signals over lead 8 and equal compare signals on lead 6. As the
      columns are successively scanned each equal compare signal developed at
      that time preconditions a respective hammer located at the corresponding
      column position. At the end of the compare cycle a drive signal over lead
      13 from 13A causes only all of those hammers preconditioned to be operated
      to simultaneously print characters at the selected column locations. The
      equal comparison signal is also applied to the erase memory block 9 to
      erase from storage the signal representing the character printed in order
      to enable subsequent characters representing signals to be stored for
      processing. Thus far we have provided a brief description of an existing
      line printer arrangement. Under the circumstances thus described, printing
      by the hammer drive circuit 7 would continue at a predetermined rate.
      Where there are power and mechanical limitations associated with a
      particular printing system design, the printing rate is oftentimes
      selected to be a rate to accommodate the worst case condition. This worst
      case condition could occur infrequently, depending on the format or
      pattern of input data characters to be printed. Under these circumstances,
      printing would be taking place at a lower rate than a desired maximum
      rate. Rather than accommodate this worst case condition, it would be
      desirable to protect the machine by limiting the maximum number of input
      data characters to be printed during one alignment of print characters
      with respect to column location to a number consistent with the mechanical
      and electrical design limitations of the machine. It would also be
      desirable to limit the maximum rate at which the print characters are
      caused to effect printing over a period of time corresponding to a
      plurality of alignments. In one embodiment, the plurality of alignments
      corresponded to several lines of print data. Referring to FIG. 1 there is
      provided a counter 10 which is identified as a hammer hit counter N.
      Counter 10 is an up counter which responds to successive equal compare
      signals availabe on lead 6 for counting up to a predetermined number N. If
      the counter counts up to N during a single alignment of print characters
      it provides an inhibit signal on lead 12 for application to the inhibit
      compare control block 5. This signal blocks further equal compare signals
      from being applied from comparator 1 to the hammer hit counter 10. It also
      prevents equal compare signals from being applied to the hammer drive
      circuits to effect printing and the erase memory 9 and the other block 11
      whose functioning will be described shortly. At the beginning of each
      alignment of print characters, counter 10 is restored by an alignment
      change reset signal T2. Average hit counter 11 responds to equal compare
      signals available over lead 6 for counting up. If counter 11 produces a
      count of M counted pulses for a period established by the periodic reset
      time T1, it produces an inhibit signal on lead 12 for application to
      control block 5. The inhibit signal on lead 12 blocks the application of
      equal compare signals from being applied to the counter 11. It also
      prevents the application of such signals to counter 10, the erase memory 9
      and the hammer driver circuit 7, Thus no further printing takes place by
      the hammer driver circuit until the reset signal T1 is applied. In one
      particular embodiment, counter 10 counts to 30 hammers per column change
      whereas counter 11 counts to 125 hammers in each 250 milliseconds. Thus
      the T2 pulses occur every 1 millisecond whereas the T1 pulses occur over a
      range of 100 to 1000 milliseconds.
PAR  Generally speaking therefore we have described a means responsive to a
      plural integral number of equal comparisons for each different alignment
      of print characters along a line on a print medium for providing a first
      control signal with means responsive to this first control signal for
      suspending printing in response to further comparison of data column
      information and print character position. Also means are provided that
      respond to a plural integral number of equal comparisons for a given
      plurality of such different alignments occurring in succession for
      providing a second control signal with means responsive to the second
      control signal for suspending printing of input data character signals.
PAR  Thus far we have described a protective system for a printer wherein
      detection of an approaching overload condition during an alignment of the
      print characters with respect to the columns along a line of print on a
      record medium is utilized to limit or suspend printing during such
      alignment. The overload condition is defined by an excessive number of
      columns of symbols being printed substantially simultaneously. Also
      detection of a second form of an approaching overload condition due to an
      excessive printing rate is utilized to limit or suspend printing when the
      detection is made.
PAR  It is desirable under certain circumstances to suspend or limit printing in
      response to sensing of said second form of overload condition only after
      the line in which the detection occurs has been printed. This latter
      approach may be more compatible with line printers wherein data is entered
      and stored in memory, a line at a time. This could result because of
      limited buffer storage within the data source. The latter approach also
      results in greater smoothness of operation, since suspension of printing
      occurs at the end of the line and the time to print any one line remains
      relatively constant. The following discussion is concerned with an
      embodiment directed to sensing this second form of overload condition and
      limiting or suspending printing at the end of a line of print.
PAR  Referring to FIG. 2 there is shown a detailed block diagram of the further
      application of the present invention to a line printer of the type
      employing a belt arrangement as set forth in the aforementioned patent to
      Clifford M. Jones et al. Data available from source 20 is applied to the
      circulating shift memory or signal storage register 21. The source may
      comprise a recorded tape, a computer, a telephone line or any other source
      of digital data. Generally speaking the printers operate in a particular
      code format. A popular code is the ASCII code which is an eight level code
      of which 7 bits are data and the 8 bit is parity. The data is applied in
      bit parallel, character serial form over lead 22 to the memory 21. In this
      arrangement it is conventional for the data source 20 to provide a strobe
      signal on lead 23 also for application to the memory 21. The strobe signal
      available on 23 applied to memory 21 shifts the memory register, and
      applied to column counter 24 increments the column counter 24 by one.
      After a line of data from source 20 has been entered into memory 21 under
      control of the strobe signal 23, the recirculation of this data in the
      memory is under the control of signals available from a clock. As the data
      circulates in memory during the printing sequence to be described, and
      following the load sequence just explained, column counter 24 under
      control of clock signals provides column information for the particular
      data character appearing at the memory output gate 25 in the recirculation
      loop comprising leads 26A and B. Whatever data character appears on lead
      26A, its column location is defined by a signal available on lead 27 at
      the output of column counter 24. It should be noted that with the absence
      of an equal compare signal on 35A, whatever character appears on lead 26A
      passes through gate 25 and appears on line 26B. The functioning of gate 25
      will be described shortly.
PAR  For purposes of describing the comparator, use will be made of the symbols
      F, C and N which have previously been identified. The source of F signals
      in one particular embodiment was a belt with a photoelectric finger
      detector which detected the passage of individual type or print character
      fingers past a photoelectric cell detector. The output of detector 28 when
      processed in finger pulse generator 29 produces individual impulses
      constituting the passage of individual fingers past a reference point
      located with respect to the moving belt. The application of the finger
      pulses to finger counter 30 results in an up count. The up count on lead
      31 identifies the particular alignment of the type fingers carried by the
      belt. The F and C signals available on leads 31 and 27 are applied to
      adder 32 where they are combined before application as a sum signal to the
      comparator 33. Comparator 33 also receives the input data character signal
      available on lead 26A. Comparator 33 operates to process the F, C and N
      signals in accordance with the algorithm F + C - N = K as previously
      mentioned. Whenever an equal comparison result obtains, an equal
      comparison signal appears on lead 34. This equal comparison signal is
      applied through inhibit gate 35 to the reversible counter 36, the hammer
      drive circuit 37, the up counter 38 and the erase gate 25. As previously
      mentioned, the hammer drive circuit 37 responds to the equal comparison
      signal available from gate 35 and the column count signal available from
      counter 24. For each column count signal the hammer located at that
      particular column position is preconditioned to operate in response to
      drive signals available from source 60 if there also appears an equal
      compare signal at the output of gate 35. Thus during one alignment of the
      print characters one or more of the hammers are preconditioned during the
      compare cycle for firing during the drive cycle. During the drive cycle
      all of the hammers that were preconditioned are operated to cause
      simultaneous printing of the type characters located at the column
      locations associated with the characters to be printed. Since the output
      of gate 35 is applied to gate 25 anything that is to be printed by the
      hammer drive circuit 37 during the drive cycle is erased from memory 21.
      When all characters in memory have been erased, the null detector 39
      responsive to the void in memory 21 produces a memory empty signal for
      application through inhibit gate 40 to turn on the data source 20 and
      cause the next line of data characters to be introduced into memory under
      the control of the associated strobe signals. It should be noted that the
      data source 20 had previously been turned off in response to the column
      counter 24 producing an output on lead 42 indicating that the memory has
      been filled. In a particular embodiment, the memory was designed to hold
      132 characters.
PAR  Equal compare signals available on lead 35A are counted by up counter 38.
      This counter provides a control signal on line 38A when its count reaches
      the maximum number of printed characters allowed during a single
      alignment. Control signals on line 38A are applied to the inhibit gate 35
      to suppress the further application of equal comparison signals during the
      given alignment. In the particular embodiment the up counter was set to
      provide an inhibit signal on the count of 30 equal compare signals during
      one alignment to limit to 30 hammer operations during one alignment.
      Regardless of the count stored in the up counter 38, periodically at the
      end of each alignment period an F signal is received indicating that the
      up counter is to be reset for the next alignment.
PAR  Equal compare signals available on lead 35A are also counted by the
      reversible counter 36. This counter sees a first set of signals on its up
      lead to cause the reversible counter to count in an up direction. It also
      receives signals at its down input lead to cause the reversible count to
      count in a down direction. With the switch 46 in the position indicated,
      signals are available at the down input leads of counter 36 over lead 43A
      from character reference signal source 43. Signal source 43 produces
      periodic pulses at a rate corresponding to a desired printing rate such
      as, for example, 240 characters per second. This represents approximately
      120 lines per minute which in a particular embodiment also corresponds to
      the maximum printing rate consistent with the power and mechanical
      limitations of the design. When the signal available from leads 43A and
      35A occur at the same rate, there is no change in the count stored in the
      reversible counter 36. Whenever the rate of equal comparison signals
      exceeds the character reference rate, the reversible counter counts up.
      When the reversible counter 36 counts up to a predetermined number, it
      produces an output signal on lead 36A which indicates that more than the
      tolerable number of hammer operations have occurred for a given plurality
      of different alignments of the print characters on the belt. Under these
      circumstances, signals on 36A are applied to inhibit gate 40 to inhibit or
      block the turn on signals which would normally be delivered to lead 41
      from the null detector 39. Under these circumstances, therefore, no
      further data is supplied from source 20 to the data processing system for
      printing consideration. With the suppression of data from source 20, the
      production of equal comparison signals on lead 35A ends when the remaining
      data characters in memory 21 have been processed in comparator 33 and
      printed by application over lead 35A to the hammer drive circuit 37. It
      should be noted that the reversible counter 36 continues to respond to the
      equal comparison signals available on lead 35A because it has been
      provided with sufficient capacity to count beyond the value at which an
      inhibit signal is generated at its output lead 36A. In a particular
      embodiment the reversible counter was designed to have a full count of
      1023 pulses but its inhibit signal was set to occur at 896 counts which
      provides a margin of the order of 14% overshoot for the balance of a print
      line associated with the generation of the inhibit signal on lead 36A.
      When counter 36 overflows it yields a logic level 1 signal in 36A. The
      inverter in 40 converts this to a logic 0 blocking the AND gate so that a
      turn on signal is not available on lead 41 even though a memory empty
      signal exists on 39A. When counter 36 is counted below an overflow, then
      AND gate in 40 responds to this and a memory empty signal from 39 to
      produce a turn on signal on 41. Thus after all of the characters from
      memory 21 have been processed and printed, the reversible counter begins
      to count down in response to the character reference rate signals
      available on 43A. This countdown occurs until the reversible counter has
      been counted below the preset level which previously was described as
      constituting 896 counts. Thereupon the turn on signal on 41 produced by
      the memory empty signal on 39A is removed from 36A, enabling inhibit gate
      40 to signal the data source 20 to transfer the next line of characters to
      memory 21 by the turn on signal developed on lead 41.
PAR  Reference can now be made to FIG. 3 which illustrates graphically some of
      the timing periods involved in the operation of the present invention. For
      example, for a set of type or print characters or font of 96 characters, a
      finger pulse signal is generated for each print character past detector 28
      as set forth in graph A. During the start of successive finger signals a
      drive period, a commutation period and a compare period are established
      wherein the drive period B represents the period when the preconditioned
      hammers are energized to simultaneously print the appropriate characters
      during a particular alignment of the print fingers. The period represented
      by graph C indicates time between finger intervals when the hammer
      circuits are restored to their rest condition. During compare period D,
      the finger, data and column information are processed to generate equal
      compare signals.
PAR  FIG. 4 illustrates in block diagram form one embodiment of a reversible
      counter which is well known in the art. In this counter the successive
      binary stages are identified by blocks X1 through X10. In this arrangement
      after a net up count of 895, an output signal is delivered on lead 50.
      This will occur when the last three stages of the counter are set. This
      condition is noted by having the AND gate 51 respond to the terminals
      identifying the states of stages X8, X9 and X10 on leads 52A, B and C
      respectively. In addition, any count in excess of 895 will produce the
      same output on leads 52A, B and C. This same output detected by AND gate
      51 produces an inhibit signal on the lead 36A. In a practical application
      the maximum count of 1023 is sufficiently in excess of the counts to be
      accommodated between the time inhibiting action starts and the memory is
      cleared of data.
PAR  The manner in which the present invention operates to produce the desired
      results can be gleaned by reference to FIG. 5 wherein the reversible
      counter is plotted with respect to time over several successive alignments
      of the print characters with the column locations on the record medium.
      The graph is intended to indicate a typical operating situation. For
      purposes of discussion it is assumed that the printer has been idle and
      the counter is at zero count. During the portions of the graph labeled P
      the printer is printing in response to equal comparison signals being
      generated and the counter is counting upward since the rate of equal
      comparison signal occurrences is exceeding the character reference rate.
      During the portion of the graph labeled NP no printing occurs as for
      example in response to a line feed, or paper handling, or space codes or
      other control functions not involving printing are taking place. During
      this period of time since no equal comparison signals are being generated,
      the counter begins to count down in response to the continuing occurrence
      of character reference signals. This upward trend in the count rate of the
      counter is shown to continue until the count exceeds a threshold level
      entitled inhibit next line threshold. At this point the inhibit gate 40
      produces a signal to block further data from being supplied from data
      source 20 to the character memory 21. Even though the data source has been
      turned off, data still is shown to remain in character memory and is
      processed for printing by producing equal comparison signals which drive
      the reversible counter further to point 61 until all equal compare signals
      corresponding to characters still remaining in memory have been processed.
      Thereafter since no data is being made available from data source, the
      reversible counter is counted down as shown until point 62 is reached on a
      curve at which time the inhibit signal at the output of reversible counter
      is removed enabling the memory empty signal available from 39 to turn on
      the data source 20. Since it takes some time for the data to be processed
      through the memory and comparator, etc., the graph shows that the
      reversible counter continues to count down until equal compare signals
      begin to appear on lead 35A at which time these equal compare signals
      cause the reversible counter to start counting up again. Having reached
      this stabilized condition, therefore, reversible counter is caused to
      count above and below the threshold line which represents maximum printing
      rate of the printer consistent with power and mechanical limitations
      imposed by the system design.
PAR  While the invention was described in terms of an arrangement involving a
      240 character per second reference rate, the invention can readily
      accommodate a different reference rate. By moving switch 46 to connect
      with 44 over lead 44A, a 480 character per second reference rate may be
      established.
PAR  Also while the reversible counter overflow signal has been shown as being
      employed to turn on data source 20 by operating switch 70 to its other
      position, the overflow signal is applied to gate 35 to block further
      delivery of equal compare signals to leads 35A. In some applications it
      may be desirable to arrest printing immediately.
PAR  Also while reference is made to the generation of a control signal (to
      limit recording or printing) in response to an operating characteristic
      such as the number of characters to be substantially simultaneously
      recorded during a given period, this is intended to include response to a
      characteristic relating to the actual recording or printing process under
      way. For example, the hammers actually being operated may be counted
      during the hammer drive cycle and a useful control signal generated before
      the hammers have completed their cycle of printing.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be evident to those
      skilled in the art that various changes in form and detail may be made
      without departing from the spirit and scope of the invention.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In an arrangement wherein a plurality of recording characters are
      adapted for effective serial movement across each line in succession on a
      record medium containing column locations ad a plurality of such
      characters are available for substantially simultaneous recording along
      each line in accordance with a pattern of data, means responsive to the
      number of such characters to be substantially simultaneously recorded
      during each columnar alignment of said characters to provide a control
      signal when said number reaches a limit N, where N represents less than
      the maximum number of aligned characters which could be printed during
      such alignment, and means responsive to said control signal for limiting
      recording of characters within each such alignment to a number which is a
      function of the value of N.
NUM  2.
PAR  2. An arrangement according to claim 1 further comprising means responsive
      to the number of such characters to be recorded during a given plurality
      of columnar alignments of said characters to provide a control signal when
      said number reaches a limit M, where M represents less than the maximum
      number of aligned characters which could be recorded during such given
      plurality of columnar alignments, and means responsive to said control
      signal for limiting recording of characters within such given plurality of
      alignments to a number which is a function of the value of M.
NUM  3.
PAR  3. An arrangement according to claim 2 wherein said given plurality of
      alignments corresponds to a given plurality of lines, and said means
      responsive to said control signal limits recording of characters beyond
      the completion of the character recording on the line associated with the
      providing of said control signal.
NUM  4.
PAR  4. An arrangement according to claim 1 wherein said means responsive to
      said control signal suspends recording of characters beyond the character
      associated with the providing of said control signal.
NUM  5.
PAR  5. An arrangement according to claim 1 comprising a counter, a source of
      first signals representing changes in columnar alignment of characters, a
      source of second signals representing individual characters to be
      recorded, said counter responsive to said second signals to produce a
      count indication corresponding to the number of characters to be recorded,
      means responsive to a count indication of N from said counter to provide
      said control signal, and means responsive to each of said first signals to
      reset said counter to an initial count.
NUM  6.
PAR  6. An arrangement according to claim 5 further comprising means for
      applying said second signals to said counter and said means responsive to
      said control signal blocking the application of said second signals to
      said counter for the balance of the period of the columnar alignment
      associated with the producing of said control signal.
NUM  7.
PAR  7. In an arrangement wherein a plurality of recording characters are
      adapted for effective serial movement across each line in succession on a
      record medium containing column locations and a plurality of such
      characters are available for substantially simultaneous recording along
      each line in accordance with a pattern of data, means for sensing the
      number of such characters to be recorded during a given plurality of
      columnar alignments of said characters to provide a control signal when
      said number reaches a limit M, where M represents less than the maximum
      number of aligned characters which could be recorded during such given
      plurality of columnar alignments, and means responsive to said control
      signal for limiting recording of characters within such given plurality of
      alignments to a number which is a function of the limit M.
NUM  8.
PAR  8. An arrangement according to claim 7 wherein said given plurality of
      alignments corresponds to a given plurality of lines, and said means
      responsive to said control signal limits recording of characters beyond
      the completion of the character recording on the line associated with the
      providing of said control signal.
NUM  9.
PAR  9. An arrangement according to claim 8 further comprising means for
      recording characters in response to transmitted data signals wherein each
      of said plurality of recording characters represent a given data signal,
      and means responsive to said control signal to interrupt transmission of
      such data signals beyond the transmission of all data signals associated
      with the line associated with the providing of the control signal.
NUM  10.
PAR  10. An arrangement according to claim 7 comprising a reversible counter, a
      source of first signals having a given reference rate, a source of second
      signals representing individual characters to be recorded, said counter
      responsive to said first signals to cause the counter to count in one
      direction at said reference rate and responsive to said second signals to
      cause the counter to count in the other direction an amount corresponding
      to the number of characters to be recorded, means responsive to the net
      count of the counting in the two directions reaching said limit of M for
      limiting recording of characters within such given plurality of alignments
      to a number which is a function of the value of M.
NUM  11.
PAR  11. An arrangement according to claim 10 further comprising means for
      recording characters in response to transmitted data signals and means
      responsive to said control signal to interrupt transmission of such data
      signals for a period of time until the counter counts to a given value in
      said one direction in response to said first signals.
NUM  12.
PAR  12. In an arrangement wherein a plurality of individual different printing
      characters are carried in sequence to succcessive indexed positions along
      a line to be printed on a record medium, such that a plurality of such
      characters are in alignment for substantially simultaneous printing at
      each of such positions in accordance with a pattern of data, means for
      sensing the number of such characters to be substantially simultaneously
      printed during each columnar alignment of said characters to provide a
      control signal when said number reaches a limit N, where N represents less
      than the maximum number of aligned characters which could be printed
      during such alignment, and means responsive to said control signal for
      limiting recording of characters within each such alignment to a number
      which is a function of the value of N.
NUM  13.
PAR  13. In an arrangement wherein a plurality of recording characters are
      adapted for effective serial movement across each line in succession on a
      record medium containing column locations and a plurality of such
      characters are available for substantially simultaneous recording along
      each line in accordance with a pattern of data signals available from a
      source, first means coupled to said source and said recording characters
      for generating first signals representing the characters to be recorded
      for each of a plurality of columnar alignments of said characters, means
      for analyzing said first signals to indicate the number of such characters
      to be recorded during such given plurality of columnar alignments of said
      characters to provide a control signal when said number reaches a limit M,
      where M represents less than the maximum number of aligned characters
      which could be recorded during such given plurality of columnar
      alignments, and means responsive to said control signal for limiting
      recording of characters within such given plurality of alignments to a
      number which is a function of the limit M.
NUM  14.
PAR  14. An arrangement according to claim 13 wherein said means for analyzing
      comprises a reversible counter, a source of second signals having a given
      reference rate, said counter responsive to said second signals to cause
      the counter to count in one direction at said reference rate and
      responsive to said first signals to cause the counter to count in the
      other direction an amount corresponding to the number of characters to be
      recorded, means responsive to the net count of the counting in the two
      directions reaching said limit of M for limiting recording of characters
      within such given plurality of alignments to a number which is a function
      of the value of M.
NUM  15.
PAR  15. An arrangement according to claim 14 further comprising means
      responsive to said control signal to interrupt the availability of such
      data signals for a period of time until the counter counts to a given
      value in said one direction in response to said second signals.
NUM  16.
PAR  16. An arrangement according to claim 15 further comprising means for
      analyzing said first signals to indicate the number of such characters to
      be recorded during each of said columnar alignments of said characters to
      provide a second control signal when said number reaches a limit N, where
      N represents less than the maximum number of aligned characters which
      could be printed during each such alignment, and means responsive to said
      second control signal for limiting recording of characters within each
      such alignment to a number which is a function of the value of N.
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ABST
PAL  A communications system for transmission of low density digital data from a
      plurality of transmitters to a common receiver. It is a burst-mode
      frequency shift keying (FSK) communication system useable with a master
      antenna television (MATV) system that minimizes mutual interference
      between outputs of a large number of transmitters individually located
      with TV sets. The transmitters are combined with converters for
      transmission of programs through the system to individual TV sets as
      controlled by the users, and with information such as TV channel in use,
      room number identification, and specialized information such as completion
      of maid service, fire, and burglary alarms transmitted back through the
      system. In one system the transmitters use a carrier frequency of
      12MH.sub.z, a frequency at the lower end of the passband of a coax system
      with FSK modulation at an equivalent switching rate of 20KH.sub.z and
      modulation index of 5 accepting a RF channel loading of up to 700
      simultaneous users.
BSUM
PAR  This invention relates in general to RF signal transmitting systems, and in
      particular, to a multi-transmitter to single receiver (or releatively few
      receivers) burst frequency shift keying (FSK) RF data communication
      system.
PAR  In achieving efficient communication of low density digital data in RF
      communication systems using transmission of data from many transmitters to
      a single receiver (or a few receivers in some installations) as could be
      used with a community antenna television system in transmitting data from
      a plurality of users to a central point, various problems are faced. A
      typical application for such a system is in a motel/hotel TV distribution
      system to automatically report the TV channel in use, room number
      identification, and specialized features such as completion of maid
      service, fire, and burglary alarms. In achieving acceptable, economically
      feasible, minimal system costs use, for example, of an existing coax TV
      distribution network system is suggested without requiring additional coax
      or wire communications. While the primary objective with a TV system
      equipped with such a system is the collection of charges for specialized
      TV coverage such as local professional football and first-run movies,
      other advantages such as fire and burglary alarms and an up-to-the-minute
      status of room availability add to the economic potential. Applicant
      presents a burst mode FSK RF communication system that meets unique and
      stringent application requirements. Many transmitters supply information
      to one receiving point while conventional existing communication systems
      usually involve a one-to-one or more transmitter to receiver(s) situation,
      with a predominate problem being to control transmissions to minimize
      mutal interference between a large number of transmitters. With existing
      master television systems the RF communications must use existing coax in
      a community antenna distribution system wherein the RF communication
      frequency must propogate through the coax system and, at the same time,
      not be a threat to the reception of TV signals. It is essential that
      potential bandwidth for additional TV channels not be usurped since one
      goal of an overall system is to provide special TV coverage not available
      using the current TV channelization of the specific area of the system. It
      is important that signal levels be relatively low in order to avoid
      interference with TV signals in a system which might employ up to 1000
      transmitters. The RF communications signal must be through simple bridging
      of system coax line to users' TV set inputs with connection to the outputs
      of termination units installed behind the wall. It is important that the
      communication system be substantially completely independent of the user
      TV sets with connection by any other expedient than bridging the input
      coax forbidden. All specialized TV signals are at frequencies outside the
      assigned TV bands with localized converters used to translate those
      signals into suitable channels for acceptance and display by the users TV
      in a conventional manner. Desired information that one or more of these
      specialized signals is in use is transmitted to a central point and/or the
      billing office of the hotel to bill the customer for viewing of special
      supplemental TV coverage.
PAR  It is, therefore, a principal object of this invention to provide an RF
      transmission system usable with a master antenna television (MATV) system
      with minimized mutual interference between outputs of a large number of
      transmitters individually located with TV sets.
PAR  Another object is to achieve acceptable economically feasible minimal costs
      in a highly reliable RF communications system.
PAR  A further object is to provide such an RF communications system with the RF
      frequency used to propogate through the coax distribution system of a TV
      system not affecting the reception of TV signals and not usurping
      additional TV channels usable for special TV coverage.
PAR  Features of this invention useful in accomplishing the above objectives
      include, in a multi-transmitter to a single receiver (or relatively few
      receivers) burst frequency shift keying (FSK) RF data communication
      system, use of a frequency translator or converter along with an RF
      transmitter at each TV set location. The system uses conventional 115 volt
      AC 60 Hz power, and has maid service information input along with
      specialized room sensor connections for fire and security purposes as well
      as room number identification automatically included in each transmission.
PAR  In a working system 12MHz is used as the RF carrier frequency with this
      being a frequency at the lower end of the passband of the coax system used
      with a typical loss from room to central receiver point being in the order
      of 60 db. This 12MHz carrier frequency is a good choice since it is well
      removed from the lower TV channels starting at 60MHz. With the system FSK
      with approximately .+-. 150KHz deviation is used along with a message
      stream 64 bits long, 100 microseconds per bit, and an embedded clock.
      Thus, the equivalent switching rate of the modulation is 20KHz for a
      modulation index of 5, a rate providing good reproduction of the switching
      waveform and reduction of the relative frequency stability requirements of
      the transmitters and the receiver, which at the same time provide a
      modicum of spectrum conservation. This is important in allowing additional
      RF channels that could be as close as 500KHz as an expansion option to
      additional RF channels giving a fallback should, for example, an ultimate
      loading of as many as 1000 users per channel not be satisfactory. Further,
      possibilities of expansion by several frequency separated channels is
      useful growth potential for expanded message lengths and/or increased
      message density, should this become necessary at a later date. It is an RF
      communication system that can tolerate up to 0.2 volts rms at 12MHz
      without apparent interference from the narrow band signal at 12MHz.
PAR  System constraints exclude additional wiring (and/or signaling) to prohibit
      a system concept based on synchronized transmissions from individual
      rooms. Synchronization from the TV sets is also excluded since this would
      require connections of RF transmitters to TV sets. Further, system cost
      constraints clearly exclude a system based upon a response when polled by
      a signal from the central office with the cost of many special purpose
      receivers co-located with TV sets in various room locations being clearly
      prohibitive. Still further, the very large number of transmitters with the
      RF system used obviously excludes any form of continuous transmission from
      each transmitter. Synchronization by use of stable clocks is inappropriate
      because of costs as well as the absence of specialized personnel and
      equipment to insure synchronization without a synchronizing communication
      link. Thus, an RF carrier as FSK modulated and gated for short burst
      transmissions as implemented by applicant is an excellent working system.
      While single burst transmissions of short messages from individual
      transmitters might overlap and thereby become lost, and multiple burst
      transmissions increase the probability of overlaps, the potential for
      successful transmission is enhanced if the bursts are extremely well
      isolated as would be the case if transmissions were only at times when the
      message or data is changed from a previous situation. Further, repetitive
      burst transmission as used is attractive from the standpoint that
      eventually the message or data is delivered and accepted. If, for example,
      the repetition period is on the order of 10,000 times the burst duration,
      it appears that 1000 individual signals could be accommodated at a chance
      of 10% interference assuming that the phase of the individual repetition
      rate clocks becomes uniformly distributable and that the same repetition
      rate is employed for each. Slightly different repetition periods are
      employed to insure something like uniform phase distribution. In fact,
      since the repetition rate sources cannot be precisely synchronized, as
      well as excluding the possibility of their being uniformly staggered in
      phase, it is apparent that repetition rate differences would always exist
      in any non-synchronized system.
PAR  Use of crude and non-stable repetition rate oscillators would be compatible
      with many of the objectives of a random burst communication system such as
      herein proposed. In the absence of a positive method of insuring frequency
      differences however, it would be possible for two or more transmitters to
      repeat overlapping transmissions for an extended period of time, because
      their repetition rate oscillators could drift into close synchronization
      and remain in close synchronization for extended periods of time. For the
      same reasons that free running repetition clocks should give a low
      incidence of mutual interference, extended periods of interference are
      also probable, since the rates and phases of any two could drift into
      synchronization.
PAR  A specific embodiment representing what is presently regarded as the best
      mode of carrying out the invention is illustrated in the accompanying
      drawings.
DRWD
     In the drawings:
PAR  FIG. 1 represents a block schematic diagram of applicant's burst FSK data
      RF communication system as applied in a TV cable system;
PAR  FIG. 2, a waveform showing of bit structure;
PAR  FIG. 3, the waveform of sequence 1001 with embedded clock;
PAR  FIG. 4, the waveform of 64 bit burst signal design;
PAR  FIG. 5, a diagramatic showing of the message validation process;
PAR  FIG. 6, a block diagram of the digital data transmission system;
PAR  FIG. 7, a block schematic of an FSK RF transmitter and RF output circuit;
PAR  FIG. 8, a block schematic of the encoder logic circuit;
PAR  FIG. 9, a block schematic of an FSK RF receiver and RF input circuit; and,
PAR  FIG. 10, a block schematic of the receiver logic circuit.
DETD
PAR  Referring to the drawings:
PAR  The cable TV system 20 of FIG. 1, equipped with an RF communications and TV
      program monitoring system, is shown to have a conventional TV video
      receiving signal antenna 21 feeding an amplifier section 22 having an
      output connection to MATV system distribution network 23 that may also
      include signal combiner, amplifier and filter circuitry. Additional video
      input signals may be added at unused channel frequencies via MATV system
      distribution network 23 from one or more of a plurality of like or
      dissimilar sources such as a microwave link receiving antenna 24 feeding
      an input to microwave receiver 25 that provides an output converted
      through modulator translator 26 to a video signal applied to the network
      23. Video tape player 27 also provides outputs converted through modulator
      translator 28 as additional video inputs to distribution network 23. The
      distribution network 23 also has an RF coupled output connection 29 to RF
      receiver and FSK demodulator circuit 30 that is output-connected for
      passing demodulated message content therefrom to the central processor 31.
      The TV video signal output from distribution network 23 is applied to
      power dividers circuit 32 with a typical branch output line 33 thereof
      extended serially through a plurality of couplers 34, 34', and on, for TV
      sets 35, respectively, at different locations down the distribution cable
      line 33. Each of the couplers 34, 34', and on, is signal connected to, and
      associated with, a program selector control box 36, including an RF
      transmitter and FSK modulator section 37, a high pass filter section 38,
      and a data encoder section 39 output signal connected to the RF
      transmitter and FSK modulator section 37. The high pass filter section 38,
      that passes TV RF signals and other high frequency signals while blocking
      lower level RF signals of the RF transmitter, is output connected as an
      input to high frequency signal converter 40, and also to switch contact
      41. The output of signal converter 40 is connected to switch contact 42
      that is shown to be in selective contact with switch arm 43 for special
      programming input to TV set 35. The switch arm 43 that is input connected
      to the TV set 35 shown is movable to contact with switch contact 41 for
      conventional TV programing input to the TV set. Mechanical interconnect
      link 44 that interconnects switch arm 43 and data encoder section 39
      activates the data encoder section for special programing modulation input
      to FSK modulator and RF transmitter section 37.
PAR  Standard 60cps power line connections provide a standard frequency to each
      RF transmitter in sections 37 at each TV location in the system with
      determination of the repetition period of each RF transmitter accomplished
      by counting cycles of the 60Hz frequency of the power supplied. Individual
      but fixed periods of repetition are set differently for each transmitter
      by assigning a different cycle count of the 60Hz power signal as the
      repetition count unique for each transmitter. Transmission bursts are
      limited to a span of time that is less than a full period of the 60Hz
      signal for each transmitter. With this approach, while interferences by
      simultaneous transmissions will occur, adroit selections of sets of
      numbers define different repetition periods for the transmitters setting
      the incidence of interference at a low value. Considering two transmitters
      T.sub.1 at 7201 cycles and T.sub.2 at 7199 cycles per repetition the time
      for a full cycle of all possible interference relationship, T.sub.i is
      defined by the following equation: T.sub.i =KP.sub.1 =LP.sub.2
      =7201K=7199L where K and L are integers of the smallest value to satisfy
      the equations. Obviously, for this case, since 7201 and 7199 have no
      factors in common: L=7201 and K=7199;  and T.sub.i =51,839,999 cycles
      (i.e., T.sub.i =863,999 seconds). This means that if these signals ever
      interfered once, their second interference would be 240 hours later, and
      in the meantime each would communicate one message every two minutes,
      approximately. If periods are chosen having a large number of common
      factors, the interferences are potentially closer. However, if their
      relative phases are such that at their closest approach to interference,
      their transmissions are not coincident, it can be shown that they would
      never interfere. In general, however, some interference between
      simultaneous transmissions must be tolerated, particularly with the
      interference incidence sufficiently low, with successive periods of
      sequential interferences sufficiently short, and with message content both
      slow to change and inherently repetitious as well as being short. H
      follows that odd number repetitions timed to occur at roughly every two
      minutes (or, approximately 7200 cycles of the 60Hz power signal) is a good
      choice for a few hundred burst message transmitters using an RF frequency,
      for example, of 12MHz to a single receiver. An appropriately programmed
      computer run has proven this to be an excellent approach.
PAR  Local TV station signals are received, amplified, and distributed at a high
      level to the individual TV users within the system complex. Supplemental
      TV material is received by microwave or from local video playback
      equipment and rebroadcast into the system in the spectrum space between
      channels 6 and 7 and at the point of introduction into the MATV or CATV
      complex, the supplemental TV material signal (or signals) is unavailable
      to a standard TV receiver at the user's location. The user has a choice of
      television material; the regular standard TV signals, at no cost to the
      user, or the output of the local TV converter. This converter 40
      translates the supplemental TV signals into a channel (or channels,
      respectively,) normally not used by TV stations in the area. Whenever the
      converter is in use, at least for some settings, a message element (single
      digital bit) is generated for transmission by applicant's burst mode FSK
      modulated RF transmission system. In addition to the channel in use, data
      in the system code format illustrated message bit space is provided that
      is usable to designate fire, intrusion, and housekeeping status, such as
      completion of service by the maid. Further, an emergency data transmission
      capability is included that usurps the usual burst mode data transmission
      mode for a continuous transmission mode. Each encoder 39 is a digital
      logic unit that generates the digital message including necessary
      switching and timing functions as a modulation input to the FSK
      transmitter 37 that, in turn, supplies a 12MHz frequency modulated signal
      to the CATV coaxial distribution system. The burst mode FSK receiver 30
      recognizes the output of the various FSK transmitters 37, decodes the FSK
      modulations and supplies the digital information to the local data display
      and/or readout printing (i.e., processor 31) from which individual users
      may be billed for use of supplemental TV material.
PAR  The message format as used in this example has data limited to 16 bits, but
      nothing fundamental imposes this as a limit either way. Thus, systems of
      more or less bits per message can be accommodated by corresponding design
      modifications, keeping in mind that short messages are to be preferred--if
      not required--since the essence of the system is burst mode operation from
      many message sources. The signal system uses a serial message clock
      embedded in the message format at the transmission ends, with the message
      being a serial stream of bits requiring use of message clock at the
      receiving end to demodulate the message data. Use of this system with
      embedding of the clock at the transmitter end eliminates lock-on or
      reconstruction or synchronization of the receiver clock at the detection
      point. With unsynchronized transmitter bursts, it also follows that the
      serial message clock rates are also unsynchronized and are free running,
      advantageously constrained only to approximately the same rate.
PAR  With reference to FIG. 2, it is seen that the waveform of individual
      transmitted bits is separated into three parts. The first part is a
      transition to logic 1, while the last, or third, part is limited to logic
      0. With this construction, the message clock is initiated by the
      transition from 0 to 1 at the beginning of each message bit element and
      applied at approximately half of the duration between successive bit
      leading edges as the receiver sampling time. This is approximately midway
      in the digital data portion of the bit structure, with digital data
      transmitted as logic 1 or 0 between the first and last parts of each
      message bit element.
PAR  Generally, the message element portion is made approximately twice as wide
      as the first and last sections. No fundamental limitation dictates this
      choice except that with this bit waveform structure, the message
      transmission time utilization efficiency relative to the clock structure
      is 50%, or half time, for message and half time for clock. The positive
      going leading edges of successive bits are recognizable at the receiver,
      and the signal is sampled at half the duration between successive leading
      edges. FIG. 3 illustrates a four bit logic 1001 sequence with four
      sections per bit time wise through from T.sub.0 to T.sub.16.
PAR  Receivers in communications systems like this need time to recognize the
      occurrence of an individual transmission burst, and must receive bursts
      centered on slightly different carrier frequencies from different
      transmitters. Since time is required for the receiver to lock to each
      signal, if data were transmitted in the first part of each message burst
      format it would have a high probability of being lost or misdirected. For
      this reason, each message burst in the system described (as shown by FIG.
      4) is started with an empty sequence (i.e., 16 bits all logic 0), although
      it could be all logic ones, or any preset combination that is a
      sacrificial section serving little, if any, message purpose. Use of 16
      blanks at the beginning of each burst transmission is convenient in the
      design of the encoder 39. After the 16 bit empty sequence there is a 16
      bit data frame A followed sequentially, time wise, by a 16 bit code frame,
      and then a 16 bit data frame B--actually a duplicate of frame A. In the 16
      bit data frame, ten binary bits for room identification would give 1023
      individual identifying numbers, and two of the remaining six bits of the
      message words are allocated to two supplemental TV channels, one to each,
      while the remaining four bits are allocated to expansion functions. These
      are simple "on-off" of each bit to indicate the state of other sensed
      things such as housekeeping status, fire alarms, intrusion, etc.
PAR  A prominent problem at the receiver end is how to recognize the beginning
      of the 16 bit message frame, or its end. Message overlays, initial lock-on
      periods, and other signals which may interfere, all contribute to the
      problem of recognizing the end points of a digital message. For example,
      consider a message like 011 011 000 111 1011 or 062173.sub.8 and suppose
      that the leading zero was missed and the message is thought to start one
      bit later for 110 010 001 111 011X. Now the message becomes 144367.sub.8
      or 144366.sub.8, depending on the last bit X being 1 or 0, respectively.
      Both messages would be wrong, especially so if room 367.sub.8 were to be
      billed rather than 173.sub.8. This end-point identification problem is
      solved by placing a fixed code in the frame following the first data
      frame. Again, 16 bits are employed for this code, primarily as a matter of
      logic design convenience. At the receiver, whenever the 16 bit code is
      recognized, the 16 bits, data frame A, received immediately ahead of the
      code frame could be accepted as valid data. However, with a 16 bit code
      there exists a 1 in 2.sup.16 chance that the data would be the same as the
      code frame. At this point, the choice of a code is of concern, and most
      certainly a code should be chosen that has a great deal of asymmetry so
      that noise and resultant detection errors cold not result in a failure to
      recognize the beginning and end of the message frame. Tentatively, the
      proposed code is 10 10 11 00 11100111. The data frame A message structure
      is compared with data frame B, which is bit-for-bit identical to that of
      data frame A. Then, at the receiver, it is possible to insist for
      bit-to-bit agreement of teh data frames A and B, as well as for agreement
      with the fixed and assigned code. These constraints at the receiver give a
      very low probability that noise, interference, or the like, could create a
      48 bit sequence that would be acceptable as a valid data transmission.
PAR  Reference also to the diagramatic showing of the message validation process
      in FIG. 5 is helpful in understanding the receiver data acceptance
      process. The serial input 45 from the FSK demodulator in receiver 30 is
      applied, in the serial form of data frame A, followed by the code frame,
      and finally data frame B, 16 bits each totaling 48 bits, as the primary
      input to 48 bit shift register 46. The embedded data clock 47 is derived
      from this primary input and also applied to the 48 bit shift register 46.
      The first 16 bit data frame A is compared with the last bit data frame B,
      that should be identical in length and in content, in 16 bit comparitor 48
      to develop an output fed as an input to AND gate 49. The 16 bit code frame
      between data frames A and B is compared for 16 bit length and content with
      the fixed wired code source 50 in 16 bit comparitor 51 for developing the
      second input to AND gate 49. The output connection of AND gate 49 is
      connected as an activating input to 16 bit message-holding register 52.
      This 16 bit message-holding register is also connected for receiving the
      16 bit data frame A message from the 48 bit shift register 46 that is
      ultimately released by the output of AND gate 49 as an output to data
      display 53.
PAR  Under these signal design constraints, the probability that a receiver
      could produce a false message is 1/2.sup.16 for agreement with the code
      times 1/2.sup.16 for bit-by-bit agreement of the two data frames for a
      total probability of false readout of 1/2.sup.32. Since the receiver is
      open and exposed to all kinds of other radiated signals, pulses, and
      noise, 90% of the time, with valid signals being received almost at
      random, and even then only 10% of the time is it essential that the false
      alarm rate be very low. Further, it is of interest to note that the 16 bit
      clear frame serves to pump out the remnant part of the last acceptable
      message so that overlapped message elements from different transmitters
      also have a low chance of producing a false readout. This construction
      uniquely provides a "signal presence" function whereas most random message
      transmission systems have, as a weak point, the need to know when a valid
      signal is present rather than just noise.
PAR  A central element in both transmitters 37 and receiver 30 of the system is
      a purchased integrated circuit, FSK modulator/demodulator, type XR-210
      from EXAR Integrated Systems, Inc., Sunnyvale, California. This single
      chip includes a voltage controlled oscillator (VCO), a phase detector, and
      a feedback amplifier with the VCO usable to generate FSK signals from very
      low frequencies to frequencies in excess of 12MHz and at high modulating
      rates. The phase detector thereof is also capable of operating over a wide
      range of frequencies, and in combination with the VCO function, can be
      used to detect FM or FSK with appropriate feedback connections.
PAR  With reference to FIG. 6, it may be seen that the overall data transmission
      system has five major subsections. These include the data encoder 39, the
      FSK modulator RF transmitter unit 37, filters and matching networks 23,
      FSK data RF receiver 30, and processor 31. The encoder 39 accepts digital
      data inputs including that of the pre-wired room number identification
      (ID) with each encoder pre-wired to output a digital message upon
      completion of its assigned count of 60Hz periods. The encoder provides a
      key line 54 signal that lasts through a full burst of digital data
      modulation waveform output on line 55. The FSK modulator accepts the key
      signal and the accompanying digital data to generate the FSK'd 12MHz
      output signal. The filters and matching networks section 23 reject
      undesired RF components such as harmonics of the 12MHz from FSK modulated
      RF to avoid disruption of TV service. The FSK data modulated RF receiver
      30 detects the frequency modulation on the 12MHz carrier and processing
      circuit 31 digital receiving point logic restores the data to 16 bits that
      is the digital data of the transmitter 37; i.e., 6 bits of user data plus
      10 bits for the room identification (ID). There is a connection out of the
      filters and matching networks to the section 56 indicated to TV set direct
      or through TV signal converter, a coax system 57, and connection from
      processing circuit 31 through data display interface circuitry 58 to
      display readout 59.
PAR  With reference to the RF transmitter and FSK modulator and RF output
      circuit 37 of FIG. 7, only the VCO feature of the XR-210 integrated
      circuit 60 is employed at the transmitter. The digital data stream from
      encoder 39 is fed through series input resistor 61 that forms with shunt
      capacitor 62 and resistor 63 in parallel to ground and resistor 64, a low
      pass (LP) filter roundingoff FSK transitions so that the spectrum received
      for the 12MHz signal is not excessive. Shunt diodes 65 and 66
      advantageously serve to restrict modulation voltage swing since different
      encoders deliver different hi-low modulation voltages, and these diodes
      standardize the modulation amplitude. The LP filter is connected, and the
      modulation signal path extends, through adjustable resistor 67 to input 68
      and on through resistor 69 to input 70 of the XR-210 integrated circuit
      60. A relatively small variable capacitor 71 between terminals 72 and 73
      and variable resistor 67 set the operating frequency of the XR-210
      integrated circuit 60 to 12MHz in accord with the integrated circuit
      design thereof. A power supply of +14 volts is applied to terminal 74 and
      through a voltage divider of resistors 75 and 76, connected between +14
      volts and ground, and at the junction of resistors 75 and 76 to terminals
      78, 79, and 80. Capacitor 81 is connected in parallel with the voltage
      divider to ground and terminal 82 is connected to ground.
PAR  The frequency modulated RF signal output from output terminal 83 of the
      XR-210 integrated circuit 60 is fed through signal coupling capacitor 84
      as one input to TTL NAND logic gate 85 with the opposite sides of
      capacitor 84 connected, respectively, through resistors 86 and 87 to
      ground. With the signal level at output terminal 83 not suitable for
      supplying the RF signal output directly, isolation from the output circuit
      is provided by the two stages of TTL NAND logic gates 85 and 88 connected
      in series cascade with the key signal from the encoder being half of each
      dual input. Two additional NAND gates 89 and 90 are series connected in
      the keying signal path since four stages are provided by a single series
      7400 TTL integrated circuit. The two NAND gate 85 and 88 logic gate stages
      are used to achieve at least 60db attenuation when the key signal is off,
      with one stage giving slightly less than 40db attenuation when off, a
      level of attenuation not felt to be sufficient in all instances. Use of
      logic NAND gates as all saturated switching mode solid state gate device
      logic elements as an RF amplifier transmitters in a communication system
      such as described and claimed in my co-pending U.S. Pat. application S.N.
      425,523 Filed Dec. 17, 1973 now U.S. Pat. No. 3,870,235, entitled "ALL
      SATURATED SWITCHING MODE SOLID STATE RF AMPLIFIER" to switch the 12MHz
      output has proven very satisfactory. In fact, the NAND gates have been
      found to develop about 10MW at 12MHz an output power level more than
      required for the system.
PAR  The output of NAND gate 88 is connected through resistor 91 to plus 5 volts
      having a connection through capacitor 92 to ground and also through signal
      path resistor 93 to an impedance matching section with capacitor 94 to
      ground and signal path series connected coil 95 and capacitor 96 of low
      pass filter and impedance matching network 97. The network 97 is provided
      to reject undesired harmonics from the 12MHz output of the NAND gates that
      is very rich in harmonic content with such switching mode logic active
      devices being used so that the basic data communications at 12MHz can
      co-exist with TV signals throughout the coax system. Please note that
      while this system is presented and described with respect to a coax TV
      distribution system, such burst mode signal communications could be sent
      out over the air and through other media as well in complete working
      systems. Network 97 includes a low pass Butterworth filter section, with
      coils 98 and 99, and capacitors 100, 101, and 102, output connected
      through termination and series resonent circuitry with resistors 103 and
      104, and serially, coil 105 and adjustable capacitor 106 to bridging
      coupler 34. The high pass filter 38 connection located between coupler 34
      and TV receiver 35 includes capacitors 107 and 108 and from the junction
      of the capacitors connection through coil 109 to ground.
PAR  The data encoder 39, shown in detail in FIG. 8, organizes the digital data
      in generating the FSK serial data stream supplied as the modulation input
      to the RF transmitter 37, controls the periodicity of the transmitter
      bursts with a keying signal input, and formats the 64 bit message
      structure. The data encoder operation is coordinated through five basic
      portions including: first, the repetition period generator; second, the
      gated data clock; third, the digital element generator; fourth, the word
      format generator; and, fifth, data storage.
PAR  The repetition period generator uses three type 74193 IC's (integrated
      circuits), and one type 7476 Dual J-K Flip Flop as a scale y z counter,
      each 4 bit up or down binary counters 110, 111, and 112 used in the
      count-down mode in generating the repetition period by counting cycles of
      the 60Hz power line. The 60Hz power line is connected through three
      inverter stages 113, 114, and 115 connected in series cascade with
      regenerative feedback including capacitor 116. This is with a low voltage
      sample of the power line voltage sharpened into a suitable TTL clocking
      waveform through the three stages and applied to terminal 117 of binary
      counter 110. Whenever the count in counter 110 decreases through 0000, a
      "borrow" pulse is supplied from counter 110 to an input of counter 111 and
      likewise from counter 111 to counter 112, and then from counter 112
      through inverter stage 118 to a type 7476 integrated circuit 119. IC 119
      uses one of two J-K Flip Flops as a scale of two counter with when IC 119
      is in the Q=1 state the borrow pulse from counter 112 is used to key the
      transmitter on through NAND gates 120 and 121 and to cause generation of
      one or more digital output streams of 64 bits. Then when the IC 119 is in
      the Q=0 state, the borrow pulse is fed as an input through NAND gate 122
      to terminals 123, 123', and 123" of IC counters 110, 111, and 112 to cause
      the counters to initialize at a numerical value determined by the
      connections a, b, c, and d, respectively, of the counters 110, 111, and
      112 to provide a specific repetition rate set for that transmitter
      different from the repetition rate of the other transmitters in the
      system. The first time each 4-bit counter counts to 0000, it has been
      started from a number equivalent to 0 through 15, and thus requires a
      corresponding number of counts to reach the first 0000 condition following
      initialization (or load) by a pulse at its pin 123. Subsequent count-downs
      require 16 input pulses. The first time the borrow pulse is outgated from
      IC112, therefore requires a totality of pulses as might be described by
      the following equation:
PA1  Pulse Control = 2046d.sub.3 + 1024c.sub.3 + 512b.sub.3 + 256a.sub.3 +
      128d.sub.2 + 64c.sub.2 + 32b.sub.2 + 16a.sub.2 + 8d.sub.1 + 4c.sub.1 +
      2b.sub.1 + a.sub.1
PAL  Where the individual coefficients = 0 if the corresponding input to the
      counter = 0, or coefficient = 1 where the corresponding counter input is
      wired to +5DC in accord with the following tabulation:
     INTEGRATED CIRCUITS                                                       
     Pin         110        111        112                                     
     ______________________________________                                    
     a           a.sub.1    a.sub.2    a.sub.3                                 
     b           b.sub.1    b.sub.2    b.sub.3                                 
     c           c.sub.1    c.sub.2    c.sub.3                                 
     d           d.sub.1    d.sub.2    d.sub.3                                 
     ______________________________________                                    
PAR  The interval from the first to the second borrow pulse is always 4096
      counts. In this fashion, IC's 110, 111, 112, and 119 comprise a counter
      which can count between 4096 and 8191. This repetition period is different
      for each transmitter and is always an odd number (i.e., pin a of IC110 is
      always connected to +5 volts). It is the essence of the interference
      control plan for the individual stations to respond at incommensurate
      repetition rate intervals. These intervals are established as being
      different for each unit by selective wiring at the time of assembly.
PAR  The transmitter enable gate is developed from the first borrow pulse. This
      pulse is roughly equal to one half-period of 60Hz, or 8.3Ms. The
      transmitter burst and 64 bit message format is completed in roughly 6.4Ms
      and may in fact be transmitted slightly more than once since the data
      clock is not forced into any relationship with the duration of the burst.
      The concept is not limited to one half-period, nor to a burst duration of
      6.4Ms, these however being dimensions or parameters suitable to the
      application at hand. A much wider burst would increase the probabilities
      of mutual interferences since, with the design of the moment, repetitions
      on the order of integral periods of separation are structured. An
      emergency key in line 124 is provided as a second input to NAND gate 121
      in order that an override emergency transmit operate state exist when
      certain sensors detect an emergency.
PAR  The second borrow pulse serves to reload the fixed wired repetition period
      number into the repetition rate counters. This is passed from the key line
      output of NAND gate 121 as an input to NAND gate 125, part of an IC with
      NAND gates 120, 121, and 122, the other input terminal and output terminal
      of which along with inverter 126 are wired into a feedback oscillator
      circuit 127. This circuit 127 oscillates at approximately 40KHz whenever
      the repetition period counter IC119 generates the transmitted key signal,
      but otherwise is dormant. The IC's 128, 129, and 130, with 128 and 130
      type 7476 IC's, and 129 a type 7493 IC, are wired to count by 4, 16, and
      4, respectively, and during the dead interval between transmitter bursts
      reset to all zero states. Immediately with the first cycle from the gated
      clock IC128 begins to count clock pulses by 4, and subsequently its output
      is counted by 129. The binary state 11 of IC128 is decoded by NAND gate
      130 A and NAND gates 131, 132, and 133 in an operating circuit to generate
      the logic 1 part of the digital element waveform structure of FIG. 2
      passed out on the modulation outtput line 134 to the respective
      transmitter. States 00 and 01 select the appropriate digital data element
      while state 10 provides the "0" element at the end of the bit structure,
      with the gated clock providing 4 periods for each output bit. IC129 counts
      16 such bit periods, or 64 clock periods, to allow for the 16 bit word
      structure, and finally IC130 counts four 16 bit words by counting the
      output of IC129.
PAR  The binary state 10 of IC130 generates the set code pulse applied therefrom
      via NAND gate 135 and inverter 136 to the serial shift register formed of
      IC's 137, 138, 139, and 140 wired together as a serial shift register
      using 7494 type IC's. There is also a terminal connection of IC130 to NAND
      gate 141 having other input connections from IC129 and an output
      connection through inverter 142 to NAND gates 135, 143, and 144. Binary
      states 01 and 11 of IC130 generate the set data pulse applied to the IC's
      137, 138, 139, and 140 serial shift register via NAND gate 143 and
      inverter 145. The clear pulse generated by binary state 1111 of IC129 and
      by binary state 11 of IC128 is applied through NAND gate 144 and inverter
      146 to the serial shift register to clear the shift register before each
      change of state of IC130. The serial shift register IC's 137, 138, 139,
      and 140 are each 4 bit serial shift registers capable of being parallel
      loaded from either of two data sources, and may also be cleared of all
      data if set to 0000 by the clear pulse. IC's 137, 138, 139, and 140 are
      connected head to tail to form an endless 16 bit serial shift register
      with clock provided by state 11 of IC128. The set data pulse is preceded
      by a set clear pulse at which time the data parallel input at pins a, b,
      c, and d of each of IC's 137, 138, 139, and 140 are used to preset the 16
      bits of the shift register. Subsequently, the data is shifted 16 times to
      generate the data stream at terminal 147 of IC137. Room number
      identification (ID) is prewired into pins a, b, c, and d of IC's 140 and
      139, and to pins a and b of IC138. This gives a capability of 1023
      non-zero room numbers without a repeat. The remainder of IC138 and all of
      IC137 provide 6 bits that can be used for digital data. The distribution
      is not requisite nor unique, and equivalent systems using more or less
      bits are within the range of the concept utilizing smaller or extended
      shift registers and corresponding circuit adjustments to match as may be
      required. The set code pulse implements utilization input of the data
      fixed wired to pins e, f, g, and h, respectively, of IC's 137, 138, 139,
      and 140 that are shown as prewired to a specific individual fixed code.
      Again, the code is fixed only as a matter of convenience with variable
      codes not excluded nor with the structure to be limited to 16 bits per
      word, 4 words per frame, etc. The interconnect circuit with NAND gates
      131, 132, and 133 operates on the digital data stream from IC137 to make
      the middle two clock periods of the output equal to the digital data from
      the 16 bit shift register.
PAR  The RF receiver 147 of FIG. 9 is a receiver such as used in the RF receiver
      and FSK demodulation section 30 of FIG. 1 to receive burst FSK RF data
      transmissions from many transmitters 37 in a communications system. A
      pi-matching section 148, with adjustable coil 149 and capacitors 150 and
      151, is connected to coaxial cable 152 that, via the distribution system
      23, is RF signal connected to RF signal line 33 and/or coax line 53 of
      FIG. 7. Plase note that, while the burst FSK RF data transmission system
      is shown as communicating through cable, the concept is equally applicable
      to transmission through other media between transmitter and receiver such
      as going out on the air via normal radio RF signal transmissions. In any
      event, the pi-matching section 148 gives an impedance match from 75ohms of
      the coax line 152 to, with RF signals passed through signal coupling
      capacitor 153, an input impedance of 1500 ohms at input terminal 154 of
      12MHz RF amplifier stage 155. Amplifier stage 155 and amplifier stage 156
      form a two-stage 12MHz RF amplifier using Signetics type 592 wide band
      dual input operational amplifier IC's. The first RF operational amplifier
      stage 155 is strapped for a nominal gain of 400 while the second RF
      operational amplifier stage 156 is connected for a nominal gain of about
      100 with both stages used in the single ended mode. The RF signal output
      of the second RF operational amplifier 156 is passed through RF signal
      coupling capacitor 157 as a signal input to the XR-210 integrated circuit
      158 used in the receiver 147. The phase lock loop oscillator of IC 158
      performs the important task of demodulation of the FSK data from the
      received 12MHz burst carrier signal transmissions. Another phase detector
      input terminal 159 uses a sample of the voltage controlled oscillator
      output appearing at terminal 160 of the XR-210 integraged circuit 158
      with, however, this signal passed through a loop 161. Terminal 160 is
      connected through signal coupling capacitor 162 to the dual inputs of NAND
      gate 163 of a 7400 Quad NAND gate IC having an output connection as an
      input to NAND gate 164, also of the 7400 Quad NAND gate IC, with another
      input from +5 volts and output connection through variable resistor 165
      and capacitor 166 to phase detector input terminal 159. While the phase
      detection output is internally connected to the VCO within the XR-210
      integrated circuit 158, it is made available at terminal pin 167 and in
      its opposite phase at terminal pin 168 of the IC 158. Capacitors 169 and
      170 along with resistors 171 and 172 and internal circuit impedances to
      pins 167 and 168 together comprise the VCO feedback loop that, with the
      phase lock loop closed, provides the VCO feedback signal necessary to
      insure phase lock of the signal. With the signal being frequency
      modulated, the feedback signal is then a replica of the FSK modulation
      applied through RC network 173 to the base electrodes of emitter follower
      NPN transistors 174 and 175. The emitter follower transistors 174 and 175
      present a high impedance load to the feedback signal source terminal pins
      167 and 168 and provide a low impedance output that is RC coupled with the
      signal path through capacitors 176 and 177 to the dual inputs of wide band
      operational amplifier 178 (a type 733 such as manufactured by Fairchild
      with an input typically .+-.0.1 volts, peak to peak, and with its output
      typically 2 - 4 volts, peak to peak). The output of amplifier 178 is ac
      coupled through capacitor 179 to the inputs of NAND gate 180 where diode
      181 with circuit 182 clamps the ac signal to a limit of approximately +2
      volts. The following inverter NAND gate 183 supplies the detected signal
      levels as the digital data encoded signal input to the receiver logic
      circuit 31 of FIG. 10 where the signal is a one-to-one replica of the
      modulation signal developed by the respective data encoder circuits 39.
      NAND gates 180 and 183 are also included within the 7400 Quad NAND gate IC
      including NAND gates 163 and 164.
PAR  The detected signal output fed from the FSK RF receiver circuit 147 of FIG.
      9 is passed as the input to receiver logic processor circuit 31 of FIG.
      10. Note again that the signal passed through the signal interface to the
      receiver decoder logic circuit is a detected replica of the encoder signal
      modulating respective FSK RF transmitters 37. This input signal is applied
      to a one-shot (O/S) flip-flop circuit 74121 IC 184 and to the serial data
      input terminal 185 of the 7495 IC 186. The one-shot IC 184 is triggered by
      the leading edge of the input signal applied to input terminal 187 to
      develop a single positive pulse at output terminal 188, with the trailing
      edge of this pulse corresponding to the middle of the signal segment
      portion representing "data." The inverters 189 and 190 invert the pulse
      outpt of the one-shot flip-flop circuit and provide this as "clock drive"
      to a 48 bit serial shift register including the 7495 IC's, 186, 191, 192,
      193, 194, 195, 196, 197, 198, 199, 200, and 201.
PAR  The serial input data fed to the input terminal 185 of IC 186 is shifted
      through the 48 bit serial shift register with IC's 186 and 191 through 201
      being type 7495, 4 bit serial shift register units with parallel load and
      access. However, the parallel load feature is not used while the parallel
      access or parallel bit-by-bit read is used. The IC type 7485, 4 bit
      magnitude comparitor units 202, 203, 204, and 205 are connected in cascade
      for 16 bit magnitude comparison with, however, only the magnitude equal
      output used. IC 202 compares the data in IC 186 and IC 198; IC 203
      compares IC 191 and IC 199; IC 204 compares IC 192 data with IC 200 data;
      and IC 205 compares IC 193 data with IC 201 data. Then whenever the binary
      magnitude represented by the 16 bit data in IC's 186, 191, 192, and 193 is
      exactly equal to the binary magnitude represented by the 16 bit data in
      IC's 198, 199, 200, and 201, a data alignment (DA) pulse is generated at
      output terminal 206 of magnitude comparitor unit 205, since the data in
      198, 199, 200, and 201 is 32 bits ahead of the data in IC's 186, 191, 192,
      and 193, the DA pulse is generated whenever the received data frames are
      in agreement. At the same instant the DA pulse is generated, the 16 bits
      representing the code frame are resident in IC's 194, 195, 196, and 197.
      Integrated circuits 207, 208, 209, and 210, as 4 bit magnitude comparitors
      type 7485 IC's, are connected in cascade to generate the code alignment
      (CA) pulse whenever the received 16 bit code frame agrees with the
      prewired code input to one side of the comparitor string of IC's 207, 208,
      209, and 210. This is with the other side of these comparitors connected
      to the parallel output of the shift register of IC units 194, 195, 196,
      and 197.
PAR  Thus, as a 64-bit message is received it is shifted one bit at a time
      through a 48-bit shift register. Then as the "clear" frame falls off at
      the end of the 48-bit register, for a period of a signal bit, the second
      data message frame is aligned in IC's 186, 191, 192, and 193, with the
      first data maessage frame in IC's 198, 199, 200, and 201, to cause
      generation of the DA pulse while, simultaneously, the received code frame
      is aligned with the fixed wired code applied to IC's 194, 195, 196, and
      197, to cause generation of the CA pulse. If, however, one or more code
      bits are wrong, the CA pulse is not generated; and if one or more data
      bits do not agree, the DA pulse is not generated. Therefore, the
      simultaneous generation of DA and CA pulses signals a valid signal
      reception. It is important to be able to retain the data frame of a valid
      reception; particularly, with data in the serial shift register of IC's
      186 and 191-201 being almost continuously shifted through--if not by true
      signals, then by noise, since signal clock is not distinguishable from
      thermal (or other) noise. This is accomplished by off loading of
      transiently recognized valid data into more permanent storage in IC units
      211, 212, 213, and 214, that are type 7495 IC 4 bit shift registers
      connected for parallel loading from IC stages 186, 191, 192, and 193. The
      CA and DA pulses are combined by NAND gate 215, that is a type 7410 IC,
      with the output going to logic 0 only when DA and CA are both logic 1. The
      signal inverter 216 provides a positive going pulse to one-shot IC 217, a
      7421 type IC that generates a pulse at output terminal 218 shorther than
      the DA and CA pulses. This shorter one-shot pulse is applied as clock
      inputs to the IC units 211, 212, 213, and 214, with the load enable held
      high by application of +5 volts, and also as an output pulse indicating
      that there is data. With applications of the short one-shot pulse to IC's
      211, 212, 213, and 214, valid data is off-loaded in parallel from IC units
      186, 191, 192, and 193, into IC units 211, 212, 213, and 214, while it is
      still valid. The output to display devices from IC's 211, 212, 213, and
      214 is used to operate lightemitting diodes (detail not shown) to present
      the binary data that has been retained. The 4 bit shift register IC units
      211 - 214 may also be parallel off-loaded to IC units that are 4 bit data
      selector function units (detail not shown) that, in turn, provide outputs
      to additional light-emitting diodes and to dual line drivers and on to
      display interface circuitry. All the interface circuits between the
      receiver decoder logic and display interface with the display and/or print
      out devices may, advantageously, be push-pull, two-wire differential level
      circuits, rather than single ended logic like TTL, in allowing separation
      between the receiver decode logic and system displays. Such differential
      signal circuits provide rejection of common mode noise that is encountered
      with separate circuit functions with, for example, seven pairs of wires
      necessary for transmission of the signals between these functions in a
      working system.
PAR  Whereas this invention is herein illustrated and described primarily with
      respect to a single embodiment hereof, it should be realized that various
      changes may be made without departing from essential contributions to the
      art made by the teachings hereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a burst-mode frequency shift keying communications system utilizing
      one way transmission of digital data from a plurality of RF transmitter
      stations to common receiving means; a plurality of RF transmitter stations
      each capable of generating short burst transmissions in the form of a
      plurality of bit elements with signal level transitions between different
      logic levels with the bit element signal level transition leading edges
      being an imbedded clock sensed by receiver means, and with the short burst
      transmissions being of short time duration relative to repetition time
      periods between short burst transmissions from an RF transmitter station;
      common receiving means for receiving burst-mode frequency shift keying
      modulated RF signals transmitted through an RF signal transmission media
      from said RF transmitter stations to said common receiving means; gating
      means for short burst transmissions for each of said RF transmitter
      stations; for each transmitter station repetition period gate activating
      means for activating said gating means associated with said corresponding
      RF transmitter stations for short burst transmissions; digital signal
      demodulating means in said common receiving means; and signal imbedded
      clock detecting means in said common receiving means with said digital
      signal demodulating means activated by said signal imbedded clock.
NUM  2.
PAR  2. The burst-mode frequency shift keying communications system of claim 1,
      wherein said individual repetition period gate activating means for said
      RF transmitter stations are set for different time intervals to preclude
      excessive message loss with only occasional message overlap.
NUM  3.
PAR  3. The burst-mode frequency shift keying communications system of claim 2,
      wherein said individual repetition period gate activating means for said
      RF transmitter stations includes, connection to a conventional power
      voltage source, and power voltage source cycle counting means with each
      transmitter station having individual but fixed periods of repetition set
      differently for each transmitter station by assigning a different cycle
      count of the power voltage source as the repetition count unique for each
      transmitter station.
NUM  4.
PAR  4. The burst-mode frequency shift keying communications system of claim 3,
      wherein said conventional power voltage source is a 60Hz power signal.
NUM  5.
PAR  5. The burst-mode frequency shift keying communications system of claim 4,
      wherein said transmission bursts are limited to a span of time that is
      less than a full period of the 60Hz signal for each transmitter station.
NUM  6.
PAR  6. The burst-mode frequency shift keying communications system of claim 1,
      wherein said RF signal transmission media is coaxial cabling.
NUM  7.
PAR  7. The burst-mode frequency shift keying communications system of claim 6,
      wherein said coaxial cabling is existing cabling of a television signal
      distribution system.
NUM  8.
PAR  8. The burst-mode frequency shift keying communications system of claim 7,
      with a number of said transmitter stations individually located with TV
      sets.
NUM  9.
PAR  9. The burst-mode frequency shift keying communications system of claim 8,
      with said RF transmitter stations set at RF frequencies, to propogate
      through said coaxial cabling in a television signal distribution system,
      not affecting the reception of TV signals and not usurping additional TV
      channels usable for special Tv coverage.
NUM  10.
PAR  10. The burst-mode frequency shift keying communications system of claim 9,
      wherein said transmitter stations are set, for transmitting said burst
      message RF transmissions to common receiving means, at approximately an RF
      frequency of 12MHz.
NUM  11.
PAR  11. The burst-mode frequency shift keying communications system of claim 1,
      wherein said burst-mode frequency shift keying signaling modulated on RF
      uses a three part waveform structured with the first part a transition
      from logic 0 to logic 1, a second part variably logic 1 or logic 0, and a
      last part (third part) limited to logic 0; message clock time delay means
      in said clock detecting means initiated by the transition from logic 0 to
      logic 1 at the beginning of each message bit element, and applied at
      approximately half of the duration between successive bit leading edges
      for activation of said demodulating means with digital data transmitted as
      logic 1 or logic 0 between the first and last parts of each message bit
      element.
NUM  12.
PAR  12. The burst-mode frequency shift keying communications system of claim
      11, wherein each burst-mode frequency shift keying signal transmission
      includes a code section and a message section.
NUM  13.
PAR  13. The burst-mode frequency shift keying communications system of claim
      12, with code alignment checking circuitry in said common receiver.
NUM  14.
PAR  14. The burst-mode frequency shift keying communications system of claim
      13, with said message section repeated and data alignment checking means
      in said common receiver match checking the original and repeated message
      sections in each received burst-mode signal transmission.
NUM  15.
PAR  15. The burst-mode frequency shift keying communications system of claim
      14, with the burst-mode signal transmission having said message sections
      both before and after said code section.
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ABST
PAL  A system for suppressing positive feedback in acoustical-electrical devices
      having acoustic or electric feedback paths or a combination of both.
      Electrical signals from a microphone are transmitted through a sampling
      switch to a signal storage device. The transfer rate and duration are
      controlled by a pulse generator driven by an oscillator to time domain
      process the signals. The discrete signals output from the signal storage
      device are smoothed by a low pass filter and used to drive follow on
      circuitry, e.g., a speaker. A plurality of switches, signal storage
      devices, oscillators and pulse generators can be arranged in serial or
      parallel to provide various processing combinations. Several embodiments
      of the system are employed in a bidirectional telephone unit having
      separate incoming and outgoing signal channels to enable full duplex mode
      operation. In one embodiment, the incoming signals only are time domain
      processed and used to generate signals for controlling a voltage control
      gain block in the outgoing channel. In another embodiment, both the
      incoming and outgoing signals are time domain processed. In another
      embodiment, both the incoming and outgoing signals are time domain
      processed and voltage gain controlled by the signals in the opposite
      channel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to acoustical-electrical systems possessing
      parameters which permit self-oscillation induced by positive feedback.
      More particularly, this invention relates to systems in which provision is
      made to suppress this type of self-oscillation.
PAR  Many systems are known for converting voice signals, i.e., those in the
      audible range, to the electrical equivalent form, amplifying these
      electrical signals, and using these amplified signals to drive a follow on
      device, e.g. a loud speaker, a recording device, a telephone transmitter
      circuit, or the like. In known systems of this type, feedback paths
      typically exist which adversely affect system performance. For example, in
      a simple public address system, acoustical feedback paths are normally
      present which permit a portion of the acoustic signals emanating from the
      loud speaker to be coupled to the microphone. In a full duplex telephone
      line repeater system, on the other hand, electrical feedback paths are
      present which permit a portion of the amplified electrical signals to be
      electrically fed back to the input portion of the circuit in a closed
      loop. Moreover, in an amplified telephone system, having a telephone
      transmitter microphone and a speaker coupled to the telephone lines via a
      hybrid circuit, both acoustic and electrical feedback paths are present
      which can succeed in both acoustically and electrically coupling back
      signals to an input portion of the system.
PAR  In systems having either acoustic or electric feedback or a combination of
      both, it has been found that positive feedback occurs at those frequencies
      at which the phase shift of the loop is an integral multiple of
      360.degree. and at which the net system voltage gain is equal to unity,
      i.e., those frequencies which satisfy the Bode stability. criteria. When
      these criteria are met, the result is a ringing or squealing signal which
      overrides or masks the desired signals.
PAR  Efforts to suppress such unwanted feedback, in which an amplified signal
      re-enters the amplifying channel to cause squeal, have centered about
      providing conventional frequency domain filters which attempt to eliminate
      or reduce the amplitude of those frequencies satisfying the Bode criteria.
      The insertion of a convention notch or band pass frequency filter in the
      amplifying channel, however, has not been found to be particularly
      effective since the net effect of this insertion is to increase the system
      phase shift at the upper band edges of the band pass frequency for which
      the system is designed. This has the effect of merely lowering the
      frequency at which positive feedback occurs, without eliminating the
      feedback.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a system and method for suppressing positive
      feedback in acoustical-electrical systems susceptible thereto which is
      extremely inexpensive to fabricate and highly reliable in operation.
      Broadly stated, squeal suppression is effected in accordance with the
      invention by time domain processing electrical signals in the audible
      range to remove signal components prossessing frequencies which promote
      positive feedback. In the simplest embodiment, amplified speech signals
      are coupled via a sampling switch to a signal storage device. The state of
      the switch is controlled by the output of a pulse generator which provides
      a train of switch actuation pulses each having a predetermined width. The
      pulse generator is driven by the output of an oscillator which provides a
      clock signal train having a predetermined frequency. The incoming analog
      electrical signals are thus discretely sampled in accordance with the
      oscillator frequency, with each sampling period being determined by the
      width of a sampling pulse. The sampling frequency and sampling interval
      duration are selected in such a manner that unwanted frequencies, i.e.,
      those which promote positive feedback, are removed without substantially
      impairing the information content of the signals. After sampling, the
      signals are reconverted to smoothly varying monotonic analog form by a low
      pass filter, after which they are further amplified and coupled to an
      output device, e.g. a loud speaker.
PAR  In an alternate embodiment, the time domain processing is further improved
      by subjecting the input information signals to a plurality of serial or
      parallel time domain processing steps.
PAR  In a further specific aspect, the invention comprises a bidirectional full
      duplex communications unit in which positive feedback suppression is
      enhanced by a combination of voltage gain control and time domain
      processing. In a first embodiment, means are provided for time domain
      processing both incoming and outgoing speech signals. In another
      embodiment, means are provided for time domain processing the incoming
      speech signals and for generating signals from the incoming signals for
      controlling the gain of the outgoing signal amplifying channel. In still
      another embodiment, means are provided for time domain filtering both the
      incoming and outgoing speech signals and for generating control signals
      for controlling the gain of both the incoming and outgoing amplifying
      channels of the unit.
PAR  For a fuller understanding of the nature and advantages of the invention,
      reference should be had to the ensuing detailed description taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a first embodiment of the invention;
PAR  FIGS. 2A and B are plots of amplitude versus frequency illustrating the
      operation of the FIG. 1 embodiment;
PAR  FIGS. 3 and 4A and 4B illustrate alternate embodiments of the invention of
      FIG. 1;
PAR  FIG. 5 illustrates an alternate embodiment of the invention providing two
      channel time domain filtering in a bidirectional telephone unit;
PAR  FIG. 6 is a waveform diagram illustrating the operation of the FIG. 5
      embodiment;
PAR  FIG. 7 illustrates another embodiment providing one channel time domain
      filtering and opposite channel gain control in a bidirectional telephone
      unit; and
PAR  FIG. 8 illustrates a bidirectional telephone unit having two channel time
      domain filtering and cross-coupled voltage gain control.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawings, FIG. 1 illustrates a first embodiment of the
      invention. The FIG. 1 system comprises a sound amplification circuit
      modified in accordance with the teachings of the invention to provide
      squeal suppression. In the ensuing description of the FIG. 1 embodiment,
      as well as the other embodiments illustrated in FIGS. 3-5, 7 and 8,
      conventional well-known individual elements employed are identified in
      block diagram form. Since the circuit details of such well-known elements
      can be readily supplied by those skilled in the art, further details
      thereof have been omitted to avoid prolixity.
PAR  In the FIG. 1 embodiment, a conventional microphone 10 for converting
      speech signals or other signals lying in the audible range is coupled to
      the input of a preamplifier 12. Preamplifier 12 voltage amplifies the
      signals input thereto and may be provided with frequency shaping networks
      as appropriate to compensate for any undesired frequency response
      characteristics of the microphone 10. The output of preamplifier 12 is
      coupled to the transfer input of a switch 14 which is preferably an
      electronic switch such as a field effect transistor configured as a
      transfer switch. The transfer output of switch 14 is coupled to the input
      of a signal storage device 15, which is a conventional unit, e.g. a
      capacitor, capable of assuming the value of the sampled signal input
      thereto and holding this value until the next succeeding sample is applied
      thereto. The output of signal storage device 15 is coupled to the input of
      a low pass filter 16, which is designed to have pass band characteristics
      contributing to the desired system response. The output of low pass filter
      16 is coupled to the input of a power amplifier 17, which provides power
      amplification to the signals input thereto. The output of power amplifier
      17 is coupled to a conventional speaker 18 which converts the amplified
      electrical signals to audible form.
PAR  As will be apparent to those skilled in the art, in the sound amplification
      system of FIG. 1, an acoustic feedback channel exists between speaker 18
      and microphone 10. Absent any provision for suppression, the positive
      feedback provided by this channel ordinarily would cause self-oscillation
      of the system. FIG. 2A illustrates the frequency response of a typical
      system of the FIG. 1 type, exclusive of elements 14, 15 described above
      and elements 23, 24 described below. As shown in this FIG., the response
      curve 20 extends from nominal zero to an upper cut-off frequency
      .omega..sub.c. Lying within the pass band of curve 20 is a range of
      frequencies .DELTA..omega..sub.fb centered about a frequency
      .omega..sub.fb at which positive feedback would normally occur.
PAR  In order to remove these undesired frequency components from signals
      passing through the system, the signals are processed in the following
      manner. With reference to FIG. 1, a conventional oscillator 23 generates a
      periodic signal of a fixed frequency, which may be a sine wave as
      illustrated, a square wave, or the like. The fixed frequency output signal
      from oscillator 23 is coupled to the input of a pulse generator 24. Pulse
      generator 24 is a conventional circuit which generates a train of sharply
      defined pulses each having a fixed width in response to the receipt of
      recurring portions of the periodic signal input thereto. The output of
      pulse generator 24 is coupled to the control input of electronic switch 14
      to permit the transfer of the signal present at the transfer input to the
      signal storage device 15 for the duration of a sampling pulse. Thus, in
      operation, the continuous analog signals output from preamplifier 12 are
      discretely sampled by controlled the state of switch 14. By proper
      selection of the sampling frequency, which is determined by the frequency
      of the output signal from oscillator 23, and the sampling interval, which
      is determined by the width of the pulse signals output from pulse
      generator 24, the frequency components of the signal output from
      preamplifier 12 which promote positive feedback oscillation are thus
      removed without introducing noticeable distortion to the desired
      information content of the signals. After this time domain processing, the
      signals are reconverted to smoothly varying analog form by low pass filter
      16 and coupled to the output portions of the system. FIG. 2B illustrates
      the effect of the time domain processing on the response characteristics
      of the system of FIG. 1. As is evident from this Fig., the altered
      response curve 21 has a notch substantially centered about .omega..sub.fb.
      This notch removes substantially all those frequency components
      .omega..sub.fb of the input signal and reduces the amplitude of frequency
      components other than .omega..sub.fb lying in the range
      .DELTA..omega..sub.fb below that required to sustain system oscillation.
PAR  Since the frequency components promoting positive feedback typically vary
      as a function of system parameters which are not always convenient to
      calculate or measure, it has been found preferable to employ a variable
      frequency oscillator 23 and an adjustable pulse generator 24 in a given
      application. After the microphone 10 and speaker 18 have been installed,
      oscillator 23 and pulse generator 24 can then be manually adjusted to
      empirically select that sampling frequency and sampling interval which
      provide optimum time domain processing to the particular system. In actual
      practice, it has been found that once a system has been empirically
      adjusted for a given microphone-speaker configuration, the placement of
      these two elements can be varied to a great extent without adversely
      affecting the performance of the system.
PAR  In some applications, it has been found that optimum results may be
      obtained by providing additional time domain processing in a serial
      fashion to the sound signals. FIG. 3 illustrates an embodiment of the
      invention for accomplishing this result. In this Fig. as well as in
      succeeding Figs., like elements are designated by the same reference
      numeral. Thus, in the FIG. 3 embodiment, the output signals from
      preamplifier 12 are subjected to a first time domain processing by
      oscillator 23, pulse generator 24, switch 14 and signal storage device 15,
      and thereafter are passed through low pass filter 16 to the transfer input
      of a second electrical switch 25. The state of second electrical switch 25
      is controlled by a second pulse generator 28 driven by a second oscillator
      26. In a similar manner to that discussed above with reference to elements
      14, 23, and 24, sampled portions of the signals from low pass filter 16
      are coupled to a second signal storage device 29 at a frequency determined
      by the frequency of the output signals from second oscillator 26 and for a
      sampling period determined by the period of the individual output pulses
      from second pulse generator 28. The output of second signal storage device
      29 is coupled to the input of a low pass filter 30 in which the discrete
      sampled signals are converted to smoothly varying analog form. The output
      of low pass filter 30 is then coupled to appropriate follow on electrical
      circuitry, such as amplifier 17 and loud speaker 18 of FIG. 1.
PAR  FIG. 4A illustrates a variation of the system of FIG. 3 in which the output
      signals from preamplifier 12 are subjected to a first time domain
      processing by elements 14, 15, 23 and 24 and to a second time domain
      processing by elements 25, 28 and 29. In this embodiment, however, a delay
      element 27, is coupled between a single oscillator 23 and a second pulse
      generator 28. Preferably, the delay provided by delay element 27 is
      variable so that the phase of the pulse train output from second pulse
      generator 28 may be adjusted manually to provide optimum system response.
      If desired, additional stages may be added onto the FIG. 3 embodiment in
      order to provide a plurality of individual time domain processing units
      all operating at the same or different frequencies and sampling intervals
      on the output signals from preamplifier 12.
PAR  FIG. 4B illustrates another variation of the system of FIG. 3 in which the
      output signals from preamplifier 12 are time domain processed in a
      plurality of parallel time domain processing units. As shown in this Fig.,
      the individual time domain processing units each include a transfer switch
      14.sub.i, a signal storage device 15.sub.i, a low pass filter 16.sub.i ,
      an oscillator 23.sub.i and a pulse generator 24.sub.i. As noted above in
      the discussion of the embodiment of FIG. 1, individual oscillators
      23.sub.i and pulse generators 24.sub.i may be fixed or variable, depending
      on the requirements of a given application. The output from each of the
      individual low pass filters 16.sub.i are coupled to a conventional summing
      network 31, the output of which is coupled to the input of amplifier 17.
PAR  If desired, a multiplicity of microphones 10, or speakers 18, or both may
      be employed in the several embodiments. For example, in the FIG. 1
      embodiment, a plurality of microphones 10 may be used in place of the
      single microphone shown as an input to the system. In such an application,
      the individual microphones 10 would be coupled to a conventional mixer
      unit, the output of which would be coupled to the input of preamplifier
      12. If desired, the mixer may be provided with individual loudness or gain
      control adjusting devices to provide the proper mix of input signals.
      Further, power amplifier 17 may be output to a plurality of speaker units
      18. In such a case, proper balancing circuits designed in accordance with
      known techniques may be interposed therebetween. If desired, the
      individual loud speaker unit can be provided with individually adjustable
      loudness control circuits in order to enable adjustment of the sound
      distribution.
PAR  FIG. 5 illustrates an embodimemt of the invention found particularly
      suitable for use as a bidirectional telephone unit. In this embodiments,
      incoming speech signals from a conventional two conductor telephone line
      32 are coupled to a conventional telephone hybrid circuit 33. Hybrid
      circuit 33 may be a circuit of the type disclosed in "Magnetic Circuits
      and Transformers", J. Wiley and Sons, pages 519-525, May 1952, the
      disclosure of which is hereby incorporated by reference. The output from
      hybrid circuit 33 is coupled to a preamplifier 34. Preamplifier 34 may be
      provided, if desired, with appropriate conventional signal shaping
      circuits for the incoming speech signals. The output of preamplifier 34 is
      coupled to the transfer input of an electronic switch 35. The transfer
      output of switch 35 is coupled to the input of a signal storage device 36.
      The output of signal storage device 36 is coupled to the input of a
      conventional low pass filter 37 which drives a preamplifier 38. The output
      of preamplifier 38 is coupled to the input of a power amplifier 39 which
      in turn is used to drive a conventional speaker 40 mounted in the console
      unit of the user. An optional volume control element 41 is coupled between
      amplifiers 38, 39.
PAR  The outgoing channel of the telephone unit shown in FIG. 5 is similar to
      the above described input channel and includes a conventional microphone
      unit 42 which is coupled to the input of a preamplifier 43, the output of
      which is coupled to the transfer input of a switch 44. The transfer output
      of switch 44 is coupled to a second signal storage device 45. The output
      of signal storage device 45 is coupled via a low pass filter 46 to the
      input of a power amplifier 47. Power amplifier 47 is coupled to the hybrid
      unit 33 which couples the speech signals input thereto to telephone lines
      32 in an outoing mode. As indicated by broken line 49, speaker 40 and
      microphone unit 42 may be housed in a single desk console unit.
PAR  The signals in both the incoming and the outgoing channels in the FIG. 5
      embodiment are time domain processed in the following fashion. A single
      oscillator 50 providing an output signal train of a predetermined
      frequency is coupled to the input of a first pulse generator 51. Pulse
      generator 51 provides output signals having a predetermined pulse width
      which are coupled to the first transfer switch 35 to control the sampling
      of the incoming signals presented at the transfer input thereto by
      preamplifier 34. The output signals from first pulse generator 51 are
      coupled via a delay element 52 to the input of a second pulse generator
      53. The output of second pulse generator 53 is a second train of pulses
      having a second predetermined width and phase relationship to the pulse
      train output from first pulse generator 51 which is determined by delay
      element 52. The output of pulse generator 53 is used to control the
      operation of second transfer switch 44.
PAR  FIG. 6 illustrates typical waveforms present in the circuit of FIG. 5.
      Square wave train 55 is representative of the periodic waveform output of
      oscillator 50. Waveform 56 represents the output pulse train from pulse
      generator 51. As is evident from the Fig., first pulse generator 51
      produces a pulse train output signal having leading edges substantially
      coincident with the leading edges of the clock train waveform 55 and
      having a width substantially narrower than the period of waveform 55.
      Waveform 57 represents the output of second pulse generator 53. As a
      comparison of the two pulse generator output waveforms shows, the second
      pulse train 57 comprises a series of regularly spaced rectangular pulses
      substantially identical to the pulses of pulse train 56 from first pulse
      generator 51, but delayed by an appropriate delay interval provided by
      delay element 52.
PAR  As noted above, the sampling frequency provided by the signal output from
      oscillator 50 can be determined in an empirical manner by employing an
      adjustable oscillator 50. Likewise, the optimum width of the first and
      second pulse output trains, as well as the optimum delay interval between
      the first and second pulse trains may also be empirically determined by
      employing pulse generators having a pulse width adjustment and control and
      an adjustable delay unit 52. In practice, it has been found that the
      characteristic frequencies provided by particular geometric configurations
      of speaker 40 and microphone 42 in a conventional housing, as well as the
      electrical feedback characteristics provided by hybrid circuit 33, are
      substantially invariant for similar production units. Thus, once the
      optimum sampling frequency sampling interval duration, and delay period
      have been ascertained, oscillator 50, pulse generators 51 and 53 and delay
      element 52 may be replaced by fixed elements if desired.
PAR  FIG. 7 illustrates another embodiment of the invention suitable for use as
      a bidirectional telephone unit, in which signals in the incoming channel
      are given priority over those in the outgoing channel. In this embodiment,
      only the signals in the incoming channel are time domain processed and the
      processed signals are used to derive control signals for a voltage control
      gain block 60 inserted to the outgoing channel. In the FIG. 7 embodiment,
      the output of power amplifier 39 is coupled through a variable resistance
      61 to the input of a buffer amplifier 62. The output of buffer amplifier
      62 is coupled to a rectifier 63 which develops the envelope of the time
      domain processed incoming signal. The output of rectifier 63 is coupled
      via a DC amplifier 64 to the control input of a conventional voltage
      control gain block 60, this latter element comprising an amplifier capable
      of providing continuously variable gain in the outgoing signal channel
      over a predetermined range in response to the control signals input
      thereto. The output of voltage control gain block 60 is coupled to the
      input of an amplifier 66, the output of which is coupled to hybrid circuit
      33. Amplifier 66 may comprise a conventional power amplifier or a self
      gain controlled amplifier. The latter type of amplifier may be employed
      for the purpose of preventing hybrid circuit 33 from overdriving telephone
      lines 32 and also to assist in maintaining the signal amplitude within a
      desired amplitude range.
PAR  As noted above, the system of FIG. 7 establishes priority for incoming
      speech signals. This is accomplished by enabling the incoming speech
      signals to control the gain of the outgoing channel via elements 60-64. As
      illustrated, the gain control signals are obtained from the time domain
      processed incoming speech signals. However, if desired, the incoming
      speech signals may bypass the time domain processing portions of the
      circuit to directly control the gain of voltage control gain block 60.
PAR  FIG. 8 illustrates still another embodiment of the invention suitable for
      use with a bidirectional telephone unit in which both the incoming and
      outgoing channels are provided with time domain processing units and also
      in which each channel is gain controlled in accordance with the level of
      the signal in the other channel.
PAR  In this embodiment, oscillator 50 and pulse generator 51 are used to drive
      transfer switch 44 in the outgoing channel of the telephone unit, while
      oscillator 50, a delay unit 70 and pulse generator 71 are used to control
      transfer switch 35 in the incoming channel of the unit. In addition, and
      additional amplifier 72 is coupled between low pass filter 46 and voltage
      control gain block 60. The output of amplifier 72 is also coupled to a
      second gain control branch comprising variable resistor 73, buffer
      amplifier 74, rectifier 75 and DC amplifier 76. The latter elements
      provide control signals to a second voltage control gain block 77 inserted
      in the incoming channel between amplifiers 38, 39. The FIG. 8 arrangement
      thus provides cross-coupled voltage gain control of both channels as well
      as independent time domain processing for both the incoming and outgoing
      signals.
PAR  As noted above, the optimum sampling frequencies and sampling intervals for
      any given application can best be determined on an empirical basis. For
      example, in one application of a system of the FIG. 7 type designed with a
      pass band range from 30 to 3,000 hertz, a sampling frequency of 15
      kilohertz and a sampling interval of two microseconds was found to povide
      an increase of gain margin in excess of 18 decibels with substantial
      squeal suppression. The embodiment of FIG. 8 has demonstrated squeal
      reduction performance of an even greater magnitude with similar sampling
      parameters and a delay interval of 25 microseconds.
PAR  The invention described above may be employed in a wide variety of
      applications with beneficial results. In addition to sound amplification
      systems, and bidirectional telephone units, the teachings of the invention
      may be applied to sound re-enforcement systems, amplified hearing aids,
      radio/telephone systems, amplified intercommunications systems, amplified
      noise cancelling systems, sound on sound recording systems, and other
      systems possessing inherent susceptibility to audio feedback resulting
      from either acoustic feedback into a microphone from a speaker or
      electrical feedback between an incoming signal channel and an outgoing
      signal channel.
PAR  When applied to bidirectional telephone systems, the invention permits one
      or more such units to operate in the full duplex mode rather than the
      voice switched mode commonly employed in commercially available units. In
      voice switched systems, speech signals are only transmitted at any given
      time in one direction, with the direction being determined by the party
      talking the loudest. The full duplex mode of operation, on the other hand,
      offers the decided advantage that one or more parties stationed at both
      ends of the telephone line may simultaneously converse from station to
      station with no loss of information contet. The same principle may be
      applied to the field of radio telephony to provide full duplex mode of
      operation.
PAR  While the above provides a full and complete disclosure of the preferred
      embodiments of the invention, various modifications, alternate
      constructions, and equivalents may be employed without departing from the
      spirit and scope of the invention. Therefore, the above description and
      illustrations should not be construed as limiting the scope of the
      invention which is defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for suppressing positive feedback in a sound amplifying system,
      said method comprising the steps of:
PA1  a. generating variable amplitude electrical signals representative of
      acoustical signals lying in the audible range;
PA1  b. time domain processing said electrical signals to attenutate preselected
      frequency components which promote said positive feedback; and
PA1  c. reconverting said processed signals to signals having a smoothly varying
      amplitude form.
NUM  2.
PAR  2. The method of claim 1 wherein said step of time domain processing
      includes the steps of:
PA1  i. coupling said variable amplitude electrical signals to the transfer
      input of a signal transfer device;
PA1  ii. generating a train of sample pulses having a predetermined width and a
      predetermined frequency;
PA1  iii. applying said train of sample pulses to the control input of said
      signal transfer device to permit the transmission therethrough of discrete
      samples of the signals present at the transfer input thereof; and
PA1  iv. coupling said discrete samples from said signal transfer device to a
      signal storage device.
NUM  3.
PAR  3. The method of claim 2 wherein said step of time domain processing
      further includes the steps of:
PA1  v. reconverting the signals output from said signal storage device to a
      smoothly variable amplitude form;
PA1  vi. applying said reconverted signals to the transfer input of a second
      signal transfer device;
PA1  vii. generating a second sample pulse train;
PA1  viii. applying said second sample pulse train to the control input of said
      second signal transfer device; and
PA1  ix. coupling said signals from said second signal transfer device to the
      input of a second signal storage device.
NUM  4.
PAR  4. The method of claim 3 further including the step of adjusting the phase
      of said second sample pulse train relative to said first sample pulse
      train.
NUM  5.
PAR  5. The method of claim 1 wherein said step of time domain processing
      includes the steps of:
PA1  i. substantially simultaneously applying said variable amplitude electrical
      signal to the individual transfer inputs of a plurality of signal transfer
      devices;
PA1  ii. generating a corresponding plurality of trains of sample pulses each
      having a predetermined width and a predetermined frequency;
PA1  iii. applying said plurality of trains of sample pulses to the control
      inputs of different ones of said plurality of signal transfer devices to
      permit the transfer therethrough of discrete samples of the signals
      present at the transfer inputs thereof; and
PA1  iv. coupling said discrete samples from each of said plurality of signal
      transfer devices to a different one of a plurality of signal storage
      devices.
NUM  6.
PAR  6. The method of claim 5 wherein said step (c) of reconverting includes the
      steps of:
PA1  v. passing the individual output signals from said plurality of signal
      storage devices through different ones of a plurality of frequency domain
      filter; and
PA1  vi. summing the signals output from said plurality of frequency domain
      filters.
NUM  7.
PAR  7. A method for suppressing positive feedback in a bidirectional
      communications unit having an incoming channel and an outgoing channel
      commonly coupled to a bidirectional coupling device and a voltage control
      gain block in one of said channels, said method comprising the steps of:
PA1  a. time domain processing variable amplitude electrical signals in the
      other of said channels to attenuate preselected frequency components which
      promote said positive feedback;
PA1  b. reconverting the signals resulting from step (a) to signals having a
      smoothly varying amplitude form;
PA1  c. generating gain control signals from said signals in said other of said
      channels; and
PA1  d. coupling said gain control signals to said voltage control gain block in
      said one of said channels to control the gain thereof.
NUM  8.
PAR  8. The method of claim 7 wherein said step (a) of time domain processing
      includes the steps of:
PA1  i. coupling said variable amplitude electrical signals in said other one of
      said channels to the transfer input of a signal transfer device;
PA1  ii. generating a train of sample pulses having a predetermined width and a
      predetermined frequency;
PA1  iii. applying said train of sample pulses to the control input of said
      signal transfer device to permit the transmission therethrough of discrete
      samples of the signals present at the transfer input thereof; and
PA1  iv. coupling said discrete samples from said signal transfer device to a
      signal storage device.
NUM  9.
PAR  9. A method for suppressing positive feedback in a bidirectional
      communications unit having an incoming channel and an outgoing channel
      commonly coupled to a bidirectional coupling device, said method
      comprising the steps of:
PA1  a. time domain processing variable amplitude electrical signals in said
      incoming channel to attenuate preselected frequency components which
      promote said positive feedback;
PA1  b. reconverting the signals resulting from step (a) to signals having a
      smoothly varying amplitude form;
PA1  c. time domain processing variable amplitude electrical signals in said
      outgoing channel to attentuate preselected frequency components which
      promote said positive feedback; and
PA1  d. reconverting the signals resulting from step (c) to signals having a
      smoothly varying amplitude form.
NUM  10.
PAR  10. The method of claim 9 wherein said steps (a) and (c) include the steps
      of:
PA1  i. coupling said variable amplitude electrical signals in said incoming and
      outgoing channels to the transfer inputs of first and second signal
      transfer devices, respectively;
PA1  ii. generating first and second trains of sample pulses having a
      predetermined width and a predetermined frequency;
PA1  iii. applying said first and second trains of sample pulses to the control
      inputs of said first and second signal transfer devices, respectively, to
      permit the transmission therethrough of discrete samples of the signals
      present at the transfer inputs thereof; and
PA1  iv. coupling said discrete samples from said first and second signal
      transfer devices to first and second signal storage devices in said
      incoming and outgoing channels, respectively.
NUM  11.
PAR  11. The method of claim 9 wherein said incoming and outgoing channels are
      each provided with a voltage control gain block and further including the
      steps of:
PA1  e. generating a first gain control signal from the variable amplitude
      signals present in said incoming channel;
PA1  f. generating a second gain control signal from the variable amplitude
      signals present in said outgoing channel;
PA1  g. coupling said first gain control signal to the voltage control gain
      block in said outgoing channel to control the gain thereof; and
PA1  h. coupling said second gain control signal to said voltage control gain
      block in said incoming channel to control the gain thereof.
NUM  12.
PAR  12. A sound amplification system having positive feedback suppression, said
      system comprising:
PA1  a. means for generating variable amplitude electrical signals
      representative of acoustical signals lying in the audible range;
PA1  b. means for time domain processing said electrical signals to attenuate
      therefrom preselected frequency components which promote positive
      feedback; and
PA1  c. means for reconverting said processed signals to signals having a
      smoothly varying amplitude form.
NUM  13.
PAR  13. The system of claim 12 wherein said means for time domain processing
      includes a signal transfer device having a transfer input, a transfer
      output and a control input; means for coupling said variable amplitude
      electrical signals to said transfer input of said signal transfer device;
      means for generating a train of sample pulses having a predetermined width
      and a predetermined frequency; means for coupling said train of sample
      pulses to said control input of said signal transfer device to permit the
      transmission therethrough of discrete samples of the signals present at
      said transfer input; a signal storage device; and means for coupling said
      discrete samples from said signal transfer device to said signal storage
      device.
NUM  14.
PAR  14. The system of claim 13 wherein said means for time domain processing
      further includes means for reconverting the signals output from said
      signal storage device to a smoothly varying amplitude form; a second
      signal transfer device having a transfer input, a transfer output, and a
      control input; means for coupling said reconverted signals to said
      transfer input of said second signal transfer device; means for generating
      a second train of sample pulses having a predetermined width and a
      predetermined frequency; means for coupling said second sample pulse train
      to said control input of said second signal transfer device to permit the
      transmission therethrough of discrete samples of the signals present at
      the transfer input thereof; a second signal storage device; and means for
      coupling said discrete samples from said second signal transfer device to
      said second signal storage device.
NUM  15.
PAR  15. The system of claim 14 wherein said time domain processing means
      further includes means coupled to said second sample pulse train
      generating means for adjusting the phase of said second sample pulse train
      relative to said first sample pulse train.
NUM  16.
PAR  16. The system of claim 12 wherein said time domain processing means
      includes a plurality of signal transfer devices each having a transfer
      input, a transfer output, and a control input means for generating a
      corresponding plurality of trains of sample pulses each having a
      predetermined width and a predetermined frequency; means for coupling each
      of said plurality of trains of sample pulses to the control inputs of
      different ones of said plurality of said signal transfer devices to permit
      the transfer therethrough of discrete samples of the signals present at
      the transfer inputs thereof; a corresponding plurality of signal storage
      devices; and means for coupling said discrete samples from each of said
      plurality of signal transfer devices to a different one of said plurality
      of signal storage devices.
NUM  17.
PAR  17. The system of claim 16 wherein said reconverting means includes a
      plurality of frequency domain filters each having an input and an output;
      means for coupling the individual output signals from said plurality of
      signal storage devices to the input of different ones of said plurality of
      frequency domain filters; and summing means coupled to the output of said
      plurality of frequency domain filters for algebraically summing the
      signals output therefrom.
NUM  18.
PAR  18. A bidirectional communications unit operable in full duplex mode and
      having position feedback suppression, said unit comprising:
PA1  a. a bidirectional coupling device providing an input/output signal port
      for said communications unit;
PA1  b. an incoming signal amplifying channel for amplifying incoming variable
      amplitude signals coupled thereto from said coupling device, said incoming
      signal amplifier channel including means for time domain processing said
      variable amplitude signals to attenuate preselected frequency components
      which promote positive feedback and means for reconverting the time domain
      processed signals to signals having a smoothly varying amplitude form;
PA1  c. an outgoing signal amplifier channel for amplifying variable amplitude
      signal representative of acoustic signals lying in the audible range, said
      output signal amplifier channel including a voltage gain block having a
      signal input, a signal output coupled to said coupling device, and a gain
      control input; and
PA1  d. means having an input coupled to said incoming signal amplifier channel
      for generating gain control signals from signals in said incoming signal
      amplifying channel and an output coupled to said gain control input of
      said voltage control gain block.
NUM  19.
PAR  19. The combination of claim 18 wherein said time domain processing means
      includes a signal transfer device having an input for receiving said
      incoming variable amplitude signals, a transfer output and a control
      input; means for generating a train of sample pulses having a
      predetermined width and a predetermined frequency; means for coupling said
      train of sample pulses to said control input of said signal transfer
      device to permit the transmission therethrough of discrete samples of the
      incoming signals present at the transfer input thereof; a signal storage
      device having an input and an output; and means for coupling said discrete
      samples from said transfer output of said signal transfer device to said
      input of said signal storage device.
NUM  20.
PAR  20. The combination of claim 18 wherein said communications unit comprises
      a device selected from a group consisting of a telephone unit, a
      radio/telephone unit, and an intercom unit.
NUM  21.
PAR  21. The combination of claim 18 wherein said communications unit comprises
      a telephone unit and said coupling device comprises a telephone hybrid
      circuit.
NUM  22.
PAR  22. A bidirectional full duplex communications unit having positive
      feedback suppression, said unit comprising:
PA1  a. a bidirectional coupling device providing an input/output signal port
      for said communications unit;
PA1  b. an incoming signal amplifier channel for amplifying incoming variable
      amplitude signals coupled thereto from said coupling device, said incoming
      signal amplifier channel including first means for time domain processing
      said incoming signals to attenuate therefrom preselected frequency
      components which promote positive feedback; and
PA1  c. an outgoing signal amplifier channel for amplifying variable amplitude
      signals representative of acoustic signals lying in the audible range,
      said outgoing signal amplifier channel including second means for time
      domain processing said outgoing signals to attenuate preselected frequency
      components therefrom;
PA1  said incoming and said outgoing signal amplifier channels each including
      means for reconverting the signals from said first and second means,
      respectively, to signals having a smoothly varying amplitude form.
NUM  23.
PAR  23. The combination of claim 22 wherein said first and second time domain
      processing means each comprises a signal transfer device having a transfer
      input, a transfer output, ad a control input; means for generating first
      and second trains of sample pulses having a predetermined width and a
      predetermined frequency; means for coupling said first and second trains
      of sample pulses to said control inputs of said first and second signal
      transfer devices, respectively, to permit the transmission therethrough of
      discrete samples of said incoming and said outgoing signals present at
      said transfer inputs thereof; first and second signals storage devices in
      said incoming and said outgoing channels, respectively, each said signal
      device having an input and an output; and means for coupling said discrete
      samples from said first and second signal transfer devices to said inputs
      of said first and second signal storage devices, respectively.
NUM  24.
PAR  24. The combination of claim 23 wherein said incoming and said outgoing
      signal amplifier channels each include a voltage control gain block having
      a signal input, a signal output, and a control signal input; first and
      second means for generating first and second gain control signals from
      said incoming and said outgoing signals, respectively; means for coupling
      said first gain control signal to said control signal input of said second
      voltage control gain block in said outgoing channel; and means for
      coupling said second gain control signal to said control signal input of
      said voltage control gain block in said incoming channel.
NUM  25.
PAR  25. The combination of claim 22 wherein said communications unit comprises
      a device selected from the group consisting of a telephone unit, a
      radio/telephone unit, and an intercom unit.
NUM  26.
PAR  26. The combination of claim 22 wherein said communications unit comprises
      a telephone unit and said coupling device comprises a telephone hybird
      circuit.
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ABST
PAL  1. In a scrambling system for translating input message values into output
      currents of substantially random occurrence of values, separate message
      input circuits for each message value, separate output control circuits
      for determining each output current value, a plurality of key circuits
      crossing said message input circuits, means to apply key currents to
      respective key circuits on a substantially random basis, and means at each
      cross-over point between said message input circuits and key circuits for
      setting up a current condition in a corresponding one of said output
      control circuits to determine the value of output current.
BSUM
PAR  The present invention relates to translating or combining circuits for
      selectively setting up in individual outgoing circuits current conditions
      under the conjoint control of currents in a plurality of different input
      circuits.
PAR  The invention, while of broad and general application, will be disclosed
      herein as embodied in a scrambling or enciphering circuit for use in
      secret signaling whereby signal currents are changed into enciphered
      currents under control of key currents prior to transmission, and a
      reverse transformation is made at the receiving point under control of
      duplicate key currents thereat. In this embodiment the signal and key
      currents each have any of a definite number of values and a separate
      circuit is provided for each value of signal current as well as for each
      value of key current. These sets or groups of signal and key conductors
      afford a number of control points equal to the product of the numbers of
      conductors in the conductor groups. At these control points, individual
      control devices are used for responding to the simultaneous application of
      signal and key currents and in so responding, exercise a selective control
      upon an output terminal or conductor. In the case of an enciphering
      circuit where it is desired to produce the same number of output current
      values as the number of discrete signal current values employed, these
      control devices are associated in groups so that any device of a group
      sets up the same value of output current, there being as many such groups
      as there are separate values of output current. Such a combination is
      referred to as a permuter.
PAR  The general object of the invention is to set up in individual outgoing
      circuits definite current conditions as determined at each instant by the
      conjoint application to suitable control devices of currents in individual
      conductors belonging to each of a plurality of sets or groups.
PAR  In the specific embodiment disclosed herein, the signal is first changed to
      stepped form and a separate circuit is provided for each step value.
      Likewise the key currents are either generated in steps or converted to
      stepped form and a separate circuit is provided for each step value. If a
      single key is used, a two-dimensional scramble results in which the key
      value conductors may be thought of as, say, vertical and the signal value
      conductors as horizontal with the two classes of conductors crossing each
      other and affording cross-overs equal in number to the product of the
      numbers of conductors in the two classes. At each cross-over point is a
      device which responds only to application of a current in each of the
      intersecting conductors at such point.
PAR  More than one set of key conductors can be used for a set of signal value
      conductors, with the same responsive devices responding to the signal
      current and to a plurality of key currents. If two sets of key conductors
      are used, for example, the number of cross-over points is the product of
      three factors, namely, the number of signal value conductors and the
      numbers of key value conductors representing the two keys. In this case a
      three-dimensional scramble is produced and the physical arrangement of the
      conductor groups can be thought of as in three planes mutually at right
      angles to one another with the points of intersection falling within a
      cube or other rectilinear solid.
PAR  As will appear more fully from the disclosure a plurality of scramblers or
      permuters will commonly be used in tandem in the same signal path.
DRWD
PAR  The invention will be more fully understood from the following detailed
      description in connection with the accompanying drawings in which:
PAR  FIG. 1 is a schematic circuit diagram of one type of permuter circuit
      according to the invention;
PAR  FIG. 2 is an explanatory diagram to illustrate voltage conditions which may
      exist in the circuit of FIG. 1;
PAR  FIG. 3 is a schematic diagram of the circuit arrangement of a
      three-dimensional permuter according to the invention;
PAR  FIG. 4 is a detail view of one of the intersecting points of the system of
      FIG. 3;
PAR  FIG. 5 is a block schematic diagram of a complete transmitting station of a
      secret telephone system according to the invention, using permuters of the
      type illustrated in FIG. 1; and
PAR  FIG. 6 is a similar diagram of a receiving station that may be used with
      the FIG. 5 transmitting station.
DETD
PAR  Referring first to FIG. 1, the signal or message leads are shown at the
      left and the key leads at the top of the figure. Each message leads M1,
      M2, etc. is assumed to be associated with suitable signaling equipment
      (one type of which is illustrated in FIG. 5) which is adapted to impress
      positive voltage on the individual leads relative to ground. Similarly,
      positive voltage is impressed on the individual key leads. Since in this
      illustration there are five leads in each group, there are twenty-five
      points of intersection. At each such point there is a current or voltage
      responsive device D which may be a copper oxide rectifier, a diode or
      other tube, relay, thermistor or similar device capable of responding only
      to impressed voltage above a predetermined minimum which can be determined
      by aid of a bias. In the figure it is assumed that the devices D are
      copper oxide rectifiers. Each device has one of its terminals connected to
      a pair of high resistances R.sub.1 and R.sub.2 of which R.sub.1 is
      connected to the respective message lead and R.sub.2 is connected to the
      respective key lead.
PAR  The relation is such that when only the voltage from one of these leads is
      impressed, the device remains non-conducting on account of its
      characteristic aided by the bias derived from battery 10 associated with
      one of the output amplifier tubes 11; but when voltage from both an M lead
      and a K lead are simultaneously applied through R.sub.1 and R.sub.2 to the
      same device, the bias is overcome and the device is changed to its low
      resistance condition so that current is sent to ground through a grid
      resistor 12 against the voltage of the bias battery 10.
PAR  This is further illustrated in FIG. 2 where the message voltage is
      indicated as applied from a battery 14 when switch 16 is closed, the
      resistance R.sub.1 being connected to a point a in a potential divider
      circuit consisting of resistors 16 and 17 in which the value of resistor
      17 is low compared with that of the series resistances. Similarly, the key
      voltage is applied from battery 18 through switch 19 and potential divider
      circuit 20, 21 of which point a' is connected to resistor R.sub.2. When
      either switch alone is closed, the voltage applied to D is insufficient to
      permit current to flow against the voltage of battery 10 but when both
      switches are closed the voltages add on account of the use of the high
      resistances in the connecting circuits and the device D becomes conducting
      and transmits current to the input circuit of tube 11'. Even if voltage
      should be applied simultaneously to points b, c, d and e (but not to any
      of the corresponding primed terminals also), none also) the accompanying
      devices would be rendered conducting. For a similar reason, only one of
      the 25 devices D of FIG. 1 can become conducting when one lead of each
      group has battery applied to it, even though this same voltage is applied
      to five of the R.sub.1 resistors and to five of the R.sub.2 resistors,
      since but one device D receives voltage from both an R.sub.1 and an
      R.sub.2 resistor.
PAR  It is seen from FIG. 1 that the devices D are connected in groups of five
      in a diagonal relationship, to the input terminals of the five output
      tubes 11, etc. In general, the output groups could be connected in any
      pattern such that no two of the same group appear in the same row or in
      the same column, but the simple diagonal pattern is shown for
      illustration.
PAR  Each of the output tubes is normally biased beyond cut-off by grid battery
      23 so that normally the corresponding one of output leads 1 to 5 is at
      ground potential. When a device D is caused to transmit current, one of
      the five output tubes has positive voltage applied to the upper terminal
      of grid resistor 12 sufficient to overcome the grid bias and allow the
      tube to conduct current through output coupling resistor 24 which then
      applies a negative voltage to the output leads 1, 2, etc. Following
      through the connections it is seen that if input leads M1 and K1 have
      positive voltage applied to them, output lead 1 is energized. This same
      effect is produced if the voltages are applied to M2 and K2 or to M3 and
      K3, etc. Arranging these leads and output conductors in a table, the
      output lead that is energized is given by the number at the intersection
      of the rows and columns.
TBL  ______________________________________                                    
     K5           K4       K3       K2     K1                                  
     ______________________________________                                    
     M1      5        4        3      2      1                                 
     M2      4        3        2      1      5                                 
     M3      3        2        1      5      4                                 
     M4      2        1        5      4      3                                 
     M5      1        5        4      3      2                                 
     ______________________________________                                    
PAL  This table shows that any output lead can be energized when any input M
      lead has a voltage applied to it, dependent upon the K lead used. If the K
      leads are used in a random order, there is an equal probability that a
      voltage applied to a given M lead will cause energization of any one of
      the output leads 1 to 5.
PAR  Referring again to FIG. 2, the five D devices shown are those belonging to
      one diagonal group and any one of them when made conducting will cause the
      tube 11' associated with that group to become conducting. In FIG. 2 the
      tube 11a is so connected to outgoing conductor 1 that a positive voltage
      is set up on conductor 1 in response to current transmitted through a
      device D. Normally saturation current flows in tube 11a and tube 11' is
      cut off. When tube 11' conducts in response to actuation of a D device,
      tube 11a is cut off sending the potential of output lead 1 positive. When
      tube 11' is non-conducting, lead 1 is near ground potential and if desired
      the small positive voltage then existing on lead 1 can be cancelled by an
      opposing battery. Depending upon circuit requirements it may be desirable
      in some cases to connect the output conductors to the output tubes as in
      FIG. 1 to apply negative voltages thereto while in other cases it may be
      preferred to connect the output conductors as in FIG. 2 to apply positive
      voltages to them.
PAR  Referring to FIG. 3, three sets of input terminals are shown labeled x, y
      and z with subscripts. Each circle represents a point of intersection and
      contains the elements shown in FIG. 4, that is, a device D and three
      resistors R.sub.1, R.sub.2 and R.sub.3 for connecting one terminal of D to
      respective input leads x, y and z, and an output conductor o. In FIG. 3
      the single lead x.sub.1 is multiplied to the nine circles shown in the
      vertical plane that is furthest to the left and extends perpendicular to
      the paper. Lead x.sub.2 is multipled to the nine circles in the next
      vertical plane to the right, that is, the central plane, while x.sub.3 is
      similarly multipled to the nine circles in the right-hand vertical plane.
      Lead y.sub.1 is multipled to the nine circles in the bottom plane that is
      perpendicular to the paper, y.sub.2 to the nine circles in the next higher
      or middle horizontal plane and y.sub.3 to the nine circles in the top
      plane. Lead z.sub.1 is multipled to the nine circles in the front vertical
      plane, nearest the reader, lead z.sub.2 to the nine circles in the middle
      vertical plane parallel to the paper and lead z.sub.3 to the nine circles
      in the rear vertical plane. To select the device in the circle numbered
      30, for example, it is necessary to apply positive voltage to the three
      leads x.sub.2, y.sub.2 and z.sub.2. Any one of the 27 devices can be
      selected by actuating the proper three input leads, one x-lead, one y-lead
      and one z-lead.
PAR  The manner in which the diagonal output groupings of the tubes are made is
      indicated by the numbers 1, 2 and 3 within the circles and the dotted or
      broken diagonal lines connecting circles of like number. All of the No. 1
      circles are connected to the input of amplifier tube 11.sub.1 while the
      No. 2 circles are all connected to tube 11.sub.2 and the No. 3 circles to
      tube 11.sub.3. Thus, there are nine circles in each group connected to any
      one output tube. In FIG. 3, for illustration, each tube 11 is biased to
      non-conducting condition by battery 26 in the cathode ground lead, this
      battery being of such voltage as to make the cathode potential normally
      positive with respect to the grid. When a device D is switched on, the
      current flow through resistor 12 makes the grid more positive and causes
      the tube to conduct current through resistor 29 and apply negative voltage
      to an outgoing lead such as lead 1. It will be understood that the
      outgoing leads are each connected to device D as shown by lead o in FIG.
      4.
PAR  FIGS. 5 and 6 show how permuters of the type disclosed in FIG. 1 may be
      applied to respectively the transmitting and receiving stations of a
      secret telephone system of the general type disclosed in R. L. Miller
      application Ser. No. 542,975, filed June 30, 1944. In these figures the
      permuters take the place of the key combining and reentry circuits of the
      Miller disclosure.
PAR  Referring to FIG. 5 the speech input is indicated at 35 by the microphone
      which can, of course, also be an incoming telephone line. This feeds into
      the vocoder analyzer 36 which operates in known manner to derive
      spectrum-defining and pitch-defining low frequency waves from the
      impressed speech waves, in a number of different paths or circuits each
      connected to a different distributor point assumed in this instance to be
      ten in number. The distributor is diagrammatically indicated at 37 as
      comprising fixed segments over which a brush travels but this
      representation is intended to be general and to include the relay type of
      distributor shown by Miller or other equivelent types. The brush is
      connected through an amplifier 38 to the stepper analyzer 40 which is of
      the same general type as the message stepper disclosed in the Miller
      application but additionally includes five relays 51 to 55 which are
      arranged to be operated one at a time depending upon the strength of the
      impressed signal. The five stepper tubes 41 to 45 are gas-filled tubes
      which have their plates supplied with interrupted voltage from pulsing
      circuit 61 operated under control of standard frequency source 60. The
      grid circuits of these stepper tubes have different biases applied to them
      as disclosed by Miller, such that if the signal impressed upon them at a
      particular instant is of less than a certain amplitude (step 1) none of
      the stepper tubes fires but if the amplitude is as great as step 1 value
      or greater one or more of the tubes is fired depending upon whether the
      amplitude lies between step 1 and step 2, step 2 and step 3, etc.
PAR  If the amplitude of the signal at any instant is of less than step 1 value,
      none of the relays 51 to 55 is energized since none of the stepper tubes
      is fired. Under these conditions when the pulsing voltage comes on at 61,
      this voltage is applied over a circuit through the outer armatures and
      back contacts of all five relays in series to the upper or zero output
      lead 70 of the stepper analyzer. If the signal is of such strength that
      only tube 41 fires, relay 51 is energized due to the drop of potential
      existing through series resistor 46. This breaks the path leading to the
      zero output lead at the outer armature and back contact of relay 51 and
      closes a path for applying positive voltage through the inner armature and
      front contact to output lead 71. If the signal has a value between step 2
      and step 3, the two stepper tubes 41 and 42 fire causing relay 52 to
      become energized. (Relay 51 does not become energized since no difference
      of potential exists across its terminals.) Relay 52 applies positive
      voltage to output lead 72. A similar action follows for steps 3, 4 and 5
      causing a voltage to be placed on the corresponding output lead 73, 74 or
      75. On step 5 all five stepper tubes fire and relay 55 receives energizing
      current due to the drop of potential across series resistor 48. In this
      manner the same value of positive potential is applied to one of the six
      output leads 70 to 75 depending upon the instantaneous amplitude of the
      signal.
PAR  These six leads are connected to input terminals of the first permuter
      P.sub.1 and correspond to the message leads shown in FIG. 1 except that in
      this case there are six such signal or message leads. There are also six
      key leads shown at K.sub.1 corresponding to the key leads in FIG. 1. It is
      understood that the permuter P.sub.1 may be of the same type as shown in
      FIG. 1 except that it is a 6 .times. 6 instead of a 5 .times. 5 permuter.
PAR  Five other permuters P.sub.2, P.sub.3, P.sub.4, P.sub.5 and P.sub.6 are
      also shown having the number of message and key terminals indicated in the
      drawing. For example, permuter P.sub.2 has two message and two key leads,
      permuter P.sub.3 has three message and three key leads, etc. Each of these
      permuters may be constructed in accordance with the FIG. 1 disclosure.
PAR  The final output leads from the permuter P.sub.6 connect to ground through
      potentiometer resistances 80 to 85. It is assumed for convenience that the
      type of internal connection to the output amplifier tubes in each permuter
      is of the type shown in FIG. 2 so that positive voltages are used
      throughout for both the input and output message terminals of the
      permuter. Thus at each signal interval a positive voltage is applied to
      some one and one only of the potentiometer resistors 80 to 85, it being
      understood that the voltage so applied is of the same value in all cases.
      In order to derive or recover six stepped values of signal having the
      values 0 to 5 steps, inclusive, contacts are applied at different stepped
      points along these potentiometer resistances, the uppermost contact 86
      deriving a step 0 voltage, the second contact 87 deriving a step 1 voltage
      and so on down to the final contact 88 which derives a step 5 voltage.
      These contacts lead through series resistors 80, etc. to a common point 89
      in the input circuit of stepper 90.
PAR  Stepper 90 is arranged to sample the output pulses from the potentiometers
      80 to 85 at about the middle of the pulse and to reproduce the stepped
      pulses in proper form for transmission. Instead of the potentiometers 80
      to 85 and single stepper 90 it would, of course, be possible to use six
      individual stepper tubes in place of the resistors 80 to 85 with their
      circuits arranged to deliver the six different values of output current
      corresponding to 0 to 5 steps.
PAR  The stepper 90 is supplied with interrupted voltage pulses from source 91,
      these pulses being properly timed in relation to those produced in the
      pulse circuit 61 by being driven from the same master oscillator 60 but in
      this case through a phase shifting circuit 92 which produces a slight lag
      in the pulses supplied to the stepper 90.
PAR  The output of the stepper 90 or of the individual stepper tubes in case
      they are used is applied to the brush of output distributor 93, the ten
      segments of which lead to individual multiplex carrier channels, each of
      which includes a holding circuit as disclosed in the Miller application.
      The multiplex carrier channels are assumed to employ respectively
      different carrier frequencies suitable for simultaneous transmission over
      the same line or radio channel to the distant station. Provision is made
      as disclosed more fully in the Miller application for properly timing the
      distributors 37 and 93 such that the latter lags slightly behind the
      former by the amount necessary for satisfactory operation.
PAR  As already indicated, it is necessary to supply key currents to the key
      leads of each of the permuters, these permuters requiring different
      numbers of key leads varying from two to six in the example given. For
      this purpose six different key currents are simultaneously recorded on the
      record 100, each key being modulated on a different carrier frequency
      wave, for example, so as to permit them to be separated by the six band
      filters shown at 101. The record 100 is driven under control of the master
      oscillator 60 at a definite and constant speed.
PAR  Each key modulated carrier wave is derived through its respective band-pass
      filter 101 and applied to detector 102 for deriving the key current.
      Detector 102 is followed by a stepper analyzer 103 in each key channel
      except the second, this stepper analyzer being equivalent to that shown at
      40 and containing the appropriate number of stepper tubes and relays. In
      the case of the second key channel, since only two key leads are used and
      since a positive voltage is always to be applied to either one or the
      other of the two leads, a simplification is indicated consisting merely of
      the relay 104 following the detector. The key for this channel is recorded
      merely as an on and off signal. If the key is an on signal the relay 104
      is energized and applies positive voltage to the key lead 105 while if the
      key pulse is off, that is, zero the volage is applied to the alternate key
      lead 106. The stepper analyzers 103 are operated in synchronism with the
      stepper analyzer 40 so that the key impulses are applied to and withdrawn
      from the permuters simultaneously with the signal pulses.
PAR  The purpose of using two permuters P.sub.1 and P.sub.6, each a 6 .times. 6
      permuter, is to produce a more uniform distribution of the enciphered
      signal values when taken over long periods of time. Complete permutation
      could be obtained if one of these two permuters, for example, P.sub.1,
      were omitted. If the permuters P.sub.2, P.sub.3 and P.sub.4 also were
      omitted, that is, if only the two permuters P.sub.5 and P.sub.6 were used
      only 30 out of the possible 720 permutations would be obtained. The full
      720 permutations are, however, obtained by addition of the three smaller
      permuters P.sub.2, P.sub.3 and P.sub.4, this feature being due to H.
      Nyquist and being disclosed and claimed in his application Ser. No.
      592,968, filed May 10, 1945, now U.S. Pat. No. 2,424,998 of Aug. 5, 1947.
PAR  In the receiving station in FIG. 6 the received enciphered signals are
      received in the receiving multiplex terminal 110 and the detected pulses,
      corresponding to those impressed on the input terminals of the
      transmitting multiplex channels of FIG. 5, are applied to the segments of
      the distributor 111. This distributor operates in synchronism with the
      distributor 93 at the distant station and applies the received pulses to
      the stepper analyzer 112 which is similar to the stepper analyzer 40. All
      of the apparatus in the receiving station including the distributors and
      the stepper analyzer 112 are timed from the master oscillator 120 thereat
      which is constructed and arranged similarly to the master oscillator 60 to
      maintain a highly constant frequency over long periods of time.
PAR  Six permuters P.sub.1 to P.sub.6, which are duplicates of the corresponding
      permuters of FIG. 5, are connected beginning at the output of stepper
      analyzer 112 but in reverse order to those at the transmitting station,
      P.sub.6 coming first in this instance and P.sub.1 last. The final output
      of the permuter P.sub.1 contains the decoded message pulses corresponding
      to those impressed upon the permuter P.sub.1 at the transmitter. These are
      converted to stepped value pulses by the potentiometer resistors shown at
      114 to 119 which are arranged similarly to those at the transmitter to
      apply stepped value pulses to the output stepper 121. The output pulses
      from this stepper are applied to the output distributor 122 leading to
      vocoder synthesizer 123. This part of the circuit may be entirely similar
      to that disclosed in the Miller application and the final reconstructed
      speech is applied to the output line or receiver 124.
PAR  The circuits for producing the keys are a duplicate of those at the
      transmitter, the record 100' containing a recording of each of the six
      keys that are used at the transmitter, this record being a duplicate of
      the record 100 and stamped from the same master record or recorded in
      duplicate with the record 100. The various keys are derived as described
      in FIG. 5 by means of analyzing band filters, detectors and stepper
      analyzers or, in the case of the second key channel, a relay. In this
      manner the keys are applied to the permuters in proper timed relation to
      decipher the received signals.
PAR  The manner in which the signals are deciphered at the receiver by permuters
      which are duplicates of those used at the transmitter can be illustrated
      by means of a table similar to that given above in connection with the
      description of FIG. 1. If it be assumed that each permuter is similarly
      constructed except for the number of input message and key leads and
      number of output leads, the internal connections for permuters P.sub.5 of
      FIGS. 5 and 6 may be assumed to be made in accordance with the table given
      above. In the case of the receiver the incoming leads carrying enciphered
      signals may be called S leads and correspond to the M leads in the above
      table. The corresponding table for the receiver permuter P.sub.5 will then
      be as follows:
TBL  K5           K4       K3       K2     K1                                  
     ______________________________________                                    
     S1      5        4        3      2      1                                 
     S2      4        3        2      1      5                                 
     S3      3        2        1      5      4                                 
     S4      2        1        5      4      3                                 
     S5      1        5        4      3      2                                 
     ______________________________________                                    
PAL  where the numbers in the rows and columns refer to the output lead or
      channel that is energized. It is seen that the internal connections
      represented in this table duplicate those given in the previous table
      showing that the transmitting and receiving permuters can be identical.
PAR  To test the operation, assume that the message lead used at the transmitter
      is M1 and the key is K5. These result in a signal being sent out on lead
      5, that is, the signal sent is S5. When this is received and when K.sub.5
      is used, it is seen that output lead 1 is energized giving back M1, the
      original message. This same result follows for all the other message and
      key values so long as the identical key is used at the receiver. While in
      this simple example only a single permuter is assumed, the same rule
      applies for each permuter and for permuters in tandem when placed in the
      order given in FIGS. 5 and 6.
PAR  The invention is not to be construed as limited to the specific circuits or
      devices disclosed but its scope is defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a scrambling system for translating input message values into output
      currents of substantially random occurrence of values, separate message
      input circuits for each message value, separate outputs control circuits
      for determining each output current value, a plurality of key circuits
      crossing said message input circuits, means to apply key currents to
      respective key circuits on a substantially random basis, and means at each
      cross-over point between said message input circuits and key circuits for
      setting up a current condition in a corresponding one of said output
      control circuits to determine the value of output current.
NUM  2.
PAR  2. A system according to claim 1 in which the means at each cross-over
      point are connected in groups to respective output control circuits, each
      group including one such means individual to each message input circuit
      and to a different one of said key circuits.
NUM  3.
PAR  3. In a signaling system, means to encipher signals comprising a circuit
      having a plurality of message terminals and a plurality of key terminals,
      transmission means for the signals comprising means to apply a voltage to
      different individual message terminals to indicate different respective
      signals, means to simultaneously apply a voltage to a given key terminal
      to indicate the respective key value, individual means in said circuit
      selectively actuated by the voltages applied to the particular message and
      key terminals, and a plurality of outgoing circuits each individually
      controlled  by any one of a group of said selectively actuated means, each
      such group comprising those means selectively actuated by voltages
      simultaneously applied to any one of said message terminals and a
      different respective one of said key terminals.
NUM  4.
PAR  4. In combination, a circuit network having a plural number N of input
      terminals constituting one group and a plural number M of input terminals
      constituting a second group, means to apply a voltage to any terminal of
      the first group and simultaneously to apply a voltage to any terminal of
      the second group, a number equal to N .times. M circuit controller devices
      each connected to receive voltage from only one terminal of each group at
      a time, an output circuit connection from each of said controllers, a
      plural number N of output terminals and connections from M different
      controller output circuits to each of said output terminals, the
      connections to any one such output terminal leading from only those
      controllers receiving voltage from a different one of the input terminals
      of said first group and a different one of the input terminals of the
      second group.
NUM  5.
PAR  5. In combination, a circuit network having a plural number of input leads
      and the same number of output leas, means to apply a voltage to any one of
      said output leads in response to application of a voltage to any one of
      said input leads, comprising groups of circuit control devices, each group
      being adapted to be actuated in common under control of voltage on an
      individual input lead, each such device when actuated applying voltage in
      turn to a different one of said output leads, and means to independently
      apply voltage to said control devices in groups, each of said last groups
      including but one control device out of any one of said first-mentioned
      groups, each of said control devices requiring for its actuation
      application thereto of voltage from one of said input leads and from said
      last-mentioned means.
NUM  6.
PAR  6. In a signaling system, a source of signal waves of varying amplitude, a
      plurality of circuit paths, means selectively responding to signal waves
      of different amplitude for applying a signal voltage to different ones of
      said paths one at a time, a second plurality of circuit paths, means to
      apply key voltage to different ones of said second circuit paths one at a
      time, a plurality of circuit controllers each adapted to be controlled by
      application thereto of a signal voltage and a key voltage together, means
      connecting each of said controllers to receive a signal voltage from one
      only of said circuit paths of said first plurality and from one only of
      said circuit paths of said second plurality, for actuating the same, a
      plurality of output circuit paths each connected to a different group of
      said circuit controllers, and means causing each circuit controller in a
      said group when actuated to control current flow in the respective output
      circuit path.
NUM  7.
PAR  7. In a signal enciphering circuit, means to subdivide signal waves into
      stepped waves having amplitudes S.sub.1, S.sub.2, S.sub.3 to S.sub.n, a
      circuit network having n input leads, means operating in response to any
      of said specified signal wave amplitudes to impress a voltage v on a
      respective input lead assigned to that signal amplitude, said circuit
      having k other input leads, means to impress a voltage u on each of said k
      leads one at a time in fortuitous sequence, a number equal to the product
      kn of circuit control devices, means to actuate each device only in
      response to simultaneous application thereto of a voltage v and a voltage
      u received from one of said n input leads and one of said k input leads,
      respectively, a plurality of output leads, n in number, means to produce a
      voltage change in an individual output lead in response to actuation of
      any one of a plurality of said circuit control devices actuated from
      different input leads, an outgoing circuit and means to translate said
      voltage changes in said several output leads into stepped amplitudes of
      voltage in said outgoing circuit, each step being proportional to one of
      the amplitudes S.sub.1, S.sub.2, S.sub.3 to S.sub.n.
NUM  8.
PAR  8. A secret telephone system comprising means to derive from input speech
      waves in a plurality of separate circuit paths a plurality of low
      frequency speech-defining currents, a stepper analyzer having a plurality
      of output leads and including means for applying a voltage to one of said
      leads at a time depending upon the instantaneous value of the respective
      speech-defining current, a permuter circuit having a signal input lead for
      each of said stepper analyzer output leads and respectively connected
      thereto, said permuter circuit having a plurality of input key leads,
      means to apply voltage to individual input key leads, said permuter having
      output terminals corresponding in number to said signal input leads, and
      means for applying voltage to individual output terminals selectively
      under the joint control of voltage applied to one of said signal input
      leads and voltage applied to one of said input key leads, an outgoing
      circuit from said permuter circuit and means for translating voltages on
      said output terminals into voltages of respectively different magnitude
      and impressing the same upon said outgoing circuit.
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PAL  1. In a signaling system for transmitting with secrecy signals of varying
      amplitude, means to encipher said signals comprising means to produce
      variable key currents and means to combine said signals with said key
      currents to produce for transmission combination signal and key currents,
      and means to modify the variable key current that is sent whenever the
      signal has zero value.
BSUM
PAR  The present invention relates to secret signaling such as secret telephony
      in which the secrecy is dependent upon use of a secret key and in which
      the problem arises of preventing the escape of information regarding the
      key, as might happen, for instance, if the same key were used for both
      sending and receiving at different stations and some of the waves
      corresponding to zero signal were allowed to be sent out from one station
      while the other station is talking.
PAR  It is necessary in so-called conference connections where three or more
      stations carry on a conversation with one another to be able to use a key
      at each of the three (or more) stations which can be duplicated for
      receiving purposes at each of the other stations. The simplest way to do
      this, of course, is to use the same key at all stations for both sending
      and receiving. Even where a TR switch is used and each station is normally
      held in its R (receiving) condition and only switched to its T
      (transmitting) condition when speech is to be sent out, it may happen that
      two stations will both start talking at once. When this occurs there will
      be short intervals between words or syllables when pure key is sent from
      one of the stations while speech is sent from another, giving an
      opportunity for a monitoring station to, in effect, subtract one
      transmitted wave from the other and perhaps obtain a clue to the key.
PAR  The general object of the invention is to facilitate intercommunication
      between stations using a key for making the transmission secret without
      permitting the escape of information as to the key in use.
PAR  A further object is to produce a modification in or variation of the key
      wave that is sent from a station whenever the signal has zero value.
PAR  A further and related object of the invention is to disguise or alter in
      individual manner the key that is sent out from each station during the
      pauses in speech or between syllables so that a different key is sent out
      from each station during such pauses.
DRWD
PAR  Other and related objects of the invention and its various features will
      appear more fully from the following detailed description taken in
      connection with the drawing in which:
PAR  FIGS. 1 and 2 show in block schematic diagram form how a control station
      may be used in connection with outlying stations for conference
      conversations;
PAR  FIG. 3 is a block diagram of a transmitting station suitable for use as an
      outlying station in a system of the type shown in FIG. 1 for example;
PAR  FIG. 4 is a similar diagram of the receiving station that may be used in
      conjunction with the transmitting station of FIG. 3;
PAR  FIGS. 5 and 6 show respectively in similar block schematic form an
      alternative type of transmitting and receiving station; and
PAR  FIGS. 7A, 7B, 8A and 8B are block schematics of modified types of stations.
DETD
PAR  In the system of FIG. 1 it is assumed that any one of several outlying
      stations, of which two are indicated at A and at B, may communicate with
      any one or more of the others through the medium of a centrally located
      control station. Each outlying station operates only to and from the
      control station. Conversations between two outlying stations such as A and
      B, therefore, pass through the control station. Two radio frequencies are
      required, one for transmission from the control station to the outlying
      stations and another for transmission from all of the outlying stations to
      the control station. It is necessary that there be two frequencies since
      the radio transmitter and receiver at the control station must be
      simultaneously operative.
PAR  The general plan of an outlying station is similar to that of the control
      station except that at the latter station the voice frequency circuits are
      bridged on to a through connection from the radio receiver to the radio
      transmitter. TR switches, referred to sometimes as push-to-talk switches,
      are shown at each station at T and R. At each outlying station these
      switches are so placed as to interrupt the radio branches while in the
      control station they interrupt the audio branches. A source of duplicate
      key currents is used at each station for both coding outgoing speech and
      decoding incoming speech. In FIG. 1 it is assumed that the same key
      currents are used at each station for both sending and receiving. Phase
      shifters 10 and 11 are interposed in the connections between the source of
      key waves at each station and the secrecy apparatus. The devices 10 are
      used to advance the phase of the key currents that are applied to the
      transmitting secrecy apparatus while the devices 11 are used to retard the
      phase of the key currents that are applied to the receiving secrecy
      apparatus. In this way full compensation can be made for the effects of
      transmission path delays between stations so far as their effects upon
      synchronizing the key wave sources is concerned.
PAR  At each station the T and R switches are mechanically tied together so that
      whenever T is closed R is opened and vice versa. The normal condition at
      each station is for T to be open and R closed. If station A is to talk to
      station B, the T switch at station A is closed and the R switch at that
      station is opened. Speech spoken into microphone 12 is enciphered in
      secrecy transmitter 13 by use of key currents from key source 14 (in a
      manner to be more fully disclosed hereinafter) and the coded speech is
      impressed upon the radio transmitter 15, is sent out thereby and is picked
      up on the radio receiver 16 of the control station. Thence it is sent out
      over radio transmitter 17 to the radio receiver 18 of station B, and,
      since the R switch thereat is normally closed, is sent into the secrecy
      receiver 19 where it is deciphered by means of key waves from source 20
      which are in proper phase coincidence with the received waves to permit of
      proper decoding. The recovered normal speech waves are heard in receiver
      21.
PAR  For transmitting in the opposite direction, from station B to station A an
      analogous path is used through 22, T, 23, 16, 17, 24, R and 25 and 26.
PAR  In either case the control station can monitor the conversation by means of
      its own receiving secrecy apparatus 28 or can talk to the outlying
      stations over its transmitting secrecy apparatus 29 and radio transmitter
      17, by placing its T and R switches in the appropriate positions. Key wave
      source 30 supplies the necessary key currents at the control station for
      enciphering and deciphering.
PAR  The nature of the secrecy transmitting and receiving apparatus will be
      disclosed hereinafter in connection with the more detailed figures.
PAR  By using a common control station for a group of outlying stations, the
      problems of synchronizing the key currents at the various stations is
      solved each outlying station only needs to transmit to and receive from
      one station, the control station, even though a conference connection is
      being used involving three or more outlying stations such as A, B and C.
      If B is near A but C is farther away, and if each station should try to
      communicate directly with both other stations without passing through a
      common control station, it will be seen that the keys would not be in
      synchronism at all three stations because of unequal path delays between
      stations. In FIG. 1, however, the phase shifters at each outlying station
      can be adjusted to bring the key of that station into synchronism with
      respect to the control station. For example, point Q can be taken as the
      point of reference phase for the entire system. Considering any outlying
      station, phase shifter 10 can be set to advance the phase of the key waves
      applied to the transmitter of that station by the right amount to
      compensate for the path delay from that station to the point Q. Also the
      phase shifter 11 of such outlying station can be adjusted to retard the
      key applied to its receiver by an amount equal to the path delay between
      point Q and such point of application of the key at the outlying station.
      If this is done in the case of phase shifters 10 and 11 of all stations,
      including the control station, all stations are synchronized so that the
      keys are applied in the right phase to encipher and decipher the massage.
PAR  FIG. 2 discloses an arrangement which may be used used at the control
      station for giving a better repetition of the signals between outlying
      stations. The arrangement of FIG. 1 is suitable for relatively short radio
      links when fading is not encountered to a significant degree. For longer
      links where fading may be present it is desirable to reform the signals at
      the control station so that they are sent out without such distortion as
      may have occurred due to fading in the next preceding link. In FIG. 2 the
      signals are reformed by the use of steppers in the low frequency
      transmission channels.
PAR  The signals on the output side of the radio receiver 35 are separated by
      the channel filters 36 into individual channel branches which may comprise
      ten, for example, or other suitable number. Five such channels are
      specifically indicated in the drawing. Each channel filter 36 is followed
      by a demodulator circuit 37 for recovering the low frequency signal. A
      distributor of suitable type shown at 38 samples these demodulated signals
      in the various channels in rotation and applies them to the common message
      stepper 39.
PAR  This message stepper 39 may be of the type disclosed in an application of
      R. L. Miller, Ser. No. 542,975, filed June 30, 1944, which application
      also discloses type of distributors that would be suitable for use at 38
      and elsewhere in the FIG. 2 circuit under discussion. The message stepper
      comprises as many gas-filled tubes as there are steps, other than the step
      O, to be identified, for example, five tubes having graduated grid biases
      such as to cause the tubes to fire on a selective basis as regards
      amplitude of impressed signal. That is, one tube fires or two tubes fire
      together or three tubes, etc., depending upon the instantaneous value of
      the applied signal. The output current from the stepper, therefore, varies
      in equal steps over the range zero to five steps. The timing of the
      operation of the message stepper in relation to the distributor and other
      parts of the system is effected in the manner disclosed by Miller, such
      that the wave in the output of stepper 39 comprises equal length pulses
      having as stated equally stepped amplitudes.
PAR  These pulses are in this manner reformed and are rendered suitable for
      transmission over the next radio link. They are, therefore, carried across
      by means of conductor 40 to the transmitting distributor 41 leading to the
      modulators 42 and channel filters 43 for transmission into the radio
      transmitter 44.
PAR  The enciphering and deciphering of the signals at the control station may
      be carried out in the manner disclosed in the Miller application. For this
      purpose a key generator 45 supplies key currents to vocoder 46 and decoder
      47 through suitable phase delaying or phase advancing networks 48 and 49
      as explained in the case of FIG. 1. Distributor 50 samples the vocoder
      currents in the output of the analyzer 51 and applies them in rotation to
      the outgoing message stepper 52 while receiving distributor 50' applies
      the output pulses from the stepper 52' to the input channels of the
      vocoder synthesizer 53 for enabling reception of the speech or signals at
      54. A T-switch and an R-switch can be inserted in the common conductor
      portion of the circuit at any point such as at two points indicated T and
      R in the figure.
PAR  As noted heretofore, if two of the stations in a system such as disclosed
      in FIG. 1 or assumed in FIG. 2 close their 7 switches and talk at the same
      time, it is possible that a clue may be obtained to the secret key waves
      due to the fact that when the signal is zero, as between words or
      syllables, the key wave that would be picked up by a monitoring station
      from the two stations they are assumed to be transmitting would be
      identical if the pauses in the case of both stations occur together. If
      the pauses do not occur together one wave may be subtracted from the other
      and directly yield the signal. Methods for avoiding such a possibility in
      a conference system are disclosed by way of example in the circuit figures
      now to be described.
PAR  FIG. 3 shows a secret transmitting terminal which may follow the general
      arrangement disclosed in the Miller application referred to except that in
      the present case a permuter is used for enciphering the signal and
      auxiliary means to be described are used for preventing disclosure of the
      nature of the key wave in case two or more terminals should talk at the
      same time. As in the Miller application, the vocoder analyzer 55 is
      provided with a distributor diagrammatically indicated at 56 but which may
      be of the same type as shown by Miller and which connects the vocoder
      channels in rotation to the input of a stepper analyzer 57. This stepper
      analyzer may be of the type disclosed in my copending application Ser. No.
      592,962 filed May 10-1945. It is similar to the message stepper disclosed
      by Miller but is provided with relays or other means for causing a voltage
      to be impressed upon a different output lead for each step value of the
      message current. Six such leads are shown on the output side of the
      stepper analyzer 57 and are designated 0, 1, 2, 3, 4 and 5.
PAR  The permuter 58 may be of the type shown in my copending application
      referred to. While it is here shown as a rectangle it will be clear from
      the disclosure in my copending application that six permuters are used,
      each for permuting a different number of leads, and these are assumed to
      be included in the rectangle 58. These would be a 2 .times. 2 permuter, a
      3 .times. 3 permuter, a 4 .times. 4 permuter, a 5 .times. 5 permuter, a 6
      .times. 6 permuter and a 7 .times. 7 permuter connected in tandem. These
      require six different keys which are applied at 59, derived from
      phonograph record 61. These keys are recorded as modulations of six
      different frequency carrier waves. Six filters are shown at 62 for
      separating the six keys which are then rectified at 63 and applied to six
      stepper analyzers 60. One of these stepper analyzers has seven relays and
      seven output leads which provide the key for the 7 .times. 7 permuter.
      Each other stepper analyzer has one less relay and output lead for
      supplying the next permuter, the smallest number of such output leads
      being two. The six short lines at 59 and also those shown emerging from
      the stepper analyzers 60 are each intended to represent a plurality of
      leads, the number varying from two to seven.
PAR  As explained in detail in my copending application referred to, the
      operation of the permuter 58 is to set up in its output leads, one at a
      time, designated 0, 1, 2, 3, 4, 5 and 6, a voltage in response to
      application of a voltage from the individual output leads of the stepper
      analyzer 57, and to distribute such voltage over the permuter output leads
      on a substantially random basis. For example, a voltage appearing on
      output lead 5 of stepper analyzer 57 has a substantially equal chance of
      impressing a voltage on any given output conductor leading from the
      permuter 58. This is also true of each of the other input conductors. The
      randomness of distribution depends, of course, upon the randomness of the
      key and this can be made as nearly random as desired by means known in the
      art.
PAR  Since any lead in the output of the permuter has the same value of voltage
      applied to it when such lead is chosen, it is necessary to convert these
      voltages on the various leads into voltages having different step values
      for transmission from this terminal. This is accomplished by means of the
      stepper tubes one of which is shown at 65 and the others indicated by the
      boxes 66. These stepper tubes are gas-filled tubes which remain quiescent
      unless positive voltage is applied to their input terminals to overcome
      the normal negative bias on the grid at the time the pulsing power supply
      67 applies positive voltage to the stepper tube plate. When this occurs
      the tube fires and transmits current through the resistor 68. The voltage
      across resistor 68 is applied via series resistors 69 and y to the input
      terminal of the output distributor 70 leading to the multiplex transmitter
      71. By differently proportioning the resistors 68 and 69 in individual
      channels with respect to each other and resistance y each channel may be
      made to apply a different step value of voltage to the output distributor
      70.
PAR  A source of pulsing power 72 is shown as supplying energizing and timing
      waves to the stepper analyzers 57, 60 and 77 (to be described) and to the
      motor 73 which drives the record 61. The phase or time relation of the
      keys derived at 61 is adjustable by means of phase shifter 73 in the
      driving circuit of motor 73.
PAR  The special means for preventing disclosure of the key wave in case a
      plurality of stations transmit at the same time will now be described. The
      zero output lead of stepper analyzer 57 is not carried through to the
      permuter 58 but is carried to ground through a relay 75. Whenever the
      signal is zero a voltage is applied by the stepper analyzer to this zero
      lead. Relay 75 is, therefore, operated each time the stepper analyzer puts
      out a pulse on the zero lead. Relay 75 attracts its armatures and applies
      a voltage to the lowermost pair of input terminals of the permuter 58 from
      a special stepper analyzer 77 operated from noise source 78. The noise
      source 78 applies a highly irregular and unpredictable wave to the input
      of the stepper analyzer 77 which is actuated under control of the pulsing
      power from source 72 to sample this highly irregular wave at intervals.
      The stepper analyzer 77 is similar to stepper analyzer 57 except that it
      distinguishes only two step values of the input waves and by means of two
      relay contacts energizes one or the other of its two output leads,
      depending upon whether the noise wave has a value greater or less than a
      given amount at the instant of sampling. The result is that during pauses
      in the speech the permuter 58 receives input voltages over either of the
      lowermost two input leads and these are distributed under control of the
      key wave over the seven permuter output leads in a similar manner to the
      signal. The zero output lead from the permuter is left open or
      unterminated, thus giving the appearance of transmitting normal signals
      since occasional zero values in the transmitted wave will appear. Since
      the noise wave produced in each station will always differ from that
      produced in any other station, the waves sent out when the speech is zero
      will always differ from station to station and nothing can be learned,
      therefore, from comparing simultaneous transmissions.
PAR  Referring to the receiving terminal of FIG. 4, the waves transmitted from
      the station shown in FIG. 3 are received at 80 and applied by means of
      distributor 81 to the stepper analyzer 82. Duplicate key waves are
      supplied from duplicate record 91 to the stepper analyzer 90 which
      supplies six keys to the permuter input leads 92 identical with the keys
      supplied at 59. The permuter 83, therefore, supplies to its output leads 1
      to 5 deciphered currents corresponding to those existing on the leads 1 to
      5 in the output of stepper analyzer 57. It will be understood that these
      voltages have the same value on all leads but that the leads on which a
      voltage individually appears correspond with one another. These five
      output permuter leads are connected to stepper tubes 95 which are similar
      to the tube 65 and are arranged to deliver stepped values of output
      current to the output distributor 96 for application to the individual
      channels of the vocoder synthesizer 97. Pulsing power supply for this
      terminal is derived at 98 running in synchronism with the pulsing power
      supply 72 at the distant station.
PAR  The lowermost two leads 0 and 1 in the output of the stepper analyzer 82
      are carried into the permuter 83 which is provided with a corresponding
      pair of output leads at 99. It will be observed that the only voltages
      which appear on the output leads 99 are those corresponding to the
      voltages impressed at the transmitting station from stepper analyzer 77
      under control of relay 75 and that these voltages contain no information
      as to the signal except that the signal has the value 0. These two leads
      are, therefore, merely left unterminated at 99 since all information as to
      the signal values other than zero are carried by the permuter signal leads
      1 to 5.
PAR  It is seen from the above description that the result of using the noise
      source 78 and stepper analyzer 77 is to apply a certain amount of useless
      information as regards the signal, which information is discarded at the
      receiver. The character of the useless information differs from station to
      station but the message can be received at any station of the system. This
      information, which is useless so far as the signal is concerned, has the
      effect of transmitting a different "raw" key from each station when the
      signal has zero value and therefore prevents discovery of the key by
      comparison of simultaneous transmission from two or more stations of the
      system.
PAR  Reference will now be made to FIGS. 5 and 6 which show a different means
      for preventing escape of information concerning the key. In FIG. 5 the
      vocoder analyzer 55 and distributor 56 at the input end of the system and
      also the stepper tubes 65, distributor 70 and transmitting terminal 71 at
      the output end of the terminal may be the same as in the case of FIG. 3.
      The stepper 110 and reentry 112 may be identically the same as the message
      stepper and reentry disclosed in the Miller application above referred to.
      Reentry 112 is followed by stepper analyzer 157 which, except for the
      number of output terminals used, may be the same as stepper analyzer 57 of
      FIG. 3. The permuter 158 may likewise be the same as permuter 58 of FIG. 3
      except for the number of conductors used.
PAR  The key waves which are derived from the record 61 contain six keys five of
      which are separated by means of the five band filters 62 and the sixth is
      selected by filter 62'. Filters 62 supply keys to the stepper analyzers 60
      for energizing the key input terminals of the permuter 158. The key inputs
      have, respectively, 2 leads, 3 leads, 4 leads, 5 leads and 6 leads for the
      five individual permuters assumed to be included in box 158. filter 62'
      supplies its key to the key stepper 111, which may be the same in
      construction as the message stepper 110.
PAR  The manner in which the output currents of the message stepper 110 and the
      key stepper 111 are applied to the reentry 112 is the same as that
      disclosed in the Miller applications. Each stepper produces pulses which
      are negative in the sense that they represent diminutions of current from
      the maximum positive value corresponding to zero input of message and key.
      These pulses are combined additively in the high resistance circuits 113,
      114 and 115, 116. The combined message and key pulses are applied directly
      over conductor 117 to the input of the stepper analyzer 167. They are also
      applied to the grid of the reentry circuit 112 whose plate is supplied
      with pulsing power from source 118. This gas tube 112 has its negative
      grid voltage adjusted to the point where the tube fires each time that no
      reentry is to take place, and the summation voltage steps from the key
      stepper and message stepper, combined with the voltage from 118 flowing
      through resistor 119 in the plate circuit of the tube 112, is applied to
      the input of the stepper analyzer 157. If reentry is to take place, tube
      112 fails to fire since the summation-message-plus-key steps throw the
      voltage applied to the grid too far in the negative direction to permit
      tube 112 to fire, and the resulting absence of current flow through
      resistor 119, in effect, subtracts a constant voltage from the pulse
      voltage on conductor 117 as compared with the no-reentry case. This action
      is all in accordance with the disclosure of the Miller application.
PAR  In accordance with a feature of the present invention a battery 120 and a
      potentiometer 121 are provided with voltage taps corresponding to steps of
      key voltage for applying a fixed amount of bias to the key appearing in
      the output of the key stepper 111. The position of the slider on this
      potentiometer 121 is made different at each station of the system so that
      in the illustrated case a maximum of six stations is accommodated. The
      effect of applying this steady direct voltage bias is to change by a fixed
      number of steps the voltage applied at any instant to the input of stepper
      analyzer 157. This has the effect of altering the output conductor of the
      stepper analyzer that has a voltage applied to it at any particular
      moment. When the signal is zero, therefore, each station sends out a
      different wave since the wave sent out is determined not only by the key
      wave but by the steady bias which differs from station to station. An
      extra segment 135 on distributor 56 allows an indication of this bias to
      be transmitted to the distant station once in each cycle of the
      distributor. Segment 135 is unconnected to the message circuits so that in
      this segment interval only key plus bias is sent. By subtracting the keys
      at the receiver, the bias value is obtained.
PAR  As in the Miller application the pulsing supplies 118 and 67 as well as
      those used for the stepper analyzers may be properly phased with respect
      to each other and this is also true of the driving means for distributors
      56 and 70. For example, the timing of the reentry circuit is adjusted to
      sample the output pulses from stepper 110 at about their middle point. The
      stepper analyzer 157 samples the reentry pulses at about their middle
      point. This relation also holds for the stepper tubes 65 so that the
      distributor 70 must lag behind the distributor 56 by a fixed amount.
      Provision for securing this result is fully disclosed in the Miller
      application. These considerations apply also to FIGS. 3, 4 and 6.
PAR  Referring to FIG. 6, which shows a receiving terminal for receiving and
      deciphering the message sent out from the station in FIG. 5 or from a
      similar station, the receiver 80, distributor 81 and also the vocoder
      synthesizer 98 and distributor 96 may be of the same types as those
      disclosed in FIG. 4. The stepper analyzer 182 and the permuter 183 may be
      similar to 157 and 158, respectively, of FIG. 5. Stepper tubes 195 may be
      similar to those at 65 of FIG. 5. Reentry circuit 130 may be similar in
      construction and operation to 112 of FIG. 5. As a result of the action of
      the system up to the output of the stepper tubes 195 there are applied to
      the reentry 130 partially deciphered message pulses from the stepper tubes
      195 which would be further deciphered by combination with the key pulses
      supplied to the reentry over conductor 131. The key stepper 132 supplies
      key pulses identical with those supplied in the output of key stepper 111
      at the transmitting station. It is necessary in order the proper pulses on
      conductor 131 to apply also a proper amount of direct current bias. This
      is accomplished in the following manner.
PAR  The distributor 96 is provided with an extra segment 134 corresponding to
      the eleventh segment at 135 of FIG. 5. Since, as stated, segment 135 is a
      block segment having no signal voltage applied to it, the only voltage
      that appears on segment 134 is that due to the direct current bias applied
      at the transmitting station. Whenever the brush of the distributor passes
      over segment 134 a pulse of voltage is sent into detector 141 and holding
      circuit 143. A pair of contacts is provided at 137 to cause actuation of a
      relay 138 only during distributor time 11. This relay attracts its
      armature and opens at contact 139 a connection normally existing from
      conductor 131 through resistor 140 to the output of the detector 141. This
      connection is normally applying to conductor 131 from holding circuit 143
      the necessary direct bias voltage for decoding the message but at the
      instant when the brush is passing over segment 134, contacts 137 are
      closed causing the connection to be opened at 139, and the key voltage
      alone without any direct bias is applied to conductor 131. This causes a
      voltage corresponding to the direct bias voltage to appear on the extra
      segment 134. The holding circuit 143 may comprise a shunt capacity in a
      high resistance circuit, such as to store up the voltage for subsequent
      use. Relay 138 allows contact 139 to remain closed while the distributor
      96 is passing over the remaining segments, thus applying to conductor 131
      the bias voltage stored in the holding circuit 143. In this way a bias
      voltage is automatically applied together with the key at the receiving
      station and is made to have the proper value for deciphering the signal
      regardless of which of the different transmitting stations is sending out
      the message. Contacts 137 may be closed by a rotary brush or cam in the
      case of a rotating brush type distributor but if a relay type distributor
      is used of the type shown in the Miller application, either the contacts
      137 may be springs actuated from a distributor relay or the relay 138 may
      itself be the distributor relay referred to.
PAR  By way of further illustration, other general methods of concealing the key
      when the speech is zero are shown in FIGS. 7A and 7B, and 8A and 8B. In
      each of these figures only the high speed portion of the terminal
      occurring between the input and output distributors is shown since the
      apparatus on the other side of the distributors, that is not shown in
      these figures, may be the same as shown in the system of FIGS. 3 to 6. The
      distributors identified as D.sub.T are the distributors which face the
      voice terminal whether this be the vocoder analyzer of the vocoder
      synthesizer. The distributors D.sub.L are those which face the line of
      transmission channel between stations.
PAR  Referring to FIG. 7A which represents the transmitter, the stepper analyzer
      provides for a six-valued signal having steps 0 to 5, inclusive. The leads
      for steps 1 to 5 are carried through scrambler No. 1 while the lead for
      the zero signal by-passes scrambler No. 1 and is carried through scrambler
      No. 2 along with the five leads from scrambler No. 1. On the output of
      scrambler No. 2 the zero lead is unterminated while the other five leads
      pass through stepper tubes to the brush of the output distributor.
PAR  Scrambler No. 1 requires four keys assuming this scrambler to be
      constructed similarly to the permuters of the previous figures. Each of
      the key leads indicated for this scrambler would therefore comprise a
      plurality of conductors varying in number from 2 to 5. Similarly the keys
      for scrambler No. 2 are supplied over five groups of conductors varying in
      number from 2 to 6. The keys No. 1 and keys No. 2 may be derived in any
      suitable manner such as from a phonograph record as fully disclosed in the
      previous figures.
PAR  As noted above, the zero lead from the stepper analyzer does not pass
      through scrambler No. 1. Therefore when no speech is present, no
      information whatever is divulged regarding the nature of scrambler No. 1
      and the keys No. 1 controlling it. By passing the zero lead through
      scrambler No. 2, however, zeros occur in the final output waves with the
      same average frequency of occurrence during talking as during non-talking
      periods.
PAR  Referring to the receiver represented in FIG. 7B, the stepper analyzer
      which recognizes the six step values 0 to 5, is connected to scrambler No.
      2 the zero lead of which is unterminated. The other five leads of
      scrambler No. 2 pass into scrambler No. 1 which completely restores the
      original signals in the output stepper tubes leading to the terminal
      distributor.
PAR  Referring to FIGS. 8A and 8B, these differ from the systems shown in FIGS.
      7A and 7B mainly by the fact that the second scrambler is replaced by a
      key-adding and reentry circuit of the same general type as disclosed in
      FIGS. 5 and 6 (but without the station identifying bias of those figures).
      Key No. 2 in FIGS. 8A and 8B can be derived similarly to the keys for the
      reentry circuits in the case of FIGS. 5 and 6. It is thought that the
      operation of these circuits requires no further description but follows
      clearly from the description of the previous figures.
PAR  While for illustration the keys have been described as derived from
      phonograph records they may be derived in any other suitable manner, for
      example, from a disc machine of the type disclosed and claimed in A. E.
      Melhose application, Ser. No. 555,912, filed Sept. 27, 1944.
PAR  The invention is not to be construed as limited to the specific forms of
      embodiment that have been disclosed since these are to be regarded as
      illustrative. The scope of the invention is defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a signaling system for transmitting with secrecy signals of varying
      amplitude, means to encipher said signals comprising means to produce
      variable key currents and means to combine said signals with said key
      currents to produce for transmission combination signal and key currents,
      and means to modify the variable key current that is sent whenever the
      signal has zero value.
NUM  2.
PAR  2. In a signaling system for transmitting with secrecy signals of varying
      amplitude, means to encipher said signals comprising means to produce
      variable key currents and means to combine said signals with said key
      currents to produce said transmission combination signal and key currents,
      and means to impress variations upon the key current in response to zero
      signal value.
NUM  3.
PAR  3. In a plural station communication system, means at each station to
      encipher signals for secret transmission to the other station or stations
      of the system including sources of duplicate key currents at the several
      stations together with means for combining said key currents with signals
      to be sent, and means for transmitting from each station in response to
      zero signal value a key current having a characteristic individual to that
      station and different from that of any other of said stations, each key
      current having a characteristic which varies in highly irregular and
      substantially fortuitous manner.
NUM  4.
PAR  4. In a secret communicating system in which outgoing signals are
      enciphered by means of key waves and incoming signals are deciphered by
      means of key waves, a source of duplicate key waves at each station for
      use in enciphering and diciphering signals, and means at each station
      operating in response to pauses between outgoing signal elements for
      superposing variations upon the key waves thereat, said means causing the
      variations so superposed at any station to differ in distinguishable
      manner from the variations superposed at the other station or stations.
NUM  5.
PAR  5. In a secret communication system for signal currents having a finite
      number of different magnitudes one of which is zero, means to encipher
      said signal currents comprising means to convert each value of signal
      current other than zero to current of some one of a finite number of
      magnitudes on a fortuitous basis and means operative when the signal
      current has zero value for variably producing output current of some one
      of said finite number of magnitudes.
NUM  6.
PAR  6. In a secret communication system for signals, means to translate signal
      values other than zero into pulses, automatic enciphering means for
      enciphering said pulses, meanns to translate zero value of signal into
      pulses of any one of a plurality of different characters, means to
      determine on an irregular basis the character of pulses into which the
      zero signal value is so translated, and means to impress said last pulses
      upon said enciphering means.
NUM  7.
PAR  7. A system according to claim 6 in which said last means includes a source
      of resistance noise and means responding to the instantaneous amplitude of
      the noise waves from said source for determining the character of the
      pulses into which zero signal value is translated.
NUM  8.
PAR  8. In a secret communication system having a plurality of stations, means
      to send between stations a succession of designations of instantaneous
      signal values, means at each station to encipher the signals, means at
      each station to decipher received signals, means to produce a different
      designation of zero signal value to be sent from each station and means at
      all other stations for receiving said last designations and translating
      them into zero received signal value.
NUM  9.
PAR  9. In a signal privacy communication system, means at a station to supply a
      variable key with which to encipher signals for transmission from such
      station, means to determine a characteristic of said key, means to
      transmit signals enciphered by said key in each of a succession of
      definitely timed intervals, and means for periodically sending in one such
      timed interval a special enciphered signal indicating the characteristic
      of said key that is used for enciphering said signals.
NUM  10.
PAR  10. In a signal privacy communication system, means at a station to
      encipher signals in accordance with a secret key for transmission, means
      to determine a characteristic of said key, means to encipher elements of
      said signals in successively timed intervals in accordance with said
      secret key, and means for sending from time to time in one of such
      intervals an enciphered indication of the characteristic of said key that
      is used for enciphering signal elements sent in other of said intervals.
NUM  11.
PAR  11. In a secret signal communication system, a source of variable key
      currents at a station, means to encipher signals in accordance with said
      key currents for transmission, means to impress a variation on said key
      currents to alter their character, a plurality of communication channels
      for transmitting the enciphered signals, a special communication channel,
      and means to transmit over said special channel indications of the
      variations impressed upon said key currents.
NUM  12.
PAR  12. In a secret signal communication system for signals having a definite
      number of discrete values including zero, transmitting means for said
      signals including means to translate each signal value other than zero
      into a current of definite character for transmission, means to provide
      additionally a plurality of different characters of currents, and means
      controlled in response to zero value of signal for automatically selecting
      any one of said different characters of currents for transmission.
NUM  13.
PAR  13. A system as claimed in claim 12 in which said last means includes a
      source of fortuitously varying currents and means controlled in response
      to zero signal value and in accordance with the instantaneous value of the
      currents from said source for selecting one of said different characters
      of currents.
NUM  14.
PAR  14. In a signal privacy communication system, means at a sending station
      for enciphering outgoing signals in accordance with a secret key wave,
      means to generate any one of a given plurality by key waves of different
      character at said station for use in enciphering said signals, means to
      select a key wave for use, and means for sending to a distant station in
      time intervals when the signal has zero value an indication of the key
      wave that has been selected for use.
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ABST
PAL  A stored program digital signal processor (e.g., Digital Equipment
      Corporation PDP 11/40) is used to collect billing data (e.g., Initial
      Entry data for Automatic Message Accounting) from a common control circuit
      (e.g., marker) of a common control automatic telephone switching system
      (e.g., the Bell System No. 5 Crossbar system). Ten marker control status
      indicating leads are scanned by the signal processor fast enough to detect
      any change in the signals on the 10 status leads which, in signal content
      as a group, represent the control status of the marker at any given time.
      When two successive prescribed control status changes occur, a large
      number of marker data leads are scanned by the signal processor so as to
      allow collection of that data and the storage thereof in a marker core
      buffer area of the signal processor. The stored data, previously
      registered in the marker incident to the assumption by the marker of
      certain control statuses, includes such Initial Entry data as calling
      circuit identity, called circuit identity, type of call, trunk circuit
      used, et cetera. The collected data is involved in subsequent processing
      (not disclosed) of the entire billing data for a call responsive to answer
      and disconnect timing entries.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the field of common control
      switching systems wherein call connection data is collected from a common
      control circuit used to perform control functions associated with
      establishing call connections between calling and called circuits.
PAR  The present invention relates more particularly to such systems wherein the
      common control circuit assumes a busy control status when seized for the
      purpose of performing the control functions, assumes other control
      statuses while performing the control functions, assumes an idle control
      status when released after performing the control functions, and includes
      registration therein of certain call connection data incident to the
      assumption of certain control statuses.
PAR  The present invention relates specifically to an arrangement and method for
      collecting call connection data from a common control circuit of a common
      control switching system of the above type.
PAR  Heretofore, such arrangements and methods have relied upon the common
      control circuit to make the necessary control decision indicative of when
      call connection data should be collected from the common control circuit
      and to provide a signal to that effect. That is, whatever means or method
      has been employed to collect such call connection data has been controlled
      by or from the common control circuit. Thus, the collection of data
      heretofore has been dependent upon and subject to whatever errors or
      malfunctions may have occurred within the common control circuit and which
      consequently may have provided false indications.
PAR  The present invention, as summarized below, is an arrangement and method
      for collecting call connection data in such a manner as to reduce
      considerably the likelihood of allowing such collection due to false or
      misleading common control errors or malfunctions.
PAC  SUMMARY OF THE INVENTION
PAR  The arrangement and method of the present invention provides for deriving
      from a plurality of circuit parts of the common control circuit a
      simultaneously existing plurality of binary status signals representing in
      signal content as a plural bit binary status word the control status of
      the common control circuit, for deriving from corresponding circuit parts
      of the common control circuit corresponding binary data signals
      representing in signal content as plural bit binary data words
      corresponding call connection data registered in the common control
      circuit, for repeatedly scanning the derived status word at least as fast
      as any change can occur in the signal content of the status word, for
      detecting each change in the signal content of the scanned status word,
      and scanning and storing data words only if the signal contents of a
      succession of detected changed status words represent a prescribed
      succession of changed control statuses.
PAR  The above arrangement and method thus examines the changing control status
      of the common control circuit, as indicated by the changing signal content
      of the scanned status word, and allows the collection of data words from
      the common control circuit only if a prescribed succession of changed
      control statuses occurs. This arrangement and method thus relieves the
      common control circuit of the decision function as to when data collection
      should occur; and, by repeatedly examining the status word, whose signal
      content represents at any time the control status of the common control
      circuit, the arrangement and method of the invention can make reliable
      data collection decisions, particularly since that decision depends upon a
      proper succession of changed control statuses as ascertained externally of
      the common control circuit.
PAR  The arrangement and method of the invention are exemplified herein as
      embodied in an automatic marker controlled telephone switching system
      wherein 10 control circuit parts of the marker are scanned to detect the
      changing control status of the marker as indicated by the group of 10
      scanned circuit parts and wherein the marker control status must undergo a
      prescribed succession of control status changes in order to allow call
      connection billing data to be collected from the marker.
DRWD
PAR  The exemplary embodiment of the present invention will be understood from
      the detailed description provided below in connection with the drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing consists of 33 sheets containing 44 figures describable briefly
      as follows:
PAR  FIG. 1 is a block diagram illustrating the general functional arrangement
      of a processor system for scanning and collecting data from markers and
      trunks of an automatic crossbar telephone switching system;
PAR  FIG. 2 is a block diagram of a typical crossbar switching system of FIG. 1;
PAR  FIGS. 3 through 6 are simplified sequence charts illustrating the relative
      changes in control status of a common control marker of FIGS. 1 and 2 as
      four typical types of call connections are serviced by the marker;
PAR  FIG. 7 shows how the CS (called supervision) and S1 (trunk seizure) scan
      points of a typical trunk are controlled by trunk circuitry;
PAR  FIG. 8 shows how the 10 marker control status scan points are controlled by
      significant parts of the marker circuitry;
PAR  FIGS. 9 through 15 show how a large number of marker data scan points are
      controlled by various marker data registrations;
PAR  FIG. 16 is a diagram showing the bit content of a 16-word by 16-bit marker
      scan unit (see FIG. 1) and indicating the particular bits and words
      associated with the marker scan points of FIGS. 8 through 15;
PAR  FIG. 17 is a diagram showing the bit content of an 18-word by 16-bit marker
      buffer area of core memory wherein words 2 through 17 relate to words 0 to
      15 of the marker scan unit of FIG. 16 and wherein words 0 and 1 contain
      data of special significance relating to the processing of changes in the
      marker control status scan points;
PAR  FIG. 18 is a diagram showing the CS and S1 trunk scan point bit positions
      in a 16-word by 16-bit trunk scan unit (see FIG. 1) for up to 128 trunks;
PAR  FIG. 19 is a diagram showing the bit content of a 9-word by 16-bit trunk
      core memory register;
PAR  FIG. 20 is a general flow diagram showing the time sequence of that part of
      the scanloop program involving the scanning of trunk S1 scan points, of
      marker scan points, and of trunk CS scan points;
PAR  FIG. 21 shows part of the marker scanloop program whereby a change, if any,
      in marker control status is detected;
PAR  FIG. 22 shows a continuation from FIG. 21 of the marker scanloop program
      and part of the marker data processing program to the point of selecting
      the proper subroutine according to the Marker Progress Mark (MKRPM):
PAR  FIGS. 23 through 29 show all of the various MKRPM subroutines of FIG. 22
      except for the MKRPM of "READ";
PAR  FIG. 30 is a block diagram of functional parts of the processor unit of
      FIG. 1;
PAR  FIG. 31 diagrammatically illustrates the arrangement of the memory unit of
      FIG. 1;
PAR  FIGS. 32 through 34 show in more detail the flow diagram for the marker
      scanloop program and for the marker data processing program leading up to
      (FIG. 34) the collection in the marker buffer area of marker billing data;
PAR  FIG. 35 shows some circuit symbols used in FIGS. 38, 39 and 42 through 44;
PAR  FIG. 36 shows a box illustrating a Bus Converter of FIG. 1 and indicating
      the nature of its connections to the scan unit bus and to the processor
      bus;
PAR  FIG. 37 shows the interconnection of the components of a Bus Converter of
      FIG. 36;
PAR  FIG. 38 shows the details of a Bus Transceiver (BT0 to BT3) and of a Bus
      Driver (BD0 and BD1) of FIG. 37;
PAR  FIG. 39 shows the details of the Name Decoder (NDO) of FIG. 37;
PAR  FIG. 40 shows a box illustrating a scan unit of FIG. 1 and indicating the
      nature of its connections to the circuit (marker and trunks) scan points
      and to the Scan Unit bus;
PAR  FIG. 41 shows the interconnection of the components of a Scan Unit of FIG.
      40;
PAR  FIG. 42 shows the details of an 8-bit multiplexer;
PAR  FIG. 43 shows the details of how two 8-bit multiplexers of FIG. 42 are
      arranged as a 16-bit multiplexer, such as SM00 to SM15 of FIG. 41;
PAR  FIG. 44 shows the details of the Scan Controller SC0 of FIG. 41.
DETD
PAC  DETAILED DESCRIPTION
PAR  The detailed description of the exemplary embodiment of the invention is
      set forth below under a number of underlined headings as follows:
PAR  General Description
PA1  This section relates primarily to FIGS. 1 and 2.
PAR  Subscriber Outgoing Call
PA1  This section relates primarily to FIG. 3.
PAR  Terminating Call
PA1  This section relates primarily to FIG. 4.
PAR  Tandem Outgoing Call
PA1  This section relates primarily to FIG. 5.
PAR  Intraoffice Call
PA1  This section relates primarily to FIG. 6.
PAR  Billing Data Marker Registration
PA1  This section relates primarily to FIGS. 3 through 6.
PAR  Trunk Scan Points
PA1  This section relates primarily to FIGS. 7 and 18.
PAR  Marker Control Status Points
PA1  This section relates primarily to FIGS. 8 and 16.
PAR  Marker Data Scan Points
PA1  This section relates primarily to FIGS. 9 through 16.
PAR  Marker Buffer Area
PA1  This section relates primarily to FIG. 17.
PAR  Trunk Core Register
PA1  This section relates primarily to FIG. 19.
PAR  Circuit Symbols
PA1  This section relates primarily to FIG. 35.
PAR  Bus Converter
PA1  This section relates primarily to FIGS. 36 through 39.
PAR  Scan Unit
PA1  This section relates primarily to FIGS. 40 through 44.
PAR  Processor and Memory Units
PA1  This section relates primarily to FIGS. 30 and 31.
PAR  Scanloop Program -- Generally
PA1  This section relates to FIG. 20.
PAR  Marker Scanloop Program
PA1  This section relates to FIGS. 21, 22, 32 and 33.
PAR  Marker Data Processing Subroutine -- Generally
PA1  This section relates to FIGS. 22 and 33.
PAR  MKRDP Subroutine VCT (110 or 111)
PA1  This section relates to FIG. 23.
PAR  MKRDP Subroutine INL (101)
PA1  This section relates to FIG. 24.
PAR  MKRDP Subroutine IDL (000)
PA1  This section relates to FIG. 25.
PAR  MKRDP Subroutine DISC (011)
PA1  This section relates to FIG. 26.
PAR  MKRDP Subroutine NTK (100)
PA1  This section relates to FIG. 27.
PAR  MKRDP Subroutine SZD (011)
PA1  This section relates to FIGS. 28, 29, 33 and 34.
PAR  MKRDP Subroutine RD (010)
PA1  This section is not illustrated in detail on the drawing.
PAC  GENERAL DESCRIPTION
PAR  FIG. 1 is a block diagram illustrating the functional interconnection of
      scan units with markers and trunks of a crossbar telephone switching
      system, of scan units with bus converter peripheral units over scan unit
      buses, and of a memory unit and other peripheral units with a processor
      unit over a processor bus.
PAR  The switching system of FIG. 1, as shown in a more detailed block diagram
      in FIG. 2 is, and as described below, the well-known Bell System No. 5
      Crossbar System supplied by Western Electric Company. An early version of
      No. 5 Crossbar is disclosed in complete detail in U.S. Pat. No. 2,585,904
      to A. J. Busch of Feb. 19, 1952. Also U.S. Pat. No. 2,587,817 to A. J.
      Busch et al. of Mar. 4, 1952 relates particularly to that part of No. 5
      Crossbar used as a through-tandem switching office; and, U.S. Pat. No.
      2,535,661 to A. O. Adam, Jr. et al. of Dec. 26, 1950 relates particularly
      to that part of No. 5 Crossbar used to locally terminate an incoming trunk
      call. Also, U.S. Pat. No. 3,264,415 to T. V. Burns et al. of Aug. 2, 1966
      relates particularly to No. 5 Crossbar wherein so-called line link pulsing
      is employed, line link pulsing referring to the use of senders with line
      link frames for pulsing over a customer line which extends, for example,
      to a remote automatically controlled private branch exchange (PBX), which
      in turn requires sender control from the main switching office. The above
      Busch, Busch et al., Adam, Jr. et al., and Burns et al. patent disclosures
      are incorporated herein by reference.
PAR  The processor unit and the memory unit of FIG. 1, and as shown in some
      detail in block diagram form in FIGS. 30 and 31, and as described later,
      represent the Digital Equipment Corporation (DEC) PDP 11/40 system using
      the PDP 11 processor. This processor system is well known as disclosed in
      U.S. Pat. Nos. 3,614,740 to B. A. Delagi et al. of Oct. 19, 1971,
      3,614,741 to H. L. McFarland, Jr. et al. of Oct. 19, 1971, 3,710,324 to J.
      B. Cohen et al. of Jan. 9, 1973, and 3,815,099 to J. B. Cohen et al. of
      June 4, 1974, and as disclosed in the DEC PDP 11 Processor Handbook and
      the DEC PDP 11 Peripherals Handbook, both copyrighted by Digital Equipment
      Corporation in 1973, and in such handbooks copyrighted by Digital
      Equipment Corporation prior to 1973. The disclosures of the above DEC
      patents and handbooks are incorporated herein by reference.
PAR  The bus converters and scan units of FIG. 1 are discussed in detail
      hereinafer in connection with FIGS. 35 to 44. A bus converter responds to
      an address transmitted over the processor bus from the processor unit to
      allow one of its scan units to be enabled in response to part of the same
      address. The enabled scan unit is controlled by part of the same address
      to read a row (or word) of scan points. Each scan unit consists of 16 rows
      (words) of 16 scan points each. One marker scan unit, as illustrated in
      FIG. 16, uses thirteen of its sixteen words to accommodate the 10 marker
      control status leads of FIG. 8 and the 182 marker data leads of FIGS. 9 to
      15, as will be explained. One trunk scan unit, as illustrated in FIG. 18,
      uses all 16 of its words to accommodate two trunk leads (see FIG. 7) for
      each of up to 128 trunks, as will be explained.
PAR  Under the proper circumstances, as described hereinafter, the processor
      unit causes the scanning of the marker (MKR) control status leads (i.e.,
      the MKR Status Word) of FIG. 8 (Word 0 of the MKR Scan Unit of FIG. 16)
      fast enough to detect any change in the signal content thereof. Each
      detected changed MKR Status Word is placed in Word 2 of the MKR Buffer
      Core Area shown in FIG. 17. Then, the processor unit processes the change
      in the MKR Status Word and sets the MKR Progress Mark (MKRPM) in bits 2 to
      0 of Word 0 of the MKR Buffer Area to indicate the MKR Control Status
      according to the changed MKR Status Word. When the MKRPM is set to SEIZED
      (bits 2 to 0 of 011) because of a changed MKR Status Word, the next change
      in the MKR Status Word will allow the processor unit to scan words 1 to 15
      of the MKR Scan Unit (FIG. 16) and to read that scanned MKR data into
      Words 3 to 17 of the MKR Buffer Area (FIG. 17) provided that next changed
      MKR Status Word contains a prescribed signal content, as will be
      explained. The MKR data read into the MKR buffer includes such items of
      information as the called circuit identity, pulse checking signals,
      calling circuit identity, trunk identity, and miscellaneous traffic and
      translation data.
PAR  The processor also causes the scanning of the CS and S1 leads of all trunks
      (FIG. 7) by means of the trunk scan units (FIG. 18).
PAR  The data in the MKR Buffer Area, along with the trunk CS and S1 data,
      eventually is deposited in a Trunk Core Register (FIG. 19) for the
      particular trunk involved. From the Trunk Core Register, the processor
      unit completes the billing processing, when required, for the call in
      question.
PAR  FIGS. 3 to 6 are simplified sequence charts illustrating the main MKR
      control status changes (with approximations of the timing) which occur
      during four types of calls; a Subscriber Outgoing Call (FIG. 3), a
      Terminating Call (FIG. 4), a Tandem Outgoing Call (FIG. 5), and an
      Intraoffice Call (FIG. 6).
PAR  A Subscriber Outgoing Call in No. 5 Crossbar, as outlined later with
      respect to FIG. 3, is a call placed from a local terminating subscriber as
      the calling party to some destination outside of the local switching
      office by way of an outgoing trunk. When the calling line goes off-hook to
      place the call, an idle marker attaches itself to the line link frame,
      identifies the calling line, connects the calling line to an idle
      originating register, passes the calling line identity to the originating
      register, and returns to an idle condition. The originating register
      supplies dial tone to the calling party and receives the called number
      dialed (or signaled by TOUCHTONE service et cetera) by the calling party.
      When the originating register has received enough of the called number to
      allow a marker to initiate establishment of the desired call connection,
      the originating register seizes an idle marker, passes all pertinent
      information to the marker, and releases to an idle condition. The marker
      then establishes a connection from the calling line to an outgoing trunk
      and releases to an idle condition, an outgoing sender being attached to
      the trunk on the trunk link frame when outpulsing is required over the
      trunk.
PAR  A Terminating Call in No. 5 Crossbar, as outlined below with respect to
      FIG. 4, is a call incoming over an incoming trunk to a local terminating
      called line. When a calling condition exists in the incoming trunk, an
      incoming register link connects the calling trunk to an idle incoming
      register at the trunk link frame. The incoming register identifies the
      incoming trunk and signals the remote calling office to forward the called
      number by any known means, such as dial pulsing or MF (Multifrequency)
      signaling, et cetera. When the incoming register has received the called
      number, it seizes an idle marker and passes all pertinent information to
      the marker. The marker then consults a number group circuit for the line
      link frame location of the called line, establishes a connection from the
      incoming trunk to the called line, and releases to an idle condition, an
      outgoing sender being attached to the called line on the line link frame
      when line link pulsing is required over the called line (e.g., to an
      automatically controlled remote private branch exchange PBX).
PAR  A Tandem Outgoing Call in No. 5 Crossbar, as outlined below with respect to
      FIG. 5, is a call incoming over a tandem trunk to be switched through the
      local office and out over an outgoing trunk. When a calling condition
      exists in a tandem trunk, an incoming register link connects the trunk to
      an incoming register via the D trunk termination. The incoming register
      identifies the trunk, receives the called number from the originating
      office, seizes an idle marker, and passes all pertinent information to the
      marker. The marker, being informed of the nature of the calling trunk,
      consults a number group circuit to ascertain the line link location of the
      C trunk termination and seizes an idle outgoing trunk (with an outgoing
      sender if required). Then the marker establishes the connection, by
      interconnecting the C trunk termination on the line link frame to the
      selected outgoing trunk, and releases to an idle condition.
PAR  An Intraoffice Call in No. 5 Crossbar, as outlined below with respect to
      FIG. 6, is a call from a locally terminating calling line to another
      locally terminating called line. As described above with respect to the
      Terminating Call, line link pulsing may require the use of a sender on the
      line link frame. Otherwise, the switching functions amount to connecting
      the calling line to one input (such as A in FIG. 2) of an intraoffice
      trunk and connecting the called line to the other input (such as B in FIG.
      2) of the same intraoffice trunk. During these marker switching functions,
      a recycle takes place within the marker in order for it to perform the two
      switching network connections.
PAR  During the course of any of these above types of calls, the marker will
      assume various control statuses as it performs the various control
      functions during the establishment of the call connection. Also, the
      marker will have registered therein certain groups of data incident to the
      assumption of certain control statuses. Prior to the final release of the
      marker, after having established the desired call connection, all data
      required for billing purposes (except answer and disconnect times for the
      call duration) will have been registered at one time or another in the
      marker. This billing data, generally identifiable as Initial entry type of
      data as in the well-known AMA (Automatic Message Accounting) systems, is
      the data which can be collected by the processor unit, as above outlined
      with respect to FIG. 1, assuming, as will be described in detail later,
      that a proper succession of changed marker control statuses occurs.
PAC  SUBSCRIBER OUTGOING CALL
PAR  FIG. 3 is a simplified sequence chart indicating significant marker control
      status changes (with approximate timing indications as shown in
      milliseconds, such as 25 ms, etc.) which occur during the time a No. 5
      Crossbar marker is busy performing the control functions necessary to
      establish the indicated type of connection. Time duration runs from top to
      bottom in the chart with an x across the timing line indicating the
      grounding of a marker control status scan point (see FIG. 8) due to the
      operation of a marker relay and a dash across the timing line indicating
      the ungrounding of a marker control status scan point due to the release
      of a relay (or relays). A call of this type is one placed from a local
      terminating subscriber as the calling party to some destination outside of
      the local switching office via an outgoing trunk. The grounding of scan
      point CKG signifies that the marker has been seized by an originating
      register at which time the originating register will cause to be
      registered in the marker certain groups of data such as the called number,
      calling line identity, pulse checking information, and the type of call
      connection involved. An outgoing sender may or may not be required
      depending on the destination of the call. The chart of FIG. 3 shows that
      the OSK scan point will be grounded only if a sender is selected by the
      marker. If a sender is selected, the grounding of scan point OSK also
      indicates that the marker has registered therein certain groups of data
      related to sender identification. Thereafter, the RK3 scan point will be
      grounded when the marker has preceded to the point where it is necessary
      to start the operations of connecting a selected outgoing trunk back to
      the calling line through a selected switching network channel. The
      grounding of scan point TK indicates that called circuit identity (trunk
      identification) data is registered in the marker as a result of the marker
      having selected a suitable outgoing trunk. Thereafter, the grounding of
      scan point HMS1 occurs when the marker is starting to operate the hold
      magnets on the various crossbar switch network parts for completing a
      network channel connection between the calling line and the outgoing
      trunk.
PAR  In the exemplary disclosure of the present invention, the grounding of the
      scan point HMS1 at the end of the indicated sequence is used as the key
      signal for the processor unit to collect billing data from the marker
      assuming that the marker control status is such as to allow such data
      collection, as will be explained.
PAR  Eventually, when the marker has completed its control functions, scan point
      CKG will be ungrounded, followed eventually by the ungrounding of the
      other grounded marker scan points, thus rendering the marker idle and
      available to be seized (next grounding of the CKG scan point) on the next
      call.
PAR  On this type of call, the marker billing data is read into the processor
      unit (assuming a proper sequence of marker control statuses as will be
      explained) since such a call may be chargeable to the local calling
      subscriber.
PAC  TERMINATING CALL
PAR  FIG. 4 is a simplified sequence chart indicating significant marker control
      status changes (with approximate timing indications) which occur during
      the time a No. 5 Crossbar marker is busy performing the control functions
      necessary to establish the indicated type of connection. A call of this
      type is one incoming (over an incoming trunk) to the local switching
      office for termination at a local terminating subscriber as the called
      party. The grounding of scan point CKG has the same significance as in the
      previously described Subscriber Outgoing Call except that the circuit
      which seizes the marker is an incoming register which serves calls
      incoming over incoming trunks. Here, the marker has registered therein the
      called number, the identity of the incoming trunk (the calling circuit
      here), et cetera. Scan point LRA is grounded only in those cases where a
      sender (grounded scan point OSK) is required to effect outpulsing to the
      called subscriber, which may require the use of a line or tie trunk to a
      private branch exchange (PBX) for example. If scan points LRA and OSK are
      grounded they indicate the presence in marker registers of certain data
      regarding sender identity, et cetera. The rest of the call proceeds
      essentially as in the case of the Subscriber Outgoing Call except that the
      RK3 scan point does not become grounded.
PAR  On this type of call, the marker billing data is not read into the
      processor unit, as will be explained, since a call of this nature is not
      chargeable in the local switching office. The latter is ascertained by the
      lack of a grounded scan point RK3 and by other significant marker control
      status indicators.
PAC  TANDEM OUTGOING CALL
PAR  FIG. 5 is a simplified sequence chart indicating significant marker control
      status changes (with approximate timing indications) which occur during
      the time a No. 5 Crossbar marker is busy performing the control functions
      necessary to establish the indicated type of connection. A call of this
      type is one incoming over a tandem trunk to be switched through the local
      switching office to a destination reached over an outgoing trunk. This
      sequence finds relay operations similar to the ones described in
      connection with the Subscriber Outgoing Call and the Terminating Call.
      Here, however, the lack of a grounded scan point RK3 coupled with the
      grounding of scan point TOG (indicating that this is a Tandem Outgoing
      Call) will cause the reading of marker billing data by the processor unit
      only if the switching functions are being performed by a marker having
      associated therewith the capability of performing tandem AMA functions in
      the local switching office, as will be explained.
PAC  INTRAOFFICE CALL
PAR  FIG. 6 is a simplified sequence chart indicating significant marker control
      status changes (with approximate timing indications) which occur during
      the time a No. 5 Crossbar marker is busy performing the control functions
      necessary to establish the indicated type of connection. A call of this
      type is one placed from a calling line to a called line where both lines
      are terminated in the local switching office.
PAR  As shown in FIG. 6 scan point ITR is found to be grounded early in the
      marker cycle to indicate that this call is of the intraoffice type. Other
      than that difference, the sequence shown in FIG. 6 involves essentially
      the same control status signal conditions as in the other types of call,
      above discussed, except that scan points TK and HMS1 are found to be
      grounded and ungrounded twice, the second such grounding of scan points TK
      and HMS1 being preceded by a grounded scan point RK3, which did not occur
      prior to the first such grounding of scan points TK and HMS1. The first
      groundings of scan points TK and HMS1 are associated with the marker
      functions involved in establishing the called end of the connection from
      one input (such as B FIG. 2) of an intraoffice trunk to the called line
      (with or without the use of a sender); whereas, the second groundings of
      scan points TK and HSM1 are associated with the marker functions involved
      in establishing the calling end of the connection from another input (such
      as A in FIG. 2) of the same intraoffice trunk to the calling line. Here,
      the processor unit can collect marker billing data, as will be discussed,
      only incident to the second grounding of scan point HMS1 due primarily to
      the fact that such grounding of scan point HMS1 was preceded by the
      grounding of scan point RK3.
PAC  BILLING DATA MARKER REGISTRATION
PAR  With reference to the previous discussions of the four types of calls
      illustrated in FIGS. 3 to 6, certain groups of call connection billing
      data become registered in the marker at certain times incident to the
      assumption by the marker of certain control statuses.
PAR  In all cases, the grounding of the CKG scan point signifies the seizure of
      the marker by an originating register on Subscriber Outgoing and
      Intraoffice Calls and by an incoming register on Terminating and Tandem
      Outgoing Calls. In all cases, the marker seizure is accompanied by the
      registration in the marker of such data as the called number and the
      calling circuit identity.
PAR  In those cases where a sender may be used, such as any of the four types of
      calls, the grounding of the OSK scan point is indicative that at that time
      the marker has registered therein certain data identifying the particular
      sender used.
PAR  In the cases of the Subscriber Outgoing, Tandem Outgoing, and Intraoffice
      Calls, the first grounding of the TK scan point signifies that the marker
      has registered therein the identity of the trunk used.
PAR  In the case of the Terminating and Intraoffice Calls, the grounding of scan
      point TK not preceded by the grounding of scan point RK3 indicates that
      the called line identity data is registered in the marker.
PAR  In the case of the Subscriber Outgoing and Intraoffice Calls, the grounding
      of the TK scan point preceded by the grounding of the RK3 scan point
      indicates that the calling line identity data is registered in the marker.
PAR  In the case of the Subscriber Outgoing and Intraoffice Calls, the grounding
      of the HMS1 scan point preceded by the grounding of the TK and RK3 scan
      points indicates that all pertinent data is still registered in the marker
      except for sender data, which probably no longer exists by that time.
PAR  In the case of the Tandem Outgoing Call, the grounding of the HMS1 scan
      point preceded by the grounding of the TK scan point, and without scan
      point RK3 having been grounded, indicates that all pertinent data is still
      registered in the marker except for sender data, which probably no longer
      exists by that time.
PAR  As will be seen from the above, those certain groups of billing data which
      are registered in the marker incident to the assumption by the marker of
      certain control statuses are not so registered at the same time. Thus, the
      significant grounding of the HMS1 scan point in each case is used in the
      present embodiment as the main indicator as to when the processor unit
      should attempt to read the billing data registered in the marker, since at
      that time all data necessary for billing purposes should be available even
      though other data may not be available.
PAC  TRUNK SCAN POINTS
PAR  FIG. 7 illustrates the nature of scan points for a typical trunk circuit
      which may be used to establish a call connection for which billing data
      may be required. A typical trunk, such as in No. 5 Crossbar, will include
      at least two relays the condition (operated or released) of which at any
      particular time indicates whether or not the trunk has been seized by a
      calling circuit, such as a calling subscriber, and whether or not the
      trunk has received answer supervision from a called circuit, such as a
      called subscriber, and whether or not the trunk has received disconnect
      supervision, such as the end (i.e., the end of the conversation time) of
      an established call connection.
PAR  In FIG. 7 are shown the windings of relays CS(217)(7) and S1(217)(7), which
      are the respective called and calling supervisory relays of the trunk. As
      will be the case throughout the present disclosure, the first parenthesis
      includes the number of the figure wherein the indicated relay is shown in
      the Busch U.S. Pat. No. 2,585,904; and, the second parenthesis includes
      the number of the figure where the same relay is shown herein. Relay
      S1(217)(7) is operated to provide a grounded lead S1 over a make contact
      (an X across the lead to signify a contact which closes the circuit when
      the relay is operated and opens the circuit when the relay is released) of
      relay S1(217)(7) to a trunk scan unit as an indication that the trunk has
      been seized. When a called circuit answers a trunk connection, the trunk
      CS(217)(7) relay operates to provide a grounded lead CS over a make
      contact of relay CS(217)(7) to the trunk scan unit as an indication that
      the call connection using that trunk has been answered by a called
      circuit. As will be explained later in connection with a description of
      the scan units of FIG. 1, the signals on the trunk scan points are either
      ground or open circuit to represent respectively operated or released
      relays CS(217)(7) and S1(217)(7).
PAR  Regarding a trunk scan unit (see FIG. 18), 128 trunks may have their S1 and
      CS scan points terminating in a single 16-bit by 16-word scan unit. For
      instance in FIG. 18, the S1 and CS scan points for trunk 0 will appear
      respectively in bits 0 of words 0 and 8 of a trunk scan unit, et cetera.
      As will be understood in connection with a subsequent description of scan
      units, a scan of word 0 of the trunk scan unit of FIG. 18 results in the
      scan reading of the S1 scan points of 16 trunks (0 to 15), et cetera, and
      a scan of word 8 of the trunk scan unit of FIG. 18 results in the scan
      reading of the CS scan points of the same 16 trunks (0 to 15).
PAC  MARKER CONTROL STATUS SCAN POINTS
PAR  FIG. 8 shows 10 circuit parts of a marker of No. 5 Crossbar which are
      considered as marker control status indications. Here, as also in FIGS. 9
      to 15, where a lead is numbered, the number corresponds to the same
      numbered lead in Busch U.S. Pat. No. 2,585,904. The indications on these
      10 leads, as is apparent, are either ground or open circuit or minus 48
      volts direct current (the positive terminal assumed to be grounded)
      through some impedance (this will be referred to as minus 48 volts for
      simplification). The condition of the status lead may come about in one of
      two ways. For instance, when relay CKG2(97)(8) is released, its make
      contact 5 is open and the status lead CKG is open circuited; but, when
      relay CKG2 is operated, its make contact 5 closes to ground the status
      lead CKG. Also, when relay OSK(180)(8) is not operated, its operating lead
      18005 is at minus 48 volts, as is status lead OSK; whereas, when relay
      OSK(180)(8) is operated, its lead 18005 is grounded through a circuit not
      shown (dotted line) and the status lead 0SK is also grounded. Similar
      situations prevail for the other eight status leads TK through MT. The
      minus sign in the first parenthesis of a relay reference numeral, such as
      for relay LRA(-)(8), indicates that such relay is not found in the Busch
      U.S. Pat. No. 2,585,904 but is also well known as existing in later
      versions of No. 5 Crossbar. These status leads appear as scan points in
      the scan unit for this marker (see FIG. 16) in word 0 (Marker STatus Word)
      at bits 6 through 15 in the order MT, MB, LRA, TOG, ITR, HMS1, TK, RK3,
      OSK and CKG. The significance of these status indicators is briefly as
      follows:
PA1  Ckg . . . this lead is grounded whenever the marker is off-normal,
      signifying that the marker is in a busy condition. If the lead is open
      circuited, it is presumed that the marker either has not been made busy or
      has started to release from a busy condition.
PA1  Osk . . . this lead is grounded when a sender has been selected by the
      marker.
PA1  Rk3 . . . this lead is grounded to indicate that the equipment location
      (line link frame) of the calling circuit is registered in the marker.
PA1  Tk . . . this lead is grounded when the marker has performed all functions
      necessary for initiating channel selection (the proper path through the
      switching network of FIG. 2 between calling and called circuits).
PA1  Hms1 . . . this lead is grounded when the marker begins to actually effect
      the channel connection (apply operating potential to the crossbar switch
      hold magnets throughout the network).
PA1  Itr . . . this lead is grounded to indicate when the marker is functioning
      on a call connection for an Intraoffice Call.
PA1  Tog . . . this lead is grounded to indicate that the marker is functioning
      on a call connection for a Tandem Outgoing Call.
PA1  Lra . . . this lead is grounded to indicate that the marker is functioning
      on a call involving line link pulsing (use of senders on the line link
      frames).
PA1  Mb . . . this lead is grounded to indicate that the marker is in a
      maintenance-busy condition.
PA1  Mt . . . this lead is grounded whenever the marker is functioning on a test
      call.
PAC  MARKER DATA SCAN POINTS
PAR  FIGS. 9 through 15 show circuit parts of the No. 5 Crossbar marker where
      the scan points for words 1 through 12 of the marker scan unit of FIG. 16
      originate.
PAR  The called digits A to H and J to M (i.e., up to a maximum of 12-only 11
      are shown in the Busch U.S. Pat. No. 2,585,904) are obtained from various
      registers of the marker, each digit in a two-out-of-five code, to appear
      in the indicated bit positions of the scan words 1 through 4 as shown in
      FIG. 16. For instance, the A digit appears as two grounded ones of five
      leads A0, A1, A2, A4 and A7 which appear as scan points in respective bits
      0 to 4 of word 1 of the marker scan unit as in FIG. 16, et cetera. The
      data leads TP and RP in FIG. 9, which indicate respectively the tip and
      ring calling party, appear as in FIG. 16 as scan points in bits 15 of
      respective scan words 2 and 3.
PAR  The scan word 5 of FIG. 16 includes in bit positions 12 to 0 the following
      marker data (various call type translation indexes) as shown in FIG. 10
      (only leads 11, PK1, PK, PD and PS being identified in the Busch U.S. Pat.
      No. 2,585,904):
PA1  Lt . . . the grounding of this lead indicates that the call is an
      originating, seven or 10 called digit, no prefix, station to station call.
PA1  Lt1 . . . this lead (i.e., the grounding of the lead) indicates the same as
      the LT lead except that the call involves a prefix "1".
PA1  Lt2 . . . this lead indicates the same as lead LT except that the call is a
      special service call involving a prefix "0".
PA1  Lt3 . . . this lead indicates the same as lead LT except that the call is a
      private network call involving a prefix "8".
PA1  11 . . . This lead indicates a service code prefix "11".
PA1  X11 . . . this lead indicates an originating CENTREX station to station
      call involving four called digits.
PA1  2DT . . . This lead indicates either an originating CENTREX "1XX" call or
      an incoming six digit call.
PA1  Fvd . . . this lead indicates either an originating CENTREX station to
      station call involving five digits or an incoming five digit call.
PA1  Tt . . . this lead indicates an incoming 10 digit call.
PA1  Ps . . . this lead indicates that the call involves a permanent signal
      condition.
PA1  Pd . . . this lead indicates a partial dial condition.
PA1  Pk . . . this lead indicates a proper pulsing check; that is, no permanent
      signal or partial dial condition prevails.
PA1  Pk1 . . . this lead indicates a proper pulsing check, as with lead PK, but
      also the presence of a special service request (e.g., PICTUREPHONE
      service, etc.).
PAR  The data leads FFT0 to FFT5 and FUT0 to FUT9 of FIG. 11 (the Busch U.S.
      Pat. No. 2,585,904 does not show leads FTT4 and FTT5) appear as scan
      points in the marker scan unit word 6 as in FIG. 16. These leads identify
      the line link frame tens and units numbers, which are part of the
      switching network equipment location of the calling circuit for calls
      originating in or switched through the No. 5 Crossbar system.
PAR  FIG. 12 shows the leads VGT0 to VGT11 (the Busch U.S. Pat. No. 2,585,904
      also includes leads VGT12 and VGT13) which appear as scan points in word 7
      of the marker scan unit as in FIG. 16. These leads identify the line link
      frame vertical group, another part of the calling circuit location
      information.
PAR  Word 8 of the marker scan unit as in FIG. 16 included 15 scan points
      corresponding to the leads VFT0 to VFT4 and HGT0 to HGT9 of FIG. 13, the
      line link vertical file and horizontal group information, parts of the
      calling circuit location information.
PAR  Words 9 and 10 of the marker scan unit as in FIG. 16 include scan points
      corresponding to leads FS0 to FS29 (the Busch U.S. Pat. No. 2,585,904 does
      not show leads FS20 to FS29), NOB and OBS of FIG. 14. The leads FS0 to
      FS29 are trunk link frame selection leads which identify in part the
      network location of the trunk used on the connection. Leads OBS (observed)
      and NOB (not observed) indicate whether or not the call connection
      involves the necessity for service observing.
PAR  FIG. 15 shows leads TB0 to TB9, TS0 to TS19, SMP and NSP (the Busch U.S.
      Pat. No. 2,585,904 does not show leads TB7 to TB9, SMP and NSP), which
      appear as scan points in words 11 and 12 of the marker scan unit as in
      FIG. 16. The leads TB0 to TB9 are trunk block leads and the leads TS0 to
      TS19 are trunk select leads, both sets of which identify in part the
      particular trunk used on the call connection. Leads SMP (traffic sampled)
      and NSP (not traffic sampled) indicate whether or not the call involves
      any traffic sampling activity. In FIG. 15, dotted lines have been used to
      signify any typical circuit for controlling each of the leads NSP and SMP
      as desired.
PAR  It is to be noted in FIG. 16 that words 13 to 15 of the marker scan unit
      are reserved for uses other than as mentioned herein.
PAC  MARKER BUFFER AREA
PAR  FIG. 17 is a representation of the MKR Buffer Core Area wherein words 2 to
      14 correspond in bit content to the same items of information as in
      respective corresponding wores 0 to 12 of the MKR Scan Unit as in FIG. 16.
      The words 15 to 17 of the MRK Buffer Area (FIG. 17) are reserved to
      correspond to the reserved words 13 to 15 of the MKR Scan Unit (FIG. 16).
PAR  Word 0 of the MKR Buffer Area includes in bits 2 to 0 a Progress Mark (PM)
      which indicates the Control Status of the MKR resulting from the previous
      MKR Data Processing Subroutine, as will be explained hereinafter. Also,
      word 0 includes a test call flag TSTCLFLG (bit 14) and a recycle flag
      RCYFLG (bit 15). In addition, word 0 includes in bits 11 to 8 a premature
      release count PRC indicating the number of times the marker has been
      released without a READ operation having taken place, as will be
      discussed.
PAR  Word 1 of the MFK Buffer Area includes in bits 7 to 0 certain test call
      information and includes in bits 9 and 8 indications as to whether the
      marker is involved in a trunk test (TKT) or in a marker test (MKT).
PAC  TRUNK CORE REGISTER
PAR  As is referred to under the headings dealing with the programs for scanning
      and processing switching system data, the exemplary embodiment of the
      invention is not concerned with the details of what happens after the
      collection of Initial Entry data from the marker. However, it is mentioned
      that certain operations ensue with regard to the use of the trunk core
      register as a storage area for billing data until and during actual
      billing processing. In this regard, FIG. 19 shows the schematic layout of
      the data bits of a typical trunk core register within the processor area.
      Each trunk core register is associated with a particular actual physical
      trunk and includes nine, 16-bit words, the bit significances of which are
      as follows. Words 6 to 8 contain called number information. Word 5
      contains data associated with calling circuit identity. In word 4, the LTB
      and TTB bits relate to possible line or trunk trap requirements, the CN
      bit specifies whether or not a coin call is involved, the COC bits are
      part of the calling circuit identity and include data as to the calling
      telephone office code, the SMP bit indicates whether or not the call was
      traffic-sampled, the OBS bit indicates whether or not the call was
      service-observed, the PP and DAT bits indicate respectively whether the
      call was PICTUREPHONE service and DATAPHONE service, the IDDD bit
      indicates whether the call was an automatically controlled international
      call, and the UNAN bits provide a count of the number of consecutive calls
      either unanswered or of less than 30 seconds duration. Word 3 includes
      bits indicating the proper message billing index (bits 15 to 12) and the
      call disconnect time (bits 11 to 0). Word 2 specifies part of the call
      answer time. That portion of word 1 which is not reserved includes part of
      the call answer time indication. Word 0 includes a number of bits having
      the following significances: the PM bits provide a trunk progress mark
      indicative of the status of the trunk; the MG bit is zero if the trunk is
      in marker group 0 and is one for marker group 1; the TOS bit indicates
      whether or not the trunk is out-of-service; the COL bit indicates whether
      or not the trunk core register is currently busy with a call-on-list to be
      output formatted; the RCS bit indicates whether or not the call should be
      recorded; the RPT bit indicates whether or not the call is a test call;
      the LEN bit indicates whether or not a line equipment number translation
      function has been performed; the H/M bit specifies whether or not the call
      involves a hotel-motel message register function; the RIC bit indicates
      whether or not the call data available should be recorded as an incomplete
      call; the CUC bit indicates whether or not the unanswered call count
      should be cancelled on this trunk (e.g., a Time, Weather, etc., trunk);
      and, the NDC bit indicates whether or not this trunk is checking for
      extended duration calls (e.g., a call lasting 9 days).
PAR  The trunk core register, as in FIG. 19, is the part of the processor unit
      memory into which all call data is stored (some from the Initial Entry
      data from the marker and some from other sources) and by means of which
      the processor unit can format output entries to a peripheral device, as
      desired, such as magnetic tape for further billing processing.
PAR  As has been pointed out, the exemplary embodiment of the present invention
      is not concerned with those billing functions which occur subsequent to
      the collection of marker data in the marker core buffer area.
PAC  CIRCUIT SYMBOLS
PAR  FIG. 35 shows circuit symbols used in FIGS. 38, 39, 42, 43 and 44, which in
      turn show details of a bus converter and of a scan unit as used in the
      block diagram of FIG. 1. The bus converter and scan unit are described in
      the following two sections.
PAR  Regarding the various gates, etc. in FIG. 35, the following descriptions
      concern the logic signal levels and not necessarily any discrete voltage
      levels. When the expression "high" is used, it means a high logic signal
      level somewhere in the area of plus 3.0 volts direct current. When the
      expression "low" is used, it means a low logic signal level somewhere near
      ground or zero (0.0) volts direct current. The designation "+5" inside of
      a circle signifies the positive terminal of a 5.0 volt direct current
      source whose negative terminal is assumed to be at ground potential, as in
      other places where the designation "-48" inside of a circle signifies the
      negative terminal of a 48 volt direct current source whose positive
      terminal is assumed to be grounded.
PAR  The amplifier repeats the input (IN) logic level at its output (OUT).
PAR  The inverter provides an output whose logic level is the opposite of the
      input.
PAR  The AND gate provides a low output if any input is low and provides a high
      output only if all inputs are high.
PAR  The NOR gate provides a low output if any input is high and provides a high
      output only if all inputs are low.
PAR  The NAND gate provides a high output if any input is low and provides a low
      output only if all inputs are high.
PAR  The exclusive NOR gate provides a low output when the two inputs are at
      different logic levels and provides a high output when the two inputs are
      at the same logic level.
PAR  The exclusive NOR node, such as occurs in FIGS. 39 and 44, provides at the
      node a low if any of the exclusive NOR outputs is low and provides at the
      node a high only if all of the exclusive NOR outputs are high.
PAR  The monostable multivibrator normally (stable condition) provides a low Q
      output and a high Q-prime output and does not respond to any input
      condition except a change at the input from high to low. When the input
      changes from high to low, the multivibrator changes its Q output from low
      to high and its Q-prime output from high to low and maintains the latter
      output condition (unstable condition) for a prescribed time duration. At
      the end of the prescribed unstable time duration, the multivibrator
      reverts to its stable condition, returning its Q output from high to low
      and its Q-prime output from low to high.
PAR  The D-type flip-flop D F/F, with its D and R terminals connected together,
      maintains its Q output low and its Q-prime output high as long as the D
      and R inputs are low. When the D and R inputs are high, a low-to-high
      change at the C input causes the Q output to go from low to high and the
      Q-prime output to go from high to low. The F/F will be reset (Q output to
      low and Q-prime output to high) when the D and R inputs return to low.
PAC  BUS CONVERTER
PAR  Each bus converter of FIG. 1 is illustrated as a suitably marked box in
      FIG. 36. The bus converter of FIG. 36 is made up, as shown in FIG. 37, of
      four Bus Transceivers BT0 to BT3, two Bus Drivers BD0 and BD1, and a Name
      Decoder ND0. FIG. 38 shows the details of the bus transceivers and bus
      drivers. FIG. 39 shows the details of a name decoder.
PAR  As shown in FIG. 1 and in FIGS. 36 and 37, the bus converter is connected
      between the processor bus and the scan unit bus. The bus converter
      receives address, data, control, and sync information from the processor
      (via the processor bus) and, if properly addressed, transmits the
      necessary parts of such information to the scan unit bus. The bus
      converter operates in one of two modes, a read (scan) mode or a write
      (distribute) mode. Although not shown as such in FIG. 1, bus converters
      may be associated with distribute units as well as with the indicated scan
      units. Since the exemplary disclosure of the invention does not need
      distribute units, none have been shown. In the read mode of the bus
      converter, data is transmitted from the selected row (word) of scan points
      in a scan unit to the processor bus. In the write mode of the bus
      converter, data received from the processor bus is written into a selected
      row (word) of latches in a distributor unit. The two operating modes
      differ only in the direction of data transmission which is determined by
      the state (low or high level) of a control bit, as will be explained.
PAR  The processor bus (FIGS. 1, 36 and 37) includes 36 signal leads as follows:
      17 address leads A01L to A17L, 16 data leads D00L to D15L, one control
      lead C1L, one master sync lead MSYNL, and one slave sync lead SSYNL.
PAR  Communication between two devices on the processor bus is a master-slave
      relationship. The bus master, the processor unit in this disclosure,
      controls the processor bus when communicating with a slave device, such as
      a bus converter in this disclosure. This communication is interlocked by
      virtue of the necessity for each master sync signal (lead MSYNL) from the
      master device to be acknowledged by a slave sync signal (lead SSYNL) from
      the slave device in order to complete a data transfer therebetween.
PAR  Generally, the name decoder (NDO of FIGS. 37 and 39) uses the nine high
      order address bits (leads A09L to A17L, the "L" signifying that the lead
      goes from high to low when activated on the processor bus) to ascertain if
      it is the device addressed. If it is, it uses the master sync signal (lead
      MSYNL) to generate a local master sync signal (lead MSYN) on the scan unit
      bus. The bus converter also provides a delay between the local slave
      response (lead SSYN) on the scan unit bus and the slave sync signal
      (SSYNL) returned to the processor bus, thus to insure the validity of data
      before sending the slave sync onto the processor bus.
PAR  The control signal (lead C1L) determines the direction of data transfer. A
      high level lead C1L means a read (scan) operation, which is of interest
      here, and a low level lead C1L means a write (distribute) operation, which
      is not of interest here. This signal (lead C1L) is passed to the scan unit
      bus on lead C1 and controls the direction of data flow through the bus
      transceivers, as will be described.
PAR  The eight low order address bits (leads A01L to A08L) from the processor
      bus are passed through the two bus drivers (BD0 and BD1) of FIG. 37
      directly to the scan unit bus on leads A1 to A8. The bus drivers BD0 and
      BD1 are the same as bus transceivers except (see FIG. 37) that their
      control leads CH and CL are grounded so as to be permanently low to allow
      data to pass only from the processor bus to the scan unit bus, as will be
      described below.
PAR  The 16 data leads D00L to D15L of the processor bus, are interfaced with
      the 16 data leads D00 to D15 of the scan unit bus through the four bus
      transceivers BT0 to BT3. The direction of data flow through the
      transceivers is controlled by the signals on their leads CH and CL from
      the name decoder, as will be explained.
PAR  The name decoder NDO of FIG. 39 provides four "name" leads N9 to N12 which
      are selectively grounded or ungrounded, as shown by switches S9 to S12 of
      FIG. 37, to specify on a 4-bit basis the address of this bus converter
      (i.e., up to 16 such converters may be addressed by the four address leads
      A09 to A12 from the processor bus). As previously mentioned, all of the
      processor bus address leads A01L to A17L are normally high, the active
      state of such a lead being represented by the lead going from high to low.
      In FIG. 39, the four leads A09 to A12 are normally high and will carry a
      4-bit binary code according to which of the four leads is made low. In
      order for a particular name decoder to be addressed, the switches S9 to
      S12 of FIG. 37 must be set in the proper positions. For instance, if the
      address of the name decoder of FIG. 39 is represented by high leads A09
      and A11 and low leads A10 and A12, switches S9 and S11 of FIG. 37 must be
      closed to ground (leads N9 and N11 low into FIG. 39) and switches S10 and
      S12 of FIG. 37 must be left open (leads N10 and N12 high in FIG. 39 from
      plus 5.0 volts through resistors R8 and R6). In FIG. 39, the exclusive NOR
      node at the bottom end of resistor R3 will be high only if the name
      decoder ND0 recognizes its address on leads A09 to A12 from the processor
      bus. This node can be high only if all of the outputs of the exclusive NOR
      gates G17 to G20 are high. If leads A10 and A12 into FIG. 39 are low, then
      the outputs of NOR gates G21 and G23 in FIG. 39 will be high since both
      inputs are low. If leads N10 and N12 into FIG. 39 are high (open switches
      S10 and S12 in FIG. 37), then both inputs to each of gates G17 and G19
      will be high so that their outputs are high. If leads A09 and A11 into
      FIG. 39 are high, the outputs from gates G24 and G22 are low. If the leads
      N9 and N11 are low (closed switches S9 and S11 in FIG. 37), then both
      inputs to each of gates G18 and G20 in FIG. 39 are low, thus to provide
      high outputs. With all outputs of gates G17 to G20 high in FIG. 39, the
      node at the bottom of resistor R3 will be high, thus to indicate that the
      4-bit address on leads A09 to A12 into FIG. 39 belongs to the name decoder
      whose switches S9 and S11 in FIG. 37 are closed to ground and whose
      switches S10 and S12 in FIG. 37 are open.
PAR  The normal (unaddressed) state of the name decoder ND0 of FIG. 39 finds its
      output leads MSYN, C1, CL and SSYNL high and its output lead CH low for
      all name decoders except that one whose switches in FIG. 37 are all closed
      to ground. The inactive highs on leads A13 to A17 into FIG. 39 cause the
      outputs of gates G30 to G32 to be low, thus to produce a high at the
      output of gate G28 and at the output of amplifier A1 onto lead MSYN. The
      inactive highs on leads A09 to A12 into FIG. 39 cause the outputs of gates
      G21 to G24 to be low; and, unless the name leads N9 to N12 into FIG. 39
      are all closed to ground (only one of the 16 possible name decoders), the
      node at the bottom side of resistor R3 will be low. In the one case where
      a name decoder has all of its switches S9 to S12 of FIG. 37 closed to
      ground, the inactive state of the node at the bottom side of resistor R3
      in FIG. 39 will be high. The normal high on input lead C1L in FIG. 39
      causes the output of gate G33 to be low which causes the lower inputs to
      gates G26 and G27 to be low, thus to cause the C1 and CL leads at the
      outputs of gates G26 and G27 to be high. The high output of gate G29 is
      applied to the lower input to gate G25 so that the output lead CH through
      inverter A3 will be low for all name decoders except one. The inactive
      high on input lead SSYN in FIG. 39 produces a low through inverter A2 to
      cause the Q output of the D F/F to be low so as to maintain high the
      output lead SSYNL.
PAR  Under the inactive state of the name decoder, all of its output leads MSYN,
      C1, CL and SSYNL will be high and the output lead CH will be low for 15
      name decoders and high for one name decoder.
PAR  In FIG. 38, each bus transceiver BT0 to BT3 is controlled by its input
      leads CH and CL from the name decoder of FIG. 39. For those transceivers
      controlled by the above 15 name decoders, the CH lead is low and the CL
      lead is high during the inactive state. Thus, the low via amplifier A4 to
      the lower inputs to gates G5 to G8 prevents any signals on the scan unit
      bus on leads DR0 to DR3 from being transmitted to the processor bus on
      leads D0 to D3. Also, the high on lead CL via amplifier A5 to the upper
      inputs to gates G13 to G16 prevents any signals on the processor bus on
      leads D0 to D3 from being transmitted to the scan unit bus on leads DR0 to
      DR3.
PAR  In the one situation where the 16th name decoder is involved, the CH lead
      from FIG. 39 into FIG. 38 will be high instead of low, thus to enable the
      gates G5 to G8 of FIG. 38. This seemingly allows signals on leads DR0 to
      DR3 from the scan unit bus to be transmitted over leads D0 to D3 of the
      processor bus. However, as will be seen later, these signals cannot be so
      transmitted unless and until a scan unit is properly addressed via the
      name decoder of the controlling bus converter.
PAR  When the processor unit is to address a bus converter over the processor
      bus, all of the address leads A13 to A17 into FIG. 39 will be made low and
      the other four address leads A09 to A12 into FIG. 39 will be made
      selectively low or high depending upon which of the 16 name decoders is
      being addressed. Whichever name decoder is being addressed, according to
      the correspondence between the signals on the leads A09 to A12 and the
      setting of switches S9 to S12 in FIG. 37, will provide a high to the upper
      inputs to gates G25, G26 and G27 in FIG. 39 and to the lower input to gate
      G28 in FIG. 39. The middle two inputs in FIG. 39 to gate G28 are also made
      high due to the low inputs at gates G31 and G32. Under these
      circumstances, all 15 other bus converter name decoders will produce a low
      at the upper inputs of gate G25, G26 and G27 and at the lower input of
      gate G28. The latter condition, as above discussed, causes the respective
      CH and CL leads from FIG. 39 into FIG. 38 to be respectively low and high,
      thus to completely block all bus transceivers of those other 15 bus
      converters.
PAR  Returning to the one bus converter of interest, when the master sync signal
      (low on lead MSYNL in FIG. 39) is received from the processor bus, gate
      G28 provides a low output through amplifier A1 onto lead MSYN to the scan
      unit bus. Also, the high control signal on lead C1L (lead C1L in FIG. 39
      is high for reading from a scan unit and low for writing into a distribute
      unit) maintains a low output from gate G33 and a high output from gate
      G29. Since both inputs to gate G25 are high, the lead CH into FIG. 38 will
      be high. The low at the lower input to gate G26 maintains lead C1 high
      onto the scan unit bus in FIG. 37. Also, the low at the lower input to
      gate G27 maintains a high on lead CL into FIG. 38. Thus, in FIG. 38, with
      leads CH and CL both high from the properly addressed name decoder of FIG.
      39, transmission is enabled from leads DR0 to DR3 of the scan unit bus to
      leads D0 to D3 of the processor bus. The four bus transceivers BT0 to BT3
      of FIG. 37 are thus enabled to transmit data over leads D00 to D15 from
      the scan unit bus to leads D00L to D15L of the processor bus; and, all
      other bus converters have blocked their bus transceivers by maintaining
      their CH leads low and their CL leads high in FIG. 37.
PAR  Thus, as described above, when the name decoder of a bus converter is
      properly addressed in FIG. 37 over leads A09L to A17L from the processor
      bus, along with a high control signal on lead C1L and a low master sync
      signal on lead MSYNL, the following situations prevail:
PA1  1. The name decoder ND0 adjusts its control over its bus transceivers BT0
      to BT3 so that data transmission can take place from the scan unit bus
      leads D00 to D15 to the processor bus leads D00L to D15L.
PA1  2. the bus drivers BD0 and BD1 are permanently adjusted to transmit address
      data from the processor bus leads A01L to A08L to the scan unit bus leads
      A1 to A8.
PA1  3. the name decoder ND0 applies a high over its control lead C1 of the scan
      unit bus to specify a read (scan) operation.
PA1  4. A low master sync signal is applied by the name decoder to the scan unit
      bus over lead MSYN.
PAR  With the above situation, the properly addressed scan unit on the scan unit
      bus will perform as described in the next section.
PAC  SCAN UNIT
PAR  Each scan unit of FIG. 1 is associated with and controlled by a particular
      bus converter. FIG. 40 shows a scan unit box symbol connected to the scan
      unit bus by leads (see FIG. 41) D00 to D15, A1 to A8, C1, MSYN and SSYN,
      and connected to 256 circuit scan points over leads S0000 to S1515.
PAR  FIG. 41 shows a functional breakdown of a scan unit into 16, 16-bit
      multiplexers SM00 to SM15 and a scan controller SC0. FIGS. 42 and 43 show
      how each 16-bit multiplexer SM00 to SM15 of FIG. 41 is made up of two
      8-bit multiplexers; and, FIG. 44 shows the necessary details of the scan
      controller SC0 of FIG. 41.
PAR  Briefly, the operation of a scan unit of FIG. 41 requires the scan
      controller SC0 to receive the proper address on leads A5 to A8 from the
      scan unit bus, along with a master sync signal on lead MSYN and a proper
      read (scan) signal on the control lead C1, and to selectively enable the
      16 multiplexers SM00 to SM15, according to the address on leads AD1 to
      AD4, for reading a particular selected set of scan points.
PAR  In FIG. 44, the address leads A1 to A8 from the scan unit bus are normally
      high and are made low in their active states. As in the case of the bus
      converter, above described, the scan controller SC0 has four name leads N5
      to N8 which, as shown in FIG. 41, are capable of being made low (closed
      switches S5 to S8) or high (open switches S5 to S8). Also, as in the case
      of the bus converter, the address on leads A5 to A8 from the scan unit bus
      must correspond to the "name" of the scan controller in order for the
      outputs in FIG. 44 of all of the gates G34 to G37 to be high at the right
      hand input to gate G38. Any address on leads A5 to A8 other than the one
      for a particular scan controller will hold the right input of gate G38 low
      since at least one of gates G34 to G37 will have a low output. The normal
      highs on leads A5 to A8 will produce normal lows via inverters A9 to A12
      at the upper inputs to gates G34 to G37. If any lead A5 to A8 is made low
      with the other or others high, the low will be reflected as a high at the
      upper input of the corresponding gates G34 to G37. The selective closing
      or opening of a switch S5 to S8 in FIG. 41 will render the corresponding
      name lead N5 to N8 low (closed switch) or high (open switch), thus to
      encode the lower inputs to gates G34 to G37. Each pair of inputs to each
      such gate must be the same (both high or both low) in order for the right
      input to gate G38 to be made high in response of the scan controller SC0
      to its proper address on leads A5 to A8.
PAR  The normal condition of the scan controller SC0 of FIG. 44 (highs on leads
      A1 to A8, MSYN, and C1) provides highs on address leads AD1 to AD4 and on
      the enable lead EN0 and a low on the strobe lead STRB to the scan
      multiplexers. The lower inputs to gates G40 and G43 and the upper inputs
      to gates G44 and G45 are maintained high through resistor R15. Since the
      input leads A1 to A4 are normally high, the outputs of gates G46 and G49
      will be low (the bottom inputs will be normally high, see below) and the
      outputs of gates G40 to G43 will be high on leads AD1 to AD4. The normally
      high lead MSYN is effective as a low at the middle input to gate G38,
      where high output is effective as a low output from gate G39 to the lower
      input to gate G44 and to the middle input to gate G45. Thus, the STRB lead
      is held high at the output of gate G44. Also, the high output from gate
      G45 is applied to both inputs of gate G50 and to the lower inputs to gates
      G46 and G49. The low output of gate G50 makes the enable lead EN0 low and
      through gate G51 makes the slave sync lead SSYN high toward the scan unit
      bus (see FIG. 41).
PAR  When the scan controller SC0 of FIG. 44 is properly addressed (leads A5 to
      A8), as above discussed, the right input lead to gate G38 will be rendered
      high. The high (read or scan mode) on the control lead C1 and the low
      master sync signal on lead MSYN are effective through inverters A6 to A8
      as highs at the left two inputs to gate G38, thus to cause the output of
      gate G38 to go low. When the output of gate G38 goes low, the output of
      gate G39 goes high to produce a low strobe output on lead STRB, to produce
      a high enable output on lead EN0, and to render low the lower inputs to
      gates G46 to G49. With the lower inputs to gates G46 to G49 low, any low
      on any address lead A1 to A4 will be effective as a high output from the
      corresponding gate G46 to G49, which in turn will be effective through the
      corresponding gate G40 to G43 as a low on the corresponding lead AD1 to
      AD4 toward the scan multiplexers. Thus, the address code on input lead A1
      to A4 will be repeated on leads AD1 to AD4 toward the scan multiplexers of
      only the scan unit of that particular scan controller SC0.
PAR  As above, when the scan controller SC0 (FIGS. 44 and 41) is properly
      addressed, along with a low master sync signal on lead MSYN and a high
      control signal on lead C1, the address on leads AD1 to AD4 is applied to
      all 16 scan multiplexers SM00 to SM15 of FIG. 41 along with a high enable
      signal on lead EN0 and a low strobe signal on lead STRB. This will cause
      all 16 scan multiplexers SM00 to SM15 (according to the address on leads
      A1 to A4) to read a particular row of scan points and to pass that 16-bit
      word of scan point data over leads D00 to D15 toward the scan bus.
PAR  Each 16-bit multiplexer SM00 to SM15 of FIG. 41 is made up as in FIG. 43 of
      two 8-bit multiplexers as in FIG. 42 except that in FIG. 43 the eight data
      leads for the bottom multiplexer 8BM are designated SC0 to SC7 instead of
      SC8 to SC15 as in the upper multiplexer 8BM. These leads SC0 to SC7 are of
      course the same as the leads SC8 to SC15 in the details of FIG. 42. The
      data leads SC0 to SC15 in FIG. 43 are 16 data or control status leads from
      the markers or trunks of the switching system as previously explained.
      Each of these leads, as shown in FIG. 42, is terminated in an input
      filtering network made up of resistors R1, R2 and R3, capacitor C1, plus
      5.0 volts direct current, and minus 48 volts direct current. The data
      signals from the switching equipment, as previously explained, are either
      ground, open circuit or minus 48 volts. Whenever a data lead SC- into FIG.
      42 is grounded, the network output (junction of resistor R3 and capacitor
      C1) will be high (about plus  4.0 volts); and, whenever a data lead into
      FIG. 42 is either open circuited or at minus 48 volts, the network output
      will be low (about ground potential).
PAR  Regarding FIG. 42, as long as input A4 is high, the inverter A13 applies a
      low to the lower inputs to all of gates G52 to G59, thus causing the
      outputs of all of those gates to be low at all of the inputs to gate G60,
      whose output on lead DB is thus maintained high. In FIG. 43, it is seen
      that the two 8-bit multiplexers (like FIG. 42) are connected to the
      address leads A1 to A4 in the same manner except for lead A4, which is in
      effect inverted by gate G61 to the lower 8-bit multiplexer. Thus, while a
      high on lead A4 at the upper 8-bit multiplexer maintains a constant high
      at the upper input to gate G62, the lead A4 into the lower 8-bit
      multiplexer becomes a low via gate G61 so that the lower inputs to gates
      G52 to G59 (see FIG. 42) of the lower 8-bit multiplexer of FIG. 43 becomes
      high. Thus, the nature (high or low) of the address signal on lead A4 into
      the 16-bit multiplexer of FIG. 43 enables only one of the two 8-bit
      multiplexers. The other three address leads A1 to A3 into FIG. 43 are
      applied directly to both 8-bit multiplexers. These three leads are used on
      a straight binary basis to select one of the eight data leads in the
      enabled 8-bit multiplexer, thus selecting one of the 16 data leads in the
      16-bit multiplexers of FIG. 43.
PAR  As will be apparent, the address code on leads AD1 to AD4 in FIG. 41 from
      the scan controller SC0 to all 16 scan multiplexers SM00 to SM15 will
      select for reading the same single data lead from each of the 16 scan
      multiplexers SM00 to SM15. The data leads into the scan unit from the
      switching system are assigned to certain scan points in the scan unit such
      that when the same single data lead of all 16 scan multiplexers is
      selected for reading, then one complete 16-bit data word is read (scanned)
      from the switching system. In FIG. 41, the leads S0000 to S1500 to scan
      multiplexer SM00 are the number 00 bits of data for all 16 (00 to 15) data
      words, the leads S0001 to S1501 are the number 01 bits of all 16 words, et
      cetera, and the leads S0015 to S1515 are the number 15 bits of all 16
      words. The address on leads AD1 to AD4 from the scan controller specifies
      the reading (scanning) of all 16 bits of a specified one of 16  data
      words.
PAR  In FIG. 42, if all scan point inputs are low (no data), the upper inputs to
      gates G52 to G59 will be low, all of the outputs of those gates will be
      low, and the output of gate G60 on lead DB will be high. When data is
      available on a scan point input lead, such as lead SC15 going high, the
      top input of the corresponding gate G52 will be high. This data is read
      out of gate G60 as a low on lead DB only if all other inputs to gate G52
      are then also high. The latter requires a low on all of leads A1 to A4,
      which become high through inverters A18, A16, A14 and A13 at the lower
      four inputs to gate G52. While the gate G52 is thus being enabled to allow
      the low data output on lead DB, all other gates G53 to G59 are disabled by
      at least one low on one of their inputs, as will be apparent in the
      arrangement of inverters A13 to A19 in the address leads A1 to A4. At the
      same time, as above mentioned, in FIG. 43 the lower 8-bit multiplexer is
      completely disabled by virtue of the low lead A4 becoming a high through
      gate R61 to disable the lower multiplexer. Thus, one at a time of the 16
      data leads per 16-bit multiplexer SM00 to SM15 of FIG. 41 is selected for
      scanning.
PAR  In FIG. 43, normally the two outputs on leads DB from the upper and lower
      multiplexers are high, providing a low output from gate G62, which
      maintains high the main scan unit output on lead DB0 which (see FIG. 41)
      is one of the 16 (leads D00 to D15) data leads to the scan unit bus. When,
      in FIG. 43, the enable lead ENO goes high from the scan controller of FIG.
      44 to the lower input to gate G63, then any high output from gate G62 will
      be effective as a low data signal on lead DB0 at the output of gate G63.
      In turn, the output of gate G62 will go high only if one of its inputs
      goes low to signify that the particular bit selected for scanning
      represents an active data bit.
PAR  The power transistor Q1 in FIG. 43 is normally off due to the normal high
      on the strobe lead STRB from FIG. 44. When the STRB lead goes low,
      transistor Q1 is turned on. The turning on of transistor Q1, as indicated
      by the collector lead going to the two 8-bit multiplexer, provides power
      (plus 5.0 volts) to the 16-bit multiplexer only when strobed.
PAR  In the meantime, in FIG. 44, when the enable lead ENO went high, the output
      of gate G51 went low on the slave sync lead SSYN to the scan unit bus (see
      FIG. 41). In FIG. 39, the low slave sync signal on lead SSYN into the name
      decoder of the bus converter causes the multivibrator to assume its
      unstable state (Q output high and Q-prime output low), the high output
      from inverter A2 becoming high at the D and R inputs to the D F/F but
      causing no change therein except to enable the D F/F to respond to a
      low-to-high transition at its C input (which is low from the Q-prime
      output of the multivibrator). After about 350 ns (nanoseconds) unstable
      time of the multivibrator, the latter reverts to its stable state (Q
      output low and Q-prime output high). The low-to-high transition at the C
      input of the D F/F causes it to switch its Q output from low to high to
      cause a low slave sync output signal from gate G65 on lead SSYNL toward
      the processor bus. The slave sync signal (low) on lead SSYNL is thus
      delayed to insure the stability and validity of the data signals.
PAR  As a result of the processor having properly addressed a bus converter in
      FIG. 1, a single 16-bit data word is scanned and read from a marker or
      from some trunks through the properly addressed scan unit, over the scan
      unit bus, through the bus converter, and onto the processor bus.
PAC  PROCESSOR AND MEMORY UNITS
PAR  FIG. 30 of the present disclosure (processor unit of FIG. 1) is the
      equivalent of FIGS. 2 of the referenced DEC patents; and, FIG. 31 of the
      present disclosure (memory unit of FIG. 1) is the equivalent in the
      referenced DEC patents of FIG. 5 of the Delagi et al. disclosure, of FIG.
      10 of the McFarland, Jr. et al. disclosure, and of FIG. 3 of each of the
      two J. B. Cohen et al. disclosures.
PAR  The PDP processor (hereinafter referred to as the processor unit) is a
      16-bit general-purpose, parallel logic, digital computer using two's
      complement arithmetic, and functioning under stored program (memory unit)
      control. All of the program instructions used in the present exemplary
      disclosure are fully defined in either the referenced DEC patents or
      handbooks or both. Each mnemonic is equated to its octal machine code and
      to a description of its functional effect regarding the functioning of the
      processor system.
PAR  The processor bus (see FIGS. 1, 30 and 31 for example) normally includes 56
      leads; however, only 36 are used in the exemplary embodiment (see FIG. 37
      for example). Communication on the processor bus is a master-slave
      relationship, such as in FIG. 1 where the processor unit (master) may
      fetch an instruction from the memory unit (slave) or where the processor
      unit (master) may read data from a scan unit of a particular bus converter
      (slave), et cetera. The interlocked master-slave relationship requires a
      master sync signal from the master unit and a slave sync signal from the
      slave unit in order to complete a transfer therebetween of data, et
      cetera.
PAR  As in FIG. 30, the processor unit contains eight general registers R0 to R7
      which can be used for a variety of purposes, such as accumulators, index
      registers, autoincrement registers, autodecrement registers, stack
      pointers, address registers, et cetera. Register R7 is used as the program
      counter (PC) and at any particular time contains the address of the next
      instruction (see FIG. 31) to be executed. Register R6 is normally used as
      the stack pointer (SP) indicating the memory address in the stack memory
      (see FIG. 31) of the last entry in the appropriate stack, such entries
      being on a last-in ("pushed" onto the stack) and first-out ("popped" from
      the stack) basis.
PAR  The processor status word register (see FIG. 30) contains information on
      the current status of the processor unit. This information includes the
      current processor priority (bits 7 to 5), a debugging indicator (T bit 4),
      and a condition code (N, Z, V and C bits 3 to 0) which describes the
      results of the last used instruction. The priority may be any one of eight
      levels and the debugging indicator T may be set for trapping; and, in the
      condition code, the Z bit is one if the result was zero, the N bit is one
      if the result was negative, the C bit is one if the result included a
      carry, and the V bit is one if the result involved an arithmetic overflow.
PAR  The memory unit (see FIG. 31) may be viewed as a series of memory locations
      with an address (octal number, for instance) assigned to each location,
      and under the control of a control section including a memory address
      register and a memory buffer. Each 16-bit word is divided into a high byte
      (bits 15 to 8) and a low byte (bits 7 to 0) with the low bytes stored at
      even-numbered locations and the high bytes stored at odd-numbered
      locations. Successive word addresses are thus successive even-numbered
      addresses where, as is well known, the least significant octal digit (bits
      2 to 0), as well as the other five such digits, will progress as 0, 2, 4,
      6, 0, 2, 4, 6, et cetera.
PAR  The processor unit of FIG. 30 is coupled to the processor bus through a
      number of connections, the primary connection being via a bus address
      register, a bus interface unit, and an interrupt priority unit.
      Information in the form of data or instructions on the processor bus is
      transmitted to or received from locations (see FIG. 1) constituted by the
      peripheral units or the memory unit. Each location is defined by an
      address in the bus address register.
PAR  Information transfers within the processor unit are under the control of
      the various parts of the processor unit shown as boxes in the lower half
      of FIG. 30. Instructions are put into the instruction register for
      decoding in the instruction decoder under the control of the timing unit
      and of the general control unit. Timing signals and signals from the
      instruction decoder and from the general control unit are also used by the
      arithmetic control unit to in turn control the arithmetic unit in the
      upper part of FIG. 30.
PAR  Operations in the register memory (upper right part of FIG. 30) are
      controlled by the register memory control unit in the lower part of FIG.
      30. Also, internal computer operating conditions are monitored by the
      internal condition control unit.
PAR  The processor unit of FIG. 30 uses three basic cycles: "fetch", "execute"
      and "term" cycles. During the fetch cycle, an instruction is obtained from
      the memory unit of FIG. 31 and is decoded. If the instruction contains one
      or two operand addresses, the data is obtained and stored in the processor
      unit. Then the processor unit is diverted to the term or execute cycle
      depending upon the instruction. During the execute cycle, the processor
      unit operates on data and transfers resulting data to final locations
      defined by the operand addresses. The processor unit examines the data
      processing system during a term cycle to respond to certain conditions.
      After the term cycle is completed, the processor unit produces another
      fetch cycle. In the above, the program count is transferred from the PC
      register (R7) through the B input circuit, the adder unit, and the gating
      unit to the bus address register. The program count is incremented and
      returned to the PC register (R7). Then, the instruction located in the
      location addressed by the bus address register is obtained and coupled
      through the bus interface unit to the instruction register for decoding by
      the instruction decoder. If the instruction contains an operand address,
      it is decoded and the operand (usually data) defined by the operand
      address is transferred from the memory unit (FIG. 31) to the processor
      unit where it is transferred to the output of the arithmetic unit. If the
      output of the arithmetic unit is data, the data is transferred to an
      address which is stored in the bus address register and which is defined
      by the instruction. If the output of the arithmetic unit is an address, it
      is transferred to the bus address register and the contents of the
      addressed location are returned to the A input or B input units as data or
      as another address.
PAR  The addresses sent out onto the processor bus to various peripheral units,
      such as the bus converters and memory unit, et cetera, are specified by
      the bus address register of FIG. 30. Those addresses which are of
      particular significance to the exemplary embodiment of the invention are
      defined in detail under the description sections above entitled "Bus
      Converter" and "Scan Unit" wherein is described the detailed functioning
      of those units (as shown in FIGS. 36 through 44), the Bus Converters (see
      FIG. 1) being among the peripheral units connected to the processor bus.
PAC  SCANLOOP PROGRAM -- GENERALLY
PAR  As shown in FIG. 20, the scanloop program, insofar as markers and trunks
      are concerned, involves three routines. Initially, trunks are scanned (a
      first pass trunk scan) to ascertain the status of trunk S1 relays
      indicative of whether or not trunks have been seized by calling circuits.
      Then, markers (up to a maximum of 16) are scanned to ascertain if any
      change has occurred in the MKR control status. Lastly, trunks are again
      scanned (a second pass trunk scan) to ascertain the status of trunk CS
      relays indicative of whether or not trunks have been answered by called
      circuits.
PAR  The scanning of trunks and the processing of the results of such scanning
      do not form any part of the present invention and are not discussed here
      since such is not required to understand the exemplary embodiment of the
      present invention.
PAC  MARKER SCANLOOP PROGRAM
PAR  As shown in FIGS. 21 and 32, the MKR scanloop program causes the scanning
      of the MKR Status Word (First Word of the MKR Scan Unit) for each normal
      and equipped MKR Scan Unit in turn for a maximum of 16 markers (one scan
      unit per marker). As each MKR Status Word is scanned, the Present MKR
      Status Word (First Word of the MKR Scan Unit) is compared with the
      Previous (Last-Look) MKR Status Word (Third Word of the MKR Buffer Area).
      If there is no change, the scanning of MKR Status Words continues. When up
      to a maximum of 16 MKR Scan Units have been scanned, the scanloop program
      shifts to the second pass (CS relay) trunk scanning.
PAR  If a change occurs in a MKR Status Word, a program branch occurs to process
      that change. As shown in FIGS. 22 and 33, processing a MKR Status Word
      change amounts to updating the Last-Look MKR Status Word (Third Word of
      the MKR Buffer) and advancing to a subroutine according to the MKR
      Progress Mark MKRPM in bits 2 to 0 of the First Word of the MKR Buffer
      Area.
PAR  In the rest of this section is discussed in detail the instructions
      necessary to update the Last-Look MKR Status Word. The next section will
      discuss the processing of the change in the MKR Status Word.
PAR  Set forth below regarding FIGS. 21, 22, 32 and 33 are the necessary
      sequences of program instructions for scanning the Marker Status Word,
      comparing the Present-Scan and Last-Look Marker Status Words, updating the
      Last-Look Marker Status Word, and entering the Marker Data Processing
      Program.
TBL  ______________________________________                                    
     MKSLP                                                                     
     MOV...DASTAT,                                                             
                  This instruction puts into R3 the                            
     R3...        address in memory of (the First Word                         
                  of) the Distributor and Scanner                              
                  Status Table DASTAT, which includes                          
                  a 16-bit Status Word for each                                
                  Distributor and for each Scanner                             
                  Unit, each referred to as a DAS                              
                  Unit.                                                        
     ADD...#MKSDIR,                                                            
                  #MKSDIR is a number which if added                           
     R3...        to the address of the First Word of                          
                  DASTAT will provide the address of                           
                  the Marker (MKR) Scan Unit Status                            
                  Word for the First MKR Scan Unit.                            
                  This instruction results in R3                               
                  containing that address in DASTAT                            
                  for the First MKR Scan Unit.                                 
     ______________________________________                                    
PAL  The MKR Scan Unit Status Word includes (1) an offset in the high byte (bits
      15 to 8) representing the address (frame and unit number) of the MKR Scan
      Unit, (2) a MKR group indication (bits 7 to 4), and (3) the state of the
      MKR Scan Unit (bits 2 to 0). The MKR Scan Unit may be in one of six states
      according to the following list as indicated by bits 2 to 0:
TBL  000... unassigned                                                         
                      100... maintenance busy                                  
     001... normal    101... out of service                                    
     010... spare     111... power off.                                        
     011... spare                                                              
     110... spare                                                              
PAL  It will be assumed, as in FIG. 21, that the MKR Scan Unit is equipped and
      normal as represented by bits 2 to 0 being 001.
TBL  ______________________________________                                    
     MOV...#16, R0...                                                          
                   Set R0 to a count of sixteen so that                        
                   R0 can act as a counter for counting                        
                   through the scanning of up to a                             
                   maximum of sixteen MKR Scan Units                           
                   corresponding to a maximum of up to                         
                   sixteen markers.                                            
     NXTMSU                                                                    
     MOV... (R3), R1...                                                        
                   The First MKR Scan Unit Status Word                         
                   (the information at the address in                          
                   R3) is moved into R1.                                       
     CLR... R4...  R4 is cleared to all zeros.                                 
     BIC...#177770,                                                            
                   177770 is the octal designation of a                        
     R1...         16-bit mask with ones in bits 15 to                         
                   3 and zeros in bits 2 to 0. All of                          
                   R1 is cleared to zero except the MKR                        
                   Scan Unit State (bits 2 to 0).                              
                   Those bits will, as assumed above,                          
                   be 001 to indicate that the MKR Scan                        
                   Unit is equipped and normal.                                
     ASL... R1...  Double the content of R1 so that R1                         
                   contains 010 (instead of 001), thus                         
                   to define the MKR Scan Unit State as                        
                   an offset in bytes.                                         
     ADD... R1, PC Add R1 to the Program Counter PC                            
                   (i.e., R7) to set the PC to branch                          
                   to the next instruction according to                        
                   the MKR Scan Unit State.                                    
     BR... NORM2...                                                            
                   Branch to NORM2 since the MKR Scan                          
                   Unit State is assumed to be normal                          
                   (001) as above.                                             
     NORM2                                                                     
     MOV... (R3), R1...                                                        
                   Put into R1 from the address in R3                          
                   the MKR Scan Unit Status Word, the                          
                   high byte (bits 15 to 8) of which,                          
                   as above, is an offset representing                         
                   the address of the MKR Scan Unit in                         
                   terms of a frame and a unit number.                         
     CLRB... R1... Clear to zero the low byte (bits 7                          
                   to 0) of R1.                                                
     SWAB... R1... Swap the low and high bytes of R1 so                        
                   the low byte (bits 7 to 0) contains                         
                   the MKR Scan Unit address offset and                        
                   so the high byte (bits 15 to 8) is                          
                   zeroed.                                                     
     MOV... DASLL, This instruction puts into R5 the                           
     R5...         address in memory of (the First Word                        
                   of) the Distributor and Scanner                             
                   Last-Look Directory DASLL, which                            
                   includes a 16-bit Last-Look Address                         
                   for each DAS Unit.                                          
     MOV... DASAD, This instruction puts into R2 the                           
     R2...         address in memory of (the First Word                        
                   of) the Distributor and Scanner Unit                        
                   Address Directory DASAD, which                              
                   includes a 16-bit Address for each                          
                   DAS Unit.                                                   
     ADD... R1, R2...                                                          
                   With R1 added to the contents of R2,                        
                   R2 now contains the address in DASAD                        
                   of the MKR Scan Unit (i.e., the                             
                   First Word of the MKR Scan Unit).                           
     ADD... R5, R1...                                                          
                   With R5 added to the contents of R1,                        
                   R1 now contains the address in DASLL                        
                   of the MKR Scan Unit Last-Look (i.e,                        
                   the Third Word of the MKR Buffer                            
                   Area).                                                      
     MOV... (R2), R2...                                                        
                   The content at the address in R2                            
                   (i.e., the address from DASAD of the                        
                   First Word of the MKR Scan Unit) is                         
                   put into R2.                                                
     MOV... (R1), R1...                                                        
                   The content at the address in R1                            
                   (i.e., the address from DASLL of the                        
                   Third Word of the MKR Buffer Area)                          
                   is put into R1.                                             
     ______________________________________                                    
PAR  with R2 and R1 containing the respective addresses of the First Word of the
      MKR Scan Unit and the Third Word of the MKR Buffer Area, it is now
      possible to make a comparison of the respective Present MKR Status Word
      and the Last-Look MKR Status Word as follows:
TBL  DAS3                                                                      
     CMP... (R2),                                                              
                This instruction compares the                                  
     (R1)...    contents of the addresses in R2 and                            
                R1 to see if any change has occurred                           
                in the MKR control status since the                            
                previous (Last-Look) scan of the MKR                           
                Status Word.                                                   
PAR  If there has been no change in the MKR Status Word for the First MKR, the
      program branches (branch A on FIGS. 21 and 32) to repeat the above
      sequence of instructions for the second MKR Scan Unit as follows:
TBL  TST... (R3) + ...                                                         
                  This instruction auto-increments the                         
                  content of R3 by two so that R3                              
                  contains the address in DASTAT of                            
                  the MKR Scan Unit Status Word for                            
                  the Second MKR Scan Unit.                                    
     SOB... R0,   Under the control of the auto-                               
     NXTMSU...    incremented content of R3 (address                           
                  in DASTAT of the next MKR Scan Unit                          
                  Status Word), the program branches                           
                  to the prior NXTMSU operation to                             
                  compare the Present MKR Status Word                          
                  and the Last-Look MKR Status Word                            
                  for the Second MKR Scan Unit.                                
                  Incident to this operation, the                              
                  content of R0 (initially set at                              
                  sixteen) is decremented by one (to                           
                  become fifteen) to indicate that one                         
                  MKR Scan Unit has been served.                               
PAR  The above SOB instruction causes the NXTMSU operation to be repeated
      through a maximum of 16 MKR Scan Units for 16 markers as indicated by the
      decremented count in RO reaching zero, at which point the following
      instruction becomes effective:
TBL  INC... CSFLAG...                                                          
                  A portion of memory identified as                            
                  the CSFLAG is set to one to signify                          
                  that the scanloop program has                                
                  finished scanning MKR Scan Units and                         
                  is advancing to the scanning of the                          
                  CS scan points of Trunk Scan Units.                          
PAR  If the previous DAS3 operation shows that a change has occurred in the MKR
      Status Word, as indicated by the comparison of the contents at the
      addresses in R2 and R1 (the addresses of the First Word of the MKR Scan
      Unit and of the Third Word of the MKR Buffer Area), the program branches
      (branch B on FIGS. 21 and 32) from that point to MKRCH to process the
      change as follows:
TBL  BNE... MKRCH...                                                           
                  This instruction causes a branch for                         
                  performing two "housekeeping"                                
                  operations followed by continuation                          
                  with DAS4 below.                                             
PAR  At this point, the following conditions prevail in the indicated registers:
PA1  Ro . . . contains the complement of the count of the number of MKR Scan
      Units scanned.
PA1  R1 . . . contains the address of the Last-Look Status Word (i.e., the Third
      Word of the MKR Buffer Area).
PA1  R2 . . . contains the address of the Present MKR Status Word (i.e., the
      First Word of the MKR Scan Unit).
PA1  R3 . . . contains the address in DASTAT of the MKR Scan Unit.
PA1  R4 . . . has been set at 0 since the MKR has been assumed to be normal.
PAR  The next step, as in FIGS. 22, 32 and 33 is to update the MKR Status Word
      Last-Look (Third Word of MKR Buffer Area) and then call in the Marker Data
      Processing Subroutine MKRDP to process the change in the MKR Status Word.
TBL  ______________________________________                                    
     DAS4                                                                      
     MOV... (R2), The content (First Word of MKR Scan                          
     (R1)...      Unit) at the address in R2 is put                            
                  into the address (Third Word of MKR                          
                  Buffer Area) in R1. The latest                               
                  changed MKR Status Word thus becomes                         
                  the new Last-Look MKR Status Word.                           
     SUB... #4, R1...                                                          
                  Four is now subtracted from the                              
                  address in R1 so that R1 now                                 
                  contains the address of the First                            
                  Word of the MKR Buffer Area (i.e.,                           
                  two MKR Buffer Area Words ahead of                           
                  the Third Word).                                             
     JSR... PC,   This instruction calls in the MKR                            
     MKRDP...     Data Processing Subroutine MKRDP by                          
                  adjusting the Program Counter PC                             
                  (R7) to MKRDP, which is described in                         
                  the following sections.                                      
     ______________________________________                                    
PAR  At this point, R1 contains the address of the First Word of the MKR Buffer
      Area, R2 contains the address of the First Word of the MKR Scan Unit, and
      R4 is set at zero indicating that the MKR is normal.
PAC  MARKER DATA PROCESSING SUBROUTINE--GENERALLY
PAR  As shown in FIGS. 22 and 33, the MKR Data Processing Subroutine MKRDP
      starts with a branch to a subroutine according to the MKR Progress Mark
      MKRPM in bits 2 to 0 of the First Word of the MKR Buffer Area. The MKRPM
      will have resulted from the previous MKRDP operation and represents the
      previous changed control status of the MKR.
PAR  The present invention is concerned with the collection of MKR data into the
      MKR Buffer Area. This function, according to the particular embodiment
      shown, can occur only if the MKRPM is "SEIZED" and only if the present
      Last-Look MKR Status Word contains a prescribed signal content, as will be
      described below.
PAR  Also, as will be described below, and as shown in FIGS. 23 through 29, the
      MKRPM "SEIZED" can result from a previous MKRPM of only either
      "INITIALIZATION", "IDLE" "NOTRACK" or "SEIZED"; and, the only MKRPM which
      can result in a subsequent MKRPM of "READ" is "SEIZED". The exemplary
      embodiment of the present invention is not concerned with what happens
      with a MKRPM of "READ" since such can occur only after the collection of
      MKR data which is the subject matter of the present invention.
PAR  The First Word of the MKR buffer Area includes in bits 2 to 0 a Progress
      Mark MKRPM, as previously discussed in connection with FIG. 17, which
      indicates the control status of the marker as a result of the previous
      use, if any, of the Marker Data Processing Subroutine MKRDP to be
      described presently. The MKRPM can be any one of the following:
TBL  000... IDLE (IDL)                                                         
                     100... NOTRACK (NTK)                                      
     001... SEIZED (SZD)                                                       
                     101... INITIALIZATION (INL)                               
     010... READ (RD)                                                          
                     110 or 111... VACANT (VCT).                               
     011... DISCONNECT (DISC)                                                  
PAR  The collection of data from a marker can occur, as previously mentioned,
      only if the MKRPM is set at SZD(001) when the MKRDP subroutine is enterd
      due to a change in the MFR Status Word with the latter containing a
      prescribed signal content showing a prescribed marker control status. The
      MKRPM of SZD(001) can be present only if the previous use of the MKRDP
      subroutine recognized a prescribed marker control status at that time.
PAR  In discussing the following program sequences in connection with the MKRDP
      subroutine, it will be assumed that the call connection being handled by
      the marker is characterized in part as follows:
TBL  (1)   The call is not a test call.                                        
     (2)   The call is not a free call.                                        
     (3)   The call is not a service-observed call.                            
     (4)   The call is not a traffic-sampled call.                             
     (5)   The call does not involve a partial                                 
           dial condition.                                                     
     (6)   The call does not involve a permanent                               
           signal condition.                                                   
PAL  Also, the expression "followed by RETURN" or merely "RETURN" means that the
      program sequence causes a return to that part of the scanloop program
      where a branch was effected to the MKRDP subroutine.
TBL  ______________________________________                                    
     MKRDP                                                                     
     MOV... R0, -(SP)...                                                       
                   The contents of registers                                   
     MOV... R3, -(SP)...                                                       
                   R0, R3 and R5 are                                           
     MOV... R5, -(SP)...                                                       
                   saved on the stack (R6 is stack                             
                   pointer).                                                   
     ______________________________________                                    
PAL  Since R4 is zeroed (see above), indicating that the marker is normal, the
      sequence advances as follows:
TBL  PMDEC                                                                     
     MOV... (R1), R0...                                                        
                  From the address in R1, the                                  
                  First Word of the MKR Buffer                                 
                  Area is put into R0.                                         
     BIC...#177770,                                                            
                  This instruction (as used                                    
     R0...        previously) clears to zero all                               
                  bits of R0 except                                            
                  the MKRPM in bits 2 to 0.                                    
     ASL... R0... This instruction doubles the                                 
                  MKRPM (bits 2 to 0 of R0) to                                 
                  get the MKRPM in bytes.                                      
     MOV... 4(R1),                                                             
                  From the address in R1 + 4                                   
     R3...        (i.e., the Third Word of the MKR                             
                  Buffer Area), put the new Last-Look                          
                  MKR Status Word into R3.                                     
PAR  At this point, a jump is made to one of seven MKRPM subroutines according
      to the MKRPM in RO. Of particular interest here is the subroutine
      corresponding to a MKRPM of SZD(001). However, regardless of what the
      MKRPM is, the next instruction is as follows:
TBL  JMP... at PMTBL                                                           
                  According to the MKRPM in R0, a jump                         
     (R0)...      is made to the first instruction of                          
                  the subroutine called for by the                             
                  MKRPM. The jump is accomplished by                           
                  entering the PMTBL table in memory                           
                  under the control of the MKRPM in R0                         
                  to find the address of the proper                            
                  subroutine and to set the program                            
                  counter (R7) accordingly to start                            
                  the respective continuing sequence                           
                  described below.                                             
PAR  The sequence of operations regarding each MKRPM of VCT(110 or 111),
      INL(101), IDL(000), DISC(011), NTK(100) and SZD(001) is described in the
      following sections with regard to FIGS. 23 through 29 and 32 through 34.
      The sequence of operation regarding a MKRPM of RD(010) is not described
      since it is of no interest in understanding the exemplary embodiment of
      the invention.
PAC  MKRDP SUBROUTINE VCT(110 OR 111)
PAR  This subroutine should never be entered under normal conditions. Its
      purpose is to provide an ERROR message if the MKRPM happens to have been
      set to an unassigned MKRPM number (110 or 111) due to an error or a
      trouble. The net effect is to set the MKRPM to NTK(100), followed by a
      RETURN to the Scanloop Program, as described below regarding FIG. 23:
TBL  VCT(110 or 111)                                                           
     BIC... #7,   7 is the octal designation of 1's in                         
     (R1)...      bit positions 2 to 0. This                                   
                  instruction clears to zero the MKRPM                         
                  in bits 2 to 0 of the First Word of                          
                  the MKR Buffer Area at the address                           
                  in R1.                                                       
     INC... (R1)...                                                            
                  One is added to the First Word of                            
                  the MKR Buffer Area at the address                           
                  in R1, thus making the MKRPM                                 
                  SZD(001).                                                    
     JMP...UPPM3...                                                            
                  This instruction causes a branch to                          
                  UPPM3 as follows:                                            
     UPPM3                                                                     
     INC...(R1)...                                                             
                  Add one to the Frist Word of the MKR                         
                  Buffer Area, and thus to the MKRPM                           
                  in bits 2 to 0, at the address in                            
                  R1. UPPM3 is always followed by                              
                  UPPM2 as follows.                                            
     UPPM2                                                                     
     INC...(R1)...                                                             
                  This instruction also adds one to                            
                  the MKRPM in bits 2 to 0 of the                              
                  First Word of the MKR Buffer Area at                         
                  the address in R1. UPPM2 is always                           
                  followed by UPPM1 as follows:                                
     UPPM1                                                                     
     INC...(R1)...                                                             
                  This instruction also adds one to                            
                  The MKRPM in bits 2 to 0 of the                              
                  First Word of the MKR Buffer Area at                         
                  the address in R1. UPPM1 is always                           
                  followed by RETURN.                                          
     RETURN                                                                    
     MOV... (SP) +,                                                            
                  The contents of R5, R3 and R0                                
     R5...                                                                     
     MOV... (SP) +,                                                            
                  which were saved on the                                      
     R3...                                                                     
     MOV... (SP) +,                                                            
                  stack (R6 is stack pointer) at the                           
     R0...                                                                     
                  start of the MKR Data Processing                             
                  Subroutine are returned to                                   
                  those registers.                                             
     RTS... PC... A RETURN is effected to the                                  
                  Scanloop Program where that program                          
                  left off due to a change in the                              
                  MKR Status Word.                                             
PAR  Thus, the above sequence starting with UPPM3 adds three to the MKRPM to
      change it from SZD (001) to NTK(100) and ends up with a RETURN.
PAC  MKRDP SUBROUTINE INL(101)
PAR  This subroutine is entered when the MKRPM is INL(101) indicating that the
      MRK Scan Unit was previously returned to normal from an out-of-service
      condition. The net effect is to set the MKRPM according to the latest MKR
      Status Word. The new MKRPM may become any one of IDL(000), DISC(011),
      NTK(100) and SZD(001), followed by RETURN, as described below regarding
      FIG. 24.
TBL  ______________________________________                                    
     INL(101)                                                                  
     CLR... (R1)...                                                            
                This instruction clears to zero the                            
                entire First Word of the MKR Buffer                            
                Area at the address in R1, which                               
                includes setting the MKRPM in bits 2                           
                to 0 to IDL(000).                                              
     TST... R3...                                                              
                This instruction tests the CKG bit                             
                (15) of the MKR Status Word at the                             
                address (Third Word of MKR Buffer                              
                Area) in R3.                                                   
     ______________________________________                                    
PAR  If the CKG bit is zero, the following sequence takes place (branch A of
      FIG. 24).
TBL  ______________________________________                                    
     BPL... JCGPM1...                                                          
                  A branch takes place to JCGPM1 where                         
                  the sequence continues.                                      
     JCGPM1                                                                    
     JMP... CGPM1...                                                           
                  A branch takes place to CGPM1 where                          
                  the sequence continues.                                      
     CGPM1                                                                     
     BIC...#7,(R1)...                                                          
                  The octal designation 7 is used to                           
                  clear to zero the MKRPM bits 2 to 0                          
                  in the First Word of the MKR Buffer                          
                  Area at the address in R1, thus                              
                  setting the MKRPM to IDL(000).                               
     BIT...#IDLMSK,                                                            
                  IDLMSK is a mask (zeros in bits                              
     4(R1)...     15-14 and 8 to 0 with ones in bits                           
                  13 to 9) for looking at bits 13 to                           
                  9. This instruction tests bits 13                            
                  to 9 of the MKR Status Word in the                           
                  Third Word of the MKR Buffer Area at                         
                  the address of R1 + 4 to see if                              
                  these five bits are all zero.                                
     ______________________________________                                    
PAR  The five bits (13 to 9) of the MKR Status Word in the Third Word of the MKR
      Buffer Area are the following: RK3(bit TK(bit 12), HMS1(bit 11), ITR(bit
      10) and TOG(bit 9), which may be referred to as a group as the MKR AMA
      Status Bits.
PAR  If all MKR AMA Status Bits are zero, the following instruction occurs
      (branch B on FIG. 24) to cause a RETURN, leaving the MKRPM set at
      IDL(000).
TBL  ______________________________________                                    
     BEQ... RETURN...                                                          
                   Return to Scanloop program.                                 
     ______________________________________                                    
PAR  If all MRK AMA Status Bits are not zero, the program advances (branch C in
      FIG. 24) to UPPM3 which, as previously described, adds three to the MKRPM
      to change it from IDL(000) to DISC(011), followed by RETURN.
PAR  If earlier when the CKG bit (15) of the MKR Status Word was tested, it was
      found to be one, then the sequence would have continued at that point
      (branch D in FIG. 24) as follows:
TBL  INC... (R1)...                                                            
                  One is added to the First Word of                            
                  the MKR Buffer Area at the address                           
                  in R1, thus changing the MKRPM from                          
                  IDL(000) to SZD(001).                                        
     BIT... #4000,                                                             
                  The mask designated by the                                   
     R3...        octal 4000 contains a one in bit 11                          
                  and zeros in bits 10 to 0. This                              
                  instruction tests the HMS1 bit (11)                          
                  of the MKR Status Word in R3.                                
PAR  If the HMS1 bit is zero, the following instruction (branch E in FIG. 24) is
      effective.
TBL  ______________________________________                                    
     BEQ... JMPRET...                                                          
                  This causes a branch to JMPRET.                              
     JMPRET                                                                    
     JMP... RETURN...                                                          
                  This instruction causes a RETURN,                            
                  leaving the MKRPM set at SZD(001).                           
     ______________________________________                                    
PAR  If the above HMS1 bit testing shows the HMS1 bit to be one, the following
      instruction (branch F in FIG. 24) is effective from that point.
TBL  ______________________________________                                    
     JMP... UPPM3...                                                           
                  This instruction, as previously                              
                  described, adds three to the MKRPM                           
                  to change it from SZD(001) to                                
                  NTK(100), followed by RETURN.                                
     ______________________________________                                    
PAC  MKRDP SUBROUTINE IDL(000)
PAR  This subroutine is entered when the MKRPM is IDL(000) indicating that the
      previous state of the marker was an idle condition. The function of the
      subroutine is to detect a marker seizure (the CKG bit becoming one in the
      MKR Status Word) and to cause the MKRPM to reflect the MKR Control Status
      according to the latest MRK Status Word, followed by RETURN. The MKRPM may
      end up as SZD (001), IDL (000) or DISC (011) depending upon the MKR Status
      Word, as described below regarding FIG. 25.
TBL  ______________________________________                                    
     IDL(000)                                                                  
     BPL... CKGAUD...                                                          
                  This instruction causes the CKG                              
                  bit (15) of the MKR Status Word at                           
                  the address in R3 to be tested for a                         
                  zero or a one condition, to branch                           
                  to CKGAUD (branch A in FIG. 25) if                           
                  the CKG bit is zero, and to continue                         
                  as follows (branch B in FIG. 25) if                          
                  the CKG bit is one.                                          
     INC... MSZPEG...                                                          
                  If the CKG bit was found to be one,                          
                  this instruction (branch B in                                
                  FIG. 25) adds one to the MKR Seizure                         
                  Peg Count Register in an assigned                            
                  core area.                                                   
     JMP... UPPM1...                                                           
                  Then, according to this instruction,                         
                  a branch is made to UPPM1 which, as                          
                  previously described, adds one to                            
                  the MKRPM to change it from IDL(000)                         
                  to SZD(001), followed by RETURN.                             
     ______________________________________                                    
PAR  If the above CKG test shows the CKG bit to be zero, the branch to CKGAUD
      takes place from that point (branch A in FIG. 25).
TBL  ______________________________________                                    
     CKGAUD                                                                    
     BIT... #10000,                                                            
                  This instruction tests the TK bit (12)                       
     R3...        of the MKR Status Word in R3.                                
     ______________________________________                                    
PAR  If the TK bit is found to be one, an ERROR has occurred, at which point the
      following instruction becomes effective after the ERROR is trapped (branch
      C in FIG. 25).
TBL  ______________________________________                                    
     JMP... UPPM3...                                                           
                  This causes a branch to UPPM3 which,                         
                  as previously described, adds three                          
                  to the MKRPM to change it from                               
                  IDL(000) to DISC(011), followed by                           
                  RETURN.                                                      
     ______________________________________                                    
PAR  If the TK bit is found to be a zero, the following alternate instruction
      occurs (branch D in FIG. 25).
TBL  ______________________________________                                    
     JMP... RETURN...                                                          
                  This causes a jump to RETURN as                              
                  previously described, leaving the                            
                  MKRPM set at IDL(000).                                       
     ______________________________________                                    
PAC  MKRDP SUBROUTINE DISC(011)
PAR  This subroutine is entered when the MKRPM is DISC(011) indicating that the
      MKR had previously released (or started to release) from a call. The
      function of the subroutine is to make certain that all MKR Status Word
      bits return to zero between calls. The MKRPM is set to reflect the latest
      MKR Control Status. The MKRPM may become one of IDL(000), DISC(011) and
      NTK(100), followed by RETURN, as described below regarding FIG. 26.
TBL  ______________________________________                                    
     DISC(011)                                                                 
     BIT... #IDLMSK,                                                           
                  As previously described, this                                
     R3...        instruction tests the MKR AMA Status                         
                  Bits (13 to 9) of the MKR Status                             
                  Word in R3 to see if these bits are                          
                  all zero.                                                    
     ______________________________________                                    
PAR  If all MKR AMA Status Bits are zero, the following sequence (branch A in
      FIG. 26) is effective.
TBL  ______________________________________                                    
     BIC... #7,   This instruction, as before, clears                          
     (R1)...      to zero bits 2 to 0 of the First                             
                  Word of the MKR Buffer Area, thus to                         
                  set the MKRPM at IDL(000).                                   
     JMP... RETURN...                                                          
                  This instruction causes a RETURN to                          
                  the Scanloop program, leaving the                            
                  MKRPM set at IDL(000).                                       
     ______________________________________                                    
PAR  If the MKR AMA Status Bits are not all zero, as above tested, the following
      sequence (branch B in FIG. 26) occurs from that point.
TBL  ______________________________________                                    
     BNE... CKGTST...                                                          
                  This instruction causes a branch to                          
                  CKGTST to continue as follows.                               
     CKGTST                                                                    
     TST... R3... This instruction tests the CKG                               
                  bit (15) of the MKR Status Word in                           
                  R3.                                                          
     ______________________________________                                    
PAR  If the CKG bit, as above tested, is zero, the following instruction is
      effective (branch C in FIG. 26).
TBL  ______________________________________                                    
     JMP... RETURN...                                                          
                  This instruction causes a RETURN to                          
                  the Scanloop program, leaving the                            
                  MKRPM set at DISC(011).                                      
     ______________________________________                                    
PAR  If the CKG bit, as above tested, is one, then from that point the following
      action (branch D in FIG. 26) takes place.
TBL  ______________________________________                                    
     BMI... TKCK...                                                            
                  This instruction causes a branch to                          
                  TKCK to continue as follows.                                 
     TKCK                                                                      
     BIT... #10000,                                                            
                  This instruction causes the testing                          
     R3...        of the TK bit (12) of the MKR Status                         
                  Word in R3.                                                  
     ______________________________________                                    
PAR  If the TK bit, as above tested, is one, an ERROR has occurred; and, after
      trapping the ERROR, the following instruction occurs (branch E in FIG.
      26).
TBL  ______________________________________                                    
     JMP... UPPM1...                                                           
                  This instruction, as previously                              
                  described, causes one to be added to                         
                  the MKRPM in bits 2 to 0 of the                              
                  First Word of the MKR Buffer Area at                         
                  the address in R1, thus to cause the                         
                  MKRPM to be changed from DISC(011)                           
                  to NTK(100), followed by RETURN,                             
                  leaving the MKRPM set at NTK(100).                           
     ______________________________________                                    
PAR  If the TK bit, as above tested, is zero, then the following alternate
      instruction (branch F in FIG. 26) is effective.
TBL  ______________________________________                                    
     JMP... RETURN...                                                          
                  This instruction causes a RETURN                             
                  leaving the MKRPM set a DISC(011).                           
     ______________________________________                                    
PAC  MKRDP SUBROUTINE NTK(100)
PAR  This subroutine is entered when the MKRPM is NTK(100) indicating that a
      call previously in progress in the MKR was not to be AMA processed. As
      described below regarding FIG. 27, depending upon the present MKR Control
      Status, and possibly the condition of the recycle flag RCYFLG (bit 15 of
      First Word of MKR Buffer Area), the MKRPM is suitably set followed by
      RETURN. The MKRPM may result as IDL(000) on DISC(011) regardless of the
      condition of the RCMFLG. If the RCYFLG is zero, the MKRPM can be left at
      NTK(100) and the RCYFLG may be set to one or left at zero. If the RCYFLG
      is one, the MKRPM may be left at NTK(100) with the RCYFLG cleared to zero.
      If the RECYFLG is one, the MKRPM may be left at NTK(100) or set to
      SZD(001) with the RCYFLG cleared to zero in either case.
TBL  ______________________________________                                    
     NTK (100)                                                                 
     BPL... IDLCK...                                                           
                  This instruction causes a branch                             
                  (branch A in FIG. 27) to IDLCK if                            
                  the CKG bit (15) of the MKR Status                           
                  Word is zero.                                                
     IDLCK                                                                     
     BIC... #100000,                                                           
                  This instruction clears to zero the                          
     (R1)...      RCYFLG in bit 15 of the First Word                           
                  of the MKR Buffer Area at the                                
                  address in R1.                                               
     JMP... CGPM1...                                                           
                  This instruction causes a jump to                            
                  CGPM1.                                                       
     ______________________________________                                    
PAR  As previously described, the jump to CGPM1 causes the following sequence of
      actions; the MRKPM is cleared zero to become IDL(000); the MKR AMA Status
      Bits (13 to 9) of the MKR Status Word in the Third Word of the MKR Buffer
      Area at the address of R1 + 4 are tested to see if they are all zero; if
      all of the MKR AMA Status Bits are zero (branch B in FIG. 27), the MKRPM
      is left at IDL(000), followed by RETURN; and, if all of the MKR AMA Status
      Bits are not zero (branch C in FIG. 27), three is added to the MKRPM to
      change it from IDL(000) to DISC(011), followed by RETURN.
PAR  If the above test of the CKG bit shows that it is one, the next instruction
      (branch D in FIG. 27) is as follows.
TBL  ______________________________________                                    
     TST... (R1)...                                                            
                  This instruction tests whether the                           
                  RCYFLG is one or zero.                                       
     ______________________________________                                    
PAR  If the RCYFLG is zero, the following instruction is effective (branch E in
      FIG. 27).
TBL  ______________________________________                                    
     BPL... RCYCK...                                                           
                  This instruction causes a branch to                          
                  RCYCK.                                                       
     RCYCK                                                                     
     BIT... #34000,                                                            
                  This instruction tests the RK3, TK                           
     R3...        and HMS1 bits (13 to 11) of the MKR                          
                  Status Word in R3.                                           
     ______________________________________                                    
PAR  If the RK3, TK and HMS1 bits are not all zero, the following instruction is
      effective (branch F in FIG. 27).
TBL  ______________________________________                                    
     BNE... JPRTN...                                                           
                  This instruction causes a branch to                          
                  JPRTN.                                                       
     JPRTN                                                                     
     JMP... RETURN...                                                          
                  This instruction causes a RETURN                             
                  leaving the MKRPM at NTK(100).                               
     ______________________________________                                    
PAR  If the RK3, TK and HMS1 bits are all zero (see above), the following
      sequence of instructions occurs (branch G in FIG. 27).
TBL  ______________________________________                                    
     BIS... #100000,                                                           
                  This instruction causes the setting                          
     (R1)...      to one of the RCYFLG (bit 15) of the                         
                  First Word of the MKR Buffer Area at                         
                  the address in R1.                                           
     BR... JPRTN...                                                            
                  This causes a RETURN, as above,                              
                  leaving the MKRPM at NTK(100) and                            
                  the RCYFLG set at one.                                       
     ______________________________________                                    
PAR  When the RCYFLG was tested, as above, if the RCYFLG is found to be set at
      one, then the following instruction is effective (branch H in FIG. 27).
TBL  ______________________________________                                    
     BIT... #10000,                                                            
                  This instruction tests the TK bit                            
     R3...        (12) of the MKR Status Word in R3.                           
     ______________________________________                                    
PAR  If the TK bit is found to be zero, the following instruction is effective
      (branch I in FIG. 27).
TBL  ______________________________________                                    
     BEQ... JPRTN...                                                           
                  This instruction, as previously,                             
                  causes a RETURN, leaving the MKRPM                           
                  set at NTK(100).                                             
     ______________________________________                                    
PAR  If the TK bit is found to be a one (see above), the following instruction
      is effective (branch J in FIG. 27).
TBL  ______________________________________                                    
     BIT... #20000,                                                            
                  This instruction tests the RK3 bit                           
     R3...        (13) of the MKR Status Word in R3.                           
     ______________________________________                                    
PAR  If the RK3 bit is zero, the following instruction is effective (branch K in
      FIG. 27).
TBL  ______________________________________                                    
     BIT... #1000,                                                             
                  This instruction tests the TOG bit                           
     R3...        (9) of the MKR Status Word in R3.                            
     ______________________________________                                    
PAR  If the RK3 bit is one, the following instruction is effective (branch L in
      FIG. 27).
TBL  ______________________________________                                    
     BNE... IAOCK...                                                           
                  This instruction causes a branch to                          
                  IAOCK.                                                       
     IAOCK                                                                     
     BIT... #2000,                                                             
                  This instruction tests the ITR bit                           
     R3...        (10) of the MKR Status Word in R3.                           
     ______________________________________                                    
PAR  If the above tested TOG bit is found to be zero, the following sequence of
      instructions is effective (branch M in FIG. 27).
TBL  ______________________________________                                    
     CLRRCY                                                                    
     BIC... #100000,                                                           
                  This instruction clears to zero the                          
     (R1)...      RCYFLG (bit 15) of the First Word of                         
                  the MKR Buffer Area at the address                           
                  in R1.                                                       
     JPRTN                                                                     
     JMP... RETURN...                                                          
                  This instruction causes a RETURN,                            
                  leaving the MKRPM at NTK(100).                               
     ______________________________________                                    
PAR  If the above tested TOG bit is found to be one, the following sequence of
      instructions is effective (branch N in FIG. 27).
TBL  ______________________________________                                    
     BNE... SETSEZ...                                                          
                  This instruction causes a branch to                          
                  SETSEZ. -SETSEZ                                              
     BIC... #7,   This instruction clears to zero                              
     (R1)...      bits 2 to 0 of the First Word of the                         
                  MKR Buffer Area at the address in                            
                  R1, thus setting the MKRPM at                                
                  IDL(000).                                                    
     INC... (R1)...                                                            
                  This instruction adds one to the                             
                  MKRPM to change it from IDL(000) to                          
                  SZD(001). -BR... CLRRCY... As above, this instruction clears 
                  to                                                           
                  zero the RCYFLG and causes a RETURN,                         
                  leaving the MKRPM set at SZD(001).                           
     ______________________________________                                    
PAR  If the above tested ITR bit is found to be zero, an ERROR has occurred and
      the following instruction is effective (branch P in FIG. 27) after causing
      the ERROR to be trapped.
TBL  ______________________________________                                    
     BR... CLRRCY...                                                           
                  As above, this instruction clears to                         
                  zero the RCYFLG and causes a RETURN,                         
                  leaving the MKRPM at NTK(100).                               
     ______________________________________                                    
PAR  If the above tested ITR bit is found to be one, the above SETSEZ sequence
      is effective (branch R in FIG. 27) to clear the RCYFLG and to cause a
      RETURN, leaving the MKRPM set at SZD(001).
PAC  MKRDP SUBROUTINE SZD(001)
PAR  This subroutine is the one of principal present interest since the
      collection of billing data from the marker can occur only when this
      subroutine is entered.
PAR  This subroutine is entered when the MKRPM is SZD (001) indicating that the
      marker previously had been seized on a call. The result of the subroutine
      is to read data from the marker or not to read data depending upon the
      signal content of the latest MKR status word. The MKRPM can become any of
      of IDL(000), DISC(011), SZD(001) and NTK(100) without the Initial Entry
      Data being collected from the marker if the MKR Status Word does not
      conform to a prescribed signal content. If the MKR Status Word does
      conform to a prescribed signal content, then the 15 words of MKR Data
      (Words 1 through 15 of the MKR Scan Unit in FIG. 16) will be read into the
      15 data words of the MKR Buffer Area (Words 3 through 17 of the MKR Buffer
      Area in FIG. 17). As will be noted, no data corresponds to Words 13 to 15
      of the MKR Scan Unit and to Words 15 to 17 of the MKR Buffer Area since
      these three word locations are reserved for uses not of importance to an
      understanding of the exemplary embodiment of the invention.
PAR  The MKRDP Subroutine SZD(001) is described in connection with FIGS. 28 and
      29 and in connection with FIGS. 33 and 34. The subroutine starts at the
      top of FIG. 28 and at the point X on FIG. 33.
PAR  It will be noted in FIG. 28 that there are three entry points A, B and C to
      the box marked to signify the reading of the MKR data. These three points
      corresponds to the three points at the bottom right of FIG. 33 and which
      come together into FIG. 34 where the reading operation is set forth. All
      other options on FIGS. 28, 29 and 33 result, as will be described, in a
      RETURN without a read operation having taken place.
PAR  The MKRDP Subroutine SZD(001) is entered with the following instruction.
TBL  ______________________________________                                    
     SEIZED                                                                    
     BPL... RELAUD...                                                          
                  This instruction causes a branch                             
                  (branch D in FIGS. 28 29 and 33) to                          
                  RELAUD if the CKG bit (15) of the                            
                  MKR Status Word is zero.                                     
     RELAUD                                                                    
     BIC... #100000,                                                           
                  This instruction clears to zero the                          
     (R1)...      RCYFLG (bit 15) in the First Word of                         
                  the MKR Buffer Area at the address                           
                  in R1. -INC... PRPEG... The premature release peg count      
                  register (for the MKR) in memory is                          
                  incremented by one.                                          
     CMPB... #15, This instruction compares the number                         
     1(R1)...     15 (1111 in binary) with the high                            
                  byte (bits 15 to 8) of the First                             
                  Word of the MKR Buffer Area to see                           
                  if the Premature Release Count PRC                           
                  (bits 11 to 8) in the MKR Buffer                             
                  Area has reached a count of 15                               
                  (to signify that the present                                 
                  premature release is the sixteenth)                          
                  without a read operation having                              
                  taken place.                                                 
     ______________________________________                                    
PAR  If 16 such releases have occurred, some ERROR has occurred such that after
      the ERROR is trapped the following sequence of instructions is effective
      (branch E in FIG. 29).
TBL  ______________________________________                                    
     CLRB... 1(R1)...                                                          
                  This instruction clears to zero the                          
                  high byte (bits 15 to 8) of the                              
                  First Word of the MKR Buffer Area at                         
                  the address in R1, thus resetting to                         
                  zero (0000) the PRC bits 11 to 8.                            
     BR... CGPM1...                                                            
                  As previously described, this                                
                  instruction causes a branch to CGPM1                         
                  which results in a setting of the                            
                  MRKPM either to IDL(000) or to                               
                  DISC(011), depending upon whether or                         
                  not all MRK AMA Status Bits are                              
                  zeros, followed by RETURN.                                   
     ______________________________________                                    
PAR  If, in the above, 16 premature marker releases have not occurred without a
      read operation, the following instructions are effective (branch F in FIG.
      29).
TBL  ______________________________________                                    
     INCB... 1(R1)...                                                          
                  Add 1 to the high byte (bits 15 to                           
                  8) of the First Word of the MKR                              
                  Buffer Area at the address in R1,                            
                  thus increasing by one the PRC count                         
                  in bits 11 to 8.                                             
     BR... CGPM1...                                                            
                  This instruction, as above, causes                           
                  the setting of the MKRPM either to                           
                  IDL(000) or to DISC(011), followed                           
                  by RETURN.                                                   
     ______________________________________                                    
PAR  If the above testing of the CKG bit shows it to be one, the following
      instruction is effective (branch G on FIGS. 28 and 33).
TBL  ______________________________________                                    
     BIT... #4000,                                                             
                  This instruction tests the HMS1 bit                          
     R3...        (11) of the MKR Status Word in R3.                           
     ______________________________________                                    
PAR  If the HMS1 bit is zero, the following instruction is effective (branch H
      in FIGS. 28 and 33).
TBL  ______________________________________                                    
     JMP... RETURN...                                                          
                  This instruction causes a RETURN to                          
                  the Scanloop program, leaving the                            
                  MKRPM at SZD(001).                                           
     ______________________________________                                    
PAR  If the HMS1 bit is found to be one, the following instruction is effective
      (branch I in FIGS. 28 and 33).
TBL  ______________________________________                                    
     BNE... HMS1OP...                                                          
                  This instruction causes a branch to                          
                  HMS1OP.                                                      
     HMS1OP                                                                    
     BIT... #20000,                                                            
                  This instruction tests the RK3 bit                           
     R3...        (13) in the MKR Status Word in R3.                           
     ______________________________________                                    
PAR  If the RK3 bit is one, the following instruction is effective (branch J in
      FIGS. 28 and 33).
TBL  ______________________________________                                    
     BIT... #10000,                                                            
                  This instruction tests the TK bit                            
     R3...        (12) of the MKR Status Word in R3.                           
     ______________________________________                                    
PAR  If the TK bit is one, the program advances to DATARD (branch C in FIGS. 28
      and 33), to be described later, where the functions connected with reading
      MKR Data will be described.
PAR  If the TK bit is zero, an ERROR has occurred, resulting in trapping the
      ERROR an then continuing with the following instruction (branch B in FIGS.
      28 and 33).
TBL  ______________________________________                                    
     BR... DATARD...                                                           
                  This instruction causes a branch                             
                  (branch B in FIGS. 28 and 33) to                             
                  DATARD to be described later.                                
     ______________________________________                                    
PAR  Returning to the earlier part of the subroutine where the RK3 bit was
      tested, if the RK3 bit is zero, the following instruction is effective
      (branch K in FIGS. 28 and 33).
TBL  ______________________________________                                    
     BEQ... ITRCK...                                                           
                  This instruction causes a branch to                          
                  ITRCK.                                                       
     ITRCK                                                                     
     BIT... #2000,                                                             
                  This instruction tests the ITR bit                           
     R3...        (10) of the MKR Status Word in R3.                           
     ______________________________________                                    
PAR  If the ITR bit is one, the following instruction is effective (branch L in
      FIGS. 28 and 33).
TBL  ______________________________________                                    
     BNE... RETURN...                                                          
                  This instruction causes a RETURN,                            
                  leaving the MKRPM at SZD(001).                               
     ______________________________________                                    
PAR  If the ITR bit is zero, the following instruction is effective (branch M in
      FIGS. 28 and 33).
TBL  ______________________________________                                    
     BIT... #1000,                                                             
                  This instruction tests the TOG bit                           
     R3...        (9) of the MKR Status Word in R3.                            
     ______________________________________                                    
PAR  If the TOG bit is zero, the following instruction is effective (branch N of
      FIGS. 28 and 33).
TBL  ______________________________________                                    
     BEQ... UPPM3...                                                           
                  As previously described, this                                
                  instruction causes a branch to UPPM3                         
                  which results in adding three to the                         
                  MKRPM to change it from SZD(001) to                          
                  NTK(100), followed by a RETURN.                              
     ______________________________________                                    
PAR  If the above TOG bit testing shows it to be one, the following instruction
      is effective (branch P in FIGS. 28 and 33).
TBL  ______________________________________                                    
     TSTB... at DASID...                                                       
                  This instruction tests the marker                            
                  group (0 or 1) assignment of the MKR                         
                  Scan Unit by using the DASID address                         
                  in DASTAT for the MKR and examining                          
                  the MKR Scan Unit Status Word to see                         
                  which marker group (0 or 1) is                               
                  involved.                                                    
     ______________________________________                                    
PAR  If the MKR is in MKR group 1, the following instruction is effective.
TBL  ______________________________________                                    
     BMI... TANMG1...                                                          
                  This instruction causes a branch to                          
                  TANMG1.                                                      
     TANMG1                                                                    
     TSTB... TDMAM1...                                                         
                  TDMAM1 is a Feature Flag in memory                           
                  indicating whether or not MKR group                          
                  1 is arranged for tandem AMA                                 
                  functions. The flag is zero for                              
                  "no" and one for "yes".                                      
     ______________________________________                                    
PAR  If the MKR is in MKR group 0, the following instruction is effective.
TBL  ______________________________________                                    
     TSTB... TDMAMO...                                                         
                  TDMAMO is a Feature Flag is memory                           
                  indicating whether (TDMAMO=1) or not                         
                  (TDMAMO=0) MKR group 0 is arranged                           
                  for tandem AMA functions.                                    
     ______________________________________                                    
PAR  If neither MKR group 1 nor MKR group 0 is arranged for tandem AMA
      functions, one of the following instructions is effective (branch S in
      FIGS. 28 and 33).
TBL  ______________________________________                                    
     BR (for MKR group 0)...                                                   
                     Either of these instructions,                             
     UPPM 3...       as previously described,                                  
     BEQ (for MKR group 1)...                                                  
                     causes a RETURN after                                     
     UPPM3...        having changed the MKRPM                                  
                     from SZD(001) to NTK(100).                                
     ______________________________________                                    
PAR  If the above MKR group testing function shows the pertinent MKR group to be
      arranged for tandem AMA functions, then one of the following instructions
      is effective (branch A in FIGS. 28 and 33).
TBL  ______________________________________                                    
     BNE(for MKR group 0)...                                                   
                     Either of these                                           
     DATARD...       instructions                                              
     BR(for MKR group 1)...                                                    
                     causes a branch (branch A                                 
     DATARD...       in FIGS. 28 and 33) to DATARD                             
                     to be described below.                                    
     ______________________________________                                    
PAR  In FIGS. 28 and 33, as described above, the functions associated with the
      reading of MKR data, beginning with DATARD, can become effective via any
      of the branches A, B, and C. In this regard, FIG. 33 continues at the top
      of FIG. 34. The DATARD functions are described below with regard to FIGS.
      28 and 34. The MKR data reading operation involves scanning the Second
      (Word 1) through Sixteenth (Word 15) Words of the MKR Scan Unit (see FIG.
      16) and storing the scanned data in the corresponding respective Fourth
      (Word 3) through Eighteenth (Word 17) Words of the MKR Buffer Area (see
      FIG. 17). The instructions which cause the reading of MKR data are as
      follows, starting with the DATARD instructions to which all of the above
      branches (A,  B, and C of FIGS. 28 and 33) occurred for reading MKR data.
TBL  ______________________________________                                    
     DATARD                                                                    
     MOV... #15,R4...                                                          
                  This instruction initializes (sets                           
                  to number fifteen) R4 as a Read Loop                         
                  Counter for counting fifteen Words                           
                  of MKR data.                                                 
     TST... (R2)+ ...                                                          
                  This instruction adds two to the                             
                  content of R2 so that R2 contains                            
                  the address of the Second Word of                            
                  the MKR Scan Unit.                                           
     CLRB... 1(R1)...                                                          
                  This instruction clears to zero the                          
                  high byte (bits 15 to 8) of the                              
                  First Word of the MKR Buffer Area at                         
                  the address in R1, thus to set to                            
                  zero the PRC count (bits 11 to 8),                           
                  the RCYFLG (bit 15) and the test                             
                  call flag TSTCLFLG (bit 14).                                 
     MOV... R1,R5...                                                           
                  This instruction puts into R5 from R1                        
                  the address of the First Word of the                         
                  MKR Buffer Area.                                             
     ADD... #6,R5...                                                           
                  This instruction adds number six to                          
                  R5 so that R5 contains the address                           
                  of the Fourth Word of the MKR Buffer                         
                  Area.                                                        
     SCNMKR                                                                    
     MOV... (R2)+,                                                             
                  This instruction causes the Second                           
     (R5)+...     Word (Word 1) of the MKR Scan Unit                           
                  at the address in R2 to be read into                         
                  the Fourth Word (Word 3) of the MKR                          
                  Buffer Area at the address in R5.                            
                  Also, R2 and R5 are incremented to                           
                  contain the addresses of the next MKR                        
                  Scan Unit and Buffer Area Data Words                         
                  (i.e., the Third Word of the MKR                             
                  Scan Unit and the Fifth Word of the                          
                  MKR Buffer Area).                                            
     SOB... R4,   Under the control of the Read Loop                           
     SCNMKR...    Counter R4, this instruction repeats                         
                  the SCNMKR operation to cause R4 to                          
                  be decremented by one for each MKR                           
                  Data Word read into the MKR Buffer                           
                  Area, and causes the reading, from                           
                  successively incremented addresses                           
                  in R2, the successive Third through                          
                  Sixteenth Words from the MKR Scan                            
                  Unit into the successive Fifth                               
                  through Eighteenth Words of the MKR                          
                  Buffer Area as addressed by the                              
                  successively incremented addresses                           
                  in R5.                                                       
     ______________________________________                                    
PAR  When all 15 MKR Data Words (Words 1 through 15 of MKR Scan Unit) have been
      read into the 15 MKR Buffer Data Words (Words 4 through 18 of the MKR
      Buffer Area), as indicated by the Read Loop Counter (R4) having
      decremented to zero, the following sequence of instructions is effective.
TBL  ______________________________________                                    
     CLR... 2(R1)...                                                           
                  This instruction causes the Second                           
                  Word of the MKR Buffer Area (old                             
                  test call data) at the address R1+2                          
                  to be cleared to zero.                                       
     BIT... #100, This instruction tests the MT bit                            
     R3...        (6) of the MKR Status Word in R3.                            
     ______________________________________                                    
PAR  If the MT bit is zero (the MKR is not handling a test call), the following
      instruction is effective (branch Q in FIGS. 28 and 34).
TBL  ______________________________________                                    
     BEQ... UPPM1...                                                           
                  This instruction, as previously                              
                  described, causes a branch (Q in                             
                  FIGS. 28 and 34) to UPPM1 which adds                         
                  one to the MKRPM to change it from                           
                  SZD(001) to RD(010), followed by                             
                  RETURN.                                                      
     ______________________________________                                    
PAR  If the above tested MT bit is one (the MKR is handling a test call-not as
      assumed), the following instruction is effective (branch R in FIGS. 28 and
      34).
TBL  ______________________________________                                    
     BIS... #40000,                                                            
                  The test call flag TSTCLFLG (bit 14)                         
     (R1)...      in the First Word of the MKR Buffer                          
                  Area at the address in R1 is set to                          
                  one to flag the test call.                                   
     ______________________________________                                    
PAR  After the setting of the TSTCLFLG, certain operations, which are not of
      interest here, are performed to process or otherwise handle the test call
      data, followed by the following instruction.
TBL  ______________________________________                                    
     BR... UPPM1...                                                            
                  This instruction causes a transfer                           
                  (see FIGS. 28 and 34) to UPPM1                               
                  which, as previously described,                              
                  causes one to be added to the MKRPM                          
                  to change it from SZD(001) to RD                             
                  (010), followed by RETURN.                                   
     ______________________________________                                    
PAC  MKRDP SUBROUTINE RD (010)
PAR  This subroutine is entered when the MKRPM RD(010) indicates that the MKR
      AMA Initial Entry Data has been read into the MKR Buffer Area. This
      subroutine is not described in detail since the functions occur only after
      and as a consequence of the collection of data into the MKR Buffer Area
      and since such functions are not necessary to the understanding of the
      exemplary embodiment of the present invention. However, a general
      description is given here of the basic functions performed by this
      subroutine.
PAR  When a marker releases (CKG MKR Status Bit becomes zero), this subroutine
      initiates the processing functions that are required to check, translate,
      and otherwise reconstruct the call data for use during billing processing
      functions. The reconstructed data is stored in a Trunk Core Register (see
      FIG. 19) associated with the actual physical trunk used on the call. The
      Trunk Core Register address is ascertained from the trunk location data in
      the MKR Buffer Area (Words 9 through 12).
PAR  After the functions of the subroutine are finished, the MKRPM is set either
      to DISC(011) or to IDL(000) depending upon the MKR Control Status as
      indicated by the signal content of the MKR Status Word. Thereafter, a
      RETURN to the Scanloop program is effected.
PAR  If no marker release is detected (CKG bit is at one in the MKR Status
      Word), the MKRPM is set either to NTK (100) or to RD(010), followed by a
      RETURN.
PAR  Some of the processing functions performed by this subroutine are as
      follows: takes into account whether or not the Trunk Core Register has a
      call-on list to be output formatted; performs an audit of the condition of
      the called answer relay CS of the trunk; derives and stores in the Trunk
      Core Register the pertinent calling number identity data; and, derives and
      stores in the Trunk Core Register the called number identity data (i.e.,
      the called digits).
PAR  It is to be understood that the above-described exemplary embodiment is
      illustrative of the application of the principles of the invention. Other
      arrangements may be devised by those skilled in the art without departing
      from the spirit and scope of the invention. For instance, it is quite
      apparent that switching systems, processors, scanners, et cetera other
      than those of the exemplary embodiment may be used and that the specific
      nature of the common control statuses and data groups may vary widely
      according to specific design objectives. Also, the specific processor
      programming employed may vary considerably without departing from the
      teaching of the present invention. It will also be quite apparent to those
      skilled in the art that switching systems other than the exemplary
      telephone switching system may employ the arrangement and method of the
      present invention. Such other switching systems for handling call
      connections might relate to such areas as data, video, audio, telegraphy,
      and possibly to many other types of switching systems, and also to various
      uses of any particular switching system. Furthermore, even though the
      exemplary embodiment involves collection of billing data relating to
      billable telephone call connections, it will be apparent that the
      principles of the invention may be employed to collect call connection
      data in switching systems where such data is not necessarily characterized
      as billing data.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arrangement for collecting call connection data from a common control
      circuit of a common control switching system wherein the common control
      circuit (1) assumes a busy control status when seized for the purpose of
      performing control functions associated with establishing a call
      connection between calling and called circuits, (2) assumes other control
      statuses while performing the control functions, (3) assumes an idle
      control status when released after performing the control functions, and
      (4) includes registration therein of certain call connection data incident
      to assumption of certain control statuses, the arrangement comprising
PA1  A. a plurality of status word scan terminals for receiving from a plurality
      of circuit parts of the common control circuit a simultaneously existing
      plurality of binary status signals representing in signal content as a
      plural bit binary status word the control status of the common control
      circuit;
PA1  B. data word scan terminals for receiving from corresponding circuit parts
      of the common control circuit corresponding binary data signals
      representing in signal content as plural bit binary data words
      corresponding call connection data registered in the common control
      circuit;
PA1  C. and, signal processing means comprising
PA2  1. means for repeatedly scanning the status word scan terminals at least as
      fast as any change can occur in the signal content of the status word,
PA2  2. means controlled by the status word scanning means for detecting each
      change in the signal content of the status word,
PA2  3. data control means effective when enabled for scanning data word scan
      terminals and for storing the signal content of scanned data words,
PA2  4. and means controlled by the detecting means for enabling the data
      control means only if the signal contents of a succession of changed
      status words represent a prescribed succession of control statuses.
NUM  2.
PAR  2. The invention defined in claim 1 wherein the succession of changed
      status words consists of two successively detected changed status words
      representing two prescribed control statuses.
NUM  3.
PAR  3. The invention defined in claim 2 wherein the enabling means comprises
PA1  A. means controlled by the detecting means for ascertaining the control
      status represented by the signal content of each changed status word
PA1  B. and means controlled by the ascertaining means for causing the data
      control means to be enabled only if the two successive control statuses
      are as prescribed.
NUM  4.
PAR  4. The invention defined in claim 3 wherein
PA1  A. the ascertaining means comprises means for storing a previous status
      indicating signal indicative of the previous one of the two successive
      control statuses
PA1  B. and the causing means is controlled in part by the stored previous
      status indicating signal.
NUM  5.
PAR  5. The invention defined in claim 3 wherein
PA1  A. the ascertaining means comprises means for storing a subsequent status
      indicating signal indicative of the subsequent one of the two successive
      control statuses
PA1  B. and the causing means is controlled in part by the stored subsequent
      status indicating signal.
NUM  6.
PAR  6. The invention defined in claim 3 wherein
PA1  A. the ascertaining means comprises means for storing status indicating
      signals indicative of the two successive control statuses
PA1  B. and the causing means is controlled by the stored status indicating
      signals.
NUM  7.
PAR  7. The invention defined in claim 6 wherein
PA1  A. one indicating signal is a status progress signal indicative of the
      previous one of the two successive control statuses,
PA1  B. the other indicating signal is the signal content of the status word
      representing the subsequent one of the two successive control statuses,
PA1  C. and the causing means is controlled by the stored status progress signal
      and by the stored status word signal content.
NUM  8.
PAR  8. The invention defined in claim 7 wherein
PA1  A. each of a plurality of different stored status progress signals is
      indicative of a corresponding different previous control status,
PA1  B. each of a plurality of different stored status word signal contents
      represents a corresponding different subsequent control status,
PA1  C. and the causing means is controlled by the ascertaining means for
      causing the data control means to be enabled only if the previous control
      status indicated by the stored status progress signal and the subsequent
      control status represented by the stored status word signal content are as
      prescribed with respect to one another.
NUM  9.
PAR  9. The invention defined in claim 8 wherein
PA1  A. the particular prescribed previous control status signifies that
      particular data is registered in the common control circuit and that said
      particular data may be scanned and stored
PA1  B. and the particular prescribed subsequent control status signifies that
      the common control circuit is performing control functions with respect to
      a call connection of such type as to require the scanning and storing of
      said particular data.
NUM  10.
PAR  10. The invention defined in claim 9 wherein
PA1  A. the said particular data registered in the common control circuit
      includes all billing data necessary for call connection billing except
      call connection time duration
PA1  B. and the particular prescribed subsequent control status signifies
      further that the common control circuit is performing the control function
      of completing the establishment of the said type of call connection.
NUM  11.
PAR  11. A method of collecting call connection data from a common control
      circuit of a common control switching system wherein the common control
      circuit (1) assumes a busy control status when seized for the purpose of
      performing control functions associated with establishing a call
      connection between calling and called circuits, (2) assumes other control
      statuses while performing the control functions, (3) assumes an idle
      control status when released after performing the control functions, and
      (4) includes registration therein of certain call connection data incident
      to asumption of certain control statuses, the method comprising
PA1  A. deriving from a plurality of circuit parts of the common control circuit
      a simultaneously existing plurality of binary status signals representing
      in signal content as a plural bit binary status word the control status of
      the common control circuit,
PA1  B. deriving from corresponding circuit parts of the common control circuit
      corresponding binary data signals representing in signal content as plural
      bit binary data words corresponding call connection data registered in the
      common control circuit,
PA1  C. repeatedly scanning the derived status word at least as fast as any
      change can occur in the signal content of the status word,
PA1  D. detecting each change in the signal content of the scanned status word,
PA1  E. and scanning and storing data words only if the signal contents of a
      succession of detected changed status words represent a prescribed
      succession of control statuses.
NUM  12.
PAR  12. The invention defined in claim 11 wherein the succession of detected
      changed status words consists of two successively detected changed status
      words representing two prescribed control statuses.
NUM  13.
PAR  13. The invention defined in claim 12 wherein the data word scanning and
      storing step comprises
PA1  A. ascertaining the control status represented by the signal content of
      each detected changed status word
PA1  B. and causing the scanning and storing of data words only if the two
      successively ascertained control statuses are as prescribed.
NUM  14.
PAR  14. The invention defined in claim 13 wherein
PA1  A. the ascertaining step comprises storing a previous status indicating
      signal indicative of the previous one of the two successively detected
      control statuses
PA1  B. and controlling the causing step in part by the stored previous status
      indicating signal.
NUM  15.
PAR  15. The invention defined in claim 13 wherein
PA1  A. the ascertaining step comprises storing a subsequent status indicating
      signal indicative of the subsequent one of the two successively detected
      control statuses
PA1  B. and controlling the causing step in part by the stored subsequent status
      indicating signal.
NUM  16.
PAR  16. The invention defined in claim 13 wherein
PA1  A. the ascertaining step comprises storing status indicating signals
      indicative of the two successively detected control statuses
PA1  B. and controlling the causing step by the stored status indicating
      signals.
NUM  17.
PAR  17. The invention defined in claim 16 wherein
PA1  A. one indicating signal is a status progress signal indicative of the
      previous one of the two successively detected control statuses,
PA1  B. the other indicating signal is the signal content of the status word
      representing the subsequent one of the two successively detected control
      statuses,
PA1  C. and controlling the causing step by the stored status progress signal
      and by the stored status word signal content.
NUM  18.
PAR  18. The invention defined in claim 17 wherein
PA1  A. each of plurality of different stored status progress signals is
      indicative of a corresponding different previous control status,
PA1  B. each of a plurality of different stored status word signal contents
      represents a corresponding different subsequent control status,
PA1  C. and controlling the causing step only if the previous control status
      indicated by the stored status progress signal and the subsequent control
      status represented by the stored status word signal content are as
      prescribed with respect to one another.
NUM  19.
PAR  19. The invention defined in claim 18 wherein
PA1  A. the particular prescribed previous control status signifies that
      particular data is registered in the common control circuit and that said
      particular data may be scanned and stored
PA1  B. and the particular prescribed subsequent control status signifies that
      the common control circuit is performing control functions with respect to
      a call connection of such type as to require the scanning and storing of
      said particular data.
NUM  20.
PAR  20. The invention defined in claim 19 wherein
PA1  A. the said particular data registered in the common control circuit
      includes all billing data necessary for call connection billing except
      call connection time duration
PA1  B. and the particular prescribed subsequent control status signifies
      further that the common control circuit is performing the control function
      of completing the establishment of the said type of call connection.
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PAL  "Militplex Methods for FM Broadcast Transmission of Four-Channel Stereo
      Signals" by Halstead & Feldman, Journal AES Dec. 1970.
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ABST
PAL  A transmitter or a receiver processes four-channel stereo
      frequency-modulation information. The information represents four audio
      signals A, B, C and D that correspond to sources respectively located at
      the left-front, right-front, left-rear and right-rear of a listening
      point. First and second sub-carrier signals .omega..sub.s and
      .omega..sub.s2 both have frequencies substantially higher than the highest
      audio signal component. In one disclosed embodiment all of the different
      signals are combined to develop a signal having a carrier signal frequency
      that is modulated by double-sideband amplitude-modulated
      suppressed-carrier sub-carrier signals as expressed by the modulation
      function
EQU  M(t) = K.sub.1 (A+B+C+D) + K.sub.2 (A-D) cos.omega..sub.s t + K.sub.3 (B-C)
      sin.omega..sub.s t + K.sub.4 [(A+D) - (B+C)] cos.omega..sub.s2 t
PAL  where K.sub.1 to K.sub.4 are constants and t is time. An alternative system
      provides for single sideband transmission and reception of the sub-carrier
      .omega..sub.s2 and places an SCA channel at the location of the missing
      sideband.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 283,464, filed Aug. 24, 1972, now abandoned which, in turn, is a
      continuation-in-part of my application Ser. No. 190,008, filed Oct. 18,
      1971, now abandoned, both of which applications are assigned to the
      assignee of this application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to multiple-channel frequency-modulation
      stereo systems. More particularly, it pertains to methods and apparatus
      for encoding and decoding multiple channel stereo signals.
PAR  Present-day broadcast FM stereo features the transmission of a two-channel
      coherent stereo signal the modulation function of which may be
      represented:
EQU  M' (t) = K' (L+R) + K" (L-R) sin.omega..sub.s t,           (1)
PAL  where L represents a left-side audio signal, R represents a right-side
      audio signal, .omega..sub.s is the frequency of a suppressed-carrier
      amplitude-modulated sub-carrier signal, t is time, and K' and K" are
      constants. A two-channel stereo receiver responds to a stereo broadcast by
      demodulating the sum and difference audio terms and then matrixing those
      two terms in order to yield the fundamental left and right audio signals L
      and R. The same receiver will respond to a monaural FM broadcast by
      reproducing the same monaural audio signal in both of its output channels.
      On the other hand, a monaural FM receiver will respond to the two channel
      broadcast stereo signal by deriving only the sum term (L+R) as represented
      in equation (1) and reproducing an audio signal that represents the
      monaural program. The two-channel signal thus is fully compatible with the
      monaural signal so that a receiver properly designed for one also will
      receive the other. Further detailed discussion of the foregoing
      two-channel transmission system and exemplary disclosures of transmitters
      and receivers for use therewith will be found in U.S. Pat. Nos.
      3,257,511--Adler et al.; 3,257,512--Eilers; 3,129,288--DeVries and
      3,151,218--Dias et al., all assigned to the same assignee as the present
      application.
PAR  In the last few years, interest has been evident in tape-recording systems
      wherein a four-channel stereo signal is recorded on magnetic tape. Four
      different audio signals are individually recorded on four respective
      different tracks along the tape. The four different audio signals
      represent sources respectively located at the left-front, right-front,
      left-rear and right-rear of an originating point. By using four different
      pick-up and amplification systems together with four separate loudspeakers
      similarly distributed around a listening point, four-channel reproduction
      is obtained.
PAR  The advent of four-channel stereo recording and reproduction has naturally
      led to consideration of the desirability of transmitting and receiving
      four-channel stereo signals by radio. because two-channel stereo is now
      being broadcast by many FM transmitting stations, attention has been
      directed particularly to the possibility of utilizing broadcast stations
      in that category of service for the transmission of four-channel stereo in
      addition to, or instead of, the transmission of two-channel stereo or
      monaural signals. To accomplish this requires the development of a
      different overall transmission signal in order to accommodate the
      additional information components necessary to convey four separate
      channels. At the same time, it is desirable that any four-channel approach
      be fully compatible both with two-channel stereo and monaural, so that
      receiver obsolescence is avoided.
PAR  It is also desirable, from the standpoint of broadcast station ecomonics,
      that a commercial four-channel stereo system provide for an SCA
      (Subsidiary Communications Authoriztion) channel.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      new and improved four-channel stereo FM broadcast system which is
      compatible with conventional two-channel and monaural broadcasting.
PAR  Another object of the present invention is to provide a four-channel stereo
      broadcast system in which the arrangement of the channels is consistent
      with that of present-day four-channel stereo recordings.
PAR  A further object of the present invention is to provide a compatible
      four-channel stereo broadcasting system in which bandwidth requirements
      are consistent with existing broadcast standards.
PAR  A related object of the present invention is to provide a stereo
      broadcasting system capable of permitting transmission and reception of
      either three-channel or four-channel stereo information.
PAR  It is yet another object to provide an improved four-channel FM stereo
      broadcast system which provides for an SCA channel.
PAR  Specific objects of the present invention include the provision of
      transmitters and receivers operable in broadcast systems meeting the
      preceding objectives.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularlity in the appended claims. The organization and
      manner of operation of the invention, together with further objects and
      advantages thereof, may best be understood by reference to the following
      description taken in conjunction with the accompanying drawings, in the
      several figures of which like reference numerals identify like elements,
      and in which:
PAR  FIG. 1 is a layout of a four-channel stereo-reproduction system;
PAR  FIG. 2 is a layout of a three-channel stereo-reproduction system;
PAR  FIG. 3 is a block diagram of a four-channel FM stereo transmitter;
PAR  FIG. 4 is a plot of switching waveforms preferably utilized in the system
      of FIG. 3;
PAR  FIG. 5 is a vector diagram illustrating phase relationships between
      different signal components produced by the transmitter of FIG. 3;
PAR  FIG. 6 is a spectral diagram of energy present in the signal developed by
      the transmitter of FIG. 3;
PAR  FIG. 7 is a block diagram of a four-channel stereo FM receiver capable of
      reproducing the signal information present in the signal transmitted from
      the apparatus of FIG. 3;
PAR  FIG. 8 is a block diagram of a three-channel or four-channel stereo
      receiver responsive to a signal of a kind developed by a modified form of
      the transmitter in FIG. 3;
PAR  FIGS. 9 and 10 are alternative layouts of stereo-reproduction systems;
PAR  FIG. 11 is a partially schematic block diagram of a four-channel receiver
      alternative to that of FIG. 7;
PAR  FIG. 12 is a detailed schematic diagram of a portion of the receiver of
      FIG. 11;
PAR  FIG. 13 is a partially schematic block diagram of a four-channel stereo
      transmitter alternative to that of FIG. 3;
PAR  FIG. 14 is a partially schematic block diagram of a receiver similar to
      that of FIG. 11 but particularly arranged to reproduce a three-channel or
      four-channel stereo signal from a three-channel stereo broadcast;
PAR  FIG. 15 is a block diagram of a four-channel stereo transmitter similar to
      the FIG. 3 transmitter but having specific provision for transmitting a
      four-channel stereo signal with an SCA (Subsidiary Communications
      Authorization) signal;
PAR  FIGS. 16, 17 and 17A are diagrams useful in understanding a "phasing"
      method of single sideband modulation or demodulation employed by the FIG.
      15 transmitter;
PAR  FIG. 18 illustrates a four-channel stereo transmitter similar to the FIG.
      13 transmitter but having the capability of transmitting a signal which
      includes an SCA signal;
PAR  FIG. 19 is a block diagram adumbrating a decoding system for use in a
      four-channel stereo receiver capable of decoding a four-channel stereo
      signal as may be transmitted by the FIG. 15 or FIG. 18 transmitters having
      an SCA signal component;
PAR  FIGS. 20 and 21 are block diagram representations of alternative receivers
      employing the "phasing" method for reproducing four-channel stereo
      information from a transmitted signal having an SCA channel; and
PAR  FIG. 22 depicts in block diagram form a four-channel stereo receiver
      embodiment which employs a bandstop filter and frequency division
      multiplexing to achieve single sideband demodulation.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a typical four-channel stereo listening area layout.
      Spaced generally around a circle surrounding a listening point 20 are a
      plurality of loudspeakers 21, 22, 23 and 24. Adopting nomenclature already
      somewhat standard in the tape recording industry, the four sound channels
      are designated A, B, D and C, respectively. The four different channels
      then correspond to track numbers 1, 3, 4 and 2, also respectively. With a
      listener 25 located in the vicinity of point 20 and, as illustrated,
      facing in a direction so that channel A is at his left-front, channels B,
      D and C are then at his right-front, right-rear and left-rear,
      respectively.
PAR  With the audio signals in the four channels having originally been picked
      up by a correspondingly-disposed plurality of four microphones arranged in
      a circle around the source of sound, listener 25 finds himself encircled
      with sound in a manner characteristic of four-channel stereo reproduction.
      Utilizing the correlation of the audio signals as between channels C and
      D, listener 25 senses an apparent or phantom source to his rear. That is,
      to the listener it is as if there were a source 26, as indicated by dashed
      lines in FIG. 1, positioned behind the listener and consisting of the
      correlated components of channels C and D.
PAR  FIG. 1, then, suggests one general manner of transmitting and/or
      reproducing signals in but three channels in order to achieve what, to the
      listener, is an effect of four-channel stereo. That is, the three separate
      channels necessary to be broadcast or recorded could be (A), (B) and
      (C+D). One approach to broadcasting such a combination of signals is to
      formulate a signal having a modulation function like that of equation (1)
      in the introduction and wherein A becomes L and B becomes R. In addition,
      the combined audio signal (C+D) is impressed upon the sub-carrier in phase
      quadrature to the (L-R) term; that is, equation (1) would then include an
      additional term: (C+D) cos.omega..sub.s t.
PAR  FIG. 2 is an improved loudspeakers layout for the reproduction of
      four-channel stereo information from a three-channel system of recording
      or broadcasting. As will become apparent from a consideration of systems
      yet to be discussed, the arrangement of FIG. 2 permits the use of
      broadcast systems wherein compatibility is obtained. In this arrangement,
      a loudspeaker 30 to the left-front of listening point 20 and listener 25
      reproduces (A+C) audio signals. At the right-front of listener 25 is a
      loudspeaker 31 that produces (B+D) audio signals. Finally, a loudspeaker
      32, located to the rear of listener 25 reproduces (C+D) audio signals.
      Again utilizing only fully correlated signal components, a phantom source
      33, productive of audio signal D, appears to the listener as if located
      adjacent to his right-rear. Similarly, the listener "hears" an audio
      signal C arriving from a phantom source 34 located adjacent to his
      left-rear. This occurs because of the arrival at his right ear of D signal
      information from both loudspeakers 31 and 32 which are equally spaced
      around the circular arrangement from the position of phantom source 33.
      Similarly, the listener's left ear derives the combined C information
      present in both loudspeakers 30 and 32.
PAR  Utilizing the arrangement of FIG. 2 for the reproduction of signals
      recorded on magnetic tape, it will be apparent that only three tracks of
      recorded signals are necessary on the tape itself in order to reproduce a
      form of four-channel stereo in response to the pickup of four separate
      signal components at locations correspondingly spaced around the original
      sound source. In that case, the four signals originally picked up would be
      combined into the three signals (A+C), (B+D) and (C+D) before recording.
      Analogously, the three signals so combined might be interrelated into a
      modulation function for transmission by radio in a known multiplex
      transmission technique such as one of the numerous approaches presently in
      use for telemetry or by means of modification of the current two-channel
      stereo broadcast signal in the manner discussed above with respect to FIG.
      1. Particularly for the purpose of FM stereo broadcasting, however, a
      four-channel FM carrier modulation function of a kind presently to be
      described is preferred because of compatibility with existing FM broadcast
      modes of transmission while at the same time permitting a choice of either
      four-channel stereo reproduction as depicted in FIG. 1 or three-channel
      stereo reproduction as depicted in FIG. 2.
PAR  To those ends, the transmitter of FIG. 3 includes four distinct audio
      signal sources 41, 42, 43, and 44, respectively producing audio signals A,
      C, D, and B. Those signals again represent pick-up points located
      generally in a circle around an original sound source in positions
      corresponding to those of the loudspeakers productive of the same
      respective audio signals with reference to listening point 20 in FIG. 1.
      Alternatively, audio sources 41-44 may be corresponding pickup apparatus
      of a four-channel record mechanism such as a four-track tape recorder as
      described above. In that case, of course, the information stored in the
      four tracks originally is derived from a plurality of sound pickups
      arranged at locations corresponding to those of FIG. 1.
PAR  Audio sources 41-44 are individually coupled to a corresponding plurality
      of pre-emphasis networks 45-48 in order to derive an improved
      signal-to-noise ratio as well understood in the art. That is, the
      low-frequency portion of each audio signal, relative to the high-frequency
      components thereof, is attenuated. From the pre-emphasis networks, each of
      the audio signals then is individually fed to a respective one of gates
      50, 51, 52 and 53. When gated on, the different audio signals all are
      coupled into an adder network 54 in which the different gated audio
      signals are combined and then fed through a low-pass filter 55 to
      frequency modulate a main carrier developed by a generator 56 which feeds
      a composite broadcast signal to an antenna 57.
PAR  A pilot or control signal developed by an oscillator 60 is doubled in
      frequency by a frequency multiplier 61 and fed through a phase adjustor 62
      to a matrix and pulse shaper 63. Particularly in the interest of achieving
      compatibility with current broadcast standards for two-channel FM stereo
      broadcasting, the pilot signal from oscillator 60 is assigned a frequency
      of 19kHz and multiplier 61 adapted to double the frequency of this signal.
      Consequently, the frequency .omega..sub.s of the signal fed to matrix and
      pulse shaper 63 is 38kHz. The function of matrix and pulse shaper 63 is to
      develop four different pulse trains, one for each different one of gates
      50-53. The pulse trains are interrelated in time as shown in FIG. 4
      wherein the four different pulse trains are labelled A, B, D and C in
      respective correspondence to their application to gates 50, 51, 52 and 53.
      In more detail, matrix and pulse shaper 63 thus develops a total of four
      switching waveforms which have respective Fourier series expansions as
      follows:
PA1  Channel A: 1/4 + 1/.pi. (.sqroot.2 cos.omega..sub.s t + cos 2.omega..sub.s
      t + . . . ),
PA1  Channel B: 1/4 + 1/.pi. (.sqroot.2 sin.omega..sub.s t - cos 2.omega..sub.s
      t + . . . ),
PA1  Channel D: 1/4 - 1/.pi. (.sqroot.2cos.omega..sub.s t + cos 2.omega..sub.s t
      + . . . ), and
PA1  Channel C: 1/4 - 1/.pi. (.sqroot.2 sin.omega..sub.s t - cos 2.omega..sub.s
      t + . . . ).
PAL  Combining the audio signals produced in each channel by their respective
      switching waveforms, and gathering terms, the composite signal in adder 54
      becomes:
EQU  M(t) = K.sub.1 (A+B+C+D) + K.sub.2 (A-D) cos.omega..sub.s t + K.sub.3 (B-C)
      sin.omega..sub.s t + K.sub.4 [(A+D)-(C+B)] cos.omega..sub.s2 t + . . . ,
      (2 )
PAL  where, t is time and K.sub.1, K.sub.2, K.sub.3 and K.sub.4 are 1, .sqroot.
      2, .sqroot. 2, and 1, respectively. In this case, .omega..sub.s2 =
      2.omega..sub.s. It will thus be seen that the composite signal contains a
      main channel which is the sum of all four audio channels, the difference
      between audio channels A and D modulated on an in-phase sub-carrier, a
      quadrature sub-carrier modulated by the difference between audio chanels B
      and C and a term in the form of a second harmonic of the basic sub-carrier
      and which is modulated by the difference between the sum of audio channels
      A and D and the sum of audio channels C and B. Higher order terms of the
      Fourier expansion also are present but need not be utilized.
PAR  FIG. 5 is a phasor diagram showing the in-phase and quadrature sub-carrier
      components. Assigning zero degrees as the phase of a vector 65,
      representing the (B-C) sub-carrier component, the (A-D) sub-carrier
      component necessarily appears at a position displaced by 90.degree. as
      indicated by a vector 66. By detecting along the 45.degree. axis as
      indicated by a vector 67, a component may be derived which, ignoring
      magnitudes, is the difference between the sum of the front channels and
      the sum of the rear channels, thusly (A+B)-(C+D). B). On the 135.degree.
      axis as indicated by a vector 68, the quantity (A+C)-(B+C) may be
      detected; this is the difference between the sum of the left-front and
      left-rear channels and the sum of the right-front and right-rear channels.
PAR  For compatibility so that a conventional two-channel FM stereo receiver may
      properly operate upon such a signal, that receiver must be able to detect
      the combination of the two left-hand channels as the left signal (L) and
      the combination of the two right-hand channels as the right signal (R). To
      that end, a 19kHz pilot carrier K.sub.5 S" also is transmitted, and its
      phase is adjusted so that its second harmonic has a phase corresponding to
      the 135.degree. axis of vector 68. The conventional two-channel receiver
      derives the quantity (A+B+C+D) from the main carrier and the quantity
      (A+C)-(B+D) from the sub-carrier. Its additive matrix then sums those two
      quantities to provide an (A+C) signal which constitutes the left (L)
      two-channel stereo signal. Analogously, its subtractive matrix produces
      the difference between the two derived quantities which is of the form
      (B+D) that constitutes the right (R) signal. Since all four of the audio
      signals are represented in the modulation component (A+B+C+D) upon the
      main carrier, it is readily apparent that a conventional monophonic FM
      receiver will appropriately derive and reproduce a compatible monaural
      signal. Thus, from a qualitative standpoint the modulation function of
      equation (2) is arranged for compatibility as between monaural,
      two-channel and four-channel stereo reception.
PAR  The above analysis of the manner in which a two-channel stereo receiver
      responds compatibly to the four-channel modulation function of equation
      (2) also reveals that a particular sequence of switching between the
      different channels must be employed. As specifically indicated in FIG. 4,
      the sequence will be observed, by reference again to FIG. 1, to be in a
      clockwise direction around listening point 20. Alternatively, the
      switching sequence may be in the opposite or counter-clockwise direction
      or in a zig-zag pattern as left-front to left-rear to right-front to
      right-rear. In any event, satisfaction of the compatibility requirement
      requires that two adjacent time samples be left-channel samples or
      right-channel samples.
PAR  As indicated, a monophonic receiver responds simply to the main-carrier
      modulation to reproduce a signal of the form (A+B+C+D), the first term of
      equation (2). A two-channel stereo receiver derives and matrixes both that
      main-channel modulation term and the audio information represented by
      vector 68 in FIG. 5. Accordingly, the arithmetical operations performed by
      a two-channel receiver may be as follows:
EQU  (A+B+C+D) + (A+C) - 2(A+C), and (A+B+C+D) - (A+C) + (B+D) = 2(B+D). (3)
PAL  for three-channel reception, in addition to the already described
      components necessary to the reception of a two-channel stereo signal, a
      third signal component is included which is the sum of the left-rear and
      right-rear channels. With reference again to equation (2), it will be seen
      that this is achieved by the provision, in addition to the main channel
      signal represented by the first term, of both the in-phase and quadrature
      sub-carrier components represented by the second and third terms. That is,
      a complete three-channel stereo modulation function is represented by the
      first three terms of equation (2) and, for the purpose of transmitting
      only a three-channel stereo broadcast, the fourth term of equation (2) may
      be omitted. This particular form of three-channel composite signal results
      in an interleaving of the spectral energy in the different signal
      components in a manner analogous to the manner of spectral interleaving as
      described in the aforesaid Adler et al patent for the case of the
      two-channel signal. Moreover, a standard SCA background channel also may
      be transmitted at 67kHz as permitted under present commercial broadcast
      standards without any signal degradation. In addition to the main channel
      modulation, the three channel receiver than derives the audio signal
      information along the 45.degree. and 135.degree. axes as represented by
      vectors 67 and 68 in FIG. 5. The three reproduction signals as represented
      in FIG. 2 may then be derived by arranging the receiver to perform the
      following arithmetical operations:
PA1   (A+B+C+D) + (A+C) - (B+D) = 2(A+C),
PA1  (a+b+c+d) - (a+c) + (b+d) = 2(b+d), and (A+B+C+D) - (A+B) + (C+D) = 2(C+D).
      (4)
PAR  it is then for the purpose of also permitting four-channel reception from
      the same composite signal that a still additional quantity of information
      is included within the modulation function of equation (2). While an
      equivalent component may be utilized, that added quantity of information
      is contained in the fourth term of equation (2) which preferably involves
      a second harmonic of the second term of the same equation. Consequently, a
      four-channel receiver responds to the composite modulation function by
      deriving the (B-C) and (A-D) signal components as represented at vectors
      65 and 66 in FIG. 5, the same main-channel component (A+B+C+D) as before
      and also the second harmonic component modulation (A+D) - (B+C). The
      finally desired four separate audio stereo signals may then be derived in
      a four-channel receiver by matrixing to perform the following arithmetical
      operations:
PA1  (A+B+C+D) + 2(A-D) + (A+D) - (C+B) = 4A,
PA1  (a+b+c+d) + 2(b-c) + (c+b) - (a+d) = 4b,
PA1  (a+b+c+d) - 2(b-c) + (c+b) - (a+d) = 4c, and
PA1  (A+B+C+D) - 2(A-D) + (A+D) - (C+B) = 4D.
PAL  accordingly, it is now evident that the complete modulation function
      represented by equation (2) permits appropriate reception by any of
      monaural, two-channel, three-channel or four-channel stereo receivers. At
      the same time, by omitting the final term, the same modulation function
      may be utilized for the purpose of compatibly broadcasting a three-channel
      stereo signal.
PAR  For clarity of understanding, it should be noted that, whenever capital
      letters have been used to indicate audio signals in the above equations,
      they are but shorthand representations for the full audio function. That
      is, the A audio component, for example, would more completely be
      represented by the expression A.sub.M cos.omega..sub.A t. However, it is
      not necessary to an understanding of the present invention to complicate
      the relationship additionally by actually including such a full statement
      in each equation.
PAR  While any receiver might be self-generative of the sub-carrier signals
      necessary to derive the sub-carrier modulation information, it is of
      course desirable that a pilot signal, as already mentioned, be transmitted
      along with the remainder of the broadcast information. Accordingly, the
      transmitter of FIG. 3 feeds a portion of the reference signal developed by
      oscillator 60 through a phase adjustor 70, an amplitude control 71 and a
      switch 72 to adder 54 for inclusion in the ultimate composite signal.
      Consistent with current two-channel stereo broadcast standards, amplitude
      control 71 is utilized to obtain a pilot modulation of between 8 and 10
      percent. Phase adjuster 70, of course, is utilized to properly locate the
      pilot phase relative to the sub-carrier phases as represented in FIG. 5.
      Switch 72 is closed only during the broadcasting of stereo information so
      as to enable the use of receiver circuitry selectively responsive and
      indicative as between monaural and stereo operations.
PAR  In a similar manner, the once-doubled pilot signal from phase adjuster 62
      is fed through a frequency multiplier 74, a phase adjuster 75, another
      amplitude control 76 and another switch 77 to adder 54. Multiplier 74
      again doubles the pilot signal so that a 76 kHz second pilot signal also
      is transmitted as part of the composite modulation function. Switch 77 is
      closed only during the transmission of four-channel stereo information so
      as to permit the receiver to be selectively responsive to and indicative
      of the receipt of four-channel signals. Amplitude control 76 is employed
      to adjust the modulation percentage of the second harmonic pilot signal as
      desired or required by broadcast standards; this percentage again may be
      of the order of 8-10 percent.
PAR  Where it also is contemplated sometimes to broadcast only three-channel
      stereo information, a still-different and additional pilot signal may also
      be fed to adder 54 so as to provide a receiver the means to distinguish
      between three-channel and four-channel broadcasting as well as between
      three-channel and two-channel broadcasting. For example, that still
      additional pilot signal could be assigned a frequency of 38 kHz in the
      system described.
PAR  As has been shown, a key function in the transmitter of FIG. 3 is that of
      operating upon the four different audio signals in order sequentially to
      gate different ones of those signals to the combining means represented by
      adder 54 in a manner so as to produce the sub-carrier signals represented
      in the modulation function of equation (2). FIG. 6 depicts the resultant
      spectral response of this process as applied to one channel only. Since
      result is basically a Fourier series expansion of a rectangular wave, the
      envelope amplitude as represented by dashed line 80 defines a (sin x) /x
      function. With each of the spectral components being modulated by an audio
      signal, which occurs in the process of gating the different audio signals
      on and off, further spectral components are introduced as audio sidebands
      around each fundamental spectral component of the rectangular wave. With a
      switching or gating signal of 38 kHz as employed in FIG. 3, the
      fundamental spectral components occur at 38 kHz, 76 kHz, 114 kHz and at
      each successive higher harmonic of 38 kHz within additional lobes of
      envelope 80 each of successively lower amplitude.
PAR  Thus, envelope 81 represents the audio sidebands of a suppressed
      sub-carrier 82 located at 38 kHz. The correlated information within the
      audio sidebands represented by envelope 81 is that of the second and third
      terms of equation (2). A similar envelope 83 centered about a suppressed
      sub-carrier 84 at 76 kHz represents the audio information contained in the
      fourth term of equation (2). At the same time, the main channel 85 is
      modulated by a function representative of the first term of equation (2)
      and indicated by envelope 86 in FIG. 6. Insofar as the four-channel stereo
      information is concerned, all audio information contained in the sidebands
      attendant to the fundamental spectral component harmonics of a frequency
      higher than 76 kHz are redundant. Consequently, the spectral energy above
      envelope 83 preferably is truncated, as indicated by vertical dashed line
      88, by means of attenuation in low-pass filter 55 of FIG. 3.
PAR  As indicated in FIG. 6, both the 38 kHz and 76 kHz sub-carriers are
      double-sideband amplitude modulated. Further, it will be noted that the
      audio modulating coefficient of each of the three sub-carrrier terms in
      equation (2) is a difference between two fundamental audio quantities.
      Each such term is a mathematical representation of the amplitude
      modulation of a carrier wherein the carrier itself is suppressed. That is,
      when the modulation vanishes the multiplying coefficient is zero as a
      result of which the carrier also vanishes. With a maximum audio modulating
      frequency of 15 kHz for each different signal component, it will be
      observed that the minimum channel width required for the first sub-carrier
      bands is 38 kHz .+-. 15 kHz, or from 23 kHz to 53 kHz. Similarly, the
      minimum channel width required for the second or harmonic sub-carrier
      sideband is from 61 to 91 kHz. Thus, the spectrum preferably is cut off
      between 91 and 99 kHz.
PAR  Observation of the composite signal by use of an oscilloscope reveals that,
      ignoring the small effect of the pilot sub-carriers, maximum peak-to-peak
      amplitude of the composite modulation function is no greater than the
      maximum of any of the four terms in equation (2) when coefficients
      K.sub.1, K.sub.2, K.sub.3 and K.sub.4 are suitably chosen. Such inspection
      shows that the main channel or firs term has a maximum peak-to-peak
      amplitude that is four times that of any of the individual audio signals
      alone. At the same time, it may be observed that the peak-to-peak
      amplitude of the composite of the main and the sub-carrier terms may be
      equal to or less than the maximum peak-to-peak amplitude of the main
      channel wave-form. Consequently, the FM generator may be fully modulated
      with the main channel audio of the first term of equation (2) and then
      also fully modulated with a composite term comprising the main and all
      three sub-carrier terms without having to reduce the modulation percentage
      for any component as applied to the radiated carrier. This property,
      called interleaving, is directly related to the manner of time-division
      multiplexing of the different audio components. It also is related to the
      fact that there is correlation existing between the different modulation
      components. Moreover, the same interleaving property also is obtained
      when, instead of the use of actual time-sequence gating as in FIG. 3, a
      more direct frequency-division approach is utilized to form the broadcast
      composite signal.
PAR  As so far presented, it has been shown by use of a multiplexing approach
      that the information contained within the modulation function of equation
      (2) permits compatibility as between the several different stereo modes in
      terms of just what information is received. However, for complete
      compatibility in all respects, it is also necessary to correlate properly
      the amplitude of each of the different signal components transmitted or
      received as part of the overall modulation function and as represented by
      the different terms. That is, there should be compatibility in the sense
      that, for example, a monaural receiver, other things being the same, will
      respond equally either to a monaural broadcast or to a four-channnel
      stereo broadcast. This requires that the different constants K.sub.1 to
      K.sub.4 in equation (2) be appropriately weighted. With direct sequential
      multiplexing as discussed with respect to FIG. 4, for a value of K.sub.1
      of 1/4, K.sub.2 and K.sub.3 are .sqroot.2/.pi. and K.sub.4 is 1/.pi..
      These differences in amplitude are illustrated by the differences in
      height of the different envelopes 81, 83 and 86 in FIG. 6. For
      quantitative compatibility as between the different stereo modes and
      monophonic reception, it is, however, necessary that the constants in
      equation (2) be adjusted. To this end, the amplitude of the main channel
      modulation is augmented or raised, as indicated by envelope 89, to equal
      that of the amplitude of the sidebands on the second harmonic sub-carrier
      as represented by envelope 83. That is, K.sub.1 is adjusted to become
      1/.pi., with K.sub.2 and K.sub.3 still being .sqroot.2/.pi. and K.sub.4
      still being 1/.pi., and with 100 percent modulation, constants K.sub.1
      -K.sub.4 become 1, .sqroot.2, .sqroot.2, and 1, respectively. This is
      accomplished in the transmitter of FIG. 3 by feeding a portion of each of
      the original audio signals to an adder 90 which then inserts an additional
      fraction of the main channel signal (A+B+C+D) into the composite
      modulation envelope by means of summation in adder 54.
PAR  The foregoing coefficient adjustment to achieve quantitative compatibility
      may be further understood by noting that, when two adjacent time slots are
      transmitted, the 38 kHz components are in quadrature with each other.
      Because of their .sqroot.2 coefficient term, they add vectorially to
      produce a unity coefficient term as required for two-channel
      compatibility. Under this same condition, the second harmonic component
      vanishes. For the case, then, when only one channel is being broadcast,
      the main channel contribution is 1/.pi. of the total, the 38 kHz is
      .sqroot.2/.pi. of the total and the second harmonic component is 1/.pi. of
      the total. Recognizing that full modulation in this situation is 4/.pi.,
      it may also be noted that, for this condition, the transmitter is being
      under modulated. Viewing the necessary coefficient adjustment in another
      light, reference may be made to the above equations for the four switching
      waveforms which were combined to yield equation (2). The adjustment is
      that of replacing the 1/4 term by a 1/.pi. term so as to be equal to the
      coefficient of the second harmonic term in those waveforms.
PAR  FIG. 7 depicts a time-multiplex receiver for reciprocally gating the
      different ones of the signal components from the transmission signal
      received from a transmitter such as that of FIG. 3, while demodulating the
      audio signal components from the different sub-carrier signals. Thus, the
      tranmission signal intercepted by an antenna 100 is received by one or
      more radio-frequency (RF) stages 101, converted to an intermediate
      frequency by a first detector 102, amplified in one or more
      intermediate-frequency (IF) stages 103 and fed to a discriminator and
      automatic-gain-control (AGC) network 104. In a conventional manner, the
      AGC portion of network 104 is utilized to develop a control signal that is
      fed back to govern the gain of stages 101 and 103 and hence insure the
      supply of a constant-amplitude signal to the discriminator. Similarly, an
      AFC system 105 compares the precise frequency of the
      intermediate-frequency carrier with the frequency of the local oscillator
      signal in detector 102 for the purpose of accurately fixing the response
      of the detector with respect to the frequency of the received broadcast
      signal.
PAR  When receiving a four-channel stereo broadcast, the signal available at the
      output of the discriminator in network 104 is the modulation function of
      equation (2) together with at least the pilot signal K.sub.5 S". Recalling
      that the transmitter of FIG. 3 develops the modulation function by
      repetitively gating the four different primary audio signals sequentially
      into the total composite signal, the receiver in FIG. 7 for the
      four-channel stereo signal is constructed to operate in a manner which
      basically is the reciprocal of the manner of operation of the transmitter.
      That is, the modulation function from network 104 is sampled by four
      trains of pulses like those in FIG. 4 in order directly to develop the
      four different audio output signals A, C, D and B. The rate of sampling is
      the same as the rate of sequencing at the transmitter, in this case 38
      kHz, and it is appropriate, therefore, to utilize the second harmonic of
      the 19 kHz pilot signal for the purpose of timing the receiver sampling
      rate. The receiver of FIG. 7, then, includes a filter 107 selective of the
      19 kHz pilot signal and followed by shaping and pulse generating circuits
      108 which develop the four trains of pulses that are fed to a gating
      system 109. In response to the timing provided by those pulse trains,
      gating system 109 then acts to sample the composite modulation function
      fed to it from network 104 in time corresponding with the original time
      sequencing at the transmitter. Ignoring for a moment a certain desired
      correction, the resulting four separate audio signals are fed individually
      to respective de-emphasis networks 110, 111, 112 and 113 that operate upon
      the audio signals reciprocally to the operation of pre-emphasis networks
      45, 46, 47 and 48 in the transmitter of FIG. 3, this operation, as such,
      being entirely conventional. After de-emphasis, the four different audio
      signals are amplified in respective amplifiers 114, 115 116 and 117
      following which the audio signals are fed individually to respective
      different loudspeakers 118, 119, 120 and 121.
PAR  By sampling with rectangular waves of the form shown in FIG. 4, a
      quantitative error in reproduction is encountered as between the different
      audio quantities. This is reciprocally analogous to the error compensated
      in the transmitter of FIG. 3 by use of adder 90. To the end of equalizing
      that sampling error in the receiver of FIG. 7, each of the four sampled
      audio signals is individually fed to its de-emphasis network through a
      respective one of subtractors 122, 123, 124 and 125. Each subtractor is
      fed a portion of the main channel audio component (A+B+C+D) derived from
      network 104 by an attenuator 126. As will be described in more detail in
      connection with the alternative receiver of FIG. 11, the modified signal
      from attenuator 126 is of the form (1-2/.pi.) (A+B+C+D).
PAR  Modification of the receiver of FIG. 7 in a manner to be discussed with
      respect to FIG. 8 enables obtaining three or four fundamental output audio
      signals such that an acoustic effect of four-channel reproduction can be
      achieved in the manner of FIGS. 2, 9 or 10. In this case, filter 107 and
      shaping circuits 108 serve to produce trains of sampling pulses of the
      form used in FIG. 7, the contributions from two adjacent time samples
      effecting a 45.degree. phase shift to effect sampling or demultiplexing
      along the axes represented by vectors 67 and 68 in FIG. 5. As in the case
      of FIG. 7, it still is necessary to modify each of the resulting audio
      signals in order to compensate or equalize for the characteristics of the
      rectangular wave de-multiplexing process and thus obtain cleanly separated
      audio components.
PAR  Accordingly, FIG. 8 includes a gating system 130 which receives the
      composite modulation function from the discriminator of network 104 while
      at the same time receiving sampling pulses of the form depicted in FIG. 4.
      In a first mode of operation, the audio samples obtained are in the form
      represented by equations (4) so as to yield the primary three-channel
      stereo signals (A+C), C+D) and (B+D). These latter signals are then
      individually fed through respective de-emphasis networks 131a, 131b and
      131c and respective amplifiers 132a, 132b and 132c to corresponding
      loudspeakers 133a, 133b and 133c. Again for the purpose of equalization, a
      portion of the main channel component (A+B+C+D) is obtained from an
      attenuator 134 and deducted from the signal in each respective output path
      by means of subtractors 135a, 135b and 135c. The loudspeakers preferably
      are arranged as shown in FIG. 2.
PAR  In another mode of operation, the receiver of FIG. 8 further includes an
      additional output channel composed of a subtractor 135d, a de-emphasis
      network 131d, an amplifier 132d and a loudspeaker 133d. This operational
      mode is activated by the closure of a switch 136 between gating system 130
      and subtractor 135d and of a switch 137 between attenuator 134 and that
      same subtractor. As a result, the receiver also produces an output audio
      signal (A+B), representing the arithmetical operation:
EQU  (A+B+C+D) + (A+B) - (C+D) = 2(A+B)                         (4a)
PAL  Accordingly, the loudspeakers are now arranged as shown in FIG. 9, so that
      the quantities (A+C), (C+D), (B+D) and (A+B) appear respectively at the
      left, rear, right and front of listener 25. As indicated by dashed-line
      loudspeaker representations in FIG. 9, this simulates reproduction by four
      sources A, B, C and D arranged as in FIG. 1. Yet, information contained in
      only the first three terms of the modulation function of equation (2) has
      been utilized in this mode as in the one immediately above. That is, only
      one subcarrier frequency is employed as in the case of conventional
      two-channel stereo systems. As compared with the latter, however, a
      quadrature component has also been used. Synchronization again is with
      respect to the axes represented by vectors 67 and 68 in FIG. 5.
PAR  FIG. 10 represents a possible alternative to the arrangement of FIG. 9. In
      this case, loudspeakers 138a, b, c and d are arranged around listener 25
      as in FIG. 1 for loudspeakers 21, 22, 23 and 24, respectively. The output
      signals fed to each of loudspeakers 138a, b, c and d are (C+2A+B),
      (A+2B+D), (B+2D+C) and (A+2C+D), respectively. Of course, these particular
      signals may be produced by simple algebraic matrixing of the signals
      produced by the receiver of FIG. 8 for the reproducer system discussed
      above with respect to FIG. 9. In each case, the loudspeaker in FIG. 10
      reproduces a predominant audio component of the FIG. 1 type at the
      appropriate location together with coherent components additively balanced
      from the two locations on either side of that location.
PAR  FIG. 11 depicts a modification of the receiver of FIG. 7 for the purpose of
      developing a full four-channel stereo program. Thus, an FM detector 140
      represents the discriminator portion of network 104 in FIG. 7. The
      detected composite modulation function of equation (2) is fed to each of
      first and second gates 141 and 142 and product detectors 143, 144, 145 and
      146. A filter, multiplier and matrix network 148 serves to derive the 19
      kHz pilot signal K.sub.5 S" double that signal and, by means of phase
      shifting and inverting circuits, develop demodulation signals of the forms
      (sin.omega..sub.s t), (cos.omega..sub.s t), (-sin.omega..sub.s t) and
      (-cos.omega..sub.s t). These demodulation signals individually are fed
      respectively to product detectors 143, 144, 145 and 146. Each of the
      product detectors functions as a synchronous demodulator and together they
      function to demodulate the audio information within the composite
      modulation function of equation (2) so as respectively to derive the
      information represented in the phasor diagram of FIG. 5 respectively at
      0.degree., 90.degree., 180.degree. and 270.degree.. The four product
      detectors 143, 144, 145 and 146 thus yield the separated audio components
      (B-C), (A-D), -(B-C) and -(A-D), respectively.
PAR  A filter and shaper network 150 extracts the 76 kHz fourth harmonic of the
      19 kHz pilot signal and develops a pair of sampling signals of the form
      1.+-.(4/.pi.)cos.omega..sub.s2 t that are fed respectively to gates 141
      and 142. Gates 141 and 142 serve as binary or on-off switches and thus
      operate upon the fourth term in the modulation function of equation (2).
      As also in the case of FIG. 7, the lack of complete separation inherent in
      the operation of gate 141 is equalized or compensated by combining
      therewith a modifying signal of the form -(1-2/.pi.) (A+B+C+D). To this
      end, the main-channel audio portion of the composite modulation function
      from detector 140 is fed through an amplifier 151 and summed in an adder
      152 with the audio component derived from the output of gate 141.
      Amplifier 151 is adjustable in gain so that the precise level of
      compensating signal may be obtained; amplifier 151 thereby serves as a
      separation control. Similarly, the compensating signal from the output of
      amplifier 151 is also combined with the audio component from the output of
      gate 142 in an adder 153. Consequently, the modified signals sampled
      through gates 141 and 142 are of the form (A+D) and (B+C), respectively.
PAR  It may be helpful to explain the reasons for the nature of the particular
      demodulating processes indicated for gates 141 and 142. As may be deduced
      from the aforementioned Adler et al. patent, a signal component having a
      form such as that of the fourth term of equation (2) may be demodulated by
      operating upon it with a multiplier of the form 1.+-.2cos.omega..sub.s2 t.
      In this manner, the audio information modulated upon the fourth term of
      equation (2) would be derived directly by operation of the gating system.
      In view of the inconvenience or impracticability of arriving at
      multipliers of the form just discussed, however, use is made of a sampling
      square wave for the second term of equation (2) of the abovementioned
      form:
EQU  1.+-.(4/.pi.) cos.omega..sub.s2 t.                         (6)
PAL  A half sine wave may also be used which corresponds to the multiplier
      1.+-.(.pi./2)cos.omega..sub.s2 t. As also explained in the aforementioned
      articles, use of a multiplying or sampling waveform of the kind
      represented by equation (6) necessitates the already mentioned
      modification or equalization of the derived modulation components in order
      ultimately to obtain clean separation between the different primary stereo
      audio signals. This process of equalization may be understood by a
      detailed examination of the sampling of one phase of the fourth term in
      equation (2). In this case, then, the multiplying wave is of the form
      1+4/.pi.(cos.omega..sub.s2 t). The multiplication of that term with the
      modulation function of equation (2) as obtained from the discriminator in
      network 104 may be expressed:
EQU  {(A+B+C+D) + [(A+D) - (B+C)]cos.omega..sub.s2 t}(1+4/.pi. cos.omega..sub.s2
      t)                                                        (7)
PAL  The multiplication process yields:
EQU  (A+B+C+D) + 4/.pi.[(A+D)-(B+C)]cos2.omega..sub.s2 t + . . . . (8)
PAL  Since the needed information is contained entirely within the indicated
      first two terms of equation (8), the useful portion of that equation may
      be expressed:
EQU  (A+B+C+D)+4/.pi.[(A+D)-(B+C)] (1/2+1/2cos2.omega..sub.s2 t) =
      (A+B+C+D)+2/.pi.[(A+D)-(B+C)] = 1.673(A+D) + 0.363(B+C)   (9)
PAL  whereas the desired result of the multiplication process represented by
      equation (7) would be the development of a pure audio component of the
      form (A+D), it is observed that, instead, the resultant includes a
      contribution of (B+C), representing a separation of only 13db.
PAR  While corrective weighting might be accomplished in different ways, a
      direct approach is to include amplifier 151 which supplies the correcting
      modifier. That modifier is the now familiar quantity
      [-(1-2/.pi.)(A+B+C+D)]. Thus, equation (9 ) is modified as follows:
EQU  (A+B+C+D) + (2/.pi.)[(A+D)-(B+C)] + [-(1-2/.pi.)(A+B+C+D)] = 4/.pi. (A+D)
      (10)
PAL  accordingly the process begun in equation (7) as now modified yields a
      completely separated form of the audio information (A+D). By in the same
      manner modifying the other resultant obtained by combining the other
      polarity of the fourth term of equation (2) with the respective modifier,
      a cleanly separated signal also is obtained of the form (B+C).
PAR  With development of the signals as thus far discussed in connection with
      the receiver of FIG. 11, it will be observed that it now is necessary only
      to additively matrix a total of six audio components in order to derive
      the ultimately desired four primary stereo signals. The audio components
      from each of product detectors 143-146 are individually fed through
      respective adjustable attenuators 156, 157, 158 and 159 and amplifiers
      160, 161, 162 and 163. Amplifiers 160-163 serve to bring up the level of
      the audio components they individually handle to a value equal to that of
      the audio components developed by gates 141 and 142 and then modified.
      Adjustable attenuators 156-159 serve as additional separation controls for
      the purpose of enabling the clean development of each different signal
      component.
PAR  Finally, an adder 166 sums the (A+D) and (A-D) to yield the A stereo
      signal. An adder 167 sums the ((B+C) and (B-C) signal components to yield
      the B stereo signal. Similarly, the C stereo signal is obtained by
      summation in an adder 168 of the (B+C) and -(B-C) audio components, while
      an adder 169 sums the (A+D) and -(A-D) audio components to develop the D
      stereo signal. As in FIG. 7, the four separate stereo signals are then fed
      through their respective chains of de-emphasis networks and amplifiers to
      the individually corresponding loudspeakers 118-121.
PAR  Preferably, the receiver of FIG. 11 also is arranged to permit reproduction
      from a broadcast two-channel stereo signal as well as from a broadcast
      monaural signal. For monaural reception, all this requires in principle is
      the provision of a channel for transmitting the main-carrier audio
      component (A+B+C+D) in common to all four of the output audio signal
      channels. This may be accomplished directly by having a channel connected
      between detector 140 and each of de-emphasis networks 110-113, while
      including in that additional channel a gate responsive to the absence of
      the 19 kHz pilot signal for passing the main-channel audio component.
      Accordingly, gates 141 and 142 are arranged to remain open in response to
      the absence of the 19 kHz pilot signal, preferably with the concurrent
      disablement of amplifier 151, so as to pass the main-channel audio
      component (A+B+C+D) through each of adders 166-169 to all of the audio
      output channels. At the same time, each of product detectors 143-146 are
      arranged to operate in a manner such that they are disabled in the absence
      of their reference signals. That is, they include a threshold so as to be
      operative except in the absence of an applied reference signal.
PAR  For the reception of a two-channel stereo broadcast signal, the receiver of
      FIG. 11 is arranged so that a demodulated and matrixed left signal L is
      fed in common to the A and C output audio channels while a similarly
      derived right signal R is fed in common to the B and D output audio
      channels. To that end, ganged switches 170 and 171 are closed, preferably
      automatically in response to the absence of the 76 kHz pilot signal but in
      the presence of the 19 kHz pilot signal, to connect in parallel the
      reference signal inputs of product detectors 143 and 146 and 144 and 145,
      respectively. This forces the thusly paired product detectors to operate
      on the respective axes represented by vectors 67 and 68 of FIG. 5. As in
      the case of monophonic reception, gates 141 and 142 are held open to pass
      the main-channel signal (L+R). In operation, detectors 143 and 146 produce
      a negative difference signal -(L-R), while detectors 144 and 145 produce a
      positive difference signal (L-R). Adders 166 and 168 both sum an (L+R)
      component derived from one of gates 141 and 142 with an (L-R) component
      derived by detectors 144 and 145 respectively. In consequence, an audio
      component of the form (A+C) or (L) is fed to both of output channels A and
      C. At the same time, adders 167 and 169 each sum an (L+R) signal derived
      from one of gates 141 and 142 with a -(L-R) signal obtained by way of
      product detectors 143 and 146, respectively. As a result, an audio signal
      of the form (B+D) or (R) is fed to each of output audio channels B and D.
      Further analysis of the correlated relationship between the different
      audio components will reveal a variety of other combinations of the
      circuitry that may be utilized for the purpose of performing the necessary
      arithmetical operations to energize the different ones of the loudspeakers
      with the appropriate ones of the left and right signals present in the
      two-channel stereo broadcasts.
PAR  FIG. 12 sets forth a more detailed schematic diagram of an audio derivation
      approach that may be used in conjunction with the receiver of FIG. 11. By
      way of an isolation transistor stage 180 and a phase-selective tuned
      circuit 181, the 38 kHz second harmonic of the 19 kHz pilot signal, in the
      form sin.omega..sub.s t, is injected at the base of one transistor of the
      two in each of a pair of product detectors 182 and 183. A bridged-T
      network 184 includes a constant current source in the form of a fixed-bias
      transistor in its common leg for maximum common-mode rejection, and a pair
      of driver transistors individually in each of its respective arms with the
      latter individually driving the common emitters of each of
      product-detector pairs 182 and 183. From detector 140 through an isolation
      transistor stage 185, the composite modulation function of equation (2) is
      applied to the base of the driver transistor directly coupled to
      product-detector 182. The base of the other driver transistor is fixed
      biased as are the bases of the transistors in the product detectors not
      coupled directly to the 38 kHz reference signal. In operation, the audio
      component (B-C) appears on the collectors of one transistor of each
      product-detector pair connected to a lead 187, while the audio component
      -(B-C) appears on the remaining collectors of the two detectors that are
      connected to another lead 188. The bridging resistor 189 in the T-network
      serves as a gain control to permit adjustment of balance between the
      product-detector and the additional detectors described below.
PAR  A physically similar pair of product detectors 190 and 191 are individually
      driven by respective driving transistors 192 and 193 which are included in
      the respective arms of another bridged-T network 194, which also includes
      a fixed-bias transistor in its common leg for common-mode rejection. The
      remaining bias arrangements also are the same as network 184, and the
      composite modulation function from isolation stage 185 is inserted on the
      base of driving transistor 192. A 38 kHz reference signal of the form
      cos.omega..sub.s t is delivered from a phase-determining tuned circuit 195
      to the bases of one transistor in each of the product-detectors 190 and
      191. In this case, the phase of the applied reference signal effects
      operation of the product detector pairs to derive the audio quantity (A-D)
      on the one collector in each product detector connected to a lead 197. The
      other collectors are connected to a lead 198 and derive the audio
      component -(A-D). Again, an adjustable resistor 199 in bridged-T network
      194 serves as a gain control.
PAR  In the upper level of components in FIG. 12 are gate pairs 200 and 201 with
      the emitters and bases in each pair being connected in common. A 76 kHz
      switching signal, again derived directly or indirectly from the 19 kHz
      pilot signal, is fed through an isolating stage 203 and a phase-selective
      tuned circuit 204 to the bases of each of the gate pairs 200 and 201. The
      reference signal amplitude is sufficient to saturate, and thus cut off,
      gate pairs 200 and 201 so as to create a switching function having a
      multiplier of the form 1.+-.4/.pi.cos.omega..sub.s2 t. Connected between
      the common emitters of each gate pair 200 and 201 are the arms of a
      resistive T network 206 with each arm including a driver transistor and
      the common leg having an adjustable resistor 207 serving as a separation
      control. The composite modulation function from isolating stage 185 is fed
      to the base of the transistor in network 206 directly connected to the
      emitters of gate pair 200, while the base of the transistor in the other
      arm is returned to a point of fixed bias. In response to the 76 kHz pulsed
      switching signal and the composite modulation function, an audio component
      (A+D) appears on the collector of each transistor in gate pair 200, while
      the audio quantity (B+C) appears on the collectors of each transistor in
      gate pair 201. The individual collectors of gate pair 200 are connected
      respectively to leads 197 and 198, and the individual collectors of gate
      pair 201 are individually connected to respective leads 187 and 188.
      Adding these different audio components to the several audio components
      individually applied to the respective different leads by the product
      detectors as previously described, it will be seen that the resultant
      audio signals on leads 188, 187, 198 and 197 are predominantly of the
      respective forms C, B, D and A.
PAR  However, as discussed above in connection with the rectangular wave
      sampling process of gates 141 and 142 in the receiver of FIG. 11, the
      multiplying process in gate pairs 200 and 201 results in a need for
      equalization or compensation by the additional summation of a modifier of
      the form -(1-2/.pi.) (A+B+C+D). This is accomplished by means of amplifier
      pairs 210 and 211 each composed of two transistors and with the bases of
      all four transistors being returned in common to a point of fixed bias.
      The collectors of the four transistors are individually connected to the
      respective different ones of leads 187, 188, 197 and 198. The emitters of
      amplifier pair 210 are connected to the collector of the transistor in one
      arm of T-network 206, while the emittters of the other amplifier pair 211
      are connected to the collector of the transistor in the other arm of that
      network. In consequence, a weighted portion of the main channel component
      (A+B+C+D) of the modulating function is supplied by amplifier pairs 210
      and 211 to each of leads 187, 188, 197 and 198 so that pure primary audio
      stereo signals B, C, A and D are developed on the respective leads for
      delivery to the respective output audio channels as shown in FIG. 11.
PAR  As specifically arranged in FIG. 12, direct-current energization of the
      overall circuitry is obtained by connecting a source of B+ through
      separate decoupling networks to all of the collectors of the different
      transistor pairs, 200, 201, 210 and 211, while the common leg of each
      T-network is returned to ground. The various different bases are returned
      to appropriate sources of bias potential as is one terminal of the
      transistor in each isolating stage, and the emitter of the transistor in
      each isolating stage also returned to ground or a plane of reference
      potential.
PAR  FIG. 13 represents a broadcast transmitter alternative to that of FIG. 3.
      In contrast with the time multiplex approach in the design of FIG. 3,
      however, the basis of the arrangement in FIG. 13 is that of the synthesis
      of the modulation function of equation (2) by operation separately with
      respect to the four different basic terms in that equation. Thus, the four
      different primary audio stereo signals A, D, C and B, picked up live or
      derived from a four-track recording, are delivered by respective sources
      220, 221, 222 and 223 through corresponding pre-emphasis networks 224,
      225, 226 and 227 to particular phase splitters 228, 229, 230 and 231. Each
      phase splitter develops a positive and negative version of the respective
      signal fed to it, although in this particular arrangement the negative
      quantity of the audio signal A is not used.
PAR  An adder 232 sums the +A and +D signals to yield the audio components
      (A+D), while another adder 233 combines the +A and -D signals to yield the
      component (A-D). Similarly, an adder 234 sums the +C signal and the +B
      signal to produce (B+C) which, in turn, is fed to still another adder 235
      for combination with the (A+D) signal to yield the main-channel audio
      component (A+B+C+D). The latter is fed directly to a composite signal
      adder 236. Additionally, an adder 237 combines the -C and -B audio signals
      to yield an audio quantity (-B-C), and a still further adder 238 sums the
      +B and -C audio signals to deliver the audio component (B-C). The (A+D)
      and (-B-C) components respectively from adders 232 and 237 are combined in
      a final adder 239 to yield the audio component (A+D)-(B+C), and the latter
      is fed through an adjustable attenuator 240 to a multiplier 241.
      Similarly, the (A-D) component from adder 233 is fed through an adjustable
      attenuator 243 to a multiplier 244, and the (B-C) component from 238 is
      fed through an adjustable attenuator 246 to a multiplier 247.
PAR  For developing the different pilot and multiplying signals, the transmitter
      of FIG. 13 utilizes a chain of stages basically like that in FIG. 3. That
      is, an oscillator 250 serves as a stable source of a 19 kHz fundamental
      component that is fed through a phase adjuster 251, an amplitude control
      252 and a switch 253 to composite signal adder 236 in order to insert the
      pilot signal K.sub.5 S". As before, switch 253 is opened when only the
      monaural component (A+B+C+D) is transmitted so as to permit appropriate
      response by stereo receivers.
PAR  The fundamental reference signal from oscillator 250 also is doubled in a
      frequency multiplier 255 and then fed through a phase adjuster 256 to
      develop a subcarrier of the form sin.omega..sub.s t which is fed to
      multiplier 247. By operation of the latter, the third term of equation
      (2), K.sub.3 (B-C)sin.omega..sub.s t, is developed and fed to composite
      signal adder 236. The reference signal at the output of phase adjuster 256
      also is changed in phase by 90.degree. in a phase shifter 258 to develop a
      subcarrier signal of the form cos.omega..sub.s t, and this latter
      subcarrier signal is then fed to multiplier 244, the action of which is to
      produce and feed to composite signal adder 236 the second term of equation
      (2) of the form K.sub.2 (A-D)cos.omega..sub.s t.
PAR  The reference signal at the output of shifter 258 also is again doubled in
      another frequency multiplier 260 and then in part fed through a phase
      shifter 262 for development of the subcarrier signal cos.omega..sub.s2 t.
      The latter is then supplied to multiplier 241 which functions to produce
      and feed to composite signal adder 236 the last term of equation (2) in
      the form K.sub.4 [(A+D)-(B+C)]cos.omega..sub.s2 t. An additional portion
      of the reference signal from frequency multiplier 260 is fed through a
      phase shifter 264, an amplitude control 265 and a switch 266 to composite
      signal adder 236. Switch 266 is open except during the transmission of
      four-channel stereo information, so that the higher-frequency pilot signal
      K.sub.6 S'" is present only during the broadcast of that stereo mode.
      Finally, the now-complete composite modulation function of equation (2)
      together with the two pilot signals is fed from adder 236 to frequency
      modulate the main-carrier developed by a generator 268 and fed to an
      antenna 269.
PAR  In FIG. 14 the receiver of FIG. 11 has been modified so as to enable the
      development of either three or four output audio stereo signals that
      simulate four-channel reproduction in the manner discussed in connection
      with FIGS. 2 and 9. To this end, the apparatus and manner of operation of
      the receiver of FIG. 14 is the same as that in FIG. 11 in each different
      signal path through amplifiers 160-163. Departing from the arrangement of
      FIG. 11, the main-channel audio component (A+B+C+D) is derived directly
      from detector 140. The latter quantity is then summed in an adder 271 with
      a component (A-D) from amplifier 161 and then again in an adder 272 with
      the component -(B-C) from amplifier 162 to yield a stereo component of the
      form (A+C). In an adder 273, another portion of the main-channel component
      is summed with the component -(A-D) from amplifier 163 and that
      combination then is further summed in an adder 274 with the component
      (B-C) from amplifier 160 to yield a second audio stereo signal of the form
      (B+D). Next, the combination at the output of adder 273 also is summed in
      another adder 275 with the component -(B-C) so as to yield the third
      stereo audio signal of the form (C+D). These three audio stereo signals of
      the forms (A+C), (B+D) and (C+D) may then be fed to the respective output
      channels of FIG. 8 so as to permit reproduction of the corresponding
      different ones of these stereo signals by loudspeakers 133a, 133b and 133c
      which are arranged in the manner of FIG. 2.
PAR  As shown, the receiver of FIG. 14 also includes another adder 277 which
      receives both the main channel component and a component -(C+D) derived
      from the output of adder 275 by way of an inverter 278. Consequently,
      adder 277 develops a further audio stereo signal of the form (A+B) which
      then may be fed to the corresponding audio channel in FIG. 8 that
      terminates with loudspeaker 133d, all of the loudspeakers in this case
      being arranged in the manner of FIG. 9. As in the case of the receiver of
      FIG. 8, different matrixing schemes may be incorporated in the receiver of
      FIG. 14 so as to instead utilize the reproduction pattern of FIG. 10.
PAR  Several different transmitters and receivers have been described to
      illustrate the attributes of a four-channel FM stereo transmission system
      which also permits a mode of three-channel reproduction that produces an
      equivalent effect. Because of that equivalence, attention has also been
      directed to transmitters and receivers based initially on a three-channel
      mode of broadcasting and reception. At the same time, both three-channel
      and four-channel systems have been disclosed which permit full and
      complete compatibility with receivers designed for different stereo modes
      as well as those that reproduce only monophonic information.
PAR  While particular matrixing or signal combining arrangements have been
      described for performing different arithmetical operations according to
      various specific techniques, an analysis of the different combinations of
      the fundamental stereo signals that might be made together with the
      specific audio information to be contained in the broadcast modulation
      function reveals that other and different arithmetical approaches may be
      utilized. In a transmitter, for example, the desired three-channel
      modulation components (A+C), (B+D) and (C+D) may be obtained simply by
      adding to the monaural component (A+B+C+D) the respective quantities
      -(C+D), -(A+C) and -(A+B). As another example, an alternate four-channel
      stereo receiver approach also begins with the development of the monaural
      component (A+B+C+D). The stereo signal A is then obtained by adding to
      that monaural component the quantities (A-D) and -(B+C). Similarly, the
      stereo signal B is obtained by instead adding the components (B-C) and
      -(A+D), while the stereo signal C is produced by adding -(B-C) and -(A+D).
      Finally, the stereo signal D is developed by summing the monaural signal
      with both the components -(A-D) and -(B+C).
PAR  In any event, the overall system concepts, as well as the specific receiver
      and transmitter approaches, of the present invention not only provide
      four-channel and three-channel stereo systems that are compatible with
      conventional two-channel stereophonic and one-channel monaural
      broadcasting, but the arrangements are consistent with the use of
      present-day four-channel stereo tape recordings as well as with the
      bandwidth and other requirements of existing commercial broadcast
      standards. Noting also that an existing two-channel stereo receiver will
      produce a portion of the information contained in a three-channel or
      four-channel transmission, it is apparent that an adapting unit may be
      coupled into such a two-channel receiver in order to expand its function
      to include the reproduction of additional channels. The addition of still
      further adapting components similarly would enable the modification of a
      monophonic receiver for the purpose of reproducing stereophonic broadcasts
      of any of the different stereo modes. Analogously, present-day monophonic
      or two-channel stereo broadcast transmitters, by application of the
      principles of the present invention, may be modified so as additionally to
      be capable of broadcasting the further stereo modes herein presented.
PAR  There are described above a number of four-channel stereo transmitter and
      receiver embodiments which do not specifically provide for an SCA
      (Subsidiary Communications Authorization) channel. It is an object of this
      invention to provide systems and methods for communicating four
      full-bandwidth independent channels which provide spectrum space for an
      SCA channel.
PAR  FIG. 15 illustrates a four-channel stereo signal transmitting system which
      is similar to the above-described FIG. 3 transmitter, but which provides
      for the inclusion of an SCA channel. Recall that the FIG. 3 transmitter is
      described above as generating a modulation function as defined by equation
      (2) above in which the second sub-carrier .omega..sub.s2, representing a
      second harmonic of the first sub-carrier .omega..sub.s and a fourth
      harmonic of the pilot signal, is suppressed-carrier, double sideband
      amplitude-modulated by the function K.sub.4 [(A+D)-(C+B)]. In the
      described FIG. 3 transmitter, the described second harmonic sub-carrier is
      assigned a frequency (1/2.pi.).omega..sub.s2 of 76kHz. FCC regulations
      allow provision in two-channel FM stereo communication systems for an SCA
      channel between 53 and 75kHz.
PAR  In accordance with one aspect of this invention a four-channel stereo
      transmitter is provided in which the lower sideband of the second harmonic
      sub-carrier .omega..sub.s2 is suppressed or removed to provide for
      selective transmission and reception of an SCA channel which is located in
      frequency in the position of the missing lower sideband of the second
      harmonic sub-carrier. A number of systems and methods are contemplated for
      achieving the described single sideband modulation of the 76kHz
      sub-carrier without significantly degrading the performance of the basic
      four-channel stereo communication systems, as described above.
PAR  A preferred method for achieving the desired single sideband modulation,
      herein termed the phasing method, is described generally in U.S. Pat. No.
      1,666,206, and in the following publications:
PA1  1. Design of RC Wide-Band 90.degree. Phase-Difference Network; by Donald K.
      Weaver, Jr., Proceedings of the IRE, p. 671-676, April, 1954;
PA1  2. Normalized Design of 90.degree. Phase-Difference Networks; by S.
      Bedrosian, IRE Transactions on Circuit Theory, June, 1960, pp. 128-136;
      and
PA1  3. Broad-Band Passive 90.degree. RC Hybrid . . . ; by A. Rogers, IEEE
      Proceedings Letters, November, 1971, pages 1617-1618.
PAR  As background for a discussion of the FIG. 15 transmission system, and
      other subsequently described embodiments of this invention, this phasing
      method of single sideband modulation will be described briefly and in
      general terms, with reference to FIGS. 16 and 17. FIG. 16 shows a system
      in which a simple sinusoidal input signal Acos.omega.t is supplied to
      parallel circuit branches, one of which contains a first phasing network
      300, to be described below, and a balanced modulator 302. The second
      circuit branch includes a second phasing network 304 and a second balanced
      modulator 306. The two circuit branches are rejoined in an adder 308.
PAR  The first and second phasing networks 300, 304 apply to the signals in the
      respective branches predetermined phase-versus-frequency characteristics.
      The said characteristics are such that a 90.degree. phase difference is
      established between the signals in the two circuit branches, assuming
      phasing means 300 has least phase shift. In the present specification,
      phasing means introducing the relatively lesser phase shift are termed
      P-type; the companion phasing means is termed N-type. In a practical
      system, the phasing networks 300, 304 are designed to produce a 90.degree.
      phase difference between the signals in the two branches over a selected
      band of frequencies. In the present application the frequency band of
      interest is the band of audio frequencies between about 50-15,000Hz.
PAR  FIG. 17 illustrates hypothetical phase-versus-frequency characteristics
      310, 312 which might be produced by the P-type and N-type phasing networks
      300, 304, respectively. In FIG. 17 the frequency band of interest is
      .omega..sub.2 -.omega..sub.1. The balanced modulators 302, 306 are
      supplied with reference signals cos.omega..sub.c t and sin.omega..sub.c t,
      respectively. As shown by the annotations on FIG. 16, upon adding the
      outputs of the modulators 302, 306 a selected one of the sidebands of the
      carrier .omega..sub.c, depicted as being the lower sideband, is cancelled,
      leaving only the upper sideband.
PAR  This upper sideband signal can be represented as Acos.omega..sub.c t -
      Asin.omega..sub.c t where A is an audio signal, not necessarily
      sinusoidal, and A represents the Hilbert transform of A, which means that
      every frequency component of A is shifted 90.degree. in phase relative to
      every respective component in A. For example, for A = cos.omega.t, A =
      sin.omega.t.
PAR  Referring to the phasing networks 300, 304, where network 304 (N-type)
      produces 90.degree. more phase shift than network 300, it can be said that
      networks 300, 304 have outputs A and -A, respectively.
PAR  As noted above, the FIG. 15 transmitter represents the above-described FIG.
      3 transmitter modified to provide for an SCA channel. Reference numerals
      in FIG. 15 which are like those in FIG. 3 identify system components
      having similar function. In order to modify the FIG. 3 transmitter for
      single sideband modulation of the second harmonic (76kHz) sub-carrier,
      there are inserted in the four input audio channels following the
      pre-emphasis networks, 45, 46, 47 and 48 like phasing networks 314, 316,
      318 and 320; the phasing networks may be constructed as described in the
      above-noted prior art references. Phasing networks 314, 316, 318, 320
      introduce a like predetermined phase-versus-frequency characteristic,
      herein shown as being of the P-type, over a predetermined band of audio
      frequencies in each of the four audio input signals.
PAR  As described in detail above in connection with the FIG. 3 transmitter, the
      gates 50, 51, 52 and 53 time-multiplex the four audio input signals to
      develop a modulation function which includes a 76kHz sub-carrier modulated
      by a function proportional to [(A+D)-(C+B)]. In the FIG. 15 system the
      complete modulation function, including the described 76kHz sub-carrier
      component, is subjected to the said phase-versus-frequency characteristic
      of the like phasing networks 314, 316, 318 and 320.
PAR  To achieve cancellation of the lower sideband of the 76kHz sub-carrier so
      as to provide spectrum space for an SCA channel centered at about 67kHz,
      there is provided a matrix 322 receiving as inputs the four pre-emphasized
      audio input signals. The matrix 322 is so constructed as to produce an
      auxiliary four-element difference signal (A+D)-(B+C).
PAR  The described auxiliary difference signal produced by the matrix 322 is fed
      to a phasing network 324 which impresses on the difference signal a second
      predetermined phase-versus-frequency characteristic, here shown as being
      of the N-type. The phase-shifted auxiliary difference signal developed by
      the phasing network 324 is fed to a balanced modulator 326 receiving a
      76kHz reference signal, -sin.omega..sub.s2 t, from multiplier 74 which has
      been phase shifted by 90.degree. in a phase shifter 328 and adjusted in
      phase by means of a phase adjustor 330. The output signal from the
      balanced modulator 326 can be varied in amplitude by means of amplitude
      controller 327.
PAR  The phase shifted output signal may be described:
      -[(A+D)-(B+C)]sin2.omega..sub.2 t. The four-element difference signal
      component developed by the gates 50, 51, 52 and 53 may be described:
      [A+D)-(B+C)]cos2.omega..sub.s t.
PAR  The adder 54' performs generally the functions of the adder 54 in the FIG.
      3 system, but is modified to receive the described auxiliary four-element
      difference signal. The four-element difference signals are combined in the
      adder 54' to effect cancellation of the lower sideband of the second
      sub-carrier, producing a resultant second harmonic sub-carrier modulation
      component:
EQU  [(A+D)-(B+C)]cos2.omega..sub.s t - [(A+D)-(B+C)]sin2.omega..sub.s t
PAR  An SCA signal generator 332 is illustrated as being coupled to the adder
      54' through a switch 334 representing means for introducing at the option
      of the broadcaster an SCA signal to accompany the basic four-channel
      stereo modulation function.
PAR  The FIG. 15 system can be considered as a time-division multiplexing system
      in which the four audio input signals are sampled in sequence according to
      a prescribed four-phase switching function. The invention is applicable
      also to signal encoding systems of the frequency-multiplex type wherein
      the signal components to be combined in a composite modulation function
      are generated in a frequency domain and subsequently combined.
PAR  The above-described FIG. 13 transmitter may be characterized as a
      frequency-multiplex system. FIG. 18 illustrates the FIG. 13 transmitter
      modified according to this invention to incorporate an SCA channel. The
      FIG. 18 transmitter when compared to the FIG. 13 transmitter features
      modifications and additions similar to those made to the FIG. 3
      transmitter to obtain the above-described FIG. 15 system. Primed reference
      numerals in FIG. 18 corresponding to those used in FIG. 15 identify like
      modifications and additions. The structure and operation of the FIG. 18
      embodiment are deemed to be self-evident from an inspection of FIG. 18
      taken in connection with the above description of the FIG. 13 system and
      the modified FIG. 15 version of the FIG. 3 system.
PAR  Whereas the FIG. 15 transmitter may be characterized as a purely
      time-division multiplex system, and whereas the FIG. 18 transmitter may be
      characterized as a purely frequency-division multiplex system, this
      invention contemplates other embodiments which might be characterized as
      hybrids, having both time-division and frequency-division multiplex
      components. Elaborating, the main channel and two 38kHz sub-carrier
      modulation components in quadrature may be generated in such a hybrid
      embodiment by the use of a 38kHz two-phase gating function; the 76kHz
      sub-carrier component may be generated in the frequency domain by the use
      of a single sideband modulation system.
PAR  It is also contemplated that other purely time-division multiplexing
      systems may be employed -- for example, systems in which two two-phase
      gating functions, one operating at a 38kHz rate and the other at a 76kHz
      rate, generate separate modulation components which are subsequently
      combined.
PAR  An important aspect of this invention is to provide method and apparatus
      for controlling the phase of second harmonic (76kHz) sub-carriers or
      sub-carriers relative to the 38kHz sub-carriers in such a manner that the
      maximum possible peak voltage of the composite four-channel stereo signal
      is minimized when both 38kHz and 76kHz components are present
      simultaneously.
PAR  In the FIG. 3 encoder the four-channel stereo signal is generated by
      time-division multiplexing. As a result the four input audio signals are
      caused to be time-interleaved. This means that the maximum amplitude of
      the four-channel multiplexed signal is not larger than the maximum
      amplitude of the arithmatical sum of the four constituting signals. Even
      for a band-limited composite stereo signal this is still very nearly true.
PAR  The expression for the double sideband, amplitude-modulated second harmonic
      sub-carrier (76kHz), as developed by the FIG. 3 system, is
      [(A+D)-(B+C)]cos2.omega..sub.s t.
PAR  When only the upper sideband of the 76kHz sub-carrier is present, as is the
      case in the FIGS. 15 and 18 systems, this desirable interleaving property
      is only partially achieved. The maximum instantaneous amplitude of the
      four-channel signal in these latter systems can exceed the individual
      signal maxima. The excess was experimentally found to be approximately
      3db.
PAR  In accordance with one aspect of this invention it has been discovered that
      by establishing a predetermined phase relationship between the 38kHz
      sub-carriers in quadrature and the 76kHz sub-carriers, the maximum
      possible (worst possible situation) peak voltage of the composite
      four-channel stereo signal having 38kHz and 76kHz components present
      simultaneously can be minimized.
PAR  The four-channel stereo baseband signal except for pilot and SCA components
      can be represented by:
EQU  f(t) = (A+B+C+D) + .sqroot.2(A-D)cos.omega..sub.s t +t
      .sqroot.2(B-C)sin.omega..sub.s t + [(A+D)-(B+C)]cos2.omega..sub.s t -
      [(A+D)-(B+C)]sin2.omega..sub.s t                          (11)
PAR  In this expression the upper sideband of the second harmonic sub-carrier is
      represented by:
EQU  +[(A+D)-(B+C)]cos2.omega..sub.s t - [(A+D)-(B+C)]sin2.omega..sub.s t (12)
PAR  In expression (12) the in-phase diagonal difference signal [(A+D)-(B+C)]C)]
      the cosine wave and the Hilbert transform thereof modulates the sine wave.
PAR  It was found experimentally that if the maximum amplitude of the second
      harmonic sub-carrier, as expressed in (12), is reduced by approximately
      30%, the interleaving is substantially as good as for a composite
      four-channel stereo signal that includes a double sideband second harmonic
      subcarrier, as developed for example by the system of FIG. 3.
PAR  The second harmonic sub-carrier upper sideband component is preferably
      reduced in amplitude to 0.7. Expression (12) may then be rewritten as:
EQU  0.7{[(A+D)-(B+C)cos 2.omega..sub.s t - [(A+D)-(B+C)]sin2.omega..sub.s
      t}(14)
PAL  The full expression (11) then becomes:
EQU  f(t) = A+B+C+D+.sqroot.2(A-D)cos.omega..sub.s t + .sqroot.2(B-C)sin.omega.
      .sub.s t + 0.7{[(A+D)-(B+C)]cos2.omega..sub.s t -
      [(A+D)-(B+C)]sin2.omega..sub.s t}                         (15)
PAR  There has been described above a number of encoding systems and methods for
      developing a composite four-channel stereo signal in which the second
      harmonic sub-carrier is single sideband modulated to remove the lower
      sideband thereof, and which includes provision for an SCA channel at the
      location of the missing lower sideband. This invention also contemplates a
      number of systems and methods for decoding a four-channel composite stereo
      signal having an SCA channel, as described. The preferred systems and
      methods for decoding the composite stereo signal exploit the general
      principles of the phasing method of single sideband modulation. Reference
      will be made to FIG. 17A in connection with a brief description of the
      phasing method as applied to demodulation, which is essentially the
      inverse process of modulation.
PAR  The FIG. 17A diagram is shown as including balanced modulators 309, 311,
      analogous to modulators 302, 306 in the FIG. 16 diagram, P-type and N-type
      phasing networks 313, 315, analogous to the phasing networks 300, 304 in
      FIG. 16, and an adder 317. As shown by the annotations on the FIG. 17A
      diagram it can be seen that the audio signal due to the upper sideband is
      present at the output, but the audio signal due to the lower sideband is
      cancelled in the adder 317. To simplify the annotations, at the output of
      the networks 313, 315 the functions of reference carrier 2.omega..sub.c
      have been omitted. It is noted that the signals in the lower sideband
      region need not have any particular relationship to the upper sideband
      signals; any arbitrary signal, or even a noise component, at the input
      occupying the spectrum region of the lower sideband will be cancelled at
      the output.
PAR  FIG. 19 illustrates in general block diagram form a demultiplexer 350
      receiving a composite four-channel stereo signal as may be developed by a
      suitable FM demodulator (not shown). In connection with the discussion of
      the FIG. 19 decoder, and the subsequent discussions of another decoder
      embodiment shown in FIG. 20, assume the four-channel signal received by
      the decoder has a preferred form according with the above expression (15),
      namely;
EQU  A+B+C+D+.sqroot.2(A-D)cos.omega. .sub.s t + .sqroot.2 (B-C)sin.omega..sub.s
      t + k[(A-B-C+D) cos2.omega..sub.s t - (A-B-C+D)sin 2.omega..sub.s t]+ Y'
      (15a)
PAL  where Y' is an SCA signal located in the region of the lower sideband of
      the second harmonic sub-carrier.
PA1  Let Y' = Y.sub.m siny't;
PA1  Y' = Y.sub.m sin(2.omega..sub.s -y) t, where y is the argument of the
      frequency-modulated SCA signal translated down into the audio band.
PAR  The demultiplexer 350 is shown as implementing an important aspect of this
      invention, developing outputs at five output leads 352, 354, 356, 358 and
      360, four of which are passed through phasing networks 362, 364, 366, 368
      illustrated as being of the P-type, and the fifth of which is passed
      through a phasing network 370, illustrated as being of the N-type. The
      outputs from the demultiplexer 350 are recombined in a combiner 372. The
      demultiplexer 350 may be of a type capable of demultiplexing in either the
      time or frequency domain, and may, in certain embodiments where
      appropriate, prepare the developed outputs, as by pre-matrixing, for
      recombination in the combiner 372.
PAR  The combiner 372 comprises a matrixing system for separating the
      information carried by the five inputs thereto so as to develop four
      discrete audio output signals A, B, C, and D and to eliminate the SCA
      signal. The combiner 372 may include in certain embodiments means for
      adjusting the relative amplitudes of various signals as will become more
      clear from the following description of specific decoder embodiments.
PAR  The FIG. 19 diagram illustrates a novel employment of four P-type phasing
      networks 362, 364, 366 and 368 and one N-type phasing network 370 to
      achieve cancellation of the lower sideband of the 76kHz sub-carrier. As
      will become evident from a description below of specific decoder
      embodiments employing the phasing method of demodulation, the use of four
      P-type phasing networks and one N-type phasing network is significant for
      a number of reasons. First, a minimal number of phasing networks is
      employed. Secondly, the phasing networks used in the greatest number (the
      P-type networks) may be of less complex construction. The more complex,
      higher order N-type network need only be used in one location. It may be
      useful to note that four P-type networks are used (rather than a single
      P-type network operating on the demodulated 76kHz sub-carrier components)
      for the reason that the P-type phase shift introduced in the demodulated
      76kHz component of the baseband signal must be preserved for the main
      channel and demodulated 38kHz signals in order not to distort the crucial
      phase relationships necessary for proper matrixing of these components in
      order to achieve separation between the four audio output signals.
PAR  FIG. 20 illustrates a four-channel demultiplexing system exploiting the
      phasing method of single sideband demodulation and operation in the
      frequency domain. Assume again a received signal as described by
      expression (15a). In the illustrated FIG. 20 system demodulation
      components are taken off the 38kHz sub-carriers, by means of a pair of
      balanced demodulators 374, 376 which receive the composite four-channel
      stereo signal after modification by an amplitude adjustor 380.
PAR  A reference signal developed at 382 for injection into the balanced
      demodulator 374 is derived by the use of the 19kHz pilot signal extracted
      from the composite stereo signal. The reference signal is preferably
      caused to have a phas which is effective to detect the (A-D) modulation
      component of the 38kHz sub-carrier.
PAR  A reference signal developed at 384, similarly derived from the 19kHz
      pilot, is injected into the balanced demodulator 376, but is caused to
      have a phase effective to detect the (B-C) modulation component of the
      38kHz sub-carrier.
PAR  The outputs from the balanced demodulators 374 and 376 are fed to phase
      splitters 386 and 388, respectively. The amplitude attenuator 380 is
      adjusted such that at the outputs of the phase splitter 386 there is
      developed signals +2(A-D) and -2(A-D). Similarly, the outputs of phase
      splitter 388 are +2(B-C) and -2(B-C).
PAR  The 76kHz in-phase modulation component is taken from the 76kHz sub-carrier
      by means of a balanced demodulator 390 receiving at one input the
      composite stereo signal through an amplitude attenuator 392 and at another
      input 394 a 76kHz reference carrier.
PAR  Balanced modulator 390 receives a reference carrier cos2.omega..sub.s t,
      thus demodulating the in-phase second harmonic term (A-B-C+D) and
      neglecting the quadrature second harmonic term (A-B-C+D). In the same
      process the SCA signal Y', if present, is also demodulated.
PAR  The output of balanced modulator 390 due to the
      ##EQU1##
      input is
      ##EQU2##
PAR  The second term represents the spectrum in the audio range and may be
      represented by:
      ##EQU3##
      where Y is defined as Y.sub.m sinyt. The Hilbert transform of Y can be
      represented by Y = -Y.sub.m cosyt.
PAR  The four-channel stereo signal output of demodulator 390 can be represented
      by
      ##EQU4##
      [LF{A} means the low frequency (audio) component of A]. The output of the
      demodulator 414 may be described
      ##EQU5##
PAR  The outputs from the 38kHz balanced demodulators 374, 376 and the 76kHz
      demodulator 390, as well as a main channel signal derived from the
      incoming composite stereo signal are applied to summing networks 398, 400,
      402 and 404. At the output of summing network 398 there is developed the
      signal
      ##EQU6##
      At the output of summing network 400 there is developed a signal
      ##EQU7##
      At the output of summing network 402 there appears the signal
      ##EQU8##
      At the output of summing network 404 there is developed a signal
      ##EQU9##
      The output signals from the summing networks 390, 400, 402 and 404 are
      supplied to like P-type phase shifting networks 406, 408, 410 and 412,
      respectively. The P-type phase shifting networks cause the signals
      operated on to have a predetermined phase-versus-frequency characteristic
      over the audio band (approximately 50Hz - 15kHz).
PAR  In order to effect cancellation of the information in the location of the
      lower sideband of the 76kHz sub-carrier, i.e. the SCA signal, a quadrature
      demodulation component on the 76kHz sub-carrier is derived by means of a
      second balanced demodulator 414 receiving at input 416 a 76kHz reference
      carrier, sin2.omega..sub.s t, developed from the transmitted pilot signal,
      having a phase which is 90.degree. displaced from the reference signal
      394, i.e. cos2.omega..sub.s t, injected into the demodulator 390. The
      output of the demodulator 414 may be described as the Hilbert transform of
      the signal derived from the modulator 390, that is,
      ##EQU10##
PAR  The output from the balanced demodulator 414 is fed to an N-type phase
      shifting network 418 to develop a signal
      ##EQU11##
      This signal developed by the 76kHz demodulator 414 is combined with the
      output signals from the P-type phase shifting networks 406, 408, 410, 412
      by means of adders 420, 422 424 and 426 and a signal inverter 428.
PAR  At the output of adders 420, 422, 424, 426 there is developed four discrete
      audio signals which are supplied to de-emphasizing means 430, 432, 434 and
      436 to produce four audio output signals corresponding to the four audio
      input signals received by the encoding apparatus at the signal
      transmitter.
PAR  FIG. 21 illustrates a system which also exploits the described phasing
      method of single sideband demodulation but which utilizes time-division
      demultiplexing rather than frequency-division demultiplexing. In the FIG.
      21 system the composite stereo signal is applied to a time-division
      demultiplexer 438 in which the incoming signal is sampled at a 76kHz rate.
      This rate is established with the aid of two  38kHz signals which are in
      quadrature with each other and which are derived from the 19kHz pilot
      signal. The demultiplexer 438 is controlled by a switching controller 440
      driven by a 38kHz timing signal applied at 442 which is derived from the
      19kHz pilot. The switching function developed by the controller 440 may be
      described as follows:
      ##EQU12##
      where .omega..sub.s.sub.' = 2.omega..sub.s.
PAR  The input signal f(t) can be described as:
EQU  f(t) = A+B+C+D + .sqroot.2(A-D) cos.omega..sub.s t + .sqroot.2(B-C)
      sin.omega..sub.s t + 1/2(A-B-C+D) cos2.omega..sub.s t - 1/2(A-B-C+D)
      sin2.omega..sub.s t + Y'.
PAR  the presence of the coefficient 1/2 in the second harmonic sub-carrier
      terms will be explained below. Note also that the time-multiplex related
      form of the upper sideband of the second harmonic sub-carrier, as
      described by expression (11) is used, rather than the better interleaved
      form described by expression (15).
PAR  The four sampled output signals v.sub.i (i=1, 2, 3, 4) can be represented
      by:
      ##EQU13##
PAR  It can be seen that in the signals v.sub.i (i=1, 2, 3, 4), A, B, D and C,
      respectively are represented predominantly, but not exclusively. To
      eliminate Y according to the phasing method, a portion of the output of a
      76kHz quadrature demodulator is mixed with the demultiplexer output. In
      this process of eliminating Y, however, portions of A, B, C and D are
      added. The signals v.sub.i thus have to be preconditioned so that the like
      unwanted terms are present in the signals but with signs opposite to those
      in the 76kHz quadrature demodulated signal. This preconditioning is
      performed in a first matrix network 443 developing a signal v.sub.m which
      is fed to adders 444, 445, 446, 447.
PAR  In the illustrated embodiment,
      ##EQU14##
      Let the outputs of the adders 444-447 be represented by
EQU  v.sub.ii =v.sub.i +v.sub.m (i=1, 2, 3, 4).
PAL  Then
      ##EQU15##
PAR  The signals v.sub.ii are supplied to like phasing means 448, 449, 450 and
      451 of the P-type. It will now be seen that the subsequent addition of a
      portion of the quadrature demodulator output signal will precisely
      eliminate the Y as well as the undesired stereo signals.
PAR  A 76kHz quadrature demodulator 452 is driven by f(t) and by a carrier
      signal -sin2.omega..sub.s t. Its output, 1/4 (A-B-C+D) -1/2 Y, is
      attenuated in amplitude controller 453 and passed through N-type phasing
      means 455. The ouput of the phasing means 455 is represented by
      ##EQU16##
      An inverter 457 makes minus v.sub.n also available. In adders 459, 461,
      463 and 465 the following signals are generated:
      ##EQU17##
      respectively.
PAR  A careful analysis of the signal processing in FIG. 21 will show that any
      multiplier other than 0.5 in the second harmonic sub-carrier of the input
      signal will not achieve both elimination of the SCA signal Y and total
      separation of the A, B, C and D audio signals.
PAR  Thus it is shown that for certain forms of the four-channel stereo baseband
      signal including SCA, the time demultiplexing form of decoding such a
      four-channel stereo signal is feasible.
PAR  As noted above, whereas the described phasing method of single sideband
      modulation and/or demodulation is preferred, other methods for achieving
      single sideband modulation and/or demodulation are contemplated. FIG. 22
      depicts a system for decoding a composite four-channel stereo signal which
      includes an SCA channel in the location of the lower sideband of the 76kHz
      sub-carrier, and which employs a bandstop filter to remove the SCA
      channel. FIG. 22 illustrates a decoding system which is similar in many
      respects to the FIG. 20 decoding system, but which employs a bandstop
      filter 454 to remove the SCA signal, rather than employing N and P phasing
      networks to achieve cancellation of the said lower sideband. As in the
      FIG. 20 system, the FIG. 22 system employs a pair of balanced demodulators
      456 and 458 receiving the composite stereo signal after appropriate
      amplitude adjustment means 460 and subsequently demodulating the first
      harmonic sub-carrier. The outputs from the demodulators 456, 458 are
      supplied to phase splitters 462 and 464 to make available positive and
      negative versions of the output signals from each of the demodulators 456
      and 458.
PAR  In order to demodulate the 76kHz sub-carrier, a balanced demodulator 466 is
      provided which receives as an input the composite stereo signal after
      appropriate amplitude adjustment in an amplifier 468. The balanced
      demodulator 466 corresponds to the demodulator 414 in the FIG. 20 system.
      The output from the demodulator 468 is supplied to a phase splitter 470.
      As in the FIG. 20 system the outputs from the phase splitters 462, 464 and
      470, along with a main channel component derived from the composite stereo
      signal are fed to adders 472, 474, 476 and 478. At the output of the
      adders are developed four discrete audio output signals A, B, C and D. In
      order to effect complete separation of the four audio output signals, the
      attenuator 460 is adjusted such that the outputs from the balanced
      demodulators 456, 458 represent the signals 2(A-D) and 2(B-C),
      respectively. The amplifier 468 is adjusted such that the output from the
      balanced demodulator 466 yields a signal 1/2 (A+D-C-B).
PAR  It is well known that bandstop filters cause phase shifts of the
      non-attenuated signal components adjacent to the stop band. In the present
      application the phase-distorted signals are mainly in the upper sideband
      of the first harmonic sub-carrier and the upper sideband of the second
      harmonic sub-carrier. These phase shifts cause, in general, a frequency
      dependent lack of separation in the four decoder audio outputs. This
      separation can be improved by adjusting the phase of the carriers 480, 482
      and 484 injected into the demodulators 456, 458, 466, by means of phase
      adjustors 486, 488 and 490, respectively. In this manner acceptable
      amounts of separation of A, B, C and D can be obtained.
PAR  There have been discussed above a number of embodiments of four-channel
      stereo encoding and decoding systems which develop the favored
      four-channel stereo multiplexed signal having an upper sideband only on
      the 76kHz sub-carrier. By way of summarization and in order to more
      particularly point out the features and unique characteristics of certain
      aspects of this invention, there are stated below specifications for the
      preferred form of the composite four-channel stereo signal. By way of
      introduction, it is useful to restate the composite stereo signal form as
      expressed in (15) but expanded to include the SCA and pilot signals:
EQU  f(t) = M+S sin(.omega..sub.s /2 t+3.pi./8)+K.sub.1
      .sqroot.2(A-D)cos.omega..sub.s t+K.sub.1 .sqroot.2(B-C)
EQU  sin.omega..sub.s t-Tcos2.omega..sub.s t+Ucos2.omega..sub.s
      t-Vsin2.omega..sub.s t+Vcos.OMEGA.t,                      (16)
PAL  where the four audio input signals are:
PA1  A=left-front, C=left-back, B=right-front, and D=right-back;
PA1  M=K.sub.1 (A+B+C+D)=K.sub.1 (L+R);
PA1  s=0.1, the amplitude of the 19kHz pilot sub-carrier;
PA1  T=0.05, the amplitude of the second pilot sub-carrier at 76kHz;
PA1  U=K.sub.2 (A+D-B-C), the diagonal difference signal;
PA1  U=K.sub.2 (A+D-B-C), the Hilbert transform of U;
PA1  v=0.1, amplitude of the SCA FM sub-carrier at a nominal center frequency of
      67kHz;
PA1  K.sub.1 =0.75; K.sub.2 =0.75K.sub.3
PA1  (with V=0, K.sub.1 =0.85, K.sub.2 =0.85K.sub.3); and K.sub.3 =0.7
      (approximately).
PAL  The baseband signal, f(t) has a maximum value of unity at any instant.
PAR  In order to better illustrate the compatibility of the composite signal
      expression (16) with the expression for two-channel stereo 1, the
      following transformation may be applied to the expression (16):
EQU  .omega..sub.s t = .omega..sub.t t - 3/4 .pi.
PAL  The transformation constitutes merely a shift in the time axis and thus
      .omega..sub.t t can be replaced again by .omega..sub.s t. This leads to:
EQU  f(t)=M+Ssin .omega..sub.s /2 t+Psin.omega..sub.s t-Qcos.omega..sub.s t +
      Tsin2.omega..sub.s t-Usin2.omega..sub.s t-Ucos2.omega..sub.s t
      +Vcos.OMEGA.t,                                            (17)
PAL  where
PA1  P=K.sub.1 (A+D-B-C)=K.sub.1 (Left minus Right), and
PA1  Q=K.sub.1 (A+B-D-C) =K.sub.1 (Front minus Back).
PAR  A comparison of expression (17) with expression (1) for two-channel stereo
      communication clearly reveals the compatibility of the four-channel
      systems of this invention with present two-channel stereophony.
PAR  There follows an elaborated description of the preferred form of the
      composite four-channel stereo signal according to this invention.
PAR  The main channel component consists of the sum (A+C+B+D) of the left-front,
      left-back, right-front, and right-back four channel input signals,
      respectively. The main channel frequency modulates the main carrier 85%
      (excluding the SCA sub-carrier).
PAR  The pilot sub-carrier at 19kHz frequency modulates the main carrier 10%.
PAR  The first 38kHz sub-carrier, sin.omega..sub.s t, is the second harmonic of
      the 19kHz pilot sub-carrier and crosses the time axis with a positive
      slope (increasing main carrier frequency) simultaneously with each
      crossing of the time axis by the 19kHz pilot sub-carrier. The first 38kHz
      sub-carrier and its sidebands signal is the modulated 38kHz sub-carrier
      double sideband, suppressed carrier, amplitude mmodulated by a
      four-channel input signal, [(A+C) -(B+D)], which corresponds to a
      two-channel, left minus right (L-R) input signal. The first 38kHz
      sub-carrier and its sidebands signal frequency modulates the main carrier
      85% (excluding the SCA sub-carrier).
PAR  The second 38kHz sub-carrier, cos.omega..sub.sc t is the second harmonic of
      the 19kHz pilot sub-carrier and is in quadrature with the first 38kHz
      sub-carrier. The second 38kHz sub-carrier causes an upward peak deviation
      of the main carrier frequency each time the 19kHz pilot sub-carrier
      crosses the time axis. The second 38kHz sub-carrier and its sidebands
      signal is the second 38kHz sub-carrier double sideband, suppressed
      carrier, amplitude modulated by a four-channel, front minus back input
      signal, [(A+B) -(C+D)]. The second 38kHz sub-carrier and its sidebands
      signal frequency modulates the main carrier 85% (excluding the SCA
      sub-carrier).
PAR  The 76kHz sub-channel is a 76kHz sub-carrier which is upper single
      sideband, suppressed carrier, amplitude modulated by [(A+D) -(B+C)], which
      is a diagonal difference four-channel input signal component. The 76kHz
      sub-channel frequency modulates the main carrier 85.times.0.7=59.5%
      (excluding the SCA sub-carrier). The 76kHz sub-channel consists of a first
      and a second 76kHz component. The first 76kHz sub-channel component
      results from modulating a first 76kHz sub-carrier and the second component
      from modulating a second 76kHz sub-carrier. The first 76kHz sub-carrier,
      sin2.omega..sub.s t, is the fourth harmonic of the 19kHz pilot sub-carrier
      with the condition that each time the 19kHz pilot sub-carrier crosses the
      time axis, the first 76kHz sub-carrier crosses the time axis
      simultaneously with a positive slope (increasing main carrier frequency).
      The first 76 kHz sub-carrier is double sideband, suppressed carrier,
      amplitude modulated by the four-channel diagonal difference input signal,
      [(A+D)-(B+C)], the result of which modulation is the first 76 kHz
      sub-carrier and its sidebands signal.
PAR  The second 76 kHz sub-carrier, cos2.omega..sub.s t, is the fourth harmonic
      of the 19 kHz pilot sub-carrier with the condition that each time the 19
      kHz sub-carrier crosses the time axis, the second 76 kHz sub-carrier
      causes an upward peak deviation of the main carrier. The second 76 kHz
      sub-carrier is double sideband, suppressed carrier, amplitude modulated by
      the Hilbert transform of the four-channel diagonal difference input
      signal, namely, [(A+D)-(B+C)], the result of which modulation is the
      second 76 kHz sub-carrier and its sidebands signal.
PAR  The 76 kHz pilot sub-carrier, sin2.omega..sub.s t, is the fourth harmonic
      of the 19 kHz pilot sub-carrier with the condition that each time the 19
      kHz pilot sub-carrier crosses the time axis, the 76 kHz pilot sub-carrier
      crosses the time axis simultaneously with a positive slope (increasing
      main carrier frequency). The 76 kHz pilot sub-carrier causes a 5%
      deviation of the main carrier.
PAR  The SCA component is a frequency modulated sub-carrier at a nominal center
      frequency of 67 kHz and modulates the main carrier 10%. When the SCA
      sub-channel is broadcast, the main channel the first 38 kHz sub-carrier
      plus its sidebands signal, the second 38 kHz sub-carrier plus its sideband
      signal modulate the main carrier 75% while the 76 kHz sub-channel
      modulates the main carrier 75.times.0.7=52.5%.
PAR  The peak deviation of the main carrier resulting from simultaneous
      modulation by the main channel, the first 38 kHz sub-carrier and its
      sidebands signal, the second 38 kHz sub-carrier and its sidebands signal,
      the 76 kHz sub-channel, the 19 kHz pilot sub-carrier, the SCA sub-channel,
      and the 76 kHz pilot sub-carrier is 100% of total modulation.
PAR  The pre-emphasis characteristics of all of the sub-carrier channels are
      identical with those of the main channel (standard 76 microseconds).
PAR  The main channel and all sub-channels are capable of accepting audio
      frequencies from 50 to 15,000Hz.
PAR  When only equal positive left-front and left-back signals are applied, the
      main channel modulation causes an upward deviation of the main carrier
      frequency; also the first 38kHz sub-carrier and its sidebands signal
      crosses the time axis simultaneously with the first 38kHz sub-carrier and
      in the same direction.
PAR  When only equal positive left-front and right-front signals are applied,
      the main channel modulation causes an upward deviation of the main carrier
      frequency; also crosses second 38kHz sub-carrier and its sidebands signal
      ccrosses the time axis simultaneously with the 38kHz sub-carrier and in
      the opposite direction.
PAR  When only equal positive left-front and right-back diagonal signals are
      applied, the main channel modulation causes an upward deviation of the
      main carrier frequency; also the first 76kHz sub-carrier and its sidebands
      signal crosses the time axis simultaneously with the first 76kHz
      sub-carrier in the opposite direction.
PAR  When only equal and increasing left-front and right-back diagonal signals
      are applied, the main channel modulation causes an increasing main carrier
      frequency; also the second 76kHz sub-carrier and its sidebands signal
      crosses the time axis simultaneously with the second 76kHz sub-carrier and
      in the same direction.
PAR  The invention is not limited to the particular details of construction of
      the embodiments depicted and other modifications and applications are
      contemplated. For example, the described method and structure for
      minimizing the maximum amplitude of the baseband four-channel stereo
      signal when 38kHz and 76KHz signals are present simultaneously, and thus
      the maximum amplitude of the composite signal including the SCA and pilot
      signals under the same conditions, so as to minimize the maximum frequency
      deviation of the RF carrier also under those same conditions has been
      discussed in terms of its applicability to four-channel FM stereo
      communication, it has general applicability to any communication system
      employing harmonically related sub-carriers which are amplitude-modulated,
      either double or single-sideband.
PAR  While particular embodiments of the present invention have been shown and
      described, it is apparent that changes and modifications may be made
      therein without departing from the invention in its broader aspects. The
      aim of the appended claims, therefore, is to cover all such changes and
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A four-channel stereo receiver for developing four discrete audio
      signals from a transmitted composite stereo signal frequency-modulating an
      RF carrier, which composite signal effectively includes in the frequency
      domain at least the following components;
PA1  a four-element sum component representing the sum of four input audio
      signals individually representative of first, second, third and fourth
      audio sources located, respectively, at the left-front, right-front,
      left-rear and right-rear of a listening point,
PA1  a first two-element difference component representing a difference between
      the elements of a diagonally related first pair of said input audio
      signals modulating a first sub-carrier of angular frequency .omega..sub.s,
PA1  a second two-element difference component representing a difference between
      the elements of a diagonally related second pair of said input audio
      signals modulating a second sub-carrier of angular frequency .omega..sub.s
      but displaced in phase, relative to the phase of said first sub-carrier,
      by 90.degree.,
PA1  a four-element diagonal difference component representing a difference
      between the sum of said first pair of audio signal elements and the sum of
      said second pair of audio signal elements modulating a third sub-carrier
      of angular frequency 2.omega..sub.s,
PAR  a Hilbert transform of said four-element difference component modulating a
      fourth sub-carrier of angular frequency 2.omega..sub.s in quadrature with
      said third sub-carrier which in combination with said modulated third
      sub-carrier effectively cancels the lower sideband of said third and
      fourth sub-carriers,
PA1  and a pilot signal having an angular frequency .omega..sub.s /2 and a phase
      which is such that the phase of the second harmonic thereof is effectively
      displaced in phase, relative to the phase of said first sub-carrier, by
      45.degree., said four-channel receiver comprising:
PA1  discriminator means for demodulating said composite signal from said RF
      carrier;
PA1  decoding means receiving said composite signal and responsive to said pilot
      signal for effectively removing from said first and second sub-carriers,
      respectively, first and second demodulation components disposed in
      quadrature and related to said first and second two-element difference
      components, and for effectively removing from said third and fourth
      sub-carriers, respectively, third and fourth demodulation components also
      disposed in quadrature, said third demodulation component comprising said
      four-element diagonal difference component and said fourth demodulation
      component comprising a Hilbert transform of said four-element difference
      component;
PA1  matrixing means responsive to said first, second and third demodulation
      components and to said sum component of said composite stereo signal for
      producing four modified demodulation components adapted for subsequent
      signal separation matrixing with said fourth demodulation component;
PA1  first phasing means responsive to said four modified demodulation
      components for effecting a first predetermined phase-vs-frequency
      characteristic of said four modified demodulation components over a
      predetermined band of frequencies;
PA1  second phasing means responsive to said fourth demodulation component for
      effecting a second predetermined phase-vs-frequency characteristic of said
      fourth demodulation component, over said predetermined band,
PA1  said second phasing means effectively introducing a substantially
      90.degree. phase shift of said fourth demodulation component relative to
      said four modified demodulation components over said predetermined band;
      and
PA1  second matrixing means for combining said phase shifted four modified
      demodulation components and said phase shifted fourth demodulation
      component so as to produce four discrete output audio signals
      corresponding to said four input audio signals.
NUM  2.
PAR  2. A receiver of the type defined by claim 1 wherein said first phasing
      means comprises four P-type phase shifting networks, and wherein said
      second phasing means comprises one N-type phase shifting network.
NUM  3.
PAR  3. A receiver of the type defined by claim 1 which includes means for
      developing from said pilot signal first and second quadrature reference
      signals of angular frequency .omega..sub.s and third and fourth quadrature
      reference signals of angular frequency 2.omega..sub.s, and wherein said
      decoding means includes first and second balanced demodulator means
      receiving as inputs said first and second quadrature reference carriers of
      frequency .omega..sub.s for removing from said first and second
      sub-carriers said first and second demodulation components, and wherein
      said decoding means includes third and fourth balanced demodulator means
      having as inputs said third and fourth quadrature reference carriers of
      frequency 2.omega..sub.s for removing from said third and fourth
      sub-carriers said third and fourth demodulation components.
NUM  4.
PAR  4. A receiver of the type defined by claim 1 wherein said decoding means
      includes four-phase gating means for deriving said first, second, third
      and fourth demodulation components.
NUM  5.
PAR  5. A receiver of the type defined by claim 1 wherein said decoding means
      includes first two-phase gating means operating at a rate of .omega..sub.s
      for deriving said first and second demodulation components, and second
      two-phase gating means operating at a rate of 2.omega..sub.s for deriving
      said third and fourth demodulation components.
NUM  6.
PAR  6. A method of four-channel stereo communication, comprising:
PA1  developing four input audio signals individually representative of first,
      second, third and fourth audio sources located, respectively, at the
      left-front, right-front, left-rear and right-rear of a listening point and
      characterizing an acoustic image;
PA1  combining said four input audio signals so as to develop a composite
      four-channel stereo signal including in the frequency domain at least the
      following components;
PA1  a four-element sum component representing the sum of said four input audio
      signals,
PA1  a first two-element difference component representing a difference between
      the elements of a diagonally related first pair of said input audio
      signals modulating a first sub-carrier of angular frequency .omega..sub.s,
PA1  a second two-element difference component representing a difference between
      the elements of a diagonally related second pair of said input audio
      signals modulating a second sub-carrier of angular frequency .omega..sub.s
      but displaced in phase, relative to the phase of said first sub-carrier,
      by 90.degree.,
PA1  a four-element diagonal difference component representing a difference
      between the sum of said first pair of audio signal elements and the sum of
      said second pair of audio signal elements modulating a third sub-carrier
      of angular frequency 2.omega..sub.s,
PA1  and a Hilbert transform of said four-element difference component
      modulating a fourth sub-carrier of angular frequency 2.omega..sub.s in
      quadrature with said third sub-carrier which in combination with said
      modulated third sub-carrier effectively cancels the lower sideband of said
      third and fourth sub-carriers;
PA1  generating a pilot signal of frequency .omega..sub.s /2 the second harmonic
      of which is caused to have a phase which is effectively displaced in
      phase, relative to the phase of said first sub-carrier, by 45.degree.;
PA1  selectively generating an SCA signal modulating a fifth sub-carrier of
      angular frequency .omega..sub.sca located in the spectrum space of the
      missing sideband of said third and fourth sub-carriers;
PA1  frequency modulating an RF carrier with said composite stereo signal and
      said pilot signal;
PA1  transmitting said RF carrier;
PA1  receiving and demodulating said RF carrier to derive said composite stereo
      signal and said pilot signal;
PA1  utilizing said pilot signal for decoding said composite signal to
      effectively remove from said first and second sub-carriers, respectively,
      first and second demodulation components disposed in quadrature and
      related to said first and second two-element difference components and to
      effectively remove from said third and fourth sub-carriers, respectively,
      third and fourth demodulation components also disposed in quadrature, said
      third demodulation component comprising said four-element diagonal
      difference component and the SCA information and said fourth demodulation
      component comprising a Hilbert transform of both said four-element
      difference component and the SCA information;
PA1  matrixing said first, second and third demodulation components derived by
      said decoding process and said sum component of said composite signal to
      produce four modified demodulation components adapted for subsequent
      signal separation matrixing with said fourth demodulation component;
PA1  producing a first predetermined phase-vs-frequency characteristic of said
      four modified demodulation components over a predetermined band of audio
      frequencies;
PA1  producing a second predetermined phase-vs-frequency characteristic of said
      fourth demodulation component over said predetermined band to introduce a
      substantially 90.degree. phase shift of said fourth demodulation component
      relative to said four modified demodulation components over said
      predetermined band; and
PA1  combining said phase shifted four modified demodulation components and said
      phase shifted fourth demodulation component so as to remove said SCA
      signal and produce four discrete output audio signals corresponding to
      said four input audio signals.
NUM  7.
PAR  7. Apparatus for accepting four input audio signals individually
      representative of first, second, third and fourth audio sources located,
      respectively, at the left-front, right-front, left-rear and right-rear of
      a listening point and characterizing an acoustic image and an SCA signal
      and for developing from said audio signals a composite four-channel stereo
      signal which is compatible with monaural and two-channel stereo receivers
      and which includes an SCA channel, said apparatus comprising:
PA1  encoding means for combining said four input audio signals to develop a
      stereo signal effectively including in the frequency domain at least the
      following components;
PA1  a four-element sum component representing the sum of said four input audio
      signals,
PA1  a first two-element difference component representing a difference between
      the elements of a diagonally related first pair of said input audio
      signals modulating a first sub-carrier of angular frequency .omega..sub.s,
PA1  a second two-element difference component representing a difference between
      the elements of a diagonally related second pair of said input audio
      signals modulating a second sub-carrier of frequency .omega..sub.s but
      displaced in phase, relative to the phase of said first sub-carrier, by
      90.degree.,
PA1  and a four-element diagonal difference component representing a difference
      between the sum of said first pair of audio signal elements and the sum of
      said second pair of audio signal elements single sideband modulating a
      third sub-carrier of angular frequency 2.omega..sub.s ;
PA1  means for developing an SCA signal modulating a fourth sub-carrier of
      angular frequency .omega..sub.sca located in the spectrum space of the
      missing sideband of said third sub-carrier; and
PA1  means for developing a pilot signal having an angular frequency
      .omega..sub.s /2 and a phase which is such that the phase of the second
      harmonic thereof is effectively displaced in phase relative to the phase
      of said first sub-carrier, by 45.degree..
NUM  8.
PAR  8. Apparatus for accepting four input audio signals representative of
      first, second, third and fourth audio sources located at the left-front,
      right-front, left-rear and right-rear of a listening point and
      characterizing an acoustic image and an SCA signal and for developing from
      said signals a composite four-channel stereo signal which is compatible
      with monaural and two-channel stereo receivers and which includes an SCA
      channel, comprising:
PA1  encoding means for combining said four input audio signals to develop a
      stereo signal effectively including in the frequency domain at least the
      following components;
PA1  a four-element sum component representing the sum of said four input audio
      signals,
PA1  a first two-element difference component representing a difference between
      the elements of a diagonally related first pair of said input audio
      signals modulating a first sub-carrier of angular frequency .omega..sub.s,
PA1  a second two-element difference component representing a difference between
      the elements of a diagonally related second pair of input audio signals
      modulating a second sub-carrier of angular frequency .omega..sub.s but
      displaced in phase, relative to the phase of said first sub-carrier, by
      90.degree.,
PA1  and a four-element diagonal difference component representing a difference
      between the sum of said first pair of audio signal elements and the sum of
      said second pair of audio signal elements modulating a third sub-carrier
      of angular frequency 2.omega..sub.s ;
PA1  first phasing means for effecting a first predetermined phase-vs-frequency
      characteristic of said stereo signal components over a predetermined band
      of frequencies;
PA1  means responsive to said four input audio signals for developing an
      auxiliary four-element diagonal difference signal corresponding to said
      four-element diagonal difference signal component of said stereo signal;
PA1  second phasing means receiving said auxiliary diagonal difference signal
      for impressing thereon a second predetermined phase-vs-frequency
      characteristic effective to introduce a substantially 90.degree. phase
      shift of said auxiliary diagonal difference signal, relative to said
      four-element diagonal difference component, over said predetermined
      frequency band;
PA1  means for impressing said auxiliary difference signal upon an auxiliary
      sub-carrier of angular frequency 2.omega..sub.s which is phase-displaced
      in a predetermined direction by 90.degree. from said third sub-carrier
      modulated by said four-element diagonal difference component of said
      stereo signal;
PA1  means for combining said auxiliary sub-carrier modulated by said auxiliary
      four-element difference signal with said stereo signal to produce a
      modified stereo signal in which a selected one of the sidebands of said
      third sub-carrier is cancelled;
PA1  means for impressing said SCA signal on a fourth sub-carrier of angular
      frequency .omega..sub.sca located in the spectrum space of the missing
      sideband of said third sub-carrier;
PA1  means for developing a pilot signal having an angular frequency
      .omega..sub.s /2 the second harmonic of which is effectively displaced, in
      phase, relative to the phase of said first sub-carrier, by 45.degree.; and
PA1  means for combining said modified stereo signal, said carrier-modulating
      SCA signal, and said pilot signal to produce a composite four channel
      stereo signal.
NUM  9.
PAR  9. Apparatus of the type defined by claim 8 wherein said encoding means
      comprises means for frequency division multiplexing said four input audio
      signals to develop said stereo signal.
NUM  10.
PAR  10. Apparatus of the type defined by claim 8 wherein said encoding means
      comprises means for time division multiplexing said four input audio
      signals to develop said stereo signal, and includes means for equalizing
      the amplitude level of said four-element sum component with the amplitude
      of said third sub-carrier.
NUM  11.
PAR  11. A method for processing four input audio signals representative of
      first, second, third and fourth audio sources located at the left-front,
      right-front, left-rear and right-rear of a listening point and
      characterizing an acoustic image and an SCA signal to develop a composite
      four-channel stereo signal which is compatible with monaural and
      two-channel stereo receivers and which includes an SCA channel, said
      method comprising:
PA1  impressing on said four input audio signals, over a predetermined band of
      audio frequencies, a predetermined first phase-vs-frequency
      characteristic;
PA1  combining said four input audio signals to develop a stereo signal
      effectively including in the frequency domain at least the following
      components;
PA1  a four-element sum component representing the sum of said four input audio
      signals,
PA1  a first two-element difference component representing a difference between
      the elements of a diagonally related first pair of said input audio
      signals modulating a first sub-carrier of angular frequency .omega..sub.s,
PA1  a second two-element difference component representing a difference between
      the elements of the diagonally related second pair of input audio signals
      modulating a second sub-carrier of angular frequency .omega..sub.s but
      displaced in phase, relative to the phase of said first sub-carrier, by
      90.degree.,
PA1  and a four-element diagonal difference component representing a difference
      between the sum of said first pair of audio signal elements and the sum of
      said second pair of audio signal elements modulating a third sub-carrier
      of angular frequency 2.omega..sub.s ;
PA1  developing from said four input audio signals an auxiliary four-element
      diagonal difference signal corresponding to said four-element diagonal
      difference signal component of said stereo signal;
PA1  impressing upon said auxiliary difference signal a predetermined second
      phase-vs-frequency characteristic effective to introduce over said
      predetermined band of frequencies a substantially 90.degree. phase shift
      of said auxiliary difference signal relative to said four-element
      difference component;
PA1  impressing said auxiliary difference signal upon an auxiliary carrier of
      angular frequency 2.omega..sub.s which is phase displaced by 90.degree.
      from said third sub-carrier carrying said four-element difference
      component of said stereo signal;
PA1  combining said auxiliary carrier modulated by said auxiliary difference
      signal with said stereo signal to produce a modified stereo signal in
      which a selected one of the sidebands of said third sub-carrier is
      removed;
PA1  impressing an SCA signal on a fourth sub-carrier of frequency
      .omega..sub.sca located in the spectrum space of the missing sidebands of
      said third sub-carrier;
PA1  developing a pilot signal having an angular frequency .omega..sub.s /2 and
      a phase which is such that the phase of the second harmonic thereof is
      effectively displaced, relative to the phase of said first sub-carrier
      component by 45.degree.; and
PA1  combining said modified stereo signal, said SCA signal, and said pilot
      signal to form a composite four channel stereo signal.
NUM  12.
PAR  12. A four-channel stereo receiver for developing four discrete audio
      signals from a transmitted composite stereo signal frequency-modulating an
      RF carrier which effectively includes in the frequency domain at least the
      following components;
PA1  a four-element sum component representing the sum of four input audio
      signals which signals are representative of first, second, third and
      fourth audio sources located at the left-front, right-front, left-rear and
      right-rear of a listening point, a first two-element difference component
      representing a difference between the elements of a diagonally related
      first pair of said input audio signals modulating a first sub-carrier of
      angular frequency .omega..sub.s,
PA1  a second two-element difference component representing a difference between
      the elements of a diagonally related second pair of said input audio
      signals modulating a second sub-carrier of angular frequency .omega..sub.s
      but displaced in phase, relative to the phase of said first sub-carrier,
      by 90.degree.,
PA1  a four-element diagonal difference signal representing a difference between
      the sum of said first pair of audio signal elements and the sum of said
      second pair of audio signal elements single-sideband-modulating a third
      sub-carrier of angular frequency 2.omega..sub.s,
PA1  an SCA signal modulating a fourth sub-carrier of angular frequency
      .omega..sub.sca located in the spectrum space of the missing sideband of
      said third sub-carrier; and a pilot signal having an angular frequency
      .omega..sub.s /2 and a phase which is such that the phase of the second
      harmonic thereof is effectively displaced, relative to the phase of said
      first sub-carrier, by 45.degree., said receiver comprising:
PA1  means for demodulating said composite signal from said RF carrier;
PA1  decoding means receiving said composite signal and responsive to said pilot
      signal for developing predetermined demodulation components corresponding
      to the modulation components of said composite stereo signal, including; a
      four-element sum component, first and second quadrature components derived
      from said first and second sub-carriers, and a four-element diagonal
      difference component derived from said third sub-carrier; and
PA1  means for combining said demodulation components and said four-element sum
      component of said composite stereo signal to produce four discrete output
      audio signals suitable for synthesizing an acoustic image.
NUM  13.
PAR  13. A four-channel stereo receiver for developing four discrete audio
      signals from a transmitted composite stereo signal frequency-modulating an
      RF carrier which effectively includes in the frequency domain at least the
      following components;
PA1  a four-element sum component representing the sum of four input audio
      signals which signals are representative of first, second, third and
      fourth audio sources located at the left-front, right-front, left-rear and
      right-rear of a listening point, a first two-element difference component
      representing a difference between the elements of a diagonally related
      first pair of said input audio signals modulating a first sub-carrier of
      angular frequency .omega..sub.s,
PA1  a second two-element difference component representing a difference between
      the elements of a diagonally related second pair of said input audio
      signals modulating a second sub-carrier of angular frequency .omega..sub.s
      but displaced in phase, relative to the phase of said first sub-carrier,
      by 90.degree.,
PA1  a four-element diagonal difference component representing a difference
      between the sum of said first pair of audio signal elements and the sum of
      said second pair of audio signal elements single-sideband-modulating a
      third sub-carrier of angular frequency 2.omega..sub.s,
PA1  an SCA signal modulating a fourth sub-carrier of angular frequency
      .omega..sub.sca located in the spectrum space of the missing sideband of
      said third sub-carrier,
PA1  and a pilot signal having an angular frequency .omega..sub.s /2 and a phase
      which is such that the phase of the second harmonic thereof is effectively
      displaced, relative to the phase of said first sub-carrier by 45.degree.,
      said receiver comprising:
PA1  means for demodulating said composite signal from said RF carrier;
PA1  decoding means receiving said composite signal and responsive to said pilot
      signal for developing predetermined frequency-domain demodulation
      components related to the modulation components of said composite stereo
      signal, comprising: means for developing from said pilot signal first and
      second reference carriers each having an angular frequency .omega..sub.s ;
      first and second sub-carrier demodulating means receiving said first and
      second reference carriers for deriving first and second demodulation
      components in quadrature from said first and second sub-carriers; means
      for developing from said pilot signal a third reference carrier of angular
      frequency 2.omega..sub.s ; and a third sub-carrier demodulating means
      receiving said third reference carrier for deriving from said modulated
      third sub-carrier a demodulation component; and
PA1  means for combining said demodulation components and said four-element sum
      component of said composite stereo signal to produce four discrete output
      audio signals related to said four input audio signals.
NUM  14.
PAR  14. A receiver of the type defined by claim 13 wherein said decoding means
      includes band-stop filter means for filtering out said SCA signal, and
      means for adjusting the relative phase of said first, second and third
      reference carriers supplied respectively to said first, second and third
      sub-carriers so as to compensate for phase distortions which may be
      introduced in the received composite stereo signal by said band-stop
      filter means.
NUM  15.
PAR  15. A method of four-channel stereo communication, comprising:
PA1  developing four input audio signals individually representative of first,
      second, third and fourth audio sources located, respectively, at the
      left-front, right-front, left-rear and right-rear of a listening point and
      characterizing an acoustic image;
PA1  combining said four input audio signals so as to develop a composite
      four-channel stereo signal including in the frequency domain at least the
      following components;
PA1  a four-element sum component representing the sum of said four input audio
      signals,
PA1  a first two-element difference component representing a difference between
      the elements of a diagonally related first pair of said input audio
      signals modulating a first sub-carrier of angular frequency .omega..sub.s,
PA1  a second two-element difference component representing a difference between
      the elements of a diagonally related second pair of said input audio
      signals modulating a second sub-carrier of angular frequency .omega..sub.s
      but displaced in phase, relative to the phase of said first sub-carrier,
      by 90.degree.,
PA1  a four-element diagonal difference component representing a difference
      between the sum of said first pair of audio signal elements and the sum of
      said second pair of audio signal elements modulating a third sub-carrier
      of angular frequency 2.omega..sub.s,
PA1  and a Hilbert transform of said four-element difference component
      modulating a fourth sub-carrier of angular frequency 2.omega..sub.s in
      quadrature with said third sub-carrier which in combination with said
      modulated third sub-carrier effectively cancels the lower sideband of said
      third and fourth sub-carriers;
PA1  generating a pilot signal of frequency .omega..sub.s /2 the second harmonic
      of which is caused to have a phase which is effectively displaced in
      phase, relative to the phase of said first sub-carrier, by 45.degree.;
PA1  frequency modulating an RF carrier with said composite stereo signal and
      said pilot signal;
PA1  transmitting said RF carrier;
PA1  receiving and demodulating said RF carrier to derive said composite stereo
      signal and said pilot signal;
PA1  utilizing said pilot signal for decoding said composite signal to
      effectively remove from said first and second sub-carriers, respectively,
      first and second demodulation components disposed in quadrature and
      related to said first and second two-element difference components and to
      effectively remove from said third and fourth sub-carriers, respectively,
      third and fourth demodulation components also disposed in quadrature, said
      third demodulation component comprising said four-element diagonal
      difference component and said fourth demodulation component comprising a
      Hilbert transform of said four-element difference component;
PA1  matrixing said first, second and third demodulation components derived by
      said decoding process and said sum component of said composite signal to
      produce four modified demodulation components adapted for subsequent
      signal separation matrixing with said fourth demodulation component;
PA1  producing a first predetermined phase-vs-frequency characteristic of said
      four modified demodulation components over a predetermined band of audio
      frequencies;
PA1  producing a second predetermined phase-vs-frequency characteristic of said
      fourth demodulation component over said predetermined band to introduce a
      substantially 90.degree. phase shift of said fourth demodulation component
      relative to said four modified demodulation components over said
      predetermined band; and
PA1  combining said phase shifted four modified demodulation components and said
      phase shifted fourth demodulation component so as to produce four discrete
      output audio signals corresponding to said four input audio signals.
NUM  16.
PAR  16. Apparatus for accepting four input audio signals individually
      representative of first, second, third and fourth audio sources located,
      respectively, at the left-front, right-front, left-rear and right-rear of
      a listening point and characterizing an acoustic image and for developing
      from said audio signals a composite four-channel stereo signal which is
      compatible with monaural and two-channel stereo receivers, comprising:
PA1  encoding means for combining said four input audio signals to develop a
      stereo signal effectively including in the frequency domain at least the
      following components;
PA1  a four-element sum component representing the sum of said four input audio
      signals,
PA1  a first two-element difference component representing a difference between
      the elements of a diagonally related first pair of said input audio
      signals modulating a first sub-carrier of angular frequency .omega..sub.s,
PA1  a second two-element difference component representing a difference between
      the elements of a diagonally related second pair of said input audio
      signals modulating a second sub-carrier of frequency .omega..sub.s but
      displaced in phase, relative to the phase of said first sub-carrier, by
      90.degree.,
PA1  and a four-element diagonal difference component representing a difference
      between the sum of said first pair of audio signal elements and the sum of
      said second pair of audio signal elements single sideband modulating a
      third sub-carrier of angular frequency 2.omega..sub.s ; and
PA1  means for developing a pilot signal having an angular frequency
      .omega..sub.s /2 and a phase which is such that the phase of the second
      harmonic thereof is effectively displaced in phase relative to the phase
      of said first sub-carrier, by 45.degree..
NUM  17.
PAR  17. Apparatus for accepting four input audio signals representative of
      first, second, third and fourth audio sources located at the left-front,
      right-front, left-rear and right-rear of a listening point and
      characterizing an acoustic image and for developing from said signals a
      composite four-channel stereo signal which is compatible with monaural and
      two-channel stereo receivers, comprising:
PA1  encoding means for combining said four input audio signals to develop a
      stereo signal effectively including in the frequency domain at least the
      following components;
PA1  a four-element sum component representing the sum of said four input audio
      signals,
PA1  a first two-element difference component representing a difference between
      the elements of a diagonally related first pair of said input audio
      signals modulating a first sub-carrier of angular frequency .omega..sub.s,
PA1  a second two-element difference component representing a difference between
      the elements of a diagonally related second pair of input audio signals
      modulating a second sub-carrier of angular frequency .omega..sub.s but
      displaced in phase, relative to the phase of said first sub-carrier, by
      90.degree.,
PA1  and a four-element diagonal difference component representing a difference
      between the sum of said first pair of audio signal elements and the sum of
      said second pair of audio signal elements modulating a third sub-carrier
      of angular frequency 2.omega..sub.s ;
PA1  first phasing means for effecting a first predetermined predetermined
      characteristic of said stereo signal components over a predezermined band
      of frequencies;
PA1  means responsive to said four input audio signals for developing an
      auxiliary four-element diagonal difference signal corresponding to said
      four-element diagonal difference signal component of said stereo signal;
PA1  second phasing means receiving said auxiliary diagonal difference signal
      for impressing thereon a second predetermined phase-vs-frequency
      characteristic effective to introduce a substantially 90.degree. phase
      shift of said auxiliary diagonal difference signal, relative to said
      four-element diagonal difference component, over said predetermined
      frequency band;
PA1  means for impressing said auxiliary difference signal upon an auxiliary
      sub-carrier of angular frequency 2.omega..sub.s which is phase-displaced
      in a predetermined direction by 90.degree. from said third sub-carrier
      modulated by said four-element diagonal difference component of said
      stereo signal;
PA1  means for combining said auxiliary sub-carrier modulated by said auxiliary
      four-element difference signal with said stereo signal to produce a
      modified stereo signal in which a selected one of the sidebands of said
      third sub-carrier is cancelled;
PA1  means for developing a pilot signal having an angular frequency
      .omega..sub.s /2 the second harmonic of which is effectively displaced, in
      phase, relative to the phase of said first sub-carrier, by 45.degree.; and
PA1  means for combining said modified stereo signal and said pilot signal to
      produce a composite four channel stereo signal.
NUM  18.
PAR  18. A method for processing four input audio signals representative of
      first, second, third and fourth audio sources located at the left-front,
      right-front, left-rear and right-rear of a listening point and
      characterizing an acoustic image to develop a composite four-channel
      stereo signal which is compatible with monaural and two-channel stereo
      receivers, said method comprising:
PA1  impressing on said four input audio signals, over a predetermined band of
      audio frequencies, a predetermined first phase-vs-frequency
      characteristic;
PA1  combining said four input audio signals to develop a stereo signal
      effectively including in the frequency domain at least the following
      components;
PA1  a four-element sum component representing the sum of said four input audio
      signals,
PA1  a first two-element difference component representing a difference between
      the elements of a diagonally related first pair of said input audio
      signals modulating a first sub-carrier of angular frequency .omega..sub.s,
PA1  a second two-element difference component representing a difference between
      the elements of the diagonally related second pair of input audio signals
      modulating a second sub-carrier of angular frequency .omega..sub.s but
      displaced in phase, relative to the phase of said first sub-carrier, by
      90.degree.,
PA1  and a four-element diagonal difference component representing a difference
      between the sum of said first pair of audio signal elements and the sum of
      said second pair of audio signal elements modulating a third sub-carrier
      of angular frequency 2.omega..sub.s ;
PA1  developing from said four input audio signals an auxiliary four-element
      diagonal difference signal corresponding to said four-element diagonal
      difference signal component of said stereo signal;
PA1  impressing upon said auxiliary difference signal a predetermined second
      phase-vs-frequency characteristic effective to introduce over said
      predetermined band of frequencies a substantially 90.degree. phase shift
      of said auxiliary difference signal relative to said four-element
      difference component;
PA1  impressing said auxiliary difference signal upon an auxiliary carrier of
      angular frequency 2.omega..sub.s which is phase displaced by 90.degree.
      from said third sub-carrier carrying said four-element difference
      component of said stereo signal;
PA1  combining said auxiliary carrier modulated by said auxiliary difference
      signal with said stereo signal to produce a modified stereo in which a
      selected one of the sidebands of said third sub-carrier is removed;
PA1  developing a pilot signal having an angular frequency .omega..sub.s /2 and
      a phase which is such that the phase of the second harmonic thereof is
      effectively displaced, relative to the phase of said first sub-carrier
      component by 45.degree.; and
PA1  combining said modified stereo signal and said pilot signal to form a
      composite four channel stereo signal.
NUM  19.
PAR  19. A four-channel stereo receiver for developing four discrete audio
      signals from a transmitted composite stereo signal frequency-modulating an
      RF carrier which effectively includes in the frequency domain at least the
      following components:
PA1  a four-element sum component representing the sum of four input audio
      signals which signals are representative of first, second, third and
      fourth audio sources located at the left-front, right-front, left-rear and
      right-rear of a listening point,
PA1  a first two-element difference component representing a difference between
      the elements of a diagonally related first pair of said input audio
      signals modulating a first sub-carrier of angular frequency .omega..sub.s,
PA1  a second two-element difference component representing a difference between
      the elements of a diagonally related second pair of said input audio
      signals modulating a second sub-carrier of angular frequency .omega..sub.s
      but displaced in phase, relative to the phase of said first sub-carrier,
      by 90.degree.,
PA1  a four-element diagonal difference signal representing a difference between
      the sum of said first pair of audio signal elements and the sum of said
      second pair of audio signal elements modulating a third subcarrier of
      angular frequency 2.omega..sub.s ;
PA1  and a pilot signal having an angular frequency .omega..sub.s /2 and a phase
      which is such that the phase of the second harmonic thereof is effectively
      displaced, relative to the phase of said first subcarrier, by 45.degree.,
      said receiver comprising:
PA1  means for demodulating said composite signal from said RF carrier;
PA1  decoding means responsive to said composite signal and to said pilot signal
      for developing predetermined demodulation components corresponding to the
      modulation components of said composite stereo signal,
PA1  said decoding means comprising:
PA1  a first product detector for deriving said first two-element difference
      component from said first sub-carrier,
PA1  a second product detector for deriving said second two-element difference
      component from said second sub-carrier,
PA1  a third product detector for deriving a negative of said first two-element
      difference component from a sub-carrier of like frequency but 180.degree.
      phase shifted with respect to said first sub-carrier,
PA1  a fourth product detector for deriving a negative of said second
      two-element difference component from a sub-carrier of like frequency but
      180.degree. phase shifted with respect to said second subcarrier;
PA1  first gating means responsive to said composite signal and to said third
      subcarrier for deriving a first two-element sum component;
PA1  second gating means responsive to said composite signal and to a
      sub-carrier 180.degree. phase shifted from said third sub-carrier for
      deriving a second two-element sum component; and
PA1  matrix means for combining the four of said two-element difference
      components and the two of said two-element sum components to produce four
      discrete output audio signals.
NUM  20.
PAR  20. A receiver as set forth in claim 19 in which each of said first and
      second gating means includes means for translating said four-element sum
      component from the input of each said gating means to its output in
      unmodified form and for demodulating said third subcarrier to provide said
      first and second two-element sum components.
NUM  21.
PAR  21. A receiver as set forth in claim 19 in which said first and third
      product detectors comprise a first double-balanced demodulator and in
      which said second and fourth product detectors comprise a second
      double-balanced demodulator.
NUM  22.
PAR  22. A receiver as set forth in claim 21 in which each of said product
      detectors comprises a pair of gates with one input terminal of each gate
      being driven by said composite signal.
NUM  23.
PAR  23. A receiver as set forth in claim 22 in which each of said gates
      comprises a transistor and said one input terminal of each said gate
      comprises an emitter electrode.
NUM  24.
PAR  24. A receiver as set forth in claim 19 in which said first and third
      product detectors collectively comprise a pair of switches driven by a
      differential amplifier; and
PA1  said second and fourth product detectors collectively comprise a pair of
      switches driven by a second differential amplifier.
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ABST
PAL  Means and method of reducing the distortion or channel separation due to
      interference voltages between the reproduction channels in multi-channel
      reproduction of acoustic sounds in systems having at least two different
      channels are described. The steps are deriving a control voltage from the
      low and high interference voltages which occurs in a channel which is
      proportional to the magnitude of the interference voltages, and using the
      control voltages as an adjustment to control the distortion or channel
      separation. The control voltages may be derived from a single channel. The
      control voltages may be combined to yield a single control signal. Both
      equal-phase distortion and phase-opposition distortion may be suppressed.
BSUM
PAR  The present invention relates to means and methods of reducing distortion,
      channel separation or crosstalk loss between the reproduction channels in
      multichannel reproduction of acoustic programs by reducing the
      interference voltages, i.e. static.
PAR  Some means are known to reduce distortion. The control parameter in one
      instance is the amplitude of the receiver input voltage. When a
      predetermined amplitude minimum of the receiver input voltage level is not
      reached the output of the distortion is automatically reduced to a fixed
      value. However, this does not take into account the actual level of the
      respectively present interference voltages, since it can occur even when
      no interference voltage is present.
PAR  It is also known, in stereo receivers which receive separate main and
      auxiliary signals, to constantly vary the distortion output in dependence
      on the received field intensity. The distortion is reduced only as much as
      is required for a noiseless reception of a stereo broadcast. A control
      regulating voltage which depends on the field intensity is obtained which
      accordingly weakens the stereo auxiliary signal which produces the stereo
      directional effect. This continuous weakening of the stereo auxiliary
      signal is undesirable.
PAR  These known methods for an automatic and also a continuous variation of the
      distortion have the disadvantage that they can be employed only for stereo
      reproduction devices which are equipped with a high frequency portion.
PAR  For recovering the full stereo effect which has also been worsened by the
      reduction of the distortion, it is also known to feed a portion of the
      useful modulation of the one channel into the other channel, and vice
      versa.
PAR  In the present invention, in order to improve the stereo directional effect
      to equalize what has been lost through the reduction of the distortion
      between the reproduction channels, a feature of the invention provides
      that purely phase-opposed control voltages proportional to the magnitude
      of the obtained control voltage, are continuously applied to said
      channels.
PAR  Accordingly, a principal object of this invention is to provide means and
      methods which make it possible to obtain control voltages for constantly
      varying the distortion, in stereo apparatuses.
PAR  Another object of the invention is to provide new and improved means and
      methods which make it possible to obtain control voltages for constantly
      varying the distortion, in stereo apparatuses without a high frequency
      part such as, recording tapes and record players.
PAR  Another object of the invention is to provide a new and improved method of
      reducing distortion between the reproduction channels in multi-channel
      reproduction of acoustic sounds in systems having at least two different
      channels by reducing the interference voltages, comprising the steps of
      deriving control voltages from and proportional to the interference
      voltages which occur in a low frequency channel, and applying the control
      voltages to these channels to control the distortion.
PAR  In the present invention, these objectives are solved by deriving from the
      interference voltage which occurs in the low frequency channels a control
      voltage which is proportional to the magnitude of the interference voltage
      and using this control voltage as an opposing variation of the distortion
      thereby reducing the channel separation by adding crosstalk. The invention
      does not aim to reduce the crosstalk i.e. increase the channel separation.
      On the contrary, the channel separation is reduced in order to bring
      together the interference voltages which are present in both channels in
      phase opposition and to thereby suppress the interference voltages in
      proportion to the thereby occurring reciprocal quenching.
DRWD
PAR  The means and modes of operation of the invention will now be described
      with reference to the drawings, of which:
PAR  FIG. 1 is a block circuit diagram of an embodiment of the invention; and
PAR  FIG. 2 is a schematic circuit diagram of the embodiment of the invention of
      FIG. 1.
DETD
PAR  In the circuit diagram of FIG. 1, the demodulated and decoded stereo
      signals in the stereo channels L and R, are supplied, via amplification
      stages, 1, 2, 3 and 4, respectively and 5, 6, 7 and 8, respectively, to
      the loud speakers 9 or 10. Assembly 11, denotes the aforementioned control
      circuit from which is fed a portion of the demodulated and decoded stereo
      signal of one channel R and which is utilized for controlling, between the
      stereo channels L and R, an equal-phase or in-phase distortion at the
      input of an amplification stage, and a phase-opposed distortion at the
      input of one of the following amplification stages.
PAR  The control circuit 11 comprises an amplitude limiting device 12 with an
      amplitude limit, which lies approximately at the highest expected
      amplitude of the interference voltage. Limiting device 12 is coupled to a
      low pass circuit 13 and to a high pass circuit 14, which function for
      filtering the frequency ranges wherein the interference voltages,
      predominantly occur. The outputs of low pass circuit 13 and high pass
      circuit 14 are decoupled from each other through the two resistors 34 and
      35. Adjacent to the amplitude limiting device 12, is provided a control
      device 15 whose output is connected, firstly, to the control member 16 for
      varying the equal-phase or in-phase distortion and is connected secondly,
      with control member 18, for varying the phase-opposed distortion.
PAR  FIG. 2 shows a schematic circuit diagram of this control circuit 11 in FIG.
      1. The same components in both Figures are identified by the same
      reference numerals.
PAR  The low frequency voltage derived from the one stereo channel R is supplied
      to the low pass circuit 13, which comprises the members R 19, C 20 and to
      the high pass circuit 14, which comprises the members R 21 and C 22.
      Resistors 34 and 35 denote the decoupling resistors. The frequencies
      admitted by low pass 13 and high pass 14, are amplified by the transistor
      23 and are, subsequently, supplied to the amplitude limiting device 12,
      which comprises the two anti-parallel or back-to-back diodes 24 and 25.
      Since the limiting voltage of these diodes 24 and 25 is unchangeably
      fixed, and thus, not adjustable, the adjustment is effected by adjusting
      the voltage supplied to these diodes 24 and 25, by means of the
      potentiometer 26, which is connected in series with the base of transistor
      23.
PAR  From the amplitude limiting device 12, the voltage is supplied to the
      control device 15, consisting of a transistor 27, a diode 28, another
      transistor 29 and the lamp 30 connected thereto. The transistor 27
      amplifies the voltage which is, subsequently, rectified through the diode
      28, so that a negative voltage is applied to the base of the transistor
      29. Depending on the magnitude of the voltage, which corresponds to the
      magnitude of the interference signal, the transistor 29 is controlled more
      or less strongly conductive, and thereby, the lamp 30 also is controlled
      correspondingly brighter or darker.
PAR  The brightness of the lamp 30 affects, firstly, the photo resistance 31,
      which is the control member 16, in FIG. 1 and affects also, the photo
      resistors 32 and 33 which are the control means 18, in FIG. 1. With an
      increase in brightness of the lamp 30, meaning with an increase in the
      interference level, the photoresistors 31, 32 and 33 become less
      resistive, which decreases the distortion between the reproduction
      channels L and R.
PAR  The photo resistor 31 is used to control the equal-phase distortion between
      the channels L and R, while photo-resistor 32 is used to control the
      phase-opposition distortion of channel R into channel L and photo resistor
      33 is used for controlling the phase-opposition distortion of channel L
      into channel R. Photo-resistors 32 and 33 therefore perform a dual
      phase-opposed distortion suppression.
PAR  In order to prevent those signals whose amplitude is higher than the
      highest to be expected from producing a negative voltage at the base of
      the transistor 29, whereby the distortion muffling is unnecessarily
      reduced in this instant, a parallel channel is provided with the two
      anti-parallel diodes 36 and 37, the control resistor 38 and the diode 39.
      The connection a - a is shown broken so as not to interfere with the
      intervening resistor. These two anti-parallel diodes 36 and 37 are so
      rated that only such voltages are admitted whose amplitude is higher than
      the highest feasible interference voltage amplitude and that from these
      admitted voltages, a positive DC voltage is derived, which voltage
      compensates the supplied negative DC voltage.
CLMS
STM  I hereby claim:
NUM  1.
PAR  1. Method of suppressing interference voltages in multi-channel
      reproduction of acoustic sounds in systems having at least two different
      channels by reducing the channel separation, comprising the steps of,
      deriving control voltages from and proportional to low and high frequency
      interference voltages, respectively, which occur in one of said channels,
      and utilizing said control voltages to control the channel separation in
      both a phase-opposite sense and in an equal phase sense to thereby
      suppress the interference.
NUM  2.
PAR  2. A method of suppressing interference voltages in multi-channel
      reproduction of acoustic sounds in systems having at least two different
      channels by reducing the channel separation, comprising the steps of,
      separately deriving control voltages from and proportional to the low and
      high frequency interference voltages from a single one of said channels,
      combining the separately derived control voltages to produce a control
      signal, and utilizing said control signal to control the channel
      separation in a dual phase-opposite sense to thereby suppress the
      interference.
NUM  3.
PAR  3. Method according to claim 2, including the step of deriving the control
      voltages that are proportional to the magnitude of the interference
      voltages, and simultaneously and continuously providing purely
      phase-opposed crosstalk between said channels by said control signal.
NUM  4.
PAR  4. A device for suppressing low and high frequency interference voltages in
      multi-channel reproduction systems of acoustic sounds having at least two
      different channels by reducing channel separation, comprising a low pass
      filter and a high pass filter for deriving control voltages respectively
      proportional to the low and high frequency interference voltages from a
      single one of said channels, means for combining the separately derived
      control voltages to produce a control signal, and control means responsive
      to said control signal for controlling the channel separation in said
      channels in a dual phase-opposite sense.
NUM  5.
PAR  5. A device for suppressing low and high frequency interference voltages in
      multi-channel reproduction systems of acoustic sounds having at least two
      different channels by reducing channel separation, comprising means for
      deriving control voltages, respectively, proportional to the low and high
      frequency interference voltages from the interference voltages which occur
      in one of said channels, and control means connected to the voltage
      deriving means to control the channel separation in said channels in both
      a phase-opposite sense and in an equal-phase sense.
NUM  6.
PAR  6. The device as in claim 5, wherein said channels each have at least first
      and second amplifiers, said control voltages being derived from one of
      said channels, and comprising low pass filter means and high pass filter
      means connected to receive said interference voltages from said one of
      said channels, limiter means connected to the output of said low pass and
      high pass filter means, control means connected to the output of said
      limiter means, first, second and third photo-resistor means optically
      connected to the output of said control means, the first photo-resistor
      means being connected to the inputs of the first amplifiers, the second
      photo-resistor means being connected to the output of said second
      amplifier in said one of said channels and to the output of the first
      amplifier in the other channel, the third photo-resistor being connected
      to the output of the first amplifier in said one of said channels and to
      the output of the second amplifier in said other channel.
NUM  7.
PAR  7. The device as in claim 5, wherein said means for deriving control
      voltages comprises a low pass filter and a high pass filter connected to
      receive said interference voltages from the same channel, and means for
      interconnecting the outputs of said filters and feeding said control
      means.
NUM  8.
PAR  8. The device as in 7, further comprising means for adjusting the amplitude
      of the feed to said control means.
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ABST
PAL  Amplitude modulation (AM) stereophonic transmission receivers for reception
      of a radiant energy carrier wave with two stereo related signals, each
      appearing as a first order single-sideband, the carrier wave preferably
      being also modulated with an infrasonic frequency (e.g. 15 Hz) signal
      indicating stereo signal presence (with such infrasonic frequency
      modulation being either amplitude modulated or phase modulated). The upper
      sideband and the lower sideband portions of the received signal are
      separately detected and through voltage comparison means are applied to
      the development of automatic switching control of the detector outputs to
      deliver as receiver outputs either stereophonically related audio signals
      in the presence of different upper and lower sideband detector outputs or
      to deliver monophonically related (i.e. combined) detector outputs in the
      instance of reception of a monophonically modulated carrier wave. Such
      voltage comparison means, operating on the respective upper and lower
      sideband detector outputs, is advantageously activated (i.e. gated) by the
      presence in at least one detector output of the infrasonic modulation
      signifying the presence of stereo related modulation of the carrier wave,
      the output from such voltage comparison means also providing, in addition
      to the automatic switching of the detector outputs to stereophonically
      related audio receiver output mode as above indicated, a visual output
      (suitably in the form of a stereo presence/tuning light) directly and
      visually indicating to the receiver operator the presence of a stereo
      signal, and also providing the operator with a means to tune the RF
      portion of the receiver accurately to the carrier frequency, the proper RF
      tuning being indicated by maximal intensity of the visual output. Modified
      forms of receiver circuitry are presented wherein, in a first instance,
      the IF passband is defined by a double sideband filter and the
      intelligence is separated into upper sideband and lower sideband portions
      by separate upper sideband and lower sideband filters, and, in the second
      instance, the IF passband is defined simply by upper sideband and lower
      sideband filters with a portion of the filter outputs summated and the
      envelope thereof separately detected to provide a monophonic audio output
      and an AGC signal.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my U.S. application Ser. No.
      251,947 entitled AM Stereophonic Transmission and Reception System, and
      Methods and Components Utilized Therein, filed May 10, 1972, and now
      abandoned. My related application entitled Compatible AM Stereophonic
      Transmission System Ser. No. 487,155, was filed July 10, 1974, also as a
      continuation-in-part of said application 251,947, and in general relates
      to an improved AM stereo transmission system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to AM stereo receivers designed for reception of a
      carrier wave having stereo related intelligence appearing in the
      respective upper sideband and lower sideband of the transmitted signal
      such as disclosed in my prior U.S. Pat. No. 3,218,393, and in my aforesaid
      copending application Ser. No. 487,155 entitled Compatible AM Stereophonic
      Transmission System. An infrasonic frequency (e.g. 15 Hz) modulation of
      the carrier wave is preferably incorporated in the transmitted signal for
      indication in the receiver of the presence of a stereo modulated signal.
      Aspects of the invention also relate to specialized receiver circuitry
      with both stereophonic mode and monophonic mode capabilities and automatic
      switching therebetween.
PAR  2. Description of the Prior Art
PAR  Compatible stereophonic AM transmission and reception, involving stereo
      related upper and lower sidebands, with the difference stereo signal
      (channel A minus channel B) phase modulating the carrier wave and with the
      summation stereo signal (channel A plus channel B) envelope modulating the
      carrier wave, are disclosed in my U.S. Pat. No. 3,218,393, together with
      certain forms of receivers for stereophonic reception of a carrier wave so
      modulated. A further discussion of this compatible AM stereophonic
      modulation technique appears in my paper entitled "A Stereophonic System
      For Amplitude Modulated Broadcast Stations", which appears in IEEE
      Transactions on Broadcasting, Vol. BC-17, No. 2, June 1971, at pages
      50-55. To the extent here relevant, the disclosures of this prior patent
      and this paper are incorporated herein by reference.
PAR  Also known are stereophonic transmission and reception systems as disclosed
      in Shoaf U.S. Pat. No. 3,009,151, involving a two-channel FM - AM stereo
      system wherein stereo related signals are respectively frequency modulated
      and amplitude modulated on FM band and AM band carrier waves; Colodny U.S.
      Pat. No. 3,031,529, disclosing a single channel AM stereo system employing
      synchronous detectors in the receiver portion of the system; Avins U.S.
      Pat. No. 3,068,475, disclosing a stereo transmission and reception system
      wherein one stereo related signal is amplitude modulated on a carrier wave
      and the other stereo related signal is frequency modulated on the same
      carrier wave; Barton U.S. Pat. No. 3,102,167, disclosing a two-channel,
      phaseshifted, double sideband stereo transmission; Fink U.S. Pat. No.
      3,206,550, disclosing visual display of a stereo presence signal; Holt et
      al. U.S. Pat. No. 3,167,614, disclosing use of an infrasonic tone to
      indicate stereo signal presence in an AM/PM type transmission system; and
      Collins U.S. Pat. No. 3,231,672, disclosing an AM stereo system involving
      linearly added carrier waves at the same frequency but in different phase,
      with each of the carrier waves amplitude modulated with stereo related
      signals.
PAR  Also known is a system for transmission of stereophonic signals over
      telephone lines, as in Almering et al U.S. Pat. No. 3,803,490, granted
      June 3, 1974, wherein two different carrier frequencies are employed with
      a relatively wide bandwidth requirement (e.g. 65 kHz to 103 kHz with 8.06
      kHz break), and with no attempt to make the system compatible from the
      point of view of detection of signals by envelope detection means.
PAR  Also notable as being of general interest, in the field of CSSB and
      stereophonic signal transmission are the following:
PA1  E.s. purington, U.S. Pat. No. 2,020,327 Nov. 12, 1935.
PA1  O. g. villard, Jr., "Composite amplitude and phase Modulation",
      Electronics, Vol. 21, November 1948, pp. 86-89.
PA1  L. r. kahn, "Comparison of Linear Single-Sideband Transmitters With
      Envelope Elimination and Restoration Single-Sideband Transmitters", Proc.
      IRE, Vol. 44, December 1956, pp. 1706-1712.
PA1  J. avins, et al., "Compatible Stereophonic System for the A.M. Broadcast
      Band", RCA Review, September 1960, pp. 299-359.
PA1  H. e. sweeney and C. W. Baugh, Jr., U.S. Pat. No. 3,069,679, Dec. 18, 1962.
PA1  Philco Corporation, "Petition to the FCC For The Institution of Rule Making
      Proceedings Looking Toward the Adoption of Compatible AM Stereo
      Transmission Standards", filed Dec. 4, 1958.
PA1  J. m. hollywood and M. Kronenberg, "A Stereophonic Transmission System for
      AM Broadcasting", Journal of the Audio Engineering Society, Vol. 9, No. 2,
      April 1961.
PA1  D. gabor, "Theory of Communication", Proc. Inst. Elec. Eng., Vol. 93, 1946,
      pp. 429-457.
PA1  E. bedrosian, "The Analytic Signal Representation of Modulated Waveforms",
      Proc. IRE, Vol. 50, October 1962, pp. 2071-2076.
PA1  W. l. rubin and J. V. Difranco, "Analytic Representations of Wide-band
      Ratio Frequency Signals", J. Franklin Inst., Vol. 275, March 1963, pp.
      197-204.
PA1  H. b. voelcker, "Toward a Unified Theory of Modulation--Part I:
      Phase-envelope Relationships", Proc. IEEE, Vol. 54, March 1966, pp.
      340-353.
PA1  R. e. bogner, "Frequency Sampling Filters -- Hilbert Transformers and
      Resonators", Bell Syst. Tech. J., Vol. 48, March 1969, pp. 501-510.
PA1  E. c. titchmarsh, Introduction to the Theory of Fourier Integrals. New
      York: Oxford, 1937.
PA1  M. schwartz, W. R. Bennett, and S. Stein, Communication Systems and
      Techniques. New York: McGraw-Hill, 1966.
PA1  A. papoulis, The Fourier Integral and Its Applications. New York,
      McGraw-Hill, 1962.
PA1  H. e. rowe, Signals and Noise in Communication Systems. Princeton, New
      Jersey: Van Nostrand, 1965.
PA1  L. r. kahn, "Compatible Single-Sideband", Proc. IRE Vol. 49, October 1961,
      pp. 1503-1527.
PAC  SUMMARY OF THE INVENTION
PAR  One advantage and feature of the AM stereophonic transmission and reception
      system and method of the present invention is the use of an infrasonic
      frequency modulation to indicate in the receiver stereo signal presence,
      which signal and indication are utilizable to provide automatic shifting
      of the reception mode to and from stereophonic and monophonic and/or to
      provide a carrier tuning indicator. An additional feature of the present
      invention is the use in an AM stereo receiver of a single, fixed tuned
      intermediate frequency (IF) channel, with attendant efficiency and
      accuracy.
PAR  Other features and advantages of the invention will be apparent from the
      following description and discussion of certain typical embodiments of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic showing, partly in block form and partly in
      schematic form, of a receiver designed to receive an AM stereo signal such
      as developed in the transmitter exciter shown in my copending application
      Ser. No. 487,155, for example, wherein the receiver incorporates means for
      separately developing the upper and lower sidebands of the received signal
      at IF frequency and for detection of an infrasonic frequency stereo
      presence signal and develops a visual indication of stereo signal presence
      and also develops an automatic switching control signal to automatically
      provide stereophonic or monophonic audio output depending upon the nature
      of the received signal; and
PAR  FIG. 2 illustrates in block diagram form a portion of a modified form of
      receiver wherein the passband of the IF portion of the receiver is defined
      by an upper sideband filter and a lower sideband filter with a double
      sideband detector being fed from a summation of the signal outputs from
      such filters rather than the IF passband being defined by a single
      bandpass filter in the IF signal channel itself.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a typical AM stereo receiver according to the present
      invention. The front end portion of the receiver, in a manner conventional
      per se, comprises a superheterodyne system in its RF and IF stages, i.e.
      antenna 60, variable RF amplifier 62, variable high frequency oscillator
      64, mixer 66, and combined fixed frequency (e.g. 455 KHz) IF amplifier
      stages and IF bandpass filter, as collectively designated at 68.
PAR  According to the present invention the output 70 from the IF
      amplifier/filter 68 is applied to fixed frequency upper sideband and lower
      sideband filters 72, 74 and also to a conventional double-sideband
      detector 76, which typically is in the form of a diode detector. The
      output 78 from the double sideband detector stage 76 is utilized for AGC
      purposes in the conventional AGC line generally designated at 80, and also
      is applied as the monophonic signal inputs 80 to electronic switches 82,
      84. In the case of monophonic signal reception, as discussed more fully
      hereinafter, the electronic switches 82, 84 apply the monophonic signal
      inputs 80 to the audio amplifiers 86, 88 and to respective speakers 90, 92
      to provide normal monophonic reception.
PAR  In the case of reception of a stereo signal by the receiver, the respective
      upper and lower sideband filters 72, 74 which can take the form of ceramic
      filters, crystal filters, or conventional LC or transformer coupled
      circuits, function to separate the upper sideband portion and the lower
      sideband portion of the signal appearing in the IF passband. Filters 72,
      74 characteristically have a fairly sharp curve for the lower edge of the
      upper sideband filter 72 and the upper edge of the lower sideband filter
      74. These relatively sharp cutoff characteristics, besides providing good
      stereo suppression, can be utilized to slope detect the infrasonic
      frequency modulation component produced at the transmitter when a stereo
      signal is being transmitted. In FIG. 1 the lower sideband filter is used
      to slope detect the infrasonic angular modulation component. The resulting
      infrasonic wave is fed to the 15 Hertz bandpass filter 104 which in turn
      feeds an NPN type voltage comparison gate circuit, generally indicated at
      102. The voltage comparison gate circuit 109 also is fed dc voltages
      produced (by the carrier) in the envelope detectors 94, 96. As will be
      apparent, the 15 Hz bandpass filter 104 could receive its input from
      either one of the sideband detectors 94, 96, or from the double sideband
      detector 76, the function of the filter 104 being to isolate and pass the
      15 Hz stereo presence tone.
PAR  When the receiver is properly tuned and a stereo presence tone is present,
      the DC voltages from the two detectors 94, 96 are approximately equal and
      the comparison gate is properly biased to pass the tone through coupling
      condenser 106 and AC amplifier 108 to the stereo presence indicating lamp
      SL, energizing the lamp. When the receiver is not properly tuned, one of
      the detectors 94, 96 produces more DC voltage than the other with the
      result that the sections of the comparison gate 102 are unequally biased
      and the infrasonic frequency tone is blocked or partially so. In view of
      the direct relationship between the voltage of the output 110 and the
      tuning of the receiver (manifested by the relative strengths of signals in
      the upper sideband and lower sideband as they appear at detector outputs
      98, 100) the stereo presence lamp SL can be utilized as a tuning sensor or
      indicator as well as to indicate stereo presence.
PAR  In addition to the comparison gate 102 output being applied through AC
      amplifier 108 to the stereo lamp SL, a further output thereof as indicated
      at 112 is applied to rectifier diode 114 and to a low pass filter circuit
      comprising diode load resistor 115 and filter capacitor 116 to provide the
      DC control signal inputs 118 to the electronic switches 82, 84. As will be
      readily understood, the presence of a DC control signal at inputs 118
      changes the control condition of the electronic switches 82, 84 to break
      contact of the switch outputs to amplifiers 86, 88 with the monophonic
      inputs 80 and establish contact of the switch outputs with the stereo
      inputs 98, 100 in a manner known per se so that when the control signal
      inputs 118 are present the respective amplifiers 86, 88 receive inputs
      from the upper sideband and lower sideband detectors 94, 96.
PAR  RC filter circuits 105 and 107 in the voltage comparison gate 102 are
      provided with large enough time constants to effectively attenuate the
      infrasonic frequency stereo presence tone and any other low frequency
      audio components present, in a manner known per se. The filter circuits
      105, 107 thus limit the path of the 15 Hz stereo presence tone to only
      filter 104 and the opposed transistors 109, 111 of gate 102. If either of
      transistors 109, 111 is biased off the infrasonic tone is blocked and does
      not reach amplifier 108. As will be readily understood, the amplitude of
      the gate 102 output to amplifier 108 is determined by the DC components of
      the applied voltages (detector outputs 98, 100), with maximum output
      occurring when such DC components are equal, and with there being no
      output if the receiver is not properly tuned and one or both of the
      sections of the gate 102 is consequently non-conductive.
PAR  FIG. 2 illustrates in partial block form a modified form of receiver
      according to the present invention. In this instance, and utilizing like
      numerals to designate like circuit components, the If amplifier 68', which
      in this modification need not have or include a bandpass filter stage,
      applies its output 70 to upper and lower sideband filters 72, 74, which in
      turn feed respective detectors 94, 96 and also provide inputs 120, 122 to
      a summation circuit 124, the output from which passes through an IF
      amplifier 126 to double sideband detector 76 which, in like manner as
      shown in FIG. 1, provides an output to the AGC line 80 and a further
      output 78 to the monophonic inputs 80 of the electronic switches 82, 84.
      The significant difference in this modified form of receiver circuitry, as
      compared with the form in FIG. 1 (and with respect to which is otherwise
      the same), is that the AM selectivity is derived solely from the upper and
      lower sideband filters 72, 74, without separate selectivity being provided
      in the IF channel or otherwise for the double sideband portion of the
      system. Elimination of one filter from the circuit can be advantageous in
      adaptation of the receiver circuitry to integrated circuits. In employment
      of this modified form of selectivity, the upper and lower sideband filters
      72, 74 are preferably constructed to provide phase and amplitude
      relationships at carrier frequency so that the carrier level is not
      attenuated relative to levels of the sidebands. For flat response the
      carrier crossover point should be about 6 db down and the two filters
      should be in phase at the crossover point. In some instances it is
      desirable to provide some carrier boost, i.e. design the filters to be 3
      db down at the crossover point for example, which renders the receiver
      performance slightly better from the point of view of minimizing the
      effect of selective carrier fading. In such case monophonic listeners
      could enjoy a slightly improved fading characteristic and possibly slight
      bass boost. The bass boost, if considered undesirable, can be removed in
      the receiver, as by suitable audio coupling circuits between the
      double-sideband detector and the electronic switching circuits.
PAR  As will be understood by those skilled in the art, the voltage difference
      between the DC components of the detectors 94, 96 can also be utilized for
      automatic frequency control (AFC) purposes, if desired, in a manner known
      per se.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of indicating stereo signal presence in a stereo receiver and
      utilizing such stereo signal indication to control receiver audio output
      mode, comprising:
PA1  a. modulating an infrasonic frequency tone on a carrier wave modulated by
      stereo related audio signals,
PA1  b. transmitting the carrier wave thus modulated,
PA1  c. separately detecting the stereo related audio signals in the receiver,
PA1  d. comparing the DC components of the detected stereo signals,
PA1  e. demodulating out such infrasonic frequency tone in the stereo receiver,
PA1  f. controlling the audio output channels of the stereo receiver responsive
      to the presence of such tone to apply stereo related audio signal inputs
      thereto when the tone is present, and
PA1  g. passing the isolated infrasonic frequency tone to visual indicator means
      when the DC components of the compared stereo signals are substantially
      equal, such visual indicator means thereby providing an indication of
      stereo presence.
NUM  2.
PAR  2. The method of claim 1, wherein said infrasonic frequency tone is at a
      frequency of about 15 Hz.
NUM  3.
PAR  3. The method of claim 1, wherein the carrier wave is phase or frequency
      modulated with the infrasonic frequency tone at a modulation level
      corresponding to a modulation index of less than about one.
NUM  4.
PAR  4. The method of claim 1, wherein the carrier wave is amplitude modulated
      with the infrasonic frequency tone at a modulation level of less than
      about 10 percent.
NUM  5.
PAR  5. A system for receiving a compatible single sideband radio frequency
      carrier wave with stereo related intelligence appearing as upper and lower
      sidebands of the carrier wave and with an infrasonic tone also modulated
      on the carrier wave to indicate stereo presence and to control receiver
      audio output mode, comprising:
PA1  a. means separately detecting the stereo related audio signals,
PA1  b. means comprising the DC components of the detected stereo signals,
PA1  c. means for demodulating out the infrasonic frequency tone,
PA1  d. means controlling the audio output channels of the stereo receiver
      responsive to the presence of such tone to apply stereo related audio
      signal inputs thereto when the tone is present, and
PA1  e. means passing the isolated infrasonic frequency tone to visual indicator
      means when the DC components of the compared stereo signals are
      substantially equal, such visual indicator means thereby providing an
      indication of stereo presence.
NUM  6.
PAR  6. The system of claim 5, wherein said infrasonic frequency tone is at a
      frequency of about 15 Hz.
NUM  7.
PAR  7. The system of claim 5, wherein the carrier wave is phase or frequency
      modulated with the infrasonic frequency tone at a modulation level
      corresponding to a modulation index of less than about one.
NUM  8.
PAR  8. The system of claim 5, wherein the carrier wave is modulated with the
      infrasonic frequency tone at a modulation level less than about 10
      percent.
NUM  9.
PAR  9. A stereophonic radio receiver for receiving a carrier wave modulated by
      two stereo related audio signals with at least most of the
      stereophonically distinguishable components of one stereophonic signal
      appearing as one first order single sideband of the carrier wave and at
      least most of the stereophonically distinguishable components of the other
      stereophonic signal appearing as the other first order single sideband of
      the carrier wave, and with said carrier wave further modulated at low
      level with an infrasonic frequency tone utilizable in the receiver to
      indicate the presence of stereo related signals, said receiver comprising:
PA1  a. superheterodyne means developing an IF signal and including IF bandpass
      means passing both the USB and LSB of the received signal,
PA1  b. means developing from the output of said IF bandpass means separate USB,
      LSB and DSB outputs at IF frequency,
PA1  c. separate amplitude modulation detector means separately responsive to
      each of the USB, LSB and DSB outputs,
PA1  d. means receiving an input from one of the detector outputs and isolating
      therefrom the said infrasonic frequency tone,
PA1  e. gate means receiving as control inputs portions of the detected USB and
      LSB outputs including the DC components thereof, said gate means being
      operable to pass the controlled input thereto only when said DC components
      are approximately equal,
PA1  f. means applying the isolated infrasonic frequency tone as the controlled
      input to said gate means, and
PA1  g. means applying the output from said gate means to electronic switching
      means connected in one position to apply the respective USB and LSB
      detector outputs to respective stereo audio output channels and in the
      other position to apply the DSB detector output to both said audio output
      channels.
NUM  10.
PAR  10. A stereophonic radio receiver for receiving a carrier wave modulated by
      two stereo related audio signals with at least most of the
      stereophonically distinguishable components of one stereophonic signal
      appearing as one first order single sideband of the carrier wave and at
      least most of the stereophonically distinguishable components of the other
      stereophonic signal appearing as the other first order single sideband of
      the carrier wave, and with said carrier wave further modulated at low
      level with an infrasonic frequency tone utilizable in the receiver to
      indicate the presence of stereo related signals, said receiver comprising:
PA1  a. superheterodyne means developing an IF signal and including IF bandpass
      means passing both the USB and LSB of the received signal,
PA1  b. bandpass filter means developing from the output of said IF bandpass
      means separate USB, LSB and DSB output at IF frequency,
PA1  c. separate amplitude modulation detector means separately responsive to
      each of the USB, LSB and DSB outputs,
PA1  d. gate means receiving as control inputs the DC components of the detected
      USB and LSB outputs and controlled thereby to pass the controlled input
      thereto only when said DC components are approximately equal,
PA1  e. low pass filter means receiving an input from one of the detector
      outputs and isolating therefrom the said infrasonic frequency tone,
PA1  f. means applying the isolated infrasonic frequency tone as the controlled
      input to said gate means,
PA1  g. means applying the output from said gate means to stereo presence visual
      indicator means, and
PA1  h. means applying the output from said gate means to electronic switching
      means connected in one position to apply the respective USB and LSB
      detector outputs to respective stereo audio output channels and in the
      other position to apply the DSB detector output to both said audio output
      channels.
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ABST
PAL  In a telephone switching system wherein a plurality of line circuits are
      terminated in station sets, the line circuits are interconnectable to a
      plurality of trunk circuits through a multistage switching network. A call
      originated by a calling party to a called party, engaged in a conversation
      with a third party, is completed by overriding the conversation between
      the called party and the third party provided the calling party is
      equipped with a class of service which permits call override. Call
      override is initiated by the calling party upon receipt of a busy tone by
      a flashing of his switchhook.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to Private Branch Exchange (PBX) switching systems
      and, in particular, to circuitry for providing call override or butt-in
      capability.
PAR  2. Description of the Prior Art
PAR  In prior art PBX systems the ability of a calling party to override a
      conversation between a called party and a third party required the calling
      party, upon receipt of a busy tone, to hang up and then dial a special
      override code followed by the directory number of the busy called party.
      One of the disadvantages in implementing call override in this manner is
      that the calling party must first hang up upon receipt of the busy tone.
      Another disadvantage is that special circuitry must be provided in the PBX
      to recognize the special code required to initiate a call override
      sequence. A third disadvantage is that the calling party must redial the
      directory number of the busy called party once the PBX system has been
      alerted that a call override request has been made. These disadvantages
      make the provision of call override expensive in both the amount of time
      required to effect an override and in the amount of equipment needed to
      supply this feature.
PAR  Accordingly, it is one object of the present invention to reduce the amount
      of time expended by a calling party in effecting a call override to a busy
      called party.
PAR  Another object is to eliminate the need for the calling party to redial the
      directory number of the busy called party.
PAR  A further object of the present invention is to reduce the amount of PBX
      system equipment required to provide a call override feature.
PAR  Yet another object is to eliminate the need for the calling party to first
      hang up and then dial a special call override code.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of the invention are realized in accordance with an
      illustrative embodiment of a telephone switching system having a plurality
      of line circuits terminated in station sets wherein the line circuits are
      interconnectable to a plurality of trunk circuits through a multistage
      switching network. Any calling station is able to override a connection
      between a busy called station and a third party station provided the
      calling station is supplied with a class of service which permits call
      override. Detection of a class of service indication providing for call
      override causes a call override trunk to be seized upon a marker receiving
      an indication that the called station is busy. Actuation of the call
      override sequence is initiated by a switchhook flash at the calling
      station.
PAR  Accordingly, it is one feature of the present invention that a connection
      is established through the network from a calling station to a call
      override trunk and through the network from the call override trunk to a
      called station in response to the detection of a busy condition of the
      called station and a predetermined class of service of the calling
      station.
PAR  Another feature is that a switchhook flash by the calling station following
      the receipt of busy tone is recognized as an override signal by the
      override trunk and enables the trunk thereby establishing a call override
      connection between the calling station and the busy called station.
PAR  A further feature of the present invention is that a ringing signal is
      supplied to the called station if the called station goes idle before
      switchhook flash by the calling station.
PAR  Yet another feature is that a call override warning signal is supplied to
      the calling station, the called station and the third party station prior
      to cut through of the call override connection.
PAR  Still another feature is that talk battery supervision is provided to both
      the calling and called stations by the override trunk.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and features of the invention will become more
      apparent upon consideration of the following detailed description and
      appended claims in connection with the attached drawings of an
      illustrative embodiment in which:
PAR  FIG. 1 is a generalized schematic representation of a network connection
      for providing call override;
PAR  FIG. 2 is a detached contact schematic illustrating the manner in which an
      override trunk is seized; and
PAR  FIGS. 3 and 4, when FIG. 4 is placed adjacent to the bottom of FIG. 3, is
      an illustrative embodiment of an override trunk circuit.
DETD
PAC  DETAILED DESCRIPTION
PAR  It should be noted that FIGS. 2 through 4 employ a type of notation
      referred to as "detached contact" in which an "X", shown intersecting a
      conductor, represents a normally open contact of a relay and a bar, shown
      intersecting a conductor at right angles, represents a normally closed
      contact of a relay; "normally" referring to the unoperated condition of
      the relay. The principles of this type of notation are described in an
      article entitled "An Improved Detached Contact Type Schematic Circuit
      Drawing" by F. T. Meyer in the September 1955 publication of the AMERICAN
      INSTITUTE OF THE ELECTRICAL ENGINEERS TRANSACTIONS, COMMUNICATIONS AND
      ELECTRONICS, Vol. 74, pages 505-513.
PAR  It should be noted also that in order to simplify the disclosure and thus
      facilitate a more complete understanding of the embodiment, relays, relay
      contacts and other electromechanical devices, shown in FIGS. 2 through 4,
      have been given systematic designations. Thus, the number preceding the
      letter designation of each device corresponds to the figure in which the
      control circuit of the device is shown. For example, the control circuit
      for relay BC is shown in FIG. 2, and therefore, is referred to as 2-BC.
      Each relay contact, whether make, break or transfer, is shown with its
      specific contact number preceded by the designation of the relay to which
      it belongs. As an example, the notation 3-X-8 indicates contact number 8
      of the X relay, the control circuit of which is shown in FIG. 3.
PAC  1.1. General Description
PAR  Before a call override feature takes on any significance there must be a
      connection between a called station 110, as shown in FIG. 1, and a third
      party station 112. This interconnection is effected through an intercom
      trunk 115 and a multistage switching network 113 operating under the
      control of a marker 119 in a manner, for example, similar to that set out
      at column 18 et seq. of H. H. Abbott et al. U.S. Pat. No. 2,949,506 issued
      Aug. 16, 1960. It should be noted that the called station 110, a calling
      station 111 and the third party station 112 are connected to the
      multistage switching network 113 through line circuits 120, 121 and 122,
      respectively.
PAR  When the calling station 111 attempts to place a similar call to called
      station 110, a busy tone is returned to the calling station 111 because of
      the prior connection of the called station 110 to the third party station
      112. If the calling station 111 is provided with a class of service which
      allows call override, the calling station 111, upon detection of the busy
      condition by the marker 119, is connected to an override trunk circuit
      116. Ascertainment of whether the calling station 111 has the requisite
      class of service to allow call override is effected by class of service
      check circuitry which is partially located in an originating register 117
      and partially located in the marker 119. An example of the manner in which
      this class of service check may be made is set out in A. Zarouni U.S. Pat.
      No. 3,141,931 issued July 21, 1964.
PAR  Following connection of the calling station 111 to the override trunk
      circuit 116, a request for implementation of the call override feature is
      made by a flashing of the switchhook of the calling station 111. Upon
      receipt of the switchhook flash signal the override trunk circuit 116 is
      connected to the called station 110. Just prior to completion of a talking
      path between the calling station 111 and the called station 110 a three
      second tone is supplied to all stations which are still part of the
      connection, that is, the called station 110, the calling station 111 and
      the third party station 112. At the end of this three second tone a
      talking path between the calling station 111 and the called station 110 is
      completed, regardless of the action taken at the third party station 112.
      If the called station 110 goes idle after the switchhook flash by the
      calling station 111 but prior to receiving the three second tone, a
      ringing signal is supplied to the called station 110 to alert it that an
      incoming call is being made.
PAC  1.2. Class of Service Check
PAR  Call override capability is provided only to those calling stations 111
      which have been supplied with a class of service which permits call
      override. A check of the call override class of service is effected by
      circuitry of the type shown in FIG. 2. When a calling station 111 goes
      offhook, a switchhook contact (not shown) is closed. This contact closure
      activates a line relay, similar to line relay L30 shown in FIG. 35 of the
      aforementioned Abbott et al. patent, in line circuit 121 and provides a
      service request indication to marker 119, as shown in FIG. 1, for an idle
      register of the type illustrated by originating register 117. All of the
      foregoing actions occur whenever a calling station 111 in a PBX system
      goes off-hook, as set out in the previously mentioned Abbott et al.
      patent, and are included in this description only for purposes of
      illustrating how an idle register 117 is seized for calling station 111.
PAR  With the marker 119 having found an idle register 117, the class of service
      of the calling station 111 is forwarded to the register 117 and, in turn,
      is passed to the marker 119. An illustration of how the class of service
      information is routed to the marker 119 is shown in FIG. 2 in simplified
      form. Routing of the class of service is effected by supplying a ground
      potential to one side of a 2-ORD1 class of service detection relay, the
      other side of which is held at a battery potential of -48 volts. The
      ground potential to operate the 2-ORD1 relay is supplied through a
      normally open contact 2-LI1-1 of a line identification relay, a normally
      closed contact 2-C1-1 of a line cutoff relay, a normally open contact
      2-RC1-1 of a register connect relay, and a normally closed contact
      2-ORD1-1 of the class of service detection relay 2-ORD1. It should be
      noted that the line identification relay, the line cutoff relay, and the
      register connect relay are utilized in any type of PBX connection and are
      included in this description for illustrative purposes only since they
      form no essential part of the present invention.
PAR  Operation of the 2-ORD1 relay is locked by a ground path through a normally
      open contact 2-ORD1-1 and a normally open contact 2-ON2-1 of an off normal
      relay. Actuation of the 2-ORD1 relay causes the class of service
      indication to be passed to the originating register 117. At this point
      dial tone is received and the calling station 111 dials the directory
      number of the called station 110.
PAC  1.3. Busy/Idle Check of Called Station
PAR  When the directory number of the called station 110 has been dialed, a dial
      complete bid is forwarded from the register 117 to the marker 119. The
      dial complete bid recalls the marker 119 in order to perform a busy/idle
      check of the called station 110. Busy verification checks are well
      documented in the prior art of which the E. L. Erwin et al. U.S. Pat. No.
      3,410,960 issued Nov. 12, 1968 is an example. Accordingly, only a
      simplified version is included in the present disclosure for illustration
      purposes.
PAR  Recall of the marker 119 is effected by providing a ground potential
      through a normally open contact 2-RC3A-1 of a register complete relay, a
      normally open contact 2-ORD1-2 of the 2-ORD1 relay, and a normally closed
      contact 2-ORD2-1 of a 2-ORD2 relay. With the marker 119 recalled the
      override class of service indication is forwarded to it by actuation of
      the 2-ORD2 relay. For similar reasons to those noted above with regard to
      the line identification relay, the control circuit for the register
      complete relay need not be shown since it merely controls the gating of
      any and all information from the register 117 to the marker 119 and,
      hence, forms no essential part of the present invention.
PAR  It should be recalled that actuation of the 2-ORD1 relay caused the
      normally open contact 2-ORD1-2 to close with the result that a ground
      potential is applied to one side of the 2-ORD2 relay. With the opposite
      side of the 2-ORD2 relay held at a battery potential of -48 volts, the
      relay operates and is held operated by application of a ground potential
      through a normally open contact 2-ORD2-1 of the 2-ORD2 relay.
PAR  Having recalled the marker 119 the busy/idle check of the called station
      110 connected to line circuit 120 is implemented by checking the status of
      a busy check relay 2-BC and an idle check relay 2-IC. The busy check relay
      2-BC is actuated if the called station 110 is busy since a ground
      potential will be provided to one side of the 2-BC relay, the other side
      of which is held at a battery potential of -48 volts. The ground to
      operate the 2-BC relay is supplied through normally open contacts 2-LI2-1,
      2-C2-1, and 2-ORD2-2, respectively.
PAR  If the called station 110 is busy, both its line identification relay and
      line cutoff relay will have been actuated with the result that the
      normally open contacts 2-LI2-1 and 2-C2-1 will be closed. Closure of these
      contacts coupled with closure of the 2-ORD2-2 contact of the 2-ORD2 relay
      actuates the 2-BC relay. If the called station 110 is idle, its line
      cutoff relay will not be actuated. Consequently, normally closed contact
      2-C2-2 remains closed and a ground potential to operate the idle check
      relay 2-IC is supplied from the called station 110 through a normally open
      contact 2-LI2-2 of its line identification relay, the normally closed
      contact 2-C2-2 of its line cutoff relay, and a normally open contact
      2-ORD2-3 of the 2-ORD2 relay.
PAC  1.4. Override Trunk Circuit Seizure
PAR  Following the busy/idle check the marker 119 will either seize the call
      override trunk 116 if the called station 110 is busy, or, if the called
      station 110 is idle, the intercom trunk 115 will be seized to complete the
      connection. This latter connection is of no further interest in this
      context and will not be pursued farther.
PAR  For the situation wherein the called station 110 is busy, the 2-BC relay is
      actuated causing a normally open contact 2-BC-1 to close. In addition, if
      the called station 110 is busy, the idle check relay 2-IC iss not actuated
      and its normally closed contact 2-IC-1 remains closed. With the states of
      these two relays being as noted, a ground potential is applied to the
      override trunk 116 through a line protection diode D1 to a 2-OF relay
      thereby actuating it and seizing the trunk.
PAC  1.5. Path Completion to Calling Station
PAR  Subsequent action by marker 119 results in an idle path through the
      multistage switching network 113 being selected and a signaling path being
      completed to the calling station 111. Completion of this path subjects the
      calling station 111 to the control of a supervisory relay 4-S, as shown in
      FIG. 4. Actuation of the supervisory relay 4-S is effected by completion
      of a loop through the calling station 111 via a ring lead RO and a tip
      lead TO. The operation of relay 4-S via the tip and ring crosspoint
      connection to the calling station loop provides talking battery to the
      calling station 111.
PAR  In addition to the foregoing, operation of relay 4-S causes an off normal
      relay 3-ON, shown in FIG. 3, to be actuated by application of ground
      through a normally open contact 4-S-2. Operation of relay 3-ON closes a
      normally open contact 3-ON-10 closing a resistive-capacitive slow release
      loop around relay 3-ON. The resistive-capacitive loop is comprised of a
      resistor R6 and a capacitor C8 which had values of 1500 ohms and 200
      microfarads, respectively. A normally closed contact 3-CT-4 is included in
      the slow release loop for disabling it during other operations of relay
      3-ON.
PAC  1.6. Path Completion Through Override Trunk to Called Station
PAR  A path through the override trunk 116 to the called station 110 is
      completed by a sequence of relay actuations to effect the cut through of
      the connection between calling station 111 and called station 110. This
      sequence of actuations is initiated by the operation of relay 3-ON which
      closes a normally open contact 3-ON-11 and allows ground to be applied to
      a 3-ON1 relay, thereby operating it. Operation of the 3-ON relay also
      closes a normally open contact 3-ON-8, as shown in FIG. 4, and grounds
      paths SO and ST.
PAR  Operations of the 3-ON relay also closes a path through a normally open
      contact 3-ON-5 in a lead BA, as shown in FIG. 4, to provide a busy tone
      from a busy tone source 420 to the calling station 111 over the tip and
      ring leads TO and RO, respectively. A capacitor C3 is included in the busy
      tone path for DC isolation purposes. In addition, an operate path for a
      relay 4-CHK is prepared for subsequent closure by closing a normally open
      contact 3-ON-9.
PAR  With the actuation of the relay 3-ON1, as shown in FIG. 3, a flash detect
      relay 3-X is operated with ground being applied to one side of the 3-X
      relay via a normally open contact 4-S-8 and a normally closed contact
      3-X-8 with the battery potential of -48 volts being applied to the other
      side of the 3-X relay through a normally open contact 3-ON1-5. Operation
      of the 3-X relay is held locked through a normally open contact 3-X-8. The
      operation of the 3-ON1 relay also prepares an operate path for a relay
      3-CHKA by closing a normally open contact 3-ON1-1.
PAR  Operation of relay 3-ON1 provides a holding ground for relays 3-CT, 3-DA,
      and 3-AR by closing normally open contacts 3-ON1-7, 3-ON1-4, and 3-ON1-3,
      respectively. Furthermore, a ground start path for a delay timer .tau.2 is
      prepared by closure of a normally open contact 3-ON1-6.
PAR  A tip and ring crosspoint connection to the called station 110, as shown in
      FIG. 4, provides battery to the relay 4-CHK over either a tip lead TT or a
      ring lead RT through line isolation diodes D-CHK1 or D-CHK2, respectively.
      The battery path to the relay 4-CHK is completed through a pair of
      normally closed contacts 3-AR-4 and 4-CHK-5 and normally open contact
      3-ON-9 which had been previously closed. A resistor R3, connected across
      normally closed contact 4-CHK-5, keeps the current flow at a level just
      sufficient to maintain actuation of the relay 4-CHK following its initial
      operation. Minimization of the current flow is necessary if the drain on
      the called station loop is to be kept at a low level. A resistance value
      for resistor R3 of 19.1 kilohms has been found suitable for this purpose.
PAR  In summary, the foregoing relay actuations have prepared a path through the
      override trunk circuit 116 for completion of an override connection
      between the calling station 111 and the busy called station 110.
PAC  1.7. Calling Station Enables Override
PAR  Actual cut through of the calling station 111 to the busy called station
      110 occurs in response to a switchhook flash at the calling station 111.
      When the calling station 111 provides a switchhook flash, the busy tone
      path BA to the calling station 111 is opened and a 440 Hertz tone is
      supplied to both the calling station 111 and called station 110. The 440
      Hertz tone continues for about three seconds, after which the connection
      between the calling station 111 and the busy called station 110 is cut
      through.
PAR  Flashing of the switchhook at the calling station 111 causes the
      supervisory relay 4-S to release which, in turn, removes a shunt ground
      applied to a relay 3-Y through normally open contact 4-S-8 and normally
      closed contact 3-Y-5, as shown in FIG. 3. Removal of the shunt ground from
      relay 3-Y allows it to operate with battery potential being supplied
      through the normally open contact 3-ON1-5 which was previously closed by
      operation of the 3-ON1 relay. If the calling station 111 returns to an
      off-hook condition within approximately 1.2 seconds of depression of the
      switchhook for a flash, the supervisory relay 4-S reoperates via the held
      crosspoint connection to the calling station loop. The 1.2 second time
      interval is controlled by the resistor R6 and the capacitor C8 across the
      control winding of relay 3-ON. Insertion of resistor R6 and capacitor C8
      into the control winding of relay 3-ON is implemented by closure of the
      normally open contact 4-S-2. The reoperation of relay 4-S causes relay 3-X
      to be released while relay 3-Y remains in an operated condition.
PAR  With relay 3-Y operated a ground path is completed to a relay 3-RBT through
      normally open contacts 3-ON1-6, 3-Y-2, and 4-CHK-8 and normally closed
      contacts 3-X-11 and 3-RBT-7. The operation of relay 3-Y also provides a
      ground to the input of delay timer .tau.2 and it maintains a release shunt
      path for relay 3-X by placing a ground potential on both sides of the
      relay 3-X.
PAR  Operation of the relay 3-RBT opens the busy tone path BA to the calling
      station 111, as shown in FIG. 4, by opening a normally closed contact
      3-RBT-1. The ground return path for busy tone comprising a normally open
      contact 3-ON-4, a normally closed contact 3-RBT-2 and a capacitor C4 is
      also opened by the opening of a normally closed contact 3-RBT-2. Capacitor
      C4 provides an AC ground return path and in the preferred embodiment had a
      value of 0.1 microfarads. At the same time, a 440 Hertz tone, generated by
      an oscillator 422 and level controlled by an amplifier 423, is transmitted
      to both the calling station 111 and the called station 110. The 440 Hertz
      tone applied to the calling station 111 is over a path containing a
      capacitor C5, a resistor R11, a normally closed contact 3-CT-2, and a pair
      of normally open contacts 4-CHK-2 and 3-RBT-4. Similarly, the 440 Hertz
      tone applied to the called station 110 is over a path containing a
      capacitor C13, a resistor R10, a normally closed contact 3-CT-3, and a
      pair of normally open contacts 4-CHK-4 and 3-RBT-5. Resistors R10 and R11
      and capacitors C5 and C13 provide tone level control and DC isolation,
      respectively, in the 440 Hertz tone path. In one embodiment the resistors
      R10 and R11 had values of 10 kilohms and the capacitors C5 and C13 had
      values of one microfarad.
PAR  With the input to the delay timer .tau.2 grounded by the closure of
      normally open contact 3-Y-2, as shown in FIG. 3, a ground is supplied to
      one side of the relay 3-CT through a path containing a transient
      protection diode D-CT1 and a normally closed contact 3-CT-11. The other
      side of relay 3-CT is held at battery potential of -48 volts. With the
      operation of the 3-CT relay, the 440 Hertz tone to the calling station 111
      and called station 110 is removed by opening normally closed contacts
      3-CT-2 and 3-CT-3 in the 440 Hertz tone path.
PAR  It should be noted that the operation of the relay 3-CT is delayed by a
      fixed time interval, which is one embodiment is approximately three
      seconds. This threesecond time delay, during which the 440 Hertz tone is
      supplied to both the calling station 111 and called station 110, gives
      both stations an adequate warning that call override is to take place.
      Since the third party connection to the called station 110 is still up,
      the three-second warning is also supplied to the third party station 112
      providing the third party with an indication that his conversation with
      the called party is about to be overridden. The length of the
      aforementioned warning time interval is controlled by the delay timer
      .tau.2 with resistors R5 and R12 and capacitor C10 providing a fine
      adjustment of the selected delay. For the three-second warning embodiment
      R5 had a value of 432 kilohms, R12 had a value of 1.15 megohms and C10 had
      a value of 2 microfarads.
PAR  Following removal of the 440 Hertz tone the calling station 111 and called
      station 110 are connected together via paths containing coupling
      capacitors C11 and C12, a pair of normally open contacts 3-CT-5 and
      3-CT-7, and a pair of normally closed contacts 3-AR-12 and 3-AR-10,
      respectively. At this time a talking path is established between the
      calling station 111 and called station 110 and no further trunk circuit
      action occurs until either station disconnects.
PAR  It should be noted that one other function implemented by the operation of
      the relay 3-CT is that the slow release loop around the relay 3-ON is
      broken, thereby decreasing its release time.
PAC  1.8. Called Station Goes Idle Subsequent to Enablement of Override
PAR  When the calling station 111 initiates a switchhook flash, the call
      override trunk 116 functions as described at the beginning of Section 1.7
      in that the supervisory relay 4-S releases with the relay 3-Y being
      subsequently operated. In the situation where the called station 110 goes
      idle subsequent to override enablement the relays 4-CHK and 3-CHKA are
      released and the relay 3-CT is operated via a path containing normally
      closed contacts 3-X-10 and 4-CHK-7, and normally open contacts 3-ON1-7 and
      3-Y-4. A diode D-CT2 is connected across the winding of the relay 3-CT for
      protection against transient voltages generated by relay contact closures.
      An operate lock path for relay 3-CT is provided through normally open
      contacts 3-ON1-7 and 3-CT-11.
PAR  The operation of the relay 3-CT opens the 440 Hertz tone path to prevent
      tone application prior to ringing the called station 110. With the relay
      3-CT operated, ground is applied to an input of a delay timer .tau.1
      through a normally open contact 3-CT-6 and a normally closed contact
      3-CHKA-3. Delay timer .tau.1 regulates the time interval before
      application of a ringing signal. In one embodiment of the invention this
      time interval was advantageously selected to be approximately three
      seconds. Fine adjustment of this delay interval is controlled by a
      resistor R13 and a capacitor C14 which, for the aforementioned embodiment,
      had values of 1.5 megohms and 2 microfarads, respectively.
PAR  After the three second delay interval, a ground is delivered through a
      transient protection diode D-AR1 and a normally closed contact 3-AR-11 to
      one side of the relay 3-AR the other side of which is held at battery
      potential of -48 volts. An operate lock path for relay 3-AR is provided by
      normally open contacts 3-ON1-3 and 3-AR-11. A diode D-AR2 is connected
      across the winding of the relay 3-AR for protection against transient
      voltages generated by relay contact closures.
PAR  With the relay 3-AR operated a ringing signal supplied by a ringing source
      421 is applied, as shown in FIG. 4, via a lead RI through a winding of a
      relay 4-RT and thence through a normally open contact 3-ON-7, a normally
      closed contact 4-RT-7, and a normally open contact 3-AR-10 to the called
      station 110. Ground return for the ringing signal by way of a lead RG is
      through the crosspoint connection of the called station 110 to the
      override trunk 116 and back through a normally open contact 3-AR-12, a
      normally closed contact 4-RT-5, and a normally open contact 3-ON-6.
      Operation of the relay 3-AR also opens the operate path for relay 4-CHK by
      breaking the normally closed contact 3-AR-4 and provides a ringback tone
      to the calling station 111 via capacitors C6 and C12 and a pair of
      normally open contacts 3-RBT-11 and 3-AR-2. Capacitor C6 provides DC
      isolation and in the described embodiment had a value of 0.04 microfarads.
PAR  When the called party answers, a relay 4-RT operates via the called station
      loop and its operation is locked on a secondary winding through a pair of
      normally open contacts 4-RT-12 and 3-ON-12. In addition, the operation of
      the relay 4-RT opens the ringing path to the called station 110 by opening
      a normally closed contact 4-RT-7 and provides an operate path for a relay
      4-D through the station loop and normally open contacts 4-RT-5, 3-AR-12,
      4-RT-7, and 3-AR-10.
PAR  Actuation of the relay 4-D provides talk battery to the called station 110
      and operates the relay 3-DA through a normally open contact 4-D-10 and a
      normally closed contact 3-DA-9, as shown in FIG. 3. Operation of the relay
      3-DA is held locked through normally open contacts 3-DA-9 and 3-ON1-4. The
      operation of the relay 3-DA completes the tip and ring connection between
      the calling station 111 and the called station 110. The override trunk 116
      remains in this status until the calling station 111 disconnects, at which
      time relay 4-S releases causing the sequential release of relays 3-ON and
      3-ON1. Relays 3-ON and 3-ON1 released open all holding grounds and the
      circuit is restored to an idle condition.
PAC  1.9. Called Station Disconnects After Busy Override and Calling Station
      Remains Connected
PAR  To remove the connection between the called station 110 and the third party
      station 112, following notification of the called station 110 that call
      override is to take place, the called station 110 goes on-hook briefly. By
      going on-hook relay 4-CHK releases and the called station 110 goes idle
      from its prior connection. The release of relay 4-CHK releases relay
      3-CHKA which, in turn, causes an input to delay timer .tau.1 to be
      grounded through normally open contact 3-CT-6 and normally closed contact
      3-CHKA-3. After approximately three seconds the delay timer .tau.1
      produces an output which actuates relay 3-AR. As noted previously, the
      operation of relay 3-AR results in a ringing signal being applied to the
      called station 110 and a ringback signal being delivered to the calling
      station 111. When the called station 110 goes off-hook relays 4-RT, 4-D,
      and 3-DA operate and the connection between the calling station 111 and
      the called station 110 is established.
PAR  The three second delay, as described above, gives the called station 110 a
      reasonable disconnect interval to remove the third party connection
      without requiring a ringback signal to be supplied to the called station
      110. Any time after the three second interval a ringback signal must be
      provided to the called station 110 and such a signal is provided by the
      override trunk circuit 116.
PAR  If the calling station 111 goes on-hook during the three second interval,
      relay 4-S releases initiating a disconnect by releasing relay 3-ON which,
      in turn, releases relay 3-ON1. Relays 3-ON and 3-ON1 released open all
      holding grounds and the circuit is restored to an idle condition.
PAR  A further advantage of the three second delay is that it allows a
      previously camped-on connection to the called station 110 to be cut
      through to the called station 110 when it goes idle. When this occurs
      relays 4-CHK and 3-CHKA reoperate and the override trunk 116 remains in an
      override status. Subsequent disconnection of the called station 110 from
      the camped-on station results in the override trunk 116 supplying a
      ringback signal to the called station 110 in the manner heretofore
      described.
PAC  1.10. Summary
PAR  In summary, circuitry for permitting a calling station 111 equipped with a
      class of service which allows calls to a busy called station 110 to be
      overridden has been described. Implementation of call override is
      instituted by a switchhook flash at the calling station 111 in response to
      a busy tone from the called station 110. The call override circuitry
      provides notification to all parties connected to the called station 110
      that call override is to be initiated. Should a private connection between
      the called station 110 and the calling station 111 be desired, the called
      party can momentarily go on-hook, thereby releasing his connection to the
      third party station 112. Following this the called party automatically
      receives a ringback signal if he remains on-hook longer than a
      predetermined time interval and the calling station 111 continues to
      remain on the line.
PAR  In all cases it is to be understood that the above described embodiment is
      illustrative of but a small number of many possible specific embodiments
      which can represent applications of the principles of the invention. Thus,
      numerous and varied other embodiments can readily be devised in accordance
      with these principles by those skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a telephone switching system having a plurality of line circuits
      terminated in station sets, said line circuits being interconnectable to a
      plurality of trunk circuits through a multistage switching network, the
      invention comprising call override circuitry for completing a connection
      between a calling station and a called station said called station being
      busy as a result of a connection to a third station, said call override
      circuitry comprising
PA1  means for determining a class of service provided to said calling station,
PA1  means for detecting a busy condition of said called station,
PA1  means for providing a through connection path from said calling station to
      said busy called station, said through path connection means including
PA2  a call override trunk circuit,
PA2  means for seizing said call override trunk circuit provided said calling
      station has a class of service permitting call override, and
PA2  means for enabling said call override trunk circuit in response to a
      switchhook flash from said calling station.
NUM  2.
PAR  2. The telephone switching system in accordance with claim 1 wherein the
      call override trunk circuit includes
PA1  means for alerting said busy called station for a predetermined time
      interval that call override is to be effected, and
PA1  means for controlling the duration of said predetermined time interval.
NUM  3.
PAR  3. The telephone switching system in accordance with claim 2 wherein the
      call override trunk circuit further includes
PA1  means for monitoring the status of said called busy station,
PA1  means for detecting a return to an idle state by said called busy station
      prior to alerting said called station for said predetermined time
      interval,
PA1  means for providing said called station with a ringing signal upon
      detection of said idle state, and
PA1  means for completing a through connection to said called station upon
      response of said called station to said ringing signal.
NUM  4.
PAR  4. The telephone switching system in accordance with claim 2 wherein the
      call override trunk circuit includes
PA1  means for determining a return to an idle condition by said called station
      following the alerting of said called station that call override is to be
      effected, and
PA1  means for applying a ringing signal to said called station after a
      predetermined time interval provided said through path connection to said
      called station is maintained by said calling station.
NUM  5.
PAR  5. The telephone switching system in accordance with claim 1 wherein the
      call override trunk circuit includes
PA1  means for alerting said third station for a predetermined time interval
      that the connection between said third station and said called station is
      to be overridden, and
PA1  means for controlling the duration of said predetermined time interval.
NUM  6.
PAR  6. The telephone switching system in accordance with claim 1 wherein the
      call override trunk circuit includes
PA1  means for delaying for a predetermined time interval completion of said
      through path connection between said calling station and said called
      station, said interval of time delay allowing any prior camped-on
      connection to said called station to be completed first, and
PA1  means for controlling the duration of said predetermined time interval.
NUM  7.
PAR  7. The telephone switching system in accordance with claim 1 wherein the
      call override trunk circuit includes
PA1  means for determining that said calling station has made a request for a
      call override to a busy called station, and
PA1  means for denying call override access to said calling station when said
      called station is busy as a result of a previous camped-on connection.
NUM  8.
PAR  8. Circuitry for controlling the establishment of call override connections
      between an entitled calling station and a busy called station, said called
      station being busy as a result of a connection to a third party station,
      said circuitry comprising
PA1  means, responsive to a call from said entitled station to said called
      station, for detecting a busy condition of said called station,
PA1  means, subsequently activated by said detecting means and responsive to a
      switchhook flash from said entitled station, for effecting the
      establishment of call override connections between said entitled station
      and said busy station, and
PA1  means, enabled by said called station, for excluding said third party
      station from said call override connections.
NUM  9.
PAR  9. Call override circuitry comprising
PA1  means for seizing said circuitry in response to a call from an entitled
      calling station to a busy called station, said called station being busy
      as a result of a connection to a third party station,
PA1  means, responsive to a receipt of a switchhook flash from said calling
      station, for establishing call override connections between said calling
      station and said called station, and
PA1  means, enabled by said called station, for excluding said third party
      station from said call override connections.
NUM  10.
PAR  10. The call override circuitry in accordance with claim 9 further
      comprising
PA1  means, activated by said establishing means, for supplying a call override
      signal over said established connections to said calling and called
      stations for a predetermined time interval.
NUM  11.
PAR  11. The call override circuitry in accordance with claim 10 further
      comprising
PA1  means, activated upon termination of said call override signal, for
      providing a talking path between said calling and called stations.
NUM  12.
PAR  12. Call override circuitry comprising
PA1  means for seizing said circuitry in response to a call from an entitled
      calling station to a busy called station,
PA1  means, responsive to a receipt of a switchhook flash from said calling
      station, for establishing call override connections between said calling
      station and said called station, said call override connections extending
      connections to another station connected on a prior call to said called
      station,
PA1  means, activated by said establishing means, for supplying a call override
      signal over said call override connections to said calling and called
      stations for a predetermined time interval,
PA1  means, responsive to a call disconnect signal from said called station
      which controls a release of call connections to said other station, for
      holding said seizure of said call override circuitry and said call
      override connections to said calling and called stations for a
      predetermined time interval following said call disconnect signal.
NUM  13.
PAR  13. The call override circuitry in accordance with claim 12 further
      comprising
PA1  means for supplying said call override signal over said extended
      established connections to said other station for said predetermined time
      interval.
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ABST
PAL  Telephone automatic switching unit for semi-public use, serving private
      subscribers and permitting communication by at least a portion of the
      subscribers via the public communication network by either direct
      connection of the network, or by means of operators, the subscribers being
      associated with either one or several different enterprises. The automatic
      switching unit includes a connecting network, a central control member or
      a processing unit, registers, senders, and incoming and outgoing circuits
      for providing communication between subscribers as well as connection with
      the public network.
BSUM
PAR  The present invention relates to a semi-public automatic telephone
      switching system, such as a private branch exchange, placed at the
      disposal of one or several users in one and the same unit area
      constituting one and the same property or co-property, the number of users
      being generally unknown at the time of the construction of the
      installation and especially susceptible to change considerably after the
      beginning of operation.
PAR  Examples of such installations are known. They are furnished, for example,
      by high-rise buildings or other large building units, the premises thereof
      being placed at the disposal of one or several large industrial
      organizations, either public or private. In such cases, the number of
      telephones or stations per floor or per company is susceptible to vary
      within very wide limits according to the degree of occupancy of the
      buildings and according to the need of the users. Therefore, it is not
      possible to install at the very outset of building construction or
      occupancy several distinct automatic switching units because neither the
      number of users nor their relative importance are known at that time. It
      is also necessary to take into account the future fluctuations of the
      installation, for example, that several companies may be replaced by a
      single one, or vice-versa, or that certain companies may sublet a part of
      their premises.
PAR  As is known, only one automatic switching unit is constructed per building,
      or per unit or group of attached buildings, which on the one hand can
      serve for communication between any two subscribers of a same company, or
      different companies, and which, on the other hand, can be connected to the
      public communication network both for outgoing and incoming calls.
PAR  In the case of an outgoing network communication, the caller can obtain his
      correspondent either by direct connection through the network, or by means
      of an operator depending upon the category into which he falls. Therefore,
      it is advisable that each company have its own operators who know the
      internal organization thereof.
PAR  In the case of an incoming network communication for which the user being
      called does not pay charges, it is logical, continuing this line of
      reasoning, to envisage the direct generalized selection of the subscriber
      being called without operator interposition. This procedure thus allows
      for a reduction of the number of operators, and consequently of the
      administrative expenses charged to each company.
PAR  U.S. Pat. No. 3,534,173 describes an automatic switching system of the
      cross bar type, with centralized control, having conjugated integral
      selection, which is usable practically without upper capacity limit. In
      this system, one of the objects of the invention has been to reduce the
      number of members necessary to assure a specific traffic between
      subscribers, whether directly connected to the exchange or not. One of the
      characteristics of the system resided in the formation of a control image
      network which, supplied or energized at the two ends thereof between
      caller and party upon the command of a centralized member, furnished all
      the paths available for connecting these ends, and in fact that appendant
      members, identifying means, readers, and notifying means allowed for
      determining the available path in the different stages. Another
      characteristic of such system consisted in that between the group of
      calling subscribers and the group of subscribers being called, there was
      installed only one double selecting stage, one side of the stage being
      connected to the caller, and the other side of the stage being connected
      to the party being called, and the two sides of the stage being known when
      the selecting means is engaged, and each vertical access to a group of
      subscribers being used for the search of the caller as well as that of the
      party being called.
PAR  The general aim of the present invention consists in a reduction of the
      costs of investment for each user and in the reduction of the
      administrative expenses charged to each company, while still maintaining a
      certain personalization thereof. The system according to the present
      invention has the following characteristics:
PA1  an automatic switching unit common to several uses;
PA1  a generalized direct selection at the incoming line of the subscriber being
      called;
PA1  outgoing network lines common to the unit or entire group of users;
PA1  a centralized telephone charging system;
PA1  the assignment of operators per company; and
PA1  the mutual interdiction between companies of access to the specialized
      connections.
PAR  Furthermore, the generalized direction of the system is obtained or
      realized from a central memory with integrated circuits of great capacity
      in a manner such as to treat or handle the entirety of the discriminating
      problems of the telephone stations. The subscriber lines are equipped with
      two wires plus one control wire for call back and transfer operations to
      be initiated from a button situated on the telephone or station. The
      circuits designed for interlinking with the central exchange can be
      handled at the central exchange, either as subscriber lines, or an
      junction lines. They are accessible to the local subscribers and to the
      operators.
PAR  The operators may initiate a call by using a prefix or code with 1 or 2
      numbers or digits unique for the group or entirety of users, but which
      allows in each company the obtaining the operator and/or operators
      assigned to this company. The direct connection of an outgoing network
      line or a specialized linkage is obtained from either a prefix or code of
      1 or 2 numbers or digits, or by numbering or dialing with several numbers
      or digits integrated in the national numbering or dial system. The
      telephones or stations are equipped with either a touch-tone system or a
      dial system and are divided into several categories according to their
      possibilities of reaching either a portion of or the entirety of the
      public network. Moreover, they may have a large number of possibilities of
      special uses such as the abbreviated dialing, the search of malicious
      calls, the search for persons, filtering, call forwarding, repertoire
      dialling, and the reverting call.
PAR  The automatic switching unit according to the present invention may be the
      sole one in the installation connected to the public network; it then
      serves locally from 400 to 30,000 subscriber lines and comprises the
      necessary junctions with the central exchange. The automatic switching
      unit according to the present invention may also be part of a private
      network where several automatic switching stages are interconnected. The
      number of local subscribers may vary from 400 to 30,000 and the number of
      switching circuits of the incorporated nodal center may attain 800 so as
      to assure the interconnection.
PAR  The equipment of the automatic switching unit may be classified into three
      categories;
PA1  the equipment constituting the connecting network;
PA1  the equipment serving or supplying this connecting network; and
PA1  the equipment of the ends such as end cables, cable terminals, and cable
      distribution heads or the like.
PAR  The connecting network may comprise two or three selecting stages, a
      subscriber stage, a connection stage, and a third stage consisting of
      groupings of secondary selectors. The third stage whose purpose it is to
      enlarge the selecting field exists only if the number of the exterior
      junctions justifies it. The equipment serving the connecting network is
      categorized for reasons of economy of material into two categories -
      members assuring the slow operations and members assuring the rapid
      operations. Into the first category are placed all the apparatus whose
      functioning or operation depends upon noncontrollable causes, for example,
      registers or recorders, senders and like apparatus. Into the second
      category are placed the apparatus whose information or data to be received
      which can be immediately communicated, for example, a processing unit,
      translator modulator, or like apparatus. The end equipment consists of the
      peripheral members upon which there are connected or joined the circuits,
      which are essentially the incoming junction means and the outgoing
      junction means of the network lines and, in certain cases, junction means
      of specialized lines toward private installations.
PAR  In a semi-public or private branch exchange such as that according to the
      present invention, the subscriber stations or a part of the subscriber
      stations having available call back and transfer controlled from the
      station may be successively in touch with the network junction means and
      with a subscriber station taken as a call back or for transfer. There is
      the need for a second linkage between the junction means and the last
      selecting stage in order to assure the transfer function or operation.
      This second linkage constitutes one characteristic of the automatic
      switching unit according to the present invention.
PAR  The present invention may further include perferably at least one of the
      following characteristics:
PA1  the incoming junctions means are connected to a register or recorder by
      means of a line selector;
PA1  the outgoing junction means are equally connected to a number receiver or
      to a sender by means of a line selector;
PA1  the register and/or sender being chosen may be attached to a specialized
      auxiliary member by means of an auxiliary line selector;
PA1  the outgoing network lines may be associated with a charge evaluating
      means, or be equipped with a system for transforming charge information or
      data received from the connected central exchange;
PA1  in the case where several exchanges are integrated in one private
      telecommunication network, a nodal center or exchange is incorporated with
      the automatic switching unit, which assures the interconnection of the
      private centers or exchanges;
PA1  the nodal center or exchange consists of outgoing, incoming, or mixed
      junction means feeding the private junction means, one or several stages
      of secondary selection, and an assembling stage;
PA1  the connecting network may assure the feed of two-wire and four-wire
      circuits by joining together between themselves the two-wire circuits or
      the four-wire circuits, or by joining the two-wire circuits to four-wire
      circuits;
PA1  the ordering means is common to the totality of the exchange and handles
      all types of communications; and
PA1  the incoming or outgoing junction means being adapted to the codes of the
      private network may include a terminating circuit-balancing network for
      the passage of two wires into four wires, and attenuation cells for the
      adaptation of the outgoing, transit, or incoming communications to the
      regulation of the circuits of the private network.
DRWD
PAR  These and further features, objects and advantages of the present invention
      will be more fully understood with the aid of the following detailed
      description, given by way of example, and taken in connection with the
      accompanying drawings, wherein
PA1  Fig. 1 is a block diagram of a system installation in accordance with the
      present invention without an incorporated nodal center;
PA1  Fig. 2 is a block diagram of a system installation in accordance with the
      present invention with a nodal center incorporated therein, and
PA1  Fig. 3 is a schematic block diagram of an automatic switching unit or
      auto-commutator according to the present invention.
DETD
PAR  It is assumed, by way of example, in FIG. 1 that a certain number of
      different companies S1, S2, S3 . . . Sn make use of the same automatic
      switching unit Au. The automatic switching unit serves for connecting with
      each other by means of numbering or dialing with 4 or 5 numbers or digits
      any two subscribers of one and the same company by means of linkages n1,
      n2, n3 . . . nn. The linkages between subscribers of different companies
      attached or connected to the same automatic switching unit Au may also be
      obtained by dialing 4 or 5 numbers or digits without connection through
      the public connecting exchange CR. The subscribers of each of the
      companies, or only a part of the subscribers, may have access, through the
      automatic switching unit Au, to the public network by means of the central
      exchange CR, but they may have access thereto in two different ways
      according to the category of stations to which they are assigned, namely,
      either by means of the direct tapping of the public network (linkages n1,
      n2, . . .  nn), or by means of operators (linkages m1 for company S1,
      linkages m2 for company S2, linkages mn for company Sn). The call of an
      operator is made for the subscribers of each company by dialing a
      conventional number of 1 or 2 digits. This call is thus made by means of
      the automatic switching unit Au. Assigned to each company is a certain
      number of operators, for example operators 01 and 02 to company S1;
      operator 03 to company S2; operators 04 to 07 to company S3 . . . The
      operators are connected to the input of the automatic switching unit Au by
      linkages q1, q2, q3 . . . q9 analogously to the subscribers equipped for
      the direct tapping or connection of the network. the unit Au is thus
      unique for feeding the subscribers of several distinct companies, and for
      giving them access to the public network by the same bundle of network
      lines LR. The communications of the network at the incoming side are made
      without the intervention of operators, directly on the station being
      called, by the use of the unit Au, the bundle of network lines LR at the
      incoming side being much less than the total number of subscribers of the
      different companies.
PAR  FIG. 2 envisages by way of example another type of installation of a
      private network composed of several installations I1, I2, pertaining to
      company S1; I3 pertaining to company S2, which may be interconnected with
      corresponding or sister companies only by means of an automatic switching
      unit ACNI at the incorporated nodal center. Each of the installations I1,
      I2, I3 . . . represents an arrangement of the type disclosed in FIG. 1,
      but furthermore comprises a certain number of linkages LS1, LS2, LS3
      connected with the unit ACNI. The linkages may be entirely private if they
      are in the same enclosure as ACNI, or they may consist of circuits leased
      to the public administration if they are outside of that enclosure.
PAR  The unit ACNI may then play a triple role vis-a-vis the installations I1,
      I2 and I3:
PA1  either as an outgoing center vis-a-vis a subscriber of company S1 or
      company S2 toward the installations I1, I2 for S1 and I3 for S2;
PA1  or as incoming center vis-a-vis a subscriber of an installation I1 or I2 or
      I3 wishing to communicate with a subscriber of company S1 for I1 or I2, or
      with a subscriber of company S2 for I3;
PA1  or as transit center vis-a-vis a subscriber of I1 for example wishing
PA1  to communicate with a subscriber of I2. Evidently, as in the case of FIG.
      1, a subscriber of S1 or of S2 may have access to the public network by
      means of the connecting center or exchange CR. This access may be realized
      either in direct tapping of the network, or by means of an operator.
PAR  FIG. 3 is a schematic block diagram of the switching unit (Au) according to
      the present invention in the case corresponding to FIG. 1. The connecting
      network properly speaking comprises all the members which assure the
      continuity of the line and its branching of the caller toward the party
      called. It consists of either two selecting stages 1 and 2, or of three
      selecting stages 1, 2 and 3a/3b, according to the capacity of the
      exchange. The subscribers Ab and the operators Op are connected to the
      inputs EE of the first selecting stage 1, also called the subscriber
      stage. The subscriber stage is divided into subscriber groups or local
      groups (GL) and each group of subscribers comprises several selecting or
      selection units. One selecting unit comprises three cross-bar switches,
      one switch ECS1 and two switches ECS2. The subscribers are connected to
      the horizontal lines of the switches ECS2. One crossbar switch comprises
      10 vertical lines with 20 outputs each; the group of subscribers thus
      feeds 400 subscribers. It is apparent that the twenty vertical lines of
      the switches ECS2 (a vertical line is represented with an arrow, while the
      horizontal line does not contain one) are connected the twenty horizontal
      lines ECS1. The lines of the subscribers Ab are each equipped with a line
      implement device EL having a call, cut-off, and error relay. The operators
      Op are considered priority subscribers at heavy traffic or at peak
      business loads or times and are connected to a particular selecting unit.
PAR  The vertical lines of the switch ECS1 are connected to the horizontal lines
      of a switch C1 of the second selecting stage, also called the assembling
      or connecting stage 2. The assembling stage 2 is composed of assembling
      groups GA whose quantity is fixed or determined by the calculation of
      members. Each group itself is composed of two racks or bays C1 and C2 each
      comprising 10 crossbar switches, and of either one or two assembling racks
      or bays AS. According to or depending upon the type of communication to be
      established, the assembling racks or bays are constituted differently; the
      wiring of the racks or bays is arranged in such a manner that it is
      possible to place a rack or bay support any type of assembling means
      whatsoever. The assembling means which allow for the feed of the incoming
      network, outgoing network, and transfer communications require the use of
      a single relay. The energization or supply functions of the caller or of
      the party being called, and the analysis of the line signals are reported
      or transferred into the end or terminal members.
PAR  The third selecting stage 3a-3b or stage ECS consists of groupings of
      secondary selectors. Grouping 3a used in the outgoing direction, and
      grouping 3b is used in the incoming direction. Each grouping of secondary
      selectors is obtained either by one or by two crossbar switches whose 20
      outputs of each vertical line are multiplied point by point. Thus obtained
      are groupings with 10 or 20 inputs and 20 outputs. The selection grouping
      3a is connected over the horizontal lines of the switches C2 while the
      grouping 3b is connected over the horizontal lines of the switches C1. The
      function of the secondary selector stage is that of increasing the field
      of selection of the assembling groups GA. On the output levels of the ECS
      switches there are connected automatic circuits which are incoming or
      outgoing toward the private installations I1, I2, I3, including outgoing
      network lines JD and incoming network lines JA toward the public
      exchanges. The sole restriction is to assign a given grouping of ECS
      switches to a category of lines, or previously mentioned circuits. A
      charge evaluating means TX may be associated with each outgoing junction
      means JD in order to determine the charge for each communication.
PAR  The three selecting stages 1, 2 and 3a/3b which have been described
      hereinabove constitute the connecting network properly speaking. The feed
      of the connecting network is made by means of attendant members which may
      be classified into two categories:
PA1  members having slow operations such as registers and senders,
PA1  members having rapid operations such as the processing unit and the
      translator.
PAR  Registers 6 are placed at the disposal of the calling subscribers by means
      of selectors 7. These registers are reserved essentially for reading in
      the memory thereof or registering the numbers or digits composing the
      number of the subscriber being called. They are connected to the
      subscriber lines through the line selectors 7 and by means of the switches
      ESC1 and ESC2. The registers emit a dial tone before recording the number
      of the party called and are equipped, in the case of wrong manipulating by
      the caller (incorrect dialing of calls, incomplete numbers), to connect
      the subscriber to the error equipment EL which assures the sending of the
      busy signal. These registers are of the decimal type, but may be
      associated, in the case of subscribers with touchtone sets, with an
      auxiliary member allowing for the reception of the touchtone dialling at
      voice frequency. Reference numeral 12 (AE) designates a register-sender.
PAR  The register-senders 12 (AE) are fed or supplied by a double stage of line
      selectors 13 for the purpose of relating the outgoing network lines 4 and
      the incoming network lines 5. They are used for the incoming network
      communications and for the transfer communications. They are of the
      decimal type, but it is possible to adjoin thereto, very easily, by means
      of an auxiliary line selector 14 (CAX), an auxiliary reception member of
      the desired code, for example, 15a (AR) for the reception, of the
      multi-frequency code, or for the reception of the code R2.
PAR  The registers have a memory capacity of 10 figures or digits; this capacity
      may be increased if need be. In the case of outside networks with direct
      dialing, one or two digits may be put in memory in the junction means of
      the incoming network line, these digits then being transferred into the
      annotator. When all of the digits are received in the annotator, the
      latter transfers them into the processing unit OR which establishes the
      communication with the subscriber being called. The register-sender 12
      (AE) are equipped with decimal emitters. They re-emit the number of the
      party being called for the outgoing communications when the signaling with
      the central exchange CR is a recorded signal. They are adapted to the code
      used on the outgoing junction means. They are placed behind a stage or
      line selectors 13 (CA) and put in relationship with the junction means 4
      (JD) of the outgoing network lines. They receive their information or data
      from the processing unit 8 and from the registers 12. They emit or signal
      in decimal code, but it is possible to adjoin thereto auxiliary members
      15b (AXE) emitting or signalling on another code (code R2, multifrequency
      code), or 15c (CL) for the touch-tone emission at vocal frequency by means
      of the line selector 14 (CAX). The emitters release the pick-up or
      connection pulse toward the distant exchange, and after receiving the
      invitation to transmit, send the number having been called to the intake
      or arrival recorder or register of the distance exchange. After reception
      of the end of selection signal emitted by the distant exchange (subscriber
      either free or busy), they connect the outgoing junction means in
      conversation position if the subscriber is free, or they free the outgoing
      circuit and the established chain if the subscriber is busy. The local
      caller is returned onto his error relay which assures the sending of the
      busy signal. The emitters AE are also used in the transit communications
      of an incoming path on an outgoing path, for example in the case of an
      incorporated nodal center or exchange according to FIG. 2.
PAR  The processing unit 8 (OR) assures the rapid operations which are the
      acknowledgement of a number being called; its analysis; establishing of a
      communication of whatever nature (local, outgoing, incoming, transfer of
      the number being called to an emitter, determining the value of the charge
      to be communicated to a charge-evaluating means associated with an
      outgoing network line), analysis of the discriminations of the subscribers
      calling and being called with, as a consequence, either the establishment
      of the communication, or the return to the error relay of the caller, on
      special services, or on a recording apparatus.
PAR  The processing unit OR is connected with an electronic translator or
      converter 9 (TR) whose essential role consists in giving the instructions
      for the routing of the communication according to the number of the party
      being called, transferred from an annotator into the ordering unit means.
      These instructions consist in indicating the group of subscribers which is
      affected, or the outgoing direction, the number of digits, and, if
      necessary, the nature of the digits to be retransmitted over a distance.
      If the lines relative to the path of first choice are totally occupied, or
      busy, the translator or converter indicates the overflow path to be used.
      A single ordering unit means may supply the entire exchange, but a second
      ordering means may operate in parallel, as a security measure.
PAR  The end or terminal equipment for the outgoing junction means 4 (JD) and
      the incoming junction means 5 (JA) are connected by means of a current
      distributor RR1 respectively either onto the levels of 3a (ECS) or 2 (C2),
      or the levels of 3b (ECS) or 2 (C1).
PAR  The incoming network lines 5 divert or branch the traffic from the central
      exchange CR. In the case of network lines from the exchange not equipped
      with recorders or registering devices, the junction means JA are conceived
      for recording one or two digits during the time necessary for the
      connection of a register-sender 12. The recorded digits are thereafter
      retransmitted by a marking path to the chosen annotator. The junction
      means JA are adapted to the signaling utilized in the connecting
      exchanges, and allow for the energization or supply of the station of the
      subscriber being called. The subscriber who is called has the possibility
      of transferring the network communication to another station and the
      junction means JA is connected by the linkages 16 and 17 to the two
      different inputs of the stage 3b (ECS) or stage 2 (C1) if there is no
      stage ECS, in a manner such as to be able to assure the transfer function
      or operation. Due to the command of the subscriber who may wish to
      transfer the communication, the equipment JA puts the outside line on
      hold, and proceeds with calling vis-a-vis a register-sender 12 which
      records or registers the request and will signal the processing unit 8.
      The latter connects the junction means to the new subscriber being called.
      The operation of hanging up of the first subscriber causes freeing of the
      line thereof.
PAR  The outgoing network lines 4 branch or divert the traffic with the
      destination of the central exchange CR. If the code of data with the
      central exchange requires a signalling or recorders or registers, the
      outgoing network line equipment (JD) is associated with a register-sender
      (12) which will exchange signalling with the distant recorders. The
      equipment JD supplies the calling subscriber. The latter has the
      possibility, at any instant of the communication, to transfer the
      communication with the network to another subscriber. The equipment JA is
      thus connected by linkages 18 and 19 to the two different inputs of stage
      3a (ECS) or stage 2 (C2), if there is no stage ECS, in such a manner as to
      be able to assure the double function or operation of call and transfer.
      Due to the command of the subscriber desiring the transfer, the junction
      means JD puts the outside line on hold and proceeds with signalling
      vis-a-vis a register-sender 12 which registers the request and signals the
      processing unit 8. The latter connects the junction means JD to the new
      subscriber. Hanging up by the first subscriber causes freeing of his line.
      The outgoing network line may be associated with a charge-evaluating means
      and the exchange may also be equipped with a centralized electronic charge
      center.
PAR  The automatic switching unit proposed by the present invention may also
      have a two-wire or four-wire incorporated nodal center or exchange in
      order to assure the interconnection between installations in the
      arrangement of FIG. 2. The nodal center or exchange consists of outgoing,
      incoming or mixed junction means. The connecting network may assure the
      supply of two-wire or four-wire circuits by joining two-wire or four-wire
      circuits together between themselves, or two-wire circuits to four-wire
      circuits. The ordering unit means is common to the entirety of the
      exchange and handles all types of communications. The incoming or outgoing
      junction means adapted to the codes of the private network may comprise a
      terminating balancing network for the passage of two wires into four wires
      and attenuation cells for the adaptation of the outgoing communications,
      transit or incoming communications to the regulation of the circuits of
      the private network.
PAR  The memory with integrated circuits which is incorporated in the processing
      unit allows for obtaining a large number of particular discriminations or
      options both in the categories of stations having access to the network
      and in the possibilities of use. It is therefore extremely flexible and
      authorizes practically any particular request.
PAR  By way of example, a nonlimitative list is given hereafter of the
      possibilities which exist, or are given, to the subscribers upon request.
      On one and the same switching unit according to the present invention it
      is possible to connect at the same time stations operating in the dial
      system and those having a touch-tone system in any desired proportion. The
      sound of dialing or the calling rhythm is different depending upon whether
      it is a question of an inside or outside call.
PAR  In the case of a switching unit serving only one company, the number of
      categories of stations for accessibility to the network and to the
      outgoing linkages include the following:
PA1  1. private station,
PA1  2. private station having access in outgoing calls to the interautomatic
      lines,
PA1  3. private station having access in incoming calls to the public network,
PA1  4. controlled station or with indirect connection (outgoing network by
      means of operators),
PA1  5. station with direct connection of the public network (only urban
      network),
PA1  6. station with direct connection of the public network (only regional
      network),
PA1  7. station with direct connection of the public network (general network),
PA1  8. categories in reserve, possibly used for the transmission of data.
PAR  When the switching unit serves several companies, one will discriminate the
      company to which the station belongs so as to limit the total number of
      categories.
PA1  Moreover, the internal options include the following:
PA1  1. dial or touch-tone station,
PA1  2. call forwarding,
PA1  3. conference,
PA1  4. abbreviated numbering or dialing,
PA1  5. group hunting,
PA1  6. malicious calls,
PA1  7. reverting call (re call of caller),
PA1  8. automatic repetition of number,
PA1  9. recording or registering service,
PA1  10. appointment call,
PA1  11. executive right of way,
PA1  12. research or investigation of persons.
PAR  All of the options relative to each station are recorded in the translator
      or converter; they are modifiable without intervention on the wiring with
      the aid of a command desk by a person having the responsibility of the
      telephone service. Likewise, translation tables give the correspondence
      between the equipment number and the telephone directory number of each
      station, these table being changeable by the same process described above.
      Accordingly, the problem of the mutations and changes in the
      discrimination of stations inside the installation is resolved easily and
      rapidly.
PAR  Given hereunder are the definitions relative to the options enumerated
      hereinabove on the services assured by the switching unit according to the
      present invention.
PAR  Call back and transfer: The call back allows for a user to put a
      correspondent momentarily on hold so as to communicate with a third one,
      an for then resuming his conversation with the first correspondent or
      caller. In the case where the user hangs up the set, he puts in touch his
      two correspondents, thus effecting a transfer. Call back and transfer are
      carried out as well in internal communication as in outside communication.
      For stations with the dial system, the call back is controlled at the dial
      by emission of a prefix (the line connected to the station will then be a
      two-wire line). For stations with touch-tone, the call back is controlled
      by the eleventh and twelfth touches or keys of the key assembly with a
      line having two wires.
PAR  Call forwarding: While preserving the use of his station for outgoing
      calls, the user may cause the return or discharge of calls which are
      destined for him toward a station of his choice. For this purpose he
      composes from his station a prefix followed by the number of the station
      upon which he makes his return.
PAR  Conference: It is possible to establish a conference either between three
      stations or between two stations and a network. When the caller hangs up,
      the connections are interrupted under the usual conditions, whereas
      hanging up of one of those called will still leave the other two users
      normally connected. The number of stations having a right to this serive
      is not limited. However, according to the capacity, the switching unit is
      provided for 8 to 32 simultaneous conferences between three parties. A
      more significant number of simultaneous conferences would involve an
      increase of traffic.
PAR  Abbreviated numbering or dialing: The abbreviated numbering or dialing
      allows to a user to obtain a certain number of subscribers internal or
      Postal and Telecommunication Services by composition of a number with two
      digits.
PAR  Group Hunting: A station equipped with such a device may cause itself the
      temporary grouping of its line with that of a station of its choice in
      such a manner that, when it is busy, the calls formulated under its number
      reach the designated station.
PAR  Malicious calls: The user of a station may, after having received a call,
      accede to a device which allows him to identify the origin of the call by
      blocking the chain.
PAR  Reverting (re call of the caller): A station may memorize a called number
      in case the latter is busy and receive a sound signal after freeing
      thereof.
PAR  Automatic number repetition: Certain stations may have at their disposal a
      system of automatic repetition of the number called in case of no previous
      result. In the case of local communications, a station may memorize a
      called number in case the latter is busy and receive a sound signal after
      it is free.
PAR  Recording service: Certain users have the possibility of having their
      communications recorded on magnetic tapes by cuasing to intervene as a
      third party a common recording service and to later cause reading thereof
      from their station.
PAR  Appointment call: After composition of a prefix and of the hour of the
      appointment, the user is automatically informed at the desired hour by the
      recorded disk. If the user does not answer after 20 seconds, the call is
      annulled.
PAR  Executive right of way: Privileged stations ara supplied by the operators
      with priority. The priority call is distinguished from an ordinary call,
      at the level of the operator position, by a luminous signal in addition to
      the numerical posting of the caller number. Privileged stations may enter
      into third party conversation on a communication of the station called.
      The party called, in the course of the communication receives an audible
      signal advising him that a priority holder is asking for him. He puts the
      party to whom he is speaking at the time on hold and is then automatically
      connected to the priority station.
PAR  Research or investigation of persons: This procedure is started from any
      station of the installation whatsoever and from the positions of
      operators. The calls are made by individual receiver. In order to use such
      an implement, or such equipment, the user composes a prefix followed by
      the code number of the person called (his station number, for example).
      When this latter answers, the caller will be informed and proceed with a
      transfer when it is a question of an outside communication.
PAR  It is understood that the present invention is not limited to the
      embodiment described and represented herein which has been given solely by
      way of example. Different modifications may be applied thereto without
      leaving the scope and framework of the present invention. Particularly it
      is possible to replace certain elements with equivalent elements, the
      abovedescribed elements being constructed in a known manner.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a private branch exchange providing a multi-stage connecting network
      between private subscribers and for providing connection of at least a
      portion of the private subscribers with a public communication system
      including a central office by direct connection with the central office or
      connection thereto by means of operators, the private subscribers being
      associated with one or several enterprises located in the same general
      area, the automatic switching unit including processing means for
      determining the connection path to be provided through said connecting
      network means and register-sender means, the improvement comprising
      incoming and outgoing trunk means for connecting a subscriber with said
      central office, the incoming and outgoing trunk means being connected with
      a switching stage of the connecting network via two different paths, one
      of the paths providing a path for utilization by a first subscriber
      requesting communication with said central office, the other path
      providing a path for utilization by a second subscriber on a call back by
      the first subscriber, the incoming and outgoing trunk means further being
      connected with said register-sender means via a first line selector means
      connecting the incoming and outgoing trunk means to a first register means
      for registering the call back number of the second subscriber to assure
      the connection of the station of the first subscriber to the station of
      the second subscriber.
NUM  2.
PAR  2. A telephone switching unit according to claim 1, wherein said
      register-sender means further includes second local register means
      connected via second line selector means to line equipment means of a
      subscriber stage of the connecting network means, the second local
      register means being also connected to said processing means via a marking
      path for emitting a dial tone to the caller, for registering the number of
      the party called, for detecting the occurrence of incorrect dialing and
      for transferring the number of the party called to the processing means
      such that the utilization of the processing means is minimized
      independently of uncontrollable causes due to the calling subscriber.
NUM  3.
PAR  3. A telephone switching unit according to claim 1, wherein said
      register-sender means further includes sender means connected with the
      outgoing trunk means for outpulsing the number of the party called to said
      central office, said first register means being connected to the incoming
      trunk means for receiving from said central office the number of the party
      called.
NUM  4.
PAR  4. A telephone switching unit according to claim 1, wherein the outgoing
      trunk means include a plurality of lines arranged for connection with said
      central office, charge evaluating means associated with each outgoing line
      for recording charge information received from said central office and for
      determining the charge for the communication associated with a respective
      enterprise of the private branch exchange.
NUM  5.
PAR  5. A telephone switching unit according to claim 1 wherein the incoming and
      outgoing trunk means each include terminating circuit-balancing network
      means for balancing the connection of a two-wire and a four-wire system,
      and attenuating means for regulating the level of communication to the
      level of regulataion of the circuits of the private branch exchange.
NUM  6.
PAR  6. In a private branch exchange providing a multi-stage connecting network
      between private subscribers and between at least a portion of the private
      subscribers and a central exchange, the connecting network including at
      least first and second connecting network stages, the private subscribers
      being connected with a first connecting network stage, processing means
      for controlling the connecting network path to be provided for a desired
      communication, register-sender means for signalling of dial tones and for
      registering and signalling a called number, said register-sender means
      including first and second register means and first sender means, the
      improvement comprising incoming and outgoing trunk means for providing a
      connection path between the private subscribers and the subscribers of the
      public communication system, the incoming and outgoing trunk means being
      connected with a second connecting network stage of the connecting network
      via two different linkage paths, one of the linkage paths providing a path
      for utilization by a first private subscriber requesting or receiving
      connection with central office, the other linkage path providing a path
      for utilization by a second subscriber for call back by the first
      subscriber, the incoming and outgoing trunk means further being connected
      with said register-sender means, a first line selector means connecting
      the incoming and outgoing trunk means to the first register means for
      registering the call back number of the second subscriber and to the first
      sender means, the outgoing trunk means being connected with the first
      sender means, the first sender means including decimal sender means for
      signalling and emitting the number of the party called by a private
      subscriber on an outgoing line to the public communication system, the
      first register means being connected via the first line selector means
      with the incoming terminal circuit means for receiving from the central
      office the number of the private subscriber being called and providing an
      output indicative thereof to said proceeding means, the processing means
      determining and ordering a connecting path through the connecting network
      in response thereto.
NUM  7.
PAR  7. A telephone automatic switching unit according to claim 6, wherein the
      connecting network further includes a third connecting network stage, the
      third stage being connected between the first and second stages, the
      second stage connected with incoming and outgoing trunk means including
      one output stage portion and one input stage portion, the third stage
      providing an output to the output stage portion of the second stage and
      receiving an input from the input stage portion of the second stage, the
      processing means being connected with each of the first, second and third
      stages of the connecting network.
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ABST
PAL  A device for indicating the status of one or more individual telephone
      lines with respect to whether the receiver is off hook or ringing without
      the necessity of dialing the line. A light-emitting diode and a neon lamp
      are positioned adjacent a discrete aperture visible to a user. The
      light-emitting diode responds to the presence of 24-volt normal tip line
      current, and is protected by a Zener diode against dial pulse currents
      employing ringing voltage. The neon lamp, in conjunction with a condensor
      carries the ringing current, and is so positioned adjacent the
      light-emitting diode that a glow in the neon tube is made to appear as an
      illumination of the light-emitting diode, whereby both bosy conditions
      appear to be indicated on the same light source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates primarily to the field of telephone equipment, and
      more particularly to an improved line status indicator device showing the
      condition of one or more telephone lines to a potential caller without the
      necessity of actually dialing a desired number. Devices of this type are
      generally known in the art, and are principally for inter-office
      communications where particular extensions are dialed directly without the
      necessity of going through a switchboard. The devices may also be used by
      a switchboard operator, where desired. Prior art devices include a case
      containing a plurality of light-emitting diodes, one for each sensed
      telephone line. Where the phone is in use, the light-emitting diode glows
      continuously indicating that the receiver is off the hook. Where the line
      is either receiving a ring current or transmitting a dial pulse, the
      normal 90-volt ringing current will cause the light-emitting diode to
      blink at a frequency corresponding to the ringing current. In prior art
      devices, the light-emitting diode is protected from direct communication
      with the ringing voltage by so-called opto-isolators which include a light
      generating source, and a photosensitive element passing a current
      corresponding to the intensity of light received. These devices are quite
      expensive, and have added substantially to the total cost of manufacture
      of the prior art devices.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, the invention contemplates the provision of an improved
      telephone line status indicator of the class described, in which the need
      for opto-isolators, one for each telephone line has been eliminated, with
      a corresponding simplification of circuitry and reduction of cost of
      manufacture. In a display panel, each line includes a light-emitting diode
      protected by a Zener diode against dial pulse voltage, and a neon lamp
      situated immediately adjacent the light-emitting diode in such manner that
      when the neon tube is illuminated, light is transmitted to the surface of
      the light-emitting diode whereby it appears to glow. Audible signal
      generating means is activated by a solid state circuit which senses the
      flow of a ringing voltage, and supplements the signal of the neon tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, to which reference will be made in the specification,
      similar reference characters have been employed to designate corresponding
      parts throughout the several views.
PAR  FIG. 1 is a view in perspective of an embodiment of the invention.
PAR  FIG. 2 is a central longitudinal sectional view as seen from the plane 2--2
      in FIG. 1.
PAR  FIG. 3 is a view in elevation showing a front shield forming a part of the
      invention.
PAR  FIG. 4 is a view in elevation of a lamp supporting element normally
      disposed behind the structure shown in FIG. 3.
PAR  FIG. 5 is an electrical schematic diagram of the embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENT
PAR  In accordance with the invention, the device, generally indicated by
      reference character 10, comprises broadly: a casing element 11, a
      plurality of current detection circuits 12, a single ringing current
      detection means 13, and audible signal means 14.
PAR  The casing element 11 is preferably formed from wood and metallic and
      certain synthetic resinous materials, and includes a front wall 16, a rear
      wall 17, a bottom wall 18, a top wall 19, and side walls 20 and 21. The
      front wall 16 defines an opening 23 of rectangular configuration normally
      covered by a shield 24. The shield 24 is supported by a bracket 25,
      including horizontally disposed members 26 and an auxiliary wall 27
      forming a recess 28 for a lamp support member 29 disposed immediately
      behind the shield 24.
PAR  The member 29 is best understood from consideration of FIG. 4, and includes
      a plurality of recesses 30.
PAR  The bottom wall 18 supports a bracket 31 having a vertical member 32
      mounting a sonar alert element 33 of a type known in the art which is
      powered by a 16-volt A.C. source 34 (FIG. 5). The element 33 includes a
      pivotally movable baffle 35 having an outwardly-extending manually
      engageable member 36, by means of which the intensity of generated tone is
      adjusted.
PAR  Referring to FIG. 5, each of the circuits 12 includes ring contacts 40 and
      tip contacts 41 which are inter connected to corresponding conductors (not
      shown) of the individual telephone line. Each ring contact 40 is connected
      by a conductor 42 to a neon lamp 43, through a capacitor 44 to a buss line
      45, a resister 46 and a conduit 47 to ground. Another conductor 48 in
      series with the conductor 47 interconnects with a solid-state circuit 49
      which includes first and second transistors 50 and 51, a capacitor 52, a
      resistor 53, a capacitor 54 and a diode 55. The circuit 49 is powered by
      the same 16-volt source 34, and forms a solid-state switch which conducts
      upon the detection of the normal 90-volt ringing circuit.
PAR  The tip contacts 41 are inter-connected through a conductor 60 to
      light-emitting diodes 61, each being inter-connected in parallel to a
      Zener diode 62 which protects the diodes 61 during the occurence of dial
      pulses. From a consideration of FIG. 5, it will be apparent that upon the
      presence of a ringing current, the corresponding neon lamp will glow, and
      with the flow of tip current, the corresponding light-emitting diode will
      glow. Normally, the light intensity of the neon lamp will be much greater
      than that of the light-emitting diode, and while it is possible to display
      the light output of both the neon lamp and the light-emitting diode, it is
      more desirable to indicate the presence of ringing and tip currents at
      substantially the same intensity, so that the device may visually resemble
      existing prior art devices. This is accomplished by placing the neon lamp
      in close juxtaposition to the respective light-emitting diodes, such that
      the light emanating from the neon lamp will fall upon the outer surface of
      the light-emitting diode, and cause it to appear to the viewer to be
      operative. The neon lamp is shielded from direct view by the user, and
      only the light-emitting diode is visible through the shield 24. Thus,
      light from either the neon tube or the light-emitting diode not only
      appear at approximately the same intensity, but they appear to emanate
      from the same location, i.e. a small opening adjacent a representation of
      a name corresponding to an individual telephone line.
PAR  It will be readily appreciated by those skilled in the art that the
      disclosed embodiment functions in exactly the same fashion as prior art
      devices which are considerably more expensive to manufacture, owing to the
      elimination of the necessity of opto-isolators, one for each telephone
      line, as a result of which the cost of production of the disclosed
      embodiment may be somewhat less than half of the cost of producing
      existing prior art devices employing opto-isolators. In addition, the
      disclosed circuitry permits the incorporation of an audible signal
      producing means responding to the presence of ringing currents, which
      signal may be eliminated at the preference of the user.
PAR  We wish it to be understood that we do not consider the invention limited
      to the precise details of structure shown and set forth in this
      specification, for obvious modifications will occur to those skilled in
      the art to which the invention pertains.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved telephone line status indicator adapted to be connected to
      the tip and ring circuits of a telephone line to indicate the presence of
      tip and ring currents, comprising: a light-emitting diode, a Zener diode
      connected in parallel with said light-emitting diode, said light-emitting
      diode and Zener diode being connected in series with said tip circuit; a
      neon lamp in series with said ring circuit; and means for supporting said
      neon lamp and light-emitting diode for display in juxtaposed relation.
NUM  2.
PAR  2. Structure in accordance with claim 1, including audible signal means and
      solid-state switch means in series with said ring circuit causing said
      audible means to operate upon the detection by said switch means of a
      ringing current.
NUM  3.
PAR  3. Structure in accordance with claim 1, further characterized in said
      display means including a lamp support member supporting in juxtaposed
      relation a light-emitting diode and a neon lamp inter-connected to a
      single telephone line, means shielding direct view of said neon lamp by a
      user, said last mentioned means providing a visual opening overlying said
      light-emitting diode; whereby light emanating from said neon lamp may fall
      upon an outer surface of said light-emitting diode and give the appearance
      of said light-emitting diode in illuminated state.
NUM  4.
PAR  4. Structure in accordance with claim 3, further characterized in said lamp
      support member having a plurality of recesses therein, each accommodating
      a related light-emitting diode and neon lamp, said shielding means having
      a corresponding plurality of openings overlying the light-emitting diode
      disposed in each said recess.
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ABST
PAL  In order to distinguish voice and other noise signals which may be present
      on telephone or similar communications lines from legitimate
      multi-frequency tone data and control signals, three detectors are
      disclosed. A frequency drop detector is provided which receives an input
      from the lines and which provides an output signal upon receipt of any
      signals appearing on the lines which terminates when the frequency thereof
      rapidly drops by a predetermined amount. Means consisting of a long-time
      interval detector are provided for investigating the status of the
      frequency drop detector's output for a predetermined time after the
      production of said output signal. If the output signal from said frequency
      drop detector is provided throughout said predetermined time period, the
      signal on the lines is defined as legitimate and a circuit output signal
      is produced. In all other cases, the circuit output signal is inhibited.
      In a telephone communications application where audible twin-tone signals
      are present along with voice and other noise signals, first and second
      frequency drop detectors are provided for the high and low frequency
      groups making up such twin-tone signals. Also, a frequency coincidence
      detector is provided which provides an output signal only when the
      components of the signals in both the high and the low groups do not have
      the same frequency. In this embodiment, the presence of all of the output
      signals so described for a period of time equal to or greater than that
      established causes an output to be produced which signifies that the
      signals are not likely voice or other noise signals.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention generally relates to the field of communications, and, more
      particularly, to an apparatus for distinguishing voice and other noise
      signals from legitimate data and control signals present on telephone or
      similar communications lines.
PAC  BACKGROUND OF THE INVENTION
PAR  In communications systems, it is often desirable to be able to distinguish
      between legitimate control or data signals and noise signals which possess
      some of the same characteristics as the legitimate data or control
      signals. In the particular case of a telephone communications system where
      such data and control signals are in the audible range, it is necessary to
      discriminate against noise signals appearing on a pair of telephone lines,
      which noise signals may be formed in one instance by human voices and
      hereinafter referred to as voice signals.
PAR  The prior art demonstrates many techniques and apparatus for detecting
      legitimate data and control signals and for rejecting noise signals. Such
      techniques and apparatus generally inhibit the operation of associated
      equipment from receiving and acting upon the noise signals until such time
      as legitimate data and control signals are received.
PAR  The present invention is an improvement on the prior art in that it
      positively inhibits the operation of associated equipment when noise
      signals are received, even though those noise signals may have certain
      characteristics which are common with legitimate data or control signals.
PAR  Therefore, it is an object of this invention to provide an apparatus for
      detecting voice and other noise signals present on telephone or similar
      communications lines.
PAR  It is a further object of this invention to provide such an apparatus which
      inhibits the production of an output signal therefrom within a very short
      period of time following the first occurrence of such voice or other noise
      signals on the lines.
PAR  It is still a further object of this invention to provide an apparatus
      which does not respond to voice and other noise signals which may have one
      characteristic which is common with legitimate data and control signals
      appearing on a communications line.
PAR  It is yet a further object of this invention to provide such an apparatus
      which responds only to legitimate data and control signals on the lines.
PAC  SUMMARY OF THE INVENTION
PAR  These objects and others are realized in one embodiment of the invention by
      the provision of a frequency drop detector connected to the lines on which
      legitimate data and control signals, and voice and other noise signals,
      are to appear. Upon the occurrence of any signal on the lines, the
      frequency drop detector provides an output, which output terminates only
      if the frequency of that signal rapidly drops by a predetermined amount.
      The production of the output signal from the frequency drop detector
      initiates a timing period. Throughout and at the end of this timing
      period, if the frequency drop detector is still providing an output
      signal, the signal on the lines is defined as legitimate and a circuit
      output signal is provided from the apparatus. On the other hand, if the
      frequency drop detector terminates its output signal at any time during
      this time period, the signal on the lines is defined as a noise signal and
      no circuit output signal is provided.
PAR  In this embodiment, if the frequency drop detector again provides an
      output, the timing period is re-initiated.
PAR  When the invention is used in conjunction with a telephonic communications
      system having tone signals having more than one frequency component, a
      plurality of frequency drop detectors are included, one such detector
      being provided for each group of frequencies comprising a component of the
      tone signal. In such a case, the provision of an output signal throughout
      and at the end of the timing period by all of the plurality of frequency
      drop detectors allows the production of a circuit output signal,
      signifying reception of a legitimate signal. A frequency coincidence
      detecting means may also be provided for inhibiting the production of the
      output signal whenever the same frequency appears in both groups of the
      signals.
PAR  The invention also contemplates the use of a frequency rise detector by
      itself or in combination with a frequency drop detector so that noise
      signals including frequency increases can be detected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention can best be understood by consideration of the following
      specification taken in conjunction with the accompanying drawings in
      which:
PAR  FIG. 1 is a block diagram illustrating a preferred embodiment of the
      invention useful in telephonic communications systems; and
PAR  FIG. 2 is a combined block and schematic diagram showing in detail certain
      elements of the preferred embodiment shown in FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Although the invention will hereinafter be described with reference to its
      application in a telephonic communications system in which data and
      control signals comprise tone signals, it is to be understood by those
      skilled in the art that the invention is not limited thereto and indeed
      finds applicability in any communications system in which it is desired to
      positively identify noise signals having at least one characteristic
      common with legitimate data and control signals.
PAR  In the typical telephonic communications system, data and control signals
      are in the form of twin-tone signals. The frequencies used for twin-tone
      signals are arranged in two groups, a "low" group in which the standard
      frequencies are 697 Hz, 770 Hz, 852 Hz and 941 Hz, and a "high" group in
      which the standard frequencies are 1209 Hz, 1336 Hz, 1477 Hz and 1633 Hz.
      A decimal digit used for data and control purposes in such telephonic
      communications systems is signified by the pairing of a frequency from
      each group into a composite tone signal. For example, the decimal digit
      "1" is a composite signal having the components 697 Hz and 1209 Hz.
PAR  It is well known that data and control signals in telephonic communication
      systems of the type described above have certain defined characteristics,
      some of which are (a) a substantially constant frequency after an initial
      frequency rise, and (b) a relatively constant amplitude.
PAR  Now, it can be noted that the frequencies in both the high and low groups
      are in the audible range. As a result, noise signals in the audible range,
      such as may be created by voice communications or other sources, are
      difficult to distinguish from legitimate data and control signals.
      However, there are certain other characteristics of noise signals in
      telephonic communications systems which distinguish them from legitimate
      data and control signals and which can advantageously be used to detect
      such noise signals. For example, although the noise signals may have at
      some point frequency components which are within the ranges of the high
      and the low groups, it is unlikely that such frequency components will be
      stable in frequency over a predetermined period of time greater than the
      initial period of frequency instability of a legitimate signal. Finally,
      certain noise signals, such as those caused by a high amplitude whistle,
      will cause the pass-band filters in both the high and low groups to pass
      the same frequency.
PAR  In the present invention, one or more of these distinguishing
      characteristics is utilized to provide a positive indication of the
      detection of a noise signal.
PAR  Now turning to FIG. 1, legitimate data and control signals, as well as
      voice and other noise signals, appear on a line 10A and are shown
      schematically as emanating from a signal source 10, which may in fact be a
      connector circuit which connects line 10A to a pair of telephone lines, or
      which in fact may be any other input circuit having connected thereto a
      line or lines on which data, control and noise signals appear.
PAR  The signals on line 10A are, in the present embodiment, supplied to both a
      high-pass filter 12 and to a low-pass filter 14. High-pass filter 12 and
      low-pass filter 14 are standard components in telephony and operate to
      provide at their outputs 12A, 14A signals containing frequency components
      in the high and low frequency groups, respectively.
PAR  The signals on lines 12A and 14A are typically alternating current signals
      whose waveform is determined by the characteristics of the signals on line
      10A. In the case of legitimate data and control signals, this waveform is
      sinusoidal.
PAR  The signals on line 12A are supplied to the input of a frequency drop
      detector 22, and, more specifically, to the input of a frequency-to-pulse
      converter 16 within frequency drop detector 22. Likewise, the signals on
      line 14A are supplied to the input of a frequency drop detector 24, and,
      more particularly, to the input of a frequency-to-pulse converter 18
      within frequency drop detector 24. The signals on lines 12A and 14A are
      also supplied to the inputs of a frequency coincidence detector 20.
PAR  Both frequency drop detector 22 and frequency drop detector 24 operate to
      provide an output signal on lines 22A, 24A, respectively, only if the
      frequency of the signals presented on input lines 12A, 14A, respectively,
      does not rapidly drop by a predetermined amount.
PAR  With reference now only to frequency drop detector 22, the signals on line
      12A are converted by frequency-to-pulse converter 16 into a signal on line
      16A whose average value is proportional to the frequency of the signals on
      line 12A. Such frequency-to-pulse converters are well known and may
      include, as hereinafter described with respect to FIG. 2, a retriggerable
      monostable multivibrator providing an output pulse of fixed duration for
      every crossing of the magnitude of the signals on line 12A past a
      reference value.
PAR  The average value of the signal on line 16A is extracted by a smoothing
      filter 30 which provides an output on line 30A which comprises a DC
      voltage proportional to the average value and therefore to the frequency
      of the signals on line 12A.
PAR  The DC voltage on line 30A is supplied to one input of a detector 34. The
      detector 34 includes means for establishing a minimum frequency drop for
      frequency detector 22. Detector 34 functions to provide an output signal
      on line 22A upon the receipt of a signal on line 30A, which output signal
      terminates only when the magnitude of the DC voltage on line 30A rapidly
      drops by a predetermined amount. The voltage drop, and the value of the
      frequency drop thus established by detector 34 is not critical. As
      hereinafter explained with respect to FIG. 2, detector 34 may comprise a
      comparator which terminates its output signal when the magnitude of the
      voltage on line 30A rapidly drops by an amount equal to the forward
      voltage drop of a diode. In the case of silicon diodes, this forward
      voltage drop is approximately 0.6 volts.
PAR  The rapidity of the frequency change necessary to cause an output from
      detector 34 is also not critical, and may be empirically determined,
      together with the value of the frequency drop, so that detector 34 is not
      likely to terminate its output signal due to normal instability in the
      frequency of a legitimate data or control signal. As explained hereinafter
      with respect to FIG. 2, detector 34 may further comprise a capacitor whose
      charge time is shorter than its discharge time. This difference in
      charge-discharge times is relied upon to provide an indication of the
      rapidity of the frequency decrease.
PAR  Since the high-pass filter 12 passes not only frequencies in the high
      group, but also frequencies above the highest standard frequency in the
      high group, or 1633 Hz, the DC voltage on line 30A is also supplied to one
      input of a comparator 31 which has as a second input a threshold signal T.
      Comparator 31 normally provides an output signal and terminates that
      output signal only when the magnitude of the DC voltage on line 30A
      exceeds a value established by the threshold signal T which represents
      some frequency higher than 1633 Hz. In such a case, the signals on line
      12A can be defined as noise in having a frequency above the recognized
      band of the high frequency group.
PAR  Frequency drop detector 24 includes the aforementioned frequency-to-pulse
      converter 18 which operates in a manner identical to frequency-to-pulse
      converter 16 and which provides an output on line 18A whose average value
      is proportional to the frequency of the signals on line 14A. A smoothing
      filter 32 extracts this average value and converts it into a corresponding
      DC voltage on line 32A which is supplied to an input of a detector 36.
      Detector 36 operates in a manner identical to detector 34 and terminates
      its output signal on line 24A only when the magnitude of the DC signal on
      line 32A rapidly drops by a predetermined amount.
PAR  Frequency coincidence detector 20 functions to normally provide an output
      signal on line 20A upon the receipt of signals on lines 12A and 14A and to
      terminate that output signal only if the frequency components of the
      signals on lines 12A and 14A are identical. Frequency coincidence
      detectors of this type are well known in the art and may comprise, as
      described hereinafter with respect to FIG. 2, bidirectional shift
      register.
PAR  The output signals on lines 22A, 31A, 20A and 24A are supplied to
      respective inputs of a gating means symbolized in FIG. 1 as an AND gate
      38. Accordingly, AND gate 38 provides an output signal on line 38A only
      upon the presence of an output signal on all of the lines 22A, 31A, 20A,
      and 24A. The output signal on line 38A is supplied to a timing means
      including, in FIG. 1, a retriggerable monostable multivibrator 40 whose
      output 40A is connected to an input of a second gating means symbolized in
      FIG. 1 as an AND gate 42 which also receives an input from the output of
      AND gate 38 on line 38A. Upon the occurrence of an output signal on line
      38A, retriggerable monostable multivibrator 40 begins its predetermined
      time period and provides an output signal on line 40A at the end of such
      predetermined time period. This predetermined time period may be chosen to
      be longer than the expected initial period of frequency instability of
      legitimate and data control signals. In a working model, the predetermined
      time period was 50 milliseconds.
PAR  When monostable multivibrator 40 provides its output signal on line 40A at
      the end of the predetermined time period, it will be noted that AND gate
      42 provides an output on line 42A only if an output signal is at that time
      being provided by AND gate 38 on line 38A. It will thus be seen that (a) a
      rapid drop in frequency of the signals on line 12A by a predetermined
      amount, or (b) a rise in frequency of the signals on line 12A above the
      value established by threshold signal T, or (c) a rapid drop in frequency
      of the signals on line 14A by a predetermined amount, or (d) a frequency
      coincidence between the signals on lines 12A and 14A, occurring during or
      at the end of the predetermined time period established by monostable
      multivibrator 40 will inhibit the production of an output signal from AND
      gate 38 and thus inhibit the production of an output signal from AND gate
      42 on line 42A. Further, if any of the output signals terminate and then
      reappear during the predetermined time period, monostable multivibrator is
      again triggered and restarts its predetermined time period. Therefore,
      only when none of the aforementioned conditions (a) - (d) occur over the
      predetermined time period will an output signal be provided on line 42A
      which signifies that voice or other noise signals are not likely present
      on input line 10A. Line 42A is connected to the input of a switch 44 which
      provides a circuit output signal on line 44A in response to the occurrence
      of an output signal on line 42A, signifying that voice or other noise
      signals are not likely present.
PAR  Now turning to FIG. 2, the components of frequency drop detector 22,
      frequency coincidence detector 20, and AND gate 38 will be described in
      more detail. In FIG. 2, the elements which also appear in FIG. 1 have been
      identified with like numerals.
PAR  The frequency-to-pulse converter 16 is seen to comprise a switch 160 which
      receives its input from line 12A and which functions to provide a
      rectangular output waveform whose frequency is related to that of the
      signals on line 12A. Switch 160 may also include a level detection
      circuit, not illustrated, which blocks operation of switch 160 for
      low-amplitude noise signals.
PAR  The output of switch 160 is supplied to the input of a retriggerable
      monostable multivibrator 161 which is also supplied with a reference
      signal from ground. Accordingly, monostable multivibrator 161 functions to
      provide an output pulse having a predetermined magnitude and a
      predetermined duration for each transition of the output signal from
      switch 160 past the reference level. In essence, the monostable
      multivibrator 161 functions as a zero crossing detector and pulse
      generator. The result is a train of unidirectional output pulses of
      predetermined magnitude and duration whose rate of occurrence is
      determined by the frequency of the output signal from switch 160, and
      accordingly, by the frequency of the signals on line 12A. As is well
      known, the average value of this pulse train is proportional to the
      frequency of the signals on line 12A.
PAR  The smoothing filter 30 is seen to comprise a resistor 300 and a resistor
      301 connected in series between the output of monostable multivibrator 161
      and the positive input of an operational amplifier 304. A capacitor 303 is
      connected from the positive input of operational amplifier 304 to ground.
      A capacitor 302 is connected from the common junction of resistors 300 and
      301 to the negative input of operational amplifier 304 and a feedback
      connection is provided between the output of operational amplifier 304 and
      the negative input thereof by a lead 305.
PAR  The smoothing filter 30 so illustrated in FIG. 2 is of conventional design
      and functions to provide a DC voltage at the output of operational
      amplifier 304 which is related in magnitude to the average value of the
      output pulse train from monostable multivibrator 161.
PAR  The detector 34 is seen in FIG, 2 to comprise a resistor 343 which is
      connected in series between the output of operational amplifier 304 and a
      positive input of a comparator 347. A diode 345 is connected in a forward
      conduction direction from the common junction of resistor 343 and the
      positive input of comparator 347 to a negative input of comparator 347. A
      capacitor 346 is connected from the negative input of comparator 347 to
      ground. Series-connected resistors 341 and 340 are connected from a
      positive power supply V.sub.s to ground and the common junction thereof is
      connected by a resistor 342 to the negative input of comparator 347. The
      resistor network including resistors 341, 340 and 342 impose a threshold
      voltage on the negative input of comparator 347 which must be exceeded by
      the voltage on the output of amplifier 304 before comparator 347 can
      provide a logic 1 or high output. This threshold voltage is desirable to
      avoid actuation of comparator 347 in response to low frequency noise
      signals. The output of comparator 347 comprises the output line 22A of the
      frequency drop detector 22.
PAR  Normally, comparator 347 provides a logic 0 or low signal on output line
      22A. Upon the occurrence of a voltage on the output of amplifier 304,
      capacitor 346 is rapidly charged to some value related to the magnitude of
      the voltage on output of amplifier 304 through resistor 343 and diode 345.
      The voltage across capacitor 346 is accordingly present at the negative
      input of comparator 347. Since diode 345 is connected in a forward
      conduction direction, the only discharge path for capacitor 346 is through
      the high input impedance of comparator 347 or through the resistive
      network including resistors 342, 341 and 340. As a result, capacitor 346
      discharges at a much slower rate than it charges.
PAR  The voltage across capacitor 346, and accordingly the voltage presented to
      the negative input of comparator 347, is therefore always closely related
      to the magnitude of the DC voltage from amplifier 304, and therefore to
      the frequency of the signal present on line 12A, as long as that DC
      voltage is stable or is increasing. However, if the DC voltage decreases
      in value the voltage presented to the negative input of comparator 347
      remains at the previous peak level.
PAR  It will also be noted that comparator 347 provides a logic 0 or low signal
      on its output 22A only when the magnitude of the signal on its negative
      input exceeds the magnitude of the signal on its positive input. As long
      as the magnitude of the DC voltage from amplifier 304 is relatively
      stable, the comparator 347 provides an output which is a logic 1 or high
      signal inasmuch as the negative input thereof has a signal applied thereto
      which is lower in magnitude than the signal applied to the positive input
      thereof by an amount equal to the forward voltage drop of the diode 345.
      However, when the magnitude of the DC voltage from amplifier 304 drops as
      previously described, the signal applied to the positive input of
      comparator 347 also drops but the signal applied to the negative input of
      comparator 347 does not so drop due to the slow discharge time of
      capacitor 346. When the magnitude of the DC voltage from amplifier 304
      drops by an amount equal to the forward voltage drop of diode 345 in a
      time less than is needed for capacitor 346 to discharge by such an amount,
      comparator 347 will provide a logic 0 signal on line 22A.
PAR  The AND gate 38 is seen in FIG. 2 to include a plurality of diodes 380,
      381, 382 and 383 connected in a reverse conduction direction from the
      leads 22A, 20A, 24A, and 31A, respectively, to the input of a switch 384.
      When the signal on any one of the lines 22A, 20A, 24A or 31A goes to a
      logic 0 or a low level, the associated diode 380, 381, 382 or 383 conducts
      and provides an input signal to inhibit switch 384 from providing an
      output signal on line 38A.
PAR  The component elements 18, 32 and 36 of frequency drop detector 24 may be
      similar in construction to the component elements 16, 30 and 34 of
      frequency drop detector 22 illustrated in FIG. 2 and accordingly are not
      illustrated or discussed herein.
PAR  The frequency coincidence detector 20 is seen in FIG. 2 to include a
      bidirectional shift register 200 which receives its inputs from the
      signals on lines 12A and 14A. The signals on lines 12A cause the
      bidirectional shift register to shift a data bit from a center position
      thereof in one direction through a predetermined number of intermediate
      stages to a first output stage, and the signals on line 14A cause the
      bidirectional shift register 200 to shift that data bit in an opposite
      direction through a predetermined number of intermediate stages to a
      second output stage. The output of bidirectional shift register 200
      comprises a logic 0 signal when the data bit is shifted to either the
      first or second output stages. At all other times, the output of
      bidirectional shift register 200 comprises either a logic 1 or a logic 0
      with the transitions between the logic 1 and the logic 0 output signals
      being made at the occurrence of each shifting operation.
PAR  Accordingly, if the signals on lines 12A and 14A are of different
      frequencies, bidirectional shift register 200 shifts the data bit to
      either the first or second output stage and the output thereof is a logic
      0. If, however, the signals on lines 12A and 14A have the same frequency,
      the bidirectional shift register 200 has alternating logic 1 and logic 0
      output signals.
PAR  The output of bidirectional shift register 200 is supplied to the input of
      an inverting amplifier 201, which accordingly provides a logic 1 output on
      output line 20A in the case where the signals on lines 12A and 16A are of
      different frequencies. In the case where they are not, the logic 1 outputs
      of bidirectional shift register 200 are amplified and inverted by
      inverting amplifier 201 and are presented as a logic 0 output signal on
      line 20A to inhibit switch 384 through diode 381 from providing an output
      signal on line 38A.
PAR  Those skilled in the art will readily recognize that the invention also
      includes the provision of one or more frequency rise detectors either in
      combination with or as a substitute for frequency drop detectors 22, 24.
      For example, a frequency rise detector can be responsive to terminate an
      output signal to the gating means including AND gate 38 when the frequency
      of the signals on line 12A increases by a predetermined amount. Those
      skilled in the art will also recognize that such a frequency rise detector
      can include elements similar to those of the frequency drop detector 22
      illustrated and described with respect to FIGS. 1 and 2, with the
      additional element of an inverter interposed in the line 30A between the
      output of smoothing filter 30 and the input of detector 34. Therefore, it
      is to be understood that the limits of the present invention are to be set
      only by the limits of the appended claims.
CLMS
STM  What is claimed is:  pg,17
NUM  1.
PAR  1. An apparatus for detecting when signals appearing on a communications
      line do not contain voice or other noise signals, comprising:
PA1  a. detector means coupled to the communications line for providing a first
      output signal which is initiated whenever signals appear on the
      communications line and which is terminated only when the signals on the
      communications line rapidly undergo a variation in frequency exceeding a
      predetermined amount,
PA1  b. timing means coupled to said detector means for providing a second
      output signal at a predetermined time after said first output signal is
      initiated by said detector means, and
PA1  c. gating means coupled to said detector means and to said timing means and
      providing a third output signal upon the concurrence of said first and
      second output signals.
NUM  2.
PAR  2. An apparatus as recited in claim 1, wherein said detector means
      comprises a frequency drop detector terminating said first output signal
      whenever the frequency of the signals on the communications line decreases
      by a predetermined amount.
NUM  3.
PAR  3. An apparatus as recited in claim 2, wherein said frequency drop detector
      includes
PA1  a. means converting the frequency of the signals on the communications line
      into a first signal whose magnitude is related thereto,
PA1  b. means providing a second signal having a predetermined value, and
PA1  c. a detector terminating said first output signal when the magnitude of
      said first signal rapidly decreases by an amount equal to that of said
      second signal.
NUM  4.
PAR  4. An apparatus as recited in claim 3, wherein said converting means
      includes a frequency-to-pulse converter providing a third signal
      comprising a train of constant amplitude, constant width, unidirectional
      pulses whose repetition rate is related to the frequency of the signals on
      the communications line, and filter means coupled to said third signal for
      extracting the average value of said pulse train to obtain said first
      signal.
NUM  5.
PAR  5. An apparatus as recited in claim 4, wherein said means providing a
      second signal comprises a diode whose forward conduction voltage
      establishes said predetermined value.
NUM  6.
PAR  6. A circuit which discriminates against voice and other noise signals
      appearing on a pair of telephone lines, said circuit having an input for
      connection to the pair of telephone lines and an output, and including
PA1  a. a first frequency change detection means having an input connected to
      said circuit input and an output, and operative to provide a first signal
      on its output which is initiated whenever signals are present on the pair
      of telephone lines and operative to terminate said first signal whenever
      the signals rapidly undergo a variation in frequency exceeding a
      predetermined amount,
PA1  b. timing means having an input connected to the output of said first
      frequency change detection means and an output, said timing means being
      operative to provide a second signal on its output at a predetermined time
      after said first signal is initiated by said first frequency change
      detection means, and
PA1  c. first gating means having first and second inputs connected to the
      outputs of said frequency change detection means and said timing means,
      respectively, and an output connected to said circuit output, and
      operative to provide a third signal on its output at the concurrence of
      said first and said second signals.
NUM  7.
PAR  7. A circuit as recited in claim 6 for use where legitimate twin-tone
      signals are present on the pair of telephone lines, each said legitimate
      twin-tone signal being formed from first and second frequency components,
      said first frequency component being selected from a first group of
      frequencies and said second frequency component being selected from a
      second group of frequencies, said first and said second groups lacking
      common frequencies, and further including:
PA1  a. first and second filter means, each having an input and an output, the
      inputs of said first and said second filter means being connected to said
      circuit input, the output of said first filter means being connected to
      the input of said first frequency change detection means, and said first
      filter means passing to its output only those frequencies substantially
      within said first group of frequencies,
PA1  b. a second frequency change detection means having an input and an output,
      and operative to provide a fourth signal on its output which is initiated
      whenever signals are provided to its input and operative to terminate said
      fourth signal whenever said signals rapidly undergo a variation in
      frequency exceeding a predetermined amount, the output of said second
      filter means being connected to the input of said second frequency change
      detection means, said second filter means passing to its output only those
      frequencies substantially within said second group of frequencies,
PA1  c. a second gating means having first and second inputs and an output, said
      first input being connected to said output of said first frequency change
      detection means and said second input being connected to said output of
      said second frequency detection means, said second gating means output
      being connected to the input of said timing means and said first gating
      means in place of the output from said first frequency change detection
      means, said second gating means being operative to provide a fifth signal
      on its output at the concurrence of said first and fourth signals, and
PA1  d. wherein said timing means is responsive to said fifth signal and said
      first gating means is operative to provide said third signal at the
      concurrence of said fifth and second signals.
NUM  8.
PAR  8. A circuit as recited in claim 7, further including frequency coincidence
      detection means having first and second inputs connected to the outputs of
      said first and said second filter means, respectively, and an output, and
      operative to provide a sixth signal on its output upon the presence of
      signals on its inputs and operative to terminate said sixth signal only
      when the signals on the outputs of said first and said second filter means
      have the same frequency, and wherein said second gating means further
      includes a third input connected to the output of said frequency
      coincidence detection means and wherein said second gating means is
      further operative to provide said fifth signal on its output at the
      concurrence of said first, fourth, and sixth signals.
NUM  9.
PAR  9. A circuit as recited in claim 6, wherein said timing means includes a
      retriggerable monostable multivibrator which is reset to initiate said
      predetermined time upon each occurrence of said first signal.
NUM  10.
PAR  10. A circuit for use in detecting voice and other noise signals having
      frequencies in the range of legitimate data and control signals appearing
      on a communications line, the frequencies of said voice and other noise
      signals being relatively unstable with respect to the frequencies of said
      legitimate data and control signals, comprising:
PA1  a. frequency-to-signal conversion means for converting the frequency of
      signals on the communications line into a signal whose magnitude is
      related thereto, and
PA1  b. detection means responsive to a rapid change in said signal for
      providing an output signal signifying that voice and other noise signals
      are likely to be present on the communications line.
NUM  11.
PAR  11. A circuit as recited in claim 10, wherein said detection means responds
      only to a rapid decrease in said signal.
NUM  12.
PAR  12. A circuit as recited in claim 11, wherein said detection means
      comprises a capacitor, diode means for rapidly charging said capacitor by
      coupling said signal from said frequency-to-signal conversion means to
      said capacitor in a forward conduction direction, a comparator having
      first and second inputs and an output, means coupling said signal from
      said frequency-to-signal conversion means to said first input of said
      comparator, means coupling said capacitor to the second input of said
      comparator, and means for discharging said capacitor at a rate which is
      substantially lower than the rate of charge of said capacitor through said
      diode, said comparator providing said output signal on its output only
      when a magnitude of the signal on its first input is less than the
      magnitude of the signal on its second input.
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ABST
PAL  A record disc recording system comprises a circuit for generating a control
      signal voltage corresponding to the position of a cutter head on a disc.
      The system also includes a limiting amplifier control and a control
      circuit for controlling the gain of the limiting amplifier in accordance
      with the control signal voltage. Responsive to the control signal, the
      limiting amplifier successively increases the degree of limiting, as the
      cutter head moves from the outer periphery to the inner periphery of the
      disc, thereby limiting amplitude with respect to the signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a system for recording signals
      on a record disc. More particularly, it relates to a record disc recording
      system which limits the level of the amplification of the recording
      signal, to successively decrease it, as the record cutting progresses from
      the outer periphery toward the inner part of a disc.
PAR  In general, the difference between relative linear velocity of a disc
      rotating at a constant rotational speed and a pickup cartridge reproducing
      signals from the disc differs at the outer peripheral part and the inner
      part of the record because of the difference in their radii. The tracing
      state of the pickup cartridge, relative to the disc, becomes worse as the
      cartridge moves, from the outer periphery toward the inner part thereof.
PAR  Particularly consider a case where the recorded program is a symphony or
      the like, for example, having a loud climax in the finale. This finale is
      recorded on the inner part of the disc where tracing distortion increases
      and greatly impairs the reproduced tone quality.
PAR  Furthermore, consider a multichannel record disc of a discrete system which
      applicant has previously developed and which is being widely used. An
      angle-modulated wave and a direct wave signal are recorded on the disc in
      a multiplexed state. Accordingly, as the pickup cartridge advances toward
      the inner part of the disc, and the distortion increases as described
      above, there is also the possibility of the higher harmonics of the direct
      wave signal entering the angle-modulated wave band to give rise to cross
      modulation or overmodulation and abnormal noises.
PAR  In order to solve this problem, it has been the conventional practice
      either to lower the entire level of the recording signal or to use a
      limiting amplifier for automatic gain control with respect to the
      recording signal. This amplifier is set so that the gain control will be
      carried out in a large extent.
PAR  All of these conventional measures, however, have been accompanied by
      difficulties such as the loss of the sensation of sound volume over the
      entire program. Small dynamic range at the time of recording due to an
      even lowering of the recording signal level as the recording progresses
      from the outer periphery to the inner periphery of the disc. Or, there is
      a suppressing of the maximum levels below a relatively low specific level.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      novel and useful record disc recording system in which the above described
      difficulties have been overcome.
PAR  A specific object of the invention is to provide a system for recording on
      a record disc by varying the limiting amplitude of the recording signal.
      Limiting becomes progressively greater as the cutting stylus moves from
      the outer periphery toward the inner periphery of the disc.
PAR  Another object of the invention is to provide a record disc recording
      system in which use is made of a limiting amplifier for accomplishing
      automatic gain control in a manner such that, as the cutting stylus moves
      from the outer periphery toward the inner periphery of the disc, the
      maximum level of the recording signal progressively decreases.
PAR  Still another object of the invention is to provide a record disc recording
      system in which use is made of a limiting amplifier for accomplishing
      automatic gain control in a manner such that, as the cutting stylus moves
      from the outer periphery toward the inner periphery of the disc, the gain
      of the entire recording signal is controlled. There is a constant level
      for the start of limiting, at which the input recording signal begins to
      be limited in amplitude. The maximum level of the recording signal
      progressively decreases.
PAR  A further object of the invention is to provide a record disc reproducing
      system in which recording is carried out on a record disc by accomplishing
      automatic gain control in a manner such that, as the cutting stylus moves
      from the outer periphery toward the inner periphery of the disc, the
      maximum level of the recording signal decreases stepwisely and
      progressively.
PAR  Other objects and further features of the invention will be apparent from
      the following detailed description with respect to preferred embodiments
      of the invention when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram showing the essential organization of a first
      embodiment of the record disc recording system according to the invention;
PAR  FIGS. 2(A) through 2(M) are time charts respectively indicating the
      waveforms of signals appearing at various parts of the system illustrated
      in FIG. 1;
PAR  FIG. 3 is a graph indicating the input-output level characteristic of a
      limiting amplifier used in the system shown in FIG. 1;
PAR  FIG. 4 is a block diagram showing the essential organization of a second
      embodiment of the record disc recording system according to the invention;
PAR  FIG. 5 is a graph indicating the input-output level characteristic of a
      limiting amplifier in the system shown in FIG. 4;
PAR  FIG. 6 is a specific circuit diagram of one embodiment of a stepped or
      graded wave generator used in the system shown in FIGS. 1 and 4;
PAR  FIGS. 7(A) through 7(B) are time charts respectively indicating the
      waveforms of signals at various parts of the circuit illustrated in FIG.
      6; and
PAR  FIG. 8 is a specific circuit diagram of another embodiment of the stepped
      wave generator.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIGS. 1, 2, and 3, the first embodiment of the record
      disc recording system of the invention will be described.
PAR  A cutting machine 10 receives through input terminals 11, a recording
      signal which has been subjected to a specific signal processing, including
      amplitude limiting as described hereinafter. Accordingly, the system
      records this signal by cutting it on a disc 12. The cutter head of the
      cutting machine 10 so records by cutting the disc 12, from the outer
      periphery toward the inner periphery thereof. A detector 13 successively
      detects the position of the cutter head at specific intervals in the
      period during which the cutter head moves from the outer periphery to the
      inner periphery. In response to this detection, a switching circuit 14
      successively produces pulse voltages a through e, as indicated in FIGS.
      2(A) through 2(E). The time points P and Q, indicated by single-dot chain
      lines, are respectively the lead-in time point and the lead-out time
      point.
PAR  The pulse voltages a through e thus generated by the switching circuit 14
      are supplied to a gate circuit 15, which operates in response to these
      pulse voltages to produce successively pulse voltages g, of a pulse width
      T1, as indicated in FIG. 2(G). These pulse voltages g are conducted to a
      monostable multivibrator 16, where they are shaped into pulse voltages h
      having a pulse width T2, which is slightly wider than the above mentioned
      pulse width T1, as indicated in FIG. 2(H). These pulse voltages are then
      differentiated by a differentiation circuit 17 to produce spike pulses i,
      as indicated in FIG. 2(I). Pulses i are supplied to a stepped or grated
      wave generator 18.
PAR  On one hand, prior to the lead-in time point P, a reset pulse f, as
      indicated in FIG. 2(F), is produced from the switching circuit 14 and sent
      to a monostable multivibrator 19, where it is wave shaped and then
      conducted to a switching circuit 20. The output of this switching circuit
      20 is supplied to the above mentioned stepped wave generator 18. It
      discharges a stepped wave voltage which has been charged by the preceding
      cycle, thereby to reset this stepped wave generator 18 prior to the start
      of the application thereto of the above mentioned differentiated pulses i.
PAR  The stepped wave generator 18 is reset in this manner, upon being
      successively supplied with the differentiated pulses i as described above.
      It successively stores these pulses and produces a stepped wave j of a
      voltage value which increases in a stepwise manner, as indicated in FIG.
      2(J). This stepped wave j is sent to an integration circuit 21 where it is
      transformed into a wave of an integrated waveform k or l. The step angle
      of waveforms k, l is gentle and rounded, as indicated in FIG. 2(K) or
      2(L). In FIGS. 2(K) and 2(L), the waveforms k and l are identical. The
      only difference between these two figures is that FIG. 2(L) indicates that
      there is a voltage which is charged prior to the resetting by the reset
      pulse f. The voltage of the waveform k or l is supplied as a control
      voltage to a DC amplifier and regulating circuit 22 provided in the
      feedback path of a limiting amplifier.
PAR  An audio signal from a microphone or an audio signal reproduced from a tape
      recorder is amplified by an amplifier and supplied to an input terminal
      23. This audio signal m, which has entered through the input terminal 23,
      is indicated in FIG. 2(M) (in which this audio signal is idealized and
      indicated for only one cycle although it is continuous and its amplitude
      varies in various ways). Its voltage is divided by a resistor 24 and a
      field effect transistor (FET) 25 functioning as a variable resistance
      element. The divided voltage is supplied to a main amplifier 26 and is
      there amplified.
PAR  The amplified output signal of the main amplifier 26 passes through a
      control signal amplifier 28. After being rectified by a rectifier 29, it
      is converted into a control voltage by an integration circuit 30. The
      control voltage produced as the output of the integration circuit 30 is
      supplied to the above mentioned DC amplifier and regulating circuit 22.
PAR  In response to this control voltage, the DC amplifier and regulating
      circuit 22 control the control voltage from the integration circuit 21.
      The resulting control voltage produced an an output of the circuit 22 is
      impressed on the gate of FET 25, which varies its internal resistance
      between the drain and source thereof. The gain of the amplifier is
      controlled by variations of the impedance of the FET 25.
PAR  Accordingly, as the cutter head of the cutting machine 10 cuts and records
      from the outer periphery toward the inner periphery of the disc 12, the
      limiting level of limiting amplifier 26 and the feedback path thereof is
      successively lowered in the order n, o, p, . . . s, as indicated by the
      input-output level characteristic in FIG. 3. As a consequence, the
      limiting amplifier limits amplitude by successively deepening (i.e.,
      increasing) the degree of amplitude limiting as indicated at n, o, p, . .
      . s in FIG. 2(M), with respect to the input signal of the amplitudes
      indicated by m in FIG. 2(M). In this connection, since there is no control
      voltage in the initial period l, as indicated in FIG. 2(L), only a
      constant and fixed bias is applied to the gate of the FET 25. The gain of
      the limiting amplifier is a maximum in this period l'. An output signal n
      is obtained with respect to an input signal m, as indicated in FIG. 2(M).
      Furthermore, in actual practice, the period during which the signal s is
      produced occurs somewhat prior to the lead-out time point Q.
PAR  The output signal of the amplifier 26 is limited in amplitude, as described
      above. Then it is led out through an output terminal 27. If the recording
      system of the present invention is applied to a discrete multichannel
      record disc recording system, the output signal from the output terminal
      27 is supplied to a matrix circuit (not shown) where it is formed into sum
      and difference signals, each containing the signals of two channels. The
      sum signal is passed through a specific equalizing circuit, while the
      difference signal is passed through a specific equalizing circuit and then
      angle modulated. The resulting direct wave sum signal and the
      angle-modulated wave difference signal are multiplexed, amplified, applied
      to the input terminal 11 of the cutter head of the aforementioned cutting
      machine 10, and thereby recorded on the disc 12.
PAR  The input signal applied to the aforementioned input terminal 23 may be an
      audio signal covering the entire frequency band. In this case, only one
      system, as indicated by block diagram in FIG. 1, may be provided.
      Furthermore, an arrangement may use a plurality of systems, for example,
      three systems, each as indicated in FIG. 1, there may be in a single
      recording system. The recording signal is divided into a low-band signal,
      a medium-band signal and a high-band signal by a low-pass filter, a
      band-pass filter, and a high-pass filter. The signals thus divided are
      respectively conducted to corresponding limiting amplifiers among the
      limiting amplifiers of the above mentioned three systems. In this case,
      depending on the program source of the signal to be recorded, the degree
      of amplitude limiting can be selected at will for each band. For example,
      the degree of amplitude limiting with respect to a low-band signal can be
      made greater than that with respect to signals of other bands.
PAR  Furthermore, the stepped wave generator 18 in the above described
      embodiment operates in response to the output pulses a through e of the
      switching circuit 14 cooperating with the detector 13 to produce a stepped
      wave voltage varying in five steps. The number of steps is not limited to
      five, but may be any plural number. Moreover, the voltage may, of course,
      rise continuously and progressively.
PAR  Referring now to FIGS. 4 and 5, the second embodiment of the record disc
      recording system of the invention will be described. In FIG. 4, parts
      which are the same as corresponding parts in FIG. 1 are designated by the
      same reference numerals, and detailed description of these parts will not
      be repeated.
PAR  In the preceding embodiment, as is apparent from FIG. 3, the limiting level
      varies in the order n, o, p, . . . s. The critical points of the limiting
      operation (i.e., the input level points corresponding to the bends in the
      curves shown in FIG. 3 where the recording parts join the straight-line
      parts) vary from large to small relative to the input level. This
      variation is conformance with the variations from large to small of the
      limiting level. In the instant embodiment illustrated in FIGS. 4 and 5,
      the limiting operation critical point does not vary even when the limiting
      level varies.
PAR  The signal part of the output of the main amplifier 26 passes through the
      control signal amplifier 28, rectifier 29, and integration circuit 30. It
      is amplified by a DC amplifier 40 and then applied to the gate of the FET
      25. The gain of the main amplifier 26 is thus controlled. The output of
      amplifier 26 is led out from the output terminal 27 in accordance with the
      divided voltage value due to a resistance value of a resistor 41 and the
      resistance value of a FET 42.
PAR  The stepped control voltage k from the integration circuit 21 is impressed
      on the gate of the FET 42, and thereby varies the internal resistance
      thereof. The drain and source of this FET 42 are connected between the
      output terminal 27 and ground (earth).
PAR  In the instant embodiment, the FET 42 is provided on the output side of the
      amplifier 26. The internal resistance thereof is controlled by the control
      voltage k. The relationship between the input signal level at the input
      terminal 23 and the output signal level at the output terminal 27 is as
      indicated in FIG. 5. As is apparent from this graph, the limiting critical
      point (i.e., the input level point corresponding to the bend in the
      curves) is always constant. All of the input-output level characteristic
      curves vary by decreasing in the order n, o, p, . . . s, in accordance
      with the above mentioned control voltage k.
PAR  Embodiments of specific circuits for the stepped wave generator 18 used in
      the above described embodiments of systems will now be described.
PAR  In one embodiment circuit as shown in FIG. 6, a pulse voltage u
      (corresponding to the pulse voltage i  indicated in FIG. 2(I)) has a
      period T3 and a pulse width T4, as indicated in FIG. 7(A). Pulse u is
      supplied from the differentiation circuit 17 to an input terminal 50. A
      coupling capacitor 51 removes the DC component of this pulse voltage u. A
      capacitor 53 is charged responsive to pulse u applied by way of a silicon
      diode 52. The charging at this time is accomplished instantaneously since
      the time constant due to the forward direction resistance of the diode 52
      and the capacitance of the capacitor 53 are set at a suitably small value.
PAR  In a period wherein the pulse voltage does not exist, the charge in the
      capacitor 53 is discharged through a resistor 54 to charge a capacitor 55.
      The time constant due to this capacitor 55 and the resistor 54 is selected
      to be in the order of approximately 10 times the time constant due to the
      forward-direction resistance of the diode 52 and the capacitor 53. Here,
      the capacitors 53 and 55 and the resistor 54 constitute a CR-.pi. type
      integration circuit.
PAR  The capacitors 53 and 55 continue their charging and discharging, as
      described above, until the charging voltages become equal. When the two
      voltages become equal, the two capacitors hold constant voltage charge.
      This voltage is impressed on the gate of a FET 56 having its drain
      supplied with a positive DC voltage. Its source is biased with a negative
      DC voltage applied by way of a resistor 57. A voltage obtained from the
      source follower resistor 57 of the FET 56 is impressed on the base of an
      NPN transistor 58. Its collector is connected to a positive DC power
      supply. Its emitter is connected by way of a resistor 59 to a negative DC
      power supply. A DC output voltage is led out of the emitter of this
      transistor 58 and fed back by way of a resistor 60 to the anode side of
      the diode 52. As a consequence, the potential on the anode side of the
      diode 52 assumes a bootstrap voltage waveform v, as indicated in FIG.
      7(B).
PAR  As a consequence, the above mentioned pulse voltage u is successively
      applied, with a period T3, to the input terminal 50. Thereupon, a pulse
      current passing through the diode 52 charges capacitor 53. The charge is
      in a state wherein it is superimposed on the potential of the anode side
      of the diode 52. At this time, a charging voltage w, of a waveform as
      indicated in FIG. 7(C), appears at the capacitor 53. As a result of the
      application of this charging voltage w, the charging voltage of the above
      mentioned capacitor 55 becomes a voltage x of a waveform as indicated in
      FIG. 7(D). From an output terminal 63, a voltage y of stepped waveform is
      obtained wherein all step potentials are equal, as indicated in FIG. 7(E).
PAR  The resetting of the circuit is accomplished as follows. By equivalently
      closing a switch 62 (corresponding to the switching circuit 20 in the
      system shown in FIG. 1) through the use of the output of the monostable
      multivibrator 19, the charge in the capacitor 55 is discharged through a
      resistor 61.
PAR  In the instant embodiment, if the pulse width of the pulse voltage u to be
      applied is suitably wide, it is also possible to differentiate beforehand
      the input pulse voltage u by means of the capacitor 51 and the resistor
      60. The resulting pulse voltage is supplied to the anode of the diode 52.
      Furthermore, by changing the values of the capacitor 53, the resistor 54,
      and the capacitor 55, the pulse width and pulse height of the pulse
      voltage u change the pulse potential impressed on the diode 52. Thus, it
      is possible to change the step potential of the stepped wave.
PAR  Furthermore, when a diode of extremely small inverse current is selected
      for the silicon diode 52, a FET of the MOS type is selected for the FET
      56. Capacitors 53 and 55 and a resistor 54 of large constants are
      selected. Thus, it is possible to always obtain an output signal of
      excellent stepped waveform from the output terminal 63, even with respect
      to an input pulse voltage of long period such as, for example, a pulse
      voltage u of a period T3 of 1,800 seconds.
PAR  Another embodiment of a specific circuit for the stepped wave generator is
      shown in FIG. 8. Parts which are the same as corresponding parts in the
      circuit of FIG. 6 are designated by like reference numerals. These parts
      will not be described in detail again.
PAR  A PNP transistor 70 is used for temperature compensation of the circuit.
      The emitter of transistor 70 is connected by way of the resistor 60 and a
      resistor 71 to a positive DC power supply, while its collector is
      connected to a negative DC power supply. Resistors 72, 73, 75 and 77 and
      NPN transistors 74 and 76 constitute a constant-current circuit and
      accomplish level shifting of output current. The circuit of the instant
      embodiment is capable of operating with greater stability than the circuit
      of the preceding embodiment.
PAR  Further, this invention is not limited to these embodiments. Variations and
      modifications may be made without departing from the scope and spirit of
      the invention. Therefore, the appended claims are to be construed to cover
      all equivalent structures.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A record disc recording system comprising: cutting and recording means
      having a cutter head for cutting and recording signals on a rotating disc
      with cutting extending from the outer periphery toward the inner periphery
      thereof; means for generating position pulse signals at successive
      specific intervals during the period while the cutter head moves from the
      outer periphery across the disc to the inner periphery thereof; means
      responsive to the position pulse signals for generating a control voltage
      of a stepped waveform, said control voltage increasing in successive steps
      responsive to the receipt of each of the position pulse signals; limiting
      amplification means for amplitude limiting input recording signals;
      control means for controlling the gain of said limiting amplification
      means in accordance with said control voltage whereby the degree of the
      amplitude limiting of the recording signals increases successively as the
      cutter head moves from the outer periphery over the disc toward the inner
      periphery thereof; means for applying the output signals of said limiting
      amplification means to said cutter head in which said limiting
      amplification means comprises voltage dividing means including a series
      combination of a resistor and a variable resistance element, means for
      applying recording signals across said voltage dividing means, a main
      amplifier for amplifying the signal appearing across the variable
      resistance element; said control means comprises rectifier means for
      rectifying one portion of the output signal of said main amplifier and
      integrating the rectified signal to produce a second control voltage, DC
      amplifier and regulating circuit means responsive jointly to the control
      voltage of said stepped waveform and to the second control voltage for
      amplifying the control voltage of said stepped waveform while the gain of
      said DC amplifier and regulating circuit means is controlled responsive to
      the second control voltage, and means for controlling the resistance value
      of said variable resistance element in accordance with the output signal
      of said DC amplifier and regulating circuit means.
NUM  2.
PAR  2. A record disc recording system comprising: cutting and recording means
      having a cutter head for cutting and recording signals on a rotating disc
      with cutting extending from the outer periphery toward the inner periphery
      thereof; means for generating position pulse signals at successive
      specific intervals during the period while the cutter head moves from the
      outer periphery across the disc to the inner periphery thereof; means
      responsive to the position pulse signals for generating a control voltage
      of a stepped waveform, said control voltage increasing in successive steps
      responsive to the receipt of each of the position pulse signals; limiting
      amplification means for amplitude limiting input recording signals;
      control means for controlling the gain of said limiting amplification
      means in accordance with said control voltage whereby the degree of the
      amplitude limiting of the recording signals increases successively as the
      cutter head moves from the outer periphery over the disc toward the inner
      periphery thereof; means for applying the output signals of said limiting
      amplification means to said cutter head in which said limiting
      amplification means comprises first voltage dividing means including a
      first series combination of a first resistor and a first variable
      resistance element, means for applying the recording signals across said
      voltage dividing means, a main amplifier for amplifying the signal
      appearing across the first variable resistance element, a second series
      comprising a combination of a second resistor and a second variable
      resistance element, means for applying the output signal of said main
      amplifier across said second series, means for taking out the signal
      appearing across the second variable resistance element as the output
      signal of said limiting amplification means; said control means comprises
      rectifier means for rectifying one portion of the output signals of said
      main amplifier and integrating the rectified signal to produce a second
      control voltage, means for controlling the resistance value of said first
      variable resistance element in accordance with the second control voltage,
      and means for controlling the resistance value of said second variable
      resistance element in accordance with the control voltage of said stepped
      waveform.
NUM  3.
PAR  3. A record disc recording system comprising: cutting and recording means
      having a cutter head for cutting and recording signals on a rotating disc
      with cutting extending from the outer periphery toward the inner periphery
      thereof; means for generating position pulse signals at successive
      specific intervals during a period while the cutter head moves from the
      outer periphery across the disc to the inner periphery thereof; means
      responsive to the position pulse signals for generating a control voltage
      of a stepped waveform, said control voltage increasing in successive steps
      responsive to the receipt of each of the position pulse signals; limiting
      amplification means for amplitude limiting input recording signals;
      control means for controlling the gain of said limiting amplification
      means in accordance with said control voltage whereby the degree of the
      amplitude limiting of the recording signals increases successively as the
      cutter head moves from the outer periphery over the disc toward the inner
      periphery thereof; means for applying the output signals of said limiting
      amplification means to said cutter head in which said control voltage
      generating means comprises a diode for rectifying the position pulse
      signals, integration circuit means for integrating the charges of the
      current flowing through said diode; a field effect transistor having a
      drain electrode connected to a first reference voltage source, a source
      electrode connected through a first resistor to a second reference voltage
      source, and a gate electrode connected to receive the output signal of
      said integration circuit means; a transistor having a collector electrode
      connected to the first reference voltage source, an emitter electrode
      connected through a second resistor to the second reference voltage source
      and also connected through a third resistor to the input side of said
      diode, and a gate electrode connected to the source electrode of said
      field effect transistor.
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PAL  A composite filter circuit comprises a first series resonant circuit
      connected to a single common resistor, resonating at a first frequency,
      and exhibiting a low-pass filtering characteristic. A parallel resonant
      circuit includes one circuit element of the first series resonant circuit
      and resonates at a second frequency. A second series resonant circuit is
      connected to the single common resistor, resonating at the second
      frequency, and exhibiting a highpass filtering characteristic. The first
      series resonant circuit and the parallel resonant circuit constitute a
      low-pass filter circuit section. This low-pass filtering characteristic
      results from the total effects of the low-pass filtering characteristic of
      the first series resonant circuit, a dip characteristic of the parallel
      resonant circuit, and, in addition, a decreasing characteristic at the
      second frequency, due to the second series resonant circuit. The second
      series resonant circuit constitutes a high-pass or band-pass filter
      circuit section having a high-pass filtering characteristic resulting from
      the total effect of the high-pass filtering characteristic of the second
      series resonant circuit and, in addition, the decreasing characteristic at
      the first frequency due to the first series resonant circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a composite filter circuit and more
      particularly to a composite filter circuit which has a low-pass filtering
      characteristic and high-pass or band-pass filtering characteristic and
      which is suitable for use in a discrete multichannel disc reproducing
      apparatus.
PAR  A discrete four-channel record disc system is shown in United States as
      U.S. Pat. No. 3,686,471. A direct wave is comprised of the sum of a pair
      of two channels and an angle-modulated wave. The modulated wave is angle
      modulating a 30 KHz carrier wave responsive to the difference between a
      pair of two channels. These signals are superimposed and recorded on the
      side walls of the disc sound groove.
PAR  In picking up and reproducing a recorded signal from this multi-channel
      record, there is a need for taking out the angle-modulated difference
      signal from the picked up signal. This modulated signal is separated from
      the direct-wave sum signal and then demodulated. It is to be understood
      that the direct-wave sum signal has a frequency band ranging from 0 to 15
      KHz, while the angle-modulated difference signal has a frequency band
      ranging from 20 KHz to 45 KHz.
PAR  In recording on a disc with a cutting stylus or in tracing a sound groove
      with a pick-up stylus, cutting or tracing distortion is generally
      inevitable. Because of these kinds of distortions, harmonics waves of the
      direct-signal are produced. The harmonic components are present in the
      vicinity of the frequency band of the angle-modulated wave.
PAR  In order to extract ideally only the angle-modulated signal component which
      contains no harmonic components of the direct-wave signal, the filtering
      characteristic of a high-pass filter (or band-pass filter) must be made
      sufficiently steep for passing the angle-modulated wave signal. On the
      other hand, a low-pass filter for deriving the direct wave signal, is also
      required to have a steep filtering characteristic so as not to pass the
      angle-modulated carrier wave.
PAR  However, simple filters having ideal filtering characteristics, satisfying
      the above described requirements, have not been available. Furthermore,
      since the above mentioned low-pass filter and high-pass filter were
      heretofore provided respectively as independent circuits, they required a
      large number of circuit elements.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      novel and useful filter circuit in which the above described problems have
      been overcome.
PAR  A specific object of the invention is to provide a simple filter circuit
      having steep low-pass and high-pass, or band-pass filtering
      characteristics.
PAR  Another object of the invention is to provide a filter circuit having
      low-pass and high-pass filtering characteristics due to mutual
      interference of one part of a low-pass filter circuit and one part of a
      high-pass filter circuit.
PAR  Still another object of the invention is to provide, in a multichannel
      record disc reproducing apparatus, a filter circuit for respectively
      separating and deriving a direct-wave signal and an angle-modulated
      difference signal from a multiplex signal reproduced from the pickup.
PAR  Further objects and features of the invention will be apparent from the
      following detailed description when read in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram showing one example of a discrete multichannel
      disc reproducing system, of a general type, in which the filter circuit of
      the invention can be applied;
PAR  FIG. 2 is a circuit diagram of one embodiment of the composite filter
      circuit according to the invention;
PAR  FIG. 3 is an equivalent circuit diagram showing one part of a low-pass
      filter circuit, in the circuit shown in FIG. 2;
PAR  FIG. 4 is a graph indicating the frequency-response characteristic of the
      circuit illustrated in FIG. 3;
PAR  FIGS. 5A, 5B and 5C are graphs respectively indicating frequency-response
      characteristics of certain parts of the low-pass filter circuit shown in
      FIG. 2;
PAR  FIG. 6 is an equivalent circuit diagram of one part of a high-pass filter
      circuit shown in FIG. 2;
PAR  FIG. 7 is a graph indicating the frequency-response characteristic of the
      circuit illustrated in FIG. 6;
PAR  FIGS. 8A and 8B are graphs respectively indicating the frequency-response
      characteristics at certain parts of the high-pass filter circuit shown in
      FIG. 2; and
PAR  FIG. 9 is a graph indicating total frequency-response characteristics
      (filtering characteristics) of the filter circuit illustrated in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows one example of a discrete 4-channel disc reproducing system in
      which the filter circuit of the invention can be applied.
PAR  A multiplexed signal of a direct wave sum signal and an angle-modulated
      difference signal for each pair of channels (first and second channels,
      third and fourth channels) is recorded on each side wall of the sound
      groove of a four-channel record disc 10. Hence, the signals for a total of
      four channels are so recorded. A multiplexed signal comprising the direct
      wave sum signal and the angle-modulated wave difference signal for the
      two-channel signal is picked up from the left wall of the grooves of the
      disc 10, by a pickup cartridge 11. The picked up signal is fed to an
      equalizer 12 with a RIAA (Recording Industries Association of America)
      turnover characteristic, for equalization.
PAR  The resulted signal is fed to a low-pass filter 13 for elimination of the
      angle-modulated wave component and for deriving the direct wave sum signal
      component only. The direct wave sum signal is fed to a matrix circuit 15,
      via an equalizer 14 having the RIAA roll-off characteristic.
PAR  The output of the equalizer 12 is partly fed to a high-pass filter 16 (or
      band-pass filter) having a pass-band in the approximate range of more than
      20 KHz. An angle-modulated wave difference signal is derived from this
      filter. The angle-modulated wave difference signal is fed to a
      demodulation circuit 17 of a phase locked loop (PLL) containing a phase
      comparator, a loop gain control circuit and a voltage-controlled
      oscillator, etc. The demodulated output from circuit 17 is supplied to a
      low-pass filter 18, and the unwanted components contained in the output
      are eliminated. The output from the low-pass filter 18 is fed to the
      matrix circuit 15 via (in succession) an FM/PM equalizer 19 and an
      automatic noise reduction system (ANRS) circuit 20, comprising an expandor
      having a characteristic which compensates for the characteristic of a
      compressor used in the recording system.
PAR  In the matrix circuit 15, the direct wave sum signal from the equalizer 14
      and the demodulated difference signal from the ANRS circuit 20 are
      matrixed. From output terminals 21a and 21b are derived, for instance, the
      left front (the first channel) and the left rear (the second channel)
      signals, respectively.
PAR  FIG. 1 shows only the circuit for the first and second channel signals (the
      left channel system for the grooves of the disc 10). However, exactly the
      same circuit is provided for the right front (the third) and the right
      rear (the fourth) channel. Detailed illustration and description of this
      right system are omitted herein.
PAR  Heretofore, for the above described low-pass filter 13 and high-pass filter
      16, a low-pass filter and high-pass filter of, respectively, independent
      circuits were used. In accordance with the present invention, a single
      composite filter circuit has a low-pass filter circuit and a high-pass
      filter circuit, as described below. It can be used instead of the discrete
      low-pass filter 13 and high-pass filter 16.
PAR  One embodiment of the inventive composite filter comprises a low-pass
      filter circuit and high-pass filter circuit (FIG. 2). A signal from the
      equalizer 12 is applied to an input terminal 30. A resistor R1 is commonly
      used in both a low-pass filter circuit and a high-pass filter circuit, as
      described below. A parallel resonant circuit of a coil L1 and a capacitor
      C1 is connected to the resistor R1. Between the output side of this
      parallel resonant circuit and ground (earth), there is connected a
      capacitor C2. The resonant frequency of the parallel circuit is at
      approximately 30 KHz, which is equal to the carrier wave frequency of the
      angle-modulated difference signal. A resistor R2 is connected between the
      output side of the above mentioned parallel resonant circuit and an output
      terminal 31. A capacitor C3 is connected between ground and the junction
      between the resistor R2 and the output terminal 31. The above described
      components, between the input terminal 30 and the output terminal 31, form
      the low-pass filter circuit.
PAR  In this circuit, the resistor R1, coil L1, and capacitor C2 constitute a
      series resonant circuit as indicated by equivalent circuit in FIG. 3. This
      series resonant circuit has a series resonance and is operated by a signal
      from a signal source S, corresponding to the signal supplied to the input
      terminal 30. The frequency-response characteristic of this circuit becomes
      as indicated in FIG. 4. In this circuit, the resistance of the resistor R1
      may be any one of many selected values while the inductance of the coil L1
      and the capacitance of the capacitor C2 are respectively kept constant.
      The value of the quality factor Q of resonance, changes with the
      resistance value. That is, as the resistance of the resistor R1 is
      decreased, the Q value of the resonant circuit wil increase, and the
      response at the resonant frequency f.sub.1 will also increase to a high
      peak. The slopes of the filter characteristics in front of and behind this
      peak become steep. Accordingly, by appropriately selecting the resistance
      value of the resistor R1, the magnitude of the peak at the frequency
      f.sub.1 can be suitably selected, as indicated in FIG. 5A.
PAR  Here, the frequency f.sub.1 is selected at approximately 15 KHz, which is
      equal to the upper limit frequency of the band of the direct-wave sum
      signal.
PAR  The parallel resonant circuit comprising the coil L1 and the capacitor C1
      exhibits a frequency-response characteristics as indicated in FIG. 5B.
      This frequency-response characteristic has an abrupt dip at the resonant
      frequency f.sub.2 (approximately 30 KHz).
PAR  Furthermore, the low-pass filter circuit section comprising the resistor R2
      and the capacitor C3 has the frequency-response characteristic indicated
      in FIG. 5C. The cut-off frequency f.sub.3 of this circuit section is
      selected at approximately 10 KHz.
PAR  Accordingly, the above described low-pass filter circuit section, per se,
      exhibits a frequency-response characteristic, as indicated by the curve
      I-Ia-I in FIG. 9 which are a combination of the characteristic curves
      shown in FIGS. 5A, 5B and 5C. More specifically, in this characteristic,
      there is a substantially flat frequency band extending from zero to
      approximately 15 KHz, as indicated by the curve I. At frequencies
      exceeding 15 KHz, there is a steep decrease which results in a dip in the
      neighborhood of 30 KHz, as indicated by curve Ia. At frequencies higher
      than 30 KHz, the response characteristic rises somewhat from the dip, but,
      even then, there is practically no signal filtration since the decrease is
      great.
PAR  In the circuit of the present invention, the curve Ia shown by a dashed
      line actually becomes more like the curve Ib, which is shown by full line,
      because of the high-pass filter circuit.
PAR  Next, the high-pass filter circuit is shown in FIG. 2. One side of a
      capacitor C4 is connected in series to the common resistor R1. A coil L2
      is connected between the other side of the capacitor C4 and ground. A
      capacitor C5 is connected from the junction between the capacitor C4 and
      the coil L2 to an output terminal 32, and a resistor R3 is connected
      between ground and the junction between the capacitor C5 and the output
      terminal 32.
PAR  The resistor R1, the capacitor C4, and the coil L2 constitute a series
      resonant circuit, as indicated by the equivalent circuit in FIG. 6. This
      series resonant circuit is resonant when energized by a signal from a
      signal source S corresponding to the signal applied to the input terminal
      30. The frequency-response characteristic becomes as indicated in FIG. 7.
      If, in this circuit, the resistance of the resistor R1 is selected at
      various values while the capacitance of the capacitor C4 and the
      inductance of the coil L2 are kept constant, the Q value of resonance will
      change. That is, as the resistance of the resistor R1 is made smaller, the
      Q value of the resonant circuit will increase. The response at the
      resonant frequency f.sub.4 will increase to a high peak, and the slopes of
      the characteristic curve before and behind this peak become steep.
      Accordingly, by appropriately selecting the resistance value of the
      resistor R1, the magnitude of the peak at the frequency f.sub.4 can be
      suitably selected, as indicated in FIG. 8A.
PAR  Since the resistor R1 is used commonly in the low-pass filter circuit, the
      characteristics of the two resonant circuits have peaks as indicated in
      FIGS. 5A and 8A.
PAR  The resonant frequency f.sub.4 is approximately 30 KHz similar to the
      aforementioned frequency f.sub.2.
PAR  Furthermore, the capacitor C5 and the resistor R3 constitute a high-pass
      filter circuit having a frequency-response characteristic as indicated in
      FIG. 8B. In this case, the cut-off frequency f.sub.5 is selected at
      approximately 15 KHz, similar to the aforementioned frequency f.sub.1.
PAR  Accordingly, the above described high-pass filter circuit section, per se,
      exhibits a frequency-response characteristic as indicated by the curve
      II--IIa--II in FIG. 9, which is a combination of the characteristics
      indicated in FIGS. 8A and 8B. More specifically, in this characteristic,
      there is a peak at the frequency 30 KHz. At lower frequencies,
      particularly in the band below 20 KHz, there is a great decrease. At
      frequencies higher than 30 KHz, a high-pass (or band-pass) filtering
      gently decreasing characteristic is indicated. As a result of the low-pass
      filter circuit, the curve IIa shown by a dashed line actually becomes more
      like the curve IIb shown by a full line.
PAR  In the circuit arrangement shown in FIG. 2, the low-pass filter circuit and
      the high-pass filter circuit are connected in parallel, with the resistor
      R1 used commonly. Accordingly, a low-pass filter circuit and a series
      resonant circuit (FIG. 6) having a resonant frequency of 30 KHz, are
      connected in parallel. For this reason, input signals of 30 KHz and
      frequencies in the neighborhood thereof, pass through the capacitor C4 of
      the series resonant circuit of the high-pass filter circuit, which
      exhibits a low impedance at this frequency.
PAR  As a consequence, signals of 30 KHz, and frequencies in the neighborhood
      thereof, pass through the low-pass filter circuit with a great decrease as
      indicated by characteristic curve Ia in FIG. 9, responsive to the parallel
      resonant circuit of the coil L1 and the capacitor C1. In addition, the
      series resonant circuit comprising the capacitor C4 and the coil L2 of the
      high-pass filter circuit, cause a further great decrease. For this reason,
      of the combined characteristic of the low-pass filter circuit, the
      characteristic with respect to 30 KHz and frequencies in the neighborhood
      thereof, becomes as indicated by curve Ib, and the overall characteristic
      becomes as indicated by the curve I-Ib-I.
PAR  Therefore, in addition to the great decrease of the component of 30 KHz and
      frequencies in the neighborhood thereof, the decreasing characteristic of
      frequencies above 20 KHz becomes even steeper.
PAR  For this reason, the circuit of the present invention, uses both the
      low-pass and the high-pass filtering characteristic inherent in the
      low-pass and high-pass filter circuit sections. Hence, the effect of the
      high-pass filter circuit section is effectively utilized to produce an
      even more desirable low-pass filtering characteristic. As a result, only a
      direct-wave signal component from which the angle-modulated wave has been
      positively removed is derived from the output terminal 31 and is fed to
      the equalizer 14.
PAR  On the other hand, a series resonant circuit comprising the coil L1 and
      capacitor C2, and having a resonant frequency of 15 KHz, is connected in
      parallel with the high-pass filter circuit section. For this reason, the
      currents of a signals of 15 KHz, and frequencies in the neighborhood
      thereof, in the input signal flow almost entirely to the above mentioned
      series resonant circuit of the low-pass filter circuit section, thus
      exhibiting low impedance at these frequencies.
PAR  Consequently, of the signal passing through the high-pass filter circuit
      section, signals of 15 KHz and frequencies in the neighborhood thereof
      acquire a frequency-response characteristic as indicated by curve IIb in
      FIG. 9. There is a decrease of approximately 10 dB, for example, from the
      characteristic indicated by curve IIa as a result of the series resonant
      circuit of the low-pass filter circuit section. The overall characteristic
      is indicated by curve II-IIb-II.
PAR  Therefore, in addition to the great decrease of the component of 15 KHz,
      and the frequencies in the neighborhood thereof, the decreasing
      characteristic becomes even steeper, particularly at frequencies below 20
      KHz.
PAR  For this reason, in the composite filtering circuit of the present
      invention, not only the high-pass filtering characteristic inherent in the
      high-pass filter circuit section but also the effect of the low-pass
      filter circuit section is effectively utilized. Hence an even more
      desirable high-pass filtering characteristic is obtained. From the output
      terminal 32, only an angle-modulated wave component, from which the
      direct-wave signal component and higher harmonic components thereof have
      been positively removed, is derived and fed to the demodulation circuit
      17.
PAR  One example of the constants of the various circuit elements in the circuit
      illustrated in FIG. 2 is as follows:
PA1  Resistors -- R1 560 .OMEGA., R2 10 k.OMEGA., R3 10 k.OMEGA.
PA1  Capacitors -- C1 0.0033 .mu.F, C2 0.0068 .mu.F, C3 0.0033 .mu.F, C4 0.0027
      .mu.F, C5 0.001 .mu.F
PA1  Coils -- L1 10 MH, L2 10 MH
PAR  In actual circuit, a limiting amplifier is connected between the high-pass
      filter circuit section and the demodulation circuit 17. If this limiting
      amplifier is of the positive input type, the output terminal 32 of the
      high-pass filter circuit section may be as shown in the circuit of FIG. 2.
      If this limiting amplifier is of the negative input type, however, one
      terminal of the resistor R3 is not grounded, but becomes an output
      terminal and is connected to the input of the limiting amplifier of
      negative input type.
PAR  Further, this invention is not limited to these embodiments but various
      variations and modifications may be made without departing from the scope
      and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composite filter circuit comprising: a resistor having one end to
      which an input signal is applied; a first series resonant circuit
      connected to the other end of said resistor, said first series circuit
      resonating with a first frequency and exhibiting a low-pass filter
      characteristic; a parallel resonant circuit having a common circuit
      element which is a constituent part of said first series resonant circuit,
      said parallel circuit resonating with a second frequency which is higher
      than said first frequency and exhibiting a frequency-response dip at said
      second frequency; and a second series resonant circuit connected to said
      other end of said resistor and in parallel with said first series resonant
      circuit and parallel resonant circuit, said second series circuit
      resonating with a frequency which is substantially equal to said second
      frequency and exhibiting a high-pass or band-pass filtering
      characteristic, said first series resonant circuit and parallel resonant
      circuit constituting a low-pass filter circuit for filtering signals of a
      first specified frequency band, said second series resonant circuit
      constituting a high-pass or band-pass filter circuit for filtering signals
      of a second specified frequency band, said low-pass filter circuit section
      producing an output signal filtered with a low-pass filtering
      characteristic responsive to the low-pass filtering characteristic of said
      first series resonant circuit, said filtered output signal having a dip
      characteristic at said second frequency and frequencies in the
      neighborhood thereof, and a decreasing characteristic at said second
      frequency and frequencies in the neighborhood thereof, said high-pass
      filter circuit producing an output signal filtered with a high-pass or
      band-pass filtering characteristic responsive to a total of the high-pass
      or band-pass filtering characteristic of said second series resonant
      circuit and a decreasing characteristic at said first frequency and
      frequencies in the neighborhood thereof.
NUM  2.
PAR  2. A composite filter circuit as claimed in claim 1 in which said low-pass
      filter circuit further has a low-pass filter circuit exhibiting a low-pass
      filtering characteristic wherein the cut-off frequency is a third
      frequency which is lower than said first frequency and, as a total
      characteristic, exhibits a generally flat characteristic in the frequency
      band which is lower than said first frequency, and said high-pass filter
      circuit further has a high-pass filter circuit exhibiting a high-pass
      filtering characteristic wherein the cut-off frequency is a fourth
      frequency which is lower than said second frequency.
NUM  3.
PAR  3. A composite filter circuit as claimed in claim 2 and means for picking
      up and reproducing from a multichannel record disc a multiplexed signal
      recorded thereon, said recorded signal comprising a direct-wave sum signal
      having a band of approximately 0 to 15 KHz and an angle-modulated wave
      difference signal in a band of approximately 20 KHz to 45 KHz which is
      obtained by angle modulating a carrier wave of 30 KHz with a difference
      signal, and in which said first and second frequencies are approximately
      15 KHz to 30 KHz, respectively; said low-pass filter circuit has a total
      frequency-response characteristic having a generally flat characteristic
      in a band of approximately 0 to 15 KHz, a great dip at approximately 30
      KHz, and a greatly decreasing characteristic in a band of substantially 15
      KHz to 30 KHz; and said high-pass filter circuit has a total
      frequency-response characteristic having a dip at about 15 KHz and a
      greatly decreasing characteristic at frequencies below 20 KHz and
      filtering the band above 20 KHz.
NUM  4.
PAR  4. A composite filter circuit as claimed in claim 3 in which said third
      frequency is approximately 10 KHz, and said fourth frequency is selected
      at approximately 15 KHz.
NUM  5.
PAR  5. A composite filter circuit as claimed in claim 1 and means for picking
      up and reproducing from a record disc a multiplexed signal recorded
      thereon, said recorded signal comprising a direct-wave signal in a band
      substantially equal to said first frequency and an angle-modulated wave
      signal which is obtained by angle modulating a carrier wave of a frequency
      equal to said second frequency, and in which said low-pass filter circuit
      filters said direct-wave signal while said high-pass filter circuit
      filters said angle-modulated wave signal.
NUM  6.
PAR  6. A composite filter circuit comprising:
PA1  a first resistor to one end of which an input signal is applied;
PA1  a first series resonant circuit comprising a first coil connected between
      the other end of said first resistor and a first capacitor, said first
      resonant circuit resonating with a first frequency, and exhibiting a
      low-pass filtering characteristic;
PA1  a second capacitor connected in parallel with said first coil and
      constituting in conjunction with said first coil a parallel resonant
      circuit resonating with a second frequency;
PA1  a low-pass filter circuit comprising a second resistor connected between
      said first series resonant circuit and a third capacitor, said low-pass
      filter circuit having a cut-off frequency equal to a third frequency;
PA1  a second series resonant circuit comprising a fourth capacitor connected to
      the other end of said first resistor and a second coil, said second
      resonant circuit resonating with the second frequency, and exhibiting a
      high-pass or band-pass filtering characteristic; and
PA1  a high-pass or band-pass filter circuit comprising a fifth capactior
      connected to said second series resonant circuit and a third resistor,
      said high-pass or band-pass filter having a cut-off frequency equal to the
      first frequency,
PA1  said first series resonant circuit, parallel resonant circuit, and low-pass
      filter circuit constituting a low-pass filter circuit section for
      filtering signals of a first specified frequency band,
PA1  said second series resonant circuit and high-pass or band-pass filter
      circuit constituting a high-pass or band-pass filter circuit section for
      filtering signals of a second specified frequency band,
PA1  said low-pass filter circuit section exhibiting a low-pass filtering
      characteristic which is generally flat from zero frequency to said first
      frequency, decreases steeply at frequencies above said first frequency,
      and has a great dip at said second frequency, said low-pass filtering
      characteristic resulting from combined effects of the low-pass filter
      characteristic having a peak at the first frequency of said first series
      resonant circuit, a dip characteristic at said second frequency of said
      parallel resonant circuit, a decreasing characteristic at said second
      frequency due to the existence of said second series resonant circuit, and
      a low-pass filtering characteristic wherein the cut-off frequency of said
      low-pass filter circuit is the third frequency,
PA1  said high-pass filter circuit section exhibiting a high-pass or band-pass
      filtering characteristic having a dip at said first frequency and a peak
      at said second frequency resulting from a total of the high-pass filter
      characteristic having a peak at the second frequency of said second series
      resonant circuit, the high-pass or band-pass filtering characteristic
      wherein the cut-off frequency of said high-pass or band-pass filter
      circuit is the first frequency, and the decreasing characteristic at the
      first frequency due to the existence of said first series resonant
      circuit.
NUM  7.
PAR  7. A composite filter circuit as claimed in claim 6 and means for picking
      up and reproducing from a multichannel record disc a multiplexed signal
      recorded thereon of a direct-wave sum signal of a band of approximately 0
      to 15 KHz and an angle-modulated wave difference signal of a band of
      approximately 20 KHz to 45 KHz obtained by angle modulating a carrier wave
      of 30 KHz responsive to a difference signal, and in which said first,
      second, and third frequencies are approximately 15 KHz, 30 KHz, and 10
      KHz, respectively.
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ABST
PAL  An electret microphone having a head readily assembled within a housing in
      which an electrically conducting backplate and an air permeable filter
      member abut each other and form an electrical connection to an
      electrically conducting pin. The head of the microphone is mounted on a
      handle containing an electrical connector which engages the pin of the
      head forming an electrical connection. The handle also contains an
      amplifier with an F.E.T. transistor electrically connected to the
      connector, the amplifier having a radio frequency filter, surge filter,
      and being adapted to function with direct current potentials carried by
      the microphone cable of greatly varying magnitudes.
BSUM
PAR  The present invention relates generally to microphones, and more
      particularly to microphones of the electret type.
PAR  Condenser microphones have been known and extensively used for many years.
      U.S. Pat. No. 3,007,012 to Harry F. Olson entitled DIRECTIONAL
      ELECTROSTATIC MICROPHONE discloses a type of condenser microphone in which
      a vacuum tube amplifier is mounted in close proximity to the transducer of
      the microphone, and the transducer itself includes a vibratile
      electrically conducting diaphragm and an electrode or backplate mounted in
      a fixed position with respect to the diaphragm. The high impedance of a
      condenser type microphone made it desirable and perhaps necessary to
      provide an amplifier in close proximity to the transducer. Such condenser
      microphones, as disclosed by Olson, required high voltage power supplies
      for operation. The advent of the transistor, and particularly the field
      effect transistor, simplified the amplifier construction and power
      requirements for the amplifier. U.S. Pat. No. 3,305,638 to Teachout is an
      example of such a construction.
PAR  The power supply for the condenser microphone is eliminated in electret
      microphone constructions. In an electret microphone, a foil is utilized as
      the diaphragm for the microphone, and the foil is given a permanent
      electrical charge, thus eliminating the need for a power supply for the
      microphone itself. The article of G. M. Sessler and J. E. West entitled
      "The Foil-Electret Microphone" in the Aug. 1969 Bell Laboratories Record
      is an example of an electret microphone.
PAR  Condenser microphones generally used a perforated backplate and a filter or
      resistance element behind the backplate in order to provide the proper
      acoustical damping for the diaphragm. U.S. Pat. No. 3,007,012 to Olson and
      U.S. Pat. No. 3,108,162 to Schindler illustrating such constructions. In
      most condenser microphones, the diaphragm is electrically connected to the
      casing of the microphone, and the presence of a filter mass behind the
      backplate makes it difficult to make electrical connection to that plate.
      Accordingly, it is one of the objects of the present invention to provide
      a condenser type microphone and more specifically an electret microphone
      constructed in a manner simplifying electrical connection to the backplate
      of the microphone.
PAR  Since it is almost necessary to utilize an amplifier in close proximity to
      a condenser type microphone, complications are introduced in the assembly
      processes used to manufacture such microphones. It is a further object of
      the present invention to provide a microphone in which the transducer may
      be assembled in a straightforward simple manner and in which electrical
      connections to the transducer are simple and require no special processes.
PAR  Since electret type condenser microphones do not require high voltage power
      supplies, it is possible to utilize the microphone cable to conduct the
      necessary power to operate a transistor amplifier in close proximity to
      the electret transducer itself. However, microphone cables cannot be
      relied upon to be free of radio frequency interference, free of unwanted
      voltage surges, or to carry the proper potential for operation of the
      transistor amplifier. Accordingly, it is a further object of the present
      invention to provide an electret microphone with an amplifier capable of
      being powered from a power source applied to the microphone cable which is
      protected against radio frequency signals picked up by the microphone
      cable, power surges which may appear on the microphone cable, and
      excessive potentials for operating the transistor amplifier which may be
      impressed upon the microphone cable.
PAR  In accordance with the present invention, a condenser microphone is
      provided which has a vibratile electrically conducting diaphragm mounted
      in spaced relation to an electrically conducting backplate, the backplate
      abutting an electrically conducting air permeable filter member, and
      electrical contact means abutting the filter member including a rod and a
      spiral spring mounted on the rod for maintaining pressure between the rod
      and the electrically conducting filter member.
PAR  In accordance with another feature of the present invention, all of the
      foregoing elements are mounted in a separate housing which is removably
      attached to a handle, the handle containing an electrical connector which
      grips and makes contact with the electrically conducting rod.
PAR  In accordance with still another feature of the present invention, the
      handle contains a transistor amplifier which has an output adapted to be
      connected to the microphone cable. The microphone cable is electrically
      connected to a direct current source for powering the transistor
      amplifier, and the transistor amplifier is provided with protection
      against radio frequency signals picked up by the microphone cable,
      potential surges impressed upon the microphone cable, and operating
      potentials in excess of the required potential for the transistor
      amplifier.
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PAR  A preferred embodiment of the present invention is illustrated in the
      drawings, in which:
PAR  FIG. 1 is an exploded elevational view of a microphone constructed
      according to the teachings of the present invention;
PAR  FIG. 2 is an exploded view of the head of the microphone illustrated in
      FIG. 1; and
PAR  FIG. 3 is an axial-section view of the head of the microphone illustrated
      in FIGS. 1 and 2 and a schematical electrical circuit diagram illustrating
      the electric circuits used with the microphone.
DETD
PAR  As illustrated in FIG. 1, the microphone consists of a head 10 and handle
      12. The handle 12 has a recess 14 at one end which is adapted to receive a
      plug and a cylindrical collar 16 extending outwardly from the other end.
      The collar 16 is provided with external threads 18 which mate with
      internal threads 20 on a cylindrical open end 22 of a housing 24 for the
      head 10. The head 10 may thus be screwed upon the collar 16 of the handle
      12 to form a unitary structure.
PAR  The housing 24 is generally cylindrical in shape and has a wall 26 at its
      end 28 opposite the end 22. The wall 26 is provided with a cylindrical
      opening 30 to permit sound waves to enter the interior of the housing 24.
PAR  A sereen 32 is mounted in the opening 30 to prevent dirt and dust from
      entering into the housing, and an electrically conducting perforated
      resonator plate 34 is mounted in the housing in abutment with the interior
      surface of the screen 32, and electrically connected to the housing 24 as
      by a layer of cement, not shown. A ring shaped spacer 36 of electrically
      conducting material is disposed immediately inward of the resonator 32 and
      is part of a transducer 38. The transducer 38 is of the condenser type and
      utilizes a film 40 of plastic material, such as Teflon, mounted on the end
      of the spacer 36 opposite the resonator plate 34. A layer 42 of
      electrically conducting material such as silver is disposed on the surface
      of the film 40 confronting the resonator plate 34, and this layer 42 is
      electrically connected to the housing 24, which is also constructed of
      electrically conducting material, through the electrically conducting
      spacer 36.
PAR  A ring 44 of electrical insulating material is mounted in abutment with the
      plastic film 40 on the side thereof opposite the conducting layer 42. A
      support member 46 is provided with a cylindrical portion or rim 48 which
      is slidably disposed within the walls of the housing 24 and encircles the
      ring 44 and the spacer 36, except for a lip 37 on the end of the spacer
      which extends over the end of the rim 48.
PAR  The support member also has a hub 50 disposed about the axis of the
      cylindrical portion on the side of the cylindrical portion remote from the
      film 40, the hub 50 being mounted on the cylindrical portion by three arms
      52 disposed at equal angles from each other. Each of the arms has a
      shoulder 54 disposed on a plane perpendicular to the axis of the
      cylindrical portion 48. A backplate 56 of electrically conducting material
      and a damping disc 58 are wedged between the shoulder 54 and the ring 44,
      a sealing ring 60 being disposed in a circular recess 61 at the perimeter
      of the backplate in abutment with the ring 44. Pressure is maintained on
      the backplate 56 and damping disc 58 by means of a mounting disc 62 which
      is slidably disposed within the housing 24 in abutment with the hub 50,
      and a locking ring 64 which has external threads 66 which engage the
      internal threads 20 at the open end 22 of the housing 24.
PAR  The backplate 56 is provided with a plurality of channels 68 which extend
      therethrough from the surface confronting the film 40 to the filtering
      disc 58. The channels 68 have a portion 70 of larger diameter confronting
      the film 40 and a portion 72 of smaller diameter confronting the filter
      disc 58. The channels 68 are arranged in a circle about the center of the
      circular backplate 56. The damping disc 58 is constructed of electrically
      conducting porous material such as sintered stainless steel.
PAR  The housing 24 has a plurality of spaced vents 74 extending therethrough in
      a region between the mounting disc 62 and the cylindrical portion 48 of
      the support member 46. A screen 76 in the form of an elongated strip of
      perforated metal is disposed within the housing 24 covering the vents 74.
PAR  The hub 50 of the support member 46 is provided with an aperture 78 on the
      axis of the housing 24, and a channel 80 extends through the mounting disc
      62 on the axis of the housing 24 in alignment with the aperture 78. An
      electrically conducting rod 82 is slidably disposed within the aperture 78
      and channel 80, and the rod has a protruding collar 84 disposed in a
      recess 85 in the hub 50 in alignment with the aperture 78, and the collar
      84 is in abutment with the surface of the hub 50 which confronts the
      damping disc 58. A spiral spring 86 is disposed about the rod 82 in the
      recess 85 in abutment with the surface of the damping disc 58 and the
      protruding collar 84 of the rod 82, and the spring 86 urges the rod 82
      into abutment with the hub 50, electrical contact between the rod 82 and
      the damping disc 58 being maintained by the spring 86.
PAR  The film 40, with its electrically conducting layer 42 forms a capacitor
      with the backplate 56. The film 40 is flexible and hence forms a vibratile
      diaphragm which will respond to sound waves passing through the screen 32
      and resonator plate 34 to impinge thereon. The film 40 has been
      electrostatically polarized to function in the manner of an electret so
      that vibrations of the film 40 in response to sound waves result in an
      alternating potential being developed between the electrically conducting
      layer 42 on the film and the backplate 56. These potentials appear on the
      housing 24 and rod 82, respectively.
PAR  The porous damping disc 58 damps back sound waves emanating from the
      vibratile film 40 and also provides an acoustical impedance to sound waves
      entering through the vents 74. Back waves are conducted from the vibratile
      diaphragm 40 to the damping disc 58 through the channels 68, and sound
      waves entering through the vents 74 are transmitted to the vibratile
      diaphragm through the damping disc 58 and the channels 68. In addition,
      the large diameter portion 70 of each channel 68 contributes to the volume
      of the diaphragm chamber which is that volume within the spacer 44 between
      the film 40 and the backplate 56. Sound waves entering through the vents
      74 have the effect of providing a directional cardioid response pattern
      for the microphone.
PAR  FIG. 1 illustrates the rod 82 protuding from the casing 24. When the casing
      24 is screwed onto the handle 12, the rod 82 is gripped securely by and
      makes electrical connection with a connector shown at 88 in FIGS. 1 and 3
      and rigidly mounted within the handle 12. When the head 10 is screwed on
      the handle 12, the pin 82 is translated against the spring 86 into
      abutment with the damping disc 58, but vibration, shock, or temperature
      changes in combination with the tension of the spring 86 result in the pin
      82 being translated against the hub 50. Electrical contact between the
      damping disc 58 and the contact 88 is thus maintained through the spring
      86 and the rod 82 through shock, vibration, or temperature change.
PAR  A field effect transistor amplifier 89 is also mounted within the handle
      12, FIG. 3 diagrammatically illustrating this amplifier. The amplifier
      utilizes a field effect transistor 90 with a control electrode connected
      to the rod 82 through the connector 88. The amplifier 89 has three
      terminals 92A, 92B and 92C mounted in the recess 14 at the end of the
      handle 12, and the terminals 92A, 92B and 92C are adapted to receive the
      connector 93 of a microphone cable 94. The cable 94 has two leads 96 and
      98 and a ground lead 100, and a direct current potential source 102,
      illustrated as a battery, has a positive terminal connected to the leads
      96 and 98, by a pair of resistors 103 and 105, respectively, the negative
      terminal of the source 102 being connected to the ground lead 100. The
      terminals 92A and 92B are connected to the output terminals of a
      transformer 104, and the output winding of the transformer 104 has a
      central tap which carries the positive potential from the source 102
      through a resistor 106 to the source terminal of the field effect
      transistor 90. The drain terminal of the field effect transistor 90 is
      connected to the negative terminal of the source 102 through a resistor
      108.
PAR  The amplifier 89 is provided with a filter capacitor 110 connected between
      the source terminal of the transistor 90 and the ground terminal in order
      to provide a substantially ripple-free potential between the source and
      drain terminals of the transistor. The source terminal is also connected
      to the common ground terminal through a relatively small capacitor 112,
      and the drain terminal is connected to the common ground through a second
      relatively small capacitor 114, the capacitors 112 and 114 protecting the
      source and drain of the transistor, respectively, from radio frequency
      currents which may be picked up by the cable 94. Current flowing from the
      source to the drain of transistor 90 is modulated by the potential on the
      control or gate terminal resulting in a signal voltage appearing across
      resistor 108. The signal voltage is conducted to the primary of
      transformer 104 by a capacitor 116.
PAR  The potential applied between the source and drain terminals of the
      transistor 90 is controlled by the Zener potential of a second junction
      device or transistor 118, the base of the transistor 118 being connected
      to the common ground and the emitter of the transistor 118 being connected
      to the center tap of the output winding of transformer 104. The transistor
      90 is protected against potential surges which may be transmitted from the
      line 94 through the transformer 104 by means of two diodes 120 and 122.
      The diode 122 is connected between the drain of the transistor 90 and the
      common ground to pass positive charges toward the drain, and the diode 120
      is connected between the drain and source of the transistor 90 to pass
      positive charges toward the source.
PAR  The amplifier 89 not only amplifies the audio signal which appears between
      the coating 42 on the diaphragm film 40 and the backplate 56, and also
      transforms the high impedance of this output to a relatively low impedance
      at the output winding of the transformer 104. It will be noted that the
      amplifier 89 is physically mounted in close proximity to the transducer
      38, thus permitting a relatively short connection through the rod 82
      between the backplate 56 of the transducer and the gate electrode of the
      transistor 90. Since the output of the transformer 104 is of low
      impedance, the cable 94 may be of any practically desired length.
PAR  Since the potential difference developed between the source electrode of
      the transistor and the common ground is relatively fixed, by virtue of the
      Zener action of the transistor 118, a resistance network may be utilized
      to establish the bias potential for the gate electrode of the F.E.T.
      transistor 90. A resistor 124 is connected in series with a resistor 126
      between the source terminal of the transistor 90 and the common ground,
      and a resistor 128 is connected between the junction of the resistors 124
      and 126 and the gate electrode of the transistor 90. A capacitor 130 is
      connected in parallel with the resistor 126. This network establishes the
      proper bias for the F.E.T. transistor 90.
PAR  The microphone described in FIGS. 1 through 3 may be readily assembled
      without the need to make any electrical connections in the head of the
      microphone. In order to assemble the head of the microphone, the screen 32
      and resonator plate 34 are placed within the housing 24 in that order. The
      rod 82 is then inserted through the aperture 78 of the support member 46
      and the spring 86 is placed in position on the rod. Thereafter, the
      damping disc 58 and backplate 56 are slipped within the cylindrical
      portion 48 of the support member 46 in that order. The sealing ring 60 is
      then inserted in the circular recess 61, and the spacer 44 is positioned
      within the cylindrical portion 48 of the support member 46.
PAR  A diaphragm assembly is produced on a separate jig consisting of the spacer
      36 and film 40 with its electrically conducting coating 42. The diaphragm
      assembly is then inserted into abutment with the spacer 44, the spacer 36
      having a cylindrical recess to permit a portion of the spacer 36 to be
      disposed within the cylindrical portion 48 of the support member 46.
PAR  The screen 76 is then cemented over the vents 74 within the housing 24.
      Thereafter, the entire assembly within the support member 46 is inserted
      into the housing 24, the electrically conducting spacer 36 abutting the
      housing 24 and the resonator plate 34 to provide electrical contact
      between the electrically conducting coating 42 on the film 40 and the
      electrically conducting housing 24. The disc 62 is then slipped onto the
      rod 82, and the locking ring 64 threaded into place to compress the
      assembly within the housing 24, thereby completing the assembly operation.
PAR  The head 10 must only screwed onto the handle 12, thereby providing
      electrical connection between the housing 24 and the sleeve of the handle
      and between the rod 82 and the connector 88. Further, movement of the rod
      with respect to the electrically conducting damping disc 58 will not break
      electrical connection between the rod and the damping disc because of the
      presence of the spiral spring 86.
PAR  From the foregoing specification, those skilled in the art will readily
      devise modifications and alternative constructions which are intended to
      be within the scope of the present invention. It is therefore intended
      that the scope of the present invention not be limited by the foregoing
      specification, but rather only by the appended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A capacitor transducer comprising, in combination, an electrically
      conducting housing having an opening at one end for the passage of sound
      waves, a vibratile electrically conducting diaphragm mounted within the
      housing confronting the opening and electrically connected to the housing,
      an electrically conducting plate mounted within the housing on the side of
      the diaphragm opposite the opening and electrically insulated from the
      housing, said plate having a flat surface disposed parallel to and spaced
      from the diaphragm, the perimeter of said plate being acoustically sealed
      on the housing, and said plate having a plurality of channels extending
      therethrough to permit sound waves to pass through the plate, an acoustic
      damping member disposed within the housing and abutting the surface of the
      plate opposite the diaphragm, said member being constructed of
      electrically conducting porous material and being electrically insulated
      from the housing, a support member of electrically insulating material
      disposed within the housing confronting the acoustic damping member on the
      side thereof opposite the electrically conducting plate, electrical
      contact means mounted on the support member and abutting the acoustic
      damping member including an electrically conducting pin and a spring
      mounted on the pin for maintaining pressure between the pin and the
      damping member.
NUM  2.
PAR  2. A capacitor transducer comprising the combination of claim 1 wherein the
      support member has a hub disposed confronting the acoustic damping member,
      said hub having an aperture extending therethrough, the pin being slidably
      journalled in the aperture and having a protruding collar confronting the
      side of the hub confronting the acoustic damping member, the spring being
      electrically conducting and in the form of a spiral disposed about the pin
      between the collar thereof and the acoustic damping member.
NUM  3.
PAR  3. A capacitor transducer comprising the combination of claim 2 wherein the
      support member has a rim disposed between the perimeter of the plate and
      acoustic damping member and the housing, and a plurality of spaced arms
      extending between one end of the rim and the hub, each of said arms having
      a shoulder disposed in abutment with the acoustic damping member.
NUM  4.
PAR  4. A capacitor transducer comprising the combination of claim 3 wherein the
      rim of the support member extends about the perimeter of the diaphragm,
      the diaphragm being mounted on an electrically conducting ring and
      extending across the one side thereof, said ring having an outwardly
      protruding lip from the side thereof opposite the film, and the lip
      abutting the end of the rim opposite the arms, said rim also extending
      about a spacer disposed between the ring and the plate.
NUM  5.
PAR  5. A capacitor transducer comprising the combination of claim 4 wherein the
      hub is provided with a recess extending therein from the acoustic damping
      member and forming a shoulder about the aperture in the hub, the spiral
      spring being disposed about the pin within the recess of the hub.
NUM  6.
PAR  6. A capacitor transducer comprising the combination of claim 5 wherein the
      housing has a cylindrical open end provided with internal threads and the
      pin is disposed on the axis of said end, said housing having means at the
      opposite end thereof for restraining the support member, diaphragm and
      ring against motion from the open end of the housing, in combination with
      a retaining ring having outwardly extending threads engaging the threads
      in the open end of the housing and a mounting member between the hub and
      the retaining ring.
NUM  7.
PAR  7. A capacitor transducer comprising the combination of claim 6 wherein the
      housing is provided with a vent confronting the hub of the support member.
NUM  8.
PAR  8. A microphone comprising a capacitor transducer as set forth in claim 6
      in combination with a handle having a cylindrical open end provided with
      external threads mating with the internal threads of the open end of the
      transducer housing, and a connector mounted within the handle engaging the
      pin and making electrical contact therewith.
NUM  9.
PAR  9. A microphone comprising the combination of claim 8 wherein the diaphragm
      comprises a plastic film with an eletrically conducting coating on the
      surface of said film opposite the plate, said film being electrostatically
      charged to form an electret, in combination with an amplifier mounted
      within the handle of the microphone having a field effect transistor with
      a source electrode, a drain electrode and a gate electrode, the gate
      electrode being electrically connected to the connector of the transducer,
      said amplifier having a first, a second, and a third output terminal
      adapted to be connected to a microphone cable having a ground wire at one
      direct current potential and two signal wires at different approximately
      equal potentials with respect to the ground wire respectively, the
      amplifier having a resistor connected between the first output terminal
      and the drain electrode of the transistor, said amplifier having a
      transformer with an input winding coupled to opposite ends of a resistor
      and an output winding connected to the second and third output terminals,
      said output winding having a center tap electrically connected to the
      source electrode of the transistor.
NUM  10.
PAR  10. A microphone comprising the combination of claim 9 in combination with
      a first and a second diode connected in series, the first diode being
      connected in parallel with the resistor and the second diode being
      connected between the source and drain of the transistor, said diodes
      being connected to pass positive charges from the first terminal.
NUM  11.
PAR  11. A microphone comprising the combination of claim 9 in combination with
      a junction device having a base and an emitter, the base being connected
      to the first terminal and the emitter being connected to the center tap of
      the output winding of the transformer, whereby the base-emitter Zener
      threshold and the resistance of the power supply circuit limits the
      potential applied to the transistor.
NUM  12.
PAR  12. A microphone comprising the combination of claim 9 in combination with
      a radio frequency filter comprising a first capacitor connected from the
      first terminal to the source of the transistor, and a second capacitor
      connected in parallel with the resistor.
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ABST
PAL  In a moving-coil type loudspeaker, a tubular member of a length longer than
      the wave-length of any one of the frequencies in a desired frequency range
      and having a constant cross-sectional area along its length, is coupled,
      at one end thereof, with one side of a vibrating plate or diaphragm
      through an acoustic transformer constituted by a cavity formed
      therebetween, whereby the loudspeaker is capable of reproducing sounds
      with high fidelity particularly in extremely low frequency ranges.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to high fidelity loudspeakers, and more
      particularly to a type thereof wherein a vibrating plate or diaphragm
      driven by a moving coil type driver unit is coupled through an acoustic
      transformer to a tubular member of a substantial length, whereby a
      suitable acoustic radiation resistance is imparted to the diaphragm to
      place it in resistance control condition thereby to make possible the high
      fidelity acoustic reproduction over a wide sound range especially for a
      low sound range of 20 c/s to several hundreds of c/s.
PAR  As a result of recent study, it has been found that the direct radiation
      type loudspeakers such as those having conical diaphragms can produce
      sounds under inertia control condition such that the amplitude of the
      diaphragm increases in inverse proportion to the second power of its
      frequency and, in some cases, exceeds several millimeters when the
      frequency of the sound is extremely low. Such a great amplitude of the
      diaphragm inevitably causes free vibrations of the diaphragm, thus giving
      rise to the generation of creaking noise due to the extreme deformation of
      the material of the diaphragm, such noise being particularly detrimental
      to the tone color of the reproduced sound.
PAR  Although this kind of noise can be eliminated by the employment of a horn
      type loudspeaker having a conventional conical or exponential horn, the
      diaphragm thereof being placed in resistance control condition for a
      frequency range exceeding the cut-off frequency, the horn type loudspeaker
      is adapted to the reproduction of high-frequency sound rather than
      low-frequency sound. Accordingly, when it is desired to reproduce a sound
      of a frequency lower than the cut-off frequency of the horn type
      loudspeaker with high fidelity, the peripheral length of the opening
      portion of the horn must be greater than the wavelength .lambda. of the
      cut-off frequency (.lambda. = 341 m/sec. .div. 20 c/s .apprxeq. 17.0 m),
      and the diameter D of the same portion must be greater than .lambda. .div.
      .pi. = 5.43 m. It is almost impossible to manufacture a loudspeaker of
      such enormous size.
PAR  Furthermore, the acoustic impedance of the conical or exponential horn is
      not a pure resistance over a low frequency range lower than the cut-off
      frequency. Therefore, it is difficult for the horn type loud-speaker to
      produce sound of a frequency lower than the cut-off frequency under
      resistance control condition.
PAR  Thus, the various types of the conventional loudspeakers have difficulties
      in producing sound of a frequency varying in a wide range with high
      fidelity under resistance control condition, and these difficulties become
      worse particularly when the sound is in an extremely low frequency range.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the present invention is to provide a novel and unique
      moving-coil loudspeaker with a vibrating plate wherein sound of a wide
      frequency range can be effectively produced with high fidelity under
      resistance control condition of the vibrating plate.
PAR  Another object of the present invention is to provide a novel moving-coil
      type loudspeaker whereby sound in an extremely low frequency range can be
      produced with high fidelity by applying a suitable radiation resistance to
      the vibrating plate.
PAR  These and other objects of the present invention can be achieved by a novel
      moving-coil loudspeaker which comprises means for producing a d.c.
      magnetic field, a moving coil disposed in the d.c. magnetic field to be
      oscillated in response to a signal current applied thereto, and a
      vibrating plate fixed to the moving coil for converting the oscillation of
      the moving coil to sound, and in which there is further provided a tubular
      member having a length greater than the longest wavelength of sound in a
      desired operable frequency range and a constant cross-sectional area
      throughout the length less than the area of the vibrating plate, with a
      coupling member connecting an end of the tubular member to one side of the
      vibrating plate so as to form an air chamber therebetween.
PAR  The nature, principle, and utility of the present invention will be more
      clearly understood from the following detailed description of the
      invention when read in conjunction with the accompanying drawings wherein
      like parts are designated by like reference numerals.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic side view, in longitudinal section, showing a
      basic construction of the loudspeaker according to the present invention;
PAR  FIG. 2(a) is a diagrammatic side view similar to FIG. 1 showing another
      example of the loudspeaker wherein the cross-sectional area of a front
      chamber formed between a vibrating plate and a tubular member is made
      equal to the cross-sectional area of the tubular member;
PAR  FIG. 2(b) is an equivalent construction diagram corresponding to the
      example shown in FIG. 2(a);
PAR  FIGS. 3 and 4 are side views showing respectively end portions of the
      tubular members wherein acoustic impedance matching slits are provided;
PAR  FIG. 5 is a diagrammatic side view, in longitudinal section, showing still
      another example of the loudspeaker wherein a number of filters are
      provided along the tubular member;
PAR  FIGS. 6(a), 6(b), and 6(c) are a side view, front view, and a section taken
      along the line VI.sub.c -- VI.sub.c in FIG. 6(a), respectively, of an
      acoustic impedance matching device provided at the rear end of the tubular
      member;
PAR  FIGS. 7, 8, 9(a), and 9(b) are side views showing different examples of
      acoustic impedance matching devices for the rear end of the tubular
      member;
PAR  FIG. 10 is a diagrammatic side view showing an example of an acoustic
      resistance rendering device provided at the rear end of the tubular
      member;
PAR  FIG. 11 is a side view, in section, showing an example of a speaker box
      wherein a tubular member of a wound form is provided; and
PAR  FIG. 12 is a side view, in section, showing still another example of the
      loudspeaker.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As conducive to a full understanding of the present invention, the
      fundamental principles underlying the invention will now be described in
      detail.
PAR  An air column within a tubular member having an infinite length and a
      constant cross section along the length exhibits an acoustic impedance in
      the form of a substantially pure resistance. Since it is impossible,
      however, to manufacture a tubular member of infinite length, there is
      provided, in the loudspeaker according to the present invention, a tubular
      member equivalently analogous to a tubular having infinite length, and a
      diaphragm of the loudspeaker is placed in resistance control condition by
      acoustically coupling the equivalent tubular member to the diaphragm
      through an acoustic transformer.
PAR  Although the mechanical reactance of the diaphragm is greater than the
      acoustic characteristic impedance of air, a resultant acoustic resistance
      far greater than the mechanical reactance can be obtained in a desired
      frequency range of the output sound when the constant cross-sectional area
      of the tubular member is reduced to the extent of 1/n or one tenth of the
      1/2 (wherein n is an integer less than 10, for instance), thereby reducing
      the transformation ratio of the acoustic transformer formed by the cavity
      of the aforementioned forward chamber to a value substantially smaller
      than one. In other words, when a tubular member similating that of
      infinite length and having a constant cross-sectional area is coupled to
      one side of the diaphragm by the use of a coupling member thereby forming
      a transforming cavity, the reproduction of sound from the vibrating plate
      can be highly effective under resistance control condition in a desired
      frequency range due to the high resistance component of the acoustic
      impedance, and an output sound of high fidelity can be thereby obtained.
PAR  The length of the tubular member is selected to be sufficiently longer than
      the longest wavelength of a sound belonging to the desired frequency
      range, and means for reducing the creation of a standing wave is further
      provided therein. The means for reducing the standing wave may comprise an
      acoustic resistance imparting body made of a sound absorbing substance, an
      acoustic impedance matching member such as a horn provided at an end of
      the tubular member, or slit means also provided at the end of the tubular
      member.
PAR  For further assuring the reproduction of sound in a desired frequency range
      with high fidelity, an acoustic transformer is formed in a cavity defined
      by the diaphragm, the coupling member, and an end of the tubular member,
      as described hereinbefore, and in this acoustic transformer, an annular
      cross-sectional area of the cavity sectioned by a sphere having its center
      positioned on the longitudinal axis of the tubular member near the end
      portion thereof and having diameter selected at an arbitrary value, is
      made substantially equal to the constant cross-sectional area of the
      tubular member. By the above-described configuration of the transforming
      cavity, a high-range blocking filter action caused by the volume of the
      transformer cavity can be prevented, and the sound can be reproduced with
      high fidelity in a wide frequency range.
PAR  In the case where the aforementioned high-range blocking filter action of
      the cavity is to be utilized positively, the values of the above-mentioned
      two cross-sections may be differentialed from each other, or a low-pass
      filter or a high-range blocking filter may be provided at a suitable
      position between in two ends of the tubular member.
PAR  Furthermore, also within the scope of the present invention, a radiation of
      sound from the rear side of the diaphragm may be used, as hereinafter
      described in more detail, as well as the radiation from the front side of
      the diaphragm, and it is found that these radiations are both of high
      fidelity on account of the fact that the diaphragm is placed in acoustic
      resistance control condition.
PAR  In the characteristic of the moving-coil loudspeaker according to the
      present invention, there is no cut-off frequency, unlike in the case of
      the conventional horn speaker, this feature constituting an advantage of
      the present invention.
PAR  It is widely known that the reflection of a sound from a surface can be
      eliminated by the provision of a conical sound absorbing body of a length,
      .lambda./4 (wherein, .lambda. is the wavelength of the sound). Since the
      wavelength .lambda. corresponding to a frequency 20 c/s of a sound is 17
      m, .lambda./4 = 4.25 m. Thus, a tubular member including a sound-absorbing
      conical body having a length 4.25 m and a diameter of several centimeters
      can be bent around with a radius of curvature several times greater them
      the cross-sectional diameter of the tubular member without affecting the
      acoustic characteristic thereof, and for this reason, the loudspeaker
      according to the present invention can be applied to various acoustic
      equipment for domestic use.
PAR  It has been found that an extremely low frequency sound in a range of from
      20 to 30 c/s can be radiated from a diaphragm of a diameter ranging from a
      few cm to 20 or 30 cm into the above described tubular member with a
      conversion efficiency of several percent to several tens of percent.
PAR  Acoustic tubes having lengths of several meters have been used for a long
      time for the transmission of sound or as an acoustic resistance. However,
      such tubes have not been used extensively for directly radiating a sound
      to the outer atmosphere particularly in the cases where the sound is heard
      at a position separated from the loudspeaker by several meters. The reason
      for this is that the acoustic tube suffers from various drawbacks which
      are considered as being almost total. The most serious of the drawbacks is
      in the difficulty in matching between the acoustic impedance within the
      acoustic tube and that of the outer atmosphere, and if the impedance
      matching is not sufficient, standing waves are created in the acoustic
      tube at frequencies which are 1/2, 1, 2, 3, - - - times the wavelengths
      thereof corresponding to the length of the acoustic tube, whereby the
      reproduction of sound waves at high fidelity becomes utterly hopeless.
PAR  However, on the other hand, the acoustic tube has advantageous features
      such as the possibility of an extremely powerful sound being created
      therethrough although it is in a confined state in the acoustic tube, and
      the attenuation of the sound within the tube is extremely low.
PAR  The present invention is based on the above described advantageous features
      of the acoustic tube. According to the invention, various measures are
      provided for preventing the reflection of sound waves at the ends of the
      acoustic tube and for eliminating the creation of standing waves, so that
      the above described drawbacks of the acoustic tube can be eliminated.
      Thus, when a loss in reproduction of sound of an order of several percent
      is allowed, the acoustic tube with the remaining percentage of sound can
      still radiate a far more powerful sound with high fidelity than that of
      the conventional direct radiating type loudspeakers.
PAR  Differing from the conventional direct radiating loudspeakers of a
      inertia-controlled type in which the amplitude of the radiated sound wave
      must be enlarged in the low-frequency range in inverse proportion to the
      second power of the sound frequency, the loudspeaker according to the
      present invention including a tubular member acting as the above-mentioned
      acoustic tube can radiated a sound wave in the low-frequency range
      enlarged in inverse-proportion to the first power of the sound frequency.
PAR  Thus, the magnetic flux density of the moving-coil type driving device can
      be elevated as desired thereby permitting a damping action proportional to
      the vibration speed of the diaphragm to come into effect in an extremely
      low frequency range. As a result, the driving side end of the tubular
      member is assumed to be a closed end although it is actually an opened
      end, whereby the free oscillation or reflection of the sound within the
      tubular member can be effectively suppressed. This advantageous feature of
      the present invention cannot be realized in the direct radiating type
      speakers of moving-coil type and in microphones whose load impedances
      cannot be reduced to zero.
PAR  Referring to FIG. 1, there is indicated a basic example of a moving-coil
      loudspeaker according to the present invention. The loudspeaker plurality
      a diaphragm 1 driven by a moving coil 2 which in turn is arranged in a
      d.c. magnetic field established by a magnetizing device (not shown). The
      diaphragm 1 is connected through an annular coupling member 4a with an end
      of a tubular member 3 which has a uniform cross-sectional area S along its
      longitudinal axis, so that a front chamber 4b is defined by the diaphragm
      1, the annular coupling member 4a, and the end portion of the tubular
      member 3. In the forward part of the tubular member 3, an acoustic
      resistance member 5 made of a sound-absorbing material and formed into a
      conical configuration is inserted. A conical horn 6 having an opening
      angle of 90.degree. is connected to the forward end of the tubular member
      3 for providing an acoustical matching between the air column within the
      tubular member 3 and the outer atmosphere. The horn 6 is provided at the
      peripheral edge thereof with a baffle 7 lying in the plane of the opening
      of the conical horn.
PAR  An acoustic impedance transformer is formed by the front chamber 4b, the
      transforming ratio thereof being defined by a ratio between the surface
      area of the diaphragm 1 and the cross-sectional area S of the tubular
      member 3. The length of the tubular member 3 is selected in a manner such
      that it is substantially greater than the longest expected wavelength of
      the output sound produced from the loudspeaker. Furthermore, the
      cross-sectional area S of the tubular member 3 is selected to be smaller
      than the entire surface area of the diaphragm 1, for instance, to be
      approximately one-tenth thereof.
PAR  When the opening angle of the conical horn is greater than a predetermined
      value, the horn is operated in producing a spherical wave rather than a
      planar wave of the output sound. In the case where the diameter of the
      opening of the conical horn is selected to be greater than several tens of
      centimeters, however, the directional characteristic of the loudspeaker
      according to the present invention does not deteriorate unlike in the case
      of the conventional direct-radiation type loudspeaker of the same
      diameter, and an output power equivalent to that obtainable by a
      conventional direct-radiation type speaker of nearly one meter in the
      diameter can be easily obtained in an extremely low frequency range. In
      the case of the conventional loudspeaker having a cone of a diameter
      nearly equal to 1 m, it has been almost impossible to provide a
      directional characteristic and a magnitude of the radiated power
      comparable to those obtained by the present invention.
PAR  It should be noted, however, that the above described advantageous features
      obtainable by the present invention can be achieved only when the diameter
      of the tubular member is far smaller than that of the opening of the
      conical horn so that the tubular member is assumed as a point source of
      the acoustic power. If the diameter of the tubular member is comparatively
      large and approximately in a range of from one-third to one-half of the
      horn diameter, the above described advantages cannot be obtained.
PAR  In FIG. 2(a), there is indicated an example of the moving-coil loudspeaker
      according to the present invention wherein the front chamber 4b is so
      formed that the entire annular cross-sectional area so of the front
      chamber 4b, when it is sectional by a sphere of an arbitrarily selected
      diameter with the center C thereof located on the longitudinal axis of the
      tubular member 3, is equal to the cross-sectional area S of the tubular
      member 3.
PAR  The loudspeaker of FIG. 2(a) can be simulated by an equivalent diagram as
      shown in FIG. 2(b). As will be apparent from the equivalent diagram, the
      transforming ratio of the acoustic transformer in this example is now
      independent of the annular sectional area of the front chamber. In the
      equivalent diagram of FIG. 2(b), the diaphragm is represented by a
      breathing cylinder 1. If the amplitude of the vibration is assumed to be
      small, the cylinder 1 having the same cross-sectional area as that of the
      tubular member can be considered to represent the diaphragm 1 shown in
      FIG. 2(a) and can be connected to the tubular member 3, whereby any
      harmful effect caused by the space forming the front chamber can be
      eliminated. It should be noted that the same concept is also applicable to
      horn speakers as well as microphones of a specific type.
PAR  Referring now to FIGS. 3 and 4, there are indicated examples wherein the
      end partions E of the tubular members are provided with acoustic impedance
      matching slits 8 so that the effect of the length of the tubular member is
      thereby made negligible, and any possibility of occurrence of free
      oscillation within the tubular member is thereby prevented.
PAR  In the example shown in FIG. 5, chambers 10a and 10b damped by
      sound-absorbing bodies 9a and 9b are provided at positions constituting
      nodes of the free oscillation of the air column caused within the tubular
      member. Because of the existence of the chambers 10a and 10b, the free
      oscillation of the air column is suppressed, and furthermore the chambers
      10a and 10b can act as filters for cutting out a high frequency portion of
      the sound transmitted through the tubular member. It is possible, of
      course, to provide a suitable space in the front chamber thereby to impart
      a similar filtering action thereto. In the example of FIG. 5, acoustic
      resistance imparting means 5 consisting of conical sound-absorbing bodies
      are provided along substantially the entire length of the tubular member
      3.
PAR  In the example shown in FIGS. 6(a), 6(b), and 6(c), there is provided a
      slit 8 along the outer end of the tubular member 3 shown in FIG. 3 for
      imparting acoustical matching between the interior of the tubular member 3
      and the outer atmosphere, and two baffles 11 of planar configurations
      forming therebetween an angle of 90.degree. are provided on the two sides
      of the slit 8 at the end of the tubular member 3. This example of the
      loudspeaker radiates a spherical sound wave.
PAR  FIGS. 7, 8, 9(a), 9(b), and 10 illustrate various examples of acoustic
      matching devices or acoustic resistance imparting devices. Among these,
      the tubular member shown in FIG. 7 is formed with constrictions in
      diameter successively distributed along the outer surface.
PAR  At the outer end of the tubular member shown in FIG. 7, there is provided a
      terminal device 12 comprising a plurality of sheaths with successively
      reduced diameters, and gaps 8 being formed therebetween to function as the
      slits 8 in the previous examples.
PAR  In still another example of the loudspeaker shown in FIG. 8, a terminal
      device 13 comprising a plurality of sheaths having an outwardly flared
      ends and connected with each other is provided at the outer end of the
      tubular member 3. Within the terminal device 13, a sound absorbing body 9
      is provided. The plurality of gaps 8 formed between the above described
      sheaths can function in a similar manner as the gaps 8 in the previous
      example shown in FIG. 7.
PAR  Still another example of the loudspeaker according to the present invention
      is provided with a terminal device 14 connected to the outer end of the
      tubular member 3, a plan view and a side view thereof being shown in FIGS.
      9(a) and 9(b), respectively. As is apparent from the figures, the terminal
      device 14 comprises a flattened member the width thereof as viewed in the
      plan view being gradually tapered toward the outer end thereof and having
      a slit 8 opening on each side thereof. The slit 8 functions to radiate
      sound wave as in the cases of the previous examples.
PAR  In still another example as shown in FIG. 10, there is provided a horn 6
      having a baffle-board 7 coupled to the outer end of the tubular member 3
      via a sound-absorbing body 15 which may comprise a sound-absorbing
      substance interposed between two semi-spherically formed nets, or a
      sound-absorbing conical body made of a semi-spherically formed porous
      substance such as porcelain or a sintered metal, whereby an acoustic
      resistance is added to the end of the tubular member.
PAR  Still another example of the loudspeaker according to the present invention
      which can be used in practice more conveniently is indicated in FIG. 11.
      In this example, the tubular member 3 is wound around the rear part, in a
      speaker box 16, of a conical horn 19, and the outer end 3a thereof is
      passed through a part of the horn wall to be placed in opposition to a
      small conical reflecting part 18 provided at the center of the conical
      horn 19 at a position spaced apart from the outer end 3a of the tubular
      member 3. In FIG. 11 showing the loudspeaker in section, the tubular
      member 3 wound around the rear part of the conical horn 19 in a relatively
      compact manner is indicated in the form of a plurality of circles 3, 3,
      --, and a suitable gap is maintained between the outer end 3a of the
      tubular member 3 and the conical reflecting portion 18 at the center of
      the conical horn 19 because the most advantageous matching condition
      should exist between a state completely closing the end 3a of the tubular
      member and a state completely opening the same end 3a.
PAR  Furthermore, the tubular member is preferably made in a rigid state, and
      for this reason, the member 3 is preferably made of a material easily
      wound as described above, and the space in the speaker box 16 outward of
      the tubular member 3 is after completion filled with a material 17 such as
      a light-weight foamed concrete, asphalt, wax, resin, and the like in such
      a manner that the tubular member 3 is embedded and fixed in the filler
      material 17. In this case, the tubular member 3 can be easily manufactured
      from a thermoplastic resin, and hence the loudspeaker of this example can
      be produced by the use of mass-production processes.
PAR  In FIG. 12, there is shown a further example of the loudspeaker according
      to the present invention, wherein the front surface of a diaphragm 1
      driven by moving-coil type driving unit is used as a direct radiating
      loudspeaker, while the rear side surface of the diaphragm 1 is coupled
      through a coupling device 2 to a tubular member 3 thereby forming another
      loudspeaker of a construction as described above. When the space 4c formed
      between the rear surface of the diaphragm 1 and the rear end of the
      tubular member is formed as described with reference to FIG. 2 with an
      annular cross-sectional area sectioned by a spherical surface having its
      center on the longitudinal axis of the tubular member made equal to the
      cross-sectional area of the tubular member, control of the diaphragm 1 by
      acoustic resistance in a high-frequency range of the output sound can be
      assured.
PAR  Thus, the sound radiating impedance of the diaphragm 1 becomes a constant
      value for frequencies higher than a cutoff frequency, the wavelength of
      which is equal to the circumferential length of the diaphragm 1, whereby
      output sound of a desired fidelity can be radiated in the high-frequency
      range.
PAR  On the other hand, for the frequencies lower than cutoff frequency of the
      diaphragm 1, the acoustic impedance is reduced in inverse proportion to
      the second power of the frequency, and the output sound from the forward
      surface of the diaphragm 1 is reduced, under resistance control of the
      impedance, in proportion to the second power of the frequency of the
      sound.
PAR  Thus, at the cutoff frequency, the wavelength thereof being equal to the
      circumferential length of the diaphragm 1, the sound output from the
      forward side of the diaphragm is reduced to one half of the above
      described output, and hence the sound of frequencies lower than the cutoff
      frequency is radiated mostly from the outer end of the tubular member 3
      connected with the rear side chamber 4c of the diaphragm 1. It should be
      noted that an acoustic low-pass filter 10 having a cutoff frequency equal
      to the above-mentioned cutoff frequency is provided intermediately in the
      tubular member 3 for preventing a part of sound having frequencies higher
      than the cutoff frequency from being radiated through the tubular member
      3.
PAR  In addition, the length of the tubular member 3 may be selected at a value
      equal to one-half of the wavelength, corresponding to the cutoff
      frequency, multiplied by an odd number, whereby the phases of the output
      sounds can be made to coincide at the cutoff frequency. Other parts of
      this example are similar to those described in the example shown in FIG.
      11.
PAR  In the direct radiating speaker radiating sound from the forward surface of
      the diaphragm 1, free oscillation of the diaphragm 1 can be suppressed
      solely by the acoustic resistance in the tubular member 3 connected to the
      rear side of the diaphragm 1, and for this reason, the tone color
      deteriorating noises caused by the vibration losses in the paper of the
      horn and its edge portion can be substantially eliminated. The acoustic
      resistance for controlling the free oscillation may further be provided by
      placing a porous sound-absorbing body 15 as shown in FIG. 10 at a position
      forwardly spaced apart by a specific distance from the front surface of
      the diaphragm 1 so that an air chamber is formed therebetween.
PAR  In the example of the loudspeaker shown in FIG. 12, a part of sound having
      frequencies higher than the cutoff frequency is radiated from the forward
      side 23 of the speaker 16 with the aid of a horn 22, and another part of
      sound having frequencies lower than the cutoff frequency is also radiated
      from the forward side 23 of the loudspeaker 16 through the tubular member
      3 and a horn 24 similar to the horn 19 in FIG. 11, whereby a listener
      positioned on the front side of the loudspeaker 16 can hear the sound
      reproduced with high fidelity throughout the entire frequency range of
      sound.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a loudspeaker of a type including means for producing a steady
      magnetic field, a moving-coil disposed in said steady magnetic field
      thereby to effect displacement in accordance with a signal current flowing
      through said moving-coil and a diaphragm secured to said moving coil for
      converting the displacement of the moving coil into a sound wave, the
      improvement comprising a tubular member having a length greater than the
      wavelength corresponding to any of the frequencies in a frequency range
      and a constant cross-sectional area smaller than the surface area of the
      diaphragm throughout the length of the tubular member, a coupling member
      for coupling one end of said tubular member to one side of said diaphragm
      in such a manner that an air chamber is formed between said diaphragm and
      said end of the tubular member, a conical horn at the center of which a
      small conical reflecting portion is formed, the other end of said tubular
      member being arranged to face against said small conical reflecting
      portion with a suitable gap, thereby matching the acoustic impedance of
      said tubular member to the characteristic acoustic impedance of the outer
      atmosphere, and at least one acoustic filter provided at a specific
      position in said tubular member.
NUM  2.
PAR  2. A loudspeaker comprising in combination:
PA1  a. a housing with a rear and forward side (23), of partly rectangular
      cross-section with defined top, bottom and middle sections in said front
      side (23);
PA1  b. a first horn (22) for higher frequencies in said top section and a
      second horn (24) for lower frequencies, substantially lager in size than
      said first horn (22) in said middle section, said second horn including a
      horn center and a conical wall lower portion;
PA1  c. a diaphragm (1) of predetermined circumference driven by a moving coil
      (2) disposed in a steady magnetic field in said first horn (22) so as to
      undergo displacement corresponding to a signal current flowing through the
      moving coil, said diaphragm being secured to the moving coil for
      converting the displacement of the moving coil into a sound wave;
PA1  d. a long tubular member (3) substantially longer than the length of said
      predetermined circumference, of constant cross-sectional area, said area
      being smaller than the surface area of said diaphragm, disposed in said
      housing with a main tubular portion and bent rear and front ends, the main
      portion of said tubular member (3) extending substantially parallel to
      said housing rear, said rear end being coupled to said diaphragm (1)
      across a defined space (4c) formed between the rear surface of the
      diaphragm (1) and and said tubular member rear end, said defined space
      (4c) having an annular cross-sectional area sectioned by a spherical
      surface having its center on the longitudinal axis of the tubular member
      rear end substantially equal to the cross-sectional area of the tubular
      member;
PA1  e. a front section to said tubular member including said tubular member
      front end, said front section extending from said main tubular portion in
      a hairpin turn and passing out of said conical wall lower portion parallel
      to said main tubular portion, said front end being inwardly bent to nearly
      contact said horn center;
PA1  f. a low-pass filter (10) on said main tubular portion for wavelengths
      equal to or greater than the circumference of said diaphragm (1); and,
PA1  g. acoustic resistance means (5) having sound absorbing material formed at
      least in said main tubular portion to prevent the formation of standing
      waves, whereby, the sound cutoff frequency of the diaphragm corresponds to
      its circumference, thus, the greater part of the sound frequencies higher
      than the cutoff frequency is radiated by the first horn while the greater
      part of the sound frequencies lower than the diaphragm is radiated by the
      second horn, any of the higher frequencies not going through the diaphragm
      but traveling towards said second horn being cut off by said low-pass
      filter.
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ABST
PAL  A talk line multiple communication and test apparatus for use in
      conjunction with telephone central office frame equipment and comprising a
      housing, a face plate, and a standard type rotary switch member having a
      plurality of positions mounted on said face plate and said housing having
      at least one input and at least one output connector of the Amphenol type
      fixedly connected thereto and disposed therewithin, means for electrically
      connecting said rotary switch with respect to said input and output
      connectors, said input and output connectors being of the panel mount type
      and being adapted to receive a mating connector in mating engagement
      therewith, at least one input jack mounted on said face plate and means
      for electrically connecting said input jack to said rotary switch, and a
      bias connector clip member which is positionable between an interior wall
      of said housing and pairs of mated input and output connectors to maintain
      the same in mated engagement for secure and positive electrical
      connection, wherein said bias connector clip member comprises a
      substantially U-shaped member and an end cap member within which are
      positioned the free ends of the legs of said U-shaped member with a
      threaded bolt extending longitudinally through said U-shaped member to
      compress the legs of said U-shaped member to selectively regulate the
      bowing-out of said legs in order to preselect the bias force exerted upon
      said mated Amphenol type connectors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains to new and novel talk line multiple
      communication and test apparatus for use with telephone central office
      frame equipment.
PAR  Heretofore, central office frames employed singular talk line circuits
      whereby a plurality of individual talk line boxes were mounted next to one
      another at various spaced locations on the various type central telephone
      equipment frames, such as the main distribution frame, the outgoing trunk
      test frame, etc. Similarly, singular test line circuits were mounted next
      to one another. These types of talk line and test line installations
      required an appreciable amount of mounting space and thus, the number of
      talk and test lines available for intercommunication in the central
      telephone office were very limited.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the principal object of the present invention to provide
      a new and novel talk line multiple communication and test apparatus.
PAR  It is another object of the present invention to provide a talk line
      multiple apparatus which is compactly housed and requires a minimum of
      mounting space.
PAR  It is still a further object of the present invention to provide a talk
      line and test apparatus of the foregoing type which provides a
      multiplicity of separate circuits or talk lines all conveniently disposed
      within a singular housing of relatively small dimensions.
PAR  It is yet another object of the present invention to provide a talk line
      multiple communication and test apparatus of the aforementioned type
      employing Amphenol type connectors and wherein mating Amphenol type
      connectors are maintained in secured mated electrical engagement by a new
      and novel bias clip member of substantially U-shaped configuration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the talk line multiple communication and
      test apparatus of the present invention;
PAR  FIG. 2 is a sectional view of the apparatus of FIG. 1 taken on the line
      2--2 thereof;
PAR  FIG. 3 is a rear view of the apparatus as viewed from the line 3--3 of FIG.
      2;
PAR  FIG. 4 is a perspective view of the new and novel clip bias member employed
      in the apparatus; and
PAR  FIG. 5 is an electrical block diagram of the apparatus of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and, more particularly, to FIG. 1 thereof,
      there is shown a talk line multiple communication and test apparatus,
      generally designated by the reference numeral 10, and constructed pursuant
      to the principles of the present invention. The talk line apparatus 10
      comprises a substantially rectangular backless housing 12, a face plate
      14, a rotary switch member 16 (FIG. 5) which includes a switching knob 18
      and a pair of input jacks 20 and 22. The jacks 20 and 22 comprise a single
      four wire input circuit, as will be discussed in more detail hereinafter.
PAR  The face plate 14 is secured with respect to the front of the housing 12 by
      means of the rotary knob 18 and by means of nuts 24 and 26 which readily
      engage the outwardly externally threaded portion of the input jacks 20 and
      22 respectively.
PAR  Disposed within the housing 12 is a support shelf-like plate or member 28
      upon which are mounted input Amphenol type connectors 30 and 32, and
      output Amphenol type connectors 34 and 36 with all of the Amphenol type
      connectors 30, 32, 34 and 36 being secured with respect to the shelf-like
      member 28 by means of threaded screws 38.
PAR  In the present embodiment, the talk line multiple communication and test
      apparatus 10 is provided with 24 separate and distinct talk or test
      channels, whereby the input connector 30 provides the inputs for 12 of
      these channels while the input connector  32 provides the input for the
      remaining 12 of these channels; with the output connector 34 providing the
      output for the first 12 channels and the output connector 36 providing the
      output connection for the last 12 channels. The wiring for interconnecting
      the input and output connectors is disposed beneath the shelf-like member
      28 and these wires (not shown) are maintained in position by a rear
      protective cover member 40 which is secured with respect to the bottom
      wall 41 of the housing 12 by means of a screw 42, as best seen in FIG. 2.
      The Amphenol type connectors 30, 32, 34 and 36 are adapted to receive
      Amphenol type connectors 44, 46, 48 and 50, respectively, in mating
      engagement therewith. The connectors 44 and 48 have outer sheaths 52
      within which are disposed the necessary wires for connection with the
      mated input connectors, while the connectors 46 and 50 have outer sheaths
      54 within which are disposed the necessary wires for connection to the
      output connectors. These sheaths are diagramatically shown in FIG. 5 as
      the actual connections from and to other similar type talk line
      apparatuses 10, as will be explained in more detail hereinafter.
PAR  The mated pairs of Amphenol type connectors 30, 44; 32, 48; 34, 46 and 36,
      50 are biased into secure mating engagement by means of a new and novel
      bias connector clip member 56 disposed between the upper portions of the
      connectors 44, 46, 48 and 50 and the interior of the upper wall portion 58
      of the housing 12, as will now be discussed in detail. The bias connector
      clip member 56 is of substantially U-shaped configuration and includes a
      base portion 60 and a pair of leg members 62 and 64. The outwardly
      extending end portions of the legs 62 and 64 are inwardly crimped as at 66
      and 68, so as to be easily positionably disposed within an end cap member
      70 having a substantially hollow rectangular configuration, as best seen
      in FIG. 4. The base portion 60 of the bias connector clip member 56 is
      provided with a substantially centrally disposed opening 72 while the
      hollow end cap member 70 is provided with a substantially centrally
      disposed internally threaded opening 74, with the opening 72 and 74 being
      positioned in axial alignment. A threaded bolt member 76 having a slotted
      head portion 78 is insertable through the axial aligned opening 72 and 74
      and threadedly engagable by the opening 74. Thus, rotational movement of
      the threaded bolt 76 by means of a screw driver or similar tool (not
      shown) engaging the slotted head 78 causes the bolt to exert an axial
      pressure on the legs 62 and 64 to either cause the height or spacing
      between said legs to increase or decrease, in dependence upon the spacing
      desired. This feature of providing adjustable spacing between said legs 62
      and 64 enables the bias clip member 56 to exert the desired necessary
      biasing force upon the connectors 44, 46, 40 and 50 to maintain the same
      in secure mated connection with their corresponding connectors, as
      discussed previously hereinbefore, and as best seen in FIG. 3. In most
      cases, the configuration of the bias connector clip 56 and, more
      particularly, the legs 62 and 64 will be bowedout, as is diagramatically
      illustrated in FIG. 2, whereby there is a substantial downward force
      exerted upon the connector 50 to maintain the same in secure mated
      engagement with the connector 36.
PAR  As best seen in FIG. 4, the width of the leg 64 is less than that of the
      other leg 62, whereby the lateral ends of the leg 64 are disposed inwardly
      with respect to the lateral ends of the leg 62. This results in a
      structural configuration wherein it is very easy for an individual to
      insert and withdraw the bias connector clip 56 from the housing 12. More
      particularly, the aforesaid structural configuration permits individuals
      to simply and easily grasp the base portion 60 of the U-shaped bias
      connector clip member 56 and insert or remove the same from the housing
      12. The bias force of the connector clip 56 may be adjusted while the same
      is disposed within or without the housing 12 by movement of the threaded
      bolt 76 as discussed hereinabove.
PAR  Referring now to FIGS. 1 and 3, the talk line multiple communication and
      test apparatus is adapted to be mounted upon the frame equipment (not
      shown) positioned within a central telephone office by having threaded
      screws or bolts (not shown) positioned within openings 80 in which, in
      turn, are disposed on either side of the fact plate 14. It will be
      apparent to those skilled in the art many of the individual apparatuses 10
      are positioned or mounted upon the frame equipment at selected precise
      locations, so as to provide in the case of the present invention, 24
      separate and distinct talk and test channels by means of a singular
      apparatus. In this regard, reference is now had to FIG. 5, which depicts
      the standard electrical block diagram of the apparatus 10 and the
      connection thereof to other similar types of apparatuses. The apparatus
      comprises input jacks 20 and 22 connected as a single four wire input with
      the output thereof being connected to the input of the rotary switch by
      means of a lead 82. The output of the rotary switch is connected by means
      of a lead 84 to an input connector box 86. It is herein to be noted that
      the input connector box 86 is diagramatically illustrative of the parallel
      connection of the input connectors 30 and 32. The output of the input
      connector box 86 is connected via a lead line 88 to the input of an output
      connector box 90 which is diagramatically illustrative of the parallel
      connection of the output connectors 34 and 36.
PAR  The input connector box 86 is adapted to receive the output from the output
      connectors of other talk line apparatuses via the connecting lead 52,
      while the output connector box is adapted to be connected via the lead 52
      to the input connectors of other talk line multiple apparatuses 10. Thus,
      it will be seen that a plurality of the talk line apparatuses 10 are
      connected in a circular parallel configuration, so as to enable an
      individual to select any one of 24 separate and distinct talk line
      channels to converse with any other person disposed anywhere within a
      central telephone office on another talk line apparatus, provided that
      said other apparatus is tuned in to the selected talk line channel. In
      this regard, attention is directed to the fact that in many problems
      occurring in the central telephone office a supervisor or controlling
      person will request that a repairman standing somewhere within the frame
      structures check a certain line. Accordingly, the supervisor may request
      said repairman to communicate with him by stating that he answer on a
      selected channel, such as directing to the repairman to communicate with
      him by turning to channel 3. During the conversation between the
      controller and the repairman on the selected channel, channel 3, the
      controller may also request other repairmen to contribute or join in the
      conversation by directing them to tune in the talk line multiple apparatus
      at their position to the selected channel 3.
PAR  It is herein to be noted that all of the separate and distinct 24
      communication channels may be employed as talk line channels or some may
      be employed as talk line channels while others of the channels may be
      employed as test channels. The selection of which of the channels are talk
      channels and which are test channels is predetermined but easily
      connectable due to the four wire input configuration. If any changes are
      subsequently desired, then the configuration can be varied by the
      selectible connection of the combined jack inputs 20, 22 to the rotary
      switch 16 and thus the input connectors 86.
PAR  It will thus be apparent to those skilled in the art, that the present
      invention provides a simple and relatively inexpensive apparatus requiring
      a minimal amount of space which may be conveniently positioned at various
      locations upon the various frame equipment of a telephone central office
      to enable the telephone personnel to simply and quickly communicate with
      one another and without having to wait for a talk line to become
      available.
PAR  While we have shown and described the preferred embodiment of our
      invention, it will be readily apparent to those skilled in the art that
      there are many modifications, changes and improvements which may be made
      in said invention without departing from the spirit and scope thereof, as
      discussed and described in the foregoing specification and drawings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A talk line multiple communication and test apparatus comprising
PA1  a housing,
PA1  a face plate, and
PA1  a switch member having a plurality of selectable switching positions,
PA1  means for securing said face plate with respect to said housing,
PA1  said switch member being disposed within said housing,
PA1  at least one input jack connected with respect to said housing,
PA1  connector means comprising at least one input connector and one output
      connector disposed within said housing and providing a plurality of
      individual communication channels,
PA1  means for electrically connecting said input connector to said output
      connector,
PA1  said input and output connectors being of the multi-terminal type which are
      adapted to receive mating multi-terminal type connectors in mating
      engagement therewith,
PA1  a biasing member disposed within said housing between the interior of one
      of the walls thereof and in abutting engagement with one of the mated
      connectors and exerting a biasing force thereupon to maintain said mated
      connectors in secure mated engagement thereby ensuring electrical
      connection,
PA1  said biasing member having a substantially rectangular configuration
      including a pair of side walls and a pair of end walls,
PA1  each of said end walls having an opening formed therein,
PA1  at least one of said openings being internally threaded,
PA1  said biasing member including a threaded bolt,
PA1  said bolt being disposed within said openings in threaded engagement with
      said threaded one of said openings,
PA1  said bolt being operable upon rotational movement thereof to vary the
      spacing between said end walls to thereby regulate the longitudinal axial
      forces imparted to said side walls to selectively regulate the spacing
      between said side walls,
PA1  means for electrically connecting said input jack to said switch member,
      and
PA1  means for electrically connecting said connector means to said switch
      member to enable said switch member to be selectively connected with one
      of said individual communication channels to permit communication over
      said selected channel via said input jack.
NUM  2.
PAR  2. A talk line multiple communication and test apparatus in accordance with
      claim 1, wherein
PA1  said biasing member comprises
PA2  a substantially U-shaped member, and
PA2  an end cap member,
PA1  said U-shaped member including a base portion forming one of said end walls
      and a pair of legs depending from said base portion,
PA1  each of said legs forming one of said side walls,
PA1  said end cap member having a substantially hollow rectangular configuration
      and forming the other of said end walls, and
PA1  the ends of said legs remote from said base being positioned within the
      hollow of said end cap member.
NUM  3.
PAR  3. A talk line multiple communication and test apparatus in accordance with
      claim 2, wherein
PA1  the width of one of said legs is smaller than that of the other of said
      legs such that the lateral edges of one of said sidewalls is positioned
      inwardly of the lateral edges of the other of said side walls.
NUM  4.
PAR  4. A talk line multiple communication and test apparatus in accordance with
      claim 3, wherein
PA1  said remote ends of said legs of said U-shaped member are crimped inwardly
      towards one another, and
PA1  said crimped ends being positioned within the hollow of said end cap
      member.
NUM  5.
PAR  5. A talk line multiple communication and test apparatus in accordance with
      claim 4, wherein
PA1  said switch member is of the rotary type and includes a rotary knob member,
      and
PA1  said means for securing said face plate to said housing includes said
      rotary knob member.
NUM  6.
PAR  6. A talk line multiple communication and test apparatus in accordance with
      claim 5, wherein
PA1  said input jack includes a portion extending outwardly from said housing,
PA1  said outwardly extending portion being threaded,
PA1  a threaded nut, and
PA1  said means for securing said face plate to said housing includes said
      threaded outwardly extending portion and said threaded nut disposed in
      threaded engagement therewith.
NUM  7.
PAR  7. A talk line multiple communication and test apparatus in accordance with
      claim 6, wherein
PA1  said apparatus includes a pair of input jacks, and
PA1  said input jacks are connected as a single four wire input circuit.
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ABST
PAL  A microphone provided with a suspension diaphragm which serves to support a
      freely suspended microphone cartridge, preferably of the electret type,
      the suspension diaphragm being substantially coplanar with the acoustic
      diaphragm of the microphone cartridge. At least one groove entirely closes
      acoustically the air-gap surrounding the freely suspended microphone
      cartridge. The groove is further provided with lug-shaped flanges, one for
      clamping the microphone cartridge and the other for suspension from a
      frame, mount or microphone case. The suspension diaphragm is particularly
      suitable for light-weight microphone cartridges.
BSUM
PAR  In the last few years microphones have extensively been miniaturized. The
      slimness of rod-shaped microphones is progressively increasing.
PAR  Also small-size cassette tape recorders including built-in microphones are
      commercially available. These microphones, which may be detachable, are
      allotted very little space.
PAR  Microphones particularly suitable for this purpose are of the capacitor
      microphone type and especially of the type provided with an electret
      diaphragm. The diaphragm usually is secured in an annular mount which also
      encloses the back electrode shape in the form of pastille. Since this
      construction is very simple and the cross-sectional area of the diaphragm
      need only be small to provide the required energy output, the size of the
      microphone cartridge may be very small and its height may even be smaller
      than its diameter.
PAR  The incorporation of electronic circuits in integrated-circuit form
      substantially does not affect either the size or the weight of the
      microphone cartridge.
PAR  Thus what are referred to as light-weight electret microphone cartridges
      are commercially available which have a weight of 3 grams and a diameter
      of 12 mm. Specifically for these light-weight cartridges a vibration-free
      suspension in the microphone casing or holder forming part of a cassette
      tape recorder is of particular importance and hence another method of
      suspension must be used than has been usual hitherto with heavier
      microphone cartridges.
PAR  The invention relates to a microphone provided with a cylindrically shaped
      microphone cartridge which is centrally suspended in a microphone casing
      by means of at least one resilient suspending diaphragm so as to form an
      annular air-gap with the casing.
PAR  The term "microphone casing" is to be understood to include a mount as used
      in a cassette tape recorder.
PAR  Such a microphone is described in U.S. Pat. No. 3,436,495. In this
      microphone the cartridge is provided on either side with a pin secured
      centrally in a suspension diaphragm. The microphone cartridge is
      rod-shaped and includes an electrodynamic microphone system behind which a
      microphone amplifier is built in in the cartridge. The weight of the
      assembly is heavy and its construction is complicated.
PAR  The invention is characterized in that a single suspension diaphragm
      carries a light-weight microphone cartridge the acoustic diaphragm of
      which is substantially coplanar with the suspension diaphragm. A large
      number of tests have shown that the coplanarity of the two diaphragms
      provides optimum protection against the influence of external vibrations
      (generally referred to as case noise) on the acoustic diaphragm.
PAR  Thus vibration-free suspensions are achieved in which the resonant
      frequency of the suspending system is less than 100 Hz.
PAR  At the location of the air-gap the suspending diaphragm may comprise at
      least one groove which entirely closes the air-gap acoustically. This
      closure is required to avoid the occurrence of inconvenient peaks of the
      frequency characteristic in the region exceeding 2000 Hz.
PAR  The inner edge of the groove may be used for clamping and securing the
      microphone cartridge. For this purpose the inner edge of the groove is
      strengthened by the provision of a lug-shaped flange which is bent about
      the edge of the cartridge and together with the inner edge of the groove
      is glued to the catridge.
PAR  The suspension diaphragm must be provided with a supporting edge which also
      may have a bent lug.
PAR  A particularly satisfactory suspension diaphragm is provided with two
      opposed flaps. The flaps may be rectangular and be supported in matching
      recesses in the microphone case.
PAR  To provide a satisfactory vibration-free suspension the material of the
      suspension diaphragm must have high internal damping. In this respect
      butyl rubber and polyvinylchloride (pvc) are highly suitable.
PAR  Alternatively the suspension diaphragm may be made of polycarbonate foil.
      However, because the internal damping of this material is small, in spite
      of the fact that the resonant frequency is less than 50 Hz, the influence
      of the case noise is comparatively large.
PAR  In a particularly advantageous embodiment the inner rim of the groove has a
      cylindrical part which engages around the microphone cartridge. If in this
      embodiment butyl rubber is used the suspension of the microphone cartridge
      is very soft.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying diagrammatic drawings, in which:
PAR  FIGS. 1 to 3 show a suspension diaphragm according to the invention,
PAR  FIG. 1 being a plan view and
PAR  FIG. 2 being a cross-sectional view, while
PAR  FIG. 3 is a longitudinal sectional view including the microphone cartridge.
PAR  FIGS. 4 to 6 show an embodiment of the suspension diaphragm shown in FIG.
      1,
PAR  FIG. 4 being a longitudinal sectional view and
PAR  FIG. 5 being a plan view, while
PAR  FIG. 6 is a longitudinal sectional view including a microphone cartridge
      which is partly cut away,
PAR  FIG. 7 shows frequency characteristics and
PAR  FIGS. 8 and 9 show a butyl rubber suspension according to the invention,
PAR  FIG. 8 being a cross-sectional view and
PAR  FIG. 9 a plan view.
DETD
PAR  The suspension diaphragm shown in FIGS. 1 to 3 is made of polycarbonate and
      is formed with a single annular groove 1. The inner surface 2 serves to
      receive a microphone cartridge 3. The suspension diaphragm is slipped onto
      the microphone cartridge. The inner surface 2 of the suspension diaphragm
      is dimensioned so that the cartridge is clamped in the diaphragm.
PAR  The inner surface 2 is formed with a lug-shaped flange 4 which engages
      around the microphone cartridge 3.
PAR  The microphone cartridge 3 is glued to the inner surface 2 and to the
      flange 4.
PAR  The suspension diaphragm is provided at two opposed locations with flaps 5
      which lie within recesses 6 in a frame 7. The width of the groove 1 is
      equal to that of an air-gap 8 between the cartridge 3 and the frame 7. The
      frame 7 is shown schematically in FIG. 3 and forms part of a microphone
      case. The outer surface 9 of the groove 1 is concentric with the inner
      surface 2. The suspension diaphragm is secured to the frame 7 by suction
      and/or clamping force.
PAR  FIGS. 4 to 6 show a modified embodiment of the suspension diaphragm shown
      in FIGS. 1 to 3. The flaps 5 are replaced by a lug-shaped supporting rim
      10 which engages around a frame, not shown.
PAR  FIG. 6 shows a partly cut-away microphone cartridge 3. This cartridge is of
      the electrostatic type and includes an electret diaphragm as the acoustic
      diaphragm 11 which is supported by a back electrode 12 made of a sintered
      ceramic material. The surface of the electret diaphragm 11 more remote
      from the sintered electrode 12 carries an electrode in the form of a layer
      of gold deposited from vapour and a few .mu.m thick. The thickness of the
      electret foil is 20 .mu.m. FIG. 6 shows that the acoustic diaphragm 11 is
      substantially coplanar with the suspension diaphragm.
PAR  In FIG. 7 curve 20 is the frequency characteristic of the electret
      microphone cartridge used, without the suspension. The frequency in Hz is
      plotted along the horizontal axis and the output voltage E of the
      cartridge in millivolts is plotted along the vertical axis.
PAR  The characteristic of the suspension is shown by a second curve 21. It has
      a resonance peak 22 at about 70 Hz, which is lower than the required
      standard (which is 100 Hz).
PAR  The curve 21 also shows the difference between various materials. When
      using a material of low internal damping, in the present case
      polycarbonate, the resonance peak is higher and lies at about 10
      millivolts (designated by 23).
PAR  When using butyl rubber, i.e. a material of high internal damping, the
      resonance peak is considerably lower and lies at about 2.5 millivolts
      (designated by 24).
PAR  When flaps 5 are used the resonant frequency is shifted slightly to the
      left, i.e. the resonant frequency is lower.
PAR  The frequency characteristics of FIG. 7 relate to the suspension diaphragm
      shown in FIGS. 4 to 6.
PAR  This suspension diaphragm is made of polycarbonate or of butyl rubber and
      has the following dimensions:
TBL  thickness              40 .mu.m                                           
     internal diameter      10.5 mm                                            
     outer diameter         15.9 mm                                            
     width of the groove    1.9 mm                                             
     height of the groove   2.0 mm                                             
     mass of the cartridge  3 grams.                                           
PAR  To enable the gluing of the cartridge to be dispensed with the suspension
      diaphragm shown in FIGS. 8 and 9 has a cylindrical portion 30 which
      terminates in an inner flange 31 and is of a size such as to embrace the
      entire microphone cartridge.
PAR  The material of this suspension diaphragm is very flexible and may for
      example be butyl rubber or silicone rubber.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A microphone assembly comprising a microphone case, a cylindrically
      shaped lightweight microphone cartridge including a generally planar
      acoustic vibratory diaphragm, a single resilient generally planar
      suspension diaphragm fixed to the case and supporting the microphone
      cartridge centrally within the microphone case so that case and cartridge
      form an annular air gap, the acoustic diaphragm of the cartridge being
      substantially coplanar with the suspension diaphragm.
NUM  2.
PAR  2. A microphone assembly as claimed in claim 1 wherein the suspension
      diaphragm is formed with at least one groove which entirely closes the
      air-gap acoustically.
NUM  3.
PAR  3. A microphone assembly as claimed in claim 2, characterized in that the
      cartridge is clamped in the inner edge of said groove.
NUM  4.
PAR  4. A microphone assembly as claimed in claim 3 wherein the inner edge of
      the groove is provided with a lug-shaped flange which is bent around the
      microphone cartridge to further clamp the cartridge in place.
NUM  5.
PAR  5. A microphone assembly as claimed in claim 2 wherein the suspension
      diaphragm is provided with a supporting flange outside the air-gap for
      fixing the suspension diaphragm to the microphone case.
NUM  6.
PAR  6. A microphone as claimed in claim 5, wherein the supporting flange is
      formed with a bent lug.
NUM  7.
PAR  7. A microphone assembly as claimed in claim 5, wherein the supporting
      flange is provided with two opposed flaps.
NUM  8.
PAR  8. A microphone assembly as claimed in claim 1 wherein the suspension
      diaphragm is made of a material of high internal damping.
NUM  9.
PAR  9. A microphone assembly as claimed in claim 3 wherein the inner edge of
      the groove terminates in a cylindrical part which entirely engages around
      the microphone cartridge.
NUM  10.
PAR  10. A microphone assembly as claimed in claim 1 wherein the microphone
      cartridge includes an electret diaphragm having a diameter of at least 5
      mm but less than 20 mm, the mass of the cartridge being less than 10
      grams.
NUM  11.
PAR  11. An electroacoustic transducer assembly comprising a transducer
      cartridge housing a substantially planar acoustic vibratory diaphragm, a
      housing for said transducer cartridge, a single suspension diaphragm
      having a peripheral portion that is fixed to said housing and a generally
      planar inner portion including means for supporting the transducer
      cartridge centrally within the housing so as to form a peripheral air gap
      between the cartridge and housing, the single suspension diaphragm being
      the sole support of the transducer cartridge within the housing and with
      the acoustic diaphragm of the cartridge being supported substantially
      coplanar with the planar portion of the suspension diaphragm.
NUM  12.
PAR  12. A transducer assembly as claimed in claim 11 wherein said cartridge is
      cylindrically shaped to form an annular air gap with the housing and the
      suspension diaphragm comprises a resilient vibration - absorbing member.
NUM  13.
PAR  13. A transducer assembly as claimed in claim 12 wherein the generally
      planar portion of the suspension diaphragm is formed with an annular
      groove located so as to acoustically close said annular air gap.
NUM  14.
PAR  14. A transducer assembly as claimed in claim 13 wherein the generally
      planar portion of the suspension diaphragm includes an annular lip bearing
      against one end portion of the cartridge and the inner surface of the
      groove clamps a portion of the side wall of the cartridge to provide
      support therefor.
NUM  15.
PAR  15. A transducer assembly as claimed in claim 13 wherein the suspension
      diaphragm is made of a material having high internal damping.
NUM  16.
PAR  16. A transducer assembly as claimed in claim 11 wherein the material of
      the suspension diaphragm is selected from the group of materials
      consisting of butyl rubber and polyvinylchloride.
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PAL  A switch assembly provides a plurality of slide switches. Each switch
      employs a flexible guide rod cantilevered within a common housing
      providing a first contact. A second contact is biased into electrical
      contact with each guide rod and an insulative cam carried by a switch
      actuator is supported by each guide rod for rectilinear movement
      therealong in an interference path with the second contact to separate the
      second contact from the guide rod. The flexible guide rod is movable with
      respect to the second contact and provides the means to align the switch
      actuator and the cam in an interference path with the second contact. Each
      switch actuator provides a pair of side walls enclosing a respective guide
      rod and second contact suspended therebetween.
BSUM
PAR  This invention relates generally to electrical switches and more
      particularly to a switch assembly employing a plurality of slide switches.
PAR  Switches employing a sliding member or actuator to electrically connect or
      disconnect a pair of contacts are generally referred to as slide switches.
      Such a switch is shown in U.S. Pat. Nos. 3,493,706 and 3,524,028. Slide
      switches are generally provided with a housing channel or a rail secured
      to the housing to support and align the actuator for rectilinear movement
      along the rail or channel relative to the contacts. For suitable
      engagement of switch actuator with the contacts, the rail or channel must
      be aligned with respect to the contacts. Even though the rail, for
      example, is usually rigidly fixed, movement of the rail with respect to
      the contacts is generally not critical to align the actuator with respect
      to the contacts because of the size of the components involved. However,
      as the need increases for switch assemblies of relatively decreasing size,
      each assembly employing a plurality of switches, such as in computers and
      telephone exchanges, and the size of the components therefore decreases,
      the alignment of the component parts becomes more significant. It would
      therefore be desirable to provide a slide switch employing a flexible,
      cantilevered guide rod for slidingly supporting a switch actuator and
      movable with respect to the switch contacts.
PAR  In slide switches employing a rail to support the actuator, the rail often
      provides a first terminal of the switch and the actuator sliding along the
      rail carries a contactor electrically connecting the rail to a second
      contact or terminal. In other instances, the rail does not provide an
      electrical connection and the actuator simply acts as a camming member
      electrically connecting or disconnecting a pair of contacts. In either
      case, the rail or the contactor carried by the actuator constitutes an
      additional or fourth component in the switch device since a switching
      action can be provided simply by a pair of contacts and an actuator. In
      the fabrication of switches particularly requiring high volume mass
      production techniques, it is always desirable to reduce the number of
      component parts in the switch and simplify the assembly procedure. It
      would therefore be desirable to eliminate the need for an additional
      contact in a slide switch employing a rail by biasing a first contact into
      engagement with a rail providing a second contact and wherein a switch
      actuator slidably supported on the rail disengages the first contact from
      the guide rod.
PAR  Many applications in digital data transmission require a switch assembly
      providing a plurality of switches. Each switch in the switch assembly is
      preset to an open or closed position and a plurality of the switches
      represent a predetermined binary digit. Such a switch is shown in U.S.
      Pat. No. 3,792,206. A malfunction in any one of the plurality of switches
      can subvert the entire switch assembly. It is therefore important with
      this type of switch assembly to prevent malfunction in any one of the
      plurality of switches comprising the assembly. Malfunction is often caused
      by solder and flux particles interfering with the engagement of the switch
      contacts. Specifically, in cases where such a switch assembly is mounted
      on a printed circuit board, the terminals extending from the base of the
      switch assembly are partially dipped in molten solder for connecting the
      terminals into a circuit, thus exposing the contacts of the switch
      assembly to flux and solder particles. In such a switch assembly, foreign
      particles though not causing a malfunction with one set of contacts can
      drift into engagement with an adjacent set of switch contacts and cause a
      malfunction. One method of preventing the drift of foreign particles
      between adjacent sets of switch contacts is to provide a housing with
      integral barriers forming compartments for each set of switch contacts.
      With this method, however, in addition to requiring a plurality of housing
      barriers forming the compartments, each set of switch contacts and each
      switch actuator must be aligned within each respective compartment.
      Another method of providing barriers between adjacent sets of switch
      contacts is to provide each of the switch actuators with side walls. In
      most instances, however, wherein switch actuators are provided with side
      walls, the switch contacts are disposed outside of or near the bottom
      edges of the side walls minimizing the effectiveness of the side walls as
      barriers. It would therefore be desirable to eliminate the need for
      individual housing compartments in a switch assembly to prevent foreign
      particle drift between adjacent sets of switch contacts by providing a
      plurality of switch actuators having pairs of side walls enclosing switch
      contacts suspended therebetween.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved switch assembly having the various desirable features set forth
      above.
PAR  Still another object of the present invention is to provide a new and
      improved slide switch employing a flexible guide rod cantilevered within a
      housing for slidingly supporting a switch actuator.
PAR  Another object of the present invention is to join first and second base
      sections of a switch assembly having opposed embedded contacts to align
      and bias the opposed contacts into electrical engagement.
PAR  Another object of the present invention is to provide a new and improved
      slide switch wherein a first contact is biased into engagement with a
      guide rod providing a second contact and wherein an insulative cam is
      slidably supported by the guide rod to disengage the first contact from
      the guide rod.
PAR  Another object of the present invention is to provide a flexible guide rod
      suspended within a housing for supporting a switch actuator and movable
      with respect to a switch contact for aligning the switch actuator with
      respect to the switch contact.
PAR  A further object of the present invention is to provide a new and improved
      switch assembly employing a plurality of switch actuators having depending
      side walls enclosing sets of switch contacts suspended therebetween.
PAR  Further objects and advantages of the present invention will become
      apparent as the following description proceeds and the features of novelty
      characterizing the invention will be pointed out with particularity in the
      claims annexed to and forming a part of this specification.
PAR  Briefly, the present invention is concerned with a switch assembly
      providing a plurality of switches. Each switch employs a flexible guide
      rod, a contact element biased into engagement with the guide rod, a
      movable contact arm integral with the contact element and a switch
      actuator slidably supported by the guide rod for separating the guide rod
      and the contact element. The guide rods are cantilevered within a cavity
      formed by a cover and first and second base sections and the movable
      contact arms are suspended within the cavity in underlying relationship
      with the guide rods. A terminal integral with each of the guide rods and
      extending perpendicular therefrom is embedded in the first base section
      and a terminal integral with each of the movable contact arms extending
      perpendicular therefrom is embedded in the second base section. Each
      switch actuator is provided with a pair of side walls enclosing a
      respective guide rod and movable contact arm suspended therebetween. A cam
      interconnected between the side walls defines an opening for receiving a
      respective one of the guide rods. Upon a predetermined movement of the
      switch actuator along the guide rod, the cam is slidingly interposed
      between the guide rod and the contact element and the flexible guide rod
      provides the means to align the cam in an interference path with the
      contact element.
DRWD
PAR  For a better understanding of the present invention, reference may be had
      to the accompanying drawings wherein the same reference numerals have been
      applied to like parts and wherein:
PAR  FIG. 1 is an isometric view of an electrical switch assembly embodying the
      present invention;
PAR  FIG. 2 is a sectional view taken along lines II--II of FIG. 1;
PAR  FIG. 3 is an exploded view of the assembly shown in FIG. 1;
PAR  FIGS. 4 and 5 are sectional views to illustrate the relative positions of
      the switch in the open and closed positions taken along lines IV--IV of
      FIG. 2; and
PAR  FIG. 6 is a detail of the switch actuator.
DETD
PAR  Referring now to the drawings, an electrical switch assembly is generally
      indicated at 10 comprising a plurality of switch actuators 12, a plurality
      of spaced first contacts 14, a plurality of spaced second contacts 16 and
      a housing 18 having a base 20 and a cover 22 molded of suitable dielectric
      material and defining an elongated cavity 24. The cover 22 is provided
      with a pair of end walls 26 having extensions 28, a pair of sides 29 and a
      top 30 provided with a plurality of slots 32. The base 20 comprises a
      first section 34 having a side with an elongated key seat 36 and a second
      section 38 having a side with an elongated key 40. The elongated key 40 in
      the first section 34 interfits with the key seat 36 in the second section
      38 to secure the first and second base sections together providing a base
      20 with top surface 42 and shoulders 44. The extensions 28 of the end
      walls 26 of the cover 22 are heat swaged to the underside of the shoulders
      44 to secure the cover 22 to the base 20. Embedded in a portion of the
      first base section 24 are the spaced first contacts 14 and embedded in a
      portion of the second base section 38 are the spaced second contacts 16.
      Preferably, portions of a blank strip of metal are embedded in the base
      sections at the time of molding, the blank metal strip then being punched
      and formed to provide the first and second contacts.
PAR  Each of the first contacts 14 are preferably of gold plated brass wire and
      comprise a flexible guide rod 54 elevated above the top surface 42 of the
      base 20, a first intermediate section 56 integral with the guide rod 54
      and embedded in the first base section 34, and a first terminal section 58
      integral with the first intermediate section 56 and extending outwardly
      from the base for providing a connection to an electrical circuit.
      Preferably, the flexible guide rods 54 are laterally and uniformly
      cantilevered within the cavity 24 having a free end 59 disposed therein
      and the first intermediate sections 56 are disposed along the side of the
      cover 22 perpendicular to the guide rods 54. Each of the second contacts
      16 are preferably of gold plated brass wire and comprise a movable contact
      arm 60 also elevated above the top surface 42 of the base 20, a second
      intermediate section 62 integral with the movable contact arm 60 and
      embedded in the second base section 38, and a second terminal section 64
      integral with the second intermediate section 62 and extending outwardly
      from the base for providing a connection to an electrical circuit.
      Preferably, the movable contact arms 60 are laterally and uniformly
      suspended within the cavity 24 and the second intermediate sections 62 are
      disposed along the side of the cover perpendicular to the movable contact
      arms 60. Integral with each of the movable contact arms 60 is a U-shaped
      contact element 66. Preferably, the joining of the first and second base
      sections 34 and 38 with embedded contacts 14 and 16 to form the base 20,
      positions a first intermediate section 56 opposite a second intermediate
      section 62 and aligns each of the guide rods 54 in overlying relationship
      with a respective movable contact arm 60. The spring tension of the
      movable contact arm 60 biases each of the U-shaped contact elements 66
      into contact with the underside of a respective guide rod as seen in FIG.
      4. Each of the guide rods 54 and movable contact arms 60 form identical
      contact pairs. As shown in FIG. 3, there are four contact pairs, it being
      understood that the number of contact pairs can be varied by merely
      changing the number of contacts 14 and 16 embedded in each base section to
      vary the number of individual switches in the switch assembly.
PAR  In accord with the present invention slidably engaging each of the guide
      rods 54 is a switch actuator 12 for selectively opening and closing each
      U-shaped contact element 66 with respect to a respective guide rod 54.
      Each switch actuator 12 comprises a top or bight section 68, and operating
      knob 70 projecting from the bight section 68, a pair of spaced parallel
      side walls 72 with bottom edges 74 depending from either side of the bight
      section 68 and an insulative cam 76 secured between the side walls 72. The
      bight section 68 and the depending side walls 72 define a compartment 78
      as seen in FIGS. 2 and 3 for receiving a respective contact pair. Each of
      the operating knobs 70 extends through a respective slot 32 in the cover
      22 for actuation of the operating knob by an operator and the movement of
      the operating knob 70 is limited in either direction by the knob abutting
      one of the respective ends of the slot 32. The insulative cam 76 is an
      elongated bar extending between the side walls 72 and is provided with a
      bottom surface or indentation 80 and two pairs of camming surfaces 82, 84
      and 82a, 84a. The cam 76 is spaced from the bight section 68 of the switch
      actuator and together with the bight section 68 and side walls 72 defines
      an aperture 85 as seen in FIGS. 2 and 6 for receiving a respective one of
      the guide rods 54. As seen in FIGS. 2 and 3, the side walls 72 straddle
      the guide rod 54 with the top of the guide rod engaging the bight section
      68 for supporting the switch actuator 12 for rectilinear movement along
      the guide rod 54. The first and second intermediate sections 56 and 62
      elevate the movable contact arms 60 and guide rods 54 for suspension
      between the side walls 72 of a respective switch actuator 12. Each pair of
      side walls 72 therefore provides longitudinal barriers within the cavity
      24 between respective contact pairs for blocking the passage of foreign
      particles. It should be understood that elevating the contact pairs above
      the top surface 42 of the base prevents the interference with the contact
      pairs by foreign particles settling on the base.
PAR  Each of the U-shaped contact elements 66 comprises an apex 86 and legs 88
      and 90 as seen in FIGS. 4 and 5 and is selectively switched from a closed
      position to an open position by the switch actuator 12 slidably traversing
      the guide rod 54 interposing the cam 76 between the guide rod and the
      contact element 66. Two identical pairs of camming surfaces 82, 84 and
      82a, 84a are provided with the cam 76 to facilitate the insertion of
      either side of the switch actuator 12 onto the guide rod 54. However, only
      one pair of camming surfaces is required in the operation of each
      respective switch. With references to FIG. 4, the suspension of the switch
      actuator 12 on the guide rod 54 aligns the first camming surface 82 in an
      interference path with the U-shaped contact element 66. It should be
      understood that the flexible guide rod 54 having a freely suspended end 59
      could be flexed within the cavity 24 to align the switch actuator 12 and
      cam 76 with respect to the U-shaped contact element 66. In the closed
      position, as seen in FIG. 4, the apex 86 and the U-shaped contact element
      66 is biased into contact with the guide rod 54. Although the movable
      contact arm 60 biases the guide rod 54 upward, the bight section 68 of the
      switch actuator 12 bearing on the top 30 of the cover 22 maintains the
      guide rod 54 in a parallel relationship with the base 20. As the switch
      actuator 12 is moved to the left, the camming surface 82 engages leg 88 of
      the U-shaped contact element 66 and further movement of the switch
      actuator 12 drives the cam 76 up over the apex 86 of the U-shaped contact
      element 66 to a point where the second camming surface 84 engages the leg
      90 of the contact element 66 to open the switch as seen in FIG. 5. It
      should be understood that the U-shaped contact element 66 acts as a detent
      engaging the indentation 80 in the cam 76 and locking the second camming
      surface 84 against the leg 90 of the U-shaped contact element 66.
PAR  If insufficient force is exerted on the switch actuator 12 to drive the
      U-shaped contact element 66 or detent over the apex 86 the engagement of
      the first camming surface 82 with the first leg 88 of the contact member
      together with the upward bias of the movable contact arm 60 will spring
      the cam 76 further to the right freely out of engagement with the contact
      element 66. To close the switch from the open position, the cam is moved
      to the right over the apex 86 of the contact element 66 with the second
      camming surface 84 engaging the second leg 90 of the movable contact arm
      60 moving the contact element 66 into contact with the guide rod 54. The
      movement of the cam 76 between the guide rod 54 and contact element 66 and
      the withdrawal of the cam 76 provides a self-cleaning or wiping action to
      eliminate the occurrence of foreign particles between the contact element
      66 and the guide rod 54.
PAR  From the foregoing description, it is clear that the above control device
      can be easily assembled. A metal blank strip is provided with suitable
      slots and suitable base sections are molded integral with the blank strip
      embedding portions of the blank strip in the base sections. The blank is
      then stamped and formed to provide suitable guide rods 54, movable contact
      arms 60, and U-shaped contact elements 66. Complementary base sections 34
      and 38 are then joined to align the guide rods and respective U-shaped
      contact elements into biased contact. A switch actuator 12 is then
      provided for each of the guide rods 54 by inserting the guide rod through
      the aperture 85 provided in the switch actuator 12 and finally a cover 22
      is affixed to the base sections with each of the switch actuators 12
      projecting through a slot 32 in the cover.
PAR  In a device built in accord with the present invention, the terminal
      sections of each of the base sections were on 0.100 inch centers and the
      spacing between opposed terminal sections was 0.300 inches. The distance
      from the bottom of the base to the top of the cover measured 0.280 inches
      and the distance from the bottom of the base to the top of the operating
      knob of the switch actuators measured 0.320 inches. The degree of travel
      of each of the switch actuators within the slot provided in the top of the
      cover was 0.080 inches travel. The width of the device measured 0.380
      inches and the length of a four contact pair switch assembly measured
      0.480 inches. The guide rods were elevated above the top surface of the
      base approximately 0.105 inches.
PAR  While there has been illustrated and described what is at present
      considered to be a preferred embodiment of the present invention, it will
      be appreciated that numerous changes and modifications are likely to occur
      to those skilled in the art, and it is intended in the appended claims to
      cover all those changes and modifications which fall within the true
      spirit and scope of the present invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. In a slide switch, the combination of a cover having a plurality of side
      walls and a top wall provided with a slot, a base having first and second
      base sections secured to the cover, the walls of the cover and the base
      defining a cavity, a flexible guide means cantilevered within the cavity,
      a first intermediate member extending perpendicular from one end of the
      guide means and embedded in the first base section, a terminal integral
      with the first intermediate member, a movable contact arm disposed within
      the cavity, a U-shaped contact element integral with one end of the
      movable contact arm, a second intermediate member extending perpendicular
      from the other end of the movable contact arm and embedded in the second
      base section, a terminal integral with the second intermediate member, the
      U-shaped contact element being biased into engagement with the guide
      means, an actuator in slideable engagement with the flexible guide means,
      the actuator comprising a pair of side walls, a bight portion connecting
      the side walls, a cam disposed between the side walls, and an operating
      arm integral with the bight portion and extending through the slot in the
      top wall of the cover, said cam, bight portion and side walls of the
      actuator defining an opening, the flexible guide means being disposed
      within the opening, said U-shaped contact element and the movable contact
      arm being movable with respect to the flexible guide means for aligning
      the actuator with respect to the contact element and the movable contact
      arm whereby movement of the actuator moves the cam in an interference path
      with respect to the U-shaped contact element.
NUM  2.
PAR  2. The switch of claim 1 wherein the guide means is a rod supporting the
      actuator for rectilinear movement along the rod.
NUM  3.
PAR  3. A switch comprising a housing provided with a plurality of walls
      defining a cavity, a plurality of conductive flexible guide rods disposed
      within the cavity within the housing, a plurality of first terminals
      integral with the flexible guide rods and supported by the housing, a
      plurality of contacts disposed within the cavity, each of the contacts
      being in alignment with respect to one of the guide rods, a plurality of
      second terminals integral with the contacts and supported by the housing,
      a plurality of actuators mounted in the housing, each of the actuators
      being supported for movement by one of the guide rods with respect to the
      contact in alignment with the guide rod, and an insulative cam connected
      to each of the actuators and disposed in an interference path with the
      contact for moving the contact from a first to a second position.
NUM  4.
PAR  4. The switch of claim 3, wherein the plurality of contacts are disposed in
      a line within the cavity, the plurality of guide rods are disposed in a
      line within the cavity, each of the contacts is biased into electrical
      contact with the respective guide rod, and the respective cam is
      interposed between the contact and the guide rod while in one of the
      positions.
NUM  5.
PAR  5. The switch of claim 4, wherein the housing comprises a base, the first
      terminals are secured to the base in a line, the second terminals are
      secured to the base in a line in opposing relationship to the first
      terminals, a pair of spaced side walls integral with each of the
      actuators, each of the cams is disposed between one of the pair of side
      walls, the actuators are disposed side by side longitudinally with respect
      to the housing, and each of the actuators are supported for lateral
      movement with respect to the housing.
NUM  6.
PAR  6. A switch comprising a housing provided with a plurality of walls
      defining a cavity, an electrically conductive guide rod disposed within
      the cavity within the housing and providing a first contact, a first
      terminal integral with the guide rod and supported by the housing, a
      movable contact arm disposed within the cavity, a second terminal integral
      with one end of the movable contact arm and supported by the housing, a
      contact element connected to the other end of the movable contact arm,
      said contact element being biased into electrical contact with the guide
      rod, an actuator supported for movement by the guide rod, and an
      insulative cam integral with the actuator, said cam being interposed
      between the contact element and the guide rod upon a predetermined
      movement of the actuator.
NUM  7.
PAR  7. The switch of claim 6, wherein the actuator comprises a bight portion,
      first and second spaced side walls depend from the bight portion, the cam
      is disposed between the side walls and is spaced from the bight portion,
      the bight portion and the side walls and the cam defining an opening, and
      the guide rod is disposed within the opening and supports the actuator for
      rectilinear movement therealong.
NUM  8.
PAR  8. The switch of claim 7, wherein one of the walls of the housing defines a
      base, said first and second terminals extend through the base, and said
      movable contact arm and the guide rod are suspended above the base and
      between the side walls.
NUM  9.
PAR  9. The switch of claim 6, wherein one of the walls has a first section and
      a second section, the first terminal is embedded in the first section and
      the second terminal is embedded in the second section, the first section
      is joined to the second section, and the contact element is aligned with
      the guide rod.
NUM  10.
PAR  10. The switch of claim 9, wherein the guide rod overlies the contact
      element, and the cam has a bottom surface and a cam surface whereby the
      cam surface engages the contact element during said predetermined movement
      of the actuator driving the contact element into abuttment with the bottom
      surface of the cam.
NUM  11.
PAR  11. A slide switch comprising a housing having a plurality of walls, a
      plurality of spaced pairs of aligned overlapping contact arms disposed
      within the housing, a plurality of actuators, each of the actuators being
      movable longitudinally relative to a respective pair of contact arms, each
      of the actuators comprising an actuating portion disposed in an aperture
      provided in the housing and a pair of spaced side walls encompassing the
      associated pair of contact arms on either side and aligning the arms with
      one another and with the actuator, each pair of side walls extending
      beyond the pair of contact arms and partitioning the pairs of contact amrs
      from one another within the housing, and terminal means connected to the
      contact arms.
NUM  12.
PAR  12. The electrical switch of claim 11, wherein an insulative cam is
      disposed between each pair of side walls and in an interference path with
      one of the contact arms of each respective pair of contact arms, the other
      of the contact arms of each respective pair of contact arms is a guide
      rod, and each of the actuators is supported by the respective guide rod
      for rectilinear movement along said guide rod.
NUM  13.
PAR  13. In a slide switch, the combination of a first base section, a plurality
      of electrically spaced conductive guide rods embedded in the first base
      section, a second base section, a plurality of electrically spaced
      conductive contact arms embedded in the second base section, means
      interlocking the first and the second base sections together and aligning
      each of the guide rods in overlapping relationship with each of the
      contact arms, a housing secured to the first and second base sections, and
      a plurality of actuators mounted in the housing and operable outwardly
      from the housing, each of the actuators comprising a cam whereby upon a
      predetermined movement of the actuator, the cam effects a predetermined
      relationship between a respective one of the guide rods and the contact
      arms aligned therewith.
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ABST
PAL  A finger-actuated rotary switch adapted for use in electric devices, such
      as lanterns, and operative to select a desired light or light combination
      wherein the rotary switch is a waterproof structure and includes an
      elongated rotatable stem extending through a stator and having a switch
      rotor retained on one end thereof. The switch rotor is in engagement with
      the stator and relative movement between the switch rotor and the stator
      is effective to move the switch rotor into and out of engagement with
      electrical contact heads extending from the stator all in response to
      movement of cam followers which extend from the switch rotor and move
      along and in engagement with a cam surface on the stator. The switch rotor
      is resiliently maintained in engagement with the stator. A support is
      positioned between the stator and an operating knob on the stem.
BSUM
PAR  The present invention relates to an improved electrical switching device
      and more particularly to a finger-actuated rotary switch which may be
      easily manipulated by the user to select one of a plurality of alternative
      positions.
PAR  The principal objects of the present invention are: to provide a
      finger-actuated rotary switch adapted for use in an electric device, such
      as a lantern, and operative to select a desired light or light
      combination; to provide such a rotary switch having positive movement of a
      switch rotor into and out of engagement with electrical contacts which are
      respectively electrically connected to any desired circuit; to provide
      such a rotary switch which can be waterproofed for use in a waterproof
      electric lantern; to provide such a rotary switch which may be readily
      assembled on a support therefor and fixed in position solely by
      interaction of the switch components with the support; to provide such a
      switch having a rotatable stem and a switch rotor or plate thereon and
      multiple positions with at least three lift points cooperating with two or
      more pressure points on the stem radially spaced from the axis, inwardly
      of said lift points and forming a polygon or triangle having said axis
      therein to maintain said rotor substantially normal to said axis; to
      provide such a rotary switch adapted for enclosure within a cover for use
      in high voltage systems; to provide such a rotary switch wherein the
      respective components of the switch form an integrated operational
      assembly; and to provide such a rotary switch which is economical to
      manufacture, durable in construction, positive positioning in operation,
      versatile in use, formed of a minimum of parts, and particularly well
      adapted for the proposed use.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth, by way of illustration and example,
      certain embodiments of this invention.
PAR  The drawings constitute a part of this specification and include an
      exemplary embodiment of the present invention and illustrate various
      objects and features of the rotary switch.
DRWD
PAR  FIG. 1 is a perspective view of a rotary switch embodying features of the
      present invention and shown mounted on a lantern housing with portions
      broken away.
PAR  FIG. 2 is an enlarged side elevational view of the rotary switch.
PAR  FIG. 3 is an enlarged longitudinal sectional view taken on line 3--3, FIG.
      2.
PAR  FIG. 4 is an enlarged exploded perspective view showing the components of
      the rotary switch.
PAR  FIG. 5 is a further enlarged fragmentary side elevational view of a stem of
      the rotary switch.
PAR  FIG. 6 is also a further enlarged transverse sectional view of the stem and
      taken on line 6--6, FIG. 5.
PAR  FIG. 7 is also a further enlarged side elevational view of a switch rotor
      of the rotary switch.
PAR  FIG. 8 is also a further enlarged fragmentary plan view of a stator of the
      rotary switch as taken on line 8--8, FIG. 3.
PAR  FIG. 9 is also a further enlarged developed sectional view of cam surfaces
      on the stator.
PAR  FIG. 10 is an enlarged longitudinal sectional view of a modified rotary
      switch.
PAR  FIG. 11 is diagrammatic view of a switch plate with three lift points with
      multiple contacts.
DETD
PAR  Referring more in detail to the drawings:
PAR  As required, detailed embodiments of the present invention are disclosed
      herein, however, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 generally designates a finger-actuated rotary switch adapted for use in
      an electric device, such as a lantern 2, and operative to select a desired
      light or combination of lights. The rotary switch 1 includes an elongated
      rotatable stem 3 extending through a stator 4 and having a switch rotor 5
      retained on one end 6 of the stem 3. The switch rotor 5 is in engagement
      with the stator 4 and relative movement between the switch rotor 5 and the
      stator 4 is effective to move the switch rotor 5 into and out of
      engagement with electric contact heads 7 which extend from the stator 4
      all in response to movement of cam followers 8 which extend up from one of
      the stator and the switch rotor 5 and move along and in engagement with a
      cam surface 9 on the other of the stator 4 and rotor 5. The switch rotor 5
      is resiliently maintained in engagement with the stator 4. A support 11 is
      positioned between the stator 4 and an operating knob 12 on the stem 3.
PAR  The rotary switch 1 may be supported by any suitable member positioned
      between the stator 4 and the operating knob 12 on the stem 3. The support
      11 for the rotary switch 1 may be a portion of a housing 14 of the lantern
      2 which has an aperture 15 therethrough for receiving the stem 3. The
      aperture 15 is adapted to permit rotation of the stem 3 through full
      circle. The support 11 may have a suitable abutment engageable by the
      stator 4 and thereby prevent rotation or turning thereof, such as ribs or
      the like, as best seen in FIG. 2. The abutment of the support 11 prevents
      turning of the stator 4 relative to the support 11 and relative to the
      stem 3.
PAR  The stem 3 is an elongated member rotatably extending through the aperture
      15 in the housing 14 and the stem 3 is operative to effect selected
      movement of the switch rotor 5 relative to the stator 4 and the contact
      heads 7 thereon. In the illustrated structure, the stem 3 is an elongated
      generally cylindrical member having the operating knob 12 on the end
      opposite the switch rotor 5. The operating knob 12 may be integral with
      the stem 3 or may be suitably secured thereon, as by screws, rivets,
      adhesive, or the like. The operating knob 12 may be any desired shape,
      such as in the form of a pointer or round and having a pointer 19 thereon
      which is movable relative to the support 11 to thereby designate the
      position of the switch rotor 5 and the particular circuit or circuits
      closed or completed by the switch rotor 5.
PAR  The rotary switch 1 is particularly adapted for use in waterproof articles,
      such as a waterproof lantern, therefore, the stem 3 has a suitable annular
      recess or groove 20 in the exterior surface thereof and the recess or
      groove 20 is adapted to receive a suitable seal member, such as an O-ring
      21. The O-ring seal 21 is positioned to sealingly engage surfaces defining
      the aperture 15 in the housing 14.
PAR  A keeper 21' is mounted in a suitable recess or groove 20' in the exterior
      surface of the stem 3. The keeper 21' is positioned in engagement with the
      support 11 thereby limiting movement of the knob 12 toward and away from
      the support 11. The keeper 21' maintains the seal member 21 in the
      aperture 15. The keeper 21' is placed in the recess or groove 20' after
      the stem 3 is in place in the aperture 15 of the support 11.
PAR  The one end 6 of the stem 3 is adapted to retain the switch rotor 5 in
      engagement with the stator 4 in response to operation of a resilient
      member, as later described. In the illustrated structure, the one end 6 of
      the stem 3 is of reduced size adapted to extend through the switch rotor
      5, as later described. The reduction in size of the stem 3 at the one end
      6 thereof provides a shoulder 22 engageable by one surface 23 of the
      switch rotor 5 which faces the stator to limit extent of movement of the
      rotor 5 on to the stem 4. The one end 6 of the stem 3 is a cam lock and
      may be any suitable non-round shape, for a purpose later described.
PAR  The shape of the one end 6 of the stem 3 is illustrated as being generally
      triangular with one apex removed to provide opposed flat sides 24 and 25.
      The one end 6 of the stem 3 has a plurality of ears 26 extending laterally
      outwardly from the stem 3 with each having a surface 27 in facing relation
      with the shoulder 22. The surfaces 27 of the ears 26 are thereby adapted
      to engage the other surface 28 of the switch rotor 5. The stem 3 has a
      plurality of flat surfaces 29 positioned adjacent the ears 26
      respectively, for a purpose later described. The flat surfaces 29 are each
      positioned between a respective one of the ears 26 and the shoulder 22.
      The flat surfaces 29 have length longitudinally of the stem that is
      preferably greater than the thickness of the rotor 5 and the stem portion
      30 between the flat surfaces 29 and the shoulder 22 is cylindrical and of
      reduced size so the rotor may rotate thereabout.
PAR  The switch rotor 5 is an electrically conductive member removably mounted
      on the stem 3 and positioned in engagement with retainer means on the one
      end 6 of the stem 3, as defined by the ears 26, and the switch rotor 5 has
      the one surface 23 thereof in facing relation with the stator 4. The
      switch rotor 5 is rotatable with the stem 3 and is adapted for engagement
      with selected electrical contact heads 7. In the illustrated structure,
      the switch rotor 5 is a generally circular member having an aperture
      therethrough for receiving the stem 3.
PAR  The aperture through the switch rotor 5 has a non-circular shape
      substantially corresponding to the non-circular shape of the one end 6 of
      the stem 3. The illustrated aperture is defined by a plurality of
      connected straight edges each positioned in an angular relation with
      adjacent edges and may be any desired non-round shape, such as square,
      rectangular, or the like. In the illustrated structure, the aperture
      through the switch rotor 5 is generally triangular in shape and is defined
      by connected straight edges 31, 32, and 33 with the edges positioned in an
      angular relation with adjacent edges to define an equilateral triangle.
      The defined triangle may have rounded portions at the intersection of the
      straight edges.
PAR  The straight edges 31, 32 and 33 define an aperture through the switch
      rotor 5 which is slightly larger than the one end 6 of the stem 3 which
      has one less ear extending therefrom than the number of straight edges of
      the aperture through the switch rotor 5 whereby the stem 3 may be removed
      from the switch rotor 5 after aligning the one end 6 of the stem 3 with
      the aperture through the switch rotor 5. After the one end 6 of the stem 3
      is extended through the switch rotor 5 to position the rotor at the stem
      portion 30, the stem 3 is rotated relative to the switch rotor 5 to
      position the surfaces 27 of the ears 26 in overlying relation with the
      other surface 28 of the switch rotor 5 and to position the flat surfaces
      in registry with respective straight edges of the aperture through the
      switch rotor 5. The rotor 5 is then moved to engage the surfaces 27 of the
      ears 26 with the surface 28 and the flat surfaces 29 in keying engagement
      with respective straight edges 31 and 32 of the aperture in the rotor. The
      switch rotor 5 and the stem 3 are locked or keyed together by operation of
      mutually engaging edges and surfaces and in response to action of a
      resilient member, as later described. In the illustrated embodiment, a
      portion of the flat side 24, of the one end 6 of the stem 3 is engageable
      with the other straight edge 33 of the aperture through the switch rotor 5
      whereby turning the stem 3 effects turning or rotation of the switch rotor
      5 relative to the stator 4.
PAR  In the illustrated structure the cam followers 8 are on the rotor 5. The
      one surface 23 of the switch rotor 5 has a plurality of the cam followers
      8 extending therefrom and movable along the cam surface 9 to control
      engagement of the rotor 5 with selected contact heads 7 in response to
      rotation of the stem 3. The cam followers 8 are preferably three or more
      and inwardly relative to the contact heads. The cam followers 8 are
      illustrated as being formed by dimples or bumps in the other surface 28
      which form bosses in the one surface 23 and in the illustrated structure,
      there are four bosses or cam followers 8 arranged in a circular pattern
      and on (90.degree.) centers.
PAR  The switch rotor 5 may be any desired shape and preferably is flat whereby
      the surface 23 may be in engagement with any number of contact heads 7.
      The switch rotor 5 shown in FIG. 4 is circular and has a plurality of
      circumferentially spaced contact head receiving portions positioned
      adjacent a peripheral edge thereof. In the illustrated structure, the head
      receiving portions are defined by notches 34, 35, and 36 in the peripheral
      edge of the switch rotor 5. The notches 34 and 36 are positioned in
      opposed relation with the notch 35 being positioned between and at a
      (90.degree.) spacing from each of the notches 34 and 36.
PAR  The switch rotor 5 has a cut-out 37 in the peripheral edge thereof with the
      cut-out 37 being positioned and sized so that there is one less head
      receiving portion or notch than the number of electrical contact heads 7
      whereby a selected one of the electrical contact heads 7 is out of contact
      with the switch rotor 5 when the remaining electrical contact heads 7 are
      in contact with the switch rotor 5. In the illustrated structure, the
      cut-out 37 is positioned in opposed relation with the notch 35 and between
      the notches 34 and 36 and at a (90.degree.) spacing from each of the
      notches 34 and 36.
PAR  The stator 4 is a dielectric member having opposite surfaces 38 and 39,
      with the surface 38 being in facing relation with the one surface 23 of
      the switch rotor 5 and the other surface 39 being in facing relation with
      the support 11. The stator 4 has an aperture 40 therethrough for receiving
      the stem 3 and the aperture 40 is adapted to permit rotation of the stem 3
      through a full circle.
PAR  There may be any number of contact heads 7, particularly when the switch
      rotor 5 is flat and does not have notches or contact head receiving
      portions. The number of contact heads 7 is determined by the electrical
      circuits to be completed by the switch 1. In the illustrated embodiment,
      there are four of the electrical contact heads 7 which are positioned in
      circumferentially spaced relation and are arranged in a circular pattern
      and on (90.degree.) centers. The contact heads 7 extend from the surface
      38 of the stator 4 thereby positioning same to be engageable by the switch
      rotor 5 when the four cam followers 8 are in respective valleys in the cam
      surface 9, as later described.
PAR  The stator 4 may be any suitable shape, such as square or rectangular,
      having side edges 41 and 42 and end edges 43 and 44. In the illustrated
      structure, the other surface 39 of the stator 4 has a pair of spaced
      recesses extending inwardly from the end edge 43 and a pair of spaced
      recesses extending inwardly from the end edge 44 of the stator 4. The four
      electrical contact heads 7 are defined by round head rivets or the like.
      extending from the surface 38 of the stator 4. The electrical contact
      means includes suitable conductor gripping portions 49 connected to the
      rivets or the like. Each of the conductor gripping portions 49 are
      positioned in a respective one of the recesses as desired.
PAR  The cam surface 9 provides means on the surface 38 of the stator 4
      engageable by the cam followers 8 on the switch rotor 5 to direct movement
      of the switch rotor 5 into and out of enagement with the electrical
      contact heads 7. The illustrated cam surface 9 on the stator 4 has a
      plurality of alternating crests 50 and valleys 51. The cam surface 9 is
      positioned to define an annular ring on the surface 38 of the stator 4 in
      facing relation with the surface 23 of the switch rotor 5. The cam surface
      9 has a plurality of ramps 52 each positioned between a respective crest
      50 and the valley 51. In the illustrated structure, there are four valleys
      51 and four crests 50 thereby corresponding to the number of cam followers
      8 on the switch rotor 5 and the number of contact heads 7 on the stator 4.
PAR  The crests 50 are each illustrated as radially extending ridges between
      adjacent ramps 52 and the valleys 51 are each illustrated as radially
      extending grooves between adjacent ramps 52 and the valleys 51 are each
      adapted to receive a respective one of the cam followers 8 therein.
PAR  The four electrical contact heads 7 are each engageable by the switch rotor
      4 when the cam followers 8 are received in the respective valleys 51 and
      in the illustrated structure, each of the electrical contact heads 7 is
      radially aligned with a respective one of the valleys 51 of the cam
      surface 9. The valleys 51 and ramps 52 are such that as the switch rotor
      is rotated the cam followers 8 and ramp give a quick movement to the
      stator separating the switch rotor and the contacts providing a circuit
      interruption that avoids flickering of the light.
PAR  The contact heads 7 are positioned in surrounding relation with the cam
      surface 9 and each are adapted to be received in a respective one of the
      notches in the peripheral edge of switch rotor 5. The switch rotor 5 is
      moved into and out of engagement with the contact heads 7 as the bosses or
      cam followers 8 move into and out of respective valleys of the cam surface
      9. The surface 23 of the switch rotor 5 is generally planar or flat. The
      surface 23 of the switch rotor 5 is moved out of engagement with the
      contact heads 7 as the cam followers 8 move over crests of the cam surface
      9.
PAR  The housing 14 includes means extending from the support 11, as defined by
      the housing 14 of the lantern 2, for positioning the stator 4 in a
      selected position relative to the support 11 when the stator 4 is moved
      toward the support 11 during assembly of the rotary switch 1. In the
      illustrated structure, the support 11 has spaced guide members 11'
      extending inwardly and slidably received in apertures 4' in the stator
      whereby the stator has guided movement longitudinally of the stem 3. The
      stator has a plurality of circumferentially spaced projections or posts 53
      extending from the other surface 39 of the stator 4 and terminating in
      spaced relation to the support 11. A resilient means, such as a
      compression spring 54, is positioned between the stator 4 and the support
      11 for maintaining the stator 4 and switch rotor 5 in engagement and for
      effecting relative movement between the stator 4 and switch rotor 5
      thereby permitting movement of the switch rotor 5 into engagement with
      selected electrical contact heads 7. In the illustrated structure, the
      spring 54 is sleeved on the posts or projections 53 and has opposite ends
      thereof in engagement with the support 11 and the stator 4 to thereby
      maintain the switch rotor 5 in engagement with the stator 4 by applying
      force to the stator 4 urging same and the switch rotor 5 toward the one
      end 6 of the stem 3.
PAR  In the structure illustrated the stator 4 floats but the stator and switch
      rotor 5 are maintained parallel and normal to the axis of the stem 3. This
      relationship is provided by the arrangement of pressure points between
      portions of the stem, switch rotor and stator. There is a pressure point
      provided between the stem and switch rotor and in the illustrated
      structure it is the engagement of the surfaces 27 of the ears 26 with the
      other surface 28 of the switch rotor 5. One of the sets of contact heads
      and cam followers 8 provide cooperative pressure points between the stator
      4 and switch rotor 5 and define a triangle or polygon that has the stem
      axis and the pressure points between the stem and switch rotor within the
      confines thereof. In the structure illustrated the cam followers 8 and the
      engagement thereof with the cam surface 9 provide the pressure points
      between the stator and switch rotor. With the four cam followers of the
      rotor shown in FIG. 4, or the three cam followers 8 of the rotor shown in
      FIG. 11, a polygon with the cam followers as corners is positioned with
      the pressure points between the stem and switch rotor located therein.
      With this structure the force of the spring 54 acts through said pressure
      points so the stator 4 and switch rotor 5 are parallel in all positions as
      the rotor 5 is rotated and positively holds the contact positions avoiding
      any flickering of a light controlled thereby.
PAR  In assembly of a rotary switch constructed as illustrated and described,
      the stem 3 is extended through the aperture 15 in the support and the knob
      12 is positioned in engagement with the housing 14 or support 11. The
      keeper 21' is then mounted in the groove 20' in the stem 3 to retain the
      stem 3 in position with the knob 12 in engagement with the exterior
      surface of the support 11. The spring 54 is sleeved on the stem 3 and
      coaxially aligned therewith. The stator 4 is then positioned with aperture
      40 around the stem 3 and the posts or projections 53 received in the
      spring 54. The switch rotor 5 is positioned adjacent the stator 4 and with
      the aperture in the switch rotor 5 aligned with the one end 6 of the stem
      3 and then moved toward the shoulder 22 on the stem 3. The switch rotor 5
      or the stem 3 is then turned relative to the other to position the ears 26
      with the surfaces 27 thereof in engagement with the other surface 28 of
      the switch rotor 5, inside of a polygon defined by the cam followers 8 and
      with the flat surfaces 29 on the stem 3 in engagement with respective
      straight edges of the aperture through the switch rotor 5 thereby
      completing the assembly of the rotary switch.
PAR  In using a rotary switch constructed as illustrated and described, the
      operating knob 12 is turned to move the cam followers 8 along the cam
      surface 9 and thereby move the switch rotor 5 into engagement with
      selected electrical contact heads 7 completing the desired electrical
      circuit or circuits. The operating knob 12 may be moved to any one of four
      switch positions as desired. The circuits completed by switch rotor 5 are
      determined by which the conductor gripping portions 49 have an electrical
      conductor secured therein and which one of the electrical contact heads 7
      is not engaged by the switch rotor 5 as determined by the cut-out 37 in
      the peripheral edge thereof.
PAR  FIG. 10 illustrates a modified rotary switch which is substantially similar
      to the rotary switch shown in FIGS. 1 to 9 inclusive except that a stem 3'
      has an integral pointer 12' on the exposed end thereof. The pointer 12'
      tapers from one edge thereof to a point at the other edge thereof with the
      point designating the position of the switch rotor 5 and the particular
      circuit or circuits closed or completed by the switch rotor 5. The point
      of the pointer 12' serves the same purpose as the pointer 19 on the
      operating knob 12 illustrated in FIGS. 1 to 4 inclusive.
PAR  FIG. 11 shows a rotor 55 with three cam followers or bumps 8 and two
      contact engaging portions 34 to illustrate a variation in the arrangement
      but with the pressure points around the axis of rotation of the rotor
      wherein one of the sets of followers or contact portions define a polygon
      that has the pressure points of the ears 26 on the switch rotor therein so
      that the rotor is maintained in a plane normal to the axis of the rotation
      or of the stem.
PAR  It is to be understood that while I have illustrated and described one form
      of my invention, it is not to be limited to the specific form or
      arrangement of parts herein described and shown.
CLMS
STM  What we claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A rotary switch comprising:
PA1  a. an elongated rotatable stem having an operating knob on one end thereof
      and retainer means on the other end thereof and keying surfaces adjacent
      said retainer means;
PA1  b. a stator having an aperture therethrough for rotatably receiving said
      stem;
PA1  c. spaced electrical contact means on said stator including a plurality of
      spaced heads extending therefrom;
PA1  d. an electrically conductive switch rotor positioned between said retainer
      means and said stator, said switch rotor being mounted on said stem and
      movable longitudinally thereof and having an aperture with keying surfaces
      in engagement with said keying surfaces of said stem and rotatable
      therewith, said switch rotor being adapted for selective engagement with
      said electrical contact means;
PA1  e. means on said stator engageable by said switch rotor to permit same to
      move into and out of engagement with said electrical contact means in
      response to rotation of said stem;
PA1  f. a support positioned between said stator and the operating knob on said
      stem, said support having an aperture therethrough for receiving said stem
      and permit rotation of said stem;
PA1  g. means between said stator and said support for retaining said stator
      against rotation and permitting movement of the stator longitudinally of
      said stem; and
PA1  h. resilient means between the support and stator urging the stator toward
      the switch rotor for maintaining engagement thereof and the switch rotor
      in engagement with the retainer means with the keying surfaces engaged and
      permitting the switch rotor to engage selected electrical contact means in
      response to rotation of said stem.
NUM  2.
PAR  2. A rotary switch as set forth in claim 1 wherein:
PA1  a. said switch rotor has a plurality of spaced head receiving portions
      positioned adjacent a peripheral edge thereof; and
PA1  b. said switch rotor has a cut-out in the peripheral edge thereof and
      positioned and sized so that there is one less head receiving portion than
      the number of electrical contact heads whereby a selected one of said
      electrical contact heads is out of contact with said switch rotor when the
      remaining electrical contact heads are in contact with said switch rotor.
NUM  3.
PAR  3. A rotary switch as set forth in claim 2 and including:
PA1  a. a cam surface on said stator facing the switch rotor and having a
      plurality of alternating crests and valleys; and
PA1  b. a plurality of cam followers on said switch rotor and extending
      therefrom and positioned to be in engagement with said cam surface on said
      stator whereby said switch rotor is in engagement with selected heads of
      said electrical contact means when said cam followers are received in the
      respective valleys of said cam surface.
NUM  4.
PAR  4. A rotary switch as set forth in Claim 2 wherein:
PA1  a. said cam surface on said stator is positioned to define an annular ring
      on the surface facing said switch rotor;
PA1  b. said electrical contact heads are circumferentially spaced and arranged
      in a circular pattern; and
PA1  c. each of said electrical contact heads is radially aligned with a
      respective one of said valleys of said cam surface.
NUM  5.
PAR  5. A rotary switch as set forth in claim 1 wherein:
PA1  a. the aperture through said switch rotor is defined by edges arranged in a
      non-circular pattern with portions of said edges being keying surfaces;
PA1  b. said retainer means on the other end of said stem has a non-circular
      shape corresponding to the shape of the aperture through said switch rotor
      whereby said switch rotor may be moved over said retainer means upon
      relative rotation between said stem and said switch rotor to align the
      retainer means and aperture;
PA1  c. said stem has a circular portion of reduced size and the keying surfaces
      of the stem are between said reduced sized portion and the retaining means
      and said switch rotor is rotatable about the stem when the aperture of the
      rotor is at the reduced sized portion of the stem; and
PA1  d. said keying surfaces on the stem are a multiple of the keying edges of
      the rotor aperture providing portions of said retainer means extending
      laterally outwardly from said stem keying portions and engageable with
      said switch rotor to retain same on said stem when the keying surfaces of
      the stem and rotor are engaged.
NUM  6.
PAR  6. A rotary switch as set forth in claim 5 wherein:
PA1  a. said aperture through said switch rotor is defined by a plurality of
      connected straight edges each positioned in an angular relation with
      adjacent edges;
PA1  b. the laterally outwardly extending portions on said retainer means
      comprises a plurality of ears; and
PA1  c. said stem has one less ear extending therefrom than the number of edges
      of said aperture through said switch rotor whereby said stem may be
      removed from said switch rotor upon relative rotation between said stem
      and said switch rotor.
NUM  7.
PAR  7. A rotary switch comprising:
PA1  a. a support having a wall with an aperture therein;
PA1  b. an elongate stem extending through said aperture and rotatably mounted
      therein, said stem having first and second ends of opposite sides of said
      support wall, said stem having outwardly extending portions at said second
      end having surfaces facing said support, said stem having a reduced
      portion spaced from said outwardly extending portions and forming a
      shoulder facing same, said stem having a non-circular portion having
      keying surfaces between said reduced portion and the outwardly extending
      portions;
PA1  c. a control member on the stem at said first end and operative to rotate
      same;
PA1  d. a stator having an aperture through which said second end of the stem
      extends permitting rotation of the stem therein; said stator beng movable
      longitudinally of said stem; said stator having a plurality of electrical
      contacts in a coaxial circle radially spaced from the stem;
PA1  e. a rotor removably mounted on said second end of the stem and having
      electrical conductive portions engageable with contacts on the stator in
      response to rotation of the rotor and movement of the stator toward said
      rotor, said rotor having an axial opening shaped to move over said second
      end of the stem and outwardly extending portions in one position and
      having engagement with said outward extending portions in another position
      to provide pressure points therebetween, said axial opening having edges
      positioned to engage said keying surfaces of the stem when said rotor
      engages the surfaces of the outwardly extending portions of the stem for
      rotation of the rotor by said stem;
PA1  f. resilient means engaging the stator and applying force thereto to move
      the stator toward the rotor and the rotor toward said outwardly extending
      portions into keyed engagement of the rotor and stem; and
PA1  g. cam members and cam followers on the stator and rotor and coopeating to
      selectively move the stator to separate the stator and rotor and to permit
      movement of the stator toward the rotor for engagement of the stator
      contacts and conductive portions of the rotor, the engagement of one of
      said plurality of electrical contacts and the rotor and the cam members
      and followers providing at least three spaced pressure points between the
      stator and rotor that define a polygon within which the stem axis and the
      pressure points between said outwardly extending portions and rotor are
      located.
NUM  8.
PAR  8. A rotary switch as set forth in claim 7 wherein:
PA1  a. the pressure points between the rotor and stator are the plurality of
      electrical contacts engagement with the rotor conductive portions with the
      plurality of electrical contacts being at least three and defining said
      polygon;
PA1  b. the outwardly extending portions at the second end of the stem are
      spaced ears.
NUM  9.
PAR  9. A rotary switch comprising:
PA1  a. a support having a wall with an aperture therein;
PA1  b. an elongate stem extending through said aperture and rotatably mounted
      therein, said stem having first and second ends on opposite sides of said
      support wall, said stem having outwardly extending portions at said second
      end having surfaces facing said support, said stem having a reduced
      portion spaced from said outwardly extending portions and forming a
      shoulder facing same, said stem having a non-circular portion having
      keying surfaces between said reduced portion and the outwardly extending
      portions;
PA1  c. a control member on the stem at said first end and operative to rotate
      same;
PA1  d. a stator having an aperture through which said second end of the stem
      extends permitting rotation of the stem therein; said stator being movable
      longitudinally of said stem; said stator having electrical contact means
      including a plurality of electrical contact heads extending therefrom
      toward said second end of the stem in a coaxial circle spaced from the
      stem;
PA1  e. a rotor removably mounted on said second end of the stem and having
      electrical conductive portions engageable with contacts on the stator in
      response to rotation of the rotor and movement of the stator toward said
      rotor, said rotor having an axial opening shaped to move over said second
      end of the stem and outwardly extending portions in one position and
      having engagement with said outward extending portions in another position
      to provide pressure points therebetween, said axial opening having edges
      positioned to engage said keying surfaces of the stem when said rotor
      engages the surfaces of the outwardly extending portions of the stem for
      rotation of the rotor by said stem;
PA1  f. resilient means engaging the stator and applying force thereto to move
      the stator toward the rotor and the rotor toward said outwardly extending
      portions into keyed engagement of the rotor stem;
PA1  g. cooperative means on the stator and rotor effecting movement of the
      stator to separate the contact heads and conductive portions of the rotor
      in response to selective rotation of the rotor;
PA1  h. the engagement of the contact heads and rotor provide at least three
      spaced pressure points that define a polygon within which the stem axis
      and the pressure points between said outwardly extending portions and
      rotor are located.
NUM  10.
PAR  10. A rotary switch as set forth in claim 9 wherein:
PA1  a. said rotor has a plurality of spaced head receiving portions positioned
      adjacent a peripheral edge thereof, said head receiving portions
      comprising notches in the peripheral edge of said rotor;
PA1  b. said rotor has a cut-out in the peripheral edge thereof and positioned
      and sized so that there is one less head receiving portion than the number
      of electrical contact heads whereby a selected one of said electrical
      contact heads is out of contact with said switch rotor when the remaining
      electrical contact heads are in contact with said rotor;
PA1  c. said stator has a plurality of circumferentially spaced projections
      extending therefrom toward said support and terminating in spaced relation
      thereto permitting movement of the stator longitudinally of the stem; and
PA1  d. said resilient means engaging the other surface of said stator and said
      support comprises a coil spring sleeved on said plurality of projections
      and adapted to urge said stator and said rotor toward said outwardly
      extending portions on said stem.
NUM  11.
PAR  11. A rotary switch as set forth in claim 9 wherein:
PA1  a. the aperture through said rotor is generally triangular in shape and
      defined by a plurality of connected straight edges each positioned in an
      angular relation with adjacent edges;
PA1  b. the keying surfaces of said stem are a plurality of flat surfaces each
      engageable with a respective one of said straight edges defining the
      aperture through said rotor;
PA1  c. said outwardly extending portions comprise a plurality of ears extending
      laterally outwardly from said stem, said ears each being aligned with a
      respective one of the flat surfaces on said stem; and
PA1  d. said stem has one less ear extending therefrom than the number of edges
      of said aperture through said rotor whereby said stem may be removed from
      said rotor upon rotation of said stem relative to said rotor.
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ABST
PAL  A key operated switch device in which any one of a set of different keys
      may be utilized to operate a particular combination of sets of electrical
      contacts unique to that key, the sets of electrical contacts being
      provided by reed switches located adjacent a keyway adapted to receive any
      one of the keys in said set, and the keys incorporating different
      arrangements of magnets or magnetized zones adapted to actuate different
      combinations of said reed switches.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to key operated switches of the type in which any
      one of a plurality of different keys may be utilized to control a common
      function, but the use of any particular key causes the operation of a
      particular combination of sets of electrical contacts, which can be
      utilized to record the identity of a key used or to enable different
      counters to meter or record the common function according to the key used.
      The common function in an exemplary case would be operation of a fuel
      dispensing unit, and the amount of fuel dispensed during any one operation
      of the unit would be recorded on any one of a number of counters according
      to which of a corresponding number of different keys was utilized.
PAR  Examples of such key operated switches are described in British Patent
      Specification No. 1,317,436, and it will be noted that in order to provide
      the functions required, a rather large number of tumbler pins are required
      in a lock of fairly complex construction. Although an improvement on
      previous locks of this type, there is always the possibility of tumbler
      pins sticking in any lock mechanism which depends on spring loading to
      return the pins, and while sticking tumbler pins will merely degrade the
      security performance of a security lock mechanism, they will completely
      disrupt a coding function as described above. The slightest possibility of
      failure must thus be as far as possible eliminated.
PAR  The object of the invention is to provide a key operated switch of the type
      described above in which mechanically operated tumbler or tumbler pins are
      eliminated, at least for the coding function.
PAR  According to the invention, a key operated switch device has a set of
      different keys any one of which may be utilized to control a common
      function, the use of any particular key causing the operation of a
      particular combination of sets of electrical contacts in the switch device
      unique to that key, wherein the sets of electrical contacts are provided
      by reed switches located adjacent a keyway adapted to receive any one of
      the keys in said set, and the keys incorporate different arrangements of
      magnets or magnetized zones adapted to actuate different combinations of
      said reed switches. The common function is preferably also controlled by a
      circuit including a reed switch or switches located adjacent said keyway,
      and the keys incorporate a common arrangement of one or more magnets or
      magnetized zones adapted to actuate said switch or switches. Preferably
      also an additional reed switch is located adjacent the keyway, the keys
      not incorporating any magnets or magnetized zones adapted to actuate this
      switch, the purpose of which is to detect attempts to actuate the device
      with magnets other than authorized keys. The additional reed switch is
      preferably arranged so as to disable the common function when actuated.
PAR  Other objects will be in part obvious and in part pointed out more in
      detail hereinafter.
PAR  A better understanding of the invention will be obtained from the following
      detailed description and the accompanying drawings of illustrative
      applications of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a longitudinal cross section through a key operated switch in
      accordance with the invention, on the line B--B in FIG. 2;
PAR  FIG. 2 is a cross section through the switch on the line A--A in FIG. 1;
PAR  FIGS. 3A, 3B, 3C, 3D and 3E are end, side, and longitudinal and transverse
      opposite end sectional views of a key; and
PAR  FIG. 4 is a circuit diagram of the switch device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, a key operated switch comprises an outer housing
      2, having a detachable rear access plate 4 and cable inlets 6, and an
      inner tubular housing 8 which defines a cylindrical keyway 10 and
      cooperates with the outer housing to form a flameproof enclosure
      constructed in accordance with conventional practice for such enclosures.
      Flameproofing of the device will only be necessary in certain environments
      such as pumps dispensing inflammable fuel, and in many cases the outer
      housing may be of less complex construction or even dispensed with.
PAR  The inner housing carries a guide post 12 projecting along the axis of the
      keyway, and at least one (two in the example shown) security pin 14 also
      projecting parallel to the post 12 from the bottom of the keyway. A number
      of externally identical keys (apart from any deliberately applied
      identification or code) are provided, each comprising a cylindrical body
      16, having a projection 18 at one end with a ring handle 15 to enable the
      key to be gripped and an identification tag 11, and a central bore 20
      adapted to receive the guide post 12. The body 16 is a sliding fit within
      the keyway 10, and is formed at its other end with an opening or openings
      22 adapted to receive the security pin or pins so that the key may enter
      the keyway fully, and is located in a definite angular relationship to the
      keyway: the post 12 is formed with a spigot 13 which engages a groove 21
      in the wall of the bore 20 to aid correct location of the key as it is
      inserted. The body 16 comprises a non-ferrous outer cover 17 enclosing a
      core 19 also of non-ferrous material and formed around its periphery with
      a plurality of axially extending slots 23 alternating with keyhole slots
      25. On 0-ring 27 engaged in a groove surrounding the core divides the
      slots 23 and 25 longitudinally and permanent magnet pins 24 are inserted
      into the handle end of selected slots 23. Soft iron screening rods 29 are
      inserted into the keyhole slots 25 on either side of each magnet pin 24.
      Each key is provided with a different arrangement of magnet pins 24, 256
      different combinations being available if arrangements in which all or
      none of the slots 23 are fitted with magnets are included.
PAR  At the other end of each key, magnet pins 28 are similarly inserted into
      the axial slots 23. All the keys carry the same arrangement of magnets 28,
      which are typically two in number. The slots 25 accommodate the security
      pin or pins when they enter the opening or openings 22.
PAR  At least the inner housing 8 is of non-ferrous metal, and a number of reed
      switches 30, 32 and, optionally, an additional reed switch 34
      schematically shown in FIG. 4 are mounted in an annular arrangement around
      the external surface of that portion of the housing which defines the
      keyway. The surface of the housing may be formed with axially extending
      grooves 35 and projections 37 to assist in locating the reed switches,
      which are secured in place by retaining rings 36. A first ring of eight
      switches 30 is arranged so that when a key is fully inserted in the keyway
      10, they lie adjacent those parts of the slots 23 accommodating the
      magnets 24, while the two switches 32 and the optional switch 34 are
      arranged in a second ring so that the two switches 32 will lie adjacent
      the magnets 28 of a fully inserted key. The positioning of the optional
      switch 34 is non-critical, except that it must not lie close to any of the
      magnets 24, 28 of an inserted key. In the embodiment shown, the switches
      30 the two switches and 32 are normally open and the optional switch 34 is
      normally closed. It may be necessary to provide the reed switches with
      thin metal screens so as to provide partial magnetic screening and thus
      prevent spurious operation by stray magnetic fields, while reliable
      operation is also assisted by the screening rods 29.
PAR  The switches are connected to a common supply line L in the manner shown in
      FIG. 4, the two switches 32 and the optional switch 34 being in series,
      and controlling a common output line L9, while the switches 39 each
      control one of eight independent output lines L1-L8. The lines L and L1-L9
      are taken to terminals T on a terminal board 40 within the housing 2.
      Connections are made to the terminal board via the inlets 6.
PAR  When a key is fully inserted in the keyway, its magnets 28 will cause the
      switches 32 to close, thus completing a circuit controlling the function
      which the key operated switch device is intended to control. The number of
      magnets 28 and switches 32 employed may be chosen according to the degree
      of security required. At the same time, those of the pins 24 which are
      magnets will close the switches 30 to which they lie adjacent in a
      combination unique to that key and by detecting which output lines are
      energized, the identity of the key used may be recorded, or, for example,
      a particular counter rendered operative to receive the output of a meter
      associated with a fuel pump controlled by the key operated switch device.
      If an attempt is made to operate the switch device without a key by
      inserting a magnet in the keyway 10, then the switch 34, if used, will
      open and break the circuit to the device controlled. A further degree of
      security is obtained by providing the keys with a raised annular band 42
      which enters a mating rebate 43 at the entrance of the keyway 10 when the
      key is fully inserted. This prevents any possibility of interference with
      the function of the reed switches by inserting a thin steel blade, such as
      a feeder gauge blade, between the key and the wall of the keyway.
PAR  The only moving parts in the device are the reeds 39 of the switches 30, 32
      and 34, and these devices are hermetically sealed and well known for their
      long life and reliable operation. All tumblers and tumbler pins are
      eliminated, and the mechanical construction of the device is greatly
      simplified. The absence of moving parts requiring external access greatly
      simplifies flameproofing if this is required, and the housings may readily
      be configured so as to fit in place of known key operated switches
      offering the same functions. If desired, only the key identification
      function need be performed by reed switches, and the common function could
      be controlled by suitably configured portions of the key operating a
      suitable lock mechanism mechanically. Instead of the key incorporating
      inserted magnets, it could incorporate integral magnetized zones.
PAR  As will be apparent to persons skilled in the art, various modifications,
      adaptations and variations of the foregoing specific disclosure can be
      made without departing from the teachings of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a multiple-key switching system having a plurality of different keys,
      each having a different key body structure, for a plurality of different
      authorized users respectively, a keyway housing with a keyway for
      receiving the key body structures of the plurality of keys one at a time,
      and a plurality of separate switches mounted in association with the
      keyway housing, each of the key body structures being operable within the
      keyway for operating different combinations of switches respectively, the
      improvement wherein the keyway housing is generally tubular, wherein said
      switches are magnetically operable switches and are mounted in a generally
      annular arrangement about the tubular housing keyway, and wherein the
      different key body structures of the plurality of different keys have
      different generally annular arrangements of magnetic elements respectively
      for magnetic association with the respective combinations of switches
      respectively whereby each of the key body structures is operable within
      the keyway for magnetic operation of the respective switches.
NUM  2.
PAR  2. In a multiple-key switching system according to claim 1 wherein the
      switches are hermetrically sealed reed switches.
NUM  3.
PAR  3. In a multiple-key switching system according to claim 1 wherein the
      tubular keyway housing has a plurality of angularly spaced switch supports
      about the keyway for selectively receiving and locating switches therein.
NUM  4.
PAR  4. In a multiple-key switching system according to claim 3 wherein the
      switch supports extend generally axially.
NUM  5.
PAR  5. In a multiple-key switching system according to claim 4 wherein the
      annular arrangement of switches comprises a plurality of axially spaced
      banks of switches mounted within the generally axially extending switch
      supports.
NUM  6.
PAR  6. In a multiple-key switching system according to claim 1 wherein at least
      one of the magnetically operated switches is a normally closed switch.
NUM  7.
PAR  7. In a multiple-key switching system according to claim 1 wherein the
      annular arrangement of switches comprises at least two axially spaced
      banks of switches.
NUM  8.
PAR  8. In a multiple-key switching system according to claim 1 wherein each key
      body structure comprises a magnet housing with an annular arrangement of a
      plurality of angularly spaced supports, and at least one magnet mounted on
      one of said supports.
NUM  9.
PAR  9. In a multiple-key switching system according to claim 8 wherein each key
      body structure further comprises magnet screening rods mounted on the
      supports on both angular sides of each magnet.
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PAL  A swimming pool touch pad seats on a swimming pool wall and is adapted to
      close an external electric circuit when contacted by a swimmer. The pad
      includes a nonconductive baseplate adapted to be mounted on a swimming
      pool wall. A normally nonconductive generally planar pressure sensitive
      elastomeric pad is seated on the baseplate and is adapted to become
      selectively conductive through the pad from the front to the rear surface
      upon application of pressure by a swimmer. When conductive it will provide
      an electrical current path in the area of pressure application. Electrodes
      secured to the front and rear surfaces of the elastomeric pad and
      insulated conductors connected between the electrodes and the external
      circuit complete the electrical path from the elastomeric pad to the
      external circuit. A nonconductive waterproof flexible cover member is
      secured to the baseplate and covers the elastomeric pad with the insulated
      conductors passing through the cover member. The cover member is capable
      of immediately transmitting the swimmer's externally applied pressure to
      the elastomeric pad for rendering it conductive and closing the external
      electrical circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application is related to electrical switching apparatus and more
      particularly to sealed and insulated pressure actuated switching apparatus
      for use in swimming pools or the like to provide signals for race
      initiation and termination.
PAR  Electrical switching apparatus are employed in swimming races in order to
      start and/or stop the timing clock at the end of the race. These apparatus
      are generally pressure sensitive electrical switches which are secured to
      the side wall of the swimming pool. When pressure is applied to these
      switches by the swimmer, they will actuate providing an electrical current
      path to a clock or other timing device for controlling the clock and
      timing the race. These devices are more commonly known to swimming
      enthusiasts as swimming pool touch pads.
PAR  A touch pad presently being used consists of a pair of rectangular
      stainless steel screen-like elements separated by a very soft rubber
      sponge-like material, all encased in an insulated sheath with wires
      extending from the screen-like material. Pressure applied to one element
      through the insulated sheath will cause it to compress the sponge-like
      material until portions of that element extend through the openings in the
      sponge-like material and make positive contact at some point on the screen
      with the second screen-like element. In this touch pad, the sponge-like
      material deteriorates readily so that the touch pad is susceptible to a
      continuous shorting condition between the two screens after it has been
      used for an extended period of time. The density of the sponge-like
      material varies greatly as does its thickness so that prior to the
      degradation of this sponge-like material the difference in pressures
      necessary to force one element through the openings in the sponge-like
      material and against the other element causes different ones of this
      particular type of touch pad to have different sensitivities. Some are so
      insensitive that swimmers cannot put enough pressure on them in a normal
      manner to cause switching and conductivity and stop the timing clock.
      Also, the foam is in an air filled area that is always susceptible to
      leaks, resulting in shorting and contamination.
PAR  A second type of touch pad being used employs multiple aluminum plates
      pivotally secured by a pivot and hinges along the edge extending deepest
      into a swimming pool and slightly separated at the upper edge extending
      out of the pool. A microswitch is positioned adjacent the top edge and is
      actuated when pressure is applied to the outer plate by the swimmer
      causing it to pivot towards the inner plate and contact the microswitch.
      This apparatus is subject to deterioration due to corrosion of the pivot
      and hinges, and corrosion of the aluminum panels and microswitch. Again,
      as with the previously described touch pad, the most serious problem is
      insensitivity to pressure, resulting from the weight of the panels and the
      above noted corrosion inhibiting pivoting of the plates, so that a swimmer
      cannot actuate the touch pad; and relatively short useful life of the
      apparatus due to degradation. Due to the three dimensional nature of this
      construction, and the use of unprotected aluminum extruded sections, the
      swimmer runs a high risk of being cut or scraped during turns and
      finishes.
PAR  Neither style has the ability to be bent and still operate properly --
      i.e., be sensitive on the top and on the front -- rather, with these
      alternate types, alternate means must be employed, such as ribbon
      switches, or more of the same construction in a parallel or perpendicular
      arrangement. These modifications increase the cost of the device.
PAC  SUMMARY OF THE INVENTION
PAR  In practicing this invention, a swimming pool touch pad is provided which
      includes a nonconductive baseplate adapted to be mounted on a swimming
      pool wall. A normally nonconductive generally planar pressure sensitive
      elastomeric pad having front and rear surfaces is positioned on the
      baseplate and is adapted to become selectively conductive upon application
      of pressure to the front surface providing an electrical current path
      transversely through the elastomeric pad from the front to the rear
      surface. Conductive means secured to the elastomeric pad front and rear
      surfaces extend exterior to the touch pad and provide the connection to an
      external electrical current. A nonconductive waterproof flexible cover
      member is secured to the baseplate and encloses the elastomeric pad with
      the conductive means passing through the cover member. The cover member is
      capable of immediately transmitting externally applied pressure to the
      elastomeric pad to render the elastomeric pad conductive for closing the
      external electrical circuit to which the conductive means may be
      connected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view with parts shown in section of the
      corner of a swimming pool having a touch pad of the invention mounted to
      an end wall of said swimming pool;
PAR  FIG. 2 is a sectional view of the touch pad of FIG. 1 taken generally along
      the line 2--2 and in the direction indicated;
PAR  FIG. 3 is a section view similar to that of FIG. 2 but illustrating another
      embodiment of the touch pad of the invention; and
PAR  FIG. 4 is a plan view of a part of the touch pad of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a swimming pool touch pad of this
      invention identified generally by the numeral 10. Touch pad 10 is shown
      seated on edge 12 of gutter 14 and bearing against swimming pool wall 16.
      In the preferred embodiment touch pad 10 has a vertical dimension from its
      point of engagement with the edge 12 measured downwardly of approximately
      2 feet. This dimension enables touch pad 10 to extend to a depth
      sufficiently below the surface of the water 18 to insure contact with the
      pad by a swimmer. If desired, touch pad 10 can be seated on top edge 20 of
      the swimming pool instead of edge 12 of pool gutter 14, or it may be
      seated over the top of the starting block, (not shown) to implement
      starting the clock. The 2-foot dimension of pad 10 allows the touch pad to
      extend sufficiently into the water 18 for contact by a swimmer when
      secured to the gutter edge 12, or may be higher for securing to the top
      edge 20 or the starting block. Touch pad 10 has a width in the horizontal
      dimension of approximately 4 to 8 feet so that it extends the full width
      of the racing lane in a swimming pool.
PAR  A pair of insulated waterproof electrical conductors 22 is shown extending
      from the side edge 24 of pad 10. One end of each conductor is connected to
      a transducer such as a clock or other similar timing device (not shown)
      and the other end of each conductor is connected to a normally
      nonconductive member within pad 10 so that an open circuit exists between
      pad 10 and the timing device. When touch pad 10 is pressed the member
      within pad 10 will become conductive forming an electrical closed circuit
      so that pad 10 and conductors 22 can conduct a termination signal to the
      clock for stopping its operation.
PAR  Referring now to FIGS. 1 and 2, touch pad 10 includes a baseplate 26 which
      includes two sections 28 and 30. Section 28 is in the form of an inverted,
      reversed L with the vertical portion extending substantially perpendicular
      to the horizontal portion. Section 28 is formed from a nonconductive
      plastic material such as, for example, polystyrene or polyvinylchloride
      (PVC). In the preferred embodiment, section 28 is approximately
      three-sixteenths inch thich and has a rectangular shape with dimensions of
      approximately 2 feet by 6 feet. The back surface 32 of section 28 is
      adapted to bear against wall 16 of the swimming pool. The bottom surface
      34 of the horizontal portion of section 28 has one-half of an attachment
      device 36 secured thereto. The attachment device 36 is a device which when
      mated with a companion attachment device will tenaciously adhere to the
      companion attachment device. A device marketed and sold under the name
      VELCRO can be used for the device 36 and its companion attachment device.
PAR  Section 30 of baseplate 26 is an angular shaped member which is formed by
      bending a flat strip into two legs extending substantially perpendicular
      to one another. Section 30 is formed from either the same material as
      section 28 or from a metal such as stainless steel. Suction cups 38 are
      shown secured to the bottom surface 40 of one leg of section 30 and the
      companion attachment device 42 for attachment device 36 is secured to the
      top surface 43 of the same leg of section 30. As one embodiment, section
      30 can consist of two pieces, formed as described above, with each
      approximately six inches wide.
PAR  A normally electrically nonconductive pressure sensitive elastomeric pad 44
      is positioned on the front surface 46 of base plate 26. Pad 46 has a
      generally planar rectangular configuration and is only very slightly
      smaller than section 28 in width. A lip portion 47 extends onto top
      surface 45 of the horizontal portion of Section 28. For definition
      purposes the term generally planar includes lip portion 47. Elastomeric
      member 44 is preferably approximately one-thirtyseconds inch thick
      although other thicknesses may be employed and is formed from material
      such as silicon rubber which has been doped with a suitable
      conduction-inducing compound during the processing. The processing
      technique results in an elastomeric pad 44 which, upon application of
      pressure, will change from the above noted normally electrically
      nonconductive state to an electrically conductive state in the area of
      application of the pressure. In this case, pad 44 upon application of
      pressure by the hand of a swimmer will break down and provide an
      electrical current conductive path transversely through pad 46 from its
      front planar surface to its rear planar surface in the area of application
      of the pressure.
PAR  Accordingly an electrical open circuit normally exists transversely across
      pad 46 from the front to its rear surface which becomes an electrical
      closed circuit when pressure is applied, in the area of the applied
      pressure. It is understood, of course, that the pressure to be applied
      must be greater than that caused by the water 18 bearing against pad 44.
      Furthermore, pad 44 must be manufactured such that it will break down and
      conduct current immediately upon application of sufficient pressure, so
      that contact by a swimmer will result in the desired instantaneous
      conductive current path through pad 44.
PAR  In order to provide an electrical connection to the area of pressure, a
      first electrode 48 is secured to the front planar surface of elastomeric
      pad 44 and is preferably secured to the underside of the protective cover
      54, and a second electrode 50 is secured to the back planar surface of
      elastomeric pad 44 and is preferably secured to the base plate surface 45.
      Electrodes 48 and 50 are in the form of foil sheets approximately 0.001
      inches thick extending over the entire front and rear planar surfaces of
      elastomeric pad 44. They preferably are highly electrically conductive
      members such as copper, although stainless steel foil may be employed
      because of its good electrical conductivity and relative imperviousness to
      corrosion due to moisture. Electrodes 48 and 50 are secured to elastomeric
      pad 44 via a plurality of glue dots 52 shown in greater detail in FIG. 4.
      The glue dots 52 are approximately one-fourth inch in diameter and are
      arranged in a regular manner. The glue employed to hold electrodes 48 and
      50 to elastomeric pad 44 typically is nonconductive. In order to prevent
      insulating the foil from the elastomer with a film of glue, a dot matrix
      is formed with the gluing dots on electrode 48 axially aligned with the
      centers of the gluing dots of electrode 50, to allow an electrical path
      through glueless areas. The dots are small and widely spaced so that any
      hand pressure applied to pad 44 will result in a conductive current path
      through pad 44. One each of the pair of insulated wires 22 are connected
      at one end to electrodes 48 and 50. The other end of each conductor is
      connected to the clock to be operated.
PAR  An electrically nonconductive, waterproof flexible cover member 54 is
      secured to section 28 of baseplate 26 at all points along the side and
      bottom edges of front surface 46 and along top surface 45 by a water
      insoluble glue or by any other process well known in the art, and to the
      outer surface of electrode 48. cover member 54 completely encloses
      electrodes 48 and 50 and pad 44. The pair of insulated waterproof
      conductors 22 pass through cover member 54 and are sealed, by any one of a
      number of well known sealing techniques, to the member 54 at the point of
      passage therethrough in order to prevent the entry of water 18 into the
      pocket formed by cover 54 and section 28 of baseplate 26. Cover member 54
      is preferably a vinyl plastic member having a thickness of 10 mils or
      more, sufficient to prevent easy tearing of member 54, yet elastic enough
      to allow the passage of pressure therethrough from the outside environment
      to pad 44. The outer surface of cover member 54 is preferably a mat or
      roughened finish in order to provide a positive gripping surface for the
      swimmer's hands or feet. This is particularly important if the touch pad
      10 is to be used in a race involving more than one lap. The mat or
      non-skid outer surface on cover member 54 is necessary in order to prevent
      the swimmer's hands and feet from slipping while he is attempting to make
      his turn at the wall 16 on which touch pad 10 is placed. The cover member
      54 is capable of immediately transmitting externally applied pressure,
      such as can be applied by a swimmer, to elastomeric pad 44 for rendering
      pad 44 electrically conductive so that an electrical signal can pass
      through pad 44, electrodes 46 and 48 and conductors 22 to the clock for
      controlling the clock.
PAR  While the use of electrodes 48 and 50 glued to elastomeric pad 44 are a
      workable embodiment, an alternate construction shown in FIG. 3 offers
      reduced assembly costs. In the embodiment shown in FIG. 3 elements which
      are the same as those shown in FIG. 2 are given identical reference
      numbers. Referring to FIG. 3, electrodes 48 and 50 and elastomeric pad 44
      have been replaced with a singularly formed elastomeric member 58.
      Elastomeric member 58 consists of three sections identified as 60, 62 and
      64 respectively which are shown in FIG. 3 via the dotted lines in member
      58. All three sections are formed from the same material, in the preferred
      embodiment silicon rubber, and are doped with a compound. Section 62 is
      identical to elastomeric pad 44 in that it is normally electrically
      nonconductive but will become electrically conductive on the area of
      application of a sufficient pressure. Sections 60 and 64 are identical in
      function to electrodes 48 and 50 and are formed by more highly doping the
      top and bottom surfaces of section 58. The material employed for
      elastomeric pad 44 and sections 60, 62 and 64 of member 58 is available
      commercially under the trade designation Dynacon by Dynacon Industries,
      Inc. of Leonia, N.J.
PAR  In both embodiments the voltage supplied to conductors 22 is typically less
      than five volts DC. The resistance measured across conductors 22 varies
      from more than a megohn when no pressure is applied to less than 100 ohms
      when pressure is applied. Should cover 54 tear allowing water to enter the
      resistance measured across conductors 22 would be in excess of one
      thousand ohms. As the clock type transducers employed respond to currents
      in circuits under 1,000 ohms and generally under 100 ohms the resistance
      across conductors 22 when water has passed through cover member 54 will
      not actuate the transducer. Furthermore, the transducers employed use such
      low voltages that there is no danger of injury or shock to a swimmer as a
      result of a continuing current through pad 10 when cover member 54 is
      torn.
PAR  It will be appreciated that considerable variation is capable of being made
      in the details of this invention without departing from the spirit or
      scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed and desired to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A swimming pool touch pad including in combination:
PA1  a nonconductive baseplate adapted to be mounted on a swimming pool wall,
PA1  a normally nonconductive generally planar pressure sensitive elastomeric
      pad having front and rear surfaces positioned on said baseplate and
      adapted to become selectively conductive upon application of pressure to
      the front surface thereof to provide an electrical current path
      therethrough in the area of such application and transversely through the
      pad between the front and rear surfaces,
PA1  conductive means coupled to the respective surfaces of said elastomeric pad
      and extending to the exterior of said touch pad to provide connection to
      an external electrical circuit,
PA1  a nonconductive waterproof, flexible cover member secured to said baseplate
      and enclosing said pad, the conductive means being passed through said
      cover member, said cover member being capable of immediately transmitting
      externally applied pressure to said elastomeric pad to render same
      conductive for closing the external electrical circuit to which said
      conductive means may be connected.
NUM  2.
PAR  2. The swimming pool touch pad of claim 1 wherein said elastomeric pad
      front surface is positioned adjacent said cover member, and said rear
      surface is positioned adjacent said baseplate, said conductive means
      including a first electrode positioned against said rear surface and a
      second electrode positioned against said front surface and conductor means
      coupled to said electrodes and extending to the exterior of said touch pad
      to provide the connection to said external electrical circuit.
NUM  3.
PAR  3. The swimming pool touch pad of claim 2 wherein said first and second
      electrodes are electrically conductive sheets extending over the entire
      area of said front and rear surfaces for providing said connection to said
      external electrical circuit over the entire area.
NUM  4.
PAR  4. The swimming pool touch pad of claim 3 wherein said sheets are secured
      to said front and rear suurfaces at a plurality of locations.
NUM  5.
PAR  5. The swimming pool touch pad of claim 4 wherein said first sheet is
      secured to said rear surface at a plurality of first locations and said
      second sheet is secured to said front surface at a plurality of second
      locations, said first and second locations being aligned to prevent
      incomplete conductive paths through said pad.
NUM  6.
PAR  6. The swimming pool touch pad of claim 1 wherein said pad is formed from
      silicone rubber doped with an element to provide an electrical current
      path therethrough from said front to rear surface upon application of said
      pressure.
NUM  7.
PAR  7. The swimming pool touch pad of claim 1 wherein said elastomeric pad
      includes a center layer sandwiched between a front and a rear outer layer
      with said outer layers being electrically conductive whereby each of said
      outer layers forms an electrode, said center layer being adapted to become
      selectively conductive upon application of pressure to the front surface
      thereof to provide an electrical current path therethrough in the area of
      such application and transversely through the pad between said outer
      layers.
NUM  8.
PAR  8. The swimming pool touch pad of claim 7 wherein said layers are formed
      from silicone rubber, said center layer being doped with an element such
      that said center layer becomes conductive upon application of said
      pressure, said outer layers being doped with an electrically conductive
      element to be normally electrically conductive whereby each forms said
      electrode.
NUM  9.
PAR  9. The swimming pool touch pad of claim 1 wherein said baseplate has a
      first planar section having a front surface for mounting said elastomeric
      pad and cover member and a rear surface adapted to seat against the
      swimming pool wall, and a second section extending from an edge of said
      first section substantially perpendicular to said first section for
      mounting said touch pad to one of the pool edge and pool gutter.
NUM  10.
PAR  10. The swimming pool touch pad of claim 9 wherein said second section
      includes a first portion secured to said first section and having an
      attachment means thereon, and a second angular shaped portion for
      extending over one of said pool edge and pool gutter, said second portion
      having attachment means thereon for mating with said first portion
      attachment means whereby said swimming pool pad is secured to one of said
      pool edge and pool gutter.
NUM  11.
PAR  11. The swimming pool touch pad of claim 10 wherein said second section has
      suction cups secured thereto for securing said portion to said pool.
NUM  12.
PAR  12. The swimming pool touch pad of claim 1 wherein said cover member has a
      nonskid outer surface and is formed from a plastic.
NUM  13.
PAR  13. In a swimming race electronic control system the combination including:
PA1  transducer means comprising;
PA1  a source of supply voltage, and circuit means for indicating race
      completion,
PA1  a swimming pool touch pad comprising;
PA1  a nonconductive baseplate adapted to be mounted on a swimming pool wall,
PA1  a normally nonconductive generally planar pressure sensitive elastomeric
      pad positioned on said baseplate and adapted to become selectively
      conductive upon application of pressure to the front surface thereof to
      provide an electrical current path therethrough in the area of such
      application and transversely through the pad between the front and rear
      surfaces,
PA1  conductive means coupled to the respective surfaces of said elastomeric pad
      and to said transducer means for providing an electrical connection
      therebetween, and
PA1  a nonconductive waterproof flexible cover member secured to said baseplate
      and enclosing said pad, the conductive means being passed through said
      cover member, said cover member being capable of immediately transmitting
      externally applied pressure to said elastomeric pad to render same
      conductive whereby an electrical current path is provided from said source
      of supply voltage through said conductive means and elastomeric pad to
      said circuit means for controlling same.
NUM  14.
PAR  14. A swimming pool touch pad including in combination;
PA1  a nonconductive plastic baseplate having a first planar section with a
      front surface and a rear surface adapted to seat against the swimming pool
      wall, and a second section extending from an edge of said first section
      substantially perpendicular to said first section for mounting said touch
      pad on said swimming pool wall,
PA1  a normally nonconductive generally planar pressure sensitive elastomeric
      pad having front and rear surfaces positioned on said baseplate first
      section and extending onto said baseplate second section, said elastomeric
      pad being adapted to become selectively conductive upon application of
      pressure to the front surface thereof to provide an electrical current
      path therethrough in the area of said application and transversely through
      the elastomeric pad between the front and rear surfaces,
PA1  first and second electrodes secured to said front and rear surfaces
      respectively and extending over the entire area thereof, and preferably
      bonded to the baseplate and the undersurface of the protective cover,
PA1  first and second insulated, waterproof conductors secured to said first and
      second electrodes respectively and extending to the exterior of said touch
      pad to provide connection to an external electric circuit, and
PA1  a nonconductive waterproof flexible plastic cover member secured to said
      baseplate first and second sections and enclosing, said elastomeric pad
      with the first and second conductors passing through the cover member with
      said cover member sealed at the pass through point, said cover member
      being capable of immediately transmitting externally applied pressure to
      said elastomeric pad to render same conductive for closing the external
      electrical circuit to which said first and second conductors may be
      connected.
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ABST
PAL  An inertia sensor switch comprises an insulating housing having an
      electrical contact plate connectable to one electric terminal, an
      electrical contact mass abuttingly engageable with the electrical contact
      plate and resilient means for holding the electrical contact mass to a
      position spaced from the electrical contact plate, in which the resilient
      means is a U-configured resilient strip of an electrical conductive
      material having one leg fixed to the electrical contact mass and other leg
      secured to the interior of the insulating housing, the other leg being
      connectable to another electric terminal cooperating with the one electric
      terminal, the U-configured resilient strip lying in a plane normal to
      deceleration due to up and down vibration of the vehicle, the U of the
      U-configured resilient strip being open to a transverse direction relative
      to a longitudinal direction of the vehicle.
BSUM
PAR  The present invention relates to an inertia sensor switch for a vehicle.
PAR  The inertia sensor switch is particularly useful in an electric actuating
      circuit, which may be connected to such safety devices as an air bag, a
      device to withdraw a steering column, or a device to tighten a seat belt.
PAR  When a vehicle equipped with an air bag is involved in a collision, the air
      bag is effective in protecting an occupant only if the collision is within
      a 60.degree. range of azimuth or directional angle, i.e., 30.degree. on
      either side of the forward direction of the vehicle. Inflation of the air
      bag in a collision outside this range would not efficiently protect the
      occupants. The noise of inflation might even startle the driver or more
      seriously impair the driver's ability to control the vehicle. Therefore, a
      inertia sensor switch for effecting inflation must be able to discriminate
      between deceleration due to a collision within the said 60.degree. range
      and deceleration due to a collision outside of the said 60.degree. range.
      Moreover it is desirable that an inertia sensor switch operates in the
      same manner in collisions of equal severity but having different
      directions of impact within the selected azimuth angle range.
PAR  When an automotive vehicle is driven along a rough road or hits a hole in a
      road, the vehicle vibrates up and down. An inertia sensor switch thus,
      must not operate under such conditions.
PAR  It is an object of the present invention to provide an inertia sensor
      switch simple in construction but meeting the above requirements.
DRWD
PAR  The present invention will now be described in more detail, with reference
      to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic plan view of an inertia sensor switch embodying the
      invention;
PAR  FIG. 2 is a cross sectional view taken along lines II--II of FIG. 1;
PAR  FIG. 3 is a cross sectional view taken along lines III--III of FIG. 1;
PAR  FIGS. 4(A), 4(B) and 4(C) are diagrams showing different dimensions of a
      U-configured resilient strip;
PAR  FIG. 5 is a graph in which curve A (dotted lines) shows the relation
      between a deceleration force G applied to a housing of FIG. 4(A) by which
      a mass is moved to an actuated position (shown in dotted lines in FIG.
      4(A)) and an azimuth angle .theta. along which the deceleration force is
      applied; and curve B (solid line) shows such relation in connection with
      FIG. 4(B);
PAR  FIGS. 6(A) and 6(B) are diagrams showing a U-configured resilient strip and
      stops of FIG. 1 when the mass is moved in the same direction but to
      opposite sides of the forward direction of the vehicle;
PAR  FIG. 7 is a similar graph of FIG. 5 showing a preferred operation
      characteristic of the collision sensor;
PAR  FIG. 8 is a similar view to FIG. 1 illustrating another embodiment of the
      invention, in which to retain a mass against mulfunction due to vibration
      of a housing when a vehicle vibrates up and down to U-configured resilient
      strips are disposed on opposite sides of the mass; and
PAR  FIG. 9 is a schematic illustration showing a safety apparatus employing a
      collision sensor of the invention.
DETD
PAR  Referring to FIGS. 1 and 2, a housing 10 made of insulating material
      includes a casing portion 12 and a lid portion 14 which is secured to the
      casing portion 12 by a plurality of screws (not shown), only three
      threaded holes 16 formed in the casing portion 12 being shown. The casing
      portion 12 should preferably be made of a synthetic resin having
      considerable mechanical strength, such as epoxy resin, polycarbonate, and
      polyester resin, or F R P of nonmagnetic material made of other resin
      reinforced with glass wool. The lid portion 14 can be made of the same
      material or organic glass possessing high transparency and mechanical
      strength, such as methacrylate resin.
PAR  The housing 10 is secured to a part of a vehicle (not shown) which is
      subjected to deceleration. Disposed in housing is an electrically
      conductive disc configured mass 18 which is movable against the influence
      of a resilient strip 20 which is a U-configuration curved from a plate
      spring strip from an initial position or condition, shown in solid lines,
      to an actuated position or condition, shown in dotted lines, under the
      influence of collision forces. Preferably, a magnet 22 should be provided
      to attract mass 18 to the initial position. In the initial position, the
      mass 18 is held against a wall 24 by the magnet 22 and the U-configured
      resilient strip 20. In the actuated position (shown in dotted lines in
      FIG. 1), the mass 18 is forced to abut on a fixed electrical contact plate
      26 which is associated with one of two wires 28, the other one of the
      wires 28 being associated with U-configured resilient strip 20. This
      abutting of the mass 18 on the fixed electrical contact 26 ensures
      completion of an electrical circuit to activate an explosive charge 30
      (see FIG. 9).
PAR  The U-configured resilient strip 20 has one leg 20a secured to the housing
      10 and other leg 20b fixed to the mass 18 to hold the mass to the initial
      position. It is to be noted that the strip 20 should lie in a plane normal
      to deceleration due to up and down vibration of the vehicle and the U of
      the U-configuration of the strip open to transverse direction relative to
      the forward direction of the vehicle. With this configuration of the strip
      20 the mass 18 is responsive only to a deceleration within a selected
      range of azimuth or directional angle respect to forward direction of a
      vehicle, indicated by an arrow D (see FIG. 1), but movement of the 18 mass
      due to up and down vibration of the housing 10 is prevented.
PAR  Referring to FIG. 5 together with FIGS. 4(A) through 4(C), curve A, shown
      in dotted lines, represents operation characteristic of a sensor apparatus
      utilizing U-configured resilient strip having length components of
      L.sub.1, L.sub.2 and L.sub.3 and curve B, shown in solid lines, operation
      characteristic of an inertia sensor switch utilizing a U-configured
      resilient strip which has a larger L.sub.1 length component than that of
      the U-configured resilient strip shown in FIG. 4(A). From this it will be
      understood that increasing the L.sub.1 length component results in a
      flatening of the characteristic curve shown in FIG. 5. It will also be
      understood that changing any of the length components L.sub.1, L.sub.2 or
      L.sub.3 (see FIG. 4(C)) results in the change of operation characteristic
      of a safety apparatus. Therefore, selecting appropriate dimensions,
      material, width and thickness of a U-configured resilient strip is
      necessary to construct an inertia sensor switch which has a preferable
      operation characteristic similar to curve C illustrated in a graph of FIG.
      7.
PAR  To obtain suitable operation characteristics analogous to the preferable
      operation characteristic shown in the curve in FIG. 7, it is preferable,
      as shown in FIGS. 1 and 3, to mount stops 32, 34 in the housing 10 to
      limit movement of the mass 18 as readily understood from FIGS. 6(A) and
      6(B). In FIG. 6(A) the mass is shown located in position indicated in
      dotted lines when a deceleration force is applied to the housing from a
      directioon as indicated by arrow P, whereas, when a deceleration force is
      applied from a direction as indicated by arrow Q, the mass 10 is to a
      position as indicated by dotted lines of FIG. 6(B). When a deceleration
      force in the direction of P is applied, displacement of the U-configured
      resilient strip is limited by abutting engagement of the strip 20 with the
      stop 32, while, on the other hand, when a deceleration force in the
      direction of arrow Q applied displacement is limited by abutting
      engagement thereof with the stop 34. However, it will be appreciated that
      when a deceleration is applied within a range of azimuth angle between the
      arrows P and Q the strip 20 will not engage any of the stops 32 and 34
      upon movement of the mass 18 to the fixed electrical contact plate 26.
PAR  Although in this embodiment shown in FIGS. 1 to 3 only two pole-shaped
      stops are provided, the number, shape and location of such stops are not
      limited to this embodiment, as far as displacement of a U-configured
      resilient strip is limited so that an inertia sensor switch will have a
      preferable operation characteristic.
PAR  The embodiment illustrated in FIG. 8 is different from the preceding
      embodiment in that two U-configured resilient strips 20' and 20" support a
      disc or mass 18' to hold it to an initial position. The corresponding
      parts in FIG. 8 are now designated by the same reference numerals,
      respectively but added by primes.
PAR  The U-configured resilient strips 20' and 20" have respective legs 20'a and
      20"a fixed to a housing 10' and respective other legs 20'b and 20"b fixed
      to the mass 18', and they are disposed on the opposite sides of the mass
      18' and in the common plane. With this construction mulfunction of a
      collision sensor due to vibration of the vehicle 10' can be more
      effectively minimized.
PAR  FIG. 9 illustrates a safety apparatus, as an example, utilizing a collision
      sensor of the invention, in which 36 designates trigger device for
      explosive charge 30, and 38 an air bag cushion. In operation, when the
      mass 18 moves to an actuated position upon collision of a vehicle, air bag
      is inflated to protect an occupant of the vehicle (not shown).
PAR  From the preceding description, it will be appreciated that an inertia
      sensor switch of the invention operates within a selected range of azimuth
      or directional angle without mulfunction due to up and down vibration of
      its housing. Moreover it will be appreciated that an inertia sensor switch
      of the invention is simple in construction and reliable in operation
      without periodic maintenance service. Thus minimization of a sensor
      apparatus is possible. Therefore, an inertia sensor switch of the
      invention is particularly useful in association with vehicle equipped with
      a safety apparatus.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle having a longitudinal direction,
PA1  an inertia sensor switch comprising:
PA1  a housing of an insulating material fixedly secured to the vehicle;
PA1  a fixed electrical contact plate mounted securely to the interior of the
      housing, the fixed electrical contact being connected to one of two
      electric wires;
PA1  an electrically conductive mass selectively abuttingly engageable with the
      fixed electrical contact plate; and
PA1  a U-configured resilient strip having one leg secured to a portion of the
      housing and other leg fixed to the mass, the U-configured resilient strip
      being made of an electrical conductive material and serving as an
      electrical path between the mass and other one of the two electric wires,
      the U-configured resilient strip resiliently biasing the mass to an
      initial inoperative position that is spaced from the fixed electrical
      contact plate rearwardly in the longitudinal direction with respect to the
      vehicle;
PA1  in which the U-configured resilient strip lies in a plane normal to
      deceleration due to up and down vibration of the vehicle, the U of the
      U-configured resilient strip being open to a transverse direction relative
      to the longitudinal direction.
NUM  2.
PAR  2. An inertia sensor switch as claimed in claim 1, including two of such
      resilient strips, in which said strips are disposed on the opposite sides
      of said mass and lie in the plane normal to deceleration due to up and
      down vibration of the vehicle.
NUM  3.
PAR  3. An inertia sensor switch as claimed in claim 1, in which two stops are
      mounted in said housing, said stops being disposed on opposite sides of
      said other leg of said resilient strips, said stops being spaced apart and
      not contacting said other leg when said mass in in said initial
      inoperative position, said stops being so constructed and arranged as to
      limit, by contact therewith, movement of said other leg which is fixed to
      said mass due to movement of said mass in directions outside of a
      predetermined range of directional angle on neither side of the
      longitudinal direction of the vehicle.
NUM  4.
PAR  4. An inertia sensor switch as claimed in claim 1, in which a magnet is so
      mounted in said housing as to attract said mass to the initial inoperative
      position thereof.
NUM  5.
PAR  5. An inertia sensor switch as claimed in claim 2, in which a magnet is so
      mounted in said housing as to attract said mass to the initial inoperative
      position thereof.
NUM  6.
PAR  6. An inertia sensor switch as claimed in claim 3, in which a magnet is so
      mounted in said housing as to attract said mass to the initial inoperative
      position thereof.
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ABST
PAL  Combination turn-signal and hazard-warning switch means for an automobile
      wherein a turn-signal movable contact member has two operating portions
      disposed along a row of stationary contact members on an insulator plate
      and a hazard-warning movable contact member is movable into an operative
      position along said row of stationary contact members. The combination
      switch means thus constructed is capable of reducing the number of the
      stationary contact members required therefor and space required for the
      arrangement of the stationary contact members and capable of being formed
      very compactly.
BSUM
PAR  This invention relates to combination turn-signal and hazard-warning switch
      means for an automobile, and more particularly to an improvement in
      combination switch means of this kind for compactly combining two
      functions of turn-signal and hazard-warning in a switch assembly.
PAR  It is an object of the present invention to provide combination turn-signal
      and hazard-warning switch means for an automobile, wherein a turn-signal
      movable contact member has two operating portions disposed along a row of
      stationary contact members on an insulator plate and a hazard-warning
      movable contact member is movable into an operative position along said
      row of stationary contact members.
PAR  It is another object of the present invention to provide combination switch
      means as mentioned above, which is capable of reducing space required for
      arrangement of stationary contact members, thereby to structure the switch
      means compactly.
PAR  It is a further object of the present invention to provide combination
      switch means as mentioned above, which is capable of easily forming
      stationary contact member arrangement suitable for movement of movable
      contact members, readily forming appropriate gaps between stationary
      contact members and preventing possible tangling of said movable contact
      members with said stationary contact members.
PAR  It is a still further object of the present invention to provide
      combination switch means as mentioned above, which is capable of reducing
      the number of the stationary contact members required for the combination
      switch means.
DRWD
PAR  The invention be better understood from the following description taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a partially cut-out plan view of one form of combination
      turn-signal and hazard-warning switch means according to the present
      invention;
PAR  FIG. 2 is a vertical cross sectional view of FIG. 1 taken along line II --
      II;
PAR  FIG. 3 is a plan view of an insulator plate showing turn-signal stationary
      contact member arrangement thereon of the present switch means;
PAR  FIG. 4 is a rear view of the insulator plate showing hazard-warning
      stationary contact member arrangement thereon;
PAR  FIG. 5 is a fragmentary rear view of wing portion of bracket member of the
      present invention;
PAR  FIG. 6 is a perspective view of hazard-warning movable contact members and
      an actuator therefor;
PAR  FIG. 7 is a vertical cross sectional view of another form of combination
      turn-signal and hazard-warning switch means according to the present
      invention;
PAR  FIG. 8A is a plan view of an insulator plate with turn-signal stationary
      contact member arrangement of FIG. 7 and FIG. 8B is a side view of a
      turn-signal movable contact member of FIG. 7; and
PAR  FIGS. 9A and 9B are diagrammatical views showing relationship between
      directions of movements of control lever and knob and direction of
      movements of actuators for movable contact members.
DETD
PAR  Referring now to FIGS. 1 through 6, there is illustrated one preferred
      embodiment of the present invention. A direction indicator 1 of an
      automobile has a bracket 4 provided on a body member 2. Said bracket 4 is
      rotatable around 3 and movable into two positions for causing energization
      and flashing of the right and left indicator lights, respectively, from
      its neutral position as shown in FIG. 1. A control lever 7 is fixed to
      said bracket 4 and operated to control said bracket 4. Said bracket 4 is
      formed with wing portions 5 one of which has on its lower side an engaging
      groove 6 extending substantially at right angles with the extending
      direction of said control lever 7 of its neutral position. The body member
      2 has on its upper side a sliding groove 8 extending in the direction
      transverse to said groove 6 and on its lower side a guide groove 9 formed
      in parallel with the extending direction of the control lever 7 of the
      neutral position.
PAR  An insulator plate 10 is mounted in said guide groove 9 at a bottom portion
      thereof and has on its upper side a row of first or turn-signal stationary
      contact members including a stationary contact 11a for a right indicator
      light, a stationary contact 12a for a power source and a stationary
      contact 13a for a left indicator light. Said row of the contacts extends
      in the direction parallel with the control lever 7 with the latter in its
      neutral position. Said insulator plate 10 has on the same side a further
      row of terminals 13b, 11b and 12b respectively of a lead wire 13f for the
      left indicator light, a lead wire 11f for the right indicator light and a
      lead wire 12f for the power source. These contacts 11a, 12a and 13a and
      terminals 13b, 11b and 12b vertically extend through the insulator plate
      10 to make a row of second or hazard-warning stationary contact members
      including stationary contacts 11c, 12c and 13c and another row of second
      or hazard-warning stationary contact members including stationary contacts
      13d, 11d and 12d on the lower side of the insulator. The contacts 11c, 12c
      and 13c are electrically connected to the contacts 11d, 12d and 13d,
      respectively, through respective printed wires 11e, 12e and 13e. A guide
      case 16 is provided under said insulator plate 10 so as to encase the
      stationary contacts 11c, 12c, 13c, 13d, 11d and 12d and from a guide in
      the direction of the extension in the lever 7 of the neutral position.
PAR  A first movable contact holder or contact actuator 17 is slidably mounted
      in the guide groove 9 above the insulator plate 10 with its upper
      projection 18 projected through the sliding groove 8 and received in the
      groove 6 of the movable bracket 4. A first or turn-signal movable contact
      19 formed in a shape of elongated strip is mounted on said contact holder
      17 in a state urged by a compression spring 20. Said movable contact 19 is
      in contact with the stationary contact 12a when the control lever 7 and
      the movable bracket 4 is in the neutral position.
PAR  Another contact holder or second movable contact actuator 21 is fitted in
      the guide case 16 under the insulator plate 10 and provided with a knob 22
      for operation of the contact holder 21, which extends in the same
      direction as the control lever 7. The contact holder 21 is further
      provided, at its bottom portion, with a ball member 23 which is adapted to
      engage with either one of recesses 24 and 25 formed on the case 16 in a
      laterally spaced relation as depicted in FIG. 2. On the upper portion of
      said contact holder 21 are mounted two second or hazard-warning movable
      contacts 26a and 26b in a strip shape under urge by compression springs
      27a and 27b, respectively. Said two movable contacts 26a and 26b are in a
      position contacting the stationary contacts 12c and 11d, respectively,
      when the contact holder 21 is in a neutral position and the ball member 23
      is engaged with the recess 24.
PAR  In the direction indicator 1 thus constructed, it will be seen that when
      the control lever 7 is operated to actuate the bracket 4 from the neutral
      position (a) of FIG. 1 to either of the operative positions (b) and (c)
      for right or left indication, the contact holder 17 with its upper
      projection 18 engaging with the groove 6 is moved in the direction of the
      lever 7 in its neutral position to bring the movable contact 19 into
      contact with the stationary contacts 11a and 12a turning the right
      indicator light or bring said movable contact 17 into contact with the
      stationary contacts 12a and 13a turning the left indicator light. Thus,
      the direction the automobile is going to turn is indicated.
PAR  On the other hand, when the knob 22 is pulled, the contact holder 21 is
      moved in the guide case 16 into its operative position in the direction of
      the lever 7 of the neutral position along the rows of the second
      stationary members to bring the ball member 23 into engagement with the
      recess 25 and to get the movable contacts 26a and 26b into contact with
      the stationary contacts 12c and 13c, and the contacts 12d and 11d,
      respectively. Both of the right and left indicator lights are then
      energized simultaneously to indicate hazard-warning.
PAR  FIGS. 7 and 8 shows another embodiment of the present invention, wherein a
      first or turn-signal movable contact 19' of seesaw type has two operative
      portions at its opposite ends disposed along a row of first stationary
      contact members similar to those of the preceding embodiment. An actuator
      17' has an upper projection 18' which extends through a sliding groove 8
      and received in a groove 6 of a bracket 4 and has a compression spring 20'
      which acts to urge said contact 19' downwardly.
PAR  When a lever 7 is operated to actuate the bracket 4 into an operative
      position from a neutral position as shown in FIG. 7, said actuator 17'
      moves along said row of the stationary contact members to bring either one
      of the operative end portions of the first movable contact 19' into
      contact with a first stationary contact connected to a right indication
      light or left indication light to make direction indication of an
      automobile.
PAR  The structure and operation for hazard-warning are identical with those of
      the foregoing embodiment.
PAR  FIG. 9 shows relationship between directions of movements of control lever
      and knob and direction of movements of actuators for movable contacts. As
      shown in FIG. 9(A), in the foregoing embodiments wherein the lever 7 and
      the knob 22 are provided so as to extend in the same direction, the
      actuator 17 or 17' for the first movable contact member 19 or 19' is moved
      in the direction of a solid arrow 19 upon operation of the control lever 7
      in the direction of arrow 7, while the actuator 21 for the second movable
      contact members 26a and 26b is moved in the direction of a broken line
      arrow 26 in parallel with said direction of the movement of the actuator
      17 or 17' upon the actuation of the knob 22 in the direction of arrow 22.
      Whereas, in case a control lever 107 and a knob 122 are provided to extend
      in the directions transverse to each other, an actuator for a first
      movable contact member may be moved in the same direction as an actuator
      for second movable contact members as shown by solid and broken arrows
      19'" and 26'", respectively in FIG. 9(B) through appropriate mechanical
      means to well achieve the objects of the present invention as set forth
      above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combination turn-signal and hazard-warning switch means for an
      automotile having right and left indicator lights, which comprises
      turn-signal actuating means including a control lever and hazard-warning
      actuating means including a control knob, and which further comprises:
PA1  housing means;
PA1  stationary contact means mounted on said housing means, said stationary
      contact means having an insulator plate member and sets of first and
      second stationary contact members respectively provided on opposite sides
      of said insulator plate member in row arrangement, respective contact
      members being connected to a power source and the right and left indicator
      lights;
PA1  first movable contact means including a first movable contact member having
      two operating portions disposed along said row arrangement of the first
      stationary contact members so as to make contact therewith and a first
      actuator member for said first movable contact member, which first
      actuator member is normally in a neutral position and movable into first
      and second operative positions upon the operation of said turn-signal
      actuating means to bring said operating portions into an indication
      operative position, making a turn-signal circuit through said first and
      second stationary contact members; and
PA1  second movable contact means having second movable contact members disposed
      along said row arrangement adapted to contact said second stationary
      contact members and a second actuator member for said second movable
      contact members;
PA1  said second actuator member being normally in a neutral position and
      movable into an operative position in the direction of said row
      arrangement upon the operation of said hazard-warning actuating means to
      make a hazard-warning circuit in cooperation with said second movable
      contact members and said second stationary contact members through their
      contacting relation;
PA1  means mounting said first and second movable contact means on said housing
      means for movement parallel to each other and to said row arrangement.
NUM  2.
PAR  2. Combination turn-signal and hazard-warning switch means according to
      claim 1, wherein said turn-signal control lever in its central position
      extends perpendicular to the direction of extension of said hazard-warning
      control knob for movement parallel therewith.
NUM  3.
PAR  3. Combination turn-signal and hazard-warning switch means according to
      claim 1, wherein said contact members on each side of said insulating
      plate member are confined to at least one and not more than two
      substantially parallel rows, each said row having at least two said
      contact members.
NUM  4.
PAR  4. Combination turn-signal and hazard-warning switch means according to
      claim 3, in which each row consists of three evenly spaced contact
      members, each side of said insulative plate member has two substantially
      parallel rows of contact members, each of the three contact members in a
      row laterally opposing the corresponding contact member in the other row
      on the same side of the insulative plate member, and connecting to a
      contact member on the other side of said plate member.
NUM  5.
PAR  5. Combination turn-signal and hazard-warning switch means according to
      claim 1, in which the movable contact members each engage only a single
      stationary contact member in their neutral position and wherein the second
      movable contact members in their neutral position are free of series
      connection in the series current path through the first movable contact
      member in either of the operative positions of the latter.
NUM  6.
PAR  6. Combination turn-signal and hazard-warning switch means according to
      claim 1, including a plurality of conductive pin members fixedly extending
      through said insulative plate member, said pin members being in row
      arrangement and being confined to two substantially parallel rows, the
      ends of the pin members at opposite sides of said insulative plate member
      being said first and second stationary contact members, conductor means
      connecting a power source and the right and left indicator light to
      respective ones of said stationary contact members in each row, the first
      movable contact member extending along one said row of pin members, the
      second movable contact members extending along respective rows of pin
      members.
NUM  7.
PAR  7. Combination turn-signal and hazard-warning switch unit according to
      claim 6, in which said first stationary contact members consist of a first
      row engageable by said first contact member and a second row to which said
      power source and right and left indicator lights are connected, said
      second stationary contact members consisting of corresponding first and
      second rows, said second movable contact members being first and second
      parallel contacts paralleling and respectively engaged with said first and
      second rows of said second stationary contact members.
NUM  8.
PAR  8. Combination turn-signal and hazard-warning switch unit according to
      claim 6, in which said conductor means comprises conductors carried on
      said insulative plate member and substantially diagonally arranged so as
      to connect the first, second and third pin members of one row with second,
      third and first pin members of the other row, each said row having three
      pin members, said first, second and third pin members of said one row
      respectively connecting to said power source, one said indicator light,
      and the other indicator light, the first movable contact member and the
      second movable contact members each in their neutral positions contacting
      second pin members only, the first movable contact member being movable to
      connect said second pin member alternately with said first and third pin
      members of the opposed row, said second movable contact means being
      movable to independently connect the second and third pin members of each
      of said pin member rows.
NUM  9.
PAR  9. Combination turn-signal and hazard-warning switch unit according to
      claim 6, in which said second movable contact members consist of a pair of
      parallel elongated strips in spaced side-by-side relatively insulated
      relation, each said strip facing a corresponding row of conductive pin
      members on said insulative plate member and each being continuously
      engaged with one respective pin member of each row, the strips each being
      of length sufficient to slidably engage and conductively bridge an
      adjacent pair of pin members of the opposed row upon shifting of said
      second actuator member to its operative position.
NUM  10.
PAR  10. Combination turn-signal and hazard-warning switch means according to
      claim 9, wherein said first movable contact member consists of an
      elongated strip slidably engaging the central one of said first stationary
      contact members in the row opposed thereto and of length to simultaneously
      slidably engage one, and alternately the other, of the flanking stationary
      contact members of said row upon sliding out of its neutral position.
NUM  11.
PAR  11. Combination turn-signal and hazard-warning switch means according to
      claim 9, wherein said first movable contact member is an elongate shallow
      V-shaped strip adapted to move into the first and the second operative
      position through see-saw movement and extending parallel to and opposing
      one of said second movable contact strips.
NUM  12.
PAR  12. Combination turn-signal and hazard-warning switch means according to
      claim 9, wherein said turn-signal control lever in its neutral position
      extends in the same direction as said hazard-warning control knob and said
      elongate pair of strips.
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PAL  An electric switch which is constructed, with the exception of two metallic
      conductors, entirely of elastomeric or thermoplastic materials wherein
      relative motion between switch operating parts is confined to a resilient
      deformation and wherein the switching function occurs within a sealed
      recess or chamber.
BSUM
PAR  The present invention relates to an electric switch construction which
      achieves a reliable switching operation in a housing of extremely small
      size. More particularly, the switch is particularly suited for use in an
      environment in which it is exposed to large temperature variations,
      moisture, dust, and the like. An example of such an environment is the
      buckle assembly of a vehicle seat belt.
PAR  A switch according to the invention includes a housing molded from a
      suitable thermoplastic material which is electrically non-conductive. The
      housing is formed with a relatively large diameter bore extending inwardly
      from one end of the housing and a coaxial, relatively small diameter
      recess or extension extending in prolongation of and from the inner end of
      the larger bore. A pair of spaced electrical conductors are embedded in
      the housing with portions of the conductors exposed within the recess. A
      generally cylindrical switch operator formed of a resilient, elastomeric
      material is located within the large diameter bore with a relatively close
      fit and with its inner end seated on the inner end of the large diameter
      bore to define a peripheral seal around the small diameter recess. An
      actuator, which can be molded integrally with the housing and connected to
      the latter by a flexible strap, engages the outer end of the operator and,
      upon actuation, applies a force to the operator to deform a portion
      thereof inwardly into the recess. The deformation of the operator is
      employed to shift a contact bridging member between normal and actuated
      positions relative to the conductors within the recess.
PAR  Depending upon the function desired, the switch can be constructed as a
      normally open or normally closed switch, the molded parts enabling the
      formation of the individual elements in relatively small sizes, with the
      reliance upon deformation of a resilient element minimizing the required
      degree of precision of dimensions.
PAR  An object of the invention is to provide a switch which is capable of
      reliable operation even when of small size and which is not dependent upon
      extremely close tolerances for reliability.
PAR  Another object of the invention is to provide a switch of the kind referred
      to and wherein the electrically conductive parts are sealed effectively
      from foreign matter.
PAR  A further object of the invention is to provide such a switch which is
      adaptable as either a normally closed or a normally open switch.
DRWD
PAR  Other objects and advantages of the invention will be pointed out
      specifically or will become apparent from the following description when
      it is considered in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal cross-sectional view taken through a typical
      automotive seat belt buckle assembly and showing a switch embodying the
      present invention employed to signal latching of the belt buckle;
PAR  FIG. 2 is a top plan view of the housing of the switch of FIG. 1 with a
      portion of the actuator broken away;
PAR  FIG. 3 is a side elevational view of the switch with the actuator in its
      normal position;
PAR  FIG. 4 is a bottom plan view of the switch;
PAR  FIG. 5 is an enlarged cross-sectional view taken on the line 5--5 of FIG. 3
      of a normally open switch; and
PAR  FIG. 6 is a cross-sectional view, similar to FIG. 5, showing a normally
      closed embodiment of the switch.
DETD
PAR  A switch constructed according to the embodiment of FIGS. 2 - 5 is a
      normally open switch and includes a one-piece housing designated generally
      10 formed in a conventional molding operation from a suitable
      thermoplastic material, such as polypropylene, which is electrically
      non-conductive. A pair of electrically conductive metal strips 12 and 14
      are embedded in parallel, spaced apart relationship, see FIG. 3, within
      the housing 10 and are electrically connected respectively to electrical
      leads 16 and 18 which are mechanically mounted or molded within the
      housing 10 in enlarged bosses 20 and 22 integrally formed at opposite ends
      of the housing.
PAR  As is best shown in FIGS. 2 and 5, the housing 10 is formed with a
      generally cylindrical bore 24 which extends axially into the housing from
      its upper end and terminates within the interior of the housing in a flat
      upwardly facing sealing surface or shoulder 26. Axially extending slots as
      at 28 and 30 extend downwardly along opposite sides of the housing and
      communicate with the bore 24 from the top of the housing to the surface
      26.
PAR  In the normally open form of switch shown in FIG. 5, a stepped counterbore
      or recess 32 is formed coaxially and in prolongation of the bore 24 to a
      depth sufficient to expose the two conductors 12 and 14, the counterbore
      32 terminating adjacent but short of the exterior of the lower wall 34 of
      the housing.
PAR  Integral panels 36 and 38 are formed on opposite sides of the housing 10.
      An actuator member 40 is molded integrally with the housing 10 and is
      integrally joined to the panel 30 by a relatively thin, flexible strap 42.
      As is best shown in FIG. 5, the configuration of the mold is such that the
      actuator 40 is molded in the position indicated in broken lines at 40a so
      that when the actuator 40 is in its normal operative position, shown in
      full lines in FIG. 5, the connecting strap 42 exerts a biasing force
      tending to rock the actuator clockwise from the full line position of FIG.
      5. The actuator 40 includes a tongue 43 which, when the actuator is in its
      operative position, confronts the bore 24.
PAR  At opposite sides of the tongue 43 are formed integral, hook-shaped
      latching ears 44 which, when engaged beneath latching lugs 46 integrally
      formed on the front panel 36, restrain clockwise movement of the actuator
      40 from the full line position of FIG. 5. Inclined cam surfaces 48 on the
      upper side of the latching lugs 46 assist in enabling the actuator 40 to
      be snapped into its operative position.
PAR  Referring now particularly to FIG. 5, an operating member 50 formed of a
      resilient, deformable, electrically non-conductive, rubbery material such
      as silicone rubber is accommated in the bore 24. The operator 50 is a
      right cylinder having a diameter chosen to achieve a press fit within the
      recess 24 so that once assembled, there is substantially no relative
      movement between the confronting surfaces of the member 50 and the wall of
      the bore 24. The lower end of the member 50 is firmly seated upon the
      shoulder 26 of the bore 24 to form an annular moisture and dust-tight seal
      around the periphery of the counterbore 32.
PAR  A disc-shaped bridging member 52 is fixed by a suitable adhesive to the
      lower end of the operator 50 and projects from the latter into the
      counterbore 32 in spaced relationship to the wall thereof and in
      overlying, spanning relationship with the two spaced conductors 12 and 14.
      The bridging member 52 is preferably made of a resiliently compressible,
      electrically non-conductive material, such as silicone rubber, having a
      substantial quantity of electrically conductive particles dispersed
      throughout the material. When the material is in a normal uncompressed
      state, the electrically conductive particles may be spaced from one
      another so that the elctrical resistance of the member 52 is infinite.
      When the bridging member is compressed, however, the electrically
      conductive particles are shifted into engagement with each other so as to
      render the member 52 conductive. Alternatively, the member 52 may be
      molded under a compressive force such that the conductive particles always
      engage one another, thereby rendering the member 52 conductive without the
      application of an external compressive force.
PAR  When the actuator 40 is in its normal position, shown in full lines in FIG.
      5, the tongue engages and applies a slight degree of compressive force on
      the elastomeric operating member 50 which is insufficient to press the
      bridging member 52 downwardly into contact with the conductors 12 and 14,
      but is sufficient to cause the member 50 to engage the wall of the bore
      and effect a seal for the bore. When an external force is applied on the
      tongue 43 to depress the latter from the FIG. 5 position, the member 50 is
      resiliently deformed axially to cause its lower end to protrude downwardly
      into the counterbore 32 by an amount sufficient to move the bridging
      member 52 into contact with the conductors 12 and 14 and to compress the
      member 52 to a degree sufficient to bridge and establish an electrically
      conductive path between the conductors 12 and 14. Removal of the applied
      force from the tongue 43 enables the member to expand to its normal
      condition, thereby lifting the bridging member 52 off the conductors.
PAR  The normally closed embodiment of the switch employs a housing 10' which is
      initially molded in the same manner and to the same configuration, prior
      to machining, as the housing 10 of the normally open form of the switch
      described above. As in the previously described embodiment, electrical
      conductors 12' and 14' are embedded in the housing 10'.
PAR  In machining the housing for the normally closed form of the switch, a
      counterbore 32' is drilled upwardly through the bottom wall of the molded
      housing and the bottom wall 34' of the housing is milled off to a depth
      sufficient to expose the bottom sides of the conductors 12' and 14'. The
      inner end of the counterbore 32' communicates with the cylindrical bore
      24' adjacent the shoulder 26' and communicates at its outer end with a
      larger counterbore 32".
PAR  The recess in the bottom of the housing created by the formation of the
      counterbores 32' and 32" is sealed by a bridging member 52' like the
      member 52 and which is bonded or otherwise sealingly secured to the bottom
      surface 34' of the housing to form a peripheral dust and moisture seal
      around the lower end of the recess.
PAR  A resilient, elastomeric member 50' is fitted into the bore 24' of the
      housing and is formed with a slightly reduced diameter, annular sealing
      lip 62 sealingly engaged with the shoulder 26' of the cylindrical bore 24'
      . A coaxially projecting extension 64 on the member 50' extends through
      the counterbore 32' into engagement with the upper surface of the bridging
      member 52'. Integral, upwardly projecting, cruciform ribs 66 and 68 are
      provided at the upper end of the operating member 50' to assist in making
      the seal between the lip 62 and the shoulder 26' substantially uniform
      around the entire seal periphery and to assure engagement between the
      extension 64 and the bridging member 52'.
PAR  A spring clip 60 has its opposite ends engaged at the bottom of the slots
      28' and 30' and resiliently presses the bridging member 52' upwardly into
      contact with the exposed bottom surfaces of the conductors 12' and 14' and
      the confronting surface of the extension 64.
PAR  An actuator 40' like the actuator 40 has a tongue 43' which bears against
      the ribs 66 and 68 so as to preclude any upward movement of the operator
      50' from the position shown in FIG. 6. In this position of the operator,
      the spring clip 60 maintains the bridging members 52' compressed
      diametrally so as to establish a conductive path between the conductors
      12' and 14'. When the tongue 43' of the FIG. 6 embodiment is depressed,
      however, the member 50' will be resiliently deformed to project the
      extension 64 axially downwardly to force the bridging member 52' out of
      engagement with the conductors 12' and 14', and thereby break the circuit
      between the conductors.
PAR  In FIG. 1, an exemplary application of a switch constructed in accordance
      with the embodiment of the invention shown in FIGS. 2 - 5 is disclosed.
      The housing 10 is mounted within the interior of an automotive seat belt
      with the actuator 40 in its depressed position to which it has been cammed
      by the tongue 70 of one buckle part 72 of a seat belt strap 73, the tongue
      70 being held within a companion buckle housing 74 of a belt strap 75 by a
      spring biased latch 76. Conductors, one of which is shown at 77, extend
      from the housing 10 to a signal or other device (not shown) that is
      adapted to be operated by the switch. If such signal or device is designed
      to operate only when the circuit is completed between the conductors of
      the switch, the latter will conform to the embodiment of FIGS. 2 - 5. If
      the signal or device is adapted to function only when no circuit is
      completed between the conductors of the switch, the latter will conform to
      the embodiment of FIG. 6.
PAR  Although two forms of the invention have been described in detail, it will
      be apparent to those skilled in the art that the disclosed embodiments may
      be modified. Therefore, the foregoing description is to be considered
      exemplary rather than limiting, and the true scope of the invention is
      that defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical switch comprising a non-conductive housing having a main
      bore extending inwardly from one end of said housing means in said housing
      defining a shoulder at the inner end of said main bore and a second bore
      coaxial with said main bore extending inwardly of said housing from said
      shoulder; spaced apart electrical conductors carried by said housing and
      exposed within and on opposite sides of said second bore; a bridging
      member spanning said conductors and movable between positions in which it
      electrically connects and disconnects said conductors; a resiliently
      deformable operating member snugly mounted in said main bore and seated at
      its inner end on said shoulder, the inner end of said operating member
      being responsive to the application of an axially compressive force to the
      outer end thereof to protude inwardly beyond said shoulder into said
      second bore from a normal condition to a deformed condition thereby to
      effect movement of said bridging means from one of said positions to the
      other and being responsive to the release of said force to return to its
      normal condition and effect movement of said bridging means from said
      other position to said one position; and actuating means engageable witth
      said outer end of said operating member for for applying and releasing
      said compressive force to and from said operating member.
NUM  2.
PAR  2. A switch according to claim 1 wherein said bridging member is carried by
      said operating member at said inner end thereof.
NUM  3.
PAR  3. A switch according to claim 1 wherein said bridging member is carried by
      said housing in the path of protrusion of said inner end of said operating
      member.
NUM  4.
PAR  4. A switch according to claim 1 wherein said bridging member is normally
      conductive.
NUM  5.
PAR  5. A switch according to claim 1 wherein said bridging member is normally
      non-conductive and is rendered conductive in response to compression
      thereof.
NUM  6.
PAR  6. A switch according to claim 1 wherein said operating member includes an
      extension at said inner end thereof of smaller diameter than that of said
      second bore and concentric therewith.
NUM  7.
PAR  7. A switch according to claim 1 wherein said bridging member normally
      engages said conductors and including spring means on said housing acting
      on said bridging member for pressing said bridging member against said
      conductors.
NUM  8.
PAR  8. A switch according to claim 7 wherein said inner end of said operating
      member normally engages said bridging member and wherein said spring means
      normally presses said bridging member against said inner end of said
      operating member.
NUM  9.
PAR  9. A switch according to claim 1 wherein said actuating means comprises a
      tongue over-lying said outer end of said operating member and means
      mounting said tonge for movements axially of said main bore.
NUM  10.
PAR  10. A switch according to claim 1 including means acting on said actuating
      means and maintaining the latter in compressive engagement with said
      operating member.
NUM  11.
PAR  11. A switch according to claim 1 wherein said outer end of said operating
      member has at least one upstanding rib thereon confronting said actuating
      means.
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ABST
PAL  Safety device for a dishwashing machine comprising a locking means allowing
      limited angular movement of the machine closure in case of vapor pressure
      build-up and a microswitch interrupting the pump circuit upon such angular
      movement or inadvertent opening of the closure.
BSUM
PAR  The invention relates to a safety device for a dishwashing machine, of the
      type having a housing enclosing a tub, a motor driven pump for feeding a
      water spraying device in the tub, and a closure for the access opening of
      the tub.
PAR  In dishwashing machines of this kind it is dangerous to open the door or
      lid while the machine is working, especially because the water usually is
      heated to a temperature of over 50.degree.C. Another hazard is created by
      the fact that during the operation of the machine vapor pressure may build
      up to an unacceptable level. For this purpose an opening is usually
      created for steam to escape; however this frequently is unsatisfactory
      because water and foam are often ejected with the steam.
PAR  The object of the invention is to provide a safety device which satisfies
      both needs simultaneously and does not have the disadvantages of the prior
      art.
PAR  According to the invention, the device comprises locking means for the
      closure which in its locked position permits limited angular displacement
      of the closure under the influence of vapor pressure in the tub, and a
      switch in the pump motor circuit to be operated upon angular displacement
      of the closure.
PAR  In a preferred embodiment the locking means comprises a latch which is
      biased in its locked position by means of a spring and which is movable
      over a limited distance against the action of said spring.
PAR  In another preferred embodiment the switch is a microswitch placed in the
      closure construction and having an operating member engaged by a member
      attached to the housing to set the switch contacts in the closed position.
DRWD
PAR  By way of example an embodiment of the invention will be described with
      reference to the accompanying drawing, in which
PAR  FIG. 1 is a cross-sectional view of a dishwashing machine in which the
      invention is applied,
PAR  FIG. 2 is a cross-section of the safety device in this machine with the
      closure in a tightly closed position,
PAR  FIG. 3 is a plan view of this device and
PAR  FIG. 4 is a partial cross-sectional view of the safety device with the
      closure moved to the angular limit by vapor pressure.
DETD
PAR  In FIG. 1 a dish-washing machine is shown having a housing 1, a tub 2,
      rotating water spray arms 3 in the tub, a pump 4 to feed water to these
      arms, the pump being driven by an electric motor 5, a closure 6 for
      closing the open side of the tub and a locking device 7, which in part is
      located in the housing and in part in the closure construction. The
      closure 6 is angularly movable about a hinge 8.
PAR  As may be seen in FIG. 2 the front edge of the tub 2 is provided with a
      closure strip 9, which strip has a flap 10 engaging the inner surface 18
      of the closure 6 when this is in its closed position. This flap prevents
      moisture in the tub from passing the closure 6. This means at the same
      time that vapor collecting in the tub and building up a certain pressure
      cannot leave the tub. Because of the relative large surface of the closure
      6 considerable force can be exerted on the locking device 7.
PAR  This locking device 7 consists of a latch 11 which is arranged slidably in
      a bracket 12 attached to the tub structure and located in the space
      between the housing 1 and the tub 2. A stop post 19 extending through a
      slot 20 in the latch 11 has a retaining flange 21 overhanging the top
      surface 22 of the latch to prevent vertical movement of the latch. The
      latch 11 may engage a catch 13 attached to the closure 6. The catch 13 may
      be disengaged from the latch 11 by any means well-known in the art, for
      example by moving catch 13 downward within the enclosure by means not
      shown. A spring-loaded mechanism as in a cabinet door, or combination
      manual and automatic mechanism as disclosed in U.S. Pat. No. 2,896,641
      would be suitable. The latch 11 is attached to the bracket 12 by means of
      a spring 14 which tries to pull the latch 11 into the housing 1. Now if
      vapour pressure builds up inside the tub the force exerted on the closure
      6 will tend to move this closure angularly away from the tub. This is
      allowed by the slidability of the latch 11 in the bracket 12, the angular
      motion being limited by a rear edge 23 of the slot abutting the stop post
      19 when the desired limit of travel is reached, as shown in FIG. 4.
PAR  In the closure 6, which is a double walled panel construction, there is
      mounted a microswitch 15 which forms a part of the circuit of the pump
      motor 5. The operating lever 16 of this switch is held in the closed
      position by a protruding member 17 on the housing 1. However, as soon as
      the closure moves angularly away from the housing the operating lever 16,
      no longer being engaged by the protrusion 17, moves to the open position,
      so that the pump motor 5 stops and no water is circulated in the tub
      anymore. Thus a double safety is achieved by the safety device: it
      operates in case of too high a pressure in the tub and it opens if the
      closure is opened inadvertently during operation of the machine.
PAR  The device has been described as applied to a dishwashing machine having a
      closure in the form of a front door. It will be clear that the device can
      also be applied to machines having a closure in the form of a top lid. In
      that case the weight of the lid may wholly or partly take over the
      function of the spring 14.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety device for a dishwashing machine comprising a housing, a tub
      mounted in the housing, an electrically controlled means for spraying
      water in the tub, a closure for an access opening of the tub arranged to
      open by angular displacement, and electrical switch means for disabling
      said electrically controlled means when said closure is in an open
      position, wherein said device comprises a catch member mounted on said
      closure, a movable latch member mounted on said housing disposed to be
      engaged by said catch member while said closure is in a closed position
      and said latch member is in a first position, said latch member being
      movable to a second position by a given angular displacement of said
      closure from said closed position, said given angular displacement being
      such that any vapor enclosed under pressure within said tub may escape
      past said closure, a stop member connected to said housing for engaging
      said latch member so as to prevent movement of said latch member beyond
      said second position, and biasing means for urging said latch member from
      said second position toward said first position.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein said electrical switch means
      comprises an electrical switch and a member disposed so as to operate said
      switch means to be in an operating condition only when said enclosure is
      fully closed, said operating switch being in a disabling condition when
      said enclosure has been opened by said given angular displacement.
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ABST
PAL  In a switch, a combination plunger and actuator member is resiliently
      floatingly mounted within a guideway in a handle member for movement
      toward and away from said handle member and which rocks with the pivoting
      of said handle member. There is provided stationary fulcrum-forming means
      against which a follower portion of said combination plunger and actuator
      member is resiliently urged, the shape of one of said fulcrum-forming
      means and follower portion being such that the distance of the outer end
      portion of said combination plunger and actuator member from said handle
      member varies as the handle member is moved between a first and a second
      position thereof. The combination plunger and actuator member has a spring
      engaging portion which engages a movable contact carrying member for
      moving the same between positions where said movable and stationary
      contacts are respectively in and out of engagement as the handle member is
      moved between said first and second positions thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electrical switches, particularly to
      snap-action rocker switches of the general type exemplified by that shown
      in U.S. Pat. No. 2,734,959 to Immel, although certain aspects of the
      invention have a broader application.
PAR  A snap action switch of the type referred to has a handle member tiltable
      in one direction or the other from a center position, respectively to open
      or close circuits connectable between a terminal connected to a
      snap-action spring member carrying contacts on the ends thereof and
      terminals respectively extending to stationary contacts positioned
      opposite the ends of the spring member. The spring member most
      advantageously has a continuous peripheral portion surrounding an opening
      into which a pair of aligned terminals extend from the opposite ends of
      the spring member. The spring member is initially deformed into a given
      configuration and is supported so the two halves of the spring member can
      be snapped separately into a second configuration.
PAR  In the snap switch disclosed in said U.S. Pat. No. 2,734,959, the
      snap-action is achieved by depressing one tongue or the other by moving
      one of two operating members controlled by the handle member, which
      operating members are engaged respectively when the handle member is
      tilted in one direction or the other with respect to a central position.
      The contacts at the ends of the spring member make or break connection
      with stationary contacts placed adjacent thereto in one or the other of
      the two configurations of each half of the spring member. The use of a
      snap-action spring member for making or breaking contact is important in
      preventing or minimizing arcing and wear of the contacts.
PAR  One object of the invention is to provide an improved modified version of
      the type of rocker switch described above, preferably but not necessarily
      having the snap action spring member described, which can be manufactured
      at a lower cost. A related object of the invention is to provide a rocker
      switch as just described which can be mass produced reliably without the
      parts thereof being made to very close tolerances.
PAR  Another object of the invention is to provide a rocker switch as described
      which can be manufactured to operate in a number of different modes, such
      as a two position switch where the switch is self-holding in one or both
      positions thereof, or as a three position switch where the switch is
      self-holding in from one to three positions thereof by merely varying the
      shape of one of the parts thereof, thereby greatly reducing the complexity
      and variety of parts needed to manufacture a line of switches having the
      various modes of operation described.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one feature of the invention, the handle member of the
      rocker switch is provided with a spring urged member which may in some
      respects be similar to the plunger member disclosed in U.S. Pat. Nos.
      3,591,747 and 3,535,478, but uniquely modified along with other portions
      of the rocker switch to provide a more reliable rocker switch with fewer
      parts. To this end, the member mounted in the rocker switch handle member,
      instead of operating a separate pivotable switch actuator member as in the
      case of the rocker switches of U.S. Pat. Nos. 3,591,747 and 3,535,478,
      also forms the actuator member, so that the actuator member both
      reciprocates in a direction toward and away from the handle member and
      tilts with respect to the stationary parts of the switch. The
      reciprocating motion of the combination actuator member is determined by a
      fulcrum-forming means against which a follower portion thereof is spring
      urged. Either the fulcrum-forming means or the actuator member is provided
      with a motion imparting surface which is most advantageously a groove in
      the fulcrum-forming means so shaped that as the handle member is tilted in
      one direction or the other with respect to a centered position the
      combined plunger and actuator member is retracted toward the handle
      member. The actuator member has a portion which is sometimes referred to
      as a spring engaging or pulling and pushing portion which engages with a
      movable contact carrying member (such as the above described snap-action
      spring member) to open or close contacts in the various operating
      positions of the handle member. The motion imparting surface may be
      provided with locking shoulders so the spring force applied to the
      follower portion of the combination plunger and actuator member on the
      handle member will releasably lock the handle member in any one or more of
      its adjusted positions.
PAR  The fulcrum-forming means are preferably laterally spaced walls extending
      from a switch housing mounting base upon which the various parts of the
      switch unit including the terminal members, actuator member and the
      contact carrying member are mounted. These parts are preferably droppable
      into place upon the mounting base and, except perhaps for the terminal
      members which may be staked in place, are held thereon by the handle
      member, which is preferably a member snappable into position in an opening
      in the front wall of the housing of the switch.
PAR  In accordance with another feature of the invention, the switch actuator
      member has a portion which directly engages with the opposite sides of the
      middle section of the peripheral portions of a spring member of the type
      disclosed in said U.S. Pat. No. 2,734,959 (rather than the tongues
      thereof, as in the case of the rocker switch disclosed in this patent). In
      such case, the actuator member when tilted to one side of center pulls the
      peripheral half portion of the spring member adjacent one of the tongues
      into a position where the associated contact carrying end thereof snaps
      into a forwardly extending direction and when tilted to the other side of
      center pulls the peripheral half portion of the spring member adjacent the
      other tongue into a position where the associated contact carrying end
      thereof snaps into a forwardly extending direction. When the handle member
      is returned to its untilted center position, the spring engaging portion
      of the combination plunger and actuator member pushes the peripheral half
      portion of the spring member last deformed into a position where the
      associated contact carrying end thereof snaps back into its initial
      configuration.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a preferred form of rocker switch of the
      present invention oriented in a vertical position to be mounted in an
      opening in a vertical panel;
PAR  FIG. 2 is a perspective view of the rocker switch of FIG. 1 oriented
      horizontally, which is its position when the parts thereof are assembled,
      the walls of the housing being broken away to show the interior parts of
      the switch;
PAR  FIG. 3 is a center transverse sectional view through the rocker switch
      shown in FIG. 2;
PAR  FIG. 4 is a center longitudinal sectional view through the rocker switch
      shown in FIGS. 2 and 3;
PAR  FIG. 5 is a fragmentary sectional view, taken just beyond the plane of one
      of the housing side walls, showing the position of the switch actuating
      portions of the rocker switch when the handle thereof is tilted in one
      direction from its centered position;
PAR  FIG. 6 is a plan view of the movable contact-carrying snap action spring
      member forming part of the rocker switch of FIGS. 1-5 and separated from
      the rest of the switch components;
PAR  FIGS. 7-9 are diagrammatic views showing the different positions of the
      contact-carrying portions of the rocker switch of FIGS. 1-5, when the
      handle thereof is in a centered untilted position, when tilted up to the
      right and when tilted up to the left, respectively;
PAR  FIG. 10 is an exploded view of the various parts or sub-assemblies thereof
      positioned roughly in the order in which they are dropped into position on
      the mounting base of the rocker switch; and
PAR  FIGS. 11-13 respectively show some of the different shapes of the
      fulcrum-forming and motion-imparting grooves shown in the switch of FIGS.
      1-9 to provide different modes of operation of the rocker switch.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  The rocker switch illustrated and identified by reference numeral 2 in FIG.
      1 is comprised of a housing generally indicated by reference numeral 4
      made up of a mounting base 4a forming the rear wall of the switch when
      supported in a vertical position as shown in FIG. 1, and an open ended
      box-like body 4b which fits over and is secured to the mounting base in a
      manner to be described. A pivotally mounted handle member shown in the
      form of a push button 6 is mounted in and projects from an opening 7 in
      the bezel portion 9 of the housing body 4b. While some forms of the
      invention have only two terminals, in the embodiment illustrated in FIGS.
      1-9, three terminal members, 8, 9 and 10 project from the mounting base
      which supports various parts of the rocker switch to be described.
PAR  The rocker switch in the different positions of the handle member 6 open or
      close contacts to be described connected between terminal member pairs 8-9
      and 8-10 respectively, the terminal member 8 being in common between the
      two switching circuits involved.
PAR  When the handle member 6 is in its untilted centered position shown in FIG.
      4, depending upon whether there are normally open or normally closed
      contacts involved, the terminal member pairs 8-9 and 8-10 will either be
      open or short circuited. When the handle member 6 is tilted in one
      direction from its centered position, the condition of the contacts
      between only terminal members 8-9 will be reversed, and when the handle
      member 6 is tilted in the opposite direction from its centered position
      only the condition of the contacts between the terminal members 8-10 will
      be reversed. In some forms of the invention, the handle member is
      releasably locked into either one of its tilted positions, and in other
      forms of the invention the handle member returns to its initial position
      upon release of finger pressure on the push button handle member. In still
      other forms of the invention where only two terminal members need be
      provided, the handle member 6 has only two different operating positions
      rather than the three just described. All the different modes of operation
      of the rocker switch described can be obtained by merely varying the shape
      of motion-imparting surfaces formed by grooves 11--11 (other examples of
      which are illustrated in FIGS. 11-14) formed on a pair of laterally spaced
      fulcrum-forming walls 13--13 extending transversely inwardly from the
      mounting base 4a.
PAR  The handle member 6 floatingly supports a combination plunger and actuator
      member 16 which has projecting follower portions 16a--16a which are apring
      urged against the defining walls of the grooves which effect translation
      of the combination plunger and actuator member as the handle member 6 is
      moved between its centered and its oppositely tilted positions. The
      combination plunger and actuator member 16 has hook-shaped spring engaging
      means 16b--16b (sometimes referred to as a spring pulling portions) which
      engage with a snap-action spring member 18 carrying contacts 19 and 19' at
      opposite ends thereof. Each longitudinal half of the spring member 18 is
      adapted to snap between initial relatively flat and outwardly inclined
      configurations which make or break connection between the contacts 19 or
      19' and contact forming ears 9a or 10a of the terminal members 9 and 10.
PAR  Now that the various parts of the rocker switch have been briefly
      introduced and their functions briefly explained, the specific details of
      and the interconnections between the parts of the most preferred form of
      rocker switch of the present invention as illustrated in the drawings will
      be described.
PAR  The handle member, which is preferably a push button type handle member, is
      shown having a concave shaped front face 6a terminating in ridges 6b--6b
      at the opposite longitudinal ends of the push button handle member, to
      permit the handle member to be readily rocked between oppositely tilted
      positions thereof. The push button handle member has parallel side faces
      21--21 from which laterally extend projections 6c--6c which are pivotally
      mounted within apertures 23--23 formed in the side walls 20--20 of the
      open ended box-like housing body 4b.
PAR  The push button handle member 6, which is preferably made of synthetic
      plastic material of the same type as the housing 4, is a hollow member
      having on the interior thereof a downwardly extending sleeve 6d forming a
      downwardly open guideway 22 in which is slidingly mounted for movement an
      open-top plunger-forming portion 16c of the combination plunger and
      actuator member 16. A coil spring 24 is compressed between the upper
      defining wall of the guideway 22 and the bottom defining wall of a bore 15
      in the plunger-forming portion 16c of the combination plunger and actuator
      member 16, so the coil spring 24 urges the combination plunger and
      actuator member in the direction of the mounting base 4a.
PAR  The plunger-forming portion 16c of the combination plunger and actuator
      member 16 terminates in a transversely extending bridging portion 16d from
      the ends of which longitudinally extend longitudinal arms 16e--16e
      (sometimes referred to as spring pushing portions) which overlie
      longitudinal portions of the spring member 18 to be described. The
      follower portion 16a--16a of the combination plunger and actuator member
      form lateral extensions of the bridging portion 16d and are urged by the
      spring member 24 into the motion imparting grooves 11--11 of the
      fulcrum-forming walls 13--13.
PAR  The aforementioned hook-shaped spring engaging means 16b--16b are
      extensions of the bottom portions of the bridging portion 16d of the
      combination plunger and actuator member 16. These hook-shaped portions
      16b--16b form laterally confronting slots 26--26 into which extend the
      central portion of the spring member 18. Before explaining the manner in
      which the movement of the combination plunger and actuator member 16
      imparts snap action movement to the spring member 18, the configuration of
      the spring member best shown in FIG. 6 will first be described. As best
      shown in FIG. 6, the spring member, which preferably has an elongated
      configuration, can be divided into two longitudinal halves 18a and 18a' by
      a longitudinal transverse center line 28. Each longitudinal spring member
      half is comprised of a pair of longitudinal peripheral portions 30a--30a
      or 30a'--30a' interconnected at their ends by a transverse end portion 30b
      or 30b' carrying the movable contact 19 or 19'. Extending longitudinally
      inwardly from the end portions 30b--30b' are aligned bowed tongues
      30c--30c'. The spring member 18 is a stamping from a sheet of spring metal
      where the peripheral portions thereof above described form a continuous
      band surrounding a central opening into which the aforementioned tongues
      30c--30c' extend.
PAR  The spring member is positioned upon ribs 32--32' (FIG. 4) projecting
      transversely from the mounting base 4a so it extends generally parallel to
      the mounting base 4a with the convex side of the tongues 30c--30c' facing
      away therefrom. The ends of the tongues 30c--30c' are anchored under
      tension within positioning grooves 34--34 formed in the upper portion of
      the terminal member 8. The terminal member 8 projects through an opening
      36 formed in the mounting base 4a. Projecting inwardly in parallel
      relation and alignment with the margins of the opening 36 are a pair of
      guidewalls 38--38 which define therebetween a continuation of the opening
      36 in the mounting base 4a (FIG. 3). The downward movement of the terminal
      member 8 through the opening 36 is limited by the engagement of shoulders
      40--40 of the head portion of the terminal member (FIG. 4) with
      positioning ribs 42--42' extending inwardly from the mounting base 4a. As
      shown in FIG. 3, the guidewalls have confronting pins 39--39 which snap
      into an opening 41 in the terminal member 8. While for assembly purposes
      it is preferred that the terminal member 8 be snapped into place and
      stably supported without any staking operation, it was determined that the
      staking of the terminal member 8 at 45--45 against the outer surface of
      the mounting base is desirable to achieve a secure anchoring of the
      terminal member 8. However, it is anticipated that the intermediate
      terminal member 8 could be anchored only by the pins 39--39.
PAR  As best shown in FIGS. 5 and 10, the motion imparting groove 11 formed in
      each fulcrum-forming wall 13 has a lowermost centered portion 11a, a left
      hand shoulder-forming concave upper portion 11b', and a right hand
      shoulder-forming concave upper portion 11b. When the handle member 6a is
      in its untilted centered position, the follower forming portions 16a--16a
      of the combination plunger and actuator member 16 ride in the centered
      lowermost portions 11a--11a of the motion imparting grooves 11--11. When
      the left side of the handle member 6 is depressed, the combination plunger
      and actuator member 16 is tilted and raised to the right as it retracts
      within the sleeve 16d of the handle member and the follower portions
      16a--16a thereof ride up the centered groove portions 11a--11a and snap
      into the right upper concave groove portion 11b--11b under the force of
      compressed coil spring 24. When the right side of the handle member 6 is
      depressed, the combination plunger and follower member is tilted and
      raised to the left and the follower portions 16a--16a thereof ride up the
      centered groove portions 11a--11a and snap into the left upper concave
      groove portions 11b'--11b '.
PAR  In the centered position of the handle member 6, the spring member 18 is in
      a generally flat condition shown in FIG. 7 where contacts 19--19' on the
      ends thereof are spaced from the contact-forming ears 9a-10a of the
      terminal members 9-10. The raising of the combination plunger and actuator
      member 16 to the right causes the hook-shaped spring engaging pulling
      portions 16b--16b thereof to pull the right longitudinal half 18a of the
      spring member 18 to a position where it will snap into a deformed position
      shown in FIG. 8 where the associated contact 19 engages the
      contact-forming ear 9a of the terminal member 9. Similarly, the raising of
      the combination plunger and actuator member 16 to the left causes the
      hook-shaped spring engaging pulling portions 16b--16b thereot to pull the
      left longitudinal half 18a' of the spring member to a position where it
      snaps into a deformed position shown in FIG. 9 where the associated
      contact 19' engages the contact-forming ear 10a of the terminal member 10.
      It should be noted from FIGS. 7-9 that when one longitudinal half of the
      spring member 18 is pulled into a position where it snaps into a contact
      closing position, the other longitudinal half of the spring member is
      pushed into its initial contact opening position by the engagement
      therewith of the longitudinal arms or pushing portions 16e--16e of the
      combination plunger and actuator member. When the handle member 6 is
      returned to its centered position, the spring engaging pushing portions
      16e--16e of the combination plunger and actuator member 16 will push down
      upon the adjacent longitudinal half of the spring member to move the same
      to a position where the spring member snaps back into its initial position
      as shown in FIG. 7.
PAR  As previously indicated, by varying the shape of the motion imparting
      grooves 11--11 in the fulcrum-forming walls 13--13, as shown in FIGS.
      11--14, different modes of operation of the rocker switch unit can be
      achieved. Thus, for example, referring now to FIG. 11, if each groove 11
      were to be modified to form the groove 11-1 in FIG. 11, which has no upper
      shoulder-forming grooved portions, the handle member 6a will not be
      automatically held into either of its tilted positions so as finger
      pressure is released the handle member 6 automatically returns to its
      centered position. In FIG. 12, each motion imparting groove 11-2 provides
      a three position switch where only two of of the handle member positions
      are stable positions. Accordingly, each motion imparting groove 11-2 has a
      centered bottommost portion 11-2a which holds the handle member in a
      centered position, an unshouldered left hand portion 11-2b' where the
      associated follower portion 16a of the combination plunger and actuator
      member 16 must be held with finger pressure to effect a contact closure,
      and a shoulder-forming right hand portion 11-2b where the handle member
      automatically is held in a left hand depressed condition.
PAR  With the motion imparting groove configuration shown in FIG. 13, the rocker
      switch acts as a two position switch by virtue of the fact that the
      lowermost portion 11-3a of each groove 13a is positioned to the right of
      center and defines the right hand margin of the motion imparting groove
      11-3. When the follower portions 16a--16a of the combination plunger and
      actuator member 16 are engaged in the lowermost groove portions 11-3a to
      the right of center of the groove, the spring engaging portions 16b--16b
      of the combination rocker and actuator member 16 are too low to effect any
      spring member raising operation. When the right side of the handle member
      6 of the switch is depressed, the follower portions 16a--16a of the
      combination plunger and actuator member 16 will be raised to a point where
      the longitudinal half 18a' of the spring member 18 is pulled into a
      snapping position where the contact 19' engages the contact-forming ear
      10a of the terminal member 10. Release of finger pressure automatically
      causes the handle member to assume its initial inoperative position
PAR  In the motion imparting groove 11-4 shown in FIG. 14, the groove is similar
      to that shown in FIG. 13, except that there is a shoulder-forming left
      hand portion 11-4b' wherein the handle member automatically is locked in
      its depressed condition until released by depression of the left side of
      the handle member. Where the rocker switch is a two position switch
      effected by motion imparting grooves like 11-3 and 11-4 in FIGS. 13 and
      14, there is only a need for terminals 8 and 10, since terminal 9 performs
      no useful purpose because only one of the longitudinal halves of the
      spring member 18 are operable in performing switch opening and switch
      closing operations.
PAR  While in the rocker switches just described, the contact closing positions
      are effected by the raising of the follower portions 16a--16a of the
      combination plunger and actuator member 16, obviously the contact
      arrangement can be reversed so contacts are open rather than closed by a
      tilting and raising of the follower portions 16a--16a of the combination
      plunger and actuator member 16.
PAR  The manner in which the rocker switch shown in FIGS. 1--9 is assembled is
      shown by the exploded view in FIG. 10 where the various parts and
      sub-assemblies are shown in their positions ready to be dropped in
      sequence upon the mounting base section 4a of the housing. A sub-assembly
      46 is formed made of the intermediate terminal member 8, the snap action
      spring member 18 and the combination plunger and actuator member 16 which
      are dropped into place as a unit upon the mounting base section where the
      terminal blade-forming portion 8a of the terminal member 8 projects
      downwardly beyond the mounting base section. Next, the terminal blade
      forming portions 9b and 10b of the terminal members 9 and 10 are
      respectively passed downwardly through openings 48 and 49 formed in the
      mounting base 4a, the downward movement of the terminal members being
      halted by the contact of shoulders like 9c--9c' and 10c--10c' upon the
      upper surface of the mounting base. Next, the open ended box-like body 4b
      is dropped into place over the mounting base 4a, the housing body snapping
      into a locked position over a pair of detents 50--50 extending upwardly
      from the mounting base 4a and resiliently engaging the defining walls of
      corresponding apertures 52--52 (FIG. 4) in the end walls 54--54 of the
      housing body. When the housing body 4d is in place, retaining walls 57--57
      forming an integral extension of the housing body end walls 54--54 overlie
      the contact-forming ears 9a and 10a of the terminal members 9 and 10 to
      retain the same in place upon the mounting base 4a.
PAR  Either before or after the placement of the housing body 4b upon the
      mounting base 4a, the coil spring 24 is positioned within the
      plunger-forming portion 16c of the combination plunger and actuator member
      16. The last step in assembly, except possibly for staking of the terminal
      8 as previously described, is the insertion of the handle member 6 into
      the opening 7 in the top of the housing section 4b in a manner where the
      sleeve 6d thereof passes over the plunger-forming portion 16c of the
      combination plunger and actuator member 16, the handle member snapping
      into a locked position when the pivot-forming projections 6c--6c thereof
      snap into the openings 23--23 in the housing body 4b. The design of the
      rocker switch just described is thus one which can be readily assembled on
      a mass production basis by automatic assembly equipment.
PAR  The mounting base 4a has a pair of locking arms 60--60 at each end thereof
      which, in a well known manner, are adapted to enter a mounting opening in
      a mounting panel to retain the rocker switch in place. The arms 60--60
      extend from a point contiguous to the mounting base 4a to a point just
      behind the bezel 9 of the housing body 4b, where serrated end portions 60a
      thereof will frictionally engage areas of the mounting panel contiguous to
      the mounting opening to retain the rocker switch in place, as is
      conventional with mounting arms of the same design heretofore used for
      mounting switches and other electrical devices in mounting panel openings.
PAR  The present invention has thus provided an exceedingly easy to assembly,
      inexpensive rocker switch construction which operates reliably with loose
      tolerances, and which has great flexibility of adaptation to different
      rocker switch modes of operation by merely changing the shape of motion
      imparting grooves.
PAR  It should be understood that numerous modifications made be made in the
      most preferred forms of the invention illustrated without deviating from
      the broader aspects thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a switch including a handle member pivotable about a given axis, a
      movable contact carrying spring member having longitudinally spaced spring
      portions each of which individually snap into two different configurations
      when pulled toward or pushed away from said handle member, and a
      stationary contact to be engaged by the movable contact on said member,
      the improvement in operating means for interconnecting said handle member
      and said movable contact carrying member, said operating means comprising:
      an actuator member which is resiliently floatingly mounted on said handle
      member for movement toward and away from said handle member and which
      rocks with the pivoting of said handle member, stationary fulcrum-forming
      means against which a follower portion of said actuator member is
      resiliently urged, the shape of one of said fulcrum-forming means and
      follower portion being such that the distance of the outer end portion of
      said actuator member from said handle member varies as the handle member
      is moved between a first and a second position thereof, and said actuator
      member having member pulling and pushing portions on the outer end portion
      thereof which engage said spring member for moving the same between
      positions where said movable and stationary contacts are respectively in
      and out of engagement as the handle member is moved between said first and
      second positions thereof, said longitudinally spaced spring portions
      extending longitudinally on opposite sides of said pulling and pushing
      portions of said actuator member, said spring member being engagable on
      the sides facing both toward and away from said handle member by said
      pulling and pushing portions of the actuator member, said actuator member
      when tilted in one direction by said handle member causing the pulling and
      pushing portions thereof respectively to pull one of said spring portions
      into a position where it snaps into a configuration extending toward said
      handle member and push the other spring portion into a position where it
      assumes another configuration and when tilted in the opposite direction
      causing the pulling and pushing portions thereof to pull said other spring
      portion into a position where it snaps into a configuration extending
      toward said handle member and push said one spring portion into a position
      where it assumes another configuration, the return of the handle member to
      a centered position causing said pulling and pushing portions to push the
      previously deformed portion of the spring member into a position where it
      snaps into its previous configuration, and contacts at each end of said
      spring member respectively engagable with stationary contacts adjacent
      thereto in one of the configurations of the adjacent spring member
      portions.
NUM  2.
PAR  2. In a switch including a handle member pivotable about a given axis; a
      stationary contact; a snap-action spring member having longitudinally
      spaced spring portions at least one of which is snappable into two
      different configurations when pulled toward or pushed away from said
      handle member; and a movable contact on the end of the latter longitudinal
      portion of said spring member which in one of its configurations brings
      said movable contact into engagement with said stationary contact, the
      improvement in operating means interconnecting said pivotably mounted
      handle member and said spring member for moving said latter portion of
      said spring member into positions where it snaps into said different
      configurations, said operating means comprising: a spring pulling and
      pushing member resiliently floatingly mounted on said handle member for
      movement toward and away from said handle member and which rocks with the
      pivoting of said handle member; stationary fulcrum-forming means against
      which a follower portion of said spring pulling and pushing member is
      resiliently urged, the shape of one of said fulcrum-forming means and
      follower portion being such that the distance of the outer end portion of
      said spring pulling and pushing member from said handle member varies as
      the handle member is moved between a first and a second position thereof;
      said spring pulling and pushing member having spaced confronting spring
      engaging pulling and pushing portions facing opposite sides of said spring
      member facing both toward and away from said handle member; said
      longitudinally spaced spring portions extending longitudinally on opposite
      sides of said pulling and pushing portions of said spring pulling and
      pushing member; said spring pulling and pushing member when tilted in one
      direction by said handle member causing the pulling portion thereof to
      pull said latter longitudinal spring portion into a position where it
      snaps into a configuration extending toward said handle member and when
      returned to its initial position causes said pushing portion of the spring
      pulling and pushing member to return said latter longitudinal portion of
      the spring member to its original configuration.
NUM  3.
PAR  3. The switch of claim 1 wherein said spring member has a continuous
      peripheral portion including said longitudinally spaced portions thereof
      surrounding an opening, a pair of aligned tongues extending into said
      opening from opposite ends of said peripheral portion of said spring
      member, and anchoring means for anchoring the inner ends of said tongues
      so the peripheral portions of the spring member on opposite sides of the
      tongues can respectively assume independently of each other with a
      snap-action two different configurations when pulled toward or pushed away
      from said handle member.
NUM  4.
PAR  4. The switch of claim 1 wherein said stationary fulcrum-forming means
      comprises a pair of laterally spaced stationary wall means having
      indentically spaced and positioned grooves facing in the direction of said
      handle member and into which aligned projecting portions of said actuator
      member ride.
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PAL  A pressure sensing means having a housing provided with a chamber therein.
      A double wall fluid operated device is disposed in the chamber of the
      housing and is carried by the same, the walls of the device defining a
      chamber therebetween that is interconnected to the exterior of the housing
      by a passage. A charge of pressure fluid is sealed in the chamber of the
      housing to initially hold the walls of the device in flat abutting
      relation in a manner to prevent an adverse permanent set thereof.
      Subsequently, the chamber of the double wall fluid operated device is
      interconnected to the pressurized chamber of a container means for a
      vehicular air bag safety system whereby the pressure sensing means can
      subsequently detect loss or gain of pressure differential across at least
      one of the walls of the double wall operated device for detection purposes
      or the like.
PAR  This is a continuation of application Ser. No. 321,648, filed Jan. 8, 1973,
      now abandoned.
BSUM
PAR  This invention relates to an improved pressure sensing device and to a
      method for making such a pressure sensing device as well as to a
      pressurized container means and method for making the same.
PAR  It is well known that a vehicular air bag safety system has now been
      provided wherein an inflatable bag is normally disposed in a flat, out of
      the way condition and is adapted to be almost instantaneously inflated by
      fluid pressure upon an impact of a vehicle with a harm producing object so
      as to protect one or more individuals in the vehicle being engaged by the
      thus inflated bag. In order to inflate such safety air bag, a container
      means must be provided for the storing of such inflating fluid under
      pressure and in order for the system to function properly, the pressure in
      such container means must not increase or decrease beyond a predetermined
      amount when that container means is at a certain temperature.
PAR  For example, such fluid storage container means can each be charged with an
      inert gas, such as argon, helium, and the like, or a mixture of the same,
      to approximately 2400 psi at room temperature and such container means
      must be adapted to maintain the stored gas pressure so that the same does
      not drop by more than approximately 200 psi or does not gain more than
      approximately 200 psi when at that same room temperature. Of course, such
      limits, as well as others hereinafter set forth, are by way of example
      only and are not intended in any manner to place restrictions on the scope
      of the claimed invention.
PAR  It is feature of applicant's concurrently filed patent application, Ser.
      No. 322,071, filed Jan. 8, 1973, now U.S. Pat. No. 3,818,764 and entitled
      PRESSURE SENSING MEANS AND METHOD FOR A PRESSURIZED CONTAINER MEANS AND
      SYSTEM UTILIZING THE SAME, to provide a means for detecting any adverse
      loss or gain in the pressure in such pressurized container means caused by
      means other than temperature change, such as pressure changes that are
      caused by a leak in the container means or other damage of the container
      means.
PAR  In particular, one embodiment of the invention of the aforementioned
      pending patent application comprises a fluid operated sensing means
      carried by the container means in such a manner that the sensing means is
      substantially surrounded by a reference pressure of the fluid of the
      container means so as to be temperature compensated thereby whereby any
      pressure changes of the fluid in the container means caused by temperature
      changes thereof are ineffective to cause a sensing thereof by the sensing
      means as the fluid of the sensing means is always at the same temperature
      as the fluid in the container means. Such sensing means comprises a fluid
      operated means having a movable wall inside the container means with that
      movable wall being changed by the pressure differential acting across the
      same and operating an electrical switch of a signal means to indicate when
      the pressure in the container means has changed from the desired value
      thereof to an undesired value thereof by means other than temperature
      change thereof.
PAR  Thus, under extreme temperature variation conditions of the storage area
      for the fluid storage container for the vehicle air bag safety system,
      even though the same is inside the passenger compartment, the temperature
      of the fluid in the container means can reach approximately 220.degree. F
      or minus 20.degree. F and under these abient temperature conditions, the
      pressure within the container means can build to 3400 psi or go as low as
      1700 psi at the extreme temperature conditions thereof even though the
      same is approximately 2400 psi at room temperature. However, the sensing
      device of the aforementioned copending application is temperature
      compensated by the fluid of the container itself, so that the temperature
      of the fluid operated sensing device is the same as the temperature of the
      fluid in the container means. Thus, such pressure changes caused by
      extreme temperature conditions will not cause a false indication that the
      pressure within the container means has been adversely affected by means
      other than temperature.
PAR  The aforementioned copending patent application teaches that the fluid in
      the sensing means must initially be at the same pressure level as the
      pressure level of the fluid initially charged into the main container
      means and, such copending patent application states that the sensing means
      and the container means can be simultaneously charged with the same fluid
      and to the same pressure level.
PAR  However, it has been found according to the teachings of this invention
      that it may be desirable to charge the sensing means with the its fluid
      remote from the main container means so that such percharged sensing means
      can thereafter be assembled inside the container means for the previously
      mentioned temperature compensating purposes with the container means
      subsequently being charged with its fluid independently of the precharging
      of the sensing means and still have the sensing means perform its function
      of thereafter detecting any loss in the pressure in the main container
      means caused by a leak of fluid from the main container means or other
      damage thereof as will be apparent hereinafter.
PAR  Accordingly, it is a feature of this invention to provide an improved
      pressure sensing means that can be precharged with its pressure fluid and
      which will not be adversely affected thereby, such as by being given an
      adverse permanent set by such percharging thereof, so that the same can
      thereafter be utilized with a pressurized container means to sense
      pressure changes therein.
PAR  In particular, one embodiment of this invention provides a sensing means
      having a housing means provided with a chamber therein. A double wall
      fluid operated device is disposed in the chamber of the housing means and
      is carried by the same, the walls of the device defining a chamber
      therebetween that is interconnected to the exterior of the housing means
      by a passage means. A charge of pressure fluid is sealed in the chamber of
      the housing means and since the chamber of the double wall fluid operated
      device in an atmospheric condition, the pressure of the fluid in the
      chamber of the housing means holds the walls of the device in a collapsed
      abutting condition. Since both walls are moved toward each other by the
      surrounding fluid pressure in the chamber of the housing means so as to be
      held in intimate contact against each other, no adverse permanent set is
      provided on the walls of the fluid operated device even though the
      percharged sensing means is stored for a relatively long period of time.
      Such sensing means can thereafter be assembled inside the container means
      of a vehicular air bag safety system and the container means can be
      subsequently charged with pressure fluid to the desired level thereof
      which, according to the teachings of this invention, is to substantially
      the same pressure level as the pressure level of the precharged fluid that
      is sealed in the chamber of the housing means of the sensing means whereby
      the chamber inside the fluid operated device is now interconnected to the
      fluid pressure in the main container means and will cause the movable
      walls thereof to expand outwardly to a certain position because of the
      resulting pressure differential now acting across such walls.
PAR  When the pressure differential across the walls of the sensing means is at
      an acceptable level, one of the walls of the fluid operating device can be
      utilized to make contact with a contact means so as to continuously
      indicate that the pressure level within the main container means is at an
      acceptable level. However, should the pressure differential acting across
      such wall of the fluid operated device increase because of a loss of fluid
      pressure in the main container means, such as through a leak thereof or
      the like, such movable wall will move away from the contact means by such
      resulting increase in pressure differential across the same and thereby
      interrupt an electrical circuit so that an indicator or alarm will be
      activated to provide means for indicating that the pressure level within
      the main container means has fallen below an acceptable level for safe
      operation of the vehicular air bag safety system.
PAR  Therefore, it is an object of this invention to provide an improved
      pressure sensing means having one or more of the novel features of this
      invention as set forth above or hereinafter shown in described.
PAR  Another object of this invention is to provide a method for making such a
      fluid operated pressure sensing means.
PAR  Another object of this invention is to provide an improved pressurized
      container means for a vehicular air bag safety system and the like.
PAR  Another object of this invention is to provide a method for making such a
      pressurized container means or the like.
PAR  Other objects, uses and advantages of this invention are apparent from the
      reading of this description which proceeds with reference to the
      accompanying drawings showing a part thereof and wherein:
DRWD
PAR  FIG. 1 is a schematic view illustrating the vehicular air bag safety system
      of this invention.
PAR  FIG. 2 is a side view of the improved fluid operated pressure sensing means
      of this invention.
PAR  FIG. 3 is an enlarged, cross-sectional view taken substantially on line
      3--3 of FIG. 2, FIG. 3 illustrating the fluid operated pressure sensing
      means before the same has been charged with its fluid.
PAR  FIG. 4 is a view similar to FIG. 3 and illustrates the fluid operated
      pressure sensing means after the same has been precharged with its fluid.
PAR  FIG. 5 is a view similar to FIG. 4 and illustrates the fluid operated
      pressure sensing means of this invention after the same has been disposed
      within a main container means that has also been subsequently charged with
      its pressure fluid.
PAR  FIG. 6 is a fragmentary schematic view illustrating how the pressure
      sensing means of this invention can be mounted within the main container
      means and can be utilized to indicate loss of pressure therein.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adaptable for providing pressure sensing
      means for the pressurized container means of a vehicular air bag safety
      means, it is to be understood that the various features of this invention
      can be utilized singularly or in any combination thereof to provide fluid
      operated sensing means for other devices as desired.
PAR  Therefore, this invention is not to be limited to only the embodiment
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of the uses of this invention.
PAR  Referring now to FIG. 1, a vehicular air bag safety system is generally
      indicated by the reference numeral 20 and comprises an air bag structure
      21 adapted to be normally stored in a collapsed out of the way condition
      but being adapted to be substantially instantaneously inflated as
      schematically illustrated in FIG. 1 by being fluidly interconnected to a
      pressurized container means 22 by suitable means 23 that is actuated by an
      impact of the vehicle against a harm producing object in a manner well
      known in the art whereby the details of the same need not be further
      described in order to understand the features of this invention.
PAR  The system 20 of this invention includes a signal producing device 24, such
      as an alarm, lamp, or other indicator which will be activated by the
      pressure sensing means of this invention in a manner later to be described
      when the pressure sensing means detects an adverse change in the pressure
      of the fluid in the storage container means 22.
PAR  As illustrated in FIGS. 2 and 3, the pressure sensing means of this
      invention is generally indicated by the reference numeral 25 and comprises
      a housing means 26 that can be formed from a pair of parts 27 and 28
      assembled together to provide a chamber 29 therebetween and within the
      housing means 26. While the housing part 28 is illustrated as being formed
      of electrically insulating material, it is to be understood that the same
      could be formed of electrically conductive material if desired as will be
      apparent hereinafter.
PAR  A double wall fluid operated device that is generally indicated by the
      reference numeral 30 is disposed within the chamber 29 of the housing
      means 26 and is carried by the same, the device 30 comprising a pair of
      annular cup-shaped diaphragm walls 31 and 32 respectively being secured
      together at their outer peripheries 33 and 34 in a manner well known in
      the art and being adapted to define a chamber 36 therebetween.
PAR  The walls 31 and 32 are respectively corrugated by a plurality of annular
      flutes 35 which are adapted to intimately and readily nest within one
      another in the manner illustrated in FIG. 4 for a purpose hereinafter
      described.
PAR  The wall 32 of the device 30 has its central portion 76 secured to a
      tubular member 37 sealed through an opening 38 in the housing part 28
      whereby the tubular member 37 carries the double wall device 30 and since
      the tubular member 37 is secured to the housing means 28 and has an
      enlarged annular part 39 disposed within the chamber 29 so that the same
      cannot pass through the opening 38 in the housing part 28, the tubular
      part 37 secures the device 30 to the housing means 26 within the chamber
      29 thereof. The tubular member 37 has a passage 40 passing longitudinally
      therethrough and being aligned with an opening 41 formed through the
      central part 76 of the wall 32 so that the passage 40 is in fluid
      communication with the chamber 36 of the device 30 and, thus, fluidly
      interconnects the chamber 36 of the device 30 to the exterior of the
      housing means 26 for a purpose hereinafter described.
PAR  The other wall 31 of the device 30 has its central portion 42 formed in a
      cup shape to provide a flat circular part 43 extending completely beyond
      the flutes 35 of the wall 31 so as to be adapted to abut against a flat
      end 44 of a terminal rod 45 having its upper end 46 projecting into the
      chamber 29 of the sensing means 25 in the manner illustrated in FIG. 5 for
      the purpose hererinafter described.
PAR  The terminal rod 45 is secured to the housing part 27 while being
      electrically insulated therefrom by an electrically insulating sleeve 47
      so that the upper end 46 of the rod 45 projects into the chamber 29 and
      the lower end 48 thereof projects out of the housing means 26 for lead
      attachment purposes as will be apparent hereinafter.
PAR  The terminal rod 45 is assembled to the housing means 26 in such a manner
      that the upper surface 44 of the upper end 46 of the rod 45 is slightly
      spaced from the surface 43 of the wall 31 of the device 30 when the
      chamber 29 of the housing means 26 and the chamber 36 of the device 30 are
      at atmospheric conditions as illustrated in FIG. 3 for a purpose
      hereinafter described.
PAR  The housing part 28 carries a fill tube 49 that has its passage means 50 in
      fluid communication with the chamber 29 of the housing means 26.
PAR  After the pressure sensing means has been assembled in the manner
      illustrated in FIG. 3, the chamber 29 thereof is adapted to be precharged
      with pressure fluid and to a pressure level that is substantially the same
      as the desired pressure level that is to be maintained in the main
      container means 22 of the air bag safety system 20. It is preferred that
      the fluid being charged into the chamber 29 of the sensing means 25
      through the fill tube 49 be of the same type of fluid that is to be
      utilized in the main container means 22. In any event, after the chamber
      29 has been charged to the predetermined pressure level thereof, the fill
      tube 49 is sealed closed by any suitable means, such as by the welding 51
      illustrated in FIG. 4 whereby the charge of pressure fluid within the
      chamber 29 is completely sealed from the exterior of the housing means 26.
PAR  Since the chamber 29 of the device 30 is at atmospheric condition, it can
      be seen that as the pressure fluid is being charged into the chamber 29,
      the resulting pressure differential acting across the walls 31 and 32 of
      the device 30 causes the walls 31 and 32 to collapse toward each other as
      illustrated in FIG. 4 and have the flutes 35 thereof intimately fit within
      each other so that both walls 31 and 32 are pushing toward each other with
      the same force. Thus, neither wall 31 or 32 is overstressed by the charged
      pressure fluid within the chamber 29 and therefore will not take any
      adverse permanent set from the fluid pressure charge in the chamber 29
      even though the charged device 25 may remain in a stored and precharged
      condition for a relatively long period of time before the same is utilized
      with the container means 22 for the air bag safety system 20.
PAR  The precharged sensing means 25 of this invention is adapted to be disposed
      within the main chamber 52 of the container means 22 in the manner
      illustrated in FIG. 6 and can be supported therein by suitable bracket
      means 53. The terminal rod 45 of the device 25 could be electrically
      interconnected by a lead 54 to a terminal 55 that projects out of the
      container means 22 and is electrically insulated therefrom by an
      electrically insulating plug 56 which also carries another terminal 57 in
      electrically spaced relation to the terminal 55. The terminal 55 is
      adapted to be interconnected by a lead 58 to one side 59 of the indicating
      device 24 while the other side 60 thereof is adapted to be interconnected
      by a lead 61 to one side 62 of an electrical power source 63, such as the
      automobile battery that is illustrated. The other side 64 of the
      electrical power source 63 is adapted to be interconnected by the lead 65
      to the terminal 57. The terminal 57, in turn, is adapted to be
      interconnected by the lead 66 to the tubular member 37 of the sensing
      device 30 whereby the side 64 of the power source 63 is, in effect,
      electrically interconnected to the wall 31 of the device 30 while the
      terminal rod 45 is electrically interconnected to the other side 62 of the
      power source 63.
PAR  The indicator 24 is so constructed and arranged that the same indicates
      that the system is safe as long as an electrical current passes
      therethrough so that when the electrical current passing through the
      indicator 24 is broken, the same indicates that an unsafe condition exists
      such as by flashing a light, sounding an alarm, etc.
PAR  After the precharged device 25 of this invention is assembled in the
      chamber 52 of the container means 22 in the manner illustrated in FIG. 6,
      the chamber 52 of the container means 22 can be charged with its
      pressurized fluid through a filling tube 67, FIG. 6, to the predetermined
      pressure level thereof. When the pressure level within the chamber 52
      reaches substantially the same pressure level as within the chamber 29 of
      the sensing device 30 of the sensing means 25, the chamber 36 of the
      device 30 within the chamber 29 of the housing means 26 is now receiving
      pressure fluid that is in the chamber 52 of the container means 22 and has
      caused the pressure differential across the walls 31 and 32 of the device
      30 to decrease so that when the chamber 52 is charged to a pressure level
      only slightly above the pressure level in the chamber 29 of the sensing
      device 25, the movable wall 31 is moved by the pressure differential
      across the same in such a manner that the flat part 43 thereof makes
      electrical contact with the end surface 44 of the terminal rod 45 in the
      manner illustrated in FIG. 5 to thereby effectively complete the
      electrical circuit through the indicator 24. Thus, the indicator 24 will
      indicate that the container means 22 is charged to the proper pressure
      level and that as long as the pressure in the chamber 52 of the container
      means 22 remains at such pressure level and does not fall below the same
      by approximately 200  psi or other pre-selected amount, the indicator 24
      will have the electrical circuit completed therethrough by the sensing
      means 25 in a manner illustrated in FIG. 5. Thus, the fill tube 67 can be
      sealed closed by the sealing means 68 illustrated in FIG. 6 and the
      container means 22 can now be utilized in the vehicular air bag safety
      system 20 of FIG. 1.
PAR  When the charged container means 22 is utilized in the vehicular air bag
      safety system 20 as illustrated in FIG. 1, the indicator 24 will
      continuously indicate that the pressure level within the container means
      22 is at the proper pressure level for safe operation of the air bag 21.
PAR  However, should the pressure within the chamber 52 of the container means
      22 fall approximately 200 psi below the initial charge value thereof, the
      resulting pressure differential acting across the wall 31 of the device 30
      of the sensing means 25 will cause the wall 31 to have the central part 43
      thereof move away from the end 44 of the terminal rod 45 and thereby break
      the electrical circuit therebetween and, thus, break the electrical
      circuit through the indicator 24 so that the indicator 24 will provide its
      warning function to the operator of the vehicle that the container means
      22 for the air bag safety means 20 is in a damaged condition so that the
      same will not operate the air bag 21 in the proper manner and must be
      immediately checked.
PAR  If desired, the terminal 57 can be eliminated and the side 64 of the power
      source could be connected to ground while the housing part 28 of the
      sensing means 25 could be formed of conductive material and be effectively
      interconnected to ground through the bracket 53 and container means 22.
      Thus, in order for an electrical circuit to be completed through the
      indicator 24, the wall 31 of the device 30 must make contact with the
      terminal rod 45.
PAR  Therefore, it can be seen that this invention provides an improved fluid
      operated pressure sensing means that can have the fluid thereof precharged
      therein and such precharging of the pressure fluid therein will not cause
      the movable wall means thereof to take an adverse permanent set, the
      pressure sensing means of this invention being adapted to be disposed
      within a main container means that is to be subsequently pressurized so
      that the same will be temperature compensated by the fluid pressure within
      the main container means for the reasons fully set forth in the
      aforementioned copending patent application.
PAR  It can also be seen that this invention provides a method for making such a
      fluid operated sensing means as well as an improved pressurized container
      means and method of making the same.
PAR  While the form and method of the invention now preferred have been
      disclosed and described as required by Patent Statutes, it is to be
      understood that other forms and methods can be utilized and still come
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a container means having a pressurized fluid therein,
      and fluid operated sensing means carried by said container means for
      sensing pressure changes within said container means, said sensing means
      and said container means being so constructed and arranged that said
      sensing means is temperature compensated by being disposed within said
      container means to be substantially surrounded by a reference pressure of
      said fluid of said container means so that pressure changes of said fluid
      in said container means caused by temperature changes thereof are
      ineffective to cause sensing thereof by said sensing means as the fluid of
      said sensing means is at the same temperature as said fluid in said
      container means, said fluid operated sensing means and said container
      means having been initially charged with their respective pressurized
      fluids to substantially the same pressure levels, said sensing means
      comprising a housing means secured in said container and having a chamber
      therein, a double wall fluid operated device disposed in said chamber of
      said housing means and being carried by the same, said walls of said
      device defining a chamber therebetween, said device having passage means
      interconnecting said chamber of said device to the exterior of said
      housing means so as to be in fluid communication with said fluid in said
      container means, and a charge of pressure fluid sealed in said chamber of
      said housing means to provide said pressurized fluid of said sensing
      means, said charge of fluid in said chamber of said housing means being
      adapted to hold said walls of said device in intimate contact with each
      other throughout the entire effective surface areas thereof so that the
      same will not take a permanent set when the chamber therebetween is at
      atmospheric conditions.
NUM  2.
PAR  2. A combination as set forth in claim 1 wherein a contact means is carried
      by said housing means and is disposed within said chamber of said housing
      means, said device and said contact means being so constructed and
      arranged that one of said walls makes contact with said contact means as
      long as the pressure value of the fluid in said chamber of said device is
      substantially the same as the pressure value of the fluid sealed in said
      chamber of said housing means.
NUM  3.
PAR  3. A combination as set forth in claim 2 wherein said contact means
      comprises a terminal rod insulated from said housing means and having one
      end thereof disposed in said chamber to be contacted by said one wall of
      said device and having the other end thereof projecting out of said
      housing means for exterior lead attachment thereto.
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ABST
PAL  Apparatus for use with a sump pump that includes a submersible switch
      assembly for starting and stopping the pump automatically for removal of
      water from the sump. The submersible switch assembly includes a pivotally
      mounted float which contains a microswitch for starting and stopping
      operation of the pump according to the level of water in the sump. The
      float contains a raceway in which a gravity actuated roller element is
      located, and the trip arm of the microswitch extends into the raceway and
      is activated by movement of the roller element. The construction and
      arrangement of the trip arm and the raceway eliminates any likelihood that
      undesired hunting of the switch assembly will occur.
BSUM
PAC  BACKGROUND OF THE INVENTION.
PAR  The present invention relates to submersible switch assemblies for
      actuating sump pumps or similar pumps which are used to remove accumulated
      liquid from a sump or other chamber whenever the liquid reaches a
      preselected level.
PAR  It is known in the art to provide float-actuated switches for starting and
      stopping pumps used for removal of the liquid in tanks in which the floats
      are located. Generally, these float-actuated switches are responsive to
      movement to cause a ball or a globule of mercury to close or open contacts
      of the switch for starting and stopping the pump. Float-actuated switches
      of the type found in the prior art are not fully adequate to meet the
      needs of the plumbing industry for use with sump pumps either from cost or
      performance considerations. In particular, the prior art fails to provide
      a submersible switch assembly which has a simple, low-cost construction
      that produces positive switching action without undesirable faults, such
      as hunting of the switch, and the like.
PAC  SUMMARY OF THE INVENTION.
PAR  The present invention has overcome the inadequacies of the prior art and
      provides a molded plastic float that is mounted for pivotal movement in
      response to the change of the level of water in a sump. The float includes
      a raceway of unique configuration in which a roller element can move in
      response to gravity. A microswitch is supported in the float adjacent to
      the raceway so that its trip arm can extend to a selected position in the
      raceway for actuation by the roller element. The trip arm has a
      configuration to conform with the unique configuration of the raceway, and
      the construction and arrangement of the trip arm and the raceway are such
      that only positive opening and closing of the microswitch can occur.
PAR  According to a preferred form of the present invention, a submersible
      switch assembly is provided which has a mounting bracket, and a
      hermatically sealed float pivotally mounted on the bracket for pivotal
      movement between an upper and a lower position. The float contains an
      electrical switch with a trip arm for closing and opening the switch. A
      raceway is within the float and extends generally in a radial direction
      relative to the axis of pivotal movement of the float and is located
      adjacent to the electrical switch so that the trip arm of the switch can
      extend into the raceway. The raceway has an intermediate portion and
      radially inner and outer end portions. The radially inner and outer end
      portions have positive slopes toward the intermediate portion at all times
      during pivotal movement of the float except when the float is pivoted
      essentially to its upper or lower positions, the radially inner end
      portion having a negative slope toward the intermediate portion only when
      the float is pivoted essentially to its lowermost position and the
      radially outer end portion having a negative slope toward the intermediate
      portion only when the float is pivoted essentially to its uppermost
      position. A roller element is located in the raceway and is movable in
      response to gravity the length of the raceway. The roller element is
      operable when the float is pivoted to its lower position to roll from the
      radially inner end of the raceway over the intermediate portion to the
      radially outer end and operable when the float is pivoted to its upper
      position to roll from the radially outer end over the intermediate portion
      to the radially inner end. The trip arm extends into the raceway so as to
      be actuated by the roller element during traverse of the raceway.
PAR  Preferably, the slopes of the radially inner and outer portions have an
      included angle of approximately 90.degree. relative to one another so that
      the intermediate portion forms, in effect, an overcenter position, whereby
      when the roller element is caused to start rolling from one end to the
      other, it passes the overcenter position and it cannot then return thereby
      avoiding any likelihood of hunting of the switch assembly.
PAR  Thus, it is an object of the present invention to provide an improved
      submersible switch assembly which is characterized by its relative low
      cost and its desirable performance characteristics.
PAR  Other objects of this invention will appear in the following description
      and apppended claims, reference being had to the accompanying drawings
      forming a part of this specification wherein like reference characters
      designate corresponding parts in the several views.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS.
PAR  FIG. 1 is an elevational view of a sump and sump pump, and showing a
      submersible switch assembly embodying the present invention associated
      therewith;
PAR  FIG. 2 is an enlarged end elevational view of the submersible switch
      assembly;
PAR  FIG. 3 is a top plan view of the submersible switch assembly showing in
      section portions of the mounting bracket; and
PAR  FIG. 4 is a fragmentary side elevational view showing in solid lines the
      float with its cover removed to illustrate the interior thereof, and
      showing in phantom lines the upper and lower positions of pivotal movement
      of the float of the switch assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT.
PAR  Before explaining the present invention in detail, it is to be understood
      that the invention is not limited in its application to the details of
      construction and arrangement of parts illustrated in the accompanying
      drawings, since the invention is capable of other embodiments and of being
      practiced or carried out in various ways. Also, it is to be understood
      that the phraseology or terminology employed herein is for the purpose of
      description and not of limitation.
PAR  Referring now to the drawings, the invention will be described in greater
      detail. As shown best in FIG. 1, the submersible switch assembly 10 is
      mounted on a conduit 12 which extends into the sump 14 and is connected to
      the suction side of the sump pump 16. The latter has its discharge side
      connected to the conduit 18 for discharging water removed from the sump
      14. The sump pump 16 has an electrical motor 20 whose operation is
      controlled by the submersible switch assembly 10 through the electrical
      conductor 22.
PAR  The submersible switch assembly 10 includes the mounting bracket 24 which
      is fastened to the conduit 12 by the screws 26. The mounting bracket 24
      includes the shaft portion 28 on which the float 30 is pivotally mounted.
      The float is retained on the shaft 28 by means of the locking pin 32 which
      includes resilient legs 34 which will snap over the internal shoulder of
      the shaft 28 to lock the float on the shaft while allowing pivotal
      movement relative thereto.
PAR   The float 30 has a hollow interior in which is mounted the microswitch 36
      and in which is formed the raceway 38. As can be seen in FIG. 4, the
      microswitch 36 is electrically connected to the conductor 22 through an
      electrical fitting 40 that is impervious to water. The microswitch 36 has
      a trip arm 42 which extends through the slot 44 in the raceway 38.
PAR  The raceway 38 extends generally in a radial direction relative to the axis
      of pivotal movement of the float 30 and has an intermediate portion 46, a
      radially inner portion 48, and a radially outer portion 50. The radially
      inner and outer portions 48 and 50 have positive slopes with respect to
      the intermediate portion 46 during all movements of the float 30, except
      when the float 30 is at its lower position shown at 52 or when in its
      upper position shown at 54. When in the lower position shown at FIG. 2,
      the inner portion 48 will have a negative slope toward the intermediate
      portion 46, and when in its upper position the radially outer portion will
      have a negative slope toward the intermediate portion 46. Thus, the
      intermediate portion 46 will serve as an "overcenter" portion of the
      raceway to prevent return movement of a roller element once it has been
      discharged from either extreme end of the raceway by movement of the 30
      either to its upper or lower extremity of movement.
PAR  Located within the raceway 38 is the ball or roller element 56 which is
      adapted to traverse the length of the raceway 38 in response to gravity
      when the float 30 has reached either its upper or its lower position. Thus
      when the roller element 56 is in the position shown at the lower position
      52 of float 30, it will remain in the radially outer position, as shown,
      when the float 30 is caused to rise in the direction of arrow 58, and it
      will not move until the float 30 has essentially reached the upper
      position 54. The slope of the outer portion 50 has now become negative,
      and the roller element 56 will traverse the raceway to the radially inner
      position. When traversing the raceway, the roller element 56 will engage
      the terminal end of trip arm 42 to actuate the switch, closing the circuit
      to energize pump 16. When the pump has lowered the level of water in sump
      14 so that the float reaches its lower position 52, the roller element
      will roll down radially inner portion 48, which has now assumed a negative
      slope, and will pass over intemediate portion 46 and return to the outer
      end of raceway 38 to the position of float 30 shown at 52. When the roller
      element 56 reaches the point of no return, the trip arm 42 will snap
      upward, giving the roller element a small, but helpful push to the outer
      end of raceway 38.
PAR  Thus, the switch assembly 10 provides a construction and arrangement which
      overcomes hunting problems, and it is also possible by suitable selection
      of the length of the arm of the float and the angle of the raceway to vary
      the levels between which the pump will be switch "on" and "off." For
      example, in a conventional domestic sump pump drainage system, it is
      common practice to use a differential of seven to nine inches; whereas, in
      an industrial application, a differential of 20 to 24 inches might be
      desirable. Whatever differential is desired can be obtained merely by the
      selection of a float arm 60 of a suitable length.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A submersible switch assembly for starting and stopping a pump that is
      operable to remove liquid intermittently upon demand from a chamber
      comprising a mounting bracket, a hermetically sealed float pivotally
      mounted on said bracket for pivotal movement between an upper and a lower
      position, said float containing an electrical switch with a trip arm for
      closing and opening the switch, a raceway extending generally in a radial
      direction relative to the axis of pivotal movement of the float and
      located adjacent to said electrical switch and into which said trip arm
      extends, said raceway having an intermediate portion and radially inner
      and outer end portions, said radially inner and outer end portions having
      positive slopes toward said intermediate portion at all times during
      pivotal movement of said float except when said float is pivoted
      essentially to its upper or lower positions, the radially inner end
      portion having a negative slope toward the intermediate portion only when
      said float is pivoted essentially to its lowermost position and the
      radially outer end portion having a negative slope toward the intermediate
      portion only when said float is pivoted essentially to its uppermost
      position, and a roller element movable in response to gravity the length
      of said raceway, said roller element being operable when said float is
      pivoted to its lower position to roll from the radially inner end of said
      raceway over said intermediate portion to the radially outer end and
      operable when said float is pivoted to its upper position to roll from
      said radially outer end over said intermediate portion to said radially
      inner end, said trip arm extending into said raceway so as to be actuated
      by said roller element during traverse of said raceway, said trip arm
      entering said raceway at a location adjacent to the inner end of the
      radially inner end portion and extending to a location adjacent to said
      intermediate portion so that maximum mechanical advantage for closing said
      switch occurs when the roller element passes radially inwardly over the
      extended end of the trip arm.
NUM  2.
PAR  2. The submersible switch assembly that is defined in claim 1, wherein the
      slopes of said radially inner and outer portions have an included angle of
      approximately ninety degrees relative to one another.
NUM  3.
PAR  3. The submersible switch assembly that is defined in claim 1, wherein the
      extended arm of said trip arm terminates at the intermediate portion at a
      point of no-return for said roller element in its traverse of said
      raceway.
NUM  4.
PAR  4. The submersible switch assembly that is defined in claim 3, wherein said
      raceway has a slot through which said trip arm extends, said slot
      extending to said intermediate portion, and the terminal end portion of
      said trip arm is inclined into said slot so that said roller element can
      roll onto said trip arm when moving from said outer end portion to said
      inner end portion.
NUM  5.
PAR  5. The submersible switch assembly that is defined in claim 4, wherein said
      trip arm projects above the rolling surface of said raceway in said inner
      end portion so that the trip arm is depressed whenever said roller element
      is inward of said intermediate portion.
NUM  6.
PAR  6. The submersible switch assembly that is defined in claim 1, wherein said
      switch is a microswitch.
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ABST
PAL  The invention concerns an overcurrent protection device which comprises
      contacts adapted to operate in dependence on the current. The set of
      contacts are arranged in a vacuum vessel, with one of the contacts guided
      movably via an actuator rod through an end wall of the vessel, while the
      other is secured to the opposite end. The moving rod cooperates with a
      latching device, which holds the contact in the open position. The
      latching device is designed so that it can be released when desired. If an
      overcurrent occurs, the contacts are separated by electrodynamic forces
      and are secured in the separated position by the latching device. After
      release of the latching device, the overcurrent protection device is again
      ready for use.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to overcurrent protection devices but more
      particularly to reuseable type devices employing contacts adopted to
      operate in dependence on the current.
PAC  BACKGROUND OF THE INVENTION
PAR  Overcurrent protection devices are used to protect electrical installations
      and delicate equipment against excessive currents. The more expensive,
      repeatable type devices employ monitoring equipment to detect when the
      current exceeds a prescribed threshold. This equipment is adapted to
      activate a switching mechanism which is in line with the conductor drawing
      the excessive current or alternately is adapted to cutout the voltage or
      current source supplying the load.
PAR  In addition to this relatively expensive manner it is also known to insert
      into the circuits to be protected, fuses whose fusible link is melted by
      the overcurrent until opened. In contrast to overcurrent protection
      switches, fuses can be used only once however.
PAR  Another known design for overcurrent protection devices is described in
      U.S. Pat. No. 3,613,039. Therein is described a vacuum switching vessel
      which comprises two electrodes which face each other at a distance and
      between which fusible links are disposed. An overcurrent causes these
      fusible links to evaporate, whereby a metal vapor arc is ignited between
      the electrodes. This arc is extinguished after a short time in a manner
      similar as in the known vacuum switching vessels. However, protective
      devices of this kind, too, can be used only once. It is therefore an
      object of this invention to provide an overcurrent protection device which
      can be used several times but is of simpler design and requires less space
      than the known overcurrent protection switches. It is another object of
      this invention to provide an overcurrent protection device which is fast
      responding and which can be automatically reset.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the purpose of this invention to provide an overcurrent
      protection device employing a set of contacts which open in response to an
      excessive current. The contacts are arranged, according to the invention,
      in a vacuum vessel, wherein the one contact is movably guided via an
      actuator rod, through one end wall of the vessel while the other is
      secured to the opposite end. The moving rod cooperates with a latching
      mechanism which holds the contact in the open position. A preferable
      mechanism for opening the contacts involves attaching the movable actuator
      rod to a helically wound conductor which contracts suddenly when an
      overcurrent flows through it. This causes the rod to move and the contacts
      to separate. The wound conductor can be arranged outside as well as inside
      the vessel. The advantage of this type actuating device is that it has an
      extremely quick response.
PAR  The latching mechanism includes a projection, secured to the actuator rod,
      which pushes through a resilient stop when the rod moves in response to an
      overcurrent condition. The projection is designed to restrain the return
      movement of the rod by "hanging up" on the stop which regains its original
      shape once the projection passes therethrough.
PAR  This stop can either consist of soft magnetic material or can have a soft
      magnetic extension which can be influenced by a magnet device for
      releasing the latching device. For instance, a magnet coil can be arranged
      at the outer circumference of the vacuum vessel, which acts on the soft
      magnetic stop or its soft magnetic extension and releases the movable
      contact. The overcurrent protection device is then returned to its
      original position.
PAR  In order to make the switching state of the overcurrent protection device
      easily visible, it is possible to provide the actuator rod of the movably
      guided contact with a magnetically responsive member which cooperates with
      a position-indicating element arranged outside the vacuum vessel. This has
      the advantage that the position indication is derived from the movable
      contact and the actual switch position is indicated independently of
      possible faults in the external drive parts of the vacuum vessel.
PAR  For use in multi-phase systems, several vacuum vessels can be mounted,
      depending on the number of phases, on a common carrier and provided with a
      common resetting device. In this manner an overcurrent protection device
      is created which requires no more space than a multi-pole set of fuses
      but, in contrast thereto, can be used several times and responds more
      quickly.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to the accompanying drawings for a better
      understanding of the nature and objects of this invention. The drawings
      illustrate the preferred modes presently contemplated for carrying out the
      objects of the invention and its principles, and are not to be construed
      as restrictions or limitations on the scope of the invention. In the
      drawings.
PAR  FIGS. 1 and 2 show an elevational, sectional view of one embodiment of an
      overcurrent protection device according to this invention.
PAR  FIGS. 3 and 4 show an elevational, sectional view of another embodiment of
      the overcurrent protection device according to this invention.
PAR  FIG. 5 is the embodiment of FIGS. 3 and 4 with the inclusion of another
      feature of this invention.
PAR  FIGS. 6 and 7 show in an elevational, sectional view and in a perspective
      view a three-pole overcurrent protection device according to this
      invention.
DETD
PAR  The overcurrent protection device 1 according to FIGS. 1 and 2 comprises a
      vacuum vessel 2, which may consist, for instance, of a cylinder of ceramic
      material, whose end faces are closed off by metal caps. However, the
      vacuum vessel 2 can also consist exclusively of ceramic material or glass.
      The vacuum vessel 2 contains a stationary contact 3 and a contact 5 which
      is arranged movably by means of resilient bellows 4. The actuator rod 7 of
      the movable contact 5, which protrudes through the upper end face 6 of the
      vacuum vessel 2 carries an inclined surface 8, rigidly secured thereto, by
      which two resilient tongues 9 are pushed aside when the actuator rod 7
      occupies the position indicated in FIG. 2.
PAR  Contractible circuit means in the form of a helically wound conductor 10 is
      arranged between a stationary terminal member 11 and the actuator rod 7.
      The movable contact 5 and the actuator rod 7 are moved from the position
      according to FIG. 1 into the position according to FIG. 2 by the forces
      which a current substantially exceeding the operating current in the
      helically wound conductor 10 produces. The overcurrent protection device
      can be arranged for different response currents by the design of the
      contractible circuit means in the form of the conductor 10. Once the
      inclined surface 8 has passed beyond the resilient tongues 9, the under
      portion thereof as viewed in FIG. 2, comes to rest on top of the resilient
      tongues to thereby prevent the actuator rod 7 from returning into the
      original position.
PAR  If the overcurrent protection device is to be returned to its original
      position (FIG. 1), it is only necessary to spread the resilient tongues 9
      apart by a suitable device. For example the resilient tongues can have a
      projection (not shown) extending therefrom, similar to extensions 13 in
      FIG. 3, made from a soft magnetic material. Alternately, the tongues may
      be impregnated with a suitable magnetic material. This material will
      respond to a magnetic field provided by a suitably arranged magnet device
      (not shown). Under the influence of this field the tongues 9 are spread
      sufficiently far apart that the inclined surface 8 can now pass between
      them, allowing the contacts 3 and 5 to come into contact with each other
      in response to the force exerted by atmospheric pressure and, if
      necessary, an additional contact force spring, not shown.
PAR  Differing from FIGS. 1 and 2, contractible circuit means in the form of the
      helically wound conductor 10 and the latching device consisting of the
      parts 8 and 9 are arranged inside the vacuum vessel 2 in the example of an
      embodiment according to FIGS. 3 and 4, the design being, in principle,
      otherwise the same. The resilient tongues 9 are attached to a ring 12,
      which may, for instance, be melted into the cylindrical part of the vacuum
      vessel 2. The resilient tongues 9 are provided with soft magnetic
      extensions 13, on which a magnetic field can act. As shown in FIG. 5, a
      ring coil 18 arranged at the outer circumference of the vacuum vessel 2,
      for instance, can be excited to spread the resilient tongues 9 apart to
      thereby release the movable contact. Spring bellows are not necessary in
      this example of an embodiment, as the actuating device for the contact 5
      is arranged inside the vacuum vessel 2. A permanent magnet 16 and a
      pivoted, indicating armature 17 made of material responsive to a magnetic
      field are positioned outside of the vessel. Armature 17 is pivoted about a
      point 35 and is kept in the vertical position as viewed in FIG. 5, when
      contacts 3 and 5 are closed, by the action of tension spring 20. A
      crosspiece rod 15, in the closed contact position, lies below the plane of
      16 and the inward facing surface 36 of armature 17. If the contacts are
      open, the actuator rod 14 moves vertically with the crosspiece 15
      attached. The gap between the permanent magent 16 and the inward surface
      36 of armature 17 is substantially bridged by the crosspiece 15 thereby
      forming a closed magnetic circuit. This causes the armature 17 to pivot
      clockwise as viewed in FIG. 5 about point 35 assuming the position
      indicated and retaining it until the latching mechanism is reset. Once
      reset the crosspiece 15 drops and armature 17 is again returned to the
      vertical position by the action of spring 20.
PAR  Several vacuum vessels of the kind described can be combined in a
      multi-pole unit if an overcurrent protection device for multi-phase
      systems is required. An example of this is shown in FIGS. 6 and 7. Three
      vacuum vessels of a design largely corresponding to FIGS. 1 and 2 are
      mounted in a carrier plate 21 and have a common device 22 for resetting
      the movable contacts 5. As shown in FIG. 6, this device works with a
      linkage 23 which connects all the latching devices and by which all the
      resilient tongues 9 can be spread apart simultaneously. The actuator
      device (contractible circuit means in the form of conductor helix 10) for
      the movable contact of each vacuum vessel is located together with the
      latching device in an extension chamber 24 above the vacuum chamber 19
      proper. As shown in FIGS. 6 and 7, a common housing 25 is provided for the
      vacuum chamber 19 and the extension 24 of each pole, which is divided by a
      partition 26 into the vacuum chamber 19 and the extension 24. The actuator
      rods, accessible in the extensions 24, of the movable contacts 5 are
      connected with each other by a coupling linkage 27 in such a manner that
      all poles of the overcurrent protection device are operated, even if
      overcurrent flows only in one pole. The coupling linkage 27 is shown in
      FIG. 6 only schematically. It can be designed in the manner of a
      crankshaft and supported in the tube sections 30, which are arranged
      between the extensions 24. Each housing 25 is provided at its upper and
      lower end with a terminal 31.
PAR  FIG. 7 shows furthermore the simple design of the overcurrent protection
      device according to the invention and its advantageous application offered
      thereby in electrical installations.
PAR  It is to be appreciated that changes in the above embodiments can be made
      without departing from the scope of the present invention.
PAR  For instance, the movable contact can be connected to an actuator device in
      which the necessary interrupt force is continuously stored. Upon sensing
      the overcurrent condition, a suitable electromagnetic device responds by
      releasing the interrupt force, opening the contacts.
PAR  Other variations of the specific construction disclosed above can be made
      by those skilled in the art without departing from the invention as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An overcurrent protection device comprising:
PA1  a vacuum vessel;
PA1  a terminal member fixedly mounted with respect to said vacuum vessel;
PA1  a pair of contact pieces arranged in said vacuum vessel;
PA1  at least one of said contact pieces being mounted so as to be movable with
      respect to said terminal member and with respect to the other one of said
      contact pieces between first and second positions whereby said contact
      pieces are closed and opened respectively;
PA1  contractible circuit means serially and mechanically connected between said
      terminal member and said one contact piece for contracting in response to
      an overcurrent passing therethrough thereby acting on said one contact
      piece to move the same from said first position to said second position;
PA1  latching means for latching said movable contact piece when the same is
      moved to said second position thereby preventing the closing of said
      contact pieces; and
PA1  releasing means for releasing said latching means thereby allowing said
      contact pieces to close.
NUM  2.
PAR  2. The device of claim 1, said contractible circuit means comprising a
      fixedly mounted circuit member, and a helically wound, flexible conductor
      for contracting in response to the electrodynamic forces developed by said
      overcurrent, said flexible conductor being connected at one end thereof to
      said circuit member and connected at the other end thereof to said one
      contact piece.
NUM  3.
PAR  3. The device of claim 2, said one contact piece including an actuator rod;
      said latching means comprising;
PA1  a. a projection fixedly secured to said actuator rod of said one contact
      piece;
PA1  b. resilient stop means positioned axially about said actuator rod whereby
      said resilient stop means separates upon contact with said projection when
      said one contact piece is acted upon by said actuator means allowing said
      projection to pass therethrough, said resilient stop means thereafter
      closing about said actuator rod to thereby prevent said projection means
      from passing in the opposite direction.
NUM  4.
PAR  4. The device of claim 3 wherein said means for releasing comprises:
PA1  an extension of magnetically soft material secured to said resilient stop
      means; and magnetic means for attracting said extension to thereby open
      said resilient stop means allowing said projection to pass backthrough.
NUM  5.
PAR  5. The device of claim 4 where said magnetic means includes a magnet coil
      positioned about the outer circumference of said vacuum vessel.
NUM  6.
PAR  6. The device of claim 1 wherein said one contact piece includes an
      actuator rod, and wherein the device further comprises:
PA1  a. a means for creating a magnetic field in a plane transverse to said
      movable connecting means;
PA1  b. a crosspiece rod transversely connected to said actuator rod of said one
      contact piece;
PA1  c. means for indicating the position of said one contact piece of said
      device, said indicating means positioned in the plane of said magnetic
      field and magnetically responsive to the positioning of said crosspiece
      rod in the plane of said magnetic field when said contacts are opened.
NUM  7.
PAR  7. The device of claim 1 combined with at least one additional like
      overcurrent device to form a multiphase overcurrent apparatus for a
      multiphase system, each of the devices being provided for a corresponding
      ones of the phases of the multiphase system, the multiphase overcurrent
      apparatus comprising:
PA1  a. means connecting all of said one contact pieces together such that if
      one of said one contact pieces moves in response to an overcurrent
      condition, all of said one contact pieces will move; and
PA1  b. means connected between each of said releasing means for allowing all of
      said pair of contacts to close simultaneously.
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ABST
PAL  A circuit breaker characterized by spring means for closing contacts, means
      for charging the spring means and including a crankshaft structure, a
      ratchet wheel rotatably mounted on the shaft, driving pawl means operable
      to advance the ratchet wheel for charging the spring means, an oscillating
      drive pawl structure in driving engagement with said ratchet wheel, means
      operable to oscillate said drive pawl structure and comprising a bight
      portion movable across the axis of the output shaft of a charging motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a motor operated spring closing circuit breaker
      and, more particularly, it pertains to an improved circuit breaker having
      a low torque charging motor.
PAR  2. Description of the Prior Art
PAR  Certain types of circuit breakers are provided with spring means for
      closing the circuit breaker contacts in which the spring means have been
      charged by a ratchet wheel fixedly mounted on a charging shaft. For
      example, in U.S. Pat. No. 3,254,186, a ratchet wheel is mounted on a
      crankshaft for charging springs for closing the circuit breaker contacts.
      Ordinarily, the springs are charged by a double reduction motor which from
      the cost standpoint is undesirable. A single reduction motor having a
      lower cost would be adequate, but the use of such a motor is limited
      because of the lower available torque. Moreover, heretofore the charging
      motor actually charges the springs only during one quarter of its turn,
      whereby three quarters of the turn involves idling or wasted energy.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention it has been found that the foregoing
      problems may be overcome by providing a single reduction motor having an
      improved arrangement with respect to the ratchet wheel and the oscillating
      drive pawl structure for driving said wheel. The oscillating drive pawl
      structure includes a bight portion which is movable across the axis of the
      output shaft of the motor, remains in contact with an eccentric portion of
      the output shaft, and is moved in the charging direction by said portion
      during one half (180.degree.) of the turn of the shaft.
PAR  The advantage of the improved arrangement is that either a smaller motor
      may be used to charge the spring during 180.degree. of the turn of the
      motor shaft, or the same motor may be used for charging heavier springs to
      obtain higher fault closing capabilities in the circuit breaker.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an end view with parts broken away and certain parts omitted for
      clarity of a circuit breaker constructed in accordance with this
      invention;
PAR  FIG. 2 is a sectional view taken generally along the line II--II of FIG. 1;
PAR  FIG. 3 is a partial sectional view taken generally along the line III--III
      of FIG. 1 with the crankshaft and the closing spring shown in the charged
      position;
PAR  FIG. 4 is a partial sectional view with parts broken away and showing the
      crankshaft and closing spring in the discharge position and the
      oscillating drive pawl structure in alternate positions;
PAR  FIG. 5 is an enlarged fragmentary end view of the spring charging mechanism
      and showing the manner in which the output shaft of the motor is mounted
      in a bearing assembly; and
PAR  FIG. 6 is a fragmentary side view showing another embodiment of the crank
      means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The circuit breaker of this invention is substantially similar to that
      disclosed in U.S. Pat. No. 3,689,720. Referring to the drawings there is
      shown in FIGS. 1 and 2 a three-pole circuit breaker 5 comprising a support
      structure or housing 7 and a circuit breaker structure 9 supported on the
      housing structure. The housing structure 7 comprises a metallic base plate
      11, a pair of spaced metallic side plates 13 fixedly secured to flanges of
      the base plate, a pair of metallic center plates 17 fixedly mounted on the
      base plate, and a back wall structure indicated generally at 19.
PAR  The circuit breaker structure 9 is a three-pole structure comprising a
      stationary contact 21 (FIG. 2) and a movable contact 23 for each pole
      unit. Each of the movable contacts 23 is supported on a conducting contact
      arm 25 that is pivotally supported on a terminal conductor 27 by means of
      a pivotal support means 29. In each pole unit, a separate insulating
      connecting member 31 is pivotally connected at one end thereof to the
      contact arm 25 and at one end thereof to the contact arm 25 at the center
      end thereof a lever 33 that is welded to a common jack shaft 35 that
      extends across all of the poles of the circuit breaker. There is a
      separate lever 33 for each pole unit welded to the common jack shaft 35.
      Only one of the contact structures is shown in FIG. 1. The contact
      structures for the center pole and for the left-hand pole (FIG. 1) are
      omitted from the drawing in FIG. 1 merely for clarity. It can be
      understood that the contact structures for all three pole units are the
      same as the one contact structure shown in FIGS. 1 and 2.
PAR  The jack shaft 35 is supported for pivotal movement, about the elongated
      axis thereof, on the side plates 13 and center plates 17. The connecting
      member 31, levers 33, and jack shaft 35 are part of a stored-energy
      spring-closing mechanism 39 that is operable to close the contacts 23, 21.
      The mechanism 39 comprises a link 41 that is pivotally connected, at one
      end thereof, to the lever 33 of the center pole by means of a pin 43. The
      link 41 is pivotally connected at the other end thereof, to a link 45 by
      means of a knee pivot pin 47. A roller member 49, that serves as a cam
      follower, is mounted on the pin 47 to cooperate with a closing cam 51. The
      link 45 is pivotally connected at the other end thereof to a latch member
      53 by means of a pin 55. The latch member 53 is mounted for pivotal
      movement about a fixed pivot pin 57 that is supported on the left-hand
      (FIG. 1) center plate 17. A tension spring 59 is connected to the pin 55
      to reset the linkage following a tripping operation of the circuit
      breaker. The latch member 53 engages the periphery of a trip shaft 63 in
      proximity to a cut-out portion of the shaft 63, which cut-out portion is
      provided so that when the trip shaft 63 is rotated in a counterclockwise
      direction the latch member 53 will be free to move into the cut-out
      portion to the tripped position. The trip shaft 63 is supported for
      pivotal movement about the elongated axis thereof between one of the
      center plates 17 and one of the side plates 13.
PAR  A roller latch 67 (FIG. 2) is rotatably supported on and between the twin
      plates of the closing shaft 71 that is rotatably supported on suitable
      bearings that are secured to the center plates 17. A pair of crank arms 73
      are fixedly mounted on the crank shaft 71 at the opposite ends of the
      crank shaft.
PAR  As shown in FIGS. 3 to 5 a ratchet member or wheel 74 is rotatably mounted
      on the crank shaft 71, as evidenced by a circular hole 74a. A pair of
      charge plates 75 and 76 are fixedly mounted on the crank shaft 71 and on
      opposite sides of the ratchet wheel 74. The plates 75 and 76 include the
      strike surfaces 75a and 76a, respectively, as well as the camming surfaces
      75b and 76b, respectively. A projection or pin 77 having opposite end
      portions extending from opposite sides of ratchet wheel 74 are disposed in
      the paths of travel of the strike surfaces 75a and 76a. The crank shaft
      71, crank arms 73, and plates 75, 76, move in unison as a crank shaft
      structure 77a. An oscillatory member 78 is rotatably mounted on crank
      shaft 71 where it is supported for pivotal oscillating movement relative
      to the crankshaft to cooperate with the ratchet wheel 74 and charge plates
      75 and 76.
PAR  As the member 78 turns the ratchet wheel 74 counterclockwise (FIG. 4) the
      pin 77 (bearing against the strike surfaces 75a and 76a) rotates the
      charge plates 75 and 76 and hence the crankshaft 71 is turned from the
      discharged position (FIG. 4) to the charge position (FIG. 3). When the
      charged position is reached, the camming surface 76b lifts the lever III
      (FIG. 3) and the charge pawl 107 is disengaged from the ratchet 74. Once
      the charge plates reach the charge position as shown by the broken line
      position 76a (FIG. 3), the tension in the springs 79 is sufficient to
      rotate the pin 80 below a line through the axis of the shaft 71 and the
      rod 82 to the solid line position of the plates. This action is arrested
      when the latch roller 67 strikes the member 85 (FIG. 2).
PAR  A separate tension spring 79 is operatively connected at the end of each of
      the crank arms 73 by means of a pivot pin 80. Each of the springs 79 is
      connected to a spring support 81 that is pivotally connected to the
      associated arm 73 by means of the associated pivot pin 80. Each of the
      tension springs 79 is connected, at the other end thereof, to a rod 82
      that is secured to the center plate 17. A manual operating mechanism,
      indicated generally at 83 (FIG. 1), is provided for manually charging the
      closing springs 79. A latch member 85 (FIG. 2) is pivotally mounted on a
      pin 87 and biased in a clockwise (FIG. 2) direction to the latching
      position wherein the latch 85 engages the roller 67 to latch the closing
      cam 51 and crankshaft 71 to prevent counterclockwise movement of the
      closing cam 51 and crankshaft 71.
PAR  The circuit breaker is shown in FIG. 2 in the contact open position with
      the stored energy closing springs 79 in the charged condition. As is shown
      in FIG. 2, the spring support pins 80 of the tension springs 79 are below
      a line between the center of the spring support rod 82 and the center or
      axis of the crank of shaft 71 so that the charged tension springs 79 are
      operating to bias the crankshaft 71 in a counterclockwise direction.
      Counterclockwise movement of the crankshaft 71 is prevented by the
      engagement of the latch member 85 with the latch roller 67 that is mounted
      on the closing cam 51. The latch member 85 is operated to the unlatching
      position to close the circuit breaker in a manner described in U.S. Pat.
      No. 3,590,192.
PAR  To close the breaker, the latch 85 is pivoted in a counterclockwise (FIG.
      2) direction to thereby release the roller 67. When the roller 67 is
      released, the closing cam 51 and the crankshaft 71 are free to rotate in a
      counterclockwise direction, and the closing springs 79, operating on the
      crank arms 73, operate to rotate the crankshaft 71 in a counterclockwise
      direction as the springs 79 discharge. During this movement, the closing
      cam 51 will force the roller 49, and the link 41 upwardly to the closed
      position. During this closing movement of the link 41, of the lever 33
      (FIG. 2) of the center pole unit is forced in a counterclockwise direction
      to rotate the jack shaft 35 counterclockwise to simultaneously move the
      three contact arms 25 in a clockwise direction about the pivots 29 to the
      closed position. In the closed position, the engagement of the closing cam
      51 with the roller 49 serves to prop the link member 41 in the closed
      position to thereby maintain the jack shaft 35 and contacts 23 in the
      closed position.
PAR  With the contacts in the closed position and the closing spring 79
      discharged, the circuit breaker may be automatically tripped open, in
      response to an overload above a predetermined value in any of the pole
      units, by operation of the trip shaft 63 in a manner described in U.S.
      Pat. No. 3,544,931. During the tripping operation, the trip shaft 63 is
      rotated in a counterclockwise (FIG. 2) direction. When the trip shaft 63
      is rotated counterclockwise, the trip shaft moves to permit the latch
      member 53 to move into the cut-out portion of the trip shaft 63, thereby
      permitting the latch member 53 to move in a counterclockwise direction
      about the pivot 57 to the tripped position. The compressed contact springs
      93 (FIG. 2) and an opening spring 99 (FIG. 1) then operate to move the
      contact arms 25 toward the open position which movement occurs because the
      pivot 55 is free to move so that the link 45 can move to the tripped
      position with the toggle 45, 41 collapsing to permit the lever 33 and jack
      shaft 35 to move in a clockwise direction to the tripped open position.
      Thus, movement of the trip shaft 63 to the tripped position permits the
      members 41, 45, 53 to move to the tripped position, wherein the roller 49
      and link 41 no longer restrain the lever 33 in the closed position, and
      the springs 93, 99 operate to move the jack shaft 35 and the three contact
      arms 25 to the tripped open positions.
PAR  With the circuit breaker in the tripped open position, the breaker is reset
      and the closing springs 79 are charged by operation of the motor-drive
      structure 101 in a manner to be hereinafter more specifically described.
      In order to reset the circuit breaker and charge the closing springs 79,
      the crank arm 73 is rotated from the spring discharged position of FIG. 4
      through an angle of more than 180.degree. to the spring charged position
      of FIGS. 2 and 3. As the crankshaft 71 moves to the position seen in FIG.
      2, the roller 49 rides off of the peak of the cam 51 into the depression
      seen in FIG. 2. When the roller 49 is free to move into the depression of
      the cam 51, the spring 59 (FIG. 1) biases the latch 53 clockwise (FIG. 2)
      to move the latch 53 to the reset position pulling links 45, 41 and the
      roller 49 to the reset position wherein the roller 49 is positioned in the
      depression of the cam 51 (FIG. 2). When the latch 53 moves out of the
      notch of the trip shaft 63, suitable spring means operates to rotate the
      trip shaft 63 clockwise to the latching position wherein the periphery of
      the trip shaft 63 again latches the latch member 53 to latch the parts in
      the reset position seen in FIG. 2. As the crankshaft 71 moves more than
      180.degree. to the position seen in FIGS. 2 and 5 the springs 79, which
      are moved over-center, take over to bias the crankshaft 71 in a
      counterclockwise (FIG. 2) direction, and the roller 67 engages the latch
      85 to latch the crankshaft 71 in the charged position seen in FIG. 2, and
      the circuit breaker is prepared for another closing operation.
PAR  When the circuit breaker is in the contact-closed position with the stored
      energy closing springs 97 discharged the spring closed means is operated
      to the charged position by operation of the motor-drive structure 101
      (FIG. 1) to rotate the crankshaft 71 through an angle of slightly more
      than 180.degree. (approximately 184.degree.) to charge the springs 79
      during which movement the roller 49 rides on a fixed radius of the cam 51
      to a position just short of the peak of the cam surface of the cam member
      51. This charging movement of the cam 51 is more specifically described in
      the above-mentioned U.S. Pat. No. 3,590,192.
PAR  With the parts in the contact closed spring charged position, the following
      sequence of operations can occur.
PAR  Upon the occurrence of an overload above a predetermined value, the trip
      means indicated generally at 95 (FIG. 1) is automatically operated to
      rotate the trip shaft 63 to release the latch member 53 and permit the
      toggle 41, 45 to effect an opening operation in the same manner as was
      hereinbefore described. With the toggle 41, 45 collapsed, the spring 59
      operates to draw the roller 49 into the depression of the cam 51 resetting
      the linkages 53, 41, 45 and the trip shaft 63 is moved by spring means
      into the latching reset position seen in FIG. 2. The parts at the end of
      this tripping operation are in the position seen in FIG. 2, wherein the
      mechanism is reset and relatched, and wherein the roller member 49 is in
      the depression of the cam 51 so that the parts are prepared for a closing
      operation. When the closing springs 79 are charged, an operator can
      immediately operate the closing latch 85 (FIG. 2) to release the roller 67
      whereupon the circuit breaker is operated to the closed position in the
      same manner as was hereinbefore described. With the parts in the closed
      position, if an overload above the predetermined value occurs the trip
      means 95 will be automatically operated to rotate the trip shaft 63 to the
      tripped position to effect a tripping operation in the same manner as
      mentioned before described. With the parts in the tripped position and the
      closing springs 79 discharged, another charging operation of the closing
      springs 79 will be required in order to provide another closing operation.
      Thus, when the circuit breaker is in the contact closed spring charged
      position, the circuit breaker can be tripped and then closed and then
      tripped again in rapid sequence.
PAR  The oscillatory member 78 (FIGS. 3 to 5) comprises a circular opening 105,
      a flange or bight portion 106 and is rotatably mounted on the crankshaft
      71 for movement relative to the crankshaft about the axis thereof. A
      charging pawl 107 also is pivotally mounted on the member 78 by means of a
      pin 108, and a torsion spring 109 biases the pawl in a counterclockwise
      direction about said pin into engagement with the ratchet wheel 74. The
      pawl 107 also includes a lever 111 as an integral part which lever has an
      end portion 112 that is contacted and lifted by the camming surface 75b
      when the charge plate 75 is in the charge position (FIG. 3), whereby the
      pawl 107 is raised out of operation with the ratchet wheel teeth. A
      tension spring member 113 biases the reciprocating member 78 in a
      clockwise direction (FIG. 3) about the crankshaft 71. A holding pawl 114
      is pivotally mounted on one of the center plates 17 by means of a pin 115
      and biased in a counterclockwise direction, by means of a torsion spring
      116, into engagement with the ratchet wheel 74. The drive motor 101
      comprises an output shaft 133 (FIG. 5). An arm 137 is mounted on the end
      of the shaft 133 and a roller member 139 is rotatably mounted on the arm
      137. The arm 137 is an integral part of an adapter 135 that is threadedly
      mounted on the end of the shaft 133. Or the arm 137 may be an integral
      part of the shaft 133. The arm 137 of the shaft 133 is disposed on an axis
      that is eccentric to the axis of the shaft by a distance equal to twice
      the distance movement of the arm.
PAR  The eccentric arm 137 provides an eccentric or crank means by which the
      oscillatory member 78 is actuated to rotate the ratchet wheel 74. As the
      shaft 133 rotates the bight portion 106 follows the arm 137 back and forth
      across the axis of the output shaft 133. As the bight portion 106 turns
      counterclockwise to rotate the ratchet wheel 74, it is actuated by the arm
      137 (or 141) through 180.degree. of rotation of said arm, i.e., between
      the positions of the arm 137 as shown in FIG. 4.
PAR  For reinforcement the adapter 135 is disposed in a bearing 141 that is
      supported in a bearing flange 143. The flange 143 is retained in place by
      peripherally spaced pins 145 that are secured to an annular mounting plate
      147 that is, in turn secured to the center plate 17 by mounting spacers
      149. The mounting spacers 149 are located so that there is no interference
      with the oscillating member 78.
PAR  As can be seen in FIG. 3, the closing springs 79 are in the charged
      position with the closing latch 85 (FIG. 2) engaging the roller 67 of the
      cam 51 to latch the crankshaft 71 in the spring charged position shown in
      FIG. 3. Upon the release of the latch 85, the springs 79 discharge
      rotating the crankshaft 71 slightly more than 180.degree. to close the
      circuit breaker in a manner hereinbefore described. Upon discharge of the
      closing springs 79 suitable limit switch means is actuated in a well known
      manner by the breaker mechanism to energize the drive motor 101. Upon
      energization of the drive motor 101, the arm 137 is rotated in a clockwise
      (FIG. 3) direction about the axis thereof at a suitable rate such as 500
      rpm.
PAR  During each revolution of the output shaft 133 the roller 136, operating
      against the bight part 107 of the oscillating member 78 moves said member
      in a counterclockwise direction during which movement the driving pawl of
      109 operates against one of the teeth of the ratchet 74 to advance the
      ratchet and crankshaft 71. As the roller arm 137 moves 180.degree. from
      the position seen in FIG. 4, the member 78 will advance the ratchet 74 and
      crankshaft 71 in a counterclockwise direction, and as the roller arm 137
      moves the remaining 180.degree. of a 360.degree. revolution, the spring
      113 will return the member 78 to the position seen in FIG. 3 with the
      holding pawl 121 holding the ratchet 74 and crankshaft 71 in the advanced
      position. Thus, as the output shaft 133 rotates, the ratchet 74 is
      advanced by the charging pawl 107 and alternately held by the holding pawl
      114 until the crankshaft 71 moves more than 180.degree. to an over-center
      position wherein the charged closing springs 79 again bias the crankshaft
      71 in a counterclockwise direction with the ratchet 74 and crankshaft 71
      becoming latched from closing movement by the latch member 85 (FIG. 2)
      which engages the roller 67 on the cam 51 that is fixed to the crankshaft
      71. When the closing springs 79 reach the fully charged position, the
      charging pawl 107 is disengaged from the teeth (FIG. 3) of the ratchet 74
      so that continued rotation of the motor will not operate against the teeth
      of the ratchet 74, and the motor can be brought to a stopped condition
      without damaging the parts and without putting undue forces on the parts.
      The motor 101 is automatically deenergized by suitable limit switch means
      in a manner well known in the art.
PAR  Upon release of the springs 79, the charge plates 75 and 76 stop ultimately
      at the position shown in FIG. 4 whereas the pin 77 remains in the same
      position. When the springs reach the discharged position (FIG. 4), the
      pivot pin 80 overshoots the dead center position due to the high velocity
      developed and then oscillates clockwise and counterclockwise with reducing
      amplitudes until the energy is completely dissipated. However, the ratchet
      74 remains stationary and undisturbed by the discharge operation as noted
      by the similar position of the pin 77 in FIGS. 3 and 4.
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STM  What is claimed is:
NUM  1.
PAR  1. A circuit breaker comprising a pair of contacts operable between open
      and closed positions, a crankshaft structure, closing spring means
      connected to said crankshaft structure, a ratchet wheel movable to move
      said crankshaft structure from a spring discharged position to a spring
      charged position to charge said closing spring means releasable latch
      means latching said crankshaft structure in said spring charged position,
      an oscillating drive pawl structure in driving engagement with said
      ratchet wheel, operating means comprising a motor having an output shaft
      operable to oscillate said drive pawl structure to move said ratchet wheel
      to thereby move said crankshaft structure from said spring discharged
      position to said spring charged position, and the oscillating drive pawl
      structure comprising a bight portion movable across the axis of the output
      shaft.
NUM  2.
PAR  2. The circuit breaker of claim 1 in which there are disengaging means
      operating automatically when said crankshaft structure is moved to said
      spring charged position to move said drive pawl structure out of driving
      engagement with said ratchet wheel.
NUM  3.
PAR  3. The circuit breaker of claim 1 in which the crank means comprises an
      eccentric portion of the output shaft.
NUM  4.
PAR  4. The circuit breaker of claim 3 in which the eccentric portion is an
      integral part of the output shaft.
NUM  5.
PAR  5. The circuit breaker of claim 1 in which the bight portion is biased in a
      retracted position and is movable to move the ratchet wheel.
NUM  6.
PAR  6. The circuit breaker of claim 5 in which the crank means moves the bight
      portion to effect movement of the ratchet wheel during half of the
      rotation of the crank means.
NUM  7.
PAR  7. The circuit breaker of claim 3 in which support means for the output
      shaft is provided between the motor and the eccentric portion.
NUM  8.
PAR  8. The circuit breaker of claim 7 in which the circuit breaker comprises a
      support plate and the support means comprises reinforcing members secured
      to said support plate.
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ABST
PAL  An alternating current switch suitable for automatic assembly is provided
      having an insulating housing including an open top base and a cover to
      close the base. The base has side openings to expose screw terminals and
      may have bottom openings to admit wires to push in connectors. The
      terminals are integral parts of contact arms within the housing. The
      contact arms as well as a balance spring are held in place in the housing
      within side wall slots integral with the base of the housing and by bosses
      integral with the cover. The balance spring and a movable contact arm are
      shaped to bear against cam portions of a toggle.
PAL  The cover is provided with bearings to hold the toggle at its trunions in
      pivoting relation and is provided with a top opening through which the
      trigger of the toggle extends to the switch exterior. Ease of assembly is
      achieved due to the small number of parts and the simplicity of the
      individual parts so that the switch may be assembled quickly by hand or in
      automatic assembly equipment of relatively low cost.
PAL  The movable contact is formed from a single metal strip including wire
      terminal and electrical contact and has a long operational life.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application includes a screw terminal such as is described and claimed
      in copending application of Harry Triantafellow and Ralph Graves, Ser. No.
      375,185, filed June 29, 1973, and assigned to the same assignee as this
      application.
PAC  BACKGROUND STATEMENT
PAR  The present invention relates to switch mechanisms and particularly to a
      switch mechanism of small size having an extended useful life, and
      suitable for assembly by automated equipment.
PAR  It is well-known that alternating current switches constitute the principle
      form of switches employed in the switching of current to lighting fixtures
      and in other branch cirucit applications within residences and other
      buildings. The branch circuit within a home and in many other buildings
      normally carries 15 to 20 amperes. It usually extends from the service
      entrance where the electric power enters the building. Normally such a
      branch cirucit is protected by a single fuse or circuit breaker at the
      service entrance of the building.
PAR  The normal load on such a branch cirucit is of the order of 15 amperes or
      less, particularly where the load is lighting fixtures such as are
      conventionally controlled by AC switches within conventional residences.
      Because of the very large number of such switches in homes and other
      buildings, it is highly desirable that these switches by manufactured at
      relatively low cost although the switch must nevertheless provide fully
      reliable switching action and must be fully capable of performing the
      switching operation involving the on-off control of the 15 amperes of
      power at the conventional 120 volts. The Underwriters' Laboratory normally
      makes a requirement that such switches for use in home applications be
      capable of controlling some 30,000 on-off switching operations. This
      testing by Underwriters' Laboratories is done under overload conditions
      according to Standard Test Number UL20. Further, it is known that it is
      desirable that a switch have not only high reliability and extended life
      but also be relatively small in size. The small size is desirable because
      it is installed in a normal wall box which may measure 3 inches (7.62 cm.)
      in height by 2 inches (5.08 cm.) in width and 1-1/2 (3.81 cm.) to 2 (5.08
      cm.) inches in depth. Further there are shallow wall boxes for
      installation with wall paneling and the like which have a depth of only 1
      inch. Accordingly there is a distinct advantage in having a reliable AC
      switch which will occupy a fairly small part of this wall box enclosure so
      that there will be adequate room in the box for the lengths of wire stored
      there due to the needs associated with conventional wiring practice as
      well as wire nuts and other elements employed in connection with properly
      wiring a switch to control a load in a branch circuit.
PAR  Another feature which is sought in AC switches is a low manufacturing cost
      and this cost is of course made up of a material cost and labor cost.
      Where the switch has relatively low material content and where the switch
      is readily assembled the manufacturing cost of the overall device can also
      be relatively low. The cost of assembly can be greatly benefitted if the
      structure of the switch is such that it can be assembled by automated
      equipment. However, the building of an automatable switch requires that
      the switch structure itself be fairly simple and that the individual parts
      be easy to assemble in a reliable fashion. The smaller the number of parts
      and the simpler the individual parts to make up a switch, the greater is
      the likelihood that a machine to assemble the switch can be designed and
      can be produced at a reasonable cost.
PAR  Accordingly, it will be seen from the foregoing that the combination of
      properties desirable in a switch is relatively hard to achieve inasmuch as
      some of the criteria of a switch contradict others and achievement of the
      overall favorable performance is a matter of some technical difficulty.
      For example, where a switch is to be reliable it must have a fairly
      controlled dimensional spacing of its various parts and particularly of
      the parts which are to perform the movement which results in the switching
      action. However, where the switch and the elements of the switch are of
      simple design and thus suitable for automated assembly, it is not easy to
      achieve the close dimensional control of the moving parts such as will
      ensure reliable switching action. The automated assembly of a switch is
      most easily achieved where the dimensions of the product and of the
      component parts are precisely controlled, but such control is difficult
      where the component parts themselves are quite simple and where their
      assembly is also quite simple as by reliance upon gravity.
PAR  A number of switch articles which may have one or more of the features as
      above noted have been known heretofore and illustrative switches are those
      taught by U.S. Pat. Nos. 2,578,494, 2,962,572, and 3,165,614. Other
      switches having still other features and combinations of features such as
      those shown in U.S. Pat. Nos. 3,283,105 and 3,030,479 are also known in
      the switch art. However, these reference patents do not contain a unique
      combination of all of the features discussed above.
PAR  There is also a general outward resemblance between a switch described in
      U.S. Pat. No. 3,532,846 and the switch product taught in this application
      both of which are assigned to the same assignee. However, the switch of
      U.S. Pat. No. 3,532,846 does not have the same internal elements as the
      switch structure taught below nor does it have the same features, such as
      automatability, or functional properties as the switch structure taught
      and claimed herein.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly one object of the present invention to provide an
      alternating current switch at relatively low manufacturing cost.
PAR  Another object is to provide a switch which has a long operational life
      expectancy.
PAR  Another object is to provide a switch having a low number of parts of
      relatively simple construction.
PAR  Another object is to provide a switch having elements which can be easily
      assembled and which assembly is therefore automatable in relatively simple
      automation equipment.
PAR  Another object is to provide a switch having a trigger motion which has a
      soft stop at each end of the stroke of the trigger.
PAR  Still another object of the present invention is to provide a switch which
      has a combination of a number of the above noted desirable performance
      characteristics and attributes to facilitate manufacture.
PAR  Other objects and advantages of the invention will be in part pointed out
      and in part self-evident in the description which follows. SUMMARY OF THE
      INVENTION
PAR  A switch is provided having an insulating housing including a base and
      cover adapted to be assembled together and attached to a mounting strap
      for mounting the switch in a wall box. A toggle mechanism within the
      switch includes a toggle having a trigger extending through an opening in
      the cover of the housing.
PAR  The toggle is pressed by a leaf spring within the housing at cams thereof
      to urge trunions into trunion wells in the cover of the housing to permit
      pivoting of the toggle about the trunions.
PAR  The leaf spring is held at one end thereof at a wall of the housing partly
      by a slot in the base and partly by a depending boss of the cover. The
      leaf spring presses at its other end against cams formed integrally with
      and extending from the toggle.
PAR  The cam against which the leaf spring presses has two spaced detents and
      the end of the leaf spring in contact with the cam is bent to conform
      generally to the outer surface of each of the detents. The inner surfaces
      of the detents join at a ridge which gives the toggle the overcenter
      motion as the toggle is pivoted.
PAR  The switch includes also a movable and a stationary electrical contact. The
      contacts are held at wall portions of the housing by grooves in the
      housing base and bosses depending from the housing cover. Wire attachment
      means are located at the held ends of the contacts. The movable contact is
      formed of a single piece of metal strip and a movable contact arm portion
      thereof extends below a cam of the toggle and is moved in response to
      pivoting of the toggle. The movable contact arm is attached at its held
      end at a side thereof to a torsion bar formed integrally with a portion of
      the strip and the torsion bar is supported at its opposite end from the
      wire attachment means with which it is integral.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front elevation of the exterior of a switch.
PAR  FIG. 2 is a side elevation of the switch illustrated in FIG. 1 with a
      trigger illustrated in the ON position and in phantom in the OFF position.
PAR  FIG. 3 is a rear elevation of the switch illustrated in FIG. 1.
PAR  FIG. 4 is an exploded perspective view of the switch of FIG. 1 with parts
      at the right portion of the Figure set at an angle with reference to the
      parts at the left side of the Figure.
PAR  FIG. 5 is a top plan view of the base of the switch illustrated in FIG. 4
      with metal parts in place in the base.
PAR  FIG. 6 is a fragmented sectional view of internal parts of the switch of
      FIG. 1 emphasizing the relation of a spring element to the switch housing
      and to the toggle, with the toggle in the OFF position.
PAR  FIG. 7 is a view similar to that of FIG. 6 but illustrating the toggle in a
      different position relative to the springs, in this case the ON position.
PAR  FIG. 8 is another fragmented sectional view of the switch of FIG. 1
      illustrating the relationship of the switch housing and toggle relative to
      the contact arms and illustrating the toggle in the position which permits
      the arms to make contact and the switch to be ON.
PAR  FIG. 9 is a fragmented sectional view of the switch as illustrated in FIG.
      8 but with the toggle positioned to separate the contact arms into their
      OFF position.
PAR  FIG. 10 is an end elevational view of the toggle of the switch illustrating
      contact of the cams of the toggle with respective metal elements shown in
      section.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A switch 10 includes as its external components a mounting bracket 12, an
      insulating housing 14, and a trigger 16 manipulated into the ON and OFF
      positions, illustrated in FIG. 2, in operation of the switch.
PAR  The mounting bracket 12 is formed from a steel strip and it has severable
      end plaster ears 20, mounting screw slots 22, locking tongues 24 bent down
      out of the strip, and a central opening 25 defined by side runners 21
      straddling the insulating housing 14. Mounting screws 18 extend through
      slots 22 of strap 12 to permit mounting the overall switch 10 into a
      conventional wall box not shown.
PAR  The insulating housing 14 is made up of a box shaped base 30 and a cover 32
      adapted to fit the top of the base 30 and close it. Base 30 is provided
      with two side openings 34 and 36 into which screw terminal plates 40 and
      42 are inserted and held.
PAR  Cover 32 has a central opening 44 through which trigger 16 of toggle 50
      extends to the switch exterior to permit manual manipulation.
PAR  Turning now to the internal portions of the switch, these are exhibited in
      an angled exploded view in FIG. 4. By angled exploded view is meant that
      the elements on the right side of FIG. 4 are turned at an angle relative
      to the elements on the left side of the Figure. If the elements were all
      shown in a straight line exploded view the toggle 50 would be located
      above the left hand side of the Figure, as would the cover 32 and the
      mounting strap 12. Also these last three elements would be seen in a
      straight line exploded view turned at an angle of about 90.degree. from
      their positions as illustrated in FIG. 4. Further they would be seen from
      a perspective angle illustrating the upper surfaces of the elements rather
      than the lower surfaces as actually illustrated in the FIG. 4.
PAR  Referring particularly to the left half of FIG. 4, three metal elements are
      poised in a pre-assembly position above base 30. These elements are
      movable contact 52, stationary contact 54 and balance spring 56.
PAR  Movable contact 52 includes a screw terminal plate 40, a screw 60, a wire
      terminal 62, torsion bar 64, and a spring arm 66, including beveled
      section 68 and end section 70. A silver contact 72 is provided in the end
      section 70.
PAR  The stationary contact 54 includes screw terminal plate 42, screw 74, wire
      terminal 76, and contact bearing arm 78. Contact 80 is a silver contact
      provided in arm 78.
PAR  The base 30 of housing 14 receives the three described elements in slots
      and grooves formed for this purpose integrally in the base 30. Screw
      terminal plate 42 and wire terminal 76 for example, nest into place in the
      right hand corner of base 30 as illustrated in FIG. 4. One edge of
      terminal plate 42 is inserted into and held in edge groove 82. Stationary
      contact 54 is also partly held in place in the base 30 by a boss 84
      depending from that corner of cover 32 positioned above the right corner
      of base 30 when the switch housing is assembled.
PAR  Screw terminal plate 40 and wire terminal 62 nests in the corner of base 30
      at the left side of the base 30 as illustrated in FIG. 4. Boss 86 formed
      integrally with and depending from cover 32 helps hold movable contact 52
      in place in the switch housing.
PAR  Balance spring 56 is positioned into place in base 30 in the slots 88
      formed integrally in base 30 at end wall 90. Boss 92 formed integrally
      with cover 32 holds the upper portion of the held end 94 of balance spring
      56.
PAR  Cover 32 thus has bosses which cooperate with the metal elements positioned
      in base 30 so that the elements are held precisely in operating position
      within the switch housing once the switch housing and toggle are assembled
      together. This is in fact one of the features of this invention. A precise
      operating location and retention of the operating parts of the switch is
      achieved by building the metal parts so that they may be:
PA1  1. dropped easily into loosely conforming slots and channels in base 30 and
PA1  2. retained within an insulating housing in operating position based on a
      cooperation between the metal elements and the parts of the housing
      including the base of the housing, and the toggle and cover assembled to
      the base.
PAR  In part, the importance of the use of both cover and base, as well as the
      toggle, in positioning and holding the operating metal elements of the
      switch, is that it permits the metal parts to be placed into the base
      without forcing or driving of any parts into place or otherwise screwing
      or attaching them into base 30. The result of the relatively easy fit of
      the metal parts in base 30 is that the assembly of the metal parts and
      base may be automated inasmuch as the individual parts may be placed in
      their respective locations by a simple dropping action. Yet once the cover
      and toggle are assembled to the base, the result is to complete the
      positioning and to provide a secure retaining of the internal elements in
      their proper operating positions. The switch article as taught herein is
      accordingly highly automatable by relatively simple automatic assembly
      equipment. It is of course possible to automate the assembly of more
      elaborate or complex switch structures but the cost of the equipment which
      performs more complex assembly operations is higher.
PAR  On the right side of FIG. 4, the three elements, namely a toggle 50, a
      cover 32 and a strap 12 are illustrated in the angled exploded arrangement
      described above.
PAR  Portions of the cover and particularly portions which cooperate with the
      internal metal elements of the switch structure are described above. The
      cover also cooperates with the toggle 50 in a largely conventional manner.
      In particular, the trunions 96 and 98 of the toggle cooperate with the
      conforming trunion wells 100 and 102 in the underside of cover 32 on
      opposite sides of trigger opening 44 to permit pivoting of the toggle.
PAR  Considering the toggle next in greater detail, the portion confronting the
      internal metal elements of the switch is provided with two cams. A first
      cam 104 has a generally inclined lower surface 103 and a second cam 106
      has a set of detents 105 and 107 at its lower surface. The term lower
      surfaces here designates surfaces reaching lowest into the base 30 in the
      switch housing 14 when the switch is fully assembled and in the position
      of base 30 in FIG. 4. The lower surfaces of cams 104 and 106 are those
      which actually engage and act on movable contact 52 and balance spring 56
      and specifically on the extended arm portions 66 and 57 respectively of
      these elements. This contact occurs as the trigger 16 of toggle 50 is
      manipulated as explained more fully below.
PAR  Strap 12, shown with its ends truncated in FIG. 4, has two locking tongues
      24 formed from the metal strip of the strap and these tongues 24 are bent
      out of the plane of the strap to engage the conforming latches 25 at
      opposite ends of base 30 of insulating housing 14. Strap 12 also has a
      strengthening rib 13 extending along the side runners 21 of the opening 25
      and adjacent the openings 23 containing latching tongues 24.
PAR  The screw terminal of contact 42 including screw 60 and plate 40 as well as
      the screw terminal of contact 54 including plate 42 and screw 74 may be
      conventional screw terminals or may be the special screw terminals adapted
      for securing aluminum wire described in copending U.S. application for
      patent of Harry Triantafellow and Ralph Graves, Ser. No. 375,185, filed
      June 29, 1973, and assigned to the same assignee as this application.
PAR  The wire terminals 62 and 76 of contacts 52 and 54 respectively are the
      form of contacts essentially as taught and described in U.S. Pat. No.
      3,532,846, assigned to the same assignee as this application and do not
      form part of this invention. Wire entry ports 45 and 46 are aligned with
      wire locking tongues 47 and 48 and provide means for connecting power
      supply wires to the contacts of the switch 10.
PAR  We consider next the ON-OFF operation of the switch. The primary element in
      effectuating the switch operation from its ON to OFF condition, and vice
      versa, is the movement of movable contact 52. When spring arm 66 of
      contact 52 is depressed by pressure of cam 104 bearing on the spring arm
      66, the contacts 72 and 80 are separated into the position illustrated in
      FIG. 9. Return of the cam 104 to a position out of contact with spring arm
      66 as illustrated in FIG. 8 brings the silver contacts 72 and 80 back into
      engagement and puts the switch into the ON position.
PAR  While the cam 104 is operating on spring arm 66 to position it, the cam 106
      is operating on balance spring 56. Spring 56 has a held end 94, an
      outwardly extending spring arm 57 and a bent end 59. Cam 106 has two
      detents 105 and 107 which engage bent end 59 of balance spring 56. The
      detents 105 and 107 have adjoining or inner sides which meet at a crest
      and the overcenter motion of the toggle is due to the movement of the bent
      end 59 up to and over this crest. The cooperation between toggle 50 and
      balance spring 56 is illustrated in FIGS. 6 and 7 for both the ON and the
      OFF positions of the toggle. In the OFF position illustrated in FIG. 6,
      the bent portion 59 of balance spring 56 rests in the relatively deeper
      detent 107 of the set of detents in cam 106.
PAR  One feature of the balance spring and cam combination of the switch of this
      invention is that there is a controlled movement of the toggle mechanism
      to give both a positive overcenter action and also a soft stop to the
      stroke of the trigger at each end of the stroke. This soft stop is
      accomplished without use of auxilliary rubber bumper or bumper parts of a
      similar resilient material. Thus when the trigger 16 reaches the OFF
      position illustrated in FIG. 6, the detent 59 of the balance spring 56
      nests into the deeper detent 107 and the trigger comes to an at rest
      position because of the nesting of the balance spring into the detent. An
      overtravel of the trigger past its normal at rest OFF position,
      illustrated in FIG. 6, is resisted due to the additional spring pressure
      developed as the bent portion 59 moves out of the detent 107 as the
      trigger moves beyond the at rest position. Due to the cooperation of the
      balance spring and the detent there is accordingly a soft stop to the
      movement of the toggle as the spring comes into its OFF position in the
      detent 107. Any additional movement of the trigger is resisted by the
      increased pressure developed between the bent portion 59 and the outer
      inclined surface of detent 107, and this additional pressure urges the
      toggle back to its at rest position.
PAR  Similarly at the opposite end of the stroke, when the trigger moves to the
      ON position the bent end 59 comes into conforming contact with the more
      shallow detent 105 and particularly with the outer surface thereof. Detent
      105 is, as illustrated, also formed integrally with the cam 106 of toggle
      50. As the trigger moves to its at rest ON position, the toggle at that
      point is pivoted to an angle where there is a generated significant
      frictional and spring contact pressure between the outer wall of the
      detent 105 and the surface of bent end 59. This contact pressure increases
      as the toggle tends to go through and past the rest position and the
      increased pressure tends to return the spring to its at rest position
      resulting in a soft stop to the trigger movement.
PAR  One of the features of the switch mechanism described is the relatively
      long useful life of the switch and particularly of the moving elements
      thereof. As indicated above, the UL test requirements for a switch of this
      type is about 30,000 cycles under given test conditions set out in UL 20.
      The switch of this invention passes a more stringent Federal Specification
      test, W-S-896d, which requires an additional 40,000 cold lamp load cycles
      when combined with the UL 20 test. The switch of U.S. Pat. No. 3,532,846
      referred to above was found not able to pass the Federal Specification
      test on a regular basis. Switches produced according to this invention go
      well beyond 100,000 cycles when subjected to mechanical ON-OFF testing, or
      what is commonly referred to as life testing, and a large proportion go
      beyond 200,000 ON-OFF cycles.
PAR  Normally switch life expectancy is related to the wearing out or the
      breaking of the moving elements of the switch structure. For example, one
      of the elements which gives out is the spring element, whether the spring
      is a leaf spring, a coil spring, or some other form of spring. The
      necessity for flexing the spring element with each operation of the switch
      leads eventually to failure, usually by cracking of the metal of the
      spring, and the breaking of the spring so that it can no longer function
      as part of the switch mechanism. By the spring here is meant a spring
      element in the switch which carries no current.
PAR  Also there is a flexing of the contact arm of the switch mechanism and this
      flexing can cause cracking and breaking of the contact cam. By the contact
      arm here is meant the arm which carries the electric current and which
      bears the silver contact. Normally in any conventional switch, the contact
      arm is moved to bring the silver contact to an OFF or separated position
      and is moved again to bring the silver contact to the joined or ON
      position as the toggle trigger is moved from its OFF to its ON position
      and back again with each switching cycle.
PAR  In the particular case of the switch illustrated, as for example in FIG. 5,
      the depressing of the spring arm 66 by action of the cam 104, as
      illustrated in FIGS. 8 and 9, leads to an upward and downward movement of
      the spring arm 66 and consequently of the contact 72 mounted on the end of
      this spring arm. What is distinct about the switch of this invention is
      that the spring arm 66 is formed integrally with all the elements of
      entire movable contact 52 including the wire terminal 62 and screw
      terminal plate 40. The spring arm 66 is accordingly of a heavier stock of
      metal and is not a separate spring metal element which is specially
      treated or designed or formed. On the contrary, the metal of spring arm 66
      is the very same of that of plate 40 and of wire contact 62. In fact, all
      elements of the contact 52 are stamped and formed from the same metal
      strip.
PAR  This is in contrast to many prior art switches which use a heavier metal in
      the portion of the contact where a screw is mounted, and a separate
      lighter gauge spring metal for the spring arm. Such lighter gauge arms are
      attached either by welding, riveting, or other means to the heavier gauge
      metal strip used in forming the screw terminal plate and adjacent element.
      Such a switch construction is taught for example in the U.S. Pat. No.
      3,532,846 of W. Schumacher referred to above. What is unique about the
      switch structure of this invention is that there is a torsion bar 64
      formed between the spring arm 66 and the base 63 of the wire contact to
      which the torsion bar is joined at its lower portion. The use of a torsion
      bar is one of the elements which is thought to account for the extended
      operating life expectancy of the switch structure of this invention. The
      mechanism thought responsible for this extended operating life is the
      torsional twisting and bending of bar 64. When the cam 104 acts on spring
      arm 66 to depress it, the torsion bar 64 joining spring arm 66 to base 63
      is bent and a torsional force is applied due to the fact that bar 64 is
      joined to the spring arm 66 at the end of arm 66 but also at the side of
      the end of arm 66. No torsion would occur if the support for spring arm 66
      were formed or attached at the end of arm 66 essentially as an extension
      of the arm but running down from the end of the arm.
PAR  One advantage of the switch as described above is that the flexing of the
      movable contact arm does not concentrate a stress at a particular point of
      the arm as for example at the juncture where a thinner member is attached
      to a thicker base or support member. Also flexing is not concentrated at
      one particular corner or bend as would be the case if arm 66 were
      supported from a strip similar to arm 66 but one which is simply bent down
      along wall 90. Stresses which lead to failure tend to concentrate at a
      corner at the point where bending occurs as the arm is flexed. In fact,
      failure of the movable contact 52 from life tests occurred in a number of
      tests at the juncture of torsion bar 64 with the base 63 of push-in wire
      terminal 62.
PAR  In FIG. 10, a side by side sectional view of the spring arm 57 and the
      contact arm 66 is illustrated. The toggle 50 is shown in position above
      the two metal strips which it contacts. What is illustrated is schematic
      and is intended to display the side by side relation of the cams and of
      the metal members pressing aginst them. As is evident from FIG. 8, the cam
      104 is not always in contact with the contact arm 66. In fact when the
      toggle is in the ON position, the cam 104 is separated and spaced from arm
      66. In this position, bent end 59 rests in the more shallow detent 105 of
      cam 106. By contrast when the toggle is in the OFF position, both cams 104
      and 106 are in contact with and bear against their respective metal
      elements. In this position, bent end 59 is nested in the deeper detent
      107. One reason why detent 107 is deeper is that when spring cam 66 is
      deflected downward by cam 104, the spring bias of the arm urges it toward
      the ON position. Accordingly, the deeper detent 107 retains the bent end
      59 with greater force and overcomes the return force applied to cam 104 by
      spring arm 66.
CLMS
STM  What is claimed as novel and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A switch subject to automated assembly comprising:
PA1  a. an insulating housing and a mounting strap, said mounting strap being
      adapted to support the insulating housing when mounted in a wall box,
PA1  b. said insulating housing including a box shaped base and a cover adapted
      to be fitted to the base to close it,
PA1  c. a toggle mounted within said housing in pivoting relation, said toggle
      having a trigger extending in one direction through a hole in said cover
      and having cams extending generally in an opposite direction to press
      against spring biased elements in said housing,
PA1  d. a movable and a stationary contact in said housing, said contacts having
      held ends provided with wire terminals and free ends bearing electric
      contacts adapted to be engaged and disengaged with the pivoting of said
      toggle,
PA1  e. said contacts being loosely supported in the base of said housing from
      their held ends at wall portions of said base and said contacts being
      firmly held at such wall portions by bosses depending from the cover of
      said housing,
PA1  f. a balance spring having a held end and a curved free end in contact with
      a cam of said toggle and applying spring bias pressure against said curved
      free end, and
PA1  g. the held end of said balance spring being loosely supported in said base
      and being firmly held by bosses depending from the cover.
NUM  2.
PAR  2. The switch of claim 1 in which the mounting strap is held to the cover
      of said housing by metal tongues folded from said strap into receiving
      latches of base of said housing.
NUM  3.
PAR  3. The switch of claim 1 in which the toggle mounting is trunions seated in
      trunion wells in the cover of said housing and the spring biased elements
      are the movable contact and balance spring of said switch.
NUM  4.
PAR  4. The switch of claim 1 in which the wire terminals are screw terminals
      for attachment of wires and the screw terminals are loosely supported at
      openings in the side of the housing base.
NUM  5.
PAR  5. A switch mechanism having a long operating life:
PA1  a. said switch mechanism comprising an insulating housing including a base
      and cover,
PA1  b. a toggle having a trigger extending through said cover and oppositely
      extending cams,
PA1  c. a movable and a stationary contact in said housing,
PA1  d. said movable and stationary contacts each having a held end and a free
      end and each bearing an electrical contact at the free end,
PA1  e. said movable and stationary contacts having wire attachment means at the
      held ends thereof and proximate the walls of said housing to facilitate
      connection of electric supply wires to said movable and stationary
      contacts,
PA1  f. said movable contact having an elongated arm thereof extending beneath
      said toggle and being aligned with a cam of said toggle to be moved in
      response to the pivoting of said toggle,
PA1  g. the electrical contact of said elongated arm being movable into and out
      of electrical connection with the electrical contact of said stationary
      contact as said toggle is pivoted,
PA1  h. the elongated arm of said movable contact being formed integrally with
      the other elements of said movable contact and said movable contact
      including a torsion bar aligned at right angles to said elongated arm and
      extending from a side edge of said arm at the end opposite the contact
      bearing end portion, and
PA1  i. said torsion bar being integral with and terminating in said wire
      attachment means.
NUM  6.
PAR  6. The switch of claim 5 wherein the wire attachment means includes a screw
      terminal loosely held at a side opening of the base of said housing, and
      firmly held by a boss depending from the cover of said housing.
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ABST
PAL  An electric switch having a sealed casing or a closed type switch wherein a
      breather hose has its one end opened to the interior of a closed contact
      chamber, so that the breathing action of the contact chamber due to its
      temperature change is made through the breather hose. An opening at the
      other end of the breathing hose is located in an outside atmosphere of
      good condition, whereby air of high humidity is prevented from intruding
      into the contact chamber.
BSUM
PAR  The present invention relates to an electric switch having a sealed casing
      or a closed type switch which is rendered waterproof.
PAR  Where a prior-art closed switch is mounted on a place of bad circumstances,
      a gap appears at a tightly fastened part due to vibration, etc. As the
      result, highly humid air is introduced into a contact chamber by the
      breathing action which is ascribable to the difference in temperature
      between the interior and exterior of the contact chamber. It is
      accordingly often the case that the surface of a contact portion gradually
      forms an oxide film on account of dew formation and that inferior contact
      arises. This leads to such disadvantages of the prior art that the
      performance of the switch unit is conspicuously spoilt and that the
      durable years are shortened.
PAR  An object of the present invention is to provide a switch which is
      perfectly closed so that quite no moisture may permeate into a contact
      chamber even under very severe circumstances.
PAR  Another object is to provide a switch which, even when a breathing action
      due to a temperature change in a contact chamber arises, is reliably
      prevented from bringing about inferior contact or leading to an
      unserviceable state on account of the intrusion of highly humid air etc.
      and the subsequent formation of an oxide film in the surface of a contact
      portion.
DRWD
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a plan view of an electric switch having a sealed casing or a
      closed switch provided with a breather hose according to the present
      invention;
PAR  FIG. 2 is a sectional side elevation taken along a line II -- II in FIG. 1;
      and
PAR  FIG. 3 is a sectional side elevation taken along a line III -- III in FIG.
      1.
DETD
PAR  On the upper surface of a switch case 1 formed into a predetermined shape,
      there is placed switch insulator 2 which is the cover of the switch case.
      Defined inside the switch case 1 is a contact chamber 9, in which a
      movable contact (D) adapted to turn therein is disposed.
PAR  The switch insulator 2 is made of a synthetic resin material, and is formed
      into the same external shape as that of the switch case 1. In the switch
      insulator 2, the trains of fixed contacts (A), (B) and (C) are integrally
      buried.
PAR  The contact surfaces of the fixed contacts (A), (B) and (C) are enclosed,
      together with the movable contact, into the contact chamber by placing the
      switch case 1 and the switch insulator 2 one over the other. The movable
      contact and the fixed contacts are in such manner that a predetermined
      position of the fixed contacts (A), (B) and (C) can be selected by turning
      the movable contact (D) within the contact chamber 9.
PAR  At the peripheral edge portion of the lap surfaces of and between the
      switch case 1 and the switch insulator 2, a seal member 3 such as O-ring
      is disposed. The switch case 1 and the switch insulator 2 are integrally
      and tightly fastened at several predetermined places by a plurality of
      screws 4.
PAR  The switch insulator 2 has a depressed portion 5 which is expanded
      substantially fanwise in plan on the upside thereof, and a concave portion
      7 which is oval in plan and whose peripheral edge portion is surrounded by
      a small and rising wall 6.
PAR  Within the depressed portion 5, the fore end parts of a plurality of lead
      wires 8 formed into predetermined lengths are secured to the joint parts
      of the respective trains of the fixed contacts (A), (B) and (C) by such
      means as brazing.
PAR  On the other hand, the concave portion 7 is provided at one side end part
      thereof with a wide communicating hole 10 which communicates to the
      interior of the contact chamber 9 defined inside the switch case 1. One
      end of a hollow cylindrical elbow 11 which is bent into an inverted-L
      shape in section is secured to the communicating hole 10 in the
      communicating state.
PAR  At the other end of the elbow 11, a breather hose 12 is mounted which has a
      predetermined length for bringing the contact chamber 9 into communication
      with the atmospheric air. The breather hose 12 and the lead wires 8
      extending into the depressed portion 5 are inserted in a tube 13 which is
      made of material having thermal resistance, electric insulation, water
      proof and wear proof.
PAR  The lead wires 8 within the depressed portion 5 including the fore end part
      14 of the tube 13 and the elbow 11 as well as the breather hose 12 located
      within the concave portion 7 are integrally buried and hardened by an
      epoxy resin 15 at their respective positions on the upside of the switch
      insulator 2.
PAR  The tube 13 in which the lead wires 8 and the breather hose 12 are inserted
      is made so long as to cover the lead wires 8 and the breather hose 12 to
      the extent that they are not splashed with water. In case of, for example,
      an automobile, the opening of the breather hose 12 as is remote from the
      elbow 11 is situated at an appropriate position at which it is not
      directly exposed to an outside atmosphere of bad condition as in the car
      room.
PAR  Numeral 16 designates a turning contact bar which has the movable contact
      (D) turning within the contact chamber 9 about a shaft portion 19 and
      serving to select a predetermined position of the fixed contacts. Numeral
      17 denotes a mounting portion for a control rod for controlling the
      turning contact bar 16. Shown at 18 is a keeper fixture for the tube 13.
PAR  The present invention is constructed as stated above. In the switch having
      the contact chamber 9 which is closed by the switch case 1 and the switch
      insulator 2, the breather hose 12 of the predetermined length is connected
      and arranged so as to have its one end opened into the contact chamber 9,
      whereby the inhalation of the outside air as based on the breathing action
      of the contact chamber 9 attributable to a temperature change in the
      chamber is made thrgough the breather hose 12. Therefore, the intrusion of
      air of high humidity or with much fine dust in the outside atmosphere of
      bad condition can be reliably and readily checked merely by disposing the
      other opening end of the breather hose 12 at a suitable place. In
      addition, the enhancement of water proof is easily achieved, and various
      operative parts can be accurately operated over a long term.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electric switch which comprises:
PA1  a movable contact and fixed contacts;
PA1  a casing for enclosing said contacts;
PA1  said casing defining a chamber in which said movable contact is disposed,
      and including a cover to render the same waterproof, the outside wall of
      said cover defining a cavity having apertures therein through which said
      fixed contacts are installed with their contact surfaces extending into
      said chamber;
PA1  a plurality of lead wires disposed in said cavity of said cover and
      connected to said fixed contacts;
PA1  a compound packed in said cavity to ensure the sealed state of said
      chamber;
PA1  and means to conduct atmospheric air into and from said casing from a
      region remote from said casing.
NUM  2.
PAR  2. An electric switch as defined in claim 1, wherein said outside wall of
      said cover includes a second cavity, said means to conduct atmospheric air
      passing through said second cavity and said compound being packed in said
      second cavity thereby to fix said means in position.
NUM  3.
PAR  3. An electric switch as defined in claim 2, wherein said cavity through
      which said fixed contacts are installed is fanwise in plan on the upside
      of said cover, and said second cavity is oval in plan and has its
      peripheral edge surrounded by a small retaining wall.
NUM  4.
PAR  4. An electric switch as claimed in claim 1, wherein said movable contact
      comprises a bar, means mounting said bar for sliding movement within said
      chamber, and a contact fixed to said bar for coaction with said fixed
      contacts.
NUM  5.
PAR  5. An electric switch as defined in claim 4, wherein the depth of said
      chamber is substantially equal to the height of said bar of said movable
      contact.
NUM  6.
PAR  6. An electric switch as defined in claim 1, further comprising a tube for
      sheathing and covering said lead wires and said means.
NUM  7.
PAR  7. An electric switch as defined in claim 1, wherein said means comprises a
      hose and a hollow cylindrical elbow L shape in section, connected at one
      end thereof to said hose, the other end being open into said casing.
NUM  8.
PAR  8. An electric switch having a sealed casing defined in claim 1, wherein
      said switch case is secured to a housing of a speed change gear, and it is
      arranged so that said movable contact may interlock with a shift lever for
      a speed change operation.
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ABST
PAL  An internal spreader bar provides control of the convergence point and
      convergence angle of opposite electrically heated edges of a skelp during
      a tube seam welding operation and other controls are practiced to increase
      weld pressure at the faying surfaces.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is the purpose of this invention to provide a method and means for
      improving the uniformity and quality of the welded seam in the manufacture
      of seam welded tubing, especially alloy tubing such as stainless steel.
PAR  The invention accomplishes this purpose by carefully controlling the
      separation of opposite seam edges and the length of the interfacial
      pressure contact between them ahead of the weld line, thereby effectively
      controlling the area of contact and raising the interfacial contact
      pressure as compared with conventional processes. The control is
      preferably achieved in part by means of a spreader device that is inserted
      inside of the tubing. It is also preferred that the volume of metal heated
      to welding temperature be controlled to minimize the amount of upset metal
      and thereby create maximum weld pressures.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevation of a tube mill including welding
      apparatus embodying the invention;
PAR  FIG. 2 is a plan view taken from the top of FIG. 1;
PAR  FIG. 3 is a section along the line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged plan view of the spreader; and
PAR  FIG. 5 is an end view of the structure shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIGS. 1 -- 3, a tube making mill 1 includes two sets of rolls
      3 and 5 which are positioned, respectively, on the upstream and downstream
      sides of a suitable metal heater, preferably a high frequency electrical
      current welder 7. The welder 7 is shown for illustrative purposes as an
      electrode or contact type (available on the open market for tube making
      applications), though other welders may be used, and includes contacts 9
      connected to a high frequency generator or power souce 11. The weld
      current frequency is preferably in the range of 200 to 500 kilocycles per
      second. The tube mill 1 is not shown completely and would include upstream
      of rolls 3 a plurality of sets of forming rolls which progressively form
      strip metal into a skelp or tube-like form. These include closing rolls
      (not shown) to align the spaced, unwelded edges 13 of the skelp or
      unwelded portion of tube 15 and partially bring them together. They
      cooperate with the weld pressure rolls 5 or pressure applying means which
      bring the edges into high pressure face to face contact or abutment for
      welding, the edges being on opposite sides of a V-shaped gap 17 as the
      skelp approaches rolls 5. A set of rolls 19, downstream from pressure
      rolls 5, acts along with other roll sets including set 3, to continuously
      move the tube through the tube mill 1 at a desired rate of speed. It will
      be understood that other welding techniques and apparatus may be used,
      such as an induction coil.
PAR  In operation, the tube 15 moves from right to left and as it goes through
      the rolls the V-gap 17 is formed and then the opposite edges 13 are
      squeezed together by rolls 5, the maximum weld pressure line being defined
      substantially by the roll center line 21. High frequency current is
      applied to the edges 13 by contacts 9 which are placed respectively on
      opposite sides of the gap 17 upstream of the maximum pressure line 21.
      This current heats the edges 13 to a desired degree and depth so that when
      pressure is applied by rolls 5 to bring them into contact they are joined
      together in a butt weld or seam 23 that, due to upsetting of the soft,
      heated metal, includes some flash 25 on the inner and outer walls of the
      tube. This is removed by a suitable flash removal tool (not shown) at a
      suitable point downstream from the weld line 21 whereupon the tubing
      should be ready for cutting to length and use.
PAR  It has been found that an unrefined welding technique such as just
      described does not consistently produce high quality tubing. This
      particularly true when the metal is an alloy steel, such as A.I.S.I. 409
      stainless steel. Past processes have often required an annealing operation
      after welding and/or very close control of metal composition to a narrower
      range than is available commercially at competitive prices. In normal
      processing, as with equipment so far described, the initial upsetting or
      flash will usually start at a distance of 5 to 8 times the tube wall
      thickness ahead of line 21. This distance of early upsetting results from
      the circumferential reduction of the tube 15 required in rolls 5 to create
      the needed weld pressure. While the flanges on rolls 5 provide some
      support or containment, there must be a gap between them for passage of
      flash and the rolls therefore, of themselves, do not resist excessive
      upsetting of the weld metal, though I believe it is desirable to hold the
      roll flange gap to no more than 0.015 to 0.025 inch more than the metal
      thickness. I have found that very significant improvements in terms of
      weld quality and uniformity, particularly with alloy steel, are obtained
      by controlling the convergence point of the heated edges 13 with respect
      to pressure line 21 so that upsetting or flash begins at a substantially
      shorter distance ahead of maximum pressure line 21, preferably only 1 to 3
      times the wall thickness. Actually, I believe it is best if the beginning
      point of the upset 25 is only 1 or 2 wall thicknesses ahead of line 21 but
      at the present time this close control does not seem to be practical from
      the standpoint of production manufacturing. Control of the length of upset
      includes control of the length of pressure contact between opposite edges
      ahead of line 21 and thus control of effective unit area weld pressure.
      The very high interfacial unit pressure on the faying surfaces that are
      obtainable by means of this invention cause a break through or penetration
      of microscopic barrier layers of oxides of base metal composition and
      enable substantially void free welds to be produced in alloy and stainless
      sheet metals.
PAR  In addition to controlling the convergence point for the edges 13, the
      invention also preferably provides a means to control the angle of
      convergence of the edges. In accordance with the invention, this angle is
      preferably larger than normally employed in the art and preferably exceeds
      4.degree., 5.degree. being suitable. I have noticed that the portions of
      the edges 13 which are heated curve inwardly so that opposite sides move
      toward each other. Increase of the convergence angle keeps these bulged
      edges apart to prevent arcing, metal expulsion, and premature pressure or
      electrical contact upstream of the desired convergence point. It also
      reduces the proximity effect of the high frequency current thereby
      reducing any adverse heating effect of the current flow in the edges. The
      heating current is applied over a minimum length, preferably so that the
      length of the edges heated to welding temperature is about 1.00 to 1.25
      inch ahead of line 21. These features permit the use in the invention of a
      decreased time and depth of heating, increased energy input, and an
      extremely high temperature gradient between the heated plastic edge
      surfaces and the cooler, stronger core or back-up metal (as compared with
      normal practice). Thus, the depth of the weld zone is only several mils
      and much less than in normal practice, the volume of upset metal is less,
      and the generation of very high interfacial pressures further facilitated.
      Control of the cnvergence point and angle in addition to promoting
      concentration of the heat and reduced depth of heating promotes greater
      uniformity of heating since it reduces to a minimum the distance between
      initial edge contact to the beginning of upsetting thereby maintaining
      effective edge separation to a substantially predetermined point which
      minimizes variations in energy input per unit volume of metal to give
      higher consistency and quality of welds.
PAR  Since it is an aim of the invention to produce extremely high interfacial
      pressures by adopting measures to keep the amount of upset to a minimum,
      it also follows that the metal being welded should, where there is a
      choice, be selected to have as high a compressive yield strength as
      practicable. Thus, among the steels, those which are in the austenitic
      phase during the weld cycle are preferable to those that are ferritic. The
      high interfacial pressures employed in accordance with the invention tend
      to minimize the uncontrolled, adverse effects of slight variations in
      metal chemistry on interface pressure and weld quality and, as indicated,
      break through any microscopic oxide layers, spots, or inclusions which
      might at lower pressures produce voids or other imperfections in the weld.
PAR  In order to control the convergence point and angle of edges 13 and the
      length of upset 25, a spreader device 31 is supported inside the unwelded
      portion of tube 15. The effective outer diameter of the device 31 for a 2
      inch O.D. 0.040  to 0.060 inch wall thickness tube is preferably 0.020
      inch to 0.050 inch larger than the inner diameter of the unwelded part of
      the tubing. Its size and location prevent the edges 13 from starting to
      upset until the desired distance (preferably 1 to 3 wall /thicknesses)
      ahead of the center line 21. The tube contacting part of the device is
      tapered to give the required angle of convergence (preferably at least
      4.degree.) for the V-gap 17 to provide for initial edge engagement at the
      desired point. Use of the device 31 enables high welding pressure to be
      applied by rolls 5 over a precisely controlled interface length and has
      permitted A.I.S.I. 409 and other steels previously rejected as unweldable
      to be satisfactorily welded. The magnitude of weld pressure used in
      practicing my invention is much higher than ordinarily used in high
      frequency tube welding. For example, in the welding of A.I.S.I. 409 tubing
      of 2 inch outer diameter and 0.040 to 0.060 inch wall thickness, the
      pressure is sufficient to produce a circumferential reduction of
      approximately 0.045 to 0.085 inch in circumference while maintaining a
      relatively small flash. Proportional reductions for smaller or larger
      tubes would, I believe, indicate the order of pressure required.
PAR  As seen best in FIGS. 4 and 5, the spreader device 31 may comprise a round
      support bar 33 that is positioned in a substantially coaxial position
      within tube 15, being supported in this position by a lateral arm 35 (FIG.
      1) that projects through the V-gap 17 to be suitably mounted in an
      adjustably fixed position on a part of the tube mill 1. Secured to
      opposite sides of the bar 33 by countersunk screws 37 are arcuate, tapered
      pads 39 of suitable long wearing, non-magnetic material such as industrial
      nylon, hardened bronze, diamonite, etc. The top longitudinal edges 41 of
      the two pads may be angularly spaced somewhat farther apart than the
      corresponding bottom edges 42 to accommodate the gap 17 and the heated
      edge portions of the tube adjacent edges 13. The angle of taper of the
      outer tube wall contacting surfaces 43 of the pads and their distance from
      weld pressure center line 21 results in the desired angle of convergence
      of the skelp. The trailing end face 45 of the pad is located at a position
      ahead of the center line 21 such as to cause upsetting to initiate about
      three wall thicknesses or less ahead of center line 21. This distance may
      be adjusted slightly to compensate for material hardness and thickness
      plus tube diameter. It will be seen in FIG. 3 that the pads apply pressure
      on the inside surface of the skelp substantially along a diameter that is
      perpendicular to a diameter through the gap 17. The opening on top between
      the pads accommodates the flash as indicated in FIG. 1. Preferably a jet
      of suitable cooling and oxide inhibiting gas (such as a mixture of
      hydrogen, argon, and nitrogen) is fed through tube 49 ahead of point 47,
      where flash or upset begins, to remove water, oil, and other contaminating
      materials.
PAR  As an example to illustrate preferred relationships it will be assumed that
      it is desired to follow the invention in the manufacture of 2 inch O.D.
      409 stainless steel tubing having a 0.045 inch wall thickness. The
      spreader 31 defines a convergence angle of about 5.degree. and is
      positioned so that the apex of the V-gap 17 (or point of initial
      convergence) is about 0.180 to 0.250 inch ahead of line 21. The contacts 9
      are positioned so that heating of the edges to welding temperature starts
      at about 1.00 to 1.250 inch ahead of line 21. The start of upset or flash
      (point 47) is about 0.090  to 0.125 inch ahead of line 21. To obtain the
      relationships mentioned, the spreader 31 as described has its rear face 45
      in the vicinity of 1.50 to 2.00 inch ahead of line 21.
PAR  The invention improves the conventional tube welding process by providing a
      means and method to control interface welding pressure and thereby permit
      various metals, such as stainless steel, to be produced in a practical
      manner by high frequency seam welding techniques. An indication of the
      level of weld quality improvement realized through the subject invention
      would be the amount of diameter expansion a tube will withstand without
      failure. Previous to this invention, one could expect numerous localized
      and elongated failures in a weld on A.I.S.I. 409 tubing with from 5 to 15%
      expansion of the tube diameter. Using the techniques of the invention,
      tubing has been produced which showed no failures in the weld with
      expansion of up to 37.7% on the radius of the tube. Modifications or
      variations of the specific features shown or described may be made without
      departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of continuously welding together to form a seam the abutting
      edges of metal which comprises continuously moving the metal
      longitudinally in one direction, heating the edges to be welded together,
      passing the heated edges through squeeze roll means to apply welding
      pressure to the edges, and separating the edges in advance of the weld
      line defined by the squeeze roll means to maintain them out of pressure
      contact with each other until they reach a point approximately 1 to 3
      metal thicknesses in advance of said weld line.
NUM  2.
PAR  2. A method of making metal tubing which comprises continuously passing a
      skelp having heated edges separated by a gap through welding pressure roll
      means to fuse the edges together while maintaining the edges out of
      pressure contact until they reach a point approximately 1 to 3 metal
      thicknesses in advance of the line of maximum pressure applied by the roll
      means.
NUM  3.
PAR  3. The method of making stainless steel tubing or the like which comprises
      forming a skelp having a longitudinally extending gap between opposite
      edges, heating said edges to welding temperature by application of high
      frequency electrical current along a length extending in advance of a weld
      line, and applying pressure to said edges to fuse them together in a
      welded joint while separating said edges in advance of said weld line so
      that pressure is applied to them for a length of no more than
      approximately three metal thicknesses in advance of said weld line.
NUM  4.
PAR  4. In a tube mill for making tubing by forming a skelp from strip metal and
      welding the edges of the skelp together, the combination of means for
      continuously moving the skelp along a path extending longitudinally of the
      length of the tubing being formed, high frequency electrical means for
      heating the edges of the skelp to be welded together, pressure rollers
      positioned on opposite sides of said path to apply welding pressure along
      a weld line to skelp entering the rollers, and spreader means fixedly
      positioned inside of the skelp and effective on the skelp to maintain
      separation of the edges to be welded until such edges have advanced to no
      more than approximately three times metal thickness from said weld line.
NUM  5.
PAR  5. A tube mill as set forth in claim 4 wherein said spreader means
      comprises a member substantially coaxial with the skelp and having a
      surface engaging the inner wall thereof.
NUM  6.
PAR  6. A tube mill as set forth in claim 5 wherein said member surace is
      tapered.
NUM  7.
PAR  7. A tube mill as set forth in claim 6 wherein said member surface
      comprises a pair of non-magnetic pads.
NUM  8.
PAR  8. A tube mill as set forth in claim 7 wherein the effective outer diameter
      of said pads is slightly greater than the normal inner diameter of the
      skelp in the absence of said pads.
NUM  9.
PAR  9. A tube mill as set forth in claim 4 wherein said spreader means
      comprises a bar located along the axis of the skelp, support means for the
      bar, and non-magnetic pads on the bar engaging the inner wall of the
      skelp.
NUM  10.
PAR  10. In a tube mill for making tubing by forming a skelp from strip metal
      and welding the edges of the skelp together, the combination of means for
      continuously moving the skelp along a path extending longitudinally of the
      length of the tubing being formed, means for heating the edges of the
      skelp to be fused at a high temperature gradient for rendering a shallow
      depth of said edges in a fusible state, pressure applying means positioned
      on opposite sides of said path to apply welding pressure along a weld line
      to the skelp entering said pressure applying means, and spreader means for
      controlling the angle and point of contact of said edges, said spreader
      means being fixedly positioned adjacent the skelp and a predetermined
      position remote from the point of contact of the edges and effectively
      contacting opposite sides of the interior surface of the skelp along a
      line substantially parallel to the width of the gap separating the edges
      to maintain separation of the edges to be welded until such edges have
      advanced to a predetermined distance ahead of but close to said weld line.
NUM  11.
PAR  11. In a tube mill for making tubing by forming a skelp from strip metal
      and welding the edges of the skelp together, the combination of means for
      continuously moving the skelp along a path extending longitudinally of the
      length of the tubing being formed, high frequency electrical means for
      heating the edges of the skelp to be welded together, pressure applying
      means positioned on opposite sides of said path to apply welding pressure
      along a weld line to skelp entering said pressure applying means, and
      spreader means fixedly positioned inside of the skelp and effectively
      contacting the interior surface of the skelp to maintain separation of the
      edges to be welded until such edges have advanced to a predetermined
      distance ahead of but close to said weld line, said spreader means
      comprising a member substantially coaxial with the skelp and a pair of
      nonmagnetic pads supported on the member in surface contact with the
      inside of said skelp to apply pressure thereto to maintain separation of
      the edges substantially along a diameter of the skelp that is normal to a
      diameter intersecting the space between said edges.
NUM  12.
PAR  12. A tube mill as set forth in claim 11 wherein said spreader means is
      shaped to provide an angle of convergence of at least 4.degree. and said
      predetermined distance is substantially three times the metal thickness or
      less from said weld line.
NUM  13.
PAR  13. A tube mill as set forth in claim 12 wherein said electrical means
      applies weld heat to said edges over a distance of substantially 1.00 inch
      to 1.25 inch ahead of said weld line.
NUM  14.
PAR  14. The method of making tubing from A.I.S.I. 409 stainless steel
      comprising forming a skelp having a longitudinally extending V-shaped gap
      between the opposite edges to be welded together to form a seam, heating
      said edges to welding temperature along a length extending in advance of a
      weld line by applying high frequency electrical current to said edges,
      applying welding pressure to said edges to weld them together into a
      welded seam, said pressure being a maximum along said weld line, applying
      welding pressure sufficient in magnitude to produce reduction in
      circumference of 0.045 to 0.085 inch in said A.I.S.I. 409 tubing of 2 inch
      outer diameter and 0.040 to 0.060 inch wall thickness, and applying
      internal spreading pressure to the inner surface of said skelp to maintain
      a substantially predetermined angle for said V-shaped gap and to maintain
      said opposite edges out of contact until a predetermined point ahead of
      said weld line.
NUM  15.
PAR  15. The method of making tubing from A.I.S.I. 409 stainless steel
      comprising forming a skelp having a longitudinally extending V-shaped gap
      between the opposite edges to be welded together to form a seam, heating
      said edges to welding temperature along a length extending in advance of a
      weld line by applying high frequency electrical current to said edges,
      applying welding pressure to said edges to weld them together into a
      welded seam, said pressure being a maximum along said weld line, and
      applying internal spreading pressure to the inner surface of said skelp to
      maintain a substantially predetermined angle for said V-shaped gap and to
      maintain said opposite edges out of contact until a predetermined point
      ahead of said weld line, the length of edges heated to welding temperature
      being substantially within the range of 1.00 to 1.25 inch .
NUM  16.
PAR  16. The method of making tubing comprising forming a skelp having a
      longitudinally extending V-shaped gap between the opposite edges to be
      welded together to form a seam, heating said edges to welding temperature
      along a length extending in advance of a weld line by applying high
      frequency electrical current to said edges, applying welding pressure to
      said edges to weld them together into a welded seam, said pressure being a
      maximum along said weld line, and applying internal spreading pressure to
      the inner surface of said skelp to maintain a substantially predetermined
      angle of no less than 4.degree. for said V-shaped gap and to maintain said
      opposite edges out of contact until a predetermined point ahead of said
      weld line.
NUM  17.
PAR  17. The method of making alloy steel tubing comprising forming a skelp
      having a longitudinally extending V-shaped gap between the opposite edges
      to be welded together to form a seam, heating said edges to welding
      temperature along a length extending in advance of a weld line by applying
      high frequency electrical current to said edges, applying welding pressure
      to said edges to weld them together into a welded seam, said pressure
      being a maximum along said weld line, and applying internal spreading
      pressure to the inner surface of said skelp to maintain a substantially
      predetermined angle for said V-shaped gap and to maintain said opposite
      edges out of contact until a predetermined point ahead of said weld line,
      said predetermined point being no more than three times the metal
      thickness.
NUM  18.
PAR  18. A method as set forth in claim 17 wherein said predetermined angle is
      no less than 4.degree. .
NUM  19.
PAR  19. A method as set forth in claim 18 wherein the welding pressure is in
      the order of magnitude of that required to produce a reduction in
      circumference of 0.045 to 0.085 inch in A.I.S.I. 409 tubing of 2 inch
      outer diameter and 0.040 to 0.060 inch wall thickness.
NUM  20.
PAR  20. A method as set forth in claim 18 wherein said length of edges heated
      to welding temperature is substantially within the range of 1.00 to 1.25
      inch.
NUM  21.
PAR  21. In a tube mill for making tubing by forming a skelp from strip metal
      and welding the edges of the skelp together, the combination of means for
      continuously moving the skelp along a path extending longitudinally of the
      length of the tubing being formed, high frequency electrical means for
      heating the edges of the skelp to be welded together, pressure applying
      means positioned on opposite sides of said path to apply welding pressure
      along a weld line to skelp entering said pressure applying means, and
      spreader means fixedly positioned inside of the skelp and effectively
      contacting opposite sides of a wide portion of the interior surface of the
      skelp spaced a substantial distance from said edges to maintain separation
      of the edges to be welded until such edges have advanced to a
      predetermined distance ahead of but close to said weld line, said spreader
      means comprising a member substantially coaxial with the skelp and a pair
      of non-magnetic pads supported on the member in surface contact with the
      inside of said skelp to apply pressure thereto to maintain separation of
      the edges substantially along a diameter of the skelp that is normal to a
      diameter intersecting the space between said edges.
NUM  22.
PAR  22. A tube mill as set forth in claim 21 wherein said spreader means is
      shaped to maintain a predetermined angle of convergence between the
      opposite edges of the skelp.
NUM  23.
PAR  23. A tube mill as set forth in claim 22 wherein said angle of convergence
      is at least 4.degree..
NUM  24.
PAR  24. The method of making alloy steel tubing comprising forming a skelp
      having a longitudinally extending V-shaped gap between the opposite edges
      to be welded together to form a seam, heating a shallow depth only of said
      edges at a high temperature gradient to welding temperature along a length
      extending for a short length in advance of a weld line by applying high
      frequency electrical current to said edges, applying welding pressure to
      said edges to weld them together into a welded seam, said pressure being a
      maximum along said weld line, and applying internal spreading pressure to
      a wide portion of the inner surface of said skelp along a transverse line
      spaced a substantial distance inwardly from said edges and substantially
      parallel to the width of the gap to maintain a substantially predetermined
      angle of convergence for said V-shaped gap and to maintain said opposite
      edges out of contact until a predetermined point ahead of said weld line.
NUM  25.
PAR  25. In a tube mill for making tubing by forming a skelp from strip metal
      and welding the edges of the skelp together, the combination of means for
      continuously moving the skelp along a path extending longitudinally of the
      length of the tubing being formed, means for heating the edges of the
      skelp to be fused at a high temperature gradient for rendering a shallow
      depth of said edges in a fusible state, pressure applying means positioned
      on opposite sides of said path to apply welding pressure along a weld line
      to the skelp entering said pressure applying means, and separator means
      for controlling the angle and point of contact of said edges, said
      separator means being fixedly positioned adjacent the skelp and a
      predetermined position remote from the point of contact of the edges and
      effective to apply outward spreading pressure on the interior surface of
      the skelp substantially along a transverse line spaced a substantial
      distance inwardly from said edges and substantially parallel to the width
      of the space between the edges to maintain separation of the edges to be
      welded until such edges have advanced to a preestablished distance ahead
      of but close to said weld line.
NUM  26.
PAR  26. In a tube mill for making tubing by forming a skelp from strip metal
      and welding the edges of the skelp together, the combination of means for
      continuously moving the skelp along a path extending longitudinally of the
      length of the tubing being formed, high frequency electrical means for
      heating at a high temperature gradient only a shallow depth of the edges
      of the skelp to be welded together, pressure applying means positioned on
      opposite sides of said path to apply welding pressure along a weld line to
      skelp entering said pressure applying means, and tapered separator means
      mounted inside the skelp and providing a spreader surface operating
      against the interior surface of the skelp and effective to apply outward
      spreading pressure to the skelp to maintain separation of the edges to be
      welded until such edges have advanced along said path to a position close
      to said weld line, said spreader surface being tapered on an effective
      predetermined angle and providing means to maintain an angle of
      convergence between said edges of said predetermined angle.
NUM  27.
PAR  27. The method of making alloy steel tubing comprising forming a skelp
      having a longitudinally extending V-shaped gap between the opposite edges
      to be welded together to form a seam, heating a shallow depth of said
      edges at a high temperature gradient to welding temperature along a short
      length extending in advance of a weld line by applying high frequency
      electrical current to said edges, applying very high welding pressure to
      said heated edges to break through barrier layers of oxides and to weld
      them together into a welded seam, said pressure being a maximum along said
      weld line, applying a jet of oxide inhibiting gas to said gap at a point
      spaced ahead of said weld line, and applying internal spreading pressure
      to a wide portion of the inner surface of said skelp along a transverse
      line spaced a substantial distance inwardly from said edges and
      substantially parallel to the width of the gap to maintain a substantially
      predetermined angle of convergence for said V-shaped gap and to maintain
      said opposite edges out of contact until a predetermined point close to
      and ahead of said weld line.
NUM  28.
PAR  28. The method of making metal tubing comprising forming a skelp having a
      longitudinally extending V-shaped gap between the opposite edges to be
      welded together to form a seam, heating said opposite edges to welding
      temperature by application thereto of high frequency electrical current
      along a length in advance of a weld line, applying welding pressure which
      is substantially at a maximum along said weld line to said edges to weld
      them together into a welded seam, and separating said edges in advance of
      said weld line to maintain said opposite edges out of contact until they
      reach a point approximately 1 to 3 metal thicknesses in advance of said
      weld line.
NUM  29.
PAR  29. The method of making metal tubing comprising forming a skelp having a
      longitudinally extending V-shaped gap between the opposite edges to be
      welded together to form a seam, heating said opposite edges to welding
      temperature by application thereto of high frequency electrical current
      along a length in advance of a weld line, applying welding pressure which
      is substantially at a maximum along said weld line to said edges to weld
      them together into a welded seam, and separating said edges in advance of
      said weld line to maintain said opposite edges out of contact until they
      reach a point approximately 1 to 3 metal thicknesses in advance of said
      weld line and to maintain an angle of no less than 4.degree. for said
      V-shaped gap.
NUM  30.
PAR  30. In a tube mill for making tubing by forming a skelp from strip metal
      and welding the edges of the skelp together, the combination of means for
      continuously moving the skelp along a path extending longitudinally of the
      length of the tubing being formed, high frequency electrical means for
      heating the edges of the skelp to be welded together, pressure means
      positioned on opposite sides of said path to apply welding pressure along
      a weld line to skelp entering the pressure means, and edge separation
      means positioned in advance of said weld line and effective on the skelp
      to maintain separation of the edges to be welded so that they are out of
      contact until such edges have advanced to a point no more than
      approximately three times the metal thickness in advance of said weld
      line.
NUM  31.
PAR  31. In a tube mill for making tubing by forming a skelp from strip metal
      and welding the edges of the skelp together, the combination of means for
      continuously moving the skelp along a path extending longitudinally of the
      length of the tubing being formed, high frequency electrical means for
      heating the edges of the skelp to be welded together, pressure means
      positioned on opposite sides of said path to apply welding pressure along
      a weld line to skelp entering the pressure means, and edge separation
      means positioned in advance of said weld line and effective on the skelp
      to maintain separation of the edges to be welded so that they are out of
      contact until such edges have advanced to a point no more than
      approximately three times the metal thickness in advance of said weld line
      and to maintain an angle of convergence of at least 4.degree. between said
      edges to be welded.
NUM  32.
PAR  32. In a tube mill for making tubing by forming a skelp from strip metal
      and welding the edges of the skelp together, the combination of means for
      continuously moving the skelp along a path extending longitudinally of the
      length of the tubing being formed, high frequency electrical means for
      heating the edges of the skelp to be welded together, pressure applying
      means positioned on opposite sides of said path to apply welding pressure
      along a weld line to skelp entering said pressure applying means, and
      separator means fixedly positioned inside of the skelp and effective to
      apply outward spreading pressure on the interior surface of the skelp
      substantially along a transverse line spaced a substantial distance
      inwardly from said edges and substantially parallel to the width of the
      space between the edges to maintain separation of the edges to be welded
      until such edges have advanced to a preestablished distance ahead of but
      close to said weld line, said separator means being tapered on an
      effective angle of about 5.degree. and providing means acting on the
      interior surface of the skelp to maintain an angle of convergence of about
      5.degree. between said edges.
NUM  33.
PAR  33. In a tube mill for making tubing by forming a skelp from strip metal
      and welding the edges of the skelp together, the combination of means for
      continuously moving the skelp along a path extending longitudinally of the
      length of the tubing being formed, high frequency electrical means for
      heating the edges of the skelp to be welded together, pressure applying
      means positioned on opposite sides of said path to apply welding pressure
      along a weld line to skelp entering said pressure applying means, and
      tapered separator means mounted inside the skelp and providing a spreader
      surface operating against the interior surface of the skelp and effective
      to apply outward spreading pressure to the skelp to maintain separation of
      the edges to be welded until such edges have advanced along said path to a
      position close to said weld line, said spreader surface being tapered on
      an effective predetermined angle of approximately 5.degree. and providing
      means to maintain an angle of convergence between said edges of said
      predetermined angle.
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ABST
PAL  Submerged arc welding of high tension steel workpieces by using bonded flux
      capable of generating at least 7 percent by weight of carbon dioxide gas
      during welding operation and producing slag with a basicity B.sub.L of not
      smaller than 1.0, in conjunction with a welding wire capable of providing
      alloying elements to weld metal, so as to produce weld metal having a high
      toughness and a high crack-resistivity.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our application Ser. No.
      224,469, filed Feb. 8, 1972, and entitled METHOD OF SUBMERGED ART WELDING
      OF HIGH TENSION STEEL WORKPIECES, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of submerged arc welding of high tension
      steel workpieces, e.g., plates or like articles, and more particularly to
      a method of submerged arc welding of high tension steel plates or the like
      with a tensile strength of not smaller than 60 Kg/mm.sup.2.
PAR  2. Description of Prior Art
PAR  In submerged arc welding of high tension steel workpieces, e.g., plates or
      the like, it is important to produce weld metal of high crack-resistivity.
      Conventional weld metal, which is produced by using fused flux, is not
      provided with sufficiently high crack-resistivity for welding high tension
      steel workpieces.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a method of submerged arc
      welding of high tension steel plate or the like, by using a welding wire
      containing major alloying elements of desired weld metal, in conjunction
      with bonded flux containing a large amount of carbonate as a source of
      carbon dioxide and producing slag with a high basicity. With a combination
      of the aforesaid welding wire and the aforesaid bonded flux, one can
      produce a weld metal having a high toughness and a high crack-resistivity
      by reducing contents of oxygen, hydrogen, and sulfur in the weld metal.
      With conventional bonded flux, alloying elements of the weld metal tend to
      be segregated, and the alloy composition of the weld metal is apt to be
      varied depending on the welding conditions. The use of the aforesaid
      combination of the welding wire and the flux, according to the present
      invention, the risk of causing segregation and the composition fluctuation
      in response to the difference of welding conditions is almost completely
      eliminated.
PAR  When bonded flux is used in conventional submerged arc welding processes,
      it is intended to transfer most alloying elements directly from the flux
      to the weld metal. Accordingly, if a high content of any alloying element
      is required, such alloying element is apt to be segregated, and the
      composition of the weld metal produced thereby tends to fluctuate as
      welding conditions vary. As a result, a sizeable amount of the alloying
      elements may be wasted. The crack-resistivity of high tension steel at
      high temperature is very sensitive to the presence of the segregation and
      the non-uniformity therein. Accordingly, the bonded flux has seldom been
      used for submerged arc welding high tension steel workpieces. Furthermore,
      the bonded flux is generally hygroscopic, so that the bonded flux tends to
      increase the hydrogen content of the weld metal, resulting in cold cracks.
      In view of such physical and metallurgical properties, the bonded flux has
      not been considered as a material for submerged arc welding of high
      tension steel workpieces. Especially, for welding plates or like of high
      tension steel with a tensile strength of 70 to 80 Kg/mm.sup.2, it has
      generally been believed preferable to use fused flux rather than bonded
      flux.
PAR  It has been well known that the toughness of the weld metal increases with
      the basicity of slag, provided that the alloy composition of the weld
      metal is constant. Such improvement of the toughness of the weld metal in
      response to the increase of the basicity of the slag is due to the fact
      that the oxygen content of the weld metal decreases as the slag basicity
      increases.
PAR  On the other hand, with the fused flux, it is impossible to provide a very
      high basicity to slag generated thereby, because the fused flux is
      required to have a low hygroscopicity for maintaining its vitrifiable
      properties. Due to the low basicity of its slag, the fused flux cannot
      produce a weld metal with a high toughness.
PAR  Despite its comparatively low hygroscopicity, fused flux does not
      necessarily have a very low hydrogen content, because the fused flux tends
      to absorb moisture from the atmosphere when it is fused during its
      manufacturing process, which moisture remains in the fused flux to raise
      its hydrogen content. Furthermore, it is impossible to add a shield gas
      generating agent in the fused flux, which agent is actuated during the
      welding operation. Thus, the low hygroscopicity of the fused flux does not
      necessarily result in a low hydrogen content of the weld metal.
PAR  It is true that submerged arc welding of high tension steel workpieces with
      a tensile strength of not smaller than 60 Kg/mm.sup.2 has been performed
      by using fused flux, the quality of the weld metal obtained thereby has
      not been quite satisfactory.
PAR  In short, there is a pressing need for a submerged arc welding capable of
      generating weld metal having a high crack-resistivity as well as a high
      toughness.
PAR  Therefore, an object of the present invention is to provide a method for
      submerged arc welding high tension steel workpieces having tensile
      strength of not smaller than 60 Kg/mm.sup.2, so as to meet the aforesaid
      need.
PAR  There are two basic factors for ensuring the soundness of the weld metal
      for bonding high tension steel workpieces by submerged arc welding;
      namely, notch toughness and crack-resistivity of weld metal.
PAR  According to the present invention, in order to satisfactorily meet the two
      factors, contents of oxygen and sulfur of the weld metal are reduced by
      using bonded flux producing slag having a high basicity. At the same time,
      the toughness of the weld metal is enhanced by adding chromium and
      molybdenum in the weld metal, as alloying elements thereof. The
      segregation of such alloying elements and diversity of the alloy
      composition of the weld metal due to the difference of welding conditions
      can be prevented by adding most of those alloying elements from a welding
      wire. According to the invention, the amount of carbon dioxide gas to be
      generated from the flux during the welding operation is so selected that
      the amount of hydrogen dissolved in the weld metal is minimized. It is
      known that the amount of hydrogen gas absorbed by slag increases with its
      basicity. Accordingly, the present invention produces slag with a high
      basicity, for minimizing the amount of hydrogen dissolved in the weld
      metal. Due to the synergistic effects of the aforesaid variety of
      approaches, weld metal with excellent toughness and crack-resistivity can
      be achieved by the method according to the present invention.
PAR  It is an important feature of the present invention that bonded flux is
      used for submerged arc welding high tension steel workpieces, despite its
      comparatively high hygroscopicity.
PAR  Bonded flux to be used in the submerged arc welding according to the
      present invention should generate at least 7 percent by weight of carbon
      dioxide gas, based on the total weight of the flux, during the welding
      operation, and generate slag having a basicity of not smaller than 1.0. An
      embodiment of such bonded flux essentially consists of up to 60 percent by
      weight of at least one compound selected from the group consisting of
      calcium carbonate (CaCO.sub.3), magnesium carbonate (MgCO.sub.3), barium
      carbonate (BaCO.sub.3), sodium carbonate (Na.sub.2 CO.sub.3), and
      manganese carbonate (MnCO.sub.3), 4 to 16 percent by weight of silica
      (SiO.sub.2), 8 to 24 percent by weight of alumina (Al.sub.2 O.sub.3), and
      the remainder of calcium oxide (CaO) and/or magnesium oxide (MgO), which
      composition includes at least 7 percent by weight of carbon dioxide
      (CO.sub.2) in the form of carbonate and produces slag having a basicity
      B.sub.L of not smaller than 1.0. The basicity B.sub.L is given by the
      following equation.
      ##EQU1##
      Here, N.sub.i : molar fraction of ith oxide in the slag,
PA1  a.sub.i : a constant for the ith oxide, whose numerical value varies from
      oxide to oxide. Typical values for representative oxide are as follows.
     Oxide            a.sub.i                                                  
     ______________________________________                                    
     CaO              6.05                                                     
     SiO.sub.2        -6.31                                                    
     TiO.sub.2        -4.97                                                    
     Al.sub.2 O.sub.3 -0.2                                                     
     MnO              4.8                                                      
     MgO              4.0                                                      
     FeO              3.4                                                      
     ______________________________________                                    
PAR  At least one carbonate, e.g., calcium carbonate and magnesium carbonate, is
      used for establishing the desired basicity of slag and as a source of
      carbon dioxide gas during the welding operation. If the content of such
      carbonate or carbonates in the bonded flux to be used in the submerged arc
      welding according to the present invention exceeds 60 percent by weight,
      workability of the flux may be jeopardized. The content of such carbonate
      or carbonates should be such that a sufficient amount of carbon dioxide
      gas (CO.sub.2) is generated during the submerged arc welding process for
      effectively reducing the concentration of hydrogen dissolved in the weld
      metal generated by the submerged arc welding.
PAR  Silica, i.e., silicon dioxide, is used for ensuring workability of the
      bonded flux. If the addition quantity of silica is less than 4 percent by
      weight, desired improvement of the workability cannot be achieved, while
      if the addition quantity of silica exceeds 16 percent by weight, the
      basicity of slag is deteriorated.
PAR  The addition of more than 8 percent by weight of alumina acts to make the
      slag to be easily separable, while when the addition quantity of alumina
      exceeds 24 percent by weight, the workability of the flux is jeopardized.
PAR  The amount of carbonates in the bonded flux to be used in the submerged arc
      welding according to the present invention as a source of carbon dioxide
      gas should contain at least 7 percent by weight, preferably 8 to 11
      percent by weight, of carbon dioxide, based on the total weight of the
      bonded flux. If the content of carbon dioxide is less than 7 percent by
      weight, the reduction of the amount of hydrogen dissolved in the weld
      metal becomes insufficient, and the desired improvement of the weld metal
      cannot be achieved.
PAR  It is an important factor to ensure the basicity B.sub.L of slag of not
      smaller than 1.0 by selecting a proper bonded flux composition. If the
      basicity of the slag turns out to be below 1.0, the desired quality of
      weld metal cannot be obtained.
PAR  The reason for the improvement of the toughness of weld metal by the method
      according to the present invention is as follows. During the welding
      operation, the bonded flux generates carbon dioxide gas, which carbon
      dioxide gas acts to reduce the partial pressure of water vapor in the
      space occupied by arc, so as to minimize the amount of moisture being
      dissolved in a molten pool of a weld metal. At the same time, slag with a
      high basicity is generated in the molten pool, which slag acts to absorb
      most of hydrogen dissolved in the molten pool of weld metal. Thus, the
      hydrogen content in the weld metal is minimized. The inventors have found
      that the bonded flux of the aforesaid composition also acts to greatly
      reduce contents of oxygen and sulfur of the weld metal. The reduction of
      the contents of hydrogen, oxygen, and sulfur results in a remarkable
      improvement of the toughness of the weld metal.
PAR  In order to achieve the aforesaid improvement of the weld metal, the bonded
      flux to be used in the submerged arc welding should contain carbonate
      capable of generating at least 7 percent by weight, preferably 8 to 11
      percent by weight, of carbon dioxide gas, based on the total weight of the
      flux, and the basicity of the slag to be generated by the bonded flux
      should be above 1.0, preferably about 2.7. If either the carbon dioxide
      content or the basicity is reduced below the aforesaid lower limit
      thereof, the desired quality of the weld metal cannot be obtained.
PAR  With conventional submerged arc welding using bonded flux, it has been a
      practice to provide alloying elements to weld metal from the bonded flux.
      On the other hand, according to the present invention, most of the
      alloying elements of the weld metal are provided from a welding wire
      rather than from the bonded flux.
PAR  It should be noted here that, in the case of welding high tension steel
      workpieces, considerable amounts of alloying elements are necessary in the
      weld metal, and even a slight deviation of the alloy composition from a
      proper range and segregation of the alloying elements tend to cause cracks
      in the weld metal. The provision of the alloying elements from the welding
      wire, according to the submerged arc welding of the present invention, can
      prevent such deviation of the alloy composition of the weld metal and the
      segregation of the alloying elements.
PAR  According to the result of various tests carried out by the inventors, the
      bonded flux to be used in the submerged arc welding of the invention may
      contain certain amounts of alloying elements without causing any alloy
      composition deviation and segregation of such alloying elements: namely,
      based on the total weight of the bonded flux, less than 2.5 percent by
      weight of silicon, less than 4 percent by weight of manganese, less than 2
      percent by weight of nickel, less than 0.2 percent by weight of chromium,
      less than 0.2 percent by weight of molybdenum, less than 0.6 percent by
      weight of copper, less than 0.01 percent by weight of titanium, less than
      0.1 percent by weight of aluminum, less than 0.1 percent by weight of
      vanadium, and/or 0.04 percent by weight of niobium.
PAR  It should be noted that if any one of the aforesaid alloying elements is
      added in the bonded flux in excess of the aforelisted limit thereof, the
      crack-resistivity of the weld metal may gravely be deteriorated.
PAR  In order to provide a high toughness to the weld metal, the following
      alloying elements should preferably be added in the weld metal at the
      specified concentrations.
TBL  ______________________________________                                    
     Carbon     0.04 to 0.07 percent by weight                                 
     Silicon    0.2 to 0.8 percent by weight                                   
     Manganese  1 to 1.8 percent by weight                                     
     Molybdenum 0.15 to 0.90 percent by weight                                 
     Chromium   0.1 to 1.5 percent by weight                                   
     Nickel     0.1 to 3.5 percent by weight                                   
     ______________________________________                                    
PAL  Carbon content in short of 0.04 percent by weight results in an excessive
      reduction of weld metal elongation, while carbon content greater than 0.07
      percent by weight tends to make the weld metal brittle.
PAR  Silicon content in short of 0.2 percent by weight results in an
      insufficient de-oxydation of the weld metal, causing voids in it, while
      silicon content greater than 0.8 percent by weight tends to make the weld
      metal brittle.
PAR  Manganese content in short of 1 percent by weight results in an
      insufficient strength of the weld metal, while manganese content greater
      than 1.8 percent by weight tends to make the weld metal brittle.
PAR  Molybdenum content in short of 0.15 percent by weight results in an
      insufficient strength of the weld metal, while molybdenum content greater
      than 0.9 percent by weight tends to make the weld metal brittle.
PAR  Chromium content in short of 0.1 percent by weight does not improve
      physical properties of the weld metal, while chromium content greater than
      1.5 percent by weight tends to make the weld metal brittle.
PAR  Nickel content in short of 0.1 percent by weight results in an insufficient
      toughness of the weld metal, while nickel content greater than 3.5 percent
      by weight may cause cracks in the weld metal.
PAR  With the submerged arc welding, according to the present invention, the
      aforesaid alloying elements are mostly provided from a welding wire to the
      weld metal, as pointed out in the foregoing. To this end, the welding wire
      to be used in the submerged arc welding according to the present invention
      essentially consists of 0.3 to 1.4 percent by weight of silicon, 0.3 to 3
      percent by weight of manganese, 0.1 to 1.7 percent by weight of chromium,
      0.1 to 1.1 percent by weight of molybdenum, and substantially the
      remainder of iron. The welding wire may further contain one or more of
      auxiliary alloying elements selected from the group consisting of less
      than 3.8 percent by weight of nickel, less than 0.6 percent by weight of
      copper, less than 0.05 percent by weight of titanium, less than 0.2
      percent by weight of aluminum, 0.2 percent by weight of vanadium, and 0.03
      percent by weight of niobium.
PAR  It should be noted here that, for certain high tension steel workpieces
      with a tensile strength of 60 Kg/mm.sup.2 or larger, nickel may be
      provided to the weld metal from the workpieces being welded. In this case,
      a welding wire which does not contain nickel may be used for submerged arc
      welding of such workpieces.
PAR  The aforesaid auxiliary alloying elements may be added to the material of
      the welding wire by alloying or other suitable means, so as to coexist
      with the indispensable ingredients of the welding wire. The addition
      quantities of the auxiliary alloying elements in the welding wire are so
      selected as to provide the aforesaid preferable alloy composition of the
      weld metal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a better understanding of the invention, reference is made to the
      accompanying drawings, in which:
PAR  FIG. 1 is a graph showing the relation between the amount of moisture
      absorbed by different bonded fluxes and diffusible hydrogen content of
      weld metal obtained by using such bonded fluxes;
PAR  FIG. 2 is a graph showing stability of the alloy composition of weld metal
      to be produced by submerged arc welding according to the present
      invention, illustrating the composition stability regardless of the
      magnitude of arc voltage; and
PAR  FIG. 3 is a schematic sectional view, illustrating test locations of window
      type restrained weld cracking tests.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The invention will now be described in further detail, by referring to
      examples.
PAR  Different bonded fluxes were prepared as shown in Table 1, including a
      conventional flux FA, fluxes according to the present invention FB, FC-1,
      FC-2, FD, and reference fluxes FE, FF, FG. Tests were made on content of
      diffusible hydrogen in weld metal, in accordance with the stipulations of
      Japanese Industrial Standard JIS Z 3113-1961. The results are shown in
      FIG. 1. As apparent from the figure, the fluxes according to the present
      invention can suppress the diffusible hydrogen content in the weld metal
      to a fraction of the produced by using conventional fluxes. Such
      supppression of the diffusible hydrogen content in the weld metal is
      particularly remarkable when the fluxes are moistened.
PAR  Two welding wires WA and WB according to the present invention and one
      reference welding wire WC were prepared, as shown in Table 2. Submerged
      arc welding of high tension steel workpieces was conducted by using the
      welding wires of Table 2 and the bonded fluxes of Tablel 1, with the
      following combinations.
PA1  The flux FC-1 and the welding wire WA (to be referred to as FC-1.times.WA)
PA1  The flux FC-2 and the welding wire WB (to be referred to as FC-2.times.WB)
PA1  The flux FA and the welding wire WC (to be referred to as FA.times.WC)
PAR  The chemical composition and the mechanical strengths of weld metals thus
      obtained were tested, and the results are shown in Tables 3 and 4,
      respectively.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Flux composition (%)                                                      
     Ingre-                                                                    
          Conven-                                                              
               Fluxes of                                                       
     dients                                                                    
          tional                                                               
               the invention       Reference fluxes                            
     flux                                                                      
     FA        FB   FC-1 FC-2 FD   FE   FF   FG                                
     __________________________________________________________________________
     SiO.sub.2                                                                 
          39.9 6.9  8.2  8.2  13.1 30.1 5.0  28.8                              
     MgO  4.1  22.1 23.9 24.0 15.8 18.2 25.9 15.9                              
     CaO  18.2 --   6.1  6.1  8.1  7.9  4.1  17.9                              
     CaCO.sub.3                                                                
          --   24.9 18.1 18.1 16.1 8.9  --   --                                
     CaF.sub.2                                                                 
          7.8  11.9 11.9 11.9 4.6  4.9  15.0 4.1                               
     Al.sub.2 O.sub.3                                                          
          1.7  18.2 17.6 17.7 22.2 16.8 21.7 18.7                              
     TiO.sub.2                                                                 
          3.8  5.0  4.9  4.9  9.8  5.3  11.3 4.2                               
     ZrO.sub.2                                                                 
          --   7.2  9.3  9.4  10.8 4.2  12.8 5.7                               
     MnO  19.9 --   --   --   --   --   --   --                                
     Si   --   0.91 1.64 --   0.91 0.80 0.93 0.81                              
     Mn   --   1.82 2.13 --   1.62 1.51 1.54 1.48                              
     Cr   --   --   0.12 --   --   --   --   --                                
     Mo   --   --   0.11 --   --   --   --   --                                
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
     Welding Chemical composition (%)                                          
     wires   Carbon                                                            
                 Silicon                                                       
                      Manganese                                                
                            Phosphorus                                         
                                  Sulfur                                       
                                       Nickel                                  
                                           Chromium                            
                                                Molybdenum                     
                                                      Iron                     
     __________________________________________________________________________
     The  WA 0.08                                                              
                 0.33 1.12  0.011 0.010                                        
                                       2.30                                    
                                           0.21 0.38  Balance                  
     inven-                                                                    
     tion WB 0.08                                                              
                 0.49 1.98  0.011 0.010                                        
                                       2.32                                    
                                           0.26 0.41  "                        
     Conven-                                                                   
     tional                                                                    
          WC 0.08                                                              
                 0.33 1.42  0.011 0.009                                        
                                       2.50                                    
                                           0.30 0.40  "                        
     __________________________________________________________________________
TBL                                    table 3                                 
     __________________________________________________________________________
                Weld metal composition                                         
     Weld metal Carbon                                                         
                    Silicon                                                    
                         Manganese                                             
                               Phosphorus                                      
                                     Sulfur                                    
                                          Nickel                               
                                              Chromium                         
                                                   Molybdenum                  
                                                         Oxygen                
     made by    (%) (%)  (%)   (%)   (%)  (%) (%)  (%)   (PPM)                 
     __________________________________________________________________________
     The  FC-1.times.WA                                                        
                0.06                                                           
                    0.38 1.30  0.012 0.005                                     
                                          2.01                                 
                                              0.28 0.44  250                   
     inven-                                                                    
     tion FC-2.times.WB                                                        
                0.06                                                           
                    0.36 1.28  0.012 0.005                                     
                                          2.02                                 
                                              0.26 0.39  240                   
     Conven-                                                                   
     tional                                                                    
          FA.times.WC                                                          
                0.06                                                           
                    0.36 1.26  0.012 0.012                                     
                                          2.00                                 
                                              0.26 0.39  610                   
     __________________________________________________________________________
TBL                                    table 4                                 
     __________________________________________________________________________
                Mechanical properties of weld metal                            
     Weld metal Yield Tensile             Impact value                         
     made by    point strength                                                 
                            Elongation                                         
                                  Reduction area                               
                                          (Kg.m/cm.sup.2)                      
                (Kg/mm.sup.2)                                                  
                      (Kg/mm.sup.2)                                            
                            (%)   (%)                                          
                                          0.degree.C                           
                                              -15.degree.C                     
                                                   -40.degree.C                
     __________________________________________________________________________
     The  FC-1.times.WA                                                        
                66.4  77.8  27    67      22.4                                 
                                              20.2 12.2                        
     inven-                                                                    
     tion FC-2.times.WA                                                        
                64.8  76.6  26    68      21.6                                 
                                              20.6 12.4                        
     Conven-                                                                   
     tional                                                                    
          FB.times.WC                                                          
                64.1  76.1  20    55       7.2                                 
                                               6.6  4.8                        
     __________________________________________________________________________
TBL                                    table 5                                 
     __________________________________________________________________________
     Number of cracks in window type restrained weld cracking                  
     __________________________________________________________________________
     test                                                                      
                        Weld metal                                             
                        Conventional                                           
                                The invention                                  
     Test               FA.times.WC                                            
                                FC-1.times.WA                                  
                                      FC-2.times.WB                            
     positions          (Moisture                                              
                                (Moisture                                      
                                      (Moisture                                
                        absorption                                             
                                absorption                                     
                                      absorption                               
                        0%)     1.62%)                                         
                                      1.62%)                                   
     __________________________________________________________________________
             Finishing  4,                                                     
          FO surface    20 to 40 mm                                            
                                0     0                                        
                        4,                                                     
          F1        2 mm        0     0                                        
                        20 to 40 mm                                            
             From                                                              
          F2 finishing                                                         
                    7 mm                                                       
                        Many    0     0                                        
             surface                                                           
     Location                                                                  
          F3       12 mm                                                       
                        Many    0     0                                        
     in                                                                        
     FIG. 3                                                                    
          F4       17 mm                                                       
                        Many    0     0                                        
          F5       22 mm                                                       
                        Many    0     0                                        
                        4,                                                     
          B5       22 mm        0     0                                        
                        20 to 40 mm                                            
                        5,                                                     
          B4 From  17 mm        0     0                                        
             backing    10 to 40 mm                                            
             surface                                                           
                        4,                                                     
          B3       12 mm        0     0                                        
                        10 to 40 mm                                            
          B2        7 mm                                                       
                        1, 10 mm                                               
                                0     0                                        
          B1        2 mm                                                       
                        0       0     0                                        
     B0      Backing surface                                                   
                        0       0     0                                        
     __________________________________________________________________________
TBL  Welding conditions:                                                       
     Current          650 Amperes                                              
     Arc voltage      35 volts                                                 
     Welding velocity 30 cm/minute                                             
     Welding thermal                                                           
     input            45,500 Joules/cm/pass                                    
     Interlayer                                                                
     temperature      100.degree.C to 200.degree.C                             
PAR  As apparent from Table 4, the mechanical strengths of the weld metals
      obtained by the submerged arc welding according to the present invention
      (FC-1.times.WA and FC-2.times.WB), especially their impact values, are
      considerably improved, as compared with the corresponding mechanical
      strengths of the conventional weld metal (FA.times.WC).
PAR  FIG. 2 shows the variation of the alloy composition, or alloying element
      concentrations, of the two weld metals (FC-1.times.WA and FC-2.times.WB)
      obtained by the submerged arc welding of the present invention, in
      response to the variation of the arc voltage during the welding operation.
      It is apparent from the figure that the alloy composition of the weld
      metals to be obtained by the submerged arc welding according to the
      present invention is remarkably stable, regardless of the arc voltage
      fluctuation during the welding operation.
PAR  Window type restrained weld cracking tests were carried out on the two weld
      metals (FC-1.times.WA and FC-2.times.WB) obtained by the submerged arc
      welding of the present invention and one conventional weld metal
      (FA.times.WC). Workpieces for the tests were made of 50 mm-thick high
      tension steel plates having a tensile strength of 70 Kg/mm.sup.2, which
      contained 0.15 percent by weight of carbon 0.26 percent by weight of
      silicon, 0.94 percent by weight of manganese, 0.01 percent by weight of
      phosphorus, 0.01 percent by weight of sulfur, 0.81 percent by weight of
      nickel, 0.51 percent by weight of chromium, 0.42 percent by weight of
      molybdenum, and 0.21 percent by weight of copper. The results are shown in
      Table 5. As apparent from Table 5, the crack-resistivity of the weld
      metals obtained by the method of the present invention is greatly improved
      over that of the conventional weld metal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of submerged arc welding a workpiece of high tension steel with
      a tensile strength of at least 60 Kg/mm.sup.2, comprising the steps of
PA1  covering a weld joint of the workpiece with bonded flux containing
      carbonate capable of generating at least 7 percent by weight of carbon
      dioxide gas, based on the total weight of the flux, during the welding
      operation and producing slag with a basicity of not smaller than 1.0;
PA1  placing a welding wire in the proximity of said weld joint through said
      flux, said welding wire consisting essentially of 0.3 to 1.4 percent by
      weight of silicon, 0.3 to 3 percent by weight of manganese, 0.1 to 1.7
      percent by weight of chromium, 0.1 to 1.10 percent by weight of
      molybdenum, and substantially the remainder of iron;
PA1  applying a welding voltage to the welding wire so as to feed a welding
      current to said weld joint through said welding wire while moving said
      welding wire relative to said weld joint, so as to generate high tension
      weld metal in the weld joint by submerged arc welding having a high
      toughness and a high crackresistivity;
PA1  said carbon dioxide gas and said slag with a basicity of not smaller than
      1.0 being provided by forming said bonded flux with up to 60 percent by
      weight of at least one carbonate selected from the group consisting of
      calcium carbonate, magnesium carbonate, sodium carbonate, barium
      carbonate, manganese carbonate, 4 to 16 percent by weight of silicon
      dioxide, 8 to 24 percent by weight of alumina, and the remainder of at
      least one compound selected from the group consisting of calcium oxide and
      magnesium oxide;
PA1  said weld metal consisting essentially of 0.04 to 0.07 percent by weight of
      carbon, 0.2 to 0.8 percent by weight of silicon, 1 to 1.8 percent by
      weight of manganese, 0.15 to 0.9 percent by weight of molybdenum, 0.1 to
      1.5 percent by weight of chromium, 0.1 to 3.5 percent by weight of nickel,
      and substantially the remainder of iron, the steel of said workpiece
      containing 0.06 to 0.25 percent by weight of carbon, 0.01 to 0.55 percent
      by weight of silicon, 0.40 to 1.60 percent by weight of manganese, 0.01 to
      0.50 percent by weight of copper, 0.01 to 2.50 percent by weight of
      nickel, 0.01 to 1.50 percent by weight of chromium, less than 1.00 percent
      by weight of molybdenum, 0.01 to 0.09 percent by weight of aluminum, less
      than 0.15 percent by weight of vanadium, less than 0.005 percent by weight
      of boron, less than 0.10 percent by weight of titanium, and less than 0.05
      percent by weight of niobium.
NUM  2.
PAR  2. Method according to claim 1, wherein alloying elements of said weld
      metal are partly provided from said bonded flux by adding auxiliary
      ingredients in said bonded flux, said auxiliary ingredients being at least
      one element selected from the group consisting of less than 2.5 percent by
      weight of silicon, less than 4 percent by weight of manganese, less than 2
      percent by weight of nickel, less than 0.2 percent by weight of chromium,
      less than 0.2 percent by weight of molybdenum, less than 0.6 percent by
      weight of copper, less than 0.01 percent by weight of titanium, less than
      0.1 percent by weight of aluminum, less than 0.1 percent by weight of
      vanadium, and less than 0.04 percent by weight of niobium.
NUM  3.
PAR  3. Method according to claim 1, wherein additional alloying elements are
      provided in said weld metal by adding auxiliary ingredients in said
      welding wire, said auxiliary ingredients being at least one element
      selected from the group consisting of less than 3.8 percent by weight of
      nickel, less than 0.6 percent by weight of copper, less than 0.05 percent
      by weight of titanium, less than 0.2 percent by weight of aluminum, less
      than 0.2 percent by weight of vanadium, and less than 0.03 percent by
      weight of niobium.
NUM  4.
PAR  4. Method according to claim 1, wherein alloying elements of said weld
      metal are additionally provided from said flux and said welding wire by
      adding first auxiliary elements in said flux and second auxiliary elements
      in said welding wire; said first auxiliary elements being at least one
      element selected from the group consisting of less than 2.5 percent by
      weight of silicon, less than 4 percent by weight of manganese, less than 2
      percent by weight of nickel, less than 0.2 percent by weight of chromium,
      less than 0.2 percent by weight of molybdenum, less than 0.6 percent by
      weight of copper, less than 0.01 percent by weight of titanium, less than
      0.1 percent by weight of aluminum, less than 0.1 percent by weight of
      vanadium, and less than 0.04 percent by weight of niobium, said second
      auxiliary elements being at least one element selected from the group
      consisting of less than 3.8 percent by weight of nickel, less than 0.6
      percent by weight of copper, less than 0.05 percent by weight of titanium,
      less than 0.2 percent by weight of aluminum, less than 0.2 percent by
      weight of vanadium, and less than 0.03 percent by weight of niobium.
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PAL  A method for joining, by molecular diffusion, an element of greater
      electrical resistance to a surface of substantially lesser electrical
      resistance. A piece of resistive material capable of being spot welded to
      the element of greater electrical resistance is placed in contact with
      both the surface having substantially lesser electrical resistance and the
      element having the greater electrical resistance. The resistive piece and
      the resistive element are spot welded to each other, whereby the heat from
      that spot weld causes the conductive material to be joined to the piece of
      resistive material by molecular diffusion. The method is particularly
      useful for joining nichrome wire to copper-clad printed circuit boards and
      for joining metal fasteners to copper and aluminum sheet metal surfaces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to resistance welding and particularly to a method
      for joining elements of greater electrical resistance to surfaces of
      substantially lesser electrical resistance.
PAR  In general, methods for spot welding materials to a high quality electrical
      conductor such as copper or aluminum are limited by the bulk resistance
      and low contact resistance of the conductor. With a typical fuse-limited
      current supply, the maximum heat available for welding is directly
      proportional to the resistance placed across the welding electrodes.
      Copper and aluminum, being among the best conductors of electricity known,
      have such low resistance that extremely high current circuits were thought
      to be necessary to supply sufficient heat to form a junction. In addition
      to the special wiring required for such high current circuits, earlier
      inventors had to provide complex electronic means for limiting pulse
      voltage surges during welding. See U.S. Pat. No. 3,207,884. Alternatively,
      some inventors allowed the elements intended to be joined to be partly
      destroyed by the high current as a means for limiting current or voltage
      surges. See U.S. Pat. No. 3,466,419.
PAR  In the method described in U.S. Pat. No. 3,466,419, useful only for
      attaching conductive elements to fine resistive wire wound coils, it is
      necessary first to use a large current to burn a hole through the
      conductive element which will raise the element's resistance and then to
      pass a current through the fine resistive wire causing that wire to burn
      through, leaving its ends fused to the edges of the burn hole. That method
      breaks the continuity of the wire and produces a junction area limited to
      the tip of the wire and the rim of the hole. That method also required
      that the electrodes used to pass current through the conductive element be
      closely spaced. This spacing must be of the order of the thickness of the
      conductive surface and is a critical dimension in the prior art. In
      addition, since the electrodes carrying these high currents were
      themselves made of copper they would have to be sufficiently massive to
      act as heat sinks in order to avoid heating to a point where they would be
      fused to the circuit. The use of these massive electrodes was not
      advantageous where one of the elements to be fused was itself a massive
      conductive element such as a sheet of conductive metal.
PAR  Another serious restriction upon the utility of all prior art spot welding
      methods is that by relying on ohmic heating in a highly conductive
      material it was not possible to maintain the surface of the conductor
      relatively cool near the electrodes. Thus prior art devices tended to be
      characterized by burning the junction, a need to maintain critically small
      distances between electrodes and overheating the conductor away from the
      area where the junction was being formed.
PAR  In addition, although nichrome wire carrying an electric current is common
      in heating elements said wire commonly having the shape of a ribbon, it is
      presently considered unsuitable for use in conjunction with copper clad
      printed or semiconductor control circuits because of the difficulties of
      making a nichrome-copper connection that will withstand high temperatures.
PAR  At present such connections are either made as elaborate and unsatisfactory
      mechanically crimped connections or through the use of adhesives. This has
      prevented the economical use of semiconductor circuitry in connection with
      heating elements.
PAR  The heating industry often manufactures large duct surfaces to
      specifications calling for highly conductive materials such as aluminum or
      copper having resistivities of the order of 1-3 microhm-cm. For purposes
      of installation or of the attachment of insulation to these ducts it is
      necessary to join these duct surfaces to metal fasteners having
      resistivities of the order of 10-150 microhm-cm. Presently, the mass
      production of these duct systems is made expensive and not fully
      satisfactory by having to adhesively join the resistive and non-resistive
      metals. Welding is unsuitable for this task because the low conductivity
      of the duct walls would necessitate the use of unrealistically large
      currents attendant with all the drawbacks in the prior art just discussed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves the above noted problems by providing a method
      for joining elements having resistivities in the range 10-150 microhm-cm,
      hereinafter called resistive elements, to the surface of a material having
      its resistivity less than 3 microhm-cm, hereinafter called a conductive
      surface. Examples of resistive elements are those fashioned from nichrome
      or steel. Examples of conductive surfaces are those fashioned from
      aluminum or copper. The method finds particular application in joining
      copper clad printed control circuits to nichrome wire heating elements or
      in joining heating duct surfaces to steel fasteners.
PAR  In carrying out the method of the present invention a piece of resistive
      material is placed on the conductive surface and in contact with the
      resistive element. A current is then passed through both the piece of
      resistive material and the resistive element causing them to be spot
      welded to each other and giving rise to heat that is transferred to the
      conductive surface causing it to be joined to the piece of resistive
      material by diffusion.
PAR  One advantage of this method is that since the area that diffuses is
      confined to the surface of the piece of resistive material it is possible
      to control the extent of that area by appropriately choosing the size and
      shape of the piece. Another advantage of this method is that heat from the
      spot weld tends to be confined to the area of the resistive element and
      piece. Even though the spot welding current may pass through the
      conductive surface there will not be significant ohmic heating of the
      conductive surface away from the piece at the relatively low current
      densities which this method requires. These current densities also permit
      the method to be used without burning away portions of the elements to be
      joined, making this method particularly suitable to fine circuits. The
      method also is not sensitive to either the spacing between the electrodes
      used to supply the spot welding current nor to the pressure of the
      electrodes against the various surfaces. Thus this method permits the use
      of standard spot welding equipment without the need for complex circuits
      to control current surges. The method also is not sensitive to the
      electrical properties of the elements so long as they have properties
      capable of resistive welding.
PAR  Other advantages of the method will appear hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view illustrating the method of the present invention
      used to join a nichrome wire to a copper clad circuit board.
PAR  FIG. 2 is a sectional view illustrating a second embodiment of the method
      of the present invention used to join a nichrome wire to a copper clad
      circuit board.
PAR  FIG. 3 is a sectional view illustrating a first embodiment of the method of
      the present invention used to join a nail to a copper or aluminum sheet.
PAR  FIG. 3A is a sectional view illustrating a second embodiment of the method
      of the present invention used to join a nail to a copper or aluminum
      sheet.
PAR  FIG. 4 is a sectional view illustrating a third embodiment of the method of
      the present invention to join a nichrome wire to a copper clad circuit
      board.
PAR  FIG. 5 is a perspective view illustrating a fourth embodiment of the method
      of the present invention to join a nichrome wire to a copper clad circuit
      board.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In general the method of the present invention depends upon the conduction
      of heat from the resistance welding of a resistive element and a piece of
      resistive material to cause the diffusion of a portion of a conductive
      surface into the piece. Referring to FIG. 1, a ferrous metal piece,
      preferably a steel washer 1 having sufficient annular area to form a low
      resistance junction is placed flat on a perforated circuit board comprised
      of a layer of copper 2 on a phenolic substrate 4. The washer 1 has its
      hole aligned with the perforation 3 in the circuit board. A nichrome wire
      5 is inserted through both the perforation in the circuit board and the
      hole in the washer and bent over to touch the exposed surface 15 of the
      washer. A copper electrode 6 is placed on the nichrome wire 5 where it
      touches the exposed surface of the washer and another electrode 7 is
      placed on the copper surface 2. The shape of the electrodes may be trimmed
      so as to permit intimate contact with the elements. The electrodes are
      connected to a conventional current supply for spot welding equipment. For
      nichrome wire with diameters between  0.005 to 0.031 inch and copper
      layers with a thickness from 0.003 to 0.007 inch it is found that a 120
      volt circuit fused at 30 amps is sufficient, but this by no means is a
      restriction of this invention. With proper pulse intensity and duration
      easily found in conventional fashion by those skilled in the art, this
      method can be used on heavier guages of wire and plate. As the current is
      applied the wire 5 is spot welded to the washer 1 and the copper diffuses
      into the washer throughout a region 14. When the region 14 has a
      well-defined meniscus the current to the welding electrodes is interrupted
      and the electrodes removed from contact. The surfaces are then allowed to
      cool.
PAR  FIG. 2 shows a second embodiment of the method of the present invention
      differing from the method of FIG. 1 only in having one electrode 8 placed
      upon the upper surface 15 of the washer 1. This embodiment minimizes the
      current flow into the copper surface 2 which is an advantage if sensitive
      electronic components are connected to the copper.
PAR  The method is also well suited for attaching a fastener to a sheet metal
      structure which is a good conductor. Referring to FIG. 3 a steel washer 1
      is placed flat on a substantially planar portion of a copper or aluminum
      surface 17, with its hole aligned with a perforation 16 in the surface. A
      steel nail 9 is inserted through the aligned holes from the washer end so
      that a substantial portion of its shank extends beyond the surface 17 and
      its head 18 lies flush against the top surface 15 of the washer 1. One
      electrode 19 is placed against the head of the nail 18 and the other 21
      against the surface 17. Then, as current is passed between the two
      electrodes the nail 9 is spot welded to the washer 1 and the copper or
      aluminum diffuses into the washer throughout a region 20. When the region
      20 has a well defined meniscus the current to the welding electrodes is
      interrupted and the electrodes removed from contact. The surfaces are then
      allowed to cool.
PAR  A second embodiment of the method of the present invention for attaching a
      fastener to a sheet metal structure which is a good conductor is shown in
      FIG. 3A. In this embodiment a steel disc 30 is placed flat on a
      substantially planar portion of a copper or aluminum surface 17. A steel
      nail 9 or other substantially slender fastener such as a brad, spike, or
      tack is placed orthogonal to the surface with its head 18 in contact with
      the top surface of the disc 30. One electrode 31 having a channel 32
      drilled therein to receive the nail rests against the head of the nail.
      Another electrode 7 rests on the surface 17. Current is passed between the
      two electrodes and the nail 9 is spot welded to the disc 30 and the copper
      or aluminum diffuses into the disc throughout a region 20. When the region
      20 has a well defined meniscus the current to the welding electrodes is
      interrupted and the electrodes removed from contact. The surfaces are then
      allowed to cool.
PAR  The method of the present invention may be performed in an embodiment using
      pieces of resistive material whose shape is chosen to control the location
      of the junction. Referring to FIG. 4, a third embodiment of the method
      suitable for joining nichrome wire to copper clad circuit board is shown.
      In this embodiment a solid disc-like piece 22 is placed near a perforation
      3 in the circuit board. The nichrome wire 5 is inserted through
      perforation 3 and bent over so as to contact the upper surface of piece
      22. From that point the method is essentially identical to that discussed
      in connection with FIG. 1. Here, however, the junction region 23 does not
      enclose the nichrome wire but lies entirely to one side. This embodiment
      would be particularly advantageous if a heat or electrically sensitive
      element 24 were near the point of entry of the wire through the circuit
      board.
PAR  The method of the present invention may be performed entirely from one side
      of the conductive surface. This versatility is useful for automating the
      assembly of congested circuit designs. Referring to FIG. 5, a nichrome
      wire 24 is placed in contact with the copper surface 25 of a circuit
      board. A metal piece 26 with a groove 32 cut in its lower surface to
      receive the wire is placed on the copper surface 25 over and in contact
      with the wire 24. One electrode 27 is placed on the upper surface of the
      piece 26 and another electrode 28 is placed on the copper surface 25. A
      current is applied as in the other embodiments of this method until a
      meniscus 29 appears at the base of the piece. Then the current is
      interrupted, the electrodes removed and the piece allowed to cool. Because
      of the masses involved the cooling is almost instantaneous.
PAR  The junctions formed in any of these examples of embodiments of the present
      invention are mechanically strong and have low electrical resistance.
PAR  The present invention may be embodied in other specific forms not departing
      from the essential attributes of the invention, which are defined in the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for joining a resistive element to a surface of a conductive
      material comprising
PA1  a. placing a piece of resistive material so that a portion of its surface
      is in contact with the surface of the conductive material;
PA1  b. placing the resistive element in contact with the piece of resistive
      material; and
PA1  c. passing a current through both the piece of resistive material and the
      resistive element of sufficient magnitude to spot weld them together,
PAL  whereby the piece of resistive material and the resistive element will be
      spot welded to each other and heat from that spot weld will thereby cause
      the conductive material to be joined to the piece of resistive material by
      diffusion.
NUM  2.
PAR  2. The method according to claim 1 wherein:
PA1  a. the resistive element has a wirelike shape and
PA1  b. the conductive material has a substantially planar surface.
NUM  3.
PAR  3. The method according to claim 2 wherein said substantially planar
      surface has at least one perforation therein large enough to pass the
      resistive element, and further including the step of passing the resistive
      element through the perforation in the substantially planar surface.
NUM  4.
PAR  4. The method according to claim 1 wherein:
PA1  a. said resistive element is a fastener; and
PA1  b. said conductive material is a portion of a structure to be joined to
      other material by said fastener; and
PA1  c. said step of passing a current is accomplished by means of two
      electrodes.
NUM  5.
PAR  5. The method according to claim 4 where
PA1  a. said fastener has a substantially slender shape;
PA1  b. said portion of structure has at least one perforation therein large
      enough to pass a substantial portion of said fastener, and
PA1  c. a substantial portion of said fastener passes through the perforation in
      said portion of a structure.
NUM  6.
PAR  6. A method for joining a resistive element, having a wirelike shape, to a
      conductive material, having a substantially planar surface with at least
      one perforation therein large enough to pass the resistive element,
      comprising
PA1  a. placing on the planar surface of the conductive material a piece of
      resistive material having a hole therein large enough to pass the
      resistive element so that said hole is aligned with a perforation;
PA1  b. passing the resistive element through said perforation and said hole;
PA1  c. bending said resistive element so that it makes contact with one surface
      of said piece; and
PA1  d. passing a current through both said piece and said resistive element of
      sufficient magnitude to spot weld them together,
PA1  whereby said piece and said resistive element will be spot welded to each
      other and heat from that spot weld will thereby cause the conductive
      material to be joined to said piece by diffusion.
NUM  7.
PAR  7. The method according to claim 6 where the step of passing a current is
      accomplished by means of two electrodes, one of which is in contact with
      the surface of the conductive material.
NUM  8.
PAR  8. A method for joining a nichrome wire to a copper clad circuit board on a
      base material such as phenolic having at least one perforation therein
      large enough to pass said wire comprising
PA1  a. placing on the circuit board a washer made of a ferrous metal having a
      hole therein large enough to pass the wire so that said hole is aligned
      with a perforation,
PA1  b. passing the nichrome wire through said perforation and said hole,
PA1  c. bending said wire so that it makes contact with one surface of said
      washer and
PA1  d. passing a current through both said washer and said wire of sufficient
      magnitude to spot weld them together by means of two electrodes, one of
      which is in contact with said circuit board,
PA1  whereby said washer and said wire will be spot welded to each other and
      heat from that spot weld will thereby cause said circuit board to be
      joined to said piece by diffusion.
NUM  9.
PAR  9. A method for joining a resistive metal nail to a surface of a structure
      fashioned from conductive sheet metal to be joined to other material by
      said nail comprising
PA1  a. placing a piece of resistive material so that a portion of its surface
      is in contact with the surface of the structure;
PA1  b. placing the nail with its head contacting said piece of resistive
      material;
PA1  c. placing a first electrode in contact with the structure;
PA1  d. placing a second electrode, formed to receive said nail into its
      interior, so that it makes good electrical contact with the head of said
      nail;
PA1  e. passing a current through both said piece of resistive material and said
      nail, by means of said first and second electrodes, of sufficient
      magnitude to spot weld them together,
PA1  whereby the piece of resistive material and the nail will be spot welded to
      each other and heat from that spot weld will thereby cause said structure
      to be joined to said piece of resistive material by diffusion.
NUM  10.
PAR  10. A method for joining a resistive metal fastener, having a head and a
      substantially slender shape, to a surface of a structure to be joined to
      other material by said fastener, having at least one perforation in said
      structure large enough to pass a substantial portion of said fastener,
      comprising
PA1  a. placing a piece of resistive material, having a hole therein large
      eneough to pass a substantial portion of said fastener, on the surface of
      the structure with its hole aligned with a perforation;
PA1  b. placing the resistive metal fastener so that a substantial portion
      thereof passes through said perforation and said hole and so that said
      head remains in contact with one surface of said piece;
PA1  c. passing a current by means of two electrodes through both said piece and
      said fastener of sufficient magnitude to spot weld them together,
PA1  whereby the piece of resistive material and the fastener will be spot
      welded to each other and heat from that spot weld will thereby cause said
      surface of said structure to be joined to the piece of resistive material
      by diffusion.
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ABST
PAL  An electrode assembly for a plasmatron, comprising a holder being cooled
      having a high-heat insert mounted therein in contact with a
      near-the-electrode zone of an arc at one side thereof and in thermal and
      electrical contact with the cooled holder at the other side thereof; a
      chamber formed in said holder between said high-heat insert and cooled
      holder extending symmetrical to the insert axis and filled with a
      substance whose coefficient of thermal conductivity is lower than that of
      the material of the cooled holder, the substance filling the chamber being
      in constant contact with the high-heat insert.
PAL  Used as a substance filling the chamber is a gaseous element, and as a
      high-heat insert is a metal selected from groups IV, V, or VI of the
      Periodic System, or an alloy based thereon.
BSUM
PAR  The present invention relates to the sphere of processing materials by an
      electric, predominantly plasma arc and, more particularly, to electrode
      assemblies for a plasmatron.
PAR  An electrode assembly of the proposed invention may be used in plasmatrons
      for the welding, surfacing, surface finishing and cutting of metals.
PAR  Known in the art is an electrode assembly for a plasmatron which is
      designed as a metal holder subjected to cooling, and is made of a material
      having a high thermal conductivity, a high-heat insert being arranged and
      supported in the holder as an arc-forming portion of the electrode
      assembly for the plasmatron (U.S. Pat. No. 3,198,932).
PAR  A disadvantage of the known electrode assembly of a plasmatron lies in the
      limited load being allowed on the electrode assembly due to stepped-up
      migration in the zone proximate the arc, which heavily and adversely
      affects the dependability of the plasmatron electrode assembly during
      operation and causes deterioration of the surface finish of the materials.
PAR  Stepped up migration in the zone proximate the arc is caused by uniform
      heating of the effective area of the high-heat insert, as a result of
      which the zone of the arc proximate the electrode migrates throughout the
      surface area of the high-heat insert.
PAR  The primary object of the invention is to provide an electrode assembly for
      a plasmatron in which the central portion of the effective area of a
      high-heat insert is overheated.
PAR  The objects of the invention are effectuated in that in an electrode
      assembly for a plasmatron, constructed as a holder subjected to cooling,
      including a high-heat insert having one face thereof in contact with a
      near-the-electrode zone of the arc and another face being in thermal and
      electrical contact with the cooled holder wherein, according to the
      invention, a chamber is formed in the holder between the high-heat insert
      and the holder being cooled, the chamber being substantially symmetrical
      to the insert axis and filled with a substance whose coefficient of
      thermal conductivity is lower than that of the material from which said
      holder is made, the substance filling the chamber being in constant
      contact with the insert.
PAR  It is advantageous that the chamber be made air-tight and filled with a
      gaseous or solid substance, and that metals selected from a series of
      high-heat metals selected from the groups IV, V and VI of the Periodic
      System and alloys thereof be used as the high-heat inserts. As the inner
      space of the proposed electrode assembly of a plasmatron is filled with a
      substance (titanium, austenitic steel, air, argon, etc.) whose coefficient
      of thermal conductivity is lower than that of the material of the holder
      which is being cooled, heat transfer from the central portion of the
      effective area of the high-heat insert is less than the transfer of heat
      from the peripheral portions of the effective area of the high-heat
      insert, so as to cause the overheating of the central portion of said
      effective area of the insert as compared with the peripheral portions
      thereof and to result in a resultant limited migration of the arc.
PAR  In order to restrict the migration of the near-the-electrode zone of the
      arc when using a nonconsumable electrode without overheating the central
      portion of the effective area of the high-heat insert, it is necessary to
      provide for auxiliary measures which will help in localizing the
      near-the-electrode zone of the arc, e.g., a sharp rise in the supply of a
      gas which stabilizes the arc in case of plasma welding. This, however,
      results in adversely affecting the welding operation and, upon occasion,
      making the operation completely impossible.
PAR  At the same time, when using a nonconsumable electrode with the overheating
      of the central portion of the effective area of the high-heat insert,
      localization of the near-the-electrode zone of the arc is practicable
      without auxiliary measures, which permits plasma welding at a limited gas
      consumption.
DRWD
PAR  Hereinbelow, the invention will become more readily apparent from the
      description of its exemplary embodiment having reference to the appended
      drawings, wherein:
PAR  FIG. 1 is an electrode assembly for a plasmatron with a chamber filled with
      gas constructed according to the invention;
PAR  FIG. 2 is an electrode assembly for a plasmatron with a chamber filled with
      a solid substance;
PAR  FIG. 3 is a design of a plasmatron with an electrode assembly constructed
      according to the invention; and
PAR  FIG. 4 is a device for the surface finishing of metals, consisting of two
      plasmatrons, provision being made for an electrode assembly in each
      plasmatron.
DETD
PAR  In making electrode assemblies, for effecting arc stabilization it is
      necessary that the central portion of the effective area of the high-heat
      insert be overheated. In this case, the near-the-electrode zone of the arc
      will be on the overhead portion of the effective area of the high-heat
      insert.
PAR  For ensuring the overheating of the central portion of the effective area
      of the high-heat insert, an electrode assembly is proposed (FIG. 1) to be
      made as a holder 1 which is being cooled, with an arc-forming high-heat
      insert 2 mounted therein and prepared from a high-heat metal, e.g.,
      tantalum, tungsten, hafnium, and other high-heat metals selected from a
      row of high-heat metals of groups IV, V and VI of the Periodic System, or
      an alloy based thereon, e.g., their compositions taken in the following
      percentage ratios:
TBL  Example 1     Example 2     Example 3                                     
     ______________________________________                                    
     Ta -- 73%     Hf -- 99%     W  -- 97%                                     
     Hf -- 25%     MO --  1%     La --  3%                                     
     Mo --  2%                                                                 
     ______________________________________                                    
PAR  The high-heat insert 2 is in thermal and electrical contact with the cooled
      holder 1, whose material may be any electrically conductive material
      having a high coefficient of thermal conductivity, e.g., copper. Located
      in the holder between the high-heat insert 2 and the interior of the
      holder 1 being cooled so as to be symmetrical to the axis of the insert 2,
      is an air-tight chamber 3 which is filled with gas (air, argon). A cooling
      agent 4 fed through a pipe 5 circulates through an inner space 6 in the
      cooled holder 1, thus ensuring cooling of the high-heat insert 2.
PAR  Since the coefficient of thermal conductivity of the material filling the
      air-tight chamber 3 is selected to be lower than that of the material of
      the cooled holder 1, heat transfer from the peripheral portions of the
      high-heat insert 2 will be greater than the transfer of heat from the
      central portion thereof, which will cause the overheating of the central
      portion of the high-heat insert 2 and the localizing of the
      near-the-electrode zone of the arc.
PAR  Used in the electrode assembly of FIG. 2 as a material filling a chamber 7
      provided in the holder between the interior of the cooled holder 1 and the
      high-heat insert 2, may be any solid substance e.g., titanium, steel, or
      pig iron of any composition in lieu of the gas. Whether the chamber 7 is
      filled with gas or solid substance, the operation of the electrode
      assembly is essentially same.
PAR  Electrode assemblies of the inventive design can be applied to devices used
      for welding or surfacing electrically conductive materials, as well as for
      the surface processing of any materials.
PAR  Described hereinbelow is an exemplary embodiment of a device for welding or
      surfacing electrically conductive materials with the use of an electrode
      assembly whose air-tight chamber is filled with gas (FIG. 3). Such device
      comprises a DC power source 8, whose positive pole is connected to the
      cooled holder 1 of a plasmatron A, while the negative pole thereof is
      connected to a material 9 which is being treated.
PAR  The electrode assembly for the plasmatron A, which is constructed of the
      cooled holder 1 and the high-heat insert 2, having chamber 3 between the
      holder interior and the high-heat insert filled with an element possessing
      a low coefficient of thermal conductivity, is enveloped by a water-cooled
      nozzle 10 of the plasmatron A and isolated thereform by an insulator 11 so
      that a further space 12 is formed between the electrode assembly and the
      nozzle 10, into which there is fed, through a channel 14 in the insulator
      11, a plasma-forming gas 13.
PAR  The nozzle 10 is made hollow so that a cooling agent 15 can be fed into a
      space 16 formed therein.
PAR  The operation of such a device is described in the following: The electrode
      assembly is connected to a positive pole of the DC source 8, whose
      negative pole is connected to the workpiece 9 which is being treated.
      Supplied into the chamber 6 of the cooled holder 1 through the pipe 5 is
      the cooling agent 4, and supplied into the space 16 of the nozzle 10 is
      the cooling agent 15. Simultaneously, the plasma-forming gas 13 is fed
      into the space 12 through the channel 14 for striking an arc 17 between
      the high-heat insert 2 of the electrode assembly and the workpiece 9.
PAR  Due to the provision in the electrode assembly of the air-tight chamber 3
      which is filled, e.g., with air, and which is in contact with the
      high-heat insert 2 and symmetrical about a central axis, an overheated
      portion is formed in the central portion of the high-heat insert 2. As a
      result, the near-the-electrode zone of the arc will be concentrated in the
      central portion of the effective area of the insert.
PAR  The thus formed arc 17 which is struck between the high-heat insert 2 of
      the electrode assembly and the workpiece 9 is enveloped by a working
      channel of the nozzle 10 so as to melt said workpiece 9.
PAR  Additionally, a welding rod 18 is upon occasion introduced into the zone of
      the arc 17 which adjoins the workpiece 9, for effecting a welding
      operation and for necessary surfacing.
PAR  Following hereinbelow is the description of an exemplary embodiment of the
      device including electrode assemblies used for the surface finishing of
      materials. In this instance, the device comprises the DC source 8 (FIG. 4)
      whose positive pole is connected to the electrode assembly of the
      plasmatron A, in which the electrode assembly is made as the cooled holder
      1 with the high-heat insert 2, between the interior of the holder and the
      insert there is located the chamber 3 which is filled with gas. The
      negative pole of the DC source 8 is connected to the electrode assembly of
      a plasmatron B in which the electrode assembly is made as the cooled
      holder 1 with the high-heat insert 2 between the interior of the holder
      and the insert there is located the chamber 7 which is filled with a solid
      substance whose coefficient of thermal conductivity is lower than that of
      the cooled holder 1. The design and operation of said plasmatrons is
      similar to that of the plasmatron A (FIG. 3) described hereinabove.
      However, in this instance, an arc 19 burns between the high-heat inserts 2
      of the electrode assemblies of the plasmatrons A and B and heats the
      surface of a workpiece 20 to a certain temperature depending upon the
      required treatment of the workpiece 20. The temperature of the surface
      being treated is controlled by varying the distance between the arc and
      the surface.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electrode assembly for a plasmatron, comprising: a holder being
      cooled, a high-heat insert in said holder having a first face which is in
      contact with a near-the-electrode zone of an arc and a second face in
      thermal and electrical contact with said cooled holder, a chamber being
      formed in said holder between said high-heat insert and the interior of
      said cooled holder extending substantially symmetrical to the axis of said
      high-heat insert, and a substance filling said chamber whose coefficient
      of thermal conductivity is lower than that of the material of said cooled
      holder, the substance filling said chamber being in constant and direct
      contact with the central portion of said high-heat insert.
NUM  2.
PAR  2. An electrode assembly as claimed in claim 1, wherein said chamber is
      air-tight and filled with a gaseous substance selected from the group of
      gases comprising argon and gas.
NUM  3.
PAR  3. An electrode assembly as claimed in claim 1, wherein said high-heat
      insert is a metal selected from Groups IV, V and VI of the Periodic System
      of elements and an alloy based thereon.
NUM  4.
PAR  4. An electrode assembly as claimed in claim 1, wherein said chamber is
      air-tight and filled with a solid substance.
NUM  5.
PAR  5. An electrode assembly as claimed in claim 4, said solid substance being
      titanium.
NUM  6.
PAR  6. An electrode assembly as claimed in claim 4, said solid substance being
      steel.
NUM  7.
PAR  7. An electrode assembly as claimed in claim 4, said solid substance being
      pig iron.
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PAL  In a process for fusion-welding a binary combination of an iron alloy
      containing 50 % by weight or less of nickel and cobalt combined and
      copper; or a ternary combination of said iron alloy, copper, and iron,
      including the steps of bringing members of said binary combination or
      ternary combination into gapless contact with one another and subjecting
      the contact zone to a treatment including at least one of electron beam
      welding, laser beam welding, plasma welding, and TIG welding without use
      of a filler metal, an improvement which is characterized by supplying
      welding energy necessary to form in the welding zone molten weld metal
      having such a width and depth that have been determined from the
      composition and thickness of said base metals so that the composition of
      the weld metal may fall within the specified area in a diagram, shown in
      FIG. 1, representing composition of a three component system, said
      specified area being enclosed with straight lines connecting successively
      the point X (97 wt-% Cu, 2 wt-% Fe, 1 wt-% Ni + Co), the point Y (2 wt-%
      Cu, 49 wt-% Fe, 49 wt-% Ni + Co), the point Z (2 wt-% Cu, 97 wt-% Fe, 1
      wt-% Ni + Co), and the point X except for the area enclosed with straight
      lines connecting successively the point a (35 wt-% Cu, 32.5 wt-% Fe, 32.5
      wt-% Ni + Co), the point b (10 wt-% Cu, 45 wt-% Fe, 45 wt-% Ni + Co), the
      point c (8 wt-% Cu, 91 wt-% Fe, 1 wt-% Ni + Co), the point d (45 wt-% Cu,
      54 wt-% Fe, 1 wt-% Ni + Co), and the point a. According to this improved
      process, development of weld cracking can be prevented.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for fusion-welding a binary combination
      of an iron alloy containing 50% by weight or less of nickel and cobalt
      combined and copper, or a ternary combination of said iron alloy, copper,
      and iron by bringing members of said binary or ternary combination into
      gapless contact with one another and subjecting the contact zone to a
      treatment selected from electron beam welding, laser beam welding, plasma
      welding, and TIG welding without use of a filler metal.
PAR  2. Description of the Prior Art
PAR  In an electromagnetic wave generating device (magnetron) and a
      semiconductor device for use in an electronic range, it becomes necessary
      to make a joint by brazing between a ceramic insulator and a Co-Ni-Fe
      alloy such as Fernico or Kovar. Because of its thermal expansion
      coefficient approximating to that of ceramics, the Co-Ni-Fe alloy is
      widely used in the above-noted field.
PAR  In the semiconductor device and magnetron, welding of the Co-Ni-Fe alloy
      with copper or with both copper and iron is also conducted. In welding
      together a Co-Ni-Fe alloy and copper or Co-Ni-Fe alloy, copper, and iron,
      it is concievable to conduct the welding by forming weld beveling and by
      use of a filler metal. However, in such a case as in electronic parts
      where the parts to be welded are small in size and complicated in
      structure, it is inadequate to form a weld beveling. In an electronic
      device, deformation and strain build-up in its parts caused by the weld
      beveling should be avoided. It is desirable, therefore, if it is possible
      to make a butt welding or lap welding or to effect edge welding, without
      forming a weld beveling. The welding techniques adoptable for such
      purposes are electron beam welding, laser beam welding, plasma welding,
      and TIG welding without filler metal.
PAR  When an assembly of two base metals of copper and an Fe-Ni-Co alloy or of
      three base metals of copper, iron, and an Fe-Ni-Co alloy is fusion-welded
      by any of the methods comprising electron beam welding, laser beam
      welding, plasma welding, and TIG welding without using a filler metal,
      generally there occurs cracking in the weld metal. When observed under a
      microscope, the portion where cracking has occurred reveals a structure in
      which crystal grains of a metal containing mainly iron are surrounded by a
      solid solution in the form of film of a metal containing copper as the
      main constituent, and cracks are formed along the boundaries of crystal
      grains. From the observation, it is presumable that formation of cracks
      are due to the fact that in the course of solidification of the molten
      metal, a metal containing mainly iron, which has crystallized in the
      liquid phase begins to contract and so the remaining liquid phase is
      subject to an increasing tensile stress and at the final stage of
      solidification said stress gradually increases and when the liquid phase
      at grain boundary cannot stand the contraction, crevices occur.
PAR  In order to avoid cracking in a weldment, it is generally effective to add
      to the weld metal from an external source metal capable of preventing
      development of cracks. Such a means, however, lacks in reliability because
      of inclusion of a metal having a third composition different from the base
      metals, which probably tends to change mechanical or physical properties
      of the weldment, and, moreover, it is technically difficult to select the
      type of metal to be added and the means of adding such a metal. Under the
      circumstances, it is most desirable for the countermeasure against
      cracking to find a weld metal composition which resists cracking without
      addition of a metal from external sources and to find a welding method
      which is able to result in said composition in the weld metal.
PAC  SUMMARY OF THE INVENTION
PAR  Objects of the Invention
PAR  The main object of this invention is to provide an improvement whereby the
      weld metal is kept from cracking in a process for fusion-welding a binary
      combination of a iron alloy containing 50% by weight or less of the sum of
      nickel and cobalt and copper or a ternary combination of these two base
      metals and iron by bringing members of said binary or ternary combination
      into gapless contact and subjecting the contact zone to a treatment of
      electron beam welding, laser beam welding, plasma welding, or TIG welding
      without the use of a filler metal.
PAR  Another object of this invention is to provide an improved fusion welding
      process which exhibits a particularly favorable crack-preventive effect
      when applied to a binary combination of an iron-nickel-cobalt alloy, in
      which the nickel content is larger than the cobalt content, and copper or
      to a ternary combination of these two base metals with an iron base metal.
PAC  STATEMENT OF THE INVENTION
PAR  This invention provides an improvement in a process for fusion welding a
      base metal of iron alloy containing 50% by weight or less of the sum of
      nickel and cobalt and a base metal of copper together or these two base
      metals and a base metal of iron together by bringing members of said
      binary or ternary combination into gapless contact and subjecting the
      contact zone to a treatment of electron beam welding, laser beam welding,
      plasma welding, or TIG welding without the use of a filler metal, which
      improvement is characterized by supplying a welding energy necessary to
      form in the welding zone a molten weld metal having such a width and depth
      that have been determined from the composition and thickness of said base
      metals so that composition of the weld metal may fall within the specified
      area in a diagram representing composition of a three-component system
      comprising copper, iron, and a mixed component of nickel and cobalt, said
      specified area being enclosed with straight lines connecting successively
      a point representing a composition comprising 97% by weight of copper, 2%
      by weight of iron and 1% by weight of a mixed component of nickel and
      cobalt, a point representing a composition comprising 2% by weight of
      copper, 49% by weight of iron, and 49% by weight of a mixed component of
      nickel and cobalt, a point representing a composition comprising 2% by
      weight of copper, 97% by weight of iron, and 1% by weight of a mixed
      component of nickel and cobalt, and the point first indicated, except for
      the area enclosed with straight lines connecting successively a point
      representing a composition comprising 35% by weight of copper, 32.5% by
      weight of iron, and 32.5% by weight of a mixed component of nickel and
      cobalt, a point representing a composition comprising 10% by weight of
      copper, 45% by weight of iron, and 45% by weight of a mixed component of
      nickel and cobalt, a point representing a composition comprising 8% by
      weight of copper, 91% by weight of iron, and 1% by weight of a mixed
      component of nickel and cobalt, a point representing a composition
      comprising 45% by weight of copper, 54% by weight of iron, and 1% by
      weight of a mixed component of nickel and cobalt, and the point first
      indicated.
PAR  The fact that cracking does not occur in the weld metal having a
      composition represented by a point in the specified area of the
      accompanying diagram representing composition of a three-component system
      comprising iron, copper, and a mixed component of nickel and cobalt was
      found from a comprehensive examination of the results obtained in scores
      of experiments.
PAR  The weld metal having a composition falling within the specified area has
      either a structure in which crystal grains of a metal consisting mainly of
      iron are dispersed in a predominant amount of a solid solution containing
      a metal consisting mainly of copper, or a structure in which copper is
      completely dissolved as a solid solution in the crystal grains of a metal
      consisting mainly of iron, but has not a structure having segregation
      pattern in which grain boundaries of crystal grains of a metal consisting
      mainly of iron are surrounded by a solid solution in the form of thin film
      of a metal consiting mainly of copper, which causes cracks. Nickel and
      cobalt are present in the form of solid solution in iron or copper, but
      not in the form of crystal grains of their own.
PAR  The improved fusion welding process of this invention exhibits a
      particularly favorable crack-preventive effect when applied to a
      combination of two base metals of an iron-nickel-cobalt alloy, in which
      the nickel content is larger than the cobalt content, and copper or to a
      combination of these two base metals with an iron base metal. This is
      presumably because nickel has a superior ability to prevent weld cracking
      to that of cobalt. A preferable ratio of the nickel content to the cobalt
      content is equal to or larger than 1.5:1.
PAR  The weld metal in this invention consists of an alloy of copper, iron,
      nickel, and cobalt. It is to be specifically noted that the range of
      elementary composition of the weld metal can be represented by the
      accompanying composition diagram of a three-component system comprising
      copper, iron, and a mixed component of nickel and cobalt.
PAR  The fusion welding of this invention should be accomplished by a means
      selected from the electron beam welding, laser beam welding, plasma
      welding, and TIG welding without using a filler metal. In the electron
      beam welding, laser beam welding, and plasma welding, welding can be
      accomplished in a shorter time than by other welding methods because the
      beam has a high energy density and can be sharply focused. In such a
      method, welding is carried out not necessarily along the butt faces of
      base metals, as is the case with an ordinary shield arc welding or gas
      welding, but can be accomplished by irradiating the laser beam or electron
      beam to the base metals assembled in layers, as is desirable in joining
      together multiple base metals. The plasma welding and the TIG welding
      (especially pulse arc welding) are suitable for local welding of base
      metals because the arc can be more easily focused than in the usual arc
      welding.
PAR  Other welding methods are unsuitable for use in this invention, because
      control of the weld metal composition is difficult to attain the specified
      composition of this invention and, moreover, the molten zone becomes
      wider, tending to cause penetration and other welding defects.
PAR  In this invention, copper content of the weld metal is particularly desired
      to be 70% by weight or less. This is based on the finding that when the
      copper content exceeds 70% by weight, cracking tends to occur not in the
      weld metal but in the heat affected zone.
PAR  This invention is based upon the finding that when a binary base-metal
      combination of an iron-nickel-cobalt alloy containing 50% by weight or
      less of the sum of nickel and cobalt and copper, or a ternary combination
      of these two base metals and iron is fusion-welded by bringing said
      combination into gapless contact with one another and subjecting the
      contact zone to a treatment selected from electron beam welding, laser
      beam welding, plasma welding, and TIG welding without using a filler
      metal, there occurs no weld cracking in the weld metal of a composition in
      the aforesaid range. In order to ensure such a weld metal composition, it
      is necessary to follow the following procedure which comprises determining
      the width and depth of the base metals to be melted to form a weld metal
      of the composition in the aforesaid range, said determination being made
      from the composition and thickness of the base metals, and supplying to
      the welding zone a welding energy required to form said molten weld metal.
      In the electron beam welding, laser beam welding, etc., since molten base
      metals form a uniform mixture throughout the depth of melt, it is easy
      from the composition and thickness of the base metals to determine the
      width and depth of the base metals to be melted to form a weld metal of
      the predetermined composition. When such determination is made, it is easy
      to calculate the quantity of welding energy to be supplied to the welding
      zone.
PAR  In the case where welding is accomplished by use of a filler metal along
      the beveling portions previously prepared, even though the composition
      range wherein the weld cracking does not occur, as shown in FIG. 1, is
      known, it is more difficult, compared with the case of gapless welding, to
      determine the welding conditions so that a weld metal of the predetermined
      composition may be resulted. In the gapless welding it is easy to
      determine thickness of the base metals, weld width, weld depth, and the
      corresponding quantity of the required energy, because when electron beam,
      laser beam, plasma, or arc is used, the composition of weld metal depends
      almost entirely upon the position of exposure, direction, amplitude of
      swing of the beam or arc, and applied ampere.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a composition diagram of a three-component system comprising
      copper, iron, and a mixed component of nickel and cobalt, wherein
      experimental results of weld cracking are plotted.
PAR  FIGS. 2a and 2b are photomicrographs of the structure of weld metals
      obtained by electron beam welding of iron-nickel-cobalt alloy and copper.
PAR  FIG. 3 is a sectional view of a microwave oscillator tube where the process
      of this invention is applied.
PAR  FIGS. 4 to 13 are examples of fusion welding of a seal, magnetic pole, and
      anode to be used in a microwave oscillator tube, shown in sectional view
      to illustrate several embodiments of this invention.
PAR  FIGS. 14 to 16 are photographs of macrostructures of the weld metals
      obtained when the present welding process was applied to the assembling
      work of a microwave oscillator tube.
PAR  FIGS. 17 to 26 are photomicrographs of microstructures of the weld metals
      obtained when the present welding process was applied to the assembling
      work of a microwave oscillator tube.
PAR  FIG. 27 is a photograph of macrostructure of the weld metal obtained in
      fusion welding of iron-nickel-cobalt alloy and copper.
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PAC  EXAMPLE 1
PAR  A binary combination of copper and an iron-nickel-cobalt alloy and a
      ternary combination of copper, iron, and an iron-nickel-cobalt alloy were
      respectively joined together by electron beam welding. In both cases,
      welding was carried out in such a manner that after the base metals had
      been placed one over another so that the iron-nickel-cobalt alloy and
      copper metal may occupy the uppermost position and the lowest position,
      respectively, an electron beam was applied to the surface of the
      iron-nickel-cobalt alloy to effect welding. In each case, the resulting
      weld metal was tested by observation with microsope for cracking and
      analyzed for chemical composition. Several of the results obtained were as
      shown in Table 1. The iron-nickel-cobalt alloy employed in this Example
      comprised 30 % by weight nickel, 20 % by weight cobalt, and 50 % by weight
      iron.
TBL                Table 1                                                     
     ______________________________________                                    
                Composition of weld                                            
     Combination of                                                            
                metal (% by weight)                                            
                                   Cracking                                    
     base metals                                                               
                Cu       Fe       Ni+Co                                        
     ______________________________________                                    
     Fe-Ni-Co alloy                                                            
     & Cu       12.4     46.4     41.2   Occurred                              
     "          8.4      48.5     43.1   Did not occur                         
     "          52.2     25.3     22.5   Did not occur                         
     Fe-Ni-Co alloy                                                            
                25.3     54.7     20.0   Occurred                              
     & Cu & Fe                                                                 
     "          14.6     74.0     11.4   Occured                               
     "          37.1     42.8     20.1   Microcracks                           
     "          40.0     43.5     16.5   Microcracks                           
     "          59.0     24.5     16.5   Did not occur                         
     "          50.0     38.6     11.4   Did not occur                         
     ______________________________________                                    
PAR  FIG. 1 is a composition diagram of the three-component system comprising a
      mixed component of nickel and cobalt, copper and iron, obtained by
      plotting the results obtained in this Example. In FIG. 1 white dots
      represent compositions which showed no weld cracking, black dots represent
      those which showed weld cracking, and the dots partly white and partly
      black represent those which showed no cracking on inspection with naked
      eyes but revealed micro-cracking on microscopic examination.
PAR  In this invention, the weld metal should be of the composition in the area
      enclosed by the straight lines connecting successively the point X (97% by
      weight Cu, 2% by weight Fe, 1% by weight Ni plus Co), the point Y (2% by
      weight Cu, 49% by weight Fe, 49% by weight Ni plus Co), the point Z (2% by
      weight Cu, 97% by weight Fe, 1% by weight Ni plus Co), and the point X,
      excluding the area enclosed by straight lines connecting successibly the
      point a (35% by weight Cu, 32.5% by weight Fe, 32.5% by weight Ni plus
      Co), the point b (10 % by weight Cu, 45% by weight Fe, 45% by weight Ni
      plus Co), the point c (8% by weight Cu, 91% by weight Fe, 1% by weight Ni
      plus Co, the point d (45% by weight Cu, 54% by weight Fe, 1% by weight Ni
      plus Co), and the point a. Weld cracking takes place in a weld metal
      having a composition falling within the area enclosed by the straight
      lines connecting successively the point a, b, c, d, and a. A composition
      falling outside the area enclosed by the straight lines connecting
      successively the points X, Y, Z, and X cannot be actually taken. In the
      weld metals having a composition in the area 1 or 3, no weld cracking
      occurs.
PAR  The area 2 represents those compositions of weld metals which are usually
      obtained unless due consideration has been paid to the arrangement of the
      base metals, the position where the welding energy is supplied to the
      assembly of base metals, or other factors in order to control composition
      of the weld metal to be obtained. For this reason, weld cracking could not
      been prevented by mere application of a customary fusion-welding
      technique.
PAR  Microscopic structures of the weld metals having the compositions falling
      within the areas 1, 2 and 3, respectively, may be interpreted in the
      following manner.
PAR  A weld metal of the composition in the area 1 contains major amounts of
      copper and, accordingly, has a structure in which a small amount of metal
      consisting chiefly of iron is dispersed in a matrix metal consisting
      chiefly of copper. Since in the weld metal in this area, the metal mainly
      composed of iron is dispersed in the matrix, such a structure is not
      susceptible to weld cracking because of fluidity or deformability of the
      matrix which favorably affects resistance of the structure against
      cracking due to thermal shrinkage. A weld metal of the composition in the
      area 2 contains lesser amount of copper and has a structure in which grain
      boundaries of a metal containing chiefly iron are surrounded by a metal
      containing copper as the main constituent in a form of segregate at grain
      boundaries. Because of insufficient fluidity and deformability of grain
      boundaries in the course of solidification, cracks occur. The expanse of
      the area 2 relative to other areas diminishes with the increase in nickel
      plus cobalt content. This is due to the decrease in susceptibility of the
      weld metal to weld cracking, because along with the increase in nickel
      plus cobalt content, the iron content of the weld metal decreases
      relatively and the effect of nickel, which forms solid solution with
      copper in any proportion, becomes marked. The area 3 represents
      compositions of small copper content. The weld metal of the composition
      falling in this area has a structure in which the metal containing chiefly
      of copper has been entirely dissolved in the metal containing chiefly
      iron, forming a supersaturated solid solution during solidifying period,
      and, hence, the segregate containing chiefly copper is substantially
      absent. Therefore, in such a weld metal, cracking does not occur.
PAR  In FIGS. 2a and 2b are shown microstructures of weld metals obtained by
      fusion-welding a binary combination of an iron-nickel-cobalt alloy and
      copper. Magnification is 100 in FIG. 2a and 400 in FIG. 2b.  The weld
      metal had a composition falling within the area 2, since it contained 18%
      by weight of copper, 57% by weight of iron, and 25% by weight of nickel
      plus cobalt. This weld metal distinctly showed weld cracking.
PAR  The process of this invention can be applied to welding of elements in
      assembling a microwave oscillator tube which is one of the special
      electron tubes and constructed generally as shown in FIG. 3. The seal 1 is
      generally made of an iron alloy containing about 50% by weight of nickel
      and cobalt and joined to the magnetic pole 2 and to the electrical
      insulator 4. The magnetic pole 2, which guides electrons emitted from the
      filament 6 to a prescribed path, is made of ferro iron of desirable
      magnetic characteristics. The anode 3, which promotes resonance of the
      electron, is made of copper. Joining of the seal 1 to the magnetic pole 2
      and joining of the magnetic pole 2 to the anode 3 have conventionally been
      effected by brazing. Brazing, however, often yields unreliable results,
      because selection of a proper filler metal and flux is difficult and
      propriety of the selection affects properties of the resultant joint.
      Therefore, joining without use of a filler metal or flux is recommendable.
      An ordinary fusion welding is unsuitable, because the above-noted parts
      have small thickness and are prone to detestable disfigurement. To the
      contrary, such welding methods as electron beam welding, laser beam
      welding, plasma welding, and TIG welding, which are able to afford
      high-density energy, are suitable because with these methods fusion and
      solidification can be accomplished in a short time and, in addition,
      fusion can be limited to a very small area. Moreover, three pieces of a
      seal 1, magnetic pole 2, and anode 3 can be welded at a time. Other parts
      include a cathode 5, output lead 7, and seal-off tube 8.
PAR  In FIGS. 4 to 13 are shown various types of joints which permit
      simultaneous fusion welding of the seal 1, magnetic pole 2, and anode 3
      and which enable the resulting weld metal to have compositions resistant
      to weld cracking. These joints ensure weld metal compositions falling
      within the area 1 in FIG. 1. The material of the seal 1 is an alloy
      containing 50% by weight of sum of nickel and cobalt, the balance being
      iron.
PAR  In FIG. 4, the seal 1, magnetic pole 2, and anode 3 are placed one over
      another and the welding energy is supplied from A in the direction
      indicated by an arrow to effect welding. It is desirable that the
      thickness L.sub.2 of the magnetic pole 2 is 1.5 times the thickness
      L.sub.1 of the seal 1 or less and the penetration depth is twice the sum
      of L.sub.1 and L.sub.2 or more.
PAR  In FIG. 5, the seal 1 and the magnetic pole 2 are placed one over the other
      and the end face of the resulting assembly is brought into butt contact
      with the anode 3. The welding energy is supplied from above the butt
      contact interface. With this type of joint a weld metal containing at
      least 50% by weight of copper may be obtained.
PAR  In FIG. 6, the seal 1 is interposed between the magnetic pole 2 and the
      anode 3. A quantity of the welding energy sufficient for melting
      simultaneously the three base metals is supplied from A in the direction
      indicated by an arrow. The recession at the upper part of the anode serves
      to keep the anode from bulging beyond the side face in case the anode is
      deformed owing to the welding heat. A weld metal of the composition
      falling within the area 1 in FIG. 1 is obtained when the thickness L.sub.3
      of the anode is made to be 2 times the thickness L.sub.1 of the seal 1 or
      less.
PAR  In FIG. 7, the seal 1, magnetic pole 2, and anode 3 are placed one over
      another. The welding energy is supplied to the edge of the resulting pile
      from above in the oblique direction indicated by an arrow A. It is
      advisable that the thickness L.sub.1 of the seal 1 be larger than the
      thickness L.sub.2 of the magnetic pole 2, and the distance D of a portion
      of the upper end face of the anode 3, where neither the seal nor the
      magnetic pole is mounted, be less than the sum of L.sub.1 and L.sub.2.
PAR  In FIG. 8 the magnetic pole 2 and the anode 3 are brought into butt contact
      and the seal 1 is placed thereon. The welding energy is supplied from A in
      the direction indicated by an arrow so as to melt the anode 3 in a larger
      amount than other members.
PAR  In FIG. 9, the magnetic pole 2 and the anode 3 are butted with each other
      with the seal 1 between them, and the welding energy is supplied laterally
      to the anode 3. Thickness L.sub.3 of the anode 3 is made to be 1.5 times
      the thickness L.sub.1 of the seal 1 or larger.
PAR  In FIG. 10, the seal 1, magnetic pole 2, and anode 3 are placed one over
      another, and the welding energy is supplied to the side of the structure.
      In this case, it is recommendable to allow the beam to swing right and
      left, lest the amount of copper should become deficient and the seal 1
      should remain unwelded. It is also desirable that the thickness L.sub.3 to
      be melted of the anode 3 be larger than the sum of the thickness L.sub.1
      of the seal 1 and the thickness L.sub.2 of the magnetic pole 2, and the
      distance h between upper edge of the anode 3 and the edges of the seal 1
      and magnetic pole 2 be larger than one third of L.sub.3 but not larger
      than L.sub.3.
PAR  In FIG. 11, the anode 3 is interposed between the seal 1 and the magnetic
      pole 2, and welding is carried out in a manner similar to that in FIG. 9.
      It is desirable that the thickness L.sub.3 of the anode be larger than the
      thickness L.sub.1 of the seal 1, and penetration be reduced so that most
      part of the weld metal may be copper.
PAR  In FIG. 12, a projection is worked on the upper side of the anode 3. The
      seal 1 is placed in contact with one side of the projection and the
      magnetic pole 2 with the other side. The welding energy is supplied from A
      in the direction indicated by an arrow to the part near the upper side of
      the anode 3. With this type of joint a weld metal containing 50% by weight
      or more of copper may easily be obtained.
PAR  In FIG. 13, upper end of the anode is worked to form a projected portion,
      and the remaining part is brought into contact with the seal 1 and the
      magnetic pole 2. The welding energy is supplied from A in the direction
      indicated by an arrow to the part where contact is made. It is desirable
      that the thickness L.sub.3 of the projection of the anode 3 be larger than
      the thickness L.sub.1 of the seal 1.
PAR  The photographs shown in FIGS. 14 to 16 reveal macrostructure of the
      electron-beam-welded joints (cross section) of a microwave oscillator
      tube, number of magnification of the photograph being 20. The welding was
      carried out under an acceleration voltage of 150 KV and at a welding speed
      of 0.5 m per minute. As the seal, an iron alloy containing nickel and
      cobalt in a total amount of 50% by weight was used.
PAR  The macrostructure shown in FIG. 14 is that of a joint obtained by
      arranging a seal, magnetic pole, and anode as shown in FIG. 9 and welding
      the assembly by electron beam method. The seal was 0.75 mm in thickness,
      the magnetic pole was made of ferro iron and the anode was made of pure
      copper and 1.5 mm in thickness. The weld metal contained 29.8% by weight
      of iron, 59.8% by weight of copper, and 10.4% by weight of nickel and
      cobalt combined. Weld cracking was not found.
PAR  FIG. 15 shows macrostructure of the type of joint shown in FIG. 4. The seal
      was 0.75 mm in thickness, the magnetic pole was of ferro iron and 1.0 mm
      in thickness, and the anode was of pure copper. The weld metal contained
      45.0% by weight of iron, 42.2% by weight of copper, and 12.8% by weight of
      nickel and cobalt combined. No weld cracking was observed.
PAR  FIG. 16 shows macrostructure of the type of joint shown in FIG. 11. The
      seal was 0.75 mm in thickness, the anode was of pure copper and 1.0 mm in
      thickness at the projection, and the magnetic pole was of ferro iron. The
      weld metal contained 39.9% by weight of iron, 40.6% by weight of copper,
      and 19.5% by weight of nickel and cobalt combined. No weld cracking was
      detected.
PAR  The photomicrographs of macrostructures shown in FIGS. 17 to 26 are those
      of weld metals formed in the electron-beam-welded joints shown in FIGS. 4
      to 13, respectively. The magnification number of the photographs was 100
      for FIG. 23 and 400 for the rest. The compositions of the welded metals
      having macrostructures shown in the said figures were as shown in Table 2.
      The conditions of the electron beam welding were as follows: acceleration
      voltage, 150 KV; welding speed, 0.5 m per minute. No weld cracking was
      detected in every case.
TBL                Table 2                                                     
     ______________________________________                                    
     FIG.  Composition of weld metal (% by weight)                             
     NO.   Cu           Fe           Ni+Co                                     
     ______________________________________                                    
     17    51.0         28.5         20.5                                      
     18    49.4         37.8         12.8                                      
     19    8.7          50.8         40.5                                      
     20    5.2          52.7         42.1                                      
     21    50.0         38.6         11.4                                      
     22    54.9         33.2         11.9                                      
     23    76.0         17.5         6.5                                       
     24    57.6         30.4         12.0                                      
     25    60.0         29.8         10.2                                      
     26    59.0         24.5         16.5                                      
     ______________________________________                                    
PAR  In FIGS. 17 to 26, the white matrix was a metal containing copper as the
      main constituent and the black crystal grains were a metal containing iron
      as the main constituent.
PAR  FIG. 27 shows macrostructure of cross section of the welded portion
      obtained by placing an iron-nickel-cobalt alloy (nickel + cobalt was 50%
      by weight) 0.75 mm in thickness, over a piece of copper, 4 mm in
      thickness, and welding by electron beam method. Number of magnifications
      was 20. This weld metal had a composition falling within the area 2 in
      FIG. 1: 57.4% by weight copper, 22.6% by weight iron; 20.0% by weight of
      nickel and cobalt combined. No weld cracking was detected.
PAR  As stated above, weld cracking can be prevented when according to this
      invention a binary combination of an iron alloy containing 50% by weight
      or less of nickel and cobalt combined and copper or a ternary combination
      of said alloy, copper, and iron are fusion welded at a time by an electron
      beam welding method. Such results are obtained by a welding technique
      capable of supplying high-density energy for the fusion welding. Electron
      beam welding, laser beam welding, plasma welding which can be effected by
      gapless contacting, and TIG welding, without use of a filler metal, are
      all able to give similar results.
PAR  In the case of choosing a composition falling within the area 3, it can be
      applied only to, for example, welding of a copper foil and iron base metal
      or a nickel-cobalt-iron alloy base metal. In other words, the area where
      amount of copper is extremely smaller as compared with that of iron or Ni
      + Co cannot be actually taken in the case of the thickness of the copper
      base metal is large because in this case the amount of copper dissolved is
      large. From this fact, since when thickness of the copper base metal is
      comparatively large, about the same amount of energy can be applied to
      both base metals, i.e. copper and iron or a nickel-cobalt-iron alloy, a
      weld metal of the composition of the area 1, is obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of fusion welding comprising the steps of
PA1  forming a plurality of members, each of said members being of at least one
      base metal including a first base metal of an iron alloy containing up to
      50% by weight of nickel and cobalt combined, a second base metal of
      copper, and a third base metal of iron,
PA1  disposing said members in abutting relationship with respect to one
      another, and
PA1  forming molten welding metal by applying welding energy to the abutting
      members, thereby forming a welding zone of said members,
PA1  wherein said welding metal has a composition in the range of percent by
      weight as represented by at least one of the two areas surrounded by
      points X, a, d and b, Y, Z, c respectively on the three component
      composition diagram shown in FIG. 1.
NUM  2.
PAR  2. A process according to claim 1, wherein the point X represents a
      composition comprising 97% by weight of copper, 2% by weight of iron, and
      1% by weight of nickel and cobalt combined; the point Y represents a
      composition comprising 2% by weight of copper, 49% by weight of iron, and
      49% by weight of nickel and cobalt combined; the point Z represents a
      composition comprising 2% by weight of copper, 97% by weight of iron, and
      1% be weight of nickel and cobalt combined; the point a represents a
      composition comprising 35% by weight of copper, 32.5% by weight of iron,
      and 32.5% by weight of nickel and cobalt combined; the point b represents
      a composition comprising 10% by weight of copper, 45% by weight of iron,
      and 45% by weight of nickel and cobalt combined; the point c represents a
      composition comprising 8% by weight of copper, 91% by weight of iron, and
      1% by weight of nickel and cobalt combined; and the point d represents a
      composition comprising 45% by weight of copper, 54% by weight of iron, and
      1% by weight of nickel and cobalt combined.
NUM  3.
PAR  3. A process according to claim 1, wherein said step of applying said
      welding energy includes one of electron beam welding, laser beam welding,
      plasma welding, and TIG welding without a filler material.
NUM  4.
PAR  4. A process according to claim 1, wherein said steps of disposing said
      members and applying said welding energy are carried out such that said
      welding zone is provided with width and depth dimensions sufficient for
      obtaining said composition of said welding metal.
NUM  5.
PAR  5. A process according to claim 4, wherein each of said members are
      provided with dimensions at said welding zone appropriate for producing
      said width and depth dimensions of said welding zone.
NUM  6.
PAR  6. A process according to claim 1, wherein copper content of the welding
      metal is 70% by weight at maximum.
NUM  7.
PAR  7. A process according to claim 1, wherein nickel content of the
      iron-nickel-cobalt alloy is at least 1.5 times the cobalt content.
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ABST
PAL  A power supply source is provided for use in apparatus for the welding of
      workpieces. It contains several parallel - connected charge-discharge
      circuits connected to electrodes via a choke or resistor, each of these
      circuits consists of storage capacitors, elements for the switching-over
      of the capacitor discharge and isolating diodes with common-polarity
      electrodes of said diodes being interconnected and connected to the
      electric network via a thyristor. Such arrangement allows generating
      current pulses of a complex shape, including nearly rectangular shape, and
      provides for controlling welding thermal cycles over a wide range. The
      arrangement is also of a small size and weight.
PARN
PAR  This application is a continuation of application Ser. No. 161,486 filed
      July 12, 1971, now abandoned.
BSUM
PAR  The present invention relates to apparatus for the welding of workpieces,
      and more particularly to power sources used in apparatus for the welding
      of workpieces.
PAR  The invention may, for example, be used in the machine-building industry.
PAR  Known power soures used in apparatus for the welding of workpieces,
      comprises charge-discharge circuits having a storage capacitor and switch
      which both are connected to electrodes via a resistor or a choke. Said
      power sources are not able to generate pulses of a complex shape, e.g.
      with the slow or fast rising of current in the middle or at the end of a
      pulse, so there is no possibility to control thermal cycle over a wide
      range. Besides, conventional power supply sources are capable of
      generating only relatively narrow current pulses.
PAR  At the same time, the possibility of welding by means of pulses of complex
      shape considerably facilitates a number of technilogical problems such as
      the cutting of slots in sheet metal, the welding or copper constructions
      and so forth.
PAR  For the welding of thin metals are required current pulses of relatively
      long duration or direct current with the possibility of controlling
      thermal cycles over a wide range.
PAR  The above said power sources must include a rectifier with a transformer
      which makes the power source heavier and more expensive.
PAR  An object of the invention is to eliminate the above said shortcomings.
PAR  Another object of the invention is to provide a power source capable of
      generating current pulses of a complex shape, including almost rectangular
      shape, and to provide for the control of welding thermal cycles over a
      wide range without utilization of a transformer and rectifier.
PAR  According to the invention, a power source, which is used in apparatus for
      the welding of workpieces in which a charge-discharge circuit contains a
      storage capacitor and an element for switching-over of the capacitor
      discharge and which is connected with electrodes via a choke or resistor,
      is provided with several parallel-connected charge-discharge circuits,
      each of which contains an isolating diode, with the common-polarity
      electrodes of said diodes being connected together and to an electric
      network through a thyristor.
PAR  A feature of the invention is the creation of a power source capable of
      generating current pulses of a complex shape, including almost rectangular
      shape, and providing the control of welding thermal cycles over a wide
      range without utilization of a tranformer (other than as a main supply)
      and rectifier.
DRWD
PAR  Below, the invention is described by exemplary embodiments and illustrated
      by the accompanying drawings by which:
PAR  FIG. 1 is a schematic diagram of an electric power source according to the
      invention;
PAR  FIG. 2 is a schematic diagram of a further power supply source used for
      generating direct current, according to the invention; and
PAR  FIGS. 3a, 3b, 3c and 3d are time diagrams of currents at a supply output
      for explaining power source operations according to the invention.
DETD
PAR  The power source used in apparatus for the welding of workpieces is
      provided with several charge-discharge circuits each of which contains a
      storage capacitor 1 (FIG. 1), an element for switching-over of the
      capacitor discharge, made of a thyristor 2, and an insolating diode 3.
PAR  Different polarity electrodes of the diodes 3 and thyristors 2 and one
      plate of the capacitor 1 in each circuit are interconnected.
PAR  The charge-discharge circuits are interconnected in parallel and connected
      to an electric network via the thyristor 4 and to the electrodes 5 and 6
      of the welding apparatus via the choke 7. Instead of the choke 7 a
      resistor may be used.
PAR  FIG. 2 is a wiring diagram of a power source for generating current with
      shape near to direct-current form. The power source consists of two of the
      above described circuits connected to the transformer 8 as in a biphase
      rectifier and to electrodes 5 and 6 of the welding apparatus via a coil 7.
PAR  The power source works in the following manner.
PAR  During a negative phase of supply voltage, the thyristor 4 opens and
      storage capacitor 1 charges to a voltage level proportional to the phase
      angle of the thyristor 4. When polarity of the supply voltage changes,
      thyristors 2 succesively open and the voltage from capacitors 1 is applied
      via choke 7 to electrodes 5 and 6.
PAR  In selecting the number of storage capacitors and the time of two
      successive switching-on operation of thyristors 2 it is possible to
      generate and adjust current pulses of required width.
PAR  Besides, when selecting the value of the proper capacitor or a number of
      capacitors, it is possible to generate current pulses of complex shape
      (FIGS. 3a, b) or nearly to rectangular shape (FIG. 3c).
PAR  The adjustment of pulse power (current) in the proposed power source is
      realized by the changing of phase angle of the thyristor 4 switching.
PAR  The isolating diodes 3 are required for the isolation of capacitors 1. The
      voltage between the negative plates of two corresponding storage
      capacitors 1 may be used to simplify the starting circuit of thyristors 2,
      and switching-on of the first of the thyristors 2 may be realized from
      electric networks when the polarity of the supply voltage is changing.
PAR  The proposed power source may be connected directly to a network without
      transformer and this allows to increase its efficiency and decrease
      overall dimensions and weight.
PAR  At the same time, the proposed power source may be fed by direct voltage.
      In this case it is necessary to switch-on the first of the thyristors 2
      after capacitors 1 are completely charged and to repeat charging of
      capacitors 1 after the last of them has discharged.
PAR  The power source illustrated in FIG. 2 works in the same manner. The output
      current is nearly direct-current in shape (FIG. 3d).
PAR  Said power source can generate current pulses of a complex shape including
      nearly a rectangular shape with wide intervals of pulse width, repetition
      rate and attitude adjustment. It has a comparatively small size and weight
      and may be connected to a one-phase network directly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus comprising electrodes for the welding of workpieces, a power
      supply network, a plurality of charge-discharge circuits connected in
      parallel; an impedor for connecting said charge-discharge circuits to one
      of said electrodes, the other of said electrodes being connected to said
      power supply; a thyristor for connecting said charge-discharge circuits to
      said network; each of said charge-discharge circuits including a diode, a
      storage capacitor and a thyristor; said diode and the latter said
      thyristor including and being interconnected by electrodes a of opposite
      polarity which are further connected to said capacitor, said diode and the
      latter said thyristor having further electrodes respectively connected to
      the first said thyristor and said impedor, said capacitor further being
      coupled to said network.
NUM  2.
PAR  2. A power source as claimed in claim 1 wherein said impedor is a choke.
NUM  3.
PAR  3. A power source as claimed in claim 1 wherein the first said thyristor
      and the diode and thyristor of each of said circuits are connected in
      series between one of the said electrodes and said network with the
      thyristors being polarized in the same direction.
NUM  4.
PAR  4. A power source as claimed in claim 1 comprising two groups of said
      circuits connected in parallel.
NUM  5.
PAR  5. A power supply source for the welding of a workpiece and operable from
      an A.C. supply and comprising electrodes one of which is a workpiece to be
      welded, said electrodes being spaced from each other to form a spark gap;
      a plurality of charge-discharge circuits, each of which consists of a
      diode, a storage capacitor and a thyristor, said diode and said thyristor
      being interconnected at a junction in opposite polarity and the junction
      being connected to said storage capacitor, the storage capacitors of said
      charge-discharge circuits being connected in parallel to the workpiece
      being welded and to the A.C. supply, said diode being connected to said
      supply and said thyristor being connected to the other of said electrodes.
NUM  6.
PAR  6. A power supply source as claimed in claim 5 comprising an impedor, the
      thyristors of the charge-discharge circuits being connected in parallel to
      the said impedor and by the impedor to the other of the electrodes.
NUM  7.
PAR  7. A power supply source for welding and operable from an A.C. supply and
      comprising electrodes, one of which is a workpiece to be welded, said
      electrodes being spaced from each other to form a spark gap; a plurality
      of charge-discharge circuits, each of which includes a diode, a storage
      capacitor and a thyristor, the diode and thyristor of each
      charge-discharge circuit being interconnected at a junction with opposite
      polarity and the said junctions being connected to the associated storage
      capacitor, a further thyristor, the diodes of said charge-discharge
      circuits being in parallel and connected in series to said further
      thyristor and by the latter to the A.C. supply, the first said thyristors
      being coupled to one of said electrodes, the capacitors being coupled to
      the other of said electrodes.
NUM  8.
PAR  8. A welding power source operable from a pair of A-C terminals and
      comprising electrodes, one of which is a workpiece to be welded, said
      electrodes being spaced to form an arc gap; a plurality of
      charge-discharge circuits, each of said circuits consisting of a diode
      including an anode and cathode; a storage capacitor including two plates
      and a thyristor including an anode and cathode; the anode end of said
      diode interconnected with the cathode of said thyristor, the junction
      between the diode and thyristor being connected to one of the plates of
      said storage capacitor; the other plates of the storage capacitor of each
      of said charge-discharge circuits being connected together and coupled to
      the electrode formed by the workpiece being welded and to one of the A-C
      terminals; another thyristor for supplying said storage capacitor with
      predetermined amount of charging energy and including an anode and
      cathode, the anode of the latter said thyristor being connected to the
      cathodes of the diodes of said charge-discharge circuits, and the cathode
      being connected to the other A-C terminal; and an impedor having one end
      connected to the anode ends of the thyristors of said charge-discharge
      circuits and the opposite end thereof being connected to the other of said
      electrodes.
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ABST
PAL  A welding method including the steps of feeding a consumable electrode of
      at least 1/8 -inch diameter at a constant speed toward a parent metal to
      be welded, while maintaining, with electrical power at an amperage-voltage
      characteristic having a slope of 0 to 2 amperes/volt, a direct current arc
      between the consumable electrode and parent metal, and while maintaining a
      shielding gas flow at the arc and on molten metal, wherein the electrical
      power is connected between the consumable electrode and the parent metal
      in reverse polarity, wherein the speed of the consumable electrode toward
      the parent metal to be welded is controlled within plus or minus 1/2% of
      the desired speed, and wherein the power source providing the electrical
      power has a dynamic regulated output current of plus or minus 5%.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of welding and more particularly
      to a method of welding thick aluminum plates together.
PAR  As will become evident to those skilled in the art, the present invention
      represents an improved MIG welding process.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a welding method
      capable of, in particular, providing high speed, high quality welding of
      thick aluminum plates together. Another object of the present invention is
      to make possible the obtaining of improved weld-metal deposition rates in
      the welding of thick aluminum plate by the use of large diameter
      consumable electrodes.
PAR  These as well as other objects which will become apparent in the discussion
      which follows are achieved, according to the present invention, by
      providing a welding method including the steps of feeding a consumable
      electrode of at least 1/8-inch diameter at a constant speed toward a
      parent metal to be welded, while maintaining, with electrical power at an
      amperage-voltage characteristic having a slope of 0 to 2 amperes/volt, a
      direct current arc between the consumable electrode and parent metal, and
      while maintaining a shielding gas flow at the arc and on molten metal,
      wherein the electrical power is connected between the consumable electrode
      and the parent metal in reverse polarity, wherein the speed of the
      consumable electrode toward the parent metal to be welded is controlled to
      within plus or minus 1/2% of the desired speed, and wherein the power
      source providing the electrical power has a dynamic regulated output
      current of plus or minus 5%.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a welding operation according to the
      invention.
PAR  FIG. 1a is an end view of the abutment between the two plates to be welded
      in FIG. 1.
PAR  FIG. 2 is a side view of FIG. 1; angles X and Y lie in the plane of FIG. 2.
PAR  FIG. 3 is a detail cross section of the welding torch schematically
      illustrated in FIGS. 1 and 2, this cross section taken on the cutting
      plane III--III of FIG. 5.
PAR  FIG. 4 is a cross sectional view taken on the cutting plane IV--IV of FIG.
      3.
PAR  FIG. 5 is a view from plane V--V of FIG. 3.
PAR  FIGS. 6 and 7 are photomacrographs of weld cross sections.
PAR  FIGS. 8a and 8b are graphs of voltage versus current.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The welding method of the present invention is ideally suited for providing
      high speed, high quality welding of thick, for instance 1 to 3 inches
      thick, aluminum plate in two passes using large diameter, for instance at
      least 1/8-inch diameter and preferably 1/8- to 3/8-inch diameter, more
      preferably 1/8- to 1/4-inch diameter, aluminum, consumable electrodes.
      Thicker plates can be welded by multipass techniques.
PAR  To obtain consistent results with large diameter consumable electrodes, the
      combination of equipment used for the process of the present invention
      must provide sufficient ability to maintain stable conditions during
      welding. Welding arc current and consumable electrode feed rate are two
      controllable variables requiring primary consideration. Arc current
      fluctuations caused either by power source characteristics or poor
      commutation in the contact tube cause weld puddle fluctuations resulting
      in gross "puckering" of the weld bead surface. By utilizing a constant
      current power source, in conjunction with a welding torch which is capable
      of providing both reliable commutation of the welding current and adequate
      gas shielding, stable, controllable arcs up to 900 amperes or higher may
      be established. With "constant current source" as used herein, reference
      is, most preferably, to an amperage-voltage characteristic of the type
      shown in FIG. 8a, where the curve is a vertical, straight line, for
      instance intercepting the horizontal axis at 800 amperes. The slope of the
      straight line of FIG. 8a is, in terms of amperes per volt, equal to 0
      amperes per volt (A/V).
PAR  While an ampere-voltage characteristic of slope 0 amperes per volt is the
      most preferred characteristic for operation according to the present
      invention, operation may be at any slope between 0 and 5 amperes per volt,
      for example at the 3 amperes per volt characteristic illustrated in FIG.
      8b. More preferably, the slope is from 0 to 2 amperes per volt.
PAR  Preferably, the power source for the present invention has a dynamic
      regulated output current of .+-.5%. More preferably, the regulation is to
      within .+-.1 %.
PAR  Suitable power sources capable of providing appropriately sloped
      characteristics for operation according to the present invention are, for
      instance, the Tek-Tran power source models TT-750 and LSC-1000
      manufactured by the Tek-Tran Division of Air Products and Chemicals
      Corporation of Newark, Ohio, 43055; and Diametrics model 1741, serial No.
      0001, manufactured by Diametrics Inc., of North Hollywood, Calif., 91605.
PAR  As regards consumable electrode feed rate, consistent, repeatable results
      are obtained by an electrode feed system capable of feeding the consumable
      electrode at a constant speed toward the parent metal being welded.
      Preferably, the electrode feed system maintains the electrode speed at a
      value within .+-. 1/2% of the particular value selected.
PAR  A third item requiring special attention is the welding torch. Sufficient
      contact area must be provided for reliable commutation of the high
      currents being utilized. Poor commutation will generate substantial
      variations in the arc length. In addition, there is needed an adequate
      sized gas cup, for providing proper shielding-gas coverage of the weld
      puddle being produced. With gas cups of, for example, 2-inch inner
      diameter, or 13/8-inch diameter with an auxiliary trailing shield cup as
      described below with reference to the drawings, a typical cup-to-work
      distance of 1/2 inch was found to provide adequate coverage. In general,
      it is desired to make the cup-to-work distance as small as possible,
      without, however, causing the cup or shield to drag in the weld puddle. An
      auxiliary trailing shield cup is not a necessity; the primary cup, out of
      which the electrode issues, may be given a larger inner diameter to create
      the same effect.
PAR  The method of the invention is applicable to, for instance, the welding of
      thick castings, forgings, or extrusions although a preferred application
      is to the welding of thick aluminum plates.
PAR  No special consideration need be given to preparation of plates to be
      welded according to the present invention. The joint surface may be either
      saw cut of milled and may typically exhibit a surface finish ranging from
      125 to 500 RMSS. Cleanliness is also not a critical factor; normally
      solvent wiping with any standard degreasing agent will suffice to remove
      any surface lubricants or contaminants which could cause weld porosity. In
      joint designs and metal thicknesses utilized with large diameter
      electrodes, for instance as described in the Examples below, it has been
      determined that a maximum gap between land surfaces of 0.030 inch can be
      consistently tolerated, in spite of it being preferred that no gap exist.
      Where gaps in excess of 0.030 inch occur, a removable backup may be used
      to prevent "burn-through."
PAR  As a consequence of the size of the weld puddle generated with large
      diameter electrodes, the present invention provides, for the obtaining of
      uniform penetration, that there always be arc impingement onto the
      parent-metal from the electrode. This means that arc is always utlized for
      obtaining new melting of parent metal. Additionally, it assures that the
      arc remains stable. If the molten pool would move totally under the arc to
      prevent any of the arc from impinging on parent metal, then penetration
      would decrease and weld non-uniformity occur. Two methods may be used to
      prevent the puddle from moving to completely intercept the arc, thus not
      allowing it to impinge at all on parent metal. One method is to use a
      backhand (with respect to the perpendicular to the plates of FIG. 1)
      inclination angle on the torch, opposite to what is shown in FIG. 1. A
      disadvantageous effect of a backhand angle is that poor cleaning action
      occurs.
PAR  A second, preferred method providing better results is to incline the joint
      while using a forehand inclination angle, angle Y, on the torch, in the
      manner shown in FIGS. 1 and 2. Angles of joint inclination X of 3.degree.
      to 12.degree. from the horizontal position have been used. A 12.degree.
      angle X produces excellent results for 23/4 inch thick plate and a
      5.degree. angle X is preferred for 2 inch thicknesses. This second method
      uses gravity to keep the weld puddle out of the way of the arc's always
      impinging on parent metal for the purpose of obtaining efficient melting
      of the same.
PAR  As used herein, the terms "forehand" and "backhand," with respect to the
      torch inclination, are defined with respect particularly to FIG. 2. With
      the 12 o'clock position being aligned with the perpendicular to plate 11,
      forehand positions are after noon, e.g., the position illustrated, while
      backhand positions are before noon.
PAR  Another consideration is the effect of seam tracking error. A deviation in
      excess of .+-.1/8-inch can produce mismatch in the penetration pattern,
      resulting in a lack of fusion at the center of the weld. Therefore, it is
      preferred that tracking be maintained within .+-.1/16-inch, i.e., that, as
      the torch moves along the weld joint between two plates, the center of the
      filler wire tip not move laterally from the plate abutment more than
      1/16-inch on either side.
PAR  In the presently preferred practice of the invention, argon is utilized for
      cleaning and weld puddle protection. Helium is supplied in an amount
      adequate to obtain desired penetration and metal flow.
PAR  Attention to these process parameters as discussed above will allow those
      skilled in the art to operate the method of the present invention to
      consistently produce excellent quality weldments. No special precaution in
      joint preparation, fitup, post-weld treatment or backchipping has been
      found to be required. Specific joint designs of the type used for
      different plate thicknesses and electrode combinations will be discussed
      in the Examples below.
PAR  Referring now to FIG. 1, there is illustrated a process according to the
      present invention, in conjunction with equipment suitable for its
      execution. Two thick aluminum plates 11 and 12 are abutting against one
      another along abutment 13 and are in the process of being welded together.
      As illustrated, a single pass of weld bead 14 has thus far been deposited,
      this single weld bead completely filling groove 15.
PAR  The abutment between plates 11 and 12 is shown in further detail in FIG.
      1a, the particulars of which will be discussed further in the Examples
      below.
PAR  The two plates are inclined from the horizontal an angle X, this being
      illustrated further in FIG. 2. Welding torch 16 is traveling upwards,
      along and parallel to groove 15, in the direction of travel as indicated
      in FIG. 1. The welding torch is inclined from the perpendicular to the
      plates an angle Y, this also being illustrated further in FIG. 2.
PAR  Consumable electrode 17, which is aluminum wire, is shown feeding off of
      electrode spool 18, down through a nylon inlet guide 19, then between
      drive roll 20a and idler roll 20b, and into the welding torch 16. The
      feeding of the electrode is caused by the drive roll 20a as the electrode
      passes between the rolls 20a and 20b.
PAR  Electrode spool 18 is provided with a drum onto which the consumable
      electrode is wound. Preferably, this drum should have a diameter of at
      least 15 inches, in order that the electrode not be given too great a
      "cast" or natural tendency to curl up. If the cast is too great, wire
      straightening rollers may be provided in the vicinity of the drive and
      idler rolls 20a and 20b.
PAR  Drive roll 20a is driven by feed motor 21.
PAR  Electrode spool mounting bracket 22 supports the electrode spool 18
      relative to motor 21.
PAR  The entire unit of electrode spool, motor, drive rolls, and welding torch
      is adjustable vertically by the provision of vertical mounting block and
      slide 23, while the horizontal mounting block and slide 24 provides a
      corresponding horizontal adjusment ability.
PAR  The horizontal mounting block and slide 24 is connected rigidly to the
      carriage and motor unit 25 which co-acts with the gear teeth 26 of
      carriage rack 27 to provide the ability to move the welding torch exactly
      parallel to groove 15. Typical carriage speeds have been 4 to 10 inches
      per minute.
PAR  The carriage rack 27 is provided with mounting means 28 to allow it to be
      oriented precisely at the particular angle X to the horizontal chosen for
      the plates to be welded together.
PAR  The pressure existing between the idler and drive rolls on the one hand and
      the consumable electrode 17 on the other hand is capable of adjustment by
      electrode feed pressure adjustment 29.
PAR  The torch 16 is held relative to the electrode feed motor and idler and
      drive roll unit by torch mounting clamp 30.
PAR  Referring now to FIGS. 3 to 5, a welding torch 16 suitable for practicing
      the present invention will now be described in detail. First with respect
      to FIG. 3, torch end mount 31 is the portion of the torch which is clamped
      by the torch mounting clamp 30. Torch end mount 31 is an integral
      projection on collet tightener 32, this being provided with internal
      threading 33, so that rotation of integral spanner flange 34 can axially
      shift collet 35 leftwards in FIG. 3 to cause the collet head 37, which is
      divided into three parts by slots 37a, 37b, and 37c (FIGS. 3 and 5), to be
      collapsed inwardly against the copper commutator tube 38 for the purpose
      of locking the same in place. The collet head 37 collapses inwardly due to
      the spring deflection which it undergoes caused by the interference of its
      outer conical surface 39 with the inner conical surface 40 of collet body
      41.
PAR  A direct current, positive (in the case of reverse polarity) electrical
      connection is made, for example through lead 61, split clamp 62, shoulder
      piece 63, collet tightener 32, and collet 35, between an appropriate power
      source and commutator tube 38. Transfer of the electrical current between
      the commutator tube 38 and consumable electrode 17 must be very constant,
      and this is assured: (1) by providing a small clearance between the outer
      diameter of the consumable electrode and the inner diameter of the
      commutator tube, for example a clearance of 0.025 to 0.030 inches obtained
      by making the inner diameter of the commutator tube equal 0.280 inches for
      a 0.250 inch outer diameter on the consumable electrode or 0.150 inches
      for a 0.125 inch outer diameter consumable electrode; (2) by providing a
      relatively long length for the commutator tube, for example a length of 6
      inches; and (3) by having a maximum cast in the consumable electrode, with
      the cast being limited only by the need to prevent undue friction between
      the outer surface of the consumable electrode and the inner surface of the
      commutator tube. A friction reducing nylon tube 42 extends from the inner
      end of the commutator tube 38 to the end of torch mount 31.
PAR  The cup 43 of the welding torch is attached to the remainder of the torch
      through the use of spanner nut 44 and serves the primary purpose of
      directing the flow of shielding gas down around the area being welded. The
      shielding gas flow is inwards through fittings 44a and 44b from a gas
      supply (not shown) and through the length of the torch, as shown by the
      arrows, to the location of the arc and weld puddle. Gas diffuser ring 45
      serves the purpose of assuring that there is a uniform gas flow completely
      around the arc and puddle.
PAR  Due to the especially high current flows used in the present invention for
      large diameter consumable electrodes, water cooling is provided for the
      cup 43. The water enters the cup through fitting 46, flows downward
      through hemicylindrical chamber 47 formed by baffles 49 and 50, and then
      upwards through hemicylindrical chamber 48, to leave through fitting 51.
      Additional water cooling (details not shown) is provided in chamber 52
      around the collet body 41.
PAR  In the particular embodiment of the welding torch as shown, additional gas
      shielding is provided for the purpose of protecting the relatively large
      weld metal puddle left behind as the welding torch moves in its direction
      of travel. This shielding is provided by trailing gas shield 53, which
      includes a saucer 54 mounted around cup 43, with a false bottom 55 forming
      a gas distribution chamber 56 and provided with holes 57 through which
      shielding gas is emitted for the purpose of shielding the weld puddle. The
      shielding gas enters the trailing gas shield through fitting 58 from a gas
      source (not shown). Provided around the perimeter of saucer 54 is a water
      cooling pipe 59.
PAR  Further illustrative of the present invention are the following Examples:
PAC  EXAMPLE I
PAR  Two 30-inch wide by 36-inch long plates of aluminum alloy 5083 in the
      O-condition and having a thickness T of 2-inches were prepared on their
      short edges to give a land dimension L of 5/8 of an inch and angle A of
      75.degree.. See FIG. 1a. The plates had been rolled, the direction of
      rolling being along their longer dimension. These plates were abutted
      together at the prepared edges and welded with direct current, reverse
      polarity using the process and apparatus details as illustrated in FIGS. 1
      to 5. The power source was a Tek-Tran model TT-750 welding machine set to
      its characteristic of the type illustrated in FIG. 8a, where the slope of
      the characteristic is 0 amperes/volt. The electrode feeding motor and
      rolls were provided in the form of a Linde SEH-2 unit, which is
      manufactured by Union Carbide Corp., Linde Division, Cleveland, Ohio. The
      consumable electrode speed was held constant using the technique of
      attaching a Servotech Type AC 7135 A-2 tachometer (1 volt at 1,000 rpm, 0
      to 10 volt output range) to the shaft of the electrode feed motor. This
      tachometer is manufactured by Servotech Products Company of Hawthorne,
      N.J. The output leads from the tachometer were connected to a Linde Type-C
      Electronic Governor, likewise manufactured by the Linde Division referred
      to above, and the output of this governor was in turn used for controlling
      the speed of the electrode feed motor. By this technique, it is possible
      to improve the speed regulation approximately to .+-.1/2% from the .+-.5%
      variation range obtained when using, instead of the tachometer output,
      electrode feed motor back-emf (electromotive force). The inner diameter of
      the cup 43 was 13/8 inches, while the approximate dimensions of the
      trailing gas shield were 23/4 inches wide by 41/4 inches in length.
      Shielding gas flow through cup 43 was 150 cubic feet per hour of argon and
      75 cubic feet per hour of helium, while the shielding gas flow through the
      trailing gas shield 53 was 150 cubic feet per hour of argon. The two
      plates were welded together using only two passes, one face pass and one
      root pass. Welding current for the face pass was 590 amperes, while the
      velocity of the consumable electrode toward the parent metal plates was
      200 inches per minute. The consumable electrode was 1/8-inch diameter,
      type 5183 aluminum. The arc voltage for the face pass was 35 volts, and
      the welding torch moved at a constant speed, in its direction of travel as
      shown in FIG. 1, at 6 inches per minute. The welding current for the root
      pass was 610 amperes, with the consumable electrode moving toward the
      parent metal at a velocity of 206 inches per minute. The higher electrical
      current was used for the root pass, since burn-through was no longer of
      concern in view of the face pass already having been made; the higher
      current promotes the cancelling-out of distortion arising from the face
      pass. Again, arc voltage was 35 volts, with the torch being moved along
      the groove again at the speed of 6 inches per minute. In both the face and
      root passes, the plate inclination angle X, as shown in FIG. 2, was
      5.degree.. The torch inclination angle Y, also as shown in FIG. 2, was
      10.degree. to 15.degree.. The root pass was made after the plates had
      cooled to 150.degree.F. The resulting weld was tested according to Section
      IX of the ASME Boiler and Pressure Code and according to the Coast Guard
      Specification CG-7 and gave the results set forth in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     MECHANICAL PROPERTIES FOR                                                 
     EXAMPLE I                                                                 
                       UTS  UYS   Elongation (%)                               
     Test Method       (KSI)                                                   
                            (KSI) 2"  10" Reduction of Area,                   
     __________________________________________________________________________
                                          %                                    
     Full Section Transverse Tensile                                           
                       45.7 23.8(1)                                            
                                  17.5                                         
                                      11.2                                     
                                          --                                   
     Reduced Section Transverse                                                
                       44.7 --    --  --  --                                   
     1/2" Diameter Reduced Section                                             
                       41.3 20.0(2)                                            
                                  29.0                                         
                                      --  42                                   
     Tensile - All Weld Metal                                                  
     1/2" Diameter Reduced                                                     
                   (L) 46.9 23.0(2)                                            
                                  21.8                                         
                                      --  30                                   
     Section Tensile - Parent                                                  
                   (LT)                                                        
                       48.1 23.9(2)                                            
                                  21.2                                         
                                      --  28                                   
     Metal                                                                     
     Free Bend Test    Elongation - 33.8%                                      
     Guided Bend Test (31/3 (T)                                                
                       180.degree. Transverse Bend Produced No Cracks or Tears 
                       in Face, Root,                                          
     Radius)           or Side Bends                                           
     __________________________________________________________________________
      Notes:                                                                   
      (1) 10" Gauge Length                                                     
      (2) 2" Gauge Length                                                      
      (L) Longitudinal direction, i.e. the direction in which the plate was    
      rolled.                                                                  
      (LT) Long transverse direction                                           
      (T) Plate thickness                                                      
PAC  EXAMPLE II
PAR  A weld was made in Example I, except for the differences set forth as
      follows. The consumable electrode had a diameter of 1/4 inch and was of
      type 5183 aluminum, while power of characteristic as illustrated in FIG.
      8a, i.e., 0 amperes/ volt slope, was supplied by a Diametrics Model 1741,
      Serial No. 0001, welding machine manufactured by the company as previously
      mentioned. For the face pass, the welding current was 800 amperes, the
      electrode moved toward the parent metal with a velocity of 60 inches per
      minute, the arc voltage was 32, and the speed with which the torch moved
      along the groove was 8 inches per minute. For the root pass, the welding
      current was 840 amperes, the electrode speed toward the parent metal was
      65 inches per minute, the arc voltage was 32 volts, and the torch speed
      relative to the length of the groove was 8 inches per minute. Edge
      preparation differed in that a land dimension L of 3/4 of an inch was
      used. The resulting mechanical properties are set forth in Table II, and a
      photomacrograph of the weld appears in FIG. 6.
TBL                                    TABLE II                                
     __________________________________________________________________________
     MECHANICAL PROPERTIES FOR                                                 
     EXAMPLE II                                                                
                       UTS  UYS   Elongation (%)                               
     Test Method       (KSI)                                                   
                            (KSI) 2"  10" Reduction of Area,                   
     __________________________________________________________________________
                                          %                                    
     Full Section Transverse Tensile                                           
                       44.2 23.6(1)                                            
                                  15.8                                         
                                      10.2                                     
                                          --                                   
     Reduced Section Transverse                                                
                       43.8 --    --  --  --                                   
     Tensile                                                                   
     1/2" Diameter Reduced Section                                             
                       41.2 20.4(2)                                            
                                  27.0                                         
                                      --  33                                   
     Tensile - All Weld Metal                                                  
     1/2" Diameter Reduced                                                     
                   (L) 46.5 23.4(2)                                            
                                  22.3                                         
                                      --  29                                   
     Section Tensile - Parent                                                  
                   (LT)                                                        
                       47.4 24.2(2)                                            
                                  22.5                                         
                                      --  38                                   
     Metal                                                                     
     Free Bend Test    Elongation - 39.9%                                      
     Guided Bend Test (31/3 (T)                                                
                       180.degree. Transverse Bends Produced No Cracks or      
                       Tears in Face, Root,                                    
     Radius)           or Side Bends                                           
     __________________________________________________________________________
      Notes:                                                                   
      (1) 10" Gauge Length                                                     
      (2) 2" Gauge Length                                                      
      (L) Longitudinal direction, i.e. the direction in which the plate was    
      rolled                                                                   
      (LT) Long transverse direction                                           
      (T) Plate thickness                                                      
PAC  EXAMPLE III
PAR  A weld was made by the process described in Example I, except for the
      following differences. Plate thickness was 23/4 inches, while edge
      preparation gave an angle A equal to 90.degree. and a land dimension L
      equal to 3/4 of an inch. The diameter of the type 5183 aluminum,
      consumable electrode was 1/4 of an inch, and this was used in combination
      with the welding machine described in Example II, likewise set to give a
      characteristic of the type shown in FIG. 8a. Shielding gas flow through
      the cup 43 was 120 cubic feet per hour argon and 120 cubic feet per hour
      helium. Shielding gas flow through the trailing gas shield 53 was 150
      cubic feet argon per hour. For the face pass, welding current was 800
      amperes, electrode speed toward the parent metal was 62 inches per minute,
      arch voltage was at 32 volts, torch speed of travel along the groove was 4
      inches per minute, and angle X was set at 12.degree.. For the root pass,
      welding current was 840 amperes, electrode speed toward the parent metal
      was 65 inches per minute, arc voltage was at 32 volts, torch speed of
      travel along the groove was 4 inches per minute, and angle X was
      12.degree.. A photomacrograph of the resulting weld appears in FIG. 7.
PAR  In testing the weldments made with large diameter electrodes according to
      the present invention, data obtained indicates, as is clear from the above
      Examples I and II, that in all cases the guaranteed minimum property
      values specified for -0 temper 5083 plate are readily met. In addition,
      both radiographic and ultrasonic inspection disclose that the weldments
      obtained are free of detectable porosity or inclusions. The above Examples
      represent deposition rates ranging from 14 to 19 pounds per hour. Weld
      bead surface appearance, although more aesthetically appealing in some
      instances than in others, is structurally acceptable and does not require
      post-weld finishing. Distortion of the unrestrained 30-inch wide specimens
      in the above Examples in on instance exceeded 1/8 inch from the flat
      surface for the first pass. Upon completion of the second pass, distortion
      was normally reduced to less than 1/16 inch over the specimen surface.
PAR  In view of the increased deposition rates obtained (for example presently
      14 to 19 pounds per hour), the broad latitude in joint preparation and the
      excellent mechanical properties that can be obtained, the present
      invention renders feasible the use of large diameter electrode MIG welding
      to reduce fabrication costs for structures or assemblies made of heavy
      aluminum plate.
PAR  The new welding process of the present invention has permitted consistent
      welding of thick aluminum plate, for example presently up to 23/4 inches
      in two passes. It provides a smooth, spatter-free, totally controllable,
      penetrating arc operating at currents of even 800 amperes or greater using
      1/4-inch diameter or larger electrode. Using a combination of improved
      welding torch, constant current power supply, and improved wire feed
      system, a spatter-free, totally controllable arc can be maintained which
      provides greater penetration and improved control of the weld puddle and
      results in a smooth weld bead surface.
PAR  Cost reductions can result from time saved in the various steps required to
      effect an acceptable joint. Typically, joint preparation regarding
      machining tolerances, fitup, joint surface finish and cleanliness will not
      be as critical as for conventional welding. The welding equipment and
      procedures utilized are relatively unsophisticated and do not require the
      services of highly skilled or trained personnel for proper use. Welds
      obtained with this process can be expected to be virtually free of
      porosity and inclusions and not display any lack of weld bead fusion. The
      size of the weld puddle and the time that it is maintained as a molten
      pool inherently prevent these faults from occurring. The elimination of
      these faults also effects a substantial reduction in weld repair costs
      normally encountered in multipass welding. The sum effect of the
      advantages gained in each of the described areas is a net reduction in
      welding time, problems and costs.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes, and adaptations and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A welding method comprising the steps of feeding a consumable electrode
      of at least 1/8-inch diameter at a constant speed toward a parent metal to
      be welded, while maintaining, with electrical power at an amperage-voltage
      characteristic having a slope of 0 to 2 amperes/volt, a direct current arc
      between the consumable electrode and parent metal, and while maintaining a
      shielding gas flow at the arc and on molten metal, wherein the electrical
      power is connected between the consumable electrode and the parent metal
      in reverse polarity, wherein the speed of the consumable electrode toward
      the parent metal to be welded is controlled to within plus or minus 1/2%
      of the desired speed, and wherein the power source providing the
      electrical power has a dynamic regulated output current of plus or minus
      5%.
NUM  2.
PAR  2. A welding method as claimed in claim 1, wherein the metal of the
      consumable electrode and the parent metal are both aluminum.
NUM  3.
PAR  3. A welding method as claimed in claim 1, wherein the amperage-voltage
      characteristic has a slope of zero amperes/volt.
NUM  4.
PAR  4. A welding method as claimed in claim 3, wherein a weld puddle is present
      and the parent metal is tilted to enable gravity to minimize arc contact
      with the weld puddle and to assure arc impingement on the parent metal.
NUM  5.
PAR  5. A welding method as claimed in claim 4, wherein the electrical power
      regulation is to within plus or minus 1%.
NUM  6.
PAR  6. A welding method as claimed in claim 1, wherein a weld puddle is present
      and the parent metal is tilted to enable gravity to minimize arc contact
      with the weld puddle and to assure arc impingement on the parent metal.
NUM  7.
PAR  7. A welding method as claimed in claim 6, wherein the consumable electrode
      is fed from a welding torch having a forehand inclination angle.
NUM  8.
PAR  8. A welding method as claimed in claim 6 wherein the electrical power
      regulation is to within plus or minus 1%.
NUM  9.
PAR  9. A welding method as claimed in claim 1, wherein the parent metal is
      abutting, 2-inch thick plates of type 5083-0 aluminum, the consumable
      electrode is 1/8-inch diameter type 5183 aluminum moving toward the parent
      metal at 200 inches per minute, and the electrical power has a
      characteristic of 0 amperes/volt and is connected in reverse polarity with
      590 amperes current flow.
NUM  10.
PAR  10. A welding method as claimed in claim 1, wherein the parent metal is
      abutting, 2-inch thick plates of type 5083-0 aluminum, the consumable
      electrode is 1/4-inch diameter type 5183 aluminum moving toward the parent
      metal at 60 inches per minute, and the electrical power has a
      characteristic of 0 amperes/volt and is connected in reverse polarity with
      800 amperes current flow.
NUM  11.
PAR  11. A welding method as claimed in claim 1, wherein the parent metal is
      abutting, 23/4-inch thick plates of type 5083-0 aluminum, the consumable
      electrode is 1/4-inch diameter type 5183 aluminum moving toward the parent
      metal at 62 inches per minute, and the electrical power has a
      characteristic of 0 amperes/volt and is connected in reverse polarity with
      800 amperes current flow.
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ABST
PAL  Metal forming methods in which a workpiece is heated and subjected to
      pressure, causing the metal to become plastic and flow into a selected
      configuration. Apparatus in which the method can be carried out and
      tooling for use in the methods and apparatus.
PARN
PAR  This application is a continuation-in-part of applications Nos. 426,564
      filed Dec. 20, 1973 (now abandoned), and 227,683 filed Feb. 18, 1972 (now
      U.S. Pat. No. 3,823,299). Application No. 426,564 is a continuation of
      application No. 226,570 filed Feb. 16, 1972 (now abandoned). Applications
      Nos. 227,683 and 226,570 are divisions of application No. 856,526 filed
      Sept. 8, 1969 (now U.S. Pat. No. 3,644,698).
BSUM
PAR  The present invention relates to the shaping of metals and, more
      particularly, in one aspect to novel improved methods for forming metals
      which are difficult to process by conventional methods as well as those
      more readily formed metals. The term "metal," as used herein, includes
      both elemental metals and alloys unless indicated otherwise.
PAR  Numerous methods for the solid state forming of metallic workpieces into
      selected shapes have heretofore been proposed. These include: rolling,
      forging, certain types of welding, piercing, drawing or cupping, spinning,
      and extrusion.
PAR  Of the foregoing, various forging techniques in which the metal is worked
      at an elevated temperature are widely used with roll forging playing a
      prominent role because the shaping proceeds in a continuous fashion. Roll
      forging can accordingly be employed to impart selected shapes to
      workpieces of indefinite length.
PAR  In the typical forging operation, the workpiece is preheated to forging
      temperature and then shaped with a hammer, press, or rolls. This process
      is useful for forming weak and ductile materials such as steel but becomes
      less and less useful as the strength and/or the brittleness of the
      workpiece metal increases.
PAR  First, the preheating causes oxidation, scaling, or sub-surface
      contamination or a combination of these effects. All are undesirable. They
      can reduce the ability of the workpiece to undergo deformation and, at the
      very least, result in parts that are rough and/or scaled to the extent
      that overall machining may be required to produce an acceptable finish.
PAR  Another disadvantage of conventional forging processes as far as the
      forming of other than ductile metals is concerned is that the workpiece
      cools while it is transferred from the preheating furnace to the forging
      machine. The cooling or chilling of the workpiece accelerates when it
      contacts the dies, rolls, and other forming tools of the forging machine.
      Typically, the total cooling of the workpiece will be so extensive that
      the temperature at which the workpiece is actually worked will be as much
      as 500.degree. F. below the temperature at which the workpiece leaves the
      preheating furnace.
PAR  This cooling of the workpiece may reduce its plasticity to the point where
      the workpiece cannot be formed without cracking or similar deterioration.
      And, even if this does not occur, the pressures required to deform the
      workpiece can become so high that cracking of or other damage to the tools
      and/or other components of the forging machine becomes likely. Also, even
      with high pressures, the amount of deformation that can be produced is so
      small that the process becomes economically unattractive at best.
PAR  Another hot forging process heretofore proposed is electrical resistance
      hot upsetting with conventional unheated forging rolls. This process,
      disclosed in U.S. Pat. No. 2,813,194 issued Nov. 12, 1957, to R. B.
      Stermon for UPSETTING MACHINE, is expressly characterized as being useful
      for forming "ductile material."
PAR  The art recognizes that the Stermon process is not useful for forming
      harder, more difficult-to-work materials. In U.S. Pat. No. 2,922,014
      issued Jan. 19, 1960, to V. W. Green for HIGH FREQUENCY INDUCTION HEATING
      AND ROLL FORGING OF METAL WORKPIECES, the patentee discusses several
      disadvantages of the Stermon process and points out that it is not of
      value where hard-to-work metals are involved.
PAR  The reasons that the Stermon process cannot be used to form hard-to-work
      metals are manifest from an inspection of the forging apparatus disclosed
      in his patent. Heat is extracted from the workpiece by the forging rolls,
      reducing its temperature; and the workpiece becomes too hard to be shaped.
PAR  The Stermon process is also unusable to shape hard metals and alloys
      because, as the edge of the workpiece is upset, the metal flows into
      contact with upset limiting blocks and because the rest of the workpiece
      is unheated and, also, in thermal contact through electrical conductors
      with massive, unheated die blocks (materials having low ohmic resistance
      are good thermal conductors). The die blocks, conductors, and upset
      limiting blocks would chill the edges of a hard, non-ductile metal
      workpiece to such an extent that it could not be satisfactorily shaped,
      even if it were not chilled to an unacceptable extent by the forming
      rolls.
PAR  The development of harder and higher strength materials since Stermon's day
      has been paralleled by a search for techniques which can be used to form
      them. One technique is proposed in the Green patent identified above, a
      more recent one in U.S. Pat. No. 3,250,104 issued May 10, 1966, to Fischer
      for High-Temperature Rolling Mill.
PAR  Fischer's process involves preheating the workpiece to forming temperature
      and then shaping it with rolls heated by gas-fired or electric heaters
      adjacent the rolls. The rolls are covered with a carbide, boride, or oxide
      to make them heat resistant.
PAR  The Fischer process is not without its drawbacks. The preheating step
      produces surface contamination. This rules out the process for
      applications where thin gauge metals or thin sections are involved.
PAR  Also, the long time at high temperature which preheating entails causes
      grain growth and/or other changes in the microstructure of the workpiece
      material. Such changes are undesirable because they weaken or otherwise
      adversely effect the physical properties of the material.
PAR  In addition, preheating involves workpiece contact with an oxidizing
      environment while the workpiece is at an elevated temperature. This
      decreases the ductility of many metals by general subsurface contamination
      or by grain boundary oxidation. Metals in the first category include
      titanium, zirconium, columbium, and others. In the second category are
      nickel-based alloys such as Rene 95 and other materials.
PAR  The search for better techniques of forming harder metallic materials has
      accordingly continued, culminating in the present invention.
PAR  In our novel process the workpiece is formed with a relatively small,
      forming roll (or other tool in certain applications) made from a
      refractory metal or refractory alloy that is, a metallic material having a
      melting point above the range of iron, cobalt, and nickel. Electrical
      current is passed from the forming tool through the workpiece to the
      workpiece support. This results in that peripheral region of the forming
      roll or electrode in contact with the workpiece tending to reach
      incandescent temperatures as does the workpiece. Accordingly, an
      isothermal condition between the electrode and the workpiece is
      approached; and the workpiece remains hot until the forming is completed
      rather than being chilled as it is by the forming tools in conventional
      processes. While the forming tool does not reach precisely the same
      temperature as the workpiece, the temperature difference is small enough
      that heat does not flow into the forming tool at a high enough rate to
      significantly reduce the temperature of the workpiece, let alone chill it.
PAR  Because they are not chilled by the forming electrode in the process, even
      the hardest alloys can be heated to plasticity and kept plastic until they
      are deformed to the desired shape.
PAR  Also the absence of chill makes the force required to produce a given per
      pass percentage of reduction in the thickness of the workpiece independent
      of workpiece thickness (the requisite force may even decrease as the
      thickness of the workpiece is reduced, a benefit of obvious importance).
      In contrast, in conventional hot rolling the roll forces required to
      produce a given degree of deformation may increase to unattainably high
      levels even where the thickness of the workpiece is reduced to an order of
      magnitude greater than the thickness of workpieces which can easily be
      formed by using our novel process.
PAR  Another important advantage of our process is that surface contamination is
      not a problem. This is because preheating is in general not required. And,
      if preheating is employed, the workpiece will typically be heated to only
      a moderate temperature, not to the forming temperature as in prior forming
      methods.
PAR  Although in general not essential, preheating of the workpiece can in some
      instances be used to advantage in our process. Preheating of the workpiece
      can, for example, be used to reduce the force required for deformation of
      the workpiece. Preheating of the forming tool ahead of the point of
      contact with the workpiece may also sometimes be employed to advantage in
      conjunction with preheating of the workpiece.
PAR  Because the workpiece is cold if preheating is not employed, maximum
      pressure may be exerted on the workpiece upon first contact by the forming
      roll, this pressure decreasing as the temperature increases and the
      workpiece becomes more plastic. Because of this relation of the highest
      pressure area to workpiece plasticity, the force promoting rejection of
      the part can become high enough to necessitate force feed.
PAR  Another reason for employing preheat is that, in certain instances, some
      deformation of the workpiece occurs as much as one inch ahead of the
      location where the forming tool and the workpiece make contact. Preheat
      can reduce the resistance to deformation in this area and, also, minimize
      the temperature gradient in the workpiece, preventing cracking in the
      workpiece area ahead of the forming roll.
PAR  In a typical application in which preheating is employed, the temperature
      of the workpiece will be increased from room temperature to 1200.degree.F.
      over a period of 60 seconds at which point it will be contacted by the
      forming tool, causing the workpiece temperature to increase an additional
      600.degree.F. in one second. The workpiece reaches a temperature as high
      as 1000.degree.F. only in the final 10 seconds of the preheat period.
      Surface contamination under these conditions is insignificant.
PAR  Furthermore, the workpiece remains at elevated temperatures for only short
      periods of time during the actual forming step. And the portion of the
      workpiece which is formed is isolated from the surrounding environment by
      the forming tool before it reaches a temperature high enough to cause any
      problems and remains so isolated until it has begun to cool. At the same
      time the higher temperature peripheral portions of the forming tool are
      isolated from the ambient surroundings, protecting the forming tool
      against oxidative deterioration. As a result, no significant surface
      contamination is produced in the forming step; and surface finishes as
      good as 16-32 rms have consistently been achieved in forming a variety of
      metals.
PAR  If surface cleanup is employed at all, it will typically be an inexpensive
      and straightforward procedure such as bead blasting, possibily followed by
      a chemical cleanup step if an optimum surface finish is required.
PAR  In contrast, parts formed from hard-to-work metals by other processes such
      as extrusion may require overall machining to minimum depths of as much as
      0.03-0.06 inch to produce an acceptable surface condition. In fact, the
      amount of machining required may be so great the final component weighs as
      little as 10 percent of the weight of the original extrusion, casting,
      etc., the remaining 90 percent of the original material being turned into
      scrap.
PAR  Because the workpiece is heated for only short periods of time (measured in
      seconds) and because large amounts of deformation are generally involved
      (up to 100 percent), the grain size of the workpiece metal does not
      increase during applicants' forming process. In many cases, grain size is
      actually reduced because of the large amount of deformation. This grain
      size reduction is a decided benefit.
PAR  Although in general not essential, preheating of the workpiece can in some
      instances be used to advantage in our process. Preheating of the workpiece
      can, for example, be used to reduce the force required for deformation of
      the workpiece. Preheating of the forming tool ahead of the point of
      contact with the workpiece may also sometimes be employed to advantage in
      conjunction with preheating of the workpiece.
PAR  Because the workpiece is cold if preheating is not employed, maximum
      pressure may be exerted on the workpiece upon first contact by the forming
      roll, this pressure decreasing as the temperature increases and the
      workpiece becomes more plastic. Because of this relation of the highest
      pressure area to workpiece plasticity, the force promoting rejection of
      the part can become high enough to necessitate force feed.
PAR  Another reason for employing preheat is that, in certain instances, some
      deformation of the workpiece occurs as much as one inch ahead of the
      location where the forming tool and the workpiece make contact. Preheat
      can reduce the resistance to deformation in this area and, also, minimize
      the temperature gradient in the workpiece, preventing cracking in the
      workpiece area ahead of the forming roll.
PAR  In a typical application in which preheating is employed, the temperature
      of the workpiece will be increased from room temperature to 1200.degree.
      F. over a period of 60 seconds.sup.3 at which point it will be contacted
      by the forming tool, causing the workpiece temperature to increase an
      additional 600.degree. F. in one second. Surface contamination under these
      conditions is insignificant.
FNT  .sup.3. The workpiece reaches a temperature as high as 1000.degree. F. only
      in the final 10 seconds of the preheat period.
PAR  Furthermore, the workpiece remains at elevated temperatures for only short
      periods of time during the actual forming step. And the portion of the
      workpiece which is formed is isolated from the surrounding environment by
      the forming tool before it reaches a temperature high enough to cause any
      problems and remains so isolated until it has begun to cool..sup.4 As a
      result, no significant surface contamination is produced in the forming
      step; and surface finishes as good as 16-32 rms have consistently been
      achieved in forming a variety of metals.
FNT  .sup.4. At the same time the higher temperature peripheral portions of the
      forming tool are isolated from the ambient surroundings, protecting the
      forming tool against oxidative deterioration.
PAR  If surface cleanup is employed at all, it will typically be an inexpensive
      and straightforward procedure such as bead blasting, possibly followed by
      a chemical cleanup step if an optimum surface finish is required.
PAR  "Rms" is a well-recognized measure of the roughness of a surface. In the
      technique of evaluating surface finishes which produces results in this
      system a sensitive stylus is displaced across the surface of a component.
      Typically, the stylus is electrically connected to apparatus which
      periodically measures the deviation from the nominal surface detected by
      the stylus. These values are squared to eliminate pluses and minuses and
      summed. The square root of the sum is then taken, producing an average
      indicative of variations in the surface.
PAR  In contrast, parts formed from hard-to-work metals by other processes such
      as extrusion may require overall machining to minimum depths of as much as
      0.03-0.06 inch to produce an acceptable surface condition. In fact, the
      amount of machining required may be so great the final component weighs as
      little as 10 percent of the weight of the original extrusion, casting,
      etc., the remaining 90 percent of the original material being turned into
      scrap.
PAR  Because the workpiece is heated for only short periods of time (measured in
      seconds) and because large amounts of deformation are generally involved
      (up to 100 percent), the grain size of the workpiece metal does not
      increase during applicants' forming process. In many cases, grain size is
      actually reduced because of the large amount of deformation. This grain
      size reduction is a decided benefit.
PAR  Such cycles may also be used to advantage in high temperature beta
      processing of titanium and its alloys, especially those of the alpha-beta
      type (beta processing is the working or shaping of titanium or a titanium
      alloy at a temperature at which the structure is in the beta phase; that
      is, has a body centered, cubic lattice). The advantages of beta processing
      including increased fracture toughness and ultimate shear strength have
      long been recognized. Processing in the beta region has generally been
      avoided, however, because of the continued exposure of the metal to
      temperatures above the beta transus heretofore involved in beta
      processing, particularly in the preheat step. This causes grain growth and
      requires large amounts of deformation (50 percent or more) throughout the
      workpiece section to avoid loss of ductility.
PAR   We have, in contrast, successfully formed titanium alloys at temperatures
      as high as 2100.degree. F., which is well above the beta transus, without
      grain growth, producing parts having all the benefits attainable by beta
      forging without the disadvantages attributable to an increase in grain
      size and the loss of ductility which occurs when titanium is held at
      temperatures above the beta transus for appreciable periods of time.
PAR  Advantages flowing from the short heating cycle are not confined to the
      processing of titanium alloys. Because of its inherent characteristics and
      the process controls available, our process is in general capable of
      generating microstructures and associated beneficial properties that
      cannot be obtained by conventional techniques. This is particularly true
      in the case of superalloys.
PAR  For example, Inconel 718 has been formed at temperatures of 2050 .+-.
      25.degree. F. without adversely affecting the mechanical properties of the
      alloy. If Inconel 718 were held at this temperature in a furnace for any
      appreciable time, there would be complete solution and excess grain growth
      resulting in marked deterioration of the mechanical properties of the
      alloy 1800.degree.  Fahrenheit is the maximum temperature to which this
      alloy can be subjected for any appreciable length of time without
      seriously affecting its properties).
PAR  A further advantage of our process is that the spreads between the yield
      strengths and elastic moduli of the forming tool and the workpiece
      increase as the workpiece temperature increases. As a result, roll
      flattening is reduced to an insignificant level. Because of this and the
      lack of surface and subsurface contamination, workpieces can be formed to
      much thinner gauges than has heretofore been possible. We have, for
      example, formed airfoil sections with razor-sharp edges and have thinned
      sections of structural shapes to thicknesses of less than 0.005 inch with
      rolls more than 12 inches in diameter.
PAR  That such thin sections can be formed by our novel process is a result
      which would be entirely unexpected by those familiar with conventional
      metal rolling technology.
PAR  Although we do not wish to be bound by any particular theory, we believe
      that the reason our process is capable of producing such thin sections is
      that the localized heating of the forming roll produces a thermal bulge on
      the periphery of the roll which offsets the usual roll flattening that
      occurs when one attempts to roll thin sections. Other important
      contributing factors are the high yield strength and elastic modulus of
      the forming roll relative to the workpiece.
PAR  Also, again because the workpiece remains at an elevated temperature for
      only a short period of time, even relatively reactive metals can be formed
      in air with only negligible surface contamination. This eliminates the
      heretofore present need for forming the workpiece in a vacuum or inert gas
      atmosphere and the attendant trouble and expense.
PAR  Another advantage of the process is that tight tolerances can be maintained
      with excellent surface finishes. Dimensions are reproducible to 0.010 inch
      or less, even in components formed from sheet material, which is much
      better than is possible in conventional sheet metal components.
      Accordingly, machining of the formed part is minimized or even eliminated
      as it is required only where a dimension of the part is particularly
      critical.
PAR  Furthermore, parts with non-uniform sections and/or irregular contours can
      be readily formed by our novel process. And design changes pose no
      problems because the tooling employed in our process is relatively
      inexpensive.
PAR  Another advantage of our process is that both internal and external radii
      approaching zero can be produced, even in the most difficult-to-form
      materials (internal radii can be even further reduced, if desired, by a
      shaving or other ancillary step). This is also important because of the
      reduction of material required and the concomitant cost, weight, and space
      savings.
PAR  Even by employing the expensive creep forming process, the minimum radius
      bends that can be made in titanium alloy sheet are three times the
      thickness of the sheet. Because of this industry now used machined rather
      than formed sheet parts to obtain square corners even though the cost is
      several times higher. Of course such cost can be justified only in
      exceptional circumstances, a factor which has led to decreasing use of
      titanium in aircraft and resultant weight penalties.
PAR  The foregoing benefits can be realized because components formed from sheet
      material in accord with the present invention are structurally more
      efficient than conventional sheet metal products. Stress concentrations
      are lower, permitting higher design stresses and therefore thinner gauges
      or smaller sections to be employed.
PAR  The weight savings can be as high as 17 percent for titanium alloys; and,
      at the same time greater stiffness and fatigue resistance can be obtained.
PAR  Another desirable characteristic of our process is the very small axial
      elongation of the workpiece in the forming step (typically on the order of
      0.07 inch per foot). This makes the process readily adaptable to
      multi-stand operation. Successive stands can be operated at equal speeds
      with the slight thermal growth being accommodated by axial compression of
      the workpiece between subsequent forming stages or by lubricating the
      workpiece so that it can slip relative to the forming rolls in subsequent
      stages.
PAR  Yet another highly important advantage of our novel process is that the
      metal of the workpiece is caused to flow into "streamlined" contours in
      the areas in which forming occurs, even where bending of the workpiece is
      involved. ("Streamlining" is employed herein to designate an external
      configuration of a part or component where the transition from one surface
      to another is not by a radius tangent to the surfaces, but occurs at a
      rate which is initially infinitesimally slow and continues at an
      increasing rate to a location half-way through the transition from one to
      the other of the two surfaces). This is important because of the low
      stress concentrations and very good resistance to fatigue which results,
      again permitting the weight of the component to be reduced significantly
      from that required for the same component manufactured by currently
      employed techniques.
PAR  Complementing the high fatigue resistance are high shear and tensile
      strengths and fracture toughness, which also permit a reduction in weight
      and size as well as a cost reduction due to the lesser amount of material
      which is needed.
PAR  Yet another advantage of our novel process is that the workpiece
      temperature can be very precisely controlled. This is particularly
      important in forming superalloys and materials with similar properties
      because alloying to increase strength decreases the melting point of the
      alloy, limiting the range between the temperature at which the metal can
      be formed and the solidus temperature. An example is Inco 713C, which can
      be formed only if the temperature of the workpiece is within
      50.degree.-100.degree. F. of the solidus temperature.
PAR  At the same time the deformation rate can be kept low enough to form
      materials such as that just mentioned. In contrast, the requirement that
      the deformation rate be kept low keeps such materials from being formed by
      processes such as hot rolling where high deformation rates must be
      employed to minimize chilling as much as possible.
PAR  Furthermore, even with metals which are more readily formed than the
      superalloy just described, the high strain rate resulting from the fast
      working rates required in conventional processing can cause cracking to
      occur, even though the flow stress may be within acceptable limits. Thus,
      our process is also advantageous in the processing of materials of this
      character.
PAR  A related advantage of our novel process is that it is to a certain extent
      self-regulating. Increased temperatures in the workpiece reduce the flow
      stress, increasing the flow of metal. This increases the contact area,
      producing lower current densities in the workpiece and, therefore, lower
      workpiece temperatures. Self-regulation occurs in the opposite direction
      upon decreases in the workpiece temperature.
PAR  Yet another advantage of our invention which is important for self-evident
      reasons is that its principles can be utilized to produce shapes and
      sections which have not heretofore been available.
PAR  Stress relief of the formed component to eliminate residual stress, bowing
      or overforming may be required but is easily accomplished. Heating the
      workpiece for one hour at 1300.degree.-1750.degree. F. and preferably for
      two hours at 1350.degree. F. has been found satisfactory for stress
      relieving titanium alloys such as Ti-6Al-4V, and 30 minutes at
      2150.degree. F. is suitable for superalloys such as Inconel 718.
PAR  The component can be constrained in a jig or fixture (not shown) during the
      stress relieving step to insure that the stress relieved component is free
      of camber, has its different sections in the correct angular relationship,
      or is otherwise in the proper configuration. The constraint may be partial
      or complete, depending upon the application of the invention.
PAR  The machines in which our process is carried out are also available at a
      comparatively low cost because forming pressures are low in comparison to
      those employed in processes such as hot rolling and because larger per
      pass reductions can be obtained.
PAR  Because forming pressures are significantly lower, the equipment is also
      less massive than conventional hot rolling mills and the like. This is
      another obvious advantage of our process from the standpoint of
      manufacturing economics.
PAR  Due to the foregoing and other of the attributes of our novel process
      discussed above, a variety of components can be formed at a fraction of
      the current cost of making them.
PAR  A perhaps related advantage is that the cost of the tooling used in our
      process is relatively low. This is important from the cost standpoint and
      because it eliminates the constraint on design changes imposed by more
      expensive tooling.
PAR  Among the metals we have successfully formed by our novel process are 1018
      mild steel, A70 titanium, beryllium, Ti-6-Al-4V, Hastelloy X (Co 1.5, Cr
      22, Mo 9.0, W 0.6, Fe 18.5,  C 0.1, balance Ni), Inconel 713C (C 0.14, Cr
      13.0, Mo 9.5, Ti 0.75, Al 6.0, Cb+Ta 2.3, balance Ni), Rene 95 (Cr 14.0,
      Co 8.0, Mo 3.5, W 3.5, Cb 3.5, Ti 2.5, Al 3.5, balance Ni), Inconel 718 (C
      0.04, Mn 0.20, Fe 18.0, Cr 14.0, Al 0.60, Ti 0.80, Cb 5.2, Mo 3.0, balance
      Ni), 17-4PH (C 0.07, Cr 16.5, Ni 4.0, Cu 4.0, Cb+Ta 0.30, balance Fe),
      Ti-6Al-6V-2Sn, and T321 and 18-8 stainless steels.
PAR  We have successfully demonstrated the applicability of our process to the
      forming of T, Y, I, and E sections from barstock and milled blanks and Z
      and channel sections and flanged cylinders among others from sheet
      material. We have also successfully shown that our novel process can be
      used for other forming operations such as straightening elongated
      structural shapes and shaping both the airfoil and root sections of
      turbine compressor blades.
PAR  Several of the shapes we have formed have been produced in a continuous
      manner rather than in discrete lengths.
PAR  One primary object of the present invention resides in the provision of
      novel, improved methods for forming metallic workpieces into components of
      selected configuration.
PAR  Other important but more specific objects of the invention reside in the
      provision of processes in accord with the preceding object:
PAR  1. which can be employed to form hard, brittle, difficult-to-work metals
      and alloys that can be shaped only with difficulty, if at all, by
      conventional metal forming processes;
PAR  2. which, in conjunction with the preceding object, can also be employed to
      form those more ductile metals which are amenable to shaping by
      conventional processes;
PAR  3. which can be employed to produce metallic components with properties
      and/or configurations which have not heretofore been available;
PAR  4. which can be employed to produce metallic components at lower cost than
      can be done by competitive processes;
PAR  5. which, in conjunction with the preceding object, are capable of forming
      metallic workpieces into components equivalent to those heretofore
      available only by the much more expensive process of machining the
      component from barstock or a forging or extrusion or the like;
PAR  6. which are capable of producing larger amounts of deformation of the
      workpiece per pass than can typically be achieved by heretofore available
      processes;
PAR  7. which are capable of forming workpieces of thinner gauges and of forming
      workpieces to thinner sections than is possible by heretofore available
      hot working processes;
PAR  8. which are capable of producing better surface finishes than prior art
      hot working processes;
PAR  9. which are capable of producing closer dimensional tolerances than
      heretofore available sheet metal forming processes;
PAR  10. which eliminate the need for preheating the workpiece to forming
      temperature;
PAR  11. in which the forming tool does not chill the workpiece during the
      forming step;
PAR  12. in which the workpiece material remains at forming temperature for only
      a short period of time;
PAR  13. which are capable of forming metals without adversely affecting their
      physical or mechanical properties or with an actual improvement in such
      properties;
PAR  14. in which that portion of the forming tool in contact with the workpiece
      is heated to a temperature approaching the highest workpiece temperature
      by causing the flow of electrical current from the forming tool through
      the workpiece to a workpiece support;
PAR  15. which are capable of reducing the metal loss by removal from the
      workpiece to a small fraction of the loss encountered in making components
      of difficult-to-work metals by machining them from stock shapes or from
      extrusions or castings or the like;
PAR  16. which eliminate the need for carrying out the forming step in vacuo or
      in an inert gas atmosphere even if the workpiece is of a reactive metal
      but in which a protective atmosphere or vacuum can be employed, if
      desired;
PAR  17. which are capable of making components that cannot be made economically
      by heretofore available techniques including components with non-uniform
      sections and irregular contours;
PAR  18. which are capable of making components which are structural equivalents
      of but weigh substantially less than comparable components made by
      heretofore available techniques;
PAR  19. which are readily adaptable to multi-stand operation;
PAR  20. which can be readily employed to form components of indeterminate as
      opposed to finite length;
PAR  21. which minimize and even eliminate the need for post-forming heat
      treating procedures such as stress relieving, etc.;
PAR  22. which can be carried out in equipment that is available at relatively
      low cost and is of comparatively small size;
PAR  23. which employ relatively low cost tooling;
PAR  24. which make design changes feasible to a greater extent than has
      heretofore been the case;
PAR  25. which can be used to form components with non-uniform or irregular
      configurations as well as components of complicated configurations such as
      turbine blades;
PAR  26. which have various combinations of the desirable attributes listed in
      the preceding objects.
PAR  In another aspect our invention relates to the provision of novel, improved
      apparatus in which the metal forming processes discussed above can be
      carried out; and it is a further object of the invention to provide
      apparatus of that character.
PAR  Related but more specific objects of the invention reside in the provision
      of apparatus in accord with the preceding object:
PAR  27. which is capable of carrying out a wide variety of forming operations
      including, but not limited to, square bending, spreading, forward and
      backward extrusion, levelling and straightening;
PAR  28. in which provision is made for applying front tension or force feed or
      both of the foregoing to the workpiece being formed;
PAR  29. which can be employed to form workpieces of indefinite length;
PAR  30. in which, in conjunction with the preceding object, the need for
      linear, workpiece constraining or supporting tooling is eliminated;
PAR  31. which are adaptable to multi-stand manufacturing operations;
PAR  32. in which there is only localized heating of the workpiece being formed
      and in which the forming conditions can be closely controlled;
PAR  33. which are capable of preheating the workpiece to a selected temperature
      in applications where preheat can be used to advantage;
PAR  34. which can be employed to form complex shapes such as, by way of example
      only, the airfoil and root sections of turbine compressor blades.
PAR  35. in which, in conjunction with the preceding object, a configuration
      which it is desired to impart to the workpiece is provided on a workpiece
      contacting portion of the forming tool;
PAR  36. in which the flow of heat from the workpiece being formed into the
      forming tool is drastically lower than in conventional hot forming
      machines such as rolling mills;
PAR  37. which have a novel system for guiding the workpiece being formed into
      working relationship with the forming tool or tools;
PAR  38. which can be employed for forming both sheet or plate type workpieces
      and barstock;
PAR  39. which are capable of producing heretofore unattainable reductions in
      difficult to work metals including, but not limited to, superalloys,
      titanium alloys, and the like;
PAR  40. which have various combinations of the foregoing attributes.
PAR  In yet another aspect our invention resides in the provision of novel,
      improved tooling for use in the metal forming processes and apparatus we
      have invented; and it is a further object of our invention to provide
      tooling of this character.
PAR  Other important objects of the invention reside in the provision of such
      tooling, which:
PAR  41. is durable and has a relatively long service life, even in demanding
      applications such as the forming of superalloys;
PAR  42. which can be used to produce components with close dimensional
      tolerances;
PAR  43. which is relatively inexpensive;
PAR  44. in which, in conjunction with the preceding object, only an insert need
      be replaced when the tooling becomes unacceptably worn;
PAR  45. which is free of distortion at the temperature it reaches in the
      forming process;
PAR  46. which will not stick to the workpiece being formed;
PAR  47. which has various combinations of the attributes identified above.
DRWD
PAR  Further important objects and advantages and additional novel features of
      our invention will become apparent from the appended claims and as the
      ensuing detailed description and discussion proceeds in conjunction with
      the accompanying drawing, in which:
PAR  FIG. 1 is a diagrammatic illustration of a metallic workpiece being shaped
      or formed in accord with the principles of the present invention; the
      figure also shows the temperature distribution in the workpiece before,
      during, and after the forming step as well as the effect on the
      temperature distribution produced by preheating the workpiece prior to
      forming it;
PAR  FIG. 2 is a view similar to FIG. 1 showing the temperature distribution in
      workpieces formed by conventional hot rolling and by hot rolling with
      heated rolls;
PAR  FIG. 3 compares graphically, the relative merits of the present invention
      and "prior art" metal forming processes as far as their capability for
      producing thin sections is concerned;
PAR  FIG. 4 compares the per pass workpiece reduction capabilities of our
      process and conventional-hot rolling;
PAR  FIG. 5 is a photograph showing the temperature conditions in the forming
      tool and in the workpiece during forming in accord with the present
      invention;
PAR  FIG. 6 compares, graphically, the forming tool force required to effect a
      specified percentage of reduction in workpiece thickness when forming a
      titanium alloy in accord with the principles of the present invention and
      when forming the same alloy by hot rolling with rolls at both room and
      elevated temperatures;
PAR  FIG. 7 shows, graphically, the relative high temperature strengths of
      several difficult-to-work metals and an exemplary forming tool material
      which can be employed to carry out the process of the present invention;
PAR  FIG. 8 is a front view of metal forming apparatus constructed in accord
      with and embodying the principles of the present invention;
PAR  FIG. 9 is a side view of the apparatus of FIG. 8;
PAR  FIG. 10 is a schematic illustration of one form of control system which can
      be employed to control process conditions in apparatus of the character
      illustrated in FIGS. 8 and 9;
PAR  FIG. 11 is a side view of a second form of metal forming equipment
      constructed in accord with and embodying the principles of the present
      invention;
PAR  FIGS. 12A and 12B show in pictorial form the tooling and steps involved in
      forming a Z-sectioned stringer from sheet material in accord with the
      principles of the present invention;
PAR  FIG. 13 is a photomicrograph of a square bend as would be found in a
      stringer made by the process depicted in FIGS. 12A and 12B;
PAR  FIG. 14 depicts, graphically, the reductions in component size and weight
      which may be realized by forming Z-section components from sheet materials
      in accord with the principles of the present invention rather than by
      other sheet metal forming techniques;
PAR  FIG. 15 depicts an alternate method for forming components from sheet metal
      in accord with the principles of the present invention;
PAR  FIG. 16 shows, pictorially, apparatus for forming flanges on a sheet metal
      cylinder in accord with the principles of the present invention;
PAR  FIG. 17 is a photograph of a cylinder formed in accord with the principles
      of the present invention and in apparatus of the character shown
      schematically in FIG. 16;
PAR  FIG. 18 is a sheet or platelike metallic member which is to be formed to a
      specified external configuration by upsetting one edge thereof in accord
      with the principles of the present invention and linear tooling provided
      to confine the metal as the member is formed;
PAR  FIG. 19 is an end view of the member after forming;
PAR  FIG. 20 is a photomicrograph of a member formed as depicted in FIG. 18;
PAR  FIGS. 21A-21C show, pictorially, the apparatus and tooling employed and the
      steps involved in forming round barstock into an I-beam in accord with the
      principles of the present invention;
PAR  FIG. 22 is a photomicrograph of a section through the workpiece as it
      exists after the first step in converting the barstock to the I-beam;
PAR  FIG. 23 is a photomicrograph through a section of a component formed to its
      final configuration essentially as shown in FIG. 21C;
PAR  FIG. 24A shows, graphically, the effect of force feeding the workpiece past
      the forming tool;
PAR  FIG. 24B shows, graphically, the effect of squeeze force on workpiece
      temperature and the trade-offs between squeeze force and current that can
      be made to get a target percentage of deformation;
PAR  FIG. 25 shows, pictorially, a three roll set-up for spreading a thickened
      edge of a sheet or platelike workpiece of indefinite length into a flange
      without using linear tooling;
PAR  FIGS. 26A-C show, pictorially, the forming tool and linear tooling employed
      and the steps involved in converting round barstock into a T-section for
      forward extrusion and spreading of the barstock in accord with the
      principles of the present invention;
PAR  FIG. 27 is a photomicrograph of a section through a T-section formed from
      barstock in accord with the principles of the present invention;
PAR  FIG. 28 shows, pictorially, the tooling employed and phenomena involved in
      forming a flange by upsetting and spreading the workpiece metal in accord
      with the principles of the present invention;
PAR  FIG. 29 is a photograph of an I-beam having flanges formed by upsetting the
      edges of a sheet and then spreading the upset edges in the manner shown
      pictorially in FIG. 28;
PAR  FIG. 30 depicts, pictorially, a forming tool and linear tooling for
      converting round barstock into a Y-sectioned member;
PAR  FIG. 31 shows the steps involved in converting the barstock into the
      Y-sectioned member and in then reducing the leg thickness in the
      Y-sectioned component;
PAR  FIGS. 32A and 32B show the apparatus employed and steps involved in
      converting a platelike workpiece into an E-sectioned member by backward
      extrusion in accord with the principles of the present invention;
PAR  FIG. 33 is a diagrammatic illustration of apparatus for roll forging a
      metallic workpiece into a component of selected configuration in accord
      with the principles of the present invention;  pg,26
PAR  FIG. 34 is a similar view of apparatus for anvil forging metallic
      workpieces in accord with the principles of the present invention;
PAR  FIG. 35 shows the steps involved in forming a turbine compressor blade with
      apparatus of the character shown in FIGS. 33 and 34;
PAR  FIG. 36 is a photomicrograph of an airfoil section formed in apparatus of
      the character shown in FIG. 33;
PAR  FIG. 37 is a photomicrograph of a blade root formed in accord with the
      principles of the present invention in apparatus of the character shown in
      FIG. 34;
PAR  FIG. 38 shows, diagrammatically, apparatus for forming indefinite as
      opposed to discrete lengths of material to a selected configuration in
      accord with the principles of the present invention; in this case the
      apparatus is set up to convert round barstock to a Y-sectioned member; and
PAR  FIGS. 39A and 39B show, pictorially, the first and second stands of
      multi-stage equipment for effecting the continuous conversion of round
      barstock into an I-beam in accord with the principles of the present
      invention.
DETD
PAR  Referring now to FIG. 1 of the drawing, the novel metal forming process
      disclosed herein and described briefly above involves the application of
      localized heat and pressure to the workpiece 50 to be formed. The pressure
      is applied by a forming tool which is a rotatable roll 52 in the
      embodiment of the invention shown in FIG. 1. Forming roll 52 is biased
      toward a second, rotatable forming roll 54 with controlled force to exert
      pressure of a selected magnitude on the workpiece (the pressure exerted on
      the workpiece by a forming tool is referred to herein as the "squeeze
      force"). In this embodiment of the invention, roll 54 may serve as a
      workpiece support in certain applications of the invention.
PAR  As it passes forming rolls 52 and 54, workpiece 50 is heated sufficiently
      high to make it plastic, the force exerted on the workpiece and the heat
      supplied to it being correlated to keep the workpiece below its solidus
      temperature.
PAR  The heating is accomplished by connecting the two forming rolls 52 and 54
      to opposite sides of an electrical power source 56, the two forming rolls
      thus serving as electrodes. The circuit between the two forming rolls is
      completed through the workpiece.
PAR  One of the important criteria of the invention is that the forming tool or
      tools be fabricated of a refractory metal. Molybdenum is satisfactory as
      are its alloys such as TZM and TZC. Tungsten, tantalum, and columbium and
      their alloys and other refractory metals and refractory alloys may also be
      employed with the choice being dictated by the requirements of a
      particular application, the costs of manufacturing the forming tool from
      different candidate materials, the service life of particular materials,
      etc.
PAR  The use of a refractory metal forming electrode and the particular method
      of heating the workpiece described above are important in our process.
      They permit the workpiece to be heated to temperatures sufficiently high
      that even the most difficult-to-work metals become plastic and can be
      readily formed because the refractory forming tools retain a high
      proportion of their strength at elevated temperatures.
PAR  Workpiece temperatures of 2500.degree. F. are readily reachable in our
      process; and even higher forming temperatures can be employed, if desired.
      Molybdenum alloy forming tools are capable of being used at temperatures
      as high as 2500.degree. F.; and tools of tungsten and its alloys, for
      example, can be used at still higher temperatures.
PAR  The temperature relationship between the workpiece and forming tool is
      shown dramatically in FIG. 5 in which both a localized portion of a
      workpiece 58 being formed and a peripheral portion 60 of the forming roll
      62 are incandescent. Typically, this "hot spot" 60 will be on the order of
      one inch long and one-half inch deep.
PAR  This essentially isothermal relationship between the workpiece and the
      forming tool means that the forming tool can be heated to and kept at a
      temperature approaching that of the workpiece so that there is no
      appreciable flow of heat from the workpiece into the forming tool.
PAR  Also important in our process and shown in FIG. 5 is that only a small,
      localized zone of the workpiece is at an elevated temperature as opposed
      to the conventional preheat/hot forming process in which the entire
      workpiece is heated to the forming temperature at which it should remain
      until the forming step is completed.
PAR  FIG. 5 additionally shows that the small incandescent portion of the
      forming tool is backed by a large mass of metal at much lower
      temperatures. This contributes to the strength of the tool during the
      forming process and, also, to the maintenance of a near isothermal
      relationship between the forming tool and workpiece.
PAR  Not only do the forming tool materials employed in the present invention
      have high strength at elevated temperatures, but the strength
      differentials between these materials and hard metals and alloys such as
      titanium alloys and superalloys increase at higher temperatures. This is
      shown graphically in FIG. 7 in which temperature versus hardness is
      plotted for the refractory forming tool alloy TZM and for the exemplary
      workpiece metals titanium, Ti-6Al-4V, Hastelloy X, and superalloy Inconel
      718. At temperatures at which these and other hard-to-work metals flow
      easily, refractory metal forming tools are still strong and rigid.
PAR  As discussed above, one of the important features of our novel process is
      that the workpiece is at an elevated temperature only for the short period
      of time that forming is actually taking place and for a short period of
      time thereafter, the total time being measured in seconds. This unique
      time/temperature relationship is shown graphically by curve 63 in FIG. 1.
PAR  The workpiece 50 remains close to ambient temperature until contacted by
      the forming rolls 52 and 54. Thereafter, the temperature increases
      rapidly, reaching the maximum forming temperature at the point of maximum
      deformation of the workpiece by the forming tool. Thereafter, the
      temperature of the formed workpiece rapidly decreases to ambient
      temperature as it moves beyond the forming tool.
PAR  The differences between the forming process disclosed herein and
      conventional hot-forming techniques, both with room temperature and heated
      tools, are readily apparent from a comparison of curve 63 in FIG. 1 with
      curves 64 and 66 in FIG. 2. In both of the conventional processes, the
      workpiece 68 is first preheated to the forming temperature and then
      transferred to the forming rolls 70 and 72. The workpiece is then formed
      and allowed to cool. As shown in FIG. 2, this approach in both cases
      results in the workpiece being at an elevated temperature for a relatively
      long period of time.
PAR  The disadvantage of long periods at elevated temperatures have been
      discussed above. This characteristic of heretofore available hot rolling
      processes makes it impractical to form hard metals and alloys in the
      manner shown in FIG. 2, even if the forming tools are heated.
PAR  Furthermore, small workpieces cool to a considerable extent in the transfer
      from the preheating furnace to the forming station. The heat lost in
      transfer alone would result in an alloy such as Rene 95 becoming too hard
      to be formed by rolls 70 and 72 even if they were heated. Actual
      experience has shown that Rene 95 workpieces with cross-sectional
      diameters below one inch could not be reduced by conventional hot working,
      even when the workpieces were clad in steel.
PAR  In the conventional process as practiced with unheated rolls, the workpiece
      is also chilled by the rolls themselves as shown in FIG. 2 so that, at the
      point of maximum deformation, the workpiece temperature may be several
      hundred degrees below the desired rolling temperature rather than at this
      temperature as in our process. The conventional process ia as a
      consequence entirely unsuitable for forming hard-to-work metals.
PAR  The problem of chilling is particularly acute when a thin section is being
      formed because the "chill" may extend completely through the section,
      making it entirely unformable even if it is of a metal which can be formed
      by conventional processes in thicker sections.
PAR  That the conventional processes become limiting in forming thin sections is
      shown graphically in FIG. 3. Curve 73 shows, for example, that the
      titanium alloy Ti-6Al-4V cannot be thinned to less than 0.10 inch by
      conventional hot rolling because of the surface cracking which occurs due
      to chilling of the workpiece. As shown by curve 74, an improvement is
      obtained by heating the forming tools. However, even then, the minimum
      thickness which can be reached is 0.05 inch because of the surface
      contamination introduced into the workpiece in the preheat step.
PAR  In contrast, and as indicated by curve 75 in FIG. 3, we have reduced the
      thickness of Ti-6Al-4V to less than 0.005 inch by our novel process. This
      is an improvement of an order of magnitude over the conventional process
      and is of obvious importance in forming components such as the turbine
      compressor blade shown in FIG. 35, for example, which has an airfoil
      section tapering to very thin leading and trailing edges.
PAR  As discussed previously, our process is unique in the massive per pass
      deformation of the workpiece that we achieve. This is important for the
      obvious economic reason that increased reduction per pass through the
      forming tools reduces the number of passes required and also because of
      the refinement of grain structure and other beneficial changes in the
      microstructure of the workpiece which can be obtained by a high percentage
      of reduction or deformation.
PAR  The changes in the microstructure of the workpiece which can be achieved by
      forming it in accord with the principles of the present invention are
      important because they result in improved tensile properties as well as
      much higher shear strength, fracture toughness, and endurance limit.
PAR  Typically, at least a 50 percent reduction will be obtained in a forming
      operation in accord with the principles of the present invention; and the
      amount of deformation may approach 100 percent as in the formation of the
      airfoil section shown in FIG. 36, for example.
PAR  The differences between our novel process and conventional hot forming from
      the viewpoint of the amount of workpiece deformation obtained are apparent
      from FIG. 4. A metal which taxes the capability of the conventional
      process to the maximum such as Ti-6Al-4V can easily be reduced in
      thickness by 86 percent in one pass as shown by curve 76 in FIG. 4. On the
      other hand, a maximum of 20 percent reduction per pass is typically all
      that could be obtained by the conventional process.
PAR  Accordingly, to reduce an 0.50 inch thick workpiece to a thickness of 0.07
      inch as shown in FIG. 4 by the conventional process would typically
      require nine passes (see curve 78) as opposed to the single pass that
      suffices when our process is employed. The relatively low percentage of
      deformation per pass has only limited beneficial effects on the workpiece
      microstructure. The repeated heating of the workpiece coupled with the low
      percentage of deformation may lead to grain growth and weakening of the
      material, for example.
PAR  Another advantage of our process, discussed above, is that the force
      required to form the workpiece is relatively low and less affected by the
      amount of reduction per pass than is the case in the heretofore available
      processes.
PAR  As shown by curve 80 in FIG. 6, conventional forming processes require
      forces which can equal or exceed the forming tool strength for even modest
      reductions in workpiece thickness because the requisite roll force
      increases rapidly with increases in the amount of reduction which is being
      attempted. The relatively massive amounts of deformation required for
      improving the workpiece microstructure by reducing grain size, for
      example, cannot be reached at all.
PAR  While the ratio of force to reduction can be reduced by heating the forming
      tool as in the Fischer process, for example, this ratio is still many
      times larger than it is in the present invention. Furthermore, while
      heated rolls do in theory permit greater per pass reductions in the
      workpiece, experience has shown that this is limited by restrictions on
      the workpiece temperature set by scaling and contamination and by
      limitations on the forming tool temperature set by the decrease in the
      strength of the forming tool.
PAR  Extrapolating curves 82 and 84 of FIG. 6 will shown that roll forces in
      excess of 70,000 pounds per inch of workpiece width are required to reduce
      Ti-6Al-4V by 50 percent by the Fischer process whereas this force can be
      reduced to considerably below 10,000 pounds per inch of width to produce
      the same percentage of reduction if the alloy is formed in accord with the
      principles of the present invention.
PAR  Another problem in rolling thin sections with conventional rolls is that
      "roll flattening" limits the amount of reduction which can be obtained.
      This problem becomes even more acute when the rolls are heated as in the
      Fischer process. In contrast, the localized "hot spot" on the forming tool
      in our process causes a "thermal bulge" which offsets any flattening and
      permits even foil gages to be rolled as discussed above.
PAR  Roll flattening is also minimized in our process because the yield strength
      and elastic modulus of the refractory metal forming tools remain high even
      at temperatures in the range of 2000.degree.-2200.degree.F. and higher.
PAR  The various parameters involved in forming metal by our novel process will
      vary from application-to-application. To illustrate the values which these
      parameters may assume, however, we have employed currents of 3,500-20,600
      amperes at voltages ranging up to 15 volts, forming forces of 8,500-33,500
      pounds for rotatable forming tools between one and two inches wide,
      compressive feed forces ranging up to 12,500 pounds, front tensions
      ranging up to 5,800 pounds, and forming speeds of 2-20 inches per minute.
PAR  Decreasing the forming speed typically results in increased flow of the
      workpiece metal, reducing the number of passes required to form the
      component. From an economic point-of-view, lower speeds may in some
      applications therefore be preferable. Lower speeds may in some instances
      also result in components of superior quality because of the lower strain
      rate and increased metal flow.
PAR  A lubricant will typically be employed to eliminate sticking between the
      workpiece, forming tool, and guide rolls or linear tooling. The lubricant
      will also typically promote the desired lateral flow of the workpiece
      metal and minimize unwanted elongation of the workpiece.
PAR  One suitable lubricant is flake graphite. Other lubricants can be used
      instead although conventional hot die, rolling mill, and other lubricants
      are not satisfactory because, in our process, it is essential that the
      lubricant not alter the path of or otherwise interfere with the electrical
      current flow.
PAR  Also, the lubricant must be free of a tendency to stick to the forming tool
      or to deteriorate the workpiece, easily removable from the workpiece,
      economical and easy to apply by non-skilled personnel, and otherwise
      generally satisfactory for shop use.
PAR  Another lubricant which has the characteristics necessary for our process
      is finely divided tungsten powder (ca. 1 micron particle size is
      satisfactory) dispersed in a plastic binder.
PAR  This type of lubricant is particularly useful in forming steels and iron
      and cobalt or nickel based superalloys because graphite has the potential
      for causing such materials to melt.
PAR  Flake silver is also a good lubricant for those applications where graphite
      cannot be used.
PAR  As indicated above, an inert atmosphere is not necessarily required in our
      novel process to protect the workpiece against deterioration because of
      the short periods for which the workpiece metal is at an elevated
      temperature. It may, however, be beneficial to purge the area in which the
      forming takes place with an inert gas such as argon to prevent loss of the
      lubricant by oxidative deterioration.
PAR  Referring again to the drawing, FIGS. 8 and 9 show, diagrammatically, one
      form of apparatus 90 in which metallic workpieces may be formed into
      components of selected configuration in accord with the principles of the
      present invention. In apparatus 90, the forming is accomplished by
      effecting movement of the workpiece between and relative to upper and
      lower forming tools 92 and 94. The forming tools also serve as electrodes
      between which electrical current can flow through the workpiece. As
      discussed above, the forming tools are fabricated from a refractory metal
      so that they will retain their strength at the temperatures necessary to
      form hard metals.
PAR  The lower forming tool 94 is mounted on a lower drive shaft 96 supported in
      bearings (not shown) disposed in four bearing housings 98a- d. The bearing
      housings are, in turn, supported from a lower head 100 clamped to four
      vertically extending structural columns 102 (only two of which are shown
      in FIGS. 8 and 9).
PAR  The upper forming tool 92 is similarly mounted on an upper drive shaft 104
      rotatably supported from an upper head 106 by bearings (not shown)
      disposed in bearing housings 108a-d. The upper head 106 is slidably
      mounted for movement in a vertical direction on structural columns 102.
PAR  In the forming operation, a force of predetermined magnitude is exerted on
      the workpiece being formed by biasing upper head 106 and, therefore, the
      upper forming tool toward the lower forming tool 94. The force is exerted
      by a hydraulic ram 109 which, in the illustrated machine, has a nominal
      25,000 pound capacity.
PAR  The upper forming tool/electrode 92 is connected to one side of an
      electrical power source through rotary current collectors 110a and 110b
      and a bus bar 112. The lower forming tool/electrode 94 is connected to the
      opposite side of the power source through current collectors 114a and 114b
      and bus bar 116. The circuit is completed through the workpiece as
      discussed above.
PAR  The dimensions of the rotatable electrodes will of course depend upon the
      configuration and dimension of the workpiece and the configuration into
      which it is to be formed as well as the physical capabilities of the other
      machine components. In the machine shown in FIGS. 8 and 9, the
      electrode/forming tools are two inches wide and twelve inches in diameter.
      They are fabricated from TZM molybdenum alloy.
PAR  The workpiece to be formed and associated tooling (if employed) are guided
      between the upper and lower electrodes 92 and 94 by a workpiece guidance
      system 118. This system consists of upper and lower longitudinal rails
      120a-d connected into an integral structure by tie bars 122a-h and four
      sleeve bushings (only two which, 124a and 124b, are shown). The workpiece
      guidance system is supported for vertical sliding movement on the
      structural columns 102 of the machine, the latter extending through the
      bushings of the guidance system.
PAR  Rotatably mounted between the upper and lower longitudinal rails 120c and
      120d of the workpiece guidance system in longitudinally spaced
      relationship is a set of rear clamp rolls 126 (only one of which is
      shown). In the illustrated machine, three rear clamp rolls are employed.
PAR  Each of the three clamp rolls 126 is supported for rotary movement about a
      vertical axis in a support 128. The supports are slidably mounted between
      upper and lower rails 120c and 120d of the guidance system so that they
      can be moved toward and away from forming tools 92 and 94 to accommodate
      different workpieces and tooling.
PAR  Adjustment of each rear clamp roll is effected by a threaded member 130
      fixed to the associated clamp roll support. The threaded member protrudes
      through a stiffener block 132 between rails 120c and 120d and is threaded
      through an internally threaded member 134 fixed to the outer side of the
      stiffener block. By rotating the adjusting member 130, it can be caused to
      move longitudinally in member 134, displacing the associated slide and
      rear clamp roll toward and away from forming tools 92 and 94 as shown by
      the double-headed arrow 136 in FIG. 8 to align the rear clamp rolls
      relative to each other and the forming tools.
PAR  Cooperating with the rear clamp rolls just described to guide the workpiece
      through machine 90 are three front clamp rolls 138 (only one of which is
      shown) each located opposite one of the rear clamp rolls. The front clamp
      rolls are supported for rotation about vertical axes from supports 140
      slidably disposed between guidance system upper and lower front rails 120a
      and 120b.
PAR  In operation, hydraulic rams 144a-c bias the front clamp rolls toward the
      rear clamp rolls as shown by arrow 142 in FIG. 8 to confine the tooling
      and workpiece to a rectilinear path through the forming rolls. The barrel
      146 of each ram is fixed to an associated support and stiffener block
      148a-c mounted between upper and lower front rails 120a and 120b of the
      workpiece guidance system. The actuator 150 of the ram extends through the
      the block 148 and has its free end fixed to the associated clamp roll
      support 140.
PAR  As in the case of the parameters discussed above, the clamping forces to be
      exerted by hydraulic rams 144a-c will be dictated by the requirements of
      the particular application of the invention. In general, however, we have
      found that clamping forces equal to the force exerted by the upper forming
      tool 92 on the workpiece will be sufficient to guide the workpiece through
      the machine and to keep the tooling members between which the workpiece
      may be confined from spreading.
PAR  The workpiece guidance system is clamped to the vertical structural columns
      102 of machine 90 to position the lower forming roll 94 at the appropriate
      level in those applications of the invention involving forming only by the
      upper forming roll. The lower forming roll acts as a support for the
      workpiece and any associated tooling.
PAR  In those operations involving forming by both forming rolls such as the
      simultaneous spreading of upper and lower I-beam flanges, the guidance
      system will be left to float in a vertical direction. Preferably, the
      system will be counterbalanced so that it will move freely in the latter
      mode of operation.
PAR  A further, and most important, aspect of the apparatus employed in carrying
      out the process disclosed herein is a system for controlling the density
      of the current flowing from forming tool 92 to forming tool 94 through the
      workpiece being formed. One control system 156, which can be employed in a
      machine of the character illustrated in FIGS. 8 and 9, is illustrated in
      FIG. 10.
PAR  The illustrated control system is of the highly preferred feedback type. A
      detector 158 generates an electrical output signal indicative of the
      actual forming conditions. A comparison is made between the actual
      conditions as ascertained by the detector and the established conditions.
      If there is a deviation, an error signal is generated and employed to
      adjust the density of the current through the workpiece in the direction
      necessary to bring the forming conditions to the established level.
PAR  In the illustrated system the feedback signal generating detector is a
      radiation pyrometer sighted on the portion of the workpiece being formed
      as indicated by line 160. The pyrometer will preferably be one having a
      small target area such as an Ircon Model 300. Use of a pyrometer of this
      character avoids the necessity of employing elaborate networks to remove
      unwanted electrical signal components.
PAR  The output signal from the pyrometer is conducted by inputs 162 and 164 to
      a process controller 166 where the signal is compared with a setpoint
      reading to identify deviations from the desired forming temperature. One
      suitable process controller for use with machines of the character shown
      in FIGS. 8 and 9 is the Research, Inc. "Thermac Model PC 5192". The
      setpoint is obtained manually or by a programmer 168 which may be, for
      example, a Research, Inc. "Data-Trak Model 411.01."
PAR  The process controller 166 is connected through output 170 to an SCR power
      controller 172 such as a Loyola LPAC-3-480-207. The power controller
      regulates the level at which the current flows to the workpiece from a
      conventional power supply 173. The power supply is connected to an AC
      power source and to the forming tools 92 and 94 in the manner described
      above.
PAR  The primary function of the control system is to so regulate the density of
      current flowing through the workpiece as to maintain the workpiece
      temperature substantially constant or to vary it in a predetermined
      pattern. Because of the importance of maintaining the temperature
      precisely at the desired level, the novel, closed loop type of control
      system just described is preferred.
PAR  It is not essential that the detector be a radiation pyrometer. Other
      detectors or sensing devices which can be employed instead of the latter
      are illustrated and described in parent application No. 426,564.
PAR  Control over the force exerted by the forming rolls is also important in
      ensuring satisfactory results; and machine 90 will, therefore, preferably
      be provided with a system for controlling this workpiece forming
      parameter. This control system has not been shown because the details of
      the system are not considered essential to an understanding of the present
      invention or to its practice.
PAR  Briefly, however, this system will preferably be of the closed loop,
      feedback type like the temperature control system. It will typically
      consist of one or more load cells so located as to respond to the force
      exerted on the workpiece and feedback circuits from the load cell to an
      appropriate process controller for hydraulic ram 109.
PAR  In some applications of the invention, feeding of the workpiece through the
      machine will be accomplished by rotating the upper and lower forming rolls
      in the directions shown by arrows 176a and 176b in FIG. 9 to displace the
      workpiece in the direction shown by arrow 178.
PAR  In other applications, the forming rolls will be left to freewheel; and the
      workpiece will be pulled through the machine as with a hydraulic ram (not
      shown) to apply front tension to the workpiece.
PAR  In still other applications, compressive feeding of the workpiece will be
      utilized to produce lateral flow of the workpiece by exerting on the
      unformed part of the workpiece a force acting in the direction of movement
      of the workpiece toward the forming rolls. This force feed also eliminates
      the slippage between the workpiece and the forming rolls which can occur
      at higher reductions (typically 50 percent or greater) and also in
      multistand operations to compensate for such elongation of the workpiece
      as may occur prior to a given forming stage. Because the workpiece is
      unheated until it reaches the forming roll, very high compressive feed
      forces can be applied.
PAR  In conjunction with the foregoing, force feeding of the workpiece between
      the forming rolls with the rolls freewheeling can be employed to obtain
      reductions up to nearly 100 percent. The process at this point becomes
      similar to extrusion, the rotatable forming rolls resembling extrusion
      dies with surfaces renewable as the rolls rotate.
PAR  And, in still other applications, combinations of the foregoing feed
      techniques may be employed. For example, compressive feeding will often be
      used in combination with front tension, the forming rolls typically being
      left to freewheel in this case. The combination of compressive feeding and
      front tension promotes lateral spreading of the workpiece metal and
      minimizes bowing and other departures of the workpiece from straightness
      in the forming operation.
PAR  In those applications requiring driving of the upper and/or lower forming
      rolls, the mechanism for driving them (not shown) may be of the character
      described in parent application No. 426,564.
PAR  FIG. 11 shows, again diagrammatically, a machine 182 for carrying out our
      forming processes which differs from the machine 90 described previously
      in that it is equipped for compressive feeding of the workpiece. In this
      machine upper and lower feed rolls 184 and 186 feed the workpiece 188
      between upper and lower forming rolls 190 and 192.
PAR  The feed rolls are mounted on transversely extending drive shafts 194 and
      196. The drive shafts can be rotated by any system capable of exerting the
      requisite force and of driving the rolls at the requisite speed with a
      high degree of accuracy. Many motor speed controlling systems capable of
      operating with a high degree of accuracy, such as the SCR type developed
      by General Electric Company, are available. It is accordingly not deemed
      necessary to describe or illustrate the motor and its control system
      herein.
PAR  The faces of feed rolls 184 and 186 may be serrated to improve the grip on
      the workpiece 188. Any indentations, etc. imparted to the workpiece by the
      serrations will be eliminated in the subsequent forming operation.
PAR  The foregoing force feed system is only one example of those which can be
      employed. Other mechanisms which are suitable for feeding workpieces
      through metal forming machines are well-known to those in the metalworking
      field.
PAR  As discussed briefly above, moderate preheat can in some cases be employed
      to advantage in forming metallic workpieces by the process disclosed
      herein. Provision for preheating the workpiece is also made in the machine
      shown in FIG. 11. Again, the heating is effected by completing an
      electrical circuit through the workpiece being formed.
PAR  In this case, the current is supplied from A.C. power supplies 198a and
      198b through leads 200a and 200b to rotatable electrodes 202a and 202b
      located ahead of the forming rolls 190 and 192 in machine 182. The power
      supplies (which will typically be incorporated into a single unit in
      actual practice) are also connected through leads identified generally by
      reference characters 204a and 204b to the forming rolls.
PAR  Accordingly, one workpiece preheating circuit is completed from power
      supply 198a through lead 204a, upper forming roll 190, workpiece 188,
      electrode 202a, and lead 200a back to the power supply. A second
      preheating circuit is similarly completed through the workpiece from power
      supply 198b. Again, a feedback control system of the character described
      above (not shown) can be employed to ensure precise regulation of the
      temperature to which the workpiece is preheated.
PAR  Another advantage of our process suggested by the machine shown in FIG. 11
      is that satisfactory results are not dependent upon nature of the
      electrical current caused to flow through the workpiece. Alternating
      current, direct current, or a combination of both may be employed, the
      latter variation being shown in FIG. 11.
PAR  Referring again to the drawing, FIGS. 12A and 12B depict the steps involved
      and linear tooling employed in one typical method of forming a Z-sectioned
      member in accord with the principles of the present invention and in
      apparatus of the character described above. Certain of the machine
      components have also been included in FIGS. 12A and 12B for the sake of
      clarity. These components are identified by the same reference characters
      as in FIGS. 8 and 9.
PAR  In the method of forming a Z-section in question, the workpiece 210 is
      sheet stock; and linear tooling 212 is employed to support the workpiece
      and to provide surfaces against which the different parts of the section
      can be formed. The linear tooling consists of two tooling rails 214 and
      216 which embrace opposite sides of workpiece 210 with an unsupported edge
      217a of the workpiece extending above the tooling and an unsupported leg
      217b extending therebelow. The tooling rails are in turn embraced by
      adapter rails 218 and 220.
PAR  The adapter rails 218 and 220 are dimensioned to fit closely within the
      upper and lower flanges 222 and 224 and 226 and 228 of rear and front
      clamping rolls 126 and 138, respectively, to vertically locate the adapter
      rails. This positions the adapter rails vertically in the workpiece
      guidance system.
PAR  The tooling rails fit into recesses 230 and 232 in the adapter rails with
      shoulders on the adapter rails fitting into cooperating recesses 234 and
      236 in the tooling rails. As shown in FIG. 12A, this confines the tooling
      rails against vertical movement relative to the adapter rails.
PAR  The material from which the linear tooling can be fabricated will depend
      upon the particular application of our novel process. We have successfully
      employed 1020 mild steel and, in the more demanding applications, the same
      material hard faced on its workpiece contacting surfaces with Stellite No.
      6 alloy and with Stoody No. 6 hard facing arc rod. For applications
      involving still more stress on the tooling, we have found molybdenum and
      its alloys such as TZM satisfactory. The tooling can also be made of other
      refractory metals in demanding applications of the invention.
PAR  Mild steel tooling with molybdenum or molybdenum alloy inserts can also be
      employed as will be discussed hereinafter, and chrome plating having a
      thickness of 0.001 inch or less can be employed to upgrade the performance
      of steel tooling.
PAR  The first step in forming the Z-section is to displace or bend the
      unsupported legs 217a and 217b of the workpiece through 90.degree. angles
      from the positions shown in full lines in FIG. 12A to the positions shown
      in dotted lines in the same figure. This is accomplished by feeding the
      workpiece 210 and linear tooling 212 through the machine while heating the
      workpiece and applying pressure to it with forming rolls 92 and 94 in the
      manner described above.
PAR  The total displacement is accomplished in a series of passes with the
      forming rolls 92 and 94 being shifted to the left and right, respectively,
      as shown in FIG. 12A relative to the workpiece in each succeeding pass
      until, in the final pass, the forming rolls have reached the positions
      shown in dotted lines in FIG. 12A.
PAR  In the final pass, the unsupported legs 217a and 217b of the workpiece lie
      flat against the upper surface of tooling member 214 and the lower surface
      of tooling member 216. The workpiece metal has flowed into contact with
      the upper inner corner of tooling member 214 at the inside of the upper
      bend and into contact with tooling member 216 and forming electrode 92 at
      the outside of the bend. Workpiece metal has also flowed into contact with
      tooling member 216 at the inside of the lower bend and into contact with
      tooling member 216 and forming electrode 94 at the outside of this bend.
      This produces contours dictated by the shape of the tooling at the inside
      of each bend and a near zero radius on the outside of the bend.
PAR  In the next step of forming the Z-section, adapter rails 218 and 220 are
      replaced with the single adapter rail 240 of the configuration shown in
      FIG. 12B, and the flat-faced forming roll 92 is replaced with one (242)
      having flat and bevelled face portions 243 and 244. Also, for this step,
      the lower roll 94 of the machine is elevated to a level where it will lend
      support to adapter rail 240 during the forming step.
PAR  The workpiece is then again fed through the machine in a series of passes
      with the forming roll 242 being translated to the left in each successive
      pass until the electrode has reached the position shown in dotted lines in
      FIG. 12B and the unsupported leg portion 246 of the workpiece has been
      bent or displaced through a 90.degree. angle and the workpiece metal
      displaced into the recess 248 in tooling member 214.
PAR  Again, as in the first of the forming operations, the inside of the bend
      between leg portions 217a and 246 will assume the contour of the tooling
      member; and the outside of the juncture will have a near zero radius.
PAR  The final step in forming the Z-section is to reverse the tooling rail and
      workpiece and form the remaining leg of the section in the manner just
      described.
PAR  A number of Z-sectioned members have been made in the manner just
      described. In forming these, the tooling and workpiece were pulled through
      a single stand machine of the type shown in FIGS. 8 and 9 by a hydraulic
      ram to apply front tension to the workpiece. The forming and support rails
      were not driven.
PAR  The manufacture of a Z-section involves a metal forming operation in accord
      with the principles of the present invention which we term "bending" and
      in this particular application "square bending." However, it will be
      recognized that producing sheet metal components by the novel process just
      described is quite different from conventional bending. In addition to
      flexure of the workpiece, our process involves both backward extrusion of
      the workpiece metal ("backward extrusion" involves flow of the workpiece
      metal in the direction opposite to that of the squeeze force exerted by
      the forming tool or tools) and lateral flow of the workpiece metal into
      contact with the linear tooling member and the forming tool. The result is
      controlled radii on the outside and inside of the junction between
      adjacent, angularly disposed portions of the workpiece produced by the
      forming tool, features of importance for the reasons discussed above.
PAR  "Bending" can of course be employed to form shapes other than Z-sections.
      Angles, channels, etc., can be formed with equal facility. In the latter
      and other cases both bends can be formed simultaneously by the upper and
      lower forming tools of machines such as those described above.
PAR  Furthermore, non-uniform parts such as Z-sectioned members with a tapered
      web can be readily made by using tooling of the appropriate configuration.
      Parts with shapes of this character from sheet metal and plate stock are
      unique.
PAR  The linear tooling members and forming tools illustrated in FIGS. 12A and
      12B are merely exemplary of the many forms thereof which may be employed
      to form "bends" in accord with the principles of the present invention.
PAR  An alternate method for forming square bends which has proven to give
      particularly good results, shown in FIG. 15, employs a flat-faced,
      rotatable, forming tool 254 and linear tooling rails or members 256 and
      258. The top surface of tooling member 256 is spaced below the
      corresponding surface of tooling member 258 so that the unsupported leg
      260 of the workpiece 262 confined between the tooling rails can be "ironed
      down" onto the upper surface of tooling rail 256.
PAR  Insulating members 264 and 266 are fixed to the upper surfaces of tooling
      rails 256 and 258, respectively. As shown by the arrows in FIG. 15, this
      eliminates any flow of current between the forming roll 254 and tooling
      rails 256 and 258, confining the flow of current to the region of the
      workpiece in which the juncture between legs 260 and 268 is formed.
PAR  There are various types of insulation which may be employed for the
      purposes just discussed. One which has been found satisfactory is
      fiberglass tape.
PAR  Care must be exercised in selecting the squeeze force when insulation is
      employed on the workpiece contacted faces of the tooling members. Too high
      a pressure will cause insulation breakdown and current shunting. Too low a
      pressure will permit interaction between the tooling and workpiece due to
      local overheating caused by poor electrical contact.
PAR  An ancillary step that can in some cases be employed to advantage in
      applications of the present invention involving the forming of components
      from sheet metal stock is preforming of the workpiece. Preforming reduces
      the number of passes through the forming machine required to shape the
      workpiece to its final configuration.
PAR  The preforming step will typically be carried out in a press brake or with
      cold rolls to displace adjacent sections of the sheet stock to an angular
      relationship with the radius of the juncture between the displaced
      sections several times the thickness of the sheet material. In the
      subsequent forming operation in accord with the principles of the present
      invention the workpiece is "ironed" onto the tooling to reduce the radius
      of the juncture and form the component to shape.
PAR  The following example illustrates the application of square bending to the
      formation of an exemplary structural component in accord with the
      principles of the present invention.
PAR  Prototype Z-section stringers were formed from 0.06 inch thick sheets of
      alpha-beta Ti-6Al-4V and Ti-6Al-6V-2Sn titanium alloys using the forming
      roll and linear tooling shown in FIG. 12A. The components were formed in
      four steps, one of the bends adjacent the web of the stringer being formed
      in each of the first two steps and the outer bends being formed in the
      third and fourth steps.
PAR  Two passes were employed to form each bend. In the first, the forming tool
      was oriented with respect to the unsupported leg of the workpiece as shown
      in full lines in FIG. 12A. For the second pass, the forming roll was
      repositioned to the left and at a lower level as shown in dotted lines in
      FIG. 12A.
PAR  The process parameters were as follows:
TBL  Forming speed:    10 inches per minute                                    
     Roll force:       1,000 pounds (second pass)                              
     Workpiece temperature:                                                    
                       1550-1600.degree. F.                                    
PAR  The resulting components were well within established dimensional
      tolerances. The internal radii of the bends conformed to the tooling radii
      (0.01 inch). The radii on the outside of the bends or junctures were also
      very small.
PAR  FIG. 13 is a photomicrograph of a square bend formed in 0.06 inch thick
      Ti-6Al-4V in accord with the principles of the present invention as
      discussed above. It can be seen that the internal and external radii of
      the bend are very small and uniform and, also, that the workpiece metal is
      gathered at the bend and has been distributed in a streamlined pattern
      around the bend.
PAR  The streamlined microstructure and thickening of the metal in the area of
      the bend results in a significant improvement in endurance strength over
      comparable components made by the present technique of machining them from
      extrusions. Bends as shown in the photomicrograph have withstood ten
      million vibrations at an equivalent cantilever stress of over 70,000
      pounds per square inch without failure. Nominal stress reductions as high
      as 18 percent have been found attributable to the thickening of the metal
      in the corners, which can reach 8-10 percent.
PAR  Referring again to the drawing, FIG. 14 makes clear the importance of bends
      with small internal and external radii in titanium alloy Z-sections. Curve
      272 shows that a significant reduction in weight can be realized by
      decreasing the internal and external radii of a bend 274 to the degree
      uniquely provided by the present invention (the internal radius can be
      further decreased by shaving or a similar simple operation to take
      additional advantage of the benefits attributable to small radii as
      discussed above). Curve 276 shows that an even greater saving in weight
      (as high as 17 percent) can be realized if, as is also within the
      capabilities of our process, the bend is made with a square or zero radius
      outer corner as identified by reference character 278.
PAR  The Z-section for which curves 272 and 276 were developed has a faying
      surface 0.92 inch wide in 0.050 inch thick Ti-6A1-4V.
PAR  As shown by curve 272, for a bend of the configuration identified by
      reference character 274, and employing conventional cold forming as a
      basis, increasingly better results are obtained by conventional hot
      forming, by hot forming with heated rolls, by forming the bend to a small
      radius in accord with the present invention (the area of the curve
      identified by the arrow labelled "ISOTHERMAL METAL WORKING"), and by
      forming the bend to a zero external radius.
PAR  The formation of junctures or bends is by no means limited in application
      to flat sheets or plates. The same technique may, for example, be readily
      employed to form radial flanges on a cylinder fabricated from sheet or
      plate material.
PAR  FIG. 16 shows in diagrammatic form an exemplary machine 282 which may be
      employed for flanging cylinders. This machine differs from those discussed
      above in one respect by the substitution of a table 284 for the workpiece
      guidance system discussed previously.
PAR  Supported from table 284 by a vertically extending shaft 286 is a rotatable
      inner tooling member 288. The cylindrical workpiece 290 is confined
      between tooling member 288 and outer, annular tool member 292 by bolts or
      other fasteners (not shown) with unsupported edge portions of the cylinder
      extending both above and below the tooling members.
PAR  The machine retains the cability for effecting a closely controlled flow of
      current through the workpiece between forming rolls 294 and 296 and for
      causing the latter to exert forces of controlled and selected magnitude on
      the workpiece.
PAR  As the assemblage of tooling members and workpiece is rotated relative to
      the upper and lower forming rolls 294 and 296, the unsupported upper and
      lower edges of the workpiece are ironed down onto the outer tooling member
      at right angles to the cylindrical midsection of the cylinder.
PAR  One cylindrical U-section channel was formed by the technique just
      described from a 0.090 inch thick by 2.5 inch wide band of Ti-6Al-4V that
      had been rolled and then TIG welded into a 9 inch diameter cylinder.
PAR  Bevelled forming rolls (see FIG. 12B) rather than the illustrated flat
      surfaced forming rolls were employed, and formation of the flanges was
      completed in four rotations of the workpiece and tooling. The forming
      rolls were shifted radially outward in equal increments after each
      rotation of the assemblage.
PAR  The following process conditions were employed:
TBL  Forming speed:    6.0 inches per minute                                   
     Roll force:       1300 pounds                                             
     Workpiece temperature:                                                    
                       1750.degree. F.                                         
PAR  The internal radii of the flanges were extremely sharp (less than 0.005
      inch), and the workpiece metal back extruded to produce a pronounced
      square corner and a razor-sharp "flash" on the outside corners of the
      flanges. There was no evidence of cracking, either in the areas of flange
      formation or in the weldment. The component had a near-perfect roundness
      (0.012 TIR), which indicates an extremely low degree of residual stress in
      the areas in which the flanges were formed.
PAR  FIG. 17 is a photograph of a channel-shaped ring formed from 0.080 inch
      thick Ti-6Al-4V in the manner just described. High quality is again
      evident.
PAR  Temperatures employed for forming components from sheet metal can typically
      be somewhat lower than those employed in forming barstock of the same
      material by the techniques which will be described next. We have
      successfully formed titanium alloy sheets (Ti-6Al-4V and Ti-6Al-6V-2Sn) to
      internal radii as small as one-fourth of the thickness of the sheet at
      temperatures as low as 1500.degree.- 1550.degree. F., for example. In
      forming components from barstock of the same alloys forming temperatures
      as high as 2300.degree. F. have been employed. This freedom in the
      selection of forming temperatures permits titanium alloys to be worked in
      the mixed alpha plus beta field, in the beta continuous field with
      dispersed, undissolved alpha, or in the homogeneous beta field as desired
      to produce a component with optimal metallurgical and mechanical
      properties.
PAR  Another type of operation which may be carried out in accord with the
      principles of the present invention is the operation of upsetting one or
      both edges of a sheet or plate type workpiece to thicken the edge into a
      selected contour. This may be done simply to produce a thickened edge or
      to gather at the edge of the workpiece metal which may in a subsequent
      spreading operation be shaped into a flange, thus permitting sheet and
      plate stock to be converted into T-sections, I-beams, etc.
PAR  In upsetting and spreading the flange of the final component can be made
      thicker, thinner, or equal in thickness to the parent sheet. This
      capability is unique.
PAR  To illustrate this facet of our invention, the edge of a sheet 300 (see
      FIG. 18) was upset to produce a member 302 having the cross-sectional
      configuration shown in FIG. 19. Sheet 300 was of a 0.055 inch thick,
      nickel-base superalloy (Inconel 718 of approximate composition
      Ni-19Cr-18Fe-5Cb-3Mo-0.8Ti-0.6Al) and was clamped between mild steel
      tooling members 304 and 306 having the configuration shown in FIG. 19. The
      tooling dimensions were:
TBL  Thickness:        0.375 inch                                              
     Recess width:     0.125 inch                                              
     Recess depth:     0.055 inch                                              
PAR  The forming process was carried out in a single pass in a machine of the
      type discussed above in conjunction with FIGS. 8 and 9 and having
      flat-faced TZM forming rolls 0.625 inch wide and eight inches in diameter.
PAR  The workpiece and tooling assemblage was passed between the forming rolls
      of the machine with current programmed to give constant conditions.
      Forming parameters were:
TBL  Squeeze force:    2000 pounds                                             
     Temperature:      2100.degree. F.                                         
     Forming speed:    5.5 inches per minute                                   
     Radius formed:    0.035 to 0.045 inch                                     
PAR  FIG. 20 is a photomicrograph of the thickened edge of the resulting
      component. Small grain size and streamlining of the microstructure of the
      metal are both visible in the photomicrograph.
PAR  In another test, the upsetting and spreading process was applied to the
      edge of beryllium sheet. A beryllium sheet 0.062 inch thick was supported
      between two linear tooling rails. The edge of the sheet was positioned to
      extend 0.06 inch above the rails. This protruding edge was upset and
      spread to a section of generally the same configuration as shown in FIG.
      20 with a flat-faced forming roll.
PAR  The processing parameters were:
TBL  Squeeze force:    800 pounds                                              
     Temperature       1300.degree. F. estimated                               
     Forming speed:    5.4 inches per minute                                   
PAR  The steps involved in one technique for laterally spreading a thickened
      workpiece edge to convert the workpiece into an I-beam, a T-section or
      other flanged component are shown in FIGS. 21A-21C. In this case, to
      further illustrate the versatility of the process, "spreading" is shown as
      applied to a workpiece which, in its initial form, was round barstock
      rather than sheet or plate as in the preceding variation of our process.
PAR  Also, in our method as depicted in the foregoing figures, guide rolls as
      opposed to linear tooling and clamping rolls are employed in the first two
      steps of the forming operation to direct the workpiece through the forming
      rolls. This not only eliminates the need for tooling, but also permits
      indefinite workpiece lengths to be formed; i.e., for the process to be
      carried out as a continuous operation. This cannot be done with linear
      tooling because the distance over which forming can be accomplished is
      limited to the length of the tooling.
PAR  The method depicted in FIGS. 21A-C is also amenable to a multi-stage or
      multi-stand type of operation as far as the first two steps are concerned
      in that the workpiece may be fed directly from a stand set up as shown in
      FIG. 21A to a second stand set up as shown in FIG. 21B. This adaptability
      of our process to both continuous and multi-stand operation is of course
      highly important from a manufacturing point-of-view.
PAR  In the initial step of the process for converting round barstock into I and
      T-sections shown in FIGS. 21A-21C, the barstock 310 is converted into a
      dumbbell-sectioned or shaped workpiece 312 by a set-up consisting of upper
      and lower forming rolls 314 and 316 and lateral guide rolls 318 and 320
      mounted for rotation about vertical axes. The set up may be made in a
      machine of the type discussed above in conjunction with FIGS. 8 and 9.
PAR  The forming rolls 314 and 316 have a crowned face 322 with a centrally
      located arcuate groove 324 matching the external configuration of the
      barstock formed therein. The grooves 324 in the forming rolls guide the
      barstock in a rectilinear path through the machine as the forming of the
      barstock into the dumbbell shape proceeds. Crowned rolls as shown in FIG.
      21A and rolls with a bevelled or V-shaped face will in many applications
      of the invention more efficiently promote the wanted lateral spreading of
      the workpiece metal than will flat-faced rolls.
PAR  As in other applications of our invention, a circuit is completed through
      the workpiece from one to the other of the two forming electrodes, and
      pressure is applied by the forming rolls so that the workpiece will become
      plastic over the localized region contacted by the forming rolls. At the
      same time, because the workpiece is otherwise cold, the metal in the zone
      made plastic can flow to only an extremely limited extent in the
      longitudinal direction. It accordingly spreads laterally as shown in the
      right-hand portion of FIG. 21A until it engages guide rolls 318 and 320
      which limit the lateral flow of the metal, causing it to gather and form
      thickened edge portions.
PAR  FIG. 22 is a photomicrograph of a 1.30 inch wide dumbbell rolled from 0.628
      inch diameter Ti-6Al-4V barstock in the manner just described. The maximum
      thickness of the dumbbell was 0.290 inch, and the minimum thickness was
      0.135 inch.
PAR  The rolling parameters for forming the dumbbell were as follows:
TBL  Squeeze force:    19,200 pounds                                           
     Current density:  12,000 amps                                             
     Drive torque on forming rolls:                                            
                       7500 inch-pounds                                        
PAR  A force feed of 4050 pounds acting in the direction of workpiece movement
      was employed to promote lateral spreading of the workpiece metal, and a
      nominal front tension of 100 pounds was established to keep the workpiece
      straight. The front tension was generated by exerting a force acting in
      the direction of workpiece movement after the workpiece had passed between
      the forming rolls with a hydraulic ram.
PAR  The second step in converting round barstock to an I-beam involves
      "thinning," which is yet another type of forming operation that may be
      accomplished in accord with the principles of the present invention. In
      the thinning step, the midpart of the dumbbell is passed between forming
      rolls set up as shown in FIG. 21B to reduce the thickness of the
      midsection and to make the section uniformly thick. As is apparent from
      the right-hand part of FIG. 21B, this step forms the web of the I-beam to
      its final configuration.
PAR  In the thinning operation, guide rolls 318 and 320 are employed to move the
      workpiece in the proper rectilinear path through the forming machine and
      to confine lateral flow of the workpiece metal so that additional metal
      will gather at the edges of the workpiece. The crown-faced forming rolls
      314 and 316 are replaced with flat-faced rolls 326 and 328, and the
      spacing between the forming and guide rolls is decreased. This also
      promotes the gathering of metal in the edges of the workpiece.
PAR  In this step, also, the flow of the workpiece metal in the plastic zone is
      primarily lateral, there being very little elongation of the workpiece.
PAR  The web of a dumbbell as shown in FIG. 22 was levelled and thinned with
      flat-faced rolls 1.1 inches wide. A single pass was employed as were the
      following forming parameters:
TBL  Squeeze force:    21,500 pounds                                           
     Front tension:     5,800 pounds                                           
     Amperage:         11,000 amps                                             
PAR  In one typical example, the width of the workpiece increased from 1.835
      inches to 1.903 inches. Before levelling, the web had a minimum thickness
      of 0.069 inch and a maximum thickness of 0.127 inch. After levelling, the
      web thickness was between 0.086 and 0.094 inch.
PAR  The third and final step in the fabrication of an I-beam by the process
      shown in FIGS. 21A-C involves forming the flanges of the beam by spreading
      (i.e., causing lateral flow of) the metal in the thickened edges of the
      dumbbell shape.
PAR  In this step the lateral flow of the workpiece metal is unconstrained. This
      contrasts with the second type of the forming operation where constraint
      over the lateral flow of the metal is exercised by guide rolls 318 and
      320. Thus, whether side constraint is or is not employed will depend upon
      the particular goal of the forming operation.
PAR  The set-up for this operation (see FIG. 21C) is like that employed in the
      second step of the operation with linear tooling members 330 and 332
      substituted for guide rolls 318 and 320. The linear tooling is preferably
      employed in this step although it is not critical to its success because
      it provides a more accurate contour against which the workpiece metal can
      flow to form the fillets between the flanges and web of the beam.
PAR  To illustrate the spreading operation, the flanges of the dumbbell
      discussed above were spread after thinning the web by employing the set-up
      shown in FIG. 21C and the following forming parameters:
TBL  Roll speed:       3 inches per minute                                     
     Roll squeeze force:                                                       
                       8,500 pounds                                            
     Feed force:       3,750 pounds                                            
     Amperage:         6,000 amps                                              
PAR  In this particular example, variations in web dimensions outside of
      established tolerances did occur. These were found to be attributable to
      inadequacies in the temporary tooling which was employed and not to
      limitations in the process itself.
PAR  FIG. 23 is a photomicrograph of a flange and adjoining web formed by
      spreading a thickened workpiece edge in accord with the principles of the
      invention. The workpiece was Ti-6Al-4V plate chemically milled to produce
      strips 0.05 inch thick with 0.20 inch thick edges.
PAR  Tooling of the character shown in FIG. 21C was employed, and the forming
      roll was two inches wide. Two passes through the machine were made.
PAR  The force exerted by the forming roll was 12,000 pounds, and the forming
      temperature was 1650.degree. F.
PAR  In the first pass, the 0.20 inch thick edge was reduced to a thickness of
      0.072 inch (65 percent reduction) and spread to a width of 0.46 inch. In
      the second pass, the flange was reduced to a thickness of 0.047 inch (35
      percent reduction) and the flange width increased to 0.70 inch.
PAR  As mentioned above, the flange forming step completes the conversion of the
      barstock into an I-beam. If a T-section is wanted instead, the I-beam is
      split longitudinally.
PAR  FIG. 23 is a photomicrograph of an I-beam flange and web formed by the
      spreading technique just described. The photomicrograph shows remarkably
      fine grain size resulting from the large deformation and short heating
      cycle as well as streamlining of the microstructure in the flange and in
      the junction between the latter and the web.
PAR  The foregoing example illustrates yet another ancillary technique which can
      many times be used to advantage in forming metals in accord with the
      principles of our invention. This is the chemical milling of available
      stock into shapes which can then be formed to final shape by our process
      with a minimum of processing.
PAR  In addition to the high quality of the components which can be made, the
      cost savings realized by forming components from difficult-to-form metals
      by chemically milling them into appropriately shaped blanks and then
      spreading or otherwise forming the blank by our process are high. For
      example, T-sections of alloys such as Ti-6Al-4V can be made by chemical
      milling and isothermal forming at approximately one-half the cost of
      making them in the current commercial manner, which is by machining the
      section from an extrusion.
PAR  This method of forming flanges by chemical milling and subsequent
      isothermal forming is also amenable to being carried out as a continuous
      process. One set-up which can be employed for this purpose is shown in
      FIG. 25. It consists of a flat-faced forming roll 336 and forming rolls
      338 and 340 mounted for rotation about a horizontal axis and separated by
      a shim 342 of the same width as the workpiece web. Rolls 338 and 340 guide
      the workpiece 344 through the machine and, also, form the under side of
      the cap and the fillets of the T-section.
PAR  Typically, force-feeding will be employed to minimize the elongation of the
      workpiece and promote lateral spreading when the flanges are formed as
      shown in FIG. 25.
PAR  The following set of forming parameters has been employed to form
      T-sections in one pass from Ti-6Al-4V in the set-up shown in FIG. 25:
TBL  Squeeze force:    33,500 pounds                                           
     Feed force:        6,250 pounds                                           
     Amperage:         20,600 amps                                             
     Forming speed:     2 inches per minute                                    
PAR  The workpiece will typically reach a forming temperature between
      1600.degree. and 1700.degree. F., and reductions on the order of 80
      percent are typically achieved in one pass. A Ti-6Al-4V workpiece 0.260
      inch wide and 0.385 inch thick has been spread to a cap 1.60 inches wide
      by 0.055 inch thick in one pass using the parameters listed above and the
      set-up of FIG. 25.
PAR  The details of the chemical milling step will vary from
      application-to-application. For this reason and because the chemical
      milling process is not part of the present invention, the process will not
      be considered in detail herein. To demonstrate how this step can be
      carried out, however, a web thickness varying less than 0.006 inch in a
      48-inch length of Ti-6Al-4V stock was achieved using an etching solution
      of 10 percent by volume hydrofluoric acid, 21 percent by volume
      hydrochloric acid, and the balance tap water. At 140.degree.-150.degree.
      F. the etching rate was 0.007 inch per minute. Organo ceram maskant 1-2065
      was applied by brushing to a thickness of 0.010 inch to limit the etching
      action to the wanted parts of the stock.
PAR  As discussed and demonstrated above, forced feed of the workpiece can be
      employed to advantage in different applications of the present invention.
      One such forming operation is that of converting round barstock into a
      dumbbell shape. The beneficial effect of force feeding in this operation
      is a significant increase in per pass reduction of the workpiece as shown
      in FIG. 24A.
PAR  The particular operation from which the data illustrated graphically in
      this figure were developed involved the forming of a 0.5 inch diameter A70
      titanium bar. The rolling parameters are given in the drawing.
PAR  A 43 percent reduction in thickness was obtained at a rolling temperature
      of 1700.degree. F. with no force feed. Even though the rolling temperature
      was reduced 80.degree. F., the exertion of a 5,000 psi force feed resulted
      in the percentage of reduction being increased to 78 percent per pass.
PAR  Another discovery that has come out of our endeavors is the relationship
      between roll force, current density through the workpiece, and the
      percentage of reduction that is obtained. As shown in FIG. 24B, the
      forming temperature is squeeze force dependent when the squeeze force is
      low and much less dependent on the squeeze force at higher values of the
      latter. This is because the resistance to the flow of current from the
      forming tool to the workpiece decreases to a minimum at the point where
      the yield strength of the workpiece is reached. Further increases in the
      squeeze force accordingly do not result in an increase in the current flow
      to which the forming temperature is proportional.
PAR  Curves labelled with percentages of reduction also show that a wide variety
      range of temperature and squeeze force combinations can be employed to
      obtain a specified percentage of reduction. This is a feature of
      self-evident importance from the practical point-of-view.
PAR  Another advantage of our invention illustrated graphically in FIG. 24B is
      that significant percentages of workpiece reduction can be obtained using
      a wide range of process parameters. Again, this is of obvious utility from
      the user's viewpoint.
PAR  In the tests from which the data depicted graphically in FIG. 24B was
      collected, the workpiece subjected to deformation was 0.5 inch diameter
      A70 titanium barstock. Squeeze forces of 5,000; 7,000; and 9,000 pounds
      and heating currents ranging from 3,500 to 7,500 amperes were employed.
PAR  The following discussion, intended to further illustrate the many different
      ways in which the principles of the invention may be employed, is limited
      to the forming of T-sections, simply for the sake of convenience and not
      because the techniques which will be discussed are limited in
      applicability to this particular shape.
PAR  The formation of such shapes by a combination of chemical milling and
      isothermal forming and by splitting an I-beam has been discussed in detail
      above. Another method for forming a T-section and the tooling employed in
      that method are shown in FIGS. 26A-26C. In addition to spreading, the
      formation of the section as shown in these figures involves another
      fundamental type of operation in accord with our invention -- the forward
      extrusion of a workpiece. It also, like the technique illustrated in FIG.
      25, involves an unsymmetrical operation.
PAR  For forward extrusion, the tooling (whether linear tooling, rolls, or
      otherwise) is spaced, relieved, or otherwise configured to form a gap or
      recess into which the workpiece metal can flow in the direction of applied
      forming tool force from the plasticized zone of the workpiece, either
      freely as shown in FIG. 26B, or into contact with a die surface to impart
      a specific configuration to the workpiece.
PAR  As shown in FIGS. 26A-C, the set-up for forming round barstock into a
      T-section by spreading and forward extrusion will typically include a
      flat-faced forming roll 346 and tooling rolls 348 and 350 separated by one
      or more shims 352 to form a gap 354.
PAR  The current path is from the forming roll 346 through the workpiece 355
      into the tooling rolls 348 and 350, the current following the paths
      indicated by arrows 356 in FIG. 26A. Squeeze force is exerted on the
      workpiece in the direction indicated by the arrow 358 in the same Figure.
PAR  In the first step of the process, the plastic metal in the forming zone
      flows into the gap 354 between the tooling rolls; and the barstock is
      flattened, converting the workpiece to the configuration shown in FIG.
      26B; viz., a T-section with a thick but not wide flange. In a second
      process step, the flange is spread to decrease its thickness and increase
      its width; and additional metal is extruded into the gap 354 between the
      tooling rolls to increase the depth of the web.
PAR  Materials which have been successfully formed in the manner just described
      include A70 Ti, Ti-6Al-4V, and T321 stainless steel.
PAR  Referring again to the drawing, FIG. 27 is a photomicrograph of a T-section
      formed in the manner just described, but in one rather than two passes.
PAR  The workpiece was 3/8 inch diameter Ti-6Al-4V barstock. The flange of the
      T-section was 0.095 inch thick and 0.83 inch wide. The width of the flange
      exceeded the width of the roll (0.725 inch), which accounts for the
      formation of the bulbous tips on the edges of the flange.
PAR  The roll or squeeze force employed to form the section was 8,000 pounds.
      The forming temperature was 1830.degree. F.
PAR  Of particular interest was the excellent surface finish on the final
      component. This was attributable, in part, to spray coating the workpiece,
      forming roll, and tooling rails with a dry graphite lubricant prior to
      forming the workpiece.
PAR  The method of forming T-sections, I-beams, and the like just discussed
      involves a combination of forward extrusion and spreading. Another
      technique for forming T-sections and the like employing a combination of
      upsetting and spreading and the tooling involved is shown diagrammatically
      in FIG. 28. The forming roll has not been shown as it will be of the same
      flat-face configuration discussed above.
PAR  The tooling consists of two linear rails 362 and 364 between which the
      workpiece 366 is clamped with its unsupported edge 368 extending above the
      surfaces of the upper tooling members. With current flowing through the
      workpiece and pressures applied to it by the forming roll, the metal in
      the zone 369 below the forming roll identified by hatching becomes plastic
      and moves downwardly and laterally to form flanges between the tooling
      members and the roll. The unsupported depth of the workpiece will
      typically be limited to ensure that the unsupported edge of the workpiece
      will behave as a short column and upset rather than buckle as might occur
      if more of the workpiece were unsupported.
PAR  More than one pass may be employed to spread the workpiece metal to its
      full width. In an exemplary pass, the flange will spread from the
      configuration shown in full lines in FIG. 28 to that shown in dotted
      lines.
PAR  It is important, in upsetting and spreading metal by the technique just
      described, that the center of heat not be allowed to move below the
      flange. Otherwise, unwanted upsetting will occur in the web or stem of the
      component, causing defects such as lapping and cold shuts.
PAR  FIG. 29 is a photograph of an I-beam made from 0.04 inch thick Ti-6Al-4V
      sheet by the upsetting and spreading process just described. The tooling
      used in forming the beam consisted of two members each separated from the
      workpiece by eight 0.120 inch thick shims. One shim was removed after each
      pass through the forming rolls to accommodate the decrease in web height
      which occurred.
PAR  The forming parameters were as follows:
TBL  Forming speed:    10 inches per minute                                    
     Squeeze force:    1,200 lbs.                                              
     Forming temperature:                                                      
                       1600-1650.degree. F.                                    
PAR  The flanges of the beam were 0.65 inch wide and 0.050 inch thick. As can be
      seen from FIG. 29, the beam was dimensionally uniform and had an excellent
      surface finish.
PAR  In those embodiments of the invention so far described which utilize linear
      tooling, the tooling rails employed to support the workpiece and to
      provide surfaces against which the metal can flow have been unitary or
      one-piece members. This is, however, by no means essential in the practice
      of the present invention.
PAR  FIG. 30, for example, illustrates a set-up 370 for isothermally forming a
      Y-section from round barstock in which the tooling rails 372 and 374
      support refractory metal inserts 376 and 378 against which the component
      is actually formed.
PAR  This type of tooling provides the advantages of tooling rails made entirely
      from a refractory metal but at a much lower cost because the bulk of the
      tooling is of a low cost material such as mild steel. Replacement costs
      are also lower. When the tooling becomes too worn to maintain tolerances
      within acceptable limits it is necessary to replace only inserts 376 and
      378, not the entire tooling rails.
PAR  The process of forming a Y-section from round barstock with the set-up
      shown in FIG. 30 is illustrated in flow diagram form in FIG. 31. It
      involves spreading the metal of workpiece 379 along the upper surfaces of
      inserts 376 and 378 to form two legs of the section and forward extrusion
      of the workpiece metal into the gap 380 between the inserts to form the
      third leg. In a second pass, the three legs of the section are reduced to
      uniform size.
PAR  In subsequent two-step operations the thickness of the legs of the
      component may be further reduced until, at the end of six passes, a 0.56
      inch diameter bar will typically be reduced to a symmetrical Y-section
      having three 0.045 inch thick legs each about 1.3 inches wide.
PAR  The section can be used in this configuration or, as will by now be obvious
      to the reader, can be readily converted to a T-section by isothermally
      bending two of the legs until they lie in the same plane.
PAR  Referring again to FIG. 30, the two linear tooling rails 372 and 374 are
      separated by a spacer 382 to provide the gap 380 for the forward extrusion
      of the workpiece metal. Vertical alignment of the two rails is assured by
      laterally extending pins 384 (only one of which is shown) spaced
      longitudinally along the rails.
PAR  The refractory metal inserts 376 and 378 are secured in any convenient
      manner in recesses 386 and 388 formed in the upper levels of the tooling
      rails.
PAR  The assemblage of the linear tooling just described and the workpiece 379
      is guided through the machine by front and rear clamping rolls 390 and 392
      in the manner described previously with the lower forming roll 394 of the
      machine being employed to help vertically position the assemblage.
PAR  An upper forming roll 396 having a V-shaped face is employed. Pressure is
      applied to the workpiece and a flow of electrical current through the
      workpiece is effected as in the other embodiments of our invention.
PAR  As shown by FIG. 31, the first pass through the machine reduces the round
      workpiece 379 to a generally Y-sectioned member having two relatively thin
      legs A and B formed by spreading and a third, thicker leg C formed by
      forward extrusion.
PAR  The next step in the operation is to reset the gap between the tooling
      rails, rotate the workpiece 120.degree. as shown in FIG. 31, reassemble it
      between the tooling, and feed the workpiece through the forming machine.
      This reduces leg C to the same thickness as legs A and B.
PAR  Reduction of the leg thickness can be accomplished in a two-step operation
      and repeated, if desired, to obtain maximum thinning of the legs.
PAR  In the first step of the thinning operation, legs A and C of the workpiece
      are thinned to reduce them in thickness. Then, as in the initial sequence,
      the gap between the tooling rails is reduced, the workpiece rotated
      120.degree., and the forming pass repeated. At the end of the second pass,
      the legs will be again of the same, albeit a reduced, thickness as in the
      last shape in FIG. 31.
PAR  For the sake of convenience in developing the principles of the present
      invention the discussion has so far been limited to the production of
      shapes of relatively simple configuration. Isothermal metal working or
      forming can, however, be used with equal facility to produce more
      complicated shapes. FIGS. 32A and 32B, for example, show how rectangular
      barstock can be converted to an E-section in two steps employing our
      process.
PAR  Referring now to FIGS. 32A and 32B, in the first step of the illustrated
      method for forming an E-section, the barstock 400 is passed between a
      flat-faced lower roll 402, which serves as a workpiece support and
      electrode, and a forming roll 404 having a groove 406 extending around the
      center of its periphery. This groove is configured to match the center leg
      of the ultimate component and to produce fillets between the center leg
      and web of the section.
PAR  In the first pass, the center leg 408 of the section is formed by backward
      extrusion. Spreading also occurs, thinning the web 410 of the component to
      its final thickness and gathering the displaced metal in thickened edges
      412 of the workpiece.
PAR  In the second step of forming the section, the thickened workpiece edges
      are spread to form the outer legs 414 and 415 of the component.
PAR  In this second step the workpiece is confined between tooling members 416
      and 418 with the latter being contoured to match the already formed
      portion of the workpiece. As shown in FIG. 32B, the upper and lower
      surfaces of tooling rail 416 are spaced above and below the corresponding
      surfaces of tooling rail 418.
PAR  Flat faced forming rolls 420 and 422 are employed in the spreading
      operation. With these rolls abutting the horizontal surfaces of tooling
      rail 416, the offset arrangement just discussed leaves gaps 424 and 426
      between tooling rail 418 and the forming rolls into which the workpiece
      metal can flow to form the outer legs 414 and 415 of the section (this is
      shown at the right-hand side of FIG. 32B). This results in junctures
      between the legs and web 410 of the section which have small internal
      radii of controlled dimensions. The outside radii of the junctures are
      essentially zero or square, producing the advantages discussed above.
PAR  The utility of the novel process just described was demonstrated with
      Inconel 718. In one pass, a 0.20 inch thick plate of this material was
      formed to a 0.108 inch thickness with a maximum variation of 0.006 inch.
      The back extruded center leg was 0.20 inch wide and 0.205 inch in height
      with a maximum variation of 0.005 inch.
PAR  T and similar sections have been made from a variety of materials including
      those described above and the extremely difficult to work alloy Hastelloy
      X. One such section was successfully formed in six passes through a
      machine as shown in FIGS. 8 and 9 equipped with 12 inch diameter, 1.1 inch
      wide, flat faced TZM alloy forming rolls and linear tooling similar to
      that shown in FIG. 28. Each tooling member consisted of three 0.35 inch by
      one inch TZM bars bolted together.
PAR  The forming speed was 4.03 inches per minute for the first five passes and
      three inches per minute in the sixth pass. The remainder of the process
      parameters and the dimensions of the workpiece after each pass are
      tabulated in the following table:
TBL  Roll     Clamp     Feed                                                   
                            Cap Dimensions                                     
                                         Reduction of                          
     Squeeze  Force                                                            
                   Current                                                     
                        Force                                                  
                            After Each Pass (Inch)                             
                                         Thickness                             
     Pass                                                                      
         (lbs)                                                                 
              (lbs)                                                            
                   (amps)                                                      
                        (lbs)                                                  
                            Width Thickness                                    
                                         Per Pass                              
     __________________________________________________________________________
     Original --   --   --  0.265 0.215  --                                    
     Configuration                                                             
     1    8,500                                                                
              17,500                                                           
                    4,000                                                      
                        3750                                                   
                            0.290 0.181  15.8                                  
     2   20,500                                                                
              20,000                                                           
                    8,000                                                      
                        5600                                                   
                            0.395 0.133  26.5                                  
     3   21,500                                                                
              22,000                                                           
                   11,000                                                      
                        3750                                                   
                            0.542 0.095  28.6                                  
     4   21,500                                                                
              22,000                                                           
                   12,000                                                      
                        3750                                                   
                            0.705 0.063  33.7                                  
     5   21,500                                                                
              22,000                                                           
                   12,000                                                      
                        2500                                                   
                            0.830 0.050  20.6                                  
     6   25,500                                                                
              22,000                                                           
                   12,500                                                      
                        1250                                                   
                            0.942 0.045  10.0                                  
     __________________________________________________________________________
PAR  An important attribute of our invention in operations such as forward and
      backward extrusion as well as spreading is that the desired lateral flow
      of the metal is promoted while unwanted elongation of the workpiece is
      held to a minimum. The factors which operate to prevent elongation and
      promote lateral flow are: (1) the compressive back force generated by
      employing force feeding; (2) the large reductions per pass; (3) a large
      diameter forming roll; (4) the relative low friction between the forming
      tool and the workpiece; and (5) the existence of cool, non-plastic metal
      ahead of and beyond the plastic zone.
PAR  In some applications it is not necessary to heat the workpiece across the
      entire section to the point that it becomes plastic. In such cases, the
      cooler parts of the section also promote the desired lateral flow of the
      workpiece metal.
PAR  Referring again to the drawing, FIGS. 33-36 show the apparatus employed and
      steps involved in forming a component with a still more complicated shape;
      viz., a turbine compressor blade.
PAR  The formation of this component also involves two additional types of
      forming operations within the ambit of our invention -- isothermal forging
      and isothermal roll forging or contour rolling.
PAR  Isothermal roll forging is a forming process which has completely different
      characteristics than the conventional roll forging or "knuckle rolling"
      heretofore used to make compressor blades and the like. The latter
      process, typically performed cold, requires that the workpiece be heat
      treated to a soft condition (preferably in the Rockwell B scale of
      hardness) before it is formed. Annealing is required after each forming
      pass because of the work hardening.
PAR  As many as eight passes may be required to form a component such as a
      compressor blade from an easily worked alloy such as 410 steel and eleven
      or more passes to form such components from more difficult-to-work
      austenitic steels such as 17-4PH. This necessity of employing plural
      passes tends to make such knuckle rolled components almost prohibitively
      expensive because each pass requires application of lubricant, removal of
      lubricant, and annealing.
PAR  If the knuckle rolling process is performed at an elevated temperature,
      surface contamination, workpiece chilling, and the other problems
      associated with conventional hot forming discussed above come to the
      front. One of particular importance in forming components such as
      compressor blades is the limitation on the thinness to which the edges can
      be formed. Because of this, knuckle rolling cannot be employed to form
      configurations such as the knifelike trailing edges of compressor blades,
      for example.
PAR  The disadvantages just discussed are eliminated in isothermal roll forging.
      Massive amounts of reduction to extreme thinnesses can be obtained. The
      workpiece remains at an elevated temperature for only a short period of
      time as in other forming operations involving the principles of our
      invention so that the problems associated with conventional hot forming
      processes are eliminated.
PAR  As a corollary, the workpiece is typically not work hardened when formed by
      our isothermal metal forming process. Accordingly, in contrast to other
      multiple pass metal forming processes such as knuckle rolling, there is no
      need to anneal the workpiece between forming passes.
PAR  As shown in FIG. 33, isothermal roll forging can be carried out in
      apparatus of the character described above in conjunction with FIGS. 8, 9,
      and 11. In isothermal roll forging, the forming roll is converted into a
      die by sculpting the configuration which it is desired to impart to the
      workpiece into the face of the forming roll. The die cavity may extend
      partially or even completely around the forming roll, depending upon the
      configuration wanted in the final component.
PAR  In FIG. 33, the forming rolls are identified by reference characters 430
      and 432 and the recesses into which the workpiece metal flows to alter its
      configuration by reference characters 434 and 436. Current flows from
      power supply 438 through forming roll 430 and workpiece 440 into forming
      roll 432, and pressure is applied to the workpiece as indicated by arrows
      442 and 443. A detector 444 and process controller 446 regulate the
      current flowing from power supply 438 through the workpiece as discussed
      above in conjunction with FIG. 10 to maintain the requisite forming
      temperature.
PAR  To form the workpiece to the selected configuration, the workpiece is
      assembled between the forming rolls as shown in FIG. 33, the current flow
      initiated, and the pressure applied. The two forming rolls are then rocked
      in unison in the directions indicated by arrows 447 and 448, again at
      speeds having magnitudes measured in inches per minute. This moves the
      workpiece downward as shown in FIG. 33 so that successive regions of the
      workpiece become plastic, allowing the metal to flow into contact with
      successive portions of the die surfaces to shape the component to the
      specified configuration.
PAR  The manufacture of turbine blades is one application in which isothermal
      roll forging can be employed to advantage. In forming a compressor blade,
      the airfoil section of the blade is formed by isothermal roll forging; and
      isothermal forging with anvil dies, also mentioned above, is utilized to
      shape the root section of the blade.
PAR  Isothermal anvil or press forging can be employed to particular advantage
      when relatively heavy sections are to be formed though this is by no means
      the only instance when advantage can be taken of this particular
      technique.
PAR  FIG. 34 shows apparatus 452 for carrying out the anvil forging process.
      This apparatus includes upper and lower forming anvils 454 and 456 with
      recesses or die cavities 458 and 460 of the configuration to be imparted
      to the workpiece 462 sculpted into their opposite faces. The anvils are
      connected to the opposite sides of a power supply 464 so that electrical
      current can flow through the workpiece during the forming operation to
      elevate its temperature. A detector 466 coupled to a power controller 468
      regulates the current density as described previously to keep the forming
      temperature at the requisite level.
PAR  Hydraulic rams (not shown) or other devices are employed to bias the two
      forming anvils towards each other as shown by arrows 470 and 472 and
      thereby maintain a force of selected magnitude on the workpiece.
PAR  With heat and pressure applied, the workpiece becomes plastic, and the
      workpiece metal flows into contact with the die surfaces to impart the
      selected configuration to the workpiece.
PAR  Isothermal anvil forging has the advantage common to other techniques
      within the ambit of our invention that large amounts of deformation and
      beneficial microstructures can be obtained. Surface oxidation of the
      workpiece may occur, but this disadvantage is offset by the capability of
      the process to form complex shapes.
PAR  Referring now to the drawing, FIG. 35 shows the steps employed to form a
      turbine compressor blade from barstock by a combination of the isothermal
      roll forging and isothermal anvil forging techniques just discussed.
PAR  In the initial step of the operation, barstock is formed into the shape
      shown at the left-hand side of the Figure. Because of the relatively
      massive section involved, hot upsetting can be employed for this step.
PAR  The workpiece 476 is then disposed between the forming rolls 478 and 480 of
      the isothermal roll forging machine; the circuit is completed through the
      workpiece across the forming rolls; and the forming rolls are biased
      toward each other (although not rotated). This results in the workpiece
      metal becoming plastic and flowing into the root section cavities 482 and
      484 of the roll to form what will become the root 486 of the blade
      approximately to shape (this will be recognized as an example of
      isothermal anvil forging).
PAR  The two forming rolls are then rotated in unison in the directions
      indicated by arrows 488 and 490 to isothermal roll forge the airfoil
      section of the blade. Here, a relatively small microvolume of the
      workpiece becomes plastic with the plastic region moving along the
      workpiece so that the latter remains at an elevated temperature in any
      region for only a short period of time. As explained above, the workpiece
      metal in the plastic zone flows into contact with the surfaces of the die
      cavities in the forming rolls to impart the selected configuration to the
      airfoil section of the blade.
PAR  The third step of the process is to form the root of the turbine blade to
      its final configuration (this step is optional and is used only where the
      desired degree of precision has not been attained in the first two steps).
      In the illustrated process, this optional third step is also carried out
      by isothermal anvil forging. An upper anvil 492 and a lower anvil 494 are
      employed.
PAR  A cavity 496 is formed in the lower forming anvil. The lower part of the
      cavity is configured to match the airfoil shape of the blade and locate
      the blade relative to the die. The upper part of the die cavity has the
      shape which is to be imparted to the root of the turbine blade.
PAR  With the workpiece between the anvils as shown, the anvils are connected to
      opposite sides of an electrical power source to effect a flow of current
      through the workpiece. The upper anvil is displaced toward the lower one
      with a force of specified magnitude, making the metal in the root area
      plastic so that it will flow into contact with the die cavity surfaces,
      shaping the root into the configuration shown in the lower righthand
      corner of FIG. 35.
PAR  The final steps of the blade making process are to twist the airfoil
      section of the blade to shape and trim, clean, or otherwise finish the
      blade as required.
PAR  In one representative operation, apparatus of the character described above
      and illustrated in FIG. 33 was employed to make a simulated compressor
      blade from a Ti-6Al-4V alloy blank previously prepared by isothermal
      metalworking and machining from a dumbbell shape as illustrated in FIG.
      22.
PAR  In the initial part of the forming operation, the root of the blade was
      isothermally anvil forged under the following conditions:
PA1  Force: Increased up to 17,500 pounds over 30 seconds
PA1  Amperage: Increased up to 12,900 amps over 30 seconds
PA1  Forming Temperature (estimated): 1775.degree. F.
PAR  The forming rolls were not rotated during this thirty second anvil forging
      operation.
PAR  At the end of the thirty seconds, isothermal roll forging of the blade
      airfoil was begun by rotating the rolls between which the root section was
      forged. The following roll forging conditions were employed.
TBL  ______________________________________                                    
     Roll squeeze force: 17,500 pounds                                         
     Amperage:           12,900 pounds                                         
     Roll speed:         3.3 inches per minute                                 
     Forming temperature (estimated):                                          
                         1775.degree. F.                                       
     ______________________________________                                    
PAR  The initial blank had a root section 1.0 inch wide with a generally oval
      cross section 0.36 inch wide and 0.3 inch deep. The airfoil section of the
      blank was 1.0 inch long, 0.7 inch wide, and 0.10 inch thick.
PAR  After roll forging the blade was 3.0 inch long. The airfoil section was
      0.64 inch wide. It had a maximum thickness of 0.05 inch, tapering to flash
      approximately 0.001 inch thick at its leading and trailing edges.
PAR  To further demonstrate the versatility of isothermal roll forging, airfoil
      shapes having one flat and one contoured surface were formed, employing
      one forming roll with a flat face and a second forming roll with an
      arcuate contour. These contours were obtained by attaching dies of forged
      TZM alloy to the upper and lower rolls of a machine as shown in FIGS. 8
      and 9.
PAR  The dies were 0.57 inch thick, one inch wide, and 4 inches in length
      measured along the arc. The face of one die was flat. The face of the
      other was machined to a circular contour having a width of 0.80 inch. This
      left 0.1 inch wide flats on each side of the die cavity.
PAR  Round Ti-6Al-4V barstock 0.315 inch in diameter was fed between the
      rotating dies with a feed force of 1,250 pounds. A squeeze force of 21,500
      pounds was generated, and the dies were rotated in unison at a speed of
      3.3 inches per minute. A current through the workpiece of 11,500 amps was
      employed, causing the forming temperature to reach an estimated
      1,675.degree. F.
PAR  One pass through the die produced an airfoil shape 0.77 inch wide. The
      midsection of the airfoil had a 0.063 inch maximum thickness, and the
      leading and trailing edges of the airfoil were 0.008 inch thick.
PAR  After a second pass through the dies with the conditions the same except
      for the elimination of the feed force, the airfoil reached the full die
      cavity width of 0.8 inch. The midsection thickness was reduced to 0.053
      inch, and the leading and trailing edges were thinned to a 0.001 inch
      thick flash.
PAR  The surface finish of the airfoil replicated the surface finish of the dies
      and was an excellent 16 rms. A metallographic examination of the airfoil
      at 500X magnification revealed no evidence of any contamination in the
      completed component.
PAR  In another instance, a 0.315 inch diameter bar of 17-4PH steel
      (Fe-16.5Cr-4Ni-4Cu-0.3Cb + Ta) was formed to an airfoil in the manner just
      described. The process conditions were:
TBL  Squeeze force:    21,500 pounds                                           
     Feed force:       1,250 pounds                                            
     Forming speed:    3.3 inches per minute                                   
     Amperage:         11,800 amps                                             
     Forming temperature:                                                      
                       2,000.degree. F.                                        
      (estimated)                                                              
PAR  A single pass formed the stock into an airfoil shape. The component was 0.8
      inch wide and 0.066 inch thick at the maximum dimension. The leading and
      trailing edges of the section were 0.014 inch thick.
PAR  Again, the surface and metallographic characteristics of the airfoil were
      excellent.
PAR  In a similar test designed to demonstrate the applicability of isothermal
      roll forging to extremely difficult-to-work metals, round 0.350 inch
      diameter Rene' 95 alloy was shaped into an airfoil section from barstock
      using the technique to form airfoils from Ti-6Al-4V and 17-4PH steel just
      described.
PAR  The rolling conditions were:
     Squeeze force:    21,500 pounds                                           
     Feed force:        2,000 pounds                                           
     Forming speed:    1.7 inches per minute                                   
     Amperage:         13,000 amps                                             
     Forming temperature:                                                      
                        2,050.degree. F.                                       
PAL  In one pass, the round barstock was reduced to an airfoil section 0.90
      inches wide with a maximum thickness of 0.090 inch and leading and
      trailing edges having a thickness of 0.016 inch.
PAR  In both this case and that of the 17-4PH steel, a second pass would have
      resulted in an airfoil with dimensions comparable to those obtained by the
      second pass of the Ti-6Al-4V airfoil through the forming dies.
PAR  Other metals that have been formed into airfoils by the technique just
      described with the same superior results include the superalloy Inconel
      718, Mar-M-421, and Hastelloy X. Reductions of 70-90 percent per pass were
      obtained in each instance.
PAR  FIG. 36 is a photomicrograph of a section through an airfoil formed from
      Ti-6Al-4V barstock in the manner just described. Surface contamination is
      absent; and, as indicated above and shown in the photomicrograph, the
      surface finish of the as-rolled airfoil was excellent.
PAR  FIG. 37 is a photomicrograph through a compressor blade root section formed
      from Ti-6Al-4V stock by isothermal press or anvil forging. Again,
      excellent dimensional control, surface finish, and metallographic
      properties are prominent.
PAR  In the exemplary embodiments of the invention so far described, only two
      forming rolls or tools have been employed. The number of forming tools can
      be increased to reduce the number of operations needed to form a given
      shape or to form shapes which are more complicated than those which can be
      readily handled by two rolls.
PAR  Referring again to the drawing, FIG. 38 shows, diagrammatically, apparatus
      500 for forming Y-sections by a technique in accord with our invention
      which employs more than two forming tools. The process is also of
      continuous character, further illustrating the amenability to continuous
      operation possessed by our process.
PAR  Forming apparatus 500 includes three equidistantly spaced refractory metal
      forming rolls 502, 504, and 506 with beveled faces 508. The rolls are
      rotatable about axes lying in the same plane and at angles of 120.degree.
      to each other.
PAR  Hydraulic rams or the like (not shown) are employed to bias the forming
      rolls toward the line at which the apices of the beveled faces intersect
      and exert the requisite squeeze force on the workpiece 510.
PAR  As in the other machines discussed above, the forming rolls are also
      electrodes across which an electrical circuit can be completed to effect a
      flow of current through the workpiece and thereby heat it. In this case,
      each of the rolls is connected to one leg of a three-phase power supply
      511 so that the current will flow simultaneously between each of the three
      forming roll pairs 502, 504; 502, 506; and 504, 506.
PAR  A feedback type control system (not shown) will typically be employed to
      precisely regulate the current flowing through the workpiece.
PAR  As the workpiece 510 moves through the forming rolls, it becomes plastic;
      and the metal spreads into the gaps 512, 514, and 516 between the forming
      rolls, converting the barstock to a Y-shape as shown in FIG. 38.
PAR  Force feeding of the workpiece will typically be employed in applications
      of the character just described because of the large amount of reduction
      and the large lateral displacements of the workpiece metal involved.
PAR  Another advantage of our invention, also important from a
      production-point-of-view and discussed above, is that it is readily
      amenable to multi-stage (or multi-stand) processing. One example of such
      processing was described in conjunction with FIGS. 21A and 21B, it being
      pointed out that the dumbell forming and web thinning and levelling
      operations shown in these two figures could be performed on a continuous
      basis in two isothermal metal forming set-ups disposed in tandem.
PAR  FIGS. 39A and 39B depict, diagrammatically, another example of continuous,
      multi-stage isothermal metal forging; viz., the conversion of round
      barstock into an I-beam on a continuous basis in two stands disposed in
      tandem.
PAR  In the first stand (FIG. 39A), the workpiece is guided between upper and
      lower forming rolls 517 and 518 by guide rolls 519 and 520 to effect
      lateral spreading and gathering of the workpiece metal at opposite edges
      of a web section.
PAR  In the second operation, carried out in a stand immediately following that
      just described (See FIGS. 39B), the metal in the thickened edges of the
      shape is spread laterally into flanges, again on a continuous basis. In
      this operation, the workpiece 522 is guided between upper and lower
      forming rolls 524 and 526 by guide rolls 528 and 530 having a width equal
      to the height wanted in the finished I-section and corners contoured to
      form fillets between the webs and flanges of the section. The particular
      technique involved in this step; viz., the spreading of a thickened edge
      into a wider, narrow flange, has been discussed above.
PAR  In a multi-stage operation, independent control of the forming temperatures
      (and preheat, if employed) at each forming stand will typically be
      required. A detector and feedback control arrangement as described above
      can be employed at each stand to achieve such control.
PAR  To eliminate the flow of current between stands through the workpiece and
      the undesirable workpiece heating which could result therefrom, one stand
      can be grounded and a second floated electrically above ground potential.
      This permits the forming rolls of the first stand to be maintained at the
      same potential as the preheat rolls of the second stand. Thus, there is a
      potential gradient and current flow within the components only at each of
      the two stands.
PAR  As an alternative, the voltage can be alternately stepped up and down at
      each successive stand, thus avoiding large voltage differences. This
      scheme has the advantage of being adaptable to a larger number of stands.
PAR  Another problem which would at first blush be thought to exist is that of
      synchronizing the forming speed of the rolls in succeeding stands to the
      velocity of the workpiece exiting from the preceding stand. This problem
      proves to be minimal because an inherent characteristic of isothermal
      metal forming, discussed above, is the small axial elongation of the
      workpiece.
PAR  Furthermore, if a lubricant such as those discussed above is employed,
      sufficient slippage between the forming rolls and workpiece to accommodate
      small differences in velocity will occur.
PAR  As a result, in all but the most exceptional cases, the different stands
      can be driven at the same speeds by any suitable drive arrangement. This
      of course does not mean that the forming rolls cannot be driven at
      different speeds in succeeding stands where it is beneficial to do so. We
      consider this alternative to be clearly within the scope of our invention.
PAR  In operations involving the forming of components from sheet metal or thin
      plate stock, the application of back compression forces to the workpiece
      between stands will typically not be required. In applications where it
      is, such as in the typical forming of a component from barstock, the
      compressive force may be applied between stands by employing force feeding
      rolls such as those incorporated in the machine illustrated in FIG. 11.
PAR  Another necessity in a multi-stage operation is a system for applying
      lubricant to the workpiece between forming operations. It is not
      considered necessary to describe such systems herein as they can be
      readily devised by those skilled in the arts to which this invention
      relates.
PAR  As will be apparent to those skilled in the relevant arts from the
      foregoing text, there are inumerable applications and adaptations of the
      principles of our invention of which advantage can on occasion be taken.
      To the extent that these embodiments of our invention have not been
      expressly excluded from the appended claims, they are fully intended to be
      embraced therein.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description; and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by letters patent is:
NUM  1.
PAR  1. A method for the solid state forming of a metallic workpiece into a
      component of selected configuration with apparatus which includes an
      electrode means for supporting the workpiece, a rotatable, pressure
      applying electrode of a refractory metal or a refractory alloy adapted to
      engage the workpiece on the side thereof opposite the workpiece supporting
      electrode means, and means by which said rotatable electrode can be so
      biased toward said workpiece supporting electrode means as to exert a
      pressure of a predetermined magnitude on said workpiece, said method
      comprising the steps of: heating both said workpiece in that region
      thereof between the pressure applying, rotatable electrode and the
      workpiece supporting electrode means and that portion of the rotatable
      electrode adjacent the workpiece so that the electrode will not chill the
      workpiece by connecting the workpiece across an electrical power source
      through the pressure applying electrode and the workpiece supporting
      electrode means; so regulating the current density through the workpiece
      being formed and the force exerted on it by the pressure applying
      electrode as to maintain the temperature of said workpiece below its
      melting point but sufficiently high to produce in the heated region of the
      workpiece between the pressure applying electrode and the workpiece
      supporting electrode means a localized zone in which the workpiece is in a
      plastic and flowable condition; and effecting a continuous translation of
      the workpiece relative to the pressure applying, rotatable electrode to
      thereby cause the zone in which the plastic condition exists to proceed in
      continuous fashion along the workpiece so that the forming of the
      workpiece can be effected in continuous fashion as said workpiece moves
      relative to the pressure applying electrode.
NUM  2.
PAR  2. The method of claim 1, wherein the rate of movement of the workpiece
      relative to the pressure applying electrode is between 2 and 40 inches per
      minute.
NUM  3.
PAR  3. The method of claim 1, wherein said workpiece is guided between the
      pressure applying electrode and the workpiece supporting electrode means
      by engaging opposite sides of said workpiece with means relative to which
      said workpiece can move, whereby said method can be employed to form
      workpieces of indeterminate length.
NUM  4.
PAR  4. The method of claim 1, wherein the apparatus in which the workpiece is
      formed includes vertically spaced, rotatable forming electrodes between
      which said workpiece is displaced during the forming operation, one of
      which constitutes the workpiece supporting electrode means, and including
      the step of supporting said workpiece so that it can float vertically as
      it passes between said forming electrodes.
NUM  5.
PAR  5. The method of claim 1, together with the step of translating said
      workpiece relative to said pressure applying electrode by applying to said
      workpiece before it reaches said electrode a force acting in the direction
      of workpiece movement.
NUM  6.
PAR  6. The method of claim 5, together with the step of freeing said rotatable,
      pressure applying electrode for freewheeling movement relative to the
      workpiece as said workpiece is translated relative thereto.
NUM  7.
PAR  7. The method of claim 1, wherein a front tension is applied to the
      workpiece by exerting on the workpiece after it passes said rotatable
      electrode a force acting in the direction of workpiece movement.
NUM  8.
PAR  8. The method of claim 1, wherein the workpiece is heated to a temperature
      which is not more than 100.degree.F. below the solidus temperature of the
      metal from which the workpiece is formed.
NUM  9.
PAR  9. The method of claim 1, where the thickness of the workpiece is reduced
      by at least 50 percent in each pass of the workpiece relative to the
      pressure applying electrode.
NUM  10.
PAR  10. The method of claim 1, together with the step of preheating the
      workpiece prior to forming it as aforesaid.
NUM  11.
PAR  11. The method of claim 1, wherein, in forming said workpiece as aforesaid,
      the workpiece is reduced to a thickness of not more than 0.05 inch.
NUM  12.
PAR  12. The method of claim 1, wherein there is employed in forming the
      workpiece as aforesaid a pressure applying electrode of sufficient mass
      that the heated portion thereof is backed by a mass of relatively cooler
      and therefore more rigid refractory metal.
NUM  13.
PAR  13. The method of claim 1, wherein the current density is regulated by
      monitoring at least one parameter in the localized zone, generating a
      signal indicative of deviations of the monitored parameter from a selected
      level, and employing said signal to regulate the amperage of the current
      flowing from said power source to said workpiece.
NUM  14.
PAR  14. The method of claim 1, together with the step of stress relieving the
      component formed by the pressure applying tool, the stress relieving being
      accomplished by heating the component under constraint.
NUM  15.
PAR  15. The method of claim 1, together with the step of providing a lubricant
      at the interfaces between the workpiece and the pressure applying
      electrode and/or tooling to promote the flow of the workpiece metal in the
      forming zone.
NUM  16.
PAR  16. The method of claim 15, wherein said lubricant is selected from the
      group consisting of graphite, tungsten, and silver.
NUM  17.
PAR  17. The method of claim 15, together with the step of providing an inert
      atmosphere in the region in which the forming operation is performed to
      protect said lubricant against deterioration.
NUM  18.
PAR  18. The method of claim 1, wherein the workpiece is formed of a titanium
      alloy and wherein, in the forming operation, the workpiece is heated to a
      temperature above the beta transus of the titanium alloy.
NUM  19.
PAR  19. A superalloy component made by the process of claim 1.
NUM  20.
PAR  20. A titanium alloy component made by the process of claim 1.
NUM  21.
PAR  21. A metallic component produced by the process of claim 1, said component
      having first and second integral and angularly disposed leg portions and
      the surface contour of the metal in the area of the juncture between said
      legs being of a streamlined character and thereby imparting a high
      resistance to metal fatigue to said component.
NUM  22.
PAR  22. A method for forming titanium metals which provides the advantages of
      beta processing while avoiding the loss of ductility and the increase in
      grain size which is common to conventional beta processing, said process
      being carried out in apparatus which includes electrode means for
      supporting the workpiece, a forming tool of a refractory metal or
      refractory alloy and means by which said forming tool can be so biased
      against said workpiece and toward said forming tool as to exert a pressure
      of controlled magnitude on said workpiece and said method comprising the
      steps of: heating both that region of a titanium metal workpiece adjacent
      the forming tool and that portion of the forming tool adjacent the
      workpiece by connecting said workpiece across an electrical power source
      through the forming tool and the workpiece supporting electrode means; so
      regulating the pressure applied to the workpiece by the forming tool and
      the flow of current through the workpiece as to maintain the temperature
      of the alloy above its beta transus but below its solidus temperature; and
      effecting a translation of the workpiece relative to the forming tool to
      produce in that portion of the workpiece between the forming tool and the
      workpiece supporting electrode means a localized zone in which the
      workpiece is in a plastic and flowable condition and can therefore be
      readily deformed to alter its configuration and which will proceed along
      the workpiece and will exist in any region thereof only for a period of
      time measured in seconds.
NUM  23.
PAR  23. The method of claim 22, wherein the titanium metal is an alpha-beta
      alloy.
NUM  24.
PAR  24. A method for the solid state forming of a sheet metal workpiece into a
      component having two, integral, angularly disposed legs with apparatus
      which includes an electrode means for supporting the workpiece, a
      rotatable, pressure applying electrode of a refractory metal or a
      refractory alloy, and means by which said rotatable electrode can be so
      biased toward said workpiece supporting electrode means as to exert a
      pressure of a predetermined magnitude on said workpiece, said method
      comprising the steps of: confining one longitudinally extending, leg
      forming portion of said workpiece between tooling means with a second,
      longitudinally extending leg portion of the workpiece unsupported and
      protruding beyond those surfaces of the tooling means facing said pressure
      applying electrode; engaging the periphery of said electrode with said
      unsupported workpiece leg portion and biasing said electrode as aforesaid
      toward said workpiece supporting electrode means; heating both said
      workpiece in that region thereof between the pressure applying, rotatable
      electrode and the workpiece supporting electrode means and that portion of
      the rotatable electrode adjacent the workpiece so that the electrode will
      not chill the workpiece by connecting the workpiece across an electrical
      power source through the pressure applying electrode and the workpiece
      supporting electrode means; so regulating the current density through the
      workpiece and the force exerted on it by the pressure applying electrode
      as to maintain the temperature of said workpiece below its melting point
      but sufficiently high to produce in the heated region of the workpiece
      between the pressure applying electrode and the workpiece supporting
      electrode means a localized zone in which the workpiece is in a plastic
      and flowable condition; and effecting a continuous translation of the
      workpiece relative to the pressure applying, rotatable electrode to
      thereby cause the zone in which the plastic condition exists to proceed in
      continuous fashion along the workpiece so that the pressure applying
      electrode will bend the unsupported workpiece leg portion into contact
      with one of said tooling means with the metal in the heated region of the
      workpiece flowing into contact with said one tooling means to provide a
      controlled contour on the inside of said bend.
NUM  25.
PAR  25. The method of claim 24, wherein the workpiece is a cylinder, whereby
      the formed component has a cylindrical section with a flange at an end of
      said section.
NUM  26.
PAR  26. The method of claim 25, wherein said workpiece is translated relative
      to the pressure applying electrode by rotating it about an axis parallel
      to that along which the force is applied to the workpiece by said
      electrode.
NUM  27.
PAR  27. The method of claim 24, together with the step of bending said
      workpiece to move said leg forming portion at least partially toward its
      final angular relationship prior to forming the workpiece with the
      pressure applying electrode and workpiece confining tooling means as
      aforesaid.
NUM  28.
PAR  28. The method of claim 24, wherein the workpiece is confined between the
      tooling means with the second of the tooling means displaced toward the
      pressure applying electrode relative to said one tooling means so that the
      metal in the heated region of the workpiece will flow into contact with
      said second tooling means and said electrode to produce a controlled
      contour on the outside of the bend as the component is formed.
NUM  29.
PAR  29. The method of claim 24, together with the step of insulating those
      surfaces of the tooling means which face the pressure applying electrode
      to thereby keep the electric current from flowing from said electrode into
      the tooling means and from the unsupported workpiece leg portion into said
      one tooling means as said leg portion is deformed into contact therewith
      by the pressure applying electrode.
NUM  30.
PAR  30. The method of claim 24, together with the step of subsequently removing
      metal from the inside of the bend produced by the pressure applying
      electrode to thereby decrease the internal radius of curvature of said
      bend.
NUM  31.
PAR  31. The method of claim 24, together with the step of displacing a surface
      of one of said tooling means relative to the corresponding surface of
      another of said tooling means by a distance approximately equal to the
      thickness of the workpiece so that, with said pressure applying electrode
      in contact with one of said surfaces, it can iron said workpiece onto the
      other of said surfaces to provide radii of controlled curvature on the
      inside and outside of the bend formed as said workpiece is ironed onto
      said other surface.
NUM  32.
PAR  32. The method of claim 24, wherein the bend between the two leg portions
      of the workpiece is formed in a plurality of passes in each of which said
      workpiece is translated relative to said pressure applying electrode as
      aforesaid and wherein, after each of said passes, said electrode is
      shifted laterally relative to said workpiece and toward the bend being
      formed.
NUM  33.
PAR  33. The method of claim 24, wherein said workpiece is heated by connecting
      the workpiece across the electrical power source through a circuit which
      also includes at least one of the tooling means between which the
      longitudinally extending, leg forming portion of the workpiece is
      confined.
NUM  34.
PAR  34. The method of producing a component having a cap and a stem from a
      barstock type workpiece of metallic material with apparatus which includes
      an electrode means for supporting the workpiece, a rotatable, pressure
      applying electrode of a refractory metal or a refractory alloy adapted to
      engage the workpiece on the side thereof opposite the workpiece supporting
      electrode means, and means by which said rotatable electrode can be so
      biased toward said workpiece supporting electrode means as to exert a
      pressure of a predetermined magnitude on said workpiece, said method
      comprising the steps of: effecting a lateral, solid state flow of the
      metal in said workpiece to form a relatively thin section stem portion
      having an enlarged section protruberance extending along one edge thereof
      and laterally spreading the metal in said enlarged section while in the
      solid state to produce a cap disposed at an angle to said stem, each of
      the aforesaid steps being carried out by: heating both said workpiece in
      that region thereof between the pressure applying, rotatable electrode and
      the workpiece supporting electrode means and that portion of the rotatable
      electrode adjacent the workpiece so that the electrode will not chill the
      workpiece by connecting the workpiece across an electrical power source
      through the pressure applying electrode and the workpiece supporting
      electrode means; so regulating the current density through the workpiece
      being formed and the force exerted on it by the pressure applying
      electrode as to maintain the temperature of said workpiece below its
      melting point but sufficiently high to produce in the heated region of the
      workpiece between the pressure applying electrode and the workpiece
      supporting electrode means a localized zone in which the workpiece is in a
      plastic and flowable condition; and effecting a continuous translation of
      the workpiece relative to the pressure applying, rotatable electrode to
      thereby cause the zone in which the plastic condition exists to proceed in
      continuous fashion along the workpiece so that the forming of said stem
      portion and the lateral spreading of metal to form the cap can be effected
      in continuous fashion as said workpiece moves relative to the pressure
      applying electrode in the aforesaid steps.
NUM  35.
PAR  35. The method of claim 34 together with the step of translating the thin
      section part of the workpiece between forming means to reduce the
      thickness of the stem portion thereof and/or to increase the uniformity of
      said section.
NUM  36.
PAR  36. The method of claim 24, together with the step of guiding the workpiece
      relative to the pressure applying electrode by providing in said electrode
      a peripheral groove into which workpiece metal can also flow as the
      lateral flow of the metal is effected.
NUM  37.
PAR  37. The method of claim 34, together with the step of limiting the lateral
      flow of the workpiece metal to thereby cause the metal to flow into said
      protuberant configuration.
NUM  38.
PAR  38. The method of claim 34, including the step of confining the workpiece
      between rotatable members while said lateral flow of metal is effected to
      thereby so guide the workpiece relative to the pressure applying electrode
      as to permit the processing of workpieces of indeterminate length.
NUM  39.
PAR  39. The method of claim 34, together with the step of confining the
      workpiece between tooling members of selected contour during the operation
      to thereby impart said contour to the workpiece as the lateral spreading
      of the workpiece metal progresses.
NUM  40.
PAR  40. The method of claim 34, together with the step of providing gaps into
      which said metal can flow without constraint as it spreads laterally.
NUM  41.
PAR  41. The method of claim 24, wherein a pressure applying electrode having a
      crowned, beveled, or other contoured periphery is employed to promote the
      lateral spreading of the workpiece metal.
NUM  42.
PAR  42. The method of producing a component having a cap and a stem from
      barstock of metallic material which comprises the steps of: removing metal
      from said barstock to form a workpiece having a relatively thin section
      stem portion with an enlarged section protuberance extending along one
      edge thereof and laterally spreading the metal in said enlarged section
      while in the solid state to produce a cap disposed at an angle to said
      stem, the last-mentioned of said steps being carried out with apparatus
      which includes an electrode means for supporting the workpiece, a
      rotatable, pressure applying electrode of a refractory metal or a
      refractory alloy adapted to engage the workpiece on the side thereof
      opposite the workpiece supporting electrode means, and means by which said
      rotatable electrode can be so biased toward said workpiece supporting
      electrode means as to exert a pressure of a predetermined magnitude on
      said workpiece and said step being carried out by heating both said
      workpiece in that region thereof between the pressure applying, rotatable
      electrode and the workpiece supporting electrode means and that portion of
      the rotatable electrode adjacent the workpiece so that the electrode will
      not chill the workpiece by connecting the workpiece across an electrical
      power source through the pressure applying electrode and the workpiece
      supporting electrode means; so regulating the current density through the
      workpiece being formed and the force exerted on it by the pressure
      applying electrode as to maintain the temperature of said workpiece below
      its melting point but sufficiently high to produce in the heated region of
      the workpiece between the pressure applying electrode and the workpiece
      supporting electrode means a localized zone in which the workpiece is in a
      plastic and flowable condition; and effecting a continuous translation of
      the workpiece relative to the pressure applying, rotatable electrode to
      thereby cause the zone in which the plastic condition exists to proceed in
      continuous fashion along the workpiece so that the spreading of the metal
      in said enlarged section can be effected in continuous fashion as said
      workpiece moves relative to the pressure applying electrode.
NUM  43.
PAR  43. The method of claim 42, wherein the metal is removed from the barstock
      by chemical milling.
NUM  44.
PAR  44. A method for the solid state forming of a metallic workpiece into a
      component of selected configuration with apparatus which includes an
      electrode means for supporting the workpiece, a rotatable, pressure
      applying electrode of a refractory metal or a refractory alloy having
      therein a cavity of the configuration which is to be imparted to the
      workpiece and adapted to engage the workpiece on the side thereof opposite
      the workpiece supporting electrode means, and means by which said
      rotatable electrode can be so biased toward said workpiece supporting
      electrode means as to exert a pressure of a predetermined magnitude on
      said workpiece, said method comprising the steps of: heating both said
      workpiece in that region thereof between the pressure applying, rotatable
      electrode and the workpiece supporting electrode means and that portion of
      the rotatable electrode adjacent the workpiece so that the electrode will
      not chill the workpiece by connecting the workpiece across an electrical
      power source through the pressure applying electrode and the workpiece
      supporting electrode means; so regulating the current density through the
      workpiece being formed and the force exerted on it by the pressure
      applying electrode as to maintain the temperature of said workpiece below
      its melting point but sufficiently high to produce in the heated region of
      the workpiece between the pressure applying electrode and the workpiece
      supporting electrode means a localized zone in which the workpiece is in a
      plastic and flowable condition so that workpiece metal will flow into the
      cavity in the pressure applying electrode to impart the desired
      configuration to the workpiece; and effecting a translation of the
      workpiece relative to the electrode to thereby cause the zone in which the
      workpiece is plastic to progress along said workpiece so that successive
      increments of said workpiece are formed to shape as said workpiece is
      moved relative to the electrode.
NUM  45.
PAR  45. The method of claim 44, together with the step of confining the
      workpiece against tooling having therein a cavity with a configuration
      which it is also desired to impart to said workpiece so that the workpiece
      metal will also flow into said last-mentioned cavity to impart said
      configuration to the workpiece as the workpiece is moved relative to the
      pressure applying electrode.
NUM  46.
PAR  46. The method of claim 44, together with the step of preheating the
      workpiece prior to contacting said workpiece with the pressure applying
      electrode by passing an electrical current through said workpiece from a
      first electrode in electrical contact with one side of the workpiece to a
      second electrode in electrical contact with the opposite side of the
      workpiece.
NUM  47.
PAR  47. A multi-stage method of forming a component from a metallic workpiece
      in apparatus which comprises, in each of plural stages, an electrode means
      for supporting the workpiece, a rotatable, pressure applying electrode of
      a refractory metal or a refractory alloy adapted to engage the workpiece
      on the side thereof opposite the workpiece supporting electrode means, and
      means by which said rotatable electrode can be so biased toward said
      workpiece supporting electrode means as to exert a pressure of a
      predetermined magnitude on said workpiece, said method comprising the
      steps of, in each of said stages: heating both said workpiece in that
      region thereof between the pressure applying, rotatable electrode and the
      workpiece supporting electrode means and that portion of the rotatable
      electrode adjacent the workpiece so that the electrode will not chill the
      workpiece by connecting the workpiece across an electrical power source
      through the pressure applying electrode and the workpiece supporting
      electrode means; so regulating the current density through the workpiece
      being formed and the force exerted on it by the pressure applying
      electrode as to maintain the temperature of said workpiece below its
      melting point but sufficiently high to produce in the heated region of the
      workpiece between the pressure applying electrode and the workpiece
      supporting electrode means a localized zone in which the workpiece is in a
      plastic and flowable condition; and effecting a continuous translation of
      the workpiece relative to the pressure applying, rotatable electrode to
      thereby cause the zone in which the plastic condition exists to proceed in
      continuous fashion along the workpiece so that the forming of the
      workpiece can be effected in continuous fashion as said workpiece moves
      relative to the pressure applying electrode.
NUM  48.
PAR  48. The method of claim 47, together with the step of so feeding the
      workpiece through the forming apparatus that different portions thereof
      are simultaneously formed in different ones of said stages and the step of
      applying a lubricant to the workpiece between said stages so that the
      workpiece can slip relative to the pressure applying electrode and
      workpiece support in the subsequent stage to thereby accommodate thermal
      elongation of the workpiece produced in the first of said stages.
NUM  49.
PAR  49. The method of claim 47, together with the step of so feeding the
      workpiece through the forming apparatus that different portions thereof
      are simultaneously formed in two successive stages and the step of
      applying a back compressive force to the workpiece to compensate for the
      thermal elongation of the workpiece produced in the first of said
      successive stages.
NUM  50.
PAR  50. The method of claim 47, in which the pressure applying electrodes in
      said stages are rotated at different speeds to thereby accommodate thermal
      elongation of the workpiece.
NUM  51.
PAR  51. The method of claim 47, together with the steps of independently
      controlling the temperature of the workpiece in each of said forming
      stages.
NUM  52.
PAR  52. A method for the solid state forming of a metallic workpiece with
      apparatus which includes three rotatable electrodes of a refractory metal
      or a refractory alloy mounted opposite each other for rotation about
      intersecting axes with an opening therebetween through which a workpiece
      can be fed and means for biasing at least one of said electrodes toward
      said opening to exert a pressure of predetermined magnitude on said
      workpiece, said method comprising the steps of: heating both said
      workpiece in that region thereof between the rotatable electrodes and
      those portions of the electrodes adjacent the workpiece so that said
      electrodes will not chill the workpiece by connecting the workpiece across
      a different one of the phases of a three-phase power supply through each
      of the three electrode pairs afforded by said three electrodes; so
      regulating the current density through the workpiece and the pressure
      exerted on it by the rotatable electrodes as to maintain the temperature
      of the workpiece below its melting point but sufficiently high to produce
      in the heated region of the workpiece between the electrodes a localized
      zone in which the workpiece is in a plastic and flowable condition; and
      effecting a continuous translation of the workpiece relative to the
      rotatable electrodes to thereby cause the zone in which the plastic
      condition exists to proceed in continuous fashion along the workpiece so
      that the forming of the workpiece can be effected in continuous fashion as
      said workpiece moves relative to said rotatable electrodes.
NUM  53.
PAR  53. A method for the solid state forming of a metallic workpiece into a
      component of selected configuration with apparatus which includes a
      workpiece supporting electrode means for supporting the workpiece, a
      rotatable, pressure applying electrode means of a refractory metallic
      material having a melting point above the range of iron, cobalt, and
      nickel adapted to engage the workpiece on the side thereof opposite the
      workpiece supporting electrode means, and means by which said rotatable
      electrode means can be so biased toward said workpiece supporting
      electrode means as to exert a pressure of a predetermined magnitude on
      said workpiece, said method comprising the steps of: heating both said
      workpiece in that region thereof between the refractory, pressure
      applying, rotatable electrode means and the workpiece supporting electrode
      means and that portion of the rotatable electrode means adjacent the
      workpiece so that the electrode means will not chill the workpiece by
      connecting the workpiece across an electrical power source through the
      pressure applying electrode means and the workpiece supporting electrode
      means to thereby effect resistance heating of said electrode means and
      said workpiece; so regulating the current density through the workpiece
      being formed and the force exerted on it by the pressure applying
      electrode means as to maintain the temperature of said workpiece below its
      melting point but sufficiently high to produce in the heated region of the
      workpiece between the pressure applying electrode means and the workpiece
      supporting electrode means a localized zone in which the workpiece is in a
      plastic and flowable condition; and effecting a continuous translation of
      the workpiece relative to the pressure applying, rotatable electrode means
      to thereby cause the zone in which the plastic condition exists to proceed
      in continuous fashion along the workpiece so that the forming of the
      workpiece can be effected in continuous fashion as said workpiece moves
      relative to the pressure applying electrode means.
NUM  54.
PAR  54. The method of claim 53, wherein the workpiece is fabricated of a
      superalloy.
NUM  55.
PAR  55. The method of claim 53, wherein the workpiece is fabricated of titanium
      or a titanium alloy.
NUM  56.
PAR  56. The method of claim 53, wherein the workpiece is fabricated of nickel
      or a nickel alloy.
NUM  57.
PAR  57. The method of claim 53, wherein the workpiece is fabricated of
      beryllium or a beryllium alloy.
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PAL  Flash fusing method and apparatus for fusing toner images onto flexible
      support material in which the support material is transported in a
      cylindrical path encircling the flash fusing lamp. The support material is
      a web or alternatively is in the form of copy sheets tacked onto a
      transport belt either by electrostatic tacking or by a vacuum transport
      and then advanced in a circular path around the flash with the toner
      images facing the flash lamp and receiving a uniform radiation therefrom.
BSUM
PAR  The invention relates generally to flash fusing, and in particular to
      method and apparatus for fusing toner images onto flexible support
      materials. More specifically, this invention relates to a xerographic
      flask fusing apparatus and method for rapidly and efficiently producing
      uniform image fixing on a flat support material.
PAR  In the xerographic process, a plate, generally comprising a conductive
      backing upon which is placed a photoconductive insulating surface, is
      uniformly charged and the photoconductive surface then exposed to a light
      image of an original to be reproduced. The photoconductive surface is
      caused to become conductive under the influence of the light image so as
      to selectively dissipate the electrostatic charge found thereon to produce
      what is developed by means of a variety of pigmented resin materials
      specifically made for this purpose which are known in the xerographic art
      as "toners."  The toner material is electrostatically attracted to the
      latent image areas on the plate in proportion to the charge concentration
      found thereon. Areas of high charge concentration become areas of high
      toner density while correspondingly low charge image areas become
      proportionally less dense. The developed image is transferred to a final
      support material, typically paper, and fixed thereto to form a permanent
      record or copy of the original.
PAR  Many forms of image fixing techniques are known in the prior art, the most
      prevalent of which are vapor fixing, heat fixing, pressure fixing or a
      combination thereof as described in U.S. Pat. No. 3,539,161. Each of these
      techniques, by itself or in combination suffer from deficiencies which
      make their use impractical or difficult for specific xerographic
      applications. In general, it has been difficult to construct an entirely
      satisfactory heat fuser having a short warm-up time, high efficiency, and
      ease of control. A further problem associated with heat fusers has been
      their tendency to burn or scorch the support material. Pressure fixing
      methods, whether hot or cold have created problems with image offsetting,
      resolution degradation and producing consistently a good class of fix. On
      the other hand, vapor fixing, which typically employs a toxic solvent has
      proven commercially unfeasible because of the health hazard involed.
      Equipment to sufficiently isolate the fuser from the surrounding ambient
      air must by its very nature be complex and costly.
PAR  With the advent of new materials and new xerographic processing techniques,
      it is now feasible to construct automatic xerographic reproducing
      apparatus capable of producing copy at an extremely rapid rate. Radiant
      flash fusing is one practical method of image fixing that will lend itself
      readily to use in a high speed automatic process as described in U.S. Pat.
      No. 3,529,129. The main advantage of the flash fuser over the other known
      methods is that the energy, which is propagated in the form of
      electromagnetic waves, is instantaneously available and requires no
      intervening medium for its propagation. As can be seen, such apparatus
      does not require long warm-up periods nor does the energy have to be
      transferred through a relatively slow conductive or convective heat
      transfer mechanism.
PAR  Although an extremely rapid transfer of energy between the source and the
      receiving body is afforded by the flash fusing process, a major problem
      with flash fusing as applied to the xerographic fixing art, has been
      designing apparatus which can fully and efficiently utilize a
      preponderance of the radiant energy emitted by the source during the
      relatively short flash period. The toner image typically constitutes a
      relatively small percentage of the total area of the copy receiving the
      radiant energy. Because of the properties of most copy materials, as for
      example, paper, most of the energy incident thereon is wasted by being
      transmitted through the copy or by being reflected away from the fusing
      area. Another disadvantage associated with the prior art flash fusing
      apparatus has heretofore been the non-uniformity of image fixing produced.
      This phenomena is primarily due to the fact that it is difficult to
      produce highly uniform irradiance on a large receiving surface as for
      example a sheet of paper, from a relatively small source such as a flash
      lamp.
PAR  While considerable effort has been expended in providing schemes for
      enhancing the efficiency and uniformity of fix of electrographic flash
      fusing systems, most efforts have been directed toward the provision of
      specially contoured reflecting surfaces which are designed to at least
      partially surround the flashlamp and thereby conserve energy via multiple
      reflections as set forth in U.S. Pat. No. 3,529,129. In addition to being
      costly to fabricate, such reflecting surfaces tend to become contaminated
      by loose toner particles and thereby necessitate frequent cleaning
      operations.
PAR  It is therefore an object of this invention to improve flash fusing of
      xerographic toner images on support material.
PAR  Another object of the invention is to accomplish flash fusing of
      electrostatic images on support material with a single flash for a
      predetermined area.
PAR  Another object of the invention is to enable highly efficient fusing of
      toner images onto flexible support sheets.
PAR  Another object of the invention is to enable efficient fusing of toner
      images onto web material.
DRWD
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is had to the following description of
      the invention to be read in conjunction with the drawings wherein:
PAR  FIG. 1 is a schematic diagram illustrating xerographic apparatus
      incorporating fusing apparatus according to one embodiment of the
      invention;
PAR  FIG. 2 is a detailed side view of the embodiment of the flash fusing
      apparatus of FIG. 1;
PAR  FIG. 3 is a schematic diagram illustrating xerographic apparatus
      incorporating a second embodiment of the fusing apparatus of the
      invention;
PAR  FIG. 4 is a detailed side view of the embodiment of FIG. 3; and
PAR  FIG. 5 is a view similar to FIG. 4 illustrating still another embodiment of
      the invention.
DETD
PAR  Referring now to the drawings, there is shown schematically in FIG. 1 an
      embodiment of the subject invention in a suitable environment such as a
      xerographic or electrophotographic reproducing machine adapted for
      continuous and automatic operation. The machine includes an
      electrophotographic plate or surface 10 formed in the shape of a drum. The
      plate has a photoconductive or light responsive layer on a conductive
      backing, journaled in a frame to rotate in the direction indicated by the
      arrow. The rotation will cause the plate to sequentially pass a series of
      electrophotographic processing stations. For the purpose of the present
      disclosure, the several electrophotographic processing stations in the
      path of movement of the plate surface may be described functionally as
      follows:
PAR  A charging station A at which a uniform electrostatic charge is deposited
      on the photoconductive plate;
PAR  An exposure station B at which a light or radiation pattern of the copy to
      be reproduced is projected onto the plate surface to dissipate the charge
      in the exposed areas thereof to thereby form a latent electrostatic image
      of the copy to be reproduced;
PAR  A developing station C at which electrostatographic developing material,
      including toner particles having an electrostatic charge opposite that of
      the latent electrostatic image to form a visible toner image in
      configuration of the copy being reproduced;
PAR  A transfer station D at which the toner image is electrostatically
      transferred from the plate surface to a transfer material or a support
      surface, and;
PAR  A drum cleaning station E at which the plate surface is brushed to remove
      residual toner particles remaining thereon after image transfer and
      exposed to a relatively bright light source to effect substantially
      complete discharge of any residual electrostatic charge remaining thereon.
PAR  It is felt that the preceding description of the electrophotographic
      process is sufficient for an understanding of the instant invention.
      Further details of this type of electrophotographic apparatus may be had
      by reference to U.S. Pat. No. 3,301,126 issued to R. F. Osborne et al.
PAR  In addition to the apparatus disclosed in aforementioned Osborne et al
      patent, the electrophotographic machine is also provided with flash fusing
      apparatus 50 to permanently bond the toner image to the support material
      which forms the basis of the instant invention.
PAR  The support material, preferably paper, which is to form the final slpport
      for the toner images, as shown, is a web of material 12 wound about a
      support roll 14 at a supply station. The web is directed along a feed path
      to pass the transfer station D and guided by an idler roller 22 to the
      flash fusing apparatus 50. The web having the fused images thereon is
      guided from the fuser apparatus for ultimate withdrawal from the machine.
      The web may be subsequently cut into sheets as is known in the art.
PAR  Referring now to FIG. 2, in accordance with the present invention loose
      image toner particles I, carried on support material 12, are fused thereto
      by cylindrically curling the material about the axis of an elongated
      source of radiant energy in the form of flash lamp 52. The web is advanced
      along the curved path by driven rollers 55 which are rotated in a
      direction indicated by the arrows. It will be appreciated that toner
      images I are moved along a circular path in the fusing zone such that the
      toner images are untouched and continuously face toward the center of
      curvature of the path where flash fusing lamp 52 is situated. It will be
      further appreciated that the flash fusing lamp fusing zone has a
      configuration which is circular or cylindrical such that uniform
      irradiance is insured to all points on the cylindrical surface from the
      particular flash lamp positioned along the central axis thereof. In this
      manner, it is not necessary to fuse the images onto a support material in
      piece meal fashion by energizing the lamp a number of times as different
      portions of the toner images are transported past the flash lamp.
PAR  Flash lamp 52 is energized at predetermined intervals by a suitable control
      circuit. After fusing of the images onto the web, the web can be cut into
      sheets and stacked by any suitable device.
PAR  It has been found that a Xenon flash lamp operating at power levels between
      800 and 1200 Joules produces very good toner fusion. Pulse durations
      between 0.25 and 1.5 milliseconds were found to provide acceptable fusing
      with pulses between 0.5 and 1.2 milliseconds giving better fusing results.
      It has also been found that longer pulses of energy are required as the
      power level increases.
PAR  The efficiency of the fusing system of the above-described invention can
      reduce the power required to fuse ordinary copies by as much as 50
      percent. It is believed that this is because of the unique configuration
      of the path through which the copy web is advanced past the flash fusing
      lamp.
PAR  Referring now to FIG. 3, there is illustrated a schematic representation of
      an automatic xerographic reproducing machine employing another embodiment
      of the flash fusing apparatus of the present invention in which cut sheets
      are used. In the illustrated machine, an original D to be copied is placed
      upon a transparent support platen P fixedly arranged in an illumination
      assembly generally indicated by the reference numeral 110, arranged at the
      left end of the machine. The image rays are projected by means of an
      optical system for exposing the photosensitive surface of a xerographic
      plate in the form of a flexible photoconductive belt arranged on a belt
      assembly generally indicated by the reference numeral 111.
PAR  The photoconductive belt assembly 111 is slidably mounted upon the frame of
      the machine and is adapted to drive the belt 112 in the direction of the
      arrow at a constant rate. During this movement of the belt, the light
      image of the original on the platen is flashed upon the xerographic
      surface of the belt. The flash exposure of the belt surface to the light
      image discharges the photoconductive layer in the areas struck by light,
      whereby there remains on the belt a latent electrostatic image in image
      configuration corresponding to the light image projected from the original
      on the supporting platen. As the belt surface continues its movement, the
      electrostatic image passes through a developing station in which there is
      positioned a developer assembly generally indicated by the reference
      numeral 114. The developer assembly 114 deposits developing material to
      the upper part of the belt assembly 111 whereat the material is directed
      to cascade down over the upwardly moving inclined selenium belt 112 in
      order to provide development of the electrostatic image. As the developing
      material is cascaded over the xerographic plate, toner particles in the
      development material are deposited on the belt surface to form powder
      images.
PAR  The developer electrostatic image is transported by the belt to a transfer
      station whereat a sheet of copy paper is moved at a speed in synchronism
      with the moving belt in order to accomplish transfer of the developed
      image. There is provided at this station a sheet transport mechanism
      generally indicated at 116 adapted to transport sheets of paper from a
      paper handling mechanism generally indicated by the reference numeral 118
      to the developed image on the belt at the station.
PAR  After the sheet is stripped from the belt 112, it is conveyed to a flash
      fuser apparatus generally indicated by the reference numeral 150 where the
      developed and transferred xerographic powder image on the sheet material
      is permanently affixed thereto according to the present invention as will
      be explained hereinafter. After fusing, the finished copy is discharged
      from the apparatus by a belt conveyor to a suitable point for collection
      externally of the apparatus.
PAR  Referring now to FIG. 4, loose image toner particles I, carried on flexible
      support sheet S, are fuxed thereto by cylindrically curling the support
      sheet S on a moving belt 151 transported about the axis of an elongated
      source of radiant energy in the form of a flash lamp 152. The support
      sheet S made of copy paper is electrostatically tacked to belt 151 which
      is made of any suitable insulating material such as mylar by a corona
      generating device 153 and transported along a circular path formed in the
      path of belt 151. Belt 151 is advanced by rotation of one of the rollers
      155 which are rotated in a direction indicated by the arrows. It will be
      appreciated that sheet S of copy paper is moved along a circular path such
      that the toner bearing surface of the support sheet is untouched and
      continuously faces toward the center of curvature of the path where flash
      fusing lamp 152 is situated. It will be further appreciated that flash
      fusing apparatus 150 has a configuration in the fusing zone which is
      circular or cylindrical such that uniform irradiance is insured to all
      points on the cylindrical surface from the flash lamp positioned along the
      central axis thereof. In this manner it is not necessary to fuse the
      images onto a support sheet in piece meal fashion by energizing the lamp a
      number of times as different portions of the toner bearing sheet are
      transported past the flash lamp. Flash lamp 152 is energized by a sensing
      member 160 which is positioned to sense the leading edge of the sheet S
      before completing the circular path defined by web 151. Sheets S are
      removed from the web 151 by a suitable stripping device and advanced
      exterior to the machine.
PAR  FIG. 5 shows another embodiment of the invention wherein belt 161 is
      perforated and a vacuum source applied so as to serve as a vacuum
      transport for sheets S.
PAR  While there have been shown and described and pointed out the fundamental
      novel features of the invention as applied to a preferred embodiment, it
      will be understood that various omissions and substitutions and changes in
      the form and details of the device illustrated and in its operation may be
      made by those skilled in the art without departing from the spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for fusing electroscopic toner particles to a flexible
      supporting surface, said apparatus comprising:
PA1  an elongated source of radiant energy; and
PA1  a transport mechanism for transporting a flexible sheet bearing unfused
      toner particles along a predefined path, at least a portion of said path
      having a substantially cylindrical shape, said energy source being
      positioned in such a manner that the longitudinal axis thereof
      substantially coincides with the axis of said cylindrical shape, said
      transport mechanism comprising an endless web, means for advancing said
      web along said predefined path, and means for rendering said web
      attractive to said sheet whereby said sheet will cling to said web and be
      transported thereby.
NUM  2.
PAR  2. The invention according to claim 1 wherein said source comprises a xenon
      flashlamp.
NUM  3.
PAR  3. The invention according to claim 1 wherein said advancing means
      comprises a plurality of rollers.
NUM  4.
PAR  4. The invention according to claim 1 wherein said web is composed of a
      dielectric material and said means for rendering said web attractive to
      said sheet comprises means for imparting an electrostatic charge to said
      web.
NUM  5.
PAR  5. The invention according to claim 1 further comprising means for energing
      said flashlamp source when at least a portion of said sheet is positioned
      along said cylindrical path.
NUM  6.
PAR  6. An improved flash fusing apparatus for fusing toner images on flexible
      support material comprising:
PA1  an elongated flash lamp,
PA1  a cylindrically shaped belt member encircling said flash lamp along the
      longitudinal axis thereof,
PA1  means for advancing said belt member along a predetermined path; and
PA1  means for positioning a flexible support sheet bearing toner images along
      the moving belt member to form a circular path around said flash lamp
      whereupon energizing said lamp uniform radiation is imparted to the
      support sheet to fuse toner particles at a reduced power output.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said belt member is made of an
      electrically insulating material on which the sheet is electrostatically
      attached.
NUM  8.
PAR  8. Apparatus according to claim 6 wherein said belt is a transport under
      vacuum.
NUM  9.
PAR  9. Apparatus according to claim 6 including sensing means for detecting the
      lead edge of the support sheet to provide a signal to energize the flash
      lamp.
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PAL  A fuser includes a pair of members defining a zone, a pair of electrical
      elements supported in series with a power supply by one of the members,
      and a thermostatic switch being electrically connected in parallel with
      one of the elements. When the temperature in the zone is below a
      predetermined level the switch is closed and shorts out the element with
      which it is in parallel. The switch opens when the temperature rises above
      said predetermined level, whereby less heat is provided for the zone. This
      arrangement provides a rapid warm up for the zone. Heat distribution in
      the zone is achieved by supporting the heating elements in zigzag fashion.
      Sagging of the elements thus mounted is prevented by bias means which
      maintain the elements under tension.
BSUM
PAR  The subject invention relates to radiant heaters of the type used in
      xerography to fix or fuse toner images on a substrate such as paper.
PAR  As is well known, in xerography toner images formed on a xerographic plate
      or drum are transferred to sheet paper and are fused thereto, according to
      at least one method, by the application of heat from an electrical element
      to the toner bearing sheet. In fact, U.S. Pat. No. 2,965,868, issued to R.
      W. Eichler on Dec. 20, 1960, discloses xerographic apparatus which
      utilizes a fuser comprising a small diameter quartz tube encircled by a
      fine coil of nichrome wire to provide a heating element of low thermal
      mass. The coil is supported by the quartz tube to prevent its sagging when
      heated. As a result, the wire may be closely spaced with regard to images
      to be fixed thereby and less electrical power is required to accomplish
      fusing. In the fuser described above the use of a heating element having a
      low thermal mass is important because the fuser may be brought up to
      operating temperature quickly, thereby reducing the standby period
      required before the xerographic apparatus can be used, and may be dropped
      quickly to prevent charring of paper remaining adjacent the fuser for more
      than some predetermined period of time.
PAR  It is an object of the present invention to provide a fuser for xerographic
      apparatus, which fuser is capable of further reducing the time required to
      reach operating temperature.
PAR  It is another object of the present invention to provide a fuser having
      heating elements which may be positioned in closely spaced parallel
      relation to paper without danger of the heating element deforming and
      contacting the paper.
PAR  In summary, the invention provides apparatus for fixing toner on a
      substrate as the substrate, which may be paper, is moved through a zone.
      Structurally, the apparatus comprises: (a) first and second members
      disposed on opposite sides of said zone; (b) an electrical power source;
      (c) a pair of electric heating elements coupled to the power source; (d)
      means coupling the heating elements to said first member for heating the
      zone, including first means for supporting one of the heating elements in
      a zigzag arrangement and means for biasing said first means to keep said
      one of the heating elements under tension; and (e) means, responsive to
      the temperature in the zone, coupled to the heating elements for changing
      the electrical load provided by the heating elements at the power supply,
      the load being smallest when the temperature in the zone is lower than a
      predetermined temperature.
DRWD
PAR  Additional objects and features of the invention will become apparent by
      reference to the following description in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a partial perspective view of a xerographic fuser, according to
      the invention, a section having been broken away to show a temperature
      sensitive switch of the fuser;
PAR  FIG. 2 is a schematic diagram showing electrical connections of parts of
      the fuser; and
PAR  FIG. 3 is a plan view of a member of the fuser and heating elements coupled
      thereto.
DETD
PAR  A fuser 10, according to the invention, for fixing toner 11 on a substrate
      such as paper 12 is shown in perspective in FIG. 1, parts normally
      required for coupling the fuser to a xerographic machine having been
      omitted in the interest of conciseness and in view of the belief that such
      coupling may be carried out by any person skilled in the xerographic art.
      Referring to FIG. 1, fuser 10 includes an upper member 14 supporting, as
      more fully discussed below, heating elements, and a lower member 15
      supporting a temperature sensitive switch 16, the members 14 and 15 being
      spaced to provide a substantially convection free zone through which paper
      12 may be drawn in the direction indicated by arrow 17. Apparatus for
      drawing the paper may be, if desired, such as is disclosed in conjunction
      with a xerographic machine in U.S. Pat. No. 2,965,868, issued to R. W.
      Eichler on Dec. 20, 1960.
PAR  Referring to FIG. 3, member 14 generally resembles a box cover and in this
      example is manufactured from sheet metal. One corner of member 14 supports
      an insulator 20 which, for example, may be manufactured from machinable
      ceramic, and adjacent another corner there is supported another insulator
      21 which may be manufactured from the same material. Parallel to the wall
      22 common to said corners and spaced from the top of the member there is
      supported by screws 23 and 24 an insulator in the form of a ceramic rod 25
      having annular grooves, the grooves being adapted, as more fully discussed
      below, to support the heating elements. Opposite wall 22, a wall 27
      supports three sleeves 28-30, each of the sleeves slidably supporting
      links 31-33, respectively. Link 31 is connected to a bracket 35 which
      supports an insulator in the form of a ceramic rod 36 having annular
      grooves and links 32 and 33 are connected to a bracket 37 which supports
      an insulator in the form of a ceramic rod 38 having annular grooves, the
      rods 36 and 38 being parallel to rod 25. One of the heating elements 39 is
      disposed in zigzag fashion between rods 25 and 38 and its ends,
      respectively, are fastened by terminals 40 and 41 to insulators 20 and 21.
      Similarly, the other of the heating elements is disposed in zigzag fashion
      between rods 25 and 36 and its ends, respectively, are fastened by
      terminals 44 and 45 to insulator 21, terminals 41 and 44 being
      electrically connected by an electrical shorting strap 49. The zigzag
      arrangements are maintained under tension by springs. More specifically,
      link 31 supports an abutment and is encircled by a compression spring 46
      engaging the abutment 49 and sleeve 28, as a result of which element 43 is
      placed under tension. Similarly, abutments 50 and 51 on links 32 and 33,
      respectively, cooperate with springs 47 and 48 to keep element 39 under
      tension. With this arrangement, if electrical power is connected to either
      or both of the heating elements any expansion or contraction of the
      elements due to temperature variations is accommodated and sagging which
      would otherwise result is substantially eliminated.
PAR  Referring to FIGS. 2 and 3, temperature sensitive switch 16 is electrically
      connected in parallel with element 43, via terminals 44 and 45, and the
      series connection of elements 39 and 43 are connected via terminals 40 and
      45, to a power supply 53. Temperature sensitive switch 16 remains closed
      below a predetermined temperature and electrically provides an open
      circuit above said temperature. As a result, with fixed output voltage
      from power supply 53, when the power supply 53 is switched on if,
      referring to FIG. 1, the temperature in the zone between the members 14
      and 15 is below said predetermined temperature the element 43 is shorted
      out and heat is provided by element 39. When the zone temperature rises
      above the predetermined temperature the switch opens and heat is provided
      by both elements 39 and 43 but at a lower rate because of the higher
      resistance seen by power supply 53. The arrangement described results in a
      fuser which provides a steady state heat output for fusing toner onto
      paper 17 and a high heat output for rapidly bringing the fuser up to the
      steady state level.
PAR  It should be noted that the temperature resistive switch may be a
      thermostat which is mounted on member 10 so as to be shielded by paper 12
      from direct radiation from the elements 39 and 43. In consequence, the
      thermostat is primarily responsive to the temperature of the zone.
PAR  In the embodiment of the invention described above, heating elements 39 and
      43 may be manufactured from ribbon lengths of an alloy consisting of, for
      example, 60 percent nickel, 16 percent chromium and a balance of mainly
      iron, such as is sold by the Hoskins Manufacturing Co. under the mark
      "Chromel C."
PAR  It will be appreciated by those skilled in the art that the series
      arrangement of elements disclosed may be replaced, for example, by an
      arrangement wherein a first element is connected to a power supply and a
      series combination of a second element and a temperature responsive switch
      are shunted across the first element. With this arrangement, when the
      temperature in the zone is below a predetermined level the switch would be
      closed and when the temperature rises the switch would be opened to cut
      down on the heat being supplied to the zone. However, despite the fact
      that a parallel arrangement can be used, for given heat requirements the
      parallel arrangement requires the use of elements having higher resistance
      values and this imposes the need to either use longer heating elements or
      elements manufactured from materials having a higher resistivity.
PAR  It is to be understood that the description herein of a preferred
      embodiment, according to the invention, is set forth as an example thereof
      and is not to be construed or interpreted as a limitation on the claims
      which follow and define the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for fixing toner on a substrate, as the substrate is moved
      through a zone, comprising:
PA1  a. first and second members disposed on opposite sides of said zone;
PA1  b. an electrical power source;
PA1  c. a pair of electric heating elements coupled to the power source;
PA1  d. means coupling the heating elements to said first member for heating the
      zone, including first means for supporting one of the heating elements in
      a zigzag arrangement and means for biasing said first means to keep said
      one of the heating elements under tension; and
PA1  e. means responsive to the temperature in the zone, including a thermostat
      located such that when the substrate is in the zone the heating elements
      and the thermostat are on opposite sides thereof, coupled to the heating
      elements for changing the electrical load provided by the heating elements
      at the power supply, the load being smallest when the temperature in the
      zone is lower than a predetermined temperature.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said coupling means include
      second means cooperating with the first means for supporting the other one
      of the heating elements, and means for biasing the second means to keep
      said other of the heating elements under tension.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said first means includes a
      first nonconductive rod connected to said first member, a bracket, and a
      second nonconductive rod connected to the bracket; and wherein said means
      for biasing the first means includes a link connected to the bracket and
      slidably coupled to said first member, and a spring coupled to the link.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein said one of the heating elements
      is an elongated metallic ribbon, and wherein each of the nonconductive
      rods includes a plurality of annular recesses for accommodating the
      metallic ribbon in zigzag fashion.
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ABST
PAL  An electrode boiler includes a plurality of veritcal electrodes arranged in
      a container having an open steam outlet at its top whereby the boiler
      operates at substantially atmospheric pressure. The boiler is provided
      with electrically controlled feed and drain valves and a water level
      sensing electrode is provided in the container. Electronic solid state
      control circuitry includes means response to the water level sensed by
      water level sensing electrode for controlling operation of the feed valve
      to replace water boiled away thereby maintaining a constant water level in
      the boiler. The electronic control circuitry also includes current
      responsive means operative to open the drain valve when the electrode
      current reaches a predetermined maximum magnitude irrespective of the
      water level and to close the drain valve when the electrode current falls
      to a predetermined lower value. The control circuitry includes means to
      prevent the feed and drain valves from being open simultaneously and
      electronic hysteresis means to prevent the feed valve from being opened
      and closed in rapid succession.
BSUM
PAR  This invention relates generally to steam boilers, and more particularly to
      an electrode boiler of the kind which is often used as a humidifier to
      provide steam for use in an air conditioning plant.
PAR  In the electrode boiler the electrodes, which may consist of solid rods or
      rolls of wire mesh material, are placed directly, in spaced relationship,
      in the water to be heated and the heating current flows through the water
      between the electrodes, of which there may be two for connection to a
      single-phase electric supply or a greater number for connection to a
      polyphase supply. The heating current depends upon the depth of immersion
      of the electrodes in the water and upon the electrical conductivity of the
      water. The electrical conductivity of the water varies in dependence upon
      the amount of mineral salts dissolved in it and the amount of tiny
      particles of mineral matter, for example calcium oxide or lime, carried in
      the water. The water may also contain many elements other than lime.
PAR  The electrode boiler is normally fed from a town water supply, which may
      vary considerably in the amount of dissolved mineral salts and tiny
      particles of solid matter contained in it, some areas having relatively
      pure water and others having water which is heavily contaminated, i.e.
      contains a comparatively large amount of dissolved mineral salts etc. The
      pressure of town water supplies also varies over a large range.
PAR  It will be evident that if the boiler is filled with water having a
      particular initial level of contamination and the water is boiled
      continuously, the amount lost by evaporation being made up by feeding new
      town water into the boiler, the amount of contamination of the water in
      the boiler will gradually increase until it reaches an unacceptable level
      at which solid matter in the form of lime or other substances is deposited
      very rapidly on the electrodes. When the degree of contamination rises
      above the acceptable limit it is necessary to remove some of the offending
      matter by draining a proportion of the water out of the boiler and
      replacing it with fresh town water.
PAR  Electrode boilers at present available suffer from numerous shortcomings in
      respect to their controls and the principal object of the invention is to
      provide an electrode boiler having an automatic control which is very
      simple in conception but which will nevertheless provide a control of a
      very high order, combined with reliability, and which may be manufactured
      economically.
PAR  The invention consists of an electrode boiler in which the electrode
      current varies with the depth of immersion of the electrodes in the water
      to be boiled and the degree of contamination of the water by dissolved
      mineral salts and particles of solid mineral matter comprising means to
      feed water to the boiler to replace water boiled away and to maintain a
      substantially constant water level in the boiler, electronic circuitry to
      sense the magnitude of the electrode current, an electrically controlled
      drain valve, circuitry responsive to the sensing circuitry to open the
      drain valve when the magnitude of the electrode current rises to a
      predetermined maximum value, and means to close the drain valve when a
      desired quantity of water has been drained from the boiler.
PAR  The means to feed water to the boiler and to maintain a substantially
      constant water level in the boiler may comprise a level sensing electrode
      placed in the boiler at a height at which the water level is to be
      controlled, sensing circuitry to sense when the water level reaches the
      sensing electrode, and an electrically controlled feed valve responsive to
      the sensing circuitry.
PAR  The circuitry to sense the magnitude of the electrode current may comprise
      a current transformer having its primary winding connected in series with
      one boiler electrode, whereby a voltage proportional to the electrode
      current is induced in the secondary winding.
DRWD
PAR  Preferred embodiments of the invention will now be described with reference
      to the accompanying drawings in which
PAR  FIG. 1 shows schematically one embodiment of the invention;
PAR  FIG. 2 shows an alternative arrangement of the feed and drain connections
      to the boiler of FIG. 1;
PAR  FIG. 3 is a circuit diagram of an electronic control for the boiler of FIG.
      1 or 2; and
PAR  FIG. 4 is a graphical representation of the operation of the boiler.
DETD
PAR  Referring to FIG 1, the electrode boiler comprises a container 11, which
      may conveniently be made of synthetic plastics material, the general
      structure of the boiler being inexpensive so that when it is thoroughly
      contaminated with solid matter it may be thrown away rather than
      dismantled and descaled. The moulded container includes bushes 12 and 13
      which support electrodes 14 and 15 (shown dotted) inside the boiler and
      have respective electrical connections 14a, 15a at their upper ends. These
      electrodes are shown as cylinders for convenience but they may be
      comprised of rolls or other structures of wire mesh and may be of any
      desired shape, to provide particular boiler characteristics. Only two
      electrodes are shown, for use with a single phase alternating current
      supply, but more electrodes may be provided for connection to a polyphase
      supply. The boiler may be of any desired size, but a convenient size which
      has a large field of application holds about 6 liters of water (about 11/4
      gallons) with a "boiling space" at the top. At the top of the container is
      a moulded-on tube 16 through which steam is discharged at substantially
      atmospheric pressure for use in an air conditioning system. However, if
      the boiler discharges into a steam hose or into a duct through which air
      is being blown by a fan the steam discharge might not be quite at
      atmospheric pressure.
PAR  Water is supplied to the boiler through an inlet pipe 17 leading to a
      strainer 18 from which the water flows through a flow regulator 19. This
      may conveniently be an automatic flow or pressure regulating device of a
      kind which is available on the market. From the flow regulator 19 the
      water passes to an electrically controlled feed valve 20 actuated by a
      solenoid 21. The water then passes through a pipe 22 to one arm of a "T"
      piece 23 fixed to the bottom of the container 11. The other arm of the "T"
      piece 23 forms an outlet and this is connected to a second electrically
      controlled valve 24 actuated by a solenoid 25. Water passing through the
      valve 24 passes into a drain pipe 26.
PAR  A level sensing electrode 27 is included in the container 11 in order to
      maintain the water level in the boiler substantially at the level
      indicated by the dotted line 28. The sensing electrode 27 is connected to
      level sensing means 29 which in turn actuates the solenoid 21 as indicated
      by the dotted line 30.
PAR  It will be understood that some form of hysteresis must be provided in the
      level sensing device 29 to ensure that it does not rapidly open and close
      the feed valve. It may be arranged that the feed valve is not closed until
      the water level has risen to a desired degree above the bottom of the
      level sensing electrode or that when the water falls below the bottom of
      the level sensing electrode the level sensing device does not operate
      until the water has fallen by a particular amount below this level.
PAR  The electrode 15 is connected directly to the neutral line 31 of a mains
      supply network while the electrode 14 is connected through a current
      sensing device 32 to the live conductor 33 of the supply. The current
      sensing device could be a resistor, means being provided to sense the
      voltage drop across the resistor, but it is preferred to use a current
      transformer as described in more detail later. As water is continuously
      boiled away from the boiler the amount of contamination in the water
      increases due to the continual supply of new town water. As the degree of
      contamination increases the electrical resistance of the water falls and
      the electrode current rises. When the current has risen to the maximum
      level which is acceptable the current sensing device actuates the solenoid
      25 via a line indicated in dotted lines at 34 to open the drain valve 24,
      whereupon some of the water from the boiler is allowed to drain away. As
      the water drains away the electrode current falls and when it has fallen
      to a predetermined lower level the solenoid 25 is de-energized and the
      drain valve closes.
PAR  FIG. 2 shows an alternative arrangement of the feed and drain pipes. The
      boiler is fed as in FIG. 1 through a feed pipe, strainer, flow regulator
      and feed valve with its solenoid but the "T" piece is omitted from the
      bottom of the boiler and the pipe 22 passes into the bottom of the boiler
      and has its end turned over at 35 so that it is horizontal. A drain pipe
      36 is fitted into the boiler so that its upper end is well above the level
      of the feed pipe. The drain pipe 36 passes to the electrically controlled
      drain valve 24 connected to the drain 26 as before.
PAR  FIG. 3 shows a circuit diagram of the control apparatus for the boiler
      system of FIG. 1 or 2. It shows a boiler container 11 containing three
      heating electrodes 37 which have a connection to a three-phase supply from
      terminals 38. For connection to a single phase supply only two electrodes
      will be required. The electrodes are symbolically represented by the
      dotted lines 37 and it is to be understood that they may consist of solid
      rods or rolls or other shapes made from wire mesh material, as previously
      mentioned. In series with one of the phase lines is the primary winding 39
      of a current transformer having a secondary winding 40. A voltage is
      induced in the primary winding 39 which is proportional to the current
      flowing in the electrode to which the transformer is connected and this is
      stepped up in the secondary winding 40 to provide a control voltage. One
      end of secondary winding 40 is connected to a point 41 in a common line
      42, and also to one end of a resistor R9 the other end of which is
      connected to a variable resistor RV1, the other end of RV1 being connected
      to the other end of the transformer secondary winding.
PAR  The container 11 also contains a water level sensing electrode 43 which
      determines the approximate level to which the boiler is filled. Assuming
      that the boiler is initially empty, no electrode current passes and the
      level sensing electrode is not immersed. Under this condition, since there
      is no electrode current, no voltage is developed across the capacitor C5.
PAR  The slider of variable resistor RV1 is connected to the anode of a diode D3
      whose cathode is connected to the cathode of a Zener diode ZD3 whose anode
      is connected to the common line 42. Common line 42 is connected to the
      cathode of a further Zener diode ZD4 whose anode is connected through a
      resistor R27 to the level sensing electrode 43. The cathode of diode D3 is
      connected to one terminal of the capacitor C5 whose other terminal is
      connected to the common line 42 and which is connected to one terminal of
      a capacitor C6 having its other terminal connected through a resistor R14
      to the anode of a diode D4 whose cathode is connected to the anode of
      Zener diode ZD4. A resistor R11 is connected in parallel with C5 and a
      resistor R15 is connected in parallel with C6. The cathode of diode D3 is
      also connected to one end of a resistor R16 whose other end is connected
      to the inverting input of an integrated circuit IC1. The said other
      terminal of capacitor C6 is connected through a resistor R16a, which is
      identical with R16, to the inverting input of a further integrated circuit
      IC2. The non-inverting input of IC1 is connected through a resistor R13 to
      the anode of a diode D5 whose cathode is connected to the output terminal
      of IC1. The non-inverting input of IC2 is connected through a resistor R18
      to the cathode of a diode D6 whose anode is connected to the output of
      IC2. IC1 and IC2 are both used as voltage level detectors with hysteresis,
      IC1 detecting the positive voltage developed across capacitor C5 and IC2
      detecting the negative voltage developed across capacitor C6.
PAR  The output of IC1 is connected through a resistor R19 to the base of a
      p-n-p transistor TR1 whose emitter is connected to the common line 42. A
      resistor R20 is connected between the base of TR1 and the common line 42.
      The collector of TR1 is connected to the anode of a diode D8 whose cathode
      is connected through a resistor R22 to the output of IC2. A resistor R23
      is connected between the emitter and collector of TR1. The collector of
      TR1 is also connected to the gate electrode of a gated rectifier GR1
      having one main terminal connected to the common line 42 and the other
      main terminal connected to the solenoid 21 of the feed valve. A resistor
      R24 and a capacitor C7 are connected in series between the two main
      terminals of GR1. The output of IC1 is connected through a resistor R21 to
      the cathode of a diode D7 whose anode is connected to the gate of a
      further gated rectifier GR2 having one main terminal connected to the
      common line 42 and its other main terminal connected to the solenoid 25 of
      the drain valve 24. A resistor R25 and capacitor C8 are connected between
      the main terminals of GR2.
PAR  The other ends of the feed valve and drain valve solenoids are connected to
      a phase terminal 44 of a single phase supply, the neutral terminal being
      given reference 45. The primary winding 46 of a single phase transformer
      is connected to supply terminals 44 and 45. The secondary winding is
      centre tapped at 47, the centre tap being connected to the common line 42.
      Resistors R1 and R2, diodes D1 and D2, capacitors C1, C2, C3 and C4 and
      resistors R3 and R4 provide a rectified and smoothed low voltage supply,
      the capacitors C1 and C3 having a comparatively low capacitance such as
      0.1.mu. F, C2 and C4 being smoothing capacitors of high capacitance, such
      as 500.mu. F. Zener diodes ZD1 and ZD2 provide voltage stabilization for
      the two halves of the supply. The outer poles of the supply are connected
      to the appropriate supply connections of IC1 and IC2 and each half of the
      supply has a voltage divider connected across it, consisting respectively
      of resistors R5 and R6 in series and resistors R7 and R8 is series. The
      junction of R5 and R6 is connected to the non-inverting input of IC1 and
      the junction of R7 and R8 is connected to the non-inverting input of IC2.
PAR  Assuming that the boiler is initially empty, no electrode current can pass
      and the level sensing electrode 43 is not immersed in water. Under this
      condition, since the electrode current is zero no voltage is developed
      across capacitor C5 and the inverting input of IC1 is at neutral
      potential. The non-inverting input of IC1 is held at the threshold
      potential determined by the divider network R5 and R6 and by the
      hysteresis network R11, C5. Under this condition the output of IC1 is
      saturated positive and D7 is reverse biased so that no gate current will
      flow in GR2. GR2 is therefore switched off and the drain valve 24 is
      closed.
PAR  As the sensing electrode is not immersed, no voltage is developed across
      capacitor C6 and therefore the inverting input of IC2 is at neutral
      potential while the non-inverting input is held at threshold potential
      determined by the divider network R7 and R8. Under this condition the
      output of IC2 is saturated negative, diode D8 is forward biased and gate
      current flows into GR1. GR1 is therefore switched on and the feed valve 20
      is open.
PAR  Water gradually fills the cylinder at the rate permitted by the flow
      regulator 19 and as the electrodes become increasingly immersed a
      gradually increasing electrode current flows so that the water is heated.
      After a period the water level rises to the point at which it touches the
      level sensing electrode 27 and current flows through the water from the
      heating electrodes via R27 to ZD4, so that half cycle negative pulses
      appear across ZD4 having an amplitude equal to the Zener voltage of ZD4.
      These negative pulses charge capacitor C6 via D4 and R14. After a short
      period, depending upon the time constant of this circuit, which may
      typically be between 5 and 15 seconds, the voltage across C6, which is
      applied to the inverting input of IC2, exceeds the threshold voltage
      applied to the non-inverting input of IC2. At this point the output of IC2
      swings saturated positive, gate current to GR1 is cut off and the feed
      valve 20 is allowed to close. Due to the delay between the instant at
      which the water first touches the sensing electrode and the instant at
      which the feed valve closes, which is caused by the time constant of R14,
      C6 and R15, the water level in the cylinder will have risen slightly above
      that at which the sensing electrode first became immersed. The water in
      the cylinder now boils away for a period until the water level falls below
      the lower surface of the sensing electrode, whereupon C6 becomes
      discharged through R15 and the output of IC2 again swings saturated
      negative so that it switches on the feed valve. This sequence of events is
      continued, so that the water level in the cylinder is maintained
      substantially constant at or near the height determined by the level
      sensing electrode. The parameters of the boiler electrodes etc. are so
      chosen that, during these early cycles of feeding after first switching
      on, the electrode current does not reach the predetermined maximum level.
      However, after a number of sequences of refilling and boiling the
      concentration of dissolved salts and mineral particles in the water
      gradually rises and, as a result, the electrode current rises and
      eventually reaches the maximum operating level, equivalent to the
      threshold level which has previously been set by the adjustment of VR1.
      When this occurs the voltage across capacitor C5 reaches and passes the
      threshold level for the switching of IC1 and the output of IC1 changes to
      saturated negative. This causes D7 to become forward biased, thereby
      allowing gate current to flow to GR2 so that the drain valve is opened.
      Simultaneously the base of transistor TR1 becomes negative biased due to
      current flowing through R19 and TR1 becomes saturated on, thereby
      effectively short-circuiting the gate of GR1 and preventing operation of
      the feed valve while the drain valve is open. These arrangements permit
      water to drain from the boiling cylinder until the water in the boiler
      falls to a certain predetermined level, which may for example correspond
      to 75% of the normal height, so that the electrode current falls to
      approximately 75% of its maximum value without allowing the feed valve to
      be opened. The exact depth to which draining occurs is determined by the
      hysteresis network R12 and R13 which resets the threshold level of IC1.
      When, under this condition, the drain valve eventually closes at
      approximately 75% of normal electrode current the inhibitor transistor TR1
      becomes switched off and thereby again permits normal operation of the
      feed valve.
PAR  The water drained away will have been rich in dissolved and particulate
      minerals and is replaced by feed water having a lower mineral content,
      thereby lowering the mineral content of the water in the boiler.
PAR  If at the end of the next boiling cycle the electrode current does not
      reach the maximum level a further draining operation will not occur.
      However, due to the continuing increase of mineral concentration in the
      boiler with successive boiling cycles the maximum electrode current will
      again be reached during a subsequent boiling cycle and will then produce a
      further drain cycle.
PAR  Water drained from the boiler has previously been heated to boiling
      temperature and draining therefore involves some waste of power. It is
      desirable to reduce this to a minimum. When using the control according to
      the invention it is possible to decide in advance the maximum degree of
      contamination which is tolerable and to determine the electrode structure
      which will give the required steam output with this degree of
      contamination. The values of components may be selected and the control
      apparatus may be adjusted at the time of manufacture so that it will
      automatically allow the contamination of the water in the boiler to
      increase up to the predetermined maximum and will then automatically
      maintain it substantially at this level by draining a quantity of water
      from the boiler when necessary. The water continues to boil during the
      draining periods and the rate of refilling is sufficiently slow to enable
      boiling to continue.
PAR  FIG. 4 is a graph showing the operation of a boiler with a control
      according to the invention. The graph is plotted to a base of time and the
      vertical ordinate I.sub.E represents the electrode current, the
      predetermined maximum current being indicated by a dotted line 93.
PAR  Referring to the graph, it will be assumed that at the beginning the boiler
      is empty. The electric supply is turned on and the water, flow is
      controlled at a desired level by the flow regulator 19. The water will
      begin to rise in the boiler. As soon as the water rises to the level of
      the bottom ends of the electrodes 14 and 15 the water will begin to pass
      current and the current will rise as indicated in the first part 94 of the
      graph. Eventually the water will rise to the desired level 28 (FIG. 1)
      when the current reaches the point 5 on the graph. This is well below the
      predetermined maximum current, and the electrode current will continue to
      rise along the portion 81 of the graph because the electrical conductivity
      of water increases quite considerably with increasing temperature. The
      water in the boiler also expands. Eventually the water boils, at the point
      82 on the graph, and the boiler then goes into operation. As the water in
      the boiler is boiled away the new town water which is supplied continually
      brings with it additional contamination, so that the total contamination
      of the water in the boiler continually increases and the current slowly
      rises along the portion 83 of the graph. It will be understood that if the
      town water supply is very pure and contains comparatively little
      contamination then the rise along the portion 83 will be slow whereas if
      the feed water is very heavily contaminated the degree of contamination
      increases rapidly and the rise in conductivity will be much more rapid.
      Eventually the portion 83 reaches the maximum level indicated by the
      dotted line 93 at the point 84. At this point the gated rectifier GR2
      receives its threshold gate voltage and becomes conductive, thereby
      energizing the solenoid 24 which opens the drain valve 25 Water now drains
      from the boiler and the current simultaneously falls along the portion 85
      of the graph until the current has fallen to the predetermined point at
      which the electrode current falls below the minimum at which the voltage
      on the gate of GR2 falls below the "holding" level. The element GR2
      switches off, and the drain valve 24,25 is closed at the point 86. New
      feed water now begins to refill the boiler to the level 27 and the current
      rises, as indicated by the section 87 of the graph, until the level 27 is
      again reached at the point 88. The current is, of course, below the
      predetermined maximum at this point because the degree of contamination of
      the water has been reduced, but as boiling continues the contamination
      will increase and the current will rise along the portion 89 of the graph
      until, at the point 90, the predetermined maximum is again reached, when
      the gated rectifier again becomes conductive to commence another drain
      cycle as indicated generally at 91. The process continues to repeat as
      shown by the further portion of the graph at 92.
PAR  From the foregoing description it will be evident that the invention
      provides a boiler with an extremely simple automatic control which, in
      spite of its simplicity, is fully comprehensive in its mode of control and
      in its ability to take account of all relevant factors which affect the
      operation of such boilers.
PAR  A situation will eventually be reached when the electrodes become so
      heavily encrusted with solid matter that the resistance to the current
      rises to a point at which the maximum current is never reached. The boiler
      will then continue to function without any drain periods until a final
      stage is reached at which the boiler will not pass sufficient current to
      enable a reasonable steam output to be maintained. This is the point at
      which the boiler must be descaled or preferably, if it is of a cheap
      construction using a sealed plastic container, discarded and replaced by a
      new one. For this purpose naturally quick and easily replaceable
      connections are provided. That is to say, the cable may be arranged to
      clip on to the electrical outlets from the electrodes, a heat-resisting
      flexible pipe may be pushed on to the output tube 16 and a quick and
      easily removable connection may be arranged between the Tee 62 and the
      lower end of the boiler.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrode boiler for operation at substantially atmospheric pressure
      comrising a container having an open steam outlet at its top, a plurality
      of vertical electrodes fixed inside the container, supply circuitry to
      supply electric current to the electrodes, feed and drain connections to
      the container respectively including electrically actuated feed and drain
      valves, a level sensing electrode fixed inside the container, and
      electronic solid state control circuitry connected to the supply circuitry
      and to the feed and drain valves and to the level sensing electrode, the
      control circuitry containing voltage-responsive means operative to open
      the feed valve when the water in the container is out of contact with the
      level sensing electrode and to close the feed valve when the water in the
      container is in contact with the level sensing electrode, the control
      circuitry also containing current-responsive means operative to open the
      drain valve when the electrode current reaches a predetermined maximum
      magnitude irrespective of the water level and to close the drain valve
      when the electrode current falls to a predetermined lower magnitude.
NUM  2.
PAR  2. A boiler as claimed in claim 1 in which the current-responsive means
      comprises a current transformer having its primary winding connected in
      series with one boiler electrode, whereby an alternating voltage
      proportional to the electrode current is induced in its secondary winding,
      a two-state electronic device whose output reverses its polarity when a
      voltage applied to an input reaches a predetermined magnitude, the
      transformer secondary voltage being applied as an input to the two-state
      electronic device through a rectifier, and a gated rectifier which
      controls the current supply to the drain valve, the output of the
      two-state device being applied to the gate of the gated rectifier.
NUM  3.
PAR  3. A boiler as claimed in claim 1 in which the control circuitry includes
      means to prevent the feed and drain valves from being open simultaneously.
NUM  4.
PAR  4. A boiler as claimed in claim 1 in which the control circuitry includes
      electronic hysteresis means to prevent the feed valve from being opened
      and closed in rapid succession.
NUM  5.
PAR  5. A boiler as claimed in claim 1 in which the voltage-responsive means
      comprises a two-state electronic device whose output reverses its polarity
      when a voltage applied to an input reaches a predetermined magnitude, the
      alternating voltage appearing at the water level sensing electrode when
      the water is in contact therewith being applied as an input to the
      two-state electronic device through a rectifier, and a gated rectifier
      which controls the current supply to the feed valve, the output of the
      two-state electronic device being applied to the gate of the gated
      rectifier.
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ABST
PAL  A cooking tray is disclosed in which a carrier of tempered glass is mounted
      on a support surface between the support surface and the heating element.
      The carrier is insulated to protect it from the heat of the heating
      element by thermal sealing means comprising in one embodiment an
      intermediate ring surrounding the heating element having a layer of
      insulation attached to the intermediate ring. Moisture seals are also
      provided between the carrier and the heating element to prevent moisture
      from entering between the carrier and the heating element.
PAL  Various alternative embodiments illustrating the concept of utilizing the
      carrier of tempered glass with an intermediate ring, heat insulation and
      moisture sealing means to permit the combination of various heating
      elements with a carrier of tempered glass are disclosed.
PARN
PAR  This is a division of application Ser. No. 246,243 filed Apr. 21, 1972, now
      U.S. Pat. No. 3,838,249.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is concerned with a cooking tray. More particularly with the
      carrier for a cooking tray in which there is at least one opening through
      the carrier for a heating element with a sealing ring disposed between the
      carrier and the heating element and a clamping means located on the bottom
      side of the carrier, by which the heating element is held in the opening.
PAR  2. Description of the Prior Art
PAR  In conventional cooking trays of this type where the heating elements have
      a solid metal casing (cooking plates or hot plates), the heating elements
      are clamped in openings the same size as the elements cut in a sheet metal
      carrier. This procedure is employed in order to save material by using the
      thinnest possible gauge and yet obtain a cooking tray of sufficient
      mechanical stability. Previously, it has been necessary to press ribs into
      the carrier and, in addition, to use supportive clamping devices which
      could be rather complicated and covered the entire length of the cooking
      tray. Apart from the material and manufacturing costs required, the uneven
      surface formed by the embossing in the carrier is more difficult to keep
      clean, and thereby causes difficulty, particularly when steel is used. In
      addition to the uneven shape, because of the high heat conductivity of
      metal, the carrier reaches very high temperatures in the area adjacent to
      the heating plate and dirt easily forms and cakes there.
PAR  A further disadvantage of previously known designs is the impracticality of
      matching the color of the outer surface of the carrier to the
      surroundings. This drawback is more important, the more one endeavors to
      offer electrical home appliances in as many colors and designs as
      possible.
PAR  It is therefore an object of the invention to develop a cooking tray, the
      decorative design of which can be changed by simple means and at low cost.
PAR  It is a further object to design a tray having low maintenance and a weight
      comparable to that of conventional cooking trays made from alloy steel.
PAC  SUMMARY OF THE INVENTION
PAR  The solution to the problems of the prior art is accomplished in accordance
      with this invention by using a flat carrier plate of tempered glass as the
      carrier in the cooking tray.
PAR  An essential advantage of the invention is that the thickness of the
      plate-shaped carrier can be chosen so that additional reinforcement and
      clamping arrangements are not required and sufficient mechanical stability
      can be attained at low manufacturing costs with the total weight of the
      tray lower than in previously known designs. As an example, for a cooking
      tray of usual dimensions with four cooking elements, a carrier having a
      thickness of only 5 mm is sufficient. Because a substructure (clamping
      device) is required only under the heating elements, cutouts in the work
      surface carrying the cooking tray can be limited to the relatively small
      area of this substructure, regardless of the shape and size of the
      remainder of the cooking tray, which can therefore be chosen without
      restrictions.
PAR  In the carrier constructed in accordance with the invention, special
      surface treatment is eliminated, because tempered glass has a very dense
      and extremely resistant surface which is very easy to take care of.
      Additionally, because of the poor thermal conductivity of glass, the
      baking of dirt onto the surface is eliminated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further details and advantages of the invention will be explained with the
      aid of the embodiments shown in the Figures of which:
PAR  FIG. 1 illustrates a cross-sectional view of a cooking tray in which a
      cooking plate is the heating element;
PAR  FIG. 2 illustrates a cross-sectional view similar to FIG. 1 through a
      second embodiment of the invention;
PAR  FIG. 3 illustrates a cross-sectional view similar to FIG. 2 through a third
      embodiment of the invention;
PAR  FIGS. 4 to 7 illustrate various cross-sectional designs for an intermediate
      ring utilized in the invention;
PAR  FIG. 8 illustrates a cross-sectional view similar to FIG. 3 through a
      fourth embodiment of the invention;
PAR  FIGS. 9 to 11 illustrate in cross-sectional view further designs for an
      intermediate ring;
PAR  FIG. 12 illustrates in cross-sectional view an embodiment using a radiation
      heater;
PAR  FIG. 13 illustrates in cross-sectional view an embodiment using a gas
      burner;
PAR  FIGS. 14 to 15 illustrate in a partial and cross-sectional view an
      embodiment in which an indication of the switch position is visible
      through the carrier plate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the Figures, particularly FIG. 1, a carrier plate of tempered
      glass 1, for example, has at least one circular opening with a lateral
      edge 11, for a so-called solid cooking plate 2. Between the carrier 1 and
      the work surface 9 a layer of insulating material 4 is disposed at the
      bottom side of the carrier. By way of example, this layer 4 may be of
      asbestos having a lining of stainless steel sheet 41 at least at its outer
      edges.
PAR  The cooking plate 2 has an overhanging flange 22 and a rim 21 extending
      vertically downward. Inserted between both the rim 21 and flange 22 and
      the carrier 1 is a sealing ring 3 of L-shaped cross-section and made from
      temperature resistant material having low thermal conductivity such as
      asbestos. This seal, at least at the outer edge, may have a lining of
      stainless steel sheet.
PAR  For fastening the cooking plate 2 in the opening of the carrier 1 a shallow
      tray 6 is appropriately made from sheet steel or metal and can be
      partially filled with a heat insulating material 7. The tray is clamped
      against the bottom side of the carrier 1 by means of a screw 23 which can
      be screwed into a central portion 24 of the cooking plate 2. When the rims
      61 are bent upward, it rests either directly on the insulation layer 4 or,
      as shown, on an interposed pressure plate 5. The depth of the tray 6 is
      designed so that is does not protrude beyond the lower edge of the work
      surface 9, which in most cases is 30 mm thick, if the cooking tray is
      inserted into a corresponding cutout of the work surface.
PAR  Cooking trays manufactured according to the invention are preferably made
      with two cooking plates in tandem or with a hot plate, and the combination
      of these basic elements is held together by means of a frame corresponding
      to the selection of the basic elements.
PAR  An improved design, in which the cost to manufacture such a cooking tray is
      reduced, will be explained with the aid of FIG. 2. Here, the carrier plate
      501 extends beneath the heating plate 402, and the size of the opening 211
      is selected to be only sufficient to accommodate a clamping stud or heat
      sensor of the heating plate. Not only are the costs for the tools to make
      the openings thereby reduced, but better overall stability also results,
      thereby making it possible to use carrier plates with less material
      thickness.
PAR  The cooking tray 402 is arranged in the cutout of the work surface 9' so
      that its carrier plate 501 of tempered and/or pre-stressed glass rests
      against the top side of the work surface 9' through a seal 122. In FIG. 2
      on the top side of the carrier plate 501 a solid cooking plate 402 is
      arranged, equipped with a centrally located clamping stud 241. The plate
      402 with a skirt 222 rests on an intermediate ring 10 which serves to
      thermally decouple the plate from the carrier. The cooking plate 402 is
      designed with a relatively low circular web 26, so that a low design
      results. Even more favorable configurations can be obtained by means of
      cooking plates of sheet metal such as steel.
PAR  On the top side of the carrier plate 501, under the cooking plate 402, a
      protective layer made up of two parts is arranged to permit thermal
      decoupling. This protective layer consists of a layer 321 of thermal
      insulating material and a covering 102 made in the shape of a lid,
      arranged on top of it, the surface of which facing the cooking plate is
      designed to be as reflective of radiant heat as possible. In another
      modification of this design, the top side of the layer 321 can itself be
      made as the layer which reflects the radiant heat.
PAR  In order to seal the area under the cooking plate against the entry of
      moisture, a silicone seal 31 is provided, and arranged between the carrier
      plate 1 and the layer 321 where it is protected against excessive heat
      effects.
PAR  In the design of cooking trays of the type described, it has been observed
      that in the area where the heating plate rests on the carrier due to the
      poor heat conductivity of the carrier, a steep temperature gradient causes
      considerable mechanical stresses, and must be taken into consideration in
      the design of the cooking tray. According to a further embodiment of the
      invention, these temperature gradients can be reduced by arranging an
      intermediate layer 81 (FIG. 2) of material with high heat conductivity
      (for example, soft aluminum) in good thermal contact with the carrier
      between the carrier 501 and the layer of insulating material, such as
      asbestos. Depending on the thickness and heat conductivity of the
      intermediate layer and the heat transfer resistance from the carrier to
      the intermediate layer, the temperature gradient mentioned above can be
      reduced to a greater or lesser degree. Adequate practical results can be
      obtained with a soft aluminum carrier of 1 mm thickness which is pressed
      against the bottom side of the carrier 1 by means of the pressure plate 5'
      , which forms part of the clamping device. Thus, carrier plates of small
      thickness can be used.
PAR  An opening 211, the same size as the diameter of clamping stud 241 mounted
      to the cooking plate 402, passes through carrier plate 501 and the layers
      disposed above and below it. By tightening a nut 231 on the clamping stud
      241, the entire arrangement can be held together by clamping the cooking
      tray underneath and fastening it laterally at the downwardly bent leg 51
      of pressure plate 5'. Additionally, the entire substructure rests against
      the work surface 9' through angle 111 and gasket 122.
PAR  With reference to FIGS. 3 to 11, these Figures illustrate different
      embodiments of the intermediate ring designed for better thermal
      decoupling between the cooking plate and the carrier. It can consist of
      metal, heat insulating materials such as pressed glass, ceramic or
      asbestos coated on the outside, as well as combinations of these
      materials. Particularly in the case of a flat cooking plate, it can also
      be designed in the shape of a cup, and may also cover the bottom side of
      the cooking plate.
PAR  According to FIG. 3 and the enlarged illustration shown in FIG. 4, the
      intermediate ring of metal 210 rests on the carrier 511 through a layer of
      asbestos 32 and a seal of silicone 331. For protection, the seal 331 is
      arranged at a distance from the edges of the intermediate ring 210, which
      becomes very hot during operation. The essentially flat pressure plate 5'
      extends beneath the cooking plate 412, has downward pointing legs 51 and
      serves to fasten the cooking plate 412 by threaded stud 241 and a lock nut
      231.
PAR  In the design shown in FIG. 5, the intermediate ring 510 consists of two
      ring-shaped members 101 and 102' arranged at a small lateral distance from
      each other made, for example, of asbestos. The selection of the distance
      between the two members is determined by projections 103 pressed out of
      the inner ring 102'. Between the two ring-shaped members 101 and 102' a
      seal 33 is located.
PAR  In the embodiment shown in FIG. 6, the intermediate ring 710 is a
      thin-walled die casting of aluminum, for example.
PAR  As shown in FIG. 7, the intermediate ring 810 is formed as a molded part of
      poor heat conducting material, for example, asbestos, steatite, porcelain
      or temperature resistant glass. Because such materials are adapted to
      insulate against the very large temperature difference thay may develop in
      such materials between the contact surface of the cooking plate on the
      intermediate ring and the contact surface of the intermediate ring on the
      carrier 511, the layer 32, shown in the embodiments of FIGS. 3 to 6, can
      be omitted. If an intermediate ring of steatite or porcelain is used, the
      material should be glazed on the outside surface; if molded asbestos is
      used, it is recommended to cover the outside with a lining 105, for
      example, of sheet steel.
PAR  In all the embodiments illustrated in FIGS. 3 to 7, the intermediate ring
      also serves for centering the cooking plate in the carrier 511, and for
      this purpose has a collar 104 and 104' protruding into the opening of the
      carrier 511.
PAR  The intermediate ring should be designed so that it absorbs the largest
      possible portion of the temperature difference between the heating plate
      and the carrier plate, without detracting from the pleasing appearance of
      the cooking tray. A particularly favorable design of this type can be
      achieved by selecting the radial distance between the outer contact point
      of the intermediate ring and the heating plate, and the inner contact
      point of the intermediate ring and the carrier plate to be at least 1.5
      times as large as the projection of that part of the intermediate ring
      which lies above the carrier plate on a plane extending perpendicular to
      the carrier plate.
PAR  Examples of embodiments of this type are shown in FIGS. 8 to 11.
PAR  As shown in FIG. 8, the cooking plate 422 rests against the carrier plate
      521 through an intermediate ring 701 of pressed glass and is held by
      threaded stud 241, nut 231 and strap 25 in the opening 311 of the carrier
      plate 521 with the strap 25 bearing against the pressure plate 5'.
PAR  The intermediate ring 701 has a side 702 which runs at an angle outward,
      and fits a correspondingly shaped side at the edge of the cooking plate
      422. Inserted between these two sides is a heat resistant sealing means
      322 which also serves to maintain the material-tight connection between
      the cooking plate 422 and the intermediate ring 701. The shape of the
      cooking plate 422 and the intermediate ring 701 is chosen so that a
      continuous transition from the plane of the cooking plate to the
      intermediate ring is obtained. The intermediate ring in turn is inclined
      at an angle .alpha. of less than 20.degree.. The radial distance of the
      intermediate ring a between the contact points closest to each other at
      the heating plate 422 and the carrier plate, respectively, is about three
      times that of the projection b of that part of the intermediate ring which
      lies above the carrier plate 521 on a plane extending perpendicular to the
      carrier plate 521. The intermediate ring 701 rests on the carrier plate
      521 only at leg 705 at its outermost end and extends over seal 521. The
      intermediate ring 701 further has legs 703 and 704 protruding into the
      opening, which serve the purpose of thermal shielding and may, as shown by
      dashed lines, extend over the entire thickness of the carrier plate 521.
PAR  Further improved thermal decoupling than in the embodiment shown in FIG. 8
      is obtained with the design shown in FIG. 9 in which the intermediate ring
      consists of a support ring 712 and an auxiliary ring 713 which preferably
      consists of asbestos, and is arranged between a lower edge 28 of the
      cooking plate 432 and an arm 7121 of the support ring 712 which consists
      preferably of metal. The support ring and the auxiliary ring can be bonded
      tightly to each other. The support ring 712 rests on the top side of the
      carrier plate 1 only at the flat flange 7122; an offset intermediate piece
      7123 provides substantial thermal decoupling. If desired, the space
      between the support ring 712 and the cooking plate 432 can be entirely or
      partially filled with heat insulating material, as indicated by the dashed
      lines. A cover ring 711 serves to cover the support ring and the auxiliary
      ring, extends through member 7111 over the flange 7122 as well as over the
      seal 631, and is connected to the cooking plate 432 in a moisture proof
      manner at 27. The sole governing factor for the selection of the material
      and the shape of the cover ring is the requirement of optimum thermal
      decoupling, as this cover ring need not support any forces.
PAR  In the design shown in FIG. 10, a support ring 731 and an auxiliary ring
      732 is again provided, the function of the cover ring being supplied by a
      suitably shaped rim area 261 of the cooking plate 442. This rim area is
      extended by member 261 over the flange 7311 of the support ring 731 and
      the seal 631, without fully touching the carrier plate 521. The carrier
      ring 731 and auxiliary ring 732 each have an offset portion 7312 and 7322,
      respectively, and are connected with each other, for instance, by welding.
      In the interest of optimum thermal decoupling, the support ring and/or
      auxiliary ring may be perforated, the amount and type of which is limited
      only by the requirement that it have adequate mechanical stability.
PAR  FIG. 11 shows a further embodiment, similar to the design shown in FIG. 8,
      in which the connection between the cooking plate 425 and the intermediate
      ring is through inclined, outward sloping surfaces 422 and 7223,
      respectively. However, the intermediate ring here consists of a support
      ring of metal 721 which, with flange 7211, extends over a seal 631 on the
      top side of the carrier 521, into the opening, and through arm 7212
      supports auxiliary ring 722. This ring 722 is tightly connected, for
      instance, by soldering, with the support ring 721 at 7221 and is made from
      thermal insulating material, such as asbestos cement, and may be coated on
      the top side 7222.
PAR  In the embodiments described so far a heating plate, held by a clamping
      device located below the carrier, served as the heating element.
PAR  According to FIG. 12, a heating element 20 is fastened in the opening of
      the carrier 521 of tempered glass by means of a threaded stud 242, a nut
      232 and a clamping device 62. The heating element 20 is designed as a
      radiant electrical unit 201 arranged and mounted in a support tray 202.
      This support tray has a bent-over edge 2021, covering a seal 831 by which
      the support tray rests on the carrier 521. The dimensions of the seal 831
      are such that when in the mounted position as shown, it is in tension
      between the carrier 521 and the edge 2021. The radiant heater unit 201
      consists of a known tubular heating unit shaped into a spiral.
PAR  In the design according to FIG. 13, a heating element 201 is fastened in
      the opening of the carrier 521 by means of a clamping device 63. The
      heating element consists of a support element 203 to which a gas burner
      204, a lighter 207, a safety sensor and a support grating 208 as well as a
      gas line 205 are fastened. The support element 203 also has a rim 2031
      which is bent down, braced against the carrier 521 and extends over a seal
      831, the dimensions of which are in accordance with the description of the
      seal 831 shown in FIG. 12.
PAR  As shown by all of the embodiments described, little or no heat conduction
      occurs between the hottest parts of the heating elements and the parts
      resting on the carrier, and no additional steps to reduce the heat
      transfer from the heating element to the carrier are necessary.
PAR  It is also a goal of the improvement exemplified by the invention to
      combine an operating indicator for the heating elements of the cooking
      tray which is as simple and easy to read as possible as well as using as
      many heating elements for a stove (oven) with a cooking tray of glass.
PAR  This further improvement is characterized by providing each heating element
      with an identification carrier coupled with the control element associated
      with the heating element, or with its operating control, respectively, and
      by arranging this identification carrier below the carrier in such a
      manner that it can be read through the carrier. It is particularly
      advantageous to cover the lower side of the carrier with opaque material
      and to provide windows in the mask through which only one part of each
      identification carrier is visible to a person standing in front of the
      cooking tray. The side of the mask that is in contact with the carrier can
      easily be given a design which matches the color and decor of the kitchen
      furniture surrounding the cooking tray. If solid cooking plates are used
      as heating elements, it is particularly advantageous to make the mask of
      material of high heat conductivity, for instance, of aluminum, and to keep
      this mask in good, heat conducting contact with the carrier; the mask then
      provides good temperature distribution over the entire carrier, so that
      thermal stresses resulting from excessive heat gradients are kept within
      tolerable limits.
PAR  Usually, several heating elements will be arranged on one carrier; the
      operating controls and identification carriers associated with the
      corresponding control elements are then advantageously arranged in a row
      below the front edge of the cooking tray, accessible from the front. The
      identification carriers can be designed as discs, drums or cylinders and
      consist preferably of transparent material. A lamp arranged behind the
      identification carriers, which is switched on when one heating element is
      put in operation, provides for a further improvement in the quantitative
      indication of operation. Advantageously, this light source simultaneously
      illuminates a strip of transparent material arranged at the front side of
      the cooking tray and in a plane perpendicular to the carrier of the
      cooking tray. It can therefore also be distinctly recognized by a person
      situated at a greater distance from the cooking tray (qualitative
      indication of operation).
PAR  Two examples of embodiments of this kind will be explained with the aid of
      FIGS. 14 and 15.
PAR  FIG. 14 shows a carrier 531 of tempered glass, built into an electric stove
      of which only a section is shown. A solid cooking plate 462 is mounted in
      an opening 411 of the carrier 531. The substructure, particularly the
      clamping means for the solid cooking plate, is covered up by a shielding
      tray 60.
PAR  On the front side of the stove, the carrier 1 is supported in molding 30
      which extends over the front edge of the carrier and encloses a seal 310.
      The molding has a recess 320 into which the operating controls 430 of the
      individual control elements 40 (arranged side by side, and either switches
      or regulators) are accommodated. Each operating control 430 is coupled
      with the associated control element 40 through shaft 410, which also
      carries a worm 420. The latter engages through a work wheel attached to a
      cylinder identification carrier 440, which is rotatably supported on an
      axis perpendicular to the plane of the drawing and has on its outer
      surface markings corresponding to the individual positions of the control
      element 40. These markings are visible through a window 1210 in a mask 120
      of opaque, but highly heat conducting material (soft aluminum), which is
      placed underneath the carrier 531. The markings can additionally be
      illuminated by means of a light source 70, which is switched on when one
      of the functions of the stove is put in operation by one of the operating
      controls 430.
PAR  A reflector 80 arranged on the rear side of the control element 40 protects
      the control elements and identification carriers from excessive heat.
PAR  Below the molding 30 of the stove the upper boundary of a muffle 50 and the
      door 600 are shown. The door serves to close off the muffle, as well as
      acting to seal the door with seal 610 arranged between the muffle and the
      door.
PAR  The embodiment shown in FIG. 15 differs from that shown in FIG. 14 merely
      by the simplified identification carrier 450, which is designed as a
      hollow drum and is mounted directly on the shaft 410' extending between
      the operating control 430 and the control element 40'. In the interest of
      saving as much space as possible, the drum encloses the control
      element40'.
PAR  The idea of the invention has been illustrated by reference to a cooking
      tray with an opening for a heating element; however, it is obviously also
      applicable to cooking trays of transparent materia having no opening, in
      which the heating elements are in contact with the bottom side of the
      carrier. material
PAR  In the foregoing, the invention has been described in reference to specific
      exemplary embodiments. It will be evident, however, that variations and
      modifications, as well as the substitution of equivalent construction and
      arrangements for those shown for illustration, may be made without
      departing from the broader scope and spirit of the invention as set forth
      in the appended claims. The specification and drawings are accordingly to
      be regarded in an illustrative rather than in a restrictive sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cooking tray comprising:
PA1  a. a cooking unit having at least one heating unit;
PA1  b. a carrier member of tempered glass disposed in spaced relation below
      said cooking unit, said carrier having at least one opening adapted to
      permit the connection of the cooking unit to the carrier;
PA1  c. a sealing means having low thermal conductivity disposed around the
      circumference of the heating element and connecting the carrier and the
      heating to thermally insulate the carrier from the heating element;
PA1  d. fastening means mounted on the bottom side of the carrier member and
      passing through the opening in the member to detachably fasten together
      member and the cooking unit;
PA1  e. a first control element having a first operating control disposed below
      said carrier and coupled to control said heating element; and
PA1  f. a first identification carrier coupled to said first operating control
      and disposed so as to be visable through said carrier to provide an
      indication of the position of said first control element.
NUM  2.
PAR  2. A cooking tray in accordance with claim 1 wherein the bottom of the
      first carrier has an opaque mask having a window to view the
      identification carriers.
NUM  3.
PAR  3. A cooking tray in accordance with claim 2 wherein the mask is made from
      material of high heat conducitivity.
NUM  4.
PAR  4. A cooking tray in accordance with claim 1 and further including a second
      heating element, said second heating element having associated therewith a
      second control element and operating control and further including a
      second identification carrier coupled to said second control element to
      provide an indication of the position of said second control element.
NUM  5.
PAR  5. A cooking tray in accordance with claim 4 wherein the identification
      carriers are arranged adjacent to each other at an edge portion of the
      carrier.
NUM  6.
PAR  6. A cooking tray in accordance with claim 5 wherein the edge portion
      extends parallel to the front edge of the cooking tray, and the operating
      controls associated with the control elements are arranged in a row
      adjacent to each other in a level below the carrier.
NUM  7.
PAR  7. A cooking tray in accordance with claim 6 wherein the identification
      carrier is a hollow drum, open on one side, mounted directly on a shaft
      extending above the control element between the operating control and the
      control element.
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ABST
PAL  A heater on metal composite unit. A strip of metal has a stripe of an
      electrically insulative and thermally conductive synthetic resin material
      bonded to one surface along the length thereof. At least one stripe of an
      electrically conductive material, having a width less than the width of
      the insulative stripe, is bonded to the surface of the insulative stripe
      along the length thereof. A strip of electrical resistance material at
      least partially overlies the stripes of both the conductive and insulative
      materials thereby providing a path of electrical resistance material from
      the conductive stripe transversely across a portion of the width of the
      insulative stripe whereby when electrical current flows through the
      electrical resistance material it will supply heat to the metal strip.
      Apparatus and a process for fabricating these composite units are also
      disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to heater on metal composite units and more
      particularly to composite strips and disks which may be continuously and
      economically fabricated and in which the heater is in close thermal
      contact with a metal substrate.
PAR  Electrically heated metal bodies have a wide variety of commercial and
      industrial uses, such as in thermostatic devices, thermal relays,
      time-delay relays, circuit breakers, etc. It is advantageous to have the
      electrically energized heater in good heat-exchange relation to the metal
      body, frequently a bimetal strip or disk, which changes its configuration
      as a function of temperature. Also, it is desirable to be able to supply
      such heater-metal units in various shapes and configurations at minimal
      expense.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of this invention may be noted the provision of
      heater on metal composite units in which the heater has a maximum of
      thermal contact with an underlying metal substrate; the provision of such
      composite units which can be conveniently fabricated in a wide variety of
      different shapes and configurations; and the provision of apparatus and
      processes for continuously, efficiently and economically fabricating such
      heater on metal composite units. Other objects and features will be in
      part apparent and in part pointed out hereinafter.
PAR  Briefly, the heater on metal composite units of this invention each
      comprise a strip of metal having a stripe of an electrically insulative
      and thermally conductive synthetic resin material bonded to one surface
      along the length thereof. At least one stripe of an electrically
      conductive material, having a width less than the width of the insulative
      stripe, is bonded to the surface of the insulative stripe along the length
      thereof. A strip of electrical resistance material at least partially
      overlies the stripes of both the conductive and insulative materials
      thereby providing a path of electrical resistance material from the
      conductive stripe transversely across a portion of the width of the
      insulative stripe whereby when electrical current flows through the
      electrical resistance material it will supply heat to the metal strip.
PAR  In accordance with the process of this invention, such heater on metal
      composite units are made by continuously applying a layer of a high
      temperature electrically insulating but thermally conductive synthetic
      resin material to one surface of a continuously moving metal strip and
      then applying at least one continuous stripe of an electrically conductive
      material lengthwise along one margin of the insulating layer. A second
      continuous electrically conductive stripe is provided along the length of
      the strip spaced from the first mentioned electrically conductive stripe.
      A layer of electrical resistance material is applied to the strip at
      intervals spaced along its length so as to at least partially overlie both
      conductive stripes and span and be bonded to the insulation layer
      therebetween. The thus-fabricated composite strip is then segmented into a
      plurality of heater on metal composite units of the desired shape and
      configuration.
PAR  Apparatus of this invention includes the structural components for
      automatically and continuously carrying out the above process.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR   FIG. 1 is a perspective of a heater and bimetal strip composite of the
      present invention;
PAR  FIG. 2 is a plan view of the FIG. 1 composite;
PAR  FIG. 3 is a cross section on line 3--3 of FIG. 2;
PAR  FIG. 4 is a circuit diagram of the composite of FIGS. 1-3 utilized as a low
      current circuit breaker for a low power electrical load;
PAR  FIG. 5 is a plan of another heater and bimetal composite of the present
      invention;
PAR  FIG. 6 is a cross section on line 6--6 of FIG. 5;
PAR  FIG. 7 is a schematic diagram of a thermal relay employing the bimetal
      composite of the present invention;
PAR  FIG. 8 is a block diagram illustrating the steps of a process of the
      present invention for continuously fabricating heater and bimetal strip
      composites thereof; and
PAR  FIG. 9 is a diagrammatic view of apparatus of the present invention for
      carrying out the process illustrated in FIG. 8.
PAR  Cprresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and more particularly to FIGS. 1-4, a heater
      on metal composite unit of this invention is generally indicated at 1. A
      metal strip 3 constituted, for example, by a bimetal strip with a layer 3a
      having one thermal coefficient of expansion and a second layer 3b bonded
      thereto and having a different thermal coefficient of expansion, comprises
      a substrate to which is bonded a stripe 5, constituted by a layer less
      than the width of strip 3, of an electrically insulative and thermal
      conductive material. This provides an exposed and uninsulated margin
      stripe 6 of the metal substrate layer 3a. Strip 1 may, for example, be a
      strip of bimetal in the order of 10 mils thick with a high expansion layer
      formed of a manganese-iron alloy, and a low expansion alloy formed of an
      iron-nickel alloy. Insulative stripe layer 5 may typically be about 1-1.5
      mils thick and preferably formed from high temperature resin, i.e., one
      useful in temperature ranges in the order of 500.degree.-600.degree.F. An
      example of such a high temperature resin is a polyimide resin formed by
      heat curing a polyamic acid-solvent mixture, such as is obtainable under
      the trade designation "Pyre-M-L" from E. I. DuPont de Nemours and Company.
      Other high temperature resins such as benzophenones, polyamideimide,
      polybenzothiazoles, phosphonitrilic, etc., may also be used.
PAR  A stripe 7 of an electrically conductive material is bonded to stripe 5
      along one margin thereof. This stripe is formed, for example, from a
      synthetic resin material, as is used for the insulating layer 5, mixed
      with conductive metal particles. A polyimide or amide modified polyimide
      resin having 17% by weight of silver flakes interspersed therein is useful
      for forming this conductive stripe. A stripe 7 of such material has a
      resistivity of about 0.10-0.12 ohms/square/mil. A conductive metal, such
      as copper, silver, tin, etc., may be advantageously electroplated on the
      surface of stripe 7, or applied by conventional evaporative techniques.
PAR  A strip 9 of electrical resistance material is bonded to conductive stripe
      7, the exposed portion of insulative layer 5 and the exposed conductive
      margin stripe 6 of layer 3a of bimetal substrate 3. As layer 9 overlies
      and is in electrical contact with stripes 7 and 6 and spans the
      intervening surface portion of layer 5, this provides an electrical
      resistance path transversely across the width of the overlaid portion of
      insulating layer 5. Layer 5 is formed preferably of a mixture of a high
      temperature resin, such as noted above, but with particles of carbon,
      e.g., graphite (32% by weight), and a minor amount of silver or nickel
      powder interspersed therein. A typical mixture would have a resistivity on
      the order of 70 ohms/square. This material may be applied by silk
      screening or by applying preformed pressure-sensitive pads of such
      electrical resistance and is typically in the order of about 1 mil thick.
      Secured, by welding preferably, to the other surface of the heater on
      bimetal unit 1 is a conventional electrical contact button 11.
PAR  FIG. 4 shows a low current circuit breaker utilizing heater on bimetal unit
      1 to energize an electrical load from an electrical power source L1,L2,
      with L1 being electrically connected to the exposed portion of conductive
      stripe 7. The left end of unit 1 as viewed in FIGS. 1 and 2 is secured to
      a base (not shown) so that unit 1 is cantilever-mounted thereon with
      contact 11 positioned for mating engagement with a fixed contact 13 also
      secured to the base. With layer 3b the higher expansion bimetal layer and
      contacts 11 and 13 normally engaged, the heater layer 9 will heat to a
      temperature which is a function of the load current flow therethrough. At
      a temperature corresponding to a predetermined level of overload current
      the differential expansion of layers 3a and 3b will cause contact 11 to
      move away from contact 13 thereby breaking the circuit to the load and
      providing overload protection. The current flow through the electrical
      resistance layer 9 is indicated by arrows in FIG. 3. As insulation layer 5
      has good thermal conductivity and is quite thin and major portion of
      electrical resistance layer 9 is in face-to-face contact therewith, there
      is excellent thermal contact and heat transfer between heater 9 and
      bimetal strip 3.
PAR  Another embodiment of this invention is shown in FIGS. 5-7 wherein a heater
      on bimetal composite unit 1A is shown to include a bimetal substrate 3
      with an insulating layer 5a of high temperature synthetic resin bonded
      thereto across the entire width thereof. In this unit 1A a pair of spaced
      apart electrically conductive stripes 7a and 7b are applied to the surface
      of layer 5a and an electrical resistance layer 9a is bonded to stripes 7a
      and 7b. Layer 9a spans and is bonded to the intervening central portion of
      the insulating layer thus placing it in intimate thermal contact with
      bimetal strip 3 through the thin thermally conductive layer 5a interposed
      therebetween. The exposed areas of stripes 7a and 7b provide a convenient
      place to solder or otherwise secure conductors for electrical circuit
      connection to the electrical resistance layer 9a.
PAR  A thermal relay employing the heater on bimetal composite unit 1A is
      schematically shown in FIG. 7. In this instance the flow of heater current
      does not traverse, but is isolated from, the bimetal blade strip 3a and
      contact 11. Upon sufficient current flow from a low current power source
      LL1 and LL2 through electrical resistance layer 9a, it will heat strip 3a
      to change its curvature to open normally closed contacts 15 thereby
      breaking the circuit to the load between lines L1,L2.
PAR  Apparatus and a process of this invention are illustrated in FIGS. 8 and 9.
      A continuous web of strip 3 of a metal or a bimetal to serve as a
      substrate for the units of this invention has a thin coating of liquid
      resin material applied to its upper surface as indicated at 17. Strip 3
      with this coating is then moved through a curing oven 19 where the resin
      is cured to form the high temperature resin insulation layer 5, a central
      lengthwise portion 21 thereof being selectively removed by stripping to
      form or provide a central conductive stripe of exposed substrate 3.
      Electrical contact buttons 11 are then welded to the other surface of
      strip 3 at intervals spaced along its length. Thereafter a pair of
      electrically conductive stripes 7 are applied by roller applicator 23 to
      the margins of insulating layer 5. A reciprocal applicator 25 then applies
      at intervals along the length of the moving strip performed pads of
      pressure-sensitive electrical resistance layers 9 which are cured and
      bonded to the exposed surfaces of conductive stripes 7 and 3. The
      resulting continuous composite strip is then segmented into a plurality of
      heater on bimetal composite units 1C by stamping as indicated at 29. These
      are shown as thermostatic dish-shaped bimetallic disks 1B adapted for
      connection to electrical circuit leads and mounting as a subassembly in a
      thermal relay, low power circuit breaker or the like.
PAR  It will be understood that units 1B and 1 may be similarly automatically,
      continuously and economically fabricated and that customary silk screening
      techniques may be utilized to apply insulating layers 9 rather than using
      performed pressure sensitive pads of electrical insulation material 9.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above methods, constructions, and
      products without departing from the scope of the invention it is intended
      that all matter contained in the above description or shown in the
      accompanying drawings shall be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heater unit comprising:
PA1  a strip of electrically conductive metal material;
PA1  a stripe of an electrically insulative synthetic resin material bonded to a
      selected limited part of one surface of the metal strip extending along
      the length of the metal strip exposing a marginal part of said one strip
      surface also extending along the length of the metal strip;
PA1  a stripe of an electrically conductive material bonded to a selected
      limited part of one surface of the insulative stripe along the length of
      the insulative stripe exposing a marginal part of said insulative stripe
      also extending along the length of the insulative stripe adjacent to said
      exposed marginal part of said one metal strip surface; and
PA1  a strip of electrical resistance material overlying and being bonded to a
      selected part of the electrically conductive stripe, of the exposed
      marginal part of said insulative stripe, and of the exposed marginal part
      of said metal strip providing a path of selected electrical resistance
      between the conductive stripe and said metal strip, whereby, when
      electrical current flows through said electrical resistance material, heat
      will be supplied to said metal strip.
NUM  2.
PAR  2. A composite unit as set forth in claim 1 wherein the metal strip is
      itself a composite of two metal layers having different thermal
      coefficients of expansion whereby the strip has a curvature which is a
      function of the temperature thereof and wherein said electrical resistance
      heater comprises an organic resin having a conductive particulate filler
      therein permitting curvature of the metal strip as a function of the
      temperature thereof.
NUM  3.
PAR  3. A composite unit as set forth in claim 2 in which said conductive stripe
      comprises a mixture of conductive metal particles and a synthetic resin
      material.
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PAL  Apparatus for simultaneously punching a ballot card, to produce a permanent
      voting record, and generating corresponding electrical signals for use in
      an electronic balloting system, the apparatus including an electrical
      contact matrix having a plurality of column contact strips and a plurality
      of row contact strips, and further including a hand-held stylus which is
      insertable through holes in the matrix to punch a ballot card held
      adjacent to the matrix. The stylus has a punch-rod and first and second
      contact sleeves slidingly mounted with respect to the punch-rod, the
      contact sleeves being urged by springs into contact with respective column
      and row strips, to make electrical contact between a column strip and a
      row strip as the ballot card is punched. An electronic interface connected
      with the contact matrix detects each contact completed, and generates
      signals indicative of the row and column punched in the ballot card.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electronic balloting or vote-recording
      systems, and, more particularly, to such systems which also utilize
      punched cards as permanent ballot records.
PAR  Governmental agencies have long sought a reliable and rapid system for
      recording and tallying the ballots of voters on election day. With
      increasing population and a seemingly ever-expanding list of offices and
      issues to be voted upon, an effective and convenient solution has still to
      be found, in spite of the availability of fast and reliable electronic
      computers.
PAR  Apart from manual counting methods, there are basically three vote-counting
      techniques presently available: those utilizing punched or otherwise
      encoded cards, mechanical voting machines, and electronic voting machines.
      In a punched-card system, each voter records his selections by punching
      holes, using a hand-held stylus of some kind, in a card which is placed in
      a specially designed holder so that the hole locations are properly
      aligned with the possible voter selections, which are printed in a booklet
      attached to the holder or printed on the card itself. The punched-card
      form is a convenient one because it is also a standard input medium for
      electronic computers. Consequently, the cards can be transported to a
      computer site, and read into a computer system for tallying and printing
      of the election returns.
PAR  However, the punched-card system suffers from a number of serious
      disadvantages. First, the cards must be handled manually by a number of
      people in passing from the voters' hands to the computer. This not only
      introduces an unavoidable security hazard, but also results in a
      substantial time delay in generating the complete election returns.
      Furthermore, the cards have to be manually "manicured" to ensure that the
      punched-out material is completely removed before the cards are passed
      through card reading machines. Even when all possible care is taken, a
      small but not insignificant percentage of cards will usually be virtually
      destroyed by card jams in the reading machines.
PAR  Mechanical vote-recording machines are generally more reliable, in the
      sense that they accurately indicate the voter selections. However, a
      system utilizing mechanical voting machines at each precinct depends on
      the accurate transcribing of the machines' tallies, and there is much room
      for human error in transferring these tallies to a central computer, not
      to mention the security hazard entailed. Furthermore the mechanical
      counters register only running tallies, and lack an audit trail for use in
      the case of a vote recount.
PAR  Completely electronic machines appear to be the ideal solution to the
      problems of mechanical and punched-card systems. It is within the current
      state of the electronics art to design a voter terminal employing only
      electrical switches for voter selections, to store and transmit these
      selections to a central computer over telephone lines or by other means,
      and to process the voter selections in the computer, all without human
      intervention. Thus, the problem of manual card-handling, time delays, and
      security hazards are all avoided by the totally electronic system. One
      significant problem remains, however.
PAR  As in the case of mechanical vote-recording machines, a totally electronic
      system would provide no permanent, i.e., non-volatile, record of each
      ballot cast. A recount procedure would not be possible except by rerunning
      the central computer through its computations, a procedure which would
      not, of course, detect possible errors introduced in the transmission of
      the data. Raw data as provided by the voter could not be reproduced, at
      least not without some intervening electronic processing. Basically, then,
      the disadvantages of totally electronic balloting systems stem from their
      lack of reliance on permanent voting records. It seems that the
      reliability of totally electronic systems is still suspect to some degree,
      and some form of back-up, incorporating elements of an already proven
      technique, is necessary if the systems are to be widely accepted.
PAR  It will be appreciated from the foregoing that there is definite need in
      this art for a system incorporating apparatus which provides the speed and
      reliability of a totally electronic balloting system, but which is
      conveniently compatible with existing systems, and which gererates
      permanent records, such as punched cards, encoded with the raw balloting
      data at each balloting site. The present invention fulfills this need.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in the novel combination of a hand-operated
      ballot-recording device, such as a card punch, and an electrical sensor
      matrix means having a plurality of elemental sensors for detecting the
      voter selections. The sensor matrix means is connectable to an electronic
      processor located in the precinct office and utilized to automatically
      tally and format the vote selections, and to forward them to a central
      computer, preferably over a communication link such as a telephone line.
      The novel combination, therefore, provides for the simultaneous generation
      of electrical signals indicative of each voter selection, and a
      conventional machine-readable ballot, such as a punched card, as a
      permanent record of each voter's selections.
PAR  Basically, and in general terms, the apparatus of the present invention
      includes means for holding a ballot card for encoding or punching, the
      electrical sensor matrix means located adjacent to the ballot card,
      portable stylus means engageable with the electrical matrix means to
      actuate it at a selected elemental sensor, and having card-punching means
      to simultaneously perforate the card, and electrical interface means
      connected with the electrical sensor matrix means, for generating encoded
      electrical signals indicative of the voter selections.
PAR  In accordance with a presently preferred embodiment of the invention, the
      electrical sensor matrix means comprises a plurality of electrical
      contacts, including a plurality of row contact strips and a plurality of
      column contact strips, all insulated from one another. The stylus means is
      inserted through perforations in the contact strips to make an electrical
      contact between one row and one column strip, and to simultaneously punch
      the ballot card.
PAR  More specifically, the stylus means of the presently preferred embodiment
      includes a central punch-rod, an outer stylus body rigidly connected to
      the punch-rod, two contact sleeves surrounding the punch-rod and sized to
      contact the row and column contact strips, respectively, and resilient
      means mounted between the contact sleeves and the stylus body, so that, as
      the punch-rod is pushed through the card by force applied to the stylus
      body, the resilient means force the two contact sleeves into contact with
      the row and column strips, respectively, to make an electrical contact
      between them. The column and row connection thus completed by the stylus
      is then sensed by the electrical interface means connected to the row and
      column contact strips, and encoded signals indicative of the row and
      column selections are generated for utilization by the local electronic
      processor.
PAR  The electrical interface means in the aforementioned preferred embodiment
      includes scanning means for cyclicly scanning the points of the matrix
      until a connection between a row connector strip and a column connector
      strip is detected, means operable to temporarily disable the scanning
      means when a connection on the matrix is found, means for transmitting for
      tallying the row and column numbers indicative of the connection, and
      means for reactivating the scanning means.
PAR  The voter terminal also includes a "vote complete" switch, which is
      normally actuated by the voter after all his ballot selections have been
      made, and a ballot sense switch, which senses the presence of a ballot
      card in the terminal. With the condition of these two switches and the
      encoded row column data at its disposal, the local processor, which may be
      a hard-wired unit, or a programmable minicomputer or microprocessor, can
      readily tally and format the voter selection data for local storage and
      subsequent transmission to a central computer.
PAR  It will be appreciated from the foregoing that the present invention
      overcomes a major obstacle to the implementation of electronic balloting
      systems, in that it provides for the generation of electrical signals
      simultaneously with the punching of a ballot card as a permanent or
      back-up record of the voter selections. Furthermore, the manual voting
      procedure resembles quite closely that of the existing punched card voting
      procedure. Other aspects and advantages of the invention will become
      apparent from the following more detailed description taken in conjunction
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an electronic balloting system embodying the
      apparatus of the present invention;
PAR  FIG. 2 is a perspective view of a modified punched-card vote-recorder
      incorporating features of the present invention;
PAR  FIG. 3 is an enlarged, plan view of an electrical contact matrix utilized
      in the vote-recorder of FIG. 2, with portions partially broken away to
      show row and column contact strips in the matrix;
PAR  FIG. 4 is a further enlarged, fragmentary, cross-sectional view of the
      matrix of FIG. 3, taken substantially along the line 4--4;
PAR  FIG. 5 is an enlarged cross-sectional view of the hand-held vote-recording
      stylus which was shown only generally in FIG. 2, here shown inserted in
      the matrix of FIG. 3, but with the stylus body not yet depressed;
PAR  FIG. 5a is a further enlarged, fragmentary view of the stylus of FIG. 5,
      shown with the stylus body fully depressed and the punch-rod fully
      extended; and
PAR  FIG. 6 is an electrical schematic diagram of the voter terminal electronic
      interface shown in FIG. 1, here shown connected with the connection matrix
      of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawings for purposes of illustration, and as best shown in
      FIG. 1, the present invention is incorporated into an electronic balloting
      system which also utilizes punched cards as a vote-recording medium. The
      equipment at each precinct or polling place in such a system normally
      includes a local control processor and storage device, indicated by the
      reference numeral 10, an associated control console 11, shown connected
      with the processor by control lines 12, and, optionally, a precinct tally
      printer 13, which receives data for printing over line 14 from the
      processor.
PAR  The control processor 10 may be a hard-wired electronic device, or may be a
      programmable computer or microprocessor, and is preferably connected to a
      central computer (not shown), through a communication interface 16 such as
      an acoustic coupler or a modulator/demodulator, and a communication link
      such as a telephone line 17. The processor 10 receives the voter
      selections as input data, as indicated by the data paths 18 in FIG. 1. The
      processor 10, appropriately stores, tallies, and formats data relating to
      ballot selections, and can send and receive data to and from the central
      computer, as indicated by the paths 19, so that local accumulations of
      ballots can be transmitted to the central computer for processing. For
      increased security of the transmitted data, various data scrambling and
      encoding techniques well known in the electronic communications art may be
      employed. For increased accuracy, error-correcting codes, likewise well
      known in the art, may be added.
PAR  Electronic balloting systems as thusfar described are well within the
      current state of the electronics art, and no detailed description of the
      control processor 10, control console 11, precinct tally printer 13, and
      communication interface 16, is believed to be necessary, since they form
      no part of the present invention. Although electronic balloting systems
      are faster and generally more reliable than other vote-recording
      techniques, they have not been widely accepted, principally because they
      are unfamiliar to voters and they provide no means to recover the original
      ballot selection data in the event of an electrical failure of some kind,
      or if a vote recount is needed.
PAR  In accordance with the present invention, the voter selections are
      simultaneously recorded electrically for use by the electronic balloting
      system, and mechanically, in the form of conventional punched-card
      ballots. Thus, in the event of an electronic malfunction of the local
      control processor 10, the central computer, or of any component comprising
      the communication link between them, or if a vote recount is required, the
      punched-card ballots can be read into the central computer in much the
      same manner as they are in some present-day balloting systems.
PAR  The apparatus of the present invention includes a conventional punched-card
      vote recorder 20, modified as will shortly be described, and a
      voter-terminal electronic interface 21 connected with the vote recorder to
      receive ballot data therefrom, as shown diagrammatically by the data path
      22. As a voter makes his selections, they are recorded as perforations or
      holes in a conventional punched card, and electrical signals indicative of
      the selections are simultaneously generated in the modified vote recorder
      20, acting in conjunction with the electronic interface 21, and
      transmitted to the control processor 10 over data paths 23 and 18. As is
      usual with electronic balloting systems, there are similar paths,
      indicated by the numerals 24 and 26, from other voter terminals at the
      same site, so that voting may proceed virtually simultaneously at a
      plurality of voter terminals.
PAR  As shown in FIG. 2, the modified punched-card vote recorder 20 is
      physically similar, in many respects, to a conventional punched-card vote
      recorder. The modified recorder 20 has a generally flat base 30 on which
      is mounted a flat plate 31, usually centrally located on the base and
      having a matrix of holes 32 therein arranged in rows and columns. As is
      conventional, a multi-page ballot booklet, only one page of which is shown
      (at 33), is provided to indicate to the voter which holes in the matrix 32
      correspond to the various ballot selections. The pages are usually hinged
      separately, so that, as each page of the booklet is turned, a different
      column of holes in the matrix 32 is uncovered. Each possible voter
      selection on a particular page has corresponding holes in the exposed
      column, and the voter makes his selections by inserting a hand-held stylus
      34 into the appropriate holes of the matrix 32. As is also conventional, a
      ballot card 36 is inserted by each voter behind or under the plate 31 and
      is held in a correct position by means of two pins 37 which project
      upwardly from the base through two corresponding holes 38 in the card. As
      the voter makes his selections, perforations in the card 36 are punched
      out to record the selections.
PAR  Unlike conventional card-punching vote recorders, however, the modified
      recorder 20 has an electrical contact matrix 39, not visible in FIG. 2 but
      shown in detail in FIGS. 3 and 4, and the stylus 34 is of novel design, as
      illustrated in FIGS. 5 and 5a, to allow the simultaneous punching of the
      card 36 and generation of corresponding electrical signals. The modified
      recorder 20 also has three indicator lights 40-42, and a control button
      43, the nature of which will be explained below, all mounted on the base
      30 of the recorder, and has the electronic interface 21 mounted under the
      base 30, as shown in outline in FIG. 2.
PAR  As shown in FIGS. 3 and 4, the electrical contact matrix 39 mounted beneath
      or integral with the plate 31 consists of an insulated board 50 of any
      convenient insulating material, such as LUCITE, a plurality of parallel
      column contact strips 51, recessed into the upper face 52 of the insulated
      board 50, and a plurality of parallel row contact strips 53, recessed into
      the lower face 54 of the board. The strips 51 and 53 are of uniform and
      substantial width and may be made of copper or any other suitable
      electrically conductive material. In accordance with one standard
      punched-card format often used for ballot cards, there are sixteen rows
      and twelve columns, and the rows are slanted, i.e., not at right-angles
      with the columns. Of course, it will be understood that the invention is
      not limited to this illustrative format.
PAR  At those areas of the board 50 overlapped by both a row contact strip 53
      and a column contact strip 51, the board is perforated by holes 55 which
      have a tapered portion 56 and are larger in diameter at the upper face 52
      of the board. The column contact strips 51 have a plurality holes 57
      therethrough, the latter being aligned with, and of the same upper-face
      diameter as the holes 55 in the board 50. The row contact strips 53 also
      have a plurality of holes 58 therethrough, but these are of slightly
      smaller diameter than the lower-face diameter of the holes 55, so that the
      row contact strips form an annular ledge 57 at the bottom of each hole 55
      through the insulated board 50. It will be appreciated that the holes 55,
      57 and 58 are aligned with corresponding holes in the vote selection
      matrix 32, and that the terms "column" and "row" are used arbitrarily
      herein for purposes of description, and could be interchanged without
      departing from the invention.
PAR  As is explained in detail below, the stylus 34 is used by the voter to make
      a momentary electrical contact between one of the row contact strips 53
      and one of the column contact strips 51. Individual electrical connections
      with each of the contact strips 51 and 53 are established by a bundle of
      insulated conductors indicated by reference numeral 22.
PAR  The board 50 and contact strips 51 and 53 are mounted directly beneath, or
      are integral with, the vote selection matrix 32. As best seen in FIGS. 4
      and 5, there is a slot or space 60 immediately beneath the lower face 54
      of the board 50, to allow for insertion of the ballot card 36. When the
      card 36 is positioned as shown in FIG. 2, one edge of the card, the
      leading edge as the card is inserted, contacts and depresses a pusher
      block 61 (FIG. 3) mounted on the base 30. The pusher block 61, in turn,
      closes a ballot sense switch 62, thus electronically indicating the
      presence of the card. The ballot sense switch 62 and the pusher block 61
      are both spring-loaded. When the card 36 is removed by lifting it from the
      pins 37, leaf springs 63 and 63 lift the pusher block 61 and allow the
      switch 62 to open.
PAR  The novel stylus 34 employed in the present invention includes, as shown in
      FIGS. 5 and 5a, a generally cylindrical hollow outer body 70, having a
      closed end 71 and an open end 72, and further includes a central punch-rod
      73 rigidly secured to the outer body 70 by means of center-post 74 which
      is formed integrally with one end of the punch-rod and is threadably
      secured to the closed end 71 of the body 70. Therefore, the stylus 34 as
      thusfar described, comprises the cylindrical outer body 70, the
      center-post 74 extending inwardly into the body from the closed end 71,
      and the punch-rod 73 extending further from the center-post and out
      through the open end 72 of the body. Two of these components, the outer
      body 70 and center-post 74, may be of molded plastic construction, for
      lightness and economy of manufacture. The punch-rod 73 may be of any hard
      electrically insulating material, such as anodized aluminum or fiber
      glass.
PAR  Mounted for sliding movement with respect to the punch-rod 73 and body 70
      are an outer contact sleeve 76 and an inner contact sleeve 77, both made
      from or coated with electrically conductive material. The outer contact
      sleeve 76 has an inner diameter sized to slidingly engage the center post
      74, and has a piston-like end 78 sized to slide in the annular gap formed
      between the center-post 74 and the outer body 70. An inwardly projecting
      annular lip 79 on the open end 72 of the body 70 prevents the outer
      contact sleeve 76 from withdrawal from the body 70, since an annular
      shoulder 80 on the sleeve 76 abuts the annular lip as the outer contact
      sleeve 76 is extended. The annular shoulder 80 defines a diameter
      reduction in the outer contact sleeve 76 which has a reduced-diameter
      cylindrical portion 81 extending through the open end 72 of the body 70
      and terminating in an annular, inwardly-projecting lip 82 which is
      utilized to contact the column contact strips 51.
PAR  The inner contact sleeve 77 has an inside diameter which slidingly engages
      the punch-rod 73, a piston-like flange 83 on one end which slides inside
      the cylindrical portion 81 of the outer contact sleeve 76, and an outer
      sleeve diameter sized so that the inner contact sleeve can slidingly
      project through the annular lip 82 on the end of the outer contact sleeve,
      and can be inserted in one of the holes 55 to make electrical contact with
      one of the row contact strips 53.
PAR  Completing the stylus 34 are two coiled compression springs, an upper
      spring 84 and a lower spring 86. The upper spring 84 encircles the punch
      rod 73 and abuts the center-post 74 with one end and the flanged end 83 of
      the inner contact sleeve 77 with the other. The lower spring 86 encircles
      the inner contact sleeve 77 and abuts the flanged end 83 of the inner
      contact sleeve with one end, and the inner annular lip 82 of the outer
      contact sleeve 76 with the other. The springs 84 and 86 are selected so
      that, if the stylus 34 is placed in one of the holes 55 but no downward
      pressure is applied, then the combined action of the two springs will
      force the outer contact sleeve 78 to a fully extended position, i.e., with
      the shoulder 80 abutting the annular end 79 of the body, but the
      innercontact sleeve 77 will not be fully extended.
PAR  In essence, the punch-rod 73 is a retractable element, and, when not being
      used, it is held in a retracted position with only a small end portion
      projecting from the outer contact sleeve 76. The punch-rod 73 is extended
      by the application of a force on the outer body 70, a downward force as
      viewed in FIG. 5, while an equal upward force is applied to the outer
      sleeve 76 via the annular lip 82.
PAR  In operation, the stylus 34 is placed on one of the holes 55, and the outer
      body 70 is depressed to the position shown in FIG. 5a. The springs 84 and
      86 act to urge the outer contact sleeve 76 into electrical contact with
      the appropriate column strip 51, and to urge the inner contact sleeve into
      electrical contact with the ledge 59 formed by the appropriate row contact
      strip 53. Since the outer sleeve 76 and the inner sleeve 77 are in sliding
      contact with each other, and are both in contact with the second spring
      86, the row and column contact strips 53 and 51 are electrically connected
      by this action. As the outer body 70 moves through its strokes, indicated
      by the arrow at 87 in FIG. 5, the lower spring 86, which acts in
      opposition to the upper spring 84, in the sense that the lower spring 84
      urges the inner contact sleeve 77 inwardly with respect to the outer
      contact sleeve 76, is gradually compressed by the upper spring 84, so that
      the inner contact sleeve moves through a shorter stroke until it contacts
      the ledge 59. This stroke of the inner contact sleeve 77 eliminates the
      possibility of electrical contact being made without movement of the body
      70, and without punching of the card 36.
PAR  Simultaneously with movement of the outer body 70, the punch-rod 73 moves
      with the outer body and perforates the card 36. As is usual with
      hand-operated card punches of this type, the card 36 is supported from
      beneath by a plurality of stiff but bendable sheets 88, usually of rubber
      or similar material, mounted in the base 30. The strips are arranged to
      abut beneath the holes 55, and they operate to more positively remove each
      punched piece of card, as shown in FIG. 5a.
PAR  It should now be clear how manipulation of the stylus 34 effects an
      electrical contact between the row and column contact strips corresponding
      to the selected hole in the matrix 32 (FIG. 2). This electrical contact
      can be detected by any convenient interface means, for ultimate use by the
      local control processor 10 (FIG. 1). For example, if the electronic
      interface 21 (FIG. 1) of the presently preferred embodiment were not used,
      it could instead be arranged that the stylus 34 be electrically grounded,
      so that the selected row and column contact strips would also be grounded
      by operation of the stylus. A row encoder and a column encoder could then
      convert the selection to row and column numbers for periodic monitoring by
      the control processor 10. The electronic interface 21 of the presently
      preferred embodiment is believed to be an advantageous one, however, and
      to be easily connectable with any form of control processor 10, whether it
      be a hard-wired deivce or a programmable computer or microprocessor.
PAR  The electronic interface 21 (FIG. 1) is illustrated in detail in FIG. 6. It
      employs transistor-transistor logic (TTL) integrated circuit chips, all of
      which are commercially available from various manufacturers, and the part
      numbers of which are provided herein. The interface includes two cascaded
      binary counters 100 and 101, a one-of-sixteen data selector 102, a
      one-of-two data selector 103, a one-of-sixteen data distributor 104, two
      D-type flip-flops 106 and 107, and a number of miscellaneous gates,
      inverters and discrete resistors which will be introduced as this
      description proceeds.
PAR  Connection with the electrical contact matrix 39 is made by lines 22a from
      the column contact strips 51 (FIG. 3) to the data distributor 104, and
      lines 22b  from the row contact strips 53 (FIG. 3) to the data selector
      102. Connection with the control processor 10 (FIG. 1) is effected by data
      lines 108a-108d, and control lines 109-112. The control processor 10 (FIG.
      1) also supplies system clock pulses on line 113 and "high" and "low"
      logic levels on lines 114 and 115, respectively.
PAR  In general terms, what happens when a voter completes an electrical contact
      between a row and a column strip is that the electronic interface detects
      that the control has been made, and signals the control processor 10 (FIG.
      1) that data is available. The processor 10 (FIG. 1) then reads the row
      and column data, or data relating to settings of the ballot sense switch
      62 or vote-complete switch 43, over the data lines 108a-108d. When the
      data has been transferred, the interface begins scanning for a new
      row-column contact.
PAR  More specifically, the binary counters 100 and 101 are each four-bit
      counters driven by clock pulses received over line 113 through a logic
      chain consisting of a first NAND gate 120, an inverter 121, a second NAND
      gate 122, and another inverter 123. The first NAND gate 120 receives as
      one input clock pulses over line 113 from the system clock, and has the Q
      output signal of flip-flop 107 as its other input, on line 124. The second
      NAND gate 122 receives one input on line 126 from the first NAND gate 120,
      through the inverter 121, and has as its other input the Q output of the
      other flip-flop 106. Consequently, for clock pulses to pass through both
      of the NAND gates 120 and 122, flip-flop 107 has to be in the on condition
      and flip-flop 106 has to be in the off condition.
PAR  Binary counter 100 has its carry signal connected to an enabling circuit of
      the other binary counter 101, over line 127. Thus, the two counters 100
      and 101 together make up an eight-bit counter, with counter 100 counting
      the four least significant binary digits, and therefore operating at a
      rate sixteen times faster than that of counter 101. At any instant, the
      contents of counter 101 indicates a column number, and the contents of
      counter 100 indicates a row number. The column number from counter 101 is
      connected to the selection inputs of the one-of-sixteen data distributor
      104, the output lines of which are connected, by lines 22a, to the column
      contact strips 51 (FIG. 3). Similarly the row number from counter 100 is
      connected to the selection inputs of the one-of-sixteen data selector 102,
      the data inputs of which are connected, by lines 22b, to the row contact
      strips 53.
PAR  The data distributor 104 applies a low logic level, in this case at ground
      potential, to each of the column strips 51 in turn, as selected by the
      column counter 101, and the data selector 102 scans the row contact strips
      53 for a low logic level. If none is found, the column counter 101
      advances to the next column and the scan continues, repeating its cycle
      indefinitely if no electrical contact is established between a row strip
      53 and a column strip 51.
PAR  As has been described, when a ballot selection is made, electrical contact
      is made between a row strip 53 and a column strip 51. Each of the row
      strips 53 is normally held at a high logic level by a positive voltage
      applied through one of a plurality of pull-up resistors 130. Consequently,
      when a low or ground level is applied to the selected column strip by the
      data distributor 104, the low level is also transmitted to the selected
      row strip, but the other row strips are held at a high level by the
      pull-up resistors 130.
PAR  When scanning the rows and columns, as controlled by the counters 100 and
      101, results in the detection of a row-column connection, the data
      selector 102 generates a high logic level on its output line 131. As will
      now be described, in detail, this has the effect of stopping the counters
      100 and 101, thereby preserving the row count in counter 100 and the
      column count in counter 101, for subsequent interrogation by the local
      control processor 10 (FIG. 1), and also has the effect of setting up a
      control signal or flag to advise the processor that ballot data is
      available at this particular voter terminal.
PAR  The output signal from the data selector 102 on line 131 is connected to
      the D input of flip-flop 106. Thus, the next time that this flip-flop 106
      is clocked, it will be switched to the on condition, in which its Q output
      is high and its Q output is low. As was described eearlier, the Q output
      of the flip-flop 106 is connected as in input to NAND gate 122.
      Consequently, a low level on this Q output will result in the clock
      signals being blocked by NAND gate 122, thus stopping the counters 100 and
      101.
PAR  At this point in the operation of the interface logic, the selected row and
      column counts have been preserved in the counters 100 and 101, and the
      control processor 10 (FIG. 1) must read these values and start the
      counters again so that the next ballot selection can be detected. The
      transfer of data over lines 108a-108d to the control processor 10 (FIG. 1)
      is effected by proper manipulation of the control lines 109-112 from the
      processor, the functions of which will now be more specifically described.
PAR  Control line 110 transmits a low logic level from the processor 10 (FIG. 1)
      when this particular terminal is being serviced or interrogated by the
      processor. It will be appreciated that the processor 10 (FIG. 1) will
      normally have to service a plurality of voter terminals, and some means
      must, therefore, be provided for it to time-share its operations among the
      several terminals. Control line 110 serves this purpose.
PAR  Control line 112 is the flag indicating that row and column data are
      available at this terminal. It will be noted that the Q ouput from
      flip-flop 106 is connected by line 132 as an input to another NAND gate
      133, the other input of which is derived from the inverse of the signal on
      control line 110. Thus, the logic level on line 112, which is the output
      from NAND gate 133, will be low when data is available, as determined by
      flip-flop 106 being switched on, and the processor is servicing this
      terminal. Control line 112 will be high otherwise, indicating to the
      processor that no data is presently available at this terminal.
PAR  Control line 111 is a row-column selection line. Since, for reasons of
      economy, only four data lines 108a-108d are utilized, only row or column
      data may be transmitted at a given time. Line 111 is set high by the
      processor when column data is requested, and low when row data is
      requested. It is reset to the high level again after the row data has been
      read.
PAR  Finally, control line 109 allows the status of the sense switch 62 to be
      transmitted over data line 108a. When line 109 is set low, line 108a
      represents the status of the sense switch 62. Line 108a is then high when
      the sense switch 62 is open, and is low when the sense switch is closed,
      indicating the presence of a ballot card. So long as control line 109 is
      held high, data line 108a indicates one bit of the inverse row or column
      count. The logic whereby the status of the control line 109 effects the
      selection of signals for data line 108a includes two inverters 136 and 137
      and three NAND gates 138, 139 and 140, the last of which is indicated in
      FIG. 6 as an equivalent OR gate with inverted inputs. Since this logic is
      not critical to the invention as claimed, it will not be described in
      detail. Its operation may be easily verified by inspection and analysis of
      the relevant portions of FIG. 6.
PAR  The one-of-two data selector 103 is more properly a four-of-eight data
      selector, since it selects as its outputs either the row count from
      counter 100 or the column count from counter 101, according to whether
      control line 111 is low or high. The four outputs from the data selector
      103 are connected to data lines 108a-108d through NAND gates 141-144,
      respectively, each of which has as its other input the inverse of the
      signal on control line 110. Thus when control line 110 is held low, the
      data lines 108a-108d are set to the inverse values of the selected row or
      column count. The control line 111, which, it will be recalled, is used to
      select row or column data, is also connected through two further NAND
      gates 146 and 147 to the D input of the flip-flop 107, so that, when row
      data is selected by making line 111 low, the D input of this flip-flop is
      also forced low, and the flip-flop 107 is switched to the off condition.
      The effect of this will become clear in the ensuing description of the
      operation of the logic as data is read by the control processor 10 (FIG.
      1).
PAR  As has been described in detail, when a row-column contact is detected by
      the scanning operation of the data distributor 104 and data selector 102,
      the selected column and row counts are preserved in the counters 100 and
      101, respectively, and the clock pulses are blocked by the on condition of
      flip-flop 106. At this point, the following steps have to be performed to
      transfer the row and column data from the counters 100 and 101;
PAR  a. Control line 110 is set low to obtain access to this terminal.
PAR  b. Control line 112 is checked to determine if data is available.
PAR  c. Column data is read on data lines 108a-108d.
PAR  d. Control line 111 is set low to read row data on lines 108a-108d. This
      also has the effect of switching flip-flop 107 off, which, in turn,
      switches flip-flop 106 off, unblocking the clocking signals at NAND gate
      122. However, switching flip-flop 107 off also simultaneously blocks the
      clocking signals at NAND gate 120.
PAR  e. Control line 111 is set high again after the row data has been read.
      This has the effect of switching flip-flop 107 on again, and thereby
      unblocking the clocking signals at NAND gate 120, so that the counters 100
      and 101 will begin scanning the rows and columns for another row-column
      connection.
PAR  As is apparent from FIG. 6, the vote-complete switch 43 is connected to one
      row connector, by line 150, and is also connected, by line 151, as a
      fictitious column connector to the data distributor 104. Thus, the status
      of the vote-complete switch 43 is available to the control processor 10
      (FIG. 1) as a fictitious but identifiable row-column connection. The
      status of the ballot sense switch 62 can, as has been explained, be
      detected by the control processor 10 (FIG. 1) by setting control line 109
      low momentarily and reading the signal impressed on data line 108a.
PAR  Ideally, each phase of the above-described operations should be indicated
      to the voter by some form of display device, such as the indicator lights
      40, 41 and 42, which may be light-emitting diodes. The indicator light 40
      is a ready light, which is illuminated when the terminal is ready to
      accept ballot selections. The indicator light 41 provides a vote entered
      indication, acknowledging the receipt of each selection. The indicator
      light 42 provides a vote-complete indication when all of the selections of
      a voter have been added to a local tally, after the voter momentarily
      closes the vote-complete switch 43. The indicator lights 40-42 are
      actuated by applying a low logic level to lines 150-152, respectively.
PAR  In summary, the electronic interface illustrated in FIG. 6, automatically
      scans for completed row-column connections and transmits them to the
      control processor 10 (FIG. 1) under the direction of control signals on
      lines 109-112. The ballot sense switch 62 may be continually checked by
      the control processor, to verify that a ballot card is still present. If
      the ballot card is removed before the vote-complete switch 43 is actuated,
      it can be arranged that the votes as thusfar entered are not added to the
      local tally. This provides a means for letting the voter start afresh with
      a new card if he makes an error in entering his selections.
PAR  The standard part numbers of the logic components used in the embodiment of
      the interface illustrated in FIG. 6 are as follows: 74150 for the data
      selector 102, 74154 for the data distributor 104, 74161 for the counters
      100 and 101, 74157 for the data selector 103, 7474 for the flip-flop 106
      and 107, 7404 for the inverters, 7400 for the NAND gates 120, 122, 138 and
      139, and 7403 for the NAND gates 133, 140-144, 146 and 147.
PAR  It will be appreciated from the foregoing that the present invention
      provides a hitherto unavailable means for simultaneously producing
      punched-card ballot records and corresponding electrical signals which may
      be conveniently utilized by digital equipment used to tally the votes. The
      invention therefore allows the advantageous use of reliable electronic
      ballot counting equipment, while still retaining conventional punched-card
      records for possible use as a back up or in recount procedures.
PAR  It will also be appreciated that, although a particular embodiment of the
      invention has been described in detail for purposes of illustration,
      various modifications may be made without departing from the spirit and
      scope of the invention. Accordingly, the invention is not to be limited,
      except as by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. For use in an electronic balloting system, vote-recording apparatus for
      simultaneously providing a permanent, machine-readable record of each
      ballot and electrical signals indicative of voter selections, said
      apparatus comprising:
PA1  means for holding a ballot record for encoding thereon the voter
      selections;
PA1  electrical sensor matrix means located adjacent the ballot record and
      having a plurality of elemental sensors corresponding to available ballot
      selections; and
PA1  portable stylus means engageable with said electrical matrix means to
      selectively actuate same at a particular elemental sensor, thereby
      producing an electrical signal indicative of a voter selection, said
      stylus means having ballot record encoding means for simultaneously
      encoding on the ballot record a voter selection corresponding to said
      actuated elemental sensor of said electrical matrix means.
NUM  2.
PAR  2. For use in an electronic balloting system, vote-recording apparatus for
      simultaneously producing punched holes in a ballot card and electrical
      signals indicative of voter selections, said apparatus comprising:
PA1  means for holding a ballot card for punching;
PA1  electrical sensor matrix means located adjacent the ballot card, and having
      a plurality of elemental sensors corresponding to available ballot
      selections;
PA1  portable stylus means engageable with said electrical matrix means to
      actuate same at a selected elemental sensor, and having card punching
      means for simultaneously punching a portion of the ballot card
      corresponding to the ballot selection and to said acutated elemental
      sensor of said electrical matrix means; and
PA1  electrical interface means connected with said electrical sensor matrix
      means, for generating therefrom encoded electrical signals indicative of
      the ballot selection.
NUM  3.
PAR  3. Vote-recording apparatus as set forth in claim 2, wherein said elemental
      sensors in said electrical sensor matrix means comprise pairs of
      electrically conductive contacts.
NUM  4.
PAR  4. Vote-recording apparatus as set forth in claim 2, wherein said
      electrical sensor matrix comprises:
PA1  an insulated board approximetely equal to the size of the ballot card;
PA1  a plurality of parallel conductive column strips affixed to one face of
      said board; and
PA1  a plurality of parallel conductive row strips affixed to the other face of
      said board;
PA1  and wherein said board and said strips are perforated by holes at points
      corresponding to areas of overlap of said column strips and said row
      strips.
NUM  5.
PAR  5. Vote-recording apparatus as set forth in claim 3, wherein:
PA1  said elemental sensors are arranged in rows and columns; and
PA1  corresponding contacts of said pairs of electrically conductive contacts
      are electrically connected in rows and in columns, whereby actuating one
      of said elemental sensors results in making electrical contact between one
      row of said contacts and one column of said contacts.
NUM  6.
PAR  6. Vote-recording apparatus as set forth in claim 4, wherein said stylus
      means includes:
PA1  first contact means for contacting a corresponding one of said column
      strips as said stylus means is inserted in a selected one of said holes;
PA1  second contact means for contacting a corresponding one of said row strips
      as said card punching means is operated to perforate the ballot card, said
      first and second means being electrically connected, whereby an
      appropriate pair of said column and row strips is electrically connected
      as the ballot card is punched.
NUM  7.
PAR  7. For use in an electronic balloting system, vote-recording apparatus for
      simultaneously producing punched holes in a ballot card and electrical
      signals indicative of voter selections, said apparatus comprising:
PA1  means for holding a ballot card for punching;
PA1  electrical contact matrix means located adjacent the ballot card and in
      parallel relation thereto, and including
PA2  an insulated board,
PA2  a plurality of parallel, electrically conductive column strips affixed to
      one face of said board, and
PA2  a plurality of parallel, electrically conductive row strips affixed to the
      other face of said board,
PA2  said board and said column and row strips being perforated therethrough
      with holes located at points corresponding to areas of overlap of said
      column strips and said row strips;
PA1  hand-held stylus means insertable in any selected one of said holes, and
      including
PA2  card-punching means movable through said selected hole to punch the ballot
      card,
PA2  first contact means, for contacting the column strip at said selected hole,
PA2  second contact means, for contacting the row strip at said selected hole,
      said first and second contact means being electrically connected, whereby
      an appropriate pair of said column and row strips is electrically
      connected as the card is punched by said card-punching means; and
PA1  electrical interface means connected with said column strips and said row
      strips, for generating therefrom encoded electrical signals indicative of
      the row and column of said selected hole.
NUM  8.
PAR  8. Vote-recording apparatus as set forth in claim 7, wherein said
      electrical interface means includes:
PA1  distribution means for applying a signal to each of said strips in turn in
      one of said pluralities of row and column strips;
PA1  scanning means for detecting said applied signal by scanning the other of
      said pluralities of row and column strips, and thereby detecting a
      cross-contact between one of said row strips and one of said column
      strips;
PA1  means operative on the detection of a cross-contact, for terminating
      operation of said distribution means and said scanning means and thereby
      preserving row and column numbers indicative of the location of the
      cross-contact;
PA1  means for transmitting the row and column numbers for tallying of the voter
      selections; and
PA1  means for reactivating said distribution means and said scanning means.
NUM  9.
PAR  9. Vote-recording apparatus as set forth in claim 8, and further including
      ballot card sensing means, for generating an electrical signal indicative
      of the presence of a ballot card, whereby voter selections may be excluded
      from a tally of votes if the ballot card is removed before all sections
      are made.
NUM  10.
PAR  10. Vote-recording apparatus as set forth in claim 9, and further
      including:
PA1  manual switch means manually operable to indicate that all voter selections
      have been completed; and
PA1  means for sensing actuation of said manual switch means for utilization
      with said row and column numbers.
NUM  11.
PAR  11. Vote-recording apparatus as set forth in claim 10, and further
      including display means operable to indicate that the voter selections
      have been successfully transferred through said electronic interface
      means.
NUM  12.
PAR  12. Vote-recording apparatus as set forth in claim 7, wherein:
PA1  said card-punching means includes a central rod with a free end insertable
      in a selected one of said holes and a handle end for manipulation by a
      voter;
PA1  one of said first and second contact means includes an electrically
      conductive inner sleeve slidingly fitted to said rod and movable through
      said selected hole to contact one of said row and column strips;
PA1  the other of said first and second contact means includes an electrically
      conductive outer sleeve mounted for sliding movement over said inner
      sleeve and said rod; and
PA1  said stylus means further includes resilient means for urging said inner
      and outer sleeves toward said free end of said rod and into contact with
      their respective row and column strips as said rod is inserted in said
      selected hole, and sleeve-retaining means to retain said inner and outer
      sleeves on said rod as one assembly;
PA1  whereby said stylus means is operated by inserting said rod and said inner
      sleeve in the selected hole until said outer sleeve contacts one of said
      row and column strips, and then depressing said rod further against said
      resilient means, until said inner sleeve contacts the other of said row
      and column strips and said rod pierces the ballot card.
NUM  13.
PAR  13. For use in an electronic balloting system, vote-recording apparatus for
      simultaneously producing punched holes in a ballot card and electrical
      signals indicative of voter selections, said apparatus including:
PA1  means for holding a ballot card for punching;
PA1  electrical contact matrix means located adjacent the ballot card and in
      parallel relation thereto, and including
PA2  an insulated board having a first face, furtherst from the ballot card, and
      a second face adjacent the ballot card,
PA2  a plurality of parallel, electrically conductive column strips affixed to
      said first face of said board; and
PA2  a plurality of parallel, electrically conductive row strips affixed to said
      second face of said board,
PA2  said board and said strips having holes therethrough located at areas of
      overlap of said column and row strips, said holes having a reduced
      diameter at said row strips to form an annular ledge in each hole;
PA1  portable stylus means insertable in any selected one of said holes and
      including
PA1  a generally cylindrical outer body, with an open end,
PA1  a punch-rod centrally and rigidly mounted in said outer body and extending
      from said open end,
PA1  an inner contact sleeve slidingly fitted to said punch-rod and sized to fit
      said holes and to contact one of said annular ledges formed by said row
      strips,
PA1  an outer contact sleeve slidingly fitted over said inner sleeve and in said
      outer body, said outer sleeve protruding from said outer body, said inner
      sleeve, protruding from said outer sleeve, said punch-rod protruding from
      said inner sleeve, and said inner and outer sleeves being electrically
      connected, and
PA1  resilient means to prevent removal of said outer sleeve from said outer
      body, and said inner sleeve from said outer sleeve,
PA1  first resilient means mounted between said outer body and said inner sleeve
      to urge said inner sleeve and said outer sleeve outwardly from said open
      end,
PA1  second resilient means mounted between said inner sleeve and said outer
      sleeve to urge said inner sleeve inwardly with respect to said outer
      sleeve, thereby resisting said first resilient means,
PA2  whereby said stylus means is operated by inserting said punch-rod and said
      inner sleeve in said selected hole until said outer sleeve contacts said
      column strip, then depressing said outer body against said first and
      second resilient means until said punch-rod pierces the ballot card and
      said first resilient means overcomes said second resilient means and urges
      said inner sleeve into contact with said row strip; and
PA1  electrical interface means connected with said column and row strips, for
      generating therefrom encoded electrical signals indicative of the row and
      column of said selected hole, said electrical interface means including
PA2  distribution means for applying a signal to each of said strips in turn of
      one of said pluralities of row and column strips,
PA2  scanning means for detecting said applied signal by scanning the other of
      said pluralities of row and column strips, and thereby detecting an
      electrical contact between one of said row strips and one of said column
      strips,
PA2  means operative on the detection of a contact by said scanning means, for
      terminating operation of said distribution means and said scanning means
      and thereby preserving row and column numbers indicative of the location
      of the contact,
PA2  means for transmitting the row and column numbers for tallying of the voter
      selections, and
PA2  means for reactivating said distribution means and said scanning means.
NUM  14.
PAR  14. Vote-recording apparatus as set forth in claim 13, and further
      including ballot card sensing means, for generating an electrical signal
      indicative of the presence of a ballot card whereby voter selections may
      be excluded from a tally of votes if the ballot card is removed before all
      selections are made.
NUM  15.
PAR  15. Vote-recording apparatus as set forth in claim 14, and further
      including:
PA1  manual switch means operable to indicate that all voter selections have
      been completed; and
PA1  means for sensing actuation of said manual switch means, for utilization
      with said row and column numbers.
NUM  16.
PAR  16. Vote-recording apparatus as set forth in claim 15, and further
      including indicator means operable to indicate that the voter selections
      have been successfully transferred through said electronic interface
      means.
NUM  17.
PAR  17. For use with an electronic balloting system, apparatus for
      simultaneously punching a card and generating a corresponding electrical
      signal, said apparatus comprising:
PA1  electrical contact matrix means, including
PA2  an insulated board perforated with a plurality of holes corresponding to
      available voter selections,
PA2  a like plurality of first contact elements affixed to one face of said
      board adjacent said holes,
PA2  a like plurality of second contact elements affixed to the other face of
      said board and protruding slightly into said holes; and
PA1  portable voting stylus means, including
PA2  a punch-rod insertable through any selected one of said holes to punch a
      ballot card locatable beyond said electrical contact matrix means,
PA2  a first contact sleeve slidingly mounted with respect to said punch-rod,
      for contacting one of said first contact elements,
PA2  a second contact sleeve slidingly mounted with respect to said punch-rod
      and said first contact sleeve, for contacting one of said second contact
      elements on insertion in the selected hole and depression of said
      punch-rod, said first and second contact sleeves being electrically
      connected,
PA2  resilient means urging said first and second contact sleeves into contact
      with said first and second contact elements, respectively, as said
      punch-rod is moved to punch the ballot card.
NUM  18.
PAR  18. Apparatus as set forth in claim 17, wherein said resilient means
      includes:
PA1  first resilient means for urging said first contact sleeve into contact
      with said selected first contact element; and
PA1  second resilient means located between said first and second contact
      sleeves, for opposing the force of said first resilient means on said
      second contact sleeve until said punch-rod has moved a predetermined
      distance, whereby said second contact sleeve does not make contact with
      said selected second contact element until said punch-rod pierces the
      ballot card.
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PAL  This invention relates to a manually operable calculator; used to determine
      percent scores and to weight tests, comprised of a circular disc having a
      centrally pivoted rule. The disc has an outer periphery of numerals
      indicating per cent scores, the radii of numerals below 100 per cent
      indicating perfect scores, the radii of per cents other than one hundred
      indicating raw scores, and numerals on the rule corresponding to numerals
      on the radii below 100 per cent.
BSUM
PAR  This invention relates to a manually operable calculator which can be used
      to convert ratios to per cents or to weight scores.
PAR  It is common practice in preparing tests and examinations for the examiner
      to set questions and answer these questions himself. Once the questions
      are answered the examiner determines the number of issues which should be
      discovered by the student and the number of elements which should be
      discussed with respect to each issue. The examiner will then allot a
      certain number of points for the issues found by the student and further
      points for the elements developed with respect to each issue. When the
      examiner has completed his determination he will add the points for each
      question to arrive at a perfect raw score. The perfect raw score will vary
      from test to test, and may be for example, 35, 95, 125, 150, 250. When the
      examiner corrects the papers he will obtain a raw test score which will be
      equal to or less than the perfect raw score. The calculator of the instant
      invention enables the examiner to quickly and easily transpose the
      relationship of the test raw score to any perfect raw score between 0 and
      300 and arrive at the resulting per cent score.
PAR  In weighting of various tests the student will have achieved a number of
      per cent scores. The various tests will be attributed a chosen weight per
      cent, the total of the weight per cent being 100 per cent. The calculator
      will enable the operator to determine the weighted score which is the
      ratio of the per cent score to the chosen weight per cent.
DRWD
PAR  In the drawings which illustrate embodiments of the invention:
PAR  FIG. 1 is a persepctive view of the calculator
PAR  FIG. 2 is a plan view of the calculator
PAR  FIG. 3 is a bottom view of the calculator
PAR  FIG. 4 is a plan view of the top of the disc
PAR  FIG. 5 is a plan view of the bottom of the disc
DETD
PAR  The calculator as illustrated in FIG. 1 is comprised of a rule 1, having
      legs 2, and 3 respectively, a disc 4 and slide 5.
PAR  The rule 1 as illustrated in FIG. 1 is in the shape of a U having elongated
      legs 2 and 3 which are integrally connected to the relatively shorter base
      6. Both legs 2 and 3 include an aperture 7 near the base 6 and an
      elongated aperture 8 running substantially seven-eighths of the length of
      legs 2 and 3 respectively. One leg 2 has marked on its upper surface on
      either side of elongated aperture 8 a scale marked into 20 divisions from
      0 to 100. The other leg 3 of the rule includes on either side of its
      elongated aperture 8 a scale marked into divisions from 105 to 300. A
      slide 5 is provided to run on each of legs 2 and 3 of rule 1. The slide 5
      is comprised of a channel 9 having short flanges 10 and 11. Flange 10 has
      a short inwardly directed edge 12, adapted to fit into a groove 13 on one
      side of legs 2 and 3 of rule 1, the other flange 11 of slide 5 includes a
      spring leaf which rides against the side of leg 2 or 3 opposite the groove
      13 which maintains flanges 10 in the groove of legs 2 or 3 respectively.
      The centre of slide 5 includes a cut out portion 14 of width 15 slightly
      greater than the width of elongated aperture 8. A magnifying glass 16 is
      insertable in cut out portion 14. The magnifying glass 16 includes a
      longitudinal hair 17 on the longitudinal centerline 18. The width 15 of
      cut out portion 14 is such that the scales marked on the sides of
      respective longitudinal apertures 8 are clearly visible through the upper
      and lower edges of magnifying glass 16. The small aperture 7 near base 6
      also contains a magnifying glass 21.
PAR  Each of legs 2 and 3 include apertures 22 and 23 on the centerline of each
      of legs 2 and 3 respectively at the end of the legs 2 and 3 opposite the
      base 6. The apertures 22 and 23 are adapted to receive a pin 24 which
      forms the axis upon which disc 4 is mounted. As seen in FIGS. 4 and 5 the
      disc 4 includes a centering hole 25 through which pin 24 is inserted to
      fasten the disc 4 to rule 1. The base 6 (FIG. 1) includes a threaded
      aperture 27 adapted to receive a threaded bolt 28 having head 29 which is
      biased outwardly by spring 30 acting between head 29 and the outside of
      base 6. When bolt 28 is threaded inwardly it retains disc 4 in a fixed
      position for reading the calculator.
PAR  As seen in FIG. 4 which illustrates one side of the disc 4, the periphery
      of the disc 4 includes numbers from 1 to 100 which are per cents. The
      radii of the discs extending inwardly from 100 are divided into 20
      numerals in units of 5 being 0,5,10,15,20,25,
      30,35,40,45,50,55,60,65,70,75,80,85,90, and 95. These numbers indicate the
      perfect raw score. The remaining radii extending inwardly from 99% to 1%
      are test raw scores.
PAR  As seen in FIG. 5 which illustrates the other side of the disc 4, the
      periphery of the disc 4 includes numbers from 1 to 100 which are per
      cents. The radii of the disc extending inwardly from 100 per cent includes
      the perfect raw scores 300,275,250,225,175,
      165,160,155,150,145,140,135,130,125,120,115,110 and 105. The radii
      extending inwardly from 1% to 99% contain test raw scores.
PAR  The numbering sequences on each side of the disc are systematically
      arranged on 20 circumferences. Each circumference includes in the radii
      below 100% any chosen perfect raw score. For example, if a perfect raw
      score is 75 and a student obtains a test raw score of 21 and one is to
      obtain a per cent test score the following steps are taken:
PAR  The sliding window is moved along the side of the rule having 75 thereon
      until the hair of the sliding window intersects the number 75. The disc is
      then turned until the test raw score 21 appears in elongated aperture in
      the rule below the hair of the sliding window. The per cent score of 28%
      can then be read in the small aperture near the base of the rule.
PAR  If the examiner wishes to convert fractions of marks to per cent of test
      score, this can be done. For example, if a student receives a test raw
      score of 21 1/4 out of a perfect raw score of 60, the following steps are
      to be followed:
PA1  1. set the hair on sliding window to 60 on the rule
PA1  2. rotate the disc and stop at the test raw score of 21, showing in the
      long aperture of rule
PA1  3. look at the per cent window and note the per cent i.e.: 35%
PA1  4. rotate the disc to the next highest number which is 22 and note 37% in
      the per cent window
PA1  5. subtract the two per cents and multiply by 1/4 i.e.:
      1/4(37-35)=1/4(2)=1/2%
PA1  6. Thus, the student has a per cent score of 35 + 1/2 = 351/2%. Calculated
      by long hand the student would have a percent score of 35.4 or an error of
      00.1% in favour of the student
PAR  Similarly if a student had a test raw score of 21.6 out of a perfect raw
      score of 60, then steps 1 to 5 (above) would be repeated except instead of
      multiplying the difference (2) by 1/4, it would be multiplied by 0.6 or
      0.6 .times. 2 = 1.2. Thus the student's per cent score would be 35 + 1.2 =
      36.2. In this case, the error in favour of the student would be 0.2%.
      Though there may be discrepancies while interpolating, this is not
      considered serious, as in most cases, it will not exceed 3/10 of a per
      cent, and most examiners round out their exams to the nearest whole per
      cent.
PAR  When an examiner has a test raw score which cannot be found on the disc,
      interpolation should be used. For example, suppose an exam has a perfect
      raw score of 300. This means that a raw score of three points is required
      for each one per cent. For a test raw score of 271 out of 300, the
      following procedure should be used:
PA1  1. set the hair on the sliding window to 300 on the rule
PA1  2. rotate the disc to the numbers which bracket the student's test raw
      score. In this case 270, and 273
PA1  3. subtract the two, 273 - 270 = 3
PA1  4. take a per cent of 1 to 3 = 00.33
PA1  5. add 00.33 to the per cent of 270 = 90 + 0.33 = 90.33%
PAL  This is normally rounded off to 90%.
PAR  As mentioned earlier the calculator can also be used for weighting. Scores
      are weighted by:
PA1  1. deciding on the desired weightings
PA1  2. setting the sliding window at the number on the rule corresponding to
      the selected weightings
PA1  3. rotate the disc until the student's per cent score appears in the per
      cent window
PA1  4. note the score found in the long aperture below the hair of the sliding
      window
PA1  5. repeat 1 to 4 for different weightings.
PAC  EXAMPLE
PAR  Per cents from three tests:
PAR  TEST 1 -- 40%; TEST 2 -- 75%; TEST 3 -- 90%
PAR  The examiner wishes to weight each test score as follows: test 1 -- 30%;
      test 2 -- 25%; test 3 -- 45%
PA1  1. set the sliding window to 30 on the rule
PA1  2. rotate the disc until 40 appears in the PER CENT window
PA1  3. note the weighting which appears in the long aperture below the hair of
      the sliding window which is 12
PA1  4. repeat steps 1 to 3 for test No. 2, setting the sliding window at 25 on
      the rule
PA1  5. repeat steps 1 to 3 for test No. 3, setting the sliding window at 45 on
      the rule, the results you end up with are as follows:
TBL  6.     test 1 -- 40%,                                                     
                         weighting of 30%                                      
                                       = 12                                    
     7.     test 2 -- 75%,                                                     
                         weighting of 25%                                      
                                       = 19                                    
     8.     test 3 -- 90%,                                                     
                         weighting of 45%                                      
                                       =  41                                   
            205%         100%           72%                                    
PAL  Final weighted score is 72%. By long hand, each score of 6, 7 and 8 would
      be calculated as follows:
TBL          test 1 30% of 40 =                                                
                          12                                                   
             test 2 25% of 75 =                                                
                          19                                                   
             test 3 45% of 90 =                                                
                          41                                                   
                          72%                                                  
PAR  While a preferred embodiment of this invention has been illustrated it is
      obvious that other embodiments which incorporate the principles of this
      invention can be designed. Such of these modified embodiments as
      incorporate the principles of this invention are to be considered as
      included in the hereafter appended claims unless these claims by their
      language expressly state otherwise.
CLMS
STM  I claim:
NUM  1.
PAR  1. A manually operable calculator to calculate per cent scores and to
      weight test scores comprised of a circular disc, a rule on either side of
      said disc centrally pivotally fastened to said disc to provide relative
      movement of three hundred and sixty degrees between said rule and said
      disc, each side of said disc including an outer circumference of numerals
      indicating from one to one hundred percent, the radii of the numeral
      extending inwardly from one hundred per cent comprising a series of
      numerals representing perfect raw scores, a series of interior
      circumferences of numerals each corresponding to one perfect raw score,
      each of said interior circumferences comprising a series of numerals
      representing test raw scores with one test raw score for each per cent on
      the outer circumference, each said test raw score on said interior
      circumference being the numerator, the perfect raw score on the same
      circumference being the denominator, the percentage score on the outer
      circumference of the radii of each such test raw score representing the
      percentage of the test raw score to the perfect raw score, numbers on the
      rule on each side of the disc representing various perfect scores.
NUM  2.
PAR  2. The manually operable calculator of claim 1 wherein the rule is
      elongated U shape comprised of two legs connected by a short base, means
      provided for pivotally fastening the disc through its centre between the
      open legs of the rule by a pivot means situated substantially near the end
      of the open legs.
NUM  3.
PAR  3. The manually operable calculator of claim 1 wherein the calculator will
      provide a per cent of any test raw score to perfect raw scores up to 300.
NUM  4.
PAR  4. The manually operable calculator of claim 2 wherein each leg of the rule
      includes an aperture near the base of the rule corresponding to the outer
      circumference of numerals on either side of the disc, and an elongated
      aperture in the rule which will show one radii of numerals on either side
      of the disc.
NUM  5.
PAR  5. The manually operable calculator of claim 4 wherein each rule is adapted
      to receive a sliding window moveable up and down said rule to a desired
      position.
NUM  6.
PAR  6. A manually operable calculator comprising a manipulable array of the
      relation which individuals of a series of ratios representing actual raw
      scores compared with perfect raw scores bears to per cents, comprising:
PA1  a disk having a series of per cents arranged on a plurality of angularly
      succeeding, equal length radii of an imaginary circle on the disk;
PA1  a rule pivotally pinned to the disk at the origin of said imaginary cicle,
      the rule bearing a series of perfect raw scores, arranged in radiating
      line and a scale graduating the series along a radiating edge of the rule;
PA1  a marker slidable along the rule to indicate a selection of the perfect raw
      score;
PA1  a marker fixed on the rule and arranged to align with each of the
      individuals of said series of per cents, in consequence of pivotal
      movement of the rule with respect to the disk;
PA1  a plurality of angularly spaced, individually radiating series of actual
      raw scores arranged on the disk in the following relationship:
PA2  a. when the rule is angularly positioned with the fixed marker aligned with
      any particular individual of the series of percents,
PA2  b. and the slidable marker indicates a particular perfect raw score,
PA2  c. the graduated scale lies angularly beside one among said plurality of
      angularly spaced, individually radiating series of actual raw scores
      arranged on the disk, and
PA2  d. the graduation on said graduation scale corresponding to the radius to
      which the slidable marker has been slid in (b) indicates the individual in
      said one series of (c) which most nearly equates to the actual raw score
      and multiplied by 100 equals the individual percent with which the fixed
      marker is aligned in (a), whereby
PA1  when a particular raw score is to be converted to a percent score, the
      slidable marker may be set to align with the perfect raw score on the
      rule, and the rule may be pivoted until the said graduation of (d)
      indicates said particular raw score, whereupon the fixed marker will be
      found to be aligned with the percent corresponding to the ratio of the
      particular raw score to the perfect raw score.
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ABST
PAL  An electronic digital timer for an electronic range wherein the desired
      time of cooking is determined by a time setter; the time of cooking thus
      set is indicated in a digital fashion; a counter counts the number of
      pulses generated when the electronic range commences heating; and the
      heating operation is brought to an end when coincidence takes place
      between the number of counts made by the counter and a number determined
      corresponding to the preset time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electronic digital timer for an electronic
      range designated to set the time of cooking or heating.
PAR  To date, a cooking time setter for an electronic range had generally
      consisted of a motor timer constructed by a combination of a synchronous
      motor and gear mechanism or a mechanical timer such as a spring type
      timer. This spring type timer requires a timer needle to be manually
      rotated whenever the time of cooking is set and involves a very much
      complicated operation. Since said timer indicates time solely by means of
      the needle, an actual lapse of time can not be found, if the needle is
      fixed at a point of preset time. On the contrary, if the needle is made to
      rotate as time goes on, then it will be impossible to trace the originally
      set time. In either case, the needle tends to give rise to the erroneous
      observation of time and the misunderstanding of the originally set time.
      Such difficulties have sometimes led to the incorrect setting of cooking
      time widely apart from a prescribed value, resulting in insufficient
      cooking. On the other hand, the mechanical timer is relatively bulky and
      readily subject to failure.
PAR  It is accordingly the object of this invention to provide an electronic
      digital timer for an electronic range which enables the time of cooking to
      be set correctly and easily within a broad range, indicates an originally
      set time as well as a lapse of time from said set point and furthermore
      assists in the miniaturization of an electronic range.
PAC  SUMMARY OF THE INVENTION
PAR  An electronic digital timer according to this invention for an electronic
      range essentially comprises a time-setting section for setting a desired
      time of cooking in the form of digits; a pulse generating-section for
      producing clock pulses at a prescribed interval; a counter for counting
      clock pulses delivered from the clock pulse generating-section when the
      electronic range commences heating; and means for bringing heating by the
      electronic range to an end when coincidence takes place between the number
      of counts made by the counter and a value representing the desired time of
      cooking.
PAR  A desired time of cooking determined by the time-setting section and the
      counts made by the counter can be indicated by an electronic digital
      display device in the digital form where required. Further, the process of
      directly detecting coincidence between the number of the counts made by
      the counter and a value representing a desired time of cooking may be
      replaced by the process of first storing the counter with a value denoting
      a desired time of cooking, conducting pulse signals to the counter upon
      receipt of a signal instructing the commencement of heating by an
      electronic range, progressively counting down the value previously stored
      in the counter and, when said value is reduced to zero, bringing heating
      by the electronic range to an end.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A to 1D jointly illustrate the circuit arrangement of an electronic
      range provided with an electronic digital timer according to an embodiment
      of this invention;
PAR  FIG. 2 indicates the relative positions of the sections of FIGS. 1A to 1D;
PAR  FIGS. 3 to 6 show various gate circuits of FIGS. 1A to 1D constituting an
      integrated circuit;
PAR  FIG. 7 is a circuit diagram of a counter used in FIGS. 1A to 1D;
PAR  FIG. 8 is a decimal truth value represented by th e binary code signals by
      which the counter of FIG. 7 makes counts;
PAR  FIG. 9 is a circuit diagram of the inverters of FIGS. 1A to 1D constituting
      an integral circuit;
PAR  FIG. 10 is a circuit diagram of an up-down counter used in FIGS. 1A to 1D;
PAR  FIG. 11 presents the wave forms of pulses by way of illustrating the
      operation of the up-down counter of FIG. 10;
PAR  FIG. 12 is a concrete diagram of the binary code-decimal numeral conversion
      gate shown in FIG. 1A;
PAR  FIG. 13 illustrates a display device used in FIG. 1A;
PAR  FIG. 14 is a circuit diagram of the display device of FIG. 13 consisting of
      light-emitting diodes;
PAR  FIGS. 15A and 15B jointly show a circuit arrangement of an electronic
      digital timer according to another embodiment of the invention;
PAR  FIG. 16 is a circuit diagram of the respective gates of FIGS. 15A and 15B
      constituting an integrated circuit; and
PAR  FIGS. 17 and 18 are circuit diagrams of the modifications of the
      pulse-generating sections of FIGS. 15A and 15B.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIGS. 1A to 1D jointly present a block circuit diagram of an electronic
      range provided with an electronic digital timer according to an embodiment
      of this invention. The sections of FIGS. 1A to 1D occupy the relative
      positions shown in FIG. 2. The time-setting switches S1, S2, S3 of the
      time-setting section of FIGS. 1B and 1D are provided with fixed contatcs
      S10 to S19, S20 to S29 and S30 to S35 respectively designed to indicate
      time on the decimal basis in units of 0.1 minute, units of 1 minute and
      units of 10 minutes. Therefore, the above-mentioned three switches S1, S2,
      S3 can set time ranging from 0 to 59.9 minutes in divisions of 0.1 minute.
      The movable contacts of said three switches S1, S2, S3 are grounded. The
      fixed contacts S10 to S19 are connected to a decimal numeral-binary code
      conversion circuit consisting of three gate circuits 1, 2, 3. The fixed
      contacts S20 to S29 are connected to a decimal numeral-binary code
      conversion circuit consisting of three gate circuits 4, 5, 6. The fixed
      contacts S30 to S35 are connected to a decimal numeral-binary code
      conversion circuit consisting of two gate circuits 7, 8. These three
      conversion circuits generate a 4-bit binary signal coded with a weight of
      1-2-4-8 and a 3-bit binary signal coded with a weight of 12-4. The fixed
      contact S10 of the time-setting switch S1 is connected to the terminal
      9-11 of a gate circuit 9. The terminals 1-12, 1-13 of the gate circuit 1
      are connected to contacts S18, S19; the terminals 2-1, 2-2, 2-4, 2-5, 2-9,
      2-10, 2-12, 2-13 of the gate circuit 2 to contacts S12, S13, S16, S17,
      S13, S15, S16, S17; the terminals 3-9, 3-10, 3-12, 3-13 of the gate
      circuit 3 to contacts S11, S13, S17, S19; and the terminal 3-11 of gate
      circuit 3 to a contact S15 through a diode D1. The contact S20 of the
      time-setting switch S2 is connected to the terminal 9-9 of the safe
      circuit 9.
PAR  The terminals 4-9, 4-10 of the gate circuit 4 are connected to contacts
      S27, S28; the terminals 5-1, 5-2, 5-4, 5-5, 5-9, 5-10, 5-12, 5-13 of the
      gate circuit 5 to contacts S22, S23, S24, S25, S26, S27; the terminals
      6-1, 6-2, 6-4, 6-5 of the gate circuit 6 to contacts S21, S23, S27, S29;
      the terminal 6-3 of the gate circuit 6 to the contact S25 through a diode
      D2; the contact S30 of the time-setting switch S3 to the terminal 9-8 of
      the gate circuit 9; the terminals 7-1, 7-2, 7-4, 7-5 of the gate circuit 7
      to contacts S32, S33, S34, S35; and the terminals 8-9, 8-10, 8-11 of the
      gate circuit 8 to contacts S31, S33, S35. The contacts S10-S19 of the
      time-setting switch S1 are associated with 0, 0.1, 0.2 . . . 0.9 minutes.
      The output terminals 1-11, 2-16, 2-18 and 3-8 of the gate circuits 1, 2
      and 3 generate 4-bit binary signals coded with a weight of 1-2-4-8. These
      4-bit binary signals are supplied to the input terminals 10-9, 10-10,
      10-1, 10-15 of a gate circuit 10 of the counter section. The contacts
      S20-S29 of the time-setting switch S2 are associated with 0, 1, 2, 3 . . .
      9 minutes, and produce 4-bit binary signals coded with a weight of 1-24-8.
      These 4-bit binary signals are conducted to the input terminals 11-9,
      11-10, 11-1, 11-15 of a gate circuit 11 of the counter section. The
      contacts S30 to S35 of the time-setting switch S3 are used to indicate 0,
      10, 20, 30, 40 and 50 minutes. The output terminals 7-3, 7-6 and 8-8 of
      the gate circuits 7 and 8 give forth 3-bit binary signals coded with a
      weight of 1-2-4. These 3-bit binary signals are transmitted to the input
      terminals 12-1, 12-10, 12-15 of a gate circuit 12 of the counter section.
      The gate circuits 1, 2, 4, 5, 7 are actually integrated as shown in FIG.
      3. the referential numerals of the terminals of the respective gate
      circuits of FIG. 3 correspond to those following the hyphens included in
      the referential notations indicated in FIG. 1B. For example, the terminal
      12 of FIG. 3 corresponds to the terminals 1-12, 2-12, 5-12 of the gate
      circuits 1, 2, 5. The gate circuits 1, 2, 4, 5, 7 are each provided with
      four NAND gate circuits G11, G12, G13, G14 as shown in FIG. 3. Two input
      terminals of the NAND gate circuit G11 are connected to the terminals 1, 2
      and the output terminal thereof to the terminal 3. The input terminals of
      the NAND gate circuit G12 are connected to the terminals 4, 5 and the
      output terminal thereof to the terminal 6. The input terminals of the NAND
      gate circuit G13 are connected to the terminals 9, 10 and the output
      terminal thereof to the terminal 8. The input terminals of the NAND gate
      circuit G14 are connected to the terminals 12, 13 and the output terminal
      thereof to the terminal 11.
PAR  The gate circuits 3, 6 are concretely arranged as shown in FIG. 4. The
      referential numerals of the integrated circuit of FIG. 4 correspond to
      those following the hyphens included in the referential notations of the
      gate circuits 3, 6 of FIG. 1B. Namely, the terminal 13 of FIG. 4
      corresponds to, for example, the terminal 3-13 of the gate circuit 3 of
      FIG. 1B. The gate circuits 3, 6 respectively consist of a NAND/NOR buffer
      gate circuit G21 provided with an expander terminal 3 and another NAND/NOR
      buffer gate circuit G22 provided with an expander terminal 10. The input
      terminals of the NAND/NOR buffer gate circuit G21 are connected to the
      terminals 1, 2, 4, 5 and the output terminal thereof to the terminal 6.
      The input terminals of the NAND/NOR buffer gate circuit G22 are connected
      to the terminals 9, 10, 12, 13 and the output terminal thereof to the
      terminal 8.
PAR  There will now be described by reference to FIG. 5 the concrete arrangement
      of the gate circuit 8. This gate circuit 8 is formed of three NAND/NOR
      gate circuits G31, G32, G33. The input terminals of the NAND/NOR gate
      circuit G31 are connected to the terminals 1, 2, 13 and the output
      terminal thereof to the terminal 12. The input terminals of the NAND/NOR
      gate circuit G32 are connected to the terminals 3, 4, 5 and the output
      terminal thereof to the terminal 6. The input terminals of the NAND/NOR
      gate circuit G33 are connected to the terminals 9, 10, 11 and the output
      terminal thereof to the terminal 8.
PAR  The gate circuit 9 connected to the contacts S10, S20, S30 of the
      time-setting switches S1, S2, S3 respectively and gate circuits 13, 14
      connected to the gate circuit 9 jointly act as a circuit for stopping the
      operation of the electronic digital timer and that of the later described
      electronic range controlling section, where the time of cooking is set at
      zero, namely where all the time-setting switches S1, S2, S3 are connected
      to the contacts S10, S20, S30 respectively.
PAR  The terminals 9-10, 9-13 of the gate circuit 9 are connected to the
      terminals 13-4, 13-5 of a gate circuit 13 and the output terminal 13-6 of
      a gate circuit 13 is connected to both input terminals 14-12, 14-13 of a
      gate circuit 14. The gate circuit 9 is formed in an integrated circuit
      consisting of four NOR gate circuits G41, G42, G43, G44 as shown in FIG.
      6. The input terminals of the NOR gate circuit G41 are connected to the
      terminals 2, 3 and the output terminal thereof to the terminal 1. The
      input terminals of the NOR gate circuit G42 are connected to the terminals
      5, 6 and the output terminal thereof to the terminal 4. The input
      terminals of the NOR gate circuit G43 are connected to the terminals 8, 9
      and the output terminal thereof to the terminal 10. The input terminals of
      the NOR gate circuit G44 are connected to the terminals 11, 12 and the
      output terminal thereof to the terminal 13. Gate circuits 13, 14 have the
      same arrangement as shown in FIG. 3.
PAR  A pulse generating section has a circuit arrangement as indicated in FIG.
      1D. This pulse-generating section includes a time constant circuit having
      a variable resistor VR and capacitor C1 and a pulse oscillator 17 formed
      of a unijunction transistor 16 and gives forth pulses at a prescribed
      interval. An output from the pulse generator 17 is supplied to the
      terminals 18-8, 18-9 of a gate circuit 18 through a resistor R1. A
      terminal 18-10 is connected to one end of a resistor R2 and the cathode of
      a diode D3 through a capacitor C2. The anode of the diode D3 is connected
      to one end of a resistor R3, one end of a capacitor C3 and the terminal
      19-8 of a gate circuit 19. The other end of the capacitor C3 is connected
      to a terminal 19-3 and terminals 19-6, 19-11 are connected to the terminal
      20-14 of a decimal decoder counter 20 and the collector of a transistor
      21. The variable resistor VR, one end each of resistors R4, R2, R3, the
      terminals 19-1, 19-2, 19-4, 19-5, 19-9, 19-10, 19-12, 19-13 of the gate
      circuit 19 are connected to a positive line P of a D.C. source. The gate
      circuit 18, resistor R2 and capacitor C2 jointly act as a trigger circuit
      21, an output from which is supplied to a monostable multivibrator 22
      consisting of the resistor R3, capacitor C3 and gate circuit 19 through
      the diode D3 so as to trigger said multivibrator 22. An output pulse from
      the pulse generator 17 whose wave form has been shaped by the monostable
      multivibrator 22 is delivered to the decoder counter 20. The gate circuit
      18 is arranged as shown in FIG. 6 and the gate circuit 19 is arranged as
      shown in FIG. 4. The decoder counter 20 comprises, as indicated in FIG. 7,
      four J-K flip-flop circuits F11, F12, F13, F14 and NAND/NOR gates G51, G52
      and an AND gate G53. The input terminal 1 of the decoder counter of FIG. 7
      is connected to the clock pulse input terminals of the J-K flip-flop
      circuits F12, F14. The reset signal input terminals 2, 3 of the decoder
      counter 20 of FIG. 7 are connected to the input terminal of an NAND/NOR
      gate G51. The reset signal input terminals 6, 7 of the counter 20 are
      connected to the input terminal of the NAND/NOR gate G52. The output
      terminals of the NAND/NOR gates G51, G52 are connected to the reset
      terminals of the J-K flip-flop circuits F11-F14 respectively. The clock
      pulse input terminal Cp of the J-K flip-flop circuit F11 is connected to
      the input terminal 14 of the decoder counter 20. The Q output terminal of
      the J-K flip-flop circuit F11 is connected to the output terminal 12 of
      the decoder counter 20. The J input terminal of the J-K flip-flop circuit
      F12 is supplied with a Q output from the J-K flip-flop circuit F14. A Q
      output from the J-K flip-flop circuit F12 is supplied to the Cp terminal
      of the flip-flop circuit F13, one input terminal of an AND gate G53 and
      the output terminal 9 of the decoder counter 20. A Q output from the J-K
      flip-flop circuit F13 is conducted to the other input terminal of the AND
      gate G53 and the output terminal 8 of the decoder counter 20. The J input
      terminal of the J-K flip-flop circuit F14 is connected to the Q output
      terminal thereof and the output terminal 11 of the decoder counter 20. The
      K input terminal of the J-K flip-flop circuit F14 is connected to the
      output terminal of the AND gate G53. Referring to FIG. 1D, the terminal
      20-1 of the decoder counter 20 is connected to the terminal 20-12, and the
      terminals 20-2, 20-6, 20-10 of the decoder counter 20 are jointly
      grounded. The terminal 20-5 is connected to the positive line P of the
      power source, and the terminal 20-11 to the terminal 10-4 of the gate
      circuit 10.
PAR  The decoder counter 20 is supplied at the terminal 20-14 with outputs from
      the terminals 19-6, 19-11 of the gate circuit 19 and gives forth a count
      output in the form of a 4-bit binary code signal. FIG. 8 shows the truth
      table of binary code signals relating to the decimal numerals of 0 to 9
      delivered from the terminals 20-12, 20-9, 20-8, 20-11.
PAR  The base of an NPN transistor 21 connected to the pulse-generating section
      is connected to the output terminal 24-8 of a gate circuit 24. The input
      terminals 24-5, 24-6 of the gate circuit 24 are jointly connected to the
      output terminal 25-12 of an inverter circuit 25, whose input terminal
      25-13 is so connected as to receive an operation signal from the output
      terminal 27-8 of a gate circuit 27 of the later described operation
      circuit 46. The output terminals 19-6, 19-11 of the gate circuit 19 of the
      pulse-generating section are connected to the decoder counter 20 through
      the NPN transistor 21 which is turned on or off according to an output
      from the operation circuit 46 or otherwise grounded. The gate circuit 24
      consists of an integrated circuit shown in FIG. 6, and the inverter
      circuit 25 is formed of an integrated circuit indicated in FIG. 9.
      Referring to FIG. 9, the input terminals of six inverter circuits I11,
      I12, I13, I14, I15, I16 are connected to the terminals 25-1, 25-3, 25-5,
      25-9, 25-11, 25-13. The output terminals of the six inverter circuits are
      connected to the terminals 25-2, 25-4, 25-6, 25-8, 25-10, 25-12. The
      inverter I16 included in the integrated circuit of FIG. 9 is used in FIG.
      1D.
PAR  The output terminals 19-6, 19-11 of the gate circuit 19 are grounded
      through a resistor 28 and light-emitting diode 29. This light-emitting
      diode 29 intermittently gives forth light in synchronization with pulses
      delivered from the pulse-generating section, thereby indicating the
      operating condition of the pulse-generating section.
PAR  The gate circuits 10, 11, 12 of the counter section receive binary code
      signals representing a prescribed time of cooking which are delivered from
      the time-setting section through the terminals 10-1, 10-9, 10-10, 10-15,
      11-1, 11-9, 11-10, 11-15 and 12-1, 12-10, 12-15. Thus the gate circuits
      10, 11, 12 are set at values corresponding to the binary code signals. The
      decoder counters of the counter section are decimal up-down type designed
      to count down pulses from the counter 20 of the pulse-generating section,
      when the operation circuit 46 gives forth a signal instructing the
      commencement of cooking. For example, the up-down counter 10 is formed of
      four flip-flop circuits F21 to F24, NOR gate circuits G61 to G68, NAND/NOR
      gate circuits G71 to G77, AND gate circuits G81 to G91 and inverters I21
      to I24 as shown in FIG. 10. The circuitry of FIG. 10 is also integrated.
      Other up-down counters 11, 12 have the same arrangement as that of FIG.
      10. The numerals following the hyphens included in the referential
      notations given in FIG. 10 correspond to those of said other counters 11,
      12. Referring to FIG. 10, 4-bit binary code signals for setting time of 0
      to 0.9 minute which are supplied to the input terminals 10-1, 10-9, 10-10,
      10-15 are conducted to one input terminal each of the NAND gates G71, G72,
      G73, G74. The other input terminal each of the NAND gates G71, G72, G73,
      G74 is supplied through an inverter I22 with a strobe signal delivered
      from the operation circuit 46. Outputs from the NAND gates G71 to G74,
      together with that from the inverter I22, are supplied to AND gates G85,
      G87, G89, G91, outputs from which are conducted to NOR gates G65, G66,
      G67, G68 together with clear signals delivered from the terminal 10-14
      through an inverter I23. Outputs from the NAND gates G71 to G74 are
      transmitted to the Ps terminals of the flip-flop circuits F21 to F24.
      Outputs from the NOR gates G65 to G68 are supplied to the clear terminal
      C. The down-count terminal 10-4 and up-count terminal 10-5 are connected
      to the input terminal of the NOR gate G61 through the inverters I24, I21,
      and also to the input terminals of the AND gates G81, G82, G83, G84 and
      NAND/NOR gate G76 and those of the AND gates G86, G88, G90 and NAND/NOR
      gate G77. An output from the NOR gate G61 is conducted to the Cp terminal
      of the flip-flop circuit F21, a Q output from which is supplied to the
      output terminal 10-3 of the up-down counter of FIG. 10, AND gates G81,
      G82, G83, G84 and NAND gate G76. A Q output from the flip-flop circuit F21
      is transmitted to the input terminals of the AND gates G86, G88, G90 and
      NAND gate G77. A Q output from the flip-flop circuit F22 is supplied to
      the output terminal 10-2 of the up-down counter and the input terminals of
      the AND gates G82, G83, G84 and NAND gate G76. A Q output from the
      flip-flop circuit F22 is conducted to the AND gates G88, G90 and NAND
      gates G75, G77. A Q output from the flip-flop circuit F23 is transmitted
      to the output terminal 10-6 of the up-down counter and AND gate G83 and a
      Q output therefrom is supplied to the AND gate G90 and NAND gates G75,
      G77. A Q output from the flip-flop circuit F24 is delivered to the output
      terminal 10-7 of the up-down counter, and a Q output therefrom to the NAND
      gates G75, G77. An output from the NAND gate G75 is supplied to the AND
      gates G86, G88, outputs from which are delivered to the NOR gate G62. An
      output from the NOR gate G62 is transmitted to the Cp terminal of the
      flip-flop circuit F22. Outputs from the AND gates G82, G88 are conducted
      to the NOR gate G63, an output from which is supplied to the Cp terminal
      of the flip-flop circuit F23. Outputs from the AND gates G83, G84,
      together with an output from the AND gate G90, are transmitted to the NOR
      gate G64, an output from which is delivered to the Cp terminal of the
      flip-flop circuit F24. An output from the NAND gate G76 is conducted to
      the terminal 10-12 as a carry signal, and an output from the NAND gate G77
      is supplied to the terminal 10-13 as a borrow signal.
PAR  The up-down counter 10 of the above-mentioned arrangement is operated as
      follows. Where the clear terminal 10-14 is impressed with a positive
      potential relative to the ground potential, namely, a logic signal "1",
      then the output terminals 10-2, 10-3, 10-6, 10-7 of the up-down counter 10
      give forth a "0" signal. Where, under this condition, the strobe terminal
      10-11 receives a "0" signal from the operation circuit 46, then the output
      teminals 10-2, 10-3, 10-6, 10-7 of the counter 10 give forth the same
      signal as that which is supplied to the input terminals 10-1, 10-9, 10-10,
      10-15 of the up-down counter 10. Where a down-count signal sent from the
      terminal 20-11 of the counter 20 to the down-count terminal 10-4 is
      changed to (0) to (9), then the borrow terminal 10-13 generates an output,
      transmitting a borrow signal to the terminal 11-4 of the higher order
      counter 11. Conversely where an up-count signal delivered to the terminal
      10-5 of the counter 10 is changed from (9) to (0), then the carry terminal
      10-12 gives froth a carry signal to the terminal 11-51 of the higher order
      counter 11.
PAR  There will now be described by reference to FIG. 11 the operation of the
      up-down counter of FIG. 10. Now let it be assumed that input logical bit
      signals supplied to the terminals 10-15, 10-1, 10-10, 10-9 are designated
      as Ai, Bi, Ci, Di and outputs produced at the terminals 10-3, 10-2, 10-6,
      10-7 as Ao, Bo, Co, Do. Further let it be supposed that at time T1 the
      inputs Ai to Di represent "0", "0", "0", "1" respectively as shown in FIG.
      11 c to FIG. 11 f and the outputs Ao to Do all denote "1" as shown in FIG.
      11 i to FIG. 11 l. Where, at the succeeding time T2, the terminal 10-14 is
      supplied with a clear pulse as shown in FIG. 11 a, then the flip-flop
      circuits F21 to F24 are all cleared to change the outputs Ao to Do to "0".
      Where, under this condition, a strobe signal of "0" level as shown in FIG.
      11  b is supplied to the terminal 10-11 , then the output Do has a logical
      level of "0" as indicated in FIG. 11 l in response to the input Di of "1".
      Where under this condition, the terminal 10-5 is supplied with a count
      signal as shown in FIG. 11 g, then the output Ao is brought to a level of
      "1" as shown in FIG. 11 i at the rising time T4 of an up-count signal (9).
      At the falling time T5 of an up-count signal (0), the terminal 10-12 gives
      forth a carry signal as shown in FIG. 11 m, and at the rising time T6 of
      the up-count signal (0). The output Ao is changed to "0" as indicated in
      FIG. 11 i and also the output Do is brought to a level of "0" as shown in
      FIG. 11 l, thus extinguishing the carry signal. Where an up-count signal
      (1) rises at time T7,  then the output Ao is changed to "1". Where an
      up-count signal (2) rises at time T8, then the output Ao has a level of
      "0" and the output Bo is changed to "1". Thus, counts represented by 4-bit
      binary code outputs progressively increase. Where, at the succeeding time
      T9, a down-count signal (1) of FIG. 11 h rises at the terminal 10-4, then
      the output Ao is changed to "1" and the output Bo to "0". Where a
      down-count signal (0) rises at time T10, then all the outputs Ao to Do are
      brought to a level of "1". Thus at time T11, a down-count signal (9) falls
      and in consequence a borrow signal is produced from the terminal 10-13.
      Further, the down-count signal (9) rises at time T12, and the outputs Ao
      and Do are changed into "0" to extinguish the borrow signal. Where a
      down-count signal (8) rises at time T13, then the output Ao has a level of
      "0". Where a down-count signal (7) rises at the succeeding time T14, then
      the outputs Ao, Bo and Co are changed to "1" and the output Do to "0". A
      down-count operation proceeds in the above-mentioned manner.
PAR  Counts (including zero) made by the counters 10, 11, 12 are delivered to
      the circuits 31, 32, 33 of the display section of FIG. 1A for decoding to
      effect binary code-decimal conversion and driving a display device
      (hereinafter simply referred to as "a decoder/driver circuit") in the form
      of 4-bit signals coded with a weight of 1-2-4-8. Binary code signals
      supplied to the terminals 31-1, 31-2, 31-6, 31-7; 32-1, 32-2, 32-6, 32-7;
      and 33-1, 33-2, 33-6, 33-7 of the decoder/driver circuits 31, 32, 33
      respectively are decoded into decimal signals, followed by amplification,
      and then delivered to digital display devices 34, 35, 36 through the
      corresponding terminals 31-9 to 31-15; 32-9 to 32-15; and 33-9 to 33-15.
      The decoder/driver circuit 31 comprises, as shown in FIG. 12, NAND/NOR
      gate circuits G110 to G117, AND gates G118 to G141, inverter circuits I31
      to I39 and amplifiers A11 to A13 all assembled in an integrated form.
PAR  Referring to FIG. 12, the inputs Ai, Bi, Ci, Di supplied to the terminals
      31-7, 31-1, 31-2, 31-6 are transmitted to one input terminal each of the
      NAND gates G111, G112, G113 and also to the inverter I39. The other input
      terminals of the NAND gates G111, G112, G113 are supplied with a lamp test
      signal from the terminal 31-3 through the amplifier A11. Outputs from the
      NAND gates G111 to G113 and inverter I39 are supplied to one input
      terminal each of the NAND gates G114 to G117 and also to the selected ones
      of the AND gates G118 to G134. The other input terminals of the NAND gates
      G114 to G117 are supplied with a blanking input from the terminal 31-4 and
      an output from the NAND gate G110. The input terminal of the NAND gate
      G110 is supplied with an output from each of the amplifier All, inverters
      I38, I39, and NAND gates G111 to G113. Outputs from the NAND gates G114 to
      G117 are supplied to the selected ones of the AND gates G118 to G134 and
      also to the amplifier A13. Outputs from the AND gates G118 to G120 are
      supplied to the AND gate G135; outputs from the AND gates G121 to G123 to
      the AND gate G135; outputs from the AND gates G124, G125 to the AND gate
      G137; outputs from and AND gates G126 to G128 to the AND gate G138;
      outputs from the amplifier A13 and an output from the AND gate G129 to the
      AND gate G139; outputs from the AND gates G130 to G132 to the AND gate
      G140; and outputs from the AND gates G133, 134 to the AND gate G141. The
      input terminals of all the AND gates G135 to G141 are provided with the
      corresponding inverters as shown in FIG. 12. Outputs from the AND gates
      G135 to G141 are conducted to the output terminals 31-13, 31-12, 31-11,
      31-10, 31-9, 31-15 and 31-14 through the corresponding inverters I31 to
      I37. The other decoder/driver circuits 32, 33 have the same arrangement as
      the decoder/driver circuit 31.
PAR  Binary code signals converted into decimal numerals by the decoder/driver
      circuits 31, 32, 33 are transmitted to the corresponding input terminals
      of the display devices 34, 35, 36 from three groups of seven terminals as
      31-9 to 31-15; 32-9 to 32-15; and 33-9 to 33-15 through the corresponding
      resistors R. The display device 34 consists of eight display segments A,
      B, C, D, E, F, G, D.sub.p as illustrated in FIG. 13. These display
      segments A to D.sub.p are connected, as shown in FIG. 13, to the input
      terminals 34-1, 34-9, 34-6, 34-4, 34-3, 34-2, 34-8, 34-7. The display
      segments A to D.sub.p are formed of, for example, light-emitting diodes,
      and are impressed with voltages selectively across the anodes connected to
      the terminals 34-5 and 34-10 and the cathodes connected to the terminals
      1-4 and 6-9 for illumination display. The display device 34 has a circuit
      arrangement as shown in FIG. 14. A numeral 3, for example, as indicated by
      the illumination of the display segments A, B, G, C, D. The display
      segment D.sub.p denotes a decimal point, and, in the embodiment of FIG.
      1A, only the terminal 35-7 of the display device 35 is impressed with
      voltage.
PAR  Outputs from the up-down counters 10, 11, 12 are further supplied to the
      gage circuits 40, 41 of the time detection section. This time detection
      section detects the counts made by the counters 10, 11, 12, and when said
      counts reach a prescribed value, namely, a preset point of time, sends
      forth its own output to the operation circuit 46. The time detection
      section consists of gage circuits 40, 41, 42, 43, inverters 44, 45 and a
      capacitor C4. The gate circuits 40, 41 may each be formed of the
      integrated circuit of FIG. 6; the gate circuit 42 of the integrated
      circuit of FIG. 5; the gate circuit 43 of the integrated circuit of FIG.
      3; and the inverters 44, 45 of the integrated circuit of FIG. 9. The
      numerals following the hyphens included in the referential notations of
      the terminals of these circuits correspond to the referential numerals of
      the terminals of the respective integrated circuits.
PAR  An output from the time detection section is supplied through the capacitor
      C4 to the operation circuit 46 of the electronic range-controlling
      section.
PAR  This electronic range-controlling section is connected to an A.C. source 47
      and comprises a power supply switch 48; bidirectional thyristor 49; an NPN
      transistor 50 for controlling the ON-OFF state of the thyristor 49; an
      inverter 51 and gate circuit 27 for rendering the transistor 50 operative
      or inoperative according to a signal from the operation circuit 46; an
      electromagnetic switch 52 energized in response to the operation of the
      thyristor 49; the main contacts 51-1, 52-2 of the electromagnetic swtich
      52; a high frequency generator 53 having power supply thereto controlled
      by the main contacts 52-1, 52-2; a D.C. control power source 54; and the
      operation circuit 46. The inverter 51 may be formed of the integrated
      circuit of FIG. 9 and the gate circuit 27 of the integrated circuit of
      FIG. 3. The high frequency generator 53 is intended to emit high frequency
      electromagnetic wave into the heating chamber of the electronic range, and
      consists of a high voltage transformer 55, heater transformer 56,
      recitifier circuit 57 and magnetron 58. The D.C. control power circuit 54
      is designed to supply direct current to all other circuits than that
      associated with the high frequency generator 53, and consists of a
      transformer 59, rectifier circuit 60 and constant voltage diode 61. The
      operation circuit 46 is mainly formed of a start switch 62 for
      commencement of cooking or heating, a switch stop 63 for stoppage of
      cooking or heating, reset switch 64, semiconductor-controlled rectifier
      elements (abbreviated as SCR) 65, 66 and diodes 67, 68. The start and stop
      switches 62, 63 and reset switch 64 are of normally closed push-button
      type. The cooking stop switch 63 may be so designed as to be rendered
      inoperative and operative, for example, in interlocking relationship with
      the opening and closure of the door of the heating chamber.
PAR  There will now be described the operation of the embodiment of FIGS. 1A to
      1D. Throughout the following description, a "0" signal is the one denoting
      the ground potential, and a "1" signal is the one showing positive
      potential relative to the ground potential, namely, output voltage +V (for
      example, 5 volts) from the D.C. control power source 54.
PAR  When the power supply switch 48 is thrown in, an output voltage from the
      power source 54 rises to a level of +V (about 5 volts). At this time, a
      transient signal flows through a resistor R4, capacitor C5 and resistor R5
      to charge the capacitor C5. Voltage impressed across both ends of the
      resistor R5 by the charge current is supplied to the gate of the SCR 66.
      Thus the SCR 66 is rendered operative to have its anode side voltage level
      brought to that of "0". As the result, the terminal 27-10 of the gate
      circuit 27 connected to the anode of the SCR 66 and the terminals 10-11,
      11-11, 12-11 of the up-down counters 10, 11, 12 respectively present a "0"
      voltage level. Outputs c, d, e from the up-down counters 10, 11, 12 have
      the same level as seen from the timing chart of FIG. 11, as input signals,
      namely, output signals f, g, h from the time-setting section. The
      above-mentioned output signals c, d, e are supplied to the display devices
      34, 35, 36 through the decoder/driver circuits 31, 32, 33 so as to dispaly
      set time in the form of decimal numerals. Since, at this time, an input
      signal to the input terminal 27-10 of the gate circuit 27 has a logical
      level of "0", one input terminal of the NAND gate G13 of FIG. 3 also has a
      logical level of "0", causing the output terminal 27-8 to give forth a "1"
      output, and in consequence the output terminal 51-8 of the inverter 51 to
      produce a "0" output. This "0" output renders the NPN transistor 50 in the
      OFF state and in consequence the bidirectional thyristor 49 inoperative.
      As the result, the electromagnetic switch 52 is deenergized and the high
      frequency generator 53 is also put out of operation. On the other hand,
      the gate circuit 27 generates an output of "1" and accordingly the
      inverter 25 produces an output of "0". Since the input terminals 24-5,
      24-6 of the gate circuit 24 have a logical level of "0", the output
      terminal of the NOR gate 42 of FIG. 6, namely, the output terminal 24-4 of
      the gate circuit 24 gives forth "1" output, thus rendering the transistor
      21 operative and the light-emitting diode 29 extinguished. Under this
      condition, pulses being supplied to the input terminal 20-14 of the
      counter 20 included in the pulse-generating section are already grounded.
      Therefore, the output terminal 20-11 of the pulse-generating section does
      not send forth any pulse to the input terminal of the up-down counter 10.
      Though, under the above-mentioned conditions, the display devices 34, 35,
      36 indicate different categories of time already set by the time-setting
      switches S1, S2, S3, no time counting is carried out, nor is applied any
      heating.
PAR  When the cooking start switch 62 is closed after a prescribed length of
      heating time is set, then both ends of the SCR's 65, 66 respectively are
      forcefully short-circuited in a moment, if an output from the time
      detection section, namely, an input to the gate of the SCR 66 has a level
      of "0", thereby turning off the SCR's 65, 66. As the result, the anode of
      the SCR 66 has a logical level of "1", the transistor 50 is put into
      operation, and the transistor 21 is rendered inoperative. When the
      transistor 50 is thus put into operation, the thyristor 49 is triggered
      for operation to energize the electromagnetic switch 32. Accordingly, the
      main contacts 52-1, 52-2 of the switch 52 are closed to actuate the high
      frequency generator 53, for the thermal cooking of foods placed in the
      heating chamber (not shown) of the electronic range. Since, at this time,
      the transistor 21 is turned off, the pulse-generating section sends forth
      pulses to the counter 20, where the number of pulses supplied thereto is
      counted down. Thus, the counts previously stored in the counters 10, 11,
      12 downwardly vary with the count condition within the counter 20. The
      display devices 34, 35, 36 indicate the downward variations of counts in
      the counters 10, 11, 12. At this time, the light-emitting diode 29 is
      supplied with pulses from the monostable multivibrator 22 of the
      pulse-generating section in response to the inoperative condition of the
      transistor 21. The light-emitting diode 29 is energized and extinguished
      per pulse period. This intermittent actuation of the light-emitting diode
      29 shows that the high frequency generator 53 is in operation.
PAR  Where the cooking stop switch 63 is closed during the operation of the high
      frequency generator 53, then the gate of the SCR 65 is supplied with a "1"
      signal and becomes operative. Accordingly, the input terminal 27-9 of the
      gate circuit 27 is supplied with a "0" signal, and the gate circuit 27
      generates a "1" output and in consequence the inverter 51 produces a "0"
      output, causing the transistor 50 to be turned off and the transistor 21
      to be turned on. The thyristor 49 is put out of operation to stop the high
      frequency generator 53. Also, the transistor 21 is operated to extinguish
      the light-es emitting diode 29 and stop the supply of pulses to the
      counter 20. Since, at this time, the SCR 66 remains inoperative with its
      anode kept at a logical level of "1", the counters 10, 11, 12 hold the
      counts which they made at the closure of the cooking stop switch 63, and
      the display devices 34, 35, 36 make indications corresponding to the
      counts held by the counters 10, 11, 12.
PAR  Where the reset switch 64 is closed during the operation of the high
      frequency generator 53 or after the closure of the cooking stop switch 63,
      then the SCR 66 becomes operative with its potential changed to a level of
      "0", causing the transistor 50 to be turned off and the transistor 21 to
      be turned on. As the result, heating of the foods and the operation of the
      timer are brought to an end. Since the logical level of the anode of the
      SCR 66 is changed to "0", the outputs c, d, e from the counters 10, 11, 12
      have the same logical level as the input signals f, g, h. As the result,
      indications on the display devices 34, 35, 36 are brought back to those
      representing the length of time originally set at the commencement of
      heating.
PAR  Where the preset time of cooking has passed after the closure of the
      cooking start switch 62, then the counter 20 is subjected to down
      counting, and the counts previously made thereby are brought to (0). At
      this time, the outputs c, d, e from the counters 10, 11, 12 all have a
      logical level of "0", showing that the counts made by these counters 10,
      11, 12 coincide with a prescribed length of time. As the result, the gate
      circuits 40, 41 of the time detection section are all supplied with an
      input of "0". Namely, the NOR gates G41, G42, G43, G44 of FIG. 6 are all
      supplied with an input of "0". Therefore, the gate circuits 40, 41
      generate a "1" output, which is supplied to the gate circuit 42. Since all
      the input terminals of FIG. 5 are made to have a logical level of "1", the
      NAND gates G31, G32, G33 produce an output of "0", and in consequence the
      inverter 44 gives forth an output of "1". This "1" output is supplied to
      the two input terminals 43-1, 43-2 of the gate circuit 43. Since the input
      signals to the gate G11 of FIG. 3 have a logical level of "1", the output
      terminal 43-3 of the gate circuit 43 produces a "0" signal, and in
      consequence the inverter 45 generates a "1" output. This "1" output is
      supplied to the gate electrode of the SCR 66 through the capacitor C4 to
      render the SCR 66 operative. Since the anode potential of the SCR 66 has a
      level of "0", the high frequency generator 53 is stopped, the
      light-emitting diode 29 is extinguished and the counter 20 ceases to be
      supplied with pulses. Thus, the display devices 34, 35, 36 make the same
      indications as those representing the initially set length of time. Thus,
      upon lapse of the preset time, thermal cooking is brought to an end.
PAR  While the time-setting section sets time at (0), then the contacts S10,
      S20, S30 of the time-setting switches S1, S2, S3 remain closed. At this
      time, all the input signals to the gate circuit 9 have a logical level of
      "0". Namely, the gates G43, G44 of FIG. 6 are all supplied with a "0"
      input and generate a "1" output. Since two input signals to the gate
      circuit 13 have a logical level of "1", the gate circuit G12 of FIG. 3 is
      supplied with two "1" input signals and produces a "0" output.
      Accordingly, the gate circuit 14 is supplied with a "0" input, and in
      consequence the NAND gate G14 of FIG. 3 is supplied with two "0" input
      signals and gives forth a "1" output. This "1" output is conducted to the
      gate electrode of the SCR 66 through the diode D4 to actuate the SCR 66,
      which remains thus energized, preventing heating of the foods and the
      operation of the timer and causing all the display devices 34, 35, 36 to
      continue to make the (0) indication.
PAR  In the embodiment of FIGS. 1A tp 1D the time-setting switches S1, S2, S3
      may consist of any of the push-button switch, snap switch, rotary switch,
      keyboard switch, etc. Further, the pulse generation circuit may be formed
      of a cuptal generator or astable multivibrator. It is also possible to use
      the thyristor 49 directly in turning on or off the power source of the
      high frequency generation circuit, instead of energizing or deenergizing
      the electromagnetic switch 52 according to the ON or OFF condition of the
      thyristor 49. The thyristor 49 need not be limited to a bidirectional type
      but may be formed of an SCR. Further, the up-down counters 10, 11, 12 may
      act simply as up-counters in place of down-counters. In this case, it is
      advised to provide in the time detection section a coincidence circuit
      which compares outputs from the time-setting section and those from the
      counters 10, 11, 12 and generates its own output, in case coincidence
      takes place between the two groups of outputs. The embodiment of FIGS. 1A
      to 1D comprises a large number of integrated circuits. If, however, these
      integrated circuits are further integrated, then a very compact electronic
      digital timer will be obtained.
PAR  There will now be described by reference to FIGS. 15A, 15B the construction
      of an electronic digital timer according to another embodiment of this
      invention. The parts of FIGS. 15A, 15B the same as those of FIGS. 1A to 1D
      are denoted by the same numerals, description thereof being omitted. The
      first embodiment comprises three time-setting switches, namely, can set
      time in units of 0.1 minute by the switch S1, in units of 1 minute by the
      switch S2 and in units of 10 minutes by the switch S3, namely up to 59.9
      minutes using the three switches S1, S2, S3. Actually, however, a length
      of time represented by digits of three orders is rarely used, but a
      pattern of generally set time often consists of digits of two orders, for
      example, 59 minutes or 9.9 minutes. Therefore, it is sometimes considered
      wasteful to provide a time-setting device always capable of making time
      indication comprising digits of three orders.
PAR  In view of the above-mentioned circumstances, therefore, the undermentioned
      embodiment is only provided with means for setting and displaying a length
      of time consisting of digits of two orders and consequently is simplified
      in arrangement by being so designed as to vary the units of time being
      set, namely, attain such time setting as 59 minutes or 9.9 minutes.
      According to this second embodiment, a time constant circuit for
      determining the oscillating frequency (period) of a pulse generator 17a
      mainly formed of a unijunction transistor 16 comprises a series circuit
      consisting of a capacitor C1 and variable resistor VR-1 and another series
      circuit consisting of the capacitor C1 and variable resistor VR-2. The
      connection of these two series circuits with the generator 17a can be
      changed over by means of a switch SW-1.
PAR  This changeover switch SW-1 is made to work interlockingly with another
      changeover switch SW-2. The switching operation of the latter changeover
      switch SW-2 enables the decimal point indication terminals 34-7, 35-7 of
      the display devices 34, 35 to be changed over from each other. For
      example, where the latter changeover switch SW-2 is thrown toward the
      decimal point indication terminal 35-7, then a length of time, for
      example, 9.9 minutes is indicated. Where the latter changeover switch SW-2
      is thrown toward the decimal point indication terminal 34-7, then the unit
      of time being set is changed to 59 minutes.
PAR  Output pulses from the pulse generator 17a are supplied to the terminal
      80-2 of a gate circuit 80. The terminal 80-1 of the gate circuit 80 is
      connected to the base of the transistor 50 and the terminal 80-3 thereof
      to the terminal 10-4 of the counter 10. This gate circuit 80 may be formed
      of, for example, the integrated circuit of FIG. 3, with the terminals
      80-1, 80-2, 80-3 connected to the terminals 1, 2, 3 respectively and the
      NAND gate G11 used as a gate circuit.
PAR  The output terminals 40-1, 40-4, 40-10, 40-13 are connected to the
      terminals 81-1, 81-2, 81-4, 8-15 of a gate circuit 81. The output terminal
      81-6 of the gate circuit 81 is connected to one terminal of the capacitor
      C4. This gate circuit 81 may be formed of, for example, the integrated
      circuit of FIG. 16 having two AND gates G150, G151. The gate circuit 81
      consists of the AND gate G151. The terminals 81-1, 81-2, 81-4, 81-5 are
      connected to the input terminals of the AND gate G151, the output terminal
      of which is connected to the terminal 81-6.
PAR  The anode of the SCR 66 of the operation circuit 46 is connected to the
      terminals 82-12, 82-13 of a gate circuit 82, and the anode of the SCR 65
      is connected to the terminals 82-9, 82-10. The terminal 82-8 is connected
      to the base of a transistor 50. The gate circuit 82 consists of the AND
      gate G150 of FIG. 16. The terminals 82-9, 82-10, 82-12, 82-13 of the gate
      circuit 82 are connected to the input terminal of the gate G150 and the
      terminal 82-8 is connected to the output terminal of the gate G150.
PAR  There will now be described the operation of the embodiment of FIGS. 15A,
      15B. Where a prescribed time of cooking is to be set at, for example, 3.4
      minutes through operation of the time-setting switches S1, S2, then the
      changeover switch SW-1 is thrown in as indicated in FIG. 15B. As the
      result, the pulse generator 17a gives forth output pulses at an interval
      of, for example, 0.1 minute determined by the time constant elements C1,
      and VR-1. The changeover switch SWW-2 is also set at the indicated
      position, causing the terminal 34-7 of the display device 34 to have a
      logical level of "1" and the terminal 35-7 of the display device 35 to
      have a logical level of "0". Thus, the decimal point indication segment of
      the display device 35 emits light to display a decimal point, optically
      presenting the aforesaid set time of 3.4 minutes.
PAR  Upon completion of the time-setting operation, the cooking start switch 62
      is closed, causing the anodes of the SCR's 65, 66 to have a logical level
      of "1". Upon receipt of this "1" signal, the gate circuit 82 produces a
      "1" signal at its output terminal. As the result, the transistor 50 and in
      consequence the bidirectional thyristor 49 are rendered operative to
      actuate the relay 52 for the operation of the high frequency generator 53
      shown in FIG. 1C. On the other hand, the counters 10, 11 are put into
      operation by a "1" signal sent forth from the anode of the SCR 66.
      Accordingly, pulses delivered from the pulse generator 17a at an interval
      of 0.1 minute through the gate circuit 80 are counted down by the counters
      10, 11. As the result, indications on the display devices 34, 35 are
      changed as 3.4-3.3-3.2- . . . 0.1-0. Upon passage of the preset time of
      3.4 minutes, all input signals to the gate circuit 40 have a logical level
      of "0"  and in consequence all output signals therefrom have a logical
      level of "1". Four "1" output signals from the gate circuit 40 are
      conducted to the terminals 81-1, 81-2, 81-4, 81-5 of the gate circuit 81,
      whose output terminal 81-6 gives forth a "1" signal, which in turn is
      supplied to the gate electrode of the SCR 66 through the capacitor C4. As
      the result, the gate circuit 82 generates a "0" output, and both
      transistor 50 and thyristor 49 are put out of operation, bringing heating
      of the foods and the operation of the timer to an end. Thus, indications
      on the display devices 34, 35 are brought back to the originally set time
      of 3.4 minutes.
PAR  When the changeover switch SW-1 is thrown in toward the variable resistor
      VR-2, then the time constant circuit consisting of the capacitor C1 and
      variable resistor VR-2 is connected to the unijunction transistor 16,
      causing the pulse generator 17a to produce pulses at an interval of 1
      minute. At this time, a "1" signal is supplied to the terminal 35-7 of the
      display device 35 by the changeover switch SW-2 to extinguish a decimal
      point indicated on the display device 35, namely, to present a newly set
      time of 34 minutes. In this case it is possible to set a time up to 99
      minutes.
PAR  FIGS. 17 and 18 show other modifications of the pulse generator 17a of FIG.
      15B. Referring to FIG. 17, a series circuit consisting of the variable
      resistors VR-1, VR-2 is provided between the power source of +V voltage
      and capacitor C1. The variable resistor VR-2 is selectively
      short-circuited by the switch SW-1 or connected in series to the variable
      resistor VR-1. The terminal 35-7 of the display device 35 is connected to
      the power source of +V voltage through one fixed contact of the switch
      SW-1. Under the above-mentioned arrangement, the terminal 35-7 of the
      display device 35 is supplied with a "0" signal only when the changeover
      switch SW-1 is brought to the indicated position, causing the display
      device 35 to indicate a decimal point. At this time, the variable resistor
      VR-1 alone is connected in series to the capacitor C1 to generate pulses
      at an interval of, for example, 0.1 minute. When the changeover switch
      SW-1 is thrown in toward the fixed contact connected to the terminal 35-7
      of the display device 35, then the variable resistors VR-1, VR-2 are
      connected in series to the capacitor C1 to produce pulses at an interval
      of, for example, 1 minute, preventing the decimal point from being
      indicated. In this case, a circuit associated with the terminal 34-7 of
      the display device 34 is not provided, suppressing the indication of a
      decimal point by the display device 34.
PAR  FIG. 18 represents the case where a decimal point is not indicated by the
      display device 34, but always by the display device 35 whose terminal 35-7
      is connected to a resistor R as shown in FIG. 15A. In this case, one
      contact of the changeover switch SW-1 is made to represent a notation of
      (.times.1) and the other contact thereof to represent a notation of
      (.times.10) as shown in FIG. 17. Where a numeral (4) is set by the
      time-setting switch S1 of FIG. 15A, and a numeral (3) by the time-setting
      switch S2, then the display devices 34, 35 collectively make an indication
      of 3.4. Where, in this case, the changeover switch SW-1 is in a position
      indicated in FIG. 18, then a pulse generator 17c produces output pulses at
      an interval of 0.1 minute. Since the changeover switch SW-1 denotes a
      magnification degree of (.times.1) as mentioned above, the set time is
      read as 3.4 just as presented. When the changeover switch SW-1 is thrown
      in toward the contact representing (.times.10), then pulses are generated
      at an interval of 1 minute. Though, in this case, the display devices 34,
      35 still collectively make an indication of 3.4, the set time is read as
      3.4.times.10, namely, 34 minutes, because the (.times.10) magnification
      appears on the panel of the electronic digital timer.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electronic digital timer for an electronic range which comprises a
      time-setting section for defining a desired length of time; a pulse
      generator for sending forth pulses at a prescribed interval; a counter
      section for commencing the counting of pulses given forth by the pulse
      generator as soon as the electronic range begins heating; a time detection
      section for producing an output when a prescribed relationship arises
      between the counts made by the counter section and a length of time
      previously set by the time-setting section; a control device for stopping
      heating by the electronic range according to an output from the time
      detection section; the time detection section having a gate circuit for
      producing an output when a length of time set by the time-setting section
      is zero; the control device includes a reset switch; a first SCR whose
      gate electrode is selectively supplied with outputs from said reset
      switch, time detection section and gate circuit; a cooking stop switch; a
      second SCR whose gate electrode is supplied with an output from said
      cooking stop switch; a cooking start switch; means for forcefully bringing
      the first and second SCR's into the OFF state upon the closure of the
      cooking start switch; a transistor rendered operative upon the actuation
      of the first SCR; a thyristor put into operation upon the energization of
      said transistor; an electromagnetic switch energized upon the operation of
      said thyristor; and means for actuating the power supply circuit of the
      electronic range upon the actuation of said electromagnetic switch.
NUM  2.
PAR  2. An electronic range with an electronic digital timer comprising:
PA1  a time-setting section for defining a desired length of time;
PA1  a pulse generator for generating pulses at a prescribed interval;
PA1  a counter section for commencing the counting of pulses generated by the
      pulse generator as soon as the electronic range begins a heating
      operation;
PA1  a time detection section for generating an output when a prescribed
      relationship arises between the number of pulses counted by the counter
      section and a length of time previously set by the time-setting section;
PA1  a control device for stopping the heating operation of the electronic range
      in accordance with an output from the time detection section;
PA1  display means for indicating in the form of digits the length of time
      previously set by the time-setting section and the number of pulses
      counted by the counter section;
PA1  the counter section being set at a value corresponding to the length of
      time set by the time-setting section to, when supplied with a signal
      instructing the commencement of the heating operation of the electronic
      range, count down the number of pulses generated by the pulse generator;
PA1  the control device having a switch rendered inoperative by an output signal
      from the time detection section;
PA1  means for controlling a power supply to a high frequency generator of the
      electronic range through the switch.
NUM  3.
PAR  3. An electronic range according to claim 2 wherein the time-setting
      section comprises at least one rotary switch for setting time by the
      decimal system and a decimal numeral-binary code conversion circuit for
      converting a decimal output from said rotary switch into binary code
      signals; and the counter section includes binary up-down counters set by
      an output from said decimal numeral-binary code conversion circuit.
NUM  4.
PAR  4. An electronic range according to claim 2 which further comprises a
      light-emitting indication element actuated by pulses delivered from the
      pulse-generating section to the counter section upon commencement of
      heating by the electronic range, thereby indicating the progress of
      heating by the electronic range.
NUM  5.
PAR  5. An electronic range according to claim 2 wherein the counter section has
      at least one down-counter; and the time detection section has a gate
      circuit for generating an output when the counts made by the down-counter
      are brought to zero upon the passage of the previously set time.
NUM  6.
PAR  6. An electronic range according to claim 2 wherein the time detection
      section has a gate circuit for producing an output when a length of time
      set by the time-setting section is zero; and the control device includes a
      reset switch; a first SCR whose gate electrode is selectively supplied
      with outputs from said reset switch, time detection section and gate
      circuit; a cooking stop switch; a second SCR whose gate electrode is
      supplied with an output from said cooking stop switch; a cooking start
      switch; means for forcefully bringing the first and second SCR's into OFF
      state upon the closure of the cooking start switch; a transistor rendered
      operative upon the actuation of the first SCR; a thyristor put into
      operation upon the energization of said transistor; an electromagnetic
      switch energized upon the operation of said thyristor; and means for
      actuating the power supply circuit of the electronic range upon the
      actuation of said electromagnetic switch.
NUM  7.
PAR  7. An electronic range according to claim 2 wherein the display device has
      a plurality of display segments formed of light-emitting diodes.
NUM  8.
PAR  8. An electronic range according to claim 7 wherein the display device
      further includes a display segment for presenting a decimal point.
NUM  9.
PAR  9. An electronic range according to claim 2 wherein the pulse-generating
      section comprises a first time constant circuit including a first variable
      resistor; a second time constant circuit including a second variable
      resistor; and a first switch for changing over the connection of the first
      and second time constant circuit with said pulse-generating section.
NUM  10.
PAR  10. An electronic range according to claim 7 which further comprises at
      least two display devices for indicating a length of time set by the
      time-setting section including a decimal point; and a second switch for
      changing over the indication of a decimal point between the display
      devices in interlocking operation with the first switch.
NUM  11.
PAR  11. An electronic range according to claim 2 wherein the pulse-generating
      section includes first and second time constant circuits connected in
      series; a short circuit of said second time constant circuit; and a switch
      provided with a first contact for closing said short circuit and a second
      contact for connecting the first and second time constant circuits to the
      pulse-generating section, and there are further provided at least two
      display devices including a first display device for indicating a length
      of time previously set by the time-setting section with a decimal point
      included and a second display device for indicating a digit of lower order
      than that indicated by the first display device; and means for causing the
      first display device to indicate a decimal point when said second contact
      is closed.
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ABST
PAL  Circuitry for the correction of error occasioned during the counting of
      platelets in a hematology system. A coincidence corrected platelet count
      is provided as an input to a rate counter which provides a plurality of
      output signals representative of different percentages of the input count.
      A read-only memory is employed to store data representing correction
      factors for different hematocrit values. Gating circuitry is enabled by
      output signals from the read-only memory representing a selected
      hematocrit correction factor, the enabled gate circuits providing pulses
      representative of selected percentages of the input count and which are
      combined to provide an output pulse train which is the corrected platelet
      count.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to particle counting systems and more particularly
      to circuitry for correction of platelet count error.
PAC  BACKGROUND OF THE INVENTION
PAR  Systems are known for counting blood cells or other particles suspended in
      a liquid, a preferred system being shown in U.S. Pat. No. Re. 27,902
      assigned to the assignee of the present invention. In such a system,
      electrical pulses are provided in response to the passage of particles
      through a metering aperture of a transducer or conductivity cell which is
      disposed within a fluid path and which has electrodes on respective
      opposite sides of the aperture. The impedance of the fluid path is
      materially altered by the presence of a particle within the aperture,
      resulting in production of electrical pulses corresponding to the number
      of particles passing through the aperture and which pulses are
      electronically counted to provide an output indication of particle count.
      A known volume of particle-containing liquid is usually metered by
      appropriate means to provide a particle count for a known volume of
      liquid.
PAR  Such systems are often employed for counting platelets within a suitably
      diluted platelet sample. The platelet count is subject to coincidence
      error which arises by reason of the coincident or nearly coincident
      passage of more than one particle through the metering aperture of the
      conductivity cell and which is sensed as a single particle, resulting in
      the number of measured particles being lower than the actual particle
      count for a given quantity of sample liquid. The platelet count is also
      dependent upon measured hematocrit value. Correction charts are usually
      employed to provide a corrected platelet count. It would be preferable
      however to employ automated means to directly provide a corrected platelet
      count to thereby overcome the time and susceptibility to error occasioned
      by the usual manual use of correction charts.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention provides a correction circuit for use in a platelet
      counting system in which a coincidence corrected platelet count is
      automatically and continuously corrected to provide a corrected count.
      Input pulses representing a coincidence corrected platelet count are
      applied to an electronic rate counter or scaler which provides a plurality
      of output signals representative of different percentages of the input
      pulse count. These output signals are applied via suitable gating
      circuitry to respective gate circuits which are selectively enabled by
      output signals from a read-only memory. The read-only memory has stored
      therein data representing hematocrit correction factors for a range of
      hematocrit values. A hematocrit reading is entered as an input to the
      read-only memory by suitable input switches or other means, the memory
      providing a plurality of output signals representing the hematocrit
      correction factor and which signals are operative to enable selected ones
      of the gate circuits. The enabled gate circuits provide pulses
      representative of selected percentages of an input count and these pulses
      are combined in an output gate to provide an output pulse train which
      represents corrected platelet count.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully unerstood from the following detailed
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic representation of a particle counting system in which
      the invention is useful;
PAR  FIG. 2 is a block diagram representation of a platelet correction circuit
      according to the invention; and
PAR  FIG. 3 is a block diagram representation of a coincidence correction
      circuit useful to provide input pulses to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A particle counting system in which the invention is useful is shown
      diagrammatically in FIG. 1 and which itself is the subject of U.S. Pat.
      No. Re. 27,902. This system includes a conductivity cell or transducer 10
      having a metering aperture and electrodes therein for providing electrical
      pulses on output line 12 corresponding and in response to particles
      passing through the aperture thereof. Particle-containing liquid is drawn
      from a sample container into cell 10 via an input tube 14 and exits
      through a tube 16 which terminates in a waste vessel 18 which is also
      coupled to pump 20. Pump 20 provides a negative pressure for drawing
      sample liquid through cell 10 for analysis during a counting run. The
      output pulses from cell 10 are applied to an amplifier 22, the output of
      which is coupled to logic circuitry 24 which processes the received pulses
      to provide an output signal to a count dislay 26 which visually indicates
      the particle count for a given quantity of sample liquid. The sample
      quantity being analyzed is determined by volume metering means 28 which
      senses a known quantity of sample liquid flowing through tube 16 and
      provides electrical start and stop signals to logic circuitry 24 to define
      a counting interval within which a particle count is accumulated for
      display. Appropriate controls 30 are coupled to logic circuitry 24 for
      operation thereof.
PAR  The system shown in FIG. 1 can be employed for counting platelets suspended
      within a blood sample, and, according to the invention, a platelet count
      is obtained which is corrected for coincidence error occasioned by the
      simultaneous passage of two or more particles through the metering
      aperture of the conductivity cell 10 and also corrected in accordance with
      a corresponding hematocrit reading. The novel circuitry of the invention
      is shown in FIG. 2 and inclues a decimal rate counter or scaler 32
      receiving input pulses representative of a coincidence corrected platelet
      count. The coincidence corrected count is provided by the logic circuitry
      24 of the system of FIG. 1 and particularly by circuitry to be desribed
      hereinbelow. Such circuitry for providing a coincidence corrected count is
      preferably of the type shown in copending application Ser. No. 447,530,
      filed Mar. 1, 1974, now U.S. Pat. No. 3,864,55, and assigned to the
      assignee of this invention.
PAR  The counter 32 has a plurality of outputs coupled to respective
      multivibrators 34a-34h and the outputs of which, in turn, are applied to
      respective NAND gates 36a-36h. An enabling input for each of the NAND
      gates 36a-36h is provided by a respective output from a read-only memory
      38, the input of which is coupled to a hematocrit input source. Memory 38
      has stored therein data representing correction factors for a range of
      hematocrit values. The hematocrit correction factor is equal to 1 - HCT/75
      and this correction factor decreases for increasing values of hematocrit.
      The output code from read-only memory 38 representing the correction
      factors selects the gates 36a-36h which are to be enabled to provide the
      intended percentage of the input count. The outputs of NAND gates 36a-36h
      are applied to respective inputs of an output gate 42, typically a NAND
      gate, and the output of which provides the corrected platelet count. The
      circuit of FIG. 2 is typically implemented in integrated circuit form.
      Counter 32 is typically constructed of integrated circuit decade counters
      such as Texas Instruments type 7490. The read-only memory 38 is typically
      a semiconductor memory programmed in accordance with the correction
      factors needed for particular input hematocrit values. The hematocrit
      input source 40 is typically a binary coded switch which provides a coded
      representation of hematocrit for each manually selected value.
PAR  The output signals from counter 32 are representative of selected different
      percentages of the count applied as an input thereto. The output signals
      from counter 32 are applied to respective multivibrators 34a-34h which
      provide corresponding output pulses for subsequent processing. In the
      illusrated embodiment, the outputs of respective multivibrators 34a-34h
      represent the respective percentages 50, 20, 10, 10, 5, 2, 1 and 1, of the
      input count to counter 32. The corrected platelet count is a predetermined
      percentage of the coincidence corrected input count for selected
      hematocrit values, and by operation of the invention, read-only memory 38
      provides an output code representative of the hematocrit correction factor
      operative to enable selected ones of gates 36a-36h corresponding to the
      percentage outputs of counter 32 which when combined will provide the
      percentage value intended to yield the corrected output count.
PAR  The coincidence corrected platelet count pulses provided as an input to the
      circuitry of FIG. 2 are provided in preferred embodiment by the circuitry
      shown in FIG. 3 and which is itself the subject of the aforesaid copending
      application. Referring to FIG. 3, pulses representative of a measured
      platelet count are applied to first and second multivibrators 52 and 54.
      Multivibrator 52 provides output pulses as a clock signal to an address
      register 56 and also provides its output pulses as one input of OR gate
      58, the output of which gate is the corrected count. The output pulses
      from multivibrator 54 are applied as one input to NAND gate 60, the
      outputs of which are applied to respective inputs of OR gate 58. Address
      register 56 has its output lines coupled to the inputs of a read-only
      memory 64, the output of which is coupled to a multiplexer 56 which
      provides an output signal to gate 60. The multivibrators 52 and 54
      typically are one shot multivibrators, multivibrator 52 being triggered on
      the trailing edge of an input pulse while multivibrator 54 is triggered on
      leading edge of the input pulse. As a result, a predetermined time delay
      is provided between the respective output pulses from the multivibrators
      sufficient to permit signal processing for providing correction data.
PAR  The address register 56 provides an output code corresponding to the number
      of clock pulses applied thereto and which code addresses a read-only
      memory 64 which has stored therein data representative of the coincidence
      points of a correction chart at which additional pulses are to be added to
      a measured count. At the addresses of the stored data, memory 64 provides
      an output code to multiplexer 66 which produces an output signal to gate
      60 to cause an additional pulse to be added to the measured count for
      correction.
PAR  In operation, pulses provided by transducer or conductivity cell 10 (FIG.
      1) and of a number representative of measured platelet count are applied
      to multivibrator 52 which provides corresponding output pulses to OR gate
      58 which, in turn, provides output pulses for subsequent processing and
      display. The input pulses are also applied to multivibrator 54 which
      provides corresponding pulses to an iput of NAND gate 60. Address register
      56 is operative in response to the clock pulses provided by multivibrator
      52, and which in turn is representative of the input pulses to provide a
      parallel output code to sequentially address memory 64 in accordance with
      successive values of the received particle count. At selected addresses of
      the data stored in memory 64, the memory provides an output code to
      multiplexer 66 which in turn provides an output signal to gate 60. The
      enabled gate 60, upon receipt of a signal from multiplexer 66 and
      multivibrator 54, provides an output pulse to OR gate 58 which provides a
      correction pulse for addition to the then count. Read-only memory 64 is
      typically a semiconductor memory programmed in accordance with the
      corrections needed for a particular aperture size an dilution ratio of the
      sample liquid.
PAR  It will be appreciated that the invention can be implemented in a variety
      of forms to suit specific operating and constructional requirements
      without departing from the spirit and true scope of the invention.
      Accordingly, it is not intended to limit the invention by what has been
      particularly shown and described except as indicated in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a platelet counting system including a transducer having an aperture
      through which platelet-containing liquid is caused to flow, means for
      generating electrical pulses in response to platelets passing through said
      aperture, and circuitry for providing correction for the coincident
      passage of multiple particles through said aperture, circuitry for
      providing output indication of corrected platelet count comprising:
PA1  counter means operative in response to coincidence corrected platelet count
      to provide a plurality of output signals representative of selected
      percentages of said coincidence corrected count;
PA1  signal representation means for providing signal representations of
      hematocrit values;
PA1  correction factor means operative in response to said signal
      representations to provide corresponding output signals representative of
      hematocrit correction values; and
PA1  gate means selectively enabled by said output signals from said correction
      factor means and operative to transmit and combine selected ones of said
      counter means output signals
PA1  to provide an output pulse train representative of corrected platelet
      count.
NUM  2.
PAR  2. The invention according to claim 1 wherein said signal representation
      means includes:
PA1  manually actuable input means for providing coded signal representations of
      hematocrit values; and
PA1  wherein said correction factor means includes:
PA2  a memory means having stored therein data representing hematocrit
      correction factors for different hematocrit values.
NUM  3.
PAR  3. The invention according to claim 2 wherein said gate means includes a
      plurality of gates each operative to receive a respective one of said
      counter means output signals, said gates being selectively enabled in
      accordance with the output signals from said memory means representing
      hematocrit correction factor for a selected value of hematocrit.
NUM  4.
PAR  4. In a platelet counting system including a transducer having an aperture
      through which platelet-containing liquid is caused to flow, means for
      generating electrical pulses in response to platelets passing through said
      aperture, and circuitry for providing correction for the coincident
      passage of multiple particles through said aperture, circuitry for
      providing output indication of corrected platelet count comprising:
PA1  counter means operative in response to coincident corrected platelet count
      to provide a plurality of output signals each representative of a selected
      different percentage of said coincidence corrected platelet count;
PA1  memory means having data representing hematocrit correction factors for a
      range of different hematocrit values and operative in response to an input
      code to provide a selected plurality of enabling signals;
PA1  input means for providing said input code to said memory means and
      representing a selected hematocrit value;
PA1  a plurality of gate means each enabled by a respective one of said memory
      means enable signals and each receiving a respective one of said counter
      means output signals; and
PA1  output gate means receiving the output signals from the enabled ones of
      said plurality of gate means an operative to provide an output signal
      representative of a selected percentage of the coincidence corrected
      platelet count and being the corrected platelet count.
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ABST
PAL  A self-balancing capacitance bridge-type proximity detector is provided
      having a probe in one leg of a bridge network and a variable capacitor in
      the form of a varactor effect tuning diode in the other leg of the bridge
      network. A high frequency oscillator is coupled to the bridge network and
      the output of the network from the two legs is equal when the bridge is in
      a balanced condition. The outputs of the bridge are applied to a
      differential amplifier for producing an output therefrom on an imbalance
      of the bridge network which is caused by a metallic object which is to be
      detected contacting or coming in close proximity with the probe. The
      output of the differential amplifier is fed back to the varactor tuning
      diode, changing the capacity thereof to rebalance the bridge network. The
      output of the differential amplifier is also fed to a shaper circuit and
      from there to a counter for counting the imbalances of the bridge caused
      by objects being detected coming into contact or close proximity with the
      probe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a proximity detector, and more particularly to a
      self-balancing capacitance bridge type proximity detector in which the
      bridge is automatically rebalanced when a metallic object which is to be
      detected unbalances the bridge network.
PAR  Proximity detectors have been utilized in a wide variety of applications,
      ranging from the more simple applications of counting piece parts for
      controlling manufacturing and packaging processes to the more difficult
      applications of counting turns of wire being wound on a core. The latter
      application of counting the number of turns of wire wound on a core by a
      winding machine is considered a more difficult counting problem due to the
      speed at which the winding machine operates and the diameter of the wire
      to be counted, which may be very fine. One approach to this problem is
      described in U.S. Pat. No. 3,226,531, which utilizes an impedance bridge
      which is unbalanced upon an approach of a strand of wire, generating a
      signal which is counted. The problem with this approach is that the
      impedance bridge must be initially manually balanced. However, the
      impedance bridge is temperature sensitive, and time unstable, so that it
      becomes unbalanced even in the absence of a turn of wire which it is
      designed to detect, thereby requiring an operator to continually check and
      rebalance the bridge for it to function properly. Accordingly the
      aforesaid device is subject to error, and requires periodic surveillance
      to insure that the bridge network is functioning properly.
PAR  It is an object of the present invention to provide a new and improved
      proximity detector which is automatically self-balancing.
PAR  A further object of this invention is to provide a new and improved
      proximity detector which is capable of operating accurately and at high
      speeds, and without operator intervention.
PAR  Still another object of this invention is to provide a new and improved
      proximity detector which is simple in operation and stable in operation
      with changes in temperature.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out this invention in one illustrative embodiment thereof, a
      self-balancing proximity detector is provided with a capacitive bridge
      network which is fed by a high frequency oscillator. The bridge network
      has one leg which includes a proximity capacitance probe and another leg
      which includes a variable capacitance means. The output of the two legs of
      the bridge are fed to a differential amplifier means, producing an output
      therefrom on an imbalance of the bridge caused by a metallic object being
      detected in contact or coming into close proximity with the probe.
      Feedback means are coupled between the output of the differential
      amplifier and the variable capacitance means for varying the variable
      capacitance means to rebalance the bridge automatically and thereby
      conditioning the bridge network for the next approach of a metallic object
      to be detected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the self-balancing capacitance bridge-type
      proximity detector embodied in this invention.
PAR  FIG. 2 is a schematic diagram illustrating one form of circuitry in
      accordance with the proximity detector of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a power supply 10 is provided which produces the
      required voltages to operate the proximity detector circuitry. The power
      supply may be of a conventional type, which may be varied in accordance
      with the application and the specific requirements of the circuitry. One
      form of a suitable power supply for a given application will be set forth
      hereinafter. The power supply 10 is coupled to an oscillator 40 which may
      be of conventional type for producing a high frequency sinusoidal output
      voltage of sufficient amplitude to drive an impedance bridge network 70.
      The impedance bridge network 70 represents an impedance bridge of fixed
      value capacitors, one leg of which includes a variable capacitance pickup
      probe 75 and the other leg of which includes a variable capacitance device
      preferably in the form of a varactor tuning diode 80. The probe 75 is in
      the form of a coaxial cable connected probe assembly which changes its
      capacitance when in close proximity or in contact with a metallic object.
      The varactor tuning diode 80 provides a terminal capacitance which changes
      with impressed voltage, and is used to balance the impedance bridge
      network 70. The output of the impedance bridge 70 is coupled to separate
      peak detector circuits 85 and 90 which rectify and filter the sinusoidal
      voltages across the outputs of probe 70 and varactor effect tuning diode
      80. The DC voltages generated by the outputs of peak detector circuits 85
      and 90 are applied to a high gain differential amplifier 100 which
      provides amplification for the difference in voltage supplied to its input
      from peak detector circuits 85 and 90. The low pass filter 105 is
      connected between the output of differential amplifier 100 which removes
      rapid transient voltages and provides stability for the differential
      amplifier 100 with the output of the filter being applied to the variable
      capacitance diode 80. The output of the differential amplifier 100 is
      applied to a pulse-shaper 110 which functions to shape the rapid transient
      voltage output of the differential amplifier 100 into a voltage pulse
      which is compatible with the input requirements of an electronic pulse
      counter 132. The counter 132 is conventional, and may be of any suitable
      type to provide the necessary counting function for any given application.
PAR  For a detailed description of one form of circuitry which may be utilized
      for the block diagram shown in FIG. 1, reference is now made to FIG. 2. In
      an illustrated form for purposes of disclosure, the power supply 10
      comprises a resistor 14 and a capacitor 16 which are coupled to a source
      of DC voltage, for example 50 volts, and are used to reduce and filter the
      input voltage to less than 30 volts DC which is applied to an integrated
      circuit voltage regulator package 18. Resistors 20 and 22 feed back from
      the output of the integrated circuit voltage regulator 18 to a sense
      terminal thereon a portion of the output voltage of the regulator 18 for
      producing 18 volts DC at the output terminal of the regulator 18. A
      capacitor 36 is coupled to the output of the regulator for filtering the
      18 VDC used by the high frequency oscillator 40. A resistor 24, zener
      diode 28, and a capacitor 26 are coupled to the output of the regulator
      package 18 for deriving and filtering a 5 VDC voltage source from the
      output of the regulator 18, which is used by the high frequency oscillator
      40 and the pulse shaper circuit 110. A resistor 30, zener diode 34, and
      capacitor 32 are coupled to the output of the regulator package 18 for
      deriving and filtering a 12 VDC source from the output of the regulator 18
      which is used by the differential amplifier 100 and the pulse shaper 110.
      As will be apparent to those skilled in the art, other forms of power
      supply may be used, depending on the voltages available and the type of
      application in which the proximity detector is employed.
PAR  The high frequency oscillator 40 is illustrated in the form of a ring
      oscillator comprised of three inverter sections 44, 46 and 48 of a hex
      inverter digital integrated circuit designated with the reference numeral
      45 connected in an input-to-output fashion so as to insure instability and
      thus maintain oscillation. Capacitors 52, 54, and 56 are used to provide
      near equal delays to the output of each inverter section 44, 46 and 48 for
      adjusting the frequency of oscillation to approximately 7 MHz, although
      this frequency is not critical to proper circuit operation. An additional
      inverter section 50 is coupled to the output of inverter section 48 to
      buffer the output of the aforesaid ring oscillator and to drive a high
      level switching transistor 62 through a resistor divider comprised of
      resistors 58 and 60. The output of switching transistors 62 drives
      transistor 66 which is connected in an emitter follower configuration
      through resistor 64 when transistor 62 is switched off. A resistor 68
      connected to the emitter of transistor 66 provides a path of DC current
      for transistor 66 when it is driven into a conducting state. The output of
      the emitter follower transistor 66 drives the impedance bridge 70.
PAR  The impedance bridge 70 is comprised of two legs 72 and 76. Leg 72 includes
      capacitor 74 and the capacity of proximity probe 75. Leg 76 includes a
      capacitor 78, the series equivalent capacity of capacitors 79 and the
      varactor effect tuning diode 80. The common drive input node to the bridge
      70 is the junction of capacitors 74 and 78. The outputs of the bridge 70
      are the juncture of capacitors 78 and 79 of leg 76, and the diodes 82 and
      84; and the juncture in leg 72 between the capacitors 74 and the center
      conductor capacitance of the proximity probe 75 and cable, and the diodes
      92 and 94. When the bridge 70 is in balance, the amplitudes of the high
      frequency sinusoidal voltage supplied by the oscillator 40 at the bridge
      outputs will be equal.
PAR  The peak detector circuits 85 and 90 are utilized to convert the peak
      amplitudes of the above described bridge 70 output signals to
      proportionally filtered DC voltages. Diodes 84 and 94 in peak detector
      circuits 85 and 90, respectively, are provided to rectify the sinusoidal
      signals from the bridge network 70, while diodes 82 and 92 are used to
      provide discharge paths for the respective outputs of the impedance bridge
      70. Capacitors 86 and 96 of peak detector circuits 85 and 90,
      respectively, are for filtering the rectified sinusoidal output signals
      from the detecting diodes 84 and 94 respectively, and for retaining the
      peak voltage values. Resistor dividers 88 and 89, and 98 and 99 are
      provided to attenuate DC voltages present on the filter capacitors 86 and
      96, respectively. Resistor 88 also serves as a gain-determining resistor
      for the differential amplifier 102, and since the peak detector circuits
      85 and 90 are matched in characteristic, resistor 88 is equal in value to
      resistor 98, and resistor 89 is equal in value to resistor 99.
PAR  The differential amplifier circuit 100 is utilized to provide voltage
      amplification of 60 db (1000 times) to the difference in voltage at the
      terminals of capacitors 86 and 96. A resistor 104 and the resistor 88
      determine and limit the amplifier gain of amplifier 102 to approximately
      60 db. A capacitor 106 coupled to the differential amplifier 102 is used
      to limit the frequency response of the amplifier 102. The amplifier 102 is
      a linear integrated circuit operational amplifier of conventional type.
PAR  The low pass filter 105 is comprised of resistors 107, 111, and a capacitor
      109 which is utilized to couple the output from the amplifier 102 to the
      varactor effect tuning diode 80. The time constant of resistor 107 and
      capacitor 109 is chosen to guarantee feedback loop stability and at the
      same time delay the time required to rebalance the bridge 70 after its
      balance has been disturbed by a wire or other metallic object passing near
      or contacting the proximity probe so that the resulting amplifier 102
      output signal can be used to generate a pulse through the pulse shaper
      circuitry 110. Merely by way of example, for one application the resistor
      107 may be 1 megohm and the capacitance of capacitor 109 may be 22
      microfarads. This time constant could easily accommodate the counting of a
      winding machine wrapping 2500 turns of wire a minute.
PAR  The diode 80 is a varactor effect tuning diode whose terminal capacitance
      decreases proportionately with an increasing inverse bias voltage. The
      capacitor 79 is used to prevent the DC bias voltage on the tuning diode
      from appearing on one output of the impedance bridge 70. In the absence of
      a wire or other metallic object in proximity to the pickup probe 75, or if
      a wire or metallic object is present but a substantial time has passed for
      the feedback loop to rebalance the bridge 70, the reverse bias voltage on
      the tuning diode 80, as determined by the DC output voltage from the
      amplifier 102 after passing through the low pass filter 105, will be
      whatever is required to balance the bridge 70 an thus present near equal
      DC input voltages to the amplifier 102. Although other forms of variable
      capacitors and means for changing their value might be utilized in
      response to a voltage, the varactor effect tuning diode 80 is preferred in
      the present application due to its simplicity, operating range, and quick
      response. The capacitance of the diode 80 can be varied 10 times for a
      10-volt change, which provides a wide operating range.
PAR  A capacitor 108 connected to the output of differential amplifier 102
      couples the transient signal at the output of the amplifier 102 when the
      bridge 70 is momentarily unbalanced to the input stage of the pulse shaper
      circuit 110 comprised of base-biasing resistors 112 and 114, transistor
      118, collector and emitter resistors 116 and 120, respectively. Transistor
      118 of this input stage provides a voltage gain of 14 db (5 times) to the
      amplitude of the transitory signal on the base of transistor 118. The
      value of the resistors 112, 114, 116 and 120 are chosen so that the
      collector of transistor 118 is less than 6 VDC without a changing signal
      present at the base of transistor 118. When a wire or other metallic
      object passes near the probe 75, the bridge 70 is unbalanced and a
      negative-going signal of greater than 1 volt at the base of transistor 118
      causes the collector of transistor 118 to go to 12 volts, which is coupled
      through a zener diode 122 and resistor 124 causing a transistor 126 to
      conduct. The conduction of transistor 126 causes the collector terminal of
      transistor 126 to go from a voltage of near 12 volts to a potential of
      near 0 volts. This potential is coupled to the input of an inverter 130
      which is a section of the hex inverter circuit assembly 45, causing the
      output of the inverter section 130 to go to a voltage of +5 volts. This
      positive-going signal is coupled to the electronic pulse counter 132 shown
      in FIG. 1 for the purpose of counting the total number of wire passages.
      When the wire leaves the proximity of the probe 75 tip, or a substantial
      time has passed for the feedback loop to rebalance the bridge 70, the
      collector voltage of transistor 118 falls below 6 volts, and zener diode
      122 ceases to conduct. Accordingly, transistor 126 switches to an off
      state with resistor 128 providing a path to +12 volts for the input of the
      hex inverter buffer stage 130 and the collector of transistor 126. The
      output of the hex inverter section 130 then returns to near 0 volts.
PAR  Although it will be apparent that different components and component types
      may be utilized in the present invention, in the illustrated embodiment
      and for purposes of disclosure, several of the components or integrated
      circuits of the schematic diagram shown in FIG. 2 may be of the following
      types:
PA1  voltage regulator package 18 -- National Semiconductor LM309H;
PA1  hex inverter integrated circuit 45 -- National Semiconductor SN7404N;
PA1  diode 80 -- Motorola MV1404;
PA1  operational amplifier 102 -- Fairchild Semiconductor MA748;
PA1  transistors 62, 66, 118, 126 -- National Semiconductor 2N5133.
PAR  As will be seen from the above description, the bridge circuit 70 is
      self-balancing. On the approach of a wire or other object to be detected,
      close proximity to the probe 75 unbalances the impedance bridge 70. The
      unbalanced outputs of the impedance bridge are fed from legs 72 and 76 of
      the impedance bridge through peak detector circuits 90 and 85,
      respectively, to the input of the differential amplifier 102. The
      difference signal appearing at the output of the amplifier 102 is applied
      from the pulse shaper circuit 110 to a counter 132. At the same time, the
      output from the differential amplifier 102 is applied via the low pass
      filter 105 to the tuning diode 80, providing a changing bias thereon which
      changes the capacity of the leg 76 of the bridge 70 to automatically
      rebalance the bridge and ready the bridge for another count produced by
      another unbalance of the bridge caused by a metallic object or wire moving
      in close proximity to the probe 75. Since the bridge 70 is self-balancing,
      no manual balancing of the bridge is required, and the effects of time do
      not affect the self-balancing operation. Also, changes in temperature will
      not unbalance the bridge, since the self-balancing feature will
      automatically compensate for changes in probe cable capacitance due to
      dielectric constant changes with temperature.
PAR  Although the device is operative as a proximity probe, it will be apparent
      that the object which is to be counted may actually touch the probe if
      desired, or by accident, without disturbing the count. For some
      applications it may be desirable for the object to be counted to brush the
      probe. However, it should be understood that the present invention is
      applicable to those applications as well as to approaches of metallic
      objects in close proximity with the probe. Although the invention has
      referred to the wire counting application, it will be apparent that the
      proximity probe will work with any type of metallic object coming into
      close proximity with the probe. Also, the invention may be applicable to
      variable-type counting operations, and is not restricted to the high-speed
      counting operations required for counting turns of wire wound by a coil
      winding machine.
PAR  Since other modifications and changes, varied to fit particular operating
      requirements and environments, will be apparent to those skilled in the
      art, the invention is not considered limited to the examples chosen for
      purposes of disclosure, and covers all changes and modifications which do
      not constitute departures from the true spirit and scope of this invention
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-balancing capacitance bridge-type proximity detector having a
      probe forming a leg of the bridge for providing an output when a metallic
      object contacts or passes in close proximity to the probe, comprising in
      combination
PA1  a. a high frequency oscillator,
PA1  b. a capacitance bridge network having a proximity capacitance probe in one
      leg of said bridge network and a varactor effect tuning diode in a second
      leg of said bridge network, said high frequency oscillator having the
      output thereof coupled to said first and second legs of said bridge
      network,
PA1  c. a differential amplifier means coupled to said first and second legs of
      said bridge network for producing an output therefrom on an imbalance of
      said bridge network caused by a metallic object to be detected contacting
      or coming into close proximity to said probe,
PA1  d. feedback means having a low pass filter which has a time constant
      producing a time delay in rebalancing said bridge network, said feedback
      means being coupled between the output of said differential amplifier
      means and said varactor effect tuning diode for varying the capacitance of
      said varactor effect tuning diode to rebalance said bridge network,
      thereby conditioning said bridge network for the next approach of the
      metallic object to be detected, and
PA1  e. peak detector means coupling said first and second legs of said bridge
      network to said differential amplifier for converting the peak amplitude
      of the outputs of said first and second legs of said bridge network to
      proportional DC voltages which are coupled to the inputs of said
      differential amplifiers.
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PAL  A mechanical operation counter for use in association with flexible
      slide-wire cable utilized for remotely manually controlling the operation
      of a mechanical device to which the cable is attached. A normally open
      electrical switching device comprising a microswitch and a slide bar fixed
      with respect to the cable slide-wire and adapted to actuate the
      microswitch each time the remote end of the control wire is pushed in or
      out with respect to its outer sleeve during a manually controlled
      operation, is connected in series with an energization circuit for an
      electro-mechanical counter serving to record the number of individual
      operations being performed upon the controlled mechanism by such manual
      actuation of the cable slide-wire.
BSUM
PAR  This invention relates to automatic mechanical operation counters, and is
      directed particularly to an operation counter for cable-actuated
      mechanical devices such as power take-off clutches associated with wrecker
      hoisting winches.
PAR  The power take-off mechanism associated with fourwheel drive vehicles is
      ordinarily controlled by a power take-off clutch lever remotely actuated
      by the operator through use of a flexible slide-wire cable extending
      between the take-off clutch at one end of the cable and a manual push-pull
      knob at the other end of the cable slide-wire and conveniently mounted in
      the cab of the vehicle for control by the operator. In the case of wrecker
      vehicles, the power take-off is mechanically connected with a winch or the
      like lifting and lowering device for the raising and lowering of a
      disabled vehicle to be transported. The present invention has for its
      principal object the provision of an operation counter for such
      cable-actuated mechanical clutches to enable a wrecker vehicle fleet
      operator keeping an accurate tally of the number of clutch operations
      undertaken by the operator or driver of a wrecker during the course of a
      business day. In this manner, the wrecker fleet operator can determine if
      unauthorized wrecker service has been rendered by any particular driver of
      a fleet vehicle during the course of a business day. Such unauthorized and
      independent wrecker use results in economic loss to the owner not only as
      to the charges made for such unauthorized service, but also for loss of
      wrecker time available for use in legitimate and authorized wrecker
      service.
PAR  It is a more particular object of this invention to provide an operation
      counter of the character described that can readily be installed at any
      desired position along the length of a clutch actuation cable, well hidden
      from and substantially inexcessible to the wrecker operator or driver to
      minimize any possibility of tampering therewith.
PAR  Yet another object of the invention is to provide an operation counter of
      the above nature which can be installed anywhere along the length of
      flexible slide wire cable for registering on an electro-mechanical counter
      the number of operations being performed on a controlled device to which
      the cable is connected.
PAR  A more particular object of the invention is to provide an electrical
      switching device of the character described including a micro-switch and
      means carried by the cable slide-wire for actuating the micro-switch to
      energize an electro-mechanical counter for registering thereon each time
      the cable wire is manually pulled or pushed upon for effecting a
      mechanical operation upon a controlled mechanism to which the cable is
      attached.
DRWD
PAR  Other objects, features and advantages of the invention will be apparent
      from the following description when read with reference to the
      accompanying drawings. In the drawings, wherein like reference numerals
      denote corresponding parts throughout the several views:
PAR  FIG. 1 illustrates, schematically, an operation counter embodying the
      invention shown in association with the take-off clutch mechanism of a
      wrecker vehicle for counting lift and lowering operations of the winch
      mechanism;
PAR  FIG. 2 is a plan view of the cable actuated switch mechanism comprising the
      invention;
PAR  FIG. 3 is a longitudinal cross-sectional view of the cable-actuated switch
      mechanism, taking along the line 3 -- 3 of FIG. 2 in the direction of the
      arrows;
PAR  FIG. 4 is a vertical cross-sectional view of the cableactuated switch
      mechanism, taken along the line 4 -- 4 of FIG. 3 in the direction of the
      arrows;
PAR  FIG. 5 is a vertical cross-sectional view of the cableactuated switch
      mechanism, taken along the line 5 -- 5 of FIG. 3 in the direction of the
      arrows; and
PAR  FIG. 6 is an electrical schematic diagram of the energizing circuit for the
      electro-mechanical recording counter embodying the invention.
DETD
PAR  Referring in detail to the drawings, reference numeral 10 designates,
      generally, an operation counter embodying the invention, the same being
      illustrated for use in association with a wrecker vehicle engine 11 having
      a power take-off gear box 12 controlled by a power take-off clutch lever
      13 for setting into operation a power take-off drive shaft 14 carrying a
      take-off drive gear 15 powering a winch or the like mechanism (not
      illustrated) for lifting and lowering a disabled vehicle to be
      transported. FIG. 1 further illustrates, by way of example and in block
      form, the vehicle motor 16, main clutch and transmission gear box 17 and
      drive shaft 18 for powering the rear wheels of a typical wrecker to which
      the present invention is applied. Reference numeral 19 in FIG. 1
      designates a portion of the dash-board or instrument panel of the vehicle
      in which the actuating knob 20 is installed for take-off clutch operation
      in the manner hereinbelow more particularly described.
PAR  A salient feature of the invention resides in the provision of an
      electrical switching device 21 connected in series with and operated by
      the control or slide wire 22 of a flexible slide wire cable 23, the
      control wire being linked at one end to the power take-off clutch lever 13
      of the power take-off 12, and extending at its other end through the
      dashboard or instrument panel 19 of the wrecker vehicle for manual control
      of the power take-off clutch upon manual pulling and pushing of the
      control knob 20 by the wrecker winch operator. As is hereinbelow more
      particularly described, each time the power take-off clutch actuating
      control knob is pulled outwardly of the dash-board for engagement of said
      power take-off clutch to operate the hoist mechanism or winch, an
      electrical switch comprising the electrical switching device 21 will be
      close-circuited to complete an energization circuit to electro-mechanical
      counter 24 through vehicle battery B+, as is hereinbelow more particularly
      described.
PAR  As illustrated in FIGS. 2 and 3, the electrical switching device 21
      comprises an elongated housing member 25, which is approximately square in
      cross-sectional shape. The housing member 25 will preferably be molded of
      a touch, non-electrically conductive synthetic plastic material, and is
      formed centrally along its length with an inverted T-shaped groove 26
      opening into the upper surface thereof. Slideably disposed within the
      T-shape groove 26 is an elongated slide bar 27 of conforming T-shape
      configuration and having an upstanding switch actuating abutment portion
      28. As best illustrated in FIG. 3, the switch actuating abutment portion
      28, at its central position therealong, extends upwardly substantially to
      the upper surface of the elongated housing member 25, and tapers
      symetrically to each end to present a rounded configuration as seen in
      elevation. As best illustrated in FIG. 2, the ends of the switch actuating
      abutment portion 28 are formed with opposed portions of increased width,
      indicated at 29 and 29a, to accommodate vertically-extending set screws
      30, 30a, respectively, for the purpose hereinafter appearing.
PAR  A normally open electrical microswitch 31 is centrally supported along the
      top surface of the elongated housing member 25 by means of angle brackets
      32, 33 held in place as by self-tapping screws 34, 35, respectively. The
      microswitch 31 is adjustably secured in place between the brackets 32, 33
      by means of a pair of transverse machine bolts 31a, 31b vertically
      adjustably received within opposed pairs of vertical slots 31c and 31d in
      said brackets (see FIG. 3). The microswitch 31 is so adjustably positioned
      that as the elongated slide bar 27 moves past it in its sliding movement
      within the inverted T-shape groove 26 from one end of the housing member
      25 to the other, as represented, for example, by movement from the
      full-line position representation thereof to the broken-line position
      representation thereof in FIG. 3, the upstanding switch actuating abutment
      portion 28 serves to actuate or depress the microswitch actuating button
      36 to momentarily closecircuit said switch. As hereinbelow more
      particularly described, such microswitch actuation momentarily closes the
      electrical energization circuit of the operation counter 24 to record a
      power take-off clutch operation.
PAR  Cable controlled means is provided for moving the elongated slide bar 27
      back and forth within its elongated housing member 25 upon manual
      operation of the power take-off clutch actuating knob 20 by the operator
      of the wrecker vehicle hoist mechanism. To this end, the elongated slide
      bar 27 is formed with a longitudinal opening 37 through which the control
      wire 22 of the slide wire cable 23 extends (see FIGS. 3 and 5). The
      elongated slide bar 27 is secured in adjusted position along the control
      wire 22 by means of the above-described set screws 30, 30a. The electrical
      switching device 21 is installed at any convenient position along the
      length of the flexible slide wire cable 23, and will preferably be located
      at a relatively inaccessable position in the engine compartment, for
      example, to minimize the possibility of tampering therewith. As
      illustrated in FIGS. 2, 3 and 4, in the installation of the electrical
      switching device 21, the outer sleeve 38 of the flexible slide wire cable
      23 will be cut at an appropriate position to permit removal of the
      severed-away portion for threading in place of the control wire 22 through
      the longitudinal opening 37 of the elongated slide bar 27. After the
      electrical switching device 21 has thus been fitted in place, the
      severed-away portion of the cable outer sleeve 38 will be replaced, and
      the severed ends of said outer sleeve will be clamped in place at each end
      of the elongated housing member 25. To this end, the facing severed ends
      of the cable outer sleeve 38 will be fitted with metal ferrules 39 and 40
      which are clamped against recessed or cut-away surface portions 41, 42,
      respectively, at each end of the elongated housing member 25. As is best
      illustrated in FIG. 4, the cut-away surface portions 41, 42 are provided
      with aligned, shallow, arcuate recesses 43 (only one illustrated in FIG.
      4) within which the cable sleeve ferrules 39, 40 seat.
      Transversely-extending metal clamps 44, 45 are in clamping disposition
      over the ferrules 39, 40 as by self-tapping screw 46, 47, respectively. As
      is best illustrated in FIG. 4, the clamps 44, 45 are formed with a shallow
      arcuate depression 48 conforming to the curvature of the ferrules 39, 40
      for enhanced grip on said ferrules.
PAR  In the use of the operation counter, installation along the slide wire
      cable 23 will be such that when the power take-off clutch lever 13 is in
      clutch disengaged position, as illustrated in FIG. 1, the control wire
      actuating knob 20 will be in fully inserted position with respect to the
      dashboard, and the elongated slide bar 27 will be in its limit position
      facing the control direction of the power take-off clutch lever (see also
      FIG. 3). In this connection it is to be noted that the outer ends of the
      control wire outer sleeve 38 will be anchored, respectively, to the
      dashboard 19, as indicated at 49, and to support structure fixed relative
      to the wrecker truck chassis as indicated at 50 in FIG. 1. When the
      operator of the winch or hoist mechanism wishes to set it into operation
      for lifting or lowering a disabled vehicle, for example, he will pull the
      actuating knob 20 outwardly a distance of about 3 to 4 inches, causing
      sufficient turning of the power take-off clutch lever 13 in the foreward
      direction of the wrecker to engage the power take-off transmission with
      consequent powering of the winch to operate in one direction of the other,
      depending upon whether the engine transmission 17 is set in foreward or
      reverse gear, to raise or lower a vehicle. With reference to FIGS. 2 and
      3, it will be seen that as the control wire 22 is thus actuated to engage
      the power take-off mechanism, the elongated slide bar 27 will be carried
      from the position illustrated by the full line representation thereof in
      FIG. 3 to the position indicated by the broken line representation
      thereof, during which travel, as is hereinabove described, said slide bar
      will have actuated the microswitch 31 to temporarily close its normally
      open electrical switch. As illustrated schematically in FIG. 6, the
      microswitch 31 is series-connected with an electromechanical counter 24
      through conductors 51, 52 interconnecting the wrecker vehicle battery 53
      and said counter. The remaining terminals of the vehicle battery 53 and
      the counter 24 are returned to vehicle chassis ground to complete the
      energization circuit for said electro-mechanical counter. Thus, each time
      the microswitch 31 is actuated upon pulling out or pushing in of the
      control wire actuating knob 20 as described above, the counter 24 will
      receive an electrical energizing impulse operative to advance its counting
      mechanism by one unit. Since the electro-mechanical counter 24 is
      interconnected with the microswitch 31 by a simple electrical conductor 52
      and can be returned to chassis ground at nearly any location within the
      wrecker cab or within the engine compartment of the wrecker vehicle, for
      example, it can conveniently be placed at any position, whether readily
      observably or hidden from direct view, desired by the owner of the
      vehicle.
PAR  Since a towing job will normally involve four control cable operations,
      that is, winch lift start by pulling outwardly upon the actuating knob 20
      for raising a vehicle, raised vehicle stop by next pushing the actuating
      knob in again, then winch lowering by again pulling outwardly upon the
      actuating knob, and then winch lowering stop upon finally pushing the
      control knob in again, a single towing job from pick-up to release of a
      towed vehicle will register four counts on the electro-mechanical counter
      24. If, however, it is desired to record only one unit on the counter for
      each towing job, that is, for completion of all of the four operational
      steps of a completed towing job, the counter 24 could be of such design as
      to record one unit for each group of four impulses received by actuation
      of the electrical switching device 21.
PAR  While I have illustrated and described herein only one form in which my
      invention can conveniently be embodied in practice, it is to be understood
      that this form is presented by way of example only and not in a limiting
      sense. The invention, in brief, comprises all the embodiments and
      modifications coming within the scope and spirit of the following claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. In a mechanical operation counter for use in association with a flexible
      slide-wire cable utilized for remotely manually controlling the operation
      of a mechanical device to which one end of the cable is attached, the
      slide-wire cable being comprised of an outer sleeve member and a control
      wire co-axially slideable within the sleeve member, the improvement
      comprising, a normally open electrical switch, depressable means for
      momentarily close-circuiting said electrical switch, a slide member
      secured to the control wire intermediate the ends thereof and moveable in
      unison with said control wire within a gap defined by a longitudinally
      extending cut-away portion of the outer sleeve member of the slide-wire
      cable, means for fixedly supporting said electrical switch with respect to
      opposing end portions of the outer sleeve member defining said gap, said
      slide member comprising abutment means for actuating said switch
      close-circuiting depressable means as said slide member moves in unison
      with the control wire in one direction or the other between the ends of
      said gap, an electrically actuated counter and an electrical energizing
      circuit for said counter, said electrical switch being connected in series
      in said energizing circuit.
NUM  2.
PAR  2. A mechanical operation counter as defined in claim 1 wherein said
      energizing circuit comprises the wrecker vehicle engine battery.
NUM  3.
PAR  3. A mechanical operation counter as defined in claim 1 and further
      comprising an elongated housing member, means for securing marginal
      opposing end portions of the outer sleeve member at said gap with respect
      to end portions of said elongated housing member, a longitudinal groove in
      said housing member through which the control wire extends and within
      which said slide member is slideably disposed, said means for fixedly
      supporting said electrical switch comprising bracket means secured to said
      elongated housing member.
NUM  4.
PAR  4. A mechanical operation counter as defined in claim 3 wherein said
      electrical switch comprises a microswitch having a depressable actuating
      button directed into said groove.
NUM  5.
PAR  5. A mechanical operation counter as defined in claim 4 wherein said groove
      is T-shape in cross-sectional configuration and said slide member is of
      conforming cross-sectional configuration.
NUM  6.
PAR  6. A mechanical operation counter as defined in claim 4 wherein said
      electrical switch supporting means comprises a pair of angular brackets, a
      plurality of opposed, elongated slots in said brackets, said microswitch
      being disposed between said brackets, and machine screws extending through
      opposed pairs of said slots and operative to adjustable clamp said
      microswitch between said brackets.
NUM  7.
PAR  7. A mechanical operation counter as defined in claim 3 including a wrecker
      vehicle engine having a lever-actuated power take-off clutch and an
      instrument panel, one end of said slide wire cable control wire being
      connected to said clutch lever and the other end of said slide wire cable
      control wire being disposed at said instrument panel and having handle
      means for manually pushing and pulling upon said control wire with respect
      to said outer sleeve member for simultaneously actuating said clutch
      control lever and said slide member.
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PAL  A copying system incorporating means enabling the user to automatically
      recover from a jam or machine malfunction in the event the copy program is
      prematurely stopped with the result that some of the copies then in
      process are lost. A first counter means counts copies processed while a
      second counter means counts copies started. In the event of a premature
      stop, the second counter means is automatically reset to the same count as
      the first counter means thereby programming the system to make up copies
      lost as well as copies remaining on the original program. If the copying
      system includes a sorter, the second counter means is programmed to count
      copies when sorting is completed.
PAL  If the copying system has an automatic document handler, a third counter
      means records originals brought to the platen and a fourth counter means
      records originals whose copying has been completed. On a premature stop, a
      check is automatically made to determine whether or not the original on
      the platen at the time of the stop correctly matches the first of the
      copies lost. If not, restarting of the system is precluded while the
      document handler brings the correct original back to the platen following
      which the system is restarted, and a control is provided to inhibit
      restarting of the system except for recycling of the document handler
      until the malfunction is corrected.
BSUM
PAR  This invention relates to a document copying system, and more particularly
      to an improved document copying system capable of automatically making up
      copies lost due to a system malfunction while the copying program is being
      carried out.
PAR  As processing speeds of modern day copying or reproduction machines become
      faster and faster, and machine accessories such as sorters, collators,
      binders, document handlers, etc. become more and more prevalent, the
      problem of recouping or saving a specific job in the event of a machine
      malfunction, such as, for example, a paper jam, becomes almost impossible.
      It will be understood that protection against things like paper jams is
      provided through safety controls designed to stop, in the shortest
      possible time, the machine as well as any accessories used therewith. The
      jammed papers, which are usually damaged or mutilated, are then removed
      and the machine restarted. However, loss of these partially processed
      copies upsets the program, since, if the system is merely restarted, the
      number of copies made will not equal the number of copies programmed.
      This, of course, is due to the loss of some copies in clearing the
      machine.
PAR  Thus, to fulfill the original program, some provision for making up the
      copies lost as a result of clearing the jam must be made. Since there is
      usually a direct relationship between copies lost and the sequence in
      which the originals are copied, the most favorable time for factoring in
      the copies lost is at the time of the jam rather than after the program is
      completed. But doing this is difficult in modern high-speed copying
      machines, particularly those employing accessories such as a document
      handler, since it is so difficult to determine exactly how many copies are
      actually lost and to identify those copies lost with the correct original.
      Rather than go through a complicated evaluation, many users tend to simply
      start the entire program anew, writing off as a total loss copies made up
      to the time of the jam. This, of course, can be quite wasteful and
      expensive, particularly where the job is large and almost completed at the
      time of the jam.
PAR  It is a principal object of the present invention to provide a new and
      improved copier control.
PAR  It is a further object of the present invention to provide a copier control
      adapted following a premature stopping of the copier during a copy run to
      automatically reprogram the copier to compensate for copies lost or
      destroyed as a result of said premature stop.
PAR  It is an object of the present invention to provide an automatic copier
      programmer adapted in the event copies are lost during a copy run to
      reprogram the copier to add to the original program those copies lost.
PAR  It is a further object to provide a reproduction machine having an improved
      control mechanism designed, on a premature stopping of the machine during
      a production run, to determine, before restarting of the machine is
      permitted, whether or not the correct original is in copying position,
      and, if not, to inhibit restarting of the reproduction machine until the
      correct original is in copying position.
PAR  It is an object of the present invention to provide an improved control for
      an automatic document handler adapted for use with copiers effective on an
      interruption in the copying cycle to reprogram the document handler to
      assure that the document in copying position correctly matches the copy to
      be made.
PAR  It is an object of the present invention to provide an improved copier
      incorporating means adapted to prevent restarting of the copier in the
      event of a paper jam until the jam has been cleared.
PAR  It is a further object of the invention to provide a copier control
      effective to require, in the event of a paper feed jam, that the operator
      at least open up the paper feed transports before restarting of the copier
      is permitted.
PAR  It is an object of the present invention to provide a method of programming
      a reproduction machine to compensate for copies lost or destroyed as a
      result of a paper jam during a copy run.
PAR  This invention relates to a means to automatically reprogram a copying
      machine to produce the desired number of copies in the event a malfunction
      occurs during the program causing the machine to stop with resultant loss
      in a not readily discernible number of copies which may be then in
      process, the combination comprising: document handling means for feeding
      individual documents to be copied to the copying machine platen and
      following copying to clear the platen for the next document in accordance
      with a predetermined program; counter means adapted to maintain a running
      count of copies in process so that in the event of premature stopping of
      the machine, the number of copies then in process are known; means adapted
      following a premature stop of the copying machine to automatically
      reprogram the copying machine in response to the counter means count to
      add to the copying machine program copies equal to the number of copies in
      process at the time of the premature stop whereby to make up for copies
      lost as a result of the premature stop; control means for the document
      handling means adapted on the premature stop of the copying machine to
      recycle the document handling means in the event the document on the
      platen does not correspond to the first copy to be made under the copying
      machine reprogramming; and means to inhibit restarting of the copying
      machine until the correct document is fed to the copying machine platen by
      the document handling means.
DRWD
PAR  Other objects and advantages will be apparent from the following
      description and drawings in which:
PAR  FIG. 1a is a schematic sectional view of an electrostatic type reproduction
      machine embodying the improved control means of the present invention;
PAR  FIG. 1b is a schematic sectional view of a portion of the reproduction
      machine of FIG. 1a and a portion of a collating apparatus adapted for
      receiving and collating finished copies from the reproduction machine.
PAR  FIG. 2 is a top view of the reproduction machine shown in FIG. 1;
PAR  FIG. 3 is an enlarged sectional view of the automatic document handler for
      the reproduction machine shown in FIG. 1;
PAR  FIG. 4a is a schematic circuit representation of the improved control means
      of the present invention; and
PAR  FIG. 4b is a schematic circuit representation of the improved control means
      illustrating the circuit additions to the control of FIG. 4a necessitated
      by the addition of an automatic document handler to the reproduction
      system.
DETD
PAR  Referring particularly to FIGS. 1 and 2 of the drawings, an exemplary
      copier/reproduction machine, designated generally by the numeral 20, and
      incorporating the automatic program or job recovery arrangement of the
      present invention, is shown. As in all electrostatic systems such as the
      xerographic type machine illustrated, a light image of a document to be
      reproduced is projected onto the sensitized surface of a xerographic plate
      to form an electrostatic latent image thereon. Thereafter, the latent
      image is developed with an oppositely charged developing material to form
      a xerographic powder or toner image, corresponding to the latent image on
      the plate surface. The toner image is then electrostatically transferred
      to a support surface where it is fused by a fusing device so that the
      toner image is permanently adhered to the support surface.
PAR  In the copier 10, an original document 12 to be copied is placed upon a
      transparent platen 14 fixedly arranged in an illumination assembly,
      generally indicated by the reference numeral 15, and disposed at one end
      of the copier 10. While upon the platen, the document 12 is illuminated,
      thereby producing image rays corresponding to the informational areas on
      the original. The image rays are projected by means of an optical system
      onto the photosensitive surface of a xerographic plate. In the exemplary
      copier/reproduction machine 10, the xerographic plate is in the form of a
      flexible photoconductive belt 17 supported in a belt assembly 18.
PAR  The support assembly 18 for photoconductive belt 17 includes three rollers
      20, 21 and 22 located with parallel axes at approximately the apices of a
      triangle. The upper roller 22 is rotatably supported on shaft 23 which in
      turn is rotatably driven by a suitable motor and drive means (not shown)
      to drive belt 17 in the direction shown by the arrow in FIG. 1. During
      this movement of the belt, the reflected light image of the original
      document 12 on platen 14 is flashed upon the photoreceptor surface of belt
      17 at an exposure station 25 to produce an electrostatic latent image
      thereon.
PAR  The electrostatic image is carried on belt 17 from exposure station 25
      through developing station 26 where the latent electrostatic image is
      developed by means of toner through the use of a multiple magnetic brush
      system 29. From developer station 26, the now developed image on belt 17
      moves to transfer station 30 where the developed image is transferred to a
      support surface, normally a sheet of copy paper 31, brought from main or
      auxiliary paper trays 34 or 35, respectively, as will appear. The copy
      sheet 31 passes between transfer roller 32 and belt 17 at transfer station
      30 at a speed substantially equal to the speed of belt 17, transfer taking
      place by means of electrical bias on transfer roller 32 in a manner
      understood by those skilled in the art.
PAR  Following transfer, the belt 17 is cleaned in preparation for the next
      image at cleaning station 36. There, a suitable cleaning brush 37 housed
      in vacuum chamber 38 removes residual toner, the toner being drawn from
      chamber 38 by vacuum through line 39 for deposit in a suitable collecting
      place (not shown). To assist cleaning a cleaning corotron 40 is provided
      upstream of vacuum chamber 38.
PAR  Following cleaning of belt 17, the belt 17 is once again charged as by
      charging corotron 41 in preparation for the next image.
PAR  It will be understood that whenever copier 10 is operated to make multiple
      copies, a number of images 42 may be on belt 17 simultaneously in various
      process stages as described above.
PAR  Photoconductive belt 17 comprises a photoconductive layer of selenium,
      which is the light receiving surface and image medium for the apparatus,
      on a conductive backing. Further details regarding the structure of the
      belt assembly and its relationship with the machine and support therefor
      may be found in the copending applications Ser. No. 102,312 filed Dec. 29,
      1970, now U.S. Pat. No. 3,730,623, commonly assigned with the instant
      application.
PAR  Copy sheets 31 are supplied from either main paper tray 34 or auxiliary
      paper tray 35. Main paper tray 34 includes a suitable elevator type base
      44 on which a supply 45 of sheets 31 rest, base 44 being supported for
      automatic up and down movement by suitable means (not shown) designed to
      maintain paper feed roll 46 in operative contact with the topmost one of
      the sheets 31 on elevator 44. Feed roll 46, which is operated
      intermittently in the direction shown by the solid line arrow in timed
      relationship to the spacing of images 42 on belt 17, serves to advance the
      topmost sheet from supply stack 45 into the nip of belt and feed roll pair
      47, 48, respectively, which in turn carry the sheet onto main paper supply
      transport 50.
PAR  Transport 50 includes one or more endless feed belts 51 stretched about
      support rollers 52, one or both of which are suitably driven. Sheet guides
      54 are disposed in operative position above transport belts 51, guides 54
      serving to maintain the sheets 31 in operative contact with belt 51 of
      paper supply transport 50 during movement therealong. Transport 50 carries
      the sheets 31 forward to transfer roll 32.
PAR  Auxiliary tray 35, in the exemplary arrangement shown, is arranged above
      main tray 34, auxiliary tray 35 including a suitable elevator type base 55
      on which a supply of sheets 31 may be provided. As with main supply tray
      34 suitable means (not shown) are provided to raise base 55 of auxiliary
      tray 35 as the supply of sheets thereon are used up so as to maintain the
      paper feed roll 56 for auxiliary tray 35 in operative contact with the
      topmost sheet. Paper feed roll 56, which is intermittently driven in the
      same manner as main tray feed roll 46, advances one sheet at a time into
      the nip of belt and roller feed pair 57, 58 which in turn carry the sheets
      forward to auxiliary paper supply transport 59. Transport 59 which
      comprises one or more endless belts 60 stretched about support rollers 61,
      one or both of which are suitably driven, is disposed to discharge sheets
      31 drawn from auxiliary tray 35 onto the operating run of main supply
      transport 50. The sheets 31 from auxiliary tray 35 are thereafter fed to
      transfer roll 32. Guides 63 serve to maintain the sheets in driving
      contact with the auxiliary paper supply transport 59 during movement
      therealong.
PAR  Transfer roll 32 is provided with a suitable bias designed to
      electrostatically attract and attach sheets 31 thereto. In this way, the
      sheets 31 discharged from main supply transport 50 are carried by transfer
      roller 32 past belt 17 and in spaced but operative relationship therewith
      to vacuum transport 65. It is understood that transfer of the image from
      belt 17 to copy sheet 31 takes place as the sheet 31 passes between
      transfer roller 32 and belt 17.
PAR  Following transfer, the copy sheet 31 is stripped from belt 17 by suitable
      means (not shown), the image bearing sheets being carried by vacuum
      transport 65 to a fuser 69. Transport 65 includes a vacuum plenum 66 to
      which vacuum is supplied from a suitable source (not shown). Transport 65
      includes an endless conveyor belt 67 arranged about rollers 68, belt 67
      having suitable perforations therethrough which enable vacuum from plenum
      66 to tack the sheets 31 being fed thereto.
PAR  Fuser 69 includes a suitable housing 70 within which is disposed a lower
      heated fuser roll 71 and an upper pressure roll 72, rolls 71, 72
      cooperating to form a nip through which the copy sheets 31 pass. Rolls 71,
      72 are suitably supported for rotation and driven in unison by a suitable
      drive means (not shown). Pressure roll 72 is comprised of a relatively
      soft rubber like material with the result that pressure contact between
      the rolls 71, 72 deforms the surface of pressure roll 72. In this way, an
      increased contact arc between the copy sheet and the heated fuser roll 71
      is obtained.
PAR  In the exemplary arrangement illustrated, fuser roll 71 is hollow, roll 71
      being formed from a suitable heat conductive material. A source of heat
      such as lamp 73 is disposed therewithin. A suitable temperature variable
      resistor, i.e. thermistor 74 is supported on the fuser housing 70 in heat
      exchange relation therewith to sense temperature conditions within fuser
      69. Suitable control circuitry (not shown) for controlling fuser lamp 73
      in response to fuser temperature conditions as sensed by thermistor 74 is
      provided.
PAR  Copy sheets 31 leaving fuser 69 are carried by intermediate copy output
      transport 75 to copy output transport 76 and from transport 76 to either
      copy discharge transport 78 or to the inlet of a copy sheet handling
      device such as the sorter 100. Where sorter 100 is not in use or where no
      sheet handling device is provided a blocking gate 79 serves to route all
      copies onto discharge transport 78. Discharge transport 78 carries the
      copies to output tray 80.
PAR  Copy output transports 75, 76 and copy discharge transport 78 each have one
      or more endless conveyor belts 81 operatively disposed about support
      rollers 82 therefor, one or both of which may be driven. Guides 83 are
      disposed in operative relationship with each of the transports 75, 76, 78,
      guides 83 serving to maintain the copy sheets in operative contact with
      the conveyor belts associated therewith.
PAR  Guides 54, 63, 83 are releasably supported to enable their respective
      transports to be cleared in the event of a jam. Sensors 84, disposed in
      operative relationship with the guides 54, 63, 83 for transports 50, 59,
      75, 76, 78, serve to prove release of the guides by the user following a
      jam, restarting of the copying machine 10 being precluded until sensors 84
      are activated by opening of the guides 54, 63, 83 as will appear.
PAR  In the exemplary arrangement shown in FIG. 1b, a sorter 100 is operatively
      coupled to copier 10. Sorter 100 serves to sort copies 31 as they egress
      from copier 10. Sorter 100 includes a suitable frame 102 which is
      preferably mounted on castors 103 to facilitate moving sorter 100 about.
      Sorter 100 includes upper and lower copy bin rows 105, 106 respectively.
      Each row 105, 106 contains a plurality of spaced downwardly inclined bins
      or trays 108 for receiving and holding copies being sorted, each bin 108
      being open at the top to provide an inlet 109 through which the copies
      pass into the bin.
PAR  A generally horizontal copy sheet transport 110, 111 is spacedly disposed
      above each row 105, 106 of bins 108 opposite inlets 109 thereto, the
      operating length of transports 110, 111 being sufficient to enable
      transports 110, 111 to carry the copies to the endmost one of the bins.
      Transports 110, 111 each comprise one or more endless conveyor belts 114
      supported on rollers 115, one or both of which may be driven by a suitable
      means (not shown). A series of idler rolls 117 are arranged below and in
      operative contact with the lower operating run of transports 110, 111, an
      idler roll 117 being provided adjacent the inlet 109 to each bin 108.
      Idler rollers 117 serve both to hold the copies in operative contact with
      the transport conveyor belts 114 and as a base about which copies are born
      by the adjoining deflector 120 into the inlet 109 bin therebelow. An
      individually actuable deflector 120 is arranged slightly downstream of
      each roller 117. When actuated to a raised position, the deflectors 120
      cooperate with the surface of the roller 117 to turn a copy from the sheet
      transport 110 or 111 associated therewith into bin 108 therebelow.
PAR  Sorter 100 includes a copy sheet inlet 122 formed by sheet guide pair 123,
      the height of sorter inlet 122 being approximately the same as the
      operating height of copier discharge transport 76. In this way copies from
      discharge transport 76 pass into sorter 100 and are sorted thereby, it
      being understood that in this mode of operation gate 79 of copier 10 is in
      the down position.
PAR  A sorter feed roll pair 125 are provided adjacent the discharge side of
      inlet guide 123. Roll pair 125, which are driven in the direction shown by
      the solid line arrow of the drawings, serve to carry the copy forward into
      the sorter 100. A movable sorter inlet deflector 130 is provided just
      downstream of roll pair 125, deflector 130 serving when in the solid line
      position shown in the drawings to direct the copies to transport 111 and
      lower bin row 106.
PAR  To enable the copy sheets 31 to be fed to transport 110, and upper bin row
      105, an elevator transport 132 is provided. Transport 132 comprises one or
      more endless belts 133 supported by roll pair 134, one or both of which
      are driven by suitable means (not shown). A series of idler rollers 135
      are disposed in contact with the operating run of transport belt 134,
      rolls 135 serving to hold the copy sheets on transport 132. Vertical
      transport 132 is disposed just downstream of roller pair 125 and in
      operative relationship with deflector 130 such that deflector 130 when
      moved to the dotted line position shown in the drawings, serve to route
      the copy sheet 31 emerging from roll pair 125 onto transport 132.
PAR  A curved paper guide pair 138 is operatively disposed between the upper
      discharge end of transport 132 and the inlet to upper transport 110. Guide
      pair 138 serves to turn the copy sheets leaving transport 132 through an
      arc of approximately 90.degree. to upper bin transport 110.
PAR  During use, copy sheets 31 leaving copier 10 enter inlet 122 of sorter 100
      and are forwarded by roll pair 125 to either lower bin transport 111 or to
      elevator transport 132 depending on the position of deflector 130. Copy
      sheets routed onto transport 132 are carried upwardly thereby to upper bin
      transport 110. Copy sheets 31 from either transport 110 or 111 are routed
      into selected bins 108 of either upper or lower bins rows 105, 106,
      respectively, through selective actuation of deflectors 120.
PAR  In the exemplary arrangement shown, an automatic document handler
      designated generally by the numeral 150 and seen best in FIG. 3 is
      provided. As will appear, document handler 150 serves to feed one document
      at a time from a supply of documents 151 into copying position on platen
      14 of copier 10 where a copy or series of copies may be made. Following
      copying, each document is automatically returned to the document supply
      151 and the next document, if any, is brought into copying position on
      platen 14. As will appear documents returned to supply 151 may be recycled
      by handler 150 or simply removed by the user when the copying program is
      completed.
PAR  Document handler 150 includes an inclined base section 153, the lower end
      of which swingably supports by means of shaft 154, matching left and right
      hand tray members 155. The trays 155 are substantially U-shaped when seen
      in cross section, each having a base 157, a top 158 spaced thereabove, and
      sides 159. A portion of the base 157 of each tray member is cut away at
      the upper end thereof to accommodate primary document feeder roll 160. The
      trays 155 are adjustable along shaft 154 to accommodate various size
      documents.
PAR  Document feeder roll 160 is rotatably supported under base section 153 on
      drive shaft 161 such that a portion of the periphery of roll 160 projects
      into the document tray area, base 153 being suitably apertured to
      accommodate the roll 160. Feeder roll shaft 161 is suitably supported for
      rotation and driven by suitable means (not shown) in the direction shown
      by the solid line arrow of FIG. 3.
PAR  A pair of document limiting rolls 163, 164 are disposed on the downstream
      side of feeder roll 160, rolls 163, 164 functioning to prevent passage of
      more than one document at a time. Shaft 165 of lower limiting roll 164 is
      turned in the direction shown by the solid line arrow of FIG. 3. Upper
      limiting roll 163, which is supported from shaft 166, is arranged to be
      driven by lower limiting rolls 164 so long as friction developed between
      rolls 163, 164 remains above a predetermined setting. In the event of a
      decrease in roll friction, as occasioned by an attempt of two superimposed
      documents to pass therethrough, the upper roll 163 is turned in a document
      rejecting direction as shown by the dotted line arrow in FIG. 3 by a
      suitable drive means (not shown).
PAR  Documents emerging from limiting rolls 163, 164 are carried forward by
      intermediate transport rolls 168, 169 underneath curved document guide
      fingers 170 to platen transport 171. Transport 171, which may comprise a
      belt-type conveyor, carries the document onto the platen 14 of copier 10.
PAR  A register edge 172 is provided across the inlet side to platen 14, edge
      172, serving to register or locate the documents in pre-set position on
      platen 14 for copying thereof. Platen transport 171 is reversed for this
      purpose after the document has been carried past register 172, reversal of
      transport 171 serving to move the document backwards to bring the document
      trailing edge into abutment with register edge 172. When copying is
      completed, platen transport 171, is again operated in reverse to carry the
      document backwards off platen 14, register edge 172 being retracted for
      this purpose by a suitable means (not shown). The document guide fingers
      170 deflect or guide the returning document upwardly into the nip of a
      first return transport roll pair 174, roll pair 174 carry the returning
      document between suitable return guides 176 and into the nip of a second
      return transport roll pair 178 which carry the document back into tray
      members 155, 156.
PAR  To maintain the returned documents, which have been designated for
      convenience by the numeral 151', segregated from documents 151 awaiting
      feeding and prevent inadvertent refeeding of returning documents 151' by
      the primary feeder roll 160 following feed of the last one of the original
      documents 151, a displaceable bail or separator bar 180 is provided
      substantially opposite to and above feeder roll 160. Bail 180 is supported
      from a rockable cross shaft 181. Shaft 181 is suitably journaled in the
      supporting framework of document handler 150, base section 153 thereof
      being suitably apertured to permit disposition of the bail support arms
      182 therethrough. Suitable means (not shown) are provided to selectively
      turn cross shaft 181 and raise bail 180 out from under documents 151'
      resting thereupon and thereafter return bail 180 back onto the topmost one
      of the documents.
PAR  To help guide the returning documents into the document tray, as well as
      prevent documents from falling out of the tray, particularly when bail 180
      is raised a tray cover 183 is provided. Cover 183 is supported on the
      shaft 154 to enable the cover 183 to be opened for access to the document
      tray members 155, 156 as when loading or unloading documents.
PAR  Referring to the control schematic of FIG. 4a, copier 10 is provided with a
      suitable memory circuit 200 which is programmable for the number of copies
      to be made. To enable the operator to program memory 200, a keyboard type
      controller 202 is provided. In addition controller 202 includes selector
      controls to enable the operator to operate copier 10 alone, or in
      combination with sorter 100, or in combination with document handler 150,
      or in combination with both together. It is understood that selecting
      either or both sorter 100 and/or document handler 150 activates circuits
      which integrate operation of copier 10 with either or both of these
      accessories.
PAR  A suitable print-start control 201, normally actuably by print button
      201.sup.1, is provided for operator use. In a schematic representation of
      FIG. 4a, actuation of print button 201.sup.1 following setting of copy
      select memory 200 starts copier 10. It will be understood that copier 10
      is assumed to be in a readied condition with paper in either or both main
      and auxiliary paper trays and the document to be copied on the platen.
PAR  Copier 10 stops on completion of the program on signals from comparator
      circuits 215, 216 as will appear. Additionally, a signal from jam
      detection circuit 207 stops copier 10. Additional copier stop conditions
      may be readily envisioned, for example an over temperature condition in
      the copier fuser.
PAR  A counter 209 is provided for counting exposures made, i.e. flashes by the
      illumination system. A second counter 210 is provided for recording copies
      completed. Counter 210 is driven by a suitable copy sheet detector 211 at
      the inlet to the copy tray, sensor 211 generating a pulse as each copy
      enters the output tray. Second copy sheet detectors 212 are provided for
      each of the upper and lower bins 105, 106 of sorter 100. Suitable light
      sources are provided for each of the detectors 211, 212, those for
      detectors 212 being at the opposite ends of sorter bins 105, 106.
      Controller 202 includes a suitable selector 214 for selectably activating
      either detectors 211 or 212 depending on whether or not sorter 100 is used
      with copier 10.
PAR  The output of each counter 209, 210 is compared against the copy program in
      memory 200 by comparator circuit pair 215, 216, respectively. As the
      number of copies recorded on counters 209, 210 becomes equal to the number
      programmed in memory 200, signals from comparator circuits 215, 216 to
      copier stop circuit 208 shutdown or cycle out in predetermined
      progression, the various operating components of copier 10 to terminate
      the copying cycle. At the same time counters 209, 210 may be reset for the
      next cycle.
PAR  Sheet jam detectors 220 are provided at strategic locations along the copy
      path in copier 10 and at the inlet to sorter 100, detectors serving in
      association with suitable enabling circuitry to respond to a jam or
      blockage in the copy sheet path. The signal output of detectors 220 is fed
      to jam detection circuit 207. Circuit 207, when triggered in response to a
      jam as detected by one of the detectors 220, shuts down copier 10. To
      prevent restarting of copier 10 before the jam is cleared, suitable latch
      or hold circuit 222 is provided. Circuit 222, which is triggered by jam
      detection circuit 207, controls reset circuit 224 of counter 209. In
      addition, circuit 222 sets stop circuit 208 to prevent restarting of
      copier 10 until the jam condition has been corrected as will appear.
PAR  Detectors 84, which are provided in each of the paper transports 50, 75,
      76, signal opening of the paper guides 54, 83 associated therewith such as
      would be required to clear jammed paper therefrom. The joint signals from
      detectors 84 trigger restart circuit 225 which in turn resets hold circuit
      222 to permit copier 10 to restart following a paper jam.
PAR  Considering operation of copier 10 alone, or with sorter 100, the operator
      sets memory 200 to the number of copies desired and selects the mode of
      operation by means of controller 202. The latter sets switch 214 to either
      include or exclude sorter 100. With a document on the platen, print button
      201' may be activated and the copying cycle initiated. As the program
      progresses, counter 209 tolls each exposure or flash made while counter
      210 tolls each copy as it is deposited in the output tray 80, or where
      sorter 100 is used, in sorter 100.
PAR  As will be understood by those skilled in the art, the counts on counters
      209, 210 are normally different during the copying cycle, the difference
      representing the number of copies in process at any one time. In the event
      a paper jam occurs in copier 10 during the program, the copies in process,
      i.e. those between the imaging station and output tray 80 or inlet 122 of
      sorter 100, are considered lost. In clearing the jam, these copy sheets in
      process, some of which are normally involved in the paper jam, are cleared
      from the copier 10 and thrown away in preparation for restarting. This is
      normally done by opening up the guides 54, 63, 83 to paper transports 50,
      59, 75, 76, 78 for access to papers trapped or jammed therewithin.
PAR  On a jam, the jam detection circuit 207 is triggered by the jam detector or
      detectors 220 involved. This triggers stop circuit 208 to stop copier 10,
      and at the same time, actuates hold circuit 222 to prevent restarting of
      copier 10. Triggering of circuit 222 triggers reset circuit 224 which
      resets the count on flash counter 209 to the same count as then appearing
      on copy counter 210.
PAR  To clear the jam and restart copier 10, the operator opens and then
      recloses the paper transport guides 54, 63, 83 to set the detectors. When
      all of the paper transports have been checked in this fashion, the joint
      signals of detectors 84 trigger restart circuit 225, releasing hold
      circuit 222. This permits copier 10 to be restarted by actuation of print
      button 201'. Copier 10 then resumes copying where it left off, the
      resetting of counter 209 automatically accommodating the copies lost as a
      result of the paper jam.
PAR  Where document handler 150 is used with copier 10, either alone or with
      sorter 100, document handler 150 may, in the event of a jam, itself
      require recycling in order to match the correct document with the first
      lost or destroyed copy.
PAR  Referring to FIG. 4b, a document fed counter 230 is provided to count
      documents as they are returned from platen 14 following copying thereof to
      document tray 155. For this purpose a suitable detector 231 is provided in
      the document return path downstream of platen 14. A second counter 233
      records documents completed. Counter 233 compares information from memory
      200 identifying the number of copies programmed for each document versus
      signal pulses from either sensor 211 in copy tray 80 or sensor 212 in the
      inlet to sorter 100 depending on the position of mode selector 214. When
      coincidence is reached, indicating that the last of the copies programmed
      for the document being copied have been completed, counter 233 tolls one
      count. Since the arrival of the last copy in either tray 80 or sorter 100
      is always delayed due to the time required to process the copy after the
      document has been imaged, the document itself is normally back in the
      document tray 155 by the time counter 233 counts.
PAR  The output of counters 230, 233 is fed to a suitable comparator circuit
      237, which in turn controls document handler `ready` and `not ready`
      circuits 240, 241, respectively. Circuits 240, 241 enable or prevent
      restarting of copier 10 following a jam, and in addition control recycling
      of document handler 150 as will appear.
PAR  Comparator circuit 237 is triggered on jam by a signal from jam circuit
      207. Circuit 237, when triggered, compares the counts on counters 230,
      233. If the counts are the same, indicating that the processing of copies
      of the last document returned to document tray 151 is completed and
      therefore the document on platen 14 is correct, circuit 237 actuates ready
      circuit 240 to place an enabling signal on stop circuit 208. On clearing
      of the jam as described, circuit 208 is triggered enabling copier 10 to be
      restarted in the normal fashion. Where, however, the counts on counters
      230, 233 differ, indicating that copies of the last document returned to
      tray 151 are still in process, and therefore are lost, comparator circuit
      237 actuates not ready circuit 241.
PAR  Triggering of not ready circuit 241 starts document handler 150 to begin
      recycling the documents therein. At the same time, circuit 241 places a
      hold signal on stop circuit 208 to prevent operation of copier 10.
      Recycling of handler 150 continues until the counts on counter 230 matches
      that on counter 233. This identifies that the correct document is in
      position on the platen and, in response thereto, comparator circuit 237
      renders not ready circuit 241 inoperative to stop document handler 150
      while actuating ready circuit 240 to enable copier 10 to be restarted as
      explained earlier.
PAR  To operate copier 10 with document handler 150, controller 202 is set in
      the document handler mode and the copy select memory 200 is programmed for
      the number of copies desired. Tray 155 of document handler 150 is loaded
      with documents to be copied and the tray cover closed. Closure of the tray
      cover moves, through suitable circuitry (not shown), bail bar 180 from a
      position below the documents to a position on top of the last document in
      tray 155. The first document in tray 155 is then advanced to copying
      position on platen 14 while the next or second document is brought forward
      to a waiting station adjacent the entrance to platen 14.
PAR  The disposition of the first document on platen 14 of copier 10 enables
      operation of copier 10, and the first copy or copies programmed are made
      following which the document handler returns that document to tray 155
      while placing the waiting second document on platen 14. At this time, the
      next or third document is brought forward to the waiting station. This
      process continues until all the documents are copied in accordance with
      the program in memory circuit 200, following which the copier 10 and the
      document handler 150 shutdown.
PAR  During the copying cycle, counter 230 records each document removed from
      the platen 14 following completion of the copying thereof. When bail 180
      is reset, following return of last document to tray 155, counter 230 is
      reset to zero. Counter 233 counts documents following completion of the
      copy processing cycle therefor as determined by signals from either
      detector 211 in tray 80 or detector 220 in the inlet to sorter 100
      relative to the number of copies programmed for each document as
      established by signals from memory 200.
PAR  Where a jam occurs during the copying cycle, the signal generated by the
      jam circuit 207 shuts down copier 10 in the manner described earlier and
      at the same time shuts down document handler 150. In addition, the jam
      signal from circuit 207 actuates comparator circuit 237 and the counts on
      counters 230, 233 are compared. Where the comparison indicates that the
      counts on counters 230, 233 are the same, the correct document is in place
      on platen 14 and comparator circuit 237 actuates ready circuit 240 to
      allow restarting of copier 10 and resumption of copying cycle when the jam
      has been cleared.
PAR  Where, however, the count on counters 230, 233 is not the same, comparator
      circuit 237 actuates the not ready circuit 241 which in turn starts
      document handler 150. At the same time, the signal from circuit 241 to
      hold circuit 208 precludes restarting of copier 10. Handler 150 recycles
      the documents until the count on counter 230 equals the count on counter
      233. At this point, comparator circuit 237 renders the not ready circuit
      241 inoperative and actuates ready circuit 240 to terminate recycling by
      the document handler 150 while enabling copier 10 to be restarted and the
      copy program resumed.
PAR  Where document handler 150 is not used, the enabling signal requirement of
      ready circuit 240 to stop circuit 208 is negated by suitable means (not
      shown).
PAR  While the invention has been described with reference to the structure
      disclosed, it is not confined to the details set forth, but is intended to
      cover such modifications or changes as may come within the scope of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Means to automatically produce a programmed number of copies in a
      copying machine in the event a malfunction occurs while the programmed
      number of copies are being produced which causes the machine to stop
      prematurely with the result that a not readily discernible number of
      copies in process within said machine are lost, said machine having a
      document handling apparatus adapted to automatically present documents to
      be copied from a document supply to said copying machine to produce the
      programmed number of copies comprising:
PA1  first counter means adapted during machine operation to maintain a running
      count of copies in process so that in the event of premature stopping of
      said machine, the number of copies then in process are known;
PA1  means to automatically operate said machine in response to said counter
      means to make up copies lost as a result of said premature stopping to
      produce the programmed number of copies;
PA1  second counter means adapted during machine operation to maintain a running
      count of documents presented to said copying machine by said document
      handling apparatus;
PA1  third counter means adapted to maintain a running count of the number of
      documents successfully completely copied by said copying machine;
PA1  means to automatically recycle said document handling apparatus to present
      the document subsequent to the last successfully completed, copied
      document to said copying machine in the event said document is not in
      copying position after a premature machine stoppage; and
PA1  means to inhibit restarting of said machine until said document is in
      copying position.
NUM  2.
PAR  2. Means to automatically produce a programmed number of copies in a
      copying machine according to claim 1 in which said recycle means includes
      means for distinguishing documents whose processing by said copying
      machine is completed from documents whose processing is not completed to
      enable the document associated with the first of said lost copies to be
      identified.
NUM  3.
PAR  3. The method of completing a copying program in event of a paper jam
      occurring in the copying processor while copies are being processed and so
      avoid the need to start the program over, the steps consisting of:
PA1  maintaining a running account of copies completed as the program
      progresses;
PA1  maintaining a running account of copies started as the program progresses;
PA1  maintaining a running account of documents imaged;
PA1  maintaining a running account of documents whose copying is completed;
PA1  stopping the processor in the event of a jam;
PA1  resetting the copies started account to the same count as the copies
      completed account as of the time of said jam so that on restarting of the
      processor, copies lost as a result of clearing said jam are automatically
      made up;
PA1  comparing said document accounts following a jam to determine if the
      document in imaging position at the time of said jam is the correct
      document for resumption of the copying program; and
PA1  restarting the copy processor to continue the copying program when the
      correct document is in imaging position.
NUM  4.
PAR  4. The method according to claim 3 including the step of removing the
      document in imaging position at the time of said jam and replacing the
      document with said correct document in the event the wrong document is in
      imaging position following said jam.
NUM  5.
PAR  5. The method of claim 3 including the step preventing continuation of said
      copying program until the correct document is in copying position.
NUM  6.
PAR  6. Means to automatically produce a programmed number of copies in a
      copying machine in the event a malfunction occurs while the program is
      being performed which causes the machine to stop prematurely with the
      result that a not readily discernible number of copies in process within
      said machine are lost, said machine having a document handling apparatus
      adapted to automatically present documents to be copied from a document
      supply to said copying machine in accordance with said program comprising:
PA1  a first counter to count copies whose processing is completed, and a second
      counter to count the number of document exposures by said copying machine,
      the difference between the count of said first and second counters
      comprising the number of copies in process so that in the event of a
      premature stopping of said machine, the number of copies then in process
      are known;
PA1  means to reset said second counter to the same count as said first counter
      to automatically program into said machine provision for making up lost
      copies when said machine is restarted;
PA1  third counter means adapted during machine operation to maintain a running
      count of documents presented to said copying machine by said document
      handling apparatus;
PA1  fourth counter means adapted to maintain a running count of the number of
      documents successfully completely copied by said copying machine;
PA1  means to automatically recycle said document handling apparatus to present
      the document subsequent to the last successfully completed, copied
      document to said copying machine in the event said document is not in
      copying position after a premature machine stoppage; and,
PA1  means to inhibit restarting of said machine until said document is in
      copying position.
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ABST
PAL  A setting mechanism incorporated in a digital display device which includes
      a movable first digit carrier; a motor driving the first digit carrier in
      a normal digit-advancing operation; and a movable second digit carrier.
      The setting mechanism has a drive member continuously driven by the motor,
      a clutch connected between the drive member and the second digit carrier.
      The clutch, when in its engaged state, couples the drive member to the
      second digit carrier for imparting a setting motion to the latter; and a
      manually operable actuator connected to the clutch for operating the same.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a setting mechanism for digital display devices
      used, for example, in time measuring apparatus which includes a drive
      motor which also serves for the adjustment (setting) of time indication.
      The setting mechanism includes a manual actuator with which a motorized
      adjustment of the time indication can be effected by actuating a clutch
      mechanism.
PAR  Setting mechanisms of the above-outlined type for digital display devices,
      for example digital clocks, are known by themselves. Earlier, a setting of
      the digit rollers was effected mostly by a manual rotation of the shaft
      carrying the digit rollers. For a longer setting such levers have, in most
      cases, a diameter which is much too small. Further, for example, in case
      of a 24-hour display, substantial time is needed to set the clock several
      hours up to 24 hours. Also, the setting mechanism for a manual setting of
      the digit roller in a digital clock in which the setting knobs are at the
      front plate, is usually of relatively complex structure. Further,
      motorized setting mechanisms for digital display devices are known in
      which a stepped advance of the time or, as the case may be, the digital
      display and the setting (adjustment) of the display is possible. The
      setting is effected, for example, by means of additional drives, carrier
      and locking mechanisms which have contributed significantly to the
      complexity, the spatial requirement and the overall expense of the
      apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a setting mechanism for digital
      display devices for a step-by-step advance and a rapid setting of display
      with a small number of structural components to insure a simple and
      inexpensive, easily mass-producible setting mechanism for digital display
      devices wherein, in addition to setting the digital clock display, it is
      also possible to set one or more additonal digital displays.
PAR  This object and others to become apparent as the specification progresses,
      are accomplished by the invention, according to which, briefly stated, in
      addition to the time display there are provided one or more additional
      digital displays in the time measuring apparatus and further, the
      aboe-mentioned drive motor is also used for the setting of the additional
      digital displays. Further, there are provided one or more actuators, one
      associated with each digital display, for rendering operative a clutch
      device for the purpose of a motorized setting of the digital displays.
PAR  The advantage of the invention resides particularly in that one setting
      mechanism is provided for adjusting several digital displays by means of
      one motor and that in case of digital time measuring devices, such as
      digital clocks or timing switches, the motor which is, in any event, a
      necessary part of the mechanism, can be used for the setting of the
      digital displays.
PAR  It is a further advantage of the invention that with the simplest means and
      only with an insignificant number of components, for example, an operating
      key, a pivotal lever and two rollers which are driven by a motor, a
      setting mechanism can be obtained for adjusting a plurality of digital
      displays. By using the already available motor for setting additional
      digital displays, the time necessary for the adjustment is significantly
      shortened when compared to a manual adjustment. The advantage of an
      embodiment of the invention resides in the fact that the setting device
      according to the invention makes possible a step-by-step advance and a
      setting of the digital time display and of one or more additional digital
      displays merely by means of the drive and the stepping gear for the
      step-by-step advance of the time display. Stated differently, the stepping
      mechanism for the step-by-step advance is so designed that it also serves
      as the drive means for the setting motion and such setting motion is
      effected merely by rendering a clutch device operative. Thus, the
      invention makes possible a step-by-step advance and a setting of a time
      display and one or more additional digital displays with the simplest
      means constituted by a very small number of inexpensive components.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevational view of a preferred embodiment in a
      non-operating state.
PAR  FIG. 2 is a schematic side elevational view of the same embodiment in an
      operating state.
PAR  FIG. 3 is a schematic top plan view of the same embodiment for the setting
      of several additional digital displays.
PAR  FIG. 4 is a schematic side elevational view of a part of another preferred
      embodiment of the invention adapted for the stepped advance of a time
      display.
PAR  FIG. 5 is a schematic side elevational view of a part of a further
      preferred embodiment of the invention for the stepped advance and setting
      of a time display and additional digital displays.
PAR  FIG. 6 is a front elevational view of another preferred embodiment of the
      invention including a clutch mechanism in the disengaged state.
PAR  FIG. 7 is a front elevational view of the same embodiment in an engaged
      state.
PAR  FIG. 8 is a fragmentary sectional view of a stepping gear shown disengaged
      from the digit roller of a digital time display device.
PAR  FIG. 9 is a sectional view of the component of FIG. 8, illustrated in a
      form-locking engagement with the digit roller of the time display device.
PAR  FIG. 10 is a sectional view of the same component during the adjustment of
      the digit roller of the time display device.
PAR  FIG. 11 is a sectional view of the same component associated with another
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to FIG. 1, the setting device according to the invention is
      shown therein in its disengaged, non-operating state. There is shown a
      front plate 1 provided with a window 2 behind which there is positioned a
      roller 3 carrying digits on its cylindrical periphery. The digit roller 3
      is freely rotatable and is supported on a shaft 4. The front plate 1 is
      provided with a further opening through which projects a manually operable
      actuating member which may be designed as a key 5 formed of a push button
      and an actuating rod attached thereto. The actuating rod of the key 5 is
      guided and supported in a housing wall 6 and is in engagement with the end
      of one arm 7 of a bell crank lever 8 pivotally supported on a shaft 9. On
      the end of the other arm 10 of the lever 8 there is supported a freely
      rotatable setting roller 11.
PAR  The mode of operation of the setting device according to the invention will
      now be described with reference to FIGS. 1 and 2.
PAR  In FIG. 1 the setting roller 11 is disengaged from both the digit roller 3
      and a drive roller 12, since the pivotal lever 8 is maintained by means of
      a tension spring 13 and an abutting relationship between the actuating rod
      of the key 5 and the terminus of the arm 7 at a clearance from the digit
      roller 3 and the drive roller 12. The tension spring 13 is attached to the
      arm 7 and the support 6. The drive roller 12 is keyed to a drive shaft 15
      which is continuously driven, for example, by a synchronous motor 14 as
      illustrated in FIG. 3.
PAR  FIG. 2 shows the setting device in its operating state. For the purpose of
      shifting the setting device into the operating state, the key 5 is
      depressed against the force of a spring 16 which is supported by the
      housing component 6. As a result of the actuation of the key 5, the end of
      the arm 7 of the pivotal bell crank lever 8 is shifted towards the right
      (as viewed in FIGS. 1 and 2) so that the bell crank lever 8 executes a
      counterclockwise rotation on its support shaft 9. At the same time, the
      terminus of the crank arm 10 is moved in between the digit roller 8 and
      the drive roller 12. Thus, the setting roller 11 is, due to the depression
      of the key 5, now in engagement with the digit roller 3 and the drive
      roller 12. Since the latter is continuously drive by the shaft 15, this
      rotary motion is transmitted as a setting motion to the digit roller 3 of
      the digital display device. As soon as the key 5 is released, the setting
      roller 11 is again disengaged from the digit roller 3 and the drive roller
      12 and, as a result, the digit roller 3 will stop immediately, thus
      terminating the setting operation. It is to be understood that the key 5
      may be so designed that it has a locked position which makes it possible
      to effect longer settings, for example, for a 24-hour digital clock,
      without the necessity of maintaining the key 5 continuously depressed
      manually.
PAR  The digit roller 3, the setting roller 11 and the drive roller 12 may be
      made of a synthetic material; the material of the setting roller 11 is
      expediently elastic. The setting roller 11 and the drive roller 12 may be
      designed as friction rollers or may be provided with meshing teeth in
      which case then the digit roller 3 too, is provided with complemental
      teeth. The inward swing of the setting roller 11 may be radial as in the
      embodiment illustrated, or may conceivably be axial.
PAR  FIG. 3 illustrates a pair of setting devices in a top plan view. It is to
      be understood that three, four, or even more setting devices may be
      juxtapositioned for adjusting different digital displays. Thus, for
      example, either the digital clock display or the digital displays for the
      setting of operational periods, alarm settings, beginning and/or
      termination of cooking processes, cooking periods, etc., can selectively
      be adjusted by means of a single motor. The synchronous motor 14
      continuously drives the drive rollers 12 through a step-down gear 17. The
      transmission ratio of the step-down gear 17 is so selected that the digits
      on each digit roller 3 move past the window in the front panel 1 during
      the depressed state of the proper key 5 with such a speed that the
      numerals are still visually perceptible. In the shown embodiment the
      setting of each digit roller 3 is effected always in one direction. It is
      to be understood that by providing a corresponding drive with an
      associated reversing mechanism, the setting of the digit rollers 3 may be
      effected in an opposite direction.
PAR  The structure illustrated in FIG. 3 combines two setting devices shown in
      FIGS. 1 and 2. The setting of the digit rollers 3 is in each instance
      effected by the depression of a separate key 5 as described above in
      connection with FIGS. 1 and 2. The drive shaft 15 which is continuously
      driven by the synchronous motor 14 carries two drive rollers 12 for
      driving the one and the other setting device, respectively. In case there
      are provided three or four or even more setting devices in a juxtaposed
      orientation, there would be needed three or four or more drive rollers 12
      attached to the same drive shaft 15. The arrangement of a plurality of
      setting devices side by side may be designed in such a manner that each
      key which is associated with a separate setting device for a separate
      function, projects separately from the front plate 1 as it may be observed
      in FIG. 3. It is, however, feasible to combine the switch functions of two
      keys associated with the operation of two setting devices for two separate
      displays in a sole actuating device by providing, for example, only one
      key which, in its pulled-out position and in its pushed-in condition,
      serves the one or the other setting device, respectively. It is further to
      be understood that the setting of several displays with a motor may be
      applied not only in digital displays but also in analog displays.
PAR  Turning now to FIG. 4, there is shown a device which is designed solely for
      a stepped advance of a time display. There is provided a pinion 101 which
      drives a stepping gear 102. The latter is provided with a stepping lug 103
      which periodically engages pins 104 of a lantern gear of a digit roller
      105. The latter may be, for example, the first digit roller of a digital
      clock. Assuming that the first digit roller indicates the minutes in a
      digital clock, the lantern gear comprises ten pins 104. The stepping gear
      102 in such a case has a speed of 1 rpm so that the stepping lug 103
      rotates the display roller 105 one step per minute by virtue of the
      interengagement between the stepping lug 103 and the pins 104 of the
      lantern gear. The drive of the stepping gear 102 may be effected, for
      example, by a synchronous motor with the intermediary of a step-down gear
      wherein the last transmission element is on the stepping gear 102. In
      addition to the stepping lug 103, the stepping gear 102 has, for this
      purpose, a second tooth assembly 106 constituting the last transmission
      element of the step-down gear. It is to be understood that the pinion 101
      and the stepping gear 102 may be designed as friction wheels or the drive
      of the stepping gear 102 may be effected directly by the shaft 107 of the
      stepping gear.
PAR  FIG. 5 illustrates a further embodiment of the invention. The setting
      device illustrated therein makes possible a stepped advance and also, an
      adjustment of a time display and of one or more additional digital
      displays with the aid of a clutch device. This setting device comprises a
      pinion 101 which drives a stepping gear 102 supported on a shaft 107. The
      drive of the stepping gear 102 is effected in a manner described in
      connection with FIG. 4. The stepping gear 102 has a stepping lug 108 which
      is resiliently supported by an arm 109. The latter forms an integral part
      of the stepping gear 102. Expediently, the stepping gear is made of a
      resilient material, such as a synthetic material, adapted for mass
      production, for example, by means of an injection molding process.
PAR  The mode of operation of this embodiment will now be described in further
      detail with reference to FIGS. 5, 6 and 7. The stepping gear 102 has two
      functions to perform in the setting device according to the invention. Its
      first function is the stepped advance of the time display and its second
      function is to serve as a drive member for the adjustment of the time
      display and of one or more additional digital displays.
PAR  Considering first the stepped advance of the time display, the step-by-step
      motion of the digit roller 105 occurs similarly to that described in
      connection with FIG. 4. The digit roller 105 may be again, for example, a
      minute roller of a digital clock and thus it carries ten pins 104
      constituting a lantern gear. Thus, again, the digit roller 105 is advanced
      by one step every minute by means of the stepping component of the
      stepping gear 102. Since the arm 109 carrying the stepping lug 108 is made
      of an elastic and thus springing material, the stepping lug arranged at
      the free terminus of the arm 109 may, upon influence of corresponding
      forces, move either in the circumferential direction 112 of the stepping
      gear 102 backward or forward, or in the axial directions 113 and 113a of
      the stepping gear 102 as shown in FIGS. 6 and 7. The position of rest
      (normal position) of the springing lug 108 is illustrated in FIG. 8 in a
      sectional view taken through the stepping gear 102. The arm 109 which is
      freely movable in a recess 114 of the stepping gear 102 illustrated in
      FIG. 5, positions the stepping lug 108 in its state of rest in such a
      manner that the lug 108 or, more precisely, a locking nose 116 provided
      thereon, does not touch an edge 115 of the stepping gear 102, but
      maintains a distance 117 between the locking nose 116 and the edge 115.
      If, for example, during a minute step of the stepping gear 102, a pin 104
      of the lantern gear arrives into engagement with the stepping lug 108, the
      latter, if the stepping gear 102 rotates in the direction 118 upon
      stepping, is shifted by the momentarily stationary pin 104 in the
      direction 119 until the stepping lug 108 abuts against the edge 115 of the
      stepping gear 102 (FIG. 9). A motion through the distance 117 by the
      stepping lug 108 is possible since the arm 109 is capable to move forward
      and backward in the circumferential direction 112.
PAR  Only when the lug 108 is pressed against the edge 115 of the stepping gear
      102 by the pin 104 of the momentarily stationary digit wheel 105, does the
      motion of the stepping gear 102 in the direction 118 cause a displacement
      of the pin 104 and thus a one-step shift of the digit roller 105 in the
      direction 118. The locking nose 116 on the stepping lug 108 serves for the
      lateral locking of the stepping lug 108 which means that the stepping lug
      108 is prevented by the locking nose 116 from moving laterally in the
      axial direction 113 of the stepping gear 102. By means of the
      above-described design of the stepping gear 102 it is ensured that during
      stepping of the stepping gear 102, there will be at all times a
      form-locking contacting drive between the stepping lug 108 and the
      stepping elements (constituted by the pins 104) of the digit roller 105.
      Upon completion of the stepping advance of the digit roller 105, the
      stepping lug 108 returns, by virtue of the resilient arm 109, into its
      position of rest as shown in FIG. 8, so that the clearance 117 will
      re-appear between the stepping lug 108 or, as the case may be, its locking
      nose 116 and the edge 115 of the stepping gear 102.
PAR  It was shown above that the setting device or, more particularly, the
      stepping gear according to the invention makes possible a form-locking
      stepped advance of a digit roller in a time display device. At the same
      time, however, the stepping gear 102 is used not only for a stepped
      advance of the digit roller, but also for adjusting this time display and
      one or several additional digital displays. The adjustment of a time
      display and one or several additional digital displays is effected with
      the aid of a clutch pinion 110. The latter is in continuous engagement
      with the stepping gear 102, that is, it is driven continuously, similar to
      the stepping gear 102 as seen in FIGS. 5, 6 and 7. The clutch pinion 110
      is shiftably supported on a shaft 111 which serves simultaneously as the
      support shaft for the digit rollers of the digital clock or the additional
      digital display devices. The clutch pinion 110 may be displaced by means
      of an actuating element 120 in the axial directions 113 and 113a of the
      stepping gear 102. It is to be noted that the shaft 107 and 111 are
      oriented parallel to one another. In FIG. 6 there is illustrated a setting
      device at a moment when there occurs merely a stepped advance of the digit
      roller 105 by means of the stepping gear 102 or, more particularly, by the
      stepping lug 108; stated differently, the clutch pinion 110 is not in
      engagement with the digit roller 105. For purposes of better visibility
      there is shown only a single pin 104 of the lantern gear of the digit
      roller 105. The form-locking engagement during stepped advance of the
      stepping lug 108 in the lantern gear may be best observed in FIG. 9.
PAR  A setting operation for a digit roller, for example, a digit roller 105, of
      a digital clock is illustrated in FIG. 7. The clutch pinion 110 is brought
      into driving connection with the digit roller 105 by means of the
      actuating element 120. The drive of the digit roller 105 is effected by
      the clutch pinion 110 by means of a cone clutch. The digit roller 105
      carries at the sides oriented towards the pinion 110, an external cone of
      a cone clutch, whereas the clutch pinion 110 is, accordingly, provided
      with an inner cone of the cone clutch. By virtue of moving the clutch
      pinion 110 by means of the actuating element 120 in the axial direction
      113a, the digit roller 105 is coupled to the clutch pinion 110. Since the
      clutch pinion 110 is in continuous engagement with the stepping gear 102,
      that is, similar to the stepping gear 102, it rotates continuously, the
      digit roller 105 starts to rotate immediately with the higher speed of the
      clutch pinion as compared to the stepping gear 102. The transmission ratio
      between the stepping gear 102 and the clutch pinion 110 is selected in
      such a manner that the time digit rollers or the other digit rollers move
      with a speed which still permits a visual perception of the digits on the
      digit roller.
PAR  The precedingly described setting operation for the digit roller 105 may
      also be effected for one or more further digital display rollers which are
      also mounted on the shaft 111. By means of the actuating element 120 the
      clutch pinion 110 is then moved in the axial direction 113, so that, by
      means of a separately provided conical clutch, there is effected a
      coupling of a further digital display roller 121. The outer cone of the
      cone clutch is situated on the digital display roller, whereas the inner
      cone is provided on the clutch pinion 110. It is to be understood that any
      other arrangement may be chosen; for example, the outer and inner cones
      may be reversed or another type of clutch may be used altogether. By
      virtue of coupling a further digit roller 121 to the clutch pinion 110,
      the roller 121 rotates with the setting speed of the clutch pinion 110.
      For legibility and settability, the same criteria are set as for the time
      display roller 105 described above. It is possible to provide not only
      one, but several additional display rollers; thus, for example, the
      digital display rollers mounted on the shaft 111 may have a hollow axis
      which can be telescoped into another; in such a case the clutch pinion or
      the entire clutch assembly has to be designed accordingly.
PAR  If now during a setting operation of, for example, digital time display
      roller 105, the latter, by virtue of the engagement with the clutch pinion
      110, rotates with a higher speed than the stepping gear 102 (both the
      stepping gear 102 and the digit roller 105 rotate in the same direction),
      the digit roller 105 or, more precisely, the lantern gear with the pins
      104 begin to overtake the stepping gear 102. This occurrence is depicted
      in FIG. 10. Although the stepping lug 108, as a component of the stepping
      gear 102, also rotates in the direction 118, the stepping lug 108, by
      virtue of the increased speed during the setting operation, overtakes the
      pins 104 of the lantern gear carried by the stepping gear 102. During this
      occurrence, the pins 104 deflect the stepping lug 108 in the axial
      direction 113 of the stepping gear 102. Such a deflection is made possible
      by the arm 109 which is also resiliently movable in the axial direction.
      At the beginning of the setting operation it is of no significance whether
      the stepping lug 108 is in a position of rest as shown in FIG. 8, into
      which it can be moved in any event in the axial direction by one of the
      pins 104, or whether the stepping lug 108 is in engagement with the edge
      115 of the stepping gear 102 as shown in FIG. 9. A setting is possible
      independently from the engagement of the stepping lug 108 with the lantern
      gear during the stepping operation. Since, as the rapid setting motion
      starts, the pin 104 (FIG. 9) moves more rapidly in the direction 118 than
      the stepping gear 102 and the lug 108, the latter may and will return into
      its position of rest by virtue of its arrangement on the arm 109. This
      means that the stepping lug 108 moves into the direction 118, so that the
      distance 117 between the locking nose 116 and the edge 115 of the stepping
      gear 102 will reappear as shown in FIG. 8. Thus, the stepping lug 108 can,
      at any time, be deflected in the axial direction 113 by a pin 104 during a
      setting operation, as illustrated in FIG. 10.
PAR  The above-described design of the stepping gear thus makes possible, in
      addition to a stepped advance of a time display, a simultaneous setting of
      the time display and of one or more additional digital displays with the
      aid of a clutch pinion driven by the stepping gear. What is of
      significance here is the cooperation of the above-discussed features which
      permit the setting device to effect a stepped advance as well as a setting
      of one or several additional display devices and to carry out this
      function with the simplest means, that is, with a stepping gear and a
      clutch pinion which both may be mass-produced components made of a
      synthetic material. In this embodiment, the features of a stepping device
      required for the step-by-step advance of a time display are combined in an
      advantageous manner with the features and measures for a setting device in
      a single setting mechanism. Only by means of this combination could such a
      simple device be obtained which carries out both functions simultaneously.
PAR  In a further development of the invention, the stepping lug 108 is so
      designed that it extends on both sides of the stepping gear 102 as
      illustrated in FIG. 11. For this purpose, the stepping lug 108 is
      complemented by a second lug 108a; these two lugs are arranged
      symmetrically with respect to the stepping gear 102 and are mounted on the
      arm 109. The dual lug 108, 108a has a locking nose 116a which cooperates
      with two edges 122 and 123 of the stepping gear 102. The stepping elements
      (lantern gears) of at least two digit rollers may be arranged on both
      sides of the stepping gear 102. This possibility, however, is not
      illustrated in the drawing. Thus, by means of the dual lug 108, 108a
      stepped advances of at least two digit rollers may be effected and
      simultaneously, similarly to the previously described embodiment, a rapid
      setting of the digit rollers may be carried out. In a further embodiment
      of the invention, in the stepping gear 102 there are arranged a plurality
      of stepping arms carrying stepping lugs. With the aid of stepping lugs
      arranged on a plurality of stepping arms there may be effected a more
      rapid stepping of digit rollers of a predetermined number, without
      limiting the settability of any of the digit rollers.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A setting mechanism incorporated in a digital display device which
      includes a movable first digit carrying means; a motor driving the first
      digit carrying means in a normal digit-advancing operation; and a movable
      second digit carrying means; wherein the improvement comprises:
PA1  a. a drive member continuously driven by said motor;
PA1  b. clutch means connected between said drive member and said second digit
      carrying means, said clutch means having an engaged and a disengaged
      state; said clutch means, when in its said engaged state, coupling said
      drive member to said second digit carrying means for imparting a setting
      motion to the latter; and
PA1  c. manually operable actuating means connected to said clutch means for
      placing said clutch means from one of its states into the other.
NUM  2.
PAR  2. A setting mechanism as defined in claim 1, wherein said second digit
      carrying means is constituted by a digit roller; said drive member
      including a drive shaft continuously rotated by said motor and a drive
      roller affixed to said drive shaft; said clutch means including a lever
      having first and second ends, pivot means for swingably supporting said
      lever between said first and second ends, and a setting roller freely
      rotatably supported on said first end of said lever and disposed between
      said digit roller and said drive roller, said lever having one position in
      which said setting roller carried by said lever is disengaged from said
      digit roller and said drive roller; said lever having another position in
      which said setting roller is in engagement with said digit roller and said
      drive roller for effecting a setting motion of said digit roller by said
      motor; said manually operable actuating means including a movable
      component connected to said second end of said lever for moving said lever
      from one of its positions into the other.
NUM  3.
PAR  3. A setting mechanism as defined in claim 1, wherein the transmission
      ratio between said drive member and said digit carrying means through said
      clutch means being such that the speed of said digit carrying means during
      the setting motion thereof just permits visual perception of the digits on
      said digit carrying means.
NUM  4.
PAR  4. A setting mechanism as defined in claim 1, wherein there is provided a
      plurality of second digit carrying means, clutch means and manually
      operable actuating means; with each said second digit carrying means there
      is associated a separate one of said clutch means and a separate one of
      said actuating means; each of said clutch means cooperating with said
      drive member.
NUM  5.
PAR  5. A setting mechanism as defined in claim 4, wherein each said second
      digit carrying means is constituted by a digit roller; said drive member
      including a drive shaft continuously rotated by said motor and a plurality
      of drive rollers affixed to said drive shaft; each said clutch means
      including a lever having first and second ends, pivot means for swingably
      supporting said lever between said first and second ends, and a setting
      roller freely rotatably supported on said first end of said lever and
      disposed between said digit roller and an associated one of said drive
      rollers, each said lever having one position in which the setting roller
      carried by the lever is disengaged from the associated said digit roller
      and drive roller; said lever having another position in which the setting
      roller is in engagement with said associated digit roller and drive roller
      for effecting a setting motion of said associated digit roller by said
      motor; each said manually operable actuating means including a movable
      component connected to said second end of an associated one of the levers
      for moving the lever from one of its positions into the other.
NUM  6.
PAR  6. A setting mechanism as defined in claim 4, said digital display device
      includes a front plate through which digits of said digit carrying means
      are visible; each said actuating means projecting outwardly through said
      front plate.
NUM  7.
PAR  7. A setting mechanism as defined in claim 1, wherein said first and second
      digit carrying means are constituted by respective first and second digit
      rollers; further comprising:
PA1  d. a stepping gear connected to said drive member for continuous rotation
      by said motor;
PA1  e. a stepping member secured to and carried in an orbital motion by said
      stepping gear;
PA1  f. a plurality of stepping elements affixed to said first digit roller;
      said stepping member, upon rotation of said stepping gear, periodically
      engaging said stepping elements for effecting a step-by-step advance of
      said first digit roller;
PA1  g. a clutch pinion forming part of said clutch means, and being in
      continuous engagement with said drive member to be continuously rotated by
      said motor, said clutch pinion having a first position in which it is
      disengaged from said first and second digit rollers; said clutch pinion
      having a second position in which it is in engagement with said first
      digit roller for coupling said first digit roller to said drive member
      through said clutch means for effecting a setting motion of said first
      digit roller by said motor; said clutch pinion having a third position in
      which it is in engagement with said second digit roller for coupling said
      second digit roller to said drive member through said clutch means for
      effecting a setting motion of said second digit roller by said motor; said
      manually operable actuating means being coupled to said clutch pinion for
      moving said clutch pinion into its different positions; and
PA1  h. means rendering said stepping member ineffective during the setting
      motion of said first digit roller.
NUM  8.
PAR  8. A setting mechanism as defined in claim 7, wherein said stepping
      elements on said stepping gear are constituted by pins which together form
      a lantern gear.
NUM  9.
PAR  9. A setting mechanism as defined in claim 7, wherein said clutch means is
      constituted by a cone clutch; said clutch pinion having at each end a
      separate inner bevel.
NUM  10.
PAR  10. A setting mechanism as defined in claim 9, wherein said first and
      second digit rollers are supported in axial alignment and spaced from one
      another; said clutch pinion being positioned between said first and second
      digit rollers; said cone clutch further including outer bevels secured to
      those faces of said first and second digit rollers that are oriented
      towards said clutch pinion; said outer bevels cooperating with the inner
      bevels of said clutch pinion.
NUM  11.
PAR  11. A setting mechanism as defined in claim 7, said drive member being
      constituted by said stepping gear; said stepping member being formed of a
      stepping lug; said means rendering said stepping member ineffective
      including a support resiliently securing said stepping lug to said
      stepping gear; said stepping lug being arranged to be deflected by said
      stepping elements during the setting motion of said first digit roller;
      said clutch pinion being in continuous engagement with said stepping gear
      to be continuously rotated by said stepping gear.
NUM  12.
PAR  12. A setting mechanism as defined in claim 11, wherein said first and
      second digit rollers are mounted on a common shaft having an axis; said
      clutch pinion being supported on said shaft between said first and second
      digit rollers and being displaceable parallel to said axis by said
      actuating means into one of its three positions.
NUM  13.
PAR  13. A setting mechanism as defined in claim 11, wherein the transmission
      ratio between said stepping gear and said clutch pinion and between said
      clutch pinion and either digit roller is such that the rpm of the digit
      rollers during setting motion is greater than the rpm of said first digit
      roller during the step-by-step advance effected by the cooperation between
      said stepping lug and said stepping elements.
NUM  14.
PAR  14. A setting mechanism as defined in claim 11, wherein said support is
      resilient in the circumferential direction of said stepping gear.
NUM  15.
PAR  15. A setting mechanisn as defined in claim 11, wherein said support is
      resilient in a direction parallel to the rotary axis of said stepping
      gear.
NUM  16.
PAR  16. A setting mechanism as defined in claim 15, wherein said support is
      constituted by a resilient arm having one end affixed to said stepping
      gear and having another end carrying said stepping lug.
NUM  17.
PAR  17. A setting mechanism as defined in claim 15, including a locking nose
      carried by said stepping lug; said stepping gear further including an edge
      portion adjacent to and normally spaced from said locking nose; said edge
      portion prevents a displacement of said support in a direction parallel to
      the rotary axis of said stepping gear when in engagement with said locking
      nose upon movement of said lug in the circumferential direction of said
      stepping gear by one of said stepping elements.
NUM  18.
PAR  18. A setting mechanism as defined in claim 17, wherein said stepping lug,
      in an axially non-deflected position of said support, projects axially in
      both directions from said stepping gear.
NUM  19.
PAR  19. A setting mechanism incorporated in a digital display device which
      includes a movable digit roller; stepping elements affixed to the digit
      roller; a stepping gear; a motor connected to the stepping gear for
      continuously rotating the latter; a stepping member secured to and carried
      in an orbital motion by said stepping gear; the stepping member, upon
      rotation of the stepping gear, periodically engaging the stepping elements
      for effecting a step-by-step advance of the digit roller; wherein the
      improvement comprises in combination
PA1  a. a clutch pinion in continuous engagement with said stepping gear; said
      clutch pinion having a first position in which it is disengaged from said
      digit roller; said clutch pinion having a second position in which it is
      in engagement with said digit roller for coupling said digit roller to
      said stepping gear through said clutch pinion for effecting a setting
      motion of said digit roller by said motor;
PA1  b. a manually operable actuating means being coupled to said clutch pinion
      for moving said clutch pinion from one of its positions into the other;
      and
PA1  c. means rendering said stepping member ineffective during the setting
      motion of said digit roller.
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ABST
PAL  A conventional stereo tape recorder is used to record a series of reference
      pulses on each of the two channels or magnetic tape tracks followed in
      each instance by intermediate event pulses representative of behaviorial
      phenomena or units. The delay or time interval between reference pulses
      and event pulses is indicative of the particular behavior that has been
      observed. An astable or free running multivibrator for each channel
      provides the reference pulses, whereas a monostable or one-shot
      multivibrator, which is triggered by its companion astable multivibrator,
      provides the event pulses. A key-controlled resistance-capacitance circuit
      connected in the monostable circuitry functions to vary the delay or
      position of the event pulses with respect to the reference pulses.
      Individual keys, or combination of keys, are assigned codes representative
      of the various behaviors and subjects to be observed and recorded.
PAL  The recorder at some later time is interfaced with an appropriately
      programmed computer, the computer then processing the tape signals on a
      time basis provided by the computer clock and converting such signals to
      binary values representative of the various time delays or time positions
      of the intermediate event pulses with respect to the reference pulses. The
      computer can perform various logical functions, such as ratioing,
      averaging and sorting, and then store the results in its memory for
      appropriate analysis, such as determining behavior patterns of the
      subjects that have been previously observed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a system and method of recording event
      information, and pertains more particularly to a system and method for
      recording behavior data on magnetic tape as it is being observed for
      subsequent analysis via an appropriately programmed computer.
PAR  2. Description of the Prior Art
PAR  As far as both human and animal behavior studies are concerned, two
      problems have persisted throughout the years. One concerns the capture of
      the pertinent data and the second involves the analysis thereof. In
      response to increasing pressures to study behavioral phenomena, both that
      relating to meaningful human problems and also that pertaining to animal
      conduct, various attempts have been made in an effort to upgrade the
      analytical tools that are utilized in the conducting of human and animal
      behavioral studies. Data has in the past frequently been recorded on
      mimeographed forms and later transferred to electronic data processing
      media for analysis. The difficulty stemming from the use of mimeographed
      forms is that an observer is limited in his ability to record any
      appreciable amount of behavioral information. It is rarely that electronic
      data processing equipment is immediately at hand when conducting
      behavioral studies. In some cases, the laboratory or even the free field
      area, such as a playground or home, can be set up in the immediate
      vicinity of the electronic processing equipment. However, frequently the
      subjects being examined do not act naturally in what amounts to an
      artificialy contrived environment which differs from their usual and
      familiar surroundings. Hence, a very real need has persisted for a long
      time with respect to recording as much behavioral data as is needed at the
      time the observer is noting it in the normal enviroment in which the
      subject is behaving in a more natural and uninhibited manner.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the invention is to provide a simple system and method for
      recording information pertaining to observed events. More particularly, an
      aim of the invention is to use a conventional tape recorder in the
      recording procedure.
PAR  Another object is to provide a system and method of recording event
      information that can be used as an input device to a general purpose
      high-speed electronic computer, thereby allowing relatively large masses
      of observed data accumulated over a relatively long period of time to be
      quickly analyzed when the need for doing so arises. In this regard, an aim
      of the invention is to provide a means for initially recording data at one
      or more vantage points remote from the computer, and then feeding the
      recorded signals to the computer at some convenient time, such as when low
      priority computer time is available. It will be recognized that my
      invention will possess especial utility in the conducting of human and
      animal behavior studies where the observation area may be at some distance
      from the computer. In other words, an exceedingly versatile off-line
      system is made available for the study of various behavioral phenomena.
PAR  Another object of the invention is to provide a system and method of
      recording observed data in which the initial recording of the event
      information is performed with equipment that is portable and compact. More
      specifically, both the recorder and my device for providing time-coded
      pulse signals to the recorder are very small and readily carried from
      place to place.
PAR  A further object of the invention is to provide a system and method in
      which the speed at which the tape travels is not critical, as long as the
      tape moves at a substantially constant speed, thereby permitting the tape
      to be "played" to the computer from a different recorder from that
      initially used at the observation site. For instance, the observed data
      can be recorded on a casette-type recorder, and the casette or casettes
      shipped, if need be, to an electronic data processing center which is
      miles away.
PAR  Still another important object is to provide a system and method of the
      foregoing character that obviates the need for paper and pencil recording
      of observed behavior which can be distracting to the observer, even in
      some instances causing some events which should be noted to not be
      recorded.
PAR  Yet another object of the invention is to provide for the simultaneous
      recording of information pertaining to a variety of events and/or
      subjects. In this regard, the keys can be actuated individually or in
      combination to record plural events or acts. More specifically, it is
      planned that one group of five keys be actuated with one of the observer's
      hands and a second set of five keys with the other hand, and that the
      coded results from one group of keys be recorded on one tape track and the
      results from the other key group on the other track.
PAR  Still further, an additional object is to record data relating to events in
      which the frequency and duration of each event is of importance. Thus, not
      only is it possible when practicing my invention to make of record various
      events as they occur, but it is of especial benefit, particularly when
      conducting experiments involving children, and also animals, to make of
      record the length of time it takes the subject (or subjects) to perform a
      given act and also the number of times such act is repeated during the
      observation interval.
PAR  Briefly, my invention involves the depressing or actuation or one or more
      keys representative of a particular event or events to be recorded. An
      astable or free-running multivibrator or oscillator produces a series or
      sequence of reference pulses. Each time that a reference pulse is
      generated, a monostable or one-shot multivibrator or oscillator is
      triggered into action so that an intermediate or event pulse is produced
      at a certain time after the reference pulse. If no keys are actuated, then
      the intermediate or event pulses occur at a different point in time after
      each reference pulse than when the keys are operated. Thus, the relation
      or position of each intermediate or reference pulse after its particular
      preceding reference pulse is indicative of the key or keys that have been
      actuated and hence indicative of the particular event that has been
      observed because the actuation of individual keys or combinations thereof
      have been selected so as to denote the various events which are to be
      recorded. The recorder is preferably a stereo tape recorder which permits
      two observers to record data simultaneously, one set of data being on one
      magnetic track or channel and the other set of data being recorded on the
      other magnetic track or channel. Two devices are used in the dual
      recording process, each having therein an astable multivibrator and a
      monostable multivibrator. At some convenient later time, the data captured
      on the magnetic tape is simply played into an appropriate programmed
      computer so that it is internally processed and stored for subsequent
      analysis. A great mass of data can be processed and can be retrieved in
      accordance with a prearranged programming schedule which will enable the
      analyst to obtain only that information for which he has an immediate need
      or interest. It is important to appreciate that the recording of the event
      data can be made at one location and the processing thereof at a location
      at some distance from the observing site. Not only that but the
      information can be transferred from the magnetic tape into the computer at
      a much later time, the gap between observing and initially recording the
      information on tape and the subsequent processing thereof by way of
      computer being completely immaterial.
DRWD
PAC  BRIEF DESCRIIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram depicting the recording of behavioral data at an
      observation area, the view involving two key-controlled devices being
      operated by two observers and the simultaneous recording of the observed
      data on a stereo tape recorder;
PAR  FIG. 2 is a schematic diagram of one of the keycontrolled devices of FIG. 1
      together with the stereo tape recorder illustrated in block form;
PAR  FIG. 3 is a simplified block diagram corresponding to FIG. 2;
PAR  FIG. 4 is a block diagram of the stereo tape recorder playing its recorded
      data into a laboratory computer, and
PAR  FIG. 5 depicts typical wave forms representative of the pulse signals
      recorded on one channel or track of the magnetic tape handled by the
      stereo tape recorder and which recorded pulse signals are delivered to the
      time clock of the computer illustrated in FIG. 4, octal values having been
      assigned to clock triggering points on the pulse signals.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, two identical key-controlled devices 10 and 12
      have been shown in block outline; these devices, respectively, are also
      designated as device No. 1 and device No. 2. Although the so-called keys
      are best viewed in FIG. 2, nonetheless the ten such keys utilized with
      each device 10, 12 have been labeled 14a-14j, there being one beneath each
      finger of a pair of hands 16L and 16R for the device 10, the hands 16L,
      16R belonging to a human observer 16. By the same token, a pair of hands
      18L, 18R have been superimposed over the keys 14a-14j of the device 12,
      the hands 18L, 18R in this instance belonging to a second observer 18. It
      might be explained at this point that in actual practice keys are used to
      actuate the switches presently to be referred to, but for drafting
      simplicity pushbuttons have been illustrated, there being one for each
      finger. Although the manner in which the information observed in the area
      20 is recorded by the actuation of the keys 14 will not be fully
      understood until a more detailed description has been given, it can be
      explained at this stage that the keys have been individually and in
      combination assigned various codes representative of the particular acts
      or behavior to be recorded. Hence, the information that is fed into the
      devices 10, 12 by reason of the keys 14 is delivered in the form of pulses
      to a stereo tape recorder 22 having a pair of inputs 24a, 24b which
      deliver the signals from the two devices 10, 12 onto a magnetic tape 25
      via preamplifiers, there being one for each channel, the amplifiers and
      recording heads (none of which are pictured but which are conventional).
PAR  As already indicated, the various keys 14a-14j for the device 10 are best
      viewed in FIG. 2 and are contained in what will be called a key and R-C
      section 27. It will be recalled that in actual practice the pushbuttons
      14a-14j are in the form of manually actuated keys. Individually operated
      by the various keys or pushbuttons 14a-14j are switches 26a-26j, there
      being one pushbutton or key 14 for each switch 26. It perhaps should be
      explained at this point that the switches 26 may be of the microswitch
      variety. All of the switches 26a-26j have been shown as normally closed.
      In order to illustrate the versatility and flexibility of my invention,
      however, certain of the alluded to switches 26 are what might be termed
      "general code" switches and others "special code" switches. Falling into
      the "general code" category are the switches 26b, 26c, 26d, 26g, 26h and
      26i. The switches 26a,  26e, 26f and 26j fall into the special code
      category along with still another switch labeled 26k. However, the number
      of switches in each category can be varied. While the switch 26k can be
      considered to be a finger-actuated switch, it does not underlie the
      fingers of the hands 16L and 16R so it has been shown differently.
PAR  At this time attention is called to the presence of various resistors
      28a-28j for the switches 26a-26j and the resistor 28k for the switch 26k.
      In addition, still another resistor 28m is employed to retain some
      resistance in the circuit when no pushbuttons 14 are actuated. It is
      believed obvious without presenting a detailed description that the
      actuation of the various switches 26 will provide different resistive
      paths. For instance, if the pushbutton 14b is depressed, then the resistor
      28b is no longer by-passed and the inclusion thereof in the circuit
      increases the resistance value. However, the pushbuttons can be used to
      actuate switches that would decrease the resistance, as only a resistive
      change is needed. It will later become apparent that the various resistors
      28 act to vary the resistance-capacitance time constant of the circuitry.
PAR  It will be perceived that a conductor 30 is connected to the various
      resistors 28a, 28e, 28f, 28j and also 28k. Even the resistors 28b, 28c,
      28d, 28g, 28h and 28i are connected to the conductor 30 also, but only at
      one point which has been labeled 29; should the pushbuttons 14b, 14c, 14d,
      14g, 14h and 14i all be depressed, then all of the resistors 28b, 28c,
      28d, 28g, 28h and 28i would be serially introduced into the circuit and it
      should be obvious that the amount of resistance will be considerably
      increased over that provided by only the resistor 28b which is introduced
      when just the pushbutton 14b is actuated. If only the pushbutton 14a is
      depressed, then the resistor 28a is added. Once again, it is believed
      evident that the amount of resistance can be varied considerably by the
      proper selection of the various pushbuttons 14 and that the switch 26k
      when individually actuated will still further influence the overall
      circuit resistance, in this instance actually overriding or superceding
      all of the other resistors. Connected to the conductor 30 is a conductor
      32 that leads to an on-off switch 34 which must be closed in order to
      energize the conductor 30 from the positive side of a power source shown
      in the form of a battery 36. Not only does the switch 34 energize the
      key-controlled R-C section 27 of the device 10, but it also energizes an
      oscillator section 37 through the agency of a conductor 38.
PAR  Contained in the oscillator section 37 are two oscillators 40, 42, the
      oscillator 40 actually being an astable or free-running multivibrator and
      the oscillator 42 a monostable or one-shot multivibrator. My invention
      lends itself readily to using linear integrated circuits and the
      multivibrators or oscillators 40, 42 can be of the type more fully
      described in a brochure on timers published in 1973 by Signetics
      Corporation, the particular type there described being designated as a 556
      dual timer. It is fully explained in the timer brochure, and even an
      equivalent circuit presented, as to how one side of the dual timer can be
      connected via the provided pins to provide an astable operation, whereas
      the other side connected to provide a monostable operation. Each
      multivibrator 40, 42 includes a first comparator 44a, a flip flop 44b and
      a second comparator 44c. While a sufficient description will herein be
      given that should enable those skilled in the oscillator art to understand
      the functioning of the multivibrators or oscillators 40, 42, additional
      information certainly can be obtained from the Signetics Corporation,
      particularly from the brochure that has just been referred to.
PAR  Inasmuch as the function of the multivibrator 40 is to provide a sequence
      of reference pulses, it is intended that the multivibrator 40 be provided
      with external circuitry so as to trigger itself and thereby be truly a
      free-running device. Accordingly, an external capacitor 46 charges through
      a pair of resistors 48, 50, doing so via a conductor 51 that connects with
      the previously mentioned conductor 38. The duty cycle may be precisely set
      by the ratio of the resistors 48, 50. More specifically, it will be
      obseved that there is a threshold line 52 leading from one side of the
      capacitor 46 to one input of the comparator 44a. A conductor 54 from
      threshold line 52 leads to the trigger input of the comparator 44c. A
      discharge line 56 extends from the junction of the resistors 48, 50 to the
      flip flop 44b for the multivibrator 50. Somewhat similarly, a line 58
      supplies a control voltage to the other input of the comparator 44a, doing
      so via a capacitor 59 which in turn is connected to a conductor 60 which
      connects with the previously mentioned capacitor 46 and also to a line 61
      connecting with the ground terminal of the multivibrator 40. A line 62
      extends to the rest terminal of the flip flop 44b, doing so from the
      conductor 51.
PAR  The output from the multivibrator 40 is delivered through the agency of a
      line or conductor 63 that extends over to a trigger line 64 belonging to
      the monostable multivibrator or oscillator 42. It wil be seen that the
      trigger line 64 connects with one input of the comparator 44c for the
      multivibrator 42. The line 63 also leads to the reset line 66 for the flip
      flop 44b, it being intended that the monostable multivibrator 42 reset
      itself after being triggered by an appropriate output or reference pulse
      signal from the astable multivibrator 40, which pulse signal will be
      mentioned soon. A conductor 68 leads from the switch 26k of the
      key-controlled R-C section 27 down to a line 70 connected to the threshold
      input of the comparator 44a. The other output for the comparator 44a has a
      conductor 71 leading from the previously mentioned control voltage line 58
      to it, thereby applying the same control voltage to both comparators 44a.
      The conductor 68 also connects with a discharge line 72 that is in turn
      connected with the flip flop 44b of the multivibrator 42.
PAR  While the values of the resistors 28, which value can be collectively
      varied, plays a very important role in the practicing of my invention, a
      capacitor 74 is also incorporated into the circuitry for the purpose of
      providing a variable time delay between the reference pulses produced by
      the multivibrator 40 and the intermediate or event pulses, as they will be
      termed, provided by the multivibrator 42. Whereas one side of the
      capacitor 74 is connected to the conductors 70 and 72, the other side
      thereof is connected to the negative side of the power supply 36 through
      the agency of a conductor 76. Still another conductor 78 connects the
      conductor 76 and also the same side of the capacitor 74 to the ground line
      61 that has already been mentioned in conjunction with the multivibrator
      40. Of importance at this time is to mention the presence of a conductor
      80 that connects with the output of the flip flop 44b belonging to the
      multivibrator 42.
PAR  It should perhaps be explained at this point that the astable multivibrator
      40 produces a sequence of reference pulses which are, in the present
      instance, negative going. These negative going pulses are delivered to the
      monostable multivibrator 42 via the line 63. The negative going pulses are
      used to trigger the monostable multivibrator 42. Actually, the triggering
      action is initiated as the leading edge of each pulse reaches a
      predetermined negative magnitude or value. However, the monostable
      multivibrator 42 is held in its stable condition throughout the duration
      of the reference or negative pulse. As the reference pulse is decaying,
      the holding action that has been occurring is removed so that the
      resetting can actually begin at a point on the trailing edge of this
      pulse, such resetting resulting in the monostable multivibrator 42 going
      to its semistable state which is positive and its R-C controlled timing
      cycle or interval starts. Thus, the semi-stable positive state persists
      for a period of time determined by the amount of resistance that has been
      introduced by way of the keys 14, the capacitance remaining constant. It
      is as the monostable multivibrator 42 returns to its stable state that a
      pulse signal is derived which serves as the event pulse. This will be
      better understood, it is believed, when considering the waveforms
      portrayed in FIG. 5.
PAR  Turning now to a description of the high-pass filter labeled 82, it will be
      seen that an NPN transistor 84 is included in this filter. One end of a
      resistor 86 is connected to the output line 80 and its other end is
      connected to the base of the transistor 84 and also to one end of a
      resistor 88 which is in turn connected to a capacitor 90 located between
      it and the conductor 51 that is connected to the positive side of the
      power source 36. The emitter of the transistor 84 is also connected to the
      output line 80 and a resistor 92 is connected to the collector of the
      transistor 84 and also to a conductor 94.
PAR  From the foregoing, it should be recognized that when the monostable
      multivibrator 42 is in its stable state, the capacitor 90 will be charged.
      More specifically, its right side will be more negative that its left
      side. Owing to the fact that the base and the emitter of the transistor 84
      are at the same negative potential, it follows that the transistor will,
      under these conitions, be turned off or rendered non-conductive. However,
      when the monostable multivibrator 42 changes to its semistable state, then
      the line 80 carries a positive signal, resulting in a discharging of the
      capacitor 90. As the monostable multivibrator 42 changes back from its
      unstable state to its stable state, then the capacitor 90 begins to
      charge. The charging action causes a flow of current through the resistor
      86 with a concomitant voltage drop thereacross which results in the base
      of the transistor 84 being momentarily more positive than the emitter of
      the transistor. With the transistor 84 momentarily rendered conductive, a
      flow of current occurs through the collector resistor 92, thereby causing
      the conductor 94 to become more negative. This results in the production
      of a negative or event pulse which is used as explained below.
PAR  The conductor 94 extends downwardly to a low-pass filter denoted generally
      by the reference numeral 96. It comprises a capacitor 98, a resistor 100
      in parallel therewith which are connected directly to the conductor 94.
      The output line 63 from the astable multivibrator 40 has already been
      mentioned when referring to the triggering arrangement for the monostable
      multivibrator 42. At this time, however, attention is directed to a
      resistor 102 having one end connected to the output line 63 by a conductor
      103. The other end of the resistor 102 is attached to a junction 104, the
      junction 104 being where the conductor 94, which carries the negative
      event pulse, connects with the low-pass configuration 96.
PAR  It should be appreciated that the junction 104 has impressed thereon not
      only the output or reference pulses from the astable multivibrator 40
      through resistor 102, but also the output or event pulses from the
      high-pass filter 82 via the conductor 94, the pulses from the filter 82
      being derived from the monostable multivibrator 42 as already described.
PAR  A conductor 106 extends from the junction 104 downwardly to a separable
      connector 108. Similarly, the previously mentioned conductor 51 connects
      with a separable connector 110. The lowpass filter 96 is connected across
      conductors 51 and 106. The two connectors 108, 110 in turn lead into a
      two-wire cable that connects with the input 24a of the stereo tape
      recorder 22. Although the second key-controlled device 12 does not appear
      in FIG. 2, a legend indicates that the input 24b is connected to the
      device 12.
PAR  Whereas the stereo tape recorder 22 has two inputs 24a and 24b, one for
      each channel, it also follows that it has two outputs, one for each
      channel. As with the recording heads, the playback heads of the recorder
      22 are conventional and therefore are not shown. The outputs 124a and 124b
      have been shown in FIG. 4 and connect directly with a laboratory computer
      126. Inasmuch as a Digital Equipment Corporation laboratory computer,
      Model PDP-12, has been used in the processing of the pulse signals
      recorded on a stereo tape recorder, more specifically that designated by
      the reference numeral 22, it will be helpful, it is believed, to describe
      generally the manner in which the PDP-12 computer processes data from the
      recorder 22.
PAR  Therefore, reference should now be made to FIG. 4 where the outputs 124a,
      124b of the recorder 22 lead to the computer designated in its entirety by
      the reference numeral 126. The computer 126 has a real time clock 128 as a
      part thereof, the time clock having a plurality of inputs, two of which
      have been identified by the reference numerals 130a and 130b. More
      specifically, it is these inputs 130a, 130b that are connected with the
      outputs 124a, 124b, respectively. What the time clock 128 actually does is
      to read the pulse signals from the magnetic tape 25 contained in the
      stereo tape recorder 22. Each time a signal pulse is received from the
      recorder 22, the clock 128 records the running time of the pulse
      occurrence in digital counts of approximately 2.5 .times. 10.sup..sup.-6
      seconds and the particular input channel, that is whether from the output
      124a or 124b, from which the particular pulses come. When a pulse arrives,
      the clock 128 sets a flag which the computer 126 interprets to mean that a
      pulse has been received from the recorder 22. Upon "seeing" the flag set
      by the clock 128, the central processor identified by the reference
      numeral 134 reads the running time, storing it temporarily in the central
      memory 138 and also determining from which input channel the pulse was
      received from in order to sort the events from the two channels furnished
      by the recorder 22. It will be appreciated that the pulse repetition rate
      or frequency of the clock pulses is much greater than that for the
      reference pulses that have been recorded on the magnetic tape of the
      recorder 22 and that the clock 128 functions as a digital clock counter.
PAR  Next, the computer subtracts the time of the last or preceding pulse on
      that particular channel from the time of the present or current pulse,
      storing the difference as an interpulse interval in one of a set of
      sequential memory locations in the central memory 138 for that input
      channel. It then stores the negative of the time of the present pulse
      occurrence for use as the "last pulse occurrence" when the next pulse
      occurs on that particular channel. It repeats this process for
      approximately one twenty-fifth of a second or 15 pulses and then begins to
      analyze this information and simultaneously store additional timing
      information for an analysis one twenty-fifth second later.
PAR  The pulse intervals to be analyzed will alternate in length, the sum of two
      adjacent intervals equaling the pulse interval or period of the
      multivibrator 40. It perhaps will be well to refer to FIG. 5 at this
      particular point. It will be perceived from FIG. 5 that the pulses derived
      from the astable multivibrator have been assigned the reference numerals
      162a, 162b, 162c and 162d. Of course, it must be recognized that many such
      pulses are received and that drawing limitations permit the showing of
      only the four pulses 162. However, the threshold acceptance of the pulses
      from the magnetic tape 25 of the recorder 22 can be made to occur at a
      definite rise (or fall) of each pulse 162. This is labeled clock
      triggering level in FIG. 5 and it will be discerned that a vertical line
      168a extends downwardly from the triggering level of the pulse 162a to a
      block labeled 170a which is indicative of the count from the digital clock
      counter. Quite arbitrarily, the octal value has been given as 0006 in the
      block 170a.  A line 168b extends downwardly from the clock triggering
      level of the reference pulse 162b, leading to a block 170b containing the
      value 2206. The designation T.sub.1  denotes the pulse interval or period
      between the reference pulses 162a and 162b. Inasmuch as an indeterminate
      number of pulses 162 are to be processed, the line 168c extending
      downwardly from the clock triggering level of the pulse 162c to the block
      170c starts the period T.sub.N, the period T.sub.N terminating at the
      vertical line 168d extending downwardly from the triggering point on the
      pulse 162d, the line 168d leading to a block 170d containing the octal
      value 3512 therein.
PAR  The pulses derived from the monostable multivibrator 42 via the high-pass
      filter 82 have been represented by the numerals 164a and 164b. For the
      sake of discussion, it will be assumed that the pulses 164a and 164b are
      produced when no keys or pushbuttons 14 have been actuated. Thus, the
      interval t.sub.1 represents the minimum amount of delay that would occur
      between the so-called reference pulses 162 and the so-called event pulses
      164. True, at this particular time no keys or pushbuttons 14 have been
      depressed, but nonetheless the absence of an event that would be observed
      in the area 20 can also be significant and actually constitutes an event.
      Since the period T.sub.1 is fixed, then it follows that the period t.sub.2
      is of a predetermined duration, for t.sub.1 + t.sub.2 = T.sub.1. The same
      thing applies to the intervals t.sub.n and t.sub.n + 1 = T.sub.N In other
      words, for no key actuation during the periods T.sub.1 and T.sub.N,
      T.sub.1 would equal t.sub.n, T.sub.N being some period later in the time
      than that signified by T.sub.1.
PAR  It is not believed necessary to identify which keys 14 are depressed to
      shift or delay the pulses 164 with respect to the reference pulses 162 to
      provide other significant event pulses. All that need be recognized is
      that the dotted outline pulses labeled 166a and 166b represent the
      depressing of one key or more so as to change the R-C constant of the
      monostable multivibrator 42 provided by the particular value of the
      resistance incorporated into its circuitry by virtue of the actuation of a
      given key 14 or group of keys 14, for a combination of keys can represent
      additional event information according to whatever code is selected.
PAR  What should be appreciated is that a ratio of the time between adjacent
      pulses 162 and 164, or between 162 and 166, contains all of the event
      information that has been recorded on the magnetic tape by the recorder 22
      as is done in FIG. 1. Thus, the computer 126 initially locates the largest
      of the first two sequential interval values, this being between the lines
      168a and 176a in FIG. 5, and begins at this point, summing the large
      values into numerator sum and the alternate small values, these being
      representative of the time elapsing between the lines 176a and 168b, to
      provide alternate small values into a denominator sum. If any large or
      small value varies from the last preceding large or small value by more
      than a given constant, the computer 126 assumes that a change has been
      made as far as the keys 14 are concerned or that an input signal error has
      arisen so that it does not include that value in the sum. If the
      difference persists for more than two intervals T.sub.1, a key change is
      assumed and if the difference does not persist, then a data error is
      assumed to have occurred and the suming is continued. If a key change has
      been assumed and four or more events have been summed into the numerator
      and denominator, the computer 126 accepts these values and eliminates the
      rest of the samples. If less than four values have been summed, a new set
      of sums is begun. At the end of the one twenty-fifth second sequential
      sample of pulse intervals for a given channel, the numerator sum is
      divided by the denominator sum and the ratio result is stored in a second
      set of sequential locations for that channel from the recorder 22. This
      procedure is repeated four times and then the best estimate of those
      samples is selected. This processing has been indicated by the paths 136,
      140, 142 and 144.
PAR  At this stage, the best estimate of a set of four sample ratios are stored
      via a path 146 within the computer connecting with a first tape transport
      148. This tape transport 148 constitutes a temporary tape file. More
      specifically, the computer 126 now determines the difference between each
      pair of members belonging to the set of four values and averages the
      values whose difference is less than a selected constant. If two averages
      have been computed, it reports the average containing the first value.
      Otherwise, it reports the average value, if an average was reported, or
      the first value if no average was computed. A value is reported for each
      of the two devices 10, 12 approximately ever one-sixth second. These
      values for both input channels as denoted by the inputs 130a,  130b, or
      conversely from the outputs 124a, 124b belonging to the recorder 22, are
      stored alternatively in what has already been referred to as a temporary
      file provided by the tape transport 148, this being no computer magnetic
      tape and the storing occurring throughout the sampling period for
      subsequent translation into key values as will now be described.
PAR  Via the path 150 extending from the transport 148 to the central processor
      134, the central processor 134 now determines how long each given pulse
      ratio has continued to persist on each of the channels by counting the
      number of similar pulse ratios within a given tolerance range which
      occurred in a row and then multiplying that count by a time constant. When
      a pulse ratio outside the tolerance range occurs, a change in the
      actuation of the keys 14 is recognized and signaled, and the previous
      pulse ratio duration is computed. In addition, the computer looks up the
      key combination for that previous set of pulse ratios in a table which
      equates specific pulse ratios to specific combinations of the keys 14.
      Finally, the computer stores via the path 152 extending to a tape
      transport 154 the particular key combinations that have been found for
      each of the two channels along with the length of time that each key
      combination continued. Thus, the tape handled by the transport 154
      functions as a more permanent tape file, retaining the captured event data
      in retrievable form until it is no longer needed and is replaced with
      other data, either derived from additional magnetic tapes having pulse
      data recorded thereon in the manner described in conjunction with FIG. 1
      or releasing the computer 126 for other data processing duties.
PAR  Although the manner in which the key-controlled device 10 (and also the
      device 12) functions should be readily understandable from the description
      already given, nonetheless a brief summary will be of some benefit, it is
      thought. In this regard, FIG. 3 has been presented for the purpose of
      simplifying the overall system as indicated by one of the devices 10.
      Therefore, referring now to FIG. 3, the astable multivibrator 40 puts out
      a sequence of reference pulses, which correspond to the pulses 162 in FIG.
      5, and these pulses as they are generated by the multivibrator 40 are
      utilized to trigger the monostable multivibrator 42 into operation, doing
      so via the line 66. The pulses derived from the monostable multivibrator
      42 through the agency of the high-pass filter 82 correspond initially to
      the pulses 164 shown in FIG. 5. However, whenever any of the keys 14 are
      actuated, then more resistance is introduced into the circuitry and a
      greater time delay is produced between the pulses 162 and the pulses 164
      to provide what would correspond to the pulses 166 of FIG. 5. Stated
      somewhat differently, the multivibrator 42 is maintained in its semistable
      or more positive state for a longer period of time. The position of the
      pulses 166 have thus been shifted so that there is a longer time interval
      between the preceding reference pulse 162 and the succeeding reference
      pulse 162, the position of the event pulse 166 signifying what event has
      been observed.
PAR  The event pulses, although corresponding to the pulses 166, are actually
      produced by the high-pass filter 82 and are impressed on the low-pass
      capacitor filter 96 along with the reference pulses from the astable
      multivibrator 40. Although the envelopes of the reference and event pulses
      are changed by reason of the filter 96, the timing of the pulses delivered
      to the recorder 22, more specifically via the input 24a thereof, is not
      changed as recorded by the stereo tape recorder 22. Since the pulse timing
      is only relative, one nicety of the invention is that the playback or
      interface speed need not be identical to the recording speed. Thus, the
      recorder 22 used in FIG. 1 can be a small portable casette recorder,
      whereas the one in FIG. 4 can be a larger non-portable type. Obviously,
      both the recording and playback speeds should be substantially constant
      even though not necessarily equal.
PAR  Consequently, whatever ratio of t.sub.1 with respect to t.sub.2 prevails,
      t.sub.1 being increased with respect to the preceding pulse 162 (pulse
      162a for instance) to provide a pulse 166 and t.sub.2 decreased with
      respect to the succeeding pulse 162 (pulse 162b for instance), denotes
      very specifically a given event that has been observed by the observer 16
      who has used both of his hands 16L and 16R in the changing of the
      combination of keys 14 so as to accurately position whatever event pulse
      164 or 166 between the two adjacent reference pulses 162. It will be
      obvious and readily understandable that it would be virtually impossible
      to show any great number of event pulses and that the two events
      represented by the pulses 164 (actually the lack of any activity in the
      behavior area 20) and the pulses 166 (actually a behavior that has been
      observed in the area 20) will record what has occurred, how long the
      particular act (or with respect to the pulses 164 how long there was no
      action) plus the number of times the particular act or event has repeated.
      Once processed by the computer 126 and stored on the tape of the tape
      transport 154, any particular data indicative of particular acts can be
      recalled from the transport 154 and outputed for whatever analysis and
      evaluation is to be made by the captured data.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a system for storing information pertaining to events as they are
      observed, the system comprising a plurality of manually actuatable keys or
      pushbuttons representative of certain events to be observed, first means
      providing a sequence of reference pulses having a given repetition rate,
      second means providing intermediate pulses between at least some of said
      reference pulses, means controlled by at least one of said keys or
      pushbuttons for establishing the position of at least some of said
      intermediate pulses with respect to said reference pulses in accordance
      with the actuation of a selected key or pushbutton, or selected keys or
      pushbuttons, in order to denote one or more of said certain events, and
      means for recording said signals derived from both said reference and
      intermediate pulses on a recording medium in the same time sequence
      provided by said first and second means.
NUM  2.
PAR  2. A system as set forth in claim 1 in which said recording medium is a
      magnetic tape and the signals derived from said first and second means are
      electromagnetic pulses.
NUM  3.
PAR  3. A system as set forth in claim 2 including a computer for receiving and
      processing said recorded signals in accordance with the relative time
      elapsing between those recorded signals derived from said reference pulses
      and those recorded signals derived from said intermediate pulses.
NUM  4.
PAR  4. A system as set forth in claim 3 in which said computer includes means
      for producing a sequence of clock pulses having a greater repetition rate
      than said reference pulses, said computer also including means for
      processing said recorded signals in accordance with the time relation
      between said clock pulses and said recorded signals.
NUM  5.
PAR  5. A system as set forth in claim 4 in which said computer processing means
      includes a processor and a memory having a plurality of address locations,
      said control means delivering data processed by said processor to selected
      locations in said memory, and means for storing said data.
NUM  6.
PAR  6. A system as set forth in claim 1 in which said first means includes an
      astable multivibrator or oscillator to provide said reference pulses and
      said second means includes a monostable multivibrator or oscillator
      triggered by said astable multivibrator, said key-controlled means
      including an R-C circuit having a resistive portion for each key or
      pushbutton to change the timing cycle of said monostable multivibrator or
      oscillator in accordance with the R-C constant determined by the key or
      pushbutton, or the keys or pushbuttons that are actuated.
NUM  7.
PAR  7. A system as set forth in claim 6 including a high-pass filter connected
      to said monostable mutivibrator or oscillator for producing said
      intermediate pulses as influenced by the R-C constant determined by the
      key or pushbutton, or the keys or pushbuttons that are actuated.
NUM  8.
PAR  8. A system as set forth in claim 7 in which said recording means
      sequentially records the reference pulses produced by said astable
      multivibrator or oscillator and the intermediate pulses produced by said
      high-pass filter.
NUM  9.
PAR  9. A system as set forth in claim 8 in which said recording means is a tape
      recorder having a magnetic tape on which electromagnetic pulses derived
      from said reference and intermediate pulses are recorded in the order of
      their occurrence.
NUM  10.
PAR  10. A system as set forth in claim 9 including a computer for converting
      the pulses from said tape to binary data in accordance with the time
      relationship of said intermediate pulses with respect to said reference
      pulses.
NUM  11.
PAR  11. A system as set forth in claim 1 including a second plurality of keys
      or pushbuttons, an additional first means for providing a sequence of
      reference pulses having a given repetition rate, an additional second
      means for providing intermediate pulses between at least some of the
      reference pulses provided by said additional second means, and additional
      means controlled by at least one of said second plurality of keys or
      pushbuttons for changing the position of at least some of said
      intermediate pulses from said additional second means with respect to the
      reference pulses of said additional first means in accordance with the
      actuating of a selected key or pushbutton of said second plurality of keys
      or pushbuttons, said recording means constituting a two-channel tape
      recorder for recording on one channel thereof the pulse information
      derived from said first and second means, and simultaneously recording on
      the second channel thereof the pulse information derived from said
      additional first and second means.
NUM  12.
PAR  12. A method of recording events as they are observed comprising the steps
      of producing a reference pulse, producing a pulse at a time interval after
      said reference pulse which interval is indicative of an observed event,
      and recording said pulses in the same time relation at substantially the
      same time said event is observed.
NUM  13.
PAR  13. The method as set forth in claim 12 in which a series of reference
      pulses is produced and a series of event pulses is produced, said event
      pulses being intermediate or alternating with said reference pulses and at
      time intervals with respect to said reference pulses which time intervals
      denote various events that have been observed.
NUM  14.
PAR  14. The method as set forth in claim 13 in which said pulses are
      electromagnetically recorded.
NUM  15.
PAR  15. The method as set forth in claim 14 including the step of subsequently
      feeding said electromagnetically recorded pulses to a computer for
      processing and storage.
NUM  16.
PAR  16. The method as set forth in claim 14 including the steps of producing a
      second series of reference pulses and a second series of event pulses,
      simultaneously electromagnetically recording on magnetic tape both of said
      series of reference pulses, and both of said series of event pulses.
NUM  17.
PAR  17. The method as set forth in claim 16 including the step of
      simultaneously feeding said two series of recorded reference pulses and
      said two series of recorded event pulses to a computer for analysis.
NUM  18.
PAR  18. The method as set forth in claim 13 in which said events pertain to
      behavioral activity.
NUM  19.
PAR  19. The method as set forth in claim 18 including the step of actuating a
      selected key or pushbutton to alter said time intervals between reference
      pulses and event pulses, the selected key or pushbutton being
      representative of a particular behavior act.
NUM  20.
PAR  20. The method as set forth in claim 19 in which the actuation of the
      selected key or pushbutton is maintained by the observer during the
      duration of the behavior act so that the successively recorded event
      pulses possessing substantially the same time interval relationship with
      the preceding reference pulses will not only indicate the particular
      behavioral act but will also indicate the duration thereof.
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PAL  An apparatus for determining the correct particle sizes at predetermined
      percentiles of the size distribution of a particulate system having a
      known size distribution characteristic such as for example a normal or
      log-normal size distribution, wherein a portion of the particles are too
      small to be measured. The particulate system is first passed through a
      particle detecting device which can be of the Coulter type. The particle
      detecting device produces particle pulses proportional to the size of the
      particles in the particulate system which can be measured. At least three
      percentile size determining circuits receive the particle pulses and
      develop first, second and third particle size signals respectively,
      indicating the size of the particles in the particulate system at the
      first, second and third predetermined percentiles. Two of the size signals
      are combined in a particular manner based on the known size distribution
      characteristic for the type of particulate system to yield a combined
      signal which approximates or is and estimate of the third percentile
      signal. The combined signal is compared with the measured third signal to
      obtain an error signal. The error signal is used in turn to add into all
      three size percentile circuits compensation or correction signals for the
      total volume of particules too small to be included in the measurements.
      This process causes the error signal to decrease toward zero, and results
      in all three circuits having outputs truly representative of their nominal
      percentiles.
BSUM
PAC  CROSS REFERENCE TO RELATED PATENTS
PAR  This application is related to U.S. Pat. No. 3,557,352 which, to the extent
      necessary, is to be considered incorporated herein by this reference.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein relates generally to the art of studying the physical
      properties of particulate systems and more particularly is concerned with
      ascertaining accurately the size distribution of particles in a
      particulate system.
PAR  Now well known in the art are apparatuses for measuring a dividing particle
      size in a particulate system. One such apparatus is shown and described in
      the above-noted U.S. Pat. No. 3,557,352, hereinafter terms the Mass Median
      apparatus and Mass Median patent, and can be used to ascertain any
      particular dividing particle size in a particulate system. The Mass Median
      apparatus employs a Coulter type particle detector such as shown and
      described in U.S. Pat. No. 2,656,508. Size in this and the Mass Median
      patent being synonymous with volume and mass because the particle pulse
      developed have an amplitude which is proportional to the total solid
      matter of the sensed particle. Since the material in the particulate
      system is generally known, its density is known and therefore it is easy
      to obtain volume by a simple mathematical conversion. Heretofore, the Mass
      Median apparatus was most often used to ascertain the mass median size of
      a particulate system which is the 50th mass percentile size. This primary
      usage is, of course, the basis for the apparatus name. A number of other
      mass percentile sizes, such as for example the 25th and  75th mass
      percentile sizes. can be and are determined by the Mass Median apparatus.
      This information provides a quickly and easily understood description of
      the nature of the particle distribution. Furthermore, with the information
      regarding the various mass percentile sizes, a size distribution curve of
      the particles in the particulate system can be drawn. Such curves are
      considered extremely useful and important in analyses of particulate
      systems, and in monitoring of particulate systems where a predetermined
      particle size distribution is to be maintained. A Mass Median apparatus
      such as noted above operates under the principle that it is able to
      measure all particle sizes. Fortunately, in many systems few particles are
      present which are smaller in size than can be detected by the Coulter type
      particle detector. In many cases, particles small enough to be
      undetectable constitute less than 1% of the total particulate system. In
      using the Mass Median apparatus for analyses of such particulate systems,
      errors in mass percentile sizes introduced as a result of undetected
      particles will be minimal.
PAR  In many particulate systems however particules are present which are
      smaller in size than can be detected by a Coulter type particle detector.
      Representative of such systems are industrial slurries wherein particles
      vary in size over a great range and include a large percentage of
      particles which are too small to be detected by a Coulter type particle
      detector. For purposes of this discussion, 10% is considered to constitute
      a large percentage of undetectably small particles in a particulate
      system.
PAR  If a particulate system containing for example a total of 10% undetectable
      particles were passed through a Mass Median apparatus, the sizes indicated
      by the apparatus for certain mass percentiles would be incorrect and could
      not be used to derive an accurate distribution curve of the particulate
      system. Furthermore, the sizes would be of no value in the analysis of the
      particulate system or in monitoring the particulate system for maintaining
      a correct particle distribution. Analyzing, monitoring, and maintaining
      such systems could only be performed after a manual classification and
      analysis of the particulate system, a tedious, inaccurate and expensive
      process.
PAC  SUMMARY OF THE INVENTION
PAR  In practicing this invntion an apparatus is provided for determining the
      correct particle sizes at particular percentiles of the size distribution
      of a particulate system. The particulate system is first passed through a
      particle detecting device which produces particle pulses that are
      proportional to the total solid matter, volume or size of the particles.
      These pulses are coupled to first, second and third percentile size
      determining circuits in the apparatus. The percentile size determining
      circuits are operated in response to the particle pulses to develop first,
      second and third particle size signals respectively, indicating the size
      of the particles in the particulate system at the first, second and third
      percentiles of the size distribution of the particulate system. The first,
      second and third particle size signals for the first, second and third
      percentiles have a predetermined relationship with respect to one another.
      These first, second and third particle size signals are coupled to a
      comparison device which compares the signals in order to ascertain whether
      the predetermined relationship exists. The comparison device develops a
      comparison signal having a level which is determined by the variation of
      the first, second and third particle size signals from the desired
      predetermined relationships. This comparison signal is coupled to the
      first, second and third percentile size determining circuits for varying
      the first, second and third particle size signals so as to make them
      conform to the predetermined relationship with respect to one another.
PAR  A method of determining the correct particle sizes for predetermined
      percentiles of the size distribution of a particulate system is also
      envisioned as being within the scope of this invention and includes the
      steps of (a) developing first, second and third particle size signals in
      response to the above noted particle pulses indicating the size of the
      particles in the particulate system at first, second and third percentiles
      of the size distribution of a particulate system; (b) comparing the first,
      second and third particle size signals to ascertain the existence of a
      predetermined relationship with respect to one another; (c) developing a
      comparison signal whose level is determined by the variation of the first,
      second and third particle size signals from the predetermined relationship
      with respect to one another; (d) varying the first, second and third
      particle size signals in accordance with the comparison signal until the
      predetermined relationship of the first, second and third particle size
      signals with respect to one another is achieved.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph illustrating the differential curve of a particulate
      system of relatively wide dynamic range in the classical bell shaped
      configuration. The logarithmic horizontal scale shows that the
      distribution is in log-normal form;
PAR  FIG. 2 is a graph illustrating the integral curve of a particulate system
      of relatively wide dynamic range in the classical ogive configuration;
PAR  FIG. 3 is a graph illustrating the integral curve of FIG. 2 transformed
      onto a log probability scale and also showing a curve resulting from the
      operation of the apparatus of this invention;
PAR  FIG. 4 is a block diagram of the apparatus of this invention;
PAR  FIG. 5 is a block diagram of a percentile device of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1 there is shown a bell shaped simple size
      distribution curve which is known as a differential curve. This curve
      represents the particle distribution in a particulate system. The vertical
      scale gives the relative number of particles in a small range and the
      horizontal scale gives the equivalent spherical diameter of the particles
      in microns. For a more complete definition of equivalent spherical
      diameter, reference is made to the Mass Median patent. In many industrial
      slurries or powders, there are so many particles that the logarithmic
      vertical scale is employed. In many types of particulate systems the
      particle distribution is known to be symmetrical about a particular size.
      Referencing this to FIG. 1, this means that the differential curve shown
      will be symmetrical about some point. A system having what is commonly
      termed a normal or log-normal distribution will be represented by a
      symmetrical differential curve. The differential curve of a normal system
      will be symmetrical on a graph having a linear horizontal scale, and a
      differential curve of a log-normal system will be symmetrical on a graph
      having a logarithmic horizontal scale.
PAR  Referring now to FIG. 2, there is shown an ogive shaped curve which is
      known as an integral curve of a particulate system. Since the graphs shown
      in FIGS. 1 and 2 are merely illustrative, it should not be assumed that
      they are representative of the same system. Each type can be converted to
      the other. Normally, a worker starts with a differential curve and
      converts it into an integral curve. An example of how an integral curve
      was prepared using classical statistical tools is given in the Mass Median
      patent. In FIG. 2 the vertical scale gives the percent, volume, or mass
      above the stated size, and the horizontal scale gives the equivalent
      spherical diameter of the particles in microns. The vertical scale is
      linear. The horizontal scale is linear if a normal system is shown and is
      logarithmic if a log-normal system is shown. Again, as with the
      differential curve, the integral curve will be symmetrical about a certain
      point, specifically, the 50% point on the vertical scale.
PAR  Referring now to FIG. 3, there is shown at 10 an integral curve similar to
      that shown in FIG. 2 transformed onto a log-probability graph. In the
      log-probability graph, the vertical scale is a probability scale. On such
      a scale any two numbers on each side of 50% and equally numerically spaced
      from the 50% point will also be equally physically spaced from the 50%
      point. However, the upper and lower ends of the scale are stretched so
      that the distance between the lowest and highest numbers and the 50% point
      will not be proportional to the distance between intermediate numbers
      above and below 50%, and the 50% point. On a probability scale the
      vertical axis approaches minus infinity at the horizontal axis and plus
      infinity at the upper end of the vertical axis. The horizontal scale can
      be either linear or logarithmic depending on whether a normal or
      log-normal system is being represented. When an integral curve such as
      shown in FIG. 2 is redrawn on a log-probability graph, the result will be
      a straight line. The advantage of a straight line on a graph such as FIG.
      3 is that it can be more easily extrapolated at upper size, and
      particularly lower size end so that a statistical analysis can be made of
      the size and distribution of undetectable particles. Such information can
      be extremely valuable in the analysis of particulate systems and in
      monitoring particulate systems where a predetermined particulate
      distribution is to be maintained.
PAR  Recognizing the symmetry of particle distribution in certain types of
      particulate systems, if a known normal, or log-normal system is passed
      through three Mass Median apparatus and the 25th, 50th and 75th mass
      percentile particle sizes are determined, the 25th and 75th mass
      percentile sizes as measured would be equally spaced in size from the 50th
      mass percentile size. The 25th and 75th sizes also would be symmetrical
      with respect to the 50th mass percentile size. If the sizes were plotted
      on a probability or log-probability graph, as the case may be, a straight
      line could be drawn between the three locations representing the numbers
      of particles above the three sizes. If the sizes measured do not meet one
      of the criteria of spacing symmetry or linear alignment, either the
      particulate system is not normal or log-normal, or the sizes determined
      would be incorrect.
PAR  As previously noted, it is generally known that many types of slurries or
      powders have a normal or log-normal particle distribution. If such a known
      particulate system were passed through three Mass Median apparatuses, and
      the 25th, 50th and 75th mass percentile sizes were determined, and they
      did not meet at least one of the above noted three criteria, the sizes
      determined would have to be incorrect. This, in fact, will be the case in
      particulate systems where any large percentage of the particles are too
      small to be detected by a Coulter type particle detector, or, so small
      that pulses developed by small particles cannot be distinguished from the
      noise generated by the apparatus. Because these small particles are not
      detected, the size determined by the Mass Median apparatuses for the 25th,
      50th and 75th mass percentile sizes will be greater than is actually the
      case. Furthermore, because of the method of operation of the Mass Median
      apparatuses the failure to account for the smallest particles will affect
      the values for each of the 25th, 50th and 75th percentile sizes
      differently so that they will not meet the above noted criteria.
PAR  The method and apparatus of this invention recognizes the above noted
      relationships and compares the sizes determined by the Mass Median
      apparatuses to see if the above noted criteria is met. If it is not met,
      an error signal is generated which when amplified is substituted for total
      volume of the particles too small to be measured by combining the error
      signal with the signals representing the size determined by the
      apparatuses so that the criteria applies thus yielding mass percentile
      sizes corrected for inaccuracies due to nondetection of small particles.
PAR  Referring now to FIG. 4, the input terminal receives pulses from some form
      of particle analyzing device (not shown) which produces electrical pulses
      whose amplitudes are respectively proportional to the volume, mass or size
      of the particles producing the same. For example, such a particle
      analyzing device could be the electronic apparatus which operates in
      accordance with the Coulter principle described in U.S. Pat. No.
      2,656,508. For purposes of this description it is to be assumed that the
      electrical pulses are produced by a Coulter type detector in response to
      passage of particles in a particulate system which has a log-normal
      distribution, and in which approximately 10% of the total particulate
      material is smaller than can be detected by the Coulter type particle
      detector.
PAR  The incoming pulses received at input terminal 20 are applied to three
      percentile discriminating circuits 22, 24 and 26. All three of the
      percentile circuits 22, 24 and 26 are of a type such as disclosed in the
      above noted Mass Median patent. The circuit 22 has an output voltage
      e.sub.75 which is proportional to the 75th size percentile. In other
      words, three quarters of all particles detected have a smaller volume or
      size and one quarter of all particles detected have a larger volume or
      size than the particle size represented by the output voltage e.sub.75. In
      the same manner, output voltages e.sub.50 and e.sub.25 represent the 50th
      and 25th percentile sizes. The 50the percentile size, of course,
      represents the mass median which in a symmetrical distribution such as a
      normal or log-normal distribution curve represents the peak of the
      differential curve and the symmetrical center of the integral curve. Since
      these curves such as shown in FIGS. 1, 2 and 3 are normal or log-normal
      with respect to equivalent spherical particle diameter rather than volume,
      cube root circuits 23, 25 and 27 are incorporated. The Cube root circuits
      may, for example, be of the type described in U.S. Pat. No. 3,679,884.
      Cube root circuits 23, 25 and 27 receive the voltages e.sub.75, e.sub.50
      and e.sub.25 and, develop voltages at their respective outputs of e.sub.75
      ', e.sub.50 ' and e.sub.25 ' which are substantially equal to the cube
      root of the input voltages. As the equivalent spherical diameter is
      related to the cube root of the volume, the voltages e.sub.75 ', e.sub.50
      ' and e.sub.25 ' are proportional to the equivalent spherical diameter of
      the corresponding particle sizes.
PAR  As we are dealing with a log-normal particulate distribution, the voltages
      e.sub.75 ', e.sub.50 ' and e.sub.25 ' at the outputs of circuits 23, 25
      and 27 are coupled to log calculator circuits 28, 30 and 32 respectively.
      The log calculators may be of the type described in U.S. Pat. Nos.
      3,626,166; 3,237,028; or 3,448,289. The log calculators convert the
      voltages to their logarithmic equivalent voltages e.sub.75 ', e.sub.50 '
      and e.sub.25 '. This is necessary because it is the logarithmic equivalent
      voltages which are equally spaced with respect to one another as is best
      shown by FIGS. 1, 2 or 3. The logarithmic equivalent voltage developed at
      the output of log calculator 28 is coupled via resistor 36 to a junction
      38, and the logarithmic equivalent voltage developed at the output of log
      calculator 32 is coupled via resistor 40 to junction 38. In the preferred
      embodiment, resistors 36 and 40 are equal to one another.
PAR  Resistors 36 and 40 act as a combining network which combines the voltage
      from log calculator circuit 28 and from log calculator 32 at junction 38
      to develop the algebraic average of the voltages at the output of log
      calculator 28 and log calculator 32 representing the extrapolated
      approximation or estimate of the 50th percentile based on the 25th and
      75th percentiles. This average voltage is coupled from junction 38 of the
      combining network consisting of resistors 40 and 36 to one input 44 of
      comparison circuit 46. Comparison circuit 46 is coupled to the output of
      log calculator 30 and receives the log equivalent output voltage developed
      at the output of log calculator 30. It should be noted at this point that
      log calculators 28, 30 and 32 are only necessary if the particulate system
      is log-normal. If the system is normal the outputs of cube root circuits
      23 and 27, are coupled to resistors 36 and 40 respectively and the output
      of cube root circuit 25 is coupled to input 48 of comparison circuit 46.
PAR  Comparison circuit 46 which can for example be a differential amplifier
      compares the voltages coupled to inputs 44 and 48. If the voltages are
      equal, indicating that the voltages representing the particle sizes at the
      25th, 50th and 75th mass percentiles are correct, comparison circuit 46
      will develop a zero or reference level output signal. If the voltages
      coupled to input 44 and 48 of comparison 46 are unequal, indicating that
      the previously noted criteria regarding equal spacing, symmetry or
      linearity have not been met; and that the voltages representing the sizes
      at the 25th, 50th and 75th mass percentiles are incorrect, comparison
      circuit 44 will develop an output signal or error signal different from
      the zero or reference level. The level, or amplitude of the output signal
      will be functionally related to the difference between the voltages at
      inputs 44 and 48. The output signal developed by comparison circuit 46, is
      coupled via conductor 50 and resistor 52 to the input of an integrator
      amplifier 54. Integrator amplifier 54 develops an output signal in
      response to the error signal which is coupled to 25th, 50th and 75th
      percentile circuits 26, 24 and 22 respectively at inputs 56, 58 and 60,
      respectively. The signal coupled from integrator 54 to inputs 56, 58 and
      60 will be combined with the voltages representative of the particle
      volumes or sizes at the three percentiles modifying these voltages. This
      feedback process will continue until the voltages developed at the output
      of circuits 28, 30 and 32, when combined via the summing network
      consisting of resistors 36 and 40, and compared at inputs 44 and 48 of
      comparison circuit 46, produces a zero or reference level error signal at
      the output of comparison signal 46. At that time, the feedback system will
      have reached an equilibrium state and the voltage representative of the
      particle sizes for the 25th, 50th and 75the percentiles will have been
      corrected for inaccuracies due to nondetection of small particles in the
      particulate system.
PAR  Referring again to FIG. 3, curve 64 has been drawn through the sizes
      representing the 25th, 50th and 75th percentiles of the size distribution
      of a particulate system being analyzed prior to any corrections for
      inaccuracies due to nondetection of small particles. As can be seen, the
      connection of the three points forms a curve rather than a straight line.
      Because 10% of the particles in the system are too small to be counted,
      the particle sizes for the 25th, 50th and 75th mass percentiles are larger
      than is actually the case. Consequently, the points defining curve 64 are
      incorrect and shifted somewhat to the right as compared to the correct
      curve 10. Furthermore, because of the nature of operation of the Mass
      Median apparatus, as hereinafter explained in greater detail, the error
      introduced for the point representative of a size above which 75% of the
      particles are distributed will be greater than the error introduced for
      the size above which 50% of the particles are distributed. This 50% point
      will have a greater error introduced than the size representative of
      particles above which 25% of the particles in the system are located.
PAR  Referring now to FIG. 5, there is shown a block diagram of the Mass Median
      apparatus which is identical to that shown in FIG. 6 of the Mass Median
      patent. Certain numbers for the blocks in this apparatus have been omitted
      in FIG. 5 in order to prevent confusion between the numbers of those
      blocks as appearing in the Mass Median patent and the same numbers used in
      this application. Summing network and voltage to charge convertor 102 in
      comparison circuit 62 of FIG. 5, is shown as having three inputs.
      Conductors 66 and 64 are shown as being coupled to two inputs. These two
      inputs and conductors 64 and 66 are also present in the Mass Median
      patent. Conductor 55, shown being coupled to the third input of summing
      network and voltage to charge convertor 102, is the same as conductor 55
      shown in FIG. 4. Summing network and voltage to charge convertor 102 may,
      for example, be a simple summing network consisting of three resistors
      having first terminals coupled to conductors 64, 66 and 55, respectively,
      and second terminals coupled together and to output conductor 120.
      Although a simple resistive summing network is described, it is to be
      understood that the form of summing network 102 need not be limited to
      such a structure.
PAR  In the Mass Median patent, particle pulses in excess of a particular
      amplitude, representing particles in excess of a particular size or volume
      will trip a threshold circuit and cause a positive voltage pulse to be
      coupled via conductor 66 to summing network and voltage to charge
      convertor 102. Particle pulses having an amplitude less than this
      predetermined amplitude will cause a negative voltage pulse to be coupled
      to summing network and voltage to charge covertor 102 via conductor 64.
      These positive and negative pulses are converted to charges and coupled to
      an integrating amplifier 104 for developing an output voltage
      representative of a particular size particle, which is used to set the
      threshold previously mentioned. The feedback loop thus created cuased the
      threshold to seek the level which makes the positive and negative charges
      equal and therefore the particle size for any particular mass percentile
      point correct. In the preferred embodiment shown in FIG. 4, the voltage to
      charge convertors are weighted to yield the output voltage and therefore
      particle, volume or size for the 75th, 50th and 25th mass percentiles. The
      voltage developed by integrating amplifier 104 in circuit 26, representing
      the particle size for the 25th mass percentile will be much less than the
      voltage developed by amplifier 104 in circuit 22, representing the
      particle size for the 75th mass percentile. The feedback signal coupled
      from integrating amplifier 54 via conductor 55 to summing network and
      voltage to charge convertor 102 in each of the circuits 22, 24 and 26 will
      be summed in the same manner as the pulse coupled from conductor 64 in
      order to reduce the voltage representative of the particle size at the
      25th, 50th and 75th mass percentile. Furthermore, the feedback signal will
      have a greater effect upon the voltage representing the particle size at
      the 25th mass percentile at the output of circuit 26 than it will upon the
      output voltage representing the particle size at the 75th percentile at
      the output of circuit 22 because it will be a greater percentage of one
      than of the other. Referencing this is curve 64 in FIG. 3, it can be seen
      that although an equal error or correction voltage is coupled to all three
      circuits 22, 24 and 26, it will modify the sizes in a nonlinear fashion so
      as to correct for the nonlinearity in curve 64 and cause the three points
      shown thereon to linearly align as represented by curve 10.
PAR  The above described apparatus extrapolates by combining the two outer
      points to estimate the center point. Other extrapolation systems may be
      employed if the system meets the criterias noted above. For example the
      upper and middle points could be combined then reduced by a known
      percentage to approximate the lower point. The approximated point could
      then be compared to the measured signal to obtain an error signal.
PAR  It is to be understood that the method heretofore described, for
      ascertaining whether the criteria of symmetry, equal spacing, or
      linearity, have been met, by a comparison of three particle sizes, or
      voltages representative of the particle sizes, acertained by the passage
      of the particulate system through three Mass Median apparatuses is also to
      be consicered as within the scope of the invention. Additionally, it
      should be understood that the invention is capable of being embodied in
      structures which differ in detail considerably from those described, but
      without departing from the spirit or scope of the invention as defined in
      the appended claims.
CLMS
STM  What it is desired to secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A method for ascertaining a plurality of correct particle sizes within a
      particulate system below which sizes predetermined fractions of the total
      mass of the system are respectively included, and wherein the particulate
      system is passed through a particle detecting device which produces
      particle pulses proportional to the size of the particles passed
      therethrough, said method including in combination,
PA1  developing first, second and third particle size signals in response to
      said particle pulses indicative respectively of first, second and third
      particle sizes below which sizes first, second and third predetermined
      fractions respectively of the total mass of the system are included,
PA1  combining said first and second particle size signals to develope a
      combined signal,
PA1  comparing said combined signal and said third particle size signal and
      developing a comparison signal which varies in accordance with the
      difference therebetween,
PA1  varying said first, second and third particle size signals in accordance
      with said comparison signal for correcting said first, second and third
      particle size signals.
NUM  2.
PAR  2. The method of claim 1 wherein said step of combining said first and
      second particle size signals includes the step of algebraically averaging
      said first and second particle size signals.
NUM  3.
PAR  3. The method of claim 1 wherein said step of developing said first, second
      and third particle size signals includes the step of developing first,
      second and third particle size signals indicative of first, second and
      third particle sizes below which sizes one-quarter, three-quarters and
      one-half respectively of the total mass of the system is included.
NUM  4.
PAR  4. The method of claim 1 wherein said step of varying said first, second
      and third particle size signals includes the step of decreasing said
      first, second and third signals by a predetermined amount in accordance
      with the comparison signal.
NUM  5.
PAR  5. The method for determining the correct particle sizes at predetermined
      percentiles of the size distribution of a particulate system wherein the
      particulate system is passed through a particle detecting device which
      produces particle pulses proportional to the particle sizes, said method
      including the steps of,
PA1  developing first, second and third particle size signals, in response to
      said particle pulses, indicative of the size of the particules in the
      particulate system at first, second and third percentiles respectively,
PA1  comparing said first, second and third particle size signals to one another
      for ascertaining whether said particle size signals have a specific
      relationship to one another,
PA1  varying said first, second and third particle size signals in accordance
      with the variation from said specific relationship for ascertaining the
      correct particle sizes at said predetermined percentiles of the size
      distribution of the particulate system.
NUM  6.
PAR  6. The method of claim 5 further including the steps of:
PA1  developing a comparison signal which varies in accordance with the
      variation from said specific relationship of said first, second and third
      particle size signals with respect to one another,
PA1  and wherein said varying of said first, second and third particle size
      signals includes varying said first, second and third signals in
      accordance with said comparison signal for ascertaining the correct
      particle sizes at said predetermined percentiles of the size distribution
      of the particulate system.
NUM  7.
PAR  7. The method of claim 5 wherein said step of comparing said first, second
      and third particle size signals to one another for ascertaining whether
      said particle size signals have a specific relationship to one another
      includes the step of comparing said first, second and third particle size
      signals to one another to ascertain whether one of the specific
      relationships of linearity, symmetry and equal spacing of each of said
      particle size signals exist with respect to one another.
NUM  8.
PAR  8. An apparatus for ascertaining a plurality of correct particle sizes
      within a particulate system below which sizes predetermined fractions of
      the total mass of the system are respectively included, and wherein the
      particulate system is passed through a particle detecting device which
      produces particle pulses proportional to the size of the particles passed
      therethrough, said apparatus including in combination,
PA1  at least first, second and third particle size determing circuits having a
      common input coupled to the particle detecting device and operative in
      response to the particle pulses to develop first, second and third
      particle size signals respectively indicative of first, second and third
      particle sizes below which sizes first, second and third predetermined
      fractions of the total mass of the system are included,
PA1  combining means coupled to said first and second particle size determining
      circuits for combining said first and second particle size signals and
      developing a combined signal therefrom,
PA1  comparison means coupled to said combining means and said third particle
      size determining circuit and operative to compare said combined signal and
      said third particle size signal and develop a comparison signal which
      varies in accordance with the differences therebetween, said first, second
      and third particle size determining circuits being coupled to said
      comparison means and operative in response to said comparison signal to
      vary said first, second and third particle size signals.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said combined signal is the average of
      said first and second particle size signals.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said comparison means is a comparator.
NUM  11.
PAR  11. The apparatus of claim 8 wherein said combining means includes, first
      impedance means having a first terminal coupled to said first particle
      size determining circuit, and a second terminal coupled to said comparison
      means, and second impedance means having a first terminal coupled to said
      second particle size determining circuit, and a second terminal coupled to
      first impedance means second terminal.
NUM  12.
PAR  12. The apparatus of claim 11 wherein the impedance of said first and
      second impedance means are selected such that the combined signal is
      substantially equal to the third particle size signal when the first,
      second and third particle size signals are correct.
NUM  13.
PAR  13. The apparatus of claim 8 wherein said first and second predetermined
      fractions of the total mass of the system are respectively above and below
      said third predetermined fraction of the total mass of the system, and are
      substantially equally spaced therefrom.
NUM  14.
PAR  14. The apparatus of claim 8 wherein said first, second and third
      predetermined fractions of the total mass of the system are
      three-quarters, one-quarter, and one-half respectively.
NUM  15.
PAR  15. The apparatus of claim 8 wherein said particulate system has a
      log-normal distribution of particle sizes therein, and said first, second
      and third particle size signals represent the logarithm of said first,
      second and third particle sizes.
NUM  16.
PAR  16. The apparatus of claim 8 wherein said first, second and third particle
      size determining circuits each include a determining circuit combining
      means for combining electrical quantities indicative of the particles in
      said system above and below the particle size and for developing said
      particle size signal, said determining circuit combining means being
      coupled to said comparison means and operative in response to said
      comparison signal to vary said electrical quantity below the particle
      size.
NUM  17.
PAR  17. An apparatus for determining the correct particle sizes at particular
      percentiles of the size distribution of a particulate system, wherein the
      particulate system is passed through a particle detecting device which
      produces particle pulses proportional to the particle sizes including in
      combination,
PA1  first, second and third percentile size determining circuits coupled to
      said particle detecting device and operative in respoinse to said particle
      signals to develop first, second and third particle size signals
      respectively indicating the size of the particles in the particulate
      system at first, second and third percentiles, said first, second and
      third particle size signals having a predetermined relationship with
      respect to one another,
PA1  combining means coupled to said first and second percentile size
      determining circuits for combining said first and second particle size
      signals and developing a combined signal therefrom,
PA1  comparison means having an output, and an input coupled to said combining
      means and to said third percentile size determining circuit, said
      comparison means being operative to compare said combined signal and said
      third particle size signal and develop an error signal in accordance with
      the difference therebetween,
PA1  said first, second and third percentile size determining circuits being
      coupled to said comparison means and operative in response to said error
      signal to vary said first, second and third particle size signals.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said combined signal is the average
      of said first and second signals.
NUM  19.
PAR  19. The apparatus of claim 17 wherein said first and second percentiles are
      equally removed from said third percentile.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said first percentile point is below
      said third percentile point and said second percentile point is above said
      third percentile point.
NUM  21.
PAR  21. The apparatus of claim 17 wherein said comparison means is a
      differential amplifier.
NUM  22.
PAR  22. The apparatus of claim 17 wherein said first, second and third particle
      size signals and percentiles have a specific relationship with respect to
      one another.
NUM  23.
PAR  23. The apparatus of claim 22 wherein said specific relationship is one of
      linearity, symmetry and equal spacing of said particle size signals and
      percentiles with respect to one another.
NUM  24.
PAR  24. An apparatus for determining the correct particle sizes at
      predetermined percentiles of the size distribution of a particulate system
      wherein the particulate system is passed through a particle detecting
      device which produces particle pulses proportional to the particle sizes
      including in combination,
PA1  first, second and third percentile size determining circuits coupled to
      said particle dertecting device and operative in response to said particle
      pulses to develop first, second and third particle size signals
      respectively, indicating the size of the particles in the particulate
      system at first, second and third percentiles, said first, second and
      third particle size signals at said first, second and third percentiles
      having a predetermined relationship with respect to one another,
PA1  comparison means coupled to said first, second and third percentile size
      determining circuits and operative to compare said first, second and third
      particle size signals for determining the existence of said predetermined
      relationship, said comparison means being operative to develop a
      comparison signal in accordance with variations from said predetermined
      relationship, said first, second and third percentile size determining
      circuits being further coupled to said comparison means and operative in
      response to said comparison signal to vary said first, second and third
      particle size signals for achieving said predetermined relationship
      therebetween.
NUM  25.
PAR  25. The apparatus of claim 24 wherein said predetermined relationship is
      one of linearity, symmetry and equal spacing of said first, second and
      third particle size signals at said first, second and third percentiles.
NUM  26.
PAR  26. The apparatus of claim 24 wherein said first percentile point is below
      said third percentile and said second percentile is above said third
      percentile, said first and second percentiles being equally spaced from
      said third percentile.
PATN
WKU  039447987
SRC  5
APN  4618815
APT  1
ART  236
APD  19740418
TTL  Method and apparatus for measuring direction
ISD  19760316
NCL  47
ECL  28
EXP  Wise; Edward J.
NDR  6
NFG  17
INVT
NAM  Eaton; Homer L.
CTY  Balboa
STA  CA
ASSG
NAM  Eaton-Leonard Corporation
CTY  Santa Ana
STA  CA
COD  02
CLAS
OCL  2351513
XCL  235 616R
XCL   33174PC
XCL   33  1M
XCL   33  1N
EDF  2
ICL  G01B  356
ICL  G01B  728
FSC   33
FSS  1 M;1 N;1 PT;1 CC;1 MP;174 PC
FSC  235
FSS  151.3;61.6 A;61.6 B;61.6 R;151.11;92 DN;151.32
FSC  250
FSS  237
UREF
PNO  3226833
ISD  19660100
NAM  Lemelson
OCL   33143
UREF
PNO  3246128
ISD  19660400
NAM  Albrecht et al.
XCL  235 61.6A
UREF
PNO  3267251
ISD  19660800
NAM  Anderson
XCL  235 61.6A
UREF
PNO  3346724
ISD  19671000
NAM  Fuhremister et al.
OCL  235 61.6
UREF
PNO  3410956
ISD  19681100
NAM  Grossimon et al.
XCL  235 61.6A
UREF
PNO  3515888
ISD  19700200
NAM  Lewis
XCL  235151.34
UREF
PNO  3531868
ISD  19701000
NAM  Stevenson
OCL   33174
UREF
PNO  3567950
ISD  19710300
NAM  Meyer
XCL   33  1
UREF
PNO  3571934
ISD  19710300
NAM  Buck
OCL   33174
UREF
PNO  3601590
ISD  19710800
NAM  Norton
XCL  235151.11
UREF
PNO  3609322
ISD  19710900
NAM  Burnett et al.
OCL  235151.11
ABST
PAL  Measurement of a vector inn space is accomplished by an articulated five
      axis probe carrying a working head that can be moved into a measuring
      position that has a known angular relation to an object to be measured. A
      plurality of pivotally interconnected links include a first link pivotally
      mounted to a work table and an end link that fixedly carries a working
      head having a V-groove defined by four mutually spaced electrically
      conductive contact elements. For measurements made upon a tube having a
      number of bends, the working head is successively positioned in contact
      with the several straight portions of the bent tube and the angles of the
      several links relative to adjacent links and relative to the work table
      are read out for each contact. When the working head is properly oriented
      with respect to the tube, the electrical contacts enable read out of the
      several angles. These collectively define both the direction of the
      working head and its coordinate position with respect to a reference
      coordinate system. The measured angles, together with lengths of the
      several links, are employed to calculate direction angles and coordinate
      position of vectors coaxial with each tube straight portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates to measurement of positions of objects, and
      more particularly concerns measurement of angular relations. Methods and
      apparatus of this invention may be employed for measurements of vectors,
      that is, the measurement of either one or both of the direction and
      coordinate position of a vector with respect to a reference system.
PAR  2. Description of Prior Art
PAR  Position measuring instruments are employed in a wide variety of
      manufacturing, assembly and inspection operations. Generally, one or a
      number of different points on an object to be measured are contacted by a
      probe that is movable with respect to a reference coordinate system. Most
      commonly, the probe is mounted for translational motion along three
      coordinate axes as, for example, in the machines shown in U.S. Pat. Nos.
      3,774,311 to Stemple and 3,774,312 to Esch. These machines are of limited
      application because the size of the machine itself determines the size of
      the object that may be measured, and costs increase rapidly with
      increasing size. Because of the difficulties of maintaining precision of
      position and motion in traveling over long cantilevered elements, such
      devices must be exceedingly massive for required rigidity. Further, they
      often require complex techniques such as the impressed vibratory movement
      of the Esch patent or unique and expensive bearing structures of the
      Stemple patent for obtaining desired precision. Even so, such machines
      measure only a point, by determining its coordinates. Therefore, two
      separate and independent measurements at spaced points are needed for
      measuring direction. Further, if the angular relation of a planar surface
      is to be measured, as for example, in determining a normal to a surface,
      machines of the prior art require three separate measurements to define
      the plane.
PAR  The U.S. Pat. to Bower, No. 2,906,179, describes a coordinate position
      measuring gauge comprising several pivotally interconnected links of
      adjustable length. Although the Bower gauge is illustrated in connection
      with a closed loop control system for a machining tool, it still can
      provide information defining solely the coordinate position of a single
      point for any given measurement.
PAR  In the prior art of measuring instruments, optical devices have been
      employed for alignment of parts or, in effect, measuring direction. Thus,
      an autocollinator, such as shown in U.S. Pat. No. 3,024,365 to Smith et al
      has been employed for remote measurement of the orientation of a
      reflective surface, as used for example, in the alignment of an
      autonavigator. However, such optical devices, like theodolites and
      precision transits, require careful and exact positioning or setup to
      achieve a predetermined and therefore, fixed position of alignment. For
      measurement of some second or different direction such optical measuring
      or alignment devices must be moved and the precision instrument setup
      carefully re-established prior to a second measurement.
PAR  In various types of tube bending machines, such as in that described in the
      U.S. Pat. to Hill No. 3,145,756, or that described in the U.S. Pat. to
      Hautau No. 3,299,681, various measurements must be made upon the straight
      portions (straights) of bent tubes to obtain information for computation
      of machine bending commands or to obtain information for making various
      corrections to the tube machine bending commands. As shown in the British
      Pat. No. 1,329,708 to McMurtry, for example, bent tubes or pipes are made
      from previously bent master pipes, employing a three-axis coordinate point
      measuring gauge which measures the position of two stations on each
      straight portion of the tube in cartesian coordinates. The working head of
      this coordinate point measuring machine, much like the working head of
      other three axis measuring machines, will contact a point on the object to
      be measured but does not attain any predetermined angular position or
      direction with respect to the object to be measured. Therefore, it is not
      possible to measure a vector or direction without making several
      measurements.
PAR  Accordingly, it is an object of the present invention to enable measurement
      of direction of a line having a fixed angular relation with respect to an
      object.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out the principles of the present invention in accordance with
      a preferred embodiment thereof, direction of a line having a known angular
      relation to an object is measured by translating and angularly displacing
      a working head from a reference direction about a plurality of axes of
      rotation until the working head attains a measuring position having a
      predetermined angular relation to the object, and measuring the angular
      displacement of the working head about each of the axes. In a particular
      embodiment of the invention, a working head is adapted to be moved to a
      number of different angular positions by means of an articulated arm
      mounting the head to a support and electrical signals are generated that
      collectively define the angular position of the working head with respect
      to a reference direction. The angles of articulation of the articulated
      arm, together with lengths of the different sections of the arm, are
      employed to calculate direction cosines of the working head itself with
      respect to a reference coordinate system. The arrangement also enables
      calculation of the coordinate position of a point on a working head with
      respect to such reference coordinate system, or both such coordinate
      position and direction cosines.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a five axis measuring instrument
      constructed in accordance with the principles of the present invention;
PAR  FIG. 2 is a diagram illustrating mathematics involved in defining the
      measured vector in terms of a reference coordinate system;
PAR  FIG. 3 is a section taken on line 3--3 of FIG. 1;
PAR  FIGS. 4, 5 and 6 are sections taken on lines 4--4, 5--5, and 6--6
      respectively of FIG. 3;
PAR  FIG. 7 is a line section taken on line 7--7 of FIG. 1;
PAR  FIG. 8 is a perspective view of one form of working head;
PAR  FIG. 9 is a section taken on line 9--9 of FIG. 8;
PAR  FIG. 10 is a block diagram of an exemplary form of readout control of the
      angle sensors;
PAR  FIG. 11 is a block diagram showing further details of angle sensor readout
      and computation;
PAR  FIG. 12 illustrates a five-axis measuring instrument having an optical
      working head;
PAR  FIG. 13 illustrates a measuring instrument with a replacable working head
      and six axes;
PAR  FIGS. 14 and 15 show a working head specifically adapted for measuring
      directions of planar surfaces; and
PAR  FIGS. 16 and 17 illustrate still other forms of working heads.
DETD
PAC  GENERAL PRINCIPLES
PAR  The method and apparatus of the present invention are applicable to
      measurement in a multitude of diverse applications wherein it is desired
      to determine the direction and/or the position of the vector. Measurement
      of a vector may be employed in positioning and locating parts and devices
      used in assembly to ensure proper orientation. Measurement of a vector may
      be employed to originate manufacturing data by measuring directions and
      positions of a sample shape such as a sample bent pipe, for example.
      Direction measurements may be employed for inspection of completed parts
      and may be employed for making measurements on parts of varying linear,
      curved and planar shapes, and for comparing such measurements with
      pre-described measurements contained in a drawing or other computation.
PAR  An important application of the present invention, an application for which
      a working embodiment has been initially employed, is the measurement of a
      sample bent tube for the purpose of deriving data to enable the subsequent
      bending of other tubes conforming to the sample. Accordingly, the
      invention will be described as embodied in this initial mechanization
      although it will be readily appreciated that principles of the invention
      may be readily employed in any of a number of applications whether or not
      specifically mentioned herein.
PAR  Referring to FIG. 1, a sample bent tube 10 is fixedly mounted to a support
      or work table 12 by means of a pair of clamps 14, 16 which are detachably
      but firmly secured as by suction devices or the like (not shown) to any
      desired points on the table 12. Thus, the tube 10 may be firmly mounted to
      the table in any one of a number of desired positions or orientations. For
      many purposes, including inspection and manufacture, it is desired to
      measure significant parameters of the tube 10. These parameters include
      the lengths of each tube straight portion (straight) S.sub.1, S.sub.2,
      S.sub.3, S.sub.4 and S.sub.5, the angle between adjacent straights, the
      total length of the tube from end to end, and the plane of each of the
      tube bends B.sub.1, B.sub.2, B.sub.3 and B.sub.4. These parameters, after
      correction for various types of springback and other factors, may be
      employed to calculate commands for an automatic tube bending machine (such
      as described in the above mentioned patents) or may be fed to a computer
      to check the accuracy of manufactured devices.
PAR  According to principles of the present invention, information for these
      calculations may be acquired accurately, rapidly, simply and with minimum
      possibility of error by means of a five axis measuring instrument
      illustrated in FIG. 1. It is known that the various parameters desired to
      be defined in connection with the sample tube 10, may be calculated from
      information defining the direction of each tube straight S.sub.1, S.sub.2,
      S.sub.3, S.sub.4, S.sub.5, and the position of the respective ends of the
      tube. For example, given data defining vectors coinciding with the axes of
      the several tube strights, the angle between adjacent ones of such vectors
      can readily be calculated in accordance with known principles of
      trigonometry, and the planes of the several bend angles can likewise be
      calculated. Calculations for lengths of strights and total length of the
      bent tube may likewise be made, as deemed necessary or desirable, from
      measured directions of straights and positions of tube ends.
PAR  According to the present invention, each of the vectors that coincides with
      a respective one of the tube straights is fully and completely defined by
      a single measurement, or, more specifically, by a single measuring
      operation, made with the illustrated five-axis measuring instrument.
PAR  The measuring instrument of FIG. 1 comprises a first link 20 mounted upon
      the table 12 for rotation about a first axis A. A second link 22 is
      pivotally connected to the first link 20 for rotation about a second axis
      B, which is normal to axis A. A third link 24 is pivoted to the second
      link 22 for rotation about a third axis C. Rotatably mounted within the
      third link 24 for rotation about a fourth axis D, normal to axis C and
      coincident with the axis of the third link 24, is a fourth link 26 (see
      FIG. 3). The fourth link 26 carries a fifth link 28 for rotation about a
      fifth axis E which is perpendicular to the fourth-axis D. Each of the
      second, third and fifth links has nearly 360.degree. of rotation relative
      to its adjacent link. The first link 22 is capable of a full 360.degree.
      of rotation with respect to the support and the fourth link is also
      capable of a full 360.degree. of  rotation with respect to the third link,
      whereby an instrument of relatively small dimensions is able to make
      measurements on objects of considerably greater dimensions.
PAR  Carried in a fixed orientation relative to and by the fifth link 28 is a
      working head 30. The working head 30 is formed with a V-shaped groove that
      will readily straddle portions of the tube 10 to thereby define a
      predetermined angular relation between the working head and the direction
      that is to be measured. Thus, the working head 30, or more specifically,
      the tube engaging V-shaped groove thereof has a fixed orientation with
      respect to the fifth link 28 and when in contact with the tube of which
      the direction is to be measured will extend in a direction that is
      precisely parallel to the direction that is to be measured. The V-shaped
      groove may be said to define a direction axis of the head 30. This
      direction axis is positioned at a predetermined angular relation to the
      direction that is to be measured for making a measurement of direction.
PAR  For a complete set of measurements of the illustrated tube 10, the working
      head 30 is moved manually into five successive positions of contact with
      the tube wherein the V-shaped groove straddles and is in contact with the
      tube. Only one contact and one measurement need be made on each stright. A
      first contact is made with the working head straddling stright S.sub.1 at
      its end. Merely positioning the working head in contact with the tube
      automatically aligns the working head direction axis parallel to the tube
      axis, and the direction measurement is completed. The working head is then
      moved from the straight S.sub.1 and into contact successively with any
      intermediate portion of the respective straights S.sub.2, S.sub.3 and
      S.sub.4. The final measurement is contact with and alignment of the
      working head direction axis with the final straight S.sub.5 at the end
      portion thereof. For measurement of the straights S.sub.2, S.sub.3 and
      S.sub.4, coordinate position of any point on the straight may be measured,
      since only the direction of the tube axis and position of a point on the
      axis are of interest or required for the calculations. However, for
      measurements on the straights S.sub.1 and S.sub.2, both the direction of
      the axis of the tube and the coordinate position of a point upon the axis
      at the end of the tube must also be measured. Accordingly for the
      measurement on the straight S.sub.1, the working head 30 is placed in its
      measuring direction, that is the V-shaped groove straddling the tube and
      in contact therewith to align the groove (and the head direction axis) in
      exact parallelism with the axis of the straight. Further, one end surface,
      surface 32, for example, of the working head, is aligned (in a plane
      normal to the axis of the straight) with the free end of the straight
      S.sub.1 when the measurement on the straight S.sub.1 is made. Since the
      distance of the surface 32 from the axis of the line 28 is known,
      coordinates of the end of the straight S.sub.1 are thus measured.
      Similarly for the measurement on the straight S.sub.5, the opposite
      surface of the working head 30, that surface closer to the first link 20
      in the position illustrated in FIG. 1, is aligned (in a plane normal to
      the axis of straight S.sub.5 with the free end of the straight S.sub.5 to
      thereby position the last or fifth link 28 in a position to measure both
      the coordinates of the end of this straight and direction of the straight
      axis. In other words, the end surfaces of the working head may be used to
      indicate the position of a point (the intersection of the tube axis and
      the plane of the tube end) that is fixedly related to the working head.
PAR  Thus, it is simply necessary to move the working head into five different
      successive positions of contact and alignment with the five straights of
      the tube to be measured. At each position of contact, attainment of the
      measuring condition and specifically, of the measuring direction by the
      working head direction axis is signaled (by mechanism to be more
      particularly described hereinafter) and the several angles of the five
      links are read out for display, recording or direct real time utilization
      in calculation of the vectors being measured.
PAR  For each measurement of a direction and/or coordinate position of a point,
      five angles are read. These angles are the angles of rotation of the
      several links about the five axes A, B, C, D and E. A first angle
      transducer is provided to read the angle of rotation of the first link 20
      relative to the table 12. A second angle transducer is provided to read
      the angle of rotation of link 22 relative to link 20. Third, fourth and
      fifth angle transducers are provided to independently read rotation of the
      third, fourth and fifth links, relative to the second, third and fourth
      links respectively. The angle or angular motion transducers may take any
      one of a number of known forms of transducing instruments which change an
      angular position input to an electrical output representing, either
      incrementally or cumulatively, tha angular displacement that is being
      measured. These electrical signals, respectively representing the several
      angles, together with the known lengths of the several links, collectively
      define both the direction angles or direction cosines of the working head
      direction axis and its coordinate position. The direction cosines and
      coordinate positions are defined in terms of a reference coordinate system
      having X and Y axes lying in a plane parallel to the work table 10 and
      having its Z axis normal to the X Y plane and aligned with the A rotation
      axis.
PAR  Even where it is desired to measure only direction (but not position
      coordinates), it may be necessary to effect both translation and angular
      displacement of the working head, since different vectors to be measured
      may not all extend through a single point. The described instrument
      employs only rotational motions to achieve both translation and angular
      displacement, although additional non-rotational motions may be added to
      the rotational motions, if deemed necessary or desirable, to achieve
      greater flexibility of working head positioning.
PAC  MATHEMATICAL BACKGROUND
PAR  In order to understand just how the five angles A, B, C, D and E define the
      vector, both in position and direction, with respect to a reference
      coordinate system, reference is made to FIG. 2. It will be understood that
      angle A is the angle of rotation of link 20 about the A axis, angle B is
      the angle of rotation of link 22 about the B axis, etc. In the line
      diagram of FIG. 2, links 20 and 22 are represented by the corresponding
      lines having lengths L.sub.1 and L.sub.2 (the link lengths) and links 24
      and 26 are represented by the single line having length L.sub.3. In the
      preferred embodiment, the two links, link 24 which is rotatable about axis
      C and link 26 which is rotatable within link 24 about axis D, are of equal
      lengths. Link 28 which fixedly carries the working head 30 is represented
      by length L.sub.4. The distance L.sub.4 in FIG. 2 is not truly the length
      of the link 28, but is actually the length of link 28 plus the distance to
      the center line of the tube being measured. In other words, the length
      L.sub.4 is the distance from the E axis to the point on the vector being
      measured.
PAR  The letter h represents the distance between points 40 and 41 along line
      20, j represents the distance between points 40 and 42 on the same line,
      and m represents the distance between points 42 and 43, which lies on the
      B axis. Line 20 in FIG. 2 represents link 20 and the A axis. Point 43
      represents the B axis, line 24, 26 represents the D axis, point 44
      represents the C axis, point 45 represents the E axis, and point 46
      represents the intersection between a line n, perpendicular to the A axis
      and extending through the C axis with a line extending through the E axis
      and perpendicular to the line n, k. Letter n represents the distance
      between points 42 and 46, k represnts the distance between points 46 and
      44, and r is the distance between points 41 and 45.
PAR  The vector V shown in FIG. 2 adjacent the working head 30 is the vector of
      which the direction is to be measured and a point 47 thereon is the point
      on which the coordinates are to be measured. For measurements of the bent
      tube, as illustrated in FIG. 1, the vector V is aligned with and
      coincident with the axis of the tube. All of the measurements are to be
      obtained in the refernence coordinate system previously described wherein
      the Z axis is coincident with the A axis and the X and Y axes are
      perpendicular to each other and to the Z axis, all intersecting at the
      point 40.
PAR  In the following computations, the direction cosines and coordinates of a
      point on the vector V will be initially defined in a first rotated
      coordinate system, then defined in a second rotated coordinate system and
      then defined in two further translated coordinated systems of which the
      final coordinate system is the reference system itself.
PAR  A first rotated coordinate system X"", Y"", Z"", is selected in which Z""
      is coincident with the D axis of the five axis measuring instrument, Y""
      axis is parallel to the axis C and passes through the intersection of axes
      D and E, and X"" is normal to Y"" and Z"". In this coordinate system,
      .alpha."", .beta."" and .gamma."" are direction cosines or direction
      angles of the unknown vector V and x"", y"" and z"" are the coordinates of
      the point 47 on the vector V. From basic trigonometry,
PA1  .alpha."" = cos D sin E
PA1  .beta."" = sin D sin E
PA1  cos .gamma."" = cos E
PA1  x"" = L.sub.4 cos E cos D
PA1  y"" = L.sub.4 cos E sin D
PA1  z"" = -L.sub.4 sin E
PAR  .notlessthan. F = 180.degree. - (B+C) where F is the angle between the D
      axis and the line between points 45 and 46.
PAR  As a first step in the transformation, the coordinate system X"", Y"", Z""
      is rotated about the Y"" axis through the angle F to obtain the second
      rotated coordinate system X"', Y"', Z"'. The direction cosines and
      coordinates .alpha."', .beta."', .gamma."' and x"', y"', z"', as expressed
      in X"', Y"', Z"', may be defined as follows:
PA1  .alpha.'" = .alpha."" cos F + .gamma."" sin F
PA1  .beta."' = .beta.""
PA1  .gamma."' = -.alpha."" sin F .gamma."" cos F
PA1  x"' = x"" cos F + z"" sin F
PA1  y"' = y""
PA1  z"' = -x"" sin F + Z"" cos F.
PAR  Now the rotated coordinate system X"', Y"', Z"', is rotated about the Z"'
      axis through the angle A to get a first translated coordinate system, X",
      Y", Z" of which the X", Y", Z" axes are parallel to the X, Y, Z axes of
      the reference system. In this third rotated system, the vector V is
      expressed by direction cosigns .alpha.",
PA1  .beta.", .gamma." and x", y", z".
PA1  .alpha." = .alpha."' cos A - .beta."' sin A
PA1  .beta." = .beta."' sin A + .beta."' cos A
PA1  .gamma." = .gamma."'
PA1  " = x"' cos A - y"' sin A
PA1  y" = x"' sin A + y"' cos A
PA1  z" = z"'.
PAR  Now the origin of the first translated coordinate system X", Y", Z" is
      translated in the X", Y" plane through the distance r to the reference
      system Z axis to obtain a second translated coordinate system X', Y', Z'
      in which the origin of the system X", Y", Z" has coordinates x'.sub.0 and
      y'.sub.0, where x'.sub.0 = r cos A and y'.sub.0 = r sin A.
PA1  Further, m = L.sub.2 cos B
PA1  n+k = L.sub.2 sin B
PA1  k = L.sub.3 sin F
PA1  r = n = L.sub.2 sin B - k = L.sub.2 sin B - L.sub.3 sin F
PAL  Accordingly, x'.sub.0 = (L.sub.2 sin B - L.sub.3 sin F) cos A and  y'.sub.0
      = (L.sub.2 sin B - L.sub.3 sin F) sin A Now the coordinates of point 47,
      as expressed in the translated coordinate system X', Y', Z' are x' = x" +
      (L.sub.2 sin B - L.sub.3 sin F) cos A y' = y" + (L.sub.2 sin B - L.sub.3
      sin F) sin A, and z"' = z"
PAR  As a final step, the origin of the coordinate system X', Y', Z' is
      translated along the coincident Z' and Z axes by the distance h to obtain
      the reference coordinate system X, Y, Z, where h = L.sub.1 - m - j =
      L.sub.1 cos B - L.sub.3 cos F.
PAR  The coordinates of point 47 in the reference system therefore, are
PA1  x = x'
PA1  y = y'
PA1  z = z' + L.sub.1 - L.sub.2 cos B - L.sub.3 cos F
PAL  As previously stated, the direction cosines .alpha., .beta., .gamma., of
      the vector V in the reference X, Y, Z coordinate system are
PA1  .alpha. = .alpha."
PA1  .beta. = .beta."
PA1  .gamma. = .gamma."
PAR  Substituting in the above equations, the final values of the direction
      cosines and position coordinates of the point 47 as expressed in the
      reference system X, Y and Z, are as follows:
PA1  .alpha. = (cos D sin E cos F + E sin F) cos A - sin D sin E sin A
PA1  .beta. = sin A (cos D sin E cos F + E sin F) + sin D sin E cos A
PA1  .gamma. = e cos F - cos D sin E sin F
PA1  x = (L.sub.4 cos E cos D cos F - L.sub.4 sin E sin F) cos A -(L.sub.4 cos E
      sin D) cos A + (L.sub.2 sin B - L.sub.3 sin F) cos A
PA1  y = [L.sub.4 cos E cos D cos F - L.sub.4 sin E sin F] sin A + (L.sub.4 cos
      E sin D) cos A + (L.sub.2 sin B - L.sub.3 sin F) sin A
PA1  z = -L.sub.4 cos E cos D sin F - L.sub.4 sin E cos F + L.sub.1 -L.sub.2 cos
      B - L.sub.3 cos F.
PAR  It is evident from the above that the measured direction is a vector
      defined in three dimensions by the three direction cosines and three
      coordinates. The working head 30 is moved into a selected relation with
      respect to the vector by mounting the head for movement in three
      dimensions and with components of rotation about three mutually orthogonal
      axes.
PAC  DETAILED STRUCTURE
PAR  Referring now to the instrument structure shown in FIGS. 1 through 9, the
      first link of the measuring instrument is carried in a fixed column 50
      (FIG. 7) rigidly mounted to and upstanding from the table 12, and carrying
      at its lower and upper ends bearings 51, 52 which rotatably mount a first
      tubular link 54. Link 54 has an extension 56 fixed to the bottom thereof
      carrying a drive gear 58 that meshes with a driven gear 60 of a first
      angle transducer 62, which is fixed to the table 12.
PAR  Fixed to the upper end of the rotatable link 54 is an upper extension 64
      that fixedly carries an end block 66 in which is mounted a second angle
      transducer 68. Angle transducer 68 has an input gear 70 that meshes with
      and is driven by a gear 72 fixed to a pivot block 74 that rigidly carries
      a second tubular link 76. Pivot block 74 is journalled upon the end block
      66 for rotation about the B axis. Details of this journal are
      substantially the same as those illustrated in connection with the pivot
      joint between tubular links 76 and 84, about the C axis, as illustrated in
      further detail in FIG. 3.
PAR  Referring now to FIGS. 1 and 3, the second tubular link 76 fixedly carries
      an end block 78 upon which is journalled, by means of bearings 80, a pivot
      block 82 that fixedly carries a third tubular link 84 for rotation about
      the C axis. Pivot block 82 fixedly carries a driving gear 86 that meshes
      with an input gear 88 of a third angle transducer 90 (FIG. 4) that is
      carried by the end block 78 of the second tubular link 76.
PAR  The third tubular link 84 has an end block 94 carrying a fourth angle
      transducer 96 having an input gear 98 driven by a gear 99.
PAR  Rotatably journalled to and within the third tubular link 84 for rotation
      relative thereto about the D axis (which is aligned with the axis of the
      third link 84) is a fourth link 100. Link 100 is mounted coaxially of and
      within the link 84 and its end block 94 by means of bearings 102, 104.
      Link 100 carries a fixed end block 106 on which is mounted the gear 99
      that drives transducer 96. Also mounted on end block 106 is a fifth angle
      transducer 108 having an input gear 110 that is driven by a gear 112. Gear
      112 is fixed to a pivot block 114 carried by a fifth tubular link 116. The
      pivot block 114 of tubular link 116 is journalled upon the end block 106
      of the fourth link 100 by means of bearings 118 for rotation about the E
      axis.
PAR  Fixedly secured to and forming part of the final or fifth link 116 is the
      working head 30 having its outer end forming a V-shaped groove 120 which
      is adapted to straddle and contact, in the relation illustrated in FIG. 3,
      a portion of a tube 10 of which the direction is to be measured. Working
      head 30 carries a manually operable command button 122 for purposes to be
      described hereinafter. The working head 30 and fifth link 116 are securely
      but detachably connected to pivot block 114 by a threaded sleeve
      arrangement illustrated at 115.
PAR  As shown in FIGS. 8 and 9, working head 30 includes a body 124 carrying
      four mutually spaced and mutually insulated electrical contact elements
      125, 126, 127, 128 having contact edges 125a, 126a, 127a, 128a. The
      contact edges are adapted to make electrical contact with the outer
      surface of the metallic tube 10. The surfaces 125a through 128a, form
      alignment means to orient the head in its measuring direction and also
      define the direction axis of the head. They are so positioned and aligned
      that when all four are in firm engagement with the outer surface of a
      cylinder such as the tube 10, the working head direction axis has a known
      angular relation with respect to the axis of the cylinder. More
      specifically, the head is oriented or aligned precisely parallel with the
      axis of the cylinder. The four electrical contact elements 125 through 128
      are connected in an electrical circuit illustrated schematically in FIG.
      11 and more particularly described in detail in connection with the
      description of FIG. 11. The circuit signals attainment of the measuring
      direction, wherein all four contacts engage the tube.
PAR  The several angle transducers are conventional angle measuring instruments
      such as resolvers or angle position encoders which provide electrical
      output signals indicative of the input angular displacements thereto.
      Thus, the electrical signal outputs of the five angle transducers 62, 68,
      90, 96 and 108, provide signals representing the angles A, B, C, D and E
      in the above described equations. The several distances are predetermined
      and the angle F is readily calculated, being equal to 180.degree. - (B+C)
      as may be determined from inspection of the geometry of FIG. 2.
PAR  Also fixed to the work table 12 is a cylindrical reference or calibration
      bar 130 (FIG. 1) having a fixed position and orientation with respect to
      the reference coordinate system.
PAR  With the working head in aligning contact with the outer surface of the
      calibration cylinder 130, the angle outputs of the several angle
      transducers may be considered to be zero or some other reference value.
      Instrumentation for recording or electronically accumulating values of the
      angles indicated by the several angle transducers may be properly zeroed
      or reset with the working head in the reference orientation defined by the
      reference bar 130 as will be more particularly described below in
      connection with the description of FIG. 11.
PAC   READ OUT CONDITIONING
PAR  It will be readily appreciated that the electrical signal outputs from each
      of the five angle sensors are continuously available from the sensors and
      accordingly, the output indications thereof will be varying whenever a
      link of the articulated probe is moving. These signals, of course, may be
      read visually, by suitable dials or gauges in either analog or digital
      form, may be directly recorded in either analog or digital form, or may be
      recorded or displayed for later utilization. Alternatively, the signals
      may be fed directly to a data processing machine such as an analog or
      digital computer for use in appropriate computation. The desired
      computation may be performed either by hand or by special or general
      purpose digital or analog computer, and will employ the measured sensor
      output angles A, B, C, D and E, in accordance with the several equations
      set forth above, to obtain the coordinates x, y and z of the point on the
      vector being measured (if a point is desired) and also the direction
      cosines .alpha., .beta., and .gamma., all measured in the reference
      coordinate system X, Y and Z. As explained above, the measured angles A,
      B, C, D and E, read directly from the sensors, collectively define both
      direction and position of the vector in the reference system X, Y, Z when
      taken with the lengths of the fixed links of the articulated instrument.
PAR  One may simply place the working head in an orientation or direction having
      a fixed angular relation with respect to a line which itself has a fixed
      angular relation with respect to the object being measured, and then read
      the outputs of the angle sensors. Nevertheless, it is possible that the
      working head may not be in the desired orientation or may yet be moving
      when the angles are read out, particularly if the articulated links are
      being manipulated by hand. Accordingly, an improved angle read out is
      achieved by gating the angle read out in accordance with one or more of
      several specified conditions. A first one of these conditions is the
      attainment of the desired measuring direction or position by the working
      head. A second condition is that the working head velocity should be zero.
      Because the measurement may be one of a series of rapidly made
      measurements, it is preferably made when the working head is no longer
      moving.
PAR  Although it is possible to read out all of the angles in parallel, it is
      convenient in many situations to read the five angles in sequence as by a
      multiplexing arrangement for example. Accordingly, a third condition
      (where sequential angle read out is employed) is the existence of the zero
      velocity condition for a time sufficient to enable at least one read out
      of all five angles. It will be readily appreciated that two or more of
      full cycles of read out of each of the five angles will enhance accuracy.
      With regard to the last condition, the velocity must have been zero and,
      also, the working head must have been in its measuring orientation for a
      time sufficient to allow at least five consecutive read outs of the angle.
PAR  Where the probe is moved manually to its measuring direction and position,
      under control of an operator, it is desirable to allow the operator to
      signal when the read out should occur. Accordingly, a fourth condition is
      an operator's read command. This may conveniently take the form of a
      manual push button to be actuated by the operator as the working head
      approaches its measuring position and direction. This read command should
      be actuated before the measuring position and direction are attained so
      that the read out will occur upon initial occurrence of all of the other
      conditions. This arrangement avoids a situation wherein the working head
      is pressed too firmly against a resilient or dispaceable surface so that
      the latter would be deflected from its true orientation before the read
      command is given.
PAR  In some situations, such as for example, where the angle sensors provide
      output signals representing fractional units of a single revolution and
      other external equipment is employed to count the total number of full
      revolutions, such count of full revolutions may be degraded if the
      transducer output changes too rapidly. In other words, recording equipment
      in such a situation may be unable to keep up with exceedingly rapid
      rotations of the articulated links. To this end, a signal may be provided
      whenever velocity of the working head exceeds a predetermined amount, or
      more specifically, whenever the output of any one of the transducers
      changes at a rate that is above a selected maximum rate.
PAR  Conditioned read out of the angles is achieved by the arrangement
      illustrated in FIG. 10 wherein the outputs of all of the angles sensors A,
      B, C, D and E, are fed through a gating circuit 136 to utilization display
      or recording apparatus 138. The gating circuit is controlled by the output
      on line 134 of a coincidence or AND circuit 142 so that the angle signals
      are fed to the utilization, display or record apparatus only when there is
      an enabling output from the AND circuit 142. The output of the AND circuit
      is true when and only when the predetermined conditions of read out as
      described above, exist. These conditions, as mentioned above, may comprise
      the attainment of the measuring condition 132, which includes the
      operator's read command and the attainment of measuring direction and
      position. A velocity sensor 140 responsive to motion of the working head
      provides an additional input to AND circuit 142 representing working head
      at rest or zero velocity. Therefore, a measuring condition attained signal
      on line 134 will exist only when all four conditions occur together, that
      is, the operator's push button has been actuated, the working head has
      been in contact or in its measuring direction, while at rest, and for a
      finite time interval.
PAR  Illustrated in FIG. 11 is an exemplary mechanization of the conditioned
      read out of all five angles of the described articulated instrument
      wherein the angle outputs are multiplexed and digitized. The angle sensors
      may be conventional resolvers such as encoders model ST11 of Astrosystems
      Inc., of New York City, New York. Many other types of angle sensors may be
      employed, such as, for example, incremental magnetic position encoders
      shown in U.S. Pat. No. 3,222,660 to W. A. Farrand. In this arrangement,
      the resolver outputs represent fractions of one full revolution of the
      resolver input gear and other circuitry, described below, tracks and
      stores the total number of revolutions and fractions thereof. The outputs
      of resolvers 62, 68, 90, 96 and 108 are fed to a multiplexor 146 on input
      lines 146a-e to provide on the multiplexor output line 146f, the analog
      outputs of the resolvers, in sequence. The multiplexor sequentially
      switches its several inputs, one at a time, to its output under control of
      channel 1 though channel 5 timing signals provided at the output of a
      modulo five counter 148.
PAR  Resolution of the measurements is enhanced by use of suitable gear ratios,
      causing the resolver input shafts to turn many times for a single or
      fractional turn of the associated links. For example, a gear ratio of
      330/26 has been employed for each of A, B and C and 216/26 for each of
      axes D and E.
PAR  The multiplexor output is fed to an analog to digital converter 150 which
      may be, in a particular example, a syncro to digital converter, Model No.
      E-C10125-1, made by the above-mentioned Astrosystems Inc. specifically for
      use with the encoders identified above. The syncro to digital converter
      provides on its output bus 156 a digitized version (in a twelve bit binary
      code for example) of each of the encoder outputs in sequence.
PAR  The syncro to digital converter 150 also provides an output signal on line
      152 to indicate the end of each of its conversion operations. That is,
      when the converter has completed a conversion of an analog input to its
      twelve bit digital output form, it provides an output signal on line 152
      which is fed to a delay circuit 154 and thence as a counting input to the
      modulo 5 counter 148. Accordingly, the counter advances one count upon
      completion of each conversion and the multiplexor output thereupon
      presents the next angle to the input of the converter for digitization.
      The delay interposed between the converter and the counter allows the
      converter to complete two conversion cycles (digitizing each of the five
      angles two times) and thus avoids premature switching of the multiplexor
      from one input channel to the next. the output of the syncro to digital
      converter is fed via bus 156 to a buffer storage 158 which is triggered to
      accept the twelve bit digitized angle signal from the converter upon the
      occurrence of the output of the delay circuit which is fed both as a
      counting input the the counter and a transfer trigger to the buffer
      storage.
PAR  The buffer storage stores one digitized angle signal at a time and feeds
      each such digitized signal through a gate 160 for storage in an
      accumulator 162 that retains each of the angle signals A, B, C, D, in
      digital form. The gate 160 is repetitively triggered by the five channel 1
      through channel 5 signals derived from the output of the modulo 5 counter
      but in a phase lagging relation such that when channel 1 of the
      multiplexor is open and feeding the angle A resolver signal to the
      converter, the gate 160 is feeding the angle E contents of the buffer
      storage to the accumulator, and when the angle B resolver signal is being
      fed through the multiplexor, the buffer storage is being fed through the
      sequential gate to store angle A. Thus, after each angle is converted and
      stored in the buffer, it is gated out to the accumulator while the next
      angle is being digitized.
PAR  In the accumulator 162 the change in the most recently digitized value of
      each angle, angle A for example, is added to the previously accumulated
      total value of angle A. Thus, the accumulator has the contents thereof
      augmented by the difference between each converted digitized resolver
      output and the previous value thereof, and accordingly will retain a
      continuously varying value of each of the digitized angles A, B, C, D and
      E. Difference circuitry and inputs as described below and illustrated at
      180, 182, but providing quantitative outputs, may be incorporated in the
      accumulator 162 to obtain the angle "delta" or difference that is added to
      the angle values stored in the accumulator for each angle digitization.
      The contents of the accumulator are changing in accordance with variation
      of the resolver angles at all times, whether or not any of the previously
      mentioned conditions have occurred. In other words, even while the working
      head is moving from one measurement position to another measurement
      position, the resolvers continue to provide a varying angle output and the
      accumulator continues to change its contents to keep a continuously
      updated record of the angle values.
PAR  Upon occurrence of selected conditions of measurement readout, the contents
      of the accumulator are fed through a gating circuit 166 to the desired
      utilization, display or recording apparatus 138. Thus the output of the
      gating circuit 166 may be fed to a suitable display of the values of the
      accumulator contents, or may be fed to a recorder or fed directly to to
      the input of a computer. An analog or digital computer 168 having inputs
      representing the lengths L.sub.1, L.sub.2, L.sub.3 and L.sub.4 may be
      interposed between the accumulator output gating 166 and the output
      apparatus 138 to calculate the direction cosines .alpha., .beta., .gamma.
      and the position coordinates x, y, z in accordance with the equations set
      forth above.
PAR  The accumulator output gating is triggered by the output of an AND gate 170
      which has a first input on line 172 from the measuring condition attained
      signal and has a second input on line 174 from the output of an AND gate
      176 that comprises a portion of a velocity sensor logic circuit.
PAR  Referring now to the working head contact element circuitry shown in FIG.
      11, the exemplary V-groove working head has four mutually spaced and
      mutually insulated electrical contacts 125-128 of which 125, 126 and 127
      are connected in parallel via resistors R1, R2 and R3 to one side of a
      voltage source 178. Working head contact 128 is connected to the other
      side of the voltage source 178 through the operator's read command push
      button 122. Accordingly, if button 122 is actuated to connect contact 128
      to the voltage source, and if all of the contacts 125, 126, 127 and 128
      are in electrical contact with the electrically conductive pipe of which
      the direction is to be measured, a signal appears on line 172 to provide a
      first input to AND gate 170. If one or more of the contacts 125, 126 and
      127 is not in contact with the pipe being measured, the signal on line 172
      does not have sufficient magnitude to enable the AND gate 170. Further, if
      button 122 is not operated or if the contact 128 is not in contact with
      the pipe being measured, the circuit is not completed, and there can be no
      enabling input to the AND gate 170.
PAR  Although various types of zero velocity sensors may be employed, such as
      velocity meters or acceleration sensing devices directly mounted on the
      working head, it is found convenient to detect the rest condition of the
      working head by detecting the rate of change of the outputs of each of the
      angle resolvers. For example, if the digitized output of angle resolver 62
      (angle A) has not changed from one digitization thereof to the next by
      more than one unit of resolution (there being 12.sup.2 units of resolution
      in the 12 bit digitization) it may be considered that this resolver is at
      rest and has a zero velocity. Similarly, the outputs of each of the other
      resolvers must not have changed by more than one unit of resolution and
      thus the entire working head is known to be at rest, since other motions
      (other than rotations about the five axes A, B, C, D and E) of the working
      head are restrained by the illustrated construction.
PAR  For the purpose of comparing change of each angle from one digitization to
      the next, each digitized angle, as it is passed through sequential gate
      160 is fed through a delay network 180 for temporary storage in a
      difference circuit 182 having storage sections A.sub.n.sub.-1,
      B.sub.n.sub.-1, C.sub.n.sub.-1, D.sub.n.sub.-1 and E.sub.n.sub.-1. During
      the next cycle of five conversions by the syncro to digital converter 150,
      the digitized angle values A.sub.n, B.sub.n, C.sub.n, D.sub.n and E.sub.n
      (where A.sub.n is the measured value that immediately follows the measured
      value A.sub.n.sub.-1, etc.) are fed directly to the difference circuit for
      comparison with their previous values A.sub.n.sub.-1, B.sub.n.sub.-2,
      C.sub.n.sub.-1, D.sub.n.sub.-1 and E.sub.n.sub.-1. The A.sub.n, B.sub.n,
      C.sub.n, D.sub.n, E.sub.n signals are also fed through delay 180 to
      replace the previous stored values A.sub.n.sub.-1, B.sub.n.sub.-1,
      C.sub.n.sub.-1, D.sub.n.sub.-1 and E.sub.n.sub.-1. If the difference
      between the value of each angle and its previous value is less than a
      predetermined amount, such as for example, one unit of resolution, a true
      signal is fed via a respective one of the lines 182a- 182e to enable AND
      gate 176 to thereby provide a second enabling signal to AND gate 170 when
      and only when all of the five angles have not changed by more than the
      predetermined value.
PAR  Since the described difference circuit will enable AND gate 176 only when
      differences related to all of the five angles have been determined, this
      arrangement inherently provides a delay that insures the reading of all
      five angles, wherefor no separate circuit, such as a counter for counting
      five or more channel switching operations of the multiplexor or outputs of
      the counter, is needed to ensure that all five angles have been read out
      of the resolvers, digitized and fed into the accumulator. Nevertheless,
      additional delays and delay circuits may be provided if more cycles of
      digitization are desired before reading out of the accumulators.
PAR  If deemed necessary or desirable, the same difference circuit 182, or a
      circuit substantially identical thereto, may be arranged to provide a
      second velocity output indicating that the working head motion is too
      fast. Such an output is provided on any one of lines 183a-183e when the
      difference between the value of one of the angles and its previous value
      is greater than a predetermined amount. The lines 183a-e are fed as inputs
      to an OR circuit 184 so that if there is a signal on any one of these
      lines indicating that one of the angles is changing too rapidly, an output
      signal will appear on line 186 at the output of the OR circuit 184 to warn
      the operator and enable him to move the working head back to its reference
      position (in contact with calibration rod 130 of FIG. 1), and to reset the
      accumulator by applying a reset signal on line 188.
PAR  Although the accumulator in the arrangement of FIG. 11 will follow and
      retain the most recently generated angles of the several angle sensors, it
      is, nevertheless, desirable to reset the accumulators (with the working
      head in a reference direction and position) from time to time, at least
      after each group of measurements, for several reasons. Periodic
      recalibration or resetting avoids buildup of errors due to drift or other
      spurious signals that may enter the system. When changing the working
      head, whether a different size, shape or angle of working head is
      employed, it is necessary to reset the accumulators and to reset the
      system with the newly attached working head in the reference direction and
      position defined by the calibration rod 130. A manual reset signal may be
      also employed to reset other circuit registers and processing arrangements
      in the computer to enable or to permit the beginning of an entirely new
      set of computations. Similarly, resetting may be required when an object
      of different size or shape is being measured.
PAC  MODIFICATIONS
PAR  The working head 30 with its V-shaped groove 120 is particularly adapted to
      enable the working head to be angularly displaced from the reference
      direction until it attains a measuring direction that is precisely
      parallel to the axis of a tube straight being measured. It will be readily
      appreciated that many other types and shapes of working heads may be
      substituted for the working head 30 to enable alignment of the working
      head direction axis in a direction fixedly related to an object other than
      a cylindrical shape. For example, as illustrated in FIG. 12, optical
      alignment of the working head may be employed. Thus, the same articulated
      links 20, 22, 24, 26 and 28 with their angle sensor read out may be
      employed, all constructed and arranged as shown in FIGS. 1 through 7.
      Howeover, in the place of the working head 30, fixed to the fifth link 28,
      there is provided an optical working head 200. Such an optical working
      head may take many forms, such as for example, the autocollimator
      illustrated in U.S. Pat. No. 3.024,365 to Smith et al. Briefly, such an
      autocollimator comprise an electro-optical system which projects a beam of
      light 202 toward a reflective surface 204, and receives returning light
      reflected from the surface 204. The autocollimator is employed to measure
      the direction of a normal to the surface 204. In certain applications, the
      surface 204 may comprise a mirror fixed to a navigating instrument, such
      as a stable platform of an inertial navigator 206. Such navigators require
      precision alignment with respect to known directions on the earth or with
      respect to the fixed stars, prior to use. Accordingly, the autocollimator
      will project a beam of light and receive the reflection thereof from the
      surface of which the direction of a normal is to be measured. When the
      reflected beam is coincident with the projected beam, the optical axis of
      the autocollimator (e.g. the direction axis of this working head) is
      precisely normal to the reflecting surface and the latter therefore has a
      known angular relation with respect to the direction axis of the
      autocollimator.
PAR  In accordance with the present invention, the autocollimator is mounted to
      constitute the alignable working head of the meauring instrument. It may
      be readily displaced angularly about any of the five rotational axes of
      the instrument, until its optical or direction axis is precisely or
      substantially aligned with a normal to the reflecting surface 204. It may
      be noted that certain autocollimators, such as that shown in the Smith et
      al patent, will read out a deviation between the autocollimator axis and
      the direction normal to the surface being observed. In such a case, the
      deviation is combined with the direction of the autocollimator optical
      axis, as defined by the angles A, B, C, D and E, which are read from the
      several angle sensors of the measuring instrument as previously described.
      Although position coordinates of a point on the autocollimator may still
      be measured as described above, in connection with position coordinates of
      a point on the vector being measured, such position is now required for
      measurements of alignment only.
PAR  Even when position measurement is not required it is still necessary to
      translate the working head because all directions to be measured do not
      intersect a single point and the working head direction axis must actually
      be moved both angularly and translationally. The described articulation
      achieves both translation and rotation solely by the use of rotary
      motions, although additional translational or rotational freedoms may be
      provided.
PAR  Another and simplier type of optical alignment is also illustrated in FIG.
      12 as comprising a pair of optical sighting devices such as conventional
      gun sights or reticles, 208, 210 mounted on the working head 200 to define
      an optical or direction axis of the working head. When using these sights
      208, 210, the working head is aligned until the line of sight through the
      sights 208, 210 is precisely aligned with a line such as the edge 212 that
      is fixedly related to or part of the object being measured.
PAR  The several optical alignment arrangements illustrated in FIG. 12 are
      merely exemplary of various types of radiant energy, magnetic or other
      alignment devices that are well known. Such alignment devices need merely
      be fixed to the end link 28 of the described five axis articulated
      measuring instrument and then translated and angularly displaced to a
      position of alignment with respect to a direction to be measured. Upon
      attainment of such a measuring direction, automatic means, or manual means
      controlled by the operator, may be actuated to signal attainment of the
      measuring direction so that the five instrument angles may then be read
      out as previously described.
PAR  Illustrated in FIG. 13, is a modified form of contacting working head which
      is mounted to the support 12 by means of the articulated links 20, 22, 24,
      26 and an end link 214 which, in this case, is bent at an angle such as
      90.degree. to allow the working head to extend in still other directions
      that may be inconvenient with the straight fifth link 28 of FIG. 1. The
      working head shown in FIG. 13 may be identical to that illustrated in
      FIGS. 8 and 9 except for the orientation of its direction axis (V-groove)
      with respect to the instrument axes.
PAR  Although the vector to be measured can be fully and completely defined in a
      reference coordinate system by angular rotation through the five
      illustrated degrees of rotational freedom, about the axes A, B, C, D and
      E, it will be readily appreciated that six or more degrees of freedom may
      also be employed with corresponding changes in the equations defining the
      vector in terms of the six or more angles. For example, the working head,
      instead of being fixed to the final arm 28 may be pivoted to the arm 28
      about an axis parallel to, perpendicular to, or extending at some other
      angle with respect to the axis E. An angle sensor for read out of the
      angle of rotation about such sixth axis would also be provided.
      Alternatively, as illustrated in FIG. 13, an arrangement employing a sixth
      axis of rotation may comprise another rotational axis coincident with the
      axis of the second link 22. Thus, the link 22 may be made in two parts,
      22a and 22b, constructed and arranged substantially identical to the two
      links 24, 26 and their corresponding elements 84, 100 illustrated in FIG.
      3. Thus, link 22b is rotatably journalled to and within the link 22a for
      rotation about the axis of the latter and a resolver 216 is provided to
      read out the rotation of the link 22b relative to the link 22a about this
      sixth axis. It will be readily appreciated that the sixth axis, or still
      other axes may be chosen or located at different points in the illustrated
      arrangement. Further, even where only five axes are employed, these need
      not be oriented with respect to one another in the manner shown but
      various angular relations of such five axes relative to one another may be
      employed without departing from principles of the present invention. A
      significant feature of the present invention in the attainment by the
      working head of an orientation that is defined completely in terms of the
      angular rotations about the several axes of rotation.
PAR  The radiant energy working head illustrated in FIG. 12 enables measurements
      of direction without contacting the object of which the direction is to be
      measured, and uniquely facilitates the measurement of a normal to a planar
      surface with a single observation. If the normal to such a surface were to
      be defined by terms of coordinate positions of three or more separate
      points thereon using prior art coordinate position measuring instruments,
      such instruments would require three separate and independent
      measurements. With the measuring instrument described therein, on the
      other hand, only a single measurement or measuring operation is required.
      It is not necessary to make three different setups or three different
      contacts with the surface.
PAR  Another form of surface measuring working head, specifically adapted to
      measure direction of a normal to a surface by contact with the surface is
      illustrated in FIGS. 14 and 15, together with the fifth link which, in
      this case, is indicated by reference numeral 220. The fifth link 220, FIG.
      14, comprises a rigid, hollow, tubular member 222 fixedly carrying a pivot
      block 224 which is functionally analagous and geometrically similar to the
      pivot block 114 shown in FIG. 3. Thus, the pivot block 224 may be
      journalled to the end block 106 of the fourth link in the manner
      illustrated in FIG. 3. Pivot block 224 has secured thereto a resolver
      driving gear (not shown in FIG. 14) similar to the gear 112 to enable read
      out of the Angle E. Journalled to and within the tubular member 222, upon
      bearings 226, 227, for rotation about a working head swivel axis, is an
      angulated swivel arm 230 fixedly carrying a contact plate 232. Extending
      slightly from the outer surface 234 of contact plate 232 are three contact
      pins 236, 238, and 240 that collectively define a plane which is fixedly
      oriented with respect to the working head 230 through 240. A normal to
      such plane is the direction axis of this working head. If deemed necessary
      or desirable, the three contact pins 236, 238, and 240 may be electrically
      connected with an operator's push button in a circuit substantially
      identical to that illustrated in FIG. 11 with respect to contact elements
      126, 127 and 128. Such a circuit simply omits one of the contacts, such as
      the contact 125. The circuit values are changed to ensure a signal on the
      output line indicating the measuring condition had been attained, when and
      only when all three contact pins 236, 238 and 240 are in contact with an
      electrically conductive planar surface of which the direction is to be
      measured.
PAR  It will be readily appreciated that where contact measurements are made on
      surfaces that are not electrically conductive, other contact sensing
      arrangements may be employed or the attainment of the measured position
      may simply be determined by the operator's observation. Furthermore,
      actual contact of the planar working head 232 through 240 need not be
      achieved since it is only necessary to move the working head to an angular
      position in which its orientation plane (as defined, for example, by
      elements 236, 238 and 240) is precisely parallel to the surface being
      measured. Such a parallel relation will exist when two surfaces are
      equidistant and accordingly, measurement of the distance between the
      working head and the surface to be measured, at three space points,
      indicates occurrence of such parallelism. The three point contact is but a
      special case of such three distance measurements.
PAR  If coordinate position of a point is to be measured with the working head
      of FIGS. 14 and 15, the working head is positioned until one of its edges
      (or one of the contact elements 236, 238, 240) which is normal to the
      surface 234 is at the point to be measured, thus defining a coordinate
      position of a point on the working head.
PAR  It will be readily appreciated that other types, shapes and sizes of
      working heads may be employed for determining attainment of a measuring
      direction by contact between the working head and the object. For example,
      as shown in FIG. 16, the working head may take the form of a cylindrical
      surface or rod 250 which is fixedly carried by the end link 28. This
      configuration will facilitate alignment of the working head with a concave
      surface, a groove or depressed track in an object.
PAR  An alternative form of working head for use with alignment of cylindrical
      surfaces is illustrated in FIG. 17 as comprising a working head 252 having
      an elongated concave cylindrical surface fixed to the end link 28. The
      various working heads may have different types of contact elements to
      signal attainment of the measuring direction and such contact elements
      (and also the related signaling circuitry) may be substantially identical
      to those described in connection with the working head 30.
PAR  In many applications, and particularly where a working head of the type
      shown in FIGS. 14 and 15 is used to measure direction of a normal to a
      surface, it may not be necessary to stop motion of the head in order to
      read out the angles. Thus, it may be sufficient to measure the direction
      of a normal anywhere within a selected area of a surface, so that the zero
      velocity condition of accumulator readout is not necessary and the working
      head can be moving anywhere within the selected area, but always in its
      measuring orientation, when readout occurs.
PAR  There have been described methods and apparatus for direct measurement of a
      vector which measurement is simple and readily made. The measurement
      employs an instrument of relatively small size and mass, capable of making
      measurements on a variety of shapes and sizes of objects, which is
      exceedingly flexible and has a mass and weight small enough to provide
      feasible portability.
PAR  The foregoing detailed description is to be clearly understood as given by
      way of illustration and example only, the spirit and scope of this
      invention being limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination,
PA1  a support,
PA1  a working head having a direction axis,
PA1  an articulated arm mounting the head to the support for movement with
      components of rotation about a plurality of mutually angulated axes to
      diverse angular orientations, and means responsive to articulation of said
      arm for generating a set of signals that collectively define the angular
      orientation of the head direction axis.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said arm includes means for mounting
      the head to the support with at least five degrees of rotational freedom.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said means for generating includes a
      plurality of angular motion transducers for generating signals
      respectively indicative of angular motion through respective ones of said
      five degrees of freedom.
NUM  4.
PAR  4. The apparatus of claim 1 including means responsive to said signals for
      indicating the position of a point fixedly related to said head.
NUM  5.
PAR  5. The apparatus of claim 1 including means for generating a condition
      attained signal in response to arrival of said working head direction axis
      at an angular orientation having a known angular relation relative to a
      direction that is to be measured.
NUM  6.
PAR  6. The apparatus of claim 5 including means responsive to said condition
      attained signal for providing an output indicative of the values of
      signals of said set.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said working head includes contact
      means for defining said direction axis and orienting said working head,
      said contact means being adapted to engage an object having a known
      angular relation relative to the direction that is to be measured.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said working head includes optical
      alignment means for defining said direction axis and for orienting said
      working head relative to the direction that is to be measured.
NUM  9.
PAR  9. In combination
PA1  a support,
PA1  a working head having a direction axis,
PA1  an articulated arm mounting the head to the support for movement to diverse
      angular orientations, and means responsive to articulation of said arm for
      generating a set of signals that collectively define the angular
      orientation of the head direction axis, including alignment means for
      defining said direction axis and for indicating angular orientation of the
      working head relative to the direction that is to be measured, thereby to
      facilitate alignment of said working head.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said alignment means comprises a
      plurality of contact elements on said working head, and means for
      generating a condition attained signal in response to engagement of at
      least a group of said elements with an object.
NUM  11.
PAR  11. The apparatus of claim 9 wherein said alignment means comprises a set
      of three contact elements on the working head collectively defining a
      plane normal to said direction axis.
NUM  12.
PAR  12. A measuring instrument comprising
PA1  a support,
PA1  a working head adapted to be aligned in a measuring direction having a
      fixed angular relation with respect to a direction that is to be measured
      in three dimensions, means including a plurality of pivotally
      interconnected links for mounting the working head to the support for
      motion of said working head through a plurality of diverse orientations in
      three dimensions, and
PA1  means for measuring the angular relations between adjacent ones of said
      links to provide a set of measured values that collectively define the
      direction to be measured.
NUM  13.
PAR  13. The instrument of claim 12 including means for enabling read out of
      said angular relations in response to attainment of said measuring
      direction by said working head.
NUM  14.
PAR  14. The instrument of claim 12 including means for enabling read out of
      said angular relations upon ococurrence of at least one of a group of
      selected conditions.
NUM  15.
PAR  15. The instrument of claim 14 wherein one of said conditions comprises the
      attainment by said working head of said measuring direction.
NUM  16.
PAR  16. The instrument of claim 14 wherein one of said conditions comprises an
      operator's read out command.
NUM  17.
PAR  17. The instrument of claim 14 wherein one of said conditions comprises a
      condition of substantially zero velocity of said working head.
NUM  18.
PAR  18. The instrument of 17 wherein one of said conditions comprises the
      retention of said measuring direction by said working head for a
      predetermined interval of time.
NUM  19.
PAR  19. The instrument of claim 12 wherein said working head includes radiant
      energy means for aligning the head in said measuring direction.
NUM  20.
PAR  20. The instrument of claim 19 wherein said radiant energy means comprises
      an optical alignment device.
NUM  21.
PAR  21. The instrument of claim 20 wherein said optical alignment device
      comprises an autocollimator.
NUM  22.
PAR  22. The instrument of claim 12 including means responsive to said measured
      values for indicating both the direction and coordinate position of said
      working head in a reference coordinate system.
NUM  23.
PAR  23. The instrument of claim 12 including calibration means fixed to said
      support for defining a reference direction, said head being movable to a
      reference orientation having a fixed angular relation with respect to said
      reference direction.
NUM  24.
PAR  24. A measuring instrument comprising
PA1  a support,
PA1  a working head adapted to be aligned in a measuring direction having a
      fixed angular relation with respect to a direction that is to be measured,
      a plurality of pivotally interconnected links movably mounting the working
      head to the support, and
PA1  means for measuring the angular relations between adjacent ones of said
      links to provide a set of measured values that collectively define the
      direction to be measured, said pivotally interconnected links comprising a
      first link pivotally mounted to the support, a second link connected to
      the working head, and a plurality of intermediate links pivotally
      connected to and between said first and second links about at least three
      different axes, whereby the working head is mounted to the support for at
      least five degrees of rotational freedom.
NUM  25.
PAR  25. A measuring instrument comprising
PA1  a support,
PA1  a working head adapted to be aligned in a measuring direction having a
      fixed angular relation with respect to a direction that is to be measured,
      a plurality of pivotally interconnected links movably mounting the working
      head to the support, and
PA1  means for measuring the angular relations between adjacent ones of said
      links to provide a set of measured values that collectively define the
      direction to be measured, said working head including a contact portion
      adapted to engage an object of which a direction is to be measured, and
      further including means for indicating when the contact portion is in
      engagement with said object.
NUM  26.
PAR  26. The instrument of claim 25 wherein said contact portion comprises a
      plurality of mutually spaced contact elements fixed to the working head
      and positioned to collectively define a direction having a fixed angular
      relation relative to the working head.
NUM  27.
PAR  27. The instrument of claim 26 wherein said contact elements comprise a
      plurality of mutually spaced and mutually insulated electrically
      conductive contacts.
NUM  28.
PAR  28. A measuring instrument comprising
PA1  a support,
PA1  a working head adapted to be aligned in a measuring direction having a
      fixed angular relation with respect to a direction that is to be measured,
      a plurality of pivotally interconnected links movably mounting the working
      head to the support, and
PA1  means for measuring the angular relations between adjacent ones of said
      links to provide a set of measured values that collectively define the
      direction to be measured, said means for measuring angular relations
      between said links comprising means for generating angle signals
      respectively representing the angular position of each of said links
      relative to an adjacent link, a multiplexor responsive to said angle
      signals and having an output channel in which the angle sinals
      sequentially appear, a digital converter responsive to said multiplexor
      output channel, an accumulator, and means for seqentially gating the
      output of said converter into said accumulator whereby said accumulator
      will continuously store the values of said angles as the several links are
      moved to angularly position the working head.
NUM  29.
PAR  29. The instrument of claim 28 including means responsive to occurrence of
      at least one of a group of conditions related to said working head for
      reading from said accumulator values of the angles contained therein.
NUM  30.
PAR  30. The instrument of claim 29 wherein one of said conditions comprises the
      attainment by said working head of said measuring direction.
NUM  31.
PAR  31. The instrument of claim 29 wherein one of said conditions comprises an
      operator's read out command.
NUM  32.
PAR  32. The instrument of claim 29 wherein one of said conditions comprises a
      condition of substantially zero velocity of said working head.
NUM  33.
PAR  33. The instrument of claim 29 including means responsive to the angle
      values contained in said accumulator for computing direction angles of
      said direction to be measured, as expressed in a reference coordinate
      system.
NUM  34.
PAR  34. The instrument of claim 33 including means for establishing a reference
      direction relative to said support, and means for resetting said
      accumulator when said working head is moved to a position having a fixed
      angular relation to said reference direction.
NUM  35.
PAR  35. The method of measuring direction in three dimensions of a line having
      a known angular relation to an object comprising the steps of:
PA1  angularly displacing a working head in three dimensions from a reference
      direction about a plurality of mutually angulated axes of rotation until
      the working head is translated and rotated to attain a measuring position
      having a predetermined angular relation to the object, and measuring the
      angular displacements of the working head about each of said axes.
NUM  36.
PAR  36. The method of claim 35 including the step of sensing attainment of said
      measuring position by said working head, and thereupon providing an
      indication of the angular displacements of the working head about said
      axes.
NUM  37.
PAR  37. The method of claim 35 including the step of positioning said working
      head in said reference direction.
NUM  38.
PAR  38. The method of measuring direction of a line having a known angular
      relation to an object comprising the steps of:
PA1  angularly displacing a working head from a reference direction about a
      plurality of axes of rotation until the working head is translated and
      rotated to attain a measuring position having a predetermined angular
      relation to the object, and
PA1  measuring the angular displacements of the working head about each of said
      axes, said first mentioned step including angularly displacing the working
      head about at least five mutually independent axes.
NUM  39.
PAR  39. The method of measuring direction of a line having a known angular
      relation to an object comprising the steps of:
PA1  angularly displacing a working head from a reference direction about a
      plurality of axes of rotation until the working head is translated and
      rotated to attain a measuring position having a predetermined angular
      relation to the object, and
PA1  measuring the angular displacements of the working head about each of said
      axes, including the step of restraining motion of the working head that
      does not occur as a rotation about at least one of said axes of rotation.
NUM  40.
PAR  40. The method of measuring direction of a line having a known angular
      relation to an object comprising the steps of:
PA1  angularly displacing a working head from a reference direction about a
      plurality of axes of rotation until the working head is translated and
      rotated to attain a measuring position having a predetermined angular
      relation to the object, and
PA1  measuring the angular displacements of the working head about each of said
      axes, said first mentioned step including displacing the working head
      about said axes until it attains a position with both a measuring
      direction and location having a predetermined relation to a vector that is
      fixed with respect to the object.
NUM  41.
PAR  41. The method of claim 40 including means responsive to said measured
      angular displacements of the working head about said axes for defining
      both position and direction.
NUM  42.
PAR  42. A measuring instrument comprising
PA1  a work table,
PA1  a column fixed to the work table and upstanding therefrom,
PA1  a first link mounted to said column for rotation about
PA1  a first axis aligned with the axis of said column,
PA1  a first angle sensor connected to be operated by rotation by said first
      link,
PA1  a second link pivoted to said first link for rotation about a second axis
      angularly related to axis of said first link,
PA1  a second angle sensor connected to be operated by rotation of the second
      link about said second axis,
PA1  a third link provided to said second link for rotation about a third axis
      angularly related to the axis of said second link,
PA1  a third angle sensor connected to be operated by rotation of said third
      link about said third axis,
PA1  a fourth link mounted to said third link for rotation about a fourth axis
      aligned with the axis of said third link,
PA1  a fourth angle sensor connected to be operated by rotation of said fourth
      link about said fourth axis,
PA1  a fifth link pivoted to said fourth link for rotation about a fifth axis
      angularly related to said fourth axis,
PA1  a fifth angle sensor connected to be operated by rotation of the fifth link
      about said fifth axis, and
PA1  a working head carried by said fifth link, said working head having
      alignment means that has a fixed angular relation to said fifth link.
NUM  43.
PAR  43. The measuring instrument of claim 42 wherein said working head includes
      means for signaling attainment by said working head of a direction having
      a fixed angular relation relative to a direction to be measured.
NUM  44.
PAR  44. The measuring instrument of claim 42 wherein said alignment means
      includes a plurality of mutually spaced contact elements adapted to
      simultaneously contact an object of which a direction is to be measured so
      as to position the working head in a known angular relation relative to
      the object.
NUM  45.
PAR  45. The instrument of claim 42 including means for mounting said working
      head to said fifth link for rotation about a swivel axis fixedly related
      to said link and for restraining motion of said working head relative to
      said fifth link about axes angularly related to said swivel axis.
NUM  46.
PAR  46. An instrument for measuring a vector in three dimensions comprising
PA1  a support,
PA1  a working head having a direction axis, means for mounting said working
      head to said support with an orientation that is variable in three
      dimensions, whereby said direction axis may be positioned in a known
      relation to the vector to be measured, and
PA1  means for providing a set of values that collectively define the
      orientation of said direction axis in three dimensions.
NUM  47.
PAR  47. The instrument of claim 46 wherein said means for mounting said working
      head comprises a plurality of pivotally interconnected link means for
      mounting said head to said support for rotation about a plurality of
      mutually angulated axes.
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ABST
PAL  A computer, for use with a machine tool, can make any of a number of
      calculations involving ratios between two operands to determine the
      angular velocity of the spindle of the machine, the velocity and position
      of a movable member such as a carriage, and the ratio between two
      velocities. Any of such calculations is selected by means of a selector
      switch and a second selector switch is settable to select a time base for
      the calculation. The operands are represented by pulses produced by
      transducers associated with movable members of the machine tool.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation of application Ser. No. 221,718 now
      abandoned filed Jan. 28, 1972 which was in turn a continuation-in-part
      application of my copending application Ser. No. 37,095 filed May 14,
      1970, now abandoned.
BSUM
PAR  The present invention relates to ratio computers and more particularly to
      such computers as may be employed in connection with machine tools such as
      lathes and the like. It is frequently desirable to obtain an accurate
      indication of any of several parameters related to the operation of the
      machine. For example, it is sometimes necessary to know accurately the
      actual revolutions per minute being turned by the spindle of the machine.
      It is also sometimes necessary to know the ratio between one velocity and
      another. This is particularly important when it is desired to cut a helix
      or the like in work held in position on the lathe and turned by the
      spindle, where the pitch of the helix is determined by the ratio between
      the velocity of a tool-handling carriage and the angular velocity of the
      spindle. At other times it is desirable to monitor either the position or
      the velocity of the tool-holding carriage or some other movable member
      associated with the machine tool.
PAR  An indication of the appropriate parameter must be provided substantially
      instantaneously on demand of the operator, and the operator must be able
      to select any of the various parameters for display. The operator must
      also have control over the tiime base used for calculating a velocity or a
      velocity ratio, so that either instantaneous or average velocities are
      used in effecting the calculations. It is also desirable that the operator
      be provided with means for initiating calculations at a particular time by
      the actuation of a manual control so that the information is displayed in
      reference to a particular time frame.
PAR  Accordingly, it is a principle object of the present invention to provide a
      ratio computer selectively operable to calculate any of a number of
      parameters involving the velocity of one or more members, using either
      instantaneous or average velocities.
PAR  Another object of the present invention is to provide such a computer
      embodying manually operable means for initiating the calculation.
PAR  A further object of the present invention is to provide such a computer in
      which substantially all of the components of the computer are employed in
      calculating substantially all of the parameters selected for calculation.
PAR  A further object of the present invention is to provide such a computer,
      with means for selectively compensating for forward or reverse movement of
      a movable member.
PAR  Another object of the present invention is to provide a transducer for
      accurately monitoring the position and velocity of a movable member and
      producing a pulse for each increment of movement thereof.
PAR  These and other objects of the present invention will become manifest upon
      examination of the following description and the accompanying drawings.
PAR  In one embodiment of the present invention there is provided a first
      counter for counting pulses produced in response to incremental movement
      of a movable member of a machine tool, a source of reference pulses, a
      second counter connected to the source for counting the reference pulses,
      a selector switch connected to the second counter and operative to produce
      a coincidence signal when the second counter has counted a preselected
      number of reference pulses, and an indicator connected to the first
      counter and to the selector switch to display the number of pulses counted
      by the first counter during the interval ending with the production of
      said coincidence signal.
PAR  In another embodiment of the present invention, means are provided for
      causing the first counter to count up or down, in response to the
      direction of motion of the movable member.
DRWD
PAR  Reference will now be made to the accompanying drawings in which:
PAR  FIG. 1 is a functional block diagram of a ratio computer constructed in
      accordance with one embodiment of the present invention, and shown in
      association with a machine tool;
PAR  FIG. 2 is a perspective view of a transducer for developing pulses in
      response to incremental rotation of a shaft, employed to generate one of
      the operands used in the apparatus of FIG. 1;
PAR  FIG. 3 is a vertical cross section of a transducer for developing pulses in
      response to incremental movement of a rectilinearly movable member,
      employed to generate one of the operands used in the apparatus of FIG. 1;
PAR  FIG. 4 is a perspective view of the apparatus of FIG. 3; and
PAR  FIG. 5 is a functional block diagram of an alternative embodiment of the
      present invention.
DETD
PAR  Referring now to FIG. 1, there is illustrated in diagramatic form a lathe
      10 from which two signals representative of two operands are derived. The
      signals are developed by suitable transducers on the lathe, and are
      delivered to lines 12 and 14. The transducer connected to the line 12 is
      associated with the spindle 16 of the lathe to develop pulses in response
      to incremental rotation of the spindle, and the transducer connected to
      the line 14 is associated with a carriage 18 to develop pulses in response
      to incremental movement or position of the carriage 18. The signals on the
      lines 12 and 14 are both in the form of pulse trains of variable
      frequency, the frequency dependent upon the velocity of movement being
      sensed. Each pulse indicates the movement of the carriage 18 by a
      predetermined increment or the rotation of the spindle 16 by a
      predetermined increment. Accordingly, the total number of pulses on each
      line, during any period of time, indicates the total movement or rotation
      of the associated member during that time.
PAR  The pulses on the lines 12 and 14 are representative of position or
      velocity operands and are selectively connected to the inputs of the ratio
      computer through a five positon selector switch 20 having two ganged
      sections 20a and 20b. The switch 20 is manually rotatable to select a
      different combination of operands at each switch position. The positions
      of the switch 20 are designated 1 through 5 in clockwise sequence.
PAR  A terminal 22 is connected to switch section 20a, position 5, via a line
      24, and to switch section 20b, positions 2, 4 and 5 via a line 26. A
      terminal 28 is connected with the switch section 20b, position 3, via a
      line 30. The terminal 22 is connected to a source of a.c. voltage having a
      frequency of 60 Hz., and may readily be derived from a conventional wall
      outlet. The terminal 28 is connected with a manually operable switch 32
      which is closed when it is desired to furnish a single pulse as one of the
      operands of the computer. The switch 32, when closed, connects the
      terminal 28 to a capacitor 36. When the switch 32 is open, as shown, the
      capacitor 36 is charged through a resistor 34 from a source of positive
      potential connected to a terminal 38, to which the resistor 34 is
      connected.
PAR  When the selector switch 20 is in its first position, as shown in FIG. 1,
      the line 12 is connected through the switch section 20b to a line 40 and
      the line 14 is connected through the switch section 20a to a line 42. A
      wave shaper 44 is connected to the line 40 to receive the pulses on the
      line 12 and is operative to shape the pulses into standard rectangular
      pulses of sufficient amplitude to operate the logic units which are
      connected with the output of the wave shapers 44 and 46. A similar shaper
      46 is connected to the line 42 to shape and standardize the amplitude of
      the pulses on the line 42. The major logic units which are connected with
      the shapers 44 and 46 comprise a time base counter 48, a parameter counter
      50, and a display unit 52. In addition to these three major units there
      are a number of NAND gates and one control flip-flop which regulate the
      operation of the counters 48 and 50 and the display unit 52. The function
      of the time base counter 48 is to count pulses received from the shaper 44
      whereas the counter 50 counts pulses received from the shaper 46. The
      counting of both counters ends when the counter 48 reaches a predetermined
      value, at which time the display unit 52 displays the contents of the
      counter 50 in arabic numeral form. Accordingly, the quantity displayed is
      representative of the number of pulses furnished by the wave shaper 46
      within the period defined by a predetermined number of pulses furnished by
      the shaper 44.
PAR  When the selector switch 20 is in its first position, as illustrated in
      FIG. 1, the counter 48 receives the pulses made available on the line 12
      and the counter 50 receives the pulses made available on the line 14, as
      will now be described.
PAR  A NAND gate 54 has one input terminal connected to the output of the shaper
      44 and another input connected to a terminal 56. The terminal 56 is
      connected to a source of positive potential when the computer is effecting
      a calculation. The NAND gate 54 is one of a number of identical gates
      employed in the computer and functions to present a signal at its output
      which is the complement of the two inputs gated together. Signals will
      hereinafter be referred to as being "true" when a relatively positive
      potential is exhibited and "false" when a relatively negative or ground
      potential is exhibited. Thus, the output of each NAND gate is false if and
      only if both of its inputs are true.
PAR  The signal derived from the output of the shaper 44 is hereinafter referred
      to as the A signal, or the one representative of the A operand. The signal
      at the terminal 56 is hereinafter referred to as the C signal, which goes
      true at the beginning of the first calculation. The inputs to the NAND
      gate 54 are A and C, and its output is the complement of A and C or
      A.sup.. C.
PAR  The output of the NAND gate 54 is connected to an inverter 57 which
      complements or inverts its input, so that the output of the inverter 57 is
      A.C. This output is connected to one input of a NAND gate 58. The other
      input of the NAND gate 58 is connected to the output of an inverter 60.
PAR  The input of the inverter 60 is connected to the output of a control
      flip-flop 64, which is hereinafter referred to as the D signal, and is so
      indicated in FIG. 1. The output of the inverter 60 is therefore the
      complement of D (or D). The output of the NAND gate 58 is therefore
      A.sup.. C.sup.. D. The output of the NAND gate 58 is connected through an
      inverter 66 to an input of the control flip-flop 64. Accordingly, the
      flip-flop 64 is caused to change its state when A.sup.. C.sup.. D is true.
      D is true (or D is false) during the initial operation of the ratio
      computer, and C is true during the course of a calculation, as described
      above. Therefore, the occurrence of the first A pulse derived from the
      line 12 makes A.sup.. C.sup.. D true and a pulse is applied to the
      flip-flop 64, causing it to change its state and inverting its output.
      Accordingly the output of the flip-flop 64, viz. the D signal, becomes
      true. Further operation of the NAND gate 58 is inhibited as long as D is
      true so that the flip-flop 64 can be reset to its former state only
      through another input. This occurs at the end of a calculation, as will be
      described hereinafter.
PAR  A NAND gate 70 has one of its inputs connected to the output of the
      flip-flop 64 and another input connected to the output of the inverter 57.
      A third input of the NAND gate 70 is connected to the rotating contact of
      a time base selector switch 72. The signal produced by the switch 72 and
      connected to the NAND gate 70 is referred to hereinafter as the E signal.
      The E signal is true until the counter 48 has counted the number of pulses
      selected by operation of the switch 72.
PAR  The output of the NAND gate 70 is A.sup.. C.sup.. D.sup.. E, and this is
      connected through an inverter 74 over a line 76 to the counter 48. The
      inverter 74 provides a signal at its output when A.sup.. C.sup.. D.sup.. E
      is true. C is normally true and D is true after the flip-flop 64 has been
      set. E is true as long as the counter 48 has not reached the count preset
      by the selector switch 72. Accordingly, A.sup.. C.sup.. D.sup.. E is true
      during each A pulse, and the A pulses conveyed to the counter 48 over its
      input line 76 are counted therein. The initial contents of the counter 48
      is zero so that the contents of the counter 48 correspond to the total
      number of A pulses produced since the D signal became true.
PAR  The output of the wave shaper 46 is connected to an input of the NAND gate
      78. Another input of the NAND gate 78 is connected to the terminal 56.
      Accordingly, the output of the NAND gate 78 is B.sup.. C. The output of
      the NAND gate 78 is connected to an inverter 80, and the output of the
      inverter is therefore B.sup.. C.
PAR  A NAND gate 82 has one input connected to the output of the inverter 80,
      another input connected to the output of the flip-flop 64 and a third
      input connected to the switch 72, and so the output of the NAND gate 82 is
      B.sup.. C.sup.. D.sup.. E. An inverter 84 has its input connected to the
      output of the NAND gate 82, and its output is B.sup.. C.sup.. D.sup.. E,
      which is true for each B pulse after the flip-flop 64 is set. The output
      of the inverter 84 is connected to the input of the counter 50.
      Accordingly, each pulse on the line 14, corresponding to incremental
      movement of the carriage 18, results in the counting of a B pulse in the
      counter 50.
PAR  The display unit 52 includes three storage units 86s, 88s and 90s and three
      decoder units 86d, 88d and 90d. Each storage unit is connected to a decade
      of the counter 50, and the decoder units are connected to corresponding
      storage units. Three lamps 87, 89 and 91 are provided, one for each
      decoder unit. Although the counter 50 and the display unit 52 are
      illustrated as having three stages, four or more stages of each may be
      provided without departing from my invention. The lamps 87, 89 and 91 are
      preferably of the type having seven-segments which may be illuminated in
      various combinations to form arabic numerals, such as the commercially
      available Dialight Model No. 710-0301-005. The counter 50 in the preferred
      embodiment of the present invention is a binary coded decimal counter
      having three decades each coded in binary. The storage units 86s, 88s and
      90s are connected to the three decades by four lines each, by which the
      representation of the number stored in each decade is communicated to the
      decoder units in binary coded decimal. The function of the storage units
      is to store the quantity transferred from the counter, while the decoder
      units translate the binary coded decimal input from each decade into
      appropriate signals to drive the seven segment indicator lamps 87, 89 and
      91. The storage units 86s, 88s and 90s are set to the quantity manifested
      by the counter 50, upon application of a pulse to a terminal 92, and the
      decoder units 86d, 88d and 90d immediately produce the driving signals
      necessary to operate the lamps 87, 89 and 91 so that they display, in
      arabic numeral form, the quantity stored in the storage units. When
      another pulse is applied to the terminal 92 the storage units are again
      set, and the lamps display the new quantity. A delay unit 93 is connected
      between the terminal 92 and the resetting inputs of the decades of the
      counter 50, so the counter 50 is reset shortly after the storage units are
      set.
PAR  The counter 48 contains seven identical flip-flops 96 through 102 which are
      connected in cascade relationship so that the flip-flops form together a
      binary counter.
PAR  A NAND gate 104 has two inputs connected to the outputs of the flip-flops
      97 and 98 which both become true after six pulses have been counted by the
      counter 48. The output of the NAND gate 104 is therefore false only when
      the counter 48 is registering six and is at all other times true. The
      count of six is recognized when the switch 76 is in its clockwise most
      position to select the output of the NAND gate 104. A NAND gate 106 has
      its inputs connected to the outputs of flip-flops 97 and 99 which both
      become true when 10 pulses have been counted by the counter 48.
      Accordingly, if the switch 72 is caused to select the output of the NAND
      gate 106, a count of 10 is recognized when the output of this NAND gate
      goes false.
PAR  A NAND gate 108 has four inputs connected to the outputs of flip-flops 98,
      99, 100 and 101, all of which become true when 60 pulses have been
      received by the counter 48. Another NAND gate 110 has three inputs
      connected to the outputs of flip-flops 98, 101 and 102, all of which
      become true when 100 pulses have been received by the counter 48. In each
      case the output signal E from the time base selector switch 72 goes false
      upon the occurrence of the count selected by the switch 72.
PAR  The counter 48 receives A pulses derived from the line 12, in response to
      incremental rotation of the spindle 16, and when the spindle has rotated
      far enough to generate the number of pulses selected by the switch 72, the
      signal E goes false and disables both the NAND gates 70 and 82, to prevent
      further pulses from reaching the counters 48 and 50. The E signal from the
      switch 72 is also connected through an inverter 114 to the terminal 92, to
      cause the lamps 87, 89 and 91 to display the count stored within the
      counter 50. This count corresponds to the number of pulses supplied to the
      line 14, derived from movement of the carriage 18. The number of pulses
      counted by the counter 50 thus corresponds to the distance moved by the
      carriage 18 during the time the spindle 16 was rotated through an angle
      determined by the selector switch 72, and is therefore proportional to the
      ratio of the carriage velocity to the angular velocity of the spindle 16.
PAR  The output of delay unit 93 is also supplied through a switch 116 to a
      terminal 118 and thence to inputs of the flip-flop 64 all of the
      flip-flops of the counter 48, and the three decades of the counter 50 to
      reset all of them to their original state to prepare for a subsequent
      calculation. The next A pulse then sets the control flip-flop 64, in the
      manner which has been described above, and another calculation ensues,
      after which the display units 86, 88 and 90 are triggered by an E pulse
      applied to the terminal 92 to display the result of the subsequent
      calculation. In this way, the lamps 87, 89 and 91 continuously display
      up-to-date parameters derived by successive calculations of the computer.
PAR  If it is desired to have the display unit 52 continue to manifest the
      result of a single calculation, the switch 116 is opened to prevent
      resetting the control flip-flop 64 and the counters 48 and 50 until the
      switch 116 is closed again.
PAR  The operation of the computer has been described above with particular
      reference to its mode of operation in which the ratio of the carriage
      velocity to the angular velocity of the spindle is monitored. This is the
      mode of the system when the selector switch 20 is in the position
      illustrated. Four other modes of the computer are possible.
PAR  When the selector switch 20 is in its second position the A pulses are
      derived from the 60 Hz. voltage supplied to the terminal 22 and the B
      pulses are derived from the line 12. The B pulses have a frequency
      proportional to the angular velocity of the spindle 16, whereas the
      frequency of the A pulses is 60 Hz. The number of B pulses counted by the
      counter 50 during the period selected by the switch 72 is directly
      proportional to the angular velocity of the spindle 16. The scale factor
      (or proportionality constant) may be selected by means of the selector
      switch 72, and also by selecting the rate at which the spindle 16 produces
      its incremental pulses, as is described hereinafter. If one pulse per
      revolution of the spindle 16 is supplied to the line 12, and the switch 72
      is set to 60, the counter 50 is counted during each interval with the
      number of revolutions per second of the spindle 16. If the selector switch
      72 is set to 10, instead of 60, the number indicated by the display unit
      52 will be one-sixth of the number of revolutions per second of the
      spindle 16. The parameter displayed by the display unit 52 remains
      proportional to the angular velocity of the spindle 16, but the scale has
      been changed by a factor of 6. Another time base may be selected by
      adjustment of the selector switch 72 in order to provide an accurate
      indication of the angular velocity of the spindle 16, while insuring that
      the number of pulses counted by the counter 50 during each calculation
      does cause an overflow.
PAR  When the selector switch 20 is in its third position, a single A pulse is
      produced when the switch 32 is closed, and the B pulses are derived from
      the carriage 18, in response to incremental movement thereof. The single A
      pulse is counted by the counter 48, but a count of one does not produce a
      pulse at the selector switch 72, and the counter 50 counts the B pulses
      continuously. The terminal 92 is supplied with pulses at the appropriate
      times to cause the display unit 52 to continuously display the contents of
      the counter 50. Each B pulse corresponds to an incremental movement of the
      carriage 18 and advances the counter 50 by one unit, which advance is
      indicated by the display unit 52. The arabic number displayed by the
      display unit 52 therefore corresponds to the position of the carriage 18
      at that moment, relative to the position it was in when the closing of the
      switch 32 initiated the calculation. The calculation can be repeated at
      any time with reference to a new starting point of the carriage 18, simply
      by clearing the counters 48 and 50 by applying a pulse to the terminal 118
      and actuating the switch 32. The counter 50 then continues to count as
      before, with the position of the carriage 18 relative to the new reference
      point constantly displayed.
PAR  When the selector switch 20 is in its fourth position, the A pulses are
      again derived from the 60 Hz. source applied to the terminal 24, and the B
      pulses are derived from the line 14. The apparatus functions in this mode
      in the same manner as when the selector switch is in its second position,
      except that it is the velocity of the carriage 18 which is registered in
      the counter 50 and indicated by the display unit 52 instead of the angular
      velocity of the spindle 16.
PAR  The fifth position of the selector switch 20 functions to connect the 60
      Hz. source from the terminal 24 to both the wave shapers 44 and 46, to
      cause simultaneous generation of A and B pulses. In this mode the counter
      50 counts one pulse for each pulse counted by the counter 48 and the
      display device 52 therefore registers a number equal to the time base
      selected by the selector switch 72. This mode of operation permits the
      operation of the computer to be checked. When the display device 52
      indicates the number selected by the switch 72, proper operation of the
      counters 48 and 50 and their associated logic circuits is verified.
PAR  Referring now to FIG. 2 there is shown apparatus for developing incremental
      pulses in response to rotation of the spindle 16. The spindle shaft 16 is
      supported for rotation in a housing 120 by means of suitable bearings (not
      shown). A wheel 122 is mounted on the spindle 16 and rotates therewith.
      The wheel 122 has a cylindrical flange 124 at its outer periphery, and 36
      projections 126 are equally spaced around the outer surface of the flange
      124, about 10.degree. apart. One additional projection 128 is also secured
      to the flange 124 at a location which is ofsett from the circular path of
      travel of the projections 126 as the wheel 122 turns with the spindle 16.
PAR  The housing 130 rigidly mounted to the housing 120, supports a pair of
      magnetic pickup transducers 132 and 134. The transducer 132 is supported
      so that an end of the transducer is slightly displaced outwardly from the
      path of travel of projections 126. Each projection 126 induces a signal as
      it is rotated past magnetic pickup transducer 132. Since there are 36 of
      the projections 136 the transducer 132 produces 36 pulses per revolution
      of the spindle 16, each corresponding to an incremental rotation of
      10.degree..
PAR  The magnetic pickup transducer 134 is supported on the housing 130 with its
      end slightly displaced outwardly from the path of the projection 128. As
      there is only one projection 128, the transducer 134 produces one pulse
      per revolution of the spindle 16, corresponding to 360.degree. of
      rotation.
PAR  The transducers 132 and 134 may be of the type which is commercially
      available and sold by Airpax Electronics as model No. 340-0001 or model
      No. 1-0007. The output of either of the transducers 132 or 134 may be
      connected to the line 12 by means of a suitable switch so that the scale
      factor of the pulses presented on the line 12 may be changed by a factor
      of 36.
PAR  Referring now to FIGS. 3 and 4, a mechanism is illustrated for deriving
      pulses from movement of the carriage 18, so that one pulse is produced for
      each incremental movement of the carriage 18. A shaft 140 is connected for
      reciprocal movement with the carriage 18 and a cylinder 142 is connected
      with the shaft 140. A helical slot 144 is cut into the cylinder 142 and
      has a length measured along the axis of the cylinder 142 at least as great
      as the range of rectilinear movement of the shaft 140 along its axis. A
      disk 146 is mounted for rotation on the cylinder 142 and is provided with
      a spline or key (not shown) slidable in the slot 144. The disk 146 is
      restrained from rectilinear movement axially of the cylinder 142 by means
      of a yoke secured to the frame of the machine tool and having a pair of
      arms 148 and 150 extending generally parallel to the disk 146 on both
      sides thereof. A set of bearings 152 are imposed between the arms 148 and
      150 and the disk 146 to permit the disk 146 freely to rotate about the
      cylinder 142 while restraining axial movement thereof.
PAR  The outermost zone of the disk 146 is provided with a multiplicity of
      equally spaced marks 154. The marks 154 are preferably painted on, or
      otherwise applied to the surface of the disk 146 in such a way as to
      provide a maximum contrast between the appearance of the marks themselves
      and the background of the disk 146. The marks are illuminated by means of
      a light-emitting diode 156, energized by means of a source of voltage
      applied to its terminals 158. The light generated by the diode 156 is
      focused onto the marks 154 by means of a lens 160. A portion of the light
      is reflected from the marks 154, or from the spaces between the marks, and
      passes through a lens 162 to reach a phototransistor 164. The lens 160
      focuses light from the photodiode 156 onto a small area of the disk 146,
      so that only a single mark is illuminated, or no mark is illuminated,
      depending on the angular position of the disk 146. The phototransistor is
      connected with a supply of voltage, in the manner well understood by those
      skilled in the art, to produce an output signal of one polarity of
      magnitude when a mark is illuminated by the photodiode 156 and a signal of
      a different polarity or magnitude when no mark is illuminated by the light
      from the photodiode 156. Accordingly, one pulse is produced for each
      increment of rotation of the disk 146. In a preferred embodiment, the
      marks 154 are spaced on the disk 146 so that a single pulse is produced by
      the phototransistor for each 0.001 inch of linear motion of the shaft 140.
      The generation of the pulses by the phototransistor 164 is in no way
      dependent upon the velocity of the disk 146, but depends wholly upon
      successive marks 154 becoming illuminated. Therefore there is no minimum
      speed of movement of the shaft 140 or of the carriage 18 which must be
      achieved for the production of pulses from the phototransistor 164.
      Extremely low speeds of the carriage 18 are detectable, and the position
      of the carriage 18 may be determined with accuracy irrespective of how
      slowly the carriage 18 may be moving.
PAR  In the operation of the present invention, one of the transducers 132 and
      134 is selected for connection to the line 12, and the counters 48 and 50
      and the control flip-flop 64 are cleared or reset by application of a
      pulse to the terminal 118. Such a pulse may conveniently be generated by
      means of a manually operated switch similar to the switch 32. The time
      base selector 72 is set to the desired time base, and the parameter
      selector switch 20 is set in accordance with the parameter which is to be
      displayed. During these preliminary operations, the terminal 56 has a
      relatively negative voltage applied thereto, because of a switch 170
      connecting the terminal 56 to ground. This prevents the NAND gates 54 and
      78 from generating outputs in response to the A and B pulses produced by
      the wave shapers 44 and 46.
PAR  When the calculation is to begin, the switch 170 is actuated so that a
      terminal 172 is connected to the terminal 56 through a resistor 174. A
      capacitor 176 is connected from the terminal 56 to ground. The terminal
      172 is connected to a source of positive voltage so that the NAND gates 54
      and 56 become operative to pass the A and B pulses as soon as the switch
      170 is actuated. This permits the calculation to begin with the first A
      pulse, which sets the control flip-flop 64 as described above.
PAR  The time base selector switch 72 determines whether the velocity operands
      are based on instantaneous or average velocity. If the time base selector
      switch 72 is set to 6, only six A pulses are required to generate a
      coincidence signal in the form of an E pulse and trigger operation of the
      display unit 52. If on the other hand the switch 72 is set to 100, 100
      pulses are counted in the counter 48 before the display unit 52 is
      triggered, thus averaging the velocity over a much larger interval.
      Selection of one of the transducers 132 and 134 adjusts the scale factor
      of the pulses derived from the spindle 16, so that the interval over which
      the ratio of the carriage velocity to the spindle velocity is calculated
      is extended over a wider range when the parameter selection switch 20 is
      in its first position, in which the A pulses are derived in response to
      spindle rotation.
PAR  The ratio computer of the present invention may thus be readily made to
      produce frequent indications of the desired parameter, calculated over
      relatively short time intervals, or less frequent indications calculated
      over larger intervals. The operator may select whichever is the more
      desirable for any given application.
PAR  Referring now to FIG. 5, there is shown a schematic diagram of an
      alternative embodiment of the present invention which is adapted to permit
      the B counter 50 to count in both forward and reverse directions, to
      accommodate movement of the movable member in either a forward or a
      reverse direction. Portions of the apparatus which are identical to that
      illustrated in FIG. 1 are designated in FIG. 5 by the same reference
      numerals.
PAR  A pair of resistors 200 and 201 are connected between a source of positive
      voltage and a source of negative voltage, and the junction of the two
      resistors is connected to a line 203. A switch 205 is connected across the
      resistor 201 and operates to short circuit the resistor when the switch is
      closed. A relay contact 207 is connected in parallel with the switch 205
      so that it also may short out the resistor 201 when a relay 210 is
      acutated. The relay 210 is connected by leads 212 to the motor controller
      of one drive of the machine, and functions to close the relay contacts 207
      when the drive is running in its reverse direction. For normal forward
      operation of the drive, the relay contact 207 remains open. The switch 205
      permits shorting the resistor 201 manually, even when the relay 210 is not
      operated.
PAR  The effect of shorting the resistor 201 is to connect a negative source of
      potential directly to the line 203, which affects the operation of the
      apparatus to cause the B counter 211 to count downwardly instead of
      upwardly, in accordance with the number of B pulses applied thereto.
PAR  The transducer (not shown) which produces the B pulses is adapted to
      produce two pulses in phase quadrature on a pair of terminals 220 and 222.
      Conveniently, the transducer incorporates two of the units illustrated in
      FIG. 4, with the disk 146 of each unit mounted on the same shaft but
      rotated slightly with respect to each other. One unit produces B1 pulses,
      and the other produces B2 pulses.
PAR  The terminal 220 is connected to the source of B1 pulses while the terminal
      22 is 222 to the source of B2 pulses. The pulses are sequenced so that
      when the machine drive is rotating in a clockwise direction, the B2 pulses
      lead the B1 pulses whereas when the drive is rotating in a
      counterclockwise direction the B1 pulses lead the B2 pulses. In either
      case, there is an interval when neither the B1 nor the B2 pulses exist,
      followed successively by intervals when only one such pulse exists, then
      both, and then the other alone. This sequence is repeated as long as the
      drive continues to rotate.
PAR  The terminal 220 is connected to one input of a NAND gate 224. The other
      two inputs of the NAND gate 224 are connected to a signal controlling
      input 56 from the switch 170 (shown in FIG. 1) and to a terminal 226. The
      terminals 56 and 226 are normally connected to a relatively high
      potential. The B2 pulses on the input 222 are connected to one input of a
      NAND gate 228, the other two inputs of which are connected to the input of
      the terminals 56 and 226.
PAR  The output of the NAND gate 224 is connected through an inverter 230 to the
      enabling input of a flip-flop 232. The output of the gate 228 is connected
      through an inverter 234 to the clock input of the flip-flop 232. In a
      similar manner the output of the inverter 234 is connected to the enabling
      input of a flip-flop 236 and the output of the inverter 230 is connected
      to the clock input of the flip-flop 236.
PAR  One or the other of the flip-flops 232 and 236 is operated during each
      cycle of the B pulses, depending upon the direction of rotation of the
      drive. If the B2 pulse leads the B1 pulse, as when the drive is rotated in
      a clockwise direction, the flip-flop 236 is enabled by the B2 pulse and
      caused to change its state at the beginning of the B1 pulse. The flip-flop
      232 is clocked at the beginning of the B2 pulse, but is not enabled at
      this time and therefore does not change state.
PAR  A NAND gate 238 has its two inputs connected to the outputs of the gates
      224 and 228 so that its output is high whenever either or both of the B1
      or B2 pulses exist. When both pulses terminate the level on the output of
      the gate 238 drops. The output of the gate 238 is connected to the reset
      inputs of the flip-flops 232 and 236 so that they are reset once during
      each cycle of the B2 pulses.
PAR  The output of the flip-flop 236 is connected to one input each of NAND
      gates 240 and 242, and the output of the flip-flop 232 is connected in
      similar fashion to one input each of the NAND gates 244 and 246. The
      second input of the NAND gates 240 and 246 is connected to the line 203.
      The second input of the NAND gates 242 and 244 are connected through an
      inverter 248 to the line 203. Accordingly, a pulse is produced once during
      each B pulse cycle by one of the four NAND gates 240 through 246,
      depending upon the direction of rotation of the drive and the condition of
      the line 203, which is effected by operation of the reverse relay 210 or
      the switch 205. The level of the line 203 is normally low for forward
      operation so that the NAND gate 242 is the only one to pass pulses (at the
      B2 pulse time) as long as the drive is rotated clockwise in a forward
      direction.
PAR  The outputs of the gates 240 and 244 are connected to two inputs of a NAND
      gate 250, the output of which is connected to the input of a one-shot
      multivibrator 252.
PAR  The one-shot 252 produces a pulse of standard length in response to the
      occurrence of a B pulse, to insure that the pulse persists long enough to
      actuate the B counter for one count.
PAR  The terminal 220 is connected to one input of a NAND gate 254 and the
      terminal 226 is connected through an inverter 256 to the other input of
      NAND gate 254. The output of the NAND gate 254 is connected to one input
      of the NAND gate 256, the other input of which is connected to the output
      of the NAND gate 246. The output of the NAND gate 256 is connected through
      an inverter 258 to one input of the NOR gate 260, and the other input of
      the NOR gate 260 is connected to the output of the NAND gate 242. The
      output of the NOR gate 260 drives a one-shot multivibrator 262 which
      performs the same function as the one-shot 252.
PAR  When the output from the NAND gate 254 is high, the NAND gate 256 and the
      inverter 258 simply invert the output from the NAND gate 246 twice, and
      thus effectively connect the unmodified output of the NAND gate 246 to the
      NOR gate 260. When the level in the terminal 226 drops, however, the gates
      224 and 228 are inhibited from passing B1 or B2 pulses over the paths
      described, and instead B1 pulses are passed through the gates 254 and 256.
      The gate 256 is enabled by the output of the gate 246 for its input from
      the flip-flop 232 is low whatever may be the condition of the line 203.
      Accordingly, the B1 pulses operate the one shot 262 irrespective of the
      condition of the forward or reverse switch, and also independently of the
      direction of rotation of the drive, which influences the relay contact
      207.
PAR  The output of the one-shot 262 is connected to one input of a NAND gate
      284. When the B counter 50 is to be operated the other two inputs of the
      NAND gate 284 are high and the pulses are passed over a line 286 to the
      forward counting input of the B counter 50. Pulses produced by the
      one-shot 252, when it is operative, are passed through the NAND gate 282
      over a line 288 to the reverse input of the counter 50 to cause it to
      decrease its counts by one for each such pulse.
PAR  One input of each of the NAND gates 282 and 284 is connected to the output
      of the synchronizing flip-flop 64, which has been described in reference
      to FIG. 1. The circuitry connected with the flip-flop 64 is identical to
      that illustrated and described with reference to FIG. 1, except that a
      one-shot multivibrator 290 is connected between the A pulse input 292 and
      the gates 58 and 70, in order to standardize the length of the A pulses to
      insure operation of the A counter.
PAR  The A counter 48 is identical in operation to that illustrated and
      described in FIG. 1, but the manner of obtaining a pulse at the end of a
      predetermined number of counters applied to the A counter is modified. The
      four NAND gates 104 through 110 are connected in the manner illustrated in
      FIG. 1, but the outputs of these gates, instead of being connected to the
      switch 72 as in FIG. 1, are connected to the inputs of four NAND gates
      292, 294, 296 and 298, respectively. In addition, the first order of the A
      counter is connected through an inverter 300 to one input of the NAND gate
      302, to provide an output from the A counter when one cycle of the B
      counter is desired for each A pulse. A second input of each of the NAND
      gates 292, 294, 296, 298 and 302 is connected to an individual one of a
      set of input terminals 304, which are connectable either to ground or to a
      source of positive voltage by means of manually operable switches (not
      shown). One of the terminals 304 is connected to a positive voltage in
      accordance with the desired number of A pulses for each cycle of the B
      counter, thus enabling one of the five NAND gates which are connected
      thereto. These five NAND gates have their outputs connected to the five
      inputs of a NAND gate 306, the output of which is connected to one input
      of the NAND gates 282 and 284 and 70. When the preset count of the A
      counter has been reached, the state of the output of the gate 306 changes
      and disables the gates 282 and 284 to inhibit further counting by the B
      counter. It also inhibits the gate 70 to block further counting by the A
      counter. The output of the gate 306 is connected to a one shot
      multivibrator 308. The output of the one shot 308 is connected to one
      input of the NAND gate 310 and the other input of the NAND gate 310 is
      connected to a terminal 312 which is normally high. When the one-shot 308
      is actuated its output drops, causing the output of the NAND gate 310 to
      go high and produce a pulse on a line 314. The line 314 is connected to
      the read input of the display unit 52 to cause the content of the B
      counter 50 to be displayed by the display lamps.
PAR  The one-shot 308 is provided for the purpose of insuring that the read
      pulse applied to line 314 persists long enough to insure that the count of
      the B counter 50 gets transferred to the display lamps. The output which
      is connected to the NAND gate 310 therefor goes low immediately upon
      triggering of the one-shot 308 and persists for a duration controlled by
      the time constant of the one-shot, after which it again becomes high, and
      the read pulse on the line 314 is extinguished.
PAR  The pulse produced from the other output 316 of the one-shot 308 is
      opposite in sign to that produced by the output applied to the gate 310,
      and accordingly goes high for the period that the read pulse on the line
      314 is low. At the conclusion of this period, the pulse on the line 316
      goes low and triggers a one-shot 318, which is connected thereto through
      an inverter 320 and a NAND gate 322. The second input of the NAND gate 322
      is connected over a line 324 to a terminal 326 which is normally positive.
      The output of the one-shot 318 goes high for a duration controlled by the
      time constant of the one-shot 318, beginning at the end of the read pulse.
      It is applied to one input of a NAND gate 328, the other input of which is
      connected over a line 330 to a terminal 332 which is normally high.
PAR  The output of the gate 328 is connected to one input each of a pair of
      gates 334 and 336. A second input of each of the gates 334 and 336 is
      connected to a line 338 to a terminal 340 which normally remains high. The
      output of the gate 334 is connected over a line 342 to the reset input of
      the B counter and the output of the gate 336 is connected over a line 344
      to the reset of the A counter, and also resets the flip-flop 64. The pulse
      produced by the one-shot 318 is passed by the gates 328, 334 and 336 to
      reset the A and B counters following reading of the B counter into the
      display lamps. When the one-shot 318 times out, the reset pulse vanishes.
PAR  The terminal 326 is connected to switch means for effecting a blanking of
      the B counter display when the drive of the machine is in its rapid
      traverse mode. When this is the case, the potential at the terminal 326
      drops to a low value and inhibits operation of the one-shot 318.
      Accordingly, the A counter is not reset and the potential at the output of
      the gate 306 remains low, thereby blocking the gates 282, 284 and 70, so
      that no further counting of either A or B pulses can occur. At the
      conclusion of the rapid traverse the potential on the terminal 326 again
      rises to permit normal operation to resume.
PAR  The terminal 340 is provided for the purpose of permitting clearing of the
      A and B counters whenever desired in order to start a new cycle of
      operation with the first ensuing A pulse. The terminal 340 is connected to
      a manual switch (not shown) whereby the potential on the terminal 340 may
      be selectively lowered, causing the gates 334 and 336 to pass a reset
      pulse to the A and B counters and the flip-flop 64.
PAR  When a single cycle of operation is desired, the terminal 332 is connected
      to a source of low potential in order to block operation of the gate 328,
      thereby preventing passage of a reset pulse generated by the one-shot 318.
      A single cycle of operation may then be initiated by momentarily
      connecting the terminal 340 to a source of low potential which generates a
      clear pulse for the A and B counters and the flip-flop 64 and permits a
      single cycle of operation to be performed. After a single cycle the output
      of the gate 306 remains low to inhibit further operation until the
      terminal 340 is again connected momentarily to a source of low potential.
PAR  The manually operated switch means connected to the terminals 312, 226,
      304, 326, 332 and 340 are preferably identical to that shown connected to
      the line 203, but may be of any other conventional design for selectively
      connecting a high or a low potential to the various terminals.
PAR  In the foregoing an exemplary embodiment of the present invention has been
      described with reference to particular parameters which may be calculated
      and displayed. It will be apparent to those skilled in the art that while
      the above description has specifically referred to generation of pulses in
      response to rotation of a spindle or movement of a carriage, a computer
      constructed in accordance with the present invention may employ signals
      derived by other means to represent operands in the calculation of desired
      parameters. For example, the relative movements of two different carriages
      may be employed to generate the two pulse trains required by the computer,
      or the two pulse trains may be generated by means of transducers
      responsive to the movement of a single carriage in two different
      directions. Other modifications of my invention will also be apparent to
      those skilled in the art after having read the above description.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a ratio computer for use with a measuring device having transducer
      means for generating a pulse for each increment of movement of a movable
      member associated with said measuring device, the combination comprising
      first bi-directional counter means for counting the pulses from said
      transducer, means for rendering said first counter means to count upwardly
      when said movable member is moving in one direction and for rendering said
      first counter means to count downwardly when said movable member is moving
      in an opposite direction, a source of reference pulses, second counter
      means connected to said source for counting said reference pulses, time
      base selector means connected to said second counter means and operative
      to produce a coincidence signal when said second counter means has counted
      a preselected number of said reference pulses, indicator means, control
      means connected to said indicator means, said first counter means and said
      selector means to cause said indicator means to generate a display related
      to the number of pulses counted by said first counter means during the
      interval ending with the production of said coincidence signal, and switch
      means connected with said first counter means and said second counter
      means for simultaneously initiating counting by said first and second
      counter means.
NUM  2.
PAR  2. Apparatus according to claim 1, including means for producing said
      reference pulses at a constant frequency, whereby the number of pulses
      displayed by said indicator means is proportional to the velocity of said
      movable member.
NUM  3.
PAR  3. Apparatus according to claim 1, including a manually operable switch
      means; and logic means interconnecting said manually operable switch
      means, said transducer, said source of reference pulses, said first
      counter means and said second counter means, to initiate said interval by
      simultaneously causing said first counter means to begin counting said
      pulses from said transducer and said second counter means to begin
      counting said reference pulses upon actuation of said switch means.
NUM  4.
PAR  4. Apparatus according to claim 1, including manually operable means for
      selectively reversing the direction of counting of said first counter
      means, whereby said first counting means counts downwardly when said
      movable member is moving in a first direction and upwardly when said
      movable member is moving in an opposite direction.
NUM  5.
PAR  5. Apparatus according to claim 1 for measuring the ratio of movement of
      two movable elements wherein said transducer means generates a pulse for
      each increment of movement of a first movable element and a second
      transducer means generates said reference pulses, and wherein said second
      transducer means generates a reference pulse for each increment of
      movement of the second movable element.
NUM  6.
PAR  6. Apparatus according to claim 1, including transducer means for
      generating two pulses in separate channels for each increment of movement
      of said movable member, the pulses in one of said channels leading the
      pulses in the other channel for a first direction of movement of said
      movable member and the pulse in the other channel leading for the reverse
      direction of movement, said first counting means being a bi-directional
      counter, and means connected to said transducer and to said first counter
      means for causing said first counter means to count upwardly for each pair
      of pulses from said transducer when the pulse in said first channel leads,
      and for causing said first counter means to count downwardly for each pair
      of pulses from said transducer when the pulse in the other channel leads.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein said last named means comprises
      first and second bistable devices, means for connecting the pulse in said
      first channel to an enabling input of said first bistable device and to
      the clock input of said second bistable device, means for connecting the
      pulse in the other channel to the enabling input of said second bistable
      device and to the clock input of said first bistable device, whereby only
      one of said bistable devices is caused to change its state in response to
      a pair of pulses from said transducer, means for resetting both of said
      bistable devices to a reset state for each pair of pulses from said
      transducer, means connecting said first bistable device to said first
      counter means for causing said first counter means to count upwardly by
      one unit for each change of state of said first bistable device from a
      reset state to a set state and back to a reset state, and means connecting
      said second bistable device to said first counter means for causing said
      first counter means to count downwardly by one unit for each change of
      state of said second bistable device from a reset state to a set state and
      back to a reset state.
NUM  8.
PAR  8. The ratio computer of claim 1 adapted for use with a machine tool having
      a rotary work holding means and said movable member is a tool holder
      movable relative thereto, wherein said source of reference pulses
      comprises a reference transducer associated with said rotary work holding
      means to generate a reference pulse for each unit of work rotation whereby
      the number of pulses displayed by said indicator means is proportional to
      the rate of movement of said movable member relative to the rate of
      movement of said work holding means.
NUM  9.
PAR  9. The ratio computer of claim 8 wherein said reference transducer
      comprises a detachable electromechanical transducer that is mounted on the
      work holding means to generate electrical pulses corresponding to units of
      work rotation.
NUM  10.
PAR  10. The ratio computer of claim 9 wherein said transducer means generates a
      pulse signal for movement of said movable member in one direction which is
      distinguishable from pulse signals for movement of said movable member in
      the other direction whereby bi-directional relative movement of said
      movable member is indicated.
NUM  11.
PAR  11. In a ratio computer for use with a measuring device having transducer
      means for generating a pulse for each increment of movement of a movable
      member associated with said measuring device, the combination comprising
      first counter means for counting the pulses from said transducer, a source
      of reference pulses, second counter means connected to said source for
      counting said reference pulses, time base selector means connected to said
      second counter means and operative to produce a coincidence signal when
      said second counter means has counted a preselected number of reference
      pulses, indicator means, control means connected to said indicator means,
      said first counter means and said selector means to cause said indicator
      means to generate a display related to the number of pulses counted by
      said first counter means during the interval ending with the production of
      said coincidence signal, means for causing said source of reference pulses
      to produce only a single pulse at a predetermined time whereby setting
      said time base selector means to a preselected number greater than unity
      causes said control means connected to said indicator means and said first
      counter means to control said indicator means to display the number of
      pulses counted by said first counter means while said first counter means
      is counting said pulses from said transducer so that the number of pulses
      displayed by said indicator means is proportional to the displacement of
      said movable member from its position at the time of said single pulse,
      and switch means connected with said first counter means and said second
      counter means for simultaneously initiating counting by said first and
      second counter means.
NUM  12.
PAR  12. In a ratio computer for use with a measuring device having transducer
      means for generating a pulse for each increment of movement of a movable
      member associated with said measuring device, the combination comprising
      first counter means for counting the pulses from said transducer, a source
      of reference pulses, second counter means connected to said source for
      counting said reference pulses, time base selector means connected to said
      second counter means and operative to produce a coincidence signal when
      said second counter means has counted a preselected number of said
      reference pulses, indicator means, control means connected to said
      indicator means, said first counter means and said selector means to cause
      said indicator means to generate a display related to the number of pulses
      counted by said first counter means during the interval ending with the
      production of said coincidence signal, switch means, and logic means
      interconnecting and said switch means, said transducer, said source of
      reference pulses, said first counter means and second counter means, said
      logic means comprising a bistable device having two stable states, means
      for setting said bistable device into one of its stable states prior to
      the initiation of said interval, first gate means for interconnecting said
      transducer and said first counter means, second gate means for
      interconnecting said source of reference pulses and said second counter
      means, means connecting an input of said first gate means and an input of
      said second gate means to an output of said bistable device for disabling
      said first and second gate means while said bistable device is in its said
      one state, and means connecting an input of said bistable device with said
      source of reference pulses and with said switch means for setting said
      bistable device into its other stable state in response to the first pulse
      from said source of reference pulses after the actuation of said switch
      means.
NUM  13.
PAR  13. Apparatus according to claim 12 including means for causing said source
      of reference pulses to produce only a single pulse and means for setting
      said time base selector means to a preselected number greater than unity
      whereby said indicator means displays the number of pulses counted by said
      first counter means while said first counter means is counting said pulses
      from said transducer so that the number of pulses displayed by said
      indicator means is proportional to the displacement of said movable member
      from its position at the time of said single pulse.
NUM  14.
PAR  14. Apparatus according to claim 12 including automatic resetting means
      periodically resetting both said first counter means and said second
      counter means and resetting said bistable device to its said one stable
      state in response to said coincidence signal, said automatic resetting
      means comprising a time delay means whereby the completion of a time delay
      interval produces a pulse resetting said first counter means and said
      second counter means and said bistable device to its one state.
NUM  15.
PAR  15. Apparatus for measuring, indicating and selectively providing a visual
      display of the location of a movable tool on a processing machine relative
      to a known datum or the rate of relative movement comprising transducer
      means for generating a pulse for each increment of relative movement
      between the movable tool and the processing machine, first counter means
      for counting the pulses from said transducer, a source of reference
      pulses, second counter means connected to said source controlled by said
      reference pulses, pulse means to initiate said first counter means and
      disable said second counter means, indicator means controlled by said
      first and second counter means and said pulse means for indicating the
      relative location of said movable tool and said processing machine when
      said second counter means is disabled and to indicate the rate of tool
      movement when said second counter means is enabled, said transducer means
      generating two signals in two separate channels for each increment of
      movement of said movable tool, the two signals in said two channels being
      in a timed relationship whereby movement of said tool in a first direction
      produces a first relationship between said two signals and movement of
      said tool in the opposite direction produces a second relationship between
      said two signals distinguishable from said first relationship, whereby
      said indicator means responds in opposite senses to said first and said
      second relationships to indicate the position resulting from
      bi-directional movement when said second counter means is disabled and the
      rate of movement of said tool when said second counter means is enabled.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said source of reference pulses
      comprises a clock.
NUM  17.
PAR  17. Apparatus for measuring, indicating and providing a visual display of
      the location or rate of movement of a movable tool relative to a known
      datum or a processing machine which includes a work piece support
      providing work piece movement relative to the processing machine and the
      movable tool, said apparatus comprising transducer means for generating a
      pulse for each increment of relative movement between the movable tool and
      the processing machine, first counter means for counting the pulses from
      said transducer, a source of reference pulses comprising a transducer
      pulse source responsive to the movement of a work piece relative to the
      processing machine, a clock pulse source and source selection means,
      second counter means connected to said source of reference pulses for
      counting said reference pulses, time base selector means connected to said
      second counter means and operative to produce a coincidence signal when
      said second counter means has counted a preselected number of said
      reference pulses, indicator means controlled by said counter means and
      said coincidence means for indicating the rate of movement of said movable
      tool and disabling means for disabling said reference pulse source whereby
      said indicator means indicates the location of said tool means relative to
      said known datum.
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ABST
PAL  A diagnostic system is disclosed for detecting malfunctions in the access
      circuitry utilized to control the reading, writing, and refreshing of a
      plurality of semiconductor memory modules. More specifically, a pair of
      access circuits are provided for each module with each access circuit only
      controlling the accessing of predetermined bits of each word stored in
      that module. During read or write operations, the output signals generated
      by each of the two access circuits for application to the memory elements
      in that module are "compared" to ensure that the memory elements are being
      properly accessed. During refresh operations, the outputs of each pair of
      access circuits are also "matched" to ensure the integrity of the refresh
      operation.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to diagnosing memories and, more specifically, to
      diagnosing access circuitry utilized to control access to the memory
      storage elements. Even more specifically, this invention pertains to
      diagnosing the operability of semiconductor memories during reading,
      writing, and refreshing operations.
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  In recent years tremendous technological strides have been made in the area
      of high capacity memory storage. Such strides are best illustrated by
      semiconductor memory systems utilizing field effect transistors to store
      information therein in the form of capacitive charges. Such memories have
      great potential for use in inexpensive large capacity memory systems due
      to their small size, low power consumption and ease of fabrication as
      integrated circuits. However, this type of memory suffers from the
      disadvantage that the capacitive storage of information is essentially
      volatile and, accordingly, must be periodically restored or refreshed in
      order to maintain the viability of the stored information. Moreover,
      because such memories are often formed by combining a plurality of chips
      into arrays to form a plurality of memory planes, numerous decoders are
      required to indicate the column and row of the desired chip as well as the
      column and row of the desired cell in the chip to which access is desired.
      Because of the complexity of the semiconductor memories, the access
      circuits utilized to control access to the memories are also hard to
      diagnose. However, to ensure the operability of a semiconductor memory
      system, effective diagnosis must be made of the control circuitry therein
      to ensure that such control circuitry is applying the proper control
      signals to the semiconductor memory arrays. Several prior art arrangements
      as discussed below have been designed to diagnose such memories.
PAR  In one prior art arrangement as disclosed in J. A. Weisbecker U.S. Pat. No.
      3,599,146, issued Aug. 10, 1971, each word stored in the semiconductor
      memory contained a parity bit indicating the parity over the address at
      which that word was stored. By first computing the actual parity over the
      outputs from the address register, and then by comparing that computed
      parity with the parity bit in the retrieved word, it could be ascertained
      whether the memory had been accessed at the proper address. This
      arrangement appears to be effective; however, the use of the memory for
      storage of additional diagnostic information is costly and the arrangement
      is limited to detecting addressing errors.
PAR  In another prior art arrangement disclosed in C. M. Nibby U.S. Pat. No.
      3,814,922, issued June 4, 1974, a maintenance status register and
      associated apparatus were utilized to identify and store information
      relating to errors arising in a semiconductor memory module. This
      arrangement produced error correcting code signals for stored information,
      which code signals were also stored in the memory module. These stored
      error correcting code signals were then combined with the information
      signals to form a group of location identifying signals. This arrangement
      appears to be effective but like the abovementioned Weisbecker
      arrangement, the storage of diagnostic information is costly and, moreover
      it appears that complicated logic operations are required to detect
      malfunctions.
PAR  It is an object of this invention to perform effective and thorough, yet
      simple, diagnostic operations on the access circuits utilized to acess
      memory elements without storing any related diagnostic information in the
      memory; however, diagnostic information such as parity information may
      still be stored in the memory for use in other diagnostic operations.
PAR  It is a further object of this invention to perform such diagnostics on a
      noninterfering basis so that the error-free operation of the access
      circuits is verified without interfering with normal memory utilization.
PAR  It is a further object of this invention to use the refresh operation in
      semiconductor memories as a diagnostic tool.
PAC  SUMMARY OF THE INVENTION
PAR  The access circuitry for each memory module is duplicated so that a pair of
      access circuits are jointly utilized to access words in a memory module.
      Thus, for example, if a module stores 48-bit words, one access circuit
      controls the accessing of predetermined bits of each of the words (e.g.,
      bits 0, 1, 4, 5, 8, 9 . . . 44, 45) while the other access circuit
      controls the accessing of the remaining bits in each word (e.g., bits 2,
      3, 5, 7 . . . 46, 47). Thus, for each addressed word, one access circuit
      accesses half the bits of that word, while concurrently the other access
      circuit accesses the remaining bits of the word.
PAR  In accordance with one of the principles of this invention, during a read
      or write operation on one module, the control signals output from each of
      the access circuits in that one module are compared to ensure that the
      module is being accessed properly and particularly that the memory
      "halves" are being accessed at the same address. Thus in accordance with
      one aspect of out invention, duplicated access circuitry is provided for
      each memory module and the outputs of such duplicated circuitry are
      compared during read and write operations to ensure that the memory module
      is being properly accessed.
PAR  In this one illustrative embodiment of our invention, a semiconductor
      memory is disclosed in which information in each of the memory cells
      therein must be periodically refreshed to maintain the viability of the
      stored information. Accordingly, groups of cells in each chip in each of a
      plurality of memory modules are periodically refreshed. For each refresh
      operation, the outputs of each pair of the above-mentioned access
      circuits, which are also utilized to control the refresh operation, are
      compared to ensure that each memory module is being properly accessed for
      refresh. This is a powerful diagnostic tool because the operability of the
      access circuits in each memory module is verified periodically during each
      refresh operation without interfering with the refresh operation itself.
PAR  Thus, in accordance with another aspect of our invention, the refresh
      operation is utilized as a diagnostic tool in which the outputs of the
      duplicated access circuits in each module are compared to ensure the
      operability of such circuits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing as well as other objects, features, and advantages of our
      invention will be more apparent from a description of the drawing in
      which:
PAR  FIG. 1 illustrates the circuit diagram of an IGFET dynamic memory cell;
PAR  FIG. 2 illustrates how the IGFET memory cells of FIG. 1 are organized in a
      matrix to form an IGFET memory chip and also illustrates the various
      circuitry utilized to access the information stored on the chip;
PAR  FIG. 3 illustrates how the IGFET memory chips of FIG. 2 are organized into
      memory planes;
PAR  FIG. 4 illustrates in generalized form, diagnostic apparatus in accordance
      with one illustrative embodiment of our invention;
PAR  FIGS. 5-9 when combined as shown in FIG. 10 illustrate the detailed
      structure in the one illustrative embodiment of my invention generalized
      in FIG. 4.
PAR  More specifically, FIG. 5 illustrates control circuitry and data registers
      for providing communication between the memory modules and the data
      processing unit.
PAR  FIG. 6 illustrates how the memory planes shown in FIGS. 3 and 4 are
      organized to form various memory modules and also illustrates the
      duplicated access circuits utilized to control access to specified bits in
      the memory modules;
PAR  FIG. 7 illustrates the diagnostic circuitry utilized to detect malfunctions
      during read, write, and refresh operations on the memory modules;
PAR  FIG. 8 illustrates timing circuits and circuitry for controlling the
      refresh operation on all modules;
PAR  FIG. 9 illustrates circuitry for controlling the specific timing points at
      which "mismatch error signals" can be generated; and
PAR  FIG. 10 illustrates the manner in which FIGS. 5-9 are to be arranged.
DETD
PAC  GENERAL DESCRIPTION
PAR  FIG. 1 illustrates the basic IGFET dynamic memory cell DC. Cell DC
      comprises three field effect transistors designated W, S, and R.
      Transistor W is associated with writing, transistor R is associated with
      reading, and transistor S is associated with the storage of the
      information in the cell. This information is stored in the form of a
      charge or lack of charge on capacitance C. This capacitance is parasitic
      on transistor S. To write into the cell, information is placed on access
      lead DATA1 and transistor W is switched on utilizing the WRITE SELECT
      input. This charges or discharges capacitance C to a voltage equal to that
      of the information signal. If capacitance C is charged to a voltage of -V,
      transistor S is switched on, otherwise transistor S is off. The
      information content of the cell can be read simply by switching on
      transistor R utilizing the READ SELECT lead and then sensing the impedance
      of transistor S over lead READ1.
PAR  The charge on capacitance C gradually leaks off and unless the cell is
      rewritten periodically the stored information will be lost. As described
      more fully hereinafter, each cell is refreshed every 1.92 ms.
PAR  In order to facilitate the understanding of the concepts of our invention,
      the structure of the IGFET memory cell and its organization on chips and
      finally on memory planes will be described only to the extent necessary to
      understand our invention. For further reference to the intricacies of the
      cell and its organization on chips, reference can be made, for example, to
      J. T. Koo, application Ser. No. 518,636, filed Oct. 29, 1974. The
      above-described FIG. 1 corresponds to FIG. 2 in the Koo application.
PAR  FIG. 2 illustrates how the IGFET cells such as DC are arranged in a 32
      .times. 32 cell matrix to form IGFET chip X. Row selectors RW and column
      selector CS are provided to selectively control the accessing of
      individual cells during read, write, and refresh operations. More
      specifically, address bits 0-4 are decoded to select the horizontal cell
      row, and address bits 5-9 are decoded to select the appropriate column.
      The manner in which cell DC is accessed for read and write operations will
      now be briefly described by way of an example of how an individual cell is
      accessed. For a read operation, read select lead RS1 is lowered to its ON
      level so that the information stored in the cell appears on lead READ1.
      This information is inverted by gate 21 and applied through gate 22 to
      gate 23. Read command lead RC1 then goes HIGH to gate the information onto
      lead BITOUT. It should be noted that information was read from each of the
      cells in the first row of the chip when the voltage of lead RS1 was
      lowered and by selectively enabling the appropriate read command lead
      RC1-RC32 the information from the desired cell was placed on lead BITOUT.
PAR  To write into cell DC, the bit to be stored is placed on lead BITIN and
      then write command lead WC1 is enabled to energize gate 24 so that the
      data bit is applied to lead DATA1. Write select lead WS1 is then enabled
      so that the information on lead DATA1 is stored in capacitance C.
PAR  As mentioned previously, each IGFET cell must be periodically refreshed to
      maintain proper capacitance C for each cell. This is accomplished by
      refreshing a row of cells at the same time. Thirty-two refresh operations
      are required to refresh an IGFET chip because each chip has 32 rows of
      cells. More specifically, to refresh a row of IGFET cells, the
      corresponding read select lead such as lead RS1 is first lowered to its ON
      level. The information stored in each cell appears on its respective read
      lead such as lead READ1 or READ32. The output from each cell is then
      inverted by its column amplifier such as amplifier CA1 or CA32 and applied
      to the appropriate data lead such as lead DATA1 or DATA32.
PAR  After the complemented output has settled on the data leads DATA1-DATA32,
      write select lead WS1 is lowered and the data signal voltage on each of
      the data leads is transferred to the respective capacitances C in each
      cell in the first row. The select signals are then returned to their idle
      level. It should be noted that a row is refreshed each time a cell therein
      is accessed for a read or write operation. Thus, refresh operations for
      particular rows may not be required if the cells in these rows are being
      actively interrogated.
PAR  The above-described IGFET chip may be, for example, the chip shown on FIGS.
      1A and 1B, of the above-mentioned Koo application. The various read,
      write, and refresh operations are described in greater detail in the Koo
      application. Other figures therein illustrate the column amplifiers and
      describe the generation of internal timing signals utilized in accessing
      the chip.
PAR  FIG. 3 illustrates the manner in which the chips shown in FIG. 2 are
      combined to form a memory plane. More specifically the 1,024-bit chips are
      organized into an 8 .times. 8 matrix. The designation X in FIG. 3
      indicates the location of IGFET chip X shown in FIG. 2. Of course this
      chip is identical to each of the other chips in the plane and could have
      been located anywhere in the matrix. The depicted memory plane stores
      32,768 2-bit words. As shown in FIG. 3 1 bit is retrieved from the upper
      half of the memory plane and output through sense amplifier SA1 and the
      second bit is retrieved from the lower half of the memory plane and output
      through sense amplifier SA2. Thus, for a normal read or write operation,
      one chip in the upper half plane will be selected for access thereto and
      one chip in the lower half plane will be selected for access thereto.
PAR  More specifically, address bits 10-12 are decoded by one-out-of-eight
      decoder DEC18 to select a column, and address bits 13 and 14 are decoded
      by one-out-of-four decoders DEC14 to select a row. Thus, decoder DEC18
      enables one of its output leads V1-V8 to select a column of cells, and
      decoder DEC14 enables one of its output leads H1-H4 to select a row in
      each half plane. The cell in each half plane at the intersection of the
      enabled leads is thereby selected.
PAR  As mentioned previously in regard to FIG. 2, address bits 0-9 are decoded
      to select the cell in each chip to be accessed. Thus in summary, first two
      chips on a memory plane are selected at the intersection of the enabled
      vertical and horizontal leads, and then a single cell on each of the two
      selected chips is selected by utilizing row and column selectors in the
      manner previously described to apply vertical and horizontal control
      signals to the selected chips. The information stored in the two selected
      cells is then output through the respective sense amplifiers responsive to
      the HIGH state of lead MODEN1.
PAR  Thus, with reference to FIG. 3 decoder DEC18 is responsive to address bits
      10-12 for providing an enable signal on one of the vertical leads V1-V8
      and decoder DEC14 is responsive to address bits 13 and 14 for applying an
      enable signal to one of the horizontal leads H1-H4. For example, if leads
      V1 and H1 are enabled then chip X will be selected for access thereto and
      chip Y also be selected. Then, address bits 0-9 select the single cell on
      chips X and Y which is to be accessed. For a read operation, the desired
      information from cells X and Y will appear at the outputs designated BIT1
      and BIT2 respectively. For a write operation, the data to be stored in the
      upper memory array is applied to lead DATA1 and the information to be
      stored in the lower memory array is applied to lead DATA2. The control
      circuitry is responsive to the state of lead READ/WRT which indicates
      whether a read or write operation is to be performed, as later discussed.
PAR  For a refresh operation, one row on each chip in the memory plane is
      refreshed at the same time. Thus, for example, the first row in chips X,
      Y, and each of the other chips will be refreshed at the same time. This
      refresh operation is performed responsive to the state of lead REFO which
      will be discussed in greater detail hereinafter, and also responsive to
      predetermined states of address bits 10-14.
PAR  FIG. 4 illustrates how the memory planes shown in FIG. 3 are organized to
      form a complete memory module (MODO). In the depicted arrangement, 24
      memory planes are organized to store 32,768 48-bit words. Bit 0 and 1 or
      each word are stored in memory plane OMPO-1 and the last bits in each
      word, namely, bits 46, and 47 are stored in memory plane OMP46-47. Each of
      the memory planes is structurally identical to the plane shown in FIG. 3
      including all decoders and other illustrated circuits as described above.
PAR  In one illustrative embodiment of our invention, the memory access
      circuitry is duplicated with each of the access circuits MODOA and MODOB
      controlling the access to specific ones of the memory planes. For example,
      it is seen that access circuit MODOA controls the access to memory planes
      OMPO-1, OMP4-5, . . . OMP44-45. Thus, circuit MODOA controls the access to
      alternate memory planes. Access circuitry MODOB controls the access to the
      remaining memory planes OMP2-3, OMP6-7, . . . OMP46-47 in this one memory
      module.
PAR  The same control signals are simultaneously applied to both access
      circuits, so that each access circuit operates independently but
      concurrently to access the bits of the data word so that all 48 bits of
      the word at a specified address are retrieved at the same time and applied
      in parallel to cable DATAOUT. On the depicted figure it is seen that each
      of the input leads to the access circuits is duplicated. Thus, as
      described hereinafter, even though similarly designated leads are in fact
      independent leads, such leads are connected to a common signal source. For
      example, both leads designated CHIP START are connected to the ONE output
      of the same flip-flop as hereinafter explained. These independent leads
      are provided to facilitate fault detection in the equipment.
PAR  Both access circuits are responsive to (1) a read or write indication on
      lead READ/WRT (2) the 15-bit address of the designated word, (3) a module
      select signal which appears on lead MODSELO which indicates that the word
      is to be written into or retrieved from this memory module MODO rather
      than from another memory module (such as MOD1-5 as hereinafter described)
      which is also potentially responsive to the address, (4) a signal on lead
      REFO which indicates that a refresh operation is required and (5) a signal
      on lead CHIP START which is a timing signal utilized to institute access
      to the module. All these signals will be described more fully hereinafter.
PAR  The information indicated by each of the abovementioned leads and cables is
      independently buffered in access circuits MODA and MODOB by buffers BFOA
      and BFOB respectively. This information is then applied from the buffers
      to the respective symbolic gates SGOA and SGOB. Symbolic gate SGOA is
      representative of a plurality of AND gates equal in number to the number
      of leads extending through buffer BFOA, as indicated in FIG. 4. Each of
      these plurality of gates is responsive to the output of OR gate OROA for
      gating through the information on the lead associated with that gate to
      the associated group of memory planes. Thus, responsive to a HIGH output
      from gate OROA, symbolic gate SGDA applies to memory planes OMPO-1,
      OMP4-5, . . . OMP44-45 all the buffered control signals, such as READ/WRT,
      MODSELO, REFO, CHIP START and each of the fifteen address bits specified
      by cable 15 BIT ADDRESS. OR gate OROA generates a HIGH output responsive
      to the HIGH states of either lead MODSELO or REFO. Lead MODSELO goes HIGH
      only when memory module MODO is accessed for a read or write operation and
      lead REFO goes HIGH only during a refresh operation. Thus, during periods
      of nonaccess for MODO, leads MODSELO and REFO are both LOW and gate OROA
      generates a LOW output inhibiting symbolic gate SGOA from applying any of
      the buffered information to the associated memory planes. While symbolic
      gate SGOA is inhibited, all output leads therefrom are clamped to a
      uniform predetermined LOW state. The above description in regard to gates
      OROA and SGOA is equally applicable to gates OROB and SGOB which perform
      the identical functions in access circuit MODOB, and serve to control the
      application of control signals buffered by buffer BFOB to memory planes
      OMP2-3, OMP6-7, . . . OMP46-47. It should be noted that lead MODEN1,
      previously described in regard to FIG. 3, goes HIGH responsive to either
      the HIGH state of lead MODSELO or to the HIGH state of lead REFO as output
      by symbolic gates SGOA and SGOB as shown in FIG. 4. As mentioned
      previously lead MODEN1 serves to control the gating out onto bus DATAOUT
      of the two bits retrieved from each of the memory planes.
PAR  In accordance with a feature of our invention, parity generator circuits
      PGOA and PGOB are provided to generate a parity indication over the
      outputs of access circuits MODOA and MODOB respectively. These parity
      indications are applied to EXCLUSIVE NOR gate G21 which continuously
      compares these parity indicators and generates a LOW output to module zero
      diagnostic logic DLO when a mismatch is detected. Responsive to this
      mismatch, diagnostic logic then provides an error signal on lead ERROR if
      an indication is present on lead READ/WRITE THIS MODULE indicating that
      module MODO is being read or written at this time. This check beneficially
      serves to ensure that both access circuits are properly accessing the word
      at the same address.
PAR  Thus, for example, if circuit MODOA is indicating to its memory planes that
      the bits stored at a particular address are to be read, while circuit
      MODOB is indicating to its memory planes that the bits stored at another
      address are to be read, then generates PGOA and PGOB will generate
      different parity indications and gate G21 will detect a mismatch and so
      inform logic DLO which then provides an error signal.
PAR  In accordance with still another feature of our invention, diagnostic logic
      DLO is also responsive to refresh operations for detecting mismatches
      between the outputs of access circuits MODOA and MODOB. During refresh
      operations, circuits MODOA and MODOB should generate identical outputs to
      refresh the same row in each chip of every memory plane, and accordingly,
      a mismatch indicates a malfunction which might effect the viability of the
      stored information.
PAR  It should be noted that the parity generates are provided only to
      facilitate the comparison of outputs from the access circuits and these
      parity generators could be dispensed with in other embodiments and a
      straight comparison made of the outputs from the access circuits. However,
      in this one illustrative embodiment with duplicated access circuits, the
      comparison of parity signals has proven sufficiently reliable to dispense
      with a full comparison of output signals.
PAR  As discussed more fully hereinafter, the various input leads to diagnostic
      logic DLO have been conceptually generalized in regard to FIG. 4 and
      represent the logical conditions actually indicated by combinations of
      other control leads.
PAC  SPECIFIC DESCRIPTION
PAR  FIGS. 5-9 when arranged as shown in FIG. 10 illustrate the specific
      circuitry in the one illustrative embodiment of our invention previously
      generalized in regard to FIG. 4. This circuitry is utilized to access a
      plurality of memory modules designated MODO-MOD5. Diagnostic circuitry is
      also described which operates in accordance with logic DLO previously
      functionally described in regard to FIG. 4. However, now specific timing
      considerations are described and the interaction of diagnostic logic for
      each of the modules is also described. The circuitry in FIG. 4 corresponds
      to its similarly designated counterparts in FIGS. 5-8.
PAR  To facilitate an understanding of the operation of this circuitry, we will
      describe (1) how a read operation and the diagnostics associated therewith
      are performed, and (2) how a refresh operation and associated diagnostic
      checks are performed.
PAR  The entire IGFET memory system which is described below operates to store
      information which is utilized by data processor SPC shown in FIG. 5. This
      processor comprises duplicated processing units for performing logical and
      arithmetic operations on data in accordance with stored program
      instructions. Processor SPC is comprehensively described in Volume 49 of
      the Bell System Technical Journal, dated December 1970. This Bell System
      Technical Journal describes in some detail the interconnection between the
      SPC and a memory called a piggy-back twistor twistor memory. The IGFET
      memory described herein is designed to replace or, in some cases, augment
      existing piggy-back stores now in service. Thus, each IGFET memory module,
      which comprises sufficient memory for storing 32,768 words, will operate
      over existing data and address buses and will communicate with the SPC in
      a manner substantially identical to that utilized by the old piggy-back
      twister memories, which are described on page 2509 et seq. of the
      above-mentioned Bell System Technical Journal.
PAR  More specifically the SPC provides a high-going pulse on lead MODE SYNC in
      FIG. 6 to gate the mode bits of an instruction into the data-and-address
      register DAR in FIG. 6. Thus, lead MODE SYNC enables symbolic gate G1 to
      gate four MODE bits into register DAR. These MODE bits are applied to
      order decoder ORD which decodes the bits and generates a HIGH signal on
      one of its output leads to indicate the type of order to be executed. The
      different types of orders are read, write, control read, control write,
      and bus-register test. Read and write operations are used to access
      memory, the control read and control write operations are used to access
      control points in the memory system itself, such as test control registers
      and "out-of-service" flip-flops as described hereinafter, and the
      busregister test instructions check the store bus and data and address
      register. The SPC also provides an address sync pulse on lead ADDRESS SYNC
      to enable symbolic gate G2 to gate twenty address bits into register DAR.
PAR  The first six bits of the address specify a name code which identifies the
      particular memory module which is to be accessed and the next 14 bits plus
      one of the first 6 bits indicate the address of the word to be accessed
      within that module. The 6-bit name code is applied over cable C1 to
      circuits MADO through MAD5. Circuits MADO-MAD5 are module administrative
      circuits and are respectively associated with modules MODO-MOD5. Each
      memory module is identified by two different names. This is done merely
      for convenience since each of the new IGFET modules takes the place of two
      of the old piggy-back twistor memories.
PAR  Thus with reference to circuit MADO and module MODO, this module is
      identified by two 6-bit names designated OA and OB. When the 6-bit name
      code applied over cable C1 matches one of the preset names, one of the
      comparators COMPOA or COMPOB in circuit MADO generates a HIGH signal on
      lead NAME MATCH thereby indicating that the associated module is to be
      accessed.
PAR  Thus, whenever one of the module administrative circuits detects that its
      associated module is to be accessed it applies a HIGH signal to common
      lead NAME MATCH.
PAR  Sequencer SEQ in FIG. 8 contains most of the timing circuitry utilized to
      control the gating of information in the memory system. More specifically,
      the MODE SYNC from the SPC also sets flip-flop COUNT and the ONE output of
      this flip-flop goes HIGH and enables gate G3 to gate the clock signals
      output from 10 MHz clock CLK to the TA timing chain. This timing chain is
      actually a shift register with 12 bit positions and is adapted to shift
      its contents every 100 nanoseconds responsive to the clock signals. It is
      assumed that a ONE was inserted into the first bit position on the the
      first clock pulse by well known circuitry not shown and that each of the
      other positions contained zeros.
PAR  For each clock pulse, the ONE is shifted into the succeeding bit position
      and the output lead associated therewith is enabled. Thus, for example, on
      the first clock pulse lead TAO goes HIGH and then on the second clock
      pulse lead TA1 goes HIGH and so one until the single ONE is shifted into
      the last bit position and lead TA11 goes HIGH. Then on the next clock
      pulse, the ONE is recirculated back into the first bit position and the
      shifting continues.
PAR  A second timing chain called the TB timing chain is also provided and this
      chain shifts every 1.2 .mu.s to provide a coarser time resolution than the
      TA timing chain. A one is inserted in the first stage of the register
      whenever lead TAO goes HIGH. More specifically, the TB timing chain
      comprises a four-stage shift register which shifts each time lead TAO goes
      HIGH. When the single ONE in this timing chain reaches the last-bit
      position (i.e., the position associated with output TB3), lead TB3 remains
      HIGH until time TA7, TB3 when the count flip-flop is cleared, which in
      turns sets the TA and TB timing chains to all zeros.
PAC  a. Read Operation
PAR  Returning now to the description of the read operation, at the time
      interval indicated by TBO and TA10, gate G4 in FIG. 5, responsive to the
      HIGH state of lead NAME MATCH, generates a HIGH signal to set flip-flop
      ACTIVE. The ONE output of this flip-flop goes HIGH and applies a HIGH
      input to gate G5. This gate is also responsive to the HIGH states from
      lead READ from order decoder ORD and timing leads TA4 and TB1 for
      generating a HIGH output signal on lead START READ during the interval
      identified as TA4 and TB1. This signal sets flip-flop READ OPER. The START
      READ signal from gate G5 is also applied to the TP timing chain shown in
      FIG. 8 through OR gate ZB3. This timing chain is actually a 16-bit shift
      register which shifts its contents every 100 ns. Its operation is
      essentially identical to that described above in regard to the TB timing
      chains except it shifts responsive to clock CLK and clears itself by
      shifting the one out of its last bit position. Gate G6, responsive to the
      set stage of the read operation flip-flop (READ OPER) applied as the
      output of gate G15 and to a HIGH signal on timing lead TPO at time TPO,
      generates a HIGH signal to set flip-flop READ-WRITE ADDR. The ONE output
      of this flip-flop goes HIGH to enable gate G7 in FIG. 5 to gate the 15-bit
      address from register DAR to each of the memory modules MODO through MOD5
      and, more specifically, to the left and right access circuits in each
      module. Gate G7 is symbolic of 30 identical gates, two for each address
      lead. Thus, one lead for each bit extends to the left side access circuits
      in each module while a separate lead for each bit extends to the right
      side access circuits in each module. Similarly all leads to the module
      access circuits are duplicated. To simplify the drawing this lead
      duplication is not shown. The HIGH output of the READ-WRITE ADDR flip-flop
      is also applied to gates G8 through G13, which are respectively responsive
      to the outputs from circuits MADO through MAD5. If either of the
      comparison circuits in a module administration circuit had detected a name
      match, as described above, in addition to applying a HIGH signal to lead
      NAME MATCH, it would also apply a HIGH signal through a match gate such as
      G8A-G13A.
PAR  Thus, for example, if comparator COMPOA in circuit MADO detected a name
      match, it would apply a HIGH signal to lead L1 and through OR gate G8A to
      gate G8. Gate G8 would then generate a HIGH signal on lead MODSELO to
      indicate that the word at the 15-bit address was to be retrieved from
      module MODO and not from any of the other modules MOD1-MOD5. If circuit
      MAD5 had detected a name match, then gate G13 would have provided a HIGH
      signal on lead MODSELS to indicate to memory module MOD5 that it was to be
      accessed. Thus even though the 15-bit address is applied to all memory
      modules, only the module having an enabled MODSEL- lead is responsive to
      the address. At time TP3, lead TP3 is HIGH and sets flip-flop CS in FIG.
      8. This flip-flop then generates a HIGH output on lead CHIP START, which
      lead extends to each of the memory modules and is utilized to indicate
      that access to a word in the memory can then be commenced. At TP10
      flip-flop CS is reset and lead chip start goes LOW. In its idle state, the
      write operation flip-flop WRITE OPER in FIG. 5 is reset; and it is set
      only when a write order is to be executed. Since we are dealing with a
      read instruction now, the ONE output of this flip-flop is LOW and,
      accordingly, AND gate XL7 cannot set flip-flop WRITE, Lead READ/WRT, the
      ONE output of flip-flop WRITE, applies a LOW input to each of the memory
      modules indicating that a read operation is to be performed.
PAR  Assuming that a read operation is specified and lead MODSELO went HIGH to
      indicate module MODO was to be accessed, all the various input signals to
      module MODO, and the 15 bit address are buffered in access circuits MODOA
      and MODOB. These circuits are identical to the similarly designated
      circuits previously described in regard to FIG. 4.
PAR  Thus, with reference to FIG. 7, it is seen that identical control and
      address information are applied to the left and right access circuits of
      module MODO. Accordingly, both access circuits should operate
      simultaneously to access the 48-bit word stored at the 15-bit address
      specified. Here the left access circuit MODOA controls the accessing of
      bits 0 and 1, 4 and 5, 8 and 9 . . . , 40 and 41, and 44 and 45. The
      remaining bits, namely 2 and 3, 6 and 7 . . . . and 46 and 47, are
      accessed by the right-hand access circuit MODOB.
PAR  Thus, all 48 bits in the specified word module MODO are applied to bus
      DATAOUTBUS which is common to all the memory modules. As mentioned
      previously, the sense amplifiers, such as SA1 and SA2 in FIG. 3 are
      controlled by a lead such as MODEN1 to selectively apply information to
      the DATAOUTBUS from one module at a time.
PAR  Then, at TP9, gate G16 in FIG. 5 is enabled responsive to the HIGH state of
      lead TP9 and to the set state of the read operation flip-flop READ OPER.
      Thus gate G16 generates a HIGH signal on lead READ STROBE to enable
      symbolic gate G17 to gate the 48-bit word into register DAR. Then at time
      TA6 and TB2, gate G18 in FIG. 5 responsive (1) to the HIGH signal on leads
      TA6 and TB2; (2) to the set state of the active flip-flop ACTIVE; (3) to
      the HIGH state of lead RPLYEN1 from order decoder ORD signifying that the
      current operation should generate a reply; (4) to the HIGH state of lead
      MOS which indicates that the selected module is in service-as hereinafter
      explained; generates a HIGH signal on lead REPLY ENABLE. Symbolic gate G19
      is responsive to this reply enable signal to gate the data back to the
      SPC. This reply enable signal also is utilized to gate an ALL SEEMS WELL
      signal back to the SPC over lead ASW. This ALL SEEMS WELL signal is
      generated only if the read operation passed certain diagnostic tests, as
      described below.
PAR  As mentioned previously, two parity generators are associated with each
      memory module for respectively indicating the parity over the outputs from
      the left and right access circuits in the associated module.
PAR  Thus, for example, parity generator PGOA is responsive to the output from
      circuit MODOA for generating on lead POA the parity over this output.
      Similarly, parity generator PGOB generates a parity indication on lead POB
      responsive to the outputs from circuit MODOB. These parity indications are
      compared by EXCLUSIVE NOR gate G21 which provides a LOW indication for any
      detected mismatches. This LOW indication can be gated into flip-flop
      MISMATCH0 at three time intervals namely TP0, TP7, and TP13.
PAR  More specifically, certain bits in test control register TCR2 in FIG. 9 are
      utilized to control which if any of the three timing pulses are utilized
      to perform a check. To elaborate, gates ZB7-ZB9 are respectively
      responsive to the signals on leads TP0, TP7 and TP13; and to three bits in
      register TCR2, to generate outputs which are applied to OR gate ZB10. For
      example, if these bits are all HIGH, then checks are performed at each of
      the three timing intervals. Gate ZB10 generates an output on lead MERSYN1
      which extends to flip-flops MISMATCH0-MISMATCH5, to gate into these
      flip-flops any detected mismatches. Bits in registers TCR2 and TCR1 are
      administered via control write operations. Normally, TCR2 is configured to
      allow gating of mismatches at times TP0, TP7, and TP13. The presence of
      mismatch indications is monitored at three distinct timing points to
      ensure the continued operation of the access circuits throughout the
      access operation. More specifically, at TP0 a check is instituted to
      ensure that the outputs of the access circuits are clamped to their
      predetermined states prior to access. By TP7, all control signals should
      have been generated and applied by the access circuits to the memory
      module. Thus, the check at TP7 is to ensure that the module is properly
      accessed. Finally, at TP13 all control signals are present except the chip
      start signal. Thus, the third check is made toward the end of an access to
      allow examination of the turn off of the timing signals. Thus, in
      accordance with an aspect of our invention, the presence of mismatches is
      checked at various predetermined time intervals prior to and during the
      access operation.
PAR  Thus, if a mismatch is detected at any one of these time instances, the
      output of flip-flop MISMATCH0 designated Q will go HIGH to provide a HIGH
      input to gate G22. This gate is also responsive to a module active signal
      from gate G23 indicating that module MODO is active (lead MODSELO is HIGH)
      and is in-service (flip-flop OSO is reset). Thus, if the error is detected
      in a read or write operation in which module MODO is in-service, then gate
      G22 generates a HIGH output signal on lead MERRO. This lead extends to ALL
      SEEMS WELL generator circuit WGC in FIG. 5 and responsive to the HIGH
      signal on lead MERRO, circuit WGC inhibits the generation of an ALL SEEMS
      WELL signal so that when the word read from memory is returned to the SPC
      as previously described, an ALL SEEMS WELL signal will not be provided.
      This indicates to the SPC that a problem has been detected in the memory
      and that the word just read from memory should not be used because it may
      contain errors.
PAR  The preceding has described how the depicted circuitry is controlled to
      perform a read operation and how diagnostic comparisons are instituted
      between the outputs of the access circuits in the accessed module to
      verify the integrity of the read operation. During a write operation,
      identical comparisons are instituted between the outputs of the access
      circuits in the accessed modules in a manner so substantially identical to
      that described above that further discussion of write operation beyond
      previous discussion of the write operation in regard to FIG. 2 is not
      deemed necessary.
PAC  b. Refresh Operation and Diagnostics Associated Therewith
PAR  In this dynamic storage medium because of the volatile nature of the stored
      information, all stored information must be periodically refreshed. In
      this illustrative embodiment, every 60 .mu.s one row in each chip is
      refreshed, as described previously. Thus, 32 cycles are required to
      refresh the entire memory and all six memory modules MOD0-MOD5 are
      refreshed simultaneously.
PAR  In accordance with a feature of our invention, the refresh operation is
      utilized as a diagnostic tool to verify that the access circuits
      associated with each memory module are operating correctly. More
      specifically, for each refresh operation, a parity comparison is made
      between the control signals output from the right and left access circuits
      for each module. Thus, even in the absence of a read or write access to a
      memory module, the operability of the access circuits therein are still
      diagnosed at relatively frequent time intervals.
PAR  FIG. 8 illustrates refresh controller RCT which generates the various
      timing and control signals to control the performance of the periodic
      refresh operations. More specifically, refresh timing counter RTM is
      provided for generating a HIGH pulse on lead LPL every 60 us. Responsive
      to this HIGH signal if the count flip-flop COUNT in FIG. 8 is reset, gate
      G24 generates a HIGH output signal on lead REFCYST to indicate the start
      of a refresh cycle.
PAR  As mentioned previously, the count flip-flop COUNT is set when either a
      read or write access is being instituted in one of the memory modules.
      Thus if the count flip-flop is set, the refresh operation is temporarily
      delayed to avoid interference with the read or write operation. Adequate
      time is reserved between memory accesses to perform one refresh operation.
      The circuitry for avoiding these conflicts is well known and is not
      described any further herein. However, for further reference to
      arrangements for avoiding these conflicts J. A. Reed U.S. Pat. No.
      3,858,185, issued Dec. 31, 1974, and S. B. Behman U.S. Pat. No. 3,810,129,
      issued May 7, 1974, may be consulted.
PAR  The HIGH output from gate G24 on lead REFCYST is also applied to refresh
      address counter RAC to increment the present count therein. Counter RAC is
      a binary counter for counting from 0-31 to indicate the particular row of
      cells in each chip which is to be refreshed. Thus, at 60 us intervals
      successive rows of cells are refreshed with the identity of the row to be
      refreshed being indicated by counter RAC. The HIGH state of lead REFCYST
      is also applied to the TP timing chain in FIG. 8 through gate ZB3 to
      restart the chain to institute the timing necessary for a refresh memory
      access. The use of this chain was previously described in regard to a read
      operation. The HIGH signal on lead REFCYST also sets flip-flop REFRESH
      OPER which in turn allows flip-flop REFRESH ADDRESS to be set at time TPO
      by gate G38. The ONE output of this flip-flop is designated REFO which
      extends to all memory modules and when HIGH indicates a refresh operation
      is to be performed. GATE G25 is enabled by the HIGH state of lead REFO to
      apply the row count indicated by counter RAC over cable ABO4 to the 15 bit
      address cable and then to each of the access circuits MOD-A and MOD-B in
      each of the memory modules MOD0-MOD5. The output of counter RAC now
      indicates address bits 0-4 to the modules and serves to select the row of
      cells which is to be refreshed in every chip therein.
PAR  The refresh operation is instituted in a manner substantially identical to
      that described previously in regard to FIGS. 2 and 3 except that cells in
      each chip in the entire memory are refreshed concurrently. In accordance
      with a feature of our invention, each of the parity generator circuits
      such as PG0A, PG0B, . . . PG5A, and PG5B generates a parity bit over their
      respective output leads based upon the control signals applied thereto
      from the associated access circuits. In a manner identical to that
      previously described in regard to a read operation, gate G21 in FIG. 7 and
      corresponding gates such as G26 in each of the other modules generate a
      LOW output if a mismatch is detected between the two parity indications
      applied thereto. This serves to reset the respective mismatch flip-flops
      associated with each module if a mismatch is detected, as described below.
PAR  For example, if during a refresh operation, access circuits MOD5A and MOD5B
      erroneously generate different access signals for memory module MOD5, then
      parity generators PG5A and PG5B should apply different parity indications
      to gate G26. Then, at the various time intervals such as TP0, TP7, and
      TP13 as indicated over lead MERSYN1, the LOW output from gate G26 is
      stored in flip-flop MISMATCH5.
PAR  The HIGH output from gate G24 in FIG. 8 on lead REFCYST also serves to set
      the refresh operation flip-flop REFRESH OPER, as described above, which
      applies a HIGH output to gate G27 in FIG. 8. This gate is also responsive
      to the ONE output of flip-flop TP TIME in FIG. 8. This flip-flop is set at
      TP2 and reset at TP15. Thus, during this time interval the ONE output of
      this flip-flop is HIGH applying a HIGH input signal to gate G27. Thus,
      gate G27 generates a HIGH output signal on lead MRFOP from time TP2 to
      TP15 during refresh operations. Lead MRFOP extends to the diagnostic
      circuitry in FIG. 7 for each of the memory modules and more specifically
      to gates G280 through G285 therein.
PAR  These gates are also responsive to the Q output from their respective
      mismatch flip-flops. Thus, for example, if flip-flop MISMATCH5 was reset
      at TP7 indicating the detection of a mismatch, then its Q output would
      apply a HIGH input to gate G285 which would then generate a HIGH output on
      lead REFRESH ERROR. This signal indicates that an error has been detected
      in the access circuits during a refresh operation. IGORE5
PAR  The HIGH state of lead REFRESH ERROR passes through OR gate G29 to gate
      Z445. If MOD5 is in-service then the ONE output of flip-flop OS5 will be
      LOW and, accordingly, gate Z445 will generate a LOW output and not set
      flip-flop IGORE5. However, the HIGH state of lead REFRESH ERROR and the
      reset state of flip-flop IORE5 enables gate Z335 to generate a HIGH output
      to set flip-flop OS5 thereby taking MOD5 out of service. Flip-flop OS5
      therefore can indicate that an error has been detected during a refresh
      operation by setting the module out of service. The ONE output of OS5 and
      the ONE state of REFRESH ERROR will then set IGORE5. When a particular
      module is taken out-of-service, new information can be written into the
      module but the module cannot be read in the normal manner. To elaborate,
      NAND gate OS55 generates a LOW output on lead MOS responsive to the HIGH
      state of lead MODSEL5 and the HIGH state of the one output of flip-flop
      OS5. Thus, when a selected module is out of service, lead MOS goes LOW to
      inhibit gate G18 in FIG. 5 from allowing a response the next time module
      MOD5 is accessed for a read or write operation. Similar circuitry in each
      other module controls the state of lead MOS in a manner identical to that
      described above. A control write operation can be utilized to set or reset
      the module out of service OS- and IGORE- flip-flops.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in a memory system wherein a memory module stores a plurality of
      words, and wherein a source of address information indicates the address
      of a word to be accessed in said memory module, diagnostic apparatus
      comprising
PA1  first access means responsive to said address information for providing a
      plurality of control signals to control said memory module to access
      predetermined bits of said addressed word,
PA1  second access means responsive to said address information for providing a
      plurality of control signals to control said memory module to access the
      remaining bits of said addressed word,
PA1  means connected to both said access means for comparing the control signals
      provided by said first access means with the control signals provided by
      said second access means, and
PA1  means responsive to said comparing means for generating an error indication
      if said control signals mismatch.
NUM  2.
PAR  2. The diagnostic arrangement in accordance with claim 1 wherein said
      comparing means comprises
PA1  first parity generator means for providing a first parity indication over
      the control signals provided by said first access means,
PA1  second parity generator means for providing a second parity indication over
      the control signals provided by said second access means, and
PA1  means for comparing said first and second parity indications.
NUM  3.
PAR  3. For use in a memory system having a memory module for storing
      information, which information must be periodically refreshed within a
      predetermined time interval to maintain the viability of the information,
      and means for providing a refresh signal indicating that a refresh
      operation is to be commenced and for providing an address identifying a
      group of locations in said module containing information which is to be
      refreshed, a diagnostic arrangement comprising
PA1  first access means responsive to said refresh signal and to said address
      for applying control signals to said module to control said module to
      restore the information stored in certain of said identified group of
      locations,
PA1  second access means responsive to said refresh signal and to said address
      for applying control signals to said module to control said module to
      restore the information stored in the remaining of said identified group
      of locations,
PA1  means connected to said access means for comparing the control signals
      provided by said first access means with the control signals provided by
      said second access means, and
PA1  means responsive to said comparing means for generating an error indication
      if said control signals mismatch.
NUM  4.
PAR  4. For use in a memory system wherein a memory module storing a plurlity of
      words comprises a plurality of memory planes including decoder circuits,
      each of said memory planes storing a predetermined number of bits of each
      of said words, a diagnostic arrangement comprising
PA1  means for providing address information identifying a word,
PA1  first buffer means connected to certain of said memory planes and
      responsive to said address information for providing control signals to
      said certain memory planes to control each of said certain memory planes
      to access said predetermined number of bits of said identified word stored
      therein,
PA1  second buffer means connected to the remaining ones of said memory planes
      and responsive to said address information for providing control signals
      to said remaining planes to control each of said remaining planes to
      access said predetermined number of bits of said identified word stored
      therein, and
PA1  means for comparing said control signals provided by said first buffer
      means with said control signals provided by said second buffer means, and
      for providing an error signal if said control signals mismatch.
NUM  5.
PAR  5. A diagnostic arrangement for ascertaining whether a memory is being
      properly accessed comprising
PA1  control means for providing control information including an address
      identifying one of the words stored in said memory,
PA1  first access means responsive to said control information for generating
      and then applying a first set of signals to said memory to access
      predetermined bits of said one word,
PA1  second access means concurrently responsive to said control information for
      generating and applying a second set of signals to said memory to access
      the remaining bits of said word,
PA1  first parity generating means for computing parity over said first set of
      signals.
PA1  second parity generating means for computing parity over said second set of
      signals, and
PA1  means for comparing said parities computed by first and second parity
      generating means and for providing an error signal if a mismatch is
      detected.
NUM  6.
PAR  6. The arrangement in accordance with claim 5 wherein said memory comprises
      a plurality of memory planes each storing one or more bits of each of the
      words in said memory, and wherein said first set of signals is applied to
      predetermined ones of said memory planes and wherein said second set of
      signals is applied to the remaining ones of said memory planes.
NUM  7.
PAR  7. The arrangement in accordance with claim 5 wherein said first access
      means and said second access means each comprise buffer means for
      temporarily storing said control information and logic means for logically
      combining some of said control information to generate new control
      information; and wherein said first and second sets of signals each
      comprise said new control information and at least some of said control
      information.
NUM  8.
PAR  8. The arrangement in accordance with claim 7 wherein said control means
      changes said control information during the accessing of said one word and
      wherein said arrangement further comprises timing means for providing
      timing signals at distinct timing intervals during the accessing of said
      one word and wherein said comparing and error signal providing means
      generates said error signal only at said distinct timing intervals jointly
      responsive to said timing signals and to the detection of a mismatch.
NUM  9.
PAR  9. A diagnostic arrangement for ascertaining whether a memory comprising a
      plurality of volatile storage elements is being properly accessed for
      refreshing the information stored in said storage elements, which
      comprises
PA1  control means for providing control information including an address
      identifying a group of said storage elements which are to be refreshed,
PA1  first access means responsive to said control information for generating
      and applying a first set of signals to said memory to refresh the
      information stored in predetermined ones of said storage elements in said
      group,
PA1  second access means concurrently responsive to said control information for
      generating and applying a second set of signals to said memory to refresh
      the information stored in the remaining ones of said storage elements in
      said group,
PA1  first parity generating means for computing parity over said first set of
      signals,
PA1  second parity generating means for computing parity over said second set of
      signals, and
PA1  means for comparing said parities computed by said first and second parity
      generating means and for generating a mismatch signal when said parities
      do not match.
NUM  10.
PAR  10. The arrangement in accordance with claim 9 further comprising a source
      of timing signals defining distinct timing intervals during the refreshing
      of said group of storage elements,
PA1  means jointly responsive to said timing signals and to said mismatch signal
      for generating an error signal each time said mismatch signal is present
      during one of said distinct timing intervals, and
PA1  logic means responsive to said error signal for providing an indication
      that said memory is out-of-service.
NUM  11.
PAR  11. The arrangement in accordance with claim 10 further comprising
      inhibiting means responsive to said out-of-service indication for
      inhibiting the transfer of information read from said memory.
NUM  12.
PAR  12. The arrangement in accordance with claim 10 further comprising register
      means for storing indicia specifying said time intervals at which said
      error signal can be generated, and wherein
PA1  said error signal generating means includes logic means responsive to said
      stored indicia for inhibiting the generation of said error signal during
      time intervals other than those specified by said stored indicia.
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ABST
PAL  A device is provided for the exact automatic computation of sales tax
      rather than calculation of tax as a percentage. In the disclosure, a first
      subset of tax cutoff values and a second subset of repeating increments of
      values, corresponding to repeating increments of tax, are stored in a
      memory. The amount on which the tax is to be calculated is entered into a
      register and compared in a CPU to the total vlaue of the first subset. The
      CPU provides a zero output to a register when the amount is less than the
      first subset. When the amount is larger, the CPU subtracts the first
      subset from the amount. A divider in the CPU divides the remainder by the
      total value of the second subset. A multiplier multiplies the whole number
      quotient, of the division, by a tax amount. The resultant is entered into
      a register. A comparer and related circuitry compares the quotiant to a
      first and successive increments in the second subset until a successive
      one of the increments exceeds the remainder and stores the incremental tax
      values. In response to the exceeding increment, the CPU terminates the
      comparing operation and causes the device to indicate the stored, exact
      tax value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to business registers, and more particularly to
      systems for automatic computation of sales tax.
PAR  Collection of sales tax is a responsibility of most business in the United
      States. Many states provide for rigid auditing of sales tax records. Thus,
      it is necessary for businesses to collect exact amounts of sales tax in
      accordance with various states sales tax tables. Sales tax is commonly
      looked up on a chart by a cashier or salesperson in most cases. Certain
      amounts on state sales tax charts are listed next to an exact tax, higher
      amounts require calculation to be performed in addition to looking up a
      basic amount on the sales tax table. Even where a business is efficiently
      run with modern methods and automated equipment, it may be necessary to
      perform the time consuming and errorprone task of manual calculation and
      addition of sales tax. Errors in sales tax calculation cause both
      violation of the law, as well as possible loss of revenue to the retail
      establishment, since the retail establishment is held liable for sales
      taxes.
PAR  While prior systems for automatic calculation of sales tax have been
      provided, such as those included in computerized cash registers, such
      systems are quite complicated and may even prove to be errorprone. The
      typical automatic sales tax computation system which includes a memory
      into which an entire sales tax table is written, calculates a sales tax
      read from the memory for certain amounts and calculates sales tax as a
      straight percentage for higher amounts. An example in which this form of
      calculation may lead to error is seen in reference to the New Hampshire
      state sales tax table below.
TBL  ______________________________________                                    
     .01 -         .15          No tax                                         
     .16 -         .25          .01                                            
     .26 -         .45          .02                                            
     .46 -         .65          .03                                            
     .66 -         .85          .04                                            
     .86 -        1.05          .05                                            
     1.06 -       1.25          .06                                            
     ______________________________________                                    
PAR  For taxable charges of over $1.25, the rate is one cent for each 20 cent
      increment, (5%).
PAR  This tax table requires collection of a 5 percent tax rate plus 1 cent for
      each 20 cents over $1.25. As an example, the tax on $1.46 is examined. A
      straight 5 percent of $1.46 is 7.3 cents or 7 cents tax. However,
      according to the chart, the tax on $1.25 is 6 cents plus 2 more cents
      since $1.46 is in the second 20-cent increment above $1.25. This results
      in a tax of 8 cents. Thus, a typical automatic sales tax calculator could
      produce an erroneous result.
PAR  Another method of computing taxes that would lead to errors with tax
      computation in certain states, is one where the computer operates on this
      basis - that there is a first group of points having successive cutoff
      values, for example $0.10, $0.35 and $0.78, and that all subsequent groups
      of cutoff values are the same as the first group with addition of whole
      dollar values. For example $1.10, $1.35, and $1.78 and so on. If the tax
      table for a particular state does not have a repeating pattern of this
      nature the system can not accurately calculate tax.
PAR  Automatic sales tax computers which must store an entire sales tax table in
      order to produce a direct result are unduly complicated and expensive.
      Sales tax calculators which are simplified to read out exact amounts below
      a certain cutoff level and provide a straight percentage thereafter may be
      erroneous.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an automatic
      sales tax computation system in which a state, county, city, etc tax table
      is reduced to basic characteristics rather than a system which must create
      a sales tax table in a memory, using the same rules as the state sales tax
      table.
PAR  It is also an object of the present invention to provide a system of the
      type described which has lower storage requirements than a system storing
      an entire tax table, and which is consequently lower in cost to build.
PAR  It is a more specific object of the present invention to provide a method
      and apparatus for computing sales tax in which a table of increments in
      repeating ranges is provided describing the characteristics of a sales tax
      table, rather than in which data indicative of sales tax table per se is
      stored.
PAR  It is also an object of the present invention to provide a method and
      apparatus of the type described in which increments are algebraically
      computed from a taxable amount in order to calculate sales tax exactly.
PAR  Briefly stated, in accordance with the present invention, exact automatic
      computation of sales tax is provided rather than calculation of a
      percentage. A first range, or subset, of values for which there is a tax
      is stored in a memory. A second subset representing the cyclically
      repeating set of increments of "cents" values for which tax increases one
      unit per increment is also stored in the memory. The amount on which tax
      is to be calculated is entered in a register and compared to the total
      value of the first subset to determine if the amount is next divided by
      the total value of the second subset to obtain a whole number quotient,
      and the remainder quotient is repetitively compared to increments within
      the second subset to complete determination of the taxable amount.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The means by which the foregoing objects and features of novelty are
      achieved are pointed out with particularity in the claims forming the
      concluding portion of the specification. The invention both as to its
      organization and manner of operation may be further understood with
      reference to the following drawings made in connection with the following
      description.
PAR  FIG. 1 is a block diagrammatic representation of a calculating system
      constructed in accordance with the present invention.
PAR  FIG. 2 is a sales tax chart of the state of Virginia annotated to
      demonstrate how a sales tax table is reduced to increments and subsets in
      accordance with the present invention.
PAR  FIG. 3 A-C is a flow chart of the method of the present invention performed
      by the apparatus of the present invention.
PAR  FIG. 4 is a sales tax chart of the state of Pennsylvania annotated to
      demonstrate how a sales tax table is reduced to increments and subsets in
      accordance with the present invention;
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, where is illustrated an automated cash register
      constructed in accordance with the present invention. A sales tax
      computation unit 2 is provided for totalizing sales and calculating and
      adding sales tax in accordance with the present invention. Other units are
      connected to the computation unit 2 by an input/output bus 3. These units
      may include a printer unit 4, interface board 5, and communication
      subsystem 6. The printer 4 is driven by the computation unit 2 in order to
      print sales receipts and other such data. The interface board 5 is
      connected to such units as a cashier-operated keyboard, cash drawers, any
      alarms and displays which show amounts being rung up. The communication
      subsystem 6 may include interconnections to a computer for checking credit
      card numbers, telephone interconnections to other data banks, and computer
      outputs for inventory control CPU 10 and registers 12 are known apparatus
      and may be located on a single IC chip. For example Intel 8008, Micro
      computer Itel data catalog, Feb., 1973. The printer, and communications
      subsystem are also all well known. For example Seiko AN 101F printer and
      Wester Electric 202C Modem communication subsystem.
PAR  The computation unit 2 includes a central processing unit (CPU) 10 which
      operates in a conventional manner in order to direct outputs to proper
      locations, access inputs as desired, and synchronize the order of
      operations. Part of the computation unit 2 is a accumulator and scratch
      pad register or working register bank 12. This is interconnected to a
      memory 14, including register 16. Memory 14 is loaded with the
      characteristics of a sales tax table in accordance with the present
      invention. The portion of memory 14, designated 16 and 19 includes
      registers AMT and TX for respectively storing numbers indicative of the
      taxable amount and the computed tax. The central processing unit (CPU) 10
      has access to each of the registers in the working register bank 12, the
      registers 16 and the memory 14.
PAR  Referring now to FIG. 2 which is typical sales tax table, particularly that
      of the state of Virginia, columns 1, and 2 list upper and lower values of
      sales tax brackets. Column 3 corresponds to tax values falling between
      those listed in columns 1 and 2, and column 4 is a chart showing
      increments equal to the amount necessary to be added to the amount in
      column 1 (previous line) to cause the tax to increase by 1 cent. The
      present invention recognizes that there are repetitive cycles of
      increments in each sales tax table and reduces a given sales tax table
      into basic characteristics for storage accordingly. A first subset A of
      increments is created corresponding to that set of increments which do not
      repeat. In the present example, the subset A includes many increments,
      which are not repeating and on which there is a tax. It will be
      appreciated that subset A could include only one increment and have no tax
      on that increment. Subset B is the subset of increments in a range in
      which tax increases as opposed to the non repetitive character of subset
      A. In the particular example there is only one increment in subset B, its
      value being $0.25. Subset B includes one increment, the sales tax
      increasing one cent each time that increment is added to a base amount.
      Consequently, the entire sales tax table is reduced to a few
      characteristics, namely the first set of increments that do not repeat
      subset A and the repetitive elements of subset B.
PAR  This differs from the prior art in that in the prior art an entire tax was
      generally stored up to a certain amount or else assumed that the entire
      table has a single repeating pattern. If it does not have a single
      repeating pattern throughout then the entire table must be stored. This
      requires extensive storage. However, the present invention, by using
      subset A and the repeating increments of subset B avoids extensive
      storage.
PAR  With subset A and subset B the following information is determined: a first
      sum (FSTSUM) which is the sum of all elements in subset A, a first tax
      (FSTFAX) which is the tax to be collected on that amount, an Nth sum which
      is the sum of all elements in subset B, and Nth tax (NTHTAX) the amount of
      additional tax collected for each addition of Nth sum to the amount
      FSTSUM, all of which are stored in memory 14.
PAR  Another example is the Pennsylvania tax table which is shown in FIG. 4. In
      that table, subset A (non-repetitive) includes only one value (which has
      no tax) and subset B, a repeating cycle of 6 values.
PAR  Reference may be had to FIG. 3 in conjunction with the following
      description. A taxable AMT X is located in the AMT register 19. This AMT X
      is computed by the ALU in CPU 10. The input to the ALU consists of a
      number of partial sums from the memory 14. The sums are derived from
      amounts input to the keyboard 18 which amounts represent purchases. The
      keyboard 18 causes the CPU 10 to access the memory 14 and transfer data
      from the memory to the accumulator and scratchpad memory 12. At this point
      the taxable amount register is accessed (the register is initially cleared
      to zero) and the amount accessed is input to a temporary register in the
      CPU 10. It is input to the ALU (as an augend and the contents of the
      scratch pad memory 12 is also input to the ALU as an addend). The two are
      then added in the ALU and the output is then transferred over bus 20 to
      the AMT register 19. The AMT register 19 now contains the taxable amount
      on the amounts input to the keyboard 18 (the purchases). The procedure is
      repeated after each additional amount is input to the keyboard 18 until
      all the purchases from the particular customer have been completed. It is
      understood that the term keyboard is meant to include optical mark
      readers, push button type keys and any other data input device. At this
      point the TX register 16 is cleared.
PAR  X is now transferred to the accumulator and scratch pad 12 of the
      computation unit 2 through a data bus 20. The FSTSUM is then transferred
      to the temporary register of the CPU 10. Both X and the FSTSUM are input
      to the ALU and subtracted. If the FSTSUM is greater than X the carry bit
      output of the ALU will be positive and if the FSTSUM is less, then the
      carry bit output of the ALU will be zero (240 in FIG. 3).
PAR  Now describing the operation when the carry bit is zero (the operation when
      the carry bit is positive will be described hereinafter), the FSTTAX is
      accessed from memory 14 and input via bus 20 to the accumulator and
      scratch pad 12. The contents of TX register 16 (which is initially zero)
      are transferred from the TX register 16 to Temporary register 21. From the
      temporary register 21 the contents are input to the ALU along with the
      FSTTAX from accumulator and scratch pad 12. The sum of this addition is
      then output to the TX register 16 over data bus 20, (as indicated by 122
      in FIG. 3).
PAR  X is now transferred to accumulator and scratch pad 12 via data bus 20. The
      FSTSUM is then transferred from the memory 14 to the temporary register
      21. From the temporary register 21 the FSTSUM is input to the ALU along
      with X from the accumulator and scratch pad 12. The FSTSUM is then
      subtracted from X and the difference is output from the ALU to temporary
      register 21 (This is shown by box 123 in FIG. 3).
PAR  A second temporary register 30 is then cleared (Box 124). NTHSUM is
      transferred from the memory 14 to accumulator and scratch pad 12. The
      contents of temporary register 21 (X minus FSTSUM) is input to the ALU
      along with NTHSUM from the scratch pad and the accumulator 12. If the
      output of the ALU, which is the difference between the NTHSUM and the
      contents of the temporary register 21 where the latter is subtracted from
      the former) is positive (Box 125) the result output of the ALU replaces
      the contents of temporary register 21 (Box 126 of FIG. 3) The contents of
      the second temporary register 30 are transferred to the ALU. Once in the
      ALU an incrementing circuit (not shown) increments the amount by 1. This
      is then output from the ALU to temporary register 30 where it replaces the
      contents of that register (Box 127). The same procedure (boxes 125-127)
      starting with the transferring of the NTHSUM from memory 14 to accumulator
      and scratch pad 12 is repeated until such time as the output of the ALU
      (Box 125) becomes negative. In essence a division has been effected by a
      repeated subtraction (Boxes 124-127). The quotient of this division is now
      in temporary register 30 and the remainder (which is what is left from the
      repeated subtractions) remains in temporary register 21.
PAR  The NTHTAX is now transferred from memory 14 to temporary register 31 (Box
      128). Temporary register 32 is cleared (Box 129).
PAR  The contents of temporary register 30 are gated to both inputs of the ALU.
      The ALU performs "and" function on the inputs. It puts the inputs through
      and logic circuitry (not shown) which if both inputs are zero the output
      signal "equals zero" will be positive. It is noted that both inputs are
      always the same in this function. This function permits an indication
      whether register 30 is at zero without altering the contents if the
      contents were not zero (Box 130).
PAR  If the equal zero output is not positive (the contents of temporary
      register 30 do not equal zero) the contents of temporary register 30 is
      presented to the input of the ALU and decrementing circuitry (not shown)
      within the ALU representing the input of the ALU minus one replaces the
      contents of temporary register 30.
PAR  The contents of temporary register 31 is input to one input of the ALU and
      the contents of the temporary register 32 are input to the other input of
      the ALU. They are added together in the ALU and the output of the ALU
      represents the sum of these inputs. This sum replaces the previous
      contents of the register 32 (Box 132). The sequence (Boxes 130-132)
      starting with presenting contents of temporary register 30 to both inputs
      of the ALU is repeated until such time as the equal zero output signal
      becomes positive. In essence, a multiplication has been effected by
      repeated addition (Boxes 130-132)
PAR  This multiplication has yielded the product of NTHTAX times the whole
      number quotient of the taxable amount minus the first sum divided by
      NTHSUM. The contents of TX register 16 are then transferred over data bus
      20 and thence to accumulator and scratch pad 12. The contents of
      accumulator and scratch pad 12 are presented to one input of the ALU at
      the same time as the contents of temporary register 32 are input to the
      other input of the ALU. These inputs are summed within the ALU and that
      sum (the output) is input to TX register 16 along bus 20. (It replaces the
      previous contents of that register). (Box 133).
PAR  Now the contents of temporary register 21 is presented to both inputs of
      the ALU. The test equal zero condition of the inputs is performed in the
      manner same as previously described, (Box 134).
PAR  If the equal zero signal output of the ALU is positive, the TX register
      contains the amount of the tax to be paid. This completes the tax
      operation. This tax is then used in subsequent calculation in the cash
      register as mentioned previously.
PAR  If the Equal zero is not positive indicating that the inputs to the ALU
      were other than zero, the first element of subset B is accessed from
      memory 16 (the various elements of subset B are positioned separately in
      the memory). The element is then transferred over data bus 20 to temporary
      register 32, (Box 135). The tax is accessed from TX register 16 and
      transferred along data bus 20 and thence to accumulator and scratch pad
      12. The contents of accumulator and scratch pad 12 are now transferred to
      the ALU. An incrementing circuit as previously discussed now adds "1" to
      the amount in the ALU.
PAR  The output of the ALU is now transferred to the TX register 16, where it
      replaces the previous contents (Box 136).
PAR  The contents of temporary register 32 are presented to one input of the
      ALU, while the contents of temporary register 21 are presented to the
      other input of the ALU. The two inputs are then subtracted in the ALU
      (Temporary registers 32-21) Box 137) as a result of the subtraction a
      carry signal will be actuated in the ALU (Box 138). If this signal is
      nonpositive then the value in the TX register 16 is the amount of tax to
      be collected.
PAR  If the signal is positive the next element of Subset B is accessed from
      memory 16 and input to accumulator and scratch pad 12, and further
      presented to one input of the ALU. The contents of temporary register 32
      are simultaneously input to the other input of the ALU. The two inputs are
      added by the ALU and the output is transferred to and replaces the
      previous contents of temporary register 32 (Box 139).
PAR  The process of Boxes 136-139 are continued until the signal output of the
      ALU (Box 138) is non positive. When it is non positive the amount in TX
      register 16 (Box 239) is the amount of tax to be collected.
PAR  Now referring back to the situation where the carry bit output of the ALU
      is positive (Box 140). In this situation the first element of subset A in
      the memory 14 is accessed and input via data bus 20 to the temporary
      register 32 (Box 142). From there it is presented to one input of the ALU
      while simultaneously the contents of accumulator and scratch pad 12, which
      is X, is presented to the other input of the ALU, the two are then
      subtracted in the ALU, (X minus the contents of temporary register 32),
      (Box 143).
PAR  If the output carry signal resulting from the subtraction is non positive,
      this indicates that there is no carry present and therefore no tax. The TX
      register 16 has remained at zero which reflects this. No tax will be
      collected for this transaction.
PAR  In this case (when the carry signal is positive) the tax is accessed from
      TX register 16 and transferred along data bus 20 and thence to accumulator
      and scratch pad 12. The contents of accumulator and scratch pad 12 are
      presented to the ALU. An incrementing circuit as previously described now
      adds "1" to the amount in the ALU. The output of the ALU is then
      transferred to the TX register 16 where it replaces the previous contents
      (Box 145).
PAR  The next element of Subset A is accessed from memory 16 and input to
      accumulator and scratch pad 12 and further presented to one input of the
      ALU. The contents of temporary register 32 are simultaneously input to the
      other input of the ALU. The two inputs are added in the ALU and the output
      is transferred to and replaces the previous contents of temporary register
      32 (Box 146).
PAR  The process of Boxes 143-146 are continued until the signal output of the
      ALU (Box 144) is non positive. When it is non positive the amount in TX
      register 16 is the amount of tax to be collected.
PAR  A programmed general purpose computer is disclosed which computes taxes by
      dividing a tax table into two subsets with no requirement for a particular
      pattern in either subset so that exact amounts of tax can be readily
      calculated.
PAR  The present invention results in greatly simplified novel apparatus. The
      memory 14 is provided for storing a minimal number of characteristics
      described above which can be used to resolve any taxable amount (to the
      capacity of the cash register) for tax computation. It is not necessary as
      in prior apparatus to provide a memory large enough to store an entire tax
      table. The memory 14 may comprise a ferrite cores ROM solid state read
      only memory, plated wire memory or other memory suseptible of construction
      on a matrix card. Consequently, matrix cards may be substituted to provide
      characteristics of tax tables for different jurisdictions. The present
      invention lowers the cost of a matrix card. Apparatus operation is also
      simplified because a number X minus FSTSUM may be divided to resolve the
      number into sales tax components. Continual incremental comparisons to a
      sales tax table, need not be performed through the entire number.
PAR  Of course, many departures may be made from the specifics of the invention
      illustrated here consistent with the above teachings in order to provide
      automatic sales tax computation in accordance with the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic sales tax computer comprising, in combination
PA1  an amount register for storing a signal indicative of a taxable amount;
PA1  a tax register for storing a signal indicative of an amount of tax;
PA1  a memory for selectively providing a signal indicative of a first sum equal
      to the upper limit of a first range of values, a signal indicative of a
      second sum equal to a second range of values greater than said first range
      of values, and signals respectively indicative of successive increments
      within said first and second ranges of values;
PA1  means for accessing the first sum from said memory for comparison to the
      number in said amount register and for providing a zero output to the tax
      register when the amount is less than said first sum and for subtracting
      the first sum from the amount when the amount is greater than the first
      sum;
PA1  means for accessing the second sum from said memory and for dividing the
      remainder thereby; and
PA1  multiplication means for multiplying the whole number quotient of the
      aforesaid division by a tax amount and entering the result in said tax
      register, and means for comparing the quotient in sequence to a first
      increment within the second range and the sum of the first increment and
      successive increments accessed from said memory and means coupled for
      incrementing the signal in the tax register for each increment accessed
      from said memory, and means responsive to the aforesaid comparison for
      terminating further accessing of increments from the memory when the sum
      of the first increment and successive increments exceeds the remainder,
      whereby a signal indicative of the exact tax on the taxable amount is
      provided in the tax register.
NUM  2.
PAR  2. An automatic sales tax computer according to claim 1 wherein said memory
      is provided with further storage locations for providing signals
      indicative of successive increments in the first range and further
      comprising means responsive to a comparison indicating a taxable amount
      less than said first sum for initiating a comparison of the taxable amount
      to a first increment in the first range and successive comparison to the
      sum of the first increment and successive increments, and means for
      incrementing the signal in the tax register for each increment beyond a
      pre-selected increment, and comparison means for terminating accessing of
      increments from said memory when the sum of the first increment and
      successive increment exceeds the signal indicative of the taxable amount.
NUM  3.
PAR  3. An automatic sales tax computer according to claim 1 wherein said memory
      is provided including means for providing a first signal indicative of a
      first range in one increment.
NUM  4.
PAR  4. An automatic sales tax computer according to claim 3 wherein said first
      range is selected to correspond to a value of zero to a number
      corresponding to a highest value of a sales tax range on which there is no
      tax, and including means in said memory for providing the first signal
      when addressed by an address indicative of the first range.
NUM  5.
PAR  5. An automatic sales computer according to claim 4 wherein the second
      range is selected to begin at the value of the first taxable amount and
      said memory is provided storing increments corresponding to amount for
      which tax increases one cent.
NUM  6.
PAR  6. An automatic sales tax computer according to claim 5 further comprising
      means for displaying the number indicated by the signal in said tax
      register.
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ABST
PAL  A device for supporting an elongated light fixture on a drawing board
      mounted for pivoting and sliding movement on the support arm of a bracket
      by means of spaced bearings secured to the fixture. The bracket is mounted
      on the back side of the drawing board to effect the required movements for
      selectively positioning the support arm with the light fixture relative to
      the work surface of the drawing board.
BSUM
PAR  The present invention relates to a device for supporting elongated light
      fixtures, preferably for suspending fluorescent tube fuxtures to
      illuminate working surfaces, especially drawing boards or table.
PAR  In recent years the illumination problem in drawing offices has normally
      been solved by means of general illumination placed solely in the ceiling.
      Such a general illumination offers sufficient illuminating effect in
      working places having horizontal working surfaces and it was believed that
      the general illumination also offers sufficient lighting effect on oblique
      drawing boards.
PAR  For normal drawing work the board is set at an angle of
      15.degree.-25.degree. to a vertical plane. As a result, all the light
      falling straight from above onto the working surface gives a very small
      illuminating effect. The best illuminating effect on the drawing board is
      obtained from light coming obliquely frontwards, but the lighting effect
      on the working surface is nevertheless insufficient since the person is
      placed in front of it, resulting in the formation of shadows.
PAR  As a rule, general illuminating devices also suffer from the drawback that
      the light intensity decreases after some months of use, since the
      illuminating effect of the fluorescent tubes thereof continually
      decreases.
PAR  For vertically oblique drawing boards the known relation that the light
      intensity decreases with the square of the distance is most unfavorable
      and the constant difference in luminous intensity between the upper and
      the lower part of the drawing board amounts to some hundred lux.
PAR  Furthermore, the need for lighting varies even for the same work done by
      the same man at different times. On the same premises there are often
      persons having different tasks and different lighting needs -- for example
      a man at the age of 40 years needs twice as much light as a 20 year old
      man.
PAR  In order to obtain a sufficiently high illuminating effect in working
      premises of drawing offices having oblique drawing boards, the light
      intensity of the general illumination must be considerably increased for
      several reasons in relation to the general illumination for normal office
      working premises. Theoretically this is possible but leads to a
      corresponding increase in power consumption, whereby also the room
      temperature increases, resulting in ventilation problems and consequently
      also a risk of draught.
PAR  In view of this problem in the use of a general illumination it has become
      frequent practice to use local illumination on the drawing boards as a
      complement to the ceiling fixtures. A previously known local illumination
      comprises a glow lamp fixture mounted on the upper edge of the drawing
      board or on the carriage drawing machine of the drawing board. Such a
      fixture may give an adequate illuminating effect on the working surface,
      but only within a very restricted area, which means that the fixture must
      be continually moved during the progress of work. Furthermore, in case the
      general illumination is weak, too big a luminance difference is obtained
      between the visual object and the surroundings. Also, in practice it is
      not possible to design the light fixture socket in such a manner that a
      fixture mounted on the drawing board may be easily operated and at the
      same time displaceable over the drawing board to illuminate the whole of
      its surface, especially the lower half thereof. A fixture mounted on the
      carriage also means that the weight of the carriage is increased and it
      becomes difficult to handle and furthermore, the connecting cable of the
      fixture often obstructs the work.
PAR  It is also known already to design a local illuminating device comprising
      an elongated shield having a fluorescent tube mounted therein. Such a
      fixture is generally mounted on the stand of the drawing board by means of
      two arms pivotally connected to each other and pivotally connected to the
      stand and the fixture, respectively. The advantage of this fixture is that
      it enables the illumination of greater areas of the width of a big drawing
      board, but the known suspension including two flexible arms connected to a
      stand results in that the fixture may not be moved to the lower portions
      of the drawing board to illuminate these portions. This suspension of the
      fixture also results in that the links must be designed according to the
      weight of the fixture, with due regard thereto they must be designed for a
      relatively large friction so that the fixture is retained in its set
      position. As a result of the great frictional resistance in the links the
      fixture is difficult to operate and it may happen that the links fold in
      the wrong direction during handling. A rapid displacement of the fixture
      in a certain direction is thus difficult to accomplish and to facilitate
      the same it has been within reach to move the fixture by pushing against
      the same. This often results in damage to the fixture and unwillingness of
      the person to effectively use the same.
PAR  The object of the present invention is to obtain a device for supporting
      elongated local fixtures, enabling the operation of the fixture by means
      of simple manipulations along the drawing board and which can be utilized
      to illuminate the total surface of the drawing board, especially also the
      lower portions thereof. To accomplish this object the invention is
      substantially characterized in that the fixture by means of at least two
      bearings positioned at a distance from each other is displaceably and/or
      pivotally journalled on an elongated support arm directed parallel to the
      working surface at a distance from the same, and a bracket extends from at
      least one end of the arm, whereby said bracket is directed inwardly
      beneath the working surface and journalled on the under side thereof in a
      bearing permitting displacement of the bracket along the under side and/or
      pivotal connection of the same, so that the arm may be moved along the
      working surface to set or adjust the fixture at the required distance from
      each portion of the same.
DRWD
PAR  In the following the invention is described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a writing board provided with a device
      according to the invention,
PAR  FIGS. 2 and 3 each illustrate a side view of two alternate embodiments of
      said device, and
PAR  FIG. 4 illustrates a movement scheme for one of the devices.
DETD
PAR  In FIG. 1 a drawing board mechanism 1 is illustrated in dotted lines and a
      drawing board 2 is connected to the same having a drawing apparatus 3 of
      the parallelogram type and designed in a known manner. According to the
      invention the drawing board 2 is provided with an elongated fluorescent
      tube fixture 4 mounted to be set in different positions with respect to
      the working surface of the drawing board 2 to give the required
      illumination to the different portions of the same. For this purpose the
      fixture 4 is journalled on a fixture stand 5, generally designated by
      reference numeral 5, and is pivotally journalled on drawing boards having
      a great height, and balanced by means of balancing or equilibrium means.
      In the embodiment exemplified in FIG. 1 the fluorescent tube fixture 4 is
      journalled on an arm 6 included in the fixture stand 5 by means of two
      bearing sleeves 7 positioned at a distance from each other and the center
      of gravity thereof is preferably chosen in such a manner that it
      substantially takes the same angular position in relation to the working
      surface independent of the setting of the fixture stand 5. To obtain a
      stable design of the fixture stand 5 the same comprises a closed
      rectangular frame 8, wherein said arm 6 constitutes one long side. The
      short sides 9 of this frame 8 are directed past the side edges of the
      drawing board 2 and the second long side 10 thereof runs along the back
      side of the drawing board and is mounted to the same in a manner to be
      described hereafter. Preferably, the frame 8 is made from steel tubes and
      an electrical conduit 11 is placed therein to connect the fixture 4 to a
      wall terminal (not shown). As an alternative, however, the fixture stand 5
      may comprise a separate arm (not shown), which is fixedly or pivotally
      mounted to at least one bracket directed past the side edge of the drawing
      board 2, is bent behind the drawing board and connected to the same.
PAR  To attach the fixture stand 5 to the drawing board 2 two sockets 12 and 13
      are positioned at a distance from each other on the board and preferably
      have fixed bearing sleeves 14, and the long side 10 of the frame 8 is
      pivotally mounted in these. In order to balance the fixture stand 5 so
      that the same is retained in the set position, the long side 10 has two
      fixed flanges 15 which are directed radially outwardly and each flange 15
      is intended to define an attachment for one end of a balancing device
      16,17 generally designated by numeral 16, 17, the second end of which is
      positioned on the socket 12, 13. In FIG. 1 two different kinds of
      balancing devices are illustrated; however, preferable the same kind of
      balancing device is used for one and the same drawing board. The balancing
      device 16 shown to the left in FIG. 1 comprises a cylinder 18 flexibly
      attached to the flange 15. Piston 19 extends into the cylinder 18 and this
      device acts as a frictional brake of a kind known per se. The piston 19
      extends through a hole in a bearing sleeve 20 pivotally mounted to the
      socket 12 and to enable setting of the piston in the bearing sleeve this
      is held in position by means of a screw 21. The balancing device 16 offers
      an adequate balancing action effect by the use of light as well as heavy
      fixtures, but the same may be considerably simplified. Such a simplified
      balancing device 17 is shown to the right in FIG. 1 and comprises a coil
      spring 22 hooked into a hole in the flange 15 and on a portion extending
      upwardly from the socket 13.
PAR  As indicated by dotted lines in FIG. 1 the fixture stand 5 may be swung
      through nearly 180.degree. and by means of said journalling of the fixture
      4 on the arm 6 the same retains its correct angular position in relation
      to the working surface during the whole swinging movement. As a result
      thereof the setting or adjustment may be very rapidly performed and
      single-handedly. Further it is possible when so required to push the
      fixture 4 along the arm 6, and for example, such as on long drawing
      boards, it may be an advantage to displaceably journal two or more
      fixtures 4 on said arm.
PAR  To clean the working surface it is advantageous, and for the mounting of a
      carriage drawing apparatus it is necessary to make possible a full
      swinging movement of the fixture 4 to bring it out of the way. In the
      embodiment illustrated above this has been made possible by positioning
      the fixture stand 5 on the rear side of the drawing board 2 and
      dimensioning the short sides 9 of the frame so that the fixture 4 may be
      swung upwardly over the upper edge of the drawing board 2. In order to
      prevent the same from impinging against the drawing apparatus 3 in such a
      swinging movement a stop means (not shown) is provided on the fixture 4,
      the arm 6 or the drawing apparatus 3.
PAR  The embodiment illustrated above is essentially intended for use with
      standard sized drawing boards, and for large drawing boards a somewhat
      differently designed journalling device for the fixture stand 5 is
      required. Such a device is schematically illustrated in FIG. 2 and the
      same comprises two link systems, generally designated by numeral 23. Each
      link system 23 includes four stays 24, 25, 26, 27 arranged as a parallel
      shaped frame and flexibly attached to each other. The stay 24 is fixedly
      secured to the back side of the drawing board 2 and the stay 25 directed
      parallel in relation thereto has an upwardly directed extension 28
      provided with a hole, a bearing sleeve or the like. The long side 10 of
      the frame 8 is pivotally journalled in the hole or the bearing sleeve and
      the journalling is so designed that the same is maintained in the set
      angular position. The frame shaped as a parallelogram is preferably acted
      upon by a balancing device (not shown) to be retained in the set position.
      Preferably, such a balancing device is mounted between one of the stays 24
      and the stay 25 and the same may conprise a frictional brake or a coil
      spring of the kind shown in FIG. 1 and by the insertion thereof into the
      frame in the mentioned manner the same will be acted upon in opposite
      directions on both sides of a neutral position. A journalling device
      designed in the manner described above permits the fixture stand 5 to be
      swung and to be displaced in relation to the working surface and the end
      positions thereof are indicated by dotted lines in FIG. 2. This means that
      also the lower portions of the drawing board having a great height may be
      illuminated in the required manner. FIG. 3 schematically illustrates an
      alternative embodiment especially designed to be used with drawing boards
      having exceptional height. In this the balancing device 34 comprises two
      guides 29 directed parallel to the drawing board 2 and attached to the
      same by means of brackets 30, 31 mounted at the ends. A sleeve 32 is
      slidably mounted on each guide 29, said sleeve having a flange 33
      extending backwardly and provided with a hole or a special journalling
      device (not shown) for pivotal and in set positions fixedly secured
      journalling of the long side 10 of the fixture stand 5. The distance
      between the sleeves 32 is bridged by means of a stay (not shown) and
      dimensioned to hold the sleeves 32 at the same level and permit parallel
      displacement of the same. To balance the fixture stand 5 in the set
      position the sleeves 32 or the stay is acted upon by weights, springs or a
      balancing device of the type known per se. This design permits the fixture
      stand 5 to be pushed and pivoted along the total height of the drawing
      board and as a result thereof the fixture may be caused to illuminate all
      parts of the working surface. To clearly illustrate this fact the end
      positions of the fixture stand have been indicated by dotted lines in FIG.
      4, wherein stand position A indicates the lower end position thereof,
      stand position B indicates the upper end position and stand C indicates a
      position in which the stand is swung away to prevent obstruction by
      cleaning of the working surface or mounting of the sliding carriage
      drawing apparatus.
PAR  The alternatives mentioned of course with suitable dimensioning of the
      fixture stand and the rest of the parts together with a suitably selected
      attachment height on the back side of the drawing board 2 may be used with
      small and also big drawing boards. Also, the illustrated embodiments may
      be used for plane or horizontal drawing boards.
PAR  By the swinging of the fixture stand 5 it may happen that the fixture 4 is
      no longer directed perpendicular to the working surface. This often occurs
      when the fixture stand 5 approaches the upper end position B in the
      swinging movement thereof. For this reason a rope (not shown), a stay or a
      similar means is connected to the fixture 4 and is coupled to the stand
      (not shown) of the drawing board or in the lower part of the drawing board
      2. The length of this rope is so adjusted that the same normally hangs
      idle but is streched and turns the fixture 4 when this is continually
      brought closer to said end position B. Alternatively, the rope may be
      attached to the upper part of the drawing board 2 resulting in the fixture
      4 being turned when it approaches the lower end position A.
PAR  The invention is not limited to the illustrated embodiments but may be
      varied within the scope of the following claims, and the parts 18, 19 of
      the frictional brake 16 may for example be fixedly secured to each other,
      and the required frictional effect is obtained by tightening the screw 21
      more or less hard against the part 19. Further, it may be advantageous to
      design the frictional brake with a pressure gas cylinder pivotally
      connected to the drawing board 2 and provided with an extending piston,
      which passes through an end sleeve of the cylinder and the displacement
      movements of which in relation to the piston are adjustable by means of a
      screw threaded through the sleeve and which may exert selectively more or
      less pressure on the piston.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for supporting an elongated light fixture on an inclining
      drawing board comprising:
PA1  a. a bracket means adapted to be mounted on the underside of said drawing
      board,
PA2  a bracket bearing sleeve mounted on said bracket means,
PA2  a closed rectangular frame mounted in said bracket bearing sleeve and
      pivotal around an axis parallel to and at a distance from the underside of
      said drawing board, and
PA2  a light fixture bearing sleeve pivotally mounted on said closed rectangular
      frame for pivotally mounting said elongated light fixture at a distance
      from and parallel to the working surface of said drawing board;
PA2  said closed rectangular frame comprising:
PA3  a first long side journalled in at least one bracket bearing sleeve mounted
      on said bracket means on the underside of the drawing board and extending
      under the working surface of said drawing board,
PA3  a pair of short sides extending around opposite sides of said drawing
      board, and
PA3  a second long side journalled in at least one light fixture bearing sleeve
      and extending over and across the working surface of said drawing board;
PA1  b. a balancing means operating on said first long side of said closed
      rectangular frame for maintaining said closed rectangular frame in a set
      position relative to the working surface of the drawing board and enabling
      the elongated light fixture to move across the working surface of said
      drawing board along an arc of a circle, the center of which is positioned
      at said distance from the underside of said drawing board;
PA2  whereby the elongated light fixture, by pivoting in only the bracket
      bearing sleeve and the light fixture bearing sleeve, maintains its desired
      angular orientation in relation to the working surface of the drawing
      board while the closed rectangular frame is rotated through approximately
      90.degree. thereby illuminating different portions of the total working
      surface of the drawing board.
NUM  2.
PAR  2. A device according to claim 1 further comprising a flange mounted on the
      first long side of the closed rectangular frame, said flange being
      directed away from the first long side of the closed rectangular frame and
      perpendicular to the pivotal axis thereof and wherein the bracket bearing
      sleeve is fixedly secured to the underside of the drawing board by means
      of the bracket means and the balancing means has one end attached to the
      bracket means and the other end attached to said flange.
NUM  3.
PAR  3. A device according to claim 2, wherein the balancing means comprises a
      friction break including a cylinder pivotally mounted on the flange, and a
      piston fitted within said cylinder and passing through a hole in a piston
      bearing sleeve, said piston bearing sleeve pivotally mounted on said
      bracket means and including a means for locking said piston against
      displacement through said hole.
NUM  4.
PAR  4. A device according to claim 2 wherein the balancing means comprises a
      coil spring having one end hooked in a hole in the bracket means and the
      other end hooked in a hole in the flange.
NUM  5.
PAR  5. A device according to claim 1 wherein the bracket means comprises four
      stays pivotally connected to each other to define a frame having the shape
      of a parallelogram, one of the stays being fixedly secured to the
      underside of the drawing board, the stay parallel thereto having a portion
      which extends past the pivotal point, the bracket bearing sleeve being
      mounted on said extended portion.
NUM  6.
PAR  6. A device according to claim 5 wherein the balancing means is inserted
      between the stay fixedly secured to the underside of the drawing board and
      the stay parallel thereto, to be disposed in opposite directions on both
      sides of a neutral position.
NUM  7.
PAR  7. A device according to claim 1 wherein the bracket means includes at
      least one guide disposed at a distance from and parallel to the underside
      of said drawing board, the bracket bearing sleeve being slidably mounted
      on said guide and including a flange extending perpendicularly from the
      guide in a direction away from the underside of the drawing board, the
      closed rectangular frame being mounted in the flange of the socket bearing
      sleeve.
NUM  8.
PAR  8. A device according to claim 7 wherein the bracket means includes two
      guides, and wherein each guide has a bracket bearing sleeve slidably
      mounted thereon, said bracket bearing sleeves being connected together by
      at least one stay for maintaining the bracket bearing sleeves opposite
      each other during parallel displacement along the guides.
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ABST
PAL  An illuminated safety device is worn on the collar of a pet or a belt of a
      person at night time enabling a driver of an automobile to observe the
      person or animal. The safety device comprises a lantern tape communicating
      with a power source, wherein the lantern tape and power source are affixed
      to the belt or collar. The lantern tape comprises a plurality of colored
      light bulbs sealed between two transparent flexible plastic strips. The
      electrical circuit can be designed for continuous illumination or a
      flashing of the light bulbs.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a unique and novel device used to illuminate an
      animal or person at night, wherein the driver of an automobile can observe
      the animal or person.
PAR  It is an object of my present device to provide a safety device detachably
      mountable to an animal's collar or a person's belt, wherein the safety
      device is either continuously illuminated or flashes off and on.
PAR  A further object of my present invention is to provide a battery power pak
      to illuminate the safety device.
PAR  A still further object of my present invention is to provide a lantern
      safety device of simple design and low manufacturing cost.
PAR  An advantage of my present invention is that it provides a positive means
      of reducing accidents at night time between a motor vehicle and either an
      animal or a person.
PAR  Briefly, my present invention comprises a plurality of electrical light
      bulbs sealed between two transparent flexible plastic strips, wherein a
      means is provided for detachably mounting the plastic strip composite to a
      belt or collar. A battery operated power pak communicates with the
      electrical circuit of light bulbs, wherein the power pak is detachably
      attached to the collar or belt. The electrical circuit can be designed for
      continuous illumination or a flashing off and on of the light bulbs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a perspective view of the invention in use;
PAR  FIG. 2 illustrates a top view of the lantern tape;
PAR  FIG. 3 illustrates a perspective view of the power pak;
PAR  FIG. 4 illustrates an end view of the lantern tape in use; and
PAR  FIG. 5 illustrates a schematic diagram of the electrical circuit of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1,
      2, 4 show a lantern device 10 affixed to a pet's collar 11 or a person's
      belt 11, wherein the lantern device 10 allows the person or animal to be
      visible to the driver of an automobile at night resulting in a decrease in
      the number of accidents at night. The lantern device 10 comprises a
      lantern tape 12 and a power pak 13 affixed to the collar 11. The lantern
      tape 12 comprises a plurality of 2.5 volt colored light bulbs 14 arranged
      in a row, wherein the bulbs 14 are sealed between a bottom thin flexible
      plastic strip 15 and a top thin flexible plastic strip 16. The lateral
      width 17 and longitudinal length 18 of strip 16 is less than the second
      lateral width 19 and second longitudinal length 20 of strip 15, wherein
      strips 15, 16 are both transparent. A plurality of rectangular shaped tape
      members 21 are affixed perpendicularly across the bottom surface 22 of the
      bottom strip 15, wherein the first and second outer ends 23, 24 of each
      member 21 extends outward from the longitudinal edges 25 of the bottom
      strip 21. A hook 55 is affixed to the first end 23 and a catch 56 is
      affixed to the second end 24 of member 21. The bottom surface 22 of bottom
      strip 15 engages a top surface 40 of the collar 11, wherein outer ends 23,
      24 are folded under collar 11 and clasped together. An electrical male
      plug 26 communicating with the electrical circuit of the bulbs 14 extends
      outward from the end 27 of the top strip 16. FIGS. 1, 3 show a power pak
      13 secured to the collar 11. The power pak 13 comprises a rectangular
      boxhousing 28 having a longitudinally hinged front face 29. A pair of 1.5
      volt batteries 30 are inserted within chamber 31 of housing 28, wherein
      the batteries 30 communicate with a female electrical receptacle 32
      contained in a top base 33 of housing 28. Male plug 26 communicates with
      the female receptacle 33 of power pak 13. A second rectangular shaped tape
      member 34 is affixed to a back face 35 of housing 28, wherein the free
      ends 36, 60 of member 34 extend outward from the sides 61 of the housing
      28. A second hook and catch assembly 62 are affixed to the free ends 36,
      37 of member 34, wherein the free ends 36, 37 are secured to each other
      under collar 11 with the back face 35 of housing 28 engaging the top
      surface 40 of collar 11. The electrical circuit of the bulbs can be a
      standard series design, wherein continuous illumination of the bulbs 14 is
      effected or a specially designed circuit as shown in FIG. 5, wherein the
      bulbs flash off and on. This flashing circuit 57 consists essentially of a
      switch 48 having a ground 49 in a first series circuit to a three volt
      battery 50, a variable resistor 51, and a first fixed resistor 52, wherein
      resistor 52 is joined to ground 49. A second series circuit of a PNP
      transistor 58 and light bulb 59 is wired in a parallel circuit to the
      first series circuit, wherein transistor 58 is joined on its emittor side
      to an electrical juncture 37 contained between battery 50 and resistor 51
      in the first series circuit and bulb 59 communicates with ground 49. A
      third series circuit of a second fixed resistor 38 and an NPN transistor
      39 is wired in parallel to the first series circuit, wherein resistor 38
      is joined to a second electrical juncture 40 contained between first
      juncture 37 and resistor 51 in the first series circuit and transistor 39
      is wired on its emittor side to ground 49. A third fixed resistor 41 is
      wired between transistor 39 and a third electrical juncture 42, wherein
      juncture 42 is contained between variable resistor 51 and resistor 52. A
      fourth fixed resistor 43 is wired between transistors 58 and sixth
      electrical juncture 63, wherein juncture 63 is contained between resistor
      38 and transistor 39. A fourth series circuit of a capacitor 44 and a
      fifth fixed resistor 45 is wired between junctures 46, 47. Fourth
      electrical juncture 46 is contained between resistor 41 and transistor 39
      and the fifth electrical juncture 47 is contained between transistor 58
      and bulb 59. When the variable resistor 51 is increased to a given
      resistance, electrical current is forced to follow directly through
      transistor 58 to bulb 59 by-passing the capacitor 44 and eliminating the
      flashing mechanism. When the resistance of the variable resistor 51 is
      decreased, the electrical current flows through capacitor 44 causing the
      capacitor 44 to alternately charge and discharge. When the capacitor 44 is
      discharging, the electrical current flows to the bulb 59 causing the bulb
      59 to illuminate. A plurality of bulbs 59 can be wired in series, wherein
      the bulbs 59 are contained in the lantern tape 12 or alternatively
      embedded in the collar.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A latern device adapted to detachably mount onto an animal's collar or a
      person's belt, which comprises:
PA1  a. a bottom transparent flexible plastic strip;
PA1  b. a top transparent flexible plastic strip;
PA1  c. a plurality of colored light bulbs sealed between said bottom plastic
      strip and said top plastic strip;
PA1  d. an electrical circuit joining said plurality of colored bulbs together;
PA1  e. a means for supplying power to said electric circuit; and
PA1  f. a means for detachably attaching said latern device to said animal's
      collar including a plurality of rectangularly shaped members affixed to a
      bottom surface of said bottom plastic strip, a pair of outer ends of each
      said rectangularly shaped tape member looping around said collar, said
      outer end securing to each other.
NUM  2.
PAR  2. A lantern device as recited in claim 1, wherein said means of supplying
      power to said electrical circuit comprises:
PA1  a. a rectangular box housing having an interior chamber and a hinged front
      face;
PA1  b. a pair of batteries contained in said interior chamber;
PA1  c. a female electrical receptacle in a top face of said rectangular box
      housing;
PA1  d. a male electrical plug communicating with said female electrical
      receptacle as well as said electrical circuit;
PA1  e. a second rectangular shaped tape member affixed to a back face of said
      rectangular box housing; and
PA1  f. a pair of free ends of said second tape member looping around said
      collar, wherein said free ends securing to each other.
NUM  3.
PAR  3. A lantern device as recited in claim 1, wherein said electrical circuit
      being similar to ones used in ornamental Christmas tree lights.
NUM  4.
PAR  4. A lantern device as recited in claim 1, wherein said electrical circuit
      consists essentially of:
PA1  a. a first series circuit comprising a switch having a ground, a three volt
      battery, a first electrical juncture, a second electrical juncture, a
      variable resistor, a third electrical juncture, and a first fixed
      resistor;
PA1  b. a second series circuit comprising a PNP transistor and a light bulb,
      wherein said PNP transistor joined to said first juncture and said light
      joined to said ground;
PA1  c. a third series circuit comprising a second fixed resistor, and an NPN
      transistor wherein said second fixed resistor joined to second juncture
      and said NPN transistor joined to said ground;
PA1  d. a third fixed resistor joined to said third juncture and said NPN
      transistor;
PA1  e. a fourth series circuit of a capacitor and a fifth fixed resistor wired
      to a fourth and a fifth electrical juncture, wherein said fourth juncture
      contained between said third fixed resistor and said NPN transistor and
      said fifth juncture contained between said PNP transistor and said light
      bulb;
PA1  f. a fourth fixed resistor wired between said PNP transistor and a sixth
      electrical juncture, wherein said sixth electrical juncture contained
      between said second fixed resistor and said NPN transistor.
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ABST
PAL  The disclosure relates to an interior light for a motor vehicle comprising
      a lamp body having light bulbs mounted thereon and enclosed by an elongate
      transparent cover. An opaque cover is slidable within the fixed cover to
      cover over said light bulbs or expose the bulbs and the slidable cover has
      at least one aperture therein through which a beam of light may pass when
      the cover is located over the light source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to interior lights for motor vehicles.
PAR  2. Description of the Prior Art
PAR  Conventional interior lights for motor vehicles are either of the type
      comprising a lamp body mounted on the roof or a roof pillar and having a
      bulb enclosed by a diffuser to provide a general illumination or of the
      type usually mounted on a flexible stalk and providing a beam of light for
      detail work such as map reading. The latter form of light is usually only
      available as an extra at additional cost both for the light itself and the
      circuitry required for the light. Co-pending U.S. Pat. application Ser.
      No. 446,917 provides one solution to this problem and the object of the
      present invention is to provide an alternative solution.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an interior light for a motor vehicle comprising a
      lamp body having a light source, a fixed elongate cover mounted on the
      lamp body at least a part of the cover which encloses the light source
      being transparent and a sliding opaque cover located within the fixed
      cover and slidable along the fixed cover to expose or cover the light
      source, said cover having at least one aperture therein to permit a beam
      of light to pass through the cover when the aperture is in register with
      the light source.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a vehicle interior light and combined interior
      mirror; and
PAR  FIG. 2 is a cross-sectional view through the interior light of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A vehicle interior mirror 10 is mounted on a stem 11. The stem widens to
      form a base 12 which extends rearwardly providing an integral elongate
      lamp body 13, the upper part of which comprises a relatively shallow base
      14 having upstanding bosses with bores through which the lamp body, and
      hence the stem and mirror, is secured to the underside of the vehicle roof
      by screws.
PAR  The forward part of the lamp body adjacent the stem supports an on/off
      switch 15 and two elongate light bulbs 16 are located in side by side
      relationship on the base just rearwardly of the switch and are supported
      at their ends between two parallel transversely extending spaced apart
      thin walls 17 and 18 comprising electrically conductive elements secured
      to the underside of the lamp body. The elements form part of an electrical
      circuit to the bulbs, the circuit being opened or closed by the on/off
      switch or by further switches operated by opening or closing the vehicle
      door in a manner known per se.
PAR  An opaque cover 19 is slidable along the lamp body to cover or expose the
      bulbs. The cover is of substantially U-section the ends of the limbs
      thereof passing through respectively two narrow elongate parallel slots
      each adjacent a side of the lamp body. The free ends of the limbs are
      attached to slide members 20 which project outwardly of the lamp body. The
      cover is slidable between a rearward position, where the front edge of the
      cover is just rearward of the bulb supporting wall 18, which also acts as
      a light shield in a rearward direction, and a forward position where the
      cover masks the light bulbs and one aperture 21 or two apertures (as shown
      in FIG. 2) in the cover register with one of the bulbs to permit the
      passage of light through the or each aperture.
PAR  The on/off switch, light bulbs, and sliding cover are enclosed by an
      elongate moulded plastics external cover 22 of substantially open
      U-section, the front and rear ends of which have fingers 23 and 24
      respectively which snap-fit into corresponding slots in the lamp body to
      secure the cover to the underside of the lamp body. The base of the switch
      protrudes through an aperture in the cover 22 provided for that purpose.
      The walls of the cover 22 are transparent for at least a length
      corresponding to the distance between the bulb support walls and is in
      register therewith when the cover is attached to the lamp body. This
      transparent area includes two locally thickened areas 25 in register with
      the light bulbs to provide lenses for directing a beam of light in a
      required direction. The lenses may be moulded integrally with the cover 22
      or may be moulded separately and secured to the cover.
PAR  From the forgoing it will be appreciated that when the sliding cover within
      the external cover is in the rearward position there is a general
      illumination together with a beam of light through each lens of greater
      intensity than the surrounding area. When the sliding cover is moved to
      the forward position the light source between the bulb support walls is
      masked by the sliding cover 19 such that the light passes through one or
      more apertures 21 in the cover and through the lens or lenses in the fixed
      cover 22 which direct a beam or beams of light in the desired direction.
      The desired direction may be downwardly and outwardly towards either the
      drive or the passenger, or both, to permit for example the reading of maps
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. An interior light for a motor vehicle comprising a lamp body having a
      light source, a cover fixedly mounted on the lamp body so as to enclose
      the light source, at least part of the cover being transparent, at least
      one lens positioned in said transparent part to provide a focused beam of
      light, and a sliding opaque cover located within the fixed cover and
      slidable along the fixed cover between a first position in which the light
      source is covered and a second position in which the light source is
      exposed, said sliding cover having at least one aperture therein which
      registers with the lens in the transparent part of the fixed cover in the
      first position of the sliding cover to permit a focused beam of light
      provided by the lens to pass through the sliding cover while obscuring the
      remainder of the transparent fixed cover and the sliding cover in the
      second position providing general illumination.
NUM  2.
PAR  2. An interior light as claimed in claim 1, wherein the slidable cover has
      two spaced apertures therein facing in divergent directions to form beams
      of light extending in divergent directions.
NUM  3.
PAR  3. An interior light as claimed in claim 1 wherein said lamp body and the
      fixed cover are elongate and said sliding cover slidably moves lengthwise
      thereof with guide means provided between said lamp body and the sliding
      cover.
NUM  4.
PAR  4. An interior light as claimed in claim 1 wherein the moveable cover is of
      generally U-shaped cross-section and slide members which project
      externally of the fixed cover are connected to the ends of limbs of the
      movable cover through slots in the lamp body which extend lengthwise of
      the body, for sliding of the movable cover with respect to the fixed
      cover.
NUM  5.
PAR  5. An interior light as claimed in claim 3 wherein slide members project
      outwardly of the lamp body in connection to said sliding cover whereby the
      same may be moved along the body within the fixed cover.
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ABST
PAL  A wireless electric swivel head hand lantern generally comprising a lantern
      battery, a lantern handle and a swivel head containing a lamp. Metal
      strips are used to connect the terminal posts of the lantern battery to
      the lamp in the swivel head. Electrical contact is made without the use of
      wires, solder, rivets or the like by positioning the metal strips so that
      portions of the surface areas of the strips are conjoined. Portions of the
      metal strips are disposed inside the swivel head and configured in such a
      manner that electrical contact with the lamp is automatically made and
      maintained by positioning the lamp in the swivel head and securing it in
      place.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improvement in electric swivel head hand
      lanterns. These lanterns have been well-known for quite a number of years
      and are very useful, as they combine a powerful and long-lasting battery
      with a large lamp to produce a light source.
PAR  An electric swivel head hand lantern is generally comprised of three basic
      elements; a heavy duty lantern battery, a handle which fits over and
      attaches to the top of the battery and a swivel head which is connected to
      the upper portion of the front of the handle. The swivel head contains the
      lamp.
PAR  Although the entire lantern itself is heavy and unwieldy, primarily due to
      the weight of the battery, the mobility problem is overcome by the swivel
      head feature which permits the direction of the light beam to be changed
      without changing the position of the handle and the battery. This is
      accomplished because the swivel head can pivot about its connection point
      with the handle in a vertical plane. Most swivel heads are capable of
      directing a beam at any angle in approximately a 120 degree arc starting
      from a vertical position. This swivel head feature enables the operator to
      direct the light beam upward or downward while holding the lantern handle
      and attached battery in a comfortable level position and, therefore, it is
      unnecessary to actually point the entire lantern in the desired direction.
PAR  Furthermore, in addition to being more powerful than an ordinary
      flashlight, these lanterns are also much more versatile. They can be set
      on the ground or any relatively flat surface and the light beam positioned
      at the desired angle. The beam will remain properly directed while the
      lantern is unattended, and the operator thereby has both his hands free to
      do any required work in a now well-lighted area.
PAR  Because of their powerful, long-lasting beam and their versatility, these
      lanterns are widely used by police and fire departments. Therefore, due to
      the emergency nature of much of their use by these agencies, lantern
      reliability and durability is of prime importance. However, the
      dependability of existing swivel head lanterns is not great, primarily due
      to their extensive electrical wiring. Furthermore, the wiring creates
      additional problems in manufacturing these devices which substantially
      increases the cost of manufacturing the lantern, and thereby substantially
      increases the ultimate retail cost of the devices to the consumer.
PAR  A general uniformity is found in the structural arrangement and dimensions
      of these lanterns which is due, at least in part, to the usual method of
      connecting the standard lantern battery which has two screw threaded
      terminal posts in its top surface. The lantern handle fits over the top of
      the battery and the terminal posts protrude through two terminal post
      holes in the base of the lantern handle. Since the corresponding screw
      threaded terminal caps for the terminal posts are larger than the holes in
      the handle base, the battery becomes firmly attached to the lantern when
      these caps are screwed on to the protruding terminal posts and tightened.
      As this type of battery is a standard one in the battery industry, usually
      of about 6 volts, this manner of attachment permits quick and easy battery
      replacement, and the lanterns all employ a common type of power source.
PAR  This arrangement, however, has created an inherent problem in prior
      lanterns, as the terminal post holes in the lantern handle must be wired
      to make contact with the battery posts. This usually requires wiring a
      metal contact ring for the post hole. If the handle is metallic, as it
      often is, a nonconductive washer must surround the contact ring to
      insulate the ring from the handle and prevent the battery from being
      shorted out. This insulating washer must be riveted to the handle.
PAR  The wiring from the battery post contacts are then run up to the crosspiece
      of the lantern handle where the switches are usually located. Most swivel
      head lantern switches are of the slide type which use movable strips of
      metal to open and close contacts. The wiring from the battery post
      contacts must be riveted, soldered or crimped inside the crosspiece of the
      handle to the metal slides of the switch.
PAR  In order to provide electrical power to the lamp in the swivel head,
      additional wires must also be attached inside the handle to the switch
      contacts and run from the switches to the swivel head. As most of these
      types of lanterns are designed to permit as much freedom of movement for
      the swivel head as possible, there is usually a gap between the handle and
      the swivel head so the handle will not restrict the swing of the swivel
      head. Thus, these electrical wires from the switch in the handle must be
      run across this open space and are, therefore, exposed. When these wires
      are inside the swivel head they are usually crimped with a type of
      terminal ending, such as a slotted eye bolt, which can be attached to and
      removed from the lamp.
PAR  In addition to this fundamental wiring, most lanterns have a secondary red
      flasher light at the end of the handle opposite the swivel head which also
      requires the wiring of a separate switch in the same manner as previously
      described.
PAR  Because of this fairly extensive wiring, manufacture of these prior
      lanterns is expensive, as machine operations, such as riveting, and time
      consuming manual operations, such as hand wiring, soldering, wire crimping
      and sleeving must be performed, all of which combine to raise the cost of
      manufacture substantially.
PAR  In addition, these manufacturing expenses are further increased because of
      removable wiring connections required in the swivel head. Swivel head
      lanterns generally use one of two types of lamps; either a single bulb and
      reflector or a sealed beam lamp. If a bulb and reflector are used, the
      wires inside the swivel head which come from the handle and the battery
      must be manually connected to the outer casing of the bulb and the base of
      the bulb respectively. If a sealed beam lamp is used, one of these wires
      must be manually connected to each of the two contact bars on the base of
      the lamp. At this point, the bulb and reflector or the sealed beam lamp
      must be balanced on the lip of the swivel head bowl while a retaining ring
      or other device is attached which holds the connected lamp assembly in
      place. This operation is time consuming and only done with a good deal of
      difficulty. Furthermore, the lantern owner must repeat this operation
      whenever the bulb or lamp needs replacement.
PAR  In addition, because of this prior manner of lamp attachment, there is
      always an inherent possibility of a disconnected wire or at least poor
      electrical contact inside the swivel head itself every time a lamp is
      installed. Most known lamps are produced with only a small raised bump at
      one point on the back edge of the lamp. Since there is usually only a
      minor indentation, if any at all, in the lip of the swivel head bowl to
      seat the raised bump on the lamp, the lamp has a great tendency to rotate
      as the retaining collar is screwed on. The rotation of the lamp will cause
      a corresponding rotation in the wires inside the swivel head bowl which
      are attached to the lamp, and the twisting of these wires may loosen or
      break the electrical connections.
PAR  Besides being expensive to manufacture, the prior swivel head lanterns have
      another major drawback. As with any piece of electrical equipment, the
      wiring and wiring connections are likely to loosen or break completely
      with any type of rough use, and these lanterns are often given the
      severest type of treatment, particularly in an emergency situation when
      dependability is of paramount importance. Furthermore, those lantern wires
      which are exposed between the swivel head and the handle are particularly
      susceptible to breakage, as they are often under stress and likely to be
      stretched or pinched when the swivel head is moved.
PAR  Nevertheless, despite the high cost, and lack of reliability, these
      lanterns are popular and widely used.
PAC  SUMMARY OF THE INVENTION
PAR  An improved electric swivel head hand lantern according to the invention
      herein is more dependable and much less expensive to manufacture than
      prior art lanterns. In addition, it is also much easier to replace the
      lamp in the improved lantern. The improved lantern comprises a heavy duty
      lantern battery, a handle of nonconductive material which fits over and
      attaches to the top of the battery and a swivel head of nonconductive
      material wherein all of the electrical connections in the handle and
      swivel head are made with metal strips.
PAR  In one embodiment of the invention, one end of metal strip contacts the
      rear battery terminal post at the terminal post hole which is located in
      the usual position in the base of the handle. This metal strip runs to the
      top of the lantern handle where the switch is positioned. The switch is of
      a standard slide type which employs a switch button attached to a metal
      slide which combination can move a short distance forward and backward.
      The metal slide is always in contact with the metal strip from the rear
      battery terminal.
PAR  With this invention, when the switch button and the metal slide are moved
      forward the slide will make contact with the surface of a metal cylinder
      mounted on the screw which holds the swivel head to the lantern handle.
      The metal cylinder contacts another metal strip which is run to the swivel
      head, thereby completing the circuit from the rear terminal post to the
      swivel head when the switch button is pushed forward.
PAR  The remainder of the circuit to the swivel head is completed by attaching
      the end of another metal strip to the front battery post terminal in the
      same manner as previously described and running this metal strip to
      another metal cylinder mounted on the other side of the screw holding the
      swivel head to the lantern handle. Since opposite battery terminals are
      connected to opposite cylinders mounted on the same screw, the screw must
      be made of nonconductive or insulated material or else the battery would
      be shorted out. This cylinder contacts another metal strip which is run to
      the swivel head. Both metal strips which run to the swivel head are
      attached to the inside of the swivel head prongs which protrude from the
      outside bottom of the swivel head bowl and are positioned outside the
      front of the handle to which they are connected by the previously
      described screw. The electrical contact is always maintained regardless of
      the position of the swivel head, but these metal strips carrying current
      from the handle to the swivel head are not stretched and, therefore, are
      not subjected to the stresses encountered by the exposed wiring as found
      in the prior art.
PAR  Two types of lamps are used with the swivel head lantern, a sealed beam
      lamp and a bulb and reflector. This sealed beam lamp is the most common
      and has two separate contact bars at its base which are connected
      internally to opposite sides of the bulb filament. In order to mount the
      sealed beam lamp inside the swivel head of this invention, one embodiment
      has two retaining walls positioned on the bottom of the inside of the
      swivel head bowl. The two metal strips from the cylinders protrude through
      the bottom of the swivel head between these walls. The portion of the two
      metal strips which protrude are bent outwardly. The contact bars on the
      base of a sealed beam lamp fit between the retaining walls, and the lamp
      is, therefore, automatically seated in the swivel head and cannot turn. At
      the same time, each of the contact bars on the lamp comes in contact with
      one of the two metal strips between the walls. With this invention the
      lamp connection is automatically made when the lamp is seated in the
      swivel head, and lamp replacement is simple and does not involve manually
      attaching two separate wires to the lamp, as with prior art lanterns. The
      other type of lamp, the bulb and reflector, is similar to the arrangement
      found in a common flashlight wherein one side of the bulb filament is
      connected to the base of the bulb and the other is connected to the bulb
      casing. In another embodiment of this invention, this type of lamp can
      also be automatically connected in the swivel head. The metal strips are
      bent slightly so that one contacts the base of the bulb and the other
      contacts the bulb case when the lamp is in place. No retaining walls are
      needed since both contacts will be maintained regardless of the rotational
      position of this lamp.
PAR  Since all of the metal strips can be snap fitted into a premolded lantern
      handle and swivel head, this invention eliminates the need for the
      expensive and time consuming manufacturing operations, such as riveting,
      soldering, crimping, sleeving and hand wiring.
PAR  Accordingly, a principal object of the present invention is to provide an
      electric swivel head hand lantern which is more economical to manufacture
      than the known electric swivel head hand lantern.
PAR  Another object of the present invention is to provide an electric swivel
      head hand lantern which is more reliable than the known electric swivel
      head hand lanterns.
PAR  Another object of the present invention is to provide an electric swivel
      head hand lantern whose lamp can be easily replaced.
PAR  Other and more specific objects of the invention will be in part obvious
      and will in part appear from the following description of the preferred
      embodiments and claims taken together with the drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a side view of the entire electric swivel head hand lantern
      complete with lantern battery;
PAR  FIG. 2 is a top view of the lantern showing a cutaway view of a portion of
      the top of the handle and the swivel head with a mounted sealed beam lamp;
PAR  FIG. 3 is a cross-sectional view of a lantern handle taken along lines 3--3
      of FIG. 2;
PAR  FIG. 4 is a cross-sectional view of the back portion of the lantern handle
      taken along lines 4 -- 4 of FIG. 3;
PAR  FIG. 5 is a cross-sectional view of the upper portion of the front of the
      lantern handle taken along lines 5--5 of FIG. 3;
PAR  FIG. 6 is a top view of a portion of the lantern handle and a partial
      cutaway view of the swivel head with a mounted bulb and reflector; and
PAR  FIG. 7 is a cross-sectional view of the swivel head taken along lines 7--7
      of FIG. 2.
DETD
PAR  The same reference numbers refer to the same elements throughout the
      various figures.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, an electric swivel head hand lantern according to
      the invention herein is shown at 10. The lantern 10 generally comprises
      three main elements which are a lantern battery 20, a lantern handle 30
      and a swivel head 70.
PAR  The lantern battery 20 is a well-known and standard size battery, usually
      of 6 volts. As shown in FIG. 3, the lantern battery 20 has a front
      terminal post 22 and a rear terminal post 23 which are both located in the
      top surface of the lantern battery 20. Each terminal post 22, 23 is screw
      threaded and fitted with a cap 25 which is correspondingly screw threaded.
PAR  The lantern handle 30 of this invention is made of a nonconductive material
      and is generally comprised of a base 32, a front support post 34 and a
      rear support post 35, both mounted on opposite ends of the base 32, and a
      crosspiece 37 connecting the tops of the support posts 34, 35. It is the
      crosspiece 37 which is gripped by the lantern operator. Both the
      crosspiece 37 and the support posts 34, 35 are hollow in this embodiment.
PAR  As shown in FIG. 3, the base 32 has a front terminal post hole 40 and a
      rear terminal post hole 41. The lantern handle 30 fits over the top of the
      lantern battery 20 and the two terminal posts 22, 23, protrude through the
      two respective terminal post holes 40, 41 in the base 32 of the lantern
      handle 30. The caps 25 are then screwed on to the portions of the terminal
      posts 22, 23 extending above the base 32. As the caps 25 are of a larger
      diameter than the terminal post holes 40, 41, the lantern handle 30 is
      securely fastened to the lantern battery 20 when the caps 25 are attached
      to the protruding terminal posts 22, 23.
PAR  Referring again to FIG. 3, a metal strip 43 is located inside the rear of
      the lantern handle 30. One end of the metal strip 43 is attached to the
      underside of the base 32 so that the metal strip 43 makes electrical
      contact with the rear terminal post 23 of the lantern battery 20 when the
      lantern battery 20 is connected to the lantern handle 30 as previously
      described. The metal strip 43 is run up inside the rear support post 35 to
      the inside of the crosspiece 37 of the lantern handle 30.
PAR  As shown in FIG. 2, a switch assembly 45 is located on the top of the
      hollow crosspiece 37 of the lantern handle 30. The switch assembly 45 is
      generally comprised of a mounting plate 47, a lamp switch button 50 and a
      flasher switch button 51. The mounting plate 47 in this embodiment is
      nonconductive and comprises nearly the entire top surface of the
      crosspiece 37. The mounting plate 47 has a left slot 53 and a right slot
      54 positioned at a location near the front of the mounting plate 47.
PAR  The lamp switch button 50 is positioned on the top of the mounting plate 47
      over the left slot 53. On the underside of the mounting plate 47, a metal
      slide 56 is attached through the left slot 53 to a portion of the
      underside of the lamp switch button 50 which is exposed by the left slot
      53. The metal slide extends adjacent the underside of the mounting plate
      47 a short distance to the front and rear of the left slot 53. In this
      manner, the lamp switch button 50 is held in place in the switch assembly
      45, as neither the metal slide 56 nor the lamp switch button 50 itself can
      pass through the slot 53.
PAR  As the metal slide 56 is only connected to a portion of the lamp switch
      button 50 exposed through the slot 53, as shown in FIG. 3, the lamp switch
      button 50 and the attached metal slide 56 can move a short distance
      forward and backward in the slot 53. The flasher switch button 51 is
      attached to a metal slide 57 through the right slot 54 in the same manner,
      and operates in the same manner. In FIG. 2 and throughout the drawings,
      the lamp switch button 50 is shown in the rear or "off" position, while
      the flasher switch button 51 is shown in the forward or "on" position.
PAR  The completed switch assembly 45 can be easily fabricated separately from
      the rest of the lantern, and the entire switch assembly 45 simply snapped
      into place on top of the hollow crosspiece 37 of the lantern handle 30.
PAR  As shown in FIGS. 2 and 3, the metal strip 43 from inside the rear support
      post 35 is shaped so that it runs into the crosspiece 37 and is positioned
      along the underside of the mounting plate 47 for much of its length. As
      shown in FIG. 3, inside the crosspiece 37, the metal strip 43 is
      positioned in contact with the metal slide 56 attached to the lamp switch
      button 50. The metal slide 56 is always in contact with the metal strip 43
      regardless of the position of the lamp switch button 50. Therefore, when
      the lantern battery 20 is in place, the electric circuit is complete from
      the rear terminal post 23 of the battery 20 to the metal slide 56 of the
      lamp switch button 50.
PAR  With prior art lanterns, the switch button and the metal slide would move
      between two additional fixed metal strips riveted to the handle and it
      would be necessary to rivet, solder or crimp wires to the fixed metal
      strips to complete the circuit. However, the present invention eliminates
      the need for such additional parts and expensive operations. As the metal
      strip 43 from the rear terminal post hole 41 is merely placed over and in
      contact with a portion of the rear of metal slide 56, it thereby
      eliminates the need for installing a fixed strip of metal and attaching
      the wire from the battery terminal to it.
PAR  A pivot pin assembly 60, as shown frontally in FIG. 5, connects the swivel
      head 70 to the front of the crosspiece 37. The swivel head 70 which is
      made of a non-conductive material generally comprises a bowl 72, a lamp 74
      held in place in the bowl 72 by a retaining ring 76, as shown in FIG. 1.
      The swivel head 70 has a left prong 78 and a right prong 79 which protrude
      from the bottom of the outside of the bowl 72, as shown in FIG. 2. The
      prongs 78, 79 are positioned parallel to each other and far enough apart
      so as to just fit outside of the sides of the crosspiece 37, as can be
      seen in FIGS. 2 and 5. It is also possible to attach one or both prongs to
      the inside of the lantern handle, but the movement of the swivel head may
      be restricted by this arrangement.
PAR  As shown in FIG. 2, the right prong 79 has a metal strip 83 attached to its
      inside surface and extending for most of the length of the prong 79. This
      metal strip 83 terminates inside the swivel head 70. The left prong 78
      also has a metal strip 82 which is similarly attached to the inside of the
      left prong 78. One end of this metal strip 82 is folded around the bottom
      of the left prong and run along the outside of the left prong 78 to about
      the midpoint of the left prong 78.
PAR  Referring now to FIG. 5, the pivot pin assembly is shown to comprise
      generally an insulated screw 62, and a hollow lamp cylinder 64 and a
      hollow flasher cylinder 65 both of which are mounted on the insulating
      screw 62. The flasher cylinder 65 has a flange 66. When the flasher
      cylinder, which is made of metal, is inserted in a hole 38 in a side of
      the front of the crosspiece 37, the metal flange 66 of the flasher
      cylinder 65 is positioned adjacent the outside surface of the side of the
      crosspiece 37, while the remainder of the cylinder 65 is located inside
      the hollow crosspiece 37. When the prongs 78, 79 are positioned over the
      sides of the crosspiece 37, the metal strip 83 on the inside surface of
      the right prong 79 contacts the flange 66. The insulated screw 62 is
      inserted through a hole 80 in the right prong 79 and through the flasher
      cylinder 65.
PAR  The lamp cylinder 64 is also metal and has a head 67. The lamp cylinder 64
      is passed through a hole 84 in the end of the metal strip 82 which is
      outside the left prong 78, and also through a hole 81 in the left prong 78
      and a hole 86 in the metal strip 82 inside the left prong 78, and a hole
      39 in the side of the crosspiece 37. The inside of the lamp cylinder 64 is
      screw threaded to receive the nonconductive insulated screw 62. When the
      insulated screw is tightened, the swivel head 70 is swivelly connected to
      the lantern handle 30 in a friction fit which permits adjustment of the
      swivel head to any desired position, but also automatically retains the
      swivel head in such position because of the friction fit.
PAR  When the switch button 50 is pushed forward, the metal slide 56 contacts
      the lamp cylinder 64. Since the head 67 of the lamp cylinder 64 contacts
      the metal strip 82 attached to the left prong 78, the electrical circuit
      is complete from the rear battery terminal 23 to inside the swivel head
      70.
PAR  This arrangement provides a further improvement over the prior art, as it
      further eliminates the need for a second fixed metal strip, as found in
      the switch assembly of prior art lanterns. The second fixed strip would be
      riveted to the handle and contacted by the metal slide when the switch
      button is pushed forward. A wire would have to be soldered, riveted or
      otherwise attached to this fixed strip and run across the open gap and
      into the swivel head. By employing the lamp cylinder 64, the metal strip
      82 and the prong 78 as part of the existing pivot pin assembly, the second
      fixed metal strip and wire are no longer necessary and the inherent
      mechanical and manual operations involved in connecting it are eliminated.
PAR  The total circuit to the swivel head 70 is completed by a metal strip 44,
      as shown in FIG. 5. One end of this metal strip 44 is attached to the
      underside of the base 32 so that the metal strip 44 makes electrical
      contact with the front terminal post 22 of the lantern battery 20 when the
      lantern battery 20 is connected to the lantern handle 30, as previously
      described.
PAR  As shown in FIG. 3, the metal strip 44 is run up inside the front support
      post 34 to the pivot pin assembly 60 where, as shown in FIG. 5, the other
      end of the metal strip 44 contacts the metal strip 83 on the right prong
      79 between the prong 79 and the side of the crosspiece 37. The electrical
      circuit from the front terminal post 22 of the battery 20 is complete to
      the swivel head 70.
PAR  As shown in FIG. 2, a flasher switch button 51 is located adjacent the lamp
      switch button 50 on the top of the mounting plate 47. The flasher switch
      button 51 controls a flasher bulb 48 in the rear of the handle which is a
      standard item found on many of these lanterns. The flasher bulb 48 is
      covered by a red plastic flasher bulb cover 49. As shown in FIG. 3, the
      base of the flasher bulb 48, which is internally connected to one side of
      the bulb filament, is always in contact with the metal strip 43 from the
      rear battery terminal 23. A metal strip 52 contacts the bulb case which is
      connected internally in the bulb to the other side of the filament and is
      run to the inside of the crosspiece 37 and is positioned along the
      underside of the mounting plate 47 where it contacts the rear portion of
      the metal slide 57 which is attached to the underside of the flasher
      switch button 51 through the right slot 54. As shown in FIG. 4, the metal
      strip 43 from the rear battery terminal 23 and the metal strip 52 to the
      bulb case are positioned apart from each other and run on separate sides
      of the underside of the mounting plate 47. When the flasher switch button
      51 is pushed forward, the front portion of the metal slide 57 contacts the
      flasher cylinder 65 mounted on the insulating screw 62 in the pivot pin
      assembly 60. The circuit to the flasher bulb 48 is complete since the
      front terminal post 22 of the lantern battery 20 is connected to the
      flasher cylinder 65 by means of the metal strip 44. Therefore, the base of
      the bulb is connected to one battery terminal post and the bulb case is
      connected to the other terminal post causing a current flow through the
      filament of the flasher bulb 48.
PAR  In addition to eliminating the need for the standard fixed metal strips and
      wires found in the switch assemblies of prior art lanterns and the
      inherent machine and manual operations involved in connecting them, the
      invention has a further benefit in this area. The electrical contact of
      the switch assembly of this invention is much better than in the switch
      assembly of prior art lanterns, as the metal strips, metal slides and
      cylinders have a much greater area of surface contact than the wire and
      metal strip combination of the prior art. Therefore, there is much less
      likelihood of a faulty or intermittent switch connection with this
      invention.
PAR  Two types of lamps are generally used with the swivel head lanterns. The
      most common lamp is a sealed beam lamp 85, as shown in FIG. 2. The sealed
      beam lamp 85 has two contact bars 87 on its base. Each contact bar 87 is
      connected internally to opposite sides of the filament. Thus, when each of
      the contact bars 87 is connected to different terminal posts of a battery,
      a current flow is created through the filament causing it to glow.
PAR  In order to connect the sealed beam lamp 85 inside the bowl 72 of the
      swivel head 70, two projecting retaining walls 89 are formed on the inside
      bottom of the bowl 72, as shown in FIG. 7. The retaining walls 89 are
      parallel and extend across almost the entire bottom of the bowl 72.
PAR  The parallel retaining walls 89 are positioned so that they extend in
      planes that are at right angles to the planes of the prongs 78, 79, which
      are located on the other side of the bowl 72, as can be seen in FIG. 7.
      Two slots 90 are located in the bottom of the bowl 72 between the
      retaining walls 89 at right angles to them. The slots 90 are positioned
      just to the inside of the prongs 78, 79. The two metal strips 82, 83 which
      are attached to the inside of the prongs 78, 79 pass through slots in the
      bottom of the bowl 72 and protrude between the retaining walls 89. There,
      these metal strips are bent outward slightly.
PAR  The sealed beam lamp 85 fits into the bowl 72, and the contact bars 87 fit
      between the retaining walls 89 thereby positioning the sealed beam lamp 85
      in the bowl 72 of the swivel head 70. When the sealed beam lamp 85 is in
      position in the bowl 72, each of the two metal strips 82, 83 contacts a
      different contact bar 87, as shown in FIG. 2. The sealed beam lamp 85
      cannot fit into the bowl 72 unless the contact bars 87 are between the
      retaining walls 89. The electrical circuit is therefore completed by
      merely positioning the lamp in the swivel head. The retaining ring 76 is
      then secured around the lip of the bowl 72 and the lamp is held in place.
PAR  Another type of lamp used with the swivel head lantern is a combination of
      a bulb 91 and a reflector 92, as shown in FIG. 6. This arrangement is
      similar to one commonly found in most flashlights, as shown in FIG. 6. The
      bulb 91 is seated inside the narrow end of the conical reflector 92 whose
      larger opening is covered with a lens 93. The casing of the bulb protrudes
      outside the reflector 92 where an annular collar 94 which is conductive is
      attached to the casing of the bulb 91, and a retainer 95 is attached to
      the end of the casing to hold the annular collar 94 in place and also hold
      the bulb 91 in the reflector 92. Electrical contact with the base of the
      bulb 91 can be achieved through the retainer. The electrical circuit
      through the bulb filament is completed by connecting one terminal of the
      battery to the base of the bulb and the other terminal to the bulb casing
      or the annular collar 94.
PAR  Another embodiment of this invention for connecting such a lamp is shown in
      FIG. 6. The metal strip 83 from the right prong 79 is bent over so that it
      will contact the base of the bulb 91. The other metal strip 82 is bent so
      it will contact the annular collar 94 when the bulb 91 and reflector 92
      are in place. As previously described, the retaining ring 76 is then
      attached thereby holding this lamp in place in the bowl 72.
PAR  No retaining walls are used in this embodiment since unlike the case with
      the sealed beam lamp, contact is obtained regardless of the rotational
      position of the lamp. Nevertheless, retaining walls could be used with
      this embodiment, but it would increase costs.
PAR  The metal strips used in this invention are generally about 1/16 inch
      thick. All the metal strips are about 1/2 inch wide, except for the metal
      slides in the switch assembly and the metal strips which contact with
      these metal slides. Because of the lack of space inside the crosspiece 37,
      these parts are approximately 1/4 inch wide.
PAR  These dimensions can be changed. However, a wider strip would use more
      metal thereby increasing the expense, and a narrower strip, while being
      less costly, would have the drawback of providing a lesser amount of
      surface area for electrical contact which would reduce the reliability to
      some degree.
PAR  The thickness could be increased, but this would also raise costs by
      requiring more metal and creating manufacturing problems, as the metal
      strips would be less pliable and, therefore, more difficult to bend into
      place. A thinner strip would reduce reliability as it would be more
      susceptible to breakage, especially at the stress points in the bends and
      elbows.
PAR  The handle and the swivel head are both made of a nonconductive material
      because the metal strips carrying the current are unshielded and in
      contact with the handle and the swivel head. If these parts were
      conductive, the metal strips from each battery terminal would be in
      electrical contact through these parts and the battery would be shorted
      out. High impact plastic is one suitable material for the handle and
      swivel head. Although the metal strips could be shielded, and the handle
      and swivel head made of metal, this shielding would substantially increase
      costs.
PAR  Other wiring arrangements are possible for the swivel head hand lantern
      utilizing the invention as disclosed herein. For example, the metal strips
      can be run outside the handle. It is also possible to run the metal strips
      outside the prongs instead of inside, but the metal strips are more
      protected when run on the inside. Also, as shown in this invention, the
      metal strip 44 is connected between the crosspiece 37 and the right prong
      79. This provides a secure contact, but this metal strip 44 could also be
      attached to the flasher cylinder 65 itself on the inside of the crosspiece
      37. The switches could also be reversed or positioned elsewhere. Other
      types of switches could be used, such as a push button switch, but this
      and other switches are generally more costly than the slide type switch,
      particularly as described herein.
PAR  It also makes no difference which of the battery terminals, positive or
      negative, is connected to the front or rear terminal holes as all of the
      lamps and bulbs are responsive merely to any current flow, and polarity
      reversal only effects the direction of current flow.
PAR  Manufacture of this improved lantern is quicker and less costly than other
      known lanterns. Construction consists entirely of fitting the
      prefabricated parts together. No expensive machine operations, such as
      riveting are necessary. Furthermore, no time consuming hand operations,
      such as wiring, soldering, crimping or sleeving are required. Therefore,
      the easy hand assembly of this invention reduces fabrication time 30 to 40
      percent and thereby substantially reduces the costs.
PAR  In addition, since there are no solder joints or crimp connections,
      reliability is enhanced. Electrical contact is also improved, as the area
      of surface contact between two metal strips is much greater than with two
      wires or a wire and a strip. Further, this invention has no exposed wires
      between the prongs from the swivel head which are likely to be stretched,
      pinched or broken.
PAR  Finally, this invention provides a means for easily replacing the lamp in
      the swivel head. Unlike previous lanterns which require individual
      connection of the wires to the lamp, the electrical connections with the
      lamp are automatically made upon seating the lamp and securing the
      retaining ring.
PAR  From the foregoing description of the invention and the discussion of prior
      art swivel head hand lanterns, the numerous advantages and improvements
      incident to the invention will now be apparent to those skilled in the
      art.
PAR  Accordingly, the above description of the invention is to be construed as
      illustrative only, rather than limiting. This invention is limited only by
      the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an improved electrical swivel head hand lantern having a lantern
      battery, a lantern handle of nonconductive material arranged to be
      detachably secured to said lantern battery, means for detachably securing
      said lantern handle to said lantern battery, a swivel head of
      nonconductive material swivelly secured to said lantern handle, means for
      swivelly securing said swivel head to said lantern handle, a lamp
      supported by said swivel head so as to direct a light beam from said
      swivel head, means for electrically connecting said lamp to said lantern
      battery, and a switch means for selectively breaking the electrical
      connection from said lantern battery to said lamp, the improvement
      comprising said electrically connecting means consisting entirely of a
      plurality of conjoined metal strips.
NUM  2.
PAR  2. An improved electrical swivel head hand lantern as defined in claim 1
      wherein said swivel head is comprised of a bowl into which said lamp may
      be fitted, said bowl having a pair of prongs attached to its back and
      extending outwardly therefrom, said prongs being positioned parallel to,
      axially aligned with, and separate from each other.
NUM  3.
PAR  3. An improved electrical swivel head hand lantern as defined in claim 2
      wherein said prongs are located equidistant from the midpoint of the back
      of said bowl and are separated from each other by a distance greater than
      the width of the portion of said lantern handle to which they are
      connected.
NUM  4.
PAR  4. An improved electrical swivel head hand lantern as defined in claim 2
      wherein said lamp is a sealed beam lamp having a pair of contact bars on
      its base, each of which is connected internally in said lamp to opposite
      sides of a filament which illuminates when an electric current flows
      through it.
NUM  5.
PAR  5. In an improved electrical swivel head hand lantern having a lantern
      handle, a swivel head of nonconductive material swivelly secured to said
      lantern handle, said swivel head being comprised of a bowl into which a
      sealed beam lamp may be fitted so as to direct a light beam outwardly from
      said swivel head, means for swivelly securing said swivel head to said
      lantern handle comprising a pair of prongs attached to the back of said
      bowl and extending outwardly therefrom, said prongs being positioned
      parallel to, axially aligned with, and separate from each other, said
      sealed beam lamp having a pair of contact bars on its base, each of which
      is internally connected to opposite sides of a filament which glows when
      current flows through it, the improvement comprising means for
      electrically connecting said lamp inside said swivel head including a pair
      of retaining walls mounted on the inside bottom of said bowl of said
      swivel head and extending upwardly therefrom, said retaining walls being
      positioned parallel to each other and equidistant from the midpoint of the
      bottom of said bowl, separated from each other by a distance greater than
      the width of said pair of contact bars on the base of said sealed beam
      lamp, and extending above said contact bars when said lamp is positioned
      in said bowl, and a pair of metal strips located between said retaining
      walls, each of said metal strips contacting one of said contact bars when
      said lamp is positioned in said bowl.
NUM  6.
PAR  6. An improved electrical swivel head hand lantern as defined in claim 5
      wherein said retaining walls are aligned parallel to the horizontal axis
      of said bowl.
NUM  7.
PAR  7. An improved electrical swivel head hand lantern as defined in claim 5
      wherein a portion of each of said metal strips is located outside of said
      bowl where each of the portions of said strips is attached to the side of
      one of said prongs.
NUM  8.
PAR  8. An improved electrical swivel head hand lantern as defined in claim 2
      wherein said lamp is a combination of a bulb and reflector, said bulb
      having a base and a casing each of which is connected to opposite sides of
      a filament in said bulb, said bulb being outwardly directed and removably
      attached at the apex of said reflector in such a manner that said base and
      said casing protrudes at the rear of said reflector, said protruding base
      and casing each contacting a different one of a pair of metal strips
      located in the bottom of said bowl when said lamp is positioned in said
      bowl.
NUM  9.
PAR  9. An improved electrical swivel head hand lantern as defined in claim 7
      wherein said means for swivelly securing said swivel head to said lantern
      handle comprises an insulated screw inserted inwardly through one of said
      prongs and one side of said lantern handle, said inserted insulated screw
      being secured to a conductive lamp cylinder inserted through the other of
      said prongs and the other side of said lantern handle, said lamp cylinder
      being internally screw threaded to receive said insulated screw, and when
      installed, said lamp cylinder and one of the portions of said metal strips
      attached to one of said prongs being conjoined.
NUM  10.
PAR  10. An improved electrical swivel head hand lantern as defined in claim 9
      wherein said means for electrically connecting said lamp comprises a first
      metal strip to which both said lamp cylinder and a first battery terminal
      are conjoined, and a second metal strip to which both said metal strip
      attached to said prong opposite said lamp cylinder and a second battery
      terminal post are conjoined.
NUM  11.
PAR  11. An improved electrical swivel head hand lantern as defined in claim 10
      wherein said first metal strip from said lamp cylinder to said first
      battery terminal post is run inside said lantern handle and said second
      metal strip is run at least partially inside said lantern handle.
NUM  12.
PAR  12. An improved electrical swivel head hand lantern as defined in claim 10
      wherein said switch means is a slide type switch located in said lantern
      handle and forming part of said first metal strip and operating so as to
      provide a means to break and restore the electrical connection between
      said lamp cylinder and said first battery terminal post.
NUM  13.
PAR  13. An improved electrical swivel head hand lantern as defined in claim 12
      wherein a flasher bulb is positioned in said lantern handle, in such a
      manner that the base of said flasher bulb contacts said first metal strip
      and the bulb casing contacts a third metal strip which is located inside
      said lantern handle and is conjoined with a switch means which permits
      contact with a conductive flasher cylinder mounted on said insulating
      screw opposite and separate from said lamp cylinder, said flasher cylinder
      being conjoined with said second metal strip.
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ABST
PAL  A portable high intensity lamp comprising of a housing having a lamp
      supported in it and also carrying a battery and a switch relay and
      circuitry to energize and de-energize the light source from the battery,
      and a remote control trigger device and connecting line to the circuitry
      within the housing arranged to be removably supported in the housing,
      means being provided to hold the trigger device in the housing during
      transport, the trigger having a test and also an energize switch to
      operate the circuitry in the housing to thereby energize the light source,
      the test circuit being arranged to cause flow of current insufficient to
      actuate the switch relay but sufficient to test continuity of the line and
      establishment of correct operating conditions of the circuitry and light
      source prior to energization.
BSUM
PAR  This invention relates to a portable high intensity lamp.
PAC  BACKGROUND OF INVENTION
PAR  There are various occasions where a high intensity portable lamp is
      required, such as, for instance, for photographic work.
PAR  It will be realized that a high intensity portable lamp presents problems
      not only in the design of the lamp but also in the ability to store
      sufficient energy to actuate the lamp for the required time.
PAR  It will also be appreciated that such a lamp should advantageously be able
      to operate by remote control so that the lamp can be placed into any
      required position and the operator can then actuate it remotely.
PAR  It would also be advantageous to be able to test the circuitry of the lamp
      to be sure that it is in an operating condition after it has been set up,
      but without energizing the lamp to produce illumination.
PAR  One of the objects of the present invention therefore is to provide a
      portable high intensity lamp which will be of advanced construction and
      which will be entirely self contained and will have remote actuation and
      remote testing so that the lamp can be placed at a convenient position and
      tested and operated by remote control as required.
PAR  It is also advantageous under some conditions to use a shaped beam such as
      a beam extending laterally with limited height, and a further object of
      the invention is to focus or arrange the light source so that this can be
      achieved.
PAR  An object also is to arrange the unit such that remote control wiring can
      be accommodated as part of the unit when the unit is not in use so as to
      make the unit highly portable.
PAR  A further object is to be able to mount the unit on any convenient support
      without having to provide special tripods or the like, thereby increasing
      the portability.
PAR  Other objects of the invention will be apparent from the following
      description.
PAC  SUMMARY OF INVENTION
PAR  According to the present invention a high intensity light source, such as a
      quartz iodide lamp, is fed from a battery, preferably a rechargeable
      battery, or other suitable power supply, which is housed in the same
      housing which supports the lamp which has a light source and a lens or
      other beam shaping medium and also supports when not used remotely, the
      control mechanism and connecting wiring.
PAR  The triggering of the lamp is effected through an electronic source which
      is coupled through a remote control line to a trigger device which
      initiates the energization of the light source when actuated, but
      associated with this trigger device is a test circuit which comprises a
      push-button or the like which can test the remote control line and the
      circuitry for energizing the lamp, and also the lamp, without however
      actually energizing the lamp, this being attained by a voltage limitation
      circuit which, while it allows the electronic circuit and lamp to be
      tested, limits the voltage or current to one which is sufficiently low so
      as not to illuminate the light source.
PAR  The invention thus comprises, a lamp supported by the housing, a battery to
      energize the light source in the lamp also in the housing, a switch relay
      to energize and de-energize the light source also in the housing,
      circuitry within the housing to activate the switch relay under remote
      control, and remote control trigger device and connecting line to the
      circuitry within the housing but itself arranged to be removably supported
      in the housing, means to hold the trigger device in the housing during
      transport, circuit closing means in the trigger device to energize the
      switch relay through the circuitry in the housing to thereby energize the
      light source, and test means in the trigger device to cause flow of
      current insufficient to actuate the switch relay but sufficient to test
      continuity of the line and establishment of correct operating conditions
      of the circuitry and light source.
PAR  While the invention can be considerably varied in its constructional
      features, a preferred embodiment will now be described, but it is to be
      clear that the invention need not necessarily be limited to this
      embodiment.
PAR  The unit may be of modular design which allows functional sub-assemblies
      within the units to be replaced as a whole thus aiding maintenance and
      refurbishing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the pack in its transportable form with the lamp in its
      retracted position and the control locked into the main assembly.
PAR  FIG. 2 shows the unit as when in use, the lamp being extended from the
      housing and the controls also released so that considerable extension can
      exist between the lamp and a trigger device which forms the control for
      remote operating purposes.
PAR  FIG. 3 shows a convenient type of lens of high efficiency which is designed
      to give a required lateral beam spread.
PAR  FIG. 4 is an enlarged view of the top of the lamp housing showing a
      sighting device which can be incorporated.
PAR  FIG. 5 is a vertical section of a modified form of lamp.
PAR  FIG. 6 is a horizontal sectional view of the lamp shown in FIG. 5 showing
      the lateral spread of the beam, and
PAR  FIG. 7 shows schematically the circuit diagram of the unit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A body 1 supports a telescopic member 2 which has a lamp 3 mounted on its
      outer extremity and the arrangement is such that the lamp can fit snugly
      into a recess 4 in the body but can be drawn out to a required distance to
      allow the position of the lamp 3 to be varied both in height and
      rotationally in relation to the body 1.
PAR  The body 1 is provided with means whereby it can be mounted on a support,
      the means consisting of a girth strap 5 which is adjustable to allow the
      body to be clipped to a suitable support and which acts also as a means
      for locking in the remote control unit 6 when the device is in its
      portable configuration. The strap 5 is held to the body 1 by a pin 7 which
      engages a clasp 8 which is thus pivotally held on the body so that the
      clasp 8 and strap 5 can be positioned as shown in FIG. 1 where the strap 5
      holds the control unit 6, in place, or it can be turned through 90.degree.
      to allow the body to be secured to a tree or post or other support by
      engaging the strap around the support. The end of the strap 5 has an
      adjustable buckle 9 which can be engaged on the clasp 8.
PAR  The body has a recess adjacent to the telescopic support into which the
      power supply battery 10 can be positioned and when so positioned it is in
      circuit with the lamp 3 and the main electronic switching unit 12 which
      also fits into a recess in the body 1.
PAR  The body 1 has a recess 14 between that part 15 which supports the
      telescopic member 2 which supports the lamp 3 and a base 16 which has
      spikes 17 on it which can be driven into the ground or other support,
      which spikes 17 are removable or retractable when not required.
PAR  As stated earlier, the recessed portion 14 is adapted to accommodate the
      remote control unit 6. This unit includes a check button 20 and an
      "on-off" button 21 for actuation of the switches SA and SB which are shown
      in FIG. 7, and this remote control unit comprises an elongated spool 25
      which carries a wire link 26 of any required length to form an electrical
      connection between the remote control unit 6 and a main switching unit in
      the body 1.
PAR  The spool 25, around which the wire 26 can be wound, has a grip 28 which
      normally fits over a recess 29 to cover the check button 20 and the
      actuating button 21, but can be pulled out so that when held in the hand
      wire can be unwound from the remote spool 25 in that the spool can rotate
      about the shaft 30 of the grip 28 but when the wire is to be wound back
      onto the spool, a wire loop 31 attached to the spool can be raised and
      held against the grip 28 so that rotation in relation to the grip is then
      prevented.
PAR  The lamp assembly 3 comprises a housing 34 mounted on the end of the
      telescopic member 2 and the housing has at its top a sight 35 giving a
      visible indication of the angle through which the light will be projected,
      and the light source, in this case a quartz iodide light source 36, is
      housed at the focal point of a reflector 37 so that it gives a relatively
      parallel beam, but positioned in front of the reflector 37 is a dispersion
      lens 38 which has a series of corrugations in a vertical plane so that the
      light beam is spread laterally but is not increased appreciably in height.
      To ensure best results, a mirror 39 is provided which is supported from a
      frame 40. The dispersion lens 38 has the reflective portion positioned
      just forwardly of the light source 36, this mirror 39 ensuring that only
      light from the reflector 37 is projected forwardly through the dispersion
      lens 38.
PAR  In the foregoing, the light source is assumed to comprise a helical
      filament extending axially within the reflector, which of course is
      parabolic, but it will be obvious that other methods of obtaining the
      preferred somewhat fan-shaped light beam can be used, such as the use of a
      light source with a reflective coating and an elongated displaced filament
      behind an ellipsoidal reflector secured to the surface of the globe which
      surrounds the filament, this again giving the type of fan-shaped beam
      generally preferred. An alternative arrangement, but one not considered as
      suitable as the preferred form is shown in FIGS. 5 and 6 in which an
      extended filament 42 is used in a reflector 43 which has in it a light
      shield 44 so that again direct light from the filament does not pass
      forward but only reflected light, this reflected light passing through a
      lens 45 which in this case is a cylinder lens to give the required beam
      shaping, obviously various optical systems can be used to achieve the
      required beam shaping.
PAR  Switching of the light source is effected by a relay RLA under control of a
      transistorized circuit which is so arranged that when the "on" switch SB
      is closed, full battery voltage is applied through a resistor R3 to the
      base of a transistor TR1 to cause a flow of current to flow through the
      coil of the relay and thereby close the relay switch RLA and energize the
      light source 36 from the battery 10. Opening the on switch SB disconnects
      this supply and the transistor ceases to conduct and the relay RLA
      releases, switching off the power supply to light source 36. A diode D5 is
      used to prevent drive to the transistor base via the relay contacts while
      a capacitor C1 is included to reduce arcing across the relay contacts on
      release.
PAR  The test circuit comprises a spring loaded switch SA which, when the button
      20 which actuates it is depressed, results in a steady glow in a light
      emitting diode D2 which is positioned adjacent to the push-button in the
      trigger device but this only occurs if an "arm" switch SC on the main unit
      has been closed and the device is in readiness for operation. On
      conducting a test, should conditions not be favorable to excitation of the
      filament of the light source, this will be indicated by no glow being
      visible in the diode D2 an additional test feature is that if all
      connections are correct but there is a break in the light source
      connection or the filament which forms the light source, the diode will
      momentarily glow brightly when the test button is first pressed and the
      glow intensity will then drop to a very low level or extinguish
      completely, this being due to the use of the capacitor C1 previously
      referred to which discharges through the diode D2.
PAR  It will be noted from FIG. 7 that the diode D2 is operative only when the
      switch SB is open, and at that condition the switch SA controls flow in
      the test circuitry comprising the diodes D1 and D2 and the resistors R1
      and R2 which, with the resistor R5, form the current limiting device
      during testing and also the indicator means.
PAR  Because of this, the test button SA does not trigger the transistor but
      merely closes the circuit to allow sufficient current to flow through the
      circuit to test the components, continuity of the circuit and light source
      being indicated by the glow in the diode D2 associated with this button.
PAR  It will be realized from the foregoing that a simple and effective unit is
      provided which comprises generally a body which has attached to it a
      telescopically mounted light source, and which carries the energizing
      means for the light source, and also houses in a recess the remote control
      carrying the test and energizing buttons, the remote control unit forming
      also the spool on which the extended wire is wound so that when the remote
      control unit is removed from the body, the wire can be unwound, preferably
      as stated by drawing out a grip so that the spool can rotate, and when the
      required amount of control wire has been withdrawn, the unit is ready for
      operations after the arm switch is closed and the circuit is tested.
PAR  As stated the device is preferably mounted on any suitable support by means
      of a girth strap which can be positioned to hold the unit to the support
      or can be swung around to a position where it locks the remote control
      unit in the recess in the body of the device.
PAR  It will of course be obvious that modifications of this device could be
      effected within the spirit of the invention, and for instance the remote
      control unit could be arranged to independently support a member carrying
      the link wire, the remote control unit simply clipping to the body which
      carries the main switching unit, the telescopic lamp unit and the power
      supply.
CLMS
STM  We claim:
NUM  1.
PAR  1. A portable high intensity lamp comprising a housing, a lamp with a light
      source supported by said housing, a battery in said housing to energize
      the light source of said lamp, a switch relay in said housing to energize
      and de-energize said light source, circuitry within said housing to
      activate said switch relay under remote control, and a remote control
      trigger device and connecting line to said circuitry within said housing
      but itself arranged to be remotely removably supported in said housing,
      means to hold said trigger device in said housing during transport,
      circuit closing means in said trigger device to energize said switch relay
      through said circuitry in said housing to thereby energize said light
      source, and test means in said trigger device to cause flow of current
      insufficient to actuate said switch relay but sufficient to test
      continuity of said line and establishment of correct operating conditions
      of said circuitry and light source.
NUM  2.
PAR  2. A portable high intensity lamp according to claim 1 comprising by a
      light emitting diode and test switch in the said trigger device, said
      light emitting diode and test switch being connected in series with the
      said connecting line and the light source and with flow limiting means
      whereby the said continuity is indicated by glow in the said diode when
      the said test switch is closed to test for such continuity.
NUM  3.
PAR  3. A portable high intensity lamp according to claim 2 comprising a
      condenser connected across the switch in said switch relay and effective
      also across said test switch whereby a discontinuity in the light source
      itself will be indicated by a momentary glow only in said light emitting
      diode.
NUM  4.
PAR  4. A portable high intensity lamp according to claim 1 wherein the housing
      supports one end of a telescopic rod and the other end of the rod supports
      the lamp, said housing having a recess at the point of emergence of the
      telescopic member to receive the said lamp when the telescopic member is
      not extended.
NUM  5.
PAR  5. A portable high intensity lamp according to claim 1 wherein said housing
      has a recess into which the remote control trigger device fits, a girth
      strap pivotally connected at one end to the said housing and adapted to
      extend around the housing to hold the said remote control trigger device
      in the said recess, said girth strap being orientatable to hold the said
      housing to a support by passing the girth strap around said support when
      said remote control trigger device is removed from said housing.
NUM  6.
PAR  6. A portable high intensity lamp according to claim 1 wherein the remote
      control trigger device comprises a spool on which an extension wire may be
      wound, said spool having supported thereon a grip which covers a recess
      when positioned against the said spool but withdrawable to allow the spool
      to rotate in relation to the grip when unwinding extension wire from said
      spool.
NUM  7.
PAR  7. A portable high intensity lamp according to claim 6 wherein the grip
      forms a closure for the recess in the spool which recess contains the
      remote control operating means for the lamp and also the test means for
      testing continuity of the extension wire and lamp components.
NUM  8.
PAR  8. A portable high intensity lamp according to claim 1 wherein said lamp
      comprises a reflector, said light source being a filament light source
      positioned at a focal point in said reflector and means associated with
      the filament and reflector to prevent direct light from extending
      forwardly but to allow light from the reflector to project forwardly, and
      means to spread the beam laterally.
NUM  9.
PAR  9. A portable high intensity lamp according to claim 8 wherein the beam
      spreading means comprises a lens positioned in the path of light from the
      reflector and shaped to laterally spread the beam.
NUM  10.
PAR  10. A portable high intensity lamp according to claim 8 in which the
      reflector has within it supported forwardly of the reflector a mirror
      adapted to reflect light from the filament to the reflector while forming
      a baffle to prevent direct forward emission of light from the filament.
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ABST
PAL  A tubular infrared lamp is mounted within the confines of a reflector and
      includes flattened, jacketed terminal structure on each end of the tube.
      Each terminal end extends through appropriately sized apertures in the
      opposed end walls of the reflector with the apertures including notches
      for receipt of the flattened terminals. Insulated terminal posts are
      mounted on the exterior side of the reflector end walls and wire leads
      extend tightly between the lamp ends and the corresponding post to secure
      the lamp against excessive axial movement. An insulating shield having an
      aperture, including notches, of similar size and configuration as the
      aperture of the end walls is disposed against the external surface of the
      end wall. The shield is oriented so that the notches of each respective
      aperture are in non-alignment, thus blocking cooling air flow, passing
      over the lamp ends, from entering the reflector. Also, the lamp's terminal
      ends are electrically shielded from the metal end wall of the reflector by
      the insulating shield. The shield is maintained in this angular
      orientation by a spring clip extending outwardly from the insulated
      terminal post to a position positively engaging the shield.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to tubular lamp mounting means and more
      particularly to means for mounting an infrared lamp within the confines of
      a reflector assembly particularly suited for an infrared oven.
PAR  2. Description of the Prior Art
PAR  Infrared tubular lamps having flattened terminal ends are well known and
      commercially used for space heaters and for cooking units. (See U.S. Pat.
      No. 3,355,574) The lamps generally extend through opposite ends of an
      associated reflector assembly to be clamped within insulated terminal
      blocks. However, in that it is necessary to maintain the terminal ends of
      the lamp below a temperature of approximately 350.degree.F to provide a
      generally long life, and as the filament within the lamp is heated to
      approximately 2700.degree.K, the prior art terminal blocks, in that they
      surrounded the terminal ends, generally resulted in the ends of the lamps
      becoming excessively heated. Further, the blocks were quite bulky, in
      addition to being rather expensive.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a lamp mounting means for maintaining the
      infrared lamp in proper orientation within a reflector assembly and
      preventing it from excessive axial movement, yet exposing the terminal
      ends of the lamp to air flow for cooling. The end walls of the reflector
      assembly have opposing apertures sized so as to receive therethrough the
      tubular lamps and are notched for receipt of the flattened, jacketed end.
      An insulating shield having an aperture of similar size and shape is
      disposed adjacent the external surface of the end wall of the reflector
      and is rotated so as to misalign the notches of the respective apertures
      to generally block the apertures and notches against air flow
      therethrough. A lead wire extends between the lamp end and an insulated
      terminal post extending from the end wall. The lead wire is generally taut
      and therefore prevents excessive axial movement of the lamp within the
      apertures while allowing limited movement for shock absorbing during
      shipping. Also, the insulated terminal post mounts a clip extending toward
      the shield to engage the shield and maintain it in the rotated position.
      The insulator shield also provides electrical insulation between the
      jacketed terminal ends of the lamp and the metal end walls of the
      reflector.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the reflector having the lamp mounting means
      of the present invention; and,
PAR  FIG. 2 is a side elevational view of the end wall of the reflector with the
      lamp mounting means of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The lamp mounting means of the present invention is, in the preferred
      embodiment, used in an infrared oven as described in copending
      applications identified by the common assignee as Case Nos. 45,207 and
      45,210.
PAR  Referring now to FIG. 1, the infrared lamp 10 is shown disposed within the
      confines of a generally concave reflector assembly 12 including a
      generally planar base and opposed upwardly, outwardly diverging side walls
      16. The lamp 10 is properly positioned with respect to the walls by being
      received in apertures 18 in opposed end walls 20 of the reflector
      assembly.
PAR  The lamp 10, as is well known, includes a tubular envelope 22 having
      flattened ends enclosed in a metal terminal jacket 24 of greater width
      than the outer diameter of the envelope. Thus, the apertures 18 in the end
      walls are sized so as to generally tightly engage the envelope (allowing
      for sufficient manufacturing tolerances) and include diametrically opposed
      notches 18a that permit passing therethrough of the end jackets 24 on the
      lamp. In this orientation, the lamp 10 extends across the width of the
      reflector assembly 12, and in parallelism therewith, and the terminal
      metal ends 24 of the lamp are disposed on the outside of the end walls 20.
      It is to be understood that in this preferred environment, the reflector
      assembly is fabricated from aluminum and the outer surface of the
      reflector is preferably cooled by forced air passing thereover.
PAR  Referring now to FIG. 2 in conjunction with FIG. 1, the specific structure
      of maintaining the lamp 10 in the above position against axial
      displacement and insulatingly shielding the metal ends of the lamp from
      the end walls of the reflector is seen to include an insulated terminal
      post 26 mounted on an external extension 28 of the end wall 20. The post
      26 includes complementary male 26a and female 26b portions held in
      assembled relationship by an axially extending threaded bolt 30 and nut
      32. The post 26 is secured to the extension 28 by receipt of the male
      portion 26a within an aperture in the extension prior to receipt within
      the complementary female portion to capture the extension between the
      resulting facing engagement. A terminal connector tab 34 is also disposed
      on the post 26 adjacent the end of the bolt for engagement with control
      wiring (not shown).
PAR  An electrical lead wire 36 extends tautly between the jacketed end 24 of
      the lamp 20 and the end of the post 26 adjacent the connector tab and is
      secured to the post by an "eye.revreaction. connector soldered to the wire
      and inserted over the bolt. As such lead wire 36 is connected similarly on
      both ends of the lamp 10, the taut wires prevent excessive axial movement
      of the lamp yet permit limited axial movement beneficial as a shock
      absorbing mechanism when the lamp is subjected to shocks as during
      shipping.
PAR  Thus, it is seen that the lamp is electrically connected and held in place
      against excessive axial movement, yet the jacketed ends are maintained
      exposed to be cooled by the forced air moving across the reflector ends.
PAR  Further, for reasons of safety and also to substantially block the notches
      18a in the aperture of the end walls, into which the forced air could
      otherwise flow and carry with it air borne contaminates that would reduce
      the reflectivity of the interior of the reflector assembly, an insulating
      shield 40 is disposed in facing engagement with the exterior of each end
      wall. The insulating shield 40 comprises a sheet of bonded mica and
      includes therein an aperture 42 having similar size and shape as apertures
      18 in the end walls so that it generally engages the envelope yet has
      notches 42 a to permit passage of the flattened ends of the lamp. The
      shield 40 is maintained in proper position against the external surface of
      the end wall and with the notches 42a sufficiently out of alignment with
      the notches 18a in the end wall so that each is blocked by structure of
      the other, by a spring clip member 44. The clip member 44 comprises a
      strip of metal having an aperture in one end (not shown) and held in
      position by being captured between the male 26a and female 26b parts of
      the insulated terminal post 26 in the same manner the extension 28 is
      captured therebetween for mounting the post. The clip 44 extends therefrom
      a sufficient distance to overlie a projection 46 of the insulating shield
      40. Preferably, the clip, in this portion, includes an inwardly projecting
      dimple 48 that coincides with an indexing aperture 50 in the shield 40 to
      positively prevent the shield from rotating under normal circumstances and
      maintains it in the above-described orientation.
PAR  Thus, the notches, 18a and 42a, for the most part, are blocked to prevent
      air flow therethrough and the metal ends 24 of the lamp are positively
      prevented from contacting the metal end walls 20 if for some reason (i.e.,
      broken or too much slack in the lead wires) sufficient axial movement of
      the lamp 10 is permitted which otherwise would have made this contact. To
      this end, it is noted that the notches 42a and the insulating shield 40
      are also maintained out of alignment with the complimentary flat structure
      of the jacketed ends 26 of the lamp 10.
PAR  Thus, through the lamp holding structure of the present invention, the lamp
      10 is prevented from displacement by being received in opposed apertures
      in the end walls of the reflector assembly and secured therein by taut
      lead wires extending from the lamp to an adjacent insulated post, thereby
      exposing the lamp ends to cooling air while at the same time providing
      shock absorbing characteristics. The end walls 20 of the reflector
      assembly are also shielded from arcing across the gap between the end
      walls and the terminal jacket 24, or by actual contact therebetween, by an
      insulating shield 40 that is held in its proper orientation by an adjacent
      clip. This shield also blocks the notches 18a of the aperture 18 in the
      side wall to prevent ingress of air therethrough to the reflector cavity
      that might otherwise contaminate the reflector surfaces and alter their
      reflective capabilities.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Structure for securing a tubular shaped lamp having broad flattened
      terminal ends within a reflector assembly including opposed end walls
      defining apertures generally conforming to the tubular portion of the lamp
      and including notches for receipt therethrough of said terminal ends, said
      terminal ends being spaced from said end walls in said secured position,
      said structure comprising:
PA1  a post member mounted on said assembly generally adjacent each terminal end
      of said lamp;
PA1  a lead wire attached to said terminal end and connected to said post
      member, said wire being generally taut between said lamp and said post to
      prevent excessive axial movement of said lamp and also maintain said
      terminal ends in a predetermined angular orientation with respect to said
      notches in said aperture;
PA1  a sheet of insulating material interposed between said terminal end and
      said end wall, said sheet defining an aperture including notches generally
      coextensive with the aperture in said end wall; and,
PA1  means for retaining said sheet in said position against said end wall and
      with the notches in the aperture therein at an angular orientation
      distinct from the angular orientation of the associated terminal end of
      said lamp whereby the terminal end and end wall are electrically shielded
      from each other by said sheet.
NUM  2.
PAR  2. Structure according to claim 1 wherein said notches in the aperture in
      said insulating sheet are also maintained at an angular orientation
      distinct from the notches in said side wall whereby structure of each said
      side wall or said sheet blocks the notches of the other to generally
      prevent air flow through said respective notches.
NUM  3.
PAR  3. Structure according to claim 2 wherein said post member is an insulated
      terminal post.
NUM  4.
PAR  4. Structure according to claim 2 wherein said means for retaining said
      insulating sheet comprises a clip member mounted at one end to said
      assembly and having a generally free end extending to overlie said sheet,
      said free end of said clip being resiliently biased towards said end wall.
NUM  5.
PAR  5. Structure according to claim 4 wherein said free end of said clip member
      includes an inwardly shock dimple extending toward said end wall and said
      sheet includes an indexing aperture for receipt of said dimple to maintain
      said sheet in the proper angular orientation.
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ABST
PAL  A lighting unit has a lamp supported in position relative to a reflector by
      means of a support including a holder which clasps an end seal of the lamp
      envelope or capping box fitted to the end seal, a co-operating rib and
      groove in the holder and end seal or in the holder and the capping box
      serving to locate the lamp against axial movement. For a double-ended lamp
      two holders are provided on a common support.
BSUM
PAR  The present invention relates to improvements in the construction of
      lighting units such as sealed beam units.
PAR  In any lighting unit which is to give a defined pattern of illumination,
      lenses and/or reflectors having specific optical properties are required.
      The required illumination, however, is only attained if the actual source
      of light is correctly positioned relative to the lenses and/or reflectors
      of the unit. It may, for instance, frequently be necessary to locate an
      internal reference point, e.g. the centre of a filament or the centre of
      an arc discharge path in coincidence with a focal point of a reflector.
      The aim of this invention is to provide a simply constructed support with
      the aid of which a lamp can be maintained precisely at a given position in
      a lighting unit. The lighting unit can be of the sealed beam type, such as
      an automobile headlamp.
PAR  According to the present invention, there is provided a lighting unit
      including a lamp having an envelope closed by an end seal, a reflector,
      and a support mounting the lamp in a predetermined position with respect
      to the reflector, characterised in that the support comprises a holder
      which clasps the end seal of the lamp or a capping box secured thereto,
      the holder and the end seal or the holder and the capping box having an
      interlocking rib and groove extending transverse to the axis of the lamp
      to locate the lamp against axial displacement and being formed with
      abutment surfaces to locate the lamp against displacement in directions
      transverse to the axis.
PAR  Depending upon the nature of the lighting unit, the holder can be
      constructed for releasable or permanent retention of the lamp. Where the
      unit is of the sealed beam type, the holder would normally provide
      permanent retention of the lamp.
PAR  In one preferred embodiment of the invention, the support is an inverted
      cup having a given height, the holder being centrally disposed in the base
      of the cup and preferably integral therewith. The holder is a hollow clasp
      member which embraces and grips the seal end of the lamp. The clasp member
      has opposed recesses for mating with correspondingly shaped ribs on the
      seal end of the lamp, and is so designed that the said seal end snaps into
      engagement therewith.
PAR  A second embodiment is designed particularly for a unit using a double
      ended lamp. In this embodiment, the support has a pair of holders which
      are spaced apart according to the distance between the two seals at the
      opposite ends of the lamp. The holders are carried upon opposite ends of a
      yoke forming part of the support.
PAR  The lamp support can be secured in any convenient manner to any convenient
      part of the unit. Thus, in the manufacture of a sealed beam unit, the
      support can be fixed to the reflector in readiness for subsequent
      attachment of the lamp at a later stage in the manufacturing process.
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PAR  The present invention will now be described by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 illustrates in exploded form an assembly embodying the invention,
      showing parts in cross-section, and
PAR  FIG. 2 is an illustration similar to FIG. 1, showing another embodiment of
      the invention.
DETD
PAR  FIG. 1 shows part of a lighting unit having a curved reflector 10, a lamp
      support 11 and a lamp 12. The arrangement is particularly adapted for use
      in sealed beam units, for instance for automobile lighting. However, the
      support 11 can be fitted otherwise than to a reflector, and is designed to
      hold the lamp 12 at a known position relative to a reflector, lens and
      other optical components of a lighting unit. The unit is not necessarily a
      sealed beam unit.
PAR  The reflector 10 is, for the purpose of convenience, considered as part of
      a sealed beam unit. It has a plurality of terminal posts 13 for
      transferring current from an external electrical supply to the lamp 12.
      The posts 13 are not shown in detail since they are well known and can be
      of any conventional type. A circular ledge 15 formed in the inner or
      reflecting surface of the reflector 10 provides a foundation for the lamp
      support 11. The ledge 15 defines a planar surface to which the support 11
      is secured.
PAR  The lamp 12 is of a standard, single-ended design, having one or more
      filaments. It can be of the H4, tungsten halogen type. Each filament is at
      a known position relative to a pinch seal at the lower end of the lamp.
      The pinch seal is not visible in the drawing, since it is contained within
      a capping box 16 fabricated from sheet metal. The capping box 16 engages
      ridges or depressions formed in the surface of the pinch seal, so as to be
      secured rigidly and immovably. Two projecting ribs 17, 18 project from
      opposed faces of the capping box 16. The ribs 17, 18 are a set distance
      from the or a filament of the lamp 12 and form part of a keying
      arrangement by means of which the lamp 12 is interlocked with the lamp
      support 11.
PAR  The lamp support 11 takes the form of an inverted cup having a flange or
      rim 19 which seats upon and is bonded to the ledge 15. The support cup is
      circular in plan and has a frusto-conical side wall 20 reaching from the
      flanged rim 19 to a base portion 21 of the cup. Centrally within the base
      portion 21 is an opening 22 for receiving the end seal of the lamp.
      Surrounding the opening 22 is a hollow clasp member 23 or tubular sleeve
      for embracing and gripping the capping box 16 on the lamp seal. The clasp
      member 23 is formed internally with recesses 24 in opposed faces. The
      recesses 24 conform in shape to the ribs 17, 18 on the capping box 16 and
      thus form the other part of the keying arrangement mentioned above. The
      clasp member is formed with a mouth having flared lips 26.
PAR  The inverted lamp support cup 11 can be moulded from a plastics material,
      and has considerable rigidity. Nevertheless the cup 11 has sufficient
      resilience in the region of the clasp member 23 for the capping box 16 to
      snap into engagement with the clasp member. When the lamp 12 is pushed in
      the direction of the arrow 28 and the ribs 17, 18 engage the flared lips,
      the lips 26 of the clasp member 23 are caused to spread open sufficiently
      for the ribs 17, 18 to enter the recesses 24. The clasp member 23 then
      snaps back owing to its resilience, imprisoning the ribs 17, 18 in the
      recesses 24. The dimensions of the support cup 11 are chosen such that the
      or a filament of the lamp 12 coincides with a focal point of the reflector
      10.
PAR  It should be noted that use of the capping box 16 may be rendered
      unnecessary if the lamp 12 is produced with a pinch seal of profile
      similar to that described for the capping box (i.e. with ribs 17, 18
      moulded into the pinch seal and having a determined relationship to the or
      a filament of the lamp).
PAR  The lamp support 11 could be fabricated from a ductile, resilient sheet
      metal, and does not have to be a generally cup-shpaed object. If desired,
      the support 11 could consist of two legs shaped in accordance with the
      outline shown in FIG. 1. Movement of the lamp 12 into engagement with the
      support would be accompanied by momentary bending of the legs as the ribs
      17, 18 approach the recesses 24. If the support 11 is made in this manner,
      one or other or both of the two opposed elements of the clasp 23 should
      include flanges or tangs to prevent the lamp 12 slipping sideways. Such
      flanges or tangs could be bent into position against the capping box 16
      after insertion of the lamp 12.
PAR  Where the support 11 is in the form of a cup, portions of its periphery are
      cut away to define cut-outs 30. The cut-outs 30 facilitate the connection
      of lead-out conductors 31 to the posts 13. The connections can be effected
      by soldering, crimping or the like.
PAR  The flanged rim 19 of support 11 can be secured to the ledge 15 in a
      variety of ways. For example, epoxy resin adhesive could be employed. If
      both the support 11 and the reflector 10 are metallic members, they can be
      fastened together by soldering, welding or brazing.
PAR  The construction shown in exploded perspective in FIG. 2 is for lighting
      units which use double ended lamps. The lamp 35 is of a substantially
      standard design and has two pinch seals 36 at opposite ends of its
      envelope 37. A lead-out conductor 38 passes through each pinch seal 36,
      the conductors 38 being connected inside the envelope 37 to a single,
      axially disposed filament, not shown. It will be seen that the pinch seals
      36 are flat and substantially rectangular, and each is provided with a
      transverse groove or recess 39.
PAR  A lamp support 40 is carried by a curved reflector 41. The reflector has
      two protrusions 42 providing foundations to which the support 40 is
      secured, and terminals 43 for connection to the lead-out conductors 38.
PAR  The support 40 comprises a cradle or stand fabricated in this instance from
      metal strip and having legs 50 provided with feet which are bonded in any
      convenient way to the reflector protrusions 42. The top ends of the legs
      50 bear a two-armed yoke 51, whose two arms terminate in holders 52 for
      the pinch seals 36.
PAR  Each holder 52 is bent from sheet metal and comprises a platform 53, which
      supports the lower edge of the associated seal 36, and two upstanding side
      portions 54, 55. The side portions 54, 55 are spaced apart by a distance
      equal to the thickness of each seal 36. The side portion 54 has vertical
      folds defining an inwardly directed projection or key 56 for mating with
      the groove or recess 39 in the associated seal. The side portion 55 is of
      such a height as to be capable of being folded over the top edge of the
      seal 36. When the side portion 55 is folded over, it can be spot welded or
      crimped to flanges 58 on the upstanding portion 54.
PAR  It will be appreciated that the lamp 35 is securely held against movement
      by the holders 52. The interengaging keys 56 and recesses 39 prevent
      movement of the lamp 35 in its axial or lengthwise direction. The
      folded-over side portion 55 prevents lifting of the mounted lamp from the
      support 40.
PAR  The lamp 35 has to be supported at a known position relative to the
      reflector 41. It is common to arrange that its central filament axis
      intersects the focal point of the reflector 41. The dimensions of the
      support 40 are selected accordingly.
PAR  Whilst the holders 52 are designed primarily for permanently mounting the
      lamp 35, they could be still used where the lamp 35 is to be detachable to
      allow replacement thereof. The folded-over side portion 55 would not, in
      that case, be soldered or welded to the flanges 58. Thus, the support 40
      could be employed in a demountable lighting unit, like the support 11
      shown in FIG. 1. It will be recognized that attaching the supports 11, 40
      directly to a reflector 10, 41 is merely a matter of convenience. Clearly,
      the supports can be attached to other parts of a lighting unit, for
      example the inside of a housing of a demountable unit. It will also be
      recognized that throughout the applications and constructional examples
      described, the light source may take the form of an arc discharge in place
      of the filament examples quoted.
PAR  It will further be apparent that the system described can be readily
      adapted to provide simple focal mounting of two or more lamps in
      predetermined relationship to each other and to one or more reflectors.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lighting unit comprising a lamp having an envelope with a seal
      structure at one end of the envelope, a reflector, and a support mounting
      the lamp in a predetermined position with respect to the reflector, said
      support comprising a holder clasping the said seal structure, said holder
      and said seal structure having interlocking rib and groove means extending
      transverse to the axis of the lamp and locating the lamp against axial
      displacement and said holder and said seal structure being formed with
      abutment surfaces to locate the lamp against displacement in directions
      transverse to the axis, said reflector having integral protrusions on the
      reflecting surface to which the support is secured to establish the said
      predetermined position.
NUM  2.
PAR  2. A lighting unit as claimed in claim 1 wherein said seal structure
      includes a capping box, said capping box comprising at least one rib of
      said rib and groove means.
NUM  3.
PAR  3. A lighting unit as claimed in claim 1 wherein said support is a
      cup-shaped member having a rim secured to the reflector and a base, said
      holder is a tubular sleeve member centrally disposed in the base of the
      cup-shaped member, said seal structure being received within the tubular
      sleeve member and having transverse ribs of said rib and groove means, and
      said holder having transverse grooves of said rib and groove means and
      being resilient whereby said grooves snap into engagement with said ribs.
NUM  4.
PAR  4. A lighting unit as claimed in claim 1 wherein said envelope has a second
      seal structure at a second end thereof, each of said seal structures
      comprising a pinch seal with a transverse groove formed therein, and said
      support has a yoke and two holders carried by said yoke to receive said
      first and second seal structures, each holder having a rib slidable into
      engagement with a groove formed in the lamp seal, a base engaging one edge
      of the seal, a side wall engaging the face of the seal opposite the
      grooved face, and a folded-over flap attached to the side wall and
      engaging the other edge of the seal.
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ABST
PAL  A luminaire and mounting means are disclosed. Easy access into the
      luminaire for maintenance is provided by quick release trigger latches.
      Removal, replacement and alignment of a relfector and socket assembly are
      facilitated by slotted brackets on the reflector and within the housing.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  A related application Ser. No. 480,951 filed June 19, 1974 in the names of
      W. C. Moore, J. D. Kiss and J. R. Dean has been assigned to the same
      assignee as the present application and is directed to a "Luminaire with
      Mounting and Adjustment Structure". This related application is hereby
      incorporated by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to luminaires for use in lighting extensive
      areas such as may be found along highways and which may be used for area
      lighting such as parking lots and the like. It relates more particularly
      to the servicing of such luminaires and especially to efficient
      arrangements permitting rapid removal and installation of critical
      components of such luminaires.
PAR  2. Description of the Prior Art
PAR  Luminaires used for outdoor lighting frequently employ mercury vapor and
      sodium vapor lamps which provide high-intensity light. Typical
      installations, in the past, have involved the placement of the luminaires
      on long arms extending from the tops of high poles near the areas to be
      illuminated. Along highway rights-of-way, for example, long lines of posts
      close to the roadway have been necessary with mast arms extending over the
      roadway. Such lines of posts with long mast arms located close to, or
      extending over, the edges of the road are not generally considered to be
      esthetically attractive and are recognized to present a definite hazard of
      collision for any vehicles which go out of control and off the road.
      Damage to posts and luminaires located close to highways is a cause of
      serious losses every day.
PAR  To overcome the disadvantages of long mast arms and closely spaced poles, a
      new reflector and a new refractor have been provided which, when mounted
      together with a lamp in a suitable housing, produce intense twin beams of
      light providing a rectangular area of illumination more uniform than has
      heretofore been commercially feasible with such lamps. This development
      enables superior illumination over a long and substantially rectangular
      area of increased size from lamps of a given size which are located
      farther from the area than hitherto. However, this capability to
      illuminate a larger and rectangular area from a greater distance carries
      with it requirements relating to arrangements of reflectors and refractors
      and particularly to their manner of assembly on the upper ends of straight
      posts which make it difficult to service the luminaires.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide improved illumination for larger
      areas without increasing lamp size and power requirements and to direct
      the illumination onto substantially rectangular areas. It is intended,
      along with improved illumination, to enable increases in spacing between
      luminaires and between a roadway or other area to be illuminated and the
      luminaires. It is an object, by enabling a reduction in the number of
      poles and increases in their spacing from a roadway, to reduce the hazards
      of vehicles striking them.
PAR  It is a further object of the invention to simplify the installation of
      luminaires on support posts while making it possible to readily position
      the luminaires and to aim them so that illumination is provided over
      specified areas.
PAR  An additional object of our invention is to provide luminaires constructed
      in accordance with the invention in a manner enabling them to be more
      readily serviced.
PAR  The foregoing objects are realized in the present invention through use of
      improved reflector and refractor elements in a luminaire together with
      improved means for mounting, aiming and servicing luminaires. Improvements
      in servicing relate to the provision of fastener means enabling the
      reflector and lamp socket assembly to be removed from behind the lens and
      replaced easily and efficiently. In addition to enabling ready removal and
      replacement of the reflector, the fastener means enables proper alignment
      of the reflector even though the position of the refractor when the
      housing is open prevents the workman from actually seeing the fastener
      means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above mentioned and other features and objects of this invention and
      the manner of obtaining them will become more apparent, and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a view in perspective of a luminaire and mounting means
      positioned on a post in accordance with the invention;
PAR  FIG. 2 is a side view in partial section of a luminaire and mounting in
      accordance with the invention and showing the luminaire in both open and
      closed positions;
PAR  FIG. 3 is a view in partial section of a portion of a luminaire depicting
      the front of the reflector and the means by which the reflector is
      fastened to the upper housing of the luminaire;
PAR  FIGS. 4A and 4B show details of the front reflector clip, which is attached
      to the reflector;
PAR  FIGS. 5A and 5B show details of construction of the reflector register
      which is attached to the upper housing for mating with the front reflector
      clip and thus aligning the reflector and securing it to the upper housing;
PAR  FIG. 6 is a perspective view of the reflector register and of the reflector
      clip showing how they may be aligned to fit together, and
PAR  FIGS. 7A, 7B and 7C show details of the construction and placement of one
      of the reflector mounting brackets.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS:
PAR  Turning first to FIG. 1, there is shown a view of a luminaire 2 according
      to the invention as it would appear when mounted for usage on a post P. By
      tightening set screws in the base plate 6 at S1, S2, S3 and S4 in a
      selective manner, the base assembly 4 and the luminaire 2 may be fastened
      to the post P and may be accurately positioned about an axis normal to the
      center of the post so that illumination from the luminaire will be
      directed onto a plane parallel to and coincident with at least a major
      portion of the area to be illuminated. In the event the post is not
      vertical or the area to be illuminated is not horizontal, a first and a
      second setting are provided. As a first of these, the screws S1-S4 are
      tightened. Secondly, the selective tightening of nuts on bolts 26 and 28
      may be used to set the luminaire relative to the plane of the top surface
      of the base assembly.
PAR  In the view shown in FIG. 1, the luminaire includes an upper housing UH to
      which a lower housing LH is attached by hinges at H. This construction
      makes it possible to open the lower housing by release of clips, or
      latches, at L1 and L2, permitting the lower housing LH to swing out and
      provide access to parts within the upper housing. This construction is
      advantageous when the luminaire is in use and particularly when elevated
      on a post, since it permits opening the housing and closing it without
      removing and handling heavy housing elements. Hinging the lower housing LH
      to the upper housing UH permits the refractor lens RF to swing out from
      the upper housing when the luminaire is opened and minimizes the risk the
      refractor will hit personnel or be smashed against the housing or the
      post.
PAR  A general view of a luminaire 2 and base assembly 4 is shown in FIG. 2 in
      position on a post P in accordance with the invention. The base assembly 4
      is mounted by means of screws S1, S2, S3 and S4 on the pipe P to provide a
      support for the base of the housing 20 and for the luminaire 2. The knob
      12 can be used to turn the screw 14 in a spacer 16 and in cooperation with
      the pivot rod 19 to adjust the angle of inclination of the luminaire
      relative to its mounting. The luminaire base 20 is secured to base casting
      8 in a mounting allowing side-to-side adjustment of the luminaire relative
      to the base casting 8. The luminaire may be aimed, by turning knob 12, to
      position the beam of illumination relative to the area it is desired to
      illuminate. The details of construction allowing this aiming are shown in
      our co-pending application as previously cited.
PAR  The upper housing UH is fastened to the base of the housing 20 by
      conventional bolts or other means. The upper housing supports the lamp L
      in a manner chosen to optimize illumination from the luminaire via the
      reflector RE and the refractor RF. The upper housing supports the
      reflector RE in a manner permitting its ready removal from the housing as
      is explained subsequently. The lower housing is supported by a hinge at H
      which is secured to the upper housing UH. The refractor RF is supported by
      the lower housing LH.
PAR  In FIG. 2, the lower housing and the refractor are illustrated in solid
      lines as they appear when the luminaire is closed for use. They are shown
      also in dashed lines as they would appear when the luminaire is opened for
      servicing. This figure, in conjunction with more detailed showings in
      other figures, is believed to be useful to a discussion of certain
      problems and how they have been overcome by the invention.
PAR  The lower housing LH may be rotated from its open position (dashed lines)
      about its hinge at H against the upper housing UH and then be fastened by
      latches at L1 and L2 to the upper housing and held in its closed (solid
      lines) position. Release of the latches L1, L2 will permit the lower
      housing to swing open about the hinge H, carrying the refractor along to
      the open position of FIG. 2 (dashed lines). A workman charged with
      maintenance of the assembly, will stand to one side to release the latches
      and permit the refractor, which may weigh as much as 23 pounds in a
      preferred embodiment, to fall into the open position. Suitable upper and
      lower seals are provided, one between the refractor and the lower housing
      and the other between the lower housing and the upper housing. Suitable
      seals are indicated at G1 and G2 in FIG. 3.
PAR  The open position of the lower housing and refractor, as shown in FIG. 2,
      presents a problem to a repairman. In a preferred embodiment, the lower
      housing has dimensions of about 21/4 feet by 11/4 feet and supports a
      23-pound refractor. These dimensions, the position of the refractor when
      the housing is opened and the height above ground preclude direct access
      to the reflector. For a workman to remove and replace the reflector, he
      must stand to the left of the open housing, in the view shown in FIG. 2,
      facing the outside of the refractor and he will be unable to see the
      reflector and the means holding it in place. To overcome this problem,
      fastening means (FIG. 3) is provided on the reflector at 40, 70 and 80
      (not shown) and on the upper housing at 50, 72 and 82 (not shown) to
      enable a workman to remove and replace the reflector in accordance with
      the invention using both hands in the process without actually being able
      to see the latches 40 and 50.
PAR  Various elements of the luminaire, including lamps, housings, capacitors,
      ballast, cooling vanes and the like are shown in FIG. 2. The power
      elements shown are conventional and may be replaced with a "power pad" in
      accordance with the disclosure in U.S. Pat. No. 3,761,781. The housing
      base 20 and the elements it supports are placed immediately above the base
      assembly 4 to put as much weight as possible immediately over the pipe and
      thus to reduce the forces which would tend to twist or bend the pole out
      of the vertical.
PAR  Notches are indicated at n1, n2 and n3 on the upper housing 22. Three
      similar notches, not shown, are located on the opposite side of the upper
      housing. These notches are precisely located on the housing so that they
      may be used in aligning the luminaire. A line of sight observation from
      the back of the upper housing along n1 and n2, or n2 and n3 will establish
      a point of reference on the surface to be illuminated. This aiming is
      directed at the remote curb of a roadway to properly orient the luminaire
      relative to the roadway. This point may be used to establish the best
      position of the light pattern with relation to the roadway. This will
      enable the installer to determine whether the luminaire is installed
      correctly or not and give a basis against which correction of any errors
      may be made. It will be recognized that a similar check and adjustment
      will be possible using the two notches on the other side of the housing.
      In this connection, it should be noted that the lamp-reflector-refractor
      combination produces twin beams, one on either side of a central plane
      through the axis of the lamp where the central plane would be
      substantially coplanar with the surface of the paper in the view of FIG.
      2, with the area between the beams illuminated to a slightly lesser
      degree. Other alternative aiming means may also be used.
PAR  The base assembly 4 includes a base plate 6, or tenon fitter which can be
      fastened to the pole P by tightening the screws S1, S2, S3 and S4.
PAR  Having adjusted the luminaire to throw light onto a selected plane, which
      in the usual situation will be along a roadway or area to be illuminated
      and will usually be horizontal or nearly so, there remains the problem of
      aiming the luminaire so that the light will be spread over an area
      congruent with the area of the roadway to be illuminated. This problem is
      solved by changing the angle of the luminaire relative to the horizontal.
PAR  The angle or attitude of the luminaire may be adjusted about a pivot at 10
      in the base plate, or tenon fitter, 6. This is accomplished by turning the
      knob 12 which is coupled to the bolt 14 which in turn is threaded to pass
      through the clearance diameter of spacer 7 to pull against a pivot rod at
      19 which is held in a hole in the adjustment casting 8. The pivot rod 19
      translates the motion of the screw to the adjustment casting 8, causing it
      to move about the pivot point 10. The casting 8 is connected to the base
      of the housing 20 of the luminaire and carries the luminaire along as it
      pivots about pivot point 10. Adjustment of the angle by which the
      luminaire projects light is made in this way by turning the knob 12.
      Precise sighting of the area to be illuminated is possible using the
      notches n1 and n2 or n2 and n3 previously referred to.
PAR  FIG. 3 includes a view of a fastener, or front reflector clip, 40 secured
      by suitable, spaced screws or rivets 41, on the end of the reflector
      called the front of the reflector. The front of the reflector is at the
      top of the reflector in the view shown in FIG. 2 and to the left in the
      view shown in FIG. 3. FIG. 4A is a side view of the reflector clip 40.
      FIG. 4B is a view from the right side of FIG. 4A showing arms at 42 and 44
      terminating in tips 46, 48. The tapers towards the ends of the arms may be
      used in positioning and securing the reflector in the upper housing.
PAR  FIG. 3 includes a view of a sheet metal bracket fastener 50 which is
      secured by suitable screws S1 extending through opening 53 in the fastener
      for securement to spaced bosses 55 in the upper housing UH. FIG. 5A is a
      side view of the reflector fastener 50 corresponding to the view of FIG.
      3. FIG. 5B is a side view of FIG. 5A showing wings 52 and 54 which
      establish openings 56 and 58 which can be employed to engage the arms 42
      and 44 of the front reflector clip and secure the reflector in the upper
      housing.
PAR  FIG. 6 is an enlarged view in perspective of the reflector register 50 and
      the reflector clip 40. In this view they are shown as they would appear
      when lined up prior to engagement of the openings 56, 58 with the tips 46,
      48 of the arms 42, 44.
PAR  FIG. 7A is a view of a fastener combination 70, 72 to enable the reflector
      RF to be fastened more securely to the upper housing than is possible with
      only the reflector register 50 and the front reflector clip 40. The
      reflector mounting bracket 70 may be fastened to the reflector RE by
      rivets as shown in FIG. 7A; however, any suitable fastener devices may be
      used. The reflector mounting bracket may be connected to the upper housing
      through use of a screw 72. This screw may be loosened, allowing the
      bracket 70 and reflector RE to slide back along boss SL on the casting to
      permit the head to pass through the enlarged slot opening at 74 and
      release the reflector from the upper housing. Views of the reflector
      mounting bracket 70 are shown in FIGS. 7B and 7C. Fasteners for use on the
      other side of the luminaire will be the mirror images of the fasteners in
      FIGS. 7A, 7B and 7C.
PAR  The reflector may be removed from the upper housing as follows. The workman
      first loosens the two fasteners L1 and L2 releasing the lower housing and
      allowing it to swing open about the hinge H, as indicated by dashed lines
      in FIG. 2. He then loosens the two fasteners at 72, 82 (hidden from view
      in FIG. 2) and stands to the left or right of the open lower housing. This
      places him to the left or right of the refractor and facing the refractor
      as it appears in dashed lines in FIG. 2. From this position he cannot see
      the fasteners when he reaches around the refractor from both sides and
      pulls the reflector down over the fasteners 72, 82 pulling the arms 42 and
      44 of front reflector clip 40 free from the openings 56 and 58 formed by
      the wings 52 and 54 on the reflector register 50.
PAR  The reflector is replaced in the upper housing by grasping the reflector on
      each side and placing the front end into the upper housing. The shape of
      the arms 42, 44, their ends 46, 48 and of the openings 56, 58, as best
      shown in FIG. 6, are such that they enable a workman whose view is
      obscured by the reflector (so that he cannot see the reflector clip 40 nor
      the reflector register 50) to place the arms 42 and 44 into the openings
      56, 58. In the process, the arms 42 and 44 and openings 56 and 58 enable
      the placement of the reflector in the exact position it should occupy in
      the upper housing to insure efficient operation of the luminaire. After
      the reflector has been pushed into the correct position relative to the
      reflector clip 40 and the reflector register 50, it may be secured further
      by tightening the fasteners at 70, 72 and 80, 82.
PAR  While the principles of the invention have been described above in
      connection with specific apparatus and applications, it is to be
      understood that this description is made only by way of example and not as
      a limitation on the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A luminaire having one end adapted to mount on a vertical mast spaced
      from an area to be illuminated, said luminaire comprising an enlarged main
      housing having a surround wall generally downwardly-facing to form an open
      mouth defining the rim of said main housing, an inverted bowl-shaped
      reflector having a rim portion extending out of said mouth at an end
      remote from said one end, a bowl-shaped refractor housing hinged to said
      housing at said end remote from said one end, said refractor housing
      including a refractor affixed to said refractor housing configured to
      close the open mouth of said housing, means for releasing said refractor
      housing to cause said refractor housing to depend from said remote end to
      partially uncover said mouth for access to the interior of said main
      housing, a reflector mounting bracket recessed in said main housing
      adjacent the remote end thereof, said bracket comprising a depending wall
      and an end wall stepped from said depending wall with said walls inset in
      said main housing, a forked member affixed to said reflector
      intermediately along the bowl shape thereof for mating with said bracket
      to position said reflector in said main housing, said bracket end wall
      defining a landing surface for retaining thereon said forked member as the
      reflector is advanced into said main housing, and notches in said
      depending wall for receiving said forked member in a tight-fitting
      relationship to locate and to hold said reflector relative to the remote
      end of said main housing and relative to sides of the wall thereof.
NUM  2.
PAR  2. A luminaire as claimed in claim 1, wherein there are stepped bayonet
      fastening members on said reflector at the sides thereof and means mounted
      on said main housing wall for slidably engaging said fastening members as
      the forked member is advanced on said bracket landing.
NUM  3.
PAR  3. A luminaire as claimed in claim 1, wherein said forked member includes a
      pair of flat tines with an entrance portion of each of said tines tapered
      along the inside thereof to facilitate mating entry onto said bracket.
NUM  4.
PAR  4. A luminaire as claimed in claim 1, wherein said main housing includes an
      external cap of generally rectangular cross section at the side of said
      main housing opposite said open mouth, and including parallel sides, and a
      plurality of rear sighting members in the parallel sides of said cap, and
      front sighting members on the sides of said main housing for visual line
      of sight aiming in conjunction with one of the rear sighting members along
      the same side of the luminaire toward an area to be illuminated by said
      luminaire.
NUM  5.
PAR  5. A method for inserting a reflector into the upper housing of a luminaire
      to which a lower housing supporting a refractor is attached by hinges,
      comprising the steps of opening the luminaire while standing to one side
      by releasing fasteners on each side of the lower housing permitting it to
      depend from the upper housing, sliding a fork mounted on the front of the
      reflector onto a stationary bracket internally in the housing, partially
      advancing the fork onto the bracket, setting the opposite sides of the
      reflector within bayonet fasteners on opposite sides of the housing,
      advancing the fork fully onto the bracket to position the front of the
      reflector within the upper housing, and tightening the bayonet fasteners
      to properly position the sides of the reflector.
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ABST
PAL  Dome-shaped reflector in indoor luminaire having a high intensity lamp and
      mounted at relatively low height has the lower portion of its reflecting
      surface formed to reflect light downwardly at an angle of not more than
      about 50% of the cut-off angle formed by the rim of the reflector relative
      to the lamp, so as to provide low glare at viewing angles of about
      65.degree.-85.degree. from nadir. The cut-off angle is not more than
      65.degree..
BSUM
PAR  The present invention relates to luminaires, and particularly to reflectors
      of luminaires such as used for indoor lighting purposes.
PAR  Luminaires of the above type which comprise dome or bell shaped reflectors
      in which a high intensity gaseous discharge lamp is mounted have been
      widely used heretofore for indoor industrial applications, such as in
      factories, where the luminaires are mounted relatively high above the
      floor, and accordingly have not produced objectionable glare in the field
      of view of persons working in the area illuminated by the luminaires. Such
      luminaires, however, have recently come into increasing use in commercial
      establishments such as retail stores and supermarkets, where the
      luminairies are mounted at relatively low heights above the floor, e.g., 8
      to 14 feet high. In such applications, the light output can result in very
      objectionable glare to the viewer. Prior methods used in attempts to
      overcome this problem have included etching the reflector surface or
      providing facets or flutes thereon, or otherwise diffusing the reflected
      light. Other methods have included the use of light baffles or louvers to
      intercept the glare light. Such prior methods, however, have not been
      found satisfactory for various reasons, such as excessive cost, inadequate
      reduction of glare, reduced lighting efficiency, undesirable appearance,
      or other deficiencies.
PAR  Accordingly, it is an object of the invention to provide a luminaire of the
      above type having a reflector which overcomes the above disadvantages,
      especially when the luminaire is mounted at relatively low height.
PAR  A particular object of the invention is to provide a luminaire reflector of
      the above type which avoids objectionable glare in the critical viewing
      angles for a viewer in the vicinity while providing uniform distribution
      of light on the area to be illuminated by the luminaire.
PAR  Still another object of the invention is to provide a luminaire of the
      above type having high efficiency and reasonably wide distribution for use
      in indoor applications requiring low mounting heights.
PAR  Other objects and advantages will become apparent from the following
      description and the appended claims.
PAR  With the above objects in view, the present invention in one of its aspects
      relates to a luminaire comprising, in combination, a concave reflector
      having a top and a bottom and formed by a wall extending about an axis and
      having a rim defining a bottom opening, and a lamp mounted within the
      reflector and having a light center substantially on the axis, the lamp
      being arranged so that a straight line between and tangent to the rim and
      the bottom of the lamp forms a vertical cut-off angle of predetermined
      amount relative to the axis, the reflector having an inner reflecting
      surface portion extending a substantial distance upwardly from the rim and
      formed to reflect light incident thereon from the light center downwardly
      at a vertical angle relative to the axis of not more than about 50% of the
      cutoff angle.
DRWD
PAR  The invention will be better understood from the following description
      taken in conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a perspective view of an indoor luminaire in which the invention
      may be embodied; and
PAR  FIG. 2 is a somewhat enlarged view of a portion of the FIG. 1 luminaire
      showing the reflector in vertical section and including light ray diagrams
     .
DETD
PAR  Referring now to the drawing, and particularly to FIG. 1, there is shown an
      indoor luminaire in which the invention may be embodied and comprising a
      concave dome shaped reflector 1 surmounted at its top by a lamp socket
      housing 2 and having an apertured panel 3 attached to its bottom with the
      panel aperture in register with the bottom opening of reflector 1. Panel 3
      is a ceiling lay-in panel od conventional type which enables the luminaire
      to be installed in ceiling grid supports and does not form a part of the
      present invention.
PAR  As seen in FIG. 2, lamp 4, typically of high intensity gaseous discharge
      type such as a mercury or sodium vapor lamp, is mounted in the upper
      portion of reflector 1 with its light center LC on the vertical axis A of
      the reflector. The neck of lamp 4 extends upwardly through an opening in
      the top of reflector 1, and the base of lamp 4 is removably secured to a
      lamp holder or socket (not shown) arranged within socket housing 2. Rim 5
      at the bottom of reflector 1 defines a bottom opening through which direct
      light from lamp 4 and reflected light from reflector 1 passes downwardly
      toward the area to be illuminated. In a usual case, the interior walls of
      reflector 1 have smooth specular reflecting surfaces.
PAR  As used herein, the expression "critical viewing angles" refers to the high
      angles above nadir in the range of 65.degree. -85.degree.. It is in this
      range that glare is a particular problem when the luminaire is arranged at
      relatively low mounting heights, since the observer is more likely to see
      the inside of the reflector from these angles at a distance much closer to
      the luminaire than if the luminaire were at greater mounting heights.
PAR  By "vertical angle" is meant the angle up from nadir defined by a line (or
      light ray) relative to the vertical axis of the luminaire.
PAR  In order to maintain low brightness, i.e., to avoid glare, in the critical
      viewing angles in accordance with the invention, light incident on the
      interior surfaces of reflector 1 in the area visible at these angles is
      reflected at relatively low vertical angles so that it is not directed
      into the viewer's eyes. This visible area on the inside of the reflector
      is the area B, as seen in FIG. 1, at the lowermost portion of the
      reflector which extends from the bottom rim 5 upwardly to approximately
      the point of intersection on reflector 1 of the line C Which is tangent to
      reflector rim 5 and the bottom of lamp 4. Line C defines the vertical
      cut-off angle of the luminaire, that is, the angle above which lamp 4 is
      not visible to the observer.
PAR  In accordance with the invention, the luminaire is constructed so that the
      cut-off angle is not more than about 65.degree. and the reflector area B
      which is in the range of critical viewing angles is formed so that light
      rays incident thereon from light center LC of lamp 4 are reflected at
      vertical angles of not more than about 50% of the cut-off angle. In a
      particularly preferred embodiment, reflecting area B is parabolic in
      vertical section with light center LC arranged at the focus thereof, the
      arrangement being such that light from the light center is reflected
      downwardly in parallel rays along the axis of the parabolic section B at a
      vertical angle of about 24.degree..
PAR  It will be understood, of course, that all of the light from lamp 4 does
      not originate solely at its light center, and the light source actually
      may extend over a substantial region within lamp 4, especially if the lamp
      is a phosphor-coated type. Accordingly, the description of light rays
      being reflected downwardly at about 24.degree. refers to the average angle
      of the reflected light, since the light will be scattered at various
      angles near that angle for the reasons mentioned. However, by virtue of
      providing for reflection of light from reflector area B at angles
      considerably below the cut-off angle in accordance with the invention,
      very little light will spill over into the critical viewing angles and any
      glare thereby is reduced to an insignificant amount.
PAR  While a parabolic form of reflecting area B is preferred, this area may be
      of other configuration, or even straight, provided that it is so formed
      and arranged that a significant amount of light is not reflected therefrom
      at vertical angles greater than about 50% of the cut-off angle.
PAR  The remaining reflector area above area B is above the critical viewing
      angles and hence does not present significant problems of glare such as
      the lower reflector areas do. In general, the upper reflector porton has
      an appropriate configuration to provide uniform illumination and desired
      light distribution on the floor below the luminaire, and to supplement the
      main light distribution provided by light reflected by area B and direct
      light from lamp 4. The configuration of the upper reflector portion should
      be such, however, that light rays reflected from this portion are not at
      such high angles that they strike reflector 1 on the opposite side in the
      area visible in the critical viewing angles. Such secondary reflections
      would not only lower the efficiency of the luminaire but would also be
      reflected out of the luminaire at high angles causing glare to the viewer.
PAR  In a particular embodiment which has been found satisfactory, area D of the
      reflector is parabolic having its axis at about 38.degree. and its focus
      at light center LC, area E is parabolic having its axis at about
      30.degree.and its focus at LC, and area F is straight and arranged to
      reflect light beams at less than 24.degree..
PAR  In a usual installation, lamp 4 is selectively adjustable to different
      vertical positions along axis A of the luminaire in order to achieve
      varying beam spreads below the luminaire. In such adjustment the above
      described relationship between the cut-off angle and the angle of
      reflection from the visible area B is still maintained, since increasing
      the cut-off angle also increases the reflected angle, and conversely,
      decreasing the cut-off angle decreases the reflected angle. For optimum
      results, in the usual installations of the described luminaire, the lamp
      should not be lowered below the level at which a cut-off angle of about
      65.degree. is exceeded. In normal installations, the cut-off angle of the
      luminaire will be in the range of about 45.degree.to 65.degree., with
      about 62.degree. being typical. However, it will be evident that the
      invention is applicable even to luminaires having a cut-off angle below
      the aforementioned range.
PAR  The invention is particularly applicable to open bottom luminaire
      reflectors in which light transmitting closures such as glass or plastic
      lenses or refractors are omitted, for reasons of economy, avoidance of
      heat buildup or other reasons. However, a plain light transmitting cover
      may be employed with the described reflector without departing from the
      scope of the invention.
PAR  It will also be understood that various modifications may be made in the
      particular form of the reflector shown and described while still coming
      within the scope of the invention. For example, instead of having smooth
      surfaces, the reflector may have faceted reflecting surfaces, such as
      disclosed in U.S. Pat. No. 3,662,165, assigned to the same assignee as the
      present invention. Where appropriate or desirable, the reflecting surfaces
      of the reflector, instead of being specular, may be made diffusing by any
      suitable means.
PAR  While the present invention has been described with reference to particular
      embodiments thereof, it will be understood that numerous modifications may
      be made by those skilled in the art without actually departing from the
      scope of the invention. Therefore, the appended claims are intended to
      cover all such equivalent variations as come within the true spirit and
      scope of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the U.S. is:
NUM  1.
PAR  1. A luminaire comprising, in combination, a concave reflector having a top
      and a bottom and formed by a wall extending about an axis and having a rim
      defining a bottom opening, and a lamp mounted in said reflector and having
      a light center substantially on said axis, said lamp arranged so that a
      straight line between and tangent to said rim and the bottom of said lamp
      form a vertical cut-off angle of not more than about 65.degree.relative to
      said axis, said reflector having an inner reflecting surface portion
      extending a substantial distance upwardly from said rim and formed to
      reflect substantially all the light incident thereon from said light
      center downwardly at a vertical angle relative to said axis of not more
      than about 50% of said cut-off angle.
NUM  2.
PAR  2. A luminaire as defined in claim 1, said straight line intersecting said
      reflector wall a predetermined distance above said rim, said reflecting
      surface portion extending approximately said predetermined distance
      upwardly from said rim.
NUM  3.
PAR  3. A luminaire as defined in claim 2, said cut-off angle being not more
      than about 65.degree., said vertical angle being substantially less than
      30.degree..
NUM  4.
PAR  4. A luminaire as defined in claim 1, said reflector having an upper
      reflecting surface portion extending above said first-mentioned surface
      portion and formed to reflect light from said light center downwardly
      through said bottom opening at vertical angles substantially less than
      said cut-off angle.
NUM  5.
PAR  5. A luminaire as defined in claim 1, said vertical angle being
      substantially less than 30.degree..
NUM  6.
PAR  6. A luminaire as defined in claim 1, said reflecting surface portion being
      parabolic in vertical section with its focus approximately at said light
      center.
NUM  7.
PAR  7. A luminaire as defined in claim 6, said cut-off angle being about
      62.degree.-65.degree., the axis of said parabolic surface portion being
      less than about 30.degree..
NUM  8.
PAR  8. A luminaire as defined in claim 7, said reflector having an upper
      reflecting surface portion extending above said first-mentioned surface
      portion and formed to reflect light from said light center downwardly
      through said bottom opening at vertical angles substantially less than
      said cut-off angle.
NUM  9.
PAR  9. A luminaire as defined in claim 1, wherein said surface portion has a
      specular reflecting surface.
NUM  10.
PAR  10. A luminaire as defined in claim 1, wherein said concave reflector is
      dome-shaped.
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ABST
PAL  The number of modes propagating as guided modes along a dielectric optical
      waveguide depends on the refractive index difference between core and
      cladding materials. By altering this difference the number of modes which
      are permitted to propagate may be controlled. The effective bandwidth of a
      dielectric optical waveguide depends on the number of modes transmitted
      because of group delay dispersion and hence this bandwidth may be
      controlled by controlling the number of propagating modes. In the case of
      a liquid cored dielectric optical waveguide, the difference between core
      and cladding refractive indices and hence the bandwidth may be controlled
      by controlling the temperature of the dielectric optical waveguide.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 363,527,
      filed May 24, 1973, now U.S. Pat. No. 3,841,731.
BSUM
PAR  The invention relates to a method of, and apparatus for, controlling the
      bandwidth of dielectric optical waveguides, by limiting the number of
      modes of propagation.
PAR  In the following disclosure the term "optical waveguide" is to be
      understood as including dielectric waveguides propagating electromagnetic
      energy in the ultra-violet, visible, and infra-red regions of the
      spectrum.
PAR  In general the use of multi-mode guides for communications suffers from one
      obvious limitation, namely that imposed by the differential delay
      dispersion between modes. It is known to impose an upper limit on the
      number of modes propagating in a dielectric optical waveguide and achieved
      by a suitable choice of material and dimensions. This may be used to
      provide a fixed mode filter by which the effect of mode dispersion may be
      reduced. The present invention seeks to describe a method by which the
      effect of differential delay dispersion may be both controlled and varied,
      and apparatus for realising the method.
PAR  The number of modes propagating in a dielectric optical waveguide is
      related to the difference between the squares of the refractive index of
      the cladding and core materials. Further the refractive indices are
      functions of temperature. Thus if the temperature coefficients for the
      refractive indices of the core and sheath materials differ substantially,
      the number of modes of propagation can be controlled by controlling the
      temperature of the optical waveguide.
PAR  It is an object of the present invention to provide a method of and
      apparatus for limiting the number of modes propagating in a length of
      multi-mode dielectric optical waveguide.
PAR  Another object of the present invention is to provide a method of and
      apparatus for controlling the increase of pulsewidth induced in radiation
      propagating in a dielectric optical waveguide by mode dispersion.
PAR  According to a first aspect of the present invention there is provided a
      mode limiter for use in an optical communications system in which signals
      are modulated on to a light beam transmitted over a multi-mode dielectric
      optical waveguide, including mode eliminator means through which said
      light beam can propagate in only a limited number of modes, to a detector,
      said signals having a bandwidth after detection determined by said number
      of modes, said mode limiter comprising:
PA1  A. said mode eliminator means,
PA1  B. control means for varying said number of modes propagating through said
      mode eliminator means in response to an error signal,
PA1  C. an optical detector for extracting said signals from said light beam
      after said light beam has propagated through said mode eliminator means,
PA1  d. bandwidth measuring means connected to said optical detector for
      producing an output representative of said bandwidth, and
PA1  e. comparator means connected to said bandwidth measuring means for
      producing said error signal when said bandwidth deviates from a
      predetermined bandwidth.
DRWD
PAR  An embodiment of the invention will now be described with reference to the
      accompanying diagrammatic drawings in which:
PAR  FIG. 1 shows diagrammatically an apparatus for limiting the number of modes
      propagating in a dielectric optical waveguide system.
PAR  FIG. 2 shows a graph in which the number of modes propagated is plotted
      against temperature for a liquid cored optical guide having a cladding of
      silica, and a core of carbon tetrachloride.
PAR  FIG. 3 shows a control circuit for use with an analog modulated optical
      signal.
PAR  FIG. 4 shows a control circuit for use with a digitally modulated optical
      signal.
PAR  FIG. 5 shows a graph of fibre response against modulation frequency for an
      analogue modulated optical signal.
PAR  FIG. 6 shows a graph of the ratio of signal level at two frequencies
      modulated on to the optical signal as a function of the number of modes
      propagating through the dielectric optical waveguide.
PAR  FIG. 7 shows a series of waveforms at different points in the circuit shown
      in FIG. 4.
PAR  FIG. 8 shows an optical communications system employing mode limiters
      according to the invention.
DETD
PAR  The number of modes propagating in a multi-mode guide is given
      approximately by V.sup.2 /2  where V is the value of the well-known
      expression
      ##EQU1##
      where n.sub.1 is the core refractive index, and n.sub.2 is the cladding
      refractive index and N.perspectiveto.V.sup.2 /2 where N is the number of
      modes. The radius of the core is a. Now since n.sub.1
      .perspectiveto.n.sub.2 and since the core index, n.sub.1 is a sensitive
      function of temperature we can write:
      ##EQU2##
      Where T.sub.o is simply the temperature at which the core index equals
      that of the cladding (silica).
PAR  It now follows directly that the number of propagating modes is a linear
      function of temperature, since neglecting the products of small terms
      ##EQU3##
PAR  At any point in the guide, the number of propagating modes can now be
      limited to any chosen value simply by heating a short length. For a guide
      having a total loss of 8 dB/Km, the intermode coupling must be very small
      over distances of the order of 1 Km, so that a single mode trimmer should
      effectively set the number of modes carrying the energy for the whole
      length.
PAR  Referring now to FIG. 1, which shows a basic system in which the number of
      modes propagating in an optical waveguide is controlled by heating a
      section of the optical waveguide; suitable electro-magnetic radiation
      passes down optical waveguides 1, and through a control section 2, passing
      down optical waveguide 5, to repeater unit 3, and leaves the system by a
      third section of optical waveguide 6. The control unit 2 may comprise a
      portion of optical waveguide which may be the same as or different from
      the section of optical waveguide 1, 5 and 6. The section of optical
      waveguide in the unit 2 is a liquid core waveguide in which the
      temperature coefficient of the refractive indices of the core and cladding
      materials is substantially different. This section of optical waveguide
      may be heated by some means. The electro-magnetic radiation passes from
      the unit 2, along the optical waveguide 5 to a repeater unit 3. The
      repeater unit 3 includes a device for measuring the bandwidth of the
      received signal, and produces an error signal between a desired bandwidth
      and the measured bandwidth. This error signal is fed along line 4 to the
      control unit 2, to vary the temperature of the sensitive portion of the
      optical waveguide.
PAR  The control section, or trimmer, 2 allows the repeater to easily control
      the number of incoming modes to which it is sensitive. This in turn
      controls the incoming signal bandwidth.
PAR  The sensitive section of liquid core waveguide in the trimmer unit 2,
      consists of a silica tube with a 15 micron diameter bore filled with
      carbon tetrachloride. It should be understood that other cladding and core
      materials and dimensions could be equally effectively used in the
      sensitive section of waveguide. The waveguide may be of other than
      circular section.
PAR  The energy from the trimmed modes is of course lost. The efficiency of the
      device in a given system will depend upon the efficiency with which low
      loss modes can be selectively excited in the initial launching process,
      and also on the gain in total launched energy from a given source as the
      number of modes is increased.
PAR  Detailed block schematic drawings of the control systems employed for
      analog and digital optical signals respectively are shown in FIGS. 3 and
      4.
PAR  Dealing first with the situation in which the optical signal is amplitude
      modulated with an analog signal, (this analogue signal may comprise a
      number of carrier signals which are themselves either amplitude,
      frequency, or phase modulated), the light signal enters the system via
      dielectric optical waveguide 7. The light is then coupled into a section,
      8, of liquid cored dielectric optical waveguide, enclosed in an oven or
      heater 9. The output from dielectric optical waveguide 8, passes via a
      dielectric optical waveguide, (or is coupled directly) to an optical
      detector 11, which may be a photo-diode of known type. The output of
      detector 11 is the signal, in electrical form, which is modulated on to
      the optical signal.
PAR  The signal modulated on to the optical signal contains a frequency,
      .omega..sub.2 corresponding to the half power point of the cut-off edge of
      the required bandwidth, and also a frequency .omega..sub.1 corresponding
      to the flat response region of the desired bandwidth, see FIG. 5.
PAR  The detected signal is amplified by amplifier 12 and the portion of the
      amplified signal passed to tuned circuits 13 and 14 which isolate
      .omega..sub.2 and .omega..sub.1 respectively. The levels L.sub.2 and
      L.sub.1 of frequencies .omega..sub.2 and .omega..sub.1 are measured by
      level monitors 15 and 16, and signals representing these levels passed to
      divider 17, which produces a signal representative of L.sub.2 /L.sub.1 .
PAR  If the oven temperature is set to pass too few modes, the received optical
      signal at detector 11 will be weak and will result in a poor signal to
      noise ratio in the detector output. However under these conditions the
      bandwidth of the signal will be greater than optimum bandwidth, curve 18,
      of FIG. 5, and may typically have the form of curve 19 of FIG. 5. On the
      other hand if too many modes are passed by the section of dielectric
      optical waveguide 8, the optical signal strength will be high, but the
      bandwidth will be less than the optimum value as shown by curve 20,
      resulting in loss of high frequencies of the modulated signal. (The high
      frequencies will be "smeared out" because of the different propagation
      delays of different modes).
PAR  If the number of modes propagating through the system is plotted as a
      function of L.sub.2 /L.sub.1  the curve shown in FIG. 6 is obtained. From
      this it can be seen that L.sub.2 /L.sub.1  is an extremely sensitive
      parameter for determining bandwidth. In addition L.sub. 2 /L.sub.1 is
      independent of line attenuation and depends only on the number of modes
      propagating.
PAR  Referring back to FIG. 3; the output of divider 17 is fed to an analog
      comparator 18 where it is compared with a signal corresponding to a preset
      value of ratio L.sub.2 /L.sub.1, derived from reference generator 19. The
      output signal from comparator 18 is used to reset the temperature of oven
      9. This operation is performed via the temperature reset unit 20 and servo
      temperature controller 21. The temperature reset unit may for example
      cause a resistance to change in a bridge circuit of which one arm is a
      platinum resistance thermometer monitoring the temperature of oven 9, or
      it may adjust a voltage level used by a potentiometer measuring a thermo
      couple EMF.
PAR  Thus in operation if the effective bandwidth of the optical transmission
      system deviates from the ideal, curve 18, shown in FIG. 5, the value of
      L.sub.2 /L.sub.1  will change, comparator 18 will produce a signal to
      cause the temperature of oven 9 to be changed in a manner to correct the
      bandwidth.
PAR  Frequencies .omega..sub.2 and .omega..sub.1 may be pilot frequencies
      modulated on to the optical carrier.
PAR  The remainder of the repeater circuit operates in a conventional manner,
      the output of amplifier 12 operates a driver circuit 22 which powers and
      modulates a suitable source 23, e.g. a GaAs laser. The output of source 23
      is then fed to output dielectric optical waveguide 24. The number of modes
      excited in the output dielectric optical waveguide may be controlled by a
      second oven 25 enclosing a second section of liquid cored dielectric
      optical waveguide 26. This oven 25 is, however, operated at a preset
      temperature and is not controlled by a feed back loop of the type used to
      control oven 9. The oven temperature is simply maintained at a preset
      level by servo-temperature controller 26 and reference generator 28 (which
      presets the temperature).
PAR  The optical system may be operated with either the oven 9 and its
      associated control system alone, or with both oven 9 and oven 25.
PAR  If the optical system is modulated with a digital signal in the form of a
      pulse train, then the alternative system shown in FIG. 4 may be used. In
      this system bandwidth is monitored by measuring the pulse width of
      incoming optical signals. The pulse width is of course directly related to
      group delay pulse broadening and hence to the number of modes propagating
      in the dielectric optical waveguide 29 and the bandwidth. The incoming
      optical signal in dielectric optical waveguide 29, passes through a
      section of liquid cored dielectric optical waveguide, 30 whose temperature
      is controlled by an oven 31. The optical signal is then passed via
      dielectric optical waveguide 32 to detector 33 (a suitable photo-diode).
      The output of detector 33 consists of a train of pulses. The pulses are
      reshaped by threshold detector 34, so that they have fast rise and fall
      times. The duration of the pulses however is not substantially effected by
      the threshold detector 34. The leading edge of each pulse produced by the
      threshold detector 34 actuates start-stop generator 35 to generate a start
      counting pulse on line 38. This causes counter 36 to start counting clock
      pulses generated by oscillator 37. The trailing edge of each pulse
      generated by threshold detector 34 causes start-stop generator 35 to
      produce a stop counting pulse on line 38 and 39. This causes counter 36 to
      stop counting and initiates a comparison operation whereby the contents of
      counter 36 is compared with a preset count held in a store 40, by digital
      comparator 41. The contents of counter 36 represents the actual pulse
      width of pulses received over the optical communications system, and the
      count stored in store 40 represents the pulse width at which the bandwidth
      has its optimum value.
PAR  The contents of counter 36 may be stored for M consecutive pulses and an
      average value obtained. This average value is then used as the input to
      comparator 41.
PAR  The output of comparator 41 causes an analog signal representative of the
      difference between the measured pulse width and the desired pulse width,
      to be generated by error generator 42. This analog error signal is used to
      actuate servo temperature controller 43 which adjusts the temperature of
      oven 31 so that the liquid cored dielectric optical waveguide 30 passes
      the required number of modes.
PAR  The remaining portion of the system operates conventionally. The output
      pulse from threshold level detector 36 are retimed and reshaped by
      retiming logic. The output of retiming logic 44 is used to drive a light
      source e.g. a Ga As laser 45 which feeds an optical signal into dielectric
      optical waveguide 46. The number of modes excited in dielectric optical
      waveguide 46 can be controlled by an oven 47, a section of liquid cored
      dielectric optical waveguide 48 and temperature servo controller 49.
PAR  The waveforms in different parts of the bandwidth monitor, for the input
      pulse having the correct width, being too narrow, and being too wide are
      shown in FIG. 7.
PAR  FIG. 2 shows the relationship between temperature and the number of modes,
      N. The straight line gives the relationship derived from the simple theory
      described above. The curved line is the result of a more rigorous
      analysis. From the graph it can be seen that there is substantially no
      difference between the theory quoted in the specification and the more
      rigorous analysis, except for small values of N.
PAR  The mode limiters herein described may be used in an optical communication
      system of the type illustrated in FIG. 8. The system consists of an
      optical transmitter station 50, connected to an optical receiver station
      51 via dielectric optical waveguides 52. A plurality of repeater stations
      53 are positioned between adjacent sections of dielectric optical
      waveguide. These serve to make good attenuation in the optical signal and
      counteract the effects of group delay dispersion. Each repeater may be
      equipped with a mode limiter 54 as previously described on its input side
      and/or a mode limiter 55 on its output side.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mode limiter for use in an optical communications system in which
      signals are modulated on to a light beam transmitted over a multi-mode
      dielectric optical waveguide, including more trimmer means, through which
      said light beam can propagate in only a limited number of modes, to a
      detector, said signals having a bandwidth after detection determined by
      said number of modes, said mode limiter comprising:
PA1  mode trimmer means including a section of liquid cored dielectric optical
      waveguide whose temperature determines said number of modes;
PA1  control means for varying the temperature of said guide to vary the number
      of modes propagating through said trimmer means in response to an error
      signal;
PA1  an optical detector for extracting said signals from said light beam after
      said light beam has propagated through said mode eliminator means;
PA1  bandwidth measuring means connected to said optical detector for producing
      an output representative of said bandwidth; and
PA1  comparator means connected to said bandwidth measuring means for producing
      said error signal when said bandwidth deviates from a predetermined
      bandwidth.
NUM  2.
PAR  2. A mode limiter as claimed in claim 1 wherein said signals includes a
      first pilot signal and a second pilot signal, and said bandwidth measuring
      means includes:
PA1  a. isolator means for isolating from said signals, said first pilot signal
      and said second pilot signal, having a first and a second level
      respectively;
PA1  b. level monitoring means connected to said isolator means for measuring
      said first and second levels; and
PA1  c. divider means connected to said level monitoring means for producing a
      ratio signal representative of one of said first and second levels divided
      by the other level, said divider means having an output connected to a
      first input of said comparator means.
NUM  3.
PAR  3. A mode limiter as claimed in claim 2 wherein said comparator means has a
      second input connected to a reference generator means.
NUM  4.
PAR  4. A mode limiter as claimed in claim 3 wherein said device for varying the
      temperature is a heater.
NUM  5.
PAR  5. A mode limiter as claimed in claim 1 wherein said signals include a
      train of signal pulses, each signal pulse, after detection, having a
      duration related to said bandwidth; said comparator means is a digital
      comparator means; and said bandwidth measuring means comprises:
PA1  a. clock pulse generator means for generating clock pulses; and
PA1  b. counter means for counting said clock pulses for the duration of one
      signal pulse, said counter means being connected to a first input of said
      digital comparator means.
NUM  6.
PAR  6. A mode limiter as claimed in claim 5 wherein said digital comparator
      means has a second input connected to a store means containing a
      predetermined count.
NUM  7.
PAR  7. A mode limiter as claimed in claim 6 wherein the said device for varying
      the temperature is a heater.
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PAL  On a substrate is formed a crystalline electrooptic thin-film waveguide, on
      which are deposited interdigital electrodes extending in the y-direction
      and spaced apart from one to another in the z-direction. To the electrodes
      is applied a modulating signal voltage to form in the waveguide an
      electrostatic field which is spatially periodic in the z-direction having
      an intensity proportional to the modulating signal voltage and uniform in
      the y-direction. Coherent light is coupled into and out of the waveguide
      with prism couplers. As the light propagates through the waveguide in the
      y-direction, it suffers a spatially periodic phase variation in the
      z-direction. The emerging light is accordingly diffracted into orders. The
      crystalline waveguide is manufactured easily and the light propagates
      fully through the electrostatic field.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electrooptic modulator and more particularly
      to an electrooptic modulator of a diffraction type utilizing an
      electrooptic thin-film waveguide.
PAR  As coherenct light is incident in the medium wherein the propagation speed
      of the light wave is made periodically varied spatially in the direction
      perpendicular to the propagating direction of the light wave, the light
      beam is caused to be diffracted into orders emerging in separate
      directions. The intensities of the respective emergent beams are
      responsive to the amount of the spatial speed variation which originates
      from the modulation signal voltage applied to the interdigital electrodes
      provided on the surface of the electrooptic medium. In such a diffraction
      phenomenon the diffraction angles of the respective emergent beams are
      inversely proportional to the pitch of the spatially periodic electric
      field, and therefore the pitch should preferably be as small as a fraction
      of a millimeter to obtain a practically sufficient separation of the
      respective orders of emergent beams. But as it is known that such a
      periodic electric field concentrates within a depth of 1/2.pi. times the
      pitch, the region where the periodic electric field substantially exists
      consequently becomes very thin. Therefore in this type of an electrooptic
      modulator, the sufficient variations of the respective light beam
      intensities for the actually practical light modulator requires the light
      beam to propagate fully through the very thin portion where the electric
      field is concentrated.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a diffraction type electrooptic
      modulator which is so contrived that the light propagates effectively
      through the portion where the electrooptic effect is acting sufficiently.
PAR  Another object of this invention is to provide a diffraction type
      electrooptic modulator wherein the light wave propagates in a thin-film
      waveguide as a guided wave mode.
PAR  A further object of this invention is to provide a thin-film waveguide
      which is easily manufactured and is stable in operation.
PAR  According to an aspect of this invention, a waveguide includes an
      electrooptic crystalline material. As one example, the waveguide path
      itself is made of an electrooptic crystalline material, whereas as another
      example the waveguide path itself is made of an non-electrooptic
      crystalline material but a material which is contiguous to the waveguide
      path and thereby forms a reflection interface is made of an electrooptic
      crystalline material. The waveguide path portion may be made of a single
      crystal of an electrooptic material in the form of a thin-film formed
      epitaxially on a crystalline substrate, or an aggregation of fine crystals
      of an electrooptic material in the form of a thin-film formed by such as
      sputtering on a glass substrate, or a transparent thin-film which has no
      electrooptic property itself but formed on a substrate of an electrooptic
      crystal. On a surface of the thin-film are arranged interdigital
      electrodes parallel to and equally spaced apart from each other. The
      electrodes are impressed with a positive and a negative electric potential
      spatially alternately one after another to form a spatially periodic
      electric field in the thin-film waveguide. Coherent light is coupled with
      a prism coupler into the waveguide, propagates in the waveguide being
      subject to a spatially periodic phase variation and coupled out of the
      waveguide with a prism coupler to propagate into different directions
      being diffracted into orders.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and features of the present invention will become more
      apparent from the description made hereinbelow with respect to preferred
      embodiments thereof in conjunction with the accompanying drawings in
      which:
PAR  FIG. 1 is a schematic plan view illustrating fundamental functions of an
      electrooptic diffraction modulator;
PAR  FIG. 2 is a perspective view illustrating schematically an example of an
      electrooptic crystal as a modulator element according to this invention;
PAR  FIG. 3 is an enlarged plan view of the crystal at the portion as is shown
      in a circle III in FIG. 2;
PAR  FIG. 4 is an enlarged cross sectional view of the crystal at the portion as
      is shown by arrows IV -- IV in FIG. 2;
PAR  FIG. 5 is a cross sectional side view of an embodiment of this invention
      illustrating a manner of guided wave mode conversion;
PAR  FIG. 6 is a graphic chart showing the relation between the effective
      refractive index and the waveguide thickness with respect to guided wave
      modes;
PAR  FIG. 7 is a cross sectional side view of another embodiment of this
      invention illustrating another manner of guided wave mode conversion;
PAR  FIGS. 8a and 8b are a plan view and a side view, respectively, of an
      embodiment of the electrooptic diffraction modulator according to this
      invention illustrating the light path;
PAR  FIG. 9 is a graphic chart showing the percentage modulation; and
PAR  FIGS. 10 and 11 illustrate other embodiments of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there are explained fundamental functions of the
      electrooptic diffraction modulator wherein the refractive index of the
      crystal is given a spatially periodic difference and consequently the
      phase of the emergent light has a spatially periodic difference so that
      the emergent light propagates in a plurality of different directions. In
      an electrooptic crystal 1 is produced a spatially periodic electric field
      E which is
EQU  E = E.sub.1 sin2.pi..nu.z                                  (1)
PAL  spatially periodically varying in the z-direction with a variation pitch
      1/.nu.. Consequently there is produced as a result of the electrooptic
      effect a spatially periodic variation of the refractive index, i. e. light
      propagation speed, with the same variation pitch 1/.nu. in the
      z-direction. In case of an electrooptic crystal of 3m-symmetry with its
      c-axis taken as the z-axis, the deviation amount .DELTA.n of the
      refractive index from the normal refractive index n.sub.e under no
      electric field is
EQU  .DELTA.n = 1/2n.sub.e.sup.3 r.sub.33 E.sub.1 sin2.pi..nu.2 (2)
PAR  A coherent light source 2 such as a laser emits a coherent light beam
      having a wavelength .lambda. and an intensity I, which beam is incident
      upon an electrooptic crystal 1 to propagate therein as long as a length l
      in the y-direction to become a plane wave having a spatially periodically
      varying phase .phi.
EQU  .phi. = .pi.n.sub.e.sup.3 r.sub.33 l/.pi.E.sub.1 sin2.pi..nu.z .ident.
      .phi..sub.1 sin2.pi..nu.z                                 (3)
PAL  which is varying in the z-direction with the same variation pitch 1/.nu..
      This plane wave can be resolved into a plurality of uniform plane waves
      each propagating in a direction of angle .theta..sub.m (angle being taken
      from the undiffracted straight direction)
EQU  .theta..sub.m = m.nu..lambda.                              (4)
PAL  and having an intensity I.sub.m
EQU  I.sub.m = I.sup.. J.sub.m.sup.2 (.phi..sub.1)              (5)
PAL  where m is the diffraction order taking a value of 0, .+-.1, .+-.2, . . .
      and J.sub.m is the m-order Bessel function of the first kind. The
      respective orders of the diffracted plane waves can be separately taken
      out by a slit 3 which is positioned sufficiently apart from the
      electrooptic crystal 1. In FIG. 1 the zero-order component I.sub.0 is
      taken out. The intensity of each order output light is of a value
      determined by Eq. (5) in response to the amplitude value E.sub.1 of the
      spatially periodic electric field. Where this electric field variation
      amplitude E.sub.1 is varied in accordance with the modulating signal wave,
      the emergent light has an intensity (amplitude) modulated therewith.
PAR  An example of the electrode construction for producing in the crystal 10 an
      electric field E varying spatially periodically in the z-direction is
      illustrated in FIGS. 2 - 4. The electrodes are metal layers deposited on
      the z-y surface of the crystal 10 by, for example, photolithographically
      in the form of parallel strips of a width .delta. elongated in the
      y-direction and equally spaced apart from each other in the z-direction,
      2.nu. strips existing per unit length, wherein alternate strips are
      connected together to form the interdigital electrodes 11 and 12. Across
      the electrodes 11 and 12 is applied a signal voltage V. The actual
      dimensions of the electrodes are shown in FIG. 3 as an enlarged portion
      III of FIG. 2. The electric field distribution is schematically
      illustrated in FIG. 4 as an enlarged view at a cross section IV -- IV of
      FIG. 2 parallel to the x-z plane. Considering that most of electrooptic
      crystals have sufficiently large relative permittivity (lithiumtantalate
      has .epsilon..sub.e /.epsilon..sub.0 = 43) and that the electric
      displacement current therefore concentrates within the crystal rather than
      out thereof, the electric field distribution is analyzed to express the
      z-directional component of the spatially periodic variation in the form of
      Fourier series, the fundamental frequency term being
      ##EQU1##
      As apparent from Eq. (6), the spatially periodic electric field in the
      z-direction constitutes a skin field concentrated substantially within the
      depth of 1/2.pi..nu. from the surface. Now the definition of the
      half-wavelength voltage in case of transverse field modulator is followed
      ##EQU2##
      there is obtained from Eq. (3) and Eq. (6)
      ##EQU3##
PAR  Next is considered a case where the guided wave mode of light propagates in
      an electrooptic dielectric thinfilm having a thickness d and provided with
      the abovementioned modulation electrodes on its surface. Normalizing the
      electromagnetic field intensity .phi.(x) as
      ##EQU4##
      Eq. (5) will be modified as
      ##EQU5##
      Approximately .phi..sup.2 (x) has a symmetrical distribution around d/2,
      and most of light waveguides made of a dielectric film have a thickness
      d.apprxeq..lambda. therefore .nu. can be so determined as to satisfy
      ##EQU6##
      Then Eq. (5a) is fairly approximated by
      ##EQU7##
PAR  As mentioned above this invention contemplates the propagation of coherent
      light in the form of a guided wave mode through a thin-film. Such a
      thin-film waveguide is manufactured by the following methods. First, on a
      crystalline substrate is formed epitaxially a single crystal film having a
      crystalline structure similar to that of the substrate. Second, on a
      glassy substrate is formed by sputtering a thinfilm of a glassy or a fine
      crystalline structure. According to the first method, a single crystal
      thin-film of lithium-niobate is formed on a substrate of lithium-tantalate
      to make a thin-film waveguide having an electrooptic property. According
      to the second method, a thin-film consisting of an aggregation of fine
      crystals of a ferroelectric material such as lead-barium-titanate is
      formed on a flint glass substrate to make a thin-film waveguide. Such a
      thin-film made of an aggregation of fine crystals of a ferroelectric
      material does not have an electrooptic property as it is made, but it can
      be given a permanent electrooptic property by polarization of the
      ferroelectric fine crystals by applying a voltage between the electrodes
      formed on the thin-film to produce therein an electric field of about
      10.sup.6 v/m.
PAR  Next is explained light coupling means for permitting coherent light to
      propagate in the thin-film waveguide as a guided wave mode. Light coupling
      means including prisms is explained with reference to FIG. 5. The coherent
      light beam emitted from a laser 2 passes through two convex lenses 20 and
      21 placed with their focal points meeting each other, becomes a broadened
      parallel light beam and incident upon an input coupling prism 23. The
      prism 23 is adhered via a buffer film 15 on a thin-film waveguide 10
      formed on a substrate 16. Refractive indexes of the input coupling prism
      23, the buffer film 15, the thin-film waveguide 10 and the substrate 16
      are n.sub.p, n.sub.b, n.sub.f and n.sub.s, respectively, having a relation
EQU  n.sub.p &gt;n.sub.b, n.sub.b &lt;n.sub.f, n.sub.f &gt;n.sub.s       (11)
PAL  When the incident angle .theta. from the input coupling prism 23 to the
      buffer film 15 is set as
EQU  n.sub.p sin.theta.&gt;n.sub.b                                 (12)
PAL  the incident light is totally reflected toward a right-up direction as
      shown by an arrow in the figure. Taking the vacuum laser wave number
      k.sub.0 = 2.pi./.lambda., and defining P.sub.b as
EQU  (n.sub.p k.sub.0 sin.theta.).sup.2 = (n.sub.b k.sub.o).sup.2 +
      P.sub.b.sup.2                                             (13)
PAL  then there exists an entering electromagnetic field decreasing at a rate of
      e.sup.-P.sbsp.b.x from the interface between the prism 23 and the buffer
      film 15 into the buffer film 15. If .theta. is near to .theta..sub.c which
      is defined as n.sub.p sin.theta..sub.c = n.sub.b and the thickness of the
      buffer film 15 is not very large as compared with l/k.sub.0 =
      .lambda./2.pi., the electromagnetic field leakingly enters the thin-film
      waveguide 10 little by little through the buffer film 15. If the
      y-directional component (in the propagation direction) of the wave number
      vector given by n.sub.p k.sub.0 sin.theta. is equal to the wave number
      vector k.sub.g in the waveguide to establish a relation
EQU  n.sub.p k.sub.0 sin.theta. = k.sub.g                       (14)
PAL  then the above-mentioned leaking electromagnetic field introduces a guided
      mode light beam of coincident phase throughout the incident light width in
      the thin-film waveguide path. The values of k.sub.g are different modes of
      the guided wave (i. e. TE.sub.0, TE.sub.1, TM.sub.0, etc.) but stay within
      a range expressed as
EQU  n.sub.s k.sub.0 &lt;k.sub.g &lt;n.sub.f k.sub.0                  (15)
PAL  For convenience of calculation, FIG. 6 is depicted for the case where
      n.sub.b = n.sub.s, but it should be noted that this relation is not a
      necessary condition for coupling light into the thin-film waveguide. As
      the condition of Eq. (13) is satisfied and the relation between the
      thickness of the buffer film and P.sub.b is set adequate, then the totally
      reflected light in the coupling prism 23 will vanish away and most of the
      incident energy will be converted into guided mode light having a value
      k.sub.g as given by Eq. (14). The light which has propagated through the
      thin-film waveguide 10 is taken out by means of an output coupling prism
      24 and passes the convex lens 22 to focus at its focal point.
PAR  Referring to FIG. 7, light coupling means utilizing an optical phase
      grating is explained. The coherent light beam emitted from a laser 2
      passes through two convex lenses 20 and 21 placed with their focal points
      meeting each other, becomes a broadened parallel light beam and incident
      upon an input optical phase grating 25. Taking the grating interval of the
      optical phase grating 25 as s and the incident angle as .theta., the
      variation rate of the light electromagnetic field in the y-direction is
      given as
      ##EQU8##
      where .phi. represents a depth of spatial phase variation caused by the
      optical phase grating. Such an electromagnetic field is resolved, just as
      explained with reference to FIG. 1, into orders having an intensity
      J.sub.m.sup.2 (.phi.) and varying in the y-direction as
      e.sup.i.sup.{k.sbsp.0sin.sup..theta. .sub..pi. m(2.sup..pi./s).sup.}y.
      Therefore, if the condition
      ##EQU9##
      is satisfied, the incident light which is imparted a spatial phase
      variation by means of the optical phase grating introduces a guided light
      wave propagating in the thin-film waveguide 10. In FIG. 7, m = +1
      satisfies Eq. (14a). The components for m = 0 and m = -1 propagate as
      I.sub.0 and I.sub.1 in the directions shown by the arrows, respectively,
      to be lost.
PAR  An embodiment of an electrooptic modulator according to this invention is
      shown in FIG. 8. Coherent light emitted from a laser 2 passes through two
      convex lenses 20 and 21 placed with their focal points meeting each other,
      becomes a broadened parallel light beam and incident upon an input
      coupling prism 23. Most of the incident energy passes through the buffer
      film 15, enters into the thin-film waveguide 10 having a thickness d and
      exhibiting an electrooptic property and formed on the substrate 16 and
      propagates as a guided wave mode through the thin-film waveguide in the
      y-direction. The electrodes 11 and 12 cause in the electrooptic thin-film
      waveguide a skin electric field varying spatially periodically in the
      y-direction with a period of 1/.nu.. The guided wave light propagates the
      length l through the electrooptic thin-film waveguide within this skin
      field to become a superposition of a plurality of light beams each having
      an intensity given by Eq. (5b). These plurality of light beams are taken
      out by an output coupling prism 24 and separately focused on the focal
      plane of a convex lens 22 having a focal length f. These light beams have
      propagation directions respectively given by Eq. (4), where .theta. = 0
      represents the y-axis direction. Therefore these light beams focus on the
      focal plane of the convex lens 22 as spots aligning with an interval of
      f.nu..lambda.. One of these output components is selectively taken out by
      means of a slit 3 located on the focal plane. In FIG. 8, the output
      component of m = 1 (first-order diffraction) is taken out.
PAR  Using an approximation of .nu..delta.&lt;&lt;1, the percentage modulation X.sub.m
      of the output light I.sub.m as given by Eq. (5b) is expressed as
      ##EQU10##
      and X.sub.m for m = 0 and m = 1 are graphed in FIG. 9. The abscissa
      indicates the voltage V between the electrodes in a unit of
      V.sub..pi.'e.sup..pi..sup..nu..sup.d /8.nu.l. Where .nu. =
      100mm.sup.-.sup.1, l = 20mm, V.sub..pi.' = 1930 volts and d =
      0.6.times.10.sup.-.sup.3 mm, this unit is 0.128 volt. By this numerical
      example, .pi..nu.d .apprxeq. 0.18 which satisfies the condition of Eq.
      (10) and the skin-field well exists in the waveguide film. The
      abovementioned numerical example shows how efficient this light modulator
      is. The inter-electrode capacitance will be 120 pF, where the relative
      permittivity of the waveguide is 28 and the width (z-direction) of the
      electrode is 1 .mu.m (so narrow that the correcting term becomes
      negligible).
PAR  Next is explained another example wherein the waveguide path itself is not
      made of an electrooptic crystal but the contiguous member is made of an
      electrooptic crystal. In this case, the variation of the refractive index
      of the material providing a reflector plane causes a variation of the
      phase of the guided wave so that this phenomenon is observed just like in
      the case of FIG. 1. The construction of this example is same as that shown
      in FIG. 8 except the properties of the crystals, so this example is
      explained with reference to FIG. 8. Just like in the preceding example,
      coherent light emitted from the laser 2 passes through the lenses 20 and
      21, enters the prism 23, penetrating the buffer film 15 and introduced
      into the thin-film waveguide 10 as a mode of guided wave. The difference
      is that the substrate 16 is made of an electrooptic crystal and on which
      is deposited a transparent thin-film made of nonelectrooptic material. The
      electrodes 11 and 12 produce a skin electric field varying spatially
      periodically in the z-direction with a period of 1/.nu. in the
      electrooptic crystal 16, whose refractive index n.sub.s  exhibits a
      variation of the same spatial period. The wave number k.sub.g of the
      guided wave in the thin-film waveguide 10 is determined not only by the
      refractive index n.sub.f of the waveguide itself, but also by the
      refractive index n.sub.b of the buffer film 15 and the index n.sub.s of
      the substrate 16 both being contiguous to the waveguide 10 to form the
      reflecting surfaces. With respect to a TE.sub.0 mode, the wave number
      k.sub.g of the guided wave is connected to refractive indices n.sub.b,
      n.sub.f, and n.sub.s by a relation
      ##EQU11##
      is established. Therefore, the spatially priodic variation of the
      refractive index n.sub.s of the electrooptic substrate 16 causes the
      spatially periodic variation of the wave number k.sub.g towards the same
      direction and with the same pitch as that of n.sub.s. The variation rate
      of k.sub.g to the variation of n.sub.s is obtained by differentiating Eq.
      (15a).
      ##EQU12##
      where it is assumed that (k.sub.g.sup.2 - n.sub.s.sup.2
      k.sub.0.sup.2).sup.1/2 &gt;&gt;2 so that there exists an approximately uniform
      electric field in the region where the guided wave propagates. After
      travelling the distance l in the thin-film waveguide 10, the phase .phi.
      of the light beam of guided wave mode represents a spatially periodic
      variation
      ##EQU13##
      In this equation, E.sub.1 should be modified as compared with Eq. (6)
      ##EQU14##
      considering the change of skin-field in the thin-film waveguide. If
      2.pi..nu.d&lt;&lt;1, then f(2.pi..nu.d) .apprxeq. 1. The light beam having such
      a spatially periodically varying phase is considered to be the
      superposition of a plurality of orders of light beam, the m-order having
      an intensity I.sub.m
      ##EQU15##
      These respective orders of output light beams are taken out by the output
      coupling prism 24 and separately focuses on the focal plane of the convex
      lens 22 having a focal length f, and the selected one is taken out by a
      slit 3 just like in the preceding example. As it is easy to choose the
      value
      ##EQU16##
      in Eq. (5c) not far less than unity as the matter of the film design, it
      is understood that this example is a likewise effective light modulator as
      the preceding example.
PAR  Another kind of embodiment according to this invention is shown in FIG. 10.
      Coherent light emitted from the laser 2 is converted into a light of a
      guided wave mode having an intensity I by the input coupling prism 23. The
      guided wave mode light is modulated by a pulse signal V.sub.0 applied to
      the electrodes 11 and 12 to become respective orders of output light
      respectively having intensities given by Eq. (5c) and taken out by the
      output coupling prism 24. The elements designated by the same reference
      numerals as in FIG. 8 are of the same functions. The output beams are
      reflected by a roof mirror 26 to pass through a convex lens 22 and focuses
      on the focal plane of the lens 22. The 1st-order (m = 1) diffracted beam
      passes through the slit 3 to irradiate a photo detector 40. The beam
      incident upon the photo detector 40 has an intensity .eta.X.sub.1 I, where
      .eta. designates a transmission factor through the prism 24, the mirror 26
      and the lens 22. Taking the detection rate as C (ampere/watt), the photo
      detector 40 acts as a current source of C.eta.X.sub.1 I. This current
      flows through a resistor 41 to establish thereacross a voltage V.sub.1 =
      C.eta.X.sub.1 I R. The photo detector 40 is applied with a bias voltage by
      a voltage source which provides a potential larger than the maximum value
      of the above-mentioned V.sub.1. The detection by the detector 40 is
      delayed as much time as 2L/c from the voltage applied to the electrodes,
      where c stands for a light speed. In FIG. 9, V.sub.op is designated as a
      voltage at an intersection point of a horizontal line (broken one in the
      figure) and a tangent line from the origin V.sub.sb to the X.sub.1 -curve
      and given
      ##EQU17##
      where .phi..sub.op is a value of .phi. which gives a relation
      ##EQU18##
      If
EQU  C.eta.IR&gt;V.sub.op                                          (18)
PAL  then a line given as X = V/C.eta.IR intersects with the X.sub.1 -curve at
      three points. The voltage at the middle one of the intersections indicated
      by an x-mark is designated as V.sub.th. If a pulse having a voltage
      V.sub.o
EQU  V.sub.o &gt;V.sub.th                                          (19)
PAL  is applied to the electrodes via a terminal 43, then a voltage V.sub.1
EQU  v.sub.1 = x.sub.1 (v.sub.o) C.eta.IR                       (20)
PAL  is caused across the detector 40. The point on X-line representing V.sub.1
      appears in the right of V.sub.o in the chart, which means
EQU  V.sub.1 &gt;V.sub.o                                           (21)
PAL  This V.sub.1 in turn is applied to the electrodes to cause a second
      detected voltage V.sub.2
EQU  v.sub.2 = x.sub.1 (v.sub.1)c.eta.ir                        (20a)
PAL  across the detector 40 which voltage appears in the right of V.sub.1 in the
      chart. In this sequence greater voltages than the preceding ones are
      induced across the detector 40 until it reaches a voltage V.sub.sa to
      become stable at a point marked by .cndot.. If an original pulse voltage
      V.sub.o is
EQU  V.sub.o &lt;V.sub.th                                          (19a)
PAL  then voltages V.sub.1, V.sub.2, . . . . become decreased to reach a voltage
      V.sub.sb =0 to become stable at a point marked by o. An optoelectronic
      circuit having such an operation is similar to a pulse shaping circuit or
      a clock pulse generating circuit in an electronic circuit technology and
      very useful in a pulse optoelectronics field.
PAR  A further embodiment according to this invention is shown in FIG. 11.
      Coherent light beams respectively emitted from lasers 2a and 2b pass
      through convex lenses 20a, 21a and 20b, 21b respectively, and through
      input coupling prisms 23a and 23b respectively to enter modulation
      elements 1a and 1b respectively as light beams of a guided wave mode
      having an intensity I. Output coupling waveguide paths 27a and 27b have a
      transmission factor .eta., photo detector 40a and 40b have a detection
      rate C, resistors 41a and 41b have a resistance value R, and C.eta.IR
      satisfies Eq. (18). Across the electrodes 11a and 12a is first applied a
      voltage V.sub.ao which is greater than the voltage V.sub.th of an
      intersection of a line X = V/C.eta.IR and a curve X.sub.1 (V) in FIG. 9.
      Then from the output coupling waveguide path 27a appears an output light
      X.sub.1 (V.sub.ao)I, which causes an electric current CX.sub.1
      (V.sub.a).eta.I flowing through the photo detector 40a. If the voltage
      E.sub.o of a bias source 42 is set to be
EQU  E.sub.o = 2V.sub.th                                        (22)
PAL  a voltage V.sub.bo applied to the electrodes 11b and 12b is
EQU  V.sub.th - V.sub.bo = CX.sub.1 (V.sub.al).eta.IR - V.sub.th &gt;V.sub.ao -
      V.sub.th                                                  (23)
PAL  With this voltage V.sub.bo applied to the electrodes 11b and 12b, an output
      light beam X.sub.1 (V.sub.bo).eta.I appears from the output coupling
      waveguide path 27b to cause a current CX.sub.1 (V.sub.bo).eta.I through
      the photo detector 40b. According to this current, the voltage across the
      electrodes 11a and 12a is corrected to V.sub.al
EQU  V.sub.al - V.sub.th = V.sub.th - CX.sub.1 (V.sub.bo).eta.IR&gt;V.sub.th -
      V.sub.bo                                                  (24)
PAL  From Eqs. (23) and (24),
EQU  V.sub.al - V.sub.th &gt;V.sub.ao - V.sub.th
PAL  and V.sub.al becomes greater than V.sub.ao. Thus V.sub.a and V.sub.b become
      stable as they reach V.sub.as and V.sub.bs respectively which satisfy the
      simultaneous equations
EQU  V.sub.bs = 2V.sub.th - X.sub.1 (V.sub.as)C.eta.IR
EQU  v.sub.as = 2V.sub.th - X.sub.1 (V.sub.bs)C.eta.IR          (25)
PAL  another stable state is V.sub.a = V.sub.bs and V.sub.b = V.sub.as. An
      optoelectronic circuit of such an operation as mentioned above is similar
      to a flip-flop in an electronic circuit field. Where .phi..sub.op = 1.359
      and .phi..sub.op /J.sub.1.sup.2 (.phi..sub.op) = 4.762, V.sub.op = 0.688
      volt; and putting C = 0.5 (A.sup.. W), I = 2(mW) and .eta. = 0.5, the
      R&gt;1380 (.OMEGA.) satisifies Eq. (18).
PAR  As mentioned with reference to embodiments, this invention provides a
      sensitive electrooptic modulator working at very low voltage and is
      manufactured easily. Moreover, this invention provides useful means for
      opto-electronic logical circuits design when combined with conventional
      Schottky barrier photo diodes.
PAR  Although certain specific embodiments of the invention have been shown and
      described, it is obvious that many modifications thereof are possible. The
      invention, therefore, is not intended to be restricted to the exact
      showing of the drawings and description thereof, but is considered to
      include reasonable and obvious equivalents.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrooptic modulator comprising:
PA1  a light waveguide of an electrooptic crystalline composite structure
      including a substrate having a surface of a plane defined by rectangular
      coordinate first and second axes, a light transmissible thin-film per se
      having an electrooptic property and deposited on said surface of the
      substrate, and a buffer layer deposited on said thin-film;
PA1  a light source emitting a coherent light beam;
PA1  an input light coupler coupling said coherent light beam into said
      thin-film as a mode of guided wave propagating in the direction of said
      first axis;
PA1  interdigital electrodes engraved from a deposited metal layer on said light
      waveguide to cause therein an electric field which has spatial periodicity
      larger than the total thickness of said thin-film and buffer layers in the
      direction of said second axis and uniform in the direction of said first
      axis;
PA1  a voltage source connected to said electrodes to apply thereto a modulating
      signal voltage; and
PA1  an output light coupler coupling the propagated light wave out of said
      waveguide, the coupled out light being diffracted into orders.
NUM  2.
PAR  2. An electrooptic modulator as claimed in claim 1, wherein said substrate
      is of a bulk single crystal and said thin-film is of a single crystal
      grown epitaxially on said substrate.
NUM  3.
PAR  3. An electrooptic modulator as claimed in claim 1, wherein said substrate
      is of a glass and said thin-film is of an aggregation of fine crystals
      formed on said substrate.
NUM  4.
PAR  4. An electrooptic modulator as claimed in claim 1, which further
      comprises:
PA1  means to selectively pass one of the diffracted orders.
NUM  5.
PAR  5. An electrooptic modulator as claimed in claim 4, which further
      comprises:
PA1  a photo-detector receiving an original pulsed light beam and generating a
      voltage responsive thereto, which voltage, once applied to said
      electrodes, produces a pulsed change in the output beam in said selected
      order which is larger than the change of said original pulsed light beam.
NUM  6.
PAR  6. A combination of a first modulator as claimed in claim 5 and a second
      modulator as claimed in claim 5, which combination includes a construction
      wherein the photodetector in said first modulator receives the selected
      order of light from said second modulator and the photo-detector in said
      second modulator receives the selected order of light from said first
      modulator, to form an optical analogy of a flip-flop circuit having two
      stable states, either of said first and said second modulator passing
      through said selected order of light.
NUM  7.
PAR  7. An electrooptic modulator as claimed in claim 2, wherein said bulk
      single crystal and said epitaxially grown single crystal are ferroelectric
      crystals of 3m crystal symmetry.
NUM  8.
PAR  8. An electrooptic modulator comprising:
PA1  a light waveguide of an electrooptic crystalline composite structure
      including a substrate of an electrooptic crystal having a refractive index
      n.sub.s and having a surface of a plane defined by rectangular coordinate
      first and second axes, a light transmissible thin-film of a thickness d
      per se not having electrooptic property deposited on said surface of the
      substrate and a buffer layer deposited on said thin-film;
PA1  a light source emitting light beam;
PA1  an input light coupler coupling said coherent light beam into said
      thin-film as a definite mode of guided wave propagating in the direction
      of said first axis with a wave vector k.sub.g ;
PA1  interdigital electrodes engraved from a deposited metal layer on said light
      waveguide to cause therein an electric field which has spatial periodicity
      larger than the total thickness of said thin-film and said buffer layer in
      the direction of said second axis and uniform in the direction of said
      first axis;
PA1  a voltage source connected to said electrodes to apply thereto a modulating
      signal voltage;
PA1  an output light coupler coupling the propagated light wave of said mode out
      of said waveguide, the coupled out light beam being diffracted into
      orders; and
PA1  wherein said thickness d of the thin-film is larger but not so much than
      the cutoff value corresponding to said mode that the derivative of said
      wave vector k.sub.g of said mode with regard to said refractive index
      n.sub.s is not much less than the wave vector in the free space.
NUM  9.
PAR  9. An electrooptic modulator as claimed in claim 8 which further comprises:
PA1  means to selectively pass one of said diffracted orders.
NUM  10.
PAR  10. An electrooptic modulator as claimed in claim 9,
PA1  a photo-detector receiving an original pulsed light beam and generating a
      voltage responsive thereto, which voltage, once applied to said
      electrodes, produces a pulsed change in the output beam in said selected
      order which is larger than the change of said original pulsed light beam.
NUM  11.
PAR  11. A combination of a first modulator as claimed in claim 10 and a second
      modulator as claimed in claim 10, which combination includes a
      construction wherein the photo-detector in said first modulator receives
      the selected order of light from said second modulator and the
      photo-detector in said second modulator receives the selected order of
      light from said first modulator, to form an optical analogy of a flip-flop
      circuit having two stable states, either of said first and said second
      modulator passing through said selected order of light.
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PAL  For use in an electro-optically sensed magnetic compass a photoelectric
      control circuit in which the duty cycle of the illumination source is
      varied to energize the source only until a valid electrical output signal
      is detected.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to electro-optically sensed digital magnetic
      compasses and more particularly to a photoelectric control circuit
      therefor.
PAC  BACKGROUND OF THE INVENTION
PAR  A digital magnetic compass is shown in copending U.S. patent application
      Ser. No. 284,362, filed Aug. 28, 1972, wherein compass headings are
      optically coded on a plurality of tracks of a compass disc which is
      electro-optically sensed to provide electrical output signals
      representative of compass heading. It is useful to employ the minimum
      electrical energy necessary to energize the light source associated with
      the compass disc sensing apparatus, since such energy for providing
      illumination is a major portion of that required for compass operation.
PAC  SUMMARY OF THE INVENTION
PAR  In brief, the invention provides an electro-optically sensed magnetic
      compass in which the duty cycle of the illumination source is selectively
      varied to provide illumination only until a valid electrical output signal
      is provided for sensing of the coded compass heading. The compass includes
      an illumination source, typically a light emitting diode, which transmits
      light through the coded tracks of the compass disc and one or more
      transparent control tracks thereof. Light is sensed by respective light
      sensors each associated with a respective track of the compass disc to
      provide corresponding electrical output signals. One or more of the light
      sensors, usually those associated with the transparent control tracks, are
      coupled to a threshold circuit which provides a digital output signal
      having a first amplitude in response to a received signal less than a
      predetermined threshold level and a second amplitude in response to a
      received signal equal to or greater than the predetermined threshold
      level. The digital output signal controls a latch circuit which drives the
      illumination source such that the source is energized only for a time
      sufficient to assure provision of a valid light sensor signal at least
      equal to the threshold level. Upon detection of a valid sensor signal, the
      illumination source is de-energized to thus conserve power.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic representation of a digital magnetic compass with
      which the invention is useful;
PAR  FIG. 2 is a schematic representation of a control circuit embodying the
      invention; and
PAR  FIGS. 3A-3E are waveform diagrams useful in explaining operation of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is shown in diagrammatic form a digital magnetic
      compass of the type with which the invention is especially useful. Such a
      compass is shown for example in the aforesaid copending patent
      application. The compass includes a transparent disc 10 having a plurality
      of concentric tracks each having a different number of alternately
      transmissive and opaque segments 12 defining codes representative of
      compass headings. A compass magnet 14 is affixed to and rotatable with
      disc 10. An array of photosensors 16 is disposed typically along a radius
      of disc 10 with a sensing cell associated with each coded track of the
      compass disc. An illumination source, such as a light emitting diode 18,
      is disposed on the opposite surface of disc 10 from array 16 and is
      operative to illuminate the coded tracks, the light being transmitted by
      the transparent segments of the coded tracks being received by the sensor
      array 16. For different angular positions of disc 10 with respect to array
      16, the array provides a plurality of output signals correspondingly coded
      to represent the angular disc position and therefore also representative
      of compass heading. The output signals are processed by suitable
      electronic circuitry to provide an output indication of compass heading
      sensed from disc 10. The electrical energy required to illuminate source
      18 is a major portion of the total energy required for compass operation
      since in preferred implementation the electronic circuitry of the digital
      compass is of micro-circuit form requiring extremely little electrical
      power. According to the invention, source 18 is energized only for so long
      as necessary for receipt of a proper output signal from array 16.
PAR  The novel photoelectric control circuit is shown in FIG. 2. A light
      emitting diode D1 has its anode coupled to a source of operating potential
      V.sub.cc by way of a resistor R1 and its cathode connected to the
      collector of a transistor Q1 the emitter thereof being coupled to ground
      or other source of reference potential. The light emitting diode is
      arranged to transmit light through disc 10, the transmitted light being
      received by phototransistors 22 and 24. These phototransistors are
      associated with respective tracks of disc 10 such that at least one
      phototransistor always receives light from source 18. The collectors of
      phototransistors 22 and 24 are coupled to voltage source V.sub.cc while
      the emitters thereof are respectively coupled via respective resistors R2
      and R3 to ground. Respective capacitors C1 and C2 are provided in shunt
      with respective resistors R2 and R3. The emitter of phototransistor 22 is
      coupled to an input of a comparator 26, while the emitter of
      phototransistor 24 is coupled to the input of a second digital comparator
      28. A reference signal is applied to both comparators 26 and 28 from a
      suitable source V.sub.ref. The output of the comparators is coupled via an
      OR gate 30 to an input of a latch circuit 32 which also receives a control
      signal from a control source 34. The output signal from latch circuit 32
      is coupled via a resistor R4 to the base of switching transistor Q1.
PAR  Circuit operation will be described in conjunction with the waveform
      diagrams of FIGS. 3A-3E. A timing cycle is defined by a control signal
      shown in FIG. 3A provided by control source 34. The provision of a control
      signal to latch circuit 32 causes an output signal to be provided to the
      light emitting diode. This output signal, shown in FIG. 3B, causes
      energization of the light emitting diode for the duration of this latch
      output signal, as shown by the waveform of FIG. 3C depicting the current
      flowing while light emitting diode is energized. The threshold voltage
      V.sub.ref is depicted as a dotted line in FIG. 3D, while the output
      voltage V.sub.pt from the phototransistors 22 and 24 is shown in FIG. 3D
      as a rising voltage which exceeds the threshold level and which thereafter
      decays to a zero level. The digital comparators 26 and 28 each provide an
      output signal upon exceedance of the threshold V.sub.ref by the
      phototransistor signals, and these output signals are applied as a reset
      signal via OR gate 30 to latch circuit 32. This reset signal is shown in
      FIG. 3E. Resetting of the latch circuit causes discontinuance of the latch
      output signal thereby de-energizing the light emitting diode by switching
      off transistor Q1. During each control cycle defined by the duration of
      the control signal provided by source 34, the light emitting diode is
      energized until detection of a photosensor signal at least equal to the
      predetermined threshold level. Upon such detection, the light emitting
      diode is de-energized for the remainder of the operating cycle. Thus, the
      illumination source is energized only during a portion of each operating
      cycle and for only so long as is necessary to assure detection of a valid
      photosensor signal equal to or greater than the threshold level. Power is
      thereby conserved by minimizing the time duration for which the light
      emitting diode is energized.
PAR  In the embodiment of FIG. 2, two phototransistors are shown illuminated by
      a common light emitting diode. It will be appreciated that the invention
      is applicable to various light coupling arrangements. For example, a
      single light emitting diode or other illumination source can be associated
      with a corresponding photosensor, or a plurality of photosensors can
      receive light from a single illumination source.
PAR  In some instances, it may be desirable to energize the light emitting diode
      throughout an operating cycle but to vary the illumination in order to
      maintain a substantially uniform electrical output signal level. The
      embodiment of FIG. 2 can be modified to accomplish such gain control, by
      replacing the latch circuit 32 with a variable gain circuit such as a
      transistor amplifier which provides an output signal of amplitude variable
      in response to the magnitude of the phototransistor output signal.
PAR  The invention is not to be limited by what has been particularly shown and
      described except as indicated in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in a digital magnetic compass having a compass disc containing a
      plurality of optically coded representations of compass headings thereon,
      means for illuminating a selected portion of said disc, and photosensor
      means for providing electrical signals representative of compass headings,
      a photoelectric control circuit comprising:
PA1  an illumination source;
PA1  at least one photosensor receiving light from said source and through said
      disc;
PA1  comparator means receiving an electrical signal from said at least one
      photosensor and a reference voltage and providing a digital output signal
      of one level when said photosensor signal is less than said reference
      voltage and of another level when said photosensor signal is at least
      equal to said reference voltage; and
PA1  latch means operative in response to said digital output signal from said
      comparator means to provide an energizing signal to said illumination
      source from a start time until switching of said comparator means from
      said one level to said another level thereby to energize said illumination
      source only for a duration sufficient to permit detection of a photosensor
      signal at least equal to said reference voltage;
PA1  said latch means providing no energizing signal to said illumination source
      from said switching of said comparator means until the next start time.
NUM  2.
PAR  2. The invention according to claim 1 wherein said illumination source
      includes:
PA1  a light emitting diode;
PA1  a switching transistor coupled to said light emitting diode and to said
      latch means for control of said light emitting diode.
NUM  3.
PAR  3. The invention according to claim 1 wherein said at least one photosensor
      includes:
PA1  a plurality of photosensors each receiving light from said source and
      through said disc;
PA1  and wherein said comparator means includes a comparator for each of said
      photosensors and providing a respective digital output signal;
PA1  and further including an OR gate operative to couple said digital output
      signals to said latch means.
NUM  4.
PAR  4. The invention according to claim 1 wherein said comparator means
      includes:
PA1  a comparator circuit having a predetermined threshold level determined in
      accordance with a reference voltage;
PA1  means for applying said reference voltage to said comparator circuit for
      establishment of said threshold level.
NUM  5.
PAR  5. The invention according to claim 1 wherein said latch means includes:
PA1  a digital latch circuit for providing an energizing signal of uniform
      amplitude in response to an enable signal and for discontinuing provision
      of said energizing signal in response to a disable signal;
PA1  a signal source for providing to said latch circuit said enable signal for
      a predetermined time interval commencing at said start time;
PA1  said disable signal being said digital output signal of another level
      applied to said latch circuit upon transition of said digital output
      signal from said one level to said another level, thereby to discontinue
      provision of said energizing signal for the remainder of said
      predetermined time interval.
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PAL  There are provided a plurality of light receiving elements arranged at a
      predetermined spacing therebetween to be irradiated by a light beam, a
      plurality of logical product circuits, each being provided for a pair of
      adjacent light receiving elements and connected thereto to receive the
      detection outputs thereof for producing an output only when the pair of
      adjacent light receiving elements are irradiated at the same time, and a
      detection signal selection circuit connected to respond to the detection
      outputs of the irradiated elements and the output signals from the logical
      product circuits for selectively gating out one of the detection outputs
      and the output signals of the logical product circuits which indicate the
      centers of the irradiated positions, thereby accurately detecting the
      center of the irradiated position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for detecting positions illuminated
      by a light beam by using light receiving elements and, more particularly,
      to light detecting apparatus of improved resolution of displacements.
PAR  A light detecting apparatus using light receiving elements has been used to
      detect the movement or displacement of a movable body such as a working
      blade of an earth moving equipment. In such apparatus, a plurality of
      light receiving elements or photoelectric transducers are arranged on the
      movable body for detecting the position irradiated by a light beam by
      projecting the light beam upon the array of the light receiving elements
      thereby causing a particular light receiving element illuminated by the
      light beam to generate an electric signal. However, according to the prior
      art light detecting apparatus, since the electric signal generated by the
      light receiving elements in this manner is used directly as an illuminated
      position detection signal, the resolution of the displacement has been
      limited by the spacing between the light receiving elements and the width
      illuminated by the light beam. The term "resolution of displacement" is
      used herein to represent a minimum unit of the displacement that can be
      detected so that as the resolution is increased, the accuracy of detection
      can also be improved.
PAR  More particularly, with the prior art arrangement, when the spacing between
      adjacent light receiving elements H is represented by X cm, the resolution
      will be given by X cm, as diagrammatically shown in FIG. 1a. Accordingly,
      when the displacement to be detected is 3X cm, the displacement is
      detected in three steps. Further, in order to obtain such resolution, the
      width of the light beam should be limited such that the beam will not
      illuminate two or more light receiving elements at the same time.
      Accordingly, where the source of the light beam is spaced considerably
      from the light receiving elements as in the case wherein the light
      detecting apparatus is used for automatic level adjustment of a bulldozer
      or a grader, the width of the light beam increases when it impinges upon
      the light receiving elements with the result that sufficiently high
      detection accuracies can hardly be obtained.
PAR  In the prior art apparatus, it is possible to improve the resolution only
      by decreasing the spacing between adjacent light receiving elements, but
      this measure increases the number of the light receiving elements. Since
      these light detecting apparatus are generally used in the outdoor, it is
      necessary to provide expensive interference filters or the like for
      responsive light receiving elements for the purpose of improving the
      signal to noise ratio with respect to the sun light. This also increases
      the number or component elements and the cost of the apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a novel light
      detecting apparatus having an improved resolution and capable of
      accurately determining the center of the irradiated position even when the
      width of the light beam is increased.
PAR  Another object of this invention is to provide a new and improved light
      detecting apparatus capable of doubling the resolution with the same
      number of light receiving elements as in the prior art apparatus.
PAR  According to this invention there is provided light detecting apparatus of
      the improved resolution comprising a plurality of light receiving elements
      arranged at a predetermined relative spacing therebetween, means for
      projecting a light beam upon said light receiving elements, a plurality of
      logical product circuits, each being provided for a pair of said adjacent
      light receiving elements and connected thereto to receive the detection
      outputs thereof for producing an output only when said pair of adjacent
      light receiving elements are irradiated by the light beam at the same
      time, and a detection signal selection circuit connected to respond to the
      detection outputs which are produced from the light receiving elements
      irradiated by the light beam and the output signals from the logical
      product circuits for selectively gating out one of the detection outputs
      and the output signals of the logical product circuits, thereby accurately
      detecting the center of the irradiated position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing:
PAR  FIG. 1a is a diagram to explain the resolution of a prior art light
      detecting apparatus;
PAR  FIG. 1b is a diagram to explain the resolution of the novel light detecting
      apparatus embodying the invention and having an improved resolution; and
PAR  FIG. 2 is a block diagram of one embodiment of the light detecting
      apparatus having an improved resolution.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As diagrammatically shown in FIG. 2, a preferred embodiment of this
      invention comprises five light receiving elements H.sub.1 through H.sub.5,
      which are arranged at an equal spacing W, amplifiers A.sub.1 through
      A.sub.5 for amplifying the outputs of the respective light receiving
      elements and a logical product circuit 1 including a plurality of AND
      gates circuits AN.sub.1 through AN.sub.4 which are connected such that the
      output signals from the light receiving elements H.sub.1 and H.sub.2 are
      applied to the inputs of the AND gate circuit AN.sub.1 through amplifiers
      A.sub.1 and A.sub.2 respectively, that the output signals from the light
      receiving elements H.sub.2 and H.sub.3 are applied to the inputs of the
      AND gate circuit AN.sub.2 through amplifiers A.sub.2 and A.sub.3
      respectively, that the output signals from light receiving elements
      H.sub.3 and H.sub.4 are applied to the inputs of the AND gate circuit
      AN.sub.3 through amplifiers A.sub.3 and A.sub.4 respectively and that the
      output signals from the light receiving elements H.sub.4 and H.sub.5 are
      applied to the inputs of the AND gate circuit AN.sub.4 through amplifiers
      A.sub.4 and A.sub.5 respectively. Furthermore, the output signals from the
      respective light receiving elements are applied directly to terminals
      h.sub.1 through h.sub.5 respectively, and the output of the respective AND
      gate circuits are applied to output terminals h.sub.12, h.sub.23, h.sub.34
      and h.sub.45, respectively. Thus, where any one of the AND gate circuits
      produces an output, two light receiving elements are illuminated by the
      light beam so that the output of each AND gate circuit shows a position
      intermediate these two light receiving elements. For this reason, such
      output is hereinafter termed "an intermediate position detection signal".
      On the other hand, where only one of the elements is illuminated by the
      light beam, a detection signal will be applied to only one of the
      terminals h.sub.1 through h.sub.5. In this manner, terminals h.sub.1
      through h.sub.5 correspond to the positions of the respective light
      receiving elements whereas output terminals h.sub.12, h.sub.23, h.sub.34
      and h.sub.45 correspond to intermediate positions between the respective
      light receiving elements, where any one or more of the light receiving
      elements are illuminated by the light beam, the number of the terminals
      which are supplied with the detection signal or signals and/or the
      intermediate position detection signal or signals among the terminals
      h.sub.1 through h.sub.5 and h.sub.12, h.sub.23, h.sub.34 and h.sub.45 is
      always an odd number. Accordingly, it is possible to know a particular one
      output terminal corresponding to the center of the position irradiated by
      the beam.
PAR  A detection signal selection circuit 2 is provided for this purpose
      including output terminals t.sub.1 through t.sub.5 and t.sub.12, t.sub.23,
      t.sub.34 and t.sub.45 corresponding to terminals h.sub.1 through h.sub.5
      and h.sub.12, h.sub.23, h.sub.34 and h.sub.45 respectively. This circuit
      is constructed such that even when the width of the projected light beam
      covers three light receiving elements it can detect the center of the
      width. To this end, in the illustrated example, the detection signal
      selection circuit 2 is constructed by exclusive NOR gate circuits
      OR.sub.1, OR.sub.2 and OR.sub.3 and AND gate circuits AN.sub.5 through
      AN.sub.13 connected as shown.
PAR  The effect of doubling the resolution of displacement provided by the
      invention will now be described with reference to FIG. 1b and FIG. 2. When
      the light beam irradiates only the light receiving element H.sub.1, a
      detection signal is applied to terminal h.sub.1. Since a signal of low
      level applied to terminal h.sub.2 is applied to an inhibiting input of AND
      gate circuit AN.sub.5, AND gate circuit AN.sub.5 will be enabled. As a
      result, an output is applied to output terminal t.sub.1 thus detecting
      position A. When the light beam irradiates both light receiving elements
      H.sub.1 and H.sub.2, the AND gate circuit AN.sub.1 is enabled to apply a
      signal to output terminal h.sub.12 indicating a position intermediate of
      the elements H.sub.1 and H.sub.2.
PAR  Since the detection signal at terminal h.sub.2 is a high level signal and
      then applied to the inhibiting input of AND gate circuit AN.sub.5, this
      AND gate circuit is inhibited and disenabled.
PAR  As the detection signal at terminal h.sub.1 is applied to one input of the
      exclusive NOR gate circuit OR.sub.1 whereas as the low level signal at
      terminal h.sub.3 is applied to the other input of the exclusive NOR gate
      circuit OR.sub.1, this NOR gate circuit produces a low level output
      signal, whereby the AND gate circuit AN.sub.6 is disenabled. The
      intermediate position detection signal appearing at terminal h.sub.12 is
      applied to one input of AND gate circuit AN.sub.10 and the low level
      signal appearing at terminal t.sub.23 is impressed upon the other input,
      which is an inhibiting input, of AND gate circuit AN.sub.10 so that this
      AND gate circuit is enabled to provide an output at the output terminal
      t.sub.12. In this manner, of the detection signals and the intermediate
      position detection signal appearing at the terminals h.sub.1, h.sub.2 and
      h.sub.12 respectively, the intermediate position detection signal
      appearing at terminal h.sub.12 and corresponding to the center of the
      portion illuminated by the light beam is selected whereby position B is
      detected.
PAR  When the light receiving element H.sub.2 only is illuminated, AND gate
      circuit AN.sub.6 is enabled by the detection signal appearing at terminal
      h.sub.2 thus producing an output at the output terminal t.sub.2 whereby
      position C is detected.
PAR  It will be understood from the above description that the positions A, B
      and C respectively illuminated by the light beam have been detected. Thus,
      if a spacing between adjacent light receiving elements is expressed as W,
      the resolution can be expressed by W/2 which means that the resolution is
      doubled when compared with that of the prior art light detecting apparatus
      shown in FIG. 1a.
PAR  Let us now consider a case wherein the distance between the source of light
      beam and the light receiving elements is so large that the width of the
      light beam is considerably increased when it reaches the light receiving
      elements.
PAR  It is now assumed that the width of the light beam is increased
      sufficiently to irradiate three light receiving elements H.sub.2, H.sub.3
      and H.sub.4 at the same time. Under these conditions AND gate circuits
      AN.sub.2 and AN.sub.3 are enabled to apply intermediate position detection
      signals upon terminals h.sub.23 and h.sub.34 respectively. A low level
      signal from terminal h.sub.1 is impressed upon exclusive NOR gate circuit
      OR.sub.1 whereby the output thereof becomes a low level signal.
      Accordingly, AND gate circuit AN.sub.6 is disenabled thus blocking the
      detection signal appearing at terminal h.sub.2. The intermediate position
      detection signal appearing at terminal h.sub.34 is applied to the
      inhibiting input of AND gate circuit AN.sub.11 so that this AND gate
      circuit is disenabled thus blocking the intermediate position detection
      signal appearing at terminal h.sub.23. Similarly, since the intermediate
      position detection signal appearing at terminal h.sub.23 is applied to the
      inhibiting input of AND gate circuit AN.sub.12, this AND gate circuit is
      disenabled thus blocking the intermediate position detection signal
      appearing at terminal h.sub.34. The low level signal appearing at terminal
      h.sub.5 is applied to one input of exclusive NOR gate circuit OR.sub.3
      thus causing this circuit to provide a low level output. As a result, AND
      gate circuit AN.sub.8 is disenabled to block the detection signal
      appearing at terminal h.sub.4. Detection signals appearing at terminals
      h.sub.2 and h.sub.4 are applied to both input of exclusive NOR gate
      circuit OR.sub.2 thus causing it to produce a high level output. Since the
      detection signal at terminal h.sub.3 is a high level one, AND gate circuit
      AN.sub.7 is enabled to produce an output at output terminal t.sub.3 alone.
      Thus, the detection signal appearing at terminal h.sub.3 and corresponding
      to the center of the portion irradiated by the light beam is detected. In
      this manner, it is possible to accurately detect the center of the portion
      irradiated by the light beam even when the width of the light beam is
      increased.
PAR  Although in the selection circuit respective signals were processed in
      terms of positive logic, it will be clear that it is also possible to
      process the signals in terms of negative logic by using logic elements of
      a different type.
PAR  It should also be understood that for the purpose of doubling the
      resolution the light receiving elements are not required to be always
      arranged at exactly the same spacing but merely required to be arranged at
      substantially the same spacing. It is also possible to double the
      resolution even when the light receiving elements are arranged along a
      curve instead of being arranged along a straight line as shown in the
      drawing. Further, it will be clear that as the number of the light
      receiving elements is increased, the number of the logical elements
      utilized in the logical product circuit 1 and the detection signal
      selection circuit 2 should also be increased.
PAR  Although in the embodiment shown in FIG. 2, the detection signal selective
      circuit 2 is constructed such that it can detect the center of the portion
      irradiated by the light beam even when the light beam has a width
      sufficient to irradiate three light receiving elements simultaneously it
      is possible to modify the construction of the circuit 2 such that it can
      detect the center of the irradiated portion when the width of the light
      beam is large enough to illuminate at the same time any desired number of
      light receiving elements.
PAR  As has been described hereinabove, the invention provides an inexpensive
      and extremely accurate light detection apparatus capable of doubling the
      resolution without increasing the number of the light receiving elements
      and detecting the center of the portion irradiated by the light beam
      regardless of the variation in the width of the light beam.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A light detecting apparatus of improved resolution comprising a
      plurality of light receiving elements arranged at a predetermined relative
      spacing in a row and producing detection output signals when said light
      receiving elements receive light, means for projecting a light beam upon
      said light receiving elements, a plurality of sequentially ordered logical
      produce circuits, each of said logical product circuits provided for every
      pair of adjacent light receiving elements and connected to receive the
      detection output signals of said pair of adjacent light receiving elements
      to produce an output signal only when said pair of adjacent light
      receiving elements are simultaneously irradiated by said light beam,
      wherein said detection output signals and output signals of said logical
      product circuits are an odd number of sequentially ordered signals, and a
      detection signal selection circuit connected to said light receiving
      elements and to said logical product circuits to respond to said detection
      output signals and said output signals of said logical product circuits to
      select from one of said plurality of light receiving elements said one
      light receiving element being irradiated by the center of said light beam,
      by selectively gating out a center signal of said odd number of
      sequentially ordered signals of said detection output signals and said
      output signals of said logical product circuits.
NUM  2.
PAR  2. The light detecting apparatus according to claim 1 wherein each of said
      logical product circuits comprises an AND gate circuit with its input
      terminals respectively connected to a pair of said adjacent light
      receiving elements.
NUM  3.
PAR  3. The light detecting apparatus according to claim 1 wherein said
      detection signal selection circuit comprises a plurality of exclusive NOR
      gate circuits, each having input terminals connected to two light
      receiving elements interleaved by one light receiving element, a first
      group of AND gate circuits being a first and second AND gate circuit
      (AN.sub.5, AN.sub.9), each of said AND gate circuits having an input
      terminal connected to each one of said light receiving elements of a pair
      of adjacent light receiving elements (H.sub.1 and H.sub.2, H.sub.4 and
      H.sub.5) provided on the opposite ends of said row of the light receiving
      elements, said first AND gate circuit coupled to one said pair of light
      receiving elements at one end of said row, and said second AND gate
      circuit coupled to said other pair of light receiving elements at the
      opposite end of said row, a second group of AND gate circuits having two
      inputs terminals (AN.sub.6, AN.sub.7, AN.sub.8), each of said second group
      of AND gate circuits having one input terminal thereof connected to the
      output of a corresponding one of said exclusive NOR gate circuits and the
      other input terminal thereof connected to a corresponding one of the light
      receiving elements, the output terminals of said second group of AND gate
      circuits being a first set of output nodes, and a third group of AND gate
      circuits (AN.sub.10, AN.sub.11, AN.sub.12, AN.sub.13) each of said AND
      gate circuits having its input terminals connected to the output terminals
      of corresponding ones of said logical product circuits each of said AND
      gate circuits having one input terminal coupled to one of said
      sequentially ordered logical product circuits, and having an inverting
      input terminal coupled to at least one logical product circuit adjacent to
      said one logical product circuit.
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ABST
PAL  The invention concerns a firing device for a number of electric valves,
      particularly thyristors. Each thyristor control path is associated with a
      firing circuit with a detector for electromagnetic radiation responsive to
      a transmitter which is controlled by a firing control signal and is
      equipped with a radiating device which energizes the individual detectors.
      The detectors are arranged close together in a plane perpendicular to the
      radiation direction of the radiator. In order to obtain latitude in the
      arrangement of the detectors, the radiator is designed so that it
      furnishes a parallel-ray bundle of radiation and the detectors are
      spatially arranged relative to each other, such that they are exposed to
      the parallel ray bundle without mutual shadowing upon projection in the
      direction of the radiation on a projection plane which is perpendicular to
      the radiation direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns a firing device for a plurality of electric valves,
      especially thyristors, with each of whose control paths a firing circuit
      with a detector for electromagnetic radiation is associated with a
      transmitter which is controlled by a firing control signal and is equipped
      with a radiator which energizes the individual detectors. The detectors
      are arranged close together in a plane perpendicular to the direction of
      radiation of the radiator.
PAR  2. Description of the Prior Art
PAR  A firing circuit which derives firing energy from the voltage at the
      anode-cathode path of the respective valve is well known (German Pat. No.
      1,538,099) to use for firing an electric valve, particularly a thyristor.
      In this connection, a pulse capacitor is used which is charged by this
      voltage and is discharged, when needed, by means of a switching element
      onto the control path of the valve. As the switching member, in
      particular, a light-controlled thyristor is used which can be triggered
      through light irradiation from a light source placed at some distance. In
      this manner, electric potential differences which exist between the light
      source, as the transmitter of electromagnetic radiation, and the electric
      valve, have no influence on the firing. Such a firing circuit is therefore
      used preferably for the firing of electric valves for high voltage,
      particularly of high-voltage thyristors which are employed in a rectifier
      arrangement.
PAR  Another possibility of transmitting a firing control signal by radiation
      from a transmitter to a firing circuit which is equipped with a detector
      for this electromagnetic circuit, is described in Swiss Pat. No. 413,993.
      High frequency radiation is used here as the electromagnetic radiation.
      The firing of one or several valves by means of a high-frequency
      transmission path is largely free of interference and is particularly well
      suited for the firing of thyristors which are used in rectifiers for
      high-voltage d-c transmission systems.
PAR  It is known (German Offenlegungsschrift No. 1,513,868) to arrange the
      individual detectors in a circle around the transmitter as the center. It
      is also known (German Offenlegungsschrift No. 2,026,901) that a spherical
      configuration can be used as well. So that all detectors are subjected to
      the same radiation intensity, they must be arranged at the same distance
      from the radiator. This requirement is a considerable limitation of the
      possibilities to place the detectors.
PAR  It is an object of the present invention to arrange, in the firing device
      described above, the detectors in a space-saving manner and with freedom
      of placement, as far as their distance from the radiator is concerned,
      where every detector is to be irradiated with approximately the same
      radiation intensity, so that overall, the power and the radiating surface
      area of the transmitter can be kept small.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, this problem is solved by the provision that
      the radiator is designed so that it furnishes a parallel ray beam, and
      that the detectors are spatially displaced relative to each other, in such
      a manner that they are exposed to the parallel-ray beam without mutual
      shadowing if the projection is made on a projection plane perpendicular to
      the direction of radiation.
PAR  A transmitter is provided to radiate a parallel-ray beam, wherein its
      radiating surface area is about as large as the area taken up by the
      individual detectors. The firing device is designed so that an observer
      who views the detectors in the direction of the radiation from the
      transmitter, sees an area-wise dense arrangement within an area. The
      distribution of mutual displacement of the individual detectors within
      this area must be made so that each detector is exposed to the
      electromagnetic radiation of the transmitter. Care must therefore be taken
      that no detector, its firing circuit following it electrically, and/or the
      valve in question does not shadow other detectors. On the other hand,
      however, a mutual safety distance, which in each case is determined by the
      electric potential conditions of the valves, must be maintained between
      the detectors.
PAR  A preferred further embodiment of the invention is distinguished by the
      feature that a given number of detectors is subdivided into individual
      groups; that the detectors of each group together are arranged distributed
      in a separate group plane; and that the group planes are aligned parallel
      to each other. The number of detectors in each group may be the same in
      this staggered arrangement.
PAR  Additionally the detectors, at least within one group plane, are arranged
      in a symmetrical configuration. The symmetrical configuration can be
      chosen, for instance, as a rectangle, a circle or an ellipse.
PAR  A simple arrangement is obtained if the detectors in each group plane are
      arranged in a symmetrical respective configuration, and if the axes of
      symmetry of all configurations coincide with each other and with the
      direction of radiation from the transmitter. Provision may be made to
      displace the symmetrical configurations rotationally with respect to each
      other. It is also advantageous that the symmetrical configurations are of
      different sizes. Then they can be aligned with their edges parallel to
      each other. Rectangles, circles or ellipses may again be chosen as the
      configurations.
PAR  A particularly advantageous further embodiment of the firing device is
      distinguished by the feature that the size of the symmetrical
      configurations decreases in the direction of radiation from the
      transmitter. Through this means one obtains a structure, composed of the
      individual symmetrical configurations, which is tapered in the direction
      of the radiation from the transmitter. If the detectors are distributed on
      a circle in the individual group planes, one thus obtains a circular,
      truncated cone, and with an elliptical distribution, an elliptical,
      truncated cone is obtained. This further embodiment is particularly
      advantageous for the reason that the firing circuit following each
      detector can be directed radially outward from the main radiation axis, so
      that shadowing of the detectors farther removed from the transmitter is
      avoided.
PAR  If the generatrix of the body formed by the individual configurations is
      made a straight line, the individual group planes can always have the same
      distance from each other. In general, care will be taken that the mutual
      distances of the detector do not fall below a given minimum distance.
      Here, it is advisable to make the generatrix of the body formed by the
      configurations parabolic.
PAR  Instead of combining detectors in groups, one can also proceed by arranging
      the detectors along a helical line, the radius of which decreases upon
      progression in the direction of radiation from the transmitter. This
      firing device again has the advantage that shadowing of detectors by the
      firing circuits and valves of other detectors can be avoided. An observer
      viewing the detectors in the direction of radiation from the transmitter
      sees again an area-wise dense arrangement in the projection plane.
PAR  It should further be mentioned that the detectors can be of elongated
      design. It then contributes to a space-saving design if the longitudinal
      axes of these detectors are aligned radially to a main beam direction,
      which coincides with the main direction of radiation from the transmitter.
PAR  It should finally be pointed out further that, in order to achieve a high
      area-wise density of the detectors, the respective receivers can be
      disposed in the heat sink of the electric valve, if electric valves are
      used which are each equipped with a heat sink.
PAR  The electromagnetic radiation emitted by the transmitter may be light in
      the visible range of the spectrum, infrared light or high-frequency
      radiation, e.g., in the GHz range.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a firing arrangement for a number of electric valves, in which
      the reflector of the transmitter is shown in cross section and the
      circular arrangement of the detectors in two group planes is shown in
      perspective.
PAR  FIG. 2 shows the arrangement of the detectors of FIG. 1 if viewed in the
      direction of the radiation from the reflector,
PAR  FIG. 3 shows a helical arrangement of detectors, viewed in the direction of
      the radiation from the reflector.
PAR  FIG. 4 shows an illustration in cross section of a valve arranged at a heat
      sink, the firing circuit of which including the detector is accommodated
      in the heat sink.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, a firing device for a number of electric valves is depicted.
      This is to involve a total of 16 controlled valves (not shown). These
      valves may, in particular, be thyristors. It is assumed that these valves
      are connected in series with each other. This series connection may be
      part of a rectifier for high-voltage d-c transmission. Each valve is laid
      out for a voltage of, say, 1 kV. So that the dissipation loss developed in
      operation can be removed, the individual valves can be provided with heat
      sinks (not shown) including cooling fins, which take up a certain amount
      of space. For firing the valves, a firing control signal z is provided,
      which is formed, for instance, in a control circuit (not shown) for
      keeping the voltage or frequency of the rectifier constant. This firing
      control signal z is fed to a transmitter e, which is equipped with a
      radiating head or feed s. The transmitter e may involve, for instance, a
      voltage source that can be switched on and off by the firing control
      signal z, and the radiator s, and incandescent lamp or a light-emitting
      diode. However, a high-frequency transmitter may also be provided as the
      transmitter e, which radiates high-frequency radiation by way of a
      high-frequency antenna used as the radiator s. An antenna with a parabolic
      mirror or a dipole antenna, for instance, may be provided as the h-f
      antenna. The frequency of the high-frequency radiators may be, for
      instance, 2.4 GHz. As the high-frequency for the transmission of the
      firing control signal by radio, one above 300 MHz can be chosen. The
      radiator s is designed in the present case as a point source.
PAR  The electromagnetic radiation emitted may thus be in the visible range of
      the spectrum or in the high-frequency spectral range, but also in the
      infrared or UV range of the spectrum.
PAR  As can be seen from FIG. 1, the radiator s is arranged inside a reflector
      r. This reflector s is shown in cross section. Its inside surface may be
      metallic. The reflector r is designed as a parabolic mirror in such a
      manner that it furnishes an electromagnetic parallel-ray beam. The
      direction of radiation from the transmitter e is indicated by wavy arrows.
      The central axis or main beam axis is designed with the letter h. The
      reflector r may be arranged at the ceiling of a building or the ceiling of
      a housing which encloses the electric valves to be controlled. The
      electromagnetic radiation used for the wireless firing of the valves is
      then directed downward. However, the reflector r may instead also be
      arranged at the bottom of the housing, so that it radiated vertically
      upward. Lateral irradiation is also possible.
PAR  The control path of each of the 16 electric valves mentioned is associated
      with a detector for electromagnetic radiation. These 16 detectors are
      shown in FIG. 1 as the detectors t1 to t16. They are arranged at some
      distance from the reflector r. If light is used for the transmission,
      these detectors t1 to t16 may be photodiodes or phototransistors. If, on
      the other hand, high-frequency radiation is used for the transmission, the
      detectors t1 to t16 are high-frequency antennas followed by receivers.
PAR  Viewed in the direction of radiation from the reflector r, the detectors t1
      to t16 are arranged closely together in a plane which is perpendicular to
      this direction of radiation. The surface just mentioned is therefore a
      plane projection surface. The individual detectors t1 to t16 are arranged
      spatially displaced relative to each other. In determining the spacing,
      care must be taken that no corona phenomena occur.
PAR  The predetermined number of 16 detectors is divided into two groups, of
      which each comprises the same number, namely, 8 detectors. If the number
      of detectors is larger, more groups will be provided. As can be seen from
      FIG. 1, the detectors t1 to t8 as well as the detectors t9 to t16 are
      always arranged together, distributed in a separate group plane. The
      distance between these two group planes is indicated by a. The two group
      planes are aligned here parallel to each other. The detectors t1 to t8 of
      the upper group plane and the detectors t9 to t16 of the lower group plane
      are in each case arranged in a symmetrical configuration. A circle is in
      each case provided as the symmetrical configuration. This becomes clear
      through a view onto the projection plane according to FIG. 2. The axes of
      symmetry of the two circular configurations k1 and k2 coincide with each
      other and with the main beam axis h of the transmitter e.
PAR  It will further be seen from FIGS. 1 and 2 that the lower circular
      configuration k2 is smaller than the upper circular configuration k1. In
      general, it is extremely advantageous if the size of the symmetrical
      configurations decreases in the direction of the radiation from the
      transmitter e. It is further seen from FIG. 2 that the two circular
      configurations are rotationally displaced relative to each other by
      22.5.degree. about the direction of the main beam axis h. One thereby
      obtains a high utilization of space.
PAR  It should be pointed out once more that, in a view in the radiation
      direction away from the reflector r and in the direction toward the
      detectors t1 to t16, the size of the two symmetrical circular
      configurations k1 and k2 decreases. Together, the two circular
      configurations k1 and k2 form a rotation-symmetrical body, and
      specifically, a truncated cone, which is tapered in the direction of
      radiation away from the reflector r. This is indicated by the dashed lines
      in FIG. 1. The relation of the firing circuits can be arranged here so
      thay they are directed radially outward relative to the main beam axis h.
      This is shown in FIG. 2 for the firing circuits z6, z7 and z8. Thereby it
      is accomplished that these firing circuits z6 to z8, to which should
      further be added the associated valves and heat sinks, do not cover up the
      detectors t9 to t16 lying in the lower group plane. In this manner, the
      projection plane is well utilized.
PAR  It should further be pointed out that the arrangement of the individual
      detectors in the group planes, deviating from FIG. 2, can be made not as a
      circle, but also in a rectangular, oval or elliptical configuration. In
      that case, one obtains at the body truncations of rectangular, oval or
      elliptical pyramids.
PAR  In FIG. 1, the generatrix m of the body, which is formed by the two
      circular configurations k1 and k2, is shown as a straight line. If there
      are more than two group planes, this generatrix m can preferably have a
      curved shape. This means that the distance a between the individual group
      planes is not the same everywhere. By suitably shaping the generatrix m,
      e.g., by giving it parabolic form, one can achieve that all the detectors
      t1 to t16 are exposed practically to the same electric field strength.
      This shaping is a contributing factor that in the case of semiconductor
      valves which are used in a rectifier for very high voltages, e.g., for 1
      MV, corona discharges cannot occur.
PAR  It was already mentioned that the individual valves can be connected in
      series and can be laid out, for instance, for a switching voltage of 1 kV.
      The valve associated with the detector t1 should have to switch here the
      lowest potential, i.e., 1 kV to ground. The valve associated with the
      adjacent detector t2 will have to switch the next-higher potential, i.e.,
      2 kV against 1 kV, etc., so that the valve associated with the detector t8
      must, therefore, switch 8 kV against 7 kV. The electrical transition from
      the last valve in the first group plane to the first valve in the second
      group plane is accomplished so that said first valve is the closest, i.e.,
      in the example, the valve associated with the detector t9. The series
      connection of the following valves proceeds in the direction of the
      detectors t9 to t16. It is thereby accomplished that no potential
      difference greater than 8 kV exists between two nearest neighbors from two
      group planes. Between two neighbors in the same group plane, however,
      there exists only a potential difference of the magnitude of the switching
      voltage, i.e., in the order of 1 kV.
PAR  FIG. 3 shows in a presentation which corresponds to that of FIG. 2, an
      arrangement of further detectors t31 to t41. In viewing FIG. 3, one looks
      again in the direction of the radiation from the reflector and in the
      direction of the side of the main beam axis. The detectors t31 to t41 are
      arranged along a helical line 1, which is shown by a broken line in FIG.
      3. The radius of the helical line is to decrease as it progresses in the
      direction of the radiation away from the transmitter. This results in the
      spiral visible in FIG. 3. FIG. 3 makes it clear, furthermore, that a high
      area-wise density of the detectors t31 to t41 can be achieved in the
      projection plane (plane of paper in FIG. 3). As seen in the direction of
      the main beam axis h, the detectors t31 to t41 in FIG. 3 are always
      arranged rotationally shifted by 90.degree. along the helical line 1.
PAR  In FIG. 4 is shown in cross section an electric valve v, which is connected
      with good thermal contact to a solid heat sink w made of a material with
      high heat conductivity. The material to be used can be a metal such as
      aluminum, copper or brass. In conjunction with the heat sink w, a
      so-called heat pipe can also be used. The heat sink w is equipped at its
      outer end with cooling fins b, which take care of removing the dissipation
      heat developed by the valve v in operation and may be ventilated by
      blowers. The cooling fins b of several heat sinks w can be arranged in a
      central cooling channel. The firing circuit f of the valve v is arranged
      in the heat sink w, as is the detector t which may be, for instance, a
      photosensitive element or a high-frequency antenna. The electromagnetic
      radiation incident on the detector t is indicated by a wavy arrow. With
      heat sinks w of this kind, a high area-wise density of the detectors t can
      be achieved.
PAR  It is considered as an advantage of the arrangement of the detector t and
      the firing circuit z in the heat sink w, as shown in FIG. 4, that the
      arrangement represents a compact unit which is largely protected against
      mechanical damage. Exposed lines, which can lead to corona discharges, can
      thus be avoided. As a decisive advantage, however, is considered the fact
      that the necessary components can be worked into the heat sink w. A cavity
      resonator can thus be milled directly into the solid heat sink w. This
      brings about on the one hand, material savings and on the other hand,
      space savings. To this is added further an effective cooling of the
      high-frequency components.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a firing device for a plurality of electric valves comprising a
      plurality of detectors for electromagnetic radiation each forming an input
      to a firing circuit coupled to a valve said electric valves being
      electrically coupled in at least one circuit, all valves being required to
      be simultaneously fired, the firing device also including a transmitter
      coupled to means providing thereto a firing control signal, said
      transmitter being equipped with a radiator which directs energy toward the
      plurality of detectors for the individual valves, said individual
      detectors being arranged so as to be able to intercept the radiation from
      the radiator to permit firing of the valves without a wired connection,
      the improvement comprising:
PA1  a. the radiating device being designed to generate substantially parallel
      rays of electromagnetic radiation; and
PA1  b. the plurality of detectors for electromagnetic radiation being arranged
      spacially displaced relative to each other such that each is exposed to
      the parallel ray beam from said radiating device without mutual shadowing
      when all of said detectors are projected onto a plane perpendicular to the
      direction of radiation as viewed in the direction of radiation.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said plurality of detectors
      is subdivided into at least two groups of detectors and wherein each of
      said groups of detectors is arranged in a group plane perpendicular to the
      direction of radiation with said two group planes disposed parallel to
      each other.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said detectors are arranged, at least
      within a group plane, in a symmetrical configuration.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the detectors in each group plane each
      are arranged in a symmetrical configuration, and that the symmetry axes of
      all configurations coincide with each other and with the direction of
      radiation from the transmitter.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the symmetrical configurations are
      rotationally displaced relative to each other.
NUM  6.
PAR  6. The apparatus of claim 4 wherein the symmetrical configurations are of
      different sizes.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the size of the symmetrical
      configurations decreases in the direction of radiation from the
      transmitter.
NUM  8.
PAR  8. The apparatus of claim 4 wherein the symmetrical configuration is a
      rectangle.
NUM  9.
PAR  9. The apparatus of claim 4 wherein the symmetrical configuration is a
      circle.
NUM  10.
PAR  10. The apparatus of claim 4 wherein the symmetrical configuration is an
      ellipse.
NUM  11.
PAR  11. The apparatus of claim 7 wherein the generatrix of the body formed by
      the configurations is a straight line.
NUM  12.
PAR  12. The apparatus of claim 7 wherein the generatrix of the body formed by
      the configuration is parabolic.
NUM  13.
PAR  13. The apparatus of claim 1 wherein the detectors are arranged along a
      helical line, the radius of which decreases upon progressing in the
      direction of the radiation from the transmitter.
NUM  14.
PAR  14. The apparatus of claim 1 wherein the detectors are of elongated shape
      and their longitudinal axes are aligned radially with respect to an axis
      which coincides with the main direction of radiation from the transmitter.
NUM  15.
PAR  15. The apparatus of claim 1 wherein each valve is equipped with a heat
      sink on which each associated detector is mounted.
NUM  16.
PAR  16. The apparatus of claim 1 wherein the electric valves are thyristors.
NUM  17.
PAR  17. The apparatus of claim 1 wherein said electromagnetic radiation is in
      the visible range of the frequency spectrum.
NUM  18.
PAR  18. The apparatus of claim 1 wherein said electromagnetic radiation is in
      the infrared range of the frequency spectrum.
NUM  19.
PAR  19. The apparatus of claim 1 wherein said electromagnetic radiation is in
      the high frequency range of the frequency spectrum.
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PAL  A charge transfer apparatus having light sensitivity control means
      comprises a charge transfer device wherein a plurality of electrodes are
      provided on a semiconductor substrate in a manner insulated therefrom,
      means for supplying a driving pulse waveform of a constant period covering
      an integration period and a transfer-readout period to each of said
      electrodes of charge transfer device, detecting means for detecting the
      amount of light incident into the charge transfer device or the output
      signal level from the charge transfer device, and control means for
      controlling the width of an integration pulse within said integration
      period in accordance with the signal detected by the detecting means.
BSUM
PAR  This invention relates to a charge transfer apparatus constituting an image
      pickup apparatus, and more particularly to a charge transfer apparatus
      whose light sensitivity is controlled in accordance with the brightness of
      a foreground subject at the time of performing the image pickup.
PAR  The charge transfer device includes a "Charge Coupled Device" (which is
      hereinafter abbreviated to "CCD") or "Bucket Brigade Device" (which is
      hereinafter abbreviated to "BBD"). The "CCD" has been proposed by W. B.
      Bayle et al in the treatises "Charge Coupled Semiconductor Device" and
      "Experimental Verification of the Charge Coupled Device Concept" appearing
      on pages 587 to 600 of the "The Bell System Technical Journal" issued Apr.
      19, 1970.
PAR  The "CCD" is constituted such that a plurality of electrodes are provided
      on a thin insulating film provided on a semiconductor substrate for
      applying an integration voltage to the integration electrodes during an
      integration period to cause potential wells to be produced in the
      semiconductor substrate and information carriers produced therein due to
      an incident optical image to be integrated in the potential wells and
      applying a transfer pulse to all of the electrodes including the
      integration electrodes during the succeeding transfer period to cause the
      information carriers to be transferred in a prescribed direction and
      sequentially reading out the information carriers as video signals from
      the output terminal of the end portion of the transfer device. That is,
      the "CCD" comprises integration means for integrating the information
      carriers, transfer means for transferring the information carriers and
      readout means for reading out the information carriers thus transferred.
PAR  For convenience of explanation, the fundamental construction and the
      operation principle of a prior art CCD will hereinafter be described by
      reference to FIG. 1 and FIG. 2. FIG. 1 shows the construction of the
      charge coupled device of an N channel type -3 phase driving system. As
      shown in FIG. 1-A, an insulating film 2 is provided on a P type
      semiconductor substrate 1. On the insulating film 2 are arranged a
      plurality of electrodes 3a, 4a, 5a, 3b, 4b, 5b . . . 3n, 4n and 5n in the
      order mentioned. Electrode conductors .phi..sub.1, .phi..sub.2 and
      .phi..sub.3 are connected to the electrodes (3a, 3b . . . . 3n), (4a, 4b .
      . . 4n) and (5a, 5b . . . 5n), respectively, that is, respectively
      connected to every third electrodes starting with the electrodes 3a, 4a
      and 5a, respectively. Each electrode conductor is supplied with a voltage
      having such a waveform as is illustrated in FIG. 2 from a driving voltage
      source 6. The maximum level V.sub.2 and the minimum level V.sub.0 of each
      voltage waveform are both positive and bear the relationship of V.sub.0
      &lt;V.sub.2. T.sub.1, T.sub.2 and T.sub.3 represent one frame period (or one
      field period), integration period and transfer and readout period,
      respectively. In the integration period T.sub.2, when the electrodes 3a,
      3b . . . 3n are used as the integration electrodes, a driving pulse of
      FIG. 2-A is applied to the integration electrodes 3a, 3b . . . 3n. In the
      integration period T.sub.2, when a voltage V.sub.2 is applied to the
      electrode conductor .phi..sub.1 and a voltage V.sub.0 to the remaining
      electrode conductors .phi..sub.2 and .phi..sub.3, potential wells 7a, 7b .
      . . 7n are produced in the semiconductor substrate below the integration
      electrodes 3a, 3b . . . 3n (see FIG. 1-A). When, under this condition, the
      optical image of a foreground subject (not shown) is focussed on the
      semiconductor substrate 1, electron-hole pairs 8a, 8b . . . 8n
      corresponding to the brightness of the optical image are produced in the
      substrate 1. The minority carriers of the electron-hole pairs, namely,
      electrons 9a, 9b . . . 9n are shifted by diffusion to the potential wells
      in the proximity of the electron-hole pairs and are integrated therein.
PAR  In the transfer readout periods T.sub.3 immediately succeeding the
      completion of said integration, a transfer pulse is applied to all of the
      electrodes including the electrodes 3a, 3b . . . 3n used as the
      integration electrodes during the integration period. That is, when the
      voltages V.sub.1, V.sub.2 and V.sub.0 (V.sub.0 &lt;V.sub.1 &lt;V.sub.2) are
      applied to the electrode conductors .phi..sub.1, .phi..sub.2 and
      .phi..sub.3, respectively (see FIG. 1-B), such a potential distribution as
      is indicated by a numeral 10 of FIG. 1-B is obtained with the result that
      the integrated electrons 9a, 9b . . . 9n start to be shifted to the
      potential wells produced below the electrodes 4a, 4b . . . 4n as shown by
      arrows. When the voltage V.sub.0 is applied to the electrode conductors
      .phi..sub.1 and .phi..sub.3 and the voltage V.sub.2 to the electrode
      conductor .phi..sub.2 (see FIG. 1-C) after the substantial completion of
      electron shifting, transference of the electrons 9a, 9b . . . 9n to the
      potential wells 11a, 11b . . . 11n is completed. By repeatedly effecting
      such transference the information carriers are guided to the transfer
      device end and read out. That is, through applying a voltage having such a
      waveform as is shown in, for example, FIG. 2 to the electrode conductors
      .phi..sub.1, .phi..sub.2 and .phi..sub.3 during the transfer and readout
      period T.sub.3 the integrated electrons 9a, 9b . . . 9n are sequentially
      drawn out as a video signal from the output terminal 16 by readout means
      including, for example, a diode 13 consisting of an N.sup.+ region and an
      electrode 12, DC source 14 and output resistor 15. A reference numeral 18
      denotes an amplifier. The video signal from the output terminal 16 is
      reproduced in image display means in the same manner as in the case of a
      prior art television camera.
PAR  Generally, in order to make a displayed image easy to see, the image is
      subjected to contrast adjustment by controlling the gain of an amplifier
      within the image pickup apparatus and to brightness adjustment by varying
      the black level of the image. When, in the above case, however, the whole
      or part of a foreground subject presents a variation in brightness, the
      displayed image or monitored image becomes hard to see. In such a case, an
      automatic light sensitivity adjustment system wherein a target voltage is
      adjusted in accordance with a vidicon output signal level as in the case
      of a television camera using a vidicon tube can not be applied to the CCD.
PAR  Accordingly, as the control means for automatically controlling the light
      sensitivity of the charge transfer device there is known control means for
      controlling said light sensitivity through adjusting the amount of light
      incident into the semiconductor substrate of the device by an iris
      diaphragm. Further, there is also known control means for controlling the
      light sensitivity through incorporating in the CCD itself an automatic
      light sensitivity adjustment mechanism for comparing the output signal
      level of the CCD with a predetermined reference level and equalizing the
      output level of the CCD to the reference level even where the intensity of
      said incident light is varied. In the latter control means, the output
      signal varied in accordance with the intensity of the incident light is
      fed back to said automatic light sensitivity adjustment mechanism. Said
      feedback signal is an average output signal of all outputs of the CCD, or
      an average output signal of the outputs of the CCD corresponding to the
      central part of the monitored image since the foreground subject is
      generally positioned on the central part of the monitored image, or a
      signal indicating the peak value of a low frequency component filtered
      from the outputs of the CCD.
PAR  Where it is desired to incorporate the automatic light sensitivity
      adjustment mechanism in the charge transfer apparatus, the integration
      period T2 shown in FIG. 2 is required to be varied in accordance with the
      intensity of light received. However, if the number of images reproduced
      by a video signal readout from the CCD for every unit time (generally,
      scanning of 30 frames/sec. or 60 fields/sec. is performed) and the
      frequency of effecting the charge transferring and reading-out are
      respectively determined, the respective lengths of the periods T.sub.1 and
      T.sub.3 of FIG. 2 will be determined, so that the length of the
      integration period T.sub.2 is fixed. Accordingly, where it is desired to
      vary the period T.sub.2, it becomes necessary to vary the number of frames
      per unit time in accordance with the intensity of light received, or to
      vary the transferring and reading out frequency in accordance with the
      intensity of light received. This, however, renders the image reproduction
      difficult.
PAR  Accordingly, the object of the invention is to provide a charge transfer
      apparatus capable of controlling the effective integration period for the
      carrier integration in accordance with the intensity of light received.
PAR  The charge transfer apparatus of the invention comprises at least one
      charge transfer device wherein a plurality of electrodes are provided on a
      semiconductor substrate in a manner insulated therefrom, means for
      supplying a driving pulse waveform of a constant period covering an
      integration period and a transfer-readout period to each of said
      electrodes of said charge transfer device, detecting means for detecting
      the amount of light incident into said charge transfer device or the level
      of output signal of the charge transfer device, and means for controlling
      the width of an integration pulse within the integration period in
      accordance with the signal detected by the detecting means.
PAR  The charge transfer device is so constructed that the respective lengths of
      one cycle, i.e., one frame period and the transfer-readout period are so
      fixed that a good light sensitivity adjustment can be made by adjusting
      the width of an integration pulse within the fixed integration period. The
      width of said integration pulse is the width of an integration pulse
      adjacent the point of time at which transference is started, and said
      integration pulse width is controlled in accordance with the brightness of
      a foreground subject. That is to say, what is referred to as the
      "integration pulse" here in this specification is that pulse within the
      integration period which so acts as to integrate the charge being
      transferred by the transfer pulse immediately succeeding the integration
      period. Control of said integration pulse width is performed in accordance
      with the output value obtained by integrating for a prescribed length of
      period the output signal of the charge transfer device or the output
      signal photoelectrically converted from the light incident into the charge
      transfer device. Said integration pulse is applied to the integration
      electrodes within the integration period. In the foregoing manner, the
      automatic light sensitivity adjustment can be carried out.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1-A, FIG. 1-B and FIG. 1-C are enlarged views respectively
      illustrating the principle of the charge integrating, transferring and
      reading-out operations of a prior art CCD by its fundamental construction;
PAR  FIG. 2-A, FIG. 2-B and FIG. 2-C respectively illustrate the prior art
      waveform of a voltage for driving the CCD of FIG. 1;
PAR  FIG. 3-A, FIG. 3-B and FIG. 3-C respectively illustrate the waveform of a
      driving voltage for use in a charge transfer apparatus of the present
      invention;
PAR  FIG. 4-A, FIG. 4-B and FIG. 4-C respectively illustrate the waveform of a
      driving voltage for obtaining the waveforms illustrated in FIG. 3;
PAR  FIG. 5 is an enlarged view illustrating the construction of a first
      embodiment of the present invention;
PAR  FIG. 6-A and FIG. 6-B respectively illustrate a modification of the
      waveform illustrated in FIG. 3;
PAR  FIG. 7-A and FIG. 7-B respectively illustrate another modification of the
      waveform illustrated in FIG. 3; and
PAR  FIG. 8 is a block diagram illustrating the construction of a second
      embodiment of the invention.
DETD
PAR  A charge transfer apparatus illustrated in FIG. 5 is one provided with
      means for varying the waveform of a voltage applied to the electrode
      conductor .phi..sub.1 illustrated in FIG. 1 in accordance with the
      intensity of light received. Accordingly, the same parts and sections as
      those of FIG. 1 are denoted by the same reference numerals, and
      description thereof is omitted. Where electrodes (3a, 3b . . . 3n) of FIG.
      5 are used as the integration electrodes, the voltage wavefroms as
      illustrated in FIG. 3-B and FIG. 3-C are applied to the electrode
      conductors .phi..sub.2 and .phi..sub.3, but the voltage of a waveform as
      illustrated in FIG. 3-A is applied to the integration electrodes (3a, 3b .
      . . 3n) through the electrode conductor .phi..sub.1 and a mixer 25. The
      integration electrodes are ones impressed with an integration pulse, and a
      group of electrodes (4a, 4b . . . 4n) or a group of electrodes (5a, 5b . .
      . 5n) may be used as the integration elelctrode group each time one field
      or one frame is renewed. FIG. 3-A, FIG. 3-B and FIG. 3-C respectively
      illustrate the waveform of a driving voltage applied to the respective
      electrode groups, one period of said waveform covering the integration
      period T.sub.2 and the transfer-readout period T.sub.3. During one frame
      period T.sub.1, the integration period T.sub.2 and the transfer-readout
      period T.sub.3, respectively, a repetition pulse whose waveform is kept
      constant is applied to the respective electrode groups. However, that
      voltage waveform (FIG. 3-A) to be impressed upon the integration
      electrodes 3a, 3b . . . 3n during the fixed integration period T.sub.2 is
      divided into two parts, namely the waveform of an effective integration
      period (during which the integration pulse is applied) T.sub.4 and that of
      the remaining period T.sub.5. Sometimes, the effective integration period
      T.sub.4 may be reduced to zero. The effective integration period T.sub.4
      should be adjacent the point P.sub.1 of transference starting time of the
      transfer-readout period T.sub.3. That is, the period T.sub.4 is the width
      or period of a pulse for producing the potential well in which charges
      being transferred is integrated. The length of the integration period
      T.sub.4 is varied by a later-described means. In this embodiment, an
      integration voltage is not applied to the integration electrodes during
      the remaining period T.sub.5. Such means is given by a charge transfer
      apparatus illustrated in, for example, FIG. 5.
PAR  Referring to FIG. 5, the output end 16 of readout means (including a diode
      13 in this embodiment) is connected to a low pass filter 19. The low pass
      filter 19 has a time constant of, for example, 2 to 3 seconds. By the low
      pass filter 19 the DC component voltage or low frequency component voltage
      20 of the output signal of the CCD is supplied to a comparator 21 and
      compared there with a voltage having a predetermined reference level Vs,
      and the voltage difference 22 between the input voltage 20 and the voltage
      having the reference level is supplied to a pulse width modulator 23. The
      pulse width modulator (which is hereinafter abbreviated to PWM) is varied
      in the output pulse width in accordance with the magnitude of said voltage
      difference. A monomultivibrator circuit, for example, can be used as the
      pulse width modulator. The output waveform 24 of the PWM is supplied to
      the previously mentioned mixer 25 connected in series to the electrode
      conductor .phi..sub.1 and mixed with a voltage supplied from a voltage
      source 6 to the electrode conductor .phi..sub.1. That is, the voltage
      supplied to the electrode conductor .phi..sub.1 from the voltage source 6
      has a level of V.sub.2 during the period T.sub.2 as shown in FIG. 2-A or
      FIG. 4-B. However, the output waveform 24 from the PWM is one whose
      reference level is O.sub.V and which includes a pulse 26 having a level of
      -(V.sub.2 -V.sub.0), as illustrated in FIG. 4-C. Accordingly, it is
      apparent that the waveform of FIG. 4-A is obtained by mixing the waveform
      of FIG. 4-B with that of FIG. 4-C. Though, actually, the optical image of
      a foreground subject is focussed on the semiconductor substrate via an
      optical lens, the optical lens is not illustrated. The width of the pulse
      26 is varied in accordance with the output of the CCD, i.e., the
      brightness of a foreground subject. Accordingly, by controlling the width
      of the pulse 26 the length of the effective integration period T4 is also
      varied in accordance with the brightness of a foreground subject. That is,
      the light sensitivity of the CCD is controlled in accordance with the
      brightness of a foreground subject.
PAR  FIG. 6 illustrates the respective modifications of waveforms for
      controlling the integration pulse width. To obtain these waveforms, a
      prior art pulse phase modulation circuit (which is hereinafter abbreviated
      to PPM) is used in replacement of the PWM 23 of FIG. 5. The PPM, as
      illustrated in FIG. 6-B, generates a voltage having the waveform whose
      base is O.sub.V and which includes a pulse 27 of prescribed width having a
      level of -(V.sub.2 -V.sub.0), and varies the position of the rising point
      P2 of the pulse 27, that is, the phase of the pulse 27 at the rising point
      P.sub.2 in accordance with the magnitude of the voltage difference 22
      (FIG. 5). In this manner, by adjusting the point of time at which the
      pulse 27 is generated, the effective integration period T.sub.4 (FIG. 6-A)
      is varied in accordance with the brightness of a foreground subject. In
      this case, during that portion T.sub.6 of the remaining period T.sub.5 in
      which a voltage having a level of V.sub.2 is applied to the integration
      electrodes, potential wells are produced in the semiconductor substrate
      and integrated with charges. Since, however, the period of a voltage level
      V.sub.0 (the width of the negative pulse 27) immediately succeeds said
      period T.sub.6, the charges integrated during the period T.sub.6 is
      diffused from said potential wells into the semiconductor substrate during
      the period (T.sub.5 -T.sub.6), so that the pulse voltage within the period
      T.sub.6 does not become an effective integration period. In the
      transfer-readout period T.sub.3 immediately succeeding the period T.sub.4,
      however, the transfer operation is carried out. Accordingly, only the
      pulse during the period T.sub.4 serves as an effective pulse for
      integration of charges being transferred. This effective pulse is referred
      to as the "integration pulse" here in this specification.
PAR  FIG. 7-A and FIG. 7-B respectively illustrate another modification of a
      waveform for obtaining the integration pulse. These waveforms can be
      obtained by using a prior art pulse number modulation circuit (which is
      hereinafter abbreviated to as PNM) whose pulse number is varied in
      accordance with the magnitude of the voltage difference 22 from the
      comparator 21, in replacement of the PWM of FIG. 5. FIG. 7-B shows the
      case where the PNM generates three pulses 28 whose bases are O.sub.V and
      which have a level of -(V.sub.2 -V.sub.0). In this case, the voltage
      waveform (FIG. 4-B) applied to the electrode conductor .phi..sub.1 is
      converted within the period T.sub.2 into that illustrated in FIG. 7-A. In
      the case of FIG. 7-A, the length of the period T.sub.4, i.e., the
      integration pulse width is controlled by the number of pulses 28. Also in
      the case of FIG. 7-A, the period of a voltage level V.sub.0 in which the
      potential wells disappear immediately precedes the period T.sub.4, as in
      the case of FIG. 6, so that the effective integration period is limited to
      the period T.sub.4. That is, the integration pulse for integration of
      charges being transferred is the pulse applied during the period T.sub.4.
PAR  FIG. 8 illustrates a second embodiment of the invention which is so
      constructed that the integration pulse width is controlled by detecting
      the light incident into the semiconductor substrate. The light irradiated
      onto the semiconductor substrate via a lens is received by a photoelectric
      converter 29, for example, a photo-transistor, and the output of the
      converter 29 as passed through a low pass filter 19a is compared with a
      reference voltage V.sub.s by a comparator 21. The PWM 23 is controlled by
      the output of the comparator 21, and the output of the PWM is supplied to
      a mixer 25. Control means for controlling the integration pulse width is
      the same as the second embodiment illustrated in FIG. 5.
PAR  This invention can be applied also to the Bucket Brigade Device. This
      invention is not limited to the channel type (P channel or N channel),
      driving system (single phase, two phase or three phase driving systems),
      and electrode arrangement (one dimensional or two dimensional
      arrangements) of the charge transfer device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for light sensitivity control of an image pickup device
      comprising a charge transfer device which comprises a plurality of
      electrodes provided on a semiconductor substrate in a manner insulated
      therefrom and means for controlling the light sensitivity of said image
      pickup device by controlling the width of an integrating pulse supplied
      from a driving voltage source to said electrodes within a constant
      integration period, the improvements wherein said charge transfer device
      further includes means for mixing a plurality of pulses with said driving
      voltage in the manner that said plurality of pulses are inserted within an
      insensitive period resulting from the integration pulse width control.
NUM  2.
PAR  2. In a system according to claim 1, wherein said means for controlling
      said integration pulse width and for mixing said plurality of pulses
      comprises a comparator for comparing the output of said charge transfer
      device with the voltage of a reference level to obtain a difference output
      therebetween, a pulse number modulation circuit supplied with said
      difference output of said comparator to vary the number of its output
      pulses, and a mixer coupled between said driving voltage source and said
      electrodes and adapted to mix the output pulses of said pulse number
      modulation circuit with said driving voltage.
NUM  3.
PAR  3. In a system according to claim 1, wherein said means for controlling
      said integration pulse width and for mixing said plurality of pulses
      comprises a photoelectric converter which converts the amount of light
      incident into said charge transfer device to a corresponding electrical
      signal, a comparator for comparing the level of said electrical signal
      with the voltage of a reference level to obtain a difference output
      therebetween, a pulse number modulation circuit supplied with said
      difference output of said comparator to vary the number of its output
      pulses, and a mixer coupled between said driving voltage source and said
      electrodes and adapted to mix the output pulses of said number modulation
      circuit with said driving voltage.
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PAL  An optical intensity adjustment device for adjusting the intensity of
      optical radiation incident thereon includes a first transparent conducting
      electrode, a second transparent conducting electrode, a layer of a twisted
      nematic liquid crystal material contained between the first electrode and
      the second electrode, an optical polarisation polariser located adjacent
      to the first electrode for linearly polarising optical radiation incident
      on the said layer, via the first electrode, an optical polarisation
      analyser located adjacent to the second electrode for analysing the plane
      of polarisation of optical radiation emergent from the said layer, means
      for applying a voltage between the first electrode and the second
      electrode and, electrically connected to said means for applying a
      voltage, photoelectric means for sampling the intensity of optical
      radiation incident on the device and for allowing the voltage applied
      between the first electrode and the second electrode to be adjusted in
      response to a change in the intensity of optical radiation sampled by the
      photoelectric means. The device may be incorporated within and as part of
      an optical image intensifier or a television camera.
BSUM
PAR  The present invention relates to optical intensity adjustment devices.
PAR  Certain devices which process optical radiation over a wide range of
      intensities, for example television cameras or optical image intensifiers,
      are normally protected against exposure to optical radiation which is too
      intense by means of a manually adjusted stop. However, in conditions where
      the intensity level of the radiation can change quickly, harm can be done
      to the device by exposure to intense radiation if the stop is not adjusted
      in time. For example, if an image intensifier is used during night-time
      the maximum intensity of radiation incident on the image intensifier will
      normally stay at a reasonable level. However, if the light from car
      headlights for instance is suddenly incident unintentionally on the image
      intensifier the sudden rise in intensity can cause the image intensifier
      to be damaged. A similar situation, but in which the effect is not so
      pronounced, is experienced when dawn rises. Although an operator would
      normally anticipate dawn rising and adjust the stop accordingly, the
      possibility exists, particularly after long use or if the operator is
      inexperienced, that he might forget to use the stop and allow the device
      to be exposed to radiation having too high an intensity.
PAR  Furthermore, in certain situations it is necessary for the device to detect
      an image which is much more intense in one part than another. The intense
      part of the processed image can sometimes be harmful to the device. Also,
      if the output from the device results in a visual image, that visual image
      can sometimes be generally unacceptable. For example, one such situation
      is experienced in the televising of outdoor events in mid-Summer. There
      can be a very noticeable difference in contrast when part of the event
      takes place in very bright sunlight whilst another part takes place
      contemporaneously in a region of shadow.
PAR  There is, therefore, a requirement for an automatic intensity adjustment
      device, i.e. a stop, which can be used in conjunction with optical
      processing systems such as television cameras or image intensifiers and
      which, preferably, can be arranged to adjust the intensity of only certain
      parts of an optical image incident on, or received by, the optical
      processing device.
PAR  According to the present invention, there is provided an optical intensity
      adjustment device for adjusting the intensity of optical radiation
      incident thereon including a first transparent conducting electrode, a
      second transparent conducting electrode, a layer of a twisted nematic
      liquid crystal material contained between the first electrode and the
      second electrode, an optical polarisation polariser located adjacent to
      the first electrode for linearly polarising optical radiation incident on
      the said layer via the first electrode, an optical polarisation analyser
      located adjacent to the second electrode for analysing the plane of
      polarisation of optical radiation emergent from the said layer, means for
      applying a voltage between the first electrode and the second electrode,
      and, electrically connected to the means for applying a voltage,
      photoelectric means for sampling the intensity of optical radiation
      incident on the device and for allowing the voltage applied between the
      first electrode and the second electrode to be adjusted in response to a
      change in the intensity of optical radiation sampled by the photoelectric
      means.
PAR  `Twisted nematic liquid crystal material` is intended to include material
      which is not itself naturally nematic but which is structurally identical
      to a nematic material whose molecular arrangement is adjusted to have a
      twist therein.
PAR  The optical intensity adjustment device may, for example, be used to adjust
      the intensity of optical radiation incident on or received by an image
      intensifier or a television camera or incident on the human eye, i.e. in
      order to reduce flashes from such sources as welding arcs.
PAR  The photoelectric means may include one region or a plurality of regions of
      photoconductive material arranged in electrical series with the layer of
      liquid crystal material. Alternatively, the photoelectric means may
      include a photovoltaic cell.
DRWD
PAR  Embodiments of the present invention will be described by way of example
      with reference to the accompanying drawings, in which:
PAR  FIG. 1a is a schematic plan view of an arrangement which can be used for
      observing the voltage dependent optical activity of a twisted nematic
      liquid crystal;
PAR  FIG. 1b is a graph of the intensity of light output from the apparatus
      described with reference to FIG. 1a plotted against the voltage applied
      when a polariser and an analyser used in the apparatus are set to pass
      light having the same plane of polarisation;
PAR  FIG. 1c is a graph of the intensity of light output from the apparatus
      described with reference to FIG. 1a plotted against the voltage applied
      when the polariser and the analyser are set crossed;
PAR  FIG. 2 is a schematic cross-sectional diagram of a conventional image
      intensifier;
PAR  FIG. 3 is a schematic diagram of an optical intensity adjustment device
      embodying the present invention;
PAR  FIG. 4 is a schematic diagram of an alternative optical intensity
      adjustment device embodying the present invention
PAR  FIG. 5 is a cross-sectional diagram of an alternative optical intensity
      adjustment device embodying the present invention;
PAR  FIG. 6 is a cross-sectional diagram on the line V--V of the device
      described with reference to FIG. 5;
PAR  FIG. 7 and FIG. 8 are schematic plan views of alternative television
      cameras incorporating an optical intensity adjustment device embodying the
      present invention.
DETD
PAR  Liquid crystal materials are materials which consist of organic liquids in
      which the molecules are arranged over limited ranges in an ordered
      structure. There are a number of different types of liquid crystals and a
      number of electro-optic effects which can be obtained with them.
PAR  The present invention is an application of the so-called `twisted nematic
      effect` in which a specially arranged nematic or equivalent liquid crystal
      material exhibits a voltage dependent optical activity.
PAR  A nematic liquid crystal is one in which all the molecules point in the
      same direction. A cell containing a nematic liquid crystal and for
      observing electro-optic effects obtained therewith may be formed by the
      following simple method. Two glass plates are coated with transparent
      conducting material. The plates are rubbed in one (the same) direction
      with a suitable soft fabric material such as cotton wool. A thin layer of
      the nematic liquid crystal material is then deposited between the plates
      which are arranged to be parallel. The direction of the molecules of the
      liquid crystal tend to follow the direction of the rub and a single
      nematic liquid crystal is obtained.
PAR  A cell for observing the twisted nematic effect can be obtained in a
      similar way, but the direction of rub on one of the plates is made
      different, normally by 90.degree. , from that on the other so that the
      direction in which the molecules of the material point, the direction
      vector, twists progressively in the plane of the plates between the
      direction of rub on one plate and the direction of rub on the other. In
      other words, the `direction vector` of the molecules varies progressively
      to form part of a turn of a helix. The liquid crystal (material) so formed
      is known as a `twisted nematic` liquid crystal although the material used
      to form it is not necessarily itself nematic in its natural state.
PAR  In order to obtain voltage dependent optical activity with a twisted
      nematic liquid crystal formed in the way described there is one further
      requirement of the liquid crystal. It must be a particular material whose
      dielectric anisotropy, i.e. the difference between the dielectric constant
      measured parallel to the molecule and that measured perpendicular to the
      molecules, is positive.
PAR  A cell containing a twisted nematic liquid crystal having a positive
      dielectric anisotropy is optically active. If linearly (plane) polarised
      light is incident on the cell in a direction normal to the glass plates
      the plane of polarisation will rotate as it passes through the liquid
      crystal provided that when it reaches the liquid crystal its polarisation
      is parallel to the molecules of the liquid crystal. A 90.degree. twist in
      the direction in which the molecules point leads to a 90.degree. twist in
      the rotation of the plane of polarisation of the light. A voltage applied
      across the cell between the transparent conducting electrodes causes
      realignment of the molecules of the liquid crystal so that they tend to
      follow the direction of the electric field. This realignment causes the
      optical activity to be reduced. Therefore, if a twisted nematic liquid
      crystal cell is placed between an optical polariser appropriately arranged
      to polarise light parallel to the molecules at the near surface of the
      liquid crystal and an optical polarisation analyser, the intensity of
      light transmitted from the polariser through the cell and the analyser can
      be varied by varying the voltage applied across the cell.
PAR  FIG. 1a is a schematic plan view of an arrangement suitable for observing
      the voltage dependent optical activity of a twisted nematic liquid
      crystal. A cell 1 prepared as described above consists of a twisted
      nematic liquid crystal 3 sandwiched between glass plates 5a, 5b having on
      their inner faces transparent conducting coatings 7a, 7b respectively,
      which are made for example of tin oxide. Alternatively the glass plates
      5a, 5b may have fine wire grid coatings. The liquid crystal material is
      conveniently one which exhibits a nematic liquid crystal phase at room
      temperature. One nematic liquid crystalline material which exhibits such a
      phase and which has a large positive dielectric anisotropy is the compound
      pentyl-cyano-biphenyl
      ##SPC1##
PAR  A variable voltage may be applied across the cell by a voltage source 9
      connected between the transparent conducting coating 7a and the
      transparent conducting coating 7b. An optical polariser 11 is located in
      front of the glass plate 5a and an optical polarisation analyser 13 is
      located behind the glass plate 5b. Alternatively polarising film may be
      affixed to the glass plates to form the polariser 11 and the analyser 13.
      A source 15 of light is located in front of the polariser 11.
PAR  FIG. 1b is a graph of the output intensity of light originating from the
      source 15 after passing through the analyser 13 described with reference
      to FIG. 1a plotted against the voltage applied across the cell 1 when the
      polariser 11 and analyser 13 are set to pass light having planes of
      polarisation which are the same as one another, i.e. are set `parallel`.
      When the voltage applied by the voltage source 9 is low the optical
      activity of the liquid crystal 3 of the cell 1 is significant and light
      polarised by the polariser 11 is rotated by the liquid crystal 3 and is
      not transmitted through the analyser 13. However, as the voltage is
      increased the optical activity of the liquid crystal 3 is reduced and the
      transmission through the analyser 13 is increased. For voltages above a
      particular level the optical activity of the cell 1 is a minimum and the
      transmission through the analyser 13 is a steady maximum.
PAR  FIG. 1c is a graph of the output intensity of light originating from the
      source 15 after passing through the analyser 13 described with reference
      to FIG. 1 plotted against the voltage applied across the cell 1 when the
      polariser 11 and the analyser 13 are set crossed with one another. When
      the voltage is low the optical activity of the liquid crystal 3 of the
      cell 1 is high and light polarised by the polariser 11 is practically all
      rotated by 90.degree. and transmitted through the analyser 13. However, as
      the voltage is increased the optical activity of the cell 1 is reduced and
      the transmission through the analyser 13 is reduced until above a
      particular voltage level the transmission through the analyser 13 falls to
      a minimum.
PAR  The resent invention is concerned with an optical intensity adjustment
      device making use of the voltage dependent optical activity effect
      described above with reference to FIGS. 1a, 1b and 1c.
PAR  FIG. 2 is a schematic cross-sectional diagram of a conventional image
      intensifier to which an optical intensity adjustment device embodying the
      present invention may be attached as described below. The image
      intensifier consists of a generally light-tight compartment 21 having a
      lens 23 at one end and a viewing telescope 25 at the other end. Light from
      a scene and incident on the lens 23 is focussed on the active part of the
      image intensifier. The active parts consist of a number of intensifying
      stages (three of which are illustrated) each of which contains a
      photocathode, which generates electrons in a pattern corresponding to the
      intensity pattern of light incident on the photo-cathode, a vacuum tube of
      which the photo-cathode forms one end and a phosphor, which forms an
      anode, at the other end of the vacuum tube. In the device illustrated in
      FIG. 2, the first stage consists of a vacuum tube 29a having a
      photocathode 27a and a phosphor 31a, the second stage consists of a vacuum
      tube 29b having a photocathode 27b and a phosphor 31b, and the third stage
      consists of a vacuum tube 29c having a photocathode 27c and a phosphor
      31c. The phosphor 31a of the first stage is optically connected to the
      photocathode 27b of the second stage by means of a plate 33 made from a
      plurality of fibre-optic guide elements. The phosphor 31b of the second
      stage is optically connected to the photocathode 27c of the third stage by
      means of a plate 35 also made from a plurality of fibre-optic guide
      elements.
PAR  In action the image incident on the photocathode 27a is intensified by
      being converted into electrons at the photocathode 27a and then converted
      back into an optical image at the phosphor 31a. A further intensification
      occurs at each further stage. The intensified image on the phosphor 31c of
      the final stage is viewed through the viewing telescope 25. The
      photocathode 25a of the first stage may be responsive to infra-red
      radiation so that the first stage is used to convert the infra-red
      radiation into visible light.
PAR  The image intensifier described with reference to FIG. 2 would
      conventionally include a manually adjusted stop (not shown) and would,
      therefore, suffer from the disadvantage outlined above, namely the
      possibility of damage caused by exposure to radiation of high intensity.
PAR  FIG. 3 is a schematic diagram of an optical intensity adjustment device
      embodying the present invention which is arranged to operate in
      conjunction with the image intensifier described with reference to FIG. 2
      and which takes advantage of the voltage dependent optical activity effect
      described with reference to FIGS. 1a, 1b and 1c. Light incident on the
      phosphor 31c (FIG. 2) is sampled by fibre-optic guides 41a, 41b and 41c, .
      . . connected to suitable points (not shown) on the phosphor 31c. The
      sampled light is guided by the fibre-optic guides 41a, 41b, 41c to a
      photoelectric cell 43, for example a metal-semiconductor photovoltaic
      cell. The photo-electric cell 43 is arranged (in a known way) to provide a
      single output signal corresponding to the most intense light detected. The
      electrical signal generated by the photo-electric cell 43 is amplified at
      an amplifier 45. The output of the amplifier is applied between
      transparent conducting electrodes 47a, 47b of a cell 49 similar to the
      cell 1 described above with reference to FIG. 1a. The transparent
      conducting electrodes of the cell 49 are electrodes 47a, 47b; both may
      consist of a grid of fine wires of a non-transparent material. The cell 49
      also contains a twisted nematic liquid crystal 51, which may be
      pentyl-cyano-biphenyl located between the glass plates 53a, 53b. The
      electrodes 47a, 47b are deposited on the inner surfaces of the glass
      plates 53a and 53b respectively. The cell 49 is located between an optical
      polariser 55 adjacent to the glass plate 53a and an optical polarisation
      analyser 57 located adjacent to the glass plate 53b.
PAR  The cell 49, the polariser 55 and the analyser 57 are located in front of
      the lens 23 described with reference to FIG. 2. The polariser 55 and the
      analyser 57 are set crossed with one another. As the light passing through
      the phosphor 31c increases, so there is a corresponding increase in the
      voltage developed as an output of the amplifier 45. This voltage when
      applied across the liquid crystal 51 of the cell 49 causes the intensity
      of light transmitted by the optical polarisation analyser 57 to be
      reduced. Thus the device described with reference to FIG. 3 continuously
      monitors the intensity level of light incident on and intensified by the
      image intensifier and adjusts the intensity of light incident on the lens
      23 whenever a sudden increase in the intensity of the light from the given
      scene occurs.
PAR  The circuits of the amplifier 45 and the photoelectric cell 43 may be set
      in a known way so that the cell 49 only affects incident light when that
      light is above a given threshold level.
PAR  FIG. 4 is aschematic diagram of an alternative optical intensity adjustment
      device embodying the present invention. The device is a modification of
      that described with reference to FIG. 3. The photo-electric cell 43 is
      replaced by a photo-electric cell 44 which consists of a photo-conductor
      such as cadmium sulphide. The amplifier 45 is replaced by a source 46 of
      alternating current which is connected in an electrical circuit including
      the photo-electric cell 44 and the electrodes 47a, 47b and the twisted
      nematic liquid crystal 51 of the cell 49.
PAR  The device described with reference to FIG. 4 operates in a manner similar
      to that of the device described with reference to FIG. 3. The level of the
      current supplied by the source 46 is initially adjusted until there is
      maximum optical activity exhibited by the cell 49 with no light incident
      on the photocell 44. When light is sampled by the fibre optic guides 41a,
      41b and 41c the electrical resistance of the photoelectric cell 44 is
      reduced. The peak voltage applied across the twisted nematic liquid
      crystal 51 is therefore increased, causing the same effect to occur as
      that described in connection with the device described with reference to
      FIG. 3, namely a reduction in the intensity of light passed through the
      analyser 57 owing to an increase in the optical activity of the twisted
      nematic liquid crystal 51.
PAR  It may be found convenient to locate the arrangement consisting of the
      polariser 55, the cell 49 and the analyser 57 in the devices described
      with reference to FIG. 3 and FIG. 4 between the first stage and the second
      stage of the image intensifier described with reference to FIG. 2.
PAR  FIG. 5 is a cross-sectional diagram of an alternative intensity adjustment
      device embodying the present invention. The device consists of a composite
      structure which is located between the first and second stages of the
      image intensifier described with reference to FIG. 2, together with
      associated electric current generating means 69. The composite structure,
      which optically connects the phosphor 31a of the first stage with the
      photocathode 27b of the second stage, consists of a cell 61, similar to
      the cell 1 described with reference to FIG. 1, contained between an
      optical polarisation polariser 73 adjacent to the phosphor 31a and a
      rotatable optical polarisation analyser 75 set crossed with the polariser
      73, adjacent to the photo-cathode 27b. The cell 61 contains a twisted
      nematic liquid crystal 63 which may be pentyl-cyano-biphenyl located
      between a transparent conducting electrode 65a and a transparent
      conducting electrode 65b, the electrode 65a being nearer the phosphor 31a.
      The electrodes 65a, 65b are connected to the current generating means 69.
      The cell 61 differs from the cell 1 in that the cell 61 contains instead
      of glass plates a fibre optic plate 67a forming the end of the cell 61
      nearer the first stage and a fibre optic plate 67b forming the end of the
      cell 61 nearer the second stage. The fibre optic plates 67a, 67b both
      consist of a plurality of fibre optic guide elements 74 attached laterally
      together. The cell 61 also differs from the cell 1 in that the cell 61
      contains a broken layer 71, consisting of an array of islands 72 of
      photo-conductive material, such as cadmium sulphide, deposited between the
      electrode 65a and the liquid crystal 63.
PAR  The current generating means 69 may be used to generate either alternating
      or direct current. Connected to the current generating means 69 there
      exists an electrical circuit which includes the liquid crystal 63 in
      series with the layer 71 of photoconductive material. When the cell 61
      receives low intensity light from the phosphor 31a, the electrical
      resistance of the photoconductive layer 71 is very high compared with that
      of the liquid crystal 63. However, when the light incident on one of the
      islands 72 of the photoconductive layer 72 is relatively intense the
      electrical resistance of that island is reduced by a great amount so that
      it becomes comparable with that of the liquid crystal 63, causing the
      voltage across the liquid crystal 63 to rise. The optical activity of the
      liquid crystal 63 is reduced by the effect described above and the
      intensity of light passed through the analyser 75 is consequently reduced.
PAR  The cell 61 is sensitive to, and can adjust the intensity of, particular
      areas of an image because the layer 71 of photoconductive material is
      broken to consist of the islands 72.
PAR  FIG. 6 is a cross-sectional diagram of part of the cell 61 described with
      reference to FIG. 5. FIG. 6 is a cross-sectional diagram on the line V--V
      in FIG. 5, (part of FIG. 5 being itself a cross-sectional diagram on the
      line VI--VI in FIG. 6). The islands 72 of the layer 71 of photoconductive
      material are deposited so that they lie facing separate interstices which
      occur between each set of four touching fibre-optic guide elements 74 in
      the plate 67a. In this way only a fraction of the light emerging from the
      electrode 65a falls on the islands 72 of the layer 71. Therefore the
      fraction transmitted to the photo-cathode 75 is still substantial. The
      light incident on the islands 72 of photoconductive material consists of
      the fraction of light laterally diffused from the ends of the fibre optic
      guide elements 74 of the plate 67a.
PAR  The arrangement described with reference to FIGS. 5 and 6 may alternatively
      be located between another two of the stages of the image intensifier
      described with reference to FIG. 2.
PAR  FIG. 7 is a schematic plan view of a television camera incorporating an
      optical intensity adjustment device embodying the present invention. The
      camera includes a conventional TV camera tube 81, a lens 83, a lens 85 and
      the composite structure described with reference to FIGS. 5 and 6,
      consisting of the cell 61, the polariser 73 and the analyser 75, together
      with the current generating means 69. The cell 61 is located at the focus
      of the lens 81. Divergent light leaving the cell 61 is re-focussed by the
      lens 85 onto the front of the TV camera tube 81.
PAR  Operation is similar to that described in connection with the device
      described with reference to FIG. 5 and FIG. 6. When light incident on a
      part of the cell 61 is intense the resistance of the layer 71 of
      photo-conductive material is reduced causing a rise in the peak voltage
      applied across the twisted nematic liquid crystal 63 to occur. This
      voltage rise causes an increase in the optical activity of the cell 61
      resulting in a reduction in the intensity of light passed by the analyser
      75. Therefore the light focussed by the lens 85 onto the TV camera tube 81
      is intensity-controlled.
PAR  FIG. 8 is a schematic plan view of an alternative television camera
      incorporating an optical intensity adjustment device embodying the present
      invention. In this case the lens 85 illustrated in FIG. 7 has been removed
      and the composite structure consisting of the cell 61, the polariser 73
      and the analyser 75 is located at the front of the TV camera tube 81 at
      the focus of the lens 83. This arrangement uses therefore only one lens
      instead of two.
PAR  Operation is similar to that of the camera described with reference to FIG.
      7.
CLMS
STM  We claim:
NUM  1.
PAR  1. An optical intensity adjustment device for adjusting the intensity of
      optical radiation incident thereon comprising a first transparent
      conducting electrode, a second transparent conducting electrode, a layer
      of a twisted nematic liquid crystal material contained between said first
      electrode and said second electrode, an optical polarization polarizer
      located adjacent to said first electrode for linearly polarizing optical
      radiation incident on said layer via said first electrode, an optical
      polarization analyzer located adjacent to said second electrode for
      analyzing the plane of polarization of optical radiation emergent from
      said layer, means for applying a voltage between said first electrode and
      said second electrode and, electrically connected to said means for
      applying a voltage, photoelectric means for sampling and providing
      adjustment of the intensity of optical radiation falling on said device,
      said photoelectric means comprising a photoconductive layer formed from a
      multiplicity of islands of a photoconductive material so physically
      disposed with respect to said layer of liquid crystal material that when
      optical radiation is incident on a localized region of said device said
      radiation causes the electrical resistance of said photoconductive layer
      in said localized region to fall and consequently causing said voltage to
      be applied mainly across said layer of liquid crystal material in said
      localized region to adjust the plane of polarization of said radiation in
      said localized region and reduce the intensity transmitted by said
      analyzer in said localized region.
NUM  2.
PAR  2. A device as claimed in claim 1 and wherein said device is incorporated
      within and as part of the input system of an optical image intensifier.
NUM  3.
PAR  3. A device as claimed in claim 1 and wherein said device is incorporated
      within and as part of the input system of a television camera.
NUM  4.
PAR  4. A device as claimed in claim 1 and further comprising a plurality of
      fibre-optic guide elements arranged to guide radiation to be sampled to
      said photoelectric means.
NUM  5.
PAR  5. A device as claimed in claim 2 and wherein said image intensifier
      comprises a plurality of intensifying stages and the arrangement
      comprising said first electrode, said second electrode, said layer, said
      polariser and said analyser is located in front of the first intensifying
      stage of said image intensifier and said photoelectric means is arranged
      to sample radiation emergent from one of said intensifying stages of the
      image intensifier.
NUM  6.
PAR  6. A device as claimed in claim 2 and wherein said image intensifier
      comprises a plurality of intensifying stages and the arrangement
      comprising said first electrode, said second electrode, said layer, said
      polariser and said analyser is located between two of said intensifying
      stages of the image intensifier and said photoelectric means is arranged
      to sample radiation emergent from one of said intensifying stages of the
      image intensifier.
NUM  7.
PAR  7. A device as claimed in claim 6 and wherein said arrangement is located
      behind said intensifying stage from which emergent radiation is sampled by
      the photoelectric means.
NUM  8.
PAR  8. A device as claimed in claim 5 and further comprising a plurality of
      fibre optic guide elements arranged to guide radiation to be sampled to
      said photoelectric means.
NUM  9.
PAR  9. A device as claimed in claim 7 and wherein said islands are physically
      attached to said first electrode and are located laterally to the ends of
      said fibre-optic guide elements.
NUM  10.
PAR  10. A device as claimed in claim 9 and comprising the following arrangement
      located between two adjacent ones of said intensifying stages; said
      polariser attached to one of said intensifying stages and to said
      fibre-optic plate; said fibre-optic plate attached to said polariser and
      to said first electrode; said islands of photoconductor material deposited
      on the inner surface of said first electrode; said twisted nematic liquid
      crystal located between the inner surface of said first electrode and the
      inner surface of said second electrode; said analyser located between said
      second electrode and the other of said intensifying stages.
NUM  11.
PAR  11. A device as claimed in claim 7 and comprising a transparent plate
      containing a plurality of fiber-optic guide elements said photoconductive
      islands being located adjacent to the ends of said fiber-optic guide
      elements.
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ABST
PAL  This invention relates to a protective guard for surrounding hazardous
      parts of a machine. The guard comprises a photoelectric barrier, connected
      to a circuit which will shut down the machine both when the photoelectric
      beam is broken, and also when a part of the photoelectric system fails to
      operate correctly.
PARN
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 344 551 filed Mar. 26, 1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a photoelectric guard barrier which can enclose
      hazardous parts of a machine tool and cause the tool to be shut down when
      a body enters the hazard zone.
PAC  BACKGROUND OF THE INVENTION
PAR  Previously, the following systems have been known to the prior art:
PAR  1. Using a single-beam system the light of a series of incandescent
      projection lamps is directed to a series of coordinated photo-receivers
      after the light has traversed the protection zone. The photo-receivers are
      all illuminated and are therefore conductive only if none of the light
      beams is interrupted. The disadvantage of this system is that the dark
      conductivity of one or more photo-receivers cannot be readily detected and
      consequently the affected photo-receivers signal the bright state even if
      the light beam is interrupted and do not result in the machine being shut
      down.
PAR  2. A further prior art system utilizes an incandescent projection lamp, an
      optical system, a semi-transparent reflector, a rotary reflector and a
      parabolic reflector. The rotary reflector is situated at the focal point
      of the parabolic reflector and light emitted by the lamp is projected at
      different angles of incidence on to the parabolic reflector, thus
      producing parallel motion of the light beam. The pencil of light strikes a
      reflector, is reflected into itself, is coupled on to the photo-receiver
      through a semi-transparent reflector and produces a photoelectric current.
      Entry into the protected zone results in a brief interruption of the
      pencil of light which moves parallel to itself. Such a pulse may be
      adapted to shut down the machine.
PAR  Disadvantages of the system are due to the need for using a relatively
      expensive optical system and the limited adaptation facilities.
PAR  3. A further prior art system utilizes a fluorescent tube instead of
      incandescent projection lamps, the light of the said fluorescent tube
      being projected via individual optical systems on to appropriately
      coordinated photo-receivers so that alternating voltage signals are
      produced by virtue of the alternating voltage feed of the fluorescent
      lamp. These signals are able to stop the machine.
PAR  A disadvantage of this system is its sensitivity to external light since
      fluorescent lamps are also used for illuminating working rooms.
PAR  4. Gallium-arsenide diodes, which have since been developed for these and
      other purposes may also be used in photoelectric guards in place of
      projection lamps and fluorescent tubes, digital processing of the pulses
      being performed according to a prior art technique by an AND-network or a
      multi-vibrator logic system which replaces such a circuit. Relatively
      substantial proneness to trouble is a disadvantage of this system.
PAC  OBJECT OF THE INVENTION
PAR  It is an object of the invention to provide an improved photoelectric guard
      which reduces the incidence of the above recited disadvantages of the
      prior art.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a photoelectric guard
      barrier which includes:
PAR  a pulse generator for providing a train of binary pulses.
PAR  A plurality of luminescence diodes is included for respectively emitting
      light output pulses in response to the output pulses of said generator
      operatively associated therewith.
PAR  A plurality of photo-receivers is also included the number of which is
      equal to the number of said luminescence diodes, each of said
      photo-receivers being operatively arranged to receive said light output
      pulses from respective ones of said luminescence diodes and providing
      output signals representative thereof.
PAR  A trigger circuit is included for each photo-receiver providing a one
      output when each said photo-receiver senses light and providing a signal
      above a preselected threshold.
PAR  A NAND-gate is included having one input coupled to the pulse generator and
      remaining inputs coupled respectively to each said trigger circuit, said
      NAND-gate providing a O output when said trigger circuits and said pulse
      generator simultaneously provide a one output.
PAR  An OR-gate is included having one input connected to said pulse generator
      and remaining inputs connected respectively to each said trigger circuit,
      said OR-gate providing a one output when either said pulse generator
      provides a one output or any of said trigger circuits provides a one
      output.
PAR  A master slave flip-flop is included coupled to said NAND and said OR-gate,
      a O output from said NAND-gate setting the normal output of said flip-flop
      into a one state and a one output from said OR-gate resetting the normal
      output of said flip-flop into the O stage. During operation of the guard
      barrier system, said master slave flip-flop provides a one output when all
      said photo-receivers sense bright from said light output pulses and a O
      output when all said photo-receivers sense dark during the intervals
      between said light output pulses. The flip-flop is neither set nor re-set
      when light does not reach at least one of said photo receivers and when at
      least one photo-receiver senses dark in the presence of light, thereby
      providing a constant output.
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  The invention will now be further described, by way of example, with
      reference to the accompanying drawing in which:
PAR  FIG. 1 shows the entire circuit. One optics block 20a, shown in detail, is
      identical to the optics blocks 20b and 20c. One trigger block 22a, shown
      in detail, is identical to the trigger blocks 22b and 22c.
PAR  FIG. 2 shows, in greater detail, the circuit part designated by the numeral
      5 in FIG. 1.
PAR  FIG. 3 is a supplementary device for adjusting the photoelectric guard.
DETD
PAC  DISCUSSION OF THE PREFERRED EMBODIMENT
PAR  A series of any desired number of reflex light barriers with luminescence
      diodes 1 of conventional construction are used to provide light emitters,
      the said diodes being driven by a common pulse generator 2. The resulting
      light pulses traverse the protected zone and, after being reflected by the
      reflector 11, strike semi-transparent reflectors 12 from which they are
      deflected on to coordinated photo-receivers 3 which produce pulse-like
      changes of the photo current. Selective amplifiers 4 which are tuned to
      the light pulse frequency are driven by changes of photoelectric current
      and supply rectangular pulses which are digitally processable. These
      pulses are necessarily of identical frequency and, taking into account the
      high light velocity and the relatively short path of the light pulses, are
      in phase with the pulse generator pulses which drive the luminescence
      diodes. The said pulses may therefore be utilized for timing the digital
      evaluation of the photo-receivers so that in conjunction with the
      monochromatic light senders employed and the corresponding receivers the
      system offers optimum reliability against the intrusion of external light.
PAR  The signals supplied by the photo-receivers are digitally processed in a
      modified equivalence circuit 5. The circuit delivers output pulses 5a with
      the same timing ratio only if
PAR  1. all photo-receivers sense bright light during the light pulses,
PAR  2. all photo-receivers sense dark during the intervals between light
      pulses,
PAR  3. all components in the sender, receiver and logic evaluation system
      operate perfectly,
PAR  4. if there is all receiver signals entry into the protected zone.
PAR  The evaluation circuit (FIG. 2) combines all over lines 4a, 4b, 4c, etc.
      and control pulses at every moment of time. It checks whether all
      photo-receivers sense bright at the time of the light pulses and sets a
      flip-flop (a) which is disposed at the output. It checks whether all
      photo-receivers sense dark at the time of the light puls intervals and
      then resets the flip-flop (b). The flip-flop is therefore alternately set
      and reset for as long as all photo-receivers sense bright and dark at the
      rhythm of the light pulses.
PAR  One of the possible equivalence circuits is shown in FIG. 2. When a 1
      signal arrives at 4a simultaneously with the synchronizing pulse from the
      generator 2, the output 6a of the NAND-network 6 will be equal to zero and
      the output 7a of the OR-network 7 will be equal to 1. The output 6a sets
      the flip-flop 8 and sets the output Q of said flip-flop into a 1 state.
      When the signal becomes zero during the synchronizing pulse intervals at
      4a, the output 6a of the NAND-network 6 will become equal to 1, and the
      output 7a of the OR-network will become equal to zero and reset the
      flip-flop 8. The output Q of the flip-flop will then be in the zero
      position. Accordingly, square-wave pulses wil thus be available at the
      output Q of said flip-flop. The flip-flop selected in the example is a
      master-slave flip-flop which switches when supplied with negative pulse
      flanks.
PAR  The remarks made in relation to an input 4a from a receiver 3 in optics
      block 20a and trigger block 22a also apply to all signals which appear
      simultaneously on lines 4b, 4c,  etc. from any desired number of receivers
      in optics blocks 20b, 20c, etc. and trigger blocks 22b, 22c, etc. of the
      photoelectric guard, shown in FIG. 1.
PAR  The square-wave pulses which are available at the output Q of the flip-flop
      are divided by the flip-flop 9, which is used as frequency divider, so
      that the output delivers pulses whose duration is equal to the pulse
      duration. The pulses are amplified in the amplifier 10 and are d.c.
      coupled to the output. The signal at the output, 10a may be used for
      directly driving a thyristor or a switching stage.
PAR  In the event of entry into the protected zone one or more of the
      photo-receivers remain dark, even if a light pulse is transmitted and the
      flip-flop can be neither set nor reset. Also, if no entry takes place and
      one or more photo-receivers sense dark at the time of the light pulses or
      sense bright at the time of the intervals between the light pulses it will
      also be impossible for the flip-flop to be either set or reset. Also, the
      signal lamp L will indicate the fault in the system by optical means.
PAR  In order to obtain maximum output energy the pulse frequency is divided in
      a second flip-flop so that pulses at half the frequency of the control
      pulses but with the same timing ratio (pulse interval -- pulse duration)
      are available at the output.
PAR  FIG. 3 shows a supplementary device for adjusting the reflector or the
      sender/receiver system respectively. Radiation sources 15 and 16 with
      wavelengths in the visible spectrum are provided at the lower and upper
      end of the sender/receiver system 1 - 5. The pencils of light may be
      recognized on the reflector 11 and, in conjunction with register marks,
      are used to monitor the reflector position. The reflector is provided with
      adjusting means which permit alignment on all directions.
PAR  The system may be constructed as a reflex system or as a sender/receiver
      system.
CLMS
STM  I claim:
NUM  1.
PAR  1. A photoelectric guard barrier comprising:
PA1  a pulse generator for providing a train of binary pulses;
PA1  a plurality of luminescence diodes connected to said pulse generator so as
      to emit, respectively, light output pulses in response to the output
      pulses of said generator;
PA1  a plurality of photo-receivers the number of which is equal to the number
      of said luminescence diodes, each of said photo-receivers being
      operatively arranged to receive said light output pulses from respective
      ones of said luminescence diodes and providing output signals
      representative thereof;
PA1  a trigger circuit for each photo-receiver providing a one output when each
      said photo-receiver senses light and providing a signal above a
      preselected threshold;
PA1  a NAND-gate having one input coupled to the pulse generator and remaining
      inputs coupled respectively to each said trigger circuit, said NAND-gate
      providing a O output when said trigger circuits and said pulse generator
      simultaneously provide a one output;
PA1  an OR-gate having one input connected to said pulse generator and remaining
      inputs connected respectively to each said trigger circuit, said OR-gate
      providing a one output when either said pulse generator provides a one
      output or any of said trigger circuits provides a one output;
PA1  a master slave flip-flop coupled to said NAND and said OR-gate, a O output
      from said NAND-gate setting the normal output of said flip-flop into a one
      state and a one output from said OR-gate resetting the normal output of
      said flip-flop into the O stage;
PA1  said master slave flip-flop providing a one output when all said
      photo-receivers sense bright from said light output pulses and a O output
      when all said photo-receivers sense dark during the intervals between said
      light output pulses;
PA1  said flip-flop being neither set nor re-set when light does not reach at
      least one of said photo-receivers and said generator pulse is present or
      when at least one photo-receiver senses light and said generator pulse is
      absent, thereby providing a constant output.
NUM  2.
PAR  2. A photoelectric guard barrier as claimed in claim 1, comprising a
      frequency divider connected to the output of said flip-flop whereby output
      pulses from the flip-flop and the intervals between them are arranged to
      be both of the same duration.
NUM  3.
PAR  3. A photoelectric guard barrier as claimed in claim 2, further comprising
      an impedance converter stage driven by said frequency divider.
NUM  4.
PAR  4. A photoelectric guard as claimed in claim 3, wherein the signal from
      said impedance converter drives a thyristor.
NUM  5.
PAR  5. A photoelectric guard as claimed in claim 3, wherein the luminescent
      diodes emit narrow beams and are disposed at the upper and lower end of
      the guard, and corresponding register marks are provided to permit the
      alignment of the guard to be checked.
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ABST
PAL  A produce grader that includes first and second signal paths for producing
      first and second signals corresponding to respective detected
      characteristics of an article of produce being graded. Each signal path
      includes chopper means for converting d.c. signals to a.c. signals, a.c.
      amplifier means, and means including synchronous detector means for
      reconverting amplified a.c. signals to d.c. signals. The reconverted
      signals are compared and/or evaluated to establish a basis for grading.
      Means are provided for adjusting the duty cycle of the gating signal
      controlling at least one synchronous detector thereby adjusting the gain
      of the corresponding signal path and adjusting the calibration of the
      grader.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In automatic fruit and vegetable graders the articles of produce commonly
      are graded, or sorted, according to their colors. The detection of colors
      usually is done by optical filters and electrooptic means, and the
      decision as to grading or sorting is based on an electronic evaluation of
      two or more signals which correspond to different spectra of light
      reflected from an article being graded.
PAR  Many photodetectors desirable for use in produce graders are semiconductor
      devices that operate with d.c. voltages. As is known, d.c. circuits,
      particularly high gain d.c. amplifiers which usually are required for use
      with semiconductor photodetectors, are relatively sensitive in their
      operation to changes in biasing voltages and to changes in temperature.
      Consequently, operating stability and calibration are difficult to
      maintain in produce graders employing d.c. active circuitry such as
      amplifiers in the low signal level portions of the apparatus. This
      difficulty is compounded in produce graders that employ multiple
      electrooptic inspection heads and multiple inspection signal channels to
      grade respective parallel lines or rows of produce moving on a conveyor
      belt. In apparatus of this type the calibration of all signal channels
      should be identical, and if any change of calibration is to be made, i.e.,
      a change of ratio between different color signals in a channel, the change
      in all channels must be identical. This has been difficult to achieve in
      automatic produce graders, and much time and effort often is required to
      achieve and maintain the desired calibration condition for the apparatus.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In this invention means are provided for quickly and reliably calibrating
      produce grading apparatus employing a plurality of inspection heads and a
      corresponding plurality of inspection signal channels. In the respective
      channels of the apparatus, the low voltage d.c. color signals at the
      outputs of the photodetectors are converted to a.c. signals by electronic
      switching means commonly called choppers. These a.c. signals then are
      amplified to desired signal levels by stable a.c. amplifiers. The
      amplified a.c. signals are passed through synchronous detectors and then
      are integrated or smoothed to reconvert them to d.c. levels. The
      reconverted d.c. signals in each inspection channel then are compared or
      otherwise evaluated in accordance with a selected calibration standard in
      order to reach a decision for grading the article being inspected.
PAR  In accordance with one feature of this invention, inexpensive electronic
      switching circuitry is employed for the choppers and for the synchronous
      detectors, and by means of selective timing in the gating of the
      synchronous detector switching means, transient spikes are eliminated from
      the chopped signals and substantially no degradation of the color signals
      is experienced. Further, by providing means for adjusting the duration of
      the gating signals that control the synchronous detectors, the ratio of
      compared color signals, i.e. calibration, in an inspection channel may be
      accurately controlled. In multiple channel produce grading apparatus, the
      calibration of all channels is accomplished simultaneously and identically
      by employing the same gating waveforms to control the operations of the
      choppers and synchronous detectors in all channels.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram illustrating a type of produce grader
      in which the present invention may be used;
PAR  FIGS. 2a and 2b, taken together, are a detailed schematic diagram,
      partially in block form, illustrating one electronic inspection channel of
      a produce grader of this invention;
PAR  FIG. 3 is a series of simplified and illustrative waveforms used in
      explaining the operation of the electronic inspection channel of FIGS. 2a
      and 2b;
PAR  FIG. 4 is a simplified block diagram of timing means for generating gating
      waveforms used in the circuitry of FIGS. 2a and 2b; and
PAR  FIGS. 5 and 6 are simplified and illustrative waveforms used in describing
      the operation of the timing means of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The invention will be described for use in a produce grader or sorter of
      the type that grades tomatoes by color. It is to be understood that other
      articles of fruits or vegetables, and tobacco leaves, for example, could
      be sorted in accordance with their colors by selecting proper light
      sources, filters and optical detectors, as required. Furthermore, the
      features of this invention, in their broader aspects, are not limited to
      electrooptic inspection techniques but may be extended to other types of
      inspection techniques.
PAR  Referring in detail to the drawings, FIG. 1 illustrates in simplified form
      a produce grader system in which the present invention may be employed. A
      continuous conveyor belt 11 carries the articles of produce such as
      tomatoes 12 in single file to the end of the conveyor where the articles
      are discharged in a free fall path. A light source 16 illuminates the
      discharged tomatoes and the light reflected therefrom is passed through a
      lens system 17 which directs the reflected light onto both a green optical
      filter 20 and a red optical filter 21. The green light is detected by
      photodetector means 22 and the electrical signal corresponding to the
      incident green light is passed as one input to color grader 26. The red
      reflected light is detected by photodetector 23 and the electrical signal
      corresponding thereto is coupled as the second input to color grader 26.
      Color grader 26 is constructed and arranged to compare and otherwise
      evaluate the green and red color signals to determine when an article of
      produce 12 being inspected falls outside of a predetermined color range.
      Upon determining that the tomato 12 is too green, for example, an output
      signal is produced on line 27 to energize a solenoid 28 which controls an
      air valve 30. Upon the opening of air valve 30 a blast of air is passed
      from air supply 32 and is discharged through nozzle 33 to deflect a green
      tomato from its free fall path, thereby sorting it from the acceptable red
      tomatoes.
PAR  A timing waveform generator 35 couples respective timing waveforms T.sub.1,
      T.sub.2, T.sub.3 and T.sub.4 to color grader 26. As will be explained
      below, these timing waveforms control circuitry within color grader 26 to
      produce the novel and improved operation of the color grader.
PAR  It is to be understood that in practice conveyor belt 11 may have as many
      as eight or more aligned successions of produce moving in parallel along
      the conveyor. For simplicity, this discussion is limited to a single
      succession of produce moving along conveyor 11 and to a single color
      grader electronic signal channel. In practice each aligned succession of
      articles will have associated with it an electrooptic inspection head, a
      color grader electronic channel, and an article ejection means.
PAR  Referring to the detailed circuit diagram illustrated in FIGS. 2a and 2b,
      one channel of the color grader of this invention comprises the
      photodetectors 22 and 23 for detecting, respectively, the green and red
      light reflected from a tomato at the inspection position in its free fall
      path. In practice, photodetectors 22 and 23 may be silicon photovoltaic
      light sensors operated in the short circuit mode. A suitable type of
      photodetector is a photodiode FPT-5022 sold by Fairchild Semiconductor.
      Photodiodes 22 and 23 operate into their respective load resistors 36 and
      37, both of which are connected to ground.
PAR  The voltage appearing across load resistor 36 is coupled to an electronic
      chopper which is comprised of gated switches S.sub.1 and S.sub.2. Switch
      S.sub.1 is series connected in the green signal path and is controlled in
      its open - close switching operation by a gating waveform T.sub.1 which is
      a 500 Hertz square wave. Switch S.sub.2 is in shunt with the green signal
      path and when closed provides a connection to ground through resistor 38.
      Switch S.sub.2 is controlled in its open - close switching operation by a
      gating waveform T.sub.2 which also is a 500 Hertz square wave but which is
      180.degree. phase displaced with respect to gating waveform T.sub.1. Each
      switch closes in response to a positive half cycle of its respective
      gating waveform. Switches S.sub.1 and S.sub.2 thus operate alternately so
      that when series switch S.sub.1 is closed the shunting switch S.sub.2 is
      open, and vice versa. The chopper output signal on line 41 is a 500 Hertz
      square wave whose positive half cycles have a voltage magnitude
      substantially equal to the low level d.c. green signal from photodiode 22
      and whose negative half cycles are at ground potential.
PAR  Although series and shunting switches are illustrated for the choppers in
      FIG. 2a, it will be understood by those skilled in the art that only
      series or shunt switches are required to produce the chopping action. In
      such case, only the one gating signal T.sub.1 would be required.
PAR  In a similar manner the red signal voltage across load resistor 37 is
      chopped by switches S.sub.3 and S.sub.4 under control of timing waveforms
      T.sub.1 and T.sub.2 to produce a 500 Hertz red color signal on line 42.
PAR  The green a.c. signal on line 41 is coupled to a.c. amplifier 45 and the
      red a.c. signal on line 42 is coupled to a.c. amplifier 46. Both of these
      amplifiers are high gain amplifiers, but because of relatively high
      feedback voltages coupled back to their inputs through resistors R.sub.7,
      R.sub.8 and R.sub.9, R.sub.10, respectively, the amplifiers actually
      operate with a relatively low gain on the order of 10 to 20. Thus,
      amplifiers 45 and 46 are highly stable in their operation.
PAR  The green a.c. signal from the output of amplifier 45 is successively
      capacitively coupled to operational amplifier 47 and buffer amplifier 48,
      both of which are low gain, highly stable, a.c. amplifiers. In a similar
      manner the red a.c. signal from the output of amplifier 46 is successively
      capacitively coupled to the operational amplifier 51 and buffer amplifier
      52, both of which are low gain, highly stable, a.c. amplifiers.
PAR  The a.c. output signals from amplifiers 48 and 52 in the green and red
      color signal paths are respectively coupled to synchronous detectors 54
      and 55. The synchronous detectors are comprised of electronic switches
      S.sub.5 and S.sub.6 whose operations are controlled by respective gating
      waveforms T.sub.3 and T.sub.4. Waveforms T.sub.3 and T.sub.4 are 500 cycle
      square waves that occur in synchronism with waveform T.sub.1 which
      controls series chopper switches S.sub.1 and S.sub.3. Switches S.sub.5 and
      S.sub.6 close during the positive half cycles of their respective gating
      waveforms T.sub.3 and T.sub.4. As will be explained in detail below, the
      duty cycles, or time durations, of the gating pulses of waveforms T.sub.3
      and T.sub.4 are shorter than the duty cycle of waveform T.sub.1. Further,
      the duty cycle of waveform T.sub.4 is adjustable to provide adjustable
      gain control for the red color signal path.
PAR  In FIG. 2 the chopper switches S.sub.1 -S.sub.4 and the synchronous
      detector switches S.sub.5, S.sub.6 are illustrated as simple switches. In
      practice they are electronic switches that are manufactured as integrated
      circuits. For example, the type CD4016A COS/MOS quad bilateral switch,
      available from Radio Corporation of America (RCA Corp.), may be used.
      These integrated circuit devices contain four switches on a chip. One such
      device may be employed for chopper switches S.sub.1 -S.sub.4 and another
      one may be used for synchronous detector switches S.sub.5 and S.sub.6.
      Actually, since four switches are available on a chip, switches S.sub.5
      and S.sub.6 each may be comprised of two switches operated in parallel.
PAR  The a.c. output of synchronous detector 54 in the green color signal path
      is integrated or smoothed to a d.c. level by the combination of series
      resistor R.sub.12 and shunt capacitor C.sub.6. The output of synchronous
      detector 55 in the red color signal path is integrated or smoothed to a
      d.c. level by series resistor R.sub.13 and shunt capacitor C.sub.7.
PAR  Referring to FIG. 2b, the green d.c. signal which now is at a relatively
      high level is coupled through resistor R.sub.15 to the input of inverting
      amplifier 57, a low gain, low drift, d.c. operational amplifier. The green
      d.c. signal also is cross coupled through resistor R.sub.16 to the
      junction of resistors R.sub.18 and R.sub.19 where it is added to the red
      d.c. signal after the latter has been amplified in buffer amplifier 59,
      which also is a low gain, low drift, d.c. operational amplifier.
PAR  The positive polarity red d.c. signal from buffer amplifier 59 is cross
      coupled through resistor R.sub.21 to one input of potentiometer R.sub.22.
      The other input on the opposite end of potentiometer R.sub.22 is the
      negative polarity green signal from inverting amplifier 57. Slider contact
      62 of potentiometer R.sub.22 thus picks off a signal R-G which is the
      difference in magnitude between the red and green d.c. signals.
PAR  The positive green signal and the positive red signal that are combined at
      the junction of resistors R.sub.18 and R.sub.19 are amplified in low gain
      operational amplifier 60. The R+G signal at the output of amplifier 60 is
      used in the system to determine that an object, any object, is at the
      inspection position and is being viewed by photodetectors 22 and 23. This
      R+G signal will be utilized in logic circuitry to be described as a basis
      for determining that some object is being inspected and should be graded.
      The R-G signal on sliding contact 62 is evaluated in the logic circuitry
      to determine whether or not the inspected object is to be rejected or is
      to be passed on with the acceptable red tomatoes.
PAR  During the initial calibration of the system a white (or other suitable
      color) background temporarily is placed in front of photodiodes 22 and 23.
      Slider contact 62 of potentiometer R.sub.22 then is adjusted so that its
      output is zero. Subsequently, in operation, a positive output signal on
      sliding contact 62 will indicate that the red signal input to
      potentiometer R.sub.22 is greater than the green signal input thereto and
      that the tomato being inspected is an acceptable red tomato. A negative
      output signal on sliding contact 62 indicates that the negative green
      input signal to potentiometer R.sub.22 is greater than the red input and
      that the tomato being inspected is unacceptably green.
PAR  The output signal R-G of potentiometer R.sub.22 is amplified in operational
      amplifier 64 and is coupled to Schmitt trigger circuit 66. The output
      signal R+G of amplifier 60 is coupled to Schmitt trigger circuit 67. In
      each of the trigger circuits a positive input signal will produce a
      positive output signal therefrom and a negative or zero input signal will
      produce no output signal therefrom. The outputs of trigger circuits 66 and
      67 are coupled, respectively, to the reset and set inputs of flip flop
      circuit 69. The output of R+G trigger circuit 67 also is coupled to the
      input of one shot delay multivibrator 70. The time delay provided by one
      shot delay multivibrator 70 is equal to the free fall time of an article
      of produce falling from the inspection position where it is viewed by
      photodetectors 22 and 23 to a position in front of air nozzle 33 where it
      may be deflected from the free fall path.
PAR  The output of time delay multivibrator 70 and the Q output of flip flop 69
      are coupled as inputs to AND gate 72. An output signal from AND gate 72
      triggers a one shot pulse stretcher multivibrator 74 whose output is
      amplified in solenoid driver 75. The stretched and amplified signal
      energizes solenoid 28 which operates air valve 30 to produce a blast of
      air from nozzle 33, as previously described.
PAR  The triggering and logic circuits just described in connection with FIG. 2b
      operate in response to R+G signals and R-G signals in the following
      manner. The presence of an R+G signal at the output of amplfier 60
      indicates that some object or article is at the inspection position and
      should be graded. Schmitt trigger circuit 67 produces a trigger pulse in
      response to an R+G signal and this pulse will attempt to set flip flop 69
      in its second stable state to produce an output signal on its Q output
      lead. If the article being viewed at the inspection position is an
      acceptable red tomato a positive R-G signal will trigger Schmitt trigger
      circuit 66 whose output is coupled to the reset input of flip flop 69.
      Therefore, the presence of a positive R-G signal (red tomato) will prevent
      flip flop 69 from changing states and no output signal is produced at its
      Q output. Consequently, one input signal to AND gate 72 is absent and
      nothing passes therethrough. In this instance solenoid 28 is not energized
      and no air blast is discharged from nozzle 33. The red tomato therefore
      continues on its free fall path from the discharge end of conveyor 11,
      FIG. 1.
PAR  If the article being viewed by photodetectors 22 and 23 is a green tomato,
      a rock, or a clod of dirt, for example, the R-G signal on sliding contact
      62 will be zero or a negative signal. This type of signal will not trigger
      Schmitt trigger 66 and no reset signal will be coupled to flip flop 69.
      Flip flop 69 therefore transfers to its set condition and the output
      signal on its Q output terminal is coupled to AND gate 72. The other input
      to AND gate 72 is the delayed R+G signal which will be present since an
      object is at the inspection position. A signal therefore passes AND gate
      72 and triggers one shot pulse stretcher 74. The stretched pulse from one
      shot multivibrator 74 is amplified and energizes solenoid 28 which opens
      air valve 30 to permit a blast of air from air supply 32 to be discharged
      from nozzle 33. As a result, a green tomato, a rock, or a clod or dirt is
      ejected from the free fall path and is sorted from the acceptable red
      tomatoes.
PAR  Attention now will be directed more particularly to the novel features and
      operation of chopper switches S.sub.1 -S.sub.4 and synchronous detector
      switches S.sub.5 and S.sub.6, together with the gating waveforms T.sub.1
      -T.sub.4 associated therewith. In discussing these features, reference
      first will be made to the waveforms illustrated in FIG. 3. For purposes of
      discussion it will be assumed that an acceptable red tomato is being
      viewed by photodetectors 22 and 23. In accordance with the conditions
      assumed in this example, the d.c. output of red photodetector 23 is
      illustrated in FIG. 3a and the d.c. output of green photodetector is
      illustrated in FIG. 3b. It will be noted that the red signal, FIG. 3a, is
      assumed to be greater than the green signal, FIG. 3b. In practice, both
      signals are at low levels.
PAR  Waveform T.sub.1 which controls series chopper switches S.sub.1 and S.sub.3
      is illustrated in FIG. 3c as a symmetrical 500 Hertz square wave having a
      duty cycle ta. Waveform T.sub.2 which controls shunt chopper switches
      S.sub.2 and S.sub.4 is illustrated in FIG. 3d. Waveform T.sub.2 is
      180.degree. phase displaced with respect to waveform T.sub.1, but
      otherwise the two waveforms are identical.
PAR  As a result of the alternate operation of series and shunt chopper switches
      in the signal paths the chopped red signal output on line 42 is a
      generally square waveform illustrated in FIG. 3e. The magnitude of the
      level portions of the positive half cycles of waveforms of FIG. 3e
      correspond to the relatively low magnitude of the red d.c. signal of FIG.
      3a. Similarly, the positive half cycles of the chopped green waveform of
      FIG 3f have magnitudes corresponding to the relatively low magnitude of
      the green d.c. signal of FIG. 3b. Because the series chopper switches
      S.sub.1 and S.sub.3 in the green and red paths are controlled by waveform
      T.sub.1, FIG. 3c, and the shunt switches S.sub.2 and S.sub.4 both are
      controlled by waveform T.sub.2, FIG. 3d, the chopped red and green
      signals, FIGS. 3e and 3f are in phase with each other.
PAR  It will be noted that the leading and trailing edges of each half cycle of
      the chopped red and green waveforms of FIGS. 3e and 3f have rather large
      spikes. These spikes are caused by inherent leakage capacitance in the
      semiconductor switching devices of switches S.sub.1 -S.sub.4. This
      capacitance acts as a differentiator to produce the spikes whose
      magnitudes are large relative to the green and red signals which are at
      low levels at this portion of the system.
PAR  After the chopped green and red signals are successively amplified in
      capacitively coupled a.c. amplifiers 45, 47, 48, and 46, 51, 52,
      respectively, the amplified signals are coupled to the inputs of switches
      S.sub.5 and S.sub.6 of synchronous detectors 54 and 55. Switch S.sub.5 is
      controlled in its switching operation by non-symmetrical square waveform
      T.sub.3, FIG. 3g, and switch S.sub.6 is controlled in its switching
      operation by non-symmetrical square waveform T.sub.4, FIG. 3h. It will be
      noted that the positive going gating pulses 78 of waveform T.sub.3 have a
      shorter duty cycle, or time duration tb, than the duty cycle ta of the
      positive going pulses of the chopped green waveform, FIG. 3f, which is
      applied to the input of switch S.sub.5. As a result of this time
      relationship, switch S.sub.5 is closed only for the time duration tb
      during each positive going pulse of the chopped green input signal.
      Consequently, only the level mid portion of each positive pulse of the
      input signal is passed through the synchronous detector 54 and the
      objectionable spikes at the leading and trailing edges of waveform 3f are
      not passed therethrough. The output signal of synchronous detector 54 is
      illustrated in FIG. ei.
PAR  The operation of switch S.sub.6 of synchronous detector 55 is similar to
      that just described. It will be seen in FIG. 3h that the positive going
      gating pulses 79 of gating waveform T.sub.4 have a shorter time duration
      tc than the positive going pulses of the chopped red input signal of FIG.
      3e. Consequently, only the level mid portion of each positive pulse of the
      chopped red input signal is passed through synchronous detector 55 and the
      objectionable spikes are not passed therethrough. The output signal of the
      synchronous detector is illustrated in FIG. 3j.
PAR  Because the signals that are coupled to the synchronous detectors have been
      amplified in the a.c. amplifiers, their magnitudes are relatively large
      and any transients produced by switches S.sub.5 and S.sub.6 are relatively
      minor and unobjectionable. The output signals of synchronous detectors 54
      and 55, FIGS. 3i and 3j are integrated or smoothed in the respective
      integrators comprised of the resistor and capacitor combinations R.sub.12,
      C.sub.6 and R.sub.13, C.sub.7. The resultant green and red d.c. signals
      are illustrated in the waveforms of FIGS. 3k and 3m. Because the
      objectionable spikes have been eliminated from the red and green a.c.
      signals, they do not affect the smoothed signals at the outputs of the
      respective integrators.
PAR  The smoothed green signal is cross coupled through resistor R.sub.16 and is
      added with the smoothed red signal at the junction of resistors R.sub.18
      and R.sub.19 to produce the R+G signal of FIG. 3n. The smoothed green
      signal is inverted in amplifier 57 and is subtracted at potentiometer
      R.sub.22 from the smoothed red signal which is cross coupled through
      resistor R.sub.21. This R-G signal is illustrated in FIG. 3p.
PAR  As explained above, the R-G signal on the sliding contact 62 of
      potentiometer R.sub.22 is the signal which is the basis on which the logic
      circuitry makes a decision whether to pass or eject a detected article.
      Consequently, the inspection channel may be calibrated by adjusting the
      magnitude of one or both the input signals to potentiometer R.sub.22. In
      accordance with the illustrated embodiment of this invention, calibration
      is accomplished by adjusting the magnitude of the smoothed red signal
      input to potentiometer R.sub.22. This is done by adjusting the duty cycle
      of gating waveform T.sub.4 which controls switch S.sub.6 of synchronous
      detector 55. As seen in FIG. 3h, the leading edges of the positive going
      gating pulses 79 of waveform T.sub.4 are adjustable in time of occurrence.
      By adjusting the leading edge of the gating pulses of waveform T.sub.4,
      more or less of the level portion of the chopped red waveform of FIG. 3e
      is gated through synchronous detector 55. This will correspondingly
      increase or decrease the magnitude of the integrated or smoothed signal at
      the output of integrator R.sub.13, C.sub.7. The means for adjusting the
      time of occurrence of the leading edges of the gating pulses 79 of
      waveform T.sub.4 will be explained below.
PAR  The R+G signal, which indicates that some object is being viewed by
      photodetectors, is amplified in d.c. amplifier 60 and coupled to Schmitt
      trigger circuit 67. The R-G signal, which indicates the color of the
      viewed object, is coupled to Schmitt trigger circuit 66. The subsequent
      logic circuitry functions as described above to determine whether or not a
      blast of air should be expelled from nozzle 33 to eject the article being
      viewed.
PAR  The means for generating gating waveforms T.sub.1 -T.sub.4 which control
      operation of chopper switches S.sub.1 -S.sub.4 and synchronous detector
      switches S.sub.5 and S.sub.6 will be described by referring to the
      simplified circuit diagram of FIG. 4 and the associated waveforms of FIG.
      5. A clock pulse generator 85 produces timing pulse at a frequency of 16
      KHz, for example. The output of clock pulse source 85 is coupled to the
      input of a binary divider chain 86 which produces the output waveforms of
      FIGS. 5a, 5b, 5c, 5d, 5e and 5g. These waveforms range from the basic
      timing frequency f, FIG. 5a, to the frequency f/32, FIG. 5g. This latter
      waveform is coupled to terminal 88 and serves as gating waveform T.sub.1
      that controls the series chopper switches S.sub.1 and S.sub.3, FIG. 2a.
      This same waveform is inverted in polarity by interter 89 and is available
      at terminal 90 as gating waveform T.sub.2, FIG. 5h, which controls the
      shunt chopper switches S.sub.2 and S.sub.4 of FIG. 2a.
PAR  The waveform of FIG. 5g, at the frequency f/32, also is coupled as the data
      input to flip flop 92. This device may be a D-type flip flop 4103 which is
      commonly available from a number of semiconductor device manufacturers.
      The clock input to flip flop 92 if the waveform of FIG. 5b at the
      frequency f/2.
PAR  The reset input to flip flop 92 is generated as follows. Waveforms of FIGS.
      5a-5e at the respective frequencies f-f/16 are coupled as inputs to AND
      gate 101 which responds thereto to produce the output pulse of FIG. 5i. It
      is seen that the duration of the reset pulse of FIG. 5i is that of a pulse
      of the basic frequency f, FIG. 5a.
PAR  D-type flip flop 92 operates as follows. In its reset condition the Q.sub.1
      output is at its lower level. With data and clock inputs present, the
      clock input will cause the output Q.sub.1 to be set to a high or low level
      that corresponds to the level of the data input. A reset signal overrides
      all other inputs and resets the device to its first stable state in which
      Q.sub.1 output is low.
PAR  The output of flip flop 92, FIG. 5j, is available on terminal 109 and is
      the gating waveform T.sub.3 that controls the operation of synchronous
      detector 54 in the green color signal path of FIG. 2. The manner in which
      waveform T.sub.3 is produced may be seen by referring to FIG. 5. The data
      input to flip flop 92 is waveform FIG. 5g, the gating waveform T.sub.1
      which is positive at the beginning of the time period represented in FIG.
      5. The clock input to flip flop 92 is waveform FIG. 5b, which is at its
      lower level at the beginning of the time period represented in FIG. 5. As
      soon as the first positive pulse of waveform FIG. 5b occurs, flip flop 92
      transfers to its second stable state and its output, FIG. 5j, goes to its
      higher level. Flip flop 92 remains at its higher level until the
      occurrence of the reset pulse of FIG. 5i at which time it returns to its
      first and lower level.
PAR  A comparison of the waveforms of FIGS. 5g and 5j shows that the positive
      going portion of gating waveform T.sub.3 commences after the occurrence of
      the leading edge of gating waveform T.sub.1 and that the trailing edge of
      gating waveform T.sub.3 occurs before the trailing edge of the positive
      portion of gating waveform T.sub.1. Thus the duty cycle of the positive
      gating pulse of waveform T.sub.3 is shorter than that of the positive
      gating pulse of waveform T.sub.1. This relationship permits synchronous
      detector 54, FIG. 2a, to gate out the undesirable spikes at the leading
      and trailing edges of the chopped green signal, FIG. 3f, so that the
      output of synchronous detector 54, FIG. 3h, is a clean waveform
      substantially devoid of transient spikes.
PAR  Gating waveform T.sub.4 which controls synchronous detector 55 in the red
      color signal path of FIG. 2a appears on output terminal 112 of flip flop
      115 in FIG. 4. Flip flop 115 is a D-type flip flop 4013 substantially
      identical to flip flop 92 described above. The data input to flip flop 115
      is gating waveform T.sub.3 of FIG. 5j. The clock input to flip flop 115 is
      a series of pulses from OR gate 116. The times of occurrence of these
      input clock pulses may be changed to make adjustable the leading edges,
      and thus the duty cycle, of the gating pulse of waveform T.sub.4. This is
      accomplished as follows.
PAR  The four inputs to OR gate 116 are the respective outputs of EXCLUSIVE OR
      (EX OR) gates 120-123. Waveforms FIGS. 5d, 5c, 5b and 5a from binary
      divider 86 each constitute one input to a respective EX OR gate 120-123. A
      second input to each EX OR gate is one of the lines 130-133 each of which
      is coupled through a resistor r to a +6 volt source. Lines 130-133 are
      respectively shunted by one of the lines 140-143 which couple to a fixed
      contact of a binary switch 150. Switch 150 is a thumbwheel switch having
      four movable contacts parallel coupled to a -6 volt supply. The four
      individual switches are binary weighted from 2.sup.0 to 2.sup.3.
      Thumbwheel switch 150 has 16 different switching combinations of the
      individual binary weighted switches and as the thumbwheel switch is
      stepped through its switching positions the individual 2.sup.0 - 2.sup.3
      switches close and open in accordance with binary counting to
      correspondingly connect the lines 140-143 to the -6 volt supply. A
      suitable binary thumbwheel switch is the type BB 239S manufactured by
      Interswitch Corp., Burlingame, California.
PAR  When binary weighted switch 2.sup.3 is open line 130 is at +6 volt and when
      switch 2.sup.3 is closed line 130 is at -6 volts. The voltage biases on
      the remainder of the lines 131, 132, and 133 vary in like manner as their
      respective binary weighted switches 2.sup.2, 2.sup.1, and 2.sup.0 are open
      and closed.
PAR  EX OR gate 120 operates in the following manner. When its input line 130 is
      high (switch 2.sup.3 open), its other input, waveform FIG. 5d, passes
      through the gate without inversion. When input line 130 is low (switch
      2.sup.3 closed), its other input, waveform FIG. 5d, is inverted in passing
      through the EX OR gate 120. The other EX OR gates 121-123 operate
      similarly. Thus, depending on the settings of the binary weighted switches
      2.sup.0 - 2.sup.3 of binary thumbwheel switch 150, inverted or
      noninverterd waveforms FIGS. 5a-5d are passed through EX OR gates 120-123
      and are combined in OR gate 116.
PAR  One example of a specific setting of binary thumbwheel switch 150 will
      serve to illustrate the operation of the logic circuitry described
      immediately above. Assuming that all four binary weighted switches 2.sup.0
      - 2.sup.3 are open, (binary 0), as illustrated in FIG. 4, all input
      signals of FIGS. 5a-d will pass through EX OR gates 120-123 without
      inversion. Referring to FIG. 5 it will be seen that only at times t1, t2,
      t3, and t4 are all of the waveforms of FIGS. 5a, b, c, and d at a positive
      polarity. Accordingly, only at these times will the positive output pulses
      of FIG. 5k be produced. It will be noted that these pulses have the short
      duration of the pulses of basic frequency f, FIG. 5a.
PAR  Waveform FIG. 5k is coupled as the clock input to flip flop 115, and with
      waveform FIG. 5j (T.sub.3) as the other input the first pulse of FIG. 5k
      produces the leading edge of the output signal of flip flop 115, see FIG.
      5m. Flip flop 115 remains in its second stable state until the occurrence
      of the reset pulse of FIG. 5i at which time the positive pulse of waveform
      FIG. 5m terminates. This waveform is the gating waveform T.sub.4 which
      controls switch S.sub.6 in synchronous detector 55, FIG. 2.
PAR  A similar comparison of the waveforms of FIGS. 5a-d, whether inverted or
      noninverted, depending on the conditions of binary weighted switches
      2.sup.0 - 2.sup.3, will show that other waveforms as illustrated in FIGS.
      6a-p will be produced at the output of OR gate 116 for various settings of
      binary thumbwheel switch 150. Adjacent each of the waveforms of FIGS. 6a-p
      are the binary numbers which when set into binary thumbwheel switch 150
      will produce the accompanying waveform at the output of OR gate 116.
PAR  In FIG. 6 the pulses of the various waveforms that fall within the time
      period tle are the ones which determine the leading edge of waveform
      T.sub.4  (which is reproduced as FIG. 6q). As may be seen, the duty cycle
      of waveform T.sub.4 may be adjusted from its full width (width of T.sub.3)
      to approximately half its full width. In practice, the duration of gating
      waveform T.sub.4 may be set at approximately 3/4 its full value so that a
      plus or minus one-quarter adjustment may be made in the gain of the red
      signal channel. It may be seen that the gain may be made in sixteen
      incremental steps by rotating binary thumbwheel switch 150. This feature
      provides accurate control of the calibration of an inspection channel.
PAR  In the above discussion calibration of an inspection channel was achieved
      by changing the gain of the red signal path. This was done by changing the
      duty cycle of gating waveform T.sub.4 by means of thumbwheel switch 150.
      It is to be understood that calibration also could be changed by changing
      the duty cycle of gating waveform T.sub.3 to change the gain of the green
      signal path. Furthermore, the duty cycles of both waveforms T.sub.3 and
      T.sub.4 could be changed to change the gains of both signal paths if so
      desired. The circuitry of FIG. 5 would be modified as required.
PAR  Just one electronic inspection channel is illustrated in FIG. 2. In
      practice a conveyor belt 11, FIG. 1, would have as many as eight or more
      parallel, aligned, or singulated, successions of produce moving along the
      conveyor. There would be a corresponding number of eight or more
      electrooptic heads for inspecting produce emanating from each singulated
      succession. As a consequence, there also would be eight or more electronic
      inspection channels each identical to FIG. 2. An advantageous feature of
      this invention is that only one timing generator of FIG. 4 would be
      utilized and the same gating signals T.sub.1 -T.sub.4 would be coupled to
      all eight or more electronic inspection channels. Furthermore, just one
      binary thumbwheel switch 150, FIG. 4, would control the gating signal
      T.sub.4 in all channels. This means that the adjustment of switch 150
      would adjust identically the gains in red signal paths of all inspection
      channels. This virtually assures that all inspection channels are
      identically calibrated and that all eight or more parallel successions of
      produce on the conveyor will be identically graded.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, it is to be understood that alterations and modifications may
      be made to the described embodiment without departing from the scope of
      the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination in an inspection signal path in which detector means
      produces a low level d.c. inspection signal and chopper means controlled
      by at least a first gating signal having a first duty cycle converts the
      low level d.c. signal to an a.c. signal which then is amplified in a.c.
      amplifier means, and wherein means including synchronous detector means
      reconvert the amplified a.c. signal to a d.c. signal, the improvement of
      gain control means for changing the gain of the inspection signal path,
      comprising
PA1  means for producing a second gating signal having a second duty cycle which
      is adjustable from a maximum time period to a minimum time period, said
      maximum time period being no greater than said first duty cycle of said
      first gating signal, and
PA1  means for coupling said second gating signal to said synchronous detector
      means for controlling its operation, whereby a change in said second duty
      cycle changes the magnitude of a reconverted d.c. signal thus changing the
      gain of said inspection signal path.
NUM  2.
PAR  2. The combination claimed in claim 1 and further including
PA1  at least a second inspection signal path that includes detector means,
      chopper means, a.c. amplifier means, and synchronous detector means all
      constructed and arranged similarly to the corresponding means in said
      first inspection signal path,
PA1  gating signal generating means for generating said first and second gating
      signals and for generating a third gating signal substantially synchronous
      with said second gating signal,
PA1  means for coupling said first gating signal from said gating signal
      generating means to said chopper means in each of said signal paths,
PA1  means for coupling said second gating signal from the gating signal
      generating means to the synchronous detector means in one of said signal
      paths, and
PA1  means for coupling said third gating signal from said gating signal
      generating means to the synchronous detector means in the other one of
      said signal paths.
NUM  3.
PAR  3. The combination claimed in claim 2 wherein
PA1  said gating signal generating means includes a duty cycle adjustment means
      for adjusting the duty cycle of said second gating signal,
PA1  whereby adjustment of said duty cycle adjustment means changes the gains in
      all inspection signal channels associated with said second gating signal.
NUM  4.
PAR  4. The combination claimed in claim 2 and further including,
PA1  means responsive to the reconverted d.c. signals in said two signal paths
      for comparing or evaluating the two reconverted d.c. signals, whereby an
      adjustment in the duty cycle of the second gating signal changes the
      calibration of said means for comparing or evaluating said two reconverted
      d.c. signals.
NUM  5.
PAR  5. In a produce grader or the like having detector means for producing at
      least first and second d.c. signals corresponding to respective detected
      characteristics of an article of produce being graded, wherein the produce
      grader includes first and second respective signal paths for said two d.c.
      signals, wherein each signal path includes chopper means for chopping the
      d.c. signal into an a.c. signal, a.c. amplifier means for amplifying the
      a.c. signal, and means including synchronous detector means for
      reconverting the amplified a.c. signal to a d.c. signal, and wherein the
      reconverted d.c. signals in the signal paths are compared and/or evaluated
      according to a desired calibration to form a basis for grading an article,
      the improvement of adjustable calibration means for simply and reliably
      adjusting the calibration of the grader, said improvement comprising
PA1  gating signal generating means for generating at least a first gating
      signal for controlling said chopper means in said signal paths and for
      generating second and third gating signals for controlling said
      synchronous detector means in the respective signal paths,
PA1  said gating signal generating means including means for adjusting the time
      duration of at least one of said second and third gating signals, whereby
      the magnitude of at least one of said reconverted d.c. signals may be
      changed as a function of the duty cycle of its respective synchronous
      detector gating signal, thereby to change the calibration of said produce
      grader.
NUM  6.
PAR  6. The combination claimed in claim 5 wherein said produce grader includes
PA1  a plurality of said detector means and a plurality of pairs of said signal
      paths, each pair of signal paths being associated with respective detector
      means and the signal paths of each pair being substantially identical to
      said first and second signal paths,
PA1  means for coupling said first gating signal from said gating signal
      generating means to the chopper means in each of said plurality of paths,
PA1  means for coupling said second gating signal from said gating signal
      generating means to the synchronous detector means in the first signal
      path of each pair, and
PA1  means for coupling said third gating signal from said gating signal
      generating means to the synchronous detector means in the second signal
      path of each pair,
PA1  whereby an adjustment in the means for adjusting the time duration of at
      least one of said second and third gating signals produces substantially
      identical adjustments of the calibrations in all pairs of signal paths.
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ABST
PAL  Matrix-vector multiplication is accomplished by continuous wave polarized
      ght energy transmitted along a plurality of optical waveguides through
      modulation by a first optical modulator in response to a column vector
      type input signal and additional modulation by a second optical modulator
      in response to a row vector type input signal. The resultant modulated
      light energy outputs are received by a polarization analyzer for
      transforming modulations in polarization and phase to commensurate
      amplitude modulations. A photo-responsive storage and integrating means
      receives the light energy associated with each of the optical waveguides
      and develops a cumulative signal representative of the matrix-vector
      multiplication.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many systems involving signal analysis and signal correlation, for
      example, it is often necessary or desirable to perform the mathematical
      procedures of matrix multiplication. The step-by-step mental calculation
      of even the simplest and most rudimentary type of matrix multiplication,
      however, can be an extremely time consuming and laborious procedure in
      addition to being subject to human error.
PAR  Accordingly, systems have been proposed for automatically performing matrix
      multiplication of various types by other than the step-by-step mental
      calculations. Many such known systems for performing matrix multiplication
      are exclusively or extensively electronic in nature. Moreover, such
      systems are generally comparatively expensive, often bulky in size, and in
      many instances limited as to the types of input signals which may be
      processed as well as being limited in the processing speeds which may be
      realized in their operation.
PAR  Additionally, a number of optical processor systems have been proposed to
      perform matrix multiplication functions employing both coherent and
      incoherent light in their operation. Several of such optical systems for
      performing matrix multiplication processors have, however, suffered from
      problems of large size, high cost, limited speeds of operation, mechanical
      instability, and difficulty of maintaining optical alignment. Such
      inherent problems have impeded the realization of the full potential of
      automatic matrix multiplication systems.
PAR  Accordingly, there is a need for a matrix multiplication system which will
      complete its procedures in real time, at very high speeds employing
      optical technology, and which is simple, more compact, less expensive,
      and, in general, free from problems associated with prior art matrix
      multiplication systems intended to provide functionally comparable
      results.
PAC  SUMMARY OF THE INVENTION
PAR  The high speed optical matrix multiplier system of the present invention is
      conceived to perform matrix multiplication of the form
EQU  ((A.sub.M,N)) B.sub.N,l = C.sub.M,l                        ( 1)
PAL  where
PA1  A.sub.M,N .tbd. M .times. N, representative of a linear matrix operator
      B.sub.N,l .tbd. N .times. l, representative of a column vector input
PA1  C.sub.m,l .tbd. M .times. l, representative of a column vector processed
      output
PAR  Examples of the linear matrix operator ((A.sub.M,N)) are mathematical
      transformations (such as the Walsh-Hadamard and Fourier transforms),
      filtering functions and combinations of these transforms and functions.
PAR  The present invention contemplates the use of a plurality of linear arrays
      for performing row column vector multiplication through the use of optical
      waveguides, optical modulators, a polarization analyzer, and a plurality
      of integrating storage detectors. In each of the linear arrays the time
      modulated signal derived from one of the typical sources, such as those
      listed hereinbefore, is employed to temporally, optically modulate
      continuous waveguide, for example.
PAR  The light energy is modulated by a first modulator responsive to a column
      vector type input signal, for example, and then undergoes a second
      modulation by an appropriate second optical modulating means which is
      responsive to a row vector type input signal for temporally modulating the
      light energy transmitted along the optical waveguide.
PAR  The resultant twice-modulated light energy is received by a polarization
      analyzer which performs the function of converting such modulations in
      polarization and phase of the light energy to commensurate intensity
      modulations.
PAR  The output of the polarization analyzer is received by an appropriate
      photo-responsive detector which cumulatively stores the received modulated
      light energy over a time period synchronous with the time periods of the
      column vector type input signal and the row vector type input signals.
PAR  The number of such linear arrays is dependent upon the value of a M for
      each matrix multiplier system as it appears in the generalized example of
      the form of matrix-vector multiplication given in the foregoing equation
      (1).
PAR  The concept of the present invention inherently contemplates that light
      energy sources, optical waveguides, optical modulators, and
      photo-responsive detectors can be immediately adjacent to each other in
      fixed position so that the system is virtually insensitive to shock and
      vibration and, moreover, does not suffer from optical alignment problems.
PAR  Additionally, in accordance with the concept of the present invention, high
      processing speed in the MHz to GHz range are readily attainable and
      limited only by the operative rate of the optical modulators and
      photo-responsive detectors which are employed. Using integrated optic
      technology within the present state of the art, linear arrays forming the
      system of the present invention may be fabricated on a single unitary
      substrate thereby lowering cost and size, as well as further insuring
      vibration insensitivity and obviating optical alignment problems.
PAR  Those skilled and knowledgeable in the pertinent arts will also appreciate
      the highly advantageous aspect of the concept and teaching of the present
      invention by reason of which it can perform both analog processing and
      digital processing in that the rows of the matrix may be continuous
      functions as well as the input signal.
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved high speed, optical matrix multiplier system for performing
      matrix vector multiplication without the attendant disadvantages of known
      comparably functional systems.
PAR  Another most important object of the present invention is to provide such a
      matrix-multiplier system capable of processing speeds in the MHz and GHz
      range which is limited only by the operative rates of the optical
      modulators and photo-responsive detectors employed in its fabrication.
PAR  A further object of the present invention is to provide such a matrix
      multiplier system which is readily adaptable to employing integrated optic
      technology for fabrication on a unitary substrate.
PAR  A concomitant object of the present invention is to provide such a matrix
      multiplier system which is significantly lower in cost and size.
PAR  Yet a further object of the present invention is to provide such a matrix
      multiplier system which, by reason of its adaptability to desirable
      integrated optic technology, is substantially insensitive to vibration and
      inherently obviates optical alignment problems.
PAR  A further object of the present invention is to provide an optical matrix
      multiplier system which is inherently capable of performing both analog
      and digital processing.
PAR  These and other features, objects, and advantages of the present invention
      will be better appreciated from an understanding of the operative
      principles of a preferred embodiment as described hereinafter and as
      illustrated in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic representation of a subsystem portion of the present
      invention;
PAR  FIG. 2 is a schematic representation of one embodiment of the present
      invention;
PAR  FIGS. 3a and 3b are illustrations of electro-optical modulators which may
      be used in the present invention; and
PAR  FIG. 4 is an illustration of a preferred embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The high speed optical matrix multiplier of the present invention is a
      system for performing matrix multiplication of the form
EQU  ((A.sub.M,N)) B.sub.N,l = C.sub.M,l
PAL  where
PA1  A.sub.m,n .tbd.m .times. n, representative of a linear matrix operator
PA1  B.sub.n,l .tbd.N .times. l, representative of a column vector input
PA1  C.sub.m,l .tbd.M .times. l, representative of a column vector processed
      output
PAR  Typical examples of the linear matrix operator (A.sub.M,N) are mathematical
      transformations which may include a Walsh-Hadamard or Fourier transforms,
      for example, filtering functions, and/or combinations of these functions
      and transformations. A typical input signal may be generated from radar
      returns, brain wave activity, cardiovascular activity, or acoustical
      signals, for example.
PAR  The optical matrix multiplier system contemplated by the concept of the
      present invention comprises a plurality of linear arrays each of which may
      be considered as a smaller subsystem for performing row-column
      multiplication. Each such subsystem or linear array includes optical
      waveguides, optical modulators, and photo responsive integrating storage
      detectors, as well as a polarization analyzer. For purposes of clarity of
      explanation, the concept of the present invention will be explained
      initially in terms of one of the linear arrays which forms a subsystem
      within the total system concept.
PAR  Such a linear array or subsystem is represented schematically in FIG. 1.
      The subsystem combination illustrated schematically in FIG. 1 includes a
      polarized CW light source 10 such as may be generated by an appropriate
      laser assembly. The polarized CW light energy is transmitted along an
      optical path defined by an optical waveguide 11. A first optical modulator
      12 operates to temporally modulate light energy traversing the waveguide
      11 in response to an electrical function f(t) derived from one of the
      typical sources such as the examples previously given. The light energy
      thus modulated then continues to be transmitted along waveguide 11 to a
      second optical modulator 13 where it is further operated upon and
      modulated in response to another signal having the function generally
      defined as g(t).
PAR  In the illustrative example schematically represented by FIG. 1, the
      duration of both the signals f(t) and g(t) are chosen to be the same for
      purposes of clarity in explanation so that the first component f(t) to
      reach the second optical modulator 13 arrives at the same instant the
      first component of the function g(t) is operating to impress its
      modulation on the signal traversing the waveguide at the point of the
      second modulator. Thus each component of f(t) that traverses the second
      modulator 13 is multiplied by its time counterpart in the function g(t).
PAR  The resultant twice modulated output light energy is transmitted further
      down the waveguide 11 to a polarization analyzer 14 which converts
      modulations in polarization and phase to commensurate modulation of
      intensity of the light energy transmitted by the waveguide 11 after
      undergoing the two successive modulations as described. The intensity
      modulated light energy output of the polarization analyzer 14 is received
      by a photo-responsive detector 15 which is operative to cumulatively store
      the modulated light energy it receives over a time period which is
      synchronous with the time period of the two modulation functions f(t) and
      g(t).
PAR  The operation of the subsystem schematically illustrated in FIG. 1 may be
      explained in mathematical terms for illustrative purposes. If it is
      assumed that f(t) represents a column vector type of signal, its
      composition may be designated by the three elements b.sub.11, b.sub.21,
      b.sub.31
      ##EQU1##
PAR  In actual practice equation (2) could be representative of polarized CW
      light source modulation expressed as b.sub.11 for the first third of a
      given period .tau., b.sub.21 for the second third of the given period, and
      b.sub.31 for the last third of the time period.
PAR  The mathematical expression g(t) represents a row vector type of signal
      consisting of the elements a.sub.j1, a.sub.j2 and a.sub.j3 so that
EQU  g(t) = (A.sub.j,3) (a.sub.j1, a.sub.j2, a.sub.j3)          (3)
PAR  The modulation of the light energy traversing the optical waveguide 11
      would therefore be represented by a .sub.j1 for the first third of .tau.,
      by a .sub.j2 for the second third of the time period, and, by a .sub.j3
      for the last third of the time period.
PAR  If both the modulating signals f(t) and g(t) are started at time t = 0, it
      can be seen that b.sub.11 is transmitted along the optical waveguide and
      traverses the first optical modulator 12. Such modulation multiplies the
      light energy operated upon by a .sub.j1 for the interval 0 .ltoreq. t,
      .ltoreq. .tau./3
PAR  The resulting modulated output light energy a.sub.j1 b.sub.11 then is
      transmitted further along the optical waveguides to the polarization
      analyzer where modulation in phase and polarization is translated to
      modulation of light intensity. The latter intensity modulated light energy
      is then received by the photo-responsive detector 15 where its magnitude
      is recorded and stored.
PAR  During the interval
      ##EQU2##
      b.sub.21 replaces b.sub.11 in the optical waveguide and a.sub.j2 replaces
      a.sub.j1. Therefore the product a.sub.j2 b.sub.21 is the resultant
      modulated output which finally reaches the detector 15 and is added to the
      previous input a.sub.j1 b.sub.21. Similarly, for
      ##EQU3##
      b.sub.31 is multiplied by a.sub.j3 and added to a.sub.j1 b.sub.11 and
      a.sub.j2 b.sub.21.
PAR  Thus, at the end of the period .tau., the cumulative quantity a.sub.j1
      b.sub.11 + a.sub.j2 b.sub.21 + a.sub.j3 b.sub.31 is received and stored in
      the photo responsive detector 15. By mathematical analogy the foregoing
      operations have performed the equivalent of the vector calculation
      ##EQU4##
PAR  Although only 3 bit codes were used in the foregoing illustrative example
      for purposes of clarity and simplicity of explanation, theoretically the
      number of elements in the two vectors, i.e., the column type vector signal
      and the row type vector input signal, could be infinite. As a practical
      matter, however, the number of bits which it is possible to handle is
      constrained by the limiting speeds of both the optical modulators and the
      photo-responsive detection units employed.
PAR  As a practical example, several commercially available electrooptical
      modulators operate in a range from 0 to exceeding 250 MHz and
      state-of-the-art charge storage devices responsive to photo energy can
      readily accommodate signals within the same range. Therefore, input
      signals modulated at such frequency ranges may be employed in the
      subsystem previously described. In general the foregoing described
      subsystem can readily accommodate signals of the form
EQU  (A.sub.j,n) = (a.sub.j1, a.sub.j2, . . . , a.sub.jn)       (5)
      ##EQU5##
      the total number of elements in the input signal and matrix row n is
      dictated by the speed of the optical modulator and the minimum required
      integration time of the detection system used.
PAR  The concept of the present invention contemplates the use of M number of
      the described subsystems in a linear array such as that illustrated in
      FIG. 2 so that it is possible to multiply the input signal (B.sub.n,l) by
      several (A)/s simultaneously, in M row vectors so that each modulated
      result is stored in its respective associated photo-responsive detector in
      a cumulative form ready for readout or such further use as the resultant
      signal may contemplate. This latter, more complex operation, would in
      effect perform the matrix multiplication
EQU  (A.sub.m,n) (B.sub.n,l) = (C.sub.m,l)                      (7)
PAL  wherein each of the (A.sub.j,n)s represents a row in the larger matrix
      (A.sub.m,n) and the signals stored in the linear detector array are the
      components of the vector type signal (C.sub.m,l).
PAR  In the system illustrated in FIG. 2 the polarized CW source 20 generates
      light energy which is transmitted along the optical path defined by
      optical waveguides 21, 22, and 23. The light energy propagating along
      these three optical paths is operated upon by optical modulator means 24,
      25, and 26 which are responsive to a column vector type signal represented
      as f(t).
PAR  The light energy thus modulated in the three optical waveguides 21, 22, and
      23 is transmitted further along the respective optical paths to second
      modulating means 27, 28, and 29. The optical energy traversing the optical
      waveguide 21 is further modulated by a signal g.sub.1 (t), the optical
      energy traversing the optical waveguide 22 is further modulated by a
      signal representative  g.sub.2 (t), and the optical energy traversing the
      optical waveguide 23 is further modulated by a signal represented
      generally as g.sub.3 (t).
PAR  The respectively modulated light energy is further transmitted by the three
      optical waveguides 21, 22, and 23 to a polarization analyzer 30 which
      converts modulations in polarization and phase of light energy to
      commensurate intensity modulations for each of the three optical
      waveguides.
PAR  The intensity modulator light energy output associated with each optical
      waveguide is received by separate photo-responsive detector means 31, 32,
      and 33 where it is cumulatively stored over a time period which is
      synchronous with the time periods of the column vector type input signal
      f(t) and the row vector type input signals g.sub.1 (t), g.sub.2 (t), and
      g.sub.3 (t).
PAR  The present invention may preferably be embodied in a unitary integrated
      optical substrate wherein electro-optical modulators are employed together
      with optical waveguides defined by selected material diffused into the
      substrate. Such an arrangement is illustrated in FIG. 3a and 3b which show
      a top view and end view, respectively, of one type of integrated optical
      circuitry fabricated to embody the concept and teaching of the present
      invention.
PAR  In the illustration of FIG. 3, a selected substrate such as cadmium
      sulphide is diffused with selenium through the open portions of a silicon
      oxide diffusion mask in accordance with established and known fabrication
      techniques. Thus, three optical waveguides 41, 42, and 43 are formed in
      the substrate to define optical paths for the transmission of light
      energy.
PAR  The surface of the substrate which is thus partially diffused is then
      covered with a full layer of silicon dioxide which provides an
      electrically insulating means and an appropriate conductor electrode
      pattern is deposited thereover. These techniques have been discussed and
      disclosed in the scientific literature as exemplified by publications of
      William E. Martin in the Journal of Applied Physics, Volume 44, No. 8, of
      August 1973 at pages 3703 through 3707 and William N. Caton in the Journal
      of Applied Physics, Volume 46, No. 1, of January 1970 at pages 260 through
      265.
PAR  When electrical signals representative of a column vector type signal f(t)
      and a row vector type signal g(t) are impressed upon the electrodes as
      illustrated in FIG. 3b, modulation within the optical waveguide 41, 42 and
      43 is given affect in accordance with the concept and teaching of the
      present invention. FIG. 4 illustrates the preferred embodiment of the
      present invention as fabricated employing desirable aspects of integrated
      optic techniques.
PAR  In the embodiment of FIG. 4, the source of polarized CW light energy
      preferably takes the form of a semiconductor junction laser. Its light
      energy is transmitted along a single optical waveguide 51 wherein all the
      light energy traversing the single path is modulated by an electro-optical
      modulating means which functions in response to the indicated signal f(t)
      being impressed upon the aluminum electrodes 52 and 53.
PAR  The optical waveguide 51 then branches into three separate optical
      waveguides 51a, 51b, 51c, comprised of selenium diffused into the
      substrate cadmium sulphide defining three separate optical paths. The
      first optical waveguide 51a is acted upon by the indicated signals being
      impressed upon its associated electrodes 54 and 55. The second optical
      waveguide 51b is acted upon and modulated by the indicated signals being
      impressed upon the electrodes 55, and 56, while the third optical
      waveguide 51c is modulated by the indicated signals being impressed upon
      the electrodes 58, and 59.
PAR  The three respective light energy signals thus modulated are received by a
      polarization analyzer 60 which, as is known to those skilled and
      knowledgeable in the pertinent arts, operates and functions essentially in
      the manner of a polarization filter, converting modulation in phase and
      polarization to commensurate modulations of light intensity.
PAR  The text entitled Polarized Light by W. A. Shurcliff and S. S. Ballard,
      published by the D. Van Nostrand Co., Inc. includes theoretical and
      practical explanations of functions and operations of such polarization
      analyzers. Such intensity modulated light energy signals (corresponding to
      the modulation impressed upon the three waveguides, 51a, 51b, and 51c as
      previously described) are then received by an appropriate photo-responsive
      detector and storage device which may advantageously take the form of a
      charge coupled device array 61.
PAR  In the embodiment illustrated by FIG. 4 the legends employed are
PA1  A. input Signal,
EQU  f(t) = B.sub.n,l
EQU  .tbd.N-bit long signal
PA1  B. resulting output
      ##EQU6##
      C. Linear Operator
      ##EQU7##
      where g,(t) rows of the operator A = N-bit long signal
PA1  for j = 1, 2, 3.
PAL  From the foregoing description it may be appreciated that the resulting
      signals stored in each detector represents the respective element of the
      output vector C.sub.ml.
PAR  Within the concept and teaching of the present invention it will be
      appreciated that in addition to the optical waveguide modulator type of
      system described and illustrated embodiments the basic concept of the
      present invention contemplate the use of any equivalent optical modulation
      including fiber optic waveguidebulk modulator techniques or optical
      waveguides with internal modulators, for example. Additionally, light
      emitting diodes and/or junction lasers could be employed as the equivalent
      of the more conventional laser light source providing a polarized CW light
      energy source. Also, polarized modulating light sources could replace the
      CW source and the first modulator in the subsystems previously described.
PAR  Additionally, a spinning disc, with coded information disposed radially so
      that the disc is subdivided into rings containing the processing codes,
      may be employed to replace electro-optical modulators previously described
      in embodiments of the present invention. In the use of such a rotating
      coded disc each concentric ring on the disc would be associated with a
      particular waveguide to modulate the light energy transmitted by each
      waveguide in accordance with the coded modulation of each such associated
      concentric ring.
PAR  Moreover, in accordance with the concept of the present invention it is
      readily possible to use a acousto optical modulators in connection with
      giving affect to the desired modulation of the light energy waveguide in
      accordance with column vector type input signals and row vector type input
      signals.
PAR  Additionally, it will be appreciated by those skilled and knowledgeable in
      the pertinent arts that the polarization analyzer may be replaced with a
      functionally equivalent substitute such as a branch switch,
      polarization-cutoff optical waveguide, or resonant optical switch for
      example.
PAR  Further, any appropriate integrating-storage detecting array could be
      employed in place of the currently preferred charge coupled device array.
PAR  Alternative electro-optical waveguide structures which readily lend
      themselves to fabrication in accordance with the preferred techniques
      adaptable to use in practice of the present invention include waveguide
      structures in lithium niobate, lithium tantalate, gallium aluminum
      arsenide and other semiconducting materials exhibiting the desired
      properties in accordance with the concept and teaching of the present
      invention.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high-speed optical matrix multiplier system for performing
      matrix-vector multiplication of the form
PA1  ((A.sub.M,N)) B.sub.N,l = C.sub.M,l
PAL  where
PA1  A.sub.M,N .tbd.M .times. N, representative of a linear matrix operator
PA1  B.sub.N,l .tbd.N .times. l, representative of a column vector input
PA1  C.sub.M,l .tbd.M .times. l, representative of a column vector processed
      output
PAL  comprising:
PA1  M number of optical waveguides for transmitting continuous wave, polarized
      light energy;
PA1  a source of continuous wave, polarized light energy arranged to transmit
      its output along the optical paths defined by said optical waveguides;
PA1  first optical modulating means coupled to said optical waveguides and
      responsive to a column vector type input signal for temporally modulating
      the light energy transmitted;
PA1  second optical modulating means coupled to said optical waveguides and
      responsive to a row vector type input signal for temporally modulating the
      light energy transmitted by said optical waveguides,
PA1  a polarization analyzer for converting the resultant modulations in
      polarization and phase of light energy to commensurate intensity
      modulations for each optical waveguide; and
PA1  a photo-responsive detector disposed to receive and cumulatively store the
      modulated light energy output of each optical waveguide over a time period
      synchronous with the time periods of said column vector type input signal
      and said row vector type input signal.
NUM  2.
PAR  2. A high speed optical matrix multiplier system as claimed in claim 1
      wherein said first and second optical modulating means are electro-optical
      modulators.
NUM  3.
PAR  3. A high speed optical matrix multiplier system as claimed in claim 1
      wherein said first and second optical modulating means are acousto-optical
      modulators.
NUM  4.
PAR  4. A high speed optical matrix multiplier system as claimed in claim 1
      wherein said source of continuous wave, polarized light energy comprises
      light emitting diodes.
NUM  5.
PAR  5. A high speed optical matrix multiplier system as claimed in claim 1
      wherein said source of continuous wave polarized light energy is a laser.
NUM  6.
PAR  6. A high speed optical matrix multiplier system as claimed in claim 1
      wherein said source of continuous wave, polarized light energy comprises
      junction lasers.
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ABST
PAL  In the measurement of angular position the phenomena of moire or watered
      configurations produced by a grating on a disc is used.
BSUM
PAR  If a grating consisting of parallel alternately transparent and opaque
      lines, of the kind shown in FIG. 1 of the accompanying drawings, is placed
      in superjacent relationship with a disc comprising alternately transparent
      and opaque radial lines, of the kind shown in FIG. 2, moire or watered
      configurations are produced of the kind which are shown in FIGS. 3 and 4
      and which are difficult to describe in words.
PAR  If the disc is rotated around its axis at a constant speed relatively to
      the grating, the light rays passing through the grating-and-disc system
      experience a modulation whose amplitude passes through a peak in a zone
      which is disposed on the disc diameter parallel to the grating lines and
      on the circle marked by an arrow in FIGS. 3 and 4. The position or any
      movement of the grating parallel to itself has no effect, only grating
      orientation counting.
PAR  This invention uses this property of the grating-and-disc system as a means
      of detecting an angular position and of providing an angular control based
      on an optical link between a transmitter and a receiver.
PAR  The following description, taken together with the accompanying exemplary
      non-limitative drawings, will show clearly how the invention can be
      carried into effect.
DRWD
     In the drawings:
PAR  FIGS. 1 to 4 show the grating, the disc and the two exemplary watered
      configurations respectively which have just been referred to;
PAR  FIG. 5 is a block schematic diagram of a detecting system according to the
      invention;
PAR  FIG. 6 is a sketch showing a Wollaston prism;
PAR  FIG. 7 is a diagram showing the voltage received by the galvanometer of
      FIG. 7, plotted against the angle of disc rotation;
PAR  FIG. 8 is a view similar to FIG. 7 but for the voltage in the case of a
      half-grating, and
PAR  FIG. 9 is a diagram of an angle control system.
DETD
PAR  Referring to FIG. 5, a grating similar to the grating of FIG. 1 and whose
      orientation it is required to detect is disposed in a plane P1. A disc D
      similar to the disc of FIG. 2 is disposed in a plane P2 parallel to the
      plane P1 and is rotatable around its axis by a motor M. A lens L1 whose
      axis is parallel to the disc axis is disposed opposite a place in the disc
      zone where the watered configurations are most marked, such markedness
      corresponding substantially to the arrowed circle in FIGS. 3 and 4. Lens
      L1 forms an image of the grating in the plane P2 -- i.e., on the disc D --
      through a system W which is coaxial of lens L1 and which is so devised
      that any rotation it makes around its axis causes a rotation through an
      equal angle of the grating image in the plane P2. The image-rotating
      system W can be a Wollaston prism such as is shown in FIG. 6 and having
      three reflecting surfaces M1, M2, M3. Surface M2 is parallel to the prism
      axis A and surfaces M1, M3 are at an angle of 120.degree. to one another
      and at angles of 30.degree. to surface M2. The entry and exit surfaces are
      perpendicular to the axis A. Any rotation of the prism around axis A --
      which coincides here with the axis of the lens L1 -- causes a rotation
      through the same angle and in the same direction of the grating image in
      the plane P2. Any other equivalent system could be used.
PAR  Disposed on the other side of disc D is a lens L2 which is also coaxial of
      the lens L1 and which concentrates on a photosensitive cell C the image
      arising from the superimpositioning of the disc and of the grating image.
      Cell C is connected to a galvanometer G by way of a power supply unit B,
      an amplifier A1 and a filter F tuned to the rate-of-passage frequency of
      the radial lines of disc D.
PAR  FIG. 7 shows the characteristic curve linking deflection of the
      galvanometer G and the angle (expressed in degrees) of prism rotation. The
      curve has two sharply defined peaks I, II which occur at two 180.degree.
      -- apart positions of the prism and which are a means of detecting the
      direction of the grating lines accurately. The system W is rotated to give
      maximum galvanometer deflection. If the original setting of the system W
      is known, for instance, on a vertical-bar grating, the orientation of the
      grating in the plane P1 can be deduced. To preclude the possibility of
      reciprocal error a half-grating can be used derived, for instance, from
      the grating of FIG. 1 by sectioning along a median line H perpendicular to
      the bars, the unused half being replaced by a black zone. When the
      half-grating is correctly positioned relatively to the system, a curve
      which is of the kind shown in FIG. 8 and which has just a single peak can
      be obtained.
PAR  FIG. 9 shows how, on the basis of a detecting facility of the kind
      described with reference to FIG. 5, a system can be devised for
      controlling the position of the image-rotating system W parallel to
      grating orientation. The grating is disposed in the plane P1 and the disc
      D is disposed in the plane P2. The image rotator W is disposed on an
      annular platform 1 mounted on a frame 2 with the interposition of a
      rolling bearing 3 and adapted to be rotated around its axis by a two-phase
      control motor 4, a gearwheel 5 and a toothed annulus 6. The system W is
      disposed on platform 1 with the interposition of a rolling bearing 7 and
      can be oscillated continuously around its axis A through the agency of a
      transverse solenoid 8 secured to the platform and of a return spring 9.
      The solenoid 8 is a.c. energized by way of rings 10, brushes 11 and an
      oscillator 12 and acts on a core 13 carried by a member 14 rigidly secured
      to the system W, to which the solenoid 8 imparts, e.g. oscillations of an
      amplitude of .+-. 1.degree. and of a frequency of 20 Hz.
PAR  The lens L1 forms a sharp image in the plane P2 of disc D of the grating
      which is disposed in the plane P1. Disc D is driven by motor M at a
      constant speed corresponding e.g. to a rate-of passage frequency of the
      radial lines of 10 000 Hz. Lens 12 concentrates the resulting image on the
      photosensitive cell C.
PAR  The same is connected to an amplifier A1 tuned to the last-mentioned
      frequency and outputting to a filter F tuned to the oscillatory frequency
      of the system W, the amplifier A1 also outputting to a level detector 15
      whose output provides an/off actuation of a relay 16 when the average
      value of the output from the cell exceeds a value E1 which is somewhere
      between the residual voltage Eo and the peak voltage Ec which are shown in
      FIGs. 7 and 8.
PAR  Relay contact 17 is normally in contact with a fixed contact 18 connected
      to terminal 19 of oscillator 12. Contact 17 is connected via an amplifier
      20 to energizing winding 21 of motor 4, energizing winding 22 thereof
      being energized by a voltage in quadrature as a result of being connected
      to another terminal 23 of oscillator 12. Consequently, platform 1 rotates
      around its axis at a constant speed while the system W also oscillates
      around itself at the frequency specified. When because of such rotation
      the cell is so illuminated that the voltage E1 is reached, relay 16 picks
      up and contact 17 changes over to terminal 24 so that the signal output by
      filter F goes to amplifier 20. The latter signal is either cophasal with
      or in phase opposition to the reference voltage of oscillator 12 and
      vanishes for positions of the system W corresponding to peaks and troughs
      of illumination of cell C. If correctly connected, therefore, motor 4
      rotates the system W until an accurate stable equilibrium position is
      reached which corresponds either to one of the peaks I and II of FIG. 7,
      if a complete grating is used, or to the single peak of FIG. 8.
PAR  Depending upon circumstances, the motor 4 can drive various mechanical or
      electric facilities such as encoders, potentiometers, synchronizers,
      transducers and so on. FIG. 9 shows by way of example a transmitter 25
      driven by a gearwheel 26 meshing with gearwheel 5.
PAR  Advantageously, in the case of a grating in the plane P1 which is
      illuminated by ambient light, the voltage E1 determining the operating
      threshold of relays 16 can be adjusted by a photoelectric cell which is
      itself illuminated by ambient light; consequently, should the illumination
      vary, the voltage E1 represents a substantially constant percentage of the
      peak voltage Ec.
PAR  Accuracy of detection and control depends more particularly upon the pitch
      or definition of the grating and upon the angular spacing between the
      radial lines of the disc and can be of the order of 0.1.degree..
PAR  The invention is of use in all cases in which it is required to detect a
      direction or provide angle control; as possible uses there can be
      mentioned remote controls, telemetering, machine tool and gyroscope
      control, use through transparent walls and so on.
PAR  Of course, the embodiments hereinbefore described can be modified inter
      alia by the substitution of equivalent technical means, without for that
      reason departing from the scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for detecting a direction, comprising a grating having parallel
      bars orientated in the direction to be detected, a continuously rotating
      disc having alternately light and dark radii, means for forming an image
      of the grating on the disc, thereby producing morie figures, means for
      sensing the average light intensity modulation on the superimposed grating
      image and disc, and optical means for rotating said grating image around
      an axis parallel to the axis of disc rotation from a first, initial
      angular position to a second angular position, at which a peak amplitude
      is sensed by said light intensity modulation sensing means, said second
      angular position being indicative of the direction to be detected.
NUM  2.
PAR  2. A device according to claim 1, wherein said image forming means forms an
      image of said grating on an eccentric part of said disc.
NUM  3.
PAR  3. A device according to claim 2, wherein said disc is rotated at a uniform
      speed.
NUM  4.
PAR  4. A device according to claim 1, wherein said optical means includes means
      for oscillating said grating image about its axis of rotation while it is
      being rotated from said first initial angular position to said second
      angular position.
NUM  5.
PAR  5. A device according to claim 4, wherein the frequency of said grating
      image oscillation is many times less than the frequency of said disc
      rotation.
NUM  6.
PAR  6. A device according to claim 5, wherein said sensing means senses the
      light intensity modulation at a frequency corresponding to the frequency
      of said grating image oscillation.
NUM  7.
PAR  7. A device according to claim 1, wherein the optical means for rotating
      the grating image comprises a rotatable system, which rotates the grating
      image when said optical system is rotated.
NUM  8.
PAR  8. A device according to claim 7, wherein the means for sensing the light
      intensity modulation comprises a photosensitive cell.
NUM  9.
PAR  9. A device according to claim 8, wherein the disc comprises alternately
      opaque and light-passing radii, the superimposed grating image and disc
      being observed by transparency.
NUM  10.
PAR  10. A device according to claim 9, wherein the photosensitive cell is
      connected to a measuring instrument through a filter tuned to the
      rate-of-passage frequency of the disc radii.
NUM  11.
PAR  11. A device according to claim 8, wherein means are further provided for
      automatically rotating said optical system from said first initial angular
      position of the grating image to said second angular position.
NUM  12.
PAR  12. A device according to claim 11, wherein said means for automatically
      rotating said optical system from said first to said second angular
      position comprises an electric motor having a control winding connected to
      said photosensitive cell.
NUM  13.
PAR  13. A device according to claim 11, wherein the optical system is
      oscillated around its axis.
NUM  14.
PAR  14. A device according to claim 11, wherein said means for automatically
      rotating said optical system from said first to said second angular
      position comprises an electric motor having a control winding, a level
      detector having an input connected to said photosensitive cell and an
      output, a constant-voltage supply, and switching means responsive to the
      output of said level detector for selectively connecting said motor
      control winding to said constant-voltage supply and to said photosensitive
      cell when respectively the average value of the cell output signal is
      lower and higher than a predetermined threshold.
NUM  15.
PAR  15. A device according to claim 14, wherein said switching means comprises
      a relay having a coil connected to the output of said level detector, a
      normally closed contact inserted between said constant-voltage supply and
      said motor control winding, and a normally open contact inserted between
      said photosensitive cell and motor control winding.
NUM  16.
PAR  16. A device according to claim 15, wherein the motor is a two-phase motor
      whose control winding is selectively connectable by the relay to an
      oscillator and to a filter energized by the cell, the motor energizing
      winding receiving from the oscillator a voltage in quadrature.
NUM  17.
PAR  17. A process for detecting a direction, such process comprising the steps
      of superimposing an image of a parallel bar grating orientated in the
      direction to be detected on a rotatable disc having alternately light and
      dark radii, thereby producing moire figures, continuously rotating said
      disc around its axis, observing the average light intensity modulation on
      the superimposed grating image and disc, and rotating said grating image
      around an axis parallel to the disc axis from a first initial angular
      position to a second angular position, at which a peak amplitude is
      obtained in the observed light intensity modulation, said second angular
      position being indicative of the direction to be detected.
NUM  18.
PAR  18. A process according to claim 17, wherein the grating image is
      superimposed on an eccentric part of the disc, and said disc is rotated at
      a uniform speed.
NUM  19.
PAR  19. A process according to claim 17, wherein said grating image is
      oscillated about its axis of rotation while it is being rotated from said
      first initial angular position to said second angular position.
NUM  20.
PAR  20. A process according to claim 19, wherein the frequency of said grating
      image oscillation is many times less than the frequency of said disc
      rotation.
NUM  21.
PAR  21. A process according to claim 20, wherein the light intensity modulation
      is observed at a frequency corresponding to the frequency of said grating
      image oscillation.
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ABST
PAL  Samples are analyzed for their trace elemental composition by irradiating
      the samples with a beam of nearly monochromatic and polarized photons and
      detecting the fluorescent photons with an energy dispersive solid-state
      detector. The polarized photon source consists of an X-ray tube which
      emits characteristic X-rays and whose output is scattered at a right angle
      by a polarizing disc.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is a device for improving the sensitivity for
      elemental analysis by X-ray fluorescence using energy dispersive
      detectors.
PAR  2. Description of the Prior Art
PAR  Heretofore, a variety of methods have been used to excite a sample to be
      analyzed by X-ray fluorescence. The most practical method has been with
      the use of nearly monochromatic photon sources as described by J. A.
      Cooper in "Comparison of Particle and Photon Excited X-Ray Fluorescence
      Applied to Trace Element Measurements of Environmental Samples," Battelle
      Pacific Northwest Laboratories, Richland, Washington, Report BNWL-SA-4304,
      Aug. 31, 1972, see also Nuclear Instruments and Method, 1973 Vol. 106, pg.
      525. The use of a specially designed X-ray tube, as described by J. M.
      Jaklevic, R. D. Giauque, D. F. Malone, and W. L. Searles in "Small X-Ray
      Tubes for Energy Dispersive Analysis Using Semiconductor Spectrometers,"
      Lawrence Berkeley Laboratory LBL-10 preprint, July 1971, provides the
      safest, most intense and most convenient source of photons for excitation.
      Unfortunately the Compton and coherent scattering peaks dominate the
      spectrum and contribute substantially to the background and detector dead
      time.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention improves the sensitivity of photon excited, energy
      dispersive X-ray fluorescence by substantially reducing the amount of
      Compton and coherent scattering relative to the fluorescent peaks in the
      spectrum. This reduction results from the use of polarized photons in
      exciting the sample being analyzed. As shown by A. H. Compton and C. F.
      Hagenow in the Journal of the Optical Society of America, Apr. 1924, pages
      487-491, and by A. H. Compton and S. K. Allison in X-Rays in Theory and
      Experiment, D. Van Norsted, 1935, pages 18, 19 and 116 to 121, polarized
      X-ray photons are known to have nearly a zero probability of scattering at
      a right angle from a target if the direction of polarization and detector
      are properly oriented.
PAR  It is therefore an object of the present invention to improve the
      sensitivity for elemental analysis of a sample by X-ray fluorescence.
PAR  It is an additional object of the present invention to reduce the amount of
      Compton and coherent scattering present in the X-ray spectrum of a sample
      being analyzed by X-ray fluorescence, such reduction being relative to the
      fluorescent peaks in the spectrum.
PAR  It is a further object of the present invention to analyze a sample by
      irradiating it with a beam of nearly monochromatic and polarized photons
      and detecting the fluorescent photons with an energy dispersive
      solid-state detector.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the invention will become apparent from the
      foregoing specification wherein:
PAR  FIG. 1 shows an example of an X-ray fluorescence analysis system as found
      in the prior art;
PAR  FIG. 2 shows an example of an X-ray fluorescence analysis system according
      to the present invention;
PAR  FIG. 3 is an isometric view illustrating a preferred embodiment of the
      present invention;
PAR  FIG. 4 is a fragmentary vertical sectional view of the upper portion of the
      device of FIG. 3 taken on the line 4--4;
PAR  FIG. 5 is a fragmentary vertical sectional view of the lower portion of the
      device of FIG. 3 taken on the line 5--5;
PAR  FIG. 6 is an isometric view of a further embodiment of the present
      invention;
PAR  FIG. 7 is an enlarged vertical sectional view, taken on the line 7--7 of
      FIG. 6;
PAR  FIG. 8 is a vertical sectional view, taken on the line 8--8 of FIG. 7;
PAR  FIG. 9 shows an example of a typical X-ray spectrum resulting from the
      prior art analysis shown in FIG. 1; and
PAR  FIG. 10 shows an example of an X-ray spectrum resulting from analysis
      according to the device shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a diagram of a typical arrangement of an X-ray tube, sample, and
      detector of an ordinary X-ray fluorescence system. The source 101 of the
      irradiating beam is an X-ray tube, the anode of which is composed of a
      single element, such as molybdenum, of high chemical purity. The tube is
      operated with a suitable anode potential (40 Kv in the case of molybdenum)
      so that X-rays which are characteristic of the anode material are
      efficiently emitted. The filter 103 serves the function of removing
      unwanted low energy X-rays in order to make the X-ray beam more nearly
      monochromatic. The filter must be made from the same pure element as is
      the anode of the X-ray tube. If molybdenum is used, a foil thickness of
      about 0.002 or 0.003 inches is adequate. The monochromatic photons
      emanating from the filter irradiates the sample 105, and the scattered and
      fluorescent x-rays are observed at a 90.degree. angle with an energy
      dispersive solid state detector 107. Used in conjunction with associated
      electronic components, i.e. amplifiers and multi-channel analyzer (not
      shown), the detector 107 resolves the various groups of X-rays and records
      the spectrum.
PAR  FIG. 9 shows a typical X-ray spectrum resulting from irradiating a sample
      with the arrangement shown in FIG. 1. A number of peaks which correspond
      to elements such as iron (Fe), lead (Pb), bromine (Br), rubidium (Rb), and
      strontium (Sr) are seen in the spectrum, and the height of each peak is
      proportional to the concentration of each element in the sample. Note
      however, that most of the background in such a typical photon induced
      X-ray fluorescent spectrum is confined to a narrow energy interval at the
      high energy end. These large Compton scattering peaks (labeled COMP) and
      coherent scattering peaks (labeled COH) are ten times as high as the rest
      of the peaks in the spectrum and are due to an intense flux of Compton and
      coherent scattered photons.
PAR  FIG. 2 shows a diagram of the arrangement of components of an X-ray
      fluorescence system according to the present invention. As before the
      system consists of a source of X-ray photons 101, a filter 103, a sample
      being analyzed 105, and a detector 107. Interposed between the source 101
      and the filter 103 is a polarizer 201. The polarizer 201 has a thickness
      of about one-half inch or less and is composed of a material having a low
      atomic number. An example of such material would be pure beryllium metal,
      carbon, or Lucite plastic. The interposing of the polarizer between the
      source and the sample requires that the relative orientation of the path
      of the X-ray beam between the source and the polarizer, the polarizer and
      the sample, and the sample and the detector be mutually orthogonal. Thus
      as shown in the three axis Cartesian spacial coordinate system illustrated
      in FIG. 2, the path of the X-ray beam between the source 101 and the
      polarizer 201 is along the Z axis; the path of the X-ray beam between the
      polarizer 201 and sample 105 is along the Y axis; and the path of the
      X-ray beam between the sample 105 and the detector 107 is along the X
      axis; all three paths being mutually orthogonal. This mutual orthogonal
      orientation will be more fully described with reference to FIG. 3.
PAR  FIG. 3 is an isometric view of a first preferred embodiment of the
      invention. Sectional views are shown in FIGS. 4 and 5. The device consists
      of two housings 301 and 303. A coupling 305 is used to couple the two
      housings together, position the filter before the sample, and still
      maintain the required orthogonal relationships between the components.
      Additional couplings 307 and 309, collimate the X-rays passing between the
      source 101 and the detector 107 while non-scattered radiation passing
      through the polarizer 201 is channeled outside of the housing 301 by
      coupling 311.
PAR  As an example of components used when the device was tested, each of the
      housings 301, 303 was a one inch pipe tee while each of the couplings 305,
      307, 309 and 311 was a one inch nipple. Part of the pipe tee constituting
      housing 303 was removed to eliminate background. The X-ray source 101 was
      an X-ray tube having a molybdenum anode operated at a potential of 40,000
      V and a power of 15W. As shown in sectional views 4 and 5, one sixteenth
      inch thick aluminum discs 313 each with a one-half inch bore 315 were
      inserted and affixed within the passageways of the pipe tees and nipple to
      collimate the X-rays. The polarizer 201 was a one-half inch thick Lucite
      disc, the analyzed sample 105 was a 300 mg/cm.sup.2 pellet of compressed
      orchard leaves, and a lithium drifted silicon energy dispersive detector
      107 was used for detection of the X-rays emanating from the sample.
PAR  The spectrum which resulted from this embodiment of the invention shown in
      FIGS. 3, 4, and 5 is illustrated in FIG. 10. For the purpose of
      comparison, FIG. 9 shows a conventional, unpolarized analysis accomplished
      with the same X-ray tube, filter, sample, and detector but without the
      polarizer as is illustrated in FIG. 1. A comparison of FIGS. 9 and 10
      clearly indicates that the use of polarization reduces the relative height
      of the unwanted Compton and coherent scattering peaks by a factor of about
      ten. The signal to background ratio for the peak corresponding to the
      element strontium is improved by a factor of about three, and the signal
      to background ratio is also improved for the lead, bromine, and rubidium
      in the sample.
PAR  FIG. 6 shows an isometric view of a more compact embodiment of the
      invention. As shown in FIG. 6, and in the sectional views of FIGS. 7 and
      8, a single aluminum housing 601, associated with a source of X-ray
      radiation 101 and a detector of X-ray radiation 107, has a sample to be
      analyzed 105 attached thereto. A polarizer 701, consisting of a carbon
      graphite cylindrical plug is inserted into housing 601 as shown more
      clearly in FIG. 8. Housing 601 has formed therein a first path 801 between
      the source of X-ray radiation 101 and the polarizer 701, a second path 803
      between the polarizer 701 and the sample to be analyzed 105, and a third
      path 805 between the sample 105 and the detector 107, which paths are
      mutually orthogonal. Filters 103 are mounted in the first and second
      paths, although their number and placement are flexible and depend only on
      optimization of the device. Since aluminum does its own collimation, it
      was unnecessary to place additional collimators within the housing 601. An
      additional collimator might be placed outside the housing just before
      detector 107, but if the detector is small enough a collimator may not be
      needed even here.
PAR  The use of the carbon graphite plug results in a gain of a factor of about
      2 in analysis speed over that obtained through the use of the lucite disc.
      The more compact placement of the components results in a more efficient
      utilization of the X-rays which originate at the X-ray tube, which in turn
      results in a gain of a factor of about 15 in analysis speed. In the
      embodiment of FIG. 7 the X-ray tube would be run at a full power of about
      3kW rather than the 15W used in the embodiment shown in FIG. 3. This
      increased power results in a gain of a factor of 200 in analysis speed.
      Thus the expected gain in analysis speed of this second embodiment
      compared with the first embodiment would be a factor of about 6,000. At
      the same time the improvement in the signal to background ratio which
      results from the use of polarization would be maintained.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A system for analyzing the trace elemental composition of a sample, said
      system comprising: a source of monochromatic and polarized X-ray photons,
      a housing for mounting a sample of the material to be analyzed and means
      for detecting the X-ray emanating from the sample.
NUM  2.
PAR  2. A system for analyzing the trace elemental composition of a sample as
      described in claim 1 wherein said source of monochromatic and polarized
      X-ray photons comprises a source of X-ray photons, a filter, and a
      polarizer.
NUM  3.
PAR  3. A system for analyzing the trace elemental composition of a sample as
      described in claim 2 wherein the paths of the X-rays from the source to
      the polarizer, from the polarizer to the sample being analyzed, and from
      the sample being analyzed to the detecting means are mutually orthogonally
      oriented.
NUM  4.
PAR  4. A system for analyzing the trace elemental composition of a sample as
      described in claim 1 wherein said means for detecting the X-rays emanating
      from the sample resolves the various groups of X-rays and records the
      resulting spectrum.
NUM  5.
PAR  5. A system for analyzing the trace elemental composition of a sample as
      claimed in claim 4 wherein said means for detecting the X-rays comprises a
      lithium drifted silicon energy dispersive detector.
NUM  6.
PAR  6. A system for analyzing the trace elemental composition of a sample as
      described in claim 1 wherein said housing for mounting said sample to be
      analyzed contains a filter and a polarizer positioned within said housing,
      said source of monochromatic and polarized X-ray photons consisting of
      said filter and said polarizer and a source of X-ray radiation, said
      housing having a first path for said X-ray radiation between said source
      of said X-ray radiation and said polarizer, a second path for said X-ray
      radiation between said polarizer and said sample being analyzed and a
      third path for said X-ray radiation between said sample being analyzed and
      said detector, each of said first, second and third paths being mutually
      orthogonally oriented.
NUM  7.
PAR  7. A system utilizing a source of X-ray radiation for analyzing the trace
      elemental composition of a sample by means of a detector which resolves
      various groups of X-rays and records the resulting spectrum, said system
      comprising a housing for mounting said sample, a polarizer and a filter
      positioned within said housing, a first passage between said polarizer and
      said source of X-ray radiation, a second passage, containing said filter,
      between said polarizer and said sample, a third passage between said
      sample and said detector, said first, second and third passages being
      mutually orthogonally oriented.
NUM  8.
PAR  8. A method of analyzing the composition of a sample of material for trace
      elements comprising the steps of irradiating the sample with a beam of
      monochromatic and polarized X-ray photons, resolving and detecting the
      various groups of X-rays, and recording the resulting spectrum.
NUM  9.
PAR  9. A method of analyzing the composition of a sample of material for trace
      elements as described in claim 8 wherein said step of irradiating the
      sample with a beam of monochromatic and polarized X-ray photons comprise
      passing a beam of X-rays from a source of X-ray radiation through an X-ray
      filter and through an X-ray polarizer to produce said beam of
      monochromatic and polarized X-ray photons.
NUM  10.
PAR  10. A method of analyzing the composition of a sample of material for trace
      elements as described in claim 9 wherein the path of the X-ray beam from
      said source to said polarizer, the path of the X-ray beam from said
      polarizer to said sample of material, and the path of the X-ray beam from
      said sample of material to a resolving and detecting means are mutually
      orthogonally oriented.
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ABST
PAL  An X-ray topograph reproducing apparatus is provided whereby the X-ray
      topograph throughout the total surface of a specimen crystal may be
      reproduced in positive and rapid succession. The reproduction of the X-ray
      topograph is effected by providing means for rotating the crystal in a
      horizontal direction while being moved in parallel with a given direction.
      The X-ray topograph at one point on the crystal obtained by an incident
      X-ray having different wave lengths is always reproduced at the same
      position on a record surface by providing means for maintaining the amount
      of movement of the record surface with respect to the amount of movement
      of the crystal at a given ratio and by providing means for recording or
      indicating an image reproducing output signal in one or two dimensional
      manner by both of a signal of detecting the amount of movement of the
      crystal and a signal associated with scanning in the lengthwise direction
      of slits through which pass the X-ray.
PARN
PAR  This is a continuation of application Ser. No. 325,414, filed Jan. 22,
      1973, which is a continuation of application Ser. No. 123,726, filed Mar.
      12, 1971 both abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION FIELD OF THE INVENTION
PAR  The present invention relates to an X-ray topograph reproducing apparatus,
      more particularly, to an improved apparatus which can correct an incident
      angle of an X-ray beam arriving at the surface of a specimen crystal such
      that Bragg's diffraction condition is satisfied, that is, the incident
      angle is always equal to Bragg's angle and hence the X-ray topograph
      (X-ray microscopically diffracted image) throughout the total surface of
      the crystal can be reproduced and recorded irrespective of the presence of
      absence of curved portions formed thereon.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A Lang's camera, that is, an X-ray topograph camera of the scanning type
      heretofore proposed and shown in FIG. 1 comprises two stationary slits 1
      and 3, a specimen crystal 2 whose crystal defect is to be measured and a
      photographic dry plate 4, and in which the crystal 2 and the photographic
      dry plate 4 are operatively interlocked to reciprocate in parallel with
      one another in a given direction shown by arrows such that the Bragg's
      diffraction condition is satisfied. An X-ray beam 6 emitted from an X-ray
      supply source 5 whose focal point is extremely small and incident through
      the first slit 1 upon the crystal 2 causes Bragg's reflection. A straight
      path undergone by the X-ray 6 shown by dotted lines is interrupted by the
      second slit 3 and the diffracted beam only is incident through the second
      slit 3 upon the photographic dry plate 4 to reproduce a diffracted image
      of the crystal 2 thereon.
PAR  In the above mentioned X-ray topograh camera of the scanning type, the
      incident angle of the X-ray beam 6 must always satisfy Bragg's diffraction
      condition. In cases of reproducing an X-ray topograph of the surface of a
      crystal having minutely curved portions, Bragg's diffraction condition is
      only satisfied by one curved portion of the crystal so that at every time
      of reproducing the X-ray topograph only a diffracted image of one of the
      curved portions of the crystal can be reproduced. Thus, it is very
      troublesome to reproduce the X-ray topograph throughout the total surface
      of the crystal with the aid, for example, of a television camera.
PAR  When the crystal structure is to be examined in a laboratory, specimen
      crystals whose diffracted images can easily be reproduced are selected in
      order to avoid the trouble of reproducing the X-ray topograph thereof.
      But, in case of manufacturing semiconductor wafers the surface of a
      crystal such as silicon becomes minutely curved owing to the heat
      treatment given to the crystal during the manufacturing steps, with the
      result that it is often necessary to detect the crystal defects included
      in such minutely curved portions with the aid of the X-ray topograph.
      Thus, that position of the crystal at which the diffracted image should be
      reproduced must frequently be changed in order to detect the crystal
      defect throughout the total surface of the crystal. Such adjustable and
      frequent changes of the position of the crystal make the steps of
      manufacturing the semiconductor wafer very difficult and quite unsuitable
      for carrying out such steps in an industrial scale.
PAR  The X-ray beam 6 emitted from the X-ray supply source 5 is a characteristic
      X-ray K.alpha. beam consisting of two spectral lines K.alpha..sub.1 and
      K.alpha..sub.2 whose diffraction directions are slightly different from
      each other. The irradiation of the crystal with two spectral lines
      K.alpha..sub.1 and K.alpha..sub.2 results in a record of two diffracted
      images of the crystal which are slightly shifted from each other thus
      deteriorating the resolving power of the record thus obtained. In order to
      improve the resolving power of the record, it has heretofore been proposed
      to interrupt the K.alpha..sub.2 of the two spectral lines by means of a
      mechanical slit. Such interruption of the spectral line K.alpha..sub.2
      decreases the diffraction strength of the X-ray beam. Use has also been
      made of a narrow slit to separate K.alpha..sub.1 of the two spectral lines
      from spectral line K.alpha..sub.2. In this case the reflecting surface of
      the crystal must strictly be in parallel with the lengthwise direction of
      the slit, thus requiring a large expenditures of time and effort for
      adjusting the position of the crystal. Moreover, the use of spectral line
      K.alpha..sub.1 only could not improve the resolving power of the record
      obtained even though the focal point of the X-ray beam is made as small as
      possible since spectral line K.alpha..sub.1 per se has also different wave
      lengths over a considerable range. Thus, the conventional X-ray topograph
      reproducing apparatus could not be applied for the steps of manufacturing
      a semiconductor wafer in an industrial scale.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the invention to provide an improved X-ray
      topograph reproducing apparatus which can improve the resolving power of
      diffracted images.
PAR  Another object of the invention is the provision of an improved X-ray
      topograph reproducing apparatus suitable for use in detecting crystal
      defects of a semiconductor wafer.
PAR  A still further object of the invention is the provision of an improved
      X-ray topograph reproducing apparatus whih can detect the crystal defect
      of a crystal having minutely curved surface portions in a rapid and easy
      manner.
PAR  It is a particular object of the invention to provide an improved X-ray
      topograph reproducing apparatus which can be remotely controlled to
      prevent an operator from being exposed to dangerous X-ray beams.
PAR  According to the invention there is provided an improved X-ray topograph
      reproducing apparatus comprising means of supporting a specimen crystal to
      be measured having flat or curve surface portions so as to rotate the
      specimen crystal in a horizontal direction while being moved in parallel
      with a given direction, an arm projecting from said supporting means and
      having a desired length and provided at its free end with a guide member,
      a straight guide rail associated with said guide member to rotate said
      crystal in a horizontal direction in response to its movement in parallel
      with said given direction, and means for adjusting the inclined angle of
      said guide rail with respect to said given direction, and which is
      arranged in a manner such that an incident angle of an X-ray beam arriving
      at the surface of said crystal is made equal to the Bragg's angle at every
      position of said crystal so that the diffracted image of the crystal
      throughout the total surface thereof can be reproduced in a positive and
      easy manner.
PAR  According to the invention there is further provided an improved X-ray
      topograph reproducing apparatus comprising means for maintaining the
      amount of movement of a record surface such as a picture screen of a
      television camera or a photographic dry plate of a photographic camera
      with respect to the amount of movement of a specimen crystal at a given
      ratio determined by the geometrical arrangement between an X-ray supply
      source on the one hand and the crystal and the record surface on the other
      hand, and which is arranged in a manner such that the X-ray topograph at
      one point on the crystal obtained by an incident X-ray having different
      wave lengths is always reproduced at the same position on the record
      surface.
PAR  According to the invention there is still further provided an improved
      X-ray topograph reproducing apparatus comprising means including a
      stationary record surface and for scanning it to deliver an image
      reproducing output signal, means for extracting an image reproducing
      output signal corresponding to an X-ray topograph having a desired range
      of wave lengths from X-ray topographs formed on a record surface such as a
      picture screen of a television camera or a photographic dry plate of a
      photographic camera, and means receiving said image reproducing output
      signal as extracted by said extracting means and a signal associated with
      scanning in the lengthwise direction of slits on the one hand and a signal
      derived in correspondence with the movement of a specimen crystal and for
      detecting the amount of movement of said crystal and recording or
      indicating said image reproducing output signal in one or two dimensional
      manner by both of said signal of detecting the amount of movement of the
      crystal and of said signal associated with said scanning in the lengthwise
      direction of the slits.
PAR  Preferred embodiments of the invention are illustrated in the following
      drawings in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a conventional X-ray topographic
      reproducing apparatus;
PAR  FIG. 2 shows a plan view of an X-ray topograph reproducing apparatus
      comprising means of mechanically correcting an incident angle of an X-ray
      beam arriving at the surface of a crystal specimen so as to always satisfy
      the Bragg's diffraction condition;
PAR  FIG. 3 is a sectional view taken along the line A--A of FIG. 2;
PAR  FIG. 4 is a schematic representation illustrating the operation of the
      apparatus shown in FIG. 2;
PAR  FIG. 5 is a plan view of a variant of a detail of FIG. 2; and
PAR  FIG. 6 shows diagrammatically a fundamental construction of the X-ray
      topograph reproducing apparatus according to the invention for
      illustrating its principle and adapted to prevent a deterioration of the
      resolving power caused by the aberration produced by the difference in
      diffraction directions of two spectral lines K.alpha..sub.1 and
      K.alpha..sub.2 of the characteristic X-ray;
PAR  FIGS. 7 to 10 show diagrammatically various embodiments of the X-ray
      topograph reproducing apparatus constructed on the basis of the principle
      illustrated in FIG. 6;
PAR  FIG. 11 shows diagrammatically another embodiment of the X-ray topograph
      reproducing apparatus applied to the Bragg case wherein diffracted images
      are obtained by X-ray reflection; and
PAR  FIGS. 12 and 13 show diagrammatically still other embodiments of the X-ray
      topograph reproducing apparatus according to the invention wherein use is
      made of a television camera for the purpose of preventing a deterioration
      of the resolving power caused by the aberration produced by the difference
      in diffraction directions of two spectral lines K.alpha..sub.1 and
      K.alpha..sub.2 of the characteristic X-ray.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 2 and 3, 11 designates a carriage movably on a bed 12 so
      as to be movable along the surface of the bed 12 in a direction shown by
      arrows 13. 14 shows a block which is rotatable about its center axis 16 on
      the surface of the carriage in a direction shown by arrows and on which is
      rotatably mounted a table 15 which is also rotatable about the center axis
      16. The table 15 is made stationary after it has been rotatably adjusted
      on the block 14. The block 14 is provided on its one side with arm 18
      projected therefrom and having a desired length and extending in a
      direction in parallel with a specimen crystal 17 whose crystal defects are
      to be measured. The arm 18 is provided at its free end with a claw-shaped
      guide member 19 which is urgent against a straight guide rail 21 by means
      of a tension spring 20 arranged between the arm 18 and the carriage 11. 22
      designates another carriage adapted to move in a direction shown by arrows
      23. On this carriage 22 is arranged the guide rail 21. When the arm 18
      occupies a position shown by dotted lines which is coincident with the
      horizontal direction, the guide claw 19 comes into contact with the guide
      rail 21 at a point 24 which will hereinafter be called as a first adjusted
      point. The guide rail 21 is adapted to rotate about this point 24 in a
      direction shown by arrows 26 with the aid of an adjustable member 25 for
      adjusting the inclined angle .alpha. of the guide rail 21. The guide rail
      21 is made stationary after it has been rotatably adjusted to a desired
      inclined position. 27 shows a diffracted image reproducing means such as a
      television camera or a photographic camera secured to the carriage 11 and
      adapted to reproduce an X-ray topograph. The diffracted image reproducing
      means 27 is so arranged that its record surface 28 such as a picture
      screen or a photographic dry plate may be moved in parallel with the
      direction 13 whilst making the angle of the record surface 28 inclined
      from the surface to be measured of the crystal 17 constant. 29 shows a
      first slit arranged between an X-ray supply source (not shown) and the
      crystal 17. 30 is a second slit arranged between the crystal 17 and the
      record surface 28. All of the X-ray supply source and the first and second
      slits 29 and 30 are secured to the bed 12.
PAR  If the carriage 11 moves in the direction shown by the arrows 13, the
      crystal 17 and the record surface 28 move in parallel with the direction
      13 so that the total surface to be measured of the crystal 17 is scanned
      by an incident X-ray beam 31 to reproduce a diffracted image of the
      crystal 17 on the record surface 28.
PAR  In case of continuously reproducing the diffracted image of the crystal 17,
      at the first place where the crystal 17 has minutely curved surface
      portions such as refound in a silicon monocrystal the carriage 11 is moved
      to a position shown by dotted lines where the guide claw 19 is located at
      the first adjusted point 24 on the guide rail 21 and the arm 18 extends in
      a horizontal director as shown in dotted lines. Then, the table 15 is so
      rotated that the incident angle of the X-ray beam 31 is equal to the
      Bragg's angle and that the X-ray beam 32 is incident through the second
      slit 30 upon the record surface 28 and then the table 15 is secured to the
      block 14. Secondly, that position at which the crystal 17 is moved towards
      a position shown by full line the adjustable member 25 is moved in a
      direction shown by arrows 26 to adjust the inclined angle a of the guide
      rail 21.
PAR  The curvature of the curved surface of the crystal 17 is extremely small
      and is substantially similar to a circle. If the inclined angle .alpha. of
      the guide rail 21 is so adjusted that the incident angle of the X-ray beam
      31 is equal to the Bragg's angle at the above mentioned two positions, the
      adjustments at these two positions cause the surface of the crystal 17 to
      trace a given circle. Thus, the incident angle of the X-ray beam 31
      inclined from a tangent line at the position of arrival at the crystal 17
      of the incident X-ray beam 31 becomes constant. As seen from the above,
      the incident angle of the X-ray beam 31 is equal to the Bragg's angle so
      that the Bragg's diffraction condition is satisfied by the crystal 17
      throughout its movement, thereby continuously reproducing the diffracted
      image of the crystal 17 on the record surface 28.
PAR  The geometrical relation between the crystal 17 on the one hand and the arm
      18 and the guide rail 21 on the other hand will now be described. A
      simplified construction of the apparatus shown in FIG. 2 is
      diagrammatically illustrated in FIG. 4. The positions of the arm 18 and
      the crystal 17 shown by dotted lines and full line in FIG. 4 (these
      positions corresponds to those positions at their rotating center axis 16
      shown in FIG. 3) correspond to the positions of the arm 18 and the crystal
      17 shown by dotted lines and full line in FIG. 2.
PAR  If the length of the arm 18 is l, the distance moved by the rotating center
      axis 16 x, the length of displacement in the horizontal direction of the
      guide claw 19 x' and the angular change of the arm 18 with respect to the
      horizontal direction .theta., then
EQU  x' = x - l(1 - cos .theta.)                                (1)
EQU  x' tan .alpha. = l sin .theta.                             (2)
PAL  where .theta. is extremely and hence 1 - cos .theta. .delta. 0 and sin
      .theta. .apprxeq. .theta..
PAL  Then
EQU  x' .apprxeq. x
PAL  and from the equation (2)
      ##EQU1##
      The equation (3) represents a circle having a radius of curvature R given
      by
      ##EQU2##
PAR  Thus, the above mentioned two points of adjustment makes it possible to
      always keep the incident angle .theta. of the X-ray beam 31 inclind from
      the tangential direction of the locus traced by the crystal 17 constant.
PAR  In the embodiment shown in FIG. 2, if the crystal 17 is positioned on the
      rotating center axis 16 of the table 15 and l = 20 cm, x = 3 cm, .theta. =
      2' and
      ##EQU3##
      (.alpha. = 0.23.degree.), then the radius of curvature R is given by the
      equation (4) as 50 m.
PAR  The inclined angle .alpha. of the guide rail 21 determined by the
      adjustable member 25 is equal to the curvature of the above mentioned
      curved surface of the crystal 17. Thus, the measurement of such inclined
      angle .alpha. ensures an indications of the curvature of the curved
      surface of the specimen 17.
PAR  In the above mentioned embodiment, it is not always necessary to attend the
      arm 18 along the direction of movement of the crystal 17, but it is
      preferred. Because, if the length l of the arm 18 is constant, the
      adjustment of the angular change of the position of the crystal 17, that
      is, the rate of magnification of the inclined angle .alpha. of the guide
      rail 21 reaches a maximum.
PAR  If the inclined angle .alpha. of the guide rail 21 changes from zero to
      positive as shown in FIG. 2 or from zero to negative or from any angle to
      zero with respect to the direction of movement of the crystal 17, the
      locus traced by the crystal 17 becomes a concave, convex or flat surface
      respectively.
PAR  If the angle .theta. of the arm 18 with respect to the horizontal direction
      is extremely small and the arm 18 extends along the horizontal direction,
      the first adjusted point 24 can be adjusted by moving it along the
      horizontal direction, and then the above mentioned adjustments of the
      table 15 and the guide rail 21 can be carried out.
PAR  The arm may be provided at its free end with a pivot pin 33 about which may
      pivot the guide rail 21 as shown in FIG. 5. In the present embodiment, the
      pivot pin 33 serves to adjust the inclined angle .alpha. of the guide rail
      21. After the guide rail 21 has been secured to its adjusted inclined
      position, the guide rail 21 is brought into engagement with a guide pin 33
      secured to the carriage 22. The present embodiment is also capable of
      making the incident angle of the x-ray beam 31 equal to the Bragg's angle.
PAR  Thus, the invention provides an efficient way of continuously reproducing
      the X-ray topograph of the crystal 17 througout the total surface thereof
      even when the crystal surface is minutely curved in a manner similar to
      the case when the crystal surface is flat irrespective of the presence of
      the concave or convex surface and can be applied effectively to the X-ray
      diffraction analysis of the semiconductor wafer whose crystal surface
      includes curved portions produced when subjected to the heat treatment
      during the manufacture thereof and further provides the important
      industrial advantage that the X-ray diffraction analysis can be performed
      on line.
PAR  The apparatus according to the invention may suitably be applied to
      apparatus in which the incident angle of a radiation beam must be
      corrected as in the case of measuring the transmittivity of the specimen
      crystal with the aid of the electron beam or light ray other than the
      X-ray beam.
PAR  In FIG. 6 there is shown another embodiment of the X-ray topograph
      reproducing apparatus according to the invention in which use is made of
      the X-ray beam of characteristic X-ray K.alpha. beam consisting of two
      spectral lines K.alpha..sub.1 and K.alpha..sub.2 whose diffraction
      directions are slightly different one from the other. In the present
      embodiment, the first slit 29 arranged between an X-ray supply source 5
      having an extremely small focal point and the crystal 17 and the second
      slit 30 arranged between the crystal 17 and the record surface 28 are made
      stationary, whereas the crystal 17 and the record surface 28 are made
      reciprocated at the same speed and parallel to one another in a direction
      shown by arrows in a manner such that the incident angle of the X-ray beam
      31 is equal to the Bragg's angle.
PAR  The characteristic X-ray K.alpha. beam 31 issued from the X-ray supply
      source 5 and consisting of the two spectral lines K.alpha..sub.1 and
      K.alpha..sub.2 is incident through the first slit 29 upon the crystal 17
      to cause Bragg's diffraction thereon. A straight path (not shown)
      undergone by the X-ray 31 is interrupted by the second slit 30 and the
      diffracted X-ray 32 only is incident through the second slit 30 upon the
      record surface 28 to reproduce the diffracted image of the crystal 17
      thereon.
PAR  Let the wave lengths of the characteristic X-ray spectral lines
      K.alpha..sub.1 and K.alpha..sub.2 be designated as .lambda..sub.1 and
      .lambda..sub.2 (.lambda..sub.1 &lt;.lambda..sub.2), respectively, and let the
      distance between atoms of the crystal 17 be designated as d. The Bragg's
      angles .theta..sub.1 and .theta..sub.2 for .lambda..sub.1 and
      .lambda..sub.2 are .theta..sub.1 &lt;.theta..sub.2 since 2dsin.theta..sub.1
      =.lambda..sub.1 and 2dsin.theta..sub.1 =.lambda..sub.2. Thus, the Bragg's
      angle .theta..sub.1 at a point A on the crystal 17 is different from the
      Bragg's angle .theta..sub.2 at another point B thereon, with the result
      that the position of the diffracted X-ray 32 of the K.alpha..sub.1
      spectral line is shifted from the position of the diffracted X-ray small
      of the K.alpha..sub.1 spectral line. If the focal point of the X-ray
      supply source 5 is extremely small and the distance between the X-ray
      supply souce 5 and the crystal 17 is considerably large, those points on
      the crystal 17 at which the K.alpha..sub.1 and K.alpha..sub.2 spectral
      lines satisfy the Bragg's condition are separated into the points A and B
      on the crystal.
PAR  More particularly, if the crystal 17 having the lattice defect at the point
      A moves across the K.alpha..sub.1 spectral line in the direction shown by
      arrows, the lattice defect point A causes the K.alpha..sub.1 spectral line
      to diffract and reproduce its diffracted image at a point C on the record
      surface 28. When the lattice defect at the point A reaches the position B
      of the K.alpha..sub.1 spectral line, the movement of the record surface 28
      moved with the crystal 17 at the same speed results in a displacement of
      the point C at which has been reproduced the diffracted image towards a
      point E, while the diffracted image of the same lattice defect is
      reproduced at a point D, with the result that the diffracted images of the
      spectral line K.alpha..sub.1 and K.alpha..sub.2 are reproduced at
      different positions thus deteriorating the resolving power of the record
      obtained.
PAR  The invention, by taking the above mentioned fact into consideration,
      causes the movement of the record surface 28 to lag with respect to the
      movement of the crystal 17 by a distance DE and bring the diffracted image
      C into coincidence with the diffracted image D and hence improve the
      resolving power of the diffracted image.
PAR  Let a point of symmetry of the X-ray supply source 5 with respect to the
      position of the crystal 17 taken as a symmetrical plane, that is, a point
      into which are converged the diffracted images of the K.alpha..sub.1 and
      K.alpha..sub.2 spectral lines be designated as a point F and let points at
      which intersect extensions of straight lines BD and BE which extend
      through the two points D and E, respectively, with the record surface 28
      shown by dotted lines be designated as F and G, respectively. Moreover,
      let the distance between the crystal 17 and the record surface 28 shown by
      dotted lines be designated as E = AC and let the distance between the
      point F and the crystal 17 be designated as L = AP. Then, the ratio
      between the amount of movement AB of the crystal 17 and the amount of
      movement CP of the record surface 28, that is the ratio between the
      amounts of movement
      ##EQU4##
      is given by
      ##EQU5##
PAR  Thus, the crystal 17 and the record surface 28 may be operatively
      interlocked such that the two diffracted images of the spectral lines
      K.alpha..sub.1 and K.alpha..sub.2 are disposed one upon the other to
      record a diffracted image having a good definition.
PAR  The above mentioned distance CD is a distance measured in parallel with the
      crystal 17 and is not equal to the amount of movement CF of the record
      surface 28. But, the angle a between the crystal 17 and the record surface
      28 is about 6.degree. to 10.degree., the amount of movement of the crystal
      17 is about 2 cm and the distance between the x-ray supply source 5 and
      the crystal 17 is about 50 cm.
PAR  Thus an assumption may be made that CD = CF and the distances l and L are
      constant during the movement of the crystal 17.
PAR  Referring now to FIG. 7 showing a further embodiment of the apparatus
      according to the invention, 35 designates a rack for supporting and moving
      the crystal 17 along a guide member 36 such as a rail. 37 shows another
      rack for supporting and moving the record surface 28 along a guide member
      38 such as a rail. The rack 35 is threadedly engaged with a gear 39 which
      is in mesh with a gear 40 with which is threadedly engaged the rack 37.
      One of the gears 40 is driven by a driving means 41 such as a motor, etc.
      The gear ratio between the gears 39 and 40 is determined by
      ##EQU6##
      Thus, the ratio between the amounts of movement of the racks 35 and 37 is
      given by
      ##EQU7##
      This ratio ensures a record of the two diffracted images of the same
      lattice defect of the crystal 17 at the same position on the record
      surface 28.
PAR  As seen from the above, the invention permits the diffracted image of the
      same lattice defect upon which is incident the x-ray beam 31 having two
      spectral lines K.alpha..sub.1 and K.alpha..sub.2 to be reproduced always
      at the same position on the record surface 28. The invention may also be
      applied to a continuous x-ray without any modification.
PAR  A modified embodiment of moving the crystal 17 and the record surface 28
      whilst maintaining the above mentioned ratio between the amounts of
      movement constant will now be described with reference to FIG. 8.
PAR  Referring to FIG. 8, let a point of symmetry of the x-ray supply source 5
      with respect to the crystal 17 taken as a symmetrical plane be designated
      as a point P. Then, the diffracted images of the two spectral lines
      K.alpha..sub.1 and K.alpha..sub.2 are converged into the point P. In the
      present embodiment about the point P is pivotally mounted an arm 42 to
      which is secured the record surface 28 inclined by an angle of 90.degree.
      - a from the arm 42. The arm 42 is provided at its free end with a guide
      groove 43 into which is slidably engaged a pin 44 secured to a member 45
      for supporting the crystal 17.
PAR  If the arm 42 is rotated, the crystal 17 and the record surface 28 move in
      a direction shown by arrows with the ratio between the amounts of movement
      kept constant to reproduce the x-ray topograph of the same lattice defect
      at the same position on the record surface 28.
PAR  Thus, the invention is capable of using the first slit 29 whose width is
      sufficiently wide enough to pass the x-ray beam 31.
PAR  In FIG. 9 there is shown a variant of the embodiment shown in FIG. 8. In
      the present embodiment, the crystal supporting member 45 and the record
      surface 28 are so arranged that they can be moved along guide members 36
      and 38 such as rails inclined one from the other by the angle .alpha.. The
      arm 2 is rotatably mounted about the above mentioned point P and is
      provided at its free end with two guide grooves 43 and 46 into which are
      slidably engaged pins 44 and 47 secured to the crystal supporting member
      45 and the record surface 28, respectively. Similar to the embodiment
      shown in FIG. 8, if the arm 42 is rotated, the crystal 17 and the record
      surface 28 move along the guide members 36 and 38 in directions shown by
      arrows with the above mentioned ratio between the amounts of movement kept
      constant.
PAR  FIG. 10 shows a still further embodiment of the apparatus according to the
      invention wherein use is made of an x-ray Vidicon tube as the diffracted
      image reproducing means 27.
PAR  In the embodiment shown in FIG. 10, the diffracted x-ray 32 is incident
      upon the picture screen 28 of the x-ray Vidicon tube 27 to reproduce the
      diffracted image of the crystal 17 thereon. An electric signal
      corresponding to the diffracted image is delivered to a monitor 48 which
      serves to treat the electric signal such that the diffracted image on the
      picture screen 28 is magnified in a direction in parallel with the slits
      29 and 30 and perpendicular to the sheet of FIG. 5 by M times larger than
      the original diffracted image and is magnified in a direction CF by M
      times larger than an inverse number of the above mentioned constant ratio
      between the amounts of movement, i.e., L/L-A,
PAL  thus enabling the diffracted image to be recorded by a recording means 49.
      In the present embodiment, the x-ray Vidicon tube 27 and the monitor 48
      are made stationary, whilst the crystal 17 and the recording means 49 are
      moved in synchronism and also in parallel with one another in a direction
      shown by arrows. The scanning of the recording means 49 is effected at a
      speed which is M times faster than that of the scanning of the crystal 17.
PAR  In the present embodiment, the use of the monitor 48 and the recording
      means 49 makes it possible to shift, when the crystal 17 is moved, the
      diffracted image C of the lattice defect point A of the crystal 17
      obtained by the K.alpha..sub.1 spectral line not to a point O on the
      record surface 28 but to diffracted image P of the lattice defect point A
      of the crystal 17 obtained by the K.alpha..sub.2 spectral line. Thus, the
      diffracted images recorded by the monitor 48 and the recording means 49
      and corresponding to the diffracted images C and P, respectively, are
      disposed one upon the other to improve the resolving power of the
      diffracted image.
PAR  All of the embodiments shown in FIGS. 7 to 10 are applied to the Laue case
      in which diffracted images are obtained by X-ray transmission. The
      invention may also be applied to the Bragg case wherein diffracted images
      are obtained by X-ray reflection as shown in FIG. 11.
PAR  In the embodiment shown in FIG. 11, the above mentioned ratio between the
      amounts of movement is replaced by a ratio given by
      ##EQU8##
PAR  In the present embodiment the moving means is constructed such that the
      crystal 17 is operatively interlocked with the record surface 28 with the
      ratio L + l/L kept as in the embodiments shown in FIGS. 7 to 10.
PAR  In case of obtaining the diffracted image by X-ray reflection as in the
      Bragg case with the aid of the television camera similar to the embodiment
      shown in FIG. 10 use may be made of the ratio L/L + l in place of the
      ratio L/L - l.
PAR  As seen from the above, the invention makes it possible to use the slit 29
      whose width is sufficiently wide enough to pass all of the X-ray beams 31
      and eliminate a difficult problem of accurately adjusting the crystal
      position which has been encountered with the conventional apparatus
      thereby adjusting the crystal position without any skill in a rapid and
      simple manner. The present invention also permits the same lattice defect
      of the specimen crystal to be disposed one upon the other and recorded at
      the same position on the record surface 28 or by the recording means 49.
      Thus, the strength of the diffracted images of the K.alpha..sub.1 and
      K.alpha..sub.2 spectral lines can be increased about 1.5 times stronger
      than the diffracted images obtained by the conventional apparatus. Thus,
      the invention is particularly useful in case of reproducing the X-ray
      topograph of the diffracted image.
PAR  The Lang's camera heretofore proposed has its resolving power in the order
      of at most 2 to 3 .mu.m even in the presence of the extremely small focal
      point owing to the enlargement in the range of the wave lengths of the
      K.alpha..sub.1 spectral line. The invention ensures convergence of the
      refracted images of all of the different wave lengths of the X-ray beams
      into one point and hence can eliminate an adverse effect due to the
      enlargement in the range of the different wave lengths of the X-ray beam
      with the result that the use of an X-ray tube whose X-ray focal point is
      small permits of obtaining a high resolving power in the order of 0.1
      .mu.m in an easy manner.
PAR  In the above mentioned embodiments, the characteristic X-ray K.alpha..sub.1
      and K.alpha..sub.2 lines consist of spectral lines having different wave
      lengths. But, the similar advantageous effect can also be obtained by
      using a continuous X-ray in place of the characteristic X-ray without
      deteriorating the resolving power of the diffracted image. For example, an
      X-ray having a wave length which lies near the absorption end may be used
      to reproduce an X-ray topograph.
PAR  In FIG. 12 there is shown another embodiment of the apparatus according to
      the invention. In the present embodiment, the television camera 27 is made
      stationary, whereas the crystal 17 is made reciprocated in a direction
      shown by arrows and in parallel with the surface thereof in a manner such
      that the Bragg's diffraction condition is satisfied. As described above
      with reference to the embodiment shown in FIG. 6, the lattice defect point
      A on the crystal 17 where the K.alpha..sub.1 and K.alpha..sub.2 spectral
      lines satisfy the Bragg's diffraction condition is reproduced at two
      points A' and B' on the record surface 28 separated one from the other
      thus deteriorating the resolving power of the record thus obtained.
PAR  In the present embodiment, the record surface 28 of the television camera
      such as a Vidicon tube is scanned in a vertical direction (that is, in a
      direction perpendicular to the sheet of FIG. 12 which is the lengthwise
      direction of the slits 29 and 30) and furthermore the total surface of the
      record surface 28 inclusive of the points A' and B', that is, the region
      for reproducing the diffracted image is horizontally scanned in a
      direction shown by dotted lines arrows in FIG. 12.
PAR  For this purpose, to the camera 27 is connected an adjustable circuit 50
      for adjusting the positions, amplitude and inclination of the vertical and
      horizontal scannings and the monitor 48 for directly viewing the condition
      of the record surface 28. The adjustable circuit 50 serves to properly
      move the position on the record surface 28 at which the vertical scanning
      is effected in directions shown by dotted line arrows in FIG. 12 such that
      said position includes the diffracted image of the X-ray having a desired
      wave length range, for example, the diffracted image A' of the
      K.alpha..sub.1 line while directly viewing the monitor 48. The adjustable
      circuit 50 and the monitor 48 further adjust the desired wave length
      width, that is, the scanning amplitude in the horizontal direction
      (direction shown by dotted line arrows in FIG. (2) in a manner such that
      the scanning width is made reduced so as to scan, for example, the
      diffracted image A' only.
PAR  Thus, the camera 27, the adjustable circuit 50 and the monitor 48 can
      select the wave length and its width of the X-ray 31 at will thereby
      scanning the desired record surface 28 only. This is equivalent to the
      presence of a mechanical slit arranged in front of the record surface 28.
      Such mechanical slit may also be incorporated into the present embodiment.
PAR  51 designates a charge storage tube to which are delivered through
      condensor 52 and 53 the image reproducing output signal and the vertically
      scanning signal in synchronism with the vertical deflecting output from
      the camera tube of the camera 27, respectively. Further, provision is made
      of a detector circuit 54 for detecting the amount of movement of the
      crystal 17 which moves in a direction shown by arrows in FIG. 12. As the
      detector circuit 54 use may be made of a circuit comprising a
      potentiometer whose variable brush is connected to a standard voltage
      source. The variable brush is adjustably moved in response to the movement
      of the crystal 17 to detect the amount of movement thereof in the form of
      sawtooth wave signal. The detector circuit 54 is connected to the charge
      storage tube 51 so as to horizontally scan the vertically diffracted image
      of the crystal 7 in association with the amount of movement thereof. Thus,
      if the crystal 17 moves the diffracted image obtained by the X-ray having
      a given range of wave lengths can be stored in the charge storage tube 51
      in two dimensional manner one by one. If the crystal 17 is reciprocated
      several times or the horizontal scanning of the charge storage tube 51 is
      effected at a low speed, the strength of the diffracted image can be
      increased.
PAR  To the charge storage tube 51 is coupled to direct viewing means 55. The
      output of the charge storage tube 51 is delivered to the direct viewing
      device 55 so as to directly view the diffracted image stored in the charge
      storage tube 51.
PAR  In place of limiting the scanning zone, use may be made of a gate circuit
      56 shown by dotted lines so as to extract the image reproducing output
      corresponding to the X-ray topograph having a given range of wave lengths
      only. That is, the adjustable circuit 50 is adjusted such that the record
      surface 28 is vertically scanned in correspondence with the lengthwise
      direction of the slits and that the total surface of the record surface 28
      across the points A' to B' at which is reproduced the diffracted image is
      horizontally scanned in directions shown by dotted line arrows to derive
      the image reproducing output signal. This output signal is delivered to
      the gate circuit 56 and by viewing the monitor 48 in comparison with the
      direct viewing means 55 it is possible to extract the image reproducing
      output signal at the desired horizontal position only. The output signal
      thus extracted is delivered through the conductor 52 to the charge storage
      tube 51.
PAR  Referring to FIG. 13 there is shown a variant of the embodiment shown in
      FIG. 12. In the present embodiment use is made of a recording means 57
      including a pin tube or a fibre tube. To the recording means 57 are
      supplied through the conductors 52 and 53 the image reproducing output
      signal and the vertical scanning signal to record the selected diffracted
      image on a record sheet 58 which is fed in a direction shown by an arrow
      response to the movement of the crystal 17. The recording means 57 may be
      connected in parallel with the charge storage tube 51 shown in FIG. 12.
      This permits of directly view and record the diffracted image.
PAR  The above mentioned embodiments shown in FIGS. 12 and 13 are applied to the
      Laue case is which diffracted images are obtained by X-ray transmission.
      These embodiments may also be applied to the Bragg case wherein diffracted
      images are obtained by X-ray reflection. In this case, the operation of
      the adjustable circuit 50 or the gate circuit 56 while directly viewing
      the monitor 48 is capable of obtaining the diffracted images of the X-ray
      having any desired range of wave lengths only.
PAR  The charge storage tube 51 may be replaced by a memory tube.
PAR  As stated hereinbefore, the invention makes it possible to electrically
      extract the wave length and its width of X-ray with the aid of the
      scanning signal of the camera or of the gate circuit; with the result that
      the adjustment becomes extremely simple contrary to the mechanical slit
      which has heretofore been used and that the lattice defect of the crystal
      can be detected on line in a rapid and easy manner in case of
      manufacturing the semiconductor wafers.
PAR  Moreover, the X-ray topograph reproducing apparatus according to the
      invention which is adapted to be electrically operated can remotely be
      controlled and hence can prevent an operator from being exposed to X-rays
      thus protecting him in an extremely safety manner.
PAR  It will be understood that changes may be made in the details of
      contruction, arrangement and operation without departing from the spirit
      of the invention, especially as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An X-ray topograph reproducing apparatus comprising
PA1  an X-ray source which emits two characteristic X-rays K.alpha..sub.1 and
      K.alpha..sub.2 whose wave lengths are different from each other,
PA1  means for supporting a specimen to be observed and for moving said specimen
      in a direction such that the distance between the X-ray source and the
      surface of the specimen is kept nearly constant,
PA1  a first slit fixedly arranged between said X-ray source and said specimen
      supporting means, said slit for allowing passage of an incident beam to
      the specimen which beam is divergent enough for satisfying the Bragg
      reflection condition for both the K.alpha..sub.1 and K.alpha..sub.2
      radiations,
PA1  means for supporting a record medium substantially perpendicular to the
      characteristic radiations K.alpha..sub.1 and K.alpha..sub.2 diffracted
      from the specimen and for moving said record medium in synchronization
      with said specimen,
PA1  a second slit fixedly arranged between said specimen supporting means and
      said record medium supporting means so that both of the characteristic
      X-rays K.alpha..sub.1 and K.alpha..sub.2 diffracted from said specimen can
      pass through said second slit, and
PA1  means for mechanically interlocking said specimen and record medium
      supporting means and for moving them in proportion with respect to each
      other such that the characteristic radiations K.alpha..sub.1 and
      K.alpha..sub.2 diffracted by a point in the specimen are superimposed on
      the surface of the record medium.
NUM  2.
PAR  2. An X-ray topograph reproducing apparatus as claimed in claim 1 and
      further comprising an X-ray sensitive television camera fixedly disposed
      to receive diffracted K.alpha..sub.1 and K.alpha..sub.2 radiations, a
      monitor connected to said television camera and for reproducing diffracted
      X-ray images of said specimen, and recording means with a record medium
      for recording said X-ray images of said specimen and for moving said
      record medium in synchronization with the motion of said specimen
      supporting means.
NUM  3.
PAR  3. An X-ray topograph reproducing apparatus as claimed in claim 1 wherein
      said X-ray source includes an X-ray tube.
NUM  4.
PAR  4. An X-ray topograph reproducing apparatus comprising
PA1  an X-ray supply source which emits two characteristic X-rays K.alpha..sub.1
      and K.alpha..sub.2 whose wave lengths are different from each other,
PA1  means for supporting a specimen to be observed and for moving said specimen
      in such a direction that the distance between the X-ray source and the
      specimen is kept nearly constant,
PA1  a first slit fixedly arranged between said X-ray supply source and said
      specimen supporting means, said slit for allowing passage of an incident
      beam to the specimen which beam is divergent enough for satisfying the
      Bragg reflection condition for both the K.alpha..sub.1 and K.alpha..sub.2
      radiations,
PA1  a second slit fixedly arranged so that both of the characteristic X-rays
      K.alpha..sub.1 and K.alpha..sub.2 diffracted from said specimen can pass
      through said second slit,
PA1  an X-ray sensing television camera for receiving said two diffracted
      characteristic radiations K.alpha..sub.1 and K.alpha..sub.2,
PA1  a detector means mechanically connected to said specimen supporting means
      and for producing an electric signal indicating the position on the
      specimen where one of the two characteristic radiations K.alpha..sub.1 and
      K.alpha..sub.2 satisfies the Bragg condition during the motion of the
      specimen,
PA1  a gate circuit connected to said X-ray sensing television camera and said
      detector means, for extracting an image reproducing output signal due to
      one of the two diffracted radiations K.alpha..sub.1 and K.alpha..sub.2
      during the motion of the specimen,
PA1  a charge storage tube connected to both said gate circuit and detector
      means, for successively storing the image due to said output signal from
      said gate circuit at positions on the image storage surface in the storage
      tube corresponding to the detected positions on the specimen, and
PA1  a direct viewing means connected to said charge storage tube, for directly
      viewing the image stored in said charge storage tube.
NUM  5.
PAR  5. An X-ray topograph reproducing apparatus as claimed in claim 4 and
      further comprising a recording means connected to said X-ray sensing
      television camera, for receiving both an image reproducing output signal
      from said gate circuit and a vertical scanning signal from said X-ray
      sensing television camera, and said recording means including a record
      sheet moved in synchronization with the motion of the specimen, for
      recording a diffracted image thereon.
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ABST
PAL  In order to analyze gaseous compounds of a mixture which have a mass below
      a given value, a fraction containing a number of phases is continuously
      sampled in a loop mounted in parallel with a main circuit under conditions
      of pressure such that the Reynolds numbers in the main circuit and the
      sampling loop are equivalent. The mixture is passed through traced pipes,
      at least one dust remover and at least one heat exchanger in which a
      heat-transporting fluid is circulated at an adjustable temperature T.sub.1
      ; condensed and gaseous fractions of the mixture are collected in a flash
      drum placed in an enclosure at an adjustable temperature T.sub.2 ; the
      products of the mixture are then passed to an analytical instrument, their
      mass being such that they are in gaseous form at the temperature T.sub.2.
BSUM
PAR  This invention relates to a method for continuously taking samples of a
      mixture containing a number of phases and to a device which serves to
      carry out said method and comprises a so-called flash drum together with
      the fluid-circuits which are connected thereto; said drum is employed for
      the purpose of taking continuously and feeding to an analytical instrument
      samples of the gaseous products which are present in said mixture and the
      molecular mass of which is below a controllable limit.
PAR  It is known that, in order to analyze the gas phase of a mixture containing
      a number of phases, it is useful especially in mass spectrometry to limit
      the number of gaseous compounds to be subjected to quantitative analysis
      to those whose molecular mass is lower than a maximum molecular mass, this
      limiting value being controlled. In fact, mass spectrometers do not
      withstand the introduction of liquids which destroy the filament of the
      spectrometer. It is therefore important to ensure that the products which
      are passed to the mass spectrometer after sampling do not contain any
      liquid. It is also necessary for the purpose of quantitative analysis to
      limit the range of mass to be studied in order that it may thus be
      possible to standardize the measurements of the quantities of products
      detected with respect to a total mass. A convenient method of limiting the
      mass of gaseous compounds which are passed to a spectrometer consists in
      controlling the temperature of the gas mixture which is fed into the same
      spectrometer. The boiling point of a substance is related monotonically to
      the mass of said substance or in other words the boiling point of a
      substance rises as the mass of said substance increases. By establishing
      the temperature of the mixture and passing to the measuring instrument
      only those gaseous products which are at this temperature, the range of
      masses is limited to the range corresponding to the substances which are
      gaseous at said temperature whilst higher molecular masses correspond to
      condensed substances.
PAR  To this end, the condensation products derived from continuous sampling of
      a gas mixture are collected in a so-called flash drum in which the
      temperature and the pressure are adjustable. For the purpose of reliable
      analysis, it is important to ensure that the conditions of temperature and
      pressure which exist within said flash drum are defined with precision and
      that the continuous operation of said drum is stable. Accurate
      quantitative analysis of the gaseous products derived from polyphase
      samples and especially those derived from the effluents of a steam
      cracking furnace cannot be performed with conventional flash drums, the
      operation of which is not sufficiently stable to ensure that the analysis
      accurately represents the constitution of the gas phases. Furthermore, in
      the case of steam cracking effluents which are mainly gaseous, the
      difficulties attached to the presence of fine solid particles of carbon
      entail the need for special precautions in regard to the supply of the
      flash drum with samples of products to be analyzed in a continuous
      operation.
PAC  Summary of the Invention
PAR  The precise aim of the present invention is to provide a method for
      continuously sampling a mixture containing a number of phases for the
      analysis of gaseous compounds of said mixture which have a mass below a
      given value.
PAR  The invention essentially consists in continuously sampling within a
      sampling loop mounted in parallel with a main flow circuit in which the
      mixture to be analyzed is circulated a fraction of said mixture under
      conditions of pressure such that the Reynolds numbers within the main
      circuit and the sampling loop are equivalent, in passing the mixture to be
      analyzed within traced pipes, in causing said mixture to pass through at
      least one dust remover, then at least one heat exchanger in which a
      heat-transporting fluid circulates at an adjustable temperature T.sub.1,
      in collecting the condensed and gaseous fractions of the mixture in a
      flash drum placed within an enclosure at an adjustable temperature T.sub.2
      and in passing to an analytical instrument the products of the mixture
      whose mass is such that said products are present in gaseous form at the
      temperature T.sub.2.
PAR  The pipes are traced or in other words are heated along their entire
      length; this heating process is performed by means of a cylindrical sleeve
      which is coaxial with the pipe and through which is passed superheated
      steam; this tracing process prevents the formation of condensates and any
      danger of clogging by depositions of these condensates at particular
      points of the line bottom point, constrictions and so forth).
PAR  The heat exchanger has the intended function of reducing the temperature of
      the mixture which circulates within the pipes and thus causing intentional
      condensation of the heavy components which would be liable to appear
      further on after the flash drum for example, in the line traced with steam
      which terminates in the analytical instrument. As a rule, the temperature
      T.sub.2 of the flash drum is maintained at a higher value than the
      temperature T.sub.1 of the heat exchanger, with the result that by
      increasing the temperature along the pipes in which the mixture flows from
      the heat exchanger, it is accordingly ensured that there is no condensate
      in the steam which is passed to the analytical instrument at the outlet of
      the flash drum. In the case of analysis of steam-cracking effluents, the
      dust remover essentially serves to remove the greater part of the carbon
      particles.
PAR  In accordance with the invention, the gas mixture which is discharged from
      the flash drum is passed to a mass spectrometer, the temperatures T.sub.1
      and T.sub.2 of the first heat exchanger and of the flash drum are adjusted
      automatically according to the range of masses of the gaseous products to
      be analyzed in the mass spectrometer and the flow rates of the gaseous
      products downstream of the flash drum are adjusted so as to obtain an
      acceptable time of travel along the line.
PAR  The regulation of the temperatures T.sub.1 and T.sub.2 permits precise and
      stable operating conditions for the flash drum. Adjustment of temperatures
      is automatic. Moreover, the value which limits the flow rate of gas
      towards the analytical instrument and is disposed downstream of the flash
      drum is thus located at the end of the sampling apparatus in order that
      the pressure should be controlled as accurately as possible within the
      flash drum.
PAR  The invention also provides a device for carrying out the method, said
      device being characterized in that it comprises:
PAR  a sampling loop mounted in parallel on the main flow circuit for the
      mixture to be analyzed and comprising two valves located at the inlet and
      at the outlet of said sampling loop and a depressurizer downstream of a
      three-way valve for connecting the sampling loop pipe to a traced pipe
      when said valve is put into service;
PAR  a dust remover;
PAR  a heat exchanger having an adjustable temperature T.sub.1 ;
PAR  a flash drum placed within an enclosure having an adjustable temperature
      T.sub.2 ;
PAR  traced pipes for connecting the three-way valve to the dust remover, for
      connecting the dust remover to the heat exchanger, the heat exchanger to
      the flash drum, the flash drum to the analytical instrument;
PAR  a valve located downstream of the flash drum for regulating the pressure
      within the flash drum;
PAR  automatic means for controlling the temperatures T.sub.1 and T.sub.2 and
      the pressure within the flash drum in dependence on reference points;
PAR  means for circulating a heat-transporting liquid within the heat exchanger;
PAR  heating means for regulating the temperature of the enclosure in which the
      flash drum is placed;
PAR  means for controlling the level of the liquid derived from the condensation
      products within the flash drum;
PAR  means for draining the liquid condensation products and the solid particles
      from the flash drum.
PAR  A preferential device for carrying out the method according to the
      invention comprises a so-called "crustbreaker" valve; when put into
      service, this valve is capable of breaking the crust of coke which is
      deposited as a result of accumulation of solid carbon particles.
PAR  The three-way valve aforesaid allows the gaseous products to remain
      permanently within the secondary loop; the opening of the valve puts the
      third way into service, namely the diversion of part of the flow towards
      the dust remover and the remainder of the sampling device.
PAR  Provision is made in said sampling loop for a steam ejector which is so
      arranged as to facilitate the circulation of effluents within the tube by
      artificially creating a partial vacuum upstream of the point of injection
      of the steam into the loop.
PAR  The steam ejector is so designed that the Reynolds numbers should be
      equivalent in both tubes.
PAR  In accordance with the invention, the dust remover is constituted by a
      fine-mesh wire sieve.
PAR  In the particular case of analysis of steam cracking effluents, the dust
      remover has the function of eliminating carbon particles by causing the
      effluents to flow through the meshes of a wire sieve.
PAR  The invention also provides a device for the application of a controlled
      temperature enclosure which surrounds the flash drum, said device being
      characterized in that it comprises:
PAR  a tank filled with a liquid which surrounds the flash drum;
PAR  insulated resistors which are immersed in said liquid and through which an
      electric current of adjustable value is passed;
PAR  stirring means for ensuring uniform temperature of the liquid contained in
      the tank;
PAR  means for measuring the temperature of said liquid.
PAR  In a preferential alternative embodiment of the invention, the liquid
      contained in the tank is a silicone oil and the stirring means are
      impellers immersed in said silicone oil.
PAR  The silicone oil is preferable to water within the temperature-regulating
      enclosure of the flash drum since it has a higher boiling point and this
      permits temperature adjustment in respect of higher values than in the
      case of water without any excessive vaporization.
PAR  In accordance with the invention, the flash drum device essentially
      comprises:
PAR  a flash drum having a bottom wall which is inclined to the horizontal, the
      lowest portion of the bottom wall of the flash drum being connected to a
      drain pipe fitted with a valve;
PAR  a vertical pipe which penetrates into the flash drum through the bottom
      wall of said drum and having an open top extremity, said pipe being fitted
      with an automatic-control pneumatic valve in that portion of said vertical
      pipe which is located outside the enclosure;
PAR  a device for measuring differential pressure between two points within the
      flash drum located vertically one above the other;
PAR  a vertical wall dividing the space within the flash drum into two portions
      which communicate at the bottom of said drum;
PAR  a metallic filter in the vicinity of the top of the flash drum upstream of
      the gas discharge pipe.
PAR  The valve which is connected to the drain pipe can be controlled by hand
      since this draining-out operation is infrequent. The differential pressure
      measurement makes it possible to regulate the water level by producing
      action on the automatic draw-off valve.
PAR  The admission of fluid into the flash drum is carried out in the portion
      which is fitted with a level detector in order to permit condensation of
      the light hydrocarbons.
DRWD
PAC  Brief Description of the Drawings
PAR  A better understanding of the invention will in any case be gained from the
      following description of one embodiment which is given by way of
      non-limitative example, reference being made to the single accompanying
      figure which shows a diagram of the sampling apparatus.
DETD
PAC  Description of the Preferred Embodiment
PAR  As has already been mentioned, the invention consists in continuously
      sampling a fraction of a mixture in order to carry out a quantitative
      analysis of said mixture by limiting the number of gaseous compounds to
      those whose molecular mass is lower than a given molecular mass; this
      upper limit of molecular mass of the gaseous constituents is established
      by the stable and predetermined temperature of the flash drum, the
      products of high molecular mass being condensed within the flash drum.
PAR  The flash coefficients, namely the matrix of coefficients which relate the
      measured concentrations after the flash within the measuring instrument to
      the concentrations of the different products before the flash, that is to
      say within the mixture to be subjected to analysis, are determined either
      by calculation or by preliminary experimentation; the calculation of these
      coefficients must be performed at known values of pressure and temperature
      of the flash. The matrix which relates the pre-flash concentrations to the
      post-flash concentrations is not usually a square matrix but rather a
      rectangular matrix since the analysis corresponding to a given peak
      sometimes corresponds to a number of substances of equal mass but having
      different chemical compositions. The correction of the flash effects which
      makes it possible to find the pre-flash composition again from the
      post-flash composition of the gas phase is made possible in spite of the
      intentional limitation of the mass range by the fact that a substance is
      characterized by peaks at different masses. For example, heptene C.sub.7
      H.sub.14 is characterized by a majority peak having mass 41 and makes
      contributions to the peaks 42 and 55. After experimental or theoretical
      determination of said flash coefficients, the composition of the total
      effluents can again be found from analysis of the vapor phase. In the case
      of analysis of the steam cracking effluents, the operation has been
      carried out in the presence of hydrocarbons from hydrogen to the compounds
      having 12 carbon atoms. In order that the analysis of the vapor phase
      should be representative of the total effluents, it is essential to ensure
      that the flash coefficients are accurate and constant and therefore to
      ensure that the operating conditions are stable.
PAR  In the single accompanying figure, there is shown at 2 the main pipe in
      which is circulated the two-phase mixture to be analyzed. In parallel with
      said main pipe 2, a by-pass loop 4 is fitted with an inlet valve 6 and an
      outlet valve 8, an ejector 10 connected to a steam pipe in which the
      pressure is higher than the pressure within the loop 4 and a so-called
      "crust-breaker" valve 12 of the manual control type which is connected to
      a filter 14 through a traced pipe 16, the outlet of the filter 14 being
      connected to the inlet of a heat exchanger 18 through a traced pipe 20.
      The heat exchanger 18 is fitted with a pipe 22 in which a cooling fluid is
      circulated at a controlled temperature. The outlet of the heat exchanger
      is connected through the traced pipe 23 to a tube coil which is passed
      around the exterior of the flash drum and then penetrates into the
      interior of this latter. The flash drum 24 is located inside an enclosure
      26 which is provided internally with a bath 28 of silicone oil. The space
      within the interior of the flash drum is divided into two parts by a
      metallic wall 29. Fluid is admitted through the pipe 23 in the left-hand
      portion of the flash drum which is fitted with a level detector 44. The
      flash drum is also fitted with a metallic filter 64. The resistors 30 and
      32 which are supplied through a temperature regulator 34 maintain the
      silicone oil bath at a constant temperature which is measured by means of
      the thermocouple 62. Stirring of the silicone bath is performed by means
      of the impeller 36. The pipe 38 which is fitted with the valve 40 serves
      to remove the very heavy periodic condensates and solid particles
      deposited at the bottom of the drum. The liquid compounds (liquid
      hydrocarbons and water) and the solid particles 41 flow along the inclined
      wall 42 which forms the bottom wall of the flash drum 24 towards the pipe
      38. The U-tube 44 has two branches which penetrate into the interior of
      the flash drum and contains a device 46 for measuring the differential
      pressure between two points; by means of a regulator, this measurement
      controls the opening of the pneumatic valve 50 located in the pipe 52 for
      controlling the level of liquid within the flash drum. The gases located
      within the flash drum are discharged to the measuring instrument through a
      traced pipe 54 fitted with a flow-regulating valve 56, the opening of
      which is controlled by a pressure regulator 60, measurement of pressure
      being performed by the detector 58.
PAR  During operation, the level of liquid within the flash drum is set at a
      fixed point (reference level) located between the two tapping points of
      the differential pressure detector. The water level is maintained at the
      top end 52 of the tube. The internal enclosure of the flash drum is of
      stainless steel since it is in direct contact with the hydrocarbons. The
      space between the two enclosures is filled with silicone oil and is fitted
      with a number of heating resistors such as the resistors 30 and 32 which
      serve to regulate the temperature of the oil bath by means of a regulator
      of known type (not shown in the figure) which is associated with a
      detector for indicating the temperature of the bath 62 (calibrated
      thermocouple or thermometer).
PAR  In the case of analysis of steam cracking effluents, the effluents are
      discharged from the heat exchanger at a temperature in the vicinity of
      75.degree.C; the liquid which passes into the heat exchanger is water at
      60.degree.C. The temperature of the silicone oil bath is of the order of
      95.degree.C. The temperature of the effluents thus rises within the flash
      drum but not to a sufficient extent to result in re-vaporization of the
      water. The temperature of the bath is maintained so as to choose a given
      "final point" of the gas phase, that is to say a maximum molecular mass in
      the case of the compounds to be analyzed in the measuring instrument. This
      point is determined as a function of requirements downstream, that is to
      say the products whose concentrations are to be measured in the mass
      spectrometer. The departure of the gas phase towards the mass spectrometer
      takes place via the line 54 which is traced with steam at 8 bars
      (175.degree.C). It is thus certain that no condensates reach the mass
      spectrometer at this temperature, which would have a harmful effect on its
      operation.
PAR  Taking into account the conditions of temperature, pressure and flow rate
      which are imposed with precision within the flash drum, a transfer matrix
      can accordingly be determined experimentally. By multiplication with the
      composition vector of the vapor phase whose components are measured as a
      result of the analysis, said matrix makes it possible to determine the
      composition vector upstream of the flash.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for continuous sampling of a mixture of a multiphase fluid for
      the analysis of gaseous compounds of said mixture which have a mass below
      a given value, comprising the steps of continuously withdrawing a portion
      of said mixture from a main flow circuit for said mixture, to a sampling
      circuit under conditions of pressure such that the Reynolds numbers within
      the main circuit and the sampling circuit are equivalent, removing the
      dust from said mixture portion, passing said mixture portion in a heat
      exchange relation with a heat exchange fluid at a predetermined
      temperature, collecting the condensed and gaseous fractions of the mixture
      portion in a flash drum at a predetermined temperature and passing to an
      analytical instrument the products of said mixture portion whose mass is
      such that said products are present in gaseous form at said latter
      predetermined temperature.
NUM  2.
PAR  2. A method according to claim 1 wherein the gaseous products of said
      mixture portion discharged from the flash drum are passed to a mass
      spectrometer wherein said two predetermined temperatures are adjusted
      automatically according to the range of masses of the gaseous products to
      be analyzed in said mass spectrometer, and wherein the flow rate of said
      gaseous products is adjusted so as to obtain an acceptable time of travel
      to said spectrometer.
NUM  3.
PAR  3. An apparatus for continuously sampling a mixture of a multiphase fluid
      for the analysis of gaseous compounds of said mixture which have a mass
      below a given value, comprising a sampling loop mounted in parallel with
      the main flow circuit for the mixture to be analyzed and comprising two
      valves located at the inlet and at the outlet of said sampling loop and a
      depressurizer downstream of a three-way valve for connecting the sampling
      loop to a traced pipe when said valve is put into service; a dust remover;
      a heat exchanger having an adjustable temperature T.sub.1 ; a flash drum
      placed within an enclosure having an adjustable temperature T.sub.2 ;
      traced pipes for connecting the three-way valve to the dust remover, for
      connecting the dust remover to the heat exchanger, the heat exchanger to
      the flash drum, the flash drum to the analytical instrument; a valve
      located downstream of the flash drum for regulating the pressure within
      said drum; automatic means for controlling the temperatures T.sub.1 and
      T.sub.2 and the gas flow rate downstream of the flash drum in dependence
      on reference points; means for circulating a heat-transporting liquid
      within the heat exchanger; heating means for regulating the temperature of
      the enclosure in which the flash drum is placed; means for controlling the
      level of the liquid derived from the condensation products within the
      flash drum; and means for draining the liquid condensation products and
      the solid particles from the flash drum.
NUM  4.
PAR  4. An apparatus according to claim 3, wherein the three-way valve is
      adapted to break the crust of coke which is deposited as a result of
      accumulation of solid carbon particles.
NUM  5.
PAR  5. An apparatus according to claim 3 wherein the dust remover is
      constituted by a fine-mesh wire sieve.
NUM  6.
PAR  6. A device according to claim 3 further comprising a tank filled with a
      liquid which surrounds the flash drum; insulated resistors immersed in
      said liquid and through which an electric current of adjustable value is
      passed; stirring means for ensuring uniform temperature of the liquid
      contained in the tank; and means for measuring the temperature of said
      liquid.
NUM  7.
PAR  7. A device according to claim 6, wherein the liquid contained in the tank
      is a silicone oil and wherein the stirring means consist of impellers
      immersed in said silicone oil.
NUM  8.
PAR  8. A device according to claim 3 wherein said flash drum has a bottom wall
      which is inclined to the horizontal, the lowest portion of the bottom wall
      of the flash drum being connected to a drain pipe fitted with a valve and
      further comprising a vertical pipe which penetrates into the flash drum
      through the bottom wall of said drum and having an open top extremity,
      said pipe being treated with an automatic-control pneumatic valve in that
      portion of said vertical pipe which is located outside the enclosure; a
      device for measuring differential pressure at two points of the flash drum
      which are located vertically one above the other; a vertical wall dividing
      the space within the flash drum into two portions which commumicate at the
      bottom of said drum; and a metallic filter in the vicinity of the top of
      the flash drum upstream of the gas discharge pipe.
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ABST
PAL  In a system for isotope enrichment, method and apparatus for separating
      particles of one isotope type from an environment containing particles of
      plural isotope types by ionizing the particles of said one isotope type
      and imparting to the electrons released from the ionized particles an
      energy substantially in excess of the thermal or background energy of the
      environment whereby these super energetic electrons expand away from the
      environment in the company of the corresponding ionized particles or
      trajectories substantially different from those of the remaining particles
      in the environment to permit separate collection of the particles of the
      one isotope type.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our co-pending application
      Ser. No. 25,605, filed Mar. 25, 1970, now U.S. Pat. No. 3,772,519.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to isotope separation and in particular to method
      and apparatus for separating ionized particles of one isotope type in a
      plasma, using super energetic electrons.
PAC  BACKGROUND OF THE INVENTION
PAR  Nearly all fission reactions utilizing the uranium isotope, U.sub.235,
      require a concentration of the U.sub.235 isotope greater than in the
      naturally occurring state. The process of enrichment whereby the
      concentration of U.sub.235 in natural or depleted uranium is raised to a
      desired level has been achieved in the past by many techniques which
      generally operate to separate U.sub.235 from the other uranium isotopes,
      chiefly U.sub.238, on the basis of its slight chemical or mass difference.
      Enrichment according to these techniques often requires cascaded
      processing using a sequence of repeated applications of the same steps,
      each step providing a slight increase in the concentration of the desired
      U.sub.235 isotope.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a method and apparatus for
      isotope separation is disclosed which selectively excites particles of the
      desired isotope type in a plural isotope environment and from the excited
      particles generates a plasma of ions of that isotope type and super
      energetic electrons by application of energy substantially in excess of
      that needed to create ionization from the excited state. The super
      energetic electrons expand with a kinetic energy substantially greater
      than the thermal or background energy of the environment and carry with
      them the ionized particles of the desired isotope.
PAR  While the invention contemplates general application to many isotopes and
      particles in atomic, molecular or other form, a particular application is
      found in enrichment of the uranium isotope U.sub.235. In such application,
      a vapor of elemental uranium is typically generated and beamed as a vapor
      flow into a region where radiant energy of precisely prescribed frequency
      and energy is applied to selectively excite the particles of U.sub.235
      without corresponding excitation of particles of other isotope types in
      the vapor environment. The excited U.sub.235 particles are separated from
      the vapor flow by imparting energy to the particles in excess of that
      needed to ionize them. In particular, a plasma having ions of those
      particles and super energetic electrons is created.
PAR  The super energetic electrons will have an average kinetic energy
      substantially above that of the thermal or background energy in the vapor
      flow and will accordingly expand faster than the thermal expansion of the
      vapor flow. The ionized particles of the one isotope type will be
      influenced by plasma charge neutrality requirements to accompany the
      expanding, super energetic electrons so as to produce, in general, an ion
      expansion on substantially different trajectories from those of the vapor
      flow as a whole. The rapidly expanding ions may then be collected apart
      from the vapor flow because of their different velocity vectors. The ion
      trajectories may additionally be limited to predetermined expansion
      directions by the application of, for example, a constraining force field
      such as a magnetic field.
PAR  The remaining components of the vapor flow may also be collected on further
      plates placed in the path of the vapor flow with the result that two
      separate collect ions of particles are created, each of which is enriched
      in its respective isotope types.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other features of the present invention will be more clearly
      understood by reference to the detailed description of a preferred
      embodiment presented below for purposes of illustration, and not by way of
      limitation, and to the accompanying drawings of which:
PAR  FIG. 1 shows an energy level diagram representing typical energy steps used
      in the invention;
PAR  FIG. 2 is a diagrammatic view of apparatus for use in practicing the
      invention;
PAR  FIG. 3 is a further diagrammatic view of a sectioned portion of the
      apparatus of FIG. 2;
PAR  FIG. 4 is a diagrammatic representation of a modification to a portion of
      the apparatus of FIG. 3; and
PAR  FIG. 5 is an illustration of geometric considerations for the invention;
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention contemplates a technique for separating isotopes in
      an environment of plural isotopes by selectively exciting particles of one
      isotope type and ionizing the excited particles to produce a plasma of
      ions and corresponding electrons. The electrons are made super energetic
      by which is meant they are given additional energy beyond what is required
      to ionize them from the excited particles. This additional energy causes
      the electrons to expand away from the environment and, because of space
      charge or plasma charge neutrality requirements, to pull with them the
      ions of the desired isotope, leaving behind a higher concentration, or
      enrichment, of the non-ionized isotopes and providing in the rapidly
      expanding ions a greater concentration of that one isotope.
PAR  In the description of the invention which follows, while specifically
      applied to the enrichment of the U.sub.235 isotope of uranium, it is
      contemplated that the disclosed technique may be used for other isotopes
      and materials. Additionally, the particles separated may be atomic,
      molecular or of other form as found useful. In describing the invention,
      the term transition will generally refer to one or more energy steps for a
      particle. It is recognized that the technique of the present invention is
      useful to enrich or purify isotope concentrations in either of the two
      separated factions.
PAR  By specific reference now to FIG. 1, the mechanism employed in the present
      invention may be more fully understood. FIG. 1 is an energy level diagram
      having along the Y-axis a particle energy scale. The X-axis represents a
      ground energy level 12. In accordance with the technique of the present
      invention, excitation of U.sub.235 particles in a uranium vapor flow is
      achieved to an intermediate energy level 14 through a transition 16 with
      radiant energy which will typically include one or more laser radiations
      tuned to selectively excite particles of the U.sub.235 isotope type
      generally from the ground level 12 to the intermediate energy level 14
      without corresponding excitation of other isotopes, chiefly the U.sub.238
      isotope of uranium.
PAR  In accordance with the present invention, the particles of U.sub.235 are
      ionized from the intermediate level 14 to above the ionization level 18
      with sufficient additional energy to produce a plasma of ionized U.sub.235
      particles and corresponding super energetic electrons having energies,
      which are chiefly kinetic energy, in excess of the level 18 by, in the
      exemplary case of U.sub.235, approximately 1 electron-volt (ev). One may
      view this excess energy as imparting to the electrons of the plasma a
      kinetic energy of motion substantially above the thermal energy in the
      uranium vapor. The super energetic electrons will tend to expand as an
      electron cloud more rapidly than the uranium vapor as a whole is tending
      to expand from thermal effects. As long as the electrons are permitted to
      expand, over a distance which is large with respect to the plasma Debye
      length, the electrons will reach a point where the electric field forces
      between them and the ions will be no longer randomly distributed
      throughout the plasma but will tend to pull the ions out, establishing
      generally similar velocities for the electrons and the ions. By
      theoretical calculation, it may be determined that the velocity of this
      super energetic expansion of electrons and ions is proportional to the
      square root of the total excess energy supplied in reaching level 22.
PAR  Returning to FIG. 1, the mechanism for this expansion can be achieved in
      several ways. In one alternative manner, additional radiant energy may be
      applied to the vapor environment having the excited particles of the
      U.sub.235 isotope in order to produce a transition 20 to an energy level
      22 indicated as approximately 1 ev. above the ionization level 18. Higher
      or lower energies may be employed to release the electrons from the
      U.sub.235 particles with sufficient momentum directed out of the
      environment to pull the U.sub.235 ions out of environment as well. The
      energy difference between the levels 22 and 24 appears generally as a
      kinetic energy of the electrons and associated ions of U.sub.235, an
      energy not shared by the other components of the vapor environment, the
      background energy and results in a different trajectory and a generally
      more rapid expansion of the U.sub.235 ions away from the background
      remainder of the vapor.
PAR  This mechanism may alternatively be achieved through a technique also
      illustrated in FIG. 1, whereby a transition 26 from the intermediate
      energy level 14 raises the energy of the U.sub.235 particles to the level
      14 to the general vicinity of the ionized level 18 (slightly above or
      below). From this point, additional energy is supplied to the vapor to
      produce an energy increment 28 which raises the energy to the level 22,
      with the resulting more rapid particle expansion described above.
PAR  Apparatus useful in achieving separation by the process illustrated in FIG.
      1 is shown pictorially in FIG. 2. There, a laser system 32 includes a
      lasing medium 34 which is tuned by a tuning system 36 as is known in the
      art to produce an output beam 38 of radiant energy having a predetermined
      narrow bandwidth of photon energy to achieve selective excitation of the
      U.sub.235 isotope for the transition 16. Where necessary to limit the
      bandwidth of the laser radiation in beam 38 an etalon filter may be
      employed by the tuning system 36. For the example described here,
      U.sub.235, there are many absorption lines which may be used to raise the
      energy of U.sub.235 particles from generally the ground level 12 to the
      intermediate level 14. These may be found from textbooks or tables of the
      atomic spectra of uranium or in general for other elements. In the
      specific example of uranium, one source is LA 4501 Present Status of the
      Analyses of the First and Second Spectral of Uranium (UI and UII) as
      Derived from Measurements of Optical Spectra; Los Alamos Scientific
      Laboratory of the University of California, available from National
      Technical Information Service, U.S. Department of Commerce, 5285 Port
      Royal Road, Springfield, Va.
PAR  Returning to FIG. 2, the laser system 32 has an excitation system 40 which
      may comprise an additional laser used to produce a population inversion in
      the medium 34 for creating the lasing effect. A timing system 41 is
      activated by a timer 42 to initiate a pulse of laser radiation in the beam
      38. The duration of the beam will typically be on the order of a
      substantial fraction of a microsecond and is determined by the properties
      of the system 32, and particularly lasing medium 34, as is well known in
      the art.
PAR  In particular application, the lasing medium 34 may comprise a solution of
      a lasing dye which provides a wide range of tunability in the specific
      output frequency of the beam 38 to enable the generation of the frequency
      and corresponding photon energy that may be desired. A dye laser of the
      "Dial-A-Line" type of the Avco Everett Research Laboratory, Everett,
      Massachusetts, a commercially available laser, may be employed for the
      lasing system 32.
PAR  The beam 38 is combined with a beam 44 of radiant energy provided by a
      second laser system 46 through a dichroic mirror 48 or other combining
      means to provide a composite beam 50. Laser system 46 may be a
      conventional laser providing the desired photon energy in the beam 44. A
      timer 42 activates both laser systems 32 and 46 for, in the typical case,
      simultaneous output pulses.
PAR  Once an energy has been selected for the transition 16, the transition 20
      may be achieved by a transition energy corresponding to the difference
      between the levels 22 and 14. By way of specific example, if the
      absorption line for U.sub.235 in the vicinity of 5027.4A is selected for
      transition 16, the transition 20 may be produced by energy in the vicinity
      of 2625A using 6.18 ev. as the ionization potential for uranium.
PAR  The beam 50 is applied to a vacuum chamber 52 through a long pipe 54 and
      through a transmissive window 56, typically optical quartz crystal. The
      pipe 54 is provided to prevent contamination of the window 56 by uranium
      vapor within the chamber 52. The beam 50 traverses the chamber 52 through
      an isotope collector 58 and exits through a further pipe 60 and window 62
      where it may be applied to similar chambers for efficient use of the
      energy in the laser beam 50.
PAR  The chamber 52 is evacuated through a vacuum system 64 to provide a very
      low pressure within the chamber such that extraneous particles do not
      interfere with the processes of isotope separation as by combustion with
      the uranium vapor, particle collision, or otherwise.
PAR  Within the chamber 52, a uranium vapor source 66 operates to provide a beam
      of uranium vapor directed toward the isotope collectors 58 for generating
      the super energetic plasma which is then collected on plates within the
      collectors 58. A fuller view of the operation of the invention with
      respect to the vapor source 66 and collectors 58 can be seen from FIG. 3,
      which is a sectional view of the chamber 52.
PAR  Shown in FIG. 3, a crucible 68 (or plurality thereof) is provided with
      cooling ports 70 and contains a reservoir of uranium metal 72 which is
      heated for vaporization from a surface 74. The heating may be achieved by
      furnace or induction heating means or by the application of a beam 76 of
      energy such as electrons from a source 78. A single long beam may be
      magnetically focused to a line on surface 74 or a plurality of beams may
      be focused to corresponding spots at plural crucibles using local magnetic
      fields 82. The magnetic fields 82 may be shielded from the collectors 58,
      if necessary, to prevent interference with the collection process. The
      uranium evaporated from the surface 74 will expand in a vapor flow 88
      toward the isotope collectors 58 and may be collimated by slits 90 before
      entering the collectors 58. Slits 90 may further serve as magnetic
      shielding.
PAR  Within the isotope collectors 58 a plurality of radial plates 92 run the
      length of the collectors 58 in FIG. 2 and are oriented toward the source
      of uranium vapor from the surface 74 to prevent obstruction of the flow
      88. A region 94 surrounding the plates 92 defines the area of application
      of radiant energy in the laser beam 50 and may be shaped in a geometry
      other than the one shown. The dimension of the plates 92 in the radial
      direction is generally long with respect to their separation, while their
      separation is long with respect to the Debye length of the plasma to be
      generated in the region 94.
PAR  Application of the laser beam 50 according to the first alternative
      produces ionization of the U.sub.235 isotope and provides in the region
      94, a super energetic plasma consisting of electrons and associated ions.
      The excess energy produces more rapid expansion for the ions than the
      thermal expansion in the vapor flow 88. The generally more rapid expansion
      of the U.sub.235 particles gives a net velocity to them which causes the
      build up of enriched U.sub.235 deposits 96 on the plates 92. The remaining
      components of the vapor flow 88, typically enriched U.sub.238, collects as
      deposits 98 on a plate 100 behind the radial plates 92. It is, of course,
      possible to exchange the U.sub.235 and U.sub.238 collections by exciting
      and ionizing U.sub.238 instead.
PAR  With reference to FIG. 5, there is an illustration of the effect of super
      energizing the electrons which causes them to pull the ions onto
      trajectories distinct from the trajectories of the background particles. A
      particle 108 represents an atom of U.sub.235 prior to ionization, and like
      the other particles of the vapor flow 88 can typically be viewed as having
      a velocity distributed somewhere about lobe 110 in the region between
      plates 92. After ionization of particle 108 and super energization of the
      electron emitted by that particle, the trajectory of particle 108 will be
      changed in response to the pull from the expanding electron cloud, so that
      its trajectory will lie at some angle governed by the distribution lobe
      112. It can thus be seen that a substantial number of the particles
      ionized and changed in trajectory will be directed toward the plates 92
      while nearly all non-ionized particles continue to be directed between
      plates 92 for collection on rear plate 100.
PAR  The closer the spacing of plates 92, the more ionized particles they will
      collect. A limiting factor on spacing indicates that plate spacing should
      not be so small that the super energetic electrons strike plates 92 before
      substantial changes in the ion trajectories are produced. It is also
      desirable that the mean free path and charge exchange distance in the
      plasma be sufficiently long that deflecting collisions or charge exchange
      reactions do not greatly impair the collection of ionized U.sub.235
      particles. To secure this result, the particle density in vapor flow 88
      may be adjusted by controlling the energy applied to vaporize the uranium
      72 in crucible 68.
PAR  The direction of motion in the super energetic expansion of electrons and
      ions in the region 94 can be constrained or limited in direction by
      application of a magnetic field in the region 94 between magnetic pole
      pieces 102 from excitation source 103 such that the more rapidly expanding
      particles follow trajectories generally parallel to the magnetic field
      lines between the poles 102. In using this magnetic field, it may be
      possible to use a lesser number of plates 92 or in fact to use only plates
      at either side of the region 94.
PAR  As previously indicated with reference to FIG. 1, the energy level 22 may
      be reached in an alternative manner through a transition 26 produced by
      radiant energy as from laser system 46 to an exemplary level 104 and by
      step 28 to level 22. In that case, the laser system 46 may be tuned to
      provide a lower frequency output in beam 44 with photon energies
      sufficient only to reach level 104, typically just above the ionization
      energy level 18. From this energy level 104, the final energy level 22,
      which produces the super energetic electrons and resulting ion expansion,
      may be produced in several ways. Energy may be applied to the ionized
      U.sub.235 isotope and electrons by application of oscillating magnetic
      fields, for example, through magnetic pole pieces such as pieces 102 shown
      in FIG. 3. In addition, as shown in FIG. 4, an electric field or current
      may be provided in the region between the plates 92 by connecting
      alternate plates to a common or ground potential and supplying the
      remaining plates with electrical signals from a source 106. It is of
      course possible to employ external electrodes for generating the electric
      field or current within the region 94. Alternatively, source 106 may be a
      source of radiant energy that applies, for example, a microwave signal
      between plates 92 acting as a transmission line with absorption of the
      microwave energy by the plasma electrons to achieve the super energetic
      state. Additionally, particles such as electrons may be applied to raise
      the energy of the plasma charge carriers.
PAR  Having described above a preferred embodiment for the present invention, it
      will occur to those skilled in the art that further alternatives and
      modifications to the disclosed system can be devised within the spirit of
      the invention. Accordingly, it is intended to limit the scope of the
      invention only as indicated in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a technique for isotope separation, a process for generating a super
      energetic plasma of ionized particles of one isotope type and
      corresponding electrons in an environment of plural isotope types having a
      predetermined path of flow, said process including the steps of:
PA1  applying radiant energy to said environment of plural isotopes including
      said one isotope type;
PA1  the energy of said applied radiant energy corresponding to a selected
      transition for said particles of said one isotope type to produce
      excitation thereof to an intermediate excited level below the level of
      ionization without correspondingly producing excitation of other particles
      in said environment; and
PA1  generating a plasma having ionized particles of said one isotope type and
      electrons released therefrom, the released electrons having a kinetic
      energy substantially in excess of the background energy of said
      environment to provide expansion of said electrons and resulting expansion
      of the ionized particles of said one isotope type in said environment onto
      trajectories distinct from the path of flow of the particles in said
      environment.
NUM  2.
PAR  2. The process of claim 1 further including the step of collecting the
      expanding ionized particles of said one isotope type wihout
      correspondingly collecting the other particles of said environment.
NUM  3.
PAR  3. The process of claim 2 wherein said collecting step is achieved with a
      plurality of collecting surfaces placed throughout said environment at
      orientations to intercept the expanding ionized particles of said one
      isotope type without substantial interception of the other components of
      said environment.
NUM  4.
PAR  4. The process of claim 3 wherein:
PA1  said predetermined flow path permits passage of said particles through said
      collecting surfaces without substantial collection of neutral particles
      thereon except said expanding ionized particles of said one isotope type.
NUM  5.
PAR  5. The process of claim 1 further including the step of applying a force to
      said expanding ionized particles to constrain their expansion direction
      generally along predetermined expansion directions.
NUM  6.
PAR  6. The process of claim 5 wherein said force applying step includes the
      step of producing a magnetic field.
NUM  7.
PAR  7. The process of claim 5 wherein collection surfaces are provided for the
      constrained expanding ionized particles of said one isotope type to
      provide collection thereof on said surfaces.
NUM  8.
PAR  8. The process of claim 1 wherein said plasma generating step includes
      steps of:
PA1  applying second radiant energy to the excited particles of said one isotope
      type to produce ionization thereof; and
PA1  applying further energy to the plasma containing said ionized particles of
      said one isotope type and the corresponding electrons to produce a super
      energetic state having kinetic energies substantially above the background
      energy of said environment.
NUM  9.
PAR  9. The process of claim 8 wherein said further energy includes a particle
      beam.
NUM  10.
PAR  10. The process of claim 8 wherein said super energetic state is produced
      by the application of an electric current to said plasma.
NUM  11.
PAR  11. The process of claim 8 wherein the step of producing said super
      energetic state includes applying third radiant energy to said plasma.
NUM  12.
PAR  12. The process of claim 11 wherein said third radiant energy includes
      electromagnetic radiation.
NUM  13.
PAR  13. The process of claim 8 wherein said super energetic state is produced
      by application of a force field to the elements of said plasma to increase
      their kinetic energy.
NUM  14.
PAR  14. The process of claim 13 wherein said force field is oscillatory.
NUM  15.
PAR  15. The process of claim 13 wherein said force field is an electric field.
NUM  16.
PAR  16. The process of claim 13 wherein said force field is a magnetic field.
NUM  17.
PAR  17. The process of claim 1 wherein said plasma generating step further
      includes the steps of:
PA1  applying further radiant energy to the environment containing said excited
      particles of said one isotope type to produce ionization thereof; and
PA1  establishing the photon energy in said applied further radiant energy to
      produce ionization of said selectively excited particles of said one
      isotope type and having sufficiently greater energy than that necessary to
      produce ionization so as to create said super energetic state in said
      plasma;
PA1  said super energetic state having associated therewith plasma kinetic
      energies significantly greater than the background energy of said
      environment to produce said more rapidly expanding ionized particles of
      said one isotope type.
NUM  18.
PAR  18. In a technique for isotope enrichment, the process of separating
      particles of one isotope type in an environment containing a vapor flow of
      a material having plural isotope types with the flow velocity having a
      predetermined direction, said process including the steps of:
PA1  selectively exciting the particles of said one isotope type in said
      environment without correspondingly exciting the other particles of said
      plural isotopes in said environment;
PA1  imparting energy to the electrons of the excited particles of said one
      isotope type to substantially remove at least one electron from each
      particle of said one isotope type and impart to said removed electron a
      predetermined kinetic energy of motion substantially in excess of the
      background energy of said environment by an amount to cause said electrons
      to expand in generally all directions away from said environment with
      sufficient energy to change the trajectories of said ionized particles of
      said one isotope type from said predetermined direction; and
PA1  collecting said ionized particles of said one isotope from their changed
      trajectory path without correspondingly collecting the other particles of
      said plural isotopes of said environment.
NUM  19.
PAR  19. A method for separating particles of one isotope type from an
      environment containing particles of plural isotope types flowing on a
      predetermined flow path, said method including the steps of:
PA1  selectively exciting particles of said one isotope type without
      correspondingly exciting particles of the other of said plural isotope
      types; and
PA1  generating a plasma by raising the energy of said excited particles by an
      amount substantially in excess of the amount necessary to cause ionization
      thereof to provide the corresponding released electrons with a super
      energized kinetic energy of motion substantially above the background
      energy of said environment with which they expand in generally all
      directions;
PA1  the super energized electron expansion creating a space charge separation
      with the ions resulting in the ions being changed in flow direction from
      the predetermined flow path to permit their collection apart from the
      other components of said environment.
NUM  20.
PAR  20. The method of claim 19 wherein said one isotope type is uranium
      U.sub.235.
NUM  21.
PAR  21. The method of claim 20 wherein said generating step includes energizing
      said electrons approximately 1 electron-volt above the energy necessary
      for ionization.
NUM  22.
PAR  22. Apparatus for separating particles of one isotope type from a flowing
      environment containing particles of plural isotope types on predetermined
      paths of flow, said apparatus comprising:
PA1  means for selectively exciting particles of said one isotope type without
      corresponding excitation of the particles of the other isotope type;
PA1  means for generating a plasma in said environment wherein the excited
      particles of said one isotope type are ionized and including means for
      generating a super energized state in released electrons imparting thereto
      a kinetic energy of motion substantially above the background energy of
      said environment whereby the electrons expand in said environment onto
      paths distinct from said predetermined paths with the result that said
      ions are changed in trajectory from their predetermined paths of flow;
PA1  means for collecting said ionized particles of said one isotope type by
      intercepting their changed trajectory without correspondingly collecting
      other particles of said plural isotopes of said environment.
NUM  23.
PAR  23. The apparatus of claim 22 further including means for limiting the
      direction of the trajectories of said ionized particles of said one
      isotope type whereby those particles are constrained generally along
      predetermined directions.
NUM  24.
PAR  24. The apparatus of claim 22 wherein said plasma generating means further
      includes:
PA1  means for applying further radiant energy to the excited particles of said
      one isotope type to produce ionization thereof and impart energy to the
      electrons released from said particles substantially in excess of the
      background energy of said environment.
NUM  25.
PAR  25. The apparatus of claim 22 wherein:
PA1  said ionized particles of said one isotope type are on trajectories of a
      generally spherical expansion; and
PA1  the collecting means includes a plurality of collection plates provided in
      said environment to intercept the generally spherical expansion of said
      ionized particles of said one isotope type over substantial angles of the
      expansion thereof.
NUM  26.
PAR  26. The apparatus of claim 25 further including:
PA1  means for generating a vapor of material containing said plural isotopes to
      define said environment;
PA1  said generated vapor having the predetermined paths of flow substantially
      parallel to said plates to prevent collection on said plates of the
      constituents of said vapor other than the ionized particles of said one
      isotope type on said changed trajectories.
NUM  27.
PAR  27. The apparatus of claim 22 wherein said means for generating a super
      energized state includes means for applying radiant energy to said plasma.
NUM  28.
PAR  28. The apparatus of claim 27 wherein said radiant energy applying means
      includes means for applying a particle beam to said plasma.
NUM  29.
PAR  29. The apparatus of claim 27 wherein said radiant energy applying means
      includes means for applying electromagnetic radiation to said plasma.
NUM  30.
PAR  30. The apparatus of claim 22 wherein said means for generating a super
      energized state includes means for applying a force field to said plasma.
NUM  31.
PAR  31. The apparatus of claim 30 wherein said force field applying means
      includes means for providing oscillations in the strength of said force
      field.
NUM  32.
PAR  32. The apparatus of claim 30 wherein said force field applying means
      includes means for applying an electrical current to said plasma.
NUM  33.
PAR  33. The apparatus of claim 22 further including means for vaporizing
      particles of plural isotopes of uranium to define said environment.
NUM  34.
PAR  34. The apparatus of claim 22 wherein said means for generating a super
      energized state provides electrons having at least approximately one
      electron volt energy beyond the energy of releasing them from the
      particles of said one isotope type.
NUM  35.
PAR  35. A process for isotope separation comprising the steps of:
PA1  generating a flowing environment of particles of plural isotope types of a
      material;
PA1  the flowing environment of said particles having predetermined flow paths
      with a generally uniform local direction thereto;
PA1  applying electromagnetic energy to the environment of particles of plural
      isotope types to selectively impart an amount of energy to particles of a
      selected isotope type which produces isotopically selective ionization of
      selected isotope type particles of said environment, the total energy
      imparted exceeding the ionization potential for the selected particles in
      said environment by an amount which results in the ionization of said
      selected particles and release of super energetic electrons therefrom
      having kinetic energies of motion greater than the background energy of
      particles in said vapor flow and with directions of motion distinct from
      the direction of said flow paths;
PA1  the released super energetic electrons causing the ionized particles of
      said environment to depart from the predetermined flow path onto distinct
      trajectories; and
PA1  collecting ionized particles on the distinct trajectories apart from the
      other flowing particles of said environment.
NUM  36.
PAR  36. The process of claim 35 wherein the kinetic energy of motion of the
      released electrons is at least approximately 1 electron volt.
NUM  37.
PAR  37. A process for isotope separation comprising the steps of:
PA1  generating a flowing environment of particles of plural isotope types of a
      material;
PA1  the flowing environment of said particles having predetermined flow paths
      with a generally uniform local direction thereto;
PA1  applying electromagnetic energy to the environment of particles of plural
      isotope types to selectively ionize particles of a selected isotope type
      in said environment with the release of electrons from the selected
      isotope type particles;
PA1  super energizing the electrons in said environment to produce an electron
      expansion in generally all directions which results in space charge
      separation forces on the ions of the selected isotope type particles
      urging them onto trajectories distinct from the predetermined flow paths;
      and
PA1  collecting the ionized particles on the distinct trajectories apart from
      the other particles of said environment.
NUM  38.
PAR  38. The process of claim 37 wherein the super energizing step includes
      applying microwave radiation to the environment.
NUM  39.
PAR  39. The process of claim 37 wherein the super energizing step includes
      applying an electric current to the environment.
NUM  40.
PAR  40. The process of claim 37 wherein the super energizing step includes
      applying a particle beam to the environment.
NUM  41.
PAR  41. The process of claim 37 wherein the super energizing step includes
      applying at least approximately 1 electron volt kinetic energy to said
      electrons.
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ABST
PAL  A method of producing ionized material for mass analysis, in which ions are
      produced in a gaseous medium at high temperature in a region at
      substantially atmospheric pressure; the material is introduced into the
      medium, to be ionized, and the medium containing ions of the material is
      fed at low pressure to a mass analyzer.
PARN
PAR  This is a continuation of application Ser. No. 380,762, filed July 19, 1973
      now abandoned.
BSUM
PAR  This invention relates to methods of and apparatus for carrying out
      analysis of mixtures. In this specification, analysis to be taken as
      including both qualitative and quantitative analysis.
PAR  The mass spectrometer can be used for analysing mixtures of substances, or
      substances contaminated by relatively low levels of impurities, and will
      detect a wide range of elements. It is specially useful in the analysis of
      gases or vapours or of substances that can be transformed into the gaseous
      state by thermal or other vaporisation without in the process altering the
      relative proportions of the constituents. For the analysis of highly
      condensable vapours, liquids, solutions and solids of high melting point
      or of a refractory nature, however, the problem of the introduction into
      the mass analyser at its low operating pressure of ionized atoms from the
      sample in the same relative concentrations in which they are present in
      the sample is very severe.
PAR  There are various types of scientific and industrial apparatus in which it
      is necessary to produce ions, in a gaseous state, of a material under
      examination, but the choice of method of ionisation adopted is influenced
      by the nature of the ionisation required In some apparatus, for example,
      multiply charged ions may be required; in the case of a mass spectrometer
      or like instrument in which the operation of the instrument is related to
      the mass/charge ratio, it is very desirable that the ions should be singly
      charged and that there should be a minimum spread of energies of the ions.
PAR  In the case of mass spectrometers and the like instruments, a number of
      ionization methods are possible but it is desirable that the method used
      should be capable of dealing with a variety of materials, as mentioned
      above, and should produce the highest possible proportion of singly
      charged ions the energies of which lie within a range which is as
      restricted as is reasonably possible. These requirements are in addition
      to the essential requirement that the ions should represent a true sample
      of the material under examination.
PAR  Various ionization methods are known in which vapour is first produced from
      the sample, the vapour containing components from all the species present,
      and then introduced into the mass analyser through an appropriate
      ionization chamber to produce the necessary ions or, if the vapour atoms
      as produced are already ionized, directly into the mass analyser. While
      these methods may be applied to the analysis of certain elements in a
      mixture, they are not in general applicable to all the elements of the
      periodic table, and, where the sample is a mixture, possess the draw-back
      of volatilising the components of the sample at different rates owing to
      the different vapour pressures possessed by the components at any given
      temperature. In general, the introduction of a sample into a mass
      spectrometer is complicated both by the need to operate most ion sources
      at a pressure well below atmospheric and by the physical nature of the
      sample itself. The known arrangements, used in practice, have in common
      the fact that ionisation is effected in a region at low pressure.
PAR  In British Pat. specification No. 835,118 there has been suggested a method
      of ionization in which in a discharge apparatus an anode space containing
      a discharge anode and a cathode space containing a discharge cathode are
      in communication through a nozzle. Different gas pressures are established
      in the two spaces, so that a high temperature arc discharge occurs at the
      electrode associated with the space at higher pressure, while a heavy
      current glow discharge takes place at the electrode associated with the
      space at lower pressure, the cathode being without separate heating means.
      The object of the method of this British specification is to produce the
      highest possible probability of ionisation. Examples of the high and low
      pressures used are 40 mm. and 0.001 mm. of mercury.
PAR  In U.S. Pat. No. 3602595 there is described a method of producing ions by
      forming an arc between a counter-electrode anode and a cathode consisting
      of a material to be ionised. The small droplets of material produced are
      carried away as an aerosol.
PAR  The invention concerns an apparatus for producing ions of a sample
      material, by means of an electric discharge in an atmosphere which is at
      or near atmospheric pressure, that is, normal terrestrial atmosphere not
      substantially lower than 760 Torr. As a result of using this high
      pressure, the discharge is in partial thermal equilibrium; further
      reference is made hereinafter to the nature of this condition.
PAR  An object of the invention is to provide a method of and means for
      producing ions suitable for use with a mass spectrometer or the like, in
      which the range of ion energies is reduced and a very high proportion of
      the ions are singly charged.
PAR  In accordance with the invention there is provided a method of analysis of
      a material which comprises the steps of:
PA1  a. providing a gaseous medium;
PA1  b. subjecting said gaseous medium in a first region thereof substantially
      at atmospheric pressure to the action of high temperature in a zone
      substantially in a condition of local thermal equilibrium thereby to
      establish a high temperature plasma state in said medium;
PA1  c. embodying said material in said medium thereby to produce ionisation of
      said material in said medium;
PA1  d. transferring a portion of said gaseous medium containing said ionized
      material to a second region at a pressure substantially lower than the
      pressure in said first region; and
PA1  e. transferring said ionized material from said second region to a mass
      analyser.
PAR  By means of the invention it is possible to use methods of examination
      which offer the advantage of avoiding the need to introduce the sample to
      a region of very low pressure and defers the reduction of pressure to the
      level at which the mass analyser operates most efficiently, that is, to
      the last stages of the operation. In addition the methods can be adapted
      for use with finely divided solids, liquids, vapours and gases and by the
      use of an appropriate preliminary stage incorporating for example an
      aerosol generator or a laser beam can accept samples as massive solids.
PAR  In a preferred form of the invention described in more detail hereinafter,
      a high temperature plasma is used, preferably with an equilibrium gas
      temperature in the range 4,000.degree. to 6,000.degree. K. Such a plasma
      can be obtained by an electrically maintained discharge in a suitable gas
      such as argon at atmospheric pressure. The discharge is preferably
      achieved as a low voltage direct current capillary arc between a fine
      pointed cathode and a cold anode, confined for example by the walls of a
      tube along which the gas, forming the plasma medium, is passed.
      Alternatively, a radio frequency field can be used, coupled by a suitably
      placed exciting coil, cavity or waveguide, to maintain an electrode-less
      discharge in the gas.
PAR  One such a plasma is stably established, samples to be analysed are
      injected into the gas supply which feeds the plasma. Where the sample is a
      gas or vapour at atmospheric pressure or higher, it can be bled into the
      plasma gas feed through a suitable metering jet. When the sample is a
      liquid it is necessary to form from it an aerosol or cloud of fine
      droplets which can then be injected into the plasma gas supply. With
      liquid solutions it is preferable to remove the solvent from such droplets
      by a desolvation stage before injection. Solid samples, in the form of
      powders fine enough to remain in suspension in the gas, can be similarly
      injected; typically, powders of a few microns diameter particles or less
      are suitable. Massive solid samples have hitherto presented the greatest
      difficulty for introduction to the mass spectrometer and the techniques of
      spark sources and ion bombardment sources are the only practicable
      solutions so far adopted for this. Both however are very costly, require
      the sample to be put into a high vacuum and produce ions with wide energy
      distributions and are thus not suitable for rapid routine use.
PAR  In the method of the inventions there are two ways of producing a fine
      dispersion of solid particles in the carrier gas stream feeding the plasma
      from massive solid samples, which are especially suitable.
PAR  The first of these ways is by means of an aerosol generator in which a
      unidirectional electric arc is struck in a gaseous atmosphere between an
      anode and the sample, which is made the cathode of the arc. Where the
      sample is an electrical conductor it can be used directly as the
      electrode, the only preparation needed being the provision of a clean
      surface at which the discharge can be struck. Where the sample is an
      insulator, the sample is used to prepare a conductive composite; for
      example, if the sample is a powder, such as a mineral powder, an intimate
      mixture with graphite or a metal is made and compressed into a solid
      "briquette" in the manner which is commonly used for x-ray fluorescence
      analysis. The relative proportions of the sample and conductor are chosen
      to produce a suitably low resistance compact. Because the arc is
      unidirectional or direct current, the erosion of the electrode is confined
      substantially to the cathode, that is, to the sample and as the arc
      wanders about over the available surface erosion is spread over a
      significant area of the sample, producing a pitted appearance. The eroded
      material in the discharge is in the form of an aerosol of minute particles
      in size ranging downward from about one micrometre. If the gas in which
      the discharge takes place, which may typically be argon or helium, is
      allowed to flow from the discharge area away down a tube it will carry
      with it the particles produced from the sample. These particles have a
      composition which is truly representative of the sample composition.
PAR  A second method makes use of a pulsed laser beam to extract material from
      the sample; in this case the sample can be a non-conducting solid in its
      original form, thus avoiding the need for sample preparation.
PAR  A convenient way of using the laser beam to prepare the samples is to focus
      the beam on to the surface of the sample in the presence of a carrier gas,
      preferably an inert gas such as argon and helium, and typically at
      atmospheric pressure. The plume of material which is extracted from the
      surface by the laser beam rapidly reaches equilibrium by collision with
      the carrier gas and the excited atoms return to their ground states and
      the ions recombine to form atoms again. The extracted material from the
      sample material is then conveyed by flowing the carrier gas into the
      plasma which is used as the ion source for a mass spectrometer, as
      described above. In this way a major part of the material extracted from
      the surface is analysed and the analysis is not interfered with by the
      complex state of the material immediately after the extraction process.
PAR  Because of the very small size of the laser spot on the sample surface.
      typically 10 micrometres in diameter, the analysis of a heterogeneous
      material could differ on successive occasions due to the laser beam being
      focussed on a different phase of the surface. If however, the sample is
      moved or rotated with respect to the beam position between successive
      laser pulses, so that each laser pulse strikes a fresh sample surface, the
      reproducibility of the analysis is greatly improved and calibration
      standards can be used in the way which is common practice in analytical
      techniques. This is greatly facilitated by the method of allowing the
      extracted plume to come to equilibrium with the carrier gas so that an
      integrated measurement may be made over a large number of successive laser
      pulses while the carrier gas is fed to the analyzing plasma. In this way
      substantially all the extracted material can be analyzed and differential
      and rate effects, due to the very high input energy rate of the laser
      beam, avoided.
PAR  Once the sample in any of these forms is entrained in the plasma gas feed
      it is carried into the plasma. At the temperature involved particulate
      solids and liquids are immediately vaporised, and their behaviour is then
      the same as gas or vapour samples after such samples have reached the
      plasma. At these temperatures the molecules of the sample are
      substantially dissociated into their constituent atoms which are then
      ionized with a high yield of singly charged ions.
PAR  The plasma can be sampled by means of suitable plasma diagnostic
      techniques. A convenient method is to extract neutral or ionized atoms
      from the plasma through a fine orifice in a suitably shaped diaphragm
      which forms a boundary of a low pressure region. The ions or atoms
      escaping into this region are then suitably formed into a fine beam which
      is passed through successive pressure reduction stages into the mass
      analyzer of a mass spectrometer with or without assistance from a suitable
      electric field. Alternatively, the plasma can be sampled for neutral
      sample atoms which are then injected into a separate ion source, typically
      of the electron impact variety, in which the ionisation process may be
      controlled to produce predominately singly charged ions of low energy
      spread.
PAR  Simultaneous vaporisation and ionisation can be effected in an apparatus in
      which the sample aerosol is fed directly at the pressure of the sample
      introduction into the plasma, which can be of any of the forms described
      above, where it is both vaporised and ionized. Conveniently, the ions can
      be extracted, either on or at right angles to the plasma axis, through an
      orifice in a thin diaphragm separating the plasma vessel and the mass
      analyser vessel. The orifice is typically between 2 and 10 thousandths of
      an inch in diameter.
PAR  The method and apparatus of the invention involves the production of ions,
      in a region at substantially atmospheric pressure, by discharge in a zone
      which is in substantially thermal equilibrium. It is not feasible to have
      the region in which the discharge takes place wholly in thermal
      equilibrium, since the walls of the containment of the region, for
      example, cannot be at the temperature of the discharge but it is feasible
      to maintain the thermal equilibrium in the core or zone of the region in
      which the discharge takes place.
PAR  The condition of thermal equilibrium for the plasma can be variously
      defined, and in a condition of thermal equilibrium the definitions are
      equally valid. Thus, the definition can be in relation to the gas
      temperature as defined by the kinetic energy of the neutral atoms; the
      electron temperature, as defined by the kinetic energy of the electrons;
      the excitation temperature, which refers to the population of the various
      excited states which exist and the ionization temperature, which refers to
      the ionisation equilibrium.
PAR  In practice, any differences between these temperatures depends on the
      ratio of gas pressure to electric field (p/E). At low pressures or in high
      fields, the gas temperature is low and the electron temperature high.
PAR  When the plasma is in thermal equilibrium, that is when all the
      temperatures have come to the same value, the important advantages are
      obtained:
PAL  Firstly, the gas temperature is at its highest and thus the thermal effect
      on an introduced sample is optimum, i.e. it is vaporized and dissociated
      rapidly. This is particularly important for solid particles. Secondly,
      ions are produced entirely by the thermal ionization process and have low
      energies because since the mean free path is small they retain the kinetic
      energy of the population around them, and because of the high current
      density and low voltage drop of an atmospheric pressure discharge, the
      electric field is small.
PAR  These advantages are very important for analysis of sample introduced into
      the carrier gas. The first point ensures that the sample is reduced to
      atomic vapour before it is blown past the hottest part of the discharge.
      The second point is doubly advantageous in that the ions have a small
      distribution of kinetic energy, therefore they can subsequently be
      analyzed by a simple type of mass analyzer without an energy analysing
      stage, and, further, because they are not subjected to electron
      bombardment at high fields there is very little electron impact ionization
      which can lead to double ionization, and higher states in extreme cases,
      which gives additional confusing spectral lines.
PAR  The temperature must be high enough to produce adequate vaporisation,
      dissociation and ionization and not too high to produce by itself higher
      states of ionization. The ideal temperature depends on the sample state
      and its atomic composition, the figures of 4,000.degree.-6,000.degree. K
      mentioned are a compromise that is acceptable for most purposes, though
      other temperatures are possible.
PAR  These advantages stem from the state of near thermal equilibrium. If this
      could be obtained at low pressure, then the advantages could also
      substantially be obtained, but thermal equilibrium is not obtained at
      pressures significantly below atmospheric; the lower limit is about 500
      Torr. It improves above atmospheric but some convenience is lost.
PAR  Thus the main advantage of the sample introduction system and ion source
      combination described is lost if it is operated at the low pressure.
PAR  There is a modified form of the invention which is also useful, in which,
      an arc is established, at substantially atmospheric pressure, to vaporise
      and dissociate a sample; the neutral produce is then introduced through an
      orifice into a low pressure zone where a low pressure ion source is
      disposed.
PAR  This sequential vaporisation and ionisation affords more independent
      control over the conditions of ionization. The sample aerosol can be
      vaporised in a plasma in the manner described above and the plasma sampled
      by an orifice as before. Beyond this orifice, however, the stream of ions
      and neutral atoms, which are normally obtained simultaneously, may have
      the ions removed from it, typically by means of a transverse electric
      field, and then be allowed to pass into an ion source of the well-known
      electron impact type. In this source the beam of neutral atoms is
      subjected to bombardment by an electron beam under closely controlled
      conditions. A proportion of the sample atoms will thus be ionized and may
      then be permitted to enter the mass analyser.
DRWD
PAR  Different embodiments of apparatus for carrying out the methods described
      are illustrated in FIGS. 1 and 2 of the drawings, in which:
PAR  FIG. 1 is a schematic representation of an apparatus in which a sample is
      obtained by arc discharge; and
PAR  FIG. 2 is a schematic representation of an apparatus in which a sample is
      obtained by a chemical reaction.
DETD
PAR  FIG. 1 shows an arrangement in which a sample is obtained by arc discharge,
      and the sample vaporized by capillary discharge, the two stages being at
      the same pressure.
PAR  An arc is established between the sample, provided as a sample compact 10,
      as the cathode and an anode 11, within a closed space defined by a chamber
      12. A carrier gas, such as argon or helium, is introduced at 13 and the
      carrier gas containing particles of the sample material leaves the chamber
      at 14 and fed to the following plasma. In this stage an arc is established
      in a chamber 15, between an electrode, such as the anode, at 16 and the
      other electrode at 17; the discharge is confined to a capillary region at
      18. The carrier gas containing sample particles is admitted at 19 and main
      gas flow leaves the chamber at 20, a small part of the flow leaving
      through an orifice at 21, and passing at 22 to the mass analyzer. A vacuum
      pump connection is indicated at 23.
PAR  For other types of sample the sampling discharge, shown in FIG. 1, between
      the electrode 11 and the sample 10, can be replaced by a pulsed laser beam
      which enters the chamber through a lens by which the beam is focussed on
      the sample surface. The carrier gas then carries the sample vapour plume
      to the plasma as before. In another alternative, the sampling discharge
      chamber, or aerosol generator, can be replaced by a liquid nebuliser and
      desolvator to enable liquid or solutions to be analysed. Gases or vapours
      can be admitted directly to the carrier gas stream and carried to the
      plasma as before. As in the other examples described the sample will be
      dissociated by the high temperature plasma into its constituent atoms.
PAR  In determining the constitution of a mixture it may not always be
      convenient to reduce it to its constituent atoms, since information
      concerning the structure of the components of the mixture is destroyed.
      For example, in the analysis of the components of the gaseous contents of
      a chemical reactor in which various stages of the manufacture of organic
      polymers are in process, it may be desired to determine the relative
      abundance of the various components without destroying their molecular
      form. If a sample of the contents, which may be at a temperature of a few
      hundred degrees centrigrade and not able to be cooled below this without
      condensation occurring is fed to the sample inlet to a plasma as described
      it will of course on entering the plasma be completely dissociated into
      its constituent atoms, typically carbon, hydrogen and oxygen, and all
      information as to the molecule composition of the components of the
      mixture will be lost.
PAR  Molecules analysis may however be achieved if a sample is fed into the
      plasma tail stream. To accomplish this, a plasma is stably established in
      a stream of carrier gas fed through it in the manner already described.
      The carrier gas which may typically be argon or helium, will contain a
      high proportion of ionised atoms which will be carried out of the high
      temperature region and persist in the tail stream of flowing gas; in this
      case no sample is added up-stream of the plasma, so only the carrier gas
      ions are present. As this carrier gas stream leaves the high temperature
      region, it cools, eventually to ambient temperature, so that along the
      tail stream, positions exist where the temperature lies between ambient
      and the highest plasma temperature. The density of the ion population will
      decrease with distance from the high temperature position, due to
      recombination.
PAR  In order to analyse a sample which cannot be heated to a high temperature
      without destroying its molecular structure, the sample is injected into
      the tail stream at a position which is at a temperature at which
      structural information will not be destroyed. To maintain the temperature
      of the subsequent part of the tail stream high enough for the succeeding
      stages of the process it may be necessary to prevent further cooling
      beyond the sample injection point by suitable thermal jacketting or
      heating. The sample at this point may be in the form of a gas or vapour
      withdrawn as such from a chemical process, but if necessary appropriate
      provision can be made to produce the sample as a gas or vapour prior to
      injection.
PAR  Once the sample molecules are mixed into the ionised stream of carrier gas
      from the plasma they will become ionised by a process of charge exchange
      with it and at a suitable position below the sample injection point the
      gas stream will contain neutral carrier gas atoms, carrier gas ions,
      neutral sample molecules, ionized sample molecules and neutral and ionised
      reaction products or molecular fragments which result from ion-molecule
      reactions taking place in the gas stream between the components of the
      sample.
PAR  This carrier gas stream can then be sampled by the same means, described
      above for plasma sampling in which ions are extracted through a fine
      orifice in a suitably shaped disphragm which forms the boundary of a low
      pressure region. The ions escaping into this region are then passed into
      the mass analyser of a mass spectrometer in the way already described.
PAR  An apparatus suitable for carrying out this method is shown in FIG. 4. In
      this arrangement a sample is obtained from a chemical process reactor at
      above atmospheric pressure and a temperature of 300.degree. C and is
      allowed to expand through an orifice into the plasma tail stream at a
      point at which it is also at 300.degree. C.
PAR  A stream of carrier gas such as argon or helium is fed through an entrance
      tube 31 to a capillary 32 which passes through the centre of a microwave
      cavity 33. This cavity is excited by energy from a microwave generator,
      fed by coupling 34 and the plasma is formed in the capillary passing
      through it. The ionised carrier gas which streams from the plasma passes
      through a further tube 35 along which its temperature falls until a
      position 36 is reached where the temperature is substantially that of the
      incoming sample 37. This sample is conveyed by a thermally jacketted tube
      to an injection orifice 38 through which it is expanded into the tail
      stream of the plasma. Charge exchange and ion molecule reactions take
      place in the reaction region of the tube 39, which is maintained at the
      sample temperature. At an appropriate point along tube 39 the reaction
      product ions are sampled by the small orifice 40 and passed into pressure
      reduction stages through the manifold 41 to the spectrometer. Scattered
      neutral products are pumped away by vacuum pumps connected to the manifold
      42. The carrier gas passes from the reaction zone through the outlet 43 to
      exhaust.
PAR  The mass spectra produced by the spectrometer will contain information on
      mass and abundance of the ionised products of the charge exchange and
      ion-molecule reaction processes occurring in the tail stream subsequent to
      the sample injection, from which the original sample composition may be
      deduced in a manner similar to that used for electron impact ionisation
      mass spectrometry of organic molecules. In certain cases information on
      the neutral molecules and fragments sampled by the orifice may also be
      required and in such cases a normal electron impact ionization source can
      be used to produce ions for subsequent mass analysis, though such a source
      is likely to produce further fragmentation of the molecules and fragments.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of analyzing a material which comprises the steps of:
PA1  a. providing a gaseous medium;
PA1  b. introducing said material into said medium;
PA1  c. ionizing at least part of said medium in a first region to convert it to
      a plasma state, and thereby ionize said introduced material, with said
      plasma at substantially atmospheric pressure and substantially in a
      condition of thermal equilibrium;
PA1  d. transferring a portion of said gaseous medium containing said ionized
      material to a second region at a pressure substantially lower than the
      pressure in said first region; and
PA1  e. transferring said ionized material from said second region to a mass
      analyzer.
NUM  2.
PAR  2. A method in accordance with claim 1, and including the step of
      introducing a liquid material to said first region as an aerosol.
NUM  3.
PAR  3. A method as claimed in claim 1 in which said medium is ionized by
      producing an electric discharge in said first region.
NUM  4.
PAR  4. A method as claimed in claim 1 including the steps of producing a fine
      dispersion of solid particles of said material from a solid sample thereof
      by means of an electric arc, and introducing said dispersion into said
      gaseous medium.
NUM  5.
PAR  5. A method in accordance with claim 1 including the steps of producing a
      fine dispersion of solid particles of said material by the impact of a
      pulsed laser beam on the solid sample; and introducing said dispersion
      into said gaseous medium.
NUM  6.
PAR  6. A method of analyzing a compound the constitution of which changes with
      temperature, which method comprises the steps of:
PA1  a. providing a gaseous medium;
PA1  b. ionizing at least part of said medium in a first region at a temperature
      above the temperature at which said compound will thermally change, the
      pressure of the medium in said region being substantially at atmospheric
      pressure;
PA1  c. causing the temperature of the ionized medium to fall to a temperature
      which is at most slightly greater than the said temperature of thermal
      change of the compound, thereby providing a cooled quantity of said medium
      containing ions of the medium;
PA1  d. introducing neutral particles of said compound into said cooled portion
      of the medium and thereby producing ions of said compound;
PA1  e. transferring a portion of said gaseous medium containing ions of said
      compound to a second region at a pressure substantially less than
      atmospheric pressure, and
PA1  f. transferring said ions of the compound from said second region to a mass
      analyzer.
NUM  7.
PAR  7. A method of analysis of a material which comprises the steps of:
PA1  a. providing a gaseous medium;
PA1  b. subjecting said gaseous medium in a first region thereof substantially
      at atmospheric pressure to the action of high temperature in a zone
      substantially in a condition of local thermal equilibrium thereby to
      establish a high temperature plasma state in said medium;
PA1  c. embodying said material in said medium thereby to produce ionisation of
      said material in said medium;
PA1  d. transferring a portion of said gaseous medium containing said ionised
      material to a second region at a pressure substantially lower than the
      pressure in said first region; and
PA1  e. transferring said ionised material from said second region to a mass
      analyser.
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ABST
PAL  A virtual image type double focusing mass spectrometer having a diverging
      electrostatic field and a converging magnetic field, wherein parameters
      related to the fringing effects in the boundaries of said fields and to
      the distribution of the electrostatic field reduces image aberrations of
      the second order.
BSUM
PAR  My invention relates to virtual image type double focusing mass
      spectrometers or spectrographs and more particularly to mass spectrometers
      or spectographs incorporating an improved ion optical system capable of
      reducing the image aberrations of the mass spectra.
PAR  Conventional double focusing mass spectrometers use a cylindrical or
      toroidal electrostatic field to converge the ion beam. In 1964, so-called
      virtual image type double focusing mass spectrometer equipped with a
      diverging electrostatic field and a converging magnetic field capable of
      satisfying double focusing conditions were described at the 12th annual
      conference of the Mass Spectroscopy Society of Japan. Details of this
      novel mass spectrometer were also published in the journal issued by said
      society, Vol. 11, No. 24, 1964pp. 127-140 and Vol. 16, No. 1, 1968 pp.
      30-36. Later virtual image type double focusing mass spectrometers were
      developed and manufactured by the assignee of the present invention.
PAR  In order to understand the ion optical system of the virtual image type
      double focusing mass spectrometer, reference is made to FIG. 1. Ions
      produced by an ion source (not shown) pass through a main slit 1 and
      travel towards a diverging electric field 3 as a beam 2 having a
      transverse dispersion angle .alpha. in a plane determined by the central
      orbit of ions on the electric field (plane Z=0). This toroidal diverging
      electrostatic field has a focusing action similar to that of a concave
      lens. Accordingly, the ion beam 2 which passes through the main slit 1
      with a dispersion angle .alpha., enters the converging magnetic field 6
      with a greater dispersion angle .alpha.' in the plane Z=0. Therefore, the
      ion beam emitted from the diverging electric field 3 travels to the
      converging magnetic field 6 as if it were emitted from the virtual image
      point 7. After being converged in the magnetic field 6, the ion beam
      focuses into a real image at the collector slit 8.
PAR  In this ion optical system, the ratio of the transverse dispersion angle
      .alpha.' at the virtual image point 7 to the transverse dispersion angle
      .alpha. at the main slit 1 (i.e., the object point), is equal to the
      reciprocal of the ratio of the image width S.sub.0 ' at the virtual image
      point 7 to the slit width S.sub.0  at the main slit 1. Since S.sub.0
      '/S.sub.0 is equivalent to the image magnification X.sub.e (i.e., the
      ratio of the image width at the object point to the image width at the
      virtual point), the following relationship is established.
EQU  .alpha.'/.alpha. -1/Xe
PAL  Appropriate values for the ratio .alpha.'/.alpha.  being 3 .about. 4, the
      image magnification X.sub.e is one-fourth .about. one-third. From the
      above elucidation, it would appear apparent that the virtual image type
      double focusing mass spectrometer incorporates the following features,
      viz;
PAR  1. Improved sensitivity and resolving power up to 3 .about. 4 times is
      possible due to the fact that a much wider object slit can be used because
      of the very small image magnification of the spectrometer.
PAR  2. Miniaturization of the mass spectrometer is possible due to the fact
      that the utilization of the virtual image enables the distance between the
      electrostatic field and the magnetic field to be reduced.
PAR  In actual fact, however, the prototype virtual image type double focusing
      mass spectrometers as developed and manufactured by the assignee of this
      invention did not come up to expectations as far as resolving power was
      concerned, since it was found that the concomitant increase in second
      order image aberrations exercised an adverse effect on resolving power
      improvement. Factors affecting image aberrations are considered to be the
      transverse dispersion angle .alpha. in the plane determined by the central
      orbit of ions traveling in the electrostatic field, the longitudinal
      dispersion angle .alpha..sub.z of the ions passing through the main slit
      in the r-Z plane which is perpendicular to the .alpha. plane and also
      passes through the apex of the electric field sector, the velocity
      dispersion .beta. of the ions and the longitudinal displacement b.sub.z '
      at the main slit.
PAR  In order to reduce a second order image aberrations caused by the above
      factors, second order image aberration coefficient in the plane determined
      by the central orbits of the ions traveling in the electrostatic field
      were calculated on the basis of the following parameters, viz.,
PA1  re: the radius of curvature of the central orbit of ions in the diverging
      electric field,
PA1  rm: the radius of curvature of the central orbit of ions in the converging
      magnetic field,
PA1  .phi.e: the vertical angle of the diverging electric field sector,
PA1  .phi.m: the vertical angle of the converging magnetic field sector,
PA1  le': the distance between the main slit and the entry boundary of the
      diverging electric field,
PA1  d: the distance between the exit boundary of the diverging electric field
      and the entry boundary of the converging magnetic field,
PA1  lm": the distance between the exit boundary of the converging magnetic
      field and the collector slit,
PA1  C: the characteristic constant of the diverging electric field.
PA1  Moreover, the entry boundary of the magnetic field was shaped into a
      circular arc having a radius of curvature Rm taking into account the
      reduction of the aberration created in the entry boundary.
PAR  Notwithstanding the efforts to reduce the aberrations, the occurrence of
      substantial second order aberrations continued to prevail. As a result, I
      was unable to improve the resolving power of the mass spectra by applying
      the diverging electrostatic field to a double focusing mass spectrometer.
      The reason for not being able to reduce the aberrations was due to the
      difficulties encountered in formulating equations in which said parameters
      are used in conjunction with the aberrations of the second order or due to
      the laboriousness in solving said equations. To precisely calculate the
      second order aberrations based on the equations with the parameters proved
      to be impossible.
PAR  It should be pointed out, however, that parameters which relate either to
      the aberrations in the plane determined by the central orbit of the ions
      in the boundaries of the field or to the aberrations outside the aforesaid
      plane were not taken into consideration when calculating the aberrations
      even though such parameters do effect the aberrations. I theoretically
      introduced the general equations pertaining to the influences of the
      orbits of the charged particles in the boundaries of the magnetic field on
      the aberrations, and then published the mathematical procedures required
      to express said general equations in the form of matrixes in the journal
      "Nuclear Instruments and Methods" Vol. 77, 1970 pp. 40-50 and Vol. 77,
      1970, pp. 283-292. I also theoretically introduced the equations
      concerning the influences of the boundaries of the toroidal electrostatic
      field on the second order aberrations and published my findings in
      "Nuclear Instruments and Methods" Vol. 91, 1971, pp. 637-647. However,
      contents described in those publications merely indicate the influences of
      the boundaries of the fields on the second order aberrations and do not
      explain the embodied procedures necessary to calculate the values of said
      second order aberrations. The evaluation of the influences of the
      boundaries of the fields (fringing fields) on the aberrations of the
      second order owing to the aforementioned equations was impracticable.
PAR  The toroidal electrostatic field in the plane Z=0 determined by the central
      orbits of the ions is unequal to that outside the plane, as the
      cylindrical electrostatic field in the plane Z=0 is equal to that outside
      the plane Z=0. Therefore, the intensities of the second order aberrations
      in the toroidal electrostatic field were taken to be stronger than those
      in the cylindrical electrostatic field. Later, I developed a system of
      matrixes regarding the effects of the fringing fields and discovered a
      method utilizing a computer with a certain program to obtain the
      coefficients of the aberration terms. The results were revealed in the
      "International Journal of Mass Spectrometry and Ion Physics" Vol. 6, 1971,
      pp. 385-392. In this literature, the conventional theory that the second
      order aberrations outside the plane Z=0, namely, the aberrations on the
      ion orbits displaced along Z-axis were extremely small was proven false.
      The computed results revealed that, even in the electrostatic field, the
      intensities of the second order aberrations outside the central orbit were
      considerably large due to fringing effect.
PAR  According to the calculated results of the second order aberrations
      considering the effect of the fringing fields, I indicated in a paper at
      the fourth conference of "Atomic Masses and Fundamental Constants", held
      at Teddington, Middlesex, England, in September 1971, that the intensities
      of the second order aberration of a double focusing mass spectrometer
      incorporating a converging toroidal electrostatic field were weaker than
      those of a double focusing mass spectrometer incorporating a cylindrical
      electrostatic field under appropriate conditions.
PAR  It is an object of the present invention to provide a virtual image type
      double focusing mass spectrometer having a new and improved ion optical
      system affording a reduction in the aforementioned second order
      aberrations, in which account is taken of parameters hitherto neglected.
PAR  This object can be attained by defining the critical and practical ranges
      of the parameters which express the fringing effects or the distribution
      state of the diverging electrostatic field depending on the calculation of
      the aberrations utilizing the aberration parameters.
DRWD
PAR  In order to understand clearly the theoretical considerations which give
      rise to the present invention, reference is made to the accompanying
      drawings of which:
PAR  FIG. 1 shows a schematic plane view of the ion optical system according to
      this invention;
PAR  FIG. 2 is a sectional view taken along line II--II of FIG. 1 showing the
      main geometrical parameters of the diverging electric field;
PAR  FIGS. 3, 4 and 5 are diagrams showing the characteristic curves of the
      aberration coefficients with respect to the respective vertical angles
      .phi.e of the electric field sectors having different characteristic
      constants C;
PAR  FIG. 6 is a diagram showing the curves of the ratios le'/re with respect to
      the vertical angle .phi.e, le' being the distance between the entry
      boundary and the main slit and r.sub.e being the radius of the central
      orbit of the ions in the electrostatic field;
PAR  FIG. 7 is a diagram showing the characteristic curves of the aberration
      coefficients with respect to the vertical angle .phi.m of the magnetic
      field sector;
PAR  FIG. 8 is a diagram showing the characteristic curves of the aberration
      coefficients with respect to the ratio r.sub.m /r.sub.e, r.sub.m being the
      radius of the central orbit of the ions in the magnetic field and the apex
      of the magnetic field sector and r.sub.e being the radius as defined
      hereinbefore;
PAR  FIG. 9 is a diagram showing the characteristic curve of the ratio of lm"
      /rm to rm/re, lm"  being the distance between the exit boundary of the
      magnetic field and the collector slit;
PAR  FIG. 10 is a diagram showing the relation between the characteristic curve
      of the ratio d/rm and the vertical angle .phi.m, d being the distance as
      defined hereinbefore;
PAR  FIG. 11 is a diagram showing the relation between the characteristic curve
      of the ratio lm"/rm and the vertical angle .phi.m;
PAR  FIG. 12 is a diagram showing the relation between the characteristic curves
      of the ratio le'/r and the characteristic constant C.
PAR  Hereinafter, the cylindrical coordinates (r, .phi., Z) are used for the
      mathematical formulation of the aberrations in order to express the ion
      positions traveling in the diverging electrostatic field 3 as shown in
      FIGS. 1 and 2. An electrostatic field Eo at any arbitrary point on a
      circle having a radius r=re in the plane Z=0 possesses a constant
      intensity whose direction faces inwards towards the center of said circle
      (i.e., perpendicular to the Z-axis). It is here on this circle that the
      central orbit of the ions is assumed to be located. To examine the
      electrostatic field around the circle located in the plane Z=0, the
      following equations are used.
EQU  r=re(1+.rho.), Z=re .zeta.(.rho., .zeta.&lt;&lt;1)
PAL  The component of the toroidal electrostatic field Er in the direction of
      the field can be expressed up to the second order as follows:
EQU  Er=Eo [1-(1+C) .rho.+{1+C+C/2 (1+R')} .rho..sup.2 - C/2 {1+C(1+R')}
      .zeta..sup.2 ]                                            (1)
PAL  in the r-Z plane shown in FIG. 2, the radii of curvature of the
      equipotential lines which pass through an arbitrary point r and a specific
      point re are assumed to be R and Re respectively. Based on this
      assumption,
EQU  C=re/Re                                                    (2)
PAL  and
EQU  R'=(dR/dr) r=re                                            (3)
PAL  Where C is a constant indicating the properties of the various
      electrostatic fields. For example, when C=0, C&gt;0, C&gt;2, 0&lt;C&lt;2, the electric
      fields are cylindrical, toroidal, divergent and converging toroidal
      respectively.
PAR  In order to examine the change in the electrostatic field Er around the
      central orbit of the ions due to orbit displacement along the Z-axis,
      .rho. is assumed to be constant. From the assumption that C&gt;0 and R'&gt;0 is
      most cases, it should therefore be understood from equation (1) that the
      greater .zeta. becomes, the weaker Er becomes. And since the ions
      traveling in an orbit displaced along the Z-axis from the central orbit
      are located in a weaker electrostatic field than those traveling in the
      central orbit, their radius of curvature is enlarged. This is just one of
      the principal causes of the large second order aberrations prevailing in
      virtual image type double focusing mass spectrometers. In order,
      therefore, to remove such a cause, the electrostatic field applied to the
      positions shifted along the Z-axis from the central orbit must be as
      uniform as possible. Accordingly .DELTA. Er/.DELTA. .zeta.;  the
      derivative of the electrostatic field Er with respect to the displacement
      along the Z-axis re .zeta., should be zero. The following equation can be
      expressed by utilizing equation (1).
EQU  1+C(1+ R')=0                                               (4)
PAL  thus
EQU  R= -(1+1/C)                                                (5)
PAL  when equation (5) is satisfied, a uniform electric field will be
      distributed on the positions shifted along the Z-axis from the central
      orbit. However, satisfying equation (5) is not the only proviso necessary
      to minimize the above aberrations. The various parameters, especially
      those related to the fringing effects in the electric and magnetic field
      boundaries, must also be taken into account. From equation (5), it can be
      expected that R'&lt;0 greatly contributes to reducing the second order
      aberrations. Assuming that the radii of curvature of the surfaces of the
      outer and inner electrodes 4 and 5 on each side of the electrostatic field
      both trimmed in the r-Z plane are Ra and Rb respectively and that the
      inner electrode is distance rb from the Z-axis, making Ra smaller than Rb
      would produce an electrode structure such as to create a toroidal electric
      field having a negative R'.
PAR  Subsequently, I will explain the aberration coefficients. Assuming the
      displacement of the ions at the image point to be Y.sub.B, the
      displacement can be expressed up to the second order as follows.
EQU  YB=rm(B.sub.1 .alpha.+B.sub.2 .beta.+B.sub.11 .alpha..sup.2 +B.sub.12
      .alpha..beta. +B.sub.22 .beta..sup.2 +B.sub.33 .alpha.z.sup.2 +B.sub.35
      .alpha.z.zeta. +B.sub.55 .zeta..sup.2)                    (6)
PAL  where:
PA1  rm is the radius of curvature of the central orbit of the ions in the
      magnetic field,
PA1  B.sub.1, b.sub.2 are first order aberration coefficients,
PA1  B.sub.11, b.sub.12, b.sub.22, b.sub.33, b.sub.35 and B.sub.55 are second
      order aberration coefficients,
PA1  .alpha. is the transverse dispersion angle defined hereinbefore,
PA1  .beta. is the velocity dispersion mentioned above,
PA1  .alpha.z is the longitudinal dispersion angle defined hereinbefore, and
PA1  .zeta.is the longitudinal displacement defined hereinbefore.
PAL  It is possible to make both the first order aberration coefficients B.sub.1
      and B.sub.2 zero at the same time by making d (the distance between the
      exit boundary of the electrostatic field and the entry boundary of the
      magnetic field) and lm"  (the distance between the exit boundary of the
      magnetic field and the collector slit) satisfy the double focusing
      conditions. It is also possible to make two of the six second order
      aberration coefficients zero by selecting R'(defined in equation (3) ) and
      Rm (the radius of curvature of the boundary surface of the magnetic field)
      appropriately. And, since in a virtual image type double focusing mass
      spectrometer, the longitudinal second order aberrations such as B.sub.33
      and B.sub.35 are quite large, reducing these particular aberrations is
      especially important. However, since utilizing the diverging electrostatic
      field has the adverse effect of increasing the dispersion angle .alpha.,
      the second order aberration coefficients B.sub.22, B.sub.33, B.sub.35 and
      B.sub.55 are calculated hereinafter by making B.sub.11 and B.sub.12, both
      of which are related to transverse angles, zero. The calculation in
      question is carried out taking into consideration the fringing effects in
      the fringing fields as well as the various parameters such as re, rm,
      .phi.e, .phi.m,C, R, Rm etc. relating to the second order aberration
      coefficients. The parameters and fringing effects are all transformed into
      matrixes which are formulated into a program suitable for calculation by
      means of a computer. Depending on the program, each parameter of the ion
      optical system of a virtual image type double focusing mass spectrometer
      is calculated so as to make the respective second order aberration
      coefficients minimum.
PAR  FIG. 3 shows the relation between .phi.e, i.e. the vertical angle of the
      electrostatic field sector, and the second order aberration coefficients
      except B.sub.11 and B.sub.12 under conditions whereby C=2.8, re=rm and
      .phi.m=60.degree.. It is apparent from the graph that the aberration
      coefficients in question are minimal around .phi.e=120.degree. and show a
      sharp increase outside the range 90.degree..ltoreq..phi. e.ltoreq.160
      160.degree.. FIGS. 4 and 5 show the same relationship as in FIG. 3 but at
      lower and higher C values respectively. In spite of this change, the
      aberration coefficients remain essentially the same as in the case of
      C=2.8 with the same range, viz.,
      90.degree..ltoreq..phi.e.ltoreq.160.degree. critically defining the
      optimum aberration coefficients. FIG. 6 shows the relation between a given
      change in le', i.e., the distance between the main slit and the entry
      boundary of the electrostatic field, and the vertical angle .phi. e under
      the conditions whereby .phi.m= 60.degree. and re=rm, where le'/re is read
      along the longitudinal axis. Le'/re must be at least positive and the
      space between the main slit and the entry boundary of the electrostatic
      field must be large enough to accomodate the valve member, the deflection
      electrodes, the dispersion limiting slit and so on. From FIG. 6 another
      condition viz., .phi.e.ltoreq.140.degree.,  can be attained. It therefore
      follows that the desirable range of the vertical angle of the
      electrostatic field sector is 90.degree..ltoreq..phi.e.ltoreq.140.degree..
PAR  FIG. 7 shows the relation between the computer calculated results of the
      second order aberration coefficients and .phi.m indicates that .phi.m
      affects the second order aberration coefficients to a small extent only.
      FIG. 8 shows the relation between the aberration coefficients and rm/re.
      As in the case of .phi.m, a change in rm/re has only a slight affect on
      the second order aberration coefficients. Based on FIG. 8 it is evident
      that the critical selection of the .phi.e range defined by
      90.degree..ltoreq..phi.e.ltoreq.140.degree. should be estimated
      adequately.
PAR  FIG. 9 shows the relation between lm"; 45 i.e. the distance between the
      exit boundary of the magnetic field and the collector slit, and rm/re
      under the conditions whereby C=2.8, .phi.m=60.degree. and  Lm"/rm is read
      along the longitudinal axis. When rm/re exceeds 1.2, lm"/re becomes
      greater than 3.0. A double focusing mass spectrometer with a too long lm"
      would bring about a reduction in sensitivity and the apparatus would, of
      necessity, become bulky. Thus rm/re &lt; 1.2 is preferable. FIG. 8 too
      illustrates that the aberration coefficients have a tendency to assume
      large values when rm/re is less than 0.8, so that rm/re &gt; 0.8 is
      desirable. In fact, the ideal value of rm/re would amost be one, i.e., the
      condition whereby rm .apprxeq. re.
PAR  FIG. 10 shows the relation between d; i.e. the distance between the exit
      boundary of the electrostatic field and the entrance boundary of the
      magnetic field, and .phi.m, i.e. the vertical angle of the magnetic field
      sector, under the conditions whereby C=2.8, .phi. e=120.degree., re=rm,
      Xe=1/4,  and d/rm is read along the longitudinal axis. When the image
      magnification in the electrostatic field Xe exceeds 1/2, le' and le'
      become too short to design the mass spectrometer and when Xe does not
      exceed one-fifth, le' and le" become so long that not only does mass
      spectrometer become bulky but the ion optical system also becomes darker,
      thereby causing a reduction in sensitivity. Accordingly, 1/4 .ltoreq. Xe
      .ltoreq. 1/3 as indicated in the figure gives the best results. Further,
      at .phi.m=80.degree., d/rm is almost zero. However, in order to provide
      sufficient space to accommodate the monitor slit, etc, d must be greater
      than zero, thus .phi.m must be less than 80.degree.. FIG. 11 shows the
      relation between lm"; i.e., the distance between the exit boundary of the
      magnetic field and the collector slit, and .phi.  m under the same
      conditions as in FIG. 10. The figure indicates that when lm"/rm exceeds 2,
      the length of lm" increases to such an extent that the ion optical system
      becomes dark, thereby causing a reduction in sensitivity. Moreover, the
      mass spectrometer becomes bulky. Accordingly, .phi. m must be larger than
      50.degree.. Based on FIG. 10 and 11 the usable range of the magnetic field
      sector vertical angle can be defined as 50.degree. &lt; .phi.m &lt; 80.degree..
      Finally, FIG. 12 shows the relation between le'/re and the characteristic
      constant C under the condition whereby .phi.e=120.degree. and Xe=1/4.
      According to the figure, the larger C becomes, the shorter le' becomes
      until finally le' becoomes negative. Since the realization of a mass
      spectrometer with a negative le' is out of the question, C must be less
      than 3.0. However, when C is less than 2.4, le'  becomes too large, thus
      impairing an important feature of this invention, i.e. the miniaturization
      of the mass spectrometer using a diverging electrostatic field not to
      mention a striking reduction in sensitivity. Therefore, from the practical
      point of view, C is preferably defined in the range 2.4.ltoreq.C&lt;3.0.
PAR  According to the inventor's calculation which took full consideration of
      the fringing effects of the boundaries of the electrostatic and magnetic
      fields, the aberration coefficient B.sub.33 of a conventional focusing
      mass spectrometer equipped with a cylindrical electrostatic field was
      found to be about -30 .about. -40. On the other hand, the second order
      aberration coefficients in the case of the virtual image type focusing
      mass spectrometer according to this invention is suppressed within the
      limits .+-.4, thus enhancing the resolving power to a marked degree.
      Moreover, the mass spectrometer according to this invention has a
      comparatively short ion path and virtual image. Consequently, the ion
      optical system is brighter, the sensitivity is higher and the instrument
      is small and compact.
PAR  Having thus described my invention with the detail and the particularity as
      required by the Patent Laws, what is desired protected by Letters Patent
      is set forth in the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A double focusing mass spectrometer incorporating a diverging
      electrostatic field and a converging magnetic field through which an ion
      beam to be analyzed passes comprising:
PA1  a. an ion source for producing an ion beam;
PA1  b. inner and outer electrodes for producing the diverging electrostatic
      field, positions within said field being defined by the cylindrical
      coordinates r, .phi. and z, the central ion orbit having a radius r.sub.e
      in the z=0 plane, equipotential lines within said field in the z=0 plane
      being defined by a particular value of r, equipotential lines within said
      field in an r-z plane which contains the z axis and thereby being
      perpendicular to the central ion orbit being defined by a radius R, said
      field satisfying the condition
      ##EQU1##
      the ratio of the radius r.sub.e of the central ion orbit and R.sub.e being
      the radius of curvature of an equipotential line in the r-z plane passing
      through the central ion orbit satisfying the following range
EQU  2.
NUM  2.
PAR  2. 4 .ltoreq. r.sub.e /R.sub.e .ltoreq. 3.0
PAL  and the vertical angle of .phi..sub.e of the electric field satisfying the
      range 90.degree. .ltoreq. .phi..sub.e .ltoreq. 140.degree.;
PA1  c. means for producing the converging magnetic field so as to converge the
      ions emitted from the electrostatic field; and
PAR  d. means for detecting the ions converged by the magnetic field. 2. In a
      double focusing mass spectrometer as set forth in claim 1 wherein said
      means for producing the converging magnetic field defines a sector and
      comprises the optical parameters which satisfy the following relation and
      range:
PA1  r.sub.m is nearly equal to r.sub.e and 50.degree. &lt; .phi.m &lt; 80.degree.,
      where r.sub.m is the radius of curvature of the central orbit of the ions
      in said magnetic field and .phi.m is the vertical angle of the magnetic
      field sector.
NUM  3.
PAR  3. A double focusing mass spectrometer as set forth in claim 1 wherein the
      radius of curvature of the surface on the electrostatic field side of the
      outer electrode trimmed by the r-Z plane is smaller than the radius of the
      curvature of the surface on the electrostatic field side of the inner
      electrode trimmed by the r-Z plane, so as to make the derivative dR/dr
      negative.
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ABST
PAL  A method for detecting surface discontinuities in a part which comprises
      applying a non-water miscible fluorescent penetrant to the part to permit
      the penetrant to enter and become lodged in surface discontinuities,
      applying an emulsifying agent to the part to emulsify excess penetrant,
      washing the part with water to remove the emulsifying agent and emulsified
      penetrant while leaving penetrant lodged in the discontinuities, and
      thereafter applying particles of a dry hydrophobic developer over the part
      so that upon removal of excess developer, the part may be inspected for
      penetrant exuded out of the discontinuities and into the hydrophobic
      particles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of nondestructive testing of objects by
      means of the penetrant inspection technique, and utilizes hydrophobic
      developing particles to render indications contrastingly visible to the
      background.
PAR  2. Description of the Prior Art
PAR  The present invention is concerned with the well-known
      "post-emulsification" technique of removing excess penetrant from a test
      piece being tested by the penetrant inspection method. The post
      emulsification technique is described completely in the DeForest et al.
      U.S. Pat. No. 2,806,959. As noted in that patent, the method involves
      employing an oily liquid penetrant having excellent penetrating properties
      but being immiscible with water and being substantially free of any
      emulsifying agent. The oily penetrant is then treated with an emulsifying
      agent which, by substantially static contact with the penetrant, renders
      the latter superficially water-emulsifiable. In a subsequent washing step
      with water, it is only the superficial emulsified layer of the penetrant
      that is removed with the excess of emulsifying agent. Any emulsified
      penetrant that has penetrated the surface discontinuities remains in such
      discontinuities and serves to indicate the existence and location thereof
      by the contrasting color effect that is obtained upon application of a
      developer to the surface. Where the penetrant is colored with a
      fluorescent dye dissolved in the penetrant, the inspection is carried out
      under "black" or ultraviolet light.
PAR  This type of process has been widely used commercially and is quite
      successful because it is capable of determining the presence of relatively
      shallow and relatively wide cracks, as well as the presence of defects
      having very fine surface openings. This is so because the non-water
      miscible penetrant is not washed out of such wide, shallow cracks and is
      better able to enter into the finer surface defects.
PAR  A specific improvement on the DeForest et al. patent is found in the Parker
      U.S. Pat. No. 2,978,418 which describes an improved emulsifier for the
      post emulsification process, the emulsifier containing from 1 to 20
      percent by volume of tri-butoxyethyl phosphate.
PAR  Another type of improved emulsifier for the post emulsification process is
      described in Borucki U.S. Pat. No. 3,401,556. That patent deals with an
      emulsifier composition which is free from sulfur, chlorine and phosphorus
      and includes effective proportions of
PA1  1. a water miscible alkanol amine,
PA1  2. tallol,
PA1  3. a water miscible polymerized monohydroxy oxy 1,2-propylene aliphatic
      monoether which functions as a coupling agent,
PA1  4. a non-ionic lauroyl diethanol amine wetting agent,
PA1  5. an alkyl aryl polyether alcohol which imparts enhanced water washability
      to the resulting emulsifier,
PA1  6. an isoparafinic hydrocarbon as a solvent, and
PA1  7. water.
PAR  Still another emulsifier suitable for use in a post emulsification process
      is disclosed in Magdalin U.S. Pat. No. 3,585,853. This emulsifier is an
      aerosol foam-forming composition which includes water, a surfactant, a
      foaming agent, a coupling agent, and optionally a corrosion inhibitor.
PAR  The dry developers currently being used in the post emulsification-type
      process may consist of mixtures of silica aerogels, hydrated alumina
      aerogels and talc. These materials, however, are all hydrophilic which
      requires that the part, after emulsification with the emulsifier, be
      thoroughly washed with water and dried completely before the dry developer
      is applied. Otherwise, the finely divided hydrophilic particles pick up
      water and form a thin cake on the surface of the part which tends to
      obscure indications caused by penetrant exuding out of the cracks and into
      the powder.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention makes use of a dry, fluffy developer of an average
      particle size of less than 1 micron and consisting of hydrophobic
      particles such as specially treated silica aerogels or calcium carbonate.
      Through the use of the improved developer of the present invention, it is
      no longer necessary to dry the surface of the part thoroughly after the
      emulsifier has been water washed to effect its removal. For ease in
      inspection, it is desirable that standing droplets of water be removed and
      this can be done conveniently by an air stream. The hydrophobic developer
      particles can be applied to the part while it is still moist. The
      application of the powder always finds the penetrant residues even if
      water droplets are present in other areas of the part because the
      penetrant residues are themselves hydrophobic so that any residual water
      will not film over such deposits. Finally, the excess developer powder can
      be removed by means of an air blast or the like and the part is thereafter
      inspected in black light to cause fluorescence of the dye in the
      penetrant.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the present invention, I carry out the conventional post
      emulsification process using a water immiscible fluorescent penetrant and
      an emulsifying agent to remove excess penetrant in the usual way. The
      residual emulsifying agent and the emulsified penetrant are then washed in
      water, again in the usual manner, but the water which remains is not dried
      thoroughly as it has been in the past. It is desirable for the purposes of
      the present invention to direct an air blast at the water washed part so
      as to remove standing droplets of water, while leaving the surface still
      reasonably moist. Further drying to absolute dryness can, of course, be
      carried out, but it is not necessary and economically unattractive. The
      removal of excess water by an air blast improves the condition of the part
      for handling by the ultimate inspectors but is not essential. Furthermore,
      excess hydrophobic developer particles are easy to remove by an air blast
      even if they settle in wet areas of the parts.
PAR  The process of the present invention can make use of conventional water
      immiscible penetrants and emulsifying agents presently available on the
      market. The following formulations illustrate several oil base penetrants
      which can be so used.
DETD
PAC  EXAMPLE I
TBL  Vehicle                                                                   
     ______________________________________                                    
             Refined kerosene                                                  
                             40% by volume                                     
             No. 60 Lube oil 45% by volume                                     
             Dye solvent     15% by volume                                     
     Dye                                                                       
             Fluorol 7GA     0.35 g./100 ml.                                   
     ______________________________________                                    
PAR  In the above formulation, the dye solvent can be an alkyl-aryl phosphate or
      other dye solvents which are miscible with the petroleum oils used. In
      general, aralkyl esters have been found to be excellent solvents for the
      dye.
PAR  "Fluorol 7GA" is a fluorescent dye supplied by General Dyestuffs
      Corporation. Other soluble fluorescent dyes, of course, may be used.
PAR  Still other examples of fluorescent dye penetrants are given in the
      following examples.
PAC  EXAMPLE II
TBL  Vehicle                                                                   
     ______________________________________                                    
             Naphtha            75% by volume                                  
             Partially hydrogenated                                            
              terphenyl         25% by volume                                  
     Dye                                                                       
             2,5 dimethyl coeroxen                                             
                                0.8 mg./100 ml.                                
     ______________________________________                                    
PAC  EXAMPLE III
TBL  Vehicle                                                                   
     ______________________________________                                    
             Kerosene (high flash)                                             
                                40% by volume                                  
             No. 60 Lube oil    30% by volume                                  
             Partially hydrogenated                                            
             terphenyl          20% by volume                                  
             Alkyl aryl phosphate                                              
                                10% by volume                                  
     Dye                                                                       
             Fluorol 7GA        0.35 mg./100 ml.                               
     ______________________________________                                    
PAR  Examples of suitable emulsifier compositions are given in the following
      examples:
PAC  EXAMPLE IV
TBL  No. 2 fuel oil    57% by volume                                           
     Tall oil (medium                                                          
      viscosity)       30% by volume                                           
     Saturated aqueous                                                         
      solution of                                                              
      borax             1% by volume                                           
     Triethanol amine  12% by volume                                           
PAC  EXAMPLE V
TBL  Kerosene          23% by volume                                           
     Refined tall oil  55% by volume                                           
     Triethanol amine  22% by volume                                           
PAR  The emulsifying composition need not be a mixture but it may consist of
      single ingredients such as Twitchel oil No. 7231 which is a mixture of
      straight petroleum oils with sulfonated oils and has a relatively high
      viscosity. Still other emulsifying agents can be used alone and include
      various non-ionic surface active agents such as polyoxyethylene sorbitol
      oleate laurate, alkyl aryl polyether alcohols such as "Triton X100," and
      various alkyl aryl sulfonates.
PAR  The preferred dry developer according to the present invention is an
      ultrafine silica aerogel which has been treated to make it hydrophobic.
      Typically, such materials are produced commercially from a silicon dioxide
      aerosol obtained by flame hydrolysis. For each 100 square meters of
      surface area, such material has about 0.5 millimol silanol groups making
      it hydrophilic. About 75 percent of these silanol groups can be chemically
      reacted with dimethyl dichlorosilane to produce a product having about 0.7
      millimol of chemically combined methyl groups per 100 square meters of
      surface area. The silica thus becomes hydrophobic. The hydrophobic silica
      differs from the hydrophilic starting material particularly in its carbon
      content which ranges from about 0.9 to 1.3 percent per 100 square meters.
      The specific surface area is on an average of about 15 percent lower than
      the surface area of the starting hydrophilic material. The hydrophobic
      nature of the material can be appreciated from the fact that the
      hydrophobic silica aerogel adsorbs only 0.8 millimol of water even at 80
      percent relative humidity, whereas the hydrophilic material adsorbs 20
      times this amount.
PAR  Another suitable material for use in the present invention is a hydrophobic
      calcium carbonate which is not an aerogel but is a submicron particle size
      and does have definite hydrophobic properties. The particles may be coated
      with approximately 3.5 percent by weight coconut oil to render them
      hydrophobic.
PAR  The use of the hydrophobic dry developer has the distinct advantage of
      eliminating the necessity of thorough drying from the standard processing
      sequence of a post emulsification penetrant system. All that is needed, in
      place of thorough drying, amounts of the removal of droplets of water by
      means of an air blast.
PAR  It was found that the application of hydrophobic silica aerogel particles,
      when processed by a standard post emulsification method and air sprayed
      instead of drying, produced excellent indications equal in quality and
      brightness to those obtained by using standard dry power developers.
PAR  The process of the present invention is also applicable to water washable
      penetrants to give indications, but not with the reliability which is
      achieved with water immiscible penetrant composition.
PAR  It should be evident that various modifications can be made to the
      described embodiments without departing from the scope of the present
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. The method of detecting surface discontinuities in a part which
      comprises applying a fluorescent penetrant to said part to permit said
      penetrant to enter and become lodged in surface discontinuities, applying
      an emulsifying agent to said part to emulsify excess penetrant, washing
      the part with water to remove emulsifying agent and emulsified penetrant
      while leaving penetrant lodged in said discontinuities, and while the
      surface of said part is still moist, applying particles of a dry
      hydrophobic developer over said part, removing excess developer, and
      thereafter inspecting said part for penetrant exuded out of said
      discontinuities and into said particles.
NUM  2.
PAR  2. The method of claim 1 in which water droplets remaining after washing
      are removed by means of an air stream.
NUM  3.
PAR  3. The method of claim 1 in which said hydrophobic developer comprises a
      silica aerogel.
NUM  4.
PAR  4. The method of claim 1 in which said hydrophobic developer comprises
      calcium carbonate.
NUM  5.
PAR  5. The method of claim 1 in which excess hydrophobic developer particles
      are removed by means of an air spray.
NUM  6.
PAR  6. The method of claim 1 in which the average particle size of said
      hydrophobic developer particles is not more than 1 micron.
NUM  7.
PAR  7. In the method of non-destructive testing in which a penetrant is applied
      to the surface of a piece, excess penetrant is removed while leaving
      penetrant trapped in any surface discontinuities, and a developer is
      applied over the surface after excess penetrant removal, the improvement
      which comprises employing a dry, hydrophobic powder as the developing
      agent.
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PAL  A scanning electron microscope for displaying a scanning image utilizing a
      time distributed pulsed video signal. The low frequency noises in the
      pulsed signal are deleted according to the occurrence of sudden pulse
      intensity variation between adjacent video pulse signals.
BSUM
PAR  This invention relates to a video signal processing method and apparatus
      used in a system which detects information possessing a two-dimensional
      distribution as a time distribution signal, said detected signal being
      displayed on an image display means as a two-dimensional distribution.
PAR  In a scanning electron microscope, the generated electron beam irradiates
      and simultaneously scans a specimen two-dimensionally. The secondary
      electrons, etc. emitted from inpingement are detected and fed into a
      display means as a brightness modulation signal in order to display a
      brightness modulation image of the specimen surface in synchronism with
      said electron beam scanning speed. The magnification of the specimen image
      displayed on the cathode-ray tube of a scanning electron microscope as
      above described is determined by the ratio of the scanning width of the
      electron beam irradiating the specimen and the effective width of the
      cathode ray tube. However, if the scanning width is decreased so as to
      increase the magnification, the specimen image will become blurred and
      therefore useless. The threshhold value is determined by the cross section
      of the electron beam irradiating the specimen, the beam current intensity
      and the quantity of secondary electrons detected by the detector. The S/N
      ratio at the threshhold value is extremely low, the improvement of which
      is directly related to specimen image resolution enhancement.
PAR  The video signal noise component can be broadly classified into two types.
      One is signal noise attributable to the statistical fluctuation of the
      detection signal and can be minimized by increasing the beam intensity or
      scanning time, i.e. the signal detection time. The other is electrical
      noise generated in the detection signal amplification circuit which cannot
      be reduced, by prolonging the signal detecting time as in the case of the
      noise attributable to the aforementioned statistical fluctuation. The
      above matters, facts and phenomena apply not only to scanning electron
      microscopes but also to all types of electronic equipment utilizing video
      signals.
PAR  There are various ways and means for removing the noise component contained
      in a video signal. Most of these ways and means, however, are unable to
      produce a video image at the same time as a signal is detected since the
      necessary video signal information which orginates from the temporarily
      stored video signals is compared or calculated mathematically; moreover,
      bulky and expensive equipment is required for storing and memorizing a
      large amount of video signal information.
PAR  An object of the invention is to eliminate the demerits of the prior art by
      providing a simple processing apparatus which, in addition to eliminating
      the video signal noise component at the time the signal is detected,
      minimizes the statistical fluctuation of said video signal.
DRWD
PAR  Other objects and advantages of this invention will become more readily
      apparent by reading through the following detailed description in
      conjunction with the accompanying drawings of which;
PAR  FIG. 1 is a schematic diagram showing a scanning electron microscope;
PAR  FIG. 2 is a graphical representation showing the characteristics of the
      noise component generated by a video signal amplifier;
PAR  FIG. 3 is a chart of a video signal applied to a processing circuit
      according to this invention;
PAR  FIG. 4 is a block diagram of a processing circuit according to this
      invention;
PAR  FIG. 5 is a chart of a video signal processed by the circuit shown in FIG.
      4;
PAR  FIG. 6 is a block diagram of another processing circuit according to this
      invention; and,
PAR  FIG. 7 is a chart of a video signal processed by the circuit shown in FIG.
      6.
DETD
PAR  FIG. 1 is a schematic diagram showing the structure of a scanning electron
      microscope which indicates more specifically the principle of displaying
      the image of a specimen 1 on the screen of a cathode ray tube 2. In the
      figure, an electron beam 3 generated by an electron gun 4 is focused on
      the specimen 1 by a condenser lens 5. Secondary electrons and the like 6
      emitted from the specimen due to the inpingement of the electron beam 3
      are detected by a detector 7, the output signal of which is amplified by a
      video signal amplifier 8 and passed through a signal processing circuit 9.
      The processing circuit 9 is of a design and has a processing method
      according to this invention. The output of the processing circuit is
      applied to the brightness modulation grid of a cathode ray tube 2.
PAR  In the meantime, a scanning power source 10 supplied current to deflecting
      coils 11X and 11Y and 12X and 12Y so that the electron beam 3 irradiating
      the specimen 1 two-dimensionally scans said specimen surface in
      synchronism with the beam scanning the screen of the cathode ray tube 2.
PAR  FIG. 2 shows the characteristics of the noise component generated by a
      video signal amplifier 8 or the like. In the figure, the abscissa
      represents the frequency f and the ordinate represents the intensity of
      the noise signal (e.g. .mu. volt / .sqroot.f). The noise at the high
      frequency side (f &gt; f.sub.o) is referred to as "white noise " and the
      noise at the low frequency side (f &lt; f.sub.o) is referred to as "1/f
      noise." The frequency characteristics of the amplifier can be optionally
      preset, depending upon the operational requirements of the amplifier, and
      the amplitude for a frequency over a certain level (for example f.sub. 0
      in FIG. 1) can be reduced to almost zero with the aid of a low pass filter
      or the like, thereby eradicating the effect of the white noise. And by
      adjusting the scanning speed or beam current intensity of the electron
      beam, etc., which decides the operational requirements of the amplifier, a
      certain upper limit frequency f' of the video signal to be amplified can
      be equalized with said frequency f.sub.0 of the amplifier characteristics.
      In this way, the white noise can be eradicated but the 1/f noise cannot be
      eradicated because, in the case of a video amplifier, a low frequency
      signal cannot be cut off and even a d.c. signal must be amplified.
      Consequently, this l/f noise results in an image dotted with high bright
      spot. A feature of this invention is to eradicate the low frequency noise
      component of the video signal without using a large capacity signal memory
      unit.
PAR  The input signal of the video signal processing means according to this
      invention must be pulsed. And, in the embodiment of FIG. 1, when the
      intensity of the secondary electrons emitted from the specimen 1 is very
      weak or the electron beam 3 scans over the specimen 1 in a digital mode,
      the output signal of the detector 7 is pulsed as shown in FIG. 3. In FIG.
      3, the abscissa indicates the time and the ordinate indicates the image
      signal intensity. As mentioned above, the video signal passing through the
      video signal amplifier 8 can get rid of a high frequency noise by
      selecting the scanning speed of the electron beam 3 and the frequency
      characteristic of the amplifier 8 properly, but a comparatively large
      noise of a low frequency as C in FIG. 3 cannot be prevented. Such a low
      frequency noise is subjected to a sudden variation compared with the
      intensity of the adjacent video signal pulses and successive noise can
      rarely occur. This noise appears as a brilliant point on a specimen image,
      which can deteriorate a specimen image and the resolution of the image. In
      the series of video signal pulses indicated by V.about. Z in the figure,
      abrupt variations are noted between W and X. But since these abrupt
      variations are not successive, it can be assumed that video signal pulses
      instead of noise are the varying signal.
PAR  A circuit 9 in FIG. 1 is designed for eliminating the abovementioned low
      frequency noise and minimizing a micro fluctuation of video signals. FIG.
      4 is a schematic diagram showing its structure. In the figure, M.sub.1,
      M.sub.2 and M.sub.3 are memory circuits for memorizing one input signal
      pulse intensity (pulse height) and they memorize a new signal when the new
      signal is applied to the input. F.sub.1 and F.sub.2 represent averaging
      circuits for generating the output pulses whose intensity is equal to the
      mean intensity of the input signal pulses applied to two input terminals.
      C.sub.1 denotes a comparing circuit for generating an output signal
      .alpha..sub.1 only when the difference in intensity between the two input
      pulses impressed on the two input terminals is larger than a preset value.
      G.sub.1 denotes a gate circuit which is turned "closed" when the signal
      .alpha..sub.1 from the comparing circuit is impressed and is turned "open"
      on the other occasions. On the contrary, G.sub.2 is a gate circuit which
      is turned "open" when the input signal .alpha..sub.1 is impressed and is
      turned "closed" on other occasions. A signal generator P generates a
      signal for controlling a switching circuit S so as to connect input
      I.sub.2 of the switching circuit S to the output terminal T.sub.2 only
      when the output signal .alpha..sub.1 from the comparing circuit C.sub.1 is
      impressed twice in succession, and so as to connect the input I.sub.1 to
      the output of T.sub.2 when a signal from a circuit P is not impressed.
PAR  If image signal pulses A to E as shown in FIG. 3 are impressed on a
      terminal T.sub.1 in FIG. 4 then four pairs of consecutive signal pulses
      A-B, B-C, C-D, and D-F generated, are averaged by the averaging circuit
      F.sub.1. Comparing circuit C.sub.1 compares the intensity of said pairs of
      pulse signals to see whether the difference in intensity is higher than a
      specified value. In the case of input signals A-B and D-E, an output
      signal .alpha..sub.1 is not generated from the comparing circuit C.sub.1
      and the output signal of the circuit F.sub.1 reaches an output terminal
      T.sub.2 through a gate circuit G.sub.1 and a switching circuit S.
PAR  In the case of input pulse signals B-C and C-D, however, the difference in
      intensity is so large that two consecutive output signals .alpha..sub.1
      are generated from the comparing circuit. Successively, since the gate
      circuit G.sub.1 is turned "off" when the pulse C is on the terminal
      T.sub.1, an averaged pulse of signals B and C generatd at the output of
      the averaging circuit F.sub.1 is not allowed to pass through a gate
      circuit G.sub.1, but the averaged pulse signal of the pulse signals A and
      B which are stored in a memory circuit M.sub.2 reaches the terminal
      T.sub.2 through a gate G.sub.2 which has been turned "open" by the output
      signal .alpha..sub.1 of the comparing circuit C.sub.1. Further, if a
      detecting pulse signal D is impressed on the terminal T.sub.1, the
      comparing circuit C.sub.1 generates a second successive .alpha. signal,
      thereby causing the output of the circuit P to generate a signal for
      controlling the switching circuit S so as to connect the input T.sub.2 of
      the switching circuit to the output terminal I.sub.2. The output of the
      averaging circuit F.sub.2 impress a pulse signal averaging the intensity
      of the input pulse D and the averaging pulse intensity of input pulses A
      and B stored in the memory circuit M.sub.3 on the input terminal T.sub.2
      of the circuit S. Consequently, the pulse signals A to E as distributed in
      FIG. 3 are processed into the image signals A' to E' in FIG. 5 which are
      free of low frequency noise and have a minimum of micro fluctuation.
      Therefore, an image displayed by a signal which passes through such an
      image processing circuit is by far better than an image which requires no
      image processing circuit.
PAR  The detecting pulse signals V to Z as distributed in FIG. 3 are impressed
      on the input terminal T.sub.1 of the image signal processing circuit in
      FIG. 4. When the pulse X is impressed, a pulse having the mean intensity
      of V and W appears at the terminal T.sub.2 since the difference in
      intensity between the input pulses W and X is large. But when the next
      pulse Y is impressed, the difference in intensity between the pulses Y and
      X is so small that the comparing circuit C.sub.1 generates no signal
      .alpha. the gate circuit G.sub.1 is turned "open" and a pulse having the
      mean intensity of the pulses X and Y from the averaging circuit F.sub.1
      reaches the output terminal T.sub.2 through the gate circuit G.sub.1. In
      this way, the signal distribution of the input pulses V to Z in FIG. 3 is
      rearranged as V' to Z' in FIG. 5. Therefore, a sudden variation in a
      detecting pulse signal is reproduced with fidelity and unlike conventional
      image signal processing unit, the removal of a micro fluctuation of an
      image signal does not entail the danger of impairing a sudden signal
      variation inherent in an image signal.
PAR  FIG. 6 is a schematic diagram showing the structure of a simplified
      embodiment of the image signal processing means illustrated in FIg. 4. In
      FIG. 6 and FIG. 4, each circuit code is identical, and A denotes an adding
      circuit. When an image signal pulse B is impressed on the input terminal
      T.sub.1 as shown in FIG. 3, the comparing circuit C.sub.1 generates no
      output signal and an output (A+B/2) of averaging circuit F.sub.1 reaches
      the adding circuit A through the gate circuit G.sub.1. In this case, only
      a signal (A+B/2) appears at the output terminal T.sub.2 since the gate
      circuit G.sub.2 is "closed." Then, when a pulse signal C is impressed on
      the input terminal T.sub.2 the output from the comparing circuit C turns
      the gate circuits G.sub.1 "close" and G.sub.2 "open." Accordingly, only
      the pulse signal (A+B/2) stored in the memory circuit M.sub.2 is impressed
      on the adding circuit A and it reaches T.sub.2. Next, since the averaging
      circuit F.sub.1 and the gate circuits G.sub.1, G.sub.2 remain unchanged if
      the pulse signal D is impressed on the input terminal T.sub.1, the output
      signal (A+B/2) again reaches the output terminal T.sub.2 through the
      adding circuit A. Then, when the pulse signal E is impressed on the input
      terminal T.sub.1, again the gate circuit F.sub.1 appears at the output
      terminal T.sub.2. In this way, the input pulse signals A to E in FIG. 3
      are derived from the output terminal T.sub.2 as signals free of low
      frequency noise as shown by A" to E" in FIG. 7.
PAR  Further, in the case of the input pulses having time distribution V to Z in
      FIG. 3, when the pulse X is impressed on the terminal T.sub.1, a signal
      (V+W/2) appears at the output terminal T.sub.2 since the difference
      between the inputs W and X is large. Next, when the pulse Y is impressed
      on the terminal T.sub.1, the signal (X+Y/2) generated from the averaging
      circuit F reaches the output terminal T.sub.2 through the gate circuit
      G.sub.1 and the adding circuit A. Accordingly, a sudden variation in input
      signals are reproduced at the output terminal T.sub.2 with fidelity as
      shown by V" to Z" in FIG. 7.
PAR  In addition to the above, to further simplify the circuit in FIG. 6, it is
      possible to omit the averaging circuit F.sub.1 and connect the input
      terminal T directly to the gate circuit G, in which case the output signal
      can be obtained by eliminating a low frequency noise from the input image
      signal.
PAR  The above description refers to one embodiment of this invention applied to
      a scanning electron microscope, but also is easily applicable to other
      apparatus handling video signals, and the same advantages as those of this
      invention can be obtained. For example, a specimen image which has been
      temporarily photographed by a scanning or conventional transmission type
      electron microscope can be converted into an electric signal by an optical
      means or the like and can be processed by an apparatus of this invention.
PAR  Having thus described the invention with the detail and particularity as
      required by the Patent Laws, what is desired protected by Letters Patent
      is set forth in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A scanning electron microscope incorporating a means for irradiating a
      specimen with an electron beam, a deflecting means for scanning the
      electron beam over the surface of said specimen, a detecting means for
      detecting the secondary electrons or the like emitted from the specimen as
      a result of electron beam impingement and producing a pulsed video signal
      indicative thereof, and a display means for displaying a scanning image of
      said specimen by using the pulsed output signal from said detecting means
      which is synchronized with said deflecting means, the improvement
      comprising a signal processing circuit located between said detecting
      means and display means for extracting noise pulses from the pulsed video
      signal comprising means for detecting the absolute value of the pulse
      height difference between successive pulses of said pulsed video signal
      and means for rejecting video pulse signals when the absolute value of the
      pulse height difference exceeds a selected value twice in succession.
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ABST
PAL  A method of and an apparatus for human bone density determination in vivo.
      .gamma.- or x-ray radiation of two different photon energies is scanned
      across the human body part to be examined. For the two photon energies,
      the logarithms of the intensities of the radiation transmitted through the
      human body part are determined simultaneously. The logarithm values
      obtained are processed on line such that the ratio of these values is
      changed by a predetermined factor. The processed values are subtracted
      from each other to produce a simultaneous output value which is integrated
      to give an examination result proportional to the bone tissue content
      expressed as weight per length unit in a direction perpendicular to the
      scanning direction while being independent of the surrounding soft tissue.
BSUM
PAR  The present invention relates to the examination of a sample or a material,
      preferably the examination of the structure of biological tissue, which
      includes at least two different substances, by measuring the absorption of
      .gamma.- or x-ray radiation transmitted through the sample. The invention
      is particularly applicable to the determination in vivo of the mineral
      content in the human body skeleton.
PAR  It is known to use in bone density determination in vivo a method based
      upon the use of a radioactive radiation source emitting photons of one
      specific energy. When using this method, the so-called single isotope
      method, the body part to be exposed to radiation is submerged in a liquid,
      for instance water, having substantially the same linear absorption
      coefficient as has the soft tissue surrounding the bone, the mineral
      content of which is to be determined. In this way it is possible to a
      certain extent to compensate for the radiation absorption in said soft
      tissue. However, submerging the body part in a liquid means disadvantages
      which reduce the applicability of the method.
PAR  Therefore, the so-called double isotope method has been developed, which
      means that the test results of absorption measurements using two different
      isotopes of different photon energies are combined and calculated. In this
      way the influence of soft tissue can be eliminated without any use of
      liquid surrounding the body part examined. The specific content of the two
      substances is obtained by calculating the separate test results of the two
      isotopes. The calculation, generally being comparatively extensive, is
      suitably carried out by means of a desk calculator.
PAR  Consequently, the object of the present invention is to provide a method of
      and an apparatus for examination of the type of sample mentioned above
      while using radiation of at least two different photon energies, whereby
      the influence of one of the substances of the sample on the examination
      result is simultaneously and automatically eliminated, such that the
      examination result directly gives the content of the other substance or
      substances.
PAR  The above-mentioned object is achieved in that the method and the apparatus
      according to the invention show the features defined in the appended
      claims.
PAR  Thus, the method according to the invention comprises transmitting
      radiation including photons of at least two different energies through the
      sample; simultaneously for a first and a second of two predetermined
      photon energies determining the logarithm of the radiation intensity of
      the radiation passed through the sample; processing the logarithmic value
      obtained such that the ratio of said values is changed by a predetermined
      factor; and subtracting the logarithmic values thus processed from each
      other in order to obtain a simultaneous examination value, said
      predetermined factor being chosen such that the influence of one of the
      substances on the magnitude of the examination value is eliminated. The
      ratio between the logarithm value at the first photon energy and the
      logarith value at the second photon energy is changed with a factor being
      substantially equal to the ratio between the mass absorption coefficient
      of said one substance at the second photon energy and the mass absorption
      coefficient of said one substance at the first photon energy. Suitably,
      the sample is examined by scanning the radiation transmitted through the
      sample in a first direction while continuously and simultaneously
      producing the examination value. Advantageously, the examination value is
      simultaneously recorded to produce a curve showing for instance a bone
      density profile. It is also advantageous during the scanning to integrate
      the portion of the examination value produced which is a function of the
      influence of said other substance or substances on the radiation, whereby
      a value is obtained that is proportional to the content of the sample of
      said other substance or substances in terms of weight per length unit in a
      direction perpendicular to said first direction.
PAR  The apparatus according to the invention comprises a radioactive radiation
      source emitting .gamma.- or x-ray radiation having photons of at least two
      different energies and detector means for determining the intensity of
      radiation transmitted from said radiation source and falling on the
      detector means and is essentially characterized in that said detector
      means are arranged to produce simultaneously a first signal having a
      quantity proportional to the logarithm of the radiation intensity at a
      first photon energy and a second signal having a quantity proportional to
      the logarithm of the radiation intensity at a second photon energy, in
      that means are arranged for processing said first and second signal such
      that the ratio between said quantities is changed by a certain factor, and
      in that means are arranged to produce an output signal having a quantity
      proportional to the difference between said changed quantities of the
      processed signals, said first-mentioned means being arranged to change
      said ratio such that said quantity of the output signal is substantially
      independent of the influence of said one substance on the radiation. The
      radiation source and the detector means are suitably arranged such that
      the radiation beam can be scanned across the sample while simultaneously
      producing the output signal. Advantageously, recording means for recording
      said quantity of the output signal are provided. Also, it is advantageous
      to provide integrating means for integrating a signal being proportional
      to said quantity of said output signal.
DRWD
PAR  The invention will now be described in more detail while referring to the
      accompanying drawings, in which
PAR  FIG. 1 schematically shows the basic principal of the invention,
PAR  FIG. 2 exemplifies the dependence of the mass absorption coefficient .mu.
      on the photon energy E of the absorbed radiation for different substances,
PAR  FIG. 3 shows a block diagram of a preferred embodiment of an apparatus
      according to the invention,
PAR  FIGS. 4A, B, C and 5A, B, C show registrations of measuring results
      obtained by an apparatus constructed in accordance with FIG. 3, and
PAR  FIG. 6 exemplifies how scanning can be accomplished.
DETD
PAR  Referring to FIG. 1, a sample 1 is examined, the sample being shown in
      cross-section and including a substance b, for instance bone tissue, and a
      substance s, for instance soft tissue, by means of a radioactive radiation
      source 2 and detector means including a photon detector 3, two logarithmic
      intensity meters or ratemeters 4 and 5, two amplifiers 6 and 7, and a
      subtractor 8. The radiation source 2 emits photons of two different
      energies E.sub.1 and E.sub.2, the mass absorption coefficients of the two
      substances being .mu..sub.1b and .mu..sub.1s at photon energy E.sub.1, and
      .mu..sub.2b and .mu..sub.2s at photon energy E.sub.2, as shown in FIG. 2.
PAR  The logarithmic intensity meter 4 is arranged to produce a signal
      proportional to the logarithm of the incident radiation intensity I.sub.1
      at energy E.sub.1 at photon detector 3 and the logarithmic intensity meter
      5 is arranged to produce a signal proportional to the logarithm of the
      simultaneously incident radiation intensity I.sub.2 at energy E.sub.2 at
      detector 3. Signal amplifiers 6 and 7 have amplification factors F.sub.1
      and F.sub.2, respectively. Radiation source 2 and photon detector 3 are
      displaceable relative to sample 1 in the y-marked direction, whereby the
      radiation propagating in the x-marked direction can be swept or scanned
      across the sample.
PAR  If the radiation intensities at energies E.sub.1 and E.sub.2 when passing
      free through the air (indicated by broken lines in FIG. 1) are denoted
      I.sub.01 and I.sub.02, respectively, the following conditions as to the
      attenuation in the sample will be valid with some approximation, as is
      well known:
EQU  1n I.sub.1 = 1n I.sub.01 - K .mu..sub.1s .rho. s x.sub.s - K .mu..sub.1b
      .rho.b x.sub.b                                            (1)
PAL  and
EQU  1n I.sub.2 = 1n I.sub.02 - K .mu..sub.2s .rho.s x.sub.s - K .mu..sub.2b
      .rho.b x.sub.b                                            (2)
PAL  .sub..rho. s and .sub..rho. b being the densities of the s-substance and
      the b-substance, respectively, x.sub.s and x.sub.b being the distances of
      passage of the radiation through s-substance and b-substance,
      respectively, K being a constant, and .mu..sub.1s, .mu..sub.1b,
      .mu..sub.2s and .mu..sub.2b being the mass absorption coefficients
      mentioned earlier.
PAR  Thus, the output signal U.sub.out of subtractor 8 will be
      ##EQU1##
PAR  Provided that
      ##EQU2##
      the output signal will be
      ##EQU3##
      that is the magnitude of the output signal will be independent of x.sub.s.
      In other words, the detector means will be "blind"  as to the s-substance
      and produce an output signal which apart from fluctuations due to the
      random photon detection only varies responsive to the content of
      b-substance.
PAR  For the purpose of simplification, suitably, a signal corresponding to
      ##EQU4##
      is subtracted from the output signal according to (4), whereby the output
      signal will be
      ##EQU5##
PAR  The above-mentioned simplification, which can easily be obtained by
      subtracting a reference generator signal from said output signal according
      to (4) or by subtracting or adding said signal in a suitable way after
      each of or both of amplifiers 6 and 7, means that the output signal
      according to (5) is in direct proportional to the contents of b-substance
      of the sample.
PAR  The above-mentioned simplified equation (5) as to the output signal is
      obtained if each of intensity meters 4 and 5 is arranged to produce a
      signal proportional to the logarithm of the ratio between the intensity of
      radiation when passing free through the air and the intensity of radiation
      when passing through the sample, that is, proportional to 1n (I.sub.0 /I),
      and naturally if the radiation intensifies I.sub.01 and I.sub.02 are
      chosen such that
      ##EQU6##
PAR  If the radiation is scanned across the sample in the way mentioned above
      and the output signal according to (5) is integrated simultaneously, the
      following equation as to the resulting signal is obtained:
      ##EQU7##
PAR  If the scanning speed dy/dt is constant and equals v and the effective area
      of the b-substance in the scanning plane is A we obtain
      ##EQU8##
      and
      ##EQU9##
      In other words the content of b-substance in the scanning plane expressed
      as grams per length unit (perpendicular to the scanning plane) is
      proportional to, signal obtained after integration. The factor of
      proportionality can be determined by calculating K.sub.2 and the
      .mu.-coefficient expression, the latter from out of a complete knowledge
      of the atomic composition of the two substances involved. However, since
      linear conditions can be assumed, the factor of proportionality can be
      easily determined or the apparatus normalized by means of a dummy made
      from the two substances and having a known content of b-substance.
PAR  The preferred embodiment of the apparatus according to the invention
      illustrated in FIG. 3 comprises a radioactive radiation source 12 and a
      radiation detector 13, which are arranged on a displaceable fork 14, cf.
      also FIG. 6, such that the radiation can be scanned across a sample placed
      between the radiation source and the detector. Radiation source 12 is
      provided with a collimator such that photons are emitted in a narrow beam
      towards the detector 13. The detector produces a pulse for each incident
      photon, the amplitude of the pulse being proportional to the energy of the
      photon. The pulses from the detector are amplified in a pulse amplifier 15
      and thereafter applied to two window discriminators 16 and 17. Said
      discriminators are arranged to pass well-defined pulses corresponding to a
      first and a second photon energy, respectively, to a logarithmic pulse
      frequency meter or ratemeter 18 and 19, respectively. The ratemeters
      produce a DC voltage proportional to the logarithm of the frequency of the
      input pulses. Each of the ratemeters 18 and 19 is connected to a
      conventional operational amplifier 22 and 23, respectively, via an
      adjustable reference level generator 20 and 21, respectively. These
      reference level generators make it possible to add constant DC voltages to
      the DC voltages obtained from ratemeters 18 and 19, such that the input
      voltages of amplifiers 22 and 23 are null when the photon beam from the
      radiation source passes directly through the air to the detector.
PAR  Amplifiers 22 and 23 are coupled to produce output signals having different
      polarities. The amplification of amplifier 22 can be varied by means of
      the adjustable feed-back resistor R1, while the amplification of amplifier
      23 is constant. The outputs of amplifiers 22 and 23 are connected to a
      corresponding input resistor R2 and R3, respectively, of an operational
      amplifier 24 coupled as a summator. The amplification of amplifier 24 can
      be adjusted by means of an adjustable resistor R4. The DC voltage on the
      output of amplifier 24 will thus be proportional to the difference between
      the amplified input voltages of amplifiers 22 and 23.
PAR  The output of amplifier 24 can be connected via a switch 25 to a recording
      unit including a plotter 26, to a circuit 27 for zero setting control, and
      to an integrating circuit including a voltage-frequency converter 28, a
      threshold circuit 29, and and-gate 30, a scaler circuit 31, and a circuit
      33 for digital display of the count of the scaler circuit, said circuit 33
      being connected to the scaler circuit via a latch circuit 32.
PAR  Threshold circuit 29 is arranged to produce an output signal during a
      scanning operation, which enables and-gate 30 and starts the integration
      when the input signal to the threshold circuit, that is the output signal
      of amplifier 24, in a predetermined direction exceeds zero voltage by a
      predetermined value and which disables said and-gate and stops the
      integration when the input signal returns to zero voltage. The
      predetermined value is chosen such that noise on the output of amplifier
      24 -- inter alia due to the statistical fluctuations of the photon beam --
      cannot be expected to start the integration procedure.
PAR  Circuit 27, which by means of switch 25 can be connected to the outputs of
      reference level generators 20 and 21 to control that zero voltages are
      obtained when the radiation from the radiation source 12 falls directly on
      detector 13, includes an operational amplifier 34 and an indicating
      instrument 35. The time constant and the amplification of amplifier 34
      have been increased in a narrow band around zero voltage by means of a
      feed-back circuit 36.
PAR  All units and circuits used in the apparatus according to FIG. 3 are well
      known to those skilled in the art, for this reason a more detailed
      description thereof should not be necessary. However, as to the
      logarithmic ratemeters, these suitably are of the diode pump pulse rate to
      direct current converter type.
PAR  When using the apparatus according to FIG. 3, first of all, reference level
      generators 20 and 21 are set, while directly irradiating detector 13, such
      that the input signals to amplifiers 22 and 23 are zero. The zero setting
      is controlled by connecting circuit 27 by means of switch 25 by turn to
      the outputs of the reference level generators. Thereafter, a sample of the
      substance, the influence of which is to be eliminated, for instance soft
      tissue, is inserted in the photon beam from the radiation source in the
      form of a dummy (for instance water) or a certain part of the object to be
      examined and resistor R1 is set such that the output voltage of amplifier
      24 is zero, switch 25 then being in the position shown in FIG. 3. Finally
      the total scale factor of the apparatus is set by means of the adjustable
      resistor R4. This is suitably accomplished by inserting a phantom having a
      known content of the substance to be examined, for instance bone tissue,
      in the photon beam while adjusting resistor R4 until instrument 35 gives a
      correct reading, or alternatively until the integrating circuit upon
      scanning across the phantom shows a correct value on unit 33.
PAR  When the apparatus thus has been normalized or calibrated, the object to be
      examined is inserted between radiation source 12 and detector 13 and the
      photon beam is scanned across the object. The output voltage of amplifier
      24 is then zero until the photon beam starts to pass through the part of
      the object containing the substance which is the subject of the
      examination. When the output voltage due to the absorption of radiation in
      the substance has increased to the level determined by the setting of
      threshold unit 29, and-gate 30 is enabled. Scaler unit 31 now starts to
      count, that is to integrate, the number of pulses transmitted from
      voltage-frequency converter 28 via the and-gate, the output frequency of
      the converter being proportional to the output voltage of amplifier 24.
      This procedure continues until the photon beam no longer passes through
      the part of the object which contains the substance subject to
      examination, that is, until the output voltage of amplifier 24 is again
      zero and threshold unit 29 disables and-gate 30. The count of scaler unit
      31 can now be displayed digitally on unit 33 via latch circuit 32, the
      count being a direct measure of the content of said substance. The
      function of latch circuit 32 is to prevent that the count displayed is
      influenced by any new immediately following integration.
PAR  As is shown in FIG. 3, the output signal from amplifier 24 can be recorded
      by a plotter 26 during a scanning procedure, whereby a visual inpression
      of the distribution of a substance in a sample can be obtained. In FIG. 4
      and 5, there are shown for the purpose of exemplification registrations
      obtained by an apparatus according to FIG. 3. FIG. 4A shows the output
      voltage of amplifier 24 when scanning a soft tissue phantom in the form of
      a cylindrical plastic vessel filled with water. FIG. 4B shows the output
      voltage of a new scanning procedure after the immersion of a bone tissue
      phantom in the form of an alumimium tube in the water in the plastic
      vessel. FIG. 4C shows the output voltage of yet another scanning of the
      aluminium tube immersed in the water but with one isotope channel
      (discriminator, pulse counter and reference level generator) disabled.
      FIG. 5A, B, and C show the output voltages from amplifier 24 when scanning
      human leg, arm and fingers, respectively. The "negative" parts of the
      registrations indicate the existance of fat tissue.
PAR  In FIG. 6 is shown an example of an arrangement for scanning the
      radioactive radiation across a sample (not shown). A radioactive radiation
      source 61 and a detector 62 are arranged on one each of the legs of a fork
      63 suspended in a frame construction 64. Said frame construction comprises
      means for displacing fork 63 in accordance with a programmable scanning
      pattern. Both radiation source 61 and detector 62 are axially displaceable
      in a bracket 66 and 67, respectively, arranged on the corresponding fork
      leg. Detector 62 is connected to a pulse amplifier (not shown) via a cable
      8.
PAR  When using the arrangement of FIG. 6 the part of a body to be examined is
      placed between source 61 and detector 62, after which the source and the
      detector are adjusted such that suitable distances between the source and
      the part of the body and between the part of the body and the detector,
      respectively, are obtained. Thereafter a programmed scanning operation can
      be made.
PAR  Although the present invention is particularly suitable for bone density
      measurements, it is obvious that it can be used in other connections while
      giving great advantages. Thus, other medical applications are conceivable
      where there is a desire to emphasize a certain type of tissue.
      Furthermore, the visual registration according to the invention means that
      very small structural changes are seen in a diagram. In other words an
      increase of the contrast is obtained, which is evident from a comparison
      between FIG. 4B and FIG. 4C.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of examining a sample of biological tissue, which sample
      includes at least two different substances, by measuring the absorption of
      electromagnetic radiation, the method comprising the step of: transmitting
      electromagnetic radiation including photons of at least two different
      energies through the sample; simultaneously determining, for each of two
      predetermined photon energies, the logarithm of the radiation intensity of
      the radiation passed through the sample; processing the logarithmic values
      obtained so that the ratio of said values is changed by a predetermined
      factor substantially equal to the ratio between the mass absorption
      coefficient of one of said substances at the second photon energy and the
      mass absorption coefficient of said one substance at the first photon
      energy; and subtracting the logarithmic values thus processed from each
      other in order to obtain a simultaneous value so that the influence of
      said one substance on the magnitude of the examination value is
      eliminated.
NUM  2.
PAR  2. A method according to claim 1, wherein the sample is scanned by sweeping
      the radiation across the sample in a first direction while continuously
      and simultaneously producing said examination value.
NUM  3.
PAR  3. A method according to claim 2, further including integrating, during the
      scanning, the portion of the examination value produced which is a
      function of the influence of said other substance on the radiation, and
      obtaining a value which is proportional to the content of the sample of
      said other substance in terms of weight per length unit in a direction
      perpendicular to said first direction.
NUM  4.
PAR  4. A method according to claim 2, further including the step of visually
      recording said examination value.
NUM  5.
PAR  5. An apparatus for examining a sample of biological tissue, which includes
      at least two different substances, comprising: a radiation source emitting
      electromagnetic radiation having photons of at least two different
      energies; detector means for determining the intensity of radiation
      transmitted from said radiation source and falling on the detector means,
      said detector means being arranged to simultaneously produce a first
      signal having a value proportional to the logarithm of the radiation
      intensity at a first photon energy and a second signal having a value
      proportional to the logarithm of the radiation intensity at a second
      photon energy; means for processing said first and second signal so that
      the ratio between said quantities is changed by a predetermined factor;
      and means to produce an output signal having a value proportional to the
      difference between said changed quantities of the processed signals, said
      processing means being arranged to change said ratio so that said value of
      the output signal is substantially independent of the radiation influence
      of one of said substances .
NUM  6.
PAR  6. An apparatus according to claim 5, wherein said radiation source and
      said detector means are arranged such that the radiation can be swept
      across the sample while continuously producing the output signal.
NUM  7.
PAR  7. An apparatus according to claim 6, further including integrating means
      for integrating a value proportional to said value of the output signal.
NUM  8.
PAR  8. An apparatus according to claim 5, wherein said detector means include a
      photon detector producing a pulse for each incident photon, the amplitude
      of said pulse being dependent on the energy of the photon; a first
      discriminator arranged to pass pulses corresponding to photons of said
      first energy level to a first logarithmic ratemeter; and a second
      discriminator arranged to pass pulses corresponding to photons of said
      second energy level to a second logarithmic ratemeter.
NUM  9.
PAR  9. An apparatus according to claim 8, wherein said logarithmic ratemeters
      are arranged to produce a DC voltage, the amplitude of which is
      proportional to the logarithm of the pulse rate.
NUM  10.
PAR  10. An apparatus according to claim 9, wherein each of said ratemeters is
      connected to a DC amplifier, the amplification factors of said DC
      amplifiers differing from each other by said predetermined factor, and
      wherein said DC amplifiers are connected to a summing means such that the
      amplified DC voltages of the ratemeters are subtracted from each other.
NUM  11.
PAR  11. An apparatus according to claim 10, wherein each ratemeter is connected
      to its amplifier via a circuit for adding a reference signal such that the
      input voltage to the amplifier is zero when the radiation from the
      radiation source falls directly on the detector without passing through
      the sample.
NUM  12.
PAR  12. An apparatus according to claim 10, wherein said summing means are
      connected to a counter via a voltage-frequency converter.
NUM  13.
PAR  13. An apparatus according to claim 6, further including recording means
      for recording the magnitude of said value of the output signal.
NUM  14.
PAR  14. An apparatus according to claim 5, wherein said radiation source
      includes a mixture of two isotopes.
NUM  15.
PAR  15. An apparatus according to claim 14, wherein said two isotopes are I 125
      and Am 241.
NUM  16.
PAR  16. An apparatus according to claim 5, wherein said radiation source
      includes an isotope emitting photons of at least two different energies.
NUM  17.
PAR  17. An apparatus according to claim 16, wherein said isotope is Xe 133.
NUM  18.
PAR  18. An apparatus according to claim 5, wherein said radiation source is an
      x-ray tube, said detector means including window discriminators adapted to
      function at said first and second photon energies.
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ABST
PAL  An automated tire inspection system employs penetrative emanation such as
      X-radiation to inspect the integrity of portions of tires fed sequentially
      along a feed path through a centering station and into a shielded
      enclosure which where an inspection station is defined. Features of the
      system include a continuously operating X-ray source movable between
      inspection and retracted positions, and an X-ray shield for covering the
      source when it is retracted to permit the doors of the shielded enclosure
      to be opened without danger from escaping radiation.
BSUM
PAC  CROSS REFERENCE TO RELATED PATENTS AND APPLICATIONS
PAR  TIRE INSPECTION APPARATUS, Ser. No. 95,859 filed Dec. 7, l970 by Anthony
      Palermo, Jr., issued Mar. 25, 1975 as U.S. PAT. No. 3,873,837, here the
      "Tire Inspector Patent," the disclosure of which is incorporated by
      reference.
PAR  METHOD AND APPARATUS FOR INSPECTING TIRES, Ser. No. 254,939 filed May 19,
      1972 by Richard L. T. Fox, issued Oct. 22, 1974 as Pat. No. 3,843,888,
      here the "Tire Handling Patent. "
PAR  TIRE INSPECTION SYSTEM, Ser. No. 495,379; filed Aug. 7, 1974 by Donald N.
      Heisner, here the "Systems Patent. "
PAR  TIRE INSPECTION SYSTEM, Ser. No. 495,448 filed Aug. 7, 1974 by Donald N.
      Heisner and Phillip K. Loyer, here the "Operations Patent."
PAR  TIRE INSPECTION SYSTEM Ser. No. 495,493 filed Aug. 7, 1974 by Phillip K.
      Loyer, here the "Mechanisms Patent."
PAR  TIRE INSPECTION SYSTEM, Ser. No. 495,377 filed Aug. 7, 1974 by Donald N.
      Heisner and Charles R. Bentivegna, here the "Controls Patent."
PAC  BACKGROUND OF THE INVENTION
PAC  1. Field of the Invention
PAR  The present invention relates to a tire inspection system including
      apparatus and methods for inspecting the integrity of tires through the
      use of penetrative emanation, such as X-radiation.
PAC  2. Background Terminology
PAR  Several terms of art are commonly used in conjunction with tires. The outer
      diameter or "O.D" of a tire is measured to an outer wear surface known as
      the tire "tread", even though it may be a smooth surface. The annular
      sides of a tire are called "sidewalls". The inner diameter or "I.D." of a
      tire is measured to sidewall portions called "beads". The axis about which
      a tire is intended to rotate, i.e., the axis common to both tire beads, is
      called the "central axis". A plane which extends perpendicular to the
      central axis and intersects the center of the tire tread is called the
      "central plane". The open space inside a tire and radially outwardly of
      the beads is called the "tire torus". The open space inside a tire which
      includes the torus and the space radially inwardly of the beads is called
      the "tire annulus". The distance from the outer surface of one sidewall to
      the outer surface of the other sidewall is called the "width" of the tire.
PAC   Prior Art
PAR  A number of proposals have been made for inspecting tires with X-rays and
      other penetrative emanation. Inspection with X-radiation has advantages
      over other known tire inspection methods, in that it provides information
      about the internal structure or integrity of a tire including a clear
      indication of whether internal components such as steel belts and the like
      are properly positioned and intact.
PAR  In the past, X-ray tire inspectors were used primarily as laboratory tools.
      Little use was made of X-ray inspection equipment on high rate production
      lines for a number of reasons including:
PAR  1. The inspection system was a relatively expensive piece of apparatus;
PAR  2. The apparatus could only inspect a limited number of tires from a
      production run due to its relatively slow operation;
PAR  3. A significant amount of tire handling and manipulation was typically
      required to position a tire in the apparatus for inspection; and,
PAR  4. After a tire was positioned for inspection, the apparatus was not
      capable of inspecting the total tire from bead to bead, without requiring
      that the tire be repositioned one or more times for successive inspection
      runs.
PAR  In view of these disadvantages, X-ray inspection of production tires was
      typically used either to inspect only selected portions of tires randomly
      sampled from a production run, or to inspect special duty tires such as
      are used on aircraft and on heavy duty, off-highway road equipment.
PAR  With the recent increased emphasis on vehicle safety, and the advent of
      steel belted tires, the need for X-ray inspection of all tires from a
      production run has become apparent. A number of proposals have been made
      to improve X-ray inspection apparatus, providing a capability to handle a
      large volume of tires of the same size from a production run.
PAR  A significant advance was made in tire inspection capability with the
      introduction of a rotatable X-ray tube, as described in the referenced
      Tire Inspector Patent. The rotatable tube permitted the complete
      inspection of a tire from bead to bead without requiring any reorientation
      of the tire or tube. With the tube located at a single position within or
      near the tire beads and with the tire rotating about its central axis, the
      tube is positioned to inspect one tire bead and is then scanned through a
      full arc inspecting tread, sidewalls and the other tire bead.
PAR  Still another advance was made with the introduction of a tire inspector
      having multiple-function tire supporting spindles, as described in the
      referenced Tire Handling Patent. Two sets of spindles carried on separate
      carriages are inserted into the annulus of a tire to be inspected. The
      sets of spindles enter the tire axially from opposite sides. Once the
      spindles have entered the annulus, they move in directions parallel to the
      central plane to engage the tire beads. While the spindles continue to
      engage the tire beads, they are operable to support beads of the tire
      axially away from each other as may be required to facilitate inspection.
      The use of multi-function spindles has greatly simplified the manipulation
      of tires for inspection.
PAR  Despite the fact that several advances have been made in X-ray tire
      inspection, little has been done to satisfy the need for an X-ray tire
      inspector which is capable of efficiently, automatically and safely
      inspectng tires of a wide range of admixed sizes. Prior art inspection
      apparatus has not been well adapted to sequentially inspect tires of mixed
      sizes, and accordingly has not met the needs of a number of tire
      manufacturers whose production includes an admixture of tire sizes.
PAR  A recent proposal has suggested the use of a tire size sensing system for
      measuring tire O.D. and width before a tire is admitted to an enclosure
      for X-ray inspection. Once the measured tire has entered the enclosure
      which surrounds the X-ray inspection system, the tire tread is engaged by
      rotatable spools and is elevated to position its central plane in
      alignment with the center of the screen of an X-ray imaging system. An
      X-ray tube is then swung upwardly into the tire annulus and turned on to
      initiate the inspection. Inspection continues as the tire is rotated by
      the spools. The X-ray tube and the imaging system are mechanically coupled
      together so that both can be pivoted upwardly and downwardly to inspect
      the tire sidewalls.
PAR  This recent proposal has a number of disadvantages. Positioning of the tire
      for inspection continues to require a substantial amount of step-by-step
      tire manipulation. The tire is first engaged by spools. The tire is then
      elevated by the spools to an inspection level. Beadspreaders are then
      inserted into one side of the tire torus and extended to spread the tire
      bead. Each of these steps must be performed in sequence, it being
      necessary for the tire to be raised into position before the beads can be
      spread. When these steps are completed, the X-ray tube is then swung into
      position from below.
PAR  Another disadvantage with this recent proposal is that X-ray tube operation
      must be terminated between tire inspections. Repeatedly energizing and
      de-energizing the tube and its associated generator equipment may add to
      the required inspection time and may also diminish the operating life of
      the X-ray tube.
PAR  Another disadvantage of previously proposed X-ray tire inspection
      apparatuses is their inflexibility of operation. While computers have been
      used to some extent to facilitate and speed up the operation of the
      apparatus, no use has been made of a programmable computer system to
      permit inspection cycles to be widely varied by altering the program,
      without the need for mechanical changes in the apparatus.
PAR  Still another disadvantage of prior proposed inspection apparatuses is that
      their several movable components are not independently operable and do not
      utilize servo-system technology to permit their operation to be controlled
      and monitored from a central control console. No thorough system of
      malfunction analysis has been provided on known tire inspectors.
PAR  The use which is made of computer systems in prior proposals includes the
      storage of sensed tire size data, and the subsequent control of the
      apparatus to inspect a tire of the sensed size. The computer is operated
      in an "open loop" fashion. Command signals are issued by the computer to
      components of the apparatus. If the components respond as intended, a
      proper inspection sequence is carried out.
PAR  The open loop mode of operation has several disadvantages. While the
      computer issues commands, it has no knowledge of whether the commands are
      properly executed. The computer cannot sense the conditions and positions
      of the components it commands and this makes it difficult to prevent the
      occurrence of potentially destructive or dangerous conditions. If the
      computer issues a defective command or if the apparatus improperly
      executed a command, potentially destructive or dangerous conditions can
      easily arise.
PAR  Still another disadvantage of open loop operation is that no use can be
      made of the computer to assist in analyzing a malfunction. When a defect
      arises, it is often difficult to diagnose, and substantial machine "down
      time" may result before the malfunction is analyzed and corrected.
PAR  Still another drawback of the proposed use of open loop computer control
      systems in tire inspectors is the failure of such systems to provide for
      human intervention in the inspection procedure. The operator cannot
      interrupt the procedure to change its sequence, or to skip certain steps,
      or to add certain steps, or to lengthen or shorten certain steps. The
      versatility of these proposed systems leaves much to be desired.
PAC  Summary of the Invention
PAR  The present invention overcomes certain of the foregoing and other
      drawbacks of the prior art and provides a novel and improved tire
      inspection system. The invention includes both method and apparatus
      features.
PAR  A significant advantage of apparatus constructed in accordance with the
      invention is its ability to adjust rapidly and automatically to the size
      of each tire fed to the machine for inspection. This capability enables
      the apparatus to inspect tires of a wide variety of sizes as they emerge
      from their respective production lines. Tires having an inner diameter as
      small as 10 inches can be accommodated at one end of the range. Tires
      having an outer diameter of 56 inches and weighing as much as about 750
      pounds can be accommodated at the other end of the range. Moreover, the
      apparatus can accommodate tires one after the other which are at opposite
      extremes of this size range.
PAR  No manual adjustments to the apparatus or manual control of the inspection
      process are required unless the operator so desires. All the operator need
      do is to attend a control console to watch for tire flaws to appear on his
      TV monitor, and to monitor the operation of the apparatus in case some
      malfunction should be indicated on his control console. If the operator
      desires to interrupt the programmed sequence of operation, he may do so at
      any time to eliminate, add, shorten or lengthen steps.
PAR  The tire inspector is designed to be positioned between two conventional
      driven conveyor sections. Tires are fed one at a time from one of the
      conveyor sections onto a centering table. The centering table retains the
      tire for admission to a shielded enclosure which houses an inspection
      system. While the tire is on the centering table it is centered laterally
      by a pair of arms which move inwardly to engage opposite sides of the tire
      tread. The centering arms also serve as sensors to measure the outer
      diameter of the tire. Once the tire has been centered, a width sensor bar
      descends to measure the width of the tire.
PAR  The tire diameter and width information is transmitted to a control console
      where it is used in pre-positioning several movable components of the tire
      inspector to effect the most efficient handling of the tire. When a tire
      inspection already underway within the enclosure is completed, doors on
      opposite sides of the enclosure open to simultaneously discharge the
      inspected tire and admit the tire from the centering table.
PAR  As the tire to be inspected enters the enclosure, the conveyor system on
      which it travels is elevated or lowered as need be to position the tire
      with its center plane in a predetermined inspection plane. Before the tire
      reaches the inspection station, first and second sets of spindles on
      opposite sides of the tire are positioned to just clear the tire width for
      ready insertion into the tire. Similarly, the X-ray source and an X-ray
      sensitive receiving unit are moved to optimum positions which will clear
      the inner and outer tire diameters. A traveling positioning switch
      assembly moves to a position where it will stop the conveyor with the axis
      of the tire along a predetermined line. In short, by the time the tire
      reaches the inspection station, all is in readiness to receive the tire
      and to initiate its inspection.
PAR  As the tire reaches the inspection station, the doors to the shielded
      enclosure close. The sets of spindles carried on arms arranged in a
      cross-crossed, scissors fashion move axially into the tire and pivot
      laterally to engage the tire bead. Since the center plane of the tire is
      already aligned with the inspection plane, the tire need not be further
      moved to initiate inspection.
PAR  As soon as the spindles have engaged the tire beads, the output window of
      the X-ray tube is uncovered and the tube begins to move into the tire
      annulus. The main conveyor which carried the tire to the inspection
      station moves away from the tire, and sections of the main conveyor fold
      out of the way to provide space for full range movement of the receiving
      unit. The sets of spindles move away from each other a short distance to
      spread the tire beads. The movements of all these components are
      independently controlled and a number of the movements take place
      simultaneously to minimize set-up time.
PAR  In the preferred embodiment, the inspection system employs an X-ray source
      and an X-ray imaging unit. One feature of the apparatus is its use of a
      retractable X-ray tube which operates continuously to emit X-radiation.
      The tube does not shut down when retracted or when moving between its
      retracted and extended positions. A movable shield assembly covers the
      tube when it is retracted so the doors to the enclosure can be opened
      without leaking radiation. The tube is prevented from being uncovered when
      the doors are open, and the doors cannot be opened when the tube is
      uncovered.
PAR  The use of a continuously operating tube permits the use of a much less
      complicated generator system. If the tube were to turn off and on between
      inspection operations, the generator would have to be provided with a more
      complicated automatic system permitting its start-up in minimal time
      without drawing excessively high current. By running the tube
      continuously, a less complex, manual generator start-up system can be used
      and no time is lost between inspections waiting for warm-up of the X-ray
      system. Continuous tube filament operation may extend tube operating life
      in that it avoids the thermal shock of cooling down when turned off and
      heating up when turned on. Keeping the filament hot may make it less
      subject to breakage due to vibration since the filament is more ductile
      when hot.
PAR  Since the X-ray tube is operating at the time of its insertion into the
      tire, X-ray inspection is begun immediately. The spindles are rotated to
      revolve the tire. The imaging unit forms an image of tire portions being
      inspected on a control console screen.
PAR  When inspection is completed the imaging unit and the X-ray tube retract,
      the main conveyor repositions, the spindles retract, and the doors open to
      discharge the inspected tire and receive a subsequent tire.
PAR  The inspection cycle itself can be manually controlled from the console or
      can be carried through to completion by a programmed computer in the
      control console. Since all of the movements of the apparatus components
      are independently controllable from the control console, the operator can
      manually effect any operable program of inspection and the computer can
      likewise effect any operable program.
PAR  Several advantages are obtained by utilizing a closed loop computer control
      apparatus in combination with independently operable, servo-system
      controlled mechanism movements. First, the computer can be programmed to
      prevent operation of the apparatus in any manner that is potentially
      destructive to the apparatus or dangerous. In effect, the computer tells
      the operator what things he is allowed to do, and prevents the operator
      from doing destructive or dangerous things.
PAR  Another advantage is that the computer can be programmed to continuously
      monitor all machine functions. If any element moves or tries to move
      further than it should, or requires a longer period of time to move than
      it should, the computer shuts down the machine and provides a coded
      readout analyzizng the malfunction for the operator. This system has been
      shown in tests to be very successful in preventing machine damage,
      facilitating repair of malfunctioning components, and in general
      substantially reducing machine down time.
PAR  The several referenced cases filed concurrently with this case relate to
      various aspects of the tire inspector and its operation. The lines of
      demarcation between these several cases exist principally due to the fact
      that different people and groups of people contributed inventive concepts
      during the overall development.
PAR  Certain basic concepts of the system were conceived initially be one
      inventor, and these concepts form the subject of the Systems Patent.
      Certain additional concepts together with ways of implementing the basic
      concepts were conceived jointly by two inventors, and these form the
      subject of the Operations Patent. Certain mechanisms and methods of
      operating these mechanisms were conceived by one inventor, and these form
      the subject of the Mechanisms Patent. The concept of using a shielded
      X-ray tube operating continuously within a shielded enclosure was
      developed jointly through the efforts of three inventors, and this forms
      the subject of the present case. The control system and its operation
      represents the work of two inventors, and forms the subject of the
      Controls Patent.
PAR  As will be apparent from the foregoing summary, it is a general object of
      the present invention to provide a novel and improved X-ray tire
      inspection system.
PAR  Other objects and a fuller understanding of the invention may be had by
      referring to the following description and claims taken in conjunction
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a tire inspector apparatus constructed in
      accordance with the present invention and showing the relative arrangement
      of the major components of the apparatus;
PAR  FIG. 2 is a perspective view of the control console of the apparatus shown
      in FIG. 1;
PAR  FIG. 3 is an enlarged perspective view of a portion of the centering table,
      showing the centering table elevation drive system;
PAR  FIG. 4 is a perspective view of still another portion of the centering
      table, showing the centering arm assembly;
PAR  FIG. 5 is an enlarged top plan view of a portion of the centering arm
      assembly with portions broken away to illustrate details of construction;
PAR  FIG. 6 is a perspective view of still another portion of the centering
      table showing the height sensor mechanism;
PAR  FIG. 7 is an elevational view of a portion of the height sensor as seen
      from the plane indicated by the line 7--7 in FIG. 6;
PAR  FIG. 8 is a perspective view of a portion of the shielded enclosure showing
      the opening through which tires are admitted to the enclosure, as seen
      from outside the shielded enclosure;
PAR  FIG. 9 is an enlarged plan view of the outlet door assembly as viewed from
      inside the shielded enclosure;
PAR  FIG. 10 is an elevational view of portions of the tire inspector apparatus
      showing the relative arrangement of several of its components;
PAR  FIG. 11 is a top plan view of portions of the tire inspector apparatus
      showing the relative arrangement of several of its components;
PAR  FIG. 12 is a perspective view of the imaging system carriage;
PAR  FIG. 13 is a perspective view of the imaging system sub-carriage;
PAR  FIG. 14 is a cross-sectional view as seen from the plane indicated by the
      line 14--14 in FIG. 13;
PAR  FIG. 14A is an elevational view of an enlarged scale of a sensor system for
      protecting the screen of the imaging unit, portions of the system being
      broken away to illustrate details;
PAR  FIG. 14B is a cross-sectional view as seen from planes indicated by the
      broken line 14B--14B in FIG. 14A;
PAR  FIG. 15 is a perspective view of the main conveyor;
PAR  FIG. 16 is an end elevational view of portions of the main conveyor with
      the gear rack guard assembly removed;
PAR  FIG. 17 is a perspective view of the spindle carriages and their respective
      drive systems;
PAR  FIG. 18 is a cross-sectional view as seen from the plane indicated by the
      line 18--18 in FIG. 17;
PAR  FIG. 19 is an enlarged cross-sectional view of one of the spindles as seen
      from the plane indicated by the line 19--19 in FIG. 17;
PAR  FIG. 20 is an enlarged perspective view of the X-ray carriage;
PAR  FIG. 21 in an enlarged perspective view of the X-ray sub-carriage and X-ray
      sub-sub-carriage together with the X-ray tube assembly;
PAR  FIG. 21A is an enlarged top plan view of portions of the X-ray
      sub-carriage, X-ray sub-sub-carriage, and the spindles showing in solid
      lines the position of these components for insertion into a tire, and
      showing in phantom the internal diameters of the largest and smallest
      tires inspected by the system;
PAR  FIGS. 21B and 21C are schematic top plan views of tires positioned in the
      inspection station illustrating the path of movement of the X-ray tube
      focal spot after the X-ray tube has been inserted into such tire;
PAR  FIG. 22 is a perspective view of the traveling limit switch assembly;
PAR  FIG. 23A, 23B are schematic diagrams tabulating the several electrical
      inputs to the control console from limit switches and photocells;
PAR  FIG. 24 is a schematic electrical diagram tabulating the several inputs to
      the control console from potentiometers and a tachometer;
PAR  FIGS. 25A, 25B are schematic electrical diagrams tabulating the several
      outputs from the control console to motors, solenoid operated valves, and
      a pressure regulator;
PAR  FIG. 26 is a schematic block diagram of the several components of the
      computer of the control system; and,
PAR  FIGS. 27A-27E present a schedule of the preferred sequence of operation the
      tire inspector apparatus.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a tire inspector apparatus is shown generally by the
      numeral 100. The apparatus 100 includes a shielded enclosure 275 which
      houses several automated components, as will be explained. A centering
      table 120 and a control console 1300 are positioned outside the enclosure
      275.
PAR  The apparatus 100 is installed between two conventional belt conveyor
      sections 101, 102 driven, respectively, by motors 101M, 102M. The conveyor
      101 is operated intermittently to deliver tires one at a time onto the
      centering table 120. Once a tire has been received on the centering table
      120, its size is sensed and it is centered for admission to the enclosure
      275. Once a tire has been admitted to the enclosure 275, it is spindled
      for rotation and X-ray inspected during rotation, as will be explained.
      Inspected tires are discharged from the enclosure 275 onto the conveyor
      section 102 which runs continuously. The operation of the apparatus 100
      and the conveyor 101 is controlled from the control console 1300.
PAR  The description which follows is divided into several sections, each
      treating a specific portion of the apparatus 100. The latter sections
      describe the operation of the apparatus 100.
PAC  THE CENTERING TABLE 120
PAR  The centering table 120 includes an upstanding frame 130 which underlies
      and supports a driven roller conveyor 140. The conveyor 140 includes a
      welded, generally rectangular frame 141 which journals opposite end
      regions of a plurality of cylindrical rolls 142. A motor 142M is drivingly
      connected to the rolls 142 by a series of roller chains 143 reeved around
      sprockets 144 to concurrently drive the rolls 142.
PAR  The right end of the roller conveyor 140, as viewed in FIG. 1, is pivotally
      connected to the upstanding frame 130. Depending flanges 131 carried on
      opposite sides of the conveyor frame 141 extend alongside upstanding
      flanges 132 carried on the right end region of the centering table frame
      130. Pins 133 extend through aligned holes in the flanges 131, 132 to form
      a pivotal connection between the roller conveyor 140 and centering table
      frame 130.
PAR  The left end of the roller conveyor 140 can be raised and lowered relative
      to the centering table frame 130. Referring to FIG. 3, a rack and pinion
      drive system, indicated generally by the numeral 145, is interposed
      between the centering table frame 130 and the left end of the roller
      conveyor 140. Two pairs of spaced, depending flanges 146 are carried by
      the conveyor frame 141. A pair of vertically oriented gear racks 147 have
      upper end regions which extend between the spaced flanges 146. Pins 148
      extend through aligned holes in the flanges 146 and the gear racks 147 to
      pivotally connect the gear racks 147 to the conveyor frame 141. Guide
      rollers 149 rotatably mounted on the centering table frame 130 engage the
      gear racks 147 and confine their movement to vertical directions.
PAR  Two pairs of gears 150, 151 mesh with the gear racks 147. An idler shaft
      152 rotatably carried by the frame 130 mounts the upper pair of gears 150
      for concurrent rotation. A drive shaft 153 rotatably carried by the frame
      130 mounts the lower pair of gears 151 for concurrent rotation. A motor
      140M drivingly connects with the shaft 153.
PAR  Lowering and raising of the left end of the roller conveyor 140 is effected
      by the motor 140M. When the motor 140M rotates the drive shaft 153 in one
      direction, the meshing engagement between the gears 151 and the gear racks
      147 will cause the left end of the conveyor 142 to raise. When the motor
      140M drives the shaft 153 in the opposite direction, the left end of the
      conveyor 140 will lower.
PAR  The height of the left end of the conveyor 140 is monitored by a
      potentiometer 140P. The potentiometer 140P is carried by a bracket 154
      secured to the centering table frame 130. The potentiometer 140P has a
      rotatable stem 155 which carries a sprocket 156. A roller chain 157 is
      reeved around the sprocket 156 and around a drive sprocket 157 carried on
      the drive shaft 153. Rotation of the drive shaft 153 by the motor 140M
      effects concurrent rotation of the potentiometer stem 155. A suitable
      electrical cable (not shown) connects the potentiometer 140P with the
      control console 1300. The potentiometer 140P provides a resistance which
      varies to provide a variation in a signal voltage indicating the height of
      the conveyor 140.
PAR  A pair of limit switches 140S.sub.1, 140S.sub.2 are provided to sense when
      the left end of the conveyor 140 is at the lowermost and uppermost ends of
      its range of travel. The switches 140S.sub.1, 140S.sub.2 are supported on
      the frame 130. An arm 159 secured to one of the gear racks 147 selectively
      engages one of the switches 140S.sub.1, 140S.sub.2 when the conveyor 140
      is at the upper or lower ends of its range of travel. The switches
      140S.sub.1, 140S.sub.2 are each electrically connected by suitable
      conductors (not shown) to the console 1300 to provide a step variation in
      a signal voltage.
PAC  The Centering Table Centering Mechanism 160
PAR  A centering mechanism, indicated generally by the numeral 160 in FIGS. 1
      and 4, is provided to laterally center tires on the conveyor 140 for
      admission to the shielded enclosure 275. The centering mechanism 60 is
      carried on the conveyor frame 141 for movement with the conveyor frame 141
      as the conveyor 140 pivots about the pins 133 connecting its right end
      with the centering table frame 130.
PAR  Referring to FIG. 4, a pair of spaced upstanding arm assemblies 161 are
      carried on opposite sides of the roller conveyor 140. The arm assemblies
      161 are movable toward and away from each other to engage and disengage
      opposite sides of a tire received on the centering table 120. The arm
      assemblies 161 include support plates 162 carried on brackets 163. The
      brackets 163 depend between some of the rolls 142. Lower end regions of
      the brackets 163 connect with a pair of supports 164.
PAR  A guide rod 167 is supported at opposite ends by the conveyor frame 141.
      The supports 164 are slidably carried on the guide rod 167. A threaded rod
      169 is journaled for rotation near opposite ends by bearing blocks 170
      secured to the conveyor frame 141. The threaded rod 169 has right hand
      threads 169R which drivingly connect with one of the arm assemblies 161,
      and left hand threads 169L which drivingly connect with the other arm
      assembly 161. When the rod 169 is rotated in one direction, the arm
      assemblies 161 move toward each other. When the rod 169 is rotated in the
      other direction, the arm assemblies 161 move away from each other.
PAR  A timing belt pulley 171 and a sprocket 172 are secured to one end region
      of the threaded rod 169. A toothed timing belt 173 is reeved around the
      pulley 171 and around a pulley 174 carried on one end of a stub shaft 175.
      A bearing block 176 journals the stub shaft 175. A V-belt pulley 177 is
      carried on the other end region of the stub shaft 175.
PAR  A reversible centering arm drive motor 161M is provided to rotate the
      threaded rod 169. A V-belt 178 is reeved around a pulley 179 carried on
      the drive shaft of the motor 161M, and around the pulley 177. The belts
      173, 178 drivingly connect the motor 161M to the threaded rod 169 to move
      the centering arms 161 toward and away from each other.
PAR  A roller chain 180 is reeved around the sprocket 172 and around a sprocket
      181 carried on one end region of a shaft 182. The shaft 182 extends across
      the width of the frame 141. A pair of bearing blocks 183 (only one is
      shown in FIG. 4) are secured to opposite sides of the frame 141 to journal
      the shaft 182.
PAR  The shaft 182 provides a drive on opposite sides of the conveyor 140 for a
      movable photocell sensing system, as will be described. Identical chain
      drives connect with the shaft 182 on opposite sides of the conveyor 140 to
      drive this photocell system. Only one of these drives is shown in FIG. 4
      as including a sprocket 184 carried on the shaft 182, a sprocket 187
      rotatably carried on the conveyor frame 141, and a roller chain 185 reeved
      around the sprockets 184, 187. Identical sprockets 184, 187 and an
      identical roller chain 185 (not shown) are provided on the opposite side
      of the conveyor 140.
PAR  The inward and outward positioning of the centering arms 161 is monitored
      by a potentiometer 161P. The potentiometer 161P is carried by a bracket
      189 secured to the frame 141. The potentiometer 161P has a rotatable stem
      which carries a sprocket 186. A roller chain 188 is reeved around the
      sprocket 186 and around a drive sprocket 187a connected to one of the
      sprockets 187. Rotation of the sprocket 187a by a motor 161M effects
      concurrent rotation of the stem of the potentiometer 161P. A suitable
      electrical cable (not shown) connects the potentiometer 161P with the
      control console 1300. The potentiometer 161P provides a resistance which
      varies to provide a variation in a signal voltage indicating the position
      of the centering arms 161.
PAR  A pair of limit switches 161S1, 161S2 are provided to sense when the
      centering arms 161 are at the inward and outward ends of their range of
      travel. The switches 161S.sub.1, 161S.sub.2 are supported on the frame
      141, and are selectively engaged by one of the supports 164 when the
      centering arms 161 are at the inward or outward ends of their range of
      travel. The switches 161S.sub.1, 161S.sub.2 are electrically connected by
      suitable conductors (not shown) to the control console 1300 to provide a
      step variation in a signal voltage.
PAR  Referring to FIG. 5, each of the centering arm assemblies 161 carries a
      movable sensing plate 190. Projections 162a, 190a formed on the plates
      162, 190 extend toward each other and are connected by pins 191 to form a
      pivotal connection between lower region so the plates 162, 190. Cap screws
      192 extend through slots 162b formed in the plates 162 and are threaded
      into the plates 190 to limit the relative pitoval movement of the plates
      162, 190 in directions away from each other. Compression coil springs 193
      carried on the cap screws 192 bias the plates 162, 190 away from each
      other.
PAR  The centering arm assemblies 161 carry limit switches 190S.sub.1,
      190S.sub.2. The switches 190S.sub.1, 190S.sub.2 are carried on brackets
      194 secured to the plates 162. The switches 190S.sub.1, 190S.sub.2 have
      actuating plungers which project through apertures in the plates 162 and
      into engagement with the plates 190. When the plates 190 engage a tire
      positioned on the conveyor 140, the plates 190 pivot toward the plates 162
      actuating the switches 190S.sub.1, 190S.sub.2. The switches 190S.sub.1,
      190S.sub.2 are electrically connected in series and are connected by
      suitable conductors (not shown to the control console 1300 to provide a
      step variation in a signal voltage.
PAC  THE CENTERING TABLE TIRE WIDTH SENSOR MECHANISM
PAR  The width of a tire received on the centering table 120 is sensed by a tire
      width sensor assembly 195. Referring to FIGS. 1 and 6, the width sensor
      assembly 195 has an upstanding frame including four legs 196 welded to the
      conveyor frame 141 for movement with the conveyor frame 141 as the
      conveyor 140 pivots about the pins 133 connecting its right end with the
      centering table frame 130.
PAR  Two laterally extending members 197 are welded between the legs 196. Four
      cross bars 198, 199, 200, 201 are welded between the members 197. Two
      depending bars 202, 203 have their upper ends welded to the members 197. A
      cross bar 204 is welded to the departing bars 202, 203 and has opposite
      end regions which project beyond the sides of the depending bars 202, 203.
      Mounting blocks 205 are welded to the members 196, 197 at positions above
      the cross bar 204.
PAR  A sensor bar 210 is movably carried at a laterally centered position
      overlying the roller conveyor 140. The sensor bar 210 includes a rigid
      plate 211 supported on two spaced, upstanding gear racks 212, 213. A pair
      of roller bearing assemblies 214, 215 are secured to the cross bar 204 and
      to the mounting blocks 205, respectively. The roller bearing assemblies
      214, 215 engage the gear racks 212, 213 and act as guides limiting the
      movement of the gear racks to travel in vertical directions.
PAR  A pair of gears 216, 217 mate with the gear racks 212, 213. The gears 216,
      217 are secured to opposite and regions of a shaft 218. A pair of bearing
      blocks 219, 220 carried on the depending bars 202, 203 journal the shaft
      218 for rotation. Another pair of bearing blocks 221, 222 carried on two
      the legs 196 journal an idler shaft 223. A pair of sprockets 224, 225 are
      carried on the shafts 128, 223 respectively. A roller chain 226 is reeved
      around the sprockets 224, 225. Movement of the roller chain 226 rotates
      the shafts 218, 223 together with the gears 216, 217, causing the gear
      racks 212, 213 to raise and lower the plate 211.
PAR  Raising and lowering of the plate 211 is effected by a pneumatic motor
      190M. The motor 190M includes a cylindrical tube 230 supported near
      opposite ends on the cross bars 199, 200. A piston 231 is movably mounted
      in the tube 230. A pair of pulleys 232 are positioned on opposite ends of
      the tube 230. A flexible cable 233 is reeved around the pulleys 232 and
      connects with the piston 231. When pressurized air is admitted to the tube
      230 on one side or the other of the piston 231, the piston 231 will move
      through the tube 230, causing the cable 233 to rotate the pulleys 232. A
      connector block 234 connects the cable 233 to the roller chain 226. When
      the piston 231 moves the cable 233, the chain 226 will move causing the
      gear racks 212, 213 to move vertically.
PAR  The vertical positioning of the sensor bar 210 is monitored by a
      potentiometer 195P. A bracket 235 mounts the potentiometer 195P on one of
      the legs 196 below the bearing block 221. The potentiometer 195P has a
      rotatable stem 236 which carries a sprocket 237. A roller chain 238 is
      reeved around the sprocket 237 and around a sprocket 239 carried on the
      idler shaft 223. As the idler shaft 223 rotates in response to movement of
      the chain 226, the potentiometer stem 236 is concurrently rotated to vary
      the resistance of the potentiometer 195P. A suitable electrical cable (not
      shown) connects the potentiometer 195P to the control console 1300 to
      provide a variation in a signal voltage indicating the position of the
      sensor bar 210. When the sensor bar 210 has been lowered into engagement
      with a tire positioned on the centering table 120, the potentiometer 195P
      provides an indication to the computerized control console 1300 of the
      width of the tire.
PAR  The sensor bar 210 carries a limit switch 195S.sub.1 which senses when the
      sensor bar has engaged a tire positioned on the centering table. Referring
      to FIG. 7 a plate 240 has its left end pivotally connected to the plate
      211. A bracket 241 is secured to one end region of the plate 240 and is
      pivotally connected to one end region of the plate 211. The bracket 241
      carries a stop (not shown) which prevents the plates 211, 240 from
      pivoting away from each other to a greater extent than is shown in FIG. 7.
      A compression coil spring 242 is interposed between the opposite end
      regions of the plates 211, 240 to bias the plates 211, 240 away from each
      other. A bracket 243 mounts the limit switch 195S1 atop the plate 211. The
      limit switch 195S1 has an actuating plunger 244 which depends through a
      hole 245 in the plate 211. The bottom end of the plunger 244 engages the
      top surface of the plate 240.
PAR  When the sensor bar 120 is lowered into engagement with a tire positioned
      on the centering table, the plate 240 pivots upwardly moving the plunger
      244 and actuating the limit switch 195S1 to provide a step variation in a
      signal voltage. A suitable electrical cable (not shown) connects the
      switch 195S1 to the control console 1300.
PAC  Centering Table Conveyor Controls
PAR  Referring to FIG. 6, two photocells 142P1, 142P2 are carried on one of the
      legs 196 opposite two light sources 250, 251 carried another of the legs
      196. Suitable electrical cables (not shown) connect the photocells 142P1,
      142P2 to the control console 1300 to provide step variations in a signal
      voltage to indicate the presence or absence of an object between one or
      both of the light sources 250, 251 and their associated photocells 141P1,
      141P2. As will be explained in greater detail, when a tire is received on
      the centering table conveyor 140, the conveyor rolls 142 continue to drive
      until the tire interrupts one or both of the light beams received by the
      photocells 142P1, 142P2. When either or both of the photocells 142P1,
      142P2 sense the presence of a tire, the conveyor drive motor 142M is
      de-energized.
PAR  Referring to FIG. 1, a stationary photocell 101P.sub.1 is supported on the
      frame 141 near the right end of the roller conveyor 140. A light source
      252 is supported on the frame 141 opposite the photocell 101P.sub.1. The
      photocell 101P.sub.1 is connected through suitable electrical cables (not
      shown) to the control console 1300 to provide a step variation in a signal
      voltage indicating of the presence or absence of a tire on the conveyor
      section 101. The conveyor drive motor 101M is controlled at the control
      console 1300 in response to signals from the photocell 101P.sub.1 to stop
      and start the conveyor 101 at appropriate times to effect feeding of tires
      one at a time onto the centering table conveyor 140.
PAR  Referring to FIGS. 1 and 4, two movable photocells 161P.sub.1, 161P.sub.2
      are carried in a housing 255 on one side of the conveyor 140. A
      corresponding pair of movable light sources 256, 257 carried in a housing
      258 on the opposite side of the conveyor 140. A pair of brackets 259, 260
      support the photocells 161P.sub.1, 161P.sub.2, and the light sources 256,
      257 respectively.
PAR  A similar pair of brackets 259 (only one is shown in FIG. 4) are provided
      on opposite sides of the conveyor 140 to movably mount the photocells
      161P.sub.1, 161P.sub.2 and the light source 256, 257 for concurrent
      movement. The brackets 259 are each slidably carried on a pair of guide
      rods 261 which extend longitudinally of the conveyor 140. The brackets 259
      are secured to the roller chains 185 for movement in response to operation
      of the centering arm drive motor 161M. Suitable electrical cables, not
      shown, connect the photocells 161P1, 161P2 to the control console 1300 to
      provide step variations in a signal voltage indicating the presence or
      absence of an object between one or both of the light sources 256, 257 and
      their associated photocells 161P1, 161P2.
PAR  In operation, the photocells 161P1, 161P2 and the light sources 256, 257
      move toward the shielded enclosure 275 when the centering arms 161 move
      toward each other, and vice versa. The light beams which extend from the
      sources 256, 257 toward the photocells 161P1, 161P2 will not be
      interrupted if a tire is properly positioned between the centering arms
      161. If the light beams are interrupted, certain indicator lights are
      illuminated on a fault detection display on the control console 1300, as
      will be explained, to indicate that a malfunction has occurred.
PAC  The Shielded Enclosure 275
PAR  The shielded enclosure 275 has walls formed from lead-lined steel to
      prevent the escape of X-radiation from inside the enclosure. Identical
      inlet and outlet openings 276 are formed on opposite sides of the
      enclosure. FIG. 8 shows the inlet opening 276 as viewed from outside the
      enclosure 275. FIG. 9 shows the outlet opening 276 as viewed from inside
      the enclosure 275.
PAR  Identical door assemblies 277 including pairs of doors 278 are provided
      inside the enclosure 275 to concurrently open and close the openings 76.
      The doors 278 are vertically movable and include an upper door and a lower
      door associated with each of the openings 276. The lower doors each carry
      an upstanding lip 279 which overlaps the line of juncture between the
      upper and lower doors when the doors 278 are closed to prevent radiation
      leakage.
PAR  Each of the doors 278 carries an arm 280. Two limit switches 278S.sub.1,
      278S.sub.2 are associated with each arm 280. The limit switches
      278S.sub.1, 278S.sub.2 are selectively engaged by the arms 280 when the
      doors 278 are open or closed.
PAR  A pneumatic motor 278M is associated with each door assembly 277 to open
      and close the doors 278. The motor 278M has a piston 281 which moves
      axially depending on which end region of the motor 278M is supplied with
      pressurized air. Each door assembly 277 has a cable 282 with opposite ends
      connected to opposite ends of the piston 281. Intermediate portions of the
      cables 282 are reeved around pulleys 283 carried on the inner wall of the
      enclosure 275. Each of the doors 278 carries two brackets 284 which
      connect with the cables 282 to open and close the doors 278 in response to
      axial movement of the pistons 281 in the motors 278M.
PAR  A pair of photocells 278P.sub.1, 278P.sub.2 is associated with each of the
      door assemblies 277. The photocells 278P.sub.1,278P.sub.2 associated with
      the inlet opening 276 are mounted outside the enclosure 275, as shown in
      FIG. 8. The photocells 278P.sub.1, 278P.sub.2 associated with the outlet
      opening 276 are mounted inside the enclosure, as shown in FIG. 9. A light
      source 285 is provided for each of the photocells 278P.sub.1, 278P.sub.2
      on the opposite side of the opening 276 from its associated photocell. The
      light sources 285 associated with the inlet opening 276 are inside the
      enclosure 275. The light sources 285 associated with the outlet opening
      276 are outside the enclosure 275.
PAR  When the doors 278 are open, the photocells 278P.sub.1, 278P.sub.2 receive
      light from the sources 285. Suitable electrical cables (not shown) connect
      the photocells 278P.sub.1, 278P.sub.2 to the control console 1300 to
      provide step variations in a signal voltage indicating the presence or
      absence of an object between one or more of the light sources 285 and
      their associated photocells 278P.sub.1, 278P.sub.2. If the photocells
      278P.sub.1, 278P.sub.2 do not receive light from the sources 285 at a time
      when the doors 278 are to be moved from an open to a closed position, the
      doors 278 are prevented from closing, as will be explained.
PAC  The Main Frame 320
PAR  Referring to FIGS. 1, 10 and 11, a main frame 320 includes four upstanding
      columns 321, 322, 323, 324. A pair of beams 325, 326 are mounted atop the
      columns 321, 322 and 323, 324.
PAR  The side of the main frame 320 defined by the columns 321, 322 and the beam
      325 will be referred to as the "first side." The side defined by the
      columns 323, 324 and the beam 326 will be called the "second side." The
      side defined by the columns 322, 324 will be referred to as the "back
      side" or "rear" of the main frame 320. The side defined by the columns
      321, 323 is considered to be the "front."
PAR  The first and second sides of the main frame are of substantially identical
      construction, one being the mirror image of the other. Several cross
      members, one of which is indicated by the numeral 327, interconnect the
      first and second sides to form a rigid frame.
PAC  The Imaging System Carriage 340
PAR  Referring to FIG. 12 in conjunction with FIGS. 1, 10, and 11, an imaging
      system carriage 340 is movably supported on the main frame 320. The
      carriage 340 is a welded structure including four full length uprights
      341, 342, 343, 344 and four shorter uprights 345, 346, 347, 348. The
      uprights 341, 342, 345, 346 are interconnected by four full length members
      349, 350, 351, 352 and by a shorter member 353, to define a first side of
      the carriage 340. The uprights 343, 344, 347, 348 are interconnected by
      four full length members 354, 355, 356, 357 and by a shorter member 358,
      to define a second side of the carriage 340. Six cross members 359, 360,
      361, 362, 363, 364 extend between the first and second sides of the
      carriage 340 to form a rigid carriage structure.
PAR  The carriage 340 is positioned between the main frame beams 325, 326 with
      the side members 350, 355 paralleling the beams 325, 326. A pair of guide
      rods 365, 366 are carried by the beams 325, 326. Two pairs of bearing
      blocks 367, 368 are carried on the side members 350, 355. The bearing
      blocks 367, 368 slidably receive the guide rods 365, 366 to movably mount
      the imaging system carriage 340 on the main frame beams 325, 326.
PAR  A pair of gear racks 369, 370 are carried on the main frame beams 325, 326.
      A pair of gears 371, 372 carried on a shaft 373 mesh with the toothed gear
      racks 369, 370. The shaft 373 is journaled by a pair of bearing blocks 374
      carried on the carriage uprights 341, 343. A reversible drive motor
      assembly 340M carried on the cross member 361 drivingly connects with the
      shaft 373 to move the imaging system carriage 340 inwardly and outwardly
      along the main frame beams 325, 326.
PAR  The inward and outward position of the imaging system carriage 340 is
      monitored by a potentiometer 340P. The potentiometer 340P is carried by a
      bracket 375 secured to the cross member 361. The potentiometer 340P has a
      rotatable stem 376 which carries a sprocket 377. A roller chain 378 is
      reeved around the sprocket 377 and around a drive sprocket 379 carried on
      the shaft 373. Rotation of the shaft 373 by the motor 340M effects
      concurrent rotation of the potentiometer stem 376. A suitable electrical
      cable (not shown) connects the potentiometer 340P with the control console
      1300. The potentiometer 340P provides a resistance which varies to provide
      a variation in a signal voltage indicating the position of the imaging
      system carriage 340.
PAR  A pair of limit switches 340S.sub.1, 340S.sub.2 are provided to sense when
      the imaging system carriage 340 is at the inner and outer ends of its
      range of travel. The switches 340S.sub.1, 340S.sub.2 are supported on the
      main frame beam 326. One of the bearing blocks 368 selectively engages one
      of the switches 340S.sub.1, 340S.sub.2 when the imaging system carriage
      340 is at the inner or outer ends of its range of travel. The switches
      340S.sub.1, 340S.sub.2 are electrically connected by suitable conductors
      (not shown) to the control console 1300 to provide a step variation in a
      signal voltage.
PAR  Two C-shaped arms 380, 381 are carried by the imaging system carriage 340.
      The C-shaped arms define a pair of curved trackways which, as will be
      explained, support and guide the movement of an imaging system
      sub-carriage 390. A pair of roller chains 383, 383 extend along the outer
      surfaces of the C-arms 380, 381. Opposite ends of the roller chains 382,
      383 are secured by brackets (not shown) to the end regions of the C-arms
      380, 381.
PAC  The Imaging System Sub-Carriage 390
PAR  Referring to FIGS. 12 and 13, an imaging system sub-carriage 390 is carried
      on the C-arms 380, 381. The subcarriage 390 includes a welded base formed
      from two spaced, parallel arms 391, 392 connected by a plate 393. A pair
      of upstanding brackets 395, 396 and a pair of depending brackets 397, 398
      are welded to the arms 391, 392. The brackets 395, 396, 397, 398 carry
      rollers 399 which engage the C-arms 380, 381 to movably mount the
      sub-carriage 390 on the C-arms 380, 381.
PAR  The upstanding brackets 395, 396 each rotatably mount a pair of idler
      sprockets 401. A drive shaft 402 is journaled by the brackets 395, 396. A
      pair of drive sprockets 403 are carried on opposite end regions of the
      drive shaft 402. The roller chains 382, 383 are reeved around the idler
      sprockets 401 and around the drive sprockets 403, as best seen in FIG. 13.
PAR  A reversible drive motor assembly 390M is mounted on the plate 393. The
      motor assembly 390M has an output shaft 404 which carries a sprocket 405.
      A roller chain 406 is reeved around the sprocket 405 and around a sprocket
      407 carried on the shaft 402. When the motor 390M drives the shaft 402 in
      one direction, the sub-carriage 390 moves up the C-arms 380, 381. When the
      shaft 402 is driven in the opposite direction, the sub-carriage 390 moves
      down the C-arms 380, 381.
PAR  The position of the sub-carriage 390 along the C-arms 380, 381 is monitored
      by a potentiometer 390P. The potentiometer 390P is carried by a bracket
      408 secured to the plate 393. The potentiometer 390P has a rotatable stem
      409 which carries a sprocket 410. A roller chain 411 is reeved around the
      sprocket 410 and around a drive sprocket 412 carried on the drive shaft
      402. Rotation of the drive shaft 402 by the motor 390M effects concurrent
      rotation of the potentiometer stem 409. A suitable electrical cable (not
      shown) connects the potentiometer 390P with the control console 1300. The
      potentiometer 390P provides a resistance which varies to provide variation
      in a signal voltage indicating the position of imaging system sub-carriage
      390 along the C-arms 380, 381.
PAR  Referring to FIG. 12, a pair of limit switches 390S1, 390S2 are provided on
      opposite ends of the C-arms 381 to sense when the imaging system
      sub-carriage 390 is at the upper and lower ends of its range of travel.
      The switches 390S1, 390S2 are selectively engaged by the brackets 396, 398
      when the sub-carriage 390 is at the upper or lower ends of its range of
      travel. The switches 390S1, 390S2 are electrically connected by suitable
      conductors (not shown) to the control console 1300 to provide a step
      variation in a signal voltage.
PAR  A pair of guide rods 415, 416 are supported by the sub-carriage arms 391,
      392. The guide rods 415, 416 extend parallel to the arms 391, 392 and
      serve to movably support an imaging system sub-sub-carriage 420.
PAC  The Imaging System Sub-Sub-Carriage 420
PAR  Referring to FIGS. 13 and 14, the sub-sub-carriage 420 includes a welded
      framework formed by a pair of uprights 421, 422, a pair of arms 423, 424,
      a pair of brace members 425, 426 and a cross member 427. A pair of lineal
      bearings 417, 418 slidably receive the guide rods 415, 416 to movably
      mount the sub-sub-carriage 420 on the arms 391, 392 of the sub-carriage
      390.
PAR  A pair of idler sprockets 428 are rotatably mounted on the sub-carriage
      arms 391, 392. A pair of roller chains 429 are reeved around the sprockets
      428 and around a pair of sprockets 430 (only one is shown in FIG. 14)
      carried on opposite end regions of a shaft 431. A pair of brackets 432
      carried on the bearings 429, 430 connect with the roller chains 429.
PAR  A reversible drive motor assembly 420M is secured to the underside of the
      plate 393. The motor 420M has an output shaft 431a which carries a
      sprocket 431b. A roller chain 433 is reeved around the sprocket 431b and
      around a sprocket 434 carried on the shaft 431. When the motor 420M drives
      the shaft 431 in one direction, the sub-sub-carriage 420 moves inwardly
      along the guide rods 415, 416. When the shaft 431 is driven in the other
      direction, the sub-sub-carriage 420 moves outwardly along the guide rods
      415, 416.
PAR  The position of the sub-sub-carriage 420 is monitored by a potentiometer
      420P. The potentiometer 420P is carried by a bracket 435 secured to the
      underside of the plate 393, as best seen in FIG. 13. The potentiometer
      420P has a rotatable stem 436 which is connected to the motor output shaft
      431a. A suitable electrical cable (not shown) connects the potentiometer
      420P with the control console 1300. The potentiometer 420P provides a
      resistance which varies to provide a variation in a signal voltage
      indicating the position of the sub-sub-carriage 420 along the guide rods
      415, 416.
PAR  A pair of limit switches 420S1, 420S2, are provided to sense when the
      sub-sub-carriage 420 is at the inner and outer ends of its range of
      travel. The switches 420S1, 420S2 are supported on the sub-carriage arm
      392. The switches 420S1, 420S2 are selectively engaged by the bearing 430
      carried on the guide rod 415 when the sub-sub-carriage 420 is at the inner
      or outer ends of its range of travel. The switches 420S1, 420S2 are
      electrically connected by suitable conductors (not shown) to the control
      console 1300 to provide a step variation in a signal voltage.
PAC  The Imaging Unit 440
PAR  An imaging unit 440 is carried on the sub-sub-carriage 420. The imaging
      unit 440 is a conventional imaging system of the type which is capable of
      producing an output signal representative of an image formed by
      X-radiation which has passed through a tire being inspected and is
      received on imaging screen 442.
PAR  In the preferred embodiment, the imaging unit 440 is an imaging system of
      the type sold by Old Delft Corporation of America, Fairfax, Virginia
      22030, under the trademark DELCALIX with 12 1/2 inch screen and ISOCOn
      type S video tube. Suitable electrical conductors (not shown) connect the
      imaging unit 440 with the control console 1300.
PAR  Referring to FIGS. 14A and 14B, a "halo" safety switch assembly is provided
      around the input screen of the imaging unit 440 to sense the presence of
      an object which could do damage to the imaging unit 440. The safety switch
      assembly includes a metal ring 441 movably supported at a position in
      front of the imaging screen 442. Three limit switches 440S1, 440S2, 440S3
      are carried on a bracket 444 second to the imaging unit 440. The switches
      440S1, 440S2, 440S3 have spring actuators 445 which are actuated if moved
      in any direction. The ring 441 is carried on the actuators 445. The limit
      switches 440S1, 440S2, 440S3 are electrically connected by a suitable
      cable (not shown) to the control console 1300 to illuminate certain
      malfuncton indicator lights on the console if the ring 441 is moved by an
      object in close proximity to the imaging unit 440.
PAR  A photocell 440P1 is carried on the bracket 444. A light source 447 aimed
      at the photocell 440P1 is carried on the opposite side of the bracket 444
      to provide a beam of light which extends across the screen 442. The
      photocell 440P1 is connected by a suitable cable (not shown) to the
      control console 1300 to operate in series with the switches 440S1, 440S2,
      440S3 to illuminate certain malfunction indicator lights if the beam of
      light from the light source 447 to the photocell 440P1 is interrupted.
PAC  The Main Conveyor 450
PAR  Referring to FIGS. 15 and 16 in conjunction with FIGS. 1, 10 and 11, a main
      conveyor assembly 450 is carried by the main frame 320. The conveyor 450
      includes a horizontally disposed frame 451 which rotatably supports a
      series of rolls 452, 453, 454, 455. A drive motor 452M carried beneath the
      frame 451 in the vicinity of the column 324 is drivingly connected to all
      the rolls 452, 453, 454, 455 to rotate the rolls and feed tires along the
      conveyor 450.
PAR  The rolls 452 extend the full width of the conveyor 450 and have opposite
      end regions journaled by the frame 451. The rolls 453, 454 are shorter
      than the rolls 452 and have opposite ends journaled by the frame 451. The
      rolls 455 are shorter than the rolls 452 and have ends journaled in two
      movable drop-down frame structures 456.
PAR  The frame structures 456 are pivotally mounted on the frame 451 for
      movement about the axis of the two farthest spaced rolls 455. The frame
      structures 456 are movable from an elevated position shown in solid lines
      in FIG. 15 to a lowered position shown in phantom in FIG. 15.
PAR  A pair of pneumatic motors 465M are provided for raising and lowering the
      movable frame structures 456. The motors 456M are pneumatic cylinders
      carried by the frame 451 and have extensible pistons 457 connected to the
      frame structures 456. When the pistons 457 are extended, the frame
      structures 456 assume their elevated position. When the pistons 457 are
      retracted, the frame structures 456 assume their lowered position.
PAR  Two pairs of limit switches 456S.sub.1, 456S.sub.2 are provided to sense
      when the conveyor frame structures 456 are elevated or lowered. The
      switches 456S.sub.1, 456S.sub.2 are supported on the frame 451, and have
      actuators which are selectively engaged by the frame structures 456 when
      the frame structures are elevated or lowered. The switches 456S.sub.1,
      456S.sub.2 are each electrically connected by suitable conductors (not
      shown) to the control console 1300 to provide a step variation in a signal
      voltage.
PAR  The conveyor frame 451 together with the movable frame sections 456 are
      movably mounted on the main frame 320 for movement in vertical directions.
      Four pneumatic motors 451M are supported on gear racks 460. The motors
      451M are pneumatic cylinders having extensible pistons 461 connected to
      corner regions of the rectangular frame 451. When the pistons 461 extend,
      the conveyor frame 451 is raised relative to the gear racks 460. When the
      pistons 461 retract, the conveyor frame 451 is lowered relative to the
      gear racks 460.
PAR  Referring to FIG. 16 a pair of limit switches 451S.sub.1, 451S.sub.2 are
      provided to sense when the main conveyor frame 451 is at the upper and
      lower ends of its range of travel. The switches 451S.sub.1, 451S.sub.2 are
      supported on a bracket 462 carried by the frame 451. An arm 463 is secured
      to one of the motor housings 451M and selectively engages one of the
      switches 451S.sub.1, 451S.sub.2 when the conveyor frame 451 is at the
      upper or lower ends of its range of travel relative to the gear racks 460.
      The switches 451S.sub.1, 451S.sub.2 are electrically connected by suitable
      conductors (not shown) to the control console 1300 to provide a step
      variation in a signal voltage indicating the position of the conveyor
      frame 451.
PAR  A pair of welded cross-member structures 470 have opposite end regions
      connected to the main frame columns 321, 322, 323, 324. A pair of shields
      471 are secured to the cross-member structures 470 to shroud lower
      portions of the gear racks 460.
PAR  Referring to FIG. 16, one of the cross-member structures 470 is shown with
      the shield 471 removed. Each of the gear racks 460 is engaged by a pair of
      gears 472. The gears 472 are carried on opposite end regions of shafts
      473. The shafts 473 are journaled by bearing blocks 474 carried on the
      cross-member structure 470. A plurality of rollers 475 carried on the
      cross-member structure 470 engage the gear racks 460 mounting the gear
      racks 460 for vertical movement relative to the main frame 320.
PAR  Referring to FIG. 11, one of the shafts 473 on each side of the main frame
      320 is drivingly connected through right angle gear boxes 476 to a drive
      shaft 477. A drive motor assembly 460M is provided for rotating the shafts
      473, 477. The drive motor 460M has an output shaft 480 which carries a
      sprocket 481. A drive chain 482 is reeved around the sprocket 481 and
      around a sprocket 483 carried on the drive shaft 477. When the drive motor
      460M rotates the shafts 473 in one direction, the gear racks 460 are
      elevated relative to the main frame 320. When the drive motor 460M rotates
      the shafts 473 in the opposite direction, the gear racks 460 are lowered
      relative to the main frame 320.
PAR  Referring to FIG. 16, four auxiliary gear racks 490 have their upper end
      regions connected to the conveyor frame 451. A plurality of rollers 491
      carried on the cross-member assemblies 470 engage the auxiliary gear racks
      490 and mount them for vertical movement relative to the cross members
      470. Each of the auxiliary gear racks 490 is engaged by a pair of gears
      492. The gears 492 are carried on opposite end regions of shafts 493. The
      shafts 493 are journaled by bearing blocks 494 carried on the cross-member
      structures 470. The auxiliary gear racks 490 serve to keep the conveyor
      frame 451 level when it moves up and down relative to the gear racks 460
      under the influence of the pneumatic cylinders 451M.
PAR  The vertical position of the gear racks 460 is monitored by a potentiometer
      460P. The potentiometer 460P is carried by a bracket 495 secured to one of
      the cross-members 470, as best seen in FIG. 16. The potentiometer 460P has
      a rotatable stem 496 which carries a sprocket 497. A roller chain 498 is
      reeved around the sprocket 497 and around a sprocket 499 on one of the
      shafts 473. Rotation of the shafts 473 by the motor 460M effects
      concurrent rotation of the potentiometer stem 496. A suitable electrical
      cable (not shown) connects the potentiometer 460P with the control console
      1300. The potentiometer 460P provides a resistance which varies to provide
      a variation in a signal voltage indicating the height of the gear racks
      460.
PAR  A pair of limit switches 460S1, 460S2 are provided to sense when the gear
      racks 460 are at the upper or lower ends of their range of travel. The
      switches 460S1, 460S2 are supported on one of the cross-member structures
      470 as best seen in FIG. 16. An arm 489 carried on one of the gear racks
      460 selectively engages one of the switches 460S1, 460S2 when the gear
      racks 460 are at their upper or lower ends of their range of travel. The
      switches 460S1, 460S2 are electrically connected by suitable conductors
      (not shown) to the control console 1300 to provide a step variation in a
      signal voltage.
PAR  As will be explained in greater detail, the main conveyor 450 is initially
      pre-positioned such that the rolls 452-455 are at a height commensurate
      with the rolls 142 on the left end of the centering table conveyor 140. At
      the time the conveyor 450 is pre-positioned, the pistons 461 are extended
      from the pneumatic motors 451M. Once a tire has been positioned for
      inspection on the conveyor 450, the pistons 461 are retracted to lower the
      rolls of the conveyor 450 a short distance, typically about 11/2 inches,
      permitting the tire to be supported on spindles for rotation.
PAC  The Spindle Carriages 510
PAR  Referring to FIGS. 10 and 17, a pair of spindle carriages 510 are movably
      carried by the main frame 320. One of the spindle carriages 510 is
      positioned above the main conveyor 450, and will be called the upper
      spindle carriage. The other carriage 510 underlies the rollers of the main
      conveyor 450 and will be called the lower spindle carriage. The upper and
      lower carriages 510 are substantially identical, one being the mirror
      image of the other.
PAR  Each of the carriages 510 includes a pair of support beams 511, 512. The
      beams 511 extend between the main frame columns 321, 322. The beams 512
      extend between the main frame columns 323, 324. The beams 511, 512 support
      a pair of welded frame structures 513. The frame structures 513 each
      include a pair of spaced, horizontal plates 514 interconnected by uprights
      515.
PAR  The carriages 510 are supported for concurrent vertical movement toward and
      away from each other. Threaded bushings 516 are carried near opposite ends
      of the beams 511, 512. Threaded rods 517 are received in the bushings. The
      upper carriage bushings 516 are threaded with L. H. threads to accommodate
      L. H. threads formed on the upper end regions of the rods 517. The lower
      carriage bushings 516 are threaded with R. H. threads to accommodate R. H.
      threads formed on the lower end regions of the rods 517. When the rods 517
      are rotated concurrently in one direction, the carriages 510 move toward
      each other. When the rods 517 are rotated concurrently in the opposite
      drive direction, the carriages 510 move away from each other.
PAR  A reversible carriage drive motor 510M is carried by the main frame 320.
      The motor 510M has an output shaft which carries a sprocket 520. A roller
      chain 521 is reeved around the sprocket 520 and around a sprocket 522
      carried on a shaft 523. The shaft 523 is journaled by bearing blocks 524
      secured to the main frame 320. A pair of right angle gear boxes 525
      drivingly connect opposite ends of the shaft 523 to a pair of transversely
      extending shafts 526, 527. Two pairs of right angle gear boxes 528, 529
      drivingly connect opposite ends of the shafts 526, 527 to the threaded
      support rods 517.
PAR  The vertical position of the spindle carriages 510 is monitored by a
      potentiometer 510P. Referring to FIG. 17, the potentiometer 510P is
      carried by a bracket 530 secured to the main frame beam 326. The
      potentiometer 510P has a rotatable stem 531 which carries a sprocket 532.
      A roller chain 533 is reeved around the sprocket 532 and around a drive
      sprocket 534 carried on one of the rods 517. Rotation of the rods 517 by
      the motor 510M effects concurrent rotation of the potentiometer stem 531.
      A suitable electrical cable (not shown) connects the potentiometer 510P
      with the control console 1300. The potentiometer 510P provides a
      resistance which varies to provide a variation in a signal voltage
      indicating the position of spindle carriages 510 along the rods 517.
PAC  The Spindle Support Arms 550
PAR  Four spindle support arms 550 are pivotally mounted on each of the spindle
      carriages 550. As is best seen in FIG. 18, the arms 550 each have a long
      leg 551 and a short leg 552. Each of the arms 550 is pivotally mounted on
      a separate shaft 553. The shafts 553 are journaled by bearings carried in
      the plates 514, as will be explained.
PAR  The arms 550 are arranged in pairs with the long legs 551 of each pair
      criss-crossed, and with the short legs 552 connected together by a pin
      554. A separate link 555 connects with each of the pins 554.
PAR  A pneumatic motor 550M is provided on each of the carriages 510 for
      pivoting the arms 550 about the shafts 553. Each of the motors 550M is a
      pneumatic cylinder having an extensible piston 556. A pair of L-shaped
      actuating levers 557 are mounted for pivotal movement on each of the
      carriages 510. Vertically extending pins 558 journaled in the plates 514
      carry the levers 557. One end region of each of the levers 557 connects
      with one of the pistons 556. The other end region of the levers 557 is
      connected to one of the links 555.
PAR  Each of the long legs 551 of the arms 550 carries a separate spindle 600.
      The spindles 600 move with the arms 550 between the fully retracted
      position shown in FIG. 18 and the fully extended position in FIG. 17. When
      the pistons 556 of the motors 550M are fully extended, the spindles 600
      assume their fully extended position. When the pistons 556 of the motors
      550M are fully retracted, the spindles 600 assume their fully retracted
      position.
PAR  The presence of the compressed air supplied to the motors 550M is regulated
      to control the amount of force applied by the spindles to a tire being
      inspected. A conventional pressure regulator shown at 559 in FIG. 18, is
      used to vary the pressure supplied to the motors 550M. The regulator 559
      is electrically controlled through a suitable cable (not shown) which
      connects with the control console 1300. The regulator 559 is preferably
      operable to adjust the pressure supplied to the motors 550M from a low
      pressure of about 18 psi to a high pressure of about 60 psi. A lesser
      spindle extension pressure is used with relatively small tires than is
      used with relatively large tires.
PAR  The position of the spindle arms 550 is monitored by a potentiometer 550P.
      The potentiometer 550P is carried by a bracket 558a secured to one of the
      plates 514. The potentiometer 550P has a rotatable stem which carries a
      sprocket 559b. A roller chain 559c is reeved around the sprocket 559b and
      around a drive sprocket 559d secured to one of the spindle arms 550.
      Rotation of the spindle arms 550 by the motor 550M effects concurrent
      rotation of the stem of the potentiometer 550P. A suitable electrical
      cable (not shown) connects the potentiometer 550P with the control console
      1300. The potentiometer 550P provides a resistance which varies to provide
      a variation in a signal voltage indicating thee position of spindle arms
      550.
PAR  A pair of limit switches 550S.sub.1, 550S.sub.2 are provided on each of the
      carriages 510 to sense when the spindles 600 are at the fully retracted or
      extended ends of their range of travel. The switches 550S.sub.1,
      550S.sub.2 are supported on one of the plates 514. One of the levers 557
      selectively engages one of the switches 550S.sub.1, 550S.sub.2 when the
      spindles are fully retracted or extended. The switches 550S.sub.1,
      550S.sub.2 are electrically connected by suitable conductors (not shown)
      to the control console 1300 to provide a step variation in a signal
      voltage.
PAR  Referring to FIG. 19, a typical one of the spindle arms 550 is shown in
      cross-section. A pair of bearings 560 carried by the plates 514 journal
      the shaft 533. A pair of sprockets 561 are secured by pins 562 to the
      upper end region of the shaft 553. A double toothed drive sprocket 563 is
      secured by a pin 564 to an intermediate portion of the shaft 553.
PAR  The arm 550 includes two aligned bushings 565, 566 carried on the shaft 553
      on opposite sides of the double drive gear 563. A pair of bearings 567
      journal the upper bushing 565 on the shaft 563. A bearing 568 journals the
      lower bushing 566 on the shaft 563. The short leg 552 of the arm 550 is
      welded to the upper bushing 565. The long leg 551 of the arm 550 is a
      tubular structure welded to both of the bushings 565, 566.
PAR  A spindle support sleeve 570 is welded to the outer end region of the long
      leg 551. A pair of bearings 571 carried in the sleeve 570 journal a
      spindle shaft 572 for rotation. The upper end of the spindle shaft 572
      carries a double toothed drive sprocket 573. A double roller chain 574 is
      reeved around the sprockets 563, 573 to rotate the spindle shaft 572 in
      response to rotation of the shaft 553.
PAR  A tubular spindle member 575 is secured by a pin 576 to the lower end
      region of the spindle shaft 572. The spindle member 575 has an annular lip
      577 formed near its lower end to receive the bead of a tire during
      inspection.
PAR  Referring to FIG. 17, a chain drive system indicated generally by the
      numeral 580 is provided for rotating the spindles 600. The drive system
      580 includes a pair of roller chains 581 on each of the carriages 510
      which are reeved around and drivingly connect pairs of the spindles drive
      sprockets 561. Idler sprockets 582 carried on one of the plates 514
      tension the chain 581. Another roller chain 583 carried on each of the
      carriages 510 and is reeved around the remaining two spindle drive
      sprockets 561 and around a series of idler sprockets 584, and around a
      drive sprocket 585. The drive sprocket 585 is carried on a splined shaft
      586 which is journaled by bearing blocks on the main frame 320. As the
      spindle carriages 510 move upwardly and downwardly relative to the main
      frame, the drive sprockets 585 move along the splined drive shaft 586.
PAR  Referring to FIG. 10, a spindle drive shaft motor 600M is supported on the
      main frame 320. The spindle drive motor 600M drivingly connects with the
      splined drive shaft 586 to rotate the shaft 586 and thereby drive the
      spindles 600.
PAR  The rotation of the spindles 600 is monitored by a tachometer 600P, carried
      atop the cross-member 327 as shown in FIG. 17. The tachometer 600P has a
      drive shaft which carries a sprocket 591. A roller chain 592 is reeved
      around the sprocket 591 and around a sprocket 593 carried on the drive
      shaft 586. The tachometer 600P provides an output signal which is
      representative of the velocity of rotation of the drive shaft 586. A
      suitable electrical cable (not shown) connects the tachometer 600P with
      the control console 1300.
PAR  The upper spindles 600 each carry a photocell 600P1. The lower spindles 600
      each carry a light source 590. The photocells 600P1 are connected by
      suitable electrical conductors (not shown) to the control console 1300 to
      provide a step variation in a signal voltage. The photocells 600P1 serve
      in one capacity to assure that a tire is centered for spindle insertion.
      Once the spindles 600 have engaged a tire for inspection, the light beams
      from the sources 590 should be blocked by the tire from being received by
      the photocells 600P1.
PAC  The X-ray Carriage
PAR  Referring to FIG. 20, an X-ray carriage 620 is movably carried by the main
      frame beams 325, 326. A pair of guide rods 621, 622 are carried by the
      beams 325, 326. The carriage 620 has a pair of side members 623, 624 which
      extend alongside the guide rods 621, 622. Bearing blocks 625 carried by
      the side members 623, 624 slidably receive the guide rods 621, 622 to
      movably mount the X-ray carriage 620 on the main frames beams 325, 326.
PAR  The X-ray carriage 620 includes a cross-member 626 which extends between
      the side members 623, 624 a pair of upstanding members 627, 628 are
      secured to the cross-member 626. A short cross-member 629 extends between
      the upstanding members 627, 628. Four brace members 629 are welded to the
      members 623, 624, 626, 627, 628 to form a rigid frame structure.
PAR  A drive motor 620M is carried by the main frame beam 325 for moving the
      carriage 620 along the guide rods 621, 622. The drive motor 620 has an
      output shaft 630 which carries a sprocket 631. A roller chain 632 is
      reeved around the sprocket 631 and around a sprocket 633. The sprocket 63
      is carried on a shaft 634. A pair of bearing blocks 635 carried on the
      main frame beams 325, 326 journal the shaft 634. A pair of sprockets 636
      are carried on the shaft 634 near opposite end regions. A pair of roller
      chains 637 are reeved around the sprockets 636 and around a pair of idler
      sprockets 638. The idler sprockets 638 are mounted on brackets 639 secured
      to the main frame beams 325, 326.
PAR  A pair of brackets 640 secured to the side members 623, 624 of the X-ray
      carriage 620 connect with the roller chains 637. When the drive motor 620M
      rotates the shaft 634 in one direction, the carriage 620 moves inwardly
      along the guide rods 621, 622. When the drive motor 620M rotates the shaft
      634 in the opposite direction, the carriage 620 moves outwardly along the
      guide rods 621, 622.
PAR  The position of the X-ray carriage 620 along the guide rods 621, 622 is
      monitored by a potentiometer 620P. The potentiometer 620P is carried on a
      bracket 641 secured to the beam 325. The potentiometer 620P has a stem
      which carries a sprocket 642. A roller chain 643 is reeved around the
      sprocket 642 and around a sprocket 644 carried on the drive shaft 634.
      Rotation of the drive shaft 634 by the motor 620M effects concurrent
      rotation of the stem of the potentiometer 620P. A suitable electrical
      cable (not shown) connects the potentiometer 620P with the control console
      1300. The potentiometer 620P provides a resistance which varies to provide
      a variation in a signal voltage indicating the position of the carriage
      620 along the guide rods 621, 622.
PAR  A pair of limit swtiches 620S.sub.1, 620S.sub.2 are carried on the main
      frame beam 326 to sense when the carriage 620 is at the inward and outward
      ends of its range of travel. The switches 620S.sub.1, 620S.sub.2 are
      selectively engaged by one of the bearing blocks 625 when the carriage 620
      is in its fully inward or outward position. The switches 620S.sub.1,
      620S.sub.2 are electrically connected by suitable conductors (not shown)
      to the control console 1300 to provide a step variation in a signal
      voltage.
PAC  The X-ray Sub-carriage 600
PAR  Referring to FIG. 21, an X-ray sub-carriage 660 is supported on the X-ray
      carriage 620. A pair of guide rods 661, 662 are carried by the upright
      members 627, 628 of the X-ray carriage 620. The X-ray sub-carriage 660
      includes four horizontally extending members 663 interconnected by a pair
      of upright members 664. The horizontal members 663 are apertured near one
      end to slidably receive the guide rods 661, 662. The other end regions of
      the horizontal members 663 are secured to a depending mast assembly 665.
PAR  A pneumatic motor 660M is provided for moving the X-ray sub-carriage 660
      along the guide rods 661, 662. The motor 660M is secured to a bracket 666
      carried on the upright members 664. The motor 660M is a pneumatic cylinder
      having an extensible piston 667 secured to the X-ray carriage upright
      member 627. Extension and retraction of the piston 667 is operative to
      move the X-ray sub-carriage 620 along the guide rods 661, 662.
PAR  The movement of the X-ray sub-carriage 660 along the guide rods 661, 662 is
      referred to as the X-ray sub-carriage offset movement. As will be
      explained in greater detail, the offset movement is used in conjunction
      with the inspection of small tires having a relatively small inner
      diameter which requires that the oblong X-ray tube assembly 700 be moved
      off center in order to be admitted to the tire torus.
PAR  A pair of limit switches 660S.sub.1, 660S.sub.2 is provided to sense when
      the X-ray sub-carriage 660 is at opposite ends of its range of travel
      along the guide rods 661, 662. The switches 660S.sub.1, 660S.sub.2 are
      supported on a bracket 668 secured to the X-ray carriage upright member
      627. An arm 669 secured to the bracket 666 selectively engages one of the
      switches 660S.sub.1, 660S.sub.2 when the X-ray sub-carriage 660 is at
      opposite ends of its range of travel. The switches 660S.sub.1, 660S.sub.2
      are electrically connected by suitable conductors (not shown) to the
      control console 1300 to provide a step variation in a signal voltage.
PAR  The mast assembly 665 includes an upper plate 670 secured between two of
      the horizontally extending members 663. A guide rod 671 depends from the
      plate 670 in parallel spaced relationship with a pair of column members
      672, 673. A pair of stops 674 are carried on the top plate 670. A pair of
      stops 675 are carried near the lower ends of the column members 672, 673.
PAC  The X-ray Sub-Sub-Carriage
PAR  Referring to FIG. 21, and X-ray sub-sub-carriage 680 is movably mounted on
      the X-ray sub-carriage 660. The sub-sub-carriage 680 includes a mounting
      block 681 which is apertured to slidably receive the guide rod 671. A
      bracket 682 depends from the mounting blocks 681 and carries an X-ray tube
      housing assembly 700. Four shock absorber units 684 are carried on the
      X-ray sub-sub-carriage 680 to engage the stops 674, 675 when the X-ray
      sub-sub-carriage 681 is at opposite ends of its travel along the guide
      rods 671.
PAR  A pneumatic motor 680M is provided on the mast 665 to move the X-ray
      sub-sub-carriage 680 up and down along the guide rods 671. The motor 680M
      is a pneumatic cylinder having a piston 686 movable along the length of a
      tubular housing 687. A cable 688 has opposite ends connected to the piston
      686. A pair of pulleys 689 are rotatably carried at opposite ends of the
      motor 680M. The cable 688 is reeved around the pulleys 689. The cable 688
      connects with the block 681 to drivingly the X-ray sub-sub-carriage 680
      wwith the motor 680M. When the piston 686 is driven downwardly by
      compressed air supplied to the motor 680M, the X-ray sub-sub-carriage 680
      travels to its up or retracted position where the upper shock absorbers
      684 engage the stops 674. When the piston 686 is driven upwardly by
      compressed air supplied to the motor 686, the X-ray sub-sub-carriage 680
      descends to its extended position where the lower shock absorbers 684
      engage the stops 675.
PAR  A pair of limit switches 680S1, 680S2 are provided to sense when the X-ray
      sub-sub-carriage 680 is at the upper and lower ends of its range of
      travel. The switches 680S1, 680S2 are supported on the stops 674, 675, and
      are selectively engaged by one of the shock absorbers 684 when the X-ray
      sub-sub-carriage 680 is at the upper or lower ends of its range of travel.
      The switches 680S1, 680S2 are electrically connected by suitable
      conductors (not shown) to the control console 1300 to provide a step
      variation in a DC signal voltage.
PAC  The X-ray Tube Assembly 700
PAR  The X-ray tube assembly 700 is of the type described in the referenced Tire
      Inspector Patent. In brief, the tube assembly has a housing 701 and an
      X-ray tube (not shown) which is rotatably carried in the housing 701. The
      housing 701 is apertured at 703 to emit X-radiation. The housing 701 and
      the tube are rotatable to direct a beam of emitted X-radiation upwardly
      and downwardly through an arc of about 80.degree. above and below a zero
      degree or horizontal orientation.
PAR  A sprocket 705 is connected to the sleeve 701. A drive chain 706 is reeved
      around the sprocket 705 and around a sprocket 707. The sprocket 707 and an
      additional sprocket 708 are carried on a stub shaft 709. The stub shaft
      709 is carried by the bracket 682.
PAR  A reversible drive motor 700M is provided to rotate the housing 701. The
      motor 700M has an output shaft which carries a sprocket 710. A drive chain
      711 is reeved around the sprockets 708 and 710, and around an idler
      sprocket 712. When the motor 700M rotates the sprocket 710 in one
      direction, the housing 701 and the X-ray tube rotates upwardly. When the
      motor 700M rotates the sprocket 710 in the opposite drive direction, the
      housing 701 and the X-ray tube rotate downwardly.
PAR  The orientation of the housing 701 and the X-ray tube is monitored by a
      potentiometer 700P. The potentiometer 700P is carried on the bracket 682
      and has a rotatable stem 713 which carries the sprocket 712. Rotation of
      the sprocket 712 by the motor 700M effects concurrent rotation of the
      potentiometer stem 713. A suitable electrical cable (not shown) connects
      the potentiometer 700P with the control console 1300. The potentiometer
      700P provides a resistance which varies to provide a variation in a signal
      voltage indicating the direction of X-ray beam emission from the X-ray
      tube assembly 700.
PAC  The X-ray Tube Shield 750
PAR  Referring to FIG. 21, an X-ray tube shield 750 is carried on the X-ray
      sub-carriage 660. The shield 750 includes a cylindrical lead-lined steel
      member 751 provided with a U-shaped recess 752 to receive the X-ray
      housing 701. An arm 753 secured to a bracket 754 supports the member 751.
      The bracket 754 is supported for movement relative to the column member
      672 in directions indicated by the arrow 755. A pair of guide rods (not
      shown) are carried on the column member 672. The bracket 754 journals
      these guide rods to movably mount the shield 750 on the X-ray sub-carriage
      660.
PAR  A pneumatic motor 750M is provided for moving the X-ray shield 750 in the
      directions of the arrow 755. The motor 750M is an extensible pneumatic
      cylinder having one end connected to the bracket 754. The other end of the
      cylinder 750M is connected to a bracket 756 secured to the column member
      672. When the cylinder 750M extends, the shield 750M is moved rightwardly
      as viewed in FIG. 21 to uncover the X-ray beam emission aperture 703 and
      permit the X-ray sub-sub-carriage 680 to descend to the extended position
      shown in FIG. 21. When the cylinder 750M retracts with the X-ray
      sub-sub-carriage 680 in its up or retracted position, the shield 750 moves
      leftwardly to cover the X-ray emission aperture 703.
PAR  A pair of limit switches 750S.sub.1, 750S.sub.2 are provided to sense when
      the X-ray shield 750 is at the opposite ends of its range of travel. The
      switches 750S.sub.1, 750S.sub.2 are supported on the bracket 756 secured
      to the column member 672. An arm 757 secured to the housing of the
      cylinder 750M selectively engages one of the switches 750S.sub.1,
      750S.sub.2 when the X-ray shield 750 is at the left or right ends of its
      range of travel. The switches 750S.sub.1, 750S.sub.2 are electrically
      connected by suitable conductors (not shown) to the control console 1300
      to provide a step variation in a signal voltage.
PAC  The Traveling Positioning Switch 820
PAR  Referring to FIG. 22 in connection with FIG. 1, a traveling positioning
      switch assembly 820 is carried on the main frame 320 at a position
      leftwardly of the X-ray sub-carriage 660. The main frame assembly 320 has
      a bracket 328 which depends from the beam 326. A channel member 821 is
      welded to the bottom end of the bracket 328. A pair of guide rods 822 are
      carried on the channel 821 along the forward side of the channel 821. A
      mounting block 823 is apertured to slidably receive the rods 822 for
      sliding movement along the rods 822.
PAR  A drive motor 820M is carried on the channel 821 for moving the block 823
      along the guide rods 822. The motor 820M carries a drive sprocket (not
      shown) which drives a roller chain 824. The roller chain 824 is reeved
      around a sprocket 825 carried near one end of the channel 821. A bracket
      826 secures the block 823 to the roller chain 824. When the motor 820M
      rotates the roller chain 824 in one direction, the block 823 moves
      rightwardly along the guide rods 822. When the motor 820M rotates the
      chain 824 in the opposite direction, the block 823 moves leftwardly along
      the guide rods 822.
PAR  The position of the block 823 along the guide rods 822 is monitored by a
      potentiometer 820P. The potentiometer 820P is carried on a bracket 828
      secured to the channel 821. The potentiometer 820P has a stem 829 which is
      secured to the sprocket 825. Rotation of the sprocket 825 by the motor
      820M effects concurrent rotation of the potentiometer stem 829. A suitable
      electrical cable (not shown) connects the potentiometer 820P with the
      console 1300. The potentiometer 820P provides a resistance which varies to
      provide a variation in a signal voltage indicating the position of the
      block 823 along the guide rods 822.
PAR  A pair of limit switches 820S.sub.1, 820S.sub.2 are carried near opposite
      ends of the channel 821. An arm 827 secured to the block 823 selectively
      engages one of the limit switches 820S.sub.1, 820S.sub.2 when the block
      823 is at opposite ends of its range of travel along the guide rods 822.
      The switches 820S.sub.1, 820S.sub.2 are electrically connected by suitable
      conductors (not shown) to the control console 1300 to provide a step
      variation in a signal voltage.
PAR  A shaft 830 is journaled by the block 823. Three depending arms 831, 832,
      833 have their upper end regions connected to the shaft 830. A long roller
      834 extends between the arms 831, 832. A plurality of shorter rollers 835
      extend between the arms 832, 833. A pair of counterweights 836 connect
      with the shaft 830 to bias the arms 831, 832, 833 rightwardly to the
      position shown in solid lines in FIG. 22.
PAR  A pair of limit switches 452S.sub.1, 452S.sub.2 are carried on the block
      823. A pair of cams 837, 838 are secured to the shaft 830 for actuating
      the limit switches 452S.sub.1, 452S.sub.2. The limit switch 452S.sub.1 is
      a "slow-down switch." When a tire moving along the main conveyor rolls 452
      engages the roller 834 and pivots the arms 831, 832, 833 leftwardly as
      viewed in FIG. 22, the cam 837 actuates the plunger of the slow-down
      switch 452S.sub.1, to slow the speed at which the main conveyor 450 is
      being driven by the motor 452M. The limit 452S.sub.2 is a "stop switch."
      When the arms 831, 832, 833 are pivoted leftwardly to a greater extent
      than is required to trip the switch 452S1, the cam 838 actuates the
      plunger of the limit switch 452S2 to stop the driving action of the main
      conveyor motor 452M.
PAR  As will be explained, the position of the block 823 along the guide rods
      822 is pre-set in accordance with the size of a tire to be inspected. By
      pre-setting the block 823 along the guide rods 822, the limit switch
      rollers 834, 835 are positioned to slow down and stop the conveyor 450 and
      thereby position a tire to be inspected directly beneath the X-ray tube
      sub-carriage 660. After a tire has been inspected, the conveyor 450 moves
      the tire leftwardly, pivoting the arms 831, 832, 833 leftwardly out of the
      way of the tire as it is discharged from the shielded enclosure 275.
PAC  The Inputs to and the Outputs from the Control Console 1300
PAR  Referring to FIGS. 23A, 23B the outputs from the several described
      photocells and limit switches are shown schematically as forming inputs to
      the control console 1300. Each of the inputs is shown as selectively
      forming a connection with a line conductor 1000. There are a total of 40
      of these inputs, numbered 1001-1040.
PAR  The output signal from the photocell 101P1 forms the input 1001. The
      outputs from the limit switches 140S1, 140S2 form the inputs 1002, 1003.
      The outputs from the photocells 142P1, 142P2 connected in parallel forms
      the input 1004.
PAR  The outputs from the limit switches 160S1, 160S2 form the inputs 1005,
      1006. The outputs from the photocells 161P1, 161P2 connected in parallel
      forms the input 1007. The outputs from the limit switches 190S1, 190S2
      connected in series forms the input 1008.
PAR  The output signal from the limit switch 195S1 forms the input 1009. The
      output from the normally closed contacts of the photocells 278P1, 278P2
      connected in series forms the input 1010. The output from the normally
      closed contacts of the limit switches 278S1 connected in series forms the
      input 1011. The output from the normally closed contacts of the limit
      switches 278S2 connected in series forms the input 1012.
PAR  The outputs from the switches 340S1, 340S2, 390S1, 390S2, 420S1, 420S2 form
      the inputs 1013, 1014, 1015, 1016, 1017, 1018. The output from the
      normally closed contacts of the switches 440S1, 440S2, 440S3 connected in
      series with the normally closed contacts of the photocell 440P1 forms the
      input 1019.
PAR  The outputs from the switches 451S1, 451S2, 452S1, 452S2, 456S1, 456S2,
      460S1, 460S2, 550S1, 550S2 form the inputs 1020, 1021, 1022, 1023, 1024,
      1025, 1026, 1027, 1028, 1029. The outputs from the normally closed
      contacts of the photocells 600P1, 600P2, 600P3, 600P4 connected in series
      forms the input 1030.
PAR  The outputs from the switches 620S1, 620S2, 660S1, 660S2, 680S1, 680S2,
      750S1, 750S2, 820S1, 820S2 form the inputs 1031, 1032, 1033, 1034, 1035,
      1036, 1037, 1038, 1039, 1040.
PAR  Referring to FIG. 24, the outputs from the several described potentiometers
      and tachometer are shown schematically as forming inputs to the control
      console 1300. Each of the potentiometers and tachometer is shown as
      selectively forming a variable resistance connection with the line
      conductor 1000. There are a total of 13 of these inputs, numbered
      1101-1113.
PAR  Referring to FIGS. 25A, 25B, the inputs to the several described electric
      motors, to several solenoid valves which operate the described pneumatic
      motors and to the pressure regulator are shown schematically as forming
      outputs from the control console 1300. Each of the shown windings of
      motors, solenoids and pressure regulator has one conductor connected to a
      line conductor 1200. The other sides of these windings are connected to a
      total of 44 console outputs, numbered 1201-1244.
PAR  The output 1201 connects to the motor 101M. The outputs 1202, 1203 connect
      to forward and reverse windings of the motor 140M. The output 1204
      connects to the motor 142M. The outputs 1205, 1206 connect to forward and
      reverse windings of the motor 161M.
PAR  The outputs 1207, 1208 connect to the windings of two solenoid valves
      1207V, 1208V for selectively supplying pressurized air to opposite ends of
      the pneumatic motor 195M.
PAR  The outputs 1209, 1210 connect to the windings of two solenoid valves
      1209V, 1210V for selectively supplying pressurized air to opposite ends of
      the pneumatic motors 278M.
PAR  The outputs 1211, 1212; 1213, 1214; 1215, 1216; and 1217, 1218; connect to
      forward reverse windings of the motors 340M; 390M; 420M; and 450M,
      respectively.
PAR  The outputs 1219, 1220 connect to the windings of two solenoid valves
      1219V, 1220V for selectively supplying pressurized air to opposite ends of
      the pneumatic motors 451M.
PAR  The outputs 1221, 1222 connect to the windings of two solenoid valves
      1221V, 1222V for selectively supplying pressurized air to opposite ends of
      the pneumatic motors 456M.
PAR  The outputs 1223, 1224 and 1225, 1226 connect to forward and reverse
      windings of the motors 460M and 510M.
PAR  The outputs 1227, 1228 connect to the windings of two solenoid valves
      1227V, 1228V for selectively supplying pressurized air to opposite ends of
      the pneumatic motors 550M.
PAR  The outputs 1229, 1230 connect to high and low pressure windings of the
      pressure regulator 559 for selectively supplying the valves 1227V, 1228V
      with high or low pressure air.
PAR  The outputs 1231, 1232; 1233, 1234; 1239, 1240; and 1243, 1244 connect to
      forward and reverse windings of the motors 600M; 620M; 700M; and 820M,
      respectively.
PAR  The outputs 1235, 1236; 1237, 1238; and 1241, 1242 connect to the windings
      of solenoid valves 1235V, 1236V; 1237V, 1238V; and 1241V, 1242V for
      selectively supplying pressurized air to opposite ends of the pneumatic
      motors 660M; 680M; and 750M.
PAC  The Control Console 1300
PAR  Referring to FIG. 2, the console 1300 includes a power control panel 1302,
      an inspection control panel 1304, and a fault indicator panel 1306. The
      console 1300 also preferably houses an automatic control apparatus for the
      tire inspector apparatus, as will be explained below.
PAR  The power control panel 1302 includes switches and circuit breakers
      connected for governing the safe operation of the electrical components of
      the tire inspector apparatus. The power control panel 1302 also includes
      metered controls 1312 for adjusting the current and voltage supplied to
      the X-ray tube carried in the housing 702.
PAR  The inspection control panel 1304 includes a television screen 1314. The
      television screen 1314 is connected to the X-ray imaging unit 440 for
      projecting an image of a tire being inspected onto the television screen
      1314 for viewing by an operator.
PAR  The inspection control panel 1304 also has functional control elements,
      including a series of control buttons 1316 connected for manually
      controlling the scanning functions of the tire inspection apparatus, and
      for selecting its mode of operation, as will be explained below. It also
      includes a series of buttons 1317 connected for manually controlling
      various drive functions of the tire inspection apparatus 100 and the belt
      conveyors 101, 102.
PAR  The inspection control panel 1304 also includes speed controls 1318 for
      controlling the speed of movement of the X-ray imaging unit 440 and of the
      tire rotation spindles 600.
PAR  The fault indication panel 1306 includes three dials 1319 connected for
      manually adjusting the tire inspection apparatus to accommodate tires
      having a prescribed inside diameter, outside diameter, and height. It also
      includes a bead-spread multiplier adjuster 1320. A fault indicator display
      including eight lights 1321 is provided for indicating malfunctions in the
      tire inspector apparatus.
PAC  The Control System 1325
PAR  The control apparatus for the tire inspector apparatus preferably includes
      a computer 1310, which is mounted in the console 1300. The computer 1310
      monitors all functions of the tire inspector apparatus 100 and actuates
      the control system to drive the tire inspector components in a
      predetermined manner to perform tire inspection.
PAR  The control system housed within the console 1300 is shown in block form in
      FIG. 26. The control system 1325 receives inputs 1001-1040 and 1101-1113
      from the several described sensing elements connected to various
      components of the tire inspector apparatus 100. The sensor inputs indicate
      conditions associated with the components to which they are connected. The
      control system 1325 processes the sensor inputs and generates outputs
      1201-1244 which actuate the various drive mechanisms of the tire inspector
      in accordance with the sensed conditions. Other outputs produced by the
      control apparatus actuate the fault indication display lamps 1321 to
      indicate certain malfunctions which may occur during an inspection cycle.
PAR  The control apparatus, as shown in FIG. 26 includes input conditioning
      circuitry and output conditioning circuitry. Interposed between the input
      and the output conditioning circuitry is the computer 1310. The computer
      1310 operates upon the input signals 1001-1040 and 1101-1113 according to
      its program, and generates signals which actuate the output conditioning
      circuitry to produce the outputs 1201-1244 controlling the tire inspector.
PAR  The input conditioning circuitry includes a multiplexer 1330 and an analog
      to digital converter 1332. The multiplexer receives the analog inputs in
      parallel and directs them serially to the analog to digital converter. The
      analog to digital converter produces and directs digital signals
      representing the analog inputs to the computer. The DC inputs from the
      limit switches and photocells are directed in parallel to a level
      translator 1334. The level translator alters the level of the DC inputs to
      enhance their detectability and presents these signals to the computer.
PAR  The output conditioning circuitry includes an analog to digital converter
      1336 and a level translator 1340. The analog to digital converter is
      connected to the computer to receive digital outputs representing motor
      control signals. The digital to analog converter converts these digital
      outputs to analog form. These analog motor control outputs are then
      applied in parallel respectively to the various motors of the tire
      inspection apparatus to control them according to the computer program and
      the condition of the input signals. The level translator receives output
      signals from the computer representing DC outputs which are utilized in
      operation of the tire inspection apparatus. The level translator alters
      the level of these outputs to render them suitable for presentation to the
      various elements of the tire inspection apparatus.
PAR  The multiplexer 1330 and analog to digital converter 1332 of the input
      conditioning circuitry is a Computer Products Model 7460 High Level Analog
      Input System. The level translator 1334 is a pair of Texas Instruments No.
      966495-32 Input Data Modules, in parallel, with optically coupled
      isolation.
PAR  The digital to analog converter 1336 in the output conditioning circuitry
      is a Computer Products Model 7430 Digital Output Analog System. The level
      translator 1340 is a Texas Instruments No. 217380-32 Output Data Module.
PAR  The computer 1310 is a Texas Instruments Model 960A, with a battery pack to
      render its read-write memory nonvolatile, and a communication register
      unit output line expander kit. Timing for the computer is established by a
      Timer 1342. The timer 1342 is a Texas Instruments No. 214114 Interval
      Timer connected to the computer.
PAR  A tape reader 1344 is connected to the computer 1310 for inputting the
      program to the computer. The program for the computer 1310 is written on
      punched paper tape in a known fashion. The tape reader 1344 is suitably a
      Remex Model RR-6300BAX/66X High Speed Paper Tape Reader.
PAR  The fault indicator display lamps 1321 are connected to the computer 1310
      to receive signals which indicate the existence and nature of malfunctions
      in the tire inspection apparatus 100. The malfunction indicative signals
      are generated when a predetermined circumstance or combination of
      circumstances exist with respect to the tire inspection apparatus which
      are dangerous, and/or potentially destructive to the machinery. The
      computer 1310 produces malfunction indicative signals in response to the
      input signals 1001-1040 and 1101-1113 received by the computer by the
      sensing devices. The program input to the computer by the tape reader 1344
      determines the prerequisites for production of such malfunction indicative
      signals, and the nature of those signals.
PAR  The fault indicator display lamps 1321 are illuminated in patterns
      according to a code which enables identification of the nature of the
      detected malfunction from the pattern.
PAR  Alternately, the fault indication display can be a print-out device
      connected to the computer. In such an embodiment, the program input to the
      computer by way of the tape reader conditions the computer to produce
      signals which actuate the print-out device to write out directly legible
      diagnostic messages to the operator indicating the nature of the
      malfunctions.
PAR  Preferably, a logging apparatus 1350 may be connected to the computer 1310.
      The logging apparatus 1350 is useful in maintaining a permanent record of
      the history of the tire inspection operations performed by the tire
      inspection apparatus. It is also useful in transmitting data relating to
      tire inspections to remote locations for recording and/or immediate
      observation. Such logging apparatus suitably includes peripheral devices
      such as a printer machine, data modems, and magnetic tape transport, the
      selection of which is withint the level of ordinary skill.
PAR  The mechanical functions of the tire inspection apparatus 100 are all
      capable of actuation independently of each other. Moreover, the control
      apparatus drives and monitors all functions and combinations of functions
      simultaneously. Therefore, the sequence of operations and functions is
      fully controllable by the program input to the control apparatus, within
      the mechanical limitations of the tire inspection apparatus. The operation
      can also be completely automatic.
PAR  The sequence of operations of the tire inspection apparatus is determined
      according to the nature of the particular program input to the computer.
      It is therefore not necessary to make mechanical alterations to the
      apparatus to alter the mode of its operation. The only down time required
      to alter the operational sequence is that which is necessary to change the
      program, i.e., to remove one paper tape from the tape reader and
      substitute another.
PAR  Due to the nonvolatile nature of the computer memory, a power down, power
      failure or deliberate interruption of the automatic execution of tire
      inspections will not upset the operation of the tire inspection apparatus.
      Upon return of power, ot termination of the program interruption, the
      system resumes its automatic operation at the same point at which
      operation ceased due to the power cut-off or interruption.
PAC  Operation
PAR  The control apparatus 1325 operates the tire inspection apparatus 100 in
      accordance with an automatic mode as determined by the computer program. A
      flow chart setting forth the operative functions of a suitable automatic
      operating mode of the tire inspection apparatus is shown in FIGS. 27A-27E.
      The flow chart also describes the functional commands of a suitable
      program for executing the automatic mode.
PAR  To initiate operation of the inspection apparatus 100, a punched paper tape
      representing a program is placed in the high speed tape reader 1344. The
      program is run through the tape reader 1344 to input it to the computer
      1310 thereby enabling the computer 1310 to operate the tire inspection
      apparatus 100 in accordance with the program.
PAR  The automatic mode proceeds in accord with the following steps:
PA1  1. The tire is delivered to the roller conveyor 140;
PA1  2. The arm assemblies 161 and width sensor bar 210 measure and center the
      tire;
PA1  3. The image unit 440, spindles 600, and their associated components are
      prepared for entry of the tire to the shielded enclosure 275;
PA1  4. The tire is delivered to the enclosure 275.
PA1  5. The imaging unit 440 and X-ray tube assembly 700 moves to an inspection
      position and the spindles 600 engage the tire;
PA1  6. The imaging unit 440, X-ray tube assembly 700 and spindles 600 cooperate
      to produce images of the inspected regions of the tire;
PA1  7. The spindles 600 disengage the tire and the imaging unit 440 and X-ray
      tube assembly 700 withdraw;
PA1  8. The tire is discharged from the enclosure 275 and a subsequent tire is
      admitted.
PAR  The first general operation of the automatic mode is to deliver tires to be
      inspected one by one onto the centering table roller conveyor 140 for
      dimensional measurement and centering. Referring to FIG. 27A, the first
      step in executing the program is for the control apparatus to generate a
      motor control signal to actuate the motor 101M to move a tire along the
      belt conveyor 101 until it interrupts the light beam incident on the
      photocell 101P.sub.1. The control apparatus does this by monitoring the
      output of the photocell 101P.sub.1, and generates a motor control signal
      actuating the motor 101M in response to the beam being incident on that
      photocell. The actuation of the motor 101M continues at least until the
      conveyor 101 delivers a tire to a point at which it interrupts the beam
      incident upon the photocell 101P.sub.1.
PAR  If the following preconditions are fulfilled, the control apparatus 1325
      continues the actuation of the motor 101M to move the tire onto the
      centering table 120, and actuates the motor 142M to advance the tire on
      the centering table:
PA1  1. The photocells 142P.sub.1 and 142P.sub.2 produce signals indicating that
      the centering table 120 is clear of objects;
PA1  2. The potentiometer 161P produces a signal to the control apparatus
      indicating that the arm assemblies 161 are open to at least a
      predetermined extent to receive a tire between them;
PA1  3. The potentiometer 195P produces a signal to the control apparatus
      indicating that the width sensor bar 210 is raised to a predetermined
      extent to receive a tire;
PA1  4. The limit switches 190S.sub.1 and 190S.sub.2 do not indicate contact by
      the arm assemblies 161 with an object;
PA1  5. The limit switch 195S produces a signal indicating the width sensor bar
      is not engaging an object;
PAR  If any of these preconditions are not fulfilled, the control apparatus,
      upon the advance of a tire to the photocell 101P, deactuates the motor
      101M and will not actuate the motor 142M until all the preconditions are
      satisfied.
PAR  If these preconditions are met, the tire is moved along the centering table
      roller conveyor 140 until it interrupts the light beam on one of the
      photocells 142P.sub.1 and 142P.sub.2. Such an interruption indicates to
      the control apparatus 1325 that the tire has arrived at a predetermined
      point called a "centering station" on the centering table conveyor 140.
      When a tire is in the centering station the arm assemblies 161 and width
      sensor bar 210 can engage the tire to measure and center it. At this
      point, the control apparatus produces a motor control signal to deactuate
      the motor 142M to stop the rotation of the centering table conveyor rolls
      142.
PAR  Assuming that the preconditions are satisfied, and the tire is advanced
      onto the roller conveyor 140, the control system 1325 actuates the motor
      101M to continue running and to advance a subsequent tire along the belt
      conveyor 101. The belt conveyor 101 continues to run until the photocell
      101P.sub.1 detects the arrival of the subsequent tire at the end of the
      belt conveyor 101. The control apparatus 1325 then produces a motor
      control signal deactuating the motor 101M.
PAR  The motor 101M remains deactuated until later in the automatic mode, at
      which time it is reactuated, as will be explained below.
PAR  When the tire has arrived at the centering station the control apparatus
      1325 produces control signals to first move the centering arms 161
      inwardly to measure the outside diameter and to center the tire. The arm
      assemblies 161 are moved inwardly toward the tire in response to the
      interruption by the tire of the light beam of the photocells 142P.sub.1,
      142P.sub.2. The control apparatus does this by producing a motor control
      signal actuating the motor 161M to move the arm assemblies 161 toward the
      tire. When both arm assemblies 161 contact the tire, the switches
      190S.sub.1 and 190S.sub.2 provide DC output signals to the control
      apparatus, in response to which the control apparatus generates a motor
      control signal which stops the motor 161M. The potentiometer 161P is then
      producing an analog signal representative of the outside diameter of the
      tire, which signal is transmitted to the control apparatus and its value
      stored for later use.
PAR  The simultaneous inward motion of the arms 161 also centers the tire on the
      roller conveyor 140. This is needed to assure that the tire, when later
      moved into the enclosure 275, will move along a feed path to position its
      central axis for proper engagement by the spindles.
PAR  Upon actuation of the switches 190S.sub.1 and 190S.sub.2, the control
      apparatus also actuates the motor 161M to move the arms 161 away from each
      other.
PAR  The control apparatus then produces a signal actuating the motor 190M to
      move the width sensor bar downwardly. The width sensor bar continues to
      move downwardly until it contacts the tire sidewall. At that point, the
      switch 195S produces a signal to the control apparatus indicating such
      contact. In response to the signal from the switch 195S, the control
      apparatus examines and stores a signal representing the signal produced by
      the potentiometer 195P, which represents the width of the tire after the
      switch 195S senses tire contact, the control apparatus actuates the
      pneumatic motor 195M to move the width sensor bar upwardly to the upper
      limit of its range of travel.
PAR  When the arm assemblies 161 move apart to a predetermined degree, as
      indicated by the analog signal of the potentiometer 161P, the control
      apparatus actuates the motor 278M to open the doors 278 of the shielded
      enclosure 275. The control system also actuates the motor 161M to stop the
      arms 161 after reaching the predetermined separation.
PAR  The control apparatus then moves the imaging unit 440 laterally outwardly
      to clear both the measured outside diameter of the tire and the width of
      the main conveyor 450. The lateral position of the imaging unit 440 is
      monitored by the analog signals produced by the potentiometers 340P and
      420P, respectively. In response, the control system produces motor control
      signals to actuate the motors 340M and 420M to move the imaging system
      carriage 340 and imaging system sub-sub-carriage 420 outwardly until the
      imaging unit 440 is laterally outside the measured tire outside diameter
      and the main conveyor frame 451.
PAR  The control system actuates the pressure regulator 559 to set the spindle
      pressure as a predetermined function of the measured tire width and
      outside diameter. This function establishes the proper spindle pressure
      according to the size, and therefore the weight, of the tire.
PAR  The control apparatus actuates the motor 820M to move the traveling
      positioning switch assembly 820 to a position for engaging the tire when
      the tire has moved into the enclosure. The position is selected such that
      it is appropriate for engagement of the tire by the spindles, and for
      subsequent inspection.
PAR  The X-ray tube sub-carriage 660 is then moved laterally if needed to locate
      the X-ray tube assembly 700 within the maximum expected inside diameter of
      the tire when positioned for engagement by the spindles, at the point
      established by the positioning switch assembly.
PAR  The control apparatus generates a signal representing the maximum inside
      tire diameter expected, as a predetermined function of the sensed tire
      width and outside diameter. The control apparatus monitors the lateral
      position of the X-ray carriage by a signal produced by the potentiometer
      620P. The control system, in response to comparison of these values,
      produces a motor control signal to actuate the motor 620M to move the
      X-ray carriage 620 to locate the tube inside the maximum expected inside
      diameter of the tire.
PAR  The control apparatus 1325 compares the position of the imaging system
      sub-carriage, as indicated by the signal generated by the potentiometer
      390P, with the value of that signal generated with the sub-carriage
      located in the central plane of the tire in its inspection position. In
      response to this comparison, the control apparatus produces a motor
      control signal to actuate the motor 390M to move the image system
      sub-carriage to locate the imaging system at 0.degree. with respect to the
      central plane of the tire to be inspected.
PAR  The control apparatus 1325 also senses the angle of emission of X-radiation
      from the X-ray tube assembly 700 by the analog signal produced by the
      potentiometer 700P. The control apparatus compares that signal with the
      corresponding value when the X-ray emission angle is at zero degrees,
      (horizontal) and produces a motor control analog signal to actuate the
      motor to pivot the X-ray tube to the zero degree position.
PAR  When the control system has sensed the imaging system 440 at the 0.degree.
      position, it produces motor control signals to actuate the motor 460M and
      the motor 140M to move the main conveyor gear racks 460 and pivot the left
      end of the centering table roller conveyor 140 to assume a matching
      elevation which is a predetermined function of the tire width sensed. The
      predetermined height is a function of the width of the tire, such that the
      mid-plane of each tire will enter the shielded enclosure at one
      predetermined level. Also, the motor 510M is actuated to cause the spindle
      carriages 510 to separate vertically. The purpose of this step is to
      position the centering table 120 and the main conveyor 450 such that the
      tire moves smoothly onto the main conveyor from the centering table. The
      purpose is also to simultaneously position the main conveyor to place the
      incoming tire at an elevation appropriate for mounting the tire on the
      spindles 600 for subsequent inspection.
PAR  The tire inspection apparatus then advances the tire into the enclosure 275
      for inspection.
PAR  The control apparatus senses whether the doors 278 are unobstructed as
      indicated by DC signals from the photocells 278P.sub.1 and 278P.sub.2. If
      the doors 278 are unobstructed, the control apparatus, in response to
      fulfillment of the following additional preconditions, produces analog
      motor control signals to actuate the motors 142M and 452M to move the tire
      from the roller conveyor 140 to the main conveyor:
PA1  1. The positioning switch assembly 820 is appropriately positioned as a
      function of tire outside diameter;
PA1  2. Imaging system X-ray tube emission angle is set at 0.degree. to the
      central plane of the tire;
PA1  3. The main conveyor 450 and center table conveyor 120 are positioned at a
      level to receive the tire as specified above;
PA1  4. The spindles 600 are separated, as indicated by the potentiometer 510P,
      by an amount which is a function of tire width, to clear the tire.
PAR  The control apparatus halts the tire when it has progressed along the main
      conveyor 450 to a predetermined position. The predetermined position is
      chosen as a position at which the tire is located for mounting on the
      spindles 600 with its central axis along a predetermined line in the
      inspection station.
PAR  The positioning switch assembly 820 provides signals to the control
      apparatus causing it to stop the tire at the predetermined location. Those
      signals are generated in response to DC signals produced by the
      positioning switch assembly 820.
PAR  The positioning switch assembly 820 depends from above the main conveyor
      and engages the tire as it moves along the main conveyor. When the
      positioning switch assembly 820 engages the tire, the arms 831-833 pivot
      until the limit switch 452S.sub.1 is actuated. This takes place when the
      tire reaches a location approaching the predetermined location. The limit
      switch 452S.sub.1 produces a signal to the control apparatus, in response
      to which the control apparatus reduces the speed of the main conveyor 450,
      by a change in the signal actuating the motor 452M.
PAR  When the tire has advanced at this slower speed to the predetermined
      location called the "inspection station," the arms 831-833 have pivoted to
      a position where the limit switch 452S.sub.2 is actuated. The limit switch
      produces a signal to the control apparatus, in response to which the
      control apparatus produces a motor control signal deactuating the motor
      452M, stopping the tire at the predetermined position.
PAR  In response to the positioning switch assembly 820 indicating the
      advancement of the tire to the inspection station, the control apparatus
      then generates a motor control signal to actuate the motor 278M to close
      the doors of the shielded enclosure 275. When the doors 278 are closed, a
      motor control signal is produced to actuate the motor 750M to uncover the
      X-ray tube.
PAR  The control apparatus 1325 then produces a signal to actuate the motor 820M
      to move the positioning switch assembly to a removed position about five
      inches forwardly of the leading edge of the tire, as sensed by the
      potentiometer 820P.
PAR  Upon closure of the doors 278, any subsequent tire located at the end of
      the belt conveyor 101 is advanced onto the centering table 120 for
      centering and measurement. The control apparatus, in response to the
      signals from the switch 278S.sub.2, actuates the motors 101M and 142M to
      move the waiting subsequent tire onto the centering table. The subsequent
      tire is then centered and its outside diameter measured by the arm
      assemblies 161. Its width is sensed by the width sensor assembly 195.
PAR  Meanwhile, the tire inspector apparatus moves the spindle carriages 510 to
      insert the spindles 600 into the annulus of the tire which is to be
      inspected. This procedure is described in FIG. 27B of the flow chart.
PAR  The control apparatus 1325 then produces a motor control signal which
      actuates the pneumatic motors 550M to move the spindle arms 550 outwardly
      to engage the tire beads with the predetermined amount of spindle pressure
      established by the setting of the pressure regulator 559. The
      potentiometer 550P connected to the spindle arms 550 produces an analog
      signal indicating the degree of extension of the spindles 600 when the
      extension stops, and consequently indicates the inside diameter of the
      tire. This signal is also directed to the control apparatus for storage
      and later use.
PAR  The control apparatus then generates motor control signals to actuate the
      motors 451M to lower the conveyor frame 451 a distance of about one and
      one-half inches as indicated by the limit switch 4515.sub.2. The control
      apparatus also generates a motor control signal to actuate the motor 456M
      to lower the main conveyor movable frames 456 to their lowermost position,
      as indicated by conditions of the limit switches 456S.sub.2 and
      456S.sub.1.
PAR  The potentiometer 510P produces an analog signal to the control apparatus
      which indicates the degree of separation of the upper and lower spindle
      carriages 710.
PAR  The motor 510M controls the degree of separation of the spindle carriages
      510. The control apparatus generates a motor control signal which actuates
      the motor 510M to separate the spindle carriages to axially spread the
      beads of the tire supported on the spindles. The degree of desired bead
      separation is determined by the control system as a function of the tire
      width as sensed by the control apparatus, and of the operator setting on
      the beadspread multiplier switch 1320. The degree of beadspread is
      monitored by the potentiometer 510P.
PAR  The tire inspector apparatus 100 then maneuvers the X-ray tube assembly 700
      and imaging unit 440 to effect inspection of the tire.
PAR  The potentiometer 620P is connected to the X-ray carriage 620 and generates
      an analog input signal to the control apparatus 1325 indicating the
      position of the X-ray carriage. The control apparatus actuates the motor
      620M to move the X-ray carriage to position the X-ray tube housing 701
      over the tire annulus, within the inside diameter of the tire.
PAR  The control apparatus also generates an analog motor control signal which
      actuates the motor 340M to move the imaging system carriage 340 to a point
      at which the center of radius of the C-arms is at that point where the
      X-ray tube focal point will be positioned for scanning.
PAR  The X-ray tube focal point is initially positioned as a function of the
      inside diameter of the tire. As will be more fully explained below, when a
      relatively large tire is to be inspected, the X-ray tube is preferably
      initially positioned for scanning with its focal point approximately on a
      cylinder defined by the inner edges of the tire beads. When a small tire
      is to be inspected, the initial focal point position is at a predetermined
      point slightly inside that cylinder.
PAR  The initial tube focal point location is thus determined by the control
      system as a function of the analog signals from the potentiometer 550P.
      The control system generates the analog signal to actuate the motor 620M
      to move the X-ray tube carriage 620 to properly locate the tube focal
      point at the preferred initial position in response to this analog input.
PAR  Preparatory manipulation of the tube for inspection proceeds. If the
      control apparatus senses, by way of the limit switch 750S.sub.2, that the
      X-ray tube is fully uncovered, the control apparatus produces a motor
      control signal which actuates the motor 680M to move the X-ray
      sub-carriage 680 to lower the tube.
PAR  After the X-ray tube housing assembly 700 is lowered into the tire annulus,
      the control apparatus under certain conditions generates a motor control
      signal to actuate the motor 660M to move the X-ray subcarriage 660 to
      geometrically offset the X-ray tube housing assembly by 11/2 inches. The
      direction of this offset is parallel to the tire feed path. The offsetting
      motion moves the focal point of the X-ray tube to a position along a line
      perpendicular to the feed path and extending through the central axis of
      the tire at the inspection station. This offsetting motion is performed
      only in instances in which the tire has an inside diameter of 13 inches or
      more.
PAR  FIGS. 21A through 21C illustrate the operation of the X-ray subcarriage 660
      in providing for the geometric offset. The size of the X-ray housing
      assembly 700 is such that it can barely be admitted to the annulus of a
      tire with a 10-inch inside diameter, which is the inside diameter of the
      smallest inspectable tire. The position which the X-ray tube housing
      assembly 700 must assume to permit its entry into a 10-inch inside
      diameter tire causes the tube focal point to be displaced from the central
      axis of the tire relative to the tire feed path.
PAR  If the tire inside diameter is sufficiently large, typically about 13
      inches or longer, the housing assembly 700 is offset by the X-ray
      subcarriage 660 to place the tube focal point along the line perpendicular
      to the feed path and extending through the central axis of the tire.
PAR  If the tire inside diameter is smaller than 13 inches, the inside diameter
      of the tire will not accommodate the 11/2 inch offset movement of the
      housing assembly 700. Such movement would cause the housing assembly 700
      to collide with the tire beads. In such instances, the offset motion is
      not performed to avoid damage to the housing assembly 700.
PAR  It is desirable to position the focal point of the X-ray tube between the
      tire beads on a cylinder defined by the beads. For this purpose, the X-ray
      carriage 620 (partially illustrated in FIG. 21A by the elements 627, 628)
      is moved, after offset, to position the focal point of this cylinder. It
      is possible to position the focal point precisely on this cylinder only in
      the case of tires having an inside diameter large enough to accommodate
      geometric offset. The motion of the X-ray tube focal point in the case of
      such a large tire is shown by the arrows in FIG. 21C. The horizontal arrow
      illustrates movement of the focal point during the offsetting step. The
      vertical arrow pointing downwardly illustrates the further movement of the
      X-ray tube focal point outwardly until it reaches the cylinder defined by
      the tire beads.
PAR  The motion of the focal point in the instance of small tires (inside
      diameter less than 13 inches) is shown in FIG. 21B. In this case, there is
      no geometric offset, and the focal point is not moved to the line through
      the tire center axis. The only motion permitted for the focal point in
      this instance is motion imparted by the X-ray carriage 620 toward the tire
      beads.
PAR  The actual scanning of the tire is then enabled if the control apparatus
      1325 determines that each of the following conditions is fulfilled:
PAR  1. The potentiometer 820P indicates that the positioning switch assembly
      820 is in its removed position, five inches forward the tire;
PAR  2. The X-ray tube assembly 700 is lowered, and offset, if possible as
      indicated by the input signals to the control system generated by the
      limit switches 680S.sub.2 and 660S.sub.2, respectively;
PAR  3. The C-arms 380, 381 are positioned with their centers of radius along a
      line through the focal point of the X-ray tube, as indicated by the analog
      input signals to the control apparatus from the potentiometers 340P and
      620P; and
PAR  4. The main conveyor frame 451 and the movable frames 456 are lowered, as
      indicated by the DC input signals to the control apparatus from the limit
      switches 460S.sub.2, 460S1, 456S.sub.2 and 456S.sub.1, respectively.
PAR  5. The imagins unit is located on the C-arms 380, 381 to 0.degree. with
      respect to the central plane of the tire, as indicated by the analog
      output from the potentiometer 390P.
PAR  The control apparatus then establishes a "limited scheduled interrupt"
      scanning mode, which turns over to the operator for a time a number of
      manual tire inspection scanning functions. The operator can control these
      functions manually by depressing the various scanning function buttons
      1316.
PAR  The functions of scanning which are turned over to manual operation by the
      operator are the following:
PAR  1. Actuation of the motor 510M to control the spindle carriages 510 to
      adjust the beadspread of the tire;
PAR  2. Actuation of the motor 600M to rotate the tire in either direction by
      rotation of the spindles; the speed of this rotation can be controlled by
      the setting of the switch 1326a.
PAR  3. Actuation of the motors 340M, 390M, 420M, and 440M to control the
      position and magnification of the imaging unit 440 to manipulate the
      imaging unit to form an image of the X-rays passing through the tire at
      any of a range of positions about the tire. Motion of the imaging system
      sub-carriage 390 is speed controlled, by the setting of the switch 1326b.
PAR  4. Actuation of the motors 620M, 660M, 680M, and 820M to control the X-ray
      tube pivot, and motion of the X-ray carriage 620, sub-carriage 660, and
      sub-sub-carriage 680, to direct X-rays to desired portions of the rotating
      tire to facilitate inspection of the entire tire, or of any selected part
      of it.
PAR  The control apparatus 1325, during the "limited scheduled interrupt"
      scanning mode, synchronizes some of the movements of the X-ray tube and of
      the imaging unit. The control apparatus senses the pivotal position of the
      X-ray housing 701 by the analog signal from the potentiometer 700P, and
      produces a motor control signal to the motor 390M to move the imaging unit
      sub-carriage to move the imaging unit along the C-arms 380, 381 to
      maintain its screen in the path of the X-rays emitted by the tube.
PAR  The control apparatus also maintains the imaging carriage C-arms with their
      centers of radius along a line through the X-ray tube focal point. This is
      done by sensing the position of the X-ray carriage as represented by the
      analog signal from the potentiometer 620P, and the C-arm position from the
      potentiometer 340P. The control system causes the image system carriage to
      move the C-arms 380, 381 in response to changes in position of the X-ray
      carriage 620 indicated by the signal from the potentiometer 620P. This
      feature maintains the magnification of the imaging system constant
      notwithstanding movement of the X-ray tube.
PAR  As more fully explained below, the control apparatus 1325 protects the
      apparatus and operator by refusing to respond to scanning button commands
      which would execute potentially dangerous or destructive movements.
PAR  X-rays emitted from the X-ray tube pass through portions of the tire and
      are received by the imaging unit. The imaging unit converts the pattern of
      received X-radiation to video formated electrical signals representing an
      image of the tire portions, through which the X-rays have passed. These
      electrical signals are directed to the television receiver 1314, on the
      console 1300. The television receiver converts the signals to a visual
      image of the tire portions showing certain features of internal tire
      construction, which may be viewed by the operator at the console.
PAR  When the scanning of the tire has been completed to the satisfaction of the
      operator, the operator can depress a scanning function button on the
      inspection control panel 1304 which indicates the completion of scanning,
      and produces an automatic mode resumption signal to the control apparatus.
      The depression of this button actuates the control apparatus 1325 to
      resume automatic operation of the tire inspector apparatus. This
      subsequent automatic operation includes discharging the inspected tire
      from the shielded enclosure 275 and admitting a subsequent tire to the
      shielded enclosure for inspection.
PAR  When the operator depresses the automatic mode resumption button indicating
      the completion of inspection of the tire, the control apparatus 1325 stops
      all motion of the tire inspector apparatus 100. It does this by way of the
      analog motor control output signals.
PAR  The control apparatus then produces analog motor control signals (FIG. 26)
      to actuate the motors 340M and 420M to move the image system carriage 340
      and image unit 440, respectively, to clear the tire outside diameter and
      the main conveyor.
PAR  As explained above, the subsequent tire is received on the centering table
      roller conveyor during inspection of the first tire, where the subsequent
      tire is centered and measured.
PAR  The motor 660M is actuated to move the X-ray sub-carriage to straighten
      offset which may have been assumed by the X-ray tube assembly 700 during
      inspection of the first tire. The control apparatus then produces a motor
      control signal to actuate the motor 620M to move the X-ray carriage 340 to
      place the X-ray tube assembly 700 housing to clear both the inside
      diameter of the first tire and the maximum expected inside diameter of the
      subsequent tire, as determined by measurement of the outside diameter and
      width of the subsequent tire.
PAR  The control apparatus then produces analog motor control signals to actuate
      the motors 700M and 390M to pivot the X-ray tube housing 701 to 0.degree.
      with respect to the central plane of the first tire, and cause the image
      system sub-carriage 390 to move the imaging unit also to 0.degree.. The
      control apparatus also generates a motor control signal to actuate the
      motor 510M to move the spindle carriages toward each other to further
      insert the spindle 600 to reduce the beadspread of the first tire to 3.5
      inches, which insertion is not enough to damage the X-ray tube assembly
      700.
PAR  Provided that the analog input signal from the potentiometer 620P indicates
      that the X-ray tube is within the first tire inside diameter, that the
      potentiometer 700P indicates the X-ray tube housing 701 is pivoted to
      0.degree. and that the potentiometer 390P indicates the image assembly 440
      is positioned at 0.degree. with respect to the central plane of the tire,
      the control apparatus 1325 generates a motor control signal which actuates
      the motor 680M to move the X-ray sub-sub-carriage 680 to raise the X-ray
      tube assembly 700 out of the first tire.
PAR  When the limit switch 680S.sub.2 indicates that the tube is fully raised,
      the control apparatus generates analog motor control signals to actuate
      the motors 340M and 420M to move the image system carriage 340 and image
      sub-sub-carriage 420 to position the image system assembly to clear the
      outside diameters of both the first and subsequent tires (sensed by the
      signal from the potentiometer 161P to the control apparatus), and the main
      conveyor.
PAR  The control apparatus then produces a motor control signal to actuate the
      motor 510M to momentarily insert the spindles 600 to their least separated
      position. This operation is performed provided that the signal generated
      by the potentiometer 620P produces an analog input to the control
      apparatus indicating that the X-ray tube is positioned to clear the inside
      diameter of the first tire.
PAR  The control apparatus also produces an analog motor control output signal
      to actuate the motors 451M and 456M to raise the main conveyor frame 451
      and the movable frames 456, respectively to the levels at which they were
      set to admit the first tire. This level, as explained above, is a function
      of the width of the first tire. The control apparatus also generates a
      motor control signal which actuates the motor 820M to close the shield
      over the X-ray tube.
PAR  The control apparatus then produces a motor control signal which actuates
      the motor 278M to open the doors 278 of the shielded enclosure 275.
PAR  The control apparatus then produces a motor control signal to actuate the
      motor 550M to move the spindle arms 550 to fully retract the spindles,
      provided:
PAR  1. The spindles are moved to their least separated position, as indicated
      by the analog input to the control system from the potentiometer 510P;
PAR  2. The X-ray tube is fully raised, as indicated by the DC input to the
      control apparatus from actuation of the limit switch 680S.sub.1 ;
PAR  3. The movable frame 456 is in its uppermost position, as indicated by the
      DC inputs to the control apparatus from the limit switches 456S.sub.1 and
      456S.sub.2 ;
PAR  4. The main conveyor frame 451 is fully raised as indicated by the signal
      to the control apparatus from the limit switch 451S.sub.1.
PAR  The control apparatus then generates an analog signal directed to the
      pressure regulator 559 to establish the spindle pressure for the
      subsequent tire, determined in accordance with the measured outside
      diameter of the subsequent tire. The control system also generates a motor
      control signal which actuates the motor 510M to remove the spindle
      carriages to their most separated positions, as indicated by the
      potentiometer 510P.
PAR  If the width of the first tire exceeds that of the subsequent tire by more
      than a predetermined amount, a first procedure is followed to remove the
      first tire from the enclosure before admitting the subsequent tire. If the
      width of the first tire does not exceed that of the subsequent tire by the
      predetermined amount, a second procedure is followed.
PAR  The first procedur is necessary when the first tire is substantially wider
      than the subsequent tire. The main conveyor is elevated during admission
      of each tire to put the mid-plane of each tire at a predetermined level.
      This level is one which enables the mounting of the tire on the spindles
      for inspection.
PAR  If the first tire has substantially greater width than the subsequent tire,
      the mproper main conveyor level for the subsequent tire is inappropriate
      for admission of the subsequent tire. The larger tire, if exited at the
      level set for the smaller tire, will run afoul of the doors 278 of the
      shielded enclosure 275 or other parts of the tire inspector apparatus.
PAR  The first procedure, as described in FIG. 27D, includes the generation of a
      motor control signal to actuate the motor 450M to drive the main conveyor
      450 to move the first tire out of the shielded enclosure and onto the belt
      conveyor 102, which carries it away for further attention. This operation
      is enabled contingent upon indicating that the doors to the shielded
      enclosure are open.
PAR  If there is no subsequent tire on the centering table, the control
      apparatus 1325 actuates the motor 278M to close the doors 278 to the
      enclosure after exit of the first tire, as indicated by the signal
      produced to the control apparatus by the photocell 278P.sub.2 .
PAR  If, however, a subsequent tire is located on the centering table 120, the
      control apparatus then produces motor control signals to actuate the
      motors 460M and 140M to reposition the main conveyor 450 and the centering
      table 120 at the proper level for admitting the subsequent tire as
      determined by the width measurement of the subsequent tire. The control
      apparatus also generates a motor control signal to actuate the motor 550M
      to retract the spindles to assure they are in fact already retracted. The
      control apparatus then actuates the motor to position the position switch
      assembly 820 to stop the progress of the subsequent tire along the main
      conveyor 450 at a point to enable its engagement with the spindles 600.
PAR  The control apparatus then generates motor control signals to actuate the
      motors 452M and 142M to drive the main conveyor and the centering table
      roller conveyor to move the subsequent tire from the centering table 120
      into the shielded enclosure 275 on the main conveyor.
PAR  The operation of the tire inspection apparatus 100 then returns to the
      point indicated as K in portion of the flow chart of FIG. 27B, and
      proceeds therefrom in the fashion as explained above.
PAR  A second procedure for exiting the first tire is executed if the first tire
      width does not exceed that of the subsequent tire by the predetermined
      amount, so that the main conveyor 450 may be positioned to simultaneously
      exit the first tire and admit the subsequent tire.
PAR  In the second procedure, the control apparatus 1325 generates motor control
      signals to actuate the motors 450M and 142M to drive the main conveyor and
      the centering table roller conveyor to simultaneously exit the first tire
      and enter the subsequent tire, if the following preconditions are met:
PAR  1. The switches 278S.sub.1 indicate that the doors are open;
PAR  2. The potentiometer 820P indicates that the positioning switch assembly
      820 is positioned as a function of the outside diameter of the subsequent
      tire;
PAR  3. The potentiometer 510P indicates the spindles 600 are separated to clear
      the subsequent tire;
PAR  4. The potentiometers 340P and 420P indicate that the image system carriage
      340 and sub-sub-carriage 420 are respectively positioned to enable the
      image unit to clear the outside diameters of the first and subsequent
      tires and the outer boundary of the main conveyor.
PAR  The control apparatus 1325 then generates motor control signals to actuate
      the motors 460M and 140M to move the main conveyor 450 and centering table
      roller conveyor, 140, respectively, to a position which, determined in
      accordance with the measured width of the subsequent tire, positions the
      subsequent tire at a level for engaging the spindles for subsequent
      inspection. The procedure then resumes at point l on FIG. 27B of the
      described flow chart.
PAC  Interrupt Mode
PAR  The machine operator, by depressing a button on the inspection control
      panel 1304, can suspend the automatic mode of operation of the apparatus
      100, as described above, and go instead to a manual or "interrupt" mode of
      operation. In the interrupt mode, the operator may actuate the apparatus
      100 manually to perform a number of functions, by depressing appropriate
      buttons 1320 on the panel 1304.
PAR  The operator can initiate operation in accordance with the interrupt mode
      by pressing the interrupt button 1304a on the inspection control panel
      1304 either while the tire is being scanned, or at a point in the program
      during which the tire is not being scanned.
PAR  If the interrupt mode is initiated during a period in which the tire is not
      being scanned, the control apparatus enables the operator to actuate
      several of the components of the apparatus 100 according to a first
      interrupt procedure. The permitted functions are directed to (1) moving
      the tire inspector components to prepare for entry of a tire, and (2)
      entering and engaging the tire for inspection.
PAR  According to the interrupt procedure the operator can manually actuate the
      control apparatus to perform the following preparatory functions:
PAR  1. Produce a motor control signal which actuates the motor 620M to move the
      X-ray carriage 620 to move the tube assembly 700 laterally with respect to
      the tire feed path;
PAR  2. Produce motor actuation signals to actuate the motors 340M and 420M to
      move the imaging unit carriage 340 and sub-sub-carriage 420 outwardly,
      respectively, away from the main frame;
PAR  3. Produce a motor control signal to actuate the motor 390M to move the
      imaging system sub-carriage to move the imaging unit along the C-arms 380,
      381;
PAR  4. Produce a motor control signal to actuate the motor 660M to move the
      X-ray sub-carriage 660 in a direction to eliminate the offset of the X-ray
      tube by moving the tube parallel to the direction of tire feed movement
      along the main conveyor;
PAR  5. Produce a motor control signal to actuate the motor 680M to move the
      X-ray sub-sub-carriage 680 to raise the X-ray tube assembly 700 toward its
      fully raised position;
PAR  6. Produce a motor control signal which actuates the motor 550M to move the
      spindle arms 550 to retract the spindles to their fully retracted
      positions;
PAR  7. Produce a motor control signal which actuates the motor 510M to separate
      the upper and lower spindle carriages.
PAR  Having initiated the interrupt mode at a time when the tire is not being
      scanned, the control apparatus 1325 permits the operator to perform the
      above functions (1-7) in the order designated, but in no other order. To
      execute any of these functions, all the preceding functions must have
      already been performed, either in the interrupt mode, or previously during
      automatic operation. The operator cannot reverse the sequence of the above
      steps.
PAR  If the seven preparatory functions are executed by the operator in the
      interrupt mode, or by the inspector apparatus in the automatic mode, a
      number of other functions are then enabled, in interrupt mode. These
      include the manual initiation of motor control signals by the control
      apparatus 1325 to perform the following functions, relating to entry and
      engagement of the tire for inspection:
PAR  8. Actuating the motor 142M to operate the centering table roller conveyor,
      140, or to stop such operation;
PAR  9. Actuating the motor 161M to operate the centering arms 161 in either
      direction;
PAR  10. Actuating the motor 190M to move the tire width sensor bar in an upward
      or downward direction;
PAR  11. Actuating the motor 465M to move the movable frames 456 in an upward
      direction only;
PAR  12. Actuating the motor 460M to change the height of the main conveyor gear
      racks;
PAR  13. Actuating the motor 140M to pivot the centering table roller conveyor
      140 up or down;
PAR  14. Actuating the motor 452M to operate or stop the driving of the rollers
      of the main conveyor 450;
PAR  15. Actuating the motor 451M to move the main conveyor frame 451 in an
      upward direction;
PAR  16. Actuating the motor 750M to move the X-ray tube shield 750 to cover the
      tube;
PAR  17. Actuating the motor 278M to open and close the doors 278, opening being
      permitted only if the X-ray tube is covered.
PAR  Once the enclosure is prepared to receive a tire and a tire is subsequently
      entered manually in the interrupt mode, the operator may then manually
      execute several additional scanning preparatory steps. These scanning
      preparatory steps comprise causing the control apparatus to generate motor
      control signals which:
PAR  1. Actuate the motor 510M to move the spindle carriages to move the upper
      and lower spindles to within a predetermined distance of one another;
PAR  2. Actuate the motor 550M to extend the spindles;
PAR  3. Actuate the motor 460M to move the main conveyor 450 downwardly;
PAR  4. Actuate the motor 456M to move the movable frames 456 downwardly;
PAR  5. Actuate the motor 750M to move the X-ray tube shield to uncover the
      tube;
PAR  6. Actuate the motor 680M to move the X-ray sub-sub-carriage 680 to lower
      the X-ray tube.
PAR  The scanning preparatory steps 1-6 can only be performed in the order
      indicated. This is dictated by the program of the control apparatus.
PAR  Each of the scanning preparatory steps 1-6 has a reciprocal step. For
      example, step 1 for moving the spindles together has a reciprocal step of
      separating the spindles. Step 2 of extending the spindles has a reciprocal
      step of retracting the spindles, and so on. The operator, upon reaching an
      intermediate point in the performance of the scanning preparatory steps,
      rather than electing to complete the series of scanning preparatory steps,
      may proceed in another manner. He may perform the reciprocal of each of
      the scanning preparatory steps he has completed, in the reverse order in
      which the corresponding scanning preparatory steps were performed. For
      example, if the operator has proceeded through the first four steps,
      wherein the spindles are moved together, the main conveyor dropped, and
      the movable frames 456 lowered, he may proceed in reverse order with the
      reciprocal steps. That is, the operator may then raise the movable frames
      456, raise the main conveyor, retract the spindles, and separate the
      spindles.
PAR  If the operator initiates the interrupt mode while the tire is being
      scanned in accordance with the automatic mode, then the operator thereby
      acquires control over the scanning functions of the apparatus 100 as
      explained above in connection with the automatic mode. That is, the
      operator can manipulate the X-ray tube carriage 620, sub-carriage 660 and
      sub-sub-carriage 680, along with the imaging system carriage 340,
      sub-carriage 390 and sub-sub-carriage 420; he can control the speed and
      direction of rotation of the tire by the spindles 600, and the degree of
      insertion of the spindles, in order to vary the beadspread as desired for
      effective inspection.
PAR  The operator, while proceeding in the interrupt mode, may return the
      apparatus 100 to automatic mode. This, however, is permitted only (1)
      during the time when a tire is actually engaged on the spindles, and (2)
      immediately upon exiting a tire.
PAR  There are two basic types of motors in the apparatus 100. One type is the
      pneumatic motor, and the other is the drive motor assembly.
PAR  The pneumatic motors exert forces tending to move their associated
      components between two positions. As such, the motor control signals to
      these motors need be only DC signals produced by the control apparatus.
      Each motor tends to move toward one position for one state of its DC motor
      control signal, and assumes the other in response to the motor control
      signal having another state.
PAR  The drive motors can assume any of a range of positions between two
      limiting positions. The rotative position assumed by the drive motor
      depends on the value of an analog motor control drive signal directed to
      that motor from the control apparatus and the time during which it is
      applied. Each drive motor associated with a potentiometer causes that
      potentiometer to produce and direct to the control apparatus an analog
      signal indicating the instantaneous positional state assumed by the drive
      motor and its associated component. Each of the drive motors is speed
      controllable as a function of the value of its analog motor control signal
      produced by the control apparatus.
PAR  The control apparatus 1325, in the course of causing the tire inspection
      apparatus to execute its above described functions, generates analog
      signals operative for as long as needed to move the movable components to
      commanded positions determined by the control apparatus.
PAR  The control system 1325 provides for automatic slow down of the movable
      components driven along paths of travel by drive motors associated with
      potentiometers. The slowing of each component occurs when the component
      approaches to within a predetermined distance of:
PA1  1. an extreme of its travel path, or
PA1  2. its commanded position.
PAR  The control apparatus determines this approach by the analog signals from
      the potentiometers associated with the respective components. When the
      control system detects through a potentiometer that a movable component
      approaches its extreme travel limit or commanded position within a
      predetermined distance, the control system reduces the drive voltage
      produced by the analog motor control signal, slowing down the component.
PAC  Malfunction Diagnosis
PAR  The control apparatus of the tire inspector apparatus 100 senses the
      occurrence of malfunctions of its component. The apparatus 100 indicates
      the occurrence of these malfunctions on the malfunction indication display
      1306 on the control console 1300.
PAR  The malfunction indication display 1306 preferably includes a series of
      eight lamps connected to the control apparatus. The control apparatus,
      upon sensing the occurrence of a malfunction generates output signals
      which light one or more of the lamps. The lamps are lighted in accordance
      with a code, which identifies the nature of the malfunction.
PAR  Whenever a malfunction is detected, the control apparatus produces signals
      which deactuate all the components of the tire inspection apparatus, and
      turn over actuation of the apparatus 100 to the interrupt mode, described
      above.
PAR  Preferably, the control apparatus actuates the lamps to light in a unique
      pattern according to a hexidecimal code to identify the nature of each
      different malfunction sensed by the control apparatus. In the preferred
      embodiment, there are 105 different malfunctions which are identified by
      the coded pattern of lighting of the malfunction display lamps.
PAR  These malfunctions are listed below in tabular form in Table I. Table I has
      four columns. The data in column I indicates each malfunction which can be
      indicated, in conventional decimal form. The data in column II indicates
      each type of malfunction in hexidecimal form.
PAR  The data in column III of Table I represents the pattern of lighting of the
      eight malfunction display lamps associated with each type of malfunction.
      In column III, a O represents an unlighted lamp in the position on the
      malfunction indication display 1306 corresponding to the position of the O
      in column III. The letter L represents the lighting of the malfunction
      display lamp located in the position on the malfunction display
      corresponding to the position of the L in column III.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     I   II III             IV                                                 
     __________________________________________________________________________
      0  00 OOOO OOOO                                                          
                   No malfunction display lamps are lighted                    
                   when the tire inspector apparatus 100 is                    
                   operating without malfunction.                              
      1  01 OOOO OOOL                                                          
                   The photocells 141P1 and 141P2 direct                       
                   signals to the control apparatus follow-                    
                   ing actuation of the motors 142M and 101M,                  
                   indicating either that an obstruction is                    
                   on the entering table 120 or that the                       
                   photocells 142P1 and 142P2 are not both                     
                   operating properly.                                         
      2  02 OOOO OOLO                                                          
                   The photocells 161P1 and 161P2 are dark,                    
                   after the photocells 142P1 and 142P2 are                    
                   dark, indicating the presence of an                         
                   obstruction on the centering table 120,                     
                   malfunction of the centering table roller                   
                   conveyor 140, or of the belt conveyor 101                   
                   or that the photocells 161P1 and 161P2                      
                   are not both operating properly.                            
      3  03 0000 OOLL                                                          
                   The potentiometer 195P has failed to                        
                   indicate, after actuation of the motor                      
                   190M, that the width sensor bar 210 has                     
                   retracted to a predetermined location.                      
      4  04 OOOO OLOO                                                          
                   Either of the switches 161S.sub.1 and 161S.sub.2            
                   is actuated, producing a signal to the                      
                   control apparatus indicating that the                       
                   arm assemblies 161 have moved beyond                        
                   their permitted range of travel.                            
      5  05 OOOO OLOL                                                          
                   The photocells 142P.sub.1 and 142P.sub.2 fail to            
                   indicate the positioning of a tire on                       
                   the centering table within a predetermined                  
                   time following the indication by the                        
                   photocell 101P.sub.1 that a tire has cleared                
                   the belt conveyor 101. This could                           
                   indicate failure of the conveyor 101,                       
                   the centering table conveyor 140, or                        
                   malfunction of any of the photocells                        
                   101P.sub.1, 142P.sub.1, and 142P.sub.2.                     
      6  06 OOOO OLLO                                                          
                   The photocell 101P.sub.1 remains dark after                 
                   one of the photocells 142P.sub.1 and 142P.sub.2             
                   becomes dark.                                               
      7  07 OOOO OLLL                                                          
                   The photocells 161P.sub.1 and 161P.sub.2 directly           
                   signal to the control apparatus indicating                  
                   that at least one of them remains dark                      
                   for a predetermined time after actuation                    
                   of the motor 142M. This indicates                           
                   malfunction of the roller conveyor 140,                     
                   or of either of the photocells 161P.sub.1                   
                   and 161P.sub.2.                                             
      8  08 0000 LOOO                                                          
                   The switch 190S.sub.1 and 190S.sub.2 produce a              
                   signal to the control apparatus indicating                  
                   that they remain in contact with an object                  
                   for greater than a predetermined length                     
                   of time, or are malfunctioning.                             
      9  09 OOOO LOOL                                                          
                   The switch 161S.sub.1, indicates that the                   
                   assemblies 161 have moved to their inner                    
                   extremities without contacting a tire,                      
                   indicating the tire has an outside diameter                 
                   too small for the apparatus 100 to handle.                  
     10  OA OOOO LOLO                                                          
                   The photocells 161P.sub.1 and 161P.sub.2 produce            
                   a signal to the control apparatus                           
                   indicating that one of them remains dark                    
                   following the centering of a tire and                       
                   contact of the switches 190S.sub.1 and 190S.sub.2.          
                   This indicates that an excessively large                    
                   object is on the centering table 120, or                    
                   more than one tire is present on the                        
                   centering table.                                            
     11  OB OOOO LOLL                                                          
                   The switch 195S.sub.1 produces a signal to                  
                   the control apparatus indicating that                       
                   it is in contact with an object before                      
                   lowering, or is malfunctioning.                             
     12  OC OOOO LLOO                                                          
                   The potentiometer 195P and the switch                       
                   195S.sub.1 produce signals to the control                   
                   apparatus indicating that the width sensor                  
                   bar 210 is not moving and is not in contact                 
                   with an object, following the actuation                     
                   of a motor 190M to move the width sensor                    
                   bar downwardly. This condition indicates                    
                   that the switch 195S.sub.1 is defective, or                 
                   that the mechanism for moving the width                     
                   sensor bar has failed.                                      
     13  OD OOOO LLOL                                                          
                   The potentiometer 195P and the switch                       
                   195S.sub.1 produce signals to the control                   
                   apparatus indicating that the width sensor                  
                   bar has not retracted upwardly a pre-                       
                   determined distance within a predetermined                  
                   time after the switch 195S.sub.1 terminates                 
                   contact with a tire.                                        
     14  OE OOOO LLLO                                                          
                   One of the switches 278S.sub.2 produces a                   
                   signal to the control apparatus indicating                  
                   that the doors of the shielded enclosure                    
                   are not closed at a time in the operation-                  
                   al sequence when they should be, or that                    
                   one of the switches 278S.sub.2 is malfunction-              
                   ing.                                                        
     15  OF OOOO LLLL                                                          
                   One of the switches 278S.sub.1 produces a                   
                   signal to the control apparatus indicating                  
                   that it is made at a time in the operation-                 
                   al sequence when the doors should be                        
                   closed, indicating a malfunction of one                     
                   of the switches 278S.sub.1.                                 
     16  10 OOOL OOOO                                                          
                   The photosensor 278P.sub.1 produces a signal                
                   to the control apparatus indicating that                    
                   it is still receiving light, notwith-                       
                   standing that one of the switches 278S.sub.2                
                   indicates that the front door is closed.                    
     17  11 OOOL OOOL                                                          
                   The photosensor 278P.sub.2 produces a signal                
                   to the control apparatus indicating that                    
                   it is receiving light notwithstanding                       
                   that one of the switches 278S.sub.2 indicates               
                   that the rear door to the shielded                          
                   enclosure is closed.                                        
     18  12 OOOL OOLO                                                          
                   The switch 680S.sub.1 fails to produce a                    
                   signal to the control apparatus indicating                  
                   that the X-ray sub-sub-carriage has moved                   
                   the X-ray tube assembly 700 up at a time                    
                   in the operational sequence when it should                  
                   be up.                                                      
     19  13 OOOL OOLL                                                          
                   The switch 680S.sub.2 produces a signal indica-             
                   ting that it remains made at a time in the                  
                   operational sequence when the tube                          
                   assembly 700 should be raised, indicating                   
                   a malfunction of the switch 680S.sub.2.                     
     20  14 OOOL OLOO                                                          
                   The switch 451S.sub.1 fails to produce a                    
                   signal indicating that the frame 451 is                     
                   raised at a time in the operational                         
                   sequence when the frame 451 should be                       
                   raised.                                                     
     21  15 000L OLOL                                                          
                   The switch 451S.sub.2 produces a signal to the              
                   control apparatus indicating that it is                     
                   made at a time in the operational sequence                  
                   when the frame 451 should be raised                         
                   indicating a malfunction of the switch                      
                   451S.sub.2.                                                 
     22  16 OOOL OLLO                                                          
                   The switch 660S.sub.1 fails to produce a signal             
                   to the control apparatus indicating that                    
                   the X-ray sub-carriage has moved the                        
                   X-ray tube assembly 700 to a non-offset                     
                   position at a time in the operational                       
                   sequence when the X-ray tube assembly                       
                   should not be offset.                                       
     23  17 OOOL OLLL                                                          
                   The switch 660S.sub.2 produces a signal to the              
                   control apparatus indicating that it is                     
                   made at a time in the operational                           
                   sequence when the X-ray tube should not                     
                   be offset, indicating a malfunction in                      
                   the switch 660S.sub.2.                                      
     24  18 OOOL LOOO                                                          
                   One of the switches 340S.sub.1 and 340S.sub.2               
                   produces a signal to the control apparatus                  
                   indicating that the imaging system                          
                   carriage 340 has moved to an extreme                        
                   position of its range of travel.                            
     25  19 OOOL LOOL                                                          
                   One of the switches 390S.sub.1 and 390S.sub.2               
                   produces a signal to the control apparatus                  
                   indicating that the imaging system sub-                     
                   carriage 390 has reached an extreme                         
                   position of its path of travel.                             
     26  1A OOOL LOLO                                                          
                   One of the switches 420S.sub.1 and 420S.sub.2               
                   produces a signal to the control apparatus                  
                   indicating that the imaging system sub-                     
                   sub-carriage 420 has reached an extreme                     
                   of its path of travel.                                      
     27  1B OOOL LOLL                                                          
                   One of the switches 440S.sub.1, 440S.sub.2, and             
                   440S.sub.3 and the photocell 440P.sub.1 produce a           
                   signal indicating to the control apparatus                  
                   that the imaging unit 440 has or is about                   
                   to contact another object.                                  
     28  1C OOOL LLOO                                                          
                   One of the switches 820S.sub.1 and 820S.sub.2               
                   produces a signal to the control apparatus                  
                   indicating that the positioning switch                      
                   assembly 820 has reached an extreme of                      
                   its path of travel                                          
     29  1D OOOL LLOL                                                          
                   One of the switches 460S.sub.1 and 460S.sub.2               
                   produces a signal to the control apparatus                  
                   indicating that the gear racks 460 have                     
                   reached an extreme of their path of                         
                   travel.                                                     
     30  1E OOOL LLLO                                                          
                   One of the switches 140S.sub.1 and 140S.sub.2               
                   produces a signal to the control apparatus                  
                   indicating that the centering table roller                  
                   conveyor 140 has reached an extreme in its                  
                   path of travel.                                             
     31  1F OOOL LLLL                                                          
                   One of the switches 456S.sub.1 fails to                     
                   produce a signal to the control apparatus                   
                   indicating that the movable frame 456 is                    
                   raised at a time in the operational                         
                   sequence when the movable frame 456 should                  
                   be raised.                                                  
     32  20 OOLO OOOO                                                          
                   One of the switches 456S.sub.2 produces a                   
                   signal to the control apparatus indicating                  
                   that it is made at a time in the opera-                     
                   tional sequence when the movable frame                      
                   456 should be raised, indicating a mal-                     
                   function of one of the switches 456S.sub.2.                 
     33  21 OOLO OOOL                                                          
                   The switch 750S.sub.1 fails to produce a                    
                   signal to the control apparatus indicating                  
                   that the X-ray tube shield is covering                      
                   the X-ray tube at a time in the operational                 
                   sequence when the X-ray tube should be                      
                   covered.                                                    
     34  22 OOLO OOLO                                                          
                   The switch 750S.sub.2 produces a signal to                  
                   the control apparatus indicating that it                    
                   is made at a time in the operational                        
                   sequence when the X-ray tube should be                      
                   covered, indicating a malfunction of the                    
                   switch 750S.sub.2.                                          
     35  23 OOLO OOLL                                                          
                   One or more of the photocells 600P.sub.1                    
                   produces a signal to the control apparatus                  
                   indicating that it is not receiving light                   
                   just before the doors 278 open to admit                     
                   the tire, indicating a malfunctioning                       
                   photocell 600P.sub.1, or an object in the                   
                   enclosure.                                                  
     36  24 OOLO OLOO                                                          
                   The switch 550S.sub.2 produces a signal to the              
                   control apparatus indicating that it is                     
                   made at a time in the operational sequence                  
                   when the spindles should be retracted,                      
                   indicating a malfunction in the switch                      
                   550S.sub.2.                                                 
     37  25 OOLO OLOL                                                          
                   The switch 550S.sub.1 fails to produce a                    
                   signal to the control apparatus indicating                  
                   that the spindles are retracted at a time                   
                   in the operational sequence when the                        
                   spindles should be retracted.                               
     38  26 OOLO OLLO                                                          
                   One of the switches 278S.sub.1 fails to indicate            
                   that the shielded enclosure doors are                       
                   open within a predetermined time following                  
                   the actuation of the motor 278M to open                     
                   the doors.                                                  
     39  27 OOLO OLLL                                                          
                   One of the switches 278S.sub.2 indicates that               
                   it is made at a time in the operational                     
                   sequence when the doors should be open,                     
                   indicating a malfunction in one of the                      
                   switches 278S.sub.2.                                        
     40  28 OOLO LOOO                                                          
                   The photocell 278P.sub.1 produces a signal to               
                   the control apparatus indicating it is                      
                   not receiving light during a time in                        
                   which the switches 278S.sub.1 indicate that                 
                   the shielded enclosure doors are open.                      
                   This indicates an obstruction in the                        
                   front door, or failure of the photocell                     
                   278P.sub.1.                                                 
     41  29 OOLO LOOL                                                          
                   The photocell 278P.sub.2 indicates to the                   
                   control apparatus that it is not receiving                  
                   light at a time when the switches 278S.sub.1                
                   indicate that the shielded enclosure                        
                   doors are open. This indicates failure                      
                   of the photocell 278P.sub.2, or an obstruction              
                   in the rear door.                                           
     42  2A OOLO LOLO                                                          
                   The switch 452S.sub.1 on the positioning switch             
                   assembly produces a signal to the control                   
                   apparatus indicating that it is made                        
                   prior to entry of the tire to the enclosure                 
     43  2B OOLO LOLL                                                          
                   The switch 425S.sub.2 of the positioning switch             
                   assembly 820 produces a signal to the                       
                   control apparatus indicating that it is                     
                   made prior to tire entry to the enclosure.                  
     44  2C OOLO LLOO                                                          
                   The switch 452S.sub.1 fails to produce a signal             
                   to the control apparatus within a pre-                      
                   determined time following actuation of                      
                   the main conveyor 450 to move the tire                      
                   to engage the limit switch assembly.                        
     45  2D OOLO LLOL                                                          
                   The switch 452S.sub.1 fails to produce a signal             
                   to the control apparatus, before making                     
                   of the switch 452S.sub.2.                                   
     46  2E OOLO LLLO                                                          
                   The switch 452S.sub.2 fails to produce a signal             
                   to the control apparatus within a pre-                      
                   determined time of the actuation of the                     
                   switch 452S.sub.1.                                          
     47  2F OOLO LLLL                                                          
                   At least one of the photocells 600P.sub.1                   
                   produces a signal to the control apparatus                  
                   indicating that it is receiving light                       
                   during the entire period of tire entry                      
                   into the enclosure.                                         
     48  30 OOLL OOOO                                                          
                   The photocell 278P.sub.1 produces a signal                  
                   to the control apparatus indicating that                    
                   it fails to receive light for longer than                   
                   a predetermined period of time during which                 
                   the switches 278S.sub.1 indicate that the                   
                   shielded enclosure doors 278 are open.                      
                   This indicates an obstruction at the                        
                   front door.                                                 
     49  31 OOLL OOOL                                                          
                   The photocell 278P.sub.2 produces a signal to               
                   the control apparatus indicating that it                    
                   fails to receive light for longer than a                    
                   predetermined period of time during which                   
                   the switches 278S.sub.1 indicate that the                   
                   shielded enclosure doors 278 are open.                      
                   This indicates an obstruction at the                        
                   rear door.                                                  
     50  32 OOLL OOLO                                                          
                   The switch 278S.sub.2 fails to produce a                    
                   signal to the control apparatus indicating                  
                   the closure of the doors within a pre-                      
                   determined time following the actuation                     
                   of the motor 278M to close the doors 278.                   
     51  33 OOLL OOLL                                                          
                   The switch 750S.sub.1 produces a signal to the              
                   control apparatus indicating that it is                     
                   made at a time in the operational sequence                  
                   when the X-ray tube should be uncovered,                    
                   indicating a malfunction of the switch                      
                   750S.sub.1.                                                 
     52  34 OOLL OLOO                                                          
                   The switch 750S.sub.2 fails to produce a                    
                   signal to the control apparatus, indicating                 
                   that the X-ray tube shield has uncovered                    
                   the X-ray tube within a predetermined                       
                   time following actuation of the motor                       
                   750M.                                                       
     53  35 OOLL OLOL                                                          
                   The switch 452S.sub.1 produces a signal to the              
                   control apparatus indicating the engage-                    
                   ment of the positioning switch assembly                     
                   820 with a tire after the positioning                       
                   switch assembly should have backed away                     
                   from the tire.                                              
     54  36 OOLL OLLO                                                          
                   The switch 452S.sub.2 produces a signal to                  
                   the control apparatus indicating the                        
                   engagement of the positioning switch                        
                   assembly with a tire at a time in the                       
                   operational sequence after the positioning                  
                   switch assembly should have backed away                     
                   from the tire.                                              
     55  37 OOLL OLLL                                                          
                   The photocells 600P.sub.1 fail to produce                   
                   signals to the control apparatus indicating                 
                   that the tire is centered under the                         
                   spindles.                                                   
     56  38 OOLL LOOO                                                          
                   The switch 550S.sub.1 produces a signal to                  
                   the control apparatus indicating that                       
                   the spindles are retracted for a pre-                       
                   determined period of time following the                     
                   actuation of the motor 550m to extend                       
                   the spindles.                                               
     57  39 OOLL LOOL                                                          
                   The switch 456S.sub.2 fails to produce a                    
                   signal to the control apparatus indicating                  
                   that the movable frame 456 has reached                      
                   its lower position within a predetermined                   
                   time following the production of a signal                   
                   to the control apparatus by the switch                      
                   456S.sub.1 indicating that the movable frame                
                   456 has moved from its raised position.                     
     58  3A OOLL LOLO                                                          
                   The switch 456S.sub.1 produces a signal indica-             
                   ting to the control apparatus that it is                    
                   made at a time in the operational sequence                  
                   when the movable frame should be in its                     
                   lowered position, indicating a malfunction                  
                   in the switch 456S.sub.1.                                   
     59  3B OOLL LOLL                                                          
                   The switch 451S.sub.2 fails to produce a signal             
                   to the control apparatus indicating that                    
                   the frame 451 has reached its lower                         
                   position, for a predetermined time follow-                  
                   ing the indication by the switch 451S.sub.1                 
                   to the control apparatus that the frame                     
                   451 has left its raised position.                           
     60  3C OOLL LLOO                                                          
                   The switch 451S.sub.1 produces a signal                     
                   indicating that it is made at a time in                     
                   the operational sequence when the frame                     
                   451 should be in its lowered position,                      
                   indicating a malfunction of the switch                      
                   451S.sub.1.                                                 
     61  3D OOLL LLOL                                                          
                   The switch 680S.sub.2 fails to produce a                    
                   signal to the control apparatus indicating                  
                   that the X-ray sub-sub-carriage 680 has                     
                   lowered the X-ray tube assembly 700 within                  
                   a predetermined time following the                          
                   indication by the switch 680S.sub.1 to the                  
                   control apparatus that the X-ray tube                       
                   assembly has moved from its raised position.                
     62  3E OOLL LLLO                                                          
                   The switch 680S.sub.1 produces a signal to the              
                   control apparatus indicating that it is                     
                   made at a time in the operational sequence                  
                   when the X-ray tube assembly 700 should be                  
                   in a lowered position, indicating a mal-                    
                   function in the switch 680S.sub.1.                          
     63  3F OOLL LLLL                                                          
                   The switch 660S.sub.1 fails to produce a signal             
                   to the control apparatus indicating that                    
                   the X-ray sub-carriage has offset the                       
                   X-ray tube assembly 700 within a pre-                       
                   determined amount of time following the                     
                   indicating by the switch 660S.sub.2 to the                  
                   control apparatus that the X-ray tube                       
                   assembly has been moved from its non-                       
                   offset position.                                            
     64  40 OLOO OOOO                                                          
                   The switch 660S.sub. 2 produces a signal to                 
                   the control apparatus indicating that                       
                   it is made at a time in the operational                     
                   sequence when the X-ray tube assembly                       
                   should be offset, indicating a malfunction                  
                   of the switch 660S.sub.2.                                   
     64  41 OLOO OOOL                                                          
                   The switch 660S.sub.2 fails to produce a                    
                   signal indicating that the X-ray sub-                       
                   carriage 620 has moved the X-ray tube                       
                   assembly 700 to its nonoffset position                      
                   for a predetermined amount of time follow-                  
                   ing an indication by the switch 660S.sub.1                  
                   that the X-ray tube has been moved from                     
                   its offset position.                                        
     66  42 OLOO OOLO                                                          
                   The switch 680S.sub.1 fails to produce a signal             
                   to the control apparatus indicating that                    
                   the X-ray sub-sub-carriage 680 has raised                   
                   X-ray tube assembly 700 within a pre-                       
                   determined period following the indication                  
                   by the switch 680S.sub.2 that the X-ray tube                
                   has been raised from a lowered position.                    
     67  43 OLOO OOLL                                                          
                   The switch 750S.sub.1 fails to produce a signal             
                   to the control apparatus indicating that                    
                   the X-ray tube shield 750 has been moved                    
                   to its covered position within a predeter-                  
                   mined time following the indication by the                  
                   switch 750S.sub.2 to the control apparatus that             
                   the X-ray tube shield has been moved from                   
                   its uncovered position.                                     
     68  44 OLOO OLOO                                                          
                   The switch 451S.sub.1 fails to produce a signal             
                   indicating to the control apparatus that                    
                   the frame 451 has been raised to its upper                  
                   position within a predetermined time follow-                
                   ing the production of a signal to the                       
                   control apparatus by the switch 451S.sub.2                  
                   indicating that the frame 451 has been                      
                   raised from its lowered position.                           
     69  45 OLOO OLOL                                                          
                   The switch 456S.sub.1 fails to produce a                    
                   signal to the control apparatus indicating                  
                   that the movable frame 456 has reached its                  
                   raised position within a predetermined                      
                   time after the switch 456S.sub.2 has indicated              
                   to the control apparatus that the movable                   
                   frame 456 has begun to be raised from                       
                   its lowered position.                                       
     70  46 OLOO OLLO                                                          
                   The switch 550S.sub.1 fails to produce a signal             
                   to the control apparatus indicating that                    
                   the spindles have retracted within a                        
                   predetermined time after the actuation                      
                   of the motor 55oM to retract the spindles.                  
     71  47 OLOO OLLL                                                          
                   The photocell 278P.sub.2 fails to indicate to               
                   the control apparatus that the tire has                     
                   interrupted the light beam falling on the                   
                   photocell within a predetermined time                       
                   following the actuation of the motor 450M                   
                   to exit the tire through the exit door.                     
     72  48 OLOO LOOO                                                          
                   The photocell 278P.sub.2 produces a signal to               
                   the control apparatus indicating that the                   
                   light incident on the photocell 278P.sub.2 has              
                   been interrupted for more than a predeter-                  
                   mined time, during actuation of the main                    
                   coveyor 450M, indicating that the tire                      
                   is moving out too slowly.                                   
     73  49 OLOO LOOL                                                          
                   The photocell 278P.sub.2 produces a signal to               
                   the control apparatus indicating that a                     
                   tire is exiting, notwithstanding that                       
                   neither switches 820S.sub.1 nor 820S.sub.2 have been        
                   previously actuated by the tire's engage-                   
                   ment with the positioning switch assembly                   
                   820                                                         
     74  4A OLOO LOLO                                                          
                   The photocell 278P.sub.2 produces a signal to               
                   the control apparatus indicating that the                   
                   tire has exited while one of the switches                   
                   820S.sub.1 and 820S.sub.2 produce a signal indicating       
                   engagement of the positioning switch                        
                   assembly 820 by a tire.                                     
     75  4B OLOO LOLL                                                          
                   The control apparatus detects a power                       
                   failure in the control apparatus, via a                     
                   connection from the power control panel                     
                   1302.                                                       
     76  4C OLOO LLOO                                                          
                   The control apparatus detects a memory                      
                   parity error in the memory of the computer,                 
                   which requires service. This is detected                    
                   by a connection to a built-in terminal on                   
                   the computer 1310.                                          
     77  4D OLOO LLOL                                                          
                   The control apparatus detects an                            
                   unrecognized code in input to the control                   
                   apparatus, via a built-in terminal on the                   
                   computer 1310.                                              
     78  4E OLOO LLLO                                                          
                   The control apparatus detects a memory                      
                   violation in the computer, which requires                   
                   service, via a built-in terminal on the                     
                   computer 1310.                                              
     79  4F OLOO LLLL                                                          
                   One of the switches 440S.sub.1, 440S.sub.2, 440S.sub.3      
                   or the photocell 440P.sub.1 produces a signal               
                   to the control apparatus indicating that                    
                   the imaging unit is about to collide with                   
                   another object.                                             
     80  50 OLOL OOOO                                                          
                   Operator in manual mode must exit the                       
                   tire in the machine because tire not in                     
                   position to resume auto mode.                               
     81  51 OLOL OOOL                                                          
                   X-ray carriage 620 is operating too                         
                   slowly, or in wrong direction, as indi-                     
                   cated by the potentiometer 620P.                            
     82  52 OLOL OOLO                                                          
                   The potentiometer 620P produces a signal                    
                   to the control apparatus indicating that                    
                   the X-ray carriage has moved beyond its                     
                   computer controlled travel limit.                           
     83  53 OLOL OOLL                                                          
                   Spindle insert/remove drive 510M is                         
                   operating in wrong direction, or too                        
                   slowly, as detected by the signal from the                  
                   potentiometer 510P.                                         
     84  54 OLOL OLOO                                                          
                   The potentiometer 510P produces a signal                    
                   to the control apparatus indicating that                    
                   the spindle carriages have moved beyond                     
                   their computer control travel limit.                        
     85  55 OLOL OLOL                                                          
                   The image system subcarriage 390 is                         
                   operating too slowly or in the wrong                        
                   direction, as sensed by the potentiometer                   
                   390P.                                                       
     86  56 OLOL OLLO                                                          
                   The potentiometer 390P produces a signal                    
                   to the control apparatus indicating that                    
                   the imaging system subcarriage has                          
                   traveled beyond its computer controlled                     
                   permitted travel limit.                                     
     87  57 OLOL OLLL                                                          
                   Imaging system sub-subcarriage 420 is                       
                   operating too slowly or in the wrong                        
                   direction, as sensed by the potentiometer                   
                   420P.                                                       
     88  58 OLOL LOOO                                                          
                   The potentiometer 420P produces a signal                    
                   to the control apparatus indicating that                    
                   the imaging system sub-subcarriage has                      
                   moved beyond its computer controlled per-                   
                   mitted travel limit.                                        
     89  59 OLOL LOOL                                                          
                   Tire centering drive 161M is operating                      
                   too slowly or in the wrong direction, as                    
                   sensed by the potentiometer 161P.                           
     90  5A OLOL LOLO                                                          
                   The potentiometer 161P produces a signal                    
                   to the control apparatus indicating that                    
                   the drive of the arm assemblies 161 is                      
                   beyond its computer controlled permitted                    
                   travel limit.                                               
     91  5B OLOL LOLL                                                          
                   The centering table drive 140M is                           
                   operating too slowly, or in the wrong                       
                   direction, as sensed by the potentiometer                   
                   140P.                                                       
     92  5C OLOL LLOO                                                          
                   The potentiometer 140P produces a signal                    
                   to the control apparatus indicating that                    
                   the centering table 120 has been raised                     
                   or lowered beyond its computer controlled                   
                   permitted travel limit.                                     
     93  5D OLOL LLOL                                                          
                   Main conveyor gear rack drive 460M is                       
                   operating too slowly, or in the wrong                       
                   direction, as sensed by the potentiometer                   
                   460P.                                                       
     94  5E OLOL LLLO                                                          
                   The potentiometer 460P produces a signal                    
                   to the control apparatus indicating that                    
                   the gear racks 460 of the main conveyor                     
                   have been raised or lowered beyond their                    
                   computer controlled travel limit.                           
     95  5F OLOL LLLL                                                          
                   The imaging system carriage drive 340M                      
                   is operating too slowly, or in the                          
                   wrong direction, as sensed by the poten-                    
                   tiometer 340P.                                              
     96  60 OLLO OOOO                                                          
                   The potentiometer 340P produces a signal                    
                   to control apparatus indicating that                        
                   the imaging system carriage 340 has moved                   
                   outside its computer controlled travel                      
                   limit.                                                      
     97  61 OLLO OOOL                                                          
                   X-ray tube pivoting drive 700M is                           
                   operating too slowly or in the wrong                        
                   direction as sensed by the potentiometer                    
                   700P.                                                       
     98  62 OLLO OOLO                                                          
                   The potentiometer 700P produces a signal                    
                   to the control apparatus indicating that                    
                   the X-ray tube housing assembly has                         
                   pivoted beyond its permitted computer                       
                   controlled limits of rotation.                              
     99  63 OLLO OOLL                                                          
                   The positioning switch positioning drive                    
                   820M is operating too slowly or in the                      
                   wrong direction, as sensed by the poten-                    
                   tiometer 820P.                                              
     100 64 OLLO OLOO                                                          
                   The potentiometer 820P produces a signal                    
                   to the control apparatus indicating that                    
                   the positioning switch assembly 820 has                     
                   moved beyond its computer controlled per-                   
                   mitted travel limit.                                        
     101 65 OLLO OLOL                                                          
                   The potentiometer 195P produces a signal                    
                   to the control apparatus indicating that                    
                   the height sensor bar 210 has moved beyond                  
                   its computer controlled permitted travel                    
                   limit.                                                      
     102 66 OLLO OLLO                                                          
                   The potentiometer 510P produces a signal                    
                   to the control apparatus indicating that                    
                   the spindles are inserted or removed be-                    
                   yond their computer controlled permitted                    
                   travel limit.                                               
     103 67 OLLO OLLL                                                          
                   The control apparatus detects the occur-                    
                   rence of a malfunction in the digital to                    
                   analog converter 1336, requiring service.                   
     104 68 OLLO LOOO                                                          
                   The control apparatus, through a connec-                    
                   tion thereto, detects a malfunction                         
                   in the analog to digital converter 1332,                    
                   requiring service.                                          
     105 69 OLLO LOOL                                                          
                   The measurements of tire outside diameter                   
                   and width indicate that the apparatus 100                   
                   would have to drive one of its components                   
                   past its limited path to handle the tire.                   
     __________________________________________________________________________
PAR  Although the invention has been described in its preferred form with a
      certain degree of particularly, it is understood that the present
      disclosure of the preferred form has been made only by way of example and
      numerous changes in the details of construction and the combination and
      arrangement of parts may be restored to without departing from the spirit
      and the scope of the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An X-ray tire inspection apparatus comprising:
PA1  a. a radiation shielded enclosure including at least one movable
      radiation-shielded door for shielding an opening formed through a sidewall
      of said enclosure and for admitting a tire to be inspected through said
      opening into said enclosure;
PA1  b. a source of X-radiation movably mounted in said enclosure and movable
      between an inspection position and a retracted position;
PA1  c. radiation shielding means for receiving said source when said source is
      in said retracted position to block the emission of X-radiation from said
      source through said opening; and,
PA1  d. safety means for retaining said source in said retracted position when
      said door is open.
NUM  2.
PAR  2. The apparatus of claim 1 wherein:
PA1  a. said enclosure has movable radiation shielded doors on opposite sides
      closing openings on opposite sides of said enclosure; and,
PA1  b. said safety means is operable to retain said source in said retracted
      position when any one of said doors is open.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said safety means is additionally
      operable to prevent the opening of said door when said source is out of
      said retracted position.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the operation of said source is
      continued when said movable door is opened.
NUM  5.
PAR  5. An X-ray tire inspection apparatus comprising:
PA1  a. an X-ray opaque enclosure defining a chamber and having an opening
      through the enclosure communicating with said chamber;
PA1  b. an X-ray opaque closure movable between an open position and a closed
      position to open and close said opening;
PA1  c. an X-ray source positioned within said chamber;
PA1  d. an X-ray shield movable between a covered position inhibiting escape of
      X-rays from said source and an uncovered position; and,
PA1  e. safety interlock means for preventing movement of said closure to open
      said opening when said shield is out of said covered position.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the operation of said source is
      continued when said closure is moved to said open position.
NUM  7.
PAR  7. An X-ray tire inspection apparatus comprising:
PA1  a. an X-ray opaque enclosure defining a chamber and having an opening
      through the enclosure communicating with said chamber;
PA1  b. a X-ray opaque closure movable between an open position and a closed
      position to open and close said opening;
PA1  c. an X-ray source positioned within said chamber;
PA1  d. an X-ray shield movable between a covered position inhibiting escape of
      X-rays from said source and an uncovered position; and,
PA1  e. safety interlock means for preventing movement of said shield to uncover
      said source when said closure is out of said closed position.
NUM  8.
PAR  8. The apparatus of claim 7 wherein the operation of said source is
      continued when said closure is moved to said open position.
NUM  9.
PAR  9. An X-ray tire inspection apparatus comprising:
PA1  a. an X-ray opaque enclosure defining a chamber and having an opening
      through the enclosure communicating with said chamber;
PA1  b. an X-ray opaque closure movable between an open position and a closed
      position to open and close said opening;
PA1  c. an X-ray source positioned within said chamber;
PA1  d. an X-ray shield movable between a covered position inhibiting escape of
      X-rays from said source and an uncovered position; and,
PA1  e. safety interlock means for preventing the simultaneous opening of said
      closure and the uncovering of said X-ray source.
NUM  10.
PAR  10. The apparatus of claim 9 the operation of said source is continued when
      said closure is moved to said open position.
NUM  11.
PAR  11. In an apparatus for inspecting tires with X-radiation, the combination
      comprising:
PA1  a. an enclosure having walls defining a closed compartment, at least one
      opening formed through said walls for admitting a tire to and discharging
      a tire from said enclosure, and door means movably carried by said
      enclosure to close said opening, said walls and said door means being
      formed from X-ray impervious material to prevent the escape of radiation
      from said enclosure when said opening is closed by said door means;
PA1  b. a continuously operating X-ray source housed within said enclosure for
      emitting X-radiation through portions of a tire positioned within the
      enclosure to inspect such portions;
PA1  c. an X-ray source shield carried within said enclosure, said source and
      said shield being relatively movable to selectively shield said source to
      prevent the escape of X-radiation from said source; and,
PA1  d. drive means for effecting relative movement between said source and said
      shield to shield said source prior to the opening of said door and for
      retaining said shield in position to prevent the escape of X-radiation as
      long as said door is open, and to relatively move said source and said
      shield to uncover said source after said door is closed.
NUM  12.
PAR  12. A method of inspecting tires with X-radiation, comprising the steps of:
PA1  a. moving a tire to be inspected through an opening formed in an X-ray
      shielded enclosure to position the tire within the enclosure;
PA1  b. moving a radiation-shielded closure to close said opening to prevent the
      subsequent escape of X-radiation through said opening;
PA1  c. effecting relative movement between a radiation shield and an X-ray
      source, said shield and said source being housed within said enclosure, to
      uncover said source and to enable X-radiation emanating from said source
      to penetrate portions of such positioned tire to be inspected;
PA1  d. directing X-radiation from said source through portions of such
      positioned tire to effect an inspection of such portions;
PA1  e. effecting relative movement between said shield and said source to cover
      said source to prevent the escape of X-radiation therefrom;
PA1  f. sensing when said shield is covering said source; and
PA1  g. moving said closure to open said opening at a time after said shield is
      sensed to be covering said source.
NUM  13.
PAR  13. The method of claim 12 additionally including the steps of:
PA1  a. sensing when said closure is closing said opening; and
PA1  b. preventing the relative movement of said source and said shield to
      uncover said source except when said closure is sensed to be closing said
      opening.
NUM  14.
PAR  14. The method of claim 13 additionally including the step of preventing
      relative movement of said source and shield to uncover said source
      concurrently with movement of said closure to open said opening.
NUM  15.
PAR  15. The method of claim 9 wherein said step of effecting relative movement
      of said source and shield is effected, at least in part, by moving said
      source between shielded and operating positions.
NUM  16.
PAR  16. The method of claim 12 wherein said step of effecting relative movement
      of said source and shield is effected, at least in part, by moving said
      shield between covered and uncovered positions.
NUM  17.
PAR  17. The method of claim 12 additionally including the step of continuously
      operating said source even when said opening is open.
NUM  18.
PAR  18. In an apparatus for inspecting tires with penetrative emanation, the
      combination comprising:
PA1  a. an enclosure having walls defining a closed compartment, an opening
      formed through said enclosure, and a closure for opening and closing said
      opening, said walls and said closure being formed from penetrative
      emanation impervious material to prevent the escape of penetrative
      emanation from said enclosure when said opening is closed by said closure;
PA1  b. a penetrative emanation source housed within said enclosure for emitting
      penetrative emanation through portions of a tire positioned within the
      enclosure to inspect such portions;
PA1  c. a penetrative emanation shield carried within said enclosure, said
      source and said shield being relatively movable to selectively shield said
      source to prevent the escape of penetrative emanation from said source;
      and,
PA1  d. drive means for effecting relative movement between said source and said
      shield to shield said source prior to the opening of said closure and for
      retaining said shield in position to prevent the escape of penetrative
      emanation as long as said closure is open, and to relatively move said
      source and said shield to uncover said source after said closure is
      closed.
NUM  19.
PAR  19. The apparatus of claim 18 wherein the operation of said source is
      continued when said door is open.
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ABST
PAL  Disclosed herein is a scintillation spectrometer comprising an inorganic
      scintillation crystal said crystal being characterized by a well situated
      therein wherein the inner surfaces of said well are coated with a light
      transmitting material whereby said spectrometer is adapted to measure both
      beta and gamma emissions of radioactive samples introduced into said well.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention concerns scintillation spectrometers. More
      particularly the present invention is directed to scintillation counters
      comprising an inorganic scintillation crystal adapted to measure both beta
      and gamma emissions of radioactive samples.
PAR  2. Description of the Prior Art
PAR  There are two major types of scintillation equipment in use today. The
      first is what is commonly classified as a well-type gamma scintillation
      spectrometer and the second is the liquid scintillation spectrometer for
      counting beta emitting samples.
PAR  When ionizing radiation is absorbed by a suitable scintillator photons are
      emitted. These light photons can be detected by a photomultiplier tube
      which is a sensitive device for detecting a light pulse and coverting it
      into an electrical pulse.
PAR  The type of scintillator used depends on whether beta or gamma radiation is
      to be detected. For gamma radiation detection sodium iodide crystals
      activated with thallium are usually used. The presence of the relatively
      high atomic iodine ensures good absorption of gamma radiation in the
      crystal, which is also transparent to the fluorescent light emitted.
      Sodium iodide is hygroscopic so that it needs to be protected from the
      atmosphere. The crystal is usually encased in a thin aluminium alloy can,
      with an intermediate layer of a diffuse reflector to improve the
      efficiency of light collection. The base of the scintillation crystal
      which is not covered with reflector, is coupled to a photomultiplier tube.
PAR  Usually a well-type crystal is used. This is a cylindrical crystal with a
      hole cut into one end, the inner surfaces of which are covered with
      reflector and aluminium. The sample in a test tube is inserted into this
      hole. The geometry is very favourable because nearly all the gamma rays
      emitted by the sample will traverse the crystal.
PAR  Most well counters presently in use employ sodium iodide cyrstals 13/4 inch
      in diameter and 2 inches in height with a well 11/2 inches deep and three
      fourths inches in diameter, the inside diameter of the aluminum well liner
      being 0.656 inch or 16.5 mm. This well counter is often referred to as the
      "standard" sodium iodide well counter, however, 2.times.2 inch and
      3.times.3 inch sodium iodide crystals are also very commonly used.
PAR  Whereas gamma radiation has high penetration power, beta radiation and
      especially low energy beta emitters like tritium and C-14, are easily
      absorbed within the sample itself. To avoid the problems of self
      absorption liquid scintillation spectrometers are used.
PAR  In the use of liquid scintillation spectrometers the sample is dissolved in
      liquid scintillator so that the radioactive molecules are in intimate
      contact with the scintillator. The light pulses resulting from the
      absorption by the liquid scintillator of the beta particles are then
      detected with a photomultiplier tube, which is placed in proximity to the
      sample vial itself.
PAR  Heretofore, for a mixture of radioisotopes which could not be counted
      adequately by gamma ray spectroscopy, beta as well as gamma counting was
      done in two separate counters. Thus the mixture would be counted in a
      standard sodium iodide well counter and then because of the inadequacy of
      said counter for counting beta rays the sample would then be placed in a
      beta ray counter.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that by coating the surface of the well of an
      inorganic scintillation crystal type scintillation counter with a light
      transmitting material instead of with aluminium and light reflective
      material it is possible to produce a new type of multipurpose
      alpha-beta-gamma scintillation spectrometer. According to the present
      invention, there is now provided a scintillation spectrometer comprising
      an inorganic scintillation crystal said crystal being characterized by a
      well siutated therein wherein the surfaces of said well are coated with a
      light transmitting material whereby said spectrometer is adapted to
      measure both beta and gamma emissions of radioactive samples introduced
      into said well.
PAR  The advantages of having a single unit which can serve as both a beta and
      gamma scintillation counter are apparent and the use of said scintillation
      counter for said purpose will be described hereinafter with reference to
      NaI(Tl) as the inorganic scintillation crystal for simplicity sake,
      however, as will be explained hereinafter instead of NaI(Tl) crystals;
      CsI(Tl) crystals, CsI(Na) crystals or equivalent inorganic scintillation
      crystals can be used.
PAR  In a preferred embodiment of the present invention there is provided an
      inorganic scintillation crystal in combination with two photomultiplier
      tubes coupled to two substantially opposite sides of said crystal wherein
      said crystal is further characterised by a well situated therein, which
      well is preferably substantially perpendicular to the major axis of said
      crystal.
PAR  In still another preferred embodiment of the present invention the
      spectrometer consists of two cylindrical NaI(Tl) crystals each of which
      has a semi-cylindrical cavity perpendicular to its major axis. The
      surfaces of the crystals, with the exception of the bases and the surfaces
      of the semi-cylindrical cavities, are coated with a reflecting substance.
      The surfaces of the cavities are covered with a thin layer of glass. The
      bases of the crystals are coupled to two photomultiplier tubes. The two
      NaI(Tl) crystals face each other in such a way that their cavities form a
      single cylindrical cavity and vials containing radioactive samples are
      placed in the cylindrical cavity formed by the two NaI(Tl) crystals.
DRWD
PAC  Brief Description of the Drawings
PAR  The invention is illustrated by way of example only, in the accompanying
      drawings in which:
PAR  FIG. 1 is a cross-sectional view partially in section of a scintillation
      well-counter crystal coupled to a photomultiplier tube;
PAR  FIG. 2 is a cross-sectional view partially in section of cylindrical
      inorganic scintillation crystal having a well and coupled to two
      photomultiplier tubes;
PAR  FIG. 3 is a perspective view of a crystal with a semi-cylindrical cavity on
      one of its surfaces;
PAR  FIG. 4 is a top cross-sectional view of a two crystal scintillation
      spectrometer; and
PAR  FIG. 5 is an electronic block diagram of a preferred scintillation
      spectrometer.
DETD
PAR  With specific reference now to the figures in detail it is stressed that
      the particulars shown are by way of example and for purposes of
      illustrative discussion only and are presented in the cause of providing
      what is believed to be the most useful and readily understood description
      of the principles and conceptual aspects of the invention. In this regard
      no attempt is made to show structural details of the system and its
      apparatus in more detail than is necessary for a fundamental understanding
      of the invention the description taken with the drawings making apparent
      to those skilled in the art how the several forms of the invention may be
      embodied in practice.
PAR  Referring now to FIG. 1 there is shown a standard scintillation welltype
      scintillation crystal 2 coupled to a photomultiplier tube 4 having
      electrical contact making pins 5. The crystal and photomultiplier tube are
      encased in an aluminium housing 6 and the crystal has a central bore or
      well 8 which is coated on its surfaces by a light-transmitting material,
      10, such as glass. The surface of the crystal, with the exception of the
      base 12 which is coupled to the photomultiplier tube and the well 8, is
      covered with a reflecting substance 14. As known in the art the
      photomultiplier tube may also be magnetically shielded.
PAR  In FIG. 2 there is shown a cross-sectional view of a cylindrical inorganic
      scintillation crystal 16 having a bore or a cylindrical cavity 8
      perpendicular to the major axis of said crystal wherein the two bases 12,
      12' of the crystal are coupled to two photomultiplier tubes 4,4'. A vial
      18 containing a radioactive sample for measurement is shown as situated in
      the glass-coated 10 cavity 8.
PAR  A preferred embodiment of the present invention is shown in FIGS. 3 and 4.
      FIG. 3 illustrates the possible shape of a crystal 20 having a
      semi-cylindrical cavity 22 on one of its surfaces 24. The inner surface of
      said cavity is coated with a light-transmitting material 26 while the
      outer surface 28 and the surface 24 of said crystal are coated with a
      reflecting substance. Turning now to FIG. 4 there is shown a two-crystal
      scintillation spectrometer using two crystals of the type illustrated in
      FIG. 3, comprising two cylindrically shaped inorganic scintillation
      crystals 20,20' each of which has a semi-cylindrical cavity 22,22'  coated
      with a light-transmitting material 26,26' respectively. The surfaces
      24,24' of said respective crystals are adapted for interfacing alignment
      whereby said cavities 22,22' form a single composite cylindrical cavity
      29. Each of said crystals 20,20' is coupled to a photomultiplier tube
      4,4'.
PAR  In FIG. 5 there is illustrated an electronic block diagram of a preferred
      scintillation spectrometer and the following description of the operation
      of such a spectrometer should be read in conjunction with said Figure.
PAR  When a sample containing a pure beta emitter is to be measured for example,
      it is dissolved in a liquid scintillator; the radioactive liquid
      scintillator is put into a vial and the vial is placed in the cylindrical
      cavity 29 formed by crystals 20 and 20'. The light emitted from the liquid
      scintillator when a beta particle interacts with it, is piped through the
      NaI(Tl) crystals to the two photomultiplier tubes 4 and 4'.
PAR  The NaI(Tl) crystals serve not only as light pipes but also as an
      anti-coincidence shield for reducing background counting rate. When a
      gamma or a cosmic ray interacts both with the liquid scintillator and the
      NaI(Tl) crystal, the "false" pulse is not counted. These background pulses
      are rejected by pulse-shape discriminators 32,32'. The light emitted from
      the liquid scintillator and the NaI(Tl) crystals reaches the same
      photomultiplier tubes. However, the pulse shape and the decay time of a
      pulse which originates in the organic liquid scintillator differs from
      that which originates in the inorganic NaI(Tl) crystal. Whereas the decay
      time of the light pulse from a liquid scintillator is about 3 nsec, the
      decay time of a light pulse from the NaI(Tl) crystal is 250 nsec. By using
      pulse-shape discriminators it is possible to ascertain the origin of the
      pulse. The pulse-shape discriminators are set in such a way as to give an
      output pulse only when fast pulses enter them.
PAR  When a beta particle interacts with the liquid scintillator the light
      emitted is piped to the two photomultiplier tubes, the output pulses of
      which enter a fast coincidence circuit 34 via spliters 35,35' and fast
      discriminators 37,37'. These two pulses enter also into the two
      pulse-shape discriminators 32,32'. The output pulses of the pulse-shape
      discriminators enter a slow coincidence circuit 36. The two pulses from
      the photomultiplier tubes after being amplified by linear amplifiers
      38,38'  are summed by summing amplifier 40, and the summed pulse enters a
      single channel analyzer 42. The three pulses -- the output pulse of the
      fast coincidence circuit 34, the output pulse of the slow coincidence
      circuit 36 and the output pulse of the single channel analyzer 42 -- enter
      another slow coincidence circuit 44. The output pulse of this circuit are
      counted by a scaler, 46.
PAR  As mentioned above the NaI(Tl) crystals serve as an anticoincidence shield.
      This shield is expected to be effective not only for rejecting external
      gamma radiation and cosmic rays but also for reducing background from
      inherent radioactive contamination in the photomultiplier tubes and in
      other components of the detector (including that in the lead or steel
      shield).
PAR  With conventional liquid scintillation spectrometers, light pipes are a
      source of background pulses. These pulses result from fast electrons
      which, when interacting with the light pipe, produce Cerenkov light
      radiation. Due to this, only thin light pipes are used in conventional
      liquid scintillation spectrometers.
PAR  With the proposed spectrometer this problem does not exist. Pulses which
      originate from electrons interacting with the NaI(Tl) light-pipes are
      rejected by the pulse-shape discriminators.
PAR  When a gamma emitting sample is to be measured it is placed in a vial and
      the NaI(Tl) crystals serve as a close to 4.pi. gamma counter. The pulses
      from the NaI(Tl) crystals are added; the added pulses pass through the
      single channel analyzer and are counted.
PAR  A radioisotope which simultaneously emits a beta particle and a gamma
      photon can be counted by applying a further coincidence circuit. With this
      procedure the sample is dissolved in a liquid scintillator. The fast
      component of the output pulse from the liquid scintillator passes through
      a single channel analyzer; the slow component from the NaI(Tl) crystal
      passes through another single channel analyzer. The "windows" of the two
      single channel analyzers are set to fit the corresponding energies of the
      gamma photon and the beta particle. When the output pulses of the two
      single channel analyzers are in coincidence a count is recorded. With this
      mode of operation the background counting rate is expected to be
      negligible -- an important factor in low level counting. Another advantage
      of operating the spectrometer in this way is the ability to count
      doubly-labelled samples. When a sample contains two or more radioisotopes
      determining the activity of each of them is rather difficult because of
      (1) the Compton background in the case of a gamma emitter and (2) the
      broad energy band in the case of a beta emitter. An isotope which emits a
      beta particle and a gamma photon simultaneously can be counted by the
      above-described coincidence method even if mixed with another beta or
      gamma emitting radioisotope.
PAR  Samples emitting alpha radiation can be measured by dissolving them in a
      liquid scintillator and counting them in the same way as beta emitters.
PAL  It should be noted that:
PAL  NaI(Tl) is transparent to light emitted from liquid scintillators. The
      light emitted by both types of scintillators is in the range of 3,500-
      5,500 A (Maximum emission of NaI(Tl) is at 4,130 A and that of liquid
      scintillators at 4,250A).  As mentioned above instead of using NaI(Te)
      crystals, CsI(Tl) crystals may be used. The decay time of a light pulse
      from these crystals is 1,100  nsec, an advantage in pulse-shape
      discrimination. The light output of these crystals is 95% of anthrancene
      (as compared with 210% for NaI(Tl) and 78% for liquid scintillators). This
      lower light output is an advantage when a high ratio between the fast
      component and the slow component of a pulse is desired. (The slow decay
      time is also an advantage from this point of view). Gamma photons are more
      readily detected with CsI(Tl) crystal than with a NaI(Tl) crystal because
      of the high atomic number of Cs. This too, of course, is an advantage.
      From similar considerations CsI(Na) crystals, too, are a very attractive
      possibility.
PAR  To illustrate the way the spectrometer will perform an example of the
      detection of a beta-pulse emitter will be described as follows:
PAR  Nitrogen-13 is a beta-plus emitter. It is a short lived radioisotope (Half
      life of about 10 minutes) which decays by emitting a 1.2 Mev positron.
PAR  When a sample tagged with N-13 is to be measured, it is dissolved in a
      liquid scintillator. A vial containing the radioactive solution is
      inserted into the cylindrical cavity formed by, for example, two CsI(Tl)
      crystals.
PAR  When a N-13 atom disintegrates the emitted positron is absorbed in the
      liquid scintillator. By annihilation, two 0.51 Mev photons are emitted in
      two opposite directions and interact with the two CsI(Tl) crystals.
PAR  The interaction of the positron with the liquid scintillator creates a
      fast-decaying light pulse. The light photons reach both of the P.M. tubes.
PAR  The interaction of the gamma photons with the CsI(Tl) crystals creates slow
      decaying light pulses.
PAR  As all these interactions are practically simultaneous, the result is that
      there are two output pulses from the two P.M. tubes in coincidence. The
      output pulses each has a fast component and a slow one. Each of these
      pulses are resolved into two pulses, a fast pulse, and a slow one, by a
      suitable electronic circuit. The four pulses pass through single channel
      analyzers. Only when the four pulses are in coincidence and all of them
      have the right energies, a count will be recorded.
PAR  It is expected that the background counting rate will be less than one
      count per day and that the counting efficiency will be better than 60
      percent. In this way even if the sample contains only very few N-13 atoms,
      the activity will be detected even if the sample contains other isotopes
      with activities for exceeding that of N-13.
PAR  It will be evident to those skilled in the art that the invention is not
      limited to the details of the foregoing illustrative embodiments and that
      the present invention may be embodied in other specific froms without
      departing from the spirit or essential attributes thereof. For example
      instead of glass, quartz, silica or some equivalent light transmitting
      material can be used to coat the inner surfaces of the well. Similarly
      crystals of different sizes and cavities of different sizes may be used
      according to applications intended. 2 inch diameter crystals up to 5 inch
      diameter ones coupled to suitable photomultiplier tubes will usually be
      used. It is therefore desired that the present embodiments be considered
      in all respects as illustrative and not restrictive, reference being made
      to the appended claims, rather than to the foregoing description, in which
      it is intended to claim all modifications coming within the scope and
      spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A scintillation spectrometer comprising an inorganic scintillation
      crystal, said crystal being characterized by a well situated therein
      wherein the inner surfaces of said well are coated with a light
      transmitting material whereby said spectrometer is adapted to measure both
      beta and gamma emissions of radioactive samples introduced into said well.
NUM  2.
PAR  2. A scintillation spectrometer according to claim 1 wherein said crystal
      is cylindrical in shape and has a well situated along its major axis the
      inner surfaces of said well being coated with a light transmitting
      material and the base of said crystal being coupled to a photomultiplier
      tube.
NUM  3.
PAR  3. A scintillation spectrometer according to claim 1 comprising a
      cylindrical inorganic scintillation crystal having a bore hole
      substantially perpendicular to the major axis of said crystal wherein the
      two bases of said cylindrical crystal are coupled to two photomultiplier
      tubes and wherein the inner surface of said bore hole is coated with a
      light transmitting material while the other surfaces of said crystal are
      coated with a reflector.
NUM  4.
PAR  4. A scintillation spectrometer according to claim 3 especially adapted for
      measuring radioisotopes emitting beta and gamma radiation simultaneously
      said spectrometer further comprising electronic circuits which select only
      those events in which the fast components and the slow components of the
      output pulses of the two photomultiplier tubes are in coincidence and have
      preselected pulse heights.
NUM  5.
PAR  5. A scintillation spectrometer according to claim 1 further comprising
      pulse shape discriminators for measuring beta samples dissolved in liquid
      scintillators.
NUM  6.
PAR  6. A scintillation spectrometer according to claim 1 wherein said crystal
      is an NaI(Tl) crystal.
NUM  7.
PAR  7. A scintillation spectrometer according to claim 1 wherein said crystal
      is a CsI(Tl) crystal.
NUM  8.
PAR  8. A scintillation spectrometer according to claim 1 wherein said light
      transmitting material is glass.
NUM  9.
PAR  9. A scintillation spectrometer according to claim 1 wherein said inorganic
      scintillation crystal is a composite crystal comprising two crystals each
      of which has a semi-cylindrical cavity on one of its surfaces said
      surfaces being adapted for interfacing alignment whereby said cavities
      form a single cylindrical cavity.
NUM  10.
PAR  10. A scintillation spectrometer according to claim 9 comprising two
      cylindrical inorganic scintillation crystals each of which has a
      semicylindrical cavity perpendicular to its major axis, the surfaces of
      which cavities are coated with a thin layer of glass and wherein each of
      said crystals has a base opposite its respective cavity coupled to a
      photomultiplier tube.
NUM  11.
PAR  11. A scintillation spectrometer according to claim 9 wherein said crystal
      in an NaI(Tl) crystal.
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ABST
PAL  Apparatus for examining a body by means of radiation such as X or .gamma.
      radiation includes a source of a substantially planar, sectoral-shaped
      swath of said radiation, collimator means having a plurality of apertures
      formed therein through which respective finger-like beams of the radiation
      can pass. The beams follow respective linear paths through a region of
      interest and toward detector means located on the opposite side of said
      region to the source; the detector means including a respective detector
      device for each of said finger-like beams. Conveniently each device
      consitutes a scintillator device and an associated photomultiplier tube,
      and the tubes associated with adjacent scintillator devices are misaligned
      to accommodate their widths. Means are also provided for orbiting the
      apparatus relative to said region of interest.
PARN
PAR  This application is a divisional of my application Ser. No. 349,198, filed
      Apr. 9, 1973, now U.S. Pat. No. 3,866,047 which is a continuation-in-part
      of my application Ser. No. 212,778, filed Dec. 27, 1971 (now U.S. Pat. No.
      3,778,614 issued Dec. 11, 1973), which is a continuation of my application
      Ser. No. 861,538, filed Aug. 21, 1969 (now abandoned). The present
      invention relates to a method of, and apparatus for examining a body by
      means of radiation such as X or .gamma. radiation.
PAR  The method and apparatus according to the invention can be used to produce
      radiographs in any convenient form, such as a picture on a cathode ray
      tube or other image forming device, a photograph of such a picture, or a
      map of absorption coefficients such as may be produced by a digital
      computer and on which "contours" may subsequently be drawn.
PAR  One object of the present invention is to provide apparatus for examining a
      sectional slice of a body by means of penetrating radiation in such a way
      that information can be obtained from a plurality of sets of rays
      following ray paths in said slice, the rays in one set being angularly
      spaced from those in another.
PAR  Another object of the present invention is to provide apparatus for
      examining a sectional slice of a body by means of finger-like beams of
      penetrating radiation which are defined by collimator means from a
      substantially planar, sectoral-shaped swath of the radiation.
PAR  Another object of the invention is to provide an improved method of, and
      apparatus for, examining a body by means of penetrating radiation, and in
      which substantially no relative motion is required between a source of
      radiation and one or more radiation detectors.
PAR  Another object of the present invention is to provide an improved method
      of, and apparatus for, examining a body by means of penetrating radiation,
      whereby the examination can be carried out rapidly.
PAR  Yet another object of the present invention is to provide apparatus for
      examining a sectional slice of a body by means of finger-like beams of
      penetrating radiation which are defined by collimator means from a
      substantially planar, sectoral-shaped swath of the radiation, wherein a
      respective detecting device is provided for each said beam and each device
      comprises, in combination, a scintillator material and a photomultiplier
      tube; the tubes being of larger dimensions laterally than the
      scintillators, and wherein adjacent tubes are misaligned to accommodate
      said dimensions.
DRWD
PAR  In order that the invention may be clearly understood and readily carried
      into effect, the same will now be described with reference to the
      accompanying drawings in which:
PAR  FIG. 1 shows the kind of picture produced by conventional X-ray apparatus,
PAR  FIGS. 2a, 2b, 2c, 2d, 2e, and 2f illustrate the principle of the technique
      claimed in my application Ser. No. 212,778 and the kind of picture
      produced by said technique,
PAR  FIG. 3 shows one method of scanning used in the said technique,
PAR  FIG. 4 shows in block form suitable apparatus for carrying out the said
      technique,
PAR  FIG. 5 shows an alternative method of scanning,
PAR  FIGS. 6a and 6b illustrate diagrammatically the construction of the
      scanning means of apparatus according to two other examples of the said
      technique,
PAR  FIG. 7 illustrates a modification of FIG. 6a, which constitutes a first
      example of my present invention,
PAR  FIG. 8a illustrates, partly in block form, the apparatus embodying the
      scanning means illustrated in FIG. 7,
PAR  FIGS. 8b 8c and 8d are diagrams useful in explaining the operation of parts
      of the apparatus shown in FIG. 8a,
PAR  FIGS. 9a, 9b, 9c and 9d illustrate the application of weighting factors to
      elements of the picture,
PAR  FIG. 10 shows, in perspective view, apparatus according to another example
      of my invention,
PAR  FIG. 11 shows the apparatus of FIG. 10 in plan view, and
PAR  FIG. 12 shows in some detail part of an arrangement for driving the shutter
      members shown in FIGS. 10 and 11.
DETD
PAR  Referring to FIG. 1, this shows a body 1 containing a bone 2 and a tumour
      3. Also shown are a source of X-rays 4 and an X-ray film 5. As can be
      seen, images of the bone and tumour are produced on the film, but partly
      superimposed. The tone of any point on the film is dependent on the
      product of the co-efficients of transmission of all the elements lying
      between that point and the X-ray source. Thus if the bone 2 has the lowest
      co-efficient of transmission, the tumour 3 the second lowest and the
      surrounding material the highest, the X-ray image comprises a dark patch
      where the bone and tumour are superimposed, a lighter patch due to the
      bone not superimposed on the tumour and a still lighter patch due to the
      tumour not superimposed on the bone. These are surrounded by a light area
      where neither bone nor tumour is present. Also as the differences between
      the co-efficients of transmission of tumour and normal tissue are small,
      the differences in tone between the different parts of the X-ray picture
      are slight and difficult to detect using such a method.
PAR  Referring now to FIG. 2, the body, bone and tumour are denoted by the same
      references as in FIG. 1. The X-ray source is replaced by a source 6 which
      may also be of gamma rays but is preferably of X-rays. It differs from
      source 4 in that it produces a beam of small cross section area or a ray
      as it might also be called, for example 3mm. square or diameter, and
      preferably includes a collimator to reduce scatter of the rays. The X-ray
      film 5 has been replaced by a detector 7, which may be a scintillator and
      a scintillation counter and which preferably also includes a collimator.
      The body 1 is scanned by the beam in one plane only, the plane being 3mm.
      thick in this example, in a direction not only linearly across the plane,
      but at a plurality of angles round the plane, the detector 7 being so
      mounted that it is always pointing towards the source 6. FIG. 3
      illustrates the scanning in more detail. If only a single scan across the
      plane were performed, the result would merely be equivalent to a
      conventional X-ray picture of that plane, all the objects on a line
      between source 6 and detector 7 being superimposed. However by performing
      a large number of scans, sufficient information can be derived to enable
      the coefficient of absorption of the material in such 3 mm. cube of
      material in the plane to be calculated and the co-ordinates of its
      position in the plane determined. Although only three scans are shown in
      FIG. 3 it will be appreciated that many more would be required in
      practice.
PAR  In each position of the beam the detector 7 determines the transmission of
      the X radiation by a path of relatively small cross-sectional area through
      the body. The plane under examination is regarded as a two dimensional
      matrix of elements and the directions and numbers of the paths is such
      that each element of the matrix is intersected by a group of paths, which
      paths intersect different groups of elements.
PAR  From the transmissions by all the paths, a series of simultaneous equations
      is built up represented by the discrete output signals, derived from the
      radiation traversing all the respective paths and by means of a digital
      computer provides the absorption coefficient of each element of the
      matrix. The outputs of the computer may be used to produce a picture or
      other representation of the section in any convenient form. Successive
      parallel planes may be examined in this way, and a picture of each planar
      slice produced to build up a picture of the entire body or a larger
      section of it. The slices may be examined in sequence or simultaneously by
      using a number of X-ray sources and detectors in parallel. FIGS. 2b to 2f
      show the pictures resulting from examination of planar slices 5b to 5f of
      body 1.
PAR  FIG. 4 shows a block diagram of the apparatus for producing pictures from
      the outputs from detector 7. The output from detector 7 is applied to an
      amplifier and counter 8 which produces a digital output representing the
      number of counts in each reading. The output from 8 is converted to
      logarithmic form in a logarithmic converter 9 whose output is stored in a
      punched-tape or magnetic tape recorder 10 before being transmitted to a
      digital computer 11 for processing. The computer 11 produces for each 3
      mm. cube of a planar slice of body 1 a digital number representing the
      absorption coefficient of the material within that cube. These digital
      numbers may be converted to analogue form in digital-to-analogue converter
      12 and applied to a tone printer 13 to produce a picture. Alternatively,
      the computer outputs may be retained in digital form for comparison by
      pattern recognition techniques, with other digitised pictures.
PAR  To achieve the required result, the absorption along each path is deduced
      form the transmission by each path and a knowledge of the initial
      intensity of the beam or ray entering each path. The logarithmic converter
      9 is used to provide a linear output so that the total absorption along a
      path is equal to the sum of the absorption in each small element along the
      path. Let 100 parallel paths be used for each of 400 directions spaced
      equally over 180.degree.. The computer 11 has then 40,000 figures to
      process, each representing the total absorption along a given path.
      Consider the section divided into 100 .times. 100 similar meshes as on
      Cartesian graph paper. Each mesh represents an element of the body, but
      the term mesh will be used in the following mathematical consideration for
      convenience. The computer 11 is then programmed to give the absorption for
      each of the 10,000 meshes.
PAR  Consider a ray which passes through a set of n = 100 meshes through none of
      which a ray has previously passed. Let the total absorption be Z dB. The
      computer then allocates a provisional value of Z/100 to each of the
      meshes. Now suppose that, at a later stage, a ray passes through another
      set of 100 meshes the absorption in some or all of these meshes having
      already been allocated. Let the sum of the figures already allocated be
      Z.sub.1 whereas the new measurement gives a total absorption Z.sub.2. It
      will be appreciated that Z.sub.1 constitutes a reconstruction of the
      output signal Z.sub.2 derived from the last approximations to the
      absorptions of the respective meshes. Then a correction (Z.sub.2 -
      Z.sub.1)/100 is added to the figures already appearing in each of the
      meshes. This process is then continued for all the 40,000 rays. This
      process gives a rough approximation, but to obtain better accuracy, the
      computer must repeat it a number of times, say 5.
PAR  Consider a single section of the body in the xy-plane in which the
      absorption per unit distance in dB at the point x, y, is z
EQU  Let z = f(x,y).
PAL  Now consider a single set of rays all parallel to the y-axis and spaced
      equally by intervals .DELTA.x. The rays are arranged to have a width
      rather greater than .DELTA.x so that some overlapping occurs. The optimum
      beam width is determined empirically. For mathematical purposes the change
      of absorption through any interval .DELTA.x is assumed to be negligible.
      We now suppose that the section of the body to be examined is bounded on
      two sides by the x- and y-axes and is square in shape so that it can be
      divided into M elementary squares with edges parallel to the axes.
PAR  The complete total of rays can be divided into sets each of which consists
      of parallel rays or effectively parallel rays at a given angle or mean
      angle. The sets of discrete output signals derived from the rays in each
      set are treated in the computer in sequence. However, since there are only
      about 100 .times. 100 meshes and about 400 angles are employed within
      180.degree., rays at neighbouring angles must include some of the same
      squares and their absorption will not, therefore, be independent. If the
      sets were therefore taken in angular succession the lack of independence
      would clearly lead to a slower convergence than if they were independent.
PAR  The computer is therefore arranged, by programming, to take the different
      angular subsets in a pseudo random order with large angular gaps, of say
      40.degree., between successive sets of rays. The sequence is intended to
      ensure that every angle is included, but not repeated, within the 400
      directions. Rays close together in angle then appear far apart in the
      computer scanning sequence.
PAR  The accuracy of detection by detectors such as 7 is limited so that the raw
      data contain errors and therefore, as the complete cycle of 100 .times.
      400 measurements is analysed 4 or 5 times by the computer, the resultant
      figures for the meshes tend to oscillate. It has been found that this can
      be avoided by multiplying the later corrections by a factor which is less
      than unity and falls steadily for successive cycles.
PAR  The procedure may be represented mathematically as follows. The true
      continuous distribution function is given by equation (1)
EQU  z = f(x,y)                                                 1
PAL  Let the distribution function reached at some stage of the work be
EQU  z' = g(x,y)                                                2
PAL  which is a discontinuous function since z' must have the same value over
      each mesh.
PAR  Now consider an arbitrary ray passing through n meshes. If z.sub.r is the
      mean value of z through the r th mesh and Z is the total absorption (or
      attenuation) of the ray in dB as measured
      ##EQU1##
PAR  The value of z' for each mesh will also be known from the previous work. If
      no ray has passed through a given mesh z' is put equal to zero.
PAR  The mean square error for all the meshes along the path of the ray will be
      written E where
      ##EQU2##
      and it is required to choose new values z.sub.r " to replace z.sub.r ' in
      order to minimise E.
PAR  There is no reason to favour one mesh rather than another, and therefore a
      constant C is added to z.sub.r ' where C is independent or r and must be
      obtained from the additional information provided by Z. Hence
EQU  z.sub.r " =  z.sub.r ' +  C                                5
PAR  hence the new value of n E will be
      ##EQU3##
PAR  The minimum value of E is obtained where C is equal to the mean value of
      z.sub.r -  z.sub.r ' or
      ##EQU4##
      Hence
      ##EQU5##
PAR  In other words the correction applied is equal to the mean value of the
      error. If none of the n meshes has previously appeared all the z.sub.r '
      are put equal to zero so that
EQU  z.sub.r " = Z/n                                            9
PAR  In other words the attenuation is, at first, uniformly distributed among
      the meshes.
PAR  For the s th ray equation (8) becomes
      ##EQU6##
PAR  If there is a total of S rays there will be a total of S equations for a
      complete cycle. If m is the number of rays in a set of parallel rays and N
      is the number of angles
EQU  S = m N                                                    11
PAR  if q is the number of complete cycles used by the computer, the total
      number of ray operations is q S.
PAR  Since the number of rays S per cycle is several times the number of meshes
      M, the number S of equations will be several times the number M of
      independent equations.
PAR  Difficulties arise in finding a system which traces through the picture
      matrix an equivalent beam or ray as it has been called heretofore which
      has effectively constant width, and which also includes the correct number
      of picture elements along its length. Both of these requirements are
      essential for the accurate computer calculations which are to follow.
PAR  The two worst cases are shown in FIG. 9a, where in one case a beam centre
      line CL1 passes through the squares of the matrix perpendicularly and the
      centre line of the beam passes through the centre of the squares, in the
      other case the beam centre line CL2 passes between the squares. The latter
      case would add up to twice as many squares as the former, when the squares
      along the length of the beam are added up, and would clearly give an error
      of 2:1.
PAR  In order to overcome the above problem the values in each square are
      multiplied by a weighting factor which is a function of the distance from
      the centre of the square to the centre line of the beam, i.e., the squares
      of beam 2 in FIG. 9a would have a weighting factor of 0.5, the resulting
      sum of the numbers in the two beams then being equal.
PAR  FIG. 9b shows an intermediate position of the beam in which the distances
      from the centre line CLB of the beam to the centres of the two affected
      squares in the beam are `a` and `b` respectively. The corresponding
      weighting factors `A` and `B` can be read off the graph, and when these
      are added together they must for reasons indicated above add up to unity.
      Therefore it follows that the parts of the curves labelled `x` must be
      drawn the inverse of the parts labelled `y`, if the beam and hence the
      weighting curve is to be considered symmetrical about its centre line.
PAR  It can be shown that one requirement for accurate summation of values of
      the matrix squares is idealised in FIG. 9c and its practical equivalent is
      shown in FIG. 9d using a matrix with a beam at the same angle.
PAR  In FIG. 9c the area abcd is obviously constant at any position of the
      intersection of the beams and is a function of the angle of intersection
      of the two beams A and B. In FIG. 9d the two equivalent beams vary in
      width from one to two squares and a constant area at intersection would be
      impossible without the use of weighting factors. It can be shown that for
      a given X-ray beam width there is one weighting curve which fulfills all
      the requirements. For example, if the squares contained at the
      intersection of the beams in FIG. 9d are multiplied by their respective
      weighting factors taken from this curve, they will produce a sum which is
      proportional to the area abcd in FIG. 9c. Any angle of intersection may be
      chosen and the beam in FIG. 9b may be intersected anywhere along its
      length for this condition to remain true.
PAR  The weighting factor curve can be split up into a table of approximately 20
      values to which the computer can refer during calculations without
      substantially impairing the accuracy of the system.
PAR  In the example illustrated in FIG. 3 only a single detector 7 is indicated.
      If however a fan-shaped or strip beam of radiation is used, with a group
      of detectors each for receiving radiation transmitted by one of the paths
      of small cross sectional area, some correction may have to be made in
      solving the equations for the effect of Compton scatter but in many cases
      this can be avoided by adequate spacing of the detectors.
PAR  As was previously mentioned, the differences in absorption between
      different materials is very small. However, in accordance with the
      invention the contrast of the picture produced can be so arranged that the
      full black to white range represents only the small range of absorption
      values which is of interest.
PAR  It is essential in all X-ray apparatus to ensure that the patient does not
      receive an overdose of radiation. In this respect the use of a
      scintillator and a scintillation counter is advantageous as its efficiency
      and accuracy in detecting X-rays are several orders better than those of
      photographic film. The maximum detail obtainable in a picture is a
      function of the number of counts per reading received by the scintillation
      counter around the edge of the body. In view of the limitation on the
      permissible number of counts per reading, it would not be feasible to
      produce a picture having the same order of definition as a television
      picture when examining a living body, although a high definition picture
      of an inanimate object could be produced. Moreover, in examining living
      bodies, it is not normally necessary to have a high definition picture of
      the whole body. Apparatus according to the invention can be used to
      produce a picture which is of high definition in the area of immediate
      interest and of low definition in surrounding areas. For example, as shown
      in FIG. 5 the radiation source 6 and detector 7 may be arranged to perform
      a circular scan indicated by the arrow 15 round the edges of the body,
      which is so positioned that the area of interest is near the centre of the
      scan. By averaging the number of counts over a small angle of rotation,
      mean values of absorption for areas enclosed by the angle such as the area
      shown shaded, may be calculated. It is clear from FIG. 5 that near the
      edges of the body only a relatively small number of large area elements
      are being examined, whereas at the centre a large number of small area
      elements is examined. Consequently the resulting picture will have a high
      definition near the centre and a low definition towards the edges. In
      producing the picture, the points may conveniently be plotted in polar
      co-ordinates. As in the example of FIG. 3, a large number of scans is
      required to produce sufficient information. In the embodiment of FIG. 5,
      the additional scans may be produced by superimposing a slower rotary
      motion which shifts the axis of the main rotation so that the centre of
      the circle of the main scanning motion traces a circle of small diameter.
      This additional scanning motion produces the intersecting paths for each
      element of the matrix according to which the body is examined. The
      superimposed motion need not be circular and need not be confined to the
      centre circle. For example it could be a spiral starting at the edge of
      the outer circle progressing rapidly towards the centre then performing a
      slow spiral in the region of the centre. It may be more complicated
      provided that it achieves the object of even coverage at the centre.
PAR  Referring to FIG. 6a of the drawing there is represented therein an X-ray
      tube 20 from which the rays, when the tube is operating, pass through two
      collimators 21 and 22. The collimator 21 is aligned with a further
      collimator 23 and the collimator 22 is aligned with a further collimator
      24. Between collimator 22 and 24 is located a dummy attenuator 25. There
      is a gap between the collimators 21 and 23 for the location of the object
      to be X-rayed and in the example illustrated this gap is occupied by a
      plastics block 26 having a central aperture 27 for the body to be X-rayed.
      Two scintillators 28 and 29 are located at the ends of the collimators 23
      and 24 respectively and these communicate optically via a light pipe 30
      with a photomultiplier 31. A chopper 33 rotatable by an electric motor 34
      is arranged to allow beams to pass through the collimators 21 and 22 only
      alternately to produce scintillations in the scintillators 28 and 29 for
      detection by the photomultiplier 31. When the apparatus is in use, the
      collimators 21 to 24, the attenuator 25, the scintillators 28 and 29, the
      light pipe 30 the photo multiplier 31, the chopper 33 and the motor 34 are
      oscillated through the angle subtended by the block 26. The apertures of
      the collimators 21 and 23 define a ray path traversing the body located in
      the aperture 27 and the oscillator causes this ray path to scan the
      angular extent of the oscillation. A planar slice of the body is thus
      exposed to a fan-shaped sweep of rays, radiating from source 20. The X-ray
      source 20 does not take part in this oscillation because it produces a
      beam wide enough to span the block 26. However the whole equipment is
      arranged to rotate or orbit slowly about the body to be examined by X
      radiation, so that the body is exposed to successive fan-shaped sweeps
      from different angles. The body is represented by the outline 32.
PAR  The use of the scintillator 29 and the attenuator 25 provides a reference
      for the photo multiplier 31. The material of the attenuator 25 is selected
      to have similar absorption properties to the body 32 to be examined so
      that accurate transmission readings may be obtained from the X radiations
      which pass through this body substantially independent of the X-ray source
      intensity. The material in the dummy attenuator 25 compensates, to some
      extent, for the X-ray tube spectrum drift. The space 27 between the body
      and blocck 26 is filled with a bag containing water so that the beam
      intensity received by the scintillator 28 is kept as constant as possible
      as it traverses the body 32, thus reducing the range of the readings which
      the photo multiplier 31 has to handle. The apparatus may be callibrated
      initially by inserting a round homogeneous body in the aperture of the
      block 26. FIG. 6b is a similar system but the chopper is discarded and two
      separate detectors are used for measuring the sources and readings through
      the body.
PAR  The modification of FIG. 6a which is illustrated in FIG. 7 constitutes one
      example of my present invention and is intended to reduce the time
      required to complete an examination. According to this example of my
      invention, a series of photo multipliers 31.sub.1, 31.sub.2 are used
      instead of the single photo multiplier 31 of FIG. 6. The photo multipliers
      have a common reference scintillator 29 and light pipe 30. Each photo
      multiplier has individual collimators between it and the source of X-rays
      20, the collimators being denoted by the references 21.sub.1 and 23.sub.1
      in the case of the photo multiplier 31.sub.1. With this form of the
      invention the oscillation of the photo multipliers and the associated
      collimating systems need be only a fraction of that of the apparatus shown
      in FIG. 6a, namely that of the sectoral angle between adjacent pairs of
      collimators. Photo multipliers could also be arranged slightly displaced
      downwards so that multiple pictures can be taken at one time. As
      indicated, in FIG. 8a the outputs of the photo multipliers 31.sub.1,
      31.sub.2 are applied to a series of amplifiers 41.sub.1, 41.sub.2 . . .
      and thence to a serialiser 42 which feeds the plurality of outputs of the
      amplifiers in series to an analogue-to-digital converter 43. The digital
      output of the converter 43 is fed to a magnetic tape recorder 44 and
      thence to a digital computer 45 which is programmed to compute the
      absorption coefficients of the elements of a matrix notionally
      superimposed in the body 32 under examination. The co-efficients computed
      by the computer 45 are recorded by a further magnetic tape recorder 46
      from which they are applied to a picture selector control device 47. The
      tape produced by the computer 45 may be replaced on the tape recorder 44,
      recorder 46 then being unnecessary. The output of device 47 is applied to
      a digital-to-analogue converter 48 and thence to a control circuit 49
      which has a manual knob 50 for controlling the position of the contrast
      window and another manual knob 51 for controlling the width of the window.
      The output of the control circuit 49 is fed to a display unit 52 which
      includes a cathode ray tube having a screen 53. The display unit 52 is
      arranged to respond to the output signals of the digital computer to build
      up a visual representation of the section of the object under examination.
      The term "window" denotes the range of signal amplitudes which is applied
      to the unit 52 to form the display, and the unit 52 is thus such that
      different absorption coefficients can be displayed on a scale from black
      to white. The contrast window width control knob 51 enables the full scale
      black to white to be occupied by a small or large critical range of
      absorption coefficients, and the observer may vary the position of the
      window by manipulation of the control knob 50. FIGS. 8b, 8c and 8d
      illustrate the effect of varying the width and position of the window. The
      values of the absorption coefficients are indicated on the vertical scale
      in these Figures. FIG. 8b illustrates the case in which a wide window is
      used, that is to say in which the black/white range covers a wide range of
      values of absorption coefficients. If signals exceeding peak white are
      removed, for example by limiting, only tissue and tumour will show on the
      picture. However, as the absorption coefficient of tumour is only 10%
      greater than that of tissue both will appear as grey and it will be
      difficult to distinguish between them. FIG. 8c shows the effect of using a
      narrow window. In this case it is not possible to distinguish between bone
      and tumour but it is easy to distinguish tissue from both bone and tumour.
      If signals exceeding peak white are removed, only tissue will show up in
      the picture.
PAR  FIG. 8d shows the effect of altering the position of the narrow window used
      in FIG. 8c. The tumour now appears as grey while tissue exceeds peak black
      and bone exceeds peak white. Consequently if signals exceeding peak white
      and peak black are removed, only the tumour will show up in the picture.
      It can therefore be seen that by manipulation of the width control knob 51
      and position control knob 50 the operator can eliminate from the final
      picture everything except the material which he wishes to examine. The
      display unit may also include means for displaying up to four
      representations of different sections at one time and provision may be
      made to enable the observer to dwell on one representation. A long after
      glow tube may be used the picture being replenished by a continuous
      backwards and forwards pass of the tape deck. The digital computer 45 may
      be an on line computer and may be remote from the magnetic tape recorders
      44 and 46 being connected thereto by suitable lines or the like.
      Alternatively the magnetic tape recorders may be arranged to store
      information for computation and display at desired times.
PAR  In some cases it may be more convenient to have a direct display. This
      could employ a cathode ray tube store for storing the data in analogue
      form. Preferably, the tube should have large values of screen capacity so
      that the stored information may be interrogated without causing any
      significant change in its value. Such tubes are commonly used to provide
      "bright" radar displays. The summation and computing of values received
      from the cathode ray tube may be carried out by a simple accumulator and
      comparator operating a serial mode, and the output fed back to the cathode
      ray tube to give the necessary small additions to the charge built up over
      the screen. A digital computer would therefore be unnecessary.
PAR  In the examples of the invention which have been described, the detecting
      means detect the transmission of radiation through a plurality of paths
      which are parallel to the slice being examined. In some cases however some
      at least of the paths may be oblique to the slice and such oblique paths
      used to determine the transmission or absorption coefficients of the
      elements of a three dimensional matrix.
PAR  Another example of my invention will now be described with reference to
      FIGS. 10, 11 and 12 of the accompanying drawings.
PAR  Referring now to FIG. 10 the radiation emitted from an X-ray source 54 is
      formed, by means of a collimator 55, into a fan-shaped (i.e. sectoral)
      swath 56. The swath 56 is incident upon a first shutter member 57 which is
      constructed of material opaque to the radiation from source 54. The member
      57 is formed with a plurality of slit-like apertures such as 58, only
      eight such apertures being shown in the drawing for reasons of clarity,
      although in practice many more apertures are provided. The shutter 57 can
      be moved to and fro, (i.e. reciprocated) in the direction shown by an
      arrow 59, by means of a motor driven crank arrangement of which a part is
      shown at 60 in FIG. 10. The said crank arrangement will be more fully
      described hereinafter.
PAR  The radiation passing through the apertures such as 58 when the shutter
      member 57 is in a given position constitutes a group of equi-angularly
      spaced rays; the rays of each group being caused to traverse respective
      paths such as 61 through a region of interest 62.
PAR  A second shutter member 63, which is similar to the member 57, is disposed
      on the opposite side of the region of interest 62 to the member 57. The
      member 63 is also moveable (by means of a crank arrangement of which part
      is shown at 64) in the direction shown by the arrow 59 and its motion is
      synchronised with that of the member 57 so that apertures such as 65 can
      be aligned with the apertures such as 58 to form, in effect, a second
      collimating arrangement for the radiation.
PAR  Radiation which passes through a given one of the apertures such as 58 and
      also through the corresponding aperture such as 65 impinges upon a
      scintillator crystal such as 66, and the visible energy emitted by the
      crystal in response to the impinging radiation is collected, amplified,
      and converted into electrical signals by means of a photo multiplier tube
      such as 67. The electrical signals are processed substantially as
      described hereinbefore.
PAR  It will be observed that the provision of the pairs of spaced apertures
      such as 58 and 65 enables the radiation to be scanned, in the direction
      shown by the arrow 59, over the crystals such as 66. This expedient
      permits a single crystal/photomultiplier to be used for detecting the
      radiation passing along a respective ray path through the body which scans
      the sectoral angle between adjacent ray paths defined by the shutter
      apertures, so reducing (for a given number of paths and groups of paths)
      the number of crystals and photomultipliers used.
PAR  The positions of the two shutter members 57 and 63 are monitored and these
      determine the ray path along which radiation impinges at any instant on
      the crystals. Thus, since the same crystal/photomultiplier combination
      provides an output signal for radiation passing through the region of
      interest along several different ray paths, it is necessary that the
      monitored information concerning the positions of members 57 and 63 be
      taken into account when the computations described hereinbefore are
      carried out.
PAR  It has been found advantageous to make the dimensions of the crystals such
      as 66 somewhat less than the total amplitude of scan in the direction of
      arrow 59 so that, at the extremes of scan, some overlap of the radiation
      upon an adjacent crystal occurs. This allows an extra reading to be taken
      in the adjacent crystal/photomultiplier combination so that errors due to
      the junction line of the two crystals can be compensated for. This
      expedient also provides information to enable one crystal/photomultiplier
      combination to be matched to the adjacent combination for gain.
PAR  The collimator 55 includes a slit 68 which is parallel to the direction
      indicated by arrow 59, and a shutter 69 is provided as shown so that its
      blades (which are opaque to X-radiation) can be rotated, by means of a
      motor 70, into and out of the slit 68 so as to blank off the X-radiation
      at the extremity of each stroke of the reciprocating motion of shutters 57
      and 63. The motor 70 is synchronised with the reciprocating motion in
      order to achieve the above end.
PAR  In FIG. 11, features which are similar to features of FIG. 10 have been
      allocated the same reference numerals. In FIG. 11 the crank arrangement
      for moving the members 57 and 63 in synchronism is shown in schematic
      form. It may be seen that the parts 60 and 64 are driven from a common
      motor 71 via respective couplings 72 and 73. At the left hand ends of
      members 57 and 63 there are provided respective crank parts 74 and 75
      which have shafts which are journalled in bearings 76 and 77 respectively.
      The motor 71 is preferably a 50 Hz synchronous motor.
PAR  If the crank arrangement shown in FIG. 11 were used without modification,
      the to and fro motion of the shutter members 57 and 63 would be
      substantially sinusoidal, whereas it is desired that they should follow a
      substantially triangular wave motion. In accordance with a feature of the
      invention, and as shown in part in FIG. 12, the crank arrangement is
      modified in a way which introduces third harmonic distortion into the
      aforementioned sinusoidal motion, so tending to linearise the motion.
PAR  Referring now to FIG. 12, the motor 71 drives the shafts 72 and 73 both in
      the same rotation sense. At the upper end of shaft 73 there is provided a
      cross-member 78 which is fixed to the shaft 73 to form a T-piece. One end
      of the cross-member 78 is formed with an aperture (not shown) through
      which a spindle 79 is passed, the arrangement being such that the spindle
      79 can rotate in said aperture. The other end of the cross-member 78 is
      provided with a balance weight 80.
PAR  Fixedly secured to the spindle 79 is a gear wheel 81 which is arranged to
      be driven around a stationary gear wheel 82 by the action of the T-piece
      73, 78. The meshing of the gears on wheels 81 and 82 causes the former
      wheel to rotate about its own axis, thus causing spindle 79 to rotate. The
      spindle 79 carries at its upper end a cross-member 83 which is shaped at
      one end to pass through an aperture in the shutter member 63 and which is
      provided at its other end with a balance weight 84.
PAR  The diameter of the fixed gear wheel 82 is arranged to be twice that of the
      gear wheel 81 and the arrangement is such that the additional motion
      imparted to shutter member 63 by virtue of the rotation of gear wheel 81
      introduces third harmonic distortion into the substantially sinusoidal
      motion which would have been produced by T-piece 73, 78 alone and thus
      linearises the motion of the shutter member.
PAR  The drive arrangement for the shutter member 57 can be exactly as shown in
      FIG. 12 apart from the fact that the dimensions of the cross-members
      corresponding to 78 and 83 and of the wheels corresponding to 81 and 82
      are reduced.
PAR  It will be observed from FIGS. 10 and 11 that adjacent ones of the
      photomutipliers such as 67 are disposed along orthogonal axes. This
      expedient is used to facilitate the arrangement of the photomultipliers in
      close proximity to one another, since it will be appreciated that the
      crystals such as 66 are shown on an enlarged scale and that, in practice,
      many more than the eight crystals shown are used. It will be appreciated
      also that a pair of corresponding apertures is provided, one in each of
      the shutter members 57 and 63, for each crystal such as 66.
PAR  Referring again to FIG. 11, the apparatus including the source 54, the
      first collimator 55, the shutter 69 and its motor 70, the shutter members
      57 and 63, the scintillator crystals 66 and the photomultipliers 67 is
      orbited around the region of interest 62 by means of a motor 85 driving a
      turntable means 86 on which all of said components are mounted. The motor
      85 is preferably synchronised with the reciprocating motion of shutter
      members 57 and 63 so that each time the shutter members reach an extremity
      of their travel, the motor 85 is operative to step the turntable around
      through (say) 1.degree. of rotation. By this means, if all the rays
      traversing the region 62 at a given angular position of the turntable 86
      are referred to as a set of paths, then a corresponding set of paths is
      traced at each angular position of said turntable. Preferably the
      turntable is rotated through at least 180.degree. for a given examination.
PAR  It will be appreciated that the radiation effects a fan-shaped sweep of the
      body in a planar slice thereof since the source is a virtual point source
      in the plane. The source may however have some extent perpendicular to the
      plane of sweep, since the slice may be relatively thick, or more than one
      slice may be examined simultaneously. Moreover, in the case where several
      ray paths are defined by the scanning system, in its rest position, these
      paths may be parallel, several virtual point sources of radiation then
      being required.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for examining a body by means of penetrating radiation, such
      as X- or .gamma. - radiation, including source means for producing a
      substantially planar, sectoral-shaped swath of radiation directed towards
      the body, the plane of the swath being arranged to define a plane of
      interest in the body, detector means disposed to receive radiation
      emergent from the body, the source means and the detector means being
      disposed on opposite sides of an aperture in which the body can be
      inserted, collimator means disposed between the source means and the
      detector means and having a plurality of apertures formed therein through
      which respective finger-like beams of the radiation can pass such that the
      beams traverse respective linear paths, in said plane of interest, through
      the body, said detector means including a respective detector device for
      each of said beams, each device comprising a scintillator, adapted to
      scintillate in response to the impact of said radiation, and having a
      planar output surface through which light can emerge, and a
      photomultiplier tube having a planar photo-sensitive target juxtaposed
      with, and substantially parallel to, said output surface; said tube being
      of larger dimensions, measured in a direction extending across the width
      of said swath, than said output surface; wherein adjacent scintillators
      are placed substantially in contact with one another and, in order to
      adapt the apparatus to accommodate the tubes of adjacent detector devices
      in said juxtaposed relationship with their respective scintillators,
      notwithstanding said larger dimensions of said tubes as compared with said
      scintillators, the output surface of adjacent scintillators are disposed
      in different planes.
NUM  2.
PAR  2. Apparatus for examining a body by means of penetrating radiation such a
      X- or .gamma.- radiation, including source means for producing a
      substantially planar sectoral shaped swath of the radiation, the plane of
      the swath being arranged to define a plane of interest in the body,
      detector means disposed to receive radiation emergent from the body, a
      locating structure having an aperture in which the body can be inserted,
      said source means and said detector means being disposed on opposite sides
      of said structure with said aperture included within the bounds of said
      swath, collimator means disposed between said source means and said
      detector means and having a plurality of apertures formed therein through
      which respective finger-like beams of the radiation can pass such that the
      beams traverse respective linear paths in said plane of interest through
      the body, said linear paths being distributed across substantially the
      full angular extent of said swath, sia detector means including a
      respective device for each of said beams, and means for orbiting said
      source means, said detector means, and said collimator means around the
      body in the plane of said swath.
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ABST
PAL  The embodiment of the pollution monitor described in the specification uses
      the principle of ultraviolet-induced fluorescence to detect and measure
      gaseous pollution in air, smokestack exhaust and other fluids. Improved
      calibration or standardization is effected by the use of one or more
      calibration cells in which a non-gaseous material simulates the
      fluorescence of the gaseous species under investigation, by scattering the
      incident ultraviolet light into a spectral region similar to that of the
      fluorescence of the gaseous species. Examples of suitable materials have
      been found to be aluminum, gold, platinum and molybdenum, all of which
      scatter light in the appropriate spectral region at a level which stays
      substantially constant with time.
PAL  In the preferred embodiment, the sample cell and the calibration cells are
      all formed in a single cell block by drilling holes into solid bar
      material which holes function as the individual cell cavities. The sample
      cell has ports for the flow of sample gas therethrough, while in each of
      the calibration cells, the metallic material is mounted to intercept and
      scatter the incident ultraviolet light energy. The cell block is
      constructed to rotate so that the several cells can be individually
      aligned in the light path between the ultraviolet source and fluorescence
      detector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an ultraviolet induced fluorescence
      monitor for detecting the presence and quantity of pollution and more
      particularly to a pollution monitor of this type having an in situ
      calibration capability. The present invention finds particular utility in
      detecting accurately the concentration of gaseous pollutants, such as
      sulfur dioxide (SO.sub.2) and nitric oxide (NO), in a sample stream or
      plume of ar, smoke-stack exhaust or other fluids.
PAR  As discussed in U.S. Pat. No. 3,795,812, granted Mar. 5, 1974, there are
      about eighty million tons of SO.sub.2 released into the air each year by
      the burning of sulfur-containing coal and oil and the refining of oil and
      various metals. As explained, SO.sub.2 concentrations of a few parts per
      million (ppm) of air can cause breathing difficulty, kill plants and
      hasten the deterioration of papers, leather and limestone building
      materials. It has therefore been proposed to limit the concentration of
      SO.sub.2 and other stack gases to a maximum of 500 ppm.
PAR  The SO.sub.2 pollution monitor described in U.S. Pat. No. 3,795,812 has a
      fluorescence cell into which is admitted a sample stream of air,
      smoke-stack gas or the like. As this sample flows through the cell, it is
      irradiated with ultraviolet energy in the region from about 2100 to 2300
      angstroms (A) and fluoresces. This SO.sub.2 fluorescence lies in the band
      from about 2400 A to 4200 A, and the intensity of this fluorescence is
      measured at right angles to the incident beam. The response of the
      measurement is linear over a wide range of SO.sub.2 concentrations and is
      negligibly or only moderately affected by the presence of water vapor in
      the sample stream.
PAR  In the calibration of fluorescence monitors, a common technique is to flow
      a calibration gas of known concentration through the instrument and
      observe the output meter or recorder to ascertain if the instrument is
      reading correctly. If it is not, then the calibration controls, such as
      the gain and span controls associated with meters of this type, are
      adjusted until an accurate reading is obtained.
PAR  The problems inherent in this type of calibration is that the calibrating
      gas may not have the specific concentration stated because of the
      deterioration of gases such as SO.sub.2 and NO with time. Thus, if the
      calibration is made to an incorrect standard, an error is incorporated
      into the measuring apparatus and the measurements of pollutant
      concentrations which follow will be inaccurate. An additional disadvantage
      is where it is desired to recalibrate or standardize the monitor while in
      the process of making measurements. This requires disconnecting the
      monitor from the source of sample gases which are flowing through the
      instrument, and connecting the source of calibration gas so that the
      calibration can be performed. Such calibration technique is obviously time
      consuming and inefficient. There is additionally the inconvenience of
      obtaining and transporting bottled calibration gas including the necessary
      valves, regulators and other plumbing which must be used.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the problems and disadvantages of the prior
      art by providing an ultraviolet fluorescence monitor having a
      self-contained calibration capability which permits calibration of the
      instrument to be accomplished without the need to repeat the analytical
      reaction with pure samples of the gaseous pollutant under investigation.
      Instead, one or more calibration cells are provided, each of which employs
      a material which simulates the fluorescence of the gaseous species under
      investigation; yet, unlike the pure gas samples, the fluorescent level
      stays substantially constant with time. The calibration cell readily
      replaces the sample cell in the ultraviolet light path, and calibration is
      simply and quickly performed.
PAR  Additional objects and advantages of the invention will be set forth in
      part in the description which follows, and in part will be obvious from
      the description, or may be learned by practice of the invention. The
      objects and advantages of the invention may be realized and attained by
      means of the instrumentalities and combinations particularly pointed out
      in the appended claims.
PAR  To achieve the objects and in accordance with the purpose of the invention,
      as embodied and broadly described herein, the pollution monitor of this
      invention comprises a sample cell having a cell cavity, means for flowing
      a gas sample through the cell cavity, a first window for admitting
      ultraviolet energy into said cell cavity to cause fluorescence of the
      gaseous pollutant in said gas sample, and a second window mounted at an
      angle with respect to said first window for permitting fluorescent energy
      to emerge from said cell cavity; a calibration cell having a cell cavity,
      a first window for admitting ultraviolet energy into said calibration cell
      cavity, a second window mounted at an angle with respect to said first
      window of the calibration cell for permitting scattered energy to emerge
      from said calibration cell cavity, and a non-gaseous, scattering material
      mounted in the cavity of said calibration cell to intercept ultraviolet
      radiation entering said calibration cell and scatter said ultraviolet
      radiation into a spectral region which simulates the fluorescence of the
      gaseous pollutant, said material being positioned to project the scattered
      energy out of the second window of the calibration cell; means for
      projecting a beam of ultraviolet light toward said cells; a detector
      positioned to detect fluorescent or scattered energy emerging from the
      cells; said sample cell and said calibration cell being movably mounted
      with respect to said projecting means and said detector to permit
      selective movement of said cells into the light path between said source
      and detector.
PAR  Broadly, the cell block of the invention has a plurality of cells in which
      fluorescence can be stimulated by ultraviolet radiation and comprises a
      sample cell formed as a cavity in said cell block and having means for
      flowing a gas sample through the cell cavity, a first window for admitting
      ultraviolet energy into the cell cavity to cause fluorescence of the
      gaseous pollutant in the gas sample, and a second window mounted at an
      angle with respect to said first window for permitting fluorescent energy
      to emerge from said cell cavity; at least one calibration cell formed as a
      cavity in said cell block and having a first window for admitting
      ultraviolet energy into said calibration cell cavity, a second window
      mounted at an angle with respect to said first window of the calibration
      cell for permitting scattered energy to emerge from said calibration cell
      cavity, and a non-gaseous scattering material mounted in the cavity of
      said calibration cell to intercept ultraviolet radiation entering said
      calibration cell and scatter the ultraviolet energy into a spectral region
      which simulates the fluorescence of the gaseous pollutant, said material
      being positioned to project the scattered energy out of the second window
      of the calibration cell; means for moving said cell block to position
      selectively one of the cell cavities in the light path between said
      ultraviolet source and said detector.
PAR  The invention consists in the novel parts, constructions, arrangements,
      combinations and improvements shown and described. The accompanying
      drawings, which are incorporated in and constitute a part of this
      specification, illustrate one embodiment of the invention and, together
      with the description, serve to explain the principles of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general block and schematic diagram of a gaseous pollution
      monitor constructed in accordance with the present invention;
PAR  FIG. 2 is a perspective view of the preferred embodiment of the cell block
      in partial cut-away form to reveal details of its construction; and
PAR  FIG. 3 is a sectional view of the preferred embodiment of the cell block
      taken along line 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference will now be made in detail to the present preferred embodiment of
      the invention, an example of which is illustrated in the accompanying
      drawings.
PAR  The preferred embodiment of the gaseous pollution monitor is shown in FIG.
      1 and is represented generally by the numeral 10. This monitor includes
      means for projecting a beam of ultraviolet light. As embodied herein, this
      projecting means includes a source of ultraviolet light 12 which radiates
      ultraviolet light energy in a direction indicated by wavy line 14. Source
      12 preferably radiates at one or more wavelengths in the band from about
      2100A to 2300A and is optically aligned to direct its ultraviolet light
      energy toward a group of fluorescence cells indicated generally by numeral
      16 and which will be described in greater detail later.
PAR  The ultraviolet light preferably passes through a color filter 18 which
      serves as a narrow bandpass filter, e.g., 2138A .+-. 75A, to permit only
      the desired band of ultraviolet energy to pass through to the fluorescence
      cells. A collimator 20, such as honeycomb, is shown serially arranged with
      filter 18 to eliminate stray light from entering the cells.
PAR  An energy or light path, including the cells 16, is formed between the
      light source 12 and a detector 22. Detector 22 is positioned in the
      monitor to detect fluorescent energy emerging from the cells. The detector
      22 is depicted in this preferred arrangement as a photomultiplier tube
      which is energized by a suitable D.C. supply (not shown). The
      photo-multiplier output signal is amplified by a linear amplifier 24 and
      the output of the amplifier is measured by any suitable device, here
      indicated generally as meter 26, to give an indication of the
      concentration of the gaseous pollutant in the sample being monitored.
PAR  The wavelengths of the fluorescent energy which emerge from cells 16 can
      vary depending upon the fluid being detected. As an example, SO.sub.2
      fluoresces in the region from about 2400A to 4200A. Assuming that SO.sub.2
      is being monitored, a second color filter 28 is preferably positioned at
      the output of cells 16 to permit only a desired band, e.g., 4000A .+-.
      100A, of radiant energy to pass to detector 22. A second collimator 30 is
      serially arranged with filter 28 to eliminate stray light from contacting
      the detector 22.
PAR  For a more complete description of the construction of the above-described
      component parts of a fluorescence monitor and the manner in which this
      monitor is operated to detect gaseous pollutants and measure the
      concentration thereof, attention is invited to the aforementioned U.S.
      Pat. No. 3,795,812 which is hereby specifically incorporated by reference.
PAR  With additional reference now to FIGS. 2 and 3, there is shown,
      respectively, perspective and cross-sectional views of the preferred
      embodiment of a movable cell block 16 constructed in accordance with the
      teachings of the present invention. This cell block has a plurality of
      cells in which fluorescence can be stimulated by ultraviolet radiation,
      and is designed to be mounted in a pollution monitor between the source of
      ultraviolet radiation and the fluorescence detector.
PAR  Referring first to the fluorescence cells generally, and in accordance with
      the present invention, a sample cell is provided having a cell cavity and
      means for flowing a gas sample through a cell cavity. As embodied herein,
      the sample cell comprises a cavity 32 formed in elongated cell block 16.
      Cavity 32 includes a first hole 34 suitably formed in the cell block 16
      from its front face inwardly and parallel to its longitudinal axis, and a
      second hole 36 extending inwardly from the side of the cell block at
      substantially a right angle to hole 34 so that the two holes 34 and 36
      intersect in substantially the manner shown.
PAR  As here embodied, the flowing means includes an intake aperture 38 for
      admitting a gas sample into the sample cell cavity 32 and an exhaust
      aperture 40 for exhausting the gas sample from the sample cell cavity.
      Preferably, an intake tube 42 is connected from a gas sample source (not
      shown) to intake aperture 38, and similarly an exhaust tube 44 is
      connected to the exhaust aperture to transport the gas sample away out of
      the cell block. The apertures 38 and 40 can be conveniently formed by
      drilling holes through the aft end face and side of cell block 16 into the
      cavity 32 of the sample cell.
PAR  In accordance with the invention, the sample cell has a first window for
      admitting ultraviolet energy into said cell cavity to cause fluorescence
      of the gaseous pollutant in said gas sample. As embodied herein, the first
      window 46 of the sample cell is mounted in hole 34 at the front end face
      48 of the cell block. The first window 46, which can be termed the
      incident window, is preferably made of a material such as quartz which
      will pass the incident ultraviolet energy into cavity 32. Window 46 can be
      held in place by any suitable means such as cement which preferably also
      serves to seal hole 34.
PAR  In accordance with the invention, the sample cell further includes a second
      window 49 mounted at an angle with respect to said first window 46 for
      permitting fluorescence energy to emerge from the cell cavity 32. As
      embodied herein, the second window 49 is mounted in hole 36 at the side of
      the cell block 16. Again, this window is made of quartz or other suitable
      material which can pass fluorescent energy from the cell cavity 32, and
      can be retained by cement which also acts as a seal for hole 36. Because
      the holes 34 and 36 are preferably formed perpendicular to each other, the
      windows 46 and 49 are mounted at approximately 90.degree. with respect to
      each other.
PAR  In accordance with the present invention, there is also provided at least
      one calibration cell, said cell having a cell cavity. As here embodied,
      the calibration cell comprises a cavity 50 formed in the elongated cell
      block 16. Cavity 50 includes a hole 52 suitably formed in the cell block
      16 parallel to its longitudinal axis and thus parallel to hole 34 of
      sample cell 32. Also forming cavity 50 is a second hole 54 which extends
      inwardly from the side of cell block 16 at substantially a right angle to
      hole 52 so that the two holes 52 and 54 intersect in substantially the
      manner shown.
PAR  In accordance with the invention, the calibration cell has a first window
      for admitting ultraviolet energy into the cavity of the calibration cell.
      As here embodied, the first window 56 of calibration cell cavity 50 is
      mounted in hole 52 at its opening in end face 48. This first window 56,
      which can be termed the incident window, is preferably made of a material
      such as quartz which passes the incident ultraviolet energy into cavity
      50. Window 56 can be held in place by any suitable means such as cement.
PAR  In accordance with the invention, the calibration cell also includes a
      second window which is mounted at an angle with respect to the first
      window of the calibration cell for permitting scattered energy to emerge
      from the calibration cell cavity. As here embodied, the second window 58
      of the calibration cell is mounted in hole 54 at the side of cell block
      16. Again, this window is made of quartz or other suitable material which
      can pass light energy out of the calibration cell 50. Window 58 can be
      retained in place by cement or other suitable means. Because holes 52 and
      54 are preferably formed perpendicular to each other, the windows 56 and
      58 are mounted at approximately 90.degree. with respect to each other.
PAR  In accordance with the invention, the calibration cell has a non-gaseous
      material mounted in its cavity to intercept ultraviolet radiation entering
      the calibration cell and scatter said ultraviolet radiation into a
      spectral region which simulates the fluorescence of the gaseous pollutant,
      said material being positioned to project the scattered energy out of the
      second window of the calibration cell. As here embodied, this material is
      shaped as a disc or plate 60 which is positioned in the calibration cell
      cavity 50 at the intersection of the two holes 52 and 54. Plate 60
      intercepts the ultraviolet light energy entering hole 52 via window 56,
      and the material of the plate scatters the incident energy. This plate is
      preferably mounted at approximately 45.degree. with respect to the first
      and second windows 56 and 58 of the calibration cell 50. When the plate
      material scatters the ultraviolet light, scattered light is emitted out
      through hole 54 and window 58. Preferably, the scattering material is
      selected so as to simulate the fluorescence of the gas under investigation
      in the sample cell 32, the purpose being to generate a signal for the
      detector which is essentially equivalent to the signal being generated in
      the sample cell.
PAR  Many non-gaseous materials will simulate fluorescence when irradiated with
      ultraviolet energy. As an example, in the analysis of SO.sub.2, a polished
      aluminum reflector has been found to simulate closely the fluorescence of
      SO.sub.2 and can be used as the material for plate 60 in the calibration
      cell 50. Other examples of materials which have been found suitable
      include gold, platinum, and molybdenum. These materials generally scatter
      light energy over a wide band of wavelengths which preferably includes the
      band of the gaseous pollutant being monitored. The narrow band of interest
      is readily selected by filter 30 so that only this desired band is passed
      on to detector 22. A particular advantage of these metallic, scattering
      materials is that the simulated fluorescent energy level remains
      substantially constant with the passage of time.
PAR  More than one calibration cell can be used. In the preferred embodiment, an
      additional calibration cell 62, identical in construction to the
      aforedescribed calibration cell 50, is shown. Cell 62 includes a disc or
      plate 64 made of a non-gaseous, scattering material which is mounted in
      the cell cavity to intercept incident ultraviolet energy admitted through
      window 66 and to scatter energy out of the cell 62 through window 68.
PAR  In the formation of the cell cavities in cell block 16, the intersecting
      holes are preferably made by drilling into the front face 48 and the side
      of the cell block. The elongated holes such as hole 52 which extend
      inwardly from the front end face terminate short of the aft end face of
      the cell block. The cell block can be conveniently formed of solid bar
      stock aluminum or steel 72. After the holes have been drilled, the
      interior of these holes is coated with a material which seals the metal so
      that it will not react with the sample gas and which prevents the metal
      from scattering light when irradiated by ultraviolet energy. A suitable
      coating material has been found to be Teflon.
PAR  While it is not necessary that the cell cavities be formed in block 16
      insofar as the overall construction of the pollution monitor is concerned,
      this is nevertheless the preferred construction. One advantage of such
      construction is the rigid, fixed positioning of the several cells with
      respect to each other which helps to ensure optical alignment of the cells
      as they are selectively moved into the path of the ultraviolet light.
PAR  The cell block 16 is initially mounted in the pollution monitor so that the
      incident window of one of the cells is optically aligned with the
      ultraviolet light source, and the exit window of the same cell is
      optically aligned with the detector 22. In accordance with the invention,
      there are means provided for moving the cell block to position selectively
      one of the cell cavities in the light path between the ultraviolet source
      and the detector. As here embodied, this moving means includes a shaft 70
      attached to the cell block 16 which permits rotation of this cell block
      about its longitudinal axis. Preferably, shaft 70 is manually rotated. As
      cell block 16 is revolved, the cells 32, 50 and 62 are individually
      positioned in the light path of the ultraviolet source and detector.
PAR  As can best be seen in FIG. 3, if cell block 16 is initially mounted in the
      pollution monitor so that sample cell 32 is in optical alignment with the
      source 12 and detector 22, rotation of the cell block approximately
      120.degree. clockwise (when facing front end face 48) places calibration
      cell 50 in alignment with the ultraviolet source and detector.
      Alternatively, rotation 120.degree. counter-clockwise brings calibration
      cel 62 into alignment. Tubes 42 and 44 which are connected into sample
      cell 32 can be made sufficiently flexible to permit this rotation.
PAR  The purpose of having more than one calibration cell is to provide several
      calibration ranges to match the wide range of gas concentrations which can
      be encountered. As an example, one calibration cell can be selected to
      simulate fluorescence in a low range of SO.sub.2 concentrations, e.g.,
      0-500 ppm, and the other calibration cell can be selected to simulate a
      high range of SO.sub.2 concentrations, e.g., 0-5,000 ppm. Thus, depending
      upon the concentration of SO.sub.2 in the sample gas which is being
      monitored, either calibration cell 50 or 62 is used to calibrate or
      standardize the system.
PAR  In order to obtain these several ranges of calibration, there are means
      provided for controlling the amount of ultraviolet energy admitted into
      the several cells. This controlling means preferably includes a plate 74
      positioned on the front end face 48 of the cell block 16 over the incident
      windows of the cells. This plate can be retained by any suitable means
      such as the set screws shown.
PAR  Apertures or holes of different sizes are formed in plate 74 and are
      aligned with the incident windows of the cell cavities to permit a
      controlled amount of ultraviolet light into each cell cavity. As depicted
      in FIG. 2, hole 76 of plate 74 is aligned with incident window 46 of the
      sample cell 32; hole 78 is aligned with incident window 56 of calibration
      cell 50; and hole 80 is aligned with incident window 66 of the other
      calibration cell 62.
PAR  The size of hole 76 is predetermined to ensure that sufficient ultraviolet
      light energy is admitted into the sample cell 32 to cause optimum
      fluorescence of the sample gas which is admitted into the cell during
      operation. The size of hole 78 and 80 are determined by such factors as
      the material used on scattering plates 60 and 64 and the energy level of
      source 12 so that the scattering which occurs in these two calibration
      cells simulates the fluorescence of the sample gas within the two
      calibration ranges discussed above. For example, hole 78 is smaller than
      hole 80 and thus calibration cell 50 functions in the low range of 0-500
      ppm. Hole 80 is sized to permit operation of cell 62 in the calibration
      range of 0-5,000 ppm. Obviously, other calibration ranges could be used
      and the size of the holes in plate 74 would vary.
PAR  In the description of operation it will be assumed that a smoke stack is
      being monitored to determine if SO.sub.2 is present in the stack gases and
      if so the concentration of SO.sub.2 in these gases. Intake tube 42 is
      connected by means of a flexible inert tubing (not shown) to the smoke
      stack to carry a sample of the stack gases to the sample cell 32. Exhaust
      tube 44 carries away the sample gases after passage through the sample
      cell. A pump (not shown) may be connected to either the intake or exhaust
      tube to ensure that a continuous sample stream of the stack gases flows
      through the sample cell 32.
PAR  Cell block 16 is positioned so that the incident window 46 is optically
      aligned with the ultraviolet light source 12. Ultraviolet light energy
      emanated by source 12 is filtered at 18 and passes through window 46 into
      the cavity of sample cell 32. If SO.sub.2 is present in the sample stream,
      this SO.sub.2 fluoresces in the region from about 2400 A to 4200 A, and a
      portion of this fluorescence, emerging at right angles to beam, incident
      beam passes through window 48. Filter 28 passes the fluorescent energy
      within the band pass of the filter, and this energy impinges upon the
      photomultiplier tube 22. The output of the photomultiplier tube is
      amplified by linear amplifier 24 and then measured at meter 26.
PAR  Although the pollution monitor shown is preferably calibrated at the start
      of the monitoring operation, changes in the system can occur during
      monitoring which cause errors to appear in the output measurement. These
      errors can be caused by such things as changes in the intensity of the
      ultraviolet light source and in the sensitivity of the detector 22, as
      well as by drift in the amplifier 24 and other electronics. The present
      invention permits in situ calibration or standardization of the pollution
      monitor while monitoring is taking place without the need to disconnect
      the source of the gas sample. Because the same source, filters, and
      detecting and measuring apparatus are used while monitoring the stack
      gases and during calibration, the performance of the complete system is
      assessed during calibration and can be corrected as necessary so that the
      accuracy of the monitoring is preserved.
PAR  Assuming that SO.sub.2 concentrations in the range of 0-500 ppm are being
      measured at meter 26, cell block 16 is rotated clockwise until calibration
      cell 50 is brought into optical alignment with source 12 and detector 22.
      Ultraviolet energy passes through filter 18, hole 78 in plate 74, and
      incident window 56 into the cavity of this calibration cell. This energy
      strikes the metal scatterer 60 and is scattered over a wide band. Because
      the scatterer 60 is mounted at 45.degree. to the incident beam, scattered
      energy is directed through hole 54 and window 58, through filter 30 to
      detector 22. Calibration cell 50 is designed to give a predetermined
      reading, e.g., 250 ppm, and meter 26 is observed to see if this reading is
      obtained. Should this reading not be obtained, the system is adjusted, as
      for example by adjusting the conventional gain and span controls of the
      amplifier 24, in order to correct the reading of meter 26 to the known
      standard. Once this has been accomplished, then cell block 60 is
      immediately rotated counter-clockwise to bring sample cell 32 back into
      alignment with light source 12. Measurement of SO.sub.2 concentrations
      resumes.
PAR  In the foregoing description of operation, the concentration of SO.sub.2 in
      the sample was stated to lie in the range of 0-500 ppm. Had the range been
      0-5,000 ppm, calibration or standardization would have been obtained by
      rotation of cell block 16 counter-clockwise to place calibration cell 62
      in alignment with light source 12. In such event, metallic plate 64
      simulates the SO.sub.2 fluorescence of the sample cell and the scattered
      light energy which passes out through window 68 to detector 22 permits
      calibration of the pollution monitor with reference to the standard of
      cell 62.
PAR  It will be apparent to those skilled in the art that various modifications
      and variations can be made in the pollution monitor of the present
      invention and in the construction of the cell block 16 without departing
      from the scope or spirit of the invention. As an example, there can be
      more than one cover plate 74 provided each having a different selection of
      aperture sizes which permit monitoring and calibration over additional
      concentration ranges. Thus, it is intended that the present invention
      cover the modifications and variations of this invention provided they
      come within the scope of the appended claims and their equivalents.
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STM  What is claimed is:
NUM  1.
PAR  1. A pollution monitor for detecting the presence of a gaseous pollutant in
      a gas sample comprising:
PA1  A. a sample cell having:
PA2  1. a cell cavity,
PA2  2. means for flowing a gas sample through the cell cavity,
PA2  3. a first window for admitting ultraviolet energy into said cell cavity to
      cause fluorescence of the gaseous pollutant in said gas sample, and
PA2  4. a second window mounted at an angle with respect to said first window
      for permitting fluorescent energy to emerge from said cell cavity;
PA1  B. a calibration cell having:
PA2  1. a cell cavity,
PA2  2. a first window for admitting ultraviolet energy into said calibration
      cell cavity,
PA2  3. a second window mounted at an angle with respect to said first window of
      the calibiration cell for permitting scattered energy to emerge from said
      calibration cell cavity, and
PA2  4. a non-gaseous, scattering material mounted in the cavity of said
      calibration cell to intercept ultraviolet radiation entering said
      calibration cell and scatter said ultraviolet energy into a spectral
      region which simulates the fluorescence of the gaseous pollutant, said
      material being positioned to project the scattered energy out of the
      second window of the calibration cell;
PA1  C. means for projecting a beam of ultraviolet light toward said cells;
PA1  D. a detector positioned to detect fluorescent or scattered energy emerging
      from said cells;
PA1  E. said sample cell and said calibration cell being movably mounted with
      respect to said projecting means and said detector to permit selective
      movement of said cells into the light path between said source and
      detector.
NUM  2.
PAR  2. A pollution monitor as claimed in claim 1 further comprising:
PA1  A. means for moving said cells to position selectively one of the cell
      cavities in the light path between said projecting means and said detector
      so that ultraviolet energy can selectively enter said cavities to cause
      fluorescence therein.
NUM  3.
PAR  3. A pollution monitor as claimed in claim 2 wherein:
PA1  A. the first window in each cell is mounted at approximately 90.degree.
      with respect to the second window of its associated cell.
NUM  4.
PAR  4. A monitor as claimed in claim 3 wherein:
PA1  A. said scattering material is mounted in the cavity of said calibration
      cell at approximately 45.degree. with respect to said first and second
      windows of said calibration cell.
NUM  5.
PAR  5. A pollution monitor as claimed in claim 4 wherein said flowing means
      includes:
PA1  A. an intake aperture for admitting a gas sample into the cavity of the
      sample cell, and
PA1  B. an exhaust aperture for exhausting the gas sample from the cavity of the
      sample cell.
NUM  6.
PAR  6. A monitor as claimed in claim 5 further comprising:
PA1  A. a second calibration cell constructed in the same manner as said
      calibration cell, and
PA1  B. means for controlling the amount of ultraviolet energy admitted into all
      of said cells.
NUM  7.
PAR  7. A monitor as claimed in claim 6 wherein:
PA1  A. said cells are formed in an elongated cell block in which the cavities
      comprise holes formed in the cell block, said cell block having:
PA2  1. an end face in which the first cell windows are mounted:
PA2  2. a side in which the second cell windows are mounted; and
PA1  B. said controlling means comprises:
PAR  1.  a plate positioned on the end face of the cell block over the first
      windows of the cells; and
PA2   2. apertures of varying sizes formed in the plate and aligned with said
      first windows to permit a controlled amount of ultraviolet light into each
      cavity.
NUM  8.
PAR  8. A monitor as claimed in claim 7 wherein:
PA1  A. said moving means includes a shaft attached to said cell block to permit
      rotation of said cell block to selectively position said cavities in said
      light path.
NUM  9.
PAR  9. A monitor as claimed in claim 8 wherein:
PA1  A. said projecting means includes a source of ultraviolet energy.
NUM  10.
PAR  10. A monitor as claimed in claim 9 wherein:
PA1  A. said scattering material is selected from the group consisting of
      aluminum, gold, platinum and molybdenum.
NUM  11.
PAR  11. A pollution monitor as claimed in claim 1 wherein:
PA1  A. said sample cell and said calibration cell are formed as separate
      cavities in a cell block;
PA1  B. means for moving said cell block to position selectively one of said
      cavities in the light path between said projecting means and said
      detector.
NUM  12.
PAR  12. A pollution monitor as claimed in claim 11 wherein:
PA1  A. said moving means includes a shaft attached to the cell block to permit
      rotation of said cell block.
NUM  13.
PAR  13. A movable cell block having a plurality of cells in which fluorescence
      can be stimulated by ultraviolet radiation, and designed to be mounted in
      a pollution monitor between a source of ultraviolet radiation and a
      fluorescence detector and comprising:
PA1  A. a sample cell formed as a cavity in said cell block and having:
PA2  1. means for flowing a gas sample through the cell cavity,
PA2  2. a first window for admitting ultraviolet energy into the cell cavity to
      cause fluorescence of the gaseous pollutant in the gas sample, and
PA2  3. a second window mounted at an angle with respect to said first window
      for permitting fluorescent energy to emerge from said cell cavity;
PA1  B. at least one calibration cell formed as a cavity in said cell block and
      having:
PA2  1. a first window for admitting ultraviolet energy into said calibration
      cell cavity,
PA2  2. a second window mounted at an angle with respect to said first window of
      the calibration cell for permitting scattered energy to emerge from said
      calibration cell cavity, and
PA2  3. a non-gaseous, scattering material mounted in the cavity of said
      calibration cell to intercept ultraviolet radiation entering said
      calibration cell and scatter the ultraviolet energy into a spectral region
      which simulates the fluorescence of the gaseous pollutant, said material
      being positioned to project the scattered energy out of the second window
      of the calibration cell;
PA1  C. means for moving said cell block to position selectively one of the cell
      cavities in the light path between said ultraviolet source and said
      detector.
NUM  14.
PAR  14. A cell block as claimed in claim 13 wherein:
PA1  A. the first window in each cell is mounted at approximately 90.degree.
      with respect to the second window of its associated cell.
NUM  15.
PAR  15. A cell block as claimed in claim 14 wherein:
PA1  A. said scattering material is mounted in the cavity of said calibration
      cell at approximately 45.degree. with respect to said first and second
      windows of said calibration cell.
NUM  16.
PAR  16. A cell block as claimed in claim 15 further comprising:
PA1  A. a second calibration cell constructed in the same manner as said
      calibration cell, and
PA1  B. means for controlling the amount of ultraviolet energy admitted into all
      of said cells.
NUM  17.
PAR  17. A cell block as claimed in claim 16 further comprising:
PA1  A. an end face in which the first cell windows are mounted;
PA1  B. a side in which the second cell windows are mounted;
PA1  C. said cell cavities being formed by drilling holes into the end face and
      side of the cell block; and
PA1  D. said controlling means comprises:
PA2  1. a plate positioned on the end face of the cell block over the first
      windows of the cells; and
PA2  2. apertures of varying sizes formed in the plate and aligned with said
      first windows to permit a controlled amount of ultraviolet light into each
      cavity.
NUM  18.
PAR  18. A pollution monitor as claimed in claim 17 wherein said flowing means
      includes:
PA1  A. an intake aperture for admitting a gas sample into the cavity of the
      sample cell, and
PA1  B. an exhaust aperture for exhausting the gas sample from the cavity of the
      sample cell.
NUM  19.
PAR  19. A cell block as claimed in claim 18 wherein:
PA1  A. said moving means includes a shaft attached to said cell block to permit
      rotation of said cell block to selectively position said cavities in said
      light path.
NUM  20.
PAR  20. A cell block as claimed in claim 19 wherein:
PA1  A. said scattering material is selected from the group consisting of
      aluminum, gold, platinum and molybdenum.
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ABST
PAL  A reflective backing member has an array of closely spaced corner
      reflectors adjacent to the input surface of a layer of material that
      absorbs high energy radiation events and converts them to light photons.
      The corner reflective surface causes rearward traveling light photons to
      be reflected along a path substantially parallel to the initial rearward
      path so that the reflective member provides a high quality reflective
      surface with less degradation of spatial resolution of an image produced
      by the light photons than occurs with conventional reflective backing
      members.
BSUM
PAR  My invention relates to a reflective backing member for a phosphor layer or
      scintillator in high energy radiation detectors, and in particular, to a
      corner reflector type reflective surface for improving the spatial
      resolution of images developed by the detectors.
PAR  High energy radiation detectors have many applications, and are especially
      important in the medical field in apparatus such as the gamma camera and
      x-ray (or gamma ray) image intensifier. The high energy radiation referred
      to herein includes gamma rays, x-rays and high energy nuclear particles
      such as electrons, protons and neutrons. In the detector, the incident
      radiation quantum is absorbed in a phosphor material, and a portion of the
      resultant energy is converted to light photons which are emitted from the
      material and subsequently detected by a photosensitive system.
PAR  The gamma camera is utilized as a noninvasive diagnostic instrument for
      monitoring the distribution of a radio-emitting source by means of gamma
      ray detection and provides the physician with valuable diagnostic
      information. The gamma camera is used in nuclear medicine after a patient
      has been administered a small dose of a radiopharmaceutical, i.e., a
      short-lived gama-ray-emitting isotope (such as Technetium-99m), which has
      been formed onto an appropriate chemical compound so that the isotope
      either is attracted to, or avoids, a particular organ or region of the
      patient's body. The gamma camera is described in U.S. Pat. No. 3,011,057
      to Anger. In the Anger patented camera, which is a gamma camera of the
      photomultiplier type, the incident gamma rays are absorbed in a single
      dense high atomic number phosphor crystal (the scintillator) and the
      resulting scintillations (events) are detected by an array of 19
      phototubes, located adjacent to but spaced from the scintillator, whose
      outputs are processed to determine the incident gamma ray position and
      energy.
PAR  The x-ray image intensifier tube is especially useful for obtaining
      brighter x-ray images, particularly the images of body organs which
      generally are of low contrast. Conventional x-ray image intensifiers
      employ in the input end thereof a uniform layer of a dense high atomic
      number phosphor for absorbing the incident x-rays which have traversed the
      patient's body. The x-ray photon is absorbed in the phosphor layer, as is
      the gamma ray in the scintillator, and light photons are generated in the
      phosphor layer and emitted in all directions from the point of x-ray
      photon absorption. A thin photo-emitting coating deposited on the output
      surface of the phosphor layer emits photoelectrons in response to the
      incident light photons. The photoelectrons are then accelerated and
      electron-optically focussed onto a second phosphor screen at the output
      end of the image intensifier resulting in a brighter image than at the
      input phosphor screen.
PAR  The thickness of the scintillator crystal in conventional gamma cameras and
      the phosphor layer in conventional x-ray image intensifiers is invariably
      a compromise between a thick layer necessary for high gamma or x-ray
      absorption to obtain high sensitivity and attendant higher contrast of the
      displayed image, and a thin layer for good spatial resolution of the
      developed image. In addition, especially in the case of nuclear medicine
      wherein the number of gamma rays are limited and it is desired to
      discriminate among various initial photon energies, it is desirable to
      collect as many of the light photons as possible. Finally, the
      scintillator crystal and phosphor layer in the above-described
      conventional medical instruments are often provided with reflective or
      dispersive backing surfaces to increase the light output therefrom, but
      with a concomitant degradation of spatial resolution.
PAR  Therefore, one of the principal objects of my invention is to provide a
      reflective backing member for a layer of material responsive to high
      energy radiation events that yields light reflection comparable with
      conventional reflective backing members, but with less degradation of
      spatial resolution.
PAR  Another object of my invention is to provide a high quality reflective
      backing surface for a layer of phosphor material or scintillator crystal
      which will not substantially degrade the resolution of the reflection.
PAR  A further object of my invention is to provide an improved light reflector
      for a high energy radiation detector.
PAR  A still further object of my invention is to provide a light-reflective
      member which overcomes the conventional compromise between a desired thick
      dimension for a phosphor or scintillator crystal for high absorption and
      thin dimension for good spatial resolution.
PAR  Briefly stated, and in accordance with the objects of my invention, I
      provide an improved high energy radiation detector which basically
      consists of a conventional layer of material that is responsive to high
      energy radiation events such as x-ray or gamma rays and converts the
      absorbed high energy events to light photons, a read-out means for
      producing an optical display or electrical signals in response to the
      light photons and an improved reflective backing member for the layer of
      high energy radiation responsive material. The reflective backing member
      has a light-reflective surface defined by an array of closely spaced
      corner reflectors wherein the length of one side of the base of each
      reflector is less than the thickness of the high energy radiation
      responsive layer. The light-reflective backing member may be in contact
      with the input surface of the layer of high energy radiation responsive
      material, or may be slightly spaced therefrom without any degradation of
      resolution of the reflection.
DRWD
PAR  The features of my invention which I desire to protect herein are pointed
      out with particularity in the appended claims. The invention itself,
      however, both as to its organization and method of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description taken in connection with the
      accompanying drawings wherein like parts in each of the several figures
      are identified by the same reference character, and wherein:
PAR  FIG. 1a is a partially schematic sectional side view of a first embodiment
      of my improved high energy radiation detector;
PAR  FIG. 1b is a view of the reflective surface of the reflective backing
      member component in FIG. 1a taken along line 1b--1b;
PAR  FIG. 2 is a partially schematic sectional side view of a second embodiment
      of my improved detector;
PAR  FIG. 3 is an enlarged fragmentary sectional view of the reflective backing
      member and phosphor layer portion of the detector depicted in FIG. 1a;
PAR  FIG. 4 is an enlarged fragmentary sectional view of the reflective backing
      member and phosphor layer depicted in FIG. 2;
PAR  FIG. 5 is a view, in partial section, of a scintillation type gamma camera
      application of my improved high energy radiation detector;
PAR  FIG. 6a is a sectional view of an x-ray image intensifier application of my
      improved high energy radiation detector;
PAR  FIG. 6b is an enlarged fragmentary sectional view of the input portion of
      the image intensifier depicted in FIG. 6a;
PAR  FIG. 7a is a sectional view of a second embodiment of an x-ray image
      intensifier application of my high energy radiation detector invention;
PAR  FIG. 7b is an enlarged fragmentary sectional view of the input portion of a
      gamma ray image intensifier application of my high energy radiation
      detector invention;
PAR  FIG. 8a is an enlarged fragmentary sectional view of a first embodiment of
      the reflective backing member and phosphor layer portion of my improved
      detector;
PAR  FIG. 8b is an enlarged fragmentary sectional view of a second embodiment of
      the reflective backing member and phosphor layer;
PAR  FIG. 8c is an enlarged fragmentary sectional view of a third embodiment of
      the reflective backing member and phosphor layer, and
PAR  FIG. 8d is an enlarged fragmentary sectional view of a fourth embodiment of
      the reflective backing member and phosphor layer.
DETD
PAR  Referring now in particular to FIG. 1a, there is shown a simplified drawing
      of a first embodiment of my improved high energy radiation detector which
      basically consists of a uniform layer 10 of material responsive to high
      energy radiation events such as x-rays, gamma rays or particles and
      converts such events absorbed in the layer to light photons, the read-out
      means 11 for producing optical or electronic signals in response to the
      light photons emitted by layer 10, and a reflective backing member 12 for
      layer 10.
PAR  My invention is specifically directed to the form of the reflective surface
      on reflective backing member 12, that is, the surface 12a thereof closest
      to the near (input) major surface 10a of the high energy radiation
      responsive layer 10. The form of this reflective surface, in accordance
      with my invention, is an array of closely spaced corner reflectors
      indicated by the sawtooth surface 12a in FIG. 1a, and shown more clearly
      in FIG. 1b. The corner reflector may be geometrically defined as
      consisting of three planar sides forming identical isosceles triangles
      having a common vertex and an open base forming an equilateral triangle.
      Each side of the corner reflector is respectively perpendicular to the
      other two sides, and thus the angle of each of the three isosceles
      triangles at the common vertex is 90.degree. . However, my invention is
      not limited to having such angle be only 90.degree. , and the reflective
      backing member provides satisfactory service with the angle of each of the
      three isosceles triangles at the common vertex being in the range of
      85.degree. to 95.degree. ; nor do such angles necessarily have to be
      equal, or the isosceles triangles forming the three sides being identical,
      although in most cases the common vertex angles are equal and the
      triangles identical. The thickness of the body of material forming
      reflective backing member 12 is not critical, but should be sufficiently
      thin so that it does not absorb a significant fraction of the incident
      high energy radiation which passes through member 12 prior to being
      absorbed in layer 10. Although the body of reflective backing member 12
      may, in some instances, be fabricated of the same material as the
      reflective surface 12a forming the corner reflectors, this is not usually
      the case and the body of member 12 is typically fabricated from glass,
      metal (of low atomic number, such as aluminum), or any rigid plastic
      whereas the reflective surface 12a of the array of corner reflectors is
      typically a thin coating of metal (such as aluminum), a lacquer, or
      metallic paint which typically is in the order of 100 Angstroms thickness
      and is applied to the corner reflective surface by any suitable means such
      as evaporation or spraying. Actually, there is no limitation on the
      thickness of the reflective coating.
PAR  The high energy radiation responsive layer 10 is formed of a phosphor
      material. In the case of an x-ray image intensifier application of my
      detector, layer 10 is thin (in the order of 3 to 10 mils thickness), and
      is typically formed by evaporating polycrystalline cesium iodide or
      forming granular silver-activated zinc cadmium sulfide or other phosphors
      in thin layer form on the inner surface of the image intensifier tube face
      plate. In the case of a gamma ray image intensifier or gamma ray camera
      application of my detector, layer 10 is thicker (in the order of 0.5 inch
      thickness) and is typically formed of a single crystal (called the
      scintillator in nuclear medicine terminology) of thallium-activated sodium
      iodide NaI (T1), CsI(Tl) or CsI(Na). In either application, layer 10 is
      preferably of uniform thickness, but the input 10a major surface thereof
      may conform to the corner reflector irregularities of member 12 so that
      the phosphor material of layer 10 occupies the voids formed by the corner
      reflectors.
PAR  The read-out means 11 is typically a display device for recording optical
      or electrical signals representing the coordinate position and energy of
      the incident high energy radiation event absorbed in phosphor layer 10.
      The signals are generally displayed on an output phosphor screen, cathode
      ray tube, or may be recorded on magnetic type or other recording medium
      for storing the coordinate and energy information for later read-out on
      photographic film or a cathode ray tube.
PAR  As indicated in the side view of FIG. 1a, the high energy radiation input
      surface 12b of reflective backing member 12 may be planar (or curved in
      the same manner as would be the output surface 12a) so that such member is
      also of substantially uniform thickness, except for the variations along
      the corner reflective surface thereof. However, this generally uniform
      thickness is not a limitation since the material and, or, thickness
      thereof selected for the body of reflective backing member 12 is such that
      the incident high energy radiation is absorbed at most only to a slight
      degree therein, and the prime purpose of the body of member 12 is to
      provide mechanical support for the corner reflective surface.
PAR  A front view of the corner reflective surface 12a of member 12 is
      illustrated in FIG. 1b which clearly shows the three planar sides of each
      corner reflector and the common vertex of the three isosceles triangles
      formed thereby. The array of corner reflectors is typically a hexagonal
      array with the corner reflectors oriented in horizontal rows and columns
      oriented at 60.degree. relative to the rows, and each corner reflector
      bordering the adjacent corner reflectors. The shape of reflective backing
      member 12 is determined primarily by convenience and is typically circular
      or square.
PAR  In FIG. 1a the reflective backing member 12 is illustrated as being in
      contact with the input major surface 10a of high energy radiation
      responsive layer 10. In FIG. 2, there is a pronounced spacing between
      these two members. As will be shown with reference to FIGS. 3 and 4, both
      embodiments of my high energy radiation detector have approximately the
      same operating characteristics and each has utility in specific
      applications. Thus, the contacting embodiment illustrated in FIG. 1a is
      utilized in most applications where reflective backing member 12 is
      located within a housing or glass envelope of the medical instrument in
      which my invention is especially valuable. However, in cases where it may
      be desired, or necessary, to locate reflective backing member outside the
      glass envelope, the spaced-apart embodiment of FIG. 2 finds merit.
PAR  As noted in FIG. 3, and also being true in all the FIGURES, the periodicity
      of the corner reflectors is less than the thickness of layer 10. This
      requirement for the successful operation of my invention is indicated by
      the periodicity dimension L (length of one side of the corner reflector
      base) being less than the layer 10 thickness dimension d in FIG. 3, and is
      also true in FIGS. 4 and 8a- d. The operation of my invention will now be
      described with specific reference to FIG. 3. Assume that a high energy
      radiation event such as an x-ray photon or gamma ray photon passes through
      reflective backing member 12 and is absorbed in the high energy
      radiation-responsive layer 10. The absorbed incident photon is converted
      in layer 10 to light photons, a single high radiation event generally
      being converted to a plurality of light photons which may travel in all
      directions from the absorbed point O. The useful light photons are those
      that pass through the second major surface 10b of layer 10 which is
      opposite the first (input) major surface 10a. This second major surface of
      layer 10 may be designated as the output surface since the light photons
      passing therethrough are detected in the read-out means 11 for developing
      a suitable output signal representing the detected high energy radiation
      event absorbed in layer 10. A major portion of the light photons developed
      in layer 10 which are not initially directed toward the output surface 10b
      are directed back toward the input surface 10a as illustrated by the
      arrowheads issuing from the point of origin O of the light photons in
      layer 10. In conventional high energy radiation detectors, these rearward
      traveling light photons are redirected in a forward direction by means of
      a planar reflective backing member, or dispersed by a suitable dispersing
      backing member, or absorbed by a suitable absorption backing member. In
      the case of the conventional planar reflective member, considerable
      degradation of image resolution occurs because the apparent size of the
      light photon source spreads out due to the reflection. It is evident from
      FIG. 3 that a light photon directed rearward at a large angle (relative to
      a center-line axis parallel to the major surface of layer 10) is reflected
      from the surfaces of the nearest corner reflectors and redirected
      (reflected) through layer 10 along a path either identical with, or
      parallel to, its rearward traveling path. In the extreme case wherein the
      light photon is directed rearward at a small angle such that it impinges
      on the reflective surface of a more remote corner reflector, the angle of
      the path of such rearward traveling light photon is substantially normal
      to the reflective surface and therefore it is reflected substantially
      along the same path back through layer 10. Reflective backing member 12 is
      thus seen to provide a high quality reflective surface which provides
      comparable light reflection, and hence comparable light output, as the
      conventional planar reflected surfaces, but with substantially less
      degradation of spatial resolution than occurs with such conventional
      reflective (or dispersive) surfaces. This feature is brought about by the
      fact that the right angle, or substantially right angle, surfaces of the
      corner reflectors cause the parallel (or coincident) reflected path of the
      light photons through layer 10.
PAR  Referring now to FIG. 4, it is evident that the same parallel (or
      coincident) orientation of the reflected light photons is obtained when
      reflective backing member 12 is spaced from high energy radiation
      responsive layer 10. The only difference between the operation of the
      embodiments illustrated in FIGS. 3 and 4 is that in FIG. 4 there is a
      longer path of travel of the light photon in the medium between the input
      surface 10a of layer 10 and the reflective surface 12a of the corner
      reflector. In the FIG. 3 embodiment, the effect of any difference in
      refraction indices between the material forming layer 10 and the vacuum,
      air or other material in the void formed by the reflective surfaces 12a of
      the corner reflectors has been neglected due to the short paths of travel
      within such latter region. However, in the FIG. 4 embodiment the length of
      travel in such void or other material is substantial and cannot
      realistically be neglected. However, as depicted in FIG. 4, any refraction
      of the light photon when passing through the layer 10 surface-void
      interface is compensated for by a complementary refraction in the return
      pass through the interface and thus the same parallel relationship occurs
      as in the FIG. 3 embodiment. Also, it should be evident that in both the
      FIGS. 3 and 4 embodiments, the alignment of the plane of the corner
      reflectors relative to the input surface 10a of layer 10 is not critical,
      that is, the plane of the corner reflectors is, in most instances,
      parallel to the input surface of layer 10 but a misalignment (i.e.,
      nonparallelism) between such planes, or surface irregularity on input
      surface 10a of layer 10 have minimal effects on the path of the reflected
      light photons.
PAR  Referring now to FIG. 5, there is shown a nuclear medicine instrument
      conventionally described as a gamma camera for detecting gamma ray
      emission from a patient 50 after he has beeen administered a small dose of
      a radiopharmaceutical. In the gamma camera, an array of phototubes 51 is
      utilized as the light photon detector for converting the light photons
      emitted from the high energy radiation responsive layer (scintillator) 10
      to electrical signals for further processing to determine the incident
      gamma ray position and energy. The gamma camera includes as components
      arranged in optical alignment a suitable collimator 52 which may typically
      be a parallel hole collimator fabricated of lead, reflective backing
      member 12, scintillator 10, a glass support plate 53 and finally the
      phototubes 51. Scintillator 10 is conventionally a single circular shaped
      crystal, as noted hereinabove, and is of planar configuration so that
      reflective backing member 12 is also a planar member (except for the
      corner reflector surfaces 12a thereon.)
PAR  Collimator 52 may be suitably fastened to the outside of the open input end
      of a light-tight housing 54, such as being bolted thereto. Housing 54 is
      generally a hollow cylindrical member fabricated of a suitable metal such
      as steel. Alternatively, housing 54 may be a glass envelope which is not
      evacuated in the gamma camera application. In such case, the glass
      envelope merely serves as a vapor barrier and can have a flat input end,
      and be of thinner dimension than the glass envelope for the x-ray image
      intensifier application, to be described hereinafter, which must maintain
      a vacuum therein. For this reason, (the thinness of the glass envelope)
      reflective backing member 12 can readily be located outside the glass
      envelope in such version of the gamma camera and be equivalent to the
      FIGS. 2 and 4 embodiments.
PAR  Scintillator 10 is disposed near the input end of housing 54, and is
      supported along its output surface by being sealed to a glass plate 53
      that has its peripheral surface sealed to a flange 55 fastened at the open
      input end of housing 54. A suitable optical grease is often used for
      coupling the scintillator 10 to glass plate 35. Scintillator 10 is also
      sealed along its peripheral surface to flange 55. An aluminum (or other
      low atomic number material) window is conventionally employed in gamma
      cameras, interposed between collimator 52 and scintillator 10 for purposes
      of preventing extraneous light from entering housing 54. However,
      reflective backing member 12 is generally opaque so that it prevents the
      entrance of extraneous light to housing 54, and the aluminum window is
      therefore not required herein, but may be utilized as a mechanical support
      member 56 (of low gamma ray absorption) for the reflective backing member
      12 by being sealed to the non-reflective surface thereof and therefore be
      interposed between collimator 52 and member 12. Reflective backing member
      12, scintillator 10 and glass plate 53 are sealed within flange 55 by
      means of a suitable adhesive such as an epoxy resin. Reflective backing
      member 12 has the protruding edges of its reflective surface 12a
      preferably in contact with the input surface 10a of scintillator crystal
      10 for providing mechanical support to the assembly. Member 12 may also be
      supported along its input surface 12b by the output end of collimator 52,
      or is fastened thereto for additional mechanical support of the assembly.
      The specific details of the various supports for components 51, 52 and 53
      will not be described herein since they are conventional and do not
      directly relate to my invention.
PAR  Housing 54 typically has a diameter in the order of 18 inches for a typical
      13 inch diameter scintillator 10 of approximately 0.5 inch thickness.
      Housing 54 is preferably backed with lead to provide shielding against
      extraneous gamma rays. The electrical connections to phototubes 51 are not
      shown herein for purposes of simplicity since my invention is directed to
      the input end of housing 54. The electrical signal outputs of the
      phototubes are supplied to the read-out means 11 which includes electronic
      circuitry for resolving the phototube output signals into signals
      representing the coordinate of position and energy of each of the pulses
      of light sensed by the phototubes. Readout means 11 further includes a
      suitable device for recording the coordinates of the detected
      scintillation.
PAR  A typical resolution for a gamma camera is approximately one line pair per
      centimeter. In the case of a gamma camera, it is essential to collect a
      large fraction of the light photons since the gamma ray energy is
      determined from a mathematical computation involving the total detected
      light intensity. Thus, the number of light photons detected must be high
      to alleviate statistical scatter in the energy determination. The
      advantage of my reflective backing member in providing a high quality
      reflective surface is therefore of great significance in gamma camera
      applications of my detector. The use of my reflective backing member also
      permits the use of a thicker scintillator, to approximately 0.75 inch,
      while maintaining the spatial and energy resolution of a 0.5 inch thick
      scintillator, thereby increasing the gamma ray absorption and thus
      increasing the gamma camera efficiency.
PAR  Referring now to FIG. 6a, there is shown an x-ray image intensifier tube of
      conventional design except for the use of my reflective backing member 12.
      The x-ray image intensifier tube is comprised of an evacuated glass
      envelope 60 generally circular in cross section and having a concave
      curved input end (face plate) 60a which conventionally has a uniform
      phosphor layer deposited on the inner surface thereof or on a thin
      aluminum dish within the glass envelope spaced slightly from the face
      plate. In accordance with my invention, however, reflective backing member
      12 is interposed between face plate 60a and phosphor layer 10. Reflective
      backing member 12 is curved to conform to face plate 60a and may be
      directly supported on the face plate 60a, or may be spaced therefrom and
      supported from the side of housing 60 along its peripheral surface, as
      well as being supported along the input surface 10a of the phosphor layer.
      Alternatively, reflecting backing member 12 may have its input
      (nonreflective surface) supported on a thin metal (such as aluminum) or
      glass dish within the glass envelope spaced slightly from the face plate.
      Uniform phosphor layer 10 is of thickness in the range of 3 to 10 mils in
      conventional x-ray image intensifiers, but can have an increased thickness
      up to approximately 15 mils when using my reflective backing member
      without an increase in degradation of spatial resolution. The phosphor
      layer, formed of materials described hereinabove, has deposited on its
      output surface 10b a thin film 61 of photoemitter material of thickness of
      approximately 100 Angstroms. Photoemitter film 61 may be directly
      deposited on the phosphor layer, or alternatively and more generally, it
      is deposited on an intermediate thin film 62 which isolates the alkali
      metal of the photoemitter material from the phosphor. The photoemitter
      material is selected to match the particular phosphor employed and may be
      of the common types known as S-20 (a compound of antimony, cesium, sodium
      and potassium) or S-11 (a compound of cesium, antimony and oxygen).
      Isolating layer 62 may be silicone resin as a typical example.
PAR  Face plate 60a, as well as phosphor layer 10, films 61, 62 and reflective
      backing member 12 are curved concave to improve the electron-optical
      focussing of the photoelectrons emitted by photoemitter film 61 in
      response to the light photons transmitted from phosphor layer 10 to
      photoemitter film 61. For each x-ray photon absorbed in phosphor layer 10,
      there are generated in the order of 1,000 light photons. FIG. 6b
      illustrates this input end of the x-ray image intensifier tube in greater
      detail. The photoelectrons emitted by photoemitter film 61 are focussed by
      an electrode 63 maintained at a potential of several hundred volts d.c.
      positive with respect to ground and are accelerated to approximately 25
      kilovolts by means of electrode 64 positioned within envelope 60 in close
      proximity to output phosphor screen 65, and beyond the crossover point of
      the electron paths at the output end of the image intensifier tube. The
      electrodes 63, 64 (and 66) are suitably shaped to provide electron-optical
      focussing of the accelerated photoelectrons onto the second uniform
      phosphor screen, layer 65, deposited on the inner surface of the glass
      envelope 60 at the output end 60b thereof. The image appearing on output
      phosphor screen 65 is a brighter version of the image on the input
      phosphor screen (phosphor layer 10) and can be viewed directly by the
      physician or be subjected to further processing. An additional electrode
      66 may be provided within envelope 60 and positioned between electrodes 63
      and 64, and operated at a potential intermediate the potentials of
      electrodes 62 and 64, and functions to provide variable magnification
      imaging to thereby permit the imaging on output phosphor layer 65 of only
      a selected portion of the image appearing on input phosphor layer 10.
PAR  The use of my reflective backing member 12 avoids the conventional
      compromise between the use of a thick and thin phosphor layer 10 since it
      reduces degradation of spatial resolution as compared to the conventional
      reflective backing surfaces. Thus, the ability to utilize thicker phosphor
      layers 10 permits higher x-ray absorption, and resultant higher
      sensitivity and with less loss in spatial resoltuion and local contrast
      than occurs in conventional image intensifiers, or alternatively, permits
      the use of conventional thickness phosphor layers 10 with increased
      spatial resolution as compared to conventional image intensifiers. A 7 mil
      thick phosphor layer in a conventional x-ray image intensifier yields a
      resolution of 3 to 4 line pairs per millimeter. A resolution of
      approximately 5 to 6 line pairs per millimeter is obtainable with my
      invention when using a 7 mil thick phosphor layer. The thickness of the
      phosphor layer in conventional image intensifiers of 3 to 10 mils yields a
      relatively low x-ray absorption in the order of 15 to 40 percent of the
      incident rays. By being able to increase this phosphor layer thickness to
      5 to 15 mils due to my invention, without concomittant decrease in spatial
      resolution, the x-ray absorption can be increased to approximately 25 to
      55 percent.
PAR  A second embodiment of an x-ray image intensifier utilizing my reflective
      backing member is depicted in FIG. 7a which differs from the FIG. 6a
      embodiment in that member 12 is suitably supported along the outer surface
      of face plate 60a instead of being supported along the inner surface (or
      supported within glass envelope 60 and spaced from the face plate).
      Phosphor layer 10 is formed along the inner surface of face plate 60a, and
      thus this embodiment of my member 12-phosphor 10 interface corresponds to
      the spacedapart embodiment of FIGS. 2 and 4. In all other respects the
      FIGS. 7a and 6a embodiments are the same.
PAR  The image intensifier tube described with reference to FIGS. 6a and 7a can
      also be utilized in nuclear medicine as a gamma ray image intensifier with
      the following changes. Phosphor layer 10 is formed of a single curved
      scintillator crystal having a uniform thickness in the order of one-half
      inch (or more), and is formed of the materials described hereinabove for
      the gamma camera. Scintillator 10 is preferably deposited along the outer
      (convex) surface of face plate 60a of evacuated glass envelope 60 as shown
      in FIG. 7b. In such case, reflective backing member 12 is suitably sealed
      to scintillator 10, such as by having a filler material in the voids
      defined by the corner reflector surfaces 12a, be sealed to the input
      surface 10a of the scintillator. Member 12 may also be sealed along its
      peripheral surface to a flange (not shown) at the tube input end to
      provide a means for isolating the scintillator 10 from the ambient. Any
      sealed spacing between scintillator or phosphor layer 10 and reflective
      backing member 12 in any of these embodiments may be back-filled with an
      atmosphere of dry nitrogen, if desired. Photoemitter film 61 is of uniform
      thickness, again of approximately 100 Angstrom, and is formed of a
      material selected to match the particular scintillator crystal employed
      and having high quantum efficiency at the wavelength of scintillation of
      scintillator 10, typical photoemitter film material being a mixture of
      potassium, cesium and antimony. Isolating film 62 is not required in this
      embodiment since the glass face plate 60a chemically isolates scintillator
      10 from photoemitter film 61. Approximately 500 photoelectrons are emitted
      from photoemitter film 61 for each 140 keV energy gamma ray absorbed in
      scintillator 10. A suitable gamma radiation collimator, such as described
      with reference to FIG. 5, (typically a one-inch thick lead sheet with a
      large number of small equal size, equally spaced holes therethrough) is
      generally utilized and interposed between reflective backing member 12 and
      the particular organ or other region of the body of a patient 50 being
      imaged. the collimator is generally a planar type member as illustrated in
      FIG. 5 and need not conform to the concave shape of face plate 60a in the
      gamma ray image intensifier. Alternatively, the recently developed coded
      imaging aperture system may be utilized instead of a gamma ray collimator.
PAR  In the x-ray image intensifier tube, the phosphor layer is much thinner
      than in the case of a gamma ray image intensifier and for that reason the
      smaller thickness layer is often evaporated on the inner surface of the
      face plate for the x-ray application. The substantially thicker
      scintillator in the gamma ray application is not conductive to evaporation
      techniques and therefore is generally formed along the outer surface of
      the face plate 60a. Alteratively, scintillator 10 may be placed on the
      inner (concave) surface of face plate 60a, however, this is not the
      preferred arrangement since additional isolating means (film 62) may then
      be required between the scintillator and photoemitter film 61 as in the
      case of the x-ray image intensifier, and this is difficult to accomplish
      at a one-half inch thickness of the scintillator.
PAR  Referring now to FIG. 8a, there is shown an enlarged fragmentary view of a
      first embodiment of reflective backing member 12 and high energy radiation
      responsive layer 10 wherein the projecting ends of the corner reflector
      surfaces 12a are in contact with the input surface 10a of layer 10. In
      this first embodiment, the void between the corner reflector surfaces 12a
      and the input surface 10a of layer 10 remains as such and thus constitutes
      a vacuum or ambient air, depending upon the application of the detector.
      In FIG. 8b, the void is filled with a suitable light-transparent material
      80 such as transparent plastic or optical coupling grease for purposes of
      adding structural rigidity to the assembly of reflective backing member 12
      and high energy radiation responsive layer 10. Further, material 80 can be
      selected, as in the case of optical grease, to provide a more closely
      matched index of refraction to the material constituting layer 10 so that
      the rearward traveling light photons suffer less refraction in their paths
      of travel. FIG. 8c illustrates a third embodiment of the reflective
      backing member 12 and layer 10 with a spacing therebetween, as in FIG. 2,
      and having such spacing occupied by the same material 80 as indicated with
      respect to the FIG. 8b embodiment. Due to the spaced apart nature of
      elements 10 and 12 in FIG. 8c, the function of material 80 in adding
      mechanical support to this assembly is even more important in this
      embodiment. FIG. 8d is a fourth embodiment of the reflective backing
      member 12 in which the backing member is substantially different from the
      three embodiments illustrated in FIGS. 8a- c. In particular, instead of
      utilizing a body of material in the nonreflective portion of member 12,
      the fourth embodiment is fabricated of the light-reflective material in
      thin form. Thus, reflective backing member 12 in the FIG. 8d embodiment
      may be a sheet of metal (such as aluminum) or plastic (that is
      subsequently coated wiht a light-reflective material on surface 12a) that
      has been stamped to provide the desired geometric shape of the corner
      reflectors in the sheet. The sheet preferably has sufficient thickness in
      the order of 15 mils so that it remains rigid and can be supported along
      its peripheral surface to remain in contact with the input surface 10a of
      layer 10. As in the case of the FIG. 8b  embodiment, suitable filler
      material can be provided in the voids between the corner reflector array
      shaped sheet 12 and input surface 10a of layer 10 for adding mechanical
      support to the assembly thereof, and may provide better matching of the
      refraction indices, as noted above.
PAR  The microstructure of the array of corner reflectors can be fabricated in
      any of a number of conventional methods. One method is to cast the
      structure in a pliable material, such as plastic moulding compound and
      then to deposit a reflective film such as aluminum upon the cast
      structure. Other methods for forming the structure are by using a pressing
      method or by molding. As noted hereinabove, the periodicity of the
      microstructure is less than the thickness of layer 10. In the nuclear
      medicine application, i.e., the gamma camera, or gamma ray image
      intensifier, the periodicity (L dimension in FIG. 3) is approximately 100
      mils. In the fluoroscopy application (i.e., x-ray image intensifier) the
      periodicity is approximately 1 mil.
PAR  From the foregoing description, it can be appreciated that may invention
      makes available an improved high energy radiation detector which is
      especially suitable for use in imaging devices such as a gamma camera or
      x-ray or gamma ray image intensifier tube for obtaining increased light
      output from the phosphor layer without the attendant increased degradation
      of spatial resolution that occurs in conventional imaging devices. As a
      result of my invention, I overcome the conventional compromise between a
      desired thick dimension for a phosphor layer for obtaining high
      absorption, and the thin dimension required for good spatial resolution.
PAR  Having described a number of specific embodiments of my improved high
      energy radiation detector, it is believed obvious that modification and
      variation of my invention is possible in light of the above teachings.
      Thus, the body of the reflective backing member may be fabricated from any
      of a number of materials which are substantially transparent (low atomic
      number material) to the high energy radiation, or of a more absorbing
      material but having much thinner dimensions so that the absorption of the
      high energy radiation is low. Also, the phosphor layer or scintillator can
      be deposited on surface 12a of reflective backing member 12 so as to fill
      the voids therein in cases wherein this nonuniformity of layer 10 can be
      tolerated. It is, therefore, to be understood that changes may be made in
      the particular embodiments of my invention as described which are within
      the full intended scope of the invention as defined by the following
      claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. An improved high energy radiation detector comprising
PA1  a layer of material responsive to high energy radiation events originating
      external of the detector for converting the high energy radiation events
      absorbed in the layer of material to light photons, and
PA1  read-out means in communication with said layer of high energy radiation
      responsive material for producing signals in response to the light photons
      emitted by said layer,
PA1  the improvement consisting of
PA2  a member positioned adjacent said layer of high energy radiation responsive
      material along a first major surface thereof nearest the source of high
      energy radiation events, said member having a light-reflective first major
      surface positioned along the first major surface of said layer of high
      energy radiation responsive material and being defined by a plurality of
      closely spaced corner reflectors wherein each corner reflector consists of
      three sides forming substantially identical isosceles triangles having a
      common vertex and an open base forming an equilateral triangle, the length
      of one side of the base being less than the thickness of the layer of high
      energy radiation responsive material, the corner reflectors reflecting
      rearward traveling light photons in said layer wherein each reflected path
      is substantially parallel to the incident path of the rearward traveling
      light photon so that said reflective member provides a high quality
      reflective surface.
NUM  2.
PAR  2. The improved detector set forth in claim 1 wherein the angle of each of
      the three isosceles triangles at the common vertex is in the range of
      85.degree. to 95.degree. .
NUM  3.
PAR  3. The improved detector set forth in claim 1 wherein
PA1  the angle of each of the three isosceles triangles at the common vertex is
      substantially 90.degree..
NUM  4.
PAR  4. The improved detector set forth in claim 1 wherein the first major
      surface of said layer of high energy radiation responsive material is in
      contact with protruding edges of the corner reflector surface of said
      reflective member.
NUM  5.
PAR  5. The improved detector set forth in claim 1 wherein the layer of high
      energy radiation responsive material is of uniform thickness.
NUM  6.
PAR  6. The improved detector set forth in claim 1 wherein
PA1  the three sides forming each corner reflector are each a planar surface.
NUM  7.
PAR  7. The improved detector set forth in claim 1 and further comprising
PA1  light-transparent means occupying the void defined by the three sides of
      each corner reflector and the first major surface of said layer of high
      energy radiation responsive material to provide mechanical support to the
      assembly of said layer of high energy radiation responsive material and
      reflective member.
NUM  8.
PAR  8. The improved detector set forth in claim 1 wherein
PA1  the first major surface of said layer of high energy radiation responsive
      material is slightly spaced from the corner reflective surface of said
      reflective member.
NUM  9.
PAR  9. The improved detector set forth in claim 8 and further comprising
PA1  light-transparent means occupying the void defined by the three sides of
      each corner reflector and the first major surface of said spaced apart
      layer of high energy radiation responsive material, said light-transparent
      means formed of a material having an index of refraction similar to the
      index of refraction of the material forming the layer of high energy
      radiation responsive material.
NUM  10.
PAR  10. The improved detector set forth in claim 1 wherein
PA1  said reflective member is formed of a body of material substantially
      transparent to the high energy radiation events and the first major
      surface thereof is a thin film of highly light-reflective material
      deposited on the corner reflector surfaces of the body of high energy
      radiation transparent material.
NUM  11.
PAR  11. The improved detector set forth in claim 10 wherein
PA1  the body of high energy radiation transparent material is formed of a low
      atomic number metal.
NUM  12.
PAR  12. The improved detector set forth in claim 10 wherein
PA1  the thin film of highly light-reflective material is a thin film of metal.
NUM  13.
PAR  13. The improved detector set forth in claim 1 wherein
PA1  said reflective member is a sheet of light-reflective material formed in
      the geometric shape of the corner reflectors.
NUM  14.
PAR  14. The improved detector set forth in claim 13 wherein said reflective
      member is formed from a sheet of metal.
NUM  15.
PAR  15. The improved detector set forth in claim 1 wherein
PA1  said layer of high energy radiation responsive material is a first phosphor
      layer for absorbing x-rays, said reflective member resulting in less
      degradation of spatial resolution of an image produced in the read-out
      means than occurs with conventional reflective backing members due to the
      parallel reflected light-photon paths, said reflective member overcoming
      the conventional compromise between a thick phosphor layer for high x-ray
      absorption and thin phosphor layer for good spatial resolution.
NUM  16.
PAR  16. The improved detector set forth in claim 15 wherein
PA1  said read-out means is a second phosphor layer formed along an output end
      of an evacuated glass envelope,
PA1  said first phosphor layer formed along an input end of the evacuated glass
      envelope, a thin film of photoemitter material deposited along a second
      major surface of said first layer of phosphor material on the side
      opposite the first major surface thereof, at least said first phosphor
      layer and the thin film of photoemitter material being disposed within the
      evacuated glass envelope so that the improved detector forms and x-ray
      image intensifier.
NUM  17.
PAR  17. The x-ray image intensifier set forth in claim 16 wherein
PA1  the plurality of closely spaced corner reflectors are formed in a hexagonal
      array.
NUM  18.
PAR  18. The x-ray image intensifier set forth in claim 16 wherein
PA1  the periodicity of the corner reflectors is approximately 1 mil.
NUM  19.
PAR  19. The x-ray image intensifier set forth in claim 16 wherein
PA1  said reflective member is disposed within the evacuated glass envelope and
      is interposed between the input end thereof and said first phosphor layer.
NUM  20.
PAR  20. The x-ray image intensifier set forth in claim 16 wherein
PA1  said reflective member is disposed external of the evacuated glass envelope
      and the light-reflective surface thereof is supported from the input end
      of the evacuated glass envelope.
NUM  21.
PAR  21. The improved detector set forth in claim 1 wherein
PA1  said layer of high energy radiation responsive material is a single
      scintillator crystal for absorbing gamma rays, said reflective member
      resulting in less degradation of spatial resolution of an image produced
      in the read-out means than occurs with conventional reflective backing
      members due to the parallel reflective light photon-paths, said reflective
      member overcoming the conventional compromise between a thick scintillator
      crystal for high gamma ray absorption and thin scintillator crystal for
      good spatial resolution.
NUM  22.
PAR  22. The improved detector set forth in claim 21 wherein
PA1  said read-out means is an array of phototubes spaced slightly from a second
      major surface of said scintillator crystal on the side opposite the first
      major surface thereof,
PA1  said scintillator crystal positioned along an input end of a housing
      containing said array of phototubes,
PA1  and further comprising
PA1  a collimator for gamma radiation disposed along a second major surface of
      said reflective member on the side opposite the first major surface
      thereof so that the improved detector forms a gamma ray detector commonly
      known as the gamma camera.
NUM  23.
PAR  23. The gamma camera set forth in claim 22 wherein the plurality of closely
      spaced corner reflectors are formed in a hexagonal array.
NUM  24.
PAR  24. The gamma camera set forth in claim 22 wherein the periodicity of the
      corner reflectors is approximately 100 mils.
NUM  25.
PAR  25. The improved detector set forth in claim 21 wherein
PA1  said read-out means is a phosphor layer formed along an output end of an
      evacuated glass envelope,
PA1  said scintillator crystal disposed along an input end of the evacuated
      glass envelope, a thin film of photoemitter material deposited along a
      second major surface of said scintillator crystal on the side opposite the
      first major surface thereof and being disposed within the evacuated glass
      envelope,
PA1  and further comprising,
PA1  a collimator for gamma radiation disposed along a second major surface of
      said reflective member on the side opposite the first major surface
      thereof so that the improved detector forms a gamma ray image intensifier.
NUM  26.
PAR  26. The gamma ray image intensifier set forth in claim 25 wherein
PA1  the periodicity of the corner reflectors is approximately 100 mils.
NUM  27.
PAR  27. The gamma ray image intensifier set forth in claim 25 wherein
PA1  said reflective member is disposed external of the evacuated glass envelope
      with the light-reflective surface thereof facing the input end of the
      evacuated glass envelope, and
PA1  said scintillator crystal is also disposed external of the evacuated glass
      envelope and is interposed between said reflective member and the input
      end of the evacuated glass envelope.
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ABST
PAL  An auxiliary collimator is added to the main collimator of a radiotherapy
      apparatus and comprises a master-container filled with mercury and a
      localising container containing a block of non absorbent material having a
      predetermined shape; means being provided for automatically positioning
      these containers with respect to the main collimator and for allowing the
      mercury to enter the localising container when once it has taken its
      working position.
BSUM
PAR  The present invention relates to an auxiliary collimating device for
      obtaining irradiation fields of any shape for high-energy radiotherapy
      apparatus.
PAR  For the high-energy irradiation (accelerators, Co.sup.60) of fields of
      large size and irregular shape --in particular in the case of Hodgkin's
      disease-- the delimitation of the volume to be irradiated usually requires
      the use of large size, heavy equipment which is not easy to handle and
      only allows an unprecise localization of the region to be irradiated with
      respect to the beam.
PAR  The device according to the invention satisfies the following requirements
      in addition to the delimitation of an irradiation field of any shape and
      to a convergence of the lateral walls of the auxiliary collimator toward
      the source of radiation :
PAR  POSSIBLE UTILISATION OF THE TREATING APPARATUS PROVIDED WITH SUCH A DEVICE
      FOR THE TWO VERTICAL SHOOTING POSITIONS OF THE TREATING APPARATUS;
PAR  NO ASSEMBLAGE ELEMENTS ALONG THE PATH OF USEFUL RADIATION;
PAR  MINIMUM OVERALL SIZE AND WEIGHT;
PAR  REMOTE CONTROLLED POSITIONING WITH NO DANGER TO THE PATIENT PLACED ON THE
      TREATING TABLE;
PAR  MAXIMUM DISTANCE BETWEEN THE OUTLET OF THE AUXILIARY COLLIMATOR AND THE
      SKIN OF THE PATIENT SO AS TO REDUCE AS FAR AS POSSIBLE THE SECONDARY
      RADIATION WHICH IS PRODUCED BY THE PRESENCE OF THE DEVICE AND REACHES THE
      PATIENT.
PAR  In accordance with the invention, there is provided an auxiliary
      collimating device for obtaining irradiation fields of any shape for
      radiotherapy apparatus provided with a source of high-energy particules
      and a main collimator, said auxiliary collimating device comprising a
      first container termed a master-container and a second container, termed a
      localising container, said two containers being integral with a chassis
      movable along guide rails; said containers being interconnected by a
      flexible pipe; the master-container being, in a position of rest, filled
      with mercury; said localising container containing a block of expanded
      polystyrene of predetermined shape; said block having lateral walls
      converging toward said source of particles, said block having cross
      sections the dimensions of which are homothetic to dimensions of the field
      to be irradiated midway of the depth of the volume to be treated.
PAR  Also according to the invention, the two containers are associated with
      first shifting means for imparting to said containers a vertical movement
      at two preselected speeds, said movement allowing a suitably positioning
      of said containers for an irradiation shooting successively downwardly and
      upwardly, a high-speed travel being arranged for placing said containers
      in the vicinity of their working position and low-speed travel enabling
      said localising container to be positioned positioned with precision
      against said main collimator, said master-container being associated with
      second shifting means for placing the master-container filled with mercury
      in a predetermined upper position with respect to the localising
      container, so as to allow the mercury contained in the master-container to
      enter the localising container and fill the volume left free by said
      polystyrene block disposed in said localising container.
DRWD
PAR  A better understanding of the invention will be had and further features
      will be apparent, from the ensuing description with reference to the
      accompanying drawing.
DETD
PAR  As can be seen in the figure, the auxiliary collimator comprises a first
      container termed a master container 1 and a second container termed a
      localising container 2. These containers are mounted on a chassis 3 which
      is movable along guide rails 4.
PAR  The two containers 1, 2 have a rectangular sided shape in the illustrated
      embodiment and are interconnected by a flexible pipe 5, directly or
      through an auxiliary container 6 the function of which will be explained
      hereinafter.
PAR  In the position of rest, the master container 1 is filled with mercury 12
      on which water, possibly containing detergent, floats. The water serves to
      isolate the mercury 12 from the air of the treating premises so as to
      avoid the contamination of the premises by the mercury 12 owing to its
      high vapour tension.
PAR  At rest, the auxiliary container 6 is filled with water containing
      detergent and this water is sent to the localising container 2 in the
      working position and performs therein the same isolating function as that
      described hereinbefore in respect of the master container 1.
PAR  For a given field to irradiate, that is a patient the container 2 is
      provided with a block 7 of expanded polystyrene of predetermined shape
      which material is particularly radio-transparent. This block 7 has lateral
      walls the inclination of which is such that these walls all converge
      toward the source S of irradiation, the crosssections of the block 7
      having dimensions which are homothetic dimensions of the field to be
      irradiated at midway of the depth of the volume to be treated. This block
      7 is adhered to a rectangular methyl polymethacrylate (T.M. plexiglass)
      plate 8 having a thickness of about 2 mm, its length and width being
      substantially identical to the length and width of the localising
      container 2 so as to permit a precise positioning of the block 7 in the
      container 2. The overall thickness of the block 7 of polystyrene and the
      plate 8 is slightly less than the height of the container so that the
      pressure exerted by the mercury 12 can maintain the upper face of the
      plate 8 of plexiglass against the upper wall of the container 2.
PAR  The containers 1, 2 are disposed on a movable assembly 9 provided with two
      arms 10 (only one arm 10 is shown in figure) for supporting the container
      2, and are associated with first shifting means for imparting to them a
      vertical movement enabling the container 2 to be placed in the position
      for irradiation by shooting downwardly (position shown in full line) or in
      the position for irradiation shooting upwardly (position shown in dotted
      line.) The higher speed can only be engaged if the auxiliary localiser 2
      is remote from the treating apparatus A. The high-speed travel is adjusted
      to place the container 2 in the vicinity of its working position, whereas
      the low-speed travel serves to place the localising container 2 against a
      main collimator 14 integral with the treating apparatus A and this can
      only be achieved, owing to the provision of safety devices, if the
      localising container 2 is correctly positioned for the considered
      irradiations. Other safety systems stop the travel at low speed if the
      container 2 is not facing a support base 11 integral with the treating
      apparatus A.
PAR  A further system ascertains the contact between the auxiliary container 2
      and the main collimator 14 of the treating apparatus A and automatically
      stops the drives ensuing the movement of the treating apparatus A, and in
      particular the rotation of the radiotherapy head and of the main
      collimator 14 integral therewith, when the contact is established.
PAR  When the localising container 2 bears against the main collimator 14 of the
      treating apparatus A, it is united with the latter by a locking which
      starts up the drive of second shifting means which impart to the master
      container 1 the upper position with respect to the localising container 2
      for filling with mercury 12 the volume left free by the polystyrene block
      7 disposed in the localising container 2. When the mercury 12 reaches a
      required height in the container 2 (7 cm in the illustrated embodiment) it
      closes the contacts which stop the rising movement of the master container
      1.
PAR  The localising container 2 according to the invention is brought in contact
      with the base of the main collimator 14 of the treating apparatus A in
      such manner as to present a cross section of minimum dimensions. The
      utilisation of mercury 12 in the localising container 2 enables the
      thickness of the latter to be reduced with respect to conventional
      localisers constructed with bricks or balls of lead.
PAR  The positioning of the localising container 2 is particularly precise and
      fully remote-controlled.
PAR  The device according to the invention also permits an irradiation of the
      regions to be treated from the front and from the rear while allowing the
      patient to maintain the same position of decubitus dorsal, the natural
      condition for increasing the comfort of the patient and the precision of
      the application of the treating plane. This feature offers in particular
      the essential advantage of avoiding any over-dose or under-dose in the
      region of the interval organs, which phenomenon is related to the
      necessarily different positions of these organs when the patient is
      obliged to occupy for the treatment two different positions.
PAR  The device according to the invention is particularly applicable to a
      linear accelerator, but it is also of utility in other machines.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An auxiliary collimating device for obtaining irradiation fields of any
      shape for irradiation apparatus provided with a source of highenergy
      particles and a main collimator, said auxiliary collimating device
      comprising a first container, termed a master container, and a second
      container, termed a localising container, said containers being integral
      with a chassis movable along guide rails; said containers being
      interconnected by a flexible pipe; said master container being, in a
      position of rest, filled with mercury ; said localising container
      containing a block of expanded polystyrene of predetermined shape; said
      block having lateral walls converging toward said source of particles; the
      block having cross-section the dimensions of which are homothetic to the
      dimensions of the field to be irradiated midway of the depth of the volume
      to be treated.
NUM  2.
PAR  2. An auxiliary collimating device as claimed in claim 1, wherein said
      master-container and said localising container are associated with first
      shifting means for imparting to said containers a vertical movement at two
      pre-selected speeds, said movements allowing a suitably positioning of
      said containers for an irradiation shooting successively downwardly and
      upwardly, the high-speed travel enabling said localising container to be
      placed rapidly substantially in the region of its working position and the
      low-speed travel enabling said localising container to be positioned with
      precision against said main collimator; said master container being
      associated with second shifting means for placing said master container
      filled with mercury in a predetermined upper position with respect to the
      localising container so as to allow the mercury contained in the master
      container to enter the localising container and fill the volume left free
      by said polystyrene block disposed in said localising container.
NUM  3.
PAR  3. An auxiliary collimating device according to claim 1, wherein said
      mercury contained in said master container is covered with water and there
      is disposed between said master container and said localising container an
      auxiliary container containing water which is adapted to be supplied to
      the localising container so as to cover the mercury contained in the
      localising container.
NUM  4.
PAR  4. An auxiliary collimating device according to claim 1, wherein said
      expanded polystyrene block is adhered to a methyl polymethacrylate plate
      whereby said block may be positioned with precision in said localising
      container, the thickness of the assembly formed by said plate and said
      block being less than the height of said container.
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ABST
PAL  Instead of supplying all electrical current for residences or similar
      buildings from a single central station by way of distribution power
      lines, each building is also provided with its own engine-driven
      electrical generator the output terminals of which are connected to the
      power lines. The heat from the engine in each building is used in
      satisfying the thermal load for that building, for example to heat the
      building and the domestic hot water, and/or to supply heat for heat-input
      forms of air conditioners or refrigerators. Thermostatic control is used
      to turn the engine on and off as needed to perform its heating function.
      The electrical current generated while the engine is running is used to
      supply part or all of the electrical load in the building, and any excess
      is supplied to the distribution power lines. A two-way watt-hour meter
      registers the net electrical power flow in or out of the building to
      enable securing of credit for the current delivered to the power lines
      from each building. The local generators are enabled by their connection
      to centrally-activated power lines, so that upon a shutdown of the central
      station or a break in the lines to central, any local generator connected
      to the then-deactivated power lines will automatically be prevented from
      delivering current to the power lines, as a protection to persons who may
      be working with the supposedly "dead" lines. This system produces
      significant improvements in the efficiency of use of fuel in producing
      electrical and thermal energy, and reduces thermal pollution of the
      environment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to systems and methods for the generation and
      delivery of electrical and thermal energy, and to automatic control
      apparatus suitable for use therein; in particular, it relates to new and
      improved systems for generating electrical and thermal energy and for
      delivering it to distributed loads such as the electrical loads and
      thermal loads in homes.
PAR  Two of the most serious problems facing this nation and the world are the
      prospects of increasing fuel shortages and environmental pollution. These
      problems are presently somewhat interdependent, since many proposals to
      mitigate one problem would aggravate the other, and vice versa. While
      there is presently hope that systems at least partially solving these
      problems will be "on stream" by about the year 2,000 or so, the prospects
      for the intervening three decades or so have been considered quite bleak.
      What are urgently needed are safe solutions to these problems for the next
      few decades, preferably using presently available types of technology and
      approaches which will be acceptable to the general public. While it is of
      course always desirable to keep the costs of new systems as low as
      possible, the seriousness of the problems and the probable costs of any
      approach to a solution are such that very large national expenditures for
      capital investment in new systems can be tolerated and will probably be
      necessary in any case.
PAR  One approach to these problems lies in reducing the waste of energy sources
      such as fossil fuels. A large proportion of the energy obtained by burning
      such fuels is presently being wasted, and in many cases the disposal of
      the waste heat increases thermal pollution of the environment. A primary
      example of this occurs in connection with the present system of generating
      electricity centrally for use at distributed installations such as homes,
      by burning fossil fuels to release energy for operating a central
      electrical power generating station and distributing the
      centrally-generated electrical power to the distributed electrical loads
      by way of long distribution power lines. In typical systems of this type
      as much as about 70% of the heat energy from the fuel consumed at the
      central station is given off as waste heat, only the remaining
      approximately 30% being converted to electrical energy. There is little
      possibility of substantial improvements in the efficiency of this type of
      power generation at present, particularly in that the usual such system
      employing a heat engine to drive an electrical generator is limited by the
      fact that the engine will always release a substantial minimum amount of
      heat defined by its Carnot cycle.
PAR  While efforts are sometimes made to make use of some of the waste heat from
      such systems, as by using it to heat nearby homes with steam, such efforts
      are not presently useful at substantial distances from the central
      station; in most cases this is not attempted at all, and disposal of the
      waste heat becomes a problem in itself, requiring special equipment.
      Typically the waste heat is conveyed to the atmosphere immediately
      surrounding the power station by means of relatively costly air-cooling
      equipment and with attendant undesirable excessive local increase in air
      temperatures, or is conveyed to water-cooling equipment which is also
      relatively costly and results in dumping thermal pollution into rivers or
      other bodies of water. The supplying of necessary heat to distributed
      thermal loads in user installations such as homes, is ordinarily
      accomplished by the burning of fossil fuels in each user installation or
      home.
PAR  Aside from, and in addition to, such waste of energy at the central
      station, there is a very substantial loss in the generated electrical
      energy as it passes through the power distribution system by which it is
      conveyed to remote distributed user installations. Accurate, reliable and
      consistent data on the extent of this power loss are difficult to locate,
      in part perhaps because the providers of such data are often those
      associated with the power generating and/or distribution business, and are
      not interested in accumulating and presenting all information on all
      sources of overall distribution loss in actual systems, operating over
      long periods of time and under a variety of actual conditions. Thus, while
      figures of over 90% are often mentioned for efficiency of electrical
      distribution, there is good reason to believe that perhaps 70 to 80% may
      be a more realistic overall figure. Combining this with an approximately
      30% generating efficiency gives an overall system efficiency of about 20
      to 25%. When it is realized that the present annual fuel shortage in the
      nation, equivalent to about 1 billion barrels of oil per year, represents
      only about 40% of the fossil fuel energy used in generating electrical
      power, it is apparent that a 40% improvement in the overall efficiency of
      electrical power generation, from about 20-25% to about 60-65%, would be
      sufficient in itself to remedy such an annual fuel shortage.
PAR  Accordingly, it is an object of the invention to provide a new and useful
      system and method for generating electrical and thermal energy and for
      delivering it to distributed loads such as thermal and electrical loads in
      homes or other buildings.
PAR  Another object is to provide such a system and method which results in net
      reductions in energy waste as compared with present systems and methods.
PAR  A further object is to provide such a system and method which makes
      possible substantial reductions in the waste of fossil-fuel heat normally
      occurring at the central station of a centrally-powered electrical power
      system, and in the waste of electrical energy normally occurring in
      delivery of the centrally-generated electrical power to remote distributed
      loads.
PAR  It is also an object to provide such a system and method in which the
      amount of thermal pollution of the environment is reduced.
PAR  Another object is to provide such a system and method which provides a high
      degree of safety to the general public and to persons working on the
      system.
PAR  It is another object to provide apparatus, useful in said system, for
      assuring that a electrical generator normally connected to distribution
      power lines at a user installation remote from the central power station
      is enabled to supply electrical power to said distribution power lines
      only when it is connected to centrally-activated power lines.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of the invention are achieved by the provision of a
      system and method according to which a central electrical power generating
      station is connected through distribution power lines to distributed
      electrical loads at remote user installations such as residences, and a
      plurality of said user installations are provided with respective
      distributed thermal and electrical power generating means, e.g. a
      heat-engine driven electrical generator; the thermal output of each
      distributed power generating means is supplied to heat loads at the user
      installation such as for area heating, hot water heating, heat-operated
      air conditioners etc., while the electrical output thereof is supplied to
      any associated electrical load such as lights or motors at the local user
      installation and any excess of electrical power beyond that locally
      required is delivered to the distribution power lines at that user
      installation for use at other user installations or elsewhere.
PAR  Preferably, each distributed power generating means is selected so that
      when operating it generates heat at a rate sufficient to be useful in
      satisfying the corresponding local heat load, and its operation is
      preferably automatically controlled to this end, as by a thermostat
      circuit. At any time when the local power generating means is not fully
      supplying the electrical load demand at the local user installation, the
      necessary power will be supplied over the power lines from the central
      station and/or from other distributed power generators which at that time
      may be supplying more electrical power than is then needed by their
      associated local electrical loads.
PAR  Preferably also, each distributed power generating means is enabled to
      deliver substantial electrical power to the distribution power lines only
      when it is connected to power lines then being supplied with voltage from
      the central station, i.e. only when connected to centrally-activated power
      lines. If then the central station shuts down or an open circuit occurs
      between the central station and any local distributed power generating
      means, the latter power generating means will be disabled from delivering
      electrical power to the power lines. In one preferred form, the local
      electrical generator is an induction generator requiring flow of a
      reactive current component between the central station and the local
      generator in order for it to supply energy current to the power lines; in
      other embodiments the central station sends over the power lines, or
      through a separate communications link, a control signal for enabling the
      local generator.
PAR  Means are also preferably provided for registering the net electrical
      energy flow between each user installation and the power lines, as by
      means of a two-way watt-hour meter which runs in the direction to increase
      meter reading when there is a flow into the installation and in the
      opposite direction when the flow is outward.
PAR  In the above-described system, the engine and generator used at each local
      user installation can be at least as efficient as existing heating systems
      in converting the fuel to heat and putting the heat to useful work. The
      electrical current generated during operation of the engine and generator
      is produced without substantial additional waste of heat; in addition,
      there is substantially no waste of electrical power in delivering the
      locally-generated current to the associated electrical load or to nearby
      electrical loads at nearby user installations. Accordingly, the overall
      energy efficiency in generating and delivering the locally-generated
      current to nearby loads is very high, for example over 90%, compared with
      perhaps 20-25% for current generated at and supplied from the central
      station. By selecting the engine and generator so that they operate a
      substantial fraction of the time during most of the year, and so that the
      generator puts out a relatively large current when operating, a large
      fraction of the total current consumed by such user installations can be
      caused to be supplied at the above-mentioned very high efficiency, with
      resultant large reduction in fuel waste and thermal pollution at the
      central station. Use of heat-input types of apparatus, especially air
      conditioners, instead of current-input types of apparatus at the user
      installations will permit the generation of the higher-efficiency current
      a greater proportion of the time, especially in the summer, thereby
      increasing the average efficiency for the entire system. However,
      preferably the central station is always called on to provide some of the
      current in the system.
PAR  The system of the invention uses apparatus and techniques which can readily
      be implemented now within the present state of the art, which are safe for
      persons working on the power lines, and which are not excessively
      expensive in view of the seriousness of the problem and the costs of
      alternative approaches.
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PAC  BRIEF DESCRIPTION OF FIGURES
PAR  These and other objects and features of the invention will be more readily
      understood from a consideration of the following detailed description,
      taken in connection with the accompanying drawings, in which:
PAR  FIG. 1 is block diagram illustrating a system embodying the invention in
      one of its forms;
PAR  FIG. 2 is a schematic diagram, partly in block form, of one possible
      embodiment of user installation A of FIG. 1, in accordance with the
      invention;
PAR  FIG. 3 is a schematic diagram, partly in block form, illustrating an
      alternative embodiment of a portion of the apparatus of FIG. 2;
PAR  FIG. 4 is a schematic diagram, partly in block form, illustrating certain
      modifications to the system of FIGS. 1 and 2, the right-hand break line in
      FIG. 4 being located at the two input lines to main winding 92 in FIG. 2;
      and,
PAR  FIG. 5 is a schematic diagram, partly in block form, illustrating
      alternative modifications of the system for enabling the local electrical
      generators to supply power to the power lines only when they are connected
      to centrally-activated power lines.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  Referring now specifically to the embodiments of the invention shown in the
      Figures by way of example only, and without thereby in any way limiting
      the scope of the invention, FIG. 1 illustrates a central electrical power
      station 10 connected by distribution power lines 12 to three user
      installations designated as user installation A, user installation B and
      user installation C, as well as to other user installations which are not
      specifically shown. The central electrical power station 10 may, for
      example, be the usual attended utility-company electrical power generating
      station normally supplying electrical power to the distribution power
      lines for delivery to, and use by, users at the installations A, B and C.
      In this example, it will be assumed that the energy for operating the
      central power station is derived from the burning of a fossil fuel,
      although other energy sources may be used. It will be understood that
      other central means for generating electrical power may be connected also
      to the distribution power lines 12 by appropriate known means, such as
      power grids for example. It will also be understood that the power station
      10 may contain all of the usual monitoring and control apparatus typical
      of such an attended power station, and that the power lines 12 may include
      all of the usual power-line equipment, including transformers, circuit
      breakers, manually-operable switches, etc., although none of these have
      been shown in the interest of clarity. The central power station is for
      the present purposes taken to include associated sub-stations, including
      those used to provide compensating reactive currents to the distribution
      power lines. By way of example, it may be assumed that the central wire in
      the power lines to each of the three installations shown, and to any other
      user installations, is a neutral line, and the two outer wires carry two
      opposite polarities of approximately 115-volt, 60-cps electrical power,
      although the system can be modified in a conventional manner to supply
      three-phase power.
PAR  User installation A may be a house, office building, store, warehouse, or
      other similar type of installation, but in the following it will generally
      be assumed that installation A represents a usual private house.
PAR  Accordingly, in user installation A there are shown three terminals 14, 16
      and 18 at the house to which the external power lines are connected, the
      center line being locally grounded. Terminals 14 and 18 are connected
      through a watt-hour meter 20, and through fuses and switches 22, to the
      local electrical load 24. The electrical load 24 may, for example,
      comprise the lighting system, the heater elements of various heating or
      cooking appliances, and the various electrical motors commonly found in a
      house, as in laundry equipment, refrigerators, air conditioners, fans,
      etc. The portion of the system thus far described in detail represents a
      usual arrangement for supplying electrical power to equipment in a private
      home.
PAR  The typical user installation A will also include a thermal load 28, which
      may for example comprise the space within the house which requires heating
      in cold weather, the usual hotwater heater for providing domestic hot
      water, and any other type of equipment which requires the supplying of
      heat thereto. It may for example also include known types of
      air-conditioning apparatus which require a heat input to operate them.
      Normally in the past the thermal load has been satisfied by providing
      fossil-fuel burning heater systems, such as coal furnaces or oil or gas
      burners, and in other cases heating for the home has been by electrical
      current also derived from the main power lines.
PAR  As mentioned previously herein, inherent in such a normal arrangement are a
      high degree of waste of energy and unnecessary excessive environmental
      pollution. Where the central power station is fueled by fossil fuels,
      typically only about 30% of the fuel energy is converted into electricity
      at the power station, and due to losses on the distribution power line not
      all of this energy reaches the user installation. While consistent data on
      the magnitude of power distribution losses are difficult to find, from
      data available it is estimated that about 75  to about 80% of the energy
      available from the original energy source is wasted in the generation and
      distribution of electrical power in such a system.
PAR  In accordance with the invention, each user installation such as A is
      provided with a line-controlled thermal and electrical power-generating
      apparatus 30, which is fueled typically by fossil fuel input thereto and
      which, when fully operating, supplies electrical power from its terminals
      32 and 34 for at least part of the load 24 and supplies any excess
      electrical power which it generates to the power distribution lines by way
      of the fuses and switches 22 and the watt-hour meter 20. Importantly, when
      operating, apparatus 30 primarily generates heat, which is supplied to the
      thermal load 28 as indicated by the dotted line 36. In this embodiment, a
      heat demand device such as a thermostat 40 senses the temperature of the
      thermal load 28, and is connected to apparatus 30 to cause it to operate
      when more heat is required and not to operate at other times.
PAR  The result of this arrangement is that the apparatus 30 operates as is
      required to maintain the proper desired temperature of the thermal load
      28, such as the house temperature, hot water temperature, etc., and when
      operating also provides electrical current not only for the electrical
      load 24 within the local installation but, if all of the current being
      produced by the apparatus 30 is not required by the local electrical load,
      it delivers electrical current also to the distribution power lines 14, 16
      and 18 for use where required at other installations.
PAR  With this arrangement then, a substantial part of the electrical current
      required for the electrical loads distributed among the various user
      installations is supplied by corresponding distributed power-generating
      apparatuses such as 30. As to the electrical current which is thus
      supplied by each local generating apparatus to its associated or nearby
      local electrical load, the very substantial loss which would occur if it
      had to be delivered over the long distribution power lines from a central
      station is practically eliminated. In addition, and importantly, a large
      part of the heat generated by the distributed power-generating apparatuses
      such as 30 is put to use by delivering it to associated thermal loads such
      as 28. In fact, in the embodiment shown the heat demand device 40 operates
      the power generating apparatus 30 at those intervals, and for those
      lengths of time, necessary to satisfy the thermal load 28, and it is as a
      by-product of this heating operation that the above-described electrical
      output is produced by apparatus 30. When power generating apparatus 30 is
      not operating or is disconnected from the power lines, power for the local
      electrical load 24 is supplied from the distribution power lines in the
      usual way.
PAR  Accordingly, a net increase in overall efficiency and a corresponding
      reduction in total fuel required by the system is obtained by utilizing
      the distributed thermal and electrical power generating apparatuses such
      as 30 to supply corresponding local thermal loads such as 28 and, while
      operating, also to supply local electrical loads such as 24 while
      delivering any excess electrical power to the distribution power lines.
      This is in contrast to the usual situation in which the local electrical
      load is supplied only by the central power station, and the corresponding
      heat generated at the central power station is usually wasted and disposed
      of as environmental pollution rather than operating useful thermal loads;
      in addition, larger energy losses occur in the distribution power lines in
      the system using central station supply only.
PAR  User installation B is shown as identical with user installation A, and may
      represent, for example, another house connected to the same distribution
      power lines; it is understood that this arrangement may be repeated for
      many or all homes in a given area served by a given central power station
      or stations.
PAR  User installation C is the same as installations A and B, with the
      exception that the electrical load has been omitted, so as to represent a
      possible situation in which local heating is required but no electrical
      load is present, as for example in maintaining a sufficient temperature to
      prevent freezing of water pipe lines in a location where electrical
      current is not required. In this case substantially all of the electrical
      current generated as a by-product of satisfying the thermal load is
      introduced into the distribution power lines, with the advantage that the
      heat generated during electrical generation is put to a useful purpose
      rather than wasted and disposed of as environmental pollution.
PAR  It is noted that each of the power generating apparatuses such as 30 is
      designated as "line controlled". The nature of this control is such that
      the thermal and electrical power generating apparatuses at each of the
      user installations are enabled to supply electrical power to the
      distribution power lines 12 only when each such apparatus is connected to
      centrally-activated distribution power lines, i.e. power lines provided
      with required electrical current from a central station. If the
      distribution power lines are open-circuited at any point, whereby a
      workman working on the power lines beyond such open connection can expect
      to be dealing with "dead" lines, then none of the power generating
      apparatuses such as 30 will be operative to supply electrical power to the
      distribution power lines beyond the open circuit, and the worker will thus
      be protected from dangerous shock. In the absence of such an arrangement,
      any one of the distributed power generating apparatuses beyond the open
      circuit in the distribution lines could continue to operate and supply
      electrical power to the supposedly dead line, thus rendering it unsafe for
      a worker to handle such line.
PAR  The description of subsequent figures will disclose in more detail various
      arrangements which can be used to connect local electrical power
      generating apparatus to distribution power lines in a manner such that the
      local generating apparatus can deliver electrical power to the
      distribution power lines.
PAR  In the interest of clarity, the neutral line and the grounding of
      individual electrical devices within the user installations have not been
      shown in all cases in FIG. 1 or the subsequent figures, it being assumed
      that conventional safety practices with respect to grounding of all
      electrical devices is observed. Also, while a single-phase 230-volt system
      balanced to ground has been shown, a neutral and 230/115-volt connection
      may be used; as mentioned previously, polyphase (e.g. three-phase) power
      sources may be used and, especially when supplying an inductive local
      generator, can provide higher power factor and electrical efficiency
      although this will involve providing three "hot" wires to and within the
      local installation.
PAR  Also in the interest of clarity, the electrical power distribution system
      has been represented simply as comprising the power lines. In addition to
      devices such as transformers and switches, the distribution system may
      include apparatus for reducing the net reactive current in the power
      lines, such as capacitive devices for compensating the inductive currents
      to produce a net power factor nearer to unity. The effects of such
      apparatus in certain embodiments of the invention will be discussed
      hereinafter.
PAR  FIG. 2 illustrates schematically further details of one possible embodiment
      of a typical user installation, such as user installation A in FIG. 1.
      Corresponding parts of FIG. 2 corresponding to parts of FIG. 1 are
      indicated by corresponding numerals. Thus, again, the distribution power
      lines are shown connected to terminals 14, 16 and 18, the line from
      connection 16 is grounded at the user installation, and connections 14 and
      18 are connected by way of the two-way watt-hour meter 20 and appropriate
      line fuses and line switches 22 to the local electrical load 24 and to the
      local power generating apparatus. Separate switches and fuses may be used
      for different portions of the electrical load, as is conventional. The
      watt-hour meter 20, in this example, is "two way" so that it will register
      the net flow of electrical energy in or out of the user installation. That
      is, by utilizing a watt-hour meter of conventional form which runs in one
      direction when electrical power flows into the user installation, and runs
      in the opposite direction when electrical power flows out of the user
      installation, the indication on the meter at any time will show the net
      electrical energy taken from the distribution lines by the user
      installation. In this way, not only will the use of locally-generated
      electrical power at the user installation to supply the local electrical
      load reduce or eliminate increments in watt-hour meter reading, but in the
      case where the locally-generated electrical power exceeds the requirements
      of the local load, and current is transferred to the power lines, the
      conventional meter will actually be run in reverse so that the local
      installation will automatically receive credit for the electrical power it
      delivers to the power lines. Thus not only is the previously-described
      overall reduction in energy waste and environmental pollution obtained,
      but in addition the individual user may receive credit for the amount of
      electrical power which his local apparatus supplies to the common power
      lines. The overall fuel and cost-saving benefits of the invention may
      however be achieved even in the absence of the watt-hour meter, and other
      meter arrangements can be used instead, for example two directional meters
      registering respectively electrical energy in and out separately.
PAR  In the example of FIG. 2, the thermal load 28 is made up of a hot-water
      radiator system 28A and an additional thermal load 28B which may
      constitute, for example, a domestic hotwater heater or any other device
      requiring thermal energy for its operation. The heat demand device 40 is
      shown as specifically constituting a thermostat of the usual type placed
      in a room of the house to be heated by the hot-water radiator system,
      which thermostat may be assumed to close only when the temperature of the
      space to be heated has fallen below the desired temperature, and to open
      when the desired temperature is reached. Thermostat 40 is shown connected
      in series with relay coil 60, which operates its two-associated switch
      blades 62 and 64 to their closed positions only when current passes
      through the coil 60. A low-voltage supply 66 is also shown in series with
      the relay coil 60 to provide the latter current when the thermostat 40
      closes, it being understood that the latter source is normally not a
      battery but typically is a source deriving its energy from the local
      higher-voltage house current in conventional known manner.
PAR  The remainder of the apparatus of FIG. 2 constitutes the line-controlled
      thermal and electrical power generating apparatus such as 30 of FIG. 1. It
      includes a heat engine 70 supplied with appropriate fuel, typically a
      fossil fuel such as gas, coal or oil. Operation of the engine involves
      burning of the fuel to produce rotation of the engine output shaft 72,
      with some unavoidable loss of heat through the exhaust stack 74. In the
      present example, the engine 70 is chosen not so much for its operating
      speed, power, or efficiency, but rather so that when operating it will
      generate heat at a great enough rate to produce satisfactory operation of
      the heat loads connected thereto through appropriate heat exchange means.
      More particularly, in this example engine 72 is shown to be a water-cooled
      heat engine, such as a diesel engine for example, the outlet pipe 76 of
      the water cooling system of which supplies hot water to the hot-water
      radiator system 28A, the return water from which returns to the engine
      through return pipe 78. If desired, the water outlet pipe 76 can be
      positioned so as to absorb even more heat from the engine, for example by
      coiling it around a portion of stack 74.
PAR  In this example, the engine 70 as well as the induction motor/generator 80
      with which the engine cooperates are contained within a
      thermally-insulating housng 82, about the interior of which housing there
      extends a thermally-conductive inner liner 84 through which a flow of heat
      exchange fluid may be established by way of a fluid inlet 88 and a fluid
      outlet 90. The fluid in liner 84 therefore tends to absorb heat generated
      by any of the apparatus within the casing 82 and to deliver it to the
      additional thermal load 28B. It will be understood that the arrangement
      shown for producing heating of water by the cooling system of the heat
      engine, and for obtaining additional heating of a heat exchange fluid by
      means of the liner 84, have been chosen for simplicity and clarity of
      explanation, and in a sophisticated commercial system the heat exchange
      system would preferably be designed for maximum efficiency of heat
      exchange for all of the elements generating heat, principally the heat
      engine 70 and induction motor/generator 80. An overspeed governor 81 is
      also preferably provided to prevent run-away of the engine upon loss of
      load on the engine.
PAR  The induction motor/generator 80 may be of any of a variety of known
      commercial types, and in this example it is shown for simplicity as a
      single-phase capacitor-start type having a main winding 92, an associated
      rotor 94 mechanically coupled to engine shaft 72, a starter winding 96, a
      starter capacitor 98, and a centrifugally-operating normally-closed switch
      100. The demand for heating of the radiator system, indicated by operation
      by thermostat 40, causes the switch blades 60 and 64 to close, thus
      connecting the main winding 92 across the power lines 14 and 18.
PAR  Also employed in this embodiment is a conventional fuel lock 106 which
      closes down the fuel supply or throttle of the engine 70 except when the
      fuel lock is supplied with electrical current over lines 108 and 110. As
      will become more apparent, fuel lock 106 will therefore prevent operation
      of the engine 70 whenever there is no voltage across the main winding 92
      of the induction motor/generator.
PAR  In operation, closing of the contacts of the thermostat 40, indicating a
      demand for heat from the radiator system 28A, causes contacts 62 and 64 to
      close, thus supplying alternating line power across main winding 92 as
      well as across the combination of starting capacitor 98 and starter
      winding 96. At the same time, the fuel lock 106 is released by the current
      supplied to it, permitting the supply of operating fuel to the heat engine
      70. Induction motor/generator 80 will then begin to operate as a motor,
      turning the rotor 94 and initially driving the engine shaft 72 to start
      the engine. Once the engine is started, it speeds up until it drives the
      rotor 94 of induction motor/generator 80 above synchronous speed, causing
      the latter device to operate as an induction generator; in the meantime,
      the rotation of the rotor 94 has caused the centrifugally-operated switch
      100 to open, thus disconnecting the starting circuit 96, 98.
PAR  Under the operating conditions thus established, the engine 70 generates
      heat which heats the water used therein to cool the engine; this water is
      circulated outward through outlet pipe 76, through the hot-water radiator
      system 28A, and back through return pipe 78 to the engine. In this way,
      the demand for heat signaled by the thermostat 40 is satisfied. Additional
      heat is also delivered to the additional thermal load 28B. At the same
      time, the induction motor/generator 80 is generating electrical power
      which is delivered to the electrical load 24, to supply it entirely or in
      part; where the electrical load is less than that which the induction
      motor/generator can supply, excess electric power is delivered through the
      two-way watt-hour meter 20 to the distribution power lines 14 and 18.
PAR  When the heat demand has been satisfied, thermostat 40 opens, the switch
      blades 60 and 62 open, the main winding 92 of the induction
      motor/generator 80 is thereby disconnected from the centrally-activated
      power lines and, because the main winding 92 is no longer connected to the
      centrally-activated power lines, the induction motor/generator inherently
      no longer produces output electrical power. The fuel lock 106 is thereby
      no longer energized, and it causes the engine 70 to be shut down so that
      heat is no longer generated for the radiator system until such time as the
      thermostat again closes. While the induction motor/generator is shut down,
      current for the electrical load 24 is supplied from the external
      centrally-activated distribution power lines.
PAR  It is particularly noted that the induction motor/generator 80 will not
      deliver power to the distribution power lines even if its rotor is being
      turned above synchronous speed, unless the power lines to which it is
      connected are centrally-activated; if these lines are open anywhere
      between the local user installation and the central station, or if the
      central station is shut down, the induction generator will not deliver
      power to the lines to which it is connected; furthermore, it will not
      deliver such power even though the distribution lines to which it is
      connected are also connected to other induction motor/generators in other
      local user installations. This is an inherent property of this type of
      induction motor/generator, which enables it, in effect, to serve as a
      sensor of the presence or absence of centrally-activated power lines
      connected across its main winding. As a result of this feature,
      distribution power lines isolated from the central station by an
      open-circuit will not be supplied with power from any of the induction
      generators in any of the local installations, and hence these isolated
      power lines will remain dead as desired, making them safe for handling by
      the linemen or others working on such lines. Once shut down, the
      distributed generators will remain shut down until the connection to
      centrally-activated power lines is resumed.
PAR  It is noted that the arrangement of FIG. 2 makes use of the fact that when
      the local power generating apparatus is disconnected from
      centrally-activated power lines by a break or by shutting down of the
      central station, the remaining electrical load then presented to the local
      generator is resistive or inductive or a combination of both, and does not
      present a net capacitive reactance. Thus lighting and heating loads are
      normally nearly entirely resistive, and most motor loads are inductive. In
      some cases, however, capacitive means are connected to the power lines by
      the operators of the central power system to compensate and eliminate at
      least in part the usual inductive components of currents, thus reducing
      the amount of wasteful net reactive current in the power lines. Normally
      the amount of such compensating capacity connected to the power lines is
      less than or substantially equal to the amount required to compensate the
      inductive current components, and hence will not change the basic
      operations described in connection with FIG. 2. Also, any such capacitive
      means is normally located near a strong concentration of highly inductive
      loads such as an industrial plant for example, and it is therefore
      unlikely that a line break will occur in such a location as to greatly
      increase the component of capacitive reactance affecting the local power
      generating apparatus. Nevertheless, for greatest safety the design and
      operation of the entire system should take this problem into account by
      strategic selection and location of any such compensating capacitive
      means, or by using special automatic disconnecting means such as are shown
      in FIGS. 4 and 5 to disconnect the capacitive means when it might create a
      problem by permitting one or more local generators to continue to operate
      even when they are not connected to centrally-activated power lines.
PAR  FIG. 3 illustrates an alternative arrangement of the induction
      motor/generator and associated circuitry for assuring that potentially
      dangerous amounts of electrical power are not delivered to the
      distribution power lines except when the generator is connected to
      centrally-activated power lines. In this example, the generator
      arrangement is the same as that shown in FIG. 2 with the exception that a
      capacitor 200 is positioned to be connected in parallel with the main coil
      92 when, and only when, the switch 202 is closed. Switch 202 is
      spring-biased normally open, and when it is open the circuit acts like
      that of FIG. 2 in that whenever the main winding 92 is not connected to
      centrally-activated power lines it will not deliver power to the terminals
      14 and 18. When switch 202 is closed, it converts the generator to a
      so-called capacitor-excited induction generator.
PAR  With capacitor 200 disconnected, the winding 92 draws a substantial lagging
      quadrature eomponent of current from the line when acting as a motor, and
      when acting as a generator it delivers current with a large capacitive
      quadrature component.
PAR  While such an arrangement, as shown in FIG. 2, provides strong positive
      assurance that power will not be delivered by the generator except when
      connected to centrally-activated power lines, the large leading capacitive
      component of current which it delivers is somewhat awkward for the system
      to handle, although it can be accomplished by known power system
      techniques. The connection of the capacitor 200 in parallel with the
      generator winding 92 reduces this delivered capacitive component to a
      small but detectable value. However, as a result, unless something else is
      done, it is not then as positively assured that the generator can deliver
      power to the distribution lines only when the distribution lines are
      centrally activated.
PAR  Accordingly, in the embodiment of FIG. 3 a directional power relay 210 is
      so connected in the circuit as to sense the flow of reactive current
      through it in either direction. The absence of such reactive current flow
      in the proper direction is an indication that the generator main winding
      is not connected to centrally-activated power lines, and the directional
      power relay under such circumstances permits switch 202 to open, returning
      the circuit to the form shown in FIG. 2 and preventing delivery of harmful
      electrical power to the terminals 14 and 18 by the generator under such
      circumstances. Thus connection of centrally-activated power lines to the
      terminals 14 and 18 not only enables the induction generator, but also
      converts it to a high power factor (e.g. 0.9) generator delivering a
      current which is only somewhat capacitive, with practical advantages
      attendant thereto.
PAR  More particularly, by using the starting winding in effect as a 90 degree
      phase changer, the directional power relay 210 may be of an available
      commercial type in which current passing from its terminal 212 to terminal
      214 is compared with the voltage between its terminals 216 and 218 to
      produce an output action for closing switch 202 only when said current has
      a component lagging said voltage and of at least a predetermined minimum
      magnitude. In this example, terminals 212 and 214 are connected in series
      between terminal 18 and the upper end of main winding 92 to sense the
      current through the main winding plus capacitor 200 when the capacitor is
      connected in circuit; terminals 216 and 218 are connected across starter
      winding 96 to derive a voltage in quadrature with line voltage. Since
      winding 96 is in effect a phase changer connected across terminals 14 and
      18, the voltage across it is also that applied across the winding 92 but
      at phase quadrature.
PAR  In operation then, when the line switch on the local user installation is
      first closed to connect the local system to the main power lines, switch
      202 is open and centrifugal switch 100 is closed. The main winding 92 plus
      starter winding 96 will immediately draw current during start-up. During
      acceleration of the motor to beyond synchronous speed, centrifugal switch
      100 will open and the starter winding 96 will be disconnected. Switch 202
      will then be held closed by power relay 210 in response to the inductive
      current through the parallel combination of main winding 92 and capacitor
      200 while the generator is operating. Directional power relay 212 and its
      connections therefore serve as an additional and more sensitive means for
      sensing that the generator main winding is in fact connected to
      centrally-activated power lines, and for affirmatively preventing the
      generator from delivering power to the distribution power lines when it is
      not connected to centrally-activated power lines.
PAR  FIG. 4 illustrates an alternative arrangement for assuring that the
      induction generator will not deliver power to the distribution power lines
      unless such lines are connected thereto and centrally activated. In this
      arrangement, the induction motor/generator construction and circuitry are
      the same as in FIG. 3, but the control of the operation of switch 202
      differs as follows. At the central power station 10 there is generated a
      signal representing the exact phase of the centrally-generated alternating
      line voltage. This phase-representing signal is transmitted through a
      communication line 402 to a receiver and phase comparator 404, the latter
      device in turn being connected in parallel with the main winding 92 of the
      motor/generator 80. Receiver and phase comparator 404 is thereby supplied
      with the alternating current from the power station 10 so long as the main
      winding 92 is in fact connected to centrally-activated power lines; at the
      same time it is supplied with the central-phase representing signal from
      the communication line 402. Receiver and phase comparator 404 then
      compares the phase of the signal delivered to it from communication link
      402 with the phase of the voltage across main winding 92, and holds switch
      202 closed only when these two signals remain in proper phase relation to
      each other.
PAR  As one example, the communication link 402 may comprise a telephone line
      carrying a 60-cycle signal derived directly from the output of the central
      power station 10, and receiver and phase comparator 404 may constitute a
      conventional phase-comparing circuit for producing a signal through the
      relay coil therein only when the telephone-wire delivered signal is in
      fixed phase relation to the signal across exciter 92. The communication
      link may instead modulate the 60-cycle signal from the power station upon
      a carrier for transmission to receiver and phase comparator 404 over a
      telephone line, the latter device then serving to detect the
      carrier-modulated signal prior to phase comparison. As a further
      alternative, communication link 402 may be a space communications system
      by which radio signals modulated in accordance with the alternating output
      of power station 10 are radiated to the receiver and phase comparator 404,
      which receives and detects the radiated signals prior to phase comparison
      with the signal across exciter 92. Again, more sophisticated
      communications techniques may be used to improve reliability in the
      presence of electrical noise.
PAR  FIG. 5 illustrates an alternative modification of the system of FIGS. 1 and
      2 to provide positive assurance that the induction generator will not
      deliver power to the distribution lines unless they are centrally
      activated and connected across the generator main winding. In this example
      a carrier signal generator 300, preferably located at or adjacent the
      central power station 10, applies a carrier signal of predetermined higher
      frequency f.sub.1 to either of the "hot" lines from the central power
      station. This higher-frequency signal is carried by the power lines
      throughout the system; typical of frequencies which can be employed are
      those in the range from about 100 to 130KHz. At any point in the system
      where there is a reactance which might tend to eliminate the carrier
      signal, for example a series inductor such as 302, appropriate additional
      circuitry, such as the capacitor 304 in shunt with the inductor, is
      preferably provided to assure that the carrier signal will in fact pass
      throughout the system and into each user installation, so long as the
      central power station is operating and there is no line break, and without
      preventing the power-frequency currents from also being supplied
      throughout the system. FIG. 5 shows use of an induction motor/generator 80
      the same as that in FIG. 3, except that a small series choke coil 310 has
      been added to limit surge current on closing of capacitor 200, and in that
      an additional normally-open switch 203 has been added in series with the
      main winding 92 as shown. Also, in place of the power relay 210 there is
      employed a carrier reference and comparator 320 connected to the line
      supplying main winding 92, by way of series capacitor 322. Carrier
      reference and comparator 320 may contain a resonant circuit sharply tuned
      to the carrier reference frequency f.sub.1 and a relay circuit arranged so
      that only when the carrier signal is supplied to it by way of capacitor
      322 will it close the switches 202 and 203. When switches 202 and 203 are
      not so closed, the generator 80 is affirmatively disabled regardless of
      any other circumstances; therefore the value of capacitor 200 is no longer
      criticial for disabling the generator, and can therefore be chosen to
      satisfy other design objectives. While the carrier reference, for
      simplicity, is preferably a tuned circuit the resonant frequency of which
      is effectively compared with the frequency of the signal supplied to it
      through capacitor 322, one may also utilize a frequency-stable generator
      for producing a reference signal having frequency f.sub.1 equal to that of
      the carrier signal, which locally-generated carrier signal is compared in
      unit 320 with the signal supplied through capacitor 322 to operate the
      switch 202 only when the received signal and the locally-generated signal
      are of the same frequency f.sub.1.
PAR  In order to assure that the carrier signal reaches the user installations
      only when the central power station is operating, the arrangement for
      supplying the carrier signal to the power lines should be such that it is
      not so supplied when the output terminals of the central station are
      disconnected from the power lines. This is readily provided for by either
      (a) applying the carrier signal on the side of the central station output
      switch to which the central generator is connected, so that opening the
      output switch will disconnect the carrier signal from the power lines, or
      (b) by powering the carrier signal generator from the side of the output
      switch to which the power lines are connected, so that opening of the
      central station output switch cuts off operating power from the carrier
      signal generator, rendering it inoperative.
PAR  It will be understood that other types of identifiable signals may be sent
      over the power lines from the central station to the distributed local
      power generating apparatuses at the user installations to indicate the
      connection to a centrally-activated line. For example, one may use carrier
      signals modulated by lower-frequency sine waves or by periodic pulses;
      pulse-coded modulation or any of many other communications techniques may
      also be used to reduce the effects of chance interference.
PAR  The arrangements of both FIG. 3 and FIG. 4 serve automatically to connect
      the capacitor 200 in parallel with the exciter winding 92 only so long as
      the main winding is connected to centrally-activated power distribution
      lines, at such times permitting the induction generator to operate as a
      capacitor-excited alternator with resultant practical advantages; if at
      any time the main winding 92 is no longer connected to centrally-activated
      power lines, the frequency and/or phase of the signal across winding 92
      will no longer be identical with the corresponding frequency and/or phase
      of the current generated by the power station 10, the switch 202 will
      open, the motor/generator circuitry will return in effect to that shown in
      FIG. 2, and the generator will no longer be able to deliver power to the
      distribution power lines.
PAR  It is also noted that at least the arrangements of FIGS. 4 and 5 are
      readily adapted to use with local power generators other than the
      induction motor/generator-type, since for example the output of the
      carrier reference and comparator 320 or of the receiver and phase
      comparator 404 may be used automatically to shut down or isolate from the
      lines any type of local distributed power-generating apparatus whenever it
      is not connected to centrally-activated lines. This can be done, for
      example, either by shutting down the engine driving the generator, or by
      disconnecting the generator from the power lines, or by discontinuing
      alternator excitation currents. Methods which disconnect the generator
      output from the power lines, rather than shutting down the engine, are
      particularly adapted for arrangements in which the output of the local
      generator is then shifted over to supply the local electrical load without
      connection to the distribution power lines, thereby permitting the thermal
      and electrical generation of power at the user installation to continue at
      such times.
PAR  By way of example only, a local, distributed thermal and electrical power
      generator for use in supplying sufficient heat for area heating, hot
      water, and thermally-powered air conditioning in an average size house may
      use about a 12 horsepower oil-fired diesel engine driving a 7 kilowatt
      generator and producing about 90,000 BTU per hour when operating. It is
      contemplated that the distributed engine and generator will be of the
      unattended class, requiring no personal monitoring or control other than
      routine adjustment and maintenance such as is noramlly provided for other
      domestic heating and cooling apparatus. In the case of multiple
      residences, stores and commercial establishments of similar size and
      requirements, it is contemplated that the distributed generators used will
      in each case be less than 100 kilowatt units. The local electrical
      generator may in some applications produce quarter phase, three phase or
      other phase types of output, at any desired voltage such as 115 volts, 230
      volts or other voltage. The engine may be of any type generating heat at a
      rate sufficient for the particular application, and may drive the load
      generator directly or through any coupling arrangement including gears,
      belts, torque converters or other. A starting winding need not be used in
      the generator, since other known starting means may be employed. Also, in
      a possible power distribution system differing from those now typical,
      capacitive reactive current may be in excess in the distribution lines
      instead of inductive reactive current, in which case a capacitive reactive
      current could be used as the enabling current for the local induction
      generators. It is also understood that any and all usual safety devices
      can be used at the user installations, such as stack switches, flame
      sensors, directional power relays and so forth. In addition to the line
      safety provided by the above-described fail-safe enabling circuits, it is
      also possible to utilize apparatus which will sense one or more of the
      speed, load, voltage, frequency and/or current of the local generator and
      disable the generator when the values of these parameters indicate
      abnormalities suggesting that the local generator is no longer connected
      to centrally-activated power lines.
PAR  While the invention has been described with particular reference to
      specific embodiments thereof in the interest of complete definiteness, it
      will be understood that it may be embodied in a variety of forms diverse
      from those specifically shown and described, without departing from the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a power generating and distributing system including central station
      means for generating electrical power, local user installations having
      electrical loads requiring electrical power and having useful time-varying
      thermal loads requiring thermal power, and distribution power lines for
      interconnecting said central station means and said electrical loads at
      said local user installations, the improvement comprising:
PA1  a plurality of distributed local power generating means, each at a
      different one of a plurality of said user installations, and each
      comprising local mechanically-operable electrical generating means and
      local heat engine means for operating said local generating means,
PA1  means for connecting the electrical outputs of said local electrical power
      generating means to said power lines,
PA1  heat exchange means for delivering thermal power generated by said local
      power generating means at each of said user installations to corresponding
      ones of said thermal loads and
PA1  means for controlling the operation of each of said local heat engine means
      to vary the quantity of said delivered thermal power in response to the
      quantity of thermal power required by the corresponding associated thermal
      load and so as to supply said required thermal power;
PA1  said means for controlling the operation of each of said local heat engine
      means comprising means for varying in the same sense the thermal power and
      electrical power generated by the corresponding one of said local power
      generating means, whereby increases in said generated thermal power are
      accompanied by increases in said generated electrical power while
      substantially all of said generated thermal and electrical power are
      usefully employed.
NUM  2.
PAR  2. The system of claim 1, wherein said means for controlling the operation
      of each of said local heat engine means comprises automatic control means
      at each of said user installations, responsive to the heat demand of the
      corresponding one of said thermal loads to render said corresponding local
      heat engine means intermittently operative as required to satisfy said
      heat demand.
NUM  3.
PAR  3. The system of claim 1, comprising means for automatically enabling each
      of said local electrical power generating means to deliver electrical
      power to said power lines only when the output terminals thereof are
      connected to portions of said distribution power lines which are then
      activated by said central station means.
NUM  4.
PAR  4. The method of generating and delivering electrical and thermal power to
      local electrical and thermal loads at a plurality of user installations
      interconnected by electrical power lines supplied from central power
      station means, comprising:
PA1  providing an engine-driven electrical generator at each of said
      installations,
PA1  supplying heat generated by operation of said engine and generator to the
      associated local thermal load,
PA1  automatically controlling said engine-driven generator in response to the
      heat demand of said thermal load to operate it so that said supplied heat
      substantially matches said local thermal load, and so that the electrical
      power generated by said generator increases substantially when said heat
      generated by said engine increases,
PA1  supplying current from said generator to the associated local electrical
      load when said generator is operating, and
PA1  at such times also supplying to said power lines any excess of current
      being generated beyond that then required by said associated electrical
      load, whereby substantially all of said generated heat and current are
      usefully employed.
NUM  5.
PAR  5. The method of claim 4, comprising the step of enabling each of said
      local electrical generators only in response to a current supplied thereto
      from said central power station means.
NUM  6.
PAR  6. The method of claim 5, comprising the step of sensing and registering
      the electrical power delivered to said power lines at each of said local
      electrical generators.
NUM  7.
PAR  7. A heating system comprising electrical generator means, means for
      connecting the electrical output of said generator to distribution power
      lines, engine means for driving said generator means, heat exchange means
      for delivering to a heat load heat generated by operation of said engine
      means and generator means, and control means for automatically controlling
      the operation of said engine means in response to the heat demand of said
      heat load so that said delivered heat matches the heat demand of said heat
      load and in a manner to vary the electrical output of said electrical
      generator means in the same sense as said heat generated by said engine
      means and said generator means, whereby substantially all of said
      generated heat and electrical output are usefully employed.
NUM  8.
PAR  8. The heating system of claim 7, in which said control means is operative
      to start and stop said engine means in accordance with the heat demand of
      said load.
NUM  9.
PAR  9. The system of claim 1, in which said means for controlling the operation
      of each of said local heat engine means comprises means for varying the
      rate of operation of said each local heat engine means so as to match said
      delivered thermal power to said required thermal power.
NUM  10.
PAR  10. The method of claim 4, in which said automatically controlling said
      engine-driven generator comprises varying the rate of operation of said
      engine to match said supplied heat to that required by said local thermal
      load.
NUM  11.
PAR  11. The method of claim 5, in which said varying of said rate of operation
      comprises operating said engine when said associated thermal load demands
      heat and stopping said engine when said associated thermal load is
      satisfied.
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ABST
PAL  An arrangement for protecting portions of a person, specifically the
      gonads, of a person being X-rayed, for use in conjunction with diagnostic
      X-ray appliances provided with an anti-diffusing screen and a light visor
      to indicate the object field of the X-rays. The arrangement includes a
      mounting device which is detachably attachable to the anti-diffusion
      screen and a shadow-casting plate movably supported by the mounting
      device. The shadow-casting plate is supported at a support plate made of a
      material permeable to light and X-rays. The mounting device includes a
      mounting frame with two spaced longitudinal legs and two spaced cross legs
      attached to the longitudinal legs, with each of the cross legs including a
      longitudinal slot for accommodating movable support of the support plate
      for the shadow-casting device. Leaf springs are provided in the
      longitudinal slots for holding the support plate in respective adjusted
      positions, with the support plate being movable both laterally and
      longitudinally in the slots.
BSUM
PAR  The present invention relates to an arrangement for protecting the gonads
      in X-ray diagnostics for use in connection with diagnostic X-ray
      appliances provided with an anti-diffusing screen and equipped with a
      light visor to indicate the object field of the X-rays, with a
      shadow-casting means movably arranged in a mounting device attachable to
      the anti-diffusing screen. This shadow-casting means includes a support
      made of a material permeable to light and X-rays, as well as a plate made
      of a substance impermeable to light and X-rays.
PAR  Due to the strong biological effects of X-rays on man and the dangers
      connected therewith, it is absolutely necessary to take steps when using
      the X-rays in the diagnostic and therapeutical fields to provide that the
      radiation emanating from an X-ray machine can affect only those parts of
      the human body that must be exposed to the radiation to achieve the
      desired purpose. However, moreover, it is necessary to protect those body
      portions within the irradiated zones from direct radiation which are
      particularly endangered and which need not be exposed to the X-rays.
PAR  Therefore, in order to limit the object field of the X-rays, shields of
      various configurations have been used for a long time, which are placed
      between the X-ray tube and the patient. Furthermore, for the protection of
      specific body regions not to be irradiated within the object field, covers
      of a material impermeable to X-rays have been employed. While the handling
      of the shields does not cause any difficulties and can readily be
      executed, the shadowing of body portions is rather problematical under
      practical conditions, because an exact placing or mounting of the covers
      intended for this purpose encounters practical difficulties, either
      because the covers slide off the body, because they do not have the
      suitable size, or because the X-ray personnel forgets to cover the
      patient, or considers this step as troublesome and thus omits such covers.
PAR  In order to make such covers unnecessary, British Patent No. 918,310
      discloses a device for diagnostic X-ray machines consisting essentially of
      a shadow-casting means made of a material impermeable to X-rays. With the
      aid of this shadow-casting means, a sharply defined shadow is cast on the
      zone of the object field not to be irradiated, for example the gonads
      which are especially sensitive to the effects of X-rays. However, this
      device can only be employed in X-ray machines equipped with a light visor
      to indicate the object field of the X-rays. By means of this light visor,
      with the use of an electric incandescent lamp and a mirror, a light-ray
      cone is produced coinciding with the X-ray cone, which makes it possible
      -- in addition to the adjustment of the size of the object field by means
      of screens serving for this purpose -- to exactly define the protective
      shadow cast by the shadow caster. In the device which is arranged to be
      displaceable with respect to the X-ray tube only in one direction, several
      impervious, shadow-casting disks are provided on a rotatable, circular
      plate permeable to light and X-rays, the configuration of these disks
      corresponding to the body regions to be shadowed. However, in addition to
      its rather complicated mechanical construction, this apparatus has the
      disadvantage that, to adjust the shadow to the desired location, namely
      the patient's gonads, it is not only necessary to effect a longitudinal
      displacement of the entire apparatus, but also a rotary motion of the
      plate. This dual movement considerably impedes a rapid and accurate
      adjustment of the covering shadow, and for this reason this apparatus has
      found little acceptance in practice, due to resistance encountered with
      the X-ray personnel and the radiologist.
PAR  Therefore, it is an object of the present invention to solve the problem of
      casting a shadow against X-rays on endangered regions of the human body in
      a different way and with very minor expenditure, so that the respective
      adjustment of the shadow can be accomplished accurately and rapidly.
PAR  This object is attained, in connection with a device for protecting the
      gonads in X-ray diagnostics of the aforementioned type, by providing that
      the mounting means includes a rectangular mounting frame having two
      longitudinal legs equipped with sliding bars, two cross legs being
      attached to the longitudinal legs and extending laterally past the latter,
      each of these cross legs having a longitudinal slot; and that the
      shadow-casting means is fashioned as a plate which is narrow as compared
      to the longitudinal slots and can be inserted in these slots and shifted
      therein. The length of this plate preferably exceeds the length of the
      longitudinal legs by at least twice such length; and the width of the
      plate is preferably equal to or only a little smaller than that of the
      support. This simple device, including two parts, namely the mounting
      frame and the plate, can be manufactured inexpensively and makes it
      possible to displace the shadow-casting disk rapidly and exactly so that
      the shadow can be located at any desired place of the object field.
PAR  Suitably, the longitudinal legs of the holding frame are U-shaped rails,
      the upper U-legs of which serve as sliding bars, the cross legs being
      attached to the lower U-legs thereof. This arrangement of the longitudinal
      legs makes it possible to produce the legs from a commercial profile
      material.
PAR  In an advantageous embodiment of this invention, spring elements are
      disposed in the longitudinal slots. These spring elements serve for fixing
      the plate in position in any desired location and prevent the
      shadow-casting means from perhaps falling out of the mounting means when
      the diagnostic X-ray machine is tilted.
PAR  Preferably, leaf springs are used as the spring elements, arranged in the
      longitudinal direction of the cross legs. However, it is also possible to
      use a textile fabric with a high pile for such a spring element.
PAR  Advantageously, the leaf springs are attached to the topside of the
      longitudinal slots. This facilitates the introduction of the
      shadow-casting element into the longitudinal slots.
PAR  Another feature of this invention comprises a lead plate of a thickness of
      between 1 and 2 mm. in the form of a disk, inserted in the support. When
      using a disk of lead sheet cast into the support, the support can be
      manufactured as a thin and therefore handy component.
PAR  To protect the reproductive glands of male adults and children, the disk
      suitably has the shape of an asymmetrical oval.
PAR  If the gonads of small girls are to be shadowed, the disk is preferably of
      a heartshape. This disk can also have an approximately triangular
      configuration in a conventional manner; this contour is best suitable for
      shadowing the female reproductive organs.
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, several embodiments in accordance with the present
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an arrangement in accordance with the present invention
      mounted to the anti-diffusing screen of a diagnostic X-ray machine, in a
      perspective view seen obliquely from below;
PAR  FIG. 2 shows the arrangement according to FIG. 1 in a front view;
PAR  FIG. 3 shows the shadow-casting element according to FIG. 1 in a plan view;
PAR  FIG. 4 shows a plate intended for male adults;
PAR  FIG. 5 shows a plate intended for female adults;
PAR  FIG. 6 shows a plate suitable for male children; and
PAR  FIG. 7 shows a plate suitable for female children.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The proposed device for protecting the gonads in X-ray diagnostics is
      bipartite and includes a mounting device 1, as well as a shadow-casting
      means 2. The holder 1 is arranged on the underside 3 of an anti-diffusing
      screen 4 (indicated by dashed lines) of a diagnostic X-ray machine, having
      a rectangular opening 5 for the exit of X-rays. Insert rails 6 (likewise
      indicated by dashed lines) are disposed on two sides of the opening 5,
      provided by the manufacturer of the diagnostic X-ray machine for the
      mounting of screens, tubes, and filters and having a longitudinal groove
      7. To fix the aforementioned accessory elements in position, a spring clip
      (not shown) is provided on one of the two insert rails 6.
PAR  The mounting element 1 is -- as can be seen in FIG. 1 -- a rectangular
      mounting frame 8 composed essentially of two longitudinal legs 9 and two
      cross legs 10. The longitudinal legs 9 of the holding frame 8 are (see
      FIG. 2) U-shaped rails made, for example, of aluminum, the upper U-legs of
      which serve as sliding bars 11 seated in the longitudinal grooves 7 of the
      insert rails 6. The two cross legs 10, which can likewise be made of
      aluminum, are mounted to the lower U-legs of the U-shaped rails.
PAR  The two cross legs 10 laterally project beyond the longitudinal legs 9 by a
      portion corresponding to about one-fifth of their length. These cross legs
      are provided each with a longitudinal slot 12, extending over the entire
      length thereof. The shape of a cross leg 10 accordingly corresponds to
      that of a long, narrow and high box, open on the topside and bottom side.
PAR  In the interior of the cross legs 10, along the cover 13 of the
      longitudinal slots 12 facing the longitudinal legs 9, three spring
      elements are arranged in the form of leaf springs 14 which are attached,
      for example, by means of rivets (not shown) to the cross leg 10 and are
      disposed in series in the direction of the cross legs 10.
PAR  The shadow-casting means 2 (see FIG. 3) consists of a plate-shaped support
      15 of a material permeable to light and X-rays, as well as a disk 16 made
      of a substance impermeable to light rays as well as X-rays.
PAR  The width of the support 15 corresponds approximately to one-fourth of the
      length of a longitudinal slot 12, and the support 15 is approximately
      twice as long as one longitudinal leg 9, see FIG. 1. The thickness of the
      support 15 occupies about half the height (thickness) of a longitudinal
      slot 12. The width of the plate 16 is only a little less than that of the
      support 15, see FIG. 3. The plate 16 is cast into the support 15. The
      support 15 can be made, for example, of acrylic glass, whereas the plate
      16 is a lead plate having a thickness of 1-2 mm.
PAR  The shadow-casting element 2 is (see FIGS. 1 and 2) inserted in the
      longitudinal slots 12 of the cross legs 10 and fixed in position with the
      aid of the leaf springs 14. A hole 17 arranged in the proximity of one end
      of the shadow-casting means 2 permits the hanging of the appliance during
      nonuse on a hook.
PAR  Each device of this invention includes four shadow-casting means 2,
      equipped with plates 16 of varying contours. The disk 16 according to FIG.
      4 is utilized to protect the gonads of male adults, while the plate 16
      according to FIG. 5 serves to protect the female reproductive glands, and
      the disk 16 according to FIG. 6 is used in male children, while the plate
      16 in FIG. 7 is utilized for female children.
PAR  The operation of the device of this invention is simple. First of all, the
      mounting means 1 is attached to the anti-diffusing screen 4 of the
      diagnostic X-ray apparatus, by inserting the sliding bars 11 of the
      longitudinal legs 9 of the mounting frame 8 in the longitudinal grooves 7
      of the insert rails 6, until they are arrested therein by means of the
      spring clip. With the light visor being switched on, the patient's
      position with respect to the X-ray object field is first determined, and
      then the shadow-casting means 2 with a plate 16 according to FIGS. 4 - 7,
      intended for the patient (male, female, child) is inserted in the
      longitudinal slots 12 and displaced therein until the gonads are shadowed.
      Thereafter, the X-ray photograph is made, the plate 16 masking the X-ray
      cone oriented toward the reproductive glands.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Arrangement for protecting the gonads in X-ray diagnostics for use in
      connection with diagnostic X-ray appliances provided with an
      anti-diffusing screen and equipped with a light visor to indicate the
      object field of the X-rays, with a shadow-casting means movably arranged
      in a mounting device attachable to the anti-diffusing screen, this
      shadow-casting means including a support made of a material permeable to
      light and X-rays, as well as a plate made of a substance impermeable to
      light and X-rays, characterized in that the mounting device includes a
      rectangular mounting frame having two longitudinal legs provided with
      sliding bars, to which two cross legs are attached which laterally project
      beyond the longitudinal legs and are provided each with a longitudinal
      slot; and that the shadow-casting means is fashioned as a plate narrow as
      compared to the longitudinal slots, which plate can be inserted and
      displaced in these longitudinal slots, the length of this plate exceeding
      that of the longitudinal legs by at least twice such length; and that the
      width of the plate is equal to or little smaller than that of the support.
NUM  2.
PAR  2. Arrangement according to claim 1, characterized in that the longitudinal
      legs of the mounting frame are U-shaped rails, the upper U-legs of which
      serve as sliding bars and the cross legs being attached to the lower
      U-legs thereof.
NUM  3.
PAR  3. Arrangement according to claim 1, characterized in that spring elements
      are disposed in the longitudinal slots.
NUM  4.
PAR  4. Arrangement according to claim 3, characterized in that leaf springs
      serve as the spring elements, which extend in the longitudinal direction
      of the cross legs.
NUM  5.
PAR  5. Arrangement according to claim 4, characterized in that the leaf springs
      are attached to the cover of the longitudinal slots.
NUM  6.
PAR  6. Arrangement according to claim 1, characterized by a lead plate inserted
      in the support, this plate having a thickness of between 1 and 2
      millimeters and constituting a disk.
NUM  7.
PAR  7. Arrangement according to claim 1, characterized in that the plate
      corresponds to an asymmetrical oval.
NUM  8.
PAR  8. Arrangement according to claim 1, characterized in that the plate is
      heart-shaped.
NUM  9.
PAR  9. Arrangement according to claim 1, characterized in that the plate has an
      approximately triangular configuration.
NUM  10.
PAR  10. Arrangement according to claim 2, characterized in that spring elements
      are disposed in the longitudinal slots.
NUM  11.
PAR  11. An arrangement for protecting portions of a person being X-rayed for
      use in connection with diagnostic X-ray appliances provided with an
      anti-diffusing screen and a light visor to indicate the object field of
      the X-rays; said arrangement comprising:
PA1  a mounting device which is attachable to the anti-diffusing screen,
PA1  a shadow-casting means movably supported by said mounting device, said
      shadow-casting means including a support made of a material permeable to
      light and X-rays and a shadow plate made of a substance impermeable to
      light and X-rays,
PA1  wherein the mounting device includes a mounting frame with two spaced
      longitudinal legs and at least one cross leg attached to said longitudinal
      legs, each of said at least one cross legs being provided with a
      longitudinal slot therethrough, wherein said support of said
      shadow-casting means is fashioned as a support plate which has a lateral
      dimension less than the lateral dimension of the respective slots in said
      cross legs, said support plate being insertable in and displaceable both
      longitudinally and laterally in said slots, and
PA1  wherein resilient means are provided in said slots for maintaining said
      support plate in respective adjusted positions.
NUM  12.
PAR  12. An arrangement according to claim 11, wherein the mounting frame
      includes two of said cross legs at respective opposite ends of the
      longitudinal legs, and wherein said support plate is approximately twice
      as long as the longitudinal legs.
NUM  13.
PAR  13. An arrangement according to claim 12, wherein the shadow plate has a
      lateral width no greater than the lateral width of the support plate.
NUM  14.
PAR  14. An arrangement according to claim 11, wherein said spring means
      includes leaf springs extending substantially across the lateral width of
      said slots.
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ABST
PAL  A power generator driven by multiple windmill wheels rotatably supported
      for movement about a substantially vertical axis with all of the windmill
      wheels being drivingly connected to the generator. The windmill wheels are
      arranged in pairs on opposite sides of a vertical column and shaft
      assembly with a supporting framework for the windmill wheels being
      rotatable about a vertical axis and oriented in predetermined relation to
      the wind direction by a rudder assembly and provided with a governor to
      increase the load on the windmill wheels when a predetermined speed is
      reached thereby limiting the rotational speed of the windmill wheels by
      increasing the generator load.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to a power generator of the type
      driven by a plurality of windmill wheels to produce electrical energy in
      response to rotation of the windmill wheels with the invention more
      particularly related to such an arrangement incorporating a supporting
      structure for the windmill wheels to enable them to rotate about a
      vertical axis from a suitable supporting derrick, column or the like
      together with a governor controlling rotational speed of the windmill
      wheels.
PAR  2. Description of the Prior Art
PAR  The following U.S. Pat. Nos. relate generally to this field of endeavor:
TBL   554,138            Feb. 4, 1896                                          
     1,816,632           July 28, 1931                                         
     2,179,885           Nov. 14, 1939                                         
     2,273,084           Feb. 17, 1942                                         
     2,539,862           Jan. 30, 1951                                         
     2,655,604           Oct. 13, 1953                                         
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a power generator driven
      by a plurality of windmill wheels in the form of axial flow windmill
      wheels connected to opposite ends of a horizontally disposed shaft
      rotatably supported in elevated relationship by a supporting structure and
      a turntable assembly which enables the axis of rotation of the windmill
      wheels to be maintained in substantially parallel relation to the
      direction of movement of the air for more effectively driving the
      windwheel wheels with a plurality of horizontal shafts and windwheel wheel
      being oriented in vertically spaced relationship. All of which are
      supported from a framework module for rotational movement about a vertical
      axis as determined by a wind vane or rudder supported from the framework.
PAR  Another object of the invention is to provide a power generator in
      accordance with the preceding object in which a single vertical drive
      shaft is supported within a rigid hollow column with the drive shaft being
      drivingly connected to the horizontal shaft driven by the windmill wheels
      with the upper end of the drive shaft being connected with a governor for
      increasing or decreasing the generator load on the vertical drive shaft
      for controlling rotational speed of the windmill wheels.
PAR  A further object of the invention is to provide a power generator in
      accordance with the preceding objects in which the windmill wheels and
      framework module may be repeated vertical to enable the capacity of the
      power generator to be varied.
PAR  Still another object of the invention is to provide a power generator in
      accordance with the preceding objects incorporating a vertical column
      support in the form of a hollow post or the like in which the framework
      module and windmill wheels assemblies thereon are rotatably supported and
      guided with the entire framework module being rigidly braced by peripheral
      and diagonal brace members to provide a rigid structure.
PAR  A further important object of the invention is to provide a power generator
      driven by multiple windmill wheels which is extremely sturdy in
      construction, capable of construction with various output capacities,
      effective in controlling the rotational speed of the windmill wheels and
      relatively simple and maintenance free.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the power generator of the present
      invention illustrating one module thereof with vertical portions broken
      away indicating the indeterminate height and capacity of the device.
PAR  FIG. 2 is an elevational view of the device taken from the right side of
      FIG. 1.
PAR  FIG. 3 is a vertical sectional view, on an enlarged scale, taken
      substantially on a plane passing along section line 3--3 of FIG. 2
      illustrating the specific structural details of the windmill wheels and
      related framework structure.
PAR  FIG. 4 is a more detailed view, in section, of the governor at the upper
      end of the drive shaft.
PAR  FIG. 5 is a transverse, sectional view taken substantially upon a plane
      passing along section line 5--5 of FIG. 1 illustrating further structural
      details of the horizontal drive shaft assembly and gearbox arrangement.
PAR  FIG. 6 is a detailed sectional view illustrating the upper end of the
      framework module.
PAR  FIG. 7 is a detailed sectional view taken substantially upon a plane
      passing along section line 7--7 of FIG. 1 illustrating further structural
      details of one of the windmill wheels.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more specifically to the drawings, the power generator of the
      present invention is generally designated by reference numeral 10 and is
      supported in vertical orientation from a ground surface or other support
      surface 12. The power generator 10 includes a vertically disposed hollow
      supporting member 14 which may be in the form of a post, rigid pipe or the
      like that has its lower end anchored into the supporting surface in any
      suitable manner. Supported from the hollow column or post 14 is a windmill
      wheel and framework modules generally designated by numberal 16 with it
      being pointed out that the number of module 16 may be varied by
      superimposing modules in vertical alignment. The arrangement disclosed
      includes a single module but it is pointed out that the supporting
      structure is broken away both above and below the module 16 as illustrated
      in FIG. 1 thus indicating that the height of the power generator 10 may be
      varied.
PAR  Supported within the hollow column or post 14 is a vertical drive shaft 18
      supported therein by any suitable means such as bearing spiders and the
      like, the details of which are not shown. The lower end of the drive shaft
      18 is drivingly connected to horizontally disposed output shafts 20 of
      indeterminate lengths which drive generators 22 through suitable drive
      connections such as V-belt drive 24, chain belt drives or any other
      suitable drive connection. The length of the shaft 20 may vary and the
      number of generators driven therefrom may vary with the generators being
      of suitable capacity and supported in a suitable manner. A gearbox or
      beveled gear drive connection may be provided between the drive shaft 18
      and the generator drive shaft 20 with any suitable bearings provided for
      the shaft 20 including inner support bearings 26 or the like. Depending
      upon the length of the shaft 20, intermediate supporting bearings for the
      shaft may be provided in any suitable manner. Thus, as the shaft 18 is
      rotated due to its driving connection with the windmill wheel and
      framework module 16, the generators 22 will be driven at a desired
      rotational speed with the number of generators producing electrical energy
      being varied by a governor assembly generally designated by numeral 28 to
      increase or decrease the load on the shaft 18 in response to rotational
      speed of the shaft 18 for maintaining a predetermined upper limit for the
      rotational speed of the shaft 18.
PAR  The windmill wheel and framework module 16 includes a vertically disposed
      tubular column or post 30 that forms a continuation of the stationary
      column or post 14 but which is rotatable in relation thereto by virtue of
      a larger cylindrical collar 32 at its lower end telescoped over the upper
      end of the column 14 in concentric spaced relation thereto. A tapered or
      inclined roller-type thrust bearing assembly 34 is provided between the
      upper end of the collar 32 and an annular plate 36 rigidly fixed to the
      upper end of the column 14. The plate 36 includes a tubular sleeve 38
      telescoped into and rigidly secured to the upper end of the column 14 and
      the collar 32 includes an inwardly extending annular plate 40 joining the
      tubular column 30 with the collar 32. The thrust bearing 34 rotatably
      supports the column 30 in alignment with and on the upper end of the
      column 14. A ballbearing assembly 42 is interposed between the lower end
      of the collar 32 and the outer surface of the column 14 with the bearing
      assembly engaging a retainer collar 44 on the column 14. This arrangement
      stabilizes the column 30 and maintains it in alignment with the column 14
      for rotational movement about a vertical axis.
PAR  Rigidly fixed to the column 30 is a plurality of vertically spaced plates
      46 of circular configuration or the like reinforced and rigid with the
      column 30 by the use of reinforcing gussets. Plates 46 include
      diametrically opposed bearing blocks 50 thereon which receive and journal
      the horizontal drive shaft 52 which extends interiorly of the column 30
      through a bearing assembly 54 mounted on the periphery of the column 30
      and at the inner edge of the plates 46 as illustrated in FIG. 3. The
      horizontal drive shaft 52 passes into a gearbox 56 disposed interiorly of
      the column 30 for driving engagement with the vertical drive shaft 18
      which also extends into the gearbox 56. In each instance, the drive shaft
      52 extends into the gearbox 56 from both directions and the drive shaft 18
      extends into the gearbox 56 in both directions. The gearbox 56 is
      commercially available and is constructed so that rotational input of the
      drive shaft 52 wll be drivingly connected to the vertical drive shaft 18.
      The outer ends of the drive shaft 52 are supported by bearing assemblies
      58 that are interconnected by vertical frame members 60 and diagonal
      braces 62 that are connected to vertical frame member 64 in adjacent
      relation to the column 30 with the vertical member 64 being connected to
      brackets 66 on the under surface of the plates 46 and brackets 68 on the
      pillow block 50 with the diagonal and intersecting braces 62 being also
      attached to these brackets. The vertical frame members 60 and the outer
      ends of the braces 62 are connected to brackets 70 and 72, respectively,
      on the bearing assemblies 58. The lowermost bearing assembly 58 has a
      diagonal brace 74 attached to the bracket 72 with the inner end of the
      brace 74 being connected to a bracket 76 on a sleeve 78 rotatably
      journaled on the stationary column 14 for stabilizing the framework. The
      uppermost bearing assembly 58 has an upwardly inclined diagonal brace 80
      connected to the bracket 70 thereon with the upper end of the brace 80
      being connected to a collar 82 journaled on the upper end of the column 30
      as illustrated in FIG. 6, in which a bearing assembly 84 is interposed
      between the collar 82 and the column 30. With this construction, both the
      upper and lower end of the framework is stabilized and the crossed braces
      62 also stabilize the frame members 60 and 64 thus forming a rigid module
      16 which can swivel about the vertical axis of the stationary tubular
      column or post 14.
PAR  Rigidly affixed to each of the horizontal drive shafts 52 is a plurality of
      windmill wheels 86 each of which is in the form of a windmill wheel and
      includes a plurality of radial inclined blades 88 extending from a central
      hub 90 and being connected at their peripheral edges by a ring 92. As wind
      approaches the windmill wheels 86 in the direction indicated by the arrows
      94 in FIG. 3, the impingement of the air on the blades and passage of the
      air therethrough will cause rotation of the shaft 52. As illustrated, the
      windmill wheels 86 are oriented on both sides of the column 30 to increase
      the efficiency of converting the forces exerted by the wind to rotational
      movement of the vertical drive shaft 18 through the shaft 52, gearbox 56
      to the shaft 18. For maintaining the windmill wheels in proper orientation
      in relation to the direction of the wind, an enlarged rudder 96 is mounted
      on the framework module 16 by suitable bracket members 98 which are
      oriented in generally horizontal position in intersecting relation to the
      vertical frame members 60 and the cross brace member 62 and secured
      thereto by suitable fasteners 100. Thus, the rudder 96 will maintain the
      windmill wheel and framework module 16 properly oriented in parallel
      relation to the direction of the wind so that wind approaching the
      windmill wheels 86 will effectively pass through the windmill wheels in an
      axial direction for causing rotation of the shaft 52.
PAR  The governor 28 includes vertically spaced plates 102 and 104 rigidly
      interconnected by side members 106. The lower plate 102 is rigidly affixed
      to the upper end of the column 30 and the upper plate 104 is provided with
      a bearing assembly 108 journaling the upper end of the vertical drive
      shaft 18 as illustrated in FIG. 4. A clamp bracket 110 is adjustably
      mounted on the shaft 18 and a pivot arm 112 is mounted thereon with a
      weight or ball 114 on the free end thereof so that arm 112 will assume a
      downwardly depending position as illustrated in FIG. 4 when at rest or at
      a relatively slow speed. As the speed of the shaft 18 increases, the arm
      112 will swing outwardly so that the end 114 thereof will move toward
      horizontal position. Switch contacts 116 are oriented in vertically spaced
      relation above and below a horizontal reference line 117 indicating normal
      operating speed for shaft 18 so that as the speed of the shaft 18
      increases above the normal speed, the weighted end 114 will engage the
      contacts 116 above reference line 117 in a progressive manner. When the
      shaft 18 reaches a predetermined above normal speed, it will contact a
      switch contact 116 to add a second generator onto the load on the drive
      shaft 18. If the speed increases further, additional generators will be
      added onto the load on the shaft 18. Suitable switch mechanisms and
      control devices such as electro-magnetic clutches and the like are
      provided in the drive system for the generators to enable them to be added
      onto the load of the drive shaft or removed therefrom in response to the
      rotational speed of the shaft 18. When the shaft speed decreases and the
      end of arm 112 descends below the reference line 117, engagement of
      contacts 116 will remove generators from the line and cut in an auxiliary
      power system when only one generator remains on the line and the shaft
      speed is still too low. By increasing and decreasing the load on the shaft
      18, the windmill wheels will be controlled as to their rotational speed
      thereby avoiding the possibility of damage to the windmill wheels or the
      other mechanism due to overspeeding of the windmill wheels. In the event
      insufficient wind exists to rotate the windmill wheels, a standby power
      mechanism such as an internal combustion engine or an electric motor
      driven from storage batteries may be provided for rotating the shaft 20
      through a suitable one-way clutch or the like. Such devices may be
      automatically actuated in response to the rotational speed of the shaft 18
      or the shaft 20 so that when the shaft 18 or the shaft 20 slows down to a
      predetermined minimum speed, auxiliary power devices will be automatically
      cut in. The specific structure of the automatic auxiliary power devices,
      their connection with the shaft 20 and the circuit associated with the
      switch contacts 116 and switch contacts themselves are not specifically
      illustrated since various structures may be employed for this purpose.
PAR  This arrangement provides for a single column structure with all of the
      components being supported from the single supporting post or column 14
      with the modules 16 being repeated vertically to whatever height desired
      to vary the output capacity of the power generator. The rudder 96 is of
      sufficient size to maintain the directional attitude of the windmill
      wheels during their maximum torque output for rotating the vertical drive
      shaft 18 which rotates the shaft 20.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A power generator comprising a supporting stationary column, a windmill
      wheel module rotatably supported from said column for swivelling movement
      about a substantially vertical axis, vertically spaced horizontal shafts
      rotatably journaled on the module and extending diametrically of the
      vertical axis, a plurality of windmill wheels mounted on each end of each
      horizontal shaft for rotating the shaft in response to axial flow of wind
      therethrough, a vertical shaft supported from the column and drivingly
      connected to the horizontal shafts, a generator assembly supported at the
      lower end of the column and being drivingly connected to the vertical
      shaft, and rudder means rigidly connected with the module for maintaining
      the rotational axis of the horizontal shaft generally parallel to the wind
      direction.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein said module includes a
      plurality of vertically spaced plates having the inner portions of the
      horizontal shafts journaled on the upper surface thereof.
NUM  3.
PAR  3. The structure as defined in claim 2 wherein said windmill wheels are
      disposed radially outwardly of the plates to enable variation in the
      diameter of the windmill wheels and variation in the number of windmill
      wheels on the horizontal shafts.
NUM  4.
PAR  4. The structure as defined in claim 3 together with governor means
      connected to the vertical shaft driven from the horizontal shafts, said
      governor means including a weighted arm pivotally attached to said
      vertical shaft and extending radially therefrom and normally being
      disposed in a downwardly inclined position but capable of pivotal movement
      to a horizontal position in response to rotational movement of the
      vertical shaft, contact means engageable by the swinging arm when moving
      toward horizontal position effective to increase the load on the vertical
      shaft when the rotational speed of the vertical shaft exceeds a
      predetermined rpm.
NUM  5.
PAR  5. The structure as defined in claim 1 wherein said module includes a
      hollow tubular member aligned with the column, a depending collar on said
      tubular member journaled on the upper end of the column, said vertical
      shaft extending throughout the length of the tubular member, means
      drivingly connecting said horizontal shafts to the vertical shaft
      internally of the tubular member, a framework rigid with the tubular
      member and extending outwarly therefrom and journaling the outer ends of
      the horizontal shafts therefrom.
NUM  6.
PAR  6. The structure as defined in claim 5 wherein said framework includes
      downwardly and inwardly extending braces rotatably connected to the column
      below the collar for stabilizing the module in relation to the column.
NUM  7.
PAR  7. The structure as defined in claim 6 wherein said module is adapted to be
      repeated vertically to vary the output, and governor means at the upper
      end of the module for controlling the rotational speed of the vertical
      shaft by varying the load thereon in response to the rotational speed
      thereof.
NUM  8.
PAR  8. In a wind driven power generator, a windmill wheel module comprising a
      hollow column supported for swivelling movement about a vertical axis, a
      plurality of vertically spaced horizontal shafts journaled on said column
      and extending radially therefrom, said shafts having end portions disposed
      outwardly of said column, a framework supported rigidly from said column
      and rotatably supporting the outer ends of said shafts, at least one
      windmill wheel mounted on each end of each shaft, and means drivingly
      connected to said horizontal shafts for generating electrical energy.
NUM  9.
PAR  9. The structure as defined in claim 4 wherein said module includes a
      hollow tubular member aligned with the column, a depending collar on said
      tubular member journaled on the upper end of the column, said vertical
      shaft extending throughout the length of the tubular member, means
      drivingly connecting said horizontal shafts to the vertical shaft
      internally of the tubular member, a framework rigid with the tubular
      member and extending outwardly therefrom and journaling the outer ends of
      the horizontal shafts therefrom.
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ABST
PAL  A wind-to-electric power conversion system is disclosed having
      ratio-variable entrance and exit openings. The ratio is set by sensing the
      velocity of the incoming wind, thereby effecting the velocity of the blade
      set driving an A.C. generator through a flywheel and thereby stabilizing
      the generator speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to wind energy conversion systems in general and, in
      particular, to a system which is sensitive to wind velocity for varying
      system configurations to provide a uniform output.
PAR  Windmills and other wind power conversion devices obtain power by
      converting, via blades, a column of moving air into an angular, mechanical
      motion.
PAR  An expression of the conversion factor is: the power contained in a
      cylinder of air of radius R, velocity V and density is given by
EQU  P=2.pi. R.sup.2 .rho. V.sup.3                              ( 1)
PAL  neglecting rotational and drag losses, the work obtained per unit time
      P.sub.w is
EQU  P.sub.w= 2.pi. R.sup.2 .rho. V.sup.3 a(1 - a)2             (2)
PAL  Where R is the disc radius, a is the interference factor, and V and are as
      aforementioned.
PAR  The interference factor a is used to express the diminution of the velocity
      that occurs at the disk, where it is V(1 - a). Behind the windmill the
      diminution factor increases to an ultimate value of 2a. By obtaining the
      first derivative of P.sub.w with respect to a and solving it for zero, it
      can readily be seen from (2) that P.sub.w is maximum when a=.DELTA.. At
      this point P.sub.w for any values of R, or V is 59.2 percent of P, the
      power originally in the air, which represents the maximum conversion
      efficiency that can be obtained.
PAR  The axial thrust, representing the force tending to overturn a stationary
      windmill is given by
EQU  T=2 .pi.R.sup.2 .rho. V.sup.2 a(1 - a)                     (3)
PAL  This is maximum at a = 1/2and grows smaller with smaller values of a. Since
      the thrust is equivalent to the "drag" on an airplane, windmill designers
      try to minimize it by choosing smaller values of a and large radii. The
      result is a smaller percentage of power which can be taken from the air.
PAR  The percentage of power removed from the air is proportional to the power
      coefficient
EQU  P.sub.c = P/(.rho. R.sup.2 V.sup.3)                        (4)
PAL  It is a function of a,  or of the geometric arrangement of the windmill and
      of the tip speed ratio 2 nR/V where n is the revolutions per second.
      P.sub.c has been determined empirically in windtunnel tests for various
      blade configurations.
PAR  Thus, for example, the American multiblade type used for pumping water on
      American farms utilizes about 30 percent of the kinetic energy of the
      wind, the Dutch four-arm type about 16 percent and the high speed
      propeller type (Stuart propeller) about 42%. The last type rotates at a
      tip speed 6 to 8 times the wind speed and is used widely in connection
      with electrical power generation. For two-blade propeller windmills having
      a diameter of D feet geared to electric generators of 70 percent
      efficiency the maximum kilowatt output in winds of velocity V fps is
      expressed approximately by the formula
EQU  kw = 0.376 .times. 10.sup..sup.-6 D.sup.2 V.sup.3          (5)
PAL  it has been shown that only 59.2 percent of the kinetic energy of the wind
      is theoretically recoverable; based on this consideration, a windmill of
      70 percent aerodynamic efficiency and 90 percent gearing efficiency can be
      expected to have an overall conversion efficiency of 37 percent of the
      wind kinetic energy. In the existing art, the wind velocity, which enters
      into the power equation as cubed value and is considered to be beyond the
      designer's control is considered the governing factor in the usage and
      application of windpower. It is customary to consider wind velocities in
      terms of well defined groups and classify them as prevalent (frequent)
      winds and energy winds.
PAR  Prevalent winds blow five out of 7 days, while energy winds blow two out of
      7 days. The mean prevalent velocity is 2 mph less than the average monthly
      velocity; the energy winds blow at velocities of about 2.3 times those of
      the prevalent winds and produce with the current state of the art
      three-fourths of the total energy in a given month. The wind of the
      highest energy has about 10 mph higher velocity than the most frequent
      wind. For each month the energy of all the varying winds adds up to double
      the amount that would be computed from the average hourly velocity of that
      month.
PAR  For the present state of the art, 8 mph yearly average is the minimum wind
      velocity practical for propeller type wheels. For the very light
      multiblades in present use which are mounted for bypass for winds above 15
      mph, an operating range from 6 to 15 mph affords a monthly power output
      14% greater than if the range were 8 to 15 mph.
PAR  The high wind regions of the United States, having 10 mph or more average
      yearly wind velocity are: a north-and-south strip 350 miles wide midway
      between the Atlantic and Pacific Oceans; the littoral of the Great Lakes;
      the Atlantic Seaboard; the Gulf Coast; and the Pacific Ocean near San
      Francisco and at the State of Washington. (See Tables 1 and 2).
TBL                                    Table 1                                 
     __________________________________________________________________________
     Wind Velocities in the United States                                      
                Avg  Pre-                 Avg  Pre-                            
                veloc-                                                         
                     vailing                                                   
                          Fast-           veloc-                               
                                               vailing                         
                                                    Fast-                      
                ity, direc-                                                    
                          est             ity, direc-                          
                                                    est                        
     Station    mph  tion mile                                                 
                              Station     mph  tion mile                       
     __________________________________________________________________________
     Albany, N.Y.                                                              
                9.0  S    71  Louisville, Ky.                                  
                                          8.7  S    68                         
     Albuquerque, N.M.                                                         
                8.8  SE   90  Memphis, Tenn.                                   
                                          9.9  S    57                         
     Atlanta, Ga.                                                              
                9.8  NW   70  Miami, Fla. 12.6 --   132                        
     Boise, Idaho                                                              
                9.6  SE   61  Minneapolis, Minn.                               
                                          11.2 SE   92                         
     Boston, Mass.                                                             
                11.8 SW   87  Mt. Washington, N.H.                             
                                          36.9 W    150                        
     Bismarck, N.Dak.                                                          
                10.8 NW   72  New Orleans, La.                                 
                                          7.7  --   98                         
     Buffalo, N.Y.                                                             
                14.6 SW   91  New York, N.Y.                                   
                                          14.6 NW   113                        
     Burlington, Vt.                                                           
                10.1 S    72  Oklahoma City, Okla.                             
                                          14.6 SSE  87                         
     Chattanooga, Tenn.                                                        
                6.7  --   82  Omaha, Neb. 9.5  SSE  109                        
     Cheyenne, Wyo.                                                            
                11.5 W    75  Pensacola, Fla.                                  
                                          10.1 NE   114                        
     Chicago, Ill.                                                             
                10.7 SSW  87  Philadelphia, Pa.                                
                                          10.1 NW   83                         
     Cincinnati, Ohio                                                          
                7.5  SW   49  Pittsburgh, Pa.                                  
                                          10.4 WSW  73                         
     Cleveland, Ohio                                                           
                12.7 S    78  Portland, Maine                                  
                                          8.4  N    76                         
     Denver, Colo.                                                             
                7.5  S    65  Portland, Ore.                                   
                                          6.8  NW   57                         
     Des Moines, Iowa                                                          
                10.1 NW   76  Rochester, N.Y.                                  
                                          9.1  SW   73                         
     Detroit, Mich.                                                            
                10.6 NW   95  St. Louis, Mo.                                   
                                          11.0 S    91                         
     Duluth, Minn.                                                             
                12.4 NW   75  Salt Lake City, Utah                             
                                          8.8  SE   71                         
     El Paso, Tex.                                                             
                9.3  N    70  San Diego, Calif.                                
                                          6.4  WNW  53                         
     Galveston, Tex.                                                           
                10.8 --   91  San Francisco, Calif.                            
                                          10.5 WNW  62                         
     Helena, Mont.                                                             
                7.9  W    73  Savannah, Ga.                                    
                                          9.0  NNE  90                         
     Kansas City, Mo.                                                          
                10.0 SSW  72  Spokane, Wash.                                   
                                          6.7  SSW  64                         
     Knoxville, Tenn.                                                          
                6.7  NE   71  Washington, D.C.                                 
                                          7.1  NW   62                         
     __________________________________________________________________________
      U.S. Weather Bureau records of the average wind velocity, and fastest    
      mile, at selected stations. The period of record ranges from 6 to 84     
      years, ending 1954. No correction for height of station above ground.    
TBL                                    Table 2                                 
     __________________________________________________________________________
     WINDMILLS                                                                 
     Beaufort Scale of Wind Force                                              
     (Compiled by U.S. Weather Bureau, 1955)                                   
     Miles                                    Terms used                       
     per                                      in USWB                          
     hour Knots                                                                
               Wind effects observed on land  forecasts                        
     __________________________________________________________________________
     Less Less                                                                 
     than 1                                                                    
          than 1                                                               
               Calm; smoke rises vertically                                    
     1-3  1-3  Direction of wind shown by smoke drift; but not by wind         
                vanes                         Light                            
     4-7  4-6  Wind felt on face; leaves rustle; ordinary vane moved           
                by wind                                                        
      8-12                                                                     
           7-10                                                                
               Leaves and small twigs in constant motion; wind extends         
                light flag                    Gentle                           
     13-18                                                                     
          11-16                                                                
               Raises dust, loose paper; small branches are moved              
                                              Moderate                         
     19-24                                                                     
          12-21                                                                
               Small trees in leaf begin to sway; crested wavelets form        
                on inland waters              Fresh                            
     25-31                                                                     
          22-27                                                                
               Large branches in motion; whistling heard in telegraph          
                wires; umbrellas used with difficulty                          
     32-38                                                                     
          28-33                                                                
               Whole trees in motion; inconvenience felt walking               
                                              Strong                           
                against wind                                                   
     39-46                                                                     
          34-40                                                                
               Breaks twigs off trees; generally impedes progress              
     47-54                                                                     
          41-47                                                                
               Slight structural damage occurs; (chimney pots,                 
                                              Galees                           
                removed)                                                       
     55-63                                                                     
          48-55                                                                
               Seldom experienced inland; trees uprooted; considerable         
                structural damage occurs      Whole                            
     64-72                                                                     
          56-63                                                                
               Very rarely experienced; accompanied by widespread              
                                              gale                             
                damage                                                         
     73 or                                                                     
          64 or                                                                
               Very rarely experienced; accompanied by widespread              
     more more  damage                        Hurricane                        
     __________________________________________________________________________
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide a wind power conversion system
      capable of operating within a range embraced by substantially all those
      wind velocities found in the United States.
PAR  It is another object of this invention to provide such a system with a
      substantially uniform power output under prevalent and energy wind
      conditions.
PAR  It is a further object of this invention to provide a conversion system in
      which side direction shifts do not require reorientation of the system.
PAR  It is a still further object of this invention to interface the wind
      conversion system with a flywheel storage system, thereby eliminating
      complicated electrical or mechanical storeage systems.
PAR  It is a further object of the invention to provide a conversion system
      capable of large outputs with low capital costs per killowatt and
      ecologically sound nonetheless.
DRWD
PAR  These and other features and advantages of the invention will become
      apparent to anyone skilled in the art in the following description of the
      embodiment of the invention made in connection with the appended drawings
      in which FIG. 1 schematically represents the wind power conversion system
      of the invention.
PAR  FIG. 2 illustrates schematically an alternate embodiment of the invention.
DETD
PAC  BRIEF DESCRIPTION OF THE INVENTION:
PAR  Turning now to FIG. 1, this figure may be visualized as a cross-section
      taken along the diameter of an essentially cylindrical structure. The
      system includes a frame 1, including a pair of circular discs separated by
      a distance 0.sub.1, arranged in such a way that wind currents pass between
      the discs regardless of direction. In FIG. 1, wind is symbolized by an
      arrow and is chosen to be blowing from left to right. A moveable vane 2 is
      pivoted at point 3 and is mechanically coupled so as to assume and hold
      any position between that shown by the vane position and the upper disk.
      Distance 0.sub.2 may be either equal to 0.sub.1 or smaller. Vane 2
      embraces 360.degree. of the circular structure. Where this vane is made
      from completely flexible material, the 0.sub.2 separation may be caused by
      a mechanical coupling between a rigid collar 10 at the innermost vane
      position and the frame. Alternatively, the vane structure may be divided
      into as many sections as is mechanically expedient.
PAR  The positioning of vane 2 is controlled by a servomotor 4 which, in turn,
      is controlled by a wind speed sensor 5 which generates a signal
      corresponding to wind velocity. Wind speed sensor may be either physically
      located on top of the structure or several units may be remotely located
      to provide anticipation to the system.
PAR  The wind exiting at 0.sub.2 impells the cylindrical windwheel 6 to rotate
      at a velocity which is determined by the initial wind velocity V.sub.o
      amplified by a factor equivalent to the ratio between the areas of 0.sub.1
      /0.sub.2. If for example, the ratio between the opening was made to be 10;
      a 6 mile per hour wind would appear at the windwheel to be 60 miles per
      hour. By continuous adjustment of the vane 2, the windwheel can be kept
      spinning at a designed rate over a wide spectrum of wind velocities. While
      the windwheel 6 is shown schematically as a squirrel cage, it will be
      appreciated by those skilled in the art that it may take a wide variety of
      turban and blade forms. The rotation energy of windwheel 6 is transmitted
      to the fluid clutch and drive box 7 which may either receive energy from
      windwheel 6 or an outside source by means of drive shaft 8. Such an
      outside source could be an auxiliary diesel engine or, for example, a D.C.
      motor energized by batteries where the wind power conversion system is
      used as an auxiliary or supplementary device. In any case, the purpose of
      the external power input shaft 8 is to provide an alternate means of power
      input to the flywheel energy storage 9 which under usual conditions is
      driven by the windwheel 6 and capable of storing enough energy to carry
      the system through ordinary periods of low winds.
PAR  Flywheel 9, which is preferably in a vacuum enclosure 9A, is connected
      either directly or through gearing to alternator 11 which provides the
      A.C. current to be used. The use of an alternator is made possible by the
      fact that the self-regulating vane system and the flywheel cooperate to
      maintain the speed of generator 11 sufficiently steady to obtain a
      regulated output. At times of excess capacity at alternator 11, the output
      or a portion of it can be rectified and used to charge a set of batteries,
      which in turn can, at periods of extraordinaryly lengthy periods of calm,
      supply the power to maintain the system operative.
PAR  The component parts of the system having been described and their
      functional relationship indicated, the overall functioning of the system
      can be described quickly: Wind currents entering the wind collecting
      structure 1 from any direction are directed by the movable vanes 2 towards
      the cylindrical windwheel 6. The movement of the vanes changes the exit
      area 0.sub.2 and therefore the ratio between the entrance area 0.sub.1 and
      the exit area 0.sub.2. Since
EQU  V.sub.in : V.sub.out = O.sub.2 :O.sub.1
PAL  where V.sub.in is the velocity of the wind entering the wind collecting
      structure at area O.sub.1 and V.sub.out is the velocity of the wind as it
      leaves area O 2 and impinges on the wind wheel. It is clear that relation
      holds true only as long as the flow through the wind collecting structure
      is laminar. This can be achieved by keeping the collecting and directing
      surfaces sufficiently smooth to avoid turbulences and eddies. Moreover the
      amplification of velocity is limited up to the point where significant
      compression of the air takes place.
PAR  It has already been shown that the movement of the vanes 2 and the
      adjustment of the ratio O.sub.2 /O.sub.1 is based on the wind velocity as
      measured by sensor 5 and transmitted by servo 4. The windwheel 6 is kept
      in cylindrical form so that the full impact of the wind velocity V.sub.out
      can be utilized regardless of the size of O.sub.2.
PAR  The function of the fluid clutch and drive box used as a coupling means
      between the windwheel 6 and the flywheel 9 has been discussed. It provides
      the possibility of decoupling the windwheel from the flywheel in the event
      that the flywheel contains more energy than the windwheel at times of
      insufficient wind at the highest available velocity amplification, or of
      supplying additional energy to the flywheel from outside sources such as
      external electrical power, an auxiliary diesel engine or a long term
      storage battery with D.C. motor. The battery would receive energy from the
      A.C. generator 11 whenever it requires charging and whenever surplus
      capacity is available. For the selective coupling device 7 to work
      automatically, it only needs to be able to compare the relative speeds of
      the windwheel 6 and flywheel 9 and have a constant minimum speed for
      flywheel 9 at which point outside power is required to maintain the system
      in operation. The load receives all of its energy always from the same
      generator or generators and need not be switched over to meet the various
      conditions or power sources.
PAR  It should be understood that the system described above and schematically
      shown in FIG. 1 is an example illustrating the principle of the invention
      and subject to numerous variations. FIG. 2, for instance, shows an
      alternate method of constructing the wind collecting structure and
      associated windwheel. The wind collecting structure 15 which is shown in
      schematic cross-section as two 180.degree. halves but could represent
      90.degree. or smaller sections, receives winds from all directions and
      channels them through a 90.degree. turn to the windwheel 12 which can be a
      conventional propeller, with a diameter approximately equal to the
      diameter of O.sub.2. The ratio O.sub.2 :O.sub.1 is varied by varying
      O.sub.1 at the entrance of the wind collecting structure, which is
      accomplished by movement of the aileron 13 extending over the entire
      180.degree. or 90.degree. section.
PAR  The movement of the control surface 12 can be accomplished either by the
      wind velocity and servo combination described in connection with the
      previous example or it can be achieved by utilizing the coefficient of
      lift of the incoming wind velocity V.sub.in, which increases with the
      square of the wind velocity. Control surface 12 may be made up of pairs of
      vanes coupled for common movement, thereby permitting variation of
      parameter of O.sub.1 as well. Since the foregoing mechanical expedients
      are well known to those skilled in the art, we have limited the
      description of the invention primarily to the mechanical features thereof.
PAR  Some numerical example will indicate the approximate dimensions of
      O.sub.1,O.sub.2 and the power output that can be expected at given
      localities under given wind conditions.
PAC  EXAMPLE 1
PAR  At a locality where the average wind velocity is 14.6 mph (New York City or
      Oklahoma City) the prevailing wind, blowing 5 days out of 7 is 12.6 mph,
      equivalent to 18.4 feet per second. A wind convertor system with a
      propeller having a diameter of 1 foot will deliver 2.34 KW under
      prevailing wind conditions if the entrance area O.sub.1 = 7.85 ft.sup.2
      corresponding to an entrance diameter of 3.16 ft and the exit area O.sub.2
      = 0.785 ft.sup.2 corresponding to a diameter of 1 ft. (cf. Equation (5).
      Such a system would be expected to deliver over 1700 KW hours per month,
      nearly 2.4 times the average home requirement in the U.S. The above
      calculations is based on a generator having 70 percent conversion
      efficiency.
PAC  EXAMPLE 2
PAR  At the same type of locality as in Example 1, a wind convertor system with
      a propeller having a diameter of 15 feet will deliver 480.761 KW under
      prevailing wind conditions if the entrance area O.sub.1= 12.370 ft.sup.2
      corresponding to an entrance diameter of 125 feet and the exit area is
      O.sub.2= 177 ft.sup.2 corresponding to an exit diameter of 15 feet.
PAC  EXAMPLE 3
PAR  At the same type of locality as in the previous examples, a wind convertor
      with a propeller of 20 feet diameter will deliver, 1,240,000 KW when
      O.sub.1= 34558 ft.sup.2 (210 feet diameter) and O.sub.2= 314.15 ft.sup.2
      (20 feet diameter).
PAR  It is to be understood that the above described arrangements are merely
      illustrative of the varied arrangements which embody the principles of the
      invention. Such other arrangements may readily be devised by those skilled
      in the art without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wind to electric system comprising:
PA1  a. a wind collecting structure having an entrance and exit opening;
PA1  b. means for varying the areas of said entrance and exit openings relative
      to one another;
PA1  c. means for sensing the velocity of an incoming wind;
PA1  d. means coupled to said sensing means for adjusting the ratio between the
      areas of the entrance and exit openings in accordance with the sensed
      velocity;
PA1  e. a wind-driven blade set disposed at the exit opening to receive the wind
      therefrom;
PA1  f. flywheel coupled to the wind-driven blade set;
PA1  g. clutch for decoupling said flywheel and blade set;
PA1  h. an A.C. generator coupled to said flywheel.
NUM  2.
PAR  2. The system claimed in claim 1 further comprising means for sensing the
      relative velocity of the blade set and flywheel, a means coupled to said
      clutch means for connecting said blade set and flywheel when the former is
      faster.
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PAL  A fabric treating appliance, such as a clothes dryer, has four different
      modes of machine operation which are controlled by an integrated circuit
      having two outputs in conjunction with a moisture sensing means and a
      sensor circuit; and relay circuitry is provided to interface between the
      integrated circuit and the power circuit of the machine. This relay
      circuitry includes two coils operably associated with switching apparatus
      so as to achieve four distinct control states corresponding to the four
      different modes of machine operation. A like relay circuit may be adapted
      for use on a machine having a three-output integrated circuit control.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the control circuitry for an appliance such as a
      clothes dryer, and is more particularly concerned with the relay circuit
      interfacing between the output terminals of an integrated circuit control
      and the power circuit of the machine to selectively provide distinct modes
      of machine operation.
PAR  2. Description of the Prior Art
PAR  Conventional appliances generally have several distinct modes of machine
      operation which are periodically selected and maintained through control
      apparatus of the machine. U.S. Pat. No. 3,271,877 issued Sept. 13,1966,
      and assigned to Controls Company of America shows an example of such a
      control apparatus which consists of control circuitry utilizing a
      switching configuration in conjunction with a timer.
PAR  A dryer control circuit utilizing an integrated circuit is disclosed in
      U.S. Pat. No. 3,702,030, Ser. No. 129,008, issued Nov. 7, 1972, and
      assigned to Whirlpool Corporation. This control circuit has no timer but
      does require interfacing circuitry between the integrated circuit output
      terminals and the power circuit of the dryer. An example of such
      interfacing circuitry where three relays are utilized to achieve four
      distinct modes of dryer operation is shown in U.S. Pat. Application Ser.
      No. 358,092, filed May 7, 1973, now U.S. Pat. No. 3,802,091 issuued on
      Apr. 9, 1974, and also assigned to Whirlpool Corporation.
PAR  There are a number of advantages associated with the use of an integrated
      circuit in the control of an appliance such as a dryer. Integrated
      circuits are small in size, and the integrated circuit control can be
      located remotely from the control knob or switch on the machine. Also,
      there is flexibility with regard to the controls themselves since there is
      no requirement for a timer dial, and controls such as pushbuttons may
      therefore be used.
PAR  All such integrated circuit controls, however, require circuitry to
      interface between the integrated circuit output terminals and the power
      circuit of the dryer as seen in the aforementioned U.S. Pat. No.
      3,802,091. The main design criteria with regard to such interfacing
      circuitry is that it be efficient, reliable and durable while, at the same
      time, being as inexpensive as possible.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide interfacing
      circuitry between the integrated circuit output terminals of an appliance
      and the power circuit of the machine; which interfacing circuitry is
      efficient, reliable, and durable, while at the same time relatively
      inexpensive.
PAR  A second objective is to provide interfacing or relay circuitry between the
      integrated circuit and the power circuit of the machine, which comprises
      two coils utilized in conjunction with related circuitry including
      switching apparatus whereby four distinct modes of machine operation are
      achieved and whereby only one of the coils changes state during any given
      change in the operative mode of the machine.
PAR  Taking the example of a dryer, the integrated circuit control has two
      outputs, each of which is electrically connected to the base terminal of a
      PNP transistor. The collector terminal of each transistor is in turn
      electrically connected to one of two coils and the emitter terminal of
      each transistor is electrically connected to ground. Each transistor, when
      in a state of conduction caused by a signal from the integrated circuit,
      energizes the coil to which it is connected. Each coil is, in turn,
      mechanically linked to the switching apparatus, the first coil (controlled
      by the first integrated circuit output) being arranged to operate contacts
      in a double-pole normally-open switching configuration and the second coil
      (controlled by the second integrated circuit output) being arranged to
      operate a single-pole double-throw configuration of switching contacts.
PAR  A first and a second power lead are each received by the power side of the
      switching apparatus, and a motor lead, a heater lead, and a master control
      lead are each received by the load side of the switching apparatus. The
      first set of contacts for the double pole configuration of switching
      contacts controls the electrical connection of the first power lead with
      the motor lead, while the second set of contacts is disposed in a parallel
      relationship with the contacts of the single pole configuration of
      switching contacts and in conjunction therewith controls the electrical
      connection between the second power lead and the master control and heater
      leads respectively. The first or normal position of the single-pole
      double-throw configuration of contacts is with the closed contacts placing
      the heater lead in electrical connection with the master control lead. The
      master control lead is connected to the load side of the switching
      apparatus so that it connects electrically to the second power lead
      whenever the second set of double pole contacts are closed or whenever the
      single pole contacts are closed in their non-normal or second position.
PAR  The integrated circuit outputs each control the energization of one of the
      two coils which, in turn, control respectively the double pole normally
      open and single-pole double-throw segments of the switching apparatus,
      thereby selectively effecting power to the three basic loads of the dryer.
      When neither coil is energized, power to all loads is interrupted, and
      this is the "off" mode of machine operation. When the first coil is
      energized, power is received by all three loads defining the "dry" mode of
      machine operation, and when both coils are energized power is received
      only by the motor and the master control circuit placing the machine in
      the "cooldown" mode. When only the second coil is energized power goes
      only to the master control circuit and this condition is included in an
      "anti-wrinkle" mode of machine operation. Throughout the anti-wrinkle mode
      of machine operation, wherein the clothes load is intermittently tumbled
      for short periods after drying is complete in order to prevent wrinkling,
      the second coil will periodically be energized for a very brief time
      period thereby causing the motor to periodically receive power.
PAR  Since only one of the coils changes state during any given change in the
      operative mode of the machine, there is no need to sequence two or more
      nearly-simultaneous changes in coil or switch states.
PAR  The present invention can also be utilized with an integrated circuit
      controlled dryer having three rather than two integrated circuit outputs.
      A third PNP transistor is connected electrically at its base terminal to
      the third integrated circuit output with the collector terminal of this
      transistor being electrically connected to the base terminal of the
      transistor connected to the second integrated circuit output. This third
      transistor's emitter terminal is electrically connected to ground. Thus,
      whenever a control signal is generated from the third integrated circuit
      output the second coil will not be energized. Similarly, when neither the
      second nor the third integrated circuit output emits a control signal the
      second coil will be de-energized, but at all other times it will be in an
      energized state.
PAR  Under this arrangement, when none of the three integrated circuit outputs
      emits a signal, neither coil will be energized and the machine will be in
      the off mode. When all three emit a signal, only the first coil will be
      energized and this is the dry mode. When the first and second integrated
      circuit outputs emit a signal but the third integrated circuit output does
      not, both coils will be energized defining the "cooldown" mode; and when
      only the second integrated circuit output emits a signal, only the second
      coil will be energized and the machine will be in the anti-wrinkle mode.
      Again, throughout the anti-wrinkle mode of machine operation the motor
      will periodically receive power for a brief time period, in this case due
      to the periodic emission of a control signal from the first integrated
      circuit output to energize the first coil.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects, features and advantages of the invention, its organization,
      construction, and operation will be best understood from the following
      detailed description of an exemplary embodiment thereof taken in
      conjunction with the accompanying drawing, on which:
PAR  FIG. 1 pictorially illustrates a clothes dryer which may utilize the
      present invention, the dryer being shown with portions broken away to show
      internal details;
PAR  FIG. 2 is a schematic diagram of an integrated circuit control for the
      dryer as may apply to the apparatus of FIG. 1;
PAR  FIG. 3 is a circuit diagram for the dryer circuit represented schematically
      in FIG. 2 which incorporates circuitry embodying the present invention;
PAR  FIG. 4 is a table showing, for the circuit diagram of FIG. 3, the
      relationship between dryer functions and circuit states;
PAR  FIG. 5 is a partial circuit diagram showing a portion of the circuit of
      FIG. 3 revised so that the integrated circuit has three outputs rather
      than two and the relay circuit will receive the extra output.
PAR  FIG. 6 is a table showing, for the circuit diagram of FIG. 5, the
      relationship between dryer functions and circuit states.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the preferred embodiment of the invention, as illustrated in FIG. 1, a
      clothes-drying appliance or dryer 10 is shown comprising an enclosure
      cabinet 12 with a control console 14 thereon, housing a control device 16
      for regulating the drying operation. Selector means, here shown as a
      control knob 18, selectively sets the control device 16 for various drying
      cycles of operation, as, for example, automatic or timed drying cycles.
      The enclosure cabinet 12 comprises a horizontal top panel 20 and a
      horizontal bottom panel 22, a pair of vertical side panels 24, a vertical
      front panel 26, and a vertical rear panel 28. An access opening 30 is
      provided in the front panel 26, and is defined by an axially in-turned
      flange 31, having a closure door 32 cooperating therewith to facilitate
      loading and unloading of the dryer 10.
PAR  The dryer 10 further includes a drying container for tumbling clothes in
      the form of a rotatable drum 34 housed within the cabinet 12 and extending
      axially from the front panel 26 to a bulkhead 36 spaced forwardly of the
      rear panel 28. To encourage tumbling action in the clothing being dried, a
      plurality of circumferentially-spaced baffles 38 (only one being
      illustrated) are mounted on the inner surface of the drum 34. The drum 34
      includes a radially inwardly extending front closure wall 40 having an
      opening 42 therein formed by means of an axially out-turned flange 44. The
      out-turned flange 44 provides a forwardly-extending bearing annulus which
      overlies and is suitably journalled on the in-turned flange 31 of the
      cabinet 12. It will be apparent from the foregoing that the opening 42
      into the drum 34 and the access opening 30 formed in the front panel 26
      are concentric and provide access into the rotatable drum 34 from outside
      the cabinet 12 when the door 32 is open. The drum 34 is supported at the
      rear by a pair of support rollers 46 (only one being illustrated) mounted
      on the bulkhead 36. A raceway or circumferential groove 48 indented into
      the peripheral wall of the rear portion of the drum 34 serves as a track
      for the rollers 46.
PAR  A motor 50, mounted to the bottom panel 22 in a rear corner of the cabinet
      12, rotatably drives the drum 34 by means of a drive belt 52 extending
      around the periphery of, and in frictional engagement with, the drum 34
      and around the motor pulley 54 which is mounted at one end of a motor
      shaft 56. The other end of the motor shaft 56 drives a blower 58, arranged
      to circulate air through the drum 34. The blower 58 is included in a warm
      air system 60 positioned between the rear panel 28 and the bulkhead 36.
PAR  The bulkhead 36 serves to enclose the open ended rear portion of the drum
      34 and provides a fixed rear wall in which to locate a pair of spaced
      openings comprising an air inlet 62 and an air outlet 64. The blower 58
      draws moisture laden air from the interior of the drum 34 through the
      outlet 64, through a removable lint screen 66 and an air duct 68 and
      forces it through an exhaust duct 70. Air exhausted from the drum 34 is
      replaced by ambient air which enters the warm air system 60 by way of an
      intake opening (not shown) in the rear panel 28 and is drawn through a
      fresh air duct 72, passing over a heater means 74 and into the drum 34
      through the inlet 62. The warm air system 60 thus circulates a stream of
      warm air through the drum 34, subjecting clothing placed therein to a
      drying environment to remove moisture from the fabrics while the clothing
      is tumbled as the drum rotates.
PAR  Referring now to FIG. 2, the drum 34 is schematically illustrated as being
      driven by the motor 50 via the belt 52 and the motor pulley 54. A portion
      of the warm air system is also schematically illustrated and is shown as
      comprising heater means 74, air inlet 62, and air outlet 64. The broken
      arcuate arrow 76 indicates the direction of air flow.
PAR  Attached to the bulkhead 36 and exposed to the drum 34 is a moisture
      sensing means 78 which comprises a pair of sensor electrodes, including a
      first sensor electrode 80 and a second sensor electrode 82, which are
      bridged by the moist tumbling fabric as the clothing is being dried. The
      first sensor electrode 80 is connected to ground and the second sensor
      electrode 82 is connected to a sensor circuit 84 of an integrated circuit
      control 86, such as described in the aforementioned U.S. Pat. No.
      3,702,030. The sensor circuit 84 operates to provide repetitive reset
      signals to a counter circuit 88 of an integrated circuit 90; and as the
      moisture content of the clothes decreases, the frequency of these reset
      signals increases.
PAR  As set forth in the aforementioned U.S. Pat. No. 3,702,030, the counter
      circuit 88 comprises two separate counter sections which are operated by
      pulses derived from a conventional line current input. The first of these
      counter sections is repetitively reset by signals from the sensing circuit
      84 and is in turn employed to provide a reset signal for the second
      counter section. Therefore, when the frequency of signals from the sensing
      circuit 84 increases to the point where the first counter section is
      repetitively reset before it can generate its reset signal to the second
      counter section, the second counter section will reach its predetermined
      count and operate to signal termination of the drying cycle. This
      termination signal is received by a control logic circuit 92 which, in
      conjunction with a drying program stored in a memory circuit 94, provides
      output control signals for the dryer through a relay circuit means 96.
PAR  The relay circuit means 96 provides four distinct output states which are
      inputs to a power circuit 98 which, in consequence of the input state
      indicated, selectively provides power through respective load leads 210,
      212 and 214 to three distinct power loads namely the motor 50, the heater
      means 74, and a master control circuit 100 comprised of a power
      transformer circuit 102, the integrated circuit control 86, and the
      moisture sensing means 78. The control knob 18 shown in FIG. 1 operates
      switches which cooperate with the control logic circuit 92 and the memory
      circuit 94 to select or alter a drying program, and the control device 16
      also shown in FIG. 1 may be considered to include all the integrated
      circuit controls hereinbefore described.
PAR  Turning now to FIG. 3, a circuit diagram for the dryer shown schematically
      in FIG. 2 is shown. The dryer is connected to a power source or supply,
      for example a three-wire 230 volt commercial supply, at terminals L1, L2
      and N. With such a commercial supply, a 230 volt potential is provided
      across terminals L1-L2, and a 115 volt potential is provided across
      terminals L1-N. The circuit is divided such that one portion of its
      components is generally associated with 115 volt operation from terminals
      L1-N and another portion of its components is associated with the 230 volt
      operation provided by way of terminals L1-L2.
PAR  More specifically, the portion of the circuit associated with terminals
      L1-L2 comprises the heater means 74 connected electrically in series with
      thermostat means including an operating thermostat 104 for selectively
      controlling the temperature level in the drum and a safety thermostat 106
      for shutting down the machine when the temperature in the drum exceeds a
      predetermined value; switch means, in this case a centrifugal switch 108
      operated by the motor 50 at a predetermined speed; and switching apparatus
      110 of the relay circuit means 96 (also shown schematically in FIG. 2).
      Thus, switching apparatus 110 controls power to the heater means but the
      heater means may be energized by terminals L1-L2 only when the motor has
      reached a predetermined speed closing centrifugal switch 108.
PAR  The circuit associated with terminals L1-N includes a motor 50 electrically
      connected in series with switching apparatus 110, and a power transformer
      112 electrically connected in series with a normally closed door switch
      114 and also with switching apparatus 110. The transformer 112 is a part
      of and supplies power to the master control circuit 100 which comprises
      sensor circuit 84, moisture sensing means 78, integrated circuit 90, and
      circuitry for energizing said integrated circuit as hereinafter described.
      A detailed explanation of the sensor circuit may be had by reference to
      the aforementioned U.S. Pat. No. 3,702,030.
PAR  The integrated circuit 90 provides output control signals A and B to the
      relay circuit means 96 comprised of a first PNP transistor 116, a second
      PNP transistor 118, relay coils 120 and 122, and switching apparatus 110.
      The base of transistor 116 is electrically connected to one of the
      integrated circuit outputs for receiving output signal A, and the base of
      transistor 118 is electrically connected to the other integrated circuit
      output for receiving output signal B. The collector of transistor 116 is
      electrically connected to coil 120, while the collector of transistor 118
      is electrically connected to coil 122. The emitter of each transistor is
      electrically connected to ground. Signals A and B thus control the
      conduction of transistors 116 and 118 selectively, causing, in turn, the
      energization of respective relay coils 120 and 122. Relay coils 120 and
      122 control the operation of contacts 124, 124A, 126, 126A, 127, 128 and
      129 of switching apparatus 110. As a result, output signals A and B,
      through relay circuit 96, control the energization of the motor 50, the
      heater means 74, and the master control circuit 100. Initializing means
      are also provided within the master control circuit and operated by
      control knob 18 to isure that the integrated circuit 90, including the
      counter circuit 88 thereof, will be reset whenever power to the integrated
      circuit is interrupted. Such a power interruption would occur, for
      instance, when the dryer door 32, and hence the door switch 114, is opened
      during the operation of the machine; and but for the initializing means
      the integrated circuit would be free to assume a random state.
PAR  In operation, manual closure of contacts 126-126A through manual start
      means, here shown as a push-to-start switch 130 illustrated by the
      pushbutton 17 on the console 14, energizes the master control circuit and
      hence the integrated circuit 90 to provide the appropriate output signals
      to cause selective energization of the motor and the heater means and to
      maintain energization of the master control circuit. The dryer is thus
      operated through a drying program under the control of the integrated
      circuit 90 as determined by selector means, here shown as a selector
      switch 132 in association with control knob 18.
PAR  The energization of integrated circuit 90 from a transformer 112 is
      accomplished in the manner as follows. The power transformer 112 has a
      primary winding 134 which is connectable to the 115 volt supply at the
      terminals 136 and 138, and a secondary winding 140. To this secondary
      winding is connected a full wave bridge rectifier 142 which supplies
      direct current to a filter capacitor 144, an emitter follower voltage
      regulator including a regulator transistor 146 and a Zener reference diode
      148, and the DC shutdown circuitry indicated at 150 including a resistor
      152, a resistor 154, and a capacitor 156.
PAR  The AC voltage applied to the primary winding 134 of the transformer 112
      from terminals L1-N is transformed to approximately 30 volts, rectified by
      the full wave bridge rectifier 142 and filtered by the capacitor 144.
      Simultaneously, approximately 115 volts becomes available at the upper
      terminal 158 of the secondary winding 140, is half wave rectified by a
      diode 160 and is then fed to the capacitor 156 as a half wave charging
      current. The charge on the capacitor 156 is then coupled to the base of
      the regulator transistor 146 through the voltage divider network including
      the resistor 152 and the resistor 154. When at least 90 volts is applied
      to the primary winding 134 of the transformer 112, sufficient current is
      delivered to the base of the regulator transistor 146 to turn on the
      transistor and maintain the Zener reference diode 148 in conduction. This
      provides a regulated source of smooth DC from the capacitor 144 to the
      integrated circuit 90. The values of the resistors 152 and 154 and the
      capacitor 156 are selected so that the RC time constant of the circuit
      supplying base current to the transistor 146 is very short. As a result,
      when an interruption in the AC supply voltage occurs, the charge on the
      capacitor 156 is quickly exhausted and the current provided to the base of
      the transistor 146 is insufficient to maintain the transistor in
      conduction. The voltage on the base of the transistor falls to zero
      quickly, the transistor turns off and the direct current from the
      capacitor 144 is isolated from the integrated circuit 90.
PAR  After removal of the DC voltage from the integrated circuit 90 and upon a
      reapplication of DC voltage the initializing means resets the circuit. The
      value of the capacitor 144 is very large, for example 150 microfarads, in
      comparison to the capacitor 156 which may be, for example, 0.33
      microfarads, and there is no bleed resistor connected across the capacitor
      144. Consequently, when the regulating transistor 146 is turned off,
      charge can be stored on the capacitor 144 for very long periods of time.
      This guarantees the availability of a smooth DC voltage for application to
      the integrated circuit 90 during periods when it is subjected to a rapid
      succession of re-starts.
PAR  Having described the operation and control of the dryer as it relates to
      the present invention I will now specifically describe the invention
      itself.
PAR  The integrated circuit 90 selectively emits two control signals heretofore
      designated A and B respectively. Control signal A is received from a first
      integrated circuit output by transistor 116 as hereinbefore described and
      causes said transistor to assume a state of conduction, thereby energizing
      the coil 120. Similarly, control signal B is received from a second
      integrated circuit output by transistor 118 which, in turn, energizes coil
      122. Coils 120 and 122 are functionally associated, as for example by a
      mechanical linkage, with the switching apparatus 110.
PAR  The switching apparatus 110 has poles and contacts arranged in the
      configuration of a double pole normally open switch including contacts
      124, 124A, 126 and 126A, and a single pole double throw switch including
      contacts 127, 128, and 129. The normal state for the contacts in the
      single pole configuration is with contacts 127-128 closed, this being the
      "normal" or "first closed position" as opposed to the "second closed
      position" where contacts 127-129 are closed.
PAR  The switching apparatus 110 also has a power side 164 and a load side 166
      as seen in FIG. 3. A first power lead 210A is received by the power side
      164 of the switching apparatus 110 at a terminal 201 which connects
      electrically to contact 124A, and a second power lead 202A is received by
      the power side at a terminal 202 which connects electrically to contacts
      129 and 126A. The motor lead 200A connects with a terminal 200 on the load
      side 166 of the switching apparatus 110, and the terminal 200 is
      electrically connected to contact 124. Similarly, a heater lead 203A is
      received by the load side 166 of the switching apparatus at a terminal 203
      which connects electrically to contact 128; and a master control lead 204A
      is received by the load side of the switching apparatus at a terminal 204
      which connects electrically to contacts 126 and 127. It will be seen from
      FIG. 3 that the contacts in the double pole normally open configuration
      are controlled by coil 120 and that the contacts of the single pole throw
      configuration are controlled by coil 122. Thus, when only coil 120 is
      energized contacts 124-124A, 126-126A, and 127-128 are closed; and when
      only coil 122 is energized only contacts 127-129 are closed. When neither
      coil is energized only contacts 127-128 are closed; and when both coils
      are energized contacts 124-124A, 126-126A, and 127-129 are closed.
PAR  It will also be seen from FIG. 3 that the first pair of contacts in the
      double pole normally open configuration control the electrical connection
      between the first power lead 201A and the motor lead 200A; and that the
      second pair of said contacts are disposed in a parallel relationship with
      the contacts to of the single pole double throw configuration to control,
      in conjunction therewith, the electrical connection between the second
      power lead 202A and the heater and master control leads respectively.
      Consequently, when both coils are de-energized the double pole contacts
      124A-124 and 126A-126 will be open and single pole contacts 127-128 will
      be closed leaving all circuits open with no power reaching the motor, the
      heater means, or the master control circuit. When coil 120 is energized
      and coil 122 is not the double pole contacts 124A-124 and 126A-126 are
      closed and single pole contacts 127-128 remain closed in the normal or
      first closed position allowing power to reach all three loads. When both
      coils are energized the double pole contacts remain closed but the single
      pole contacts are in the second closed position with contacts 127-129
      closed rather than contacts 127-128. Power is then received by the master
      control circuit and by the motor, but not by the heater means. When coil
      120 is de-energized with coil 122 energized the double pole contacts are
      open and the single pole contacts are in the second closed position with
      contacts 127-129 closed. At this time only the master control circuit
      receives power.
PAR  It is apparent, therefore, that the relay circuit 96 herein disclosed
      allows four distinct states to be achieved in the dryer circuit from only
      two integrated circuit outputs. These four states will, of course,
      correspond to four distinct modes of machine operation for the dryer 10,
      for instance Off, Dry, Cooldown, and Anti-Wrinkle cycle. It should be
      noted that the Anti-Wrinkle mode of dryer operation includes periodic,
      relatively short, time intervals during which the relay circuit provides a
      state in the dryer's circuit equivalent to the state during the Cooldown
      mode of machine operation. The table of FIG. 4 summarizes the foregoing in
      terms of the relationship between integrated circuit control signal
      outputs and dryer function.
PAR  From FIG. 5 and the table of FIG. 6 it will be seen that the invention can
      also be used in a dryer having a three-output integrated circuit where the
      three integrated circuit outputs are designated A', B', and C' and
      correspond in operative state to the motor, the master control circuit,
      and the heater means respectively. This is accomplished by the addition of
      a transistor 162 to the relay circuit 96. The base terminal of the
      transistor 162 is electrically connected to the third integrated circuit
      output to receive the control signal C'. The collector terminal of the
      transistor 162 is electrically connected to the base terminal of
      transistor 118 and the emitter terminal of transistor 162 is electrically
      connected to ground. When the control signal C' is received by transistor
      162 the transistor 162 assumes a state of conduction and establishes an
      electrical path of low resistance to ground. The control signal B' will
      thus be grounded through transistor 162 whenever transistor 162 is in a
      state of conduction. Consequently, the absence of control signals A', B',
      and C' will result in neither coil being energized; control signals A',
      B', and C' will together energize coil 120 but not coil 122; control
      signals A' and B' without control signal C' will energize both coils; and
      control signal B' alone will energize coil 122 but not coil 120. The
      result is a relationship between dryer function and integrated circuit
      outputs as seen in the table of FIG. 6 which corresponds to the
      relationships previously discussed and shown in FIG. 4.
PAR  It will be noted that by utilizing two coils to achieve the four distinct
      modes of dryer operation in the manner disclosed herein, only one of the
      two coils changes its state at any one time to achieve a given change in
      the operative mode of the dryer. The sequence of changes in coil states
      related to the sequence of different machine operations may be seen in the
      table of FIG. 4. The sequence is energize coil 120, energize coil 122,
      de-energize coil 120, de-energize coil 122.
PAR  In devices where, for instance, more than one coil changes state at one
      time to achieve a change in dryer mode there is normally a problem caused
      by the fact that the changes in coil states, and therefore in switching
      operations, do not occur simultaneously, notwithstanding the fact that the
      difference in timing may be very slight. During the period in which the
      coils are changing state, the state of the dryer is uncertain, especially
      since there will be a random pattern with regard to which coil first
      becomes energized. For this reason most such devices require sequencing
      means to insure a predetermined sequence to the changes in coil state
      during a change in dryer mode. This adds to the complexity of the machine
      and to the cost thereof.
PAR  From the foregoing it is apparent that the objects of the invention have
      been completely fulfilled and that the relay circuit employing only two
      coils will interface between the master control circuit and the power
      circuit of a dryer to provide four distinct operative states and hence
      four distinct dryer functions.
PAR  Although I have described my invention by reference to a particular
      illustrative embodiment thereof, many changes and modifications of the
      invention may become apparent to those skilled in the art without
      departing from the spirit and scope of the invention. I therefore intend
      to include within the patent warranted hereon all such changes and
      modifications as may reasonably and properly be included within the scope
      of my contribution to the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a clothes drying machine having different modes of machine operation,
      means for selectively obtaining the operative mode desired, said means
      comprising:
PA1  a power circuit for connection to a power source,
PA1  power loads selectively energized by the power circuit for effecting
      operation of the machine, said power loads including a motor, heater
      means, and a master control circuit, said master control circuit having an
      integrated circuit with a first and a second output for emitting control
      signals, and
PA1  relay circuit means interfacing between the power circuit and the master
      control circuit and responsive only to the control signals from the first
      and the second integrated circuit outputs for controlling selective
      energization of the power loads to provide four distinct modes of machine
      operation.
NUM  2.
PAR  2. The clothes drying machine as claimed in claim 1 wherein the relay
      circuit means includes manual starting means for establishing electrical
      connection between the power circuit and the master control circuit to
      power said master control circuit.
NUM  3.
PAR  3. The clothes drying machine as claimed in claim 1 wherein the relay
      circuit means comprises:
PA1  a first and a second coil electrically connected to the first and the
      second integrated circuit outputs respectively, and
PA1  switching apparatus operably associated with the first and the second coils
      for controlling power to the three power loads.
NUM  4.
PAR  4. The clothes drying machine as claimed in claim 2 wherein the manual
      starting means is a push-to-start switch.
NUM  5.
PAR  5. The clothes drying machine as claimed in claim 3 wherein the power
      circuit includes a first power lead, a second power lead, a motor lead
      electrically connected to the motor, a heater lead electrically connected
      to the heater means, and a master control lead electrically connected to
      the master control circuit, and wherein the switching apparatus comprises:
PA1  a power side and a load side, said power side receiving the first and the
      second power leads, and said load side receiving the motor lead, the
      heater lead, and the master control lead,
PA1  a first set of contacts arranged in a double pole normally open switching
      configuration, said first set of contacts having a first pair and a second
      pair of contacts, and each of said pairs of contacts having a first
      contact on the power side of the switching apparatus and a second contact
      on the load side of the switching apparatus,
PA1  a second set of contacts arranged in a single pole double throw
      configuration and having a first contact, a second contact, and a third
      contact, and said single pole contacts further having a first closed
      position placing said first and said second single pole contacts in
      electrical communication and a second closed position placing said first
      and said third single pole contacts in electrical communication,
PA1  said first power lead electrically connected to the first contact of the
      first pair of double pole switching contacts, and the motor lead
      electrically connected to the second contact of the first pair of double
      pole switching contacts,
PA1  said second pair of double pole switching contacts connected in a parallel
      relationship with the contacts of the single pole switching configuration,
      and said first and said third single pole contacts connected on the load
      side of the switching apparatus and said second single pole contact
      connected on the power side of said switching apparatus,
PA1  said second power lead electrically connected to the first contact of the
      second pair of double pole switching contacts and to the second contact of
      the single pole configuration of switching contacts,
PA1  said master control lead electrically connected to the second contact of
      the second pair of double pole switching contacts and to the first contact
      of the single pole configuration of switching contacts, and
PA1  said heater lead electrically connected to the third contact of the single
      pole configuration of switching contacts,
PA1  whereby the motor receives power whenever the first pair of contacts of the
      double pole configuration are closed, the master control circuit receives
      power whenever the second pair of contacts of the double pole
      configuration are closed and also whenever the single pole configuration
      of switching contacts is in the first closed position, and the heater
      means receives power whenever the single pole configuration of switching
      contacts is in the second closed position and the second pair of contacts
      of the double pole configuration of switching contacts are closed.
NUM  6.
PAR  6. The clothes drying machine as claimed in claim 5 wherein the first and
      the second coils are operably associated with the double pole normally
      open configuration of switching contacts and the single pole double throw
      configuration of switching contacts respectively.
NUM  7.
PAR  7. The clothes drying machine as claimed in claim 6 wherein the master
      control circuit includes:
PA1  a sensor circuit for providing signals to the integrated circuit which
      effect the control signals of the integrated circuit outputs,
PA1  moisture sensing means for selectively emitting signals in response to the
      moisture content of the clothes, which signals are received by the sensor
      circuit, and
PA1  a transformer circuit for transmitting power to the sensor circuit and the
      moisture sensing means.
NUM  8.
PAR  8. The clothes drying machine as claimed in claim 7 wherein the machine has
      a drum for tumbling clothes and wherein the moisture sensing means
      comprises:
PA1  a first and a second sensor electrode located in proximity to the clothes
      in the drum,
PA1  said first sensor electrode being electrically connected to ground, and
PA1  said second sensor electrode being electrically connected to the sensor
      circuit,
PA1  whereby the clothes being tumbled in the drum are, at random intervals,
      bridged across said first and said second sensor electrodes to permit
      electrical conduction between said electrodes in direct proportion to the
      moisture content of said clothes.
NUM  9.
PAR  9. A control for an appliance having different operative modes of operation
      and a first, a second and a third power load for effecting said different
      operative modes; said control comprising:
PA1  a power circuit for connection to a power source, said power circuit
      including a first, a second and a third load lead, for electrical
      connection respectively to the first, the second, and the third power
      loads;
PA1  a master control circuit electrically connected to the second load lead,
      said master control circuit including an integrated circuit with a first
      and a second output for emitting control signals; and
PA1  relay circuit means interfacing between the power circuit and the master
      control circuit for providing four distinct modes of appliance operation
      in response only to the control signals from the first and the second
      integrated circuit outputs.
NUM  10.
PAR  10. The control as claimed in claim 9 wherein the relay circuit means
      includes manual starting means for establishing electrical connection
      between the power circuit and the master control circuit to power said
      master control circuit.
NUM  11.
PAR  11. The control as claimed in claim 10 wherein the relay circuit means
      comprises:
PA1  a first and a second coil electrically connected to the first and the
      second integrated circuit outputs respectively, and
PA1  switching apparatus operably associated with the first and the second coils
      for controlling power to the three power loads.
NUM  12.
PAR  12. The control as claimed in claim 11 wherein the power circuit includes a
      first and a second power lead, and wherein the switching apparatus
      comprises:
PA1  a power side and a load side, said power side receiving the first and the
      second power leads, and said load side receiving the first, the second,
      and the third load leads;
PA1  a first set of contacts arranged in a double pole normally open switching
      configuration, said first set of contacts having a first pair and a second
      pair of contacts, and each of said pairs of contacts having a first
      contact on the power side of the switching apparatus and a second contact
      on the load side of the switching apparatus;
PA1  a second set of contacts arranged in a single pole double throw
      configuration and having a first contact, a second contact, and a third
      contact, and said contacts further having a first closed position placing
      said first and second single pole contacts in electrical communication and
      a second closed position placing said first and said third single pole
      contacts in electrical communication;
PA1  said first power lead electrically connected to the first contact of the
      first pair of double pole switching contacts, and the first load lead
      electrically connected to the second contact of the first pair of double
      pole switching contacts;
PA1  said second pair of double pole switching contacts connected in a parallel
      relationship with the contacts of the single pole switching configuration,
      and said single pole contacts connected with said first and said third
      single pole contacts on the load side of the switching apparatus and said
      second single pole contact on the power side of said switching apparatus;
PA1  said second power lead electrically connected to the first contact of the
      second pair of double pole switching contacts and to the second contact of
      the single pole configuration of switching contacts;
PA1  said second load lead electrically connected to the second contact of the
      second pair of double pole switching contacts and to the first contact of
      the single pole configuration of switching contacts; and
PA1  said third load lead electrically connected to the third contact of the
      single pole configuration of switching contacts;
PA1  whereby the first load receives power whenever the first pair of contacts
      of the double pole configuration are closed, the second load receives
      power whenever the second pair of contacts of the double pole
      configuration are closed and also whenever the single pole configuration
      of switching contacts is in the first closed position, and the third load
      receives power whenever the single pole configuration of switching
      contacts is in the second closed position and the second pair of contacts
      of the double pole configuration of switching contacts are closed.
NUM  13.
PAR  13. The control as claimed in claim 12 wherein the first and the second
      coils are operably associated with the double pole normally open
      configuration of switching contacts and the single pole double throw
      configuration of switching contacts respectively.
NUM  14.
PAR  14. The control as claimed in claim 13 wherein the master control circuit
      includes:
PA1  a sensor circuit for providing signals to the integrated circuit which
      effect the control signals of the integrated circuit outputs, and
PA1  sensing means for selectively emitting signals in response to an external
      stimulus, which signals are received by the sensor circuit.
NUM  15.
PAR  15. The control as claimed in claim 14 wherein the appliance is a clothes
      dryer, and wherein the sensing means are moisture sensing means responsive
      to the moisture content of the clothes.
NUM  16.
PAR  16. The control as claimed in claim 15 wherein the clothes dryer has a drum
      for tumbling clothes and wherein the moisture sensing means comprises:
PA1  a first and a second sensor electrode located in proximity to the clothes
      in the drum,
PA1  said first sensor electrode being electrically connected to the ground, and
PA1  said second sensor electrode being electrically connected to the sensor
      circuit,
PA1  whereby the clothes being tumbled in the drum are, at random intervals,
      bridged across said first and said second sensor electrodes to permit
      electrical conduction between said electrodes in inverse proportion to the
      moisture content of said clothes.
NUM  17.
PAR  17. A device for controlling an appliance having different operative modes
      of appliance operation and a first, a second, and a third power load for
      effecting said different operative modes, said device comprising:
PA1  a power circuit for connection to a power source, said power circuit
      including a first, a second, and a third load lead, for electrical
      connection respectively to the first, the second, and the third power
      loads;
PA1  a master control circuit electrically connected to the second load lead,
      said master control circuit including an integrated circuit with a first,
      a second, and a third output for emitting control signals; and
PA1  relay circuit means interfacing between the power circuit and the master
      control circuit and including a first and a second coil responsive to the
      control signals from the first, the second and the third integrated
      circuit outputs for selectively controlling the power circuit to provide
      four distinct modes of appliance operation by employing only the two
      coils.
NUM  18.
PAR  18. The device as claimed in claim 17 wherein the relay circuit means
      includes manual starting means for establishing electrical connection
      between the power circuit and the master control circuit to power said
      master control circuit.
NUM  19.
PAR  19. The device as claimed in claim 17 wherein the first integrated circuit
      output is electrically connected to the first coil and the second and
      third integrated circuit outputs are electrically connected to the second
      coil, and wherein said relay circuit means includes switching apparatus
      operably associated with the first and the second coils for controlling
      power to the three power loads.
NUM  20.
PAR  20. The device as claimed in claim 19 wherein the relay circuit means
      includes a first, a second, and a third transistor,
PA1  said first transistor electrically connected in series relationship between
      the first integrated circuit output and the first coil,
PA1  said second transistor electrically connected in series relationship
      between the second integrated circuit output and the second coil, and
PA1  said third transistor electrically connected to the third integrated
      circuit output and to the second transistor such that whenever said third
      transistor is in a state of conduction said second transistor cannot be in
      a state of conduction.
NUM  21.
PAR  21. The device as claimed in claim 19 wherein the relay circuit means
      includes a first, a second, and a third PNP transistor, each of said
      transistors having a base terminal, a collector terminal, and an emitter
      terminal;
PA1  said first PNP transistor having its base terminal electrically connected
      to the first integrated circuit output, its collector terminal
      electrically connected to the first coil, and its emitter terminal
      electrically connected to ground;
PA1  said second PNP transistor having its base terminal electrically connected
      to the second integrated circuit output, its collector terminal
      electrically connected to the second coil, and its emitter terminal
      electrically connected to ground; and
PA1  said third PNP transistor having its base terminal electrically connected
      to the third integrated circuit output, its collector terminal
      electrically connected to the base terminal of the second PNP transistor,
      and its emitter terminal electrically connected to ground.
NUM  22.
PAR  22. The device as claimed in claim 21 wherein the power circuit includes a
      first and a second power lead, and wherein the switching apparatus
      comprises:
PA1  a power side and a load side, said power side receiving the first and the
      second power leads, and said load side receiving the first, the second,
      and the third load leads;
PA1  a first set of contacts arranged in a double pole normally open switching
      configuration, said first set of contacts having a first pair and a second
      pair of contacts, and each of said pairs of contacts having a first
      contact on power side of the switching apparatus and a second contact on
      the load side of the switching apparatus;
PA1  a second set of contacts arranged in a single pole double throw
      configuration and having a first contact, a second contact, and a third
      contact, and said second set of contacts further having a first closed
      position placing said first and said second single pole contacts in
      electrical communication and a second closed position placing said first
      and said third single pole contacts in electrical communication;
PA1  said first power lead electrically connected to the first contact of the
      first pair of double pole switching contacts, and the first load lead
      electrically connected to the second contact of the first pair of double
      pole switching contacts;
PA1  said second pair of double pole switching contacts connected in a parallel
      relationship with the contacts of the single pole switching configuration,
      and said single pole contacts having said first and said third single pole
      contacts on the load side of the switching apparatus and said second
      single pole contact on the power side of said switching apparatus;
PA1  said second power lead electrically connected to the first contact of the
      second pair of double pole switching contacts and to the second contact of
      the single pole configuration of switching contacts;
PA1  said second load lead electrically connected to the second contact of the
      second pair of double pole switching contacts and to the first contact of
      the single pole configuration of switching contacts;
PA1  said third load lead electrically connected to the third contact of the
      single pole configuration of switching contacts;
PA1  whereby the first load receives power whenever the first pair of contacts
      of the double pole configuration are closed, the second load receives
      power whenever the second pair of contacts of the double pole
      configuration are closed and also whenever the single pole configuration
      of switching contacts is in the first closed position, and the third load
      receives power whenever the single pole configuration of switching
      contacts is in the second closed position and the second pair of contacts
      of the double pole configuration of switching contacts are closed.
NUM  23.
PAR  23. The device as in claim 22 wherein the first and the second coils are
      operably associated with the double pole normally open configuration of
      switching contacts and the single pole double throw configuration of
      switching contacts respectively.
NUM  24.
PAR  24. The device as in claim 23 wherein the master control circuit includes:
PA1  a sensor circuit for providing signals to the integrated circuit which
      effect the control signals of the integrated circuit outputs, and
PA1  sensing means for selectively emitting signals in response to an external
      stimulus, which signals are received by the sensor circuit.
NUM  25.
PAR  25. The control as in claim 24 wherein the appliance is a clothes dryer,
      and wherein the sensing means are moisture sensing means responsive to the
      moisture content of the clothes.
NUM  26.
PAR  26. The device as in claim 25 wherein the clothes dryer has a drum for
      tumbling clothes and wherein the moisture sensing means comprises:
PA1  a first and a second sensor electrode located in proximity to the clothes
      in the drum,
PA1  said first sensor electrode being electrically connected to ground, and
PA1  said second sensor electrode being electrically connected to the sensor
      circuit,
PA1  whereby the clothes being tumbled in the drum are, at random intervals,
      bridged across said first and said second sensor electrodes to permit
      electrical conduction between said electrodes in inverse proportion to the
      moisture content of said clothes.
NUM  27.
PAR  27. In a clothes drying machine having different modes of machine
      operation, means for selectively obtaining the desired operative mode,
      said means comprising:
PA1  a power circuit for connection to a power source;
PA1  power loads energized by said power circuit to effect operation of the
      machine;
PA1  one of said power loads including a master control circuit operable in
      accordance with the drying program to provide a sequence of combinations
      of two control signals representing operative modes;
PA1  interface means for connecting said power circuit to said power loads, said
      interface means including relay means having a plurality of interconnected
      contacts connected between said power circuit and said power loads and
      operated in unique combinations in response to corresponding combinations
      of only said two control signals to provide four distinct modes of machine
      operation.
NUM  28.
PAR  28. In a clothes drying machine according to claim 27, wherein said relay
      means comprises a first relay coil and a second relay coil and said
      plurality of interconnected contacts comprises a set of double throw
      contacts operated by said first relay coil and including a first fixed
      contact connected to said power circuit, a second fixed contact connected
      to a first of said power loads, and a movable contact, and first and
      second sets of single throw contacts operated by said second relay coil,
      said first set of single throw contacts including a first contact
      connected to said power circuit and a second contact connected to a second
      of said power loads, said second set of single throw contacts including a
      first contact connected to said power circuit and a second contact
      connected to said movable contact for connecting said power circuit to
      said first power load upon the combined closure of said movable and second
      fixed contacts and said second set of single throw contacts.
NUM  29.
PAR  29. In a clothes drying machine of the type wherein a plurality of power
      loads, including a master control circuit which operates to provide a
      sequence of unique combinations of output signals, are selectively
      connected to a power circuit via an interface in accordance with a drying
      program, the improvement wherein:
PA1  the master control circuit includes two outputs and operates to provide a
      sequence of combinations of only two output signals; and
PA1  the interface comprises first and second sets of interconnected contacts
      connected between the power loads and the power circuit, and a pair of
      relay coils connected to respective ones of said outputs and operatively
      coupled to respective ones of said first and second sets of interconnected
      contacts, said relay coils operable to provide operation of the power
      loads in accordance with the drying program.
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ABST
PAL  A magnetic device comprising a first and a second plate of a magnetic
      material between which domains are situated. An interaction force occurs
      between the domains in the two plates. Stable domain positions in a second
      plate define equally stable domain positions in a first plate. One or both
      plates can be provided with domain guiding structures. Domain displacement
      in one plate can control a domain displacement in the other so that a
      variation in the interaction force is produced.
PARN
PAR  This is a continuation of application Ser. No. 277,150, filed Aug. 2, 1972,
      now abandoned.
BSUM
PAR  The invention relates to a magnetic device comprising a first plate of a
      magnetic material in which at least one domain can be present. The said
      plate has a preferred magnetization direction which extends transverse to
      the plane of the plate. The rare-earth and yttriumorthoferrites are
      examples of materials which are suitable for this purpose. A said domain
      is an area in the plate which, if a field is applied transverse to the
      plate, has a magnetization which is opposed to the direction of the
      applied field. As is known, such a domain can have different shapes such
      as a circular or annular, strip-like etc. section.
PAR  A wide variety of proposals have been made so as to enable the use of such
      domains. To this end it must be possible to influence the domain in some
      manner. For example, there must be a variable field or a rotary field to
      enable displacement etc. of a domain along a strip of permalloy which is
      specially formed for this purpose. The invention has for its object to
      provide a very useful and simple extension of the possibilities of
      externally influencing a domain. To this end, the magnetic device
      according to the invention is characterized in that a second plate of
      magnetic material in which a domain can be present is provided, at least
      the projection of said second plate covering at least part of the first
      plate, an interaction force occurring between at least one domain in the
      first and one domain in the second plate. Consequently, this means that
      according to the invention domains influence each other; it must be
      emphasized that these domains are situated in different plates of magnetic
      material.
PAR  The plates will generally be arranged to be parallel with respect to each
      other so as to ensure that the interaction between a domain in a first
      plate and a domain which is present in a second plate directly thereabove
      or therebelow, is independent of the position of the domains in the plate.
PAR  Consequently, in the examples hereinafter always a parallel plate
      arrangement is shown, even though the invention is not restricted thereto.
PAR  This principle of influencing can be used in a wide field of applications.
      This influencing can be used particularly advantageously in magnetic
      devices in which domains are to be displaced.
PAR  A magnetic device of the kind set forth in which a domain guiding structure
      is provided for displacing domains in the first plate according to a given
      trajectory according to the invention is characterized in that said second
      plate serves to create stable positions for domains in the first plate by
      means of domains situated in the second plate. It is to be noted that the
      use is known of an element in the form of a second, in this case
      non-magnetic plate so as to create stable positions for domains in the
      first plate. However, this second plate then does not contain domains but
      separate magnets which are provided for this purpose in openings of the
      plate. It will be obvious that the use of domains in the second, i.e.
      magnetic, plate according to the invention offers advantages: domains can
      be readily generated therein and in principle no operations are required
      with or on the plate. This is because the domains will arrange themselves
      according to a given pattern in the second plate, depending on the number
      of domains and inter alia the thickness of the plate, so that a stable
      pattern of domains is produced which creates the said stable domain
      positions for domains in the first plate.
PAR  A further possibility of application of the principle of the invention for
      the displacement of domains is offered by a magnetic device which is
      characterized in that a domain guiding structure is provided in the second
      plate for displacement of domains according to a given trajectory, these
      displaceable domains in the second plate defining displaceable stable
      domain positions in the first plate.
PAR  A magnetic device of this kind offers a very interesting and simple method
      of displacing domains. The first plate, or first plates since there can be
      more than one, can contain information which can be stationary and
      displaceable, without a domain guiding structure and, for example, rotary
      or varying fields being required for this purpose. This is achieved by the
      presence of the said second plate according to the invention in which the
      said domain guiding structure is present and in which the domains,
      arranged according to the trajectory of this structure, define stable
      domain positions in the first plate (plates). If the domains in the second
      plate are displaced, the corresponding domains in the first plate (plates)
      are taken along. As the second plate will be completely filled with
      domains, the displacement of these domains can be very readily realized
      without a guiding structure of a special shape and special fields being
      required. For example, a further embodiment according to the invention is
      characterized in that the second plate is completely filled with domains
      along a guiding structure, domains in the second plate being displaced via
      means which exert a "pull-push" force on the domains, the displacement of
      domains in the first plate being determined by said displacement of the
      domains in the second plate. For example, the domain guiding structure can
      consist of a continuous strip of permalloy along which the domains travel,
      the domains being subjected to an external pull-push force which is
      generated, for example, by current pulses in wire loops which are provided
      at only one or at a few locations on the plate, their displacement also
      being stimulated by their mutual repulsion.
PAR  Elaborating on the foregoing, a combination is also possible where domain
      guiding structures are present for displacing domains in the first plate
      along given trajectories as well as for displacing domains in the second
      plate according to a given trajectory, a displacement of a domain in the
      second plate causing and controlling a displacement of domains according
      to one of the trajects in the first plate.
PAR  In particular with the latter configuration a magnetic device is obtained
      which is suitable for many purpose. The domains, displaceable along given
      trajects in the first plate, can be controlled by the domains in the
      second plate which are also displaceable along given trajectories. It is
      thus possible to realize logic functions as will be described hereinafter.
PAR  The dimensions of the domains in the said first and second plate are
      determined inter alia by the degree of influencing of a domain in the
      second plate by a domain in the first plate, and vice versa. This
      influencing is dependent on the distance between the two said plates at
      the area of the relevant domains. This distance is in principle variable
      from zero to infinity, the influencing then being maximum and zero,
      respectively. This fact can be used to good advantage. To this end, a
      further embodiment of the magnetic device according to the invention is
      characterized in that said first and second plate are displaceable with
      respect to each other, the dimensions of the domains in the plates thus
      being variable. A dimensional variation of this kind can be used, for
      example, for measuring distances, or variations therein, such as
      mechanical vibrations, by detection of said dimensional variation. The
      applicability, however, is wider still. This is because field variations,
      wich occur between the two plates in the case of a said displacement can
      cause domain displacements. A magnetic device according to the invention
      in which a structure for domain guiding is provided on at least one of the
      plates, consequently, is characterized in that said first and second plate
      are displaceable with respect to each other, a domain being displaceable
      in the direction of such a guiding structure as a result of a dimensional
      variation of the domain.
PAR  It is important to note that there need not always be an interaction
      between one domain in the first plate and one domain in the second plate,
      but that it is equally possible that an interaction exists between more
      than one domain in the first plate and one domain in the second plate,
      etc. A special example thereof is a device in which the second plate
      comprises a strip-like domain by means of which stable domain positions
      are defined in the first plate at the area of the projection of the ends
      of said strip-like domain.
PAR  The embodiments according to the invention are not restricted to
      configurations comprising only a single first and second plate, but there
      can also be a plurality of first and/or second plates of magnetic material
      in which domains can be present. It is also to be noted that the
      thicknesses of the plates may differ. A second plate preferably has a
      thickness which exceeds that of a first plate. This is due to the fact
      that the stabilizing effect provided by such a second plate is greater in
      that case, so that a plurality of first plates can benefit therefrom. The
      same can be noted with respect to the distance between a first and a
      second plate. In given cases this distance will be equal to 0.
DRWD
PAR  This and other aspects of the invention will be described in detail in the
      description of the Figures which will be given hereinafter and which
      serves for the explanation of the invention.
PAR  FIG. 1 shows a domain in a first and in a second magnetic plate according
      to the invention,
PAR  FIG. 2 is a sectional view of the arrangement of FIG. 1,
PAR  FIGS. 3a and 3f show a number of other feasible domain shapes in one or
      more first plates and one second plate according to the invention,
PAR  FIGS. 4a and 4b show a plurality of domains in two plates and in more than
      two plates, respectively,
PAR  FIGS. 5a and 5b show a magnetic device according to the invention in which
      a domain guiding structure for domains in the first plate is provided,
PAR  FIGS. 6a, 6b, 6c and 6d show a magnetic device according to the invention
      in which a domain guiding structure for domains in the second plate is
      provided,
PAR  FIGS. 7 and 8 show magnetic devices according to the invention, comprising
      a domain guiding structure both for a first and for a second plate,
PAR  FIGS. 9 and 10 show detailed domain guiding structures for use in the
      example shown in FIG. 8,
PAR  FIG. 11 shows another example of a controllable displacement of domains,
PAR  FIG. 12 shows an example of a first and a second plate according to the
      invention which are displaceable with respect to each other.
PAR  FIG. 13 shows an example of plates according to the invention which are
      displaceable with respect to each other, a domain guiding structure being
      provided for at least one of the plates.
DETD
PAR  The reference numeral 1 in FIG. 1 denotes a first plate of a magnetic
      material, and the reference numeral 2 denotes a second plate of a magnetic
      material. In plate 1 a domain 3 is present, and plate 2 accommodates a
      domain 4. The plates have a preferred magnetization direction which
      extends transverse to the plane of the plates. A magnetic field H extends
      from the top downwards, transverse to the plates. Domains 3 and 4 can be
      generated, for example, by means of a current-carrying loop. The stray
      field of the domains is denoted by lines of force 5. The stray fields of
      the domains 3 and 4 interact, the interaction force occurring being larger
      as the distance between the plates 1 and 2 is smaller. It is to be noted
      that the dimensions of a domain in a plate are dependent on the thickness
      of the plate and the number of domains present in the plate. It is obvious
      that the said interaction force also influences the dimensions of the
      domains 3 and 4 in plates 1 and 2, respectively, in devices according to
      the invention.
PAR  FIG. 2 is a sectional view of the arrangement of FIG. 1. It is shown how
      the domains 3 and 4 have north poles and south poles (N - Z), so that
      obviously mutual influencing exists, i.e. attraction occurs between the
      two domains in accordance with the shown configuration. If the domain 4
      has a properly defined position in plate 2, this domain 4 will create,
      when said force of attraction exists, a stable domain position in plate 1,
      i.e. at the area where domain 3 is shown.
PAR  FIGS. 3a and 3f show a number of different feasible domain shapes in plates
      1 and 2. The interaction occurs between domains which can have any shape
      feasible for domains. In all cases shown a force of attraction exists
      between oppositely arranged domains. FIG. 3a shows a so-termed annular or
      hollow domain 6 and 7 in plate 1 and in plate 2, respectively, these
      domains being shown in a partly sectional view. The interaction also
      occurs between different kinds of domains in the two plates. FIG. 3b
      shows, by way of example, an annular domain 6 in plate 1 and a domain 4
      having a circular section (according to FIG. 1) in plate 2. FIG. 3c shows
      another example: in plate 1 an annular domain 6 is provided and therein a
      domain 3 having a circular section, while in plate 2 a domain 4 is again
      provided. FIG. 3d also illustrates that the plates 1 and 2 can be situated
      at a distance from each other which is equal to zero (d=0). The
      interaction will then be large. FIG. 3e shows, by way of example, not one
      but two first plates 1 and 1'. In this case the second plate 2 is provided
      between 1 and 1'. Domains 3 and 4 are shown, domain 4 notably exerting an
      influence on both domain 3 in plate 1 and domain 3 in plate 1', thus
      creating stable domain positions therein at the area of the domains 3.
PAR  It is to be noted that the general term domain is to be understood to mean
      explicity any shape of domains, such as domains having a circular,
      annular, strip-like etc. section,
PAR  FIG. 3f shows another example of a strip-like domain 8 in a plate 2. This
      does not result in one but two stable domain positions in plate 1, i.e. in
      this configuration at the area where domains 3 and 3' are situated. As a
      result of the interaction, the stip-like domain 8 broadens somewhat at its
      ends.
PAR  A configuration as shown in FIG. 3f is interesting as the length of the
      strip domain 8 can be varied with the field transverse to the plates, so
      that at the same time the distance between the domains 3 and 3'  is
      varied. This distance can now be many times smaller than in the absence of
      the plate 2 since domains 3 and 3' in one and the same plate repel each
      other. Another advantage of this configuration is that the distance
      variation is effected by a very small field variation as the length of
      this strip was found to be very sensitive to a field variation.
PAR  FIGS. 4a and 4b show examples of a plurality of domains in a plurality of
      plates 1 and 2. Moreover, the thicknesses of the plates are different, by
      way of example. In particular, plate 2 is thicker than the plates 1, 1',
      1", 1'" and 1"" (FIG. 4b). This can be advantageous in practice as the
      interaction can then readily be so large that in the first plate 1 domains
      can exist only at the areas where, viewed in projection, domains are
      present in the second plate 2. It is thus precluded that domains can also
      be present at other locations in plate 1. In FIG. 4a the plate 1 has
      domains 10 where domains 20 are provided in plate 2. Plate 2 also
      comprises domains 21 above which there are no domains in plate 1. This can
      be determined by the information pattern present in plate 1. FIG. 4a also
      shows that the dimensions of domains 20 and 21 in plate 2 differ. This is
      dependent on whether or not a domain faces a domain 10 in plate 1 so that
      interaction occurs. This is also visible in FIG. 4b; in plate 2, being
      thicker than plates 1, 1', 1", 1'" and 1"" and being arranged
      therebetween, the domain dimensions of domains 20, 21 and 22 are also
      dependent on the presence or absence of domains 10 in the various plates
      1, 1', 1", 1'" and 1"". The FIG. 4b shows that, particularly in the case
      of a thick plate 2, a number of thinner plates 1 can be "looked after" by
      such a second plate 2. Consequently, one second plate 2 can create stable
      domain positions in a plurality of first plates 1 (1', 1", 1'" and 1"").
PAR  As described any other feasible configurations can be used to good
      advantage in magnetic devices according to the invention where it is
      necessary to displace domains.
PAR  A number of domain displacement means are known, for example, domain
      guiding structures in the form of patterns of wire loops through which a
      pulse current is fed which takes along the domains from loop to loop. or
      structures of permalloy in a variety of shapes (for example, T-bars or
      Y-bars), where a magnetic field, rotating in the plane of a said plate of
      magnetic material, provides the transport of the domains, or structures
      such as a so-termed angelfish structure in which a magnetic field of
      varying dimensions, extending transverse to the plate, provides the
      transport of the domains in the direction of the structure. In given cases
      it is already sufficient to use strips of permalloy (tape-like) along
      which the domains are transported, for example, by means of a small
      external field which is displaced. In the following examples use is made
      of the said means, which are not elaborated upon further than is necessary
      for understanding the present invention. Domain guiding structures are
      denoted in the examples by broken lines and may have any known shape.
PAR  In FIGS. 5a and 5b, FIG. 5b being a sectional view of FIG. 5a along the
      line A--A, a device is shown in which a first plate 51 comprises domains
      53 and a second plate 52 comprises domains 54. Moreover, the first plate
      51 comprises structures 55 along which the domains 53 can be transported
      (see above). Also provided are inputs 56 on which the domains 53 can be
      generated or be supplied from elsewhere in known manner. Discharging
      and/or detection of domains can be effected on the right hand side of the
      plate. This generation or supply can be determined by given information
      which is transported or stored in the form of domains in plate 1. This
      results in a pattern of domains 53 in plate 51 which is given by way of
      example. The plate 52 according to the invention serves to define stable
      domain positions for plate 51. In this example plate 52 is completely
      filled with domains 54 which are arranged according to a regular pattern.
      This can be readily achieved by creating a sufficient number of domains in
      the plate under given conditions, for example, field strength and plate
      thickness. The modulation of the magnetic field in which the plate is
      situated can be an aid in achieving this regular pattern. A stable domain
      position is defined in plate 51 above each domain 54 in plate 52. This
      means that, independent of small deviations of the domain guiding
      structures on the plate 51 and also independent of material deviations
      (isotropic) in plate 51, a properly defined domain pattern of domains 53
      can exist in plate 51. When these domains 53 are displaced, in which case
      the interaction force with a domain 54 has to be temporiraly overcome by
      means of the displacement means, this displacement can be effected very
      regularly between the defined stable domain positions. An interesting
      aspect is that different concepts are possible under different
      circumstances. For example, if a device according to the invention serves
      exclusively for the transport of information during given periods, it is
      possible to make the interaction between domains 53 and 54 disappear by
      making the domains 54 disappear. If such a device serves mainly as a
      storage device during another period, the plate 52 can be filled again
      with domains 54, and so on. An important advantage of this kind of
      arrangement is that it is possible to operate without an external magnetic
      field (see field H in FIG. 1) as the domains can maintain each other by
      interaction. A complete filling as that of plate 52 in itself is very
      stable and the effect of the stray field of each domain 54 on plate 51 is
      such that in this plate 51 domains 53 can exist without a separate
      external magnetic field being required.
PAR  FIGS. 6a and 6b show devices according to the invention in which a first
      plate 61 comprises domains 63 and a second plate 62 comprises domains 64,
      FIGS. 6c and 6d showing a feasible section along the line A--A of FIG. 6b.
      In FIG. 6a plate 62 has a domain guiding structure 65 which is a closed
      loop for transporting domains 64 therealong. In this case the structure 65
      is completely filled with domains 64 which can circulate together along
      the loop. It is possible to make the domain guiding structure simply on a
      permalloy strip (tape-like) and to effect the transport therealong by a
      pull-push action. This can be readily realized, for example, by providing
      a number of wire loops 66, 67 at one or more locations along the
      trajectory 65. A given pattern of pulses through these groups will result
      in a forced transport of domains in a given direction (see, for example,
      "Electronics", Sept. 1.sup.st 1969, page 85). In the FIG. 6a the transport
      direction is assumed to extend to the left.
PAR  If desired, the said loops 66 and 67 can also be provided at a plurality of
      locations along 65. This trajectory 65, completely filled with domains 64,
      creates, in as far as it is covered by plate 61, displaceable stable
      domain positions 63 in this plate 61. This displacement will then be
      effected according to a trajectory 68 (stroke-dot line) which is the
      projection of traject 65 onto plate 61. Information in the form of domains
      63 can then be applied to a point 69 of plate 61. A bit 0 is then, for
      example, a domain 63, and a bit 1 is the absence of a domain. As a result
      of the interaction between domains 63 and domains 64, this information is
      thus transported on plate 61. If the circulation of domains 64 in plate 62
      is stopped at a given instant, the information in plate 61 stands still.
      Discharging or detection of information can be effected on the right-hand
      side of plate 61. In this way a device for transporting and retaining
      information in the form of domains is realized which is very simple and
      which does neither require any domain guiding structures of a special
      shape (T-bars, Y-bars etc) nor varying or rotating magnetic fields.
      Consequently, the information-carrying plate 61 does not even have to
      comprise a simple domain guiding structure such as the guide trajectory 65
      for plate 62. If the interaction is sufficiently large, it will also be
      possible to omit the main field for the magnetization (field H in FIG. 1)
      in such a device. It is to be noted that other configurations in which,
      for example, the information can be applied to a number of points 69 in
      known manner and in which the trajectory 65 is subdivided into a number of
      independent trajectories 65, are of course also possible within the scope
      of the invention.
PAR  In FIG. 6b (and 6c which is a sectional view) a slightly modified device is
      shown. This device comprises domain guiding structures 65' which are
      arranged in parallel on plate 62. On points 70 information in the form of
      "domain present" and "domain absent" (1-bit, 0-bit) is applied to the
      structure 65' and is transported therealong. This means that in the plate
      62 itself, defining the stable positions, a given information pattern can
      be transported or stored. In plate 61 the domains 63 will take in
      positions which result in the same information pattern. Consequently, the
      information in plate 62 is copied to plate 61. This is advantageous in
      cases where information is collected in a plate 62, after which it must be
      applied to one or even more than one second plate in one operation.
PAR  The said possibility of coyping is also useful in cases where, for example,
      the magnetic material of plate 61 is quite suitable for displaying the
      information pattern, for example, by means of light, but not very suitable
      for transporting the information also in the plate by means of domain
      displacement means. If the material of plate 62 is very suitable for this
      transport with the aid of displacement means, but not very suitable for
      the reading out or displaying of the information pattern by means of
      light, a combination of two of such plates 61 and 62 is useful due to the
      interaction forces occurring therebetween. Such a case can be illustrated
      as follows. A domain pattern can be made visible by using the Faraday
      effect. A domain causes a rotation of the polarization plane of
      transmitted light and detection of this rotation results in an image of
      the domain pattern. It is known that the rotation of the polarization
      plane is large if a plate of magnetic material is cut at right angles to
      the optical axis instead of cutting such a plate from a crystal at right
      angles to the preferred direction of the magnetization. The rotation of
      the polarization plane can thus be a factor 10.sup.3 higher as double
      refraction no longer occurs upon transmission of light. However, the
      behaviour of such a plate, in this case, for example, 61' in FIG. 6c which
      is obtained by a cut perpendicular to the optical axis, is different with
      regard to domains than that of a plate obtained by a cut perpendicular to
      the preferred direction of magnetization. The domains 63' will be in a
      tilted position and will be difficult to displace. If a second plate 62'
      (FIG. 6c) is obtained by a cut perpendicular to the preferred direction of
      the magnetization and the displacement of domains 64' therein by means of
      structures 65" imposes no problems, the displacement of the domains 63'
      in plate 61' can be realized by the interaction occurring from plate 62'.
      This interaction can readily be so large, inter alia by choosing the
      distance between the plates 61' and 62' to be small and the plate 62' to
      be thicker, that the taking along of domains 63' in plate 61' by the
      domain 64' in plate 62' is always ensured.
PAR  FIG. 7 shows an example of a device according to the invention in which
      domain guiding structures are provided for domains in a first as well as
      for domains in a second plate. A first plate 71, and in this case also
      another first plate 71', by way of example, has a structure 75, 75',
      respectively, along which domains 73 can be displaced. Denoted by the
      reference 76 is a supply/discharge location for domains. A second domain
      72 also has a structure, i.e. 77, along which domains 74 can be displaced.
      In plate 72, for example, the complete structure 77 is occupied with
      domains, so that it creates stable domain positions for positions along
      the guide structures 75 and 75' in the plates 71 and 71', respectively,
      said stable domain positions also being displaceable. In plate 71 (71') a
      given information pattern is provided or is stored therein. The following
      can be achieved by means of this configuration: if information is to be
      transported in plate 1, this can be effected without rotating or varying
      external fields being necessary. The domain guiding structures 75 and 75'
      can be simple permalloy strips, special shapes not being necessary. The
      reason for this is that information in plate 71, arranged in the form of
      the structure 75, can be taken along by the displaceable domains 74 in
      plate 72. The complete pattern of stable domain positions is thus capable,
      as a result of its displaceability in plate 72, of performing a desired
      transport in the information-carrying plate 71 (71'). The displacement of
      the domains in plate 72 itself can then also be readily effected since the
      complete filling along a structure 77, which can also consist simply of
      straight strips of permalloy, makes it possible to transport the domains
      74 in plate 72, for example, by generating a domain each time at the
      beginning (78, for travel in the one direction) of such a structure and by
      making a domain disappear at the end (78, for travel in the other
      direction) of such a structure. The complete filling is thus shifted
      further in its entirety. It is alternatively possible to provide the plate
      72 with a closed transport loop so that always the same shifting domains
      are used. See the description given with reference to FIG. 6a in view of
      the guiding trajectory 65 and the push-pull movement for the regular
      shifting of domains along a trajectory with a complete filling.
PAR  FIG. 8 shows an interesting example of the application of the interaction
      between domains in a first plate 81 and a second plate 82. A domain in
      plate 81 can be transported along a structure 85. The structure branches
      into two trajectories 85a and 85b. Assume that in the case of a
      displacement a domain 83 would normally proceed from 85 to 85a (see
      hereinafter). Plate 82 comprises a domain 84 which is also displaceable,
      in this case, for example, along a structure 86. Using this arrangement a
      domain 83 in plate 81 can be controlled by means of a domain 84 in plate
      82. If domain 84 is in the position shown in FIG. 8, a domain 83 will
      follow the trajectory 85b instead of the said trajectory 85a. This is due
      to the fact that interaction occurs between the domains 83 and 84.
PAR  FIGS. 9 and 10 illustrate such a branching of structures 85, 85a and 85b,
      respectively.
PAR  FIG. 9 shows a T-bar structure along which a domain can be displaced, by
      means of a field rotating in the plane of the plate 81, along poles which
      are denoted by 1, 2, 3, 4, 1, 2, . . . . A domain 83 which is supplied at
      a will normally proceed from left to right to output a.b. If a domain 84
      (shown in broken lines again in FIG. 9) in a plate 82 (not shown, compare
      FIG. 8) passes the branching point of the drawing from the top downwards,
      or is, for example, in the position shown, a domain 83 is deflected and
      arrives on the output which is denoted by a.b. In this manner a switch is
      created for a series of domains. See further hereinafter.
PAR  FIG. 10 shows an angelfish structure. Due to a varying field which extends
      transverse to the plane of a plate 81, a domain will normally travel along
      85 to 85a. The element 87 of the structure is somewhat asymmetrical, i.e.
      a point 87b is smaller than point 87a. A domain will normally move via
      point 87a, but of a domain is present in the vicinity if point 87b, i.e.
      in particular not on the side of 87a in a plate 82 (see FIG. 8), this
      domain will ensure that the domain in plate 81 is transported further in
      the direction of the structure 85b.
PAR  It will be obvious that logic functions can be realized using such a form
      of control of domains. This follows immediately from the drawing of FIG.
      9; for example: provided are an input a, and outputs a.b. and a.b. It is
      thus indicated that by means of this configuration (FIG. 9 in relation
      with FIG. 8) two logic operations can be realized, i.e. a.b. and a.b. This
      follows from: if a domain 83 arrives at input a, this domain will arrive
      at output a.b. only if said domain 84 in the second plate 82 arrives at or
      passes the position underneath plate 81 shown in FIG. 9. This represents
      the function a.b. if said presence of domain 84 is denoted by b. If no
      domain 84 arrives, i.e. "not present", so b, domain 83 in plate 81 moves
      from input a to output a.b. This means that there is a, but not b: a.b.
PAR  It is to be noted that structures as shown in FIG. 9 and 10 are not
      necessary if an arrangement is chosen where the plate 82 is arranged
      between plates 82 and 82'. See FIG. 11. A domain 84 in plate 82,
      travelling along a structure 86, sends a domain 83 in plate 81 to one
      side, and a domain 84' in plate 82' travelling along a structure 86' sends
      a domain 83 in plate 81 to the other side. In this case a permalloy
      conductor 85 (a.b) already suffice; this conductor need not have a special
      shape and no varying or rotating field is necessary.
PAR  FIG. 12 shows an example of two plates 111 and 112 according to the
      invention which are displaceable with respect to each other. Plate 111 is
      mounted, for example, on a component 115, the displacements of which with
      respect to a component 116 have to be measured. A domain 113 in plate 111
      and a domain 114 in plate 112 influence each other. The dimensions vary in
      accordance with the variation of the distance d between the plates 111 and
      112. A wire loop 117 at the area of domain 114 can serve for conversion of
      the dimensional variation into an electrical signal. If a permalloy foil
      is provided at the area of, for example, the domain 114, it is also
      possible to measure the electrical resistance of the permalloy so as to
      detect the dimensional variation of the domain which causes the resistance
      variation.
PAR  Other applications are feasible, for example, in the conversion of acoustic
      vibrations into electrical signals etc. The reverse operation is of course
      also possible. In that case the plate 111 can be put into motion by a
      variation of the dimensions of the domain 114 by a current variation in,
      for example, a wire loop 117 and hence by a variation in the interaction
      force between domains 113 and 114.
PAR  FIG. 13 shows another example of plates according to the invention which
      are displaceable with respect to each other. Plates 121 and 122 are
      displaceable with respect to each other. A domain 123 in plate 121 is
      displaceable along an angelfish structure which is given by way of
      example. Plate 122 comprises domains 124 which, by way of example,
      completely fill the plate 122 (compare plate 52 of FIG. 5). As a result of
      the displacement of the plates with respect to each other, notably
      transverse to the plane of the plates, the dimensions of domains 123 (and
      124) will vary. Using this dimensional variation, a domain 123 is
      displaced in this example in the direction of the angelfish structure.
PAR  It is to be noted that the displacement of the plates with respect to each
      other need not be exclusively transverse to the plane of the plates. A
      displacement in the plane of the plates also produces a variation in the
      interaction between domains in a first and a second plate. Applications
      involving operation in a corresponding manner can thus also be realized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic device comprising a first plate of a magnetic material in
      which at least one domain is present, a domain guiding structure having a
      plurality of continuous branched connecting paths for the displacement of
      the domain in the first plate, a second plate of magnetic material in
      which a domain is present, said second plate covering, at least in
      projection, at least a part of the first plate, an interaction force
      occurring between at least one domain in the first and one domain in the
      second plate, and a domain guiding structure having at least one path for
      the displacement of a domain in the second plate which controls the
      displacement of the domain in the first plate along one of said paths
      therein.
NUM  2.
PAR  2. A magnetic device as claimed in claim 1 including means to vary the
      distance between the plates whereby the dimensions of the domains can be
      varied.
NUM  3.
PAR  3. A magnetic device as claimed in claim 1 including means to vary a
      dimension of a domain in the second plate whereby the domain is
      displaceable in the direction of the guiding structure.
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PAL  A relay switch for controlling an electronic circuit adapted to adopt two
      states includes first and second conducting parts spaced apart from one
      another by an insulating material in a configuration whereby the first and
      second parts can be connected by a resistance formed by the skin of a
      user's finger, such connection being effective to control the state of the
      circuit.
BSUM
PAR  The invention relates to a device for the control of an electronic circuit
      designed to adopt two states.
PAR  A device according to the invention is characterized by the fact that it
      includes a first conducting part electrically insulated from a second
      conducting part, these two parts being adapted to be temporarily connected
      to control the state of said circuit by an electric resistance formed by
      the skin of a user.
DRWD
PAR  The accompanying drawings show an embodiment of the invention, by way of
      example. In the drawings:
PAR  FIG. 1 is an elevational view of the device, partly in cross section;
PAR  FIG. 2 is a plan view of the device; and
PAR  FIG. 3 is a circuit diagram of the device with an associated circuit.
DETD
PAR  The device shown includes a switch formed by two conductive parts or
      contacts 1 and 2 insulated by a piece of insulating material or insulative
      spacer material 3.
PAR  Part 1 is in the form of a cylindrical ring with a chamfered flange 1A, and
      is force fitted in a circular aperture of a grounded conducting plate 4.
PAR  Part 3 is in the form of a cylindrical ring tightly fitted in part 1, and
      part 2 is a solid cylinder tightly fitted in the bore of part 3. The upper
      (looking at FIG. 1) faces of parts 1, 2 and 3 are flush and form a smooth
      surface protruding slightly from the face of plate 4, the dimensions of
      the switch being such that parts 1 and 2 can be connected by the skin of a
      user's finger pressed against the upper face of the switch. A stud 5
      protruding from the lower (looking at FIG. 1) end face of part 2 enables
      the switch to be connected to a circuit, as shown in FIG. 3.
PAR  This circuit includes a resistor R 1 connecting part 2 to a relay voltage
      source + V and a resistor R2 connecting part 2 to the base of a transistor
      10. The emitter of transistor 10 is connected to the base of a
      grounded-emitter transistor 11, the collector of transistors 10 and 11
      being connected together to voltage source + V via a resistor R3 and to
      the input of a bistable circuit 12.
PAR  In the absence of a connection of parts 1 and 2 by a user's finger, these
      parts are insulated from one another by a substantially infinite
      insulating resistance formed by part 3. Part 2, the base and collector of
      transistor 10 and the collector of transistor 11 are thus all at voltage +
      V. The transistor 10 conducts and bistable circuit 12 rests in one
      particular state.
PAR  When the parts 1 and 2 are connected by the skin of a user's finger forming
      a resistance of between about 20 and 100 K.OMEGA., the voltage at part 2
      and at the base of transistor 10 drops, and transistors 10 and 11 are
      blocked and provide a tripping pulse to change the state of bistable
      circuit 12 which remains in this new state as long as parts 1 and 2 remain
      connected. As soon as the user removes his finger from the switch, the
      bistable circuit 12 returns to its original state.
PAR  The overall outer diameter of part 1 can, for example, be 1 cm, V 1 can be
      5 V, R 1 10M.OMEGA. and R2 and R3 each 10 K.OMEGA.. When parts 1 and 2 are
      connected by a user's finger, the voltage applied to the base of
      transistor 10 drops from 5 V to between about 0.01 to 0.05V.
PAR  The described device is particularly useful as a relay for controlling a
      language laboratory in view of the silent operation due to the absence of
      any moving parts.
PAR  As an alternative, the described bistable circuit 12 could be replaced by
      one which changes state whenever the parts 1 and 2 are connected and holds
      the same state even when the parts 1 and 2 are disconnected, until they
      are connected once again, the device thus acting as a trigger relay.
PAR  In another possible modification, the accessible surfaces of parts 1 and 2
      instead of being circular could have other shapes: for example part 2
      could form a symbol such as a sign or number indicating the function
      controlled by the particular switch.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A switching circuit responsive to the impedance of a human hand
      comprising:
PA1  a transistor having a pair of principal conduction electrodes and a control
      electrode receptive in use to a current for controlling the conductivity
      of the transistor;
PA1  means for applying a bias voltage in use to one of said principal
      conduction electrodes; and
PA1  a voltage divider circuit comprising a pair of resistors electrically
      connected in series, means electrically connecting one of said resistors
      to said control electrode, a first conductive contact electrically
      connected to the junction of said pair of resistors, and a second
      conductive contact electrically connected to the other of said principal
      conduction electrodes and bridgeable with a portion of a human hand to
      introduce the impedance of the portion of the human hand between the
      junction of said pair of resistors and the other of said principal
      conduction electrodes and thereby vary the current to said control
      electrode in use to vary the conductivity of said transistor.
NUM  2.
PAR  2. A switching circuit according to claim 1, wherein said means for
      applying a bias voltage in use to one of said principal conduction
      electrodes comprises a resistor electrically connected to said one of said
      principal conduction electrodes.
NUM  3.
PAR  3. A switching circuit according to claim 1, wherein said first and second
      contacts comprise a pair of conductive concentric cylinders, and further
      comprising an insulative spacer for positioning said pair of conductive
      concentric cylinders to be bridgeable with a portion of a human finger.
NUM  4.
PAR  4. A switching circuit according to claim 1, further comprising a second
      transistor connected to the first-mentioned transistor to jointly define a
      Darlington pair therewith.
NUM  5.
PAR  5. A switching circuit according to claim 1, further comprising a bistable
      device having an input, and means electrically connecting said one of said
      principal conduction electrodes to the input of said bistable device.
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PAL  The invention is concerned with a float-operated electrical switch assembly
      comprising a vertical tubular housing, at least the lower end of which is
      arranged to be open to a liquid the level of which is to be monitored. A
      float is restrained to move vertically in the housing with changes in the
      liquid level and a magnet mounted on the float cooperates with a
      magnetically responsive switch actuator which is contained in a tubular
      casing of non-magnetic material extending into the housing from the side
      of the housing. The switch assembly is primarily intended for a low level
      alarm.
PARN
PAR  This is a continuation of application Ser. No. 365,627, filed May 31, 1973,
      now abandoned.
BSUM
PAR  The invention is concerned with a float-operated electrical switch
      assembly, for use with a boiler or other liquid container. The assembly
      has a float which follows the movement of the liquid level and a magnet
      which is connected to and moves with the float, the magnet operating
      magnetically responsive switch contacts through a non-magnetic wall.
PAR  In conventional structures of such a switch the float and magnet are
      pivotally mounted and this means that a large horizontal length is
      necessary in the container to form the mounting of the assembly.
PAR  According to the invention a float operated electrical switch assembly
      comprises a vertical tubular housing, at least the lower end of which is
      arranged to be open to a liquid the level of which is to be monitored, a
      float which is restrained to move vertically in the housing with changes
      in the liquid level, and a magnet mounted on the float and cooperating
      with a magnetically responsive switch actuator which is contained in a
      tubular casing of non-magnetic material extending into the housing from
      the side of the housing.
PAR  The provision of the non-magnetic wall through which the float magnet
      influences the switch actuator, in the form of a tubular casing extending
      into the housing from a side wall of the housing, enables the non-magnetic
      wall to be comparatively thin so that the magnet may operate very close to
      the switch actuator with great sensitivity.
PAR  The construction is extremely compact and although the housing may be
      arranged inside the container holding the liquid, the level of which is to
      be measured, the housing is preferably connected at its upper and lower
      ends to the side of the liquid container, or to a feed pipe from an upper
      liquid reservoir tank to a liquid container such as a boiler.
PAR  The switch assembly is particularly applicable for use in a low level alarm
      system. In that case the switch actuator may be magnetically attracted and
      held in a first position by the float magnet when the float is in a normal
      raised position but when the float drops upon the liquid level reaching
      the lower level, the switch actuator is freed from the magnetic attraction
      and moves to a second position.
DRWD
PAR  One example of a switch assembly constructed in accordance with the present
      invention is illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation;
PAR  FIG. 2 is a vertical section through the assembly in the plane
      perpendicular to the plane of the paper and as seen from the right in FIG.
      1;
PAR  FIG. 3 is a section taken on the line III--III in FIG. 2 showing the float
      in a raised position; and,
PAR  FIG. 4 is a section similar to FIG. 3 but showing the float in a low level
      position.
DETD
PAR  The illustrated assembly has a tubular steel housing 10 with upper and
      lower screw threaded couplings 11 and 12. As shown in FIG. 1 these
      couplings are connected via elbows to a water feed pipe 13 from an upper
      reservoir tank to a boiler at a lower level. When the pipe 13 is full of
      water, a float 14 which is constrained to move vertically in the housing
      10 rises under its buoyancy into engagement with a stainless steel
      non-magnetic tubular casing 15 which extends into the housing 10 through a
      seal in its wall and is connected at its outer end to a switch contact
      housing 16. Mounted in the housing 16 and casing 15 is a sub-assembly
      comprising a two-way microswitch 17 having terminals 18 which will be
      connected externally by means of insulated conductors extending into the
      housing 16 through an appropriate aperture. The microswitch 17 has a
      switch contact changeover operating plunger 19 which is depressed against
      spring action by means of one arm 20 of an angular ferromagnetic switch
      actuator the other arm 21 of which extends along inside the casing 15. The
      switch actuator is pivotally mounted on the microswitch 17 about an axis
      22. The microswitch itself is mounted by means of two parallel plates 23
      which are rigidly fixed to the microswitch and extend as a push fit in the
      casing 15. The two plates 23 are interconnected by bars 24 and 25 and the
      arm 21 of the switch actuator works between the plates. During assembly
      the plates 23, switch actuator, and microswitch are offered into the
      housing 16 after its cover 26 has been removed, and the plates 23 are
      pushed into the casing 15. In the assembled position the lower leading
      corners of the plates 23 abut against the bottom of the casing 15 and are
      held in that position by means of a leaf spring 27 which is mounted on the
      plates 23 and abuts against the top of the casing 15.
PAR  When the float 14 is in its normal raised position, shown in FIG. 3, a
      magnet 28 fixed in the top of the float, draws the arm 21 of the switch
      actuator down to the lower position shown in FIG. 3 causing the arm 20 to
      depress the plunger 19 so that the switch contacts and the microswitch
      adopt a first configuration. In the event of the liquid level in the
      housing 10 dropping, the float will fall as well until the magnetic
      attraction between the magnet 28 and the arm 21 of the switch actuator is
      insufficient to overcome the return spring of the plunger 19 of the
      microswitch, whereupon the switch actuator pivots with a snap action to
      its other end position shown in FIG. 4 in which the arm 21 is raised
      abutting against the bar 25. The plunger 19 is thus free to move outwards
      under its spring action causing the switch contacts in the microswitch to
      adopt their second configuration. In this second configuration the switch
      contacts can operate a low level alarm indicating that the liquid level
      has dropped to a dangerous value. When the assembly is connected as in the
      FIG. 1 example, a dropping in the liquid level sufficient to allow the
      float 14 to fall to the FIG. 4 position, could occur upon the upper
      reservoir tank running dry and the liquid level falling down the pipe 13
      towards the boiler.
PAR  When the liquid level in the housing 10 rises again, the float 14 will rise
      again to the FIG. 3 position whereupon the magnetic attraction between the
      magnet 28 and the arm 21 will cause the magnet to capture the arm,
      swinging the switch actuator back to the FIG. 3 position again.
PAR  In order to enable the float 14 to be forced downwards in the liquid in the
      housing 10, to simulate low level condition, a test actuator is provided.
      This consists of a bent wire 29 which extends through a gland seal 30 in
      the wall of the housing 10. The outer end of the wire 29 is bent to form
      an actuating handle 31 and the inner end is bent to form an arm 32 which
      engages the top of the float 14. Normally the test actuator does not
      interfere with the operation of the float but when a test is to be
      conducted the wire 29 is rotated by turning the handle 31 whereupon the
      arm 32 forces the float downwards to the dotted line position shown in
      FIG. 2. The switch actuator then adopts the FIG. 4 position until the test
      actuator is released allowing the float to rise to the full line position
      in FIG. 2 again.
PAR  Similarly it would be appropriate for the assembly to be fitted via elbows
      to the side of a liquid container such as a boiler, rather than in a feed
      pipe to such a container.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a float-operated electrical switch assembly for indicating the liquid
      level in a liquid containing system having a sidewall, said switch
      assembly comprising a tubular float housing, a float restrained to move in
      said float housing with changes in the level of a liquid therein, and a
      magnet mounted on said float, the improvement which comprises
PA1  a tubular casing of non-magnetic material extending into said float housing
      transversely of said float housing, and having a portion projecting
      transversely outwardly from said float housing, the interior of said
      tubular casing being sealed from the interior of said float housing,
PA1  duct means attached to said float housing and adapted to be fastened to
      said sidewall and to permit liquid to flow between said system and said
      float housing through said duct means while maintaining said float chamber
      in a vertical position,
PA1  a switch unit housing containing an electrical switch unit, and connected
      to said projecting portion of said non-magnetic casing externally of said
      float housing, said switch unit housing having an opening in the side
      thereof remote from said non-magnetic casing,
PA1  a removable cover for said opening, and
PA1  a magnetically responsive switch actuator extending from said switch unit
      into a region within both said non-magnetic casing and said float housing
      for actuation by said magnet, said actuator and electrical switch unit
      being dimensioned to be removable through said opening when said cover is
      removed.
NUM  2.
PAR  2. An assembly according to claim 1, for use in indicating when a lower
      liquid level is reached, wherein said switch actuator is positioned to be
      magnetically attracted and held in a first position by said float magnet
      when said float is in a normal raised position and to be freed from said
      magnetic attraction and move to a second position when said float drops
      upon said liquid level reaching said lower level.
NUM  3.
PAR  3. An assembly according to claim 1, wherein said switch actuator is a
      lever pivoted about a horizontal axis transverse to the axis of said
      tubular casing so that an end of said lever which cooperates magnetically
      with said float magnet is lowered in said first position of said switch
      actuator and raised in said second position of said switch actuator.
NUM  4.
PAR  4. An assembly according to claim 1 in which said duct means comprises two
      individual ducts, one attached to the upper end of said float housing and
      the other to the lower end of said float housing, both of said individual
      ducts being adapted to be fastened to said sidewall.
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ABST
PAL  A liquid level shutoff control for minimum level control of conductive
      fluids. A pair of electrodes are disposed in the liquid at the minimum
      level desired for the fluid. The electrodes provide a conductive path for
      a high frequency electrical signal and circuits energize a controlled load
      such as a liquid heating or mixing apparatus whenever the electrodes are
      in contact with the fluid. Failure of the control circuit results in shut
      off of the controlled load thereby providing fail-safe minimum level
      control.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the area of liquid level sensing devices, mechanical or float systems
      are the most widely used. These devices when coupled with levers, relays,
      and switches can be used to provide a shutoff signal when the liquid falls
      below a minimum level. The reliability of these systems is limited and,
      therefore, have been replaced in some installations by electrical level
      sensing systems. These systems generally rely upon the attenuation of an
      electrical signal by the conductive liquid to activate a controlled load
      such as a heater. Failure of this type control system will result in the
      controlled load being continuously activated when the liquid falls below
      the minimum level.
PAR  Other systems which rely upon the conduction of 60 cycle leakage currents
      through the conductive fluid to activate a controlled load suffer from
      erratic control indications due to 60 cycle hum pickup in the probe
      wiring. Other available conducting systems of the D.C. type cause
      electrolysis of the conducting liquid due to the passage of a D.C. current
      through the liquid.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  The present invention provides an improved liquid level shutoff control
      apparatus which obviates the previously described disadvantages of devices
      of the prior art.
PAR  It is a further objective of the present invention to provide a low liquid
      control that contains no mechanical contacts in the control loop and is
      therefore capable of being encapsulated to protect it from severe
      environments.
PAR  Another objective of the invention is to provide a shutoff control that
      does not require special probes for immersion in the liquid.
PAR  A further objective of the invention is to provide a low current liquid
      level shutoff control that is intrinsically shockproof.
PAR  The present invention performs the liquid level shutoff control function by
      utilizing the conductive property of a liquid to conduct a high frequency
      signal between two probes in contact with the liquid. The conduction
      between the probes causes a switching circuit to be actuated and enable a
      load to be energized. The load is energized only while the probes are in
      contact with the conducting liquid. Upon failure of the high frequency
      generating circuit, the probes or the switching circuit will de-energize
      the load. The location of the probe determines the minimum fluid level at
      which the load will be energized.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the electrical circuits providing low
      liquid level cut-off in a grounded enclosure.
PAR  FIG. 2 is a schematic diagram of the electrical circuits providing low
      liquid level cut-off in an ungrounded enclosure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 power source 1 is supplied 60 cycle power through plug 2. Ground
      lead 3 is connected to enclosure 4 which is filled with conducting liquid
      5. Power leads 6 and 7 are connected to the primary circuit of isolation
      transformer 8. Power lead 6 is further connected by lead 11 to switching
      circuit 10. Power lead 7 is further connected by lead 12 to load 9. One
      lead of secondary winding 13 of isolation transformer 8 is connected to
      switching circuit 10 and diode 14. The other lead of winding 13 is
      connected to the common side of the transistor citcuits and power
      switching circuit 10. Diode 14 and resistor 15 provide a reduced rectified
      current to charge capacitor 16. Capacitor 16 provides a D.C. voltage to
      the multivibrator composed of elements 17, 18, 19, 20, 21, 22, 23, and 24.
      The multivibrator produces a high frequency square wave signal through
      limiting resistor 25 and coupling capacitor 26 to input probe 28 immersed
      in conductive liquid 5. The high frequency signal is conducted through
      liquid 5 to output probe 29 through coupling capacitor 27 to the gate of
      triac 30 in switching circuit 10. The high frequency signal on the gate of
      triac 30 causes 60 cycle current to flow through triac 30, relay coil 31,
      and primary circuit 13. Current flow through coil 31 causes relay contacts
      32 to close and connect load 9 across power leads 6 and 7. Load 9 is
      therefore energized when probes 28 and 29 are contacting conducting fluid
      5 which is present in grounded enclosure 4.
PAR  In FIG. 2 power source 1 is supplied 60 cycle power through plug 2. Ground
      lead 3 is connected to ground. Power lead 7 is connected to diode 14 and
      load 9. Power lead 6 is connected to the common side of the transistor
      circuits and switching circuit 10. Diode 14 and resistor 15 provide a
      reduced rectified circuit to charge capacitor 16. Capacitor 16 provides a
      D.C. voltage to the multivibrator composed of elements 17, 18, 19, 20, 21,
      22, 23, and 24. The multivibrator produces a high frequency square wave
      signal through limiting resistor 25 and coupling capacitor 26 to input
      probe 28 immersed in conductive liquid 5 which is present in non-grounded
      enclosure 34. The high frequency signal is conducted through liquid 5 to
      output probe 29 through coupling capacitor 27 to the gate of triac 30 in
      switching circuit 10. The high frequency signal on the gate of triac 30
      causes 60 cycle current to flow through triac 30, load 9 and through power
      leads 6 and 7. Load 9 is therefore energized when probes 28 and 29 are
      contacting fluid 5 which is present in ungrounded enclosure 34.
PAR  The circuits shown in FIG. 1 and FIG. 2 perform identical functions in
      regard to providing a D.C. voltage for the multivibrator circuit which
      produces the high frequency square wave, providing a conductive path
      through the probes and conductive fluid to the switching circuit; and
      connecting a load to the 60 cycle power line whenever there is conduction
      between the probes.
PAR  The isolation transformer 8 is required when the liquid is connected to
      ground through the enclosure itself or through connecting pipes and
      accessories. The isolation transformer prevents the high frequency signal
      from the input probe from being conducted to ground rather than to the
      output probe. The relay in the switching circuit is required to prevent
      the load from cancelling the effect of the isolation transformer. The
      triggering of the triac with a high frequency signal is novel and
      performance is reliable when the rise time of the high frequency signal is
      less than the turn-off time of the triac. Coupling capacitors 26 and 27
      are selected to present a high impedance to 60 cycle currents and a low
      impedance to the high frequency signals, thereby making the circuit immune
      to the 60 cycle leakage currents and preventing 60 cycle currents from
      being injected into the liquid where they may present a shock hazard to
      operating personnel.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for energizing a load from a power line when the level of a
      conductive liquid is above a preset point comprising:
PA1  a. electrical energy means producing a D.C. voltage and an A.C. voltage
      from the power line,
PA1  b. signal generating means connected to the electrical energy means and in
      response to the D.C. voltage applied thereto producing a high frequency
      signal,
PA1  c. an input conductive probe contacting the liquid and coupled to the
      signal generating means,
PA1  d. an output conductive probe contacting the liquid and providing a
      conductive path for the high frequency signal from the input conductive
      probe through the liquid to the output conductive probe,
PA1  e. switching means coupled to the electrical energy means and to the output
      conductive probe for connecting the load across the A.C. voltage whenever
      conduction of the high frequency signal occurs from the input conductive
      probe to the output conductive probe.
NUM  2.
PAR  2. The combination of claim 1 wherein the input conductive probe is
      capacitively coupled to the signal generating means and the output
      conductive probe is capacitively coupled to the switching means.
NUM  3.
PAR  3. The combination of claim 1 wherein the switching means includes a triac
      energized by the high frequency signal.
NUM  4.
PAR  4. The combination of claim 1 wherein the electrical energy means includes
      an isolation transformer for producing the A.C. and D.C. voltages and the
      switching means includes a relay having a pair of relay contacts for
      connecting the load across the power line.
NUM  5.
PAR  5. The combination of claim 4 wherein the switching means includes a triac
      and the relay is energized by the triac and the load is connected across
      the power line through the relay contacts.
NUM  6.
PAR  6. The combination of claim 1 wherein the electrical energy means includes
      a diode half wave rectifier and filter capacitor to produce the D.C.
      voltage.
NUM  7.
PAR  7. The combination of claim 6 wherein the electrical energy means further
      includes a resistor in series with the diode to reduce the D.C. voltage
      applied to the filter capacitor.
NUM  8.
PAR  8. The combination of claim 1 wherein a resistor is serially connected
      between the input conductive probe and the signal generating means to
      limit the high frequency signal flowing through the liquid.
NUM  9.
PAR  9. The combination of claim 1 wherein the signal generating means includes
      a transistorized multivibrator.
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PAL  A relay for detecting sustained subsynchronous current on a power system.
      The relay includes a filter network for separating subsynchronous current
      from synchronous current and a detector network for measuring the detected
      subsynchronous current.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to subsynchronous overcurrent relays. More
      particularly, this invention relates to relays for detecting and measuring
      sustained subsynchronous current in electrical power equipment such as in
      generator unit windings and the like.
PAR  It is known that subsynchronous oscillations resulting in subsynchronous
      current occur on a series compensated power system as a result of the
      interaction of the series inductive and capacitive components of the
      system. More specifically, the dynamic interaction of a power system and
      its associated turbine generator is some instances result in the
      sustaining of the subsynchronous oscillations. These oscillations occur
      most noticeably during system transient as a result of system faults, or
      as a result of series capacitor switchings. In many instances, these
      ocillations are of a transient nature and are quickly damped. However, it
      has been determined that when subsynchronous oscillations occur for a
      sustained period, and if the subsynchronous oscillations are close to a
      natural shaft frequency of associated equipment such as a generator unit,
      the oscillations are amplified and generator damage may result.
PAR  In the past, the subsynchronous oscillations were neither detected nor
      measured and any associated generating unit was typically only protected
      from sustained subsynchronous oscillations when a failure, such as a
      generator field lead electrical failure at shaft bore entrance occurred.
      An actual failure may result not only in substantial repair costs, but
      also in a power failure during the shutdown period required to repair the
      damaged equipment.
PAR  Prior art relays, such as differential relays, which measure the difference
      between input and output signals, were found unsuitable for subsynchronous
      current applications since they were typically designed to provide
      protection from faults which result in a change in magnitude of the
      synchronous current, i.e. the current at the fundamental frequency.
      Differential relays with harmonic restraints were also found unsuitable
      since they were only concerned with restraining the relay from being
      operated by the harmonic frequency currents, i.e. multiples of the
      synchronous current, typically occuring during transitory conditions.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated and according to an aspect of this invention, the problem of
      sustained subsynchronous current in a high voltage power system has been
      substantially overcome by providing the relay of this invention. The relay
      is a subsynchronous overcurrent relay installed in the secondary of a
      current transformer with the capability of detecting and separating the
      subsynchronous current from the syncrhonous current (e.g. 60 hertz). If
      the subsynchronous current is above a predetermined level, effective
      control action is initiated to prevent damage to the associated electrical
      equipment.
PAR  It is an object of this invention to provide a subsynchronous current relay
      for preventing damage to associated electrical equipment.
PAR  It is another object of this invention to provide a subsynchronous current
      relay which can detect subsynchronous current greater than a predetermined
      percentage of an associated generator unit rating, with or without the
      presence of synchronous current.
PAR  It is a further object of this invention to provide a compatible
      subsynchronous current relay which will protect associated electrical
      equipment without unnecessarily de-energizing the equipment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention, both as to its organization and principles of operation,
      together with further objects and advantages thereof, may better be
      understood by referring to the following detailed description of an
      embodiment of the invention taken in conjunction with the accompanying
      schematic representation of a subsynchronous relay system in accordance
      with this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, a unit 11 connected to perform a negative
      sequence overcurrent function is illustrated as being electrically
      connected to upper terminal 12 and lower terminal 13. Included within the
      unit 11 is a dual core current transformer having a multi-tapped three
      phase primary winding 14a and a center tapped secondary winding 14b all
      hereinafter referred to as transactor 14. Electrically connected to the
      secondary winding 14b of the transactor 14 is a phase shifting network 15
      and a balancing network 16. The phase shifting network 15 includes a pair
      of parallel connected capacitors 17 and 18. The balancing network 16
      includes balancing resistors 19 and 20. Either or both of the balancing
      resistors 19 and 20 may be adjustable. Connected across the output of the
      transactor 14 and between the terminals 12 and 13 is a thyristor 21. The
      thyristor 21, as is well known, provides a protective voltage limiting
      function.
PAR  In operation, the transactor 14, which may be of the type manufactured by
      General Electric Company designated as Type INC, receives a current input
      from each of three phases at current input terminals 22, 23 and 24.
      Terminals 25, 26 and 27 are connected in common as neutral points.
PAR  The transactor 14 with the phase shifting network 15 and the balancing
      network 16 connected at its secondary will perform as a negative current
      sequence detector. That is, when each phase at terminals 22, 23 and 24 is
      in balance, i.e. the magnitude and angle of each being equal, equal and
      opposite voltages will develop between the center tap 14c of the secondary
      winding 14b and terminal 12, and between the center tap 14c and terminal
      13. Thus, in balance, no output between terminals 12 and 13 is realized as
      to the synchronous current, e.g. 60 hertz. When an unbalance occurs, the
      voltage between terminals 12 and 13 is proportional to the negative
      sequence input current. The balancing function of the transactor 14, phase
      shifting network 15 and balancing network 16 is well known in the art.
PAR  It has been observed that balancing circuitry such as included in unit 11
      which may provide a negative sequence balancing function will produce an
      output signal at terminals 12 and 13 whenever the input synchronous
      current is out of balance or whenever currents at frequencies other than
      the fundamental frequency are present.
PAR  The observation of the output signals of negative sequence current
      balancing circuitry has been determined to be most useful in practicing
      the instant invention. Since terminals 12 and 13 will provide an output
      from the unit 11 if any subsynchronous current exists, even if the
      subsynchronous current is balanced, and further since the balancing
      function of unit 11 is typically utilized in power system applications,
      the output of unit 11 at terminals 12 and 13 may readily be used as an
      input to the filter detector arrangement included in the instant
      invention.
PAR  An added advantage of utilizing the output of unit 11 as the source of
      subsynchronous current to be detected is that when the system is in
      balance and no subsynchronous current exists, there is no subsynchronous
      or synchronous output from unit 11, and thus no activation of any
      component to the right side of terminals 12 and 13.
PAR  Turning now to the remaining portion of the circuit, connected between the
      terminals 12 and 13 is a filter network 28. The filter network 28 includes
      an inductor 29 electrically connected between the terminal 12 and a
      parallel resonant network 30. The resonant network 30 includes a capacitor
      31 and an inductor 32 connected in parallel. The resonant network 30 is in
      turn electrically connected to the terminal 13.
PAR  The filter network 28 is a dual tuned blockpass filter. Assuming that the
      subsynchronous current desired to be blocked falls into the 20 through 40
      hertz range, then typical values for the components of the filter network
      28 are 0.465 henrys for inductor 29, 1.22 henrys for inductor 32 and 20
      microfarads for capacitor 31. Also assuming that the synchronous current
      has the typical fundamental frequency of 60 hertz, the filter network 28
      will provide a pass to the synchronous current, i.e. 60 hertz. The
      resonant network 30 is designed to resonate at a preselected frequency,
      i.e. 30 hertz, thereby providing a blocking to the subsynchronous current
      (i.e. 20-40 hertz).
PAR  Connected in parallel to the filter network 28 is a synchronous block
      filter 33 which is electrically connected between the terminal 12 and the
      AC input side 34a of a full wave rectifier 34. The synchronous block
      filter 33 includes the parallel combination of capacitor 35 and inductor
      36. Typical values (assuming a 60 hertz synchronous current) for the
      capacitor 35 is 5.75 microfarads and for the inductor 36, 1.22 henrys. Use
      of the filter 33 results in better sensitivity in the overall system in
      that it will be a block to the synchronous current. Although filter
      network 28 is a pass to the synchronous current, it necessarily must
      include some impedance and thus the need for filter 33 when increased
      sensitivity is desired.
PAR  Connected on one AC terminal 34b of the full wave rectifier 34 is a
      variable resistor 37 which may be adjusted in order to provide overall
      sensitivity, as is well known in the art. The resistor 37 is electrically
      connected through its associated wiper arm 38 to terminal 13.
PAR  Full wave rectifier 34 includes diodes 39 through 42 connected in a manner
      well known in the art to provide full wave rectification. Connected across
      the DC side of the rectifier 34 are series connected level detectors 43
      and 44. As is known in the art, detectors, such as high set detector 43
      and low set detector 44 each represent the coil parts of an associated
      relay which, when current is passed therethrough will cause the closing of
      an associated contact. Connected across detector 43 is a variable resistor
      45, having a typical value such as 250 ohms, which determines the level of
      activation for the high set detector 43.
PAR  In operation, if any subsynchronous current occurs at the terminals 12 and
      13, it will be provided at the AC terminals 34a and 34b of the full wave
      rectifier 34 and cause a corresponding DC current to appear at the DC side
      of the rectifier 34. The detectors 43 and 44 may be set any desired level.
      For example, the low set detector 44 may be set to have a minimum
      sensitivity of 5 percent of the generator rating such as 0.21 amp at 30.3
      hertz. The high set detector 43 may be set to have a sensitivity of 20 to
      50 percent of the generator rating such as 1.23 amps at 30.5 hertz.
PAR  Thus, if subsynchronous current present at the DC side of the rectifier 34
      is less than 0.21 amp, neither high set detector 43 nor lower detector 44
      is energized and no associated contacts are closed. When the current is
      between 0.21 and 1.23 amps, low set detector 44 will cause the closing of
      its associated contact. When the current presented to the detectors is
      greater than 1.23 amps, both detectors 43 and 44 will close their
      associated respective separate contacts.
PAR  Typically, since a premature shutdown of generating equipment in a power
      system is extremely costly, a suitable time delay is provided before the
      lower limit detector 44 causes the closing of its associated contact to
      allow for the natural damping of the transient subsynchronous
      oscillations. Likewise, when the subsynchronous level is at a value
      sufficient to also cause detector 43 to close its associated contact, the
      closing thereof is much more rapid because of the immediacy of the
      problem, i.e. a faster trip occurs due to the magnitude of the
      subsynchronous current. For example, when external fixed time delay
      auxiliary relays are used such as for providing the time delay necessary
      to allow system transients to be damped, the low set detector 44 is
      provided with a time delay of 2.0 seconds and the high set detector 43 is
      provided with a time delay of 0.33 second.
PAR  The circuit of the present invention can also be used to initiate other
      control actions to prevent damage to the associated generating unit in
      response to the detection and measuring of the subsynchronous current such
      as providing an alarm, switching in bypass capacitors, or utilizing well
      known damping techniques.
PAR  The level of the detectors 43 and 44 are preferably set to provide minimum
      relay response to low frequency operation under emergency system
      conditions (55-60 hertz) while still providing protection to associated
      equipment. Further, filters may be introduced to bypass any unwanted
      components such as unwanted harmonics produced by the transactor, if the
      same is determined to produce such an unwanted harmonic. For example, if
      the Type INC transactor described previously, a 300 hertz filter was
      introduced between terminals 12 and 13 to bypass unwanted fifth harmonic
      components.
PAR  A subsynchronous overcurrent protection relay has been provided which is
      compatible with existing equipment and which may safely be used with an
      associated generating unit in an overcurrent protection scheme. The relay
      of this invention provides its measuring function only if either
      subsynchronous current is detected or if an unbalance condition occurs
      thereby reducing the chance for an erroneous operation of the relay in a
      preferred embodiment.
PAR  Further, the associated delay scheme provides a further precaution against
      unwanted isolation of associated equipment in that natural damping of
      subsynchronous oscillations is permitted to take place if the same can be
      done so safely.
PAR  While an embodiment and application has been shown and described, it will
      be apparent to those skilled in the art that many more modifications are
      possible without departing from the inventive concepts herein described.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States:
NUM  1.
PAR  1. A subsynchronous overcurrent relay system for providing protection for
      sustained subsynchronous current in a power system having a normal
      synchronous operating frequency and wherein said subsynchronous current is
      of a lower frequency,
PA1  input circuit means for connection with said power system for receiving
      from said power system a subsynchronous current,
PA1  first filter means connected across said input circuit means for passing
      synchronous current at said normal frequency and for blocking
      subsynchronous current, said filter network means comprising a block-pass
      filter for passing synchronous current and blocking said subsynchronous
      current, and
PA1  second filter network means connected in series with detector means, the
      series combination of said second filter network means and said detector
      means being connected across said input circuit means and in parallel with
      said first filter circuit means for blocking the synchronous current and
      for passing a predetermined range of subsynchronous current and for
      detecting the predetermined range of subsynchronous current, said second
      filter network means comprising a filter network for passing said
      predetermined range of subsynchronous current and for blocking said
      synchronous current, and said detector means comprising a first high-set
      detector and a second low-set detector both connected in series and
      connected in series with said second filter network means for respectively
      operating when said subsynchronous current is within said predetermined
      range, said detectors having upper and lower response limits for the
      subsynchronous current for providing, after predetermined delays to allow
      for natural damping of the subsynchronous current, a change of state of an
      associated electrical contact means when the subsynchronous current is
      greater than the limits.
NUM  2.
PAR  2. A system as in claim 1 wherein
PA1  said first filter circuit means comprises a parallel resonant network
      including an inductance connected in parallel with a capacitor, the
      parallel resonant network being connected in series with a series
      inductance, and the series combination of the parallel resonant network
      and the series inductance being connected across said input circuit means.
NUM  3.
PAR  3. A system as in claim 1 wherein
PA1  said second filter network means comprises a synchronous blocking filter
      including an inductance connected in parallel with a capacitance.
NUM  4.
PAR  4. A system as in claim 1 wherein
PA1  said detector means comprises a full wave bridge rectifier having
      alternating current input terminals connected in series with said second
      filter circuit means and having direct current output terminals connected
      to said detectors, wherein said rectifier rectifies said subsynchronous
      current and said detectors comprise relay windings for operating said
      electrical contact means.
NUM  5.
PAR  5. A system as in claim 1 wherein
PA1  the frequency of said synchronous current is 60 hertz, and
PA1  the frequency of said subsynchronous current is within the range of 20 to
      40 hertz.
NUM  6.
PAR  6. A system as in claim 1 wherein
PA1  said block-pass filter has a resonance frequency of approximately 30 hertz.
NUM  7.
PAR  7. A subsynchronous overcurrent relay system for providing protection from
      sustained subsynchronous current in a power system having a normal
      synchronous operating frequency and wherein said subsynchronous current is
      of a lower frequency,
PA1  input circuit means for connection with said power system for receiving
      from said power system a subsynchronous current,
PA1  first filter means connected across said input circuit means for passing
      synchronous current at said normal frequency and for blocking
      subsynchronous current, said filter network means comprising a dual tuned
      block-pass filter for passing synchronous current and blocking said
      subsynchronous current and including a parallel resonant network having an
      inductance connected in parallel with a capacitor, the parallel resonant
      network being connected in series with a series inductance, and the series
      combination of the parallel resonant network and the series inductance
      being connected across said input circuit means, and
PA1  second filter network means connected in series with detector means, the
      series combination of said second filter network means and said detector
      means being connected across said input circuit means and in parallel with
      said first filter circuit means for blocking the synchronous current and
      for passing a predetermined range of subsynchronous current and for
      detecting the predetermined range of subsynchronous current, said second
      filter network means comprising a synchronous blocking filter network
      including an inductance connected in parallel with a capacitance for
      passing said predetermined range of subsynchronous current and for
      blocking said synchronous current, and said detector means comprising a
      first high-set detector and a second low-set detector both connected in
      series and connected in series with said second filter network means for
      respectively operating when said subsynchronous current is within said
      predetermined range, said detectors having upper and lower response limits
      for the subsynchronous current for providing, after predetermined delays
      to allow for natural damping of the subsynchronous current, a change of
      state of an associated electrical contact means when the subsynchronous
      current is greater than the limits.
NUM  8.
PAR  8. A system as in claim 7 wherein
PA1  said detector means comprises a full wave bridge rectifier having
      alternating current input terminals connected in series with said second
      filter circuit means and having direct current output terminals connected
      to said detectors, wherein said rectifier rectifies said subsynchronous
      current and said detectors comprise relay windings for operating said
      electrical contact means.
NUM  9.
PAR  9. A system as in claim 7 wherein
PA1  the frequency of said synchronous current is 60 hertz,
PA1  the frequency of said subsynchronous current is within the range of 20 to
      40 hertz, and
PA1  said dual tuned block-pass filter has a resonance frequency of
      approximately 30 hertz.
NUM  10.
PAR  10. A subsynchronous overcurrent relay system for providing protection from
      sustained subsynchronous current in a power system having a normal sixty
      hertz synchronous operating frequency and wherein said subsynchronous
      current is of a lower frequency,
PA1  input circuit means for connection with said power system for receiving
      from said power system a subsynchronous current,
PA1  first filter means connected across said input circuit means for passing
      synchronous current at said normal frequency and for blocking synchronous
      current, said filter network means comprising a block-pass filter with a
      resonance frequency of approximately thirty hertz for passing synchronous
      current and blocking said subsynchronous current, said block-pass filter
      comprising a parallel resonant network including an inductor connected in
      parallel with a capacitor, the parallel resonant network being connected
      in series with a series inductor, and the series combination of the
      parallel resonant network and the series inductor being connected across
      said input circuit means, and
PA1  second filter network means connected in series with detector means, the
      series combination of said second filter network means and said detector
      means being connected across said input circuit means and in parallel with
      said first filter circuit means for blocking the synchronous current and
      for passing a predetermined range of subsynchronous current and for
      detecting the predetermined range of subsynchronous current, said second
      filter network means comprising a synchronous blocking filter including an
      inductor connected in parallel with a capacitor, for passing said
      predetermined range of subsynchronous current and for blocking said
      synchronous current, and said detector means comprising a full wave bridge
      rectifier having alternating current input terminals connected in series
      with said blocking filter and having direct current output terminals
      connected to a first high-set detector in series with a second low-set
      detector for respectively operating when said subsynchronous current is
      within said predetermined range, said detectors having upper and lower
      response limits for the subsynchronous current for providing, after
      predetermined delays to allow for natural damping of the subsynchronous
      current, a change of state of and associated electrical contact means when
      the subsynchronous current is greater than the limits, said detectors
      comprising relay windings for operating said electrical contact means.
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ABST
PAL  An electrical disconnect switch which includes a pair of fixed tubular
      conductors having tulip connectors mounted on the free ends thereof. The
      switch includes a pair of movable tubular conductors telescopically
      engageable with the tulip connectors for completing a circuit through the
      switch. The movable conductors are spring biased to an opened position and
      a latch is provided for retaining the movable conductors in a closed
      position. The switch also includes a solenoid connected across the fixed
      conductors and designed to operate a lever for blocking movement of the
      movable conductors to the closed position when a relatively high current
      is flowing through the solenoid.
BSUM
PAR  This invention relates to an electrical power disconnect switch, and, more
      particularly, to a safety switch for instantaneously opening the power
      circuit of a battery-operated mechanism in the event of an emergency or
      otherwise.
PAR  While the switch of the present invention has numerous applications, it is
      especially useful in connection with battery-powered vehicles, such as
      industrial trucks used in manufacturing plants and warehouses for
      transporting and lifting loads. While the switch is also admirably suited
      for use with other battery operated apparatus, such as recreational
      vehicles, personnel carriers, hoists, lift platforms for workmen, etc.,
      the invention is specifically shown and described in connection with a
      battery-operated industrial truck since the latter is a typical example of
      an application for which the invention is admirably suited.
PAR  Battery-operated vehicles of the type described normally employ power
      circuits to the various power components, such as the traction wheels,
      steering mechanism, lift mechanism, etc., and also control circuits for
      selectively energizing and de-energizing the desired power circuits. The
      power circuits normally include one or more contactors which open and
      close the power circuits in response to actuation of various
      operator-controlled switch members in the control circuit. In the
      conventional electrical circuit of such a vehicle the power circuits are
      connected to the battery in parallel with the control circuits.
PAR  Many problems associated with the use of battery-operated industrial trucks
      result from the lack of proper preventive maintenance. Such trucks are
      frequently operated under conditions where the electrical controls are
      exposed to constant vibration and an environment in which dirt, dust and
      grime are prevalent.
PAR  Likewise, it frequently happens that such vehicles are operated when the
      battery voltage is at a relatively low level, thus producing a relatively
      high current. When the battery voltage is low or the contactors are dirty
      or pitted and burned, the contactors sometimes weld shut when they close.
      When this occurs, since the power circuits are in parallel with the
      control circuits, the power circuits are maintained energized through the
      welded shut contactors. Under such circumstances the control circuits are
      ineffective to stop the operation of the vehicle itself or an auxiliary
      power device on the vehicle. Thus, if the contactors in the power circuit
      to the traction wheels should weld closed the supply of power to the
      traction wheels will be maintained even though the manual controls are
      manipulated in a manner which would normally stop the vehicle. Obviously
      such an occurence presents a dangerous situation which can result in
      serious injury to the operator and others and also extensive damage to
      property.
PAR  Such vehicles are rarely provided with a switch in series with the battery
      for quickly cutting off the supply of current to the power circuits. At
      the present time when switches are used they take the form of relatively
      large, expensive battery disconnect switches located on the vehicle so as
      to be lever-operated or otherwise actuated by the operator. Aside from
      their cost and size, the disadvantages of such disconnect switches reside
      in the fact that they are not readily operable in an emergency situation
      and, when operated, the relatively high current in the circuit produces
      substantial arcing as the switch contacts separate. Thus, when such
      switches are used, frequent replacement thereof is necessitated.
PAR  Furthermore, such conventionally used disconnect switches are designed so
      that they can be readily manipulated to reconnect the battery with the
      power circuit of the vehicle even though the malfunction which required
      initial opening of the switch has not been corrected. When such a switch
      is again closed without correcting the cause of the malfunction current is
      again supplied to the power circuits irrespective of the condition of the
      control circuit and a dangerous situation is again presented due to
      possibly welding the switch shut also and losing all means of killing
      power to the vehicle.
PAR  The present invention has for its primary object the provision of an
      electrical disconnect switch which overcomes the problems discussed above.
PAR  More specifically, it is an object of this invention to provide an
      electrical disconnect switch which is constructed such that when it is
      actuated to open the switch contacts are moving at a high velocity when
      they separate or break with one another and the contacts themselves are
      designed to produce a minimum of arcing, even when separating under high
      D.C. current conditions.
PAR  A further object of the present invention resides in the provision of a
      disconnect switch incorporating a current sensitive device for preventing
      the switch from being closed under conditions which would result in a
      large flow of current such as might occur when contactors in a power
      circuit are welded shut.
PAR  In general, the switch of the present invention comprises a first pair of
      fixed conductors adapted to be connected between a battery and the
      electrical circuit of a battery-operated mechanism and also a second pair
      of electrically connected movable conductors normally closing the circuit
      between the first pair of conductors and spring biased to open upon
      release of a mechanical latch. The conductors are of tubular shape and the
      switch includes tulip connectors of special design for establishing and
      breaking the circuit between the conductors and the contacts. In addition,
      the switch includes a solenoid-operated mechanism which prevents the
      switch from being closed under conditions which would result in the flow
      of a large current therethrough.
DRWD
PAR  Other features and objects of the present invention will become apparent
      from the following description and drawings, in which:
PAR  FIG. 1 is a fragmentary sectional view with parts broken away of an
      electrical disconnect switch of the present invention;
PAR  FIG. 2 is a fragmentary sectional view of the latch mechanism taken along
      the line 2--2 in FIG. 3;
PAR  FIG. 3 is a fragmentary end elevational view of the latch mechanism;
PAR  FIG. 4 is a fragmentary sectional view of the switch taken along the line
      4--4 in FIG. 1;
PAR  FIG. 5 is a sectional view along the line 5--5 in FIG. 4;
PAR  FIG. 6 is a fragmentary view similar to FIG. 4 and showing the switch in
      the open condition;
PAR  FIG. 7 is a fragmentary end view along the line 7--7 in FIG. 4;
PAR  FIG. 8 is a fragmentary view on an enlarged scale of the circled portion
      designated 8 in FIG. 4;
PAR  FIG. 9 is a sectional view along the line 9--9 in FIG. 6;
PAR  FIG. 10 is a sectional view along the line 10--10 in FIG. 9 with the
      blocking lever actuated to a position to prevent closing of the switch;
      and
PAR  FIG. 11 is a simplified electrical circuit diagram of an industrial truck
      embodying the disconnect switch of the present invention.
DETD
PAR  Referring to the drawings, numeral 10 designates the housing in which the
      switch components are located. Within housing 10 there is mounted, as by
      bolts 12, a generally hollow support block 14 formed of an electrical
      insulating material. A pair of copper sleeves 16 are fixedly mounted in
      support block 14 in any suitable manner. The two copper sleeves 16 are
      arranged in parallel relation and are adapted to be connected at one end
      by suitable connector elements 18 with electrical cables 20, 22. In the
      case of an industrial truck one of these cables would extend to a battery
      terminal and the other would be connected to the electrical system of the
      truck. The other end of each sleeve 16 is flared outwardly as at 24. The
      flared end 24 of each sleeve 16 is adapted to retain a tulip connector 26
      thereon. Tulip connector 26 is constructed in the manner disclosed in my
      co-pending application, Ser. No. 245,138, filed Apr. 18, 1972, now U.S.
      Pat. No. 3,813,638.
PAR  Each tulip connector 26 comprises a series of petals 28 of identical shape
      and size arranged circumferentially around sleeve 16 within a suitable
      cavity 27 in block 14. Petals 28 are curved outwardly adjacent their
      opposite ends as at 30, the outwardly curved portions forming seats for
      coiled tension springs 32 which encircle and tend to maintain the series
      of petals in a circumferentially contracted condition. The axially central
      portion of each petal 28 is bowed outwardly as at 34 to accommodate the
      outwardly flared portion 24 of sleeve 16 and prevent the tulip connectors
      from being axially withdrawn from sleeve 16. As disclosed in my aforesaid
      co-pending application and as illustrated in FIG. 8, the outwardly turned
      portion 30 of each petal 28 has a free end portion 36 of lesser thickness
      than the curved portion 30. As shown in FIG. 7, each petal 28 is curved in
      transverse section to a radius less than that of sleeve 16 so that each
      petal has two points of contact with sleeve 16 at the curved portion 30
      thereof. Each cavity 27 has a jig-ground annular flat face 37 against
      which the end portions 36 of the petals are adapted to abut when the tulip
      connectors are shifted upwardly as viewed in FIG. 6.
PAR  A pair of cylindrical electrically insulating pins 38 extend at one end
      through concentric openings 39 in block 14 and into the flared ends of
      sleeves 16 and have a close fit therewith. The opposite ends of insulating
      pins 38 are fixedly attached to wall 40 of housing 10 by screws 42. A
      second pair of copper sleeves 44 are fixedly attached to a cross head 46
      and have a close sliding fit with pins 38. Cross head 46 is preferably in
      the form of a rigid U-shaped bracket formed of copper or the like which
      electrically interconnects the two sleeves 44. A push knob 48 which is
      formed of an insulating material has a hollow cylindrical shank 50
      extending through an opening 52 in wall 40 of housing 10. Within shank 50
      there is threaded a metal sleeve 54. Sleeve 54 is fixedly attached as by a
      press fit, silver solder, etc. to cross head 46. A plunger 56 slideably
      arranged within sleeve 54 is biased in a direction outwardly of the sleeve
      by a relatively heavy compression spring 58. Spring 58 biases plunger 56
      so that its lower end abuts against the head of screw 60 on the top face
      of support block 14.
PAR  FIG. 6 shows the switch in the open condition wherein the lower ends of
      sleeves 44 are separated and spaced from tulip connnectors 26. The free
      lower end of each sleeve 44 preferably has mounted thereon a ring 62 of an
      electrically conducting material which is relatively hard and tends to
      resist arcing. Rings 62 are preferably formed from such alloys as
      copper-tungsten or beryllium-copper. Rings 62 should preferably be formed
      of a material having higher electrical resistance than sleeves 44.
PAR  In FIG. 4 the switch is shown in the closed condition with spring 58
      compressed and push knob 48 in the depressed condition. When the switch is
      in this closed condition the leading ends of sleeves 44 extend through
      openings 39 and are telescoped within tulip connectors 26. It will be
      observed that the curved ends 30 of the petals 28 of each tulip connector
      are contacting sleeves 44 beyond the anti-arcing rings 62. In the
      condition of the switch components shown in FIG. 4 sleeves 44 and cross
      head 46 connect sleeves 16 and, thus, cables 20, 22 in series.
PAR  Referring now to FIG. 1, within a suitable cavity in support block 14 there
      is arranged a U-shaped latch spring 64 having generally horizontally
      disposed upper and lower legs 66, 68, respectively. The upper leg 66 of
      spring 64 is fashioned with an opening 70. A shot pin 72 fixed on cross
      head 46 and projecting vertically downwardly from the cross head has a
      tapered lowered end 74. Pin 72 is also fashioned with an annular groove
      disposed between the tapered end 74 and cross head 46. Opening 70 in the
      upper leg 66 of spring 64 has a diameter slightly larger than pin 72.
      However, spring 64 is formed such that in its untensioned condition
      opening 70 is slightly off-center relative to the axis of pin 72. When
      cross head 46 is shifted downwardly a predetermined extent the tapered end
      74 of pin 72 engages opening 70 and flexes spring 64 so that the upper leg
      66 thereof is displaced horizontally inwardly away from side wall 78 of
      housing 10. As the cross head continues to move downwardly a position is
      reached wherein the upper leg 66 of spring 64 registers with groove 76 and
      the tension in spring 64 is thus relieved to permit the edge of opening 70
      to engage groove 76 and thus latch cross head 46 in the lowered position
      against the bias of spring 58. When cross head 46 is in the lowered latch
      position the switch is closed; that is, sleeves 44 are telescoped within
      tulip connectors 26 (FIG. 4).
PAR  Latch spring 64 is adapted to be released by a pin 80 slideably mounted on
      wall 78 of housing 10 and having a push knob 82 at the outer end thereof.
      A compression spring 84 biases knob 82 in an outward direction to the
      position limited by the engagement of a flange 86 on pin 80 with the inner
      side of wall 78. When knob 82 is pressed inwardly toward wall 78 the inner
      end of pin 80 engages spring 64 to shift the upper leg 66 thereof
      horizontally to a position wherein the opening 70 is disengaged from
      groove 76 and permits the entire cross head assembly to shift upwardly
      under the bias of spring 58. The upward movement of the cross head
      assembly is limited by a rubber bumper pad 87 on the inner side of the
      housing top wall 40.
PAR  As is shown in FIG. 6, the legend OFF may be suitably applied to the lower
      end of shank 50 to visibly indicate the condition of the switch. When the
      switch is ON the legend is disposed such as to be concealed by wall 40 of
      housing 10.
PAR  Spring 58 is preferably a relatively heavy spring. It will be observed that
      when the switch is in the closed position shown in FIGS. 1 and 4 the
      rounded ends 30 of tulip connectors 26 are engaging sleeves 44 above the
      lower ends thereof. As shown in the drawings (FIGS. 1, 4 and 8), the
      extreme end portions of sleeves 44 (that is, the free ends of rings 62)
      are disposed axially at about the axial central sections of tulip
      connectors 26. Thus, cross head 46 and sleeves 44 move upwardly through a
      predetermined distance before the series circuit connection between cables
      20, 22 and sleeves 44 is broken. Since spring 58 is a relatively heavy one
      and since the cross head assembly is of relatively small mass, it follows
      that at the instant the circuit is broken sleeves 44 are moving upwardly
      at a relatively high velocity. This tends to reduce arcing to a minimum.
      Arcing is also reduced to a minimum by reason of the shape of petals 28
      and the provision of the rings or tips 62 at the free ends of sleeves 44.
PAR  As pointed out previously and as shown in FIG. 7, each petal is curved in
      transverse section so that it has two points of contact with the outer
      surface of sleeves 44. Thus, as shown in the drawings, if each tulip
      connector has six petals and all of the petals are accurately located
      axially relative to the ends of sleeves 44, then, when sleeves 44 move
      upwardly out of contact with the petals, the circuit is broken at 12
      individual points on each connector or a total of twenty-four circuit
      breaking points on both sleeves 44. Obviously, if the circuit is broken
      simultaneously at 24 point rather than one, substantially less arcing
      occurs. When sleeves 44 move upwardly the free end portions 36 of petals
      28 are all axially aligned in the same axial plane by reason of their
      abutment with the jig-ground flat faces 37 of cavities 27. This insures
      breaking the circuit simultaneously at all of the petals. In addition,
      since the rings 62 are preferably formed of a material having a higher
      resistance than the copper sleeves 44, it follows that as the sleeves move
      upwardly the current flowing through the switch is reduced as the rounded
      end portions 30 of the petals engage rings 62 and upon complete separation
      less arcing occurs because at the instant of separation the current has a
      lesser value. Thus, a minimum of arcing occurs when the switch is open
      because sleeves 44 are moving at a high velocity, because the current has
      a reduced value, and because the circuit is broken simultaneously at a
      relatively large number of contact points.
PAR  Referring now to FIG. 11, there is illustrated in a diagrammatic and
      simplified manner that much of the electrical circuitry of an industrial
      truck which illustrates another important feature of the disconnect switch
      of this invention. In the diagram shown in FIG. 11 the battery for
      supplying power to the vehicle is designated 88 and the switch previously
      described is schematically designed 90. The battery connectors are
      indicated at 92. One of the cables 20, 22 shown in FIG. 4 is connected to
      the battery and the other connects with the power and control circuits of
      the vehicle. In the electrical system illustrated in FIG. 11 three power
      circuits are shown; namely, the power circuit 94 to the wheel traction
      motor, the power circuit 96 to the steering mechanism and the power
      circuit 98 to the lift mechanism. The electrical system also includes a
      control circuit 100 connected to the battery in parallel with the power
      circuits. Control circuit 100 includes the conventional ignition, dead-man
      seat, brake and accelerator switches illustrated in FIG. 11 as well as a
      manual directional control 102 for closing a circuit between the forward
      contacts 104 and the reverse contacts 106. Contacts 104 and 106 when
      closed energize solenoids 108 and 110, respectively, which in turn close
      contactors 112, 114 in power circuit 94. An SCR control 116 in power
      circuit 94 is operative only when the traction motor 118 is operating at
      less than full speed. Once the traction motor is operating under full
      speed the main contactor 120 closes and the SCR control 116 is no longer
      performing a controlling function.
PAR  As is conventional, power circuit 94 also includes a fuse 122 which, in the
      case of an industrial truck, may have a rating on the order of 350 amperes
      (which is slightly higher than the current to the traction motor at full
      load). The steering circuit 96 also includes a contactor 124 which is
      closed for power steering the vehicle and the power circuit 98 for the
      lift mechanism likewise includes a contactor 126 which is manually closed
      when it is desired to operate the lift mechanism. Except for the switch
      90, the arrangement shown in FIG. 11 is more or less conventional.
PAR  With this arrangement it will be observed that the power circuits 94, 96,
      98 are connected to the battery in parallel with the control circuit 100.
      Thus, if a contactor in one of these power circuits should become welded
      shut, the manipulation of the control switches in the control circuit 100
      will be ineffective to cut off the supply of power to the power circuit
      having the welded shut contactor. With the switch 90 connected into the
      circuit as illustrated, when this occurs push knob 82 is depressed to
      instantaneously cut off the supply of power to all of the circuits of the
      vehicle.
PAR  In the event of a malfunction as described, if the electrical system is not
      serviced to correct the malfunction and switch 90 is again closed, current
      would again be supplied to the power circuit containing the welded shut
      contactor and a dangerous situation would again be presented. In order to
      prevent such occurence, the switch of this invention is provided with a
      means for preventing it from being again closed until the malfunction is
      corrected. These means are in the form of a solenoid 128 mounted on
      insulating block 14 as shown in FIG. 1. The coil of solenoid 128 has its
      opposite ends connected across the two cables 20, 22 as indicated by the
      leads 130, 132 in FIGS. 1 and 4. The plunger or armature 134 of solenoid
      128 is biased in a direction outwardly of the coil by a light tension
      spring 136. The outer end of plunger 134 is pivotally connected to one end
      of a lever 138 pivoted intermediate its ends on support block 14 as by a
      screw 140. The opposite end 142 of lever 138 is designed so that, when
      solenoid 128 is energized to retract plunger 134 against the bias of
      spring 136, the lever is pivoted about screw 140 in a counter-clockwise
      direction as viewed in FIG. 9 from the position shown in solid lines to
      the broken line position so that it overlies and blocks the opening 144 in
      support block 14 through which the shot pin 72 has to pass in order to
      interengage sleeves 44 with tulip connectors 26. An intermediate portion
      of lever 138 is provided with a notch 146 to accommodate screw 60 against
      which the lower end of plunger 56 is biased by spring 58.
PAR  The coil of solenoid 128 is a high resistance coil so that it is actuated
      only when switch 90 is open. For example, if the battery voltage is 36
      volts, when switch 90 is open the current through the solenoid may be on
      the order of 0.23 amperes, which is sufficient to powerfully close the
      solenoid but not sufficient to operate any of the power devices in the
      power circuits. However, when switch 90 is closed, solenoid 128 is in
      shunt relation with the conductor defined by sleeves 44 and cross head 46
      and is effectively shorted out of the circuit. Hence, if one of the
      contactors in any of the power circuits becomes welded shut and the
      operator is unable to stop the operation of the mechanism controlled by
      the malfunctioning power circuit, he merely depresses knob 82 on housing
      10 which, as pointed out previously, disengages the spring latch 64 and
      causes the cross head 46 with the sleeves 44 mounted thereon to slide
      upwardly out of engagement with the tulip connectors 26 under the
      influence of the high tension spring 58. When this occurs the circuit
      between cables 20, 22 is closed through solenoid 128 which causes plunger
      134 to retract and pivot lever 138 to the broken line position shown in
      FIG. 9 wherein the end 142 thereof blocks the opening 144 in support block
      14 to thereafter prevent the switch from being closed by depressing knob
      48. However, in the event of such a malfunction, when the welded shut
      contactor is repaired or replaced, the circuit across solenoid 128 is
      de-energized which causes spring 136 to pivot lever 138 to the full line
      position shown in FIG. 9. Thereafter the switch can be closed and latched
      in the closed position by merely depressing knob 48 to a position wherein
      the groove 76 in shot pin 72 is engaged by the edge of opening 70 in the
      upper leg 66 of spring latch 64.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical disconnect switch comprising a housing having a first pair
      of rigid electrical conductors of cylindrical shape fixedly mounted
      therein in spaced parallel relation, a circumferentially resiliently
      flexible connector sleeve mounted on the end of each of said conductors, a
      cross head mounted in said housing for reciprocation along an axis
      parallel to said first pair of conductors, a second pair of conductors of
      cylindrical shape fixedly mounted on said cross head in spaced parallel
      relation for interengagement with said connector sleeves when the cross
      head is moved toward said first pair of conductors, said second pair of
      conductors being connected in series so that when the second pair of
      conductors engage with said connector sleeves a series circuit is
      established between the first pair of conductors through the second pair
      of conductors, manually operable means for moving said cross head toward
      said first pair of conductors to interengage the second pair of conductors
      with said connector sleeves, means biasing said cross head in a direction
      away from said connector sleeves to disengage the second pair of
      conductors therefrom, and manually releasable latch means for retaining
      the cross head in a position wherein the second pair of conductors engage
      with said connector sleeves and adapted when released to shift the cross
      head with a snap action to a position wherein the second pair of conductor
      disengage from the connector sleeves.
NUM  2.
PAR  2. An electrical disconnect switch as called for in claim 1 wherein said
      latch means is spring-biased toward latching engagement with said cross
      head.
NUM  3.
PAR  3. An electrical disconnect switch as called for in claim 1 including
      manually operable means mounted on said housing exteriorly thereof for
      releasing said latch means.
NUM  4.
PAR  4. An electrical disconnect switch as called for in claim 1 wherein said
      first and second pair of conductors are coaxially aligned.
NUM  5.
PAR  5. An electrical disconnect switch as called for in claim 4 wherein said
      connector sleeves comprise a tulip connector mounted on the ends of the
      first pair of conductors.
NUM  6.
PAR  6. An electrical disconnect switch as called for in claim 5 wherein each of
      said tulip connectors comprises a plurality of petals arranged
      circumferentially in side-by-side relation with spring means
      circumscribing the petals to retain them in a circumferentially contracted
      condition.
NUM  7.
PAR  7. An electrical disconnect switch as called for in claiam 6 wherein the
      ends of said petals facing the cross head are flared radially outwardly
      and are accurately located in the same axial plane so that all of said
      petals break with the movable conductors substantially simultaneously when
      the latch means is released.
NUM  8.
PAR  8. An electrical disconnect switch as called for in claim 4 wherein each of
      said conductors is of tubular shape and including a non-conductive pin
      within each of said movable conductors having a close sliding fit therein,
      said non-conducting pins extending into each of the conductors of the
      first pair with a close fit and being fixed in said housing in spaced
      parallel relation whereby to serve as a guide for the reciprocating
      movement of said cross head.
NUM  9.
PAR  9. An electrical disconnect switch as called for in claim 8 wherein the end
      portion of each movable conductor engageable with the connector sleeve is
      formed of a material which is substantially less electrically conductive
      than the movable conductors and which resists arcing.
NUM  10.
PAR  10. An electrical disconnect switch as called for in claim 1 including
      means for preventing movement of said cross head to a position wherein the
      movable conductors interengage with said connector sleeves, said means
      comprising a member movable between two positions, said member in one of
      said positions blocking movement of the cross head to said circuit closing
      position, and means for moving said member comprising a current sensing
      means connected across said first pair of conductors and responsive to the
      flow of a relatively large current therethrough for shifting said member
      to said cross head blocking position.
NUM  11.
PAR  11. An electrical disconnect switch as called for in claim 10 wherein said
      movable member comprises a pivotally mounted lever.
NUM  12.
PAR  12. An electrical disconnect switch as called for in claim 11 wherein said
      cross head includes a shot pin engageable by said latch means and said
      lever when actuated by said current sensing means is adapted to pivot in a
      position lying in the path of travel of said shot pin to prevent
      interengagement of said shot pin with said latch means.
NUM  13.
PAR  13. An electrical disconnect switch as called for in claim 12 wherein said
      current sensing means comprises a solenoid having a movable armature
      connected with said lever.
NUM  14.
PAR  14. In a battery operated vehicle which includes a power circuit for
      transmitting current from a battery to an electrically operated motor on
      the vehicle, said power circuit having contactor means therein for closing
      the power circuit, the improvement which comprises, a manually operable
      switch mounted on the vehicle and having a pair of conductors at least one
      of which is movable to make and break with the other conductor to connect
      and disconnect the battery with the power circuit, means on said switch
      for blocking movement of the movable conductor in a direction to make with
      the other conductor and thereby prevent connection of the power circuit
      with said battery, said blocking means including a current sensing means
      and a blocking member operatively connected with the current sensing
      means, said blocking member when operated by the current sensing means
      preventing movement of the movable conductor to make with the other
      conductor, said current sensing means connecting said battery and power
      circuit in series and being responsive to the flow of at least a
      predetermined current therethrough to operate said blocking member,
      whereby, when said switch is opened and said contactor means remain
      closed, current flows from the battery to the power circuit through said
      current sensing means to operate said blocking member and thereby prevent
      closing of said switch.
NUM  15.
PAR  15. The improvement called for in claim 14 wherein said current sensing
      means is connected in parallel with said switch.
NUM  16.
PAR  16. The improvement called for in claim 14 including an element movable in
      a predetermined path in response to movement of the movable conductor in
      the direction to make with the other conductor, said blocking member when
      operated by the current sensing means being moved into the path of travel
      of said movable element to block movement of the latter.
NUM  17.
PAR  17. The improvement called for in claim 16 wherein said movable element
      forms part of a latch mechanism for latching said conductors in the make
      position.
NUM  18.
PAR  18. The improvement called for in claim 17 wherein said movable conductor
      is spring biased to move in the direction for breaking with the other
      conductor and including manually operable means for releasing said latch
      mechanism to cause said conductors to break.
NUM  19.
PAR  19. The improvement called for in claim 16 wherein said movable element
      comprises a pin mounted to move with the movable conductor and said
      blocking member comprises a lever pivotally mounted on said switch for
      preventing movement of said pin when the current sensing means is
      energized.
NUM  20.
PAR  20. The improvement called for in claim 14 wherein said current sensing
      means comprises a solenoid.
NUM  21.
PAR  21. The improvement called for in claim 20 including spring means normally
      biasing said lever to a non-blocking position so that when the solenoid is
      actuated it overcomes the bias of said spring.
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ABST
PAL  A static logic circuit utilizing transistors of the MOSFET type includes a
      high resistance load transistor, a low resistance logic network having a
      large self-loading capacitance, and a gating transistor connected in
      series between the network and the load device. The logic network controls
      the output voltage across a load capacitor by grounding the load
      transistor output for selected input data, and the gating transistor is
      biased to turn OFF when the voltage across the large self-loading
      capacitance exceeds a predetermined level, thereafter isolating the input
      network from the load capacitor and speeding up the output transition by
      decreasing the time required to charge the load capacitor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to logic circuits, and in particular to a static,
      ratioed type logic circuit suitable for use with an input logic network
      having a large self-loading capacitance.
PAR  Field-effect transistors are commonly used in logic circuits, and as is
      well known, the metal-oxide-semi-conductor field-effect transistor,
      hereinafter referred to simply as a "MOSFET", is preferred for many logic
      circuit applications due primarily to the MOSFET's essentially two
      dimensional structure which lends itself to high volume fabrication using
      integrated circuit techniques. The MOSFETS described herein are all
      assumed to be P-channel, enhancement-mode devices generally of the type
      described in U.S. Pat. Nos. 3,618,050 and 3,631,465 issued to R. H.
      Heeren, Nov. 2, 1971 and Dec. 28, 1971, respectively. However, other types
      of transistors may, of course, be substituted in a straightforward manner
      if appropriate changes in the biasing are made where necessary.
PAR  In one conventional circuit, shown in FIG. 1, a load device, MOSFET
      Q.sub.11, functioning as a resistor, applies a dc supply voltage -V.sub.DD
      from supply point 13 to output node 12. A logic network 15, is shown as a
      single MOSFET Q.sub.13, but may be any arrangement of series transistors,
      parallel transistors, or a combination of series and parallel transistors.
      Network 15 connects output node 12 to a fixed potential reference point 11
      (normally ground) and for a given set of input signals applied to the
      logic network via input lead 14, a conductive path is provided between
      output node 12 and reference point 11. This grounds the output node,
      causing the output voltage to go to substantially zero. For all other sets
      of input signals, an open circuit exists between node 12 and reference
      point 11, and the output voltage is a negative voltage, -V. This output is
      applied to any appropriate load, but it is most conveniently used to
      charge a capacitive load C.sub.L.
PAR  This circuit is a static circuit and is termed ratioed since the control of
      the output voltage at output node 12 is dependent upon the ratio of the
      impedance between the load device and the logic network. The resistance of
      the load device Q.sub.11 must be many times higher than the resistance of
      network 15 if node 12 is to be pulled substantially to the potential of
      reference point 11.
PAR  A problem arises where logic network 15 contains a large self-loading
      capacitance, shown in phantom as C.sub.SL ; this condition exists, for
      example, where the network is a switch assembly with a large associated
      wiring capacitance or a large memory structure of, for example, an
      integrated array of thousands of transistors with its inherent associated
      capacitances. When the logic network produces a conductive path between
      reference point 11 and output node 12, the output voltage is established
      substantially at the reference or ground potential of point 11, and the
      self-loading capacitance is of no consequence. However, when the logic
      network creates an open circuit between reference point 11 and output node
      12, the load capacitor is essentially connected in parallel with the
      self-loading capacitance of the logic network, and the two capacitors are
      therefore charged together. The combined capacitive effect, especially if
      the self-loading capacitance is large relative to the load capacitor,
      creates a very long charging time constant and hence a very slow output
      response time, as shown in FIG. 1A at 19. It is noted that in this figure
      and in all discussion hereinafter negative logic is assumed; 0 volts
      corresponds to a logical 0 and a large negative voltage corresponds to a
      logical 1. Accordingly, a transition from a negative voltage to zero volts
      at the input 14 of network 15 (corresponding to a change from logical 1 to
      logical 0) causes a non-conductive path between node 12 and point 11 to be
      established. This causes C.sub.L to be charged, but as seen at 19, where a
      large C.sub.SL is in parallel with C.sub.L, the charging takes place very
      slowly.
PAR  The static ratioed arrangement is, however, not the only type of logic
      circuit. An alternative configuration, which is inherently faster,
      utilizes multiphase clock signals to control the circuit operation, rather
      than relying upon the fixed impedance ratio and changes in the input. This
      clocking results in a dynamic circuit. As in the static circuits, a logic
      network creates the open or closed path between a reference point and a
      common output node in accordance with input data, but clock signals
      provide the circuit biases instead of dc supplies. Since the circuit
      operates in response to clocking, the impedance ratio is irrelevant to the
      operation and these circuits are therefore termed ratioless in distinction
      to the static ratioed circuits discussed hereinbefore.
PAR  There are two possible forms of the basic dynamic logic circuit. Both
      include an additional gating device connected in series between the logic
      network and the output node. One arrangement is shown in FIG. 2 and is
      disclosed in detail in A. S. Farber et. al. U.S. Pat. No. 3,461,312,
      issued Aug. 12, 1969.
PAR  In this circuit MOSFET Q.sub.21 acts as a load device, and MOSFET Q.sub.23
      and capacitance C.sub.SL represent a logic network 25, in a manner similar
      to the circuit of FIG. 1. A gating MOSFET Q.sub.22 has been added in
      series between logic network 25 and output node 12 and the clocking
      signals 0.sub.1 and 0.sub.2 are applied to the gates of MOSFETS Q.sub.21
      and Q.sub.22 respectively. Reference point 11 and the supply point 13 are
      again supplied with fixed potential de voltages, -V.sub.DD and ground,
      respectively. The 0.sub.1 and 0.sub.2 clock pulses are provided at
      mutually exclusive times as shown in FIG. 2A. During the 0.sub.1 negative
      interval, the load capacitance C.sub.L is charged regardless of the input
      since the input is isolated from output node 12, by virtue of Q.sub.22
      being OFF. Therefore, if the logic network has a self-loading capacitance
      C.sub.SL, shown in phantom, it would not be charged, but when gating
      device Q.sub.22 is turned ON during the 0.sub.2 negative interval, the
      self-loading capacitance C.sub.SL would share the charge with the
      capacitive load C.sub.L, hence reducing the output voltage. Thus the
      self-loading capacitance will, if large compared to the capacitive load,
      essentially dissipate the output voltage as shown at 29 in FIG. 2A. As
      this is, of course, unacceptable, this prior art dynamic circuit is
      totally unsuitable for use with input networks having a large self-loading
      capacitance.
PAR  Another dynamic arrangement is shown in FIG. 3 and described in detail, in
      an article entitled "Multiphase Clocking Achieves 100-Nsec MOS Memory" by
      Lee Boysel and Joe Murphy in Electrical Design News June 10, 1968, page
      50.
PAR  Referring to FIG. 3, Q.sub.31 is a load device and Q.sub.33 and
      self-loading capacitance C.sub.SL represent a logic network 35. The supply
      voltage at point 13 and the reference potential at point 11 are provided
      by the 0.sub.1 clock, shown in FIG. 3A. During the 0.sub.1 pulse interval
      load capacitor C.sub.L is charged notwithstanding the input signals since
      there is no ground path in the system. When the 0.sub.1 clock pulse is
      over, the ground is provided, but due to the 0.sub.2 clock pulse, gating
      device Q.sub.32 remains ON. Therefore if the input causes a conductive
      path from the now grounded reference point 11 to output node 12 through
      Q.sub.32, load capacitor C.sub.L will discharge and the output will go to
      zero. If the input condition produces an open circuit between point 11 and
      node 12, the charged condition remains and the output stays at the
      negative output voltage shown as -V in FIG. 3A. Subsequently Q.sub.32
      turns OFF and isolates the input from the output.
PAR  The clocking presents numerous constraints upon the circuit design since,
      of course, the clock signals must be generated and synchronized, and for
      many applications, the greater simplicity of the static circuit is
      preferred. Furthermore, this arrangement is not free from the effects of a
      large self-loading capacitance. If input network 35 contains a large
      self-loading capacitance C.sub.SL, shown in phantom, when the charging
      takes place during the 0.sub.1 clock pulse interval, the 0.sub.2 clock is
      also ON and Q.sub.32 therefore provides a path to C.sub.SL causing both
      C.sub.L and C.sub.SL to charge together as in the static circuit of FIG.
      1. This is shown at 39 in FIG. 3A. The result is, of course, a slow
      charging response time.
PAR  In addition, this circuit causes the load capacitor C.sub.L to charge
      during each 0.sub.1 pulse interval even if the input conditions
      corresponds to a zero output, such as at 38, for example. The circuit
      driven by the output must then also be clocked to sample the output at a
      time, such as t.sub.s, after the 0.sub.2 pulse.
PAR  It is therefore, an object of the present invention to provide a faster
      operating static logic circuit.
PAR  It is a further object to provide a logic circuit which is well suited for
      operation with a logic network having a large self-loading capacitance.
PAR  It is a still further object to provide a logic circuit of the ratioed type
      which is only superficially affected by the self-loading capacitance of
      the logic network.
PAR  It is a still further object to provide a logic circuit suitable for use
      with complex logic networks formed by integrated circuit techniques,
      especially integrated logic networks having small semiconductor areas.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the conventional static logic
      circuit having a high impedance load device and a logic network connected
      to the load device at an output node is modified by adding a gating device
      in series between the logic network and the output node. The load device
      acts as a resistor providing the common node with a fixed dc potential.
      The gating device is biased so that it will conduct as a function of the
      voltage at the output of the logic network. In particular, the gating
      device will turn OFF when the logic network voltage reaches a preselected
      value less than the circuit output voltage produced at the output node.
PAR  This circuit is designed primarily to be useful with logic networks having
      large self-loading capacitance. As with similar networks having
      insignificant capacitance the logic network with self-loading capacitance
      responds to input conditions to provide either an open or closed path from
      a point of reference potential to the gating device. When the conductive
      path across the logic network is established, the potential presented to
      the gating device is low (normally ground) and the gating device conducts,
      causing the reference potential to appear at the output node. When the
      logic network establishes an open circuit, the gating device is still
      conductive and the dc potential from the load device will cause the load
      capacitor to be charged. The self-loading capacitance of the logic network
      is, however, essentially in parallel with the load capacitor and will also
      tend to charge, but when the charge on the self-loading capacitance
      reaches the preselected level, the gating device will turn OFF, isolating
      the logic network, and its self-loading capacitance, from the output.
PAR  This isolation removes the large parallel self-loading capacitance, thus
      reducing the effective capacitive load being charged and hence decreasing
      the charging time. Since the gating device acts as a voltage sensitive
      isolating switch responsive to the voltage level of the output of the
      logic network, this circuit is, unlike the dynamic circuits of the prior
      art, well suited for operation with logic networks having large
      self-loading capacitance, such as switches having large wiring capacitance
      or complex logic arrays.
PAR  The invention is intended to be embodied using a MOSFET as the gating
      device, and a suitable logic network is a MOSFET logic circuit such as,
      for example, a multitransistor memory array. Such an array will have a
      large effective self-loading capacitance dependent essentially upon the
      parasitic capacitances of the included MOSFET devices and
      interconnections. Since the isolation provided by the gating device
      prevents the complete charging of any self-loading capacitance in the
      array, the operating voltage of the array is low. This allows the
      source-to-drain spacings of the included MOSFET devices to be smaller than
      was previously possible and results in a great reduction of the array
      area.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing of a prior art static-type ratioed logic
      circuit;
PAR  FIG. 1A is a timing diagram illustrating the operation of the circuit of
      FIG. 1;
PAR  FIG. 2 is a schematic drawing of one type of multiply-clocked logic circuit
      found in the prior art;
PAR  FIG. 2A is a timing diagram illustrating the operation of the circuit in
      FIG. 2;
PAR  FIG. 3 is a schematic diagram of another type of multiply-clocked logic
      circuit of the prior art;
PAR  FIG. 3A is a timing diagram illustrating the operation of the circuit of
      FIG. 3;
PAR  FIG. 4 is a generalized, schematic diagram of the static logic circuit in
      accordance with the invention;
PAR  FIG. 4A is a timing diagram illustrating the operation of the invention of
      FIG. 4; and
PAR  FIG. 5 is a schematic diagram of an input network suitable for use in the
      circuit of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Prior art circuits of FIGS. 1 through 3 have been discussed hereinbefore.
      In each case the operation of the circuit is adversely affected by a large
      self-loading capacitance of the logic network.
PAR  The basic problem caused by the self-loading capacitance is the slow
      charging exhibited by the parallel combination of the output load
      capacitor and the self-loading capacitance. This is shown in the static
      circuit of FIG. 1, and the clocked circuits of FIGS. 2 and 3 do not
      eliminate the problem. The circuit of FIG. 3 must charge the self-loading
      capacitor to the full output level as in the static circuit, and the
      circuit of FIG. 2 suffers from charge sharing between the load capacitor
      and the self-loading capacitance.
PAR  In distinction, the circuit of FIG. 4 permits large self-loading
      capacitance without significant ill effects upon the circuit operation.
      This static circuit includes a load MOSFET Q.sub.41 which serves as a
      resistance connecting supply point 13 to the output node 12. The drain of
      load MOSFET Q.sub.41 is connected to the supply point 13 which is tied to
      a negative voltage supply of -V.sub.DD ; the source of Q.sub.41 is
      connected to the output node 12 and the gate is connected to a negative
      voltage supply -V.sub.GG which may, in fact, be the same as -V.sub.DD.
      Load MOSFET Q.sub.41 could, of course, be replaced by any of a number of
      load devices connected between the negative voltage supply -V.sub.DD and
      node 12. For example, a two-terminal device, such as a diffused resistor,
      an ion implanted resistor, or a discrete resistance, as well as another
      three-terminal device, such as a depletion mode MOSFET connected to act as
      resistor, could be substituted for the MOSFET Q.sub.41.
PAR  The logic network 45 is shown as switch 46 and a parallel self-loading
      capacitor C.sub.SL. This switch condition is controlled by the condition
      of the input data to provide either an open or closed conductive path
      between the reference potential point 11 and the logic network output,
      point 48. Of course, switch 46 is merely illustrative and may be an
      individual transistor as in the circuits of FIGS. 1, 2 and 3, if the
      network 45 is simply an inverter, or it may be a complicated logic
      arrangement of series, parallel or series and parallel transistors, one
      example of which will be discussed hereinafter.
PAR  The gating device is MOSFET Q.sub.42. Its drain-source path connects output
      node 12 and logic network output point 48. Its gate is connected to a
      negative source of fixed dc potential -V.sub.CC. The voltage -V.sub.CC is
      established so that its absolute value is less than or equal to the
      maximum absolute value of the output voltage -V (representing, for
      example, a logical 1). The voltage -V, is equal to the lesser absolute
      value of either -V.sub.DD or (-V.sub.GG -V.sub.41), where V.sub.41 is a
      threshold voltage of Q.sub.41.
PAR  The load MOSFET Q.sub.41 exhibits a resistive impedance typically ten times
      greater than that of the logic network 45, when network 45 is providing a
      conductive path between points 48 and 11. This high impedance ratio if
      necessary to insure a logical 0 output voltage to be substantially a low
      (ground) output voltage.
PAR  In the circuit of FIG. 4 a specified set of input conditions will cause
      switch 46 to close and other sets will cause switch 46 to open. Since the
      voltage at point 48 is essentially the low (ground) potential of reference
      point 11, gating MOSFET Q.sub.42 is ON when switch 46 is closed; thus the
      voltage at output node 12 is pulled to the low (ground) potential and
      C.sub.L is discharged. This is shown at 51 of FIG. 4A.
PAR  Upon a change of input conditions, switch 46 is opened. The ground path to
      point 11 having been removed, load MOSFET Q.sub.41 charges the output node
      12 and C.sub.L toward -V. At this time, the voltage at point 48 (shown in
      FIG. 4A) is essentially zero and hence the gating MOSFET Q.sub.42 is ON.
      Therefore, the self-loading capacitance C.sub.SL of logic network 45 is in
      parallel with the load capacitance C.sub.L. As a result of this parallel
      connection, both capacitors (C.sub.L and C.sub.SL) are charged together.
      Since C.sub.SL may be very large and may, in fact, be many times greater
      than C.sub.L, such as, for example, 100 pfd versus 1 pfd, the combined
      capacitance creates a very large charging time constant as indicated by
      the dotted curve 52 superimposed upon the output waveform in FIG. 4A.
PAR  However, as C.sub.SL is charged, its charge voltage increases the absolute
      value of the voltage at point 48. When the absolute value reaches
      (-V.sub.CC -V.sub.42), where V.sub.42 is the threshold voltage of the
      gating MOSFET Q.sub.42, Q.sub.42 turns off, isolating logic network 45
      from the output and hence removing C.sub.SL from its parallel connection
      with C.sub.L. In FIG. 4A, point 53 represents the turn-OFF of Q.sub.42.
      Thereafter (until switch 46 changes state), C.sub.L is charged
      independently with a much shorter time constant than that associated with
      curve 52. Hence, the output transition is speeded up as shown by 54 in
      FIG. 4A after the isolation of the logic network. Since gating MOSFET
      Q.sub.42 only turns OFF during the charging of capacitor C.sub.L, the gate
      bias -V.sub.CC could, of course, be provided by a clock or logic signal
      which is at the -V.sub.CC level whenever C.sub.L is being charged.
      Obviously, the maximum advantage of faster speed would occur by choosing a
      very low absolute value for -V.sub.CC so that (-V.sub.CC -V.sub.42) is
      very close to 0 volts bringing point 53 on the waveforms closer to the
      change of state of switch 46.
PAR  Logic network 45 has been illustrated as a simple switch 46 and its
      associated capacitance C.sub.SL which may be wiring capacitance and other
      inherent capacitances associated with the switch assembly. But it is
      likely that the network would often be a complex arrangement of
      semiconductor devices, such as, for example, the array of transistors
      connected in series-parallel combinations as shown in FIG. 5. Here the
      plurality of binary inputs I.sub.n,m where n equals 1, 2, . . . N and m
      equals 1, 2, . . . M; each contribute to the creation of a closed or open
      path between output point 48 and reference point 11. Notwithstanding the
      numerous combinations of inputs which will produce the closed conductive
      path and the numerous combinations of inputs which will provide the open
      circuit, the path between points 48 and 11 must be either open or closed
      and thus for any particular set of input conditions, it has been
      represented simply as a switch 46 in FIG. 4.
PAR  In order to increase yields and circuit densities, and hence lower
      manufacturing costs, smaller semiconductor areas required to integrate a
      complex logic network are desirable. The area required by the network of
      FIG. 5 is largely determined by the source-drain spacing of the included
      MOSFETS. These spacings are in turn determined by the maximum voltage seen
      by the output node 48. Without the gating device Q.sub.42, the voltage
      seen by node 48 would have been -V. However adding Q.sub.42 reduces the
      voltage seen by node 48 to (-V.sub.CC -V.sub.42) as seen in FIG. 4A, and
      allows much smaller source-drain spacings, because the minimum
      source-drain spacing of a MOSFET must be such that the source-drain
      breakdown voltage is higher than the voltage applied during operation.
      Hence Q.sub.42 allows the network of FIG. 5 to be much smaller resulting
      in higher yield, higher density, and lower manufacturing cost. The lower
      the absolute value of -V.sub.CC is made, the smaller the spacings and the
      network of FIG. 5 can be.
PAR  The isolation provided by the gating device also allows the switch or logic
      network to be physically separated (at point 48) from the rest of the
      circuit, such as an integrated circuit containing gating device Q.sub.42
      and load device Q.sub.41, without severe degradation of switching
      transitions due to the large capacitance inherently associated with the
      connection between a remote logic network and the integrated circuit.
PAR  Though the devices in the circuit of FIG. 4 are similar to those in the
      clocked type circuits of FIGS. 2 and 3, the circuit of FIG. 4 operates as
      an inherently simpler static, ratioed type logic circuit without the
      complications associated with clocking pulses. In particular, the biases
      are simply fixed dc voltages instead of clocking pulses and rather than
      coupling the output node to the logic network in accordance with an
      external clock, the gating transistor is made responsive to the voltage at
      the logic network output simply by an appropriate selection of its gate
      bias level.
PAR  In all cases it is to be understood that the above described arrangements
      are merely illustrative of a small number of the many possible
      applications of the principles of the present invention. Numerous and
      varied other arrangements in accordance with these principles may readily
      be devised by those skilled in the art without departing from the spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A static logic circuit comprising:
PA1  an output node having an output capacitance;
PA1  switching means for selectively establishing an essentially short circuit
      or open circuit between a first point and a reference point of fixed
      reference potential, the switching means having a self-loading
      capacitance, large relative to the output capacitance, effectively
      connected between the first point and the reference point;
PA1  load impedance means having at least first and second electrodes, its first
      electrode being connected to the output node and its second electrode
      being connected to a first supply voltage for providing a charging voltage
      to the output node to charge the output capacitance whenever  the
      switching means establishes an open circuit between the first point and
      the reference point; and
PA1  gating means for selectively providing a conductive connection between the
      output node and the first point of the switching means in accordance with
      the voltage at the first point so that when the switching means
      establishes a closed circuit, a conductive connection is provided between
      the output node and the first point, causing the potential at the
      reference point to appear at the output node; and when the switching means
      establishes an open circuit, a conductive connection is provided between
      the output node and the first point, causing the charging voltage applied
      to the output node to charge the self-loading capacitance to a preselected
      voltage less than the maximum level of the charging voltage applied to the
      output node, whereupon a non-conductive connection is provided between the
      output node and the first point.
NUM  2.
PAR  2. A static logic circuit as claimed in claim 1 wherein said load impedance
      means is a field-effect load transistor of the metal-oxide semiconductor
      type having first and second controlled electrodes and a gate electrode,
      the first controlled electrode being connected to the output node, the
      second controlled electrode being connected to the first supply voltage
      and the gate electrode being connected to a second supply voltage.
NUM  3.
PAR  3. A static logic circuit as claimed in claim 1 wherein the self-loading
      capacitance is many times greater than the output capacitance.
NUM  4.
PAR  4. A static logic circuit as claimed in claim 3 wherein the self-loading
      capacitance is at least 100 times greater than the load capacitance.
NUM  5.
PAR  5. A static logic circuit as claimed in claim 1 wherein the switching means
      includes a memory array of at least thousands of semiconductor devices
      interconnected in a series-parallel arrangement, the self-loading
      capacitance being a function of the semiconductor structure.
NUM  6.
PAR  6. A static logic circuit as claimed in claim 1 wherein said gating means
      is a field-effect transistor of the metal-oxide-semiconductor type, having
      first and second controlled electrodes and a gate electrode, the first
      controlled electrode being connected to said first point, the second
      controlled electrode being connected to the output node, and the gate
      electrode being connected to a supply source having a fixed voltage, said
      fixed voltage being selected so that the absolute value of the fixed
      voltage less than threshold voltage of the field-effect transistor equals
      the preselected voltage which is significantly less than the maximum level
      of the charging voltage applied to the output node.
NUM  7.
PAR  7. A static logic circuit as claimed in claim 6 wherein said preselected
      value is chosen as close to the potential at the reference point as
      practical so that the gating means provides a nonconductive connection
      between the first point and the output node as soon as the self-loading
      capacitance begins to charge.
NUM  8.
PAR  8. A static logic circuit as claimed in claim 6 wherein the gating means
      produces the nonconductive connection between the output node and the
      first point to isolate the self-loading capacitance exclusively during the
      charging of the output capacitance.
NUM  9.
PAR  9. A logic circuit of a type having an input logic network responsive to a
      set of input signals for producing at a first point either an essentially
      short circuit to a reference point of reference potential or an open
      circuit to the reference point depending upon the set of input signals;
PA1  an output node;
PA1  an output load connected between the output node and the reference point;
PA1  load impedance means having at least two electrodes, said electrodes being
      connected between a voltage supply and the output node; and
PA1  a field-effect transistor having its drain-source path connected between
      the first point and the output node
PA1  characterized in that the input logic network exhibits an associated
      capacitance between the first point and the reference point, high relative
      to the capacitance of the output node;
PA1  the resistance of the load impedance means being high relative to the
      resistance of the input logic network when the input logic network
      produces an essentially short circuit between the first point and the
      reference point;
PA1  the field-effect transistor having a fixed bias voltage applied to its
      gate;
PA1  the fixed bias voltage being selected so that when the input logic network
      produces a short circuit to the first point the reference potential is
      applied to the output node and whenever the input logic network provides
      an open circuit to the first point, the load impedance means charges the
      output load and the load impedance means initially charges the associated
      capacitance via the drain-source path of the field-effect transistor to a
      preselected level substantially lower than the maximum voltage provided
      the output node by the load impedance means, which preselected level turns
      OFF the field-effect transistor and thereafter isolates the capacitor from
      the output load until the charge on the associated capacitance goes below
      the preselected level.
NUM  10.
PAR  10. A method for selectively isolating an input logic network having a
      large capacitance associated therewith from the output node of an inverter
      circuit, said circuit including a load impedance connected to the output
      node and a gating device connected between the output node and the input
      logic network;
PA1  the ordered steps comprising:
PA1  applying input signals to the input logic network to cause it to form an
      open circuit between a point of reference potential and the gating device;
PA1  charging the output node and the associated capacitance in parallel in
      response to the open circuit of the input logic network;
PA1  operating the gating device in response to the charge on the associated
      capacitance to produce an open circuit between the associated capacitance
      and the output node when the charge on the associated capacitance reaches
      a first level relative to the reference potential; and
PA1  charging the output node, independent of the associated capacitance, to a
      second level relative to the reference potential substantially greater
      than the first level.
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ABST
PAL  An input scheme suitable for low-level input signals, e.g., from an IR
      detector array, wherein the input signals are transferred over respective
      channels to parallel inputs of a charge transfer device shift register,
      under control of IGFET switching transistor circuits in each channel.
      Corresponding IGFETS in the channels are operated by common gate voltages.
      Introduction of noise due to variation of the gate threshold voltages
      between IGFETS in the transfer circuits is obviated by using the same
      IGFET in each channel to reset the potential at the input node of that
      channel as well as to transfer the input signals over that channel to the
      shift register.
BSUM
PAR  This invention relates to multiplexing low-level signals using a charge
      transfer device shift register and more particularly to multiplexing
      signals generated by an IR detector array.
PAR  U.S. Pat. No. 3,808,435 of R. T. Bate et al. issued Apr. 30, 1974 and
      assigned to the assignees of the present invention discloses inter alia,
      an IR scanning system wherein an IR detector array generates signal
      related voltages which are fed to input nodes of a charge transfer device
      (CTD) shift register multiplexer. The input nodes are connected to
      respective parallel inputs of the shift register by selectively actuated
      insulated gate field effect transistor (IGFET) switches and then clocked
      along the shift register to provide a multiplexed serial output therefrom.
      The input nodes are connected to the parallel inputs of the shift register
      by respective first IGFETS, all controlled by a common gate voltage. The
      input nodes of the channels are reset to a predetermined reference
      potential in a period between inputting of successive sets of input
      signals into the shift register. The node resetting is accomplished using
      second IGFETS in the respective channels in conjunction with a common
      reference potential supply and a common gating voltage for the second
      transistors. Although excellent functional results have been obtained
      utilizing such a system, there are potential difficulties when there is
      non-uniformity between the threshold voltages of the IGFETS in the various
      channels which can give rise to the introduction of unwanted spatial
      variation in the signals inputted into the shift register (e.g., fixed
      pattern noise).
PAR  Accordingly, it is a principal object of the present invention to provide
      an improved transfer circuit for inputting signals into a CTD shift
      register.
PAR  It is a further object of the invention to provide a CTD multiplexer system
      suitable for reliable processing of low-level input signals.
PAR  In accordance with the invention, such objects are accomplished by a
      transfer circuit design wherein the signal input node is reset to a
      reference potential over the same IGFET switch that is used to transfer
      signal charge from the input node in to the shift register. When utilized
      in a system wherein low-level signals are inputted over parallel channels
      into a shift register, the input signal in each channel is referenced to
      the zero signal level of that particular channel, independently of the
      zero signal level of other channels. Advantages of the invention include
      the fact that input signal level is not adversely affected by, and fixed
      pattern noise is not introduced as a result of, variations in threshold
      voltage of the IGFET switch. Additionally, temperature variations of the
      IGFET switch do not result in introduction of fixed pattern noise.
DRWD
PAR  For further details of the present invention, together with identification
      of further advantages thereof, reference will be made to the following
      description of preferred embodiments of the invention in relation to the
      accompanying drawings, wherein:
PAR  FIG. 1 shows in mainly block schematic form an IR detector system.
PAR  FIGS. 2a, 3a and 4a show improved coupling circuits suitable for
      incorporation in the system shown in FIG. 1.
PAR  FIGS. 2b, 3b and 4b show voltage waveforms associated with operation of
      FIGS. 2a, 3a and 4a respectively.
PAR  FIG. 5 shows an integrated circuit embodiment of the invention with
      associated voltage waveforms shown in FIG. 6; and
PAR  FIG. 6 is a circuit diagram explanatory of FIG. 5.
DETD
PAR  FIG. 1 illustrates an IR detector system in block diagrammatic format. A
      conventional IR detector array 10, illustrated as including diode
      detectors D provides electrical signals corresponding to IR irradiation of
      a scanned target at each output channel 12 which are amplified by
      respective conventional amplifiers 14. The outputs of the amplifiers 14
      are applied over individual transfer circuits TC (only one of which is
      shown in detail) as parallel inputs to a charge transfer device (CTD)
      shift register 16. Suitable charge transfer device shift registers, both
      charge coupled devices (CCD) and bucket brigade (BB) shift registers, are
      discussed in detail in the literature and will not be described in more
      detail here. The parallel input data to the shift register 16 are
      propagated serially along the register under control of a variable clock
      pulse source 18 and the multiplexed data read out on an output terminal
      22.
PAR  The transfer circuit TC shown in FIG. 1 includes an input capacitor C.sub.i
      ; an insulated gate field effect transistor (IGFET) Q1 the channel of
      which is connected between a node N and the associated parallel input of
      the shift register 16; and an IGFET Q2 the channel of which is connected
      between the node N and a DC bias source V.sub.B. The transistors Q1 and Q2
      are switched to an on condition by selective application of gate voltages
      V.sub.Q1 and V.sub.Q2 respectively.
PAR  In operation of the system shown in FIG. 1, when a scene is before the
      detector array 10 and the array is connected with the transfer circuits,
      the voltage V.sub.Q1 is applied and the voltage at node N is constrained
      to be V.sub.T (i.e., the gate threshold voltage of transistor Q1) below
      V.sub.Q1. If the voltage levels are so chosen that, when .DELTA. T equals
      zero, the capacitances of the respective storage sites of the CTD shift
      register 16 are filled to one-half maximum capacity, then the signal
      charge transferred from the detector to the shift register will be
      proportional to .DELTA.T. The gate voltage V.sub.Q1 is applied in common
      to the transistors Q1 of all the transfer circuits associated with each of
      the output amplifiers 14 and thus signal related charges on all channels
      are simultaneously inputted in parallel into the shift register 16.
      Following completion of such transfer, V.sub.Q1 is turned off and the
      charges inputted into the shift register are clocked out to output
      terminal 22 under control of the pulse source 18. During this clocking out
      period, a chopper (not illustrated) removes the scene from the detector
      array 10 and the gate voltage V.sub.Q2 is applied to transistors Q2 of all
      the transfer circuits TC to return the nodes N thereof to a known voltage
      V.sub.B -V.sub.T. The system now is in a preset condition and ready to
      receive another set of input signals from the detector array 10.
PAR  The system as thus far described with reference to FIG. 1 is disclosed in
      greater detail in U.S. Pat. No. 3,808,435, R. T. Bate et al. issued Apr.
      30, 1974 and assigned to the Assignee of the present invention, the
      disclosure of said patent being incorporated herein by reference.
PAR  In operation of the system as disclosed with reference to FIG. 1, it is
      preferred that, by use of transistor Q2 and the bias potential V.sub.B,
      the nodes N be preset such that for .DELTA. T equal to zero (i.e., no
      temperature difference from background - approximately 300.degree.K) no
      charge flows into the shift register 16 other than an intentionally
      introduced D. C. offset or fat zero signal V.sub.F. That is, during
      presence of the voltage V.sub.Q2, the potential source V.sub.B pulls the
      node N to a voltage, the value of which is V.sub.Q2 - V.sub.T + V.sub.F.
      As mentioned previously, the voltages V.sub.Q1, V.sub.Q2, and V.sub.B are
      common to all of the input channels to the shift register 16.
PAR  In certain applications of IR detector systems, such as that described in
      the above-referenced U.S. Pat. No. 3,808,435, the signal levels inputted
      to the shift register 16 may be as low as about 10 microvolts;
      consequently, the noise level must be very low, preferably photon
      background noise limited. Referring again to FIG. 1, and considering two
      input channels i and j, suppose that the threshold voltages of the
      transistors Q1 of those channels are V.sub.Ti and V.sub.Tj respectively,
      and that the threshold voltages differ by an amount .DELTA.V.sub.T. Also,
      assume that the node N at channel i is set to give zero signal for
      .DELTA.T equal to zero. Then the node voltages of channels i and j are:
EQU  V.sub.Ni = V.sub.Q1 - V.sub.Ti + V.sub.F
EQU  v.sub.nj = V.sub.Q1 - V.sub.Tj + V.sub.F
EQU  = v.sub.q1 - v.sub.ti + V.sub.F + .DELTA.V.sub.T
PAR  thus, a false noise signal equal to .DELTA.V.sub.T appears at the input
      channel j of the shift register 16. Desirably, at zero temperature
      difference from background, i.e., .DELTA.T equal to zero, a uniform signal
      input level should be present at all input channels of the shift register
      16 but in order to obtain a satisfactory signal-to-noise ratio when
      processing signals as low as 10 microvolts, V.sub.T then would need to be
      of the order of 1 microvolt or less which, from a practical viewpoint, is
      an unduly stringent restriction.
PAR  The following embodiments of the present invention provide improved
      transfer circuits suitable for use in place of the transfer circuits TC
      described with reference to FIG. 1, and wherein the above-identified
      problem of introduction of unwanted noise signals due to nonuniformity in
      threshold voltages between the transistors Q1 of the various channels is
      overcome. In each of the embodiments of the invention to be described,
      resetting of the channel node N and transfer of the input signal from the
      charge detector array into the shift register 16 is effected under control
      of a single IGFET, Q1 in each channel. The node of each input channel is
      set to its respective level of V.sub.Q1 - V.sub.Tj (for the j channel) for
      zero signal level, i.e., .DELTA. T = 0 (ignoring introduction of any fat
      zero signal). Thus, the signal at each input channel is referenced to the
      zero signal level of that specific channel rather than to the zero signal
      level of any other channel and consequently variation in threshold voltage
      between the transistors Q1 of the various channels does not result in
      introduction of noise into the signal inputted into the shift register 16.
PAR  A first embodiment of the invention is illustrated by FIG. 2a which shows
      the transfer circuit TC for one channel of the system shown in FIG. 1, the
      transfer circuits for the remaining channels being identical to that shown
      in FIG. 2a. The transfer circuit includes an IGFET Q1 connected between
      tne node N and node P, the latter node being connected by an IGFET Q2 to
      the input of the associated storage site of the shift register 16
      represented diagrammatically by the storage site storage capacitance
      C.sub.c. An IGFET QR1 is connected between the node N and ground while an
      IGFET QR2 is connected between node P and a d. c. bias potential V.sub.R.
PAR  The transistors Q1, Q2, QR1 and QR2 of each of the channels have associated
      common gate voltages V.sub.Q1, V.sub.Q2, V.sub.R1 and V.sub.R2 selectively
      applied thereto, the timing relationships between these voltages being
      illustrated by FIG. 2b. Assuming use of the transfer circuit shown in FIG.
      2a, in the respective channels of an IR detector system as shown by FIG.
      1, the manner of operation is as follows:
PAR  1. T.sub.0 - T.sub.1, FIG. 2b. When the scene is removed from the detector
      array 10, the voltages V.sub.Q1, V.sub.Q2 and V.sub.R2 are turned off;
      voltage V.sub.R1 is turned on and node N is preset to ground potential.
PAR  2. T1 - T2, FIG. 2b. Transistor QR1 is then turned off and transistors Q1
      and QR2 are turned on, transistor QR2 being turned on harder than
      transistor Q1. Node N is then reset to a potential
EQU  V.sub.N = V.sub.Q1 - V.sub.T
PAR  3. t2 - t3, fig. 2b. Transistor QR2 is then turned off.
PAR  4. T3 - T4, FIG. 2b. The scene to be scanned is then brought before the
      detector array 10 and transistor Q2 is turned on. The electrical charge
      present at node n due to the signal from the scene is then transferred
      over transistor Q1 and transistor Q2 to the associated storage site
      capacitance C.sub.c of the shift register 16. It will be appreciated that
      simultaneously, scene related signal charges are also transferred from the
      detector array over each of the associated channels into the shift
      register 16. The scene is removed from the detector and the clock pulse
      source 18 operated to clock the charges inputted into the shift register
      16 to provide a serial multiplexed output at the terminal 22.
PAR  The above-described sequence of steps is then continued on a repetitive
      basis.
PAR  In order to introduce an electrical fat zero into the shift register, the
      voltage V.sub.Q1 can be changed by an amount .DELTA.V.sub.Q1 when the
      scene is incident on the detector array 10 (T3 - T4).
PAR  An alternative embodiment of the invention is shown in FIG. 3a. FIG. 3a
      differs from FIG. 2a in that the transistor QR1 is now connected between
      the node P and ground.
PAR  The same sequence of operation as described with reference to FIG. 2a and
      2b applies to the circuit shown in FIG. 3a, except that during the period
      T0 - T1, with the scene removed from the detector, transistors Q2 and QR2
      are turned off as described with reference to FIGS. 2a and 2b, but
      transistor QR1 which is initially off, is turned on so that nodes N and P
      are both preset to or near ground potential.
PAR  A further embodiment of the invention is shown in FIG. 4a, associated
      voltage waveforms being illustrated by FIG. 4b. FIG. 4a shows a simpler
      structure than FIGS. 2a and 3a, requiring one less IGFET. In FIG. 4a,
      IGFET Q1 is connected between nodes N and P, node P being connected to the
      associated shift register storage site by IGFET Q2. IGFET QR 2 connects
      the node P to a time varying bias potential V.sub.B. The operational
      sequence of the circuit shown in FIG. 4a is as follows:
PAR  1. T0 - T1, FIG. 4b. With the scene removed from the detector array 10,
      transistor Q2 is turned off, transistor QR2 is turned on and the potential
      V.sub.B is at zero volts. (It may not be essential for V.sub.B to drop to
      zero volts, but at least to some voltage below the level reached by the
      node N during the scene integration.) Transistor Q1 is in an on condition
      and the node N is preset to ground potential.
PAR  2. T1 - T2, FIG. 4b. The potential V.sub.B rises to a value V.sub.R while
      transistors Q1 and QR2 remain in an on condition but with transistor QR2
      turned on harder than transistor Q1, while transistor Q2 remains in an off
      condition. The node N then is reset to a value V.sub.Q1 - V.sub.T.
PAR  3. T2 - T3, FIG. 4b. Transistor QR2 is turned off, transistor Q2 is turned
      on to conduct harder than transistor Q1 and the scene is brought before
      the detector array 10. Again, at this time the voltage V.sub.Q1 may be
      increased by a suitable value if it is desired to introduce an electrical
      fat zero into the signal input to the shift register 16. The signal
      related charge from the detector array 10 is then transferred into the
      shift register 16 as previously described and clocked along the shift
      register (with the scene removed from the detector array) to provide a
      multiplexed output at the terminal 22.
PAR  The sequence of steps 1, 2 and 3 is then carried out repetitively.
PAR  In operation of the transfer circuits shown in FIGS. 2, 3 and 4 the
      following considerations determine the gate voltages applied to the
      IGFETS. If the input signal(s) can be negative or positive, relative to a
      reference value (i.e., greater or less than the value corresponding to
      .DELTA.T= 0 in the IR detector system described), then the gate voltage
      V.sub.Q1 should be chosen such that for zero input signal level, the CCD
      storage site concerned is filled to one-half maximum capacity. This
      provides optimum dynamic range. This condition is described approximately
      by the relation:
EQU  (V.sub.Q1 (T3-T4) - V.sub.Q1 (T0-T3) ) C.sub.i .apprxeq. 1/2 V.sub.c
      C.sub.c
PAL  where:
PA1  V.sub.c = CCD clock voltage
PA1  C.sub.c = CTD storage site capacitance.
PAR  If the input signal excursion is in one direction only, then V.sub.Q1 is
      chosen such that for zero input signal the CCD storage site is either
      filled to near maximum capacity or to only a few percent of maximum
      capacity. The choice depends on the polarity of the input signal and the
      channel conductivity type of the IGFETS (i.e., N-channel or P-channel).
      For example for N-channel IGFETS and positive input signal voltages, the
      CCD storage site would be filled to near maximum capacity for zero input
      signal level. A positive input signal would then result in a reduction in
      charge stored at that storage site, proportional to the input signal
      level.
PAR  The requirements for other IGFET gate voltages are then as follows:
PA1  V.sub.r2 &gt; v.sub.q1
PA1  v.sub.r &gt; v.sub.r2 - v.sub.t for FIGS. 2 and 3.
PAL  For FIG. 4,
PA1  V.sub.b = v.sub.r &gt; v.sub.r2 - v.sub.t from T1 to T3
PA1  V.sub.c &gt; V.sub.Q2 &gt; V.sub.Q1
PA1  V.sub.r1 &gt; v.sub.t
PAR  the first three requirements ensure that transistors Q1, QR2 and Q2 operate
      in the saturation mode.
PAR  In the description of FIGS. 1-4, it has been assumed that the IGFETs are
      n-channel devices and that the bias source V.sub.B produces positive
      pulses; for operation of the circuits using p-channel devices, the bias
      source V.sub.B would produce negative pulses.
PAR  Although in each of FIGS. 2a, 3a and 4a, the transistors Q2 have been
      described as conventional IGFETs, they are preferably provided by the
      input gating devices of the CTD shift register.
PAR  Each of the transistor circuits described above with reference to FIGS. 2,
      3 and 4 may be implemented using discrete components, but preferably
      integrated circuit techniques are utilized to incorporate the circuit
      elements of the transfer circuits on the same semiconductor chip as the
      shift register 16, the transfer circuit elements being located adjacent
      the input of the shift register so that undesirable stray capacitance and
      noise may be minimized.
PAR  A preferred integrated circuit embodiment of the invention is illustrated
      by FIG. 5, the circuit diagram being shown in FIG. 6.
PAR  In fabrication of the integrated circuit shown in FIG. 5, a p-type silicon
      substrate 49 is used with a two-level interconnection system. A lower
      level of interconnections is defined by polycrystalline silicon
      (polysilicon) conductors insulated from the substrate by a silicon oxide
      layer while the upper level of interconnections is defined by a metal,
      preferably aluminum, conductors insulated from the polysilicon conductors
      by a silicon oxide insulating layer. Conventional processing procedures
      may be used to fabricate the integrated circuit and will not be described.
      In addition, semiconductor materials other than silicon may be used for
      the substrate, insulator materials other than silicon oxide may be used
      and different interconnection materials and schemes may be used, all as
      well appreciated in the art.
PAR  The integrated circuit includes a 4-phase CCD shift register SR wherein a
      lower-level set of spaced polysilicon conductors define .phi..sub.1 and
      .phi..sub.3 control electrodes, and an upper level set of metal conductors
      are interposed between the .phi..sub.1 and .phi..sub.3 control electrodes
      in insulated and marginally overlapping relationship therewith, to define
      the .phi..sub.2 and .phi..sub.4 control electrodes. The control electrodes
      are connected to respective clock lines for supplying .phi..sub.1,
      .phi..sub.2, .phi..sub.3 and .phi..sub.4 phase clock pulses to the control
      electrodes to shift charge serially along the shift register in
      conventional manner.
PAR  Each storage site or bit of the shift register SR has associated therewith
      a transfer circuit TC formed as part of the integrated circuit.
PAR  Each transfer circuit includes n-channel depletion mode IGFETS Q.sub.IN and
      QR3 sharing a common source (or drain) region 51 and respectively having
      metal gate electrodes 52 and 53. The gate lines 52 of all the transfer
      circuits are connected in common, and the gate electrodes 53 of all the
      transfer circuits are connected in common. The drain (source) region 54 of
      transistor Q.sub.IN is connected to a signal input line provided by a
      metal conductor 50. The drain(source) region 55 of transistor QR3 is a
      projection from a doped region 56 common to all of the transfer circuits
      TC and which is connected to a reference voltage signal line V.sub.REF.
PAR  The common source (drain) region 51 is connected by a polysilicon conductor
      57 to the polysilicon gate 58 of an IGFET Q1. Located adjacent the
      transistor Q1 is an IGFET QR2 having a doped drain(source) region 59, and
      a polysilicon gate 60 which is connected by a polysilicon conductor 61 to
      a metal conductor 62 common to all the transfer circuits TC. The drain
      region 59 is an extension of a doped region 63 common to all the transfer
      circuits TC and connected to a bias voltage supply terminal V.sub.B. A
      capacitor C.sub.FD is defined by a metal electrode 64 insulated from the
      underlying silicon substrate, defining a virtual capacitor which stores
      charge in an inverted region of the silicon substrate surface beneath the
      electrode 64. The transistor Q1 has virtual source and drain regions
      consisting of the capacitor under electrode 64 and the inversion region
      under electrode 65. The inversion region under metal conductor 65 also
      defines a virtual source (drain) region for transistor QR2 and the input
      gate IG.
PAR  A polysilicon conductor 66 is marginally overlaid by the metal conductor 65
      and has a projection 67 extending beneath one end of the .phi..sub.2
      electrode of the associated storage site of the shift register SR. A metal
      electrode 68 common to all of the transfer circuits overlies the conductor
      66 and is electrically connected thereto by contact 69, thereby providing
      an input gating device IG functionally equivalent to the IGFET Q2 of FIG.
      4.
PAR  The shift register SR also includes a conventional output transfer gate
      (not shown) which is operable to transfer data serially from the shift
      register to an IGFET output amplifier (not shown).
PAR  The doped regions 51, 54, 55 and 59 conveniently may be n+ diffused or
      implanted regions. The integrated circuit structures also incorporates
      channel stop regions CS for confining charge flow to desired regions of
      the substrate. These charge stop regions are defined by locally thickened
      silicon oxide areas overlying p-doped regions in the substrate 49.
PAR  The circuit described with reference to FIGS. 5 and 6 may be operated as
      follows:
PAR  1. A voltage is applied to the conductor 68 to turn off the input gating
      devices IG and disconnect the shift register from the nodes P of the
      transfer circuits TC.
PAR  2. Voltages are applied to the gates of transistors QR3 and Q.sub.IN to
      turn on transistor QR3 and turn off transistor Q.sub.IN.
PAR  3. The gate voltage of transistor QR2 is raised to a high level, and the
      source V.sub.B is pulsed low to put electrons onto the capacitor C.sub.FD
      and is then pulsed high again to pull the voltage across C.sub.FD to a
      value V.sub.REF - V.sub.T1, where V.sub.T1 is the gate threshold voltage
      of transistor Q1.
PAR  4. The gate voltage of transistor QR2 is lowered to turn that transistor
      off, the input gate IG is turned on concurrently with depression of the
      potential beneath the .phi..sub.2 electrode of shift register by
      application of the .phi..sub.2 clock pulse thereto.
PAR  5. The gate voltage of transistor QR3 is lowered to turn off that
      transistor while the gate voltage of transistor Q.sub.IN is raised to turn
      on that transistor. The capacitor C.sub.FD then loses electrons until the
      capacitor voltage reaches Vin - V.sub.T1, with a corresponding amount of
      charge being entered into the storage site of the shift register SR
      beneath the .phi..sub.2 electrode.
PAR  6. The input gate device IG is turned off, completing one cycle of
      operation and the charge entered into the shift register is serially
      propagated along the shift register to the output thereof by application
      of clock pulses .phi..sub.1, .phi..sub.2, .phi..sub.3 and .phi..sub.4 to
      the control electrodes in known manner.
PAR  It is to be noted that the amount of charge injected into a .phi..sub.2
      storage site of the shift register is
EQU  C.sub.FD [(V.sub.REF - V.sub.T1) - (V.sub.in - V.sub.T1)] = C.sub.FD
      (V.sub.REF - V.sub.in)
PAR  For an n-channel CCD shift register, the charge injected consists of
      electrons and V.sub.in must be greater than V.sub.REF. For a. c. coupled
      input signals, the d. c. bias point preferably is such that
EQU  Q.sub.DC = C.sub.FD (V.sub.REF - V.sub.in(DC) )
PAL  corresponds to the storage site being filled to 50 percent maximum
      capacity, following the principles explained herein.
PAR  In all of the above-described embodiments, since the charge transferred by
      the transfer circuit into the shift register is derived from the
      difference between two voltage levels at a capacitive node, both levels
      being set over the common IGFET Q1, then variations in threshold voltage
      of that transistor (as well as variation between the threshold voltages of
      several transistor Q1 in their respective channels) do not effect the
      signal levels inputted into the shift register. Additionally, variations
      of input signal level are not affected by changes in threshold voltage of
      transistor Q1.
PAR  It is to be appreciated that although the above embodiments have been
      described in relation to use of a plurality of transfer circuits for
      inputting signals in parallel into a CCD shift register, serial input
      techniques also could be used. For example, the inputs from several
      transfer circuits TC could be entered into the serial input of the shift
      register using known multiplexing techniques. In addition, use of a single
      transfer circuit TC offers attractive advantages for inputting analog
      signals from a single source serially into a CCD shift register. In
      relation to FIGS. 2, 3, 4 and 6, input signals from a single transfer
      circuit TC could be applied from any suitable analog signal source (with
      particular advantages to be realized when the input signals are low-level)
      to the input IP and the transistor Q2 in FIGS. 2, 3 and 4 and the input
      gate IG in FIG. 6 would function as the serial input gate for the CCD
      shift register.
PAR  An important advantage of this input circuit in this case is
      replaceability. That is, if the integrated circuit part containing the
      input circuit and CTD shift register failed, an "off the shelf"
      replacement part could be installed without requiring adjustment for
      threshold voltage. This is so because the input circuit is independent of
      threshold voltage.
PAR  Reference is made to application Ser. No. 373,567 filed June 25, 1973 by
      Dennis D. Buss et al. for CCD Input Node Preset Method and assigned to the
      assignee of the present application. That application includes teaching of
      a method of inputting charge packets into a CCD structure wherein charge
      transfer occurs in a first direction between first and second charge
      storage regions during application of an input signal to a gate electrode
      disposed between and insulated from the two charge storage regions, until
      the surface potentials of the charge storage regions are equal to each
      other. Then the potential of the first charge storage region is changed
      such that charge transfer occurs along a channel between the two charge
      storage regions in an opposite direction, until the channel becomes
      pinched off at a surface potential of the second charge storage region
      dependent upon the amplitude of the input signal applied to the gate
      electrode.
PAR  Although the above embodiments of the invention have been described in
      relation to transfer of signals from a detector array into a charge
      transfer device multiplexing shift register, it will be appreciated that
      the input signals could be derived from any other source and that the
      invention is generally applicable to CTD shift register multiplexing of
      low-level signals with minimal introduction of noise.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Charge transfer device signal processing apparatus including a charge
      transfer device shift register having at least one input for receiving
      analog input signals; first semiconductor switch means for connecting said
      input to a first reference potential during a first clock period; second
      semiconductor switch means including a first transistor switch means for
      resetting said input to a second predetermined reference potential during
      a second clock pulse period; and third semiconductor switch means operable
      to connect said input to said charge transfer device shift register during
      a third clock pulse period for applying an analog input related signal
      thereto for serial propagation along said shift register said second and
      third semiconductor switch means each including a common switching
      transistor means for controlling the resetting of said input to said
      second predetermined reference potential and for controlling transfer of
      said input signal from said input into said shift register.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said analog input related
      signals are serially inputted to said shift register.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said shift register is a charged
      coupled device shift register.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said third semiconductor switch
      means includes input gating means for said shift register, connected with
      said first semiconductor switch means.
NUM  5.
PAR  5. A signal processing apparatus according to claim 1, wherein the first
      transistor switch means of said second semiconductor switch means
      comprises a first insulated gate type field effect transistor, and wherein
      said second semiconductor switch means further includes a second insulated
      gate type field effect transistor switch connected in series with said
      first field effect transistor and a bias potential source.
NUM  6.
PAR  6. A signal processing apparatus according to claim 1, wherein said third
      semiconductor switch means includes an insulated gate type field effect
      transistor switch connected in series between said first field effect
      transistor switch and a signal input for said shift register.
NUM  7.
PAR  7. A signal processing apparatus according to claim 1, wherein said first
      semiconductor switch means includes an insulated gate type field effect
      transistor switch operable during said first clock period to connect said
      input directly to ground.
NUM  8.
PAR  8. A signal processing apparatus according to claim 1, wherein said first
      semiconductor switch means includes a first insulated gate type field
      effect transistor connected in series with a further transistor switch
      both operable during said first clock period to connect said input to
      ground.
NUM  9.
PAR  9. A signal processing apparatus according to claim 1, wherein said first
      semiconductor switch means and said second semiconductor switch means
      commonly comprise said first field effect transistor switch connected in
      series with a second insulated gate type field effect transistor switch to
      a bias potential selectively adjustable to ground potential during said
      first clock pulse period, said first and second field effect transistors
      being operable during said first clock pulse period to connect said input
      to said ground potential level; said bias potential being selectively
      adjustable to a second bias potential level during said second clock pulse
      period and said first and second field effect transistors being operable
      during said second clock pulse period to reset said input to said second
      reference potential.
NUM  10.
PAR  10. A charge transfer device signal processing system including a charge
      transfer device shift register, a plurality of inputs for receiving analog
      input signals, and means for selectively transferring signals from said
      plurality of inputs in parallel into said shift register at a first clock
      rate for serial propagation along said shift register at a second clock
      rate;
PA1  said transfer means including for each input:
PA1  a. first semiconductor switch means operable to connect said input to a
      first reference potential during a first clock period common to all said
      inputs; and
PA1  b. second semiconductor switch means operable to reset said input to a
      second predetermined reference potential during a second clock pulse
      period common to all said inputs;
PA1  and third semiconductor switch means operable to connect said input to said
      charge transfer device shift register for supplying a parallel input
      signal thereto during a third clock pulse period common to all said
      inputs; wherein each of said first, second and third semiconductor switch
      means includes at least one gate controlled majority carrier semiconductor
      switch device, and wherein said second and third semiconductor switch
      means include a common gate controlled semiconductor switch device for
      controlling the resetting of said input to said second referenced
      potential and for controlling transfer of said input signal from said
      input into said shift register.
NUM  11.
PAR  11. A signal processing system according to claim 10, wherein said third
      semiconductor switch means further includes input gating means of said
      shift register.
NUM  12.
PAR  12. A signal processing system according to claim 11, wherein said charge
      transfer device is a charge coupled device shift register having charge
      transfer electrodes disposed at and insulated from a surface of a
      semiconductor substrate, and wherein said first, second and third
      insulated gate field effect transistors are incorporated as circuit
      elements at said surface of said semiconductor substrate.
NUM  13.
PAR  13. A charge transfer device signal processing system including a charge
      transfer device shift register, a plurality of inputs for receiving analog
      input signals, and means including shift register input gating means for
      selectively transferring signals from said plurality of inputs in parallel
      into said shift register at a first clock rate for serial propagation
      along said shift register at a second clock rate,
PA1  said transfer means including for each input:
PA1  a. first and second insulated gate field effect transistors connected in
      series between said input and a bias potential source;
PA1  b. said first transistor and said input gating means connected in series
      between said input and a parallel input for said shift register;
PA1  c. a third insulated gate field effect transistor connected between said
      input and ground;
PAL  said first, second and third transistors and said input gating means
      including gates connected with respective gate signal lines for applying
      clock pulses to
PA1  1. turn on only said third transistor during a first clock period;
PA1  2. enable only said first and second transistors during a second clock
      pulse period with a larger gating signal applied to the gate of said
      second transistor than is applied to the gate of said first transistor;
      and
PA1  3. enable only said first transistor and said input gating means during a
      third clock pulse period . with a larger gating signal applied to said
      input gating means than is applied to the gate of said first transistor.
NUM  14.
PAR  14. A charge transfer device signal processing system including a charge
      transfer device shift register, a plurality of inputs for receiving analog
      input signals, and means for selectively transferring signals from said
      plurality of inputs in parallel to input gating means for said shift
      register at a first clock rate, for serial propagation along said shift
      register at a second clock rate,
PA1  said transfer means including for each input:
PA1  a. first and second insulated gate field effect transistors connected in
      series between said input and a bias potential source;
PA1  b. said first transistor connected between said input and said input gating
      means for said shift register;
PA1  c. a third insulated gate field effect transistor connected between the
      junction of said first and second transistors and ground;
PAL  said first, second and third transistors and said input gating means
      including gates connected with respective gate signal lines for applying
      clock pulses to
PA1  1. enable only said first and third transistors during a first clock
      period;
PA1  2. enable only said first and second transistors during a second clock
      pulse period with a larger gating signal applied to the gate of said
      second transistor than is applied to the gate of said first transistor;
PA1  3. enable only said first transistor and said input gating means during a
      third clock pulse period with a larger gating signal applied to said input
      gating means than is applied to the gate of said first transistor.
NUM  15.
PAR  15. A signal processing system according to claim 14, wherein said charge
      transfer device is a charge coupled device shift register having charge
      transfer electrodes disposed at and insulated from a surface of a
      semiconductor substrate, and wherein said first, second and third
      insulated gate field effect transistors are incorporated as circuit
      elements at said surface of said semiconductor substrate.
NUM  16.
PAR  16. A charge transfer device signal processing system including a charge
      transfer device shift register, a plurality of inputs for receiving analog
      input signals, and means for selectively transferring signals from said
      plurality of inputs in parallel to input gating means for said shift
      register at a first clock rate for serial propagation along said shift
      register at a second clock rate,
PA1  said transfer means including for each input:
PA1  a. first and second insulated gate field effect transistors connected in
      series between said input and a selectively adjustable bias potential
      source;
PA1  b. said first insulated gate field effect transistor connected between said
      input and said input gating means for said shift register;
PAL  said first and second transistors and said input gating means including
      gates connected with respective gate signal lines for applying pulses to
PA1  1. enable only said first and second transistors during a first pulse
      period during which said bias potential source is adjusted to ground
      potential;
PA1  2. enable only said first and second transistors during a second pulse
      period during which said bias potential is adjusted to a predetermined
      bias level;
PAR  3. enable only said first transistor and said input gating means during a
      third pulse period during which said bias potential source is adjusted to
      said predetermined bias level.
NUM  17.
PAR  17. A signal processing system according to claim 16, wherein said charge
      transfer device is a charge coupled device shift register having charge
      transfer electrodes disposed at and insulated from a surface of a
      semiconductor substrate, and wherein said first and second insulated gate
      field effect transistors are incorporated as circuit elements at said
      surface of said semiconductor substrate.
NUM  18.
PAR  18. A signal processing system according to claim 16, wherein said
      plurality of inputs are connected to a corresponding plurality of parallel
      output channels of infra-red detector means for producing electrical
      signals corresponding to detected incident radiation.
NUM  19.
PAR  19. A system according to claim 18, wherein each detector comprises an
      infra-red wavelength photo-sensitive diode.
NUM  20.
PAR  20. In a charge transfer device signal processing system including a charge
      transfer device shift register, at least one input for receiving for an
      analog input signal, and means including charge transfer input gating
      means for selectively transferring signals from said input for propagation
      along said shift register; said transfer means including:
PA1  a. a first gate controlled transistor connected between capacitor store
      means and said input gating means for said shift register;
PA1  b. a second gate controlled transistor connected between said input and the
      gate of said first transistor;
PA1  c. a third gate controlled transistor connected between a bias potential
      source and the gate of said first transistor; and
PA1  d. a fourth gate controlled transistor connected between a selectively
      adjustable bias source and said input gating means for said shift
      register;
PA1  said third and fourth transistors and said input gating means having gates
      connected with respective gate signal lines for applying clock pulses:
PA1  1. to enable only said third and fourth transistors during a first clock
      period initially with said adjustable bias supply at a first predetermined
      value to permit discharge of said capacitor store means through said first
      transistor, and then with said adjustable bias supply at a second
      predetermined value to charge said capacitor store means through said
      first transistor to a reference potential determined by the gate voltage
      of said first transistor;
PA1  2. to enable only said input gating means and said third transistor during
      a second clock pulse period;
PA1  3. to enable only said input gating means during application of a signal
      input to the gate of said second transistor to apply said signal input as
      a gate voltage to said first transistor to cause discharge of said
      capacitor store means through said first transistor and said input gating
      means to enter into said shift register an amount of charge determined by
      the input signal dependent gate voltage of said first transistor.
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PAL  A charge transfer analog signal filter is described in which a plurality of
      charge storage cells are connected in series to form a delay line having a
      time delay T between its input and output cells. In a feed-forward
      rejection filter the analog signal is applied to the input cell through a
      cell of area A.sub.1 and to the output cell through another cell of area
      A.sub.2. The transfer function of the rejection filter is
      ##EQU1##
      In a feedback bandpass filter the analog signal is applied to the input
      cell through a cell of area A.sub.1, and the output cell is coupled to the
      input cell through the series combination of an analog inverter and
      another cell of area A.sub.2. The transfer function of the bandpass filter
      is
      ##EQU2##
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of parent application Ser. No.
      470,511 filed on May 16, 1974 now abandoned. The parent application was
      filed concurrently with both application Ser. No. 470,546 entitled "Charge
      Transfer Logic Gate" and application Ser. No. 470,550 entitled "Charge
      Transfer Binary Counter". The latter application was abandoned in favor of
      continuation-in-part application Ser. No. 569,273 filed on Apr. 19, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to charge transfer devices and, more particularly,
      to charge coupled devices (CCDs) for performing signal filtering.
PAR  The recent emergence of charge coupled technology has brought with it the
      advent of shift register and memory devices now well known in the art. In
      order to fabricate complete systems, other circuit functions are
      frequently utilized. By way of illustration, such supplementary functions
      often include logical AND and OR, binary counting, and signal filtering.
      Advantageously, if all of the circuits performing the various functions of
      the system are charge coupled devices, the manufacture of the system is
      simplified. A shift register and an AND gate, for example, could be
      fabricated on a single chip by well known integrated circuit technology.
      Moreover, interface problems, such as impedance matching and loading due
      to stray capacitance, would be alleviated.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a charge transfer analog signal filter comprising
      illustratively a plurality of charge storage cells each of area A
      connected in series with one another to form a delay line which provides a
      time delay T between its input and output terminal cells.
PAR  Feedback or feed-forward means couple the terminal cells of the delay line
      to one another so that filtering of the analog signal occurs. In
      particular the analog signal to be filtered is applied to one terminal
      cell of the delay line through a charge storage cell of a first area and a
      delayed version of the signal is applied to the same terminal cell through
      another control charge storage cell of a different area.
PAR  In a feed-forward rejection filter the analog signal is applied to the
      input terminal cell of the delay line through a charge transfer cell of
      area A.sub.1 and to the output terminal cell of the delay line through
      another charge transfer cell of area A.sub.2. The transfer function of the
      rejection filter is given by
      ##EQU3##
      The characteristic response of the rejection filter exhibits voltage
      minima at frequencies f = n/2T where n is an odd integer. On the other
      hand, in a feedback bandpass filter, the analog signal is applied to the
      input terminal cell of the delay line through charge storage cell of area
      A.sub.1, and the output of the delay line is applied to the input terminal
      cell through the series combination of an analog inverter and another
      charge storage cell of the area A.sub.2. The transfer function of the
      bandpass filter is given by
      ##EQU4##
      The characteristic response of the bandpass filter exhibits voltage maxima
      at frequencies f = n/2T where n is an odd integer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention, together with its various features and advantages, can be
      easily understood from the following more detailed description taken in
      conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a plan view of a feed-forward rejection filter in accordance with
      an illustrative embodiment of the invention;
PAR  FIG. 2 is a schematic plan view of another feed-forward rejection filter in
      accordance with a second embodiment of the invention;
PAR  FIG. 3 is a schematic plan view of a feedback bandpass filter in accordance
      with a third embodiment of the invention; and
PAR  FIG. 4 is a schematic plan view of another feedback bandpass filter in
      accordance with a fourth embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning now to FIG. 1, there is shown a plan view of a feed-forward
      rejection filter in accordance with an illustrative embodiment of the
      invention. The filter 10 comprises a storage medium 10.1, illustratively a
      p.sup.--type semiconductor substrate such as silicon on which is formed an
      insulative layer (not shown), typically thermally grown silicon dioxide.
      In the substrate are a plurality of rectangular charge storage cells, the
      boundaries of which are designated by dashed and dot-dashed lines. These
      boundaries, termed a barrier lattice, are illustratively established in
      the substrate by ion implantation or diffusion of stripes of immobile
      charge (i.e., impurity centers) in the fashion taught in U.S. Pat. No.
      3,789,267 (Case 7-3) issued on Jan. 29, 1974 to R. H. Krambeck and myself.
PAR  The barrier lattice is composed of stripes of charge with two different
      potential heights: (1) chanstop barriers (dashed lines) which are designed
      to prevent charge transport across them. The object of chanstop barriers,
      as described in U.S. Pat. No. 3,728,161,  issued on Apr. 17, 1973, is to
      eliminate spurious inversion of the surface of a semiconductor integrated
      circuit chip due to capacitive coupling between metallization and/or field
      oxide in the semiconductor substrate. If such coupling were strong enough
      to invert the surface of the semiconductor, current might leak between
      adjacent devices or might even short elements of a single device; and (2)
      transfer barriers (dot-dashed lines) which have a height typical of an
      n-channel device; ie., the application of most positive clock voltage to
      the barrier region should permit virtually complete transfer of charge.
      The transfer barriers are asymmetrically positioned with respect to the
      center of the overlaying electrode in order to cause charge to flow in a
      predictable direction. In addition, the boundaries of diffusion zones for
      diodes and the like are shown by dotted lines.
PAR  Returning now to the structural configuration shown in FIG. 1, it can be
      seen that the feed-forward rejection filter 10 comprises a delay line
      including a plurality of charge storage cells 1, 2 . . . N arranged in
      tandem or series relationship in storage medium 10.1. At the interface
      between each pair of adjacent cells is a transfer barrier (e.g., barrier
      2.1 between cells 1 and 2). Overlaying each cell of the delay line is a
      field electrode asymmetrically positioned with respect to the underlying
      transfer barrier; e.g., electrode 2.2 overlays cell 2 and is positioned so
      that transfer barrier 2.1 is located near its lefthand edge, the edge
      nearer the input, so that charge will propagate from left to right (from
      input to output).
PAR  Charge propagation is under the control of clock means 20 which
      illustratively has two-voltage phases .phi..sub.1 and .phi..sub.2 with
      opposite phases connected to alternate ones of the delay line field
      electrodes. In general, the clock cycle frequency as well as the number of
      cells N in the delay line determine the time delay T from input to output
      of the delay line.
PAR  An analog signal 12 to be filtered is applied to input terminal 14 which is
      coupled to both of the delay line terminal cells; i.e., input cell 1 and
      output cell N. Coupling at both the input and output is made by means of
      the series combination of a diode and a charge storage cell. Thus, at the
      input the terminal 14 is connected to an electrode 16.2 which contacts an
      n.sup.+ diode diffusion zone 16.1. As is well known in the art, electrical
      contact to the zone 16.1 is typically established by cutting a hole (not
      shown) in the insulative layer which overlays the p.sup.- semiconductor
      substrate so that the electrode 16.2 physically contacts zone 16.1 through
      the hole. Betweem the diode diffusion zone 16.1 and the input cell 1 of
      the delay line is another charge storage cell 18.1 having an area A.sub.1.
      Overlaying cell 18.1 is a field electrode 18.2 connected to phase
      .phi..sub.1 of clock means 20; i.e., to the opposite phase to which the
      field electrode 1.2 of the input cell 1 is connected. At the interface
      between cells 1 and 18.1 is a transfer barrier 1.1 which lies under
      electrode 1.2 in order to effect charge transfer from cell 18.1 to cell 1.
      For similar reasons, diode diffusion zone 16.1 also extends under field
      electrode 18.2; i.e., edge 16.3 of zone 16.1 lies under electrode 18.2.
PAR  In a similar fashion, input terminal 14 is coupled to output cell N of the
      delay line through a diode 20 and a charge storage cell 22, the latter
      having an area A.sub.2. Cell 22 and cell N are connected to opposite
      phases of clock means 20, but cells 22 and 18 are connected to the same
      phase so that the analog input signal 12 is applied to the input cell 1
      and the output cell N substantially simultaneously.
PAR  The output of the filter is illustratively taken from a diode 24 coupled to
      the output cell N. Components of the input signal which have frequencies
      in the "notches" of the filter response will not appear in the output
      signal at terminal 26. These notches, or voltage minima, are determined
      from the transfer function of the filter
      ##EQU5##
      and occur at frequencies which are odd integrals of 1/2/2T. As mentioned
      previously, T is a function of the clock frequency and the number of cells
      N in the delay line. However, the coefficient adjusters of the delayed and
      undelayed signals are determined by the relative areas of cells 18, 22 and
      1 through N; i.e., by the ratios A.sub.1 /A and A.sub.2 /A. In this regard
      cells A.sub.1 and A.sub.2 can be considered control cells in that they
      adjust the gain of the delayed and undelayed signals. Preferably, A.sub.1
      + A.sub.2 .ltoreq. A so that the delay line output cell N (of area A) has
      sufficient capacity to receive simultaneously charge transferred directly
      from cell 22 (of area A.sub.2) and delayed charge transferred down the
      delay line from cell 18 (of area A.sub.1).
PAR  Inasmuch as the time delay T is a function of the number N of cells in the
      delay line, one way to increase the delay T is to increase the number of
      cells N. However, design considerations, such as packing density, limit as
      a practical matter the number of such cells which can be arranged in a
      single line. This problem is alleviated by the more compact embodiment of
      the invention shown in FIG. 2 in which the delay line is folded to reduce
      its size. Thus, for purposes of illustration the delay line is shown as
      including four rows of charge storage cells (101-106, 107-112, 113-118 and
      119-124). Each row has six cells each of area A. As before, the input
      signal is applied through cells 125 and 126 of area A.sub.1 and A.sub.2 to
      the input and output cells 101 and 124, respectively. The interface
      between adjacent rows (i.e., between adjacent cells in contiguous rows is
      a chanstop barrier, except at the "turn around" junctures of the delay
      line. These junctures are the interfaces between the last cells (106 and
      107) of the first pair of rows, between the first cells (112 and 113) of
      the next pair of rows and so forth. Thus, the common interface between
      cells 106 and 107 is a transfer barrier 127. Similarly, the common
      interfaces between cells 112 and 113 and between cells 118 and 119 are
      also transfer barriers 128 and 129, respectively.
PAR  Not shown in FIG. 2 are the clock connections which are substantially
      identical to those of FIG. 1. The operation of this embodiment is also the
      same except that charge introduced at cell 125 propagates by two-phase
      clocking in the direction indicated by arrows 130, 131 and 132. Except for
      a different time delay, the filtering characteristics of the feed-forward
      rejection filter of FIG. 2 are also similar to those of FIG. 1.
PAR  In a similar fashion a feedback bandpass filter can be constructed in
      accordance with the principles of the invention. As schematically shown in
      FIG. 3, such a filter 200 comprises a delay line which includes,
      illustratively, seven charge storage cells 201 to 207 each of area A. The
      electrodes which overlay these cells and their connections to opposite
      phases of a two-phase clock have for simplicity been omitted. The
      interface between adjacent cells of the delay line is a transfer barrier
      (e.g., barrier 208 between cells 201 and 202). Adjacent the input cell 201
      is a bifurcated cell identical in shape to the delay line cells but
      divided to form two adjacent rectangular subcells 209 and 210 of area
      A.sub.1 and A.sub.2, respectively. The common interface 211 between the
      subcells is a chanstop barrier whereas the interface 212 between the
      subcells and the input cell 201 is a transfer barrier.
PAR  Alternatively, cell 210 (A.sub.2) may be positioned between inverter 213
      and cell 207 and in charge transfer relationship to the latter. As before,
      the field electrodes (not shown) of the subcells are connected to the same
      phase of a clock, but to the opposite phase to which the input cell 201 is
      connected.
PAR  The signal to be filtered is applied to subcell 209 whereas the time
      delayed version of that signal appearing at output cell 207 is fed back
      through an analog inverter 213 to the subcell 210. The analog inverter 213
      is preferably a CTD-device, illustratively of the type described by R. J.
      Strain and myself in copending application Ser. No. 353,629 filed on Apr.
      23, 1973, now abandoned in favor of continuation-in-part application Ser.
      No. 512,848 filed on Oct. 7, 1974.
PAR  The output of the filter is illustratively taken from a diode (not shown)
      coupled to output cell 207. Components of the input signal which have
      frequencies within the pass bands of the filter response appear in the
      output signal. These pass bands, or voltage maxima, are determined from
      the transfer function of the filter
      ##EQU6##
      and occur at frequencies which are odd integrals of 1/2/2T. As mentioned
      previously, T is a function of the clock frequency and the number of cells
      in the delay line. However, the coefficient adjusters of the delayed and
      undelayed signals are determined by the relative areas of the cells
      201-207, 209 and 210; i.e., by the ratios A.sub.1 /A and A.sub.2 /A. As
      before, cells A.sub.1 and A.sub.2 can be considered control cells.
PAR  It is to be understood that the above-described arrangements are merely
      illustrative of the many possible specific embodiments which can be
      devised to represent application of the principles of the invention.
      Numerous and varied other arrangements can be devised in accordance with
      these principles by those skilled in the art without departing from the
      spirit and scope of the invention. In particular, the feedback bandpass
      filter of FIG. 3 can also be made more compact by folding the delay line
      as shown in FIG. 4. Charge is transferred in the directions indicated by
      arrows 320 and 321. Operation of the filter is otherwise identical to that
      described with reference to FIG. 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A charge transfer device for filtering an analog signal comprising,
PA1  means including a charge storage medium for forming a delay line including
      a plurality of charge storage cells formed in said medium, said cells
      being connected in series with one another and each being of area A, a
      pair of terminal cells one of which forms the input and the other of which
      forms the output of said delay line,
PA1  means forming in said medium charge storage control cells of areas A.sub.1
      and A.sub.2, where A.sub.1 is different from A.sub.2, and
PA1  means for applying said signal to one terminal cell through one of said
      charge storage control cells and for applying a delayed version of said
      signal through the other charge storage control cell to said one terminal
      cell.
NUM  2.
PAR  2. The device of claim 1 having a transfer function given by
      ##EQU7##
      and wherein said analog signal is applied to both of said control cells,
      alternate cells of said delay line are coupled to opposite phases of
      two-phase clock means and said control cells are coupled to the same phase
      of the clock means.
NUM  3.
PAR  3. The device of claim 2 wherein said delay line comprises a plurality of
      rows of said charge storage cells, means forming chanstop barriers at the
      interface between adjacent rows except at the portion of said interfaces
      across which charge is to transfer from one row to the next contiguous
      row, means forming transfer barriers at said portions of said interfaces,
      said portions being located between the last cells of every other pair of
      contiguous rows and between the first cells of the remaining pairs of
      contiguous rows.
NUM  4.
PAR  4. The device of claim 1 having a transfer function given by
      ##EQU8##
      and including an analog inverter, said signal being applied to said
      control cell of area A.sub.1, the time-delayed version of said signal
      appearing at said output terminal cell being applied to the input of said
      inverter and the output of said inverter being applied to said control
      cell of area A.sub.2, and wherein alternate cells of said delay line are
      coupled to opposite phases of two-phase clock means and said control cells
      are coupled to the same phase of said clock means.
NUM  5.
PAR  5. The device of claim 4 wherein said control cells are contiguous to one
      another and to said input terminal cell, and including means forming a
      chanstop barrier at the interface between said control cells and means
      forming a transfer barrier at the interfaces between said input cell and
      said control cells.
NUM  6.
PAR  6. The device of claim 5 wherein the combined shape of said control cells
      is congruent with that of said input cell and A.sub.1 + A.sub.2 = A.
NUM  7.
PAR  7. The device of claim 4 wherein said delay line comprises a plurality of
      rows of said charge storage cells, means forming chanstop barriers at the
      interfaces between adjacent rows except at the portion of said interfaces
      across which charge is to transfer from one row to the next contiguous
      row, means forming transfer barriers at said portions of said interfaces,
      said portions being located between the last cells of every other pair of
      contiguous rows and between the first cells of the remaining pairs of
      contiguous rows.
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ABST
PAL  A ring counter composed of a plurality of stages connected in sequence and
      including electronic switches, holding circuits, and elements for feeding
      a timing pulse only to a stage connected after a stage which is switched
      on.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a ring counter comprising a plurality of stages
      with electronic switches and holding circuits, which are linked to
      sequence switches, and which switch voltages on or off in equipment,
      particularly television and radio equipment.
PAR  In modern radio and television technology, as is well known, so-called
      sensor ICs are used, which make it possible for the equipment keys to
      switch over or switch the equipment and which are merely touched and no
      longer have to be pressed. A sensor IC is an integrated circuit which is
      built up of a plurality of stages.
PAR  In known circuits, as will be explained later, a plurality of capacitances
      are required and this is a disadvantage when constructing the ring
      counters as integrated circuits due to their required values. Thus the
      capacitances may be required to have a value of 20 to 30pF and be able to
      block voltages of up to 30V. This high blocking voltage requires a
      relatively large semiconductor surface if it is to be produced by
      integrated circuit techniques and this can make the unit excessively
      unwieldy and expensive.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a ring counter in which no
      capacitances, or at least relatively few capacitances, are required.
PAR  According to the invention, there is provided a ring counter comprising a
      plurality of stages in sequence and including electronic switches and
      holding circuits and means for feeding a timing pulse to an input of a
      stage of said plurality of stages only when a stage immediately preceding
      said stage is switched on.
PAR  Further according to the invention, there is provided a ring counter,
      comprising a plurality of stages with electronic switches and holding
      circuits, which are linked to sequence switches and switch on or off
      voltages in equipment, particularly television or radio equipment,
      characterized in that the timing pulse is fed only to the input of that
      stage which is connected after the switched-on stage so that the timing
      pulse switches on only the stage connected thereafter and switches off the
      stage connected therebefore.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in greater detail, by way of example,
      with reference to the drawings, in which:
PAR  FIG. 1 is a circuit diagram of an individual sensor stage of a known ring
      counter;
PAR  FIG. 2 is a circuit diagram of a part of a known integrated circuit showing
      sensor stages 1,2,(n-1) and n;
PAR  FIG. 3 is a circuit diagram similar to FIG. 2 but showing a different form
      of circuit;
PAR  FIG. 4 is a circuit diagram similar to FIG. 2 but showing a form of circuit
      according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates the principal mode of operation of an individual sensor
      stage of a known circuit. If a voltage is fed at the input E to the sensor
      stage shown in FIG. 1, which voltage is smaller or more negative than the
      battery voltage U.sub.Batt, then the transistors 1 and 2 are made
      current-conducting.
PAR  In this case the collector current of the transistor 2 flows through the
      diode D as well as through the control path of the transistor 4, which
      also becomes conductive thereby. The result of this is that the output A
      is connected to the battery voltage U.sub.Batt. The voltage drop occurring
      at the transistor 4 and the diode D switches on the transistor 3 which
      sends a current through the resistance R.sub.2 so that the output A
      remains switched on, even if the negative voltage is removed at the input
      E. A sensor stage thus simultaneously has the function of a holding
      circuit.
PAR  The current through the transistor 2 flows through the resistance R.sub.1
      common for all the stages and produces a voltage drop which is
      approximately the same as the voltage across R.sub.2. If a positive timing
      pulse, which is formed by means of C.sub.1, appears at R.sub.1 then the
      voltage at the emitter of the transistor 2 becomes greater than its base
      voltage and the stage switches off.
PAR  FIG. 2 shows a known integrated circuit formed as sensor IC, with the
      sensor stages 1, 2 . . . n, which are connected by externally connected
      components to form a ring counter. In the case of this known sensor
      circuit, in each case, the output of the preceding stage is connected
      through a capacitance to the input of the following stage. In FIG. 2, of
      the n stages, merely the first stage, the second stage, the next to the
      last stage (n-1) and the last (n) stage are shown for the sake of clarity.
      According to FIG. 2 the output A.sub.1 of the first stage is coupled by
      means of a capacitance C.sub.12 to the input E.sub.2 of the second stage,
      the output A.sub.2 of the second stage by means of the capacitance
      C.sub.2(n.sub.-1) to the input E.sub.(n.sub.-1) of the (n-1)th stage, the
      output A.sub.(n.sub.-1) by means of C.sub.(n.sub.-1)n to the input E.sub.n
      of the nth stage and the output A.sub.n of the nth stage by means of
      C.sub.n1 to the input E.sub.1 of the first stage to form a ring counter.
PAR  As can be further seen from FIG. 2, a R.sub.E C.sub.E combination is
      connected in parallel to each input E of the sensor circuit, which
      combination serves for the formation of the forward switching pulses. If,
      for example, the first stage is switched on, then there is a positive
      voltage at the output A.sub.1 of the first stage and the lamp La.sub.1 is
      switched on. A positive timing pulse through C.sub.1 at R.sub.1 switches
      the first stage off as already stated. The voltage at A.sub.1 in this case
      tends towards zero. This voltage is effective through the capacitance
      C.sub.12 as a negative forward switching pulse at the input E.sub.2 of the
      second stage and switches the second stage on. A further timing pulse at
      C.sub.1 R.sub.1 again switches the second stage off and switches the
      (n-1)th stage on through C.sub.2(n.sub.-1). Each further timing pulse at
      C.sub.1 R.sub.1 thus switches the sensor IC of FIG. 2 on by one stage as a
      ring counter.
PAR  The timing pulses are thus fed by means of C.sub.1 R.sub.1 to all sensor
      stages in common and the switched-on stage is switched off in each case,
      whereby the voltage of its ouput tends towards zero. This switch-off pulse
      edge is formed by the coupling capacitance C.sub.12 or C.sub.2(n.sub.-1),
      C.sub.(n.sub.-1)nI C.sub.n '  and formed by the R.sub.E C.sub.E
      combination connected parallel to the inputs and is used to switch on the
      stages connected thereafter.
PAR  The likewise known arrangement of FIG. 3 differs from the arrangement of
      FIG. 2 substantially in its greater degree of integration. As FIG. 3
      shows, above all the coupling capacitances C.sub.12, C.sub.2(n.sub.-1) . .
      . C.sub.(n.sub.-1)n and C.sub.n1 are concomitantly integrated, which of
      course requires an additional transistor 5 per sensor stage as well as an
      additional resistance R.sub.3, because the components of the ring counter
      are formed in the ICs. The arrangement of FIG. 3 has, as compared with the
      arrangement of FIG. 2, the advantage that the inputs and outputs of the
      sensor ICs are free from sequential pulses, because of the fact that the
      coupling capacitances are included in the integrated circuit and thus are
      deeply in the circuit. In this way the capacitances of the outer lines
      such as connecting lines to the sensor contacts, to the potentiometers or
      program indicator lamps have no influence on the operation of the ring
      counter.
PAR  The known solutions have the disadvantage that they require an integration
      of capacitances per stage, which must have a capacitance of 20 to 30 pF
      and blocking voltages of up to 30 V. Above all, this high blocking voltage
      requirement requires a relatively large semiconductor surface in the case
      of an integration.
PAR  One embodiment of the invention will now be described with reference to
      FIG. 4:
PAR  In the case of the ring counter according to the invention (FIG. 4) there
      is provided in the individual stages as compared to the known solutions
      instead of the diode D, a transistor 6, the collector of which is
      connected to a further transistor 7. The collector of the transistor 7 is
      connected to the base of the transistor 2 of the stage connected
      thereafter. The bases of the transistors 7 of all the stages of the ring
      counter are connected together and are led out of the integrated circuit.
      The resulting common connection 8 for the bases of all the transistors 7
      forms the new input for the timing pulse. The timing pulse is fed to the
      input 8 through the capacitance C.sub.1. A resistance R.sub.4 is connected
      between the timing input 8 and the connection for the positive pole of the
      battery (U.sub.Batt).
PAR  The mode of operation of the ring counter of FIG. 4 is as follows:
PAR  If, for example, the sensor stage 1 is switched on, then the transistor 4,
      as already stated, conducts current through the base-emitter path of the
      transistor 6. The transistor 6 is thus switched on and its collector has a
      positive potential. The base of the transistor 7 is, like the bases of all
      the other transistors 7, connected to the outer resistance R.sub.4 and
      thus to the positive pole (+U.sub.Batt) and the transistors 7 are blocked.
      If a negative timing pulse is applied to C.sub.1 then the bases of the
      transistors 7 are likewise negative. However only the transistor 7 of
      stage 1 can pass on a positive potential by means of its collector to the
      stage 2 and thus switch on the second sensor stage because a positive
      potential is applied only at its emitter, whereas the emitters of the
      transistors 7 of the further stages do not conduct a positive potential.
      Each further timing pulse switches the next following stage on like a ring
      counter. The electrical connection of the collector of the transistor 7 of
      the nth stage to the base of the transistor 2 of the first stage closes
      the ring. The timing pulses inverted by means of the transistor 7 are thus
      fed only to those sensor stages which have to be switched on according to
      the forwarding mechanism of a ring counter. This sensor stage is always
      the sensor stage next adjacent to the switched on stage in each case as
      seen in the counting direction.
PAR  The circuit of FIG. 4 has all the advantages of the known arrangement of
      FIG. 3, i.e. integration of as many elements as possible of the ring
      counter and keeping clear the inputs and outputs of sequential pulses, but
      has in addition, as compared to the known arrangement of FIG. 3, the
      further advantage that capacitances can be dispensed with so that no
      integration of capacitances is necessary.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a ring counter composed of a plurality of stages each including a
      holding circuit and an electronic switch, said stages being connected to
      one another in succession to form sequence switches to switch voltages on
      and off in electronic equipment, with each stage being switchable between
      a first and a second state and with one stage being in the first state and
      the remaining stages being in the second state at any given moment, and
      means connected for supplying to the stages a succession of clock pulses
      in such a manner that each clock pulse switches the one stage from the
      first state to the second state and switches the immediately succeeding
      stage from the second state to the first state, the improvement wherein
      said means comprise;
PA1  in each said stage, a first transistor connected in said stage to be in a
      switching state determined by the state of its respective stage and a
      second transistor connected between said first transistor and the
      next-succeeding stage and having a control input connected to receive the
      clock pulses, said second transistor being connected to supply, upon the
      occurrence of a clock pulse, a signal which switches the next-succeeding
      stage to its first state only when said first transistor is in its
      switching state corresponding to the first state of said stage, whereby
      each clock pulse acts on the input of only the stage succeeding that stage
      which was in its first state prior to such pulse to place such
      next-succeeding stage in its first state, and further acts to swtich the
      stage which was previously in its first state into its second state.
NUM  2.
PAR  2. A ring counter as defined in claim 1 wherein, in each said stage, said
      second transistor has its emitter-collector path connected between said
      first transistor and an input of the next-succeeding stage, and has its
      base connected to receive the succession of clock pulses.
PATN
WKU  039448525
SRC  5
APN  3515028
APT  1
ART  252
APD  19730416
TTL  Electrical switching device and modulator using same
ISD  19760316
NCL  9
ECL  1
EXP  Brody; Alfred L.
NDR  2
NFG  6
INVT
NAM  Gilbert; Roswell W.
CTY  New York
STA  NY
ASSG
NAM  Motor Finance Corporation
CTY  Dunellen
STA  NJ
COD  02
RLAP
COD  74
APN  210456
APD  19711221
PSC  01
PNO  3746851
RLAP
COD  75
APN  6075
APD  19700127
PSC  01
PNO  3626292
RLAP
COD  75
APN  184026
APD  19710927
PSC  01
PNO  3745557
RLAP
COD  84
APN  6075
APD  19700127
PSC  04
CLAS
OCL  307229
XCL  307235R
XCL  307251
XCL  328142
XCL  332  9T
EDF  2
ICL  G06G  712
ICL  H03K 1760
FSC  307
FSS  251;242;243;229;230 R
FSC  332
FSS  9 R;9 T
FSC  328
FSS  142
UREF
PNO  3489919
ISD  19700100
NAM  Wolterman
XCL  307235R
UREF
PNO  3510684
ISD  19700500
NAM  Martin
XCL  307251
UREF
PNO  3562553
ISD  19710200
NAM  Roth
OCL  307229
UREF
PNO  3591854
ISD  19710700
NAM  Cole
XCL  307235
UREF
PNO  3659210
ISD  19720400
NAM  Nilsson
XCL  307229
UREF
PNO  3723910
ISD  19730300
NAM  Cannon
XCL  307251
FREF
PNO  1,226,433
ISD  19710300
CNT  GB
OCL  307229
FREF
PNO  1,280,306
ISD  19681000
CNT  DT
OCL  307229
LREP
FRM  Curtis, Morris & Safford
ABST
PAL  In the switching circuit, the output signal from a high-gain differential
      amplifier is caused to reverse polarity by means of the switching of a
      pair of field-effect transistors. A resistor is connected in series with
      the inverting lead of the differential amplifier, and a signal source is
      connected to the resistor at an input terminal. The field-effect
      transistors are used to connect the non-inverting lead of the differential
      amplifier alternately between the input terminal and ground. This causes
      the amplifier output to reverse polarity, and thus provides a very
      accurate, low-offset means of switching the output of the amplifier. The
      switching circuit is used in a modulator which permits output pulses to be
      modulated in width and/or frequency. The reversible output signals of the
      switching circuit are added to the modulating input signal and the sum is
      integrated. A level detector changes the polarity of its output voltage
      whenever the output of the integrator reaches either of two fixed levels.
      The output of the level detector is used to drive the field-effect
      transistors to control the switching of the output of the differential
      amplifier. Such a pulse-width modulator is used to drive a pulse-height
      modulator so as to form a multiplier. The multiplier can be used to great
      advantage as a wattmeter by supplying load current and voltage signals to
      the pulse-width and pulse-height modulators so as to multiply the load
      current and voltage by one another. The same device can be used as a
      divider by holding either one input to the pulse-width modulator or the
      input to the pulse-height modulator constant, while allowing the other of
      those inputs to be variable and the input to the switching circuit to be
      the other variable.
PARN
PAR  This is a division of U.S. application Ser. No. 210,456, filed Dec. 21,
      1971, U.S. Pat. No. 3,746,851 and a continuation in part of U.S. patent
      application Ser. No. 184,026 filed Sept. 27, 1971, now U.S. Pat. No.
      3,745,557, issued July 10, 1973 and Ser. No. 6,075, filed Jan. 27, 1970,
      now U.S. Pat. No. 3,626,292, said Ser. No. 184,026 being a division of
      said Ser. No. 6,075. The disclosure of both parent applications hereby is
      incorporated by reference.
BSUM
PAR  This invention relates to switching devices, and particularly to devices
      for providing rapid output switching of an amplifier, particularly a
      differential amplifier. The invention further relates to pulse-width
      modulators, pulse-height modulators, and to multipliers, dividers and
      wattmeters and methods.
PAR  There are many needs for rapid switching devices, and particularly for
      devices which reverse the polarity of a signal rapidly. It is an object of
      the invention to produce such a device which is simple and relatively
      inexpensive, and yet is highly accurate for use in precision
      instrumentation.
PAR  There also is a need for very accurate, stable and reliable multipliers,
      dividers and wattmeters. In particular, the lack of wattmeters having
      sufficient accuracy is believed to cost the electrical power distribution
      industry in the United States a very substantial amount of money each
      year. Although many uses easily could be found for electronic wattmeters,
      the lack of sufficient accuracy, the high cost, and other factors have
      limited the usefulness of prior electronic wattmeters.
PAR  In accordance with the foregoing, it is another object of the present
      invention to provide a highly accurate and relatively inexpensive and
      reliable multiplier, divider, and wattmeter, and methods of use. It also
      is desired to provide unique modulators which are capable of pulse-width,
      pulse-height and frequency modulation. It is another object to provide
      such devices which make advantageous use of the switching circuit of the
      invention.
PAR  In accordance with the present invention, the foregoing objects are met by
      the provision of a switching device including a high-gain differential
      amplifier with first and second input terminals. An impedance is connected
      between one of the input terminals and a third terminal for receiving the
      input signal to the circuit. Switching means are provided for switching
      the second terminal back and forth between the third terminal and a fourth
      terminal to change the polarity of the difference between the input
      signals on the input terminals to the differential amplifier, thus causing
      the output of the device to switch.
PAR  The modulator of the invention includes source means (preferably a
      switching device as described above) for producing an output signal
      alternating between two levels in response to input switching signals. The
      output of the source means is added to the modulating input signal, and
      that sum is integrated by an integrator. A level detector detects the
      output of the integrator and produces an output signal change whenever the
      integrator output reaches either of two different pre-determined levels.
      The output of the level detector is fed back as an input signal to the
      source means. This modulator provides pulse-width modulation, as well as
      frequency modulation. A pulse-height modulator (preferably using another
      of the switching devices) operates on the output of the pulse-width
      modulator to provide a multiplier device. By making one of the input
      signals to the multiplier proportional to a load current, and the other
      input proportional to a load voltage, the device can be used as a
      high-precision electronic wattmeter. The same device also can be used as a
      divider by maintaining one of the inputs constant while allowing the
      source level to vary, together with one of the inputs. The same device can
      be used as another type of frequency modulator by connecting the output of
      the pulse-height modulator back to the level detector to modify the levels
      at which integrator output signals are detected.
DRWD
PAR  The foregoing and other objects and advantages of the invention will be
      pointed out or apparent from the following description and drawings.
PAR  In the drawings:
PAR  FIG. 1 is a schematic circuit diagram of a switching device constructed in
      accordance with the present invention;
PAR  Each of FIGS. 2 and 3 is an equivalent circuit diagram of the circuit shown
      in FIG. 1, each in a different switching condition;
PAR  FIG. 4 is a schematic circuit diagram of a pulse-width-frequency modulator,
      pulse-height modulator, multiplier, divider and wattmeter device
      constructed in accordance with the present invention;
PAR  FIG. 5 shows waveform diagrams for various electrical signals in the
      circuit shown in FIG. 4; and
PAR  FIG. 6 shows the same waveforms as in FIG. 5, except that certain input
      signal parameters have been changed.
DETD
PAC  SWITCHING CIRCUIT DEVICE
PAR  FIG. 1 shows a switching circuit device 10 constructed in accordance with
      the present invention. The device 10 includes an integrated operational
      differential amplifier 12, which is shown in dashed outline. The
      differential operational amplifier 12 has a non-inverting input lead 16,
      an inverting lead 14, and an output lead 18. A negative feed-back resistor
      28 is connected between the output lead 18 and the inverting input lead 14
      to form a high-gain differential amplifier.
PAR  Connected to the inverting lead 14 is a resistor 26 whose other end is
      connected to an input terminal 30. A gating circuit 20 is provided. The
      gating circuit includes two field-effect transistors ("FETs") 22 and 24.
      The source-drain path of the FET 22 is connected between the input
      terminal 30 and the non-inverting lead 16 of the differential amplifier.
      The source-drain path of the FET 24 is connected between the non-inverting
      lead 16 and the common point in the circuit, e.g., ground. The gate leads
      32 and 34 of the two FETs are connected to one or more switching sources
      (not shown in FIG. 1) which will operate to turn on one of the FETs while
      the other FET is turned off.
PAR  The operational differential amplifier 12 is of the conventional integrated
      type. This amplifier 12 includes a summing circuit 36 which receives the
      input from the non-inverting lead 16. The summing circuit 36 also receives
      an inverted input signal from the inverting lead 14 through an inverter
      38. The output of the summing circuit is delivered to an amplifier 40
      whose output lead is the output lead 18 of the differential amplifier.
PAR  FIG. 2 shows the effective connection of the FIG. 1 circuit in the
      "inverting" mode; that is, in the mode in which FET 24 is turned on and
      FET 22 is turned off. The non-inverting lead 16 is connected to ground,
      and the inverting lead 14 is connected through resistor 26 to the input
      terminal 30. The relationship between the input voltage E.sub.IN applied
      at terminal 30 and the output voltage E.sub.OUT at terminal 18 is given by
      the following equation:
PAC  E.sub.OUT = -E.sub.IN (R.sub.28 /R.sub.26)                 [1]
PAL  in which R.sub.28 is the resistance of resistor 28, and R.sub.26 is the
      resistance of resistor 26.
PAR  It can be seen from the foregoing equation that when R.sub.26 equals
      R.sub.28, the circuit 10 merely is a unity-gain inverter.
PAR  FIG. 3 shows the circuit 10 in the other of its two switching modes, the
      non-inverting mode. In this mode, the FET 22 is turned on and FET 24 is
      turned off. Thus, the non-inverting terminal 16 now is connected to the
      input signal terminal 30 instead of to ground. The full input voltage is
      applied to the non-inverting terminal 16, while the voltage drop across
      the resistor 26 is applied (together with a negative feed-back signal
      through resistor 28) to the inverting terminal 14 of the differential
      amplifier. The result of this connection is that initially a differential
      voltage appears between the terminals 14 and 16 due to the operation of
      the gating circuit 20. This differential lasts only during the very brief
      switching time of the amplifier output. In the ensuing steady-state
      condition, the signal on terminal 16 equals that on terminal 14 when
      output 18 is equal to input 30 and no current flows through resistors 26
      and 28. Therefore, the output of FIG. 1 is non-inverted; that is, if the
      input signal is positive, the output signal is positive and equal, and
      vice versa. Thus, the polarity of the output signal has reversed.
PAR  The circuit shown in FIG. 3 is merely a follower type of circuit. Thus, the
      relationship between the output and input voltages is independent of
      resistors 26 and 28, and is expressed by the following equation:
PAC  E.sub.OUT = E.sub.IN                                       [ 2]
PAR  in the FIG. 3 circuit, the values of resistors 26 and 28 can vary widely
      without changing the output signal in any significant degree because the
      amplifier inputs 14 and 16 have a relatively high impedance, and no
      current flows through the resistors.
PAR  The switching circuit shown in FIG. 1 has a number of advantages,
      particularly in electrical instrumentation. The device 10 provides an
      output signal which switches as fast as the operational amplifier 12 will
      permit, and this can be in the order of a few nanoseconds. The switching
      also can be accurate because the circuitry does little if anything to
      degrade the inherently good accuracy of the operational amplifier. For
      example, the series "on" resistances of the FETs 22 and 24 do not
      adversely affect the accuracy because the "off" resistance is millions of
      times greater than the on resistance.
PAR  The circuit device 10 has a substantial cost advantage over circuits
      previously used in instrumentation for similar purposes. For example, a
      typical prior art device is shown in the article entitled "An Electronic
      Multiplier for Accurate Power Measurements", by Tomota, Sugiyama and
      Yamaguchi, in "IEEE Transactions on Instrumentation and Measurement",
      Volume IM-17, No. 4, December, 1968. In such a prior art device, two
      separate precision voltage sources are used, with the outputs of each
      being sampled alternately by series FETs. An output operational
      differential amplifier is used as a buffer. As compared with applicant's
      circuit, such a prior circuit requires one additional precise voltage
      source that is not required by applicant's device. Thus, applicant's
      device is less expensive. Furthermore, the series on resistances of the
      FETs and the extra voltage source are sources of potential error which are
      not present in the present invention.
PAR  Other prior circuits have used a single precise voltage source, series FETs
      for switching, an inverting operational amplifier, and an output
      operational amplifier as a buffer. Such circuits also are inherently more
      costly and error-prone than applicant's circuit because they require one
      additional precise operational amplifier. Furthermore, the series FETs and
      extra operational amplifier are extra sources of error.
PAC  MODULATORS
PAR  FIG. 4 simultaneously shows a number of different circuits using the
      switching device 10. The first of these circuits is a modulator 84 which
      is shown in the left hand portion of FIG. 4. The modulator 84 provides an
      alternating output pulse signal whose width and frequency are modulated by
      an input signal applied at an input terminal Z or, at a terminal X
      corresponding to the terminal 30 shown in FIGS. 1, 2 and 3.
PAR  The modulator 84 includes the switching device 10 which delivers its output
      through a resistor 42 to a node (a). An input signal is applied at
      terminal Z to the node (a) through a resistor 44, and is added to the
      output of the switching circuit. The sum of the two signals is supplied
      over a lead 50 to an integrating circuit 46. The output of the integrator
      46 is delivered to a comparator or level-detector circuit 56. The output
      of circuit 56 is delivered through a lead 68 to the gate leads 32 and 34
      of FETs 22 and 24 of the switching device 10.
PAR  The operation of the modulator 84 now will be explained with the assistance
      of FIGS. 5 and 6. FIG. 5 shows the waveforms of the signals appearing at
      points (a), (b), and (c) of FIG. 4, for the condition in which the signal
      applied to terminal Z is zero, and the signal applied to terminal X is a
      steady DC signal. The rectangular wave (a) shown in FIG. 5 is integrated
      by the integrator 46, which produces an output whose waveform is
      substantially triangular, as is shown at (b) in FIG. 5. The reason for
      this is that as the output voltage from the integrator reaches a first
      level e.sub.1, the comparator causes its output voltage (c) to reverse
      polarity abruptly. This causes the switching circuit 10 to operate to
      reverse the polarity of its output and start the output of integrator 46
      declining in a linear fashion. When the integrator output reaches a second
      level e.sub.2, which is equal but opposite in polarity to the level
      e.sub.1, the comparator again causes its output voltage to reverse
      polarity, again causing the switching circuit 10 to operate, thus starting
      the cycle once again.
PAR  FIG. 6 illustrates how the above-described waveforms are changed when a
      negative DC signal is applied to terminal Z. First, the whole waveform (a)
      is shifted downwardly, meaning that the positive portions are of lower
      magnitude and the negative portions are of greater magnitude. Thus, the
      slope of the positive-going portions of the waveform (b) is lower.
      However, since the negative portions of the waveform (a) are of greater
      magnitude than before, the slope of the negative-going portions of the
      waveform (b) is steeper. Since the separation e between comparator levels
      e.sub.1 and e.sub.2 is constant, the time duration t.sub.1 of the
      positive-going portions of the integrator output is greater than the time
      duration t.sub.2 of the negative-going portions of the wave. This is in
      contrast to the waveform (b) shown in FIG. 5, in which t.sub.1 is equal to
      t.sub.2.
PAR  The waveform (c) in FIG. 6 shows the result of this change on the output of
      the modulator. The positive pulses have the time duration t.sub.1, and the
      negative pulses have the duration t.sub.2. Thus, the widths of the pulses
      have been modulated by the signal applied to terminal Z. In addition, as
      will be more readily apparent from the equations set forth below, the
      frequency of the waveform (b) also has been changed by the application of
      the input signal. Thus, the modulator 84 is both a pulse-width modulator
      and a frequency modulator.
PAR  The following equations describe the operation of the modulator:
PAC  t.sub.1 = e C/(I.sub.Z + I.sub.X)                          [3]
PAC  t.sub.2 = -e C/(I.sub.Z - I.sub.X)                         [4]
      ##EQU1##
PAC  f = 1/(t.sub.1 + t.sub.2) = (I.sub.X.sup.2 - I.sub.Z.sup.2)/2I.sub.X eC [8]
PAR  in which: t.sub.1, t.sub.2 and e are defined above and in FIGS. 5 and 6.
PAR  C is the integrating capacitance, the capacitance of capacitor 52.
PAR  I.sub.Z is the current input to terminal Z.
PAR  I.sub.X is the current input to terminal X.
PAR  R.sub.26 and R.sub.28 are the resistances of resistors 26 and 28,
      respectively.
PAR  "f" is the frequency of the output of the modulator; i.e., the frequency of
      the waveform (b) in FIGS. 5 and 6.
PAR  The modulator 84 also can be considered to be a free-running oscillator
      whose output frequency f varies inversely with the magnitude of the Z
      signal, and directly with the X signal. Equation [8] shows this variation.
PAR  The foregoing equations also demonstrate the effect of the input signal on
      terminal X in the width modulation of the output signal. Thus, both the X
      and Z inputs are capable of modulating the pulse width and frequency of
      the output.
PAR  Integrator 46 is a conventional high-precision integrator circuit. It
      includes an operational differential amplifier 48 and a negative feedback
      capacitor 52. The input signal is applied to the inverting terminal, and
      the non-inverting terminal is grounded. The value of the capacitance C of
      the capacitor 52 is set so that, in accordance with equation [8] above,
      the frequency will be within the desired range. For steady DC inputs, the
      frequency f is not particularly critical. However, for AC or fluctuating
      DC inputs, the frequency f should be high enough to ensure that a very
      small sample of the input wave is taken during each cycle of modulator
      operation. For precision measurements, f should be over 100 times the
      frequency of the input wave, and preferably is at least 200 times the
      latter frequency.
PAR  The comparator circuit 56 consists of another operational differential
      amplifier 58 with a resistor network connected to the non-inverting input
      lead 60 of the amplifier 58. The inverting input lead receives the output
      from the integrator circuit 46. The resistor network consists of resistors
      62 and 64 and is connected with the non-inverting input 60 and the output
      of the amplifier 58 in order to provide positive feedback.
PAR  In operation, the comparator produces a large (e.g. 10 volts) DC output
      signal of one polarity when the signals applied to the input terminals are
      different from one another in one direction, and a DC signal of equal
      magnitude but the opposite polarity when the input voltage difference is
      in the opposite direction. The ratio of the resistance of resistor 64 to
      the resistance of resistor 62 sets the value of the voltages or "break
      points" e.sub.1 and e.sub.2 (FIGS. 5 and 6) at which the signals on the
      input leads of the amplifier 58 equal one another. In essence, the circuit
      56 can be thought of as a level detector, since it produces a change in
      the output signal whenever the input reaches a predetermined, fixed level.
      In this context, the circuit 56 also can be thought of as a
      level-sensitive flip-flop circuit.
PAR  In applying the output of the comparator 56 to the FETs 22 and 24, an
      inverter 92 is connected between the leads 32 and 34. This is because the
      FETs 22 and 24 are of the same channel type; that is, both FETs are of
      either the N-channel or P-channel type. The inverter 92 ensures that the
      gate of one FET always will receive a signal of a polarity opposite to
      that received by the other gate. If FETs of opposite channel type are
      used, that is, if one FET is of the N-channel type and the other of the
      P-channel type, the inverter can be omitted and replaced by an ordinary
      conductor.
PAC  PULSE-HEIGHT MODULATOR
PAR  The middle portion 86 of the circuit shown in FIG. 4 is a pulse-height
      modulator. Actually, the modulator is nothing more than a switching device
      10 as is shown in FIGS. 1, 2 and 3, with an input terminal Y corresponding
      to the terminal 30 to receive the modulating input. Pulses from the
      comparator 56 are applied to the input gate leads 32 and 34 in the manner
      described above. The curve (d) in each of FIGS. 5 and 6 shows how the
      height of the pulses has been increased by the signal Y. It is readily
      apparent from equations [1] and [2] how this pulse-height modulation is
      accomplished.
PAC  MULTIPLE-INPUT FREQUENCY MODULATOR
PAR  A different frequency modulator can be produced by simply re-arranging the
      circuitry of the modulators 84 and 86 already described. In this
      embodiment of the invention, the connection 66 coupling the resistor 64 to
      the output of amplifier 58 is removed. Also, the output lead 70 of the
      pulse-height modulator 86 is connected by means of a lead 90 (shown as a
      dashed line) to the right end of resistor 64. Further, there is no input
      on the Z terminal.
PAR  With this arrangement, the output of the pulse-height modulator 86 is used
      to vary the separation "e" of the breakpoints e.sub.1 and e.sub.2 of the
      comparator circuit 56. This provides a further means of changing the
      frequency f of the output signal at point (c) in FIG. 4. Equation [8]
      above shows the effect of such a change of the quantity e on the frequency
      f of the output wave. The following equation describes the simple
      relationship between the inputs at terminals X and Y in the circuit here
      being described:
PAC  f = I.sub.X /I.sub.Y                                       [ 9]
PAR  in which I.sub.Y is the current input at terminal Y, and I.sub.X is defined
      above.
PAR  It is readily evident that this circuit has valuable utility as a
      voltage-to-frequency convertor, and specifically as a dividing circuit
      with an output in terms of frequency. This can be very valuable in
      analog-to-digital conversion.
PAC  MULTIPLIER, WATTMETER AND DIVIDER CIRCUIT
PAR  The entire circuit shown in FIG. 4 forms a high-precision multiplier,
      wattmeter and divider circuit. The circuit includes the modulators 84 and
      86 described above, together with a smoothing circuit 88 which smooths the
      output from the pulse-height modulator 86 to produce a DC signal on the
      output lead 82 which is proportional to the product or division of two
      input signals.
PAR  The smoothing circuit 88 includes an input resistor 72, a differential
      operational amplifier 78, and a negative feed-back network consisting of
      parallel-connected resistor 74 and capacitor 76. The input signal is
      received on the inverting terminal 80. In essence, the smoothing circuit
      88 is a low-pass filter.
PAC  MULTIPLICATION, POWER MEASUREMENT AND DIVIDING METHODS
PAR  The mode of operation of the circuit shown in FIG. 4 depends upon the
      method by means of which it is used. The general equation of the circuit
      is set forth below:
PAC  I.sub.OUT = I.sub.Z I.sub.Y /I.sub.X                       [ 10]
PAR  in which I.sub.OUT is the output current from terminal 82, and the other
      quantities have been defined above.
PAR  The circuit can be used as a multiplier by holding the signal input at
      terminal X constant, and allowing the signals applied to terminals Y and Z
      to be the input variables. When this is done, it can be seen from equation
      [10] that the output is simply the product of the inputs at terminals Z
      and Y.
PAR  When the device is used as a wattmeter, it is used as a multiplier; one of
      the input signals at Y or Z is made equal to the load current of the power
      being measured, and the other input is made equal to the load voltage. The
      output then is the product of the load current and voltage; i.e., the load
      power.
PAR  In use as a dividing circuit, either of the input signals on terminals Z
      and Y is held constant while the signals on terminal X and the other one
      of the terminals Z and Y is allowed to vary. It can be seen from equation
      [10] above that the output is proportional to the result of dividing
      either the Z or the Y signal by the X signal.
PAR  The circuits described above have a number of advantages, particularly in
      precision instrumentation. It is believed that the invention provides a
      multiplier, divider and wattmeter which, in practical use, is
      significantly more accurate than devices previously available.
      Furthermore, this greater accuracy is obtained with a substantial
      reduction in the number of components, and particularly in the number of
      expensive precision operational amplifiers required in previous circuits.
      Also, the device can be fast-operating (depending upon the cost one is
      willing to pay for the operational amplifiers), and is very reliable in
      operation.
PAR  The invention is particularly useful and unexpectedly accurate when
      operating with time-varying input signals whose waveform is relatively
      steep at low voltages and relatively flat at higher voltages. Typical of
      such a waveform is a sine wave, which has the greatest slope at zero volts
      and the lowest slope at its peaks. As noted above, typically, the
      frequency f at which the circuit operates is at least 100, and preferably
      200 times the frequency of the Z input signal. The reason for the
      desirability of such frequent sampling is that it ensures that each
      portion of the input wave most closely approximates a DC signal. Since
      accuracy is reduced if this approximation is not carefully maintained, it
      is desired to have a relatively high operating frequency in areas in which
      the waveform has a steep slope and tends to degrade the approximation,
      whereas, a lower operating frequency will be sufficient where the waveform
      is relatively level and is close to being DC anyway. In the present
      invention, the frequency f of the operation of the circuit automatically
      is highest with the lowest input signals. In fact, when the input signal Z
      is zero, the highest frequency f occurs, and when the highest input signal
      occurs (Z must be lower than X), the lowest frequency results. Thus, it is
      an unexpected advantage of the circuit that it automatically operates with
      such waveforms in the most precise manner.
PAR  Following is a list of components which have been used in a circuit as
      shown in FIG. 4 which has been built and successfully operated. It should
      be noted that the components for the switching circuit 10 are included in
      this list.
TBL  ______________________________________                                    
     Component                                                                 
     Operational Amplifiers                                                    
                     The Model 44 Operational                                  
     12, 48, 58 and 78 and                                                     
                     Amplifier sold by Analog                                  
     Inverter 92     Devices Corp.; a fast-                                    
                     settling operational                                      
                     differential amplifier.                                   
                     Switching time: 100                                       
                     nanoseconds.                                              
                     Amplitude precision:                                      
                     2 parts per million.                                      
     FETs 22 and 24  3N153 (N-channel depletion type)                          
     Resistors 26 and 28                                                       
                     2,000 ohms (matched precisely)                            
     Resistor 42     1,000 ohms                                                
     Resistors 62, 64 and 72                                                   
                     10,000 ohms                                               
     Resistor 44     2,000 ohms                                                
     Resistor 74     5,000 ohms                                                
     Capacitor 52    .02 microfarads (precise for                              
                     voltage/frequency converter)                              
     Capacitor 76    2 microfarads                                             
     ______________________________________                                    
PAR  In the above description of the invention is intended to be illustrative
      and not limiting. Various changes or modifications in the embodiments
      described may occur to those skilled in the art and these can be made
      without departing from the spirit or scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical switching device, said device including a high-gain
      differential amplifier having first and second input terminals, an
      impedance continuously connected at one end to the first of said input
      terminals, said impedance being connected at the other end to a third
      terminal for receiving an input signal, and switching means for connecting
      the second of said input terminals alternately between said third terminal
      and a fourth terminal for receiving a signal of a magnitude lower than the
      input signal to said thrid terminal, said switching means including a pair
      of field effect transistors, one connected between said second and third
      terminals, and the other connected between said second and fourth
      terminals.
NUM  2.
PAR  2. A device as in claim 1 in which said differential amplifier is an
      operational amplifier with a feed-back impedance connected between its
      output terminal and said first input terminal.
NUM  3.
PAR  3. A device as in claim 1 in which said first terminal is an inverting
      terminal, and said second terminal is a non-inverting terminal.
NUM  4.
PAR  4. A device as in claim 3 in which one of said transistors is of the
      P-channel type, and the other is of the N-channel type, a common
      connection to the gate leads of the transistors, and a switching signal
      source connected to said common connection.
NUM  5.
PAR  5. A device as in claim 3 in which said transistors are of the same channel
      type, a switching signal source, means connecting the output of said
      source directly to the gate lead of one of said transistors, and an
      inverter connecting said source output to the gate lead of the other
      transistor.
NUM  6.
PAR  6. A device as in claim 1 in which said impedance is a resistor.
NUM  7.
PAR  7. A device as in claim 1 in which said fourth terminal is common to the
      input and output of the circuit.
NUM  8.
PAR  8. A circuit device including a high-gain differential amplifier having two
      input terminals and an output terminal, and means for reversing the
      polarity of the output signal on said output terminal in response to a
      change in polarity of the difference between the input signals on said
      input terminals, an impedance continuously connected at one end to a first
      one of said input terminals and being connected at the other end to a
      third signal-receiving terminal, a fourth terminal for receiving a
      reference signal, switching means for connecting the second of said input
      terminals alternately to said third terminal and said fourth terminal,
      said differential amplifier including a summing circuit, an inverter
      connected between one of said input terminals and said summing circuit,
      said other input terminal being connected to deliver an uninverted input
      signal to said summing circuit, a signal amplifier connected to receive
      the output of said summing circuit, and a feed-back impedance connected
      between said one input terminal and the output of said signal amplifier.
NUM  9.
PAR  9. A device as in claim 9 in which said differential amplifier is an
      integrated operational amplifier and said feed-back impedance is an
      external resistor, the first-named impedance is a resistor, said switching
      means comprises a first field-effect transistor with its source-drain path
      connected between said second and third terminals, a second field-effect
      transistor with its source-drain path connected between said second
      terminal and ground, and means connected to the gate leads of said
      transistors for turning one of said transistors on while turning the other
      off.
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ABST
PAL  Improved circuits for pre-emphasis and de-emphasis of video luminance
      signals, the improvement comprising the utilization of field effect
      transistors in a non-linear frequency-discriminating network; and
      automatic circuitry useful in both recording and reproduction of recorded
      video information.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Pre-emphasis, de-emphasis circuits are known for improving the signal to
      noise ratio in wide band signal transfer circuits. Johnson, U.S. Pat. No.
      3,288,930, issued Nov. 29, 1966, describes circuits for pre-emphasis and
      de-emphasis of video signals. These circuits utilize diodes in a
      non-linear frequency-discriminating portion thereof to attenuate or
      accentuate the amplitudes of high-frequency, high-amplitude signals.
PAR  Diodes, such as used in the Johnson patent, have numerous disadvantages. It
      is difficult to match the characteristics of discrete diodes, which is a
      necessity for production of pre-emphasis and de-emphasis circuits
      utilizing such diodes. Diodes also have unknown capacitive components in
      their transfer characteristics which cannot be readily compensated for in
      the design of pre-emphasis, de-emphasis circuits.
PAR  The use of field effect transistors (FET) circumvents the disadvantages
      inherent in diodes, and they have additional advantages. The capacitive
      reactance of FETs is sufficiently small as to be negligible when the
      devices are utilized in pre-emphasis, and de-emphasis circuits. Also, the
      characteristics from one FET to another are sufficiently reproducible as
      to allow their use in production situations without the necessity for
      highly skilled personnel to match the characteristics of the components. A
      further advantage of the FET is the ability to control the operating point
      by simply varying the control gate voltage.
PAR  It is an object of this invention to produce pre-emphasis and de-emphasis
      circuits having improved control characteristics.
PAR  A second object of the invention is to eliminate the problematic capacitive
      reactance present with the utilization of diodes.
PAR  A further object of the invention is to develop circuits which can be
      constructed in a production situation without the necessity for skilled
      personnel to carefully match characteristics of the circuit components.
PAC  SUMMARY OF THE INVENTION
PAR  Disclosed herein are improved circuits for pre-emphasis, de-emphasis of
      wide band video signals utilizing FETs in the limiter portion of the
      circuit. Through U.S. Pat. No. 3,288,930 to W. R. Johnson, for example, it
      is known, in a wide band signal transfer circuit, to utilize a
      pre-emphasis portion having a frequency response characteristic, or
      transfer function, accentuating the components of the transferred signal
      as a continuous direct function of its frequency. Such known circuits
      utilize a non-linear frequency-discriminating portion, in the present
      instance an attenuating circuit or limiter, coupled to the pre-emphasis
      portion and having an amplitude response characteristic which non-linearly
      accentuates the attenuation of high-frequency signals of high amplitude.
      According to the invention this attenuating circuit includes FETs.
PAR  It is also known in wide band signal transfer circuits to have a
      de-emphasis portion having a frequency response characteristic
      de-emphasizing the components of the transferred signal as a continuous
      direct function of its frequency. Such circuits have a non-linear
      frequency-discriminating portion coupled to the de-emphasis portion having
      an amplitude response characteristic non-linearly accentuating
      high-frequency signals of high amplitude. The improved circuit herein
      disclosed utilizes FETs in the frequency-discriminating portion of such a
      de-emphasis circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pre-emphasis circuit schematic utilizing an FET
      frequency-discriminating portion.
PAR  FIG. 2 is a de-emphasis circuit schematic utilizing an FET
      frequency-discriminating portion.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  FIG. 1 shows an improved pre-emphasis circuit utilizing FETs. The general
      operation of such circuits is known from the Johnson patent, and will not
      be discussed in detail. A signal entering at terminal 101 is
      pre-emphasized by capacitor 102, resistor 103 and resistor 104. Such
      pre-emphasized signal is transmitted at output terminal 105 to other
      suitable electronics or to a suitable video record portion. The effect of
      the pre-emphasis portion is shown by input square wave signal 106 and
      output pre-emphasized signal 107. It should be noted that a square wave
      closely resembles the luminance portion of the video signal when a
      dark-to-light edge is passed.
PAR  When the incoming video signal 106 is of small amplitude FETs 108 and 109
      are non-conductive. However, when the incoming video signal 106 is of
      large amplitude and high frequency, the FETs 108 and 109 are conductive,
      placing capacitor 110 in a shunting relationship to resistor 104. The
      circuit is so adjusted and the capacitor 110 is so chosen as to create an
      amplitude and frequency sensitive switch having the same attenuating
      factor as the low frequency part of the small signal transfer function of
      the pre-emphasis portion of the circuit. Resistors 111 and 112 serve to
      bias the gates of FETs 108 and 109. The bias of FETs 108 and 109 is
      further effected by resistors 113, 114 and variable resistor 115. The
      capacitors 116 and 117 serve to shunt high frequency components around
      resistors 113 and 114. The input signal 106 appears across resistor 115
      and capacitor 118, and thereby, high-frequency components of signal 106
      serve to vary the bias point of FETs 108 and 109. The effect of this bias
      arrangement is to yield a limiter circuit having approximately logarithmic
      characteristics.
PAR  FIG. 2 shows a de-emphasis circuit for utilization in the playback of
      recorded pre-emphasized video signals. A circuit of this kind using diodes
      in its non-linear frequency-discriminating portion is known from the
      Johnson patent. The circuit is considerably improved by the utilization of
      the above described FET frequency-discriminating circuit. Pre-emphasized
      signal 201 at input terminal 202 yields at output terminal 203 a square
      wave 204. It should be noted that square wave 204 has a slight overshoot
      at its leading and trailing edges. The purpose of the incomplete removal
      of the pre-emphasis is to obtain a better defined edge in the video
      picture in passing a light-to-dark or dark-to-light edge, but this is not
      a necessary feature of the invention. Resistor 205 and capacitor 206 serve
      to de-emphasize the input signal 201 in a known manner. The
      frequency-discriminating circuit incorporating FETs 207 and 208 serves to
      shunt degenerative emitter resistor 209 for high-frequency signals of
      large amplitudes, thereby accentuating these signals. The operation of
      this frequency-discriminating circuit and its bias is the same as that of
      the limiter circuit described above. Terminal 210 is used to supply bias
      voltage to transistor 211. The overall effect of the use of FIG. 2 in
      conjunction with FIG. 1 is a circuit having a substantially constant
      attentuation or a substantially unity transfer function.
PAR  It is obvious to those skilled in the art that the circuit improvements
      described herein can be applied to signal transfer circuits other than in
      video recording, and the embodiments described herein are for the purpose
      of illustration and are not meant to limit the invention in any manner.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a wide band signal translating arrangement a pre-emphasizing circuit
      comprising a pre-emphasis network with a frequency response characteristic
      accentuating the high-frequency components of a translated signal as a
      continuous direct function of its frequency and, coupled to said
      pre-emphasis network, a frequency-discriminating network having an
      amplitude response characteristic non-linearly accentuating attenuation of
      high-frequency signals of high amplitude,
PA1  said frequency discriminating network including the series combination of a
      capacitor and the source-electrode/drain-electrode path of at least one
      field effect transistor, said combination being connected in shunt
      relation to the output side of said circuit and the gate-electrode of said
      field effect transistor being connected to the input side of said circuit.
NUM  2.
PAR  2. In a wide band signal translating arrangement the pre-emphasizing
      circuit as claimed in claim 1 wherein said non-linear frequency
      discriminating network includes two complementary field effect
      transistors; wherein a capacitor-resistor series combination is connected
      in shunt relation to the input side of said circuit; and wherein a direct
      current bias circuit is connected to the gate electrodes of said two field
      effect transistors, the midpoint of said bias circuit being connected to
      said resistor.
NUM  3.
PAR  3. In a wide band signal translating arrangement a de-emphasizing circuit
      comprising a de-emphasis network with a frequency response characteristic
      de-emphasizing the high-frequency components of a translated signal as a
      continuous direct function of its frequency, and, coupled to said
      de-emphasis network through a transistor device, a frequency
      discriminating network having an amplitude response characteristic
      non-linearly accentuating high-frequency signals of high amplitude;
PA1  said transistor device having its base electrode connected to the input of
      said circuit, its emitter connected to a degenerative emitter resistor and
      its collector connected to said de-emphasis network and to the output of
      said circuit; and
PA1  said frequency discriminating network including the series combination of a
      capacitor and the source-electrode/drain-electrode path of at least one
      field effect transistor, said combination being connected in shunt
      relation to said degenerative emitter resistor and the gate-electrode of
      said field effect transistor being connected to the input of said circuit.
NUM  4.
PAR  4. In a wide band signal translating arrangement the de-emphasizing circuit
      as claimed in claim 3 wherein said non-linear frequency discriminating
      network includes two complementary field effect transistors; wherein a
      capacitor-resistor series combination is connected in shunt relation to
      the input of said circuit; and wherein a direct current bias circuit is
      connected to the gate electrodes of said two field effect transistors, the
      midpoint of said bias circuit being connected to said resistor.
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ABST
PAL  This relates to a light emitting diode circuit wherein a coil is connected
      to a voltage source, the voltage of which is lower than the threshold
      voltage of the forward diode characteristic. The light emitting diode is
      connected in series via the coil to the voltage source, and a transistor
      operating as a switch is connected in parallel to said light emitting
      diode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a light-emitting diode circuit wherein a coil is
      connected to a voltage source, the voltage of which is lower than the
      threshold voltage of the forward diode characteristic.
PAR  Light-emitting diodes are preferably supplied with a restricted current.
      Usually, such diodes are operated from a source of voltage whose voltage
      is higher than the threshold voltage of the forward diode characteristic,
      i.e. the voltage at the knee (break point) of the current/voltage
      characteristic of the light-emitting diode. In the case of a
      gallium-arsenide-phosphide type of light-emitting diode, this voltage, as
      is well known, may amount to more than 1.6 V.
PAR  The German Published Patent Application (DOS) 2,255,822 discloses a circuit
      which is suitable for supplying a light-emitting diode also from a source
      of lower battery voltage with a restricted pulsating current utilizing the
      kick-back pulse of a coil connected thereto. In this case the
      light-emitting diode is connected in parallel with the coil. It is
      considered a disadvantage of this circuit, however, that the
      light-emitting diode is switched from the reverse into the forward
      direction with a relatively large voltage variation appearing at it, at
      the coil, and at the collector-emitter path of the switching transistor.
      This variation, in the case of a battery voltage of 1.35 V (mercury cell)
      amounts to about 3 V in cases where the forward threshold voltage of the
      light-emitting diode amounts to 1.65 V. The parasitic capacitances of the
      light-emitting diode, of the coil, and of the transistor must be charged
      and discharged by the amount of this voltage variation during each period
      of the switching frequency which, especially in the case of a high
      switching frequency, leads to additional losses. Moreover, minimum
      requirements must be placed on the reverse behavior of the light-emitting
      diode. Furthermore, it may be disadvantageous, under certain
      circumstances, for the light-emitting diode to be not connected on one
      side to reference potential.
PAR  The fact that the collector voltage of the switching transistor exceeds the
      battery voltage by the amount of the diode's forward threshold voltage (in
      the present case 1.65 V) may cause additional difficulties or at least an
      increased investment in cases where the switching transistor forms part of
      a monolithic integrated circuit with integrated devices being connected to
      its collector, and with the insulating islands thereof having to be
      connected to the positive pole of the source of supply voltage.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a light-emitting diode
      circuit which, with a coil, is connected to a voltage source whose voltage
      is lower than the forward threshold voltage of the light-emitting diode,
      and avoids the aforementioned disadvantages.
PAR  According to a broad aspect of the invention there is provided a
      light-emitting diode circuit comprising: a source of supply voltage having
      first and second poles; a coil having first and second terminals, said
      first terminal coupled to said first pole; a first transistor operated as
      a switch having a base, emitter and collector, said emitter coupled to
      said second pole and said collector coupled to said second terminal; and
      at least one light-emitting diode coupled in parallel across the
      collector-emitter path of said first transistor, said diode having a
      forward threshold voltage higher than the voltage of said source.
PAR  For controlling the luminous intensity it is favorable for the transistor
      to be controlled by a pulse generator. In this case, the transistor
      operated as the switch, and the coil preferably both form part of a pulse
      generator.
PAR  The above and other objects of the present invention will be more clearly
      understood from the following detailed description taken in conjunction
      with the accompanying drawings, in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a first embodiment of the invention;
PAR  FIG. 2 is a schematic diagram of a second embodiment according to the
      invention; and
PAR  FIG. 3 shows a circuit according to the invention employing a plurality of
      light-emitting diodes capable of being optionally switched on.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the basic circuit according to FIG. 1 the light-emitting diode 1 is
      shown to be connected in series with the coil 2, and connected on one side
      to reference potential, so that the voltage U.sub.B is applied to the
      circuit. The light-emitting diode 1 is polarized in the forward direction,
      and is therefore not required to operate in the reverse direction. The
      collector-emitter path of transistor 3 which is to be operated as a
      switch, is arranged in parallel with the light-emitting diode 1. Under the
      aforementioned conditions, when using a gallium-arsenide-phosphide type of
      light-emitting diode, the voltage variation as occuring at the three
      devices shown in FIG. 1, only amounts to about 1.65 V, and the collector
      voltage of the switching transistor only exceeds the battery voltage by
      0.3 V, hence by less than the forward threshold voltage of the pn-junction
      of an integrated circuit in a silicon semiconductor body. This offers the
      advantage that transistor 3, without further ado, may be designed to form
      part of a monolithic integrated circuit which may contain a pulse
      generator and, if so required, still further components.
PAR  In further embodying the basic circuit according to FIG. 1, the circuit
      according to FIG. 2 contains as the pulse generator an astable
      multivibrator. This multivibrator contains a further transistor 7 which is
      complementary to the transistor 3, as well as a charging capacitor 8, and
      two resistors 9 and 10. The base electrode of transistor 3 which is
      operated as a switch, receives the control signal from the collector of
      the additional transistor 7 whose emitter, across the resistor 9, is
      applied to the one terminal of the coil 2 whose other terminal, via the
      charging capacitor 8, is connected to the base terminal of the additional
      transistor 7. Moreover, the base terminal of the additional transistor 7,
      across the resistor 10, is applied to the other pole of the source of
      voltage. While the first terminal of the coil 2 is applied to the one pole
      of the source of voltage, its second terminal is connected to the
      collector of transistor 3.
PAR  Instead of an astable multivibrator it is also possible to use a blocking
      oscillator or any other conventional type of self-oscillating circuit
      which, just like the astable multivibrator according to FIG. 2, may be
      designed as a monolithic integrated circuit. In so doing, it may be
      advisable to couple a second coil, serving the feeback purpose, to the
      coil 2.
PAR  Owing to the already mentioned advantage of an easy integrability of the
      transistor 3 operated as a switch, a circujit according to the invention
      may be extended without further ado for generating a flashing light, in
      that the transistor 3 is controlled by a further pulse generator of a
      lower frequency, which is preferably designed to form part of a monolithic
      integrated circuit containing the transistor 3 operated as a switch.
PAR  FIG. 3 relating to a further embodiment of the circuit according to the
      invention, contains several light-emitting diodes 11, 12 and 13. These
      diodes may each be connected across a series resistor 14, 15 or 16 as
      indicated by the broken line in FIG. 3. The switches 4, 5 and 6 which are
      arranged in series with the light-emitting diodes 11, 12 and 13 may be
      either mechanical or electronic switches.
PAR  When using n-light-emitting diodes 11, 12, 13 . . . in a circuit according
      to FIG. 3 it is desirable for the luminous intensity of the individual
      light-emitting diodes to be kept constant independently of the number of
      closed switches 4, 5, 6 . . . . For this purpose, and in accordance with a
      further embodiment of the circuit according to the invention, it is
      possible to take circuit steps and measures by which the pulse-interval
      ratio of the pulses controlling the transistor 3, can be affected in
      dependence upon the number of closed switches. Accordingly, any optional
      number of switchess 4, 5, 6 . . . can be closed without affecting the
      brightness of the individual light-emitting diodes 11, 12, 13 . . . .
PAR  While the principles of the invention have been described above in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation on
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A light-emitting diode circuit comprising:
PA1  means for applying a supply voltage having first and second poles;
PA1  a coil having first and second terminals, said first terminal coupled to
      said first pole;
PA1  a first transistor operated as a switch having a base, emitter and
      collector, said emitter coupled to said second pole and said collector
      coupled to said second terminal; and
PA1  at least one light-emitting diode coupled in parallel across the
      collector-emitter path of said first transistor, said diode having a
      forward threshold voltage higher than said supply voltage.
NUM  2.
PAR  2. A light-emitting diode circuit according to claim 1 further comprising a
      pulse generator coupled to said first transistor.
NUM  3.
PAR  3. A light-emitting diode circuit according to claim 2 wherein said pulse
      generator is an astable multivibrator.
NUM  4.
PAR  4. A light-emitting diode circuit according to claim 2 wherein said pulse
      generator is a blocking oscillator.
NUM  5.
PAR  5. A light-emitting diode circuit according to claim 1 wherein a plurality
      of light-emitting diodes are coupled in parallel across the
      collector-emitter path of said first transistor.
NUM  6.
PAR  6. A light-emitting diode circuit according to claim 5 wherein each of said
      plurality of light-emitting diodes is coupled in series with one of a
      plurality of resistors.
NUM  7.
PAR  7. A light-emitting diode circuit according to claim 6 wherein each of said
      plurality of light-emitting diodes are coupled in series with one of a
      plurality of switches.
NUM  8.
PAR  8. A light-emitting diode circuit according to claim 1 further comprising:
PA1  an additional transistor having a base, emitter and collector, said
      collector coupled to the base of said first transistor;
PA1  a capacitor coupled between the base of said additional transistor and the
      collector of said first transistor;
PA1  a first resistor coupled between said first pole and the emitter of said
      additional transistor; and
PA1  a second resistor coupled between the base of said additional transistor
      and said second pole.
NUM  9.
PAR  9. A light-emitting diode circuit according to claim 8 wherein said
      additional transistor is of a conductivity type opposite to that of said
      first transistor.
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PAL  A method and apparatus for producing useful work by a traffic-way or
      roadway having a moveable portion that can be readily displaced by the
      weight of traffic passing thereover, and translating the displacement of
      the moveable portion into useful work; e.g., to effect the drive of an
      electric generator or a drive shaft. This is attained essentially by
      interposing a transmission between the moveable roadway portion and work
      producing drive which will effect a unidirectional rotation or actuation
      of a work producing drive as the moveable roadway is moved between a
      loaded and unloaded position.
BSUM
PAC  PROBLEM & PRIOR ART
PAR  Over the years many methods and apparatuses have been proposed producing
      useful work; e.g., for generating an electrical current. Generally,
      conventional forms of energy; e.g., wind, water, solar, nuclear, or steam
      power produced by burning conventional fuels such as coal, oil and gas
      have been used to turn the generators for producing electrical power or
      other work producing machines. All of these methods required a power
      source which required relatively large cpaital investment or expense.
PAC  OBJECTS
PAR  An object of this invention is to provide a method and apparatus for
      producing electrical energy or useful work which is not dependent on the
      need of fuel such as coal, oil or gas.
PAR  Another object of this invention is to provide a method and apparatus for
      producing electrical energy or useful work by utilizing a source of power
      which heretofore has not been practically utilized for any purpose.
PAR  Another object is to provide a method and apparatus for utilizing the
      relative unlimited source of moving traffic; e.g., vehicle or pedestrian
      traffic, to generate useable electrical energy or useful work.
PAC  BRIEF SUMMARY OF INVENTION
PAR  The foregoing objects and other features and advantages are attained by a
      method and apparatus of utilizing the weight of moving traffic; e.g.,
      vehicle or pedestrian traffic to generate electricity or to do useful
      work. This is attained by making a traffic-way or roadway with a segment
      or portion which can be readily displaced as a vehicle or pedestrian
      passes thereover. Operatively associated with such moveable roadway
      portion is a work producing machine; e.g., generator and a transmission
      means interposed between the work producing machine and moveable roadway
      or portion. The arrangement is such that the transmission means will
      translate the deflection and/or displacement of the moveable roadway
      portion between a loaded and unloaded position so as to result in the
      production of useful work. In one form of the invention, the transmission
      means includes a driving gear which is connected into driving relationship
      with the drive shaft or an armature of a generator. The driving gear in
      turn is connected in driving relationship through a unidirection clutch to
      a reciprocating member which is operative to translate the reciprocal
      displacement of the moveable roadway into a driving force to effect the
      drive of the driving gear and connected generator armature or drive shaft
      to produce work. The resulting electricity produced such by such generator
      can be used for lighting highways, and streets,  electrical appliances,
      and buildings adjacent the roadway. The electrical power thus produced
      could also be used to charge batteries to provide the requisite electrical
      power supply during periods of slow traffic conditions and/or batteries
      for various other applications and uses.
PAR  In another form of the invention the transmission means may comprise a
      magnetic member which is moveable relative to a coil to generate an
      electrical current; as the moveable portion of the roadway is deflected
      between a loaded and unloaded position.
PAC  FEATURES
PAR  A feature of this invention resides in the provision wherein an untapped
      source of energy, e.g., moving vehicles or pedestrian traffic can be
      utilized to generate electrical power or to produce other useful work.
PAR  Another feature resides in the provision of operatively connecting a
      moveable portion of a roadway, which can be readily displaced by the
      traffic loading imposed therein to a drive shaft and translating such
      displacement to power or a drive shaft of a work producing machine.
PAR  Another feature resides in the provision wherein electrical energy can be
      produced relatively close to its ultimate place of use and thereby
      minimize the need for high tension lines by utilizing of energy of moving
      traffic.
DRWD
PAR  Other features and advantages will become more readily apparent when
      considered in view of the drawings and specification in which:
PAR  FIG. 1 is a diagramatic showing of an apparatus embodying the invention in
      which parts are shown in section.
PAR  FIG. 2 is a sectional view of a detail of construction taken along line
      2--2 on FIG. 1.
PAR  FIG. 3 is a detail of construction of a modified embodiment.
PAR  FIG. 4 is another modified embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  This invention is directed to a method and apparatus of producing useful
      work; e.g., generating electrical energy by utilizing the power or weight
      of moving traffic to turn an electrical generator. This is attained by
      constructing a traffic way or roadway over which traffic flows with a
      moveable portion or segment which is displaced as the weight of traffice
      flows thereover. The displacement of the moveable segment or portion of
      the roadway is then translated to rotary power to effect the drive of the
      genrator for generating electrical current; or to produce the drive of
      other work producing machines.
PAR  Referring to the drawings there is shown an apparatus 10 for generating
      electricity in accordance to the described method. As shown, a roadway or
      traffic way 11 over which either vehicles and/or pedestrian traffic flows,
      includes a fixed portion 11A and a relatively moveable portion or segment
      11B. The moveable portion 11B comprises a segment or grating of the
      roadway that is resiliently mounted on suitable springs 12. In the
      illustrated embodiment the moveable segment 11B is provided with a
      peripherial frame 13 which has an inclined or tapered edge and which
      complements like inclined surfaces 11C formed on the adjacent fixed
      portion of the roadway 11A. The complementary tapers, as will be
      hereinafter noted, provides a guiding means for locating the moveable
      segment 11B relative to the fixed portion 11A when placed in operation. It
      will be understood that the springs 12 exert a spring bias on the moveable
      segment 11B which will normally urge the segment 11B toward an inoperative
      position wherein the top surface of the moveable segment 11B is level with
      the top surface of the fixed portion 11A of the roadway. The force which
      the springs 12 exert on segment 11B is such that the weight of a vehicle
      or moving body traveling over the moveable portion 11B will compress the
      springs 12 thus permitting the moveable portion 11B to be displaced a
      predetermined amount depending on the load or weight of the moving traffic
      imposed thereon.
PAR  An electrical generator 14 for generating an electrical current is
      operatively connected with the moveable segment 11B of the roadway 11. The
      genrator includes a drive shaft 15 which is connected to the generator
      armature.
PAR  Interconnected between the moveable portion 11B of the roadway 11 and the
      generator 14 is a transmission means 16 for translating the periodic
      displacement of the moveable segment 11B, as traffic flows thereover, into
      the power or source necessary to drive the drive shaft 15 of the generator
      14.
PAR  As shown the transmission means 16 includes a housing 17 disposed beneath
      the moveable portion 11B of the roadway. The housing 17 is defined by an
      upper and lower end wall 17A, 17B and an interconnecting circumscribing
      peripheral wall 17C; and it is supported on the end of a tubular support
      or pedestal 20. Rotatably journalled between the end walls 17A, 17B of the
      housing, and between suitable bearings 18, 18 is a driving gear 19.
PAR  Operatively associated with the driving gear 19 is an activating screw
      member 21. The screw member 21 is connected in driving relationship with
      the driving gear 19 through unidirectional or one way 22 i.e., a clutch
      which when rotated in one direction is in engaged driving relationship and
      which when rotated in the opposite direction is in a disengaged
      free-wheeling relationship with respect to the driving gear 19.
PAR  The arrangement is such that upon the downward displacement of the screw
      member 21, as shown in FIG. 1, it will cause the clutch 22 to engage the
      driving gear 19 to effect the drive or rotation thereof. Upon the return
      of the screw member 21, the arrangement is such that the clutch disengages
      the driving gear 19. Thus the reciprocal movement of the screw member 21
      is such that it will effect the unidirectional drive of the driving gear
      19.
PAR  As shown in FIG. 1, the under surface of the moveable segment 11B is
      provided with a contact surface 23 which is arranged to normally engage
      the end cap 24 connected to the upper end of the screw member 21. The
      other end of the screw member 21 engages a spring member 25 which normally
      maintains the screw member 21 biased toward its inoperative position as
      shown in FIG. 1.
PAR  Disposed in meshing relationship with the driving gear 19 is a driven gear
      26 which is connected to the drive shaft or armature 15 of the generator
      14; or to the drive shaft of some other work producing machine.
PAR  In operation, it will be noted that as a vehicle moving over the fixed
      portion 11A of the roadway and onto the moveable segment 11B, the weight
      of the vehicle will overcome the bias of springs 12 supporting the
      moveable section 11B, thus causing its downward displacement; the amount
      of displacement being determined by the load of the vehicle and the
      resistance of springs 12. Displacement of the moveable section 11B in turn
      effects a corresponding displacement of the screw member 21; thereby
      causing the clutch 22 to engage the driving gear 19 and effecting the
      drive of gear 19. The rotation of the driving gear 19 in turn is
      transmitted to the driven gear 26 and connected drive shaft 15 to drive
      the generator, or other machine.
PAR  Upon removal of the load from the moveable segment 11B of the roadway, the
      springs 12 will cause the moveable segment 11B to be returned to normal
      inoperative position. The return spring 25 operating on the screw member
      21 causes the screw member 21 to be also returned to normal inoperative
      position. Because of the unidirectional clutch arrangement described, the
      screw member 21 can be readily returned to its normal position without
      interference with the drive of the driving gear 19; as the clutch 22 is
      disengaged from gear 19 on the return stroke of the activating screw 21.
PAR  It will be apparent that a steady flow of traffic over the moveable segment
      11B can maintain the generator in continuous operation. If desired the
      generator may be connected to batteries so that the batteries can be
      readily charged by the generator when actuated in the manner herein
      described. The batteries can then supply the necessary electrical energy
      in the event the flow of traffic during a particular time interval is
      insufficient to maintain the desired electrical output of the generator.
PAR  While the apparatus shown has been described with respect to a roadway or
      traffic way over which vehicle traffic flows, it will be understood that
      the invention can be readily applied to pedestiran traffic. Thus
      sidewalks, street crossings, parks, and even portions of buildings, e.g.,
      corridors, halls, stairways, entrance halls, and the like can be installed
      with a moveable segment 11B and associated transmission means 16 whereby
      the weight of a pedestrian is utilized to drive a generator 14.
PAR  FIG. 3 illustrates a modified detail of construction. In this form of the
      invention the moveable portion 30 of the traffic way 31 is provided with
      one or more concave grooves 32 formed on the under surface thereof.
      Connected to the top of the activating screw 33 is an end cap 34 shaped to
      complement the concave groove 32. It will be noted, as shown in FIG. 2
      that one or more concave grooves 32 and associated screws 33 may be
      provided.
PAR  In such an arrangement, the respective screws 33 can be utilized to
      complement the drive of a common generator or in the alternate, the
      respective screws 33 can effect the drive of separate generators. The
      complementary concave-convex geometry of the grooves 32 and end caps 34
      define a positive contact between the moveable portion 30 and the end caps
      34 when the moveable portion 30 is displaced.
PAR  An alternate construction can utilize a magnetic force to effect the return
      of the moveable segment of the traffic-way to its inoperative position.
      This is attained by incorporating a permanent magnet of opposite polarity
      to maintain the moveable section in the normal inoperative position. The
      moveable section may be permanently magetized, which when weighted by
      moving traffic is displaced to activate the screw member. Upon the
      unloading of the moveable section, the magnetic attraction will effect the
      instant return of the moveable section.
PAR  In all other respects the construction and operation of the alternate
      constructions are similar to that hereinbefore described with respect to
      FIG. 1 and FIG. 2.
PAR  FIG. 4 illustrates another modified construction 50. In this form of the
      invention, the moveable portion 52 of the roadway or traffic-way 51 is
      supported on springs 53 as hereinbefore described.
PAR  Disposed below the moveable portion 52 is a pedestal 55 which supports
      thereon a coil 56. In contact with the moveable portion 52 of the roadway
      is a transmission member in the form of a bar magnet 57 arranged to move
      into and out of the coil 56 as the moveable portion is displaced.
      Operating on the bar magnet is a spring 58 to effect the return of the bar
      magnet as the moveable portion 52 assumes its normal inoperative position.
      It will thus be evident that the reciprocal movement of the bar magnet 57
      relative to the coil 56 as the moveable portion 52 of the traffic-way 51
      is displaced by the weight of the traffice flowing thereover will generate
      an electric current which can be readily utilized.
PAR  From the foregoing, it will be apparent that a heretofore unlimited and
      untouched form of energy has been utilized to generate electrical power.
      In addition, the work produced at the end of the drive shaft 15 may be
      harnessed to perform other useful type of work other than generating
      electricity.
PAR  There is no particular limit as to the number of moveable sections which
      can be incorporated in a particular roadway or traffic-way.
PAR  While the invention has been described with respect to a particular
      embodiment thereof, it will be readily understood and appreciated that
      variations and modifications may be made within the scope and spirit of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for generating electrical energy comprising:
PA1  a traffic way over which traffic is permitted to flow,
PA1  said traffic way having a relatively fixed portion and a moveable portion,
PA1  means for resiliently supporting said moveable portion for movement
      relative to said fixed portion,
PA1  an electrical generator having a drive shaft,
PA1  and transmission means interposed between said drive shaft and said
      moveable portion of said roadway whereby the movement of said moveable
      portion is translated to said drive shaft to effect the rotation thereof,
PA1  said transmission means including a driving gear,
PA1  a screw,
PA1  a one way clutch connecting said screw in driving relationship with said
      driving gear,
PA1  a driven means disposed in driving relationship with said driving gear,
PA1  said driven means being connected to said drive shaft,
PA1  said screw being operatively disposed relative to said moveable portion of
      said traffic way whereby the displacement of said moveable portion effects
      the displacement of said screw to effect the drive of said driving gear,
PA1  and means acting on said screw to return said screw to its inoperative
      position as said moveable portion is restored to its initial position.
NUM  2.
PAR  2. An apparatus utilizing the energy of moving traffic to generate
      electricity comprising:
PA1  a roadway having a fixed portion and a moveable portion,
PA1  means for resiliently supporting said moveable portion for movement
      relative to said fixed portion whereby the weight of a body travelling
      over said moveable portion will effect the displacement thereof,
PA1  an electrical generator having a drive shaft for generating electricity,
PA1  a transmission means interposed between said moveable portion and said
      drive shaft whereby the displacement of said moveable portion effects the
      rotation of said drive shaft, and
PA1  said transmission means including a unidirection drive to effect the
      rotation of said drive shaft in the one direction as said moveable portion
      of said roadway is moved between an unloaded normal position and a loaded
      displaced position,
PA1  said transmission means comprising:
PA1  a gear housing,
PA1  a drive gear rotatably journalled in said housing,
PA1  a driven member disposed in driving relationship with said drive gear,
PA1  said driven member being operatively connected to the drive shaft of said
      generator,
PA1  a screw member disposed relative to said moveable portion to be displaced
      as said moveable portion is displaced by the loading imposed thereon,
PA1  a one way drive connecting said screw in driving relationship to said
      driving gear,
PA1  means for biasing said screw toward its normal, inoperative position,
PA1  and said fixed portion and moveable portion having complementary contiguous
      inclined mating surfaces to provide a guide for said moveable portion.
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PAL  A system for controlling a thyristor chopper used for the speed control of
      a d.c. motor driving an electric car, in which means are provided for
      generating turn-on pulses and turn-off pulses at the maximum chopping
      frequency of the chopper, dividing the frequency of the turn-on pulses and
      turn-off pulses stepwise in response to the application of chopping
      frequency instruction signals, and applying these frequency-divided
      turn-on and turn-off pulses to the chopper for controlling the chopper, so
      that the motor can be smoothly controlled by the chopper whose chopping
      frequency varies stepwise from a low to a high valve with conductive
      rate-control.
BSUM
PAR  This invention relates to a chopper control system and more particularly to
      a system for controlling a thyristor chopper used for the speed control of
      a d.c. motor which drives an electric car.
DRWD
PAR  Prior art and the present invention and the advantages of the latter will
      be described in detail with reference to the accompanying drawings, in
      which:
PAR  FIG. 1 is a circuit diagram of a traction motor circuit of an electric car
      controlled by a chopper in the powering condition;
PAR  FIG. 2 is a circuit diagram showing the structure of one form of the
      chopper in FIG. 1;
PAR  FIG. 3 shows pulse and voltage waveforms applied to the chopper and motor
      in FIGS. 1 and 2;
PAR  FIG. 4 is a block diagram of a prior art chopper control system;
PAR  FIG. 5 shows voltage and pulse waveforms appearing at various parts of the
      control system in FIG. 4;
PAR  FIG. 6 is a block diagram of an embodiment of the chopper control system
      according to the present invention;
PAR  FIG. 7 is a circuit diagram of means employed in the present invention for
      generating instruction signals for selecting the frequency of turn-off and
      turn-on pulses used for the control of the chopper shown in FIG. 2;
PAR  FIG. 8 shows pulse waveforms appearing at various parts of the circuit
      shown in FIG. 7;
PAR  FIG. 9 shows the relation between the turn-off and turn-on pulses generated
      by the system of FIG. 6 in the accelerating condition; and
PAR  FIG. 10 shows the relation between the turn-off and turn-on pulses
      generated by the system of FIG. 6 so as to reduce the operating frequency
      of the chopper in the free running state of the traction motor.
DETD
PAR  A d.c. motor is commonly used for driving an electric car in view of the
      ability of a d.c. motor to produce desired starting torque. Hitherto, the
      combination of a resistor and a contactor disconnectably connecting the
      resistor to the motor circuit has been generally employed for controlling
      the torque and speed of a d.c. motor used for driving an electric car.
      However, this method of torque and speed control has been defective in
      that the torque and speed of the d.c. motor cannot be continuously
      controlled and a great power loss is inevitable.
PAR  With a view to obviate such defect, it has been proposed to control such
      d.c. motor by a thyristor chopper, and this method has already been put
      into practical use. The control of the d.c. motor of an electric car by
      the thyristor chopper is advantageous in that the motor can be smoothly
      and continuously controlled over the entire speed range, and therefore,
      the electric car driven by the motor controlled by the thyristor chopper
      provides a very comfortable sense of ride for passengers. Further, the
      motor control by the thyristor chopper is advantageous in reducing the
      power loss and improving the efficiency.
PAR  FIG. 1 is a circuit diagram of a traction motor circuit of an electric car
      controlled by a chopper in the powering condition. In FIG. 1, the symbols
      E, M, A, F, CH and D designate a power supply voltage, a traction motor,
      an armature of the traction motor M, a series field winding of the
      traction motor M, a chopper, and a free wheel diode respectively.
PAR  The structure of one form of the chopper CH is shown in FIG. 2. The chopper
      CH comprises a main thyristor MTh, a commutating thyristor ATh, a
      commutating reactor Lc, a commutating capacitor Cc and a commutating diode
      Dc. The commutating capacitor Cc is charged in the illustrated polarity in
      the non-conducting state of the chopper CH.
PAR  FIG. 3 shows pulse and voltage waveforms applied to the thyristors of the
      chopper CH and motor M to illustrate the basic operation of the chopper
      CH. A gate firing signal (a turn-on pulse) as shown in FIG. 3a is applied
      to the gate of the main thyristor MTh at time t.sub.1. As a result, the
      main thyristor MTh, hence the chopper CH conducts, and the power supply
      voltage E is applied across the traction motor M. At time t.sub.2, another
      gate firing signal (a turn-off pulse) as shown in FIG. 3b is applied to
      the gate of the commutating thyristor ATh. As a result, commutation occurs
      and current flows through the closed loop of Cc - Lc - ATh - Cc, and the
      commutating capacitor Cc is charged in a polarity opposite to the
      illustrated polarity. Thus, the motor current flows through the chopper CH
      until both the main thyristor MTh and the commutating thyristor ATh are
      rendered non-conducting at time t.sub.3 which is later than the time
      t.sub.2 by a period of time including that required for commutation. That
      is, the chopper CH is rendered non-conducting at this time t.sub.3. When
      the chopper CH is rendered nonconducting, the power supply voltage E is
      not applied to the traction motor M, and the current having been supplied
      to the traction motor M circulates now through the free wheel diode D.
      FIG. 3c shows the voltage applied across the traction motor M. The mean
      value E.sub.M of the applied voltage is given by
      ##EQU1##
      where T is the period of time of one operating cycle of the chopper CH,
      T.sub.1 is the conducting period of time of the chopper CH, I.sub.M is the
      traction motor current, and R.sub.M is the internal resistance of the
      traction motor M.
PAR  It can thus be seen that the mean voltage E.sub.M applied across the
      traction motor M can be controlled substantially within the range of from
      zero to the full power supply voltage E by controlling the ratio between
      the conducting period of time T.sub.1 of the chopper CH and the period of
      time of one operating cycle T of the chopper CH. This ratio T.sub.1 /T
      will be hereinafter referred to as a duty factor.
PAR  It will be understood from the above description that the traction motor M
      is controlled by the chopper CH in such a manner that turn-on and turn-off
      pulses are alternately applied to the thyristors of chopper CH for
      electrically turning on and off the chopper CH thereby varying the mean
      voltage applied across the traction motor M.
PAR  Two methods are known for starting the main motor by the chopper which is
      controlled in the manner above described. In one of the methods, the
      chopper operates at a fixed frequency for starting the motor. According to
      this method, however, a large starting current flows due to the small
      resistance value of the motor circuit and gives rise to a shock in the
      starting stage, and the electric car driven by the motor subject to this
      kind of chopper control provides an uncomfortable sense of ride for
      passengers. A starting resistor is commonly connected in series with the
      motor circuit to restrict the starting current in order to alleviate the
      shock. In spite of the provision of the starting resistor, this method is
      still defective in that smooth starting cannot be attained and troublesome
      manipulation is required.
PAR  In the other method, the operating frequency of the chopper is varied
      continuously from a low to a high frequency in starting the traction
      motor. This method comprises supplying current to the traction motor
      through the commutating thyristor, applying turn-off pulses only without
      applying turn-on pulses, and varying the frequency of the turn-off pulses
      for regulating the current value supplied to the traction motor. This
      latter method will be described in more detail with reference to FIGS. 4
      and 5.
PAR  FIG. 4 shows a prior art chopper control system used for controlling the
      chopper shown in FIG. 2.
PAR  According to this prior art chopper control system, turn-off pulses are
      solely applied to the chopper CH in the starting stage of the traction
      motor M, and the operating frequency of the chopper CH is varied
      continuously from a low to a high frequency. After starting, the operating
      frequency of the chopper CH is maintained constant, and turn-on and
      turn-off pulses are alternately applied to control the chopper CH for
      controlling the speed of the traction motor M.
PAR  Referring to FIG. 4, a variable frequency oscillator 1 provided with a
      limiter determines the operating frequency of the chopper CH. The variable
      frequency oscillator 1 generates pulses in response to the application of
      a starting signal thereto via a contactor 2. The frequency increases from
      a low value to a relatively high predetermined value in a predetermined
      period of time, and after then, pulses at the predetermined frequency are
      generated. The pulses generated by the variable frequency oscillator 1 are
      applied to the chopper CH in FIG. 2 as the turn-off pulses. The pulses
      generated within the predetermined period of time above described are
      applied to the commutating thyristor ATh in the starting stage of the
      traction motor M so as to regulate the traction motor current. A delay
      unit 3 acts to open an AND gate 4 in a predetermined period of time after
      the application of the starting signal. A saw-tooth waveform generator 5
      is reset each time an input pulse is applied thereto in synchronism with
      the frequency of the turn-off pulses generated by the variable frequency
      oscillator 1. A compactor 6 generates a pulse output when the voltage
      level of the saw-tooth waveform attains the level of a pattern voltage
      which sets the voltage applied across the traction motor M. The output of
      the comparator 6 provides the turn-on pulses applied to the main thyristor
      of the chopper CH. Therefore, the turn-on pulses do not appear in the
      starting stage of the traction motor M by the action of the delay unit 3
      and appear after the traction motor M has been started. After the traction
      motor M has been started, the turn-off and turn-on pulses are alternately
      applied for controlling the chopper CH.
PAR  FIG. 5 shows voltage and pulse waveforms appearing in the system of FIG. 4
      after the main motor M has been started. The turn-off pulses shown in FIG.
      5 are obtained from the variable frequency oscillator 1 as described. The
      turn-on pulses shown in FIG. 5 are obtained from the comparator 6 which
      delivers an output when the saw-tooth waveform voltage level attains the
      level of the pattern voltage as described. In FIG. 5, this level is
      represented by a. These turn-on and turn-off pulses are applied
      respectively to the main and commutating thyristors MTh and ATh in the
      chopper CH shown in FIG. 2.
PAR  According to the structure of the chopper control system shown in FIG. 4,
      the frequency of the turn-off pulses is varied continuously from a low to
      a high value for controlling the chopper in the starting stage of the
      traction motor. Although the traction motor can be started with restricted
      starting current and reduced shock by the chopper control system shown in
      FIG. 4, this system is still defective in that a wide frequency band is
      required tending to produce a noise which affects communication and signal
      equipment.
PAR  Further, the prior art methods above described have a common defect as
      pointed out below. According to the prior art methods, a constant period
      of time which is independent of the frequency is required to turn-off the
      chopper due to the fact that the chopper is operated at the maximum
      chopping frequency after the traction motor has been started. Thus, the
      duty factor cannot be increased beyond the value determined by the maximum
      chopping frequency, resulting in the defect that the mean voltage applied
      across the traction motor is reduced and the utilization factor of the
      power supply voltage is insufficient. Further, the fact that the chopper
      operates continuously at the maximum chopping frequency provides another
      defect that the commutating capacitor must have a large capacity.
PAR  With a view to obviate such prior art defects, it is an object of the
      present invention to provide a novel and improved chopper control system
      which can easily eliminate wide interference to the communication system
      and ensures smooth starting of a traction motor.
PAR  Another object of the present invention is to provide a chopper control
      system which can improve the utilization factor of a power supply voltage.
PAR  Still another object of the present invention is to provide a chopper
      control system in which the capacity of a commutating capacitor can be
      reduced.
PAR  Other objects of the present invention will become apparent from the
      following detailed description.
PAR  The present invention is featured by the fact that turn-on pulses and
      turn-off pulses at the maximum chopping frequency f of a chopper are
      initially generated and then the frequency of the turn-on pulses and/or
      turn-off pulses is divided into a plurality of stepwise varying
      frequencies f/1, f/2, f/3, . . . in response to the application of
      chopping frequency instruction signals so as to attain smooth control of a
      traction motor by the chopper whose chopping frequency varies in stepped
      fashion from a low to a high frequency value.
PAR  FIG. 6 shows an embodiment of the chopper control system of the present
      invention when applied to control the chopper CH shown in FIG. 2. In FIG.
      6, the maximum chopping frequency f is divided in stepped fashion into
      f/1, f/2 and f/3 by way of example. Referring to FIG. 6, a frequency
      oscillator 11 generates pulses having a frequency of f Hz which determine
      the maximum chopping frequency of the chopper CH. A saw-tooth waveform
      generator 15 and a comparator 16 in FIG. 6 may be similar to the saw-tooth
      waveform generator 5 and comparator 6 shown in FIG. 4. In the embodiment
      shown in FIG. 6, a group of AND gates AND.sub.1 to AND.sub.3 and an OR
      gate OR.sub.1 constitute a turn-on pulse selector 17, and another group of
      AND gates AND.sub.4 to AND.sub.6 and another OR gate OR.sub.2 constitute a
      turn-off pulse selector 18.
PAR  A saw-tooth waveform voltage is generated by the saw-tooth waveform
      generator 15 in synchronism with the turn-off pulses of the frequency of f
      Hz generated by the frequency oscillator 11, and this saw-tooth waveform
      voltage is applied to the comparator 16. The comparator 16 compares this
      saw-tooth waveform voltage with a pattern voltage and generates turn-on
      pulses having a frequency of f Hz. The turn-on pulses having the frequency
      of f Hz are applied to the AND gates AND.sub.1 to AND.sub.3. f/3 Hz, f/2
      Hz and f Hz turn-on pulse instruction signals, which instruct that turn-on
      pulses of f/3 Hz, f/2 Hz and f Hz are to be applied to the main thyristor
      MTh (FIG. 2), respectively, are applied as another input to these AND
      gates AND.sub.1 to AND.sub.3 respectively. The turn-on pulses pass through
      the specific AND gate to which the turn-on pulse instruction signal is
      applied, and these pulses pass then through the OR gate OR.sub.1 to be
      applied to the main thyristor MTh in FIG. 2. When, for example, the f/3 Hz
      turn-on pulse instruction signal appears, the frequency f Hz of the
      turn-on pulse output of the comparator 16 is divided into f/3 Hz at the
      AND gate AND.sub.1, and the turn-on pulses having the frequency of f/3 Hz
      are applied through the OR gate OR.sub.1 to the main thyristor MTh.
      Similarly, the turn-off pulses of the frequency of f Hz generated by the
      frequency oscillator 11 are applied to the AND gates AND.sub.4 to
      AND.sub.6. f/3 Hz, f/2 Hz and f Hz turn-off pulse instruction signals,
      which instruct that turn-off pulses of f/3 Hz, f/2 Hz and f Hz are to be
      applied to the commutating thyristor ATh (FIG. 2), respectively, are
      applied as another input to these AND gates AND.sub.4 to AND.sub.6,
      respectively. The turn-off pulses pass through the specific AND gate to
      which the turn-off pulse instruction signal is applied, and these pulses
      pass then through the OR gate OR.sub.2 to be applied to the commutating
      thyristor ATh in FIG. 2.
PAR  These instruction signals may be applied in synchronism with the saw-tooth
      waveform voltage.
PAR  An explanation will be made of generation of the turn-on pulse instruction
      signals and the turn-off pulse instruction signals with reference to FIGS.
      7 and 8. FIG. 7 shows a circuit arrangement for producing the instruction
      signals, and FIG. 8 shows waveforms of signals at main portions of the
      circuit.
PAR  The pulses having a frequency of f Hz such as shown in FIG. 8A, which is
      generated from the frequency oscillator 11 (FIG. 6), is fed to a
      multi-vibrator 19 and converted to pulses having a width of 180.degree. as
      shown in FIG. 8B. A 1/3 frequency divider 20 and a 1/2 frequency divider
      21 receive the output pulses of the multi-vibrator 19 and produce pulses
      having a frequency of f/3 Hz such as shown in FIG. 8C and pulses having a
      frequency of f/2 Hz such as shown in FIG. 8D, respectively. In this
      circuit, when switches SW.sub.11 and SW.sub.21 are closed, the pulses
      shown in FIG. 8C are given to the AND gates AND.sub.1 aand AND.sub.4 in
      FIG. 6 as the f/3 Hz turn-on pulse instruction signal and the f/3 Hz
      turn-off pulse instruction signal, respectively. When switches SW.sub.12
      and SW.sub.22 are closed with opening the switch SW.sub.11, the pulses
      shown in FIG. 8D are given to the AND gates AND.sub.2 and AND.sub.5 in
      FIG. 6 as the f/2 Hz turn-on pulse instruction signal and the f/2 Hz
      turn-off pulse instruction signal, respectively. The f Hz turn-on pulse
      instruction signal and the f Hz turn-off pulse instruction signal are
      obtained by means of power supply 22. Namely, when a switch SW.sub.13 is
      closed, a d.c. voltage of the power supply 22 is derived as the f Hz
      turn-on pulse instruction signal and, when a switch SW.sub.23 is closed in
      addition to the close of the switch SW.sub.13, the d.c. voltage of the
      power supply 22 is derived as the f Hz turn-off pulse instruction signal.
      They are fed to the AND gates AND.sub.3 and AND.sub.6 in FIG. 6,
      respectively. The switch SW.sub.12 is not necessarily opened when the
      switch SW.sub.13 is closed, since giving of the f Hz turn-on pulse
      instruction signal and the f Hz turn-off pulse instruction signal means
      that all of the turn-on pulses produced by the comparator 16 in FIG. 6 and
      all of the turn-off pulses produced by the frequency oscillator 11 are to
      be fed to the thyristors MTh and ATh of the chopper CH (FIG. 2).
PAR  In the free running operation of the traction motor, the frequency of the
      turn-off pulses is reduced to f/2 Hz and then f/3 Hz under production of
      the turn-on pulses of f Hz. A description will be made of application of
      the turn-on pulse instruction signals and the turn-off pulse instruction
      signals to the AND gates AND.sub.1 to AND.sub.6 in such free-running
      operation. First, the switches SW.sub.11 and SW.sub.12 are closed after
      the switch SW.sub.13 is closed. When the switch SW.sub.23 is then opened
      and the switch SW.sub.22 is closed, the f Hz turn-on pulse instruction
      signal remains to be delivered, but the f Hz turn-off pulse instruction
      signal is not delivered but the f/2 Hz turn-off pulse instruction signal
      is derived through the switch SW.sub.22, which is fed to the AND gate
      AND.sub.5. Accordingly, the f/2 Hz turn-off pulses are applied to the
      thyristor ATh of the chopper CH. In this case, the f/2 Hz turn-on pulse
      instruction signal is applied to the AND gate AND.sub.2 in addition to
      application of f Hz turn-on pulse instruction signal to the AND gate
      AND.sub.3. However, this does not cause a problem since the application of
      the f Hz turn-on pulse instruction signal to the AND gate AND.sub.3 means
      that all of the turn-on pulses produced by the comparator 16 are to be fed
      to the thyristor MTh of the chopper CH. Then, when the switch SW.sub.22 is
      opened and the switch SW.sub.21 is closed, the f/3 Hz turn-off pulse
      instruction signal is delivered to the AND gate AND.sub.4 through the
      switch SW.sub.21, and therefore the f/3 Hz turn-off pulses are fed to the
      thyristor ATh of the chopper CH. In this case, the f/ 3 Hz turn-on pulse
      instruction signal is produced in addition to the f Hz turn-on pulse
      instruction signal and the f/2 Hz turn-on pulse instruction signal.
      However, this also does not cause a problem for the above reason.
PAR  FIG. 9 shows the relation between the turn-on and turn-off pulses with
      respect to the corresponding instruction signals. It will be seen from
      FIG. 9 that, when the f/3 Hz turn-on pulse instruction signal and the f/3
      Hz turn-off pulse instruction signal are applied to the AND gates
      AND.sub.1 and AND.sub.4, respectively, the chopper operates with a
      chopping frequency of f/3 Hz and the duty factor is about one-third of
      that of the case in which the chopping frequency is f Hz when the pattern
      voltage is constant, and maximum duty factor is also about one-third of
      that of such case. Similarly, when the f/2 Hz turn-on pulse instruction
      signal and the f/2 Hz turn-off pulse instruction signal are applied to the
      AND gates AND.sub.2 and AND.sub.5, respectively, the chopper operates with
      a chopping frequency of f/2 Hz and the duty factor is about one-half of
      that of the case in which the chopping frequency is f Hz when the pattern
      voltage is constant, and maximum duty factor is also about one-half of
      that of such case. It is needless to say that the duty factor of the
      chopper is suitably adjusted when the chopping frequency is varied. It is
      to be noted that the period of time required for commutation is not taken
      into account in FIG. 9.
PAR  The operation of the system in the starting stage of the traction motor
      will be described. In the starting stage of the traction motor, the
      chopper operates with a chopping frequency of f/3 Hz. This is attained by
      applying the corresponding turn-on pulse and turn-off pulse instruction
      signals in pulse form to the respective AND gates AND.sub.1 and AND.sub.4.
      The duty factor of the chopper is gradually increased from the minimum to
      a predetermined value which is not necessarily the maximum. When this
      predetermined duty factor is attained, the chopping frequency is increased
      to f/2 Hz. In this case, the duty factor of the chopper is suitably
      adjusted so that the value thereof at the chopping frequency of f/2 Hz may
      be reduced to minimize variations of the traction motor current. To this
      end, the error between the instructed acceleration and the traction motor
      current (present acceleration) is detected and the pattern voltage applied
      to the comparator 16 is adjusted depending on the detected error.
PAR  The chopping frequency f/2 Hz of the chopper operating with the adjusted
      duty factor is then varied to f Hz. In this case too, the duty factor at
      the chopping frequency of f Hz is suitably adjusted to minimize variations
      of the traction motor current. The period of time required for the
      increase in the chopping frequency from the minimum to the maximum is
      desirably as short as possible.
PAR  This manner of starting is advantageous in that the smallest starting
      current is about one-third of that of the case in which the motor is
      started at the chopping frequency of f Hz. Therefore, the starting current
      can be continuously increased from the initial value which is one-third of
      that of the case in which the motor is started at the chopping frequency
      of f Hz. The motor can thus be started smoothly. Further, due to the fact
      that only a few specific frequencies (that is, f/3 Hz, f/2 Hz and f Hz in
      this example) are used for operation, means for preventing these
      frequencies from inducing noises can be easily provided and the inductive
      interference can be easily avoided by providing a filter circuit to these
      frequencies changing stepwise. Furthermore, the gain of the comparator 16
      remains the same as that in the maximum chopping frequency of f Hz. Thus,
      the stability of control can be improved due to the fact that variations
      of the chopping frequency of the chopper do not change the gain of the
      comparator 16 and the output frequency of the saw-tooth waveform generator
      15 is not also changed.
PAR  The traction motor is gradually accelerated and the starting operation is
      completed when the duty factor of the chopper attains its maximum at the
      chopping frequency of f Hz. Then, the free running state of the traction
      motor takes place, which has conventionally been performed at the maximum
      duty factor of the chopper operating at the maximum chopping frequency of
      f Hz. The utilization factor of the power supply voltage in the free
      running state can be increased in a manner as for example described below.
      The f Hz turn-on pulse instruction signal remains to be applied to the AND
      gate AND.sub.3 in FIG. 6, while the f/2 Hz turn-off pulse instruction
      signal instead of the f Hz turn-off pulse instruction signal is applied to
      the AND gate AND.sub.5 by opening the switch SW.sub.23 in FIG. 7 with
      closing the switch SW.sub.22 (in this time the switch SW.sub.12 is
      closed). As a result, the frequency of the turn-off pulses applied to the
      chopper is reduced to f/2 Hz, that is, the chopping frequency of the
      chopper is now f/2 Hz. It will be seen from FIG. 10 that the duty factor
      T.sub.2b /T.sub.2a at the chopping frequency of f/2 Hz is greater than the
      duty factor T.sub.1b /T.sub.1a at the chopping frequency of f Hz. Then,
      when the chopping frequency is reduced to f/3 Hz, the duty factor T.sub.3b
      /T.sub.3a at this chopping frequency can be further increased. It is to be
      noted however that the period of time required for commutation is not
      taken into account in FIG. 10.
PAR  It will thus be seen that, in the free running state of the traction motor,
      the number of the turn-off pulses is decreased to reduce the chopping
      frequency of the chopper and to increase the duty factor of the chopper.
      Therefore, the utilization factor of the power supply voltage can be
      improved, and at the same time, the capacity of the commutating capacitor
      can be reduced.
PAR  The improvement in the duty factor of the chopper will be described on the
      basis of practical numerical values. The chopping frequencies f, f/2 and
      f/3 are assumed to be 220 Hz, 110 Hz and 73 Hz respectively. Suppose
      initially that the traction motor is free running at the maximum duty
      factor of the chopper of, for example, 95 % at 220 Hz. Then, when the
      number of the turn-off pulses is decreased to provide the chopping
      frequencies of 110 Hz and 73 Hz, the maximum duty factors of the chopper
      at the respective frequencies are
      ##EQU2##
      in the case of 110 Hz, and
      ##EQU3##
      in the case of 73 Hz.
PAR  It is necessary to decrease the traction motor current when the speed of
      the electric car becomes excessively high or racing occurs in the free
      running state of the traction motor. In this case, the chopping frequency
      may be restored to f Hz by suitably controlling the AND gates AND.sub.4 to
      AND.sub.6 and the duty factor may be controlled while increasing the
      response speed. Of course, the duty factor may be suitably adjusted at the
      chopping frequencies of f/2 Hz and f/3 Hz when a high response speed is
      not required.
PAR  According to the present invention, changeover from the free running state
      to the notch-off state can be easily attained without causing any
      appreciable shock. This is accomplished by restoring the chopping
      frequency of the chopper to f Hz, reducing the duty factor of the chopper
      at f Hz to the minimum, changing the chopping frequency to f/2 Hz,
      reducing the duty factor at f/2 Hz to the minimum, and then changing the
      chopping frequency to f/3 Hz with the reduction of the traction motor
      current. Subsequently, the duty factor at the chopping frequency of f/3 Hz
      is reduced to the minimum, and the notch-off state is established by
      opening the circuit breaker in the traction motor circuit or ceasing
      application of the gate pulses to the chopper. In this manner, the
      notchoff state can be established smoothly at a moderate rate of
      deceleration. Of course, one frequency step may be changed over to another
      at a suitable duty factor which is not necessarily the minimum.
PAR  It will be understood from the foregoing detailed description of the
      present invention that the chopper operates with a few specific
      frequencies. Thus, means for preventing noise troubles due to such
      frequencies can be easily provided and the traction motor can be started
      smoothly without giving rise to the problem of inductive interference.
      Further, the utilization factor of the power supply voltage can be
      improved in the free running state of the traction motor due to the fact
      that the duty factor of the chopper can be increased by reducing the
      chopping frequency. Furthermore, the capacity of the commutating capacitor
      can be reduced by virtue of the reduction in the chopping frequency, and
      hence, the capacity of the chopper itself can also be reduced.
PAR  While the foregoing description has referred to the case in which the
      chopping frequency is varied over three steps, the number of frequency
      steps is in no way limited to three. Further, it is apparent that the
      divided frequencies are not necessarily 1/n of the maximum frequency where
      n is an integer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for controlling a chopper which conducts in response to the
      application of a train of turn-on pulses and is rendered non-conducting in
      response to the application of a train of turn-off pulses, comprising a
      frequency oscillator for generating a train of pulses determining the
      maximum chopping frequency of said chopper and providing said turn-off
      pulses, means for generating said turn-on pulses in synchronism with said
      turn-off pulses generated by said frequency oscillator in such a
      relationship that said turn-on pulses alternate with said turn-off pulses,
      means for generating instruction signals consisting of a plurality of
      turn-on pulse instruction signals indicating the frequency of the turn-on
      pulse to be applied to the chopper and a plurality of turn-off pulse
      instruction signals indicating the frequency of the turn-off pulse to be
      applied to the chopper, turn-off pulse selecting means for selectively
      applying the pulses of the turn-off pulse train generated by said
      frequency oscillator to said chopper depending on the applied turn-off
      pulse instruction signal, and turn-on pulse selecting means for
      selectively applying the pulses of the turn-on pulse train generated by
      said turn-on pulse generating means to said chopper depending on the
      applied turn-on pulse instruction signal.
NUM  2.
PAR  2. A chopper control system according to claim 1, wherein said turn-off
      pulse selecting means comprises a plurality of AND gates to each of which
      the output of said frequency oscillator is applied as one input and one of
      the outputs of said instruction signal generating means is applied as the
      other input, and an OR gate to which the outputs of all said AND gates are
      applied as the inputs, and said turn-on pulse selecting means comprises a
      plurality of AND gates to each of which the output of said turn-on pulse
      generating means is applied as one input and one of the outputs of said
      instruction signal generating means is applied as the other input, and an
      OR gate to which the outputs of all said AND gates are applied as the
      inputs.
NUM  3.
PAR  3. A chopper control system according to claim 1, wherein said instruction
      signal generating means comprises a multivibrator receiving the output
      pulses of said frequency oscillator as two inputs, a first frequency
      divider connected to said multivibrator for delivering pulses of first
      frequency, a second frequency divider connected to said multivibrator for
      delivering pulses of second frequency, a first AND gate connected to said
      first frequency divider and connected to a power supply through a first
      switch, a second AND gate connected to said second frequency divider and
      connected to said power supply through a second switch, a first pair of
      output terminals, one connected directly to the output of said first AND
      gate and the other connected to the output of said first AND gate through
      a switch, a second pair of output terminals, one connected directly to the
      output of said second AND gate and the other connected to the output of
      said second AND gate through a switch, and a third pair of output
      terminals, one connected to said power supply through a third switch and
      the other connected to said power supply through said third switch and
      another switch.
NUM  4.
PAR  4. A chopper control system according to claim 1, wherein the turn-on pulse
      instruction signal and the turn-off pulse instruction signal indicating
      the turn-on pulse and the turn-off pulse to be applied to the chopper
      which have the same frequency are simultaneously generated.
NUM  5.
PAR  5. A chopper control system according to claim 1, wherein the turn-on pulse
      instruction signal indicating the turn-on pulse to be applied to the
      chopper having the maximum frequency and the turn-off pulse instruction
      signal indicating the turn-off pulse to be applied to the chopper having
      the frequency other than the maximum frequency are simultaneously
      generated.
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ABST
PAL  An air-core armature for electrodynamic machines comprises an elongated
      insulating strip rolled up to form a spiral structure composed of a
      plurality of radially successive layers. An armature winding is comprised
      of at least one armature coil. The armature coil is comprised of a
      plurality of electrically interconnected (e.g., series connected or
      parallel-connected) component coils. Each of the component coils is formed
      of electrically interconnected conductor sections printed on both sides of
      the insulating strip. The component coils are located on different
      respective ones of the radially successive layers of the spiral structure,
      but occupy substantially the same circumferential sector of the spiral
      structure, and accordingly are substantially juxtaposed in direction
      radially of the spiral structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an electrical armature for air-core-armature
      motors provided with suitable current collector arrangements connected to
      an iron-free armature which is mounted for turning movement in a magnetic
      field. More particularly, the invention relates to an air-core armature
      formed from an elongated insulating strip which is rolled up to form a
      spiral and which is printed for example by etching, on both its sides with
      electrical conductor portions forming winding sections electrically
      interconnected with each other to form component coils.
PAR  Electrical windings are already known wherein the electrically
      interconnected conductor portions which form the component coils are
      printed onto the opposite sides of an insulating strip which is rolled up
      to form a spiral armature structure. With the exception of the end
      conductor portions, the conductor portions are directly electrically
      connected to each other from one to the other side of the carrier strip.
      The end conductor portions are connected by way of a second printed
      winding section printed simultaneously with the first winding section
      configurated parallel to the first winding section on the same insulating
      carrier strip. This is for the specific purpose of forming complete,
      closed electrical current paths on the carrier strip even before the
      carrier strip is rolled up to form the spiral armature structure.
      Accordingly, because the complete closed windings are formed on the flat
      strip prior to the rolling up of the strip, the windings are ready to use
      immediately upon rolling up of the strip.
PAC  SUMMARY OF THE INVENTION
PAR  In contrast to the known structure just described, the present invention
      has for its aim the provision of a type of air-core-armature structure
      such that when the carrier strip is rolled up to form the spiral armature
      structure, each circumferential sector of the spiral armature structure
      can be occupied by as many radially juxtaposed component coils as
      possible. This is in contrast to the prior art where, because complete
      closed current paths are formed before the carrier member with the printed
      conductor sections is rolled up, it is not possible for example to change
      the number of series-connected component coils occupying a particular
      circumferential sector and together constituting one armature coil. With
      the invention, however, no such limitations need exist.
PAR  It is a further object of the invention to optimalize the configuration of
      the winding sections with respect to their torque-creating properties.
PAR  These objects, and others which will become more understandable from the
      following description of preferred embodiments, can be met, according to
      one advantageous concept of the invention by providing an air-core
      armature for electrodynamic machines, comprising, in combination, an
      elongated insulating strip rolled up to form a spiral structure composed
      of a plurality of radially successive layers; and an armature winding
      comprised of at least one armature coil, said armature coil being
      comprised of a plurality of electrically interconnected component coils,
      each of said component coils being formed of electrically interconnected
      conductor sections printed on both sides of said strip, said component
      coils being located on different respective ones of said radially
      successive layers but occupying substantially the same circumferential
      sector of said spiral structure and accordingly being substantially
      radially juxtaposed with each other.
PAR  Preferably there is only one component coil per radial successive layer.
PAR  Preferably, each component coil is provided with a circumferentially
      extending electrically conductive extension which extends in direction
      opposite to the direction of advancement of the respective component coil,
      in such a manner that for example in an armature coil comprised of two
      series-connected or parallel-connected component coils, the component
      coils, which are located on different layers of the spiral armature
      structure, are substantially exactly radially juxtaposed. The two
      circumferentially extending electrically conductive extensions are
      advantageously of the same length and together with each other have a
      circumferential length equal to the circumferential length of the two
      respective component coils taken together.
PAR  In consequence of the equal-length dimensioning of the circumferentially
      extending electrically conductive extensions, in the manufacture of the
      windings the same photomasks can be used for printing conductor sections
      onto both sides of the insulating carrier strip.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of sepcific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 depicts an insulating carrier strip printed on both sides with
      electrical conductors to form winding sections and adapted to be rolled up
      into a spiral armature structure;
PAR  FIG. 2 is a perspective exploded view of another embodiment of the
      invention;
PAR  FIG. 3 is a view of a winding section not comprised of an axially extending
      portion of considerable length;
PAR  FIG. 4 is a view of a winding section comprised of an axially extending
      portion of considerable length; and
PAR  FIG. 5 is a view of a modification of the winding section shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 depicts a thin band- or ribbon-like flexible insulating strip 10
      composed of suitable insulating material and having a thickness of for
      example 0.02 to 0.03 mm. Printed onto both sides of the insulating strip
      10 are electrical conductors which together form a winding. The insulating
      strip 10, in non-illustrated manner, is rolled up into a spiral, to form a
      spirally configurated armature structure composed of a plurality of
      radially successive layers. The resulting armature structure is connected
      in suitable manner with a collector to feed current into and out of the
      armature winding when the armature rotates.
PAR  The insulating strip of FIG. 1 extends for a length greater than the
      circumference of one layer of the spirally configurated armature to be
      formed; that is, the length of the strip 10 is greater than the
      circumference of one turn of the spiral with U.sub.m in FIG. 1 designating
      the average circumference of a turn of the spiral. If the spirally
      configurated armature is composed of a plurality of complete spiral turns,
      then both the circumference and the diameter of each turn of the spiral
      will differ from one such turn to the next; this fact must be taken into
      account when establishing connections between the conductors on different
      turns of the spiral.
PAR  In FIG. 1 those parts of the winding which are printed on the upper face of
      the strip 10--i.e., the face of the strip 10 which faces the viewer--are
      shown in solid lines, whereas those parts of the winding which are printed
      on the reverse face of the strip are shown in broken lines.
PAR  When the insulating strip 10 is printed on both sides with winding sections
      together forming component coils and then wound up to form a spirally
      configurated armature, corresponding portions on successive turns of the
      spiral, separated from each other by a circumferential distance
      approximately equal to the average spiral turn circumference U.sub.m, will
      radially juxtaposed. If now such component coils are suitably connected to
      each other from one layer of the armature spiral to the next layer, then
      selected component coils located on different layers of the armature
      spiral can be electrically connected in circuit with each other. For
      example, different component coils can be electrically connected with each
      other in parallel to create a greater current-carrying capacity, or else
      different winding sections can be electrically connected with each other
      in series to create a greater voltage capacity. A plurality of
      series-connected or parallel-connected component coils forms a single
      armature coil. The armature winding may be comprised of one or more of
      such armature coils.
PAR  In FIG. 1 the start of the printed component coil 20 is designated by
      reference numeral 41. From there, the component coil 20 extends
      successively along the winding sections 40a, 40b, 42a, 42b, 44a and 44b to
      the soldering spot 43. The start 41 of the component coil 20 as well as
      the winding sections 40a, 42a and 44a are located on the front face of the
      insulating strip 10, whereas the winding sections 40b, 42b and 44b as well
      as the soldering spot 43 are located on the back face of the insulating
      strip 10. The winding sections located on the back face of the insulating
      strip are connected with the winding sections located on the front face at
      the axial levels designated y in FIG. 1, the electrical material of the
      front and back winding sections passing through the material of the
      insulating strip 10 at the axial levels y, so that the three front winding
      sections 40a, 42a, 44a together with the three back winding sections 40b,
      42b, 44 b together form a single component coil 20.
PAR  The soldering spot 43' constitutes the start of a further component coil 30
      which, analogously to the component coil 20 already described, is composed
      of three winding sections located on the front face of the insulating
      strip and three winding sections located on the back face of the
      insulating strip, the component coil 30 ending at the soldering spot 45',
      with the six winding sections being electrically connected together in the
      manner previously described to form the component coil 30. It will be
      understood that the portion of the strip 10 located between the component
      coil 20 and the component coil 30 is occupied by one or more
      non-illustrated additional component coils. The distance, measured in the
      direction of elongation of the strip, between the soldering spots 43 and
      43' corresponds to the average spiral turn circumference U.sub.m.
      Accordingly, when the insulating strip 10 with the conductors printed on
      both sides thereof is properly rolled up into a spiral, the solder spots
      43 and 43' will become radially juxtaposed. To assure that the component
      coils 20 and 30 are to find themselves radially juxtaposed--i.e., located
      on corresponding circumferential sectors of neighboring layers of the
      spiral--there is provided on the last winding section 44b of the component
      coil 20 a printed conductor extension 50. The extension 50 is integral
      with the last winding section 44b, extends in the direction of elongation
      of the strip 10 and furthermore extends in direction opposite to the
      direction in which the component coil 20 extends relative to its starting
      point 41. The solder spot 43, constituting the end of the component coil
      20, is provided at the end of the extension 50.
PAR  A further (non-illustrated) insulating strip is provided and is wound up
      into a spiral together with the insulating strip 10, in order to insulate
      the conductors on the facing sides of radially successive layers of the
      spiral from each other. The soldering spots 43 and 43' of the two radially
      juxtaposed component coils 20 and 30 on the radially juxtaposed layers of
      the spirally wound strip 10 are connected together by an electrical
      throughconnection which penetrates the material of the additional
      insulating strip just referred to. In this manner there are effected
      electrical connections between component coils on different layers of the
      spirally wound strip 10. The soldering spot 43', as already explained,
      constitutes the start of the component coil 30 which extends to and ends
      at the soldering spot 45'. In the assembled armature, the soldering spot
      45' and the soldering spot 45 are radially juxtaposed and electrically
      connected to each other by means of an electrical through connection which
      penetrates through the material of spirally wound additional insulating or
      separating strip referred to above. The soldering spot 45 constitutes the
      start of a further, only partially illustrated component coil.
PAR  With this approach, it is advantageous to increase the capacity of the
      armature by providing on each circumferential sector as many winding
      sections as possible or else to make the winding sections as wide as
      possible, i.e., so as to increase the electrical conductivity of the
      winding sections.
PAR  FIG. 2 depicts in a developed, exploded perspective view an armature coil
      formed from two component coils electrically connected to each other,
      according to another embodiment of the invention. Merely by way of
      example, the winding in the embodiment of FIG. 2 is of the lapped diamond
      type (the winding in the embodiment of FIG. 1 not being of the diamond
      type). For the sake of greater clarity, the intermediate insulating strip
      corresponding to strip 10 of FIG. 1 has been omitted in FIG. 2. However,
      it is to be understood that in FIG. 2 the two component coils 72, 74 are
      located on radially juxtaposed circumferential sectors of neighboring
      layers of the non-illustrated spirally wound insulating strip 10.
PAR  With respect to the component coil 72, it will be appreciated that the
      three winding sections 61, 67, 71 are printed onto one face of the
      non-illustrated insulating strip corresponding to the strip 10 of FIG. 1,
      whereas the other three winding sections 65, 69, 73 of the component coil
      72 are printed onto the opposite face of substantially the same portion of
      the insulating strip.
PAR  The flow of current begins at portion 60 of the winding section 61 and
      proceeds through winding section 61 to portion 62. The portion 62 is
      electrically connected to the portion 64 of the next winding section 65,
      located on the opposite face of the non-illustrated insulating strip, by
      means of electrically conductive material passing through the insulating
      strip in the region of the portions 62, 64. Accordingly, current flows
      from portion 64 through the winding section 65 to the portion 66 of
      winding section 65. Electrically conductive material 70 passing through
      the non-illustrated insulating strip electrically connects portion 66 to
      the winding section 67. The current flows through the winding section 67,
      then flows through the winding section 67, then through the winding
      section 69, then through the winding section 71 and then, by means of the
      electrical through connection 68, to the last winding section 73 of the
      component coil 72.
PAR  The winding section 73 is provided at its end with an integral electrically
      conductive extension 75. The extension 75 extends in direction
      circumferentially of the armature, when the insulating strip with the
      printed conductors is wound into a spiral to form the armature. A similar
      extension 76 is provided at the end of the winding section 77 of the
      radially juxtaposed component coil 74 located on the neighboring layer of
      the armature spiral. This extension 76 likewise is formed integral with
      the corresponding winding section 77.
PAR  The two electrically conductive extensions 75, 76 are electrically
      connected to each other. Current flows into the second component coil 74
      through the conductive extension 76 and then flows through the six winding
      sections of component coil 74, in a manner analogous to the flow of
      current through the six winding sections of component coil 72 described
      above. The end of the component coil 74, as considered in the direction of
      travel of the current referred to above, is the portion 84.
PAR  In the embodiment of FIG. 2, wherein the component coil 72 is located on
      one layer of the spiral armature and the component coil 74 on another
      layer of the spiral armature, for example the adjoining layer, the
      circumferentially extending conductive extensions 75, 76 are located, in
      the assembled armature, on sides of the insulating layer which face each
      other. Because a direct electrical connection between the conductive
      extensions 75, 76 is harder to establish, use is instead made of
      island-like conductive sections 78 and 80 connected to respective ones of
      the conductive extensions 75 and 76 by means of electrical through
      connections. The island-like conductive sections 78, 80 are electrically
      connected to each other by means of an overhead connecting element 82
      which extends past the edge of the insulating strip, i.e., past the edges
      of the individual layers of the spiral armature. The overhead connectng
      element 82 can be soldered to the island-like conductive sections 78 and
      80. As a result there is formed one armature coil composed of two
      component coils (component coils 72 and 74), with each of the two
      component coils being formed of three complete loops of conductor
      material.
PAR  The conductive extensions 75, 76 elongated in the circumferential direction
      and extending in direction opposite to the direction of advancement of the
      winding sections in the upper double layer (i.e., in the component coil
      72) in effect retard the advancement of the winding sections, so that the
      winding sections in the lower double layer (i.e., in the component coil
      74) occupy exactly the same circumferential sector of the assembled
      spirally wound armature as the winding sections of the upper double layer
      (i.e., in the component coil 72). As a result there can be provided more
      windings per circumferential sector unit, even when the conductor strips
      of the windings are wide, than hitherto possible, so that if the windings
      are connected to each other in series, the resulting armature winding can
      have applied across it a higher voltage than hitherto.
PAR  In the embodiment of FIG. 1, there is provided only a single
      circumferentially extending conductive extension 50 per winding -- i.e.,
      one such extension 50 for each pair of component coils, such as the two
      component coils 20 and 30. In the embodiment of FIG. 2, on the other hand,
      each component coil is provided with such a conductive extension 75 or 76.
      These conductive extensions 75, 76 are essentially equal in length and
      have a combined length corresponding to the length of the circumferential
      sector around which the respective component coils extend.
PAR  The winding configuration is the same on both sides of the non-illustrated
      insulating strip 10, although it is of course to be noted that, if the
      total lengths are the same, then when the insulating strip 10 is formed
      into a spiral, the lengths of the individual segments will be different,
      since the radially inner sides will become shorter than the radially outer
      sides.
PAR  The overhead connection 82 by means of a narrow copper strip has the
      advantage, inter alia, that with the help of these copper strips which, as
      mentioned above, are soldered to the winding, it is possible to achieve a
      very good cementing to the collector carried by the winding, since the
      known cementing materials cement better to metal than to synthetic plastic
      material. The free overhead connection has the further advantage that in
      correspondence to the number of armature coils it is possible to use a
      different number of tags for the collector arrangement, without the use of
      the printed winding configuration necessitating a prior commitment to a
      predetermined number of taps.
PAR  FIG. 1 depicts a winding arrangement formed by winding sections which are
      not comprised of axially extending portions of substantial length. Such
      winding sections are not optimally configurated, as will be explained with
      reference to FIG. 3 which depicts a winding section 90 which is not
      comprised of an axially extending portion of substantial length. The width
      of the illustrated winding section 90, as considered in direction
      circumferentially of the assembled armature, is designated w.sub.s. The
      width of the illustrated winding section 90, as considered in direction
      transverse to the direction of elongation of each portion of the winding
      section 90, is designated 92. The width 92 of the winding section, as well
      known, is dependent upon the ratio of the height (or length) of the
      armature to the diameter of the armature, and accordingly dependent upon
      the slop angle. Since iron-free armatures are usually mounted at one axial
      end on a collector plate, with the other axial end open and not guided,
      the ratio of the height to the diam- of the armature cannot be made
      arbitrarily large. With a flat or shallow course or configuration of the
      conductors -- i.e., with a small slope angle -- the conductors will be
      very narrow and have a relatively high resistance. In the region of the
      turning point 94 of the winding section 90, the associated induction is
      very small, so that the conductor in the region of this turning point is
      permeated by only a very small flux, while producing a relatively high
      resistance. If now the winding section is provided with an axially
      extending portion of substantial length, there results a configuration
      like that depicted in FIG. 4. The winding section 96 depicted in FIG. 4
      has a circumferential length w. The winding section 96 is comprised of
      narrow inclined conductive sections 98 and an axially extending wider
      conductive section 100. The expression "axially extending" signifies
      elongation in direction parallel to the elongation of the rotation axis of
      the assembled armature.
PAR  For reasons of geometry, the axially extending section 100 is essentially
      wider than the narrow conductive sections 98. By so configurating the
      winding section 96 that it is comprised of the axially extending section
      100, the region of low inductance is eliminated, and furthermore the
      resistance of the section 100 will be considerably smaller than the
      resistance of the narrow conductor sections 98.
PAR  By suitably selecting the circumferential length w of the winding section
      96 of FIG. 4, it is possible to achieve an optimum relationship between
      the magnetic flux permeating the winding section and the resistance of the
      winding section; that is, the configuration of the winding section can be
      optimalized relative to the torque which it will contribute in the
      assembled machine.
PAR  If the circumferential length w.sub.s of the winding section 90 of FIG. 3,
      which is not so configurated as to include a substantial axially extending
      portion, is made equal to one unit length, then according to the invention
      the optimal circumferential length w for the winding section 96 of FIG. 4,
      which is so configurated as to include a substantially axially extending
      portion, is
EQU  w = 0.55(h/d) .sup.1/3
PAL  where h is the height or length of the armature and d is the diameter of
      the armature. This formula is valid in particular for the technically
      important range of values of the ratio h/d between about 0.3 and about 3.
      If the armature or winding is configurated according to this formula, then
      with given magnets and given geometric dimensions, an optimum torque is
      achieved.
PAR  If the armature winding is formed as a lapped winding composed of winding
      sections each comprised of an axially extending portion of suitable
      length, for example more or less similar to the configuration shown in
      FIG. 4, and furthermore configurated according to the above formula, then
      the windings will have wide axially extending conductor sections of
      relatively low resistance. The width of these conductor sections should,
      on the other hand, not be too great, since otherwise movement of these
      conductor sections through the stator magnetic field could result in the
      generation of eddy currents in these conductor sections; as is well known,
      such eddy currents significantly reduce the efficiency of the machine and
      significantly increase the apparent resistance of the conductors.
      Accordingly, in order to fully utilize the width of the axially extending
      conductor sections, while at the same time reducing to a minimum or even
      eliminating the establishment of eddy currents in these conductor
      sections, the invention contemplates slitting at least these axially
      extending conductor portions one or more times, as shown for example in
      FIG. 5.
PAR  The winding section 102 shown in FIG. 5 is provided at its axially
      extending wide conductor section 106 with an axially extending slit 110
      which subdivides the wide conductor section 106 into two parallel portions
      116, 118. The winding section 104 shown in FIG. 5 is provided at its
      axially extending wide conductor section 108 with two spaced axially
      extending slits 112, 114 which subdivide the wide conductor section 108
      into three parallel portions. The slits 110, 112, 114 extend over
      substantially the full length of the respective axially extending
      conductor sections 106, 108. These slits, in a manner not depicted in the
      drawing, can be of somewhat greater length and have respective end
      portions which are inclined to the direction of the respective conductor
      section 106 or 108, and which instead extend in direction substantially
      parallel to the direction of elongation of the inclined, narrower
      conductor sections of the illustrated winding sections 102, 104.
PAR  As mentioned above, the slit 110 in the axially extending section 106 and
      the slits 112, 114 in the axially extending section 108 respectively
      subdivide the sections 106 and 108 into two and three axially extending
      electrically separated conductor portions of strip-like configuration.
      These strip-like sections advantageously have a width between 0,4 mm and
      about 1 mm. because conductor widths less than 1 mm, with present-day
      thicknesses for the type of printed conductor in question, prevent the
      establishment of significant flows of eddy currents. Accordingly, the
      provision of the slits makes it possible to retain the advantage of low
      resistance which results from the considerable breadth of the axially
      extending conductor sections while at the same time very effectively
      counteracting the development of large flows of eddy currents.
PAR  By way of example, there was designed a motor having an armature diameter
      of 50 mm and an armature length of 37 mm as measured in the axial
      direction, with a power of 50 Watts. Provision of the slits in the wide
      generally axially extending portions of the winding sections resulted in
      an efficiency increase of between about 7% and about 9%.
PAR  The facing winding sections on the individual layers of the spirally formed
      armature are physically and electrically separated from each other by
      means of a thin intermediate insulating layer, for example insulated from
      each other by a suitable synthetic plastic foil. It will be understood
      that this additional intermediate insulating layer is spirally wound
      together with the main insulating layer--i.e., together with the
      insulating layer which is printed on both sides with winding sections,
      e.g., the main insulating layer 10 in FIG. 1. In contrast, the winding
      sections on the radially inwards side of the innermost turn of the
      spirally turning armature, and likewise the winding sections on the
      radially outwards side of the outermost turn of the spirally turning
      armature, are not specially insulated; instead, in order to prevent heat
      radiation, they are blackened, e.g., blackened by lacquering or by
      spraying.
PAR  As depicted in FIG. 1, the corners of the main insulating strip 10 are
      provided with conductor sections 26 provided solely for the purpose of
      avoiding geometrical imbalance in the assembled rotor.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      machine having an iron-free or air-core armature, it is not intended to be
      limited to the details shown, since various modifications and structural
      changes may be made without departing in any way from the spirit of the
      present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended.
NUM  1.
PAR  1. An air-core armature for electrodynamic machines, comprising, in
      combination, an elongated insulating strip rolled up to form a spiral
      structure composed of a plurality of radially successive layers; and an
      armature winding comprised of at least one armature coil, said armature
      coil being comprised of a plurality of electrically interconnected
      component coils, each of said component coils being formed of electrically
      interconnected conductor sections printed on both sides of said strip,
      said component coils being located on different respective ones of said
      radially successive layers but occupying substantially the same
      circumferential sector of said spiral structure and accordingly being
      substantially juxtaposed in direction radially of said spiral structure,
      wherein each of said component coils has one end and an other end, and is
      comprised at said other end of a circumferentially extending electrically
      conductive portion extending in the circumferential direction opposite to
      the direction from said one end to said other end, said circumferentially
      extending electrically conductive portions being so disposed as to
      compensate for the difference in circumferential length of different ones
      of said radially successive layers.
NUM  2.
PAR  2. An armature as defined in claim 1, wherein the circumferentially
      extending electrically conductive portions of radially juxtaposed
      component coils located on neighboring layers of said spiral structure
      together extend over a circumferential distance substantially equal to the
      circumferential width of one component coil.
NUM  3.
PAR  3. An armature as defined in claim 1, wherein said circumferentially
      extending electrically conductive portions are electrically connected to
      each other by means of an overhead connection.
NUM  4.
PAR  4. An armature as defined in claim 3, wherein each of said
      circumferentially extending electrically conductive portions is
      electrically connected to said overhead connection through the
      intermediary of a respective island-like electrically conductive portion
      located on the respective layer of said spiral structure and printed onto
      one side of said insulating strip.
NUM  5.
PAR  5. An air-core armature for electrodynamic machines, comprising, in
      combination, an elongated insulating strip rolled up to form a spiral
      structure composed of a plurality of radially successive layers; and an
      armature winding comprised of at least one armature coil, said armature
      coil being comprised of a plurality of electrically interconnected
      component coils, each of said component coils being formed of electrically
      interconnected conductor sections printed on both sides of said strip,
      said component coils being located on different respective ones of said
      radially successive layers but occupying substantially the same
      circumferential sector of said spiral structure and accordingly being
      substantially juxtaposed in direction radially of said spiral structure,
      wherein said plurality of component coils includes two component coils
      each having a first end and a second end, the first end being the end
      through which electric current flows into the respective component coil
      and the second end being the end through which electric current flows out
      of the respective component coil, and wherein one of said component coils
      is comprised at said second end of a circumferentially extending
      electrically conductive portion extending in the circumferential direction
      opposite to the direction from the respective first end to the respective
      second end, and wherein the other of said two component coils is comprised
      at said first end of a circumferentially extending electrically conductive
      portion extending in the circumferential direction opposite to the
      direction from the respective second end to the respective first end, said
      circumferentially extending electrically conductive portions being so
      disposed as to compensate for the difference in circumferential length of
      different ones of said radially successive layers.
NUM  6.
PAR  6. An air-core armature for electrodynamic machines, comprising, in
      combination, an elongated insulating strip rolled up to form a spiral
      structure composed of a plurality of radially successive layers; and an
      armature winding comprised of at least one armature coil, said armature
      coil being comprised of a plurality of electrically interconnected
      component coils, each of said component coils being formed of electrically
      interconnected conductor sections printed on both sides of said strip,
      said component coils being located on different respective ones of said
      radially successive layers but occupying substantially the same
      circumferential sector of said spiral structure and accordingly being
      substantially juxtaposed in direction radially of said spiral structure,
      wherein said armature winding is a lapped winding, and wherein said
      winding sections are comprised of axially extending electrically
      conductive portions, and wherein each such winding section has a
      circumferential length which, compared to the circumferential length of a
      winding section not comprised of such axially extending electrically
      conductive portions, is given by the formula.
EQU  w = 0.55 (h/d).sup.1/3
PAL  where h and d are respectively the height and diameter of said spiral
      structure.
NUM  7.
PAR  7. An air-core armature for electrodynamic machines, comprising, in
      combination, an elongated insulating strip rolled up to form a spiral
      structure composed of a plurality of radially successive layers; and an
      armature winding comprised of at least one armature coil, said armature
      coil being comprised of a plurality of electrically interconnected
      component coils, each of said component coils being formed of electrically
      interconnected conductor sections printed on both sides of said strip,
      said component coils being located on different respective ones of said
      radially successive layers but occupying substantially the same
      circumferential sector of said spiral structure and accordingly being
      substantially juxtaposed in direction radially of said spiral structure,
      wherein said armature winding is a lapped winding, and wherein said
      winding sections are comprised of axially extending electrically
      conductive portions of greater breadth connecting together inclined
      electrically conductive portions of lesser breadth, and wherein said
      axially extending electrically conductive portions of greater breadth are
      each provided with at least one axially extending slit to reduce the flow
      of eddy currents in the material of said axially extending electrically
      conductive portions without greatly increasing the electrical resistance
      thereof.
NUM  8.
PAR  8. An air-core armature for electrodynamic machines, comprising, in
      combination, an elongated insulating strip rolled up to form a spiral
      structure composed of a plurality of radially successive layers; and an
      armature winding comprised of at least one armature coil, said armature
      coil being comprised of a plurality of electrically interconnected
      component coils, each of said component coil being formed of electrically
      interconnected conductor sections printed on both sides of said strip,
      said component coils being located on different respective ones of said
      radially successive layers but occupying substantially the same
      circumferential sector of said spiral structure and accordingly being
      substantially juxtaposed in direction radially of said spiral structure,
      wherein said armature further includes insulating material electrically
      insulating from each other the winding sections on the facing sides of
      neighboring ones of said radially successive layers, but the radially
      inner side of the innermost one of said layers and the radially outer side
      of the outermost one of said layers not being provided with said
      insulating material and instead being blackened for the purpose of
      reducing heat radiation.
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ABST
PAL  A pulse code generator generates a number of different pulse sequences
      within a given frame by comparing the state of a clock driven counter
      having the same length as the frame and the contents of a fixed memory
      which contains in sequential locations numbers corresponding to the time
      position of the pulses within the frame. The memory is addressed by a
      second counter, which is presettable and is driven by the output pulses
      from a comparator. By presetting the second counter the position of the
      first pulse in any sequence is generated.
BSUM
PAR  The invention relates to an arrangement for generating pulse sequences
      having M pulses distributed within the frame of a cycle defined by P clock
      pulses.
PAR  It is known to generate a number of different pulse sequences by using
      integrated fixed memories such as ROM (read only) memories. If it is
      assumed that the pulse cycle has P pulse positions and that the number of
      possible pulse sequences are N, a ROM memory is utilized with the capacity
      N .times. P .times. 1 bits where (1) means that the memory has one output.
      A counter with the capacity P may in turn address P inputs to the ROM
      memory while the desired code combination by addressing one of N inputs in
      accordance with the selected combination which address remains during the
      whole counter cycle. One drawback with this arrangement is that the ROM
      memory becomes very large especially for long pulse cycles. On the
      contrary the number of pulses within the cycle does not matter. For
      relatively few pulses in the code, the ROM memory is therefore utilized
      badly. Another drawback is that the pulses cannot be obtained until the
      read-out time of the ROM memory has passed. As each counter pulse gives a
      new address to the ROM memory one must wait until after this read-out time
      before a new counter pulse is given. The ROM memory, especially such with
      large capacity, is usually manufactured in MOS technology whereby the
      reading time is of the magnitude one microsecond which cannot be accepted
      in many applications.
PAR  According to the invention it is possible to use ROM memories with
      considerably smaller capacity for generating pulse codes with relatively
      few pulse elements. Thus the ROM memory may be manufactured in the faster
      bipolary technology. The information from the ROM memory is, furthermore,
      accessible already when a counter pulse appears and because of that one
      need not to wait for the reading time. The apparatus according to the
      invention has the characteristics which appear from the appended claims
      and will be described in connection to the accompanying drawing whose sole
      FIGURE a block diagram.
DETD
PAR  In the FIGURE reference 11 is a counter which is driven by a clock pulse
      generator 12. The counter 11 is started when a start condition is put on
      its input CE. The start condition is obtained from the output Q at the
      flip-flop circuit 13 when this is set by closure of the contact 14. The
      counter 11 has an output TC which generates a signal when the end value of
      the counter is reached. This output is connected to a trigger input T of
      the flip-flop circuit 13. The counter 11, which is assumed to be a binary
      counter, has its counter stages 1, 2, . . . Q (where P = 2.sup.Q)
      connected to a first set of data inputs A1, A2, . . . AQ of a comparator
      15. The second set of data inputs B1, B2, . . . BQ of the comparator 15
      are connected to the data outputs M1, M2, . . . MQ of a read-only memory
      (ROM) 16 which has address inputs AD1, AD2, . . . ADR. These address
      inputs are connected to the outputs Q1, Q2, . . . QR of a counter 17 with
      the capacity
      ##EQU1##
      where N is the number of different codes which can be chosen, M is the
      number of elements in each code, whereby code number i (where i=1, 2 . . .
      N) has M(i) elements and
      ##EQU2##
      The counter 17 is a presettable binary counter with the preset inputs S1,
      S2, . . . SR to the different counter stages. The preset inputs are
      connected to a selector 18, each position of which emits a certain binary
      combination which constitutes the start value of the counter 17. The
      preset is under control of the signal TC from the counter 11, i.e. a new
      start value is entered into the counter 17 each time the counter 11 has
      completed a count cycle. The coincidence signals from the output X of the
      comparator 15 are fed into the input T of the counter 17 so that the
      counter is stepped forward one step each time coincidence is established.
      The output X of the comparator 15 is also connected to the output 19 of
      the pulse sequence generator.
PAR  The operation of the arrangement will be described in connection to the
      table below which shows the data content in the counters 11 and 17 and the
      memory 16 at two different settings of the selector 18.
TBL  __________________________________________________________________________
     Selector 18 Address counter 17                                            
                            Memory 16                                          
                                   Clock pulse No.                             
                                             Outgoing pulse                    
     position                                                                  
          emitted code                                                         
                 position   content                                            
                                   to counter 11                               
                                             No.                               
                                   at coincidence                              
     __________________________________________________________________________
     1    00000  00000      0000000                                            
                                   1         1                                 
     M(i)=3      00001      0001111                                            
                                   16        2                                 
                 00010      1000000                                            
                                   65        3                                 
     2    00011  00011      0000000                                            
                                   1         1                                 
     M(i)=3      00100      0100000                                            
                                   33        2                                 
                 00101      1111110                                            
                                   127       3                                 
     3    00110  00110      0000000                                            
                                   1         1                                 
     M(i)=4      00111      0010011                                            
                                   20        2                                 
                 01000      1001001                                            
                                   74        3                                 
                 01001      1010101                                            
                                   85        4                                 
     __________________________________________________________________________
PAR  At the position No. 1 of the selector 18 the code 00000 is applied to the
      preset inputs S1 - SR of the counter 17. As soon as the input L receives
      preset load signal when the counter 11 has completed a cycle, the counter
      is preset to this combination as a start value. This value is also appears
      at the outputs Q1 - QR of the counter 17 and the address inputs AD1 - ADR
      of the memory 16. The address input signal selects a cell in the memory
      with the address 00000 which according to the table has the data content
      0000000. After the read delay time of the memory this data word is
      directly accessible at the inputs B1 - BS in the comparator 15.
PAR  When a pulse generation cycle is started by closure of the contact 14 the
      following happens. The flip-flop 13 is set, the comparator being made
      active and the input T of the counter 11 being opened for the pulses from
      the clock pulse source 12. The first clock pulse which is generated puts
      the counter 11 in its output position 0000000 which combination is fed
      into the inputs A1 - AS of the comparator 15. As this combination also
      appears at the inputs B1 - BS, coincidence is indicated and the first
      pulse in the pulse code appears at the output 19. The coincidence pulse
      also steps the counter 17 forward one step and the new address 00001 is
      given to the memory 16. In the memory cell with this address there is the
      bit combination 0001111. The counter 11 continues to count the clock
      pulses and after the 16th clock pulse coincidence is again obtained and
      the counter 17 is stepped forward to 00010, which is the address to the
      memory cell with the contents 1000000. The counter 11 reaches this value
      during the 65th clock pulse when coincidence is obtained again. The
      counter 17 is again stepped forward one step, but as the code including
      three pulses now is completed this position of the counter 17 must address
      a cell in the memory which holds a number which is less than the actual
      count of the counter 11. In the shown example the address counter position
      00011 is in fact the start value for the next code selector position No. 2
      and a cell with the content 0000000 is accessed. The counter 11 continues
      to count forward to its end value 1111111 where the output TC obtains a
      signal which resets the flip-flop 13 blocking the supply of further clock
      pulses. Simultaneously the counter 17 is again preset in dependence on the
      position of the selector 18. The arrangement is thereafter at rest until a
      new start pulse is given by closing the contact 14 and a further code
      sequence is generated.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for generating coded combinations of code pulses wherein each
      coded combination has P possible code pulse positions but only M(i) code
      pulse positions being occupied by coded pulses while P-M(i) code pulse
      positions are unoccupied; said apparatus comprising: a clock pulse source;
      a first pulse counter for counting the clock pulses from said clock pulse
      source, said first pulse counter including indicating means for giving an
      indication upon counting P clock pulses; a read-only-memory having
      ##EQU3##
      addressable cells subdivided into N sets of cells having consecutive
      addresses, wherein each set of cells is assigned to one of the coded
      combinations of code pulses and each cell of the set stores a number
      related to the position in the coded combination occupied by one of the
      M(i) pulses; a second pulse counter for counting identity pulses, said
      second pulse counter including output means for transmitting cell
      addresses to said read-only-memory in accordance with the instantaneous
      pulse counts accumulated therein; presetting means for selectively
      presetting said second pulse counter to store different initial counts;
      comparator means for comparing a first instantaneous count accumulated in
      said first pulse counter with the number stored in the addressed cell of
      said read-only-memory as represented by a second instantaneous count
      accumulated in said second pulse counter, said comparator means including
      means for transmitting an identity pulse to said second pulse counter each
      time a predetermined relationship exists between said first instantaneous
      count and said number; and a code pulse output means for emitting a code
      pulse each time an identity pulse is transmitted by said comparator means.
NUM  2.
PAR  2. The apparatus of claim 1 further comprising means responsive to said
      indicating means for inhibiting the counting of clock pulses by said first
      pulse counter and for activating said presetting means.
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ABST
PAL  A high input impedance circuit is employed to sense the condition of a
      bridge such as a Wheatstone bridge containing ionization chambers for
      smoke detection. The circuit comprises two CMOS inverters connected to
      operate as a differential signal detector, one inverter connected at its
      gate electrodes to one output terminal of the bridge and the other
      similarly connected to the other output terminal of the bridge. The system
      includes a simple null and sensitivity adjustment.
BSUM
PAR  The invention relates generally to bridge circuits, and more specifically
      to circuitry for detecting the balance and imbalance of such bridge
      circuits.
PAR  Wheatstone and other bridges often are used in systems for detecting or
      indicating physical quantities such as temperature, strain, pressure, and
      the presence of smoke. One or more transducers, each capable of converting
      the physical variable or quantity being measured to an electrical signal,
      are connected into one or more arms of the bridge circuit. Such
      transducers may include thermistors, strain gauges, platinum wire
      resistance temperature bulbs, photocells, or other sensors.
PAR  To obtain optimized operation of the bridge and its detecting circuit, the
      detecting circuit must not differentially affect the impedance of the
      bridge arms. Second order effects, which can result from unequal loading,
      and other causes, adversely affect the sensitivity of the bridge. The
      transducers discussed above can introduce such second order effects as
      functions of temperature, atmospheric pressure, humidity, etc., depending
      upon the type of transducer.
PAR  An objective of the present invention is to provide an arrangement in which
      such second order effects are eliminated or at least greatly reduced. This
      is accomplished by employing a very high input impedance sensing circuit
      formed of MOS transistors. In a preferred form of the invention, the
      circuit includes two CMOS inverters connected at their respective gate
      electrode connections to the bridge ouput terminals and at their
      respective drain electrode connections to an indicator circuit such as a
      voltage comparator.
DRWD
PAR  The invention is illustrated in the drawing the sole FIGURE of which is a
      schematic diagram of a smoke detector circuit incorporating the present
      bridge-balance detection circuit. Equivalent components are indicated by
      like reference numbers.
DETD
PAR  The smoke detector circuit shown includes four individual transducers or
      ionization chambers 1,2,3,4 of the radioactive type, interconnected to
      form a Wheatstone bridge circuit. Two of the ionization chambers 1, 2
      connected diagonally opposing to each other, are sealed to prevent smoke
      from entering their sensitive regions 5. The other two diagonally opposing
      ionization chambers 3, 4 have open sensitive regions 5 to permit smoke to
      enter therein. As well understood in the art, each chamber 5 includes
      means producing ionization such as a source of radioactive material.
      Except for having sealed and unsealed chambers 5, the smoke transducers
      1,2,3,4 are substantially identical in all their other physical and
      electrical characteristics.
PAR  The lower arms of the Wheatstone bridge each further includes a fixed
      resistor 7 connected between the electrodes 9 of their open chambered and
      closed chambered transducers 4 and 2 respectively, and ground. A
      potentiometer 11, having a grounded arm 13, is connected between the
      electrodes 9 of the transducers 2 and 4.
PAR  An integrated circuit 15 is provided as part of the bridge balance
      detection circuit of the smoke detector. The integrated circuit 15
      includes two pairs of complementary-symmetry metal-oxide-semiconductor
      (MOS) field effect transistors (P1, N1 and P2, N2) on a monolithic silicon
      substrate. The resistors 7, while shown separately, can be included on the
      substrate. Each pair of complementary transistors (P1, N1 and P2, N2) is
      interconnected as a complementary symmetry inverter circuit.
PAR  The source electrodes of the p-channel transistors P1, P2, and n-channel
      transistors N1, N2, are connected to power input terminals 17 and 19,
      respectively. Inverter P1, N1 is connected at its gate electrodes to input
      terminal 25 and at its drain electrodes to output terminal 21; inverter
      P2, N2 is connected at its gate electrodes to input terminal 27 and at its
      drain electrodes to output terminal 23.
PAR  A voltage comparator 29 is connected at its terminals 31, 33 to the ouput
      terminals 21,23, respectively of the integrated circuit 15. The comparator
      29 is included as part of the detection circuit.
PAR  The power input terminal 17 of the integrated circuit 15, and the
      electrodes 10 of the transducers 1 and 3 are connected to a positive
      voltage source +V. The power input terminal 19 of the integrated circuit
      is connected to a reference potential, such as ground.
PAR  In the discussion of the operation of the bridge-balance detection circuit
      which follows, it may be assumed that ionization chambers 1 through 4 are
      substantially identical in their electrical characteristics and that fixed
      resistors 7 are equal in resistance value. It also may be assumed that the
      arm of potentiometer 11 is at its midpoint.
PAR  Under these conditions, in the absence of smoke, the Wheatstone bridge will
      be balanced, providing a zero voltage-differential across input terminals
      25 and 27 of the integrated circuit 15. Accordingly, there will also be a
      zero voltage-differential across output terminals 21 and 23 of the
      integrated circuit 15.
PAR  When transducers 3 and 4 are in the presence of smoke, the smoke will enter
      their sensitive regions 5 and become ionized. The ionized smoke will cause
      the resistances of transducers 3 and 4 to increase in value, resulting in
      an increase and decrease in potential at input terminals 25 and 27,
      respectively, of integrated circuit 15. The two pairs of complementary
      symmetry MOS field-effect transistors (P1, N1 and P2, N2) operate to sense
      and invert the voltages appearing at their input terminals 25, 27.
      Accordingly, output terminals 21 and 23 will decrease and increase in
      potential respectively. Comparator 29 will sense the voltage differential
      between output terminals 21 and 23, and toggle to provide output signals
      indicative of a bridge imbalance condition; which in this illustration
      also indicates the presence of smoke in the area of the smoke sensor.
PAR  The comparator 29 is differentially-toggled to indicate a change in state
      across the output terminals 21 and 23 of the integrated circuit 15. While
      in the explanation above it was stated that slider 13 was set at its
      midpoint, in practice it is preferred initially to unbalance the bridge.
      The reason is to ensure that comparator 29 is maintained in a quiescent
      state, for the "no smoke" condition. Accordingly, in a preferred form of
      the invention, potentiometer 11 initially is adjusted to slightly
      unbalance the bridge in a sense to cause output terminal 21 to be slightly
      more positive than output terminal 23.
PAR  The degree of bridge imbalance provided by the potentiometer 11 will
      determine the sensitivity of the smoke sensor to the presence of smoke. In
      addition, although the transducers 1, 2, 3, 4 are substantially similar to
      one another, as are the complementary transistors P1, N1, P2, N2, their
      electrical characteristics cannot be made precisely similar. As a result,
      second-order inequalities will exist in the form of offset voltages. The
      offset voltages must be compensated to prevent false or delayed toggling
      of the comparator 29. Such compensation is automatically provided in
      adjusting the potentiometer 11 to establish a quiescent or "no smoke"
      state in the smoke detector. In other words, the potentiometer 11 provides
      both a sensitivity adjustment, and a means for nulling any asymmetries or
      offsets due to aging of the components, temperature, humidity, atmospheric
      pressure, etc., thus preventing spurious or delayed toggling of the
      comparator 29.
PAR  The high input impedance at the input terminals 25, 27 of the integrated
      circuit 15 (10G .OMEGA. ), prevents the detecting circuit from loading the
      Wheatstone bridge. Accordingly, loading errors are substantially
      eliminated. Second-order inequalities are substantially reduced by placing
      the complementary transistors P1, N1, P2, N2 upon a single substrate and
      in close physical proximity to one another so that environmental and other
      changes will have substantially the same effect upon all of these
      transistors.
PAR  The comparator circuit 29 is only one example of a means for determining
      the difference of potential between the output terminals 21, 23 of
      integrated circuit 15. Voltmeters, transistor switches, and differential
      amplifiers are among the other means that can also be used to sense or
      determine such potential difference.
PAR  The detection circuit is not limited to detecting the balance and imbalance
      conditions of Wheatstone bridges. Any bridge circuit providing a
      differential output indicative of the bridge balance or imbalance can
      incorporate the detection circuit described.
PAR  The system described may, for example, be implemented in the following way:
      Circuit 15 may be an RCA CA3600E COS/MOS transistor array; voltage
      comparator 29 may be an RCA CA3059 linear integrated circuit zero-voltage
      switch.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination of:
PA1  a first bridge circuit having two output terminals, each at a different
      node of the bridge, and
PA1  a second bridge circuit for sensing the condition of the first bridge
      circuit, said second bridge circuit including four arms and four
      transistors, each transistor having a conduction path and a control
      electrode for controlling the conductance of said conduction path, each
      conduction path forming a different arm of said second bridge circuit,
      said second bridge circuit having two input terminals at two opposite
      nodes of the bridge, one such terminal at the control electrodes of two
      transistors in one pair of adjacent arms of the bridge and the other
      terminal at the control electrodes of the two transistors in the other
      pair of adjacent arms of the bridge, one input terminal connected to one
      output terminal of said first bridge circuit and the other to the other
      output terminal of said first bridge, said second bridge circuit having
      also a pair of output terminals, one at the connection of the conduction
      paths of said one pair of adjacent arms and the other at the connection of
      the conduction paths of said other pair of adjacent arms.
NUM  2.
PAR  2. The combination of claim 1, wherein said second bridge circuit
      comprises:
PA1  two pairs of complementary-symmetry MOS type field-effect transistors
      interconnected as a pair of complementary-symmetry inverters, each pair of
      transistors connected gate electrode-to-gate electrode and drain
      electrode-to-drain electrode, the gate electrodes of one inverter serving
      as one input terminal and the gate electrodes of the other serving as the
      other input terminal, each drain electrode-to-drain electrode connection
      serving as an output terminal, and one transistor of each inverter
      connected at its source electrode to an operating voltage terminal and the
      other transistor of each inverter connected at its source electrode to a
      second operating voltage terminal.
NUM  3.
PAR  3. The combination of claim 1, wherein said first bridge circuit is a
      Wheatstone bridge having upper and lower impedance arms, and said
      detection circuit further includes a potentiometer connected between two
      of the impedance arms of said Wheatstone bridge, said potentiometer having
      an arm connected to a reference voltage point for providing offset null
      and sensitivity adjustment of said first bridge.
NUM  4.
PAR  4. A smoke detector comprising, in combination:
PA1  four ionization chambers connected in a bridge between two operating
      voltage terminals, two in one current path between these terminals and the
      other two in a second current path between these terminals, the first
      chamber in the first path being closed to prevent the entry of smoke and
      the second chamber in the first path being open to permit the entry of
      smoke, the two chambers in the second path also being closed and open,
      respectively, but located in positions in the second path complementary to
      those of the chambers in the first path, the connection between the closed
      and open chamber in each path serving as an output terminal of said
      bridge;
PA1  a detection circuit comprising two complementary symmetry MOS transistor
      inverters, each inverter comprising two transistors of complementary
      conductivity types, connected gate electrode-to-gate electrode and drain
      electrode-to-drain electrode, each inverter being connected at one source
      electrode to one of said operating voltage terminals and at its other
      source electrode to said other operating voltage terminal, one output
      terminal of said bridge being connected to the gate electrodes of one
      inverter, the other output terminals of said bridge being connected to the
      gate electrodes of said other inverter; and
PA1  indicator means connected between the drain electrode connection of one
      inverter and the drain electrode connection of the other inverter.
NUM  5.
PAR  5. The smoke detector of claim 4, which further includes:
PA1  means for unbalancing said bridge in the absence of smoke to provide a
      quiescent condition, and offset null, and a sensitivity control, said
      bridge being unbalanced in sense opposite to that produced by the presence
      of smoke.
NUM  6.
PAR  6. The smoke detector of claim 5, wherein said unbalancing means includes:
PA1  a potentiometer having an arm connected to one of said voltage terminals,
      and a pair of ends, one connected to an electrode of the open chamber in
      one path and the other connected to an electrode of the closed chamber in
      the other path.
NUM  7.
PAR  7. The smoke detector of claim 4, wherein said first and second inverters
      are provided in integrated circuit form upon a single substrate.
NUM  8.
PAR  8. A bridge-balance detection circuit, for detecting the balance and
      imbalance of a bridge circuit having a differential output signal,
      indicative of the balance and imbalance conditions of the bridge
      comprising:
PA1  first and second inverters each one of said inverters including serially
      connected P-channel and N-channel MOSFET transistors having interconnected
      gate electrodes connected to an individual one of a pair of input
      terminals, and interconnected drain electrodes connected to an individual
      one of a pair of output terminals, said P-channel transistors having
      source electrodes connected to a voltage source, said N-channel
      transistors having source electrodes connected to a voltage reference,
      said pair of input terminals being connected to said output signal of said
      bridge; and
PA1  means for indicating the balance and imbalance of said bridge circuit, said
      indicating means having a pair of input terminals connected across said
      pair of output terminals of said first and second inverters.
NUM  9.
PAR  9. The bridge-balance detection circuit of claim 8, wherein said bridge
      circuit is a Wheatstone bridge, having two pairs of upper and lower arms,
      each of said arms including an impedance means; and said detection circuit
      further includes a potentiometer connected across the lower impedance arms
      of said Wheatstone bridge, said potentiometer having an arm connected to a
      reference voltage for providing an offset null and sensitivity adjustment
      of said bridge.
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ABST
PAL  A radiation-sensitive switching circuit includes a light emitting diode
      which from time to time illuminates a photo-transistor, the
      photo-transistor serving when its output reaches a predetermined value to
      operate a trigger circuit. In order to allow for aging of the components,
      the current flow through the diode is increased when the output from the
      transistor falls below a known level. Conveniently, this is achieved by
      having a transistor in parallel with the diode, and turning the transistor
      off when the output from the photo-transistor becomes too low.
BSUM
PAR  This invention relates to radiation-sensitive switching circuits.
PAR  A circuit according to the invention comprises in combination a radiation
      source, a radiation-sensitive device which conducts when exposed to the
      radiation source, a control member positioned between the source and the
      device and serving to expose the device to the source at predetermined
      instants of time, a trigger circuit coupled to the device and producing an
      output when the output from the device attains a set level, and means
      modifying the current flow through the source in accordance with the
      output from the device for a known level of illumination.
PAR  Preferably, said means measures the peak output of the device, and
      increases the current flow through the source when the peak output falls
      below a set level.
DRWD
PAR  In the accompanying drawings,
PAR  FIGS. 1 and 2 are circuit diagrams illustrating two examples of the
      invention, and
PAR  FIG. 3 illustrates a minor modification applicable to either example.
DETD
PAR  Referring to FIG. 1, a vehicle battery 11 has its positive terminal
      connected through a resistor 12 and the vehicle ignition switch 13 in
      series to a supply line 14, and its negative terminal connected to a
      supply line 15 which is earthed. Connected in series between lines 14, 15
      are a pair of resistors 16, 17, the junction between which is connected to
      the base of an n-p-n transistor 18 having its collector connected to the
      line 14 and its emitter connected through a resistor 19 to the line 15. A
      further n-p-n transistor 21 is provided having its emitter connected
      through a resistor 22 to the line 15 and its collector connected to the
      base of a p-n-p transistor 23, the emitter of which is connected to the
      line 14 and the collector of which is connected to the base of an n-p-n
      transistor 24 having its emitter connected to the junction of a light
      emitting diode 25 and a resistor 26 connected in series between the lines
      14, 15.
PAR  There is further provided a photo-transistor 27 which is positioned
      adjacent to the diode 25. The collector of the transistor 27 is connected
      to the line 14 and its emitter is connected to the base of an n-p-n
      transistor 28 with its collector connected to the line 14 and its emitter
      connected through a resistor 29 to the line 15. The base of the transistor
      28 is connected to the line 15 through a resistor 31 and four diodes 32,
      33, 34, 35 in series, and the junction of the resistor 31 and diode 32 is
      connected through a resistor 36 to the line 14.
PAR  The lines 14, 15 are bridged by a resistor 42 and a pair of diodes 43, 44
      in series, and the emitter of the transistor 28 is connected to the
      junction of the resistor 42 and diode 43 through a diode 45 and a pair of
      resistors 46, 47 in series, the resistors 46 and 47 being bridged by a
      capacitor 48. The junction of the resistor 47 and diode 43 is connected
      through a resistor 49 to the base of a p-n-p transistor 51, the base of
      which is also connected through a diode 41 to the emitter of the
      transistor 28. The emitter and collector of the transistor 51 are
      connected respectively to the collectors of a p-n-p transistor 50 and an
      n-p-n transistor 52, the transistors 50 and 52 having their emitters
      connected to the lines 14 and 15 respectively. The base of the transistor
      50 is connected to the base of a p-n-p transistor 55 having its emitter
      connected to the line 14, its base and collector interconnected and its
      collector connected to the line 15 through a resistor 56, whilst the base
      of the transistor 52 is connected to the base of an n-p-n transistor 54
      having its emitter connected to the line 15, its base and collector
      interconnected and its collector connected to the collector of a p-n-p
      transistor 53. The transistor 53 has its emitter connected to the emitter
      of the transistor 51 and its base connected to the junction of the
      resistors 46 and 47.
PAR  The collector of the tansistor 52 is further connected to the base of an
      n-p-n transistor 57, the emitter of which is connected to the line 15 and
      the collector of which is connected through a resistor 58 to the line 14,
      and also to the base of an n-p-n transistor 59, the emitter of which is
      connected to the base of an n-p-n transistor 60 having its emitter
      connected to the line 15. The collectors of the transistors 59 and 60 are
      connected to the line 14 through the primary winding 61 of an ignition
      coil having its secondary winding 62 connected to the spark plugs of the
      engine in turn to a distributor in conventional manner.
PAR  The circuit controls the production of sparks, and for this purpose there
      is an engine-driven member movable between the diode 25 and the transistor
      27, the arrangement being such that at the instant when a spark is
      required, the transistor 27 is cut off from the light source. Ignoring for
      the moment the transistors 23 and 24, current flows through the diode 25
      so that it permanently emits light. When the transistor 27 is illuminated,
      it produces an output which is applied by way of the diode 41 to the base
      of the transistor 51, and is also applied by way of the diode 45 to the
      capacitor 48 so the capacitor 48 is charged to the peak output of the
      transistor 28. A proportion (typically 90%) of the voltage across the
      capacitor 48 is applied to the base of the transistor 53. The transistors
      50 and 55 act as current mirror circuit, that is to say the circuit trys
      to equilise the currents in the transistors 50 and 55. The transistors 52
      and 54 act in similar fashion. However, while the transistor 27 is
      illuminated, the signal at the base of the transistor 51 will be more
      positive than the signal at the base of the transistor 53, because the
      transistor 53 only receives a proportion of the peak output of the
      transistor 27. The transistor 54 will, therefore, conduct more heavily
      than the transistor 52, and the transistor 52 will be saturated. Since the
      transistor 52 is saturated, its collector potential is low and the
      transistor 57 is off, so that the Darlington pair 59, 60 is on and current
      flows in the winding 61.
PAR  When the transistor 27 is cut off from the diode 25, the potential at the
      base of the transistor 51 falls, but the potential at the base of the
      transistor 53 remains substantially constant, because the peak output of
      the transistor 27 is trapped by the diode 45 and capacitor 48. The input
      at the base of the transistor 51 falls to the potential at the base of the
      transistor 53, which is a set proportion of the voltage across the
      capacitor 48, and the transistor 52 then conducts increasingly and comes
      out of saturation so that its collector potential rises and the transistor
      57 is turned on. The transistors 59 and 60 are turned off to produce the
      spark. It will be appreciated that using this arrangement, the timing of
      the sparks will not be altered by any reduction in the efficiency of the
      diode 25 or the transistor 27, because the peak level circuit continuously
      measures the maximum output of the transistor 27, and always produces a
      spark at the instant when the output falls to a predetermined proportion
      of the maximum output.
PAR  The transistors 23 and 24 are controlled by the switching circuit 22, 18,
      and provided that the output across the capacitor 48 is above a
      predetermined level, then the transistor 21 is on and turns on the
      transistors 23 and 24 so that part of the current flowing through the
      resistor 26 flows through the transistor 24. However, when the efficiency
      of the diode 25 or the transistor 27 reduces to a point at which the
      voltage across the capacitor 48 is below a set level, then the transistor
      18 turns on, and the transistors 23 and 24 turn off, so that the current
      flowing through the diode 25 is increased.
PAR  It will be appreciated that using the arrangement described, there will be
      very little alteration in the timing of the system as the components get
      older or dirtier.
PAR  The arrangement can also be used for other purposes, including control of
      injection of fuel.
PAR  Referring now to FIG. 2, in which components equivalent to those in FIG. 1
      are indicated by the same reference numerals, the resistors 16, 17 in FIG.
      1 are now omitted, and the base of the transistor 18 is connected to the
      collector of an n-p-n transistor 108 having its emitter connected to the
      line 15 and its base connected to the collector of an n-p-n transistor
      106, the emitter of which is connected through a resistor 107 to the line
      15. The base of the transistor 106 is connected to the base and collector
      of an n-p-n transistor 102 having its emitter connected to the line 15,
      and is also connected through a resistor 101 to the emitter of an n-p-n
      transistor 104. The emitter of the transistor 104 is connected through a
      resistor 105 to the collector of the transistor 106, and the base and
      collector of the transistor 104 are interconnected, and connected to the
      base of the transistor 18, and through a resistor 103 to the line 14. The
      resistors 19 and 22 are returned to the line 15 through a resistor 109.
PAR  There is now a diode 110 in series with the light emitting diode 25. The
      diodes 34 and 35 have now been omitted.
PAR  The arrangement of FIG. 1 in which the output from the transistor 27 is fed
      to the transistor 28, which provides two outputs through diodes 41 and 45
      respectively, has now been altered. The components 41, 42, 43, 44 and 49
      are omitted, and the emitter of the transistor 27 is now connected to the
      bases of a pair of n-p-n transistors 111 and 112, the collector of which
      are connected to the line 14. The emitters of the transistors 111, 112 are
      connected to the bases of a pair of n-p-n transistors 113, 115, and
      collectors of which are connected to the line 14. The emitter of the
      transistor 112 is connected to the line 15 through the capacitor 48, and
      also provides the required feedback to the base of the transistor 21. The
      emitter of the transistor 113 is connected to the base of the transistor
      51, and the emitter of the transistor 115 is connected to the line 15
      through the resistors 46 and 47 in series, the junction of the resistors
      46, 47 being connected to the base of the transistor 53. The collector of
      the transistor 52 is connected to the base of the transistor 57, the
      remainder of the circuit being as shown in the original application.
PAR  The components 101 to 108 inclusive, which replace the resistor 16 and 17,
      form a temperature-stable voltage reference circuit, the reference voltage
      appearing at the collector of the transistor 108. Suitable choice of the
      resistors 101, 105 and 107 enables the collector current in the transistor
      102 to be set at 10 times the collector current in the transistor 106.
      Under these conditions, the difference in the base-emitter voltage drop
      between the two transistors is predictable, and has a known positive
      temperature co-efficient. This voltage difference is applied to the
      resistor 107, which determines the current in the collector circuit of the
      transistor 106, and therefore the voltage produced across the resistor
      105. The output voltage is made up of two components, namely the voltage
      across the resistor 105 and the base-emitter voltages of the transistors
      108 and 104. As explained above, the voltage across the resistor 105 has a
      positive temperature co-efficient, whilst the base-emitter voltages both
      have negative temperature co-efficients. Thus, the total output voltage
      from the voltage reference circuit is temperature compensated, and is also
      approximately independent of supply voltage. Application of this reference
      voltage to the base of the transistor 18 produces a more accurate circuit
      than that shown in FIG. 1.
PAR  The purpose of the additional diode 110 is to permit a wider range of
      control of the diode current by the feedback circuit and the by-pass
      transistor 24.
PAR  The output stage from the transistor 27 operates in much the same way as in
      FIG. 1, but the arrangement shown in FIG. 2 facilitates integration of the
      circuit. The transistor 112 acts as an emitter follower to isolate the
      resistor 31 from the capacitor 48, and the transistor 115 serves a similar
      function for the resistors 46, 47. The transistors 111 and 113 are
      incorporated to compensate for the voltage drops produced by the
      transistors 112 and 115.
PAR  FIG. 3 shows a minor modification which is applicable to the arrangement of
      FIG. 1 or the arrangement of FIG. 2. The transistor 57 now has its
      collector connected through a resistor 71 to the base of an n-p-n
      transistor 72 with its emitter connected to the line 15 and its collector
      connected through a resistor 73 to the line 14. The base of the transistor
      59 is now connected to the collector of the transistor 72. The only
      difference is that the transistor 72 inverts the output, so that whereas
      in FIG. 1 and FIG. 2 conduction of the transistor 57 results in
      non-conduction of the transistors 59 and 60, in FIG. 3 conduction of the
      transistor 57 results in non-conduction of the transistor 72, which in
      turn results in conduction of the transistors 59 and 60. If it is desired
      to produce a spark when the transistor 27 is cut off from the light
      source, then the arrangement of FIG. 1 or FIG. 2 is used, but if it is
      desired to produce a spark when the transistor 27 is exposed to the light
      source, then the minor modification shown in FIG. 3 is employed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A radiation-sensitive switching circuit comprising in combination a
      radiation source having a current input means for establishing a current
      flow through the source, a radiation-sensitive device which conducts when
      exposed to the radiation source, a control member positioned between the
      source and the device and serving to expose the device to the source at
      predetermined instants of time, a trigger circuit coupled to the device
      and producing an output when the output from the device attains a set
      level, and a transistor means connected in parallel with said
      radiation-sensitive device for modifying the current flow through the
      source, and sensing means connected to sense the output of the device and
      connected to control said transistor means in accordance with the output
      from the device with respect to a known level of illumination.
NUM  2.
PAR  2. A circuit as claimed in claim 1 in which said sensing means measures the
      peak output of the device, and increases the current flow through the
      source when the peak output falls below a set level.
NUM  3.
PAR  3. A circuit as claimed in claim 1 wherein said sensing means includes a
      switching circuit which compares the peak output of said device with a
      reference signal and changes from a first state to a second state when
      said peak output falls below a set level, the transistor being turned on
      when the switching circuit is in its first state but turned off when the
      switching circuit is driven to its second state.
NUM  4.
PAR  4. A circuit as claimed in claim 3 in which said reference is provided by a
      temperature stable voltage reference circuit.
PATN
WKU  039448614
SRC  5
APN  4854373
APT  1
ART  254
APD  19740703
TTL  Radiation-sensitive switching circuits
ISD  19760316
NCL  5
ECL  1
EXP  Heyman; John S.
NDR  2
NFG  3
INVT
NAM  Moore; John Howard
CTY  Redditch
CNT  EN
INVT
NAM  Cockshott; Charles Peter
CTY  Coventry
CNT  EN
ASSG
NAM  The Lucas Electrical Company Limited
CTY  Birmingham
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730712
APN  33333/73
PRIR
CNT  UK
APD  19730925
APN  44771/73
CLAS
OCL  307311
EDF  2
ICL  H03K  342
ICL  H03K 1914
FSC  307
FSS  311
UREF
PNO  2947875
ISD  19600800
NAM  Beck
XCL  307311
UREF
PNO  3421488
ISD  19690100
NAM  Tarter
XCL  307311
UREF
PNO  3562534
ISD  19710200
NAM  Jarrett
XCL  307311
UREF
PNO  3622801
ISD  19711100
NAM  Stone
XCL  307311
LREP
FRM  Andrus, Sceales, Starke & Sawall
ABST
PAL  A radiation-sensitive switching circuit has a light emitting diode which
      supplies light to a photo-transistor, the light being interrupted from
      time to time. When the photo-transistor is illuminated, current builds up
      and when this current reaches a predetermined value, a trigger circuit
      changes state. The peak output of the photo-transistor is measured and the
      trigger circuit is arranged to change state when the output of the device
      is a set proportion of the peak output, so as to allow for aging of the
      components.
BSUM
PAR  This invention relates to radiation-sensitive switching circuits.
PAR  A circuit according to the invention comprises in combination a radiation
      source, a radiation-sensitive device which conducts when exposed to the
      radiation source, a control member positioned between the source and
      device and serving to expose the device to the source at predetermined
      instants of time, means measuring the peak output of the device, and a
      trigger circuit coupled to said means and to said device, said trigger
      circuit changing state when the output from the device becomes a set
      proportion of said peak output.
PAR  Preferably, a current control is provided for increasing the current flow
      through said source when said peak output falls below a set level.
DRWD
PAR  In the accompanying drawings,
PAR  FIGS. 1 and 2 are circuit diagrams illustrating two examples of the
      invention, and
PAR  FIG. 3 illustrates a minor modification applicable to either example.
DETD
PAR  Referring to FIG. 1, a vehicle battery 11 has its positive terminal
      connected through a resistor 12 and the vehicle ignition switch 13 in
      series to a supply line 14, and its negative terminal connected to a
      supply line 15 which is earthed. Connected in series between lines 14, 15
      are a pair of resistors 16, 17, the junction between which is connected to
      the base of an n-p-n transistor 18 having its collector connected to the
      line 14 and its emitter connected through a resistor 19 to the line 15. A
      further n-p-n transistor 21 is provided having its emitter connected
      through a resistor 22 to the line 15 and its collector connected to the
      base of a p-n-p transistor 23, the emitter of which is connected to the
      line 14 and the collector of which is connected to the base of an n-p-n
      transistor 24 having its emitter connected to the junction of a light
      emitting diode 25 and a resistor 26 connected in series between the lines
      14, 15.
PAR  There is further provided a photo-transistor 27 which is positioned
      adjacent to the diode 25. The collector of the transistor 27 is connected
      to the line 14 and its emitter is connected to the base of an n-p-n
      transistor 28 with its collector connected to the line 14 and its emitter
      connected through a resistor 29 to the line 15. The base of the transistor
      28 is connected to the line 15 through a resistor 31 and four diodes 32,
      33, 34, 35 in series, and the junction of the resistor 31 and diode 32 is
      connected through a resistor 36 to the line 14.
PAR  The lines 14, 15 are bridged by a resistor 42 and a pair of diodes 43, 44
      in series, and the emitter of the transistor 28 is connected to the
      junction of the resistor 42 and diode 43 through a diode 45 and a pair of
      resistors 46, 47 in series, the resistors 46 and 47 being bridged by a
      capacitor 48. The junction of the resistor 47 and diode 43 is connected
      through a resistor 49 to the base of a p-n-p transistor 51, the base of
      which is also connected through a diode 41 to the emitter of the
      transistor 28. The emitter and collector of the transistor 51 are
      connected respectively to the collectors of a p-n-p transistor 50 and an
      n-p-n transistor 52, the transistors 50 and 52 having their emitters
      connected to the lines 14 and 15 respectively. The base of the transistor
      50 is connected to the base of a p-n-p transistor 55 having its emitter
      connected to the line 14, its base and collector interconnected and its
      collector connected to the line 15 through a resistor 56, whilst the base
      of the transistor 52 is connected to the base of an n-p-n transistor 54
      having its emitter connected to the line 15, its base and collector
      interconnected and its collector connected to the collector of a p-n-p
      transistor 53. The transistor 53 has its emitter connected to the emitter
      of the transistor 51 and its base connected to the junction of the
      resistors 46 and 47.
PAR  The collector of the transistor 52 is further connected to the base of an
      n-p-n transistor 57, the emitter of which is connected to the line 15 and
      the collector of which is connected through a resistor 58 to the line 14,
      and also to the base of an n-p-n transistor 59, the emitter of which is
      connected to the base of an n-p-n transistor 60 having its emitter
      connected to the line 15. The collectors of the transistors 59 and 60 are
      connected to the line 14 through the primary winding 61 of an ignition
      coil having its secondary winding 62 connected to the spark plugs of the
      engine in turn to a distributor in conventional manner.
PAR  The circuit controls the production of sparks, and for this purpose there
      is an engine-driven member movable between the diode 25 and the transistor
      27, the arrangement being such that at the instant when a spark is
      required, the transistor 27 is cut off from the light source. Ignoring for
      the moment the transistors 23 and 24, current flows through the diode 25
      so that it permanently emits light. When the transistor 27 is illuminated,
      it produces an output which is applied by way of the diode 41 to the base
      of the transistor 51, and is also applied by way of the diode 45 to the
      capacitor 48 so the capacitor 48 is charged to the peak output of the
      transistor 28. A proportion (typically 90%) of the voltage across the
      capacitor 48 is applied to the base of the transistor 53. The transistors
      50 and 55 act as current mirror circuit, that is to say the circuit trys
      to equilise the currents in the transistors 50 and 55. The transistors 52
      and 54 act in similar fashion. However, while the transistor 27 is
      illuminated, the signal at the base of the transistor 51 will be more
      positive than the signal at the base of the transistor 53, because the
      transistor 53 only receives a proportion of the peak output of the
      transistor 27. The transistor 54 will, therefore, conduct more heavily
      than the transistor 52, and the transistor 52 will be saturated. Since the
      transistor 52 is saturated, its collector potential is low and the
      transistor 57 is off, so that the Darlington pair 59, 60 is on and current
      flows in the winding 61.
PAR  When the transistor 27 is cut off from the diode 25, the potential at the
      base of the transistor 51 falls, but the potential at the base of the
      transistor 53 remains substantially constant, because the peak output of
      the transistor 27 is trapped by the diode 45 and capacitor 48. The input
      at the base of the transistor 51 falls to the potential at the base of the
      transistor 53, which is a set proportion of the voltage across the
      capacitor 48, and the transistor 52 then conducts increasingly and comes
      out of saturation so that its collector potential rises and the transistor
      57 is turned on. The transistors 59 and 60 are turned off to produce the
      spark. It will be appreciated that using this arrangement, the timing of
      the sparks will not be altered by any reduction in the efficiency of the
      diode 25 or the transistor 27, because the peak level circuit continuously
      measures the maximum output of the transistor 27, and always produces a
      spark at the instant when the output falls to a predetermined proportion
      of the maximum output.
PAR  The transistors 23 and 24 are controlled by the switching circuit 22, 18,
      and provided that the output across the capacitor 48 is above a
      predetermined level, then the transistor 21 is on and turns on the
      transistors 23 and 24, so that part of the current flowing through the
      resistor 26 flows through the transistor 24. However, when the efficiency
      of the diode 25 or the transistor 27 reduces to a point at which the
      voltage across the capacitor 48 is below a set level, then the transistor
      18 turns on, and the transistors 23 and 24 turn off, so that the current
      flowing through the diode 25 is increased.
PAR  It will be appreciated that using the arrangement described, there will be
      very little alteration in the timing of the system as the components get
      older or dirtier.
PAR  The arrangement can also be used for other purposes, including control of
      injection of fuel.
PAR  Referring now to FIG. 2, in which components equivalent to those in FIG. 1
      are indicated by the same reference numerals, the resistors 16, 17 in FIG.
      1 are now omitted, and the base of the transistor 18 is connected to the
      collector of an n-p-n transistor 108 having its emitter connected to the
      line 15 and its base connected to the collector of an n-p-n transistor
      106, the emitter of which is connected through a resistor 107 to the line
      15. The base of the transistor 106 is connected to the base and collector
      of an n-p-n transistor 102 having its emitter connected to the line 15,
      and is also connected through a resistor 101 to the emitter of an n-p-n
      transistor 104. The emitter of the transistor 104 is connected through a
      resistor 105 to the collector of the transistor 102, and the base and
      collector of the transistor 104 are interconnected, and connected to the
      base of the transistor 18, and through a resistor 103 to the line 14. The
      resistors 19 and 22 are returned to the line 15 through a resistor 109.
PAR  There is now a diode 110 in series with the light emitting diode 25. The
      diodes 34 and 35 have now been omitted.
PAR  The arrangement of FIG. 1 in which the output from the transistor 27 is fed
      to the transistor 28, which provides two outputs through diodes 41 and 45
      respectively, has now been altered. The components 41, 42, 43, 44 and 49
      are omitted, and the emitter of the transistor 27 is now connected to the
      bases of a pair of n-p-n transistors 111 and 112, the collector of which
      are connected to the line 14. The emitters of the transistors 111, 112 are
      connected to the bases of a pair of n-p-n transistors 113, 115, and
      collectors of which are connected to the line 14. The emitter of the
      transistor 112 is connected to the line 15 through the capacitor 48, and
      also provides the required feedback to the base of the transistor 21. The
      emitter of the transistor 113 is connected to the base of the transistor
      51, and the emitter of the transistor 115 is connected to the line 15
      through the resistors 46 and 47 in series, the junction of the resistors
      46, 47 being connected to the base of the transistor 53. The collector of
      the transistor 52 is connected to the base of the transistor 57, the
      remainder of the circuit being as shown in the original application.
PAR  The components 101 to 108 inclusive, which replace the resistor 16 and 17,
      form a temperature-stable voltage reference circuit, the reference voltage
      appearing at the collector of the transistor 108. Suitable choice of the
      resistors 101, 105 and 107 enables the collector current in the transistor
      102 to be set at ten times the collector current in the transistor 106.
      Under these conditions, the difference in the base-emitter voltage drop
      between the two transistors is predictable, and has a known positive
      temperature co-efficient. This voltage difference is applied to the
      resistor 107, which determines the current in the collector circuit of the
      transistor 106, and therefore the voltage produced across the resistor
      105. The output voltage is made up of two components, namely the voltage
      across the resistor 105 and the base-emitter voltages of the transistors
      108 and 104. As explained above, the voltage across the resistor 105 has a
      positive temperature co-efficient, whilst the base-emitter voltages both
      have negative temperature co-efficients. Thus, the total output voltage
      from the voltage reference circuit is temperature compensated, and is also
      approximately independent of supply voltage. Application of this reference
      voltage to the base of the transistor 18 produces a more accurate circuit
      than that shown in FIG. 1.
PAR  The purpose of the additional diode 110 is to permit a wider range of
      control of the diode current by the feedback circuit and the by-pass
      transistor 24.
PAR  The output stage from the transistor 27 operates in much the same way as in
      FIG. 1, but the arrangement shown in FIG. 2 facilitates integration of the
      circuit. The transistor 112 acts as an emitter follower to isolate the
      resistor 31 from the capacitor 48, and the transistor 115 serves a similar
      function for the resistors 46, 47. The transistors 111 and 113 are
      incorporated to compensate for the voltage drops produced by the
      transistors 112 and 115.
PAR  FIG. 3 shows a minor modification which is applicable to the arrangement of
      FIG. 1 or the arrangement of FIG. 2. The transistor 57 now has its
      collector connected through a resistor 71 to the base of an n-p-n
      transistor 72 with its emitter connected to the line 15 and its collector
      connected through a resistor 73 to the line 14. The base of the transistor
      59 is now connected to the collector of the transistor 72. The only
      difference is that the transistor 72 inverts the output, so that whereas
      in FIG. 1 and FIG. 2 conduction of the transistor 57 results in
      non-conduction of the transistors 59 and 60, in FIG. 3 conduction of the
      transistor 57 results in non-conduction of the transistor 72, which in
      turn results in conduction of the transistors 59 and 60. If it is desired
      to produce a spark when the transistor 27 is cut off from the light
      source, then the arrangement of FIG. 1 or FIG. 2 is used, but if it is
      desired to produce a spark when the transistor 27 is exposed to the light
      source, then the minor modification shown in FIG. 3 is employed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A radiation-sensitive switching circuit comprising in combination a
      radiation source, a radiation-sensitive device which conducts when exposed
      to the radiation source, a control member positioned between the source
      and device and serving to expose the device to the source at predetermined
      instants of time, a capacitive storage means, an emitter follower
      amplifier, circuit means connecting the device with the amplifier and
      capacitive storage means, said capacitive storage means being connected in
      the emitter circuit of said amplifier and thereby measuring the peak
      output of the device, potential dividing means connected to said storage
      means to develop a signal proportional to said peak output, and a trigger
      circuit having a comparator means coupled to said potential dividing means
      and to said device, said comparator means being responsive to establish a
      trigger output signal in response to the output from the device being a
      preselected proportion of said peak output.
NUM  2.
PAR  2. A circuit as claimed in claim 1 in which a current control is provided
      for increasing the current flow through said source when said peak output
      falls below a set level.
NUM  3.
PAR  3. In the radiation-sensitive switching circuit of claim 1 wherein said
      circuit means includes steering diode means in the connection of the
      device to the capacitive storage and to the comparative means and
      establishing identical diode voltage drops to maintain accurate comparison
      of the signals.
NUM  4.
PAR  4. In the radiation-sensitive switching circuit of claim 3 wherein said
      diode means includes steering diodes connecting the output of the
      radiation sensitive device to said capacitive storage means and to said
      comparator means, and having a common return diode whereby the input
      circuit to said comparator means includes the same number of diode voltage
      drops.
NUM  5.
PAR  5. The circuit of claim 4 wherein said amplifier is a transistor having a
      base connected to the device and having an emitter in series with a load
      resistor, a bias resistor connected in series with said common return
      diode, said potential dividing means including a pair of resistors
      connected across said capacitor and having a common node connected to the
      comparator means, a diode means connected between said emitter of said
      load resistor and the second input of the comparator means and returned to
      the common diode in series with a current limiting resistor.
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PAL  A flexural mode quartz crystal vibrator formed from a quartz crystal plate
      having first and second opposed substantially planar surfaces, with a
      plurality of electrodes on both said surfaces is provided. The vibrator is
      characterized by the placement of electrodes on both of the opposed
      surfaces so that the electrodes on each surface do not overlap each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a flexural mode quartz crystal vibrator and
      in particular to the placement of electrodes on a quartz crystal plate to
      improve the utility of a quartz crystal vibrator by reducing the thickness
      and improving the operation thereof.
PAR  Recently, quartz crystal watches have been developed that are practically
      priced to compete with mechanical watches and the development, manufacture
      and sales thereof have rapidly accelerated. Such quartz crystal timepieces
      utilize quartz crystal vibrators to provide a high frequency time standard
      signal. The quartz crystal vibrators are operated in the flexural mode of
      vibration, namely, the free-free-bar type or the tuning fork type. Both
      type flexural mode vibrators utilize a +5.degree. X-cut or a NT-cut quartz
      crystal plate formed by conventional mechanical process such as diamond
      wheel cutting, supersonic cutting or the like.
PAR  A recent development in manufacturing quartz crystal plates is the chemical
      processing of a quartz crystal by photoetching the electrodes onto the
      quartz crystal plate. Such photo-etching has heretofore been only utilized
      with NT-cut quartz crystal, such flexural mode vibrators formed with a
      chemically processed NT-cut quartz crystal plate having been disclosed in
      Japanese Pat. No. 48-3575. X-cut quartz crystal vibrators facilitate the
      connection thereof into an oscillator circuit due to their low dynamic
      impedance. Further, they permit precise adjustment of the operating point
      of an oscillator circuit due to their stabilized flexion-point temperature
      characteristics at room temperature. However, such mechanically cut quartz
      crystal plates have heretofore been formed of a thickened crystal plate.
      The thickness of the crystal plate does not recommend such X-cut quartz
      crystal plates to an electronic timepiece wherein minimal space
      requirements are essential. Similarly, although NT-cut flexural quartz
      crystal vibrators have included small-sized quartz crystal plates which
      are much thinner than X-cut plates, the dynamic impedance of the NT-cut
      plates is extremely high and the temperature-resonance frequency
      characteristic at room temperature is volatile, thereby rendering same
      less than completely satisfactory.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a flexural mode
      quartz crystal vibrator comprising a quartz crystal plate having a first
      and second opposed substantially planar surface is provided. A plurality
      of electrodes are disposed on both said opposed surfaces of the quartz
      crystal plate in a non-overlapping arrangement to thereby provide an
      improved flexural mode vibrator.
PAR  Accordingly, it is an object of this invention to provide an improved
      flexural mode quartz crystal vibrator having minimal thickness.
PAR  It is another object of this invention to provide an improved flexural mode
      quartz crystal vibrator having an X-cut quartz crystal plate.
PAR  It is still another object of this invention to provide an improved quartz
      crystal vibrator having a minimal thickness yet admitting of a highly
      efficient operation.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a tuning fork quartz crystal vibrator
      constructed in accordance with the prior art;
PAR  FIG. 2 is a sectional view of the quartz crystal vibrator depicted in FIG.
      1;
PAR  FIG. 3 is an NT-cut quartz crystal vibrator constructed in accordance with
      the prior art;
PAR  FIG. 4 is a sectional view of the vibrator depicted in FIG. 3;
PAR  FIG. 5 is a perspective view of a flexural mode quartz crystal vibrator
      constructed in accordance with the instant invention;
PAR  FIG. 6 is a sectional view of the quartz crystal vibrator depicted in FIG.
      5;
PAR  FIGS. 7a and 7b are perspective views of the front and back surfaces,
      respectively, of a tuning fork flexural mode quartz crystal vibrator
      constructed in accordance with the instant invention;
PAR  FIGS. 8a and 8b are perspective views of the front and back surfaces of a
      free-free-bar flexural mode quartz crystal vibrator constructed in
      accordance with the instant invention and
PAR  FIG. 9 is a sectional view of the vibrator depicted in FIGS. 8a and 8b.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference is now made to FIGS. 1 and 2, wherein a prior art +5.degree.
      X-cut tuning fork flexural-mode quartz crystal vibrator 1 formed by
      well-known mechanical processes is depicted. The tuning fork vibrator 1,
      as well as the other representations included in FIGS. 3 through 9 are
      illustrated with reference to the X, Y and Z axes, which represent the
      electrical, mechanical and optical axes of the quartz crystal plate,
      respectively. Quartz crystal vibrator 1 is formed from an X-cut plate
      which is obtained by rotating a Z-cut plate around the X axis by an angle
      .alpha., which angle .alpha. is in the range of 0.degree. to 10.degree.,
      the angle most often selected equalling 5.degree.. A first plurality of
      electrodes 2 are disposed on the sides of a first line 1a and are disposed
      on the top and bottom surfaces of a second tine 1b. Assuming that
      alternating positive and negative pulses are applied to electrodes 2 and
      3, the electric fields depicted by the curved arrows in FIG. 2 are
      generated within the quartz crystal tines. The transverse components of
      the electric fields, namely, the components in the direction of the
      electrical X axis, effect a stress in the quartz crystal. In accordance
      with the electrode configuration depicted in FIG. 2, the X-axis components
      of the electric fields have a different direction in each tine.
      Accordingly, when an expansive stress is effected in one tine, a
      contractive stress is caused in the other tine. Thus, a symmetrical
      flexural vibration is effected in the quartz crystal vibrator in the plane
      defined by the top and bottom surfaces when the alternating current is
      applied to the electrodes. Such X-cut quartz crystal vibrators have become
      popular in electronic timepiece oscillator circuits because the dynamic
      impedance thereof is low, thereby rendering same easily connected to an
      oscillator circuit. Also X-cut quartz crystal vibrators provide a highly
      precise time standard signal because the temperature-resonance frequency
      at room temperatures yields a stabilized flexion point. The efficiency of
      the X-cut crystal vibrator is caused by the transverse stress components
      generated by electrodes disposed on the sides of the tines. The thickness
      of such X-cut quartz crystal vibrators is increased by the placement of
      electrodes on the sides of the quartz crystal plate. Accordingly, it is
      impossible to provide a quartz crystal vibrator in a flexural mode having
      the thickness of 0.5 mm or less when electrodes are disposed on the sides
      thereof. Moreover, to obtain such a thin plate is rendered more difficult
      since the cutting of a quartz crystal vibrator into the shape of a tuning
      fork is achieved by a mechanical processing method such as a diamond wheel
      cutter, supersonic cutter or the like.
PAR  Referring now to FIGS. 3 and 4, an NT-cut tuning fork flexural-mode quartz
      crystal vibrator 4 manufactured by a conventional chemical process is
      depicted. The thickness of the tuning fork as illustrated in FIG. 4 is
      exaggerated in order to more clearly explain same, it being noted that the
      actual thickness thereof is very thin by comparison to the width of each
      tine. In order to simplify the drawing, the angle .alpha. is set for
      0.degree. about the X axis, it being noted that .alpha. is in the range of
      0.degree.-10.degree.. The tuning fork flexural-mode quartz crystal
      vibrator 4 has an electrode 5 on the inner periphery of the top surface of
      each of the tines and an outer peripheral electrode 6 disposed on the
      outer periphery of the top surface of each of the tines. However, on the
      bottom surface of the quartz crystal plate the electrodes 5 and 6 are
      reversed, the electrode 5 being formed on the outer periphery thereof,
      while the electrode 6 is formed on the inner periphery thereof. The
      vibrator is formed from a quartz crystal plate which is obtained by
      rotating an X-cut plate around the X-axis by an angle .alpha. and further
      rotating the same by an angle .beta. around the Y' axis, which as
      hereinabove noted, is found by rotating the Y axis through a rotation
      .alpha.. The angle .alpha. is predetermined to be in the range of
      0.degree. to 10.degree., and the angle .beta. is predetermined to be
      50.degree. to 70.degree. or -50.degree. to -70.degree.. As is appreciated
      by a viewing of the electrodes illustrated in FIG. 4, since such a
      vibrator does not require side electrodes, the quartz crystal plate can be
      formed with an minimal thickness. Accordingly, such a tuning fork vibrator
      can be formed by a chemical processing method allowing the electrodes to
      be photoetched thereon, thereby resulting in a small-sized, extremely
      thin, flexural mode vibrator. Nevertheless, when the electrodes 5 and 6
      have applied thereto positive and negative pulses, respectively, by an
      alternating-current signal, the electric fields generated in the tines
      produce components 7 and 8 across the electrodes and transverse components
      9 and 10 in the direction of the electrical axis X, causing the necessary
      stress to generate a symmetrical flexural vibration in the tuning fork in
      the manner discussed above. Nevertheless, because the net transverse field
      components 9 and 10 are small in comparison to the field components 7 and
      8 across the electrodes, the stress component along the X-axis is obtained
      by multiplying the strength of the fields between the electrodes by cosine
      .beta., thereby significantly increasing the tuning fork vibrator's
      dynamic impedance. The increase in dynamic impedance is inversely
      proportional to cosine .sup.2 .beta., as has been determined by
      experimental calculations. Thus, when .beta. is 70.degree. for an X-cut
      plate, the field across the electrodes is 8.5 times stronger than the
      transverse stress fields. Similarly, when .beta. is 75.degree., the field
      across the electrodes is 15 times greater, and when .beta. equals
      90.degree., the field across the electrodes is infinite. Moreover, the
      temperature-resonance frequency characteristic substantially increases in
      accordance with the corresponding increase in the angle .beta., thereby
      limiting the flexion-point temperature to a rather low value because the
      angle .beta. is generally predetermined to the 70.degree. or less in order
      to keep the dynamic impedance as low as possible. Thus, an NT-cut
      flexural-mode quartz crystal vibrator as illustrated in FIGS. 3 and 4 is
      not suitable for use in electronic timepieces because the dynamic
      impedance thereof is too high and the flexion-point temperature at which
      the temperature-resonance frequency is determined is too low, thus making
      it impossible to utilize the reduced size and mass-production advantages
      which inure to such a photo-etching process.
PAR  From the foregoing it is appreciated that a conventional +5.degree. X-cut
      quartz crystal vibrator has the advantage that its dynamic impedance is
      low and the flexion-point temperature of its temperature-resonance
      frequency characteristic is high and the disadvantage that size reduction
      is impossible due to the side electrodes and the inability to chemically
      process same. On the other hand, the conventional NT-cut vibrator,
      although providing for a thin chemically processed vibrator, is
      disadvantageous in view of its high dynamic impedance and low
      flexion-point temperature. In the prior art, +5.degree. X-cut and NT-cut
      quartz crystal plate vibrators have been regarded as entirely different
      types of flexural mode vibrators because the method of applying electric
      fields thereto is so different. Nevertheless, a comparison of the cutting
      angles of both types indicates that the cutting methods thereof are almost
      equivalent. Namely, the difference in the cutting angle is small such that
      the angle .beta. of +5.degree. X-cut and NT-cut crystals is no more than
      90.degree., and 50.degree. to 70.degree. or -50.degree. to -70.degree.,
      respectively. By combining features of both, the vibrators in accordance
      with the invention described below achieves the advantages of both types
      of vibrators.
PAR  Reference is now made to FIG. 5, wherein a tuning fork flexural-mode quartz
      crystal vibrator 11 is constructed in accordance with the instant
      invention, and to FIG. 6, wherein the electrode configuration thereof is
      illustrated in crosssection. As is illustrated in FIG. 5, the angle
      .alpha. is set at 0.degree. in order to simplify the illustration.
      Accordingly, the quartz crystal plate has a front surface with electrode
      12 disposed thereon and a back surface with electrodes 13 disposed
      thereon. The quartz crystal plate is formed by rotating an X-cut plate
      around the X axis by an angle .alpha. and then further rotating same by an
      angle .gamma. around the Y' axis in the same manner as discussed above.
      The angle .alpha. is predetermined to equal 0.degree. to 10.degree., and
      the angle .gamma. is predetermined to equal 70.degree. to 90.degree. or
      -70.degree. to -90.degree. to thereby provide an advantageous temperature
      characteristic even though the angle .gamma.  would be the same for an
      NT-cut quartz crystal vibrator.
PAR  Electrodes 12 are disposed on the front surface as illustrated in FIGS. 5
      and 6, so that electrodes 12 are peripherally disposed around a first tine
      11a and centrally disposed on the other tine 11b. Similarly, electrodes 13
      are formed on the back surface so that electrodes are peripherally
      disposed on the tine 11b and centrally disposed on tine 11a. Accordingly,
      as depicted in FIG. 6, the electrodes on the tines, which comprise the
      vibratory part of the vibrator, have electrodes on both the front and back
      opposed surfaces which do not overlap with respect to each other at any
      longitudinal position thereof. In operation, when electrodes 12 and 13
      have applied thereto positive and negative voltages, respectively, by an
      alternating current signal, electric fields are generated in the tines as
      illustrated by the curved arrows depicted in FIG. 6. As the generated
      stress has reverse directions at the inner and outer sides of the tines, a
      symmetrical flexural vibration is effected in the tuning fork vibrator.
      Further, the transverse electric fields in the X-axis direction are
      considerably larger than those generated in the prior art embodiments.
      Nevertheless, the dynamic impedance of the quartz crystal vibrator when
      compared to the prior art NT-cut is considerably lower. More
      significantly, by utilizing such a configuration, no electrodes are
      disposed on the sides of the vibrator, thereby allowing the quartz crystal
      plate to have a thickness of 0.5 mm or less. Finally, a photoetching
      technique can be utilized once the thin plate is cut into a tuning fork
      shape to form the electrodes, further reducing the size of the vibrator.
PAR  If a chemical forming process such as photo-etching is utilized after the
      quartz crystal thin plate is cut into a tuning fork shape to form the
      electrodes, the electrode configuration causes the vibrator to admit of a
      more efficient operation. Accordingly, a chemical processing method
      wherein chrome is deposited on both surfaces of a thin quartz crystal
      plate and then a gold layer is further deposited on the chrome layer, is
      utilized to form the electrodes on the quartz crystal plate. The chrome
      reinforces the connection between the quartz crystal and the gold. Then a
      photo resist is applied to both surfaces, which surfaces are then exposed
      to light through a photo mask so that the photo resist maintains the plate
      in the shape of a vibrator. When the plate is steeped in etching liquid
      gold and then etching liquid chrome, and photo resist serves as an etching
      mask to leave the gold and chrome with the same external shape as the
      vibrator. Thereafter, the plate is steeped in a solution of hydrofluoric
      acid to form the quartz crystal into the vibrator's external shape with
      the gold and chrome serving as an etching mask. The vibrator is then
      completed by shaping the electrodes in the same manner as was utilized for
      the etching mask of the external shape of the vibrator. When a chemical
      processing method utilizing a photo-etching technique is applied to a
      conventional +5.degree. X-cut flexural mode quartz crystal vibrator, the
      vibrator cannot be used because it is necessary to deposit a metallic
      substance on the side surface of the quartz crystal plate after it is
      shaped and finished. In contradistinction thereto, by utilizing the
      process hereinabove discussed, with electrodes on only the opposed
      surfaces, the electrodes are not needed on the side surfaces, and a very
      thin quartz crystal plate is thereby realized.
PAR  In accordance with the above noted forming process, a further embodiment is
      depicted in FIGS. 7a and 7b. In FIG. 7a a top surface of a tuning fork
      flexural-mode quartz crystal vibrator 14 having electrodes 15 and 16
      disposed thereon is depicted. The electrode 15 is peripherally disposed on
      the top surface of the one tine. The electrode 16 is centrally disposed on
      the other tine of the top surface of vibrator 14. A metal portion 18 is
      deposited on the top surface of each tine and is utilized to control the
      resonant frequency of the tuning fork vibrator by evaporating the metal to
      thereby change the mass thereof to adjust the resonant frequency thereof.
      Such conventional techniques as laser irradiation are utilized to
      evaporate the metal from the portion 18 of the tines.
PAR  The bottom surface of the tines includes electrodes 17, the electrodes 17
      being peripherally disposed on the bottom surface of the tine that has
      electrode 16 centrally disposed on the top surface thereof, the other
      tine's bottom surface having electrode 17 disposed on the center portion
      thereof, the top surface of said other tine having electrode 15
      peripherally disposed thereon. Accordingly, the electrodes do not overlap
      on the vibratory portion of the vibrator.
PAR  A metallic film 19 is deposited on the bottom surface of the tuning fork to
      allow the nonvibratory base portion thereof to be secured to a block
      holder. By utilizing such a block holder, the securing metallic film 19
      can be formed at the same time that the electrodes are photo-etched on the
      top surface of the cut crystal plate. Because the metallic securing film
      19 is disposed on the nonvibratory base portion of the tuning fork, it
      does not affect the electric field applied to the vibrator, even through
      it causes an increase in the inter-electrode capacitance of the vibrator.
PAR  It is noted that the use of non-overlapping electrodes is equally suited
      for use with a free-free-bar flexural mode crystal vibrator as depicted in
      FIGS. 8a, 8b and FIG. 9. The free-free-bar vibrator 20 has electrodes 21
      and 22 peripherally disposed on the longitudinal sides of the top surface
      of the crystal plate and electrode 23 centrally disposed on the bottom
      surface of the crystal plate. Accordingly, the electrodes do not overlap.
      Vibration of the vibrator 20 is achieved in the same manner as the tuning
      fork vibrators hereinabove discussed, the same operational benefits
      inuring to a free-free-bar vibrator having non-overlapping electrodes.
PAR  As discussed above, the instant invention provides the benefits which inure
      to a conventional +5.degree. X-cut and NT-cut quartz crystal plate by
      providing a new way of applying the electric field to the vibrator which
      is characterized by the lowering of the dynamic impedance while
      maintaining the flexion-point temperature near normal operating
      temperatures. Furthermore, because the instant invention eliminates the
      need for electrodes on the side surfaces of the vibrator plate, not only
      can a chemical processing method be utilized to construct the instant
      invention, but the resulting quartz crystal vibrator has a diminished
      thickness to render same particularly suitable in an electronic timepiece.
      Moreover, by the forming process hereinabove discussed, the vibrator can
      be supported by a direct adhesion to a support member, thus rendering such
      a vibrator suitable for mass production, the same vibrator being
      particularly adapted to have a two-terminal, three-terminal or a filter
      configuration by changing the couplings of the electrodes.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flexural-mode quartz crystal vibrator comprising an elongated X-cut
      quartz crystal plate having at least one elongated vibratory portion
      including first and second opposed substantially planar surfaces and first
      elongated electrodes disposed on said first surface and adapted to be
      referenced to a potential having a first polarity and a further elongated
      electrode adapted to be referenced to a potential having a polarity
      opposite to said first electrodes and disposed on said second surface so
      that at least the portion of the respective electrodes on said vibratory
      portion are positioned on the respective surfaces out of overlapping
      relation.
NUM  2.
PAR  2. A flexural-mode quartz crystal vibrator as claimed in claim 1, wherein
      the thickness of said plate between said opposed surfaces is no greater
      than 0.5 mm.
NUM  3.
PAR  3. A flexural-mode quartz crystal vibrator as claimed in claim 1, wherein
      said plate electrodes are photo-etched on the surface thereof.
NUM  4.
PAR  4. A flexural-mode quartz crystal vibrator as claimed in claim 1, wherein
      said first electrodes are respectively disposed along at least elongated
      portions of the periphery of said first opposed surface of said crystal
      plate and said second electrode is centrally disposed on said second
      opposed surface to effect said non-overlapping relationship.
NUM  5.
PAR  5. A flexural-mode quartz crystal vibrator as claimed in claim 1, wherein
      said vibrator is a tuning fork vibrator having two elongated vibratory
      portions defining first and second vibratory tines, said first electrodes
      being peripherally disposed on said first opposed surface of said first
      tine and centrally disposed on said first surface of said second tine,
      said second electrodes being centrally disposed on the second surface of
      said first tine and peripherally disposed on the second surface of said
      second tine, to thereby effect said non-overlapping relationship on each
      tine.
NUM  6.
PAR  6. A flexural-mode quartz crystal vibrator as claimed in claim 1, wherein
      said second opposed surface includes a metallic thin film on a portion
      thereof which is non-vibratory, said film providing the means for mounting
      said quartz crystal vibrator.
NUM  7.
PAR  7. A flexural-mode quartz crystal vibrator as claimed in claim 1, wherein
      said electrodes on said first surface at the end of said tines is adapted
      to be removed so as to allow the mass thereof to be changed to effect a
      tuning of the vibrator.
NUM  8.
PAR  8. A flexural-mode quartz crystal vibrator comprising a cut quartz crystal
      plate, said plate being X-cut and having X, Y and Z electrical, mechanical
      and optical axes defining a Y' axis in said X-axis plane, said X-cut plate
      being further rotated about said Y' axis by 70.degree. to 90.degree. or
      -70.degree. to -90.degree., said cut quartz crystal plate defining a
      flexural mode quartz crystal vibrator having at least one elongated
      vibratory portion including first and second opposed substantially planar
      surfaces and first elongated electrodes disposed on said first surface,
      said first electrode being adapted to be referenced to a first polarity
      potential, and a further elongated electrode adapted to be referenced to a
      potential having a polarity opposite to the polarity of said first
      electrodes and disposed on said second surface so that the portion of the
      respective electrodes on said vibratory portion are positioned on the
      respective surfaces out of overlapping relation.
NUM  9.
PAR  9. A flexural-mode quartz crystal vibrator as claimed in claim 8, wherein
      said first electrodes are disposed along at least a portion of the
      periphery of said first opposed surface of said crystal plate and said
      second electrode is centrally disposed on said second opposed surface to
      effect said nonoverlapping relationship.
NUM  10.
PAR  10. A flexural-mode quartz crystal vibrator as claimed in claim 8, wherein
      said vibrator is a tuning fork vibrator having two elongated vibratory
      portions defining first and second vibratory tines, said first electrodes
      being peripherally disposed on said first opposed surface of said first
      tine and centrally disposed on said first surface of said second tine,
      said second electrodes being centrally disposed on the second surface of
      said first tine and peripherally disposed on the second surface of said
      second tine, to thereby effect said non-overlapping relationship on each
      tine.
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ABST
PAL  An inductor machine with an armature winding common for all the stator
      packs and a stationary annular field winding disposed under the armature
      winding intermediate the toothed rotor packs, differing from the prior art
      inductor machines in that the field winding is enclosed in a member made
      up of one or two flanges enveloping the field winding and attached to the
      end faces of keys equidistantly arranged along the circumference of the
      inner surface of the machine frame.
BSUM
PAR  The present invention relates to the art of electrotechnics, and more
      particularly to the construction of non-contact inductor machines;
      specifically, the invention relates to an improvement in the field winding
      locating means. Being advantageous in many respects, inductor machines are
      widely used as HF power sources in various branches of the
      electrotechnical industry. Among numerous known designs of non-contact
      inductor machines, the least heavy and cumbersome ones are two-pack
      inductor machines with a field winding disposed under the armature winding
      intermediate the rotor packs. These machines, however, suffer from a
      serious disadvantage, which impedes their wider application, residing in
      that they are difficult to manufacture and assembly, as well as in the low
      reliability of the field winding locating means. In some designs, for
      example, the field winding is suspended, from the armature winding,
      between the rotor packs, by studs passing therethrough and fastened to the
      machine frame. The machines so designed are extremely difficult to
      assemble and disassemble, and axial location of the field winding is not
      reliable.
PAR  Another known design of the field winding locating means makes use of the
      following structural elements: a ring with a plurality of inwardly
      directed fins which locate the field winding radially, an annual member
      shaped as a trough and open at one flat annular face to receive the field
      winding which is encapsulated therein, the shape of this member being
      selected such as to limit its axial displacement in one direction, and
      keys which ensure correct location of the field winding in the other axial
      direction.
PAR  This design suffers from a number of disadvantages which are as follows:
      difficulties in the manufacture of the finned ring and the trough-shaped
      annular member, unreliable location of the field winding by the keys which
      limit its axial displacement, unsuitability of this design for use in
      internally cooled machines for the finned ring together with the annular
      member in which the filed winding is contained impede the flow of the
      cooling air between the packs, and difficult assembly.
PAR  It is therefore an object of the present invention to obviate the above
      disadvantages.
PAR  Another object of the invention is to simplify the assembly of the field
      winding locating means in inductor machines.
PAR  Still another object of the invention is the provision of a general-purpose
      field winding locating means suitable for use in different types of
      inductor machines.
PAR  These objects are attained in that an inductor machine comprises, according
      to the invention, at least two stator packs with an armature winding
      common for all the packs being placed in the slots thereof, and an annular
      field winding disposed under the armature winding intermediate the toothed
      rotor packs in a member secured to the machine frame by means of keys
      equidistantly arranged along the circumference of the inner surface of the
      frame, said member being made up of one or two flanges enveloping the
      field winding and attached to the end faces of said keys, thereby locating
      the field winding radially as well as axially.
PAR  It is expedient that said flange be made in the form of a disc with a hole
      in the center thereof and an annular portion around said hole to receive
      the field winding, the periphery of the disc being provided with a
      plurality of holes for the disc to be fastened to said keys and a groove
      between the holes for the flow of cooling air.
DRWD
PAR  A fuller understanding of the nature and objects of the invention will be
      had from the following detailed description of a preferred embodiment
      thereof taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal section through an inductor machine provided with
      a field winding locating means, according to the invention;
PAR  FIG. 2 is a section view taken along line II--II of FIG. 1;
PAR  FIG. 3 is a section view taken along line III--III of FIG. 1;
PAR  FIG. 4 shows a flange of the field winding annular coil enclosing member,
      according to the invention;
PAR  FIG. 5 is a section view taken along line V--V of FIG. 4; and
PAR  FIG. 6 shows another embodiment of the field winding locating means,
      according to the invention.
DETD
PAR  Referring now to the drawings, the inductor machine comprises a frame 1
      (FIGS. 1,2,3) attached to which are two stator packs 2 of electrical steel
      laminations by means of locking rings 3. Placed in slots 4 of the stator
      packs 2 is a common armature winding 5. Also attached to the frame 1 by
      means of a stud 6 are two end shields 7 made of non-magnetic material such
      as silumin. Mounted in the end shields 7 on bearings 8 is a shaft 9 fitted
      on which are two toothed rotor packs 10 and 11 of eletrical steel
      laminations. The rotor pack 10 with a metal bushing 12 is received in an
      interference fit on the shaft 9 and is locked therein by means of a ring
      13. The pack 11 with a metal bushing 14 is made detachable to facilitate
      assembly by being received in a slide fit on the shaft 9 and is locked
      thereon by means of a lock-nut 15. A ventilator 16 is mounted on the shaft
      9, and the bearings 8 are covered by covers 17.
PAR  The field winding is made in the form of a stationary annular coil 18 and
      is disposed under the armature winding 5 intermediate the toothed rotor
      packs 10 and 11.
PAR  The annular coil 18 of the field winding is insulated by micanite tapes 19
      and enclosed in a member made up of two similarly designed flanges 20
      enveloping the end faces of the coil 18.
PAR  The flange 20 (FIG. 4) is made in the form of a disc with a hole 21 in the
      center thereof and an annular portion 22 (FIG. 5) on which the coil 18 of
      the field winding is placed. The periphery of the flange 20 is provided
      with a plurality of holes 23 for securing the disc, and grooves 24 are
      made between the holes 23 for the passage of air cooling the field winding
      coil 18, the cooling air being blown by the ventilator 16.
PAR  The flanges 20 are bolted at 25 (FIG. 1) to the end faces of keys 26
      equidistantly arranged along the circumference of the inner surface of the
      frame 1.
PAR  The keys 26 are disposed between the stator packs 2 and pass between the
      coils of the armature winding 5.
PAR  The keys 26 are fastened to the frame 1 by means of bolts 27 or by welding.
      The axial length of the keys 26 being equal to the distance between the
      stator packs 2, the keys 26 may also serve as spacers locating the stator
      packs 2 in the frame 1.
PAR  The width of the keys 26 does not exceed that of the stator teeth, while
      their length is such that they slightly protrude above the bores of the
      stator packs 2 so that they do not impede placing the armature winding 5
      in the slots 4 of the stator packs 2.
PAR  Shown in FIG. 6 is another embodiment of the member enclosing the coil 18
      of the field winding, made up of a single flange 20. In this case, the
      flange 20 is also made in the form of a disc which has an annular portion
      28 on which the field winding coil 18 is placed, which annular portion 28
      is slightly greater in size than the axial length of the coil 18.
PAR  In this embodiment, the annular portion 28 is provided with an annular
      groove receiving a ring 29 locating the annular coil 18.
PAR  The flange 20 is attached to the keys 26 similarly as in the first
      embodiment.
PAR  Thus, the proposed inductor machine in which the field winding is located
      in a manner described above with reference to the accompanying drawings,
      features the following advantages.
PAR  The field winding locating means is easy to manufacture and assemble due to
      the use of keys of simplified configuration, formed flanges, and
      standardized fasteners (bolts, screws, etc).
PAR  The structural rigidity and reliability of the field winding locating means
      are substantially improved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An inductor machine comprising, a frame, at least two stator packs
      attached to said frame and carrying a common armature winding, a toothed
      rotor having a number of packs corresponding to that of the stator packs,
      a field winding in the form of stationary annular coils disposed under
      said armature winding between said rotor packs, at least one mounting
      flange fixed to the frame and adjoining side faces of said annular coils,
      fastening means fixing the mounting flange to said frame and including
      individual prism-shaped keys arranged equidistantly on said frame at the
      inner surface thereof, said prism-shaped keys having axial holes for the
      fastening of said flange thereto, said flange being in the form of a disc
      having a central opening and an annular portion around the central opening
      receiving said field winding, said disc having a plurality of holes along
      the periphery thereof for receiving fastening means engaging said holes in
      said keys, said flange have grooves in the spaces between said holes in
      said disc for the axial flow of cooling air.
NUM  2.
PAR  2. An inductor machine as claimed in claim 1 wherein said holes in the keys
      are threaded and said fastening means are threaded fasteners.
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ABST
PAL  An improved wheel speed sensor is mounted at the end of a spindle and
      includes wiring which passes through a central passageway in the spindle.
      The sensor is of a type to be employed with a toothed ring or rotor
      mounted in the hub cap for relative rotation between the sensor and the
      rotor to generate a signal indicative of wheel speed. The improvement
      includes providing the sensor with a support structure which can be bolted
      to a keyed lock ring of the wheel mounting assembly and which encircles an
      extended portion of the spindle to provide the desired coaxial alignment
      of the sensor and rotor. A sealing member between the support structure
      and the extended portion of the spindle prevents wheel bearing lubricating
      fluid in the hub cap area from escaping through the passageway in the
      spindle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved wheel speed sensor and, more
      specifically, to such a sensor installed at the end of an axle spindle
      within the wheel hubcap area and utilized in an anti-skid braking system.
PAR  2. Description of the Prior Art
PAR  It has been found desirable in the operation of an anti-skid braking system
      to provide an input representing the wheel speed. The wheel speed input is
      usually in the form of electrical signals indicative of the angular
      velocity of the wheel. These signals are generally derived from an
      electromagnetic sensor, including a magnet carried by a stationary portion
      of the trailer such as the axle spindle and a toothed or notched metal
      ring which rotates with the wheel relative the magnet. As the ring teeth
      pass the magnetic sensor, the resulting variations in flux produce a
      signal, the frequency of which is a function of the angular velocity of
      the wheel.
PAR  Because of the free-wheeling aspect of trailer wheels and the fixed
      mounting of the trailer axles upon which they are rotatably mounted, most
      trailer wheel speed sensors heretofore provided have been rigidly mounted
      within the open end of the spindle of the axle so that the sensor
      connecting wire can extend axially within the hollow interior of the axle.
      The wire exits the interior of the axle at an intermediate region remote
      from the wheel to be connected to the anti-skid braking system. Since the
      sensor extends from the end of the spindle, the notched ring is
      accordingly mounted within the hubcap rather than within the wheel housing
      so that only the hubcap need be removed to allow access to the sensor.
PAR  During installation of the wheel on the spindle, the hubcap is filled with
      lubricating fluid for the wheel bearing. It is obvious that with the
      hubcap speed sensor having a wire passing through an open end of the
      spindle, lubricating fluid would escape from the hubcap to the interior of
      the axle. Because of this problem, it has generally been the practice in
      the prior art to mount the speed sensor at and against the interior
      surface of the open end where sealing could be effectively provided.
      However, since the operating gap between the sensor and the ring must be a
      predetermined value on the order of about 0.030 inches and constantly
      maintained throughout wheel rotation, the configuration utilized in these
      prior art devices required the interior of the open end to be precision
      machined. Insuring the manufacturing tolerances of the spindle and hubcap
      are defined and maintained in this manner has been found to add
      significantly to the manufacturing cost of the spindle. Further, it has
      been the practice to precision machined openings with a predetermined
      inside diameter to match the particular sensor design employed.
      Accordingly, the spindle is then unable to accommodate other sensors of
      this general type which have different diameter dimensions.
PAR  Wheel speed sensors for braking control systems or the like are also
      utilized at the wheels of the steering axle but have generally been
      located within the brake area. U.S. Pat. Nos. 3,772,548 and 3,774,061
      disclose sensors of this type which can be seen to require an annular-type
      rotor. A feature tending to complicate maintenance is the need to remove
      the entire wheel assembly to gain access to sensors of this type. Since
      the spindle of a steering axle does not include an open end and the
      overall diameter of the steering spindle is less than that of a spindle on
      the fixed axle, there appears to have been no attempts made to mount the
      prior art hubcap sensor devices discussed hereinabove on a steering axle.
PAR  It is therefore of concern that a wide variety of wheel speed sensoring
      devices have been utilized which have increased the cost of manufacturing
      the axle assembly, which have lacked compatibility with other axle
      assemblies not specifically adapted for their use, and/or which have
      generally increased maintenance and inventory problems.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a wheel speed
      sensor configuration which is adapted for mounting within a wheel hubcap
      on spindles of fixed and steering axle assemblies.
PAR  It is a further object to provide a wheel speed sensor of the type
      described which includes mounting and alignment means without
      significantly adding to the manufacturing cost of the axle.
PAR  It is another object to provide a wheel speed sensor of the type described
      wherein the mounting and alignment means is consistent with safe, reliable
      wheel operation.
PAR  It is still another object to provide a wheel speed sensor of the type
      described which facilitates sealing to prevent loss of wheel bearing
      lubricating fluid from the hubcap to the interior of the spindle which
      interior receives the connecting wiring from the sensor.
PAR  To accomplish these and other objects of the invention, a preferred
      embodiment thereof includes an improved wheel speed sensor of the type
      mounted at the end of a spindle of an axle. The spindle including an
      interior passageway through which wiring from the sensor extends and means
      for retaining a wheel mounted thereon which includes a wheel bearing
      adjustment nut, a keyed lock ring, and a jam nut adapted to be
      respectively received on a threaded portion of the end of the spindle
      outwardly of the wheel. The sensor has included therein an electromagnetic
      sensing means for generating a signal indicative of wheel speed when
      aligned with a rotor means which is coaxially aligned with and mounted
      within a hubcap secured to the wheel for relative rotational movement
      between the sensor and the rotor means. The improvement includes means for
      securing said sensor to said keyed lock ring.
PAR  The sensor is also adapted to make contact with the end of the spindle for
      alignment with respect to the rotor means at a region thereof which is
      remote from the interior passageway. Contact between the sensor and the
      spindle is preferable provided at an extended portion of the spindle which
      is disposed in an axial direction outwardly of the threaded portion. The
      sensor is coaxially aligned with the rotor means and wheel bearing
      lubricating fluid is retained in the hubcap area as a support structure of
      the sensor encircles the extended portion and includes a sealing means
      therein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective, preassembled view of the preferred wheel speed
      sensor including various features of the invention.
PAR  FIG. 2 is a end view of the sensor as mounted on the spindle.
PAR  FIG. 3 is a view of the sensor as seen along line 3--3 of FIG. 2.
PAR  FIG. 4 is a view like that of FIG. 3 of an alternative means of mounting
      the sensor.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, a wheel speed sensor 10 of the present invention
      includes an electromagnetic sensing device 12 mounted therein and a
      support structure 14 by which it is mounted in a fixed relationship to the
      spindle 16 of a vehicle axle.
PAR  It can be seen in FIG. 3 that in normal use the sensing device 12 of the
      sensor 10 is aligned with a rotor 18 fixedly secured to the interior of a
      hubcap 20. Since the hubcap 20 is secured to the hub of wheel 22, relative
      rotation of the rotor 18 about the sensor 10 will generate a signal
      indicative of wheel speed which signal is utilized in a braking control
      system or the like (not shown).
PAR  In a typical installation of a wheel on a spindle, the hub of the wheel
      having included bearing members is positioned to closely encircle and end
      of a spindle. A wheel bearing adjusting nut is installed on the threaded
      end of the spindle and is followed by a lock ring which is keyed to a
      groove in the threaded end of the spindle to prevent its rotation.
      Finally, a jam nut is threaded on the end to retain the lock ring in
      position. The hubcap covers the mounting elements and retains lubricating
      fluid needed for effective wheel bearing operation.
PAR  In the installations shown in FIGS. 1, 2, 3 and 4 the preferred adjusting
      nut 24, keyed lock ring 26, jam nut 28 or 28' and hubcap 20 satisfy these
      and other functions which will be explained in detail herein. The spindles
      16 and 30 shown respectively in FIGS. 1, 2 and 3 and FIG. 4 are each of
      the type found on a rigid axle member having a hollow interior. Although
      the hollow interior provides a convenient passageway for connecting wire
      32 from the sensor 10 to the braking control system, it has required some
      form of sealing for all hubcap speed sensors of this general type to
      prevent the loss of wheel bearing lubricating fluid into the interior of
      the axle.
PAR  However, it should be apparent to one skilled in the axle and wheel
      mounting art that the general problems and requirements for a rigid axle
      would be equally applicable for a steering axle in which a hubcap type
      speed sensor is to be utilized for indicating wheel speed. It is expected
      that the disclosure provided herein will be sufficiently clear to enable
      one to utilize the mounting and sealing means of the present invention on
      the spindle of a steering axle even though it is recognized that a single
      embodiment for both may not be practical because of the general practice
      of making the outside diameter of the steering spindle smaller than that
      of the fixed axle. Although the connecting wires would have to exit the
      knuckle from which the spindle extends in such a manner that it will not
      interfere with the action of the knuckle around the steering king pin,
      there would still exist a similar mounting requirement and a related
      sealing problem if the connecting wiring extends centrally of the spindle.
      Accordingly, it will be clear to one skilled in the axle and wheel
      mounting art that the claims provided hereinbelow will be as applicable
      for a steering axle configuration as for the rigid axle configurations
      shown in the figures.
PAR  Returning to the preferred embodiment of FIGS. 1, 2 and 3, with the
      adjusting nut 24 installed against the bearing assembly of the wheel 22,
      the keyed lock ring 26 is positioned in a longitudinal groove 34 in the
      threaded surface 36 of spindle 10. An extension 38 on the outward surface
      of the nut 24 is adapted to be received within one of a plurality of holes
      40 disposed around the ring 26 and will prevent undesirable rotation of
      the adjusting nut 24 when the keyed lock ring 26 axially positioned
      against the nut 24. The jam nut 28 is installed for this purpose and is
      torqued in position to generally prevent it from being inadvertently
      unscrewed from the spindle 16.
PAR  With any effort to provide a means for securing a hubcap type wheel speed
      sensor to a spindle at a location other than the interior of the opened
      end of the spindle, the jam nut 28 being the outermost member would be
      first considered. It can be seen that securing the sensor to the jam nut
      28 under ideal conditions would satisfy the general tolerance objectives.
      However, on further observation, if foreign matter were to enter the
      hubcap 20 or if the sensor were to be knocked out of alignment during
      wheel maintenance, mechanical contact between the rotor and sensor could
      result. This possibility is not that remote when one considers the small
      gap space between the sensor and rotor mentioned hereinabove. Binding
      between the sensor and the rotor would be transferred to the jam nut 28
      and cause it to rotate relative the spindle. Unthreading the jam nut 28
      might result in an uncontrolled and unexpected loss of the wheel.
PAR  Therefore, in the preferred configurations, the sensor 10 is secured to the
      keyed lock ring 26. For this purpose a pair of support holes 42 are
      provided at opposite edges of the support structure 14 to receive a pair
      of mounting bolts 44. The bolts 44 extend inwardly toward the lock ring 26
      to be threaded into a pair of mounting holes 46 therein. Although
      tightening the bolts 44 brings the support structure 14 against the jam
      nut 28 tending to prevent it from unthreading, the bolts 44 and holes 42
      and 46 are also spaced in close alignment with the flat edges of the jam
      nut 28 to further prevent its rotational movement after being torqued into
      position. Since the angular alignment of the jam nut 28 with respect to
      the keyed lock ring 26 cannot be accurately predicted, an alternative pair
      of mounting holes 48 are also provided in the lock ring 26 which are
      disposed angularly of the holes 46. For any jam nut setting either the
      holes 46 or 48 will be accessible for mounting the sensor 10.
PAR  This latter point explains why it would be impractical to rely on the jam
      nut for mounting even if mounting bolts were intended to extend through
      the jam nut and into the keyed lock ring. There would be no means of
      insuring alignment of the holes in each and an alternative such as a
      slotted opening in the keyed lock ring would not provide an adequate fixed
      relationship between the nut and ring. Violent sensor movement might sever
      the bolts and allow continued jam nut rotation as described above.
PAR  In the preferred installation as shown in FIG. 3, the spindle 16 has been
      provided an extended portion 50 which has an accurately machined outer
      periphery which is easily and inexpensively provided when other machining
      is performed. The interior of the support structure 14 closely encircles
      the extended portion 50 so that the extended portion 50 provides basic
      alignment for the sensor 10 with respect to the rotor and provides a
      surface against which sealing means can be positioned to prevent escape of
      lubricating fluid to within the axle. In the preferred sealing means, a
      groove 52 provided around the interior of the structure 14 is fitted with
      an O-ring sealing member 54 of rubber or other compressible material to
      prevent the lubricating fluid in the hubcap 20 for passing between the
      sensor 10 and extended portion 50 into the axle.
PAR  In the preferred configuration of FIGS. 1, 2 and 3, the extended portion 50
      facilitates proper alignment and sealing for the sensor 10 which
      demonstrates the practicality of a sensor which is mounted to the spindle
      at a location other than at the central opening in its end. However, there
      may be a number of axles presently in service which have spindles, such as
      spindle 30 shown in FIG. 4, which have no extended portion and for which
      one could not be practically provided. For this reason, the configuration
      shown in FIG. 4 shows how the mounting means of the present invention
      could be utilized on a spindle 30. The same sensor 10 can be employed and
      would doing so tend to simplify inventory and maintenance problems by
      being applicable for any spindle having the same outside diameter.
PAR  The provide coaxial alignment for the sensor 10 for relative positioning
      with respect to the rotor 18, an alternative jam nut 28' includes a
      precisely located shoulder 60. An interior edge 62 of the sensor 10
      closely mates with the shoulder 60 to position the sensor 10 independently
      of the size, shape or axial positioning of the end opening 64 of the
      spindle 30. To provide sealing, a rubber bushing 66 encircles the
      connecting wire 32 and is tightly received within the end opening 64.
      Since the present invention, unlike some wheel speed sensors of the prior
      art, does not rely upon making contact at the end opening 64 for alignment
      or for preventing relative rotation of the sensor with respect to the
      spindle, the design and tolerances of the bushing 66 are greatly
      simplified. Further, there are presently known to exist end openings 64
      which are machined to different sizes to accommodate different sensors
      found in the prior art or which are not machined to any particular size
      because no wheel speed sensor is presently being used. Providing bushings
      66 of different sizes would satisfy the particular sealing requirement for
      any spindle 30 so that the same sensor 10 could be utilized independently
      on the particular end opening 64.
PAR  While there has been shown and described herein a preferred embodiment of
      the invention, it will be obvious to those skilled in the art that changes
      and modifications may be made therein without departing from the invention
      as claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved wheel speed sensor mounting system for mounting said sensor
      at the end of a spindle of an axle, said spindle including an interior
      passageway through which wiring from said sensor extends and means for
      retaining a wheel mounted thereon which includes a wheel bearing
      adjustment nut, a keyed lock ring, and a jam nut adapted to be
      respectively received on a threaded portion of said end of said spindle
      outwardly of said wheel, said sensor having therein an electromagnetic
      sensing means for generating a signal indicative of wheel speed when
      aligned with a rotor means for relative rotational movement therebetween,
      said rotor means being fixedly mounted to a hubcap to be coaxially aligned
      with said end of said spindle when said hubcap is secured to said wheel,
      wherein said improvement comprises:
PA1  means for securing said sensor to said keyed lock ring, and
PA1  said sensor having an interior cylindrical surface portion adapted to make
      contact with said end of said spindle for coaxial alignment with respect
      to said rotor means, said contact with said end being at a region thereof
      which is remote from said interior passageway.
NUM  2.
PAR  2. An improved wheel speed mounting system as set forth in claim 1, wherein
      said means for securing includes a pair of bolt means extending through a
      pair of support holes at opposite sides of a support structure of said
      sensor to be received within a pair of mounting holes in said keyed lock
      ring which said mounting holes are aligned with said support holes.
NUM  3.
PAR  3. An improved wheel speed sensor mounting system as set forth in claim 2
      wherein said pair of said bolt means respectively extend closely by flat
      working surfaces at the edge of said jam nut to prevent said jam nut from
      being unscrewed from said threaded portion when said sensor is secured to
      said keyed lock ring and further including an additional pair of said
      mounting holes in said keyed lock ring angularly displaced from said pair
      of said mounting holes so that at least one of said pair of said mounting
      holes and said additional pair of said mounting holes is accessible for
      receiving said pair of said bolt means by said jam nut.
NUM  4.
PAR  4. An improved wheel speed sensor mounting system as set forth in claim 1,
      wherein said contact of said sensor with said spindle is made by said
      interior cylindrical surface portion of a support structure of said sensor
      and as made against a periferal shoulder on a side of said jam nut of said
      spindle which faces outwardly of said wheel, said contact providing
      coaxial alignment of said sensor and said rotor means.
NUM  5.
PAR  5. An improved wheel speed sensor mounting system as set forth in claim 4,
      wherein said hubcap includes therein wheel bearing lubricating fluid and
      further including means for sealing said interior passageway to prevent
      loss of said fluid therethrough.
NUM  6.
PAR  6. An improved wheel speed sensor is set forth in claim 1, wherein said
      contact of said sensor with said spindle is made by said interior
      cylindrical surface portion of a support structure of said sensor and is
      made against an extended portion of said spindle which is disposed in an
      axial direction outwardly of said threaded portion, said contact providing
      coaxial alignment of said sensor and said rotor means.
NUM  7.
PAR  7. An improved wheel speed sensor mounting system as set forth in claim 6
      wherein said hubcap includes therein wheel bearing lubricating fluid and
      said interior cylindrical surface portion of said support structure
      closely encircles said extended portion and includes sealing means
      therebetween for preventing loss of said fluid into said interior
      passageway.
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ABST
PAL  A homopolar dynamo-electric machine with stationary superconducting field
      coils has contra-rotating rotors carrying conductors which are
      interconnected by slip-rings and brushes between the rotors to form a
      series circuit with the current flowing through the conductors of one
      rotor in the opposite direction to the flow in the conductors of the other
      rotor.
BSUM
PAR  The present invention relates to homopolar dynamoelectric machines.
PAR  Low rotor voltage is a feature common to both disc and drum types of
      homopolar machines and machines have been proposed in which multiple
      rotors or segmented rotors have been adopted to increase rotor voltage.
      The advent of superconducting coils capable of producing high magnetic
      fields has also contributed to the possibility of designing practical
      homopolar machines with useful rotor voltages for large scale drive and
      generation purposes.
PAR  The present invention is concerned with a homopolar machine which enables
      increased rotor voltages to be obtained whilst permitting a reduction in
      the number of stationary conductors carrying the rotor current which are
      required, as compared with previous proposals. A further object of the
      invention is to provide a machine having a contra-rotating shaft output.
PAR  According to the present invention a homopolar dynamoelectric machine is
      provided having at least one stator field winding and two co-axially
      arranged contra-rotating rotors each carrying one or more conducting paths
      for electric current positioned to cut the magnetic field produced by the
      stator field winding or windings upon rotation of the rotors, there being
      further provided current transfer elements at at least one end of the
      conducting paths arranged to convey current directly from a first
      conducting path on one of the rotors carrying current flow towards a first
      current transfer element at one end of the said first path to a second
      conducting path on the other rotor carrying current flow away from a
      second current transfer element at one end of the said second path, the
      said first and second current transfer elements being in immediate current
      transfer relationship with one another.
PAR  In the preferred machine a drum rotor arrangement comprises two concentric
      drum rotors each carrying a plurality of axially-disposed rotor conductor
      bars and the ends of the bars terminating in continuous slip-rings or
      current transfer brushes whereby groups of the bars on one rotor are
      connected in series with groups of the bars on the other rotor. Similar
      connection arrangements are also possible on disc-type machines.
PAR  In alternative forms of the invention, segmented slip-rings may be used to
      effect series connection of rotor bars as described in our U.S. Pat. No.
      3,497,739. The invention may also be applied to the simpler forms of
      machine, however, using continuous drum or disc-Shaped conductors for the
      rotors. In any form of the invention using a drum type of machine the
      rotor may be of conical as opposed to cylindrical shape.
PAR  Two superconducting field windings are used in the preferred drum-rotor
      form of the machine, but the invention is not restricted to the use of
      superconducting field windings or to this number of field windings for
      drum or disc-rotor applications.
PAR  Drive from the rotors is preferably by way of co-axial contra-rotating
      shafts making the motor form of the machine particularly attractive for
      marine propulsion. For machines according to the the invention employed as
      generators, a separate prime mover at each end of the machine for each
      rotor would generally be preferred. In their use either as motors or
      generators, the two rotors may be coupled to give a single rotor drive by
      means of, for example, gearing.
DRWD
PAR  The invention will now be described in more detail with the aid of an
      example illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a partial longitudinal section of a homopolar dynamo-electric
      machine in accordance with the invention.
PAR  FIG. 2 is a diagram of the electricl connections in a machine of FIG. 1,
PAR  FIG. 3 is a transverse section of the machine of FIG. 1 on the line III-III
      of FIG. 1,
PAR  FIG. 4 is a developed view of part of the inside surface of the inner rotor
      of the machine of FIG. 1, with the planes of section of FIGS. 1 and 3
      shown at I--I and III--III, respectively, and
PAR  FIG. 5 is a developed view of the outer rotor as seen on the line IV--IV of
      FIG. 1, with the plane of section of FIG. 3 shown at III--III.
DETD
PAR  The machine shown in the drawings is designed primarily as a motor and will
      be described as such but it will be appreciated that it would also be
      operated as a generator.
PAR  The machine has two end frame members 10 and 11 between which is supported
      an annular cryostat 12 in which superconducting field coils 13 and 14 are
      enclosed to maintain them at superconducting temperatures. An inner rotor
      15 of cylindrical drum form is mounted at one end in bearings 16 in the
      frame member 10. The other end of the inner rotor 15 is secured to an
      inner shaft 17 which runs within an outer sleeve shaft 18. The shaft 18 is
      mounted in bearings 19 in the frame member 11 and is secured to an outer
      rotor 20 which is also of cylindrical drum form and coaxially surrounds
      the inner rotor 15. Bearings 21 are provided between the outer rotor 20
      and the inner rotor 15 at one end and bearings 22 between the outer rotor
      20 and the shaft 17 at the other end. The rotors 15 and 20 are thus free
      to rotate relative to one another and in operation of the machine, as will
      be described below, they rotate in different directions.
PAR  Referring now to FIG. 2, this illustrates the way in which conducting paths
      on the two rotors are electrically connected. The inner rotor 15,
      represented by a broken outline, has four conducting paths 23A, 23B, 23C
      and 23D, each of which is connected at its ends to a pair of brushes 24A
      and 25A, 24B and 25B, and so on. The brushes 24A to 24D engage
      corresponding slip rings 26A to 26D fixed to the outer rotor 20, which
      again is represented by a broken outline, and the burshes 25A to 25D
      engage corresponding slip rings 27A to 27D fixed to the outer rotor. The
      outer rotor 20 additionally has slip-rings 28 and 29 which are engaged by
      fixed brushes 30 and 31, respectively, through which current is supplied
      to the machine from a direct current source. The slip-ring 31 is connected
      to the slip-ring 26D by a conductor 32.
PAR  The outer rotor has four conducting paths 33A to 33D. The conducting path
      33A is connected at one end to the slip-ring 28 and at the other end to
      the slip-ring 27A and thus by way of brush 25A is connected to the
      corresponding end of the conducting path 23A. The remaining
      interconnections are such as to establish a series connection of
      conducting paths in which the paths of the two rotors alternate thus: 33A,
      23A, 33B, 23B, 33C, 23C, 33D, 23D, the path 23D of the inner rotor being
      then connected by way of brush 24D, slip-ring 26D, conductor 32, slip-ring
      29 and brush 31 to the other terminal of the machine.
PAR  It will be noted that the direction of flow of the current in all the
      conducting paths 23A to 23D of the inner rotor 15 is the same and is
      opposite to the direction in the paths 33A to 33D of the outer rotor 20.
      Hence, since all these conducting paths lie in the same magnetic field
      produced by the coils 13 and 14 (FIG. 1), the opposite directions of
      current flow result in opposite directions of rotation for the inner and
      outer rotors and the shafts 17 and 18 are driven in counter-rotation. For
      marine use it is convenient to couple contra-rotating propellers to the
      shafts 17 and 18. However, if only a single direction of drive is required
      the two shafts can be coupled together by appropriate gearing.
PAR  Whereas in the simplified electrical diagram of FIG. 2 four conducting
      paths are shown on each rotor, the number of conducting paths may be
      smaller or greater than four and each of the conducting paths may consist
      of several conductors connected in parallel between the corresponding
      slip-rings on the outer rotor or between corresponding brush groups on the
      inner rotor. It is also, of course, possible to have slip-rings on the
      inner rotor and brushes on the outer rotor or an arrangement in which the
      conductors on each rotor are connected to slip-rings at one end and
      brushes at the other.
PAR  In the specific construction shown in the drawings each of the four
      conducting paths on the inner rotor is composed of eight
      parallel-connected conductors bars and similarly each of the four
      conducting paths on the outer rotor is composed of eight conductor bars.
      Four slip-rings and four brush sets at one end of the rotors and a further
      four slip-rings and brush sets at the other end serve to provide the
      interconnections between the conducting paths of the two rotors.
PAR  Referring now to FIG. 3, the inner rotor 15 has on its inner surface torque
      fingers 34 in the form of axially-extending ribs which project radially
      inwards from the rotor 15. Between each pair of torque fingers 34 there is
      formed a recess in which four conductor bars 35, 36, 37 and 38 are
      retained by a wedge 39 and co-operating shins 40. The four conductor bars
      are each covered with an individual layer 41 of insulating material and
      are thus insulated from one another. Each of the bars 35 to 38 forms part
      of a different conducting path. Thus, as shown in FIG. 4, the conductor
      bar 35 is the longest of the four bars and has two cranked ends 42 and 43
      to which are attached brushes 44 and 45, respectively. These brushes 44
      and 45 extend through openings 46 in the rotor 15 (FIG. 1) to contact
      slip-rings 48 and 47, respectively, mounted at opposite ends of the outer
      rotor 20. In a similar way the conductor bars 38, 36 and 37, which are
      each shorter than the preceding bar, have brushes 49 and 50 on bar 38
      which contact slip-rings 51 and 52, respectively, brushes 53 and 54 on bar
      36 which contact slip-rings 55 and 56, respectively, and brushes 57 and 58
      on bar 37 which contact slip-rings 59 and 60, respectively. In the
      left-hand part of FIG. 3 the slip-rings have been cut away so that all
      four rings can be seen together with the brushes which contact them. For
      clarity of illustration the brushes are shown in FIG. 3 as extending
      radially outwards from their respective inner rotor conductor bars,
      ignoring the offset created by the cranked ends of the conductor bars.
PAR  There are eight sets of conductor bars 35 to 38 on the inner rotor 15 and
      the corresponding bars of each set are constructed and arranged in an
      exactly similar manner so that, for example, all the bars 35 have brushes
      which engage the single pair of slip-rings 47 and 48 and the bars 35 are
      thus connected in parallel to form one conducting path corresponding to
      the path 23A of FIG. 2. Similarly, the bars 36 are parallel-connected and
      form a single conducting path corresponding to the path 23C of FIG. 2
      while the bars 37 form the path 23D and the bars 38 the path 23B.
PAR  On the outer rotor 20 there are eight sets, each consisting of four
      conductor bars, of which one set is seen in FIG. 5 and consists of bars
      61, 62, 63 and 64. The bars 61 of the eight sets are connected in parallel
      to form the conducting path 33A of FIG. 2, while the bars 62, 63 and 64,
      respectively, similarly form the conducting paths 33B, 33C and 33D. Thus,
      each bar 61 is connected at one end to a slip-ring 28 (FIG. 2) and at the
      other end is welded to the slip-ring 47 (FIG. 5). Each bar 62 is connected
      between rings 48 and 52, each bar 63 between rings 51 and 56 and each bar
      64 between rings 55 and 60. Finally, slip-ring 59 is connected by
      conductor 32 to slip ring 29 (FIG. 2). There may be a multiplicity of such
      conductors 32 in parallel if required to carry the total current.
PAR  The conductor bars 61 to 64 and the conductor bar 32 are mounted on the
      inner surface of the outer rotor 20 and the slip-rings 47, 48, 51, 52, 55,
      56, 59 and 60 are mounted within the cylindrical array of bars 61 to 64
      and are embedded in a layer 65 of insulating material.
PAR  It will be seen that the conductor bars 35 on the inner rotor form a
      squirrel cage array which is interlaced with the squirrel cages formed by
      the bars 36, 37 and 38. Similarly, the bars 61 to 64 on the outer rotor
      form four interlaced squirrel cages.
PAR  Whereas in the contruction shown, the field coils 13 and 14 are annular
      coils surrounding the two rotors, it is possible also to have annular
      field coils 13' and 14' within the two rotors. The coils 13' and 14' may
      be additional to or in place of the coils 13 and 14.
PAR  In the machine described the multiple slip-rings are continuous, but the
      invention may also be applied in machines having a single, segmented,
      slip-ring at each end of the rotor system, of the type described in our
      U.S. Pat. No. 3,497,739.
CLMS
STM  I claim:
NUM  1.
PAR  1. A homopolar dynamo-electric machine comprising a stationary field
      winding, first and second rotors mounted for rotation about a common axis
      in opposite directions relative to said field winding, each of said rotors
      comprising a plurality of conducting paths arranged to cut the field of
      the said winding upon rotation of the rotor, and current transfer means
      arranged to connect one end of the conducting path of the first rotor to
      the corresponding end of the the conducting path of the second rotor for
      the flow of current through the conducting paths of said first and second
      rotors between the ends thereof in opposite directions, said current
      transfer means comprising a plurality of current transfer devices each
      connecting one end of a conducting path on one rotor to the corresponding
      end of a conducting path on the other rotor whereby a series circuit is
      formed consisting of conducting paths of the first and second rotors in
      alternation.
NUM  2.
PAR  2. A homopolar machine as claimed in claim 1 in which the first rotor is
      disposed within the second rotor and the two ends of each of said
      conducting paths are located in axially-spaced planes which extend
      transversely to said axis.
NUM  3.
PAR  3. A homopolar machine as claimed in claim 2 in which each of said first
      and second rotors is a cylindrical drum.
NUM  4.
PAR  4. A homopolar machine as claimed in claim 3 in which the conducting paths
      of said rotors are in the form of bars extending parallel to said axis.
NUM  5.
PAR  5. A homopolar machine as claimed in claim 1 in which each of said
      conducting paths comprises a plurality of conductors distributed around
      the rotor, said conductors being parallel-connected.
NUM  6.
PAR  6. A homopolar machine as claimed in claim 2 wherein said field winding
      comprises at least one annular field coil disposed within said first
      rotor.
NUM  7.
PAR  7. A homopolar machine as claimed in claim 1 in which said second rotor has
      a pair of slip-rings co-operating with stationary brushes which act as
      terminals of a circuit formed by said conducting paths.
NUM  8.
PAR  8. A homopolar dynamo-electric machine comprising a stationary field
      winding, first and second rotors mounted for rotation about a common axis
      in opposite directions relative to said field winding, each of said rotors
      comprising at least one conducting path arranged to cut the field of the
      said winding upon rotation of the rotor, and current transfer means
      arranged to connect one end of the conducting path of the first rotor to
      the corresponding end of the conducting path of the second rotor for the
      flow of current through the conducting paths of said first and second
      rotors between the ends thereof in opposite directions, said current
      transfer means comprising a brush on said first rotor and a slip-ring on
      said second rotor.
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ABST
PAL  A thermionic emitter for apparatus such as electron microscopes, scanning
      electron microscopes, and high power vacuum tubes which require a source
      of electrons formed from lanthanum strontium vanadate which is prepared
      from the compounds La.sub.(1.sub.-x) Sr.sub.(x) VO.sub.3, where x is the
      fraction of strontium (Sr) incorporated into LaVO.sub.3. The value of x
      lies between 0.1 and 0.4.
BSUM
PAR  This invention relates to thermionics emitters for apparatus such as
      electron microscopes, scanning electron microscopes, and high power vacuum
      tubes which require a source of electrons.
PAR  At the present time thermionic emitters take the form of either indirectly
      heated nickel cathodes coated with various oxides of alkaline earth metals
      or directly heated cathodes of components such as lanthanum boride
      (LaB.sub.6). Lanthanum hexaboride emitters are described in U.S. Pat. No.
      2,639,399 to J. M. Lafferty and in U.S. Pat. No. 3,312,856 to J. M.
      Lafferty et al.
PAR  Indirectly heated oxide coated cathodes are very sensitive to exposure to
      air making them unsuitable for apparatus in which the electron source is
      demountable. Compounds such as lanthanum boride work reasonably well, but
      problems of making contacts to the material are experienced, corrosion
      occurs at the contacts during extended periods of operation, and some
      deterioration of performance occurs over long periods of time.
PAR  It is an object of the invention to provide an improved directly or
      indirectly heated thermionic cathode for producing a beam of electrons
      which has a low resistivity and which has a resistance that increases with
      temperature.
PAR  It is another object of the invention to provide a directly or indirectly
      heated cathode that can operate in the temperature range
      1200.degree.-1500.degree.C with good stability for extended periods of
      time.
PAR  It is another object of the invention to provide a material for a
      thermionic emitter that will make good contact with metal conductors.
PAR  These and other objects of the invention are achieved by a thermionic
      emitter formed from lanthanum strontium vanadate which is prepared from
      the compounds La.sub.(1.sub.-x) Sr.sub.(x) VO.sub.3, where x is the
      fraction of strontium (Sr) incorporated into LaVO.sub.3. The value of x
      lies between 0.1 and 0.4.
DRWD
PAR  In drawings which illustrate embodiments of the invention,
PAR  FIG. 1 is a cross section of a simple mounting arrangement of a cathode,
      and
PAR  FIG. 2 is a cross-section of an alternative structure.
DETD
PAR  Referring to FIG. 1 a thermionic emitter is formed of a block of material
      10 held between conducting metal plates 11 by spring-loaded contact. The
      conducting metal may be tantalum, tungsten, or molybdenum in that these
      metals make good contact with material 10 and the contacts are generally
      free from corrosion. The emitter is directly heated by passing an electric
      current through it. Copious electrons are formed and these pass through an
      aperture in plate 12 into the apparatus requiring an electron beam source.
      The block of material 10 is formed from lanthanum strontium vanadate of
      the formula: La.sub.(1.sub.-x) Sr.sub.x VO.sub.3 where x is the fraction
      of strontium incorporated in La VO.sub.3. It has been found that for
      optimum operation 0.1 &lt; x &lt; 0.4. Typical dimensions are 1 mm. .times. 2
      mm. .times. 4 mm. for the block and 0.025 cm thick for the contacting
      metal.
PAR  FIG. 2 shows a typical hair-pin shaped emitter 14 of lantanum strontium
      vanadate with molybdenum sheet contacts 15.
PAR  An example of a method of preparation of the lanthanum strontium vanadate
      compound is as follows: The required quantities of Lanthanum oxylate
      La.sub.2 (C.sub.2 O.sub.4) 9H.sub.2 O and strontium oxylate SrC.sub.2
      O.sub. 4 H.sub.2 O and vanadium pentoxide (V.sub.2 O.sub.5) are mixed in a
      ball mill and fired under an atmosphere of 15% hydrogen 85% argon at
      600.degree.C. The firing period is normally 1 hour and suffices to remove
      water, CO.sub.2 and oxygen from the compounds. The fired materials is ball
      milled and then fired at about 1300.degree.C for 12 hours in an atmosphere
      of 85% argon 15% hydrogen. After a further ball milling the fired material
      is pelletised under high pressure and the pellets are fired to a
      temperature in the range 1700.degree. to 2100.degree.C for times of 10
      mins to 1 hour. This can conveniently be done in an atmosphere of 15%
      hydrogen 85% argon either in a vacuum using electron beam heating or by
      firing in a molybdenum or tungsten crucible heated by a high frequency
      induction furnace.
PAR  It has been found that the incorporation of strontium in the emitting
      material reduces the resistivity markedly and causes the material to
      behave like a metal, having a resistance which increases with temperature.
      The presence of strontium also results in a low thermionic work function
      (e.g. about 2.4 eV for La.sub.0.7 Sr.sub.0.3 VO.sub.3) which allows the
      cathodes to operate at low temperature. These characteristics allow direct
      electrical heating of small slabs of material with Ta, W or Mo electrodes
      pressed against opposite sides of the slabs. Preliminary experiments
      indicate little corrosion at the contacts or deterioration with time, and
      the possibility of stable thermionic emitters operating in the temperature
      range 1200.degree.-1500.degree.C. The cathodes can be exposed to air when
      cold with no deterioration of subsequent performance.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thermionic emitter for electron beam apparatus comprising a metallic,
      electrically conducting support structure and a shaped piece of electron
      emitting material mounted on and in electrical contact with the said
      support structure, said material being the compound lanthanun strontium
      vanadate having the formula La.sub.(1.sub.-x) Sr.sub.x VO.sub.3 where x is
      the fraction of strontium (Sr) incorporated in the La VO.sub.3 and with x
      lying between 0.01 and 0.4.
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ABST
PAL  A shadow mask for use in a color cathode ray tube to insure that a given
      electron beam impinges only on a given portion of the cathode ray tube
      screen. The mask comprises a webbing or sheet of relatively thin,
      electrically conductive material which defines a mask plane and which has
      therein a periodic array of electron transmissive apertures. The sheet
      includes a periodic array of ribs and/or dimples extending out of the
      plane of the mask to impart substantial rigidity to the mask.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to shadow masks for color cathode ray tubes and is
      principally directed to a novel mask structure having improved mask
      self-rigidity.
PAC  BACKGROUND OF THE INVENTION
PAR  Any color selecting shadow mask may be thought of as an electrically
      conductive or electron opaque webbing which insures that a given electron
      beam impinges only on a given portion of a CRT (cathode ray tube) screen.
      Conventionally, shadow masks comprise a thin (typically 0.006 inch)
      apertured sheet of metal, and must generally assume a curvature similar to
      the curvature of the CRT screen with which the mask cooperates. For
      spherically curved screens, the mask is generally likewise spherically
      configured and must be capable of self-maintaining its sphericity.
      Spherically configured dot masks (i.e., shadow masks of the type used with
      dot triad tubes) offer relatively high structural strength and are
      adequately self-rigid to maintain their sphericity.
PAR  Slit masks (i.e., those color selection electrodes which do not have
      circular apertures but rather an array of vertically oriented slits
      separated horizontally by columns of electron opaque material) are not
      self-rigid, cannot self-maintain sphericity, and instead must be supported
      in a cylindrical or planar contour. Since a cylindrical or planar
      configuration in a thin sheet or wire grid format is not self-supporting,
      such slit masks must be stretched taut in order to assure stability and
      precision in the location of the slits relative to the associated phosphor
      screen. As a consequence, a very rigid, heavy and costly frame must be
      provided for tensing a conventional slit mask. Other problems such as
      vibration of the electrically conductive slats or wires which are used to
      define the slits are also present in this type of mask. Examples, of slit
      masks of the type described may be found in U.S. Pat. Nos. 3,363,129,
      3,573,528 and 3,638,063.
PAR  The structural disadvantages of the slit mask have been overcome to some
      degree by the slot mask. Slot masks are similar to slit masks since slot
      mask apertures comprise columns of vertically oriented slits horizontally
      separated by columns of electron opaque material. However, the slits are
      interrupted vertically by horizontal strips of metal known as "tie-bars"
      which act as strengthening bridges across the slits. Thus each slit
      becomes a plurality of slots. Conventionally, the tie-bars are provided in
      sufficient number and with sufficient individual width to impart enough
      structural strength to the mask to allow it to self-maintain a spherical
      or other curved configuration. However, since the slot mask tie-bars
      intercept a portion of the phosphor-exciting electron beams, the
      structural strength requirements, which dictate that the tie-bars be
      sufficiently wide and numerous, impose a predetermined maximum bound on
      electron beam transmission and in turn on reproduced picture brightness.
      Moreover, the slot mask tie-bars if sufficiently wide, may interfere with
      the electron beam raster pattern to form moire' patterns which may
      seriously degrade the reproduced picture quality.
PAR  Attempts to increase self-rigidity in any type mask by increasing thickness
      of the mask material encounter problems arising in standard etching and
      stretch forming methods of manufacture and create a detrimental hole
      close-down at non-zero beam angles.
PAC  OBJECTS OF THE INVENTION
PAR  It is a general object of this invention to provide a shadow mask having
      improved self-rigidity.
PAR  It is a more specific object to provide a slot mask having reduced electron
      beam interception by tie-bars.
PAR  It is a further specific object to provide a self-rigid slit mask.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Further objects, features and advantages of the invention will become
      apparent in the following description and accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a spherically configured shadow mask;
PAR  FIG. 1A is a magnified perspective view of a spherically configured prior
      art slot mask;
PAR  FIG. 2 is a magnified perspective view of a spherically configured shadow
      mask embodiment implementing the principles of this invention;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a magnified perspective view of a preferred embodiment of a
      spherically configured shadow mask implementing the principles of this
      invention;
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a magnified perspective view of a mandrel for electro-forming a
      shadow mask implementing the principles of this invention;
PAR  FIG. 7 is a magnified perspective view of another spherically configured
      shadow mask embodiment implementing the principles of the invention;
PAR  FIG. 8 is a cross-sectional view taken along line 8--8 of FIG. 7; and
PAR  FIGS. 9 and 10 are magnified perspective views of further embodiments of
      spherically configured shadow masks implementing the principles of this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 macroscopically illustrates a prior art spherically configured slot
      mask 21. As seen in FIG. 1A, which depicts a magnified portion of the slot
      mask of FIG. 1, the mask 21 includes an array of slot apertures 23 which
      comprise the individual electron-transmissive windows and which are framed
      by the electrically conductive mask webbing material. More specifically,
      the slots are separated vertically by tie-bars 25 and horizontally by
      slats 27. All the slots in the mask of FIG. 1A are located on an imaginary
      surface whose shape is spherical, i.e., the "plane of the mask". In this
      example, the "plane of the mask" is an imaginary spherical surface but
      more generally the "plane of the mask" will be used herein to mean the
      imaginary surface on which all the individual electron windows lie. As
      seen by the above example, the plane of the mask may be spherical. The
      plane of the mask may also be cylindrical or otherwise curved. The plane
      of the mask may also be flat. It should also be apparent that the plane of
      the mask is not dependent on the shape of the apertures. That is, the
      apertures may be slots, slits, round apertures or otherwise.
PAR  Continuing to refer to the FIG. 1A prior art slot mask, it is seen that the
      mask webbing material also lies in the plane of the mask. That is, the
      slats and tie-bars also follow the basic spherical curvature shown in FIG.
      1A. Thus, these prior art masks possess very little rigidity.
PAR  In accordance with one aspect of this invention, a shadow mask is provided
      which has relatively thin ribs extending out of the plane of the mask. The
      ribs serve to impart substantial rigidity to the mask. In accordance with
      another slightly different aspect of the invention, a mask is provided
      having dimples extending out of the plane of the mask and functioning
      substantially similarly to the above ribs.
PAR  A shadow mask constructed in accordance with the principles of this
      invention may assume a variety of configurations. The drawings and
      associated descriptions illustrate only a few specific embodiments falling
      within the broader scope of the inventive principles disclosed herein.
      Other embodiments employing the inventive principles disclosed herein will
      be apparent to those skilled in the art. It is also to be understood that
      although the drawings depict slot masks whose plane is spherical, the
      principles of the invention are not so limited. The principles of the
      invention are equally applicable to shadow masks whose apertures are other
      than slots and are also equally applicable to shadow masks whose plane of
      the mask is otherwise curved or even flat.
PAR  Paralleling the FIG. 1A manner of illustration, FIGS. 2 and 3 depict a
      magnified portion of a specific slot mask embodiment constructed in
      accordance with the principles of this invention. This slot mask includes
      tie-bars 31 and slats 33 which lie in the plane of the mask and in
      addition includes a plurality of relatively thin, rigidity-imparting ribs
      35 extending away from the plane of the mask. In the FIGS. 2 and 3
      embodiment each rib 35 takes the form of a lip extending away from the
      periphery of an associated slot 37. It should be noted that depending on
      the angle .alpha. at which a lip extends away from the plane of the mask,
      the lip may, or may not, serve at least in part to define the associated
      electron transmissive slot 37. In other embodiments the angle .alpha. may
      vary from slot to slot, for instance in a predetermined relation to the
      variations in incidence angle of beam or mask. Such variations are well
      known to those skilled in the art and occur because the center of
      deflection does not coincide with the mask geometric center. In other
      inventive embodiments herein set forth, analogous applications of these
      variations will be apparent to those skilled in the art.
PAR  It should also be pointed out that although all ribs of FIGS. 2 and 3 are
      illustrated as extending from only one side of the plane of the mask, this
      is not essential. Some or all ribs may be reversed so as to extend from
      the other side. One example incorporating such a modification includes
      ribs which are alternately directed toward and then away from an
      associated cathode ray tube face panel. Analogous variations of
      hereinafter disclosed embodiments will be apparent to those skilled in the
      art.
PAR  Methods of producing the mask of FIGS. 2 and 3 will be apparent to those
      skilled in the art. For instance a purely mechanical process may be
      employed. A flat sheet of metal without apertures may be stretch formed
      similar to the stretch forming of apertured sheets as described in U.S.
      Pat. No. 3,296,850. More specifically, a flat blank is mounted in a press
      in which cooperating die elements clamp the flat blank at the edges and
      while thus clamped, the blank is shaped by stretch forming it over a
      suitably configured punch.
PAR  Apertures and ribs are then produced in the spherical sheet by lancing the
      sheet at three edges of each intended aperture and then folding or bending
      the material along the fourth edge so as to produce the aperture and the
      protruding rib. The lancing and bending may be accomplished with
      appropriate mating dies which themselves are producible to the required
      dimensions by present-day milling machines.
PAR  Another method of producing the shadow mask in FIGS. 2 and 3 is by
      electroforming. The necessary mandrel should be apparent to those skilled
      in the art. It would include conductive surfaces on which the slats,
      tie-bars and ribs could form, and insulating surfaces to prevent
      deposition where apertures are intended.
PAR  It should be pointed out that a mask similar to that of FIGS. 2 and 3, but
      with relatively few tie-bars, or even with no tie-bars such as a slit
      mask, could be produced with only slight, and apparent, variations in the
      above-described procedures for producing slot masks.
PAR  The specific mask embodiment depicted in a magnified fashion in FIGS. 4 and
      5 is also a presently preferred embodiment. In this embodiment the
      horizontal tie-bars 41 which vertically separate the slots 43, constitute
      the major portion of the webbing material which remains in the plane of
      the mask. Most of the webbing material extends out of the plane of the
      mask in the form of ribs 45 and imparts substantial rigidity to the mask.
      Each rib of the FIGS. 4 and 5 mask may be described as a portion of a slat
      folded toward the remaining slat portion along a vertical line. Thus, the
      ribs occur in joined pairs to produce channels which are essentially
      inverted "V" shaped and which are the functional equivalents of prior art
      flat slats. It should be kept in mind that although the above description
      is illustrative, it may not be precise, because to actually fold the flat
      slat of an operational flat slot mask would likely alter, probably
      undesirably so, the horizontal periodicity of the slots. In other words
      the desired slot periodicity should be of course achieved independently of
      the forms the webbing material assumes. It is also apparent that other
      similar shapes, such as a "U" shaped channel, are possible.
PAR  The increase in rigidity will permit the tie-bars to be thinner and/or
      fewer in number. The resulting mask thus intercepts less of the electron
      beams and approaches a slit mask in performance. If the channels are made
      high enough (out of the plane of the mask), the tie-bars may be eliminated
      altogether, resulting in a true slit mask having adequate self-rigidity to
      self-maintain a spherical or other configuration.
PAR  Electroforming is presently considered to be the preferred method of
      producing a mask as shown in FIGS. 4 and 5. The mandrel illustrated in
      FIG. 6, except for obvious design nuances which prevent problems such as
      too much or too little localized deposition, may be employed to
      electroform the mask in FIGS. 4 and 5. Insulating islands 51 prevent the
      deposition of material and thus define the slots 43 of FIG. 4. The mask
      ribs 45 form on the channel-like conductive surfaces 53 and the mask
      tie-bars form on the conductive surfaces 55 between insulating islands 51.
      Of course, all angles are chosen such that the completed electroformed
      mask may be withdrawn from the mandrel.
PAR  The mask of FIGS. 4 and 5 or one similar thereto, may also be mechanically
      produced. First, a flat non-apertured sheet may be stretch-formed, as
      earlier explained, into a spherical or other desired three-dimensional
      configuration. The channels may be added by forming between appropriate
      mating dies or by coining. Aternatively these operations could be combined
      by stretch draw forming with mating dies. Perforating the channelized
      spherical blank to create the slots should be performed last so as to
      locate the slots independently of any localized shifts of material during
      forming operations. The perforations may be made with an appropriate punch
      and die. The necessary tolerances are well within the art of piercing
      intricate patterns. See page 134 of Metals Handbook, 8th edition, Volume
      4-Forming, American Society for Metals, 1969.
PAR  FIGS. 7 and 8 depict a mask embodiment also implementing the principles of
      the invention, but whose construction represents a slight departure or
      variation from the theme characterized by ribs as set forth above and
      illustrated with the two foregoing examples. The mask of FIGS. 7 and 8
      also includes material which projects out of the plane of the mask and
      thus imparts rigidity to the mask. However, the form of the FIGS. 7 and 8
      projections are more appropriately described as dimples 61. The depicted
      dimples comprise somewhat rectangular depressions preferably located in
      the mask slat areas. Although illustrated as extending from only one side,
      some or all of the depressions may be reversed. Thus the depressions may
      extend from either or both sides. Also, the dimples may assume various
      configurations other than the depicted embodiment. Especially in view of
      the previous descriptions it should be apparent to those skilled in the
      art that such a mask with dimples could be produced by electroforming or
      by mechanical procedures which, for example, could include a coining
      operation.
PAR  Other desirable mask embodiments employing ribs are illustrated in FIGS. 9
      and 10. In FIG. 9, as in FIG. 2, the ribs 71 take the form of lips
      extending from aperture peripheries except, of course, that the lips
      surround the slot instead of projecting only from one edge of the
      periphery. The ribs 81 of FIG. 10 are similar to the lips of FIG. 9 except
      that part of each lip is shared by a neighboring slot. In other words, the
      two ribs which occur at neighboring ends of adjacent slots, as shown in
      FIG. 9, are joined or otherwise modified to become a single rib as shown
      in FIG. 10. Also, similar to FIG. 4, some of the ribs of FIG. 10 occur in
      joined pairs to produce channels. Although not shown, a further desirable
      embodiment is achieved by adding, to the FIG. 10 channels, ribs which, for
      instance, may extend substantially transversely across the channels and
      appear substantially as lateral extensions of the ribs shown as defining
      slot ends.
PAR  Such a mask as illustrated in FIG. 9 could be electroformed on a mandrel
      similar to that shown in FIG. 6 but modified to lower the conductive
      surfaces between insulating islands such that the insulating islands rest
      on truncated pyramids whose four sides are conductive. The V-groove is
      also modified to more of a U-shape. A mandrel for the mask of FIG. 10 is
      similar to that for FIG. 9 except that only three sides of each pyramid is
      conductive.
PAR  Thus, it is seen that the above-described examples are merely illustrative
      of the application of the principles of the invention. Numerous other
      arrangements may be readily devised by those skilled in the art which will
      embody the principles of the invention and fall within the spirit and
      scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shadow mask for use in a color cathode ray tube comprising a
      relatively thin, spherically curved sheet of electrically conductive
      material which defines a spherical mask plane and which has therein a
      periodic array of elongated, rectangularly shaped electron transmissive
      apertures, said periodic array forming a plurality of columns, each of
      said apertures being bounded on one of the longer sides thereof by a rib
      out-struck from the sheet and extending from the convex side thereof for
      imparting rigidity to the mask and for defining, at least in part, the
      electron transmissive aperture.
NUM  2.
PAR  2. A shadow mask as defined in claim 1 wherein said apertures and said
      out-struck ribs are disposed in rows arranged end-to-end, each aperture
      being separated from its neighbors by tie bars, in alternate rows said
      apertures and associated ribs being staggered to enhance the mechanical
      rigidity imparted to the mask by said ribs.
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PAL  IBM Technical Disclosure Bulletin, "Printed Circuit Packaging", by L. D.
      Green, Vol. 3, No. 12, May 1961.
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      Vol. 1, No. 3, Oct. 1958.
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ABST
PAL  There is disclosed an improved gaseous discharge display panel device and
      process of manufacturing same. A large number of cathode substrate
      electrode and mask structures are printed and fired on a single glass
      sheet, the electrodes being printed first and dried/cured at a higher
      temperature than subsequently applied mask and electrical crossovers,
      which are cured at lower temperatures. Upon completion of fabrication of
      the electrode and dielectric mask structures and crossover connections,
      the glass plate is simply scored and separated to provide individual back
      substrate and electrode mask structures which are then assembled with a
      like formed annode plate structure. Individual devices are then assembled
      with use of a seal rod preformed to have a gap in the seal structure and a
      laser facturable mercury dispensing giver. In forming the devices, the gas
      is processed through the small gap left in the seal structure and, the gap
      is closed with a short sealing rod through and about which outgasing and
      gas filling are formed during the final gasing step. Batch processing of
      devices in the range of 1000 - 5000 in a relatively short period of time.
BSUM
PAR  This application contains subject matter disclosed and claimed in
      application Ser. No. 492,993, filed July 30, 1974, application Ser. No.
      492,992, filed July 30, 1974, application Ser. No. 492,991, filed July 30,
      1974, application Ser. No. 513,803, filed Oct. 10, 1974, application Ser.
      No. 500,225, filed Aug. 26, 1974 (Stephen C. Thayer), and application Ser.
      No. 513,802, filed Oct. 10, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  Fabrication of gas discharge display devices generally of the character
      disclosed herein have been accomplished in the past and typically these
      are one-for-one type operations. That is, individual glass substrates
      and/or ceramic substrates are provided upon which the conductor runs are
      printed and then the dielectric masks are printed over the conductor runs
      and in the openings in the conductor runs for the cathode electrodes, the
      cathode materials which interface with the gas discharge medium are
      printed thereon and all of these being subsequently fired and cured. Such
      devices are subsequently assembled usually by the use of a gas filling
      tubulation but in some cases tubulationless devices have been fabricated
      in which final hermetic seal of two spaced apart substrates accomplished
      by utilization of an unfused sealing frame, evacuating the entire unit and
      back filling with an elevated temperature and then heating the assembled
      parts spaced between the electrode elements while retaining the gas in the
      assembly until the glass parts have been softened to a sealing temperature
      to result in a fusion sealing of the frame element and thereby final
      assembly of the device. This process is difficult and cumbersome and does
      not lend itself well to batch processing of individual display elements.
PAR  In Boswau U.S. Pat. No. 2,142,106, a gaseous discharge display device
      having small glass discs carrying shaped cathode elements and indivudual
      annode elements are stacked in a disc with the interstices between the
      discs sealed in a manner around the periphery to prevent electrode
      interference between eachother, a small aperture being left at one point
      in the periphery by leaving out the sealing operation at this point to
      provide communication with the main gas chamber formed by an overall glass
      envelope or bulb. In the Boswau patent, the bulb is subsequently exhausted
      and filled with the gas at a proper pressure, the exhausting and back
      filling processes extending through and communicating through the aperture
      to the individual gas chambers formed in the spaced disc and the aperture
      then is filled with a suitable sealing material which permits the gas to
      permeate during the exhausting and filling operation thereafter this
      individual seal element or plug is sealed by heating means of electronic
      bombardment or other sealing means. The present invention is a direct and
      distinct improvement over the sealing technique disclosed in the Boswau
      patent in that the present invention adapts a portion of that technique of
      the Boswau patent and extends same to batch processing of thousands of
      individual discrete gaseous discharge panel elements in a manner and
      fashion not heretofore available, with yield factors significantly greater
      than those of the prior art. A substantially bubble-free glass rod, shaped
      generally in the perimetrical configuration of the gas chamber is fused to
      the two substrate surfaces in an air atmosphere. A small opening or space
      between the ends of the rod is provided. Large numbers of the device may
      be stacked in trays, with a small glass rod bridging the ends of the rod
      and space and held in position by the opposing substrate. The rod seal or
      plug is slightly smaller in diameter to snugly fit between opposing
      substrate surfaces and has a fusion temperature slightly below that of the
      formed rod. Both materials are, however, of optical quality and of
      substantially bubble-free edge surfaces. This loose rod seal element or
      plug permits batch vacuumization (also under bake out conditions if
      desired) and back filling with any desired gas composition of large
      numbers of individual devices in a single operation.
PAR  In the prior art, in making segmented electrode gaseous discharge display
      panels, particularly alphanumeric type displays, the individual conductor
      runs are printed first and fired on the substrate and subsequently, the
      mask and cathode element electrodes e.g., those elements which are to be
      in direct conductive contact with the gas are printed and cured, the
      printing of the cathode elements being through the apertures or openings
      in the dielectric mask. In accordance with this invention, instead of
      using a ceramic substrate, simple, inexpensive glass substrates are used.
      The conductor elements forming the cathode electrodes which interface with
      the gas medium are printed first and cured at relatively higher
      temperatures so as to eliminate cathode porosity and assure that those
      conductor segments or elements forming the cathodes of the device have a
      good hard surface at the gas interface so as to minimize sputtering
      problems and improve the discharge properties of such devices.
PAR  In the sealing operation described earlier herein, it has also been found
      that the use of screened on sealing materials in an unfused state, is not
      as desirable as the use of a preformed rod element fabricated from glasses
      having fiber optic properties, that is to say no bubbles therein which
      distort and rupture the seal upon heating and/or vacuumization.
PAR  The typical and classical way of fabricating gaseous discharge devices is
      to vacuum bake the devices so as to remove included gaseous contaminants
      from the interior surfaces of the device. Vacuum baking is a very time
      consuming and expensive process. In another feature of the process of this
      invention, the several thousand devices stacked in trays are placed in a
      vacuum chamber. The vacuum is pulled over the device without heating to
      remove substantially all of the free contaminants from the individual
      gaseous discharge devices and then, at an ambient temperature, the gas
      filling is admitted to the processing chamber and thereby each individual
      gaseous discharge element is filled at room or ambient temperature. This
      assures proper gas proportions and eliminates the need for accurate and
      precise calibration at high temperatures of the gas filling. Then, after
      the gas filling has been introduced to the devices, the devices are heated
      by Calarod heaters inside the chamber so as to effect a melting of small
      sealing elements in the openings described earlier herein. This technique
      thereby avoids the long time between the filling and heating of the
      chamber thereby reducing a production run of thousands of devices in a
      single chamber to no more than six hours in pumped in heating back filling
      with the gas and the like. Since this sealing process is done at a
      pressure somewhat below ambient, and since the volume of gas in the vacuum
      chamber can be greater than the cumulative gas volume contained in the
      devices, there is sufficient heating under somewhat negative pressure
      conditions to assure good clean up of the device under less than perfect
      vacuum conditions and at significantly reduced cost and processing time.
      In still another feature of the invention, small mercury-containing
      capsules or givers are activated by the use of a laser beam. To this end,
      the device is provided with laser transparent windows in each of two glass
      substrates which thereby permits the use of a laser beam to effectively
      break the mercury capsule without damaging the device itself.
PAR  Finally, in the prior art, connections between the anode electrodes and
      exterior connections to operating potentials have been by means of small
      metal clips between the two substrates. In accordance with this invention
      a conductive epoxy is inserted between the terminals ends of the anode
      electrodes and the printed conductor ends on the cathode plate. According
      to the invention, this epoxy is carefully cured so as to assure that there
      are no bubbles in contact with the annode elements which would tend to
      cause hot spots and breaking of the anode connections.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, advantages and features of the invention will
      become more apparent from the following description taken in conjunction
      with the accompanying drawings wherein:
PAR  FIG. 1 illustrates a glass substrate upon which a first conductive pattern
      has been printed, one such pattern being shown in the top left hand corner
      thereof with the dash lines indicating the positions of a large number of
      other such patterns not shown in this drawing for purposes of clarity of
      explanation,
PAR  FIG. 2 illustrates the glass plate of FIG. 1 upon which has been printed
      the first dielectric mask (a black colored dielectric but shown white in
      FIG. 2,
PAR  FIG. 3 is the plate shown in FIG. 2 having the crossover conductors printed
      on the mask of FIG. 3 interconnecting the different elements shown, it
      being understood that a similar printing has occurred with respect to the
      other substrate elements shown in FIG. 3,
PAR  In FIG. 4, a further dielectric printing has been accomplished over the
      crossover elements shown in FIG. 3,
PAR  FIG. 5 is an exploded view showing the sequence of assembly of the
      different components into a device ready for batch fill and seal
      operations,
PAR  FIG. 6 is a top plan view of a completely assembled device,
PAR  FIG. 7 is an enlarged sectional view showing the placement of the seal rod
      bridging the gap on the now fused seal frame,
PAR  FIG. 8 shows the mercury capsule in position with a laser beam directed
      thereto for fracturing same,
PAR  FIG. 9 is a process flows chart showing the individual printing and curing
      operations utilized in the manufacture of the devices.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIGS. 1-8 in conjunction with FIG. 9, FIG. 1 shows a glass
      plate 10 which, in a specific example, may be ten inches by twelve inches
      single strength glass, has printed thereon individual cathode electrode
      patterns 11-1, 11-2, 11-N and cathode period elements 12-1, 12-N. Each
      cathode pattern constitutes a digit position, the illustrated embodiment
      being for a nine digit numeric display (n-9). It will be appreciated that
      the invention is equally applicable to alphanumeric segmentation as well
      as crosspoint matrix display. These elements have cathode electrode
      segments 13A, 13B etc. which, in the embodiment of this invention,
      constitute the cathode electrode elements defining the glow discharge
      portions of the display. It will be noted that certain ones of these
      cathode segments 13A, for example, has a further direct conductive portion
      14-A leading to a conductor pad 15-A. In the embodiment of this invention
      to be described herein, each of the corresponding segments 13-A in all of
      the digit positions 11-1, 11-2 . . . 11-N, are interconnected
      electrically, some of which are directly interconnected in the initial
      electrode printing shown in FIG. 1. For example, the center bar segment
      13-C is shown as being an interconnected horizontal segment electrode and
      by conductor portion 14-C to a pad 15-C. Alternate pads are also printed
      at this time for subsequent connection to the anode elements to be
      described later herein. In like manner, the cathode electrode 13-B in
      digit position 11-1 is interconnected to every cathode segment designated
      with the numeral B by a conductor portion 14-B and thereby to a pad 15-B.
PAR  However, in accordance with the present embodiment, some of the cathode
      segments are not directly connected to conductors extending to the
      individual pad elements 15. In the illustrated embodiment, a first
      dielectric mask element 16 shown in FIG. 2 is printed over the condudtor
      segments leaving openings or vias 18-1, 18-2, 18-N and 19-1, 19-2, 19-N
      and 20-1, 20-N, 21-1, 21-N and 22-1, through 22-N, all of which are in
      registry with an underlying conductor portions or areas. These vias are
      simply opening or spaces left vacant in the dielectric mask or layer 16.
      In addition to the vias or openings left for crossover connections, to be
      described later in connection with FIG. 3, it will be noted that the
      individual cathode segments 13-A, 13-B, etc. and the periods therefor 12-1
      . . . 12-N, are left open. As has been described earlier, no further
      conductive material is applied to these cathode elements because they have
      been cured at a higher temperature to thereby anneal and/or provide smooth
      surfaces for the discharge per se. However, the crossover vias, 18-1 . . .
      18-N, 19-1 . . . 19-N, 20-1 . . . 20-N and 22-1 . . . 22-N are left open
      for the purpose of permitting the conductor material which is printed in a
      manner shown in FIG. 4 to make electrical contact with the conductor
      elements exposed by the vias. These form the electrical crossover
      connections shown in the pattern of FIG. 3. It will be appreciated that
      conductor patterns may be devised so that the printing of such crossovers
      is eliminated or minimized. It should be understood that while the
      dielectric mask is shown as white, it is a black mask for highlighting the
      glow discharges at the cathode segments, and that the cathode material is
      white or silver colored in appearance and, in fact, is basically a silver
      in a suitable vehicle. Furthermore, clear or transparent areas of glass
      have been stippled. Of course the anode glass substrate could be
      translucent.
PAR  In addition to the openings or vias to make the crossover connections and
      in addition to the opening for permitting the cathode segments to be
      viewed in direct conductive contact with the gas, a pair of windows 25A
      and 25B are provided so that the glass substrate 10 is directly viewable
      through these openings 24 and 25. These openings are for the purpose to be
      described more fully hereinafter.
PAR  Not shown in FIGS. 1 or 2 are conventional registration marks, the
      registration marks simply being marks which are printed in dielectric
      material upon the substrate 10 and in any subsequent printing upon the
      substrate 10 when the dielectric material is printed so as to assure
      registration thereof. In like manner, in the following pace which also
      follows, further printings of the registration marks are made to assure
      the proper registrations are achieved. The term printing is used
      principally to encompass stencil screen printing etc., but other forms of
      printing may be used.
PAR  As shown in FIG. 3 the crossover interconnecting via 19-1 through via 19-N
      is designated with the numeral 30 and the crossovers connecting the vias
      18-1 . . . 18-N are designated 31. In like manner, crossover conductor
      means 32, 33 and 34 are conductor printings upon the dielectric. The
      printing operations are simply screening or otherwise applying the
      conductive material directly upon the dielectric surfaces of the substrate
      with the conductive material entering the vias and making the electrical
      contacts with the conductor previously printed. It will also be noted that
      a pair of crossovers 36 and 37 have also been printed upon the conductor
      solely for the purpose of making the crossover connections between the
      conductor elements as shown.
PAR  It will be noted that the conductive cathode segments for each of the digit
      positions remains exposed and these elements are, in effect, continuing to
      receive the temperature treatments (albeit at lower temperatures) for the
      curing of the dielectric layer 16 and the individual crossover layers as
      shown.
PAR  In a final printing operation, the final dielectric layer is applied over
      the crossover, the windows 25A and 25B being maintained. The purpose of
      this final printing is, as is well known, to avoid any glowing of
      conductor areas or portions which is it is not desired to glow.
PAR  Referring now to FIG. 9, it should be noted that an important step in the
      process just described in the fabrication of the back substrate is that
      the electrodes which form the cathode segments for the display have been
      printed in an initial printing operation. This electrode is cured in step
      5 as shown in FIG. 9 at a much higher temperature than could be effected
      by prior art techniques in fabrication devices of the character of the
      present invention. In other words, by printing the cathode segments first
      and curing them at a much higher temperature to provide an improved
      cathode-gas interface, the mask which is printed on at a later time, can
      be cured at lower temperatures without adversely affecting the conducting
      properties of the different conductor elements used in providing exterior
      connections for the device. As shown in FIG. 9, the initial mask is
      printed in a two step operation of, first, printing the mask a first time,
      drying the mask and then curing the mask. A second mask printing, drying
      and curing operation is effected but it will be appreciated that these may
      be done in a single step. In some cases, the mask may be fabricated as a
      film and transferred to the substrate. However, it is important to assure
      that the mask is of a sufficient thickness that the gap adjacent cathode
      segments is separated by a physical barrier of dielectric material. Thus,
      this second step is an important assurance that the dielectric between the
      ends of individual cathode segments is high enough to provide a barrier
      which avoids or minimizes shorting between nearby cathode segments.
PAR  The crossover printing is done with the same conductive material as is used
      in the first printing operation of conductive material and it will be
      noted that in each case, the conductive material is dryed and then cured
      at higher temperatures. This material is a frit based thick film paste
      primarily of silver. The third mask printing operation, while it could
      have been limited to printing simply over the crossovers, was, in effect,
      a full printing since this further assured a sufficient barrier between
      the individual cathode segments on the substrate. Thus, in addition to
      being able to print, dry and cure the cathode electrodes at a high enough
      temperature (a typical conveyor oven being about 50 ft. long, one foot per
      minute, there being about 15 heat zones with a maximum temperature of
      1100.degree.C.) as to assure a good, clean, smooth silver surface for the
      cathode electrode, printing the cathode electrodes in a first printing
      step permits the building up in the mask areas of sufficient barriers
      between the individual cathode segments as to reduce the possibility of
      conductive connections between the individual cathode elements due to the
      sputtering, etc. and thereby enhance the active life of the device.
PAR  As illustrated at box 18 of FIG. 9, the device is scribed along the
      dash-dot lines and separated to provide individual back substrates
      illustrated in FIG. 5 as element 50. Element 50 is identical to the
      different element 50 shown in FIG. 4.
PAR  Referring now to FIG. 5, the back substrate now designated as element 50,
      is identical to the back substrate component shown in FIG. 4. Also shown
      in FIG. 5 is an anode substrate 51 having printed thereon individual anode
      elements 52-1, 52-2, 52-N, there being one such anode electrode element
      for each digit position and adapted to overlie the individual cathode
      segments and the cathode period element 12-1 at a given digit position.
      The anode conductors are transparent tin oxide which are printed and fired
      on a single strength glass substrate 53. It will be appreciated that the
      printing and firing of these conductors may be done in a batch process,
      very much like the printing of the back substrate with cathode elements.
      The use of tin oxide as a transparent anode element is conventional in the
      art and is not described in detail herein except to say that the process
      of printing same with large numbers of devices on a thin glass substrate
      is useful for the purpose of batch producing devices.
PAR  The top substrate or anode plate 51 is joined to the bottom substrate by
      means of a sealing element or member 55 which has been shaped so as to
      have the ends thereof 56 and 57 spaced by about a 1/4 inch to about 1/16
      inch. The sealing element 55 is simply placed upon the black dielectric
      masked element and held in place by drying unfused dielectric. At the same
      time, small spacer rods 58 and 59 at each end of the device are likewise
      temporarily held in position by tacking as by the use of unfused
      dielectric. Spacer rods 58 and 59 consist of a hard glass composition
      having a higher softening temperature than the sealing element 55. The
      seal element 55 is made from a fiber optic type glass which has no bubbles
      therein and which has a fusing or seal temperature below the melting point
      of the glass substrate 10 and spacer rods 58 and 59 (a seal temperature of
      about 450.degree. C. is used). In addition, a small mercury capsule 60 is
      held in place in position over window 25A by a white unfused dielectric
      which is of essentially the same composition as the dielectric forming the
      mask but which does not have any pigmentation in it. The purpose of using
      a white unfused dielectric is so that a laser energy which is used to
      rupture the capsule 60 is not absorbed by the black dielectric to create
      heat in the black dielectric and thereby destroy the device. It is also
      for this reason that a pair of windows 25A and 25B is provided.
PAR  After the sealing member 55 and spacer rods 58 and 59 and mercury capsule
      60 have been positioned in the device, the anode plate 51 is positioned
      over these elements and a weight is applied thereto. The entire assembly
      is passed through a heating oven to fuse or join the sealing member 55 to
      anode plate 51 and back substrate plate 50. The resulting device is
      illustrated in FIG. 6 and it will be noted that there is a small gap 65 so
      the interior of the gas chamber is accessible. A glass rod 66 having a
      diameter about the same diameter as spacer rods 58 and 59 is simply laid
      in the gap or crevice between back substrate plate 50 and anode plate 51
      and constitutes the glass plug illustrated in block 23 of FIG. 9.
PAR  It will be appreciated that the spacer rod elements 58 and 59 need not be
      located in the gas chamber formed or in the positions shown. They may be
      located parallel to the horizontal runs of seal 55, parallel to all four
      runs, between display positions for larger displays (see Baker et al U.S.
      Pat. No. 3,499,167); even externally of the chamber and parallel to the
      horizontal and/or vertical runs of seal member 55. As a matter of fact,
      the spacer may have a perimetrical pattern which is a twin to seal member
      55, and only slightly larger or smaller. The only size criteria of the
      spacer is that it define the discharge gap and be a hard glass composition
      and have a softening temperature higher than that of seal member 55.
PAR  As shown in FIG. 6 alternate ones of contact pads 15 are connected to the
      cathode electrode on cathode plate 50 and the intervening ones are
      connected by means of a extruded conductive silver epoxy connectors 70-1,
      70-2 as an improvement over prior art metal insert connectors previously
      used for this purpose. It is important to cure the epoxy at a temperature
      such that bubbles are not formed. Bubbles tend to cause concentrations of
      current flow in the tin oxide coatings and thereby impair or destroy the
      connection thereto.
PAR  As shown in FIG. 8, the mercury giver 60 is a filamentary glass tube (18
      mils in outside diameter) which is laser energy transparent. It is
      positioned between a window 25A and the cathode plate 50 and a transparent
      portion of the anode plate 51 (which may also be designated as a "window")
      and held in place for assembly purposes by a white dielectric. The
      aluminum or copper block serves as a heat sink and should not be highly
      reflective for safety reasons. Instead of a glass capsule the giver may be
      any other radiant energy actuatable device, such as SAES type 150 giver
      from the SAES company of Italy.
PAR  The gas filling may be a mixture of neon and argon, such as 99.5% neon and
      0.5% argon. As is conventional, radioactive Krypton (Krypton 85) may be
      added to the fill mixture to lower the operating voltage. However, it will
      be noted that there are two unused contact pads 15 which could be used to
      operate a keep alive discharge as is also conventional in the art.
PAR  In a preferred embodiment, the edges 75 and 76 on plates 50 and 51 from a
      slot or notch for receipt of the seal rod or plug member 60. This permits
      a simple mechanical retention of the spacer in its desired position during
      the outgassing and gas filling operation. If desired the top horizontal
      run of seal member 55 may be located closer to the edge so that upon
      softening the seal material or element 55 will be pressed flat as shown in
      FIG. 8 and the plug rod 66 held in position by an adhesive such as unfused
      dielectric. However, the seal member 55 may be formed flat in cross
      section and, as before, slightly thicker than the spacer rods. The panel
      assemblies, with seal rod 66 in the notch or space and bridging the ends
      of the seal element 55, the panels are stacked, in stainless trays with
      the port or space 65 up and the glass rod 66 in place. A high temperature
      glass shim, not shown, is located between the lower edge of anode plate 51
      to maintain the proper relationship between the anode and cathode plates
      while the heating of seal rod 66 is performed.
PAR  Seal element 55 is a bubble-free glass to avoid "worm" holes therein, a
      fiber optic type glass such as Corning type 7570 glass 033" O.D. cane
      formed as shown in FIG. 5 works satisfactorily, it having a relatively low
      temperature of about 450.degree. C. The glass plugging element or rod 66,
      placed across the opening or port 65 as shown, has fiber softening point
      below that of the sealing member 55; a similar glass with a fiber
      softening point 20.degree. to 30.degree. lower is satisfactory.
PAR  The gas process procedure is the evacuation of the system, the introduction
      of the proper gas at ambient room temperature to the proper pressure,
      about 120 torr, and the heating of the seal rod so it closes the envelope
      with the desired gas condition. In the system described above, the cycle
      is 6 hours with 2000 devices per cycle. Each chamber can be large enough
      to handle as many as 5000 devices. The cycle may be reduced to 11/2 hours.
      If devices fail to seal, they are simply recycled. System gas is recovered
      by operating two chambers in parallel. After the sealed devices are
      removed from the gas process system, each one is placed under a laser
      which is projected through a window in the device to crack the capsule and
      release mercury into the envelope. As is conventional in the art some
      panel aging time may be performed before releasing the mercury.
PAR  It will be appreciated that while a number of modifications have been
      referred to, others will become apparent to those skilled in the art and
      it is to be understood that such obvious modifications may be made without
      departing from the true spirit and scope of the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a gas discharge information display panel having transparent tin
      oxide anode electrodes on a glass viewing plate member and cathode
      electrodes on an opposing substrate plate member, a plurality of contact
      pads on one of said substrate members, including selected contact pads
      electrically connected to the electrodes thereon, said plate members being
      spacedly joined by a seal means defining, with said plates, a gas
      discharge chamber the plate having said contact pads thereon having an
      overhung portion thereof carrying said contact pads, the improvement
      comprising
PA1  a conductive extrusion inserted between the facing surfaces of said plates
      and exterior of said gas chamber and said seal means, said conductive
      extrusion electrically connecting the electrodes on the other of said
      substrates with selected ones of the contact pads on said overhung
      portion, said extrusion being bubble-free to avoid concentration of
      current flow in said transparent tin oxide where inserted in contact
      therewith.
NUM  2.
PAR  2. The invention in claim 1 wherein said conductive, bubble-free extrusion
      is silver incorporated in an epoxy carrier.
NUM  3.
PAR  3. In an electrical display device comprising an envelope defined by a pair
      of flat, insulating plates which are parallel and spaced from each other,
      a plurality of silver electrodes seated on one of the plates and having a
      plurality of associated silver contact pads terminating along an overhung
      edge of the first plate, at least one transparent tin oxide electrode
      seated on the other of the plates and having a conductive tin oxide lead
      terminating along an edge of said other plate, the terminals and the lead
      to the first and second electrodes being on opposed surfaces of the
      respective plates, and means for sealing a display-supporting medium in
      the envelope between the plates along a predetermined perimeter, the
      improvement comprising a conductive, bubble-free extrusion inserted
      between said plates and between selected ones of said conductive tin oxide
      leads and contact pads in said opposite plate so that the contact pads on
      said overhung edge supply electrical energy to all said electrodes.
NUM  4.
PAR  4. In a panel-type display device comprising a front plate and a back plate
      defining a display space between them, both plates extending beyond said
      display space, and one plate having an edge overhanging the edge of the
      other plate, electrically responsive light-emitting means in said display
      space, a plurality of electrodes associated with said light-emitting means
      for operation thereof and including a set of first silver electrodes on
      said back plate and a set of contact pads on an overhung edge of said back
      plates, and a set of second transparent tin oxide electrodes on said front
      plate, a plurality of conductive electrical paths consisting of the
      material of their respective electrodes disposed on the facing surfaces of
      said plates adjacent a peripheral edge, outside of the area of said
      display space, said plurality of conductive electrical paths each
      electrically connected to one of said electrodes, the improvement
      comprising a conductive extrusion inserted between the facing surfaces of
      said plates and the exterior of said gas chamber and said seal means, said
      conductive extrusion electrically connecting the electrodes on the other
      of said substrates with selected ones of the contact pads on said overhung
      portion, said extrusion being bubble-free to avoid concentration of
      current flow in said transparent tin oxide where inserted in contact
      therewith.
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ABST
PAL  A mercury capsule comprises a mercury-filled metal tube, of measured
      capacity, having closed ends, each of which includes end portions which
      are cold welded and resistance welded to form an hermetic seal and
      intermediate portions, which are crimped closed. The length of the
      intermediate crimped portions of each capsule is designed to permit the
      mercury within the capsule to expand and stress the lightly crimped
      portions, during processing operations of a device in which a capsule is
      mounted, without opening the hermetically sealed end portions of each
      capsule.
PAL  The method of the invention comprises filling a metal tube with mercury,
      closing the open end, and forming light crimps in the tube at spaced
      locations to form individual capsules, each of which is filled with a
      measured quantity of mercury. The crimped portions of the tube are
      processed to form lightly sealed portions on each side of the chamber
      which contains the mercury and tightly closed portions adjacent to the
      lightly closed portions at the ends of the capsules. The two closed
      portions have different resistance to opening under mercury vapor pressure
      at elevated temperatures, with the lightly closed portion being able to
      open at a temperature at which the tightly closed portion will not open.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of Ser. No. 355,178, filed Apr. 27, 1973,
      now U.S. Pat. No. 3,895,709.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For many years, display devices such as NIXIE tubes have used mercury vapor
      along with the normal inert gas content to minimize cathode sputtering. A
      NIXIE tube comprises a relatively large bulb or envelope in which is
      mounted a stack of glow cathodes in the form of characters. Mercury is
      usually introduced in such a device from a glass capsule which is disposed
      within the tube envelope and contains a ball of mercury. To release the
      mercury, the capsule is heated to cause the mercury to expand and break
      the glass.
PAR  Recently, thin, flat, gas-filled display panels have come into wide use,
      and these devices also use an inert gas and mercury vapor. A display panel
      generally comprises a thin, flat envelope including a base plate and a
      face plate. The base plate carries various electrodes including groups of
      glow cathodes, and the face plate carries the associated anodes for the
      groups of cathodes. The base plate and face plate are sealed together with
      a close spacing between them. Due to their construction, their gas volume,
      and the nature of their electrodes, display panels have a relatively
      strict requirement with respect to the quantity of mercury provided.
      However, glass capsules cannot be made in mass production so that they
      uniformly include the same measured quantity of mercury.
PAR  In addition, due to limited space in panel devices, the glass capsule
      cannot be mounted within the tube envelope, so it is mounted in a glass
      tubulation secured to the base plate of the panel and communicating with
      the interior of the panel through a hole in the base plate. The tubulation
      is used to evacuate the panel and to introduce the desired gas filling and
      mercury vapor. While this arrangement works well, the tubulation
      represents an item of expense which is considerable when millions of
      panels are manufactured, and it complicates processing of panels. In
      addition, the tubulation is fragile and is easily broken.
PAR  Another problem in panels arises from the fact that globules of mercury
      remain in the tubulation after the glass capsule has been broken and after
      the desired quantity of mercury vapor has entered the panel itself. Often,
      such globules enter the panel through the hole in the base plate when the
      panel is handled and during shipping. Such globules can cause problems in
      the panel, for example, by forming short circuits between closely spaced
      electrodes.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, a mercury capsule embodying the invention includes a
      mercury-containing portion, a lightly closed portion on either side
      thereof, and hermetically-sealed end portions.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a mercury capsule embodying the invention;
PAR  FIG. 2 is a sectional view of a tube used in making capsules of the type
      shown in FIG. 1;
PAR  FIG. 3 is a sectional view of the tube of FIG. 2 at a stage in the
      manufacture of capsules of the type shown in FIG. 1;
PAR  FIG. 4 is a plan view of a display panel which utilizes the capsule of the
      invention; and
PAR  FIG. 5 is a sectional view of the panel shown in FIG. 4 including a mercury
      capsule.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A mercury capsule 10 embodying the invention is made of metal and includes
      a central chamber 12 which is filled with mercury 14. On either side of
      the central chamber, the capsule has closed portions 16 made up of lightly
      crimped portions 50 and, adjacent to portions 50, the ends 40 which are
      hermetically sealed so that the capsule is gas-tight.
PAR  According to the method of the invention, metal mercury capsules 10 are
      made from a metal tube 20 (FIG. 2) of titanium, iron, or the like, of
      generally circular cross-section, and having an outside diameter of about
      20 mils and an inside diameter of about 10 mils. Mercury is poured into
      the tube 20 at one end, and, when the tube is filled, as indicated by the
      flow of mercury from the opposite end, one end is lightly crimped. Next,
      light crimps are formed in the wall of the tube at suitable spaced
      locations 30 along the tube to form individual capsules (FIG. 3), each of
      which is completely filled with a measured quantity of mercury.
PAR  Next, the central portions 31 of the crimped portions 30 of the tube 20 are
      tightly crimped and deformed to, in effect, form a cold weld. This cold
      welding operation is performed at such a pressure that a favorable
      resistance is formed, the resistance being optimal for a subsequent
      resistance welding operation. Those skilled in the art can readily
      determine the magnitude of pressure required to achieve the required cold
      weld and resistance.
PAR  Next, the cold welded regions are resistance welded to form heremetic seals
      which form the ends 40 of the individual capsules 10 which are formed when
      the tube 20 is broken up into the individual capsules 10 in any suitable
      manner. It is noted that the portion 50 of capsule 10 between the
      resistance weld seal area 40 and the central mercury-containing portion 12
      is the portion which is lightly crimped but is not cold welded or
      resistance welded, for a purpose to be described.
PAR  In using a capsule 10, the capsule is mounted in the envelope of a display
      panel 68 of the type shown in copending application Ser. No. 173,854,
      filed Aug. 23, 1971, and now abandoned. A panel of this type, illustrated
      in FIGS. 4 and 5, includes, briefly, an insulating base plate 70, on which
      are supported a plurality of groups of cathode glow segments 80 and their
      associated conductors and other structural elements (not shown). The panel
      also includes an insulating face plate 90 spaced from and sealed to the
      base plate and carrying on its inner surface a transparent conductive
      anode 100 for each group of cathodes 80.
PAR  It is noted that the tubulation 92 (shown in dash lines) normally used in
      such panels and secured to the base plate, is not required in panel 68.
PAR  In one suitable arrangement, the capsule 10 is mounted at one end of the
      panel between the base plate 70 and face plate 90 and in close,
      heat-receiving relationship to the seal area between the base plate and
      face plate. The capsule is secured in place in any suitable manner. During
      the processing of the panel, relatively high temperatures are used,
      particularly during the making of the hermetic seal between the base plate
      and face plate which comprise the envelope of the display panel. During
      the sealing operation, the heat which is applied causes the mercury in the
      capsule 10 to expand. Because of the capsule construction, the expanding
      mercury can open the lightly crimped portions 50, if necessary; however,
      it does not affect the hermetically sealed end portions 40. At a desired
      time in the processing of the panel, a laser beam or other suitable means
      for providing focused energy, represented by arrow 100, is used to drill a
      small hole in the capsule 10 to permit mercury vapor to escape therefrom
      into the gas atmosphere of the panel.
PAR  A mercury capsule, according to the invention, used for providing mercury
      in display panels used in calculators, is of the order of 0.4 inch in
      overall length, the central mercury-containing portion is of the order of
      0.2 inch in length, and the adjacent crimped portions are 0.1 inch in
      length, with the hermetically sealed end portions thereof being about 0.05
      inch in length. Such capsules contain 6 mg. of mercury. Glass capsules of
      the prior art are perhaps five to six times larger than the metal capsule
      of the invention, and their mercury content varies from about 3 to about 8
      mg. of mercury.
PAR  One immediately apparent advantage of the invention is that no tubulation
      is required and a panel can be baked out, filled with gas, and sealed in
      an oven. This simplifies the assembly operation and eliminates both the
      cost of the tubulation and the costs of handling the tubulation. Another
      advantage of the invention is that the small hole drilled in the metal
      mercury capsule does not permit globules of mercury to escape and enter
      the panel and cause problems. Still another important advantage is that
      each capsule made according to the invention includes the same measured
      quantity of mercury.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of making a metal mercury capsule insertable in a heat-sealed
      gas-filled display panel and expansible without rupture in the presence of
      heat comprising the steps of:
PA1  filling a metal tube with mercury;
PA1  lightly crimping said tube adjacent one end to close off said one end;
PA1  lightly crimping said tube along its length at uniformly spaced locations
      to form a plurality of longitudinally disposed capsules having crimped
      portions;
PA1  hermetically sealing said tube in a horizontal direction at said lightly
      crimped portion adjacent said one end and in a central portion of each of
      said lightly crimped portions uniformly spaced along said tube; and
PA1  breaking up said tube at successive hermetically sealed portions to form
      individual capsules having hermetically sealed ends and expansible lightly
      crimped portions inwardly of said hermetically sealed ends.
NUM  2.
PAR  2. A heat sealed display panel comprising:
PA1  an envelope including a flat base plate having a generally flat outer
      surface and an inner surface carrying a plurality of groups of cathode
      glow electrodes and means for making external connection thereto;
PA1  an anode electrode in said envelope for each of said groups of cathode
      electrodes;
PA1  a face plate having a viewing window and forming a gas-filled enclosure
      within said base plate;
PA1  said face plate being heat-sealed to said base plate along adjacent edge
      portions thereof to hermetically seal said envelope; and
PA1  a metallic mercury-containing capsule disposed within said envelope and
      expansible without rupturing in the presence of heat generated as the
      envelope is hermetically sealed, said capsule being visible through said
      face plate whereby focused energy for rupturing said capsule can be
      transmitted to said capsule through said face plate.
NUM  3.
PAR  3. The panel defined in claim 2 wherein said capsule is disposed within
      said envelope in heat-receiving relationship with the seal region between
      said face plate and said base plate.
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ABST
PAL  A color television receiver having degaussing coil means which are
      energizable by an alternating current source and which are disposed in
      demagnetizing relation to magnetically permeable materials in receiver
      components such as the receiver picture tube is shown to include resistor
      means of positive temperature coefficient of resistivity in series with
      the degaussing coil means. The resistor means are self-heating when
      energized and display progressively increasing resistance as resistor
      temperature increases, the resistor means further displaying a sharp or
      anomolous increase in resistance when resistor temperature increases to a
      selected level. Preferably, relay means responsive to this increase in
      temperature of the resistor are connected in parallel with the degaussing
      coil means to shunt the degaussing coil means as resistor temperature
      increases to said selected level. The receiver circuit is arranged so that
      each actuation of the receiver from a cold start energizes the degaussing
      coil and resistor means to establish a magnetic field, subsequent heating
      of the resistor means progressively reducing degaussing coil current to
      reduce the magnetic field to substantially zero in a cyclical manner,
      thereby to demagnetize the receiver picture tube. Where used, the relay
      means respond to increase in resistor temperature to said selected level
      to shunt the degaussing coil means after the picture tube is demagnetized.
      A relay which incorporates the resistor means, relay contact means movable
      in response to resistor temperature, and appropriate terminals for
      connecting the relay in a television receiver circuit is also shown.
PARN
PAR  This application is a division of application Ser. No. 689,023, filed Dec.
      8, 1967, and now abandoned.
BSUM
PAR  Color television receivers are susceptible to effects of the earth's
      magnetic field and other stray magnetic fields and must ordinarily be
      demagnetized when the receiver is originally installed or moved to a
      different location. For this reason, color television receivers usually
      incorporate degaussing coils which are arranged to demagnetize
      magnetically permeable materials in the receiver picture tube and the
      like, demagnetization being accomplished by energizing the degaussing
      coils from an alternating current source to establish a magnetic field and
      by progressively reducing degausssing coil current to substantially zero
      for progressively reducing the magnetic field in a cyclical manner. Such
      receivers also include means for shunting the degaussing coils after
      demagnetization of the receiver picture tube has been completed.
PAR  In color television receivers incorporating vacuum tubes, inrush currents
      in the receiver circuitry are initially high but rapidly decay to much
      lower levels within a few seconds. These inrush currents are therefore
      used to energize the degaussing coils in the desired manner, and
      conventional relays are embodied in the receivers for shunting the
      degaussing coils after demagnetization of the receiver picture tubes has
      been completed. In the more recently developed instant-on color television
      receivers, however, initially high inrush currents have not been
      inherently available in the receiver circuits. As a result, rather
      eleborate means have been required to provide the degaussing coils with
      the desired decaying alternating current, and relay means used for
      subsequently shunting the degaussing coils have also been somewhat complex
      and expensive.
PAR  It is an object of this invention to provide a color television receiver
      circuit incorporating novel circuit features adapted to degauss
      magnetically permeable receiver components such as the receiver picture
      tube; to provide such a circuit in which the receiver picture tube is
      automatically degaussed each time that the receiver is actuated from a
      cold start; to provide an instant-on color television receiver in which
      the receiver picture tube is automatically degaussed each time that the
      receiver is actuated from a cold start; to provide such a circuit in which
      the circuit components adapted to accomplish said degaussing are of simple
      and inexpensive construction; to provide such a circuit in which said
      degaussing is performed in a rapid and economical manner; and to provide
      such a circuit in which the degaussing components of the circuit have a
      long service life.
PAR  It is also an object of this invention to provide a novel and improved
      relay for use in degaussing color television receivers; to provide such a
      relay which is adapted for use in color television receivers of various
      types; to provide such a relay which is especially adapted for use in
      instant-on color television receivers; to provide such a relay
      incorporating self-heating resistor means which serve to regulate current
      in degaussing coils in color television receivers and which also serve to
      actuate thermally-responsive means for shunting the degaussing coils after
      a selected period of time; and to provide such a relay which is of simple,
      rugged and inexpensive construction.
PAR  Other objects, advantages and details of construction of the color
      television receiver circuit and relay of this invention appear in the
      following detailed description of preferred embodiments of the invention,
      the detailed description referring to the drawings in which:
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PAR  FIG. 1 is a plan view of a preferred embodiment of the relay of this
      invention showing the relay with its cover removed;
PAR  FIG. 2 is a front elevation view of the relay of FIG. 1 showing the relay
      cover in section;
PAR  FIG. 3 is an end elevation view of the relay of FIG. 1 showing the relay
      cover in section;
PAR  FIG. 4 is a section view to enlarged scale along line 4--4 of FIG. 3;
PAR  FIG. 5 is a partial view, to enlarged scale, similar to FIG. 1 illustrating
      calibration of the relay of FIG. 1;
PAR  FIG. 6 is a front elevation view of the relay of FIG. 1 illustrating the
      relay in contacts-closed position;
PAR  FIGS. 7 and 8 are schematic diagrams illustrating use of the relay of FIGS.
      1-6 in the color television receiver circuit of this invention;
PAR  FIGS. 9 and 10 are graphs illustrating operating characteristics of the
      relays of FIGS. 1-6; and
PAR  FIGS. 11 and 12 are schematic diagrams similar to FIGS. 7 and 8
      illustrating alternate embodiments of the color television receiver
      circuit of this invention.
DETD
PAR  In conventional color television receivers, chassis members, picture tube
      shadow masks and the like are usually formed of magnetically permeable
      materials. As a result, the receivers are susceptible to effects of the
      earth's magnetic field or other stray magnetic fields so that, when the
      receivers are initially installed or are moved from one location to
      another, residual magnetic effects must be removed from the permeable
      receiver materials to assure proper formation of the electron images
      provided by the receivers. In accordance with this invention, novel and
      improved means are incorporated in an otherwise conventional color
      television receiver circuit, such as the circuit of an instant-on
      television receiver, to provide automatic degaussing of the color
      television receiver each time that the receiver is actuated from a cold
      start.
PAR  Referring to the drawings, 20 in FIGS. 1-6 indicates a preferred embodiment
      of the novel and improved relay of this invention which is particularly
      adapted for incorporation in an otherwise conventional color television
      receiver circuit for accomplishing the objectives of this invention as
      shown, the relay includes an insulating base 22 molded of a suitably
      strong, rigid and electrically insulated material such as phenolic resin
      or the like. The base is provided with integrally molded bosses 24 and 26
      and has a bore or aperture 28 extending through the boss 24, has
      slot-shaped apertures 30, 32 and 34 extending through the base, and has a
      threaded recess 36 extending into but not through the boss 26. The bore 28
      is preferably countersunk at 38 as shown in FIG. 4. Preferably blocks 40
      are also integrally molded on the base at either end of the slot-shaped
      base aperture 34, each block having a groove 42 facing the aperture and
      having a shoulder 44 formed within the groove. Notches 46 and 48 are also
      preferably molded into the base, one at each edge of the base, the notches
      46 preferably being at least partly tapered as shown in FIGS. 2 and 3.
PAR  In accordance with this invention, a resilient blade member 50 of an
      electrically-conductive material such as beryllium-copper is provided with
      a mounting aperture 52, with an elongated blade leg 54, and with an
      integral terminal portion 56. As illustrated, this blade member is mounted
      on the boss 24 so that the blade aperture 52 is aligned with the bore 28
      and so that the terminal portion 56 fits into the slot-shaped base
      aperture 30. The blade leg 54 then extends in cantilever relation over the
      relay base 22 and is provided with a fixed contact 58 which is secured to
      the distal end of the blade leg in any conventional manner. For example,
      the contact 58 preferably embodies a material of high electrical
      conductivity such as silver and has a shank 59 which is fitted into an
      aperture in the blade and is enlarged for riveting the contact to the
      blade. The terminal portion 56 of the blade member is preferably notched
      at 60 to facilitate attachment of wire leads thereto. Preferably the blade
      leg 54 is slightly bent upwardly, as shown in FIGS. 2. A spacer 62, also
      formed of strong, rigid, electrically insulating material and provided
      with a central bore 64 and tapered hubs 66 is then fitted on top of the
      blade member 50 so that one spacer hub extends through the blade member
      aperture 52 into the countersink portion of the base bore 28, thereby to
      center the spacer on the boss 24 and to positively locate the blade member
      50 with respect to the base.
PAR  A second blade member 68 of a resilient, electrically-conductive material,
      also having a mounting aperture 70, a blade leg 72, an integral connector
      portion 73, and an integral terminal portion 74 notched at 75, is then
      mounted on the spacer 62 as shown so that the blade aperture fits over the
      spacer hub 66 and so that the terminal portion 74 of the blade member fits
      into the slot-shaped aperture 32 of the base. The blade leg 72 extends in
      cantilever relation from the spacer 62 in spaced, overlying relation to
      the blade leg 54 and mounts a movable contact 76 near the distal end of
      the blade leg 72, the positioning of the blade aperture 70 on the hub 66
      and of the terminal portion 74 in the slot 32 serving to precisely locate
      the blade leg 72 with respect to the blade leg 54. The connector portion
      of the blade member has an aperture 77 therein aligned with the member
      mounting aperture 70. Preferably a pair of tongues or tabs 78 are struck
      from the blade 72 as shown.
PAR  A spacer 80 having a central bore 82, preferably tapering from the ends of
      the bore towards the center of the bore as shown, is then fitted on top of
      the blade member 68 so that the spacer bore 82 fits over the spacer hub 66
      for centering the spacers 64 and 80 with respect to each other. A strip 86
      of thermally-responsive bimetallic material having an aperture 88 therein
      in one end is then mounted on top of the spacer 80 with the strip aperture
      aligned with the spacer bore 82 and with the body of the strip extending
      in cantilever relation from the spacer. An additional spacer 90, having a
      central bore 92 and tapered hubs 94, is then mounted on top of the strip
      with a hub fitting through the strip aperture into the spacer bore 82, the
      fitting of the tapered hub into the tapered bore serving to center the
      spacers 80 and 90 with respect to each other. A second strip 96 of
      thermally-responsive bimetallic material having an aperture 98 at one end
      thereof has its aperture fitted over the spacer hub 94, the opposite end
      of the strip 96 having tongues or tabs 100 struck therefrom as shown. As
      such thermally-responsive strips are well known in the art, they are not
      further described herein and it will be understood that the strips each
      comprise two bonded layers of materials of different coefficients of
      thermal expansion, the strips being adapted to flex when subjected to
      changes in temperature. In accordance with this invention, the strips 86
      and 96 are located on the spacers 80 and 90 with their sides of relatively
      lower coefficients of thermal expansion (LES) facing each other so that
      the strips are adapted to flex in opposite directions in response to heat
      applied to the strips.
PAR  A link 106, preferably formed of insulating material such as fiberboard, is
      provided with three slots 108, and is fitted over the distal ends of the
      blade leg 72 and the bimetallic strips 86 and 96, the link engaging the
      tabs 78 and 100 struck from the blade leg 72 and the bimetallic strip 96
      and preferably engaging the shoulders at 110 on the blade leg 72 and at
      112 on the strip 96 for securing the link in fixed position with respect
      to the blade leg 72 and the bimetallic strips 86 and 96. In this
      construction, the link 106 connects the blade leg 72 and the bimetallic
      strips 86 and 96 for common, flexing movement as a single unit.
PAR  In accordance with this invention, a heater or resistor assembly 114 is
      mounted on the spacer 90 in overlying heat-transfer relation to the
      bimetallic strip member 96. As illustrated, particularly in FIG. 4, the
      heater assembly preferably includes a thin electrically-insulating
      substrate 116 formed of a plastic or mica-base material capable of
      continuously withstanding temperatures on the order of 275.degree.C. A
      mass of heater material 118 of positive temperature coefficient of
      resistivity is formed upon the substrate, and heater terminations 120 and
      122 are formed by plating or the like at either end of the heater
      assembly.
PAR  In a preferred embodiment of the invention, the resistor or heater mass 118
      comprises a body of ceramic titanate material such as lanthanum-doped
      borium titanate which is self-heating in response to the flow of
      electrical current through the mass, the body displaying progressively
      increasing resistance as the temperature of the body increases and
      displaying a sharp or anomalous increase in resistance as the temperature
      of the body reaches a selected level, for example at a level of about
      120.degree.C. As such self-heating resiistor materials are well-known, the
      material is not further described herein and it will be understood that
      the material normally displays relatively low resistance to permit
      substantial current flow through the resistor, that the material displays
      sufficient increase in resistance as it is heated to temperatures
      approaching 120.degree.C. to reduce current flow in the resistor to a very
      low level, and that as the material is heated to 120.degree.C., the
      material displays a sharper, anomalous increase in resistance sufficient
      to reduce current flow in the resistor to substantially zero. The resistor
      then remains heated at this anomaly temperature as long as voltage is
      applied across the resistor. The resistor-heater terminations 120 and 122
      are conventionally formed at the ends of the resistor-heater by
      electroless nickel plating or the like. It should be understood that other
      conventional heater constructions can also be used within the scope of
      this invention and that where the heater 114 is formed without an
      insulating substrate member 116, a strip of insulating material such as
      polyvinyl chloride film can be interposed between the heater body 118 and
      the strip 96 for electrically insulating the body from the strip, the
      insulating material being thin to minimize thermal insulating of the trip
      96 from the heater.
PAR  In accordance with this invention, the heater assembly is provided with a
      bore 124 extending through the heater termination 120, this bore fitting
      over the hub 94 on the space 90 as shown in FIG. 4. The connector portion
      73 of the blade member 68 is then arranged with its aperture 77 aligned
      with the heater bore 124 as shown. The heater termination 122 is
      electrically connected to a flange portion 126 of the heater terminal 128
      which is notched at 129 and fitted through the slot 34 in the relay base
      22. The terminal 128 is provided with a tab portion 130 partially
      separated from the terminal by a saw cut or slot (not shown), the tab
      being bent after insertion through the base slot 34 to engage the
      underside of the base 22. The terminal 128 is also notched to form
      shoulders 132 to be engaged with the shoulders 44 in the blocks 40 molded
      on the base 22. In this arrangement, the engagement of the shoulders 132
      and the tab 130 with the base 22 firmly locates the terminal 128 with
      respect to the base.
PAR  An electrically conductive rivet 134, preferably formed of steel to provide
      suitable strength, is then inserted through the bores in the heater
      assembly, spacers, bimetallic strips, and contact blades as shown in FIG.
      4, the rivet head 136 being firmly engaged with the connector portion 73
      of the blade member 68 to hold the connector portion in firm electrical
      contact with the termination 120 of the heater assembly, the opposite end
      138 of the rivet being enlarged to engage the underside of the base 22.
      The rivet and the heater terminal 128 cooperate to positively locate the
      heater assembly in the desired heat-transfer relation to the bimetallic
      strip 96 with the "hot spot" of the heater accurately positioned with
      respect to the strip 96. It can be seen that, in the structure above
      described, the members 50, 68, 86, 96, and 114 are all mounted on the post
      structure formed by the boss 24 on the relay base, by the spacers 62, 80
      and 90, and by the rivet 134, interfitting of the spacers with the rivet
      and with member apertures serving to accurately locate the noted relay
      members with respect to each other and also to electrically insulate the
      blades 54 and 72, the bimetallic members 86 and 96 from each other and to
      hold the blade member 68 in electrical engagement with the heater
      assembly. Note that interfitting of the spacer hubs in spacer bores
      provides increased electrical creep distance between the conductive blade
      members and the rivet pin 134.
PAR  In accordance with this invention, an adjusting screw 142, preferably
      having an enlarged head, is threadedly engaged in the base recess 36 so
      that the screw head is adapted to engage the blade leg 54 for adjusting
      the position of the contact carried by the blade with respect to the
      contact 76 carried by the blade leg 72. For this purpose, the blade leg 54
      preferably has an extending tab 144, shown particularly in FIGS. 3 and 5,
      this tab having a rounded dimple 146 to facilitate engagement of the leg
      with the screw head.
PAR  A cover 147, preferably comprising a box-like metallic housing having tabs
      148 and 149 extending therefrom is then rested on top of the relay base 22
      with the tabs 148 and 149 extended into the base notches 46 and 48. The
      tabs 148 are bent into the notches 46 for securing the cover to the base.
PAR  The relay 20 is especially adapted for use in degaussing circuits of
      instant-on color television receivers as is illustrated in FIG. 7. Such
      color television receivers conventionally include a power transformer 150
      having a primary winding 152 and a secondary winding 154, the primary
      transformer winding being connectable through a manually operable
      actuating switch 156 to an alternating current source represented in FIG.
      7 by the line terminals 158 and 160. The secondary transformer winding
      feeds a conventional power supply or voltage doubler arrangement
      represented by the diodes 162. The capacitor 164 and resistance 166
      represent the load imposed on the power supply by the receiver circuitry
      and can be of any conventional design. The receiver also includes a
      conventional color television picture tube (not shown) which incorporates
      magnetically permeable material and includes conventional degaussing coil
      means 168 which are arranged in demagnetizing relation to the picture tube
      in any conventional manner. As the color television circuit can be
      otherwise of conventional design, the circcuit is not further described
      herein and it will be understood that any conventional color television
      circuit components adapted to provide a color television picture can be
      incorporated within the television circuit of this invention.
PAR  In accordance with this invention as illustrated in FIG. 7, the color
      television receiver circuit additionally includes the relay 20 above
      described which is connected at the primary side of the transformer as
      shown. That is, the ends of the described degaussing coil means 168 are
      connected to the relay terminals 56 and 74 respectively; the ends of the
      primary transformer winding 152 are connected to the relay terminals 56
      and 128 respectively; and the relay terminals 56 and 128 are connected to
      the line terminals 158 and 160, the switch 156 being interposed between
      the terminal 56 and the line terminal 158.
PAR  In this arrangement, manual closing of the switch 156 actuates the
      television receiver and also energizes the degaussing coil means 168 and
      the relay resistor-heater 114, sufficient current flowing in the
      degaussing coil means for establishing a substantial magnetic field for
      initiating demagnetization of the magnetically permeable material in the
      receiver picture tube. As soon as the resistor-heater 114 is energized,
      the temperature of the resistor-heater begins to rise as indicated in
      curve a in FIG. 10. Further, as the resistor-heater increases in
      temperature, the current flowing through the resistor-heater is gradually
      reduced from a peak current to a very low current level as is illustrated
      in curve b in FIG. 9. This reduction in current flow through the
      resistor-heater also provides a decaying current flow through the
      degaussing coil means so that the magnetic field established by the
      degaussing coil means is progressively reduced to substantially zero in a
      cyclical manner, thereby to complete demagnetization of the receiver
      picture tube as will be understood. As the resistor-heater 114 increases
      in temperature, the heat thus generated is applied to the
      thermally-responsive bimetallic strip 96 of the relay 20 so that, as the
      resistor-heater temperature increases toward its anomaly temperature, the
      strip moves away from the heater, thereby to move the contact blade 72 to
      engage the movable relay contact 76 with the fixed relay contact 58 to
      close the relay circuit and to shunt the degaussing coil means 168. At
      this point, the primary voltage remains impressed across the heater 114
      through the relay contacts 76 and 58 so that the heater 114 remains heated
      while the television receiver remains in actuated condition. When the
      switch 156 is manually opened for deactuating the television receiver, the
      voltage impressed across the heater 114 is removed and the heater cools
      permitting the thermally-responsive strip 96 to return to its original
      position and to open the relay circuit between the relay contacts 76 and
      58.
PAR  It should be understood that the relay 20 described above can also be
      connected at the secondary winding side of the receiver transformer as
      illustrated in FIG. 8. That is, the relay terminal 56 is connected to one
      side of the transformer secondary, to one side of the voltage doubler and
      to one end of the degaussing coil measn 168; thereby terminal 74 is
      connected to the opposite end of the degaussing coil means; and the relay
      terminal 128 is connected to the opposite side of the transformer
      secondary and voltage doubler. The operation of the receiver circuit
      described with reference to FIG. 8 is the same as that described above
      with reference to FIG. 7 although, of course, a resistor-heater of
      different rating is required for operating at the lower voltage of
      transformer secondary.
PAR  The relay 20 of this invention is well suited for the purpose above
      described in that the relay is ambient-compensated, fast-acting, easily
      calibrated, adapted for long and economical service, and is of inexpensive
      manufacture. That is, the inexpensively arranged bimetallic strips 86 and
      96 in the relay are adapted to flex in opposite directions in response to
      changes in the ambient temperature of the relay. This means that the link
      106 does not move during ambient temperature change and assures that the
      relay contacts remain in open circuit position even though there may be
      wide variations in the ambient temperature to which the relay is subjected
      in a television receiver. Yet the thermally-responsive strip 96 responds
      to heat transferred thereto from the heater means 114 in substantially the
      same period of time at any ambient temperature. The strip 96 is disposed
      in closely spaced relation to the heater means and is accurately located
      with respect to the hot spot of the heater means for assuring prompt
      response of the strip to heat generated by the heater means. In this
      regard, note that degaussing of the noted television receiver will usually
      be completed within about 1-3 seconds and that the degaussing coil should
      preferably be shunted within about 4 seconds. The relay 20, although using
      inexpensive and easily assembled components, is readily capable of
      assuring shunting of the degaussing coil within this short interval.
      Further, the relay is easily calibrated by the adjusting screw 142 for
      setting any required spacing between relay contacts 76 and 58 to adjust
      the delay provided by the relay without subjecting the termally-responsive
      relay element to any forces which would interfere with proper operation of
      the relay.
PAR  The relay is also adapted for long and economical service life in that, the
      thermally-responsive strip 96 moves away from the heater means 114 when
      the heater is generating heat, thereby minimizing or limiting the
      temperatures to which the strip is subjected during operation of the
      television receiver. Further, because the heater increases in resistance
      during heating, power consumption by the heater decreases and heating
      effect of the heater is reduced as the heater displays its increased
      resistance. This assures low relay operating costs and further protects
      the thermally-responsive relay strip 96 from adverse heating effects. Note
      also that the provision of a separate current-conducting blade leg 72
      movable with but electrically insulated from the thermally-responsive
      strip 96 assures low relay resistance in closed contacts position and
      avoids self-heating of the strip 96 which would occur if the strip were a
      current-conducting member. Resilient mounting of fixed relay contact 58 on
      the blade leg 54 assures the occurrence of wiping action between this
      contact and the movable relay contact 76 during closing of the relay
      contacts. This wiping action minimizes contact resistance as will be
      understood and assures good contact engagement which provides long contact
      service life. Note that adjustment of the position of the blade leg 54 by
      the screw 142 does not interfere with this wiping action and, in fact,
      provides some preloading of the resilient blade leg 54 which assures good
      contact pressure between the relay contacts in closed-circuit position. In
      the described construction, the relay 20 is characterized by convenient
      and accurate assembly of inexpensive components on a single post structure
      formed by the boss 24 on the relay base, by the spacers 62, 80 and 90, and
      by the rivet 134. Yet the relay provides fast and accurate operation,
      economical operation and long service life.
PAR  It should be understood that the improved color television receiver of this
      invention does not require use of a relay in the manner above-described.
      That is, such an improved color television receiver can be achieved by
      incorporating a resistor of positive temperature coefficient of
      resistivity in series with degaussing coil means in an otherwise
      conventional receiver circuit, the resistor being adapted to providing a
      decaying current in the degaussing coil means for accomplishing degaussing
      of the receiver and also being adapted to display a sharp increase in
      resistance after completion of such degaussing for effectively terminating
      current flow in the degaussing coil means.
PAR  For example, as illustrated in FIG. 11, an otherwise conventional color
      television receiver circuit including transformer means 150, voltage
      doubler means 162, and load components represented by the capacitor 164
      and resistance 166 as above described can be combined with conventional
      degaussing coil means 168 and with a resistor 170 of positive temperature
      coefficient of resistivity, the coil means 168 and resistor 170 being
      connected in series relation to each other in parallel with the primary
      transformer winding 152 for example; In this receiver circuit, closure of
      the switch 156 energizes the transformer 150 and initiates production of a
      color television picture in the manner above described. When the switch
      156 is initially closed, substantial current also flows through the
      degaussing coil means 168 and the resistor 170 as illustrated in FIG. 11.
      As the current flow in the resistor 170 heats the resistor, the resulting
      increase in resistance reduces current flow through the degaussing coil
      means for accomplishing degaussing of any mangetically permeable materials
      in the television receiver as will be understood. During this reduction in
      degaussing coil current, the resistor 170 is further heated until it
      reaches its anomaly temperature at which time the resistance of the
      resistor sharply increases as above described to reduce current flow in
      the degaussing coil means to an insignificant level, thereby to
      effectively remove the degaussing coil means from the television receiver
      circuit.
PAR  Alternatively, the described degaussing coil means and resistor 170 can be
      connected in series relation to each other in parallel with the secondary
      winding 154 of the color television receiver as illustrated in FIG. 12
      within the scope of this invention. It will also be understood that the
      described degaussing coil means and resistor of positive temperature
      coefficient of resistivity can be combined with other time delay relay
      means actuable to remove the degaussing coil means from the television
      receiver circuit after completion of receiver degaussing within the scope
      of this invention.
PAR  It should be understood that although particular embodiments of the
      television receiver circuit and of the time delay relay of this invention
      have been described by way of illustration, the invention includes all
      modifications and equivalents thereof falling within the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination with a color television receiver having picture-tube
      means embodying magnetically permeable material which tends to become
      undesirably magnetized, a power supply for said picture-tube means, and a
      switch actuable to connect said power supply to an alternating current
      source for energizing said power supply, a degaussing coil disposed in
      demagnetizing relation to said material, self-heating resistor means of
      positive temperature coefficient of resistivity connected in series with
      said coil to be energized with said power supply to permit current in said
      coil for initiating demagnetizing of said material and to heat said
      resistor means for progressively reducing current in said coil to
      demagnetize said material, and thermally responsive relay means actuable
      in response to increase in temperature of said resistor means for shunting
      said coil a selected period of time after energization of said power
      supply.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein said resistor means
      displays a sharp, anomalous increase in resistance when heated to a
      selected temperature for substantially reducing current in said resistor
      means.
NUM  3.
PAR  3. The combination as set forth in claim 2 wherein said relay means are
      actuable in response to increase in temperature of said resistor means to
      substantially said selected temperature.
NUM  4.
PAR  4. The combination as set forth in claim 1 wherein said power supply
      comprises transformer means having primary and secondary windings and
      wherein said coil and resistor means are connected in series relation to
      each other across one of said transformer windings.
NUM  5.
PAR  5. The combination as set forth in claim 4 wherein said coil and resistor
      means are connected across said primary transformer winding.
NUM  6.
PAR  6. The combination as set forth in claim 4 wherein said coil and resistor
      means are connected across said secondary transformer winding.
NUM  7.
PAR  7. In combination with a color television receiver having picture-tube
      means embodying magnetically permeable material which tends to become
      undesirably magnetized, a power supply comprising transformer means having
      primary and secondary windings, and switch means actuable to connect said
      primary transformer winding to an alternating current source for
      energizing said windings, a degaussing coil disposed in demagnetizing
      relation to said material, self-heating resistor means of positive
      temperature coefficient of resistivity which displays a sharp, anomalous
      increase in resistance when heated to a selected temperature, said coil
      and resistor means being connected in series relation to each other across
      one of said transformer windings to be energized with said winding to
      permit current flow in said coil for initiating demagnetization of said
      material and to heat said resistor means to said selected temperature for
      progressively reducing current in said coil to substantially zero to
      demagnetize said material, and time-delay relay means connected in
      parallel with said coil and in series with said resistor means, and relay
      means having a thermally-responsive bimetallic strip mounted in
      heat-transfer relation to said resistor means and actuable in response to
      increase in temperature of said resistor means to said selected
      temperature for shunting said coil a selected period of time after
      energization of said transformer windings.
PATN
WKU  039448711
SRC  5
APN  0706108
APT  1
ART  222
APD  19700814
TTL  Self-optimizing RF signal detection and panoramic display apparatus
ISD  19760316
NCL  1
ECL  1
EXA  Montone; G. E.
EXP  Wilbur; Maynard R.
NDR  1
NFG  2
INVT
NAM  Trenam; Richard S.
CTY  Adelaide
CNT  AU
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL  315 30
XCL  324 77CS
XCL  324121R
XCL  343  5SA
EDF  2
ICL  H01J 2952
FSC  343
FSS  5 SA
FSC  324
FSS  77 D;77 G;77 S;79 R;79 D
FSC  315
FSS  30
UREF
PNO  2638561
ISD  19530500
NAM  Sziklai
OCL  315  5.25
UREF
PNO  2959706
ISD  19601100
NAM  Cutler
OCL  315 30
UREF
PNO  3440470
ISD  19690400
NAM  Decker
OCL  315 10
UREF
PNO  3794878
ISD  19740200
NAM  Sickafus
OCL  315 30
LREP
FR2  Sciascia; R. S.
FR2  Rubens; G. J.
ABST
PAL  Apparatus for detecting any signal occurring within a wide bandwidth and
       playing it with a signal-to-noise performance substantially equal to that
      of a receiver of optimum bandwidth for that signal. The apparatus
      essentially comprises a special purpose cathode ray tube that functions as
      a plurality of different detectors that can self-optimize to detect any
      signal within a wide bandwidth by means of the interactions between the
      received signals and an electron beam having a wide range of electron
      velocities and traveling in a zig-zag path in the cathode ray tube.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Currently, requirements for self-optimizing detection apparatus that can
      optimize automatically and simultaneously for all signal bandwidths over a
      wide range are met by various techniques that are characterized by
      inherent disadvantages. In one technique the requirments are met by using
      a plurality or receivers simultaneously; however this technique is
      relatively expensive because of the extra equipment and additional
      personnel that are required. Furthermore this technique does not provide
      100% coverage and transmitters operating in short bursts can be mixed by a
      receiver carrying out a search by sweeping methods. Also each of the
      plurality of receivers is optimized for only a particular bandwidth of
      signal. Unknown, complex signals may be so distorted by reception in a
      receiver having incorrect parameters that it becomes difficult to
      determine the true nature of the signals.
PAC  SUMMARY OF THE INVENTION
PAR  Self-optimizing apparatus for detecting and displaying panoramically any RF
      signal occurring within a selectively predetermined wide bandwidth are
      disclosed. The signal detected is displayed with a signal-to-noise ratio
      substantially equal to that of a receiver of optimum bandwidth for that
      particular RF signal. The essence of the invention comprises a special
      purpose cathode ray tube (CRT) in which an electron beam having a wide
      range of electron velocities, i.e., a white velocity spectrum, is
      deflected in a zig-zag manner through a region of the CRT whereby the beam
      has multiple interactions with the RF signal being detected and which is
      being carried by a pair of parallel, spaced electrodes disposed in the
      CRT. By making the cyclic period of the zig-zag substantially equal to the
      cyclic period of the RF signal, the effect of the RF signal on the
      electron beam is integrated over successive interactions. The resulting
      deflection of the electron beam thus constitutes the detecting mechanism
      of the device whereby detection behavior is substantially equivalent to
      linear detection by a zero-beat mixer. Different paths of the electron
      beam interact with different phases of the RF signal so that the complete
      electron beam essentially comprises a complete family of zero-beat
      detectors capable of detecting all possible phases of the received RF
      signal whereby the output electron beam thus has a spread between positive
      and negative limits representing detections of all possible phases of the
      RF signal. The novel device can be utilized in any situation requiring a
      self-optimizing receiver such as in electronic intelligence searching for
      new and hitherto unknown signals or as a receiver for an adaptive radar
      where the transmissions are continually varied to investigate various
      targets.
PAC  STATEMENT OF THE OBJECTS OF THE INVENTION
PAR  It is a primary object of the present invention to provide self-optimizing
      detection and panoramic display apparatus that can detect any signal
      occurring within a wide bandwidth and display it with a signal-to-noise
      ratio substantially equal to that of a receiver having optimum bandwidth
      for that particular signal.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified schematic diagram of self-optimizing detection and
      panoramic display apparatus embodying the inventive concept disclosed
      herein.
PAR  FIG. 2 is a cross-sectional view of the detection apparatus of FIG. 1 along
      the plane X-X' which is shown as being perpendicular to the electrodes 14
      of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a simplified illustration of a self-optimizing and panoramic
      display device embodying the inventive concept to be disclosed herein. The
      essence of the device comprises a special purpose cathode ray tube (CRT)
      10. The CRT includes a cylindrical drift tube 12. Disposed in a spaced and
      parallel manner with respect to each other, symmetrically within the tube
      12 are two signal electrodes 14. Incoming received RF signals are fed to
      the electrodes at input terminal 15. An electron gun 16 is provided at the
      input of the CRT 10 and a display tube 18 is provided at the output of the
      CRT. The display tube 18 includes a panoramic display face 20.
PAR  The novel device of FIG. 1 comprises a combined detector and display unit
      that can detect any RF signal within a wide bandwidth by means of the
      interaction existing between the RF signal and an electron beam that is
      produced in the CRT 10. In operation the electron gun 16 produces a beam
      of electrons that has a "white" velocity spectrum and that is ejected into
      the drift tube 12. The velocity spectrum is produced in a conventional
      manner by amplitude-modulating the accelerating anode of the CRT 10 with,
      for example, a sawtooth voltage. The walls of the cylindrical drift tube
      12 are maintained at a negative potential whereby the walls repel the
      electrons. The signal electrodes 14 on the other hand, are maintained at a
      positive potential whereby they attract the electrons. The signal
      electrodes thus essentially comprise a conventional electron lens that
      guides the electron beam through the central gap between the electrodes.
      The electrons in the beam travel in a zig-zag manner in accordance with
      conventional electric field theory along the length of the drift tube many
      times as indicated by the dash lines in FIG. 1 and in FIG. 2 before they
      finally emerge into the display tube 18.
PAR  The RF signals to be detected and displayed are applied between the top and
      bottom electrodes 14 of the drift tube. If the voltage of one RF signal
      accelerates an electron in an upward direction when it first crosses
      between the electrodes and if the radial electric field in the drift tube
      constrains the electron to move along the radius of a true section once it
      leaves the central electrode gap, then the electron will be moving in a
      downward direction when it next approaches the central electrode gap.
PAR  If the time (i.e., period) that the electron requires between successive
      crossings of the central gap is substantially equal to the period of two
      and one-half cycles of the RF signal then the second time that the
      electron crosses the gap the voltage of the RF signal will accelerate it
      in a downward direction. Thus the net effects of the RF signal voltage on
      the electron are summed or integrated over a sequence of electron
      crossings. If RF signals of many frequencies within, for example, half an
      octave, are present, only one signal frequency will interact coherently to
      produce a maximum integrated effect on electrons that entered the drift
      tube with a single value of velocity. Consequently for the device to
      operate with a wide range of signal frequencies the electron gum 16 must
      provide an electron beam containing electrons with a wide range of
      velocity, i.e., a white velocity spectrum.
PAR  In the display tube 18 the electrons are accelerated towards the display
      face 20. As FIG. 1 clearly illustrates each electron strikes the face of
      the display tube at a distance across the face that is dependent upon the
      initial velocity of each electron. Thus there is a one-to-one relationship
      existing between the velocity of an electron, the distance across the
      display face at which it makes its mark, and the frequency of the signal
      with which it interacts coherently.
PAR  This relationship governs the displacement-against-frequency characteristic
      of the panoramic display. The electron vertical velocity which is caused
      by integration of signal voltage effects gives the display its
      displacement-against-signal-voltage characteristic.
PAR  If the signal voltage is applied with the same amplitude and phase to the
      entire length of the signal central electrodes then electron displacements
      on the display face will show an integration of signal voltage over the
      period of the life of the electron in the drift tube. However, signal
      amplitude can be tapered along the length of the electrodes whereby the
      integrated effect of the signal on an electron only grows at a rate
      proportional to the square root of the number of interactions. This form
      of growth of integrated voltage with respect to time of integration is
      typical of a system of power integration. The system thus exhibits an
      effective or simulated power integration characteristic.
PAR  Different parts of each electron beam interact with different phases of the
      RF signal to be detected and displayed. The electron beam thus effectively
      represents a complete family of zero-beat detectors that can detect all
      the phases of each RF signal. Consequently the output electron beam has a
      spread between positive and negative limits representing detection of all
      possible phases of each RF signal.
PAR  The signal electrodes can be designed so that the signal creates its
      largest effect on the electrons in the region near the electron output
      from the drift tube whereby in the m.sup. th -before-last-interaction, the
      electron beam experiences an effect proportional to (.sqroot.m - .sqroot.m
      - 1m -
PAR  This characteristic determines the nature of the integration of signal
      effect with time; consequently the system behavior may be compared to a
      family of zero-beat detectors, each of which is sampled at a rate of one
      per RF cycle and the samples are weighted according to an (.sqroot.m -
      .sqroot.m-1) law and then summed. Thus integration of the electron beam
      interaction is substantially equivalent to a low-pass filter following the
      zero-beat detector.
PAR  The electron beam produced by the electron gun or source 16 has a "white"
      velocity spectrum so that the beam contains a "white" spectrum of electron
      zig-zag periods. The novel device is thus able to detect any signal with
      an RF period within the range of electron zig-zag periods in the electron
      beam. In a typical design the novel device can detect RF signals between
      approximately 2.7 GHz and 3.7 GHz.
PAR  The behavior of the novel device described herein will now be described
      with respect to signals of different bandwidths where the measure of
      bandwidth (an inverse measure) will be taken as the maximum duration of a
      constant amplitude single frequency component of a signal. Obviously the
      longer the duration the longer will be the integrated effect of the
      component on the electron beam.
PAR  In fact, the effect will increase as the quantity .sqroot.n where n is the
      number of interactions in each integration. Thus the amplitude of the
      panoramic display will increase as the .sqroot.n which is proportional to
      1/.sqroot.B where B is the signal bandwidth. The amplitude of the display
      thus clearly shows that the signal-to-noise ratio increases in direct
      proportion to the quantity 1/.sqroot.B. This is exactly the
      signal-to-noise behavior that can be achieved by the use of optimum
      receivers where the bandwidth and hence the noise power decreases as B
      decreases.
PAR  The behavior of the device with respect to white noise will now be
      described. An optimum performance condition is realized with the present
      invention when the novel device integration time is matched exactly to the
      duration of signal components. The device therefore can provide a
      signal-to-noise performance equal to that of other optimum bandwidth
      receivers. As the integration time of the device increases, however, there
      is very little change in noise output amplitude. This is so because each
      point on the display responds to a narrower bandwidth of noise and hence
      to a smaller noise power.
PAR  This increase in selectivity almost exactly compensates on white noise for
      the increase in response due to a longer integration. Thus the devise
      produces a signal-to-noise performance substantially equal to optimum
      performance even when its time constant (integration time) are not matched
      exactly to the incoming signals.
PAR  The electron source or gun 16 modulates the electron beam velocity with
      respect to time. Due to random velocity components, the electrons mix in
      the drift tube and the electron beam thus has the desired "white" velocity
      spectrum long before the exit from the output of the drift tube. The
      signal electrodes in the drift tube comprise an electron lens in effect to
      reduce the tendency of the electron beam to spread. Outside the region of
      the central electrodes the drift tube 14 has a circularly symmetric,
      retarding electric field that tends to return electrons to the center of
      the tube despite the velocity given to them by signal interactions.
PAR  Thus it can be seen that a new and novel self-optimizing apparatus for
      detecting and panoramically displaying any signal within a wide bandwidth
      has been disclosed. The device can be used to advantage to search for
      previously unknown signals. The device, in effect, comprises in a single
      structure, a plurality of detectors such that at least one detector is
      suitable for optimum detection of any signal within the preselected
      bandwidth. This novel feature is achieved by using an electron beam with a
      white velocity spectrum and causing this beam to zig-zag between two
      electrodes carrying the RF signals whereby the electrons have multiple
      interactions with the RF signals. A novel form of integration is also
      utilized in the present device such that the system is optimized for any
      signal even though the integration time does not exactly match the signal
      duration. This feature is achieved by weighting the signal voltage by
      different amounts at different points along the drift tube to result in a
      (.sqroot.m - .sqroot.m-1) integration law.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described. For example, a
      solid state equivalent of the drift tube could be used having solid state
      shift registers and gates that are compatible with LSI techniques. The
      filtering technique could be implemented by a digital computer operating
      on sample data from a conventional detector. This would produce the
      desired result of a system response optimized to signals independently of
      the integrating time employed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Self-optimizing RF signal detection and display apparatus comprising:
PA1  a cathode ray tube having a drift tube;
PA1  a pair of elongated signal electrodes,
PA1  said electrodes being disposed in a spaced and parallel manner with respect
      to each other symmetrically within said drift tube and further being at a
      positive potential with respect to said drift tube;
PA1  input terminal means for coupling an incoming RF signal to said electrodes;
PA1  electron source means for producing an electron beam traveling within said
      drift tube and having a selectively predetermined range of electron
      velocities;
PA1  means for guiding said electron beam through said drift tube and between
      said signal electrodes in a substantially zig-zag manner,
PA1  whereby the electrons in said electron beam interact with said incoming RF
      signal to thereby produce a deflection of said electron beam,
PA1  said deflection being proportional to the frequency of said incoming RF
      signal and to the velocity of the electrons that interact with said
      signal, and, having a maximum value when the cyclic period of said
      electron beam is substantially equal to the cyclic period of said signal,
PA1  panoramic display means connected to the output of said drift tube and
      being adapted to display said electron beam after it is deflected.
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ABST
PAL  1. A magnetron discharge device for noise generation comprising an
      elongated cathode and a plurality of anode segments surrounding said
      cathode to define a cylindrical space charge chamber, said cathode
      comprising a helix having a diameter equal to at least half the space
      charge chamber diameter and having a spacing between adjacent turns equal
      to at least half the helix diameter.
BSUM
PAR  Our invention relates to magnetrons for producing high frequency noise
      signals.
PAR  Radio frequency noise has been commonly used to jam enemy radar. Noise in
      this sense is understood to refer to an electrical signal having
      components which vary randomly in frequency and amplitude in a frequency
      band including the frequency of the signal to be jammed. A common method
      employed for producing such noise at satisfactory power level has required
      wide band amplification of the output of a low level noise source, which
      output signal is then employed to amplitude modulate a magnetron
      oscillator. However successful such a jamming equipment, it obviously
      requires a relatively complex apparatus. In aircraft installations
      especially, where bulk and weight must be minimized, the amount of
      equipment required for the separate noise source and the associated
      amplifiers and modulation equipment limits the feasibility of jamming
      equipment installation.
PAR  It is an object of our invention to provide a simple and efficient means
      for generating radio frequency at substantial power levels with a minimum
      amount of equipment.
PAR  It is another object of our invention to provide a magnetron discharge
      device for the generation of high frequency noise signals.
PAR  According to our invention, a magnetron of the type having a plurality of
      spaced anode segments surrounding an elongated cathode to define a
      cylindrical space charge chamber is employed to generate radio frequency
      noise at substantial power levels of the same order of efficiency as may
      be obtained for coherent oscillation. For this purpose the electric field
      symmetry between the cathode and anode assembly is distorted in such a way
      that a high level of noise power can be generated in an applied voltage
      range below that necessary for coherent oscillation. This is achieved by
      varying the symmetry of the cathode with respect to the anode assembly so
      that the effective spacing between them varies axially and
      circumferentially in the space charge chamber.
PAR  Before proceeding to a detailed description of apparatus embodying our
      invention, a brief consideration of the nature of noise magnetron
      operation is pertinent. In a conventional magnetron oscillator of the
      traveling wave type, whether the magnetron device be one having a number
      of individual anode segments or vanes which are connected to a resonant
      circuit or circuits or whether it is one in which the anode segments are
      part of the anode block in which a plurality of cavity resonators are
      incorporated, the resonant system is excited by the properly timed or
      synchronized passage of bunches of electrons past the anode segments. The
      average velocity of electrons past each segment determines the gap-to-gap
      transit time. In the pre-oscillation period of a magnetron when
      oscillations are being initiated, it is believed that the random movement
      of some of the electrons of the rotating space charge helps to start
      oscillations over a band of frequencies in the resonant system. The net
      effect of all the random excitation of the various resonators or parts of
      the resonator circuit is described as high frequency noise. When
      additional voltage is applied to the magnetron anode segments, the
      amplitude of the individual high frequency fields increases. This results
      in the phase-focusing and synchronization of the space charge required for
      coherent oscillation. Conventional magnetrons are designed to produce
      maximum power output and efficiency for coherent oscillation and minimum
      noise-to-signal ratio. While noise oscillations have been observed in such
      magnetrons, the noise power has been but a very small fraction of the
      total power output. It has heretofore been assumed impossible as well as
      undesirable to obtain a substantial noise output from a magnetron
      oscillator, and, a more adequate theory and explanation of the general
      principles of magnetron operation as directed to the increase of noise
      output have not been available.
PAR  The production of noise may be satisfactorily explained, so far as
      understanding of our present invention is concerned, by considering the
      relative spacing and configuration of the different parts of the cathode
      with respect to each other and the anode assembly in terms of the
      resulting large number of angular and axial variations of the electric
      field between the cathode and anode. The asymmetry of the electric field
      results in variations of the transit times of the bunched electrons under
      the gaps between the anode segments. The net effect of changes in
      magnetron construction for the production of a substantial noise output
      may thus be viewed as increasing the width of the band of pre-oscillation
      noise frequencies, thus rendering synchronization of the high frequency
      voltages more difficult so that substantially only a noise output is
      obtained at the rated power input to the magnetron, the ratio of noise to
      coherent oscillation being so large so as to render the coherent signal
      unrecognizable. Reference is also made to our related application, Ser.
      No. 303,725 filed Aug. 11, 1952 (concurrently herewith) and assigned to
      the assignee of the present invention, where variations in the sizes of
      the anode segments and anode gaps is utilized in the generation of high
      frequency noise, as described and claimed therein.
DRWD
PAR  The features of the invention desired to be protected herein are pointed
      out in the appended claims. The invention itself together with its further
      objects and advantages, may best be understood by reference to the
      following description taken in conjunction with the accompanying drawing
      in which
PAR  FIG. 1 represents a view, partly in section, of a magnetron discharge
      device and circuit connection therefor embodying the principles of the
      invention;
PAR  FIG. 2 is another view, partly in section, of the device of FIG. 1;
PAR  FIG. 3 is a schematic representation of the electrode structures of FIGS. 1
      and 2;
PAR  FIG. 4 is an enlarged side view of the electrode structure of FIGS. 1 and
      2, and
PAR  FIGS. 5, 6, 7, 8 and 9 are side views of magnetron electrode structures
      representing modifications.
DETD
PAR  Referring now to FIGS. 1 and 2, a magnetron structure of the interdigital
      type is shown as modified for noise generation. Except for the cathode and
      its dimensions with respect to the anode, the specific magnetron structure
      shown corresponds to that described and claimed in U.S. Pat. No.
      2,521,556, issued Sept. 5, 1950, to Donald A. Wilbur and assigned to the
      assignee of the present invention.
PAR  In this type of magnetron a hermetically sealed envelope 1, suitably made
      of glass, encloses a part of a resonant circuit such as the transmission
      line section comprising parallel connectors 2 and 3 which extend through
      the base of the envelope 1 and a two-turn spiral coil 4 which terminates
      the connectors. Within the spiral coil 4 are provided a plurality of anode
      electrodes 5, each of which is conductively supported from a different
      point on the inner periphery of the spiral as by welding thereto. These
      anode electrodes, also commonly called segments or vanes, define a
      generally cylindrical chamber between their inner surfaces which is
      coaxial with the centrally disposed elongated cathode assembly 6.
PAR  According to our invention the cathode 6 is designed to provide an
      unsymmetrical electric field distribution within the space charge chamber
      when a potential is applied between the anode and cathode assemblies. As
      shown in FIGS. 1 and 2 and as particularly illustrated in FIG. 4, which is
      drawn substantially to scale, the cathode comprises a wide pitched spiral
      tungsten wire coil or helix 7 and a centrally disposed conductive rod 8
      within the coil. The ends of the helix are mounted and conductively
      secured on conductive support disks or cylindrical sections 9. The
      conductive rod 8 is conductively supported from one of the end disks and
      spaced from the other so that it will not short circuit the helix. The
      diameter of the helix is at least half the inside diameter of the space
      charge chamber and the pitch of the helix is over half the helix diameter.
      The diameters of the conductors from which the coil 7 and the rod 8 are
      formed are also relatively small compared to the diameter of the helix. To
      provide the magnetron space charge, the spiral coil 7 is heated to a
      suitable temperature by means of electrical circuit. No emission is
      required from the central rod 8 since it is primarily employed for its
      effect as a field-shaping electrode rather than as a source of electrons.
      The rod 8 is shown as extending substantially the length of the helix but
      may be shortened to provide additional axial asymmetry.
PAR  Referring again to FIGS. 1 and 2 for an illustration of the structural
      features of the magnetron, suitable glass-to-metal seals 10 surrounding
      the lines 2 and 3 permit them to be hermetically sealed to the envelope
      wall. Similarly, conductive connections are made to the respective cathode
      disks 9 by a pair of upright conductive rods 11 which also pass through
      the envelope base at similar glass-to-metal seals 12 to provide external
      terminals.
PAR  To forestall destructive bombardment in the envelope 1 by electrons
      escaping from the space charge chamber a cathode end shield arrangement 13
      having end members positioned near the ends of the space charge chamber
      defined by the anode segment array is provided. This end shield assembly
      is suitably positioned and supported from one end disk 9 of the cathode. A
      suitable getter is provided on a getter support 14 which is suitably
      supported from one of the cathode support rods 11. The getter is flashed
      according to well known techniques during evacuation of the envelope.
PAR  As may be seen more clearly in FIG. 3, the array of six anode segments 5,
      further identified separately as segments 5a to 5f, is connected so that
      adjacent segments may be at opposing high frequency potentials when the
      resonant circuit including the spiral coil is excited at its resonant
      frequency.
PAR  Accordingly, one set of alternate segments, namely 5a, 5c and 5e, are
      connected to the first turn of the coil which is indicated schematically
      in solid line as 4a in FIG. 3 and the other set of alternate segments 5b,
      5d, and 5f are connected to the other turn 4b, which is indicated in
      dotted line. When one lengthwise half of the coil becomes electrically
      positive, the other half is negative, and the segments of the anode array
      are alternately positive and negative, corresponding to the usual pi mode
      of excitation. Other means of interconnecting anode segments to a resonant
      circuit or circuits may be utilized instead, this particular anode
      construction being exemplary of magnetron arrangements in which our
      invention may be incorporated.
PAR  In operation a static magnetic field is provided in the space charge
      chamber parallel to the axis thereof. Means for providing such a field is
      illustrated in FIG. 2 as the north and south poles 15 and 16 respectively
      of a permanent magnet positioned outside the envelope and aligned with the
      cathode. Other means of providing the magnetic field, such as a solenoid
      winding, may of course be substituted. To provide the space charge in the
      space charge chamber a suitable source of heater voltage is provided
      between the cathode terminals 11, the amount of current being regulated to
      provide a high cathode temperature for large or heavy electronic emission.
PAR  As further shown in FIG. 1, the resonant circuit to which the anode
      circuits are coupled as previously described is tuned to the desired
      frequency by positioning a short-circuiting conductor 17 between
      conductors 2 and 3 at the desired position along the length thereof. A
      load 18, schematically indicated as a resistor, is also coupled between
      the conductors 2 and 3. To provide a radial electric field in the space
      charge chamber a source of direct current voltage 19 is connected between
      the cathode and anode assemblies.
PAR  The radial electric field, together with the axial magnetic field, imparts
      a generally rotating motion to the electronic space charge so that it
      assumes an average angular velocity about the cathode. In a conventional
      magnetron, where the cathode is a cylindrical sleeve coaxial with the
      space charge chamber axis or where a close wound cathode helix is
      employed, the unidirectional field between the cathode and the anode is
      symmetrical about the cathode and does not substantially vary along the
      loci of points parallel to the space charge chamber axis. In such
      conventional magnetrons the initial random or noise excitation of the
      resonant circuit coupled to the anode segments establishes high frequency
      fringing electric fields between the segments with which the space charge
      interacts, and at useful output power levels the space charge is bunched
      or focused in phase so that in-phase or useful electrons crossing the
      anode gaps in the direction of the fringing high frequency field give up
      some of their kinetic energy to that field, while the out-of-phase
      electrons are accelerated and return to the cathode. Under such
      conditions, the space charge is synchronized with alternating fields of
      the anode assembly so that any given bunch of in-phase electrons of the
      rotating space charge arrive at each interaction gap in phase with the
      alternating field in the gap region. As the applied voltage between the
      anode and cathode is increased beyond the point where such coherent
      oscillation begins, the electronic space charge locally tends to exceed
      the synchronous velocity with the result that more energy is transferred
      from the direct current source through the space charge to the alternating
      fields of the resonant output system. For high power an anode voltage in
      excess of that voltage required for initiating of oscillation is provided.
      The output circuit impedance is also kept sufficiently high to facilitate
      power transfer to the desired load and to prevent attenuation of the
      alternating electric field below a value necessary for effective
      synchronization of the rotating space charge.
PAR  According to our invention the production of useful high frequency noise is
      facilitated by the asymmetry of the interaction space between the cathode
      and anode assembly. This results in distortion of the radial d-c electric
      field when a voltage is applied between the cathode and anode assemblies
      with the result that various velocities are imparted to the electronic
      space charge in different parts of the space charge chamber. Since the
      cathode diameter is large and the pitch between adjacent turns is large,
      this distortion of the field is not restricted to the immediate area of
      the cathode but extends substantially throughout the space charge chamber.
      As a result, the velocities of the space charge across the various gaps is
      not uniform and the space charge is not readily phase focused or
      synchronized to a single output frequency. Instead the various random
      oscillations produced by the unsynchronized space charge are maintained
      without falling into a coherent oscillation pattern even when the applied
      anode voltage is increased to produce the power output corresponding to
      the output rating of a conventionally arranged magnetron of the same anode
      dimensions.
PAR  While the exact limits of the cathode configuration necessary for producing
      noise according to our invention are not readily defined since a small
      amount of some noise is inherent in conventional magnetrons, the
      successful practice of our invention does not require that certain
      conditions be observed in order that a substantial noise output may be
      obtained. Accordingly, both a large number of asymmetrical field
      deviations as well as the degree of asymmetry is important. As previously
      mentioned, this is achieved by providing both a relatively large cathode
      diameter, at least half the diameter of the space charge chamber, and
      providing a substantial spacing between turns of the cathode helix, the
      pitch being more than half the cathode diameter. Since the cathode helix
      is relatively open it does not act solely as a single cylindrical cathode
      of either the helix diameter or of the wire diameter so far as the field
      distribution is concerned. Instead, discrete portions of the cathode are
      at different distances from the nearest portion of the anode assembly,
      thus in effect producing regions of various cathode diameter to anode
      diameter ratios distributed both axially along the cathode and
      circumferentially about it. The applied anode voltage level corresponds to
      that required for a cylindrical cathode having a diameter equal to that of
      the helix, the wide pitch accompanying the large diameter prevents the
      electric field uniformity and coherent oscillation power which would
      accompany the cylindrical cathode. The center cathode rod 8 is believed to
      add to the complexity of the radial field distortion and thereby enhance
      the noise generation.
PAR  For optimum extension of the noise producing range of noise generators
      embodying our invention, the cathode emission and the output circuit
      characteristics must also be controlled as described in the following
      paragraphs.
PAR  Assuming a given electric field condition in the magnetron of FIGS. 1, 2,
      and 3, the difficulty of phase focusing the space charge and of
      synchronizing the space charge bunches increases with the space charge
      density. Accordingly, it is desirable that the cathode emission be heavy
      in order to maintain noise production as the power input to the magnetron
      is increased. This may suitably be achieved by various well-known means,
      such as by increasing the temperature of the thermionic cathode.
PAR  Conversely, assuming a given space charge, synchronization is forestalled
      by preventing the voltage amplitude of the induced noise signal components
      from building up to a high value as the input power is increased. One way
      in which this may be accomplished is by increasing the resistive loading
      of the tuned output circuit, as by decreasing the resistance of resistor
      18 of FIG. 1 to a value below that employed for high power coherent
      oscillations of a conventional magnetron, or by suitably changing the
      resistor position on the resonant circuit. Such an output circuit is
      characterized as a high decrement circuit since its stored energy is
      rapidly dissipated, and its bandwidth or breadth of tuning is also
      necessarily increased as a result of the loading. Another way in which the
      production of noise is maintained is by increasing the bandwidth through
      addition of rearrangement of the reactive components of the output system,
      as by a filter means or multiple tuned circuits. In this case the circuit
      could have both a low decrement and a broad bandwidth. The nature of the
      production of the noise is believed to differ to some extent according to
      whether the decrement is high or low. Since in either extreme or for an
      intermediate case the output circuit is not sharply tuned, the circuit is
      believed aptly described as broadly tuned.
PAR  The concept which is believed to be properly descriptive of the mechanism
      of noise generation also further explains the output circuit requirements
      for high power noise generation. During the pre-oscillation period the
      random excitation of the resonant system may result in simultaneous
      excitation of the resonant system at different frequencies, within its
      bandwidth, the oscillations also differing in phase and amplitude. This
      may readily occur since the electrons of the space charge under the
      excitation gaps may have many different velocities due to the complex
      electric field distribution and since the resonant output circuit is tuned
      sufficiently broadly to permit response to a band of frequencies on either
      side of the center frequency. If the circuit has a high energy decrement
      rate, the energy supplied to the circuit is dissipated at a relatively
      high rate, the resultant excitation by the space charge at all these
      frequencies tends to produce a net voltage of zero for a time long enough
      for the circuit oscillations to be damped out. There is, therefore, no
      high frequency anode voltage to maintain that particular space charge
      configuration. Thus, before oscillations have an opportunity to build up
      and cohere at a particular frequency, they are damped out, permitting
      other unrelated oscillations to start and be damped.
PAR  If the resonant output circuit has a low decrement rate and a sufficient
      bandwidth, the noise oscillations tend to shift in frequency as they
      attempt to build up, the stored energy of the output circuit being
      available to support noise oscillations of different frequencies. This
      introduces frequency modulation components into the noise output signal.
      Then the various frequency components of the space charge need alter only
      the rate of exchange of energy between the capacitance and inductance of
      the output circuit. Since the frequency and rate of change of frequency
      are random, the frequency modulation components vary randomly and may be
      used to jam receiving devices sensitive to frequency modulated signals.
      The impedance of the low decrement circuit may readily be established at a
      sufficiently high value for maximum power transfer.
PAR  Referring now to FIG. 5, a modification of the cathode assembly employed in
      FIGS. 1, 2 and 3 is illustrated in which the cathode assembly 6 is
      replaced by a cathode helix 20 without the center rod 8. Cathode end
      support disks are employed as previously described and the spacing of the
      cathode with respect to the anode is illustrated by the facing surfaces of
      a pair of anode segments 5. The distance between the anode segments
      represents the diameter of the space charge chamber. As in FIG. 4, the
      cathode helix pitch is somewhat over half the outer diameter of the
      cathode and the cathode outer diameter is more than half the anode or
      space charge chamber diameter. Accordingly, since the helix is relatively
      open, the electric field varies both axially and circumferentially in the
      space charge chamber with a potential applied between the cathode and the
      anode assembly.
PAR  This construction is simpler than that previously described in view of the
      elimination of the center rod, and with such an arrangement satisfactory
      noise outputs have been obtained. For example, in an exemplary structure
      the anode array had a length of 0.875 inches and an inside diameter of
      0.500 inches, and a cathode was employed with wire 0.030 inches in
      diameter wound in a helix having 0.325 inches outer diameter and a pitch
      between turns of 0.166 inches. With such a structure noise outputs up to
      500 watts with a bandwidth from 5 to 10 megacycles have been observed at a
      500 megacycle per second operating frequency.
PAR  FIG. 6 illustrates another cathode modification differing from that of FIG.
      5 in that the pitch of the helix 21 is so large as to provide only one
      turn for the entire cathode length. This represents the limiting condition
      for the helix pitch, the applied anode voltage level for useful noise
      outputs corresponding to that applied to obtain coherent oscillations in a
      conventional device of the same dimensions having a cylindrical cathode
      with a diameter equal to that of the helix 21. The diameter of the cathode
      helix wire itself is relatively small so that the cathode would not
      function efficiently as a straight-wire centrally disposed cathode. Thus,
      it may be seen that some of the properties of a helix are obtained insofar
      as the relatively large diameter cylindrical envelope of the helix is
      concerned, while at the same time the helix pitch is relatively wide to
      permit effective field variations.
PAR  FIG. 7 illustrates another embodiment differing from that of FIG. 5 in
      which the cathode helix 22 has a changing diameter, in this particular
      embodiment being shown as of maximum diameter near the ends corresponding
      to the diameter of the cathode helix of FIG. 5, and decreasing to half
      that diameter in the center region. Since the pitch is large, the tendency
      of the space charge rotating around the large diameter end portions of the
      cathode to control the oscillation and to result in coherent oscillation
      is forestalled. The effects of change in helix diameter are thus
      superimposed upon the effects of the wide pitch large diameter helical
      winding.
PAR  Referring now to FIG. 8, the cathode helix arrangement corresponding to
      that of FIG. 5 is shown in which a helix 23 is eccentric or off set with
      respect to the space charge chamber axis. Since the large cathode helix
      diameter and pitch are both maintained, the eccentricity adds to the field
      distortion.
PAR  FIG. 9 illustrates another modification of the cathode assembly in which a
      cathode helix 24 corresponding to that of FIG. 5 is shown axially askew or
      tilted so that the axis of the cathode helix makes a small angle with
      respect to the space charge chamber axis. In this manner, further field
      distortion is introduced, and, if desired, the cathode may also be
      off-center or eccentric as in FIG. 8 for increased field distortion.
PAR  In the foregoing description it will be noted that the various cathode
      arrangements are characterized by the range and multiplicity of changes of
      cathode-to-anode spacing obtained by using a large diameter, wide pitch
      cathode helix which may be additionally modified to produce further field
      distortion. A broadly tuned output circuit and a dense space charge are
      also employed to increase the noise power output. While the cathode
      arrangements have been described with reference to a particular magnetron
      construction, it is obvious that other magnetrons in which the anode
      surrounds the cathode may be substituted. For example, the resonant system
      coupled to the anode segments may comprise cavity resonators incorporated
      in the anode structure.
PAR  While we have shown and described particular embodiments of our invention,
      it will be obvious to those skilled in the art that various changes and
      modifications may be made without departing from our invention and we
      therefore aim in the appended claims to cover all such changes and
      modifications as fall within the true spirit and scope of our invention.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A magnetron discharge device for noise generation comprising an
      elongated cathode and a plurality of anode segments surrounding said
      cathode to define a cylindrical space charge chamber, said cathode
      comprising a helix having a diameter equal to at least half the space
      charge chamber diameter and having a spacing between adjacent turns equal
      to at least half the helix diameter.
NUM  2.
PAR  2. A magnetron discharge device for noise generation comprising an
      elongated cathode and a plurality of anode segments surrounding said
      cathode to define a cylindrical space charge chamber, said cathode
      comprising a helix having a diameter greater than half the space charge
      chamber diameter and having a spacing between adjacent turns greater than
      half the helix diameter.
NUM  3.
PAR  3. A magnetron discharge device for noise generation comprising a helical
      cathode extending along a given axis and a plurality of anode segments
      surrounding said cathode to define a cylindrical space charge chamber
      therebetween, at least portions of said helical cathode having a diameter
      of at least half the space charge chamber diameter and having a spacing
      between adjacent turns equal to at least half the helix diameter.
NUM  4.
PAR  4. A magnetron discharge device for noise generation comprising an
      elongated cathode extending along a given axis and an anode assembly
      comprising a plurality of spaced anode segments surrounding said cathode
      to form a cylindrical space charge chamber of a given length, said cathode
      comprising a wire helix having a diameter greater than half the space
      charge chamber diameter and having a helix pitch greater than half the
      helix diameter and not exceeding the space charge chamber length.
NUM  5.
PAR  5. A magnetron discharge device for noise generation comprising helical
      wire cathode extending along a given axis and an anode assembly comprising
      a plurality of segments surrounding said cathode to define a cylindrical
      space charge chamber, at least portions of said helical cathode having a
      spacing between adjacent turns equal to at least half the cathode diameter
      to thereby impart substantial axial and radial asymmetry to the electric
      field produced in said space charge chamber when a potential is applied
      between said anode assembly and said cathode.
NUM  6.
PAR  6. A magnetron discharge device for noise generation comprising an
      elongated cathode extending along a given axis and an anode assembly
      comprising a plurality of anode segments surrounding said cathode to form
      a cylindrical space charge chamber therebetween of a given length, said
      cathode comprising a wire helix having a diameter greater than half the
      space charge chamber diameter and a spacing between adjacent turns greater
      than half the helix diameter and not exceeding the space charge chamber
      length in order to produce substantial axial and radial electric field
      asymmetry when a potential is applied between said cathode and said anode
      assembly.
NUM  7.
PAR  7. A magnetron discharge device for noise generation comprising an
      elongated cathode extending along a given axis and a plurality of anode
      segments surrounding said cathode to define a cylindrical space charge
      chamber therebetween, said cathode comprising a wide-pitched wire helix
      having a pitch equal to or greater than one-half the radius of said
      cylindrical space charge chamber and a conductive rod axially aligned
      within said helix and electrically connected therewith.
NUM  8.
PAR  8. A magnetron discharge device for noise generation comprising an
      elongated cathode extending along a given axis and a plurality of anode
      segments surrounding said cathode to form a cylindrical space charge
      chamber therebetween, said cathode comprising a helix having a diameter
      equal to at least half the space charge chamber diameter and having a
      spacing between adjacent turns equal to at least half the helix diameter,
      and a conductive rod axially aligned within said helix spaced from the
      turns thereof.
NUM  9.
PAR  9. A magnetron discharge device for noise generation comprising an
      elongated cathode extending along a given axis and a plurality of anode
      segments surrounding said cathode to define a cylindrical space charge
      chamber coaxial therewith, said cathode comprising a helix having a
      diameter equal to at least half the space charge chamber diameter and
      having a spacing between adjacent turns equal to at least half the helix
      diameter.
NUM  10.
PAR  10. A magnetron discharge device for noise generation comprising an
      elongated cathode extending along a given axis and a plurality of anode
      segments surrounding said cathode to define a cylindrical space charge
      chamber having an axis parallel to said cathode axis and spaced therefrom,
      said cathode comprising a helix having a diameter equal to at least half
      the space charge chamber diameter and having a spacing between adjacent
      turns equal to at least half the helix diameter.
NUM  11.
PAR  11. A magnetron discharge device for noise generation comprising an
      elongated cathode extending along a given axis and a plurality of anode
      segments surrounding said cathode to define a cylindrical space charge
      chamber having an axis which is askew with respect to said cathode axis,
      said cathode comprising a helix having a diameter equal to at least half
      the space charge chamber diameter and having a spacing between adjacent
      turns equal to at least half the helix diameter.
NUM  12.
PAR  12. A direct high frequency noise generator including a magnetron discharge
      device for noise generation comprising an elongated cathode and a
      plurality of anode segments surrounding said cathode to define a
      cylindrical space charge chamber, said cathode comprising a helix having a
      diameter equal to at least half the space charge chamber diameter and
      having a pitch providing spacing between adjacent turns equal to at least
      half the helix diameter, means for impressing a unidirectional potential
      between said cathode and said plurality of anode segments to establish an
      electric field therebetween having axial and radial asymmetries introduced
      by the large cathode diameter and pitch, and a broadly tuned output system
      coupled to said plurality of segments.
NUM  13.
PAR  13. A direct high frequency noise generator including a magnetron discharge
      device for noise generation comprising an elongated cathode and a
      plurality of anode segments surrounding said cathode to define a
      cylindrical space charge chamber, said cathode comprising a helix having a
      diameter equal to at least half the space charge chamber diameter and
      having a pitch providing spacing between adjacent turns equal to at least
      half the helix diameter, means for impressing a unidirectional potential
      between said cathode and said plurality of anode segments to establish an
      electric field therebetween having axial and radial asymmetries introduced
      by the cathode diameter and pitch, and a broadly tuned high decrement
      output system coupled to said plurality of segments.
NUM  14.
PAR  14. A direct high frequency noise generator including a magnetron discharge
      device for noise generation comprising an elongated cathode and a
      plurality of anode segments surrounding said cathode to define a
      cylindrical space charge chamber, said cathode comprising a helix having a
      diameter equal to at least half the space charge chamber diameter and
      having a pitch providing spacing between adjacent turns equal to at least
      half the helix diameter, means for impressing a unidirectional potential
      between said cathode and said plurality of anode segments to establish an
      electric field therebetween having axial and radial asymmetries introduced
      by the cathode diameter and pitch, and a broadly tuned low decrement
      output system coupled to said plurality of segments.
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ABST
PAL  An ion source having an extremely high beam current density at low gas flow
      rates and therefore, low system pressures. The ion source includes an
      electrode system which consists of a cathode of, for example, spherical or
      cylindrical configuration which cathode encloses an anode having a pair of
      screen electrodes symmetrically disposed about and parallel to the plane
      of the anode, the anode and screen electrodes each having apertures formed
      therein. A gas inlet is formed in the cathode wall, preferably between the
      screen electrodes, and an ion beam outlet aperture of substantially the
      same size as the anode aperture is provided in the cathode. Upon
      application of suitable potentials to the anode, cathode and screen
      electrodes, the latter preferably being at a potential substantially equal
      to cathode potential, gas introduced through the gas supply inlet is
      ionised and the positive ions created are accelerated towards the cathode
      and emerge in a beam through the ion beam outlet aperture.
BSUM
PAR  The present invention relates to ion sources and has particular reference
      to charged particle oscillators of the kind described in the
      specifications of British Letters Pat. No. 1 158 782 and U.S. Pat. No. 3
      784 858.
PAR  Ion sources of this kind generally comprise a cylindrical cathode
      encompassing two anode rods symmetrically disposed about the axis of the
      cylinder. An electron starting from rest within a specified region follows
      a long oscillatory path between the anode rods, thus creating ions in the
      residual gas before being captured by one or the other of the anode rods.
      The discharge extends along part of the length of the cylinder but
      terminates before reaching the ends of the cylinder, because here the
      field must be directed largely parallel to the axis instead of radially,
      in order to prevent electrons from drifting out of the cylinder. The
      cylinder is provided with end caps at cathode potential to prevent such
      drifting. The ends cannot however be maintained totally at cathode
      potential as there must be provision for the anode rods to pass through
      the end caps.
PAR  Ions emerge from an aperture in the cathode cylinder, where the plane of
      the discharge intersects the cathode wall. The gas to be ionised may be
      introduced into the vacuum chamber housing the cathode cylinder and will
      then enter the ion source through the cathode aperture. Alternatively, the
      gas may be introduced directly into the source through a tube in the
      cylinder wall or end caps, in which case the output of the source is
      enhanced and the physical size of the source can be reduced.
PAR  The cylindrical source, by reason of its geometry, produces an ion beam
      which is symmetrical about a plane containing the axis of the cylinder and
      normal to the plane containing the anodes.
PAR  The cylindrical source is especially useful for irradiating long specimens
      or large areas. The ion beam emerges along the length of the cathode
      cylinder and diverges radially from the source but does not widen
      appreciably in the axial direction.
PAR  For many purposes, an axially symmetrical beam would be preferable and this
      may be achieved, for example, with a source comprising a spherical cathode
      and an annular anode with its centre coinciding with the centre of the
      sphere. The ion beam will tend to be disposed symmetrically about the axis
      through the centre of the sphere normal to the annulus. Asymmetry will,
      however, be introduced by the electrical connection to the annulus which
      must pass through the wall of the sphere.
PAR  Such a spherical source, in which the cathode is of spherical configuration
      and encloses an anode which may conveniently be of annular configuration,
      produces an intense fine beam with little energy spread. The spherical
      source which can be compatible with ultra high vacuum equipment is
      suitable for etching, thinning and machining applications, being
      particularly suitable for preparing specimens for transmission electron
      microscopy.
PAR  The present invention has for an object the provision of an ion source in
      which the electrical connection to the anode which passes through the
      cathode does not introduce any significant perturbation of the field i.e.
      asymmetrical field on the operating part of the cathode.
PAR  According to the invention there is provided an ion source having an
      electrode system comprising a cathode and, mounted therein, an anode
      having an aperture formed therethrough and a pair of screen electrodes
      symmetrically disposed about and parallel to the anode, said screen
      electrodes having apertures therein larger than and concentric with the
      aperture in the anode.
PAR  The screen electrodes ensure that the field in the operating part of the
      source remains axially symmetrical and is undisturbed by electrical lead
      outs.
PAR  The cathode may be of cylindrical or spherical configuration and the anode
      and screen electrodes may be in the form of plates or may be of annular or
      cylindrical configuration.
PAR  Means may be provided for connecting the anode to a source of a positive
      potential and for connecting the screen electrodes to a source of
      potential substantially equal to that of the cathode potential.
PAR  The ion source may also comprise a gas inlet suitably extending through the
      cathode and preferably positioned between the screen electrodes and an ion
      beam outlet aperture.
PAR  The aperture in the anode may be made substantially the same size as that
      of the ion beam aperture in the cathode.
PAR  Other features of the invention will be described hereinafter and referred
      to in the appended claims.
DRWD
PAR  The invention will now be described with reference to embodiments of the
      invention shown, by way of example, in the accompanying drawings, in
      which:
PAR  FIG. 1 shows a view of one embodiment of an electrode system according to
      the invention;
PAR  FIG. 2 shows a cross-section view of an ion source including the electrode
      system of FIG. 1;
PAR  FIG. 3 shows a view of another embodiment of an electrode system according
      to the invention;
PAR  FIG. 4 shows a plan view of a further embodiment of an anode for use in the
      invention; and,
PAR  FIG. 5 is a cross-sectional view of another ion source according to the
      invention.
PAR  FIG. 6 is an oblique partially broken view of a further ion source
      according to the invention employing straight tubular screen electrodes.
PAR  FIGS. 7 and 8 are oblique views of further electrode systems according to
      the invention employing conical screen electrodes.
DETD
PAR  Referring to FIGS. 1 and 2, there is shown an electrode structure 10
      forming part of a spherical source and adapted to be enclosed within a
      cathode 18 (FIG. 2) the electrode structure comprising an anode 12 having
      a central aperture 12a disposed between two further screen electrodes 14,
      16 at a potential substantially equal to cathode potential, the two screen
      electrodes having apertures 14a, 16a respectively, corresponding to the
      anode aperture 12a. As shown in FIGS. 1 and 2 the anode and screen
      electrodes are in the form of discs but they may be of cylindrical or
      dished annular configuration. The connection 17 through an insulator 19 in
      the cathode wall 18 to the anode 12 is made between the screen electrodes
      14, 16 so that no asymmetric field is introduced. A gas inlet 20 is
      conveniently positioned between the screen electrodes and an ion beam
      outlet aperture 21 is provided in the wall of the cathode 18 as shown in
      FIG. 2.
PAR  This method of simulating an anode structure need not be confined to the
      axially symmetric case. For example, in FIG. 3 in the case of a source
      having a cylindrical cathode encompassing two anode rods the two anode
      rods could be replaced by an anode plate 22 situated in the plane of the
      anode rods with an aperture in the form of an elongated slot 22a along the
      axis of the cylinder. The anode plate would be screened on either side
      with screen electrodes in the form of plates 24, 26 at or near cathode
      potential with slots 24a, 26a respectively corresponding to that in the
      anode plate. The slots would terminate before reaching the ends of the
      cylinder.
PAR  The anode connection 28 between the screen electrodes would not cause any
      significant perturbation of the field in the operating part of the
      cylinder (FIG. 3). For efficient operation, the anode aperture 22a is made
      substantially the same size as the ion beam aperture in the cathode.
PAR  The screen electrodes 14, 16 or 24, 26 need not be at cathode potential,
      their potential could be raised to some intermediate value between anode
      and cathode potential or could be reduced below cathode potential, but not
      so low as to prevent a sufficient number of electrons reaching the cathode
      to maintain the discharge. If the screen electrode potential approaches
      anode potential too closely, or if the screen electrodes are omitted
      entirely, the source will not operate or will operate with reduced
      efficiency as electrons will drift away from the central operating region.
      In general it will be convenient to maintain the screen electrodes at
      cathode potential to avoid the need for separate screen electrode lead out
      connections; however in some applications and with a view to possible
      increased efficiency the screen potentials may be made slightly greater
      than the cathode potential.
PAR  The screen electrodes may be flat plates or discs as shown in the drawings
      or may be more complex structures. Thus, for example, and as shown in FIG.
      6, the screen electrodes may be tubes 74 and 76 with a cross-section at
      the anode 72 equal to the aperture 14a, 16a of the plates 14 and 16 of
      FIG. 1 and with axes coincident with the axis A of symmetry of the source
      70, the ion outlet of which is indicated at 81. The tubes may extend from
      near the anode to near the cathode 78 and may be straight as in FIG. 6 or
      conical as in FIG. 7 at 74A and 76A and as in FIG. 8 at 74B and 76B.
      Furthermore, it is contemplated that the tubular screen electrodes may be
      made of separate parts each at a different potential.
PAR  The anode need not be a continuous plate. For example, as shown in FIG. 4
      in the case of the spherical source, the anode 22 may be provided with
      radial slots 32a to improve the symmetry of the current flow.
PAR  An example of the spherical source has the following dimensions. Spherical
      cathode 22 mm diameter, anode aperture 5 mm, screen electrode apertures 10
      mm, screen-anode separation 2 mm, ion beam aperture in cathode 4 mm.
      Typically an ion beam of about 600 .mu.A is obtained with a source current
      of 2.5 mA at 5 kV at a chamber pressure of 2 .times. 10 .sup.-.sup.4
      torr. The source produces an intense central beam which emerges with a
      diameter of about 1 mm and widens only slowly. At a distance of 38 mm from
      the source the diameter of the beam is about 2 mm. A less intense beam of
      ions also emerges from the source, filling the cathode aperture and
      spreading radially with a centre corresponding approximately to the centre
      of the source.
PAR  Many other structures which produce an electrostatic field with a single
      saddle configuration are possible using screened anodes. A simple
      structure shown in FIG. 5 related to the spherical case consists of a
      cylindrical tube 40 closed with plane electrodes 42, 44 at either end, one
      of these electrodes having the ion beam aperture 45 at its centre. The
      anode disc 46 and screens 48, 50 are disposed centrally in the cylinder
      and the gas inlet 52 is positioned between the screens. The anode
      connection 54 is made between the screen electrodes 48, 50 as in the
      previously described embodiments. This source has not been found as
      efficient as the spherical source.
PAR  In operation, upon application of suitable potentials to the anode,
      cathodes and screen electrodes and supply of gas to the source through the
      gas inlet, the gas is ionised, the positive ions created are accelerated
      towards the cathode and emerge as a beam through the ion beam outlet
      aperture. The beam produced by the cylindrical source diverges radially
      from the source but does not widen appreciably in the axial direction
      whereas the spherical source produces an intense fine beam with little
      energy spread.
PAR  An aperture, as at 82 in FIG. 6, may be made in the cathode diametrically
      opposite the first aperture. An ion beam will emerge through this second
      aperture, this beam may be used, for example, to monitor the output of the
      source.
CLMS
STM  We claim:
NUM  1.
PAR  1. An ion source having an electrode system comprising:
PA1  a hollow cathode having an ion outlet in a wall thereof;
PA1  means for providing an ionizable gas in said cathode;
PA1  an anode mounted in an intermediate zone in the cathode and cooperable
      therewith for producing an electric field, said anode having an aperture
      therethrough aligned with said ion outlet;
PA1  means through the cathode wall for connecting the anode to a source of
      operating potential;
PA1  means for preventing perturbation of said field by said connecting means
      and comprising a pair of screen electrodes in said intermediate zone in
      said cathode and each having an aperture therethrough larger than and
      coaxial with the aperture in said anode, said pair of screen electrodes
      being symmetrically disposed in axially spaced sandwiching relation with
      respect to said anode.
NUM  2.
PAR  2. An ion source as claimed in claim 1, in which said connecting means
      engages the outer periphery of said anode at a location radially outboard
      of said apertures of said screen electrodes.
NUM  3.
PAR  3. An ion source as claimed in claim 2, in which said source is a source of
      positive potential and including means for connecting the screen
      electrodes to a source of potential substantially equal to that of the
      cathode.
NUM  4.
PAR  4. An ion source as claimed in claim 2, in which said source is a source of
      positive potential and including means for connecting the screen
      electrodes to a source of potential intermediate the anode and cathode
      potentials.
NUM  5.
PAR  5. An ion source as claimed in claim 1, wherein said gas providing means is
      a gas inlet located in the wall of the cathode intermediate the screen
      electrodes and remote from the ion beam outlet aperture.
NUM  6.
PAR  6. An ion source as claimed in claim 5, in which the gas provided in said
      cathode is at a pressure of about 2 .times. 10.sup..sup.-4 Torr, said gas
      inlet being aligned in radial opposition to and being spaced from said
      anode.
NUM  7.
PAR  7. An ion source as claimed in claim 1, wherein the cathode is in the form
      of a sphere, said anode being concentric with said spherical cathode, said
      screen electrodes being on opposite sides of the center of said spherical
      cathode, said anode and screen electrode apertures and ion outlet being
      coaxial with a diameter of said sphere.
NUM  8.
PAR  8. An ion source as claimed in claim 1, wherein the anode is formed with a
      plurality of slots radiating from the center thereof, which center
      coincides with the center of the cathode.
NUM  9.
PAR  9. An ion source as claimed in claim 1, wherein the cathode is in the form
      of a cylindrical tube closed at each end with a planar electrode, said ion
      outlet being an ion beam outlet aperture formed centrally in one of said
      planar end electrodes, said anode being axially centered in said tube.
NUM  10.
PAR  10. An ion source as claimed in claim 1, wherein the anode and the screen
      electrodes are in the form of parallel plates, each with a single and
      central aperture.
NUM  11.
PAR  11. An ion source as claimed in claim 10, in which the axial spacing of
      said screen electrode plates from each other and from said anode plate is
      less than the spacing of each of said screen electrode plates along its
      axis from the adjacent end of said cathode.
NUM  12.
PAR  12. An ion source as claimed in claim 1, wherein the screen electrodes are
      of tubular configuration.
NUM  13.
PAR  13. An ion source as claimed in claim 1, wherein the screen electrodes are
      of hollow conical configuration.
NUM  14.
PAR  14. An ion source as claimed in claim 1, wherein the screen electrodes
      extend from near the anode to near the cathode.
NUM  15.
PAR  15. An ion source as claimed in claim 14, wherein the screen electrodes are
      formed of separate parts, including means for connecting said parts to
      different potentials within a range of potentials substantially equal to
      the cathode potential.
NUM  16.
PAR  16. An ion source as claimed in claim 1, in which said cathode is
      cylindrical, said anode and screen electrodes are parallel rectangular
      plates, each with a single substantially rectangular central aperture
      entirely laterally bounded by the perimetral edge portion of the plate,
      said plates and apertures extending axially of said cylindrical cathode,
      said anode plate lying in a diametral plane of said cylindrical cathode,
      the aperture in each screen electrode plate extending both axially and
      widthwise beyond the anode aperture.
NUM  17.
PAR  17. An ion source as claimed in claim 1, wherein said cathode, anode and
      screen electrodes are all surfaces of revolution about a common axis, said
      cathode comprising two half-shells perimetrally joined at the central
      diametral plane of the cathode, said central diametral plane being
      occupied by said anode, at least one of said cathode halves coaxially
      being provided with a said ion outlet, said cathode half-shells and screen
      electrodes being mirror imaged across said diametral plane and anode.
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PAL  A multiphase high voltage, high power, solid state generator having a pair
      of 180.degree. out of phase periodic voltage waveforms, undistorted by
      variation in nonlinear loading, primarily for use as a sustaining voltage
      source for conductor arrays on a gas discharge display panel. The output
      of a low voltage oscillator is fed to a phase splitter driver circuit
      which incorporates complementary emitter follower transistors to provide
      push-pull output power for each phase split voltage. At least a pair of
      back-to-back complementary power amplifiers having a common ground or
      reference point are driven by the 180.degree. out of phase voltages,
      respectively, of the phase splitter driver circuit. Distortion due to
      nonlinear loading is reduced by several feedback loops in each
      complementary amplifier of the back to back pair. Consult the
      specification for further details and features.
BSUM
PAR  This invention relates generally to high voltage, high power two phase
      solid state voltage generators, and more particularly to apparatus for
      generating a pair of periodic high voltages which are 180.degree. out of
      phase with respect to each other, one of which is positive with respect to
      ground or reference and the other of which is negative with respect to
      ground or reference and both of which are balanced with respect to each
      other and ground and free of distortion due to variation in loading.
PAR  Objects of the invention include: provision of an improved high voltage,
      low distortion generator for producing periodic voltages; provision of a
      solid state, transformerless high voltage generator free of distortion due
      to variation in nonlinear loading; provision of an improved sustaining
      voltage generator system for a gas discharge panel; and, the provision of
      an improved generator for generating a pair of high voltage, high power
      180.degree. out of phase voltages.
PAR  The above objects of the invention are achieved by supplying a periodic
      voltage from an oscillator, for example, to a phase splitter circuit, each
      output of which is first amplified by a pair of complementary symmetry
      emitter-follower amplifiers to produce two voltages which are 180.degree.
      out of phase with respect to each other but both of which are above ground
      or a referenced potential. These two voltages are applied as the input
      voltages to a pair of back to back complementary amplifiers each of which
      incorporates high voltage output transistors. The ground or reference
      connection between the back to back pair is common to each amplifier,
      respectively. Moreover, the output of each amplifier of a back-to-back
      pair has compound (Darlington connected) emitter-follower push-pull output
      stages with a split resistance between the emitters the nodal point
      between resistors defining a reference point above or below, respectively,
      ground. For example, with respect to a positive 200 volt direct current
      supply for one amplifier of the back-to-back pair the output reference
      point for that amplifier may be positive 100 volts and with a negative 200
      volts supply for the other amplifier of the back-to-back pair, the
      referenced point will be negative 100 volts. Each out of phase periodic
      voltage then has its waveform excursions above and below the reference
      established therefor, e.g. the negative 100 volts or the positive 100
      volts. A number of distortion eliminating feedback circuits are
      incorporated in each back-to-back amplifier.
PAR  Any number of back-to-back amplifiers may be connected to the phase
      splitter driver outputs to thus provide a plurality of voltages precisely
      related in phase and thus drive separate sections of a multielement load,
      as for example a gas discharge panel.
DRWD
PAR  The above and other objects, advantages and features of the invention will
      be better understood in connection with the accompanying drawings wherein:
PAR  FIG. 1 is a block diagram incorporating the invention;
PAR  FIG. 2A and FIG. 2B are waveform diagrams illustrating the distorted output
      of a 500 watt sustaining generator driving a gas discharge display panel
      and a waveform of the generator of the present invention driving a similar
      panel, respectively;
PAR  FIG. 3A is a schematic diagram of a circuit incorporating the invention,
      and
PAR  FIG. 3B is a block diagram illustrating an adaptation of the invention
      corresponding in part to FIG. 1 to disclose the manner of deriving a
      plurality of precisely related phase voltages, for driving a gas discharge
      display panel for example.
DETD
PAR  With reference now to the drawings, FIG. 1 discloses a block diagram of the
      sustaining generator of the present invention as applied to a gas
      discharge panel 10 having orthogonally related conductor arrays 11 and 12
      of the type disclosed in Baker et al U.S. Pat. No. 3,499,167 and entitled
      "Gas Discharge display-memory Device and Method." Each conductor of
      conductor arrays 11 and 12 is supplied with a sustaining voltage from
      one-half of sustaining voltage V.sub.s from amplifiers 13 (A, B, C and D)
      and 14 (A, B, C and D), respectively, the output voltages of each
      amplifier 13 and 14 being 180.degree. out of phase with respect to each
      other so that one-half of the voltage (V.sub.s)/2 is applied to conductors
      of conductor array 11 and one-half of the sustaining voltage is applied to
      conductors of conductor array 12. The conductor arrays are shown as groups
      A, B, C and D, the groups being interleaved to facilitate individual
      electrical connection to the conductors of the group via connector strips
      15. Although there is shown only one pulsing or discharge manipulation
      circuit (16 or 17) connected to a conductor group, there is an individual
      pulsing circuit for each conductor of a group although it is evident that
      several conductors may be connected to a common pulse circuit.
      Back-to-back amplifier pairs 13 and 14 bear letters corresponding to the
      conductor groups to which they are connected for supplying sustaining
      voltage, a single amplifier unit being common to the plurality of
      conductors within a group. As disclosed in the aformentioned Baker et al
      patent, sustaining voltage V.sub.s is insufficient to effect discharge
      manipulation at any cross-point between pairs of conductors of conductor
      array 11 and 12 unless a cross-point defined by such conductors has been
      previously discharged to form charges stored on dielectric surfaces in
      panel 10. Discharge manipulation (initiating and terminating discharges)
      of selected cross-points of conductor arrays 11 and 12 is effected by
      means of an interface circuitry comprising pulse sources 16 and 17,
      respectively which may be of the type disclosed in Johnson U.S. Pat. No.
      3,513,325. As diagrammatically illustrated, pulse sources 16 and 17 are
      triggered by application of a logic pulse from an addressing logic circuit
      18. The operation is such that selective transmission of logic pulses or
      control signals from address and logic circuit 18 to selected pulse
      circuits 16 and 17, respectively, produce a high unidirectional voltage
      pulses which are added to the sustaining voltages from sustaining voltage
      sources 13 and 14 and such combined voltages are of sufficient magnitude
      to manipulate the discharge condition of a discharge unit defined by the
      selected conductors.
PAR  The present invention is concerned with the sustaining voltage generator
      constituted by oscillator 19, phase splitter-driver 20 and amplifiers 13
      and 14. As mentioned earlier, when a number of discharge units have been
      fired, e.g. discharged by the application of firing voltages thereto, they
      are maintained in a fired or discharged condition by the sustaining
      voltage from the sustaining voltage generator. In a standard panel there
      may be many thousands of discharge units in a single panel. For example,
      in a four inch panel having conductors of conductor arrays 11 and 12
      spaced on 30 mil centers, there may be approximately 17,000 discharge
      units or cross-points. Prior to the present invention, such panels have
      been driven from sustaining generators of the tube and/or transformer type
      having high power output tubes and yet firing of a large number of such
      discharge units simultaneously from the same sustaining generator source
      can cause a distortion in the wave shape of the sustaining voltage. It is
      known that the sustaining voltage waveform shape, e.g. the slope
      particularly at the desired time of discharge can effect the memory
      characteristics of such panels. As shown in FIG. 2A, a sustaining voltage
      waveform from an earlier generator where a relatively large number of
      discharge units of the panel have been sustained in the firing condition
      there is a distortion in the sustaining voltage waveform at the firing
      point. It is with respect to the limitation or elimination of this
      distortion and to provide a solid state sustaining generator that the
      present has particular utility but it will be understood that the
      generator of the present invention may be used in other environments where
      there is need for high voltage multiphase waveforms.
PAR  With reference now to FIG. 3A, the output of oscillator 19 which may be
      conventional low voltage oscillator, signal generator, etc. is applied to
      input terminal 21 of phase splitter-driver circuit 20. This sinusoidal
      voltage is coupled through coupling capacitor 22 to the base 23 of
      phase-splitter transistor Q1. Resistors 24 and 26 provide bias potential
      to the base 23 of transistor Q1. Collector resistor 27 develops one output
      signal of phase splitter transistor Q1 and emitter resistor 28 develops a
      second output. Conventionally, collector resistor 27 and emitter resistor
      28 are of equal value and the signal current flows through both resistors
      so that when the input to base electrode 23 aids the forward bias (the
      base becomes more positive) the current through the phase splitter
      transistor Q1 and resistors 27 and 28 increases and this increase causes
      collector 29 of transistor Q1 to become more negative with respect to
      ground and emitter 30 of transistor Q1 to become more positive with
      respect to ground. When the input signal opposes the forward bias (the
      base becomes more negative) on the base of transistor Q1, the current
      decreases and causes relative reverse polarity at resistors 27 and 28
      respectively. This conventional circuit action produces two output signal
      voltages that are 180.degree. out of phase with respect to each other.
PAR  The signal voltage at collector 29 of transistor Q1 is coupled directly to
      base 31 of transistor Q2 which is essentially an emitter-follower
      transistor with collector 32 being connected directly to the source of
      positive potential and emitter 33 being connected through temperature
      compensating diodes 34 and 36 and resistor 37 to ground. Transistors Q3
      and Q4 are essentially connected as complementary push-pull output stages
      with transistor Q3 carrying the load on the positive half cycle and
      transistor Q4 carrying the load on the negative half cycle. Emitter
      resistors 40 and 41 are small resistors and have equal value to provide a
      balanced output.
PAR  The out of phase signal as developed across resistor 28 in the emitter 30
      of transistor Q1 is applied to a second stage corresponding to transistors
      Q2, Q3, Q4, the second stage being constituted by opposite conductivity
      transistor Q5, and push-pull transistors Q6 and Q7 so that there appears
      at the output terminals 43 and 44 of phase splitter-driver circuit 20 two
      voltages 46 and 47 which are precisely 180.degree. out of phase with
      respect to each other. These voltages 46 and 47 are diagrammatically
      illustrated on the lines leading into the input to the back-to-back
      amplifiers 13 and 14.
PAR  Except for being comprised of transistors of alternate conductivity types,
      amplifiers 13 and 14 are identical in all respects so only amplifier 13
      will be described in detail, it being understood that the same description
      applies to amplifier 14 (corresponding elements being identified by primed
      numerals or the letter "B"). While amplifier 13 will be described in its
      connection with the present invention, a more detailed description is
      found in a two part article entitled "Extended Audio-Amplifier
      Performance" appearing in the March and April 1968 issues of Electronic
      Design. Voltage waveform 46 appearing at terminal 43 is coupled through a
      direct current blocking alternating current coupling capacitor 48 to
      potentiometer 49, the wiper 50 of potentiometer 49 being connected
      directly to base 51 of amplifying transistor Q8A which has an active
      direct current bias network, including transistor Q13A, which is described
      more fully hereinafter. Collector 52 of transistor Q8A is connected
      through temperature compensating diode string 53 and collector load
      resistor 54 to a source of high (above 200 volts) positive potential on
      line 56 and emitter 57 is connected through emitter feedback resistor 58
      to ground or a common reference point. Unbypassed resistor 58 provides
      degenerative current feedback at the emitter 57 of transistor Q8 to reduce
      parasitic oscillations.
PAR  The contact potential drop across temperature compensating diode chain 53
      is, for practical purposes, insignificant so that the output signal
      voltage at collector 52 of transistor Q8A is applied to the base electrode
      59 of transistor Q9A which is in compound or Darlington connection with
      transistor Q10A. Thus, collector 60 of transistor Q9A and collector 61 of
      transistor of Q10A are both directly connected to the high voltage line 56
      whereas emitter 62 of transistor Q9A is connected directly to base 63 of
      transistor Q10A and the emitter 64 of transistor Q10A is connected through
      a small resistor 66 to an intermediate or nodal point 65. The output
      voltage at collector 52 of transistor Q8A is also applied directly to base
      67 of transistor Q12A which, like transistor Q9A is compound or Darlington
      connected with transistor 11A, Thus, collector 68 of transistor Q12A and
      collector 69 of transistor Q11A are both directly connected to ground or
      reference and emitter 70 of transistor Q12A is directly connected to base
      71 of transistor Q11A. Emitter 72 of transistor Q11A is connected through
      resistor 73 to intermediate or nodal point 65.
PAR  As thus far described, it will be recognized that amplifier circuit 13
      consists of a direct coupled amplifier having direct coupled complementary
      symmetry emitter followers connected in push-pull relation, such emitter
      followers being constituted by transistor pair Q9A-Q10A of one
      conductivity type and transistor pair Q11A-Q12A of opposite conductivity
      types, respectively with emitter resistors 61 and 73 being of equal value
      too provide a balanced output.
PAR  As shown, Darlington pair constituted by transistors Q9A and Q10A are of
      the NPN conductivity type and the Darlington pair constitited by
      transistors Q11A and Q12A are of the PNP type so that the signal output
      appearing at intermediate point 65 and coupled through coupling capacitor
      74 to output terminal 76 has its first half (negative half) cycle produced
      upon the positive half cycle of input signal 46 opposing the forward bias
      on the base of base 51 of PNP transistor Q8A. The negative signal voltage
      at collector 52 is applied to base 59 of transistor Q9A and opposes the
      forward bias on base 59 to cause transistor pair constituted by
      transistors Q9A and Q10A to reduce their conduction. The negative half
      cycle of input signal 46 aids the forward bias on base 51 of transistor
      Q8A to increase the conduction current through transistor Q8A and cause an
      increase in the voltage at collector 52. This positive going half cycle at
      collector 52 is applied to base 67 of transistor Q12AA to cause the
      transistor pair constituted by transistors Q11A and Q12A to conduct more
      and thus produce the positive half cycle at intermediate point 65 which is
      coupled to output terminal 76 through capacitor 74. As thus described, the
      output stage operates in push-pull manner with transistor pair Q9A and
      Q10A carrying the load on the positive half cycle of input signal voltage
      46 and transistor pair Q11A and Q12A carrying the load on the negative
      half cycle of input signal voltage. The emitter-follower action of the
      push-pull output stage sets the limit on the output voltage swing.
PAR  In the absence of an alternating current signal voltage 46, the collector
      current of transistor Q8A sets the voltage at intermediate point 65 at
      approximately half the supply voltage or with a 200 volt supply at about
      100 volts and the direct coupling between collector 52 of transistor Q8A
      and bases 59 and 67 of transistors Q9A and Q12A permits transistor Q8A to
      act as a DC amplifier as well as an alternating current signal amplifier.
      Hence, any variation in the bias of transistor Q8A varies the collector
      current which upsets the quiescent operating condition of transistor pair
      Q9A-Q10A with respect to transistor pair Q11A and Q12A. This problem has
      been solved in the prior art by the addition of a transistor bias
      amplifier such as transistor bias amplifier Q13A.
PAR  Frequency response for the amplifier is achieved through alternating
      feedback circuit constituted by capacitor 78 and resistor 79 in a
      conventional manner. In order to adapt the circuit for use with a gaseous
      discharge dislay panel, an additional high frequency feedback circuit is
      included in the loop constituted by capacitor 80 and resistor 81. To this
      same end, and to reduce distortion, a relatively large capacitor 82 was
      added across resistor 73. With circuit component values as shown in FIG.
      3A, the bandwidth of the circuit extends to about 50 KH.sub.z and the
      input sinusoidal voltage is chosen to be about 40 KH.sub.z. Although it is
      desirable that the frequency of input from oscillator 19 be relatively
      stable, it is apparent that this is not critical.
PAR  Shift in the bias of transistor Q8A is eliminated by the active bias
      network constituted by transistor Q13A. Initial bias potential for base 86
      of transistor Q13A is provided by the voltage divider consisting of
      resistor 87, a pair of diodes 88, resistor 89 and variable resistor 90.
      Variable resistor 90 is provided to adjust the quiescent level of the bias
      potential on base 86 and diodes 88 are included to maintain tracking
      between a selected reference voltage and the emitter-base contact
      potential of transistor Q13A over the design temperature range. Collector
      91 of transistor Q13A is connected directly to base 51 of transistor Q8A
      and emitter 92 is connected through resistor 93 to intermediate point 65
      between the emitter-follower transistor pairs Q9A-Q10A and Q11A-Q12A.
      Capacitor 94 is connected between emitter 92 and base electrode 86 to
      provide a clamping action to prevent transistor Q13A from developing
      undesirable feedback when an alternating current signal is applied. This
      capacitor has no effect on compensation for long term changes, such as
      supply voltage variations and temperature shifts. When no AC signal is
      present, the base current for transistor Q8A consists almost entirely of
      the collector current of transistor Q13A. When there is a variation in
      supply voltage, for example, the junction between the cathode of the lower
      most diode, diodes 88 and resistor 87, which is connected directly to the
      base of 86 of transistor Q13, assumes a new reference potential in the
      same percentage as originally set. If the supply voltage is increased the
      voltage at intermediate point 65 will increase causing current to flow
      through resistor 93 and into capacitor 94 at a rate determined by the time
      constant of resistor 93, capacitor 94, resistors 89 and 90 and resistor 87
      which, in turn causes the voltage across the emitter base junction of
      transistor Q13 to increase causing an increase in base current to
      transistor Q8A. This, in turn, increases the collector current in
      transistor Q8A until the voltage drop across resistor 54 is increased to
      return the quiescent operating point to the set percentage of the output
      supply voltage. A decrease in supply voltage will initiate a reverse
      sequence to restore the ultimate quiescent voltage. Temperature sensitive
      parameter variations in transistor Q8A and the Darlington transistor pairs
      constituted by transistors Q9A-Q10A and Q11A-Q12A which cause changes in
      the quiescent voltage will also be sensed and corrected by transistor Q13A
      in a similar manner.
PAR  With respect to alternating current signals, the instantaneous alternating
      current output voltage is divided between resistor 93 and the combined
      parallel impedance of resistor 89-90 and 87 and the emitter base voltage
      drop across transistor Q13A remains clamped by capacitor 94 to thus
      maintain the collector current of transistor Q13A essentially constant
      even when the output voltage is swung from the positive to the negative
      extremes.
PAR  Except for the provision of emitter resistor 58, high frequency feedback
      circuit consisting of resistor 81 and capacitor 80, making resistors 66
      and 83 two resistors instead of one to provide a balanced output and the
      provision of distortion reducing capacitor 82, the amplifier circuit 13
      constituted by transistors Q8A-Q13A is essentially in the prior art
      insofar as the present invention is concerned. The additional elements
      included herein for purposes of reducing distortion and providing balanced
      output and the addition of a complementary transistor amplifier 14,
      identical in all respects to amplifier 13 except being of opposite
      conductivity type transistors to provide balanced 180.degree. out of phase
      signals is unique with this invention. As diagrammatically illustrated in
      FIGS. 3A and 3B, a number of pairs of back-to-back transistor amplifiers
      corresponding to back-to-back transistor amplifier pairs 13 and 14 may be
      added for driving different portions of a gas discharge panel, for
      example, with assurance that the output voltage potentials for precisely
      180.degree. out of phase with respect to each other and balanced and of
      substantially undistorted waveform. The compound connection of
      transistors, as for example transistors Q9A, Q10A, assures highly
      efficient operation.
PAR  The additional feedback loops constituted by capacitor 80 and resistor 81,
      emitter feedback constituted by the addition of resistor 58 and the
      elimination of distortion by the addition of capacitor 82 effect a
      substantial reduction in distortion because of variation in the nonlinear
      load of a gas discharge panel as more or less cross-points or discharge
      units are sustained in a fired condition.
PAR  An important aspect of the invention is that the voltage generator is
      compact, light in weight and low in distortion and, at the same time may
      be made in solid state form, even using integrated circuitry. Moreover,
      use of this type of circuit allows the maximum use, without distortion of
      the available supply voltage. It is possible to achieve 170 volts
      peak-to-peak output using the 200 volts supply shown. With the
      back-to-back arrangement of complementary stages 13 and 14, 340 volt
      peak-to-peak output can be obtained using 200 volt output transistors.
      This generator provides the necessary sinusoidal voltage amplitude without
      resorting to the use of output transformers or high voltage circuits.
PAR  Another important aspect of the invention is that the load "floats" with
      respect to ground so that pulse voltages derived from low level control
      signals need not be referred to any high voltage supply but only with
      respect to the output voltage waveforms at output terminals 76 and 76'.
      Additionally, since the ground is common to back-to-back amplifiers 13 and
      14, respectively, and since intermediate points 65 and 65' are set at a DC
      voltage level midway between the positive and negative supplies,
      respectively, the amplitude of each output voltage may be adjusted by
      adjusting resistors 49 49', respectively and the quiescent voltage levels
      may be varied by adjusting resistors 90, 90', respectively. Any number of
      back-to-back amplifiers may be connected to the phase splitter-driver
      circuit 20 to provide a plurality of precisely phase related output
      voltages for driving different sections or banks of conductor arrays in
      the same or companion panels. Where the panel is a gas discharge panel of
      the type disclosed in the aforementioned Baker et al patent application,
      the gas therein should be of a composition and pressure such that the 340
      volt output of the circuit shown in FIG. 3A can drive same. To this end,
      the gas composition is preferably the neon-argon mixture as disclosed in
      Nolan application Ser. No. 764,577 filed Oct. 2, 1968, now abandoned.
PAR  In the drawings, component values, and transistor and diode identifications
      are purely exemplary.
PAR  It is to be understood that the above described circuit is illustrative of
      a preferred embodiment and that numerous other and varied arrangements can
      readily be devised in accordance with the principles of the invention by
      those skilled in the art without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A balanced, solid state high voltage, high power, low distortion
      generator for supplying at least a pair of 180.degree. out of phase
      voltages to row-column conductor arrays, respectively, in a gas discharge
      display panel comprising, in combination.
PA1  a source of a pair of low voltage periodic voltages 180.degree. out of
      phase with respect to each other,
PA1  a parallel pair of complementary push-pull transistor amplifiers, one of
      said push-pull transistor amplifiers of said pair being connected to
      receive one of said low voltage periodic voltages, and the other of said
      pair of push-pull transistor amplifiers being connected to receive the
      other of said low voltage periodic voltages,
PA1  and at least a complementary pair of complementary high voltage transistor
      amplifiers connected back to back,
PA1  means connecting the output voltage of one of said parallel pair of
      complementary push-pull amplifiers to one of said back-to-back pair, and
      the other output voltage of the other of said parallel pair of
      complementary push-pull amplifier to the other of said back-to-back pair,
PA1  whereby the high output voltage of each amplifier of said back-to-back pair
      is 180.degree. out of phase with respect to the other, with one of said
      output voltages being completely above ground reference and the other of
      said output voltages being completely below ground reference,
PA1  and high unidirectional voltage pulse circuit means coupling said
      180.degree. out of phase output voltages to said row-column conductor
      arrays, respectively.
NUM  2.
PAR  2. A solid state generator as defined in claim 1, wherein each amplifier of
      said back-to-back connected pair includes an output stage constituted by a
      complementary pair of emitter-follower stages connected in push-pull
      relation and wherein each said emitter-follower stage includes a compound
      connected transistor pair, and a resistor connected to the emitter
      connection of the compound connected pair, the resistors having a common
      connection to consistitute an output terminal of the push-pull stage.
NUM  3.
PAR  3. The invention defined in claim 2, wherein said means connecting the
      output voltages of said parallel pair of complementary push-pull
      amplifiers to said pair of back-to-back connected complementary transistor
      amplifiers includes resistor means for varying the amplitude of voltages
      applied to said back-to-back connected pair, respectively, to where the
      amplitudes of the output voltages from said back-to-back connected pair
      are equal and opposite with respect to ground.
NUM  4.
PAR  4. The invention defined in claim 3, wherein each amplifier of said
      back-to-back connected pair includes an input transistor amplifier stage,
      and a high frequency feedback circuit from said output terminal of the
      push-pull stage to the input of said transistor stage.
NUM  5.
PAR  5. The invention defined in claim 4, wherein said input transistor
      amplifier includes an unbypassed resistor in the emitter circuit thereof.
NUM  6.
PAR  6. The invention defined in claim 1, including at least one further pair of
      back-to-back connected transistor amplifiers, corresponding amplifiers of
      each back-to-back connected pair being connected to receive the same phase
      of voltage from said means for producing at least two voltages 180.degree.
      out of phase with respect to each other.
NUM  7.
PAR  7. In a data display system, the combination comprising,
PA1  a gas discharge display panel of the electrodeless discharge type in which
      transversely oriented, dielectrically coated, conductor arrays define a
      plurality of discharge sites in the panel, a gas discharge medium in the
      panel constituted by a gas mixture having a composition and pressure such
      that a pair of balanced discharge sustaining voltages applied to the
      conductors of said arrays, respectively, are low enough in magnitude to be
      supplied by a balanced solid state sustainer system,
PA1  a balanced, high voltage solid state sustaining voltage supply system, said
      high voltage solid state sustaining voltage supply system comprising
PA2  a. a source of low voltage level periodic voltage,
PA2  b. circuit means connected to receive the output of said source of low
      voltage level periodic voltage and producing two periodic voltages
      displaced out of phase with respect to each other,
PA2  c. a high direct current voltage source,
PA2  d. and at least a pair of complementary transistor amplifiers connected
      back to back across said high direct current voltage source, each
      transistor amplifier of said pair including an output stage constituted by
      a complementary pair of emitter-follower stages connected in push pull
      relation with respect to the phase voltage applied thereto, respectively,
PA1  means connecting the high output voltage from one of said pair of
      amplifiers to one conductor array and means connecting the high output
      voltage from the other of said pair of amplifiers to the other conductor
      array transversely oriented with respect to said first conductor array,
      and
PA1  address voltage pulse means for selectively providing unidirectional
      voltage pulses algebraically combined with said sustaining voltage pulses
      for selective manipulation of the discharge condition of a discharge unit
      defined by selected conductor pairs in said conductor arrays,
PA1  whereby a high voltage periodic output voltage of each amplifier of said
      pair of amplifiers is displaced out of phase with respect to the other to
      constitute the sustainer voltage to said gas discharge display panel, with
      one of said output voltages being completely above ground reference and
      the other of said output voltages being completely below ground reference
      and high unidirectional voltage pulse circuit means coupling said
      displaced out of phase output to said transversely oriented conductor
      arrays, respectively, so that said discharge panel electrically floats on
      said sustaining voltage supply system and each said address voltage pulse
      is selectively added to the sustaining voltage for selective manipulation
      of the discharge condition of discharge units to which said unidirectional
      voltage pulses have been algebraically combined.
NUM  8.
PAR  8. The invention defined in claim 7, wherein conductors of said arrays are
      grouped and said system further including at least one further pair of
      back-to-back connected transistor amplifiers, corresponding amplifiers of
      each back-to-back connected pair being connected to receive the same phase
      of voltage from said phase splitter circuit, and means connecting the
      output voltages from said amplifiers to selected groups of conductors of
      said arrays.
NUM  9.
PAR  9. The invention defined in claim 8, including means for equalizing the
      amplitudes of voltages applied to conductors of said array irrespective of
      the phases thereof.
NUM  10.
PAR  10. The invention defined in claim 8, wherein each amplifier of a
      back-to-back pair of connected amplifiers includes high frequency feedback
      means to compensate for variation in nonlinear loading on the amplifiers
      as the number of discharge units sustained in a fired condition by said
      sustaining voltage increases.
NUM  11.
PAR  11. The invention defined in claim 7, wherein each amplifier of said
      back-to-back connected pair of amplifiers includes feedback means to
      compensate for variation in nonlinear loading on said amplifiers when a
      large number of discharge units are sustained in a fired condition by said
      sustaining voltage.
NUM  12.
PAR  12. The invention defined in claim 7, wherein each amplifier of said
      back-to-back connected pair includes means applying a feedback voltage
      proportional to the number of discharges in said multiple discharge gas
      panel.
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ABST
PAL  Discharge spots on a display device can be shifted by using the primary
      current effect. For the purpose of shifting the discharge spots,
      electrodes with a right angle to a shift direction are connected
      periodically to a plurality of buss to which a series of sustaining
      signals are supplied in a predetermined time differences. This function of
      shifting the discharge spots can simplify the peripheral circuit of the
      display device and also increase a domain of the application of this kind
      of display device, such as a plasma display panel.
PARN
PAR  This is a continuation of Ser. No. 277,564, filed Aug. 3, 1972, now
      abandoned.
BSUM
PAC  EXPLANATION OF THE INVENTION
PAR  This invention relates to a gas discharge device provided with the function
      of shifting discharge points. More precisely, to a novel gas discharge
      device which, for the purpose of record, display or memory of an
      information signal, can shift an information of discharge spot generated
      in the elemental discharge area which is a part of a gaseous cell, by
      using "primary current effect" of said discharge spot.
PAR  Conventionally, the dot matrix type display device, called plasma display
      panel, is known as one of the display devices utilizing gas discharge. The
      conventional plasma display panel is described in various literature, for
      example, U.S. Pat. No. 3,499,167, entitled "Gas discharge dislay memory
      device and method of operating" by Baker et al; and U.S. Pat. No.
      3,559,190, entitled "Gaseous display and memory apparatus" by Bitzer et
      al. Such a plasma display panel is comprised of a gaseous cell filled with
      gas capable of ionization, and arrays of X and Y electrodes arranged and
      connected in matrix form so as to provide many "elemental discharge areas"
      in the gaseous cell. Further the major characteristic feature is to
      provide a memory function due to wall charges thereon. However, in spite
      of this characteristic feature the circuit for driving this plasma display
      panel requires one address circuit for each X and Y electrode. As these
      address circuits are required to scan in order, the peripheral circuit of
      this plasma display panel becomes very complex and expensive. In this
      connection, it cannot be but said that the conventional plasma display
      panel is somewhat disadvantageous compared with the other devices such as
      cathode ray tube display devices.
PAR  Another display device utilizing gas discharge provides a self scanning
      device as a means for resolving the abovementioned inconveniences of the
      peripheral circuit. The trade mark name of the device is "Self Scan". This
      kind of display device as mentioned, for example, in ELECTRONICS (in
      U.S.A.) Vol. 43, No. 5, P 120 - P 125, comprises double construction of
      the scanning part and display part. Discharge spots are moved along each
      line of the scanning part on the rear face used as an exciting source. The
      discharge spots are scanned and selectively taken to the display part on
      the front face, in accordance with the position of said discharge spot,
      and thereby the display action is carried out.
PAR  However, the above-mentioned type of the display device utilizing gas
      discharge has some natural disadvantages. That is, the construction of a
      wall, for separating the scanning part and the display part, and the
      construction of electrodes are complicated and are not suited to mass
      production. Also the life of each electrode exposed directly to the
      gaseous cell is short, and an external memory for refreshing is necessary.
      Further the brightness of the display part decreases as the number of
      picture elements increases.
PAR  An object of the present invention is to provide a plasma display type of a
      display device utilizing gas discharge which can be driven by an
      inexpensive peripheral circuit.
PAR  Another object of the present invention is to provide a plasma display type
      of display device utilizing gas discharge which can shift the information
      discharge spot in an elemental discharge area giving a dot display on the
      panel from one elemental discharge area to an adjacent elemental discharge
      area without spoiling its displayed pattern.
PAR  A further object of the present invention is to provide a display device
      utilizing gas discharge which can fix the position of the discharge spot
      by using the memory function due to the wall charge similar to the
      above-mentioned plasma display panel.
PAR  A still further object of the present invention is to provide a gas
      discharge device which has the function of shifting the discharge spot
      which is useful as the device for display, record or memory of the
      information signal.
PAR  For achieving the above-mentioned objects, the display device utilizing gas
      discharge according to the present invention comprises: a gaseous cell
      filled with gas capable of ionization; at least one row of electrodes
      (hereinafter described as Y electrodes), and; a plurality of column
      electrodes (hereinafter described as X electrodes) positioned in the
      direction of crossing to above-mentioned Y electrode.
PAR  Another embodiment of the present invention, comprises a gap filled with
      ionizable gas, and a plurality of electrodes arranged in parallel and
      faced to said gap on the same surface of the substrate. Elemental
      discharge areas are provided between above-mentioned adjacent electrodes.
      The advantage of this type of display panel, that is, a surface discharge
      type display panel, is that the dispersion of the gap length of the two
      substrates facing each other has no effect on the characteristics of the
      discharge.
PAR  In a further embodiment of the present invention, the display device has a
      resistance layer formed on the inner surfaces of the gas cell with
      parallel to the shift direction. The resistance layer serves to assure the
      shifting operation of the discharge spot.
PAR  In the above-mentioned embodiments the elemental discharge areas are
      arranged sufficiently close together that adjacent elemental discharge
      areas affect each other in the direction of the shift of the discharge
      spot by the primary current effect. This arrangement in the present
      invention is different from the conventional plasma dislay panel in which
      elemental discharge areas are arranged so as to positively prevent mutual
      affection.
PAR  Herein, the term "elemental discharge area" means the minimum area possible
      to fire in the gaseous cell. It is positioned between the cross point of X
      electrodes and Y electrodes, or between adjacent electrodes. The term "the
      primary current effect" according to the present invention means an
      exciting action generated by firing into an adjacent elemental discharge
      area which affects electrons, ions, metastable atoms and photons in the
      ultra-violet region. It also includes a supply action of primary current
      from said elemental discharge area to the adjacent elemental discharge
      area.
PAR  An important characteristic feature of the present invention is in the
      arrangement of the elemental discharge areas in consideration of the
      above-mentioned primary current effect.
PAR  Another characteristic feature is in the construction in which the
      plurality of electrodes crossed to the direction of the shifting the
      discharge spot are connected periodically to common buss, and each common
      bus is connected to sustaining signal sources having a predetermined time
      differences.
PAR  A further characteristic feature of the present invention, is that an input
      means of the informaton signal is connected only to the first elemental
      discharge areas in the shift direction, so that the peripheral circuit of
      the display device can be considerably simplified.
PAR  Further features and advantage of the present invention will be apparent
      from the ensuing description with reference to the accompanying drawings
      to which, however, the scope of the invention is in no way limited.
DRWD
PAR  FIG. 1 is a sectional view of the display device utilizing gas discharge of
      the present invention,
PAR  FIG. 2 is a partially enlarged view of the device shown at II of FIG. 1,
PAR  FIG. 3 is a plan view of the display device utilizing gas discharge of the
      present invention,
PAR  FIG. 4 is a partially enlarged view of the device shown at IV of FIG. 3,
PAR  FIG. 5 is a diagram explaining the primary current effect,
PAR  FIGS. 6A - 6C are diagrams explaining the function of shifting the
      discharge spot,
PAR  FIG. 7 is a peripheral circuit of the display device according to the
      present invention,
PAR  FIGS. 8A - 8I are the diagrams explaining the function of the peripheral
      circuit shown in FIG. 7,
PAR  FIG. 9 is an example of another embodiment of the display device of the
      present invention,
PAR  FIG. 10 is a diagram explaining the function of the display device shown in
      FIG. 9,
PAR  FIGS. 11A and 11B are examples of further embodiments of the display device
      of the present invention,
PAR  FIGS. 12A - 12G are waveforms explaining the function of shifting the
      discharge spot of the device in FIG. 11,
PAR  FIGS. 13A - 13F are diagrams explaining the state of shifting the discharge
      spot of the device in FIG. 11,
PAR  FIG. 14 is an example of still another embodiment of the present invention,
PAR  FIG. 15 is a partially enlarged view of the device shown at XV of FIG. 14,
PAR  FIG. 16 is an example of a still further embodiment of the present
      invention.
DETD
PAR  FIG. 1 shows a longitudinal cross section of one embodiment of the device
      utilizing gas discharge of the present invention. Referring to FIG. 1, a
      peripheral portion of a pair of glass substrates positioned opposite each
      other is sealed by low melting temperature glass 3. An ionizable gas
      (generally a mixed gas of Ne and N.sub.2 or Ne and A) is introduced via
      tip tube 4 into a gap between above-mentioned glass substrates 1 and 2
      facing each other. Then a panel type gaseous cell 5 is constructed. An
      inside surface of the upper glass substrate 1 provides an array of X
      electrodes 6 composed of fine electrodes arranged parallel each other as
      shown in FIG. 2. The surface of the array of electrodes 6 is covered by a
      dielectric layer 7 composed of such as low melting temperature glass.
      Similarly, an inside surface of the lower glass substrate 2 provides an
      array of Y electrodes 8, which cross with the above-mentioned X electrodes
      6, and is insulated in the same manner from the gas by means of a
      dielectric layer 9. FIG. 2 shows a partially enlarged sectional view of
      the portion enclosed by the circle II shown in FIG. 1.
PAR  Referring to FIGS. 3 and 4, the plan view of the relation between the array
      of X electrodes and the array of Y electrodes, which are respectively
      provided in parallely are clearly indicated. Electrodes belonging to the
      array of X electrodes are connected every third electrode to common buss
      A, B and C. These constitute three groups of electrodes, that is, groups
      a, b and c. X electrodes a.sub.1, a.sub.2, a.sub.3, . . . a.sub.n, which
      are respectively positioned the first, the fourth, the seventh, . . . ,
      the (3xn + 1)th (wherein n is a positive integer, the rest is the same)
      from the right end of the device, are connected to the bus A. X electrodes
      b.sub.1, b.sub.2, b.sub.3, . . . , b.sub.n, which are respectively
      positioned the second, the fifth, the eighth, . . . , the (3xn - 1)th, are
      connected to the bus B. X electrodes c.sub.1, c.sub.2, . . ., c.sub.n,
      which are respectively positioned the third, the sixth the ninth, ..., the
      3nth, are connected to the bus C.
PAR  The array of Y electrodes 8 is composed of seven electrodes l.sub.1,
      l.sub.2, l.sub.3, . . ., l.sub.7, commonly connected on the left end of
      the device. The right ends of these electrodes extend to beneath X
      electrode b.sub.1, which is the second electrode from the right and is
      connected to the bus B.
PAR  For the purpose of providing an input means to this display device
      utilizing gas discharge, a group of write electrodes 10 is provided facing
      the first X electrode a.sub.1 connected to the bus A. It is noteworthy
      that this group of electrodes 10 is composed of seven electrodes w.sub.1,
      w.sub.2, w.sub.3, . . ., w.sub.7, which are respectively positioned on the
      extension line of the above-mentioned Y electrodes l.sub.1, l.sub.2,
      l.sub.3, . . ., l.sub.7. The seven electrodes w.sub.1 through w.sub.7 are
      separated between X electrodes a.sub.1 and b.sub.1 and have independent
      terminals on the right end of the device.
PAR  X electrodes 6, Y electrodes 8, three buss A, B, C and write electrodes 10
      are formed by using a technique of a well known screen printing. By using
      this method of screen printing, a material of electrodes composed by such
      as gold paste are printed on the glass substrates 1 and 2 in accordance
      with a predetermined pattern and then baked. When the array of X
      electrodes 6 are connected to the predetermined common buss, some
      electrodes cross a bus connected to another electrodes. In this case, it
      is preferable to use the cross over technique utilizing a dielectric layer
      11 as shown in FIG. 4, which shows a partially enlarged portion enclosed
      by a circle IV shown in FIG. 3.
PAR  In the example of the embodiment, the elemental discharge area is
      constructed in the cross points between the array of X electrodes 6 and
      the array of Y electrodes 8 including the group of write electrodes 10. In
      this case, the distance between adjacent elemental discharge areas with
      respect to a direction of Y electrodes is determined by the pitch of the
      array of X electrodes 6. The distance between adjacent elemental discharge
      areas with respect to a direction of X electrodes is determined by the
      pitch of the array of Y electrodes 8. In the embodiment shown in FIG. 3,
      the array of X electrodes 6 are arranged with, for example, an equal pitch
      200 .mu., and the array of Y electrodes 8, for example, three times the
      pitch of X electrodes, that is, 600 .mu..
PAR  An experiment according to the present invention is carried out by
      providing electrodes having a width of 50 -80 .mu. in the gaseous cell and
      a length of gap 200 - 250 .mu. filled with a mixed gas of Ne and A, the
      percentage of which is 0.3%. When the pitch of electrodes is more than 600
      .mu., the affect to the adjacent elemental discharge areas due to the
      primary current effect could hardly be recognized. However, when 200 .mu.
      is selected as the above-mentioned pitch, the firing voltage of an
      elemental discharge area adjacent to another fired elemental discharge
      area becomes lower than its natural firing voltage. Further, in the
      above-mentioned experiment, the memory function of the discharge due to
      the wall charge necessary to sustain the pulse discharge was sufficient
      regardless of the magnitude of the pitch of the electrodes.
PAR  The above-mentioned phenomena, that is, the decrease of the firing voltage
      caused in adjacent elemental discharge areas can be explained by using the
      primary current effect as follows. The general characteristic of the gas
      discharge is depicted as a curve in FIG. 5, wherein the ordinate shows the
      voltage V and the abscissa shows the current i. For obtaining a steady
      glow discharge, the required voltage V.sub.fo must initially be sufficient
      to exceed the Townsend discharge region. However, as the supplied primary
      current increases from its initial value to i.sub.1 and i.sub.2 the firing
      voltage for obtaining a glow discharge decreases from V.sub.fo to V.sub.f1
      and V.sub.f2 as shown in FIG. 5. According to the present invention, the
      above-mentioned primary current is due to electrons, ions and metastable
      atoms etc. which are diffused from the fired elemental discharge area and
      applied to the adjacent elemental discharge area. The firing voltage of
      the adjacent elemental discharge area then decreases, and then the
      discharge spot is shifted as hereinafter described.
PAR  Further, as clear from the result of the above-mentioned experiment, the
      affect of such primary current effect is changed considerably in
      accordance with the magnitude of mutual pitch of the elemental discharge
      areas. In the above-mentioned example it is understood that the elemental
      discharge areas in the direction of Y electrodes are arranged with pitches
      which can be sufficiently subjected to the primary current effect and; the
      elemental discharge areas in the direction of X electrodes are arranged
      with pitches which are subjected to no primary current effect.
PAR  Next, the function of shifting the discharge spot with regard to the
      above-mentioned example will be given with reference to FIGS. 6A to 6C.
      Referring to FIG. 6A when the discharge sustaining voltage V.sub.s is
      applied to X electrode bus A of group a, and the write voltage V.sub.w is
      applied to the write electrode w.sub.1. Then the elemental discharge area
      crossing of electrodes a.sub.1 and w.sub.1 comes into a firing state and
      the primary discharge spot shown by hatching portion in FIG. 6A is
      generated in this position. This is true where the above-mentioned
      sustaining voltage V.sub.s and write voltage V.sub.w are selected so as to
      satisfy the following relation with respect to the firing voltage V.sub.f
      and wall voltage V.sub.c ;
EQU  V.sub.s + V.sub.w &gt; V.sub.r
EQU  V.sub.s + V.sub.c &gt; V.sub.f
PAL  as similar as the case of conventional plasma display panel. As a result of
      this, after removing the writing voltage V.sub.w, the primary discharge
      spot in the cross point of electrodes a.sub.1 and w.sub.1 is memorized in
      a form of wall charge and held by the sustaining voltage V.sub.s.
PAR  When, in the above-mentioned condition, the sustaining voltage is applied
      in time t.sub.2 to X electrode bus B of group b, the elemental discharge
      area in the cross point of electrodes b.sub.1 and l.sub.1 is fired by the
      primary current effect, or the above-mentioned primary discharge spot
      enlarges to this elemental discharge area. FIG. 6B shows the state of the
      discharge spot in this condition. And when the sustaining voltage V.sub.s
      applied to electrode bus A is suspended in time t.sub.3, the
      above-mentioned primary spot is completely displaced to the elemental
      discharge area in the cross point of electrodes b.sub.1 and l.sub.1, as
      shown in FIG. 6C, and the first shift action is completed. Next, when the
      sustaining voltage is applied to bus C of group c of X electrodes, and the
      sustaining voltage for the bus B is suspended in time t.sub.5, the
      discharge spot in the cross point of electrodes b.sub.1 and l.sub.1 is
      transferred to the adjacent elemental discharge area in the cross point of
      electrodes c.sub.1 and l.sub.1, and the second shift action is completed.
      Further, when the sustaining voltage V.sub.s is again applied to the bus A
      in time t.sub.6 and the sustaining voltage for the bus C is suspended in
      time 7, the discharge spot is transferred to the cross point of electrodes
      a.sub.1 and l.sub.1, and one cycle of the shift action has been completed.
PAR  In this manner the primary discharge spot caused by the write voltage
      V.sub.w can be shifted along Y electrodes to the left end of the device.
      And this action is similarly carried out in other elemental discharge
      areas in the direction of the Y electrodes related to the write electrodes
      w.sub.2, w.sub.3, . . ., w.sub.7. During this action, discharge spots do
      not jump to the adjacent Y electrodes, because, as mentioned already, the
      elemental discharge areas in the direction of X electrodes are arranged
      with pitches at sufficient distances so that no primary current effect
      appears.
PAR  When the above-mentioned shift action is carried out, the information of
      the discharge spot of original elemental discharge area should be
      completely erased till the sustaining voltage of next cycle is applied.
      That is, if the wall charges caused by the discharge remain in the
      original elemental discharge area, and the sustaining voltage in next
      cycle is applied, the firing of the original elemental discharge area is
      caused thereby and the discharge spot is inappropriately shifted.
      According to the present invention, the distance between the adjacent
      elemental discharge areas is very small. Therefore, the wall charges of
      the original elemental discharge area are neutralized by the discharge in
      the next elemental discharge area. Accordingly, when the period of the
      cycle of the sustaining voltage is selected in the order of the time
      required for the wall charges to disappear by the neutralizing action, the
      information in the original elemental discharge area can be erased in a
      comparably short time. Further, when more rapid action is required, an
      erase pulse can be applied following the sustaining voltage for the each
      group of X electrodes.
PAR  When it is required to fix the discharge spot to a particular elemental
      discharge area, the above-mentioned shift action is first carried out to
      the desired elemental discharge area. Then the change of the sustaining
      voltage V.sub.s is suspended and the sustaining voltage is applied only to
      the desired group of X electrodes. In this state, the pulse discharge in
      the above-mentioned elemental discharge area is repeated with the
      sustaining voltage and the wall voltage in the same manner as in the
      plasma display panel. This condition will be hereinafter called "fixed
      state".
PAR  Above-mentioned display device utilizing gas discharge can be used not only
      as an information display device, but also as a memory device or a
      recording device. FIG. 7 shows one example of a block diagram of a driving
      circuit of the display device used as a display panel constructed by dot
      matrix wherein one character is composed of 35 bits. The display panel is
      shown with reference number 20.
PAR  A driving circuit for this display panel comprises, as essential parts, a
      keyboard 21 and a high frequency generator 22, which generates pulse
      voltage having a frequency of 50 - 100 kHz. This high frequency generator
      22 is connected respectively via amplifiers 24a, 24b and 24c, and gate
      circuits 23a, 23b and 23c to buss A, B and C. These three buss are
      respectively connected to the three groups of X electrodes. In addition
      the high frequency generator 22 is connected respectively via gate circuit
      G.sub.1, G.sub.2, . . ., G.sub.7 and amplifier M.sub.1, M.sub.2, . . .,
      M.sub.7 to seven write electrodes w.sub.1, w.sub.2, w.sub.3, . . .,
      w.sub.7. And another output of the high frequency generator 22 is
      connected via 1/n frequency divider 25 and one input of gate circuit 26 to
      the three stage counter 27. The output of the three stage counter 27 is
      connected, via hold circuits 28a, 28b and 28c, to other inputs of the
      above-mentioned gate circuits 23a, 23b, and 23c.
PAR  Assuming that the high frequency generator 22 generates a series of pulses
      shown in FIG. 8A, and the output of the frequency divider 25 is shown in
      FIG. 8B. In this condition, when a desired character on the key board is
      keyed, a start signal shown in FIG. 8C is generated therein, and a
      flip-flop circuit 29 is set by this start signal. The output of the
      flip-flop circuit 29, as shown in FIG. 8D, is supplied to other terminal
      of gate circuit 26. As a result of this, the gate circuit 26 opens, and
      the output of the frequency divider 25, shown in FIG. 8B, is supplied to
      the three stage ring counter 27, as shown in FIG. 8E. When the reset state
      of the ring counter 27 is settled to (1, 0, 0), the counted output of each
      stage appears respectively as shown in form of a, b and c in FIG. 8F. The
      counted outputs shown in FIG. 8F are applied respectively to the hold
      circuits 28a, 28b and 28c which shape these output waveforms so that the
      fall time of one output slightly overlaps the rise time of the counted
      output of next stage. The gate circuits 23a, 23b and 23c are then opened
      in order. Thus, the sustaining voltage is applied from the high frequency
      generator to buss A, B and C connected respectively to three groups of X
      electrodes with a timing relation as shown in FIG. 8G.
PAR  Further, the horizontal lines of a group of diode matrix 30, for generating
      a character pattern, are connected respectively via differentiation
      circuits D.sub.1, D.sub.2, . . ., D.sub.7 and the gate circuits G.sub.1,
      G.sub.2, . . ., G.sub.7 to write electrodes w.sub.1, w.sub.2, . . .,
      w.sub.7 of the display panel 20. Each vertical line of the group of the
      diode matrix 30, which corresponds to one character, is connected, in
      order, to each stage of the six stage ring counter 31. They are then
      scanned by the output of the first stage of the three stage ring counter
      27 that is, the output connected to bus A of the display panel 20.
PAR  Thus, when the key board is operated, at the same time the start signal,
      shown in FIG. 8C, is generated, the address information of a selected a
      character is decoded and the corresponding six stage ring counter 31 is
      selected. As a result of this, the ring counter 31 counts the output of
      the first stage of the three stage ring counter 27, that is the pulse
      shown (a) of FIG. 8F, and scans, for example, the diode matrix 30a
      corresponding to the character "A". The outputs of the diode matrix 30a
      are differentiated by the differentiation circuit D.sub.1, D.sub.2, . . .,
      D.sub.7. Said differentiated outputs control the gate circuit G.sub.1,
      G.sub.2, . . ., G.sub.7, and the informations corresponding to each
      vertical line is supplied, in regular order, from the high frequency
      generator 22 to the write electrodes w.sub.1, w.sub.2, . . ., w.sub.7 of
      the display panel 20. FIG. 8H shows the contents of each stage of the six
      stage ring counter 31. FIG. 8I shows the write voltages for each write
      electrode.
PAR  When the pattern information of the first column of the diode matrix is
      supplied to the write electrodes w.sub.1, w.sub.2, w.sub.3, . . .,
      w.sub.7, the sustaining voltage is supplied to the bus A of group a of X
      electrodes including the first electrode a.sub.1. Then the elemental
      discharge areas belonging to the first column discharge, in accordance
      with the above-mentioned pattern, and the discharge spots are produced.
      And when the supply of the sustaining voltage changes from bus A to bus B
      by the output of the three stage ring counter 27, these discharge spots
      shift to the elemental discharge areas arranged on the second electrode
      b.sub.1 of X electrodes. Similarly, in accordance with the exchange of the
      sustaining voltage from bus B to bus C, these discharge spots shift to the
      elemental discharge areas arranged on the third electrode c.sub.1 of X
      electrodes. When the counter 27 is reset and the sustaining voltage is
      supplied again to the terminal A, the original discharge spots are shifted
      to the elemental discharge areas arranged on the fourth electrode  a.sub.2
      of X electrodes. At the same time, a pattern information belonging to the
      second column of the diode matrix 30a is written to the elemental
      discharge areas arranged on the first electrode a.sub.1. When such shift
      actions and write actions are repeated five times, the writing
      corresponding to one character is completed, and then the character "A" is
      displayed on the panel 20. In this condition, when the reset signal of the
      six stage ring counter 31, and the reset signal of the three stage ring
      counter 27, are applied as a stop signal via an AND circuit 32 to a reset
      terminal of the flip-flop circuit 29, the exchange of the sustaining
      signal ceases, as clear from FIGS. 8F and 8G. At this time the discharge
      spots are fixed on the displayed position, that is, on the elemental
      discharge areas arranged on group a of X electrodes. This fixed condition
      can be held until a next key-in operation.
PAR  Thus the information keyed on the key board 21 is displayed on the panel 20
      in order. If false information is input by reason of mistaken keying, a
      wrong character can be corrected by using a function of shift back. This
      shift back function can be carried out by changing the exchange order of
      the sustaining voltage from A .fwdarw. B .fwdarw. C .fwdarw. A to A
      .fwdarw. C .fwdarw. B .fwdarw. A. Actually, the connection of the outputs
      of each stage of three stage ring counter 27 is changed on the key board
      21.
PAR  FIG. 9 shows another embodiment of the display device utilizing gas
      discharge according to the present invention. Referring to FIG. 9,
      resistance films RF are provided on the dielectric layer in the shift
      direction along every Y electrode, y.sub.1, y.sub.2, . . ., y.sub.n. The
      object of the resistance films is; to disperse the wall charges along
      these films; to increase a coupling to adjacent cell in the shift
      direction, and; to carry out surely the self shift action. In the example
      shown in FIG. 9, the discharge spots are shifted in the direction of
      electrodes y.sub.1 - y.sub.n. The strip of the resistance films RF are
      then provided on the dielectric layer on these electrodes y.sub.1 -
      y.sub.n. These resistance films can be provided on another dielectric
      layer faced to the above-mentioned dielectric layer or on both of these
      dielectric layers. These resistance films can be formed by coating,
      evaporation coating or chemical treatment, and when the dielectric layer
      is composed of PbO, it can be formed by a reducing treatment. These
      resistance films are preferably transparent. However, when the width of
      these films is very narrow such as the order of 100 .mu., the effect of
      these films on the display can be neglected. Also it is required that
      these films be resistant to ion bombardment and have a good adhesion to
      the dielectric layer.
PAR  Assuming that the discharge spot is generated on the electrode a.sub.1 and
      the wall charge along each electrode, at the discharge when finishing is
      shown with curve t.sub.o in FIG. 10. This curve changes with the passage
      of time to curve t.sub.1 - t.sub.3. Then, when a voltage, with a potential
      difference to the wall voltage larger than the firing voltage, is supplied
      to the electrode b.sub.i, the discharge spot is shifted to the electrode
      b.sub.1 as shown in curve t.sub.1 '. That is, after suspending the
      supplied voltage to the electrode a.sub.1, the above-mentioned voltage is
      supplied to the electrode b.sub.i.
PAR  As mentioned above, in the embodiment shown in FIG. 9, the effect of the
      wall voltage shown in FIG. 10 is superimposed on the primary current
      effect, and thereby, the discharge spot can be shifted more surely.
PAR  FIGS. 11A and 11B are a further embodiment of the display device of the
      present invention. Referring to FIGS. 11A and 11B, a plurality of shift
      electrodes 43 are formed in parallel on the same substrate 41. Write
      electrodes 42 are provided at right angles and close to the most outside
      electrode of the array of shift electrodes 43. These electrodes 42 and 43
      can be formed with evaporation coating or printing technique. A dielectric
      layer 44 is provided on these electrodes 42 and 43. A gap 47 with
      ionizable gas is formed between the dielectric layer 44 and cover 46 the
      peripheral portions of which are sealed. The cover 46 provides grooves 45
      corresponding with the write electrodes 42 and at right angles with the
      shifting electrodes 43. The array of shift electrodes are periodically
      connected to the buss for supplying the sustaining voltage in the same
      manner as shown in FIGS. 3, 7 and 9.
PAR  When the write voltage is supplied to selected write electrode 42, at the
      time that the sustaining voltage is supplied to electrode a.sub.1, the
      discharge is produced in the groove 45. The charged particles caused by
      the discharge can be moved only in the direction of the groove 45. Then,
      the discharge spot between the electrodes 42 and a.sub.1 can be shifted
      from the electrodes a.sub.1 to b.sub.1 in the moment when the sustaining
      voltage is supplied to the electrode b.sub.1.
PAR  FIG. 12 is a diagram explaining a function of the display device of FIGS.
      11A and 11B. Referring to FIG. 12, each voltage is selected so as to
      satisfy the following equation:
EQU  V.sub.P + V.sub.W &gt; V.sub.F                                (1)
EQU  V.sub.F &gt; V.sub.P - V.sub.N &gt; V.sub.LP                     (2)
EQU  V.sub.P - V.sub.N - V.sub.LN &gt; V.sub.F                     (3)
PAL  wherein:
PA0  V.sub.w = write voltage applied to the write electrode 42;
PA0  V.sub.a = voltage applied to the electrodes a.sub.1, a.sub.2, . . .,
      a.sub.n ;
PA0  V.sub.b = voltage applied to the electrodes b.sub.1, b.sub.2, . . .,
      b.sub.n ;
PA0  V.sub.c = voltage applied to the electrodes c.sub.1, c.sub.2, . . .,
      c.sub.n ;
PA0  V.sub.f = firing voltage;
PA0  V.sub.lp = positive polarity voltage of the wall voltage;
PA0  V.sub.ln = negative polarity voltage of the wall voltage;
PA0  V.sub.p = positive polarity voltage of V.sub.A, V.sub.B, V.sub.C ;
PA0  V.sub.n = negative polarity voltage of V.sub.A, V.sub.B, V.sub.C.
PAR  In time t.sub.1, as shown in FIG. 13A, the relation shown in equation (1),
      above, is established between the write electrode 42 and the electrode
      a.sub.1, and the discharge spot is produced therein. In time t.sub.2, by
      the primary current effect, the above-mentioned discharge spot is shifted
      by the voltage applied between electrodes a.sub.1 and b.sub.1. This state
      is shown in FIG. 13B. Next, in time t.sub.3, the discharge spot between
      electrodes a.sub.1 and b.sub.1 is shifted to between electrodes b.sub.1
      and c.sub.1 by the voltage applied between these electrodes. Each shifting
      state of the discharge spot in time t.sub.3, t.sub.4, t.sub.5 and t.sub.6
      are respectively shown in FIGS. 13C, 13D, 13E and 13F. As mentioned above,
      in the dislay device utilizing the plane discharge as shown in FIGS. 11A
      and 11B, the discharge spot is shifted in the predetermined direction on
      the device providing an array of shift electrodes 43 and a gap with
      grooves filled with ionizable gas. Further in this example of the
      embodiment, it is not necessary to be careful of the accuracy of a gap
      filled with ionizable gas because the discharge spot is produced between
      the adjacent electrodes arranged in parallel on the same substrate. In
      addition, it is very effective to provide strips of resistance film as
      shown in FIG. 9, in the direction of the shifting discharge spots.
PAR  As is clear from the above-mentioned explanation, the function of shifting
      the discharge spot according to the present invention contributes to the
      simplification of its peripheral circuit. That is, whereas previously one
      driving circuit for each X electrode was required, the present invention
      requires only three circuits for the X electrodes without spoiling the
      original function of plasma display panel.
PAR  This advantage of the simplification of the peripheral circuit appears even
      more remarkable in the large scale display device having a function of
      shifting the discharge spot not only in the direction of Y electrodes but
      also X electrodes. For realizing a device having a function of shifting
      the discharge spot in both direction, it is necessary to also close the
      distances between the adjacent elemental discharge areas in the direction
      of X electrodes, so as to affect the primary current effect. In addition,
      the Y electrodes are also connected periodically to the common buss
      A.sub.y, B.sub.y and C.sub.y as shown in FIG. 14, a partially enlarged
      portion of which is shown in FIG. 15. Referring to FIG. 15, the pitches of
      the group of the Y electrodes are selected sufficiently close so as to
      make the distances between the adjacent elemental discharge areas in the
      direction of X electrodes affect the primary current effect. And these Y
      electrodes are connected periodically to three buss A.sub.y, B.sub.y and
      C.sub.y similar to the case of the X electrodes. In the above-mentioned
      display panel, the information corresponding to one column is applied to
      seven write electrodes w.sub.1, w.sub.2, . . ., w.sub.7. The buss A.sub.y,
      B.sub.y and C.sub.y are then energized in order, and the above-mentioned
      information is shifted upwardly in the direction of the X electrodes. All
      of the discharge spots are fixed to the position shifted completely from
      the position corresponding to the write electrodes. The information
      corresponding to the next column is supplied to the write electrode
      w.sub.1, w.sub.2, . . ., w.sub.7.
PAR  It is easily accomplished, by any person having common knowledge in the
      technical field to which this invention belongs, that the arrangement
      shown in FIGS. 14 and 15 is applied to the devices shown in FIG. 9 and
      FIGS. 11A and 11B.
PAR  According to a further embodiment of the present invention, the display
      device is capable of superposing the displayed patterns, or changing its
      order, by fixing the written information in a suitable position and
      shifting the next information which is written. FIG. 16 shows a partially
      enlarged portion of the device having the special feature of electrodes of
      this embodiment. The same reference numerals are used for the same
      portions as in FIG. 1. Referring to FIG. 16, the first sub-Y electrodes
      l.sub.1b, l.sub.1c, . . ., and the second sub-Y electrodes l.sub.2b,
      l.sub.2c, . . ., are added to main-Y electrodes l.sub.1, l.sub.2, . . .,
      etc. And as shown in FIG. 16, electrodes c.sub.1, c.sub.2, . . ., and
      b.sub.2, b.sub.3, . . ., which are connected to the buss B and C are
      closed to electrodes a.sub.2, a.sub.3, . . . connected to the bus A in the
      position of crossing to sub-electrodes l.sub.1c, l.sub.2c, . . ., etc.
      With regard to the main-Y electrodes, the X electrodes of this device are
      arranged with equal pitches. With regard to the second sub-Y electrodes,
      the X electrodes are arranged with pitches periodically closed as shown in
      FIG. 16.
PAR  In the device shown in FIG. 16, the discharge spot generated by the
      information applied to the write electrodes w.sub.1, w.sub.2, . . .,
      w.sub.7 can be shifted along the main-Y electrodes l.sub.1, l.sub.2, . .
      ., etc. Further it can be fixed on an X electrodes connected to bus A by
      supplying a sustaining voltage continuously only to the bus A. This spot
      is shown by P.sub.1. In this condition, when the first sub-Y electrodes
      l.sub.1b, l.sub.2b, . . . are energized and the main-Y electrodes are
      de-energized, the above-mentioned spot P.sub.1 is shifted to a position
      P.sub.2 by the primary current effect. Next, when the first sub-Y
      electrodes l.sub.1b, l.sub.2b, . . ., are de-energized, and the second
      sub-Y electrodes l.sub.1c, l.sub.2c, . . ., are energized, the spot
      P.sub.2 is shifted to a position P.sub.3 by the primary current effect and
      stored in the position P.sub.3.
PAR  In the stored positions along the second sub-Y electrodes, the primary
      current effect is not affected in the shift direction, because the
      distances of the adjacent X electrodes are periodically separated more
      than the regular distance. And the distance between the main-Y electrodes
      l.sub.1, l.sub.2, . . ., and the second sub-Y electrodes l.sub.1c,
      l.sub.2c, . . ., are separated sufficiently so that the primary current
      effect is not effected between them. As a result of this, the discharge
      spot stored in the position P.sub.3 is maintained, even when the main-Y
      electrodes are energized and the sustaining voltages are supplied to the
      buss A, B and C in the shift mode. That is, the next information can be
      shifted while the first information is stored. When it is required to
      superimpose different patterns or change the order of different patterns,
      it is sufficient to return the stored discharge spot to a shift position
      on the main-Y electrodes. For the purpose of returning the discharge spot
      from the stored position to the shift position, it is sufficient to
      energize the first sub-Y electrodes l.sub.1b, l.sub.2b , . . ., and then
      de-energize the first and second sub-Y electrodes.
PAR  According to the present invention, the characteristic feature of the
      function of shifting the discharge spot is carried out in its original
      form of information which is written. The advantage of this function is
      that the information written can be read or recorded later.
PAR  That is, when photo-electric converting elements are connected to the last
      column of the elemental discharge areas, the information sent by the form
      of discharge spots can be read in order. Thus, it is very advantageous
      that the present device may be utilized as a memory device by using the
      memory function due to the wall charge. And, when the terminals of the
      optical fibers are connected to the last column of the arrangement of the
      elemental discharge areas, and other terminals of the optical fibers are
      faced to a photo sensitive paper synchronized in movement with the shift
      action of the discharge spot, the displayed pattern can be easily
      recorded. In this case, the function can be carried out even when one Y
      electrode, that is, only one row of the arrangement of the elemental
      discharge area, is utilized.
PAR  In the above-mentioned embodiment and application, the explanation was
      given in the case that the input means for the information signal was
      given to the write electrode faced to the first column of the arrangement
      of the elemental discharge areas. However, it is understood that this
      input means can be replaced by optical input means, or input means using
      voltage probe. These are well known for this kind of device utilizing gas
      discharge. Also the position for connecting the information signal is not
      limited to the first column of the arrangement of the elemental discharge
      areas. It is understood that it is one of the characteristic features that
      the present invention can be applied to a conventional plasma display
      panel connecting individual address drivers to both the arrays of X and Y
      electrodes. The information written therein being shifted by a random
      address method.
PAR  Also, in the above-mentioned embodiment, the Y electrodes are separated
      from the write electrodes. However, the same function can be carried out
      by connecting these electrodes to each other and controlling a phase of
      the voltage applied to the first X electrodes in accordance with the time
      of write.
PAR  Further, the number of the groups of the X electrodes are not limited to
      three. The same function can be carried out by connecting these X
      electrodes to a plurality of buss, with predetermined periods, and
      applying the sustaining voltage modulated by the pulse of poly phase.
PAR  Above all, the essential part of this invention is based on the idea of
      shifting the information of the first discharge spot generated in the
      elemental discharge areas connected to the input means to adjacent
      elemental display areas by using the primary current effect. The gas
      discharge display apparatus as herein described was announced at the
      International Symposium of Information Display in 1972 (1972, SID, Digest
      of Technical Papers, pgs. 38-39). It is understood that various
      modifications except for above-mentioned embodiment are possible.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A driving means for a display device utilizing gas discharge which
      includes a gap filled with ionizable gas, a plurality of electrodes
      arranged so as to provide elemental discharge areas in said gap, means for
      connecting said electrodes arranged at right angles to a shift direction
      of a discharge spot generated in said elemental discharge area to a
      plurality of buses periodically comprising:
PA1  a high frequency generator which generates a series of high frequency
      signals;
PA1  a group of first gate circuits, a first of the inputs of said first gate
      circuits being connected to the output of said high frequency generator
      and the outputs of said first gate circuits being connected respectively
      to said buses periodically;
PA1  a group of second gate circuits, a first of the inputs of said second gate
      circuits being connected to the output of said high frequency generator
      and outputs of said second gate circuits being connected respectively to
      different write electrodes;
PA1  a frequency divider which is connected to said high frequency generator;
PA1  a third gate circuit, one input of which is connected to said frequency
      divider, means for applying a start signal to another input of said third
      gate circuit;
PA1  a first ring counter the input of which is connected to said third gate
      circuit and the outputs of which are connected to a second of the inputs
      of said first gate circuits,
PA1  a second ring counter which is scanned by a first stage output of said
      first ring counter,
PA1  a diode matrix corresponding to one character, the vertical lines of which
      are respectively connected to the output of said second ring counter and
      the horizontal lines of which are respectively connected to a second of
      the inputs of said second gate circuits, and;
PA1  an AND circuit, two inputs of which receive respectively reset signals from
      said first and second ring counters and supply a stop signal to said third
      gate circuit.
NUM  2.
PAR  2. Gas discharge display apparatus comprising:
PA1  a. a pair of base plates having a gap therebetween, said gap being filled
      with an ionizable gas;
PA1  b. a first group of electrodes arranged on an inner side of one of said
      base plates;
PA1  c. a second group of electrodes arranged on an inner side of another of
      said base plates directionally positioned to cross said first group of
      said electrodes so as to provide elemental discharge areas in said gap;
PA1  d. a dielectric layer covering at least one of said first and second group
      of electrodes so as to insulate said group of electrodes from said
      ionizable gas;
PA1  e. means for connecting electrodes belonging to said first group of
      electrodes periodically to a plurality of buses;
PA1  f. means for supplying operation voltages sequentially to said elemental
      discharge areas arranged along said first group of electrodes via said
      buses connected to the first group of electrodes and to said second group
      of electrodes, said supplied operation voltages being lower than the
      firing voltage of said elemental discharge areas, said supplied operation
      voltages being sufficient for initiating a discharge in said elemental
      discharge areas adjacent to a direction of said second group of said
      electrodes upon any elemental discharge area in a discharging state, said
      operation voltages being selected so as to be summed with a wall voltage
      resulting from wall charges produced on the surface of said dielectric
      layer in a gas discharged state in a manner to exceed said firing voltage;
PA1  g. control means connected to said operation voltages supplying means for
      controlling the exchange of said operation voltage so as to continuously
      supply said operation voltage via at least one of said buses, and;
PA1  h. means for inputting an information signal to at least one of said second
      group of electrodes so as to discharge the elemental discharge areas
      corresponding to said one of said second group of electrodes;
PA1  thereby
PA2  1. shifting the discharged spot produced in accordance with said
      information signal in said elemental discharge area which is coupled to
      said input means, in the direction of said second group of electrodes by
      exchanging said operation voltage applied via said bus, and;
PA2  2. obtaining a display in said elemental discharge area arranged on the
      electrode connected to said bus to which said operation voltage is
      continuously supplied when said exchange of said operation voltage is
      ceased by said control means.
NUM  3.
PAR  3. Gas discharge display apparatus according to claim 2, wherein said input
      means for an information signal includes a plurality of write electrodes
      which are provided facing one outside electrode of said first group of
      electrodes and corresponding to each electrode of said second group of
      electrodes.
NUM  4.
PAR  4. Gas discharge display apparatus according to claim 2, including reading
      means for discharge spots on said elemental discharge areas arranged on
      the last shift position along said second group of electrodes.
NUM  5.
PAR  5. Gas discharge display apparatus according to claim 2 including:
PA1  a. means for periodically connecting electrodes belonging to second group
      of electrodes to said plurality of said busses;
PA1  b. a second electric source having a second exchange means for supplying an
      operation voltage to said elemental discharge areas along said second
      group of electrodes periodically via said plurality of said buses, and;
PA1  c. a second control means which is connected to said second electric source
      so as to cease exchanging of said operation voltage and supply said
      operation voltage to at least one bus;
PA1  thereby:
PA2  1. exchanging in order said operation voltage to said second group of
      electrodes in the state that the exchanging of the operation voltage to
      said first group of electrodes is ceased, and;
PA2  2. shifting a discharge spot which is generated in accordance with said
      information signal to said adjacent elemental discharge area in the
      direction of electrodes of said first group of electrodes.
NUM  6.
PAR  6. Gas discharge display apparatus according to claim 2, wherein a first
      and a second sub-electrode are provided in parallel between electrodes
      belonging to said second group of electrodes, each electrode of said first
      group of electrodes which is connected periodically to the three buses is
      crossed to electrodes of said second group of electrodes with equal
      distance and is crossed to said second sub-electrodes with unequal
      distances, said first and second sub-electrodes are connected to other
      operation voltage sources via common terminals respectively.
NUM  7.
PAR  7. Gas discharge display apparatus according to claim 2, wherein a
      resistance layer along said second group of electrodes is provided on said
      dielectric layer.
NUM  8.
PAR  8. Gas discharge display apparatus comprising:
PA1  a. a pair of base plates having a plurality of grooves therebetween and
      filled with ionizable gas;
PA1  b. a plurality of electrodes provided on one of said base plates and
      arranged in parallel so as to cross said grooves and arranged in elemental
      discharge areas between adjacent electrodes;
PA1  c. a dielectric layer covering said electrodes so as to insulate said
      electrodes from said ionizable gas in said grooves;
PA1  d. means for connecting each of said electrodes periodically to a plurality
      of buses;
PA1  e. means for supplying an operation voltage periodically via said bus to
      adjacent electrodes, which operation voltage is lower than the firing
      voltage between adjacent electrodes though sufficient for initiating a
      discharge in said grooves between adjacent electrodes which is adjacent to
      a discharge spot in the same groove and is selected so that a sum with a
      wall voltage due to wall charges produced on the surface of said
      dielectric layer in a gas discharge state exceeds said firing voltage;
PA1  f. control means connected to said operation voltages supplying means so as
      to cease an exchange of said operation voltage and to continuously supply
      said function voltage only between two adjacent electrodes; and
PA1  g. write electrodes for an information signal facing the most outside
      electrode at one end of said grooves;
PA1  thereby
PA2  1. shifting a discharge spot which is generated in accordance with said
      information signal applied to said write electrodes as a discharge spot
      between adjacent electrodes in each groove by exchanging an operation
      voltage, and;
PA2  2. obtaining a display between two adjacent electrodes of said each groove
      of said electrodes by said operation voltage which is continuously
      supplied between said adjacent electrodes, when said exchange of said
      operation voltage is ceased by said control means.
NUM  9.
PAR  9. A method for shifting discharge spots which are displayed on a plasma
      display/memory panel, said panel comprising a pair of base plates having a
      gap therebetween, said gap being filled with an ionizable gas; a first set
      of electrodes arranged on an inner side of one of said base plates, a
      second set of electrodes arranged on an inner side of another of said base
      plates directionally positioned to cross said first set of electrodes so
      as to provide elemental discharge areas in said gap; a dielectric layer
      covering at least one of said first and second sets of electrodes so as to
      insulate said first set of electrodes from said ionizable gas;
      characterized in that: said method comprises
PA1  a. generating discharge spots with a pattern in accordance with an input
      signal in a group of said elemental discharge areas which are arranged in
      a first group of electrodes,
PA1  b. supplying a sustaining voltage at least to said elemental discharge
      areas which are arranged in said first group of electrodes to sustain said
      discharge spots having a pattern in accordance with an input signal,
PA1  c. supplying to elemental discharge areas associated with a second group of
      electrodes, which are adjacent to said first group of electrodes, a
      shifting voltage which is lower than a usual firing voltage for elemental
      discharge areas and higher than a firing voltage which is decreased by the
      primary current effect due to the discharge spot of an adjacent elementary
      discharge area, and
PA1  d. erasing said discharge spot in said elemental discharge area
      corresponding to said first group of electrodes, thereby shifting the
      information displayed by said discharge spot in said elemental discharge
      areas associated with said first group of electrodes to the other
      elemental discharge areas associated with said second group of electrodes
      with the same pattern.
NUM  10.
PAR  10. The method for shifting discharge spots according to method claim 9,
      wherein each pulse of said shifting voltage for the elemental discharge
      areas associated with the second group of electrodes is supplied prior to
      erasure of the discharge spot by removing the corresponding pulse of said
      sustaining voltage for the elemental discharge areas associated with the
      first group of electrodes.
NUM  11.
PAR  11. Method for shifting discharge spots according to method claim 9,
      wherein the voltage level of said sustaining voltage is substantially
      equal to that of said shifting voltage.
PATN
WKU  039448762
SRC  5
APN  5104408
APT  1
ART  252
APD  19740930
TTL  Rapid starting of gas discharge lamps
ISD  19760316
NCL  11
ECL  1
EXP  Demeo; Palmer C.
NDR  2
NFG  7
INVT
NAM  Helmuth; James G.
CTY  Monrovia
STA  CA
ASSG
NAM  Chadwick-Helmuth Company, Inc.
CTY  Monrovia
STA  CA
COD  02
CLAS
OCL  315205
XCL  315DIG7
XCL  315273
XCL  315276
XCL  315289
EDF  2
ICL  H05B 4116
ICL  H05B 4124
FSC  315
FSS  DIG. 7;DIG. 2;DIG. 5;273;274;276;289;205;208;207;275
UREF
PNO  3649869
ISD  19720300
NAM  Nomura et al.
OCL  315205
UREF
PNO  3681653
ISD  19720800
NAM  Snyder
XCL  315176
UREF
PNO  3758818
ISD  19730900
NAM  Kaneda
XCL  315DIG.7
UREF
PNO  3866088
ISD  19750200
NAM  Kaneda et al.
XCL  315DIG.2
LREP
FR2  Haefliger; William W.
ABST
PAL  A starting device for a gas discharge lamp, to whose electrodes AC voltage
      is applied, comprises:
PA0  A. first means electrically connected with at least one lamp electrode to
      apply to the lamp a transient voltage pulse which initially changes in
      amplitude in a polarity direction relatively in opposition to the polarity
      of the main voltage simultaneously supplied to the electrodes,
PA0  B. said first means including circuitry to cause said pulse to thereafter
      change in amplitude in a polarity direction in aid of the polarity of the
      main voltage simultaneously supplied to the electrodes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the starting of gas discharge lamps,
      and more particularly concerns overcoming problems relating to such
      starting.
PAR  Gas discharge lamps such as mercury vapor lamps have come into widespread
      use, two examples being sources of ultraviolet light employed in print
      reproduction, and street lamps. Although such lamps are clean and
      efficient devices, as compared with carbon arc lights, they have presented
      two long standing problems. First, they require objectionably long warm-up
      times, i.e up to about 5 minutes in certain cases; and secondly, there is
      the practical impossibility of re-starting a warmed-up mercury vapor lamp
      (should it be even momentarily turned off) until it cools. Therefore, for
      repetitive on-off duty, it has been the practice to leave the lamp on all
      the time, and resort to a mechanical shutter which is moved to control
      exposure. Such shutters, however, are subject to mechanical failure, and
      resultant prolonged human exposure to a mercury vapor lamp in ON condition
      can cause serious damage to the eyes and skin.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to overcome both of the above
      problems, enabling powering of gas lamps only when needed and thereby
      additionally producing energy savings, extension of lamp life and
      elimination of physical damage to humans otherwise resulting from
      prolonged exposure to lamp rays. Further, mercury vapor lamps used as
      street lights can be restarted immediately after power interruptions (as
      for example may be due to lightning, and short power failures), enhancing
      traffic and pedestrian safety.
PAR  Basically, the starting device comprises means to apply to the lamp one or
      more transient voltage pulses or spikes which initially change in
      amplitude in a polarity direction relatively in opposition to the polarity
      of the main voltage simultaneously supplied to the electrodes; further,
      each pulse thereafter is typically caused to change in amplitude in a
      polarity direction in aid of the polarity of the main voltage then being
      applied to the electrodes. As a result, a rapid start of the lamp is
      achieved.
PAR  It is another object of the invention to provide circuitry to achieve the
      above; with pulse oscillation frequency much greater than the main AC
      voltage frequency. Such circuitry may typically include series connected
      inductance and capacitance, and control means electrically connected with
      the capacitance to effect capacitor discharge and pulse production in
      response to predetermined increase or decrease in the amplitude level of
      the main AC voltage; accordingly, pulse production may be achieved when
      the main AC voltage is near maximum absolute value, to aid the start;
      also, when the main AC voltage drops below that level, the command of
      pulse production is terminated.
PAR  It is a further object of the invention to provide second means to produce
      ionization of the gas within the lamp during application of voltage pulses
      to the lamp electrodes, such second means typically including an ion gun,
      and other circuitry including inductance and capacitance to apply an
      auxiliary voltage pulse to the gun in synchronism with pulse application
      to the lamp electrodes.
PAR  It is an additional object of the invention to provide unusually effective
      ballast circuitry between the main AC source and the lamp, such ballast
      shortening the time from start to full light out, without drawing
      excessive current from the mains and without applying excessive power to
      the lamp.
PAR  These and other objects and advantages of the invention, as well as the
      details of illustrative embodiments, will be more fully understood from
      the following description and drawings, in which:
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a circuit diagram;
PAR  FIGS. 2 and 3 are wave forms related to the operation of the FIG. 1
      circuit;
PAR  FIG. 4 is a circuit diagram;
PAR  FIGS. 5 and 6 are wave forms related to the operation of the FIG. 4
      circuit; and
PAR  FIG. 7 is a circuit diagram.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIG. 1, it illustrated one preferred form of starting
      device for a discharge lamp 10 to which main AC voltage is supplied via
      input terminals 11 and 12, ballast 13, and lamp electrodes 10a and 10b.
      The main AC voltage waveform appears at 15 in FIGS. 2 and 3.
PAR  In accordance with the invention, first means is electrically connected
      with at least one lamp electrode to apply to the lamp a transient voltage
      pulse which initially changes in amplitude in a polarity direction
      relatively in opposition to the polarity of the main voltage 15
      simultaneously supplied to the electrodes. See for example the sharp
      initial amplitude change at 16a of pulse 16 in FIG. 2, the pulse being
      applied at 20 to electrode 10b in FIG. 1. Further, the pulse is thereafter
      caused to change in amplitude in a polarity direction in aid of the
      polarity of the main voltage 15. See for example the sharp amplitude
      change at 16b of pulse 16 in FIG. 2, it being clear that the pulse
      oscillation frequency is much greater than the frequency of the main AC
      voltage. One or more such pulses are typically applied, as for example at
      16, 17 and 18 during one half cycle of the main voltage wave; further,
      pulses 19, 20 and 21 are shown as applied during the next half cycle, the
      latter pulses being reversed in initial amplitude change direction
      relative to pulses 16-18. A time axis expanded version of pulse 19 is
      shown in FIG. 3, the shape of the pulse being altered as shown by the
      broken lines 19a upon the occurrence of lamp conduction.
PAR  In the circuitry example as shown in FIG. 1, the means to produce the
      pulses typically includes series connected capacitance C.sub.3 and
      inductance T.sub.1 characterized as causing the pulse to have the
      illustrated transient wave form. Further, control means is connected with
      such circuitry to effect pulse production in response to predetermined
      change in amplitude of the main AC voltage, as during each half cycle of
      the latter. Such control means may with unusual advantage include Zener
      diode means as at 120 and 121 connected back-to-back and in series with
      the ballast 13, as via leads 22 and 23. The Zener diodes are also
      connected in series with capacitance 24, via diode 25, so that the
      capacitance 24 will become charged when the Zeners conduct in response to
      increase of the main voltage to predetermined level, on each half cycle.
      When the capacitance charges to predetermined voltage level, the diode 25
      conducts, firing the triac Q.sub.1.
PAR  Upon conduction of the latter via path 26 between main power heads 23 and
      23a, the capacitor C.sub.1 is discharged through the primary of the pulse
      transformer T.sub.1. The latter may typically produce a medium voltage
      pulse (7 -  15 KV, for example) applied, as described, across the lamp
      electrodes (C.sub.3 being low impedance to the pulse). The energy of one
      pulse is normally insufficient to establish full conduction in the arc
      region of the lamp, reliance being placed on a succession of such places
      (as at 16-18) superposed on the main voltage to alter the ionization state
      of the gas within the lamp, and free charges, thereby to initiate lamp
      conduction. When the lamp conducts, the voltage at lead 22 falls,
      disabling the pulse generator A that includes elements 120, 121, 24 and 25
      previously described. Should the lamp ever stop conducting while main
      power is applied, the starting cycle will automatically repeat.
PAR  With respect to the connection of T.sub.1 to oppose the main voltage, it
      would normally appear that such a connection is incorrect. It is found, in
      this regard, that after T.sub.1 delivers an initial pulse, conduction
      ceases momentarily but, within the lamp, due to the reverse conduction in
      oppsitions to main voltage, a condition is brought into existance which
      aids the main voltage. While the exact nature of such condition is not
      understood, it is thought that the reverse current within the lamp creates
      a cloud of electrons produced by secondary emission at the electrode which
      then becomes the cathode for the main current flow.
PAR  Also provided is what may be referred to as second means to produce
      ionization of gas within the lamp during application of the voltage pulse
      to the lamp electrode by transformer T.sub.1. Such second means may with
      unusual advantage include an ion gun 126, and other circuitry to apply an
      auxiliary voltage pulse to the gun. For example, that circuitry may
      include a transformer T.sub.2 whose end taps are connected between the gun
      and lead 23a, T.sub.2 having an intermediate tap 27 connected via a
      capacitor C.sub.2 and resistor R with lead 23. When the triac Q.sub.1 is
      fired as described, the capacitor C.sub.2 is discharged through the
      primary of T.sub.2, which causes T.sub.2 to produce a relatively very high
      voltage (i.e., 15 - 20 KV) pulse at relatively low current applied to the
      gun. This produced ionization of the gas in the Townsend region in the
      gun; however, the ionization level is not sufficient (if the lamp is hot
      and the mercury is vaporized, as in a Sylvania type H377 lamp, for
      example) to enable the main voltage to cause conduction. On the other
      hand, such ionization assists the lower voltage from T.sub.1 to cause
      reverse current flow, allowing the relatively very low voltage from the
      mains, plus the second cycle of T.sub.1 output, to cause forward current
      to bring the lamp into full conduction. Typically, the ionization level
      will be sufficient for T.sub.1 voltage to cause high reverse current (0.5
      to 2 amps) to flow for a short time (5-20 .mu. second, for example) in the
      lamp.
PAR  If T.sub.2 is not employed, the voltage level from T.sub.1 must be higher
      in order to first ionized the gas and then to produce the reverse current,
      as described above. It should also be noted that if T.sub.1 is connected
      with conventional polarity so as to aid the main voltage, and/or if
      T.sub.1 does not produce a second oscillatory pulse after the initial
      pulse (i.e. a second pulse such as 17 after initial pulse 16, for
      example), very much more energy is required from T.sub.1 to bring the lamp
      into main conduction.
PAR  An ion gun of the type referred to is described in my prior application
      Ser. No. 371,396, filed June 19, 1973, now U.S. Pat. No. 3,870,924.
PAR  Referring now to FIG. 4, improved ballast circuitry is shown in combination
      with lamp 10, which is of the medium to high pressure type, such as the
      Sylvania Model previously referred to. Such ballast shortens the time
      (i.e. from 3- 5 minutes as in conventional to only a few seconds, i.e. 15
      seconds for example) from start to full light out without drawing
      excessive current from the mains and without applying excessive power to
      the lamp.
PAR  The circuit essentially comprises an autotransformer T.sub.3 and a gate
      controlled bilaterally conductive device such as triac Q.sub.2 connected
      in series between the mains 11 and 12; an inhibit circuit 51 connected
      between leads 23 and 23a; and a pulse generator 52 responsive to the
      output at 53 of the inhibit circuit to control firing of the triac, as
      shown. Note that the pulse generator output is connected to the triac gate
      at 54.
PAR  In operation, when power is applied to the cold lamp 10 which is
      non-conductive, the voltages V.sub.1 and V.sub.2 as indicated are
      essentially the same as at the mains, (i.e. 240 VAC, for example) as is
      clear from FIG. 5, and there is no voltage change across T.sub.3.
      Therefore, V.sub.2 across Q2 has the same phase and amplitude as V.sub.1.
      The latter commands the inhibit circuit which prevents the pulse generator
      from operation when its V.sub.2 command has the same phase as V.sub.3.
      Therefore, Q.sub.2 does not conduct, and full supply voltage remains
      applied to the lamp to assist starting.
PAR  When the cold lamp conducts via the exciting inductance L.sub.2,(typically
      at about 70MH), V.sub.1 becomes low due to the small voltage drop across
      the lamp (i.e. 20 volts, for example), and there is then a large voltage
      gradient along T.sub.3. This causes V.sub.2 to tend to be of opposite
      phase from V.sub.1. The inhibit circuit then no longer prevents the pulse
      generator from operating, and Q.sub.2 conducts. T.sub.3 can now operate as
      an autotransformer, delivering high currents (e.g. 30AMPS, for example) to
      the lamp while drawing much less current (e.g. 14 amps) from the main. The
      ratio of these two currents is determined by the position of the tap 55
      (e.g. 40% for example) and the magnitude determined by the inductance of
      L.sub.1 (e.g. 8MH) and the voltage drop across the lamp. As the lamp
      warms, voltage across the lamp increases leaving less voltage across
      L.sub.2. Thus, the lamp current decreases.
PAR  When the voltage V.sub.1 increases sufficiently, Q.sub.2 will not conduct
      at the beginning of each half cycle of lamp current; voltage V.sub.1 lags
      the main voltage since, when O.sub.2 is off, current is supplied by the
      exciting inductance L.sub.2 and the lamp voltage is in phase with this
      lamp current. Thus, voltage V.sub.2 will be of the same polarity as
      V.sub.1 and Q.sub.2 not triggered until the main voltage is at high enough
      value during the half cycle to drive V.sub.2 to reverse polarity. Then
      triac Q.sub.2 conducts for the remainder of the half cycle. This action
      continues until Q.sub.2 no longer conducts at any time, and the lamp is
      powered directly from the mains via the leakage inductance L.sub.2.
PAR  Benefits of this system over prior ballasts include rapid warm-up without
      excessive mains current; approximate constant power to the lamp during
      warm-up: since lamp current and lamp voltage are inversely related, this
      prevents thermal shock or other damage to the lamp due to excessive power
      input; independence of changes in lamp parameters or line voltage; since
      circuit action demands that sufficient voltage (up to the maximum
      available from the mains) is applied to the lamp to maintain conduction,
      no adjustments need be made for lamp aging, installation of new lamps,
      normal changes in mains voltage, etc.; and reversible action; i.e. should
      the lamp for some reason cool, appropriate higher current will
      automatically be provided to return lamp quickly to full output
      conditions.
PAR  FIG. 7 combines the circuits of FIGS. 1 and 4, with all the benefits of
      each, into a superior lamp starting circuit. Note that L.sub.1 of FIG. 4
      has been included into T.sub.1 of FIG. 1 by adjusting T.sub.1 for the
      desired exciting inductance.
PAR  The invention is applicable to mercury and/or metal additive mercury lamps,
      an example of the latter being Sylvania Type MP2000. In this case, the
      T.sub.1 voltage applicable to the lamp electrodes would be in the range
      15KV to 30KV, to hot re-strike, the ion gun also being usable.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a starting device for a gas discharge lamp to which main AC voltage
      is supplied via lamp electrodes,
PA1  a. first means electrically connected with at least one lamp electrode to
      apply to the lamp a transient voltage pulse which initially changes in
      amplitude in a polarity direction relatively in opposition to the polarity
      of the main voltage simultaneously supplied to the electrodes,
PA1  b. said first means including circuitry to cause said pulse to thereafter
      change in amplitude in a polarity direction in aid of the polarity of the
      main voltage simultaneously supplied to the electrodes, whereby the lamp
      may be re-started when hot.
NUM  2.
PAR  2. The device of claim 1 wherein said circuitry includes series connected
      capacitance and inductance characterized as causing said pulse to have a
      transient wave form, of a frequency substantially higher than the
      frequency of said main AC voltage.
NUM  3.
PAR  3. The device of claim 2 including control means connected with said
      circuitry, to effect pulse production in response to predetermined change
      in amplitude of said main AC voltage.
NUM  4.
PAR  4. The device of claim 3 wherein said control means includes zener diode
      means connected with at least one of said lamp electrodes, capacitance
      connected in series with said zener diode means to charge when the zener
      diode means conducts, and elements to discharge said capacitance when the
      voltage thereon reaches a predetermined level.
NUM  5.
PAR  5. The device of claim 1 including second means to produce ionization of
      gas within the lamp during application of said voltage pulse to the lamp
      electrode.
NUM  6.
PAR  6. In a starting device for a gas discharge lamp to which main AC voltage
      is supplied via lamp electrodes,
PA1  a. first means electrically connected with at least one lamp electrode to
      apply to the lamp a transient voltage pulse which initially changes in
      amplitude in a polarity direction relatively in opposition to the polarity
      of the main voltage simultaneously supplied to the electrodes,
PA1  b. said first means including circuitry to cause said pulse to thereafter
      change in amplitude in a polarity direction in aid of the polarity of the
      main voltage simultaneously supplied to the electrodes, whereby the lamp
      may be re-started when hot,
PA1  c. and second means to produce ionization of gas within the lamp during
      application of said voltage pulse to the lamp electrode, said second means
      including an ion gun at the exterior of the lamp and proximate thereto,
      and other circuitry to apply an auxiliary multi-kilovolt pulse to the gun.
NUM  7.
PAR  7. In a starting device for a gas discharge lamp to which main AC voltage
      is supplied via lamp electrodes,
PA1  a. first means electrically connected with at least one lamp electrode to
      apply to the lamp a transient voltage pulse which initially changes in
      amplitude in a polarity direction relatively in opposition to the polarity
      of the main voltage simultaneously supplied to the electrodes,
PA1  b. said first means including circuitry to cause said pulse to thereafter
      change in amplitude in a polarity direction in aid of the polarity of the
      main voltage simultaneously supplied to the electrodes,
PA1  c. and second means to produce ionization of gas within the lamp during
      application of said voltage pulse to the lamp electrode, said second means
      including an ion gun, and other circuitry to apply an auxiliary voltage
      pulse to the gun, said other circuitry including a transformer T.sub.2
      connected with said gun and also having an intermediate tap, capacitance
      connected between said tap and the main voltage input to the lamp, and
      there being means to suddenly discharge said capacitor to approximately
      coincide with said application of said voltage pulse to the lamp
      electrode.
NUM  8.
PAR  8. In a starting device for a gas discharge lamp to which main AC voltage
      is supplied via lamp electrodes,
PA1  a. first means electrically connected with at least one lamp electrode to
      apply to the lamp a transient voltage pulse which initially changes in
      amplitude in a polarity direction relatively in opposition to the polarity
      of the main voltage simultaneously supplied to the electrodes,
PA1  b. said first means including circuitry to cause said pulse to thereafter
      change in amplitude in a polarity direction in aid of the polarity of the
      main voltage simultaneously supplied to the electrodes, and
PA1  c. ballast circuitry connected between a source of main AC voltage and the
      lamp, said circuitry including an autotransformer and a gate controlled
      bilaterally conductive device connected in series between source
      terminals, the autotransformer having an intermediate tap connected with a
      lamp electrode.
NUM  9.
PAR  9. The device of claim 8 including an inhibit circuit connected between
      said tap and a source terminal to which said bilaterally conductive device
      is directly connected, and a pulse generator responsive to the output of
      the inhibit circuit to control the gate of said bilaterally conductive
      device.
NUM  10.
PAR  10. For use in combination with a gas discharge lamp to which main AC
      voltage is supplied, a ballast circuit connected between the AC source and
      the lamp, the source having terminals, the lamp having two electrodes,
      said ballast circuit comprising
PA1  a. an autotransformer and a gate controlled bilaterally conductive device
      connected in series between said source terminals, and
PA1  b. the autotransformer having an intermediate tap connected with one lamp
      electrode,
PA1  c. the other lamp electrode being electrically connected with a source
      terminal to which the bilaterally conductive device is also electrically
      connected.
NUM  11.
PAR  11. The ballast of claim 10 including an inhibit circuit connected between
      said tap and the source terminal to which said bilaterally conductive
      device is directly connected, and a pulse generator responsive to the
      output of the inhibit circuit to control the gate of said device.
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ABST
PAL  A wireless multiflashlight apparatus simultaneously illuminates a subject
      by flashlight rays emitted from a main flashlight device mounted on a
      photographic camera and at least one additional flashlight device located
      at suitable position away from the main flashlight device. In the main
      flashlight device is provided a flash tube arranged to emit substantially
      two or more flashlight rays at a predetermined time interval therebetween
      upon the shutter operation of an associated camera. In the additional
      flashlight device are provided a decoder for producing an outlet signal
      only upon receipt of the flashlight rays from the main flashlight device
      through a photo-electric conversion element and an amplifier, and a flash
      tube operative to be triggered only by the output signal from the decoder.
      The additional flashlight device is protected from inadvertently flashing
      even upon reception of any flashlight rays from other flashlight devices
      than the associated main flashlight device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a multiflashlight apparatus for a photographic
      camera for simultaneously illuminating a foreground subject being
      photographed by emitting a plurality of flashlight rays, and more in
      particular to a wireless multiflashlight apparatus.
PAR  Conventional multiflashlight apparatuses include a "wired" type comprising
      a plurality of flashlight devices spatially located in the neighborhood of
      a foreground subject being photographed and connected through respective
      wires with a photographic camera so as to emit flashlight rays for
      simultaneously illuminating the subject upon the shutter operation of the
      camera, and a "wireless" type comprising a main flashlight device mounted
      on a photographic camera to emit a flashlight ray for illuminating a
      foreground subject being photographed upon the shutter operation of the
      camera and one or more additional flashlight devices operative to be
      triggered by the flashlight ray from the main flashlight device so as to
      emit flashlight rays for illuminating the subject. In the former wired
      type multiflashlight apparatus, the respective flashlight devices can emit
      flashlight rays only upon the shutter operation of the associated camera
      without being misflashed in response to the shutter operation of any other
      cameras than the associated camera. However, a cumbersome operation is
      required prior to photography, since the respective flashlight devices
      should be wired to the associated camera so as not to obstruct
      photography. In the wireless multiflashlight apparatus, the additional
      flashlight device can be freely located at any positions in the
      neighborhood of a subject being photographed without the necessity of
      being wired to the associated camera. Where, however, the subject is
      simultaneously photographed by a plurality of cameras, the additional
      flashlight devices are disadvantageously triggered not only by a
      flashlight ray from the associated main flashlight device, but also by
      flashlight rays from other flashlight devices than the associated main
      flashlight device.
PAR  It is accordingly the object of this invention to provide an improved
      wireless multiflashlight apparatus for a photographic camera, in which
      each additional flashlight device can be triggered only by a flashlight
      ray from a main flashlight device mounted on an associated camera to emit
      a flashlight ray.
PAC  SUMMARY OF THE INVENTION
PAR  A wireless multiflashlight apparatus according to this invention is
      characterized in that a main flashlight device includes a flash tube
      operative to generate two or more flashlight rays at a predetermined time
      interval upon the shutter operation of an associated camera; and a
      respective additional flashlight device includes a decoder operative to
      deliver an output signal only upon receipt of said flashlight rays from
      the associated main flashlight device, and a flash tube operative to be
      triggered only by the output signal from the decoder to emit a flashlight
      ray.
PAR  According to the wireless multiflashlight apparatus so constructed, the
      additional flashlight device generates a flashlight ray only when a
      particular set of flashlight rays is received from the associated main
      flashlight device. Thus it is possible to reliably prevent a misflash as
      caused in the prior art due to a flashlight ray being emitted from any
      other flashlight devices than the associated main flashlight device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram showing a general arrangement of a
      wireless multiflashlight apparatus for a photographic camera;
PAR  FIG. 2 is a practical circuit arrangement of a main flashlight device used
      in a wireless multiflashlight apparatus according to one embodiment of
      this invention;
PAR  FIG. 3 is a graphical representation showing a relation between a lapse of
      time and the amount of current flowing through the flash tube of FIG. 2;
PAR  FIG. 4 is a practical circuit arrangement of an additional flashlight
      device according to this invention which is used in combination with the
      main flashlight device of FIG. 2;
PAR  FIGS. 5A and 5F show waveforms of various circuit portions of FIG. 4;
PAR  FIG. 6 shows a practical circuit arrangement of a main flashlight device
      according to this invention which can be substituted for the main
      flashlight device of FIG. 2;
PAR  FIG. 7 shows a practical circuit arrangement of the main flashlight device
      used in a wireless multiflashlight apparatus according to another
      embodiment of this invention;
PAR  FIGS. 8A and 8B are graphical representations showing a relation between a
      lapse of time and the amount of current flowing through the flash tube of
      FIG. 7;
PAR  FIG. 9 shows a practical circuit arrangement of an additional flashlight
      device according to this invention which can be used in combination with
      the main flashlight device of FIG. 7;
PAR  FIGS. 10A and 10G show waveforms of various circuit portions of FIG. 9;
PAR  FIGS. 11 and 12 are different timer circuits each usable for a timer
      circuit shown in FIGS. 2 and 7;
PAR  FIG. 13 shows a practical circuit arrangement of a main flashlight device
      modified from FIG. 2;
PAR  FIG. 14 shows a waveform of a flashlight as obtained from the flash tube of
      FIG. 13;
PAR  FIG. 15 is a practical circuit arrangement of a main flashlight device
      modified from FIG. 7; and
PAR  FIG. 16 shows a waveform of a flashlight as generated from the flash tube
      of FIG. 15.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  A wireless multiflashlight apparatus for a photographic camera generally
      comprises, as shown in FIG. 1, a main flashlight device 14 mounted on a
      camera body 11 so as to generate a flashlight ray 13 for illuminating a
      foreground subject 12 being photographed upon the shutter operation of the
      camera, and one or more (two in the Figure) additional flashlight devices
      17 spatially disposed at any positions apart from the main flashlight
      device 14 and in the neighborhood of the subject 12 so as to receive a
      light 15 generated by the main flashlight device 14 and reflected from the
      subject 12 or directly to receive a flashlight ray 13 as shown in a dotted
      line emitted from the main flashlight device 14 and to be triggered by the
      received ray to emit a flashlight ray 16 for illuminating the subject 12.
PAR  According to the wireless multiflashlight apparatus so constructed, it is
      possible to illuminate any desired subject being photographed concurrently
      by a plurality of flashlight rays emitted upon the shutter operation of a
      camera. Therefore it is suitable to photograph a subject at a dark place
      or at a location considerably apart from the subject.
PAR  FIG. 2 shows a practical circuit arrangement of a main flashlight device
      used in a wireless multiflashlight apparatus according to one embodiment
      of this invention. In the Figure, a reference numeral 21 denotes a DC
      power source of relatively high voltage, for example, 300 volts. Across
      the DC power source, a storage or flash capacitor 22 is connected. Between
      both the plates of the flash capacitor 22, a pair of main electrodes 27a
      and 27b of a flash tube 26, for example, a xenon tube are connected via a
      parallel circuit 25 of an inductance coil 23 and a diode 24 with the
      indicated polarity. The flash tube 26 has a trigger electrode 29 connected
      to one end of a secondary winding 28S which, together with a primary
      winding 28P, constitutes a trigger transformer 28 with the primary and
      secondary windings electromagnetically coupled to each other. The other
      end of the secondary winding 28S is connected to the main electrode 27b of
      the flash tube 26 and also to the grounded negative pole of the DC power
      source 21.
PAR  One end of the primary winding 28P is connected to ground via a resistor 30
      and a timer circuit 31 as hereinunder described. The timer circuit 31
      comprises a zener diode 32 with its anode grounded and an integration
      circuit 35 constructed of a resistor 33 and a capacitor 34 connected in
      series between the cathode of the zener diode 32 and ground. The other
      terminal of the primary winding 28P is connected, via a trigger capacitor
      36 and a resistor 37, to a junction of the parallel circuit 25 with the
      main electrode 27a of the flash tube 26 i.e. to a positive side power
      source line 38 coupled via the parallel circuit 25 with the non-grounded
      positive pole of the DC power source 21. A junction 39 of the trigger
      capacitor 36 with the resistor 37 is connected via a normally open switch
      40 closed in synchronism with the shutter operation of the associated
      camera (not shown) to the one end of the primary winding 28P and also
      connected to ground via a capacitor 41. Between the positive power source
      line 38 and ground, a parallel circuit 44 of a capacitor 42 and a resistor
      43 is connected in series with the main current conduction path of a
      switching element, for example, the anode-cathode path of a thyristor 45.
      The gate electrode of the thyristor 45 is connected to the output terminal
      of the timer circuit 31 i.e. a junction of the resistor 33 and the
      capacitor 34.
PAR  Let us explain the operation of the main flashlight device arranged as
      shown in FIG. 2.
PAR  Firstly, let it be assumed that the switch 40 is kept open and a voltage
      substantially equal to that of the DC power source 21 is precharged across
      the capacitors 22, 36 and 41 with the indicated polarity.
PAR  When, under this condition, the shutter of the associated camera is
      manipulated, the switch 40 is closed in synchronism with the shutter
      operation. As a result, the stored voltage on the trigger capacitor 36 is
      discharged through the closed switch 40 and the primary winding 28P of the
      trigger transformer 28 so as to cause the transformer 28 to be excited,
      whereby the flash tube 26 is triggered through the secondary winding 28S
      of the excited transformer 28. At the same time, the stored voltage on the
      flash capacitor 22 is discharged through the parallel circuit 25 and the
      triggered flash tube 26 so as to initiate to emit a flashlight ray from
      the flash tube 26, and the stored voltage on the capacitor 41 is
      discharged through the closed switch 40, the resistor 30 and the zener
      diode 32 included in the timer circuit 31, thereby causing a constant
      voltage having a predetermined value, for example, 12 volts to be induced
      between the anode and cathode of the zener diode 32. The induced voltage
      is charged through the resistor 33 on the capacitor 34 with the lapse of
      time. When the charged voltage on the capacitor 34 reaches a predetermined
      value after the length of a time determined by a time constant which is
      derived from a product of the capacitance of the capacitor 34 and the
      resistance of the resistor 33, then the thyristor 45 is triggered. For
      this reason, most of the discharging current of the flash capacitor 22
      temporalily flows through the parallel circuit 44 and anode-cathode path
      of the triggered thyristor 45 so as to charge the capacitor 42 included in
      the parallel circuit 44. As a result, electric current flowing from the
      flash capacitor 22 into the flash tube 26 is very much decreased
      temporarily. When the charged voltage on the capacitor 42 becomes
      substantially equal to that of the flash capacitor 22, then the thyristor
      45 is naturally turned off and the electric current which flows from the
      flash capacitor 22 into the flash tube 26 is again prominently increased.
      The stored voltage on the capacitor 42 is cleared through the resistor 43.
PAR  As will be evident from the above, the flash tube 26 initiates to emit a
      first flashlight ray 51 (see FIG. 3) in synchronism with the shutter
      operation of the associated camera and when the charged voltage on the
      integration capacitor 34 included in the timer circuit 31 reaches a
      predetermined voltage, then the emitting of the flashlight ray from the
      flash tube 26 is substantially interrupted temporarily. When the charged
      voltage on the capacitor 42 included in the parallel circuit 44 becomes
      substantially equal to that of the flash capacitor 22, then emitting of a
      second flashlight ray 52 (see FIG. 3) is initiated.
PAR  A waveform portion 53 indicated by a dotted line in FIG. 3 denotes, in the
      absence of the parallel circuit 44 and thyristor 45, a corresponding
      waveform portion of the flashlight ray to be emitted from the flash tube
      26.
PAR  The inductance coil 23 shown in FIG. 2 serves to make sharp the rising and
      decaying of the first flashlight ray 51 and the rising of the second
      flashlight ray 52.
PAR  When the discharging current in accordance with the stored voltage on the
      flash capacitor 22 flows through the flash tube 26 and/or the series
      circuit of the parallel circuit 44 and the thyristor 45, the diode 24
      serves to prevent the discharging current from being conducted from the
      flash tube 26 and/or the series circuit back to the flash capacitor 22.
PAR  In FIG. 2, a series circuit 48 of an indicator tube 47, such as a neon
      tube, and a resistor 46 connected between the positive power source line
      38 and ground is an availability-confirming circuit operative to light the
      indicator tube 47 only when a voltage sufficient to cause the flash tube
      26 to emit a flashlight ray as mentioned above is preliminarily charged on
      the flash capacitor 22.
PAR  FIG. 4 shows a practical circuit arrangement of an additional flashlight
      device according to this invention which should be used with the main
      flashlight device shown in FIG. 2. In FIG. 4, a reference numeral 61 is a
      DC power source having a relatively low voltage, for example, about 6
      volts. The positive pole of the DC power source 61 is connected, via a
      conventional smoothing circuit 64 constructed of a resistor 62 and a
      capacitor 63, to a positive power source line 65 of a main circuit portion
      of FIG. 4 and the negative pole of the DC power source is connected to
      ground. Two flashlight rays 51 and 52, as shown in FIG. 3, emitted from
      the flash tube 26 of the main flashlight device shown in FIG. 2 are
      received by a photoelectric convertion element, for example, by the base
      of an npn type phototransistor 67 having a collector directly connected to
      the positive power source line 65 and an emitter connected to ground via a
      resistor 66. The emitter of the phototransistor 67 is also connected via a
      coupling capacitor 68 to the base of an npn type transistor 69 directly
      coupled to a npn type transistor 70, the transistors 69 and 70 jointly
      constituting a conventional Darlington circuit 71. The base of the
      transistor 69 is connected to the positive power source line 65 via a
      resistor 72 and also to ground via a resistor 73. The emitter of the
      transistor 70 in the Darlington circuit 71 is connected to ground via a
      parallel circuit of a resistor 74 and a capacitor 75. The common collector
      of the transistors 69 and 70 is connected via a resistor 60 to the
      positive power source line 65 and also to the collector of an npn type
      grounded-emitter transistor 77 via a coupling capacitor 76. The base of
      the transistor 77 is also connected via a resistor 78 to the positive
      power source line 65. The collector of the transistor 77 is connected via
      a resistor 79 to the positive power source line 65 and also to ground via
      a series circuit constructed of two diodes 80 and 81 with the opposite
      polarities and two resistors 82 and 83. The collector of the transistor 77
      is also connected to ground via a series circuit of a capacitor 84, a
      diode 85 with the indicated polarity and a capacitor 86. A resistor 87 is
      connected between the ground and a junction of the capacitor 84 with the
      cathode of the diode 85. A junction of the anode of the diode 85 and the
      capacitor 86 is connected to the base of an npn type ground-emitter
      transistor 89 which is connected via a resistor 88 to the positive power
      source line 65. The collector of the transistor 89 is connected to the
      common anode of the diodes 80 and 81 and also connected via a resistor 90
      to the positive power source line 65.
PAR  Further a flashlight source 91 as hereinunder described is provided. The
      flashlight source 91 comprises a switching element, for example, a
      thyristor 94 having a control or gate electrode connected to a junction of
      the resistors 82 and 83, an anode elelctrode connected via a resistor 92
      to the positive pole of a DC power source 93 with a relatively high
      voltage, for example, 300 volts, and a cathode electrode connected to a
      grounded negative pole of the DC power source 93; a flash capacitor 95
      connected across the DC power source 93; a trigger transformer 97
      consisting of a primary winding 97P having one end connected via a trigger
      capacitor 96 to the anode of the thyristor 94 and the other end connected
      to ground, and a secondary winding 97S electromagnetically coupled to the
      primary winding 97P and having one end connected to ground; and a flash
      tube 100 having a trigger electrode 98 connected to the other end of the
      secondary winding 97S and a pair of main electrodes 99a and 99b connected
      between both the plates of the flash capacitor 95.
PAR  Let us now explain by reference to FIGS. 5A to 5F the operation of the
      additional flashlight device arranged as shown in FIG. 4.
PAR  When no flashlight ray is received by the phototransistor 67, then the
      transistor 89 is set at a conductive state through the base bias resistor
      88 and in consequence the collector potential thereof is made
      substantially equal to the ground potential. In this state, the potential
      of a junction of the resistors 82 and 83 is also kept substantially equal
      to the ground potential and the thyristor 94 is held in a nonconductive
      state. Therefore, no flashlight ray is emitted from the flash tube 100
      included in the flashlight source 91. At this time, a voltage
      substantially equal to that of the DC power source 93 is precharged on the
      flash capacitor 95 and the trigger capacitor 96 included in the flashlight
      source 91.
PAR  When, under this condition, two flashlight rays 51 and 52 as shown in FIG.
      5A (see FIG. 3), emitted at a predetermined time interval from the flash
      tube 26 in the main flashlight device of FIG. 2 are received by the
      phototransistor 67, then photoelectric current of an amount proportionate
      to the received flashlight ray flows through the collector-emitter path of
      the phototransistor 67 to induce across the resistor 66 two signals having
      voltage levels in response to the received flashlight rays 51 and 52. Only
      those portions of these two signals which have a level higher than a
      predetermined threshold are amplified by the Darlington circuit 71,
      inverted in phase and then derived from the output terminal of the
      Darlington circuit 71 (see FIG. 5B). The two output signals from the
      Darlington circuit 71 are applied as reverse biased voltages to the base
      of the transistor 77 which is normally set at a conductive state through
      the base bias resistor 78. For this reason, the transistor 77 is made
      nonconductive only during the time period in which said two output signals
      are applied thereto from the Darlington circuit 71 and consequently the
      collector potential thereof is changed from the ground potential to the
      potential of the positive power source line 65 (see FIG. 5C). During the
      time period in which the transistor 77 is held in a nonconductive state by
      the first output signal from the Darlington circuit 71, a voltage
      substantially equal to that of the positive power source line 65 is
      charged on the capacitor 84 through the resistors 79 and 87. At the moment
      the transistor 77 is again rendered conductive by decaying of the first
      output signal from the Darlington circuit 71, the stored voltage on the
      capacitor 84 is discharged through the conducted transistor 77, capacitor
      86 and forwardly biased speed-up diode 85. As a result, a reverse bias
      voltage which progressively increases from a voltage substantially equal
      to, but opposite in polarity from, that of the positive power source line
      65 toward the ground potential is applied with the lapse of time through
      the capacitor 86 to the base of the transistor 89, changing the transistor
      89 from its conductive state to its nonconductive state.
PAR  During the time period in which the transistor 77 is held in a
      nonconductive state by the second output signal from the Darlington
      circuit 71, a predetermined voltage is charged, as mentioned above, on the
      capacitor 84 (The charged voltage -- since the preceding charged voltage
      remains to a certain extent -- has a level lower than the preceding
      charged voltage by that extent.). When the transistor 77 is again rendered
      conductive by decaying of the second output signal from the Darlington
      circuit 71, the stored voltage on the capacitor 84 is discharged through
      the conducted transistor 77, capacitor 86 and forwardly biased speed-up
      diode 85, keeping the transistor 89 in a nonconductive state.
PAR  When the discharge operation of the capacitor 84 is completed, a voltage
      acting as a forward biasing voltage with respect to the base of the
      transistor 89 is charged on the capacitor 86 from the positive power
      source line 65 through the resistor 88. When this charged voltage reaches
      a predetermined level, the transistor 89 is made again conductive. As a
      result, the collector potential of the transistor 89 is varied with the
      lapse of time as shown in FIG. 5E. Namely,
PA0  1. When no flashlight ray is received by the phototransistor 67, the
      transistor 89 is set in a conductive state through the base bias resistor
      88 (Under this condition, the transistor 77 is also made conductive
      through the base bias resistor 78.) and in consequence the collector
      potential of the transistor 89 is held substantially at the ground
      potential. In this state, the thyristor 94 is held in an OFF state and no
      flashlight ray is emitted from the flashlight tube 100 in the flashlight
      source 91.
PA0  2. When the first flashlight ray 51 is shown in FIG. 5A is received by the
      phototransistor 67, the transistor 77 is made nonconductive by the
      received flashlight ray 51 through the Darlington circuit 71. During the
      length of time in which the transistor 77 is set in a nonconductive state,
      i.e. the received flashlight ray 51 is present, a voltage as mentioned
      above is charged on the capacitor 84. At the instant the received
      flashlight ray 51 disappears, the transistor 77 is again made conductive
      and, at the same time, the transistor 89 is rendered nonconductive through
      the aforesaid discharge operation in accordance with the stored voltage on
      the capacitor 84. Under this condition, the collector potential of the
      transistor 89 is increased from the ground potential to a relatively low
      positive voltage which is obtained by dividing the voltage of the positive
      power source line 65 by a ratio of the resistance of the resistor 90 to a
      series composite resistance resulting from the forward resistance of the
      forwardly biased diode 80 and the internal resistance of the conducted
      transistor 77. However, current flowing through a series circuit of the
      forwardly biased diode 81 and the resistors 82 and 83 in accordance with
      said divided voltage is relatively small and in consequence a voltage
      induced across the resistor 83 has a relatively low level. Therefore, the
      thyristor 94 is not triggered by this voltage and still held in an OFF
      state, causing no flashlight ray to be emitted from the flash tube 100 in
      the flashlight source 91. As will be evident from the above, this state is
      continued until the second flashlight ray 52 as shown in FIG. 5A is
      received by the phototransistor 67.
PA0  3. When the second flashlight ray 52 is shown in FIG. 5A is received by the
      phototransistor 67, the received flashlight ray 52 is applied through the
      Darlington circuit 71 to the transistor 77. During the length of time in
      which the flashlight ray 52, as in the first flashlight ray 51, is
      present, the transistor 77 is set in a nonconductive state and at the time
      of decaying of the flashlight ray 52, the transistor 77 is again made
      conductive. As will be appreciated from the above, the transistor 89 is
      changed from a conductive state to a nonconductive state at the time of
      decaying of the first flashlight ray 51. This state is continued until the
      above-mentioned second discharge operation of the capacitor 84 is
      completed after the disappearance of the second flashlight ray 52.
      Accordingly, only during the time period in which the second flashlight
      ray 52 is present, the transistors 77 and 89 are set in a nonconductive
      state. At this time the collector potential of the transistor 89 becomes a
      relatively high positive voltage which is obtained by dividing the voltage
      of the positive power source line 65 by a ratio of the resistance of the
      resistor 90 to a series composite resistance resulting from the forward
      voltage of the forward biased diode 81 and a series resistance of the
      resistors 82 and 83. This voltage is prominently higher than the
      abovementioned voltage obtained when the transistor 89 is in a
      nonconductive state and the transistor 77 is in a conductive state.
      Consequently, a voltage induced at this time across the resistor 83
      becomes prominently higher, thereby causing the thyristor 94 to be
      triggered into conduction (see FIG. 5F). Thus, at the moment the thyristor
      94 is turned on, the above-mentioned precharged voltage on the trigger
      capacitor 96 is discharged through the first thyristor 94 and the primary
      winding 97P of the trigger transformer 97 to cause the transformer 97 to
      be excited. Since the flash tube 100 is triggered through the secondary
      winding 97S of the excited transformer 97, the above-mentioned precharged
      voltage on the flash capacitor 95 is dishcarged through the triggered
      flash tube 100 and in consequence a flashlight ray for illuminating a
      subject being photographed (not shown) is emitted from the flash tube 100.
PAR  As will be evident from the above, when two flashlight rays 51 and 52 (as
      shown in FIGS. 3 and 5A) from the main flashlight device of FIG. 2 are
      received by the phototransistor 67 in the additional flashlight device of
      FIG. 4, a circuit portion (enclosed by a broken line 110 in FIG. 4)
      including the transistors 77 and 89 and diodes 80 and 81 of controls the
      collector potential of the transistor 89 dependent upon the presence or
      absence of the received flashlight rays 51 and 52, in the same manner as
      the conventional AND gate, thereby causing the thyristor 94 to be
      triggered only when the normally conducting transistors 77 and 89 are
      simultaneously made nonconductive and in consequence permitting a
      flashlight ray for illuminating a desired subject being photographed to be
      emitted from the flash tube 100 in the flashlight source 91. As a result,
      the aforesaid circuit portion 110 acts as one kind of decoder operative to
      produce an output signal only when the two flashlight rays 51 and 52, with
      the specified interval therebetween are received by the phototransistor
      67.
PAR  FIG. 6 shows another practical circuit arrangement of the main flashlight
      device according to this invention which can be used in place of the main
      flashlight device of FIG. 2. In FIG. 6 reference numerals 21, 22, 25, 38
      and 48 show a DC power source, flash capacitor, parallel circuit of an
      inductance coil 23 and diode 24, positive power source line and
      availability-confirming circuit, the arrangement being similar to those of
      FIG. 2.
PAR  Between the positive power source line 38 and ground is connected a
      flashlight source comprising a flash tube 112 having one main electrode
      111a connected to the positive power source line 38, and a switching
      element, for example, a thyristor 113 having one main (anode) electrode
      connected to the other main electrode 111b of the flash tube 112 and the
      other main (cathode) electrode grounded. The flash tube 112 has a trigger
      electrode 115 connected to one terminal of a secondary winding 114S which,
      together with a primary winding 114P, constitutes a trigger transformer
      114 with the primary and secondary windings electromagnetically coupled to
      each other. The other terminal of the secondary winding 114S of the
      transformer 114 is connected to the other main electrode 111b of the flash
      tube 112. One terminal of the primary winding 114P of the trigger
      transformer is connected through a trigger capacitor 116 and resistor 117
      to the positive power source line 38. The other terminal of the primary
      winding 114P is connected to ground through a resistor 118 and also
      connected, through a normally open switch 119 closed according to the
      shutter operation of an associated camera (not shown), to a junction
      between the capacitor 116 and the resistor 117. Between the other main
      electrode 111b of the tube 112 and ground are connected a capacitor 120
      and a series circuit of a capacitor 121 and resistors 122 and 123. The
      gate of the thyristor 113 is connected to a junction between the resistors
      122 and 123 and also connected through a resistor 124 to the other main
      electrode 111b of the flash tube 112. Between the positive power source
      line 38 and ground a series circuit of a resistor 125, capacitor 126 and
      zener diode 127 with the indicated polarity is connected in parallel with
      a series circuit of a resistor 128, the main electrode path of a quench
      element, for example, an anode-cathode path of a thyristor 129 and a diode
      130 with the indicated polarity.
PAR  The anode of the thyristor 129 is connected through a capacitor 131 to the
      other main electrode 111b of the flash tube 112, i.e., to the anode of the
      thyristor 113, and also connected to ground through a series circuit of a
      capacitor 132, resistor 133 and capacitor 134. A junction between the
      resistor 133 and the capacitor 134 is connected to the gate of the
      thyristor 113. The gate of the thyristor 129 is connected to ground
      through a resistor 135. A junction between the cathode of the thyristor
      129 and the anode of the diode 130 is connected through a capacitor 136 to
      the gate of the thyristor 129 and also through a resistor 137 to a
      junction between the capacitor 126 and the anode of the zener  diode 127.
PAR  The operation of the main flashlight device so arranged as shown in FIG. 6
      will be explained below.
PAR  Suppose that, with the switch 119 opened, a voltage substantially equal to
      that of the DC power source 21 is precharged on the capacitors 22, 116,
      126, 131 and 132. When, in this state, the switch 119 is closed in
      accordance with the shutter operation of the associated camera (not
      shown), the stored voltage on the trigger capacitor 116 is discharged
      through the closed switch 119 and primary winding 114P of the trigger
      transformer 114 to cause the trigger transformer to be excited. Since the
      flash tube 112 is triggered through the secondary winding 114S of the
      excited trigger transformer, the stored voltage on the flash capacitor 22
      is discharged through the triggered flash tube 112, capacitor 121 and
      resistors 122 and 123, thereby causing the thyristor 113 to be turned on
      and consequently permitting a first flashlight ray to be emitted from the
      flash tube 112. At this time, the discharge current of the flash capacitor
      22 is charged on the capacitor 120, whereby the capacitor 120 functions to
      compensate for an individual difference of that anode voltage of the
      thyristor 113 which is required to cause the thyristor 113 to be
      triggered. Simultaneously with the above-mentioned discharge of the flash
      capacitor 22, the stored voltage of the capacitor 126 is discharged
      through the resistor 125, triggered flash tube 112, fired thyristor 113
      and zener diode 127 to cause a constant voltage, for example, about 12
      volts to be inducted between the cathode and anode of the zener diode 127
      with the indicated polarity. After the lapse of a time determined by a
      time constant obtained from a product of the capacitance of the capacitor
      136 and the resistance of the resistor 135, the thyristor 129 is triggered
      into conduction. At the instant the thyristor 129 is rendered conductive,
      the above-mentioned stored voltage of the capacitor 131 is discharged
      through the fired thyristor 129, forwardly biased diode 130, conducting
      flash capacitor 22 and flash tube 112 to cause a reverse biasing voltage
      to be applied to the anode of the thyristor 113. At the same time, the
      above-mentioned voltage stored on the capacitor 132 is discharged through
      the fired thyristor 129, forwardly biased diode 130 and resistors 123 and
      133 to cause a reverse biased voltage to be impressed on the gate of the
      thyristor 113. As a result, the thyristor 113 is forcefully turned off to
      cause a flashlight ray emitted from the flash tube 112 to be substantially
      interrupted temporarily. Immediately after the thyristor 113 is turned off
      in this way, the above-mentioned voltage stored on the flash capacitor 22
      is discharged through the conducting flash tube 112, capacitors 131 and
      132 and resistors 133 and 123 so as to charge the capacitors 131 and 132,
      since the flash capacitor 22 has a capacitance sufficiently greater than
      that of the capacitors 131 and 132. The voltage on the capacitors 131 and
      132 thus stored is applied as a reverse biasing voltage to the anode of
      the thyristor 129 to cause the thyristor 129 to be forcefully again turned
      off and, at the same time, applied as a forward biasing voltage to the
      anode and gate of the thyristor 113 to cause the thyristor 113 to be again
      turned off, whereby a second flashlight ray is emitted from the flash tube
      112.
PAR  From the above it will be evident to those skilled in the art that the main
      flashlight device of FIG. 6 can emit two flashlight rays 51 and 52 as
      shown in FIG. 3 or 5A upon the shutter operation of the associated camera,
      as in the main flashlight device of FIG. 2.
PAR  It will be also apparent that the capacitor 134 shown in FIG. 6 functions
      as a bypass capacitor for shunting a noise component included in a trigger
      current when the thyristor 113 is triggered as mentioned above.
PAR  FIG. 7 shows a practical circuit arrangement of a main flashlight device
      used in a wireless multiflashlight apparatus according to another
      embodiment of this invention. In FIG. 7 a reference numeral 141 denotes a
      DC power source of about 300 volts which is similar to the DC power source
      21 as shown in FIG. 2 or 6. Between the positive pole and grounded
      negative pole of the DC power source, a first flash capacitor 142 is
      connected. Across the flash capacitor 142 is connected a series circuit of
      a timer circuit 146 -- similar in arrangement to the timer circuit 31 of
      FIG. 2 -- comprising a zener diode 143 with the indicated polarity, a
      resistor 144 and a capacitor 145, a resistor 147 and a capacitor 148. The
      anode of the diode 149 is connected to one plate of the first flash
      capacitor 142 which is connected to the non-grounded positive pole of the
      DC power source 141. The cathode of the diode 149 is connected to ground
      through a second flash capacitor 150 and also connected through a main
      current conduction path of a switching element, for example, the
      cathode-anode path of a thyristor 151 to the positive pole of the DC power
      source 141. The gate of the thyristor 151 is connected to the output
      terminal of the timer circuit 146 i.e. a junction between the resistor 144
      and the capacitor 145. Across the first flash capacitor 142 is further
      connected a pair of main electrodes 153a and 153b of a flash tube 152, for
      example, a xenon tube. The flash tube 152 has a trigger electrode
      connected to one terminal of a secondary winding 154S which, together wih
      a primary winding 154P, constitutes a trigger transformer 154 with the
      primary and secondary windings 154P and 154S electromagnetically coupled
      to each other. The other terminal of the secondary winding 154S is
      connected to ground. One terminal of the primary winding 154P of the
      trigger transformer 154 is connected through a trigger capacitor 155 and
      resistor 156 to the positive pole of the DC power source 141 and also
      connected, through a normally open switch 157 closed upon the shutter
      operation of an associated photographic camera (not shown), to the other
      grounded terminal of the primary winding 154P of the transformer.
PAR  The operation of the main flashlight device so arranged as shown in FIG. 7
      will be explained below. Suppose that, with the switch 157 opened, a
      voltage substantially equal to that of the DC power source 141 is
      precharged on the capacitors 142, 148, 150 and 155. When in this state the
      switch 157 is closed according to the shutter operation of the associated
      camera, the stored voltage on the trigger capacitor 155 is discharged
      through the closed switch 157 and the primary winding 154P to cause the
      trigger transformer 154 to be excited.
PAR  When the trigger transformer 154 is so excited, the flash tube 152 is
      triggered through the secondary winding 154S of the excited trigger
      transformer 154, thereby causing the stored voltage on the first flash
      capacitor 142 to be discharged through the triggered flash tube 152 and in
      consequence permitting a first flashlight ray to be emitted from the flash
      tube 152. At the same time the stored voltage on the capacitor 148 is
      discharged through the resistor 147, zener diode 143 included in the timer
      circuit 146 and conducted flash tube 152 to cause a constant voltage, for
      example, about 12 volts to be induced between the cathode and anode of the
      zener diode 143 with the indicated polarity. The induced voltage is
      integrated on the capacitor 145 with time through the resistor 144 and the
      thyristor 151 is triggered after a lapse of time determined by a time
      constant obtained from a product of the capacitance of the capacitor 145
      and resistance of the resistor 144. As a result, the stored voltage on the
      second flash capacitor 150 is discharged through the triggered thyristor
      151 and flash tube 152 to cause a second flashlight ray to be emitted from
      the flash tube 152.
PAR  As will be appreciated from the above, if the first flash capacitor 142 is
      so preselected as to have a capacitance greater than the second flash
      capacitor 150, two flashlight rays 161 and 162 as shown in FIG. 8A are
      emitted from the flash tube 152 at a time interval t determined by a time
      constant obtained from a product of the resistance of the resistor 144 and
      capacitance of the capacitor 145. Conversely, if the second flash
      capacitor 150 is so preselected as to have a capacitance greater than that
      of the first flash capacitor 142, two flashlight rays 162 and 161 as shown
      in FIG. 8B are generated by the flash tube 152 at aforesaid time interval
      t.
PAR  FIG. 9 is a practical circuit arrangement of an additional flashlight
      device according to this invention which is used in combination with the
      main flashlight device of FIG. 7.
PAR  In FIG. 9 a reference numeral 171 designates a DC power source having a
      relatively low voltage of, for example, about 9 volts. The positive pole
      of the DC power source 171 is connected to a positive power source line
      174 of a main circuit portion of FIG. 9 through a power switch 172 and a
      light emitting diode 173 having a forwardly connected anode-cathode path,
      and the negative pole of the DC power source 171 is connected to ground.
      Two flashlight rays 161 and 162, as shown in FIGS. 8A or 8B, generated by
      the flash tube 152 in the main flashlight device of FIG. 7 are received by
      a photoelectric conversion element, for example, a solar battery 175
      having a grounded cathode. The anode of the solar battery 175 is returned
      to ground through a load resistor 176 and is connected to a coupling
      capacitor 177 which in turn is connected to the base of an npn type
      grounded-emitter transistor 178. The collector of the transistor 178 is
      connected through a resistor 179 to the positive power source line 174 and
      through a resistor 180 to the base of the transistor 178. The collector of
      the transistor 178 is also connected through a coupling capacitor 181 to
      the base of an npn type transistor 182 whose emitter is connected to
      ground through a parallel circuit of a resistor 183 and capacitor 184. The
      base of the transistor 182 is connected through a resistor 185 to the
      collector thereof and through a resistor 186 to ground. The collector of
      the transistor 182 is connected through a resistor 187 to the positive
      power source line 174 and also through a coupling capacitor 188 to the
      base of an npn type grounded-emitter transistor 189 which is connected
      through a resistor 190 to the positive power source line 174. The
      collector of the transistor 189 is connected through a resistor 191 to the
      positive power source line 174 and through a capacitor 192 to ground. The
      collector of the transistor 189 is also connected through a capacitor 193
      to the cathode of a diode 195 having an anode connected to the base of an
      npn type grounded-emitter transistor 194, the cathode of the diode 195
      being further connected to ground through a resistor 196. The base of the
      transistor 194 is connected through a resistor 197 to the collector of the
      transistor 189 and also through a parallel circuit of a resistor 198 and
      capacitor 199 to ground. The collector of the transistor 194 is connected
      through a resistor 200 to the positive power source line 174 and also
      through a capacitor 201 to ground. The collector of the transistor 194 is
      further connected through a coupling capacitor 202 to the base of an npn
      type grounded-emitter transistor 203, which is connected through a
      resistor 204 to the positive power source line. The collector of the
      transistor 203 is connected also through a resistor 205 to the positive
      power source line 174 and through a coupling capacitor 206 to the base of
      an npn type grounded-emitter transistor 207. The base of the transistor
      207 is connected through a resistor 208 to the positive power source line
      174. The collector of the transistor 207 is connected through a resistor
      209 to the positive power source line 174 and also through a diode 210
      with the indicated polarity to the collector of the transistor 189. There
      is further provided a flashlight source 911, similar in arrangement to
      that of FIG. 4, comprising a DC power source 93 having a relatively high
      voltage, for example, about 300 volts, a flash capacitor 95, a flash tube
      100 having a pair of main electrodes 99a and 99b and a trigger electrode
      98, a trigger transformer 97 consisting of primary and secondary windings
      97P and 97S electromagnetically coupled to each other, a resistor 92, a
      trigger capacitor 96 and a thyristor 94 acting as a switching element.
      However, the flashlight source 911 of FIG. 9 is different from the
      flashlight source of FIG. 4 in that the gate of the thyristor 94 is
      connected through a parallel circuit of a resistor 211 and capacitor 212
      to ground and also through a resistor 213 to the collector of the
      transistor 207.
PAR  In the additional flashlight device of FIG. 9, the following circuits are
      further provided. There is provided an npn type transistor 214 having a
      collector-emitter path connected in parallel with an anode-cathode path of
      the light emitting diode 173. The emitter of the transistor 214 connected
      to the cathode of the light emitting diode 173 is connected to ground
      through a capacitor 215. The base of the transistor 214 is connected
      through a resistor 216 to the anode of the light emitting diode 173 i.e.,
      to a positive power source line 217 which is connected through a power
      switch 172 to the positive pole of the DC power source 171. The base of
      the transistor 214 is further connected to ground through a variable
      resistor 218. Between the positive power source line 217 and ground is
      conneced a series circuit of a capacitor 219 and resistors 220 and 221. A
      junction between the capacitor 219 and the resistor 220 is connected to
      ground through a diode 222 with the indicated polarity. A junction between
      the resistors 220 and 221 is connected to the base of an npn type
      grounded-emitter transistor 223 having a collector connected to the
      collector of the transistor 207.
PAR  The operation of the additional flashlight device so arranged as shown in
      FIG. 9 will be explained by reference to FIGS. 10A to 10G.
PAR  When any flashlight ray is not received by the solar battery 175, the
      collector potential (see FIG. 10F) of the transistor 207 is substantially
      equal to the ground potential, since the transistor 207 is set in a fully
      conducting state through the base biase resistor 208. At this time, the
      gate potential of the thyristor 94 is substantially equal to the ground
      potential and the thyristor 94 is held in a nonconductive state
      consequently and no flashlight ray is emitted from the flashlight tube 100
      in the flashlight source 911. In this state, a voltage substantially equal
      to that of the DC power souce 93 is precharged on the flash capacitor 95
      and trigger capacitor 96 in the flashlight source 911; the transistors 189
      and 203 are set in a fully conducting state through the corresponding base
      biase resistors 190 and 204; and the transistor 194 is set in a
      nonconductive state.
PAR  When in this state two flashlight rays 161 and 162 (shown in opposite
      phases in FIGS. 8A and 10A from the standpoint of circuit consideration),
      as shown in FIGS. 8A or 10A, emitted at a time interval t from the flash
      tube 152 in the main flashlight device of FIG. 7 are received (or
      flashlight rays as shown in FIG. 8B are received), electromotive forces
      having magnitudes in response to the received flashlight rays are induced
      between the anode and cathode of the solar battery 175. Accordingly, two
      signals having voltage levels in accordance with the induced electromotive
      forces are induced across the load resistor 176. Those portions of the two
      signals which have a greater level than a predetermined threshold are
      amplified by an amplifying section including transistors 178 and 182 and,
      thereafter being converted into two pulsating signals, are impressed as a
      reverse bias voltage on the base of the normally conducting transistor
      189. For this reason, the transistor 189 is set in a nonconductive state
      only during the time period in which the above-mentioned two pulsating
      signals are applied thereto, and consequently the collector potential of
      the transistor 189 is switched from the ground potential to the potential
      of the positive power source line 174 (see FIG. 10B). Consequently, during
      the time period in which the transistor 189 is set in a nonconductive
      state by the first pulsating signal from the amplifying section, charging
      current of a predetermined value flows through the resistors 191 and 197
      from the positive power source line 174 into the capacitor 199. At the
      instant the stored voltage (see FIG. 10C) on the capacitor 199 reaches a
      predetermined level, the transistor 194 is changed from a nonconductive
      state to a conductive state to cause the collector potential thereof to be
      varied from the potential of the positive power source line 174 to the
      ground potential (see FIG. 10D). When the transistor 189 is again set in a
      conductive state through the disappearance of the first pulsating signal
      from the amplifying section, the stored voltage on the capacitor 199 is
      discharged mainly through the forwardly biased diode 195, capacitor 193
      and conducting transistor 189. As a result, the transistor 194 is again
      made nonconductive at the decay of the first pulsating signal from the
      amplifying section. If, in the circuitry of FIG. 9, a circuit portion 230
      (enclosed by a dotted line) including the diode 195, resistor 196 and
      capacitors 192 and 193 are not provided, then an operational failure will
      take place where, for example, several noise signals each having an
      insufficient voltage level to cause a transistor 194 to be switched from a
      nonconductive state to the conductive state are successively applied to
      the circuitry of FIG. 9 and then integrated on the capacitor 199.
      Conversely where the above-mentioned circuit portion 230 is provided, the
      successive application of the aforesaid noise signals causes the stored
      voltage on the capacitor 199 upon receipt of each of the noise signals to
      be rapidly discharged through the forwardly biased diode 195 and
      capacitors 193 and 192 with the result that any erroneous operation
      otherwise occurring due to such noise signals can be assuredly prevented.
PAR  Thus at the instant the transistor 194 is changed from a nonconductive
      state to a conductive state by the first pulsating signal from the
      amplifying section, the transistor 203 is switched from a conductive state
      to a nonconductive state as shown in FIG. 10E. Subsequently, in a
      predetermined length of time after the transistor 194 is again made
      nonconductive through the decay of the first pulsating signal from the
      amplifying section, the transistor 203 is again held in a conducting state
      (see FIG. 10E). The transistor 207 is held in a conducting state until the
      transistor 203 is, after being once switched from a conductive state to a
      nonconductive state as mentioned above, again set in a conductive state,
      and consequently the collector potential of the transistor 207 is held
      substantially at the ground potential (see FIG. 10F). When the transistor
      203 is set in a conductive state as mentioned above, the transistor 207 is
      set at a nonconductive state switched from a conductive state only during
      the time period determined by a differentiation circuit consisting of the
      resistors 205 and 208 and the capacitor 206. Thereafter, the transistor
      207 is again made conductive. In the time period in which the transistor
      207 is set in a nonconductive state as described above, the transistor 189
      is set in a nonconductive state only when the second pulsating signal from
      the amplifying section is applied thereto. Consequently, in the time
      period in which the transistor 207 is set in a nonconductive state as
      mentioned above, the transistor 189 is set in a conductive state except
      when the second pulsating signal from the amplifying section is applied
      thereto, and in consequence the collector potential of the transistor 207
      is set at a voltage higher than the ground potential due to a voltage drop
      caused by the resistance of the forwardly biased diode 210. Since,
      however, this voltage applied to the gate of the thyristor 94 is
      relatively low, the thyristor 94 is held in a nonconductive state without
      being triggered by this voltage. This prevents a flashlight ray from being
      emitted from the flash tube 100 in the flashlight source 911. In the time
      period in which the transistor 207 is set in a nonconductive state as
      mentioned above, the transistor 189 is set in a nonconductive state only
      when the second pulsating signal from the amplifying section is applied
      thereto. During this time period, therefore, the collector potential of
      the transistor 207 is set at the highest positive voltage substantially
      equal to that of the positive power source line 174, thereby causing the
      thyristor 94 to be turned on (see FIG. 10G). As a result, when the
      thyristor 94 is triggered a flashlight ray for illuminating a desired
      subject being photographed is emitted from the flash tube 100 in the
      flashlight source 911.
PAR  As will be understood from the above, a circuit portion 231 (enclosed by a
      dotted line in FIG. 9) including the transistors 189, 203 and 207 and
      diode 210 controls, upon receipt of two flashlight rays 161 and 162 as
      shown in FIG. 10A by the solar battery 175 included in the additional
      flashlight device of FIG. 9, each collector potential of the transistors
      189 and 207 in accordance with the presence or the absence of the received
      flashlight rays 161 and 162 in the same manner as the conventional AND
      gate to cause the thyristor 94 to be triggered only when the normally
      conducting transistors 189 and 207 are simultaneously in a conducting
      state, thereby permitting a flashlight ray for illuminating a desired
      subject being photographed to be emitted from the flash tube 100 in the
      flashlight source 911.  As a result, the aforesaid circuit portion 231
      functions as one kind of decoder operative to produce an output signal
      only when the two flashlight rays 161 and 162 are received by the solar
      battery 175.
PAR  In the circuit arrangement of FIG. 9 the light emitting diode 173 emits a
      light, only during the time period in which the voltage of the DC power
      source 171 is held at a higher value than a predetermined level,
      indicating that the additional flashlight device of FIG. 9 is in the
      "availability" condition. In this case, the transistor 214 is held in a
      nonconductive state. When the voltage of the DC power source 171 becomes
      lower than a predetermined value, the light emitting diode 173 emits no
      light and in this state the emitter potential of the transistor 214 is so
      lowered that the transistor 214 is set in a conducting sate.
PAR  On the other hand, only when the power switch 172 is thrown in, a
      predetermined amount of current flows from the DC power source 171 through
      the capacitor 219 and resistors 220 and 221 to cause the transistor 223 to
      be rendered conductive, thereby preventing the flash tube 100 in the
      flashlight source 911 from being misflashed. The stored voltage at this
      time on the capacitor 219 is rapidly discharged through that one of the
      photoelectric diode 173 and the transistor 214, which is made conductive
      as mentioned above capacitor 215 and forwardly biased speed-up diode 222,
      whereby the transistor 223 is again set in a conductive state ready for
      the next operation.
PAR  FIG. 11 shows a modified circuit arrangement of the timer circuit 31 or 146
      included in the circuit arrangement of FIGS. 2 or 7.
PAR  The timer circuit 241 comprises an npn type phototransistor 244 having a
      collector connected to the positive pole of a DC power source 243 through
      a normally open switch 242 which is closed together with the switch 40 or
      157 shown in FIGS. 2 or 7, upon the shutter operation of the associated
      camera and said photo-transistor is designed to be rendered conductive
      upon receipt of a flash light ray generated by the flash tube 26 or 152 of
      FIGS. 2 or 7 and then reflected from a subject being photographed; an
      integration capacitor 245 connected between the emitter of the transistor
      244 and the grounded negative pole of the DC power source 243; and an
      amplifier 248 constructed of an npn type emitter follower transistor 246
      having a base connected to the emitter of the phototransistor 244 and a
      collector connected through the switch 242 to the positive pole of the DC
      power source 243, and a resistor 247 connected between the emitter of the
      transistor 246 and ground. The emitter of the transistor 246 is connected
      to the gate electrode of the thyristor 45 or 151 shown in FIGS. 2 or 7.
PAR  The operation of the timer circuit 241 will be explained below.
PAR  When the switch 242 is closed in synchronism with the shutter operation of
      the associated camera and a flashlight ray emitted from the flash tube 26
      or 151 of FIGS. 2 or 7 and reflected from a subject being photographed
      arrives, the phototransistor 244 is rendered conductive to cause
      photoelectric current to be conducted through the collector-emitter path
      thereof. The photoelectric current is charged or integrated on the
      capacitor 245 in proportion to a total amount of received light. When the
      integrated voltage on the capacitor 245 reaches a predetermined value, the
      transistor 246 is rendered conductive to cause the thyristor 45 or 151 to
      be turned on. When the reflecting light from the subject disappears in a
      predetermined length of time after the shutter operation of the associated
      camera, the phototransistor 244 is rendered nonconductive. Consequently,
      the stored voltage on the capacitor 245 is discharged through the
      transistor 248 and resistor 247 to cause the transistor 248 to be again
      rendered nonconductive ready for the next operation.
PAR  FIG. 12 is another modification of the timer circuit 31 or 146 shown in
      FIGS. 2 or 7.
PAR  The timer circuit 251 comprises a relaxation oscillator 261 which is
      constituted by a series circuit 256 of a resistor 254 and capacitor 255
      connected across a DC power source 253 through a normally open switch 252
      and which is closed together with the switch 40 or 157 shown in FIGS. 2 or
      7 upon the shutter operation of an associated camera; and a unijunction
      transistor or double base diode 260 having an emitter connected to a
      junction between the resistor 254 and the capacitor 255, a first base
      connected through a resistor 258 to the grounded negative pole of the DC
      power source 253 and a second base connected through a variable resistor
      259 to the nongrounded terminal of the series circuit 256.
PAR  The operation of the timer circuit 251 will be explained below.
PAR  When the switch 252 is closed according to the shutter operation of the
      associated camera, a predetermined amount of charging current flows from
      the DC power source 253 through the closed switch 252 and resistor 254
      into the capacitor 255 and consequently a voltage increasing with a lapse
      of time is induced across the capacitor 255. The double base diode 260 is
      rendered conductive, by the stored voltage on the capacitor 255, after a
      time determined by a time constant obtained from a product of the
      capacitance of the capacitor 255 and the resistance of the resistor 254.
      Consequently a predetermined voltage is induced across the resistor 258 to
      permit the thyristor 45 or 151 to be triggered. When the double base diode
      260 is rendered conductive as mentioned, the stored voltage on the
      capacitor 255 is discharged through the conducting double base diode 260
      and resistor 258 to cause the double base diode 260 to be again rendered
      nonconductive. Thus, timer circuit 251 of FIG. 12 is constituted by the
      so-called relaxation oscillator operative to intermittently emit a
      pulsating signal from the double base diode 260 through the aforesaid
      charge and discharge operation of the capacitor 255 until the switch 252
      is again opened.
PAR  As will be apparent from the above, the timer circuit 31 or 146 shown in
      FIGS. 2 or 7 can be easily replaced by the timer circuit 241 or 251 of
      FIGS. 11 or 12.
PAR  It is needless to say that this invention is not restricted to the
      above-mentioned embodiments but applicable to any modification as falling
      within the spirit and scope of this invention.
PAR  For example, the main flashlight device of FIG. 2 is designed to emit only
      two flashlight rays 51 and 52 (see FIG. 3) from the flash tube 26 upon the
      shutter operation of the associated camera. However, the subject main
      flashlight device may be modified, as shown in FIG. 13, by connecting a
      plurality (two in this example) of series circuits each comprising a
      parallel circuit 441 or 442 consisting of a capacitor 421 or 422 and a
      resistor 431 or 432, and a thyristor 451 or 452 between the positive power
      source line 38 and ground; and also connecting to a zener diode 32 in a
      timer ciruit 311. The timer circuit includes a plurality of integration
      circuits equal in number to the series circuits and each having a resistor
      331 or 332 and a capacitor 341 or 342, each output terminal of the
      integration circuits being connected to the gate of the corresponding
      thyristor 451 or 452. Then it will be evident that any number (three in
      this example) of flashlight rays 271, 272 and 273 can be emitted, as shown
      in FIG. 14, from the flash tube 26.
PAR  The main flashlight device of FIG. 7 is also arranged to emit only two
      flashlight rays 161 and 162 (see FIGS. 8A or 8B) from the flash tube 152
      upon the shutter operation of the associated camera. However, the main
      flashlight device may be modified, as shown in FIG. 15, by providing a
      plurality (two in this example) of circuits --similar in arrangement to
      the circuit of FIG. 7 including the diode 149, flash capacitor 150 and
      thyristor 151 -- each comprising a diode 1491 or 1492, flash capacitor
      1501 or 1502 and thyristor 1511 or 1512, and by connecting to a zener
      diode 143 in a plurality of timer circuit 146 integration circuits equal
      in number to the aforesaid circuits and each having a resistor 1441 or
      1442 and a capacitor 1451 or 1452, each output terminal of the integration
      circuits being connected to the gate of the corresponding thyristor 1511
      or 1512. Then, it will be apparent that any number (three in this example)
      of flashlight rays 281, 282 and 283 can be emitted, as shown in FIG. 16,
      from the flash tube 152 upon the shutter operation of the associated
      camera. It will also be apparent that the additional flashlight device of
      FIG. 4 can be used in combination with the main flashlight device of FIG.
      13 and that the additional flashlight device of FIG. 9 can be used in
      combination with the main flashlight device of FIG. 15.
PAR  For ease in understanding the operation of the abovementioned circuits the
      most desirable values of each circuit element used in the respective
      circuits are shown below.
TBL  __________________________________________________________________________
     Resistors   Resistors    Resistors                                        
     __________________________________________________________________________
     30    4.7 K.OMEGA.                                                        
                 87     10 K.OMEGA.                                            
                              144   100 K.OMEGA.                               
     33    4.7 K.OMEGA.                                                        
                 88     100 K.OMEGA.                                           
                              147   10 K.OMEGA.                                
     37    3.3 M.OMEGA.                                                        
                 90     2.2 K.OMEGA.                                           
                              156   3.3 M.OMEGA.                               
     43    100 K.OMEGA.                                                        
                 92     2.2 M.OMEGA.                                           
                              176   1 K.OMEGA.                                 
     46    1 M.OMEGA.                                                          
                 117    3.3 M.OMEGA.                                           
                              179   4.7 K.OMEGA.                               
     60    4.7 K.OMEGA.                                                        
                 118    3.3 M.OMEGA.                                           
                              180   100 K.OMEGA.                               
     62    47 .OMEGA.                                                          
                 122    10 .OMEGA.                                             
                              183   1 K.OMEGA.                                 
     66    330 .OMEGA.                                                         
                 123    470 .OMEGA.                                            
                              185   150 K.OMEGA.                               
     72    68 K.OMEGA.                                                         
                 124    15 K.OMEGA.                                            
                              186   33 K.OMEGA.                                
     73    22 K.OMEGA.                                                         
                 125    2.2 K.OMEGA.                                           
                              187   2.2 K.OMEGA.                               
     74    1.5 K.OMEGA.                                                        
                 128    47 K.OMEGA.                                            
                              190   150 K.OMEGA.                               
     78    68 K.OMEGA.                                                         
                 133    680 .OMEGA.                                            
                              191   5.6 K.OMEGA.                               
     79    4.7 K.OMEGA.                                                        
                 135    1 K.OMEGA.                                             
                              196   47 K.OMEGA.                                
     82    1 K.OMEGA.                                                          
                 137    4.7 K.OMEGA.                                           
                              197   47 K.OMEGA.                                
     83    1 K.OMEGA.         198   15 K.OMEGA.                                
      Resistors  Resistors    Capacitors                                       
     __________________________________________________________________________
     200   33 K.OMEGA.                                                         
                 221    68 K.OMEGA.                                            
                              22    700 .mu.F                                  
     204   330 K.OMEGA.                                                        
                 247    1 K.OMEGA.                                             
                              34    0.22 .mu.F                                 
     205   82 K.OMEGA.                                                         
                 254    100 K.OMEGA.                                           
                              36    0.05 .mu.F                                 
     208   82 K.OMEGA.                                                         
                 258    470 .OMEGA.                                            
                              41    0.22 .mu.F                                 
     209   1 K.OMEGA.                                                          
                 331    4.7 K.OMEGA.                                           
                              42    33 .mu.F                                   
     211   1 K.OMEGA.                                                          
                 332    4.7 K.OMEGA.                                           
                              63    470 .mu.F                                  
     213   2.2 K.OMEGA.                                                        
                 431    100 K.OMEGA.                                           
                              68    0.018 .mu.F                                
     216   820 .OMEGA.                                                         
                 432    100 K.OMEGA.                                           
                              75    47 .mu.F                                   
     218   10 K.OMEGA.                                                         
                 1441   10 K.OMEGA.                                            
                              76    0.01 .mu.F                                 
     220   22 K.OMEGA.                                                         
                 1442   10 K.OMEGA.                                            
                              84    0.0033 .mu.F                               
                              Inductance                                       
     Capacitors  Capacitors   coil                                             
     __________________________________________________________________________
     86    0.02 .mu.F                                                          
                 192    0.01 .mu.F                                             
                              23    40 .mu.H                                   
     95    700 .mu.F                                                           
                 193    0.01 .mu.F                                             
     116   0.05 .mu.F                                                          
                 199    0.02 .mu.F                                             
     120   0.047 .mu.F                                                         
                 201    0.22 .mu.F                                             
     121   0.001 .mu.F                                                         
                 202    0.01 .mu.F                                             
     126   0.047 .mu.F                                                         
                 206    0.1 .mu.F                                              
     131   3.3 .mu.F                                                           
                 212    0.047 .mu.F                                            
     132   0.018 .mu.F                                                         
                 215    100 .mu.F                                              
     134   0.1 .mu.F                                                           
                 219    10 .mu.F                                               
     136   0.33 .mu.F                                                          
                 245    0.22 .mu.F                                             
     142   600 .mu.F                                                           
                 255    0.1 .mu.F                                              
           (100 .mu.F)                                                         
                 341    0.15 .mu.F                                             
     145   0.33 .mu.F                                                          
                 342    0.15 .mu.F                                             
     148   0.22 .mu.F                                                          
                 421    22 .mu.F                                               
     150   100 .mu.F                                                           
           (600 .mu.F)                                                         
                 422    22 .mu.F                                               
     155   0.05 .mu.F                                                          
                 1451   0.33 .mu.F                                             
     177   0.22 .mu.F                                                          
                 1452   0.33 .mu.F                                             
     181   0.33 .mu.F                                                          
                 1501   100 .mu.F                                              
     184   47 .mu.F                                                            
                 1502   100 .mu.F                                              
     188   0.01 .mu.F                                                          
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a wireless multiflashlight apparatus comprising:
PA1  a main flashlight device including a first flash capacitor on which a
      predetermined voltage is precharged, and a first flash tube coupled
      substantially across said first flash capacitor to emit a first flashlight
      ray for illuminating a subject being photographed through the discharge of
      the voltage precharged on said first flash capacitor upon the shutter
      operation of the camera; and
PA1  at least one additional flashlight device located in the neighborhood of
      the subject and away from said main flashlight device, said at least one
      additional flashlight device including a photoelectric conversion element
      operative to receive flashlight rays emitted from said first flash tube,
      an amplifier section coupled to said photoelectric conversion element, a
      switching element coupled to said amplifier section to be made operative
      by an output signal from said amplifier section, and a flashlight source
      which includes a second flash capacitor on which a predetermined voltage
      is precharged, and a second flash tube coupled to said switching element
      and to said second flash capacitor to emit a flashlight ray for
      illuminating the subject simultaneously with that from said first flash
      tube through the discharge of the voltage precharged on said second flash
      capacitor when a flashlight ray delivered from said first flash tube is
      received by said photoelectric conversion element and said switching
      element is made operative by an output signal from said photoelectric
      conversion element obtained through said amplifier section;
PA1  the improvement wherein:
PA1  said main flashlight device further comprises an additional flashlight
      generating means coupled to said first flash tube for generating at least
      a second flashlight ray from said first flash tube, with a predetermined
      time interval between said first and second flashlight rays, upon the
      shutter operation of the camera; and
PA1  said additional flashlight device further comprises a decoder circuit
      coupled via said photoelectric conversion element between said amplifier
      section and said switching element for producing an output signal only
      responsive to at least two flashlight rays delivered from said main
      flashlight device being received by said photoelectric conversion element
      with said predetermined time interval therebetween, said output signal
      being coupled to said switching element for causing said switching element
      to become operative to cause a flashlight ray to be emitted from said
      second flash tube.
NUM  2.
PAR  2. A wireless multiflashlight apparatus claimed in claim 1, wherein:
PA1  said additional flashlight generating means included in said main
      flashlight device comprises a temporary flashlight interruption circuit
      comprising at least one series circuit connected across said first flash
      capacitor as well as said first flash tube, said series circuit including
      a parallel circuit of a capacitor and a resistor, and a further switching
      element which has a pair of main electrodes connected in series with said
      parallel circuit and a control electrode; and a timer circuit operatively
      coupled to the shutter of a camera and having an output terminal coupled
      with the control electrode of said further switching element and producing
      an output signal for causing said further switching element to be rendered
      operative a predetermined period of time after the operation of the
      shutter of the camera, thereby causing a discharge current flowing from
      said first flash capacitor into said first flash tube to be temporarily
      substantially reduced by charging said capacitor included in said parallel
      circuit therewith and subsequently to be substantially increased by
      rendering said further switching element inoperative at the completion of
      the charging operation of said capacitor of said parallel circuit; and
PA1  said decoder circuit included in said additional flashlight device
      comprises a dc source having a positive terminal and a negative terminal;
      a first normally conductive transistor which has a base coupled via said
      amplifier section with said photoelectric conversion element, an emitter
      coupled with one of said positive and negative dc source terminals and a
      collector connected via a first resistor to the other dc source terminal,
      and which is rendered nonconductive through said amplifier section upon
      receipt of said at least first and second flashlight rays delivered from
      said main flashlight device by said photoelectric conversion element; a
      first capacitor which has one plate terminal connected to a junction of
      said first resistor with the collector of said first transistor and the
      other plate terminal connected via a second resistor to said one dc source
      terminal, and on which a voltage substantially equal to that of said dc
      source is charged when said first transistor is conductive; a second
      normally conductive transistor which has a base connected via a second
      capacitor to said one dc source terminal and also via a resistive element
      to a junction of said first capacitor with said second resistor, an
      emitter coupled with said one dc source terminal and a collector connected
      via a third resistor to the other dc source terminal, and which is
      rendered nonconductive, each time said first transistor is changed from a
      nonconductive state to a conductive state, as a function of the discharge
      of the voltage stored on said first capacitor obtained through the then
      conducting first transistor and said second capacitor; a first diode
      having a cathode connected to the collector of said first transistor and
      an anode connected to the collector of said second transistor; and a
      second diode having an anode connected to the collector of said second
      transistor and a cathode connected via at least one resistor to said one
      dc source terminal as well as coupled with the control electrode of said
      switching element included in said additional flashlight device, thereby
      permitting said switching element to be rendered operative only upon
      receipt of said at least first and second flashlight rays delivered from
      said main flashlight device by said photoelectric conversion element.
NUM  3.
PAR  3. A wireless multiflashlight apparatus according to claim 1, wherein:
PA1  said main flashlight device further includes a first switching element
      having a pair of main electrodes connected in series with those of said
      first flash tube and a control electrode coupled to said first flash
      capacitor and triggered through the discharge of the voltage precharged on
      said first flash capacitor upon operation of the shutter of the camera;
PA1  said additional flashlight generating means included in said main
      flashlight device comprises a temperary flashlight interruption circuit
      comprising a second switching element having a pair of main electrodes
      coupled via a resistor substantially across said first flash capacitor and
      a control electrode; a timer circuit having an output terminal coupled
      with the control electrode of said second switching element and producing
      an output signal for causing said second switching element to be rendered
      operative a predetermined period of time after the shutter operation of
      the camera; and a capacitor on which a predetermined voltage is precharged
      and which is coupled between a junction of said second switching element
      with said resistor and a junction of said first switching element with
      said first flash tube firstly to discharge the capacitor at the triggering
      of said second switching element through the now conducting second
      switching element, said first flash capacitor, the now conducting first
      flash tube and first switching element, thereby causing said first
      switching element to be forcedly rendered inoperative temporarily, and
      subsequently to recharge the capacitor with a continuous discharge current
      obtained through the now conducting first flash tube from said first flash
      capacitor, thereby causing said first switching element to be again
      rendered operative; and
PA1  said decoder circuit included in said additional flashlight device
      comprises a dc source having a positive terminal and a negative terminal;
      a first normally conductive transistor which has a base coupled via said
      amplifier section with said photoelectric conversion element, an emitter
      coupled with one of said positive and negative dc source terminals and a
      collector connected via a first resistor to the other dc source terminal;
      and which is rendered nonconductive through said amplifier section upon
      receipt of said at least first and second flashlight rays delivered from
      said main flashlight device by said photoelectric conversion element; a
      first capacitor which has one plate terminal connected to a junction of
      said first resistor with the collector of said first transistor and the
      other plate terminal connected via a second resistor with said one dc
      source terminal, and on which a voltage substantially equal to that of
      said dc source is charged when said first transistor is conductive; a
      second normally conductive transistor which has a base connected via a
      second capacitor to said one dc source terminal and also via a resistive
      element to a junction of said first capacitor with said second resistor,
      an emitter coupled with said one dc source terminal and a collector
      connected via a third resistor to the other dc source terminal, and which
      is rendered nonconductive, each time said first transistor is changed from
      a nonconductive state to a conductive state, as a function of the
      discharge of the voltage stored on said first capacitor obtained through
      the then conducting first transistor and said second capacitor; a first
      diode having a cathode connected to the collector of said first transistor
      and an anode connected to the collector of said second transistor; and a
      second diode having an anode connected to the collector of said second
      transistor and a cathode connected via at least one resistor to said one
      dc source terminal as well as coupled with the control electrode of said
      switching element included in said additional flashlight device, thereby
      permitting said swithcing element to be rendered operative only upon
      receipt of said at least first and second flashlight rays delivered from
      said main flashlight device by said photoelectric conversion element.
NUM  4.
PAR  4. A wireless multiflashlight apparatus according to claim 1, wherein:
PA1  said additional flashlight generating means included in said main
      flashlight device comprises at least one additional flash capacitor which
      has one plate terminal connected to one plate terminal of said first flash
      capacitor and the other plate terminal connected via a forwardly biased
      diode to the other plate terminal of said first flash capacitor, and on
      which a voltage substantially equal to that precharged on said first flash
      capacitor is precharged; a further switching element having a pair of main
      electrodes connected between the other plate terminal of said additional
      flash capacitor and the other plate terminal of said first flash capacitor
      and a control electrode; and a timer circuit having an ouput terminal
      coupled with the control electrode of said further switching element and
      producing an output signal for causing said further switching element to
      be rendered operative a predetermined period of time after operation of
      the shutter of the camera, thereby causing the voltage precharged on said
      additional flash capacitor to be discharged into said first flash tube;
      and
PA1  said decoder circuit included in said additional flashlight device
      comprises a dc source having a positive terminal and a negative terminal;
      a first normally conductive transistor which has a base coupled via said
      amplifier section with said photoelectric conversion element, an emitter
      coupled with one of said positive and negative dc source terminals and a
      collector coupled via a first resistor with the other dc source terminal,
      and which is rendered nonconductive through said amplifier section upon
      receipt of said at least first and second flashlight rays delivered from
      said main flashlight device by said photoelectric conversion element; a
      second normally nonconductive transistor which has a base coupled via a
      second resistor with the collector of said first transistor and also via a
      first capacitor to said one dc source terminal, an emitter coupled with
      said one dc source terminal and a collector coupled via a third resistor
      with the other dc source terminal, and which is rendered conductive when a
      voltage charged on said first capacitor obtained through said first and
      second resistors from the other dc source terminal at the nonconduction of
      said first transistor reaches a predetermined level; a third normally
      conductive transistor which has a base coupled via a second capacitor with
      the collector of said second transistor, an emitter coupled with said one
      dc source terminal and a collector coupled via a fourth resistor with the
      other dc source terminal, and which is rendered nonconductive when said
      second transistor is changed from a nonconductive state to a conductive
      state; a fourth normally conductive transistor which has a base coupled
      via a third capacitor with the collector of said third transistor as well
      as via a fifth resistor with the other dc source terminal, an emitter
      coupled with said one dc source terminal and a collector coupled with the
      control electrode of said switching element included in said additional
      flashlight device as well as with the other dc source terminal via a sixth
      resistor, said third capacitor and said fourth and fifth resistors
      comprising a differentiation circuit which renders said fourth transistor
      nonconductive a predetermined period of time after said third transistor
      is changed from a nonconductive state to a conductive state; and a diode
      which is coupled between the collector of said first transistor and the
      collector of said fourth transistor, and which is rendered nonconductive
      to trigger said switching element, only when said first and fourth
      transistors are simultaneously in a nonconductive state.
NUM  5.
PAR  5. A wireless multiflashlight apparatus according to claim 4, wherein said
      decoder circuit further includes a noise signal bypass means coupled
      between the collector of said first transistor and the base of said second
      transistor, said noise signal bypass means comprising a fourth capacitor
      connected between the collector of said first transistor and said one dc
      source terminal; a series circuit connected between the collector of said
      first transistor and the base of said second transistor and comprised of a
      fifth capacitor and a second diode with its anode-cathode path forwardly
      biased; and a seventh resistor connected between a junction of said fifth
      capacitor with said second diode and said one dc source terminal, and
      acting to bypass, where noise signals having a smaller level than a
      voltage level required to make said second transistor conductive are
      received and charged on said first capacitor connected between said second
      transistor base and said one dc source terminal.
NUM  6.
PAR  6. A wireless multiflashlight apparatus according to claim 1, wherein said
      first flash tube has a pair of main electrodes, and wherein said main
      flashlight device further includes an inductor coupled between one plate
      of said first flash capacitor and one main electrode of said first flash
      tube to improve the rise time characteristic of a discharge current from
      said first flash capacitor to said first flash tube.
NUM  7.
PAR  7. A wireless multiflashlight apparatus according to claim 1, wherein said
      main flashlight device further includes an indicator tube connected
      through a resistor across said first flash capacitor and lighted only when
      the voltage precharged on said first flash capacitor increases over a
      predetermined level.
NUM  8.
PAR  8. A wireless multiflashlight apparatus according to claim 1 wherein said
      main flashlight device is mounted on a photographic camera, said at least
      one additional flashlight device being located remote from said camera.
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ABST
PAL  A sequential light flashing circuit usable as a decorative display for
      Christmas decorations or the like includes a switching circuit for
      energizing lights in a predetermined sequence to provide a variety of
      distinct light patterns. A thyristor brightness control circuit is
      employed in conjunction with the sequential switching circuit to vary the
      brightness of each light during its operating interval. The operation of
      the sequential switching circuit may be stopped at any desired point to
      permit any light pattern in the sequence to be continuously displayed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  This invention relates generally to sequencing circuits and more
      particularly to a circuit for sequentially flashing electrical light bulbs
      or the like in a predetermined sequence and varying the brightness of
      various ones of the lights at predetermined times in the operating
      sequence.
PAR  B. Prior Art
PAR  Several techniques for sequentially flashing a plurality of light circuits
      are known. These techniques include the use of thermal switches to
      randomly flash various light circuits and cam operated switches for
      flashing the various light circuits in a predetermined pattern. Other such
      circuits utilize a variable resistor in conjunction with the cam operated
      switches to provide a variable brilliance sequential lighting system. One
      such system is described in U.S. Pat. No. 3,421,049.
PAR  Whereas these techniques provide a way for sequentially flashing a
      plurality of light circuits, the first mentioned techniques are suitable
      only for flashing the light circuits at full brilliance. The last
      mentioned technique has a limited power handling capability due to the
      power that must of necessity be dissipated in the brilliance controlling
      variable resistor. All of the above described systems are limited in the
      number of distinct sequences that can be achieved.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved sequencing circuit for a decorative lighting system.
PAR  It is another object of the present invention to provide a light sequencing
      system having a large number of sequences.
PAR  A further object of the present invention is to provide a light sequencing
      system wherein any pattern in the sequence may be continuously displayed.
PAR  It is yet another object of the present invention to provide a light
      sequencing sequence capable of flashing a plurality of lights at variable
      brightness without dissipating excessive power.
PAR  In accordance with a preferred embodiment of the invention, a thyristor
      control circuit is provided. A motor driven potentiometer is connected to
      the thyristor control circuit to vary the amount of power being provided
      by the thyristor control circuit in a predetermined pattern. A plurality
      of sequencing switches actuated by a single complex cam member are
      connected to the thyristor control circuit for sequentially connecting
      various ones of a plurality of light circuits to the thyristor control
      circuit. A single electric motor is employed to synchronously drive the
      thyristor controlling potentiometer and the cam to sequentially energize
      various ones of the lighting circuits and to vary the brightness of
      predetermined ones of the lighting circuits during the energizing
      interval. A switch is provided for de-energizing the electric motor to
      stop the motor once a desired light pattern has been achieved.
PAR  In an alternative embodiment, two thyristors are employed to simultaneously
      increase the brightness of one lighting circuit while decreasing the
      brightness of a second lighting circuit. A group of sequencing switches,
      some of which may be connected in series with one another, is employed to
      provide a wide variety of lighting sequences. The sequencing switches are
      also activated by a single cam which is driven by an electric motor that
      also drives the thyristor controlling potentiometer. As above, a switch is
      provided in the electric motor energizing circuit for stopping the
      electric motor once a desired light pattern has been achieved, thereby
      permitting a continuous display of that light pattern.
DRWD
PAR  Other objects and advantages of the present invention will be apparent from
      the following detailed description and the drawing in which:
PAR  FIG. 1 is a schematic circuit diagram of a preferred embodiment of the
      sequencing circuit according to the invention;
PAR  FIG. 2 is an exploded perspective view showing the mechanical construction
      of the sequencing circuit according to the invention;
PAR  FIG. 3 is a plan view of the switch activating surface of the sequencing
      cam used in the apparatus of FIG. 2;
PAR  FIG. 4 is a graphical representation of the operation of the sequencing
      switches of the apparatus shown in FIGS. 1 and 2;
PAR  FIG. 5 is a schematic circuit diagram of an alternative embodiment of the
      light sequencing circuit according to the invention;
PAR  FIGS. 5a and 5b are schematic circuit diagrams of alternative light
      sequencing circuits for use in conjunction with the circuit shown in FIG.
      5;
PAR  FIG. 6 is an exploded perspective view of the mechanical construction of
      the apparatus according to the invention, part of which is shown
      schematically in FIG. 5;
PAR  FIG. 7 is a graphical representation of the lighting sequence provided by
      the apparatus shown schematically in FIG. 5;
PAR  FIGS. 7a and 7b are graphical representations of the lighting patterns
      provided by the variations to FIG. 5 shown in FIGS. 5a and 5b,
      respectively; and
PAR  FIG. 8 is a schematic circuit diagram of an alternative sequential
      switching network usable in conjunction with the apparatus shown
      schematically in FIG. 5 and designed to provide a long complex lighting
      sequence.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, with particular reference to FIG. 1, there is
      shown one embodiment of the sequencing circuit 10 according to the
      invention. The sequencing circuit 10 includes a driving motor 12 connected
      to a pair of alternating current power input terminals 14 and 16 by means
      of a first pole 18a of a switch 18 and a fuse 20. The switch 18 has two
      poles 18a and 18b, and is operable to three positions to provide a
      sequencing display, a continuous display and turn off. The motor 12 drives
      a shaft 21 of a potentiometer 22 and a series of sequencing switches
      24-28. Each of the sequencing switches 25-28 is connected to one of a
      plurality of lighting circuits 30-33.
PAR  Power is applied to the sequencing switches 25-28 by means of the second
      pole 18b of the switch 18, a fuse 34 and a thyristor control circuit 36.
      The thyristor control circuit 36 comprises a thyristor 38, in this
      embodiment a triac, and a phase firing network 39 including an inductor
      40, a pair of capacitors 42 and 44, a resistor 46 and the potentiometer
      22. The thyristor control circuit 36 is controlled by the potentiometer 22
      and serves to vary the amount of power applied to the lighting circuits
      30-33 in response to the position of the shaft 21 of the potentiometer 22.
PAR  The shaft 21 of the potentiometer 22 is mechanically coupled to the motor
      12 by means of a gear train comprising a driving gear 48 coupled to an
      output shaft 49 of the motor 12, and a driven gear 50 coupled to the
      control shaft 21 of the potentiometer 22. In the embodiment shown, the
      diameter of the gear 48 is four times the diameter of the gear 50. The
      shaft 21 of the potentiometer 22 is continuously rotatable and does not
      employ any stops, thereby permitting continuous rotation by the motor 12.
PAR  The potentiometer 22 has three output terminals 52, 54 and 56. As the shaft
      21 of the potentiometer 22 is rotated, the electrical resistance between
      the terminal 54 and the terminal 52 gradually decreases while the
      resistance between the terminals 52 and 56 increases at a corresponding
      rate. As the resistance between the terminals 52 and 54 approaches zero
      and the resistance between the terminals 52 and 56 approaches its maximum
      value, subsequent rotation of the control shaft 21 of the potentiometer 22
      in the same direction will cause the resistance between the terminals 52
      and 56 to increase abruptly to its maximum value and the resistance
      between the terminals 52 and 54 to reach its minimum value. This action
      results in a gradual increase (or decrease) in the conduction angle of the
      thyristor 38, and hence, the brightness of the lighting circuits 31-33
      followed by an abrupt decrease (or increase) in the brightness. A switch
      57 having contacts 57a, 57b and 57c determines whether the brightness of
      the lighting circuits is gradually increased followed by an abrupt
      decrease or gradually decreased followed by an abrupt increase, as
      described in a subsequent portion of the specification. In the position
      illustrated, the switch 57 will provide a display having a gradually
      increasing brightness followed by an abrupt decrease. In the embodiment
      shown, the cam faces 58-64 are formed as arcuate raised portions on the
      face of the gear 48, but recessed portions may also be used.
PAR  The cam faces 58-64 periodically engage a plurality of levers 66-70 for
      sequentially actuating the switches 24-28. The sequential actuation of the
      switches 25-28 sequentially actuates each of the lighting circuits 30-33
      while the brightness thereof is varied. Actuation of the switch 24
      provides a full brightness display of the ones of the lighting circuits
      30-33 corresponding to actuated ones of the switches 25-28.
PAR  The switches 25-28 are each connected in series with the thyristor control
      circuit 36 and one of the lighting circuits 30-33. The switches 25-28 are
      sequentially operated and apply power to the lighting circuits 30-33, the
      amount of power applied being dependent on the position of the shaft 21 of
      the potentiometer 22. As a result, the lighting circuits 30-33 are
      sequentially energized and the brightness of each lighting circuit is
      varied during its sequence by the rotation of the shaft 21 of the
      potentiometer 22. The sequencing switch 24 serves to bypass the thyristor
      control circuit 36 when closed and applies full power to the switches
      25-28 for flashing the lighting circuits 30-33 at full brightness.
PAR  The operation of the switches 24-28 is represented by the diagram shown in
      FIG. 4. A dark horizontal bar represents the actuation of each of the
      switches 24-28. The thickness of the bar represents the amount of power
      being applied to each of the switches, and hence the brightness of the
      associated lighting circuit. The numbers at the right of the graph
      indicate the reference number of the switch being actuated.
PAR  The cam for actuating each of the switches 24-28 is illustrated in FIG. 3.
      The cam faces 58-64 are arranged, for purposes of illustration, to provide
      the switching sequence illustrated in FIG. 4 when the switches 24-28 are
      stacked on top of each other with the switch 25 being engageable by the
      cam face 58; the switch 26 being engageable by the faces 59 and 63; the
      switch 27 being engageable by the faces 60 and 64; the switch 28 being
      engageable by the face 61; and the switch 24 being engageable by the face
      62. If such a cam were employed, the switches 24-28 would be stacked on
      the bottom of the housing. The switch 25 would be located on the top of
      the stack, the switch 24 on the bottom and the switches 26-28 would be
      located between the switches 25 and 24. This is unlike the arrangement
      shown in FIG. 2 where, for practical reasons, the switch 24 is mounted
      away from the switches 25-28. Accordingly, the cam face in the embodiment
      of FIG. 2 corresponding to the cam face 62 must be repositioned for
      engaging the remotely mouned switch 24 at the same time the cam face 62
      would engage the stack mounted switch 24.
PAR  For the following discussion we shall assume stack mounted switches and
      that the gear 48 is initially positioned in its 0.degree. position with
      the switch 25 being engaged by the cam face 58 and no other switch being
      engaged. As the gear 48 begins to rotate in a clockwise direction, the
      switch 25 remains engaged until the gear 48 is rotated to its 90.degree.
      position. Because of the four-to-one gear ratio between the gears 48 and
      50, the shaft 21 of the potentiometer 22 is rotated 360.degree. during the
      90.degree. rotation of the gear 48. As a result, the conduction angle of
      the thyristor 38 is gradually reduced and the power applied to the switch
      25 is reduced. The brightness of the lighting circuit 30 is therefore
      reduced from its maximum brightness to its minimum brightness during the
      90.degree. rotation of the gear 48. This is illustrated by the reduction
      in the width of the dark line between 0.degree. and 90.degree. in the
      graph illustrated in FIG. 4. If the switch 57 were positioned with its
      armature contacting contact 57a, the lighting circuit 30 would initially
      be energized at low brightness (low conduction angle of thyristor 38) and
      gradually increased until maximum brightness (maximum conduction angle)
      were reached at the 90.degree. point of the gear 48. Moving the armature
      of the switch 57 to contact 57c bypasses the thyristor control 36 and
      energizes the lighting circuits 30-33 at full brightness.
PAR  As the gear 48 rotates from its 90.degree. to its 180.degree. position, the
      switch 26 is engaged by the cam face 63, and the switch 25 is opened. This
      results in the lighting circuit 31 being energized with gradually
      decreasing brightness as shown by the decreasing width bar between
      90.degree. and 180.degree. in FIG. 4. Similarly, between 180.degree. and
      270.degree., the switch 27 is engaged by the cam face 64 to energize the
      lighting circuit 32. As in the case of the lighting circuit 30, the
      lighting circuits 31 and 32 may be continuously energized at full
      brightness or with a gradually increasing brightness depending upon the
      setting of the switch 57.
PAR  As the gear 48 is rotated to its 270.degree. point, the switches 24 and 25
      are simultaneously engaged by the cam faces 62 and 58, respectively. The
      engagement of the switch 24 by the cam face 62 causes the switch 24 to
      close and to bypass the thyristor control circuit 36. As a result, full
      power is applied to the switches 25-28, and the lighting circuit 30 is
      energized at full brightness upon the closing of the switch 25. Further
      rotation of the gear 48 causes a sequential engagement of the switches 26,
      27 and 28 at 20.degree. intervals to sequentially energize the lighting
      circuits 31, 32 and 33 at full brightness until all four lighting circuits
      are simultaneously energized at full brightness over the range of rotation
      of the gear 48 between 330.degree. to 360.degree.. After the 360.degree.
      point has passed, the switch 24 is again opened and the sequence is
      repeated beginning with the energization of the lighting circuit 30. The
      speed of the sequence is determined by the speed of the motor 12 which can
      be selected to provide a pleasing display. Typically, this can be selected
      to provide a duration of several seconds for each portion of the sequence.
PAR  In addition to the various modes of operation provided by the switch 57,
      which allows a constant brightness illumination and increasing or
      decreasing illumination sequences to be programmed, the switch 18 permits
      sequential or variable fixed lighting patterns to be programmed. The
      switch 18 is a double pole three position switch having poles 18a and 18b.
      With the switch positioned as shown in FIG. 1 with the armatures of the
      switch 18 contacting the uppermost contacts a, the device is turned off.
      When the armatures are brought into contact with the central contacts b,
      power is applied to the motor 12 and to the thyristor control circuit 36,
      thereby resulting in the sequential variable lighting display previously
      described. Moving the armatures of the switch 18 into contact with the
      lower contacts c, causes the motor 12 to be deenergized but power to the
      thyristor circuit 36 to be maintained. As a result, the pattern being
      displayed when the armatures of the switch 18 are moved from the contacts
      b to the contacts c will be maintained, and any one of the lighting
      displays of the sequence may be maintained indefinitely by simply moving
      the armatures of the switch 18 to the contacts c at the appropriate time.
      This provides a large number of fixed displays that can readily be changed
      by advancing the motor 12 to a new position.
PAR  Finally, the housing of the sequencing apparatus is provided with a
      plurality of electrical outlets 72, one for each of the lighting circuits
      30-33. Two of the outlets 72 are shown in FIG. 2. The outlets 72 provide a
      convenient way for plugging the lighting circuits 30-33 into the
      sequencing circuit and for rearranging the lighting circuits in the
      outlets 72 to provide different lighting sequences.
PAR  An alternate embodiment of the sequencing circuit according to the
      invention is shown in FIGS. 5 and 6. The embodiment illustrated in FIGS. 5
      and 6 utilizes a pair of thyristor control circuits 80 and 82 that are
      controlled by a single potentiometer 84 having a control shaft 85. The
      potentiometer 84 is electrically connected to a pair of phase control
      circuits comprising capacitors 86, 88 and an inductor 90; and capacitors
      92, 94 and an inductor 96 connected to a pair of thyristors 98 and 100,
      respectively. The thyristor control circuits 80 and 82 are connected to
      opposite ends of the resistive element of the potentiometer 84 so that as
      the potentiometer is adjusted to increase the power provided by one of the
      thyristor control circuits 80 and 82, the power provided by the other of
      the thyristor control circuits is simultaneously reduced. A pair of
      lighting circuits 102 and 104 are connected to the thyristor control
      circuits 82 and 80 by means of a pair of leads 106 and 108, respectively.
      The other lead of each of the lighting circuits 102 and 104 is connected
      to a common return line 110.
PAR  In the embodiment shown in FIG. 5, the potentiometer 84 is a standard
      potentiometer, and the shaft 85 has a limited range of rotation of less
      than 360.degree.. In the embodiment shown, the range of rotation of shaft
      85 of the potentiometer 84 is selected to be less than 180.degree.. This
      limited rotational range is provided by an oscillating drive mechanism 114
      (FIG. 6) that is driven by an electric motor 112. The potentiometer drive
      mechanism 114 comprises a driving gear 116 mechanically coupled to a drive
      shaft 117 of the motor 112. When sequencing switches such as those
      illustrated in FIGS. 5a, 5b, 6 and 8 are used, an additional gear 118
      having a plurality of cam faces 130 for actuating the sequencing switches
      is employed. The drive ratio between the gears 116 and 118 is two-to-one,
      with the gear 116 rotating faster than the gear 118. A crank 120 is
      connected to the shaft 85 of the potentiometer 84, and a connecting rod
      122 is employed to couple the gear 116 to the crank 120. The mounting for
      the connecting rod 122 is offset from the rotational axis of the gear 116
      by a distance equal to less than the length of the lever arm of the crank
      120 in order to convert the rotary motion of the gear 116 to an
      oscillating motion at the crank 120. The range of oscillation of the crank
      120 is made compatible with the desired range of rotation of the shaft of
      the potentiometer 84 so that the shaft of the potentiometer 84 is rotated
      over its entire range in one direction for each half rotation of the gear
      116. As a result, the shaft 85 of the potentiometer 84 is alternately
      rotated fully clockwise during each half revolution of the gear 116 and
      fully counterclockwise during the succeeding half revolution of the gear
      116.
PAR  The energization of the lighting circuits 102 and 104 of the circuit of
      FIG. 5 is illustrated in FIG. 7 as a function of the degrees of rotation
      of the gear 116. When the gear 116 is at its 0.degree. position, the
      potentiometer 84 is adjusted so that the minimum resistance appears
      between its wiper arm 121 and the gate of the thyristor 98. The resistance
      between the wiper arm 121 and the gate of the thyristor 100 is at a
      maximum. As a result, maximum power is applied to the lighting circuit 102
      and minimum power is applied to the lighting circuit 104. This is
      illustrated in FIG. 7 wherein the solid line 124 indicates the
      energization of the lighting circuit 102 and the dashed line 126 indicates
      the energization of the lighting circuit 104.
PAR  At 0.degree., the lighting circuit 102 is at maximum brightness and the
      lighting circuit 104 is at minimum brightness. As the gear 116 rotates,
      the resistance between the wiper arm 121 of the potentiometer 84 and the
      gate of the thyristor 98 increases while the resistance between the wiper
      arm 121 and the gate of the thyristor 100 simultaneously decreases. This
      results in a decrease in the amount of power applied to the lighting
      circuit 102 and a simultaneous increase in the power applied to the
      lighting circuit 104 as illustrated by the drop in the solid line 124 and
      the increase in the dashed line 126. After the gear 116 has been rotated
      180.degree., the power applied to the lighting circuit 102 is reduced to a
      minimum while the power applied to the lighting circuit 104 is increased
      to a maximum. Further rotation of the gear 116 results in an increase in
      the power applied to the lighting circuit 102 and a simultaneous decrease
      in the power applied to the lighting circuit 104. This trend continues
      until the lighting circuit 102 receives maximum power and the lighting
      circuit 104 receives minimum power at the 360.degree. point of the gear
      116. Between 0.degree. and 360.degree. of rotation of the gear 116, the
      sequence is repeated.
PAR  The exact shape of the curves 124 and 126 is determined by the taper of the
      potentiometer 84 and other factors such as the response of the lighting
      circuits to electric current. This shape can be tailored to provide the
      most pleasing visual effects or to provide a constant overall brightness
      by adjusting the taper of the potentiometer 84.
PAR  To provide a more complex lighting sequence, the alternate dimming and
      brightening circuitry shown in FIG. 5 may be supplemented by a sequencing
      circuit similar to the sequencing circuit of FIGS. 1 and 2. A simple form
      of sequencing circuit is illustrated in FIG. 5a. The sequencing circuit of
      FIG. 5a employs a double throw switch 128 mechanically coupled to the
      motor 112. In a preferred embodiment, the switch 128 having contacts 128a
      and 128b may be mounted to the chassis of the sequencing circuit in a
      manner similar to the mounting of the switches 24-28 of FIG. 2, and may be
      actuated by one or more cam faces such as the cam faces 130, similar to
      the cam faces 58-64, on the face of the gear 118. For example, in a simple
      embodiment, a single cam face may be employed to alternately reposition
      the switch 128 between contacts 128a and 128b after every 180.degree. of
      rotation of the gear 118.
PAR  The circuit shown in FIG. 5a may be connected into the circuit of FIG. 5 by
      connecting the lighting circuit 102a in place of the lighting circuit 102,
      and by connecting the terminal 132 to the lead 108 and the terminal 134 to
      the lead 110 in place of the lighting circuit 104. When this is done, the
      lighting circuit 102a will be energized in a similar fashion to the
      energization of the lighting circuit 102 as shown by the solid line 136 in
      FIG. 7a. With the switch 128 positioned as shown in FIG. 5a with the
      armature in contact with the contact 128a, a lighting circuit 138 will be
      energized between 0.degree. and 180.degree. of rotation of the gear 118.
      This is shown by the alternating dotted and dashed line 140 in FIG. 7a.
      During the range of rotation between 180.degree. and 360.degree. of the
      gear 118, the armature of the switch 128 will contact the contact 128b,
      and a second lighting circuit 144 will be energized as shown by the dashed
      line 144 in FIG. 7a.
PAR  An even more complex sequence can be provided by the circuit shown in FIG.
      5b. The terminal 146 of the circuit of FIG. 5b may be connected to the
      line 106 of FIG. 5, a terminal 148 may be connected to the line 108 and a
      pair of terminals 150 and 152 may be connected to the line 110. A double
      pole double throw switch 154 is used to alternately connect one of a pair
      of lighting circuits 155 and 156 to the terminal 146 and one of a pair of
      lighting circuits 157 and 158 to the terminal 148. As a result, the
      lighting circuit 155 is first energized as shown by the short dashed line
      160 in FIG. 7b, followed by the energization of the lighting circuit 156
      after 180.degree. of rotation of the gear 118 as shown by the long dashed
      line 162. Simultaneously, the lighting circuit 157 is initially energized
      between 0.degree. and 180.degree. of rotation as shown by the alternate
      dotted and dashed line 164 followed by the energization of the lighting
      circuit 158 between 180.degree.  and 360.degree. as shown by the solid
      line 166. Alternatively, the double pole double throw switch 154 may be
      replaced by two separate single pole double throw switches and more
      complex cam faces to permit the switching between the lighting circuits
      157 and 158 independently of the switching between the lighting circuits
      155 and 156 to provide a still more complex lighting sequence.
PAR  A sequencing circuit for providing an even more complex sequence is shown
      in FIG. 8. In the circuit shown in FIG. 8, each of a plurality of lighting
      circuits 161, 162 and 163 may be selectively energized by either one of
      the thyristor control circuits 80 and 82. The circuit illustrated in FIG.
      8 includes a terminal 164 connectable to the lead 110 of FIG. 5, a
      terminal 166 connectable to the lead 106 and a terminal 168 connectable to
      the lead 108. Three single pole on-off switches 169, 170 and 171 are
      connected to the lighting circuits 161, 162 and 163, respectively. Each of
      the switches 169, 170 and 171 is connected to the common terminal of one
      of a plurality of single pole double throw switches 172, 173 and 174. One
      of the contacts of each of the switches 172, 173 and 174 is connected to
      the terminal 166 for connection to the thyristor control circuit 82 and
      the other of the contacts of each of the switches is connected to the
      terminal 168 for connection to the thyristor control circuit 80. The
      switches 169-174 are shown in FIG. 6 and are actuated by the cam faces 130
      of the gear 118. The lower three switches 172, 173 and 174 (FIG. 6) are
      used to alternately couple the lighting circuits 161, 162 and 163 to one
      of the thyristor control circuits 80 and 82 so that the gradually
      increasing brightness characteristic followed by a gradually decreasing
      brightness characteristic provided by each of the thyristor circuits need
      not be followed, and to provide a greater variety in the brightness
      characteristics obtainable. For example, one of the lighting circuits may
      be switched abruptly from a maximum brightness to a minimum brightness by
      switching one of the switches 172, 173 or 174 when one of the thyristor
      circuits providing maximum power and the other is providing minimum power.
      Alternatively, the switching may be done at a time when both thyristors
      are providing similar power to provide a brightness sequence ranging from
      a maximum (or minimum) brightness to an intermediate brightness. Other
      brightness variations are possible by switching the sequencing switches
      172, 173 and 174 at other intermediate times of the brightness cycle.
PAR  The switches 169, 170 and 171 serve as on-off switches for disconnecting
      the lighting circuits 161, 162 and 163 from the thyristor control circuits
      so that one, two or three of the lighting circuits may be energized at
      various times to increase the complexity of the lighting sequence.
PAR  Finally, as in the case of the circuit of FIG. 1, the apparatus shown in
      FIGS. 5 and 6 can provide a stationary display of any one of the light
      patterns displayed in any sequence. This is accomplished by means of a
      switch 175 similar to the switch 18 of FIG. 1. As in the case of FIG. 1,
      the switch 175 is a three position double pole switch (poles 175a and
      175b) having an off position, a sequencing display position wherein power
      is applied to the drive motor 112 and the thyristor control circuits
      through a pair of fuses 176 and 178, and a stationary display position
      wherein power is applied to only the thyristor control circuits to provide
      a stationary display of the pattern being provided when the power to the
      motor 112 was turned off.
PAR  Although the present invention has been described in conjunction with the
      embodiments illustrated in the accompanying drawings, it should be
      understood that modifications to the illustrated embodiments by one having
      skill in the art can be effected within the scope and spirit of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A sequencing device for applying power from a power source to a
      plurality of electrical lighting circuits comprising:
PA1  a thyristor having main terminals connectable in circuit with said power
      source and said electrical lighting circuits, and a control terminal;
PA1  a plurality of sequencing switches each connected in circuit with said
      thyristor and one of said lighting circuits for selectively connecting one
      of said lighting circuits in circuit with said thyristor;
PA1  a variable impedance element electrically coupled to said control terminal
      for varying the flow of current through said main terminals; and
PA1  sequencing means operatively coupled to said variable impedance element and
      to said sequencing switches for simultaneously varying the impedance of
      said variable impedance element and selectively connecting said thyristor
      in series with predetermined ones of said electrical lighting circuits in
      a predetermined sequence.
NUM  2.
PAR  2. A sequencing device as recited in claim 1 wherein said variable
      impedance means includes a variable resistor and said sequencing means
      includes an electric motor mechanically coupled to said switches and said
      variable resistor.
NUM  3.
PAR  3. A sequencing device as recited in claim 2 wherein said sequencing means
      includes a disc shaped cam member having a plurality of arcuate cam
      surfaces engageable by said switches disposed on a major surface thereof.
NUM  4.
PAR  4. A sequencing device as recited in claim 3 further including means for
      independently applying power from said power source to said thyristor and
      said electric motor, said power applying means being operative to a first
      state for applying power to both said thyristor means and said electric
      motor, and to a second state for applying power only to said thyristor.
NUM  5.
PAR  5. A sequencing device for driving a plurality of lighting circuits in a
      decorative lighting display comprising:
PA1  a thyristor having main terminals and a control terminal;
PA1  means connected in circuit with one of said main terminals of said
      thyristor for sequentially coupling predetermined ones of said lighting
      circuits to said thyristor;
PA1  means connected to said control terminal for controlling the conduction
      angle of said thyristor; and
PA1  a mechanical drive mechanism operatively coupled to said sequential
      coupling means and said control means for varying the conduction angle of
      said thyristor between predetermined limits and coupling different ones of
      said lighting circuits to said thyristor in a predetermined sequence.
NUM  6.
PAR  6. A sequencing device as recited in claim 5 wherein said conduction angle
      controlling means includes a potentiometer.
NUM  7.
PAR  7. A sequencing device as recited in claim 6 wherein said mechanical drive
      mechanism includes first and second gears having a four-to-one drive ratio
      for causing said first gear to rotate more slowly than said second gear.
NUM  8.
PAR  8. A sequencing device as recited in claim 7 wherein said sequential
      coupling means is mechanically coupled to said first gear and said
      potentiometer is mechanically coupled to said second gear.
NUM  9.
PAR  9. A sequencing device as recited in claim 8 wherein said first gear has a
      plurality of arcuate cam faces disposed thereon.
NUM  10.
PAR  10. A sequencing device as recited in claim 9 wherein said potentiometer
      includes a control shaft, and said second gear is affixed to said control
      shaft for rotation therewith.
NUM  11.
PAR  11. A sequencing device as recited in claim 10 further including switch
      means having first and second states connected to said potentiometer, said
      switch means being operative to cause said potentiometer to gradually
      increase the conduction angle of said thyristor upon rotation of said
      control shaft in a predetermined direction when said switch means is
      operated to said first state, and to gradually decrease the conduction
      angle of said thyristor upon rotation of said control shaft in said
      predetermined direction when said switch means is operated to said second
      state.
NUM  12.
PAR  12. A sequencing device as recited in claim 11 wherein said switch means
      has a third state for rendering said lighting circuits nonresponsive to
      the rotation of said control shaft.
NUM  13.
PAR  13. A sequencing device as recited in claim 9 wherein said potentiometer
      includes a control shaft and said device includes crank means affixed to
      said control shaft and a connecting rod interconnecting said crank means
      and said first gear.
NUM  14.
PAR  14. A sequencing device as recited in claim 9 further including a second
      thyristor, said potentiometer being electrically coupled to said thyristor
      and said second thyristor for simultaneously increasing the conduction
      angle of one of said thyristors and decreasing the condution angle of the
      other one of said thyristors.
NUM  15.
PAR  15. A sequencing device as recited in claim 14 wherein said sequential
      coupling means includes multiple position switch means electrically
      coupled to both of said thyristors for alternately coupling one of said
      lighting circuits to said first and second thyristors.
NUM  16.
PAR  16. A sequencing device as recited in claim 15 wherein said sequential
      coupling means further includes a switch connected in series with said
      multiple position switch means and one of said lighting circuits.
NUM  17.
PAR  17. A sequencing device as recited in claim 14 wherein said sequential
      coupling means includes multiple position switch means electrically
      coupled to one of said thyristors for sequentially coupling different ones
      of said lighting circuits to said thyristor.
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ABST
PAL  A pin cushion distortion correction circuit is disclosed in which a
      parallel circuit of a resistor and a diode is inserted into the base
      circuit of a driving transistor of a saturable reactor for the correction
      of left and right pin cushion distortions to increase a correction current
      corresponding to the central portion of a video screen.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a pin cushion distortion
      correction circuit for a television receiver, and more particularly is
      directed to a pin cushion distortion correction circuit for a television
      receiver for preventing the formation of a distortion from being produced
      at the center portion of a video screen.
PAR  2. Description of the Prior Art
PAR  There has been proposed in the art a pin cushion distortion correction
      circuit for a television receiver, as shown in FIG. 1. In the prior art
      shown in FIG. 1, an input terminal 1, which is supplied with a horizontal
      driving signal, is connected to the gate electrode of a gate-controlled
      switch GCS 2, which forms a horizontal output circuit. The cathode
      electrode of the gate-controlled switch GCS 2 is grounded, and the anode
      electrode thereof is connected through a horizontal output transformer 3
      to a voltage terminal 4, which is supplied with a positive DC voltage. The
      anode is also and grounded through a parallel circuit consisting of a
      damper diode 5 and a tuning capacitor 6. The anode electrode of the
      gate-controlled switch GCS 2 is further grounded through a series
      connection of a horizontal deflection coil 7, a secondary winding 8b of a
      saturable reactor 8 for the correction of left and right pin cushion
      distortions, and a capacitor 9 for S-letter correction. A vertical output
      signal input terminal 10 is connected to one end of a series connection of
      a vertical deflection coil 11 and a capacitor 12 the other end of which is
      grounded. At the connection point between the vertical deflection coil 11
      and the capacitor 12, there is obtained a parabolic wave signal in
      synchronism with the vertical synchronizing signal. This connection point
      is connected through a series connection of a capacitor 13 and a resistor
      14 to the base electrode of an NPN-type transistor 15. The base electrode
      of the transistor 15 is grounded through a resistor 16 and also connected
      through a resistor 16a to the voltage terminal 4 which is supplied with a
      positive DC voltage to be supplied with a predetermined bias voltage. The
      emitter electrode of the transistor 15 is grounded through a resistor 17
      and its collector electrode is connected through a primary winding 8a of
      the saturable reactor 8 to the voltage terminal 4.
PAR  The inductance-current characteristic of the saturable reactor 8 used in
      the prior art pin cushion distortion correction circuit of FIG. 1 is shown
      by a curve a in FIG. 2 in which the abscissa represents the current
      I.sub.V and the ordinate the inductance L.sub.H, respectively. From FIG.
      2, it will be apparent that as the current I.sub.V increases, the slope of
      curve a gradually flattens. The voltage V applied to the base electrode of
      the transistor 15 is shown in FIG. 4A in which the abscissa represents the
      time T and the ordinate the voltage V, respectively. Accordingly, the
      parabolic current applied to the primary winding 8a of the saturable
      reactor 8 becomes as shown in FIG. 2 by a curve b. Thus, it often occurs
      that the correction for the left and right pin cushion distortions by the
      parabolic current can not be achieved sufficiently and correctly at the
      center of the video screen.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a pin cushion distortion correction
      circuit is provided in which a parallel circuit consisting of a resistor
      and a diode is inserted into the base circuit of a driving transistor of a
      saturable reactor for the correction of pin cushion distortions on the
      left and right sides of the raster by increasing the correction current
      corresponding to the central portion of a video screen.
PAR  Accordingly, it is an object of the present invention to provide a pin
      cushion distortion correction circuit free from the deflects encountered
      in the prior art.
PAR  It is another object of the invention to provide a pin cushion distortion
      correction circuit with which left and right pin cushion distortions at
      the center of a video screen can be corrected positively.
PAR  The additional and other objects, features and advantages of the invention
      will become apparent from the following description taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit diagram showing the prior art pin cushion distortion
      correction circuit;
PAR  FIGS. 2, 4A, 4B, and 4C are wave form diagrams used for explaining the
      prior art and the present invention;
PAR  FIG. 3 is a circuit diagram showing an embodiment of the pin cushion
      distortion correction circuit according to the invention; and
PAR  FIGS. 5 and 6 are circuit diagrams showing the main parts of other
      embodiments of the invention, respectively.
PAR  Throughout the drawing, like reference numerals represent like elements and
      hence no description will be repeated on the like elements.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An embodiment of the pin cushion distortion correction circuit according to
      the present invention will be described hereinbelow with reference to FIG.
      3.
PAR  In the embodiment of the invention shown in FIG. 3, the connection point
      between the vertical deflection coil 11 and the capacitor 12 is connected
      to the base electrode of the transistor 15 through a series connection of
      the capacitor 13, the resistor 14 and a parallel circuit of a resistor 18
      with a predetermined resistance value and a diode 19. The base electrode
      of the transistor 15 is grounded through the resistor 16. The remainder of
      the circuit is substantially same as that of the prior art shown in FIG.
      1.
PAR  With the present invention constructed as above, the voltage for the
      correction of left and right pin cushion distortions, which is obtained at
      the connection point between the vertical deflection coil 11 and the
      capacitor 12, is applied to the base electrode of the transistor 15
      through the capacitor 13 and the resistors 14 and 18 when the voltage drop
      across the resistor 18 is lower than the conduction voltage V.sub.D of the
      diode 18. That is, the voltage E.sub.0 which is applied to the base
      electrode of the transistor 15 is expressed as follows if it is assumed
      that the input voltage is taken as E.sub.in, the resistance values of the
      resistors 14 and 18 are taken as R.sub.1 and R.sub.2, respectively, and
      the resistance value determined by the resistors 16, 17 and so on is taken
      as R.sub.L.
      ##EQU1##
PAR  When the voltage drop across the resistor 18 exceeds the conduction voltage
      V.sub.D of the diode 19, the voltage obtained at the connection point
      between the vertical deflection coil 11 and the capacitor 12 is applied to
      the base electrode of the transistor 15 through the capacitor 13, the
      resistor 14 and the diode 19 with less attenuation. That is, the voltage
      E.sub.1 which is applied to the base electrode of the transistor 15 is
      expressed as follows because the impedance of the diode 19 is
      substantially zero at this time.
      ##EQU2##
PAR  Accordingly, when the voltage drop across the resistor 18 exceeds the
      conduction voltage V.sub.D of the diode 19, the impedance value between
      the connection point of the vertical deflection coil 11 and the capacitor
      and the base electrode of the transistor 15 is decreased by the resistance
      value of the resistor 18. Thus, the voltage applied to the base electrode
      of the transistor 15 is increased due to the decreased value of the
      impedance as shown in FIG. 4B. As a result of this, the current flowing
      through the saturable reactor 8 for the correction of the pin cushion
      distortion of the left and right parts of the raster becomes as shown by a
      dotted line curve C in FIG. 2. From this curve C, it will be apparent that
      the current for the correction of pin cushion distortion increases when
      the electron beam is scanning the vertically central part.
PAR  Accordingly, it will be understood that the present invention improves
      correction for the pin cushion distortions on the left and right of a
      raster can be sufficiently achieved at the vertically central part of the
      video screen.
PAR  FIG. 5 shows the main part of another embodiment of the invention. In the
      embodiment of FIG. 5, a resistor 20 with a predetermined resistance value
      is connected in series to the diode 19 to adjust the correction current
      corresponding to the center of the video screen in magnitude. This second
      embodiment may be connected in place of the resistors 14 and 18 and the
      diode 19 in a circuit that is substantially same as that of FIG. 3.
PAR  FIG. 6 shows the main part of a further embodiment of the invention. In the
      embodiment of FIG. 6, a resistor 21 is inserted between the base electrode
      of the transistor 15 (not shown in FIG. 6) and the connection point of the
      resistor 18 and the resistor 20 used in the embodiment of FIG. 5, a series
      connection of a capacitor 22, a resistor 23 and a diode 24 is connected in
      parallel to the resistor 21, and the connection point between the
      resistors 18 and 20 is connected through a resistor 25 to the connection
      point between the resistor 23 and the diode 24. Though not shown, the
      remainder of the circuit construction is substantially the same as that of
      FIG. 3.
PAR  In the embodiment of FIG. 6, the capacitor 22 is charged through the diode
      24, the voltage to which the capacitor 22 is charged is added to the
      voltage applied to the base electrode of the transistor 15 (refer to FIG.
      3), the waveform of which is shown in FIG. 4B, and hence a voltage, which
      has a two-step convex portion as shown in FIG. 4C, is applied to the base
      electrode of the transistor 15. Thus, the resulting correction current for
      pin cushion distortion which corresponds to the above voltage waveform can
      be obtained.
PAR  In the embodiment of FIG. 6, the resistor 25 serves as the resistor for
      discharging of the capacitor 22. The resistor 23 acts to adjust the peak
      voltage value, and hence, may be omitted.
PAR  It may be apparent that many modifications and variations could be effected
      by those skilled in the art without departing from the spirits and scope
      of the novel concept of the present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A correction circuit for correction of pin cushion distortion of the
      sides of a television raster, said circuit comprising:
PA1  A. a horizontal deflection circuit;
PA1  B. a source of signal synchronous with the vertical deflection frequency of
      said raster, said signal having a generally parabolic waveform;
PA1  C. a saturable reactor connected to said deflection circuit to modify the
      horizontal deflection current to correct said pin cushion distortion; and
PA1  D. a coupling circuit comprising:
PA2  1. an impedance connected between said signal source and said reactor to
      control the amplitude of said signal applied to control said reactor, and
PA2  2. unidirectionally conductive means connected to said impedance to control
      the effective value thereof during peak values of said signal to modify
      the waveform of said signal in order to correct for non-linear response of
      said reactor.
NUM  2.
PAR  2. The correction circuit of claim 1 in which said impedance is a resistor.
NUM  3.
PAR  3. The correction circuit of claim 2 in which said unidirectionally
      conductive device is a diode.
NUM  4.
PAR  4. The correction circuit of claim 3 in which said coupling circuit
      comprises a transistor comprising:
PA1  A. an output circuit connected to said reactor to control current flow
      therethrough; and
PA1  B. an input circuit connected to said resistor and said diode, said diode
      being polarized to be conductive when said parabolic signal is in excess
      of a predetermined amount said diode reducing the effective resistance of
      said resistor during such periods of conductivity to increase the
      amplitude of said parabolic signal applied to said input circuit.
NUM  5.
PAR  5. The correction circuit of claim 4 in which said resistor and said diode
      are connected in parallel.
NUM  6.
PAR  6. The correction circuit of claim 5 in which said coupling circuit
      comprises a second resistor connected in series with said diode to form a
      series circuit connected in parallel with said first-named resistor.
NUM  7.
PAR  7. The correction circuit of claim 6 comprising, in addition, a second
      parallel circuit comprising:
PA1  A. a third resistor; and
PA1  B. a second series circuit comprising a capacitor connected in series with
      a second diode, said second series circuit being connected in parallel
      with said third resistor, and said second parallel circuit being connected
      in series with said first-named parallel circuit.
NUM  8.
PAR  8. The correction circuit of claim 7 comprising a charge-limiting resistor
      connected in series with said capacitor.
NUM  9.
PAR  9. The correction circuit of claim 8 comprising a discharge resistor
      connected in parallel with said capacitor and in series with said second
      diode.
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ABST
PAL  A cathode ray tube device includes a cathode ray tube of which cathode is
      heated in a waiting state as well as a normal operating state to emit an
      electron beam. The emitted electron beam in the waiting state is prevented
      from impinging the fluorescent surface of the tube by supplying a
      predetermined voltage or current independent of a signal for the normal
      operation to the grid of an electron gun assembly or a deflecting device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a cathode ray tube device of a preheated cathode
      type including a cathode ray tube and an electric circuit to operate the
      tube.
PAR  In a conventional cathode ray tube device of such a type, an electron beam
      emitted from a heated cathode has been kept in a cut-off state during a
      waiting time, by suppling a certain voltage to the first grid of an
      electron gun assembly. Upon the starting of the cathode ray tube, the
      cut-off state is released to rapidly start the cathode ray tube in a
      stable condition. The maintenance of such a cut-off state causes the
      cathode to be deteriorated, resulting in the shorter life time.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a preheated type cathode ray tube
      device which may be quickly operated and allow the cathode to have a
      longer life time.
PAR  According to the invention the cathode ray tube device comprises a cathode
      ray tube having a tube with a face plate, an electron gun assembly
      including first and second grids and a cathode from which an electron beam
      is emitted and operating means including an anode and a deflecting member
      assembly for allowing the electron beam to scan the face plate in a normal
      operating state of the device, and an electric circuit for driving said
      operating means, including a heater power source for heating the cathode
      in the normal operating state of the device and a waiting state of the
      device in which the electron beam does not scan the face plate, the
      cathode ray tube device further including introducing means for
      introducing the electron beam from the cathode without scanning the face
      plate by the electron beam while the device is kept in the waiting state.
      The cathode ray tube described above may be consist of a fiber optics
      cathode ray tube used in the facsimile, or the other type cathode ray tube
      used in the television or the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph showing the relationship of the amount of a beam current
      from the cathode of the various type cathode ray tubes to a passing time;
PAR  FIG. 2 shows schematically a cathode ray tube used in the facsimile;
PAR  FIG. 3 is a schematical view of a fiber optics cathode ray tube device
      according to the prior art;
PAR  FIG. 4 schematically shows a fiber optics cathode ray tube device according
      to a first embodiment of the invention;
PAR  FIG. 5 shows a fiber optics cathode ray tube device according to a second
      embodiment;
PAR  FIGS. 6 to 8 show other embodiment of the present invention;
PAR  FIG. 9 shows wave forms of the signals supplied to the beam deflecting
      device of the fiber optics cathode ray tube shown in FIGS. 6 to 8; and
PAR  FIG. 10 is a graph showing the comparison of the life time of the cathode
      between the present invention and the prior art.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There will now be described a preheated type cathode ray tube device
      according to the present invention in comparison with the prior art device
      for easily understanding the present invention.
PAR  The cathode ray tube of a preheated cathode is particularly necessitated in
      a field of a facsimile broadcasting employing an optical fiber tube as a
      cathode ray tube. The device using a cathode ray tube is generally
      necessary to a predetermined period till a beam current of the cathode ray
      tube becames in a stable condition from its starting. The variation of
      such a beam current to the time is in such a manner that the beam current
      increases as the time goes and becomes constant after a predetermined
      period passes as shown by curves A and B in FIG. 1. In this figure, the
      curves A and B respectively show the relationships in the case of a
      general type cathode ray tube and a televison cathode ray tube of stand-by
      type. In the case of facsimile, the recording section as schematically
      shown in FIG. 2 is necessary to be so designed that in order to attain a
      satisfactory picture image, the electron beam in a fiber tube 3 must be
      stabilized before the point of the recording paper (zinc oxide paper) 1
      facing the charge point C of a charger 2 is transferred to the start up
      time, namely, the electron beam must be stabilized in less than two to
      three seconds. Consequently, it is desired that the beam current
      represents always a certain constant value from the starting, regardless
      of the time elapsed as shown by a line T in FIG. 1.
PAR  There has been known a cathode ray tube device to satisfy the demand
      described above, for example, as schematically shown in FIG. 3. The device
      comprises a fiber tube 3, a power source 5 for the anode of the fiber
      tube, a heater power source 6, a cathode power source 7, a first grid
      power source 8, a second grid power source 9, a deflection yoke 10, a
      focussing coil 12, a power source 11 for the yoke and a power source 13
      for energizing the focussing coil. In the device having such a
      construction, the heater in the cathode is heated to a high temperature
      and the first grid of the electron gun is energized by the power source 8
      to prevent the emitting of the electron beam from the cathode, i.e. to
      maintain a cut-off state of the electron beam prior to the normal
      operation, in order to rapidly start the cathode in a stable condition.
      However, since the cathode in the prior art device is prevented from
      emitting an electron beam for a long time in spite of its temperature kept
      high, resistant substance is created in the oxide layer of the cathode
      resulting in the remarkable reducing of a life time.
PAR  A preheated type cathode ray tube device according to the present invention
      is considered to eliminate the disadvantages described above, wherein the
      heater of the cathode ray tube is previously heated by the rate current
      flowing in the heater so that a stable electron beam may be emitted from
      the cathode which does not influence the fluorescent surface by
      additionally providing suitable means. Thus the deterioration of the
      cathode may be prevented.
PAR  There will now be described a cathode ray tube device of preheating type
      according to the invention with reference to the accompanying drawings.
PAR  A cathode ray tube device of preheating type of a first embodiment
      according to the invention shown in FIG. 4 includes an optical fiber tube
      and an electric circuit for operating the fiber tube. The fiber tube has
      the same construction as the conventional one, so that its detailed
      structure is omitted. On one side of a tube 23 with a neck portion 23a is
      provided an optical fiber bundle 25 the inner side of which formes a face
      plate and the other side of which constitutes a recording face on which
      the recording paper is travelled. A fluorescent layer 24 is mounted on the
      face plate of the tube 23. Within the neck portion 23a a conventional
      electron gun assembly 26 is provided with a cathode 27 at its rear end.
      The cathode 27 is of an oxide type having an electron emissive layer 27a
      made of oxide substance, for example, BaO or (BaSr)O.sub.2. On the inner
      surface of the funnel portion of the tube 23 is disposed an anode layer
      28a which is electrically connected to a high voltage power source 28 of
      the electric circuit. The anode layer 28a is continued to the electron gun
      assembly 26 and connected to the anode 26c of the gun 26 although not
      shown so that both anodes are kept in the same potential. The high power
      source 28 is provided with a first change-over switch 29 to be selectively
      driven by the operation of the switch 29.
PAR  To the heater provided in the cathode 27 is connected a conventional heater
      power source 30 to supply a voltage to the heater to heat it thereby
      emitting an electron beam from the cathode. To the first and second grids
      26a, 26b of the electron gun assembly 26 are respectively connected well
      known power source circuits 31, 32. The first circuit 31 may be a
      brightness modulator circuit to receive a picture signal as an input
      signal. The output from the circuit 31 is transmitted to the first grid
      26a through the one contact side or first contact of a second change-over
      switch 33 connected between the power source 31 and the first grid 26a.
      The other contact side or second contact of the second switch 33 is
      connected to an additional power source 34 to supply an output signal
      therefrom to the first grid 26a when the second switch is thrown to the
      second side.
PAR  The second switch 33 may be operated in synchronism with the first switch
      29 so that when the former is brought to connect the power source circuit
      31 to the first grid 26a, the latter is operated so as to allow the anode
      28a to be biased by its power source 28. Through the figures numeral 35
      shows an electron beam focussing device and numeral 36 electron beam
      deflecting device which are well known in this field.
PAR  The operation of the fiber tube device described above is as follows.
PAR  Waiting state:
PAR  The second change-over switch 33 is brought to the second contact side for
      positively biasing the first grid 26a of the electron gun assembly 26 by
      the additional power source 34. The first change-over switch 29 is open in
      synchronism with the operation of the second switch 33 to supply no
      voltage to the anode 28a. The cathode 27 is heated to a predetermined
      temperature by passing a rectified current or an alternating current in
      its heater by the power source 30, so that an electron beam is emitted
      from the cathode and received to the second grid thereby not influencing
      the fluorescent surface. This electron beam emitting condition where the
      emitting current density of the cathode surface is 5 mA to 100 mA/cm.sup.2
      is kept till the device is normally operated.
PAR  Normal operating state:
PAR  The second change-over switch 33 is thrown on its first contact side from
      the second contact side to connect the first grid 26a to the power source
      circuit 32 thereby supplying a voltage of a predetermined value. That is,
      the first grid 26a is supplied with a picture signal modulated by a
      suitable amplifier circuit not shown to modify the electron beam emitted
      from the cathode in the same manner as the conventional fiber tube. The
      first switch 29 is closed to connect the power source 28 to the anode 28a
      by the changing of the second change-over switch 33. The fiber tube device
      may be normally operated in such a manner that the modulated electron beam
      is accelerated by the anode 28a and the second grid 26b biased by
      respective power sources 28, 32.
PAR  The fiber tube device described above has the following advantages. Since
      during the waiting time the electron beam emitted from the cathode is
      received by the second grid of the electron gun assembly to allow the
      cathode to be kept in the same condition as the normal operation, the
      resistive layer which is apt to be formed on the oxide layer of the
      cathode according to the prior art is not created thereby causing the
      cathode to have a long life time. The device may be instantly operated in
      a stable state for recording when the recording paper is transferred and
      first and second switches are simultaneously operated to bring the anode
      and the first grid to a normal recording since the electron beam has been
      emitted from the cathode in a stable state before a normal recording
      operation is started.
PAR  FIG. 5 shows a fiber tube device according to the second embodiment, in
      which a fiber tube has the same construction as that of the first
      embodiment, so that its detailed description is omitted.
PAR  In the device, a negative heater power source 30 is connected to the heater
      of a cathode 27 disposed in the neck portion 23a of a tube 23 to heat the
      cathode to a predetermined temperature. One terminal of the power source
      30 is also connected to the cathode 27 and the output terminal of a
      negative high voltage power source circuit 37 for the tube, so that the
      cathode 27 and its heater may be kept in the same high negative potential.
      The output terminal of the power source 37 is also connected to the
      respective input sides of first and second power source circuits 38, 39
      for a first grid, of which one 38 is suitable for a normal operation and
      the other 39 for a waiting operation. The main power source 37 is provided
      with a first switch 29 on its input side. A change-over switch 33 is
      provided on the output side of both circuits 38, 39 in such a manner that
      both fixed contacts are respectively connected to the respective output
      terminals of the circuits 38, 39. The movable contact of the change-over
      switch 33 is connected to one input terminal of a brightness modulator
      circuit 31 of which the other input terminal is connected to a third
      switch 40. The output terminal of the modulator circuit 31 is connected to
      the first grid 26a of an electron gun assembly 26. The second grid 26b of
      the electron gun assembly 26 is connected to one terminal of a power
      source circuit 32 for a second grid, the other terminal of which is
      connected to the negative high voltage power source 37 which is connected
      to the cathode.
PAR  Said three switches 29, 33, 40 are so connected to one another that when
      the first switch 29 is open, the movable contact of the second switch 33
      is connected to the fixed contact connected to the waiting power circuit
      39 and the third switch 40 is open (waiting state), while when the first
      switch 29 is closed, the movable contact of the second switch is connected
      to the other fixed contact thereof and the third switch 40 is closed
      (normal operating state). These three switches may be operated in
      synchronism with one another by suitable connecting means not shown.
PAR  With such a fiber tube device, the waiting operation is made as described
      below.
PAR  All switches 29, 33, 40 are brought in the waiting condition, so that the
      first grid 26a is biased with a sum of voltage impressed by both the
      negative high power source 37 and the first grid power source 39. The
      cathode is heated by its heater supplied with a voltage by the power
      source 30 and the second grid 26b is also energized by its power source
      32. Consequently, the electron beam is emitted from the cathode 27 in the
      same state as the normal one, and then received by the second grid 26b
      without scanning a fluorescent surface 24 of the fiber tube.
PAR  When all switches 29, 33, 40 are changed to their normal states to allow
      the fiber tube to start the recording operation, the catode has a high
      negative potential against the earthed anode of the fiber tube by the main
      power source 37 through the closed switch 29. The change-over of the
      second and third switches 33, 40 causes the first grid 26a to be supplied
      with a voltage by the first grid power source 38 and a signal which is
      made by modifying the picture signal transmitted through the closed third
      switch 40 at the brightness modifying circuit 31. Thus simultaneously with
      the operation of the switch, the beam emitted from the cathode is directed
      to the fluorescent surface and scans it while modified by the first grid,
      in the same manner as in the conventional fiber tube.
PAR  Although the fiber tube devices illustrated in reference to FIGS. 4 and 5
      are so designed that the electron beam emitted from the cathode is
      received by the second grid of the electron gun assembly, other means may
      be used for preventing the emitted electron beam from impinging the
      fluorescent surface, for example, as described below.
PAR  In a third device according to the third embodiment shown in FIG. 6, an
      electron beam focussing device 35 disposed around the neck portion 23a of
      a glass tube 23 is supplied with a power source circuit 41 connected
      thereto so as to focus an electron beam passing in the tube. A deflecting
      device 36 is positioned around the neck portion 23a at the forward end and
      connected to the output side of a deflecting amplifying circuit 42. The
      input side of the amplifying circuit 42 is provided with a change-over
      switch 43, the movable contact of which is connected to the input terminal
      of the circuit 42. The first fixed contact is connected to a horizontal
      deflecting position adjusting circuit 44, and the second fixed contact to
      a horizontal deflecting position shifting circuit 45. At the forward end
      of the neck portion is further mounted a vertical deflecting device 46
      which is energized by a vertical deflecting circuit 47 connected thereto.
      The change-over switch 43 may be operated in synchronism with another
      switch 33 so that when the position adjusting circuit 44 is connected to
      the amplifier 42, the first grid 26a  of an electron gun assembly 26 is
      biased with a brightness modulator circuit 31 (normal operating state),
      while when the position shifting circuit 45 is associated with the
      amplifier 42, the first grid 26a is energized by an additional power
      source 34 (waiting state).
PAR  In the same construction as the aforementioned embodiments, the heater of a
      cathode 27 is connected to its power source 30, the second grid 26b of the
      electron gun assembly 26 to its power source 32, and the anode of the tube
      23 to its power source 28.
PAR  Normal operating state:
PAR  The heater is heated by a directing or alternating current of about 6.3V to
      emit an electron beam from the cathode 27. The first change-over switch 33
      is brought to a position in which the first grid 26a is connected to the
      main circuit 31 to receive a picture signal on which a modulated signal
      has been superposed. The second grid 26b is impressed with a predetermined
      voltage of about 400V to accelerate said emitted beam. The beam is further
      accelerated by the anode 28a to impinge the fluorescent surface 24. The
      electron beam is focussed by focussing coil 35 and deflected by the
      deflecting yokes 36, 46 on its advancing way so as to scan the fluorescent
      surface 24. The second change-over switch is previously brought to a first
      position in which its movable contact is connected to the first fixed
      contact. Consequently, a signal having a sawing wave as shown by a curve a
      in FIG. 9 flows to the amplifier 42 from the horizontal deflecting
      position adjusting circuit 44 through the switch 43, and thus the
      amplified signal is supplied to the horizontal deflecting device 36 to
      horizontally deflect the beam. The beam may be also deflected in a
      vertical direction by the other deflecting circuit 47.
PAR  Waiting state:
PAR  The electron beam is emitted from the cathode 27 in the same manner as the
      normal operating state. The switch 33 is thrown to the other position
      wherein the additional power source 34 is connected to the first grid 26a
      to supply a bias directing current to the first grid 26a. The second grid
      26b of the electron gun assembly 26 is biased with a voltage of 400V
      thereby accelerating the emitted beam. The switch 43 is also changed to
      connect the horizontal deflecting position adjusting circuit 45 to the
      amplifier 42 so that a signal of sawing wave having a different level from
      that of the normal signal (curve a) as shown by curves b, c in FIG. 9.
      Accordingly the electron beam is deflected enough not to impinge the
      fluorescent surface 24.
PAR  A fiber tube device according to a further embodiment schematically shown
      in FIG. 7 has a similar construction to the device shown in FIG. 6 except
      that an additional power circuit is provided in relation to the vertical
      deflecting device. That is, to a vertical deflecting device 46 is
      connected the output side of a vertical deflecting signal amplifier 48. On
      the input side of the amplifier 48 is provided a vertical deflecting
      position adjusting circuit 49 and a vertical deflecting position shifting
      circuit 50 through a change-over switch 43 so that in the normal operating
      state the former circuit 49 is connected to the amplifier 48, while in the
      waiting state the latter circuit 50 to the amplifier 48. A horizontal
      deflecting device 36 is connected to a horizontal deflecting circuit 51.
PAR  A fiber tube device as shown in FIG. 8 has a similar construction to the
      device as shown in FIG. 7 except that two additional switches 52, 53 are
      respectively provided on the output side of a focussing power source 41
      and a horizontal deflecting power source 51. These switches 52, 53 are
      operated in synchronism with the other switches 33, 43 in such a manner
      that the former switches are closed when the latter switches are brought
      to a normal operating condition.
PAR  With the latter devoce, the horizontal deflecting device 36 and the
      focussing device 35 are not energized when the device is brought into a
      waiting state, so that the power loss in the focussing device 35 and the
      horizontal deflecting device 36 may be eliminated.
PAR  As described above, the fiber tube device of the present invention has such
      an advantage as compared with the conventional one that the cathode in the
      former represents a longer life time than that in the latter. FIG. 10
      shows the measuring results of the life time of the cathode in the device
      according to the present invention and prior art in which a curve I
      relates to the present invention and a curve P to the prior art. In this
      measurement there was used a cathode with an oxide substance of 6.3V/150
      mA rate through which a rate current is kept to flow in a waiting state.
      It is easily understood that a life time in the prior art shown by the
      curve P becomes rapidly low as time passes and indicates 750 hours in the
      state where the relative value is i/e .div. 37%, while, that in the
      present invention shown by the curve I slowly decreases and indicates
      10,000 hours at the same state.
PAR  In the device of the present invention it is preferable to employ a beam
      current of 5 to 100 mA/cm.sup.2 current density on the cathode surface.
      The electron density is larger, the interface resistivity generated in the
      cathode is more increased while the electron density is smaller, the oxide
      substance such as barium oxide is consumed more, both resulting in the
      lower life time of the cathode. If the beam current density is 5 or 100
      mA/cm.sup.2, the life time of the cathode exhibits as shown by a curve
      I.sub.1 in FIG. 10.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a cathode ray tube device including a cathode ray tube having a tube
      with a faceplate, an electron gun assembly including first and second
      grids and a cathode from which an electron beam is emitted and operating
      means including an anode and deflecting means for allowing the electron
      beam to scan the faceplate in a normal operating state of the device, and
      an electric circuit for driving said operating means, including a heater
      power source for heating the cathode in the normal operating state of the
      device and a waiting state of the device where the electron beam does not
      scan the faceplate, the improvement which comprises introducing means for
      introducing the electron beam from the cathode without scanning the
      faceplate by the electron beam while the device is kept in the waiting
      state and wherein the cathode ray tube consists of a fiber optics cathode
      ray tube including a fluorescent surface on the faceplate on one side of
      an optical fiber bundle and the cathode has an electron emissive layer
      made of oxide layer emitting a beam current of 5 to 100 mA/cm.sup.2
      density.
NUM  2.
PAR  2. A cathode ray tube device according to claim 1 wherein said electric
      circuit includes a main first grid power source for biasing the first
      grid: and said introducing means includes an auxiliary first grid power
      source in the waiting state so connecting the first grid to the main first
      grid circuit in the normal operating state, and for connecting the first
      grid to the auxiliary first grid power source in the waiting state so that
      the electron beam emitted from the cathode is received to the second grid.
NUM  3.
PAR  3. A cathode ray tube device according to claim 2 wherein the electric
      circuit includes an anode power source and an additional switch for
      connecting the anode to the anode power source in the normal operating
      state.
NUM  4.
PAR  4. A cathode ray tube device according to claim 2 wherein the deflecting
      means includes a horizontal deflecting member and a vertical deflecting
      member; and the electric circuit includes a horizontal deflecting
      adjusting circuit, a horizontal deflecting shifting circuit and a switch
      for selectively connecting the horizontal deflecting member to one of the
      horizontal deflecting adjusting and shifting members.
NUM  5.
PAR  5. A cathode ray tube device according to claim 4 wherein the operating
      means includes a focussing member; and an electric circuit includes a
      focussing power source, a vertical deflecting power source and two
      switches for connecting the focussing and vertical deflecting members to
      their power sources during the normal operating state.
NUM  6.
PAR  6. A cathode ray tube device according to claim 2 wherein the deflecting
      means includes a horizontal deflecting member and a vertical deflecting
      member; and the electric circuit includes a vertical deflecting adjusting
      circuit, a vertical deflecting shifting circuit and a switch for
      selectively connecting the vertical deflecting member to one of the
      vertical deflecting adjusting and shifting members.
PATN
WKU  039448819
SRC  5
APN  4690109
APT  1
ART  222
APD  19740510
TTL  Vertical centering control circuit
ISD  19760316
NCL  4
ECL  1
EXP  Tubbesing; T. H.
NDR  2
NFG  3
INVT
NAM  Lynch; David P.
CTY  Driver
STA  VA
ASSG
NAM  General Electric Company
CTY  Portsmouth
STA  VA
COD  02
CLAS
OCL  315398
EDF  2
ICL  H01J 2954
FSC  315
FSS  398
UREF
PNO  2637832
ISD  19530500
NAM  Rogers
OCL  315398
UREF
PNO  3609219
ISD  19700100
NAM  Diehl
OCL  315398
UREF
PNO  3733513
ISD  19730500
NAM  Yoshikawa
OCL  315398
ABST
PAL  Utilization of a diode in the input of the vertical deflection drive
      amplifier serves to render the amplifier insensitive to power supply
      variation and shortens the response time of the amplifier to changes in
      the vertical centering circuit. In one embodiment the diode is connected
      in series with the variable terminal of the centering potentiometer in the
      input of the vertical drive amplifier. In a second embodiment, wherein the
      vertical deflection drive amplifier includes a differential amplifier, the
      diode is connected to one input of the amplifier and the centering circuit
      is connected to the second input of the amplifier. In both embodiments the
      diode forms part of a time constant circuit which controls the linearity
      of the sweep signal applied to the input of the amplifier and also
      controls the response time of the amplifier to DC voltage level change.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to control circuits for television receivers.
      More particularly, the invention relates to an improved vertical centering
      control circuit for a television receiver.
PAR  In the vertical deflection circuit for a television receiver, a sawtooth
      sweep signal is applied to the deflection drive amplifier by means of a
      time constant circuit which has a long time constant in order to linearize
      the ramp portions of this  60HZ sweep signal. The long time constant,
      however, produces deleterious effects on the deflection circuit. First of
      all, the long time constant affects the response time of the vertical
      deflection drive amplifier to changes in the centering control voltage.
      Thus, when the television receiver is being assembled and the picture on
      the screen is being vertically centered, an adjustment of the centering
      control results in a substantial time delay before the picture position
      fully responds to the adjustment. Of course, if the initial adjustment did
      not accomplish the desired positioning of the picture, additional
      adjustments will have to be made, each adjustment occasioning a delay
      before its full effect is realized. These delays are, of course, costly in
      a high volume production line.
PAR  Secondly, variation in the voltage level of the power supply for the
      vertical deflection amplifier results in momentary picture position shift.
      This is due to the fact that shift in the voltage level is promptly
      tracked by the vertical deflection drive amplifier, but the corresponding
      change in the centering voltage level is not promptly responded to due to
      the delay occasioned by the aforementioned time constant circuit.
PAR  The third problem resulting from the long time constant circuit is the
      expense associated with the large-valued components, especially the
      capacitor incorporated therein.
PAR  It is contemplated as an object of the present invention to avoid the
      aforementioned problems resulting from the time constant circuit of the
      prior art. This is achieved by replacing the resistor in the time constant
      circuit with a diode or other device having a diode characteristic,
      namely, a device having a high impedance under one bias condition and a
      low impedance under a second bias condition. In one embodiment of the
      present invention, the time constant circuit including the diode is
      utilized to couple not only the sweep signal to the deflection drive
      amplifier but also to couple the vertical centering control to the
      amplifier. The positioning of the diode in the circuit is such that both
      the high impedance and low impedance states of the device is employed so
      that the amplifier will quickly respond to DC voltage changes while at the
      same time a long time constant is provided for linearity of the sweep
      signal. In a second embodiment, the diode and the centering control
      interact through the two input terminals of a differential amplifier input
      stage for the deflection drive amplifier.
PAR  Accordingly, it is an object of the present invention to provide a dual
      purpose time constant circuit for the vertical deflection drive amplifier
      of a television receiver which enables the amplifier to promptly respond
      to DC voltage level change and also to linearize the sweep signal applied
      to the amplifier.
PAR  Another object of the present invention is to provide a time constant
      circuit employing a diode to provide a long time constant to linearize the
      sawtooth sweep signal applied to the vertical deflection drive amplifier
      and also to isolate this amplifier from the effects of the long time
      constant during DC supply voltage level changes.
DRWD
PAR  These and other objects and advantages of the present invention will be
      more readily understood from the following detailed description of the
      invention taken in conjunction with the drawings, in which:
PAR  FIG. 1 is a partial block and partial circuit diagram of a first embodiment
      of the present invention;
PAR  FIG. 2 is a partial block and partial circuit diagram of a second
      embodiment of the present invention; and
PAR  FIG. 3 is a circuit diagram of a skeleton differential amplifier which may
      be used in the embodiment of FIGS. 1 and 2.
DETD
PAR  Referring now to the drawings in which like reference numerals refer to
      like parts throughout, there is shown in FIG. 1 the cathode ray tube 20 of
      a television receiver. This cathode ray tube may be of the type used in
      monochrome television receivers or in color television receivers. In the
      Figure it is shown that the cathode ray tube is provided with a deflection
      yoke 16 mounted thereon for deflecting the one or more electron beams
      generated within the cathode ray tube to cause the picture to be painted
      by the repetitive horizontal and vertical scanning of the electron beams
      across the face of the cathode ray tube. For the purpose of the present
      invention it is sufficient to note that the deflection yoke 16 includes
      vertical deflection windings. A resistor 18 is shown connected to one
      terminal of the windings so that the vertical deflection current passing
      through this resistor develops a voltage thereacross representative of the
      waveshape of the deflection signal.
PAR  FIG. 1 shows oscillator 15 which generates a sawtooth type deflection
      signal. This signal is applied to vertical deflection drive amplifier 25
      wherein it is shaped and amplified and in turn applied to the vertical
      deflection windings on the yoke 16. The sawtooth signal generated by
      oscillator 15 is appropriately synchronized by a synchronizing signal
      derived from the video signal received by the television receiver.
PAR  FIG. 1 shows that the amplifier 25 is a two input terminal amplifier, one
      input receiving the sawtooth signal and the second terminal receiving a
      feedback input to facilitate shaping of the sawtooth waveform for proper
      vertical deflection. It should be noted that while a lead is shown from
      resistor 18 to the input of amplifier 25, shaping such as S-correction of
      each sawtooth pulse may be occasioned in the feedback path or in the
      amplifier. Also it is not essential that the feedback be applied to the
      input of the amplifier but may be applied at some intermediate point.
PAR  There is also shown in FIG. 1 a vertical position centering control
      potentiometer 12 connected between the supply voltage +V and -V which
      ordinarily and as shown is the same supply voltage applied to the
      amplifier 25. The controllable terminal of the potentiometer is coupled to
      the input of amplifier 25 by means of a time constant circuit including
      diode 13, capacitor 14 and resistor 17. The time constant circuit,
      primarily made up of diode 13 and capacitor 14, acts as a time constant
      coupling circuit to couple the sawtooth signal and also the DC bias
      voltage occasioned by the centering control to the input of amplifier 25.
      Diode 13 clamps the input of the amplifier to the centering control
      voltage and at the same time clamps the oscillator output to this voltage.
      Thus, each of the excursions of the sawtooth signal, being more positive
      than the voltage at the anode of diode 13, cause this device to be
      back-biased to provide a very high resistance and therefore a long time
      constant to these sawtooth excursions creating the desired linearity.
      Because of the very high level resistance of the diode when back-biased, a
      much lower value of capacitor 14 may be employed than that used in
      circuits of the prior art where a resistor was used instead of the diode
      13.
PAR  When the variable terminal of centering control 12 is moved upward, to
      apply a more positive voltage to the input of amplifier 25, diode 13 is
      forward-biased and presents a low resistance so that current freely flows
      to charge capacitor 14 to the new DC level and the amplifier 25 is
      promptly provided with a new level bias voltage. The resistor 17 connected
      between the input to the amplifier 25 and the -V supply is optional and
      serves as an additional bleeder resistance to further improve the response
      time. When the potentiometer 12 is moved to a more negative voltage, the
      diode 13 is reversed biased so that it is substantially out of the circuit
      and capacitor 14 is promptly discharged through the input impedance of the
      amplifier until it reaches the new voltage setting.
PAR  Thus it can be seen that diode 13 due to its position in the circuit is
      back-biased by each excursion of the sawtooth signal and yet permits
      prompt response of the amplifier to centering control adjustment.
PAR  It also should be noted that inasmuch as the voltage supply for the
      amplifier 25 is the same supply as supplied to the potentiometer 12,
      changes in this supply are reflected substantially immediately as a change
      in the centering voltage so that the position of the picture on the screen
      of the cathode ray tube does not appear to change when the supply to the
      amplifier and the centering control changes.
PAR  Referring now to FIG. 2, there is shown a second embodiment of the
      invention in which the oscillator and time constant circuit are connected
      to one input terminal of the amplifier 25 while the vertical centering
      control is connected to the second input terminal. Further explanation of
      the embodiment of FIG. 2 can be foregone until the interrelationship of
      the time constant circuit and the vertical centering control is described.
      This relationship is readily-observed by reference to FIG. 3.
PAR  As shown in FIG. 3, the input stage of the amplifier 25 may comprise a
      differential amplifier including transistors 30 and 32, the base of
      transistor 30 connected to the diode 13 and the base of transistor 32
      connected to the variable terminal of the centering control potentiometer
      12. Resistor 36 connects the collector of transistor 30 to the source of
      positive supply voltage +V, the output of this amplifier stage being taken
      from the collector of transistor 30. Resistor 34 serves as the common
      emitter resistance for the two transistors.
PAR  Normally, due to the common emitter connection, the two base inputs of a
      differential amplifier track each other. A rise in the voltage at the base
      of one transistor causes a higher voltage to appear at each emitter and
      therefore at the base of the second transistor. However, in the circuit
      shown, the base of transistor 30 is clamped to ground so that the
      amplifier responds promptly to the differential between the DC voltages at
      the two bases. The diode clamp thus acts to isolate the centering control
      from the effects of the time constant circuit even though the centering
      control and time constant circuit are coupled together through the common
      emitter circuit of the differential amplifier.
PAR  Referring now to FIG. 2, the circuit is identical to that shown in FIG. 1
      with the exception that in FIG. 2 the oscillator and time constant circuit
      are connected to one input terminal of amplifier 25 and the vertical
      centering control potentiometer 12 is connected to the second input
      terminal of the amplifier. Diode 13 in FIG. 2 clamps the first input of
      this amplifier directly to ground to establish one DC reference level for
      this amplifier. Centering control potentiometer 12 is connected to the
      second input terminal by resistor 26. Thus the differential between the DC
      voltages at the two input terminals serves as the bias supply for
      amplifier 25. The time constant circuit including capacitor 14 and diode
      13 also couples the sawtooth voltage outputted by oscillator 15 to the
      first input terminal of the amplifier. The positive going sweep portion of
      each ramp of the sawtooth waveform insures reverse biasing of the diode 13
      so that the long time constant is realized. Diode 13 remains reverse
      biased except for the very short period at the end of the flyback or
      return portion of the sawtooth waveform, during which time the DC level of
      the voltage on capacitor 14 is restored by conduction through diode 13.
PAR  From the foregoing it can be seen that replacing the normal resistor of the
      time constant circuit for the vertical deflection drive amplifier with a
      diode enables a dual time response to be recognized. DC voltage changes
      can be responded to substantially immediately while at the same time the
      polarity and positioning of the diode in the circuit is such that the
      sweep signal applied to the amplifier sees a long time constant for
      optimum linearity. While the two embodiments shown illustrate a single
      diode in the time constant circuit, it should be recognized that any
      device having a diode characteristic, namely, one whose resistance change
      depends upon the polarity of the bias thereacross, can be used without
      departing from the spirit of the present invention. In addition, while a
      manually adjustable centering control is shown, it should be noted that an
      automatic centering control may be utilized. Accordingly, it is intended
      that the scope of the present invention be limited only by the claims
      appended hereto.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In a television receiver having a cathode ray tube and a deflection
      circuit including vertical deflection windings for deflecting the one or
      more electron beams of the cathode ray tube in a vertical direction, a
      vertical deflection drive circuit comprising:
PA1  a source of sweep signal varying at the desired vertical sweep rate,
PA1  an amplifier having an input and an output, said input being responsive to
      said sweep signal enabling said output to apply an amplified sweep signal
      to said vertical deflection windings,
PA1  a vertical centering control coupled to said input to apply a controllable
      DC voltage to said amplifier,
PA1  and time constant means coupled to said source and to said input, said time
      constant means including means having the characteristic of a diode to
      shorten the response time of said amplifier to vertical centering control
      adjustment and to provide a time constant for said sweep signal of
      sufficient duration to linearize the shape of the sweep portions thereof.
NUM  2.
PAR  2. The invention as recited in claim 1 wherein said input comprises first
      and second input terminals, and said means having the characteristic of a
      diode is a diode, said diode being connected to the first input terminal
      to clamp said first input terminal to a DC reference voltage.
NUM  3.
PAR  3. The invention recited in claim 2 wherein said diode couples said
      vertical centering control to said first input terminal to clamp said
      first input terminal to said controllable DC voltage.
NUM  4.
PAR  4. The invention recited in claim 2 wherein said vertical centering control
      is connected to said second input terminal and said diode clamps said
      first input terminal to a fixed DC reference voltage.
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PAL  A centering circuit employed for a deflection circuit having a series
      connection of a deflection coil and a capacitor for deflecting an electron
      beam in a cathode ray tube, which comprises a coil connected at one end
      thereof to a connecting point between the deflection coil and the
      capacitor, a pair of diodes connected at their respective one ends in
      parallel with opposite polarity to the other end of the coil and a
      potentiometer connected between the respective other ends of the pair of
      diodes and having a movable tap connected to a reference potential
      terminal. The potentiometer controls respective currents flowing through
      the pair of diodes with the movement of the movable tap to vary the
      average value of current flowing through the coil. The deflection coil is
      supplied with a centering current varying in accordance with the average
      value of the current flowing through the coil.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention generally relates to beam deflection circuits for cathode
      ray tubes, and more particularly is directed to an improvement in
      centering circuits employed for the beam deflection circuit.
PAR  2. Description of the Prior Art
PAR  In display devices utilizing a cathode ray tube, such as television
      receivers, in which a beam deflection circuit is provided for deflecting
      an electron beam in the cathode ray tube to produce a raster on a screen
      of the tube, it is required to move or shift the position of the raster on
      the screen in order to center a picture on the screen. To meet this
      requirement, a centering circuit which usually works in cooperation with
      the beam deflection circuit is provided in the display device.
PAR  There have been proposed several centering circuits employed for, for
      example, a horizontal deflection circuit of the television receiver. The
      prior art centering circuit previously proposed is composed of a variable
      resistor acting to control a centering current flowing through a
      horizontal deflection coil for centering the picture on the screen and a
      switch device connected to switch the direction of the centering current,
      and supplies to the horizontal deflection coil with the centering current
      having a direction selected by the switch device in response to the
      direction of shift of the raster and a value controlled by the variable
      resistor in response to the amount of shift of the raster in the
      horizontal direction. Such a centering circuit as mentioned above,
      however, has a disadvantage that it is relatively troublesome to set the
      raster at an appropriate position because of selecting the direction and
      controlling the value of the centering current. Further, in this case, the
      value of the centering current is controlled by the variable resistor, so
      that the power dissipated in the variable resistor is relatively much.
PAC  SUMMARY OF THE INVENTION
PAR  In centering circuits employed for beam deflection circuits according to
      the present invention, the centering current supplied to the deflection
      coil is easily controlled both in direction and value without providing a
      switch device for selecting the current direction and without dissipating
      much power.
PAR  It is an object of the present invention to provide an improved centering
      circuit avoiding the above mentioned disadvantages inherent in prior art
      circuits.
PAR  Another object of the present invention is to provide an improved centering
      circuit to be employed for a horizontal deflection circuit of a television
      receiver to shift a picture on a screen for centering in the line scanning
      direction.
PAR  A further object of the present invention is to provide an improved
      centering circuit for a television receiver which permits controllers of
      the television receiver to easily achieve the centering of a picture on a
      screen.
PAR  Other objects, features and advantages of the present invention will be
      apparent from the following description taken in conjunction with the
      accompaning drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram showing one example of centering
      circuits according to the present invention.
PAR  FIG. 2A-2E, 3A-3D and 4A-4D, inclusive, are schematic waveform diagrams
      used for explanation of the operation of the circuit shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, a horizontal deflection circuit, which includes a
      centering circuit according to the present invention, will be hereinbelow
      described. In FIG. 1, reference numeral 10 generally indicates the
      horizontal deflection circuit and 1 an output stage including a horizontal
      deflection coil. The horizontal output stage 1 comprises a horizontal
      output transistor Q.sub.1 whose base electrode is connected to an input
      terminal 2. A driving signal S.sub.1, based upon a signal (pulse signal)
      synchronized with the horizontal period of a video signal produced by a
      horizontal oscillator (though not shown), is applied to the input terminal
      2 to control the the conductivity of transistor Q.sub.1.
PAR  Between the collector and emitter electrodes of the transistor Q.sub.1,
      there are connected a damper diode 3, a capacitor 4 for resonance, and a
      series connection of a horizontal coil 5 and a capacitor 6 for sawtooth
      waveform control, respectively. An operating voltage (whose voltage value
      is taken as Vcc) for the horizontal output stage 1 is applied from a DC
      voltage source terminal 7 to the collector electrode of the transistor
      Q.sub.1 through a coil 8a which forms a horizontal output transformer 8.
PAR  Thus, in response to ON and OFF operations of the transistor Q.sub.1, a
      sawtooth waveform current I.sub.H shown in FIG. 2A flows through the
      horizontal deflection coil 5, and a parabolic waveform voltage Va shown in
      FIG. 2B is produced across the sawtooth waveform control capacitor 6.
PAR  In the present invention with the horizontal deflection circuit 10
      described as above, a centering circuit 20 is provided between a
      connection point l.sub.1 of the horizontal deflection coil 5 and the
      capacitor 6 and the voltage source terminal 7. The centering circuit 20
      consists of a coil 11 whose one end is connected to the connection point
      l.sub.1 and a centering current controlling part 12 connected between the
      other end l.sub.3 of the coil 11 and the voltage source terminal 7. The
      centering current controlling part 12 includes a pair of diodes D.sub.1
      and D.sub.2 which are connected with opposite polarities. One electrodes
      of the diodes D.sub.1 and D.sub.2 opposing the coil 11 are connected
      together at l.sub.3 and to the coil 11 and the other electrodes thereof or
      opposing the voltage source terminal 7 are connected to the voltage source
      terminal 7 through a variable impedance element such as a potentiometer 13
      in the illustrated embodiment.
PAR  A description will be now given on a centering adjustment of the horizontal
      deflection circuit 10 which the centering circuit 20 constructed as above.
      If a movable tap of the potentiometer 13 rests at the center of its
      resistor as shown in FIG. 1, the resistance value R.sub.1 of a resistor
      13a of the potentiometer 13 at the side of the diode D.sub.1 is equal to
      the resistance value R.sub.2 of a resistor 13b of the potentiometer 13 at
      the side of the diode D.sub.2 (R.sub.1 =R.sub.2). While, the relationship
      between the source voltage Vcc (for example, 130V) and the voltage Va
      across the sawtooth waveform controlling capacitor 6 is shown in FIG. 2B
      so that, during a time interval T.sub.1 between times t.sub.1 and t.sub.2
      (similarly between times t.sub.3 and t.sub.4), a forward voltage is
      applied across only the diode D.sub.1 to make the same conductive (ON). As
      a result, a current i.sub.D1 shown by an arrow a in FIG. 1 and also shown
      in FIG. 2C flows to the diode D.sub.1 through the coil 11. In fact, since
      the coil 11 exists in the current path thereof, a time at when the current
      i.sub.D1 starts its flowing or the diode D.sub.1 becomes ON is delayed
      from the time t.sub.1 to t'.sub.1. Similarly, a time at when the diode
      D.sub.1 becomes non-conductive (OFF) is delayed from t.sub.2 to t'.sub.2.
PAR  On the other hand, during a time interval T.sub.2 between the times t.sub.2
      and t.sub.3, the voltage Va across the capacitor 6 becomes lower than the
      source voltage Vcc so that only the diode D.sub.2 becomes ON. As a result,
      a current i.sub.D2 (refer to FIG. 2D) flows through the diode D.sub.2 in
      the direction shown by an arrow b in FIG. 1. In this case, the current
      i.sub.D2 is equal in value to the current i.sub.D1 substantially.
PAR  Therefore, a composite current of the currents i.sub.D1 and i.sub.D2 flows
      through the coil 11 and is shown in FIG. 2E by a symbol I during the time
      intervals T.sub.1 and T.sub.2. In this case, the currents i.sub.D1 and
      i.sub.D2 composing the current I which flows through the coil 11 are
      reverse to each other in direction but equal in current value, so that
      their average value is zero and a DC voltage corresponding to fluctuations
      of the currents i.sub.D1 and i.sub.D2 is not applied to the connection
      point l.sub.1 between the horizontal deflection coil 5 and the capacitor
      6. Consequently, no centering current flows through the horizontal
      deflection coil 5 and hence the raster is not moved. Accordingly, even if
      a position of the raster is previously shifted from the center of the
      screen to, for example, the right, the raster remains as it is. In such a
      case, in order to shift the position of the raster, the movable tap of the
      potentiometer 13 is adjusted in position to make its resistance value
      satisfy a condition, for example, R.sub.1 &lt; R.sub.2 and a centering
      current is supplied to the horizontal deflection coil 5 from the coil 8a
      of the output transformer 8 to the connection point l.sub.1 to thereby
      move the position of the raster to the left. This will be now described.
      When the potentiometer 13 is so adjusted that the condition R.sub.1 &lt;
      R.sub.2 is satisfied, for example, R.sub.1 being zero but R.sub.2 being
      maximum, the time intervals within which the diodes D.sub.1 and D.sub.2
      are ON are controlled as a reason described later. Let it assumed that the
      conduction time intervals of the diodes D.sub.1 and D.sub.2 are taken as
      W.sub.1 and W.sub.2, respectively. When the resistance values R.sub.1 and
      R.sub.2 are equal, W.sub.1 = W.sub.2 is satisfied. However, when the
      resistance Value R.sub.1 is smaller than that R.sub.2 as in the above
      case, the conduction time interval W.sub.1 of the diode D.sub.1 becomes
      longer than that W.sub.2 of the diode D.sub.2 (W.sub.1 &gt; W.sub.2) and the
      currents i.sub.D1 and i.sub.D2 becomes to satisfy the condition i.sub.D1 &gt;
      i.sub.D2. Thus, in this example, currents i.sub.D1 and i.sub.D2 shown in
      FIGS. 3B and 3C flow through the diodes D.sub.1 and D.sub.2, and
      consequently a current I shown in FIG. 3D flows through the coil 11. Thus,
      an average value of the current I does not become zero and a centering
      current flows to the horizontal deflection coil 5 from the output
      transformer 8 to the connection point l.sub.1 to move the position of the
      raster to the left.
PAR  In this case, the peak value of the current I flowing through the coil 11
      is suppressed at its maximum value due to the coil 11 so that the current
      I becomes substantially equal to that I shown in FIG. 2E flowing through
      the coil 11 where R.sub.1 = R.sub.2 is satisfied.
PAR  The reason why the conduction time intervals W.sub.1 and W.sub.2 of the
      diodes D.sub.1 and D.sub.2 are controlled with the resistance values
      R.sub.1 and R.sub.2, mentioned as previously, will be now described.
PAR  Now, if the resistance value R.sub.1 is made low, the current i.sub.D1 can
      flow more easily through the diode D.sub.1. In this case, the impedance of
      the coil 11 is dominant as compared with the resistance value R.sub.1. If
      the voltage drop across the resistor R.sub.1 and the forward voltage drop
      across the diode D.sub.1 are both neglected, a voltage e applied across
      the centering circuit 20 can be expressed as follows.
      ##EQU1##
      where L represents an inductance of the coil 11.
PAR  During the time interval T.sub.1 shown in FIG. 3, a voltage higher than the
      source voltage Vcc is applied to the end of the coil 11 near the
      connection point l.sub.1, so that the condition
      ##EQU2##
      is established. Thus, the current i.sub.D1 is kept to increase. But, at
      the time t.sub.2 or the termination of the time T.sub.1,
      ##EQU3##
      so that the current i.sub.D1 becomes maximum at that time t.sub.2.
      However, since after the time t.sub.2 a voltage lower than the source
      voltage Vcc is applied to the end of the coil 11 near the connection point
      l.sub.1, the condition
      ##EQU4##
      is satisfied. As a result, the current i.sub.D1 starts to be decreased.
      For this reason, the current i.sub.D1 can flow even if the voltage e
      applied across the centering circuit 20 becomes negative (during the time
      interval T.sub.2), so that the current i.sub.D1 in this case can be shown
      in FIG. 3B.
PAR  The above operation can be, in turn, considered as that a part of the
      energy stored in the sawtooth waveform controlling capacitor 6 is
      transmitted between the capacitor 6 and the coil 11. That is, when
      ##EQU5##
      the energy is transmitted from the capacitor 6 to the coil 11, while when
      ##EQU6##
      the energy transmitted to the coil 11 returns to the capacitor 6.
PAR  Let it is considered that the resistance value R.sub.1 is made great.
      During the time interval within which
      ##EQU7##
      is held, an energy to be transmitted from the capacitor 6 to the coil 11
      is consumed by the resistor 13a, while during the time interval within
      which
      ##EQU8##
      is held, the energy transmitted to the coil 11 is consumed again by the
      resistor 13a. Consequently, when the resistance value R.sub.1 of the
      resistor 13a is made great, the energy transmitted between the capacitor 6
      and the coil 11 is attenuated rapidly. This will be considered on the
      diode D.sub.1. The diode D.sub.1 is made OFF rapidly as compared with the
      case when the resistance value R.sub.1 is small. At the same time, the
      maximum value of the current i.sub.D1 is limited by the resistor 13a.
PAR  Therefore, if the potentiometer 13 is adjusted to satisfy the condition
      R.sub.1 &lt; R.sub.2, the conduction time interval W.sub.1 of the diode
      D.sub.1 is made longer than that W.sub.2 of the diode D.sub.2 and the
      condition i.sub.D1 &gt; i.sub.D2 is established with the result that the
      current waveforms shown in FIGS. 3B to 3D can be obtained. Thereby, the
      raster is moved to the left. In this case, by adjusting the potentiometer
      13 in accordance with a shift of the raster position, the raster can be
      positioned at the center of the screen to perform the centering
      adjustment.
PAR  While, if the potentiometer 13 is adjusted to satisfy the condition R.sub.1
      &gt; R.sub.2, an operation reverse to that mentioned above is carried out to
      move the raster to the right and current waveforms at this case are shown
      in FIGS. 4B to 4D.
PAR  As may be obvious from the above description, the centering circuit 20 of
      the present invention can be made very simple in circuit construction as
      shown in FIG. 1. In this case, the condition time intervals W.sub.1 and
      W.sub.2 of the diodes D.sub.1 and D.sub.2 can be controlled by adjusting
      the potentiometer 13, so that the raster can be moved only by adjusting
      the potentiometer 13. Therefore, according to the present invention, the
      adjustment of the centering can be easily achieved as compared with the
      prior art.
PAR  Further, the centering circuit 20 of the present invention is formed of the
      potentiometer 13, the pair of diodes D.sub.1 and D.sub.2, and the coil 11
      as described previously. The peculiar effects attained by the centering
      circuit 20 with the coil 11 will be described as follows.
PAR  In the case that the coil 11 is omitted or the connection point l.sub.1 is
      connected directly to the connection point l.sub.3 between the diodes
      D.sub.1 and D.sub.2, even if the potentiometer 13 is adjusted, it does not
      control the conduction time intervals W.sub.1 and W.sub.2 of the diodes
      D.sub.1 and D.sub.2, but controls the currents flowing through the diodes
      D.sub.1 and D.sub.2. Therefore, it is required that the resistance value
      of the potentiometer 13 is selected to be large, for example, about 1
      .about. 2 K.OMEGA. for achieving the adjustment of centering. As a result,
      power consumption increases, and in addition voltages in reverse
      directions for the diodes D.sub.1 and D.sub.2 become high (for example, 60
      .about. 100V) due to high resistance value of the potentiometer 13, which
      results in that the diodes D.sub.1 and D.sub.2 must be diodes of high
      withstanding voltage. Further, if diodes with bad recovery characteristics
      in the reverse directions are used as the diodes D.sub.1 and D.sub.2,
      there may be a fear that loss may be caused by reverse currents and
      consequently the diodes D.sub.1 and D.sub.2 are damaged. In addition, the
      moving distance of the raster becomes different in the left and right
      directions to deteriorate a so-called horizontal linearity.
PAR  However, with the present invention in which the coil 11 is inserted
      between the connection points l.sub.1 and l.sub.3, the following
      advantages are effected.
PAL  (1) Since the conduction time intervals W.sub.1 and W.sub.2 of the diodes
      D.sub.1 and D.sub.2 can be controlled without changing the peak to peak
      value of current flowing through the coil 11, the potentiometer 13 with
      small resistance value (about 100.OMEGA.) is enough. Thus, power
      consumption is small and the efficiency is high.
PAL  (2) Since the resistance value of the potentiometer 13 can be made small,
      voltages of reverse directions applied to the diodes D.sub.1 and D.sub.2
      are small (for example, about 10.about. 20V, in the illustrated
      embodiment) when the diodes D.sub.1 and D.sub.2 are in OFF-state.
      Therefore, diodes with low withstanding voltage can be used as the diodes
      D.sub.1 and D.sub.2.
PAL  (3) and, with the horizontal deflection circuit which has provided with the
      centering circuit according to the present invention, the conduction time
      intervals W.sub.1 and W.sub.2 of the diodes D.sub.1 and D.sub.2 can be
      continuously changed by the potentiometer 13, so that the raster is
      continuously moved in response thereto and the moving amount of the raster
      is equal in the left and right directions from the center of the screen.
      For this reason, any deterioration in the horizontal linearity caused by
      centering adjustment is avoided or the horizontal linearity can be made
      free from influence.
PAR  In place of the potentiometer 13, another element such as a variable
      inductance element can be used as the variable impedance element. In such
      a case, a plurality of taps may be provided on the variable inductance
      element to switch its inductance.
PAR  The above description is given on only one preferred embodiment of the
      present invention, but it may be apparent that many modifications and
      variations could be effected by those skilled in the art without departing
      from the spirits and scope of the novel concepts of the present invention.
CLMS
STM  I claim as my invention
NUM  1.
PAR  1. A circuit arrangement for use in connection with a cathode ray tube
      comprising:
PA1  a. a deflection coil for deflecting an electron beam in the cathode ray
      tube;
PA1  b. a capacitor connected in series to said deflection coil;
PA1  c. means connected between a pair of reference potential terminals for
      supplying a deflection current of substantially sawtoothed waveform to
      said deflection coil;
PA1  d. inductance means with one end connected to a connecting point between
      said deflection coil and said capacitor;
PA1  e. a pair of diodes with respective one ends connected to the other end of
      said inductance means so as to dispose both diodes in parallel with
      opposite polarity; and
PA1  f. variable impedance means having a controllable terminal, said variable
      impedance means being connected between the respective other ends of said
      pair of diodes and said controllable terminal being connected to one of
      said reference potential terminals.
NUM  2.
PAR  2. A circuit arrangement according to claim 1, wherein said inductance
      means comprises a coil connected between the connecting point between said
      deflection coil and said capacitor and a connecting point between said
      pair of diodes.
NUM  3.
PAR  3. A circuit arrangement according to claim 2, wherein said variable
      impedance means comprises a potentiometer connected between said pair of
      diodes, a movable tap of said potentiometer being connected one of said
      reference potential terminals.
NUM  4.
PAR  4. A circuit arrangement according to claim 3, wherein said means for
      supplying the deflection current includes an output coil, one end of said
      deflection coil being connected to said output coil so as to form a series
      connection of said output coil, said deflection coil and said capacitor
      between said pair of reference potential terminals.
NUM  5.
PAR  5. A circuit arrangement according to claim 4, wherein said movable tap of
      the potentiometer is connected to the reference potential terminal where
      one end of said output coil is connected to.
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ABST
PAL  A deflection system, utilizing a deflection generator coupled to a
      deflection winding to provide a current in the deflection winding having a
      magnitude which is a function of the elasped time after a retrace pulse
      and which changes substantially linearly, includes a retrace pulse
      generator. The retrace pulse generator utilizes a first gating circuit to
      provide for controllable coupling between a source of trigger pulses
      having a first time interval therebetween and a first monostable retrace
      pulse generator circuit. Fixed width retrace pulses are thereby generated
      in response to trigger pulses. A second monostable circuit responsive to
      the retrace pulses is coupled to the first gate for inhibiting the flow of
      pulses through the first gate for a second interval of time which is less
      than the first interval of time. The first monostable circuit is therefore
      immune to noise pulses occurring during the second interval of time. A
      circuit coupled to the first and second monostable circuits develops
      trigger pulses for triggering the monostable retrace generator when the
      trigger pulses produced by the first source of trigger pulses have a time
      interval therebetween which is at least a predetermined time interval
      greater than the first time interval.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a retrace pulse generator for a deflection
      system.
PAR  Almost all deflection systems such as utilized in television receivers
      utilize a deflection current generating circuit to supply a substantially
      linearly changing current to a deflection winding during a trace interval.
      A retrace pulse, which conventionally is derived from any one of a number
      of types of free-running oscillators, resets the deflection generating
      circuit periodically to provide for periodic trace and retrace intervals.
      Synchronizing pulses which are recovered from the composite video signal
      provide for synchronization of the phase and frequency of the free-running
      oscillator.
PAR  Free-running oscillators of the type aforementioned generally utilize
      circuits wherein the probability of erroneous synchronization in response
      to noise pulses present in the composite video signal between
      synchronizing pulses is increasing and is exponentially related to the
      elapsed time after a first synchronizing pulse. Some improvements to the
      free-running oscillators of the type aforementioned have provided for
      distortion of the exponential relationship to enhance noise immunity.
      However, a system which provides for absolute noise immunity over a large
      portion of the interval of time between synchronizing pulses would improve
      system performance.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the invention, a retrace pulse
      generator for a deflection system, including a deflection generator
      coupled to a deflection winding for providing a current in the deflection
      winding having a magnitude which is a function of the elapsed time after a
      retrace pulse and which changes substantially linearly, includes a first
      gating means. The first gating means, adapted to be coupled to a first
      source of trigger pulses which produces pulses having a first time
      interval therebetween, normally provides the trigger pulses at an output
      terminal in the absence of a gate disabling signal. A first monostable
      generator means coupled to the output terminal of the first gating means
      develops the retrace pulse in response to each of the trigger pulses. A
      second monostable generator means coupled to the first gating means and
      the first monostable means provides, in response to the retrace pulse, the
      gate disabling signal during a second time interval which is less than the
      first time interval. Means coupled to the first and second monostable
      means develop trigger pulses, thereby producing the retrace pulse, when
      the trigger pulses produced by the first source of trigger pulses have a
      time interval therebetween which is at least a predetermined time interval
      greater than the first time interval.
DRWD
PAR  A more detailed description of a preferred embodiment of the invention is
      given in the following detailed description and the accompanying drawings
      of which:
PAR  FIG. 1 is a block diagram of a deflection system embodying a retrace pulse
      generator according to the invention;
PAR  FIG. 2 is a schematic diagram, partially in block form, of the deflection
      system embodying the invention of FIG. 1; and
PAR  FIGS. 3A-G illustrate normalized waveforms obtained at various points in
      the diagrams of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a block diagram of a vertical deflection system 10 embodying the
      invention. This system includes a synchronizing (sync) pulse source 12
      which is coupled to a source of composite signals (not shown) and produces
      sync pulses at regular intervals of approximately 16.6 milliseconds. The
      output of the sync source 12 is coupled to a sync signal filter 14 which
      attenuates the high frequency noise associated with the sync signal
      produced by the sync source 12. The output of the filter 14 is coupled to
      an input terminal A of a gate 16. The output of gate 16 is coupled to an
      input terminal B of a retrace pulse monostable generator circuit 18. The
      sync signal appearing at the terminal B of retrace monostable circuit 18
      produces a retrace pulse of uniform amplitude and duration, approximately
      640 microseconds, at an output terminal 24. The output terminal 24 of
      retrace monostable circuit 18 is coupled to an input terminal C of a
      deflection generator 28. The deflection generator 28 is coupled to an
      input terminal 29 of a deflection winding 30 and produces a current
      through deflection winding 30 which provides for a substantially uniform
      deflection of an electron beam across the face of a kinescope (not shown)
      associated with deflection winding 30. Retrace of the electron beam
      associated with the deflection winding 30 is initiated by application of
      the retrace pulse from monostable circuit 18 to deflection generator 28.
PAR  Reference will now be made to the waveforms of FIGS. 3A-3F which waveforms
      are obtained at points A-G of FIGS. 1 and 2, and wherein a more positive
      voltage level is referred to as a logic 1 and a more negative voltage
      level, relative to the positive voltage level, is referred to as a logic
      0. The leading edge of the positive retrace pulse, FIG. 3A, produced by
      retrace monostable 24 coupled to the input terminal 26 of blanking
      monostable circuit 22 produces a disabling signal, FIG. 3E, t.sub.0 -
      t.sub.3, having a logic 0 level, at the output terminal E of blanking
      monostable 22 for approximately 14.4 milliseconds. The terminal E is
      coupled to a terminal 32 of an AND gate 34. An output terminal F of
      retrace monostable circuit 18 produces a logic 0 pulse which is an
      inverted version of the pulse of FIG. 3A produced at the terminal 24 and
      is coupled to a terminal 36 of the AND gate 34. An output terminal 38 of
      AND gate 34 is coupled to an integrator 40. When either one or both of the
      terminals 32 and 36 are at a logic 0, the output terminal 38 of AND gate
      34 is at a logic 0. Under all other conditions output terminal 38 is at a
      logic 1. The output terminal of integrator 40 is coupled to an input
      terminal G of a voltage comparator 42. The integrator 40 provides a logic
      0 at the terminal G of voltage comparator 42 when a logic 0 exists at the
      output terminal 38 of AND gate 34. When a logic 1 exists at the output
      terminal 38 of AND gate 34, the integrator 40 provides an exponentially
      increasing voltage (FIG. 3G) at the terminal G of voltage comparator 42.
PAR  A reference voltage source 44 is coupled to an input terminal 46 of voltage
      comparator 42 and provides a uniform voltage at terminal 46 under all
      conditions of synchronizing signal produced by the synchronizing source
      12. An output terminal 48 of the voltage comparator 42 changes from a
      logic 0 to a logic 1 when the exponentially increasing voltage at the
      terminal G exceeds the voltage of the reference voltage source 44 by a
      predetermined voltage. The output terminal 48 is coupled to the input
      terminal B of the retrace monostable circuit 18.
PAR  In operation, at T.sub.0, the synchronizing source 12 produces a positive
      transition from logic 0 to logic 1 which is coupled via sync filter 14 to
      the terminal A which is shown in FIG. 3A. Assuming normal synchronizing
      pulse intervals, that is, positive transitions occurring approximately
      every 16.6 milliseconds, the terminal 20 of gate 16 is at a logic 1 at
      T.sub.0 and the positive transition of the signal at terminal A is coupled
      to the terminal B. The logic 1 level at terminal B initiates the
      development of a retrace pulse at terminals 24, 26 and C and an inverted
      retrace pulse at terminals F and 36. The retrace pulse at terminal C
      resets the deflection generator 28 and provides for a retrace of the
      electron beam associated with the deflection winding 30.
PAR  The positive transition to a logic 1 of the retrace pulse at terminal 26
      produces a logic 0 at terminals E, 20, and 32 thus inhibiting signal flow
      through the gate 16 during the period terminal E is maintained at a logic
      0 by the blanking monostable circuit 22 (approximately 14.4 milliseconds).
      At T.sub.0 + terminals 32 and 36 of AND gate 34 are both at a logic 0 and
      the input terminal G of voltage comparator 42 is at a logic 0.
PAR  At T.sub.1, which is the end of the retrace monostable period, the output
      terminal 24 goes to a logic 0 independent of the synchronizing signal at
      terminal A because of the disabling of gate 16. The deflection generator
      28 then starts to produce a substantially linearly changing current in
      deflection winding 30 and a corresponding linear deflection of the
      electron beam associated with the deflection winding 30. The output
      terminal F of retrace monostable circuit 18 goes to a logic 1. However,
      since terminal 32 of AND gate 34 remains at a logic 0, the voltage at the
      terminal G of voltage comparator 42 remains at a logic 0.
PAR  At T.sub.2 the signal produced by the sync source 12 produces a negative
      transition at the terminal A of gate 16; however, since the terminal 20 is
      at a logic 0, the signal at terminal B is unaffected by the signal at
      terminal A.
PAR  At T.sub.3 terminals E, 20 and 32 go to a logic 1. With terminals 32 and 36
      at a logic 1 the gate 16 is enabled and the integrator 40 provides for an
      exponentially increasing voltage at terminal G of voltage comparator 42.
      Since a transition to a logic 1 of the synchronizing signal produced by
      the sync source 12 will normally occur prior to the point at which the
      voltage at terminal G will exceed the voltage at terminal 46 of voltage
      comparator 42, the retrace monostable circuit 18 will produce
      correspondingly regularly spaced retrace pulses resulting in a uniform
      width sawtooth waveform being generated at the terminal D.
PAR  At T.sub.3 ' the voltage at the terminal G of voltage comparator 42 again
      begins to exponentially increase as at T.sub.3 aforementioned. Since no
      positive transition to a logic 1 is produced by the sync source 12 prior
      to the voltage at terminal G reaching a voltage exceeding the voltage at
      terminal 46 by the predetermined amount, a positive transition to a logic
      1 is produced at terminal 48 of voltage comparator 42 at T.sub.4. The
      logic 1 at terminal 48 initiates the production of a retrace pulse by
      retrace monostable circuit 18 and thus provides for a reset of the
      deflection generator 28 at T.sub.4. Also, terminal 36 of AND gate 34 goes
      to logic 0 which returns terminals G and 48 of comparator 42 to a logic 0.
      Upon the termination of the retrace pulse at T.sub.5 the deflection
      generator 28 again produces a linear deflection of the electron beam
      associated with the deflection winding 30.
PAR  Since the time period between T.sub.0 ' and T.sub.4 is greater than the
      time period between T.sub.0 and T.sub.0 ', the current produced by the
      deflection generator 28 when no signal is being produced by the sync
      source 12 is greater than when there is signal being produced by the sync
      source 12.
PAR  It can be seen that the only period during which positive transitions
      provided by sync source 12 will initiate a retrace pulse is during a time
      interval equal to the period T.sub.3 ' - T.sub.4. In this embodiment, this
      period is selected to be approximately 4.4 milliseconds as compared to the
      normal repetition rate of the signal produced by the sync source 12 of
      16.6 milliseconds. It can be seen that under normal conditions noise
      occurring between sync pulses produced by the sync source 12 is decoupled
      from the retrace monostable circuit 18 during a period of approximately
      14.4 milliseconds, thereby decreasing the period to 2.2 milliseconds per
      interval between sync pulses during which noise can effect the retrace
      pulse generation. Therefore, the probability of initiation of an undesired
      retrace pulse in response to noise pulses produced by the sync source 12
      is greatly reduced.
PAR  FIG. 2 is a schematic diagram, partially in block form, of the deflection
      system of FIG. 1 embodying the invention. Blocks performing the same
      function as those blocks shown in FIG. 1 are numbered the same as in FIG.
      1. The sync source 12, coupled as indicated in FIG. 1 to a source of
      composite sync signals (not shown), is coupled by a series combination of
      a resistor 110 and a capacitor 112 to reference potential. The junction of
      resistor 110 and capacitor 112, designated as terminal A, is coupled to
      the base electrode of a transistor 114, designated as terminal B, by means
      of a series combination of resistors 116 and 118. The base electrode is
      coupled to reference potential by means of resistor 119. The emitter
      electrode of transistor 114 is connected to reference potential. The
      collector electrode of transistor 114, designated as terminal F, is
      coupled to a source of operating potential (B+) by means of a resistor 121
      and coupled to the base electrode of a transistor 122 by means of a series
      combination of a capacitor 124 and a diode 126. The junction of capacitor
      124 and diode 126 is coupled to B+  by means of a resistor 128. The
      emitter electrode of transistor 122 is coupled to reference potential and
      the collector electrode is coupled to B+ by means of a resistor 130, to
      the input terminal C of deflection generator 28 by means of a resistor
      132, to the base electrode of transistor 114 by means of a resistor 134
      and to the base electrode of a transistor 136 by means of a resistor 138.
      A resistor 139 is coupled between the base electrode of a transistor 136
      and reference potential. Transistors 114 and 122 operate in conjunction
      with interconnecting components to form the retrace monostable circuit
      referred to in FIG. 1.
PAR  The deflection generator 28 as described in conjunction with FIG. 1
      provides a substantially linearly increasing current in the deflection
      winding 30 when a logic 0 exists at input terminal C and a reset of the
      deflection generator 28 when a logic 1 exists at input terminal C as
      described in conjunction with FIG. 1.
PAR  The emitter electrode of transistor 136 is coupled to reference potential.
      The collector electrode of transistor 136, designated as terminal E, is
      coupled by means of a resistor 140 to B+ and to the base electrode of a
      transistor 142 by means of a series combination of a capacitor 144 and a
      diode 146. The junction of the capacitor 144 and the diode 146 is coupled
      to B+ by means of a resistor 148. The emitter electrode of transistor 142
      is coupled to reference potential. The collector electrode of transistor
      142 is coupled to B+ by means of a resistor 150 and to the base electrode
      of the transistor 136 by means of a resistor 152. Transistors 136 and 142
      operate in conjunction with interconnecting components to form a blanking
      monostable multivibrator circuit referred to in FIG. 1.
PAR  The collector electrode of transistor 114 is coupled to the emitter
      electrode of a transistor 154 by means of a diode 156. The collector
      electrode of transistor 136 is coupled by means of a diode 158 to the
      emitter electrode of transistor 154. The emitter electrode of transistor
      154 is coupled to reference potential by means of an integrating capacitor
      160 and coupled to B+ by means of a resistor 162. The base electrode of
      transistor 154 is coupled by means of a diode 164 to the junction of
      resistors 166 and 168 which comprises a voltage divider coupled between B+
      and reference potential. The collector electrode of transistor 154 is
      coupled to the base electrode of transistor 114 by means of a resistor
      170.
PAR  In operation, signals developed at various points A-G in the deflection
      system are shown in FIGS. 3A-G. Sync pulses produced by the sync source 12
      are filtered by resistor 110 and capacitor 112 to reduce the high
      frequency content of any noise associated with the sync signal. The
      filtered sync signal produced at terminal A is shown in FIG. 3A. Assuming
      normal production of sync signals by sync source 12 over a number of
      intervals prior to T.sub.0, the voltage at the terminal E at T.sub.0 is
      approximately B+ (logic 1), therefore the diode 120 is reverse biased and
      the signal appearing at terminal A will be coupled to terminal B.
PAR  At T.sub.0 the positive transistor to a logic 1 of the signal at terminal B
      will turn on transistor 114 and reduce the voltage at the collector
      electrode to approximately reference potential, logic 0. The negative
      transition of the voltage at the collector electrode of transistor 114
      will result in a negative voltage at the anode of diode 126 and cutoff of
      the transistor 122. With transistor 122 in cutoff, the collector electrode
      of transistor 122 will increase to approximately B+ (logic 1). With a B+
      voltage on the collector of transistor 122, B+ will be supplied via
      resistor 132 to deflection generator 28 thereby initiating a retrace
      interval in deflection generator 28. The retrace interval of the
      deflection generator 28 occurs during the interval T.sub.0 to T.sub.1 as
      shown in FIG. 3D.
PAR  With a B+ voltage on the collector of transistor 122, a voltage is fed back
      to the base electrode of transistor 114 via resistor 134 to sustain
      saturation of transistor 114 for the retrace pulse period, approximately
      640 microseconds. Therefore, after the initial positive transition of the
      signal at terminal B, the voltage at the collector of transistor 122 is
      independent of the signal produced by the sync source 12.
PAR  The transition to logic 1 of the voltage at the collector of transistor 122
      is coupled via the resistor 138 to the base electrode of transistor 136
      and provides for saturation of the transistor 136 for the blanking
      monostable period, approximately 14.4 milliseconds. With transistor 136
      saturated the collector electrode goes to approximately reference
      ptoential, logic 0, creating a negative voltage at the anode of diode 146
      and cutoff of the transistor 142. With transistor 142 in cutoff the
      collector electrode increases to B+ voltage, which voltage is fed back to
      the base electrode of transistor 136 by means of a resistor 152 and
      provides for saturation of transistor 136 independent of the voltage at
      the collector of transistor 122.
PAR  During saturation of transistors 114 and 136 the capacitor 160 is clamped
      to approximately one volt by means of diodes 156 and 158. Also the voltage
      at the junction of resistors 116 and 118 is clamped by means of the diode
      120 to approximately 1 volt. The clamping of the voltage at the junction
      of resistors 116 and 118 prevents any significant level of signal from
      being coupled from terminal A to terminal B during the period which
      transistor 136 is saturated.
PAR  At T.sub.1 capacitor 124 has discharged through transistor 114, and charged
      in the opposite direction from B+ through resistor 128, to a positive
      level which provides for saturation of the transistor 122 via resistor 128
      and diode 126. Saturation of transistor 122 provides for a voltage at the
      collector electrode of transistor 122 which is approximately reference
      potential, logic 0. This voltage coupled to the input terminal C of
      deflection generator 28 initiates the trace interval by production of a
      linearly increasing current in deflection winding 30. The change of
      voltage at the collector of transistor 122, however, has no effect on the
      transistors 136 and 142 since the saturation of transistor 136 is
      sustained by the feedback from the collector of transistor 142 to the base
      electrode of transistor 136 by means of resistor 152. Therefore, the
      voltage on capacitor 160 remains at one volt and the voltage at the
      junction of resistors 116 and 118 also remains clamped at one volt for the
      blanking monostable period.
PAR  At T.sub.3 capacitor 144 has discharged through transistor 136, and charged
      in the opposite direction from B+ through resistor 148, to a positive
      level which provides for saturation of the transistor 142 via resistor 148
      and diode 146. When transistor 142 is saturated, the transistor 136 is in
      cutoff and the collector electrode of transistor 136 goes to B+. With B+
      at the collector electrode of transistor 136, diode 156 and diode 120 are
      reverse biased and the capacitor 160 is allowed to charge via resistor 162
      to B+. Also, with diode 120 reverse biased, signals generated by the sync
      source 12 may be coupled to the base electrode of transistor 114. Under
      normal conditions of sync signal produced by the sync source 12, the
      charge obtained by capacitor 160 after T.sub.3 is not sufficient to
      provide for forward biasing of the base emitter junction of the transistor
      154 and the diode 164 before a positive transition is produced by
      synchronizing source 12.
PAR  If, however, a positive transition is not produced by the synchronizing
      source 12 within approximately 18.8 milliseconds after a previous positive
      transition, the charge on the capacitor 160 will reach a level providing
      for forward biasing of the base-emitter junction of the transistor 154 and
      the diode 164, thus, providing for saturation of the transistor 154 and
      the production of a positive transition at the base electrode of
      transistor 114 providing a retrace pulse for application to deflection
      generator 28 at T.sub.4 and an initiation of the production of the ramp
      voltage at terminal D at T.sub.5. Therefore, in the absence of sync pulses
      from the sync source 12 a sawtooth current waveshape is produced in the
      deflection winding 30 which has a frequency somewhat lower than the
      frequency existing under normal synchronizing conditions. Synchronization
      can, therefore, be accomplished upon reinstatement of the production of
      synchronizing pulses by sync source 12. The synchronized condition will
      occur when the sync pulses occur during the interval t.sub.3 ' - t.sub.4,
      when the base circuit of transistor 114 is enabled to receive sync pulses.
      Depending on the timing between the sync pulses and the enabling interval
      t.sub.3 ' - t.sub.4, several cycles of nonsynchronized operation may be
      necessary before synchronization occurs.
PAR  It may be noted that in addition to providing improved noise immunity the
      aforementioned circuit provides a uniform retrace pulse amplitude and
      duration and a uniform free-running frequency of the retrace pulse
      generator. The uniform retrace pulse and the uniform free-running
      frequency of the retrace pulse generator provide for synchronization of
      the deflection system with the pulse produced by the synchronizing source
      12 without the need for a coarse frequency adjustment normally provided by
      a vertical hold control potentiometer associated with conventional
      vertical sync generators. This results in one less adjustment the
      television viewer has to make.
PAR  Although the preferred embodiment of the invention was described in the
      context of a television vertical deflection rate, appropriate changes of
      the monostable generator periods and component values can readily provide
      for operation at virtually any desired deflection rate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a deflection system including a deflection generator coupled to a
      deflection winding for providing a current in said deflection winding
      having a magnitude which is a function of the elapsed time after a retrace
      pulse and which changes substantially linearly, a retrace pulse generator
      comprising:
PA1  first gating means, adapted to be coupled to a first source of trigger
      pulses which produces pulses having a first time interval therebetween,
      for providing said trigger pulses at an output terminal in the absence of
      a gate disabling signal;
PA1  first monostable means coupled to said output terminal of said first gating
      means for developing said retrace pulse in response to each of said
      trigger pulses;
PA1  second monostable means coupled to said first gating means and said first
      monostable means for providing, in response to said retrace pulse, said
      gate disabling signal during a second time interval which is less than
      said first time interval; and
PA1  means coupled to said first and second monostable means for developing
      second trigger pulses, thereby producing said retrace pulse, when said
      trigger pulses produced by said first source have a time interval
      therebetween which is at least a predetermined time interval greater than
      said first time interval.
NUM  2.
PAR  2. A retrace pulse generator according to claim 1 wherein said means for
      developing trigger pulses includes:
PA1  means coupled to said first and second monostable means for developing a
      first signal the magnitude of which is proportional to the elapsed time
      after said first time interval;
PA1  a source of reference signal; and
PA1  comparator means coupled to said means for developing a first signal and
      said source of reference signal for developing said second trigger pulse
      when the magnitude of said first signal exceeds said reference signal
      level.
NUM  3.
PAR  3. A retrace pulse generator according to claim 2 wherein said means for
      developing said first signal includes:
PA1  second gating means coupled to said first and second monostable means for
      providing a source of charging potential after said first time interval;
      and
PA1  integrating means coupled to said second gating means for developing said
      first signal when said charging potential is being developed by said
      second gating means.
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PAL  In a television receiver, a saturable transformer has three windings, one
      being in series with a horizontal deflection coil to introduce a parabolic
      reactance variation to correct for side pincushion distortion. An
      adjustable correction circuit includes a transistor integrator for
      producing in another winding of the saturable transformer a vertical
      parabolic current. The last winding of the saturable transformer is
      coupled through a pair of switching diodes to a pair of variable
      inductors. The diodes conduct alternately at the beginning and end of the
      vertical scanning period. The variable inductors may be mounted coaxially
      with a common movable core to allow inverse side correction, or may be
      mounted separately with separate movable cores to allow independent side
      correction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a pincushion correction circuit having adjustable
      control over the amount of pincushion correction.
PAR  Pincushion raster distortion can be corrected by using a saturable reactor
      or transformer to generate a variable reactance having a parabolic shape.
      In many circuits, a winding of the saturable transformer is placed in
      series with one of the deflection coils to modulate the deflection current
      with a parabolic signal derived from the deflection signal for the other
      deflection coil. When east-west or side pincushion distortion is being
      corrected, horizontal drive current to the horizontal drive coil is
      modulated with a vertical parabolic signal. In a saturable reactor type
      pincushion correction circuit, some degree of variable adjustment has been
      possible, as shown for example in Lempke U.S. Pat. No. 3,329,859, Barkow
      et al. U.S. Pat. No. 3,329,861 and Lempke U.S. Pat. No. 3,329,862.
PAR  Pincushion correction circuits have also been developed which do not use a
      saturable reactor or transformer but rather depend on a different type of
      circuit to introduce a parabolic curve to the deflection waveform. For
      example, an integrator may be used to produce a parabolic waveform which
      is inductively coupled through a nonsaturable transformer to superimpose
      the correction current on the deflection signal, as shown for example in
      Knorr U.S. Pat. No. 3,452,243.
PAR  The amount of pincushion correction necessary at the beginning and end of
      scan may be unequal. In side pincushion distortion, the amount of
      curvature or bowing at the "east" side of the raster may be different than
      the amount of bowing at the "west" side of the raster. In some cases, the
      amount of bowing may be inversely proportional, but in other cases, the
      amount of bowing may not be related. In prior pincushion correction
      circuits using a saturable reactor, separate and/or independent adjustment
      of the amount of correction at the beginning and end of trace has not been
      possible, or has required unduly complex circuitry.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a pincushion correction circuit
      using a saturable reactor provides separate correction adjustment at the
      beginning and end of scan. The circuit is straight-forward, and if
      desired, provides a single adjustment control to inversely adjust the
      correction at the beginning and end of scan. Or, a pair of independent
      controls can be provided to allow separate adjustment of the correction at
      the beginning and end of scan. The adjustments are provided by a variable
      inductor having a movable core. A diode switching network switches the
      correction current to the particular variable inductor which is to control
      adjustment at beginning or end of scan.
PAR  One object of the present invention is the provision of a pincushion
      distortion correction circuit having adjustment over the beginning portion
      and end portion of scan and using a saturable transformer. A pair of
      variable inductors are each coupled to separate diodes for switching
      correction current between the variable inductors in order to allow
      separate control of adjustment at the beginning portion and end portion of
      scan.
PAR  Other features and advantages of the invention will be apparent from the
      following description and from the drawings. While illustrative
      embodiments of the invention are shown in the drawings and will be
      described in detail herein, the invention is susceptible of embodiment in
      many different forms and it should be understood that the present
      disclosure is to be considered as an exemplification of the principles of
      the invention and is not intended to limit the invention to the
      embodiments illustrated.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the adjustable pincushion distortion
      correction circuit;
PAR  FIG. 2 is a side plan view of the pair of coaxially mounted variable
      inductors shown in FIG. 1;
PAR  FIGS. 3a- 3c are waveform diagrams illustrating the horizontal deflection
      current coupled to the horizontal yoke when modulated with a parabolic
      correction signal at the vertical scanning rate; and
PAR  FIG. 4 is a partial schematic diagram of a modification to the circuit of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning to FIG. 1, a side pincushion correction circuit is illustrated for
      use in a conventional television receiver having a sweep source 10 of
      horizontal sawtooth deflection current, such source being for example the
      conventional flyback transformer of the television receiver. The
      deflection current is coupled to a horizontal yoke or deflection coil 12
      to produce a horizontal line or scan in a cathode ray tube. A sweep source
      14 of vertical scanning current, available for example from the vertical
      output stage of the television receiver, provides vertical sawtooth
      deflection current for driving a vertical yoke circuit 15. The combination
      of the horizontal scan and the vertical scan produces a two dimensional
      raster on the television cathode ray tube.
PAR  To correct for side pincushion distortion, it is necessary to progressively
      increase the amplitude of the horizontal scan signals as the electron beam
      approaches the middle of the vertical raster, and then to progressively
      decrease the amplitude of the horizontal scan signals as the beam
      approaches the lower portion of the vertical raster. The applicant's
      correction circuit includes a saturable reactor or saturable transformer
      16 which includes a saturable magnetic core 18 forming a two window
      circuit defined by three core legs. Around the center core leg is wound a
      control winding 22 which may be formed by 1200 turns of No. 38 wire. An
      equalizing winding 24 is wound on the outer core legs and is formed by 38
      turns of No. 32 wire. A winding 20 is wound over winding 24 and is formed
      by 24 turns of No. 27 wire, and is connected in series aiding relation
      with respect to winding 24. Winding 20 is coupled by a deflection circuit
      in series between the horizontal sawtooth current sweep source 10 and the
      horizontal yoke coil 12.
PAR  An adjustable correction means includes a transistor integrator for
      developing a parabolic voltage which is coupled to control winding 22 to
      saturate the core at the center of the vertical sweep or peak of the
      parabolic voltage. More particularly, a drive transistor 30 has its
      emitter or output coupled through control winding 22 to a source of
      reference potential or ground 32. The collector output of transistor 30 is
      coupled through a load resistor 34 to a source of positive DC potential or
      +V. Control winding 22 is shunted by RC network consisting of a resistor
      36 and a series connector capacitor 38. The base of drive transistor 30 is
      connected to a biasing network including a pair voltage divider resistors
      40 and 42 connected in series between +V and ground 32. The base is also
      coupled through a variable resistor 44 for varying the amplitude of the
      integrated sawtooth signal, a capacitor 45, and a resistor 46 to the
      vertical output stage 14. A capacitor shunts the junction between resistor
      46 and capacitor 45 to ground 32. The vertical sawtooth current from
      source 14 is integrated to produce the parabolic voltage which is coupled
      to control winding 22 of the saturable transformer 16.
PAR  Winding 20 presents an impedance in series with the horizontal yoke and the
      impedance varies with the parabolic waveform (and is a minimum when the
      core 18 is saturated). The horizontal yoke current modulation, although
      equal at start and end of scan, produces unequal side pincushion
      correction. An equalizer circuit eliminates this effect by varying the
      amount of modulation at start and end of horizontal sweep. The equalizing
      winding 24 of the saturable transformer is shunted by a first switching
      diode 50 and a first adjustment choke or variable inductor 52. A second
      circuit shunts the first circuit and includes a second switching diode 54
      and a second adjustment choke or variable inductor 56.
PAR  In the first embodiment of the invention, FIGS. 1-3, variable inductors 52
      and 56 each are 800 micro-henries (without the core) and are mounted
      coaxially on bobbins located on a hollow cylindrical coil form or sleeve
      60, see FIG. 2. A single or common iron core 62 is movable inside the
      hollow cylindrical sleeve 60 in order to inversely change the inductance
      of windings 52 and 56. The cylindrical sleeve 60 terminates in a mounting
      base 64 which carries a plurality of metal connectors 66 for inserting the
      coil form assembly into the circuit.
PAR  The operation of the side pincushion correction circuit will now be
      explained with reference to FIGS. 3a-3c which illustrates the modulated
      horizontal current which is passed through winding 20 to the horizontal
      yoke coil 12. Two vertical scan frames are shown. When the core 62 is
      located equally between variable inductors 52 and 56, the inductance of
      both coils is equal and produces the modulated waveform shown in FIG. 3a.
PAR  At the start of horizontal scan current, diode 54 conducts through the
      impedance of choke the parabolic vertical scan current produced in winding
      24. The current produced by the parabolic voltage in winding 22 saturates
      the saturable core 18 at the center of the vertical sweep or peak of the
      parabolic voltage. As a result, the horizontal sawtooth current 70 is
      modulated by the integrated vertical sawtooth to produce a parabolic
      envelope 72 which has a bulge at the center of the raster and minimums or
      valleys at the start and end of each vertical sweep period.
PAR  As the core 62 is moved closer toward winding 52, its inductance increases
      and the inductance of winding 56 decreases in an inverse manner. The
      inductive reactance of windings 52 and 56, when switched into the circuit
      by conduction of the associated diodes 50 and 54, is reflected into
      winding 20. This reflected impedance will appear in winding 20 as a
      capacitive reactance, tending to reduce the inductive reactance of winding
      20. Since the amount of correction is proportional to the value of the
      reactance of winding 20, it can be seen that the amount of correction is
      determined by the inductive reactance values of inductors 52 and 56.
PAR  With inductor 56 set for maximum inductance, the reflected impedance will
      be minimum, and therefore, more correction will occur at the start of scan
      (right side of raster). The impedance of inductor 52 will be at a minimum,
      and less correction will occur at the end of scan (left side of raster).
      When the impedance of inductors 52 and 56 is reversed, the sides of more
      and less correction are correspondingly reversed. When inductor 52 is at a
      maximum and inductor 56 is at a minimum, the current waveform of FIG. 3b
      will occur. Conversely, when inductor 52 is at a minimum and inductor 56
      is at a maximum, the horizontal yoke current will be modulated as seen in
      FIG. 3c.
PAR  If desired, separate and independent adjustment for each side of the raster
      can be provided by winding the inductors 52 and 56 on separate coil forms,
      as illustrated in FIG. 4. The remaining portion of the circuit is the same
      as illustrated in FIG. 1. In particular, a movable core 80 is associated
      with winding 52, and a separate and independent movable core 82 is
      associated with winding 56. With a constant parabolic correction current
      applied to control winding 22, the movable core 80 of winding 56 may be
      adjusted to provide the desired amount of side correction at the end of
      scan. Conversely, the movable core 82 of winding 56 may be adjusted to
      provide the desired amount of side correction at the start of scan.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a television receiver having first and second deflection coils for
      generating a raster, a first sweep circuit for supplying a first sweep
      signal for the first deflection coil, and a second sweep circuit for
      supplying a second sweep signal for the second deflection coil, a
      pincushion correction circuit, comprising:
PA1  a saturable transformer having a saturable magnetic core, a first winding
      means wound on the saturable core, and a second winding means wound on the
      saturable core;
PA1  a deflection circuit coupling the first sweep circuit to the first
      deflection coil through the first winding of the saturable transformer to
      pass a corrected first sweep signal to the first deflection coil;
PA1  an adjustable correction means for modulating the first sweep signal with a
      pincushion correction signal derived from the second sweep signal to
      develop the corrected first sweep signal, including
PA1  drive means coupled to the second sweep circuit for causing correction
      current to flow in the second winding means of the saturable transformer,
PA1  first and second diodes,
PA1  first and second variable inductors,
PA1  third winding means wound on the saturable core,
PA1  a first circuit connecting the first diode and the first variable inductor
      to the third winding means for passing current during a start portion of
      the second sweep signal and with a variable magnitude controllable by the
      first variable inductor, and
PA1  a second circuit connecting the second diode and the second variable
      inductor to the third winding means for passing current during an end
      portion of the second sweep signal and with a variable magnitude
      controllable by the second variable inductor, whereby the current in said
      second and third windings means provides separately controllable
      pincushion correction at the sides of the raster.
NUM  2.
PAR  2. The pincushion correction circuit of claim 1 wherein the first circuit
      and the second circuit are connected in parallel and the first and second
      diodes are oppositely poled.
NUM  3.
PAR  3. The pincushion correction circuit of claim 1 wherein the first and
      second variable inductors are mounted on a common coil form and have a
      movable common core.
NUM  4.
PAR  4. The pincushion correction circuit of claim 1 wherein the first variable
      inductor includes a core movable to independently control the inductance
      of the first circuit, and the second variable inductor includes a core
      movable independent of the first core for independently varying the
      inductance of the second circuit.
NUM  5.
PAR  5. The pincushion correction circuit of claim 1 wherein the second sweep
      circuit supplies a sawtooth signal corresponding to the second sweep
      signal, the drive means includes an integrator responsive to the sawtooth
      signal for deriving a generally parabolic correction current which flows
      in said second winding means.
NUM  6.
PAR  6. The pincushion correction circuit of claim 5 wherein the integrator
      includes a transistor driver having a base and a pair of outputs, one
      output being coupled to the second winding means, an input circuit to the
      base including a capacitor for integrating the sawtooth signal and a
      variable resistor.
NUM  7.
PAR  7. The pincushion correction circuit of claim 1 wherein the first circuit
      connects the first diode and the first variable inductor in series across
      the third winding means, the second circuit connects the second diode and
      the second inductor in series across the third winding means and in
      parallel with the first circuit, and the first and second diodes are
      oppositely poled.
NUM  8.
PAR  8. The pincushion correction circuit of claim 1 for providing side
      pincushion correction which is separately adjustable at the right and left
      side of the raster, wherein the first sweep circuit supplies a horizontal
      sawtooth signal, corresponding to the first sweep signal, coupled to the
      horizontal deflection coil corresponding to the first deflection coil, the
      second sweep circuit supplies a vertical sawtooth signal, corresponding to
      the second sweep signal, coupled to the vertical deflection coil
      corresponding to the second deflection coil, said drive means includes an
      integrator responsive to the vertical sawtooth signal for producing a
      generally parabolic vertical current which flows in the second winding
      means of the saturable transformer, the first variable inductor and second
      variable inductor being controllable to vary the amount of pincushion
      correction at the sides of the raster.
NUM  9.
PAR  9. In a television receiver having first and second deflection coils for
      generating a raster, a first sweep circuit for supplying a first sawtooth
      signal for the first deflection coil, and a second sweep circuit for
      supplying a second sawtooth signal for the second deflection coil, a
      pincushion correction circuit, comprising:
PA1  a saturable transformer having a saturable core and a first winding, a
      control winding and an equalizing winding each wound on the saturable
      core;
PA1  deflection means coupling the first sweep circuit to the first deflection
      coil through the first winding to pass a first sawtooth signal modulated
      with a generally parabolic correction signal having a rate corresponding
      to the second sawtooth signal;
PA1  adjustable correction means for modulating the first sawtooth signal with
      the generally parabolic correction signal derived from the second sawtooth
      signal, including
PA1  an integrator coupled between the second sweep circuit and the control
      winding for causing a parabolic current to flow at a rate corresponding to
      the second sawtooth signal,
PA1  a diode,
PA1  a variable inductor, and
PA1  circuit means connecting the diode and the variable inductor across the
      equalizing winding with the diode being poled to pass a portion of the
      parabolic correction current with an amplitude controlled by the variable
      inductor.
NUM  10.
PAR  10. The pincushion correction circuit of claim 9 including a second diode,
      a second variable inductor, and second circuit means connecting the second
      diode and the second variable inductor across the equalizing winding, the
      second diode being poled oppositely to the first diode to pass a different
      portion of the parabolic correction current and with an amplitude
      controlled by the second variable inductor.
NUM  11.
PAR  11. The pincushion correction circuit of claim 10 wherein the first and
      second variable inductors are mounted on a common coil form and have a
      common core movable to inversely vary the inductance thereof.
NUM  12.
PAR  12. The pincushion correction circuit of claim 10 wherein the first
      variable inductor includes a first core movable to change the inductance
      thereof, the second variable inductor includes a second core movable to
      change the inductance thereof, the first and second core being movable to
      independently vary the beginning and end portions of the sweep.
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ABST
PAL  An electric load restriction device which conserves the secondary use of
      electricity during a period of a power shortage by causing selected load
      circuit breakers to open, in response to a change of frequency in the
      supplied primary electrical energy. The device is electrically connected
      to individual selected circuit breaker output connections mounted in a
      conventional electrical distribution box. The device is fitted with a
      frequency sensing device that actuates a solenoid, when the incoming
      electrical frequency falls below a normal valve, with the contactors of
      the solenoid, in the closed position sending an overload current to the
      load side of each of the selected load circuit breakers to cause the
      selected load circuit breakers to open. The solenoid is fitted with
      pivotably mounted contact arm, with the solenoid contact arm initially
      contacting the switch contacts of the individual overload circuits
      sequentially as the contact arm is caused to rotate into a plane parallel
      to the common contact plane of these switch contacts by the linear motion
      of the solenoid contact arm as the solenoid coil causes the arm to move
      towards the switch contacts.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention is an electric load restriction device which conserves the
      secondary use of electricity during a period of a power shortage by
      causing selected load circuit breakers to open, in response to a change of
      frequency in the supplied primary electrical energy. The device is
      electrically connected to individual selected circuit breaker output
      connections mounted in a conventional electrical distribution box. The
      device is fitted with a frequency sensing device that actuates a solenoid,
      when the incoming electrical frequency falls below a normal valve, with
      the contactors of the solenoid, in the closed position sending an overload
      current to the load side of each of the selected load circuit breakers to
      cause the selected load circuit breakers to open.
PAR  The solenoid is fitted with a pivotably mounted contact arm, with the
      solenoid contact arm initially contacting the switch contacts of the
      individual overload circuits sequentially as the contact arm is caused to
      rotate into a plane parallel to the common contact plane of these switch
      contacts by the linear motion of the solenoid contact arm as the solenoid
      coil causes the arm to move towards the switch contacts.
PAR  The advantage of my invention is that the slowing of the power source
      generator, in such a system, results in a lowering of the frequency of the
      supplied electrical current and automatically triggers the operation of
      the invention to reduce branch circuit use of supplied electrical energy.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a schematic diagram of the invention in use; and
PAR  FIG. 2 is a sectional view of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT:
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-2
      illustrate a control box 10 electrically connected by wires 11 and 12 to
      the ground conductor 21 and an incoming electric power line conductor 22
      of a circuit breaker load distribution center 15. Individual circuit
      breakers 31 of center 15 are each connected to an incoming power line
      conductor 22 with circuit breakers 31 in series with individual load
      circuits of a secondary nature which may be opened to reduce power
      consumption when the frequency of the power line reduces below a normal
      valve, signalling the need for power use reduction.
PAR  The line frequency is sensed by a frequency control switch 16 which sends
      current to a solenoid coil 18 when the line frequency falls to a
      pre-determined level.
PAR  Solenoid coil 18, when energizes, drives solenoid shaft 23 towards switch
      contact points 41-49, with contact points 41-49 mounted along a common
      contact plane X--X.
PAR  An electrical contactor arm 27 is pivotably mounted to the forward end of
      solenoid shaft 23 so that in the engaged position, arm 27 engages all
      contact points 41-49. A ground wire 19 is connected to arm 27, with some
      contact points 41-49 each individually connected by wires 39 to the load
      side of an individual circuit breakers 31 serving a load of secondary
      need. A resistance 51 of suitable rating is individually joined to each
      wire 39 to limit the overload current led to each circuit breaker 31 so
      that each circuit breaker 31 opens rapidly after its switch contact 41-49
      is engaged by contactor arm 27.
PAR  Arm contactor 27 is fitted with spring bias means to rotate the contact
      surface of arm 27 to a plane that is at an acute angle to plane X--X of
      the switch contacts 41-49 when contactor arm 27 is free of engagement with
      a contact points 41-49. Consequently, as contactor arm 27 is moved by
      shaft 23 towards contact points 41-49, arm 27 first engages contact 41,
      before engaging any other contact 42-49. This initial contact acts to
      rotate arm 27 so that its contact surface becomes parallel with plane X--X
      of contacts 41-49, and the combination of this rotational motion with the
      linear motion of shaft 23 causes arm 27 to sequentially make contact, one
      at a time, with the remaining contacts 42-49, in that order.
PAR  Consequently, the overload currents through resistors 51 to the individual
      circuit breakers 31 occurs in sequential steps rather than simultaneously
      and limits the magnitude of the overload current drawn from the incoming
      power line 22 in tripping circuit breakers 31.
PAR  When the power shortage period has terminated, breakers 31 may be manually
      reset. Alternately frequency responsive means may be employed with
      electrically energized actuators to reset the individual circuit breakers,
      or the circuit breakers may be provided with an additional coil and
      structure to provide other electrically actuated reset means.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. An electrical mechanism for reducing the secondary load of an overloaded
      primary electrical power supply comprising:
PA1  a primary electrical power supply circuit connected to a source of
      alternating current, the frequency of which is reduced when the said
      primary circuit is overloaded,
PA1  a plurality of secondary electrical circuits each connected to the primary
      circuit by an individual circuit breaker,
PA1  a solenoid fitted with a contact arm actuated by an electrical coil, and
      fitted with a contact engaged by the contact arm only when the coil is
      energized,
PA1  electrical switching means responsive to electrical line frequency, which
      energizes the solenoid coil when the connected line frequency falls below
      a pre-selected valve,
PA1  said contact being individually electrically connected to the load side of
      an individual secondary load circuit, and
PA1  said contact arm connected to an electrical ground connection, such that
PA1  energization of the solenoid coil by the frequency responsive switching
      means causes an initial increase in the secondary load circuit connected
      to the contact to cause the circuit breaker of said secondary circuit to
      open and interrupt all current flow to the said secondary circuit, so as
      to reduce the load of the primary electrical power supply circuit.
NUM  2.
PAR  2. The combination as recited in claim 1 in which the solenoid is fitted
      with a plurality of contacts each engaged sequentially by the contact arm
      when the solenoid is actuated, each said contact being connected to the
      load side of an individual secondary load circuit, such that a plurality
      of secondary load circuits are sequentially disconnected by the opening of
      the individual circuit breaker connected to the respective secondary load
      circuit.
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ABST
PAL  A protecting apparatus for a series capacitor in an AC power circuit
      includes an enclosure filled with a low pressure insulating gas. A
      discharge gap device, a bypass switch for the series capacitor and an
      electromagnetic repulsion device for closing the bypass switch in response
      to the discharge of the series capacitor are assembled in the enclosure in
      alignment with each other. A metallic cylinder is provided around the
      assembly forming a return path for the capacitor discharge current to
      cooperate with the gap device and its support. In this way, the impedance
      of the capacitor discharge passage can be effectively reduced to permit
      rapid removal of excess terminal voltage from the series capacitor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a protecting device for a capacitor connected in
      series with an electric power circuit to improve the power factor thereof.
PAR  2. Description of the Prior Art:
PAR  It is well known in the art to connect a capacitor in series with an
      electric power circuit such as, for example, power transmission lines,
      power distribution lines or bus bars for improvement of the power factor
      thereof to elevate the power transmission or power distribution
      efficiency.
PAR  When a fault such as a short circuit or a simultaneous multi-phase
      grounding or the like has occurred in an electric power circuit to cause
      an abnormally heavy current to flow through the capacitor, the terminal
      voltage across the capcitor may rise to such an extent as to destroy the
      capacitor. In order to eliminate this defect, an electric gap discharging
      device has been connected across the series capacitor to enable it to
      discharge excess voltage beyond the rated voltage of the capacitor to
      protect the capacitor from excess terminal voltage.
PAR  Since the discharge gap device suffers from the damage and wear of the
      electrode surfaces thereof caused by excess heating due to the flow of
      discharge current therethrough, a short circuit switch may be closed in
      response to the gap discharge cuurrent should be connected across the
      capacitor terminals. The short circuit switch may be returned to its
      original open position after a suitable time interval or after the
      termination of the fault in the power transmission line.
PAR  Consequently, the shorter the closing time of the circuit or bypass switch,
      the lighter the duty of the protecting gap device. That is to say, the
      capacitor bypass switch has a shorter closing time than that of a
      conventional circuit breaker. The capacitor bypass switch differs also
      from the conventional circuit breaker in that gas flow should be limited
      in case a relatively long period is necessary for bypassing the capacitor.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a protecting device for a
      capacitor connected in series with an electric power circuit which
      satisfies the above described requirements.
PAR  It is another object of the invention to provide a capacitor protecting
      device, the functional parts of which are enclosed in an enclosure which
      is filled with a pressurized insulating gas to enable the size of the
      capacitor protecting device to be reduced.
PAR  A further object of the invention is to provide a capacitor protecting
      device having a short circuit switch to quickly short circuit the
      capacitor for reducing the excess heat on the electrode surfaces of the
      gap device due to an electric arc between the electrodes.
PAR  It is a still further object of the invention to provide a capacitor
      protecting device which is able to bypass the capacitor discharge current
      through a relatively low impedance thereby reducing the time interval
      during which an excess voltage is applied to the capacitor terminals.
PAR  It is another object of the invention to provide a series capacitor
      protection device in which the air gap between the electrodes of the
      discharge gap device is gas blasted in response to the movement of a gap
      bypass switch to maintain the discharge gap clean to enable the gap to
      maintain stabilized discharge characteristics.
PAR  It is also an object of the invention to provide a series capacitor
      protection device having a discharge gap device for short circuiting the
      capacitor and a bypassing switch and its operating mechanism in alignment
      in an enclosure filled with an insulating gas to render the capacitor
      protection device of simple and small construction.
PAR  The foregoing and other objects are attained in accordance with one aspect
      of the present invention through the provision of apparatus including a
      capacitor connected in series with an electric power circuit for
      improvement of the power factor thereof. A protecting gap device is
      connected in parallel with the capacitor to bypass the capacitor current
      in response to a raised level of the terminal voltage across the capacitor
      when an excess current flows through the capacitor. A bypass switch is
      also provided for short circuiting the gap device and the capacitor by
      closing its contacts in response to the discharge current flowing through
      the gap device. The bypass switch is provided with a pair of contacts
      aligned with each other to effect on-off operation. A fluid operational
      cylinder is combined with one of the contacts of the bypassing switch to
      drive it towards the other contact and vice versa. An electromagnetic
      repulsion means is combined with either one of the contacts for generating
      an electromagnetic repulsion force in response to the capacitor discharge
      current flowing through the protecting gap device to move one contact
      towards the other contact to make them independent of the driving
      cylinder. The discharge gap device, the electromagnetic repulsion device,
      the pair of contacts and the driving cylinder are aligned with each other
      along an axis so that the discharge gap device assumes an uppermost
      position. A concentrically cylindrical member constructed of an
      electrically conductive material and mounted around the aligned parts has
      a closed end positioned at the side of the discharge gap device and an
      open end positioned at the side of the driving cylinder for the bypass
      switch. The cylindrical member is connected in parallel with the aligned
      parts to provide a current path which includes the gap device and a
      magnetic repulsion winding of the electromagnetic repulsion device for
      discharging the capacitor current until the contacts of the capacitor
      bypass switch are closed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various objects, features and attendant advantages of the present invention
      will be more fully appreciated as the same becomes better understood from
      the following detailed description of the present invention when
      considered in connection with the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic view of one embodiment of a protecting apparatus
      for a series capacitor in accordance with the invention,
PAR  FIG. 2 is an elevational section, in detail, of the protecting apparatus
      shown in FIG. 1,
PAR  FIG. 3 is a curved diagram for illustration of the function of the
      protecting apparatus of FIG. 2,
PAR  FIG. 4 is a simplified connection diagram of another embodiment of the
      invention, and
PAR  FIG. 5 is a detailed elevational section of the apparatus shown in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, wherein like reference numerals designate
      identical or corresponding parts throughout the several views, and more
      particularly, to FIG. 1 thereof, reference numeral 1 designates the
      aforesaid main electric power circuit, 2 is the aforesaid capacitor
      connected in series in the main circuit, and 7 is a main body or enclosure
      which encloses a short circuit switch BS with a protecting gap device 36.
PAR  The capacitor protecting device with the bypass switch BS and a protection
      gap device 36 is connected across the terminals of capacitor 2 as shown
      through connection parts A and B. 3 is a braking reactor provided in
      series with the connection circuit. A trigger pulse generating circuit 4
      is connected across the capacitor 2 in a circuit between braking reactor 3
      and connection parts A and B and generates a high potential triggering
      pulse in response to a predetermined excess terminal voltage of capacitor
      2 so that the triggering pulse is applied to trigger electrode 39 of a
      protecting gap device 36 mounted in the enclosure 7.
PAR  In the enclosure 7, in addition to the protecting gap device 36, there is
      provided a rodlike bypass contact 18 and a breaking contact or
      interruption contact 15 for formation of a bypass switch BS. The bypass
      contact 18 is slidably connected to the connection part A. The breaking
      contact 15 is also slidably connected to the connection part B. In this
      way, both contacts 15 and 18 are connected across the terminals of
      capacitor 2.
PAR  The bypass contact 18 is a stationary contact of the switch BS. It is,
      however, able to move only when capacitor 2 is short circuited. That is,
      the contact 18 is normally held at a position as shown by means of a catch
      member 24. An electromagnetic repulsion device MR is provided upwards of
      contact 18 and comprises a disc like repulsion member 28 fixed onto an
      upper end of the contact 18 and a primary repulsion coil 32 provided above
      the disc member 28. One end of the primary repulsion coil 32 is connected
      to a sliding part between connection part A and contact 18 while the other
      end is connected to a lower main electrode 36" of the protecting gap
      device 36. An upper main electrode 36' of the gap device 36 is connected
      to connection part B through a bypass cylinder 40 made of a condutive
      material and is connected to a sliding part of contact 15. For convenience
      of illustration, there is only shown the left hand half of the cylinder
      member 40 in FIG. 1. It can thus be understood that the series combination
      of the primary repulsion coil 32 and the main electrodes 36' and 36" of
      the gap device 36 is connected across the terminals of capacitor 2. The
      breaking contact 15 is also provided with a driving cylinder 8 downwards
      thereof which forces the contact 15 to move from its short circuit
      position upwards to return the bypass contact 18 to its original position
      and then to force the contact 15 to separate from the bypass contact 18
      downwards to return to its original position to remove the short circuit
      from capacitor 2. The above operation will be described in detail
      hereinafter.
PAR  FIG. 1 shows that the protecting gap device 36, the electromagnetic
      repulsion device MR, the pairs of contacts 18 and 15 and the driving
      cylinder 8 are arranged on the same axis. In a conventional installation,
      the protecting gap device 36 is separated from the position as shown and
      mounted at a forward or backward position of the connection part B.
      However, with this arrangement, it will be clearly understood from FIG. 2
      that the casing becomes larger in size as well as more expensive. However,
      in accordance with the invention, the protecting gap device 36 is aligned
      with the other parts which is physically equivalent to positioning the
      protection gap device 36 adjacent to the connection part B because of the
      improved manner of connection by the bypass cylinder 40. As a result, the
      aforesaid defect can be remedied.
PAR  As soon as the terminal voltage across capacitor 2 increases excessively
      due to an excess current flow caused by a short circuit or an increase of
      load current in the main circuit 1, the trigger circuit 4 responds
      immediately to the excess terminal voltage of capacitor 2 and applies a
      high voltage triggering pulse to the trigger electrode 39. Any
      conventional circuit arrangement may be used for the trigger circuit 4.
      For example, the arrangement may include a trigger gap device comprising
      an evacuated weatherproof envelope and three electrodes enclosed in the
      envelope. The first and second electrodes are positioned against each
      other through a gap therebetween and are connected between an auxiliary DC
      voltage supply including a normally charged capacitor and a pulse
      transformer having a high voltage secondary winding to apply a high
      voltage triggering pulse to the trigger electrode 39 upon a discharge
      between the first and second electrodes. The third electrode is positioned
      in a discharge gap between the first and second electrodes. A moderately
      divided voltage of the series capacitor 2 is applied to the third
      electrode and either one of the first and second electrodes. In this way,
      the trigger gap device 4 can discharge the electric charges accumulated in
      the auxiliary capacitor through the first and second electrodes in
      response to a predetermined excess voltage which may occur across the
      series capacitor 2 and thereby initiate an electric arc between the
      triggering electrode 39 and the electrode 36' of the protecting gap device
      36. Consequently, as soon as a triggering pulse is applied to the gap
      device 36, an electric discharge occurs between main electrodes 36' and
      36"  to bypass the current flowing through capacitor 2 so that the
      excessive terminal voltage across the capacitor 2 is removed therefrom.
PAR  It can easily be understood that the bypassing of the capacitor means the
      discharge of the capacitor 2. The discharge energy from the capacitor 2 is
      considerably large and the discharge current flows through the primary
      coil 32 of electromagnetic repulsion device MR, the protecting gap device
      36 and the current bypass cylinder or metallic shroud 40. FIG. 3 shows the
      capacitor discharge current which changes every moment after the discharge
      of the protecting gap. The rate of change of discharge current or the rate
      of decrease depends on the inductance of the braking reactor 3 and the
      inductance of the above current conduction circuit which are selected so
      that magnetic repulsion disc 28 is sufficiently magnetically repelled by
      the electromagnetic repulsion coil or the primary coil 32 so as to be able
      to release the contact 18 from its catch member 24.
PAR  In accordance with this embodiment, as the capacitor discharge current
      path, which serially includes the primary winding 32 of electromagnetic
      repulsion device MR, the main electrodes 36' and 36" of the protecting gap
      device 36 and the metallic shroud 40, is bent to form a current return
      path with less inductance, the electric charges on capacitor 2 are able to
      discharge rapidly through the path to create a high magnetic repulsion
      force caused by the high discharge current from the capacitor 2.
PAR  The circular shaped magnetic repulsion disc 28 is provided with a secondary
      coil (not shown) buried therein to generate an induction current induced
      by the primary winding 32 therethrough to generate an electromagnetic
      repulsion force between the winding 32 and the coil. The bypass contact 18
      is therefore pushed down with an intensive repulsion force. In this way,
      catch member 24 releases the rod contact 18 and the rod contact 18 moves
      downwards to contact the breaking contact 15 so that the short circuit
      across capacitor 2 bypasses the current from the capacitor 2 in place of
      the protection gap device 36.
PAR  As described in detail hereinbelow, an electric arc generated in the gap
      device 36 can, of course, be extinguished by gas blasting.
PAR  After elimination of the fault or excess current, in order to return the
      capacitor 2 to the normal state of connection, the breaking contact 15 is
      pushed up by means of the driving cylinder 8 to push the bypass contact 18
      up to reengage the contact 18 with the catch member 24. The contact 18 is
      thus reset at its original position. During that time the electric current
      does not flow through the main circuit 1, or the current is reduced below
      its normal amplitude, so that the electromagnetic repulsion force
      generated by the electromagnetic repulsion device is of considerably small
      amplitude. Consequently, the reset movement of the bypass contact 18 is
      not hindered. After this, the driving cylinder 8 forces the breaking
      contact 15 to return to its original downward position. At this time, both
      contacts 15 and 18 should break the normal current. However, this can be
      done by blasting gas against an electric arc extended between both
      contacts as described in greater detail below.
PAR  The capacitor protecting apparatus as shown in FIG. 1 is illustrated in
      detail with reference to FIG. 2 in which the same or identical parts as
      those of FIG. 1 are designated by the same reference numerals.
PAC  Construction of Tank or Enclosure
PAR  7 is a tank made of metal which is grounded electrically and filled with a
      low pressure insulating gas such as SF.sub.6. Tank 7 supports all internal
      parts therein and includes a base member 5 as a bottom of the low pressure
      tank 7, a lower end cover 6, connection parts A and B as shown in FIG. 1,
      insulating spacer members 10 and 11 each supporting connection rods 44 and
      45, an insulating spacer member 13 which supports a connection rod of the
      trigger electrode 39 of FIG. 1, and a cover member 14 which seals an upper
      opening of the tank.
PAC  Driving Part
PAR  A high pressure gas tank 9 is mounted on the base member 5 and is
      positioned in the low pressure gas tank or enclosure 7. A high pressure
      gas charging inlet 16 extends out from base member 5. A driving cylinder
      or piston and cylinder assembly 8 is mounted on a lower surface of the
      high pressure gas tank 9 and a closing control valve 19 and a breaking
      control valve 20 thereof are controlled automatically and manually by
      electric command signals from a control board (not shown) enabling the
      upward and downward movement of the breaking or opening contact 15 to
      utilize the driving piston 21 for carrying out the closing and opening
      operations. A damping piston and cylinder assembly 22 is mounted on a
      center position of the high pressure gas tank 9 and a piston rod 23 of the
      driving piston 21 is connected with an insulating rod 26 which, in turn,
      extends upwards to couple with a breaking contact 15. A supporting tube 27
      made of an insulating material is mounted on the upper surface of high
      pressure gas tank 9 surrounding the insulating rod 26. A flange member 55
      made of metal and having a gas exhausting outlet 29 and a slidable
      connection part 64 for the rod 44 is provided on supporting tube 27.
PAC  High Potential Part
PAR  The breaking and bypass contacts 15 and 18 are positioned against each
      other within an insulating tube 30 which is mounted on the flange 55. An
      intermediate flange 33 is provided on the upper end of insulating tube 30
      for mounting an auxiliary stationary and cylindrical contact 31 thereon
      surrounding the bypass contact 18. A cylindrical valve member 34 is
      provided in the flange member 33 so as to be slidably guided by a shelf
      member 65 which crosses within the flange member 33.
PAR  A cylindrical casing 41 made of metal is mounted on the upper end of the
      flange member 33 and has a bottom with a valve seat on which the
      cylindrical valve 34 is seated. A rod member 35 extends in the casing 41
      coaxially with the bypass contact 18. The upper end of rod 35 is normally
      secured by the catch member 24 as described in greater detail hereinbelow.
      The cylindrical valve member 34 is supported around the rod member 35 and
      is normally biased towards the valve seat of the bottom of casing 41 by a
      coiled spring 66 interposed between the valve member 34 and the flange 67
      of the rod 35.
PAR  The metallic casing 41 also has a shelf 63 positioned just below the catch
      member 24. A coiled spring 37 is provided between the shelf 63 and a
      movable flange 69 located at a predetermined level of the rod 35 so that
      the rod member 35 is normally biased downwards by the spring force of the
      coiled spring 37. A high pressure gas passage 42 is provided at the
      internal periphery of the metallic casing 41 for conduction of a
      pressurized gas therethrough when the cylindrical valve member 34 is moved
      down away from its valve seat as described below. The metallic casing 41
      further includes a slidable connection part 70 at an outer periphery
      thereof to slidably receive the connection rod 45 therein.
PAR  The aforesaid electromagnetic repulsion device MR is mounted on the top of
      the metallic cylindrical casing 41 by supporting a casing or framework 48
      thereof on an inner periphery of the top of casing 41. The primary
      repulsion winding assembly 32 is supported on the framework 48 by being
      interposed between the framework 48 and a coil supporter 49. An
      electromagnetic repulsion disc 28 which has buried therein a secondary
      coil is positioned just below the primary winding assembly 32 and has a
      rod member 43 which extends downwards from the disc 28 and has a lower
      head entering the upper claws of the catch member 24 so as not to thereby
      release the head portion of the rod member 35 from the catch member 24. A
      coiled spring 46 is positioned between the repulsion disc 28 and a bottom
      of the framework 48 to normally bias the disc member 28 upwards with the
      rod member 43 against the total weight of both members 28 and 43. The
      uppermost position of the repulsion disc 28 is limited by the lower end of
      a rod or stopper member 47 which extends downwards from the primary
      winding supporter 49.
PAR  An electric insulator or ring member 50 is also supported on the upper end
      of the metallic casing 41 surrounding the electromagnetic repulsion device
      MR and supports the protecting gap device 36 thereon. The gap device 36
      includes a ring insulator 53 having upper and lower open ends closed by
      gas exhausting flange members 51 and 52. The gap device 36 also includes
      the main electrodes 36' and 36" respectively mounted on the upper and
      lower gas exhausting flange members 51 and 52 so as to face each other
      with an air gap therebetween. The trigger electrode 39 is mounted on an
      inner side wall of ring insulator 53 and is directed towards the air gap
      between the main electrodes 36' and 36" and is slidably connected to one
      end of rod member 19 supported by an insulating spacer member 13.
PAR  The lower gas exhausting flange member 52 of the gap assembly 36 has a
      recessed portion 71 for receiving a projection of the winding supporter 49
      therein to form an electric connection between the primary repulsion
      winding 32 and the lower main electrode 36".
PAR  An electrically insulating tubular member 56 is mounted on the cover member
      14 so as to be hung therefrom. An end plate 57 having an electrical static
      shield ring 72 therearound is provided on a lower end of the tubular
      member 56. The end plate 57 has an opening 73 at its center position to
      receive and support a projection or member 54 which extends upwards from
      the upper gas exhausting flange 51.
PAR  The aforesaid gas passage 42 provided in the metallic casing 41 exends
      upwards through the insulating tube 50 and the lower flange 52 of the gap
      assembly 36 to the main gap assembly 36 so that, when the cylindrical
      valve 34 opens to connect the inside of flange 33 with the passage 42, an
      insulating gas is supplied within the main gap assembly 36 to blast the
      air gap between electrodes 36' and 36" to clean the gap. It can clearly be
      seen that the blasted gas is exhausted through main electrodes 36' and 36"
      and upper and lower flanges 51 and 52 into the low pressure atmosphere in
      the enclosure 7.
PAR  The bypass cylinder 40 has a bottom through which the rod 54 of the gap
      assembly 36 extends and which is located between the tubular insulator 56
      and the gap assembly 36 and has a lower open end fixed to the gas
      exhausting flange 55. In this way, the bypass cylinder 40 serves as a
      bypass passage between the protecting gap assembly 36 and the breaking
      contact 15 when an arc discharge occurs between main electrodes 36' and
      36" due to an over voltage across the capacitor 2.
PAR  Assume in FIG. 1 that an excess current has passed through the capacitor 2
      due to a short circuit in the main power circuit 1 to start the trigger
      circuit 4. A high voltage pulse is fed from the trigger circuit 4 to an
      air gap between the trigger electrode 39 and the main electrode 36'
      through a path including connection rod 44, flange 55, bypass cylinder 40
      and upper main electrode 36'. As a result, a main air gap between main
      elecrodes 36' and 36" is ionized to start the discharge of electric
      charges charged in capacitor 2. The charge discharging path is traced from
      the upper terminal of capacitor 2 to the lower terminal thereof through
      reactor 3, connection rod 45, metallic casing 41, primary repulsion
      winding 32 of electromagnetic repulsion device MR, lower main electrode
      36", upper main electrode 36', projection or rod 54, bypass cylinder 40,
      flange 55 and connection rod 44.
PAR  It is to be understood that the charge discharging path includes bent or
      parallel paths through which the capacitor discharging current can flow in
      reverse, and, one path serially includes the upper part of casing 41,
      primary repulsion winding 32, main electrodes 36' and 36" and rod 54.
      Another path includes the upper part of bypass cylinder 40. The bent or
      parallel paths described above allow the circuit impedance thereof to be
      effectively reduced so that the charge discharge time of capacitor 2 can
      be reduced in order to rapidly remove the excess terminal voltage from the
      capacitor 2 to prevent the occurrence of a capacitor fault.
PAR  As soon as capacitor discharge current flows through the primary repulsion
      winding 32, an electromagnetic repulsion force occurs between the winding
      32 and the secondary disc member 28 to rapidly repel the latter from the
      former so that the disc member 28 is rapidly moved down with the rod 43
      thereof. Consequently, the head of the rod 35 is released from the lower
      claws of catch 24 so that the rod 35 is moved down by the force generated
      from the coiled spring 37 to close the bypass contact 18 with the breaking
      contact 15. In this way, the short circuit of the capacitor 2 can be
      achieved by the closed contacts 15 and 18 to bypass the electrodes 36' and
      36" of gap assembly 36 so that the elctric arc in the air gap between main
      electrodes 36' and 36" can be extinguished.
PAR  When the rod 35 moves down, the cylindrical valve member 34 is moved away
      from its seat so that a pressurized gas being charged in the intermediate
      flange 33 through the cylindrical supporting members 27 and 30 flows into
      the gap assembly 36 through the gas passage 42 to blast the air gap
      between electrodes 36' and 36" to clean it. Then, the blasted gas is
      exhausted from the gap assembly 36 through the main electrodes 36' and 36"
      and exhausting flanges 51 and 52 into the low pressure atmosphere in the
      enclosure 7. During gas blasting in the gap assembly 36, the breaking
      contact 15 is on its seat provided on the flange 55 so that the
      pressurized gas does not exhaust into the enclosure 7 through the contact
      15 and the exhausting port 29.
PAR  After elimination of fault in the main power circuit 2, the closing control
      valve 19 is opened so that a high pressure gas enters below the piston 21
      to push the rod up with the contact 15. The contact 18 is accordingly
      pushed up with the rod 35 against the force of spring 37 so that the upper
      head of the rod 35 engages again with the catch member 24. At the same
      time, the repulsion disc 28 is reset at its original position because the
      current flowing through the winding 32 is reduced to a normal amplitude.
      Then the opening of the control valve 19 is altered by the control valve
      20 so that a high pressure gas enters above the piston 21 to rapidly push
      the rod member 23 down to separate the contact 15 from the contact 18.
PAR  For the time interval in which the contact 15 moves down to seat on the
      exhausting flange 55, a pressurized gas flows into the tubular contact 15
      and is exhausted from the flange port 29. As is clear from the above,
      during the opening stroke of the contact 15, a pressurized gas flow is
      directed to an elongated electric arc between the contacts 15 and 18 which
      are separated from each other so that the electric arc is extinguished by
      gas blasting in a manner similar to that of a conventional gas blasting
      electric circuit breaker. It is to be understood that as the current
      flowing through contacts 15 and 18 at this time reaches either a normal
      level or substantially zero, the current interruption is easily made.
      After the current interruption, the tubular contact or breaking contact 15
      is seated on the flange 45 to terminate the exhausting gas flow to thereby
      reset all parts for the protection of the capacitor 2.
PAR  From the above, in accordance with the series capacitor protecting
      apparatus of the embodiment, the main gap assembly 36, the capacitor
      bypass and current interruption contacts 18 and 15, the electromagnetic
      repulsion device MR for rapidly moving the contact 18 down and the drives
      21 and 17 for moving the current interruption contact 15 are aligned with
      each other in the low pressure gas enclosure 7 so that the size of the
      capacitor protecting apparatus can be effectively reduced. As is clear
      from FIG. 2, the presence of main gap assembly 36 along the same axis as
      the other parts helps to make the capacitor protecting apparatus compact.
PAR  It is further to be understood that the main parts, as described above, are
      disposed in the atmosphere of a high pressure gas with a high dielectric
      strength which is enclosed by the tubular insulators 27, 30, 50 and 53,
      the tubular connector 33 and the metallic casing 41. In addition, the
      above assembly is disposed in the atmosphere of a low pressure insulating
      gas in the enclosure 7 so that the size of the capacitor protecting
      apparatus can be made small. The capacitor bypass switch BS is able to
      form the bypass across the capacitor 2 by the electromagnetic repulsion
      device MR which positively utilizes an intensive discharge energy from the
      series capacitor 2 so that the time necessary for closing the bypass
      switch BS can be greatly reduced to thereby reduce the duty of the
      capacitor protecting gap assembly 36 with respect to the electric arc.
PAR  FIG. 4 shows another embodiment of the invention in which the same or
      identical parts are designated by the same reference numerals as those of
      FIGS. 1 and 2. In this embodiment, the contact 18 of the bypass switch BS
      is of a stationary type and is connected with the lower electrode 36" of
      the capacitor protecting gap assembly 36. The lower contact 15 of the
      bypass switch BS is driven by means of the driving piston and cylinder
      assembly 8 to make and break with the stationary contact 18 and is
      combined with the catch member 24 and fixed to the repulsion disc member
      28 of the electromagnetic repulsion device MR in a manner similar to that
      of FIG. 1. The primary winding 32 of the electromagnetic device MR is
      positioned below the repulsion disc 28 and is connected between the lower
      periphery of the concentric bypass cylinder 40 and the slidable connection
      part of the movable contact 15 as shown.
PAR  In this embodiment, when the capacitor protecting gap device 36 discharges,
      the discharge current from the capacitor 2 flows from the bypass cylinder
      40 through the primary winding 32 of the magnetic repulsion device MR to
      the movable contact 15, with the result that the magnetic repulsion force
      causes the movable contact 15 to move upwards to contact the disc member
      28 with the stationary contact 18.
PAR  The movement of the contact 15 is different from that of FIG. 1. A lost
      motion coupling device 60 is provided between the drive or piston and
      cylinder assembly 8 and an operational rod of of the movable contact 15 so
      that the upward movement of contact 15 caused by the electromagnetic
      repulsion is not distrubed by the presence of the drive or piston and
      cylinder assembly 8. The catch member 24 releases the movable contact 15
      when the latter is pushed up by the electromagnetic repulsion force.
PAR  As described in greater detail hereinafter, the elevated movable contact 15
      is held at its position to bypass the electrodes 36' and 36" and
      cooperates with the stationary contact 18 in spite of the reduction of the
      current flowing through the primary winding 32 of the electromagnetic
      repulsion device MR. After extinguishing the electric arc between the
      electrodes 36' and 36", the drive 8 forces the movable contact 15 to move
      down from the stationary contact 18 so that the series capacitor 2 opens
      its terminals to be again connected in series with the power circuit 1.
PAR  FIG. 5 shows the capacitor protecting apparatus shown in FIG. 4 in detail
      in which parts similar to those of FIGS. 1 and 2 are designated by the
      same reference numerals. The contacts 15 and 18 are positioned in faced
      relation in a tubular insulator 30. A metallic casing 86 is mounted on the
      upper end of the tubular insulator 30 to mount the gap device 36 thereon
      and is slidably coupled with the connection rod 45 which is connected with
      the upper terminal of the capacitor 2 of FIG. 2. The stationary contact 30
      has a rod 75 extending upwards and is provided with a cylindrical valve 76
      which normally is seated on a valve seat in the casing 86 to close a gas
      passage 77 of the casing 86 through which an insulating gas flow is
      directed into a space of the gap assembly 39. The movable contact 15 is a
      tubular type and has its lower open end which normally is seated on a
      valve seat disposed on an intermediate flange member 78. The flange member
      78 also has an outlet port 79 through which an insulating gas is exhausted
      when the lower end of the contact 15 is separated from the valve seat for
      current interruption.
PAR  The movable contact 15 is mounted at the upper end of an elongated rod
      member 80 which in turn has a piston 81 slidably mounted in a cylinder 82
      which projects downwards from the flange member 78. The rod 80 also has a
      swelled portion 83 which is normally positioned below the upper claws of
      the catch member 24 which is in turn mounted on the flange member 78 as
      shown.
PAR  The electromagnetic repulsion device MR having a primary repulsion winding
      32 and a repulsion disc member 28 similar to those of FIG. 2 is provided
      around the rod member 80. The disc member 28 is mounted on a tubular boss
      member 84 fixed around the rod 80 as shown. The tubular boss member 84 has
      an upper flange which normally enters between the lower claws of catch
      member 24 so as to normally catch the swelled portion 83 of the rod 80 as
      shown. The catch member 24 and the electromagnetic repulsion device 24 are
      located in a metallic casing 85 which is mounted below the flange member
      78 and which is slidably connected to the connection rod 44 which is
      connected to the lower terminal of the capacitor 2 of FIG. 4.
PAR  A ring like insulator 88 is fixed between a lower end of metallic casing 85
      and a tubular coupler 89 which is mounted on an upper end of a tubular
      insulator 90. The lower end of rod member 80 is extended downwards through
      the electromagnetic repulsion device MR and terminates at the lost motion
      coupler 60.
PAR  The lost motion coupler 60 is positioned in a tubular member 93. A flange
      member 91 is fixed to a part of the rod 80 above the coupler 60. A coiled
      spring 92 is arranged between the flange member 91 and the bottom of
      tubular member 93 to normally bias the rod member 80 upwards.
PAR  A high pressure gas tank 9 is mounted on a base 5 in a manner similar to
      that of FIG. 2. A high presssure insulating gas is fed into the tank 9
      through an opening 16 provided through the base 5. The aforesaid
      insulating tube 90 is mounted on an upper surface of the tank 9 and the
      fluid operational cylinder 8 is mounted on a lower surface thereof. A
      piston rod 94 of the operational cylinder 8 extends through the high
      pressure gas tank 9 and is connected at its upper end to an insulating rod
      101 which is in turn connected to the lost motion coupler 60.
PAR  The piston and cylinder assembly or fluid operational cylinder 8 has a
      piston 95 fixed to the piston rod 94. A coiled spring 96 is provided
      between the piston 95 and the bottom of the cylinder 8 to normally bias
      the piston rod 94 upwards. The inside of the enclosure 7 is filled with a
      low pressure insulating gas and is connected with a lower pressure gas
      atmosphere through a pipe 97 which extends through the high pressure tank
      9 and an opening 98 provided in a base cover member 6.
PAR  The fluid operational cylinder 8 has a cylindrical valve 99 which is
      operated by a signal from a control board (not shown) to open and close an
      opening 100 capable of connecting the inside of cylinder 8 with the low
      pressure atmosphere within the base cover 6.
PAR  The cylindrical valve 99 is normally separated from its valve seat around
      the opening 100 so that equal gas pressure is present on the upper and
      lower surfaces of piston 95 to thereby elevate the rod member 94 by the
      upward biasing force of spring 96. The lost motion coupler 60 takes the
      position shown in FIG. 4 so as to be able to freely move the rod member 80
      upwards.
PAR  When an excess current flows through the capacitor 2 of FIG. 4 to cause an
      excess terminal voltage an air gap between electrodes 36' and 36" of the
      gap assembly 36 is broken down to generate an electric arc therebetween as
      described above. The capacitor discharge current flowing through the gap
      device 36 flows from the connection rod 45, metallic casing 86, electrodes
      36' and 36" of gap device 36, pin or rod 54 mounted on top of the gap
      device 36, metallic cylinder 40, metallic flange 89, primary winding 32 of
      the electromagnetic repulsion device MR and metallic casing 85 to the
      connection rod 44.
PAR  It can be seen from FIG. 5 that the capacitor current discharge path as
      described above presents two return passages capable of reducing the
      inductance thereof so as to permit the capacitor 2 to discharge rapidly.
PAR  The electromagnetic force which is generated between the primary winding 32
      and the disc member 28 of the electromagnetic repulsion device MR repels
      the disc member 28 with the rod 80 so that the rod 80 is quickly elevated
      to disengage the upper flange of member 84 with the lower claws of catch
      24. At this time, the swelled portion 83, of rod 80 enters between the
      upper claws of catch 24 so as to freely elevate the rod 80. The elevation
      of rod 80 allows the movable contact 15 to maker contact with the
      stationary contact 18. The elevational movement of the rod 80 is enhanced
      by the extension of coiled spring 60 and the gas exhaustion from the upper
      surface of piston 81 in the cylinder 82 through the valve seat of the
      flange member 78 which is opened by elevation of the movable contact 15.
PAR  The movable contact 15 further elevates the stationary contact 75 with the
      cylindrical valve 76 so that an insulating gas is directed into the gap
      device 36 through the valve seat opened by the valve 76 and the passage 77
      to thereby blast the gas flow to the surfaces of electrodes 36' and 36".
      In this way, the electric arc extending between electrodes 36' and 36" is
      extinguished and the electrode surfaces are cleaned.
PAR  The movable contact 15 is maintained at its elevated level to make contact
      with the stationary contact 18 by a differential gas pressure which
      functions to elevate movable contact 15 due to the difference between the
      front and back surface areas of the contact 15, the gas pressure directed
      to the lower surface of piston 82 and the force on the piston 91 from the
      coiled spring 92 positioned between the flange 91 and the bottom of
      cylinder 93.
PAR  In this way, the capacitor current is completely bypassed by the bypass
      switch BS. After elimination of a fault current flowing through the series
      capacitor, the cylindrical valve 99 is pushed leftwards to open the inside
      of cylinder 8 to the low pressure atmosphere in the base cover 6 through
      opening 100 and valve 99. Consequently, the piston 95 is lowered due to
      high pressure on the upper surface thereof and causes the rod 101 to move
      downwards. As is clear from FIG. 4, after engagement of the two members of
      the lost motion coupler 60 with each other, the rod member 80 also moves
      down to separate the movable contact 15 from the stationary contact 18.
PAR  During the downward movement of the movable contact 15, a gas exhausting
      passage is formed through an upper opening of the contact 15, the inside
      thereof, the lower opening thereof and the port 79 of flange 78 so that
      the electric arc between contacts 15 and 18 is directed into the inside of
      the movable contact 15 to be elongated and to be extinguished.
PAR  The movable contact 15 is finally seated on its valve seat to close the
      outlet port 79 of the gas and the swelled portion 83 of rod member 80 is
      positioned below the upper claws of catch 24 to prevent the rod 80 from
      being elevated until the next operational signal is received.
PAR  Since it is understood that the series capacitor protecting apparatus of
      this embodiment provides an effectiveness similar to that shown in FIGS. 1
      and 2, the description thereof is omitted.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by letters patent of the
      United States is:
NUM  1.
PAR  1. A protecting apparatus for a capacitor connected in series with an
      electric power circuit for improvement of the power factor thereof
      comprising:
PA1  a protecting gap assembly connected in parallel with the capacitor to
      bypass the capacitor current by discharging it in response to a
      predetermined excess voltage across the capacitor when an abnormall excess
      current flows through the capacitor,
PA1  a bypass switch for short circuiting the gap assembly with the capacitor in
      response to the discharge current flowing through the gap assembly,
PA1  the bypass switch being provided with a pair of contacts aligned with each
      other in faced relation to effect on-off operation,
PA1  a fluid operational driving cylinder combined with one of the contacts of
      the bypass switch,
PA1  an electromagnetic repulsion means combined with either one of the contacts
      for generating an electromagnetic repulsion force in response to the
      capacitor discharge current flowing through the protecting gap device to
      move one contact towards the other contact to make the contacts
      independent of the drivinng cylinder,
PA1  the discharge gap device, the electromagnetic repulsion device and the pair
      of contacts being aligned along an axis so that the discharge gap device
      assumes the uppermost position,
PA1  a concentric cylindrical member made of an electrically conductive material
      and mounted around the aligned parts,
PA1  the cylindrical member having one closed end positioned at the side of the
      discharge gap device and one open end positioned at the side of the
      driving cylinder for the bypass switch,
PA1  the cylindrical member being connected in parallel with the aligned parts
      to provide a current path including the gap device and a magnetic
      repulsion winding of the electromagnetic repulsion device for discharging
      the capacitor current until the capacitor bypass switch closes its
      contacts, and
PA1  an enclosure filled with an electric insulating gas and enclosing the
      discharge device, the electromagnetic repulsion means and the gap bypass
      switch therein.
NUM  2.
PAR  2. A protecting apparatus according to claim 1 wherein the protecting gap
      device is mounted on an upper end of a metallic casing electrically
      connected with one terminal of the capacitor, one closed end of the
      cylindrical member is electrically connected to the gap device through a
      rod member which is mounted on one electrode of the gap assembly and which
      extends through an opening provided at the closed end of the cylindrical
      member so that a part adjacent to the closed end of the cylindrical member
      forms a current return path which cooperates with the gap assembly and the
      metallic casing for presenting a small inductance to the capacitor
      discharge current.
NUM  3.
PAR  3. A protecting apparatus according to claim 1 wherein the gap device is
      assembled to form a tubular member, the electromagnetic repulsion device
      is assembled in a tubular metallic casing, the bypass switch is assembled
      by surrounding its contacts with a tubular insulator, and the gap device,
      the repulsion device and the bypass switch form a single tubular member
      and high pressure insulating gas is enclosed within the bypass switch.
NUM  4.
PAR  4. A protecting apparatus according to claim 3 wherein the metallic casing
      surrounding the electromagnetic repulsion device includes a gas passage in
      an inner space of the bypass switch which is connected to an inner space
      of the gap device, and wherein the bypass switch closes its contacts to
      short circuit the terminals across the capacitor, one of the contacts
      separates from its valve seat to direct a gas flow into the gap device
      through the gas passage so that an air gap between the electrodes of the
      gap device is cleaned by the gas flow.
NUM  5.
PAR  5. A protecting apparatus according to claim 1 wherein a metallic casing is
      interposed between the gap device and the capacitor bypass switch, and the
      casing is connected to one terminal of the capacitor through a connection
      rod slidably connected with a periphery of the casing, a stationary
      contact of the capacitor bypass switch has a rod which extends into the
      metallic casing and has a valve member mounted thereon to open a gas
      passage provided in the metallic casing in response to the capacitor
      bypass operation of the bypass switch, and wherein an insulating gas can
      flow into the gap device during the capacitor bypass operation to
      extinguish an electric arc in the air gap and to clean the air gap.
NUM  6.
PAR  6. A protecting apparatus according to claim 3 wherein the electromagnetic
      repulsion device is provided in a metallic casing mounted below the
      capacitor bypass switch, the metallic casing is connected with the other
      terminal of the capacitor through a connection rod slidably connected
      thereto, and whereby a lower part of the cylindrical member, the
      electromagnetic repulsion device and a part of the metallic casing of the
      electromagnetic repulsion device form in conjunction a return path for the
      capacitor discharge current.
NUM  7.
PAR  7. A protecting apparatus according to claim 1 wherein a piston rod of the
      fluid operational cylinder is coupled with a movable contact of the
      capacitor bypass switch whereby the movable contact is driven by the fluid
      operational cylinder to contact a stationary contact of the bypass switch
      when a capacitor bypass signal is applied to a control valve of the
      cylinder and, at the same time, the electromagnetic repulsion device is
      reset by the closing stroke of the switch and the movable contact is reset
      at its original open position when a resetting signal is applied to the
      control of the switch.
NUM  8.
PAR  8. A protecting apparatus according to claim 1 wherein a piston rod of the
      fluid operational cylinder is coupled with a movable contact of the
      capacitor bypass switch through a lost motion coupler, the electromagnetic
      repulsion device is interposed between the lost motion coupler and the
      movable contact of the capacitor bypass switch, whereby the
      electromagnetic repulsion device causes the movable contact to contact a
      stationary contact of the bypass switch independently of the fluid
      operational cylinder and the fluid operational cylinder causes the movable
      contact to separate from the stationary contact when a resetting signal is
      applied to a control of the fluid operational cylinder.
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ABST
PAL  A crowbar switch having a start and a crowbar gap each having a trigger
      electrode therein. The two gaps are disposed close to each other so that
      the photons and thermoelectrons emitted from the arc produced by a
      discharge in the start gap ionize the ambient gas about the crowbar gap
      for easier occurrence of a discharge in the crowbar gap.
BSUM
PAR  This invention relates to a crowbar switch having a function of electric
      discharge.
PAR  Crowbar switches are widely used to short-circuit the opposite ends of a
      coil in which energy is stored, in particular, a coil which is used in
      equipment used in plasma physics research for enclosing plasma for an
      extended period of time.
PAR  There are many known types of crowbar switches, such as a mechanically
      operating switch, a dielectric switch, an ignitron and a fast air gap
      crowbar switch using a low pressure gap as a decoupling element. However,
      the mechanical switch and the ignitron are slow in the speed of operation.
      Although the dielectric switch is fast in the speed of operation, it must
      be replaced by a new switch after every discharge. The fast air gap
      crowbar switch requires a high and a low pressure atmosphere, so that the
      manufacturing cost is high and maintenance is troublesome.
PAR  Accordingly, the primary object of the invention is to provide an improved
      crowbar switch having a function of electric discharge.
PAR  Another object of the invention is to provide such a crowbar switch as
      aforesaid in which the delay time in operation is greatly reduced.
PAR  Another object of the invention is to provide such a crowbar switch as
      aforesaid which has little time jitter in operation.
PAR  Another object of the invention is to provide such a crowbar switch as
      aforesaid which includes a start switch which transfers energy stored in a
      condenser to a coil.
PAR  Another object of the invention is to provide such a crowbar switch as
      aforesaid which includes a crowbar gap and a start gap so that the photons
      and thermoelectrons produced by the arc in the start gap ionize the
      ambient atmosphere of the crowbar gap so that the crowbar gap is rendered
      conductive by a lower trigger voltage applied thereto than otherwise.
DRWD
PAR  The invention will be better understood from the following detailed
      description of a preferred embodiment thereof with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a circuit diagram for explanation of the principle of operation
      of the crowbar switch of the invention;
PAR  FIG. 2 is a waveform diagram of the voltage and current in the circuit of
      FIG. 1;
PAR  FIG. 3 is a side view of a switch constructed in accordance with the
      invention;
PAR  FIG. 4 is a transverse section taken along line IV -- IV in FIG. 3; and
PAR  FIGS. 5 - 7 are somewhat schematic side view of the switch sequentially
      showing the state of discharge in the discharge gap of the device of FIG.
      3.
DETD
PAR  Referring in detail to FIG. 1, there are shown three electrodes 1, 2 and 3,
      with a first gap P formed between the electrodes 1 and 2 and a second gap
      Q formed between the electrodes 1 and 3. The gaps P and Q are used as the
      crowbar gap and the start gap, respectively. Trigger electrodes 4 and 5
      are provided for triggering discharge in the gaps P and Q, respectively.
PAR  The start gap is connected between a coil C and a capacitor A which
      supplies energy to the coil C. When the trigger electrode 5 is operated to
      cause a discharge to take place in the start gap Q, the capacitor A which
      has until then been sufficiently charged is connected to the coil so that
      the charge in the capacitor A is discharged through the coil C.
PAR  After the start of the discharge in the gap Q, the charge voltage Eo of the
      capacitor decreases while the current i flowing from the capacitor to the
      coil C increases as time passes as shown in FIG. 2, until the voltage Eo
      drops to zero, whereafter the polarity of the voltage is reversed. When
      the voltage of this opposite polarity has become e' (usually several
      hundred to several thousand volts) at time t, the electrode 4 is operated
      to cause a discharge to take place in the crowbar gap P, whereupon the
      coil C to which energy has been supplied from the capacitor A and stored
      therein is short-circuited through the gap P so as to discharge the energy
      through the gap P.
PAR  The current i2 resulting from the discharge bypasses the capacitor A, so
      that current does not fluctuate but gradually decreases as time passes.
PAR  In FIG. 2, i shows the characteristic curve of the current flowing through
      the coil; q is the time capacitor A discharges through the start gap Q;
      and p is the time the coil C is short-circuited due to the discharge
      through the crowbar gap P.
PAR  The object of the invention is to improve the discharge characteristic of
      the crowbar gap and particularly to start the discharge in accordance with
      a desired characteristic. To this end it is required that discharge should
      be started rapidly and without fail, with as little time lag or
      fluctuation as possible. In accordance with the invention, the arc
      produced when a discharge takes place in the start gap is utilized to
      ionize the ambient air about the crowbar gap by the effect of
      photoirradiation so as to provide an atmosphere for easier occurrence of
      discharge in the gap. To this end the start gap and the crowbar gap are
      positioned close to each other, so that the arc produced by the discharge
      in the start gap is adjacent to the crowbar gap. Alternatively, the
      arrangement may be such that the arc produced in the start gap is moved
      toward the crowbar gap by the electromagnetic force produced by the arc
      and the magnetic field produced by the arc. With these arrangements it is
      easily possible to ionize the ambient atmosphere or gas in and about the
      crowbar gap.
PAR  FIGS. 3 and 4 show the detailed construction of a switch constructed in
      accordance with the invention. The electrode 1 schematically shown in FIG.
      1 is supported by a base 10 of an electrically insulating material. The
      electrode 1 is of a cylindrical shape with its bottom 10A secured to the
      top of the base 10 by means of a bolt 11. A lead 12 connected to the
      bottom 10A passes through a hole 12A formed in the base 10 so as to be
      connected to the positive terminal of the capacitor A.
PAR  The base 10 has a bottom flange sandwiched between an upper and a lower
      disk 13 and 14 both of an electrically insulating material, which are
      clamped by bolts 15.
PAR  On the disk 14 there is secured a support member 16 made of an insulating
      material and comprising a disk-like body 18 having a central hole 17
      therein and a circular leg 19 depending from the bottom of the body 18.
      The hole 17 encircles the bottom of the electrode 1.
PAR  A trigger electrode 5 is provided on the upper surface of the support
      member 16. The electrode 5 comprises a hollow cylindrical body 20
      encircling the electrode 1 and at the bottom end of the body an out-turned
      flange or radial skirt 21 secured to the disk-like body 18 of the support
      member 16. A lead 22 has one end connected to the flange 21 and extends
      for exterior connection. Discharge in the start gap Q is initiated through
      utilization of the lead 22.
PAR  A support ring 23 of an insulating material is provided on and secured to
      the support member 16, and another support ring 24 is provided above the
      ring 23. The electrode 3 comprises a hollow cylindrical portion 25 and a
      flange 26 radially outwardly extendly from the bottom end thereof. The
      flange 26 is sandwiched between the two rings 23 and 24. A lead 27 has its
      one end connected to the flange 26 of the electrode 3 and its other end
      connected to one end of the coil C.
PAR  The hollow cylindrical portion 25 of the electrode 3 encircles the hollow
      cylindrical body 20 of the trigger electrode 5, with the bottom end of the
      cylindrical portion 25 being positioned below the level of the top end of
      the electrode 1 and that of the cylindrical body 20 of the trigger
      electrode 5. With this arrangement, when a discharge has taken place
      between the electrodes 1 and 3 to produce an arc S therebetween, the
      resulting current flows through the electrode 1 upwardly as indicated at
      ia (FIG. 5) and from the top end of the electrodes the current flows as
      the arc S to the cylindrical body 25 of the electrode 3, where the current
      flows through the flange 26 as indicated at ib.
PAR  Thus the current flows between the electrodes 1 and 3 along a generally
      U-shaped path, within which the arc current then produces a magnetic
      field. The interaction between the field and the arc current produces an
      electromagnetic force to move the arc upwardly so that the one end or leg
      of the arc at the side of electrode 3 is displaced upward as shown in
      FIGS. 6 and 7. The arc produces thermoelectrons and photons which ionize
      the ambient air or gas within the cylindrical body 25 of the electrode 3
      which includes the upper portion of the electrode 1.
PAR  The electrode 2 comprises a hollow cylindrical body 31 which has a bottom
      32 positioned within the cylindrical body 25 of the electrode 3. The
      bottom surface 32 faces the top surface of the electrode 1 with a gap
      therebetween, within which a disk-like trigger electrode 4 is disposed.
PAR  The electrode 2 is provided with a radial flange 33 extending from the
      upper end of the cylindrical body 31 and the flange 33 is supported by and
      secured to the support ring 24.
PAR  A lead 34 has its one end connected to the flange 33 and its opposite end
      connected to the coil C and the capacitor A, so that when a discharge
      occurs between the electrodes 1 and 2, the coil C is short-circuited
      through the electrodes.
PAR  The trigger electrode 4 is formed at the bottom end of a rod 35 depending
      from a frame 37 made of an insulating material and secured to the flange
      33 of the electrode 2 by means of bolts 36. The electrode 4 is positioned
      intermediate the two electrodes 1 and 2.
PAR  The trigger electrode 4 is triggered only after the trigger electrode 5 was
      triggered to start the discharge between the electrodes 1 and 3, so that
      at the time the electrode 4 is triggered, the gas within the cylindrical
      body of the electrode 3 is sufficiently ionized. As a result, when the
      electrode 4 is triggered, a discharge takes place between the electrodes 1
      and 4 without delay.
PAR  The electrodes 1, 2, 3, 4 and 5 may be of any desired shape. The
      illustrated hollow cylindrical or plane shape, however, is preferred since
      it helps lengthen the life of the electrodes.
PAR  In the illustrated embodiment, the trigger electrode 4 is held at a fixed
      position by fixing the rod 35 to the frame 37. It is possible to change
      the position of the electrode 4 by axially moving the support rod 35.
PAR  In the illustrated embodiment, the electrode 1 is commonly used for both
      the start gap and the crowbar gap. This arrangement makes the device
      compact and advantageously decreases the inductance.
PAR  The concentric arrangement of the electrodes is preferred since it makes
      easier than otherwise adjustment of the relative positions of the
      electrodes and replacement of the component parts. However, any other
      suitable arrangements can also be employed.
PAR  Since both the start gap and the crowbar gap are provided within the space
      defined by the members 16, 23, 24, etc., it is easier to enclose and
      retain an insulation gas within the space than if the two gaps were
      provided in separated spaces.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A crowbar switch comprising: a first central electrode; a second hollow
      cylindrical electrode encircling said central electrode so that a start
      gap is formed between said electrodes; a first trigger electrode for said
      start gap encircling said central electrode and disposed between said
      central electrode and said hollow cylindrical electrode; a third electrode
      disposed inside said second electrode and facing said first electrode so
      that a crowbar gap is formed between said first and third electrodes; a
      second trigger electrode for said crowbar gap disposed in said crowbar
      gap, whereby the gas in said crowbar gap is ionized by the photons and
      thermoelectrons induced by the arc produced by discharge in said start
      gap.
NUM  2.
PAR  2. The device of claim 1, wherein when an arc is produced in said start gap
      by a discharge between said first and second electrodes, an
      electromganetic force is produced by the current of said arc and the
      magnetic field produced by said arc current to cause said arc to move
      toward said crowbar gap between said first and third electrodes.
NUM  3.
PAR  3. The device of claim 1, wherein said electrodes forming each said gap are
      disposed in a single chamber.
NUM  4.
PAR  4. The device of claim 1 wherein, said first electrode in connected to one
      end of a capacitor for storing energy; said second electrode is connected
      to one end of a coil; and said third electrode is connected to the other
      end of said capacitor and coil.
NUM  5.
PAR  5. A crowbar switch circuit, comprising:
PA1  electrical energy storage means;
PA1  electrical load means;
PA1  a start switch gap connected between energy storage means and said
      electrical load means for conducting energy stored in said storage means
      to said electrical load means when said start switch gap is fired and
      assumes a condition of discharge therein;
PA1  a crowbar switch gap, said crowbar switch gap being connected across said
      electrical load means for short circuiting said load means when said
      crowbar switch gap is fired, said start switch gap and said crowbar switch
      gap being positioned close to one another such that said condition of
      discharge in said start switch gap ionizes ambient gas about said crowbar
      switch gap thereby reducing the time and energy necessary to fire said
      crowbar switch gap; and
PA1  means for firing said start switch gap and said crowbar switch gap.
NUM  6.
PAR  6. The apparatus of claim 5, including means defining an enclosure, and
      means positioning said start switch gap and said crowbar switch gap within
      said enclosure.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said energy storage means is a
      capacitor, and said load means is a coil.
NUM  8.
PAR  8. The apparatus of claim 5, wherein said firing means includes trigger
      electrodes positioned in said start switch gap and said crowbar switch
      gap, and means for selectively energizing said trigger electrodes.
NUM  9.
PAR  9. The apparatus of claim 5, wherein said start switch gap and said crowbar
      switch gap are defined by two spaced electrodes and a common electrode
      spaced therefrom.
NUM  10.
PAR  10. The apparatus of claim 5, wherein said gaps are disposed such that the
      discharge in said start switch gap is moved toward said crowbar switch gap
      by electromagnetic force.
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PAL  A ground fault detector-interrupter for a single phase three wire
      electrical system includes a polarity sensitive fault detector controlling
      a gate in a manner such that only the hot line that has a ground fault
      will be interrupted.
BSUM
PAR  In a single phase three wire electrical system, when one of the hot lines
      becomes deenergized because of fault conditions or otherwise, it is often
      desirable to have the other hot line remain energized. This is
      particularly so when one hot line controls a lighting circuit and the
      other hot line provides an auxiliary power circuit. However, when a
      conventional ground fault detector-interrupter is used, a ground fault in
      either circuit will cause opening of both circuits so that if the ground
      fault is in the axiliary power circuit loss of lighting power will make
      corrective action more difficult.
PAR  The instant invention overcomes the foregoing difficulty by providing
      selective means to deenergize only the circuit having the ground fault.
      This is accomplished by utilizing a detector-discriminator which produces
      a control signal for closing an electronic switch only when the ground
      fault is of a particular polarity. The switch is in circuit with both of
      the separate operating coils for opening switches in the respective hot
      lines. Diodes connected to each of the hot lines are in series with the
      respective operating coils and are so connected that an operating coil
      will be energized only if the switch or gate is conducting at a time when
      the hot line connected to the coil in question is of the same polarity as
      the ground fault.
PAR  Accordingly, a primary object of the instant invention is to provide a
      ground fault detector-interrupter that will open only the hot line in the
      faulted circuit or circuits of a single phase three wire electrical
      system.
DRWD
PAR  This object, together with other objects of this invention, will become
      apparent after reading the following description of the accompanying
      drawing in which the single FIGURE is a schematic of a ground fault
      detector-interrupter constructed in accordance with teachings of the
      instant invention to interrupt only the circuit or circuits of a single
      phase, three wire system in which ground faults are present.
DETD
PAR  Now referring to the FIGURE. Single phase source 11 is connected by hot
      conductors A, B and neutral conductor N to energize electrical loads 12,
      13. Neutral N is grounded at its source end. Conductors A, B, N extend
      through toroidal magnetic core 21 of balanced transformer 20 to constitute
      three separate single turn primary windings. Transformer 20 also includes
      multi-turn secondary 22 connected to input terminals 23, 24 of
      amplifier-control 25. Output terminal 26 of amplifier 25 is connected to
      the switching input of controllably conductive semi-conductor switch or
      gate 30.
PAR  The power circuit of switch 30 is connected between neutral conductor N and
      the junction between operating coils 31, 32. The latter, when energized,
      bring about opening of the respective switches 33, 34 in series with the
      respective hot lines A, B. Semi-conductor diodes 35, 36 connect coils 31,
      32 to the respective hot conductors A, B.
PAR  Diodes 37 and 38 provide power from hot conductors B and A, respectively,
      for amplifier 25 at positive energizing terminal 43 thereof. Negative
      energizing terminal 44 of amplifier 25 is connected to neutral N. The
      construction of amplifier 25 is such that there will be an output at
      terminal 26 only when terminal 43 is energized, and input terminal 23 is
      positive with respect to input terminal 24. Thus, amplifier 25 acts as a
      polarity sensitive device.
PAR  When there is a ground fault on line A, the fault current will flow through
      transformer 20 toward the load 12, while line A is positive with respect
      to the neutral line. This will produce an output voltage on winding 22 of
      a polarity such that amplifier input terminals 23, 24 are positive and
      negative, respectively. Amplifier output 26 will go positive, triggering
      switch 30 which will energize coil 31 through diode 35. At this time diode
      36 is blocking to prevent coil 32 from being energized.
PAR  If a ground fault occurs on line A while line A is in the negative half
      cycle, fault current will flow toward the source 11 and the output voltage
      at terminal 26 will try to go negative and gate 30 will remain in a
      blocking state. During the following positive half cycle, fault current
      will flow toward the load 12 and interrupter 33 will open in accordance
      with the prior description.
PAR  For ground faults on line B, the foregoing procedure is repeated except
      that the opening of interrupter 34 occurs when line B is positive, which
      is also when fault current is flowing toward load 13.
PAR  Although there have been described preferred embodiments of this novel
      invention, many variations and modifications will now be apparent to those
      skilled in the art. Therefore, this invention is to be limited not by the
      specific disclosure herein, but only by the appending claims.
CLMS
STM  The embodiments of the invention in which an exclulsive privilege or
      property is claimed are defined as follows:
NUM  1.
PAR  1. A ground fault detector-interrupter for a single phase three wire
      electrical system having a neutral conductor and first and second hot
      conductors at potentials of opposite polarities with respect to the
      neutral conductor; said detector-interrupter including first and second
      switch means in series with the respective first and second hot
      conductors, first and second operating means which upon being energized
      open the respective first and second switch means, detector means for
      monitoring current conditions at said neautral and hot conductors, and
      producing an output related to unbalanced currents in said neutral and hot
      conductors, control means which receives said output and produces a
      control signal related to the polarity of said output, switching means
      operated by said control signal and constructed to be closed when said
      output is of a predetermined polarity, first and second energizing
      circuits for the respective first and second operating means, said first
      energizing circuit connected between said neutral and said first hot
      conductors and including in electrical series a first semi-conductor
      means, said first operating means and said switching means, said second
      energizing circuit connected between said neutral and said second hot
      conductors and including in electrical series a second semi-conductor
      means, said second operating means and said switching means; each of said
      semi-conductors being connected in circuit to conduct and thereby permit
      energization of the operating means in circuit therewith when the hot
      conductor connected thereto is of said predetermined polarity and said
      switching means is closed.
NUM  2.
PAR  2. A ground fault detector-interrupter as set forth in claim 1 in which the
      control means includes a polarity sensitive amplifier.
NUM  3.
PAR  3. A ground fault detector-interrupter as set forth in claim 1 in which the
      predetermined polarity is positive with respect to the neutral conductor.
NUM  4.
PAR  4. A ground fault detector-interrupter as set forth in claim 1 in which the
      detector means includes a balanced transformer including first, second and
      third primaries connected in series with the respective first hot, second
      hot and neutral conductors, and a secondary winding wherein said output is
      induced.
NUM  5.
PAR  5. A ground fault detector-interrupter as set forth in claim 1 in which
      each of the switch means comprises a semi-conductor diode.
NUM  6.
PAR  6. A ground fault detector-interrupter as set forth in claim 5 in which the
      switching means comprises a controllably conductive semi-conductor device.
NUM  7.
PAR  7. A ground fault detector-interrupter as set forth in claim 6 in which the
      detector means includes a balanced transformer including first, second,
      and third primaries connected in series with the respective first hot,
      second hot and neutral conductors, and a secondary winding wherein said
      output is induced.
NUM  8.
PAR  8. A ground fault detector-interrupter as set forth in claim 7 in which the
      predetermined polarity is positive with respect to the neutral conductor.
NUM  9.
PAR  9. A ground fault detector-interrupter as set forth in claim 7 in which the
      control means includes a polarity sensitive amplifier.
NUM  10.
PAR  10. A ground fault detector-interrupter as set forth in claim 9 in which
      the predetermined polarity is positive with respect to the neutral
      conductor.
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PAL  A short-circuit protection circuit for use in an arrangement in which a
      load is connected to a source of electrical power by way of switch,
      operates to open the switch only when a true short circuit condition
      exists, the circuit discrminating between a true short circuit condition
      and short duration high current surges caused, for example, by bouncing of
      the contacts of the switch or transient characteristics of the load.
BSUM
PAR  This invention relates to a short-circuit protection circuit.
PAR  In many electric circuit arrangements in which a load is connected to a
      source of electrical power by way of a switch it is essential that in the
      event of a short circuit occurring, which would result in an exceptionally
      high current being passed through the load causing damage thereto, the
      switch being opened in order to isolate the load from the source of
      electrical power.
PAR  However, it is clearly desirable that the switch be opened only when a true
      short circuit exists; that is the switch should be under the control of
      means capable of discriminating between a true short circuit condition and
      short duration high current surges supplied to the load and caused, for
      example, by switch contact bounce on operation of the switch, and
      resulting from the nature of the load, for example transient
      characteristics when the load is a tungsten filament lamp.
PAR  The present invention is a short-circuit protection circuit for detecting a
      high short circuit direct current flowing through an electric switch to a
      load and opening the switch, characterised by a voltage detector
      connectible to the live side of the load and providing a first
      predetermined output logic signal when the detected voltage is in the
      vicinity of zero, the output of the voltage being connected to the input
      of a timing means adapted to provide a second predetermined output logic
      signal after the first predetermined output logic signal has persisted for
      a predetermined time, the output of the timing means being connected
      indirectly to the switch such that the existence of the second
      predetermined output logic signal opens the switch.
PAR  Preferably the output of the timing means is connected to a switch by way
      of a logic latch adapted to convert the second predetermined output logic
      signal into a steady state logic signal into a steady state logic signal.
PAR  The output of the logic latch is preferably connected to a first input of a
      logic gate a second input of which is connected to a load control line,
      and the output of which provides a third predetermined logic signal only
      when the second logic signal is present and a logic signal indicative of a
      load command is present on the load control line.
PAR  The load control line may be connected through logic gating to an input of
      the logic latch whereby the logic latch is reset when the load command
      signal is removed from the load control line.
PAR  Additionally, the circuit can include a second voltage detector connected
      in parallel with the first mentioned voltage detector and providing an
      output signal when the detected voltage rises above a predetermined value
      to indicate an open circuit.
DRWD
PAR  An embodiment of the present invention will now be described, by way of
      example, with reference to the drawing which is a schematic diagram of a
      circuit according to the invention.
DETD
PAR  A load, which in this embodiment is a light bulb 1, is connected in series
      with a resistor 2 and the intervening normally open switch contacts 3 of a
      relay 4. As shown, this series circuit is connected between 12 volts at
      the resistor 2 and earth at the bulb 1. The value of the resistor 2 is so
      chosen that when normal load current flows through it the voltage
      developed across the resistor 2 is large enough to be detected in a
      voltage detector 5 which is connected to a point A between the resistor 2
      and the contacts 3, but does not significantly reduce the voltage applied
      to the light bulb 1. Typically, the value of the resistor 2 is chosen to
      provide a voltage drop of 0.1 volt across the resistor 2.
PAR  As second voltage detector 8 is also connected to the point A. The output
      line B of the voltage detector 8 is connected to the clear input 9 of a
      binary counter 10 and also to one input of an AND-gate 11. The AND-gate 11
      has two other inputs one of which is connected to a source of clock
      pulses, not shown, and the other of which is connected to a load control
      line E. The output of the AND-gate 11 is connected to the clock input 12
      of the counter 10.
PAR  The counter 10 has three outputs Q.sub.1, Q.sub.2 and Q.sub.3 which are
      connected as inputs to a NAND-gate 14 the output line C of which is
      connected as one input of a NAND-gate 15 which together with a further
      NAND-gate 16 comprises a NAND-latch 17. The latch effect is obtained by
      connecting the output of the gate 15 to an input of the gate 16, and
      connecting the output of the gate 16 as an input of the gate 15. The
      output line D of the NAND-gate 16 forms the latch output, and this is
      connected to an input of an AND-gate 18 the other input of which is
      connected to the load control line E. A short circuit indicator line is
      connected to the output of the NAND-gate 15.
PAR  The load control line E is also connected through an inverter 19 and a line
      F to an input of a NAND-gate 20 and an input of a NAND-gate 21. The
      NAND-gate 20 has a second input which is connected to the clock line, and
      the output of gate 20 is connected to a second input of gate 21. The
      output line G of gage 21 is connected to an input 22 of the latching
      NAND-gate 16.
PAR  The output of the AND-gate 18 is connected through a transistor drive
      interface 24 to the base of a switching transistor 25, the emitter of
      which is connected to earth and the collector of which is connected to one
      end of the coil 26 of the relay 4. The other end of the coil 26 is
      connected to the 12 volt supply line. A diode 27 is connected in parallel
      across the relay coil 26.
PAR  To energize the bulb 1, a logic `1` is applied to the load control line E
      by means not shown. This logic 1 which is applied to the AND-gate 18 in
      conjunction with a logic 1 derived at the output of the NAND-latch 17
      provides a logic 1 at the output of gate 18 to render the transistor 25
      conductive causing the coil 26 to be energized at the contacts 3 to close.
      This connects the light bulb 1 to the 12 volt supply line.
PAR  Suppose now the bulb 1 fails or becomes opencircuited for some other
      reason. Current ceases to flow through the resistor 2 and so the voltage
      at the point A will rise from 11.9 volts (12-0.1) to 12 volts. This change
      in voltage is detected by the voltage detector 5 which provides a logic 1
      on its output line H thus providing a signal to indicate the open circuit.
PAR  Suppose that instead of an open circuit a short-circuit to earth in the
      bulb circuit occurs, the voltage at the point A will fall from 11.9 volts
      to 0 volts. This change in voltage is detected in the voltage detector 8
      which provides a logic 1 at its output. This logic 1 releases the counter
      10 from its previous (inhibit/reset) condition, and allows the AND-gate 11
      which is energized on all three inputs to supply clock pulses to the
      counter 10. If the short-circuit persists the counter 10 will count from
      its reset condition of Q.sub.1 =O, Q.sub.2 =0, Q.sub.3 =0 until, after
      seven clock pulses, the complement code Q.sub.1 =1, Q.sub.2 =1, Q.sub.3 =1
      is reached, at which point the NAND-gate 14 will decode the count and
      change its output from logic 1 to logic 0 thus setting the NAND-latch 17.
      The output of the latch 17 on line D will change from a logic 1 to a logic
      0 thus inhibiting the relay control AND-gate 18, rendering the transistor
      25 non-conductive and de-energizing the relay coil 26 to open the relay
      contacts 3. Thus, the dangerous high short-circuit current is stopped by
      isolating the 12 volt supply line from the bulb circuit. While the
      short-circuit persists the short-circuit indicator line is energized. This
      can be used to drive an indicator lamp.
PAR  The latch 17 remains set, thus holding the relay 4 off, until the load
      control signal is switched off, i.e., when the signal on the line E is
      changed from logic 1 to logic 0. This logic 0 is inverted by inverter 19
      and allows the NAND-gates 20 and 21 to pass continuous resetting clock
      pulses to the input 22 of the NAND-latch 17.
PAR  In the case of a current surge when the relay contacts 3 close, the point A
      will momentarily dip towards 0 volts providing an apparent short-circuit
      condition which will be detected by the voltage detector 8. The output of
      the detector 8 on line B will initiate the counter cycle as described
      above. However, since the detected signal at A is a pulse (or pulses) of
      short total duration the counter cycle will have reached only the second
      or third count by the time the voltage at point A has fully returned to
      its original condition of 11.9 volts at which time the output of the
      detector 8 will return to logic 0 to reset the counter 10 and inhibit the
      AND-gate 11. Thus, the circuit successfully differentiates between a true
      steady state short-circuit condition and a transient, e.g. contact bounce,
      condition.
PAR  As a modification of the above described circuit the binary counter can be
      replaced by a triggered monostable device which on occurrance of an output
      from the detector 8, is switched to its unstable state. If the output from
      detector 8 persists for a predetermined time, at the end of this time the
      monostable device produces a short output pulse which switches over the
      latch 17. If however the output of the detector 8 does not persist for the
      predetermined time the monostable device reverts to its original stable
      state, does not produce an output pulse, and the latch 17 is not switched
      over.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A short-circuit protection circuit for detecting a high short circuit
      direct current flowing through an electric switch to a load and opening
      the switch, comprising a voltage detector connectible to the live side of
      the load and providing a first predetermined output logic signal when the
      detected voltage is in the vicinity of zero, the output of the voltage
      detector being connected to the input of a timing means adapted to provide
      a second predetermined output logic signal after the first predetermined
      output logic signal has persisted for a predetermined time, the output of
      the timing means being connected indirectly to the switch such that the
      existence of the second predetermined output logic signal opens the
      switch.
NUM  2.
PAR  2. A circuit as claimed in claim 1, in which the output of the timing means
      is connected to the switch by way of a logic latch adapted to convert the
      second predetermined output logic signal into a steady state logic signal.
NUM  3.
PAR  3. A circuit as claimed in claim 2, in which the output of the logic latch
      is connected to a first input of a logic gate a second input of which is
      connected to a load control line, and the output of which provides a third
      predetermined logic signal only when the second logic signal is present
      and a logic signal indicative of a load command is present on the load
      control line.
NUM  4.
PAR  4. A circuit as claimed in claim 3, in which the load control line is
      connected through logic gating to an input of the logic latch whereby the
      logic latch is reset when the load command signal is removed from the load
      control line.
NUM  5.
PAR  5. A circuit as claimed in claim 4, in which the logic gating comprises a
      first NAND-gate having one input connectible to a source of clock pulses
      and a second input connected to the load control line by way of an
      inverter, and a second NAND-gate having one input connected to the output
      of the first NAND-gate, and a second input connected to the output of the
      inverter, the output of the second NAND-gate being connected to the input
      of the logic latch.
NUM  6.
PAR  6. A circuit as claimed in claim 5, in which the timing means comprises a
      binary counter arranged to count pulses from the source of clock pulses.
NUM  7.
PAR  7. A circuit as claimed in claim 5, in which the first input of the first
      NAND-gate is connected to one input of an AND-gate which has a second
      input connected to the output of the voltage detector and a third input
      connected to the load control line, the output of the AND-gate being
      connected to the counter whereby clock pulses can be supplied to the
      counter when the AND-gate is open.
NUM  8.
PAR  8. A circuit as claimed in claim 3, in which the output of the logic gate
      controlled by the logic latch controls the switch by way of a transistor
      having its emitter-collector path connected in series with the switch
      operating circuit and its base connected to the output of the logic gate.
NUM  9.
PAR  9. A circuit as claimed in claim 2, in which the logic latch comprises a
      first NAND-gate having a first input connected to the output of the timing
      means, and a second NAND-gate having a first input connectible to a source
      of clock pulses the output of the first NAND-gate being connected to a
      second input of the second NAND-gate, and the output of the second
      NAND-gate being connected to a second input of the first NAND-gate, and
      also constituting the output of the logic latch.
NUM  10.
PAR  10. A circuit as claimed in claim 1, including a resistor connected in
      series with the load by way of the switch, the end of the resistor remote
      from the switch being connectible to a voltage source, and the voltage
      detector being connected to the junction between the resistor and the
      switch.
NUM  11.
PAR  11. A circuit as claimed in claim 1, in which the switch is an
      electromagnetic relay.
NUM  12.
PAR  12. A circuit as claimed in claim 1, including a second voltage detector
      connected in parallel with the first mentioned voltage detector and
      providing an output signal when the detected voltage rises above a
      predetermined value to indicate an open circuit.
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ABST
PAL  A solid state protective device is disclosed which monitors an electric
      quantity such as current in a protected circuit and which responds to
      abnormal conditions by activating a circuit breaker or warning device
      after a period of time which is related by a non-linear inverse function
      to the magnitude of the circuit quantity being monitored. The device
      includes a non-linear function generator, using an operational amplifier
      to which a relatively low bias signal is supplied, to approximate the
      non-linear operating characteristics of earlier electromechanical
      protective devices.
BSUM
PAR  This invention relates to means for protecting electric circuits from
      dangerous overcurrents, and more particularly it relates to an improved
      inverse time-overcurrent protective relay having all solid state
      components.
PAR  Historically inverse time-overcurrent protective relays were of the
      electro-mechanical type. Today, due to the advantages of the high
      reliability, low maintenance, and long life of transistors and other solid
      state components, static overcurrent relays using such components are
      being designed to replace the electro-mechanical varieties. However, in
      order to achieve relay coordination in electric power delivery and
      distribution systems, it is desirable that these new solid state relays
      have operating characteristics similar to those of the older
      electro-mechanical models. In both types of relays, the desired
      characteristic is that the operating time (t) be inversely proportional to
      a power of the current (I) in the circuit being protected, i.e., I.sup.n
      t=k where k is a constant and n is ideally 2. Electro-mechanical relays
      have approached this ideal characteristic but have not exactly attained
      it, since in these relays n is not constant but depends on the amount of
      overcurrent. Therefore, to be useful in systems already protected by
      electro-mechanical overcurrent relays, solid state overcurrent relays
      should have operating characteristics matching those of the
      electro-mechanical relays they are designed to replace, even if the
      characteristics deviate from the I.sup.2 t=k optimum relationship in
      certain respects.
PAR  Electro-mechanical overcurrent rlays have been classified generally by the
      slope of the main part of their time-overcurrent operating characteristic
      as inverse (sometimes called "moderately inverse"), very inverse, and
      extremely inverse. See IEEE Standard for Relays and Relay Systems
      associated with Electric Power Apparatus, STD. 313-1971 (also ANSI
      Standard C37.90-1971).
PAR  Numerous schemes have been proposed in the prior art for approximating the
      non-linear characteristics of electro-mechanical overcurrent relays. See
      for example U.S. Pat. No. 3,105,920 to Dewey wherein a DC voltage which
      varies with the magnitude of current in a protected AC line is applied to
      a series resistance-capacitance time curve shaping circuit comprising a
      network of resistors and zener diodes arranged to alter the time contant
      of the circuit as a function of the magnitude of the DC voltage, whereby
      the time required for the capacitor to charge to a predetermined level
      varies inversely with a power of line current other than the first.
PAR  In Conference Paper CP62-1091, presented to the American Institute of
      Electrical Engineers in June 1962, E. W. Kimbark disclosed a static
      overcurrent relay including a non-linear voltage modifying circuit using
      zener diodes or the like for modifying the DC voltage applied to a series
      RC circuit as a function of the amount of overcurrent.
PAR  Such prior art schemes have certain disadvantages in that they require
      relatively large input signals and impose a relatively high burden on the
      intrument current transformers. Furthermore, the break points of their
      non-linear networks tend to be load dependent.
PAR  Another approach that has heretofore been proposed is to use log and
      antilog function generators ahead of an RC timing circuit. See U.S. Pat.
      No. 3,531,689. While this approach can produce an ideal I.sup.2 t=k
      characteristic, it is comparatively expensive, especially if adequate
      provisions are included to ensure temperature stability, and it does not
      solve the problem of matching the non ideal operating characteristic.
PAR  Accordingly, it is an object of my invention to more closely approach the
      operating characteristic of inverse and very inverse electro-mechanical
      overcurrent relays with an improved solid state relay characterized by its
      low cost, by its low burden and by its stable operating characteristic
      over a wide range of temperature variation.
PAR  In carrying out my invention in one form, I provide a suitable signal
      sensing mechanism, for example, a current transformer and full-wave
      rectifier, which provides a unipolar voltage input signal proportional to
      a current quantity in a protected line. This input signal is supplied to a
      non-linear function generator composed of an operational amplifier with an
      appropriate feed-back loop. The function generator produces at its output
      terminal an electric signal whose magnitude is a desired non-linear
      function of the input signal magnitude. The output signal of the function
      generator is integrated by an operational amplifier having capacitive
      feed-back, and this integrated output signal is compared to an appropriate
      reference signal by an operational amplifier used as a level detector.
      When the level of the reference signal is exceeded, a trip signal is
      emitted which may be used to activate an appropriate warning device or to
      trip a circuit breaker in the protected line.
PAR  The operational amplifiers used in my relay are relatively inexpensive,
      highly reliable and operate at low signal levels. Additionally they have
      very low output impedance, so that the relay's function generator does not
      appreciably influence the time constant of the integrator, thus greatly
      simplifying design.
DRWD
PAR  This invention will be more fully understood and its various objects and
      advantages will be more fully appreciated from the following description
      taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a chart of operating time plotted against multiples of
      overcurrent used to illustrate the operating characteristics of relays
      constructed in accordance with the present invention.
PAR  FIG. 2 is a schematic circuit diagram of a "very inverse" time-overcurrent
      relay embodying a first form of the invention.
PAR  FIGS. 3a and 3b are waveform plots of the input signals applied to and the
      output signals resulting from the function generator used in the relay
      shown in FIG. 2.
PAR  FIG. 4 is a schematic diagram of a modification of the function generator
      of FIG. 2 which is used to produce a relay having an "inverse"
      characteristic.
DETD
PAR  Referring now specifically to the drawings, the curves shown in FIG. 1
      depict the operating characteristics of the two described embodiments of
      my invention plotted on a log-log scale. The ordinate of the graph
      represents the time of operation of the relay while the abscissa
      represents multiples of the pick-up current, i.e., the minimum current
      which will cause the relay to respond. The shapes of these characteristic
      curves are very similar to those of the electro-mechanical counterparts of
      the present invention. The family of solid line curves A is characteristic
      of the inverse relay (FIG. 4), while the family of broken line curves B
      characterize a very inverse relay (FIG. 2). The respective curves 1A -  A
      and 1B -  10B in each family correspond to different time dial settings,
      as will be more fully explained below.
PAR  FIG. 2 illustrates the first embodiment of my invention and shows an
      alternating current circuit or line 10 to which signal sensor 12 of my
      relay is coupled. Typically, signal sensor 12 comprises an auxiliary
      current transformer 14 the secondary winding of which is inductively
      coupled to the secondary circuit of a line current transformer 16 the
      primary of which conducts whatever current is flowing in the protected
      line. The circuit in FIG. 2 is simplified by showing a signal sensor
      responsive to the net current in a single-phase line; however, persons
      skilled in the art will recognize that the relay could be easily adapted
      to respond to other circuit quantities derived from single or polyphase
      lines if desired. For example, the signal sensor 12 could be energized by
      the highest of three 3-phase currents, by ground current or by a
      symmetrical component of line current.
PAR  The current in the secondary of the auxiliary transformer 14 of signal
      sensor 12 is rectified by a full-wave rectifier 18 and fed through voltage
      dropping resistances 19 and 20 in order to provide a unipolar voltage
      input signal for the succeeding components of the relay. No smoothing
      capacitor is connected across the DC terminals of rectifier 18, whereby
      the input signal is a train of undulating half cycles of unipolar voltage
      (see waveform 100 in FIG. 3a) whose instantaneous magnitude is
      proportional to the instantaneous magnitude of alternating current in the
      protected line 14. Thus the amplitude of the input signal is
      representative of the peak magnitude of line current and varies
      contemporaneously therewith. The resistance 20 is adjustable and is set so
      that the input signal under normal current conditions has a predetermined
      low amplitude (e.g., 200 millivolts). Thus, the greater the normal
      secondary current in the auxiliary transformer 14, the lower the
      resistance value to which the rheostat 20 is set.
PAR  The input signal from across resistors 19 and 20 is supplied to the input
      terminal 21 of a function generator 22, with the polarity of the voltage
      at this terminal being positive relative to a common potential bus (shown
      as ground). The function generator 22 is composed of an operational
      amplifier 24 whose non-inverting input is connected to the common
      potential bus through a resistor 26 and whose output is connected to an
      output terminal 37 of the function generator via diode 33. A predetermined
      bias signal of relatively low constant magnitude (e.g., approximately 400
      millivolts) and of opposite polarity to the input signal is supplied to
      the inverting input of amplifier 24 by a relatively negative voltage
      source 28 through resistors 34, 35 and 36. The significance of this bias
      will be more fully explained below. Operational amplifier 24 has a
      feed-back path or loop containing a resistor 27 in a first branch and
      resistor 29, zener diode 30 and diode 31 in a second parallel branch. The
      diode 33 is in common with these two branches and another diode 32 is
      connected across the amplifier as shown. The diodes 32 and 33 when used
      are poled so as to serve the purpose of preventing a positive voltage from
      appearing at the output terminal 37 of the function generator whenever the
      inverting input of the amplifier 24 is negative due to the magnitude of
      the input signal being less than that of the bias signal.
PAR  The gain of function generator 22 changes depending on the magnitude of the
      input signal. When this signal is in a first predetermined range, the
      voltage across resistor 27 in the feed-back loop is less than the maximum
      voltage of the range as determined by the zener breakdown voltage (e.g.,
      approximately 6.8 volts), and the function generator 22 produces at output
      terminal 37 an output signal whose magnitude is related to the input
      signal by a first substantially constant gain determined by the ratio of
      the resistance value of resistor 27 to the resistance value of the input
      resistor 25 (e.g., a ratio of 150K ohms to 17.8K ohms). If the input
      signal exceeds this maximum value and enters a second predetermined range,
      function generator 22 will have a second gain which is less than the first
      because the branch of the feed-back loop containing resistor 29 and zener
      diode 30 then becomes effective and the total resistance of the loop
      decreases (e.g., to about 20K ohms).
PAR  The output of function generator 22 developed at the output terminal 37 is
      applied to an integrator 38 comprising a "time dial" 39 and an integrating
      operational amplifier 40. The time dial 39 consists of a series of
      resistors R1 - R10 accessed by a rotary switch 41. The position of the
      switch determines the number of resistors in series between output
      terminal 37 and the inverting input of operational amplifier 40 and thus
      determines the time constant of integrator 38. The higher the series
      resistance of the time dial, the slower will be the rate of integration
      and the operation of the relay. Particular "time dial" settings, as
      determined by rotary switch 39, correspond to particular curves in the
      family of characteristic curves B shown in FIG. 1. As is illustrated in
      FIG. 2, the operational amplifier 40 has capacitive feed-back (via
      integrating capacitor 43 in parallel with diode 44), and its non-inverting
      input is connected to the common potential bus through a resistor 42. If
      desired, an RC circuit or other integrating means could be substituted for
      the illustrated integrator 38 as is well known in the art.
PAR  A pickup level detector and reset circuit 45 keeps the integrator 38
      inoperative until the average value of the rectified input signal is above
      a preselected value which indicates that excessive current is flowing in
      protected line 10. Pickup level detector 45 is preferably on operational
      amplifier 46 whose non-inverting input is referenced by a positive voltage
      source 47 through resistors 48, 49 and 50, and whose feed-back loop
      contains a capacitor 51. The inverting input is connected to rectifier 18
      via an input resistor 52, and the output of the amplifier 46 is connected
      to integrator 38 by a diode 53 and resistor 53a. The capacitor 51 across
      the operational amplifier 46 averages the magnitude difference between the
      input signal and the reference. The reference signal is selected such that
      the average magnitude of the input signal will equal or exceed it whenever
      current in the protected line 10 rises above a pickup value which is a
      certain per cent higher than normal. Normally the output of operational
      amplifier 46 is positive and the diode 53 is able to conduct. However,
      when pickup is reached, this output becomes negative, diodes 53 and 44
      block, and capacitor 43 will begin to accumulate charge.
PAR  The integrated signal provided by the integrator 38 is fed to a level
      detector 54 which preferably comprises an operational amplifier 55 whose
      non-inverting input is connected to the common potential bus through
      resistor 56 and whose inverting input receives a signal from summing point
      57. The summing point 57 is connected to the output of integrator 38 by
      way of a resistor 58 and also to a cource 59 which provides a relatively
      negative bias signal through a resistor 60. Operational amplifier 55 has a
      rectifying feedback path containing diode 61. When the integrated output
      voltage of integrator 38 exceeds a preselected level established by the
      bias due to source 59, the net positive current at the summing point 57
      will flow toward level detector 54 and the level detector will produce a
      relatively negative trip signal that will activate a trigger circuit 62.
PAR  Since the rate of integration of the integrator 38 is proportional to the
      average value of the output signal produced by the function generator, the
      length of time required to produce the trip signal is inversely
      proportional to the magnitude of the function generator output. If the
      output of the function generator is related to the input signal by the
      non-linear function sought to be achieved, the desired operating
      characteristic will be obtained.
PAR  As it is illustrated in FIG. 2, the trigger circuit 62 consists of a
      transistor 63, resistors 64, 65 and 66, zener diode 66a, a voltage source
      67, and a diode 68. The trip signal turns on transistor 63 thus energizing
      a relay coil 69. Relay contact 70, which is normally in an open position,
      closes as a result of current in coil 69. The closing of contact 70
      activates tripping circuit 71 to open a circuit breaker 72 in protected
      line 10. Alternatively, an appropriate warning light or alarm could also
      be activated.
PAR  An important feature of my invention is the addition of the small bias
      signal to the inverting input of operational amplifier 24 of the function
      generator 22 by voltage source 28 through resistors 34, 35 and 36. As
      mentioned above, the rate of integration of integrator 38 is proportional
      to the average value of the output signal of function generator 22. For
      this reason, small signals take a relatively longer time to produce a trip
      signal than do larger signals. Since the bias is of opposite polarity to
      the unipolar voltage input signal and since the bias is a significantly
      higher percentage of a small signal than of a larger one, the bias even
      further retards the rate of integration for small signals while having
      little effect on larger signals. This gives a much better approximation to
      the desired relay characteristics by slowing relay operation for current
      values at or near pick-up. The effect of the bias will be better
      appreciated from the following description of FIG. 3a and FIG. 3b.
PAR  FIGS. 3a and 3b depict the waveform of the input and the output signals of
      function generator 22 during one cycle of current in the protected line
      for two different conditions. In one case, as is shown in FIG. 3a, the
      peak magnitude of the input signal 100 which is applied to input terminal
      21 is less than the breakpoint magnitude 101 established by the zener
      diode 30, and the first gain of operational amplifier 24 is effective. The
      resulting output signal 102 of function generator 22 which appears at
      output terminal 37 is as shown in the lower portion of FIG. 3a . Shaded
      area 103 represents that amount by which the output signal is reduced due
      to the bias signal applied by voltage source 28. By reducing the magnitude
      of the output signal, the rate of integration is slowed and thus the time
      of operation of the relay is increased. Positive peak 108 would be
      produced in output signal 102 were it not for the presence of blocking
      diodes 32 and 33, which prevent the output from going above zero.
PAR  FIG. 3b shows a larger input signal 104 whose peak magnitude exceeds the
      breakpoint magnitude 101. When applied to the function generator 22 this
      signal causes the gain to switch to its second constant value during part
      of each half cycle. Since the second gain is lower than the first gain,
      the peak of the resulting output signal 105 is flattened as shown at 106.
      Due to its reduced peak, the average magnitude of the output signal 105
      over a full cycle for a given input signal is decreased. Thus for
      overcurrents large enough to cause the second gain to be effective, the
      rate of integration will be slower than if the first gain continued to be
      effective throughout the cycle.
PAR  If function generator 22 were not present, the relay's time-overcurrent
      characteristic would have a slope of approximately -1 throughout its
      range. In order to achieve the very inverse curves B shown in FIG. 1, I
      have decreased the slope at high multiples of overcurrent by switching to
      a lower gain thereby reducing the rate of integration, and I have
      increased the slope at the low end of the range of overcurrent values by
      introducing the bias of voltage source 28, thereby slowing relay operation
      in this region. It should be noted in FIGS. 3a and 3b that shaded area 103
      resulting from the small bias applied by voltage source 28 represents a
      much smaller percentage of signal 105 than it does of signal 102.
      Therefore the rate of integration for a large signal is not sufficiently
      slowed by the bias.
PAR  FIG. 4 shows an alternative function generator 22a  that can be used in a
      second embodiment of my invention to produce a relay having an inverse
      time-overcurrent operating characteristic. Function generator 22a has
      input terminal 21a and output terminal 37a and is comprised of operational
      amplifier 24a whose inverting input is connected to input terminal 21a via
      input resistor 25a and whose non-inverting input is connected to common
      through another resistor 26a. Function generator 22a also includes a
      feed-back path comprised of four parallel branches containing resistors
      27a, 30a, 31a and 32a, respectively. Three of the branches contain a diode
      (40a, 41a and 42a) in series with the associated resistor, with the anodes
      of all three diodes being connected directly to the inverting input of the
      operational amplifier 24a. These diodes are normally reverse biased by a
      voltage applied to their cathodes from a positive voltage source 46a
      through resistors 43a, 44a and 45a, respectively. Operational amplifier
      24a is also supplied with a bias signal induced by a relatively small
      negative voltage source 28a. This signal is applied to the inverting input
      of the amplifier 24a through resistors 34a, 35a and 36a.
PAR  Typical values of resistance for the resistors of the feed-back loop are as
      follows:
     resistor 27a   215        K ohms                                          
     resistor 30a   56.2       K ohms                                          
     resistor 31a   31.6       K ohms                                          
     resistor 32a   6.81       K ohms                                          
     resistor 43a   191        K ohms                                          
     resistor 44a   82.5       K ohms                                          
     resistor 45a   13.3       K ohms                                          
PAR  Voltage source 46a is typically set at 15 volts with respect to common.
      Since these resistors have different resistance values, diodes 40a, 41a,
      and 42a have differing bias voltages and the net resistance in the loop
      will decrease in three discrete steps as the input signal increases. So
      long as the magnitude of the signal applied to the inverting input of
      operational amplifier 24a is in a first predetermined range, the function
      generator will have a first gain equal to the ratio of the resistance
      value of resistor 27a alone to that of resistor 25a. Diodes 40a, 41a, and
      42a are initially all reverse biased since their anodes are at virtual
      ground and their cathodes are positive due to source 46a. However, when
      the input signal rises to the maximum limit of the first range, the input
      signal enters a second predetermined range in which the voltage at output
      terminal 37a will be sufficiently negative to lower the potential at the
      cathode of diode 40a below ground, thereby causing this diode to become
      forward biased. In this second range the feedback branch containing diode
      40a and resistor 30a becomes conductive, and the second gain (which is
      lower than the first) of the function generator 42a becomes effective. If
      the input signal attains the maximum limit of this second predetermined
      range, it enters a third predetermined range, in which the voltage at
      output terminal 37a has an even greater negative magnitude which lowers
      the voltage at the cathode of diode 41a to a point sufficient to cause
      this diode also to become biased. In this range a still lower third gain
      becomes effective due to the addition of parallel resistor 31a to the
      feedback loop. A fourth and lowest gain likewise becomes effective when
      the input rises beyond the maximum limit of the third range, at which
      point diode 42a begins to conduct. The reverse bias signal applied to the
      operational amplifier 24a by voltage source 28a serves the same function
      as the bias to the source 28 in the first embodiment; namely, to reduce
      the average magnitude of the output signal at low input signal levels. By
      substituting the function generator 22a for the function generator 22, the
      relay shown in FIG. 2 will operate with characteristics closely
      approximating those of an inverse electro-mechanical overcurrent relay, as
      is illustrated by family of curves A in FIG. 1.
PAR  While I have shown and described several forms of my invention by way of
      illustration, other modifications will surely occur to those skilled in
      the art. It is contemplated, therefore, by the claims which conclude this
      specification to cover all such modifications as fall within the true
      spirit and scope of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A protective relay adapted to be coupled to an alternating current
      circuit for producing a trip signal in delayed response to the value of a
      circuit quantity becoming excessive, said relay comprising:
PA1  a. means for deriving from said circuit a unipolar input signal of variable
      amplitude representative of said quantity;
PA1  b. means for providing a predetermined bias signal of relatively low
      magnitude;
PA1  c. function generating means to which said input signal and said bias
      signal are supplied in polarity opposition, said function generating means
      being operative to produce an output signal which varies as a non-linear
      function of the sum of said signals,
PA1  d. means connected to said function generating means and operative whenever
      the value of said circuit quantity becomes excessive for integrating said
      output signal in order to produce an integrated output signal; and
PA1  e. means connected to said integrating means capable of producing a trip
      signal if the integrated output signal exceeds a preselected level.
NUM  2.
PAR  2. A protective relay as defined in claim 1 in which said function
      generating means includes means for blocking any appreciable output signal
      until the magnitude of said input signal exceeds the magnitude of said
      bias signal.
NUM  3.
PAR  3. A protective relay as defined in claim 1 in which said function
      generating means is comprised of an operational amplifier.
NUM  4.
PAR  4. A protective relay as defined in claim 1 in which said output signal is
      related to said input signal by a substantially constant gain when the
      input signal is within a first predetermined range and by another
      substantially constant gain different than said first-mentioned gain when
      the input signal is within second predetermined range whose minimum value
      equals the maximum value of said first range.
NUM  5.
PAR  5. A protective relay as defined in claim 4 in which said function
      generating means is comprised of an operational amplifier.
NUM  6.
PAR  6. A protective relay as defined in claim 5 in which said other gain is
      less than said first mentioned gain.
NUM  7.
PAR  7. A protective relay as defined in claim 1 in which the instantaneous
      magnitude of said unipolar input signal varies contemporaneously with the
      instantaneous magnitude of said quantity.
NUM  8.
PAR  8. A protective relay as defined in claim 7 in which said function
      generating means has at least first, second and third substantially
      constant gains depending on the magnitude of said sum signal, said first
      gain being effective so long as the magnitude of said sum signal is within
      said first range, said second gain being lower than said first gain and
      being effective whenever the magnitude of said sum signal is within said
      second range, and said third gain being lower than said second gain and
      being effective when the magnitude of said sum signal is within a third
      predetermined range whose minimum limit equals the maximum limit of said
      second range.
NUM  9.
PAR  9. A protective relay as defined in claim 7 in which said output signal is
      related to said input signal by a substantially constant gain when the
      input signal is within a first predetermined range and by another
      substantially constant gain different than said first-mentioned gain when
      the input signal is within second predetermined range whose minimum value
      equals the maximum value of said first range.
NUM  10.
PAR  10. A protective relay as defined in claim 9 in which said function
      generating means is comprised of an operational amplifier.
NUM  11.
PAR  11. A protective relay as defined in claim 10 in which said other gain is
      less than said first mentioned gain.
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ABST
PAL  Circuitry is utilized to interconnect loads to the power distribution
      system and only conducts current when voltage conditions from the system
      are appropriate. Therefore, the load is deenergized whenever reversed
      connections are made to the power distribution system, or whenever an open
      circuit exists in any line thereof. Latching means can be included in the
      circuitry to continually energize the load when an open circuit develops
      in either nongrounded or hot line of the power distribution system after
      the load has been initially energized therefrom. Furthermore, the effect
      of the latching means is externally controlled through a switching means
      so that remote circuit conditions can be synchronized therewith. When an
      indicating means is incorporated as the load, the circuitry functions as a
      detector and when the circuitry is utilized with a circuit breaker to
      deenergize the load, ground fault protection can be incorporated
      therewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to circuitry which precludes the energizing
      of a load from a three-wire, dual voltage, power distribution system
      whenever an open circuit exists in the system or correct connections have
      not been made thereto. Three-wire, dual voltage, AC power distribution
      systems are widely utilized for supplying electrical service to homes and
      industry. In such systems, an equal voltage is available between either of
      two hot lines and a neutral line, however, between the two hot lines the
      voltage magnitude is double. Therefore, conditions hazardous to equipment
      can occur when distribution boxes are incorrectly connected to such a
      system or when an open circuit develops in a line thereof. Such hazardous
      conditions are frequently encountered at construction sites where
      temporary power installations are utilized in which portable distribution
      boxes are randomly disposed and interconnected by electrical cables.
PAR  Circuitry is known by which power transmission through distribution boxes
      is precluded when improper connections have been made to the power
      distribution system or when an open circuit exists in a line thereof.
      However, all such circuitry is either expensive to incorporate or of
      limited adaptability to other desirable circuit refinements. One such
      circuit refinement is that after the distribution box has been energized
      from the system, power will continue to be transmitted therethrough from
      either hot line when an open circuit occurs in the other hot line. In some
      applications, this circuit refinement must be further sophisticated in
      that transmission of power is only continued if particular equipment, such
      as a DC power supply, is connected to the hot line having no open circuit
      therein. Another highly desirable refinement is to provide ground fault
      protection for the power transmitted through the distribution box.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of the present invention to verify that
      proper connections exist to a three-wire power distribution system and the
      absence of open circuit conditions therein with a logic circuit which
      minimizes the disadvantages of the prior art.
PAR  It is another object of the present invention to include a latching means
      in the logic circuit thereof for overriding the deenergizing effects which
      result from open circuit conditions occuring after the absence of such
      conditions has been initially verified.
PAR  It is still another object of the present invention to combine the logic
      circuit thereof with means for providing ground fault protection.
PAR  These objects are accomplished according to the present invention by
      combining a polarity-responsive means with a switching means to
      synchronize conductivity through the latter with conditions of opposite
      voltage polarities in the power distribution system. A voltage dividing
      means is incorporated as part of this logic circuit in a particular
      embodiment and produces a holding current for latching the switching means
      in the conductive state when an open circuit develops in either hot line
      of the power distribution system. The holding signal is directed through
      an externally controlled switching means to preclude the latching effect
      until after power has been initially drawn from the system. Furthermore,
      conditions existing remotely from the logic circuit can be coordinated
      with the latching effect through the externally controlled switching means
      in various applications. In one preferred embodiment, the logic circuit is
      utilized with a low voltage release coil of a circuit breaker to interrupt
      the flow of current from the power distribution system to a load. Where
      ground faults between the breaker poles of the circuit breaker and the
      load are to be detected, a differential current sensing means is connected
      to drive a second tripping coil of the circuit breaker when supply current
      to, and return current from the load, differ by a predetermined magnitude.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The manner is which these and other objects of the present invention are
      achieved will be best understood by reference to the following
      description, the appended claims, and the attached drawings wherein:
PAR  FIG. 1 is a block diagram for the logic circuit of this invention;
PAR  FIG. 2 is a schematic showing one possible circuit arrangement for the
      logic circuit of this invention;
PAR  FIG. 3 is a schematic showing a second possible circuit arrangement for the
      logic circuit of this invention;
PAR  FIG. 4 is a schematic diagram of a detector incorporating the logic circuit
      of this invention and illustrating the cooperative use thereof with a
      ground fault circuit interrupter in a circuit breaker;
PAR  FIG. 5 is a schematic showing the logic circuit of FIG. 2 with a latching
      means incorporated therein to sustain conductivity across the switching
      means thereof when open circuit conditions occur in the power distribution
      system and illustrating the use of an externally controlled switching
      means to coordinate the effect of the latching means with conditions
      remote from the logic circuit;
PAR  FIG. 6 is a schematic showing the logic circuit of FIG. 2 with another
      latching means incorporated thereinto and illustrating the use of the
      externally controlled switching means to coordinate the effect of the
      latching means with the energizing of a DC power supply;
PAR  FIG. 7 is a schematic showing the logic circuit of FIG. 2 with another
      latching means incorporated thereinto and illustrating the use of a
      semiconductor switch as the externally controlled switching means to
      coordinate the effect of the latching means with the existence of positive
      DC supply voltage; and FIG. 8 is a schematic showing the logic circuit of
      FIG. 3 with a latching means incorporated therein to sustain conductivity
      across the switching means thereof when open circuit conditions occur in
      the power distribution system and illustrating the use of an externally
      controlled switching means to coordinate the effect of the latching means
      with conditions remote from the logic circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawings, and more particularly to FIG. 1, there is
      illustrated a block diagram of a logic circuit for verifying proper
      connections to a three-wire, dual voltage, AC power distribution system
      and the absence of open circuit conditions therein. The power distribution
      system includes two hot lines L.sub.1 and L.sub.2 and a neutral line N,
      each of which connect to the logic circuit. Generally, the logic circuit
      includes a switching means for interrupting current flow and a
      polarity-responsive means for synchronizing conductivity through the
      switching means with conditions of opposite voltage polarities in the hot
      lines L.sub.1 and L.sub.2 relative to the neutral line N. Terminals are
      provided for connecting a load to the power distribution system through
      the switching means which, therefore, controls current flow through the
      load in accordance with conditions existing in the power distribution
      system, as sensed by the logic circuit. Of course, if a means for
      providing an indication of electrical conductivity is integrated as the
      load with the logic circuit, a detector would result.
PAR  Semiconductor devices can be utilized in the logic circuit and one possible
      arrangement thereof is illustrated in FIG. 2. In this arrangement a
      conventional rectifier is disposed as the polarity-responsive means and
      includes diodes 10, 12, 14 and 16 interconnected as a bridge having AC
      input terminals 18 and 20 and DC output terminals 22 and 24. A triac 26
      having first and second main terminals 28 and 30 respectively, along with
      a gate 32, is disposed as the switching means in this arrangement with the
      gate 32 connected to one of the DC output terminals 24. In use the logic
      circuit connects to the power distribution system with the AC input
      terminals 18 and 20 across the hot lines L.sub.1 and L.sub.2 and the first
      main terminal 28 to the neutral line N. The second main terminal 30 and
      the other DC output terminal 22 constitute the load terminals.
PAR  In operation the logic circuit allows current to pass through the load only
      if the voltages of the hot lines L.sub.1 and L.sub.2 are opposite in
      polarity relative to the neutral line N. This is so because the rectifier
      only applies a voltage to the second main terminal 30 through the load,
      when either hot line L.sub.1 or L.sub.2 is positive and only applies a
      voltage to the gate 32 when either hot line L.sub.1 or L.sub.2 is
      negative. Since the triac 26 will not conduct current between the first
      and second main terminals 28 and 30 unless voltages exist simultaneously
      at the second main terminal 30 and the gate 32, no current will flow
      through the load when the logic circuit has been incorrectly connected to
      the lines L.sub.1, L.sub.2 and N or open circuit conditions exist in these
      lines. Although a full-wave rectifier is shown in FIG. 2, a half-wave
      rectifier could be utilized where the load is responsive to the decreased
      average voltage resulting therefrom. Therefore, the logic circuit of FIG.
      2 could be operational with either diodes 10 and 14 or 12 and 16 deleted
      from the circuit.
PAR  Another arrangement of devices which can be used for the logic circuit is
      shown in FIG. 3 where an autotransformer 34 is disposed as the polarizing
      means and a silicon controlled rectifier 36 is disposed as the switching
      means. The autotransformer 34 includes a tap terminal 38 and a pair of
      winding terminals 40 and 42 while the silicon controlled rectifier 36
      includes an anode 44, a cathode 46 and a gate 48. One of the winding
      terminals 42 is connected to the gate 48, while the tap terminal 38 is
      connected to the cathode 46. In this arrangement, the logic circuit
      connects to the power distribution system with the load between the anode
      44 and one of the hot lines L.sub.1, with the other winding terminal 40 to
      the other hot line L.sub.2, and with either the cathode 46 or the tap
      terminal 38 to the neutral line N.
PAR  In operation the logic circuit of FIG. 3 allows current to pass through the
      load only if the voltages of the hot lines L.sub.1 and L.sub.2 are
      opposite in polarity relative to the neutral line N. This is so because
      the silicon controlled rectifier 36 only conducts current between the
      anode 44 and cathode 46 when both the anode 44 and the gate 48 are more
      positive than the cathode 46. Since the autotransformer 34 inverts the
      polarity of the voltage on the gate 48 relative to that of hot line
      L.sub.2, the anode 44 and gate 48 are only more positive than the cathode
      46 when the logic circuit has been correctly connected to the lines
      L.sub.1, L.sub.2 and N, and if no open circuit conditions exist in these
      lines. Of course, the load could be connected between the cathode 46 and
      the tap terminal 38, in which case the anode 44 would be connected
      directly to the hot line L.sub.1 and the tap terminal 38 would be
      connected to the neutral line N.
PAR  Although the indicating means utilized with the logic circuit of this
      invention in creating a detector is not limited to any particular type of
      load, a coil 50 of a circuit breaker 52 is an appropriate load where
      undervoltage conditions in the power distribution system are also to be
      detected. Such an arrangement is illustrated in FIG. 4 where a primary
      load is connected to the power distribution system through the breaker
      poles 54 of the circuit breaker 52. The circuit breaker 52 is the well
      known type in which the breaker poles 54 only remain closed so long as the
      coil 50 is energized with a minimum voltage. The coil 50 is commonly known
      in the art as a low voltage release coil and operates to disconnect the
      primary load from the power distribution system whenever the minimum
      voltage is not sustained thereacross. Of course, the logic circuit in this
      arrangement could be that of either FIG. 2 or FIG. 3 and therefore, the
      minimum voltage will only be applied across the coil 50 when the logic
      circuit has been correctly connected to the power distribution system and
      no open circuit conditions exist therein. Furthermore, it should be
      realized without further explanation that undervoltage conditions
      occurring thereafter in either hot line L.sub.1 or L.sub.2 are detected
      when either the logic circuit of FIG. 2 or FIG. 3 is utilized.
PAR  Where a second coil 56 is provided within the circuit breaker 52 to open
      the breaker poles 54 when energized, the safety features of a ground fault
      circuit interrupter (GFCI) 58 may be combined with those of the logic
      circuit. The GFCI 58 employs a differential transformer 60 to detect any
      current unbalance between the hot lines L.sub.1 and L.sub.2 and the
      neutral line N of the power distribution system. The differential
      transformer 60 includes a toroidal core 62 through which the hot lines
      L.sub.1 and L.sub.2 and the neutral line N of the power distribution
      system are passed as single turn primary windings. Of course, current
      flows through the hot lines L.sub.1 and L.sub.2 in the opposite direction
      to the current in the neutral line N and the sum of the currents in the
      hot lines L.sub.1 and L.sub.2 is equal to the current in the neutral line
      N, so long as no ground faults exist. A secondary winding 64 is disposed
      on the core 62 and is connected to a sensing circuit 66 through which it
      drives the second coil 56 of the circuit breaker 52. If a current leakage
      to ground develops, for example through a person's body, an unbalanced
      current condition results in the lines of the power distribution system
      and causes the breaker poles 54 to open when the second coil 56 is
      energized through the sensing circuit 66 from the secondary winding 64.
      This action is so rapid that electrical shock having a dangerous nature to
      the person is prevented.
PAR  After a load has been connected to the power distribution system through
      the logic have of this invention, many applications require that current
      not be interrupted to the load when open circuit conditions occur in only
      one hot line L.sub.1 or L.sub.2. A latching means can be incorporated into
      the logic circuit for holding the switching means thereof in a conductive
      state when such conditions occur in the power distribution system.
      Generally, the latching means is comprised only of a means for dividing a
      voltage into equal magnitudes and an externally controlled switching means
      for interrupting current flow. Because the purpose of the latching means
      can only be accomplished if the load is energized from either hot line
      L.sub.1 or L.sub.2, in logic circuits where the load is energized from
      only one hot line, a rectifying means for deriving a single polarity
      voltage from between the hot lines L.sub.1 or L.sub.2 must be included in
      the latching means. The voltage dividing means is disposed in the logic
      circuit to connect across the hot lines L.sub.1 and L.sub.2 of the power
      distribution system and the output therefrom is directed through the
      externally controlled switching means to coordinate the latching means
      with conditions remote to the logic circuit. Of course, the single
      polarity voltage from the rectifying means of the latching means is
      directed to energize the load.
PAR  Depending on the particular remote condition to be coordinated therewith,
      the latching means will havee various arrangements. One such arrangement
      is illustrated in FIG. 5, where the latching means is incorporated into
      the logic circuit of FIG. 2. In this arrangement a single pole, single
      throw switch 68 is utilized as the externally controlled switching means
      and resistors 70 and 72 of equal values are connected in series as the
      voltage dividing means. The switch 68 includes wiring terminals 74 and 76
      across which electrical continuity is interrupted by a remote condition
      and the voltage dividing means includes a center tap terminal 78 and input
      terminals 80 and 82. The wiring terminals 74 and 76 are connected in
      series between the gate 32 and the center tap terminal 78, while each
      input terminal 80 and 82 is connected to one of the AC input terminals 18
      and 20. Means for sensing threshold voltage levels, such as a diac 84, may
      also be connected in series between the center tap terminal 78 and the
      gate 32 when the resistors 70 and 72 are of less than precision quality.
      Diodes 12 and 16 have not been included in the arrangement of FIG. 5 and
      therefore, the polarity-responsive means of the logic circuit is a
      half-wave rectifier. Consequently, diode 86 is connected between the DC
      output terminal 22 and the hot line L.sub.2 to provide a voltage for the
      load regardless of whether the open circuit occurs in hot line L.sub.1 or
      L.sub.2.
PAR  With the latching means arranged as shown in FIG. 5, the logic circuit of
      FIG. 2 operates in the same manner discussed previously except that when
      the switch 68 is electrically conductive between wiring terminals 74 and
      76, the triac 26 continues to conduct current through the load even when
      an open circuit condition occurs in one of the hot lines L.sub.1 or
      L.sub.2. This is so because the absolute level at the center tap terminal
      78 rises to a greater value than that of the neutral line N and the triac
      26 is held on thereby. When the voltage threshold sensing means is
      utilized in the circuit the voltage at the center tap terminal 78 must
      attain the threshold level before any signal is applied to the gate 32,
      and therefore, the need for an exacting voltage division at the center tap
      terminal 78 is avoided. It should be realized without further explanation
      that the single pole, single throw switch 68 of this arrangement could be
      included as a fourth breaker pole 54 in the circuit breaker 52 of FIG. 4.
      By so doing the latching means is rendered of no effect until after
      correct connections of the logic circuit to the power distribution system
      and the absence of open circuit conditions therein have been verified.
PAR  Another arrangement of the latching means in the logic circuit of FIG. 2 is
      illustrated in FIG. 6 where the circuitry is the same as that of FIG. 5
      except that the externally controlled switching means is disposed to shunt
      the center tap terminal 78 to the neutral line N. Also, a single pole,
      double throw switch 88 is utilized as the externally controlled switching
      means and includes wiring terminals 90, 92 and 94. Within the switch 88,
      electrical continuity exists across either wiring terminals 90 and 92 or
      wiring terminals 90 and 94 subject to the control of a remote condition.
      Wiring terminal 90 is connected to the first main terminal 28, wiring
      terminal 92 is connected to the center tap terminal 78, and wiring
      terminal 94 is connected to the neutral AC input of a DC power supply.
      Means for conducting unidirectional voltages, such as a diode 96, may also
      be connected in series with the switch 88 between the center tap terminal
      78 and the first main terminal 28 to conserve on the power dissipated. Of
      course, the gate 32 is either directly connected to the center tap
      terminal 78 or the voltage threshold sensing means is connected
      therebetween, as shown in FIG. 6.
PAR  With the latching means arranged as shown in FIG. 6, the logic circuit of
      FIG. 2 operates in the same manner discussed previously except that when
      the switch 88 is open between wiring terminals 90 and 92, the triac 26
      continues to conduct current through the load even when an open circuit
      condition occurs in one of the hot line L.sub.1 or L.sub.2. This is so
      because the absolute voltage level at the center tap terminal 78 is above
      that of the neutral line N during any such open circuit conditions and
      therefore, the triac 26 is held on thereby. Of course, when the switch 88
      is closed between wiring terminals 90 and 92, the triac 26 receives no
      signal from the center tap terminal 78 which is then short circuited to
      the neutral line N. The diode 96 only permits current to pass from the
      center tap terminal 78 to the neutral line N during half of each AC cycle
      and therefore, limits the power dissipation encountered across resistors
      70 and 72 when the switch 88 is closed between wiring terminals 90 and 92.
      It should be realized without further explanation that the DC power supply
      is only energized from the power distribution system when the switch is
      closed between wiring terminals 90 and 94 and open between wiring
      terminals 90 and 92. Therefore, the DC power supply is only energized
      after the latching means has become effective within the logic circuit. Of
      course, the DC power supply in no way limits the scope of this invention
      and is only utilized for illustrative purposes.
PAR  Still another arrangement of the latching means in the logic circuit of
      FIG. 2 is illustrated in FIG. 7 where the circuitry is the same as that of
      FIG. 5 except that a silicon controlled rectifier 98 is utilized as the
      externally controlled switching means. The silicon controlled rectifier 98
      includes an anode 100, a cathode 110 and a gate 112, and electrical
      conductivity therethrough is controlled remotely from a DC power supply.
      The gate 112 is connected to the positive terminal of the DC power supply
      while the anode 100 and cathode 110 are connected in series between the
      center tap terminal 78 and the gate 32 of the triac 26.
PAR  With the latching means arranged as shown in FIG. 7, the logic circuit of
      FIG. 2 operates in the same manner discussed previously except that the
      triac 26 continues to conduct current through the load when an open
      circuit condition occurs in one of the hot lines L.sub.1 or L.sub.2 only
      if the DC power supply has been energized from the power distribution
      system and is operative to produce a positive DC voltage. This is so
      because the silicon controlled rectifier 98 is only electrically
      conductive between the anode 100 and the cathode 110 when a positive
      signal is imposed on the gate 112 by the DC power supply.
PAR  The latching means can also be incorporated into the logic circuit of FIG.
      3 in any of the arrangements and with any of the synchronized effects
      discussed previously. To avoid redundancy, only one such arrangement is
      illustrated in FIG. 8 where a single pole, single throw switch 114 is
      utilized as the externally controlled switching means. Resistors 116 and
      118 of equal values are connected in series as the voltage dividing means
      and diodes 120 and 122 are connected in series as the rectifying means
      which is included to energize the load with a single polarity voltage from
      either hot line L.sub.1 or L.sub.2. The switch 114 includes wiring
      terminals 124 and 126 across which electrical continuity is interrupted by
      a remote condition, while the voltage dividing means includes a center tap
      terminal 128 and input terminals 130 and 132, and the rectifying means
      includes a positive tap terminal 134 and AC terminals 136 and 138. The
      wiring terminals 124 and 126 are connected in series between the center
      tap terminal 128 and the tap terminal 38, while one input terminal 130 and
      one AC terminal 136 are connected to winding terminal 40. The other input
      terminal 132 is connected to the other AC terminal 138 and the center tap
      terminal 128 is connected to the gate 48 with a means for sensing
      threshold voltage levels, such as a diac 140, connected therebetween, if
      the resistors 116 and 118 are of less than precision quality. The logic
      circuit resulting from this arrangement connects to the power distribution
      system with the AC terminals 136 and 138 across the hot line L.sub.1 and
      L.sub.2 and the tap terminal 38 to the neutral line N, with the load
      connected between the anode 44 and the positive tap terminal 134.
      Furthermore, a means for conducting unidirectional voltages, such as a
      diode 142, may also be connected in series with the switch 114 between the
      center tap terminal 128 and the tap terminal 38 to conserve on the power
      dissipated.
PAR  With the latching means arranged as shown in FIG. 8, the logic circuit of
      FIG. 3 operates in the same manner discussed previously except that when
      the switch 114 is open between wiring terminals 124 and 126, the silicon
      controlled rectifier 36 continues to conduct current through the load even
      when an open circuit condition occurs in one of the hot lines L.sub.1 or
      L.sub.2. This is so because during each AC cycle a positive voltage
      develops at the center tap terminal 128 simultaneously with a positive
      voltage at the positive tap terminal 134 whenever an open circuit
      condition occurs in either hot line L.sub.1 or L.sub.2 and therefore,
      electrical conductivity is maintained across the silicon controlled
      rectifier 36. However, when the switch 114 is closed between wiring
      terminals 124 and 126, the center tap terminal 128 is short circuited to
      the neutral line N and the gate 48 receives no positive signal so that the
      silicon controlled rectifier 36 is nonconductive during the open circuit
      condition. It should be realized without further explanation that the
      effect of the latching means in the logic circuit is coordinated with an
      external condition through the switch 114. When the voltage threshold
      sensing means is utilized in the circuit the voltage at the center tap
      terminal 128 must attain the threshold level before any signal is applied
      to the gate 48 and therefore, the need for an exacting voltage division at
      the center tap terminal 128 is avoided. Furthermore, when the
      unidirectional voltage means is utilized current only passes from the
      center tap terminal 128 to the neutral line N during half of each AC cycle
      and therefore, the power dissipation encountered across resistors 116 and
      118 is limited when the switch 114 is closed between wiring terminals 124
      and 126.
PAR  Those skilled in the art should readily appreciate that the logic circuit
      of this invention can be utilized to verify the making of correct
      connections to a power distribution system and the absence of open circuit
      conditions therein. The logic circuit can be combined with an indicating
      means to create a detector and when the indicating means is a low voltage
      release coil of a circuit breaker, undervoltage conditions in the power
      distribution system may also be detected therewith. Through the circuit
      breaker the features of the logic circuit can also be combined with those
      of a ground fault circuit interrupter. Furthermore, a latching means may
      be included in the logic circuit to override the effect thereon of open
      circuit conditions occurring in either hot line of the power distribution
      system after the absence of such conditions has been initially verified.
      Of course, the effect of the latching means in the logic circuit can be
      synchronized with remote conditions to the logic circuit.
PAR  It should be understood that the present disclosure has been made only by
      way of example and that numerous changes in details of construction and
      the combination or arrangement of parts may be resorted to without
      departing from the true spirit and scope of the invention. Therefore, the
      present disclosure should be construed as illustrative only rather than
      limiting.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. The combination of a logic circuit for use with a three-wire AC power
      distribution system to verify proper connections thereto or open circuit
      conditions therein and a ground fault sensing circuit, the power
      distribution system having two nongrounded lines and a neutral line, said
      logic circuit comprising:
PA1  semiconductor switching means having conductive and nonconductive states
      for selectively interrupting current flow therethrough;
PA1  polarity-responsive means for synchronizing the states of said switching
      means with conditions of opposite voltage polarities in the nongrounded
      lines relative to the neutral line, said polarity-responsive means
      rendering said switching means nonconductive when conditions of opposite
      voltage polarities fail to exist in the nongrounding lines of the power
      distribution system;
PA1  said switching means having first and second main terminals and a control
      terminal, said polarity-responsive means having plural AC input terminals
      and plural DC output terminals, said control terminal coupled to one of
      said DC output terminals;
PA1  a load series coupled to said main terminals between the other DC output
      terminal and the neutral line and receiving current by way of said logic
      circuit when the nongrounded lines are connected to said AC input
      terminals if no open circuit conditions exist in the power distribution
      system;
PA1  means for indicating electrical conductivity coupled as said load to detect
      when proper connections are made to the power distribution system or open
      circuit conditions exist therein, said indicating means comprising first
      and second coils mounted in a circuit breaker, said breaker having breaker
      poles electromechanically linked with said first coil to open when the
      energizing voltage of said first coil is below a predetermined minimum
      level and said breaker poles being electromechanically linked with said
      second coil to open when energizing voltage is applied to said second
      coil;
PA1  latching means for holding said switching means in a conductive state when
      open circuit conditions exist in one nongrounded line of the power
      distribution system;
PA1  said latching means including an externally controlled switching means for
      interrupting current flow and means for dividing a voltage into equal
      magnitudes, said externally controlled switching means having wiring
      terminals across which electrical conductivity is interrupted, said
      voltage dividing means having input terminals and a center tap terminal at
      the divided voltage level, said input terminals being connected to said AC
      input terminals, said wiring terminals being connected between said
      control terminal and said center tap terminal, said center tap terminal
      attaining a voltage level relative to the neutral line when open circuit
      conditions exist in either nongrounded line of the power distribution
      system, said voltage level holding said switching means in a conductive
      state when said externally controlled switching means is closed to conduct
      current therethrough; and
PA1  a ground fault sensing circuit connected to energize said second coil when
      current leakage to ground of predetermined magnitude occurs in the power
      distribution system.
NUM  2.
PAR  2. The logic circuit of claim 1 wherein said externally controlled
      switching means is an electronic switch.
NUM  3.
PAR  3. The logic circuit of claim 2 wherein said electronic switch is a
      silicon-controlled rectifier having an anode, a cathode, and a gate; said
      anode and said cathode being said wiring terminals; said gate controlling
      the electrical conductivity across said wiring terminals with voltage from
      a source remote to said logic circuit.
NUM  4.
PAR  4. The logic circuit of claim 1 wherein said switching means is a
      silicon-controlled rectifier and said polarity-responsive means is an
      autotransformer; said silicon-controlled rectifier having an anode, a
      cathode, and a gate, the anode and cathode being coupled to different ones
      of said main terminals and said gate being coupled to said control
      terminal; said autotransformer having a tap terminal and a pair of winding
      terminals; said gate being connected by way of said control terminal to
      either said winding terminal; said logic circuit conducting current
      through a load connected in series with said anode and said cathode
      between either non-grounded line and said tap terminal when the other
      nongrounded line is connected to the other said winding terminal and the
      neutral line is connected to said tap terminal if no open circuit
      conditions exist in the power distribution system.
NUM  5.
PAR  5. The logic circuit of claim 4 wherein means for indicating electrical
      conductivity is connected as the load to detect when proper connections
      are made to the power distribution system or open circuit conditions
      exist. therein.
NUM  6.
PAR  6. The detector of claim 5 wherein said indicating means is a low voltage
      release coil within a circuit breaker, said circuit breaker including
      breaker poles, said breaker poles being electromechanically linked with
      said coil to open when the energizing voltage of said coil is below a
      minimum level.
NUM  7.
PAR  7. The logic circuit of claim 4 wherein a latching means is included
      therein for holding said silicon controlled rectifier in a conductive
      state when open circuit conditions exist in one nongrounded line of the
      power distribution system.
NUM  8.
PAR  8. The logic circuit of claim 7 wherein said latching means includes an
      externally controlled switching means for interrupting current flow, means
      for dividing a voltage into equal magnitudes, and a rectifying means for
      deriving a single polarity voltage from between the nongrounded lines;
      said externally controlled switching means having wiring terminals across
      which electrical conductivity is interrupted, said voltage dividing means
      having input terminals and a center tap terminal at the divided voltage
      level, said rectifying means having AC terminals and a positive tap
      terminal; each said AC terminal being connected to one of said input
      terminals, said wiring terminals being connected between said center tap
      terminal and said gate, either said AC terminal being connected to said
      other winding terminal; said logic circuit conducting current through a
      load connected in series with said anode and said cathode between said
      positive tap terminal and the neutral line when the nongrounded lines are
      connected to said AC terminals if no open circuit conditions exist in the
      power distribution system; said center tap terminal attaining a voltage
      level relative to the neutral line when open circuit conditions exist in
      either nongrounded line of the power distribution system, said voltage
      level holding said silicon-controlled rectifier in a conductive state when
      said externally controlled switching means is closed to conduct current
      therethrough.
NUM  9.
PAR  9. The logic circuit of claim 7 wherein said latching means includes an
      externally controlled switching means for interrupting current flow, means
      for dividing a voltage into equal magnitudes, and a rectifying means for
      deriving a single polarity voltage from between the nongrounded lines;
      said externally controlled switching means having wiring terminals across
      which electrical conductivity is interrupted, said voltage dividing means
      having input terminals and a center tap terminal at the divided voltage
      level, said rectifying means having AC terminals and a positive tap
      terminal; each said AC terminal being connected to one of said input
      terminals, said wiring terminals being connected between said tap terminal
      and said center tap terminal, either said AC terminal being connected to
      said other winding terminal and said center tap terminal being connected
      to said gate; said logic circuit conducting current through a load
      connected in series with said anode and said cathode between said positive
      tap terminal and the neutral line when the nongrounded lines are connected
      to said AC terminals if no open circuit conditions exist in the power
      distribution system; said center tap terminal attaining a voltage level
      relative to the neutral line when open circuit conditions exist in either
      nongrounded line of the power distribution system, said voltage level
      holding said silicon-controlled rectifier in a conductive state when said
      externally controlled switching means is open to interrupt current flow
      therethrough.
NUM  10.
PAR  10. The logic circuit of claim 9 wherein said externally controlled
      switching means is an electronic switch.
NUM  11.
PAR  11. The logic circuit of claim 10 wherein said electronic switch is a
      second silicon-controlled rectifier having a second anode, a second
      cathode and a second gate; said second anode and said second cathode being
      said wiring terminals, said second gate controlling the electrical
      conductivity across said wiring terminals with voltage from a source
      remote from said logic circuit.
NUM  12.
PAR  12. The logic circuit of claim 9 wherein means for conducting
      unidirectional voltages is connected in series with said wiring terminals
      between said center tap terminal and said tap terminal, said
      unidirectional conductive means being effective to minimize power
      dissipated in said voltage dividing means when said externally controlled
      switching means is closed to conduct current therethrough.
NUM  13.
PAR  13. The logic circuit of claim 9 wherein means for sensing threshold
      voltage levels is connected between said center tap terminal and said
      gate, said voltage threshold means being effective to compensate for
      imprecise voltage divisions at said center tap terminal.
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ABST
PAL  A cathode ray oscilloscope assembly adapted to be connected to a circuit
      for conveying electrical input signals and electrical power thereto,
      includes a cathode ray oscilloscope tube adapted to be connected to the
      input circuit to establish an electron beam for illuminating the face of
      the tube screen, a deflection device mounted on the tube neck portion and
      connected electrically to the input circuit for moving selectively the
      beam, a rear end circuit panel fixedly connected to the tube and extending
      transversely to the neck portion of the tube, a plurality of side circuit
      panels extending forwardly from said rear panel toward the tube screen
      parallel to the axis of the neck portion of the tube to form an open
      boxlike configuration with the rear end panel for receiving the neck
      portion of the tube, and connectors interconnecting mechanically the
      adjoining marginal edges of the side panels to the rear panel and
      interconnecting electrically circuit elements mounted on the rear end and
      side panels for controlling the deflection device to selectively
      illuminate the tube screen in response to the input signals. The height
      and width of the face of the rear panel are less than the respective
      height and width of the screen, and the length of the entire cathode ray
      oscilloscope assembly is substantially the same as the length of the
      cathode ray tube itself. The width of the side panels is less than the
      corresponding dimensions of the tube screen. Thus, the overall dimensions
      of the cathode ray oscilloscope assembly are substantially the same as the
      overall dimensions of the tube forming a part thereof, whereby the
      assembly is extremely compact in size for a given cathode ray tube.
BSUM
PAR  The present invention relates to a cathode ray oscilloscope assembly, and
      it more particularly relates to a cathode ray oscilloscope assembly, which
      is small in size and light in weight to facilitate its use in medical
      applications, such as monitoring human heartbeats.
PAR  Cathode ray oscilloscopes have been successfully employed as
      instrumentation for medical purposes. In this regard, cathode ray
      oscilloscopes have been used for monitoring heartbeats of human patients,
      as well as for other purposes. While such cathode ray oscilloscopes have
      been satisfactorily utilized for some applications, it would be highly
      desirable to have a cathode ray oscilloscope assembly which is extremely
      compact in size as compared to the heretofore known cathode ray
      oscilloscope assemblies used for medical instrumentation purposes. Since
      electronic and other instrumentation are being widely used to facilitate
      the treatment and care of patients, limitations on the space occupied by
      such instrumentation are becoming more and more severe. Therefore, for a
      given application, an instrument should be as small as possible in size
      and yet still be large enough to observe and use conveniently. In the case
      of a cathode ray oscilloscope, the screen ought to be large enough to
      conveniently display a trace of a human vital sign, such as a heartbeat,
      but the oscilloscope should be small enough to occupy as little space as
      possible. The optimum cathode ray oscilloscope assembly used for medical
      instrumentation purposes or other such applications should have a screen
      which is as small as possible, and all of the control circuits for the
      tube should be able to be mounted within a housing which has overall
      dimensions substantially the same as the corresponding dimensions of the
      tube itself. In other words, height and width of the transverse
      cross-sectional area of the cathode ray oscilloscope assembly should be
      substantially the same as the respective height and width of the face of
      the tube, and the overall length of the assembly should be approximately
      the same as the overall length of the tube. Such an assembly should be
      constructed in such a small compact manner as heretofore described without
      resorting to initially expensive miniaturized control circuits, such as
      large scale integrated circuits.
PAR  Prior art tube assemblies and similar devices have been disclosed in the
      following U.S. Pat. Nos. 2,815,252; 2,951,184, 2,958,013; 3,370,202;
      3,290,559; 3,467,892; 3,508,117; 3,596,139 and 3,702,423. However, none of
      the circuit assemblies disclosed in the foregoing patents are sufficiently
      compact in size for medical instrumentation purposes.
PAR  Therefore, the principal object of the present invention is to provide a
      new an improved cathode ray oscilloscope assembly, which is compact in
      size and which is light in weight.
PAR  Another object of the present invention is to provide such a cathode ray
      oscilloscope assembly which has an overall length substantially the same
      as the overall length of the cathode ray tube itself, and which has a
      height and width of its transverse cross-sectional area substantially the
      same as the corresponding height and width of the screen of the tube.
PAR  Briefly, the above and further objects of the present invention are
      realized by providing a cathode ray oscilloscope assembly including a
      cathode ray oscilloscope tube having mounted on its neck portion a
      deflection device for moving selectively the electron beam of the tube, a
      rear end circuit panel fixedly connected to the tube and extending
      transversely to the neck portion thereof, a plurality of side circuit
      panels extending forwardly from the rear panel toward the screen of the
      tube parallel to the axis of the neck portion of the tube to form an open
      boxlike configuration with the rear end panel for receiving the neck
      portion, and connectors interconnecting mechanically the adjoining
      marginal edges of the side panels to the rear panel and interconnecting
      electrically circuit elements supported by the rear end and side panels
      for energizing selectively the deflection device to selectively illuminate
      the screen of the tube in response to input signals. The height and width
      of the face of the rear panel is less than the respective height and width
      of the tube screen, whereby the overall dimensions of the assembly are
      substantially the same as the overall dimensions of the tube itself.
DRWD
PAR  The above, and still further highly important objects and advantages of the
      invention will become apparent from the following detailed specification,
      appended claims, and attached drawings, wherein:
PAR  FIG. 1 is a front elevational view of a cathode ray oscilloscope assembly
      employing the principals of the present invention;
PAR  FIG. 2 is a side elevational view of the assembly of FIG. 1;
PAR  FIG. 3 is a bottom enlarged crosssectional view of the assembly of FIG. 2
      taken substantially along the line 3--3 thereof;
PAR  FIG. 4 is a side enlarged crosssectional view of the assembly of FIG. 2
      taken substantially along the line 4--4 thereof;
PAR  FIG. 5 is an enlarged cross-sectional view of the back portion of the
      assembly of FIG. 3 taken substantially along the line 5--5 thereof;
PAR  FIG. 6 is a detail enlarged view of a connector of FIG. 5 taken
      substantially along the line 6--6 thereof;
PAR  FIG. 7 is a cross-sectional view of the connector of FIG. 6 taken
      substantially along the line 7--7 thereof; and
PAR  FIGS. 8 through 12 are face views of the printed wiring boards used in the
      assembly of FIG. 1, illustrating them without the circuit components and
      conductors mounted thereon, in reduced scale.
DETD
PAR  Referring now to the drawings, and more particularly to FIGS. 1 and 2
      thereof, there is shown an oscilloscope assembly 10, which is constructed
      in accordance with the principals of the present invention, and which is
      adapted to receive a cord and socket assembly generally indicated at 12
      for supplying power and input signals to the assembly 10. The assembly 10
      is intended to monitor heartbeats of human patients and is a refresh
      oscilloscope. While the assembly 10 is shown and described to be a refresh
      oscillopscope used for monitoring heartbeats, it is to be understood that
      the principles of the present invention may be employed in other
      applications, such as other types and kinds of oscilloscopes as well as
      other electronic equipment requiring compact, light-weight packaging. The
      assembly 10 generally comprises an elongated housing 14 which encloses a
      cathode ray tube 16 (FIG. 3) and its control circuit elements generally
      indicated at 18 (FIG. 2) as hereinafter described in greater detail. A
      screen 20 of the tube 16 is positioned generally within the front open end
      of the housing 14 and is surrounded by and at least partially attached to
      the housing by a bezel 22 which has a pair of upper and lower flanges 24
      and 26 each including a pair of open holes 28 to facilitate mounting the
      assembly 10 in a control panel (not shown) when used for medical
      instrumentation purposes. Indicia 31 on the face of the screen 20
      facilitates the reading of the trace displayed on the face of the screen
      20 to monitor heartbeats. It should be understood that the indicia 31 may
      be disposed on a transparent sheet (not shown) mounted between the face of
      the screen 20 and the bezel 22, if desired. Also it should be understood
      that different types and kinds of indicia may be employed depending upon
      use of the assembly 10. In a preferred form of the present invention, the
      overall dimensions of the assembly 10 are approximately 5 inches wide by
      approximately 4 inches high by approximately 67/8 inches long. Such
      dimensions are approximately the same as the overall dimensions of the
      tube 16 and therefore the assembly 10 is very compact and lightweight to
      use. While the assembly 10 is adapted to be mounted on a control panel, it
      may also be used, if desired, as a separate self-contained unit by
      attaching a power supply, such as a battery (not shown), to the assembly
      10 so that the assembly 10 can then be used as a portable unit.
PAR  Considering now the housing 14 in greater detail with reference to FIGS. 2,
      3, 4 and 5 of the drawings, the housing 14 is composed of a rigid
      material, such as steel, and is rectangular in crosssection. The housing
      14 is in the shape of a hollow box having an open front end in which the
      screen 31 of the tube 16 is positioned. The front end portion of the
      housing 14 fits over the rear end portion of the bezel 22 and, as shown in
      the drawings, fits against the upper and lower flanges 24 and 28. As shown
      in FIG. 3, an access opening 33 in the rear wall 35 of the housing 14
      enables the plug portion of the assembly 12 to extend therethrough and
      engage pin terminals 37 for supplying the necessary power and input
      signals to the control circuit elements 18.
PAR  Considering now the cathode ray tube 16 in greater detail, the tube 16
      includes a rearwardly extending longitudinal neck portion 39 extending
      from the screen 20. The tube 16 is a conventional tube, which establishes
      an electron beam for illuminating the screen 20, the tube 16 being any
      suitable cathode ray oscilloscope tube, such as the preferred one which
      may be purchased from Clinton Electronics of Rockford, Illinois, an
      alternate tube being made by Hitachi of Japan, Type Number 140ATB4. A
      deflection device in the form of deflection coils generally indicated at
      41 surround a portion of the neck portion 39 for diverting selectively the
      path of travel of the electron beam of the tube 16. The deflection coils
      41 are controlled by the electronic control circuit elements 18 for
      energizing selectively the deflection coils 41 to selectively illuminate
      the screen 20 in response to the input signals supplied to the assembly 10
      by the socket and cord assembly 12. While the tube 16 is controlled by the
      coils 41 to provide for magnetic deflection of the beam, it is to be
      understood that the cathode ray oscilloscope tube may also be of the
      electrostatic type, if desired.
PAR  Considering now the control circuit elements 18 with reference to FIGS. 3,
      4 and 5 of the drawings, the control circuit elements 18 are in the form
      of electronic circuits, including transistors and other circuit components
      for controlling the operation of the cathode ray tube 16. Only a small
      portion of the entire number of control circuit elements is illustrated in
      the drawings for sake of simplicity. According to the present invention,
      the control circuit elements 18 are mounted within the housing 14 in an
      extremely compact manner so that the overall dimensions of the assembly 10
      are substantially the same as the overall dimensions of the cathode ray
      tube 16. In order to support and carry the control circuit panel in the
      form of a printed circuit board 46 extends transversely to the neck
      portion 39 of the tube 16 to support and carry conductors (not shown) for
      interconnecting the components of the control circuit elements 18. The
      height and width of the face of the rear end panel 46 is less than the
      corresponding height and width of the screen 20. A hole 48 in the printed
      circuit board 46, as best seen in FIG. 9, enables the neck portion 46, as
      best seen in FIG. 9, enables the neck portion 39 to extend therethrough in
      a compact manner. A bottom side panel in the form of a printed circuit
      board 51 extends forwardly at right angles to the rear end panel 46 and is
      mounted thereto for supporting a portion of the control circuit elements
      18. Similarly, a left side panel in the form of a printed circuit board 53
      extends perpendicularly from the rear end panel 46 toward the screen 20
      and is mounted to the rear end panel to carry additional portions of the
      control circuit elements 18. Additionally, a top side panel in the form of
      a printed circuit board 55 is mounted to the rear end panel 46 and extends
      perpendicularly therefrom toward the screen 20 for carrying other portions
      of the control circuit elements 18. The side printed circuit boards and
      the rear printed circuit board form an open boxlike configuration which
      receives the neck portion 39 of the tube 16 in a compact close-fitting
      arrangement. The width of the top and bottom circuit boards 51 and 55 is
      each less than the width of the screen 20, and the width of the left side
      panel circuit board 53 is less than the height of the screen 20. As a
      result, in accordance with the present invention, the side and rear panels
      can conveniently fit within the housing 14, and the housing 14 in turn has
      a height and width which are substantially the same as the height and
      width of the screen 20.
PAR  For the purpose of mechanically and electrically interconnecting the side
      printed circuit board to the rear end printed circuit board 46, an
      electrical connector 57 interconnects the marginal edges of the rear
      circuit board 46 and the bottom side circuit board 51 at right angles to
      one another, and similarly, connectors 57 and 59 interconnect the left
      side printed circuit board 53 and the top side printed circuit board 55
      with the rear end printed circuit board 46 in such a manner that the left
      side printed circuit board 53 and the top side printed circuit board 55
      extend at right angles from the rear board 46. Such connectors
      electrically interconnect the control circuit elements carried by the side
      and rear circuit boards.
PAR  Considering now the electrical connectors in greater detail, only the
      connector 62 will now be described, since the other electrical connectors
      are similar in construction. As shown in FIGS. 6 and 7 of the drawings,
      the connector 62 includes a female socket 64 for releasably receiving tab
      conductors 66 printed on the rear end circuit board 46 to electrically and
      mechanically interconnect in a releasable manner the rear end circuit
      board 46 and the top side circuit board 55. The female socket 64 includes
      a series of spring clips such as the spring clip 67 which is formed from a
      single conductive wire bent into the shape of a pair of parallel
      spaced-apart spring fingers for receiving one of the tap conductors 66
      therebetween for mechanically and electrically interconnecting therewith.
      The female socket 64 also includes a pair of retainer guides, such as the
      guide 68 which fit into a pair of parallel-extending spacedapart slots 71
      and 72 (FIG. 9) in the printed circuit board 46. The retainer guides
      facilitate the interconnection and limit transverse movement between the
      female socket and the tab conductors. It should be noted that the
      arrangement of the connector 62 is such that the two printed circuit
      boards 55 and 46 are connected together at right angles to form a corner.
      In this regard, the female socket 64 can readily be plugged into the tab
      conductors 66 such that the spring clips register with corresponding ones
      of the tab conductors 66.
PAR  As best seen in FIG. 3, the bottom printed circuit board 51 includes a
      generally T-shaped rearwardly extending projection for extension 73 which
      connects with an outer rear panel in the form of a printed circuit board
      75 by means of a connector 77, which is similar in construction to the
      connector 62. The outer rear printed circuit board 75 supports additional
      circuit elements or components (only some of which are shown) for
      facilitating the operation of the oscilloscope assembly 10. A large
      central hole 79 in the board 75 receives loosely a tube socket 82
      removably attached to the distal end portion of the rear portion 39 of the
      tube 16. Leads, such as a lead 84, connect the socket 82 to the pin
      terminals 37 mounted on the back side of the board 75 via printed
      conductors (not shown) on the board 75. As best seen in FIG. 4 of the
      drawings, leads such as a lead 86 electrically interconnect the circuit
      components mounted on the board 75 to the deflection coils 41. Thus, the
      connector 77 electrically interconnects the circuitry mounted on the outer
      rear board 75 to the other circuit components and elements mounted on the
      other printed circuit boards of the assembly 10.
PAR  In order to mount the boxlike configuration of the side and end boards to
      the tube 51, four hexagonal rods, such as the rod 88 (FIG. 3) connect the
      rear circuit board 46 to the bezel 22, which in turn is fixedly connected
      to the tube 16 by any suitable technique, such as any suitable adhesive. A
      threaded forward end portion 88-A of the rod 88 is threaded into a tapped
      hole in the back side of the bezel 22. Similarly, four hexagonal rods,
      such as the rod 92 interconnect and space the boards 46 and 75, the rod 92
      including a forwardly extending threaded end portion 92-A which is
      threaded into a tapped hole in the back end of the rod 88, the threaded
      end portion 92-A extending through an aligned hole in the board 46.
      Similarly, the housing 14 is secured to the boxlike confiquration of
      printed circuit boards by four hexagonal rods, such as the rod 96. A
      forwardly extending threaded end portion 96-A of the rod 96 extends
      through an aligned hole in the board 75 and into a tapped hole in the rear
      end of the rod 92. A set of four screws 98 extend through four holes in
      the back wall 35 of the housing 14 and into an aligned tapped hole in the
      rods, such as the rod 96.
PAR  For the purpose of securely mounting the circuit components within the
      housing 14, and in the case where the housing 14 is composed of metal, for
      the purpose of electrically insulating the housing 14 from the circuits
      within the housing, each one of the side printed circuit boards has a pair
      of foam plastic strips 107 extending longitudinally across the outer face
      thereof. The strips 107 are secured by a suitable adhesive to the side
      printed circuit boards, and they extend longitudinally so that when the
      housing is slipped over the rear end portion of the tube 16 and the
      printed circuit boards, the housing 14 fits snugly in place.
PAR  It should be understood that the three side printed circuit boards are
      solely supported by the electrical connectors 56, 59 and 62 so that a
      repairman can very easily remove any one of them for repair or replacement
      purposes. Also, the outer rear printed circuit board 46 can be readily
      removed by simply removing the four posts, such as the post 46. The rear
      board 46 can also be replaced by removing the board 75 and the other
      posts, such as the post 92, however, the board 46, in the preferred form
      of the present invention, carries only printed wiring and no circuit
      components so that any failure would be highly unlikely. It should be
      understood that if additional circuits are required, a fourth side printed
      circuit board (not shown) could be attached by an electrical connector
      (not shown) to the rear board 46 on the right side of the assembly 10 in a
      manner similar to the left side printed circuit board 53.
PAR  According to the invention, it should be noted that all of the female
      sockets are mounted on the side printed cirucit boards and not on the rear
      end board 46 which only carries plated wiring conductors. Such an
      arrangement facilitates the compactness of the assembly 10, since if the
      female sockets were mounted on the rear board 46, it would have to be
      larger in size to carry the sockets, whereby the rear board 46 may then be
      larger in height and width than the respective height and width of the
      screen 20.
PAR  While the present invention has been described in connection with
      particular embodiment thereof, it will be understood that many changes and
      modifications of this invention may be made by those skilled in the art
      without departing from the true spirit and scope thereof. Accordingly, the
      appended claims are intended to cover all such changes and modifications
      as fall within the true spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oscilloscope assembly connected to input means conveying electrical
      input signals and electrical power thereto, comprising:
PA1  a cathode ray oscilloscope tube having a screen and having a rearwardly
      extending longitudinal neck portion connected electrically to said input
      means for supplying power thereto, said tube being adapted to establish an
      electron beam for illuminating the face of said screen;
PA1  deflecting means mounted on said neck portion and connected electrically to
      said input means for diverting selectively the path of travel of said
      beam;
PA1  a plurality of control circuit elements connected electrically to said
      deflection means and connected electrically to said input means for
      energizing selectively said deflection means to selectively illuminate
      said screen in response to said input signals;
PA1  a rear end circuit panel fixedly connected to said tube and extending
      transversely to said neck portion, said rear end panel supporting a
      portion of said control circuit elements, the height and width of the face
      of said rear panel being less than the corresponding height and width of
      said screen;
PA1  a plurality of side circuit panels extending forwardly from said rear panel
      toward said screen parallel to the axis of said neck portion and forming
      an open boxlike configuration with said rear end panel, said boxlike
      configuration at least partially receiving said neck portion, said side
      panels each supporting other portions of said control circuit elements;
PA1  female and male connecting means interconnecting mechanically the adjoining
      marginal edges of said side panels to said rear panel and interconnecting
      electrically the circuit elements supported by said rear end and side
      panels, said female connecting means being each mounted to said side
      panels, said male connecting means being mounted on said rear end panel;
      and
PA1  a housing having an open front end portion receiving said screen and
      confining at least partially said tube, said deflection means, said
      circuit elements, said panels and said connecting means.
NUM  2.
PAR  2. An oscilloscope assembly according to claim 1, wherein said end and side
      panels each comprise printed circuit boards, wherein said connecting means
      includes a plurality of female spring clip sockets, and groups of plated
      conductors received in said sockets, the width of said side circuit panels
      each being less than the corresponding dimension of said screen.
NUM  3.
PAR  3. An oscilloscope assembly according to claim 2, wherein each one of the
      sockets is mounted on said side circuit panels and each one of said groups
      of conductors is a part of said rear end panel.
NUM  4.
PAR  4. An oscilloscope assembly according to claim 2, wherein said rear end
      panel includes means defining a hole receiving the distal end portion of
      said neck portion.
NUM  5.
PAR  5. An oscilloscope assembly connected to input means conveying electrical
      input signals and electrical power thereto, comprising:
PA1  a cathode ray oscilloscope tube having a screen and having a rearwardly
      extending longitudinal neck portion connected electrically to said input
      means for supplying power thereto, said tube being adapted to establish an
      electron beam for illuminating the face of said screen;
PA1  deflection means mounted on said neck portion and connected electrically to
      said input means for diverting selectively the path of travel of said
      beam;
PA1  a plurality of control circuit elements connected electrically to said
      deflection means and connected electrically to said input means for
      energizing selectively said deflection means to selectively illuminate
      said screen in response to said input signals;
PA1  a rear end circuit panel fixedly connected to said tube and extending
      transversely to said neck portion, said rear end panel supporting a
      portion of said control circuit elements, the height and width of the face
      of said rear panel being less than the corresponding height and width of
      said screen;
PA1  a plurality of side circuit panels extending forwardly from said rear panel
      toward said screen parallel to the axis of said neck portion and forming
      an open boxlike configuration with said rear end panel, said boxlike
      configuration at least partially receiving said neck portion, said side
      panels each supporting other portions of said control circuit elements;
PA1  connecting means interconnecting mechanically the adjoining marginal edges
      of said side panels to said rear panel and interconnecting electrically
      the circuit elements supported by said rear end and side panels;
PA1  a housing having an open front end portion receiving said screen and
      confining at least partially said tube, said deflection means, said
      circuit elements, said panels and connecting means;
PA1  wherein said end and side panels each comprise printed circuit boards,
      wherein said connecting means includes a plurality of female spring clip
      sockets, and groups of plated conductors received in said sockets, the
      width of said side circuit panels each being less than the corresponding
      dimension of said screen;
PA1  wherein each one of the sockets is mounted on said side circuit panels and
      each one of said groups of conductors is a part of said rear end panel;
PA1  wherein said rear end panel includes means defining a hole receiving the
      distal end portion of said neck portion; and
PA1  wherein one of said side panels includes a rearwardly extending tab
      portion, further including an outer rear panel extending parallel to the
      first-mentioned rear panel and connected to said tab portion by said
      connecting means.
NUM  6.
PAR  6. An oscilloscope assembly according to claim 5, wherein said outer rear
      panel includes means defining a hole, further including a socket mounted
      on the distal end portion of said rear portion of said tube, said socket
      being at least partially disposed within the last-mentioned hole.
NUM  7.
PAR  7. An oscilloscope assembly according to claim 6, further including a bezel
      surrounding the face of said screen of said tube and attached thereto, a
      plurality of longitudinally-extending posts mounting the first-mentioned
      inner panel to said bezel.
NUM  8.
PAR  8. An oscilloscope assembly according to claim 7, said housing having an
      open front end portion over which extends said bezel and said screen, a
      second plurality of longitudinally extending posts mount the rear wall of
      said housing to said rear panel.
NUM  9.
PAR  9. An oscilloscope assembly according to claim 8, wherein said side panels
      comprise three printed circuit boards extending at right angles to the
      first-mentioned rear.
NUM  10.
PAR  10. An oscilloscope assembly connected to input means conveying electrical
      input signals and electrical power thereto, comprising:
PA1  a cathode ray oscilloscope tube having a screen and having a rearwardly
      extending longitudinal neck portion connected electrically to said input
      means for supplying power thereto, said tube being adapted to establish an
      electron beam for illuminating the face of said screen;
PA1  deflection means mounted on said neck portion and connected electrically to
      said input means for diverting selectively the path of travel of said
      beam;
PA1  a plurality of control circuit elements connected electrically to said
      deflection means and connected electrically to said input means for
      energizing selectively said deflection means to selectively illuminate
      said screen in response to said input signals.
PA1  a rear end printed circuit panel fixedly connected to said tube and
      extending transversely to said neck portion, said rear end panel
      supporting a portion of said control circuit elements;
PA1  a plurality of side printed circuit panels extending forwardly from said
      rear panel toward said screen parallel to the axis of said neck portion
      and forming an open boxlike configuration with said rear end panel, said
      boxlike configuration at least partially receiving said neck portion, said
      side panels each supporting other portions of said control circuit
      elements;
PA1  female and male connecting means interconnecting mechanically the adjoining
      marginal edges of said side panels to said rear panel and interconnecting
      electrically the circuit elements supported by said rear end and side
      panels, said female connecting means being each mounted to said side
      panels, said male connecting means being printed tab conductors mounted on
      said rear end panel; and
PA1  a housing having an open front end portion receiving said screen and
      confining at least partially said tube, said deflection means, said
      circuit elements, said panels and said connecting means.
NUM  11.
PAR  11. An oscilloscope assembly according to claim 10, with the height and
      width of the face of said rear panel being less than the corresponding
      height and width of said screen.
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PAL  The specification discloses a control device for an automotive window
      heater energized by an alternator having a field winding and comprising a
      manual switch terminal, an ignition terminal, a battery terminal,
      indicator terminal, field winding terminal and a ground terminal; a first
      normally open relay having a winding and a first normally open armature
      switch; a triggerable switch device electrically in series with said first
      relay winding between said ignition terminal and ground; a trigger circuit
      for said triggerable switch electrically disposed between ground and said
      manual switch terminal; a timing circuit including a chargeable condenser;
      a second relay having a winding and a second normally open armature
      switch; and a voltage responsive switch responsive to a voltage greater
      than a predetermined value and electrically in series with said winding of
      said second relay between ground and said indicator terminal; said first
      and second relay switches when closed connecting said indicator terminal
      respectively to said battery terminal and said field winding terminal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a two stage timer control for an automobile
      window heater electrical power source of the alternator type having a
      field winding, the control when activated by the operator causing the
      heater to be energized at full alternator voltage for a predetermined
      period of time and thereafter at reduced voltage until deactivated by the
      operator or until the ignition is turned off.
PAR  A heating element employed for deicing a rear and front window of an
      automobile is actuable by a manual switch to cause the same to be
      operative at a heating level which is limited by a number of conditions.
      The generation of heat at too rapid a rate will, after the initial melting
      of ice and evaporation of moisture, cause the glass of the windows to
      achieve a temperature too high to be safe against temperature shock by
      sudden cooling. Thus, while it is desirable to have a high rate of heating
      for a certain period of time to melt ice or snow on the glass window
      surfaces, it is undesirable to maintain a temperature in the glass higher
      than that necessary to melt fresh snow falling onto the glass surface
      after the removal of ice therefrom. Thus two rates of heating are required
      for an ideal control and operation of window heaters.
PAR  It is an object of the invention to provide a direct current timer control
      device for a window heater of an automobile.
PAR  It is another object of the invention to provide a direct current timer
      especially adapted for use with a window heater energized by an
      independent alternator driven by the engine of the automobile.
PAR  It is another object of the invention to provide a control device for an
      automobile window heater in which the heater is energized to full
      alternator voltage for a predetermined period of time upon manual
      actuation of a heater switch and thereafter without further actuation of
      said switch said heater is operated at substantially lesser voltage from
      said alternator.
PAR  It is a still further object of the invention to provide a control device
      for a window heater of the separate alternator driven type having six
      terminals for connection in automobile circuitry, the latter having an
      ON-OFF window heater switch, an indicator lamp, an alternator field
      winding and a resistor normally connected in series with said field
      winding and a time circuit in said control adapted to shunt said
      resistance for a predetermined period of time.
PAR  Other objects of the invention will be appreciated in more detail by
      reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an electrical schematic of the device of the invention; and
PAR  FIG. 2 is a perspective view of the present device showing a rigid manner
      of construction.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the drawings the two stage timer control device 10 of the invention
      comprises a base 11 carrying two relays 12 and 13 each having normally
      open switch armatures 14,15. The electrical circuitry and other electrical
      components are supported by rigid insulate plate 16 from which components
      17 are suspended and interconnect as required by plated conducting members
      18, 19, 20 and 21 on the upper face 22 thereof, said plate being rigidly
      supported on base 11 by conducting supports 23,24 as seen in FIG. 2.
      Terminals 25, 26, 27, 28, 29 and 30 project downwardly from base 11 to
      engage in a suitable socket mount (not shown).
PAR  In the schematic of FIG. 1, the terminals of the device 10 comprise
      actuating switch (timer) terminal 25, ignition switch terminal 26, battery
      terminal 27, indicator light terminal 28, alternator field coil terminal
      29 and chassis ground terminal 30.
PAR  Externally of the device 10 and in the automobile circuitry are provided
      the ignition switch 31 to which contact 32 of ON-OFF actuating switch 33
      is connected. Switch contact 34 connects to ignition switch terminal 26
      and normally open contact 35 connects to switch (timer) terminal 25.
PAR  When ignition switch 31 is closed, current from battery source 36 passes
      through same and contacts 32,34 of normally open actuating switch 33 to
      terminal 26 and through coil 37 of first relay 12, resistor 38 and diode
      39 to charging condenser 40 at a voltage threshold determined by Zener
      diode 41 connecting to chassis ground line 42. The current flow through
      relay coil 37 is insufficient to generate noticeable magnetic flux and
      therefore first armature switch 14 does not close. Resistor 43 between
      ignition terminal 26 and input terminal 44 of switch circuit 45 (Schmidtt
      Trigger type) having control terminal 46 and output terminal 47 provides
      voltage regulation by Zener diode 48 and condenser 49 connected in
      parallel between input terminal 44 and ground line 42 to a value of say
      8.2 volts.
PAR  Trigger switch circuit 45 is activated to connect the input and output
      terminals 44 and 47 therethrough by a sufficient voltage on control
      terminal 46 (say 3.5V or more). When power is applied to ignition terminal
      26, condenser 40 charges up through relay coil 37, resistor 38 and diode
      39 to a voltage set by Zener diode 41 (9.1 volts) minus voltage drop of
      diode 39 (0.6 volts say) or 8.5 volts. Since the switching voltage
      available (8.5 volts) is greater than (3.5 volts) required, the trigger
      switch circuit 45 will connect its input terminal 44 to output terminal 47
      connecting through resistors 50 and 51 to ground line 42 to activate base
      52 of transistor 53.
PAR  Thus, with actuating switch 33 in the neutral position, the operative
      circuitry of device 10 is set up when the ignition switch 31 is closed
      whereby condenser 40 is charged and transistor 53 is in the conducting
      state. Note that relay switch armature 14 remains open under this
      condition and is adapted to connect rear light relay coil 54 to battery
      terminal 27 only when closed by moving activating switch 33 to the ON
      position momentarily to apply battery voltage to terminal 25 connecting
      through voltage dividing resistors 55,56 to line 42 to bias SCR 57 through
      line 58 to the conducting state thus connecting relay coil 37 between
      terminal 26 and ground line 42. The relay 12 will thereupon close and SCR
      will remain conducting until the ignition switch is turned off or switch
      33 is moved to the OFF position from neutral to disconnect contact 34
      thereof from ignition contact 32.
PAR  When SCR 57 is rendered conducting by actuation of actuating switch 33 to
      the ON position momentarily, winding 37 of first relay 12 is thereby
      connected to ground line 42 and charged condenser 40 blocked by diode 39
      discharges through resistance timing network 59, 60, 61 to ground line 42
      from an initial value of 8.5 volts to 3.5 volts in 10 minutes (for
      example) and thus line 62 communicating control voltage from condenser 40
      through input resistor 63 to control terminal 46 of switch circuit 45
      causes the latter to disconnect input terminal 44 from output terminal 47
      rendering transistor 53 nonconducting and opening relay 54 when the
      control voltage at 46 decays to less than 3.5 volts.
PAR  First relay 12 remains energized and armature 14 closed whereby terminals
      27 and 28 are interconnected through line 63a until SCR 57 is deactivated
      by turning the ignition off or by moving actuating switch 33 to the OFF
      position.
PAR  The alternator field coil 64 is connected to field coil terminal 29, the
      latter being connected to second relay armature switch 15. In external
      wiring, indicator lamp 65 is connected between lamp terminal 28 and
      chassis ground 66. A resistor 67 is connected between lamp terminal 28 and
      field winding terminal 29.
PAR  In operation the second relay 13 is set up by activation of transistor 53
      as the ignition switch 31 is turned on even though manual control switch
      33 is in the neutral position. Condensor 40 is charged and switch circuit
      45 rendered operative by voltage on control terminal 46. The second relay
      coil 54 however is not energized because the first relay switch armature
      14 remains open until the actuating switch 33 is moved momentarily to the
      ON position beginning a timing cycle preferably of the order of ten
      minutes during which first relay armature switch 14 through second relay
      armature switch 15 shunts the resistor 67 causing the field coil 64 to be
      energized with full battery voltage from terminal 27 during the 10 minute
      time period. At the end of the time period, switch circuit 45 disconnects
      thereby deactivating transistor 53 opening relay armature 15. First relay
      armature switch 14 is held in by SCR 57 which connects battery voltage
      through terminals 27,28 and through external resistor 67 to field coil
      terminal 29 thus substantially reducing the voltage on alternator field
      coil 64. Excluding the external circuitry to which the control device of
      the invention is connected in automobile circuitry for a window heater
      energized by an alternator having a field winding, it will be evident that
      the device provides: a manual switch terminal, an ignition terminal, a
      battery terminal, an indicator terminal, a field winding terminal and a
      ground terminal. By way of summary, it will further be evident that the
      device of the invention comprises a first normally open relay 12 having a
      winding 37 and a first normally open armature switch 14. A triggerable
      switch device such as SCR 57 is electrically in series with the first
      relay winding 37 between the ignition terminal 26 and ground terminal 30.
      A trigger circuit 55, 56, 58 and condenser 68 and diode 69 extend
      electrically between ground 30 and the manual switch terminal 25 to
      trigger the SCR 57. A timing circuit comprising condenser 40 and resistors
      59,60 including temperature compensating resistor 61 is electrically in
      parallel with the triggerable switch 57 and embodies the operating voltage
      level determining circuit components 38,41. A second relay 13 having a
      winding 54 and a second normally open armature switch 15 is rendered
      operative by a voltage responsive switch 45,53 responsive to a voltage
      greater than a predetermined value and is connected electrically in series
      with winding 54 of the second relay 13 between ground 30 and the indicator
      terminal 28. Said first and second relay switches 14 and 15 are adapted to
      connect indicator terminal 28, respectively, to battery terminal 27 and
      field winding terminal 29.
PAR  It will be apparent that switch circuit 45 and transistor 53 effectively
      operate in cascade as a voltage responsive switch for relay coil 54
      responsive to voltage on control terminal 46 which voltage is of a
      predetermined value, i.e., greater than 3.5 volts by way of example. Once
      the device of the invention has completed its timed cycle, the field
      winding is on lower voltage connection through resistor 67 from terminal
      28 until the operator moves the actuating switch 33 to the OFF position to
      remove voltage from terminal 26 or the ignition is turned off to
      accomplish the same end.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control device for an automotive window heater energized by an
      alternator having a field winding and comprising: a manual switch
      terminal, an ignition terminal, a battery terminal, an indicator terminal,
      a field winding terminal and a ground terminal; a first normally open
      relay having a winding and a first normally open armature switch; a
      triggerable switch device electrically in series with said first relay
      winding between said ignition terminal and ground; a trigger circuit for
      said triggerable switch electrically disposed between ground and said
      manual switch terminal; a timing circuit including a chargeable condenser;
      a second relay having a winding and a second normally open armature
      switch; and a voltage responsive switch responsive to a voltage greater
      than a predetermined value and electrically in series with said winding of
      said second relay between ground and said indicator terminal; said first
      and second relay switches when closed connecting said indicator terminal
      respectively to said battery terminal and said field winding terminal.
NUM  2.
PAR  2. The device of claim 1 in which the voltage responsive switch comprises a
      transistor having a base, an emitter and a collector, said emitter and
      collector being electrically in series with said second relay winding; and
      means for applying an activating voltage to the base of said transistor
      responsive to ignition voltage on said ignition terminal.
NUM  3.
PAR  3. The device of claim 1 in which removal of voltage from said switch
      terminal deenergizes said first relay and said control device.
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ABST
PAL  Electrolytic timer capsules disclosed herein are of the type having an
      anode filament ruptured by electrolytic action at a known end-of-life
      time. These capsules are identified by a configuration of housing and
      electrodes that concentrates electrolytic action on a known portion of the
      filament anode to produce the rupture which is detectable between two
      extending lead terminals of the filament. Thus, the anode or cathode and
      surrounding electrolyte body is shaped to concentrate the electric field
      and ion migration patterns at the specified location at which rupture
      occurs. Hermetic sealing of the electrolyte within the capsule is afforded
      by clamping a resilient surrounding insulating body forming together with
      the cathode a compartment for receiving the electrolyte solution by
      indenting the metallic cathode electrode forming with the insulating body
      a hermetically-sealed, low-cost, dispensible, timer capsule.
BSUM
PAR  This invention relates to electrolytic coulometric cells for measuring the
      time a constant electric current is passed therethrough and more
      particularly it relates to those type coulometric cells that have an
      end-of-life signifying a known time by rupture of an anode filament.
PAR  Extreme consistency of manufacturing conditions is necessary in coulometric
      cells in order to measure time periods with accuracies of better than 5
      percent. Variations in electrolyte solution, purity of electrodes,
      critical spacings between electrodes, contamination during use or
      processing, leakage of solution, voltaic action and sneak conductive paths
      can all lead to variations from theoretical time calculations. In assuring
      all these conditions with prior art cells the manufacturing cost tends to
      be high and reliability low.
PAR  Some specific problems encountered with a cell of the rupturable anode
      filament type might include for example, (1) inconsistency of the filament
      anode rupture because of voltage variations therealong, (2) leakage of
      electrolyte to cause shelf life, sneak path or corrosion problems, (3)
      variations in electric field patterns through the electrolyte resulting in
      inconsistent performance, (4) complexity of manufacturing process and
      assembly operations making it difficult to meet quality control
      conditions, and (5) need for expensive or critical electrode materials or
      capsule configurations.
PAR  It is therefore a general object of the invention to provide an improved
      and accurate cell solving the foregoing problems.
PAR  More specific objects of the invention are to provide long shelf life and
      to produce consistent end-of-life time spans with few simple low cost
      elements easy to assemble and manufacture.
PAR  Another object of the invention is to provide a low cost but accurate
      dispensible hermetically sealed coulometric cell.
PAR  Therefore in accordance with this invention, a cell is constructed of basic
      elements consisting of an anode filament, an electrolyte solution and a
      cathode-insulator housing arrangement providing a hermetically sealed
      compartment containing the solution. In order to produce consistent
      end-of-life times without critical manufacturing tolerances and materials
      the cells have a configuration concentrating the ionic migration and
      electric field pattern in the electrolyte on a known portion along the
      anode filament. Preferably the filament is mounted to mechanically stress
      this portion to aid rupture at the end-of-life. The hermetic seal is
      afforded by use of a resilient insulating body which is clamped in place
      by deformation of the cathode electrode.
DRWD
PAR  Further features, objectives and advantages of the invention will be
      realized by consideration of the following detailed description of the
      preferred construction features of several embodiments of the invention
      shown in the accompanying drawings, wherein...
PAR  FIG. 1 is a side fragmentary view in section of a cell constructed in
      accordance with a preferred embodiment of the invention,
PAR  FIG. 2 is a section end view of the cell of FIG. 1 taken normally thereto,
PAR  FIG. 3 is a further embodiment of a cell constructed in accordance with the
      teachings of this invention, and
PAR  FIGS. 4 and 5 are respective equivalent diagrams of the circuit and
      electric field configurations of the cell in use.
DETD
PAR  The cell of FIGS. 1 and 2 is of the type described in my U.S. Pat. No.
      3,711,751 granted Jan. 16, 1973 and my copending application Ser. No.
      272,431 filed July 17, 1972. Basically the cell comprises an insulating
      body 10 through which external leads 11 extend from a generally U-shaped
      anode filament structure 12 immersed in an electrolyte solution 13 to
      plate off onto a cathode can 14. The insulating body 10 is generally
      cylindrically shaped of an elastomer or a resilient plastic material such
      as "Neolite" or "Kel F" which can be compressed resiliently be
      indentations 15, 16 made in the outer cathode cup like can 14. The
      terminal leads 11 extend through apertures 17, 18 in the insulating body
      of greater diameter than that of the lead wires, so that air may escape
      therearound during assembly of the capsule.
PAR  When the indentation groove 15 is made about cylindrical cup anode 14
      therefore the resilient material of body 10 is pressed against the leads
      to form a hermetic seal preventing electrolyte 13 from leaking out of the
      electrolyte compartment 19 formed between the insulating body 10 and
      cathode can bottom 20. A conventional air space 21 is left above the
      electrolyte solution. Also the rim of the cathode can is indented 16 into
      the resilient insulating body material 10 to form a second seal.
PAR  The anode and cathode are preferably copper with a copper sulfate
      electrolyte solution. Thus materials of reasonable purity are inexpensive
      and non-critical. Variations in configuration of the basic elements may be
      made without departing from the scope or nature of this invention as for
      example seen from the configuration of FIG. 3, where the insulating body
      25 is cup-like in shape with circular flat cathode electrode 26 forming a
      hermetic seal by a rolled over edge 27 contacting and indenting the
      resilient insulating body surface.
PAR  Some of the details of the construction are important. Thus, in the
      configurations of this invention by using few elements and unlayered
      insulating bodies, the occurrence of sneak electrical paths and corrosion
      by leakage of electrolyte along a layer is prevented. The basic hermetic
      sealing action is equivalent to that of a cork which in compressed
      condition tightly and hermetically seals under various conditions of
      temperature, pressure and aging. Thus the sealing as taught in this
      invention is not only critical in function but is important in achieving
      uniformity because of its simplicity of manufacture, since such crimping
      techniques for the cathode are well known in the construction of electric
      components for electron guns and electrolytic capacitors, for example.
      Therefore the indentation procedure can be carefully controlled to put
      consistent pressure about the leads 11 bending them only enough to attain
      desirable physical stress to aid the consistent and critical
      to-end-of-life time duration afforded by the capsules constructed by the
      teachings of this invention. The stress feature will hereinafter be
      discussed.
PAR  In order to understand the critical matter of achieving a known and
      repeatable rupture time for the anode filament 12 designating the
      end-of-life of a low cost disposable cell as afforded herein, the
      equivalent circuit diagram of FIG. 4 may be considered as typifying a cell
      nearing end of life. Thus the cathode 30 in a container 31 with
      electrolyte solution therein receives ions from the anode filament 32
      migrating through the solution and plating onto the cathode 30 when
      battery 33 or other constant current source is connected between the
      cathode 30 and anode filament 32. The resistor 34 represents a portion of
      the anode filament reduced in cross section or partly eroded away. This
      can occur because of an impurity center at various positions along anode
      filament 32. Also because of slight variations in surface deformity of
      anode or cathode electrodes a preferred electric field pattern or ion path
      may be set up in a somewhat random fashion, which is not readily subject
      to quality control without provision of optical-like surfaces and high
      purity electrodes.
PAR  The resistance function is undesirable since it tends to prevent a rupture
      of the anode filament 32 between leads 36, 37 so that detector 35 may
      sense end of life by plating off enough anode filament material to rupture
      the path between leads 36 and 37. Accordingly, several undesirable actions
      may occur. For example, the resistance may cause enough emf drop along the
      anode filament 32 that the anode will replate upon itself or distort the
      field pattern of the electrolyte to erode away at other positions where
      there is a greater filament thickness. Also the plating action will be
      enhanced at position 38 because of the greater voltage between anode and
      cathode electrodes, rather than to rupture at the thinner higher
      resistance portion 34 of the anode filament. Accordingly it is difficult
      to control life or time to rupture within a reasonable tolerance such as 5
      percent with other ordinary physical manufacturing tolerances with
      available materials and solutions of reasonable purity.
PAR  Accordingly to provide a cell with an accurately predictable end-of-life
      time, the critical techniques discussed hereinafter are employed by this
      invention.
PAR  Consider first the equivalent diagram of FIG. 5 with rays 40 typifying ion
      migration paths through an intermediate electrolyte from anode filament 41
      to cathode plate 42. It is noted that by making the anode filament
      U-shaped a focussing effect will occur causing the closest point of the
      anode at distance d away from the cathode to have the greatest erosion and
      tend to rupture within the shortest time of any other position along the
      filamentary anode 41. Thus, the timing to end-of-life is controllable with
      a greater degree of accuracy by the electric focussing effect.
PAR  Further enhancement of the timing is also provided by mechanical structure
      of the U-shaped filamentary electrode, which is therefore the preferred
      structure. By bending in the U-shape the filament 41 then tends as it
      becomes thin by plating away to separate by the mechanical stress or
      tension at the focus point or apex of the U directed toward the cathode
      surface 42. This can be mechanically enhanced by mounting structure
      leverage signified by the block 43 providing pivot points so that pressure
      forcing the ends 44, 45 together as signified by the arrows will tend to
      cause the filament physically to separate under stress. This condition is
      incorporated in the embodiment of FIG. 1 for example simply by forcing the
      U up into the apertures 17, 18. It is further enhanced by pressing
      indentations 15 toward the filament wire leads 11 within apertures 17, 18.
      Accordingly quality control of end-of-life time can be readily afforded by
      simple use of the features of spacing between the cathode and a limited
      portion of the anode filament and by mechanically stressing the anode
      filament through bending and through resiliently pressing the wires with a
      resilient insulator body of the type employed herein. Note that if the
      mechanical tension is used with the focussing action or closer spacing of
      the apex of the U-shaped filament to the cathode, then the resistance
      action (34) of the thinner designated portion of the anode receiving most
      ionic activity will coincide mechanical stress, electrolyte focussing and
      a greater power drop since the greater ionic current will occur at the
      greater resistance portion to then cause a heating fuse-like separation.
PAR  All these advantages are attained with the further advantageous feature
      that impurities such as oxidation or salts on the surface of the anode
      leads for example will not prevent hermetic sealing as might occur if a
      cement type seal were used.
PAR  The construction of the device of FIG. 1 for example enhances the
      manufacture which simply requires insertion of U-shaped anode filament 12
      into the insulating body 10 with terminal leads 11 extending therefrom as
      a first step. The body 10 is grooved at 8 and funnelled at 9 to aid the
      threading of the wire therethrough.
PAR  Then the electrolyte solution 13 is put in the bottom of cup 14 so that
      body 10 can be slid thereinto with wiper rims 7 being slightly compressed
      to push the electrolyte up into cavity 19 between cathode end wall 20 and
      the body 10. During this step air will flow out around leads 11 through
      apertures 17 and 18. Just enough electrolyte is metered into the cathode
      cup 14 to leave air space 21. Then the can is first dimpled at 15 for
      producing a hermetic seal and a leverage action on the anode filament, and
      thereafter the rim 16 is sealed at ridge 24 for a secondary hermetic seal.
PAR  It may therefore be seen that the techniques and features of this invention
      permit production of an electrolytic time cell of simpler construction yet
      with enhanced more accurate control over time to end-of-life. Those
      features of novelty representative of the nature and scope of the
      invention therefore are set forth with particularity in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrolytic timing capsule, comprising in combination, an
      electrolyte solution, a cup-like insulator containing said solution with a
      continuous filament anode element with an intermediate portion extending
      through the insulator into said solution with two terminal leads extending
      from said insulator outside said solution as terminals to detect
      discontinuity of the filament portion therebetween, a cathode element
      having a planar surface in contact with said solution arranged to close
      the cup-like insulator structure, said cup-like insulator comprising a
      resilient electrically insulating element confining said solution in a
      cup-like compartment holding the electrolyte disposed between said anode
      and cathode, and clamping means formed by configuration of said cathode
      for pressing said cathode and insulating element together in a hermetic
      sealed housing arrangement confining said solution wherein the two leads
      are held by said clamping means in said insulating element to maintain
      said intermediate portion in said electrolyte in a stressed condition of a
      sense assisting rupture of said filament at the end-of-life.
NUM  2.
PAR  2. A capsule as defined in claim 1 wherein said anode comprises a generally
      U-shaped anode filament disposed with its apex toward said generally
      planar cathode structure wherein said insulator comprises a pivot
      arrangement for said leads and said clamping means is arranged to press
      said two leads in a direction forcing the lead ends together thereby
      tending to stress the intermediate portion outwardly in a sense assisting
      rupture of the intermediate portion of said filament in said electrolyte
      at the end-of-life.
NUM  3.
PAR  3. A capsule as defined in claim 1 wherein the cathode comprises a
      generally cylindrical container cup having an open end receiving said
      insulating element to close the open end with said leads extending from
      said open end wherein the cathode cylindrical container has a single inner
      diameter and said insulator has an outer cylindrical surface fitting
      closely within said cathode container and reaching to the bottom of said
      cathode container cup.
NUM  4.
PAR  4. A capsule as defined in claim 1 wherein said insulating element defines
      apertures for passing said filament leads therethrough and having a
      slightly greater dimension than the filament leads to permit passage of
      air therethrough about said filament during assembly before the cathode
      and insulating element are pressed in said clamping configuration thereby
      to close said insulating material hermetically about said filament leads.
PATN
WKU  039448959
SRC  5
APN  4016114
APT  1
ART  213
APD  19740221
TTL  Plastic capacitors
ISD  19760316
NCL  10
ECL  1
EXP  Goldberg; E. A.
NDR  2
NFG  2
INVT
NAM  Williams; Colin
CTY  Biggleswade
CNT  EN
ASSG
NAM  Imperial Chemical Industries Limited
CTY  London
CNT  EN
COD  03
CLAS
OCL  317258
XCL   29 2542
EDF  2
ICL  H01G  418
FSC   29
FSS  25.42
FSC  317
FSS  260;258
FSC  174
FSS  DIG. 8
UREF
PNO  3093448
ISD  19630600
NAM  Kirkpatrick
OCL  174DIG.8
UREF
PNO  3391313
ISD  19680700
NAM  Hevey
XCL  317260
UREF
PNO  3484664
ISD  19691200
NAM  Liddicoat
XCL  317260
FREF
PNO  580,489
ISD  19460900
CNT  UK
OCL  317258
OREF
PAL  Dummer et al., Fixed & Variable Capacitors, McGraw Hill, N.Y. 1960, pp.
      142-143.
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A wound electrical capacitor having a thermoplastic film dielectric spacer
      with specified thermal shrinkage characteristics and provided with a
      shrinkable sleeve which contracts during thermal stabilization of the
      capacitor to expel air and moisture from the capacitor winding to reduce
      capacitance loss on accelerated life testing.
BSUM
PAR  This invention relates to wound electrical capacitors.
PAR  A wound electrical capacitor usually comprises a pair of electrically
      conductive electrodes spaced apart by an insulating dielectric spacer
      disposed therebetween, the electrodes and spacer being in the form of
      longitudinal webs which are wound together to form an assembly of
      substantially cylindrical configuration, which term includes not only
      right circular cylinders but also any structure generated by a straight
      line moving parallel to itself and describing with its ends any closed
      curve. Capacitors of this kind have been provided with a protective
      sleeve, formed by winding several turns of polyethylene strip around the
      capacitor and thermally shrinking the strip into position, to seal the
      capacitor winding against ingress of moisture and other contaminants from
      the surrounding atmosphere.
PAR  A problem encountered in the production of wound capacitors, and not
      effectively eliminated by the use of protective sleeves of the
      aforementioned kind, is the entrapment between adjacent layers of the
      capacitors winding of air pockets which result in the electrical strength
      of the capacitor being markedly reduced, the corona starting voltage being
      lowered, and the capacitor being susceptible to premature breakdown and
      shortened operational life. This problem is believed to result, at least
      to some extent, from the high frictional forces and lack of slip between
      adjacent layers of the winding, and may be partially alleviated by
      improving the slip characteristics of the winding materials -- for example
      by the incorporation therein of slip improvers, such as particulate
      silica, or by embossing one or more of the layers. Impregnation of the
      capacitor with a dielectric fluid is also employed to reduce the incidence
      of air voids, but it is usually desirable to subject the capacitor to a
      thermal stabilizing treatment, during which the capacitor is heated,
      usually under vacuum, to remove the trapped air.
PAR  We have now devised an improved capacitor assembly to facilitate the
      removal of trapped air therefrom.
PAR  Accordingly, the present invention provides a wound electrical capacitor
      comprising at least a pair of electrically conductive electrodes, an
      insulating dielectric spacer disposed therebetween, the electrodes and
      spacer being wound together to form the capacitor winding, and a
      constrictive sleeve enveloping the winding, wherein
PA1  A. the spacer comprises a longitudinal thermoplastic polymeric film strip
      having (1) a thermal shrinkage in the longitudinal direction of from 5.0
      to 10 percent, and (2) a ratio of thermal shrinkage in the longitudinal
      direction to that in a direction at right angles thereto of from 1.7:1 to
      10:1, and
PA1  B. the sleeve (1) extends over at least 75 percent of the exposed surface
      area of the capacitor winding, and (2) has a thermal shrinkage in the
      longitudinal direction at least 1.02 times that of the spacer,
PAL  Said thermal shrinkages being determined as hereinafter defined.
PAR  Reference to the longitudinal shrinkage of the sleeve is intended to
      include thermal shrinkage in a circumferential direction around the
      peripheral surface of the capacitor in the case of a sleeve in the form of
      a cylindrical sheath slipped around the capacitor winding, as well as
      thermal shrinkage along the length of a continuous film or strip of
      material to be applied to a sleeve in the form of overlapping windings.
PAR  The invention also provides a method of forming a wound electrical
      capacitor comprising winding together at least a pair of electrically
      conductive electrodes with a dielectric spacer disposed therebetween, the
      electrodes and spacer together constituting the capacitor winding,
      enveloping the winding in a thermally shrinkable sleeve, and thermally
      stabilizing, as hereinafter defined, the sleeved winding, wherein
PA1  a. the spacer comprises a longitudinal thermoplastic polymeric film strip
      having (1) a thermal shrinkage in the longitudinal direction of from 5.0
      to 10 percent, and (2) a ratio of thermal shrinkage in the longitudinal
      direction to that in a direction at right angles thereto of from 1.7:1 to
      10:1, and
PA1  b. the sleeve (1) extends over at least 75 percent of the exposed surface
      area of the winding, and (2) has a thermal shrinkage in the longitudinal
      direction at least 1.02 times that of the spacer,
PAL  said thermal shrinkages being determined as hereinafter defined.
PAR  Thermally stabilizing the wound capacitor assembly involves heating the
      assembly to a temperature at which residual moisture and occluded air are
      expelled from the assembly. The stabilizing temperature will vary
      depending on the dielectric material and on the desired length of the
      stabilizing cycle, but usually is within a range of from 100.degree. C to
      140.degree. C. At lower temperatures, the stabilizing period is
      excessively long and the desired thermal shrinkage may not be achieved,
      while higher temperatures may cause decomposition and/or excessive
      transverse shrinkage of the dielectric spacer. The stabilizing temperature
      is therefore selected so that the desired compressive forces are exerted,
      within a convenient period of time, on the dielectric spacer without
      detriment to the electrical characteristics of the latter. Desirably,
      stabilization should be complete in less than 10 hours, preferably within
      5 hours. For a capacitor having a polypropylene film dielectric spacer, a
      convenient stabilizing temperature is in the range from 105.degree. C to
      125.degree. C. Stabilization may, if desired, be effected under conditions
      of reduced pressure, e.g. 0.01 mm Hg to 1mm Hg.
PAR  The longitudinal thermal shrinkage of the dielectric film spacer is
      determined on a strip of film some 10 mm wide and 30 mm long excised from
      a roll of film so that the longitudinal axis of the strip coincides with
      the direction of extrusion of the film-forming material - the Longitudinal
      of Machine direction. Two reference lines are marked on the strip a
      specified distance, D, apart, and one end of the strip is placed in a clip
      from which the strip is freely suspended, without restraint, for 15
      minutes in an air oven maintained at the temperature at which a capacitor
      fabricated from the film under test will be thermally stabilized -- for
      example, 115.degree. C in the case of a polypropylene spacer. The
      distance, d, between the reference lines on the shrunken strip is then
      determined, and the percentage shrinkage defined as, (D-d)100/D. The
      longitudinal thermal shrinkage of the sleeve material is determined in a
      similar manner, as is the transverse shrinkage of the spacer strip, except
      that in the latter case a strip is selected such that the longitudinal
      axis thereof is at right angles to the direction of extrusion of the
      film-forming material.
PAR  In winding the capacitor, the dielectric spacer strip, and the sleeve, if a
      film strip is employed for this purpose, are positioned so that the
      Longitudinal or Machine direction of the film strip forming the sleeve
      coincides with or is parallel to, a tangent to the axial core about which
      the capacitor is wound.
PAR  We have found that dielectric spacers having a longitudinal thermal
      shrinkage, as hereinbefore defined, of from 5.0 to 10 percent, provide an
      acceptable degree of contraction, and thereby tightening, of the winding
      during thermal stabilization to expel trapped air from within the winding.
      Insufficient contraction is provided at lower thermal shrinkages, while
      values in excess of 10 percent confer little additional expulsion of air,
      and improvement in electrical characteristics. Preferably, dielectric
      spacers having a longitudinal thermal shrinkage of from 5.5 to 8.5
      percent, under the specified conditions, should be employed.
PAR  Conveniently, electrical connection to the capacitor is made, in the case
      of a metalized film or an extended foil-capacitor, by the conventional
      technique of spraying a metallic layer or coating onto each of the end
      faces of the capacitor. Alternatively, electrical contact may be
      established by means of axially inserted connecting tags. To avoid
      disruption of the sprayed on metallic coating during thermal cycling of
      the capacitor in normal use, and/or to avoid loss of capacitance during
      thermal stabilization of the capacitor, by undue shrinkage of the spacer
      in a transverse direction, i.e., parallel to the axis of winding, the
      thermal shrinkage of the spacer in the transverse direction should be less
      than that in the longitudinal direction. Acceptable behavior is achieved
      with a ratio of longitudinal to transverse thermal shrinkage as
      hereinbefore defined of from 1.7:1 to 10:1. Preferably, a shrinkage ratio
      of from 1.75:1 to 2.5:1 is employed.
PAR  Thermoplastic polymeric films suitable for use as dielectric spacers in the
      capacitors of the present invention, include films formed from any
      thermoplastic material possessing the required electrical and thermal
      shrinkage properties and capable of being formed into film by any
      conventional film-forming technique. Suitable materials include
      polycarbonates, polysulphones, polyesters such as polyethylene
      terephthalate and polyethylene- 1,2-diphenoxyethane-4,4'-dicarboxylate,
      and polyolefins. A preferred material is a high molecular weight
      stereo-regular predominantly crystalline polymer of propylene, either in
      the form of a homopolymer or copolymerised with minor quantities (e.g. up
      to 15 percent by weight based on the weight of the copolymer) of other
      unsaturated monomers such as ethylene.
PAR  Films are suitably formed from these materials in any conventional manner,
      as, for example, by rolling, extruding, pressing, solvent casting or melt
      casting techniques, and are preferably oriented by stretching the film to
      impart strength thereto. A particularly suitable film is produced by melt
      extruding polypropylene in the form of a tube from an annular die,
      inflating the tube by the so called "bubble" process to introduce
      transverse orientation, and simultaneously elongating the tube
      longitudinally to orient the film in the lengthwise direction. The
      oriented film is then stabilized against thermal shrinkage by a
      "heat-setting" operation which involves heating the film, while held under
      tension, to a temperature below the melting point of the film.
PAR  Thermoplastic films suitable for use as dielectric spacers in the
      capacitors of the present invention vary in thickness from 4 to about 50
      microns, but to facilitate the incorporation of the films into capacitors
      a film thickness of between about 6 and 15 microns is preferred.
PAR  If desired, the slip characteristics of the film spacer, and impregnation
      characteristics of a capacitor wound therefrom, may be improved by
      dispersing in the film so as to form projections on at least one surface
      thereof, from 0.01 to 1 percent by weight, based on the weight of the
      film, of an inert, particulate dielectric material having an average
      particule diameter of from 1 to 5 microns, as disclosed in our copending
      British patent application No. 11012/71. Alternatively, the film may be
      provided with surface projections by an embossing technique, or by
      selectively shrinking portions of the film.
PAR  The dielectric film spacer may also contain any of the additives normally
      employed in the thermoplastic films for use in the electrical industry.
      For example, the film spacer may contain an anti-oxidant, and/or an
      anti-corrosion agent -- such as calcium stearate.
PAR  The electrically conductive electrodes of the capacitor may be in the form
      of a foil -- for example, of aluminum or tin. However, in a preferred
      embodiment of the invention, the electrically conductive electrode is
      integrated with the dielectric spacer in the form of a metalized film
      strip or web, thereby facilitating assembly of the capacitor by
      eliminating the need for a separate spacer. Regenerative or "self-healing"
      capacitors are commonly of this type.
PAR  Any of the aforementioned films may be metalized, by conventional
      metallizing techniques, for use as integrated electrically conductive
      electrode-spacers in the capacitors of this invention. Metallizing is
      suitably effected by a vacuum deposition technique in which a metal, such
      as aluminium, zinc, silver, gold or nickel, is evaporated onto the surface
      of a film located in a chamber maintained under conditions of high vacuum
      to deposit a layer of metal onto the film surface. Suitably, the film
      surface is subjected to chemical or physical treatments, for example,
      oxidation with mineral acids or exposure to a corona discharge, prior to
      metallizing, thereby to improve the adhesion of the metallic layer of the
      film substrate. Although a corona discharge treatment is our preferred
      technique for improving the bonding properties of the film surface, the
      treatment induces an electrostatic charge on the film surface, and it is
      desirable that this charge should be eliminated both to facilitate
      handling of the film prior to metallizing and to avoid the incidence of
      burn or tracking marks, so-called "tree patterns," on the surface of the
      film, these patterns being created, we believe, by the discharge of the
      residual charge through an adsorbed layer of air which is usually
      associated with the film surface. Accordingly, we prefer that the
      discharge-treated film should be destaticized before metallizing for
      example by directing a current of ionized air against the charged surface
      of the film. Subsequently subjecting the film to a vacuum, suitably by
      reeling the film through an evacuated chamber, serves to remove
      contaminants which may be present on the surface of the film.
PAR  The thickness of the metalized layer is conveniently from 5 to 50
      nanometres, and particularly from 7 to 14 nanometres in the case of
      aluminium, and from 20 to 40 nanometres in the case of zinc. A
      polypropylene film metallised with aluminum or zinc is a preferred
      electrode-spacer.
PAR  A combined electrode-spacer may, of course, be roughened, if desired, for
      example, by incorporation therein of a particulate dielectric material or
      by an embossing technique, as hereinbefore described.
PAR  The constrictive sleeve functions by shrinking at the capacitor stabilizing
      temperature to compress the winding of the capacitor, thereby assisting
      the expulsion of air and moisture from between adjacent layers of the
      winding, particularly from between the outermost layers, which, by virtue
      of the reduced number of layers superimposed thereon, are subjected to an
      inherently smaller compressive force than that exerted on the innermost
      layers of the capacitor winding. The sleeve must therefore be capable of
      shrinking in a circumferential direction by an amount sufficient to
      provide the required compressive stress, and we find that a sleeve wound
      from a strip of material having a longitudinal thermal shrinkage of at
      least 1.02 times that of the dielectric spacer, as hereinbefore defined,
      is necessary. Preferably, a sleeve strip having a longitudinal thermal
      shrinkage of between 1.05 and 2.5 times that of the spacer is employed. In
      practice, we prefer to employ a sleeve having a longitudinal thermal
      shrinkage not exceeding 15 percent.
PAR  Transverse thermal shrinkage of the sleeve, i.e., in a direction parallel
      to the axis of the capacitor, does not, of course, exert significant
      compressive forces on the windings, but merely serves to reduce the axial
      dimensions of the sleeve.
PAR  The sleeve should be of sufficient strength that the desired compressive
      stress may be exerted without rupture of the sleeve.
PAR  Furthermore, to ensure that the sleeve is not subjected to excessive stress
      by thermal expansion of the capacitor winding during the thermal
      stabilization thereof, the sleeve and dielectric spacer materials should
      be selected so that the coefficient of thermal expansion of the sleeve
      material is at least equal to, and preferably exceeds, that of the
      dielectric spacer material. This condition is conveniently satisifed by
      selecting the same polymeric material as both dielectric spacer and
      sleeve.
PAR  To achieve adequate explusion of air and moisture from between adjacent
      layers of the capacitor winding the sleeve should extend over at least 75
      percent of the exposed surface of the capacitor winding, i.e., the
      peripheral surface excluding the planar end faces of the capacitor.
      Preferably, however, the sleeve should extend over the entire exposed
      surface area of the winding, excluding the end faces.
PAR  The sleeve may be in the form of a cylindrical sheath which is slipped
      axially onto the wound capacitor, and subsequently shrink-fitted in
      position, but in a preferred embodiment of the invention the sleeve is
      formed by winding a longitudinal web around the capacitor in the direction
      of winding thereof, and sealing the free end of the sleeve web to the
      preceding layer of the web by any convenient means -- for example, by an
      adhesive, or by use of a superimposed adhesive tape.
PAR  The axial dimension of the sleeve winding may correspond to that of the
      capacitor winding, or the sleeve may comprise several narrower windings
      spaced apart, or in contiguous relationship, along the capacitor axis.
PAR  Suitably, the sleeve is fabricated from any unmetallized, thermoplastic
      polymeric film having the required shrinkage properties. In the case of a
      polypropylene film spacer and sleeve the desired shrinkage properties may
      be obtained by suitably controlling the conditions employed in
      manufacturing the film, particularly the conditions of "heat-setting" the
      film. Thus shrinkage may be controlled by suitably adjusting the
      temperature to which the film is subjected during heat-setting, or by
      controlling the amount by which the film is allowed to relax or shrink
      during heat-setting. Shrinkable films may also be produced by other
      techniques known to those skilled in the art, for example -- by orienting
      films at relatively high draw ratios, or by orienting films at relatively
      low temperatures, for example -- by cooling the shoulder of a film
      "bubble" in a tubular film-forming process of the kind disclosed in our
      British Pat. No. 954,254, whereby a tubular film is formed by inflation of
      a thermoplastic tube having a relatively high hoop-stress.
PAR  Conveniently the sleeve is fabricated from the same polymeric material as
      that from which the dielectric spacer is formed, thereby ensuring that the
      sleeve and dielectric spacer are electrically compatible, are stable over
      substantially identical temperature ranges, and, as hereinbefore
      described, have mutually acceptable coefficients of thermal expansion. For
      example, a polypropylene film sleeve is desirably employed on a capacitor
      in which the dielectric spacer is a polypropylene film. In particular, as
      metallizing tends further to "heat-set" a film, thereby reducing thermal
      shrinkage of the film, a capacitor is conveniently formed, in accordance
      with the present invention, from a metalized film dielectric spacer with a
      sleeve of an unmetallized, but otherwise identical, film.
PAR  The thickness of the sleeve material is not critical but a sleeve applied
      as a winding is conveniently formed from a film strip of thickness within
      the range hereinbefore specified for the dielectric spacer. Preferably,
      the sleeve film strip is of the same thickness as the dielectric spacer.
PAR  When a sleeve is applied in the form of a winding the sleeve strip must
      usually be of a length such as will encircle the capacitor at least twice
      to provide the desired compressive force. Preferably, the number of turns
      or windings in the sleeve is from 10 to 50, depending on the thickness of
      the sleeve strip material.
PAR  Although the sleeve-technique of this invention is particularly applicable
      to dry capacitors, it may, if desired, be applied to capacitors
      impregnated with a suitable dielectric impregnant. By an impregnant is
      meant any of the fluid impregnating agents conventionally employed in the
      electrical industry. Examples of suitable impregnants are mineral oil,
      castor oil, cottonseed oil, silicone oil, chlorinated diphenyls, and
      polybutene. Gases under pressure, for example, dry nitrogen or sulphur
      hexafluoride may also be used.
PAR  Conventional impregnating techniques are, of course, suitable for the
      impregnation of the capacitors of the present invention, the sleeve
      preferably being applied prior to the impregnation. Thermal stabilization
      of the capacitor should, of course, be effected after impregnation has
      taken place.
PAR  For impregnated capacitors, we prefer that the sleeve-material is such as
      will absorb the optimum amount of the impregnant compared with that
      absorbed by the dielectric spacer, thereby enabling the sleeve to exert
      the maximum compressive force on shrinking, and effectively consolidating
      the impregnated capacitor winding. Thus a polyester sleeve may be employed
      in conjunction with a polyester dielectric spacer.
DRWD
PAR  The invention is illustrated by reference to the accompanying drawings in
      which
PAR  FIG. 1 is a schematic exploded view of a partially-wound capacitor, and
PAR  FIG. 2 is a representation of a fully-wound capacitor encased in a
      thermally-shrunk sleeve according to the invention.
DETD
PAR  Referring to the drawings, a cylindrical, electrical capacitor is formed by
      winding together onto a tubular polypropylene core member 1 some 200 turns
      2 of a pair of metallized, biaxially-oriented polypropylene films 3, 4,
      each film having deposited on one surface thereof a thin
      electrically-conductive layer of aluminum 5 so as to leave an unmetallized
      margin at one edge of each film, the metallized films being wound together
      so that the unmetallized edges of the respective films are axially spaced
      apart.
PAR  The fully wound capacitor (FIG. 2) is provided with an overwrapped sleeve 6
      formed by winding some 35 turns 7 of unmetallized, thermally-shrinkable,
      biaxially-oriented polypropylene film around the metallized film windings,
      3, 4, and securing the free end 8 of the sleeve to the immediately
      preceding layer of the sleeve winding by a superimposed strip 9 of a
      polyester electrical grade adhesive tape.
PAR  After thermal stabilization in an air oven at a temperature of 115.degree.
      C. for a period of 4 hours, electrical connection to each end of the
      capacitor is established by deposition thereon, from a conventional flame
      spraying device, a sprayed-on end connector 10 of zinc, or of a zinc-tin
      alloy.
PAR  The invention is illustrated by reference to the following Examples.
PAC  EXAMPLES 1 TO 6
PAR  Each of a series of electrical capacitors, each rated at 240 volts a.c. and
      having a capacitance of 2.5 microfarads, was prepared by winding together
      on to a tubular polypropylene core member of 9 mm diameter, some 200 turns
      of a pair of metalized biaxially oriented polypropylene films, each
      polypropylene film containing 0.1 percent by weight of
      1,3,5-trimethyl-2,4,6-tris(3',5'-di-t-butyl-4'-hydroxybenzyl) benzene, as
      an anti-oxidant, and 0.1 percent by weight of calcium stearate as an
      anti-corrosion agent, being some 75 mm wide and 8 .mu.m thick, and having
      deposited thereon a layer of aluminium some 10 nm in thickness. Each of
      the polypropylene films had a thermal shrinkage in the Longitudinal or
      Machine Direction, and in a direction, at right angles thereto -- the
      Transverse direction, when maintained unrestrained in an air oven at
      115.degree. C for 15 minutes, as specified in the accompanying Table.
PAR  Each of a series of similarly prepared capacitors was provided with an
      overwrapped sleeve in the form of 35 turns of unmetallized, but otherwise
      identically constituted, biaxially oriented polypropylene film of 8 .mu.m
      thickness and 75 mm width, the film having a thermal shrinkage, as
      specified in the accompanying Table. The free end of the overwrapped
      winding was secured to the immediately preceding layer of the sleeve
      winding by means of a superimposed polyester, electrical grade, adhesive
      tape.
PAR  The sleeve (Examples 1-3) and unsleeved (Examples 4-6) capacitors were
      thermally stabilized by exposure in an air oven at a temperature of
      115.degree. C for 4 hours. The thermally stabilized capacitors were then
      provided with sprayed-on end connectors, and subjected to cyclic endurance
      testing in accordance with British Standard 4017, at 315 volts a.c. and
      85.degree. C for 84 cycles. Capacitance loss as a result of this testing
      is shown for individual capacitors in the accompanying table.
TBL                                    Table                                   
     __________________________________________________________________________
     Thermal Shrinkage  Shrinkage Ratio                                        
     Example                                                                   
          Spacer   Sleeve                                                      
                        LD Spacer:                                             
                               LD Sleeve:                                      
                                      Capaci-                                  
                                      tance                                    
     Longi-    Trans-                                                          
                   Longi-                                                      
                        TD Spacer                                              
                               LD Spacer                                       
                                      Loss                                     
     tudinal   verse                                                           
                   tudinal                                                     
     (LD)      (TD)                                                            
                   (LD)                                                        
     %         %   %                  %                                        
     __________________________________________________________________________
     1    2.5  1.5 * not                                                       
                        1.67   --     7.0                                      
                   fitted                                                      
     2    5.5  2.5 * not                                                       
                        2.2    --     5.0                                      
                   fitted                                                      
     3    7.5  3.0 * not                                                       
                        2.5    --     4.0                                      
                   fitted                                                      
     4    5.5  2.5 6.0  2.2    1.09   1.5                                      
     5    5.5  2.5 8.0  2.2    1.45   1.4                                      
     6    7.5  3.0 8.0  2.5    1.07   0.5                                      
     __________________________________________________________________________
      * Comparative experiments, not according to present invention.           
PAC  EXAMPLES 7 to 11
PAR  A series of sleeved capacitors, each rated at 440 volts a.c. and having a
      capacitance of 3.5 microfarads, was prepared by the procedure of Example 4
      using some 400 turns of metalized polypropylene film chemically identical
      to that of Example 4 except that the base film had a thickness of 13
      .mu.m. Each capacitor was provided with an overwrapped sleeve comprising
      16 turns of unmetallized, biaxially oriented polypropylene film chemically
      identical to that of Example 4 but of 13 .mu.m thickness.
PAR  The capacitors were then subjected to cyclic endurance testing, as
      described in British Standard 4017, at 550 volts a.c. and 85.degree. C.
      Capacitance loss in individual capacitors, as a result of this testing, is
      shown in the accompanyng Table.
TBL                                    Table                                   
     __________________________________________________________________________
     Thermal Shrinkage  Shrinkage Ratio                                        
                                      Capacitance                              
     Example                                                                   
          Spacer   Sleeve                                                      
                        LD Spacer:                                             
                               LD Sleeve:                                      
                                      Loss                                     
     Longi-    Trans-                                                          
                   Longi-                                                      
                        TD Spacer                                              
                               LD Spacer                                       
                                      after                                    
                                          after                                
     tudinal   verse                                                           
                   tudinal            15  42                                   
     (LD)      (TD)                                                            
                   (LD)               cycles                                   
                                          cycles                               
     %         %   %                  %   %                                    
     __________________________________________________________________________
     7    2.0  1.4 6.0  1.43   3.0    open                                     
                                          --                                   
                                      cir-                                     
                                      cuit                                     
     8    2.0  1.4 8.4  1.43   4.2    open                                     
                                          --                                   
                                      cir-                                     
                                      cuit                                     
     9    5.5  3.1 6.0  1.77   1.09   6.4 24.2                                 
     10   5.5  3.1 8.4  1.77   1.53   6.3 19.7                                 
     11   8.0  4.1 8.4  1.95   1.05   5.7 12.2                                 
     __________________________________________________________________________
PAR  After a few cycles of the test, the capacitors having a low shrinkage
      dielectric spacer (Examples 7 and 8) had completely failed, giving open
      circuit units. The test was therefore interrupted after 15 cycles, and
      terminated after 42 cycles, when the remaining capacitors, made according
      to the present invention, still exhibited a reasonable capacitance loss,
      as shown in the Table.
PAC  EXAMPLES 12 to 16
PAR  The procedure of Example 11 was repeated and a series of capacitors
      prepared from the aluminium coated, polypropylene dielectric spacer having
      a longitudinal thermal shrinkage of 8 percent and a transverse thermal
      shrinkage of 4.1 percent, wound with the unmetallized polypropylene sleeve
      material having a longitudinal thermal shrinkage of 8.4 percent. The
      number of turns of sleeve material was progressively increased throughout
      the series, and the results obtained on testing each capacitor by the
      procedure of Example 11 are illustrated in the accompanying Table.
TBL                Table                                                       
     ______________________________________                                    
     Example                                                                   
            Sleeve     Capacitance Loss                                        
     No. of turns  After 42 cycles                                             
                                After 77 cycles                                
                   %            %                                              
     ______________________________________                                    
     12     16         12.2         --                                         
     13     32         9.3          --                                         
     14     64         7.3          --                                         
     15     96         5.8          13.3                                       
     16     128        4.2          8.4                                        
     ______________________________________                                    
PAR  The above results demonstrate the reduction in capacitance loss obtained by
      increasing the number of turns in the overwrapped sleeve.
PAC  EXAMPLE 17
PAR  Capacitors prepared in accordance with Example 12 but having an overwrapped
      sleeve comprising 24 turns of the sleeve material instead of the 16 turns
      of Example 12 were subjected to a continuous long term endurance test in
      accordance with Standard 252 of the International Electrotechnical
      Commission. After 500 hours testing at 440 volts 85.degree. C, the average
      capacitance loss of these capacitors was 1.7 percent.
PAC  EXAMPLE 18
PAR  Capacitors prepared in accordance with Example 17, but having 96 turns of
      overwrapped sleeve instead of the 24 turns of Example 17 were subjected to
      a continuous long term endurance test as defined in Example 4. After 500
      hours testing at 475 volts and 85.degree. C, the average capacitance loss
      was 1.6 percent.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wound, thermally stabilized electrical capacitor comprising at least a
      pair of electrically conductive electrodes, an insulating dielectric
      spacer disposed therebetween, the electrodes and spacer being wound
      together to form the capacitor winding, and a constrictive sleeve
      enveloping the winding, wherein
PA1  a. the spacer comprises a longitudinal thermoplastic polymeric film strip
      having (1) a thermal shrinkage in the longitudinal direction of from 5.0
      to 10 percent, and (2) a ratio of thermal shrinkage in the longitudinal
      direction to that in a direction at right angles thereto of from 1.7:1 to
      10:1, and
PA1  b. the sleeve (1) extends over at least 75 percent of the exposed surface
      area of the capacitor winding, and (2) is of a material having a thermal
      shrinkage in the longitudinal direction at least 1.02 times that of the
      spacer,
PAL  said thermal shrinkages being determined at the thermal stabilizing
      temperature.
NUM  2.
PAR  2. A capacitor according to claim 1 wherein the longitudinal thermal
      shrinkage of the dielectric spacer is from 5.5 to 8.5 percent.
NUM  3.
PAR  3. A capacitor according to claim 1 wherein the spacer has a ratio of
      longitudinal to transverse thermal shrinkage of from 1.75:1 to 2.5:1.
NUM  4.
PAR  4. A capacitor according to claim 1 including an integrated
      spacer-electrode in the form of a metallized polymeric film.
NUM  5.
PAR  5. A capacitor according to claim 1 wherein the spacer is a film of a
      crystalline propylene homopolymer, or a copolymer thereof with up to 15
      percent by weight, based on the weight of the copolymer, of an unsaturated
      comonomer.
NUM  6.
PAR  6. A capacitor according to claim 1 wherein the sleeve material has a
      longitudinal thermal shrinkage of from 1.05 to 2.5 times that of the
      spacer.
NUM  7.
PAR  7. A capacitor according to claim 1 wherein the sleeve and the dielectric
      spacer are of the same polymeric material.
NUM  8.
PAR  8. A method of forming a wound electric capacitor comprising winding
      together at least a pair of electrically conductive electrodes with a
      dielectric spacer disposed therebetween, the electrodes and spacer
      together constituting the capacitor winding, enveloping the winding in a
      thermally shrinkable sleeve, and thermally stabilizing the sleeved
      winding, wherein
PA1  a. the spacer comprises a longitudinal thermoplastic polymeric film strip
      having (1) a thermal shrinkage in the longitudinal direction of from 5.0
      to 10 percent, and (2) a ratio of thermal shrinkage in the longitudinal
      direction to that in a direction at right angles thereto of from 1.7:1 to
      10:1, and
PA1  b. the sleeve (1) extends over at least 75 percent of the exposed surface
      area of the winding, and (2) has a thermal shrinkage in the longitudinal
      direction at least 1.02 times that of the spacer,
PAL  said thermal shrinkages being determined at the thermal stabilizing
      temperature.
NUM  9.
PAR  9. A method according to claim 8 wherein the spacer is a film of a
      crystalline propylene homopolymer, or a copolymer thereof with up to 15
      percent by weight, based on the weight of the copolymer, of an unsaturated
      comonomer.
NUM  10.
PAR  10. A method according to claim 9 comprising thermally stabilizing the
      capacitor at a temperature of from 105.degree. to 125.degree. C.
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ABST
PAL  A system for providing a predetermined phase relationship between signals
      representing the operation of first and second moveable members, the
      operation of said first moveable member being regulated in accordance with
      the operation of said second moveable member. The phase relationship is
      determined by comparison means which produces a pulse signal indicative of
      said phase relationship. Signal storage means, responsive to the pulse
      signal, produces an analog signal, the amplitude thereof varying at a
      first rate, the maximum amplitude attained by said analog signal being
      proportional to said phase relationship. The output of said signal storage
      means is coupled to signal generating means comprising variable gain
      means, said variable gain means being adjusted to correspond to a
      predetermined gain, said signal generating means generating an analog
      signal proportional to the signal stored by said storage means. Feedback
      means is controlled by the analog signal to modify the operation of the
      first moveable member whereby said first moveable member is urged into
      said predetermined phase relationship with said second moveable member. If
      the predetermined phase relationship is attained within a predetermined
      period, control means causes the analog signal produced by said storage
      means to vary at a second rate different from said first rate, and said
      variable gain means is adjusted to a gain different from said
      predetermined gain. If the predetermined phase relationship is not
      attained within said predetermined period, apparatus incorporating said
      system is automatically shut down. Upon reactivation of the apparatus, the
      analog signal produced by said storage means varies at said first rate and
      said gain means is adjusted to said predetermined gain.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Phase synchronization systems for controlling the phase relationship
      between two signals are disclosed in the prior art and have been adapted
      for use in those technologies requiring velocity control of a first
      moveable member in accordance with the velocity of a second moveable
      member. For example, in copending application Ser. No. 89,869 filed Nov.
      16, 1970, an assigned to the assignee of the present invention, a phase
      synchronization system is disclosed wherein, in a preferred embodiment,
      the first moveable member comprises a filmstrip and the second moveable
      member comprises a web having a preprinted format thereon, such as
      headings, columns and the like. Since the filmstrip and web, when
      operative, are both continuously moving, phase synchronization
      therebetween is required such that the information prerecorded on the
      filmstrip is accurately printed at the appropriate portion of the web. The
      phase relationship between the signals representing the velocity of the
      filmstrip and the web is determined by a comparator which produces a pulse
      width modulated signal indicative of the phase relationship. The pulse
      width modulated signal is applied to an integrator and thence to a storage
      means, the output of the storage means being of an amplitude representing
      the phase error between the aforementioned velocity signals. The output of
      the storage means is coupled to a control voltage generator, the output
      thereof causing a motor to adjust the velocity of the first filmstrip such
      that phase synchronism is attained.
PAR  At start-up (when the apparatus incorporating the phase synchronization
      system described hereinabove is initially operative), the determined phase
      error may range from a relatively insignificant error to the maximum error
      possible, i.e., the situation wherein the pulse signal representing the
      velocity of the member not being controlled is substantially in phase with
      the second pulse in the pulse sequence representing the velocity of the
      member being controlled. In the latter situation, the time necessary to
      attain a predetermined phase relationship becomes a significant factor in
      decreasing the efficiency and speed of the system operation. Further,
      during normal operation of the system, the measured phase error may be
      greater than allowed by system requirements (i.e., the information would
      be printed in the wrong column). Therefore, it would be desirable to
      incorporate in the type of system described hereinabove a technique
      wherein the phase error, at start-up, is rapidly reduced to a
      predetermined level, the phase error continually being monitored such that
      the system is shut down if the phase error exceeds said predetermined
      level.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides method and apparatus particularly adapted
      for use in a phase synchronization system wherein electrical signals
      representing the velocities of first and second moveable members are
      adjusted such that a predetermined phase relationship therebetween is
      attained wherein the velocity of said first moveable member is increased
      above a nominal value at system start-up and wherein apparatus
      incorporating the system is automatically shut down if the phase
      relationship is greater than said predetermined phase relationship.
PAR  In particular, method and apparatus is provided for maintaining a
      predetermined phase relationship between signals representing the
      operation of first and second moveable members, the operation of said
      first moveable member being regulated in accordance with the operation of
      said second moveable member. The phase relationship is determined by
      comparison means which produces a pulse signal indicative of said phase
      relationship. Signal storage means, responsive to the pulse signal,
      produces an analog signal, the amplitude thereof varying at a first rate,
      the maximum amplitude attained by said analog signal being proportional to
      said phase relationship. The output of said signal storage means is
      coupled to signal generating means comprising variable gain means, said
      variable gain means being adjusted to correspond to a predetermined gain,
      said signal generating means generating an analog signal proportional to
      the signal stored by said storage means. Feedback means is controlled by
      the analog signal to modify the operation of the first moveable member
      whereby said first moveable member is urged into said predetermined phase
      relationship with said second moveable member. If the predetermined phase
      relationship is attained within a predetermined period, control means
      causes the analog signal produced by said storage means to vary at a
      second rate different from said first rate, and said variable gain means
      is adjusted to a gain different from said predetermined gain. If the
      predetermined phase relationship is not attained within said predetermined
      period, said apparatus is automatically shut down. Upon reactivation of
      the system, the analog signal produced by said storage means varies at
      said first rate and said gain means is adjusted to said predetermined
      gain.
PAR  It is an object of the present invention to provide method and apparatus
      for causing a phase synchronization system to be operative in either a
      first or second mode, the first mode occurring at system start-up and the
      second mode occurring within a predetermined period thereafter.
PAR  It is a further object of the present invention to provide method and
      apparatus for causing a phase synchronization system to be operative in
      either a first or second mode, the first mode occurring at system start-up
      and the second mode occurring at a predetermined period thereafter, said
      system reverting to said first mode of operation if phase synchronization
      is not attained within said predetermined period.
PAR  It is still a further object of the present invention to provide method and
      apparatus for maintaining a predetermined phase relationship between
      signals representating the operation of first and second moveable members
      and wherein said first apparatus is operative in either a first or second
      mode, said first mode occurring at system start-up and said second mode
      occurring within a predetermined period thereafter, said apparatus
      reverting to said first operative mode if said predetermined phase
      relationship is not attained within said predetermined time period.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, as well as the further
      features thereof, reference is made to the following description which is
      to be read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a block diagram of the present invention;
PAR  FIG. 2 is a schematic diagram of portions of the block diagram shown in
      FIG. 1; and
PAR  FIGS. 3(a) and 3(b) are schematic diagrams of other portions of the block
      diagram shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a block diagram of the present invention is
      illustrated. It should be noted at this point that for illustrative
      purposes the present invention will be described with reference to the
      phase synchronizing system described in copending U.S. Pat. application
      Ser. No. 89,869 filed Nov. 16, 1970, and assigned to the assignee of the
      present invention. As will be ascertained from the description
      hereinafter, the modifications to the system described in the copending
      application is easily adapted to alternate phase synchronization systems.
      For the sake of brevity, the detailed disclosure of the copending
      application will not be set forth herein. The teachings of the
      aforementioned copending application are incorporated herein by reference.
PAR  FIG. 1 illustrates a block diagram of an embodiment of the synchronizing
      apparatus of the present invention which comprises first signal producing
      means 11, second signal producing means 12, phase comparison means 13,
      control signal generating means 14 and feedback means 15. First signal
      producing means 11 may comprise a conventional signal generator for
      providing a signal having a phase characteristic to be controlled. The
      signal produced by first signal producing means 11 may be indicative of
      the speed of a first moveable member such as a translating device having a
      rectilinear velocity. The speed of a moving member may be indicated by
      providing one or a plurality of marks on said moving member and detecting
      the passage of said marks through a predetermined position.
PAR  Second signal producing means 12 may be similar to first signal producing
      means 11, the phase characteristic of the signal produced by said second
      signal producing means 12 acting as a reference for controlling the signal
      produced by said first signal producing means 11. Phase comparison means
      13 is coupled to the first and second signal producing means 11 and 12,
      respectively, and is adapted to determine the phase relationship between
      the signals respectively supplied thereto, and to generate signals
      indicative of said phase relationship. Comparison means 13 may comprise
      pulse duration modulation means for generating a pulse signal having a
      time duration proportional to the difference between the phases of the
      signals supplied thereto.
PAR  Control signal generating means 14 is coupled to comparison means 13 and
      serves to provide a control signal having a magnitude determined by the
      signals generated by said comparison means 13. Control signal generating
      means 14 may comprise integrating means 16 coupled to storage means 17
      which, in turn, is coupled to a control voltage generator 18. Integrating
      means 16 preferably includes means to reset the output signal thereof to
      an initial condition. Storage means 17 is adapted to store the maximum
      amplitude obtained by the integrated signal provided by integrating means
      16.
PAR  The control voltage generator 18 coupled to storage means 17 is adapted to
      provide a control signal and may comprise amplifying means to amplify the
      signal supplied thereto by storage means 17 to a desired value. In the
      absence of a stored signal, control voltage generator 18 provides at its
      output terminal a d.c. voltage of constant amplitude.
PAR  Integrating means 16 and storage means 17 are additionally coupled to
      sequence control means 22 and are supplied with operating control signals
      therefrom. The operating control signal supplied to integrating means 16
      from sequence control means 22 is adapted to reset the integrating means
      16 to its initial condition. Further, the operating control signal
      supplied to storage means 17 serves to enable the storage means 17 to
      store the maximum amplitude obtained by the integrated signal. Sequence
      control means 22 may comprise a digital logic circuit that automatically
      generates operating control signals when comparison means 13 has
      determined the phase relationship between the signals produced by first
      and second signal producing means 11 and 12, respectively.
PAR  The output of control signal generating means 14 is coupled to feedback
      means 15, the latter being adapted to modify the operation of the first
      signal producing means 11 in accordance with the control signal provided
      by control signal generating means 14. Feedback means 15 may comprise a
      motor 21 which is coupled to the first signal producing means 11 and
      serves to alter the operating characteristics of first signal producing
      means 11 whereby the phase of the signal provided by first signal
      producing means 11 is altered in accordance with the signal produced by
      control signal generator 18.
PAR  In operation, the velocity of the first moveable member is indicated by
      signals produced by a first sensing means which senses marks thereon, the
      frequency of the signals produced by first signal producing means 11 being
      directly related to the velocity of the first moveable member. The
      velocity of the second moveable member may be indicated by signals which
      are produced by second sensing means sensing marks thereon, the frequency
      of the signals produced by second signal producing means 12 being directly
      related to the velocity of the second moveable member. The ratio of the
      spacing between the consecutive marks of the first moveable member to the
      spacing between the consecutive marks of the second moveable member should
      be equal to the ratio of the velocity of the first moveable member to the
      velocity of the second moveable member. Accordingly, the frequencies of
      the signals applied to comparison means 13 will be equal, notwithstanding
      the different velocities represented thereby, when the velocity of the
      first moveable member is synchronized with the velocity of the second
      moveable member.
PAR  If the signals applied to comparison means 13 are pulses, comparison means
      13 produces a pulse having a time duration equal to the phase difference
      between the leading edges of the applied pulses. A pulse having a time
      duration equal to the phase difference between the generated pulses may
      then be produced having a polarity depending on whether the signal
      supplied by the first signal producing means 11 exhibits a phase leading
      relationship with respect to the signal supplied by the second signal
      producing means 12 or a second polarity when the signal supplied by the
      first signal producing means 11 exhibits a phase lagging relationship with
      respect to the signal supplied by the second signal producing means 12.
      When the first moveable member is in a desired relationship with respect
      to the second moveable member, the signals applied to comparison means 13
      are in phase and comparison means 13 does not produce a pulse at its
      output.
PAR  The pulse produced by comparison means 13 is applied to integrating means
      16, the maximum amplitude obtained by the integrated signal during each
      integrating cycle being established by the duration of the pulse signal.
      When the integrated signal obtains its maximum amplitude, sequence control
      means 22 enables storage means 17 to store said maximum amplitude, the
      amplitude of the stored signal representing an error signal indicative of
      the phase relationship between the signals produced by the first and
      second signal producing means 11 and 12, respectively, and the polarity of
      the stored signal represents a leading or lagging phase relationship. At a
      predetermined period of time subsequent to the storing of the integrated
      signal, sequence control means 22 applies a reset signal to integrating
      means 16 to reset the integrating means to an initial condition whereby a
      succeeding integrating cycle may be effected.
PAR  The error signal stored by storage means 17 is amplified by control voltage
      generator 18, and coupled to motor means 21. Control voltage generator 18
      includes combining means such as a summing amplifier to combine the error
      signal with a nominal or threshold voltage corresponding to a medial
      frequency. Accordingly, the control signal applied to motor 21 will vary
      about a threshold level in accordance with the error signal stored by
      storage means 17. When the integrated signal applied to and stored by
      storage means 17 is zero, i.e., when the signals applied to comparison
      means 13 are in phase, control voltage generator 18 will supply the motor
      21 with a nominal or threshold voltage to drive the moveable member 11 at
      a velocity corresponding to the threshold voltage while the system
      maintains phase synchronism.
PAR  FIG. 2 is a schematic diagram of a portion of the apparatus that may be
      utilized in the embodiment of FIG. 1 and comprises comparison means 13,
      integrating means 16, storage means 17, control voltage generator 18 and
      sequence control means 22. Comparison means 13 comprises first and second
      bistable multivibrators 131 and 132, respectively, and first and second
      coincidence means 133 and 134, respectively.
PAR  Integrating means 16 includes first and second integrating circuits, the
      first integrating circuit comprising an input resistance means 160,
      amplifier means 163, capacitance means 164 and switch means 166.
      Resistance means 160 couples coincidence means 133 to amplifier means 163,
      and exhibits a resistance of R ohms. Feedback capacitance means 164
      couples the output of amplifier means 163 to the input thereof. A switch
      means 166 is connected in parallel relationship with capacitance means
      164. If a pulse signal is applied to resistance means 160, the pulse
      signal will be integrated by the first integrating circuit, resulting in a
      ramp signal having a constant slope equal to the product of the amplitude
      of the pulse signal and the inverse of the time constant of the
      integrating circuit. At the termination of the pulse signal applied to the
      resistance means 160, the amplitude obtained by the ramp signal is equal
      to the product of the slope thereof and the time duration of the applied
      pulse signal. Hence, the signal at the output of amplifier means 163 is an
      analog signal representative of the duration of an input pulse signal
      applied thereto.
PAR  The second integrating circuit of integrating means 16 is similar to the
      just described first integrating circuit and comprises an input resistance
      means 159, amplifier means 161, capacitance means 162 and switch means
      165. Resistance means 159 couples coincidence means 134 to amplifier means
      161, the latter being similar to amplifier means 163. Feedback capacitance
      means 162 couples the output of amplifier means 161 to the input thereof.
      Switch means 165, which is similar to switch means 166, is connected in
      parallel relationship with capacitance means 162 and is adapted to
      discharge capacitance means 162 thereby resetting the second integrating
      means to an initial state. The second integrating means serves to
      integrate a pulse signal applied to resistance means 159, resulting in a
      ramp signal having a constant slope equal to the product of the amplitude
      of the pulse signal and the inverse of the time constant of the
      integrating circuit. Upon the termination of the pulse signal applied to
      resistance means 159, the amplitude obtained by the ramp signal is equal
      to the product of the slope thereof and the time duration of the applied
      pulse signal.
PAR  A polarity inverting means comprised of amplifier means 167 and resistance
      means 168 and 169 is provided to invert the signal produced by amplifier
      means 163.
PAR  Storage means 17 comprises a first grounded capacitance means 171
      selectively coupled to the amplifier means 167 by switch means 173 and a
      second grounded capacitance means 172 selectively coupled to amplifier
      means 161 by switch means 174. Switch means 173 is adapted to be closed
      for a sufficient period of time to enable grounded capacitance means 171
      to charge to the level of the inverted analog signal appearing at the
      output of amplifier means 167; and switch means 174 is adapted to be
      closed for a sufficient period of time to enable grounded capacitance
      means 172 to charge to the level of the analog signal appearing at the
      output of amplifier means 161. High input impedance amplifiers may be
      connected at the output of capacitance means 171 and 172 so that the
      capacitance means are not discharged during a controlling period.
PAR  Control voltage generator 18 comprises amplifier means 181, resistance
      means 182-185 and adjustable resistance means 186. Resistance means 182
      couples grounded capacitance means 171 to amplifier means 181, resistance
      means 183 couples grounded capacitance means 172 to amplifier means 181
      and resistance means 184 couples adjustable resistance means 186 to
      amplifier means 181. In addition, resistance means 185 is a feedback
      resistor interconnecting the output of amplifier means 181 to the input
      thereof. Adjustable resistance means 186 is adapted to be provided with a
      constant supply voltage V and may comprise a potentiometer having an
      adjustable contact 187. Hence, the magnitude of the voltage applied to
      resistance means 184 is dependent upon the position of adjustable contact
      187. In the illustrated configuration, amplifier means 181 serves to
      algebraically combine the signals applied to each of resistance means 182,
      183 and 184.
PAR  The sequence control means 22 is described on Pages 19-21 of the copending
      application and will not be set forth for the sake of brevity, and the
      details of the operation of the apparatus shown in FIG. 2 are described on
      Pages 21-31 of the copending application and will not be repeated hereat.
PAR  In accordance with the teachings of the present invention, the system
      described in the aforementioned copending application (and illustrated in
      FIGS. 1 and 2) is modified in the following manner. A circuit comprising
      the series connection of relay contact K1 and capacitor C1 (FIG. 2) is
      connected in parallel across integrating capacitor 164 and the circuit
      comprising the series connection of relay contact K1 and capacitor C1' is
      connected in parallel across integrating capacitor 162. In a similar
      manner, a circuit comprising the series connection of contact K1 and
      resistor R1 is connected in parallel across control voltage generator
      resistor 182 and a circuit comprising the series connection of contact K1
      and resistor R1' is connected in parallel across control voltage generator
      resistor 183. As will be set forth in more detail hereinafter, the
      addition of capacitors C1 and C1' and the resistors R1 and R1' provides
      the system with the capability of varying the integration time constant
      and the gain of amplifier 181, respectively. The remaining modifications
      to the circuit set forth in the copending application may be seen by
      reference to the block diagram of FIG. 1. The output of store 17 is
      coupled to the input of level detector and converter 30, which operates to
      generate a shaped signal pulse if the amplitude of the stored signal is
      equal to or greater than a predetermined level. The output of source 12,
      which is a preferred embodiment comprises a series of pulses corresponding
      to the marks sensed on the web (and the number of film frames) is coupled
      to the input of a digital counter 32. The output of digital counter 32 is
      coupled to digital logic means 34, set forth in detail hereinafter with
      reference to the description of FIGS. 3(a) and 3(b). The output of digital
      logic means 34 is coupled to amplifier 36, the output therof being coupled
      to relay K1, relay K1 controlling relay contacts K1 in the well known
      manner. The output appearing on leads 40 and 42 resets the integrator 16
      and store 17 and causes the system incorporating the synchronizing
      apparatus to shut down, respectively.
PAR  In operation, relay 38 is energized at system start-up, thereby closing the
      K1 contacts. This allows large filmstrip velocity changes to occur during
      the start-up period while still maintaining the correct control signal
      levels with respect to the phase errors detected. In particular, the time
      constant of the integrator circuits are increased while the gain of the
      control signal amplifier 181 is also increased. Therefore, at start-up,
      the phase comparison error applied to the input of the integrator 16 is
      integrated in a manner whereby the output thereof increases at a slower
      rate than would occur if contact K1 was open (i.e., the normal, or run,
      mode of operation). The output of store 17 is then coupled to a level
      converter 30 which converts the stored output to a pulse if the amplitude
      of the stored output is greater than a predetermined amount. The output of
      source 12 which corresponds to the pulses generated by the web sensor is
      coupled to counter 32. Counter 32 is arranged such that a pulse signal is
      generated at its output after a predetermined number of pulses are
      generated by source 12. For example, counter 32 may be arranged such that
      an output is generated on lead 35 when four pulses are counted thereby.
      Logic means 34, as will be set forth in more detail hereinafter with
      reference to FIGS. 3(a) and 3(b), is operative to inhibit a signal level
      from appearing on lead 37, thereby deenergizing relay K1, if a signal
      level does not appear on output lead 39 concurrently with the appearance
      of a signal level on lead 35. The phase synchronization apparatus is, at
      this point, automatically switched to the normal (run) mode of operation.
PAR  If a phase error exceeds a predetermined level, an output signal appears on
      lead 39. If this signal remains for four web pulses (signal on lead 35), a
      signal is generated on leads 40 and 42, which clear the integrator 16 and
      store 17 and causes the system incorporating the phase synchronization
      apparatus to shut down, respectively. When the system is energized, the
      phase synchronization apparatus reverts to the start mode described
      previously.
PAR  Referring now to FIGS. 3(a) and 3(b), a schematic diagram of the logic
      utilized to implement the improvement described hereinabove is
      illustrated.
PAR  The signals appearing on leads 50 and 52 correspond to the voltage levels
      stored by capacitors 171 and 172 (FIG. 2), respectively. The signal on
      lead 50 is coupled to level detector 54 comprising an adjustable resistor
      56 and operational amplifier 58, via resistor 60. The output on lead 50 is
      also coupled to level detector 62 comprising adjustable resistor 64 and
      operational amplifier 66 via resistor 68 and coupled to level detector 70
      comprising adjustable resistor 72 and operational amplifier 74 via
      resistor 76. The output on lead 52 is inverted by inverting amplifier 80
      and coupled to the inputs of level detectors 54, 62 and 70 via resistors
      82, 84 and 86, respectively. Level detectors 54, 62 and 70 are adjustable
      such that a negative output pulse is generated only if the input thereto
      is greater than a predetermined value. In the figure, it has been assumed
      that the output signal appearing on lead 50 or 52 is greater than the
      predetermined value, the output of level detectors 54, 62 and 70 therefore
      are negative pulses 88, 90 and 92, respectively. Negative pulses 88, 90
      and 92 are applied to level converters 94, 95 and 96, respectively, which
      invert the negative pulse applied thereto and also converts the d.c. level
      thereof such that it is compatible with the following digital circuitry.
      The outputs of the level converters 94, 95 and 96 appear on output leads
      97, 98 and 100, respectively.
PAR  The outputs appearing on leads 97, 98 and 100 are applied to the logic
      circuitry shown in FIG. 3(b) as will be set forth hereinafter. The pulsed
      output from source 12, corresponding to the marks sensed on the paper web,
      is applied via lead 102 and 103 to counters 104 and 106, respectively. The
      output of counter 104 is coupled to the drive input of flip-flop 108, the
      set output thereof being coupled to one input of NAND gate 110. The output
      of NAND gate 110 is coupled to the drive input of flip-flop 112. The
      signal on lead 97, corresponding to the output of level converter 94, is
      coupled to the input of inverter gate 114, the output thereof being
      coupled to the other input of NAND gate 110. The input on lead 98,
      corresponding to the output of level converter 95, is coupled to the input
      of inverter 116 and also to one input of NAND gate 118. The output of
      inverter 116 is coupled to the clear input of counter 104 and to the reset
      inputs of flip-flops 108 and flip-flop 112. The reset output of flip-flop
      112 is coupled to the set input of flip-flop 120, a second input of NAND
      gate 118 and to the reset input of flip-flop 122. The set output of
      flip-flop 120 is coupled to another input of NAND gate 118 and to one
      input of NAND gate 124. The output of NAND gate 118 is coupled to the
      input of inverter gate 126, the output thereof being coupled to the input
      of flip-flop 122. The reset output of flip-flop 122 is coupled to the
      input of NAND gate 118. The output from NAND gate 118 on lead 128
      (corresponding to lead 40 of FIG. 1) is coupled to reset relay CR2 in FIG.
      2. The signal appearing on lead 132 may be supplied by a tachometer
      coupled to the shaft of the motor 21 such that when the velocity of the
      filmstrip is reduced to zero, counter 104 will be cleared and flip-flop
      120 reset. This signal on lead 100 is coupled to the other input of NAND
      gate 124. The signal on lead 103 drives counter 106, the output thereof
      being coupled to the other input of NAND gate 124. The signal on lead 100
      clears counter 106. The output of NAND gate 124, appearing on lead 138
      (corresponding to lead 42 of FIG. 1), is coupled to circuitry which will
      automatically shut down the system which incorporates the phase
      synchronizing apparatus described hereinabove.
PAR  In operation, the signal appearing on lead 50 (assuming for illustrative
      purposes that a phase lead situation is present, it being noted that the
      operative description for a phase lag situation would be essentially
      identical) is coupled to level detectors 54, 62 and 70 as described
      hereinabove. The level detectors can be set to detect any level greater
      than 0 volts and less than +Vcc. In the preferred mode of operation, +Vcc
      is 15 volts. The adjustable contact on each level detector potentiometer
      provides the variable level control. When the output level on lead 50 is
      greater than the level set by the potentiometer contact, negative output
      pulses 88, 90 and 92 are generated.
PAR  Level converters 94, 95 and 96 modify the level of the aforementioned
      pulses such that inverted pulses at a different d.c. level are produced.
      Level converters and level detectors are well known in the art and will
      not be set forth hereat. The signals appearing on leads 97, 98 and 100 are
      coupled to the circuitry shown in FIG. 3(b). Flip-flop 112 is initially
      set when the start-up mode is initiated such that the output on lead 115
      is initially high (or logic 1). In this condition, the KR1 relay is
      energized and the associated contacts are closed such that capacitor C1
      and resistor R1 (FIG. 2) are inserted into the synchronizing circuit. When
      the system is energized, counter 104 is arranged to generate an output on
      lead 105 after counting a predetermined number of input pulses on lead
      102, for example, two web pulses. Therefore, when the second web pulse is
      detected, flip-flop 108 is set and one input of NAND gate 110 is enabled.
      When the system is in phase synchronization (i.e., a predetermined phase
      relationship is attained), the signal on lead 50 is low, the corresponding
      signal on lead 97 also being low. The output of inverter 114 is high and
      the output of NAND gate 110, initially high, is changed to a logic 0,
      thereby setting flip-flop 112. Therefore, the signal on lead 115 is
      changed to a logic 0, deenergizing the K1 relay and allowing the system to
      operate in the normal (run) mode.
PAR  The logic 0 output pulse on lead 115 sets flip-flop 120 which enables NAND
      gate 118 and NAND gate 124, flip-flop 120 remaining in the set condition
      until cleared by a signal appearing on lead 132.
PAR  When the phase error exceeds the predetermined level, the signals on leads
      97 and 98 are high (logic 1) which clears counter 104, resets flip-flops
      108 and 112 and the system returns to the initial, or start, mode of
      operation. In this mode, gate 118 is low and the low signal on lead 128
      resets the integrator and sample hold circuits 16 and 17, respectively. In
      particular, the signal on lead 128 is coupled to sample relay CR1 and
      reset relay CR2 shown in FIG. 2, whereby CR2 clears integrators 161 and
      163 via contacts 165 and 166, respectively, capacitance means 171 and 172
      assuming the cleared integrator levels (0 level) via contacts 173 and 174,
      respectively. At this point, the signals on leads 97 and 98 are low,
      flip-flop 122 is set, thereby inhibiting NAND gate 118 which removes the
      integrator and sample clear signals by inhibiting the signal on lead 128.
      When the signals on leads 97 and 98 are low (flip-flop 122 being cleared),
      the system reverts to the normal (run) mode of operation.
PAR  When the phase error exceeds the predetermined level, a signal is generated
      on the output of lead 100. Counter 106 is arranged to generate an output
      when a predetermined number of web pulses on lead 103 are generated. In
      the preferred embodiment, the counter 106 is set such that an output is
      generated when four web pulses are counted. With the output of the counter
      106 high, a signal appearing on lead 100 (indicating that phase error
      exceeds the predetermined level) and flip-flop 120 set, the output of lead
      138 is low which causes the system incorporating the phase synchronization
      apparatus to shut down. In a forced shutdown, both the filmstrip motor 21
      and the processor drive (not shown) would be deenergized. Preferably, it
      would be desirable if the processor cycles out existing good copies prior
      to shutdown and for the filmstrip transport to automatically backspace a
      predetermined number of frames whereby usable copies can be produced upon
      restart.
PAR  As set forth hereinabove, when the system is in the start mode, the
      integrator time constants and the gain of the signal amplifier are high in
      order to achieve phase synchronization from start-up within a small number
      of filmstrip or web frames by allowing large filmstrip speed changes
      without modifying the phase error signal measured. When phase
      synchronization is achieved, the system automatically switches to the
      normal (run) mode condition. In the run (or normal) mode of operation, the
      time constants and gains are reduced to a predetermined nominal value.
PAR  While the invention has been described with reference to its preferred
      embodiments, it will be understood by those skilled in the art that
      various changes may be made and equivalents may be substituted for
      elements thereof without departing from the true spirit and scope of the
      invention. In addition, many modifications may be made to adapt a
      particular situation or material to the teaching of the invention without
      departing from its essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for synchronizing the velocity of first and second movable
      members including driving means mechanically coupled to said first movable
      member, first and second detecting means for deriving first and second
      signals representative of the velocities of said first and second movable
      members, respectively, comparison means coupled to said first and second
      detecting means for determining the phase relationship between said first
      and second signals, storage means coupled to the output of said comparison
      means for providing an output, the amplitude of which is proportional to
      said determined phase relationship, a control signal generating means
      coupled to said storage means, said control signal generating means
      comprising a summing amplifier, and feedback means coupling the output of
      said control signal generating means to said driving means, said feedback
      means adjusting the speed of said driving means in accordance with the
      output of said control signal generating means, the improvement
      comprising:
PA1  a summing amplifier having variable gain means,
PA1  means for adjusting the gain of said variable gain means to a first value
      when said synchronizing apparatus is initially energized,
PA1  means for measuring said storage means output and generating an output
      signal if said storage means output is greater than a predetermined level,
PA1  first means coupled to the output of said measuring means for adjusting the
      gain of said variable gain means to a second value if an output signal is
      not generated by said measuring means, and
PA1  second means coupled to the output of said measuring means for reducing the
      velocity of said driving means to substantially zero if an output signal
      is generated by said measuring means.
NUM  2.
PAR  2. The apparatus as defined in claim 1 further including integrator means
      interposed between said comparison means and said storage means, said
      integrator means comprising means for providing a variable integrating
      time constant, the time constant of said integrator means being set to a
      first value when said synchronizing apparatus is initially energized.
NUM  3.
PAR  3. The apparatus as defined in claim 2 further including means for
      adjusting said integrating time constant to a second value if an output
      signal is not generated by said measuring means.
NUM  4.
PAR  4. The apparatus as defined in claim 3 wherein said providing means
      comprises a plurality of capacitors and said variable gain means comprises
      a plurality of input resistors.
NUM  5.
PAR  5. The apparatus as defined in claim 1 further including means for reducing
      the velocity of said driving means to substantially zero if an output
      signal is generated by said measuring means for a predetermined time
      period after the synchronizing apparatus is initially energized.
NUM  6.
PAR  6. A method for synchronizing the velocity of first and second movable
      members comprising the steps of:
PA1  driving said first movable member,
PA1  deriving first and second signals representative of the velocities of said
      first and second movable members, respectively,
PA1  determining the phase relationship between said first and second signals
      and producing a signal representative thereof,
PA1  storing the signal representing said determined phase relationship,
PA1  coupling said stored signal to a control signal generator comprising a
      summing amplifier having variable gain means, said control signal
      generator generating a signal which is effective to drive said first
      movable member,
PA1  the speed of said first movable member being adjusted in accordance with
      said drive signal,
PA1  adjusting the gain of said variable gain means to a first value when said
      synchronizing apparatus is first energized,
PA1  measuring said stored signal and generating an output signal if said stored
      signal is greater than a predetermined level,
PA1  adjusting the gain of said variable gain means to a second value if said
      output signal is not generated, and
PA1  reducing the velocity of said first movable member to substantially zero if
      said output signal is generated.
NUM  7.
PAR  7. The method as defined in claim 6 wherein the velocity of said first
      movable member is reduced to substantially zero if said output signal is
      generated for a predetermined time period after the synchronizing
      apparatus is initially energized.
NUM  8.
PAR  8. The apparatus as defined in claim 3 wherein the gain of said variable
      gain means and the time constant of said integrator means are
      simultaneously adjusted to said second values if an output signal is not
      generated by said measuring means.
NUM  9.
PAR  9. The apparatus as defined in claim 8 wherein the second value of said
      gain is greater than the first value thereof and the value of said second
      time constant is greater than the first value thereof.
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ABST
PAL  In a control circuit for an electrically driven vehicle, a traction motor
      drives the vehicle and there are contactors so that the motor can provide
      forward drive or electrical braking. The current in the motor armature is
      controlled by a pedal which also controls the contactor means. The action
      of the pedal can be modified in accordance with the position of the brake
      pedal of the vehicle.
BSUM
PAR  This invention relates to control circuits for electrically driven
      vehicles.
PAR  A control circuit according to the invention comprises in combination a
      traction motor for driving the vehicle, contactor means for connecting the
      motor in circuit to provide forward drive or electrical braking, control
      means determining the current in the motor armature, and a control pedal
      controlling both the contactor means and the control means.
PAR  Using an arrangement as specified above, forward drive or electrical
      braking will be provided depending on the position of the pedal, and
      moreover the current in the motor will also depend on the pedal position.
      Such an arrangement can be made to simulate the effect of engine braking
      in a vehicle driven by an internal combustion engine.
DRWD
PAR  An example of the invention is illustrated in the accompanying drawings, in
      which:
PAR  FIGS. 1 to 3 are circuit diagrams of a control circuit for an electrically
      driven vehicle showing three alternative connections of the circuit
      respectively;
PAR  FIG. 4 illustrates one arrangement of contactors for producing the
      connections shown in FIGS. 1 to 3;
PAR  FIG. 5 is a block diagram illustrating part of the control arrangement for
      use with FIGS. 1 to 4;
PAR  FIG. 6 is a graph illustrating the operation of the arrangement shown in
      FIG. 5;
PAR  FIG. 7 is a graph illustrating a modification;
PAR  FIG. 8 is a block diagram illustrating a modification of the arrangement
      shown in FIG. 5, and
PAR  FIG. 9 is a block diagram similar to FIG. 8 of another example.
DETD
PAR  Referring first to FIG. 1, there are provided positive and negative supply
      lines 11, 12 connected through contacts 10 to the traction battery 13 of
      the vehicle. Typically, the battery 13 has a voltage in excess of 200
      volts. Connected to the line 11 is one end 14 of the armature of a series
      wound traction motor 15, the other end 16 of the armature being connected
      to the line 12 through a series circuit including a current sensing device
      18, the field winding 17 of the motor 15 and the anode-cathode path of a
      thyristor 19. The series combination of armature, device 18 and winding 17
      is bridged by a freewheel diode 21, and the junction of the winding 17 and
      thyristor 19 is connected to the anode of a thyristor 22, the cathode of
      which is connected to the line 12 through a capacitor 23. The capacitor 23
      is bridged by an inductor 25 and the anode-cathode path of a thyristor 24
      in series. The thyristors 19 and 24 have their gates connected through
      resistors 28, 29 respectively to one output terminal of a control unit 26,
      the unit 26 having a second output terminal which is connected through a
      resistor 27 to the gate of the thyristor 22.
PAR  FIG. 1 shows the circuit connections when the vehicle is being driven in a
      forward direction. The accelerator pedal of the vehicle operates a
      potentiometer which produces an output representing the demanded current
      level in the motor. This output signal is converted to two signals
      representing an upper current level and a lower current level
      respectively, and these two signals are sensed by the control unit 26,
      which also receives a signal from the device 18. When the current flow in
      the motor reaches the upper level, the thyristor 19 is turned off, and
      when the current flow falls to the lower level, the thyristor 19 is turned
      on again. The operation of the circuit to control the thyristor 19 is best
      explained by commencing at a point in the cycle of operations when the
      thyristors 19 and 24 are off, and the thyristor 22 is conducting and
      charging the capacitor 23. When the capacitor 23 is charged, current flow
      through the thyristor 22 reduces to zero and so the thyristor 22 turns
      off. Since the thyristor 19 is not conducting, the current flow in the
      device 18 will be decreasing, and when the current reaches the lower
      level, the unit 26 produces an output to turn on the thyristor 19 and the
      thyristor 24. Conduction of the thyristor 24 causes the charge on the
      capacitor 23 to be reversed, after which the thyristor 24 turns off. The
      capacitor 23 is now charged with its lower plate positive and its upper
      plate negative. Conduction of the thyristor 19 causes current to flow in
      the armature 15 and the winding 17, and the current flowing in the device
      18 now increases until it reaches the upper level. When this upper level
      is reached, the control unit 26 produces an output to turn on the
      thyristor 22, permitting discharge of the capacitor 23 with the result
      that the thyristor 19 is turned off. The capacitor 23 now charges again
      through the thyristor 22 and the cycle is repeated.
PAR  In the arrangment being described, it is also possible to use the motor to
      brake the vehicle electrically, and to use the motor to drive the vehicle
      in reverse. FIG. 1 does not show the various contactor arrangements which
      are used for this purpose, but FIGS. 2 and 3 show the circuit connections
      when these contactors are in the appropriate position. Thus, FIG. 2 shows
      the arrangement when the vehicle is to be driven in reverse. The circuit
      connections are the same as in FIG. 1, except that the end 16 of the motor
      15 is now connected to the line 11 through the device 18 and the other end
      14 is connected to the winding 17. The operation is exactly the same as in
      FIG. 1, except that the motor is driven in the reverse direction.
PAR  FIG. 3 shows the circuit connections when the motor is being used to brake
      the vehicle electrically. The end 14 of the motor is connected to the
      winding 17 as in FIG. 2, but the end 16 is now connected to the line 12
      through the device 18 and an additional diode 30 in series. When the motor
      is being used to brake the vehicle, the current in the motor armature will
      be controlled in the same way as described with reference to FIG. 1. In
      this case, however, the motor 15 acts as a generator and charges the
      battery by way of the diodes 21 and 30.
PAR  There are various contactor arrangements that can be used to produce the
      arrangements shown in FIGS. 1 to 3, but one possible arrangement is shown
      in FIG. 4. The basic controls of the vehicle are the accelerator pedal,
      which when depressed operates a potentiometer as previously explained, the
      brake pedal which provides normal hydraulic braking for the vehicle, and a
      selector switch which has a central off position but in movable in
      opposite directions from the off position to select forward or reverse
      movement of the vehicle. In FIG. 4 three contactor operating devices F, R,
      B are shown. If the selector switch is in the forward position and the
      accelerator pedal is depressed, then depending on the position of the
      accelerator pedal either the device F will be energised and will operate a
      contact F1 which normally occupies the position shown in the drawing but
      when the device F is energised moves to its alternative position in which
      it connects the circuit in the manner indicated in FIG. 1, or the device B
      is energised to open the contact B1. The contacts F1 and R1 will be in the
      positions shown, and so it will be seen that the circuit now has the form
      shown in FIG. 3, so that electrical braking is provided as explained
      above.
PAR  If, on the other hand, the selector switch is moved to its reverse position
      and the accelerator pedal is depressed, then the device R is energised and
      a contact R1 is moved from the position shown to its alternative position,
      at which point the circuit is in the form indicated in FIG. 2.
PAR  Although the arrangements shown in FIGS. 1 to 4 relate to a series motor,
      they can also be applied to shunt and compound motors. In this case, the
      arrangements described will control the armature current.
PAR  Referring now to FIG. 5, the vehicle includes a low voltage source,
      typically a 24 volt battery, from which are derived positive and negative
      supply lines 41, 42 which in the example shown in FIG. 5 are of +4 and -2
      volts respectively. Connected across the lines 41, 42 is a resistor 43
      over which moves a slider controlled by the accelerator pedal of the
      vehicle. This slider provides an input to a polarity sensitive circuit 44,
      and also provides an input to a rectifier 45 which in turn provides an
      input signal to the unit 26.
PAR  The selector switch previously referred to can be moved to a reverse or a
      forward position, and when the reverse position of the selector switch is
      selected, the circuit 44 has no effect on the operation and only the
      device R is energised. However, in considering FIG. 5 it will be assumed
      that the selector switch is in the forward position. Depending on the
      position of the accelerator pedal, the voltage at the slider will either
      be positive or negative, and the polarity of this voltage is sensed by the
      circuit 44. If the voltage is positive, the device F is energised to
      provide forward drive. If the voltage is negative, the device B is
      energised to provide electrical braking. Whatever the polarity of the
      voltage, the rectifier 45 provides an input to the unit 26 which
      represents the magnitude of the voltage at the slider. The unit 26 sets
      the upper and lower current limits as previously explained, and so it will
      be appreciated that the unit 26 takes no account of whether the motor is
      driving the vehicle or providing electrical braking.
PAR  The effect of the rectifier 45 is seen in FIG. 6. The rectifier 45 has a
      small dead band close to zero volts, and in this dead band no input is
      provided to the unit 26. If the voltage is positive, a rising positive
      input is provided to the unit 26 as the accelerator pedal is depressed
      further, the maximum value of this voltage being 4 volts, which represents
      a predetermined maximum current flow in the armature. If the accelerator
      pedal is slowly released, then the maximum armature current is limited to
      the current which results from an input of 2 volts to the unit 26.
PAR  It is preferred that the maximum armature current should vary with vehicle
      speed, and also that the maximum armature currents for forward motion and
      forward braking should vary independently of each other. This can be
      achieved by varying the potentials on the lines 41 and 42 with speed in
      any convenient manner, and FIG. 7 shows a possible characteristic. The
      potential on the line 41 is high at low vehicle speeds, so that
      substantial armature current is permitted. The potential then falls off
      with increasing vehicle speed. The shape of the line 42 for electrical
      braking is completely different, and it will be noted that no electrical
      braking is possible at very low vehicle speeds, and that maximum
      electrical braking is available at intermediate speeds.
PAR  Turning now to the example shown in FIG. 8, instead of a rectifier 45, the
      slider is connected to the unit 26 through a normally open contact F2
      which is closed when the device F is energised. The contact F2 is bridged
      by a series circuit including an inverter 46 and a normally open contact
      B2 which is closed when the device B is energised. When the voltage at the
      slider is positive, then the device F will be energised, the contact F2
      will close and a positive input will be provided to the unit 26. When the
      voltage at the slider is negative, the device B will be energised, and the
      contact B2 will close so that the negative voltage is inverted and then
      applied to the unit 26, so that the unit 26 again receives a positive
      input. As compared with FIG. 5, this arrangement has the advantage that
      whenever a change is made from energisation of a device F or B to
      energisation of the other device B or F, there will be a period during
      which the input to the unit 26 demands zero current so that the current
      flowing through the armature reduces before the contactors close again.
PAR  In the example so far described, the brake pedal of the vehicle effects
      hydraulic braking, but does not influence the the electrical braking. In
      the arrangement shown in FIG. 9, however, the electrical braking is
      modified by the position of the brake pedal, so that a family of braking
      curves are obtained, depending on the position of the brake pedal. As
      shown in FIG. 9, the positive line 41a is connected to an earth line 51
      through a variable resistor 52 and a potentiometer 53 in series, the
      potentiometer 53 being pre-set, and the brake pedal of the vehicle serving
      to move a slider over the resistor 52. The slider on the resistor 52
      provides an input to a buffer and inverting amplifier 54 having its other
      input terminal connected to the line 51, and the lower end of the resistor
      43 is connected to the output terminal of the amplifier 54. The result of
      this is that the potential on the lower end of the resistor 43 varies with
      the position of the brake pedal, and for this reason a family of braking
      curves are obtained. Other than this, the arrangement of FIG. 9 is
      modified as compared with the arrangement of FIG. 8 in that instead of the
      components 46, F2, B2, there is provided an amplifier 55 which acts in a
      non-inverting mode or an inverting mode depending on whether it receives a
      control signal, the control signal being provided so that the amplifier 55
      acts in exactly the same way as the components 46, F2, B2 in FIG. 8.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control circuit for an electrically driven vehicle comprising in
      combination a traction motor for driving the vehicle, first contactor
      means for connecting the motor in circuit to provide forward drive, second
      contactor means for connecting the motor in circuit to provide electrical
      braking, control means determining the current in the motor armature, and
      a control pedal controlling both the selection of the contactor means and
      the control means to control the level of current in the motor armature in
      accordance with the setting of the control pedal and the contactor means
      which has been selected.
NUM  2.
PAR  2. A control circuit for an electrically driven vehicle, comprising, in
      combination a traction motor for driving the vehicle, contactor means for
      connecting the motor in circuit to provide forward drive or electrical
      braking, control means determining the current in the motor armature, and
      a control pedal controlling both the contactor means and the level of the
      current in the motor armature both during forward driving and electrical
      braking, said circuit including a resistor, means for independently
      setting the potentials at the first and second ends of said resistor, with
      the potentials at the first and second ends of said resistor opposite to
      one another, the control pedal serving to move a slider on said resistor,
      the slider being connected to the contactor means and the control means,
      the control means controlling the vehicle in accordance with the magnitude
      of the signal at the slider, and the contactor means controlling the
      contactor in accordance with the polarity of the signal of the slider so
      that if the polarity of the signal at the slider is the same as that at
      first end of the resistor, forward drive is provided, but if the polarity
      of the slider is the same as that at the second end of the slider,
      electrical braking is provided.
NUM  3.
PAR  3. A circuit as claimed in claim 2 in which means is provided for varying
      the potentials at the first and second ends of said resistor with vehicle
      speed.
NUM  4.
PAR  4. A circuit as claimed in claim 2 in which the vehicle also has a brake
      pedal providing non-electrical braking of the vehicle, but the potential
      at said second end of the resistor is determined by the position of said
      brake pedal.
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ABST
PAL  A control circuit for an electrically driven vehicles has a traction motor
      the armature of which can be connected between positive and negative
      supplies lines in either sense to drive the vehicle in either direction.
      Also, the armature is connected through a diode to one of the supply lines
      to permit electrical braking.
BSUM
PAR  This invention relates to control circuits for electrically driven
      vehicles.
PAR  A control circuit according to the invention comprises in combination
      positive and negative supply lines for connection to a traction battery on
      the vehicle, a traction motor, a first contactor which when closed
      connects one side of the motor armature to the positive supply line, a
      second contactor which when closed connects the other side of the motor to
      the positive supply line, a two-position contact having first and second
      positions in which its connects said one and said other sides of the motor
      to the negative supply line respectively, a diode through the
      cathode-anode path of which said other side of the motor is coupled to the
      negative supply line, and means whereby when it is desired to drive the
      vehicle forwardly the first and second contactors are closed and opened
      respectively and said contact is in its second position, but when it is
      desired to drive the vehicle rearwardly, the first and second contactors
      are opened and closed respectively and the contact is in the said first
      position, and when it is desired to brake the vehicle electrically while
      it is being driven forwardly the first and second contactors are open and
      the contact is in said first position.
DRWD
PAR  The accompanying drawing is a circuit diagram illustrating one example of
      the invention.
DETD
PAR  Referring to the drawing, a road vehicle has a 24 volt battery supplying
      power to positive and negative supply lines 31, 30, and a traction battery
      providing power to positive and negative supply lines 11, 12. The vehicle
      includes a selector switch 33 for selecting forward or reverse movement of
      the vehicle, the movable contact of the switch 33 being connected to the
      line 31 through a normally open switch 32 which is closed when the
      accelerator pedal of the vehicle is depressed. In its forward and reverse
      positions, the switch 33 permits energisation of relay windings 34 and 35
      respectively. The brake pedal of the vehicle serves when depressed to
      close a switch 36, connected in series with a relay winding 37 between the
      lines 31, 30, and when the winding 35 is energised, the winding 37 is also
      energised by way of a diode 38.
PAR  The vehicle is driven by a traction motor having an armature 15 and a field
      winding 17. One side 14 of the armature 15 is connected to the line 11
      through a normally open contact 34a and the other side 16 of the armature
      15 is connected to the line 11 through a normally open contact 35a, the
      contacts 34a and 35a being operated by the windings 34 and 35
      respectively. When the winding 37 is not energised, a contact 37a
      controlled by the winding 37 connects the side 16 of the armature to the
      line 12 through the field winding 17 and a thyristor chopper circuit 18 of
      any convenient known form. When the winding 37 is energised, the contact
      37a moves to a position in which it connects the side 14 to the line 12
      through the winding 17 and chopper circuit 18. The junction of the winding
      17 and chopper circuit 18 is connected to the line 11 through a freewheel
      diode 21, and the side 16 of the motor is connected to the line 12 through
      the cathode-anode path of a diode 41.
PAR  If the driver of the vehicle wishes to move forwardly, he moves the switch
      33 to a position to energise the winding 34 once the accelerator pedal is
      depressed. The side 14 of the motor is connected to the line 11, and the
      other side is connected to the line 12 and the motor operates in the
      required manner. For reverse movement, the winding 35 will be energised
      and so will the winding 37. The side 16 of the motor will now be connected
      to the line 11 and the side 14 will be connected to the line 12 by way of
      the contact 37a.
PAR  If electrical braking is required while the vehicle is being driven
      forwardly, the switch 36 is closed and the winding 37 alone is energised.
      The motor now acts as a generator to charge the battery through the diodes
      41 and 21.
PAR  Whenever the motor is operating, the current flowing through its armature
      is controlled by the chopper circuit 18. When the accelerator pedal is
      depressed, the current is set by means associated with the accelerator
      pedal, but when the brake pedal is depressed it controls the mean current
      flow in the armature.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control circuit for an electrically driven vehicle, comprising in
      combination positive and negative supply lines for connection to a
      traction battery on the vehicle, a traction motor, a first contactor which
      when closed connects one side of the motor armature to the positive supply
      line, a second contactor which when closed connects the other side of the
      motor to the positive supply line, a series connection of a field winding
      and a chopper circuit, a two-position contact having first and second
      positions in which it connects said one and said other sides of the motor
      to the negative supply line respectively through said field winding and
      chopper circuit, a diode through the cathode-anode path of which said
      other side of the motor is coupled to the negative supply line, a second
      diode coupling the junction between said field winding and chopper circuit
      to said positive supply line, and means whereby when it is desired to
      drive the vehicle forwardly the first and second contactors are closed and
      opened respectively and said contact is in its second position, but when
      it is desired to drive the vehicle rearwardly, the first and second
      contactors are opened and closed respectively and the contact is in said
      first position, and when it is desired to brake the vehicle electrically
      while it is being driven forwardly the first and second contactors are
      open and the contact is in said first position.
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PAL  In a control circuit for an electrically driven vehicle, there is an
      accelerator pedal which when depressed sets the armature current of a
      traction motor, and a brake pedal which when depressed provides electrical
      braking of the vehicle. The electrical braking is inhibited unless the
      vehicle speed is above a predetermined value.
BSUM
PAR  This invention relates to control circuits for electrically driven
      vehicles.
PAC  SUMMARY OF THE INVENTION
PAR  A circuit in accordance with the invention comprises in combination a
      traction motor for driving the vehicle, an accelerator pedal which when
      depressed sets the armature current of the motor, a brake pedal which when
      depressed provides electrical braking of the vehicle, and means for
      preventing the brake pedal from providing electrical braking until the
      vehicle speed is above a predetermined value.
PAR  Preferably, means is provided for maintaining electrical braking, once it
      has commenced, when the vehicle speed falls below the predetermined value.
      This latter means can for example maintain electrical braking until the
      armature current drops to a set level.
PAR  In one arrangement, depression of the accelerator pedal inhibits the
      provision of electrical braking.
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  Two examples of the invention are illustrated in the accompanying drawings,
      in which
PAR  FIGS. 1 and 3 are circuit diagrams of a control circuit for an electrically
      driven vehicle, showing the alternative connectors of the circuit,
PAR  FIG. 4 illustrates one arrangement of contactors for producing the
      connections shown in FIGS. 1 to 3, and
PAR  FIGS. 5 and 6 are circuit diagrams of the alternative control arrangements
      used in conjunction with FIGS. 1 to 4,
DETD
PAC  DISCUSSION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, there are provided positive and negative supply
      lines 11, 12 connected through contacts 10 to the traction battery 13 of
      the vehicle. Typically, the battery 13 has a voltage in excess of 200
      volts. Connected to the line 11 is one end 14 of the armature of a series
      wound traction motor 15, the other end 16 of the armature being connected
      to the line 12 through a series circuit including a current sensing device
      18, the field winding 17 of the motor 15 and the anode-cathode path of a
      thyristor 19. The series combination of armature, device 18 and winding 17
      is bridged by a freewheel diode 21, and the junction of the winding 17 and
      thyristor 19 is connected to the anode of a thyristor 22, the cathode of
      which is connected to the line 12 through a capacitor 23. The capacitor 23
      is bridged by an inductor 25 and the anode-cathode path of a thyristor 24
      in series. The thyristors 19 and 24 have their gates connected through
      resistors 28, and 29 respectively to one output terminal of a control unit
      26, the unit 26 having a second output terminal which is connected through
      a resistor 27 to the gate of the tyristor 22.
PAR  FIG. 1 shows the circuit connections when the vehicle is being driven in a
      forward direction. The accelerator pedal of the vehicle operates a
      potentiometer which produces an output representing the demand current
      level in the motor. This output signal is converted to two signals
      representing an upper current level and a lower current level
      respectively, and these two signals are sensed by the control unit 26,
      which also receives a signal from the device 18. When the current flow in
      the motor reaches the upper level, the thyristor 19 is turned off, and
      when the current flow falls to the lower level, the thyristor 19 is turned
      on again. The operation of the circuit to control the thyristor 19 is best
      explained by commencing at a point in the cycle of operations when the
      thyristors 19 and 24 are off, and the thyristor 22 is conducting and
      charging the capacitor 23. When the capacitor 23 is charged, current flow
      through the thyristor 22 reduces to zero and so the thyristor 22 turns
      off. Since the thyristor 19 is not conducting, the current flow in the
      device 18 will be decreasing, and when the current reaches the lower
      level, the unit 26 produces an output to turn on the thyristor 19 and the
      thyristor 24. Conduction of the thyristor 24 causes the charge on the
      capacitor 23 to be reversed, after which the thyristor 24 turns off. The
      capacitor 23 is now charged with its lower plate positive and its upper
      plate negative. Conduction of the thyristor 19 causes current to flow in
      the armature 15 and the winding 17, and the current flowing in the device
      18 now increases until it reaches the upper level. When this upper level
      is reached, the control unit 26 produces an output to turn on the
      thyristor 22, permitting discharge of the capacitor 23 with the result
      that the thyristor 19 is turned off. The capacitor 23 now charges again
      through the thyristor 22 and the cycle is repeated.
PAR  In the arrangement being described, it is also possible to use the motor to
      brake the vehicle electrically, and to use the motor to drive the vehicle
      in reverse. FIG. 1 does not show the various contactor arrangements which
      are used for this purpose, but FIGS. 2 and 3 show the circuit connections
      when these contactors are in the appropriate position. Thus, FIG. 2 shows
      the arrangement when the vehicle is to be driven in reverse. The circuit
      connections are the same as in FIG. 1, except that the end 16 of the motor
      15 is now connected to the line 11 through the device 18 and the other end
      14 is connected to the winding 17. The operation is exactly the same as in
      FIG. 1, except that the motor is driven in the reverse direction.
PAR  FIG. 3 shows the circuit connections when the motor is being used to brake
      the vehicle electrically. The end 14 of the motor is connected to the
      winding 17 as in FIG. 2, but the end 16 is now connected to the line 12
      through the device 18 and an additional diode 30 in series. When the motor
      is being used to brake the vehicle, the potentiometer operated by the
      accelerator pedal is inoperative, but another potentiometer is operated by
      the brake pedal, and provides a signal to the unit 26 in exactly the same
      way as the potentiometer operated by the accelerator pedal. Thus, the
      current in the motor armature will be controlled in the same way as
      described with reference to FIG. 1. In this case, however, the motor 15
      acts as a generator and charges the battery by way of the diodes 21 and
      30.
PAR  There are various contactor arrangements that can be used to produce the
      arrangements shown in FIGS. 1 to 3, but one possible arrangement is shown
      in FIG. 4. The basic controls of the vehicle are the accelerator pedal,
      which when depressed operates a potentiometer as previously explained, the
      brake pedal which operates another potentiometer and also provides normal
      hydraulic braking for the vehicle, and a selector switch which has a
      central off position but is movable in opposite directions from the off
      position to select forward or reverse movement of the vehicle. In FIG. 4
      three contactor operating devices F, R, B are shown. If the selector
      switch is in the forward position and the accelerator pedal is depressed,
      the device F will be energised and will operate a contact F1 which
      normally occupies the position shown in the drawing but when the device F
      is energised moves to its alternative position in which it connects the
      circuit in the manner indicated in FIG. 1. If, on the other hand, the
      selector switch is moved to its reverse position and the accelerator pedal
      is depressed, then the device R is energised and a contact R1 is moved
      from the position shown to its alternative position, at which point the
      circuit is in the form indicated in FIG. 2.
PAR  If the selector switch is in its forward position, but the brake pedal is
      depressed, then normal hydraulic braking is provided, but in addition the
      device B is energised to open the contact B1. The contacts F1 and R1 will
      be in the positions shown, and so it will be seen that the circuit now has
      the form shown in FIG. 3, so that electrical braking is provided as
      explained above.
PAR  Although the arrangements shown in FIGS. 1 to 4 relate to a series motor,
      they can also be applied to shunt and compound motors. In this case, the
      arrangements described will control the armature current.
PAR  Referring now to FIG. 5, in addition to the traction battery, the vehicle
      incorporates a 24 volt battery 31 providing power to positive and negative
      supply lines 32, 33. The selector switch previously referred to is shown
      at 34, and is movable from its central off position to a forward position
      in which it energises a relay winding 35, or a reverse position in which
      it energises a relay winding 36. The windings 35 and 36 serve when
      energise to close normally open contacts 35a and 36a respectively, and
      various control and safety arrangements may be provided between the
      windings 35, 36 and the contacts 35`a, 36a. However, for the purposes of
      the present example it can be assumed that energisation of one of the
      windings 35, 36 ultimately closes the appropriate contact 35a or 36a.
PAR  The contact 35a is connected between the lines 33, 32 in a series circuit
      including a switch 37, a contact B2 and a relay winding 38. The contact
      35a is also connected in a circuit between the lines 33, 32 including a
      switch 39, a switch 41, a contact F2 and a relay winding 42. The relay
      winding 38 when energised closes a normally open contact 38a connected in
      series with the device F shown in FIG. 4 between the lines 32 and 33, and
      the relay winding 42 serves when it is energised to close two contacts 42a
      and 42b, the contact 42a being connected in series with the device B
      between the lines 32, 33. The contact 42b is connected in series with a
      switch 43 between the junction of the winding 42 and contact F2 and the
      line 33. Moreover the contact 36a when closed completes a circuit between
      the lines 33, 32 by way of the device R.
PAR  The switches 37 and 39 are normally open switches controlled by the
      accelerator and brake pedals of the vehicle respectively, and close when
      the accelerator and brake pedals respectively are depressed. The contacts
      B2 and F2 are opened when devices B and F are energised respectively, the
      switch 41 is sensitive to the speed of the vehicle and is closed whenever
      the vehicle speed is in excess of a predetermined value, typically 4
      m.p.h. The switch 43 is responsive to the current flowing in the motor
      armature, and is closed whenever the current is above a predetermined low
      level, typically 30 amps.
PAR  Assuming that the switch 34 is moved to the forward position, then the
      contact 35a closes. If the accelerator pedal is now depressed, the switch
      37 closes to energise the relay winding 38 and close the contact 38a, so
      that the device F is energised. The contact F2 opens to prevent
      energisation of the relay winding 42. If the switch 34 is moved to the
      reverse position, then the relay winding 36 is energised and the device R
      is energised so that the vehicle is driven in the reverse direction.
PAR  If the switch 34 is in the forward position, and the driver removes his
      foot from the accelerator pedal and places his foot on the brake pedal,
      then the switch 37 will open to de-energise the winding 38 and so
      de-energise the device F, and the switch 39 will close. De-energisation of
      the device F causes the contact F2 to close, and so provided that the
      vehicle speed is in excess of 4 m.p.h., so that the switch 41 is closed,
      the relay winding 42 will be energised to close the contact 42a and
      energise the deive B. If the vehicle speed is not above 4 m.p.h., then the
      switch 41 is open and electrical braking will not be provided.
PAR  Once the device B has been energised to provide electrical braking, then
      assuming that the armature current is above 30 amps, the winding 42 is
      held on by current flowing through the switch 43 and contact 42b. As the
      speed of the vehicle reduces, then even if the speed falls below 4 m.p.h.
      so that the switch 41 opens, electrical braking will still be provided
      until the armature current drops below 30 amps, at which point the switch
      43 opens to de-energise the winding 42.
PAR  If the driver presses both the accelerator pedal and the brake pedal at a
      low vehicle speed, electrical braking will not be provided because the
      switch 41 will be open.
PAR  Referring now to FIG. 6, the switches 37, 39 and 41 now provide three
      inputs to an AND gate 53 which when it receives all three inputs energises
      a winding 52. The winding 52 controls a switch 51 which normally occupies
      the position shown in which it completes a circuit to the winding 38 when
      the switch 35a is closed. However, when the AND gate operates, the switch
      51 is moved to its alternative position in which it energises the winding
      42 if the contact 35a is closed. It should be noted that in this example
      the switch 37 is normally closed.
PAR  In this example, if the switch 34 is in its forward position, then the
      device B can only be energised if three conditions are fulfilled. The
      accelerator pedal must be released, so that the switch 37 is closed. The
      brake pedal must be depressed so that the switch 39 is closed, and the
      vehicle speed must be in excess of 4 m.p.h., so that the switch 41 is
      closed. Only if these three conditions are fulfilled is the switch 51
      moved to its alternative position to energise the winding 42. Once the
      winding 42 has been energised, it remains energised by way of the switch
      43 as in FIG. 5.
PAR  It will be appreciated that using the arrangement shown in FIG. 6 once
      electrical braking has commenced it will continue until the armature
      current falls to 30 amps, as in FIG. 5. However, in FIG. 6 if the
      accelerator is depressed at any time when the device B is not energised,
      then it is not possible for the device B to be energised until the
      accelerator pedal is released, and of course the brake pedal is depressed
      and the vehicle speed is above 4 m.p.h. It will be appreciated that in
      FIG. 5, the devices F and B are de-energised when neither pedal is
      depressed. In FIG. 6, the device F is energised if neither pedal is
      depressed, so that the system is maintained in a forward drive condition,
      so that when the accelerator pedal is depressed, the circuit will act
      quickly. This arrangement is particularly advantageous at low speeds, say
      below 4 m.p.h., because the contactors do not have to keep opening and
      closing as the accelerator and brake pedal are depressed and released.
PAR  In both FIG. 5 and FIG. 6 the relay 38 may have a hold-on contact providing
      a hold by way of contact 43 above 30 amps.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control circuit for an electrically driven vehicle comprising in
      combination: A traction motor; an accelerator pedal; means sensitive to
      the position of the accelerator pedal for controlling the forward drive
      current to the motor; a brake pedal; braking means operable on actuation
      of the brake pedal for connecting the motor to provide controlled
      electrical braking of the vehicle; inhibiting means sensitive to the speed
      of the vehicle and inhibiting initiation of operation of said braking
      means when the brake pedal is actuated while the vehicle speed is below a
      predetermined value; and means for maintaining electrical braking, once
      commenced, after the vehicle speed falls below the predetermined level.
NUM  2.
PAR  2. A circuit as claimed in claim 1 in which the means for maintaining
      electrical braking operates until the armature current drops to a set
      level.
NUM  3.
PAR  3. A circuit as claimed in claim 1 in which depression of the accelerator
      pedal inhibits the provision of electrical braking.
NUM  4.
PAR  4. A circuit as claimed in claim 1, including means whereby when neither
      pedal is depressed, the circuit behaves as if the accelerator pedal is
      depressed.
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PAL  In a control circuit for an electrically driven vehicle, there is a main
      thyristor in series with a traction motor and a commutating thyristor for
      turning the main thyristor off. Firing pulses for the thyristors are
      provided by an operational amplifier having two states in which it fires
      the main thyristor and commutating thyristor respectively, and delay means
      operates when the main thyristor is fired to drive the operational
      amplifier to its other state after a predetermined delay.
BSUM
PAR  This invention relates to control circuits for electrically driven
      vehicles.
PAR  A control circuit according to the invention comprises in combination a
      traction motor driving the vehicle, a thyristor chopper circuit
      controlling the speed of the traction motor, said chopper circuit
      including a main thyristor in series with the motor, and a commutating
      thyristor which when fired turns off the main thyristor, means controlling
      the instants of firing of the thyristor to regulate the mean current flow
      in the motor, said means including an operational amplifier having first
      and second states, the operational amplifier serving when it is driven
      from its first state to its second state to fire the main thyristor, and
      serving when it is driven from its second state to its first state to fire
      the commutating thyristor, the circuit further including delay means which
      operates when the main thyristor is fired and drives the operational
      amplifier to its first state after a predetermined delay.
DRWD
PAR  The accompanying drawing is a circuit diagram illustrating one example of
      the invention.
DETD
PAR  Referring to the drawing, a vehicle includes a traction battery 11,
      typically at a voltage in excess of 200 volts, and having its positive
      terminal connected to a supply line 9 and its negative terminal connected
      to a supply line 10. Connected in series between the lines 9, 10 are the
      armature 12 of a traction motor, the field winding 13 of a motor, a
      current sensing device 14 and the anode-cathode path of a thyristor 15.
      The anode of the thyristor 15 is connected to the line 10 through the
      anode-cathode path of a thyristor 16 and the capacitor 17 in series,
      whilst the junction of the thyristor 16 and capacitor 17 is connected to
      the line 10 through the anode-cathode path of a thyristor 18 and an
      inductor 19.
PAR  The vehicle further includes a battery 22, typically at 24 volts, with its
      negative terminal connected to the line 10. Connected across the battery
      22 is a power supply circuit 23 which provides low voltage power to
      various parts of the circuit, and in particular provides power to positive
      and negative terminals 24, 25, which typically are at plus and minus 15
      volts respectively. Also connected across the battery 22 is a resistor 26,
      having movable thereon a slider which is linked to the accelerator pedal
      of the vehicle. The slider is connected through a resistor 27 to the
      inverting input terminal of an operational amplifier 28, connected between
      the terminals 24, 25. The current sensing device 14 provides an input by
      way of a resistor 29 to the non-inverting input terminal of the amplifier
      28.
PAR  The circuit further includes a second operational amplifier 33 connected
      between the terminals 24, 25, and having its non-inverting input terminal
      connected to the line 10 through a resistor 36, and its inverting input
      terminal connected to the output of the amplifier 28 through resistors 31,
      30 in series. The junction of the resistors 31, 30 is connected to the
      line 10 through a resistor 60 and capacitor 61 in parallel and the output
      and inverting input terminals of the amplifier 28 are coupled through a
      resistor 32. The output terminal of the amplifier 33 is connected to its
      non-inverting input terminal through a series circuit including a
      capacitor 34 and a resistor 35 the capacitor 34 being bridged by a
      resistor 40. The output terminal of the amplifier 33 is connected to a
      pair of drive circuits 37 and 38, the circuit 37 being coupled to the gate
      of the thyristor 16 and the circuit 38 being coupled to the gates of the
      thyristors 15 and 18.
PAR  It is convenient for the moment to consider the operation of the
      arrangement thus far described, neglecting the other components shown in
      the drawing. Considering first the operation of the chopper circuit for
      controlling the motor, consider a point in the cycle at which the
      thyristor 15 is off and the thyristor 16 is on, so that the capacitor 17
      charges by way of the thyristor 16, after which the thyristor 16 turns
      off. At a later point in the cycle the thyristor 15 is fired so that
      current flows in the motor. and at the same time the thyristor 18 is fired
      to reverse the charge on the capacitor 17. After the capacitor has
      reversed, the thyristor 18 turns off, and at a later point in the cycle
      the thyristor 16 is fired again so that the capacitor 17 discharges
      through the thyristor 15 to turn off the thyristor 15, after which the
      capacitor 17 starts to charge again and the cycle is repeated.
PAR  The arrangement of the control circuit for the thyristors is such that when
      the current flowing in the motor is increasing, the thyristor 16 is fired
      at a first predetermined current to turn off the thyristor 15, so that the
      current flow in the motor then reduces. At a second and lower
      predetermined current, the thyristors 15 and 18 are fired. A current which
      is intermediate the first and second predetermined currents is set by the
      slider movable over the resistor 26, and the operational amplifier 28
      compares this set current with the actual current which is detected by the
      device 14. If the desired current is greater than the actual current, then
      the amplifier 28 produces a positive output, but if the desired current is
      less than the actual current, the amplifier 28 produces a negative output.
      The output from the amplifier 28 is fed to the operational amplifier 33.
      Thus, suppose that the current flow in the motor 12 is increasing, then
      the amplifier 33 receives a positive input. When the actual current
      becomes equal to the desired current, the output from the amplifier 28
      changes in polarity, and so the input to the amplifier 33 becomes
      negative. The result of this is that a negative pulse is produced by the
      amplifier 33, this negative pulse operating the circuit 37 to turn on the
      thyristor 16.
PAR  At a later point in the cycle, the current sensed by the device 14 falls
      below the demanded current, and the polarity of the output from the
      amplifiers 28 changes, so that the amplifier 33 produces a positive going
      pulse, which operates the circuit 38 to fire the thyristors 15 and 18.
      However, because of the feedback circuit by way of the capacitor 34 and
      resistor 35, the amplifier 33 can only change state after a predetermined
      delay, this delay being determined by the capacitor 34. As a result, each
      of the thyristors 15 and 16 will remain on for a predetermined period of
      time which is chosen to be sufficiently long to ensure that the chopper
      circuit will operate satisfactorily. If, during the delay period, the
      input at the inverting input terminal of the amplifier 33 changes, the
      amplifier 33 will ignore this change, because the potential at its
      non-inverting input terminal is determined by the capacitor 34. At the end
      of the delay period, when the potential at the non-inverting input
      terminal of the amplifier 33 is fed by the resistor 36, the amplifier 33
      will assume one of its stable conditions, in accordance with the signal on
      its inverting input terminal at that time.
PAR  In addition to ensuring that the chopper circuit operates satisfactorily,
      the delay produced by the capacitor 34 has the advantage that any
      transients produced during switching in the chopper circuit cannot have
      any effect on the operation of the circuit.
PAR  The connections of the motor 12 and field winding 13 to the supply lines
      will of course be made by way of contactors in the usual way, and the
      contactors are so arranged that the motor can drive the vehicle in a
      forward direction or a reverse direction. In addition, the contactors are
      capable of connecting the motor in the circuit so that it provides
      electrical braking. Conveniently, the contactors are controlled for this
      purpose by the brake pedal of the vehicle.
PAR  It will be understood that the circuit thus far described effectively
      controls the minimum on time and the minimum off time of the main
      thyristor 15. The remaining components are provided so that two further
      desirable features of the arrangement are obtained. Firstly, it is
      possible in some circumstances that the current set by the slider movable
      over the resistor 26 will never be reached, and in these circumstances the
      thyristor 15 would not of course be turned off. Moreover, it is desirable
      during electrical braking to increase the minimum of period.
PAR  The remaining components are connected between the line 10 and a supply
      line 41 which is connected to the terminal 24. The line 41 is connected
      through a resistor 42 to the emitter of a p-n-p transistor 43 having its
      collector connected to the line 10, the base of the transistor 43 being
      connected to its emitter through a resistor 46, and further being
      connected through a diode 44 and a resistor 45 in series to the output
      terminal of the amplifier 33. The emitter of the transistor 43 is
      connected to the line 10 through a capacitor 47, and is also connected to
      the emitter of a uni-junction transistor 48 the primary and secondary
      bases of which are connected through resistors 49, 51 respectively to the
      lines 41, 10. The secondary base of the transistor 48 is also connected to
      the line 10 through a diode 52, a resistor 53 and a capacitor 54 in
      series, and the junction of the resistor 53 and capacitor 54 is connected
      to the base of an n-p-n transistor 55. the emitter of which is connected
      through a resistor 57 to the line 10, and through a Zener diode 58 and a
      diode 59 in series to the inverting input terminal of the amplifier 33.
      The collector of the transistor 55 is connected through a device 56
      operable by the brake pedal of the vehicle to the line 41.
PAR  When the brakes of the vehicle are not applied, the collector of the
      transistor 55 is effectively disconnected from the line 41, and so the
      transistor 55 can be regarded as a diode. In these circumstances, the
      purpose of the circuit is to turn the thyristor 15 off after a
      predetermined period of time, that is to say to set a maximum on time for
      the thyristor 15.
PAR  Immediately before the thyristor 15 is fired, the output from the amplifier
      33 is negative, and current flows through the resistor 42 and the
      emitter-base of the transistor 43 thence by way of the diode 44 and
      resistor 45 to the output terminal of the amplifier 33, so that the
      transistor 43 is on and the capacitor 47 is discharged. However, when the
      output from the amplifier 33 changes state to turn the thyristor 15, the
      transistor 43 will be turned off and so the capacitor 47 will start to
      charge. After a predetermined delay, the uni-junction transistor 48
      conducts, the capacitor 54 charges and a pulse is applied by way of the
      base-emitter diode of the transistor 55 to the inverting input terminal of
      the amplifier 33. This pulse will have the same effect on the amplifier 33
      as a pulse received from the amplifier 28, and so the thyristor 16 will be
      fired to turn the thyristor 15 off. As soon as the amplifier 33 changes
      state to turn the thyristor 15 off, the transistor 44 will be turned on
      again and the capacitor 47 will discharge. Thus, if the current in the
      device 14 does not rise to the predetermined level within the
      predetermined period of time, the thyristor 15 will be turned off by the
      circuit connected between the lines 41, 10. It should be noted that if the
      current does rise to the predetermined level, so that the amplifier 33
      changes state, then the transistor 43 will be turned on and no pulse will
      be produced by the transistor 48.
PAR  The other feature of the arrangement is that if during braking the current
      flow in the thyristor 15 fails to reach the level set by the slider
      movable over the resistor 26, so that the amplifier 33 has its state
      changed by a pulse derived by the transistor 48 then in these
      circumstances it is advisable to increase the minimum off period of the
      thyristor 15. With the arrangement so far described, then if the amplifier
      33 is caused to change state by the transistor 48, the minimum off period
      will be determined by the capacitor 34 and its associated components.
      However, if this series of events occurs during electrical braking, then
      the device 56 will couple the collector of the transistor 55 to the line
      51, so that the transistor 55 acts as an emitter follower, and effectively
      the pulse fed to the amplifier 33 is increased in length. The leading edge
      of the pulse will cause the thyristor 15 to turn off as described above,
      but bearing in mind that the timing effected by the capacitor 34 and its
      associated components commences only after the pulse at the inverting
      input terminal of the amplifier 33 terminates, it will be appreciated that
      since this pulse has now been elongated, then effectively the minimum off
      time of the thyristor 15 has been increased by the length of the input
      pulse to the amplifier 33.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control circuit for an electrically driven vehicle, comprising in
      combination a traction motor driving the vehicle, a thyristor chopper
      circuit controlling the speed of the traction motor, said chopper circuit
      including a main thyristor in series with the motor, and a commutating
      thyristor which when fired turns off the main thyristor, means controlling
      the instants of firing of the thyristors to regulate the mean current flow
      in the motor, said means including an operational amplifier having first
      and second states, the operational amplifier serving when it is driven
      from its first state to its second state to fire the main thyristor, and
      serving when it is driven from its second state to its first state to fire
      the commutating thyristor, means for sensing current flow through said
      motor and for driving said operational amplifier to said first state when
      a predetermined current level is sensed through said motor, the circuit
      further including delay means which operates when the main thyristor is
      fired and when the current through said current sensing means is below
      said predetermined level for driving said operational amplifier to its
      first state after a predetermined delay.
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ABST
PAL  Circuit arrangement for stabilising the speed of a d.c. motor which is
      controlled via a control amplifier, and drives a tacho-meter which is
      connected between the bases of a "long-tailed pair," a tuned circuit being
      included between the collectors which is tuned to the tacho frequency and
      which attenuates the other frequencies, the voltage across the tuned
      circuit being applied to the control amplifier via a charge pump.
BSUM
PAR  The invention relates to a circuit arrangement for maintaining the speed of
      a dc motor substantially constant, which arrangement includes a control
      amplifier connected in series with the motor winding, the motor driving a
      tacho-generator which supplies a voltage whose frequency is directly
      proportional to the speed of the tacho-generator, said voltage being fed
      via a filter to a rectifying circuit whose output is connected to the
      control input of the control amplifier.
PAR  Such an arrangement is known from German Patent application 1,463,417 which
      has been laid open for public inspection. In said arrangement the filter
      rejects the frequencies which are lower than the tacho-frequency at the
      desired speed, and transmits the other frequencies, after which a detector
      circuit converts them into a direct voltage which if fed to the control
      input of the control amplifier. If the speed is lower than the desired
      speed, the filter does not transmit the tacho-frequency and the motor
      receives the full current. Said arrangement more or less represents the
      electronic equivalent of an on-off switch, such as a centrifugal control
      device, and consequently it does not provide smooth control. Moreover, if
      the motor and tacho-generator form a compact combination, interference
      surges from the motor, for example, from the collector, may be transferred
      to the tacho-generator. These are pulse trains of a high frequency, for
      example greater than 10 MHz, but with a low repetition frequency of
      approximately 2 Hz relative to the tacho-frequency (for example 1800 Hz),
      which adversely affect the operation of the control circuit.
PAR  In order to avoid said drawbacks, the filter according to the invention is
      a tuned circuit whose resonant frequency substantially equals the
      tacho-frequency at the desired speed and attenuates the other frequencies.
      The output of the filter is connected to a capacitor charge pump which, in
      turn, is connected, via an amplifier, if necessary to the control input of
      the control amplifier.
PAR  In an embodiment of a circuit arrangement according to the invention the
      tacho-generator is connected to the bases of a long-tailed pair between
      the collectors of which a parallel resonant filter is included. The
      advantage of this arrangement is that the tacho-voltage overdrives the
      transistors of the long-tailed pair so that, independently of the
      tolerances of the tacho-voltage, the amplitude of the alternating voltage
      at the collectors of the long-tailed pair is constant and simultaneously
      the parallel resonant filter between said collectors drastically rejects
      the undesired interference components originating from the motor.
PAR  In a further embodiment of a circuit arrangement according to the invention
      a pulse shaper is included between the charge pump and the filter, the
      output of said pulse shaper leading to the charge pump.
PAR  In yet another embodiment of a circuit arrangement according to the
      invention the charge pump consists of a first capacitor which is connected
      to the pulse shaper and which leads to a series diode which is connected
      to a first electrode of a second capacitor, which via the series diode is
      charged by the pulses. The other electrode of the second capacitor is
      connected to an electrode of a parallel diode, whose other electrode is
      connected to the junction point of the first capacitor and the series
      diode. The unlike electrodes of the series and parallel diodes are
      interconnected.
PAR  If the charging time of the second capacitor is small relative to the pulse
      duration at the highest frequency which occurs, the voltage across the
      second capacitor is proportional to the frequency, and consequently is a
      measure of the departure from the desired speed. The use of diodes in said
      charge pump has the disadvantage of temperature dependence of the current
      through the diodes. In another embodiment of the circuit arrangement
      according to the invention this drawback is avoided in that the diodes are
      replaced by field-effect transistors, the control electrodes of the field
      effect transistors each being connected to opposite ends of the resonant
      circuit.
DRWD
PAR  The invention will be further explained with the aid of the accompanying
      drawing and the following description, in which:
PAR  FIG. 1 is a block diagram of the circuit arrangement according to the
      invention,
PAR  FIG. 2 shows the circuit arrangement of the resonant filter,
PAR  FIG. 3 is a capacitor charge pump with diodes,
PAR  FIG. 4 is a capacitor charge pump with FET's, and
PAR  FIG. 5 shows the complete motor control circuit.
DETD
PAR  In FIG. 1 the motor M drives a tacho-generator T which supplies an
      alternating voltage whose frequency is directly proportional to the speed
      of the motor M. Said voltage is supplied to a filter F whose resonant
      frequency substantially equals the frequency of the tacho-generator
      voltage at a desired speed of the motor M. The filter, which has a voltage
      gain of approximately 5, transmits said frequency and strongly attenuates
      the other frequencies. As a result, the influence of the pulse trains
      which are transferred from the motor M to the tacho-generator T and which
      have a repetition rate of approximately 2 Hz and a pulse frequency greater
      than 10 MHz is reduced to harmless proportions.
PAR  The voltage from the filter F is applied to a charge pump P which provides
      an output voltage directly proportional to the frequency of the voltage at
      its input. Said output voltage of the charge pump P is amplified in the
      amplifier A, if necessary, and subsequently is fed to the control input of
      a control amplifier R which controls the supply of current to the motor M
      in such a way that said current decreases if the speed is too high and
      increases when the speed is too low.
PAR  The filter F may, for example, consist of a series resonant circuit in the
      supply line of the charge pump P or a parallel resonant circuit in
      parallel with the input of the charge pump P. In either case the voltage
      at the input of the charge pump is determined by the tacho-generator
      voltage which, of course, is subject to certain tolerances.
PAR  FIG. 2 shows a suitable circuit arrangement in which the output voltage or
      current is independent of the input voltage. The tacho-generator T is then
      included between the bases of a long-tailed pair consisting of transistors
      T.sub.1 and T.sub.2, the emitters of transistors T.sub.1 and T.sub.2 being
      fed from the current source I. The setting of the transistors T.sub.1 and
      T.sub.2 and the voltage of the tacho-generator T are selected so that the
      constant current from the current source I alternately flows through the
      transistor T.sub.1 and through the transistor T.sub.2, wherefor the peak
      currents in the collectors of the transistors T.sub.1 and T.sub.2 are
      independent of the peak voltage of the tacho-generator T. By including
      between the collectors of transistors T.sub.1 and T.sub.2 a parallel
      resonant filter F consisting of the inductance L and the capacitor C,
      which filter in a practical embodiment has a voltage gain of approximately
      5 and a resonant frequency equal to the tacho-frequency at the desired
      speed of the motor M, the interference frequencies are strongly attenuated
      so that a substantially sinusoidal voltage of constant amplitude is
      obtained across the filter F because the circuit arrangement
      simultaneously acts as a limiter and as a filter.
PAR  FIG. 3 shows the circuit diagram of a charge pump. In this case it consists
      of a first capacitor C.sub.1 to whose first electrode 1 an alternating
      voltage is applied and whose second electrode 2 leads to a series diode
      D.sub.s which is connected to a first electrode 1 of a second capacitor
      C.sub.2. The capacitor C.sub.2, via the series diode D.sub.s, is charged
      by the rectified alternating current. The other electrode 2 of capacitor
      C.sub.2 is connected to an electrode of a parallel diode D.sub.p. The
      other electrode of diode D.sub.p leads to the connection point of the
      first capacitor C.sub.1 and the series diode D.sub.s. The unlike
      electrodes of series diode D.sub.p and parallel diode D.sub.s are
      interconnected.
PAR  If an alternating voltage is applied to the first electrode 1 of the first
      capacitor C.sub.1, the second electrode 2 thereof will become negative
      relative to the anode of the parallel diode D.sub.p at a given instant
      during the first half of the negative part of the period. As a result said
      parallel diode D.sub.p becomes conductive and charges the first capacitor
      C.sub.1 so that the second electrode 2 obtains a positive charge. In the
      second half of the negative part of the period the voltage at the first
      electrode 1 of the first capacitor C.sub.1 increases again and that of the
      second electrode 2 initially also increases, so that the parallel diode
      D.sub.p is no longer conductive. When the voltage on the second electrode
      2 of the first capacitor C.sub.1 exceeds the sum of the threshold voltage
      of the series diode D.sub.s and the voltage at the first electrode 1 of
      the second capacitor C.sub.2, the series diode D.sub.s becomes conductive
      and charge from the first capacitor C.sub.1 is transferred to the second
      capacitor C.sub.2 until the sum of the voltage at the first electrode 1 of
      the second capacitor C.sub.2 and the threshold voltage of the series diode
      D.sub.s has become equal to that at the second electrode 2 of the first
      capacitor C.sub.1, after which the series diode D.sub.s is turned off
      again. The current i.sub.1 through the first capacitor C.sub.1 equals the
      product of the frequency of the pulses and its charge Q, which charge in
      its turn depends on the capacitance of C.sub.1 and consequently the
      charging voltage at the first electrode 1 of the first capacitor C.sub.1
      is a measure of the frequency of the tacho-generator.
PAR  As the threshold voltages of the series and parallel diodes D.sub.s and
      D.sub.p respectively are temperature dependent, the temperature will also
      affect the total charge of the second capacitor C.sub.2 causing the stable
      speed of the motor to drift. Said temperature dependence can be avoided by
      replacing the diodes D.sub.s and D.sub.p by field-effect transistors such
      as FET.sub.s and FET.sub.p in FIG. 4. However, these transistors should be
      driven at the correct instants in order to make them conductive. This is
      achieved by driving the parallel field-effect transistor FET.sub.P by the
      voltage at the one side of the inductance L and the series field-effect
      transistor FET.sub.s by the voltage at the other side of the inductance L,
      which voltages are in phase opposition.
PAR  FIG. 5 shows a complete circuit diagram of an embodiment of a motor control
      arrangement according to the invention. The symbols used in this Figure
      are the same as those in the preceding Figures.
PAR  The motor M drives the tacho-generator T which is included in a circuit in
      accordance with FIG. 2. The collector of the transistor T.sub.1 is coupled
      via an isolating capacitor to a pulse shaper consisting of transistor
      T.sub.3. Across the base-emitter junction of transistor a diode D is
      connected in anti-parallel so that a pulse-shaped voltage is produced
      across its collector resistance. This latter voltage is fed to a charge
      pump as described with reference to FIG. 3, which pump consists of the
      first capacitor C.sub.1, the second capacitor C.sub.2, the series
      field-effect transistor FET.sub.s and the parallel field-effect transistor
      FET.sub.p. The parallel field-effect transistor FET.sub.p is driven by the
      same voltage as the pulse shaper so that at the instant that it is
      conductive a pulse from the pulse shaper is available at the first
      electrode of C.sub.1. The series field-effect transistor FET.sub.s is
      driven by a voltage in phase opposition therewith, which is derived from
      the collector of the transistor T.sub.2. The output voltage is fed to an
      operational amplifier A biassed so that its output voltage, at the desired
      speed of the motor M, causes the control amplifier R to supply a current
      to the motor such that said desired speed is maintained. If for some
      reason the speed decreases, the voltage across the second capacitor
      C.sub.2  decreases and the control amplifier allows some more current to
      pass until the original speed is restored. The reverse happens if the
      speed of the motor is too high. Diodes D.sub.1 and D.sub.2 serve to bias
      the control electrodes of the series field-effect transistor FET.sub.s and
      the parallel field-effect transistor FET.sub.p.
PAR  The circuit arrangement allows the motor speed to remain constant with the
      tolerance of 10.sup..sup.-4 within a temperature range of 20.degree. to
      70.degree.C so that this circuit arrangement is perfectly suited for
      driving a turntable of a record player for audio as well as video records.
PAR  The motor in this control circuit may be any type of dc motor, even motors
      with series characteristics, because this control system can be very
      rigid, but preferably a motor with a shunt characteristic will be
      employed. The said motors may for example have a permanent-magnet field.
      They may also be collectorles motors.
PAR  The tacho-generator coupled thereto may be of any type which supplies an
      alternating voltage or a modulated direct voltage in which the frequency
      is proportional to the speed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for regulating the speed of a dc motor at a desired speed
      comprising, a control amplifier connected in series with the motor winding
      for controlling the current supplied to said winding, the motor driving a
      tacho-generator which supplies a voltage whose frequency is directly
      proportional to the speed of the tacho-generator, a filter comprising a
      tuned circuit having a resonant frequency equal to the tacho-generator
      frequency at the desired motor speed and which attenuates other
      frequencies, means for coupling the tacho-generator voltage via said
      filter to a charge pump rectifying circuit having an output connected to
      the control input of the control amplifier, said filter and charge pup
      rectifying circuit being responsive to the tacho-generator voltage to
      supply a DC control voltage to said control input of the control amplifier
      in a sense to maintain the motor at said desired speed.
NUM  2.
PAR  2. A system as claimed in claim 1, further comprising first and second
      transistors connected in a long-tailed pair circuit configuration, means
      connecting the tacho-generator to the base electrodes of the transistors
      of said long-tailed pair circuit, and means connecting the parallel
      resonant filter between the collector electrodes of the long-tailed pair
      transistors.
NUM  3.
PAR  3. A system as claimed in claim 1 further comprising a pulse shaper
      connected between the charge pump and the filter.
NUM  4.
PAR  4. A system as claimed in claim 1 wherein the charge pump comprises a first
      capacitor connected to the output of the pulse shaper and to a series
      diode which is in turn connected to a first electrode of a second
      capacitor, means connecting the other electrode of the second capacitor to
      an electrode of a parallel diode, and means connecting the other electrode
      of the parallel diode to the connection point between the first capacitor
      and the series diode with the unlike electrodes of the series and parallel
      diodes being interconnected.
NUM  5.
PAR  5. A system as claimed in claim 1, wherein the charge pump circuit
      comprises a first capacitor and a first field-effect transistor connected
      in series between an input and an output terminal of the charge pump
      circuit, a second field-effect transistor connected between a common
      terminal and the junction between the first capacitor and the first
      field-effect transistor, a second capacitor connected between said output
      terminal and said common terminal, and means connecting the control
      electrodes of the field-effect transistors to opposite ends of the filter
      resonant circuit.
NUM  6.
PAR  6. An electrical system for regulating the speed of a motor comprising, a
      voltage generator coupled to a drive shaft of the motor for generating a
      voltage whose frequency is proportional to the motor speed, a control
      amplifier coupled to the motor to control the current supplied to the
      motor from an electric energy source, a filter comprising a resonant
      circuit tuned to the frequency of the voltage generator output voltage
      corresponding to the desired speed of the motor, a capacitor charge pump
      circuit for converting the frequency of an input signal into a
      corresponding DC voltage that is independent of the amplitude of the input
      signal, first means for coupling the output of the voltage generator to
      the input of the charge pump circuit via said filter, said filter being
      operative to transmit a signal at its resonant frequency to the charge
      pump input and to attenuate all other signal frequencies, and second means
      for coupling the output of the charge pump circuit to a control terminal
      of the control amplifier to apply a control voltage thereto in a sense to
      maintain the motor at the desired speed.
NUM  7.
PAR  7. A regulating system as claimed in claim 6 wherein said first coupling
      means comprises first and second transistors connected in a long-tailed
      pair circuit arrangement with the transistor control electrodes connected
      to respective terminals of the voltage generator and the transistor output
      electrodes connected to the filter.
NUM  8.
PAR  8. A regulating system as claimed in claim 6 wherein the charge pump
      circuit comprises, a first capacitor and a first diode connected in series
      between an input and output terminal of the charge pump, a second
      capacitor connected between said output terminal and a common terminal,
      and a second diode connected between said common terminal and the junction
      point between the first capacitor and the first diode, said diodes being
      poled so that unlike electrodes are joined together at said junction
      point.
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ABST
PAL  Pointwise positioning apparatus for positioning a movable assembly includes
      small strip defining a series of positions corresponding to an electrical
      absolute position coding which co-operates with a movable assembly to
      produce a pulse signal when the movable assembly is or passes a
      predetermined coded position. A general control motor is coupled
      mechanically to a step motor, and a logic circuit actuates the general
      control motor until a first passage through the predetermined position,
      whereupon the general control motor is actuated in the opposite sense
      until the movement of the movable assembly reverses, and then the step
      motor is actuated until the movable assembly again reaches the
      predetermined position.
BSUM
PAR  The present invention relates to a point by point positioning apparatus, in
      particular for machines intended to perform one or more predetermined
      operations at a series of points located in a space of two or three
      dimensions.
PAR  A particular example of a machine of this type is a machine for wiring
      electronic circuits. Such a machine includes a support for a wiring tool
      capable of being shifted in a plane by means of two movable assemblies
      along two respective perpendicular axes of coordinates, each assembly
      being driven by a motor system. It is necessary for each motor system to
      be controllable in such manner as to locate the tool support successively
      at different points of a two-dimensional grid of points, determined along
      each axis of coordinates by a standardized elementary step.
PAR  In U.S. Pat. No. 3,659,174 there is described a control system comprising,
      for each movable assembly, a detecting instrument of linear form
      constituted by a small strip of insulating material provided with
      transverse conducting lamellae, adjacent ones of which are very close to
      one another. Each small strip is oriented substantially along the axis of
      coordinates corresponding to the movable assembly with which it is
      associated. Each movable assembly carries a member capable of producing a
      short circuit between any two adjacent lamellae of its strip. An
      electronic logical circuit detects the onset of the short circuit between
      any two adjacent lamellae, corresponding to a predetermined working
      position, and this information is used to control the motor system.
PAR  In the said U.S. patent the stopping of the movable assembly is effected
      after a rapidly converging hunting about the desired position, determined
      by two adjacent lamellae of the strip.
PAR  The arrangements described in the U.S. patent furnish an absolute position
      coding. They give full satisfaction when the surface to be wired is not
      very large and when the elementary step separating the working points is
      not too small, this elementary step being, on the strip, the step of the
      intervals between lamellae, whilst the dimensions of the surface to be
      wired are in agreement with the maximum travel of each movable assembly.
PAR  In contrast, when the ratio between the maximum travel of a movable
      assembly and the step of the strip increases appreciably, it is not
      possible to increase the speed of displacement of the movable assembly in
      the same way, that is to say to alter the characteristics of the motor
      system whilst maintaining the same precision of stopping.
PAR  Since the wiring operations necessitate frequent to and fro movements of
      each movable assembly over a major part of its maximum travel, it follows
      that on average the wiring operations are the longer the larger the
      surface to be wired and the smaller the elementary step of the wiring.
PAR  In general this difficulty is encountered in machines for performing point
      by point operations, which are controlled in a numerical manner, for
      example boring and reaming machines. In such machines the resolution of
      the numerical control corresponds to an extremely small elementary step,
      whilst the dimensions of the parts treated are often very large.
PAR  The object of the present invention is to provide apparatus for point by
      point positioning along an axis of coordinates, which enables the
      difficulty referred to above to be easily resolved.
PAR  As explained above, a linear detection instrument such as a small strip is
      orientated substantially along the axis of coordinates, and comprises a
      series of materialized positions corresponding to an electrical absolute
      position coding. The detecting instrument cooperates with the movable
      assembly to furnish a specific piece of electrical information when the
      said movable assembly is in or passes into a predetermined position
      selected from the said series. A logical circuit controls the motor system
      in response to this electrical information to effect the positioning of
      the movable assembly.
PAR  In accordance with an essential feature of the present invention, the motor
      system comprises a general control motor coupled mechanically to a step by
      step motor. The logical circuit actuates the general control motor as far
      as a first passage into the predetermined position and thereupon it
      actuates the step by step motor for a second passage into the said
      predetermined position.
PAR  By a general control motor is meant a motor of any type capable of being
      controlled electrically so as to be stopped, or to operate in one
      direction, or to operate in another direction. There may or may not be a
      relation between the electrical control signals and the operating
      variables of the motor.
PAR  In accordance with another feature of the invention the control polarity of
      the general control motor is reversed after the first passage into the
      predetermined position, until the movable assembly is practically stopped,
      after which the step by step motor is actuated in the appropriate sense as
      far as a second passage into the predetermined position.
PAR  In accordance with another feature of the invention the stopping of the
      movable assembly, after the first passage, is detected by reversal of the
      direction of rotation of the step by step motor, which operates as a
      polyphase alternator when it is not being fed. This reversal of direction
      of rotation is detected in the form of a change in sign of the phase
      displacement of two voltages on adjacent windings of the step by step
      motor which is not being fed.
PAR  In accordance with another feature of the invention, feeding of the general
      control motor is maintained for a minimum period of time notwithstanding
      that the first passage into the predetermined position has taken place,
      after which the reversal of feed polarity is at once effected if the first
      passage into the predetermined position has already taken place. In the
      contrary case, the procedure is normal. This makes a sufficient period of
      time available for detection of the reversal of movement of the movable
      assembly before the second passage into the predetermined position.
PAR  In accordance with another feature of the invention the step by step motor
      is actuated for a selected number of steps after the second passage into
      the predetermined position, which permits positioning which has
      practically the precision and flexibility of the absolute coding, whilst
      having a resolution substantially equal to that of the step by step motor.
DRWD
PAR  In the accompanying drawings,
PAR  FIG. 1 illustrates diagrammatically, partly in detail, positioning
      apparatus in accordance with the present invention,
PAR  FIG. 2 shows in detail the control circuits for the general control motor,
PAR  FIG. 3 shows in detail a first arrangement of the control circuits for the
      step by step motor,
PAR  FIG. 4 is a graph showing the displacement of the movable assembly as a
      function of time, the step by step motor being controlled by the circuit
      shown in FIG. 3, and
PAR  FIG. 5 shows a second arrangement of the control circuit for the step by
      step motor.
DETD
PAR  In FIG. 1, a direct current motor 1 and a step by step motor 2 are
      mechanically coupled coaxially so as to control, via a mechanical
      connection 4 illustrated diagrammatically, and assumed to be without slip,
      translational displacement of a movable assembly 5. The movable assembly 5
      is solid with a roller 6 which moves on a small strip 7 carrying
      transverse metallic lamellae. The movement of the roller 6 is
      perpendicular to the transverse orientation of the lamellae.
PAR  The roller and the lamellae are arranged in one of the configurations
      described in U.S. Pat. No. 3,659,174, in particular with reference to
      FIGS. 1, 2, 3 and 4 of that specification. The lamellae are connected to a
      detection circuit 8 actuated so as to detect selectively the production by
      the roller 6 of a short circuit between two predetermined lamellae. These
      two predetermined lamellae therefore effect the absolute coding of a
      position which in the present specification and claims will be called the
      predetermined position, or desired position, except in the case of FIG. 5
      for reasons that will appear hereinafter.
PAR  Various ways of interconnecting the lamellae and the detection circuit 8
      are described in U.S. Pat. No. 3,659,174 specification. In the case of the
      present application it is thought that it is within the ability of a
      person skilled in the art to perform the transcoding operation which
      consists in passing from a predetermined position, coded in numerical
      form, to the selection of the two conductors connected to the two lamellae
      defining this predetermined position in an absolute manner.
PAR  It is particularly advantageous to use lamellae arranged as shown in FIG. 4
      of U.S. Pat. No. 3,659,174, which permits numerical position coding in a
      binary decimal code, in accordance with FIG. 5 of the said patent.
PAR  In the latter case, for each position capable of being coded numerically,
      one of the adjacent lamellae associated with the decade receives a ONE
      logical level of voltage, whilst the other is brought to this ONE logical
      level when the short circuit takes place.
PAR  In one embodiment, the detection circuit 8 includes the circuits shown in
      FIG. 5 of U.S. Pat. No. 3,659,174, Viz. a decade circuit for applying, in
      accordance with the decade furnished by the numerical code, the ONE
      logical level to all the interconnected lamellae of the decade concerned,
      and a units circuit for selecting the lamellae capable of being brought to
      the ONE level by short circuit, and which corresponds to the units figure
      of the numerical code.
PAR  In this manner, for each value of the numerical position code the short
      circuit is detected in the form of the occurrence of a ONE level at the
      output of the units circuit. The output of the units circuit is connected
      to a first monostable trigger circuit (not shown in the detector circuit
      8) having a pulse duration sufficient to prevent two successive short
      circuits, produced by rebounding of the roller when the direction of
      displacement of the movable assembly remains the same, from being
      considered separately.
PAR  In the shaping circuit 9 a second monostable trigger circuit produces a
      signal or pulse of predetermined duration after the start of the first
      short circuit, viz. after the leading edge of the output signal from the
      first monostable trigger circuit.
PAR  Hence, each time that the roller 6 solid with the movable assembly 5 short
      circuits the two adjacent lamellae corresponding to the position
      determined by the numerical coding, the shaping circuit furnishes a pulse
      of predetermined duration which will be termed the ITER signal or pulse.
PAR  In FIG. 1, a control block 10 receives, for example from a scanner of
      perforated tape, a piece of information relating to the new predetermined
      position to be attained. At the end of the scanning of this coded
      information a pulse signal MT is furnished by the control block.
      Furthermore, the control block 10 acts on the detection circuit 8 to
      condition it to select the two adjacent lamellae corresponding to the new
      predetermined position, for example in the manner explained above.
PAR  Moreover, the control block 10 tranmits the information about the new
      predetermined position to a comparison block 11, which compares this
      information with the position previously attained and furnishes a
      continuous level on the line DIR, the line INV, or the line EGA, according
      to whether the new position necessitates, relative to a reference
      orientation arbitrarily determined on the axis of coordinates, a movement
      in the forward sense, a reverse movement or no movement.
PAR  If the line EGA is activated, an operation, for example wiring, is effected
      without change of position.
PAR  If one of the two lines DIR and INV is activated, the position of the
      movable assembly 5 must then be altered. Positioning in according with the
      invention will now be described.
PAR  In FIG. 1, the direct current motor 1 is controlled from the signals MT,
      DIR, INV and ITER through the intermediary of a circuit 20 the detailed
      arrangement of which is shown in FIG. 2. The circuit 20 also receives a
      signal ART which is representative of the change in the direction of
      movement of the movable assembly 5, after the first passage to the
      predetermined position. It also furnishes two signals G1 and G2 which are
      the logical levels for controlling the operation of the direct current
      motor 1 in one direction or the other. The direct current motor 1
      functions as the general control motor, as defined above.
PAR  The step by step motor 2 is controlled by the circuit 30 in accordance with
      the state of the signals G1 and G2 furnished by the circuit 20. Very
      advantageously, the step by step motor 2 is also used to produce the
      signal ART which is representative of the change in the direction of
      movement of the movable assembly 5.
PAR  FIGS. 3 and 5 illustrate respectively a practical form of the control
      circuit 30, and an improved modification which permits positioning finer
      than the step of the small strip.
PAR  In FIG. 2, the signal MT, which is a pulse representative of the end of
      scanning the information about the new position, consequently indicates
      that the logical circuits 10 and 11 are ready for the attainment of the
      new position, as is also the detection circuit 8 which is ready to detect
      a short circuit between the two lamellae that define the position
      determined by the numerical coding. It will now be remembered that the
      start of this short circuit gives rise to the occurrence of a pulse ITER.
PAR  The pulse signal MT is applied to two NO-AND gates 211 and 212, the other
      inputs of which receive respectively the signal DIR and the signal INV.
      The outputs of the NO-AND gates 211 and 212 are applied respectively to
      the input R for clearing two bistable trigger circuits J-K 221 and 222
      respectively. The inputs S for presetting the trigger circuits 221 and 222
      are connected respectively to AND gates 213 and 214, which each receive
      the signal ART representative of the reversal of direction of movement of
      the movable assembly after the first passage to the desired position. The
      signal ART, which is generated in a manner which will be described in
      detail with reference to FIG. 3, passes from the level ONE to the level
      ZERO at the instant of reversal of the direction of movement. The AND
      gates 213 and 214 receive respectively the output from the gate 212 and
      the output from the gate 211.
PAR  The bistable trigger circuits 221 and 222 have their inputs J and K
      maintained permanently in state 1 whilst their clock inputs C each receive
      the signal ITER.
PAR  The signal MT is also applied to a monostable trigger circuit 230 the
      output Q of which is applied to two AND gates 231 and 232 which receive
      respectively the signal DIR and the signal INV. The outputs Q of the
      bistable trigger circuits 221 and 222 are applied respectively to AND
      gates 241 and 242 each of which receives the ouput Q of the monostable
      trigger circuit 230.
PAR  The outputs of the gates 231 and 241 are united in an OR gate 251 to
      furnish the logical level G1 for controlling, through the intermediary of
      a power circuit 261, the actuation of the direct current motor 2 in the
      forward sense. The outputs of the AND gates 232 and 242 are united in an
      OR gate 252 to furnish a logical signal G2 for controlling, through the
      intermediary of a power circuit 262, the actuation of the direct current
      motor 2 in the reverse sense. The signals G1 and G2 are also fed to the
      control circuit of the step by step motor in FIG. 3 or FIG. 5.
PAR  The rising edge of the signal MT has the effect of resetting the output Q
      of one of the bistable trigger circuits 221 and 222 to the ONE state,
      according to whether the signal DIR or the signal INV is present.
PAR  The signal ART being at level 1, so long as the first pulse ITER has not
      arrived and the direction of movement of the movable assembly has not
      reversed, the inputs S of the bistable trigger circuits 221 and 222 each
      receive the input R from the other. Consequently, the two trigger circuits
      are in complementary states, when the signal ART is at level 1.
PAR  Furthermore, the output Q of the monostable trigger circuit 230 produces,
      during a predetermined period of time, a ONE level at the output of one of
      the gates 231 and 232 according to whether the signal DIR or the signal
      INV is at the ONE level.
PAR  Assume that the signal DIR is at level 1. During the time predetermined by
      the monostable trigger circuit 230 the AND gate 231 furnishes, through the
      intermediary of the OR gate 251, the signal G1 for controlling the direct
      current motor 1 in the forward sense. After this, the output Q from the
      monostable trigger circuit 230 is at the ONE level, and on being combined
      with the output Q from the memory trigger circuit 221 in the AND gate 241
      it again furnishes the control signal G1 for the motor 1, in the forward
      sense.
PAR  This is produced until the first pulse ITER arrives at the inputs C of the
      bistable trigger circuits 231 and 232. At this instant the states of the
      two trigger circuits 221 and 222 are reversed.
PAR  Consequently, the control circuit 20 in FIG. 2 responds to the pulse MT by
      controlling the direct current motor 1 for a mininum period of time. This
      period, which is regulated by the monstable circuit 230, is selected to be
      sufficient for the motor system to gather speed and for the movable
      assembly to pass the desired position sufficiently for the detection of
      the reversal of its direction of movement to occur under good conditions.
PAR  After the interval of time furnished by the monostable trigger circuit 230,
      the actuation of the direct current motor 1 depends on the bistable
      trigger circuits 221 and 222. Initially, these circuits are put by the
      pulse MT into a state such that they control the actuation of the direct
      current motor in the same sense as the AND gates 231 and 232. The
      direction of operation is reversed by the occurrence of the pulse ITER.
PAR  If the pulse ITER has arrived during the interval of time in which the
      control is furnished by the gates 231 and 232 (case in which the preceding
      position is very close to the desired position) the end of the pulse
      furnished by the monostable trigger circuit 230 is immediately translated
      into a reversal of the direction of operation of the direct current motor,
      since the trigger circuits 221 and 222 have already changed state.
PAR  In contrast, if at the end of the pulse furnished by the monostable trigger
      circuit 230 the signal ITER has not yet occurred, the direct current motor
      contines to operate in the same direction until the signal ITER occurs.
PAR  When the reversal of the direction of movement of the movable assembly is
      detected, the signal ART passes to Zero level, which as the effect of
      putting the outputs Q of the two trigger circuits 221 and 222 to zero
      state, by applying a zero level to their inputs S. The direct current
      motor 1 is then no longer fed with current.
PAR  Summarising, after the occurrence of the pulse MT, the direct current motor
      1 operates in the same direction as far as passage to the position
      determined by the numerical coding. At this instant, the supply of current
      to the direct current motor 1 is reversed so as to brake the movable
      assembly 5, until the passage of the signal ART to zero level indicates
      that the movement of the movable assembly 5 has changed direction.
      However, under the control of the pulse width of the monostable trigger
      circuit 230, the supply of current to the direct current motor 1 is
      maintained for a minimum period. This enables the movable assembly to have
      time to gather speed, thereby avoiding the effect that the reversal of the
      current supply to the direct current motor 1 produces a second passage in
      the reverse direction to the predetermined position before detection of
      the reversal of the direction of movement of the movable assembly 5, and
      the cessation of supply of current to the direct current motor 1.
PAR  In FIG. 3 are illustrated the step by step motor 2 and a practical form of
      its control circuit 30.
PAR  The step by step motor 2 is assumed to be of the type having four
      inductors, and it therefore includes four indicator supply lines B1 to B4
      connected to a power circuit 39, which can be designed in known manner by
      a person skilled in the art.
PAR  It is known that a step by step motor responds to pulses in at least one of
      its inductors by turning through elementary steps, whilst the application
      of continuous voltages to the inductors produces a torque which arrests
      the step by step motor in the position attained.
PAR  Furthermore, it has been observed that in the absence of continuous voltage
      and pulse on these inductors, that is to say in the absence of feeding,
      the step by step motor behaves like a polyphase alternator.
PAR  In accordance with a particularly advantageous practical form of the
      present invention, two adjacent inductors B1 and B2 of the step by step
      motor are connected respectively to shaping circuits 381 and 382 in order
      to transform the alternating voltages induced in these inductors, in the
      absence of feeding, into synchronous logical signals of these voltages.
      The logical signals furnished by the respective outputs of the circuits
      382 and 381 are applied to a bistable memory trigger circuit 383 of type
      D, respectively at the input D for the signal to be memorised D and at the
      clock input or memory control C. The state of the input D is taken into
      consideration by the rising edge of the signal applied to the input C.
      consequently, if the signal coming from B1 passes from zero level to the
      ONE level before the signal coming from B2, which may be regarded as an
      advance in phase, the output Q of the trigger circuit 383 remains in the
      zero state. In contrast, if the signal coming from B2 passes from the zero
      level to the ONE level before the signal coming from B1, the output Q
      remains at the ONE level. Consequently, the output Q of the memory trigger
      circuit 383 is representative of the phase displacement between the
      voltages generated in the windings B1 and B2 of the step by step motor 2
      when this functions as a polyphase alternator driven by the direct current
      motor 1, without being fed. In the case of a four phase motor this phase
      displacement is .+-. 90 electrical degrees according to the direction of
      rotation of the step by step motor, and therefore according to the
      direction of movement of the movable assembly 5.
PAR  The output Q of the memory trigger circuit 383 is applied to an exclusive
      OR gate 384 which also receives the signal G1. The output of the exclusive
      OR gate 384 is applied to the input C of a bistable trigger circuit 385 of
      J-K type, the inputs J and K of which are permanently in state 1. As will
      be seen hereinafter, the function of the bascule J-K 385 is to control
      simultaneously the stopping of the direct current motor 1, by the signal
      ART of its output Q, and the setting in movement of the step by step motor
      by its output Q, connected to a plurality of AND gates 391 to 394, in
      order to make each of these gates available. The AND gates cause the step
      by step motor 2 to be fed either with continuous voltages or with pulses,
      through the intermediary of the power circuit 39.
PAR  Of course, when the step by step motor is actuated it is necessary to
      prevent the change of state of the trigger circuit 385 in response to
      signals coming from the inductors B1 and B2. This may be effected in the
      shaping circuits 381 and 382.
PAR  The control circuit 30 in FIG. 3 also includes a computer 31 having two
      binary stages 311 and 312. The output Q of the first stage 311 and the
      output Q of the second stage 312 are represented in FIG. 3. The computer
      is reset to zero upon each occurrence of a pulse MT. Consequently, the
      output Q of its first stage 311 is at zero level. This output Q is applied
      to the clearing input of the bistable trigger circuit 385, which
      simultaneously causes the occurrence of a signal ART at the ONE level on
      the output Q of the bistable trigger circuit 385, thereby authorising the
      operation of the direct current motor 1 in the manner indicated
      hereinbefore, whilst the output Q of the bistable trigger circuit 385 is
      at zero level, which prevents feeding of the step by step motor 2, through
      the intermediary of the AND gates 391 to 394.
PAR  The occurrence of the first pulse ITER has the effect of causing the output
      Q of the first stage 311 of the computer 31 to pass to the ONE level. The
      bistable trigger circuit 385 then responds to its input C.
PAR  It will be assumed that the windings B1 and B2 are selected in such manner
      that the output Q of the memory trigger circuit 383 is at ONE level when
      the step by step motor is not fed and is driven in the forward sense,
      corresponding to a signal G1 at ONE level for the control of the direct
      current motor 1. Before the occurrence of the first pulse ITER, these two
      signals are both at ONE level or both at ZERO level. The output of the
      EXCLUSIVE OR gate 385 is therefore at ZERO. The input C of the bistable
      trigger circuit 385 then receives a rising signal edge when the direction
      of feeding of the direct current motor changes (change of state of G1 and
      occurrence of the first pulse ITER), and a falling signal edge when the
      direction of movement of the movable assembly 5, that is to say the
      direction of rotation of the motor system, changes (change of state of the
      output Q of the memory trigger circuit 383).
PAR  Consequently, in response to a change of state of the trigger circuit 383,
      the feeding of the direct current motor is interrupted by means of the
      signal ART, and the feeding of the step by step motor 2 is authorised.
      This takes place after the output of the exclusive OR gate 384 has
      indicated a change of direction of the movement of the movable assembly 5,
      after a change in the sense of feeding of the direct current motor 1, this
      being on condition that a first passage to the desired position has taken
      place.
PAR  So long as a second pulse ITER has not been applied to the computer 31,
      that is to say so long as a second passage to the desired position has not
      taken place, the output Q of the second stage of the computer 312 is at
      level 1. This output is applied to an AND gate 321 which also receives
      pulses from a pulse source or clock 32. These pulses are applied to a
      circuit 37 which also receives the outputs Q and Q of a bistable trigger
      circuit 371 of RS type, that is to say with clearing inputs.
PAR  The signal G1 is complemented in an inverter 372 and is applied to the
      input S for clearing the trigger circuit 371 to state TRUE. The signal G2
      is complemented in an inverter 373 and is applied to the FALSE state
      setting input of the trigger circuit 371.
PAR  It is regarded as within the ability of a person skilled in the art to
      design the circuit 37, which permits the distribution of the control
      pulses furnished by the AND gate 321 over the four inductors B1 to B4
      according to the desired direction of rotation, memorised by the bistable
      trigger circuit 371. It is merely noted that the step by step motor 2 can
      function only when the output Q of the bistable trigger circuit 385 is at
      level 1, and that at this instant the direction of rotation of the step by
      step motor must be the same as that of the direct current motor, which is
      memorsied in the bistable trigger circuit 371.
PAR  The graph in FIG. 4 illustrates the operation of the motor system as just
      described with reference to FIGS. 2 and 3. The axis of abscissae relate to
      time, whilst the axis of ordinates relates to the position of the movable
      assembly 5. The origin O of the axis of ordinates corresponds to the
      position determined by the absolute numerical coding.
PAR  The portion I of the graph corresponds to feeding of the direct current
      motor 1 in the sense appropriate for movement towards the desired
      position, whilst the step by step motor is not fed. At the instant t.sub.1
      (origin of the time axis) the movable assembly passes into the desired
      position with a certain acquired speed.
PAR  The direct current motor is then fed in the return sense, whilst the step
      by step motor is still not fed. There is therefore produced on the part II
      of the graph a braking of the movable assembly until the instant t.sub.2,
      at which the reversal of the direction of movement of the movable assembly
      5 is detected, advantageously by the reversal of the phase displacement
      produced on the windings B1 and B2 of the step by step motor operating as
      a generator.
PAR  At this instant, the direct current motor 1 is no longer fed, whilst the
      step by step motor is fed in the return sense. The part III of the graph
      corresponds to the return movement of the movable assembly 5 effected by
      the step by step motor towards the determined position. The determined
      position is attained at the instant t.sub.3.
PAR  At this instant, the detection circuit 8 in FIG. 1 detects the passage of
      the movable assembly, and the shaping circuit 9 furnishes a second pulse
      ITER which, in the computer 31 in FIG. 3, causes the output Q of the
      second stage to pass to the zero state, and interrupts the supply of
      pulses to the circuit 37, which causes stopping of the step by step motor.
PAR  The stopped position is defined with great precision, since it is effected
      by about one step. The step by step motor 2 is then fed with continuous
      voltages, the torque for stopping it and for holding it in the position
      thus attained is extremely good.
PAR  The combination of a direct current motor and a step by step motor, with an
      absolute coding arrangement enables advantages to be taken of the high
      speed of the direct current motor, for the approach, whilst the step by
      step motor effects very precise positioning, with a high holding torque,
      at the position determined by the absolute coding.
PAR  In FIG. 5 is illustrated an interesting modification of the control circuit
      30 for the step by step motor, in which the step by step motor is fed with
      a selected number of pulses again after the attainment of the position
      determined in absolute coding, in order to attain a desired coded position
      in relative manner with respect to the position determined in absolute
      coding.
PAR  In the lower part of FIG. 5 are located the elements that differ from the
      embodiment of FIG. 3.
PAR  Instead of the output Q of the second stage 312 of the computer 31, the
      output Q of this same stage 312 is used. It is applied as a condition of
      operation to a numerical computer 331, which receives at its computer
      input the output of the clock 32. The output Q of the second stage 312 is
      again applied to one input of a NO-AND gate 323, as well as to an inverter
      377 and to an AND gate 376.
PAR  The output of the inverter 377 is connected to an AND gate 375, which
      receives also the signal G1 obtained by an inverter 378 from the signal G1
      coming from the circuit 20 of FIG. 2. The AND gate 375 therefore furnishes
      a signal G1. Q 312, which is applied directly via an OR gate 374 on the
      one hand directly to the input S of the bistable trigger circuit 371 and
      on the other hand, after complementation by the inverter 379, to the input
      R of this trigger circuit.
PAR  The stage outputs of the numerical computer 331 are connected individually
      to a numerical comparator 333, which is connected also to the stage
      outputs of a register 332.
PAR  The register 332 and a one bit sign memory device 334 receive from the
      control block 10 in FIG. 1 a number of steps to be effected after
      attaining the position determined by the absolute numerical code, and a
      sign representative of the direction in which these steps should be taken.
      These two pieces of information are for example read on the perforated
      tape by the control block 10, in accordance with the absolute numerical
      code of position determined on the strip.
PAR  The output of the sign memory device 334 is applied as a second input to
      the AND gate 376. The output of the numerical comparator 333, which passes
      to the ONE level when the number of clock pulses counted by the computer
      331 is equal to the number of steps present in the register 332, is
      applied as a second input of the NO-AND gate 323.
PAR  Assuming that the output Q of the second stage 312 of the computer 31 is at
      zero level, the output of the NO-AND gate 323 is at ONE level, and the
      output of the AND gate 322 applies the clock pulses to the circuit 37. At
      the same time the AND gate 376 has its output at zero level, whilst the
      AND gate 375 transmits the signal G1 to the input S of the trigger circuit
      371 and the signal G1 to the input R of this trigger circuit.
PAR  Before the trigger circuit 385 passes to the true state (Q = 1; Q = 0), the
      direct current motor 1 continues to operate; hence G1 = G2, and the
      trigger circuit 371 memorises the direction of operation of the direct
      current motor 1.
PAR  At the instant at which the trigger circuit 385 passes to the true state,
      the situation is therefore the same as in the form of the circuit 30 shown
      in FIG. 3. Consequently, pulses are furnished to the step by step motor 2
      until the movable assembly is located in the position determined by the
      absolute numerical code. Then, a second pulse ITER is produced and the
      output Q of the second stage 312 of the computer 31 passes to the ONE
      state.
PAR  The NO-AND gate 323 then furnishes the complement of the output of the
      numerical comparator 333. The OR gate 374 responds to the information of
      sign contained in the one bit memory device 334, driving the trigger
      circuit 371 into the state for actuation for the step by step motor 2,
      which corresponds to the sign (in the case illustrated in FIG. 5, the
      direct sense, given by S 371 at zero level, corresponds to the value zero
      of the sign bit).
PAR  Consequently, the step by step motor 2 receives pulses equal in number to
      the number of steps contained in the register 332, after which the output
      of the numerical comparator 333 passes to ONE. The direction of movement
      of the step by step motor 2 is given by the sign memory device 334.
PAR  The embodiment of FIG. 5 therefore enables the movable assembly 5 to be
      located between two absolute positions given by the reglet 7, with the
      precision of the step by step motor 2. It will be understood that it is
      sufficient to use a step by step motor 2 of very low power to obtain
      extremely fine resolution of the movement of the movable assembly 5.
PAR  The known inconvenience of using an extremely fine resolution furnished by
      a step by step motor is that movements of large amplitude become very slow
      when driving is again effected by the step by step motor.
PAR  The present invention permits the production of movements of large
      amplitude at high speed by using successively a general control motor and
      a step by step motor, with reference to an absolute position coding system
      furnished by the strip 7. The precision with which the position determined
      by the absolute coding can be attained is comparable with the
      corresponding movement by one step of the step by step motor. It is then
      possible to use the step by step motor solely under pulse control, in
      order to obtain with the same precision a desired position, defined in
      relative manner with respect to the position determined on the reglet in
      absolute coding.
PAR  Furthermore, when only a step by step motor is used to control the movable
      assembly, an error of one step may be produced by parasitic pulses. This
      error persists by reason of the relative position coding, and may carry
      over to several successive operations. A plurality of errors may even add
      together, the more easily the greater the amplitudes of the movements.
PAR  In contrast, in accordance with the present invention every new working
      position is attained relative to absolute positions on the strip. The
      above-mentioned error may then be neglected in practice.
PAR  It will be noted that the duration of the pulses ITER is translated into a
      delay in the stopping of the motor system (motor 1 by the trigger circuit
      221 and 222; motor 2 by the computer 31). It is desirable for this
      duration to be so short as not to be prejudicial to the precision of
      stopping.
PAR  Of course, the present invention is not limited to the practical forms
      described, which undergo numerous modifications, in particular as regards
      the logical circuits of FIGS. 2, 3 and 5.
CLMS
STM  We claim:
NUM  1.
PAR  1. A positioning apparatus for positioning a movable assembly, comprising:
PA1  a. a general control motor for moving said movable assembly,
PA1  b. a stepping motor for moving said movable assembly,
PA1  c. a stationary linear detection instrument including a series of
      transverse conductive lamellae insulated from one another, each adjacent
      pair of lamellae defining a different predetermined position along the
      path of travel of the movable assembly,
PA1  d. means movable with the movable assembly and cooperable with said
      lamellae for successively short circuiting adjacent pairs of said
      lamellae,
PA1  e. detection circuit means for producing an output signal only when said
      movable means (d) short circuts an adjacent pair of lamellae corresponding
      to a predetermined position of said movable assembly,
PA1  f. additional detection means responsive to the reversal of direction of
      movement of said movable assembly for producing an output signal, and
PA1  g. logic circuit means between said detection circuit means and said
      motors, said logic circuit means including:
PA2  I. means for actuating said general control motor to move said movable
      assembly into a predetermined position and then past that position,
PA2  Ii. means responsive to the output signal from said detection circuit means
      (e) for braking said general control motor and hence said movable
      assembly, and
PA2  Iii. means responsive to said output signal from said additional detection
      means (f) for deactuating said general control motor and for actuating
      said stepping motor to move said movable assembly, in a direction opposite
      to the direction it was moved by said general control motor, back toward
      said predetermined position.
NUM  2.
PAR  2. A positioning apparatus as defined in claim 1 including means responsive
      to an output signal from said detection circuit means, subsequent to the
      output signal which causes deactuation of said general control motor, for
      deactuating said stepping motor.
NUM  3.
PAR  3. A positioning apparatus as defined in claim 1 wherein said logic circuit
      includes means responsive to said output signal from said detection
      circuit means for reversing the polarity of the actuating voltage applied
      to said general control motor to reverse the direction of movement of that
      motor and hence of the movable assembly prior to deactuation of said
      general control motor.
NUM  4.
PAR  4. A positioning apparatus as defined in claim 3 wherein said stepping
      motor has a plurality of windings and is arranged to be driven by said
      general control motor, and said logic circuit means includes means for
      comparing the phase displacement of voltages produced by two of said
      windings upon reversal of said general control motor and producing in
      response to the comparison a signal for deactuating said general control
      motor and for actuating said stepping motor.
NUM  5.
PAR  5. A positioning apparatus as defined in claim 4 wherein said logic circuit
      includes means for maintaining said general control motor actuated for a
      predetermined minimum period of time after it is initially actuated
      regardless of whether or not there is any output signal from said
      detection circuit means, thereby insuring the detection of a reversal of
      the general control motor.
NUM  6.
PAR  6. A positioning apparatus as defined in claim 3 wherein said logic circuit
      includes means for continuing the actuation of said stepping motor for a
      preselected number of steps after the movable assembly reaches the
      predetermined position a second time.
NUM  7.
PAR  7. A positioning apparatus as defined in claim 6 wherein said means for
      continuing for actuation of said stepping motor includes means for causing
      said stepping motor to move the preselected number of steps in a
      preselected direction.
NUM  8.
PAR  8. The invention as claimed in claim 1, wherein the general control motor
      is a direct current motor.
NUM  9.
PAR  9. The invention as claimed in claim 1, wherein said linear detection
      instrument comprises a strip having a plurality of closely spaced
      transverse conductors thereon.
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ABST
PAL  In a position transducer arrangement one or more AC operable position
      transducers are energised by the output of a variable amplitude
      oscillator. The output signals from the oscillator and the or each
      transducer are demodulated, or detected in turn by the same demodulator
      and the demodulated oscillator signal is compared with a reference signal
      to produce a difference signal. The difference signal is used to adjust
      the amplitude of the oscillator signal in the sense to reduce the
      difference signal to zero.
BSUM
PAR  This invention relates to an arrangement including one or more AC position
      transducers.
PAR  A particular, but not sole, application of the invention resides in a
      position transducer arrangement which forms part of a closed loop position
      control system. The control system may be used for controlling the gap
      between a pair of work rolls of a rolling mill. Position transducers
      having a pair of relatively movable members are known as are AC position
      transducers in which the transducer is energised with an alternating
      voltage and an alternating voltage output is obtained which is
      representative of the position of one of the members with respect to the
      other. AC position transducers are energised by an oscillator and
      consequently the output signal from the transducer is proportional to the
      relative positions of the two members and also to the oscillator
      amplitude. The output signal may then be demodulated or detected to give a
      measure of the relative position of the two members. The demodulated or
      detected output signal is dependent on both the amplitude of the
      oscillations from the oscillator and the gain of the demodulator detector
      and as both of these quantities may vary the output signal from the
      transducer may be subject to errors.
PAR  It is an object of the present invention to provide a position transducer
      arrangement employing AC position transducers in which the above-mentioned
      difficulties are largely overcome.
PAR  According to the present invention in a position transducer arrangement one
      or more AC position transducers are energised by the output signal of a
      variable amplitude oscillator and the output signals of the oscillator and
      the or each transducer are demodulated in turn by the same demodulator and
      the demodulated oscillator signal is compared with a reference voltage to
      produce a difference signal and said difference signal is employed to
      adjust the amplitude of the oscillator in the sense to reduce said
      difference signal substantially to zero.
PAR  By comparing the demodulated output signal from the oscillator with a
      reference signal and adjusting the amplitude of the oscillator output if
      necessary, a high accuracy output from the transducers is obtained because
      the demodulated output of the or each transducer does not change if the
      amplitude of the oscillator signal varies and/or the gain of the
      demodulator changes.
PAR  According to a second aspect of the invention a position transducer circuit
      comprises at least one AC position transducer having an input and output,
      a variable amplitude oscillator connected to the input of the or each
      transducer, the output of the oscillator and the output of the or each
      transducer being connected to respective switch inputs of a demodulator,
      the output of the demodulator being connected through separate output
      switches to respective stores, means for switching said demodulator input
      and output switches in sequence to connect said oscillator and the or each
      transducer in turn through the demodulator to said respective stores,
      means for comparing the signal in said oscillator signal store with a
      reference signal to produce a difference signal and means in the
      oscillator responsive to said difference signal to adjust the output
      amplitude of the oscillator in the sense to reduce said difference signal
      substantially to zero.
PAR  Such a position transducer circuit in which the position transducer
      indicates the position of a first member movable with respect to a second
      member may be in combination with a position control system capable of
      moving said first member with respect to the second member, said position
      control system including means for receiving and comparing a signal
      representative of the desired position of the first member and the
      demodulated signal of the position transducer to produce an error signal
      which is employed to move the first member in the sense to reduce said
      error signal substantially to zero.
DRWD
PAR  In order that the invention may be more readily understood it will now be
      described, by way of example only, with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic diagram showing a position transducer arrangement
      suitable for use in a rolling mill, and
PAR  FIG. 2 is a circuit diagram of part of the arrangement shown in FIG. 1.
DETD
PAR  A rolling mill has a pair of AC position transducers, such as variable
      capacity transducers, associated with the bearing chocks at one end of a
      roll of the mill and a further pair of similar AC transducers associated
      with the bearing chocks at the other end of the same roll. The purpose of
      the transducers is to indicate the position of the roll chocks relative to
      the mill housing. Displacement means such as hydraulic rams are associated
      with these chocks to adjust the position of the chocks and hence the roll
      relative to the mill housings.
PAR  Referring now to FIG. 1 one of the AC position transducers is indicated by
      reference T and one of the hydraulic rams is indicated by reference R.
PAR  The four transducers associated with the bearing chocks are energised by
      the output of a variable amplitude oscillator 1. The output signals from
      the pair of transducers associated with one bearing chock are applied to
      terminals a and b, respectively of summing amplifier 2 and the outputs
      from the other pair of transducers are applied to terminals c and d,
      respectively of summing amplifier 3. The output of the oscillator 1 and
      the outputs of the summing amplifiers 2 and 3 are applied to a selector
      scanning switch 4 which feeds the outputs in turn to a single demodulator
      or detector 5. The output of the demodulator is applied by way of a
      selector scanning switch 6, which is synchronised with the switch 4, to
      one or other of three electronic store banks 7, 8 and 9. The output of
      store 7 which is the demodulated oscillator signal is applied to a
      comparison amplifier 10 which also receives a reference signal on an input
      11. In the comparison amplifier the two signals are compared to produce a
      difference signal which is fed on a line 12 to the oscillator 1 to adjust
      its amplitude in the sense to reduce the difference signal to zero. This
      arrangement ensures that if the gain of the demodulator changes during
      use, the demodulated output signals from the stores 8 and 9 do not change.
PAR  The output signals from the stores 8 and 9 are supplied one to each of a
      pair of amplifiers 13, 14 which also receive signals on line 19 from a
      reference circuit. The amplifiers produce error signals on lines e.sub.2
      and e.sub.3 which are difference signals between the signal on 19 and the
      two imput signals from store 8 and 9, respectively. The error signals
      control servo valves which in turn control the displacement of the
      hydraulic rams R associated with the chocks of the rolling mill roll.
PAR  The reference circuit comprises a clock pulse device 15 which supplies
      pulses to a counter 16 which either counts up the pulses or counts down
      the pulses and the output is supplied to a digital - analog converter 17
      which also receives the demodulated oscillator signal from the store 7 on
      a line 18. The analog output is supplied as the reference to the
      amplifiers 13 and 14. This results in achieving further accuracy because
      the accuracy of the control system is independent of the actual amplitude
      of the oscillator.
PAR  Referring now to FIG. 2, the oscillator 1 is of transistorised form and the
      feed back loop includes a heat sensitive resistor 20 which is thermally
      coupled with a heating element 21. The output of the oscillator is
      supplied on a line 22 to terminals 23 to which the AC transducers are
      connected and to a switch 24. The switch 24 is normally open but when it
      is closed the signal on the line 22 is passed to the demodulator 5.
      Connected in parallel with the switch 24 are two further switches 25 and
      26 and the outputs of the pair of transducers associated with the bearing
      chocks at one end of the mill rolls are supplied to terminals 27 which are
      connected to the switch 25 and similarly the outputs of the pair of AC
      transducers associated with the bearing chock assembly at the opposite end
      of the roll are supplied to terminals 28 which are connected to the switch
      26. As shown at FIG. 2, demodulator 5 is a detector, and includes a diode
      for detecting or rectifying the oscillating input signal so the output
      signal of the demodulator is indicative of the amplitude of the
      oscillating input signal.
PAR  The output of the demodulator is connected by a line 29 to three further
      normally open switches 30, 31, and 32 connected in parallel. The switches
      30, 31 and 32 are connected to electronic stores 9, 8 and 7 respectively.
      The output from store 7 is applied as one input to a comparator 10 and the
      comparator also receives a signal from a reference device 33. The output
      from the comparator 10, which is representative of the difference between
      the two input signals is supplied to the heating element 21 to vary the
      resistance of the resistor 20 in the feed back circuit of the oscillator
      1.
PAR  The output from the oscillator 1 is also applied to a shaping circuit 34
      which changes the sinusoidal wave form of the oscillations from the
      oscillator 1 to square wave form. The square wave output from circuit 34
      is applied to a counter forming part of a pulsing unit 35. The counter
      produces an output signal on the receipt of a certain number of pulses say
      after 4, 8, 12 and 13 pulses. The output on the thirteenth pulse clears
      the counter and repeats the counting in stages of four pulses. The output
      signals from one bank of the counter is passed through an invertor circuit
      into a logic circuit which provides output signals each of four pulse
      duration and in sequence on the lines 38, 39 and 40. The line 38 is
      connected to means for operating the pair of switches 24 and 32 in
      synchronism, the line 39 is connected to means for operating the switches
      25 and 31 in synchronism and similarly the line 40 is connected to means
      for operating the switches 26 and 30 in synchronism.
PAR  During one period of four cycles from the oscillator 1 the oscillator
      output is applied through switch 24 to the demodulator 5 and the output of
      the demodulator is supplied through switch 32 to the store 7. At the end
      of the four pulse cycle the switches 24 and 32 are opened and the switches
      25 and 31 are closed also for a four pulse period so that the transducer
      outputs received at the terminals 27 are supplied to the demodulator and
      then to the store 8. During the next four pulse period the outputs of the
      transducers received at terminals 28 are supplied to the demodulator 5 and
      then to the store 9. The sequence is then repeated by the logic 37 opening
      and closing the appropriate pairs of switches in sequence.
CLMS
STM  I claim:
NUM  1.
PAR  1. A position transducer circuit comprising at least one AC position
      transducer having an input and an output, a variable amplitude oscillator
      connected to the input of the transducer, the output of the oscillator and
      the output of the transducer connected to respective switch inputs of a
      demodulator, the output of the demodulator connected through separate
      output switches to respective stores, means for switching said demodulator
      input and output switches together and in sequence to connect said
      oscillator and the transducer in turn through the demodulator to said
      respective stores, means for comparing the signal in said oscillator
      signal store with a reference signal to produce a difference signal and
      means in the oscillator responsive to said difference signal to adjust the
      output of the oscillator in the sense to reduce said difference signal
      substantially to zero.
NUM  2.
PAR  2. The combination of a position transducer circuit as claimed in claim 8
      in which the position transducer indicates the position of a first member
      movable with respect to a second member, and which further includes, a
      position control system capable of moving said first member with respect
      to the second member, said position control system including means for
      receiving and comparing a signal representative of the desired position of
      the first member, and the demodulated signal of the position transducer to
      produce an error signal which is employed to move the first member in the
      sense to reduce said error signal substantially to zero.
NUM  3.
PAR  3. A position transducer arrangement comprising
PA1  at least one A.C. position transducer having an input and one output,
PA1  an oscillator having means for adjusting the amplitude of its oscillations,
      said oscillations being supplied to said input of the transducer,
PA1  a demodulator having an input and an output,
PA1  first switching means for switching the output of the oscillator and the
      output of the transducer repeatedly in turn to the input of the
      demodulator,
PA1  first and second electronic stores,
PA1  second switching means operable in synchronism with the first switching
      means for switching the demodulated oscillator output and the demodulated
      transducer output from the demodulator repeatedly in turn to the first and
      second stores respectively, and
PA1  comparison circuit means for continuously comparing the contents of the
      first store and a reference signal to produce an error signal, said error
      signal being applied to the oscillator adjusting means to adjust the
      amplitude of the oscillator in the sense to reduce said error signal to
      zero.
NUM  4.
PAR  4. A position transducer arrangement according to claim 3 wherein, there
      are a plurality of A.C. position tranducers each having an input, and an
      output, said oscillations of the oscillator being supplied to an input of
      each transducer, said first switching means includes means for switching
      the output of the oscillator and the output of each transducer repeatedly
      in turn to the input of the demodulator, and at least one additional
      electronic store, said second switching means includes means for switching
      the demodulated oscillator output from the demodulator repeatedly in turn
      to the first, second, and additional stores respectively.
NUM  5.
PAR  5. A position transducer arrangement comprising
PA1  an oscillator having an output and the amplitude of the signals from which
      can vary;
PA1  at least one A.C. position transducer having an output;
PA1  means connecting the output of the oscillator to the transducer to energize
      the transducer;
PA1  demodular means for producing an output signal indicative of the amplitude
      of an oscillating signal at its input, said demodulator means having an
      output;
PA1  means for connecting the output of the oscillator and the transducer
      repeatedly and in turn to the input of said demodulator means;
PA1  a reference voltage;
PA1  comparing means for comparing the output of the demodulator means resulting
      from connection of the oscillator to the demodulator input with the
      reference voltage to produce a difference signal;
PA1  means responsive to said difference signal to adjust the amplitude of the
      oscillator output in the sense to reduce said difference signal to
      substantially zero so that the demodulated output signal of the transducer
      is essentially constant for a particular condition of the transducer.
NUM  6.
PAR  6. A position transducer arrangement according to claim 5 wherein said
      means connecting the output of the oscillator and output of the transducer
      to the input of the demodulator comprises switch means for switching in
      sequence to connect the output of the oscillator and the transducer
      repeatedly and in turn to the input of the demodulator, said switch means
      including respective switches connected in parallel to the input of the
      demodulator.
NUM  7.
PAR  7. A position transducer arrangement according to claim 6 further
      comprising additional switch means for switching the output of the
      demodulator in sequence, said additional switch means including a
      plurality of switches arranged in parallel to connect the output of the
      demodulator through said switches in turn.
NUM  8.
PAR  8. A position transducer arrangement according to claim 7 wherein said
      switch means comprises a first plurality of switches at the input of the
      demodulator; said additional switch means comprises a second plurality of
      switches at the output of the demodulator and equal in number to the first
      plurality of switches and arranged in pairs with the first plurality of
      switches; means for switching in pairs to sequentially switch the
      demodulator out and the oscillator and transducer outputs.
NUM  9.
PAR  9. A position transducer arrangement according to claim 8 which further
      includes, means for switching each pair of switches for a time period
      equal to the period of a fixed number of cycles of the oscillator.
NUM  10.
PAR  10. A position transducer arrangement according to claim 7 which further
      includes a plurality of electronic stores, connected respectively to said
      plurality of switches of said additional switch means.
NUM  11.
PAR  11. A position transducer arrangement according to claim 10 wherein one of
      said electronic stores includes means for storing demodulator output
      signals indicative of the amplitude of the oscillator signal, and said
      comparing means compares the demodulator output signal in said store with
      the reference voltage to produce said difference signal.
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ABST
PAL  A battery charging circuit is provided where a synchronous switch, such as
      a magnetic amplifier, saturable reactor, silicon controlled rectifier,
      triac or contactor, each of which is controllable, is inserted in a
      charging circuit and is controlled by a circuit such that when the
      terminal voltage of a battery which is being charged by a substantially
      constant, ripple-free DC current reaches a predetermined level, an
      intermittent DC charge is initiated. The periods of operation are of a
      predetermined, fixed length and at a predetermined current level. Means
      may be provided to reduce the finish charge to an intermittent trickle
      charge when the terminal voltage of the battery reaches its rated level.
      Counting means can be provided for determining the number of periods of
      operation of intermittent charging current delivered to the battery, for
      surveillance of battery condition and so as to determine ampere-hour back
      charge. The control circuit is arranged so as to be fail safe, by
      insertion of a current level bias control element in series in the control
      circuit for the synchronous switch, with the knowledge that such bias
      control elements fail "open". Thus, no override protection devices are
      required. The method of charging the battery includes supplying a
      constant, substantially ripple-free DC charging current until the battery
      terminal voltage reaches a predetermined level, and then initiating an
      intermittent DC charging current while continuously sensing the battery
      terminal voltage.
PARN
PAC  CROSS-REFERENCE TO OTHER APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 400,429,
      filed Sept. 24, 1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a battery charging circuit, and more particularly
      a charging circuit for storage batteries. The invention provides an
      apparatus and a method of charging storage batteries -- especially
      industrial and truck-type storage batteries -- where the charging current
      is substantially ripple-free DC and the finish charge applied to the
      battery is intermittent, with a predetermined period or on-time, and where
      the off-time of the intermittent finish charging current is dependent on
      the state of the terminal voltage of the battery.
PAC  Background of the Invention
PAR  There have been numerous battery charging circuits and systems, especially
      for industrial and truck-type storage batteries, including high/low
      constant current charging systems, high/low taper current charging
      systems, continuous taper charging, and modified constant potential
      charging. More particularly, there has been developed by the present
      applicant a charging system which is disclosed in U.S. Pat. No. 3,848,173
      issued Nov. 12, 1974 which follows a sequence of constant current, then
      constant voltage, finally constant current and optionally trickle charge,
      for industrial and truck-type storage batteries.
PAR  All of the types of charging systems that have been mentioned, however,
      require that there be some form of transfer from a high charging rate to a
      low charging rate either by voltage or current sensing, and requiring
      protection for the charging circuit as well as for the storage battery by
      overriding controls which are driven by timer means. In general,
      therefore, all such previously known charging systems must, in order to
      provide optimum charging performance, be set to operate under the
      assumption of ideal storage battery performance. In other words, the
      operation of the charging system may be predicated on a known charge-back
      requirement to the storage battery, so that the amp-hour charge-back can
      be predetermined over a given period of time, after which the charging
      performance of the system is such as to be at a low level to preclude
      over-charging and subsequent damage to the battery. The charging system in
      applicant's patent noted above overcomes that difficulty, but requires a
      timed over-ride circuit in any event. In the case of most of the earlier
      battery charging systems, a malfunction or cell damage -- such as partial
      short circuit between cell plates -- may result in damage to the battery
      because the critical voltage to be sensed and which would transfer the
      high level operation to a low level operation may be at a higher voltage
      level than can be achieved with the malfunction or cell damage. Override
      protection to automatically transfer the charging operation after a given
      period of time is therefore required, simply to preclude excessive damage
      to a malfunctioning or less than perfect storage battery.
PAR  The prior art includes Du Puy et al U.S. Pat. No. 3,617,851 issued Nov. 2,
      1971, which teaches that there is always a pulsed charge supplied to the
      battery. Du Puy et al are mostly concerned with providing a load circuit
      for the battery and thereby assuring forced discharge of the battery. Du
      Puy et al cannot improve or shorten the charging time for a battery, and
      run many risks with respect to internal heating of the battery, etc., as
      discussed hereafter.
PAR  The prior art also includes Cady, U.S. Pat. 3,487,289 issued Dec. 30, 1969.
      It should be noted that at all times Cady's charging current is pulsed
      (see column 3 at lines 20 to 26). As discussed hereafter, a pulsed
      charging current, particularly having short pulse periods, would have
      difficulty if not failure if it were used to attempt to charge a damaged
      battery -- i.e., one that has, for example, short circuits between plates
      or other such damage. Also, adverse conditions, particularly high
      temperature, would mitigate against the successful operation of the Cady
      apparatus. This is because the Cady apparatus includes voltage sensing
      means which controls the apparatus to supply pulses of charging current to
      the battery until the voltage reaches a predetermined value. The pulses
      are supplied at a continuous rate over a given period; but they are pulses
      and not substantially ripple-free DC charging current. Cady remarks that
      at any given average charging rate, the battery terminal voltage will not
      change significantly; but he overlooks the consequences and effect of
      internal I.sup.2 R losses. When a predetermined terminal voltage is
      reached, which may represent as much as 90% of the full charge for a lead
      acid storage battery -- thereby underscoring the criticality of voltage
      sensing in the Cady apparatus -- the continuous pulsed supply of battery
      charging current is cut off and pulse parcels are thereafter supplied.
PAR  The present invention, on the other hand, provides a battery charging
      circuit and system, including a method of charging a battery, which may be
      predicated on an assumed -- indeed, ideal -- battery condition but which
      is, in fact operative because of the real battery condition of the battery
      being charged. This is accomplished by charging a battery to a
      predetermined percentage of its rated amp-hour capacity, and thereafter
      initiating an intermittent charging operation. A substantially ripple-free
      DC charging current is supplied to the battery from a circuit including
      controllable synchronous switch means having a control circuit therefor.
      When the battery condition is such that its performance is ideal, the
      intermittent finish charge will provide the requisite ampere-hour back
      charge to the battery within a given range and period of time. If the
      condition of the battery is less than ideal, it may take longer for the
      terminal voltage of the battery to reach a predetermined level at which a
      trickle charge may be initiated; but still the intermittent finish charge
      is safer for the battery condition and will allow maximum charge
      performance with respect to voltage of that system, irrespective of
      battery malfunction, cell condition or temperature. Further, the
      intermittent finish charging current may be controlled so that any
      operation period thereof is not initiated until the terminal voltage of
      the battery reaches a predetermined level which can be set so as to take
      into account the inherent voltage decay of a battery having known name
      plate ratings.
PAR  Thus, the present invention provides a battery charging circuit which
      includes a number of known integers, including a circuit for supplying an
      initial, substantially ripple-free constant DC charging current to the
      battery, and battery terminal voltage sensing means. However, this
      invention provides that the voltage sensing means is connected to means
      for initiating an intermittent charging current to the battery when the
      battery terminal voltage reaches a predetermined level; and the present
      invention specifically provides that such means includes a synchronous
      switch -- which has a control coil -- in the alternating current side of
      the circuit for supplying DC charging current to the battery, and gate
      means connected with the voltage sensing means and the control coil to
      initiate and stop the supply of charging current by controlling the
      operation of the synchronous switch. The synchronous switch is
      contemplated as being one having a control coil and which may be chosen
      from the group consisting of magnetic amplifiers, saturable reactors,
      silicon controlled rectifiers (especially back-to-back S.C.R's with
      associated filter circuitry, or triacs) and contactors.
PAR  The present invention further provides that the control coil of the
      synchronous switch may be connected to a timing circuit so that each
      operating period of the intermittent finish charging current may be
      predetermined. The invention also provides the battery terminal voltage at
      which the supply of intermittent charging current to the battery is
      initiated may be predetermined and adjusted. Indeed the battery terminal
      voltage at which each operating period of the intermittent charging
      current may be initiated, may be changed after a given number of operating
      periods, so as to allow for inherent voltage decay of an otherwise
      well-operating storage battery, but also so as to provide ampere-hour
      charge-back to the storage battery even in the event of malfunction of the
      storage battery but not total failure thereof.
PAR  The present invention is arranged so as to be substantially or completely
      free of timed override controls or other override protection. This
      simplification of a battery charging circuit or system may be accomplished
      by a provision of a voltage sensing and control network where the critical
      elements thereof, particularly the charging current level bias resistor,
      are in series within the control circuit for the synchronous switch, and
      where such critical elements are each of the sort which is known to fail
      "open". Thus, the battery charging circuits of the present invention are
      essentially "fail-safe", and devoid of costly override protective
      circuitry and timers.
PAR  By the further provision of lapsed time indicators which are operative only
      when pulsed finish charge is being supplied to the battery, total amp-hour
      back-charge may be easily computed. Further, counting circuits may be
      provided to count the number of operating periods of intermittent charging
      current, and a means for surveillance of battery condition is thereby
      provided. Battery condition which has deteriorated to the extent that it
      will not hold a charge, or be such that a malfunction or cell failure has
      occurred, may be detected by review of the charging characteristic of the
      battery including a review of the ampere-hour back-charge to the battery
      and the number of times that an operating period of intermittent charging
      current has been initiated because of decay of the battery terminal
      voltage to a trigger level.
PAR  Thus, the present application teaches an invention which has non-critical
      sensing; that is, the intermittent direct charging current is started at a
      terminal voltage which any battery will reach during charging. A timed
      override circuitry and the need therefor are eliminated, because it is not
      necessary when using intermittent DC charging current to force a cut-off
      of supply of charging current to a battery in the event that the battery
      may be faulty. This is accomplished by predicting a worst case situation
      with respect to the state of the battery, or otherwise accurately
      determining the actual condition of the battery, and setting up an initial
      constant ripple-free DC charging current to the battery so as to provide
      an amp-hour charge-back to the battery in a given period of time. It is
      important to note that the charging current is substantially ripple-free
      DC, and not a series of short period pulses such as from a rectified but
      non-filtered AC input.
PAR  The terminal voltage at which the intermittent DC charging current to the
      battery is initiated is sufficiently low that even an old battery will
      reach that level unless the battery is irreparably damaged. That level may
      be about 2.2 to 2.4 volts per cell for a lead acid battery, and about 1.45
      to 1.55 volts per cell for a nickel cadmium battery.
PAR  It is important to note with respect to storage batteries that a pulsed
      charging current to a battery causes internal heating within the battery
      and loses time. This is because a given amp-hour back-charge must be
      delivered to the battery in a given period of time, and if the back-charge
      supply to the battery is pulsed, then during the time when energy is being
      delivered to the battery, it must be delivered at a higher level. Also, as
      noted in this application, there may be some discharge of the battery when
      it is not being charged, so that the amp-hour back-charge to be delivered
      over a given period of time by a pulsed or rippled charging current may be
      difficult to control because of lost energy during that period of time.
      More importantly, as noted hereafter, the equivalent circuit for a battery
      is such that when there are higher charging currents as required with a
      pulsed charging circuit, there are greater I.sup.2 R losses in the
      internal series resistor thereof. Thus, the losses increase with the
      square of the amplitude of the charging current; resulting in wasted
      energy and uneconomic operation.
PAR  Another point to be considered with respect to storage batteries is that
      with age, there is antimony poisoning of the battery, flaking of the
      battery plates, higher internal resistance within the battery, etc. As
      time goes by, the terminal voltage which may be sensed at a battery while
      it is being charged becomes less and less meaningful, because of the above
      conditions. Thus, after as little as 3 to 5 years in some cases, a battery
      may behave at its terminals as if it has lost its storage capacity because
      the terminal voltage or voltage per cell cannot reach the same level as it
      did when the battery was new. However, it may be that there are another
      ten years of useful life in that battery, provided that due consideration
      is given to the fact that its ultimate terminal voltage or voltage per
      cell has reduced.
PAR  Still another factor to be considered with respect to batteries is that
      when a battery discharges -- either during a pulsed charging sequence
      between the pulses thereof, or in operation -- the battery heats up
      because of I.sup.2 R losses in the internal series resistance. Batteries
      have a negative temperature factor, that is, the higher the ambient
      temperature in which they are operating or the higher the internal
      temperature of the battery, the lower the ultimate terminal voltage which
      is attainable becomes. Also, as noted, antimony poisoning lowers the
      ultimate terminal voltage. Thus, temperature which may result from
      internal heating of the battery has such an adverse effect on a battery
      during charging that there may be some conditions arise where a battery
      charger which is connected to it and which is set to turn off when the
      terminal voltage or voltage per cell of the battery reaches a
      predetermined level which is substantially the rated level for the
      battery, might never turn off because the battery might not be able to
      reach that voltage level. The present invention, as noted hereafter,
      provides a fail-safe battery charger and method, because of non-critical
      terminal voltage sensing.
PAC   Brief Summary of the Invention
PAR  It is a purpose of this invention to provide a battery charging system
      having maximum charge performance with respect to voltage, irrespective of
      the battery condition, where the finish charging current supplied to the
      battery is intermittent DC and each operating period thereof is of a
      predetermined length and at a predetermined current level.
PAR  A further object of this invention is to provide a battery charging system
      including the method of charging a battery by providing an intermittent DC
      finish charge at given levels, where the initiation of the intermittent
      charging current is initiated when the battery terminal voltage reaches a
      non-critical predetermined level.
PAR  Yet another feature of this invention is to provide a battery charging
      circuit which can be accommodated for surveillance of battery condition
      and characteristics.
PAR  Still another feature of this invention is that a battery charging circuit
      is provided without the need for expensive and complicated override and
      timing circuits, and yet which is operative without danger or any
      likelihood of overcharging a storage battery.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other features and objects of the invention are more clearly
      discussed hereafter in association with the accompanying drawings, in
      which:
PAR  FIG. 1 is a curve showing voltage and current conditions during operation
      of a battery charger according to this invention in one mode of its
      operation;
PAR  FIG. 2 is a curve similar to FIG. 1 showing voltage and current conditions
      in a different mode of operation of a battery charger according to this
      invention;
PAR  FIG. 3 is an equivalent circuit of a battery;
PAR  FIG. 4 is an embodiment of a basic battery charging circuit in accordance
      with this invention;
PAR  FIG. 5 is a further embodiment of a battery charging circuit according to
      this invention; and
PAR  FIG. 6 is a still further embodiment of a battery charging circuit
      according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The ampere-hour back-charge characteristic of a storage battery --
      particularly lead-acid storage batteries of industrial or truck-type
      ratings -- is a function of the battery condition. This may include
      reference to the paste condition of the battery plates of each cell, any
      partial or incipient short circuits within a cell or between cells of the
      storage battery; battery malfunction, and so on. There is shown in FIG. 3
      an equivalent circuit for a battery, where terminals 12 and 14 are the
      battery terminals, and between them there is situated a counter EMF
      voltage source 16 having a shunt resistor 18 across it, the shunted CEMF
      and resistor being in series with an internal resistance 20. Usually, as
      the life of a storage battery increases, the value of the shunt resistance
      18 decreases. Thus, as a storage battery becomes older, there is greater
      internal leakage of stored energy from the battery, which is dissipated by
      the decreasing shunt resistor 18. In addition, battery plate paste may
      tend to become released from the plate grids, and the ampere-hour storage
      capacity of the storage battery is decreased. It is these factors which
      particularly contribute to alteration of the back-charge characteristic of
      the storage battery with age.
PAR  The back-charge characteristic of a storage battery can be graphically
      represented by plotting battery terminal voltage against time as the
      battery is being charged. Generally, when the battery is charged with a
      constant charging current, the curve is exponential having a high initial
      rise and becoming asymptotic to the horizontal after a period of time.
      When the storage battery reaches its capacity -- which may be its rated
      capacity or something less than its rated capacity depending upon the age
      of the storage battery -- the terminal voltage levels off. It is at this
      time, however, that great danger exists that the storage battery may be
      overcharged and destroyed. Thus, it is usual to reduce the level of the
      charging current when the battery approaches its capacity, or to
      completely stop the charging operation.
PAR  However, when the charging operation of a storage battery is completely
      stopped, and the battery is left simply to sit until it is required for
      its usual purposes, some of the stored energy of the battery may be
      dissipated because of the internal shunt resistance of the battery. Thus,
      when the charging operation has ceased, there is a decay of the battery
      terminal voltage in time. With a new battery, the decay may have a very
      shallow slope; but with an older storage battery, the voltage decay may
      have a fairly high initial downwards slope -- it being understood that the
      battery terminal voltage decay characteristic is also an exponential curve
      whose exponent is a function of battery condition and age.
PAR  If an initial, substantially ripple-free DC constant charging current to a
      storage battery is interrupted at a time when the battery is charged to a
      non-critical portion of its capacity -- either with respect to its
      name-plate rating or its known capacity or a formula capacity having
      regard to the age of the battery and other consideration -- and the final
      charge to the battery is supplied to it by an intermittent DC charging
      current, the storage battery can be charged under specific control which
      is predicated either on its real or an assumed battery condition. That is
      to say, battery terminal voltage sensing apparatus and control circuits
      can be associated with gate circuits which are, in turn, associated with a
      control coil of a synchronous switch of the sort discussed hereafter, so
      as to provide the intermittent DC charging current to the battery, where
      the operating periods thereof may be essentially at a constant current
      level and for a given period of time. However, the initiation of the
      pulses may be determined by the state of the battery terminal voltage; in
      other words, the intermittent charging current supplied to a nearly fully
      charged storage battery becomes a function of the ability of the battery
      to take a charge and to retain stored energy. Thus, the finish charging
      operation to a storage battery, under conditions as set out by the present
      invention, provides maximum charged performance with respect to battery
      terminal voltage without danger of overcharging the battery and without
      override controls; but with regard either to the real battery condition or
      an assumed battery condition.
PAR  The synchronous switch referred to above is one which has a control coil or
      gate which would be connected into control circuitry, and which operates
      as an on/off switch in the circuit for supplying charging current to a
      storage battery. The synchronous switch may be a magnetic amplifier or
      saturated reactor, a pair of SCR's with suitable filter circuitry, or a
      triac; or in a DC circuit a contactor may be used. In any event, the
      synchronous switch is one which operates only under control of its control
      coil or gate, and which is otherwise in an "off" condition.
PAR  Referring now to FIG. 4, there is shown a basic circuit in accordance with
      this invention; and the circuit is shown in a simple, single line
      convention with the understanding that the circuit is made with respect to
      a return line or ground. An input terminal 22 accommodates an alternating
      current input of suitable voltage. A synchronous switch 24 is in series
      with the input, and has a control coil 26 which is connected in a control
      circuit as discussed hereafter. A suitable step-up or step-down
      transformer 28, rectifier circuit 30 and filter 31 are in series with the
      synchronous switch 24, and with an output terminal 32 at which a
      substantially ripple-free DC current at suitable voltage levels is
      delivered to battery 34. Other positions 23, 25 and 27 are shown in the
      line between the input terminal 22 and the output terminal 32, and they
      are positions at which the synchronous switch might alternately be
      situated -- keeping in mind that positions 25 and 27 would be suitable
      only for an SCR or DC contactor and not for AC operating synchronous
      switch such as a saturable reactor or magnetic amplifier. Battery terminal
      voltage sensing circuitry such as those that are well known in the art are
      connected to the output terminal 32 and are shown at 36. The voltage
      sensors 36 may be multi-level, as discussed in greater detail hereafter. A
      capacitor 40 may be connected to ground, for purposes to be discussed
      hereafter. The voltage sensors 36 are, in turn, connected to a
      preamplifier and driver 42 which in turn is connected to an on-off gate
      44. The gate 44 is connected to control coil 26 of the synchronous switch
      24; or the suitable control input of the synchronous switch if it is at
      positions 23, 25 or 27. A current level bias resistor 46 is also connected
      to the on-off gate 44 so as to control the current level of the charging
      current delivered at output terminal 32, by controlling the level or
      degree of saturation of the synchronous switch 24 as a result of the
      voltage condition of its control coil 26. In its usual configuration,
      there is AC in the circuit before the rectifier 30 as shown by indicator
      curve 33; and substantially ripple-free DC following the filter 31, as
      shown by indicator curve 35.
PAR  The circuit of FIG. 4 is, as noted, a basic circuit in accordance with this
      invention, and as noted hereafter it is one which would normally be set so
      that its operation is predicated on an assumption that battery 34 is in
      good condition. The operation of the circuit of FIG. 4 may, however, be
      adjusted to accommodate a declining back-charge characteristic of the
      battery 34 as it ages.
PAR  Turning now to FIG. 1, a typical operation of a battery charging circuit in
      accordance with this invention, such as that of FIG. 4, can be explained.
      FIG. 1 includes two curves 48 and 50 which are plots of battery terminal
      voltage and charging current, respectively, against real time. The scales
      of each of the curves are now shown and are not necessary, but typically
      the voltage scale may be in the order of up to 100 volts (although usually
      up to 12, 24 or 36 volts); the current scale may be up to several hundred
      amperes although usually much less; and the time scale may be from 8 to 24
      hours.
PAR  During an initial battery charging operation, an initial substantially
      ripple-free, constant DC charging current is supplied to the battery as
      shown at 52, and the battery terminal voltage rises -- assuming a total
      discharge at the initiation of the charging operation -- as shown at 54
      until it reaches a specific voltage V.sub.x indicated at 56. At that time,
      the intermittent finish charging mode is initiated, in accordance with
      this invention. The level of the finish charge would normally remain
      constant at the level of the initial charging current. In any event, the
      voltage sensing circuitry 36 senses the voltage V.sub.x and initiates the
      first operating period of the intermittent DC charging current at time
      t.sub.1. The DC current is delivered for a predetermined period of time
      until time t.sub.2 ; and that period of time may be determined by the
      discharge characteristic of capacitor 40. At time t.sub.2, the gate 44 is
      turned off, which in turn collapses the voltage of control coil 26 and
      turns the synchronous switch 24 off. No further DC charging current is
      delivered to battery 34 at terminal 32, and the charging current reduces
      to zero at time t.sub.2. The terminal voltage of the battery 34 would,
      however, have risen to a new level shown at 59; and when the battery
      charging operation ceases, the terminal voltage of the battery 34 begins
      immediately to decay. As noted above, the amount of decay may be
      conditional upon many things, including especially the physical condition
      of the storage battery and its age. Nonetheless, the terminal voltage may
      decay to a specific trigger level which is sensed by voltage sensing
      circuitry 36, and when it reaches that level -- which may be substantially
      the voltage V.sub.x or another predetermined voltage level V.sub.xl --
      voltage sensing circuitry 36 operates to close gate 44 and thereby to turn
      the synchronous switch 24 on. This occurs at time t.sub.3, and at that
      time the DC charging current level may again rise to the level as
      indicated in curve 50. The terminal voltage of the battery 34 will almost
      immediately recover to approximately the level as shown at 59, and as the
      supply of charging current continues the terminal voltage of the battery
      may continue to rise. This continues until time t.sub.4 at which time the
      operating period of the DC charging current is again stopped; and once
      again the terminal voltage of the battery 34 begins to decay while the
      charging current remains at zero. This may continue until the terminal
      voltage decays to the predetermined level V.sub.xl at time t.sub.5 when a
      further operating period of DC charging current is initiated. The time
      from t.sub.2 to t.sub.3 may be shorter than the time from t.sub.4 to
      t.sub.5 because the battery terminal voltage is higher at t.sub.4 than at
      t.sub.2, therefore a greater amount of time for terminal voltage decay to
      a given level is required.
PAR  At time t.sub.5, a further operating period of intermittent DC charging
      current may be initiated and once again the battery terminal voltage would
      almost immediately recover to its previous level and continue to rise. It
      is assumed in curve 48 that during this operating period, the terminal
      voltage reaches its rated voltage V.sub.r, shown at 60, but that the DC
      charging current continues. However, the charging current may continue at
      its previous level as shown at 62, or it may reduce to a trickle rate as
      shown at 63. The operating period is, in any event, terminated at time
      t.sub.6. Thereafter, further operating periods of charging current, either
      at the previous level or at the trickle charge level may be initiated at
      times t.sub.7 and t.sub.9 ; and it will be noted that the length of each
      period is essentially constant. It will also be noted from curve 48 that
      the voltage level V.sub.xl at which each of the operating periods of the
      intermittent DC operation is initiated, beginning at time t.sub.3, is the
      same.
PAR  The curves of FIG. 1 are exemplary of the charge-back characteristic of a
      battery which is essentially in excellent working condition and which is
      not unduly old. This is especially evident from the decay characteristic
      of the battery, where some considerable length of time may pass before the
      battery terminal voltage decays to a given or predetermined level which
      may be very close to the rated terminal voltage. The rate of the
      intermittent DC finish charge current is determined, in the operation of a
      battery charging system according to this invention as illustrated in FIG.
      1, by the real battery condition as determined by the voltage sensing
      circuitry 36.
PAR  Turning to FIG. 2, another set of curves 64 and 66 is shown, which are
      essentially the same as curves 48 and 50 except that it will be noted the
      operating period of intermittent DC charging current which is initiated at
      time t.sub.c is initiated at a voltage level indicated at 68; whereas the
      operating period which is initiated at time t.sub.e is initiated at a
      lower battery terminal voltage 70, designated V.sub.o. In this case, the
      multi-level voltage sensing circuitry 36 has reset after the first
      operating period to a second, lower voltage V.sub.o, allowing more battery
      terminal voltage decay than in the conditions which are exemplified in
      FIG. 1. The curve 64 of FIG. 2 may be exemplary of a storage battery which
      is somewhat older than the storage battery whose back-charge performance
      is characterized and exemplified in curve 48 of FIG. 1; and it will be
      noted that the battery terminal voltage decay of the battery
      characaterized by curve 64 is much faster than that of the battery
      characterized by curve 48.
PAR  The trigger levels V.sub.x and V.sub.o may be set so that the operation and
      the charge-back characteristic of the battery charging system essentially
      duplicates that of the battery; or they may be set with an assumption of
      battery condition, where the assumption is that the battery condition may
      be better than might be expected. That is to say, if the battery condition
      is worse than is assumed, so that the frequency of back-charge
      intermittent DC charging current initiations is much higher than would be
      expected, such conditions would prevail when the decay characteristic of
      the essentially charged battery is such that the battery loses its charge
      very quickly and the battery terminal voltage reduces very quickly.
      Nonetheless, overcharging of the battery is precluded, because the length
      of time of any operating period of intermittent supply of DC charging
      current to the battery is predetermined by the capacitor 40 of FIG. 4 or
      other timing circuitry as discussed hereafter. It may therefore be that a
      greater ampere-hour back-charge has been supplied to the battery than its
      capacity would anticipate; and if the operation of the charging circuit
      and the number of times that a period of supply of DC charging current is
      initiated, is under surveillance by supervisory or monitoring circuitry, a
      faulty or malfunctioning battery can be detected.
PAR  The circuit of FIG. 5 essentially duplicates that of FIG. 4, except that a
      timing circuit 72 is connected between the voltage sensing circuitry 36
      and the preamplifier driver 42. The timing circuits may also have other,
      associated circuitry to control the level of the DC charging current.
PAR  The circuit of FIG. 6 is for a battery charging system where assumptions
      are made as to the charge-back characteristic of the battery 34; and
      counting circuitry and integrating circuitry are provided so that, for
      example, each successive off period between operating periods of
      intermittent DC charging current can be controlled to be longer than the
      preceding one by integrating circuits 76.
PAR  The circuit of FIG. 6 also shows a lapsed time indicator 78 which may be
      calibrated or read as a meter which shows the total ampere-hour
      back-charge which has been supplied to the battery after the initiation of
      the intermittent DC charging operation. An electromechanical counter 80 is
      also shown, and each of the counter 80 and the lapsed time indicator 78 is
      connected to the gate 44. Thus, if the gate 44 in the circuit of FIG. 6 --
      or indeed, the circuit of FIG. 4 or 5 when the lapsed time indicator and
      the counter are connected to the gate 44 of those circuits -- operates
      more frequently than would be expected from a battery having known
      charge-back characteristics, the battery can be suspected of being faulty
      or to have a malfunction, and can be examined. This would be especially
      the case where the lapsed time indicator would show a greater ampere-hour
      back-charge to the battery than its total capacity; or where an unusually
      high number of DC charging current operating periods may have been
      initiated by the voltage sensing circuitry.
PAR  It has been noted that the circuits of the present invention provide
      maximum charge performance with respect to battery terminal voltage,
      irrespective of battery malfunction or condition; and of course, such
      apparatus would operate irrespective of the operating temperature. There
      is no critical voltage sensing means, in that the operation of the
      circuits of FIGS. 4, 5 or 6 is not dependent on the presence or absence of
      a critical voltage to reduce an otherwise continuous charging current to a
      safe level.
PAR  Indeed, the circuits of the present invention are such that the final
      terminal voltage of the charged battery may decrease with age, antimony
      poisoning, etc. and yet the apparatus will still operate. The operation of
      the prior art devices is wholly predicated on the state or condition of an
      ideal battery at ideal ambient temperatures; whereas the circuits of the
      present invention are time-dependent, and not voltage dependent. Thus,
      each operating period of intermittent DC charging current is turned off
      after a fixed period of time, thereby precluding the chances of thermal
      runaway or other severe battery damage. The present invention does not
      sense voltage rise, but lets the battery terminal voltage do what it will
      over a predetermined length of time, the length of time of the pulse being
      chosen so that the amp-hour charge back to the battery during that period
      of time will be safe. The terminal voltage of the battery is then
      permitted to drop back after the charging current has been stopped, until
      it reaches a predetermined level whereupon more DC charging current is
      supplied for a given period of time.
PAR  If the control circuitry of any of the circuits in FIGS. 4, 5 or 6 fails,
      such failure would be to the effect that the gate 44 would open and the
      synchronous switch 24 would turn off so as to preclude the danger of
      overcharging the battery 34. If no battery terminal voltage is sensed, the
      gate 44 is turned off, and the charging operation is terminated. It should
      also be noted that the one component which may, by experience, be most
      likely to fail is the current level bias resistor 46; and it will be noted
      that the resistor is in series with the control coil 26, so that failure
      of the bias resistor 56 -- which failure is invariably such that the
      resistor opens -- would result in collapse of control coil 26 voltage, so
      that the synchronous switch 24 would open.
PAR  Because the finish charge may be at a trickle level, the battery 34 may be
      maintained in substantially fully charged condition while connected to the
      charging circuit, over long periods of time. Even when the intermittent DC
      charging current level is not reduced to a trickle level, overcharging of
      the battery 34 can still be precluded by permitting the battery terminal
      voltage to decay to a lower level before the next operating period is
      initiated, with the assumption or knowledge that an operating period of a
      given length of time at a given level would deliver a given ampere-hour
      back-charge to the battery. If the starting condition of the battery is
      known by its relation to the battery terminal voltage which initiated the
      intermittent DC charging current operation, overcharging of the battery
      may be precluded.
PAR  If a circuit in accordance with this invention has two or more
      predetermined battery terminal voltage levels, at which the control
      circuit operates, the second level is normally lower than the first level,
      which allows for a greater battery terminal voltage decay before the
      initiation of another DC charging current operating period. The operation
      of the circuit to ignore the first level and to work at the trigger level
      may be by suitable lock-out circuitry which could be operable after a
      given period of time, or after the first or any specific number of
      intermittent operating periods of DC charging current have been supplied
      to the battery, The circuit of a battery charger system in accordance with
      this invention would normally have the options of control as discussed
      above, so as to accommodate new or older batteries in a variety of
      name-plate ratings.
PAR  It is obvious that the other changes and amendments to the basic circuitry
      in accordance with this invention may be made, depending on the
      availability or desirability of the use of specific components which are
      well known in the battery charger field. However, the present invention
      provides a method for charging storage batteries where the finish charge
      is delivered in an intermittent DC charging current manner, at a given
      current level and for specific operating periods, but where the initiation
      of each operating period is dependent on the battery condition as it is
      particularly determined from battery terminal voltage. As noted, timing
      circuits can be inserted together with integrating circuits so that an
      assumption can be made as to the state of charge or the condition of the
      battery, and if the state of charge or condition of the battery is worse
      than the assumption, abnormal operation of the charging circuit can be
      noted and the battery examined for malfunction. Also, the timing or other
      control circuitry can be provided so as to assure that a given ampere-hour
      back-charge is supplied to the battery and the back-charge characteristic
      of the battery observed thereafter to determine if indeed the battery has
      been fully charged or charged to a known level with respect to its
      name-plate rating.
PAR  The operation of a device according to this invention may also be set so as
      to provide a tapered back-charge to a battery, where the on-time of each
      operating period could be made to be determined by the terminal voltage of
      the battery. Thus, battery terminal voltage sensing means of the sort
      referred to above can be associated with the driver and control coil of
      the synchronous switch to turn off the pulse at a predetermined battery
      terminal voltage level; and such control could be associated with an
      override circuit, particularly in circumstances where it is desired to
      preclude high battery terminal voltage.
PAR  The description and illustration of battery charging circuits and the
      method of battery charging in accordance with this invention are exemplary
      because of the number of variables that can be accommodated by circuitry
      according to this invention, and are not intended to be limited. Rather,
      the scope of the present invention is determined from the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A battery charging circuit for charging storage batteries, including;
PA1  Dc circuit means for supplying an initial constant DC charging current to a
      battery from an alternating current source;
PA1  first and second adjustable battery terminal voltage sensing means;
PA1  control circuit means connected with said first battery terminal voltage
      sensing means and said DC circuit means for initiating an intermittent DC
      charging current supply to said battery, the first operating period of
      which is initiated at the instant when said battery terminal voltage
      reaches a first predetermined level;
PA1  synchronous switch means connected in the alternating current source side
      of said DC circuit means;
PA1  gate means connected to said first and second battery terminal voltage
      sensing means and to said synchronous switch means, said gate means being
      adapted to control said synchronous switch means so as to initiate and
      stop the supply of alternating current to the DC circuit means and thereby
      to control each operating period of time of said intermittent DC charging
      current supply; and
PA1  a timing circuit which is connected to said gate means so as to control the
      length of each operating period of time including the first operating
      period of time, of said DC circuit means after said intermittent DC
      charging current supply has been initiated;
PA1  said second battery terminal voltage sensing means being connected to said
      gate means and adapted to operate after the first operating period of time
      of said DC circuit means; said second voltage sensing means being set to
      initiate an operating period of said intermittent DC charging current
      supply each time the battery terminal voltage reaches a second
      predetermined battery terminal voltage level which is below said first
      predetermined voltage level.
NUM  2.
PAR  2. The battery charging circuit of claim 1 where said first predetermined
      battery terminal voltage level is set so as to be below the battery
      terminal voltage above which the continued supply of said DC charging
      current over a long period of time may result in over-charging of the
      battery, and at a non-critical level which the battery terminal voltage
      will always reach.
NUM  3.
PAR  3. The battery charging circuit of claim 1 where current level control
      means are provided in said control circuit that if said level control
      means fails, said gate means turns off to stop the supply of alternating
      current to said DC circuit means and thereby to stop supply of DC charging
      current to said battery.
NUM  4.
PAR  4. The battery charging circuit of claim 1, further including means to
      reduce the amplitude of said intermittent DC charging current when the
      terminal voltage of said battery reaches a third predetermined level
      higher than said first predetermined level.
NUM  5.
PAR  5. The battery charging circuit of claim 1, further including means for
      altering said second predetermined level of said second battery terminal
      voltage sensing means after a predetermined number of periods of operation
      of said intermittent DC charging current.
NUM  6.
PAR  6. The method of charging a storage battery including the steps of:
PA1  supplying an initial constant DC charging current to the battery until the
      terminal voltage thereof reaches a first predetermined level; then
      immediately initiating the first operating period of an intermittent
      supply of DC charging current to the battery, where each operating period
      of said intermittent supply of DC charging current supplied to said
      battery is predetermined; and
PA1  at the same time as said intermittent supply of DC charging current is
      initiated, simultaneously beginning operation of voltage sensing gate
      means which senses the terminal voltage of said battery and starts each
      subsequent operating period of said intermittent DC charging current
      whenever the terminal voltage of said battery reaches a second
      predetermined level which is below said first predetermined level.
NUM  7.
PAR  7. The method of claim 6, further including the step of initiating a
      trickle charge of DC charging current when the terminal voltage of said
      battery reaches a third predetermined level higher than said first
      predetermined level.
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ABST
PAL  A road vehicle battery charging system includes an alternator, and a
      rectifier connecting the alternator across a battery. A further rectifier
      provides an additional d.c. output for energising the field winding of the
      alternator and this additional output is connected to the appropriate
      battery terminal via an ignition switch. A voltage sensing circuit
      operates to illuminate a warning lamp should the voltage on the line
      exceed a predetermined level.
BSUM
PAR  This invention relates to battery charging systems for road vehicles.
PAR  A battery charging system according to the invention comprises in
      combination an alternator and associated rectifier providing power to
      first and second supply lines between which the vehicle battery is
      connected, the alternator also providing power to a third supply line
      which in use will be at substantially the same potential at the first
      supply line, an ignition switch coupling the third and first supply lines,
      and voltage sensitive means connected between the third and second supply
      lines for giving a warning if the potential on the third supply line
      exceeds a predetermined value.
DRWD
PAR  The accompanying drawing is a circuit diagram illustrating one example of
      the invention.
DETD
PAR  Referring to the drawing, an alternator 11 provides power by way of a full
      wave rectifer 12 to positive and negative supply lines 13, 14 between
      which the vehicle battery 15 is connected. The alternator also supplies
      power through three additional diodes 16 and a warning lamp 17 to a line
      18 which in use will be at substantially the same potential as the line
      13. The line 18 is connected to the line 13 through the ignition switch 19
      of the vehicle. A voltage sensing circuit 20 is provided for illuminating
      a warning lamp 36 when the voltage on line 18 is excessive.
PAR  Connected in series between the lines 18, 14 are a pair of resistors 21,
      22, the resistor 22 being bridged by a capacitor 23 and a resistor 24 in
      series. The junction of the resistors 21, 22 is connected to the base of a
      p-n-p transistor 25 having its emitter connected to the junction of a
      zener diode 26 and resistor 27 bridging the lines 18, 14. The collector
      and base of the transistor 25 are bridged by a capacitor 28 which prevents
      high frequency oscillation, and the collector is further connected to the
      line 14 through a pair of resistors 31, 32 in series, the junction of the
      resistors 31, 32 being connected to the base of an n-p-n transistor 33,
      the emitter of which is connected to the line 14 and the collector of
      which is connected through a resistor 34 to the base of the transistor 25
      to provide a feedback to give clean switching of transistor 25, and is
      further connected through a resistor 35 and the warning lamp 36 in series
      to the line 18.
PAR  The alternator output is controlled by a voltage regulator 41 connected in
      series with the field winding 42 of the alternator between the line 14 and
      the junction of the diode 16 and warning lamp 17. When the ignition switch
      19 is closed, the voltage regulator is energised by way of the warning
      lamp 17, which is illuminated. However, when the alternator is producing
      an output, the diodes 16 feed the voltage regulator 41, and the warning
      lamp 17 is extinguished.
PAR  When the ignition switch is closed, the potential on the line 18 rises, and
      the zener diode 26 conducts to set the emitter potential of the transistor
      25 relative to the line 18. Upon closing the ignition switch 19, the
      capacitor 23 will be discharged, and so the transistor 25 conducts
      momentarily while the capacitor 23 charges, causing the transistor 33 to
      turn on and the lamp 36 to flash momentarily, giving the driver an
      indication that the lamp 36 is operating satisfactorily. Once the
      capacitor 23 is charged, however, the base potential of the transistor 25
      is such that the transistor 25 is off, so that the lamp 36 is
      extinguished. This of course assumes that the potential on the line 18 is
      at its normal value, but if the potential on the line 18 rises for any
      reason to an unacceptable level, then at a predetermined potential the
      transistor 25 turns on again to turn the transistor 33 on and illuminate
      the lamp 36, so giving a warning to the driver that there is a fault,
      probably in the voltage regulator.
CLMS
STM  We claim:
NUM  1.
PAR  1. A battery charging system for a road vehicle comprising in combination
      an alternator and associated rectifier providing power to first and second
      supply lines between which the vehicle battery is connected, the
      alternator also providing power to a third supply line which in use will
      be at substantially the same potential at the first supply line, an
      ignition coupling the third and first supply lines, and voltage sensitive
      means connected between the third and second supply lines for giving a
      warning if the potential on the third supply line exceeds a predetermined
      value, said voltage sensitive means comprising a p-n-p transistor having
      its emitter connected, (a) to the third supply line by a zener diode which
      has its anode connected to the emitter of said p-n-p transistor, and (b)
      to the second supply line by a resistor whereby a predetermined potential
      difference is established between the emitter of said transistor and the
      third supply line, a resistance chain connected between the second and
      third supply lines and providing a base voltage for the p-n-p transistor
      such that the latter does not conduct when the voltage between the second
      and third supply lines is normal, but conducts when the potential on said
      third supply line exceeds said predetermined valve, and means connected to
      the collector of said p-n-p transistor for energizing a warning device
      when said p-n-p transistor conducts.
NUM  2.
PAR  2. A battery charging system as claimed in claim 1 in which the base of
      said p-n-p transistor is connected to the second supply line via a
      capacitor and a resistor in series so that when the ignition switch is
      closed the p-n-p transistor is rendered conductive whilst said capacitor
      is charging.
NUM  3.
PAR  3. A battery charging system as claimed in claim 1 in which said means
      connected to the collector of the p-n-p transistor comprises an emitter
      resistance chain connecting the emitter to the second supply line, an
      n-p-n transistor with its emitter connected to the second supply line and
      its base connected to said emitter resistance chain, the warning device
      being a lamp in circuit connected between the third supply line and the
      collector of p-n-p transistor.
NUM  4.
PAR  4. A battery charging system as claimed in claim 3 including a feedback
      resistor connected between the collector of the n-p-n transistor and the
      base of the p-n-p transistor.
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PAL  An input detection circuit to provide a D.C. output signal of a selected
      value upon receipt of an input A.C. signal of a given value on an input
      line. The detector circuit includes a NORTON type current responsive
      operational amplifier having an inverted input terminal, a non-inverted
      input terminal and an output terminal. A circuit is provided at the
      inverted terminal for biasing the amplifier to provide an output voltage
      on the output terminal substantially less than the selected output signal.
      A full wave rectifier connected to the input line and having a first
      output conductive during the negative portion of an A.C. signal applied to
      the input line and a second output conductive during the positive portion
      of an A.C. signal applied to the input line. There is provided a first
      resistor for connecting the first output of the rectifier to the inverted
      terminal and a second resistor for connecting the second output to the
      non-inverted terminal. In addition, there is a system for detecting the
      existence of concurrent A.c. inputs from at least one of each of two
      groups of A.C. inputs using the detector device as described above.
BSUM
PAR  This invention relates to the art of detector devices for detecting the
      existence of an input signal of the type used in traffic controllers and
      more particularly to a detector device for converting A.C. inputs to D.C.
      output and a system for using this type of detector device.
PAR  The invention is particularly applicable for the detection of conflicting
      conditions in a traffic controller and will be described with particular
      reference thereto; however, it is appreciated that the present invention
      has broader applications and may be used in various environments wherein a
      A.C. signal is detected and produces a D.C. output usable for a digital
      system.
PAR  As is well known, a substantial amount of development work has been devoted
      to the art of traffic controllers which have advanced from cam operated
      fixed time systems to traffic responsive systems employing analog
      computers, process controllers and digital computers. In these systems,
      circuitry is utilized which prevents a conflict between right-of-way
      signals in the various traffic phases being controlled. In addition, the
      more advanced traffic controllers require the detection of a given
      condition for use in the total controlled function of a controller. In
      both of these instances, the detected signal or condition is considered an
      input to the total system and is often in the form of a line current being
      applied to a given portion of the traffic control system. This line
      current is generally 110 volts alternating current. In the more advanced
      traffic controllers, binary logic is used for the control functions;
      therefore, the alternating current inputs which are to be detected and
      used in the traffic controller must be converted to binary information
      which is generally a low logic for the non-existence of an input condition
      and high logic for the existence of an input condition. The present
      invention is directed toward a detection device for detecting the
      existence of an alternating current input condition and converting this
      alternating current input to a D.C. output usable in a digital, binary
      system.
PAR  In the past, a capacitor input circuit was often used for converting A.C.
      input to a D.C. binary, digital output. The voltage level of prior systems
      was often dependent upon some type of Zener diode or transistor used as a
      voltage limiting device. In such applications, half wave A.C. sensing
      would result in a higher voltage level than full wave A.C. sensing. As
      inputs were added in parallel with a detecting system, the sensing level
      and response was sometimes shifted or modified. In an attempt to overcome
      some of the disadvantages of prior detector circuits of the type described
      above, various combinations of transistors and resistors have been
      attempted. In these instances, the circuits were expensive, or involved
      critical selection of resistors and transistors. In addition, variations
      in the operating voltage or the temperature of the circuit often caused
      shift in the tripping or sensing voltage of the detector circuit.
PAR  These disadvantages have been overcome by the present invention which
      relates to a solid state coverting and detecting circuit utilizing no
      input capacitors and no Zener diodes or other voltage limiting devices. In
      accordance with the invention, all types of alternating current inputs,
      such as positive half wave, negative half wave and full wave inputs are
      sensed in accordance with essentially the same tripping point. By using
      the present invention, a number of alternating current inputs can be
      placed in parallel without affecting the parameters of the detection
      circuit.
PAR  In accordance with the invention, there is provided an input detection
      circuit to provide a D.C. output signal of a selected value upon receipt
      of an A.C. signal having a given value on an input line. This circuit
      includes a current responsive operational amplifier having an inverted
      input terminal, a non-inverted input terminal and an output terminal. Such
      amplifiers are known as NORTON operational amplifiers. Means connected to
      the inverted terminal are provided for biasing the amplifier to produce an
      output voltage on the output terminal of the amplifier which is
      substantially less than the selected value. A full wave rectifier is
      connected to the input line and has a first output which is conductive
      during the negative portion of an A.C. signal applied to the input line
      and a second output which is conductive during the positive portion of an
      A.C. signal applied to the input line. By then providing a first resistor
      for connecting the first rectifier output to the inverted terminal of the
      operational amplifier and a second resistor for connecting the second
      output of the rectifier to the non-inverted terminal of the amplifier, a
      complete detecting system is created which detects and converts an A.C.
      input to a digital or binary D.C. output.
PAR  In accordance with another aspect of the present invention, a device of the
      type described above is used in a system for detecting the existence of
      concurrent A.C. inputs from at least one of each of two groups of A.C.
      inputs. By this device, several groups of inputs can be monitored
      simultaneously to indicate the existence of a conflict of sensed inputs in
      each of two conflicting groups of inputs. This system is highly useful in
      a traffic controller to indicate and correct any conflicts in right-of-way
      signals.
PAR  The primary object of the present invention is the provision of the
      detector circuit for detecting A.C. input and providing a D.C. output
      indicative of an input condition, which circuit is economical to use,
      positive in operation and causes little shift during use.
PAR  Yet another object of the present invention is the provision of a detector
      circuit for detecting an A.C. input and providing a D.C. output indicative
      of an input condition, which circuit does not require capacitors and/or
      Zener diodes.
PAR  Yet a further object of the present invention is the provision of a circuit
      as defined above which is adapted for use in monitoring a group of inputs
      such as those used in a traffic controller.
DRWD
PAR  These and other objects and advantages will become apparent from the
      following description taken together with the accompanying drawings in
      which:
PAR  FIG. 1 is a schematic wiring diagram illustrating the preferred embodiment
      of the present invention;
PAR  FIG. 2 is a schematic graph illustrating an operating characteristic of the
      present invention;
PAR  FIG. 2A shows a modification of the graph shown in FIG. 2;
PAR  FIG. 3 shows a series of operating characteristics for the NORTON current
      responsive operational amplifier used in the present invention;
PAR  FIG. 4 is a truth table for a NORTON current responsive operational
      amplifier;
PAR  FIG. 5 is a schematic diagram of a NORTON current responsive operational
      amplifier; and,
PAR  FiG. 6 is a schematic wiring diagram illustrating the system employing the
      preferred embodiment of the invention as illustrated in FIG. 1.
DETD
PAR  Referring now to the drawings wherein the showings are for the purpose of
      illustrating a preferred embodiment of the invention only and not for the
      purpose of limiting the same, FIG. 1 shows an input detector circuit A for
      use on a single traffic phase of a traffic controller, designated as phase
      A. The detector circuit A is used to detect existence of one or more of
      several inputs 10, 12, 14, represented schematically as switches in input
      lines 20, 22, 24. The A.C. power supply to the input lines is
      schematically illustrated as 110 volt A.C. line current power supply 30.
PAR  A preferred embodiment of the present invention can be used with a single
      input line, such as line 20 and will be described with particular
      reference for the detection of an A.C. input signal on this line. The
      detector circuit uses a current responsive operational amplifier 40, which
      has been developed recently and is generally designated as a NORTON
      operational amplifier. Amplifier 40 has an input voltage terminal 42, a
      ground terminal 44, and inverted input terminal 46, a non-inverted input
      terminal 48 and an output terminal 50. The symbolism for the NORTON
      operational amplifier shown in FIG. 1 is the standard adopted
      symbolization for this type of solid state device.
PAR  The general schematic diagram of a NORTON amplifier is illustrated in FIG.
      5 wherein the current input at the non-inverted terminal is indicated at
      I.sub.+ and the current input at the inverted terminal is indicated as
      I.sub.-. In accordance with the standard operation of this device, the
      lower section of FIG. 5 is indicated as a current mirror and produces a
      current flow from the inverted terminal which is generally considered to
      be equal to the current input to the non-inverted terminal. As long as
      I.sub.- is greater than I.sub.+, the output on terminal 50 is at a low
      logic generally considered to be zero volts. If the current on the
      inverted terminal, I.sub.+, is greater than or equal to I.sub.-, the
      current mirror draws all current from the inverted terminal. This current
      and the amplifier operates to produce a high logic at the output terminal
      50. This high logic is substantially the voltage applied to terminal 42,
      as shown in FIG. 1. When I.sub.- is zero, the output logic is high since
      no current is available beyond the current mirror irrespective of the
      I.sub.+ current. These conditions are illustrated in the truth table of
      FIG. 4 and schematically illustrated to an extent used in the present
      invention in the diagrams of FIG. 3.
PAR  Referring now again to the preferred embodiment of the invention
      illustrated in FIG. 1, a current supply 60 is provided for biasing
      amplifier 40 at the inverted terminal 46. This current supply produces a
      current at terminal 46 determined by resistor 62 and the 15 volt power
      supply which is substantially greater than the current at the non-inverted
      terminal 48. Thus, amplifier 40 is biased into the condition having a low
      logic or zero voltage output at terminal 50, as depicted in the left hand
      view of FIG. 3 and the lower portion of the truth table shown in FIG. 4.
      By providing biasing current to terminal 46, the low logic condition exist
      at the output of terminal 50 until a condition exist wherein the I.sub.+
      current at the non-inverted terminal 48 equals or exceeds the I.sub.-
      current at the terminal 46. A full wave rectifier 70 includes diodes 72,
      74 and output lines 76, 78. These lines are connected through relatively
      high value resistors 80, 82 to the input terminals 46, 48, respectively.
      Resistors 80, 82 change the output of the rectifier to basically current
      sources. A relatively small resistor 84 is connected between input 10 and
      rectifier 70 to control current flow during the rectification of the A.C.
      input when switch 10 is closed. A third current source producing high
      value resistor 86 is attached between output terminal 50 and the
      non-inverted input terminal 48 for the purpose of creating a well defined
      output pulse and introducing a certain amount of hysteresis, as
      schematically represented by the dashed line portion of FIG. 2A.
PAR  During operation, closing of switch 10 applies an alternating current from
      source 30 to input line 20. Before this happens, biasing current I.sub.B
      is applied from the biasing source 60 to the inverted terminal, as
      schematically ilustrated in the left hand view of FIG. 3. In the initial
      state, substantially no current is introduced to the non-inverted terminal
      48. Consequently, the I.sub.- current to the inverted terminal 46 is
      greater than I.sub.+ causing a zero voltage or low logic output condition.
      This indicates no detection of an alternating current applied by switch 10
      of line 20. The biasing current through the 620 kiloohm resistor 62
      produces a biasing current of approximately 24 microamps. Assuming now
      that the switch 10 is closed to energize rectifier 70. During the positive
      going portion of source 30, diode 74 in the lower subcircuit of the
      rectifier is conductive and current is applied to terminal 48. When this
      current I.sub.+ equals or exceeds the current I.sub.- at terminal 46, the
      output at terminal 50 is shifted to a high D.C. level approaching the
      positive 15 volts applied to terminal 42, as shown in the center view of
      FIG. 3. At that time, current supplied through resistor 86 causes a rapid
      increase of the output D.C. voltage on line 50. This assist in shaping the
      output pulse, as shown in the lower portion of FIG. 2. The output remains
      at a high logic level at terminal 50 during the remainder of the positive
      going half cycle of source 30 until the source is insufficient to create
      enough I.sub.+ current at terminal 48 to offset the I.sub.- current from
      biasing circuit 60. At that time, the output 50 shifts to a low logic
      output. Again, resistor 86 causes a rapid shift of the output logic at
      terminal 50. Resistor 86 pumps current into terminal 48; therefore, the
      point at which the output shifts back to a low logic condition is shifted
      to the right as shown in FIG. 2A so that the logic shift is at a current
      where the addition of current from resistor 86 and resistor 82 is
      insufficient to overcome the biasing current I.sub.- at terminal 46. When
      the input alternating current in line 20 shifts to the negative half cycle
      portion, conduction through line 78 and diode 74 is discontinued. A
      negative voltage is applied to the left of diode 72 in a second subcircuit
      of rectifier 70. When this negative voltage is sufficiently high,
      determined by the negative voltage in line 20, current is drawn from the
      current supply 60 through resistor 80 at a sufficiently high value to
      decrease the current I.sub.B input at terminal 46 to the level equal to or
      below the current at terminal 48 which is substantially zero current. When
      the current during the negative half cycle is decreased at terminal 46 to
      a sufficient level, there is no I.sub.- current applied to terminal 46.
      Again, this shifts the output terminal to a high logic approaching the 15
      volt input at terminal 42. As soon as a voltage appears at terminal 50,
      current is supplied through resistor 86 to terminal 48. This provides a
      sharp voltage increase at the start of the pulse created by a negative
      half cycle swing in the input alternating current. With current being
      applied to terminal 48, a hysteresis effect is created. When the negative
      voltage in line 20 reaches a low level determined by resistors 62, 80, and
      84, a current to terminal 46 increases and again causes biasing of
      amplifier 40 to a low logic condition. Thus, as the input voltage
      alternates between positive and negative half cycles, a series of high
      level logic pulses are created as shown in FIG. 2. The sensed A.C. signal
      must have a sufficient voltage to shift the output of amplifier 40. In the
      preferred embodiment the tripping point is about 20 volts and supply is a
      line current 100 volt supply. This provides rapid formation of a series of
      output pulses, as shown in FIG. 2. These output pulses are a D.C. output
      signal which can be used as an indicator of the existence of an
      alternating current in line 20.
PAR  Without effecting the parameters as so far described, a series of inputs
      can be monitored by the circuit A, as illustrated in FIG. 1. To accomplish
      this, input lines 22 and 24 are connected in parallel with input line 20.
      Referring now to input line 22, a full wave rectifier 90 includes diodes
      92, 94 and output lines 96, 98. These output lines are connected to the
      corresponding output lines 76, 78 of rectifier 70 and produce an output at
      terminal 50 in accordance with the previous discussion. The same is true
      of input line 24 which includes a rectifier 100 having diodes 102, 104,
      and output lines 106, 108 connected to output lines 76, 78 of rectifier
      70. If any of the inputs are energized by the closing of schematically
      represented switches 10, 12 and 14, a D.C. logic appears at terminal 50.
      Additional input lines can be monitored by the detection circuit A by
      including further input circuits, as shown in FIG. 1.
PAR  In the preferred embodiment of the invention, the input switches 10, 12 and
      14 could be associated with the Green, Yellow and Pedestrian Walk lights
      of a system controlled by a traffic controller. Thus, a high logic D.C.
      output in line 50 would indicate that one or more functions of a traffic
      controller are operating in a given traffic phase, represented as phase A
      in FIG. 1. This sytem is shown in FIG. 6 wherein a second NORTON current
      responsive operational amplifier 40' is used to monitor functions as those
      shown in FIG. 1, but in a second traffic phase of a traffic control
      system, represented by phase B. It may be desirable to indicate when one
      of the functions shown in FIG. 1 is actuated in a traffic control system
      at the same time as one of these functions in another phase to indicate a
      conflict in the right-of-way of a traffic control system. The circuit of
      FIG. 6 shows a means for accomplishing this function. In accordance with
      this figure, the terminals of operational amplifier 40' are labeled 46',
      48' and 50' to correspond with similarly numbered terminals of operational
      amplifier 40. The output terminals 50, 50' of the separate detecting
      circuits for the separate phases are connected to AND gate 120 having
      input terminals 122, 124 and output terminal 126. In accordance with one
      aspect of the invention, the AND gate 120 also includes a NORTON type
      current responsive operational amplifier 130 having terminals 132, 134 and
      136. Terminal 136 corresponds to output terminal 126 of the AND gate 120.
      Biasing current from a biasing circuit 140 including resistor 142 is
      connected to the inverted terminal 132 of operational amplifier 130 to
      provide a given biasing current to terminal 132. In the normal, biased
      condition, a zero voltage or low logic condition exist at terminal 136 and
      at terminal 126 of gate 120. Terminals 50, 50' are connected to input
      terminals 122, 124, respectively, of gate 120 and include resistors 150,
      152 which have their right end connected at line 154. This line is
      connected to the non-inverted terminal 134 of operational amplifier 130
      through a diode 156. Resistor 142 in biasing means 140 is selected so that
      the I.sub.- current at terminal 132 will remain greater than the I.sub.+
      current at terminal 134 until a high logic exist on both lines 50, 50'. At
      that time, current supplied through resistors 150, 152 and diode 156 is
      greater than biasing current applied to terminal 132. When this happens, a
      high logic appears in terminal 126, 136. This indicates that there is
      concurrent existence of an output signal in each of the two phases of the
      traffic controller. This information is then used to take appropriate
      action in the traffic controller, such as switching the traffic controller
      to a flashing red or flashing yellow or accomplishing other similar
      function in the controller, which does not form a part of the present
      invention. In the illustrated embodiment, a transistor 160 has a base
      controlled by the logic at terminal 126. Emitter 162 is connected to a
      high voltage source of 15 volts in the illustrated embodiment and
      collector 164 is connected to ground through resistor or coil 170. When a
      high logic exist at the output of AND gate 120, transistor 160 is forward
      biased to energize coil 170. This energizes a detection device
      schematically represented as a light 172 connected parallel across coil
      170 by a movable contact 174. Of course other detecting circuits could be
      used in conjunction with the high logic at the output 126 of gate 120.
PAR  NORTON type amplifiers are available on the market from various suppliers.
      In accordance with the preferred embodiment, LM 2900 NORTON amplifiers
      sold by National Semiconductor Corporation of Chicago, Illinois or MC 3301
      amplifiers sold by Motorola Semiconductor Products, Inc. of Phoenix,
      Arizona are employed. Of course, the value of the various resistors can be
      changed to produce different points at which the A.C. input signal
      actuates the output signal of the operational amplifier. The selection of
      these resistors can be accomplished after understanding the operating
      characteristics of the present invention. In addition, the biasing current
      of the NORTON current responsive operational amplifier can be changed to
      modify the operating characteristics of the invention as defined above.
CLMS
STM  Having defined our invention, we claim:
NUM  1.
PAR  1. An input detection circuit to provide a D.C. output signal of a selected
      value upon receipt of an input A.C. signal above a given value of an input
      line, said detection circuit including a current responsive operational
      amplifier having an inverted input terminal, a non-inverted input terminal
      and an output terminal with the output terminal assuming said selected
      D.C. output value at all times except when the current applied to the
      inverted terminal is greater than the current applied to the non-inverted
      terminal, a biasing current supply means connected to said inverted
      terminal to provide a first biasing current normally exceeding the current
      at said non-inverted terminal whereby no D.C. output signal substantially
      as great as said selected value is created at said output terminal; a
      first input subcircuit including a first unidirectional current device and
      a first resistor and having a first end connected to said input line and a
      second end connected to said inverted terminal, said unidirectional device
      being poled to allow current flow from said biasing current supply means
      when said input line has a voltage below said biasing current supply
      means; a second input subcircuit including a second unidirectional current
      device poled opposite to said first unidirectional device and a second
      resistor and having a first end connected to said input line and a second
      end connected to said non-inverted terminal; a second input line and a
      third unidirectional current device poled in the same direction as said
      first unidirectional device and connected at one end between said first
      unidirectional device and said first resistor and at the other end to said
      second input line and a fourth unidirectional current device poled in the
      same direction as said second unidirectional device and connected at one
      end between said second unidirectional device and said second resistor and
      at the other end to said second input lines whereby an A.C. signal above a
      given value on either of said first and second input lines will create
      said D.C. output signal.
NUM  2.
PAR  2. An input detection circuit as defined in claim 1 including a third
      resistor in said input line.
NUM  3.
PAR  3. An input detection circuit as defined in claim 2 including a resistor
      connected between said output terminal and said non-inverted terminal.
NUM  4.
PAR  4. An input detection circuit as defined in claim 1 including a resistor
      connected between said output terminal and said non-inverted terminal and
      wherein said biasing current supply means includes a source of D.C.
      voltage and a resistor with said D.C. voltage being approximately at the
      same value as said D.C. output signal.
NUM  5.
PAR  5. An input detection circuit as defined in claim 1 including an AND
      circuit having first and second inputs and an output responsive to a
      signal applied to said first and second inputs, menas for applying a
      control signal to said first input and means for applying said D.C. output
      signal to said second input.
NUM  6.
PAR  6. An input detection circuit to provide a D.C. output signal of a selected
      value upon receipt of an input A.C. signal above a given value on an input
      line, said detection circuit including a current responsive operational
      amplifier having a first input terminal, a second input terminal and an
      output terminal with the output terminal assuming said selected D.C.
      output value at all times except when the current applied to said first
      terminal is greater than the current applied to said second terminal, a
      biasing current supply means connected to said first terminal to provide a
      first biasing current normally exceeding the current at said second
      terminal whereby no D.C. output signal substantially as great as said
      selected value is created at said output terminal; a first input
      subcircuit including a first unidirectional current device and a first
      resistor and having a first end connected to said input line and a second
      end connected to said first terminal, said unidirectional device being
      poled to allow current flow from said biasing current supply means when
      said input line has a voltage below said biasing current supply means; a
      second input subcircuit including a second unidirectional current device
      poled opposite to said first unidirectional device and a second resistor
      and having a first end connected to said input line and a second end
      connected to said second terminal; a second input line and a third
      unidirectional current device poled in the same direction as said first
      unidirectional device and connected at one end between said first
      unidirectional device and said first resistor and at the other end to said
      second input line and a fourth unidirectional current device poled in the
      same direction as said second unidirectional device and connected at one
      end between said second unidirectional device and said second resistor and
      at the other end to said second input lines whereby an A.C. signal above a
      given value on either of said first and second input lines will create
      said D.C. output signal.
NUM  7.
PAR  7. An input detection circuit to provide a D.C. output signal of a selected
      value upon receipt of an input A.C. signal above a given value on an input
      line, said detection circuit including a current responsive operational
      amplifier having an inverted input terminal, a non-inverted input terminal
      and an output terminal with the output terminal assuming said selected
      D.C. output value at all times except when the current applied to the
      inverted terminal is greater than the current applied to the non-inverted
      terminal, a biasing current supply means connected to said inverted
      terminal to provide a first biasing current normally exceeding the current
      at said non-inverted terminal whereby no D.C. output signal substantially
      as great as said selected value is created at said output terminal; a
      first input subcircuit including a first unidirectional current device and
      a first resistor and having a first end connected to said input line and a
      second end connected to said inverted terminal, said unidirectional device
      being poled to allow current flow from said biasing current supply means
      when said input line has a voltage below said biasing current supply
      means; and a second input subcircuit including a second unidirectional
      current device poled opposite to said first unidirectional device and a
      second resistor and having a first end connected to said input line and a
      second end connected to said non-inverted terminal.
NUM  8.
PAR  8. An input detection circuit as defined in claim 7 including a third
      resistor in said input line.
NUM  9.
PAR  9. An input detection circuit as defined in claim 8 including a resistor
      connected between said output terminal and said non-inverted terminal.
NUM  10.
PAR  10. An input detection circuit as defined in claim 8 wherein said biasing
      current supply means includes a source of D.C. voltage and a resistor with
      said D.C. voltage being approximately at the same value as said D.C.
      output signal.
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ABST
PAL  A four-quadrant full-wave static converter having improved time response
      without current cross-over deadband. An alternating current wave is
      imposed on the direct current input signal, which generates gate pulses
      for appropriate thyristors at the desired firing angle. The applied
      alternating current signal can be of approximately the same magnitude as
      the converter deadband, so as the direct current signal varies from zero a
      portion of the control signal moves out of the deadband area. For fast
      response the magnitude of the alternating current signal can be greater
      than the deadband signal. As the magnitude of the direct current signal
      increases the relative magnitude of the alternating current signal is
      decreased, preventing a large DC component from being imposed on the
      supply during high current operations. Cycling of the imposed alternating
      current waves is synchronized with the firing angle point O to maintain
      system protection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a four-quadrant converter which transfers power
      between a direct current and an alternating current system. More
      particularly, this invention discloses a four-quadrant full-wave static
      converter providing quick response without current cross-over deadband
      delay.
PAR  2. Description of the Prior Art
PAR  A direct current motor may be operated in four possible modes: (1) as a
      motor with a clockwise rotation; (2) as a motor with counterclockwise
      rotation; (3) as a generator with clockwise rotation; and (4) as a
      generator with counterclockwise rotation. These modes of operation are
      referred to as quadrants. The four quadrants can be represented on a
      rectangular coordinate system with speed being indicated on the vertical
      axis and current being indicated on the horizontal axis so that clockwise
      motoring, with positive current and positive speed, is represented by
      quadrant 1, clockwise generating, with negative current and positive
      speed, is represented by quadrant 2, counterclockwise motoring, with
      negative current and negative speed, is represented by quadrant 3, and
      counterclockwise generating, with positive current and negative speed, is
      represented by quadrant 4.
PAR  A converter converts AC power to DC power to supply the load or when the
      load is acting as a generator converts DC power back from the motor and
      applies it to the AC lines. When the converter is changing DC generator
      power to AC line power, the converter is said to be inverting. Halfwave
      converters create DC current having a poor form factor and causing a DC
      component on an AC line which can interfere with circuit components are
      usually not desirable for supplying a rotating direct current load. A
      basic single-phase full-wave power converter utilizes four thyristors
      connected in a full-wave bridge rectifying configuration. A basic
      single-phase two-quadrant full-wave converter of this variety is capable
      of operation in quadrants 1 and 4 or, alternatively, in quadrants 2 and 3.
PAR  A converter of this type would be useful in applications such as a hoist.
      The converter would supply DC power to the hoist motor to lift the load
      vertically. This would be in the motoring mode, or quadrant 1. As the load
      is lowered, the motor acts as a generator while being rotated in the
      opposite direction feeding power back into the alternating current line.
PAR  For many operations, a four-quadrant single-phase full-wave power converter
      is necessary. Four-quadrant converters normally consist of a pair of
      two-quadrant converters interconnected in such a way that one group can
      conduct positive motor current and the other group can conduct negative
      motor current, thus providing for operation in four quadrants. For
      example, one simple thyristor group allows converter operation in
      quadrants 1 and 4 and the other group allows converter operation in
      quadrants 2 and 3. The four-quadrant converter is sometimes referred to as
      a back-to-back converter since the operation of each full-wave thyristor
      group has historically been considered independent. Note that operation in
      quadrants 1 and 4 is no different than operation in quadrants 2 and 3
      other than the direction of current flow with respect to the DC load. A
      major problem which can occur with prior art four-quadrant converters
      occurs at the instant of changing polarity of the current. Once a
      thyristor has been turned on, it remains a short circuit until the current
      flow through it is reduced to 0. If selected thyristors in both groups are
      conducting simultaneously, a short circuit can occur across the affected
      thyristors. This type of failure is termed an "AC line shoot-through".
      This failure would cause a catastrophic failure of the power converter and
      is usually prevented by modifying the way the thyristors can be triggered.
      The drivers for the thyristors are modified to include a deadband region.
      This deadband region prevents rapid change in the current polarity.
PAR  Also, most prior art four-quadrants converters utilize some means of
      determining when the armature current is 0 and then waiting a
      predetermined time before allowing triggering of thyristors which conduct
      current of a different polarity. This usually involves expensive and
      complicated circuitry which provides a deadband region. The deadband
      region is made large enough so that when the signal calling for change in
      polarity of the armature current goes through 0, all thyristors remain off
      so that there can be assurance that both groups will not be firing or
      conducting simultaneously.
PAR  It is generally known that in continuous conduction the output voltage of a
      phase controlled static converter is a function only of the firing angle
      and AC line voltage. It is also known that in discontinuous conduction the
      output voltage is also a function of the load impedance and
      countervoltage. In continuous conduction the output voltage can be made to
      vary almost linearly with respect to the driver input voltage. When the
      discontinuous conduction region is reached the transfer function of output
      voltage versus driver input voltage takes on a new slope dependent on load
      impedance and countervoltage. This change in driver-rectifier gain which
      occurs when crossing between the continuous and discontinuous conduction
      regions presents difficulties in maintaining maximum response
      characteristics and stabilizing any closed loop system, which utilizes the
      driver-rectifier gain. Still generally the compensation which is used to
      stabilize the loop during discontinuous conduction limits the bandwidth
      which can be achieved in continuous conduction.
PAR  It is generally known that the effects of this gain change can be greatly
      reduced by creating a current overlap at zero motor current with
      back-to-back converters.
PAR  Historically, this has been achieved by utilizing back-to-back halfwave
      converters and basing both on slightly around the zero current area. The
      result is alternate polarity current pulses which add to a net zero DC
      value. Thus a finite conduction angle is achieved at zero current and the
      driver-rectifier characteristic is effectively linearized by the AC bias
      at low DC currents where extreme discontinuous conduction would otherwise
      occur. This same linearizing of the driver-rectifier transfer is achieved
      with the invention described but with the further advantages of full-wave
      conversion at higher current levels and reduced susceptibility to noise
      induced shoot-through which could cause failure of the converter.
PAC  SUMMARY OF THE INVENTION
PAR  An improved four-quadrant converter using a four-quadrant full-wave static
      converter, which is responsive to a direct current input signal for
      determining the thyristors to be fired and the firing angle, wherein an
      alternating current wave is imposed on the direct current input. This
      construction eliminates time delay in switching through the deadband area
      which is prevalent in prior art four-quadrant full-wave converters. The
      selected alternating current signal, which can be a square wave, is sized
      so that when the firing angle is 0, the alternating current wave just fits
      in the limits defined by the deadband area. As the DC signal, which
      selects the firing angle and proper thyristors, moves in either polarity,
      portions of the alternating current wave imposed on the DC signal rapidly
      move out of the deadband area activating the proper thyristors. The
      frequency of the AC signal wave is determined by the AC line frequency and
      the number of phases. The phase of the AC signal wave is selected to go
      through zero when the firing angle is zero. This prevents series related
      thyristors, which could permit an AC line shoot-through from being
      activated at the same time. Thus, the protection provided by the deadband
      area is still obtained while the time delay in moving through it is
      eliminated.
PAR  The amplitude of the alternating current wave which is imposed on the
      direct current firing angle signal is made to decrease as the firing angle
      increases. This prevents a large DC component from being present on the AC
      line during high current operation.
PAR  In another embodiment of the invention, desirable results can be obtained
      if the amplitude of the alternating current bias is large enough so that
      the peak values exceed the limits defined by the deadband. Then at 0
      firing angle alternating polarity pulses occur, which yield an average
      value of 0 current. This provides for faster response and more stability
      in current depending feedback loops, either for control of the
      four-quadrant converter or other related circuits. The amplitude of the AC
      bias is decreased as the average value of the current flow increases, and
      at higher current values complete full wave operation is achieved; at
      lower current values some superior operating characteristics, which in the
      prior art could only be provided with halfwave converters are obtained.
      The disclosed system provides a dramatic increase in dynamic response near
      0 current without a decrease in random noise rejection capability of the
      thyristor drivers. Though the description is given for a single phase
      converter it is to be understood that the teaching of this invention can
      readily be applied to multi-phase systems.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be had to the
      preferred embodiment exemplary of the invention shown in the accompanying
      drawings in which:
PAR  FIG. 1 is a drawing partially in schematic and partially in block diagram
      illustrating a system utilizing the teaching of the present invention;
PAR  FIG. 2 is a block diagram of a converter utilizing the teaching of the
      present invention;
PAR  FIG. 3 is a schematic of the thyristor connection for a basic
      four-quadraant single-phase full-wave power converter;
PAR  FIG. 4 is a graph of wave shapes in relation to a deadband area
      illustrating simultaneous firing of thyristors, due to deadband cross-over
      in the different groups which can cause an AC line shoot-through;
PAR  FIG. 5 is a view of a deadband and wave forms for the same thyristors fired
      in FIG. 4, but at a different deadband cross-over, illustrating at this
      point no shoot-through occurs;
PAR  FIG. 6 is a rough illustration of the output current pulses, the DC control
      signal, and the composite control signal for phase and firing angle
      selection utilizing the teaching of the present invention;
PAR  FIG. 7 shows firing angle selection for various CEMF; and
PAR  FIG. 8 illustrates the combined driver transfer function for a two-gate
      driver.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and FIGS. 1 and 2 in particular, there is
      shown a four-quadrant full-wave converter system 10 utilizing the teaching
      of the present invention. A DC current reference 12 provides a direct
      current signal whose polarity and magnitude determine the group of
      thyristors, which permit current of the desired polarity to flow, to be
      fired and the firing angle. An alternating current signal from AC signal
      source 14 is imposed on the DC reference signal which is fed to the
      thyristor controls. The DC signal from current reference 12 is combined
      with a feedback signal supplied along line 16 to provide accurate system
      control and stability. This composite signal through suitable amplifiers
      18 and inverter 20 is fed to driver and rectifier units 22 and 24. The
      application of an appropriate alternating signal of a proper frequency
      substantially improves the operation of the four-quadrant full-wave
      converter.
PAR  Referring now to FIG. 3, the basic four-quadrant single-phase full-wave
      power converter unit as well knonw in the prior art is shown. The
      four-quadrant converter 30 consists of two two-quadrant converters 26 and
      28 interconnected in such a way that one converter 26 can conduct positive
      full-wave motor current and the other converter 28 can conduct negative
      full-wave motor current. It should be remembered that each two-quadrant
      converter can conduct power in either direction without changing polarity
      of the current, but by changing polarity of the voltage. That is, the
      direct current motor 32 can operate either as a motor or generator while
      maintaining positive current flow with respect to a common point c
      indicated at 34. This is accomplished by reversing the polarity of the
      voltage. Thyristors 35, 36, 37 and 38 of two-quadrant converter 26 and 39,
      40, 41 and 42 of two-quadrant converter 28 act as fast switches.
      Thyristors 35 through 42 can be switched on only when the anode potential
      is positive with respect to the cathode, and can be switched off only when
      current flow therethrough is reduced to 0. Conversion of the AC voltage to
      DC voltage is accomplished by connecting the alternating current line,
      from the AC power source 31, to the motor 32 or load at appropriate
      intervals of the alternating current line cycle. Depending on rotation and
      operation conditions, the motor 32 can supply either a positive or a
      negative counter electromotive force (CEMF). It must be understood that
      the motor countervoltage (CEMF) is directly proportional to the motor
      rotational speed. When the motor is spinning clockwise, CEMF is positive,
      and when the motor is spinning counterclockwise, CEMF is negative. When
      the motor 32 is not rotating, CEMF is 0. CEMF, as will be explained, can
      alter the times during which the thyristors 35-42 can be fired. Thyristors
      35-42 can only be turned on whenever a gate pulse occurs when the anode is
      positive with respect to the cathode. As can best be understood with
      reference to FIG. 7, when the counter EMF, CEMF, forward biases the
      thyristors they can only be turned on when the line voltage exceeds CEMF.
      Once a thyristor 35 through 42 has been turned on it remains essentially a
      short circuit until the current flow through it is reduced to 0 by some
      means. The current through the thyristors 35 through 42 can be reduced to
      0 by two ways:
PAR  1. During discontinuous conduction, the current can be reduced to 0 by the
      natural tendency for current reversal in the AC system; and
PAR  2. During continuous conduction, the current can be reduced to 0 in one set
      of thyristors when another set is turned on.
PAR  The point at which the thyristors are turned on or fired after the earliest
      point at which they can be fired, is often referred to as the angle of
      retard. At first it would appear that the maximum angle of retard is 180
      electrical degrees, this however is not the case. If the CEMF is below the
      0 axis, it can readily be appreciated that the angular position over which
      the thyristors can be fired is greater than 180.degree.. Thus in FIG. 7,
      for maximum negative CEMF as indicated by line 53 the proper thyristor can
      be fired up to point 51. In usual practice, it is not necessary to fire
      thyristors at an angle of retard that is less than 45.degree. or greater
      than 225.degree.. This is a 180.degree. range but not referenced from a
      line voltage 0 crossing.
PAR  For the purpose of understanding the operation of a power converter from
      the viewpoint of gate pulse generation, the angle of retard concept
      becomes cumbersome and instead the term firing angle will be used and will
      be designated .theta. (theta).
PAR  Referring now to FIG. 7, there is shown the phase voltages and the highest
      CEMF obtainable in either direction. Line 55 represents a maximum positive
      CEMF, obtained with clockwise rotation of motor 32, and line 53 represents
      maximum negative CEMF, obtained with counterclockwise rotation. .theta. =
      0 is referenced just to the right of the point 51 where the phase voltage,
      V.sub.ab crosses the -CEMF line 53. Thus if gate pulses start at .theta. =
      0, no current will be produced. As the firing angle is advancing to
      .theta. = .theta.1 indicated at line 57, the gate pulses occur while the
      thyristors are forward biased and motor current will be established. Note
      that with maximum negative CEMF 53, this occurs even when the portion of
      voltage wave V.sub.ab is below the zero axis. While the motor is rotating
      so as to produce the maximum positive CEMF, the firing angle must be
      advanced to .theta. = .theta.2, indicated by line 59, to produce motor
      current. This is necessary since with the maximum pulse CEMF, V.sub.ab
      only exceeds maximum CEMF 55 between points 50 and 52. Maximum current can
      be obtained when the firing angle is advanced to around .theta. =
      .theta.3.
PAR  Based on the above concept of firing angle .theta., the function of a gate
      driver circuit can now be described. The gate driver is a circuit that
      generates pulses at an angle .theta. as a function of an input voltage
      V.sub..theta.. A gate driver can be used in the current loop as shown in
      FIG. 1 at 54 and 56. Because of the integral gain of the current loop
      summing amplifier 18, V.sub..theta. will become whatever value required to
      cause the current feedback to equal the current reference 12 output. On a
      four-quadrant converter 10, two gate drivers 54 and 56 are required. With
      two gate drivers controlling thyristors 35 through 42, there is a
      possibility that both drivers could produce gate pulses activating series
      related thyrsitors which could produce a short circuit path therethrough
      destroying the system. This could happen, for instance, if precautions are
      not taken when V.sub..theta. is equal to 0. When V.sub..theta. is equal to
      0, both drivers could produce gate pulses if any changes occurred in the
      gate driver circuitry due to temperature, random drift, or noise pickup.
      This condition could cause a catastrophic failure of the power converter.
      Therefore the gate drivers 54 and 56 are normally modified as illustrated
      to include a deadband 60. The failure which this guards against is caused
      by improper thyristor firing. This failure called an AC line shoot-through
      can be understood by referring to FIG. 3. If thyristors 35 and 38 are
      conducting and at this time thyristors 41 and 40 are fired, a short
      circuit exists across the AC lines through thyristors 35, 38, 40 and 41
      and the converter would be destroyed.
PAR  Combined transfer functions of the two-gate drivers 54 and 56 as used in
      FIG. 1 are shown in FIG. 8. .theta.1 pulses, in response to +
      V.sub..theta., cause converter 26, consisting of thyristors 35, 36, 37 and
      38, to operate and .theta.2 pulses in response to sufficient
      -V.sub..theta., cause converter 28, consisting of thyristors 39, 40, 41
      and 42 to operate. Thus, the current through converter 10 changes polarity
      as V.sub..theta. changes from positive to negative. There is another
      reason the deadband is required. In prior art converters depending on the
      rate at which V.sub..theta. is allowed to move through 0, as can be
      understood with reference to FIG. 4, a problem may result. If
      V.sub..theta. is at a level to produce positive current by firing
      converter 26 at point 91, thyristors 35 and 38 will conduct during a
      portion of the wave indicated at 62. An AC line shoot-through can possibly
      occur as shown in FIG. 4, when thyristors 35 and 38 fire at the point
      .theta. = .theta.1. If thyristors 35 and 38 start conducting, they will
      continue to conduct until the current through them is equal to 0. The
      period of conduction can be determined by the length of area 62 indicated
      in FIG. 4. If V.sub..theta., which represents the current demand signal,
      quickly changes to a negative value after .theta.1, indicated by line 75,
      and passes through deadband 60 reaching a negative value .theta.2, at a
      time indicated by line 76, thyristors in group 28 such as 40 or 41 can
      fire causing a short circuit across the AC line through the conducting
      thyristors. To prevent this from occurring, prior art four-quadrant
      converters have included sensing circuitry which determines when the
      current goes to 0 and provides for a time delay before allowing the
      current to change polarity. As explained, if V.sub..theta. just after
      conduction is initiated at 91, moves negative and exceeds the negative
      deadband 60 before V.sub.ab crosses the 0 line, with CEMF equal to 0, then
      thyristor converter 28 will be fired at 83 and an AC line shoot-through
      will occur. Thus, it can be seen, that there is a relationship between the
      magnitude of the deadband and the rate at which V.sub..theta. is allowed
      to slew through the deadband 60. However, by referring to FIG. 5, it can
      be seen that the allowable slew rate is also a function of where on the AC
      wave the reversal in polarity of V.sub..theta. occurs. In FIG. 5, the
      reversal of V.sub..theta. takes place just after the point in the AC cycle
      where .theta. = 0; that is near firing angle zero. Since V.sub..theta.
      reaches the top of the deadband before the next .theta. = 0 point, the
      positive current pulse 101 shown will be the last to occur. The next
      current pulse will be initiated at .theta. = 2 in the AC cycle and this
      will be a negative current pulse 103. In both FIGS. 4 and 5, V.sub..theta.
      changes polarity and magnitude in the same manner. The only difference
      being where in the AC cycle reversal occurred. In operation at the point
      indicated in FIG. 4, the reversal of V.sub..theta. resulted in an AC line
      shoot-through. In FIG. 5, the result was a reversal in the direction of
      current flow which is desirable rapid response. The operation as
      illustrated in FIG. 5 is desirable since the polarity of V.sub..theta. was
      reversed to achieve negative current. It can be seen in FIG. 4 that the
      rate at which V.sub..theta. was allowed to change was too great. In prior
      art practice the rate of change of V.sub..theta. is limited so a change of
      polarity occurs over several cycles of the AC line.
PAR  A considerable deadband is also placed in the driver transfer function. The
      combined results of both of these actions is a considerable delay in the
      current loop response during current reversal. This causes problems in the
      prior art and is eliminated by the disclosed invention.
PAR  By referring to FIG. 5, it can be seen that at .theta. = 0, V.sub..theta.
      can change polarity at any desired rate faster than that shown. As shown
      in FIG. 5, if V.sub..theta. had not changed from positive to negative
      until the firing angle was equal to 0, there would have been no problem.
      That is, V.sub..theta. can rapidly switch polarity at the point where the
      firing angle .theta. = 0 without there being any possibility of thyristors
      in group 26 and 28 forming a shorting path across the AC line. The
      disclosed invention utilizes this fact to provide a four-quadrant
      solid-state converter which has rapid response.
PAR  Referring now to FIG. 6, there is shown schematically a drawing of a
      control signal wave 82 utilizing the teaching of the invention. The
      drawing of a normal prior art direct current wave V.sub..theta. is
      indicated at 81, a square alternating current wave is imposed on the
      normal DC control wave V.sub..theta., 81, and a composite wave 82 results.
      The square wave, as illustrated here, has a magnitude that is equal to the
      width of the deadband 60 so that as wave 81 becomes positive or negative
      portions of square wave 82 rapidly move out of the deadband area 60. The
      frequency and the phase of the square wave are selected so that each step
      occurs at a point where the firing angle .theta. is equal to 0. As
      explained in reference to FIG. 5, this can occur rapidly at the point
      where .theta. = 0 without any fear of causing an AC line shoot-through.
      Initial current pulses are roughly indicated at 111 through 118 in the
      current portion of FIG. 6. It can be seen that as V.sub..theta. becomes
      positive, positive current pulses 111 through 115 are quickly formed and
      as V.sub..theta. becomes negative, current pulses 116 through 118 in the
      negative direction are quickly let through. V.sub..theta. can rapidly pass
      from a positive polarity to a negative polarity without any fear of
      causing an AC line shoot-through. By imposing a square wave of the
      described characteristics on the normal direct current firing angle
      control 81, the deleterious effects of the deadband 60 have almost been
      completely eliminated. The deadband 60 is essentially removed with respect
      to the input wave V.sub..theta.. To prevent an unbalanced current pulse,
      the AC bias amplitude can be made to decay at higher current levels.
PAR  It has been observed in some applications that the current loop gain is a
      function of conduction angle .theta.. In this case a single-phase
      full-wave converter with a 180.degree. conduction angle would correspond
      to continuous conduction; that is the current would never be 0. In this
      continuous conduction, the maximum current loop gain is achieved. A gain
      reduction, however, is experienced as the conduction angle approaches 0.
      This gain change makes the current loop gain and subsequent outer loops
      difficult to stabilize over a full range of conduction angles. This
      problem has been eliminated in some prior art converters by using only
      halfwave converters and establishing 0 current as an AC current by
      alternating between converters each half cycle. In the prior art, this
      could be done only with halfwave drives. Thus at 0 output current a finite
      conduction angle is established. However, gain change at continuous
      current operation is greatly reduced. This is undesirable. Utilizing the
      teaching of the present invention, the same results can be obtained with a
      four-quadrant full-wave drive if the amplitude of the AC bias described
      previously is increased so that the peak values exceed the gate driver
      deadband 60. Then at 0 current, alternate polarity pulses occur which
      yield an average value of 0 current. As the amplitude of the bias is
      decreased as the average value of current is increased, at some point full
      wave continuous operation is achieved as desired. This system has the
      advantages of one halfwave converter at low current levels and the
      advantages of a full wave converter at high current levels.
PAR  The disclosed system has been built and tested and found to work as
      described. A dramatic increase in dynamic response near 0 current is
      obtained without a decrease in noise rejection capability of gate drives.
      Thus the disclosed four-quadrant full-wave converter has the advantages of
      the halfwave DC converter at low current levels but not the disadvantages,
      such as poor form factor and a large DC component produced on the AC line,
      at high current levels. In making the square wave change state at the
      position where firing angle .theta. = 0, the problem of a quick change of
      polarity by DC current reference 12 is eliminated. This also eliminates
      expensive and complicated sensing circuitry required in the prior art to
      give a deadband.
PAR  Referring again to FIGS. 1 and 2, the operation will be explained in more
      detail. The firing angle .theta. is determined by a DC level which can
      rise up and down along a ramp base function. As the DC reference wave
      moves up or down along the ramp function appropriate gate signals are
      produced. In the disclosed invention an AC current signal is fed from the
      AC signal current source 14 to the input of driver and rectifier 22
      directly and to the input of driver and rectifier 24 through an inverter
      20. This imposes an alternating current signal on the normally DC input to
      the driver and rectifiers 22 and 24. FIG. 1 shows a square wave generator
      13 connected to impose a square wave on the DC current reference signal
      from reference 12. Square wave generator 13 receives a synchronizing
      signal from the line so that the phase and frequency of the square wave
      are such that the square wave changes state only at points where the
      firing angle .theta. = 0. The square wave is combined with the signal from
      current reference 12, which is fed along line 17, and combined and fed
      through amplifier 19. The output of amplifier 19 is fed to the input of
      amplifier 21. The signal from amplifier 19 at the input of amplifier 21 is
      combined with a signal from amplifier 18 which represents an error or
      difference between the current reference 12 signal and the feedback signal
      along line 23. The feedback loop is constructed so that the difference
      between the current reference output 12 and the feedback along line 23 is
      forced to 0. That is, the feedback loop tends to cause circuit 10 to
      eliminate any error between the current reference 12 and the feedback
      signals along line 23. The output of amplifier 21 is fed directly to gate
      driver 56 and to inverter amplifier 20. Thus, the inputs to gate driver 54
      and 56 are a DC signal having an alternating current square wave imposed
      thereon, whose magnitude is equal to the combined deadband of gate driver
      54 and 56. An AC attenuator 25, which operates as a function of the output
      current is provided to reduce the relative value of the alternating
      current component as the current increases. That is, the relative
      magnitude of the alternating current wave applied to the DC signal is a
      maximum when the current is near 0 and as the firing angle increases,
      causing increased output current, the magnitude of the alternating current
      is relatively decreased. This is accomplished in FIG. 1, showing the
      four-quadrant full-wave converter 10, by using a clipper circuit 27
      connected around amplifier 19. The clipper circuit 27 which utilizes a
      zener diode 29 and four diodes 31 in effect reduces the bias amplitude of
      the alternating current square wave as a function of the current
      reference. Thus, for higher current levels the amplitude of the imposed
      alternating current wave is reduced to such a low magnitude that it has
      little effect on the output. Thus, it can be seen, the disclosed invention
      simplifies the problems in switching polarity of the current reference.
      The disclosed apparatus 10 provides quicker response and improved control
      compared with four-quadrant converters utilizing the prior art. The
      disclosed converter 10 provides improved operation with less components.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved four-quadrant converter comprising:
PA1  four-quadrant full-wave static converter means for transferring power
      between a direct current load and an alternating current supply comprising
      a first plurality of triggerable devices which when triggered permit
      positive current flow and a second plurality of triggerable devices which
      when triggered permit negative current flow;
PA1  firing angle selecting means connected to said four-quadrant full-wave
      static converter means for selecting the firing angle and the appropriate
      polarity triggerable devices in accordance with the magnitude and polarity
      of a direct current input signal; and
PA1  alternating current signal means connected to said firing angle selecting
      means for imposing an alternating current signal, whose frequency is a
      function of line frequency and whose phase position is selected so
      polarity changes occur in proximity to a firing angle zero, on the direct
      current input signal.
NUM  2.
PAR  2. An improved four-quadrant converter as claimed in claim 1 comprising:
PA1  alternating current signal control means for reducing the alternating
      current signal as the absolute magnitude of the current flow through said
      four-quadrant full-wave converter means increases.
NUM  3.
PAR  3. An improved four-quadrant converter as claimed in claim 1 wherein:
PA1  said four-quadrant full-wave converter means is constructed so that a
      deadband exists for switching between said first plurality of triggerable
      devices and said second plurality of triggerable devices; and
PA1  said alternating current signal means peak-to-peak magnitude is equal to
      the levels defined by the deadband.
NUM  4.
PAR  4. An improved four-quadrant converter as claimed in claim 1 wherein:
PA1  said four-quadrant full-wave converter means is constructed so that a
      deadband exists which must be surpassed by the magnitude of the input
      signal to said firing angle selecting means before said first plurality of
      triggerable devices or said second plurality of triggerable devices can be
      activated; and
PA1  said alternating current supply means provides an alternating current
      signal whose magnitude surpasses the deadband.
NUM  5.
PAR  5. An improved four-quadrant converter as claimed in claim 4 comprising:
PA1  alternating current signal attenuating means for reducing the magnitude of
      the alternating current signal as the firing angle increases.
NUM  6.
PAR  6. An improved four-quadrant converter as claimed in claim 1 wherein:
PA1  said alternating current signal means provides an alternating current
      signal whose frequency and phase position are dependent on the zero
      position of the firing angle.
NUM  7.
PAR  7. An improved four-quadrant converter as claimed in claim 5 wherein:
PA1  said alternating current signal means provides a square wave alternating
      current signal which switches positions when the firing angle is in
      proximity to zero.
NUM  8.
PAR  8. An improved four-quadrant converter as claimed in claim 6 wherein:
PA1  the alternating current signal amplitude is a maximum when the firing angle
      is equal to zero; and
PA1  amplitude control means for decreasing the magnitude of the alternating
      current signal as the firing angle increases.
NUM  9.
PAR  9. An improved four-quadrant converter as claimed in claim 8 wherein:
PA1  the magnitude of the alternating current signal is equal to the magnitude
      of the deadband.
NUM  10.
PAR  10. An improved four-quadrant converter as claimed in claim 8 wherein:
PA1  the magnitude of the alternating current signal is greater than the
      magnitude of the deadband.
NUM  11.
PAR  11. An improved four-quadrant converter as claimed in claim 1 including
      feedback means to keep the output of said four-quadrant full-wave static
      converter means relatively constant with respect to the input to said
      firing angle selecting means.
NUM  12.
PAR  12. A fast-response four-quadrant converter for transferring power between
      direct current apparatus and an alternating current system comprising:
PA1  a first plurality of triggerable devices connected between the direct
      current apparatus and the alternating current system for permitting
      positive current flow when triggered;
PA1  a second plurality of triggerable devices connected between the direct
      current apparatus and the alternating current system for permitting
      negative current flow when triggered;
PA1  gate driver means for triggering said first plurality of triggerable
      devices or said second plurality of triggerable devices in response to the
      polarity and magnitude of an input signal where the polarity of the input
      signal determines which of said first plurality of triggerable devices or
      said second plurality of triggerable devices can be triggered and the
      magnitude of the input signal determines the firing angle at which the
      selected triggerable devices are triggered;
PA1  input signal supply means connected to said gate driver means for applying
      an input signal which has an AC component and a DC component; and
PA1  said gate driver means does not trigger said first plurality of triggerable
      devices until the magnitude of the input signal exceeds a first deadband
      level and does not trigger said second plurality of triggerable devices
      until the magnitude of the input signal exceeds a second deadband level.
NUM  13.
PAR  13. A fast-response four-quadrant converter as claimed in claim 12 wherein:
PA1  the absolute magnitude of the first deadband level is equal to the absolute
      magnitude of the second deadband level.
NUM  14.
PAR  14. A fast-response four-quadrant converter as claimed in claim 12 wherein:
PA1  the magnitude of the alternating current component of the input signal is
      equal to the magnitude of the first deadband level and the second deadband
      level.
NUM  15.
PAR  15. A fast-response four-quadrant converter as claimed in claim 12 wherein:
PA1  said input signal supply means supplies an alternating current signal which
      is in the form of a square wave; and
PA1  the magnitude of the square wave is equal to the sum of the first deadband
      level and the second deadband level.
NUM  16.
PAR  16. A fast-response four-quadrant converter as claimed in claim 12 wherein:
PA1  the AC component of the input signal is a square wave; and
PA1  the magnitude of the square wave extends beyond the deadband area defined
      by said first deadband level and said second deadband level.
NUM  17.
PAR  17. A fast-response four-quadrant converter as claimed in claim 16 wherein:
PA1  the square wave switches polarity within a predetermined time of firing
      angle zero.
NUM  18.
PAR  18. A fast-response four-quadrant converter as claimed in claim 12
      comprising:
PA1  Ac component attenuating means for attenuating the AC component as a
      function of the power flow between the direct current apparatus and the
      alternating current system.
NUM  19.
PAR  19. A fast-response four-quadrant converter as claimed in claim 12 wherein:
PA1  said first plurality of triggerable devices comprises thyristors; and
PA1  said second plurality of triggerable devices comprises thyristors.
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ABST
PAL  A voltage converter for boosting the voltage and/or inverting the polarity
      of a DC voltage source having positive and negative terminals includes at
      least one series circuit of a capacitor and a diode connected through the
      latter with one of the voltage source terminals while the other end of the
      series circuit is alternately connected with the positive and negative
      voltage source terminals through a respective switching circuit, and an
      output is derived from the connection point between the capacitor and
      diode of the series circuit. Such output may be applied, for example,
      through a peak-value rectifier, to one side of a load having its other
      side connected to the voltage source terminal opposite to that connected
      with the diode of the series circuit so that a voltage two times that of
      the source is applied to the load. If the diode of the series circuit is
      connected with the negative terminal of the voltage source, the polarity
      of the voltage applied to the load is inverted. If a second series circuit
      of a capacitor and diode and an associated switching circuit are combined
      with the first mentioned series circuit and switching circuit to provide
      an output of inverted polarity at the connection point between the
      capacitor and diode of the second series circuit, and the load is
      connected between such connection point of the second series circuit and
      the corresponding connection point of the first series circuit, then the
      voltage applied to the load may be three times the voltage of the source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a voltage converter, and more
      particularly is directed to an improved transformer-less DC-DC converter
      for boosting or changing the polarity of a supply voltage.
PAR  2. Description of the Prior Art
PAR  In order to boost a DC voltage with a DC-DC converter, it has been proposed
      in the prior art to provide an oscillator operated by the DC voltage, and
      to boost an output from the oscillator by means of a boosting transformer
      with the output from the boosting transformer being rectified to obtain
      the desired DC voltage.
PAR  In such a converter, in order to minimize the size of the boosting
      transformer or to enhance its boosting efficiency, the oscillator has a
      high frequency, such as, for example, 30 KHz. However, if the oscillation
      frequency of the oscillator is high and the converter is incorporated in
      another device, for example, a radio receiver, or used together with the
      latter, high harmonics of the output from the oscillator are received by
      the radio receiver and disturb other signals. Further, leakage magnetic
      flux from the boosting transformer may adversely affect other circuits.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide improved voltage
      converters which are free from the above mentioned disadvantages of the
      prior art.
PAR  More specifically, it is an object of this invention to provide a voltage
      converter without a boosting transformer, and hence, which may be small in
      size and light in weight.
PAR  Another object of the invention is to provide a voltage converter which can
      be made as an intgrated circuit.
PAR  Still another object of the invention is to provide a voltage converter in
      which the idling current is small when no load is applied thereto.
PAR  It is a further object of the invention to provide a voltage converter in
      which an oscillator thereof can have a low oscillation frequency so that
      only extremely high harmonics of its oscillation pulses will be in the
      radio frequency range, and by reason of the low level of such extremely
      high harmonics, will not disturb the operation of adjacent radios or other
      instruments.
PAR  It is a still further object of the invention to provide a voltage
      converter which can drive a load, such as, a light emission diode, with a
      high voltage even if the voltage of a voltage source is relatively low.
PAR  In accordance with an aspect of this invention, a voltage converter
      includes at least one series circuit of a capacitor and a diode connected
      through the latter with one of the terminals of a DC voltage while the
      other end of the series circuit is alternately connected with the positive
      and negative terminals of the voltage source through a respective
      switching circuit, and an output is derived from the connection point
      between the capacitor and diode of the series circuit. When such output is
      applied, for example, through a peak-value rectifier, to one side of a
      load having its other side connected to the voltage source terminal
      opposite to that connected with the diode of the series circuit, the
      voltage applied to the load is two times that of the voltage source. If it
      is desired to invert the polarity of the voltage applied to the load, the
      diode of the series circuit is connected with the negative terminal of the
      voltage source.
PAR  It is another feature of this invention to combine a second series circuit
      of a capacitor and a diode and an associated switching circuit, as
      aforesaid, with the first mentioned series circuit and switching circuit
      to provide an output of inverted polarity at the connection point between
      the capacitor and diode of the second series circuit while an output which
      has a voltage two times that of the voltage source is provided at the
      corresponding connection point in the first series circuit so that, with
      the load connected between such connection points of the first and second
      series circuits, a voltage that is three times that of the voltage source
      is applied to the load.
PAR  The above and other objects, features and advantages of this invention,
      will become apparent from the following description which is to be in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit diagram showing a voltage converter according to an
      embodiment of this invention;
PAR  FIG. 2 is a waveform diagram to which reference will be made in explaining
      the operation of the voltage converter of FIG. 1; and
PAR  FIGS. 3, 4 and 5 are circuit diagrams showing other embodiments of voltage
      converters according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a voltage converter according to an embodiment of this
      invention which is suitable for example, for energizing a light emission
      diode (which will be hereinafter referred to as an LED). Since an LED
      generally requires about 2 volts (2V) for its illumination, the LED cannot
      be driven or illuminated by a DC voltage source constituted by a single
      dry cell providing 1.5V. Therefore, the embodiment of FIG. 1 is adapted to
      provide a boosted output voltage which is twice that of a voltage source.
PAR  The circuit of FIG. 1 generally comprises a switching means or circuit 10
      which consists of transistors 1,2 and 3; a DC voltage source 11 which may
      be a dry cell of 1.5V; a load 21 which may be an LED; an astable
      multivibrator 22 for pulse oscillation which is supplied with the voltage
      V.sub.cc from DC voltage source 11 as an operating voltage; and a
      peak-value rectifier circuit 23. An oscillation pulse from the output of
      astable multivibrator 22 is applied to the base electrode of transistor 1.
      Resistors 31 and 32 are connected between the positive terminal or
      electrode of DC voltage source 11 and the collector electrode of
      transistor 1, and the emitter electrode of transistor 1 is connected to
      the negative terminal or electrode of DC voltage source 11.
PAR  The switching transistors 2 and 3 of switching circuit 10 are connected in
      a complementary manner and their base electrodes are connected together to
      the collector electrode of transistor 1. The collector electrode of
      transistor 2 is connected to the positive electrode of DC voltage source
      11, and the emitter electrode of transistor 2 is connected to the emitter
      electrode of transistor 3 whose collector electrode is connected to the
      negative electrode of DC voltage source 11. The connection point between
      the emitter electrodes of transistors 2 and 3 is connected through a
      boost-trap capacitor 41 to a connection point between resistors 31 and 32.
      The peak-value rectifier circuit 23 is shown to consist of a diode 52 and
      a capacitor 43.
PAR  The connection point between the emitter electrodes of transistors 2 and 3
      is connected further to the positive electrode of DC voltage source 11
      through a series connection of a capacitor 42 and a diode 51 which forms
      an output circuit. A connection point P between capacitor 42 and diode 51
      is connected through the peak-value rectifier circuit 23 to the negative
      electrode of DC voltage source 11. The capacitor 43 is connected in
      parallel to load 21, which, as noted above, may be an LED, and the
      negative electrode of DC voltage source 11 is grounded.
PAR  With the above described circuit constituting a voltage converter,
      transistor 1 is turned ON and OFF with the oscillation pulse from
      multivibrator 22 and, accordingly, transistors 2 and 3 are alternately
      turned ON and OFF. If it is assumed that, during a time interval Ta,
      transistor 2 is OFF, then the transistor 3 is ON, and a current may flow
      through the circuit from the positive electrode of DC voltage source 11
      through diode 51, capacitor 42 and the emitter-collector path of
      transistor 3 to the negative electrode of DC voltage source 11 to rapidly
      charge capacitor 42 to the voltage V.sub.cc of DC voltage source 11 with
      the polarity shown on FIG. 1. At this time, the voltage at the point P is
      the voltage V.sub.cc relative to the ground, as shown on FIG. 2, and it
      will be seen that, in this case, diode 51 and transistor 3 are a means
      through which capacitor 42 is charged.
PAR  When, during the following time interval T.sub.b, the ON and OFF states of
      transistors 2 and 3 are reversed, that is, transistor 2 is ON and
      transistor 3 is OFF, the charged capacitor 42 is connected in series with
      DC voltage source 11 through transistor 2. Thus, in such state of the
      circuit, the charge on capacitor 42 is, in effect, added to the voltage
      V.sub.cc of source 11, and consequently the voltage at the point P becomes
      2V.sub.cc.
PAR  Thus, when the transistors 2 and 3 are turned ON and OFF alternately and
      sequentially, there are obtained, at the point P, pulses which are changed
      between the voltages V.sub.cc and 2V.sub.cc as shown on FIG. 2. Such pulse
      voltages obtained at the point P are peak-value-rectified by the
      peak-value rectifier circuit 23, so that load 21 is supplied continuously
      with a voltage of 2V.sub.cc. As a result, load or LED 21 is illuminated
      even if the voltage of source 11 is too low for that purpose.
PAR  From the foregoing, it will be seen that, with a circuit according to the
      present invention, a DC voltage can be boosted up. The oscillation
      frequency of the multivibrator 22 included in the voltage converter
      according to this invention can be relatively low, for example, 500 Hz, so
      that only extremely high harmonics of oscillation pulses from
      multivibrator 22 are in the frequency range that may disturb radio
      reception. However, such extremely high harmonics, if they exist at all,
      are of low level or amplitude and, therefore, radio reception is not
      disturbed thereby.
PAR  Further, with the circuit according to the invention, leakage magnetic flux
      is not produced as in the case of using a boosting transformer, so that
      other circuits are not adversely affected.
PAR  In addition, since no boosting transformer is included in the circuit
      according to the invention, the latter can be minimized in size and
      weight, and may be formed as an integrated circuit. Further, the idling
      current is small when no load is applied. For example, it has been found
      that even if the voltage V.sub.cc of voltage source 11 is 4.5V instead of
      1.5V, the consumed current, when no load is applied, is only about 3mA.
      Further, the efficiency is in the order of 80% with a load current of
      50mA, and in the order of 70% when the load current is 200mA.
PAR  FIG. 3 shows another embodiment of the invention in which the elements
      corresponding to those described above with reference to FIG. 1 are
      identified by the same reference numerals. In the embodiment of FIG. 3,
      the diode 51 is connected between the connection point P of capacitor 42
      with diode 52 and the negative electrode of DC voltage source 11, rather
      than between such connection point P and the positive electrode of source
      11, as on FIG. 1. Otherwise, the circuit of FIG. 3 is the same as that of
      FIG. 1.
PAR  With the embodiment of FIG. 3, when transistor 2 is ON and transistor 3 is
      OFF, capacitor 42 is charged through transistor 2 and diode 51 by the DC
      voltage source 11 to the voltage V.sub.cc with the polarity shown on FIG.
      3. At this time, the voltage at the point P becomes the ground potential
      or 0. On the contrary, when transistor 2 is OFF and transistor 3 is ON,
      the potential at the connection point of the emitter electrodes of
      transistors 2 and 3 becomes the ground potential or 0 and the potential at
      the point P becomes -V.sub.cc. Therefore, at the point P, there are
      obtained pulse voltages which are changed between the values -V.sub.cc and
      0. Such pulse voltages are peak-value-rectified by the peak-value
      rectifier circuit 23, so that the negative voltage of -V.sub.cc is
      continuously applied to the load 21. In other words, the voltage converter
      constituted by the embodiment shown on FIG. 3 can invert the polarity of
      the voltage from source 11.
PAR  Referring now to FIG. 4, in which elements corresponding to those described
      above with reference to FIGS. 1 and 3 are identified by the same reference
      numerals, it will be seen that a voltage converter according to this
      invention may be arranged to both boost and invert the polarity of the
      voltage from source 11. In the circuit of FIG. 4, the peak-value rectifier
      circuit 23 is connected between the positive terminal of voltage source 11
      and connection point P of capacitor 42 with diode 51, and the polarity of
      diode 52 in circuit 23 is reversed in respect to the polarity of diode 52
      in the circuits of FIGS. 1 and 3. Further, the load 21 in FIG. 4 is
      connected between the positive terminal of voltage source 11 and the
      connection point of diode 52 with capacitor 43 in circuit 23. Finally, in
      the circuit of FIG. 4, the diode 51 is connected to the negative terminal
      of voltage source 11 and is conductive in the direction from point P
      toward the negative terminal of source 11.
PAR  In operation of the voltage converter of FIG. 4, when transistor 2 is ON
      and transistor 3 is OFF, capacitor 42 is charged to the voltage of source
      11 with the point P then being at ground potential or 0 volts. During the
      following time interval, when transistor 2 is OFF and transistor 3 is ON,
      the previously charged capacitor 42 is connected in series with voltage
      source 11 through transistor 3 with the effect that the potential at point
      P becomes -V.sub.cc. Therefore, the peak-value rectifier circuit 23
      continuously applies the voltage -V.sub.cc to the load 21 in FIG. 4 while
      the voltage of source 11 applies the voltage +V.sub.cc to the load,
      resulting in a voltage across the load of 2V.sub.cc.
PAR  Referring now to FIG. 5, it will be seen that, in accordance with another
      embodiment of this invention, the voltage applied to the load 21 may be
      boosted more than 2 times the voltage of the source 11, as in FIG. 1. More
      specifically, in the voltage converter of FIG. 5, the elements identified
      by reference numerals with the letter "a" appended thereto correspond to
      the similarly numbered elements of the circuit described above with
      reference to FIG. 1, and the elements identified by the reference numerals
      with the letter "b" appended thereto correspond to the similarly numbered
      elements of the circuit described above with reference to FIG. 3. Thus, it
      will be seen that the voltage converter of FIG. 5, in effect, is a
      combination of the circuits of FIGS. 1 and 3, respectively, with a single
      peak-value rectifier circuit 23 constituted by diode 52 and capacitor 43
      being connected between the points Pa and Pb of the combined circuits.
      Further, in the circuit of FIG. 5, the load 21 is connected in parallel
      with capacitor 43, that is, between the connection point of diode 52 with
      capacitor 43 and the connection point Pb. Finally, in the circuit of FIG.
      5, the multivibrator 22 has two outputs 22a and 22b respectively connected
      to the base electrodes of transistors 1a and 1b in switching circuits 10a
      and 10b, respectively, and such outputs 22a and 22b provide similar
      oscillation pulses, but with their phases reversed in respect to each
      other.
PAR  It will be apparent that, in the operation of the voltage converter of FIG.
      5, a voltage of 2V.sub.cc is provided at one side of load 21 and a voltage
      of -V.sub.cc is provided at the other side of load 21 so that a voltage of
      3V.sub.cc is applied across load 21.
PAR  Although illustrative embodiments of the invention have been described in
      detail herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transformer-less voltage converter for use with a DC voltage source
      having positive and negative terminals comprising:
PA1  at least one series circuit including a capacitor and a diode;
PA1  means for connecting the diode end of said series circuit with said
      negative terminal of the DC voltage source;
PA1  peak-value rectifying means including a capacitor and a diode connected
      between the connection point between said capacitor and said diode in said
      series circuit and said positive terminal of the DC voltage source;
PA1  a load connected in parallel with said capacitor of said peak-value
      rectifying means; and
PA1  switching means coupled to said series circuit and operative for connecting
      the capacitor end of said series circuit alternately with said positive
      and negative terminals of the DC voltage source, said switching means
      including a pair of transistors connected in complementary manner and in
      series with each other between said positive and negative terminals of the
      DC voltage source and being alternately energized by oscillating means,
      said capacitor end of the series circuit being connected to the junction
      formed by said series connected transistors.
NUM  2.
PAR  2. A transformer-less voltage converter in accordance with claim 1 further
      comprising a second series circuit including a capacitor and a diode,
      means for connecting the diode end of said second series circuit with said
      positive terminal of the DC voltage source, said peak-value rectifying
      means being connected to said positive terminal of the DC voltage source
      through said diode of said second series circuit, second switching means
      coupled to said second series circuit and operative in opposed phase
      relation to the first-mentioned switching means for connecting the
      capacitor end of said second series circuit alternately with said negative
      and positive terminals of the DC voltage source, said second switching
      means including a second pair of transistors connected in complementary
      manner and in series with each other between said positive and negative
      terminals of the DC voltage source and being alternately energized by said
      oscillating means, said capacitor end of said second series circuit being
      connected to the junction formed by said second pair of transistors.
NUM  3.
PAR  3. A transformer-less voltage converter for use with a constant magnitude
      DC voltage source having positive and negative terminals, comprising a
      first series circuit including a diode connected to the positive terminal,
      and a capacitor; first switch means connected to the capacitor of said
      first series circuit for alternately coupling said capacitor to said
      positive and negative terminals; a second series circuit including a diode
      connected to the negative terminal, and a capacitor; second switch means
      connected to the capacitor of said second series circuit for alternately
      coupling the second capacitor to said negative and positive terminals,
      respectively, in opposed relation to the alternate coupling of the
      first-mentioned capacitor by said first switch means; and a peak-value
      rectifying circuit connected between the connection point formed by the
      diode and capacitor in said first series circuit and the connection point
      formed by the diode and capacitor in said second series circuit; whereby a
      load is adapted to be connected to said peak-value rectifying circuit.
NUM  4.
PAR  4. A transformer-less voltage converter in accordance with claim 3 wherein
      said peak-value rectifying circuit is comprised of a diode poled in the
      direction to transfer a positive voltage from the connection of the first
      series circuit to a load connected thereto; and a capacitor disposed for
      parallel connection to said load.
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ABST
PAL  Apparatus is described that regulates the transfer of voltage, current, or
      power from an AC line to a load. The basic controller comprises an
      inductive element and a switch whose closing converts the inductive
      element from a series inductance between line and load to a step-down
      auto-transformer between line and load thus reducing the voltage available
      to the load and thereby reducing or terminating energy transfer to the
      load. The switch is connected in series with the inductive element and the
      combination of the switch and one winding of the auto-transformer is
      connected in parallel with the load. The controller can therefore be
      thought of as a switched reactance AC shunt regulator. Theoretically,
      shunt power in the controller is losslessly returned to the source. The
      controller is used to regulate any parameter related to the current
      through the load, the voltage across the load, or the power dissipated by
      the load simply by controlling the switch with any suitable means for
      sensing that parameter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In conventional AC to DC power supply circuits, conversion is typically
      achieved by charging a capacitor input filter through a full-wave
      rectifying circuit. See, for example, Section 7.4 in James F. Gibbons'
      Semiconductor Electronics (McGraw-Hill 1966). In a particular type of AC
      to DC power supply, switches such as silicon controlled rectifiers or
      triacs are used as regulating switches that are turned on to allow energy
      to be transferred to the load. See, for example, "AC Phase Control", SCR
      Manual, Section 9 (5th Edition, General Electric Co. 1972) and Stephen
      Prigozy's "The Use of Transformer Leakage Inductance as a Parameter for
      Optimizing the Performance of SCR Power Supplies" at pp. 288-292 of the
      IEEE Journal of Solid-State Circuits, Vol. SC-7, No. 4 (August 1972).
PAR  There are several shortcomings in these circuits and in particular in the
      ones which utilize capacitor input filters. Current flow is limited to a
      very small angle in a cycle of applied AC voltage. These small conduction
      angles produce a high peak-to-average current ratio. This requires a
      trade-off between the ability of the power controller to produce a
      regulated power output with a desired ripple and the performance ratings
      of the switch and transformer and the size of the capacitor. Other
      shortcomings include the generation of radio frequency line interference,
      the need for auxiliary starting circuitry for the switches, the fact that
      the switches must carry both the load current and any overload current
      that may be developed without any inherent limitation on the current, and
      the fact that the circuitry responds only slowly to changes in line and
      load, typically taking more than one cycle to respond.
PAC  SUMMARY OF THE INVENTION
PAR  In order to alleviate such problems in the design of apparatus for the
      control of voltage, current, or power, I have devised apparatus comprising
      an inductive element and a switch whose closing converts the inductive
      element from a series inductance between line and load to a step-down
      auto-transformer between line and load, thereby reducing the voltage
      available to the load and reducing or stopping energy transfer to the
      load. Advantageously, the inductive element comprises two closely coupled
      windings on a gapped, laminated structure that are additively connected to
      form a three terminal tapped choke. The first terminal is connected to one
      side of the AC line, the tap is connected to one side of the load, and the
      third terminal is connected through the switch to the other side of the AC
      line and the load, which are connected together. Thus, the switch is
      connected in series with the inductive element and the combination of the
      switch and one winding of the auto-transformer is connected in parallel
      with the load. This apparatus is used to regulate any parameter related to
      the voltage across the load, the current through the load, or the power
      dissipated by the load simply by controlling the switch with any suitable
      means for sensing that parameter.
PAR  When energy transfer to the load is desired, the switch is open and the AC
      line sees an inductor in series with the load. When it is desired to
      reduce or stop energy transfer to the load, the switch is closed, thereby
      reducing the voltage available to the load because of the step-down action
      of the auto-transformer formed by the two windings of the inductive
      element. Because this arrangement provides relatively large conduction
      angles, a circuit designer can avoid large capacitors or diodes having
      high peak and average current carrying capability. The fact that the
      circuit is controlled by a switch connected in parallel to the load has
      the added advantage that the switch does not carry the load current or any
      overload current that may be developed. Inasmuch as the switch is open
      when energy transfer is desired, there is no need for auxiliary starting
      circuitry for controlling the switch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other objects, features, and elements of my invention will be
      more readily apparent from the following detailed description of the
      drawing in which:
PAR  FIG. 1 is a block diagram of generalized apparatus for controlling voltage,
      current, or power in accordance with my invention;
PAR  FIG. 2 is a schematic diagram of a first illustrative embodiment of my
      invention in an AC to DC power supply application; and
PAR  FIG. 3 is a schematic diagram of a second illustrative embodiment of my
      invention in an AC to DC power supply application.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Circuit 11 of FIG. 1 comprises an AC voltage source 15, an inductive
      element 20 comprising first and second windings 21, 22 having N.sub.1 and
      N.sub.2 turns, respectively, a switch 25, a load 27, and a sensor 29.
      Windings 21 and 22 are magnetically coupled and may constitute two
      windings on a tapped choke. As indicated by the dots, windings 21 and 22
      are additively connected. Switch 25 provides essentially an open circuit
      when open and a short circuit when closed and illustratively is a triac.
      Sensor 29 is any appropriate device for monitoring a selected
      characteristic of circuit 11 such as the voltage across load 27, the
      current through the load, or the power being dissipated by the load. As
      indicated by the dotted line, it controls switch 25. Specifically, it
      closes switch 25 when a predetermined condition is reached. Load 15 may be
      any type of device operated by electrical energy such as a heating coil,
      lamp filaments, the windings on a motor, a plating tank, or a rectifier
      with a capacitor input filter.
PAR  When voltage source 15 is initially applied, switch 25 is open and the
      voltage sees an inductor, formed by winding 21, and load 27. As a result,
      the current through load 27 lags the voltage. When a predetermined load
      condition such as a voltage level or a temperature is reached during a
      half-cycle of the applied AC voltage, sensor 29 closes switch 25, thereby
      coupling winding 22 into the circuit forming a step-down auto-transformer.
      As will be understood by those skilled in the art, this converts the
      current in winding 21 into a magnetizing current in the step-down
      auto-transformer. For the period that switch 25 is closed, the
      auto-transformer reduces the voltage available to the load to some
      fraction K = N.sub.2 /(N.sub.1 + N.sub.2) of the voltage available from
      source 15. The value of K and the inductance of winding 21 are selected in
      accordance with the character of the load so that this step of closing
      switch 25 reduces the availability of power to the load.
PAR  For the example in which switch 25 is a triac, switch 25 remains closed
      until the current in winding 22 and switch 25 goes to zero. Usually, this
      condition is met in the half-cycle immediately following the half-cycle in
      which the switch was closed. Any stored energy in inductive element 20 due
      to magnetizing current that is present in the inductive element at the end
      of the half-cycle in which the switch is closed is put back into source 15
      during the beginning of the following half-cycle. Once switch 25 is again
      open, the operation of circuit 11 as described above can be repeated.
PAR  FIG. 2 illustrates a more detailed circuit 111 that is used to provide a
      regulated DC voltage, V.sub.O, from an AC source where the source voltage
      and load vary within known ranges. As in the case of circuit 11, circuit
      111 comprises an AC voltage source 115, an inductive element 120
      comprising first and second windings 121, 122 having N.sub.1 and N.sub.2
      turns, respectively, a switch 125, an external load 127, and a sensor 129.
      Windings 121 and 122 are magnetically coupled and typically are two
      windings on a tapped choke. The number of turns N.sub.1 and N.sub.2 are
      chosen so that K times the peak of the source voltage is always less than
      the desired output voltage, V.sub.O. Switch 125 is a triac. Load 127,
      sensor 129, a full-wave rectifying bridge comprising four diodes 131, and
      a capacitor 133 are connected across winding 122 and switch 125. Diodes
      131 and capacitor 133 constitute a standard full-wave rectifier and
      capacitor input filter commonly utilized for AC to DC conversion.
PAR  In circuit 111, sensor 129 has the specific function of sensing the output
      voltage, V.sub.O, across load 127 and generating a pulse to turn on triac
      125 at the moment the load voltage, V.sub.O, reaches a predetermined
      desired value. Sensor 129 is illustratively shown comprising the following
      functional elements: a conventional reference bridge 135, a differential
      amplifier 146, and a unijunction pulse oscillator 136. These elements
      perform the desired functions of reference generation, comparison, and
      triac firing to operate switch 125. Bridge 135 is connected in parallel
      with capacitor 133 and load 127. Bridge 135 comprises first, second, and
      third resistors 141, 142, 143 and a Zener diode 144 that provides a
      reference voltage. Two leads, one connected to the node between resistors
      141 and 142 and the other connected to the node between resistor 143 and
      diode 144, connect these nodes to the inputs of differential amplifier
      146. The output of this amplifier is connected through diode 151 to the
      emitter of unijunction transistor 156. The emitter is connected through a
      resistor 161 to a positive voltage supply that is also connected to one of
      the bases of unijunction transistor 156. The positive voltage supply may
      be derived from the load voltage, V.sub.O. The emitter is also connected
      through capacitor 163 to ground. The other base of unijunction transistor
      156 is connected to ground through the primary winding of a pulse
      transformer 165. The secondary winding of transformer 165 is connected to
      switch 125.
PAR  As illustrated, diode 151, resistor 161, capacitor 163, unijunction
      transistor 156, and transformer 165 constitute a well-known pulse
      oscillator 136 controlled by amplifier 146. Further details on this type
      of oscillator may be found in chapter 13 of the GE Transistor Manual
      (1964). If desired, numerous other oscillator circuits could be used in
      place of these elements. Transformer 165 provides isolation between the
      load and the AC signal input.
PAR  To understand the operation of the circuit, let us assume that the AC
      signal is increasing at the time voltage source 115 is first applied. The
      operation of the circuit under other conditions will be evident from this
      discussion to those skilled in the art. When voltage source 115 is
      initially applied, switch 125 is not conducting and the voltage sees
      winding 121, diodes 131 of the rectifying bridge, capacitor 133, sensor
      129, and load 127. During the rising portion of the first half-cycle of
      the applied AC signal, capacitor 133 is charged through the inductance of
      winding 121 and the current at the node common to windings 121, 122 and
      two of diodes 131 increases with a phase delay relative to the voltage of
      the source 115. Inasmuch as the increase of voltage across capacitor 133
      depends on this current, there is an additional lag in the increase in
      voltage across capacitor 133. At some point, preferably after the applied
      AC signal has reached its maximum and is declining, the voltage across
      capacitor 133 reaches the voltage level that sensor 129 has been set to
      detect. At this point, the output of amplifier 146 becomes positive,
      thereby turning off diode 151 and permitting the voltage applied to
      unijunction transistor 156 through resistor 161 to rise. As a result, an
      oscillation is set up in the oscillator circuit comprising unijunction
      transistor 156, resistor 161, capacitor 163, and the primary winding of
      transformer 165. This oscillation is coupled by transformer 165 to switch
      125. The first pulse from the oscillator closes switch 125 by turning on
      the triac, thereby connecting winding 122 to the circuit and forming a
      step-down auto-transformer. As a result, the voltage applied to diodes 131
      is immediately reduced to K times the source voltage. Inasmuch as K times
      the peak source voltage is always less than the desired output voltage,
      V.sub.O, diodes 131 become reverse biased, thereby isolating capacitor
      133, load 127, and sensor 129 from AC source 115. This effectively
      terminates energy transfer from the AC line to the load during the
      remainder of that half-cycle.
PAR  Thereafter, capacitor 133 discharges through load 127. As is well known in
      the art, capacitor 133 is ordinarily made as large as practical so that
      the time constant of the discharge is as high as possible. However, since
      diodes 131 remain conducting for a relatively large conduction angle
      during each half-cycle of the applied AC signal, the period of capacitor
      discharge is relatively short, thereby relaxing the requirements on the
      size of capacitor 133.
PAR  As will be understood by those skilled in the art, the number of amp-turns
      in windings 121, 122 just after switch 125 closes must be the same as the
      number of amp-turns in winding 121 just before switch 125 was closed. As a
      result, at the time switch 125 is closed, the load current from source 115
      drops immediately and the load current in winding 122 is converted to
      magnetizing current in auto-transformer windings 121, 122. For the
      remainder of the half-cycle in which the switch 125 begins conducting, the
      applied AC signal continues to put energy into the auto-transformer in the
      form of magnetizing current. Once the next half-cycle of the applied AC
      signal begins, the transformer begins to return this energy to the AC
      signal source. At the point where all the energy stored in the
      auto-transformer has been returned to the AC input, the current through
      switch 125 goes to zero, thereby terminating conduction through the triac.
PAR  Preferably, the circuit parameters are selected so that the triac stops
      conducting before the magnitude of the applied AC source in the next
      half-cycle exceeds the voltage across capacitor 133 and turns on the
      appropriate pair of diodes 131 in the rectifying bridge. Once the diodes
      are switched on, the applied voltage again charges capacitor 133 through
      inductor 121. Again, the current through diodes 131 lags the applied AC
      signal and the increase in voltage across capacitor 133 is likewise
      delayed. When the voltage across the capacitor again reaches the voltage
      level monitored by sensor 129, the sensor closes switch 125. This
      immediately reduces the current from source 111 and the voltage across
      load 127, thereby reverse biasing diodes 131. The current that is in
      inductor 121 at the time switch 125 is turned on is converted into a
      magnetizing current in the step-down auto-transformer comprising
      magnetically coupled inductors 121, 122. During the remainder of this
      half-cycle, energy is stored in the auto-transformer. When the applied AC
      signal reverses itself at the start of the next half-cycle, this energy is
      returned to the AC signal source. Once all the energy is returned, the
      current through switch 125 goes to zero and conduction through the triac
      terminates. The operation of circuit 111 as described above is then
      repeated indefinitely.
PAR  Still another illustrative embodiment of the invention is shown as circuit
      211 of FIG. 3. The purpose of this circuit is to provide two isolated,
      regulated DC voltages V.sub.01 and V.sub.02 from an AC source where the
      source voltage and loads vary within known ranges. This circuit comprises
      an AC voltage source 215, a stepping transformer 217, an inductive element
      220 comprising first and second windings 221, 222, a switch 225, a
      coupling transformer 226 with first and second secondary windings 227,
      228, and two load circuits. The first of these load circuits comprises
      rectifying diodes 231, a capacitor 233, a load 237, and a sensor 239. The
      second of these load circuits is similar and comprises a rectifying bridge
      using diodes 241, a capacitor 243, a sensor 249, and a load 247. As
      indicated by the dotted line between sensors 239 and 249 and switch 225,
      these sensors control the operation of switch 225. In practice, these
      sensors are connected in such a fashion that as soon as the voltage across
      capacitor 233 or the voltage across capacitor 243 exceeds a predetermined
      level switch 225 is closed.
PAR  The operation of the circuit of FIG. 3 will be evident from the description
      of the operation of the circuit of FIG. 2. Transformer 217 permits the
      voltage applied to the remainder of the circuit to be adjusted by stepping
      it up or down as required. Coupling transformer 226 can also be used to
      step the voltage up or down as desired in the particular load circuits to
      which it is connected. The operation of the second load circuit is the
      same as that shown in FIG. 2. The operation of the first load circuit is
      similar with the exception that a center-tap secondary winding and a pair
      of rectifying diodes are used to form the full-wave rectifier. The
      differences in operation will be apparent to those skilled in the art.
PAR  The selection of appropriate switches and sensors as well as capacitors and
      diodes, if any, will be apparent to anyone skilled in the art once the
      desired performance and the nature of the source and load are known. An
      illustrative calculation of the inductance L.sub.1 of the first winding
      121 in inductive element 120 of FIG. 2 and the step-down factor K follows.
      Determination of these parameters for other circuits of my invention will
      be apparent to those skilled in the art.
PAR  Inductance L.sub.1 and factor K must be selected so that an operating
      condition is reached at which switch 125 is closed and they must also be
      selected so that the closing of switch 125 terminates current flow through
      diodes 131. Assume that the output of AC source 115 is e(t) = E sin
      .omega.t with E being the maximum expected value and E being the minimum
      expected value. Assume that the load is a resistor R where R and R are its
      maximum and minimum expected values, respectively. Further assume that all
      elements are ideal. To ensure that an open switch will be closed, L.sub.1
      must be selected so that sometime with the switch open the voltage
      available will be greater than or equal to the desired output voltage,
      V.sub.O, even under conditions of the lowest possible source voltage, E,
      and greatest load current, i.e., minimum expected resistance, R. To ensure
      that current flow through diodes 131 is terminated by closing switch 125,
      K must be chosen so that KE is less than or equal to the desired output
      voltage, V.sub.O, under minimum load conditions, i.e., maximum expected
      resistance, R.
PAR  The value of L.sub.1 may be determined by first writing the integral
      equations for the ideal ciircuit with switch 125 open and solving these
      equations by conventional techniques with the aid of a computer. The
      capacitance of capacitor 133 may be assumed to be large enough that the
      peak-to-peak ripple may be ignored. The solution may conveniently be
      represented by a plot of values of V.sub.O /E versus R/.omega.L.sub.1.
      Representative values of the solution of these equations for a sinusoidal
      AC source are as follows:
TBL          V.sub.0 /E   R/107 L.sub.1                                        
     ______________________________________                                    
             .55          1.71                                                 
             .60          2.39                                                 
             .65          3.44                                                 
             .70          5.08                                                 
             .75          7.94                                                 
             .80          13.38                                                
             .85          25.56                                                
             .90          61.57                                                
     ______________________________________                                    
PAL  The ratio V.sub.O /E is then calculated for the desired output voltage,
      V.sub.O, and the minimum expected voltage, E, at the AC source; and the
      corresponding value of R/.omega.L.sub.1 is read from the plot. Since R is
      known, L.sub.1 can readily be determined. As will be evident, L.sub.1 can
      be less than the inductance determined by this calculation. However, it is
      usually desirable to use an inductance that is quite close to this
      calculated value because lower values may prevent half-cycle response of
      the circuit.
PAR  The value of K may readily be determined from the condition KE .ltoreq.
      V.sub.O.
PAR  As an illustrative example, assume that:
PAR  E = 179 volts (i.e., .about. 115 .times. 1.1 .times. .sqroot.2)
PAR  E = 146 volts (i.e., .about. 115 .times. 0.9 .times. .sqroot.2)
PAR  R = infinite
PAR  R = 100 ohms
PAR  V.sub.O = 100 volts
PAR  .omega. = 377 (i.e., 2.pi.60)
PAL  For these conditions, K .ltoreq. V.sub.O /E = 100/179 = 0.56. To determine
      L.sub.1, V.sub.0 /E = 100/146 = 0.69. By interpolation in the foregoing
      table, the corresponding value of R/.omega.L.sub.1 may be determined to be
      4.75. Hence,
PAR  L .ltoreq. R/4.75.omega. = 100/4.75(377) = 0.056 Henries.
PAR  As indicated, the foregoing analysis is for an ideal circuit. In practice,
      the Q of a realizable inductor is on the order of 10 to 20 instead of
      infinity as in the ideal case and voltage drops across diodes, and the
      like, must be taken into account. Thus, the complete circuit may be
      described by a set of integro-differential equations and these equations
      may be solved using known methods with the aid of a large computer. In the
      alternative, empirical measurements may also be made. However made, the
      relationship between V.sub.O /E and R/.omega.L.sub.1 is similar to the
      ideal case and the foregoing approach can be used with these more accurate
      values to calculate useful values of K and L.sub.1.
PAR  As will be evident, numerous modifications may be made in the foregoing
      embodiments without departing from the spirit and scope of my invention.
      While it is preferred that the circuit parameters be selected to provide a
      maximum conduction angle for the diodes during each half-cycle, it will be
      appreciated that the invention can be operated using smaller conduction
      angles. The particular means for sensing a voltage level across the load
      and for closing switch 25 may readily be varied. It should be noted that
      the sensing means could, in the alternative, sense any parameter related
      to the voltage across the load, the current through the load, or the power
      being dissipated by the load. For example, sensing means could sense the
      light output from a load that constituted a light filament or it might
      sense the heat from a heating coil. Appropriate such means will be obvious
      to those skilled in the art. While it is contemplated that my invention
      will ordinarily be used to regulate an AC source that has a sinusoidal
      output, it will be understood that the invention may also be practiced
      with any alternating current source, sinusoidal or otherwise.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A controller for regulating the transfer of at least one of voltage,
      current, and power from an AC line to a load comprising:
PA1  a first inductor, a second inductor, and a switch connected in series and
      shunting the AC line, said first and second inductors being additively
      magnetically coupled and said switch providing essentially an open circuit
      when open and a short circuit when closed;
PA1  an output connected in parallel across said second inductor and switch,
      said switch preventing the flow of current in said second inductor when
      open and providing for the flow of current through said second inductor
      when closed so that at least one of the voltage, current or power
      available at the output is reduced when said switch is closed; and
PA1  means responsive to a parameter related to at least one of the voltage,
      current and power available at said output for operating said switch when
      the monitored parameter reaches a predetermined level.
NUM  2.
PAR  2. The controller of claim 1 further comprising means for storing a voltage
      developed across said second inductor and switch.
NUM  3.
PAR  3. The controller of claim 2 wherein:
PA1  the means for operating said switch comprises means for sensing said stored
      voltage and for triggering said switch when said voltage rises to said
      predetermined level; and
PA1  the means for storing a voltage comprises:
PA1  means for full wave rectifying the signal developed across the second
      inductor and switch; and
PA1  a capacitor.
NUM  4.
PAR  4. The controller of claim 1 wherein a transformer is interposed between
      the AC line and the output for stepping the voltage up or down.
NUM  5.
PAR  5. The controller of claim 1 wherein said switch is a triac and the means
      for operating said switch comprises means for sensing a voltage level and
      for triggering said triac when said voltage reaches said predetermined
      level.
NUM  6.
PAR  6. A controller that regulates the transfer of at least one of voltage,
      current, and power from an AC line to a load comprising an inductive
      element and a switch whose operation converts the inductive element from a
      series inductance between line and load to an auto-transformer, said
      switch providing essentially an open circuit when open and a short circuit
      when closed and being connected in series to the auto-transformer so that
      the switch and the auto-transformer shunt the AC line.
NUM  7.
PAR  7. The controller of claim 6 further comprising an additional transformer
      interposed between line and load.
NUM  8.
PAR  8. The controller of claim 6 wherein the auto-transformer is a tapped choke
      having first and second windings connected in series, the inductive
      element is one of said windings and the other of said windings and switch
      shunt the output.
NUM  9.
PAR  9. The controller of claim 8 further comprising:
PA1  means for full wave rectifying the signal developed across the winding and
      switch that shunt the output;
PA1  a capacitor for storing said rectified signal;
PA1  means for sensing the voltage stored in said capacitor, and
PA1  means for triggering said switch when said voltage reaches a predetermined
      level.
NUM  10.
PAR  10. A method of operating a power controller to produce a regulated output
      from an AC line comprising the steps of:
PA1  interposing a series inductance between said output and the AC line;
PA1  monitoring a parameter related to at least one of the voltage, current, or
      power available at said output;
PA1  when said monitored parameter reaches a predetermined level, closing a
      switch to convert the series inductance to a step-down auto-transformer in
      which the auto-transformer shunts the AC line and a winding of the
      auto-transformer shunts the output, thereby stopping or reducing the
      transfer of power to the output and providing a path for returning energy
      stored in the auto-transformer to the AC line; and
PA1  returning said switch to its initial condition at a subsequent time.
NUM  11.
PAR  11. The method of claim 10 wherein the output includes a power storage
      element and the switch is returned to its initial condition after the
      power storage element has discharged to less than said predetermined
      value.
NUM  12.
PAR  12. The method of claim 10 wherein the auto-transformer is a step-down
      auto-transformer and the step of operating the switch to convert the
      series inductance to an auto-transformer comprises the step of firing a
      triac and the step of returning said switch to its initial condition
      occurs when the current through the triac goes to zero.
NUM  13.
PAR  13. A controller for regulating the transfer of at least one of voltage,
      current, and power from an AC line to a load comprising:
PA1  a switch and a choke having first and second windings, said first and
      second windings and said switch being connected in series and shunting the
      AC line, said switch providing essentially an open circuit when open and a
      short circuit when closed;
PA1  an output connected in parallel across said second winding and switch, said
      switch preventing the flow of current in said second winding when open and
      providing for the flow of current through said second winding when closed;
      and
PA1  means responsive to a parameter related to at least one of the voltage,
      current, and power available at said output for operating said switch when
      the monitored parameter reaches a predetermined level.
NUM  14.
PAR  14. The controller of claim 13 wherein the output, second winding and
      switch are connected so at least one of the voltage, current, and power
      available at the output is reduced when said switch is closed.
NUM  15.
PAR  15. The controller of claim 13 wherein the first and second windings of
      said choke provide the entire inductance shunting the AC line, with the
      exception of that resulting from any other transformers used to alter the
      amplitude of the AC voltage.
NUM  16.
PAR  16. A controller for regulating the transfer of at least one of voltage,
      current, and power from an AC line to a load comprising:
PA1  a first inductor, a second inductor, and a switch connected in series and
      shunting the AC line, said first and second inductors being additively
      magnetically coupled and providing the entire inductance shunting the AC
      line with the exception of that resulting from any other transformers used
      to alter the amplitude of the AC voltage and said switch providing
      essentially an open circuit when open and a short circuit when closed;
PA1  an output connected in parallel across said second inductor and switch; and
PA1  means responsive to a parameter related to at least one of the voltage,
      current, and power available at said output for operating said switch when
      the monitored parameter reaches a predetermined level.
NUM  17.
PAR  17. The controller of claim 16 wherein the output, second inductor and
      switch are connected so at least one of the voltage, current, and power
      available at the output is reduced when said switch is closed.
NUM  18.
PAR  18. The controller of claim 16 wherein said switch prevents the flow of
      current in said second inductor when said switch is open and provides for
      the flow of current through said second inductor when said switch is
      closed.
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PAL  A method and apparatus for investigating earth formations surrounding a
      borehole by injecting microwave electromagnetic energy into the formations
      and then taking measurements which relate to the propagation of such
      energy in the formations. In the preferred form of the invention, the
      injected microwave energy establishes a lateral wave which travels in the
      formations adjacent the interface between the mudcake and the formations.
      Energy signals from the lateral wave are received at first and second
      receiving locations. The phase difference between signals received at the
      first and second receiving locations is measured. Also measured is the
      relative attenuation as between signals received at the two receiving
      locations. The loss-corrected dielectric constant associated with the
      formations surrounding the area between the first and second receiving
      locations is then obtained by judiciously combining the phase and
      attenuation measurements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the investigation of earth formations with
      electromagnetic energy and, more particularly to a method and apparatus
      for determinig the dielectric properties of subsurface formations by
      passing electromagnetic energy therethrough. The subject matter of this
      application is related to subject matter in a copending U.S. Application
      Ser. No. 390,988 of Levy et al entitled METHOD AND APPARATUS FOR
      INVESTIGATING EARTH FORMATIONS, filed of even date herewith and assigned
      to the same assignee as the present invention.
PAR  There have been previously proposed various techniques for measuring the
      dielectric constant or electric permittivity of subsurface formations.
      Prior investigators have recognized that the dielectric constant of the
      different materials of earth formations vary widely (e.g. 2.2 for oil, 7.5
      for limestone and 80 for water) and that the measurement of dielectric
      properties therefore holds promise of being a useful means of formation
      evaluation. As an illustration, if the lithology and degree of water
      saturation of a particular formation are determined from conventional well
      logging techniques, it is recognized that porosity should be determinable
      if the dielectfic constant of the material could be obtained. Similarly,
      if the lithology and porosity were given as "knowns," information as to
      the degree of water saturation should be obtainable by measuring the
      dielectric constant of the formation.
PAR  Previously proposed instruments for the logging of dielectric constants in
      a borehole have not achieved hoped-for success for a variety of reasons.
      To understand the difficulties which have been encountered by
      investigators it is helpful to examine momentarily the general nature of
      the dielectric constant of a lossy material which can be expressed as a
      complex quantity of the form
EQU  .epsilon.* = .epsilon.' + j .epsilon."
PAL  The real part .epsilon.' in this equation represents the "true" dielectric
      constant of the material in lossless form; i.e., the measure of
      displacement currents for a particular electric field in the material if
      it were lossless. The imaginary part .epsilon." represents the "loss
      factor" of the material; i.e., the losses due to conduction and relaxation
      effects. Most previous efforts have been concerned with determining the
      value of .epsilon.' for a particular portion of subsurface formation.
      However, subsurface formation materials have appreciable conductivity and
      thus a significant loss factor .epsilon." which is often greater in
      magnitude than .epsilon.'. Since loss factor is necessarily measured to
      some extent when attempting to measure .epsilon.', the attainment of
      accurate values of .epsilon.' has been largely frustrated by the presence
      of a significant loss factor.
PAR  The U.S. Pat. No. 3,551,797 of Gouilloud et al. teaches a technique wherein
      high frequency electromagnetic energy is emitted into a formation. The
      resultant propagated electromagnetic waves are measured to determine
      properties of the formation through which the waves have passed. The
      patent disclosure is largely concerned with determining formation
      conductivity which is achieved by indirectly measuring the "skin depth" of
      the traversed formation. It is instructive as background herein to examine
      the theory underlying the skin depth measurement of that patent which is
      described briefly as follows: The magnetic field strength H.sub.z at a
      distance z, for large values of z, from a transmitter, is expressed in
      Gouilloud et al as
      ##EQU1##
      where e is the natural logarithm base, H.sub.o is the magnetic field
      strength at the transmitter, and .delta. the skin depth defined as
      ##EQU2##
      where .omega. is the radian frequency of the transmitter signal, .mu. is
      the magnetic permeability of the formation, generally considered a
      constant, and .sigma. is the conductivity of the formation. (A similar
      equation could be set forth to express the electric field.) Equation (1)
      indicates that the electromagnetic field is attenuated and phase shifted
      as the distance term z increases; i.e., as the electromagnetic energy
      propagates through the formations. The degree of phase shift is expressed
      by the term -j(z/.delta.) and the degree of attenuation expressed by the
      term -(z/.delta.). The composite term (1/.delta.)(1+j) is defined as the
      propagation constant, the term 1/.delta. being the attenuation constant
      and the term j(1/.delta.) being the phase constant.
PAR  In the Gouilloud et al patent, the attenuation constant and the phase
      constant are indicated as having the same magnitude and, consequently,
      skin depth can be determined from either attenuation measurements or phase
      measurements. The attenuation calculation involves the measurement of the
      amplitude of the electromagnetic energy at receiving locations spaced a
      distance .DELTA.l apart in the formation. The amplitudes at the two
      receiving locations, designated A.sub.1 and A.sub.2, are used to calculate
      the skin depth .delta. in accordance with the relationship
      ##EQU3##
      Alternately, the phase difference between the two receiving locations,
      designated as .DELTA..phi., is used to calculate skin depth in accordance
      with the relationship
      ##EQU4##
      Knowing .delta., the conductivity of the formation, .sigma., is determined
      from equation (2).
PAR  The described technique of Gouilloud et al is predicated on the substantial
      equality of the attenuation and phase constants of the electromagnetic
      energy. This assumption holds whenever
      ##EQU5##
      where .epsilon. is the dielectric constant of the material through which
      the wave is propagating. The term .sigma./.omega..epsilon., known as the
      "loss tangent", is the ratio of a quantity that relates to lossy
      conduction currents (.sigma.) with respect to a quantity that relates to
      displacement currents (.omega..epsilon.). (Note that the loss tangent, a
      measure of relative conduction losses, contributes to the loss factor term
      .epsilon." introduced above.) Thus, if .sigma. is substantial, and the
      operating frequency relatively low, the propagation constant of the
      electromagnetic wave has little dependence upon the material's true
      dielectric constant. This is evidenced by equation (2) (which does not
      depend upon dielectric constant) and the subsequent Gouilloud et al
      expression for propagation constant, (1/.delta.) (1+j).
PAR  As was initially stated, past attempts at determining true dielectric
      constant have met little success. It is an object of the present invention
      to utilize a propagating electromagnetic wave type of technique to
      determine the true dielectric constant of a subsurface formation under
      investigation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a method and apparatus for
      investigating earth formations surrounding a borehole by injecting
      microwave electromagnetic energy into the formations and then taking
      measurements which relate to the propagation of such energy in the
      formations. In the preferred form of the invention, the injected microwave
      energy establishes a lateral wave which travels in the formations adjacent
      the interface between the mudcake and the formations. Energy signals from
      the lateral wave are received at first and second receiving locations. The
      phase difference between signals received at the first and second
      receiving locations is measured. Also measured is the relative attenuation
      as between signals received at the two receiving locations. The
      loss-corrected dielectric constant associated with the formations
      surrounding the area between the first and second receiving locations is
      then obtained by judiciously combining the phase and attenuation
      measurements.
DRWD
PAR  Further features and advantages of the invention will be more readily
      understood from the following detailed description when taken in
      conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation, partially in block diagram form, of
      an embodiment of the invention;
PAR  FIG. 2 and 2A help illustrate, in simplified form, the nature of
      propagation of an electromagnetic lateral wave in a formation;
PAR  FIG. 3 helps illustrate, in simplified form, the propagation of an
      electromagnetic lateral wave in a "clean" formation zone;
PAR  FIG. 4 is a block diagram of the amplitude comparator of FIG. 1;
PAR  FIG. 5 is a block diagram of the computing module of FIG. 1.
PAR  FIG. 6 is a fragmentary side elevational view of the wall-engaging face of
      the pad member of FIG. 1; and
PAR  FIG. 7 is an enlarged, fragmentary sectional view taken along lines 7--7 of
      FIG. 6;
PAR  FIG. 8 discloses a block diagram of a circuit for computing porosity.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Consider a plane electromagnetic wave propagating in a lossless dielectric
      medium. The wave propagates with a velocity
      ##EQU6##
      where .mu. is the magnetic permeability and .epsilon. the dielectric
      constant of the medium. If the type of materials under consideration are
      generally non-magnetic, .mu. can be considered as a known constant and
      .epsilon. can be determined from the relationship
      ##EQU7##
      Next, consider two points in fixed space relation along the direction of
      propagation of the wave. For a given angular frequency, .omega., the phase
      difference of the wave as between the two points is
      ##EQU8##
      where L is the distance separating the two points and .beta. is the phase
      constant of the wave as defined by .beta. = .omega./v . Substituting from
      equation (3) it is seen that .epsilon. can be obtained after determination
      of the phase constant from the relationship .beta. =
      .omega..sqroot..mu..epsilon. as
      ##EQU9##
      In terms of the phase measured between two points the appropriate
      expression is
      ##EQU10##
PAR  The preceding relationships are valid for a lossless material, but
      subsurface media of interest generally have appreciable conductivity. The
      propagation constant, .gamma., of a plane electromagnetic wave propagating
      in a lossy medium is a complex quantity of the form
      ##EQU11##
      where .sigma. is the conductivity of the medium. When
      .sigma./.omega..epsilon. is much greater than 1, the propagation constant
      reduces to the form set forth above in the Background. For the case where
      .sigma. is zero or very small, the "loss tangent" term
      .sigma./.omega..epsilon. can be neglected and we have .gamma. = .beta. =
      .omega..sqroot..mu..epsilon. which is consistent with equation (4) for the
      lossless case. When .sigma. is significant, however, the loss tangent term
      can be kept relatively small by having .omega. very large. In such case,
      the equation (4) is again approximately valid. For example, when
      .sigma./.omega..epsilon. = 0.2, a calculation of .epsilon. in accordance
      with equation (4) yields only about a 0.5% error as compared to the case
      where .sigma./.omega..epsilon. is zero.
PAR  As discussed hereinafter, there are practical limits on how high a
      frequency can be used in making meaningful measurements in a borehole.
      Thus, for formations of appreciable conductivity, the use of the highest
      practical frequencies may still result in a significant loss tangent
      which, if ignored, will lead to error in measuring the apparent value of
      dielectric constant. In an embodiment of the present invention,
      measurements are automatically corrected for loss tangent. To visualize
      the correction it is helpful to represent the real and imaginary parts of
      the propagation constant .gamma. as .beta. and .alpha., respectively, so
      we have
EQU  .gamma. = .beta. + j.alpha.                                (7)
PAL  where .alpha. is associated with wave attenuation or loss. (note that the
      propagation constant is used in the wave equation in the form
      e.sup.j.sup..gamma., so the real part of the propagation constant becomes
      the imaginary part of the exponent and vice versa.) Squaring equations (6)
      and (7) and equating the real parts of each gives
EQU  .beta..sup.2 - .alpha..sup.2 = .mu..epsilon..omega..sup.2. (8)
PAL  Now, if we take the .beta. of equation (4) and substitute therefor a
      general "corrected" value, called ".beta..sub.corr ", which takes loss
      into account, we have
EQU  .beta..sub.corr. = .omega..sqroot..mu..epsilon..           (9)
PAL  From equation (8) it is seen that the appropriate value for
      .beta..sub.corr. is
EQU  .beta..sub.corr. = .sqroot..beta..sup.2 - .alpha..sup.2.   (10)
PAL  In an embodiment of the invention the .beta. and .alpha. of equation (10)
      are measured values, .beta. being determined from a velocity or phase
      measurement and .alpha. from an attenuation measurement. The appropriate
      value for .beta..sub.corr. is then determined using equation (10) and the
      compensated value of dielectric constant obtained from equation (9). In
      terms of the above-discussed complex quantity representation of dielectric
      constant (i.e., .epsilon.*  = .epsilon.' + j.epsilon."), the value of
      dielectric constant determined in the described manner corresponds to
      .epsilon.'; i.e., the dielectric constant of the material under
      investigation if it were lossless.
PAR  Referring to FIG. 1, there is shown a representative embodiment of an
      apparatus in accordance with the present invention for investigating
      subsurface formations 31 traversed by a borehole 32. The borehole 32 is
      typically filled with a drilling fluid or mud which contains finely
      divided solids in suspension. The investigating apparatus or logging
      device 30 is suspended in the borehole 32 on an armored cable 33, the
      length of which substantially determines the relative depth of the device
      30. The cable length is controlled by suitable means at the surface such
      as a drum and winch mechanism (not shown).
PAR  The logging device 30 includes an elongated cylindrical support member 34,
      the interior portion of which has a fluid-tight housing containing the
      bulk of the downhole electronics. Mounted on support member 34 are a pair
      of bowed springs 35 and 36. The spring 35 has mounted thereon a pad member
      37 which contains, inter alia, a transmitting antenna T and vertically
      spaced receiving antennas R.sub.1 and R.sub.2. Mounted on the spring 36 is
      a secondary pad member 38 which may be an inactive pad that facilitates
      smooth vertical movement of the device 30 through the borehole. If
      desired, however, the pad 38 may contain electrodes or like additional
      means for investigating the surrounding formations. Electronic signals
      indicative of the information obtained by the logging device are
      transmitted through the cable 32 to a computing module 85 and recorder 95
      located at the surface of the earth. The particular means shown in FIG. 1
      for maintaining the antennas in engagement with the borehole wall is
      illustrative, and it will be appreciated that other suitable means for
      accomplishing this objective, such as hydraulic means, can be utilized.
PAR  FIG. 2 and 2A illustrates, in simplified form, the nature of propagation of
      the electromagnetic wave to be measured with the apparatus of FIG. 1. In
      FIG. 2 the pad 37 is shown positioned against the side of the borehole 32
      which, as above-stated, is filled with a drilling mud. Generally, the
      fluid pressure in the formations traversed by a borehole is less than the
      hydrostatic pressure of the column of mud in the borehole, so that the mud
      and mud filtrate flows somewhat into the formations. The formations tend
      to screen the small particles suspended in the mud so that a mudcake is
      formed on the walls of the borehole. The thickness of the mudcake varies
      with formation parameters such as permeability, but at least a very thin
      mudcake is usually present on the borehole wall. In FIG. 2, the pad 37
      contacts a mudcake 40 which is shown as being of exaggerated scale
      thickness for illustrative clarity.
PAR  The transmitting antenna T emits microwave electromagnetic energy into the
      formation as represented by the arrow A. To understand the nature of the
      wave which propagates to the receivers, refer momentarily to FIG. 2A
      wherein there is shown an interface 10 between a lower lossy halfspace of
      dielectric constant .epsilon..sub.1 and a lossless upper halfspace of
      dielectric constant .epsilon..sub.2. It has been shown that the energy
      passing from a dipole-excited source s to an observation point O is
      definable as a "ground wave" which consists of three basic waves shown in
      FIG. 2A as "direct," "reflected," and "lateral" waves. The lateral wave
      constitutes the dominant portion of the field at and close to the
      interface, especially when the distance between points s and O is large as
      compared to their respective distances from the interface. The lateral
      wave starts at the source in the lossy media and proceeds as a ray toward
      the interface in a direction associated with the critical angle which is
      defined by
      ##EQU12##
      The wave travels along the boundary but within the lossless media and it
      continuously sheds energy back into the lossy medium. The direct and
      reflected waves are confined to the lossy media. These waves are
      attenuated at an exponential rate which is must faster than the algebraic
      rate at which the lateral wave is attenuated.
PAR  The principles of the idealized situation of FIG. 2A can be applied to a
      case where the upper half-space is a relatively low-loss medium, provided
      the dielectric constant of the upper half-space is smaller than that of
      the lower half-space. In FIG. 2, the conditions necessary for the
      excitation of lateral waves are generally present when a water-base mud is
      being used. Water-base muds have a relatively high conductivity, and
      mudcakes formed therefrom can be expected to have a relatively high
      dielectric constant (due to a high water content) as well as a relatively
      high conductivity. Thus, the mudcake can be thought of as the lossy lower
      half-space and the adjacent formation as a relatively low-loss upper
      half-space. Since it is expected that the dielectric constant of the
      mudcake will be considerably higher than that of the adjacent formation,
      the critical angle (i.e., the angle at which the energy in the lateral
      wave enters the formation) will be relatively small.
PAR  The lateral wave propagating in the formation is represented by the arrow B
      and its extension, arrow C. As above-stated, the lateral wave continuously
      sheds energy back into the more lossy media, and the portions of energy
      which are shed at the approximate locations of the receivers R.sub.1 and
      R.sub.2 are represented by the arrows D and E, respectively. If the
      pathlengths represented by arrows D and E are assumed to be substantially
      equal, it is seen that the difference in pathlength between the energy
      received at R.sub.1 (via path A-B-D) and the energy received at R.sub.2
      (via path A-B-C-E) is the distance represented by arrow C; i.e., the
      distance between the receivers. Accordingly, a differential receiver
      arrangment allows investigation of the portion of the formation lying
      approximately opposite the separation between R.sub.1 and R.sub.2.
PAR  In a simplified illustration of FIG. 2, account is not taken of the
      "flushed" or "invaded" zone which surrounds the mudcake in the borehole.
      As is well known, the invaded zone contains fluids from the mud which
      filter through the mudcake into the surrounding formations. The depth of
      invasion of this zone generally varies from about an inch or so to a few
      feet depending upon such factors as the plastering qualities of the mud
      and the lithology of the formations. When the depth of the invaded zone is
      relatively large, for example a foot or more, the lateral wave generally
      travels through this zone in the manner represented by the situation of
      FIG. 2. The dielectric constant determined with the logging apparatus is
      thus that of the invaded formation, and this information can be gainfully
      utilized in conjunction with other data to determine formation parameters
      such as porosity or lithology. When the depth of the invaded zone is
      relatively small, for example two inches, a significant lateral wave can
      be established in the "clean" formation which lies outside the invaded
      zone. This situation is illustrated in simplified form in the diagram of
      FIG. 3. When a water-based mud is employed, the fluid-content of the
      invaded zone 41 generally renders the zone of substantially higher
      conductivity and dielectric constant than the clean formation. Therefore,
      in FIG. 3, the invaded zone 41 can be thought of as the lossy lower
      half-space and the adjacent clean formation as a relatively low-loss upper
      half-space in analogy to FIG. 2A. A lateral wave can thus be established
      in the clean formation at the boundary with the invaded zone as is shown
      by the arrow 42.
PAR  In order for a significant lateral wave to be established in the clean
      formation in the situation of FIG. 3, the distance between T and R.sub.1
      must be large as compared to the depth of invasion. As will be discussed
      hereinafter, there are practical limitations on the maximum spacing
      between transmitter and receivers which can be successfully employed in an
      apparatus of the type being considered. Also, it will be appreciated that
      even if a significant lateral wave can be established in the clean
      formation, a second lateral wave (shown in FIG. 3 as the dashed arrow 43)
      may be established within the invaded zone at the boundary with the
      mudcake. The presence of two possible lateral waves can give rise to
      problems in interpreting results. For reasons such as these, the preferred
      embodiment of the invention utilizes a relatively short spacing between
      the transmitter and the receivers and is intended to establish the only
      significant lateral wave at the boundary of the formation nearest the
      mudcake; i.e., within the invaded zone. It will be appreciated, however,
      that the principles set forth herein can, if desired, be utilized in
      investigating the properties of the clean formation.
PAR  Referring again to FIG. 1, the downhole electronics contained within the
      member 34 are shown, for convenience of illustration, at the side of the
      borehole. A solid state oscillator 45 provides output energy in the
      microwave region of the spectrum. The microwave region is defined herein
      as including the range of frequencies between about 300 MHz. and 300 GHz.
      The oscillator 45 may operate at the suitable frequency, of 1.1 GHz; i.e.,
      1.1 .times. 10.sup.9 cycles per second. Discussion of the choice of
      suitable frequencies will follow hereinafter. The output of oscillator 45
      is coupled through an isolator 46 to the transmitting antenna T. Microwave
      energy is transmitted into the surrounding formations and propagates
      through the formations in the manner previously described. The energy
      which arrives at the receiving antennas R.sub.1 and R.sub.2 is
      respectively coupled to input terminals of the mixers 47 and 48. As
      discussed above, the signals which arrive from R.sub.1 and R.sub.2 are out
      of phase with each other by an amount which depends on the phase constant
      .beta. and have an amplitude ratio which depends upon the attenuation
      constant .alpha.. Secondary input terminals of the mixers are supplied
      with microwave energy at a frequency that is separated from the
      transmitter frequency by some relatively low frequency which is typically
      in the radio frequency range. In the embodiment shown, a solid state
      oscillator 49 supplies microwave energy to mixers 47 and 48 at a frequency
      of 1.1001 GHz, or 100 KHz above the transmitter frequency. The output
      signals 47A and 48A of the mixers 47 and 48 therefore contain the
      difference frequency of 100KC. In accordance with well known principles,
      the signals 47A and 48A maintain the phase and amplitude relationships of
      the signals from R.sub.1 and R.sub.2, but the task of phase detection is
      greatly facilitated at the lower frequency of the mixed signals. To insure
      that the difference frequency between the outputs of the oscillators 45
      and 49 remains at 100 KHz, the oscillator outputs are sampled and fed to a
      mixer 50. The output of the mixer is received by a frequency stabilization
      circuit 51 which detects drifts from the 100KC standard and generates a
      correction signal 51A which controls oscillator 49 in the manner of a
      conventional "phase-locked loop."
PAR  The signals 47A and 48A are applied to a phase detector circuit 53 and to
      an amplitude comparator 54. The output of the phase detector 53 is a
      signal level which is proportional to the phase difference .phi. between
      the signals received at R.sub.1 and R.sub.2, and thus proportional to
      .beta. in accordance with .beta. = .phi./L, where L is the distance
      separating the two receivers. As indicated above, in instances where the
      loss tangent is much less than unity, this .beta., which is a measure of
      velocity, can be used to determine dielectric constant, as is clear from
      equation (3) and the equations which follow equation (3) for the lossless
      case. The output of amplitude comparator 54 is a signal level which is
      proportional to the attenuation constant .alpha.. A convenient circuit 54
      for obtaining an output signal proportional to .alpha. is shown in FIG. 4.
      The signals 47A and 48A are respectively applied to the logarithmic
      amplifiers 55 and 56 whose outputs are fed to the difference amplifier 57.
      The output of the difference amplifier 57 is a signal level proportional
      to .alpha.. This can be visualized by representing the amplitude of the
      wave energy received at R.sub.1 as Ae.sup..sup.-.sup..alpha.z, where A is
      an amplitude constant and z is the distance separating T and R.sub.1. It
      follows that the amplitude of the wave energy received at R.sub.2 is
      Ae.sup..sup.-.sup..alpha.(z.sup.+L), where L is the distance separating
      the receivers R.sub.1 and R.sub.2. The ratio of the wave amplitudes at the
      two receivers is therefore
      ##EQU13##
      The log of the ratio of the wave amplitudes is therefore proportional to
      .alpha.. It will be appreciated that the circuit 54 of FIG. 4 accomplishes
      the same mathematical result by taking the difference of the logs of the
      wave amplitudes.
PAR  The outputs of the phase detector circuit 53 and the amplitude comparison
      circuit 54 are transmitted to the surface over the conductor pair 53A and
      54A which in actuality pass through the armored cable 33. Typically, these
      signals are D.C. levels which are stepped-up by amplification before
      transmission to the surface.
PAR  At the surface of the earth the signals on lines 53A and 53B are applied to
      a computing module 85 which computes the loss-corrected value of the
      dielectric constant measured by the downhole investigating apparatus in
      accordance with the equations (8) and/or (9) and (10). The computed
      dielectric constant is recorded by a recorder 95 that is conventionally
      driven as a function of borehole depth by mechanical coupling to a
      rotating wheel 96. The wheel 96 is coupled to the cable 33 and rotates in
      synchronism therewith so as to move as a function of borehole depth. Thus,
      the loss-corrected dielectric constant is recorded as a function of
      borehole depth by the recorder 95.
PAR  FIG. 5 is a block diagram of the computing module 85 which receives the
      signals on lines 53A and 54A that are indicative of measured values of
      .beta. and .alpha., respectively. The signals are first applied to
      variable gain amplifiers 86 and 87 which can be utilized for calibration.
      The amplifier outputs are fed to conventional sqaure law circuits 88 and
      89 which produce signals proportional to .beta..sup.2 and .alpha..sup.2.
      These signals are applied to a difference amplifier 90 which produces an
      output proportional to .beta..sup.2 -.alpha..sup.2. From equation (8), it
      is clear that this output is a measure of .epsilon., since equation (8)
      can be rewritten as
      ##EQU14##
      Calibration for particular system parameters such as frequency can be
      accomplished with the amplifiers 86 and 87. If desired, the output of
      difference amplifier 90 can be applied to a circuit 91 having a square
      root characteristic. The resultant output represents .beta..sub.corr. in
      accordance with equation (10), and this output can be plotted on the
      recorder 95 in addition to or in place of the loss-corrected dielectric
      constant.
PAR  Referring now to FIG. 6, there is shown a fragmentary side elevational view
      of the wall-engaging face of the pad 37 which includes antennas T, R.sub.1
      and R.sub.2. It has been found that cavity-backed slot antennas are
      particularly effective in setting up and receiving the desired lateral
      wave in the information. The cavity openings seen in FIG. 6 are filled
      with a water-tight ceramic insulating material.
PAR  In the instant embodiment the length of the slot is .lambda./2, i.e., about
      7.5 cm. for an operating frequency of 1.1 GHz (in an insulating material
      having a dielectric constant of 4). The distance D separating T and
      R.sub.1 is 8 cm. and the distance L between receivers is 4 cm. Further
      discussion of operating frequency and dimensions follows hereinafter.
PAR  FIG. 7 is an enlarged, fragmentary, sectional view taken along lines 7--7
      of FIG. 6 and shows the antenna T as extending a cavity depth of
      .lambda./4, or about 3.75 cm., into a conductive metal housing 65. A
      coaxial cable 66 couples the isolator 46 (FIG. 1) to the antenna T. The
      cable 66 includes an inner conductor 67 and an outer conductor shell 68
      which is typically filled with an insulating material 69. A probe 70
      extends vertically into the cavity 71 as a continuation of center
      conductor 67. The probe 70 typically terminates in a small
      insulator-filled cylindrical recess 72 at the top of the cavity.
PAR  The receiving antennas R.sub.1 and R.sub.2 may be of similar construction
      to that of the transmitter antenna shown in FIGS. 6 and 7. The receivers
      are coupled via coaxial cable to the mixers 46 and 47 of FIG. 1. The three
      coaxial cables may be run through a single reinforced cable that connects
      the pad 37 with the member 34 which contains the bulk of the downhole
      electronics.
PAR  Now concerning the selection of operating frequency and of the apparatus
      dimensions, it will be recalled from the discussion following equation (4)
      that it is advantageous to utilize a very high .omega. in order to
      minimize the loss tangent. It has been demonstrated for salt
      water-saturated rock, for example, sandstone, that the lossy component of
      the dielectric constant, .epsilon." (again, in terms of the previously
      introduced complex quantity .epsilon.* = .epsilon.' + j.epsilon."), is
      greater than .epsilon.' at frequencies below about 100 Megahertz. Above
      this frequency .epsilon." continues to decrease and in the range above
      about 500 MHz the value of .epsilon.' becomes greater than .epsilon.", so
      that the measurement of .epsilon.' becomes an easier task. This phenomenon
      is disclosed, for example, in British Pat. No. 1,088,824 wherein a
      technique is set forth for causing a portion of subsurface formation to
      act as the dielectric material between plates of a capacitor, the logging
      tool electrodes acting as "plates." This type of technique, as well as
      related schemes where it is attempted to have the formation act as a
      transmission line filler or termination, have not, to applicant's
      knowledge, led to a commercially acceptable logging device. As operating
      frequency increases into the GHz range, .epsilon.' becomes substantially
      greater than .epsilon.". This appears favorable to the selection of higher
      frequencies, but practical considerations suggest that there are upper
      limits on operating frequency. One such consideration is the increasing
      contribution to .epsilon." from dipolar relaxation losses as frequency is
      increased substantially above 1 GHz. Another consideration is the effect
      of the mudcake on the establishment of the desired lateral wave in the
      formation. For frequencies in the GHz range, the wavelength of the
      propagating energy is quite small and begins to approach the higher
      thicknesses of mudcake normally encountered. When this occurs, the mudcake
      tends to act in the manner of a waveguide by propagating a portion of the
      transmitted energy. It thereby decreases the amount of energy available to
      form the lateral wave.
PAR  The foregoing mudcake effect begins to become serious when the
      half-wavelength of energy transmitted into the mudcake approaches the
      thickness of the mudcake. To make a rough estimated calculation, assume
      that the maximum mudcake thickness to be encountered is about 2 cm. and
      that the maximum dielectric constant of the mudcake is about 20. This
      would mean that the maximum free-space half wavelength .lambda..sub.O 12
      which satisfies the condition is
      ##EQU15##
      which corresponds to a frequency of about 2 GHz. From these considerations
      it is established that the optimum range runs from somewhat above 500 MHz.
      to somewhat below 2 GHz. The 1.1 GHz. frequency utilized in the described
      embodiment falls centrally in this range and has been found satisfactory.
PAR  The selection of apparatus dimensions is dictated by practical
      considerations, some of which have already been treated. Regarding the
      distance D separating T and R.sub.1 (FIG. 6), it follows from discussion
      above with reference to FIGS. 2 and 2A that in establishing a dominant
      lateral wave it is desirable to have the distance D be large as compared
      to the mudcake thickness. However, if D is made too large, attenuation of
      the wave over a substantial traveling distance renders accurate measuring
      difficult. In the illustrated embodiment, the suggested D of 8 cm. (four
      times the generally expected maximum mudcake thickness) was found
      satisfactory, but it will be appreciated that some flexibility in this
      dimension is available.
PAR  The distance L between receivers must be large enough to enable the
      distinguishing of a suitable range of phase shifts and small enough so
      that unnecessary ambiguities of measurement are avoided. An operating
      frequency of 1.1 gHz corresponds to a free-space wavelength of about 27
      cm. The phase shift associated with a separation of L cm. in free space
      is, therefore
      ##EQU16##
      At high frequencies, the phase shift .phi.m is approximately proportional
      to the square root of the dielectric constant .epsilon..sub.m of the
      medium of travel (see e.g. equation (3)), so the general relationship
      which follows from equation (11) is:
      ##EQU17##
      The lowest dielectric constant generally expected to be encountered in
      subsurface formations is about 4, which occurs for a non-porous quartz
      matrix. This value yields an approximate minimum phase shift .phi..sub.min
      for a separation length L of
EQU  .phi..sub.min .apprxeq. 13.3.degree. .sqroot.4 (L) .apprxeq. 26.6.degree.
      (L).                                                      (13)
PAL  the highest generally expected dielectric constant occurs for about 35%
      porosity limestone fully saturated with water. The phase delay of the
      microwave energy in a composite formation is the volume weighted sum of
      the delay in the pore fluid and the delay in the solid matrix. The
      effective maximum dielectric constant .epsilon..sub.max is thus
      determinable from the approximate relationship
EQU  .sqroot..epsilon..sub.max .apprxeq.  0.35 .sqroot..epsilon..sub.water +
      0.65 .sqroot..epsilon..sub.limestone .apprxeq.  0.35 .sqroot.80 + 0.65
      .sqroot.7.5
PAL  from which .epsilon..sub.max is calculated to be about 30. Therefore, using
      equation (12), the maximum phase shift for separation length L is
EQU  .phi..sub.max .apprxeq. 13.3.degree. (.sqroot.30) (L) .apprxeq.
      73.2.degree. (L).                                         (14)
PAL  from equations (13) and (14) it is seen that the suggested separation of L
      = 4 cm. for the illustrated embodiment is appropriate. This value of L
      yields minimum and maximum phase shifts of about 106.degree. and
      293.degree., respectively. In this range, phase shifts can be interpreted
      with good resolution (over almost a 200.degree. range) but without
      ambiguity which arises when more than 360.degree. of range is allowable.
      Also, the separation of 4 cm. does not give rise to any particular problem
      of over-attenuation and has been found satisfactory. It should be again
      pointed out, however, that some flexibility of choice for this dimension
      exists within reasonable bounds of the practical considerations set forth
      herein.
PAR  From the foregoing it should be evident that using the dielectric constant
      measured in accordance with the principles of the invention, useful
      information about porosity, lithology or water saturation can be obtained.
      If the dielectric constant of a composite formation is designated by
      .epsilon..sub.c and the dielectric constant of the component solid matrix
      and pore fluid are designated by .epsilon..sub.m and .epsilon..sub.f,
      respectively, it follows from the above that
EQU  .sqroot..epsilon..sub.c = (1-.phi.) .sqroot..epsilon..sub.m +
      .phi..sqroot..epsilon..sub.f                              (15)
PAL  where .phi. is the porosity of the matrix. If .epsilon..sub.m and
      .epsilon..sub.f are determinable from other logging information, porosity
      would be calculable after measurement of .epsilon..sub.c. Thus, for
      example, if it is known that the formation consists of limestone
      (.epsilon..sub.m = 7.5) 100% saturated with water (.epsilon..sub.f = 80),
      porosity could be determined from the relationship
EQU  .sqroot..epsilon..sub.c = (1+.phi.) .sqroot.7.5 + .phi..sqroot.80.
PAL  It is also readily seen that if porosity has been previously determined,
      useful information about saturation or lithology can be calculated by
      obtaining the dielectric constant of the composite formation.
PAR  Equation (15) can be rewritten in the following form:
      ##EQU18##
      This equation is used to compute porosity with the circuitry shown in FIG.
      8 which can be considered as an additional portion of the computing module
      85 (FIG. 1). The output of square root circuit 91 represents
      .beta..sub.corr. which is seen from equation (9) to be proportional to
      .sqroot..epsilon..sub.c. In cases where .sqroot..epsilon..sub.m and
      .sqroot..epsilon..sub.f are determinable from other logging or coring
      information, voltages proportional to these quantities can be applied to
      the appropriate input terminals of difference amplifiers 121 and 122 as
      shown. The outputs of these difference amplifiers are respectively
      proportional to the numerator and denominator of equation (16). Ratio
      circuit 123 receives the two outputs and generates a voltage which
      represents the porosity .phi. of the composite formation.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for investigating earth formations surrounding a borehole to
      obtain an indication of the dielectric constant of the formations,
      comprising:
PA1  a. a member adapted for engagement with the borehole wall;
PA1  b. means mounted in said member for injecting microwave electromagnetic
      energy into the surrounding formations;
PA1  c. first and second receiving antennas mounted in spaced relation on the
      wall-engaging face of said member for receiving said microwave
      electromagnetic energy; and
PA1  d. means coupled to said antennas for measuring the velocity of propagation
      of the microwave electromagnetic energy received at said first and second
      antennas, said velocity being indicative of the dielectric constant of the
      formations surrounding the first and second antennas.
NUM  2.
PAR  2. Apparatus as defined by claim 1 further comprising means coupled to said
      first and second antennas for measuring the attenuation of said microwave
      electromagnetic energy as it traverses the formations surrounding the
      first and second antennas.
NUM  3.
PAR  3. Apparatus as defined by claim 2 further comprising computing means for
      combining said velocity measurement with said attenuation measurement to
      compute a loss-corrected value of the dielectric constant of the
      formations surrounding the first and second antennas.
NUM  4.
PAR  4. Apparatus for investigating earth formations surrounding a borehole
      which contains drilling mud and has a mudcake formed on a substantial
      portion of its walls, to obtain an indication of the dielectric constant
      of the formations, comprising:
PA1  a. a member adapted for engagement with the borehole wall;
PA1  b. means positionable in the borehole for injecting microwave
      electromagnetic energy into the surrounding formations and for
      establishing a lateral wave of such energy within the surrounding
      formations, said lateral wave traveling adjacent the interface between the
      mudcake and the formations;
PA1  c. first and second receiving antennas mounted in spaced relation on the
      wall-engaging face of said member for receiving said microwave
      electromagnetic energy; and
PA1  d. means coupled to said antennas for measuring the velocity of propagation
      of said lateral wave received at said first and second antennas, said
      velocity being indicative of the dielectric constant of formations
      surrounding the first and second antennas.
NUM  5.
PAR  5. Apparatus for investigating earth formations surrounding a borehole to
      obtain an indication of the dielectric constant of the formations,
      comprising:
PA1  a. a member adapted for engagement with the borehole wall;
PA1  b. means mounted in said member for injecting microwave electromagnetic
      energy into the surrounding formations;
PA1  c. first and second receiving antennas mounted in spaced relation on the
      wall-engaging face of said member for receiving said microwave
      electromagnetic energy; and
PA1  d. means coupled to said antennas for measuring the phase difference
      between signals received at said first and second antennas, said phase
      difference being indicative of the dielectric constant of the formations
      surrounding said first and second antennas.
NUM  6.
PAR  6. Apparatus as defined by claim 5 wherein said means for injecting energy
      into the surrounding formations comprises a transmitting antenna mounted
      on the wall-engaging face of said member and means for supplying microwave
      electromagnetic energy to said transmitting antenna.
NUM  7.
PAR  7. Apparatus as defined by claim 6 wherein said microwave electromagnetic
      energy has a frequency within the range of 500 MHz. and 2.0 GHz.
NUM  8.
PAR  8. Apparatus as defined by claim 6 wherein said microwave electromagnetic
      energy has a frequency of about 1.1 GHz.
NUM  9.
PAR  9. Apparatus as defined by claim 6 further comprising means coupled to said
      receiving antennas for measuring the relative attenuation as between
      signals received at said first and second receiving antennas.
NUM  10.
PAR  10. Apparatus as defined by claim 6 wherein said transmitting antenna is a
      cavity-backed slot antenna.
NUM  11.
PAR  11. Apparatus as defined by claim 10 wherein said receiving antennas are
      cavity-backed slot antennas.
NUM  12.
PAR  12. Apparatus as defined by claim 9 further comrpising computing means for
      combining said phase difference measurement with said attenuation
      measurement and for computing a corrected value of the phase constant
      associated with the formations surrounding the area between said first and
      second receiving antennas.
NUM  13.
PAR  13. Apparatus as defined by claim 9 further comprising computing means for
      combining said phase difference measurement with said attenuation
      measurement and for computing a loss-corrected value of the dielectric
      constant associated with the formations surrounding the area between said
      first and second receiving antennas.
NUM  14.
PAR  14. Apparatus as defined by claim 7 further comprising means for computing
      a corrected value .beta..sub.corr. for the phase constant associated with
      the formations surrounding the area between said first and second
      receiving antennas in accordance with the relationship
EQU  .beta..sub.corr. = .sqroot..beta..sup.2 -.alpha..sup.2
PAL  where .beta. and .alpha. are, respectively, phase and attenuation constants
      determined by said phase difference measuring means and said attenuation
      measuring means.
NUM  15.
PAR  15. Apparatus as defined by claim 7 further comprising means for computing
      a loss-corrected value .epsilon. for the dielectric constant associated
      with the formations surrounding the area between said first and second
      receiving antennas in accordance with the relationship
      ##EQU19##
      where .beta. and .alpha. are, respectively, phase and attenuation
      constants determined by said phase difference measuring means and said
      attenuation measuring means, .omega. is the angular frequency of the
      transmitted microwave energy, and .mu. is a constant associated with the
      magnetic permeability of the surrounding formations.
NUM  16.
PAR  16. Apparatus as defined by claim 9 further comprising means for combining
      said phase difference measurement with said attenuation measurement to
      generate a signal representative of a corrected value of the phase
      constant associated with the formations surrounding the area between said
      first and second receiving antennas.
NUM  17.
PAR  17. Apparatus as defined by claim 9 further comprising means for combining
      said phase difference measurement with said attenuation measurement to
      generate a signal representative of a loss-corrected value of the
      dielectric constant associated with the formations surrounding the area
      between said first and second receiving antennas.
NUM  18.
PAR  18. A method of determining the dielectric constant of formations
      surrounding a borehole, comprising the steps of:
PA1  a. injecting microwave electromagnetic energy into the formations
      surrounding the borehole to establish a lateral wave in the surrounding
      formations;
PA1  b. receiving wave energy from said lateral wave at first and second
      receiving locations within the borehole; and
PA1  c. measuring the phase difference between wave energy received at said
      first and second receiving locations, said phase difference being
      indicative of the dielectric constant of the formations surrounding the
      area between the first and second receiving locations.
NUM  19.
PAR  19. The method as defined by claim 18 further comprising the steps of:
PA1  d. measuring the relative attenuation as between wave energy received at
      said first and second receiving locations; and
PA1  e. computing the loss-corrected dielectric constant associated with the
      formations surrounding the area between the first and second receiving
      locations by combining the phase difference measurement with the
      attenuation measurement.
NUM  20.
PAR  20. the method as defined by claim 18 further comprising the steps of:
PA1  d. measuring the relative attenuation as between wave energy received at
      said first and second receiving locations; and
PA1  e. generating a signal representative of the loss-corrected dielectric
      constant associated with the formations surrounding the area between the
      first and second receiving locations by combining the phase difference
      measurement with the attenuation measurement.
NUM  21.
PAR  21. A method of determining the dielectric constant of earth formations
      surrounding a borehole, comprising the steps of:
PA1  a. providing a member engageable with the borehole wall;
PA1  b. injecting microwave electromagnetic energy into the surrounding
      formations from a transmitting antenna in said member;
PA1  c. providing first and second receiving antennas in said member for
      receiving said microwave electromagnetic energy; and
PA1  d. measuring the phase difference between signals received at said first
      and second receiving antennas, the phase difference being indicative of
      the dielectric constant of the formations surrounding the first and second
      receiving antennas.
NUM  22.
PAR  22. A method of determining the dielectric constant of formations
      surrounding a borehole, comprising the steps of:
PA1  a. deriving a quantity representative of the phase constant of microwave
      energy passing through the formations at a particular depth range of the
      borehole;
PA1  b. deriving a quantity representative of the attenuation constant of
      microwave energy passing through the formations at the particular depth
      range of the borehole; and
PA1  c. computing the dielectric constant at the particular depth range by
      combining the derived quantity representative of the phase constant with
      the derived quantity representative of the attenuation constant.
NUM  23.
PAR  23. A method of determining the dielectric constant of formations
      surrounding a borehole, comprising the steps of:
PA1  a. deriving a quantity .beta..sup.2, where .beta. is the phase constant
      associated with microwave energy passing through the formations at a
      particular depth of the borehole;
PA1  b. deriving a quantity .alpha..sup.2, where .alpha. is the attenuation
      constant associated with microwave energy passing through the formations
      at the particular depth of the borehole; and
PA1  c. computing the quantity .beta..sup.2 -.alpha..sup.2 which is proportional
      to the loss-corrected dielectric constant of the formations at the
      particular depth range.
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ABST
PAL  An improved device for magnetically detecting and locating defects in metal
      bodies such as shafts, tubes, strips, sheets etc., in which a multiphase
      generator is used to generate a traveling field such as a rotating or
      linearly traveling field in the body being tested and in which means are
      provided to sense any assymetry in the resulting magnetic field resulting
      from eddy currents induced in the object such as to permit determining the
      location and nature of the fault from the electrical signals obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to magnetic apparatus for the testing of metal
      bodies such as shafts, tubes, strips, etc., to detect and locate defects
      therein in general, and more particularly to an improved device of this
      nature which induces a traveling field such as a rotating field in the
      test piece.
PAR  Devices of the type which induce eddy currents in a metal test object,
      often in connection with a relative motion between the device for testing
      and the transducer of the device, are known. With a device of this nature,
      a fault in the test piece will result in an alteration of propagation of
      the eddy current. This fault can then be electrically detected to provide
      an appropriate output indicating the presence of a fault. Althrough these
      devices operate well under some circumstances, they suffer from certain
      disadvantages. Very often, the direction of relative movement between the
      device transducer and the test piece is in a direction parallel to the
      longitudinal axis of the test piece, particularly when this piece is a
      rod, drive shaft, or the like. As a result the sensitivity to measurement
      is not always as high as its desired. This is particularly true in the
      axial direction. However, objects of this nature very often have faults
      which have an axial extension. Thus, such faults only disturb the field a
      small amount and can pass by undetected.
PAR  In view of this, it is clear that there is a need for improved apparatus
      which is more sensitive to all types of faults and also which can provide
      additional information regarding the type and location of the fault.
PAC  SUMMARY OF THE INVENTION
PAR  In its broadest sense, the present invention includes inducing a traveling
      field into the object under test and detecting assymetries resulting from
      faults. The traveling field may, for example, be a rotating field which
      type field is particularly useful when testing cylindrical objects. As the
      field is rotated, as long as no faults are detected, symetry of the
      multiphase rotating field will exist. A fault, however, will result in
      disturbing the symetry which disturbance can be detected to provide an
      appropriate output.
PAR  In the simplest embodiment, a multiphase generator, typically a three-phase
      generator, is coupled to an input transducer including one coil per phase.
      The coils are symetrically placed around the body under test and, when fed
      by the multiphase generator, convey fluxes through the test object. As the
      field rotates, any faults or irregularities in the body such as cracks,
      indentations, segrations, blisters and so on, will cause an assymetry in
      the electrical circuit. In this embodiment, the assymetry is detected by
      detecting a voltage difference between the neutral point of the generator
      and the neutral point of the transducer coil. In a second embodiment, two
      sets of coils are provided, one coupled to the generator for inducing eddy
      currents in the test object and a second set of coils similarly arranged
      for detecting these eddy currents. The detector transducer is coupled in a
      bridge arrangement to a balanced impedance arrangement and faults detected
      by detecting an unbalance between the netrual of the pickup transducer
      coils and the neutral of the impedance arrangement. Other arrangements are
      shown in which a pair of rotating fields are induced in the test object
      and in which pickup transducers arranged in bridge circuits are provided
      for the purposes of detection. In a final embodiment, a single detection
      coil having a differential output which may then be amplified is
      illustrated.
PAR  Through the rotating field of the present invention the fluxes generated
      have a motion relative the test object and thus, the test object can
      remain stationary with respect to the testing device. In other words, it
      is not necessary to provide a physical relative movement between the
      testing device and the test object. In addition, it is possible to obtain
      a flux traveling around a cross section of the shaft. As a result, the
      sensitivity of the measuring device is increased making it able to detect
      faults which might have gone unnoticed in prior art devices and also
      making it possible to detect fault location more accurately, i.e., it will
      be evident to those skilled in the art that appropriate apparatus can be
      constructed, to utilize the input phase to determine the exact location of
      a fault.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a schematic-vector diagram illustrating the principle of the
      present invention.
PAR  FIG. 1A illustrates a test object such as a shaft which may be tested using
      the arrangement of FIG. 1.
PAR  FIG. 2 is a schematic of apparatus for achieving the rotating fields
      illustrated by FIG. 1.
PAR  FIG. 2A illustrates the coil arrangement for the transducer coil of FIG. 1.
PAR  FIG. 3 illustrates a similar arrangement in which separate transudcer
      induction and pickup coils are used.
PAR  FIG. 4 illustrates an arrangement in which two rotating fields are induced
      in the test object and faults detected using a pair of transducers in a
      bridge circuit.
PAR  FIG. 5 illustrates a similar arrangement with the rotating fields induced
      in a planar rather than a cylindrical test object.
PAR  FIG. 6 is a schematic illustration illustrating an arrangement where the
      output transducer is a single differential coil providing its output to a
      differential amplifier.
PAR  FIG. 7 is a mechanical schematic illustrating the coil arrangement for the
      embodiment of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 1A illustrate the basic principle upon which the present
      invention rests. At the outset, it should be noted that although the
      examples all deal with a three phase rotating field, other arrangements
      are possible. Basically, the invention requires generating a traveling
      field using two or more phases. Thus, rather than generating a rotating
      field, a linearly traveling field such as those used in conjunction with
      linear motors is also possible. In each case, means are provided to detect
      any irregularity by detecting assymetry in the field. As will become
      evident below, this may be done by detecting an assymetry in the
      transducer coils inducing the rotating field into the object. It is well
      known that the effect of the induced eddy currents on the coils causing
      these eddy currents will result in electrical variations if the eddy
      currents are not symetrical due to an irregularity. Thus, the transducer
      used to generate these currents may be used as part of the detection
      circuit. Similarly, separate detection coils may be used.
PAR  FIG. 1 illustrates a system in which a three-phase generator 11 having the
      vectors shown is used to drive a transducer 12 arranged about a test
      object such as the shaft 13 illustrated on FIG. 1A. The rotating flux
      illustrated by the vectors of the transducer 12 will remain balanced as
      long as no irregularities are encountered. However, when an irregularity
      is encountered, the phase and magnitude of one of the vectors such as a
      vector 14 will be affected. This assymetry caused by the fault will be
      reflected back to the coil. The fault can be detected by measuring the
      voltage U.sub..delta. between the neutral point of the generator 11 and
      the neutral point of the transducer arrangement 13 using up an appropriate
      meter 51. This voltage U.sub..delta. is shown on the vector diagram
      associated with the transducer 12. That is, it will be the difference in
      voltage which, when added to the vector 14 will result in the vector 53
      which would have been obtained without disturbance.
PAR  FIG. 2 illustrates a first embodiment for implementing the concept
      illustrated by FIG. 1. A conventional threephase generator 15 having the
      phases R, S and T is provided with the generator in a Y or star
      configuration. The neutral point 55 of the generator 15 may, if desired,
      be grounded. Although in most cases a sinusoidal generator is preferable,
      it should be recognized that pulse generators, triangular wave generators
      and so on may also be used in the present invention. Also, although a
      single three-phase generator is illustrated, it should also be recognized
      that three separate generators properly synchronized and coupled togehter
      in a Y configuration can equally well be used. The generator outputs are
      coupled to three coils 16, 17 and 18 which are also in a Y configuration.
      The neutral point 57 of the coils 16, 17 and 18 cannot be grounded but
      must be floating with respect to the neutral point 55 of the generator. As
      shown, the phase R is coupled through a variable impedance X1 to the coil
      16, the phase S through a variable impedance X2 to the coil 17 and the
      phase T through a variable impedance X3 to the coil 18. In a circuit 20
      between the neutral 55 and the neutral 57 the meter 51 is placed to detect
      any unbalance in the manner described above.
PAR  The physical arrangements of the coils 16, 17 and 18 is illustrated on FIG.
      2A showing coils arranged about an object an object 19 such as a rod which
      is to be tested. As illustrated, the coils are placed around the test
      object 19 with a mutual angle between the coils of 360 divided by N where
      N is the number of phases. Thus, in the example of FIGS. 2 and 2A, the
      angular spacing between coils is 60.degree.. With this arrangement shown
      on FIGS. 2 and 2A, a rotating field perpendicular to the axis of the shaft
      or rod 19 results. If, rather than inducing a rotating field it is desired
      to induce a linearly traveling field in an object, then the coils will be
      placed along two parallel lines aside the object such in the way the coils
      are placed for a linear motor.
PAR  The differential signal U.sub..delta. measured at the meter 51 can be
      evaluated both as to magnitude and phase relative to the reference
      generator 11. The amplitude is related to the magnitude of the fault and
      the phase relative to the generator will indicate the fault location. for
      such measurements, conventional voltmeters and phase angle meters may be
      used. As noted, relative motion is obtained without movement of the
      object. However, it is preferable that the shaft 19 be supported for
      movement in the longitudinal direction so that all portions of the shaft
      can be examined to determine the presence of absence of faults therein.
PAR  Although balance circuits are used, these circuits do not have to be
      absolutely balanced in all cases. In some instances a certain unbalance
      may be required to accentuate possible faults. Thus, what is referred to
      as balancing herein should be considered relative rather than an absolute
      balancing. The system uses dynamic control since in contrast to prior art
      devices, the transducers themselves generate the movement of the flux
      relative to the test object. In addition, the rotating field provides a
      phase vector to which the fault is added permitting detection of the phase
      and thus the location of the fault.
PAR  The impedance elements X1, X2 and X3 of FIG. 2 are variable so that the
      circuit may be balanced before the beginning of test with a known object
      containing no faults inserted between the coils. In addition, two of the
      phase coils 17 and 18 are adjustable to provide for further trimming. As a
      result, through these two types of adjustment, a completely balanced
      symetrical arrangement can be preestablished before testing. Once set up,
      the system is operated with a test object 19 in place as shown. Any faults
      encountered will be indicated by a voltage U in the neutral branch 20 in
      the manner described above. Irregularities in the field image detected by
      this apparatus can be detected in regard to amplitude and phase as noted
      above and also with respect to frequency, i.e., it is possible to operate
      the generator 15 at different frequencies to obtain further information
      regarding the faults. Although the transducer 16 need not have the same
      number of legs or phrases as the generator 15, such is normally preferred.
PAR  FIG. 3 illustrates a further embodiment of the invention. Here there is
      provided a multiphase generator 21 driving a transducer coil arrangement
      22 arranged about a test object 23. In this case, however, rather than
      using the neutral branch between the generator 21 and transducer coil
      arrangement 22, an additional transducer arrangement 24 is provided, also
      in a Y configuration. The pickup transducer coils 24 are coupled in a
      bridge circuit with impedance designated Z1, Z2 and Z3. The output
      indication of the voltage U.sub..delta. is obtained from the neutral
      branch 25 of the bridge arrangement. That is, the meter 51 is connected
      between the neutral point of the Y connected coils 24 and the Y connected
      impedances Z1, Z2 and Z3. It is, of course, possible to add further links
      in a balanced chain such as that of FIG. 3, i.e., additional links similar
      to that made up of the coils 24 in the impedances Z1, Z2 and Z3 can be
      added and the voltage detected in the zero branch of that link. In any
      case, however, the principle of operation is the same, i.e., faults are
      detected using a moving field.
PAR  A further embodiment of the invention is illustrated by FIG. 4. Here, two
      rotating fields 26 and 27 are induced using arrangements such as that of
      FIG. 2. The coils such as the coils 16, 17 and 18 of FIG. 2A used to
      induce these rotating fields are not shown for sake of simplicity. The
      coils used to generate the rotating fields 26 and 27 may be supplied by
      separate generators or may be supplied from a common generator. For
      purposes of detection, pickup transducer coils 33 and 34 arranged in a
      bridge circuit are provided. The coils 33 and 34 are connected together on
      one side and have their other sides taken respectively through impedances
      X to two secondary windings of a transformer 32. The primary 31 of the
      transformer has a generator voltage induced thereon. At least one of the
      impedances X is variable as shown for balancing the detector arrangement
      indicated generally as 29. In this case, the voltage is measured in the
      branch 30 between the junction point of the transducer coils 33 and 34 and
      the center tap of the secondary of the transformer 32. As before, an
      appropriate meter or the like 51 is provided. Without any irregularities
      in the test object, the bridge 29 will remain balanced with equal amounts
      of current being induced from the rotating fields. However, if an
      irregularity such as an irregularity 28 is encountered, the flux will be
      distorted resulting in a variation at the transducer coil 33, for example,
      which will cause an unbalanced condition which will be detected by the
      meter 51. The fields can be in the same or opposite directions. This
      applies to the direction of the windings as well as the direction of
      movement. As with the other embodiments, the permability of the fault
      along with the coupling factor of the transducer provides sufficient
      latitude for evaluating and classifying results. These variables along
      with the above mentioned frequency modulation of the moving field and in
      addition automatic balancing can be included in a complete system.
PAR  With arrangements such as that of FIG. 4, additional transducer
      arrangements can be provided with two or more generators used, each
      connected to a separate transducer and the transducers placed at different
      portions of the test body either secured thereto or in a movable fashion.
      Assymetries can be examined for each separate transducer or for transducer
      mutually, similar to the manner described in connection with FIG. 4. As
      noted above, it is also possible for a single generator to be used for
      driving a plurality of transducers.
PAR  FIG. 5 shows an alternate form of the arrangement of FIG. 4 for detecting
      faults in a planar body such as a sheet of metal. In this arrangement, the
      coils are arranged to induce rotating fields which rotate in the planar
      surface. The detector arrangement 29 is exactly as described above. Thus,
      there are shown two rotating fields 36 and 37 rotating in the plane of a
      planer test object. If a fault such as a fault 35 is detected, field
      distortion will occur resulting in an unbalance in the detector circuit 29
      which will result in a reading on the meter 51.
PAR  FIGS. 6 and 7 illustrate a further alternative embodiment of the invention.
      FIG. 6 is an electrical schematic and FIG. 7 a mechanical schematic of the
      arrangement. An appropriate generator provides three phase current
      indicated schematically by 38 to three amplifiers 39 each of which is
      coupled to the primary of a transformer 61. The secondary of each of the
      transformers 61 is coupled to a transducer coil 42. The transducer coils
      47 will be spaced around the test object 43 much in the same manner
      described above in connection with FIG. 2A. This arrangement is
      illustrated schematically on FIG. 7. Adjacent the primary transducer
      circuit made up of the coils 42 is a secondary transducer coil 41. Its
      location relative to the coils 42 is illustrated on FIG. 7. Coil 41
      comprises a single differential coil and provides an output at 45 which
      may then be provided to a differential amplifier 46 or the like for
      further amplification. The signal so obtained may then be provided to a
      meter or other evaluation circuits.
PAR  In the arrangement shown on FIG. 6, the secondary coil 41 is immediately
      adjacent the primary coil arrangement 42. This is not an absolute
      necessity and in some cases the coil 41 may be positioned inside the
      primary coil 42. Also although shown as a single phase differential coil,
      it is possible to use two or more coils in the secondary circuit and
      combine them in appropriate fashion. These and other modifications may be
      made without departing from the spirit of the invention which is intended
      to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for testing metal bodies comprising:
PA1  a. a first y-connected multi-phase generator;
PA1  b. a first plurality of y-connected transducer coils comprising at least
      one coil per phase of the multi-phase generator arranged symmetrically
      relative to a metal body to be tested, said coils coupled to the phase
      outputs of said generator such as to induce a moving field in said body
      when fed with a multi-phase current therefrom; and
PA1  c. a second plurality of y-connected transducer coils comprising at least
      one coil per phase of the multi-phase generator arranged symmetrical
      relative to said metal body to be tested, said coils coupled to the phase
      outputs of said generator such as to induce a moving field in said body
      whose direction is opposite to that of the moving field generated by said
      first plurality of y-connected transducer coils when fed with a
      multi-phase current from said multi-phase generator, said second plurality
      of y-connected transducer coils being located at a section of said metal
      body different from the section where said first plurality of y-connected
      transducer coils are located; and
PA1  d. means to detect variations in the electrical field generated by said
      transducer coils which occur when faults and irregularities in the body
      being tested are encountered comprising
PA2  1. First and second transducer coils located adjacent to said metal body
      between said first and second pluralities of transducer coils and
      connected in series;
PA2  2. a transformer having first and second secondary windings in series and a
      single primary winding;
PA2  3. first and second impedances coupling said first and second transducer
      coils in series to said first and second secondary windings in series;
PA2  4. means to detect an unbalance between the point at which said first and
      second transducer coils are connected in series and the point at which
      said first and second secondaries are connected in series; and
PA2  5. means to induce a voltage on the primary of said transformer.
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ABST
PAL  A device for detecting mobile ferromagnetic masses, notably of vehicles,
      comprising a magnetometric pick-up element of the type with orthogonal
      fields. The pick-up element is a ferrite tube of small dimensions which is
      provided with a toroidal pump winding and a solenoid signal winding. The
      output of the processing and amplifying device for the signal of the
      pick-up element is fed back to the solenoid winding via a circuit
      comprising a low-pass filter and a symmetrical current amplifier. A
      pulseshaper for the amplified signal supplied by the pick-up element
      comprises phase-shifting circuits, so that a single squarewave pulse can
      be obtained upon the passage of a metallic mass.
BSUM
PAR  The invention relates to a device for detecting mobile ferromagnetic
      masses, notably vehicles, comprising a pick-up element for indicating the
      local variations of permanent magnetic fields at the area of the pick-up
      which are caused by the passage of the said ferromagnetic masses, a device
      for processing and amplifying the signal supplied by the pick-up, and a
      pulse shaper which is designed such that it supplies a single pulse upon
      the passage of each ferromagnetic mass.
PAR  A detector of this kind is used, for example, for counting vehicles
      travelling on a road.
PAR  Some of the known vehicle detectors use an inductive loop as a pick-up
      element, the said loop forming part of the oscillatory circuit of an
      oscillator whose frequency is changed by the passage of a vehicle in the
      vicinity of this loop. A drawback of this system is that the loop, which
      is to be embedded in the road, generally has comparatively large
      dimensions so that it is fragile and expensive to install. In addition,
      the nature of the soil and the climatic conditions have a disturbing
      effect on the signal supplied by the detector.
PAR  An object of the invention is to eliminate these drawbacks by utilizing and
      adapting the principles of a magnetometer with orthogonal, winding for the
      detection of vehicles.
PAR  One of the objects of the invention is to provide a detector which is very
      sensitive to the passage of ferromagnetic masses but insensitive to
      intefering parameters and which comprises a robust pick-up element, is
      economical, has very small dimensions, and can be arranged in the most
      favourable location in or at the edge of the road.
PAR  According to the invention a detector for ferromagnetic mobile masses, more
      particularly automotive vehicles, is characterized in that the pick-up
      element is an element of the type with orthogonal windings, comprising an
      element which is made of a ferromagnetic material and which is provided
      with a pump winding which is supplied with a current of a frequency
      f.sub.p which saturates the said material, and with a signal winding which
      is orthogonal to the pump winding. The device for processing and
      amplifying the signal of the pick-up element comprises a cascade
      connection of a circuit for selecting an even harmonic of the frequency
      f.sub.p and a synchronous detector whose amplified output signal
      constitutes the output signal of the said processing and amplifying
      device.
PAR  The second harmonic, supplying the useful signal having the highest
      amplitude, is preferably chosen.
PAR  The ferromagnetic element of the pick-up is preferably a ferrite tube which
      is provided with a toroidal winding which serves as the pump winding, and
      a solenoid winding which serves as the signal winding. This tube is
      dimensioned, for example, 2 .times. 4 .times. 50 mm.
PAR  The permanent magnetic field in the vicinity of the pick-up element
      (essentially caused by the earth's magnetic field), however, does not
      always have the same value for each location where the pick-up element is
      arranged, and can even vary due to the presence of stationary vehicles. In
      other words, the zero value of the signal supplied by the amplifying
      device can vary so that it is difficult to extract information about the
      passage of vehicles therefrom.
PAR  Another object of the invention is to provide means for automatic
      neutralization of the permanent magnetic fields without substantially
      influencing the sensitivity of the said detector to variable fields caused
      by the passage of vehicles.
PAR  To achieve this end, according to the invention, the output signal of the
      processing and amplifying device is fed back to a solenoid winding of the
      pick-up element via a circuit comprising a low-pass filter and a
      symmetrical current amplifier.
PAR  This solenoid winding is preferably the signal winding.
PAR  At the output of the device for amplifying the signal of the pick-up
      element, a signal of variable shape and amplitude appears upon the passage
      of a vehicle, the said signal being capable of assuming the one or the
      other polarity.
PAR  Another object of the invention is to provide a pulseshaper which,
      regardless of the signal, supplies a single squarewave pulse which can
      activate a counting device.
DRWD
PAR  The following description, than with reference to the attached drawings,
      given by way of non-limitative example, will provide a better
      understanding as to how the invention can be realized,
PAR  FIG. 1 shows the diagram of the detector according to the invention with
      the exception of the pulseshaper.
PAR  FIG. 2 shows a diagram of the signals obtained at the output of the
      detector of FIG. 1 upon the passage of a vehicle.
PAR  FIG. 3 shows the pulseshaper according to the invention.
PAR  FIGS. 4 and 5 show signal diagrams illustrating the operation of the
      pulseshaper.
DETD
PAR  FIG. 1 shows a pick-up element 1 which indicates the variations of the
      permanent magnetic field H. This magnetic field is essentially caused by
      the earth's magnetic field. The vicinity of the steel mass constituting a
      vehicle causes a variation of the intensity and the direction of the
      magnetic field H at the area of the pick-up element, and hence a variation
      of the signal supplied by the pick-up element. FIG. 1 also shows the
      electronic circuits associated with the pick-up element, notably the
      device 2 for processing and amplifying the signal supplied by the pick-up
      element, with the exception of the pulseshaper which is to be connected to
      the output terminals 3 and 4 of the device 2 and which must supply a
      single pulse each time a vehicle passes by.
PAR  In accordance with the invention, the pick-up element 1 is an element of
      the type with orthogonal windings comprising an element of a ferromagnetic
      material 5 which is provided with a pump winding 6 which is supplied with
      a current Ip of a frequency f.sub.p which saturates the said material, and
      a signal winding 7 which is orthogonal to the pump winding. The device 2
      for processing and amplifying the signal supplied by the pick-up element,
      connected to the output terminals 8, 9 of the signal winding, comprises a
      cascade connection of frequency selection means 10 for selecting an even
      harmonic of the frequency f.sub.p and a synchronous detector 11, the
      output signal of which, amplified by the symmetrical voltage amplifier 12,
      is applied to the terminals 3 and 4.
PAR  In the embodiment shown in FIG. 1, the ferromagnetic element 5 of the
      pick-up element is a tube which is made, for example, of sintered material
      of the type Ferroxcube. This tube is provided with a toroidal winding 6
      which serves as the pump winding, the said winding comprising a given
      number of turns which are passed through the interior of the tube. This
      winding, symbolically represented by a single turn, is supplied by an
      oscillator 13 with the current I.sub.p of a frequency f.sub.p, so that in
      the tube 5 a circular magnetic field is produced, the axis of which is
      formed by the axis x x' of the tube. The tube 5 is further provided with a
      solenoid winding 7 which is arranged along the axis x x' of the tube and
      which serves as the signal winding.
PAR  No signal is obtained at the terminals 8, 9 of the signal winding if the
      pick-up element is not exposed to any component of the outer magnetic
      field along the axis x x' of the tube, whereas if this component is
      present, a signal is obtained at the terminals 8 and 9 which contains only
      even harmonics of the frequency f.sub.p. If a vehicle passing the pick-up
      element within a short distance changes the intensity and the direction of
      the magnetic field H at the area of the pick-up element, the intensity and
      possibly the direction of the component H.sub.x along the axis x x' of the
      tube are necessarily changed, so that a variation of the signal at the
      terminals 8, 9 of the signal winding is obtained.
PAR  In the device 2 for the analog processing of the signal supplied by the
      pick-up element, the second harmonic of the pump frequency f.sub.p is
      selected, within the selection circuit 10, diagrammatically shown in the
      form of an LC oscillatory circuit tuned to the frequency 2 f.sub.p, a
      useful signal of the frequency 2 f.sub.p is obtained, the amplitude of
      which is proportional to the component Hx of the field H at the area of
      the pick-up element, its phase being inverted or not by 180.degree. in
      accordance with the direction of this component on the axis x x'. This
      signal is amplified in the AC-amplifier 14 in which means for selecting
      the frequency 2 f.sub.p can be incorporated. The secondary winding of the
      output transformer 15 of this amplifier is connected to one input of the
      synchronous detector 11, i.e. to the relevant centre points of the
      resistors 16, 17. The synchronous detector is realized in known form as a
      diode bridge 18, 19, 20, 21. The reference signal of the frequency 2
      f.sub.p , feeding the second input of the synchronous detector, is
      obtained from the oscillator 13. The selection circuit 22, shown in the
      form of an oscillatory circuit tuned to the frequency 2 f.sub.p, extracts
      the second harmonic from the signal supplied by the oscillator 13. This
      signal is amplified in the AC-amplifier 23, the output transformer 24 of
      which is shown. The center tapped secondary winding of the transformer 24
      is connected to the second input of the synchronous detector, i.e. its
      ends and its centre tapping are connected to the ends and the centre
      tapping, respectively, of the resistor 16.
PAR  The detected voltage, obtained at the terminals of the resistor 16, is
      filtered by the resistor 25 and the capacitor 26. On the output terminals
      of the synchronous detector, connected to the terminals of the capacitor
      26, a direct voltage is obtained whose amplitude and polarity are a
      reproduction of the strength and the direction of the component H.sub.x of
      the magnetic field H at the area of the pick-up element 1.
PAR  After amplification of this voltage, a voltage V is obtained between the
      output terminals 3, 4, this voltage being shown in FIG. 2 as a function of
      time.
PAR  In the absence of vehicles, a permanent voltage V.sub.o is obtained which
      is produced by the component of the permanent magnetic field. When a
      vehicle passes by, this voltage varies, the waveform being dependent on
      the geometry of the steel masses constituting the vehicles. Generally a
      change of the polarity with respect to the permanent voltage V.sub.o is
      observed. This is due to the fact that under the influence of the
      permanent magnetic field the vehicle behaves as a magnetic dipole which
      itself produces a magnetic field which, depending on the position of the
      vehicle with respect to the pick-up element, is added to or subtracted
      from the component of the said permanent magnetic field.
PAR  The advantages of the novel use, according to the invention, of a
      magnetometer of the kind with orthogonal windings for the detection of
      vehicles, are essentially due to the sensitivity of an instrument of this
      kind. In the vehicle detector according to the invention, this
      characteristic permits the reduction of the dimensions of the pick-up
      element while maintaining adequate sensitivity. For example, a pick-up
      element was realized by means of a ferrite tube dimensioned 2 .times. 4
      .times. 50 mm. The toroidal winding comprised eighteen turns and the
      solenoid winding two hundred and thirty turns. A pick-up element of this
      kind can be readily constructed in the form of a robust element, for
      example, encapsulated in resin and insensitive to the external climatic
      conditions. It can be installed in or at the edge of a road in the most
      practical location, without its orientation being a decisive factor in the
      detection of vehicles.
PAR  In a practical embodiment of the detector the pump frequency f.sub.p was 20
      kHz, and the power required for supplying the assembly of circuits shown
      in FIG. 1 was in the order of 3.5 watts.
PAR  In the system described thus far the useful signal which is supplied by the
      pick-up element in the absence of vehicles is not zero, and can vary
      slowly in time because the permanent magnetic field at the area of the
      pick-up element itself can vary slowly for reasons other than the passage
      of vehicles to be detected. This becomes apparent in a voltage V.sub.o
      (see FIG. 2) which changes in time, so that it becomes difficult to
      utilize the voltage variations caused by the passage of vehicles in a
      pulseshaper. A saturation of the electronic circuits can also occur.
PAR  In order to eliminate this drawback, the invention provides means for
      automatic neutralization of the permanent magnetic fields which render the
      output voltages of the device 2 practically equal to zero in the absence
      of vehicles, and which permit the detection of the passage of vehicles
      with proper sensitivity.
PAR  To achieve this end, the signal present on the output terminals 3 and 4 of
      the processing and amplifying device 2 is fed back to a solenoid winding
      of the pick-up element (the signal winding 7 in the example shown in FIG.
      1) via the circuit 27, comprising a low-pass filter 28 and a symmetrical
      current amplifier, the active elements which are formed by the transistors
      29 and 30.
PAR  The low-pass filter 28 is formed by two RC integrating networks having a
      large time constant (in the order of 5 to 25 seconds). One integrating
      network (resistor 31 and capacitor 32) is connected between the output
      terminal 3 and the base of the transistor 29 of the symmetrical current
      amplifier. The other integrating network, resistor 33 and capacitor 34, is
      connected between the output terminal 4 and the base of transistor 30 of
      the symmetrical current amplifier. The collectors of the two npn
      transistors 29 and 30 are connected to the positive pole of a DC supply
      source, the negative pole of which is grounded. The emitters of these two
      transistors are connected to ground via two identical resistors 35 and 36.
      The emitters of the two transistors 29 and 30 form the output terminals 37
      and 38 of the symmetrical current amplifier. Each of the two transistors
      29 and 30 can be an assembly of transistors connected in a "Darlington"
      configuration.
PAR  Due to the large time constant of the two integrating networks, the
      symmetrical outputs 37 and 38 of the current amplifier can only reproduce
      those voltages appearing between terminals 3 and 4 which vary only very
      slowly with time and which are the electrical images of the permanent
      magnetic fields at the area of the pick-up element. In contrast therewith,
      the outputs 37 and 38 will practically not reproduce voltages appearing
      between 3 and 4 which vary very quickly and which are electrical images of
      the quickly varying magnetic fields.
PAR  As a result, by connecting the two outputs 37, 38 of the current amplifier
      to a solenoid winding of the pick-up element (the signal winding 7 in the
      example shown in FIG. 1) such that the effect of the permanent magnetic
      fields at the location of the pick-up element is compensated for, a
      feedback loop is obtained which ensures neutralization of these permanent
      fields without exerting an apprciable effect on the quickly varying
      magnetic fields.
PAR  It is thus achieved that the voltage between the two output terminals 3 and
      4 of the device reproduces the fast varying magnetic fields (passage of
      vehicles), and presents a value V.sub.o which is practically equal to zero
      for permanent magnetic fields.
PAR  The solenoid winding of the pick-up element used for neutralizing permanent
      magnetic fields can be a winding other than the signal winding 7. However,
      the solution where these two windings are combined as shown in FIG. 1
      offers the advantage that the number of connection wires between the
      pick-up element and the circuits is reduced. In this case, the signal
      winding 7 thus has two functions: one function being the collection of the
      useful signal in the case of a variation of the field H.sub.x along the
      axis of the pick-up element in order to apply this useful signal to the
      input of the circuit 10 for selection of the frequency 2 f.sub.p, the
      other function being the neutralization of the permanent magnetic fields
      by means of the direct current supplied by the two output terminals 37 and
      38 of the symmetrical amplifier. In order to ensure the decoupling of the
      two circuits thus connected to the signal winding 7, use is made of
      circuit elements 39, 40 and 41.
PAR  The elements 39 and 40, connected in series between the two wires of the
      feedback loop, are parallel resonant circuits which are tuned to the
      frequency 2 f.sub.p. They constitute suppression filters which allow
      passage of the direct current of the feedback loop, and which prevent the
      useful signal, having the frequency 2 f.sub.p, from reappearing at the two
      resistors 35 and 36 which are connected to the output of the symmetrical
      amplifier.
PAR  The element 41 is a capacitor which is connected in series with the input
      of the processing circuit of the useful signal. It constitutes a very
      small impedance with respect to the useful signal of the frequency 2
      f.sub.p, and a very high impedance with respect to the direct current or
      the slowly varying current.
PAR  From the voltage V, supplied between the output terminals 3 and 4 of the
      device 2 for processing and amplifying the pick-up element signal, this
      voltage having a waveform as shown in FIG. 2 upon the passage of a
      vehicle, a single squarewave pulse must be obtained in a pulseshaper, the
      said pulse having substantially the same duration .tau. as that during
      which the voltage V is variable.
PAR  Because the amplitude, the shape and the duration .tau. of this voltage are
      dependent on the type and the speed of the passing vehicles, the
      realization of such a pulseshaper imposes problems, while the use of
      threshold circuits in the pulseshaper involves the risk of a plurality of
      pulses being generated upon the passage of a single vehicle.
PAR  The pulseshaper shown in FIG. 3 provides a solution to these problems.
PAR  This Figure shows the two output terminals 3 and 4 of the device 2 between
      which the voltage V is applied. In order to facilitate the description of
      the operation of the pulseshaper it is assumed that the voltage V, which
      is equal to zero in the absence of vehicles, is sinusoidal, as shown in
      FIG. 4a, upon the passage of a vehicle.
PAR  The two terminals 3 and 4 are connected to the base electrodes of the
      push-pull connected transistors 42 and 43, respectively, via the two
      identical resistors 44 and 45. The collectors of these transistors are
      connected to the positive pole of a direct voltage source, the negative
      pole of which is connected to ground. The emitters of transistors 42 and
      43 are connected to ground via two identical resistors 46 and 47.
PAR  The emitters of the transistors 42, 43 are also connected, via Zener diodes
      48, 49, to the input (+) of two differential amplifiers 50, 51 which are
      connected as comparison circuits. The input (-) of these comparison
      circuits is connected to a positive reference potential VR. The output of
      these two comparison circuits 50, 51 is connected by way of the two diodes
      52, 53, to a terminal of the resistor 54, the other terminal of which is
      connected to a terminal of the capacitor 55 and to the input of an
      amplifying and limiting circuit 56. The other terminal of the capacitor 55
      is connected to ground. The output 57 of the circuit 56 forms the output
      terminal of the pulseshaper.
PAR  The operation of the circuit described thus far will be described with
      reference to the various diagrams of FIG. 4. In the diagrams 4b and 4c,
      the potentials VA and VB at the emitters of the transistors 42, 43 are
      denoted by solid lines. These potentials have a constant value V.sub.o for
      an input voltage V which is equal to zero. If this voltage V has the
      sinusoidal shape shown in FIG. 4a, the potentials VA and VB are
      sinusoidally varied in phase-opposition. If the potential VA and the
      reference potential VR, denoted by a broken line in FIG. 4b, are applied
      to each of its inputs, the comparison circuit 50 supplies at its output
      the pulses having a period T which are shown in FIG. 4d. In a similar
      manner, the pulses shown in FIG. 4e are obtained at the output of
      comparison circuit 51, the said pulses being phase-shifted one half period
      with respect to the pulses shown in FIG. 4d. Assuming that the capacitor
      55 was disconnected, the pulses of FIG. 4f would be obtained at the input
      of the limiting circuit 56. The presence of this capacitor 55, however,
      ensures that at the input of the circuit 56 the signal shown in FIG. 4g,
      having voltage dips with minimum values unequal to zero at the areas where
      the voltage was zero in FIG. 4, is obtained. If the signal of FIG. 4g is
      limited to the level denoted by a broken line, i.e. below the said minimum
      values, a squarewave pulse as shown in FIG. 4h can be obtained at the
      output of the pulseshaper.
PAR  The pulseshaper described thus far has the drawback that, in order to be
      sure that a single pulse as shown in FIG. 4h is obtained each time a
      vehicle passes by, it is necessary that the discharge time constant of the
      capacitor 55 be high so that the dips shown in FIG. 4g will never reach
      the limiting level. It must actually be taken into account that for
      vehicles which move at a very slow speed the duration of these dips is
      long. However, if the discharge time constant of the capacitor 55 is high,
      the end of the pulse according to FIG. 4h is delayed so that two vehicles
      which are close together are liable to generate only one single pulse.
PAR  In order to eliminate this drawback, the pulseshaper shown in FIG. 3 also
      comprises two comparison circuits 58, 59, the outputs of which are
      connected to the resistor 54 by way of the diodes 60 and 61. The input (-)
      of these comparison circuits is connected to the positive reference
      potential VR. The input (+) of the comparison circuit 58 is connected, by
      way of the Zener diode 62, to the terminal 63 which is common to the
      resistor 64 and the capacitor 65, the two other terminals of elements 64
      and 65 being connected to the emitters of the transistors 43 and 42,
      respectively. The input (+) of the comparison circuit 59 is connected, by
      way of the Zener diode 66, to the terminal 67 which is common to the
      resistor 68 and the capacitor 69, the two other terminals of elements 68
      and 69 being connected to the emitters of the transistors 42 and 43,
      respectively.
PAR  The operation of the complete circuit of FIG. 3 will now be described with
      reference to the diagrams of FIG. 5.
PAR  In FIG. 5a the sinusoidal variations of the potentials VA and VB are
      represented by a solid line and a broken line, respectively, the said
      potentials being in phase-opposition.
PAR  The two RC-networks 64, 65 and 68, 69 form two phase-shifting networks and
      by a suitable choice of the elements forming these networks it can be
      achieved that the potentials VC and VD of the points 63 and 67 are in
      phase-opposition with respect to each other, and in quadrature with
      respect to the potentials VA and VB. In FIG. 5b the sinusoidal variations
      of the potentials VC and VD are represented by a solid line and a broken
      line, respectively. After comparison with the positive reference potential
      VR, the potentials VA and VB produce, at the output of the comparison
      circuits 50 and 51, the pulses PA and PB which are denoted in FIG. 5c by
      solid lines and broken lines, respectively.
PAR  Similarly, after comparison with the potential VR, the potentials VC and VD
      produce, at the output of the comparison circuits 58 and 59, the pulses PC
      and PD which are denoted in FIG. 5d by solid lines and broken lines,
      respectively.
PAR  It will be obvious that even in the absence of the capacitor 55 a pulse of
      constant amplitude, as shown in FIG. 5e, is obtained at the input of the
      limiting circuit 56, the duration of said pulse not exceeding the duration
      of the voltage variations at the input of the pulseshaper.
PAR  The variable signal at the input of the pulseshaper is not as sinusoidal as
      shown in FIG. 4a in practice, and the operation of the pulseshaper is not
      as ideal as shown in the diagrams of FIG. 5. However, at the output of the
      four comparison circuits pulses are obtained which are phase-shifted with
      respect to each other so that a signal of substantially constant amplitude
      can be obtained at the input of the limiting circuit 56 by means of a
      capacitor 55 having a low value.
PAR  Depending upon the waveform of the variable signals upon the passage of
      vehicles, it is alternatively possible to use only a single phase-shifting
      network or to use a more complex phase-shifting network.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for detecting mobile ferromagnetic masses along a path exposed
      to a permanent magnetic field comprising, a pick-up element for producing
      a signal indicating the local variations of said permanent magnetic field
      caused by the passage of said ferromagnetic masses, said pick-up element
      including an element which is made of a ferromagnetic material and which
      is provided with a pump winding and with a signal winding positioned
      orthogonal to the pump winding, means for supplying a current of a
      frequency f.sub.p to the pump winding so as to saturate the ferromagnetic
      material, a device for processing the signal supplied by the signal
      winding of the pick-up element comprising a cascade connection of a
      circuit for selecting an even harmonic of the frequency f.sub.p and a
      synchronous detector which provides a time varying output signal during
      passage of a ferromagnetic mass that constitutes the output signal of the
      processing device, a pulseshaper circuit responsive to said output signal
      for deriving a single pulse at its output upon the passage of each
      ferromagnetic mass, and a negative feedback circuit for coupling the
      output signal of the processing device to a solenoid winding of the
      pick-up element, and wherein the pulseshaper circuit includes
      phase-shifter means responsive to the output signal received from the
      synchronous detector for deriving at first and second terminals first and
      second voltages in phase opposition, first and second threshold level
      discriminators having first and second inputs coupled to said first and
      second terminals, respectively, each of said discriminators deriving at
      its output terminal voltage pulses of the same polarity but phase shifted
      relative to one another, and means for combining the voltage pulses at the
      output terminals of said first and second discriminators.
NUM  2.
PAR  2. A detector as claimed in claim 1 further comprising first and second RC
      phase shift circuits connected between said first and second terminals to
      derive at third and fourth terminals third and fourth voltages in phase
      opposition to one another and in quadrature to said first and second
      voltages, third and fourth threshold level discriminators having first and
      second inputs coupled to said third and fourth terminals, respectively,
      each of said third and fourth discriminators deriving at its output
      terminal voltage pulses of the same polarity but phase shifted relative to
      one another, and means for combining the voltage pulses at the output
      terminals of said third and fourth discriminators with the voltage pulses
      at the output terminals of said first and second discriminators.
NUM  3.
PAR  3. A system for detecting the movement of an object exhibiting
      ferromagnetic properties along a path exposed to a magnetic field
      comprising, magnetic field sensing means disposed adjacent said path and
      responsive to a variation of said magnetic field caused by the movement of
      said object, said sensing means comprising an element composed of a
      ferromagnetic material having a pump winding and a signal winding
      positioned orthogonally to one another, means for applying an alternating
      current to the pump winding of a magnitude to saturate the ferromagnetic
      element, means for processing the signal supplied by the signal winding of
      the sensing means to derive an output signal that varies with said
      supplied signal, said processing means including a frequency filter tuned
      to a even harmonic of the pump frequency, and a pulse-shaper network
      responsive to said alternating output signal and including phase-shift
      means for deriving first and second out of phase voltages determined by
      said alternating output signal, and means responsive to the first and
      second voltages for deriving pulse-shaped output signals of the same
      polarity whenever the respective first and second voltages exceed a given
      voltage level.
NUM  4.
PAR  4. A system as claimed in claim 3 wherein said phase-shift means further
      comprise means responsive to one of said first and second voltages for
      deriving a third voltage out of phase with said first and second voltages
      and said pulse-shaped signal deriving means includes means responsive to
      said third voltage for deriving further pulse-shaped output signals of the
      same polarity as the pulse-shaped signals derived in response to said
      first and second voltages whenever said third voltage exceeds a given
      voltage level, and means for combining said pulse-shaped signals to
      produce a single output pulse.
NUM  5.
PAR  5. A system as claimed in claim 3 further comprising means for neutralizing
      the magnetic field comprising a feedback circuit coupling the output
      signal of the processing means to a solenoid winding of the field sensing
      means in a sense to counteract the signal voltage produced at said signal
      winding in the absence of a ferromagnetic object.
NUM  6.
PAR  6. A system as claimed in claim 5 wherein said feedback circuit includes
      low pass filter means having a long time constant in the order of one
      second or more.
NUM  7.
PAR  7. A system as claimed in claim 6 wherein said low pass filter means
      comprises first and second RC integrating networks symmetrically connected
      to the output terminals of the signal processing means to derive
      essentially DC neutralizing currents for the solenoid winding of the field
      sensing means.
NUM  8.
PAR  8. A system as claimed in claim 3 wherein said signal processing means
      includes a synchronous detector having a first input coupled to receive
      the output signal from said frequency filter and a second input, and means
      for applying an alternating signal of said even harmonic frequency to the
      second input of the detector, said synchronous detector supplying the
      alternating output signal of the signal processing means.
NUM  9.
PAR  9. A device for detecting mobile ferromagnetic masses along a path exposed
      to a permanent magnetic field comprising, a pick-up element for producing
      a signal indicating the local variations of said permanent magnetic field
      caused by the passage of said ferromagnetic masses, said pick-up element
      including an element which is made of a ferromagnetic material and which
      is provided with a pump winding and with a signal winding positioned
      orthogonal to the pump winding, means for supplying a current of a
      frequency f.sub.p to the pump windng so as to saturate the ferromagnetic
      material, a device for processing the signal supplied by the signal
      winding of the pick-up element comprising a cascade connection of a
      circuit for selecting an even harmonic of the frequency f.sub.p and a
      synchronous detector which provides a time varying output signal during
      passage of a ferromagnetic mass that constitutes the output signal of the
      processing device a pulseshaper circuit responsive to said output signal
      for deriving a single pulse at its output upon the passage of each
      ferromagnetic mass, a negative feedback circuit for coupling the output
      signal of the processing device to the signal winding of the pick-up
      element, said feedback circuit comprising a low-pass filter and a
      symmetrical current amplifier, a limiting circuit, and wherein the
      pulseshaper circuit includes means for phase shifting the output signal
      received from the synchronous detector for deriving a plurality of
      voltages which are phase-shifted with respect to each other, means for
      applying said plurality of phase shifted voltages to respective inputs of
      a plurality of threshold-voltage discriminators, each discriminator
      including means for applying voltage pulses of the same polarity to the
      input of the limiting circuit.
NUM  10.
PAR  10. A detector as claimed in claim 9 wherein the inputs of two of said
      discriminators are connected to receive first and second of said
      phase-shifted voltages which follow the variations of the input voltage of
      the pulseshaper circuit but which are in phase-opposition with respect to
      each other, and the inputs of the other discriminators are connected to
      points in the phase-shifting, means at which the voltages are out of phase
      with one another.
NUM  11.
PAR  11. A system for detecting the movement of an object exhibiting
      ferromagnetic properites along a path exposed to a magnetic field
      comprising, magnetic field sensing means disposed adjacent said path and
      responsive to a variation of said magnetic field caused by the movement of
      said object, said sensing means comprising an element composed of a
      ferromagnetic material having a pump winding and a signal winding
      positioned orthogonally to one another, means for applying an alternating
      current to the pump winding of a magnitude to saturate the ferromagnetic
      element, means for processing the signal supplied by the signal winding of
      the sensing means to derive an output signal that varies with said
      supplied signal, said processing means including a frequency filter tuned
      to an even harmonic of the pump frequency, means coupled to the output of
      the processing means and responsive to a variation in the output signal
      caused by movement of said object along said path for producing at its
      output a single pulse-type signal for each passing ferromagnetic object,
      and a negative feedback circuit coupling the output signal of the
      processing means to a solenoid winding of the field sensing means in a
      sense to counteract the signal voltage produced at said signal winding in
      the absence of a ferromagnetic object, and wherein said pulse-type signal
      producing means includes means responsive to said output signal for
      deriving first and second out of phase voltages, means responsive to said
      first and second voltages for producing first and second voltage pulses of
      the same polarity but phase shifted relative to one another, and means for
      combining said first and second voltage pulses to produce a single output
      pulse for each passing ferromagnetic object.
NUM  12.
PAR  12. A system as claimed in claim 11 wherein said feedback circuit includes
      a low pass filter.
NUM  13.
PAR  13. A device for detecting mobile ferromagnetic masses along a path exposed
      to a permanent magnetic field comprising, a pick-up element for producing
      a signal indicating the local variations of said permanent magnetic field
      caused by the passage of said ferromagnetic masses, said pick-up element
      including an element which is made of a ferromagnetic material and which
      is provided with a pump winding and with a signal winding positioned
      orthogonal to the pump winding, means for supplying a current of a
      frequency f.sub.p to the pump winding so as to saturate the ferromagnetic
      material, a device for processing the signal supplied by the signal
      winding of the pick-up element comprising a cascade connection of a
      circuit for selecting an even harmonic of the frequency f.sub.p and a
      synchronous detector which provides a time varying output signal during
      passage of a ferromagnetic mass that constitutes the output signal of the
      processing device, a pulseshaper circuit responsive to said output signal
      for deriving a single pulse at its output upon the passage of each
      ferromagnetic mass, and wherein said pulseshaper circuit includes
      threshold means responsive to said output signal for deriving first and
      second out of phase pulse-type signals of the same polarity, and means for
      combining said first and second pulse-type signals to produce a single
      output pulse signal for each passing ferromagnetic mass.
NUM  14.
PAR  14. A detecting device as claimed in claim 13 wherein said pulseshaper
      circuit includes means for providing a fixed reference voltage that
      establishes a single operating threshold level for the pulseshaper circuit
      during the passage of each ferromagnetic mass.
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ABST
PAL  Tap-changing means for tapped transformers include thyristors for effecting
      tap-changes. Additional tap-changing means which include electric fuses,
      current-limiting resistors and a relay-controlled standby thyristor
      trigger system prevent the occurrence of dangerous short-circuit currents
      in case of malfunction of the principal thyristor trigger means. The
      circuitry further includes a pair of voltage bucking relays energized by a
      pair of voltage sensors responsive to the voltage prevailing between the
      taps of the transformer winding between which a tap-changing operation is
      intended.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improvement of the system disclosed in
      U.S. Pat. No. 3,786,337; 01/15/74 for THYRISTORS FOR EFFECTING TAP
      CHANGING ON TRANSFORMERS AND INCLUDING CURRENT LIMITING RESISTORS AND
      STANDBY TRIGGER SYSTEM, assigned to the same assignee as the present
      invention.
PAR  Prior art tap-changing systems include a transformer winding having at
      least two taps. Either of the two taps may be connected selectively to an
      outgoing current-carrying line. The connection between the taps and the
      aforementioned line is normally effected by current-carrying contacts
      forming part of a transfer switch. The latter includes also disconnect
      contacts. The current-carrying contacts can be shunted by a pair of
      thyristor networks which are arranged in series with the aforementioned
      disconnect contacts. Each thyristor network includes a pair of inverse
      parallel connected thyristors.
PAR  In the stationary state, i.e. when the load current is derived only from
      one of two contiguous taps of a tapped transformer winding and the other
      tap does not supply any load current, one of two pairs of current-carrying
      contacts of the transfer switch carries the entire load current, and no
      other contact of the transfer switch is current carrying. In that
      stationary state the constituent thyristors of the two thyristor networks
      are not triggered and, therefore, non-conductive.
PAR  A tap-change involves the following steps in the order stated below:
PAR  One of the two pairs of disconnect contacts is closed -- if it had not been
      closed previously -- to prepare a current path shunting the pair of
      engaged current-carrying contacts which at the time is carrying the load
      current. That current path includes one of the two thyristor networks, or
      the first thyristor network. After triggering of the constituent
      thyristors of the first thyristor network the load current flows through
      that thyristor network and the closed disconnect contacts arranged in
      series with it. Hence the current-carrying contacts by which the load
      current had heretofore been carried may safely be separated; and are
      separated. Thereupon the disconnect contacts arranged in series with the
      other or second thyristor network are closed and the constituent
      thyristors of said second thyristor network triggered, and no further
      trigger pulses are applied to constituent thyristors of said first
      thyristor network. As a result, both thyristor networks will be conductive
      during a short period of time, and the first thyristor network becomes
      non-conductive following the first zero of the current wave. Now the
      entire load current is carried by the second thyristor network and by the
      disconnect contacts that are arranged in series with it. The last step in
      the process of a tap-change consists in shunting the second thyristor
      network by closing a pair of current-carrying contacts of the transfer
      switch, and thereafter deactivating the second thyristor network by
      interrupting the supply of trigger pulses to it. Now a new stationary
      state is reached, i.e. the entire load current is derived from the tap
      that heretofore had been inactive, and the tap that heretofore had
      supplied the entire load current is now inactive.
PAR  The required sequence of operations may be achieved with special transfer
      switches which are well known in the art. This sequence of operations may
      also be achieved with any Jansen type transfer switch for tap-changing
      regulating transformers by resorting to the auxiliary control means
      disclosed and claimed in U.S. Pat. No. 3,710,232 to M. Matzl, Jan. 9, 1973
      for LOGIC-CONTROLLED THYRISTOR SYSTEM FOR PERFORMING TAP-CHANGING
      OPERATIONS.
PAR  What has been described above is a faultless operation of the kind of
      system under consideration. Such systems may, however, malfunction under
      certain circumstances.
PAR  One of the most dangerous situations results when by malfunctioning of one
      part or another the thyristors of both thyristor networks are triggered
      simultaneously. This results in a solid short-circuit of that section of
      the tapped transformer winding which is connected to the two
      simultaneously triggered thyristor networks.
PAR  The above situation resulting from malfunctioning of the trigger means may
      be remedied by arranging in series with each of the two thyristor networks
      a current-limiting resistor which is shunted by an electric fuse. In such
      a system simultaneous triggering of the thyristors in both thyristor
      networks results in blowing of the shunt fuse across one or across both
      current-limiting resistors. These resistors then limit the fault current
      to a relatively low level. This makes it possible to continue operation of
      the faulted system for some time during which the fault may be detected
      and repaired, and the blown fuse, or fuses, replaced.
PAR  The constituent thyristors of one, or the other, or of both thyristor
      networks may not be triggered at the time when they should be triggered.
PAR  Considering the case that no trigger pulses are supplied to the thyristors
      of the first thyristor network supposed to shunt the then engaged
      current-carrying contacts at the beginning of a tap-changing operation. As
      a result, an arc is drawn between the current-carrying contacts when they
      are caused to part. The current-carrying contacts are not designed to
      withstand arcing and are, therefore, damaged by the arc which is drawn
      between them. A tap-changing operation involving arcing between parting
      current-changing contacts may also result in a complete destruction of an
      on load tap-changing regulating transformer.
PAR  The circuitry disclosed and claimed in the above referred-to U.S. Pat. No.
      3,786,337 provides means for precluding damage to a tap-changing system of
      the kind under consideration in case of a failure of the thyristor
      triggering means and consequent current commutation failure. This is
      achieved by the provision of standby, or auxiliary, thyristor trigger
      means under the control of relay means which are energized by means of
      auxiliary switch means tied to, and jointly operative with, the parting
      current-carrying contacts of the transfer switch in case that the load
      current is not commutated from the current path including current-carrying
      contacts to a current path including a thyristor network.
PAR  The invention to which U.S. Pat. No. 3,786,337 relates is thus based on the
      reasoning that it is necessary to determine initially whether a thyristor
      network is ready to commutate the load current from the current path
      including current-carrying contacts which are about to part, or which have
      already parted, and that the further operation of the system should be
      made dependent upon the outcome of such initial determination. In case
      that the aforementioned thyristor network is not ready for its commutating
      or current-carrying duty it should be triggered by stand-by, or auxiliary,
      trigger means.
PAR  The present invention relates to an improvement of the system of U.S. Pat.
      No. 3,786,337 and more particularly to an improvement of the embodiment
      thereof shown in FIG. 3 of the above patent.
PAR  As will be shown below in detail a tap-changing operation in the above
      prior art system may not be properly performed under certain small
      load-current conditions. It is the prime object of the present invention
      to provide a novel tap-changing system not subject to small-load current
      limitations under consideration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a circuit diagram of a system embodying the present
      invention predicated upon bucking of two voltages and including a primary
      trigger pulse generator and a standby, or auxiliary trigger pulse
      generator.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawing, reference character Tr has been applied to
      indicate a tapped winding of a regulating transformer having taps F.sub.1
      and F.sub.2. Reference character LA has been applied to indicate an
      outgoing line carrying the load current from tap F.sub.1 by way of
      internal line I and the current-carrying contacts D.sub.1 of a mechanical
      switching device to a given load (not shown). The aforementioned switching
      device includes in addition to current-carrying contact D.sub.1
      current-carrying contact D.sub.2 and the auxiliary or disconnect contacts
      H.sub.1, H.sub.2. In the limit position of the switching device shown
      contacts D.sub.1, H.sub.1 are closed, and coantacts H.sub.2, D.sub.2 are
      open, and the current in line LA is solely derived from tap F.sub.1. The
      switching device has two limit positions of which one is shown in the
      drawing. In the other limit position of the switching device contacts
      D.sub.1, H.sub.1 are open and contacts H.sub.2, D.sub.2 closed. Then the
      entire load current flowing in outgoing line LA is derived from tap
      F.sub.2 and its path includes internal line II and current-carrying
      contacts D.sub.2. The term current-carrying contacts is applied to
      contacts D.sub.1, D.sub.2 to indicate that these contacts are designed to
      carry high currents continuously, but are not capable of interrupting or
      breaking currents, and to withstand arcing.
PAR  Reference character Th.sub.1 has been applied to indicate a first pair of
      inverse parallel connected thyristors, and reference character Th.sub.2
      has been applied to indicate a second pair of inverse parallel connected
      thyristors. One terminal of the network including thyristor Th.sub.1 is
      conductively connected to tap F.sub.1, and the other end of that network
      is connected by means of auxiliary contacts H.sub.1 to outgoing load line
      LA. In a like fashion one terminal of the network including inverse
      parallel connected thyristors Th.sub.2 is conductively connected to tap
      F.sub.2, and the other end of that network is connected by means of
      auxiliary contacts H.sub.2 to outgoing load line LA. The aforementioned
      thyristor networks serve the purpose of selectively switching load line LA
      from tap F.sub.1 to tap F.sub.2, and vice versa. As mentioned above
      contacts H.sub.1, H.sub.2 are in effect disconnects. As shown in FIG. 1
      disconnect H.sub.1 is closed preparatory to a tap-changing operation from
      tap F.sub.1 to tap F.sub.2, and disconnect H.sub.2 is open. In the
      stationary state when the entire load current is derived from tap F.sub.1
      and carried by contacts D.sub.1 thyristors Ih.sub.1 are not conductive,
      and disconnect H.sub.1 may be closed, as mentioned above. Disconnect
      H.sub.1 may, however, be opened if it is desired not to subject thyristors
      Th.sub.1 for long periods of time to a difference in voltage. If
      disconnect H.sub.1 should be in the open position while the load current
      is derived from tap F.sub.1, then disconnect H.sub.1 must be closed
      preparatory to a tap-changing operation from tap F.sub.1 to tap F.sub.2
      prior to separation of current-carrying contacts D.sub.1.
PAR  Reference characters R.sub.1, R.sub.2 have been applied to indicate a pair
      of current-limiting resistors each shunted by an electric fuse S.sub.1 and
      S.sub.2, respectively. Parts R.sub.1, S.sub.1 are connected in series with
      thyristors Th.sub.1 and parts R.sub.2, S.sub.2 are connected in series
      with thyristors Th.sub.2. During a tap-changing operation both disconnects
      H.sub.1, H.sub.2 must be closed. If both disconnects H.sub.1, H.sub.2 are
      closed and the networks including thyristors Th.sub.1 and Th.sub.2 are
      both conductive on account of a fault consisting in simultaneous
      triggering of the thyristors Th.sub.1 and Th.sub.2 in both thyristor
      networks, this would result in short-circuiting the portion of the tapped
      transformer winding situated between taps F.sub.1 and F.sub.2. To prevent
      the ensuing short-circuit currents to reach dangerous magnitudes
      current-limiting resistors R.sub.1, R.sub.2 and shunt fuses S.sub.1,
      S.sub.2 are provided. On occurrence of a fault of the aforementioned kind,
      resulting in a short-circuit of the portion of the transformer winding
      situated between taps F.sub.1, F.sub.2 electric fuses S.sub.1, S.sub.2
      will blow, and resistors R.sub.1, R.sub.2 then limit the fault current to
      a permissible magnitude.
PAR  A tap-changing operation from tap F.sub.1 to tap F.sub.2 calls for closing
      of both disconnects H.sub.1 and H.sub.2. Thyristors Th.sub.1 are triggered
      by the central trigger control unit St, and establish a current path
      parallel to the current path I including current-carrying contacts
      D.sub.1. These contacts are then opened, and thyristors Th.sub.1 and
      disconnect H.sub.1 carry the entire load current for a short period of
      time. Thereupon thyristors Th.sub.2 are triggered by the central control
      unit St and no more trigger pulses are supplied to thyristors Th.sub.1. As
      a result, a current path is established from tap F.sub.2 to outgoing line
      LA which includes thyristors Th.sub.2 and closed disconnect H.sub.2. At
      the next natural zero of the load current thyristors Th.sub.1 become
      nonconductive, causing cessation of the current flow through disconnect
      H.sub.1. As a result of the above, the current in line LA is now derived
      only from tap F.sub.2, and not derived any longer from tap F.sub.1.
      Thereupon current-carrying contacts D.sub.2  are closed and disconnect
      H.sub.1 is, or may be, opened. After closing of current-carrying contacts
      D.sub.2 thyristors Th.sub.2 are rendered inoperative by the action of
      central trigger pulse control St.
PAR  The above steps are reversed when a tap-change from tap F.sub.2 to tap
      F.sub.1 is intended to be effected.
PAR  If the central trigger pulse control St fails and no trigger pulses are
      applied to thyristors Th.sub.1 and Th.sub.2, the current initially flowing
      in line I and current-carrying contacts D.sub.1 cannot be commutated to
      the parallel circuit including thyristors Th.sub.1 and closed disconnect
      H.sub.1.
PAR  In systems of the kind under consideration contacts D.sub.1, H.sub.1,
      H.sub.2 and D.sub.2 are operated automatically in the required sequence.
      Therefore a tap-changing operation from tap F.sub.1 to tap F.sub.2 is
      automatically completed.
PAR  In the drawing reference numeral ZG has been applied to indicate an
      auxiliary or standby trigger pulse control unit for thyristors Th.sub.1,
      Th.sub.2 intended to become operative when, and in case that, trigger
      pulse control unit St fails. Trigger pulses for thyristors Th.sub.1
      derived from trigger pulse control unit St are transmitted to thyristors
      Th.sub.1 by the intermediary of trigger pulse transformer SW.sub.1 and
      trigger pulses for thyristors Th.sub.1 derived from standby pulse control
      unit ZG are transmitted to thyristors Th.sub.1 by the intermediary of
      trigger pulse transformer SW.sub.3. Reference character SW.sub.2 has been
      applied to indicate a trigger pulse transformer for transmitting trigger
      pulses derived from unit St to thyristors Th.sub.2 and reference character
      SW.sub.4 has been applied to indicate a pulse transformer for transmitting
      trigger pulses derived from unit ZG to thyristors Th.sub.2.
PAR  Each trigger pulse transformer SW.sub.1, SW.sub.2 has one primary winding
      connected to unit St.sub.1, two secondary windings each connected to one
      of thyristors Th.sub.1 and Th.sub.2, respectively, and a tertiary winding
      which will be considered below. Each of the trigger pulse transformers
      SW.sub.3, SW.sub.4 has a primary winding connected to unit ZG and two
      secondary windings each connected to one of thyristors Th.sub.1 and
      Th.sub.2, respectively. The trigger circuits Z.sub.1 of thyristors
      Th.sub.1 further include diodes G.sub.1, resistors W.sub.1 and W.sub.11
      and capacitors C.sub.1. The trigger circuits Z.sub.2 of thyristors
      Th.sub.2 include diodes G.sub.2, resistors W.sub.2 and W.sub.12 and
      capacitors C.sub.2. Resistors W.sub.11, W.sub.12 are current-limiting
      resistors. Capacitors C.sub.1 and C.sub.2 are shunted across the secondary
      windings of trigger pulse transformers SW.sub.1 and SW.sub.2,
      respectively. The presence of diodes G.sub.1, G.sub.2 in the gate circuits
      of thyristors Th.sub.1, Th.sub.2 precludes the occurrence of trigger
      pulses of wrong or negative polarity to said thyristors or, in other
      words, diodes G.sub.1, G.sub.2 rectify the output of transformers
      SW.sub.1, SW.sub.2. The auxiliary trigger circuits for thyristors
      Th.sub.1, Th.sub.2 which include the secondary windings of transformers
      SW.sub.3, SW.sub.4 further include diodes G.sub.5, G.sub.6. It will be
      apparent that thyristors Th.sub.1, Th.sub.2 may be triggered selectively
      either by unit St and transformers SW.sub.1,SW.sub.2, or by unit ZG and
      transformers SW.sub.3, SW.sub.4.
PAR  The circuits of the tertiary windings of transformers SW.sub.1, SW.sub.2
      include diodes G.sub.3, G.sub.4 to rectify the output of these tertiary
      windings and capacitors C.sub.3, C.sub.4 to increase the output voltage
      thereof, while Zener diodes Z.sub.5, Z.sub.6 operate as voltage
      stabilizers.
PAR  The circuit of the primary winding of transformer SW.sub.3 includes the
      normally open contacts d.sub.11 of a relay d.sub.1 and the circuit of the
      primary winding of transformer SW.sub.4 includes the normally open
      contacts d.sub.12 of a relay d.sub.2. Relays d.sub.1 and d.sub.2 may be
      energized by power supplies Sp.sub.1 and Sp.sub.2, respectively, which are
      a pair of transformers, when switches a.sub.1 and a .sub.2, respectively,
      are closed. When trigger pulse control unit St is properly operating, the
      trigger pulses thereof induce in the tertiary windings of trigger pulse
      transformers SW.sub.1 and SW.sub.2 emfs which buck the emfs of the power
      supplies or transformers Sp.sub.1 and Sp.sub.2 and thus preclude
      energization of relays d.sub.1 and d.sub.2, respectively, closing of
      contacts d.sub.11 and d.sub.12, respectively, and energization of trigger
      pulse standby transformers SW.sub.3 and SW.sub.4, respectively, by the
      standby trigger pulse control unit ZG.
PAR  A tap-changing operation from tap F.sub.1 to tap F.sub.2 is initiated by
      closing disconnect contacts H.sub.1 preparatory to shunting current path I
      by thyristors Th.sub.1. Simultaneously with closing of disconnect contacts
      H.sub.1 contact a.sub.1 is closed and the operation of trigger pulse
      generator or trigger pulse control unit St is initiated. There are two
      different courses of action depending upon whether or not trigger pulse
      generator or trigger pulse control unit St triggers thyristors Th.sub.1 by
      the intermediary of trigger pulse transformer SW.sub.1. If units St and
      SW.sub.1 properly trigger thyristors Th.sub.1, the voltage of power supply
      or transformer Sp.sub.1 is bucked, relay d.sub.1 remains unenergized, its
      contacts d.sub.11 remain open and units ZG and SW.sub.3 remain
      inoperative. In case that units St and SW.sub.1 fail to trigger thyristor
      Th.sub.1, no voltage is induced in the tertiary winding of trigger pulse
      transformer SW.sub.1. Hence transformer or power supply Sp.sub.1 energize
      relay d.sub.1, causing closing of the contacts d.sub.11 thereof and
      triggering of thyristors Th.sub.1 by the intermediary of standby units ZG
      and SW.sub.3.
PAR  Switch a.sub.2, power supply or transformer Sp.sub.2, the tertiary winding
      of trigger pulse transformer SW.sub.2, relay d.sub.2 and its contacts
      d.sub.12 cooperate to connect standby trigger pulse unit ZG to standby
      trigger transformer SW.sub.4 in case that trigger pulse control unit St
      and trigger pulse transformer SW.sub.2 should fail to timely trigger
      thyristors Th.sub.2 during a tap-changing operation from tap F.sub.1 to
      tap F.sub.2. During such an operation disconnect H.sub.2 is closed
      preparatory to applying trigger pulses to thyristors Th.sub.2.
PAR  A tap-changing operation from tap F.sub.2 to tap F.sub.1 involves, in
      essence, the same steps in reverse as a tap-changing operation from tap
      F.sub.1 to tap F.sub.2.
PAR  The operation of the forced or standby triggering means depends upon a
      failure of trigger pulse control St to trigger thyristors Th.sub.1 or
      Th.sub.2, respectively. Parting of contacts D.sub.1, D.sub.2 is delayed
      until after the operativeness of units St, SW.sub.1 and SW.sub.2 has been
      tested and, in case of failure thereof, standby units ZG SW.sub.3 and
      SW.sub.are operated.
PAR  The essential difference between the circuitry shown in FIG. 3 of U.S. Pat.
      No. 3,786,337 and the circuitry embodying the present invention consists
      in the substitution of power supplies or transformers Sp.sub.1 and
      Sp.sub.2 for the battery or constant voltage d-c power supply shown in the
      above figure of the above patent and designated therein by the reference
      character Sp.
PAR  In a system of the kind under consideration there occurs a load current and
      a circulating current. If the load current is relatively small, the
      amplitudes and phases of these currents may be opposed at the very moment
      that a transfer of the load from one tap of the transformer winding to
      another tap thereof is effected. In other words, under such conditions the
      resulting current in branches I, II may be zero and the voltage across
      thyristor networks Th1, Th2 zero. The operation of trigger pulse control
      unit St depends upon the presence of a voltage drop across branches I, II
      at the time a tap-changing operation is effected. If there is no such
      voltage across one of both branches, the thyristors of the other of the
      branches are not triggered. Thus both pairs of thyristors Th.sub.1,
      Th.sub.2 may be blocking during a period of time corresponding to several
      half cycles, and yet a load current continues to flow uninterruptedly.
PAR  If such a situation occurs in the circuitry of FIG. 3 of U.S. Pat. No.
      3,786,337, the relays d.sub.1, d.sub.2 would be energized by battery Sp,
      causing closing of switches d.sub.11, d.sub.12 and triggering of thyristor
      networks Th.sub.1, Th.sub.2 by pulse control unit ZG, resulting in
      shortcircuiting of winding section Tr. To put it in other words, in a
      situation of the contemplated kind the failure of pulse control unit St to
      transmit trigger pulses to thyristor networks Th.sub.1, Th.sub.2 is in
      order, and activation of standby pulse control unit ZG leads to a defect,
      namely a short-circuit.
PAR  Activation of the standby pulse control unit ZG generally causes emission
      of a fault warning signal by conventional signalling means. It is common
      practice when testing the tap-changing circuitry as such to disconnect the
      same from transformer winding Tr, i.e. to de-energize taps F.sub.1,
      F.sub.2 and to test the tap-changing circuitry in that condition. In that
      condition no currents flow through lines I and II, and no voltages occur
      across thyristor networks Th.sub.1, Th.sub.2, and consequently pulse
      control unit St does not emit trigger pulses to these networks. In the
      circuitry of FIG. 3 of U.S. Pat. No. 3,786,337 this causes the standby
      pulse control unit ZG to become operative, simultaneously causing emission
      of fault warning signals though the system, in fact, operates faultlessly.
PAR  The present system is not subject to the aforementioned limitations.
PAR  The units or transformers indicated by reference characters Sp.sub.1,
      Sp.sub.2 have two functions. They are both voltage sensors and power
      supplies. Reference characters X.sub.1 and X.sub.2 have been applied to
      indicate a pair of resistors each shunted across one of thyristors
      Th.sub.1, Th.sub.2. Line 1.sub.1 connects voltage sensor Sp.sub.1 to
      resistor W.sub.4 of trigger pulse transformer SW.sub.2 and line 1.sub.2
      connects voltage sensor Sp.sub.2 to resistor W.sub.3 of trigger pulse
      transformer SW.sub.1. The voltages derived from sensors Sp.sub.1, Sp.sub.2
      are opposite to those generated in the tertiary windings of trigger pulse
      transformers SW.sub.2 and SW.sub.1.
PAR  Under normal conditions the circuitry performs as outlined above. To be
      more specific, disconnect contact H.sub.1 and auxiliary contact a.sub.1
      are closed simultaneously and pulse control unit St is caused to energize
      transformer SW.sub.1 which triggers thyristor network Th.sub.1. The
      voltage pulses generated in the tertiary winding of transformer SW.sub.1
      and in voltage sensor S p.sub.2 cancel each other out so that relay
      d.sub.1 remains unenergized and switch d.sub.11 remains open.
PAR  Assuming now that pulse control unit St is defective and does not trigger
      thyristor network Th.sub.1. Hence no voltage is generated in the tertiary
      winding of trigger pulse transformer SW.sub.1 to cancel the external
      voltage that is applied to the circuit thereof and this results in the
      energization of relay d.sub.1, closing of switch d.sub.11 and triggering
      of thyristors Th.sub.1 by the intermediary of transformer SW.sub.3 by
      pulses derived from auxiliary or standby unit ZG.
PAR  The circuitry operatively related to tap F.sub.2 is the same as that
      operatively related to tap F.sub.1. Hence a failure of unit St causes
      energization of relay d.sub.2 upon closing of auxiliary switch a.sub.2,
      closing of switch d.sub.12 and energization of auxiliary trigger
      transformer SW.sub.4 by unit ZG.
PAR  Substantially the same events occur in case of a tap-changing operation
      from tap F.sub.2 to tap F.sub.1.
PAR  Considering now an instance involving a very small load current whose
      amplitudes and phase relations are opposite to the circulating current at
      the instant the tap-changing operation is effected. Under such conditions
      there is no voltage drop across the non-current-carrying thyristors
      Th.sub.1 and unit St fails to trigger thyristors Th.sub.1 as well as
      thyristors Th.sub.2. Consequently both pairs Th.sub.1 and Th.sub.2 of
      thyristors are non-conducting for a short interval of time, yet an
      uninterrupted load current continues to flow. In that instance voltage
      sensors Sp.sub.1 and Sp.sub.2 are not energized and consequently their
      voltage output is zero. Hence relays d.sub.1 and d.sub.2 are not
      energized, do not close switches d.sub.11 and d.sub.12, and standby unit
      ZG does not energize trigger transformers SW.sub.3 and SW.sub.4.
PAR  Assuming that relays d.sub.1, d .sub.2 were not adapted to be energized by
      voltage sensors Sp.sub.1, Sp.sub.2, but by an auxiliary constant voltage
      source as, for instance, a battery. The voltage derived from a constant
      voltage source would energize relays d.sub.1 , d.sub.2 upon closing of
      switches a.sub.1, a.sub.2 in the absence of generation of a compensating
      voltage in the tertiary windings of trigger transformers SW.sub.1,
      SW.sub.2. This, in turn, would result in improper energization of trigger
      transformers SW.sub.3 and SW.sub.4 by unit ZG.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Tap-changing means for transformers having thyristors for effecting
      tap-changes including in combination
PA1  a. tapped transformer winding means having a pair of taps;
PA1  b. a load-current-carrying line;
PA1  c. transfer switch means including two pairs of cooperating relatively
      movable current-carrying contacts for selectively connecting each of said
      pair of taps to said line, and two pairs cooperating relatively movable
      disconnect contacts;
PA1  d. two pairs of inverse parallel connected thyristors, each said pairs of
      thyristors being arranged to shunt one pair of said two pairs of
      current-carrying contacts in the closed position of one pair of said two
      pairs of disconnect contacts;
PA1  e. a pair of current-limiting resistors each shunted by an electric fuse,
      each of said pair of current-limiting resistors and the shunting fuse
      thereof being arranged in series with one of said two pairs of thyristors;
PA1  f. means for sequentially triggering said two pairs of thyristors for
      performing a tap-changing operation, said triggering means including a
      pair of trigger transformers each for triggering one pair of said two
      pairs of thyristors, and each of said pair of trigger pulse transformers
      having a tertiary winding;
PA1  g. standby trigger means for each of said two pairs of thyristors;
PA1  h. a pair of relays each responsive to a failure of said means for
      sequentially triggering said two pairs of thyristors and each controlling
      said standby triggering means of one of said two pairs of thyristors;
PA1  i. a pair of auxiliary switch means jointly operated with one of said two
      pairs of current-carrying contacts, each controlling the energizing
      circuit of one of said pair of relays;
PA1  j. two electric networks each energized by said tertiary winding of one of
      said pair of trigger pulse transformers and each energizing one of said
      pair of relays; and
PA1  k. a pair of voltage sensors each sensing the voltage across one of said
      pair of thyristors, each bucking the voltage generated in said tertiary
      winding of one of said pair of trigger pulse transformers, and each
      energizing one of said pair of relays in the absence of an emf being
      generated in said tertiary winding in one of said pair of trigger pulse
      transformers.
NUM  2.
PAR  2. Tap-changing means for transformers having thyristors for effecting tap
      changes including in combination
PA1  a. tapped transformer winding means having at least one pair of taps;
PA1  b. a load-current-carrying line;
PA1  c. transfer switch means including two pairs of cooperating relatively
      movable current-carrying contacts for selectively connecting each of said
      pair of taps to said line and two pairs of cooperating relatively movable
      disconnect contacts;
PA1  d. two pairs of inverse parallel connected thyristors, each of said pair of
      thyristors being arranged to shunt one of said pair of current-carrying
      contacts in the closed position of one of said two pairs of disconnect
      contacts;
PA1  e. principal triggering means for sequentially triggering said two pairs of
      thyristors when effecting a tap-changing operation, said principal
      triggering means including a pair of trigger pulse transformers each
      having a primary winding, a pair of secondary windings supplying trigger
      pulses to one of said pairs of thyristors, and a tertiary winding
      generating voltages tending to energize said pair of relays;
PA1  f. standby triggering means for each of said two pairs of thyristors, said
      standby triggering means including a standby trigger pulse generator, a
      pair of standby trigger pulse transformers each having a primary winding
      energized by said standby trigger pulse generator and a pair of secondary
      windings supplying standby trigger pulses to one of said pairs of
      thyristors;
PA1  g. a pair of relays each responsive to a failure of said principal
      triggering means and each controlling the circuit of said primary winding
      of one of said standby trigger pulse transformers;
PA1  h. a pair of auxiliary switch means jointly operated with one of said two
      pairs of current-carrying contacts each controlling the energizing circuit
      of one of said pair of relays;
PA1  i. means for precluding the flow of excessive currents upon triggering of
      said pairs of thyristors by said stand-by triggering means, said excessive
      current precluding means including a pair of current-limiting resistors
      each arranged in series with one said two pairs of thyristors and each
      shunted by an electric fuse; and
PA1  j. a pair of a-c power supplies tending to energize said pair of relays in
      the closed positions of said pair of auxiliary switch means, each of said
      power supplies tending to buck said voltage generated in said tertiary
      winding of one of said pair of trigger pulse transformers, and each of
      said power supplies being in the form of a transformer whose output is
      proportional to the voltage prevailing across one of said pair of
      thyristors.
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ABST
PAL  Method and apparatus are provided for detecting the existence of physical
      faults such as shorts, grounds, opens, crosses, splits and punchbacks in a
      multiconductor cable composed of paired conductors. Such paired conductor
      cables are typically used in telephone transmission networks. Each of the
      conductors within the cable exhibit a distributed capacitance with respect
      to a metallic cable sheath and with respect to all of the other
      conductors. The various cable faults mentioned above are quickly and
      effectively detected by selectively conducting each pair of conductors to
      a test circuit. The test circuit periodically electrically charges and
      discharges each of the lines and in so doing provides a measurement of the
      distributed capacitance of each pair which may be compared with
      corresponding capacitance measurements obtained from the other pairs of
      conductors of the same cable. The comparative measurement quickly reveals
      any faults in the various conductors.
BSUM
PAC  BACKGROUND AND PRIOR ART
PAR  The present invention relates to cable testing equipment for use in the
      telecommunications field.
PAR  There is a continuing need in the telecommunications and CATV industry for
      cable testing equipment that permits rapid and low-cost identification of
      physical cable conductor faults. In the typical telephone cable, there are
      groups of telephone pairs, each pair comprising a ring and tip conductor.
      These conductors are insulated from each other and from all other
      conductors in the cable. A typical telephone cable may vary in size from
      approximately 25 pairs to as many as 2700 pairs or more.
PAR  When a new telephone cable is installed, and before service can be
      connected, it is common in the industry to test all of the pairs in the
      cable to determine if there are any physical faults in the pairs. After
      such initial testing, the cable may be further tested for signal
      transmission characteristics. Because of the large number of conductors
      within each cable, it will be appreciated that test equipment which can
      rapidly examine and simply and quickly indicate the existence and type of
      fault in a particular pair can provide a considerable reduction in
      installation and maintenance costs.
PAR  While there are numerous types of faults which may exist due to defects in
      the manufacture of the cable or in the cable installation, typical cable
      pair faults are: (1) shorts -- the conductors of a given pair have an
      electrical contact between them; (2) grounds -- one conductor of one pair
      is in electrical contact with ground; (3) open-one-side -- one conductor
      of one pair lacks continuity to the end of the cable; (4) open-both-sides
      (tip and ring) -- both conductors of one pair lack continuity to the end
      of the cable; (5) split -- one conductor of one pair is improperly spliced
      with a conductor of a second pair (i.e., the tip, for example, of pair one
      is improperly connected to the tip or ring conductor of another pair); (6)
      cross -- one conductor of one pair is in electrical contact with a
      conductor of a different pair; and (7) punchbacks (sometimes called
      buttbacks) -- both conductors of one pair in one section of a cable have
      been spliced back to the conductors of another pair in the same section of
      cable rather than in the next adjacent cable section.
PAR  One common construction technique in the telephone industry for the
      installation of a new telephone cable is to commence cable laying at the
      central office. In the central office, the cable pairs are terminated at
      the main distribution frame. Successive sections are then spliced at
      increasingly remote locations from the central office. These splices are
      commonly made in underground manholes provided for such purpose.
PAR  The above described faults may appear in either the cable sections, due to
      defective manufacture or damage caused by "pulling in" of the section, or
      in improper splices between adjacent sections. To locate such faults, a
      testing procedure has been established. By this procedure, after several
      sections of the new cable have been placed, each successive section and
      the splices therebetween are tested for physical faults.
PAR  There is now known in the art a device that performs a rapid test of pairs
      during installation generally in the manner described above. This device
      is capable of identifying the existence of DC faults such as shorts and
      grounds. It is further possible to identify the existence of opens,
      splits, crosses and punchbacks utilizing the capacitance of the cable
      pair.
PAR  In operation, a plurality of cable pairs are connected to the test
      instrument from the main distribution frame through test connectors
      commonly referred to as "front top shoes." Such shoes will typically
      connect 50 pairs to the test instrument at once. Through the provision of
      a pair selector switch, anyone of these pairs may then be electrically
      connected to the test instrument for fault testing. Through the
      manipulation of various knobs and levers, different test circuits may be
      sequentially connected to the pair under test to determine if a fault
      exists and to identify the type of fault, if any. The existence of a fault
      is indicated by visual monitoring of a meter while a test sequence is
      performed.
PAR  Basically, the prior art apparatus operates to selectively monitor the
      distributed capacitance of each pair and to compare the results with all
      other pairs of conductors. To accomplish this, the apparatus may include a
      cable pair selector switch, a relay circuit, a timing circuit, a source of
      DC voltage (usually a battery for portability), and a meter circuit. The
      device may further be provided with a footage capacitance measuring
      circuit so that the location, as well as the identity, of certain types of
      faults such as opens, punchbacks and splits may be ascertained.
PAR  Although such devices operate satisfactorily for cables of considerable
      length where the distributed capacitance is large and readily measured,
      problems have been encountered when testing shorter cables. More
      particularly, as a pair capacitance decreases, i.e., the length of the
      cable becomes relatively small, the interaction between the cable
      capacitance and the testing circuit is not sufficiently pronounced to
      provide good, easily read test results. Whereas, the prior art device has
      functioned satisfactorily when at least ten thousand feet of cable is
      connected to the test set, where the cable has a lesser length, the device
      is increasingly ineffective. For example, at a length of 500 feet or less,
      it is not possible to make a satisfactory fault test.
PAC  SUMMARY OF THE INVENTION AND ITS OBJECTIVES
PAR  In light of the above-described disadvantage of the prior art test
      apparatus it is an object of the present invention to provide an improved
      test apparatus and method for identifying cable pair faults in cables
      having relatively short lengths.
PAR  It is a further object to provide such test apparatus which is portable and
      which does not require a large, cumbersome, expensive battery in order to
      accomplish such testing.
PAR  Generally, the present invention comprises a portable battery-powered test
      apparatus for identification of physical faults such as shorts, grounds,
      opens, crosses, splits, and punchbacks, including means for physically
      connecting a plurality of cable pairs to the test apparatus, means for
      selecting a particular cable pair for test, timing circuit means for
      controlling the relay circuit means and means responsive to the relay
      means for applying amplified signal pulses to the conductor pair in rapid
      succession, meter circuit means, and means for manually selecting the
      amplification in accordance with the length of cable pair under test.
PAR  The device may further include a capacitance measuring circuit having
      manually adjustable variable capacitor banks calibrated to provide a
      visual indication of the length of the cable pair to the fault, that is
      the length between the test set and a certain physical fault. This
      measurement is made by comparing the measured cable pair capacitance
      against the banks of known capacitors which have been calibrated in terms
      of standard cable pair capacitance per unit of length.
PAR  These and further objects and various advantages of the apparatus and
      method for detecting faults in cable pairs according to the present
      invention will become apparent to those skilled in the art from a
      consideration of the following description of an exemplary embodiment
      thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference may be made to the appended sheets of drawings in which:
PAR  FIG. 1 is a diagrammatic illustration of an exemplary embodiment of the
      test apparatus constructed in accordance with the present invention used
      for the identification and detection of physical cable faults;
PAR  FIG. 2 is a detailed circuit diagram of the test apparatus shown in FIG. 1;
      and
PAR  FIGS. 3a - 3c show the equivalent circuits for three of the principal test
      set-ups performed on each conductor pair by the apparatus of FIGS. 1 and 2
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawings, one particular and preferred
      embodiment of the present invention includes a test instrument for
      detecting and identifying faults in a telephone transmission cable 12.
      Cable 12 is of the type having a multiplicity of paired conductors
      indicated at 13 wherein any given pair is composed of a tip conductor and
      a ring conductor for a standard telephone installation. In general, the
      present invention as provided by instrument 11 is an improvement over
      prior art devices in that the present apparatus is capable of identifying
      and locating conductor faults even in relatively short lengths of cable.
PAR  Generally, the instrument 11 is packaged in a suitable portable transit
      instrument case 14 and includes an internal battery source of
      approximately 22 volts. One or more multiple pair connectors 16 are
      mounted on the face of the instrument and these connectors extend
      internally of the instrument to a cable pair selector switch described
      more fully hereinafter for applying each pair of conductors in succession
      to an internal test circuit. Connectors 16 extend through a short section
      of test cable 17 to the test connector 18 commonly termed the "front tap
      shoes" which in turn is connected to the multiple conductor pairs 13 of
      cable 12. A ground lead 19 is also provided between the surrounding metal
      sheath 21 of cable 12 to a ground terminal 22 of the instrument.
PAR  With reference to FIG. 2 which shows the internal testing circuitry of
      instrument 11, the testing operation generally provides for the
      application of a periodic pulse signal or periodic voltage pulse to each
      pair of connectors selected by a cable pair selector switch 23. The
      periodic pulses are provided by a relay circuit 24 which is periodically
      energized or actuated by a timing circuit 26. Since each of the conductor
      pairs of the cable constitutes a capacitor because of the distributed
      capacitance along each conductor between adjacent conductors and between
      the metal sheath 21, it is possible to monitor the characteristics of the
      cable capacitance in response to the periodic pulsing. The effect of the
      pulsing is to periodically charge and then discharge the distributed
      capacitance associated with each pair of conductors while the average
      current flow associated with this charging and discharging is registered
      by a meter 27. The current flow during the charging part of the cycle
      provides a meter reading proportional to the current flowing into the
      cable pair which in turn is dependent upon the amount of distributed
      capacitance thereof.
PAR  Furthermore, the test instrument provides for connecting the pulsing
      circuit to the cable pair in several different ways so as to obtain
      measurements of different distributed capacitance parameters exhibited by
      the cable conductors. By measuring each of these several different
      capacitance characteristics for each of the cable pairs 13 and comparing
      the results therebetween, it is possible to quickly and effectively
      identify certain types of cable faults such as the above-defined shorts,
      grounds, opens, crosses, splits and punchbacks.
PAR  More particularly with reference to FIG. 2, the output of cable pair
      selector switch 23 provides common tip and ring terminals 28 and 29 which
      are connected to a selected pair of tip and ring conductors from connector
      16 and hence from cable 12 by manually operating a knob 31 on instrument
      11 which operates switch 23. Terminals 28 and 29 are thereafter connected
      through a key switch 32 which provides for optional connection of relay
      circuit 24 to either the tip and ring terminals from the cable or to a
      bank of footage measurement capacitors 33 as illustrated. Accordingly, key
      switch 32 may be alternately switched between the capacitance associated
      with a selected cable pair and the capacitance available from the bank of
      measurement capacitors 33 for comparison. As described more fully herein,
      a comparison between the effective capacitance of a given cable pair and a
      known standard capacitance available at capacitors 33 enables the operator
      to establish the length of cable to a particular, identified fault.
PAR  Thus, with the key switch 32 in the position shown, relay circuit 24 is
      provided with three lines corresponding to the tip and ring conductors
      from a selected cable pair and the ground conductor from the cable sheath.
      These lines are connected to the relay circuit at terminals 36, 37 and 38.
PAR  Relay circuit 24 includes a set of relay contacts operated by a relay coil
      39 which is in turn connected to timing circuit 26. These relay contacts
      may be provided by a common pole contact 41 which is normally closed on
      contact 42 and a normally open contact 43. This set of relay contacts are
      adapted to be connected to the cable terminals 36, 37 and 38 in several
      different ways to provide the different capacitance measurements more
      fully described herein in connection with FIGS. 3a through 3c. For the
      present purposes, the connection of the relay contacts is illustrated for
      one of the principal test set-ups in which pole terminal 41 is connected
      to the tip conductor at terminal 36 while the normally open contact 43 is
      connected to the ring conductor through terminal 37, while the ground
      terminal 38 remains unconnected.
PAR  Timing circuit 26 which may be of any conventional construction provides
      for periodically energizing or pulsing relay coil 39 in order to cause
      periodic actuation of the set of relay contacts 41 - 43. Accordingly,
      circuit 26 may be provided by a free running multivibrator or other
      equivalent circuitry. It has been found that the frequency at which the
      relay circuit 24 is operated is preferably in the neighborhood of 23
      cycles per second. This cyclical rate of operation is determined primarily
      by the desire to avoid any harmonic relationship with the presence of
      stray 60 cycle power current typically encountered on or adjacent to
      telephone cable installations and by the desire to operate the relay at a
      sufficiently low speed to ensure a long, reliable operating life.
PAR  The relay contacts are also connected to meter 27 through a source of
      battery potential, in this instance indicated by the B+ and B- notation.
      The battery potential provides the periodic charging of the cable pair and
      this potential is selectively applied either directly through meter 27 and
      the relay 24 contacts through a potentiometer 51 or indirectly through a
      special pulse amplification circuit 52 wherein these alternative
      operations are selectively provided by setting a multiple pole-multiple
      position switch 53a, b, c, d, e and f.
PAR  Relay 24 together with timing circuit 26, meter 27, the battery voltage
      supply and amplification circuit 52 provide a test circuit for
      periodically charging and discharging the distributed capacitance
      associated with the cable conductors. In general, the magnitude of the
      distributed capacitance will determine the amount of current flow into the
      cable conductors in response to an applied charging voltage. The charging
      period occurs when contact 42 of the relay 24 is connected as shown to
      pole contact 41 so as to apply a portion of the battery voltage across the
      tip and ring conductors. When the relay is periodically actuated to cause
      pole contact 41 to close on normally open contact 43, the distributed
      capacitance of the cable pair is discharged. As described more fully
      herein, meter 27 registers an average level of magnitude of charge on the
      pair of conductors lying somewhere between a zero charge and the assumed
      peak charge. The actual fluctuations of the current flow associated with
      the charging of the lines occur too rapidly to be followed by meter 27 and
      thus only an average value is registered. However, this average level
      registered by the meter is a entirely satisfactory indication of abnormal
      cable conditions, that is an abnormal deviation in the distributed
      capacitance of one cable pair versus the remaining cable pairs.
PAR  The multipole-multiposition switch 53a - 53f provides a first setting shown
      as the number one position for enabling measurements on relatively long
      stretches of cable, e.g., cable installations of 10,000 feet or more. In
      this first position, B+ is applied through the number one position of
      switch section 53a through one side of potentiometer 51 and through a
      variable wiper arm 57 over a connecting line 58 to the positive terminal
      of meter 27. The negative terminal of meter 27 is connected over line 59
      through the number one position of switch section 53e to line 56 and from
      there to contact 42 of relay 24 as shown. Potentiometer 51 is adjustable
      at the control panel of instrument 11 for providing a variable potential
      for supplying the charging voltage through meter 27 and through the
      contacts of relay 24 to the tip and ring conductors of the selected cable
      pair.
PAR  For shorter lengths of cable, three range settings are provided for switch
      53a - f indicated as positions number two, number three and number four.
      These three range positions provide fundamentally the same circuit
      operation except for a difference in gain for the amplification circuit
      52.
PAR  When switch 53a - f is switched from the number one position, it will be
      observed that potentiometer 51 is removed from the circuit and that the
      charging voltage for application through meter 27 and relay 24 is derived
      through amplification circuit 52 from a resistive voltage divider network
      61. This change is effected by switch sections 53a and 53d. Also, in
      switch positions two through four, line 59 from meter 27 is disconnected
      from the line 56 which extends to the relay and in place of this
      connection line 59 is connected to the output terminal 62 of amplification
      circuit 52 while line 56 to the relay is connected to an input circuit to
      the amplifier at a junction 63 between resistors 64 and 66 as shown. The
      result of this switching operation is to charge the conductor pairs
      through meter 27 by means of an amplified voltage derived from the same
      battery source B+ - B- to achieve an average level of deflection on meter
      27 suitable for testing shorter cable lengths.
PAR  Amplification circuit 52 may be provided by an operational amplifier 67
      having first and second inputs 68 and 69, an output 71 and plus and minus
      voltage supply terminals 72 and 73. The amplifier 67 is connected in a
      non-inverting mode with the base or lower input 69 connected to line 56
      through resistor 64 at junction 63. Resistor 64 together with the parallel
      and oppositely poled diodes 76 and 77 serve to protect the operational
      amplifier 67 against excessive voltage swings.
PAR  The gain of the amplification circuit is controlled by varying the feedback
      resistance across operational amplifier 67 through switch section 53c and
      the three different feedback resistances 81, 82 and 83 corresponding to
      the different gain positions number two, number three and number four of
      the switch setting. A certain amount of continuously variable feedback
      resistance is available for adjusting the circuit gain between one end of
      potentiometer 51 and wiper arm 57 which is in feedback around the
      amplifier circuit by means of the connection through resistor 84, switch
      section 53a, through potentiometer 51 to wiper arm 57 and from there
      through meter 27 to the amplification circuit output terminal 62 through
      switch section 53f.
PAR  Switch section 53d applies negative voltage B- to the negative supply
      terminal 73 of the operational amplifier 67 through a diode 86. Also,
      switch section 53d completes the negative side of the divider network 61
      at terminal 87 when the switch is in positions two through four.
PAR  Divider network 61 includes a potentiometer 91 and a resistor 92 which
      together with resistors 93, 94 and 96 provide a means of compensating for
      any offset voltage exhibited by operational amplifier 67. In the absence
      of such a compensating network, amplifier 67 may produce a slight output
      voltage even though the input signal is zero. By adjusting potentiometer
      91, this network provides for eliminating this offset voltage to zero the
      meter reading.
PAR  Resistor 66 provides a fixed load across which a suitable charging voltage
      can be developed. In this special amplification circuit, the output
      terminal 62 thereof may be considered to remain at or near a reference
      ground because of a connecting line 97 connecting one side of meter 27
      through line 58, to a junction 98 through switch section 53b so that
      junction 63 exhibits the amplified voltage swings developed by the
      amplification circuit. This amplified voltage signal is thus available
      over line 56 through switch section 53e for application to the cable pair
      by the contacts of relay 24. Resistor 99 adjacent the output of the
      amplification circuit serves to provide a signal to the meter 27 which
      exhibits a linear response to the input to the amplifier.
PAR  The test instrument may be utilized in the following manner to identify and
      locate faults within the multiconductor cable. With further reference to
      FIG. 1, initially the connector 18 or "front tap shoe" is connected to the
      cable pairs 13 and the test cable 17 from this connector is joined to the
      test instrument through suitable plugs to connectors 16 mounted on the
      instrument's face plate. Connectors 16 may include 25 pair connectors each
      to provide a total of 50 pair connections between the cable 12 and the
      test instrument. Knob 31 is connected to the cable pair selector switch
      for rapidly and sequentially switching between any given conductor pair
      available at connectors 16. The cable pair selector switch 23 may be
      provided with 25 positions and an independent key switch for selecting one
      or the other of the two groups of 25 pairs each available at the connector
      16. Alternatively, the selector switch 23 and its associated control knob
      31 may provide for the full compliment of 50 positions for individually
      selecting each of the available 50 conductor pairs.
PAR  Having performed this preliminary hookup, the cable pair selector switch 23
      is manually moved to the first pair of conductors to be tested. Generally,
      the craftsman will ordinarily have a general idea as to the length of
      cable which he is in the process of testing, however as a matter of
      procedure the instructions may provide for placing the range selector
      switch 53a through f in the first position for testing cables of
      relatively long length.
PAR  Thereupon, the testing circuit is activated to enable the capacitance
      measurements to be registered on meter 27. Assuming that there is no DC
      fault in the pair under test, that is a direct current short or similar
      fault, a meter reading will be obtained which is in general proportional
      to the length of the cable. For convenience, the potentiometer 51 may be
      adjusted to establish a suitable reference or deflection level on meter 27
      to serve as a reference value for subsequent determination of faults in
      other pairs. It is desirable in this regard that the reference level, that
      is the deflection level of meter 27 which registers the average level of
      charge on the conductor pairs, be set to at least half-scale of the meter
      so as to facilitate the reading of the meter for minor deflections which
      might otherwise be obscured for extreme meter readings at either the high
      or low end of the scale. It has been found that a suitable reference level
      is in the neighborhood of approximately 70 for a meter scale of 0 to 100.
PAR  If the craftsman discovers that the meter 27 cannot be adjusted to this
      midrange level, and it is apparent to him that the lack of meter
      deflection is due to a low capacitance on the cable being inspected then
      the range selector switch 53a - f may be rotated to increase the
      amplification of the charging signal. In this particular and preferred
      embodiment, the range selector switch 53 is provided with three
      successively higher stages of amplification corresponding to switch
      positions numbers two through four. The highest range position of this
      switch enables the apparatus to inspect conductor pairs in cable lengths
      as short as 500 feet.
PAR  As previously indicated, the instrument 11 provides a meter reading which
      is not intended to be an absolute measurement of the line capacitance but
      merely a means to indicate relative abnormalities or deviations in the
      distributed capacitance between each of the numerous cable pairs.
      Moreover, this relative capacitance measurement may be performed on the
      cable pairs in various ways in order to identify different types of
      faults. In FIG. 2 of the drawings, the contacts of relay 24 are shown by
      dotted lines to be connected in a particular manner to the tip and ring
      side of each cable pair. This, however, is but one of the several possible
      connections between the relay contacts and the cable conductors. With
      reference to FIG. 3a, this particular arrangement or connection of the
      relay contacts is illustrated in greater detail and with reference to the
      equivalent distributed capacitance associated with a given conductor pair.
      As shown in FIG. 3a, each pair of conductors exhibits a distributed
      capacitance A created by the capacitance between the adjacent wires as
      they stretch down the length of cable. In addition to this capacitance A,
      there exists two other distributed capacitance parameters, namely a
      capacitance B from the tip conductor to ground or, more particularly, to
      the metal sheath 21 of the cable and a further distributed capacitance C
      between the ring conductor and ground or sheath 21. With contacts 41, 42
      and 43 of the relay connected as shown in FIG. 3a, corresponding to the
      dotted line connection shown in FIG. 2, the charging voltage is
      alternately applied across the tip and ring conductors through contacts 41
      ad 42 and thereafter the lines are discharged through contacts 41 and 43.
      The capacitance which receives this periodic charging is provided by the
      sum of capacitance A in parallel with a series connection between
      capacitance B and C where the latter two capacitances are connected
      through the common sheath ground. Thus, all three of these distributed
      capacitances appear in the circuit during the charging-discharging
      operation performed by the test circuit of FIG. 2. Note that the ground
      terminal 38 from sheath 21 is not connected into the circuit in this
      instance. The resultant combination of capacitances A, B and C may be
      measured and compared for each of the cable pairs. If an abnormal deviaton
      appears in anyone or more of the cable pairs relative to the remaining
      good pairs, then this is one indication of a fault.
PAR  In addition to the foregoing test set-up, the usual testing procedure
      includes a very effective test operation referred to as a ratio test. This
      ratio test involves the comparison of a capacitance meter reading obtained
      on one side of a conductor pair with one of the distributed capacitances
      to ground being shorted out, relative to a capacitance meter reading
      obtained across both pairs in the manner shown in FIG. 3a. The one sided
      readings are obtained by the circuit connection shown in FIGS. 3b and 3c.
PAR  In FIG. 3b, the distributed capacitance C between the ring conductor and
      the ground or sheath is eliminated by connecting the sheath terminal 38 to
      the ring conductor 37 to short out the C capacitance. Accordingly, the
      only capacitances still in the circuit and available to assume the charge
      applied across the tip and ring conductors are the distributed
      capacitances A and B as illustrated.
PAR  In FIG. 3c, the tip side of the line is connected to the ground or sheath
      38 as shown so as to eliminate the distributed B capacitance. This leaves
      only capacitance A and C in the circuit for assuming the charge. By
      connecting the relay 24 in the various configurations shown in FIGS. 3a
      through 3c, it is possible to perform an effective ratio measurement for
      each cable pair. First, a ratio or comparison of meter readings is
      established between the FIG. 3b connection and the FIG. 3a connection, and
      thereafter a ratio is measured between the FIG. 3c configuration and again
      the FIG. 3a configuration and the ratios obtained from these two
      procedures are compared. The ratio on a good pair should not exceed the
      particular limits specified in standard charts available in the industry.
PAR  Although only a limited number of test operations have been described
      herein, it will be appreciated that the method and apparatus of the
      present invention may be utilized in performing a variety of different
      fault tests. For example, once a fault has been identified according to
      the foregoing testing operations, it is possible to locate the fault by
      utilizing the footage measurement capacitors 33. In such case, if an open
      or punchback has been identified, then the capacitance measurement
      obtained across the faulty pair may be matched to the footage capacitors
      33 by adjusting the values of capacitors 33 and switching key switch 32
      back and forth until a match is obtained on the reading of meter 27.
      Capacitors 33 may be calibrated in terms of feet such that the footage may
      be read directly off the dial settings which vary the value of the
      capacitors.
PAR  While only a particular embodiment of the present invention has been
      disclosed hereinabove, it will be readily apparent to persons skilled in
      the art that numerous changes and modifications may be made to the
      disclosed method and apparatus without departing from the spirit of the
      invention. Accordingly, the foregoing disclosure is to be considered
      illustrative only and does not in anyway limit the invention which is
      defined only by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for detecting the existence of physical faults such as
      shorts, grounds, opens, crosses, splits, and punchbacks in a
      multiconductor cable having paired conductors exhibiting distributed
      capacitance, comprising:
PA1  connector means for electrically connecting a plurality of pairs of
      conductors of said cable to said apparatus;
PA1  switching means coupled to said connector means for sequentially selecting
      each said pair of conductors;
PA1  a test circuit coupled to said switching means for testing the selected
      pair of conductors, said test circuit including means coupled to the
      selected pair of conductors for periodically electrically charging and
      discharging the distributed capacitance associated with said selected pair
      of conductors and means coupled to said means for periodically charging
      and discharging the distributed capacitance for selectively amplifying the
      periodically applied charge in accordance with the length of the cable
      under test; and
PA1  said test circuit further including meter means coupled to said means for
      selectively amplifying the periodically applied charge for registering an
      average level of magnitude of charge on said pair of conductors wherein
      such average level is greater than zero charge and less than the peak
      value of charge assumed by the distributed capacitance of the cable pair,
      whereby meter readings for each of the plurality of pairs of conductors
      provides an indication of the existence and type of aforesaid fault.
NUM  2.
PAR  2. The apparatus as set forth in claim 1, wherein said means for
      selectively amplifying the periodically applied charge includes a source
      of direct current potential and said means for periodically electrically
      charging and discharging the distributed capacitance includes a relay
      having an energizing coil and a set of contact means; said contact means
      connecting said direct current source to said pair of selected conductors
      through said meter means for alternately charging and discharging said
      pair of conductors depending upon the condition of said contact means; and
      said means for periodically electrically charging and discharging the
      distributed capacitance further includes timing circuit means coupled to
      said relay coil for periodically energizing said relay coil to cause said
      contact means to periodically alternate between the conditions of charging
      and discharging said pair of conductors.
NUM  3.
PAR  3. The apparatus as defined in claim 2 further comprising a
      multipole-multiposition range selector switching means and an
      amplification circuit means; said range selector switching means being
      connected to said contact means of said relay and to said meter means and
      to said source of direct current potential and to said amplification
      circuit means for selectively charging said conductor pair through said
      relay contact means either directly from a voltage available from said
      source of direct current potential or an amplified voltage available after
      amplification of said direct current voltage by said amplification circuit
      means whereby said amplification circuit means provides said means for
      selectively amplifying the periodically applied charge and wherein the
      amount of such amplification is selected in accordance with the length of
      the cable under test.
NUM  4.
PAR  4. The apparatus as defined in claim 1 and wherein
PA1  said means for periodically charging and discharging the distributed
      capacitance includes;
PA1  a timing circuit means, and
PA1  a relay circuit means connected to said timing means and being periodically
      actuated thereby; and
PA1  said means for selectively amplifying the periodically applied charge
      includes
PA1  amplification circuit means,
PA1  a source of battery potential, and
PA1  range selector switching means connected to said battery potential and to
      said amplification circuit means and to said relay circuit means and to
      said meter means, said range selector means having a first position in
      which said cable pair is periodically charged and discharged by said
      battery potential through said relay means and said meter means for
      testing relatively long lengths of cable and having at least a second
      position for periodically charging said cable pair from an output of said
      amplification circuit means with the input thereof connected to said
      source of battery potential, whereby said amplification circuit means
      provides said means for selectively amplifying the periodically applied
      charge to increase the average level of magnitude of charge registered by
      said meter means for relatively short lengths of cable.
NUM  5.
PAR  5. The apparatus as defined in claim 4, wherein said amplification circuit
      means includes:
PA1  an operational amplifier connected in a non-inverting mode; and
PA1  said range selector switching means in its second position connecting said
      relay circuit means to an input to said operational amplifier and
      connecting an output from said operational amplifier means through said
      meter means to a reference potential associated with said battery
      potential whereby the amplification provided across said operational
      amplifier serves to increase the charging voltage applied periodically by
      said relay circuit means to said cable pair through said meter means.
NUM  6.
PAR  6. An apparatus of the type employed for detecting the existence of
      physical faults in a multiconductor cable having paired conductors
      exhibiting a capacitive effect at the terminations thereof wherein said
      apparatus includes a relay circuit means, a timing circuit means coupled
      to said relay circuit means for timing the operation of said relay circuit
      means, a meter means coupled to said relay circuit means and, a source of
      battery potential operatively coupled to said meter means to periodically
      charge and discharge each selected cable pair in accordance with the
      timing of said relay circuit means by said timing circuit means to cause
      an average reading on said meter means indicating the magnitude of the
      capacitance exhibited by the selected pair of conductors, the combination
      therewith comprising: an amplification circuit means and range selector
      switching means; said range selector switching means having a first
      position coupled to said meter means for connecting said battery potential
      substantially directly through said meter means and said relay means and
      for charging said selected pair of cable conductors, and having at least a
      second position for connecting said battery potential to said
      amplification circuit means and for connecting said relay means to the
      input of said amplification circuit means and said meter means to the
      output of said amplification circuit means so as to amplify the charging
      voltage periodically applied to the cable pair through said relay means in
      order to increase the average level of charging current registered by said
      meter means for relatively short lengths of cable.
NUM  7.
PAR  7. A method of detecting the existence of physical faults such as shorts,
      grounds, opens, crosses, splits and punchbacks in a multiconductor cable
      composed of paired tip and ring conductors of a telephone transmission
      system comprising:
PA1  physically connecting a plurality of the pairs of tip and ring conductors
      to a test instrument;
PA1  selecting individual ones of said pairs of conductors for connection to a
      test circuit included in said test instrument;
PA1  periodically applying a voltage pulse across said selected tip and ring
      conductors;
PA1  measuring an average current flow through said tip and ring conductors
      caused by said periodic application of the voltage charging pulse; and
PA1  selectively amplifying said average current flow through said tip and ring
      conductors as necessary to maintain a reference level of current flow at
      the selected conductor pair as the length of cable associated with such
      selected pair decreases with a commensurate decrease in the distributed
      capacitance associated therewith, whereby the measuring of the average
      current flow of the periodically applied and selectively amplified voltage
      pulse across the tip and ring conductors provides the detection of the
      physical faults.
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ABST
PAL  A test connector for checking electrical circuits of a vehicle or the like,
      such as the circuits between a truck and a towed trailer or between two
      sections of a semitrailer highway vehicle, including an elongated
      dielectric body enclosing a plurality of indicator lamps visible through
      lenses on an indicator panel having indicia thereon identifying the
      particular circuits. Male or female contacts from the vehicle may be
      plugged into a mating electrical connector for coupling each of the lamps
      into a corresponding electrical circuit to be tested. An electrically
      conductive hook extends from the body to provide a means for supporting
      the connector to the vehicle and an electrical ground connection between
      the test connector and the vehicle.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 349,261, filed Apr.
      9, 1973, which is a continuation of application Ser. No. 192,445, filed
      Oct. 26, 1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical circuits extending between a tractor
      or truck and a towed unit or trailer of a highway semitrailer or
      truck-trailer combination, the internal circuits of an airplane on the
      ground, and the like. In particular, this invention provides a test
      connector which may be used for checking those electrical circuits.
PAR  For example, highway vehicles are required to have "running" lights and
      "taillights" for showing the presence of the vehicles to drivers and other
      vehicles which may approach or overtake the vehicles on a roadway during
      hours of darkness. Vehicles must have further lights for signaling, such
      that other drivers may know when brakes are being applied and when a left
      or right turn is intended. These lights operate from electrical circuits
      which extend from switches in the cab or driver's compartment to various
      locations on the sides and the rear of the vehicle. When a trailer is
      towed by another vehicle, the electrical circuits must pass through a
      flexible electrical cable which spans the towing vehicle and the trailer.
      In semitrailer combination vehicles, an electrical cable must extend
      between the tractor unit and the trailer unit of the combination vehicle.
      Electrical plug connectors are provided such that the cable may be
      conveniently disconnected when the vehicles are unhitched from each other,
      or when the tractor unit is separated from the trailer unit of a
      semitrailer combination vehicle.
PAR  In the interest of highway safety, the various electrical circuits of a
      truck-trailer combination vehicle must be frequently checked. Obviously, a
      simple check of the overall circuits would be to plug the connectors
      together and to test the circuits through the truck-trailer combination as
      a whole. A driver could operate the brakes, could turn on the various
      light switches, and could operate the turn signal control lever while
      another person standing behind and apart from the vehicle could observe
      the various lights. If a malfunctioning of one or more of the circuits is
      detected, a trouble shooter must determine the cause, and it then becomes
      important to establish whether the trouble is in the switches, wiring of
      the truck, or in the lamps or wiring of the trailer. Under these
      conditions, it has been found to be most expedient to unplug the connector
      to electrically separate the truck from the trailer such that the circuits
      of each unit can be separately checked. Indeed, it is frequently necessary
      to check the electrical circuits in one unit, such as the tractor or truck
      unit, without the presence of another companion unit.
PAR  It is an object of this invention to provide an improved means for checking
      electrical circuits common to a truck or tractor unit and a trailer unit
      of a semi-trailer combination vehicle. More particularly, it is an object
      of this invention to provide a pluggable test connector which will mate
      and plug into a connector of the vehicle unit for providing a visual
      indication of the functioning or malfunctioning of the electrical
      circuits.
PAR  It is a further object of this invention to provide an improved test
      connector for checking electrical circuits of a truck-trailer combination
      vehicle wherein said connector may be hooked onto and supported by a part
      of the vehicle. More specifically, it is an object of this invention to
      provide an electrically conductive hook arrangement for both supporting
      the test connector and for electrically grounding the test connector such
      that electric currents may pass through the indicator lamps which will
      provide visual indications of the functioning of the electrical circuits.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the test connector includes a dielectric, cylindrical body in
      which the electrical components are arranged. Electric prongs in a
      predetermined configuration are supported by a transverse dielectric
      bulkhead and extend from a core in one of the ends of the cylindrical
      body. Indicator lamps or bulbs in a preselect configuration are supported
      in cavities in the connector body and are visible through lenses in an
      indicator panel on the exterior of the body. Spiral springs are compressed
      against bottom contacts of the indicator lamps and against conductors
      attached to the prongs to provide paths for electric currents between the
      prongs and the corresponding indicator lamps. An electrically conductive
      hook extends from the cylindrical body to provide both mechanical support
      for and an electrical ground connection to the test connector. Each of the
      indicator lamps connects to ground through appropriate conductors and the
      hook support to a vehicle part.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the test connector.
PAR  FIG. 2 is a cross-sectional view taken on the lines 2--2 in FIG. 1.
PAR  FIG. 3 is an end view of the test connector of FIG. 1.
PAR  FIG. 4 is a cross-sectional view taken on the lines 4--4 in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the test connector, designated generally by the
      reference numeral 10, is shown having an elongated, cylindrical and
      electrically non-conductive body 12. The cylindrical body 12 has a
      concentrically reduced connector end 14 which is connectable to a
      conventional, compatible connector (not shown) mounted, for example, at
      the end of a flexible cable on the tractor portion of a tractor and
      trailer rig, as described in U.S. Pat. No. 3,836,843, issued Sept. 17,
      1974, entitled "ELECTRICAL CIRCUIT TESTER CONNECTOR FOR HIGHWAY VEHICLES".
PAR  On the side of the cylindrical body 12, secured by four screws 15, is an
      indicator panel 16 with a plurality of transparent light lenses 18
      arranged in a spaced array on the indicator panel 16. As illustrated in
      FIG. 2, the indicator panel 16 and lenses 18 are recessed in the
      cylindrical body 12 to provide a flush surface to the connector 10.
PAR  When the test connector is used for testing tractor circuits which are
      associated with a trailer where the trailer is detached, the indicator
      panel preferably includes the appropriate legends associated with
      particular circuits, such as the exemplar legends illustrated in FIG. 1.
      The light lenses 18 are preferably colored for coded identification and,
      in the preferred embodiment of the connector 10, the lenses conform to ICC
      color codes to provide an easy, visual identification of particular
      referenced circuits. While any greater or lesser number of lenses may be
      provided, as necessary, for the use intended, eight lenses have been here
      selected to permit a convenient arrangement of the cooperating components.
PAR  At the other end of the connector opposite the reduced connector end is an
      extension hook 20, which is of an electrically conductive material such as
      steel. The extension hook 20 provides a convenient electrical ground path
      for the connector to any convenient ground element in the area of use. The
      hook 20, in addition, concurrently provides a convenient support for
      holding the test connector in a position where the light lenses may be
      observed.
PAR  Referring now to the remaining figures, the construction of the test
      connector is shown in greater detail. In FIGS. 3 and 4, a symmetrical
      arrangement of electric prongs 22 and 24 are mounted on a transverse,
      dielectric bulkhead 26 within a concentric core 28 in the reduced
      connector end 14. The prongs 22 and 24 provide electrical terminals for
      the connector 10 for connecting to a compatible female connector of an
      associated cable (not shown). Where required, the connector end may
      include electrical terminals of a female-socket type for compatible
      connection to male prongs of an associated connector.
PAR  The enlarged terminal prong 24 provides a means of properly orienting the
      test connector such that appropriate circuits are correctly connected. A
      screw 30, threaded through the wall of the reduced end 14 of the connector
      and into the side of the dielectric bulkhead 26, locks the bulkhead 26 and
      supported prongs 22 and 24 within the core 28.
PAR  The prongs 22 have base ends 32 embedded in the dielectric bulkhead 26
      which engage rod-like conductors 34. The rod-like conductors 34 are
      inserted in holes 36 formed in the base ends of the prongs 22 and extend
      longitudinally into holes 38, drilled or otherwise formed, within the
      dielectric body 12 of the test connector 10, as shown in FIG. 4.
PAR  Behind the arrangement of lenses 18, shown in FIG. 1, is a corresponding
      arrangement of cylindrical cavities, drilled or otherwise formed, in the
      cylindrical body 12 of the test connector. Seated in each cavity is an
      indicator lamp that is electrically connected to a corresponding prong.
      For example, referring to the cross-sectional view of FIG. 2, a
      conventional lamp bulb 40 is seated within a cavity 42 in the cylindrical
      body 12 of the connector 10. The lamp bulb has a conventional first
      terminal having a bayonet-type holding means with projections 44 on an
      annular contact surface 46 insertable through slots 48 (shown in dotted
      line) in a socket 50 in the base of the cavity 42. The bulbs are retained
      by altering the alignment of the projections 44 and the slots 48 by a
      partial twist of the bulb. The socket 50 provides a ground connection for
      the annular contact surface 46 or first terminal of the bulb.
PAR  At the end of the lamp bulb 40 is contact element 52, or second terminal,
      which is electrically connected to a cooperating rod-like conductor 34 by
      a small, spiral spring 54 contained in a hole 56 drilled or formed from
      the cavity 42 to the appropriate hole for a corresponding rod-like
      conductor. The spring 54 is attached to the conductor 34 by soldering and
      is compressed against the contact element 52 at the bottom of the bulb 40,
      holding the bulb in position and providing a path for electrical current
      between the rod-like conductor 34 and the bulb 40.
PAR  As shown in FIG. 4, the holes 36 for the rod-like conductors 34 are of
      staggered length and terminate transversely opposite selected lamp bulbs.
      The cavities and connecting holes for the electrically conducting spiral
      springs are formed on a coincident axis which directly connects the
      cavities and staggers conductor holes, as schematically illustrated in
      dotted line in FIGS. 2 and 4. In this manner, each light bulb is
      electrically connected to an individual and select prong 22.
PAR  In a somewhat similar manner, the enlarged terminal prong 24 has a rod-like
      conductor 58 inserted in a hole 60, formed or otherwise drilled in the
      body of the connector, and connected to the base end 62 of the prong. The
      hole 60 for the conductor communicates with an intersecting hole 64 into
      which the end of the electrically conductive hook 20 is inserted. A spiral
      compression spring 66 electrically connects the end of the rod-like
      conductor 58 with the inserted end of the hook 20. The hook 20 is retained
      in position by a machine screw which is threaded in the side of the test
      connector in engagement with the inserted portion of the hook 20.
PAR  The electrically conductive hook 20 has a crook 70 that is seated on an
      electrically conductive end plate 72 mounted flush across the end of the
      test connector.
PAR  Referring to FIG. 2, two small rod-like conductors 74 extend from the end
      plate 72 longitudinally into the cylinder body 12 (as shown in phantom in
      FIG. 4) contacting each of the sockets 50 for the lamp bulbs 40. The end
      plate 72, in this manner, provides a common ground connection for the lamp
      sockets 50, the hook 20, and the enlarged prong 24.
PAR  By an electrical path through the prongs 22, the rod-like conductors 34,
      the springs 54 to the light bulb 40, and, from the bulb 40 through the
      socket and conductors 74 to the end plate 72, a prong ground hook 20 is
      thereby created.
PAR  The test connector of this invention enjoys the advantage of permitting a
      single person, such as a truck driver, to test the electrical circuits
      connecting between two separable units of a highway combination vehicle.
      The test connector may be plugged into the electrical circuits and, by
      means of the hook 20, the connector is grounded and is held in a position
      for the driver to visually observe the indicator lamps as he tests the
      various electrical circuits. No second person is necessary to make
      observations as to the proper functioning of the circuits.
PAR  The test connector of this invention is small and portable and can have a
      prong configuration that is standardized with all of the plug connectors
      of a fleet of trucks and other vehicles. Therefore, a single test
      connector can be used to check out the electrical circuits for many
      vehicles. Although this test connector can be used for checking the
      electrical circuits of a conventional semitrailer combination vehicle, it
      will be appreciated that this invention can also be applied to any
      combination of highway vehicles wherein one vehicle tows another and
      certain electrical circuits must extend between the towing vehicle and the
      towed vehicle. Nor is this test connector limited to its preferred use
      with trucks. It may be used to test socket-coupled circuits in airplanes
      where 100 to 150 circuits must be tested before each flight.
PAR  As previously indicated, the lights 40 have a predetermined orientation in
      which the positions of the lenses 18 respectively correspond to select
      prongs 22 so that one observing the lights will be able to determine which
      circuits are functioning properly. Legends or other indicia, such as lens
      color, may be included on the indicator panel 16 to supply specific
      information as to the circuits with which the lights are respectively
      associated. Ordinarily, an associated cable is sufficiently long that the
      test connector 10 can be hung from a door handle so that one seated within
      the tractor can readily observe the condition of the lenses 18. Further,
      the large prong 24 is generally a ground connection and the condition of
      the ground circuit can be tested by insulating the hook 20 from the
      chassis of the tractor.
PAR  This latter feature is of considerable practical importance because it is
      quite common to find the ground connection to the tractor chassis through
      an associated cable to be cut or broken, thereby resulting in the only
      ground circuit from a trailer to be effected through the fifth-wheel, or
      hitch, of the tractor. Such connection is generally quite good when the
      vehicle is stationary at a test station but it is intermittent when the
      vehicle is in motion because of the relative displacements between a
      tractor and trailer that occur at the fifth-wheel connection therebetween
      as a consequence of road bumps, etc.
PAR  The test connector is small, compact, lightweight, handy (it can be carried
      in a coat or pants pocket), and convenient to use. It permits repair work
      on a tractor when the trailer is not available. The number of indicator
      lenses 18 and prongs 22 can be increased or decreased, as necessary, for
      any particular embodiment of the test connector and the test lenses and
      prongs may be oriented in a standard or universal configuration so that
      the device can be used with various tractor-trailer rigs. An appropriate
      indicator panel with specific legends for a particular tested system may
      be arranged on the side of a cylindrical connector body, as shown, but may
      be adapted to the end of a connector body of the type described in the
      patent referenced above.
PAR  While in the foregoing specification an embodiment of the invention has
      been set forth in considerable detail for purposes of making a complete
      disclosure thereof, it will be apparent to those skilled in the art that
      numerous changes may be made in such details without departing from the
      spirit and principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A test connector for testing electrical circuits of highway tractor and
      trailer vehicles, comprising:
PA1  a. an elongated body;
PA1  b. a transverse bulkhead extending across said body and being electrically
      non-conductive;
PA1  c. a plurality of contacts mounted in said transverse bulkhead for making
      electrical connection with the electrical circuits;
PA1  d. a plurality of electrical lamps, each provided with a first and second
      terminal and being supported by said body such that illumination of each
      lamp provides visual indications of voltage being applied to an associated
      electrical circuit;
PA1  e. means for electrically connecting each of said first terminals of said
      electric lamps with each of said corresponding contacts;
PA1  f. an electrically conductive hook;
PA1  g. means for electrically connecting said hook to each of said second
      terminals of said electric lamps; and
PA1  h. an indicator panel transmitting the illumination of each lamp to the
      exterior of said elongated body and positioned in overlying relation to
      said lamps, said hook connected with said body, having a portion thereof
      extending from said body for supporting said test connector, and making an
      electrical ground connection between each of said electric lamps and one
      of said vehicles such that a plurality of complete test connector circuits
      connecting such electrical circuits of a vehicle to the ground can be
      provided through said contacts, said means electrically connecting said
      lamps with said corresponding contacts, said electric lamps, said means
      electrically connecting said hook and said electric lamps, and said hook.
NUM  2.
PAR  2. The test connector of claim 1 in which said means for electrically
      connecting said hook to each of said second terminals of said electric
      lamps comprises an electrically conductive end plate on said body and
      conductor means interconnecting said second terminals and said end plate.
NUM  3.
PAR  3. The test connector of claim 2 in which said body is electrically
      non-conductive and said body has a plurality of cavities therein
      respectively receiving said electric lamps.
NUM  4.
PAR  4. The test connector of claim 1 in which said means for electrically
      connecting each of said first terminals of said electric lamps with each
      of said corresponding contacts comprises a plurality of springs
      respectively connected with a plurality of rod-like conductors connected
      to said contacts, each spring extending to and compressed against a first
      terminal of the associated lamp and a conductor to pass current between
      the contact and lamp.
NUM  5.
PAR  5. The test connector of claim 1 in which said indicator panel includes
      indicia identifying the illumination of each lamp as associated with a
      particular circuit.
NUM  6.
PAR  6. The test connector of claim 1 in which said indicator panel is
      positioned along the axis of said elongated body.
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ABST
PAL  Apparatus for determining in-situ the moisture content of potting soil in a
      plant receptacle. A pair of metallic electrodes are positioned on opposite
      sides of a plant receptacle adjacent the interior wall thereof and at a
      distance from the top of the receptacle which corresponds to the normal
      root depth of a plant to be contained therein. Each electrode extends
      externally of the receptacle for electrical connection to one probe lead
      or terminal of a resistance meter. When a plant is potted with soil in the
      receptacle, the resistance measured between the terminals is related to
      the moisture content of the potting soil.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to plant husbandry and more particularly to a plant
      receptacle with in-situ means for determining the moisture content of the
      potting soil therein.
PAR  In the husbandry of living plants cultivated in other than a natural
      environment, such as in greenhouses, nurseries and private homes, it is
      necessary that the moisture content of the soil in which the plants are
      growing be maintained at an optimum level to prevent plant loss or
      retardation of growth. Household plants are especially susceptible to such
      misfortunes in that the home environment is even less compatible with a
      natural environment than that of a greenhouse or nursery. Amateur home
      horticulturists are not always aware that optimum soil moisture content
      varies with the plant species and are not always knowledgeable of the
      optimum soil moisture content for the particular plant species they wish
      to cultivate. Widely diseminating such knowledge, however, is not a
      solution to the problem unless a simple, economical device for measuring
      the moisture content of soil is available.
PAR  It is known that the approximate moisture content of soil may be
      ascertained by measuring the resistance between two spaced points in the
      soil and comparing the resistance measured with the resistance of similar
      soil having a known moisture content. One example is found in U.S. Pat.
      No. 2,461,111 which shows a moisture indicating apparatus having two
      spaced stakes, each of which has an electrode attached thereto and
      electrically connected to an ohmmeter. The stakes are thrust into the soil
      to a known depth and the soil resistance is measured and evaluated in
      terms of soil moisture content. This apparatus is primarily useful,
      however, in the cultivation of fruits and vegetables in an outdoor
      environment. It has also been suggested that plant moisture meters having
      a single probe be used by inserting the probe into the soil of a house
      plant. The problems encountered by the use of such a meter is that the
      moisture being measured at a particular point is not representative of the
      soil conditions across the roots of the plant. A disadvantage of using the
      frequency apparatus to measure the moisture content of the soil in a plant
      receptacle is the possbility of damaging delicate root structure when the
      stakes are frequently thrust into the potting soil.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a novel plant receptacle for use with a resistance
      meter to enable the in-situ determination of the moisture content of the
      potting soil at root depth of a plant contained therein. A pair of flat
      metallic electrodes are at opposite points adjacent the inner wall of the
      plant receptacle, which may be a standard clay or plastic receptacle. In
      one embodiment of the invention, a metallic terminal, electrically
      connected to each electrode, penetrates the wall of the receptacle.
      Alternatively, the electrode and terminal may be a removable slip-on or
      clip-type metallic member having two adjacent elongated prongs insulated
      over a portion of their length. When installed on the plant receptacle,
      one prong of the member extends along the interior wall of the receptacle
      in intimate contact with the potting soil therein, the other prong extends
      along the exterior receptacle wall.
PAR  According to the present invention, a pair of in-situ electrodes are
      permanently or semi-permanently attached to a plant receptacle to provide
      spaced points across which the moisture content of the potting soil at
      root depth may be conveniently and quickly determined without danger of
      injury to the delicate root structure of a plant contained in the
      receptacle. While not limited thereto, the invention is particularly
      applicable to plant receptacles such as flower pots, shaped generally in
      the form of an inverted conical frustrun.
PAR  A feature of the invention is the construction of the externally extending
      electrode of the plant receptacle which is preferably provided with an
      aperture in which a probe or lead terminal of a meter may expeditiously be
      inserted to rest therein and make electrical contact with the electrode
      without the need for a clamp to engage the electrode. By using such a
      feature, one is able to quickly measure the moisture content of the soils
      in a large number of plant receptacles in a minimum amount of time.
PAR  The availability in recent years of inexpensive solid-state resistance
      meters makes it feasible for even individuals of modest financial
      resources to use the present invention to practice more effective plant
      husbandry then heretofore possible.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to enable the in-situ determination of
      approximate soil moisture content in a plant receptacle at the root depth
      of a plant contained therein without injury to the roots of the plant.
PAR  Another object of the present invention is to permit the convenient,
      inexpensive and rapid day-to-day measurement of the approximate moisture
      content of the potting soil in a number of plant receptacles.
PAR  Still another object of the invention is the provision of a plant
      receptacle having relatively unobtrusive electrodes and terminals for
      measuring the resistance of the soil therein so as to avoid detracting
      from the appearance of the plant contained in the receptacle.
PAR  Other objects, advantages and novel features of the invention will appear
      from a reading of the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a resistance meter connected across the
      termianls of a plant receptacle embodying the present invention.
PAR  FIG. 2 is a front elevation view of a plant receptacle with a broken away
      section showing an embodiment of the present invention.
PAR  FIGS. 3A through 3C are detailed cross-sectional views taken in the plane
      3--3 of FIG. 2 showing alternative arrangements of the electrode assembly
      of the invention.
PAR  FIG. 4 is an exploded view in perspective of a section of a plant
      receptacle showing an electrode assembly.
PAR  FIG. 5 is a perspective view of a slip-on or clip-type electrode of the
      invention.
PAR  FIG. 6 is a perspective view of a modification of the slip-on or clip-type
      electrode of FIG. 5.
PAR  FIG. 7 is a front elevation view of a plant receptacle with a broken away
      section showing the manner of attachment of the slip-on or clip-type
      electrode of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now in detail to the drawings wherein like reference characters
      represent like parts throughout the several views and equivalent parts are
      disignated by prime symbols.
PAR  FIG. 1 illustrates a plant 12 potted with potting soil 14 in plant
      receptacle 10 which is shown as a standard clay pot but may be any form of
      plant container. The electrical resistance of potting soil 14 may be
      previously determined for a given electrode area, electrode spacing and
      moisture content. Positive and negative probes 20, 22 respectively of
      resistance meter 18 are inserted in a pair of identical diametrically
      opposite electrode assemblies 24 extending from the interior of receptacle
      10. Electrode assemblies 24 will be more fully described hereinafter. The
      resistance across electrode assemblies 24 is measured by observing meter
      26 which has been set to the proper scale using knob 28. It will be
      understood that meter 26 may be appropriately marked in any convenient
      manner to permit a direct reading of soil moisture content for a given
      soil, electrode area and electrode spacing.
PAR  FIGS. 2, 3A and 4 show in greater detail one electrode assembly 22
      installed in the plant receptacle of the present invention. For
      convenience and clarity of description the arrangement of only a single
      electrode assembly 24 will be described. The plant receptacle 10 is
      provided with a recess or indent 32 positioned on the interior surface 34
      thereof at a depth in the receptacle 10 commensurate with the normal depth
      of the roots 36 of a plant 12 contained therein. The electrodes may be
      positioned half way down from the top edge of the pot receptacle even
      though the plant roots may extend down to the bottom of the receptacle. An
      opening 38 centrally positioned in the recess 32 extends radially through
      the wall 40 of the receptacle 10. A sealing gasket 46 having a central
      opening 50 there through is located in the recess 32. The gasket 46 may be
      made of rubber, neoprene or other resilient sealing material.
PAR  A flat metallic electrode 42 having a threaded metallic shaft 44 centrally
      affixed to one side thereof is inserted in the recess 32. Shaft 44 extends
      through opening 50 in the gasket 46 and opening 38 in wall 40. A threaded
      nut 48 and a washer 54 are provided on shaft 44 to urge electrode 42
      against gasket 46 sufficiently to form a watertight seal between the
      electrode 42 and the flat surface of recess 32. As shown best in FIG. 4
      the electrode 42, gasket 46 and recess 32 are generally square in
      configuration but may be rectangular, circular or other shapes without
      departing from the scope of the invention.
PAR  The front surface 56 of the electrode 42 is approximately flush with the
      interior surface 34 of the receptacle 10 and is in intimate contact with
      potting soil 14. The flush surface enables soil to be packed down in the
      receptacle without soil catching on the top edge of the plate 56 and
      creating air holes in the soil at the top and bottom edges of plate 56
      which may interfere with proper measurement of the moisture content of the
      soil. Preferably, electrode 42 is made of a relatively non-corrosive metal
      such as aluminum or copper.
PAR  A hole 58 is located in the outwardly projecting end of threaded shaft 44
      transverse to its longitudinal axis. As shown in FIG. 3B, however, hole 58
      may be located at the end of shaft 44 concentric with its longitudinal
      axis. The diameter of hole 58 is dimensioned to slidingly receive and made
      electrical contact with the metallic tip 60 of terminal probe 20 of a
      meter in order to free the hands of an operator for manipulation of the
      knob 28 of resistance meter 18.
PAR  In FIG. 3B an alternative embodiment of the electrode assembly 24 is
      illustrated. A threaded bolt 44' is inserted through hole 38 in wall 40,
      through hole 50 in gasket 46, thence through hole 62 in electrode 42'. A
      washer 54 and threaded nut 48 are provided on the inwardly projecting end
      of bolt 44' to urge electrode 42' against gasket 46 to form a watertight
      seal between the electrode 42' and recess 32. To insure the watertight
      integrity of the electrode assembly 24, the annular space between bolt
      44', and hole 62 may be filled with a flexible sealant.
PAR  FIG. 3C illustrates another embodiment of the electrode assembly 24 wherein
      a threaded eye-bolt is inserted inwardly through washer 64, hole 38' in
      wall 40, hole 50 in gasket 46 and threaded into a centrally located
      threaded opening 66 in electrode 42". The eye-bolt 44" is tightened to
      urge electrode 42" against gasket 46 to form a watertight seal between
      electrode 42" and the inner surface 34 of receptacle wall 40. The annular
      space 68 between hole 38' and threaded eye-bolt 44" may be filled with a
      flexible sealant to insure watertight integrity.
PAR  The electrode 42" may be arcuate-shaped in one dimension to approximately
      conform to the curvature of the interior wall 34, and may have tapered
      edges on all four sides as shown to avoid air holes in the soil. The
      arrangement of FIG. 3C is especially adapted for use with plant
      receptacles of wall thicknesses insufficient to form a recess in the inner
      wall, thereof. To make electrical contact with the resistance meter 18 the
      metallic tip 60 of terminal probe 20 of the meter is positioned in the eye
      70 of eye-bolt 44" as shown in the figures.
PAR  In the embodiments of FIGS. 3A, 3B and 3C the metallic tip need merely be
      inserted into the elongated aperture or hole 58 or into the opening of eye
      70 to rest therein in order to make electrical contact with the electrode
      assembly without the need for a clamp to attach the meter lead to the
      electrode assembly. For this purpose, in FIG. 3C eye 70 of eye-bolt 44'
      should preferably be positioned in the horizontal plane. FIG. 5 shows a
      slip-on or clip-type electrode 72 adapted for use with standard plant
      receptacles not provided with an integral electrode assembly. The slip-on
      electrode comprises a pair of spaced, flat metallic prongs 74,75 are
      mechanically and electrically joined at their upper ends by a bridging or
      an arcuate-shaped member 76. The prongs may, however, be formed by bending
      a single strip of flat metallic stock into the above described shape. The
      electrode 72 is preferably made of a relatively non-corrosive metal having
      good spring characteristics such as, for example, certain stainless
      steels. The clip-type electrode 72 is provided with an insulating coating
      78 covering the member 76 and an appreciable portion of the length of
      prongs 74,75. The lower, unjoined or free ends 80,82 of the metallic
      prongs 74,75 are uninsulated portions and remain exposed. Portion 80 has a
      known area for purposes of measuring the soil resistance. Insulating
      coating material 78 may be attached to the electrode 72 by any suitable
      means including dip-insulating. The lower end of portion 82 is rolled or
      curled for the entire width thereof to form an opening or aperture 84 into
      which the tip 60 of probe 20 may be inserted. The tip 60 makes electrical
      contact with the interior of opening 84 and is supported thereby.
PAR  Prong 75 is provided with two 90.degree. bends 86 at an intermediate
      portion of its length so as to decrease the spacing between the lower
      portion of the prongs 74,75, a feature of the invention which will be
      discussed subsequently.
PAR  In FIG. 7, a pair of slip-on or clip-type electrodes 72 are illustrated in
      diametrically opposite locations on a plant receptacle 10. As is apparent
      from the figure the electrode 72 has been positioned to straddle the upper
      edge or lip 88 of receptacle 10 so that prong 74 extends into the
      receptacle adjacent the inner wall thereof and prong 75 extends along the
      exterior thereof. Lower portion 80 of prong 74 is in intimate contact with
      the potting soil 14 contained in the receptacle 10 at a location about
      one-half way down from the lip 88. The decreased spacing, previously
      mentioned, between the lower portions of prongs 74,75 provides a clamping
      force on wall 40 of the receptacle 10 to insure that the portion 80 of the
      electrode remains substantially closely adjacent to the interior wall
      surface 34 of the receptacle 10. It should be noted that portion 80 is at
      a depth in receptacle 10 commensurate with the depth of the roots 36 of
      the plant 12.
PAR  FIG. 6 shows a modification of the slip-on or clip-type electrode 72
      wherein exposed portion 80' of a known area is located at an intermediate
      portion of prong 74. It will be appreciated that the exposed portion 80'
      may be positioned along the length of prong 74 so as to vary the depth at
      which the resistance of potting soil 14 is measured. This feature is
      particularly useful in practicing the present invention with plant
      receptacles of varying depths or with various plant species having root
      structures located at different depths below the surface.
PAR  To evaluate the measured resistance of the soil in a particular plant
      receptacle in terms of moisture content, the resistance of a similar soil
      of a known moisture content is determined with various electrode spacings
      for the electrode area utilized. By maintaining a constant electrode area,
      a reference graph may be prepared for a particular soil relating moisture
      content to resistance for various electrode spacings.
PAR  As can be seen from the foregoing description, the present invention
      provides a novel plant receptacle for use in day-to-day maintenance of
      proper soil moisture content for any plant species. Further, the invention
      eliminates the possibility of injury to delicate root structure.
PAR  It is understood that the present invention is not to be limited, for
      example, by a particular type of plant receptacle, by a particular
      electrode metal nor by a particular resistance measuring apparatus. Many
      modifications and variations of the present invention are possible in
      light of the above teachings and within the purview of the appended claims
      without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A plant receptacle for measuring the moisture content of the soil
      adapted to be contained therein, comprising two spaced metallic electrodes
      on the interior wall of said receptacle positioned at a depth in said
      receptacle commensurate with the normal root level of a plant adapted to
      be potted in said soil, and metallic terminals on the exterior of said
      receptacle electrically connected to said electrodes, and means coupled to
      said metallic terminals for indicating the moisture content of said soil
      at said root level of said plant.
NUM  2.
PAR  2. A receptacle according to claim 1 wherein the interior wall of said
      receptacle is provided with two recesses on diametrically opposite
      locations, said electrodes comprising metallic plates positioned in said
      recesses.
NUM  3.
PAR  3. A receptacle according to claim 2 wherein the wall of said receptacle
      has openings there through at the locations of said recesses, said
      terminals extending through said openings to the exterior of said
      receptacle.
NUM  4.
PAR  4. A receptacle according to claim 3 wherein the exterior ends of said
      terminals are provided with apertures therein for supporting and making
      electrical contact with the electrical probes of a resistance meter.
NUM  5.
PAR  5. A receptacle according to claim 1 wherein said electrodes are slip-on
      clips positioned on opposite sides of said receptacle each comprising a
      pair of spaced flat metallic prongs joined at one end and free at the
      other end, and electrical insulation covering said slip-on clips except
      for a portion of the length of said prongs, said portion being uninsulated
      each of said slip-on clips at the joined ends straddling the top edge of
      said receptacle whereby one prong thereof extends into the interior and
      close to the wall of said receptacle and the other prong extends
      externally of said receptacle.
NUM  6.
PAR  6. A receptacle according to claim 5 wherein the free ends of the
      externally extending prongs of said clips are rolled to form an aperture
      in each end for supporting and making electrical contact with the
      electrical probes of a resistance meter.
NUM  7.
PAR  7. A receptacle according to claim 5 wherein an intermediate portion of the
      length of one prong of each slip-on clip is bent inwards to reduce the
      spacing between the prongs at the free end of said clip.
NUM  8.
PAR  8. A receptacle according to claim 5 wherein said uninsulated portion of
      said prongs is located at the free ends thereof.
NUM  9.
PAR  9. A receptacle according to claim 5 wherein said uninsulated portion of
      said prongs is located intermediate the length of said prongs.
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ABST
PAL  The electrical sensing circuitry includes a power supply and a
      signal-detecting circuit which are coupled through the resistance of an
      electrolyte in a liquid in an aperture of a particle-analyzing device
      between sensing electrodes positioned on either side of the aperture. The
      liquid containing an electrolyte and the passage of a liquidborne particle
      through the aperture causes a change in the resistance of the aperture
      thereby generating a signal which is detected by the signal-detecting
      circuit. The parameters of the circuit elements are chosen to provide
      circuit relationships which render the particle-generated signal
      independent of the diameter of the aperture. This is achieved by utilizing
      a power source having a low output impedance and a signal-detecting
      circuit which has a low input impedance for both D.C. and A.C., namely, at
      the signal frequencies of the signals sensed. The electrical circuitry
      also may include a conductivity monitoring circuit which may utilize one
      or more of the sensing electrodes and/or additional electrodes for
      monitoring changes in conductivity of the electrolyte and for relating
      these changes in conductivity to the particle-generated signals sensed by
      the signal-detecting circuit to alter those signals so as to render them
      independent of electrolyte resistivity.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to electrical sensing circuitry for a
      particle-analyzing device the circuitry including circuit elements, and
      circuit parameters for the circuit elements, which render the output
      signals from the electrical sensing circuitry independent of the diameter
      of the aperture in the particle-sensing device and/or independent of the
      conductivity of the electrolyte in the bodies of liquid in the sensing
      device on opposite sides of the aperture so that signals generated by
      particles passing through the aperture are more accurately related to the
      size or volume of the particle.
PAR  The particle-analyzing device with which the teachings of the present
      invention are intended to be utilized was first disclosed in U.S. Pat. No.
      2,656,508. This particle-analyzing device operated on a principle often
      now referred to as the "COULTER" principle. According to this principle,
      the passage of a microscopic particle suspended in a conducting liquid
      through an aperture having dimensions which approximate those of the
      particles, causes a change in the resistance of the electrical path
      through the liquid effectively contained in the aperture, if the material
      of the particle in the liquid had different conductivities. Studies have
      shown that the magnitude of this change is proportional to the volume of
      the particle where the cross-sectional area of the particle is smaller
      than the cross-sectional area of the aperture and the particle is smaller
      in diameter than the axial length of the aperture. This volume is the
      volume of actual particulate matter irrespective of the geometric
      configuration of the particle.
PAR  Typically, the particle-analyzing device includes a pair of electrodes each
      of which is positioned on either side of the aperture. An electrical power
      source is coupled to the electrodes and typically has had a high output
      impedance. A voltage sensitive signal-detecting circuit is connected
      across the electrodes and usually includes an A.C. coupling capacitor
      (D.C. blocking capacitor) so that the signal-detecting circuit will only
      sense changes in the voltage across the aperture caused by the passage of
      a particle through the aperture. These signals are commonly referred to as
      particle pulses and are channeled from the amplifier to other electrical
      circuitry for the analysis of the pulse height and for counting the
      pulses.
PAR  Examples of particle-analyzing devices having the structure and associated
      electrical circuitry described above can be found not only in U.S. Pat.
      No. 2,656,508 but also in U.S. Pat. Nos. 2,869,078; 2,985,830; 3,015,775;
      and 3,122,431.
PAR  Under proper conditions the particle-analyzing devices described above will
      generate electrical pulses the respective amplitudes of which are linear
      functions of the volume of the respective particles passing through the
      aperture. It is therefore a relatively simple matter to calibrate the
      analyzing electrical circuitry which receives the particle pulses from the
      signal detecting circuit. Since the initial effect of the passage of a
      particle through the aperture is a change of resistance, the obvious
      method of utilizing this change of resistance was to pass a known constant
      current through the resistance and detect the change of voltage which
      resulted. This method was so straightforward that for years no other
      method was considered. However, the prior art electrical sensing circuits
      were sensitive to changes in diameter of the aperture and to the
      conductivity of the liquid medium in which particles were suspended.
PAR  The conductivity of the liquid which usually contains an electrolyte is a
      function of composition temperature and concentration of the electrolyte
      in the liquid. A change in conductivity resulted in offsetting the
      calibration of the analyzing circuitry such that a given pulse amplitude
      would no longer be an accurate indication of the size of the particle
      generating the pulse. Various electrical sensing circuits have been
      proposed for providing some compensation for changes in electrolyte
      conductivity. Examples of these prior art circuits may be found in U.S.
      Pat. Nos. 3,259,842; and 3,706,030; Canadian Pat. No. 864,075; and Russian
      Pat. No. 274,474. Hereinafter, other electrical sensing circuits including
      circuitry for compensating for changes in electrolyte resistivity or
      conductivity are described in detail.
PAR  Even with electrical sensing circuitry which compensated for changes in
      electrolyte conductivity, the output signals from these circuits were
      still sensitive to the diameter of the aperture, often referred to as the
      sensing aperture. Normally, aperture diameter does not vary. However, in
      highly automated blood cell counters utilizing a particle-analyzing device
      of the type described above where the blood cell counter is utilized
      often, a film frequently forms on the inside surface of the aperture thus
      changing the effective diameter of the aperture resulting in signals which
      are not accurately related to the size of the blood cell passing through
      the aperture. This film is sometimes so thin as to be undetectable by
      microscope. In any event, when unexplained calibration shifts of the
      calibration settings for the analyzing circuitry occurred, cleaning of the
      aperture was resorted to in order to obtain the original calibration
      settings. It has also been noted that in some instances the materials used
      in fabricating the scanning aperture are slightly hygroscopic. An
      immersion in an aqueous or other electrolyte of the wafer containing the
      scanning aperture sometimes causes perceptible swelling of the wafer. This
      phenomenon also causes a change in the aperture diameter. As will be
      described hereinafter, the electrical sensing circuitry of the present
      invention provides, by proper selection of circuit elements and the
      parameters of the circuit elements, an advantageous and surprising result,
      namely, the provision of output signals from a particle-analyzing device
      which are essentially independent of the aperture diameter.
PAR  Also, the electrical sensing circuits of the present invention provide
      additional circuit elements having circuit parameters selected according
      to the teachings of the invention resulting in output signals which are
      independent of electrolyte conductivity.
PAR  According to the invention, there is provided electrical sensing circuitry
      for a particle-analyzing device wherein a liquid containing particles is
      caused to flow through a sensing aperture on either side of which is
      located a sensing electrode, said circuitry including, means coupled to
      said electrodes for establishing an electric excitation current through
      said aperture and means coupled to said electrodes for detecting signals
      generated by particles passing through said aperture, said means for
      establishing an electric excitation current through said aperture having a
      low output impedance and said means coupled to said sensing electrodes for
      detecting signals generated by particles passing through said aperture
      having a low input impedance at D.C. and at the frequencies of the
      particle-generated signals.
PAR  Also, according to the invention, there is provided electrical sensing
      circuitry for a particle-analyzing device wherein a liquid containing
      particles is caused to flow through a sensing aperture on either side of
      which is located a sensing electrode, said circuitry including means
      coupled to said electrodes for establishing an electric excitation current
      through said aperture, means coupled to said electrodes for detecting
      signals generated by particles passing through said aperture, and
      electrical monitoring means coupled to said signal-detecting means for
      monitoring the conductivity of the liquid containing particles and
      electrically for altering the output signals from said signal-detecting
      means relative to changes in liquid conductivity thereby to render said
      output signals independent of liquid conductivity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the electrical sensing circuit in a prior
      art particle-analyzing device;
PAR  FIG. 2 is an equivalent circuit diagram according to Thevenin's theorem of
      the circuit shown in FIG. 1 for signals generated by particles sensed;
PAR  FIG. 3 is a schematic diagram of the electrical sensing circuit in another
      prior art particle-analyzing device;
PAR  FIG. 4 is an equivalent circuit diagram according to Thevenin's theorem of
      the circuit shown in FIG. 3 for signals generated by particles sensed;
PAR  FIG. 5 is a schematic diagram of the particle-sensing circuit in still
      another prior art particle-analyzing device;
PAR  FIG. 6 is an equivalent circuit diagram according to Thevenin's theorem of
      the sensing circuit of FIG. 5 for signals generated by particles sensed;
PAR  FIG. 7 is a schematic diagram of the electrical sensing circuit utilized in
      a particle-analyzing device constructed in accordance with the teachings
      of the present invention;
PAR  FIG. 8 is a simplified schematic diagram of the diagram shown in FIG. 7
      showing the D.C. relationship between the power supply and the aperture
      resistance in the electrical sensing circuit;
PAR  FIG. 9 is an equivalent circuit diagram according to Thevenin's theorem of
      the sensing circuit shown in FIG. 7 for signals generated by particles
      sensed;
PAR  FIG. 10 is a schematic diagram of the alternating current analog of the
      circuit shown in FIG. 7;
PAR  FIG. 11 is a block diagram partially in section and partially schematic of
      a particle-analyzing device and associated electrical circuitry
      constructed in accordance with the teachings of the present invention and
      electrically equivalent to the circuit shown in FIG. 7;
PAR  FIG. 12 is a schematic diagram of another electrical sensing circuit
      constructed in accordance with the teachings of the present invention;
PAR  FIG. 13 is a block diagram partially in section and partially schematic of
      a particle-analyzing device and associated electrical circuitry
      constructed in accordance with the teachings of the present invention and
      electrically equivalent to the circuit shown in FIG. 12;
PAR  FIG. 14 is a schematic diagram of a low input impedance amplifier which may
      be utilized in the electrical sensing circuits constructed in accordance
      with the teachings of the present invention.
PAR  FIG. 15 is a block diagram partially in section and partially schematic of
      a particle-analyzing device and associated circuitry similar to the device
      shown in FIG. 11 and including circuitry to compensate for changes in
      electrolyte resistivity;
PAR  FIG. 16 is a block diagram partially in section and partially schematic of
      a particle-analyzing device and associated circuitry similar to the device
      shown in FIG. 13 and including circuitry to compensate for changes in
      electrolyte resistivity;
PAR  FIG. 17 is a block diagram partially in section and partially schematic of
      another particle-analyzing device and associated circuitry in which the
      sensitivity of the signal-detecting circuit is made proportional to the
      electrolyte resistivity without recourse to high frequency carrier
      modulation;
PAR  FIG. 17A is a side view partially in section and with portions broken away
      of a conductivity cell which can be used as an alternative to the
      conductivity cell shown in FIG. 17;
PAR  FIG. 18 is a block diagram of an all A.C. circuit arrangement in a
      particle-analyzing device which achieves the same results as the circuitry
      shown in FIG. 15;
PAR  FIG. 19 is a block diagram partially schematic and partially in section of
      a particle-analyzing device and associated circuitry in which independence
      of resistivity changes is achieved by means of a high frequency carrier
      and modulator;
PAR  FIG. 20 is a schematic block diagram of another circuit which compensates
      for changes in electrolyte resistivity in a particle-analyzing device and
      in which the electrodes of the device serve a double function and the gain
      control of the signal-detecting amplifier is accomplished by means of an
      analog divider;
PAR  FIG. 21 is a schematic block diagram of another circuit which compensates
      for changes in electrolyte resistivity in a particle-analyzing device and
      in which the sensitivity of the signal-detecting amplifier is varied by
      means of a multiplier which receives correction signals carried by a high
      frequency carrier;
PAR  FIG. 22 is a schematic diagram of still another circuit which compensates
      for changes in electrolyte resistivity in a particle analyzing device;
PAR  FIG. 23 is a diagram of a cylindrical volume representing an aperture in a
      particle-analyzing device; and
PAR  FIG. 24 is a graph of area versus position of a particle flowing through
      the cylindrical volume illustrated in FIG. 23.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 there is illustrated a schematic diagram of a known electrical
      circuit used in a particle-analyzing device. Such a device is utilized for
      studying the physical properties of particles in a liquid. The liquid is
      separated into two bodies and an electrode is situated in each body of
      liquid. A partition separates the two bodies of liquid and an aperture is
      provided in the partition to permit liquid flow between the bodies of
      liquid. The cross-sectional extent of the aperture is relatively small and
      approximates the size of the microscopic particles suspended in one of the
      bodies of liquid. The particle-analyzing device also includes a mechanism
      for causing fluid flow between the bodies of liquid through the aperture.
      Typically, such a fluid flow causing mechanism includes a source of vacuum
      and control apparatus including a valve for applying the vacuum to one of
      the bodies of liquid for a predetermined period of time.
PAR  The electrodes in the bodies of liquid are electrically coupled to a power
      source and to an electrical signal-detecting circuit. It will be
      understood that the electrical circuit including the power source is
      defined in part by a current path in the bodies of liquid between the two
      electrodes and through the aperture. The particles in the one body of
      liquid have electrical conductivity which is much different than the
      electrical conductivity of the liquid. As a result, when particles are
      carried by the liquid through the aperture the particles change the
      impedance or resistivity of the aperture and modulate the D.C. current
      flowing through the aperture. This phenomena results in a change of
      voltage across the aperture and such changes in voltage or signals are
      sensed by the signal-detecting circuit which amplifies such signals and
      then transmits the amplified signals to other electrical circuitry wherein
      the signals are analyzed and studied.
PAR  The electrical circuit shown in FIG. 1 for the above-described
      particle-analyzing device includes a high voltage source 10, a high source
      resistance 12 (which may or may not be an integral part of the high
      voltage source 10) and a variable load resistance 14 which is the
      resistance across the aperture in the partition. This load resistance 14
      is shown symbolically as a variable resistor enclosed by a circle in FIG.
      1. The electrical signal-detecting circuit includes a high input impedance
      amplifier 16 which, although not shown, includes a D.C. blocking capacitor
      in order to prevent the diversion of aperture current into the input
      resistance and to prevent the relatively large D.C. component of the
      voltage across the aperture from saturating the amplifier 16. The high
      voltage source 10 and the high source resistance 12 constitute an
      essentially constant current supply such that the current which flows
      through the aperture is substantially independent of the value of the
      aperture resistance 14. As a particle passes through the aperture, the
      resistance changes by an amount .DELTA. R and the essentially constant
      current flowing through the aperture and the changed resistance of the
      aperture results in a change of voltage across the aperture which is
      impressed upon the high input impedance amplifier 16.
PAR  According to Thevenin's theorem, any linear network containing one or more
      sources of voltage and having two terminals behaves, insofar as a load
      impedance connected across these terminals is concerned, as though the
      network and its generators were equivalent to a simple generator having an
      internal impedance Z and a generated voltage E where E is the voltage that
      appears across the terminals when no load impedance is connected and Z is
      the impedance that is measured between the terminals when all sources of
      voltage in the network are short-circuited.
PAR  Utilizing Thevenin's theorem, the circuit shown in FIG. 1 can be simplified
      to the circuit diagram shown in FIG. 2 which includes a generator 18 with
      an internal impedance 20. The voltage of the generator 18 is the open
      circuit voltage developed in the absence of a load across the aperture and
      its internal impedance is the aperture resistance R.sub.ap. Since the
      input impedance of the amplifier 16 is essentially infinite, it measures
      the open circuit voltage e.sub.oc = I.sub.ap .DELTA.R.
PAR  A particle-analyzing device utilizing the circuit shown in FIG. 1 can be
      found in U.S. Pat. No. 2,656,508. It will be noted that this circuit is
      dependent upon the resistance across the aperture which, in turn, is
      dependent upon the resistivity of the liquid or electrolyte in the
      aperture. The resistivity of the liquid in the aperture is dependent upon
      the concentration of electrolyte in the liquid and upon the temperature of
      the electrolyte. As a result, changes in the electrolyte concentration and
      temperature result in errors in the measurement of the signals generated
      by particles passing through the aperture. One way to alleviate this
      problem would be to maintain the electrolyte concentration and temperature
      constant. This is difficult and/or expensive to do even under laboratory
      conditions. Therefore, it is desirable to provide a sensing circuit for a
      particle-analyzing device which is independent of the resistivity or
      conductivity of the electrolyte or which compensates for changes in
      concentration and/or temperature of the electrolyte. One prior art circuit
      which provides for some compensation for changes in resistivity of the
      liquid in the aperture is disclosed in Russian Pat. No. 274,474. In that
      prior art patent, compensation is obtained by altering the resistance of
      the circuit equivalent to the source resistance 12 shown in FIG. 1 as the
      resistivity or conductivity of the electrolyte changes. This is
      accomplished by including in the resistance of the power supply circuit a
      resistance which is defined by a portion of the liquid. In the Russian
      patent, this is accomplished by inserting a third electrode into one of
      the bodies of liquid such that current flow from the power source first
      flows from a first electrode in the liquid to a second electrode in the
      liquid and then in the liquid through the aperture to a third electrode.
PAR  Another prior art circuit utilized in a particle-analyzing device is
      illustrated in FIG. 3. For examples of a particle-analyzing device
      utilizing this circuit, reference may be had to U.S. Pat. No. 3,259,842.
      In this circuit, a regulated current source 30 having a high impedance is
      connected to the electrodes situated on either side of the aperture. The
      aperture resistance through which current from the current source flows is
      designated by the reference numeral 32. The signal-detecting circuit
      includes an A.C. coupling capacitor 34 and a low impedance amplifier 36.
      To better illustrate the low input impedance of the amplifier 36, the
      triangle symbol for the amplifier 36 includes a closed loop connecting the
      two inputs to the amplifier. A triangle with a closed loop between two
      input lines thereto is shown in other Figures of the drawings and it will
      be understood that such a triangle and closed loop is utilized in the
      drawings to emphasize the fact that the amplifier has a low input
      impedance for both D.C. and A.C. at the frequencies of the signals
      detected.
PAR  In FIG. 4 there is illustrated a Thevenin equivalent circuit of the circuit
      shown in FIG. 3 for signals detected by the signal-detecting circuit at
      the signal frequencies. The equivalent circuit includes a generator 38, a
      resistance 40, and the amplifier 36. The voltage of the generator 38 is
      equal to the open circuit voltage e.sub.oc which is equal to the product
      of the D.C. aperture current I.sub.ap multiplied by the change of
      resistance due to a particle flowing through the aperture, this change
      being .DELTA. R. The output impedance or resistance 40 associated with the
      generator 38 is the aperture resistance R.sub.ap. When a particle passes
      through the aperture, the open circuit voltage causes a current to flow in
      the signal-detecting circuit which is equal to the open circuit voltage
      e.sub.oc divided by the resistance R.sub.ap. The amplifier 36 thus
      measures the short-circuit current flowing as a result of the passage of a
      particle through the aperture. This short-circuit current is independent
      of the resistivity of the electrolyte in which the particles to be studied
      are suspended.
PAR  FIG. 5 is a simplified circuit diagram of an electrical circuit which is
      the electrical dual of the circuit shown in FIG. 3. A description of a
      particle-analyzing apparatus utilizing this circuit can be found in
      Canadian Pat. No. 864,075. As shown, the sensing circuit includes a low
      impedance high voltage source 50, an aperture resistance 52 and an
      inductance 54. The detecting circuit includes the inductance 54 and a high
      input impedance amplifier 56. The inductance 54 presents substantially
      zero resistance at D.C. but has a reactance at the frequency of the
      signals generated by particles passing through the aperture which is much
      higher than the aperture resistance 52 (R.sub.ap). The Thevenin equivalent
      circuit at the signal frequency is shown in FIG. 6 and includes a signal
      generator 58 and a resistance 60 as well as the amplifier 56. The voltage
      of the generator 58, namely the open circuit voltage e.sub.oc is equal to
      the voltage E of the source 50 divided by the aperture resistance R.sub.ap
      (which is the temporary quiescent aperture current) multiplied by the
      change of resistance .DELTA.R. Again, the internal impedance of the
      generator 60 is the aperture resistance R.sub.ap. Since the amplifier 56
      has an input impedance which approaches infinity, resistance 60 (R.sub.ap)
      has no effect and the amplifier 56 measures the open circuit voltage
      e.sub.oc. As described in detail in the Canadian patent, the circuit shown
      in FIG. 5 is also independent of electrolyte conductivity.
PAR  In FIG. 7 there is illustrated a circuit diagram of an electrical circuit
      utilized in a particle study device constructed according to the teachings
      of the present invention. In this circuit, a power supply 70 having a very
      low input impedance is connected in series with an aperture resistance 72
      (R.sub.ap) and a signal-detecting amplifier 74 which has a very low input
      impedance. The input impedance for the power supply 70 and the amplifier
      74 are very low both at D.C. and at the frequencies of the signals
      generated by particles sensed.
PAR  The circuit shown in FIG. 8 is the direct current equivalent of the circuit
      shown in FIG. 7. Since the amplifier 74 in FIG. 7 has a negligibly small
      input impedance, it may be replaced by a short circuit, namely, the
      circuit shown in FIG. 8. It is readily obvious that the aperture current
      at any time is equal to the source voltage E divided by the aperture
      resistance R.sub.ap. As the aperture resistance varies due to aperture
      geometry or electrolyte resistivity, the aperture current will vary. It
      should be noted however, that the changes of resistance due to particles
      are at most one percent of the steady state aperture resistance and may be
      as small as one millionth of the aperture resistance R.sub.ap. Hence, the
      fact that the resistance changes due to the presence of particles passing
      through the aperture need not be considered here.
PAR  FIG. 9 is the Thevenin equivalent circuit of the circuit shown in FIG. 7 at
      te frequencies of the signals generated by particles sensed. This circuit
      includes a generator 75 and a generator internal impedance 76. Utilizing
      Thevenin's theorem, the open circuit voltage, i.e., the voltage of the
      generator 75, is the aperture current (which is E divided by R.sub.ap)
      multiplied by .DELTA.R, the change due to a particle passing through the
      aperture. Again, the generator internal impedance 76 is the aperture
      resistance R.sub.ap. Since the amplifier 74 shown in FIG. 7, has an
      extremely low input impedance, it is replaced by a short circuit i.e.
      omitted as a series element in FIGS. 8 and 9. As a result, the useful
      signal is the short-circuit current i.sub.sig which flows as a result of a
      particle passing through the aperture. A mathematical analysis of .DELTA.R
      and of the signal current i.sub.sig yields some interesting results. First
      of all a mathematical analysis of .DELTA.R will be made with reference to
      FIGS. 23 and 24. Referring to the cyliner illustrated in FIG. 23, suppose
      a cylindrical volume of diameter D and length l.sub.o representing an
      aperture is filled with an electrolyte which has a resistivity .rho.. The
      resistance R.sub.o of this volume of electrolyte in a direction parallel
      to its axis is
      ##EQU1##
      or .rho.l.sub.o /A.sub.o where A.sub.o is the circular cross section area
      of the cylinder. This could also be thought of as an infinite series of
      disc-shaped resistors of length dl and area A.sub.o. Thus the total
      resistance R.sub.o would be the sum of all of them or
      ##EQU2##
PAR  Now if a particle of volume V.sub.p and of length parallel to axis (l.sub.2
      -l.sub.1) were placed within the "large" cylinder and a plane
      perpendicular to its axis were swept down its length, this plane would
      also cut the particle, defining a particle cross section ap. This cross
      section would be a complicated function of l, the distance of the plane
      from the reference end. The relationship between area of a particle cross
      section and the position of the cross section is illustrated graphically
      in FIG. 24.
PAR  The electrolyte in the region at the same distance from the reference end
      has a cross section A.sub.o -a.sub.p which is reduced by that of the
      particle. Its resistance similarly can be expressed as the sum of a
      sequence of series connected disk or washer shaped resistors each of which
      has a resistance
      ##EQU3##
      As before, the total resistance is the sum of all these resistances or
      ##EQU4##
PAR  The signal-causing momentary change of resistance .DELTA.R referred to
      above, is the difference between R.sub.p (resistance in presence of a
      particle) and R.sub.o (resistance in absence of a particle). Hence we have
      ##EQU5##
PAR  Now for most applications the maximum value of A.sub.p &lt;&lt; A.sub.o.
      Specifically, if particle "diameter" is but 10% of aperture diameter,
      A.sub.p will be 1% of A.sub.o, and for particle "diameters" smaller than
      10% D, the quantity A.sub.o -a.sub.p may for all practical purposes be
      replaced by A.sub.o giving
      ##EQU6##
PAR  But
      ##EQU7##
      is the volume of the particle, giving us .DELTA.R .apprch. P/A.sub.
      o.sup.2 V.sub.p since p and A.sub.o are both constants we may write
      .DELTA.R=KV.sub.p. This is the desired result. (7.)
PAR  It is worthy of note that no limitations have been placed on the function
      A.sub.p (l), thus implying that this response is independent of shape.
      However, the assumption was made in performing the integrations that the
      electric field was everywhere parallel to the axis of the aperture. In
      order to make these assumptions valid, A.sub.p (l) could not have any
      discontinuities and could at no point be multivalued. That this is the
      situation in an actual particle-analyzing device constructed in accordance
      with the teachings of U.S. Pat. No. 2,656,508 has been shown repeatedly by
      experiment.
PAR  Returning to the equivalent circuit shown in FIG. 9, it will be noted that
      since the D.C. aperture excitation current is limited only by the aperture
      resistance, we have
PA1  I.sub.ap = E/R.sub.ap ; the Thevenin open circuit voltage developed by a
      particle passage is I.sub.ap .DELTA.R. Signal current is likewise limited
      only by R.sub.ap :
      ##EQU8##
      which is independent of the aperture diameter D. This is very useful since
      the aperture length l can be measured much more accurately than the
      diameter D for a flat wafer in which the aperture is situated.
PAR  In FIG. 10 there is illustrated a circuit which is the alternating current
      analog of the circuit shown in FIG. 7. This analog circuit includes an
      aperture excitation power source 80 which has a frequency in the range of
      500 to 1,000 kilohertz. This frequency ensures that the sensing aperture
      will sense size alone. The power source 80 is connected in series with a
      resonant circuit comprising an inductance 81 and a capacitor 82. The
      source 80 is also connected in series with the aperture resistance 84 and
      a signal-detecting circuit 86. The signal-detecting circuit 86 also
      includes a series resonant circuit formed by a capacitor 87 and an
      inductance 88. The junction between the capacitor 87 and the inductance 88
      is connected to the input of an amplifier 89 which may have a high
      impedance input. The capacitor 87 and the inductance 88 are arranged to be
      in series resonance and thus present a very low input impedance at an
      input terminal 90 of the signal-detecting circuit 86. The amplifier 89
      measures the drop across the capacitor 87. The network comprising the
      inductance 88 and the capacitor 87 provide the necessary low impedance at
      the terminals 90, but since it is necessary to drive the high impedance
      amplifier 89 with a voltage, this voltage may be sensed at the junction
      between elements 87 and 88; hence, a network 87, 88 may thus be considered
      an impedance matching network between the low impedance terminals 90 and
      the high impedance amplifier 89. The voltage at the output terminal 92 of
      the amplifier 89 is thus an A.C. signal modulated by the passage of
      particles through the aperture but as a result of the impedance matching
      and the effects obtained thereby as described above in connection with the
      description of FIGS. 8 and 9, this modulation will be independent of the
      aperture diameter.
PAR  FIG. 11 illustrates a more detailed schematic diagram of a
      particle-analyzing device and electrical circuitry associated therewith
      which can be simplified to the circuit diagram shown in FIG. 7. As shown,
      the analyzing device includes a vessel 93 in which are contained two
      bodies of liquid 94 and 96 separated by a partition 98 in which there is
      situated a sensing aperture 99. Four electrodes, 101 - 104, are provided.
      The resistance between the electrodes 102 and 103 defines the aperture
      resistance 72 (FIGS. 7 and 8). The resistances between the electrodes 101
      and 102 and between electrodes 102 and 104 are very small. Polarization
      voltages at the electrodes 101 and 104 are made innocuous by a feedback
      network comprising: an isolaton amplifier 106, an R.C. filter 108, a
      chopper inverter 112, a power amplifier 114, a transformer 115, and the
      aperture excitation power supply 116. As shown, one input 117 of the
      amplifier 106 is connected to the electrode 102 while the other input 118
      of the amplifier 106 is connected to the positive side of a reference
      voltage cell 120, the other side of which is connected to the electrode
      103. In this circuit, the voltage between the electrode 102 and 103
      applied to the input 117 of the amplifier 106 is compared with the voltage
      from the voltage cell 120 applied to the input 118 of the amplifier 106.
      If the voltage at input 117 is different than the voltage from the voltage
      cell 120 applied to the input 118, an error signal will be produced by the
      amplifier 106. The A.C. component of this signal is filtered out by the
      R.C. filter 108 leaving only the D.C. component, which is then converted
      into A.C. by the chopper inverter 112 and then applied to the A.C. power
      amplifier 114. The A.C. power amplifier 114 applies A.C. power to the
      primary of the transformer 115. The voltage induced in the secondary of
      the transformer 115 is rectified and filtered in the aperture excitation
      power supply 116 to provide D.C. aperture excitation for the aperture 99.
      This is a negative feedback system and reaches equilibrium when the
      voltage drop across the aperture 99, that is to say between electrodes 102
      and 103, equals the voltage of the reference cell 120. Any voltages which
      appear on the electrodes 101 and 104 will not effect the voltage across
      the aperture because these voltages are included in the feedback loop.
PAR  In the circuit shown in FIG. 11 the aperture excitation power supply is
      arranged to have a low output impedance. Also, the aperture excitation
      power supply is connected in series not only with the electrodes 101 and
      104 but also in series with a signal-detecting amplifier 124 which has a
      low input impedance as shown. This circuit connection of the power supply
      116, electrodes 101 and 104, and the amplifier 124 can be simplified to
      the circuit shown in FIG. 7. It will be noted that the electrode 104 is
      grounded. This permits the low impedance amplifier 124 to have a
      single-ended input and since the isolation amplifier 106 has an extremely
      high input impedance, the voltage cell 120 may be a battery as shown. Of
      course, if desired, an A.C. power supply may be used to provide the
      reference voltage. Also, it will be noted that the transformer 115 permits
      the aperture current excitation supply to find whatever voltage is needed
      in order that the voltages across the electrodes are in equilibrium.
PAR  In FIG. 12 there is illustrated a simplified schematic diagram of another
      circuit which produces the same result of the circuit shown in FIG. 7.
      This circuit includes a power supply 130 which is situated in the aperture
      excitation circuit which also includes an inductance 131 and the aperture
      resistance 132. This circuit also includes a signal-detecting circuit
      comprising a capacitor 134, and a signal-detecting amplifier 136 having a
      low input impedance. It will be apparent that the D.C. aperture current
      I.sub.ap is limited only by the aperture resistance 132 (R.sub.ap).
      Considering the phenomena which occur when a signal is generated by a
      particle passing through the aperture at a signal frequency in the ten's
      of kilohertz, it will be apparent that the low impedance of the amplifier
      136 effectively short-circuits the signal current, the capacitor 134
      functioning as an A.C. coupling capacitor, and the high reactance of the
      inductance 131 prevents the signal current from flowing back into the
      power supply. The capacitor 134 is one which has a capacitance which
      results in a negligibly small reactance at signal frequencies. Since the
      aperture resistance is the only circuit element that limits both the D.C.
      aperture current and the short-circuit signal current, the equivalent
      circuits shown in FIGs. 8 and 9 for the circuit shown in FIG. 7 are also
      equivalents of the circuit shown in FIG. 12.
PAR  FIG. 13 is a more detailed schematic diagram of a particle-analyzing device
      employing a circuit which provides the circuit parameters for the circuit
      shown in FIG. 12 and which can be simplified to the circuit shown in FIG.
      12. In the circuit shown in FIG. 13, however, the inductance 131 in the
      circuit of FIG. 12 is dispensed with and the voltages at the electrodes
      due to electrical chemical action is caused to have no influence on the
      circuit. The arrangement shown obviates the need to have either extremely
      large area electrodes or very small D.C. aperture current. It will be
      apparent that FIG. 13 is very similar to FIG. 11. In this respect, the
      particle-analyzing device includes a vessel 193 having two bodies of
      liquid 194 and 196 therein separated by a partition 198 in which is
      situated an aperture 199. Four electrodes 201 - 204 are situated in the
      vessel 193 and the electrodes 201 and 204 on either side of the aperture
      199 are connected in series circuit relationship with a resistor 205 and
      an aperture excitation power supply 206. The electrode 202 is connected
      into a feedback circuit much the same way that the electrode 102 in FIG.
      11 is connected to a feedback circuit. Again, the feedback circuit
      includes an isolation amplifier 207, an R.C. filter 208, a chopper
      inverter 212, an A.C. power amplifier 214, a transformer 215 and the
      aperture excitation power supply 206. As shown, the electrode 202 is
      connected to one input 217 of the amplifier 207. It will be noted that in
      this feedback circuit, the other input 218 to the amplifier 207 is
      connected to the positive side of a reference voltage cell 220, the other
      side of which is connected to the ground. Also, in this circuit, the
      electrode 203 is connected to ground. As a result, this circuit differs
      from the circuit shown in FIG. 11 by reason of the grounding of the
      feedback circuit. It will be apparent that the voltage across the
      electrodes 202 and 203 is compared with the voltage from the reference
      cell 220 and when the voltage across the electrodes 202 and 203 differs
      from the voltage in the cell 220 an error signal is generated by the
      amplifier 207 to cause a change in the current supplied from the power
      supply 206.
PAR  Again, the resistances between the electrodes 201 and 202 and between the
      electrodes 203 and 204 are very small. However, the aperture excitation
      power supply 206 is large enough to force current through the electrodes
      201 and 204, and the voltage drop across the aperture is picked up by the
      electrodes 202 and 203. Also, as explained above, the direct current
      component of the voltage at the electrode 202 is coupled to the isolation
      amplifier 207 where it is compared with the voltage maintained by the
      voltage reference cell 220.
PAR  Any voltages which appear on the electrodes 201 and 204 will not effect the
      voltage across the aperture, the voltage across the electrodes 202 and
      203, because they are included in the feedback loop. The resistance 205
      serves to ensure that the aperture excitation power supply 206 has a high
      resistance at signal frequencies and is thus, in combination with the
      feedback loop, an analog to the inductance 131 shown in FIG. 12. As shown,
      a signal-detecting amplifier 224 has one input connected to ground and
      another input connected through a capacitor 226 to the electrode 202. D.C.
      aperture current is prevented from flowing to the amplifier 224 by the
      capacitor 226 which is large enough to have a neglible reactance at signal
      frequencies. Since the circuit shown in FIG. 13 is an all electronic or
      active counterpart of the simplified circuit shown in FIG. 12, the circuit
      shown in FIG. 13 is independent of the aperture diameter.
PAR  In FIG. 14 there is illustrated an amplifier circuit which provides a low
      input impedance and which therefore can be utilized in the circuits
      described above. Another way a low input impedance amplifier can be
      obtained is by utilizing matching transformers.
PAR  Although the circuits of the invention described above are not dependent
      upon the diameter of the sensing aperture in a particle-analyzing device,
      it is to be understood that there are limits on the diameter size. In this
      respect, it is useful to note that the circuits of the invention provide a
      given current density in an aperture, which density is not dependent upon
      aperture diameter. If one considers a change by a factor of two in the
      aperture diameter, one will see that the aperture cross-sectional area,
      and hence the resistance of the aperture, changes by a factor of four. If
      the size of the aperture is doubled, for instance, it will have four times
      the cross-sectional area and hence will have one-fourth the resistance. As
      a result, four times as much current will flow through the aperture. Four
      times the current and four times the cross-sectional area result in the
      same current density. However, it is important to note that the extra
      cross-sectional area places parallel resistance across the original
      aperture resistance R.sub.ap and injects noise current into the
      signaldetecting amplifier. Hence, it is not possible to increase the
      aperture diameter without bound as a point will be reached where the noise
      current is greater than the signal current.
PAR  FIG. 15 illustrates a circuit similar to the circuit shown in FIG. 11 and
      the same reference numerals are used in FIG. 15 to designate identical
      structure and circuit elements. As in the circuit shown in FIG. 13, the
      voltage across the aperture 99 is sensed by electrodes 102 and 103. This
      voltage is compared with the reference voltage supplied by a battery 230
      connected to the input 231 of a high input impedance amplifier 232 and, if
      the voltage drop across the aperture 99 differs from this reference
      voltage, feedback action around the loop comprising the high input
      impedance amplifier 232, the low pass filter 108, the chopper-inverter
      112, and the A.C. power amplifier 114, will cause the aperture power
      supply 116 to change until the voltage drop across the aperture 99 does
      equal the reference voltage. It will be seen that the aperture power
      supply 116, the aperture power electrodes 101 and 104, the input of the
      low impedance amplifier 124, are all in series. Inasmuch as the only
      limiting resistance around this loop is that of the aperture 99, the
      aperture current will be inversely proportional to the aperture resistance
      R.sub.ap as in FIG. 11. However, although the signal developed at output
      234 of amplifier 124 due to the passage of a particle through the aperture
      99 is independent of aperture diameter, it is inversely proportional to
      electrolyte resistivity.
PAR  To render the signals appearing at the output 234 independent of
      electrolyte resistivity they are fed into a modulator 236 and used to
      modulate the amplitude of the voltage from an oscillator 238 connected
      thereto. The modulator 236 is equipped with a current or high impedance
      output stage 240 which has an output current proportional to the modulator
      carrier irrespective of the resistive load placed on the output terminal
      241. Such a resistive load is established by another pair of electrodes
      244 and 245 immersed in the same electrolyte. The resistance between these
      electrodes 244 and 245 is proportional to the distance between them and
      inversely proportional to their area and directly proportional to the
      electrolyte resistivity. For constant geometry, the distance and areas are
      immaterial; it is only necessary that they be stationary with respect to
      each other, and large enough so that inevitable inaccuracies are
      negligible.
PAR  The modulated current flowing out of terminal 241 flows into the resistance
      thus formed by the electrolyte. Since this resistance is proportional to
      the electrolyte resistivity, the signal on conductor 248 leading to
      demodulator 250, other things being equal, is also proportional to the
      resistivity. However, the signal at the output 234 was inversely
      proportional to the electrolyte resistivity so that the net input to the
      demodulator 250 does not change when the resistivity has changed, hence
      providing pulses at the output terminal 251 of the demodulator 250 which
      are independent both of aperture diameter and electrolyte resistivity, as
      desired.
PAR  In FIG. 16 is illustrated a circuit similar to FIG. 13 and the same
      reference numerals are used to designate identical structure and circuit
      elements. In this circuit D.C. currents are blocked from flowing into the
      amplifier 224 of the signal detecting circuit as explained above in
      connection with the description of FIG. 13. This is possible if the
      aperture excitation power supply 206 has high impedance at signal
      frequencies. This high impedance is provided as shown by the isolating
      resistance 205. Again, the power electrodes 201 and 204 are separated from
      the signal electrodes 202 and 203, in order that electrochemically
      generated voltages do not upset the inverse relationship between the
      aperture current and the aperture resistance. The A.C. components of the
      aperture current, which are the signal currents, are short-circuited by
      the low impedance amplifier 224 and provide output pulses at output
      terminal 260 which are independent of aperture diameter but dependent upon
      electrolyte resistivity. Specifically, they are again inversely
      proportional to electrolyte resistivity for a given particle size. An
      oscillator 262, a modulator 264, and its current output stage 266, operate
      in the same manner as oscillator 238 and modulator 236 shown in FIG. 15,
      and cause the signal on channel 268 which is affected by the resistance
      across electrodes 270 and 271 to vary directly proportional to electrolyte
      resistivity. This, as before, causes cancellation of the two types of
      changes. Signals at output terminal 273 of demodulator 274 are again
      independent of both aperture diameter and electrolyte resistivity.
PAR  The purpose of using a high frequency carrier and a modulator is to prevent
      the feedback which would otherwise take place since the conductivity
      sensing electrodes 270 and 271 are in the same body of fluid as the
      detecting electrodes 202 and 203. This operation is somewhat like the
      reflex receivers of the early days of radio.
PAR  The circuit shown in FIG. 17 solves the problem of feedback by means of
      physical isolation between a "conductivity cell" comprising electrodes 281
      and 282 and the sensing zone through aperture 284. The aperture tube
      sample bath configuration shown can be constructed according to the
      teachings of U.S. Pat. No. 3,567,321. Since the flow path for the
      electrolyte is interrupted by a valve 286 and sensing electrode 287 (of
      sensing electrodes 287 and 288) on the conductivity cell side of the
      aperture 284 is grounded as is the conductivity cell electrode 281 closest
      to the valve 286, the danger of signal feedback is neglible and the resort
      to a carrier frequency is unnecessary. One drawback of this arrangement is
      the remoteness of the conductivity cell and the possibility of temperature
      differences between the electrolyte in the aperture 284 and the
      electrolyte in the conductivity cell. This is usually not a problem,
      however.
PAR  The voltage across the aperture resistance is maintained by a feedback
      circuit which is substantially identical to the feedback circuits shown in
      FIGS. 15 and 16. Notice, however, that the reference voltage is provided
      by a reference voltage cell 290 which is connected between the sensing
      electrode 288 and the input of a high impedance amplifier -- comparator
      292 of the feedback loop, which obviates the need for a high common mode
      rejection in the amplifier 292. The reference voltage cell 290 can,
      however, be placed in either input lead to the amplifier 292 and placing
      the reference voltage cell 290 in the other lead in FIG. 17 permits one
      side of the reference voltage cell to be grounded. The choice of location
      of the reference voltage cell 290 is dependent upon practical
      considerations such as insulation resistance, hum, and noise pickup. Since
      the amplifiers 207 in FIG. 16 and 292 in FIG. 17 each have extremely high
      input impedance in order to minimize polarization problems at the sensing
      electrodes 202, 203 or 287, 288 the reference voltage cell 220 or 290 may
      constitute a battery as shown.
PAR  As in FIG. 16, the signal-detecting circuit of FIG. 17 includes a low input
      impedance amplifier 294 and an A.C. coupling capacitor 296. The output
      from the amplifier 294 is supplied to a current output stage 297 and the
      output from the current output stage 297 is affected as desired by the
      resistance across the electrodes 281, 282 of the conductivity cell.
PAR  The conductivity cell defined by the electrodes 281 and 282 can be replaced
      by a long, narrow conductivity cell such as the cell 300 shown in FIG.
      17A. Here the electrodes 281 and 282 are replaced by electrodes 301, 302,
      and 303. The electrode 301 is centrally located between the other two
      electrodes 302 and 303 and hence the resistance which is to be sensed and
      which controls the sensitivity of the signal-detecting circuit is the
      parallel resistance of the path between electrodes 301 and 303 and between
      electrodes 301 and 303. The sections of the tubing between these
      electrodes is shown coiled to provide higher resistance which is more
      convenient for the electronic circuitry utilized. The main object,
      however, is to provide two electrodes 302 and 303 which are both at ground
      potential so that any voltages induced in the connecting tubing are
      shorted out to ground and do not induce signals on electrode 301. Also, it
      will be noted that in FIG. 17A valve 286 is shown in an "Off" position.
PAR  In FIG. 18 there is illustrated a particle-analyzing device with an
      electrical circuit which impresses high frequency alternating current
      excitation across the aperture in the sensing zone of the device. This
      high frequency excitation is provided by an oscillator 321 which, in
      conjunction with a capacitor 322 and an inductance 323, provides a series
      tuned output impedance. In this way the power supply comprising oscillator
      321, capacitor 322 and an inductance 323 form a low impedance power supply
      (as desired for the circuit shown in FIG. 12). The power source thus
      formed is series-connected, via a capacitor 325 and an inductance 326
      which is part of a transformer 327, with the aperture resistance across
      sensing electrodes 331 and 332. These electrodes 331 and 332 are designed
      to come very close to the aperture 334 in a manner as disclosed in U.S.
      Pat. No. 3,714,565.
PAR  The capacitor 325 and the inductance 326 form a series resonant circuit
      such that the signal-detecting amplifying circuit formed by the
      transformer 327 and amplifier 336 have low impedance at the carrier
      frequency. It will, of course, be obvious to those skilled in the art that
      the capacitor 322 and the capacitor 325 as well as the inductances 323 and
      326 may be lumped together to provide the same operation with fewer parts.
      Also, other connections are possible which will yield equivalent results.
      The criteria which must be met by any connection of circuit elements has
      been described above in connection with the description of FIGS. 7 and 12.
      Simply stated, this criterion is that both the generator of aperture
      excitation current and the amplifier in the signal-detecting circuit must
      have low impedance both at the carrier frequency and at the frequencies
      encompassed by the side bands generated by signals resulting from
      particles flowing through the aperture 334. The latter criterion demands
      that the "Q" or figure of merit of these resonant circuits be low enough
      to obtain the requisite bandwidth which in a known particle-analyzing
      device lies in the general range of 200 kilohertz total bandwidth (100 kHz
      on each side of the carrier frequency).
PAR  The amplifier 336 must have a broad enough passband to encompass all the
      signal frequencies as well. The output from the amplifier 336 is applied
      to a frequency changer 342 which is also driven by an oscillator 343. The
      oscillator 343 oscillates at a higher frequency than does the aperture
      current excitation oscillator 321. As a result a difference frequency
      appears at the output of the frequency changer and is designated f.sub.2.
      The frequency changer 342 is designed to have a very high output impedance
      so that the resistance of a conductivity cell formed by electrode 331 and
      an auxiliary electrode 345 is small by comparison. The conductivity cell
      resistance between electrodes 331 and 345 will cause the output voltage
      from the frequency changer 342 to be proportional to the resistivity of
      the electrolyte and this relationship will cancel the inverse relationship
      to electrolyte resistivity sensed by the amplifier 336. The pass band
      about the beat frequency f.sub.2 now contains the side bands which contain
      the particle size and number information which are recovered by a
      demodulator 346. Again, if f.sub.2 is chosen to be high and the
      resistivity of the electrolyte is high, it may be necessary for the
      demodulator 346 to be a phase-sensitive demodulator in which case a phase
      reference signal will be necessary and can be provided from the oscillator
      343 via connection 350 shown in dashed lines in FIG. 18. This will make
      the system sensitive only to the resistive component of the impedance of
      the conductivity cell formed by electrodes 331 and 345.
PAR  In FIG. 19 there is illustrated a particle-analyzing device which includes
      a D.C. aperture power supply 361 having an internal impedance 363 which,
      for all practical purposes, can be considered infinite. The power supply
      supplies current to a particle-sensing circuit including an electrode 364,
      a current path through aperture 365 and an electrode 366 which then flows
      to ground. Signals generated by particles passing through the aperture 365
      are picked up by conductor 368 which is connected to the electrode 364 and
      passed through an A.C. coupling capacitor 370 to a preamplifier 371, the
      input impedance of which is for all practical purposes infinite. The
      output of the preamplifier 371 is applied to a modulator 376 having a low
      impedance output stage 377. The modulator 376 also receives high frequency
      energy from an oscillator 378. As shown, the low impedance output stage
      377 is also coupled through a transformer 380 to a conductivity cell
      defined between electrodes 381 and 382. The output of the output stage 377
      is connected through the transformer 380 to a series circuit 383 which is
      designed to present very little impedance to the output from the output
      stage 377. As a result, the primary of the transformer 380 connected
      between the output stage 377 and the series circuit 383 is the only
      element which limits the amount of signal current that is imposed upon the
      carrier frequency flowing through the output circuit to the demodulator
      384. The secondary of the transformer 380 is loaded by the conductivity
      cell formed by the electrodes 381 and 382 and, as is well known in the
      art, the resistance of the conductivity cell is reflected into the primary
      of the transformer 380, by a factor which is the square of the turns ratio
      of the transformer 380. The transformer 380 also performs the dual
      function of isolating electrodes 381 and 382 from ground in order to avoid
      short-circuiting the D.C. aperture current from electrode 364. The series
      circuit 383 also operates as an impedance transforming device such that
      the demodulator 384 may be designed to have a conveniently high input
      impedance. All signals which appear at the output terminal 386 of the
      demodulator 384 are independent of electrolyte resistivity by reason of
      the circuit elements and circuit connections shown in FIG. 19.
PAR  It should be noted that the conductivity cell formed by the electrodes 381
      and 382 is in series between a low impedance generator and a low impedance
      signal-detecting circuit whereas in the previous circuits exhibiting
      independence of aperture diameter, the conductivity cell was in shunt
      relationship to ground. This is necessary because in the previous circuits
      which are insensitive to aperture diameter, the output signals were
      inversely proportional to resistivity whereas in the electrical circuits
      of the prior art particle-analyzing devices, the output signals are
      directly proportional to electrolyte resistivity.
PAR  In FIG. 20 is illustrated another circuit arrangement using using D.C.
      aperture excitation. As shown, a power supply 401 with an internal
      resistance 403 is connected to electrodes 404 and 405 situated on either
      side of a sensing aperture 406. The resistance 403 limits the aperture
      current through the aperture 406 in the same manner as in the prior art
      circuits described above. D.C. produced pulses are picked off by a
      blocking capacitor 412 and applied via conductor 414 to a high impedance
      amplifier 415. Amplified pulses appear at the output 416. The electrodes
      404, 405 also form the conductivity cell which is coupled to a
      conductivity sensing oscillator 420 through a coupling capacitor 422. A
      capacitor 423 and an inductance 424 are connected to the output 416 of the
      amplifier 415 as shown. The capacitor 423 and inductance 424 are
      series-tuned at the frequency of the conductivity sensing oscillator 420.
      The impedance of the series-tuned circuit in the D.C. to 100 kilohertz
      spectrum of the frequencies for the particles sensed appears as simply the
      capacitance of the capacitor 423 and hence has negligible shorting effect
      on the signal at the output 416. The capacitor 422 is chosen to be very
      small so as to have a very high reactance at the oscillator frequency
      f.sub.1 of the oscillator 420. Simultaneously, as signals are being
      produced at the electrode 405, the carrier frequency voltage at electrode
      405 is being modulated by the aperture resistance R.sub.ap. The high
      impedance amplifier 415 has a very broad band and passes both the D.C.
      generated signals and the sensing frequency f.sub.1. The tuned circuit
      comprising capacitor 423 and the inductance 424 shorts out the carrier
      frequency from the output 416 and a considerably higher voltage is
      developed at the junction 425 between capacitor 423 and inductance 424.
      This high frequency voltage at the junction 425 is rectified by a
      phase-sensitive rectifier 426 and used to drive the Y or denominator input
      of a voltage divider 427, the output terminal 416 being connected to the X
      or numerator input of divider 427. As shown, the output from the
      oscillator 420 is fed via a conductor 428 to a phase adjust circuit 429
      which applies a reference voltage to the phase-sensitive rectifier and
      filter 426. The filter removes signal frequency components and applies
      only the quasi-steady state voltage to the Y or denominator input. The
      phase may be adjusted by a knob 432 by any one of several methods known to
      those skilled in the art such that the phase-sensitive rectifier filter
      426 responds only to resistance changes at the electrode 405 and not to
      capacitive changes.
PAR  Since in the prior art circuits the signal developed was proportional to
      the electrolyte resistivity, it is necessary to compensate for changes in
      electrolyte conductivity such that the overall signal detector circuit
      gain is inversely proportional to aperture resistance. This is
      accomplished by means of the divider 427. The operation is as follows. A
      particle is sensed as it passes through the aperture 406. If the aperture
      resistance is doubled, the signal developed at the electrode 404 will also
      double but, by the same token, the high frequency-sensing voltage provided
      by the oscillator 420 will also double. Therefore, both the X and Y inputs
      to the divider 427 will double and the output from the divider 427 will
      remain unchanged.
PAR  In FIG. 21 there is illustrated another circuit which provides the same
      type of compensation for changes in electrolyte conductivity as provided
      by the circuit shown in FIG. 20. This circuit also provides an output
      signal which is independent of aperture diameter. This circuit operates in
      a manner similar to the operation of the circuit in FIG. 20 but, since the
      initial response to a particle sensed is inversely proportional to the
      electrolyte resistivity, it is necessary to use a multiplier 464 instead
      of the divider 427 shown in FIG. 20. Also, a different electrode structure
      is utilized and consists of two coaxial electrodes 465 and 469 which are
      positioned within a tube 470 having an aperture 471 therein. The
      electrodes 465 and 469 are fixed to the inner wall of the tube 470.
PAR  It will be apparent from FIG. 21 that the circuitry for compensating for
      changes in electrolyte conductivity resistivity is substantially identical
      to the circuitry provided for this purpose in FIG. 20. Also, the circuitry
      for providing excitation current through the aperture 471 between a
      sensing electrode 472 and the electrode 465 is substantially identical to
      the sensing circuit shown schematically in FIG. 7 which provides an output
      signal independent of aperture diameter. This signal is applied to the
      multiplier 464 as is he signal for compensating for changes in electrolyte
      conductivity.
PAR  It is to be remembered that in all embodiments where there is compensation
      or changes in electrolyte conductivity, although any configuration will be
      acceptable, the geometry of the conductivity cell must be stable.
PAR  In FIG. 22 there is illustrated another circuit for compensating for
      changes in electrolyte conductivity. This circuit includes sensing
      electrodes 476 and 478 which are supplied with excitation power from a
      power supply 480 through a high resistance 482. The aperture is indicated
      schematically by the reference numeral 484 between the electrodes 476 and
      478. As in the other prior art circuits described above, the resistance
      482 is much higher than the aperture resistance between the electrodes 476
      and 478. The signal-detecting circuit comprises a capacitor resistance
      circuit C.sub.1,R.sub.1 connected across the electrodes 476 and 478. As
      shown, junction 486 between capacitor C.sub.1 and resistor R.sub.1 is
      connected to a signal-detecting amplifier 488 and the output from the
      amplifier 488 is connected to the X input of a divider 490. When a
      particle passes through the aperture 484 and an A.C. signal is generated,
      it is passed through the capacitor C.sub.1 and picked up by the amplifier
      488 where it is amplified and then applied to the numerator or X input of
      the divider 490. Compensation for changes in electrolyte conductivity is
      provided by a resistance capacitor circuit R.sub.2, C.sub.2 which is also
      connected across the electrodes 476 and 478. The capacitor C.sub.2 charges
      to the voltage across the electrodes 476 and 478 and junction 492 between
      resistor R2 and capacitor C2 is connected to the Y or denominator input of
      the divider 490. Stated otherwise, the D.C. component of the voltage
      across the electrodes 476 and 478 is picked off by the resistance
      capacitor circuit R.sub.2,C.sub.2 and applied to the denominator input of
      the divider 490. Assuming the electrodes 476 and 478 are large and/or the
      aperture current is small so that negligible polarization voltages appear
      on the electrodes 476 and 478, both the D.C. component and the signal
      component of the voltage across the aperture 484 are proportional to
      aperture resistance and hence electrolyte resistivity. Thus, for example,
      if the resistivity is doubled, the signal will double but twice the
      voltage is applied to the denominator input of the divider 490 and the
      "Gain" of the divider will be cut in exactly half. As a result there is no
      change in the signal appearing at the output 494 of the divider 490 as
      desired.
PAR  It will be apparent from the foregoing description that the present
      invention provides a number of circuit embodiments which compensate for
      changes in electrolyte conductivity or resistivity and/or changes in
      aperture diameter and that such compensation circuits can take various
      forms to provide output signals for particle-analyzing device which are
      more accurate and independent of electrolyte conductivity and/or aperture
      diameter. Accordingly, the scope of the present invention is only to be
      limited by the accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Electrical sensing circuitry for a particleanalyzing device wherein
      liquid containing particles is caused to flow through a sensing aperture
      on either side of which is located a sensing electrode, said circuitry
      being independent of slow changes in aperture diameter and including
      constant voltage means coupled to said electrodes for establishing an
      electric excitation current through said aperture and means coupled to
      said electrodes for detecting signals generated by particles passing
      through said aperture, said means for establishing an electric excitation
      current through said aperture having a low output impedance at D.C.
PA1  and said means coupled to said sensing electrodes for detecting signals
      generated by particles passing through said aperture having a low input
      impedance at the frequencies of the particle-generated signals, said
      circuitry including circuit means for coupling said signal-detecting
      means, said electrical excitation current establishing means, and the
      voltage potential across said aperture in such a manner that the D.C.
      component of the excitation current flowing through said aperture is made
      to vary inversely proportional to slow changes of the steady state
      resistance of the resistance across said sensing electrodes through said
      aperture with voltage across said sensing electrodes remaining constant.
NUM  2.
PAR  2. The circuitry according to claim 1 wherein said signal-detecting means
      comprises a current-sensitive amplifier.
NUM  3.
PAR  3. The circuitry according to claim 1 wherein said means for establishing
      the electrical excitation current includes a direct current power supply.
NUM  4.
PAR  4. The circuitry according to claim 1 wherein said means for establishing
      said electrical excitation current includes an alternating current power
      supply.
NUM  5.
PAR  5. The circuitry according to claim 1 including means coupled to said
      signal-detecting means for monitoring the conductivity of the liquid
      containing particles and for altering the output signals from said
      signal-detecting means relative to changes in liquid conductivity thereby
      to render said output signals independent of liquid conductivity.
NUM  6.
PAR  6. The circuitry according to claim 1 wherein said means for establishing
      electrical excitation current to said aperture includes a power electrode
      adjacent to each one of said sensing electrodes, a power supply connected
      in series with said power electrodes, circuit means coupled to said
      sensing electrodes and including a reference voltage source and a
      comparator which compares the voltage across said sensing electrodes
      through said aperture with the voltage from said reference source and
      feedback circuit means connected between the output of said comparator and
      said power supply for altering the output of said power supply to adjust
      for changes in the voltage across said sensing electrodes so as to
      maintain the voltage across said sensing electrodes equal to the voltage
      from on said reference voltage source.
NUM  7.
PAR  7. The circuitry according to claim 6 wherein said signal-detecting means
      includes a low input impedance amplifier connected between one of said
      power electrodes and said power supply.
NUM  8.
PAR  8. The circuitry according to claim 6 wherein said signal-detecting means
      includes an amplifier connected across said sensing electrodes, said
      amplifier having a low input impedance at the frequencies of the
      particlegenerated signals, and a high impedance at D.C.
NUM  9.
PAR  9. The circuitry according to claim 6 wherein said feedback loop comprises
      an R - C filter, a chopper-inverter, an A.C. power amplifier and a
      transformer connected in series between said comparator and said power
      supply.
NUM  10.
PAR  10. The circuitry according to claim 1 wherein said means for establishing
      an electric excitation current includes an A.C. power supply and an
      inductance in series with said sensing electrodes and said
      signal-detecting means includes a capacitance and a low impedance
      amplifier in series with said sensing electrodes.
NUM  11.
PAR  11. The circuitry according to claim 5 wherein said conductivity monitoring
      means includes a conductivity cell comprising two electrodes situated in
      the liquid in which one of said sensing electrodes is situated.
NUM  12.
PAR  12. The circuitry according to claim 11 wherein the output of said
      signal-detecting means is connected to a modulator which modulates the
      output signal with a high frequency carrier, a current output stage
      connected to said modulator, and a demodulator, said current output stage
      having an output connected to one of said conductivity cell electrodes and
      to said demodulator, the other of said conductivity cell electrodes being
      connected to a common conductor for said circuitry.
NUM  13.
PAR  13. The circuitry according to claim 5 wherein said conductivity monitoring
      means includes conductivity cell which is physically isolated from the
      sensing zone including said sensing aperture.
NUM  14.
PAR  14. The circuitry according to claim 11 wherein said conductivity cell is
      long and narrow with each of said conductivity cell electrodes being
      located at one end of said cell.
NUM  15.
PAR  15. The circuitry according to claim 14 wherein said conductivity cell
      includes a serpentine tubing communicating with the liquid in which said
      one sensing electrode is situated and said conductivity cell electrodes
      being located at either end of said tubing and communicating with the
      electrolyte within said tubing.
NUM  16.
PAR  16. The circuitry according to claim 15 including a third electrode which
      constitutes one of said conductivity cell electrodes and which is located
      in said tubing intermediate the ends thereof and wherein said end
      electrodes together constitute the other of said conductivity cell
      electrodes and are connected together and to the common conductor for said
      circuitry.
NUM  17.
PAR  17. The circuitry according to claim 1 wherein said electric current
      excitation establishing means includes an A.C. source, a first inductance
      and a first capacitance connected in series and said signal-dectecting
      means includes a second capacitance and a second inductance connected in
      series with said sensing electrodes and said electric current excitation
      establishing means, and said signal detecting means further includes a
      transformer the primary winding of which constitutes said second
      inductance, a low impedance amplifier connected to the secondary winding
      of said transformer, a frequency changer having a high output impedance
      connected to the output of said amplifier, and a conductivity cell formed
      between one of said sensing electrodes and a third electrode, the output
      of said frequency changer being connected to said third electrode and to a
      demodulator such that the output signal from said demodulator is
      independent of the aperture diameter and independent of the conductivity
      of the liquid containing the particles.
NUM  18.
PAR  18. The circuitry according to claim 11 wherein said electric current
      citation establishing means includes a low impedance power source and said
      signal-detecting means includes a low impedance amplifier, said power
      supply and said amplifier being connected in series between one sensing
      electrode and a common conductor for said circuitry, the other sensing
      electrode being connected to said common conductor and forming one
      electrode of said conductivity cell, the other conductivity cell electrode
      being connected to the input of a tuned amplifier, an A.C. source and a
      capacitor connected in series between said common conductor and said input
      of said tuned amplifier, a multiplier having two inputs and an output, a
      rectifier filter connected between said tuned amplifier output and one of
      said multiplier inputs and the output of said low impedance amplifier
      being connected through a capacitance to the other multiplier input which
      input is also connected to a load resistance connected to said common
      conductor.
NUM  19.
PAR  19. Electrical sensing circuitry for a particle-analyzing device wherein
      liquid containing particles is caused to flow through a sensing aperture
      on either side of which is located a sensing electrode, said circuitry
      including means coupled to said electrodes for establishing an electric
      excitation current through said aperture, means coupled to said electrodes
      for detecting signals generated by particles passing through said aperture
      and electrical monitoring means coupled to said signal-detecting means for
      monitoring the conductivity of the liquid containing particles and for
      electrically altering the output signals from said signaldetecting means
      relative to changes in the liquid conductivity, said circuitry including a
      modulator, the output of said signal detecting means being connected to
      said modulator which superimposes the output signals on a carrier
      frequency, said modulator having a current output stage coupled to a
      demodulator, and said conductivity monitoring means including a pair of
      conductivity sensing electrodes forming a conductivity cell in the liquid
      containing particles, said conductivity cell being connected to the input
      of said demodulator whereby the particle-generated signals on the carrier
      frequency at the input to the demodulator are simultaneously applied to a
      load resistance dependent upon conductivity of the liquid so that the
      output signals from said demodulator are independent of liquid
      conductivity.
NUM  20.
PAR  20. Electrical sensing circuitry for a particle-analyzing device wherein
      liquid containing particles is caused to flow through a sensing aperture
      on either side of which is located a sensing electrode, said circuitry
      including means coupled to said electrodes for establishing an electric
      excitation current through said aperture, means coupled to said electrodes
      for detecting signals generated by particles passing through said aperture
      and electrical monitoring means coupled to said signal-detecting means for
      monitoring the conductivity of the liquid containing particles and for
      electrically altering the output signals from said signaldetecting means
      relative to changes in the liquid conductivity thereby to render said
      output signals independent of liquid conductivity, said circuitry further
      including a modulator, the output of said signaldetecting means being
      connected to said modulator which superimposes said output signals on a
      carrier frequency, said modulator having a current output stage coupled to
      the input of a demodulator through the primary of a transformer and an
      inductance, a capacitor being connected between said demodulator input and
      the common conductor for said circuitry, and said conductivity monitoring
      means including a conductivity cell defined by two electrodes situated in
      the liquid in which one of said sensing electrodes is situated, said
      conductivity cell being connected across the secondary of said
      transformer.
NUM  21.
PAR  21. Electrical sensing circuitry for a particle-analyzing device wherein
      liquid containing particles is caused to flow through a sensing aperture
      on either side of which is located a sensing electrode, said circuitry
      including means coupled to said electrodes for establishing an electric
      excitation current through said aperture, means coupled to said electrodes
      for detecting signals generated by particles passing through said aperture
      and electrical monitoring means coupled to said signal-detecting means for
      monitoring the conductivity of the liquid containing particles and for
      electrically altering the output signals from said signaldetecting means
      relative to changes in the liquid conductivity thereby to render said
      output signals independent of liquid conductivity, and wherein said
      signal-detecting means includes an amplifier, and a first capacitance and
      a first resistance connected across said electrodes, the junction between
      said first capacitance and said first resistance being connected to the
      input of said amplifier, and said conductivity monitoring means including
      said sensing electrodes, a second resistance and a second capacitance
      connected across said sensing electrodes, and a divider for coupling said
      conductivity monitoring means to said signal-detecting means, the output
      of said amplifier being connected to the numerator input of said divider
      and the junction between said second resistance and said second
      capacitance being connected to the denominator input of said divider.
NUM  22.
PAR  22. Electrical sensing circuitry for a particleanalyzing device wherein
      liquid containing particles is caused to flow through a sensing aperture
      on either side of which is located a sensing electrode, said circuitry
      including means coupled to said electrodes for establishing an electric
      excitation current through said aperture, means coupled to said electrodes
      for detecting signals generated by particles passing through said aperture
      and electrical monitoring means coupled to said signal-detecting means for
      monitoring the conductivity of the liquid containing particles and for
      electrically altering the output signals from said signaldetecting means
      relative to changes in the liquid conductivity thereby to render said
      output signals independent of liquid conductivity, and wherein said
      signal-detecting circuit includes a capacitor and a resistance connected
      across said electrodes and an amplifier connected to the junction between
      said capacitor and resistance, and said conductivity monitoring means
      includes said sensing electrodes, an oscillator and a capacitor connected
      in series across said electrodes, a capacitance and a inductance series
      tuned to the frequency of said oscillator and connected between the output
      of said amplifier and the common conductor for said circuitry, and a
      divider for coupling said conductivity monitoring means to said
      signal-detecting means, the junction between said capacitance and
      inductance being connected through a phase-sensitive filter to the
      denominator input of said divider and the output of said amplifier being
      connected to the numerator input of said divider.
NUM  23.
PAR  23. Electrical sensing circuitry for a particle-analyzing device wherein
      liquid containing particles is caused to flow through a sensing aperture
      on either side of which is located a sensing electrode, said circuitry
      including means coupled to said electrodes for establishing an electric
      excitation current through said aperture, means coupled to said electrodes
      for detecting signals generated by particles passing through said aperture
      and electrical monitoring means coupled to said signal-detecting means for
      monitoring the conductivity of the liquid containing particles and for
      electrically altering the output signals from said signal-detecting means
      relative to changes in the liquid conductivity thereby to render said
      output signals independent of liquid conductivity, said means for
      monitoring conductivity including a conductivity cell defined by a pair of
      conductivity sensing electrodes in the liquid, said conductivity cell
      forming a resistance which is connected as a load resistance to the output
      of said signal-detecting means, and wherein said conductivity cell is
      physically isolated from the sensing zone including said sensing aperture.
NUM  24.
PAR  24. The circuitry according to claim 23 wherein said conductivity cell is
      long and narrow with each of said conductivity cell electrodes being
      located at one end of said cell.
NUM  25.
PAR  25. The circuitry according to claim 24 wherein said conductivity cell
      includes a serpentine tubing communicating with the liquid in which said
      one sensing electrode is situated and said conductivity cell electrodes
      being located at either end of the tubing and communicating with the
      electrolyte within said tubing.
NUM  26.
PAR  26. The circuitry according to claim 25 including a third electrode which
      constitutes one of said conductivity cell electrodes and which is located
      in said tubing intermediate the ends thereof and wherein said end
      electrodes together constitutes the other of said conductivity cell
      electrodes and are connected together and to the common conductor for said
      circuitry.
NUM  27.
PAR  27. In a particle study device wherein a liquid electrolyte containing
      particles is caused to traverse an electrical sensing zone of small
      dimensions and wherein said device has a conductivity cell including two
      electrodes in the electrolyte for establishing a variable resistance which
      is the function of the conductivity of the electrolyte and which is
      connected to electrical sensing circuit including the sensing zone to
      provide compensation for changes in electrolyte conductivity, the
      improvement comprising said conductivity cell including a long and narrow
      column of electrolyte between said electrodes with each of said electrodes
      being in contact with the electrolyte at one end of said column.
NUM  28.
PAR  28. The conductivity cell according to claim 27 including a length of
      serpentine tubing and wherein said long and narrow column of electrolyte
      is defined by the electrolyte within said serpentine tubing, said
      electrodes being located at each end of said tubing and being in contact
      with the electrolyte in said tubing.
NUM  29.
PAR  29. The conductivity cell according to claim 28 including a third electrode
      which constitutes one of said conductivity cell electrodes and which is
      located in said tubing intermediate the ends thereof and wherein said end
      electrodes together constitute the other of said conductivity cell
      electrodes and are connected together and to the common conductor for said
      circuitry.
NUM  30.
PAR  30. The particle study device according to claim 27 wherein said
      conductivity cell is physically isolated from the sensing zone.
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ABST
PAL  A kilovoltmeter capable of indicating potentials in the kilovolt range is
      disclosed. The device is based on the phenomenon of electroosmosis
      engendered by a strong electric field.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are many applications requiring a rugged, reliable kilovoltmeter with
      a high electrical impedance and a current drain of the order of 10
      microamperes at 25 kilovolts. The present invention can be incorporated in
      electronic test equipment or can be built into high-voltage power
      supplies. The present invention draws a negligible current relative to the
      normally milliampere output of transformer based DC high-voltage power
      supplies.
PAR  Nonaqueous electroosmotic systems are amenable to the study of
      electrokinetic phenomena in strong electric fields. This point has not
      been examined extensively in the past, although nonlinear pressure-voltage
      relationships have been observed in studies at higher voltages than can be
      conveniently applied to aqueous systems.
PAR  Coehn and Raydt studied electrokinetic phenomena in organic systems, but it
      has since been thought that their results are suspect because the liquids
      they employed were either shaken with acids before use or were highly
      impure by present-day standards. Gortner attempted to ascribe
      electrokinetic effects in nonaqueous systems to a nonionic mechanism.
      However, La Mer and Downes and Fuoss have shown that ions can exist even
      in pure hydrocarbon liquids. Stuetzer has observed an electrokinetic
      effect, termed ion-drag pumping, in pure, low polarity hydrocarbon
      liquids. Lorenz studied electroosmotic pressure in the quartz-acetone
      system, but halted the investigation at the level of electric field
      strengths where the relationship between the pressure and the voltage
      becomes strongly nonlinear. Lorenz ascribed the nonlinearity to
      polarization phenomena at the electrodes.
PAR  Lauffer and Gortner thought that electrokinetic effects observed in systems
      comprised of aliphatic alcohols and alumina were due to charges derived
      from the liquid or the solid, but did not stress the role played by water,
      particularly at high field strengths. Rastogi and Jha discussed the system
      consisting of acetone and Pyrex glass sinters in terms of an irreversible
      thermodynamic treatment using nonlinear coupling constants. Rastogi,
      Singh, and Singh have discussed the methanol-quartz system in similar
      terms. Higher order coupling constants were used to obtain expressions
      which fit the experimental data. References to these publications can be
      found in "High-Voltage Electroosmosis. Pressure-Voltage Behavior in the
      System gamma-Alumina-2-Propanol,"A. F. Hadermann, P. F. Waters, and J. W.
      Woo, J. Phys. Chem., 78, 65 (1974). This publication is incorporated
      herein by reference.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a novel device which is based on the phenomenon
      of electroosmosis engendered by a strong electric field. The invention is
      used to indicate potentials in the kilovolt range. The advantages of the
      present invention over the prior art involving D'Arsenval meter movements
      in series with large resistors are:
PAR  1. A very high electrical input impedance, of 10.sup.9 and higher ohm-cm.
      This leads to dispensing with the need for current-limiting or
      potential-dropping resistors external to the active region of the
      kilovoltmeter. The kilovoltmeter is its own high-voltage, high-impedance
      compact resistor.
PAR  2. The complete absence of moving parts in the conventional mechanical
      sense, other than the lever/indicator mechanism in one embodiment of the
      present invention and no moving parts at all in the other embodiment.
PAR  3. Ease of manufacture in comparison to D'Arsenval type kilovoltmeters.
PAR  4. Ruggedness of the inherent design relative to electro-mechanical
      kilovoltmeters of comparable impedance and sensitivity making the
      invention ideal for incorporation in electronic test equipment which must
      be portable, e.g., television power supply testers, high-voltage circuit
      testers, etc.
PAR  The basis of the electroosmotic phenomenon in gamma-alumina/isopropanol
      systems is the selective adsorption of ionic species and the establishment
      of an electrokinetic potential. Water in the porous region of the
      electroosmotic couple serves as the major source of ions and this model is
      used in the derivations of a new electroosmotic pressure equation.
PAR  Several electric field effects have been observed in electrolyte solutions.
      They are of different relative importance in the
      gamma-alumina-isopropanol-water system. Stokes' law holds up to ionic
      velocities of the order of 10.sup.5 cm/sec and if we assume a field
      strength of 75 kV/cm and an ionic mobility of 3.62 .times. 10.sup.-.sup.3
      (cm/sec) (V/cm) for H+, we obtain a velocity of only 271 cm/sec. Thus,
      nonlinearity cannot arise from this source. Likewise, nonlinearity should
      not stem from the Wien effect because the limit of the equivalent
      conductance at infinite dilution is also the limit when the Wien effect is
      operating. In the water-2-propanol system the free ionic content is very
      low and each ion may already be considered to be free of the others before
      the field is applied. The most important field effect in the water
      isopropanol system is the dissociation field effect although it is not
      possible to rule out completely the development of a simple space charging
      by a mechanism similar to that proposed by Stuetzer. In the case of weak
      electrolytes the dissociation field effect may be the most important
      factor leading to an increase in the concentration of ions with increasing
      field strength.
PAR  When water is present within the pore volume of the gamma-alumina sample it
      serves as a source of hydroxyl ions and solvated protons. The region below
      the plane of shear is capable of selectivity adsorbing hydroxyl ions.
      Thus, the surface charge density will be a function of the applied
      potential. To simplify the treatment, it will be assumed that the
      intrinsic charge below the plane of shear can be safely neglected when
      water is present and will become manifest only in dry systems.
PAR  The electroosmotic pressure, P for a system containing traces of water in
      isopropanol is given by:
EQU  P = 1.055 .times. 10.sup.13 wV + 2.88 .times. 10.sup.8 w V.sup.2 /D1
PAL  where V is the voltage D is the dielectric constant of the fluid in the
      pores, 1 is the distance between electrodes and .omega. is defined as
EQU  W = f.sqroot..alpha..sub.o C.sub.o /.gamma..sup.2
PAL  where f is the electrostatic adsorption moment, .alpha..sub.o is the
      unperturbed dissociation constant of the weak electrolyte C.sub.o is the
      concentration of weak electrolyte and .gamma. is the meanpore radius.
PAR  In the absence of weak electrolyte C.sub.o = O and the system obeys
      Perrin's equation. Such systems obey Ohm's law up to 50 kilovolts and can
      be employed as efficient and simple kilovoltmeters which combine the
      current-limiting and indicating functions in one integrated package.
PAR  Kilovoltmeters of greater sensitivity may be constructed from nonlinear
      electroosmotic pressure/voltage systems. These must be provided with a
      means of mantaining a constant quantity of weak electrolyte in the
      electroosmotically active region.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the basic mechanism of the present invention.
PAR  FIG. 2 illustrates the calibration characteristics of an electroosmotic
      kilovoltmeter wherein the liquid is isopropanol and the solid is powdered
      gamma alumina.
PAR  FIG. 3 illustrates the high electrical impedance of the alumina/isopropanol
      electroosmotic couple of FIG. 2.
PAR  FIG. 4 shows a second embodiment of the present invention.
PAR  FIG. 5 illustrates a third embodiment of the invention as a hand held
      tester for high voltage components.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The concept of the electroosmotic kilovoltmeter includes the use of
      non-polar as well as polar liquids. Thus it is possible to employ liquids
      with specific resistivities greater than or less than 10.sup.13 ohm-cm.
      Examples of suitable liquids include isopropanol, butyric acid,
      propylamine, dioxane, ethanol, 1-hexanol, acetone, 2-pentanone,
      dimethylformamide, etc., or any other physically and chemically compatible
      substance which is a liquid under the conditions of temperature and
      pressure experienced by this invention.
PAR  The porous solid can be comprised of alumina, silica, powdered glass and
      quartz, titanium oxide, barium sulfate, organic polymers, etc.
PAR  Referring in detail to the accompanying drawings:
PAR  FIG. 1 illustrates the basic mechanism and design of the present invention.
      When a potential difference in the kilovolt range is applied across
      electrodes, 1, and, 2, an electroosmotic pressure proportional to the
      applied potential is generated within the porous region, 3, which is
      typically constituted of gamma alumina and is saturated with isopropanol
      which may or may not contain an added weak electrolyte such as water.
      Electrode chambers, 4, are filled with the liquid which permeates the
      porous solid region, e.g., isopropanol. Porous supports, 5, are not
      electroosmotically active, i.e., porous glass or teflon of a large pore
      size relative to the mean pore size within the porous plug, 3. When
      electrode, 1, is grounded and electrode, 2, is connected to a kilovolt
      source whose potential is to be measured an electroosmotic pressure will
      be exerted on the thin flexible member, 6, causing it to bow outward and
      exert a force on the meter movement linkage, 7. The deflection of the
      pointer or indicator, 8 is read out directly on the scale, 9, as an
      applied potential in kilovolts. The thin flexible member, 10, will bow
      inward as member, 6, bows outward in response to the electroosmotic
      pressure engendered by the applied potential. The entire electroosmotic
      system is housed in the cylindrical insulating housing, 11.
PAR  Kilovoltmeters have not yet been grounded on the phenomenon of
      electroosmosis in strong electric fields because the phenomenon has not
      been adequately or thoroughly studied before. In accordance with this
      invention FIG. 2 has been provided to illustrate the calibration
      characteristics of an electroosmotic kilovoltmeter prepared by using
      powdered gamma alumina and isopropanol. FIG. 3 illustrates the high
      electrical impedance of the alumina/isopropanol electroosmotic couple
      shown in FIG. 2.
PAR  The electroosmotic couple corresponding to FIGS. 2 and 3 consists of gamma
      alumina which contains 5.1% water plus aluminol hydroxyl groups and has a
      mean particle size of 2.0 microns. The isopropanol contains less than ten
      parts per million of water and the couple was equilibrated by treatment at
      31 kilovolts for nine hours.
PAR  FIG. 4 illustrates another embodiment of the present invention. In this
      design the voltage applied to the electrodes, 1, and, 2, induces an
      electroosmotic pressure in region 3 which is transferred to the fluid
      within the electrode compartment, 4, which causes the liquid within the
      electrode compartment to move into capillary tube, 12, and compress the
      gas in region, 13, of the tube. The position of the interface, 14, is read
      against the scale, 9, which is calibrated to read directly in kilovolts
      applied to the electrodes. The gas in region, 13, is chosen to have a very
      low solubility in the liquid in the electroosmotic couple. The flexible
      member 10, is provided in order to permit migration of the liquid into the
      capillary tube, 12.
PAR  FIG. 5 illustrates the use of the invention as described in FIG. 4 in a
      convenient hand-held tester to be used in servicing television and
      electronic high-voltage components. The electroosmotic pressure generator,
      15, resides within the molded, insulated handle and body of the tester,
      11. The grounded end of the electroosmotic pressure generator passes
      through the body of the handle, 16, and emerges as the ground wire, 17.
      Lead, 17, may be provided with a clip for connection to ground. The
      liquid/gas interface, 14, within the capillary, 12, may be read against
      the scale, 9, which is graduated directly in kilovolts. The switch, 18, is
      provided for changing the sign of the ground wire connection for positive
      ground circuitry. The tip, 19 is held against the source to be tested.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electroosmotic kilovoltmeter which comprises in combination a means
      of generating electroosmotic pressure comprising a polar, powdered or
      sintered dielectric in contact with a polar or non-polar, non-aqueous
      dielectric liquid, free from all traces of water, which is its own
      intrinsic high impedence, means for indicating the electroosmotic pressure
      generated and means for relating said pressure as applied kilovolt
      potential.
NUM  2.
PAR  2. The kilovoltmeter according to claim 1 wherein the dielectric liquid is
      selected from the group consisting of isopropanol, dioxane, ethanol,
      1-hexanol, acetone, 2-pentanone dimethylformamide, dimethylsulfoxide,
      propylamine and butyric acid.
NUM  3.
PAR  3. The kilovoltmeter according to claim 1 wherein the powdered solid
      dielectric is selected from the group consisting of alumina, silica,
      powdered glass, quartz, titanium oxide, barium sulfate and organic
      polymers.
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PAL  A DC measuring circuit for power rectifiers is described wherein primary
      line current is utilized to measure direct current output. In the
      measuring circuit line current transformers are connected to a multiphase
      instrument rectifier through a phase shifting current transformer which is
      adjustable to compensate for difference between the primary to secondary
      line current phase shift characteristic of the power transformer and any
      phase shift in the line current transformers. By such compensation the
      average value of rectified primary line current in the measuring circuit
      is maintained independent of the commutating angle of the rectified power
      current.
BSUM
PAR  Our invention relates to the measurement of unidirectional current, and
      particularly to measurement of the unidirectional output current of
      multiphase power rectifiers. The invention is especially useful in the
      measurement of rectifier output currents having a magnitude of the order
      of a thousand amperes or more. U.S. Pat. No. 3,281,642-Dortort is
      representative of the most relevant prior art known to applicants.
PAR  As noted in the Dortort patent, many prior circuits for measuring
      unidirectional current are known. At very high currents of the order of
      several thousand to over 100,000 amperes, a simple shunt in the DC line is
      subject to inaccuracies. More complex arrangements known are DC
      transductors and Hall generators, but these are expensive and difficult to
      maintain in proper calibration. Dortort utilizes still another arrangement
      in which the direct output current of a multiphase rectifier is measured
      by measuring the proportional alternating current on the input side of the
      rectifier. Dortort discloses that AC meters have previously been so used,
      but that these become inaccurate as the commutation or overlap angle
      changes. To overcome this defect Dortort rectifies the multiphase currents
      from primary line current transformers and uses a DC measuring instrument,
      pointing out that changes in overlap angle do not change the average value
      of the rectified instrument current unless the power transformer winding
      connection is one which produces a phase shift between primary and
      secondary line currents. If the rectifier power transformer is connected
      in wye-wye or delta-delta so that no phase shift occurs between primary
      and secondary line currents, current transformers on the primary side may
      be wye connected through a multiphase instrument rectifier to a DC
      measuring instrument to give accurate results. However, where the power
      transformer is connected in wye-delta or delta-wye so that phase shift
      between the primary and secondary line currents does occur, wye connected
      current transformers introduce an inaccuracy. Dortort discloses that in
      such a case inaccuracy is eliminated by delta connection of the current
      transformer secondaries associated with the primary line conductors and
      connection of these secondaries to a DC measuring instrument through a
      multiphase instrument rectifier.
PAR  The instrument rectifier and delta connected current transformers of the
      Dortort patent eliminate error due to a 30.degree. power circuit phase
      shift, as in a simple wye-delta or delta-wye three phase power circuit
      connection, but do not eliminate phase shift error in power circuits
      wherein the primary to secondary phase shift is other than 30.degree..
      Zig-zag transformer connections and the more complex 6-phase, 12-phase,
      24-phase or 36-phase circuits used in very high current power rectifiers
      present such problems. It is desirable therefore to provide a direct
      current measuring circuit utilizing current transformer apparatus on the
      primary side of the power transformer which is adjustable to compensate
      for power transformer phase shift of various degrees.
PAR  Accordingly, it is a general object of our invention to provide an
      improved, low cost DC measuring system for power rectifier apparatus.
PAR  It is a more particular object of our invention to provide improved means
      for utilizing alternating input circuit current to measure DC output
      current in power rectifier apparatus without introducing error due to
      power transformer phase shift.
PAR  Still another and more specific object of our invention is to provide, in
      such a system for measuring DC output current of a power rectifier from
      the primary side of the power transformer, means for eliminating error due
      to power transformer phase shift which is adjustable to accommodate the
      phase shift characteristics of various power transformer connections.
PAR  In carrying out our invention in one preferred embodiment applicable to
      power rectifier systems having a three phase primary winding and any
      desired power transformer secondary winding connection we utilize line
      current transformers in the primary, or input, circuit of the power
      transformer with the current transformer secondary windings connected in
      wye circuit relation to a three phase instrument rectifier through a phase
      shifting current transformer. The phase shifting current transformer is
      preferably an autotransformer and may be wye-connected or delta connected
      with its output or secondary terminals connected to the instrument
      rectifier. In a delta connected autotransformer the primary or input
      winding in each phase comprises less than a complete output phase winding
      and includes an intermediate winding tap. The primary winding taps are
      symmetrically positioned on the autotransformer windings and connected to
      the line current transformers. By appropriate selection of the tap point
      locations the autotransformer current phase shift in the instrument
      circuit may be controlled to compensate accurately for power circuit phase
      shift of various characteristic magnitudes, as determined by the power
      transformer winding connections.
DRWD
PAR  Our invention will be more fully understood and its various objects and
      advantages further appreciated by referring now to the following
      specification taken in conjunction with the accompanying drawing in which:
PAR  FIG. 1 is a schematic circuit diagram of power rectifier apparatus
      including a direct current measuring circuit known to the prior art;
PAR  FIG. 2 is a family of current wave shapes characteristic of the circuit of
      FIG. 1;
PAR  FIG. 3 is a schematic circuit diagram of power rectifier apparatus having a
      power circuit the same as that at FIG. 1 but including a direct current
      measuring circuit embodying our invention;
PAR  FIG. 4 is a family of current wave shapes characteristic of the measuring
      circuit of FIG. 4;
PAR  FIG. 5 is a schematic circuit diagram of a direct current measuring circuit
      applicable to the power rectifier circuit of FIG. 3 and illustrating
      another embodiment of our invention;
PAR  FIG. 6 is a schematic circuit diagram of a power rectifier and direct
      current measuring system embodying our invention and illustrating its
      application to systems wherein the power transformer has a characteristic
      primary to secondary line current phase shift other than 30.degree.;
PAR  FIGS. 7 and 8 illustrate current autotransformer winding arrangements
      suitable for use with our invention; and
PAR  FIGS. 9 and 10 are schematic circuit diagrams of wye-connected phase
      shifting transformers suitable for use with our invention.
PAR  At FIG. 1 we have illustrated a power rectifier circuit and direct current
      measuring circuit the same as that shown in the above identified Dortort
      patent. In this circuit a rectifier power transformer 10 includes three
      primary phase windings P1, P2, and P3 connected in delta circuit relation
      to a three phase source of electric current supply through line conductors
      12, 13, 14. The power transformer 10 also includes secondary phase
      windings S1, S2, and S3 connected in wye circuit relation and through
      secondary line conductors 15, 16, 17 to a three phase bridge type power
      rectifier 20 having direct current output terminals T1, T2.
PAR  The direct current measuring circuit illustrated at FIG. 1 determines the
      magnitude of unidirectional current through a load connected to the
      terminals T1, T2 by measurement of primary line current to the power
      transformer. For this purpose three line current transformers 21, 22, 23
      are associated with the three phase line conductors 12, 13, 14,
      respectively, on the primary or input side of the power transformer 10.
      The secondary windings of the line current transformer 21, 22, 23 are
      connected in delta circuit relation and the terminals of the delta are
      connected through a three phase bridge type instrument rectifier 25 to a
      DC measuring instrument or ammeter A.
PAR  At FIG. 1 we have designated the currents in the primary phase windings of
      the power transformer 10 as I.sub.p1, I.sub.p2, and I.sub.p3, and have
      designated the currents in the associated secondary phase windings,
      respectively, as I.sub.s1, I.sub.s2, and I.sub.s3. Because the power
      transformer secondary windings are wye-connected the secondary line
      currents, or power transformer output currents, are the same as the
      secondary phase winding currents. Characteristic wave shapes and the phase
      relationship of the secondary line currents I.sub.s1, I.sub.s2 and
      I.sub.s3 are shown at FIG. 2a. FIG. 2a illustrates that the rectified
      positive half cycles of secondary line current in the several phases
      overlap during commutation throughout commutating, or overlap, angles
      .alpha.. The average value of this rectified unidirectional current is
      shown at FIG. 2a as a dotted line I.sub.dc. It is known that the average
      value of this direct current remains constant even though the commutating
      angle of overlap .alpha. changes. This is illustrated at FIG. 2b where the
      magnitudes and wave shapes of the secondary line currents are
      substantially the same as at FIG. 2a except that the angle of overlap is
      less.
PAR  It will be apparent to those skilled in the art that if the primary power
      transformer windings at FIG. 1 were wye connected, (i.e., a wye-wye
      connection) the primary line currents would be in inverse phase relation
      to the corresponding secondary line currents and would have the same wave
      shape and relative phase relation as illustrated at FIG. 2a. In that case
      measurement of the average value of rectified primary line current, as
      through wye connected primary current transformers and the instrument
      rectifier 25, would accurately measure the direct output current at the
      terminals T1, T2. It will be evident to those skilled in the art that this
      same inverse phase relationship between primary and secondary line
      currents would also exist if the primary and secondary power transformer
      windings were both connected in delta phase relationship (i.e., a
      delta-delta connection), and in this case measurement of rectified primary
      line currents would also be an accurate measure of the rectified secondary
      line currents.
PAR  In the power rectifier circuit actually illustrated at FIG. 1, however,
      where the power transformer is connected in delta-wye relationship, a
      phase shift occurs between primary line current and secondary line current
      in the same phase, and in the case of the three phase power transformer
      illustrated at FIG. 1 this phase shift is 30.degree.. In such a case when
      the angle of overlap changes the average value of rectified primary line
      current is no longer an accurate measure of the average value of rectified
      secondary line current. Dortort has shown in his foregoing patent that
      this effect may be counteracted by delta connection of the line current
      transformers on the primary side of the power transformer, as illustrated
      at FIG. 1. The reason for such power transformer phase shift and the
      effect of the Dortort circuit is illustrated at FIGS. 2c, 2d, 2e and 2f.
PAR  Referring now to FIGS. 2c, 2d, 2e and 2f, FIG. 2c illustrates the same
      secondary line current I.sub.s1 shown at FIG. 2a but with the commutating
      portions at opposite ends of each half cycle simplified by straight line
      illustration. In similar manner FIG. 2d shows the reverse of line current
      I.sub.s2 and is designated -I.sub.s2 . As will be evident to those skilled
      in the art the current in primary line conductor 12, designated as
      I.sub.L1, is equal to I.sub.s1 - I.sub.s2 and is thus the sum of current
      curves illustrated at FIGS. 2c and 2d. This line current is illustrated at
      FIG. 2e. It will be observed that the fundamental of the line current
      I.sub.L1 is advanced by 30 electrical degrees with respect to the
      secondary line current I.sub.s1.
PAR  It will now be evident that the line currents I.sub.L2 and I.sub.L3 at FIG.
      1 also have shapes similar to the current illustrated at FIG. 2e and that
      these line currents are displaced from each other by 120.degree. in the
      usual three phase relation. Currents of similar shape therefore appear in
      the secondary windings of the current transformers 21, 22 and 23. These
      transformers, being delta connected, provide at each delta terminal an
      input current to the instrument rectifier 25 which has a shape determined
      by the difference of two such line currents. Such a current wave shape is
      illustrated at FIG. 2f. The average value of three rectified currents of
      this shape, as appears in the output of the instrument rectifier 25, is
      independent of variations in the angle of overlap of phase currents in the
      power circuit.
PAR  While the delta connected current transformers disclosed in the Dortort
      patent produce the effect described immediately above for a 30.degree.
      phase shift between primary and secondary line currents in the power
      circuit, it is not adjustable to similarly eliminate error in the case of
      power transformer connections which produce primary to secondary phase
      shifts other than 30.degree.. Our improved DC measuring circuit
      illustrated at FIG. 3 is adjustable to compensate for the effect of power
      transformer phase shift whether it be 30.degree. or other than 30.degree..
      The power transformer connection shown at FIG. 3 is the same as that shown
      at FIG. 1 so that in the case there illustrated the power transformer
      phase shift is in fact 30.degree. as at FIG. 1. The manner in which this
      phase shift effect is compensated, however, is different and provides
      adjustable means by which it may be adapted to power transformer
      connections characterized by phase shift of different magnitude.
PAR  In FIG. 3 the power transformer circuit is similar to that of FIG. 1 and
      like parts have been assigned the same reference numerals. In the
      measuring circuit at FIG. 3, however, the primary line current
      transformers 21, 22, and 23 are wye connected and their phase terminals
      are connected to the instrument rectifier 25 through a phase shifting
      current transformer shown as delta connected autotransformer 30. The
      current autotransformer 30 comprises three inductive phase windings 31,
      32, 33 connected in delta circuit relation and each wound upon a separate
      iron core. The autotransformer 30 provides secondary or output terminals
      34, 35, 36 at the delta terminals of the phase windings and intermediate
      tap terminals 37, 38, 39 which define primary or input winding portions.
      The windings 31, 32 and 33 and their respective magnetizable cores are so
      designed that the cores do not saturate under the maximum current
      conditions for which the apparatus is designed.
PAR  As illustrated at FIG. 3, each phase terminal of the wye connected current
      transformers 21, 22, 23 is connected to one intermediate tap terminal
      between the ends of one of the delta connected autotransformer windings
      31, 32, 33. The tap points on the autotransformer phase windings are
      symmetrically positioned in the sense that the turns ratio of winding
      sections on opposite sides of each tap is the same for all windings and
      each delta or output terminal of the autotransformer is common to unlike
      ends of adjacent phase windings. In the case of a 30.degree. power
      transformer phase shift characteristic, as in the circuit at FIG. 3, these
      intermediate taps are located on each autotransformer winding that winding
      sections on opposite sides of the tap commonly having a 2:1  turns ratio.
PAR  It will now be understood that each transformed line current I'.sub.L1,
      I'.sub.L2, I'.sub.L3 flowing into a primary tap point of the current
      autotransformer 30 divides between winding sections on opposite sides of
      that tap in inverse proportion to the turn ratio of the winding sections
      and flows in opposite directions toward the adjacent delta winding
      secondary or output terminals. This 2:1 division of current in each
      winding 31, 32, 33 is indicated on the drawing at FIG. 3. Such current
      relationship in each autotransformer winding is maintained by the
      inductive coupling between the winding sections on opposite sides of the
      winding tap so long as the associated core remains in an unsaturated
      condition. By this inductive coupling the input current is forced to so
      divide that, neglecting magnetizing current, the ampereturns in the phase
      winding portions on opposite sides of each tap are maintained equal.
PAR  At FIG. 3 we have designated the phase currents entering the instrument
      rectifier bridge 25 from the output terminals of the current
      autotransformer 30 as I'.sub.s1, I'.sub.s2, I'.sub.s3. It will be evident
      to those skilled in the art that in each case such phase current is the
      sum of the autotransformer winding currents entering the associated output
      terminal. For example,
      ##EQU1##
      The instrument phase current I'.sub.L1, I'.sub.L2, I'.sub.L3 are in
      120.degree. phase relation and each has the same shape as the associated
      line current I.sub.L1, I.sub.L2, I.sub.L3 (see FIG. 2e). The summation of
      these autotransformer winding currents for one output terminal of the
      autotransformer 30 is shown at FIG. 4.
PAR  At FIG. 4a we have illustrated a current wave shape representing 2I'.sub.L1
      /3; at FIG. 4b we have illustrated a current wave shape representing
      I'.sub.L2 /3; FIG. 4c represents the current wave shape resulting from the
      addition of these autotransformer winding currents. Thus it will be
      evident that each of the output currents I'.sub.s1, I'.sub.s2 and
      I'.sub.s3 from the terminals of the current autotransformer 30 has the
      wave shape of FIG. 4c and that these output currents are in 120.degree.
      phase relation. In the circuit of FIG. 3 therefore the three phase
      currents entering the instrument rectifier 25 each have the same wave
      shape as the currents I.sub.s1, I.sub.s2 and I.sub.s3 in the secondary
      line conductors of the power circuit, so that the average value of
      rectified output current from the power rectifier 20 is accurately
      reflected in the average value of the rectified output current from the
      instrument rectifier 25, and both are independent of overlap angle.
PAR  At FIG. 5 we have illustrated anothr modification of measuring circuit
      embodying our invention and applicable to the power rectifier circuit
      shown at FIG. 3. In FIG. 5 the current autotransformer 30 is connected to
      the line current transformers 21, 22, 23 of FIG. 3 in the same manner as
      the current transformer 30 shown at FIG. 3. At FIG. 5 however the output
      circuit of the autocurrent transformer 30 comprises three wye connected
      primary windings 40, 41, 42 of an instrument current transformer having
      secondary windings 40', 41', 42'. The instrument current transformer
      secondary windings are separately connected to the input terminals of
      three full wave, single phase instrument rectifier bridges 50, 51, 52 the
      output circuits of which are connected in series circuit relation to the
      ammeter A.
PAR  In our improved DC measuring circuit for power rectifiers the current
      autotransformer 30, if provided with selectable primary taps on each phase
      winding, may be adjusted to compensate for any characteristic degree of
      phase shift in the power transformer. At FIG. 6 we have shown a simplified
      schematic circuit diagram similar to that of FIG. 3 but in which each
      phase of the power transformer secondary winding comprises zig-zag
      connected winding sections so combined that the secondary line currents in
      the power circuit are displaced in phase with respect to the primary phase
      winding currents. In the circuit of FIG. 6 therefore the phase shift in
      fundamental frequency between primary and secondary line currents in the
      power circuit is other than 30.degree.. In this general case proper
      compensation is obtained by so selecting each tap point on the current
      autotransformer 30 that the angle .beta. and the direction of phase shift
      between the tap-to-neutral primary voltage V'.sub.p and the output voltage
      V'.sub.s at the adjacent delta terminal is the same as the angle .beta.
      and the direction of phase shift between the primary line-to-neutral
      voltage V.sub.p  and the secondary line-to-neutral voltage V.sub.s in the
      power transformer 10. In this manner a phase shift in the measuring
      circuit vectorially equal to that in the power transformer has the effect
      of reproducing in the output of the instrument rectifier the DC wave shape
      in the power rectifier.
PAR  At FIGS. 7 and 8 we have illustrated several embodiments of current
      autotransformers suitable for use with our invention. In each case there
      is illustrated a single magnetizable ring core upon which is wound one
      phase of the autotransformer winding with the winding sections on opposite
      sides of the tap having a 2:1 turns ratio, as for with a power transformer
      having a 30.degree. line current phase shift. At FIG. 7 the
      autotransformer phase winding extends between its ends of the full
      360.degree. of the ring core, the terminal ends of the winding being
      designated by "S" for start and "E" for end and the input tap being
      designated at "T". At FIG. 8 we have illustrated schematically a preferred
      form of autotransformer phase winding in which the winding section from
      the S to T extends for the full 360.degree. of the ring core and the
      second winding section from the T to the E is rewound over the same full
      360.degree. of the core.
PAR  In the embodiments of our invention described above we have illustrated the
      phase shifting transformer in our current measuring circuit as a
      delta-connected current autotransformer. While we prefer for efficiency in
      the use of materials to use an autotransformer, it is not essential that
      it be delta connected. If desired a wye-connected phase shifting
      transformer may be used, as by utilizing a zig-zag connection of the
      primary or secondary windings. At FIG. 9, for example, we have illustrated
      schematically a wye-connected zig-zag autotransformer 30' having primary
      terminals connected to the line current transformers 21, 22, 23 as at FIG.
      6 and secondary terminals connected to a three phase instrument rectifier
      25. As at FIG. 6 the phase angle .beta. between primary and secondary
      voltages in the transformer 30' is equal to the phase angle .beta. between
      primary and secondary voltages in the power transformer. If desired the
      primary and secondary winding terminals shown at FIG. 9 may be
      interchanged.
PAR  It will be evident to those skilled in the art that phase shifting
      transformers having electrically isolated primary and secondary windings
      may be utilized with our invention. For example, the wye connected phase
      shifting transformer of FIG. 9 may, if desired, be provided with an
      electrically isolated wye connected secondary winding 60, as illustrated
      at FIG. 10. If desired, also, the primary and secondary windings of the
      transformer shown at FIG. 10 may be interchanged, i.e., the zig-zag
      windings may be provided in the secondary rather than the primary. In like
      manner, a delta-connected phase shifting transformer as shown at FIGS. 3
      and 6 may be provided with isolated secondary windings.
PAR  It may now be noted that the foregoing Dortort patent teaches that where
      the power transformer phase shift is 30.degree. it may be counteracted in
      the measuring circuit by delta connection of the line current
      transformers, thereby reproducing such 30.degree. phase shift in the
      measuring circuit. It will be evident that such a delta connection of line
      current transformers may also be used in practicing our invention, as with
      a power transformer having other, and usually less, than 30.degree. phase
      shift. In such a case it is only necessary to so adjust our phase shifting
      transformer that the difference between power transformer phase shift and
      line current transformer phase shift is effected by the phase shifting
      transformer.
PAR  Thus, while we have described certain preferred embodiments of our
      invention by ways of illustration, many modifications will occur to those
      skilled in the art, and we therefore wish to have it understood that we
      intend in the appended claims to cover all such modifications as fall
      within the true spirit and scope of the invention.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In a system for measuring the magnitude of direct output current from a
      multiphase power rectifier having an input circuit including a multiphase
      power transformer, said power transformer having primary and secondary
      phase windings connected to provide a phase shift between the multiphase
      primary and secondary line currents coupled by said power transformer, the
      combination which comprises line current transformers for measuring each
      said primary line currents, said line current transformers having
      secondary windings each connected at one end to a common neutral terminal,
      a phase shifting current transformer comprising primary and secondary
      phase windings coupled by separate magnetizable cores in each phase, said
      cores being designed for normal operation below saturation, means
      connecting said line current transformer secondary windings to the primary
      windings of said phase shifting current transformer, said phase shifting
      transformer providing a primary to secondary winding current phase shift
      vectorially equal to the current phase shift in said power transformer, a
      multiphase instrument rectifier connected to the secondary windings of
      said phase shifting current transformer, and a direct current measuring
      instrument connected to the output terminals of said instrument rectifier.
NUM  2.
PAR  2. A measuring system according to claim 1 wherein said phase shifting
      transformer is provided with electrically isolated primary and secondary
      windings.
NUM  3.
PAR  3. In a system for measuring the magnitude of direct output current from a
      multiphase power rectifier having an input circuit including a multiphase
      power transformer, said power transformer having primary and secondary
      phase windings connected to provide a phase shift between the multiphase
      primary and secondary line currents coupled by said power transformer, the
      combination which comprises line current transformers for measuring said
      primary line currents, said current transformers having secondary windings
      each connected at one end to a common neutral terminal, a current
      autotransformer comprising primary and secondary phase windings one of
      which is defined in each phase by an intermediate tap terminal on the
      other, said primary and secondary phase windings of said autotransformer
      being coupled by separate magnetizable cores in each phase and said cores
      being designed for normal operation below saturation, means connecting
      said line current transformer secondary windings to the primary windings
      of said current autotransformer, said tap terminals being positioned to
      provide a primary to secondary winding current phase shift in said
      autotransformer vectorially equal to current phase shift in said power
      transformer, a multiphase instrument rectifier connected to the secondary
      windings of said autotransformer, and a direct current measuring
      instrument connected to the output terminals of said instrument rectifier.
NUM  4.
PAR  4. A measuring system according to claim 3 wherein said current
      autotransformer secondary windings are connected in series circuit
      relation and said tap terminals define primary winding portions in each
      phase.
NUM  5.
PAR  5. A measuring system according to claim 3 wherein said current
      autotransformer windings are connected to a common neutral terminal and
      said tap terminals connect zig-zag related portions of each phase winding.
NUM  6.
PAR  6. A measuring system according to claim 4 wherein said autotransformer tap
      terminals are so positioned that the output currents of said
      autotransformer have the same wave shapes as the output currents of said
      power transformer.
NUM  7.
PAR  7. A measuring system according to claim 3 for a three phase power
      rectifier wherein said line current transformers are wye connected and
      said current autotransformer is delta connected.
NUM  8.
PAR  8. A measuring system according to claim 1 for a three phase power
      rectifier characterized by a 30.degree. current phase shift wherein said
      line current transformers are wye connected, said phase shifting
      transformer is an autotransformer and said tap terminals are positioned to
      divide said autotransformer phase windings symmetrically into sections
      having a 1:2 ratio in each phase winding.
NUM  9.
PAR  9. A measuring system according to claim 1 for a three phase power
      rectifier wherein said line current transformers are wye connected and
      said phase shifting transformer includes electrically isolated primary and
      secondary winding groups each connected in wye-circuit relation, one said
      group of wye-connected winding including zig-zag related phase winding
      portions.
NUM  10.
PAR  10. A measuring system according to claim 1 for a three phase power
      rectifier of the three phase bridge type wherein said instrument rectifier
      is of the three phase bridge type.
NUM  11.
PAR  11. A measuring system according to claim 1 for a three phase power
      rectifier wherein said instrument rectifier comprises three single phase
      full wave rectifiers having output terminals connected in series circuit
      relation, and three phase transformer means coupling the input terminals
      of said single phase full wave rectifiers respectively to the output
      terminals of said phase shifting current transformer, said transformer
      means comprising three current transformers having their primary windings
      connected in wye circuit relation.
NUM  12.
PAR  12. In a system for measuring the magnitude of direct output current from a
      multiphase power rectifier having an input circuit including a multiphase
      power transformer, said power transformer having primary and secondary
      phase windings connected to provide a phase shift between the multiphase
      primary and secondary line currents coupled by said power transformer, the
      combination which comprises line current transformers for measuring each
      said primary line currents, a phase shifting current transformer
      comprising primary and secondary phase windings coupled by separate
      magnetizable cores in each phase, said cores being designed for normal
      operation below saturation, means connecting said line current transformer
      secondary windings to the primary windings of said phase shifting current
      transformer, said phase shifting transformer providing a differential
      primary to secondary winding current phase shift vectorially equal to the
      difference between current phase shift in said power transformer and said
      line current transformers, a multiphase instrument rectifier connected to
      the secondary windings of said phase shifting current transformer, and a
      direct current measuring instrument connected to the output terminals of
      said instrument rectifier.
NUM  13.
PAR  13. A measuring system according to claim 12 wherein said phase shifting
      transformer is an autotransformer having phase winding tap terminal
      positioned to produce said differential phase shift.
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ABST
PAL  An apparatus for measuring small currents in which the current is applied
      to an integrator. The integrator output is applied to a slope detecting
      means, preferably differentiator and the integrator output is reduced at
      intervals to zero.
PARN
PAR  This is a continuation of application Ser. No. 334,414 filed Feb. 21, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for the measurement of electric
      current, and other variables which can be related to, or expressed in
      terms of a current. While of general applications, the invention is of
      particular advantage in the measurement of very small current. For the
      purpose of this specification, measurement is to be taken as including the
      production of an output variable which is directly proportional to an
      input current whether or not that output variable is calibrated or
      indicated directly in current units. The invention can also be used for
      indication, measurement or control of variables in response to current
      changes, and to the establishment of currents of known or desired
      magnitudes.
PAC  THE PRIOR ART
PAR  One method of measuring electric currents, which is applicable to a wide
      range of current values, is by means of an integrator. The current is
      applied to the integrator, and after a period of time the value of the
      integrated current is examined, and the current value can be determined
      from the result of such examination. For example, the integrated current
      can be permitted to reach a predetermined value and the average current is
      then a function of the time taken to reach that value. Alternatively, the
      average current is a function of the time taken to reduce the integrated
      current to zero, with a reference current.
PAC  THE INVENTION
PAR  With the invention, currents, and especially very small currents which may
      be of the order of a few picoamps, can be indicated by integrating the
      current, and applying the integrated current to a differentiator. The
      desired indication is preferably obtained from the differentiator output,
      with means for periodically reducing the integrator output to zero, but
      the output can also be obtained from the integrator and the differentiator
      output being fed back to offset the input and maintain a substantially
      constant input signal at the input.
PAR  The present invention has for its object to provide an improved apparatus
      of this kind permitting very low values of current to be indicated with
      high accuracy.
PAR  The invention includes an apparatus for measuring or indicating the value
      of a small input current, comprising an integrator, means for applying
      said current to said integrator, slope detection means responsive to the
      output of the integrator to produce an apparatus output signal
      representing the value of the input signal and means for periodically
      resetting the integrator output.
DRWD
PAC  THE DRAWINGS
PAR  Features and advantages of the invention will appear from the following
      description of embodiments thereof, given by way of example, in
      conjunction with the accompanying drawings in which:
PAR  FIGS. 1, 2, 3 and 4 are fragmentary circuit diagrams of current responsive
      means;
PAR  FIG. 5 is a circuit diagram of a differentiating means;
PAR  FIG. 6 is a circuit diagram of an integrator-differentiator arrangement;
PAR  FIG. 7 is a waveform diagram;
PAR  FIG. 8 is a diagram of a switching arrangement;
PAR  FIG. 9 is a waveform diagram pertaining to FIG. 8;
PAR  FIG. 10 is a more detailed circuit diagram;
PAR  FIG. 11 is a block diagram of a circuit which with FIG. 10 gives a complete
      arrangement;
PAR  FIG. 12 A-C is a waveform diagram;
PAR  FIG. 13 is a more detailed circuit diagram of one unit of a difference
      responsive system;
PAR  FIG. 14 is a block diagram of a current difference responsive system; and
PAR  FIG. 15 is a diagram of another form of differentiator.
DETD
PAR  FIG. 1 shows an arrangement comprising an amplifier A1 of the so-called
      operational amplifier type, of high gain, from zero frequency upwards,
      with inverting inputs and non-inverting inputs - and + respectively. An
      input current i to be measured, appearing at terminal 10, is applied to
      the inverting input of amplifier A1 through a resistor R. A capacitor C1
      is connected between output and inverting input of the amplifier, to given
      an integrating function. The capacitor can be discharged by switch S1.
PAR  The output voltage V1 of amplifier A1 is applied to a further and similar
      amplifier A2 which with input capacitor C2 and feedback resistor R1, shown
      as variable, functions as a differentiator. Capacitor C2 is shunted by
      switch S2 which can be ganged with S1, as shown.
PAR  The output voltage v1 of amplifier A1 will be given by
EQU  V1 = 1/C1 .intg. i.sup.. dt.                               (1)
PAL  and V2 will be given by
EQU  V2 = R1 C2 d (V1)/dt                                       (2)
      ##EQU1##
PAR  By this means it is possible to measure a current the magnitude of which is
      determinable by the voltage V2.
PAR  The integration cannot continue indefinitely, and switches S1 and S2,
      periodically operated, are provided to restart cycles of operation. In a
      practical case the switches might operate at a switching rate of 10 Hz;
      when the switches are open, a continuous current is obtained, and if the
      discontinuity occasioned by closing the switches can be ignored, and the
      switches need be closed for only a very short time in each cycle, this is
      useful in certain conditions.
PAR  Alternatively, an arrangement as shown in FIG. 2 can be used in which the
      voltage V1 is applied through a capacitor C2, to a switch S3, ganged with
      switch S1, either to the output, or to ground. This arrangement gives an
      output which is continuous while switch S1 is open and zero when the
      switch is closed.
PAR  With a resetting frequency of 10 Hz. the closure time of the switches S1
      and S3 might be 1 millisecond, that is, providing a mark:space ratio of
      99:1 for integration, but other ratios can be used, and FIG. 3 shows an
      arrangement for producing a continuous current with effectively at 1:1
      mark:space ratio.
PAR  In FIG. 3 the input direct voltage at terminal 11 is applied to a stage
      comprising amplifier A2 with a feedback path to the inverting input
      determined by resistors R3 and R4, so as to enable two outputs +v and -v
      to be obtained. These are selectable by switch S5, applied to the
      integrator R5, A3, C3, the output of which will accordingly be a
      triangular type waveform. This waveform is fed through capacitor C4
      directly to switch S6, and through the inverter R6, R7, A4 and capacitor
      C5 to switch S6. By combining the outputs a continuous output current can
      be obtained.
PAR  The circuit of FIG. 1 can be modified in various other ways. For example,
      it may be convenient to use an intermediate controllable attenuator stage
      as in FIG. 4. The output voltage V1 of amplifier A1 is applied to a stage
      including input resistor R8, amplifier A5, and variable feedback resistor
      R9. With this arrangement, the gain of the intermediate stage will be the
      ratio (R9/R8) and V2 will be given by:
EQU  V2 = (i R1 C2 R9) / (C1 R8)                                (4)
PAR  to avoid malfunctioning due to noise or interference, a more practical form
      of differentiator is shown in FIG. 5 in which the feedback resistor R1 is
      shunted by a small capacitor C6, and input capacitor C2 has in series with
      it a resistor R10.
PAR  With constant input, the output voltage V1 of FIG. 1 will consist of a
      series of voltage ramps, the slope of which is a function of the input
      current. The voltage change which takes place in a given time interval
      during the period of the ramp can also be used as an indication of the
      input current.
PAR  In some circumstances where it is desired to measure very small currents it
      occurs that the current input contains two components, one of which is
      constant or is subject to long term, or relatively long term variations
      only whilst a more significant componnent is subject to more rapid
      variations. In such conditions, it is possible to use an arrangement for
      backing off the first component by means of a large value resistor between
      output and input of the circuit, though this has certain disadvantages.
PAR  A possible arrangement of integrator-differentiator circuit is shown in
      FIG. 6. In this Figure the input at 12 is applied to the inverting input
      of amplifier A6, which has a negative feedback capacitor C7. The output of
      the amplifier is applied to a gain stage R11, R12, C8 and A7.
PAR  The output of the gain stage, at terminal 13 is fed back to the input 12
      over a feedback path including an integrator R13, C9, A8, which, being in
      the feedback path will function as a differentiator. Switch S6 is
      provided; in one position of the switch, the ramp position, the feedback
      path is completed through capacitor C10, whilst in the other position of
      the switch, the reset position, the integrator is disabled an C10 is
      connected to earth. The circiut of FIG. 6 can also be adapted to use a
      current generator of the type shown in FIG. 3, rather than one of the type
      of FIG. 2. It may be remarked that current generators of the types shown
      in FIGS. 2 and 3 can be used to supply the gate leakage bias current of
      conventional junction F.E.T. electrometers and the like, in place of high
      value resistors as are usual.
PAR  Other methods can be adopted, in conjunction with an input current
      integrator, to determine the rate of change of output of the integrator
      and hence the value of input current. For example, there are many methods
      by which the output waveform can in effect, be sampled at discrete times,
      and the slope of the curve determined directly or indirectly.
PAR  FIG. 7 is one example of an output voltage waveform such as might be
      obtained from the integrator. With constant current input over the
      integration time, which may be, for example, a few milliseconds or tens of
      milliseconds, the waveform may exhibit from time t.sub.o to t.sub.1 a
      voltage level e1; at time t.sub.1 to t.sub.2 a voltage step from e.sub.1
      to e.sub.2 ; over the time t.sub.2, t.sub.3, t.sub.4 to t.sub.5 the linear
      voltage rise use through values e.sub.2, e.sub.3, e.sub.4, e.sub.5 ; at
      time t.sub.5 to t.sub.6 a drop from e.sub.5 to e.sub.6 (which may be the
      same as e.sub.1) and the cycle of voltage is repeated with values e.sub.7
      e.sub.8 e.sub.9 at times t.sub.7 t.sub.8 t.sub.9 and so on. Times t1 to t2
      and t5 to t6 will be very short.
PAR  The slope of the integration curve can be determined by sampling and
      deriving the difference voltages:
PAR  e.sub.5 .about. e.sub.7
PAR  e.sub.4 .about. e.sub.8
PAR  e.sub.5 .about. e.sub.8
PAR  e.sub.4 .about. e.sub.7
PAL  or less accurately:
PAR  e.sub.5 .about. e.sub.6
PAR  e.sub.5 .about. e.sub.0
PAR  e.sub.5 .about. e.sub.2
PAR  e.sub.5 .about. e.sub.3
PAR  e.sub.5 .about. e.sub.1
PAR  e.sub.4 .about. e.sub.6
PAR  e.sub.4 .about. e.sub.0
PAR  e.sub.4 .about. e.sub.3
PAR  e.sub.4 .about. e.sub.2
PAR  e.sub.4 .about. e.sub.1
PAL  In practical forms of the apparatus described, one difficulty that arises
      is due to the fact that the means adopted to examine or otherwise respond
      to the integrator voltage or other voltages which are significant voltages
      existing in high or extremely high impedance circuits, will cause an
      undesired change in the voltage under examination. For example, in using a
      switching device, such as an insulated gate field effect transistor the
      transistor itself may present an input capacitance which though extremely
      small may be significant.
PAR  The difficulty is illustrated by the example shown in FIGS. 8 and 9. FIG. 8
      shows the circuit including integrator A.sub.1, C.sub.1, with an
      associated switching transistor Q.sub.1, corresponding to switch S1 above.
      A control signal is applied to the gate of this transistor Q1 as indicated
      by the waveform W1. The switching pulse in practice might have an
      amplitude of -10V.
PAR  When the pulse occurs the switch Q1 closes and capacitor C1 is discharged.
      The output voltage drops to a value close to zero, and the switch then
      opens to restart the measuring cycle of integration. If C1 is 1pf and the
      closed switch has a capacitance of, say, 0.7 pf a pulse of -7 volts is
      produced at the integrator output as shown in FIG. 9. The integration
      cycle continues for the set period, say 100 milliseconds, and the cycle is
      repeated.
PAR  This effect can be overcome by applying to the significant point of the
      circuit a compensation pulse of opposite polarity, through a corresponding
      capacitance C11. The capacitor can be equal to the switch capacitance,
      such as 0.7 pf in the example given, and applying the appropriate control
      signal voltage, of opposite polarity, to this capacitor.
PAR  It can be arranged that in preference to being preset the compensation
      pulse amplitude is automatically controlled so as precisely to eliminate
      the undesired voltage pedestal.
PAR  In another method of dealing with this difficulty an appropriate bias can
      be provided to remove the pedestal during the integration period; this
      produces a very high voltage output during the reset period, but the
      effects of this can be reduced by simultaneously switching the resistor R2
      of FIG. 8. The difficulty is also overcome with the use of switching
      means, such as a reed relay switch which does not transfer charge, or a
      photo-resistive chopper device.
PAR  A form of the invention, with circuit component values, is shown in FIGS.
      10 and 11. The amplifier in the upper part of the FIG. 10 and including
      transistors Q1 to Q9 has an inverting input A and non-inverting input B
      and produces an output at C. This output C drives the main feedback
      capacitor C12 connected back to input A. The output as C is fed to means
      for further amplification and differentiation. The output at C is also fed
      to an amplifier indicated generally at A9 including transistors Q10, Q11
      and Q12, which has a constant current type output at terminal D. Four
      switches S7, S8, S9 and S10, consisting of insulated gate F.E.T.'s are
      provided; during the reset period switch S7 shorts the input A to earth
      and switch S8 is closed connecting terminal D to the non-inverting input B
      of the amplifier. The appropriate control voltages are applied at CA, CB,
      CC.
PAR  At the end of the reset period, switches S7 and S8 are opened leaving the
      amplifier in the balanced condition, and terminal D is then connected
      through switch S9 to a further integrator. If the control voltage applied
      to switch S7 has capacitively disturbed the balance of the amplifier then
      the output will alter, producing a current at D, and that current will
      flow through switch S9 into the integrator, changing the output voltage at
      F. During the reset period the switch S10 connected to the positive supply
      rail +12, is closed and at the end of the reset period, when S7 opens S10
      is also opened, and it is arranged that the voltage change through
      capacitor C14 will neutralize the volatage change due to the gate S7. If
      the neutralizing is not complete, there may be a further improvement from
      the output of constant current source A9 and through switch S9 into the
      integrator.
PAR  With the component values of FIG. 10 it is considered that further detailed
      description is not necessary.
PAR  A differentiator is shown in FIG. 11. The ramp type input is applied to
      terminal 14, and fed through switch S11 to the non-inverting input of
      amplifier A10, which has an adjustable feedback including R15, R16, R17,
      R18. The same amplifier input can be shorted to ground through switch S12.
      The amplifier output is fed to a variable attenuator stage including
      amplifier A11, resistors R19, R20, R21 and R22, and switches S13, S14 and
      S15.
PAR  The differentiator includes an input capacitor C16, amplifier A12 with
      input resistor R23 and selectable feedback resistors R24 to R28, and
      selector switch S16. The input is applied also to amplifier A13; a
      capacitor C17 can be switched by S17 to serve as an input capacitor during
      a ramp signal input and as a feeback capacitor during reset.
PAR  Another form of integrator is shown in FIG. 13. The circuit has inputs M
      and N; the signal to be integrated is applied to input M. A pedestal
      correction voltage can be applied at input P, through capacitor C18.
PAR  The input at M is fed to the non-inverting input of amplifier A13; the
      inverting input is connected to ground through C21 and R30. The amplifier
      input is switched by S21 and the output, switched by S22, S23 is applied
      to amplifier A14, which has inverting feedback through R31 and C22
      switched by S24. The feedback capacitor is C23.
PAR  The input at M is also connected to a backing off arrangement. Voltage from
      a back-off potentiometer R32 is applied to a ramp generator R33, C24, A15,
      switched by S25, the ramp voltage being fed through capacitor C25.
PAR  The measurement cycle of the instrument is as follows:
     Operation                                                                 
             Duration  S21     S22   S23   S24   S25                           
     ______________________________________                                    
     Reset   .001 sec  ON      ON    OFF   ON    ON                            
     Ramp    .099 sec  OFF     OFF   ON    OFF   OFF                           
     Reset   .001 sec  ON      ON    OFF   ON    ON                            
     Ramp    .099 sec  OFF     OFF   ON    OFF   OFF                           
                         and so on.                                            
     ______________________________________                                    
PAL  In response to a signal current to be measured applied to input M, the
      output N provides a ramp waveform which is subsequently amplified and
      differentiated with a suitable system such as FIG. 11, in which the
      differentiation capacitor is periodically reset with a switch system in
      synchronisation with the resetting of the system of FIG. 13.
PAR  During reset, the output is at zero (or a reference potential corresponding
      to zero) and S21 is shorted to ground. The output of A13 is zero or a
      reference potential.
PAR  At the end of reset the I.G.F.E.T. switch S21 is turned off by the gate
      potential being raised from -15V to OV. The capacitive coupling within the
      I.G.F.E.T. result in a transfer of charge into the measurement circuitry.
      A similar voltage waveform of opposite polarity is applied to capacitor
      C18, and if the amplitude is precisely adjusted then the consequent
      transfer of charge into the measurement circuitry will exactly
      counterbalance that due to the I.G.F.E.T. capacitance. If the adjustment
      is not perfect then the residual charge will be supplied through capacitor
      C23 resulting in a pedestal, giving waveforms such as those shown in FIGS.
      12a or 12b, instead of the desired waveform shown in FIG. 12c.
PAR  During the ramp period the backing-off ramp generator A15 applies a ramp
      waveform to C25 resulting in a backing-off current flowing through C25
      into the measurement circuitry. This current is added to the input signal
      current and the total current flows through C23 under the control of
      amplifiers A13 and A14. Hence the output waveform is a ramp whose rate is
      proportional to the input current and the backing-off current. The
      backing-off control can also be used to neutralise any detector standing
      current such as that due to d.c. bias in the signal.
PAR  After the ramp period, a further period occurs, in which the various
      capacitors are reset to the voltages described earlier. It is to be noted
      that the changes in the voltages across the capacitors results in changes
      in the stored charge of each capacitor. The total change of charge of C23,
      C18, C25 and C19 results in a movement of charge through switch S21.
PAR  Switch S22 and C21 are used to re-zero the amplifier A13 whilst the
      integrator capacitors are being reset. An alternative system, avoiding the
      use of S22 and C21, employs an ideal amplifier which requires no automatic
      zero control to yield conditions of zero input current and voltage but
      suitable devices, for example vibrating capacitor electrometers, are more
      expensive.
PAR  If the difference between two input signals Ax and Ay is required, two
      similar units 16 and 18 are used as in FIG. 14. Signal Ax is applied to
      input M of unit 16, which produces a corresponding ramp output waveform at
      its output. The second input N of unit 16 is connectable to earth.
PAR  The second signal Ay is applied to the first input M.sub.1 of unit 18, to
      the second input N.sub.1 of which is applied the output from unit 16 as
      shown. The desired output is obtained from the output of unit 18.
PAR  By way of example, if the input Ax to unit 16 is 64pA, the output of unit
      16 might change by 5 volts in 0.1 secs. which will be applied to the `N`
      input of unit 18, and this results in 64pA flowing through C19 into the
      input of A13. If the input Ay to unit 18 is, say, 80pA then there will be
      a net difference of (80-64), or 16pA, giving an output from 18 of 1.25
      volts in 0.1 sec.
PAR  The output is amplified, inverted or non-inverted, as selected,
      differentiated/reset, amplified, or displayed on a recorder, as may be
      desired. The two stages of amplification are controlled so that gain may
      be precisely selected; in one case, binary steps from 1 to 128 i.e., 1, 2,
      4, 8, 16, 32, 64, 128 were provided.
PAR  With C19 equal to 1.28p.sup.F the f.s.d. sensitivity of this instrument was
      selected in binary steps from 128pA to 1pA, i.e.,
TBL  f.s.d.                                                                    
           pA    1       2    4    8    16   32   64   128                     
     G           128     64   32   16   8    4    2    1                       
PAR  For larger values of current the capacitor can be switched, for example to
      163.84pF (256pA on X64 and 16384pA on XI): or 20971.52pF (32768pA on X64
      and 2097152pA on XI).
PAR  Similarly, capacitor C25 is switched from 0.6pF to 10pF, 150pF or 2400pF
      for larger values of backing off current.
PAR  The circuit of either FIG. 2 or FIG. 3 can be used in place of that part of
      the circuit comprising A15 and the associated components, for injecting
      the current.
PAR  For the 20971.52pF capacitor it is convenient to use a capacitor of about
      0.022.mu.F and a pre-set trimmer potentiometer to attenuate the voltage
      feedback to the capacitor so that the net effect is about 20971.52pF. All
      the important capacitors can be adjusted by this means.
PAR  The amplifier A13 has a high impedance output, corresponding to a constant
      current source and gave a 40.mu.A charge for each 1mV input over the
      frequency range from 0 to 5kHz, whereafter it reduced by 20dB per decade
      to 0.1.mu.A/mV at 2MHz with unity gain at this frequency during reset.
PAR  The amplifier A13 was 25 times more sensitive to its non-inverting input at
      all frequencies, and since the amplifier A14 characteristics are
      controlled by R31 and C22 the unity loop gain frequency during the ramp
      period was also 2MHz.
PAR  In the instruments described, the design has been directed to one having a
      frequency response of 0 to 1 Hz, with a switching frequency of 10 Hz but
      other frequencies can be used. It is found that with a sinusoidal input at
      1 Hz, the differentiator output is sinusoidal; the integrator output is
      cosinusoidal.
PAR  It will be seen that in the manner described, it is possible to generate
      very small known currents, and to measure small currents by a process of
      integration and differentiation, with automatic cycling if this is
      desired. The integrated ramp voltage can be examined, as to rate of change
      by other methods, as described or by analogue to digital conversion, with
      digital examination, including sample and hold techniques.
PAR  It is also possible, as described to provide for automatic zeroing of the
      system input, so that even if the comparison amplifier input drifts, the
      potential difference between say the signal current input conductor and
      any earthing screen used can be kept constant at a low value, as will the
      potential across the reset switches.
PAR  The means of neutralising the effect of capacitor charges upon switching is
      also advantageous.
PAR  FIG. 15 is a differentiator circuit which can be used as an alternative to
      the right hand part of FIG. 11. Resistor R40 like R23 in FIG. 11, is
      included to give a desired frequency response. The units within the dotted
      rectangles are similar. With the arrangement of FIG. 15, a full scale
      charge of about 10 .mu.A can be obtained for an input which might charge
      by up to 10 volts in 100 milliseconds; with a feedback resistor 1 M.ohm an
      output of 10 volts will be obtained at terminal F.
PAR  In FIG. 11 a current of 100.mu.A being injected through C16 and into the
      amplifier, with a feedback resistance of 100 K ohms, for an output of 10
      volts.
PAR  One possible source of inaccuracy in a system such as that described is a
      distortion due to dielectric absorption, for example in insulated gate
      F.E.T. switch. To avoid this inaccuracy it is possible to make a
      compensating distortion change in the correction voltage or the drive
      voltage, or both. A suitable compensating distortion is to use a true
      square wave drive voltage to the switch, with a square wave with `droop`
      used for correction, or to use a square wave for correction, with a square
      wave with overdrive for driving the switch; combinations of these two
      corrections can also be used.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus responding to the value of a small input current,
      comprising input terminals for said input current and output terminals,
      and an integrator, said integrator having an integrator input coupled to
      said input terminals, and an output, said integrator comprising an
      amplifier connected in a path between input and output of said integrator
      and a capacitor, whereby said integrator produces on said capacitor a
      voltage which is the continuing integral of an input current applied to
      said input terminals, said apparatus further comprising a differentiator
      having an input coupled to the integrator output and an output, to
      differentiate continuously the voltage at the integrator output whilst the
      voltage at said integrator output is varying, and an output coupled to
      said output terminals whereby an output is obtained at said output
      terminals which is directly proportional to said input current, said
      apparatus further including switching means associated with the input to
      said integrator, said switching means being of a nature to produce by its
      operation an unwanted input to said integrator and comprising means for
      developing a correction signal the effect of which is equal and opposite
      that of said unwanted signal, and, on operation of said switching means
      injecting said correction signal into said input.
NUM  2.
PAR  2. An apparatus in accordance with claim 1, wherein said switching means is
      a field effect transistor, and said unwanted signal is due to a
      capacitance of said transistor, and wherein the means for developing said
      correction signal includes a capacitor and further switching means for
      injecting into said injector input a current due to a change of charge on
      said capacitor.
NUM  3.
PAR  3. An apparatus in accordance with claim 1, and including a feedback path
      from an output of said integrator to the input of said integrator, said
      feedback path including a second integrator whereby said second integrator
      is effective to produce at said first integrator input a signal component,
      applied in opposition to the input current to be measured, the loop
      circuit including both said integrators having gain, whereby the input to
      the first integrator tends to remain substantially constant, the output
      from said apparatus being derived from the output of said first
      integrator.
NUM  4.
PAR  4. An apparatus in accordance with claim 1 and including means for
      injecting a steady bias current into the input of said integrator.
NUM  5.
PAR  5. An apparatus in accordance with claim 1 and including means for deriving
      from the input current an inverse current of equal amplitude and opposite
      polarity, said switching means alternately applying the input and inverse
      currents to said integrator means, a phase inverter connection to the
      output of said integrator and selecting means for selectig the signal at
      the input or output of said phase inverter.
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PAL  An electronic circuit test equipment generates signals indicative of
      electrical conditions of a desired point in a circuit under test. The
      signals may be audible. light signals or combination thereof.
PARN
PAR  This is a division of application Ser. No. 206,286 filed Dec. 9, 1971, now
      U.S. Pat. No. 3,805,155.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to an electronic circuit test
      equipment in which the electrical conditions such as voltage level, single
      pulse, pulse train or the like at a desired point in an electronic circuit
      are converted into the audible frequency signals so that an operator can
      readily distinguish the electrical conditions.
PAR  2. Description of the Prior Art
PAR  With the advancement of the microminiaturization techniques, the electronic
      circuits and component parts are extensively made compact in size. In
      testing or measuring these circuits and component parts, testers and
      oscilloscopes are generally used. In the testers and oscilloscopes, their
      probes and display sections are separated so that an operator must keep
      the probe in contact with a desired check point in a circuit or the like
      while he watches the pointer or voltage or current waveforms being
      displayed. In this case, he must check the desired test point, make the
      probe in contact with it, and thereafter watch the waveforms or the like.
      Therefore, the disconnection of the probe from the test point occurs very
      often while he is watching because he turns his eyes away from the probe.
      In some cases, the probe is made into contact with an undesired point in
      the circuit, and in the worst case the probe causes shortcircuit, thus
      causing the breakdown of the circuits or the component parts.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the present invention is therefore to provide an
      electronic circuit test equipment which is capable of indicating the
      electrical conditions of a desired test point in a circuit by easily
      distinguishable audio signals, whereby an operator can easily test the
      circuit without turning his eyes from the probe.
PAR  Another object of the present invention is to provide an electronic circuit
      test equipment in which the outputs of two oscillators having different
      oscillation frequencies are converted into the audible signals by an
      electroacoustic transducer.
PAR  Another object of the present invention is to provide an electronic circuit
      test equipment which incorporates only one oscillator, but is capable of
      producing the audible signals of different frequencies.
PAR  Another object of the present invention is to provide an electronic circuit
      test equipment which incorporates monostable multivibrators in order to
      increase the pulse duration or to sample the pulses in case of testing a
      single pulse or pulse trains.
PAR  Another object of the present invention is to provide an electronic circuit
      test equipment which is simple in construction and light in weight.
PAR  Another object of the present invention is to provide an electronic circuit
      test equipment in which illumination means is attached to the probe to
      illuminate a desired test point in a circuit.
PAR  Another object of the present invention is to provide an electronic circuit
      test equipment which, in addition to the test of electrical conditions of
      a desired test point in a circuit, is capable of measuring the duty cycle
      of a pulse when an operator observes the color of light emitted from the
      head of the probe, said color being the mixture of two colors of light
      emitted from at least two illumination elements emitting light of
      different wavelengths, said illumination elements being also used to
      illuminate a desired test point.
PAR  Prior to the description of the preferred embodiments of the present
      invention, some terms used in this specification will be explained. The
      terms "high and low level signals" are used to refer to two discrete
      values of voltage or current. For example, the high level signal may be
      +15 V, whereas the low level signal may be .degree.10 V. That is, these
      terms are similar in meaning to "0" and "1", "positive" and "negative" and
      the like used in the binary logic circuit technology. It should be noted
      that since the present invention intends to indicate a plurality of
      electrical conditions by a plurality of audible signals of different
      frequencies, the electrical conditions are not limited to the above
      explained "high and low level" states, and three discrete electrical
      conditions such as (+, -, and 0) can be also detected as will be described
      in more detail hereinafter.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram used to explain the underlying principle of the
      present invention;
PAR  FIG. 2 is a perspective view of one embodiment of an electronic circuit
      test equipment in accordance with the present invention;
PAR  FIG. 3 is a practical circuit diagram of the circuit shown in FIG. 1;
PAR  FIG. 4 is a block diagram of another embodiment of the present invention
      adapted to more clearly detect a single pulse and a pulse train;
PAR  FIGS. 5A, 5B and 5C are timing charts used for explanation of the modes of
      operation of the embodiments shown in FIGS. 4 and 6;
PAR  FIG. 6 is a block diagram of another embodiment of the present invention;
PAR  FIG. 7 is a practical circuit diagram of the embodiment shown in FIG. 4;
PAR  FIG. 8 is a block diagram of a generalized circuit capable of appropriately
      changing the series of the tone frequencies which are heard through an
      electroacoustic transducer;
PAR  FIG. 9 is a diagram of another embodiment of the present invention in which
      one oscillator is used to oscillate at different frequencies;
PAR  FIG. 10 is a graph used to explain the mode of operation of the embodiment
      shown in FIG. 9;
PAR  FIG. 11A is a timing chart used to explain the mode of operation of the
      embodiment shown in FIG. 9;
PAR  FIG. 11B is a timing chart used for explanation of the mode of continuously
      changing the oscillation frequency of an oscillator shown in FIG. 12;
PAR  FIG. 12 is a diagram of a switching circuit for continuously changing the
      oscillation frequency of the oscillator;
PAR  FIG. 13 is a block diagram of another embodiment of the present invention
      which incorporates an illumination means which is energized to illuminate
      a desired test point in a circuit or to indicate that the probe is out of
      contact;
PAR  FIG. 14 is a block diagram of another embodiment of the present invention
      which is similar in construction to that shown in FIG. 13 except that a
      switch is provided to illuminate a desired test point even after the probe
      is made into contact with it;
PAR  FIG. 15 is a sectional view of a probe assembly incorporating therein the
      circuit shown in FIG. 13 or FIG. 14;
PAR  FIG. 16 is a perspective view thereof illustrating how the probe assembly
      shown in FIG. 15 is used in practice;
PAR  FIG. 17 is a sectional view of a probe assembly similar in construction to
      that shown in FIG. 15 except that two illumination means are incorporated
      therein;
PAR  FIG. 18 is fragmentary side view thereof used to explain the color codes
      attached thereto;
PAR  FIG. 19 is a timing chart used to explain the mode of operation of the
      probe assembly shown in FIG. 17;
PAR  FIG. 20 is a part of the circuit incorporated in the probe assembly shown
      in FIG. 17;
PAR  FIG. 21 is a circuit diagram of one variation of the detector in accordance
      with the present invention; and
PAR  FIG. 22 is a circuit diagram of another variation of the detector in
      accordance with the present invention capable of detecting three discrete
      values and adapted to be used in testing or measuring ternary logic
      circuits.
PAR  Some parts are designated by same reference numerals throughout the figures
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 illustrating the underlying principle of the present
      invention, a probe 1 is used for detecting the voltage at a desired point
      of a circuit to be tested, and the detected voltage is further detected by
      a detector 2 whether it is a high level pulse or lower level pulse. In
      response to the outputs from the detector 2, gates 5 and 6 control
      oscillators 3 and 4, respectively, which generate the frequencies f.sub.1
      and f.sub.2, respectively. The outputs of the gates 5 and 6 are
      transmitted through an OR gate 7 to an amplifier 8 which drives a
      transducer such as a loudspeaker 9. It should be noted that the
      arrangement itself of the amplifier 8 does not constitute the present
      invention since it may sufficiently drive a small-size speaker when the
      output impedance of the OR gate 7 is low, and the amplitude of the output
      therefrom is of the order of 5 volts.
PAR  Next the mode of operation of the basic circuit described above with
      reference to FIG. 1 will be described. When the high level voltage is
      detected by the detector 2, the gate 5 is opened, and the output with the
      frequency of f.sub.1 is transmitted through the OR gate 7 to the amplifier
      8, where the output signal is amplified to drive the speaker or transducer
      9. Thus, the audio signal is heard through the transducer 9. When the
      detector 2 detects a low level voltage, the gate 6 is opened, and the
      output of f.sub.2 of the oscillator 4 is heard through the transducer 9.
      Thus, the condition or function of the circuit under test can be
      distinguished by the operator from the two different frequency audio
      signals heard through the transducer 9. When the probe 1 is not in contact
      with the circuit, both of the gates 5 and 6 are closed so that no audio
      signal is heard through the transducer 9, that is, the transducer 9 is
      silent. When the electrical conditions of the circuit to be tested are a
      train of repetitive pulses, a train of two different tones of f.sub.1 and
      f.sub.2 of the oscillators 3 and 4 are heard through the transducer 9 in a
      manner similar to that described above. Thus, a train of repetitive pulses
      can be detected.
PAR  FIG. 2 is a perspective view of an electronic circuit test equipment in
      accordance with the present invention. The circuits shown in FIG. 1 are
      all incorporated in a casing 10 which has lead lines 12 and 13 for
      connection to the power source of a circuit being tested and to the
      ground, and grounding terminal 11 which may be used for continuity test.
      That is, when the audio signal is heard through the transducer 9, the
      circuit being tested is in continuty, whereas when no tone is heard, the
      circuit is short-circuited.
PAR  FIG. 3 is a practical circuit diagram of the circuit shown in FIG. 3. The
      detector 2 comprises, in general, a high-level and low-level signal
      detectors. The high level detector comprises resistors 41, 42 and 16, a
      transistor 14, and an inverter 15, whereas the low level detector
      comprises resistors 22 and 43, diodes 21 and 44, a transistor 23 and
      inverters 24 and 25. In the instant embodiment, astable multivibrators are
      used as oscillators 3 and 4. The first astable multivibrator 3 comprises a
      NAND circuit 5', an inverter 27, diodes 29 and 30, resistors 33 and 34 and
      capacitors 37 and 38, whereas the second astable multivibrator 4 has a
      similar arrangement. It should be noted that NAND circuits 5' and 6' in
      FIG. 3 correspond to the gates 5 and 6 in FIG. 1, and that a NOR circuit
      17 corresponds to the OR circuit 7. The amplifier 8 is an emitter-follower
      transistor 17, and the transducer 9 comprises two capacitors 19 and 26,
      and a small-size loudspeaker. It is understood that the buzzer or the like
      may be used instead of the speaker.
PAR  Next the mode of operation will be described hereinafter. It is assumed
      that the circuit being tested has the high level voltage. When the high
      level voltage is detected by the probe 1, the base voltage of the
      transistor 14 is raised to conduct it. The input voltage of the inverter
      15 is decreased, and the output voltage is increased to open the NAND
      circuit 5'. Since the NAND circuit 5' has a function of controlling the
      output of the astable multivibrator 3, the output thereof is fed to the
      gate of the output transistor 18 through the NOR circuit 17. Therefore,
      the transistor 18 is conducted to drive the speaker or transducer 9. In
      this case, the high frequency components are bypassed through the
      capacitor 19 so that the audio signal is heard through the transducer 9 so
      long as the astable multivibrator 3 is set to an audible frequency
      f.sub.1. Thus, the operator may now know that the electrical condition in
      the circuit under test is at the high voltage level state. In this case,
      the transistor 23 is also conducted, but because of the provision of the
      inverters 24 and 25, the NAND circuit 6' is not opened so that the output
      of the oscillator or astable multivibrator 4 is not heard. On the other
      hand, when the circuit under test has a low voltage level, the base
      potential of the transistor 23 is decreased because of the diode 21 and
      the resistor 22. As a result, the transistor 23 is non-conductive so that
      its collector output is increased. The collector output voltage is
      transmitted through the two inverters 24 and 25 to the NAND circuit 6' to
      conduct it. Therefore, the output of the astable multivibrator 4 is
      transmitted to the transistor 18 through the NOR circuit 17, whereby the
      transistor 18 is conducted, thereby driving the transducer 9. As a result,
      the operator can hear the tone of f.sub.2 of the oscillator or astable
      multivibrator 4 through the transducer 9. In this case, the base potential
      of the transistor 14 is decreased whereby the transistor 14 is turned off.
      As a result, the output of the oscillator 3 is not heard through the
      transducer 9.
PAR  When a train of repetitive pulses are the electrical condition of the
      circuit under test, the above two operations are alternately repeated so
      that the tones of f.sub.1 and f.sub.2 are alternately heard through the
      transducer 9.
PAR  In summary, when the probe 1 is made into contact with the circuit under
      test, and if the electrical condition is a high voltage level, the tone of
      f.sub.1 is heard. If the electrical condition is a low voltage level, the
      tone of f.sub.2 is heard. If the electrical condition is a train of
      repetitive pulses, the tones of f.sub.1 and f.sub.2 are alternately heard.
      When the probe 1 is not in contact with the circuit, no tone is heard
      through the transducer 9, that is the transducer 9 is silent. Thus, the
      operator can immediately detect the high and low voltage levels, and the
      pulse trains in the circuit under test by hearing the two different tones
      through the transducer. Therefore, the circuit can be tested efficiently
      and safely without the operator viewing the display device such as a
      cathode-ray tube, oscilloscope or the like.
PAR  The second embodiment to be described hereinafter with reference to FIG. 4
      is best suited for more clearly detecting a single pulse and a pulse
      train, whereby the function of the test equipment is much improved.
PAR  The test equipment illustrated in FIG. 4 comprises in general the probe 1,
      the detector 2, the oscillators 3 and 4 of the oscillation frequencies
      f.sub.1 and f.sub.2, all of which are similar in function to those
      described in the first embodiment, monostable multivibrators 45 and 46,
      NAND circuits 47-51, inverters 52 and 53, the amplifier 8 and the
      transducer 9. The monostable multivibrator 45 is triggered by the leading
      or rising edge of the single pulse, whereas the multivibrator 46 is
      triggered by the rising edge of the trigger pulse of the vibrator 45.
PAR  Next the mode of operation will be described. When the detector 2 detects a
      high voltage level, the output of the detector 2 is fed to the NAND
      circuit 48 through line 56. Since the output of the oscillator 3 and the
      inverted output of the monostable multivibrator 45 are applied to the NAND
      circuit 48, when the output of the detector 2 is applied, the NAND circuit
      48 is opened so that the output of the oscillator 3 is fed to the NAND
      circuit 51. Since the inverted output of the monostable multivibrator 46
      is applied to the NAND circuit, it is opened when the output of the
      oscillator 3 is applied thereto. As a result, the output of the oscillator
      3 is amplified by the amplifier 8, and the tone of f.sub.1 is heard
      through the transducer 9. Thus, the operator can detect the high voltage
      level condition in the circuit under test when the tone of f.sub.1 is
      heard.
PAR  When the electrical condition in the circuit under test is a low voltage
      level, the output representing the low voltage level is applied to the
      NAND circuit 50 through the line 57 to open it. Therefore the output of
      the oscillator 4 is amplified by the amplifier, and the tone of f.sub.2 is
      heard through the transducer 9. Thus, the operator can detect the low
      voltage level in the circuit under test.
PAR  When the circuit under test generates a single pulse, the detection is
      different depending upon whether the electrical condition of the circuit
      under test is a low voltage level when the high level single pulse is
      generated or a high voltage level when the low level single pulse is
      generated. First the former case will be described with further reference
      to FIG. 5A. When the probe 1 is made into contact with the circuit under
      test, the output of the oscillator 4, that is the tone of f.sub.2 is heard
      through the transducer 9. When the single pulse arrives at the time
      t.sub.1, the electrical condition becomes a high voltage level so that the
      output of the oscillator 3, that is, the tone of f.sub.1 is heard because
      the NAND circuit 48 is opened. When the trailing edge of the pulse falls,
      the monostable multivibrator 45 is triggered to a high level. The high
      level output is inverted by the inverter 52 to close the NAND circuits 48
      and 50, whereas the NAND circuit 49 is opened so that the tone of the
      oscillator 3 of f.sub.1 is heard through the transducer 9. At the time
      t.sub.3 which is determined by the time constant of the monostable
      multivibrator 45, the output of the multivibrator 45 is shifted from the
      high to low level so that the NAND circuit 49 is closed, whereas the NAND
      circuits 48 and 50 are opened. In this case, the monostable multivibrator
      46 is triggered to a high level state, and the high level signal is
      inverted by the inverter 53 to close the NAND circuit 51. During the time
      the NAND circuit 51 is closed, that is during the time the output of the
      multivibrator 46 is in the high level state, the transducer is silent. At
      the time t.sub.4 which is determined by the time constant of the
      monostable multivibrator 46, it is shifted to the low level state. As a
      result, the tone of f.sub.2 of the oscillator 4 is heard again through the
      transducer 9. Thus, the high level single pulse can be detected.
PAR  Next with reference to FIG. 5B, the detection of the single low level pulse
      when the condition in the circuit under test is in the high voltage state
      will be described. Since the initial condition is in the high level state,
      the tone of f.sub.1 is heard since the NAND circuits 48 and 51 are opened
      to transmit the output of the oscillator 3 of f.sub.1 to the transducer
      through the amplifier 8. At the time t.sub.1 when the single pulse
      arrives, the circuit under test is shifted to the low level state. As a
      result, the trailing or falling edge of the single pulse triggers the
      monostable multivibrator 45 to shift to the high level state. In response
      to the high level output of the multivibrator 45, the NAND circuit 49 is
      opened, whereas the NAND circuits 48 and 50 are closed in response to the
      inverted high level output from the inverter 52. As a result, the output
      of the oscillator 3 is transmitted through the NAND circuit 49, and the
      tone of f.sub.1 is heard as long as the monostable multivibrator 45 is in
      the high level state. At the time t.sub.2 which is determined by the time
      constant of the multivibrator 45, it is shifted from the high to low level
      state, and in response to the low level signal, the monostable
      multivibrator 46 is triggered to the high level state, and the NAND
      circuits 48 and 50 are opened, whereas the NAND circuit 49 is closed.
PAR  The high level output of the monostable multivibrator 46 which is inverted
      by the inverter 53, closes the NAND circuit 51 a time interval which is
      determined by the time constant of the monostable multivibrator 46. As a
      result, the transducer remains silent. When the multivibrator 46 is
      shifted to the low level state at the time t.sub.4, the NAND circuit 51 is
      opened, and the tone of f.sub.1 is heard again through the transducer 9
      because the circuit under test is in the high level state. Thus, the low
      level single pulse can be detected.
PAR  As described hereinabove, the oscillation frequencies of the monostable
      multivibrators are used in the second embodiment for detection of a single
      positive or negative pulse. Clearer tones can facilitate the detection.
PAR  Next with reference to FIG. 5C, a detection of a pulse train will be
      described. As described above, the monostable multivibrator 45 is
      triggered at the time t.sub.2 when the first pulse of the pulse train
      falls so that the NAND circuit 49 is opened whereas the NAND circuits 48
      and 50 are closed. As a result, the output of the oscillator 3 is
      permitted to pass through the NAND circuit 48 so that the tone of
      frequency f.sub.1 is heard through the transducer so long as the
      multivibrator 45 is in the high level state during the time determined by
      the time constant thereof. When the multivibrator 45 is shifted to the low
      level state at the time t.sub.3, the multivibrator 46 is triggered to the
      high level state. As a result, the NAND circuit 51 is closed, whereby the
      transducer remains silent so long as the multivibrator 46 is in the high
      level state. The output of the inverter which closes the NAND circuit 51
      is fed to one of the input terminals of the NAND circuit 47, whereby the
      latter is closed. As a result, the pulse train is not applied to the
      multivibrator 45. As long as the monostable multivibrator 46 is in the
      high level state, the NAND circuit 47 is closed, so that the multivibrator
      45 is not triggered and remains in the stable state. At the time t.sub.4,
      the multivibrator 46 is shifted from high to low level state so that the
      NAND circuits 47 and 51 are opened. As a consequence, the multivibrator 45
      is triggered again in response to the falling edge of the first pulse of
      the pulse train, and the operations described hereinabove are cycled.
      Thus, the intermittent tone of f.sub.1 is heard, whereby the operator can
      detect the pulse train in the circuit under test. The frequencies actually
      heard by the operator are plotted in time at T.sub.1 in FIGS. 5A, 5B and
      5C. However, it should be noted that these series of frequencies to be
      heard may be changed as will be described hereinafter.
PAR  The third embodiment of the test equipment in accordance with the present
      invention is illustrated in FIG. 6, in which those parts similar to those
      shown in FIGS. 1 and 2 are designated by same reference numerals.
      Depending upon the high and low level states of the circuit under test the
      tones of f.sub.1 and f.sub.2 are heard through the transducer 9
      respectively. When the single positive pulse is fed into the circuit under
      test as shown in FIG. 5A, the monostable multivibrator 45 is triggered to
      open the NAND circuit 51. As a result, the tone of f.sub.1 is heard so
      long as the multivibrator 45 is in the high level state. When the
      multivibrator 45 is shifted to the low level state so that the
      multivibrator 46 is triggered, a NAND circuit 63 is opened so that the
      tone of f.sub.2 is heard. Thereafter, the tone of f.sub.2 is continuously
      heard since the circuit under test is in the low level state. Thus, the
      operator can detect the single positive pulse. The series of the
      frequencies of the tones heard are plotted at T.sub.2 in FIG. 5A.
      Similarly as shown at T.sub.2 in FIGS. 5B and 5C, the tone of f.sub.1 is
      heard as long as the multivibrator 45 is triggered, and the tone of
      f.sub.2 is heard so long as the multivibrator 46 is triggered.
PAR  In addition to the tone frequency series T.sub.1 and T.sub.2, four other
      tone frequency series are possible since the permutation for assigning the
      frequencies f.sub.1, f.sub.2 and 0 to the time .tau..sub.1 and .tau..sub.2
      at which the two monostable multivibrators are in the high level states
      respectively is .sub.3 P.sub.2 = 6, as shown in the Table below:
TBL  Tone frequency series                                                     
                    T.sub.1                                                    
                           T.sub.2                                             
                                  T.sub.3                                      
                                       T.sub.4                                 
                                            T.sub.5                            
                                                 T.sub.6                       
     ______________________________________                                    
     .tau..sub.1    f.sub.1                                                    
                           f.sub.1                                             
                                  f.sub.2                                      
                                       f.sub.2                                 
                                            0    0                             
     .tau..sub.2    0      f.sub.2                                             
                                  0    f.sub.1                                 
                                            f.sub.1                            
                                                 f.sub.2                       
     ______________________________________                                    
PAR  The tone frequency series T.sub.1 and T.sub.2 can be attained by the second
      and third embodiments described with reference to FIGS. 4-6, and it is
      obvious to those skilled in the art to modify these embodiments to attain
      the series T.sub.3 - T.sub.6.
PAR  The fourth embodiment illustrated in FIG. 8 is a generalized circuit for
      attaining the tone frequency series T.sub.1 - T.sub.6. Except NOR circuits
      NR.sub.1, NR.sub.2 and NR.sub.3 and NAND circuits ND.sub.1 -ND.sub.3, the
      arrangement is similar to the second and third embodiments. The NOR
      circuit NR.sub.1 and the NAND circuit ND.sub.1 are used to derive the
      output of the oscillator 3, whereas NR.sub.2 and ND.sub.2, to derive the
      output of the oscillator 4. The high level signal from the detector 2 is
      applied to one input terminal of the NOR circuit NR.sub.1, whereas either
      of the output OUT-1 or OUT-2 of the monostable multivibrators 45 and 46 is
      applied to the other terminal   depending upon a desired tone frequency
      series. Similarly either of the output OUT-1 or OUT-2 is applied to the
      other input terminal   of the NOR circuit NR.sub.2 and to the other input
      terminal   of the NAND circuit ND.sub.3. For example, to attain the
      T.sub.4 series, the output OUT-1 of the multivibrator 45 is applied to the
      input terminal  , whereas the output OUT-2 of the multivibrator 46, to the
      terminal   and the signal "1" is normally applied to the terminal  . When
      the above approach is further advanced, the various combinations can be
      attained. For example, when three monostable multivibrators are used, the
      following combinations become possible:
TBL  Series   T.sub.1 T.sub.2 T.sub.3                                          
                                    T.sub.4                                    
                                          T.sub.5                              
                                                T.sub.6                        
     ______________________________________                                    
     .tau..sub.1                                                               
              f.sub.1 f.sub.1 f.sub.2                                          
                                    f.sub.2                                    
                                          0     0                              
     .tau..sub.2                                                               
              f.sub.2 0       f.sub.1                                          
                                    0     f.sub.1                              
                                                f.sub.2                        
     .tau..sub.3                                                               
              0       f.sub.2 0     f.sub.1                                    
                                          f.sub.2                              
                                                f.sub.1                        
     ______________________________________                                    
PAR  To attain these series, a third monostable multivibrator is added in series
      to the monostable multivibrator 46 in such a manner that the third
      multivibrator may be triggered in response to the shift of the
      multivibrator 46 to the low level state, and the outputs OUT-1, OUT-2 and
      OUT-3 of the three multivibrators are fed to the terminals  ,  , and
      according to the above Table. For example, to attain the series T.sub.5,
      the output OUT-1 of the multivibrator 45 is applied to the terminal  ; the
      output OUT-2 of the multivibrator 46, to the terminal  ; and the output
      OUT-3 of the additional multivibrator to the terminal  . Other
      modifications and variations can be effected without departing from the
      spirit of the present invention.
PAR  One of the novel features of the present invention resides in the circuit
      59 in FIG. 6.
PAR  As described above, according to the present invention, in order to
      facilitate the detection with a higher degree of accuracy of the single
      pulse and the pulse train, means for converting the detected pulse signals
      such as monostable multivibrators (which are used in the embodiments
      described above), timer circuits, timing pulse generating means,
      integrating circuits and the like are used to increase the width of the
      single pulse and to sample the pulse train. Therefore, there is provided
      an electronic circuit test equipment simple in construction and capable of
      testing the electronic circuits with the audio signals.
PAR  The OR circuit 59 outputs the signal to the NAND circuit 64 in response to
      both the signals transmitted from the detector 2 on the lines 56 and 57 as
      long as the probe 1 is in contact with a circuit under test. As a result
      the NAND circuit is normally opened so long as the electronic circuit test
      equipment is in operation, so that any signal from the gates 60-63 is fed
      to the amplifier 8. In other words, the NAND circuit 64 is ready to open
      as long as the equipment is in the operation mode. When the probe is out
      of the contact with the circuit under test, and if the circuit under test
      is in the high level state immediately before the probe 1 is disconnected,
      the circuit under test is shifted to the low level state. As a result, the
      monostable multivibrator 45 is triggered, and thereafter the multivibrator
      46 is triggered so that the tone f.sub.1 is first heard and then the tone
      f.sub.2 is heard. This will cause the misdetection. To overcome this
      problem, that is to prevent the tone from being emitted when the probe is
      disconnected from the circuit under test, the output of the OR circuit 59
      is normally applied to the NAND circuit 64. That is, when the probe 1 is
      disconnected from the circuit under test, the OR circuit 59 immediately
      stops applying its output to NAND circuit 64 so that the latter is closed.
      As a consequence, the transducer remains silent. This OR circuit 59 is
      described above can be of course applied to the circuit shown in FIG. 4.
      From the foregoing description, it is seen that the advantage of the OR
      circuit 59 is obvious.
PAR  The practical circuit of the circuit shown in FIG. 4 is illustrated in FIG.
      7, in which same reference numerals are used to designated same circuit
      components. In the circuit shown in FIG. 7, the pulse detecting line 58 in
      FIG. 4 is branched from the line 56. A flip-flop which oscillates at an
      oscillation frequency one half of that of the oscillator 3, is used as the
      oscillator 4. The oscillator or flip-flop 4 comprises in general NAND
      circuits 65 and 66, resistors 67 and 68, and capacitors 69 and 70. The
      oscillator 3 is an astable multivibrator comprising, in general, inverters
      99 and 27, resistors 33 and 34 and capacitors 37 and 38. The multivibrator
      45 comprises, in general, NAND circuits 71 and 72, resistors 73, 74 and 75
      and capacitors 76 and 77. The multivibrator 46 comprises, in general, a
      NAND circuit 78, an inverter 79, resistors 80, 81 and 82, and capacitors
      83 and 43, the arrangement of the multivibrator 46 being similar to that
      of the multivibrator 45. The high level detecting part in the detector 2
      is similar in construction to that shown in FIG. 3, but the low level
      detector comprises a pair of diodes 85 and 86 connected in back-to-back
      relation, resistors 88, 89 and 43 and a transistor 87. Therefore, the
      monostable multivibrators 45 and 46 normally generate the high level
      outputs, that is, they are normally in the high level state. As a result,
      the output of the monostable multivibrator 45 is applied directly to the
      NAND circuit 50 without passing through an inverter, and the inverted
      output to be applied to the NAND circuit 49 is the output of the first
      NAND circuit 71 in the monostable multivibrator 45. The NAND circuit 47 in
      FIG. 4 is the NAND circuit 72 in the multivibrator 45.
PAR  The output of the oscillator 3 may be derived from a terminal SG. This
      arrangement is advantageous because various tests and detections can be
      effected. That is, the oscillator 3 may be used as a signal generator in
      such a manner that the output thereof may be applied to a circuit under
      test in order to trace the signal at various points in the circuit under
      test. The measurement of level can be effected when the level voltage is
      applied across the +V and 0 terminals. For example, the 0 V terminal is
      connected to the other terminal thereof, whereby the equipment may be used
      as a tester for continuity test. Especially when the battery or the like
      is incorporated in the test equipment, the circuit may be tested without
      the equipment being connected to a power source.
PAR  In the circuit shown in FIG. 9, the oscillators 3 and 4 which are used in
      the circuits described with reference to FIGS. 1-8, are combined into a
      single oscillator. The high and low level signals detected by the detector
      2 are fed to an exclusive OR circuit 94 through the lines 56 and 57
      respectively, and the pulse signal is applied to one input terminal of the
      NAND circuit 47. The high level signal is applied through an inverter
      circuit 91 to one input terminal of a NAND circuit 93. The output of the
      exclusive OR circuit 94 is applied to one input terminal of a NAND circuit
      97 to the other input terminal of which is applied the output of an
      oscillator to be described hereinafter. In response to the combinations of
      the input signals applied to the NAND circuit 97, the output of the
      oscillator is fed to the transducer 9 through an inverter circuit 98 and
      the amplifier 8, whereby the output is transduced into the audible
      signals. The output of the NAND circuit 47 is applied to the input
      terminal of the first monostable multivibrator 45, the output of which is
      applied to the input terminal of the monostable multivibrator 46. The
      output of the monostable multivibrator 46 is applied through the inverter
      circuit 53 to the other input terminal of the NAND circuit 47. The output
      of the first multivibrator 45 is applied to the second input terminal of
      the NAND circuit 92 through the inverter circuit 52, and the output of the
      NAND circuit 92 is applied to one input terminal of a NAND circuit 93 to
      the other input terminal of which is applied the output of the inverter
      circuit 53. The output of the NAND circuit 93 is applied to a switching
      circuit 95, which comprises a transistor 95a and resistors 95b, 95c and
      95d. A voltage controlled type astable multivibrator 96 for oscillating at
      an audio frequency comprises transistors 96a, 96b, resistors 96c-96g and
      capacitors 96h and 96i. One end of the resistors 96c and 96d are connected
      at a junction Vb which in turn is connected to the junction between the
      resistors 95c and 95d in the switching circuit 95 so that the potential at
      the junction Vb may be controlled in response to the on-off operation of
      the transducer 95a. As a result, the oscillation frequency of the
      multivibrator 96 may be varied. That is, the oscillation frequency of the
      astable multivibrator 96 is given by
      ##EQU1##
      where
PAR  R : 96c and 96d = constant,
PAR  C : 96h and 96i = constant, and
PAR  Vcc = constant bias voltage.
PAL  Therefore, it is seen that the oscillation frequency f may be varied by
      varying the voltage Vb. This relation is shown in FIG. 10. The output of
      the multivibrator 96 is applied to the second input terminal of the NAND
      circuit 97 through a line 99.
PAR  Next the mode of operation will be described. When the probe 1 is not in
      contact with a circuit under test, the outputs of the detector 2 are all
      "0" so that the output of the exclusive OR circuit 94 is also "1", but the
      input applied to the amplifiers 8 is "0" because of the inverter circuit
      98 interconnected between the NAND circuit 97 and the amplifier 8. As a
      consequence, the transducer remains silent. Thus, the operator can see
      that the probe 1 is out of the contact with the circuit under test.
PAR  When the circuit under test is in the high level state, the output "1"
      appears only on the line 56 from the detector 2, whereas the outputs
      appearing on the other lines 57 and 58 are "0". As a result, the output of
      the exclusive OR circuit 94 becomes "1", whereas that of the NAND circuit
      97 is "0". Therefore, the output of the inverter 98 is "1", whereby the
      transducer 9 is driven. The operator can hear the tone through the
      transducer 9, the tone having the oscillation frequency of the
      multivibrator 96. In this case, the output of the NAND circuit 92 is "1" ,
      and the inputs "1s" are applied to both input terminals of the NAND
      circuit 93, so that the output of the NAND circuit 93 is "0". Therefore,
      the transistor 95a in the switching circuit 95 is driven into the
      non-conduction stage so that the voltage at the junction Vb in the astable
      multivibrator 96 becomes almost equal to th supply voltage Vc. At this
      voltage (V.sub.1 in FIG. 10) the oscillation frequency is so selected as
      to correspond to the frequency f.sub.1 of the multivibrator 96 as shown in
      FIG. 10. Thus, when the circuit under test is in the high level state, the
      tone of f.sub.1 is heard through the transducer 9.
PAR  Next when the circuit under test is in the low level state, the output "1"
      of the detector 2 appears only on the signal line 57, whereas "0"outputs
      appear on the lines 56 and 58. The output of the exclusive OR circuit 94
      is "1" whereas the output of the NAND circuit 97 is "0". The output of the
      inverter circuit 98 is "1". Therefore, the output of the multivibrator 96
      is heard through the transducer 9. In this case, the output of the NAND
      circuit 92 is "0", and the inputs "0" and "1" are applied to the NAND
      circuit 93 so that the output thereof becomes "1". As a consequence, the
      transistor 95a in the switching circuit 95 is conducted, and the voltage
      at the junction Vb has a value Va determined by the ratio of the
      resistances of the resistors 95c and 95d. Therefore the multivibrator
      circuit 96 oscillates at the frequency f2, which can be easily
      distinguished from the frequency f.sub.1 in case of the high level state.
PAR  When the single pulse is detected by the probe 1, the output "1" appears
      only on the signal line 58. The inputs "1s" are applied to the both input
      terminals of the NAND circuit so that its output becomes "0". The
      monostable multivibrator 45 is triggered to output "1", which is inverted
      to "0" by the inverter circuit 52 and applied to the NAND circuit 92. The
      outputs "1s" are applied to both the input terminals of the NAND circuit
      93 so that its output becomes "0". As a result the transistor 95a in the
      switching circuit 95 is driven into the non-conduction state, and the tone
      of f.sub.1 is heard through the transducer 9 as in the case of the high
      level state described above. However, the output of the multivibrator 45
      changes from "1" to "0" so that the second monostable multivibrator 46 is
      triggered to output "1", which is inverted to "0" by the inverter circuit
      53. Therefore, the inputs "0s" are applied to both the input terminals of
      the NAND circuit 93 so that its output becomes "1" to conduct the
      transistor 95a in the switching circuit 95. Therefore, the oscillation
      frequency of the multivibrator circuit 96 changes from f.sub.1 to f.sub.2.
      Thus, the tone of f.sub. 2 is heard through the transducer 9, and the
      single pulse can be detected. In case of the pulse trains, the tones of
      f.sub.1 and f.sub. 2 are alternately heard through the transducer 9,
      whereby the pulse train can be readily detected.
PAR  As described above, only one oscillator is used in the instant embodiment
      so that the test equipment may be much simplified. The instant embodiment
      attains the tone frequency series as shown in FIG. 11A, and it is seen
      that the switching from f.sub.1 to f.sub.2 and from f.sub.2 to f.sub. 1
      is in a digital manner, because the critical change in Vb occurs. However,
      when the voltage Vb is changed continuously to some extent, the change in
      tone or oscillation frequency from f.sub.1 to f.sub.2 becomes analog as
      shown in FIG. 11B. This change is preferable from the standpoint of
      physiology. To attain the analog change in frequency, the voltage Vb must
      be changed as shown in FIG. 11B-d. This can be attained by the embodiment
      shown in FIG. 13. The circuit shown in FIG. 12 is similar to that shown in
      FIG. 9 except that an additional transistor 95e is inserted next to the
      transistor 95a in the switching circuit 95 to be used as an
      emitter-follower. The output voltage of the emitter resistor 95f is
      applied to a primary time delay filter or an integration circuit
      comprising a resistor 95g and a capacitor 95h. The time constant RC of
      this filter is selected as to be substantially equal to that of the
      multivibrators 45 and 46 so that the waveforms as shown in FIG. 11B-d are
      obtained. As a result, the oscillation frequency of the astable
      multivibrator 96 which is driven by the voltage Vb becomes as shown in
      FIG. 11B-e, whereby the tone whose frequency is continuously changing can
      be heard.
PAR  Since the primary time delay filter is provided, when the circuit under
      test is shifted from the low to high level state, the oscillation
      frequency of the astable multivibrator 96 changes from f.sub.2 to f.sub.1
      during a time which is equal to the time constant of the astable
      multivibrator, and changes from f.sub.1 to f.sub.2. Therefore, the
      frequency of the tone heard through the transducer 9 changes continuously
      so that the soft tone can be heard.
PAR  A still another novel feature of the present invention is the provision of
      an illumination element 103 in the head of the probe 1 to illuminate a
      spot in the circuit being investigated. The remarkable advantage in
      practice can be accrued from this arrangement. As described hereinbefore,
      the electronic circuit components are miniaturized extensively so that the
      assembled equipments are very complex in construction. Therefore it
      becomes difficult to find out a desired check point because it is very
      often located behind other component parts and wirings. Since the circuits
      in these equipments are generally assembled with printed circuit boards,
      the color of bakelite which is the material of the printed circuit boards
      is similar to that of the copper-film patterns formed thereupon.
      Furthermore, the characters or numerals printed on the connectors for
      printed circuit boards are too small or located behind the lead wires.
      Therefore, it becomes further difficult to find out a desired check point
      in a circuit. To overcome this problem, the present invention provides the
      embodiment illustrated in FIG. 13.
PAR  Now referring to FIG. 13, when the probe 1 is out of contact, the signal is
      not generated from the detector 2 so that the output of the OR circuit 59
      is "0". Therefore, the output of an inverter In is "1" so that the
      illumination element 103 such as a miniature lamp, luminescence diode or
      the like is energized. Thus, the operator can see that the probe 1 is out
      of contact. When the probe 1 is made into contact with the circuit under
      test, and when the circuit under test is in the high or low level state,
      the output of the OR circuit 59 is "1" which in turn is inverted to "0" by
      the inverter In. As a result, the illumination element 103 is deenergized.
      With the aid of this illumination element, the operator can easily find
      out a desired check point in the circuit, so that the speedy operation can
      be ensured. From the practical point of view, it is very important that
      the illumination element 103 is energized when the probe 1 is out of
      contact because it happens very often that the probe 1 is actually out of
      contact even though the operator thinks that he has made it into contact
      with a desired check point in the circuit. However, according to the
      present invention the operator can confirm very easily whether the probe
      is actually in contact with a check point or not by the illumination
      element 103.
PAR  The embodiment illustrated in FIGS. 14-16 is such that the illumination
      element 103 can be energized by a manual switch S when the operator wishes
      to confirm the proper contact of the probe 1 with a desired check point.
      When the switch S shown in FIG. 14 is closed, voltage +V is applied to the
      illumination circuit 103 through an OR circuit 100, whereby the element
      103 is energized. After the operator has confirmed the check point and the
      contact of the probe therewith, he may open the switch S. Alternatively he
      may continue to keep the switch S closed to confirm the check point during
      test, whereby the out-of-contact of the probe 1 or the shortcircuit
      thereof can be avoided. In the instant embodiment, when the probe 1 is in
      contact with the check point, the illumination element 103 is energized
      even when the switch S is opened. Therefore, the operator can positively
      confirm whether the probe 1 is in contact or out of contact with the check
      point.
PAR  FIG. 15 illustrates a section of a practical probe in which the circuit
      shown in FIG. 13 or FIG. 14 is incorporated therein, and FIG. 16 is a view
      used for explanation how the probe is used.
PAR  Referring to FIG. 15, the probe assembly generally designated by 101 has a
      probe 1, and a plurality of perforations 102 for propagation of the tone
      signals generated by the transducer incorporated in the probe assembly
      101. It is seen that the illumination element 103 such as a miniature lamp
      or luminescence diode is incorporated also in the assembly 101, and emits
      the illumination light through a head 104 made of a transparent material
      toward the check point. Since the surface of the transparent head 104 is
      treated like mat, the illumination light can be easily percieved The
      detector, the oscillators, the monostable multivibrators, the logic
      circuits and the transducer described above are all incorporated in a case
      106 which in turn is disposed within a probe casing 105. A pair of lead
      wires 107 are connected to the power source of for example an oscilloscope
      and the ground. When the test equipment is not used together with the
      oscilloscope, they are connected to a power source. When the power source
      is incorporated in the probe assembly, they may be connected to terminal
      rods for circuit continuity test. The switch  S is actuated by a
      pushbutton 108 so that when the latter is depressed by a finger, the
      element 103 is energized to illuminate the check point. The energization
      of the element 103 indicates that the probe 1 is out of contact. From the
      foregoing description, it is seen that the present invention is very
      advantageous in practice.
PAR  The electronic circuits of the present invention described so far are used
      to test the electronic circuit condition by the audio signals heard
      through the transducer. They are not adapted to measure the duty cycle of
      the pulse train. (The duty cycle is obtained by multiplying the duration
      of a pulse by the repetition rate, and is used in this specification to
      refer to the ratio of the duration of a pulse in high level state to that
      in low level state). The reason why it is difficult to measure the duty
      cycle from the audio signals heard through the transducer is that the
      audibility curve changes logarithmically. To overcome this problem,
      according to the present invention, an additional illumination element is
      incorporated in the probe assembly in such a manner that the two
      illumination elements are alternately energized for time intervals
      corresponding to the duration of the high level of a pulse and to that of
      the low level, respectively. Therefore, by observing the mixed color of
      the colors of light emitted from the two illumination elements, the duty
      pulse can be approximately determined because the man's vision is more
      sensitive than his sense of hearing so that his eyes can distinguish even
      a very little difference in intensity of illumination light. The
      embodiment of the present invention based upon the above described
      principle will be described hereinafter with reference to FIGS. 17, 18 and
      20.
PAR  First referring to FIG. 17, an additional illumination element 103' is
      incorporated in the casing 105, and the associated circuits except those
      related with the elements 103 and 103' (See FIG. 20) are all incorporated
      in the case 106. In the instant embodiment, the element 103 is a red
      electroluminescent diode, whereas element 103', a green electroluminescent
      diode. When the pulse train arrives at the probe 1, the red and green
      elements 103 and 103' are alernately energized with durations in
      proportion to the duty cycle of the pulse. Therefore various colours can
      be seen depending upon the duty cycles. For example, as the duty cycle
      changes from 1 to 50, the color changes from red, to orange, from orange
      to yellow orange, to yellow, to yellow green, and to green. Thus, the duty
      cycle can be approximately measured from the color of light emitted from
      the probe assembly.
PAR  Referring to FIG. 18, color codes 108 are formed on the surface of the case
      105 of the probe assembly 101, and have different colors of light emitted
      from the probe assembly depending upon the duty cycle of pulse train being
      measured. The measurement is further facilitated when the numerals
      representing the duty cycles measured are marked close to the color codes
      108. Any suitable color code may be employed, and it is preferable to
      locate the color codes close to the head 104 and to the illumination
      elements 103 and 103' so that the color of light emitted from the head 104
      can be readily compared with the color codes 108.
PAR  In case of the pulse train shown in FIG. 19, the ratio of the duration of
      the high level of a pulse to that of the low level is 2 : 3 so that light
      of yellow color is emitted through the head 104. When this color is
      compared with the color codes, the duty cycle of 0.4 can be readily
      measured as shown in FIG. 18.
PAR  A practical circuit for measurement of duty cycle of a pulse based upon the
      principle described above is illustrated in FIG. 20. The output of the
      high level detector stage in the detector 2, that is the output of the
      inverter 15 is applied to the base of the transistor 109 through a switch
      S.sub.1, and the illumination element 103 for measurement of the duty
      cycle of a pulse in series with a resistor 111 is connected between the
      collector base of the transistor 109 and the bias voltage terminal +V of
      the transistor 14. The output of the low level detector stage of the
      detector 2, that is the output of the NAND circuit 25 is applied to the
      base of a transistor 110 through a switch S.sub.2, and the illumination
      element 103' in series with a resistor 112 is connected between the
      collector of the transistor 110 and the bias voltage terminal +V of the
      transistor 23. The outputs of the inverters 15 and 25 are applied to the
      oscillators 3 and 4 through the signal lines 56 and 57, respectively. The
      switches S.sub.1 and S.sub.2  are so arranged that their movable contacts
      close the stationary contacts B and D to open the contacts A and C when
      the pushbutton 108 is depressed, whereby the illumination elements 103 and
      103' are energized to illuminate a desired check point in the circuit
      under test. From the foregoing description, it is seen that a duty cycle
      measuring instrument can be readily provided without an extensive
      modification of the audio type electronic circuit test equipments of the
      type described hereinbefore. The arrangement and function of the detector
      2 are similar to those of the detector described with reference to FIG. 3.
PAR  Next the mode of operation will be described. First it is assumed that the
      circuit under test is in the high level state. The pushbutton 108 is
      released after the desired check point in the circuit under test has been
      confirmed to be in contact with the probe 1 so that the movable contacts
      of the switches S.sub.1 and S.sub.2 close the contacts A and C. Upon
      detection of the high voltage level by the probe 1, the base voltage of
      the transistor 14 is increased. As a result, the transistor 14 is
      conducted so that the input voltage to the NAND circuit 15 is decreased
      whereas its output voltage is increased. As a result, the base voltage of
      the transistor 109 is increased to conduct it. Therefore, the current is
      supplied to the electroluminescence diode 103 from the power source +V so
      that it emits red light for a time interval corresponding to 40% of one
      cycle of a pulse shown in FIG. 19. The high level signal is applied from
      the collector of the transistor 109 through the line 56 to the oscillator
      3. As a result, the tone of f.sub.1 is heard through the transducer 9 in a
      manner described above. Thus, the operator can detect the high level
      condition of the circuit under test. In this case, the operator can see
      red light at the head 104 of the probe assembly 101 so that he can also
      detect the high level state the point in the circuit under test.
      Therefore, the degree of precision in measurement or detection can be
      doubled.
PAR  During the low level state of the pulse, the current flows into the check
      point through the diode 21 and the resistor 22, whereby the base voltage
      of the transistor 23 is decreased. As a consequence, the transistor 23
      becomes non-conductive, and the collector output is increased and is
      applied to the base of the transistor 110 through the two NAND circuits 24
      and 25. Therefore the diode 103' is energized to emit green light. The low
      level signal is applied from the collector of the transistor 110 through
      the line 57 to the oscillator 4 so that the tone of f.sub.2 can be heard
      through the transducer 9. Thus, the operator can detect that the check
      point is in the low level state from both the tone of f.sub.2 and green
      light emitted through the head 104 of the probe assembly 101. In this
      case, green light is emitted for a time interval equal to 60% of one cycle
      of the pulse shown in FIG. 19.
PAR  When the repetitive pulses as shown in FIG. 19 are generated at the check
      point, red and green light are alternately emitted in the manner described
      above so that the mixed color can be observed. From the color appearing at
      the head 104, the operator can readily measure the duty cycle of the pulse
      train as 0.4 in the manner described in detail hereinabove. From the
      foregoing description, it is seen that the operator can detect the
      electrical condition at the check point in the circuit under test and the
      duty cycle of the pulse train if the electrical condition is the pulse
      train without moving his eyes. Thus the measurement or detection can be
      much facilitated.
PAR  Next two variations of the detector 2 will be described with reference to
      FIGS. 21 and 22, respectively.
PAR  All of the embodiments of the present invention are constituted by TTL
      (Transistor Transistor Logic) circuits or DTL Diode Transistor Logic)
      circuits, whose threshold voltage is of the order of 1.4 volts and output,
      of the order of 5 volts. It is seen therefore that other IC, ISI and
      transistor logic circuits can be used in the present invention without
      departing from the scope of the present invention. However, since the
      voltage levels are varied, the constants of the circuit components must be
      changed accordingly. The detector 2 shown in FIG. 2 also comprises TTLs or
      DTLs that is, resistors 115-121, transistors 122 and 123, diodes 124 and
      125 and inverters 126-128. It is clear that the inverters may be
      constituted by utilizing one input line of a NAND circuit, and that
      instead of the inverters, IC NAND circuits may be used. The voltage
      V.sub.R is so determined by the voltage dividing resistors 116 and 117 as
      to be equal to the threshold voltage (1.4 volts) of the inverters 126-128.
      The value of the resistor 118 is so high that the value of the resistor
      115 may be negligible. The transistors 122 and 123 of the resistor 115 may
      be negligible. The transistors 122 and 123 are emitter followers, and the
      base voltage of the transistor 122 is always equal to the emitter voltage
      of the transistor 123. When the probe 1 is out of contact, the base
      voltage of the transistor 122 is V.sub.R so that the emitter voltage of
      the transistor 123 is also V.sub.R. Therefore, the input to the inverter
      126 is V.sub.R minus the forward voltage drop (about 0.6 V in case of a
      silicon diode) of the diode 124 so that the output of the inverter 126 is
      "1". Consequently the output of the inverter 127 is "0". On the other
      hand, the input to the inverter 128 is V.sub.R plus the reverse voltage
      drop across the diode 125 so that the output of the inverter 128 is "0".
      Therefore, the transducer remains silent.
PAR  When the probe 1 detects a high voltage level V.sub.1, the base voltage of
      the transistor 122 becomes substantially equal to the high voltage level
      V.sub.1 since the resistor 118&gt;&gt; resistor 115. Therefore when V.sub.1 -
      V.sub.R &gt; V.sub.D, the input to the inverter 126 becomes "1". The output
      of the inverter 127 becomes "1", whereas the output of the inverter 128
      remains "0". When the probe 1 detects a low level voltage Vo, the input to
      the inverter 128 becomes "0", whereas its output, "1" when V.sub.R - Vo &lt;
      V.sub.D. The output of the inverter 127 is "0".
PAR  The circuit shown in FIG. 22 is adapted to detect three discrete levels or
      values in a ternary logic circuit which has been found wide applications
      in many fields. Whereas the binary logic uses only two discrete values "0"
      and "1", the ternary logic uses "+", "-", and " " to effect the arithmetic
      operations, controls and the like.
PAR  The three-discrete value detector shown in FIG. 22 comprises resistors
      129-134, transistors 135 and 136, a Zener diode 137, diodes 138 and 139,
      inverters 140-147, and NAND circuits 148-151. The voltage Vcc  applied to
      the collector of the transistor 135, to the emitter of the transistor 136
      and to the resistor 130 is so selected as to have a value different from
      the three discrete values. (In the instant embodiment, Vcc is higher than
      the three discrete values). As in the case of the circuit shown in FIG.
      21, the resistor 130 &gt;&gt; the resistor 129. When the probe 1 is out of
      contact, the base voltage of the transistor 135 is substantially equal to
      Vcc so that the emitter voltage of the transistor is also substantially
      equal to Vcc. When Vcc - V.sub.z &gt; V.sub.T (where Vz = zener voltage of
      the diode 137, and V.sub.T = threshold voltage, about 1.4 volts in the
      instant embodiment), the output of the inverter 140 becomes "0".
      Therefore, all of the output of the inverters 143, 145 and 147 become
      "0s". When the probe detects the positive voltage V.sub.1, the base
      voltage of the transistor 135 becomes almost V.sub. 1 since the resistor
      130 &gt;&gt; resistor 129. Therefore, when V.sub.1 - V.sub.Z &lt; V.sub.T the
      output of the inverter 140 becomes "1". As a result, the NAND circuits
      149, 150 and 151 are opened. When V.sub.1 - V.sub.D &gt; V.sub.T the signals
      pass through the inverters 141 and 142 and the NAND circuit 149 so that
      the output of the inverter 143 becomes "1". Since the input to the
      inverter 144 is "1", the output of the inverter 145 is "0". Since the
      input to one terminal a of the NAND circuit 148 is "0", the output of the
      inverter 147 is "0".
PAR  When the negative voltage Vo is detected by the probe 1, the output of the
      inverter 140 becomes "1". Since the input to the inverter 141 is "0", the
      output of the inverter 143 is "0". In this case the input to the inverter
      144 is "0" so that the output of the inverter 145 becomes "1". Since the
      input to the other input terminal b of the NAND circuit 148 is "0", the
      output of the inverter 147 is "0". When the voltage   V at   level is
      detected by the probe 1, the input to the inverter 138 becomes "0" when V
      - V.sub.T, and the output of the inverter 141 becomes "1". Since V  +
      V.sub.D V.sub.T, the input to the inverter 144 is "1". As a result, the
      inputs "1s" are applied to the input terminals a and b of the NAND circuit
      148 so that the output of the inverter 147 is "1", whereas the outputs of
      the other inverters 143 and 145 are "0s".
PAR  The audio type electronic circuit test equipment described above is
      superior to the prior art equipment in its simplicity in construction and
      operation and in its reliability in test or measurement, and is very
      advantageous in practice. Furthermore, the defect of the audio type
      electronic circuit test equipment can be overcome by the provision of the
      display device of the type described above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Logic level test equipment comprising:
PA1  a probe for sensing electrical signals from a digital circuit under test,
PA1  a probe body having a head portion and having said probe mounted at said
      head portion,
PA1  detecting means having an input coupled to said probe for detecting the
      level of said signals,
PA1  illuminating means disposed at said head portion of said probe body for
      illuminating a desired portion of the digital circuit under test,
PA1  control means coupled to said detecting means and responsive to an output
      therefrom for energizing said illuminating means when said probe is in a
      non-contact condition with the digital circuit under test, and for
      deenergizing said illuminating means when said probe contacts the digital
      circuit,
PA1  gate means having a first output, and having first and second inputs, said
      first input being coupled to said detecting means,
PA1  oscillator means connected to said second gate means input for providing an
      audio signal at said output of said gate means in response to the
      application of signals from said detecting means to said first input of
      said gate means, and
PA1  electroacoustic transducer means coupled to said gate means output for
      converting said audio signal into audible signals.
NUM  2.
PAR  2. Logic level test equipment as set forth in claim 1 wherein said control
      means for energizing and de-energizing said illumination means includes a
      gate coupled between said detector means and said illuminating means for
      applying an energizing signal to said illuminating means only when said
      detecting means does not detect a signal from said probe.
NUM  3.
PAR  3. Logic level test equipment as set forth in clam 1, further comprising
      manually operable switch means for energizing said illuminating means
      independently of said control means.
NUM  4.
PAR  4. Electronic circuit test equipment comprising a probe for sensing
      electrical signals from a circuit under test,
PA1  detecting means connected for receiving said electrical signals from said
      probe and for detecting the level thereof,
PA1  a first detected signal converting means coupled to said detecting means
      for being triggered in response to a variation in level of the output from
      said detecting means, a second detected signal converting means coupled to
      said first detected signal converting means for being triggered in
      response to a variation in level of the output from said first detected
      signal converting means,
PA1  a first oscillator means for providing an output signal when the signal
      from said detecting means is at a predetermined high level, a second
      oscillator means for providing an output signal when the signal from said
      detecting means is at a predetermined low level,
PA1  a first OR gate having a first input terminal coupled to said detecting
      means for receiving said predetermined high level signal, and having a
      second input terminal coupled to the output of one of said first and
      second detected signal converting means, a second OR gate having a first
      input terminal coupled to said detecting means for receiving said
      predetermined low level signal, and having a second input coupled to the
      output of either of said first and second detected signal converting
      means,
PA1  a first AND gate having a first input coupled to the output of said first
      OR gate and a second input coupled to said first oscillator means, a
      second AND gate having a first input coupled to the output of said second
      OR gate, and a second input coupled to said second oscillator means,
PA1  a third OR gate having first and second inputs coupled respectively to the
      outputs of said first and second AND gates, a third AND gate having first
      and second inputs coupled respectively to the output of said third OR gate
      and the output of either of said first or second detected signal
      converting means, and
PA1  electroacoustic transducer means which is driven by said third AND gate
      means, whereby a plurality of electrical conditions in the circuit under
      test can be converted into a plurality of tones of different frequencies
      audible to an operator.
NUM  5.
PAR  5. Logic level test equipment comprising a probe for sensing electrical
      signals from a circuit under test,
PA1  detecting means connected for receiving said electrical signals from said
      probe and for detecting the level thereof and for providing predetermined
      high and low level output signals in response to said electrical signal, a
      first detected signal converting means coupled to said detecting means for
      being triggered in response to a variation in level of the output from
      said detecting means, a second detected signal converting means for being
      triggered in response to a variation in level of the output from said
      first detected signal converting means,
PA1  a switching circuit having inputs coupled to said detecting means and to
      said first and second detected signal converting means, said switching
      circuit having an output for providing variations in voltage in response
      to signals at said inputs thereof,
PA1  oscillator means having an input coupled to said switching circuit output
      for providing an output signal which varies in frequency in response to
      said variations in output voltage from said switching circuit,
PA1  And gate means having an output, a first input coupled to said oscillator
      means, and a second input coupled to said detecting means for coupling
      said oscillator means output to said AND gate means output in response to
      the presence of signals detected by said detecting means, and
PA1  electroacoustic transducer means connected for being driven by said AND
      gate means, whereby a plurality of electrical conditions in the circuit
      under test can be converted into a plurality of the tones of different
      audible frequencies.
NUM  6.
PAR  6. Logic level test equipment as set forth in claim 5, wherein
PA1  said switching circuit includes a primary time delay filter connected to
      said oscillator means fo continuously changing the oscillator frequency of
      said oscillator said in response to predetermined signals sensed by said
      probe.
NUM  7.
PAR  7. Logic level test equipment as set forth in claim 6, further comprising
      OR gate means having an output terminal, and a pair of inputs coupled
      respectively to receive said predetermined high and low level signals from
      said detecting means, and illumination means connected to be energized by
      the output of said OR gate means.
NUM  8.
PAR  8. Logic level test equipment as set forth in claim 7, wherein said probe
      has a forwardly disposed head portion, and wherein said illumination means
      is disposed in said head portion of siad probe.
NUM  9.
PAR  9. Logic level test equipment as set forth in claim 7, wherein
PA1  a manually operable switch is mounted on said probe and connected to said
      illumination means to permit energization and de-energization of said
      illumination means.
NUM  10.
PAR  10. Logic level test equipment as set forth in claim 9, further comprising
      an OR gate circuit having a first input terminal connected to one end of
      said switch, having a second input terminal connected to the output
      terminal of said OR gate means, and having an output terminal connected to
      said illumination means.
NUM  11.
PAR  11. Logic level test equipment comprising:
PA1  a probe for sensing electrical signals in a circuit under test,
PA1  a probe body having a head portion and having said probe mounted at said
      head portion,
PA1  detecting means coupled to said probe and including a first stage for
      detecting electrical signals of a predetermined first level, first
      illumination means connected to the output of said first level signal
      detecting stage, a second stage for detecting electrical signals of a
      predetermined second level, and second illumination means connected to the
      output of said second level signal detecting stage for emitting light
      having color of wavelength different from that of said first illumination
      means, said first and second illumination means being mounted at said head
      portion of said probe body,
PA1  manual switch means mounted on said probe body and coupled to said first
      and second illumination means for operation to cause both said
      illumination means to emit light independently of said first and second
      detecting means signals,
PA1  gate means having an output and having first and second inputs, wherein
      said first input is coupled selectively to one of said first and second
      stages of said detecting means,
PA1  oscillator means having an output coupled to said second input of said gate
      means for providing an audio frequency signal for coupling through to said
      gate means output when said signal from said detecting means is applied to
      said first gate means input, and
PA1  electroacoustic transducer means coupled to said gate means output for
      converting said audio signal into an audible tone.
NUM  12.
PAR  12. Logic level test equipment as set forth in claim 11 wherein the
      combination of color wavelengths emitted by said first and second
      illumination means varies in response to variations in the duty cycle of
      pulses sensed by said probe, and further comprising color code means
      disposed on said head portion of said probe for comparison with said
      combination of color wavelengths to index said duty cycle variations.
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PAL  A resistivity measuring head comprising a body portion and a replaceable
      nose portion. The body portion contains a plurality of spring-loaded pins
      located for axial movement in aligned plain openings in a pair of spaced
      guide plates, and the nose portion contains a number of probes, one for
      each pin, each precisely mounted in a pair of precisely aligned jewel
      bearings. The pins bear against one end of the probes for applying an
      axial working force thereto. Electrical connections are made to the probes
      either through the intermediacy of the pins or through a plug and socket
      arrangement wherein the probes are connected to plug pins carried by the
      nose piece and adapted for engagement with sockets in the body portion.
BSUM
PAR  This invention relates to resistivity measuring heads for use in the
      measurement of the resistivity of materials such as, for example, are used
      in the manufacture of semiconductor and thin film devices.
PAR  In the manufacture of semiconductor devices it is generally necessary,
      before any necessary processing of a semiconductor material can be
      effected, to determine by measurement the resistivity of the material.
      Such resistivity measurement is generally effected by lowering onto the
      surface of the material a resistivity measuring head which contains a
      plurality of probes which are spring-biassed to make electrical contact
      with the material. The probes are electrically insulated from one another
      and are spaced by predetermined distances so that in use of the
      resistivity measuring head an electric current can be passed via the
      probes through the material to determine the resistance which the material
      presents between the probes, the resistivity of the material then being
      calculated by known methods. In a typical resistivity measuring head there
      may be for example three probes which are arranged in a line or at the
      apices of a triangle, or there may be four probes which are arranged in a
      line or at the corners of a square. Even more probes may be provided for
      special purposes.
PAR  It is a primary requirement of such resistivity measuring heads that the
      positional accuracy of the probes be determined to a high degree and be
      maintained for a reasonable period throughout the use of the head when it
      is subjected to wear. For the purpose of illustration, the probe tip
      spacings are commonly of the order of 0.025 inches to 0.062 inches and,
      for accurate measurement, spacing tolerances much in excess of .+-.0.00025
      inches are not acceptable. In order to obtain tolerances of this order,
      horological techniques have been applied to the problems of supporting the
      probes, previous attempts to support the probes in simple plastics guides
      having proven totally unsatisfactory.
PAR  In one well known resistivity measuring head, the probe needles are
      relatively long (e.g., 1 inch) and are each supported adjacent their ends
      in two spaced guide plates through which they pass and relative to which
      they have a limited range of axial movement. For obtaining and maintaining
      the desired degree of positional accuracy of the probe tips, the guide
      plate at the front or lower end of the probe needles (i.e., the end which,
      in use, will contact the specimen) is precisely formed with jig-bored
      holes each accommodating a jewel bearing which supports a probe needle.
      The rear or upper guide plate, i.e., the guide plate at the other end of
      the probe needles, is a jig-bored plastics (e.g., PTFE) plate. It will be
      appreciated that the relative substantial length of the needles enables a
      less precise construction of the rear guide plate to be tolerated.
PAR  During use of resistivity measuring heads, the pointed ends of the probes
      become worn and eventually it becomes necessary either for the complete
      measuring head to be replaced, or for it to be reconditioned by the
      fitting of new probes and guide plates, such reconditioning generally
      necessitating the return of the measuring head to the manufacturer or to
      his service agent.
PAR  The present invention proposes the provision of a resistivity measuring
      head having a disposable nose portion which contains relatively short
      (e.g., 0.2 ins) straight probe tips mounted in precisely formed and
      located holes by means of jewel bearings, each probe tip being supported
      by means of a pair of spaced jewel bearings and being capable of a limited
      amount of axial movement, the body of the head (i.e., the part of the head
      to which, in use, the nose portion is attached) having, for each probe
      tip, a relatively long (e.g., 1.0 ins) spring-loaded pin mounted for
      limited axial movement, for example in a pair of spaced guides, and
      arranged so as, in use of the head with the nose portion attached, to bear
      at one end upon one end of a respective probe tip so as to apply thereto
      the requisite operational spring bias.
PAR  This invention thus resides in the realisation that an improved resistivity
      measuring head can be provided by dividing each probe into two separate
      parts: a first relatively short part forming a probe tip which is retained
      in a pair of accurately positioned and aligned jewel bearings, and a
      second part forming a pin which serves only to apply spring bias to the
      probe tip and to make electrical contact therwith and is not involved in
      the positional guidance of the probe tip and therefore can be less
      accurately positioned and can be mounted in simple bearings (e.g., holes
      in guide plates) which need not be jewelled and can therefore be
      relatively inexpensive. Such an arrangement permits the use of a nose
      portion for the resistivity measuring head which contains all of the probe
      tips and jewel bearings therefor and which, when the probe tips are worn,
      can be discarded and simply replaced with a new nose portion from stock.
PAR  The present invention extends not only to the provision of an improved
      resistivity measuring head as above defined, but also extends to
      replacement nose portions for use therewith.
PAR  The present invention obtains a significant advantage, over and above the
      significant advantage of enabling ready replacement of the probe tips, by
      virtue of the fact that the pins do not take any part in the precise
      location of the probe tips, but merely serve to apply spring pressure
      thereto and to make electrical contact therewith, and therefore do not
      themselves require to be positioned with any special orientation so long
      as they serve their function. As has been mentioned previously herein, it
      is common to use different probe spacings and different probe
      orientations, e.g., collinear, triangular or rectangular; for a set number
      of probes, it is possible, by virtue of this invention, to use nose
      portions with different probe spacings and orientations in conjunction
      with the same head body portion merely by arranging the orientations of
      the pins to be adjustable to suit different probe configurations. One way
      of arranging this is to mount the pins in spaced guide plates, the pins
      passing through respective holes in each of the plates and their
      orientation being determined by the positions of the holes in the front
      plate (i.e., the plate nearer to the nose portion, in use of the head)
      relative to those in the back plate which are formed to permit pivotal
      movement of the pins thereabout; merely by replacing the front plate, the
      pin configuration can be changed to adapt to a different probe
      configuration. Another advantage is achieved in that, despite the fact
      that the probe spacings are very small, the back ends of the pins can be
      spaced apart a more reasonable distance having regard to the need to
      spring bias the pins and apply electrical conductors thereto.
DRWD
PAR  The invention will best be understood from the following description with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 shows in section part of a known type of resistivity measuring head;
PAR  FIG. 2 shows in section by way of example only a resistivity measuring head
      according to a preferred embodiment of the present invention;
PAR  FIGS. 3 to 6 show in section and to an enlarged scale alternative forms
      which the replaceable nose portion of the resistivity measuring head of
      FIG. 2 may take; and
PAR  FIG. 7 shows yet another form of the replaceable nose portion with a
      different arrangement for making electrical connection to the probes.
DETD
PAR  Throughout the drawings the same reference numerals are used to denote like
      parts.
PAR  Referring to FIG. 1, there is shown therein part of a known type of
      resistivity measuring head which comprises a housing having a generally
      cylindrical hollow body 1, to which is screwed by means of screws such as
      the screw 2 an upper guide plate 3, and a nose portion 4 which is also
      screwed to the body 1 by means of screws such as the screw 5. The housing
      is supported by a member 6 to which the body 1 is secured by means, e.g.,
      screws, not shown.
PAR  A plurality of probes, only one of which referenced 7 is shown, extend
      through the hollow body 1 and each probe is supported for reciprocal
      movement along its axis by a bearing 8 provided in the upper guide plate 3
      and by a jewel bearing 9 provided in the nose portion 4, which thus serves
      as a lower guide plate for the probes. Each probe has a pointed lower end
      10 which protrudes from the nose portion 4 for making contact with the
      surface of a material the resistivity of which is to be measured, and the
      upper end of each probe extends above the upper guide plate 3.
PAR  Each probe is biassed downwardly by a respective spring 11 having an
      insulating pad 12 which engages the upper end of the probe, and an
      electrical connection is made to the upper end of each probe via a
      respective phosphor bronze ligament 13 soldered to the probe. A cover 14
      is provided over the upper ends of the probes, the springs 11 and the
      ligaments 13, and the lowermost surface of the nose portion 4 has an
      insulating pad 15 to prevent the nose portion 4 from making electrical
      contact in operation with the material the resistivity of which is being
      measured.
PAR  Referring now to FIG. 2, there is shown therein a resistivity measuring
      head which is in accordance with a preferred embodiment of this invention.
      As in the known measuring head described with reference to FIG. 1, the
      measuring head shown in FIG. 2 comprises a housing supported by a number 6
      and having a body 1 and a nose portion 4. The measuring head shown in FIG.
      2 also has a cover 14, springs 11 with insulating pads (e.g., of PTFE) 12,
      and connecting ligaments 13 as for the measuring head shown in FIG. 1. As
      can be seen in FIG. 2, electrical connections are made to the ligaments 13
      and hence to the probes by a lead 16 and a terminal block 17. The terminal
      block 17 also serves as a mounting for the springs 11, the bias of each of
      which can be adjusted by a respective screw 18 provided on the terminal
      block 17.
PAR  In the resistivity measuring head shown in FIG. 2 each of the plurality of
      probes which extend through the body 1 is constituted by two parts, a pin
      19 and a probe tip 20. By way of example the pin 19 could be of gold
      plated steel and the probe tip 20 could be of tungsten carbide. As can be
      seen in FIG. 2, each pin 19 is guided for reciprocal movement along its
      length by an upper guide plate 3 which is screwed to the body 1 by means
      of screws such as the screw 2 and by a lower guide plate 21 which is also
      screwed to the body 1 by means of screws which are not shown. Both of the
      guide plates 3 and 21 may, for example, be of glass loaded PTFE. As can be
      seen in FIG. 2, jewel bearings are not provided in either of the guide
      plates 3 and 21. The upper end of each pin 19 extends above the upper
      guide plate 3 and is engaged by the insulating pad 12 of the respective
      spring 11 and has soldered thereto the respective ligament 13. The lower
      end of each pin 19 terminates in a tapered portion 22 below the lower
      guide plate 21.
PAR  All of the plurality of probe tips are supported for reciprocal movement
      along their lengths in the nose portion 4 by pairs of jewel bearings,
      e.g., of ruby, 23 and 24 provided in the nose portion 4. As will be more
      fully described below, each probe tip 20 is provided with a collar (not
      shown in FIG. 2) which prevents the probe tip from being removed from or
      falling out of its supporting bearings. The nose portion 4 is screwed,
      through holes provided in the lower guide plate 21, to the body 1 by means
      of screws such as the screw 5. As in the arrangement of FIG. 1, the nose
      portion 4 carries an insulating pad 15, e.g., of PTFE, on its lowermost
      surface.
PAR  It will be appreciated from the above description and from FIG. 2 that each
      of the probe tips 20 is abutted and engaged at its upper end by the lower
      tapered end portion 22 of a respective one of the pins 19. To this end,
      the holes in the lower guide plate 21 are arranged to position the lower
      ends of the pins 19 directly above the upper ends of the probe tips 20.
      Although the positioning of the lower ends of the pins 19 may be achieved
      with relative inaccuracy, since the pins 19 are not carried in precision
      bearings in the guide plates 3 and 21 and the pins 19 may not be perfectly
      straight, this does not impair the accuracy of measurements made with the
      measuring head provided that the positions of the probe tips 20 are
      accurate, the lower ends of the pins 19 are substantially above the
      respective probe tips 20, and a good electrical contact is achieved
      between the pins 19 and the respective probe tips 20.
PAR  It will also be appreciated that when for example the probe tips 20 become
      worn, they can readily be replaced by a user of the resistivity measuring
      head simply by removing the screws 5, removing the nose portion 4, and
      screwing a replacement nose portion 4 into place. To facilitate such
      replacement and also for simplifying assembly or servicing of the
      resistivity measuring head the nose portion 4 and the guide plates 3 and
      21 may be provided with locating projections or recesses so that they can
      be oriented in only one position.
PAR  A disadvantage of the known type of resistivity measuring head as shown in
      FIG. 1 is that when the probes are arranged, for example, at the corners
      of a square it becomes difficult to provide a suitable arrangement of the
      springs 11 and ligaments 13 because of overlapping of these springs and
      ligaments. This disadvantage is obviated in the resistivity measuring head
      shown in FIG. 2, because in the latter measuring head the upper ends of
      the pins 19 can be maintained substantially collinear regardless of the
      particular orientation of the probe tips 20. This could be achieved for
      example by arranging the holes in the upper guide plate 3 through which
      the pins 19 extend to be collinear and making them slightly oversize to
      accommodate a degree of misalignment of the pins 19, this misalignment
      being brought about by positioning the holes in the lower guide plate 21
      through which the pins extend so that the lower ends of the pins 29 are
      substantially above the upper ends of the probe tips 20.
PAR  Purely by way of practical example, it is pointed out that the resistivity
      measuring head shown in FIG. 2 could have four pins 19 and four probe tips
      20. In such a case the holes in the upper guide plate 3 through which the
      pins 19 extend could be collinear and spaced apart by distances of 0.040
      inches. With suitable positioning of the holes in the lower guide plate
      21, the probe tips 20 could be collinear and spaced apart by distances of
      0.025 inches, 0.040 inches, or 0.062 inches, or they could be arranged at
      the corners of a square having sides 0.025 inches long. With such
      arrangements, the pairs of bearings 23 and 24 could be of ruby, each pair
      of bearings being a slight interference fit in a respective hole, in the
      nose portion 4, of 0.6 mm. diameter and 4 mm. long, each bearing having an
      internal diameter of 0.3 mm., this being the diameter of each probe tip
      20.
PAR  Referring now to FIGS. 3 to 6, there are shown therein to an enlarged scale
      alternative forms which the replaceable nose portion 4 of the resistivity
      measuring head of FIG. 2 may take, and these figures also better
      illustrate the arrangement of each probe tip 20. In these figures, the
      mounting holes in the nose portion 4 through which the screws such as the
      screw 5 shown in FIG. 2 extend are not shown.
PAR  FIG. 3 shows an arrangement in which the replaceable nose portion 4 has a
      removable central portion 25 in which the jewel bearings 23 and 24 are
      provided. The central portion 25 is held in position when the nose portion
      4 is attached to the body 1 of the resistivity measuring head by a sleeve
      or ring 26. FIG. 3 also shows the collar 27 which is provided on each
      probe tip 20 to prevent the probe tip from being removed from or falling
      out of its supporting bearings, and it shows that each tip 20 terminates
      at its lower end in a pointed portion 28, which is radiussed at its tip.
PAR  In the nose portion 4 shown in each of FIGS. 2 and 3 each hole in which a
      pair of jewel bearings 23 and 24 are accommodated may typically be about
      0.6 mm. in diameter and 4 mm. long. Whilst it is quite practical to drill
      holes of such diameters, the length of the holes is such as to make
      subsequent boring difficult. This difficulty is overcome by the
      arrangements of the nose portion 4 shown in FIGS. 4 to 6.
PAR  The nose portion 4 shown in FIG. 4 is similar to that shown in FIG. 2 with
      the exception that the lower central part of the nose portion 4 is
      recessed and a plate 29 is accommodated at the lower face of the recess,
      being retained there by a spun or swaged edge 30 on the nose portion 4.
      The jewel bearings 23 are accommodated in relatively short holes in the
      nose portion 4 above the recess and the jewel bearings 24 are now
      accommodated in the plate 29. The arrangement shown in FIG. 5 is similar
      to that shown in FIG. 4 except that the jewel bearings 24 are accommodated
      in the nose portion 4 and the jewel bearings 23 are accommodated in a
      plate 31, which like the plate 29 is retained by a spun or swaged edge 30.
      In the arrangement shown in FIG. 6, the nose portion 4 is completely
      hollow and both of the plates 29 and 31 are provided to accommodate the
      jewel bearings 24 and 23 respectively.
PAR  It will be appreciated that in the arrangements shown in FIGS. 4 to 6 any
      slight inaccuracy in the position of the plates 29 and 31 does not impair
      the accuracy of measurements, provided that the positions of the jewel
      bearings 23 relative to each other correspond exactly to the positions of
      the jewel bearings 24 relative to each other, so that the probe tips 20
      are all parallel to one another.
PAR  FIG. 7 shows yet another replaceable nose portion 4 but this time with a
      different arrangement for making electrical connection with the probes 20
      which does not rely upon the contact between the pins 19 and the probes
      20. Each probe 20 is, as in the previously described embodiments,
      supported in a pair of jewel bearings 23 and 24 and, additionally locates
      at its upper end in an opening formed in an electrically non-conductive
      guide plate 34. In conjunction with an electrically non-conductive rest
      plate 35, the guide plate 34 serves to hold captive a number of goldplated
      plug pins 33, one for each probe 20, which are electrically connected to
      the respective probes 20 by flexible ligaments 32. The plates 34 and 35
      may be secured to the nose piece 4 by screws 36 for example, it being
      appreciated that the plates, whilst they do provide a degree of support
      for the probes 20, do not figure in the accurate positioning of the
      probes. In the complete head, the plug pins 33 will mate with matching
      sockets provided in the body 1 of the head and connected with the
      input/output lead 16 by any suitable electrical connection.
PAR  It will thus be seen that in all of the forms of the replaceable nose
      portion 4 shown in FIGS. 2 to 7 the positions of the probe tips 20 can be
      very precisely controlled, and slight inaccuracies in the positions of
      other elements of the resistivity measuring head, e.g. in the positions of
      the lower ends of the pins 19, do not impair the accuracy with which
      resistivity measurements can be performed. The resistivity measuring head
      in accordance with the invention as described above can thus have an
      overall greater accuracy than can the known types of resistivity measuring
      head.
CLMS
STM  We claim:
NUM  1.
PAR  1. A resistivity measuring head comprising a body portion and a nose
      portion attachable to and detachable from the body portion, the nose
      portion having mounted therein a plurality of relatively-short straight
      probe tips supported parallel to one another for limited axial movement
      each by means of a pair of spaced jewel bearings fitted into a bore formed
      in the nose portion, one end of each probe tip being arranged to project
      from the nose portion for contacting a specimen the resistivity of which
      is to be measured, and the body portion having mounted therein, for each
      probe tip, a relatively long spring loaded pin capable of limited axial
      movement in the general direction of the axial extent of the probe tips
      and arranged so that, with the nose portion attached to the body portion,
      one end of each pin bears upon one end of the respective probe tip so as
      to apply thereto a spring bias.
NUM  2.
PAR  2. A resistivity measuring head as claimed in claim 1 wherein the pins are
      so mounted in the body portion as to enable the body portion to be used
      with different nose portions wherein the probes are differently located
      with respect to one another.
NUM  3.
PAR  3. A resistivity measuring head as claimed in claim 2 wherein the pins are
      mounted in corresponding apertures formed in a pair of spaced guide
      plates, and the apertures in the guide plate furthermost from the ends of
      the pins which bear upon the probe tips are formed to permit a degree of
      pivotal movement of the pins thereabout whereby to permit the pins to
      adopt different orientations determined by the relative locations of the
      apertures in the two plates.
NUM  4.
PAR  4. A resistivity measuring head as claimed in claim 1 wherein said probe
      tips are of the order of 0.2 inches in length as compared with said pins
      being of the order of 1.0 inch in length.
NUM  5.
PAR  5. A resistivity measuring head as claimed in claim 1 wherein said jewel
      bearings are ruby bearings, the probe tips are formed of tungsten carbide,
      and the pins are formed of gold-plated steel.
NUM  6.
PAR  6. A resistivity measuring head as claimed in claim 1 wherein means are
      provided in said nose portion for cooperation with complementarily shaped
      means in the body portion for making electrical connection in a plug and
      socket fashion with said probe tips.
NUM  7.
PAR  7. A nose portion as defined in claim 1 for use with a resistivity
      measuring head as claimed in claim 1.
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ABST
PAL  A device for sensing and indicating the direction of motion of a moving
      member. A discontinuity is formed on a moving member. Two sensors capable
      of detecting the discontinuity are spaced apart a distance less than the
      width of the discontinuity. Logic circuitry determines which sensor
      detection occurs before both sensors produce coincident detections. The
      sensor detection occurring before coincidence unambiguously indicates the
      direction of motion. A gating circuit produces an output signal for one
      direction of motion and a second signal for the opposite direction of
      motion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for sensing the direction of
      motion of a moving member such as a rotating shaft or a linear actuator.
      An output signal is generated for one direction of motion and a second
      output is generated for the opposite direction of motion.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Known devices for sensing the rotational direction of a shaft include DC
      and AC generators. The DC generator when coupled to a rotating shaft will
      generate a voltage whose polarity is dependent on the direction of
      rotation of the shaft. An AC generator type device described in U.S. Pat.
      No. 3,728,565 determines the direction of rotation by comparing the phase
      relationship of the voltages generated in the stator windings. Both the AC
      and DC types require that complex and costly rotors be attached to the
      rotating shaft for direction sensing. These complex rotors are generally
      large and cannot be easily retrofitted to existing machines. Since these
      sensing devices operate on induction principles, they usually have a
      limited speed range for operation. They will not operate at near zero
      rotational speeds nor at excessively high speeds. These devices are
      further limited to sensing only rotational motion.
PAR  A contacting type direction sensor is described in U.S. Pat. No. 3,120,655.
      The problem of contact wear and inability to operate over a large speed
      range are the shortcomings of this type system.
PAR  Other systems use the direction of change of the sensor output to determine
      direction of motion. These differentiation type systems are susceptible to
      produce false indications due to noise pulses on the sensor and supply
      lines. U.S. Pat. No. 3,614,616 is an example.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the invention to provide an economical apparatus to
      sense the direction of motion of a moving member.
PAR  A second object of the invention is to provide an apparatus that utilizes
      sensor level changes rather than the direction of change to logically
      determine direction of motion.
PAR  Another object of the invention is to provide a sensing apparatus that can
      utilize a wide range of sensor types.
PAR  Still another object of the invention is to provide sensing of a moving
      member over a large dynamic range from zero to the maximum speed of the
      moving member.
PAR  Yet another object of the invention is to provide a distinct output signal
      indicative of one direction of motion and another distinct signal
      indicative of the reverse direction of motion.
PAR  With these objects in view, the invention provides a motion sensing device
      including a member with at least one discontinuity on the member, a pair
      of sensors capable of producing a signal when the discontinuity is in
      proper alignment with the sensors, timing logic circuitry for determining
      the sequence in which the sensors detect the discontinuities and a gating
      circuit for producing signals to indicate the direction of motion of the
      member.
PAR  The discontinuity on the moving member is located so that its path of
      motion brings it within sensing proximity of each sensor. The width of the
      discontinuity is made greater than the spacing of the sensors thereby
      providing a member position in which each sensor simultaneously detects
      the discontinuity. In the case of rotational motion, the discontinuity is
      located in arcuate relationship to the center of rotation of the member.
PAR  The discontinuity may consist of a hole in the moving member, a magnet
      mounted on the member, an area of ferrous material in a nonferrous member,
      an area of different light transmissability in the member, an area of
      different reflectivity in the member or an indentation in the member. The
      sensor chosen will be capable of producing a detection signal when the
      discontinuity is in sensing proximity. The various sensors available to
      detect the listed discontinuities are well known in the art.
PAR  Prior to the coincident detection only one of the sensors will produce a
      detection if the member is moving in one direction and the other sensor
      will produce the prior detection if the member is moving in the opposite
      direction. The sensor detections are coupled to a logic circuit which
      performs the required logic operations to determine which sensor produced
      the detection prior to the coincident detections. Logic circuits
      consisting of AND gates and flip flops are used to perform this operation.
      The logic means may be pneumatic, fluidic, hydraulic, electro-mechanical
      or electronic since an equivalence can be constructed by those practicing
      the art. The logic waveforms thus generated are used to gate output
      signals on either of two output lines. Output signals are present on one
      output line if motion in one direction occurs and on the other output line
      if the reverse motion occurs. Since the output signals do not occur
      concurrently they may be summed to appear on a single output line with one
      signal polarity indicating one direction of motion and the opposite signal
      polarity indicating the opposite direction of motion.
PAR  The invention is not limited to having only one discontinuity on the moving
      member. Any number of discontinuities may be utilized as long as the
      relationship exists where one sensor will detect the discontinuity prior
      to coincident detection for motion in one direction and the other sensor
      will detect the discontinuity prior to coincident detection for motion in
      the opposite direction. The use of additional discontinuities will enable
      the continuous detection of motion of large linear mechanisms.
PAR  When the invention is applied to rotating shafts, the use of additional
      discontinuities will give additional pulse output signals for each
      revolution, thereby enabling the determination of the direction of motion
      for small angular displacements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating the functional elements of the
      invention.
PAR  FIG. 2 shows the output signals occurring at various points in the system
      illustrated in FIG. 1.
PAR  FIG. 3 is a plan view showing the relationship of a rotating member and
      sensors.
PAR  FIG. 4 is an electrical schematic diagram of a light sensor system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a direction sensing device in which the direction of motion of
      moving member 1 is sensed. A discontinuity 2 in member 1 is moved within
      sensing proximity of sensors 3 and 4. The sensors 3 and 4 are spaced to
      permit simultaneous detection of the discontinuity. The discontinuity
      width is made greater than the spacing width of the sensors. The sensor 3
      and sensor 4 detections are coupled through lines 5 and 6 into logic
      circuit 15 and particularly to detector 7 which produces a signal on line
      8 when the detections occur simultaneously. The output signal of
      coincidence detector 7 is coupled through line 8 to timing circuit 9. The
      sensor 3 and 4 detections are also coupled, through lines 5 and 6, to
      timing circuit 9.
PAR  Timing circuit 9 generates two signals from sensors 3 and 4 outputs and
      coincidence detector 7 output. The timing circuit 9 output coupled through
      line 10 to gating circuit 12 is an enable signal with the enable duration
      from the time of detection by sensor 3 to the start of exclusive detection
      by sensor 4. Exclusive detection is the period when only one sensor is
      producing a detection. The timing circuit 9 output coupled through line 11
      to gating circuit 12 is an enable signal with the enable period from the
      time of detection by sensor 4 to the start of exclusive detection by
      sensor 3.
PAR  Gating circuit 12 combines the enable signal, coupled through line 10, with
      the coincidence detector 7 output signal, coupled through line 8 to
      produce an output signal on line 14 whenever sensor 3 detection occurs
      prior to the coincidence detection, which occurs when member 1 moves in
      the direction indicated by the arrow in FIG. 1. Gating circuit 12 also
      combines the enable signal coupled through line 11 with the coincidence
      detector 7 output coupled through line 8 to produce an output signal on
      line 13 whenever sensor 4 detection occurs prior to the coincidence
      detection, which occurs when member 1 moves in the direction of the broken
      arrow in FIG. 1.
PAR  Referring to FIG. 2, waveform 20 represents the output signal of sensor 3
      and waveform 21 the output signal of sensor 4. The zero level indicates
      the time during which sensor detection occurs. The waveforms in FIG. 2
      when moving from left to right represent the signals generated by member 1
      in FIG. 1 moving in the direction indicated by the arrow. Waveform 22 is
      the output signal of coincidence detector 7 and represents the time when
      waveforms 20 and 21 are both at the zero level. Waveform 23 is the
      exclusive sensor 3 output occurring when only sensor 3 is producing a
      detection output. Waveform 24 is the exclusive sensor 4 output occurring
      when only sensor 4 is producing a detection output. The exclusive sensor
      signals are generated in timing circuit 9 and are used to generate the
      enable signals which are coupled into gating circuit 12. Waveform 25 is
      the enable signal and represents the time from the start of exclusive
      sensor 3 signal waveform 23 to the start of exclusive sensor 4 signal
      waveform 24. Waveform 26 is the enable B signal and represents the time
      from the start of exclusive sensor 4 signal waveform 24 to the start of
      exclusive sensor 3 signal waveform 23. When member 1 in FIG. 1 moves in
      the direction of the broken arrow, only the enable waveforms change and
      are represented by waveforms 27 and 28. The enable signals are combined
      with the coincidence signal in gating circuit 12 to produce output signal
      waveform 29. For member 1 motion in the direction of the arrow, waveform
      29 will appear at output 14. Motion of member 1 in a direction opposite to
      the arrow will produce waveform 29 at output 13.
PAR  FIG. 3 shows circular member 30 attached to rotating shaft 31. Three
      arcuate slots 32 are spaced equidistant on the circular member. The
      arcuate spacing between adjacent slots is greater than the arcuate length
      of the slots. A first sensor housing 33 is positioned to non-contactingly
      straddle member 30 with slots 32 passing within the arms of the housing. A
      light source 34 is located in the upper arm of housing 33 and a light
      detector 35 is located in the lower arm of housing 33. Source 34 and
      detector 35 are positioned so that a light conducting path exists between
      them when slot 32 is in proper rotational alignment with housing 33. A
      second sensor housing 36 also positioned to non-contactingly straddle
      member 30 has light source 37 located in the upper arm and a light
      detector 38 in the lower arm. Source 37 and detector 38 are positioned so
      that a light conducting path exists between them when slot 32 is in proper
      rotational alignment with housing 36. Housing 33 is spaced from housing 36
      a distance less than the length of slot 32 thereby permitting simultaneous
      energization of detector 35 by source 34 and detector 38 by source 37 when
      each slot 32 rotationally traverses housings 33 and 36. Each complete
      rotation of member 30 will result in three energizations for each
      sensor-detector pair. For the direction of rotation indicated by the
      arrow, the output signal of detector 35 in housing 33 is shown by waveform
      39. The output of detector 38 in housing 36 is shown by waveform 40. These
      waveforms when used in the system of FIG. 1 will produce output signals
      that unambiguously indicate the direction of rotation of member 30. Any
      number of slots may be put in the rotating member as long as the spacing
      relationships of slots and detectors do not produce ambiguous results.
PAR  In FIG. 4 electrical circuits are described to produce the functions of the
      elements of FIG. 1 using the rotational embodiment of FIG. 3. In some
      instances the logic elements of FIG. 1 are combined in the circuitry of
      FIG. 4 to minimize circuit components, however the logic performed in 15
      and 71 is identical. A first sensor 50 operates to produce an open circuit
      at line 51 when no light conducting path exists between the emitter and
      detector and a short circuit when a light conducting path exists between
      the emitter and detector of sensor housing 33 in FIG. 3. A second sensor
      52 operates similarly and produces either a short or open circuit at line
      53 through the operation of the emitter and detector of sensor housing 36
      in FIG. 3. The outputs of the sensors are processed by logic circuit 71.
      The output of sensor 50 is coupled through line 51 to Schmitt trigger
      circuit 54 where a non-inverted sensor 50 output is produced at line 56
      and an inverted sensor 50 output at line 55. In a similar manner Schmitt
      trigger 57 produces a non-inverted sensor 52 output at line 58 and an
      inverted sensor 52 output at line 59. AND circuit 60 combines the
      non-inverted output of sensor 50 and the inverted output of sensor 52 to
      produce an exclusive sensor 50 signal on line 61. AND circuit 62 combines
      the non-inverted output of sensor 52 and the inverted sensor 50 output to
      produce an exclusive sensor 52 output on line 63. FLIP FLOP circuit 64
      generates enable A signal on line 65 and enable B signal on line 66. AND
      circuit 67 combines the non-inverted sensor outputs 56 and 58 to produce
      the coincidence signal which is further combined with enable A signal to
      produce an output signal at 68 when sensor 50 of housing 33 produces an
      output signal prior to simultaneous detections by both sensors. Motion of
      member 30 in the direction of the arrow will result in an output signal
      being generated by AND circuit 67. AND circuit 69 also combines the
      non-inverted sensor outputs 56 and 58 to produce the coincidence signal
      which is further combined with enable B signal to produce an output signal
      at 70 when sensor 52 of housing 36 produces an output signal prior to
      simultaneous detections by both sensors. Motion of member 30 in the
      direction opposite to the arrow will result in an output signal being
      generated by AND circuit 69.
PAR  An output pulse will appear at either AND circuit 69 or AND circuit 67, but
      can never appear at both outputs simultaneously since the AND circuits are
      alternately driven by the FLIP FLOP.
PAR  In a typical installation at least one discontinuity is placed on a moving
      member and the pair of sensors positioned to sense the moving
      discontinuity. The sensors are spaced from each other a distance that will
      produce a simultaneous detection width equal to one half of the total
      sensor detection width. This will produce coincidence and exclusive
      detection pulses of equal time durations. The two directional output
      signals are then coupled to light indicating or alarm circuits which will
      then be energized by relative motion of the member in the proper direction
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A motion detection apparatus comprising;
PA1  a. a moving member having a discontinuity,
PA1  b. a first sensor positioned to detect the discontinuity and producing a
      first detection signal,
PA1  c. a second sensor positioned to detect the discontinuity producing a
      second detection system and spaced from the first sensor a distance that
      will enable the first and second sensors to simultaneously detect the
      discontinuity during a portion of their separate detections,
PA1  d. means for logically determining from the first and second detection
      signals the relative direction of motion of the moving member, the logic
      means having circuits that determine the direction of motion by
      determining which sensor detection occurs prior to the simultanwous
      detections, the circuits composed at a first Schmitt circuit responsive to
      the detection signal of the first sensor and producing a first
      non-inverted and a first inverted output signal, a second Schmitt circuit
      responsive to the detection signal level of the second sensor and
      producing a second non-inverted and a second inverted output signal, a
      first AND circuit having inputs coupled to the first non-inverted output
      and the second inverted output and producing an output signal that
      represents an exclusive first sensor output, a second AND circuit having
      inputs coupled to the second non-inverted output and the first inverted
      output and producing an output signal that represents an exclusive second
      sensor output, a flip flop cirucit having a first input coupled to the
      output of the first AND circuit and a second input coupled to the output
      of the second AND circuit and producing a first enable output signal for
      the time period between the first and second input signals and producing a
      second enable output signal for the time between the second and first
      input signals, a third AND circuit having inputs coupled to; the first
      enable output of the flip flop, the first non-inverted output of the first
      Schmitt circuit and the second non-inverted output of the second Schmitt
      circuit and producing a first directional output whenever the first sensor
      output occurs prior to simultaneous detection by both sensors, a fourth
      AND circuit having inputs coupled to; the second enable output of the flip
      flop, the first non-inverted output of the first Schmitt circuit and the
      second non-inverted output of the second Schmitt circuit and producing a
      second directional output whenever the second sensor output occurs prior
      to simultaneous detection by both sensors.
NUM  2.
PAR  2. The apparatus in claim 10 wherein the sensors produce detection outputs
      dependent on the relative position of the sensor and discontinuity.
NUM  3.
PAR  3. The apparatus in claim 1 wherein the discontinuity comprises a permanent
      magnet and the sensors are magnetic flux detecting devices.
NUM  4.
PAR  4. The apparatus in claim 1 wherein the discontinuity comprises an area
      having a light transmissability different from the moving member and the
      sensors are light detecting devices.
NUM  5.
PAR  5. The apparatus in claim 1 wherein the discontinuity comprises an area
      having a light reflectivity different from the moving member and the
      sensors are light detecting devices.
NUM  6.
PAR  6. The apparatus in claim 1 wherein the discontinuity comprises an
      indentation in the member and the sensors are fluidic devices.
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ABST
PAL  A citizens band transceiver assembly to be mounted on a motorcycle, or
      other similar vehicle, is provided which includes a bracket having a
      continuous tubular member configured to enclose a rectangular area, the
      bracket further having a base on which the tubular member is mounted, and
      a plurality of suction cups mounted on the underside of the base to mount
      the bracket on the top of the gasoline tank of the motorcycle. Belt
      fasteners are also secured to the base to receive the ends of a belt
      looped around under the gas tank, and which serves as a further support
      for the bracket on the motorcycle. A transceiver unit itself is supported
      on the tubular member by a hook and hand-operated lock which permit the
      unit to be held securely in place on the bracket, and yet to be readily
      removed from the bracket, when so desired.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Citizens band transceiver communication units have recently been provided
      for use on motorcycles, and similar vehicles. The present invention
      provides a simple assembly by which such transceiver units may be
      conveniently mounted on top of the gas tank of the motorcycle to be in an
      appropriate position for operation by the rider.
PAR  The assembly of the invention serves to hold the transceiver unit firmly
      and securely in place on the motorcycle without the need for tools or
      mounting holes. Yet, the transceiver unit may be readily removed from the
      bracket and the bracket may be easily and readily removed from the
      gasoline tank. The bracket is mounted in place on the motorcycle gasoline
      tank, and the citizens band transceiver unit is mounted on the bracket, as
      mentioned above, without the need for mounting holes, or the like, and
      without the need for any extraneous tools.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective representation of an assembly constructed in
      accordance with the invention, including a bracket to be mounted on the
      gasoline tank of a motorcycle, and a citizens band transceiver unit
      mounted on the bracket;
PAR  FIG. 2 is a top perspective view of the bracket assembly itself;
PAR  FIG. 3 is a bottom view of the transceiver unit showing the hooks and locks
      which are used to mount the unit firmly on the bracket of FIG. 2; and
PAR  FIG. 4 is a fragmentary view of a belt which serves to hold the bracket
      securely on the tank of a motorcycle.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The citizens band transceiver unit 10 in FIG. 1 may be mounted on the
      gasoline tank of a motorcycle by means of a mounting bracket 12, which is
      attached to the top of the gasoline tank by means of rubber suction cups
      13. An antenna 14 is mounted on the motorcycle by means of an appropriate
      bracket 16, and the antenna is electrically connected to the unit 10 by
      means of an electric plug 18. The antenna 14 may be a usual type of whip
      antenna, and it is connected to the plug 18 through a typical leadin
      conductor 15.
PAR  Power for the citizens band transceiver unit may be supplied from a battery
      20 which may be the conventional 12-16 volt storage battery incorporated
      into the motorcycle engine. Power is supplied to the transceiver unit
      through a plug and socket arrangement 24, 22. A microphone 26 is mounted
      on the helmet of the rider by means of an appropriate fitting plate 30,
      the microphone being adjustable with respect to his mouth. An earphone 28
      is also mounted in the helmet.
PAR  The microphone and earphone are connected to the transceiver unit through
      an appropriate plug and socket combination 34, 36. A remote push-to-talk
      switch 38 is mounted on the handlebars of the motorcycle by means of a
      bracket 39, and the switch may be connected to the transceiver unit
      through an electrical cable 40, and through the plug and socket
      combination.
PAR  The transceiver unit includes a usual power switch and volume control 42, a
      channel selector switch 44, a call button 46, and a squelch control 48.
      The call button 46, when depressed, causes a high frequency signal, in the
      form of a beep to be transmitted, so as to aprise a receiving station of a
      call. The squelch control 48 quiets the receiver between calls, and it is
      rotated by the operator until noise is eliminated in the receiver. The
      bracket 12 mounts the transceiver unit 10 on the gasoline tank of a
      motorcycle in an appropriate position for ready operation of the various
      controls by the rider, and in position for the appropriate mounting of the
      ancillary components associated with the transceiver unit.
PAR  The bracket assembly 12 includes a rod-like member 50 which extends around
      the periphery of the assembly and which is configured to enclose a
      rectangular area. A base 52 is secured to the tubular member 50 by
      welding, or other appropriate means, and it defines a pair of sides for
      the bracket. The transceiver unit 10 is supported on lugs 54 which are
      secured to the base 52 and which, as shown in FIG. 2, extend inwardly from
      the sides of the tubular member. The base 52 defines central slots in each
      side of the bracket for receiving the ends of a belt 60, the ends
      extending through appropriate belt fasteners 62. The ends may be drawn
      through the fasteners to tighten the belt 60 securely around the gasoline
      tank of the motorcycle, so that the belt aids the suction cups 13 in
      firmly retaining the bracket assembly 12 on the gasoline tank of the
      motorcycle. The belt 60 includes a spring biased tensioning clamp 61 (FIG.
      4).
PAR  It will be appreciated that the bracket 12 may be easily and simply
      removed, merely by releasing the fasteners 62, removing the ends of the
      belt 60 and by then releasing the suction cups 13. The unit 10 is clipped
      to the bracket assembly by an appropriate hook 64 and a sliding lock
      member 65 which are best shown in FIG. 3. The lock member 65 is coupled to
      an over-center spring 67, or it can be pulled out to an unlocked position
      to permit the unit 10 to be removed from the bracket 12; or it can be
      pushed in to a locked position in which the ears 65A of the lock clamp the
      transceiver unit on the corresponding lugs 54.
PAR  To mount the bracket 12 on the gasoline tank of a motorcycle, it is merely
      necessary to place the bracket on top of the tank, and depress it
      uniformly by hand so that the vacuum cups 13 can attach themselves to the
      upper surface of the tank. The belt 60 is then looped around under the
      tank and its ends inserted into the slots in the sides of the bracket 52,
      and into the fasteners 62. The ends of the belt can then be pulled tight
      in the fasteners, so that the belt securely assists the vacuum cups in
      holding the assembly on top of the gas tank.
PAR  The transceiver unit 10 may now be mounted on top of the bracket by hooking
      the hook 64 under one end of the rod-like member 52 of the mounting
      bracket and by pressing the unit 10 downwardly, and then pushing the
      sliding lock 65 inwardly until the unit 10 is firmly secured to the
      mounting bracket.
PAR  The transceiver unit 10 may easily be removed from the bracket 12, merely
      by pulling out the sliding lock 65 to detach the unit from the bracket.
      Likewise, the bracket 12 may easily be removed from the motorcycle
      gasoline tank merely by loosening the fasteners 62, removing the ends of
      belt 60, and releasing the vacuum cups 13.
PAR  The invention provides, therefore, an improved and simplified assembly for
      mounting a citizens band transceiver unit on the gasoline tank of a
      motorcycle.
PAR  It will be appreciated that although a particular embodiment of the
      invention has been shown and described, modifications may be made. It is
      intended in the claims to cover the modifications which come within the
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly to be mounted on the gasoline tank, or the like, of a
      motorcycle, or similar vehicle, said assembly including: a transceiver
      unit; a bracket including a base defining two sides spaced and essentially
      parallel to one another, a peripheral rod-like member attached to and
      surrounding said base and configured to define a rectangular area, a
      plurality of inwardly-extending lug members mounted on said base for
      supporting the transceiver unit, and vacuum cups mounted on the underside
      of the base for securing the assembly to the top of the gasoline tank; and
      means mounted on said transceiver unit for detachably mounting the unit on
      the base, said means comprising a hook mounted at one end of the
      transceiver unit and a slidable lock member mounted on the underside of
      the transceiver unit at the other end thereof and movable between a locked
      and an unlocked position, said rod-like member receiving the hook to
      attach the transceiver to the bracket, and the slidable lock member having
      side ears positioned to clamp the transceiver unit to the lugs when the
      lock member is in its locked position.
NUM  2.
PAR  2. The assembly defined in claim 1, and which includes a belt to be looped
      around the gasoline tank, and in which the base has slots in the two sides
      thereof for receiving the ends of the belt; and belt fastener means
      mounted on said base for receiving and securing the ends of the belt.
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ABST
PAL  This specification discloses a frequency synthesizer or phase-locked loop
      transceiver operating from a reference oscillator source, F.sub.REF. A
      single phase-locked loop system for the transceiver includes counter means
      located in a feedback path connected between a voltage controlled
      oscillator (VCO) and a digital phase detector. The counter is preset to a
      predetermined number N for generating a frequency representation
      ##EQU1##
      The counter means includes logic and decoding circuitry for automatically
      modifying the
      ##EQU2##
      signal representation by a factor M for generating a feedback signal
      F.sub.F, where F.sub.F is
      ##EQU3##
      The feedback signal representation
      ##EQU4##
      is applied to the digital phase detector for generating a transmit or
      receive signal .sup.F OUT, where .sup.F OUT = .sup.F REF .sup.(N .+-. M).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the communication field, and more particularly to
      a phase-locked transceiver system.
PAR  2. Description of Prior Art
PAR  Basically, receiver-transmitter or transceiver units available in the past
      employ either an analog mixer or a frequency synthesizer approach, the
      latter approach sometimes being referred to as a phase-locked loop scheme.
      Illustrative of the analog approach, a radio frequency signal is combined
      with an intermediate frequency signal in an analog mixer. However, the
      analog mixer can often introduce deleterious noise excursions into the
      system thus limiting the overall quality of transmission or reception.
PAR  A primary reason for employing phase-locked loop systems or frequency
      synthesizers is to minimize the noise spurious response problems
      associated with the analog approach. The phase locked loop system
      essentially employs a reference oscillator, digital detector, active
      filter network, and a voltage controlled oscillator. A digital counter is
      connected in feedback relation between the voltage controlled oscillator
      and the digital phase detector. The digital phase detector compares the
      reference oscillator signal with the output from the digital counter for
      producing an error voltage which is applied to the VCO. The VCO generates
      a signal which is fed to the counter in order to generate a digital
      correction signal for the digital phase detector. Ideally, the system will
      reach a steady state wherein the two signals applied to the digital phase
      detector, that is the reference signal and the signal from the feedback
      counter are of identical phase and frequency. In some known prior art
      approaches of this type, both the transmit and receive sections of the
      system required their independent phase-locked loop system. Accordingly, a
      transceiver required two phase-locked loops or used an analog mixing
      approach.
PAR  It has been suggested to employ a single phase-locked loop system for a
      transceiver. However, known approaches using a single phase-locked loop
      system still suffer a major drawback. When it is desired to generate
      different transmit and receive frequency signals, it is necessary first to
      manually set the desired receive frequency into the system and during
      transmit resetting to the desired transmit frequency. For example, in a
      duplex or repeater mode of operation with a transceiver it is desirable to
      receive at a first predetermined frequency and to transmit at a second
      predetermined frequency where the receive frequency is offset from the
      transmit frequency a predetermined amount. Prior Art approaches require a
      person to manually select the transmit frequency in order to generate that
      desired frequency, and thereafter manually select or dial another setting
      in order to obtain the receive frequency.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      phase-locked transceiver which is more economical, simpler to operate, and
      which contains a fewer number of components.
PAR  Another object of the present invention is to provide an improved
      phase-locked loop transceiver which is expandable, either by field wiring
      or memory implementation, in order to provide variable offset capabilities
      when used in a duplex or repeater mode.
PAR  Another object of the present invention is to provide a transceiver
      requiring only a single phase-locked loop which is capable of
      automatically providing any frequency offset from the digital number
      initially stored in the counter located in the feedback path.
PAR  In accordance with the aforementioned objects, the present invention
      comprises a transceiver having a single phase-locked loop system wherein
      the counter includes logic and decoding means for generating a control
      signal for the digital phase detector proportional to N .+-. M, where N is
      any desired digital number representative of a desired frequency and M is
      any desired digital number representative of a frequency offset. The
      entire system is in turn responsive to the feedback control signal for
      generating any desired transmit or receive signals, F.sub.OUT, where
      F.sub.OUT = F.sub.REF (N .+-. M).
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a block diagram of the overall transceiver system.
PAR  FIG. 2 illustrates a block diagram of the digital counter subsystem and its
      associated logic and decoding circuitry, generally shown in FIG. 1.
PAR  FIG. 3 illustrates one embodiment of the digital offset counter subsystem
      generally shown in FIG. 2 in block diagram.
PAR  FIG. 4 illustrates another embodiment of the digital offset subsystem
      generally shown in FIG. 2 in block diagram, and which further includes a
      read only memory (ROM) for universally expanding the offset capability of
      the overall system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now referring to FIG. 1, it illustrates the general block diagram of the
      overall system it includes a reference oscillator 10 which generates a
      frequency reference signal F.sub.REF which is applied to a digital phase
      detector 12 by means of line 14. A suitable phase detector for the
      embodiment shown herein is commercially available and is designated by
      Motorola Part No. MC4044. In a conventional manner, the digital phase
      detector 12 compares the F.sub.REF signal with the signal received on its
      other input line 13 and generates an error voltage which is applied to a
      voltage controlled oscillator 16 (VCO) by means of the active filter
      circuit comprising resistor 18, operational amplifier 20, resistor 21, and
      capacitor 23. The VCO 16 provides an output signal F.sub.OUT on line 22
      connected to the transceiver 24. Signal F.sub.OUT is also applied to a
      digital offset counter subsystem means 26 by way of line 27.
PAR  FIG. 2 illustrates in greater detail the basic components of the digital
      offset counter 26 and includes a program frequency load section 28 for
      writing the predetermined digital number N into a counter 32 by means of a
      plurality of lines schematically illustrated at 33. The output from the
      counter 32 is applied by means of a plurality of lines 34 to an offset
      logic section 36. A load command or counter write signal is generated in
      the offset logic section 36 and applied to counter 32 by means of line 38.
      The line 27 receives the F.sub.OUT signal from the VCO 16 which in
      conjunction with the load command signal received on line 38 controls the
      counting operation of counter 32. Counter 32 generates an output signal on
      line 39 and applies it to one of the input terminals 40 of phase detector
      12. The output feedback signal representation on line 39 is
      ##EQU5##
PAR  In a conventional manner, the transceiver section 24 further includes means
      to receive a signal via antenna 42 connected to the receiver mixer 43. In
      a receive mode of operation, the F.sub.OUT signal generated on line 22 is
      combined with a radio frequency signal F.sub.R received by antenna 40 and
      applied to a receiver unit 41 and combined in mixer 42 to produce an
      intermediate frequency which is applied to the intermediate
      frequency/audio section 44 and speaker 46 by means of line 48. Similarly,
      in a transmit mode of operation, the signal F.sub.OUT is applied to the
      transmitter section 50 by line 54 and amplified for generating a signal
      F.sub.T which is applied to antenna 42. The antennas 40 and 52 are usually
      the same structure with suitable switching for selecting the F.sub.R or
      F.sub.T mode.
PAR  Now referring to FIG. 3, it illustrates a specific implementation of the
      digital offset counter subsystem 26 shown in FIGS. 1 and 2. This
      embodiment is capable of generating a predetermined output frequency
      F.sub.OUT for either simplex or duplex modes of operation. This system is
      capable of operating in the following four different modes: transmit
      duplex, T.sub.D ; transmit simplex, T.sub.S ; receive duplex, R.sub.D ;
      and receive simplex R.sub.S. In all receive modes, a switch 60 is
      disconnected from terminal 62 so as to place a logic high or binary one
      level on line 64, and to simultaneously place line 66 at a logic low or
      binary zero level by means of the voltage source +V connected to terminal
      68, resistor 70, and inverter 72. In all transmit modes of operation,
      switch 60 is connected to terminal 62 so as to raise line 66 to a logic
      high or binary one state and simultaneously place line 64 to a logic low
      or binary zero state. Switches 70 and 72 are selectively moved to contact
      one of the terminals 74 or 76 and 78 or 80 in order to further select
      either T.sub.D or T.sub.S and R.sub.D or R.sub.S mode of operation. A
      plurality of logic level biasing resistors 82, 84, 86, and 88 are
      connected to terminals 74, 76, 78, and 80, respectively. A plurality of
      NAND gates 90, 92, 94, and 96 are connected to terminals 74, 76, 78, and
      80 by means of lines 97, 98, 99, and 100, respectively.
PAR  The number N is selectively loaded into a plurality of separate counter
      stages 102, 104, 106, and 108 by means of their associated plurality of
      input lines generally designated at 110. In the specific operational
      example hereinafter described, a number representing a transceiver
      frequency of 55.55MHz is loaded into the plurality of counter stages in
      binary format, with counter 108 containing the most significant digit.
      Thus, the binary designations, as indicated in FIG. 3, are applied to the
      respective plurality of input terminals 110 in order to store N = 5555
      therein. In this embodiment, counter stage 108 is constituted by a binary
      counter capable of counting between 0 to 15 in binary notation. The other
      stages 102, 104, and 106 comprise binary code decimal (BCD) counters
      capable of counting in binary coded decimal notation from 0 to 9. However,
      this is not a limitation on the present invention and the counters can be
      implemented in numerous configurations to handle a N number of ay
      magnitude and any binary format such as BCD, octal, hexidecimal. The
      specific implementation described herein is for purposes of simplicity and
      ease of explanation
PAR  The digital representations received by the plurality of input terminals
      110 are asynchronously loaded into the plurality of counter stages by
      means of a line command or write control signal applied to node 116 by
      means of line 118. This line was previously shown in FIG. 2 as line 38.
      Subsequent to the digital information being loaded into the plurality of
      counters 102, 104, 106, and 108 and upon the coincidence of the next VCO
      signal received at terminal 120, the least significant counter stage 102
      begins counting. After counting to a binary coded decimal 9 notation all
      states of counter 102 reside in a binary zero state and a signal is
      applied to output line 122. A circular schematic designation 124 existing
      at the output of counter 102 indicates a logical invert function and thus
      a carry output signal generated from counter 102 onto line 122 will be
      logically low or enabled during a count carry condition from counter 102.
      Similarly, counter 104 supplies a logic low count start or carry enable
      signal to counter stage 106 by means of line 126, and counter 106 supplies
      a count initiate signal to counter 108 by means of line 128 in a manner
      similar to that described with respect to counters 102 and 104.
PAR  Counter 104 selectively generates logical representations A, B, and C on
      its respective output lines 130, 132, and 134, respectively. These output
      lines provide gating signals to AND gate 136 connected thereto. Thus, an
      output binary 1 signal is generated on output line 138 when the output
      terminals to AND gate 136 reside in a C.sup.. B.sup.. A logical state,
      otherwise AND gate 136 is disabled.
PAR  Similarly, counter stage 106 provides logical signals A, B, C, and D on
      output lines 140, 142, 144, and 146. An AND gate 148 is connected to
      receive the A, B, C digital representations from counter 106. The other
      input terminal to AND gate 148 is connected to the output terminal of AND
      gate 152. Thus, AND gate 148 is enabled to provide a binary 1 or logic
      high signal on its output line 150 is in a binary 1 or high state and
      lines 140, 142, and 144 are in a A, B, and C, logical state, respectively.
PAR  An OR circuit 160 is connected at its input terminals to receive the
      logical signals generated on lines 140, 142, 144, and 146. Similarly, the
      OR circuit 160 is adapted to receive the A, B, C, and D generated on
      output lines 162, 164, 166, and 168 from counter stage 108. Similarly, the
      AND gate 152 is connected at its input terminals to the output lines from
      counter 108 and is enabled to provide a binary 1 or high output signal on
      line 150 for a A, B, C, and D logical state of counter 108. The output
      signal from OR gate 160 is applied by means of line 170 as an input to
      NAND gate 90. Also, NAND gate 90 is connected to receive logical input
      signals at its input terminals via lines 97 and 138. The center input
      terminal of NAND gate 94 is connected to the output of AND gate 136 by
      means of line 174, and its right-hand input terminal is connected to
      terminal 78 by means of line 99. Common line 180 connects the output of
      AND gate 148 to input terminals of NAND gates 94 and 96. Also, NAND gate
      96 is connected to the output line 126 of counter 104 by means of line
      182. Line 199 connects the output of counter 108 to NAND gate 92. The
      output terminals of NAND gates 90, 92, 94, and 96 are connected by common
      line 184 to wire OR'ed logic gate 186 in order to provide a pulse output
      at node 200. Node 200 is connected to the counter output terminal 202
      which corresponds to terminal 39 shown in FIGS. 1 and 2 and it receives a
      generated pulse signal
      ##EQU6##
PAR  Now referring to FIG. 4, it illustrates a more universal system having the
      capability of receiving or accommodating any desired number N and any
      desired number M. As previously discussed, the FIG. 3 embodiment was
      directed to four modes to operation; T.sub.D, T.sub.S, R.sub.D, and R.sub.
      S . But nonetheless, it is to be understood that the FIG. 4 embodiment
      basically operates in the same manner as that described with respect to
      the FIG. 3 embodiment.
PAR  A plurality of counter stages generally designated at 300 are capable of
      receiving any desired N.sub.O . . . N.sub. N input number. The digital
      representations from the plurality of counters 300 are selectively
      connected to a plurality of respective exclusive-OR circuits generally
      shown at 302 by means of a plurality of output lines generally designated
      at 304. The plurality of exclusive-OR circuits or gates 302 also receive
      selecive gating signals from read only memory (ROM) 306 by means of lines
      generally depicted at 310. Similarly, the plurality of output lines from
      the plurality of exclusive-OR circuits 302 are connected to an OR circuit
      312 by means of a plurality of associated output lines generally
      designated at 314. A transmit/receive (T.sub.X /R.sub.X) select unit 320
      in conjunction with a transmit address selector unit 322 and receive
      address selector 324 generate addressing signals on lines 326 and 328 in
      order to selectively read control information from the ROM storage device
      306. The ROM storage device in conjunction with the exclusive-OR circuits
      302 enable any decoding pattern to be selected in order to allow the
      number M to be varied as desired in order to generate an output signal
      ##EQU7##
      on an output terminal 340. In a manner similar to that described with the
      embodiment of FIG. 3, a counter load or write command signal is applied to
      the plurality of counter stages via line 342.
PAC  OPERATION
PAR  The operation of the invention is explained in conjunction with FIG. 3. In
      this embodiment, the counter is initially loaded with a program number N =
      5555 representing a transceiver frequency of 55.55MHz. The mode of
      operaton is selected by the switch 60, and the offset modes are selected
      by the operation of switches 70 and 72. For example, a R.sub.S offset mode
      is activated by contacting switch 72 to terminal 80. The decoding or logic
      circuitry connected to the plurality of counter stages 102, 104, 106, and
      108 is responsive to the digital representation M for generating an offset
      requirement of 8MHz, i.e., M = +800. Likewise, in the R.sub.D mode of
      operation the received frequency is offset from the transmit frequency by
      an additional 600KHz for duplex or repeater operation. In this instance, M
      = [+800 + (-60)] = +740. Similarly, T.sub.S is a non-offset mode of
      operation where the frequency is exactly equal to N, that is, M = zero for
      simplex or non-repeater transmitter operation. The last mode of operation,
      T.sub.D, covers the case where the transmitter frequency is offset for
      duplex or repeater operation and M = -600KHz.
PAR  In the R.sub.S mode, switch 60 is open and switch 72 contacts terminal 80
      and thus line 64 is high and line 66 low. Accordingly, line 100 is high
      and lines 97, 98, and 99 are low. Therefore, NAND gate 96 is being enabled
      and the other NAND gates 90, 94, and 92 are disabled. Another input to
      NAND gate 96 is provided by line 182 connected to the output of counter
      104. When both counter stages 102 and 104 have counted down to a zero
      state line 182 goes to a logic low state to partially enable NAND gate 96.
      Finally, the remaining input to NAND gate 96 is provided by means of line
      180 and requires a high logic output from AND gate 148. AND gate 148
      provides a high logic output when counter stage 106 counts down to the
      digital notation 010 (binary 2) or logically C.sup.. B.sup.. A
      simultaneously with line 150 also going to a high state as a result of AND
      gate 152 being enabled by counter stage 108 counting down through zero and
      back up to a count of 1111 or a logical state of D.sup.. C.sup.. B.sup..
      A.
PAR  Thus, in this R.sub.S mode of operation the original number N is modified
      or offset and thus N + M = 5555 + (16000 -15260) = 5555 + 800 = 63555.
      Accordingly, with F.sub.OUT = 63.55MHz an oscillator injection signal is
      generated for mixer 42. The frequency received by antenna 42 is equal to
      the injection frequency 63.55MHz minus the receiver IF frequency, 8. MHz,
      or 63.55MHz -8.0MHz, 55.5MHz, the same signal representation (N) as
      originally loaded into the plurality of counter stages 102, 104, 106, and
      108.
PAR  In the receive duplex R.sub.D mode, the system operates in a similar
      fashion to the R.sub.S mode except the oscillator injection frequency is
      shifted to a lower frequency by 600KHz in order to receive a repeater
      radio signal that is transmitted 600KHz higher in frequency than it
      receives. In the logical manner as previously discussed, NAND gate 94 is
      enable. The AND gate 148 connected thereto decodes thereto decodes the
      same number that it decoded for the R.sub.S mode of operation.
      Furthermore, AND gate 136 is enabled when the output from counter 104
      resides in a C.sup.. B.sup.. A, logical state in response to the carry
      forward signal generated on line 122. Therefore, in this instance, the
      decoded number in 15260 which results in an offset of 5555 + (16000
      -15260) = 5555 + 740 = 6295. Thus, the oscillator injection frequency
      F.sub.OUT is now 62.95MHz thus providing an offset lower by 600KHz from
      the normal received frequency of 55.55MHz, that is a - 0.6MHz shift.
PAR  During a transmit mode of operation, T.sub.D, a negative offset is
      produced. Switch 60 is connected to terminal 62 and switch 70 is connected
      to terminal 74 in order to enable NAND gate 90 via line 97. The center
      input of NAND gate 90 is enabled by a high state being generated on line
      138 and a down or binary zero state being generated from OR gate 160 via
      line 170. The OR gate 160 decodes the zero states of counter 106 and 108.
      Accordingly, NAND gate 90 is enabled at a down count of 0060 or 60 counts
      earlier than zero and thus M = -600KHz. Finally, in the transmit simplex
      mode of operation, T.sub.S, swtich 60 is connected to terminal 62 and
      switch 70 is connected to terminal 76. In this instance, the plurality of
      counter stages 102, 104, 106, and 108 decode or produce an output pulse on
      terminal 202 when they all reside in a 0000 logical state. In this
      instance, the transmitter 50 will transmit at the programmed frequency of
      N .+-. M where M = zero and N = 5555, representing a transmitted frequency
      F.sub.T =  55.55MHz.
PAR  As previously detailed, the FIG. 4 embodiment provides a ROM logic device
      306 which is capable of selectively providing any desired offset M in
      either a transmit receive mode. The operation of the FIG. 4 embodiment is
      similar to that previously described with respect to FIG. 3 except in this
      instance all the desired values of M are stored in ROM device 306. The
      outputs on the plurality of lines 310 from the ROM device 306 provide
      logic gating signals to their respective exclusive-OR circuits 302 in
      order to selectively invert or not invert the output logical states
      received from their respective counters via the plurality of lines 304.
      Thus, an infinite number of decodes are provided. When all the outputs of
      exclusive-OR circuits are in a low state, the OR gate will also go low
      thus providing an output signal every N .+-. M times and also a load or
      write command to the counters via line 342 to reload the number N therein.
PAR  The address selector units 322 and 324 provide a specific address to the
      ROM device 306 and either the transmit address selector 322 or the receive
      address selector 324 units are selected by means of the unit 320.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phase-locked loop system for generating an output signal F.sub.OUT
      from any first predetermined frequency varying signal N and any second
      frequency varying signal M offset from said first predetermined frequency
      varying signal a predetermined amount in response to a reference signal
      F.sub.REF comprising:
PA1  a. a phase-locked loop means having a feed forward path including a phase
      detector and a voltage controlled oscillator and a feedback path coupled
      between a first input terminal means and an output terminal means and
      being responsive to the signal F.sub.REF for generating the signal
      F.sub.OUT at said output terminal;
PA1  b. said phase-locked means further including counter means coupled between
      said input and said output terminals in said feedback path;
PA1  c. said counter means including means for programming a selective digital
      representation of N and means for generating the offset digital frequency
      M and storing a digital frequency representation N .+-. M said counter
      being responsive to F.sub.OUT and said digital representation N .+-. M for
      generating F.sub.F, where F.sub.F is
      ##EQU8##
NUM  2.
PAR  2. A phase-locked loop system for generating an output signal F.sub.OUT
      from any first predetermined frequency varying signal N and any second
      frequency varying signal M offset from said first predetermined frequency
      varying signal a predetermined amount in response to a reference signal
      F.sub.REF as in claim 1 wherein:
PA1  a. said counter means comprises a programmable counter means having first
      input means for storing a digital representation N and second input means
      for receiving a digital representation of M for altering paid programmable
      counter to N .+-. M.
NUM  3.
PAR  3. A phase-locked loop system for generating an output signal F.sub.OUT
      from any first predetermined frequency varying signal N and any second
      frequency varying signal M offset from said first predetermined frequency
      varying signal a predetermined amount in response to a reference signal
      F.sub.REF as in claim 1 wherein:
PA1  a. said counter means comprises a plurality of stages and decoding logic
      means coupled thereto and being responsive to a digital representation of
      N.
NUM  4.
PAR  4. A phase-locked loop system for generating an output signal F.sub.OUT
      from any first predetermined frequency varying signal N and any second
      frequency varying signal M offset from said first predetermined frequency
      signal a predetermined amount in response to a reference signal F.sub.REF
      as in claim 3 wherein:
PA1  a. said decoding logic means includes a plurality of logic gates and switch
      means coupled thereto,
PA1  b. said switch means being responsive to said digital representation of M
      for generating gating signals for controlling said plurality of logic
      gates in order to vary the value of N .+-. M.
NUM  5.
PAR  5. A phase-locked loop system for generating an output signal F.sub.OUT
      from any first predetermined frequency varying signal N and any second
      frequency varying signal M offset from said first predetermined frequency
      signal a predetermined amount in response to a reference signal F.sub.REF
      as in claim 4 wherein:
PA1  a. said decoding logic means further includes memory means coupled to said
      switch means for varying said digital representation of M.
NUM  6.
PAR  6. A phase-locked loop system for generating an output signal F.sub.OUT
      from any first predetermined frequency varying signal N and any second
      frequency varying signal M offset from said first predetermined frequency
      signal a predetermined amount in response to a reference signal F.sub.REF
      as in claim 1 further comprising:
PA1  a. transmitter and receiver means coupled to said phase-locked loop means
      for providing a transceiver system.
NUM  7.
PAR  7. A phase-locked loop system for generating an output signal F.sub.OUT
      from any first predetermined frequency varying signal N and any second
      frequency varying signal M offset from said first predetermined frequency
      signal a predetermined amount in response to a reference signal F.sub.REF
      as in claim 2 further comprising:
PA1  a. transmitter and receiver means coupled to said phase-locked loop means
      for providing a transceiver system.
NUM  8.
PAR  8. A phase-locked loop system for generating an output signal F.sub.OUT
      from any first predetermined frequency varying signal N and any second
      frequency varying signal M offset from said frist predetermined frequency
      signal a predetermined amount in response to a reference signal F.sub.REF
      as in claim 4 further comprising:
PA1  a. transmitter and receiver means coupled to said phase-locked loop means
      for providing a transceiver system.
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ABST
PAL  Circuit for modifying a transmitted Non-Return-to-Zero signal to insert a
      frequency component at the bit rate to permit linear processing at the
      receiver to extract timing signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention pertains to digital transmission of information.
PAR  2. Description of the Prior Art:
PAR  Non-Return-to-Zero (NRZ) data signals have the advantage of narrower
      bandwidths than some other types of transmission signals. A disadvantage
      of NRZ for data transmission is the absence of a frequency component at
      the bit rate. NRZ signals usually require a clock signal to accompany the
      data signals in order to interpret data correctly.
PAR  Other techniques for bit timing in NRZ add discrete frequency components at
      the bit rate or vary the duration of the information bits. Adding a
      sinusoid to the transmitted signal reduces the signal to noise ratio. If
      the timing sinusoid is added outside the band or the pulse duration of the
      information bits is varied, then a wider bandwidth is required than with
      the NRZ signals alone.
PAR  The invention herein described and claimed discloses a circuit and method
      for inserting a frequency component at the bit rate which does not
      increase the bandwidth requirement of NRZ and which causes no
      signal-to-noise degradation, but which can be linearly extracted at the
      receiver.
PAC  SUMMARY OF THE INVENTION
PAR  Apparatus and method for processing Non-Return-to-Zero binary information
      signals so that the rise times of each individual signal is different from
      its fall time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a timing chart illustrating various waveshapes for an arbitrary
      bit stream.
PAR  FIG. 2 is a block diagram of one embodiment of the invention showing a
      transmitting circuit.
PAR  FIG. 3 is a schematic of an alternative embodiment of a transmitting and a
      receiving circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the following description, the information signals are understood to be
      of a random nature. Signals carry the maximum amount of information when
      they are random, any nonrandomness being predictable and therefore known
      or knowable by the recipient.
PAR  FIG. 1(a) illustrates an example of a bit stream of information; FIG. 1(b),
      a corresponding Return-to-Zero (RZ) signal; FIG. 1(c), a corresponding NRZ
      signal; and FIG. 1(d), a modified NRZ signal in accordance with the
      invention. A Fourier analysis of random signals will indicate that the RZ
      signals such as shown in FIG. 1(b) will contain all of the odd harmonics
      of the fundamental frequency. The fundamental frequency of the RZ signal
      is the bit rate. A filter at the receiving end can be used to extract the
      fundamental frequency and phaselock a timing oscillator. If the speed of
      data transmission is constant and an accurate oscillator is used at the
      receiving end, the RZ signals, which are not self-clocking, can be
      received without the addition of a timing channel. The phase lock of the
      oscillator will permit slight jitter, i.e., pertubations about the actual
      bit rate, to be tolerated. A long string of zeros, however, can cause the
      oscillator to fall out of synchronization with the data.
PAR  The analysis of a random NRZ signal will show that there is no frequency
      component at the bit rate. A phaselock signal can be extracted from the
      NRZ signals but nonlinear processing of the signal is required. (See, for
      example, W. R. Bennett, "Statistics of Regenerative Digital Transmission"
      Bell System Technical Journal, Nov., 1958, pp. 1501-1542). It is difficult
      to optimize the design of a non-linear system but a linear design can be
      optimized. This, inter alia, makes it desirable to extract a phase-lock
      signal linearly at the receiver.
PAR  The signal shown in FIG. 1 (d) is an example of an NRZ signal according to
      the invention. Non-linear processing of the data is performed at the
      transmitter which changes the rise or fall times unequally. The bandwidth
      of the signal is compatible with that of NRZ but the signal has a discrete
      spectrum component at the bit rate. The invention is also applicable to
      multi-level data transmission.
PAR  Non-linear signal processing at the transmitter also simplifies the
      filtering of digital data which is a problem in data transmission. The
      non-linear processing of the transmitted information causes a decrease in
      the power spectrum density at high frequencies so that band limited
      transmission eases the requirements for channel filtering.
PAR  There is, however, some loss of signal energy per transmitted bit.
      Depending on the bandwidth and worst-case noise conditions (noise
      density), the signal-to-noise ratio can be determined and, consequently,
      the amount of non-linear processing can be optimized.
PAR  One embodiment of a circuit for producing the desired modified NRZ
      waveshape is shown in FIG. 2. The NRZ information signals are applied as
      the input signal to a logic gate such as the OR gate 21 which operates as
      a buffer. The signal from gate 21 has an output impedance which varies
      with the signal. That is, the output impedance of the gate 21 is different
      for a high output signal from that for a low output signal. The output
      signal is coupled to a switch 22 for selecting a shunt capacitance of a
      desired value. The output signal from the gate 21 is also applied to
      another buffer circuit 23 containing a emitter follower transistor.
PAR  The purpose of the output buffer is to present a constant impedance to the
      output line and a high input impedance from the gate 21. The input
      impedance to the buffer 23 is made much higher than the high output
      impedance of the gate 21. The resistive impedance at the switch 22 is
      therefore a function of the output impedance of the gate 21.
PAR  The difference in output impedances of the gate 21 with different signals
      causes the rise time of the output signal from the gate to be different
      from that of the fall time. The rise and fall times are proportional to
      the product of the output impedance of the gate 21 and the selected
      capacitance. Therefore, the modified NRZ output signal from the buffer 23
      will have unequal rise and fall times.
PAR  FIG. 3 illustrates another embodiment of the invention for producing a
      waveshape such as that illustrated in FIG. 1(d). The NRZ data source 31
      supplies an information signal to a pair of AND gates 32 and 33. The other
      input signals to the AND gates 32 and 33 are the output signal and its
      complement from a one-shot multivibrator 34, which is triggered by the
      positive-going edge of the NRZ signal from the data source 31. The output
      signal from the AND gate 32 is applied to the input node of an integrator
      36. The output signal from the integrator 36 and the output signal from
      the AND gate 33 are coupled to a linear adder 37. The linear adder 37 can
      be a pair of resistors or any other well known circuit. The output signal
      from the linear adder 37 is transmitted over the transmission line to the
      receiver which includes a filter 38, a shaper 35, and a clock oscillator
      39. The output signal from the filter 38 is used to phase lock the clock
      oscillator 39.
PAR  The period of the one-shot 34 is determined by the desired slope of the
      rise time of the output signal. It is less than a bit period. The
      operation of the circuit in FIG. 3 is described below.
PAR  When the output signal from the NRZ data source 31 goes high, the one-shot
      34 is activated which in turn enables the AND gate 32 and disables the AND
      gate 33. The output signal from the AND gate 32 is integrated by the
      integrator 36 to form a substantially straight slope and is transmitted to
      the receiver via the linear adder 37. At the end of the one-shot period,
      the AND gate 32 is disabled and the AND gate 33 is enabled producing the
      output signal over the transmission line via the linear adder 37.
PAR  At the receiving end, the filter 38, which is centered at the bit rate
      frequency, extracts the signal at the bit rate frequency and locks the
      clock oscillator 39 into phase. The shaper 35 can be a threshold device to
      restore the rising and falling edges of the NRZ signal for processing by
      the rest of the receiving apparatus (not shown).
PAR  The embodiments shown and described indicate how a bit rate frequency
      component can be added into an NRZ signal without increasing the
      bandwidth.
PAR  Various modifications to the systems and circuits described and illustrated
      to explain the concepts and modes of practicing the invention might be
      made by those of ordinary skill in the art within the principle or scope
      of the invention as expressed in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination comprising:
PA1  means for generating non-return-to-zero binary information signals;
PA1  means for modifying said signals to have rise times differing from fall
      times including
PA1  signal output means,
PA1  signal integrating means for producing an integrated signal to said signal
      output means,
PA1  timing means responsive to said binary information signals for producing a
      timing signal having a duration less than each bit of said binary
      information signals, and
PA1  gating means responsive to said timing signal for applying said binary
      information signals to said signal integrating means during the timing
      signal duration and otherwise to said signal output means; and
PA1  means for transmitting said signals from said signal output means to a
      receiving means.
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ABST
PAL  A digital transmission system for transmitting quantized values of the
       exmal points of an analog wave. A PCM encoder quantizes the extremal
      points which are detected by an extremal detector. The PCM digital
      elements are transmitted to a first-in-first-out buffer under the control
      of a buffer control logic which is fed information concerning the rate of
      occurrence of the extremal points. The number of PCM digital elements
      transmitted will vary in number in accordance with a rule which is a
      function of the rate of occurrence of the extremal points. Generally, the
      number of elements per extremal sample decreases when the rate of
      occurrence of extremal samples increases and vice versa.
BSUM
PAR  The present invention relates to a system for transmitting digital signals
      and more specifically to a digital transmission system which optimizes the
      amount of intelligence transmitted for a given transmission bit rate and
      hence maximizes the transmission efficiency. The system involves the
      detection and transmission in a digital format, the extremal points of an
      analog wave. The receiving equipment reconstructs the analog signal by
      interpulating between the received extreme points. Analysis has shown that
      a speech wave with a 3000 cps upper frequency limit will contain, 1500 to
      2500 extreme points per second, depending on the speakers voice
      characteristics. The maximum and minimum points of a 3000 cps sine wave
      are separated by 167 microseconds. This period of 167 microseconds
      determines the bit rate of the digital transmission system required for
      such a speech wave. For example, if pulse code modulation is utilized and
      the amplitude of each of the extremal samples is coded into a 4-bit 16
      lever number, it will be necessary for the system to be capable of
      transmitting 4 binary bits within 167 microseconds or 24,000 bits per
      second. If each extremal sample is thus coded and transmitted as it
      occurs, the transmission bit rate will vary with the spectrum of the
      speech signal, being 24,000 bits per second for the highest speech
      frequency of 3000 cps and proportionally lower for the lower frequency
      components thereof. Thus, while the system must be designed to handle the
      maximum bit rate, it will be transmitting at this rate for only a small
      percentage of the time. This results in inefficient use of the system
      apparatus.
PAR  In accordance with the principles of the present invention, the
      transmission system efficiency is improved by varying the number of
      encoding levels or bits per extremal sample in accordance with a rule
      which is a function of the rate of occurrence of the extremal samples. In
      general, when the rate of extremal samples increases, the number of bits
      per extremal sample is decreased and vice versa. Thus, the instantaneous
      spectral composition of the analog signal determines the number of levels
      into which the extremal sample is quantized. Since the higher frequency
      components result in more extremal samples per unit time, the higher
      frequencies are coarsely quantized. Since more time is available for the
      transmission of the lower frequency components of the analog signal, these
      components will be finely quantized.
PAR  It is thus an object of the invention to provide an improved system of
      transmitting analog signals by pulse code modulation techniques.
PAR  A further object of the invention is to provide a system for transmitting
      extremal samples of an analog signal in a more efficient manner.
PAR  These and other objects and advantages of the invention will become
      apparent from the following detailed description and drawing which shows a
      block diagram of a preferred embodiment.
DRWD
PAR  Referring now to the drawing, there is shown a digital transmission system
      having an input terminal 10 for accepting an analog input voltage such as
      the output of an audio transducer. The input terminal 10 is connected to
      the inputs of a PCM encoder 12 and an extremal detector 11. Extremal
      detector 11 generates an output pulse at each instant the input voltage
      passes through an extremal point, i.e. a maximum or a minimum. Extremal
      detectors are well known in the art and will not be described in detail
      here.
DETD
PAR  PCM encoder 12 encodes the extremal analog voltages on terminal 10 under
      the control of the output of detector 11 and clock 16.
PAR  The output of extremal detector 11 is also connected to the set side of a
      flip-flop 18. The reset side of flip-flop 18 is connected to the output of
      clock 16 via a time delay 19. The complimentary outputs of flip-flop 18
      are connected to one of the inputs of the two-input AND gates 20 and 21.
      The other inputs to AND gates 20 and 21 are connected to the output of
      clock 16.
PAR  A buffer control logic 15 has three inputs for accepting signals from the
      outputs of clock 16, AND gate 20 and AND gate 21. The output of AND gates
      20 and 21 are also connected to the input of a "zero" bit generator 24 and
      a "one" bit generator 25 respectively.
PAR  A first-in-first-out buffer 29 has the input thereof connected to the
      output of encoder 12, "zero" bit generator 24 and "one" bit generator 25
      via transmission gates 30, 31 and 32, respectively. Transmission gates 30,
      31 and 32 have enable terminals 33, 34 and 35 respectively connected to
      three outputs of buffer control logic 15. The output of buffer 29 is
      connected to a transmitter 39 via transmission gate 40 having an enable
      terminal 41 which is controlled by the output of a clock 42. The output of
      transmitter 39 is connected to an output line 45 for transmitting the
      digital information in any well-known manner.
PAR  As explained above, it is the function of the system to transmit a series
      of binary pulses which represent an encoding of the extremal analog
      voltages at the input terminal 10. It is also intended that the
      transmission rate be constant and relatively current even though the rate
      of occurrence of the extremal points may be varying. In the present system
      the information transmitted is kept relatively current while maintaining a
      constant transmission rate by selectively dropping a predetermined number
      of the least significant bits from the encoded signal when the rate of
      occurrence of the extremal points increases.
PAR  In the system shown in the figure, the buffer control logic 15 detects the
      rate of occurrence of the extremal points via the three inputs from clock
      16 and AND gates 20 and 21. In response to these inputs, the buffer
      control logic 15 selectively enables transmission gate 30 such that the
      number of binary bits inserted in buffer 29 from PCM encoder 12 will
      depend on the rate of occurrence of the extremal voltages on input
      terminal 10. As the rate of occurrence of the extremal voltages increases,
      only a few of the most significant PCM bits are transmitted from encoder
      12 to buffer 29. when the rate of occurrence of the extremal points is
      low, all or most of the PCM bits from encoder 12 are transmitted to buffer
      29 via gate 30.
PAR  Since the number of bits used to encode the extremal voltages varies, it
      will be necessary to include in the transmitted signal information about
      the rate of occurrence of the extremal voltages. In the system shown in
      the figure, this information is inserted in the buffer 29 via gates 31 and
      32 which are selectively enabled by buffer control logic 15. Very simply,
      this information will take the form of a logical "one", if an extremal
      point has occurred, followed by a plurality of PCM bits which will be an
      encoding of the extremal voltage value. At all other times, logical
      "zeros" will be transmitted.
PAR  To illustrate the inventive concept in more detail, a specific example will
      now be given. Assume that the PCM encoder 12 is capable of encoding the
      input analog voltages into a 6-bit binary word. Therefore, the input
      extremal points will be quantized by the PCM encoder 12 into 64 different
      levels. Also assume that the clock 16 has a rate which is one-third the
      rate of clock 42.
PAR  Initially, the buffer 29 will contain all "zeros" and the flip-flop 18 will
      be in the reset state with a logical "one" at the input to AND gate 20 and
      a logical "zero" at the input to AND gate 21. With the system in this
      state and with no input signal on terminal 10, the buffer control logic 15
      will receive input signals from the outputs of clock 16 and AND gate 20.
      The "zero" bit generator 24 will also be energized with each output pulse
      from AND gate 20. In response to the input signal from AND gate 20, the
      buffer control logic 15 will energize enable terminal 34 of transmission
      gate 31 and a logical "zero" will be stored in the buffer 29. This process
      will continue and a plurality of logical "zeros", one for each clock pulse
      of clock 16, will be stored in buffer 29.
PAR  Simultaneously, the transmitter 39 will be transmitting logical "zeros"
      from the empty buffer 29 at the rate determined by the clock 42. The
      receiver simply receives a series of logical "zeros" which simply means
      that no extremal points have occurred and therefore no information is
      present at the input terminal 10.
PAR  With information on terminal 10, extremal voltages will be periodically
      detected. For each extremal voltage detected, the detector 11 will set
      flip-flop 18 and send a signal to PCM encoder 12 which in turn will
      generate a 6-bit binary coded representation of the value of the extremal
      voltage on terminal 10. With the occurrence of the first clock pulse from
      clock 16 following the detection of an extremal voltage, AND gate 21 will
      generate an output pulse which energizes "one" bit generator 25. Buffer
      control logic 15 also receives the output of AND gate 21 and responds by
      first enabling gate 32 via enable terminal 35 and then enabling gate 30 a
      predetermined number of times via enable terminal 33. As a result, the
      "one" bit generator 25 transmits a logical "one" to buffer 29 via gate 32
      to indicate that an extremal voltage has occurred. The PCM encoder 12 will
      then transmit a predetermined number of the PCM bits to buffer 29 via gate
      30. The number of bits transmitted from PCM encoder 12 to buffer 29 will
      be equal to the number of times the enable terminal 33 is energized by
      buffer control logic 15, which in turn will be a function of the most
      recent rate of occurrence of the extremal voltages.
PAR  For example, the buffer control logic 15 may be designed such that the
      output function of the line connected to enable terminal 33 is as follows:
PAR  1. terminal 33 is not energized and gate 30 is not enabled if no extremal
      voltage is detected in a clock period, and
PAR  2. if an extremal voltage is detected in a clock period, terminal 33 is
      initially energized six times so that all 6 PCM bits are transmitted to
      buffer 29, and
PAR  3. if extremal voltages are detected in two successive clock periods then
      reduce by one the number of times that terminal 33 is energized so that
      the number of PCM bits transmitted to buffer 29 is reduced by one starting
      with the least significant bit, and
PAR  4. repeat step 3 until the number of PCM bits transmitted to buffer 29 in
      one clock period is only the 2 most significant bits, and
PAR  5. increase by one the number of times terminal 33 is to be energized for
      each pair of successive clock periods in which extremal voltages are not
      detected, and
PAR  6. repeat step 5 until the number of times terminal 33 is energized in a
      clock period equals 6 and all PCM bits are again transmitted.
PAR  Of course, the above truth table which specifies completely the buffer
      control logic 15 is only an example. Other rules could be specified which
      will accomplish the desired function of managing the number of PCM bits to
      be transmitted such that when the rate of occurrence of the extremal
      voltages increases the number of PCM bits per codeword decreases and vice
      versa.
PAR  Using the rules specified above, two examples of a string of transmitted
      bits will now be given. In each example, the space between the bits has no
      timing significance and is provided simply to separate the PCM bits from
      the control bits generated by the generators 24 and 25.
PAC  Example 1.
PAR  1 101011 1 01100 1 1101 1 010 1 10 1 00 1 11 1 01 1 10. This example
      represents a series of nine successive sampling time periods each
      containing an extremal voltage. The first logical "one" is a control bit
      and represents the output of the "one" bit generator 25, indicating that
      an extremal voltage was detected in that time period. The group of 6 PCM
      binary bits that follow (101011) is the entire codeword which represents
      the quantized voltage value of the extremal voltage. The next logical
      "one", i.e. the eighth bit, represents the control bit for the second time
      period. The group of 5 PCM bits that follow (01100) contain the five most
      significant bits of the codeword which represents the quantized voltage
      value of the extremal voltage which occurred in the second time period. It
      should now be evident that since each of the nine successive time periods
      had an extremal voltage therein, the number of PCM bits in the codeword
      successively decreased by one until only 2 PCM bits are transmitted for
      each extremal value.
PAR  Also, since there are a total of 37 binary bits transmitted in the above
      string of bits and since the clock 16 has a period of three times the
      period of clock 42, then it will take a total of over 12 periods of clock
      16 for transmitter 30 to transmit the 37 bits. The difference in time
      involved between the buffer 29 input and output will result in a slow
      buildup or storage of bits in the buffer 29. However, because in normal
      conversation and under most conditions this buildup will not continue for
      any substantial time, the contents of buffer 29 will soon be reduced. This
      can be seen from the next example.
PAC  Example 2.
PAR  1 01 1 11 0 1 101 1 01 0 0 1 1001 0 1 10101 0 0 1 010011. This stream of
      bits could be considered as starting where the bit stream of Example 1
      left off. The number of bits to be transmitted in the above example is
      again equal to 37 and therefore represents the same total transmission
      time as in Example 1. However, because the number of control bits in the
      above stream is equal to the number of clock periods of clock 16, the
      total input time is more than in the case of Example 1. There are 13
      control bits in the above bit stream and they appear in the bit positions
      1, 4, 7, 8, 12, 15, 16, 17, 22, 23, 29, 30 and 31. Since the total
      transmission time is now less than the input time, there will be a slow
      reduction in the contents of buffer 15.
PAR  It will be evident that there will be some finite time delay introduced due
      to the buildup of the bits in buffer 29. However, under most conditions,
      this time delay is relatively small and insignificant.
PAR  It is also evident that during certain periods, the extremal voltages are
      encoded with fewer bits than at other times. However, under most
      conditions, the signal is not appreciably effected as mentioned earlier.
      This is true because at higher frequencies, inaccuracies in amplitude are
      not as important as at lower frequencies where the signal is more
      accurately encoded.
PAR  It should be undersood, of course, that the foregoing disclosure relates to
      only a preferred embodiment of the invention and that numerous
      modifications or alterations may be made therein without departing from
      the spirit and the scope of the invention as set forth in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital transmission system for transmitting in digital format the
      extremal points of analog input wave comprising: an input terminal means
      for receiving said analog input wave; extremal detector means connected to
      said input terminal for detecting the occurrence of extremal points on
      said analog input wave; digital encoder means connected to said input
      terminal means and to the output of said extremal detector means for
      encoding the amplitude of said extremal points into a digital word having
      a predetermined number of digital elements; sampling clock means for
      generating a clock signal at a sampling rate; rate indicator means
      connected to the output of said sampling clock means and to the output of
      said extremal detector means for indicating the rate of occurrence of said
      extremal points; first-in-first-out buffer means for storing digital
      elements; transmission means, including transmission clock means,
      connected to the output of said buffer means for transmitting digital
      elements out of said buffer means at a transmission rate; and buffer
      control means connected to the output of said sampling clock means and to
      the output of said rate indicator means for transmitting a predetermined
      number of the most significant said digital elements from the output of
      said digital encoder means to the input of said buffer means in accordance
      with a function which varies inversely with respect to the rate of
      occurrence of said extremal points.
NUM  2.
PAR  2. The device according to claim 1 and wherein said digital encoder means
      is a pulse code modulation binary encoder.
NUM  3.
PAR  3. The device according to claim 2 and further including rate bit generator
      means connected to the output of said rate indicator means for generating
      a binary control bit for each extremal sample detected; and gate means
      controlled by said buffer control means for inserting said binary control
      bits in said buffer.
NUM  4.
PAR  4. The method of transmitting in digital format the extremal points of an
      analog wave comprising: encoding each of said extremal points into a
      digital word having a predetermined number of digital elements;
      determining the rate of occurrence of said extremal points; and
      transmitting a variable number of the most significant binary elements of
      said digital words in accordance with a function which varies inversely
      with respect to said rate of occurrence of said extremal points.
NUM  5.
PAR  5. The method according to claim 4 wherein said digital elements are binary
      bits.
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ABST
PAL  A communication system comprising a transmitter for radiating a carrier
      frequency signal, which may be modulated, to a data station. The station
      includes a rectifier for rectifying the received carrier signal to provide
      energy to the station elements. A data source at the station produces a
      data signal representative of the information to be transmitted. A
      harmonic generator produces harmonics of the carrier signal and the
      harmonic signal is modulated with the data or information signal. An
      antenna radiates the modulated harmonic signal to a receiver which
      demodulates the received signal to extract the information therefrom.
      Thus, a completely self-contained and economic system is provided, since
      the carrier signal per se supplies the energy to operate the data station.
PAL  Additionally, the communication system may include a carrier signal having
      an address encoded therein and the station may comprise an address decoder
      so that only a selected addressed station will transmit the desired data
      at any one time.
BSUM
PAR  The present invention comprises a harmonic communication system and, more
      particularly, pertains to a communication system having an information or
      data that does not require a source of energy other than the transmitted
      signal.
PAR  Many communication systems operate by transmitting an information
      containing signal from a remote station in response to a so-called
      illumination signal from an interrogating transmitter. In the most common
      type of system, the remote station includes a radio frequency or RF signal
      generator that produces a signal which is modulated by the data-containing
      signal and is transmitted to a receiver. Of necessity, the RF generator
      requires power from a local energy source which is usually provided by
      batteries. However, such battery powered stations or "targets", as they
      are sometimes called, are costly and require frequent battery replacements
      because of their relatively high current requirements. Moreover, the
      stations may be located in inaccessible places, thereby rendering battery
      replacement extremely difficult. In many cases, it has been found
      advisable to replace such inaccessible stations with a second station
      rather than to change batteries, thereby further increasing cost.
PAR  On the other hand, some communication systems use the received illuminating
      signal to provide power for the elements at the station. However, such
      systems suffer from the major disadvantage that they are inherently short
      range because of the high current requirements of the generator and
      because of the rather wide receiver bandwidth required by the relatively
      unstable rf oscillator typical of such systems.
PAR  Accordingly, an object of the present invention is to provide an improved
      communication system of the type that includes a remote station or target
      operable in response to an illuminating signal.
PAR  A more specific object of this aspect of the invention is the provision of
      a target communication system wherein the remote station is powered by the
      illuminating signal and at significantly longer ranges than previous
      systems.
PAR  Another object of the present invention resides in the novel details of
      circuitry that provide a communication system of the type described that
      is highly reliable and efficient in operation.
PAR  Accordingly, a communication system constructed according to the present
      invention comprises transmitting means for transmitting a signal having a
      preselected frequency to a remote station having station receiving means
      for receiving the signal. Information means is provided for producing an
      information signal and power means, connected to the station receiving
      means, produces a power signal from the transmitted signal to power the
      information means. A harmonic generator is also connected to the station
      receiving means and generates a harmonic signal of the transmitted signal
      and modulating means modulates the harmonic signal with said information
      signal. Radiating means is provided to radiate the modulated harmonic
      signal to a receiving unit. The receiving unit receives the signal and
      demodulates the same to obtain the information signal.
PAR  While harmonic transmission systems have been shown before in U.S. Pat.
      Nos. 2,927,321; 3,518,546; 3,631,484 and 3,798,642, for example, (the
      latter three patents having been assigned to the assignee of the present
      invention), none of these transmission systems have utilized the
      transmitted signal to power the elements of a remote station.
      Additionally, as, for example in U.S. Pat. No. 2,927,321 mentioned above,
      previous systems have been limited to the placement of a single remote
      station in the path of the transmitted signal. More specifically, if more
      than one station was positioned in the path of the transmitted signal, all
      stations would respond simultaneously thereby masking individual
      information signals.
PAR  Accordingly, an object of this aspect of the invention is to provide an
      improved harmonic communication system in which a plurality of remote
      stations may be positioned in the path of the transmitted signal.
PAR  A more specific object of this aspect of the invention is the provision of
      a harmonic communication system of the type described wherein each remote
      station is responsive to a different transmitted address code.
PAR  A feature of the invention is the provision of a synchronizing signal to
      synchronize the remote stations so that the stations respond to the
      address codes at different times thereby eliminating the possibility of
      the signal from one station masking the signal from another station.
DRWD
PAR  Other features and advantages of the present invention will become more
      apparent from a consideration of the following detailed description when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic wiring diagram, partially in block form, of a
      harmonic communication system constructed in accordance with the present
      invention;
PAR  FIGS. 2, 3, and 4 are schematic wiring diagrams partially in block form, of
      modified embodiments of systems of the present invention;
PAR  FIGS. 5A-5C illustrate waveforms appearing at different points in the
      system shown in FIG. 1;
PAR  FIGS. 6A-6D illustrate waveforms appearing at different points in the
      system shown in FIG. 2;
PAR  FIGS. 7A and 7B illustrate waveforms appearing at different points in the
      system shown in FIG. 3;
PAR  FIGS. 8A and 8B and 8C illustrate waveforms appearing at different points
      in the system shown in FIG. 4;
PAR  FIG. 9 is a schematic circuit wiring diagram, in block form, of the
      response code storage and related circuits shown in FIGS. 1-3; and
PAR  FIG. 10 is a schematic circuit wiring diagram of the sensor amplifier unit
      shown in FIG. 9.
DETD
PAR  A harmonic communication system constructed according to the present
      invention is designated generally by the reference numeral 10 in FIG. 1
      and comprises a transmitter designated generally by the reference numeral
      12. More specifically, the transmitter 12 includes an oscillator 14 which
      generates a carrier signal of frequency F. This signal is transmitted as
      an address signal from an antenna 16 that is connected to the oscillator
      14. FIG. 5A illustrates the amplitude of the envelope voltage of this
      transmitted carrier signal.
PAR  A remote data station or target, generally designated by the numeral 18, is
      positioned in the path of the signal radiated from antenna 16. The target
      18 comprises an antenna 20 which collects the transmitted signal and
      develops a corresponding potential difference across feed terminals 22 and
      24. While antenna 20 is shown as a dipole antenna, almost every known type
      of antenna system can be used for this purpose, including slots, phased
      arrays, spiral antennas and reflector antennas. A series chain comprising
      a detector 26 and a bypass capacitor 28 is connected across the antenna
      feed terminals 22 and 24. A second series chain comprising a harmonic
      generator and modulator 30 and a bypass capacitor 32 is also connected
      across the antenna feed terminals 22 and 24.
PAR  The embodiment under consideration and the systems disclosed below may
      advantageously be operated in the microwave region. In particular, the
      transmitter 12 is adapted to transmit a signal of frequency 915 MHz.
      Moreover, the harmonic generator and modulator 30 is illustrated herein as
      a semiconductor diode that, because of its non-linear characteristics,
      functions as a harmonic generator which, as noted below, generates
      harmonics of the transmitted signal. Additionally, the diode also
      functions as a modulator to modulate the harmonic signal with an
      information signal. Similary, the detector 26 may comprise a
      semi-conductor diode. However, the invention is not limited to this
      specific structure. The diodes 26 and 30 are, in effect, two-terminal
      diode networks that conduct current in a single direction only from one of
      the terminals to the other of the terminals of the respective two-terminal
      networks.
PAR  The transmitted signal is detected by the detector 26 and a DC potential is
      developed across the bypass capacitor 28, as shown on the voltage
      waveform-time graph of FIG. 5B. This DC potential is used to energize an
      information circuit 33 via leads 34. The information circuit comprises a
      series chain comprising a clock 36, a counter 38, and a response code
      storage and drive 40, all of which are connected to the leads 34. This
      series chain employs conventional digital techniques and produces a
      response code or information signal comprising a series of pulses when the
      potential across the bypass capacitor 28 exceeds a threshold voltage. The
      number duration, spacing, and modulation frequency of the pulses
      comprising such information signal is programmed to correspond to the
      identity of the particular station or target 18. In other words, clock 36
      when energized by the DC potential, produces a series of pulses in the
      conventional manner. The counter 38, which is also energized or powered
      via the signal on the leads 34, counts the pulses produced by the clock.
      When a preselected count is reached, as determined by the response code
      storage and drive 40 (which is also energized by the DC potential between
      the leads 34), the circuit 40 produces the response code or information
      signal on the leads 44.
PAR  A response code control 42 may be connected to the response code storage
      and drive 40 to alter the number, duration, spacing, and modulation
      frequency of the pulses comprising such response code or information
      signal, in which case the response code signal corresponds to the
      condition of the target 18 or, more particularly, to the condition of the
      response code control 42. The response code control 42 may be operated by
      manual switches or by a sensor. The response code signal produced by the
      information circuit is shown in the voltage waveform-time graph of FIG. 5C
      and is applied across the bypass capacitor 32 via the leads 44. The
      response code storage and drive circuit 40 and the response code control
      circuit 42 are described in greater detail in conjunction with the
      corresponding elements of the system of FIG. 2.
PAR  Assuming that the signal from transmitter 12 has a frequency F, the
      transmitted signal received by antenna 20 will be applied to the harmonic
      generator and modulator 30 produces signals of harmonics of frequency F,
      such as 2F, 3F, etc. The amplitudes of these harmonic signals are changed
      when the voltage across the bypass capacitor 32 is changed. Since the
      leads 44 are connected across the capacitor 32, the harmonic signals of
      frequencies 2F, 3F etc., will be modulated by the response code or
      information signal to produce a modulated harmonic signal. This modulated
      harmonic signal is termed the response signal and is radiated by the
      antenna 20, connected to the capacitor 32, to a receiving station. FIG. 5C
      illustrates the amplitude of the envelope voltage of this response signal.
PAR  The receiving station includes a receiver antenna 48 which is connected to
      a receiver 50. This receiver 50 is tuned to one of the harmonic signals of
      frequency 2F, 3F, etc. and includes a demodulator to produce the response
      code or information signal from the received modulated harmonic signal.
PAR  As noted above, the transmitter 12 signal is a radio frequency continuous
      wave signal of frequency preferably in the microwave region. The response
      signal is at a frequency equal to a harmonic of frequency F and is pulse
      modulated to contain the information in the response code of information
      signal. While the harmonic of frequency 2F is normally the highest
      amplitude of any harmonic of frequency F and is therefore the preferred
      harmonic frequency, nothing herein is intended to limit the particular
      harmonic frequency of the response signal. Furthermore, various methods of
      modulating the harmonic can be utilized.
PAR  In order for the station 18 to operate properly at the low power levels
      required, the elements therein (i.e., the circuits 36-42) are fabricated
      from CMOS semiconductors or their equivalents. Thus, in an actual system
      the station required only 1.5 microwatts of DC power for operation.
      Additionally, it is contemplated that CMOS elements or their equivalents
      will be utilized in the modified embodiments of the remote stations
      disclosed below.
PAR  While the antenna 20 is shown as a single antenna it is noted that two
      separate antennas can be used, one of which would be connected to the
      detector 26 and the other of which would be connected to the harmonic
      generator and modulator 30. Alternatively three separate antennas can be
      used, one of which would receive the transmitted signal and transmit the
      same to the harmonic generator and modulator, and the third of which would
      receive the response signal from the harmonic generator and modulator and
      transmit the same to the receiver antenna 48.
PAR  FIG. 1 illustrates the use of bypass capacitors to extract the voltage from
      the detector 26 and to apply the response code signal to the harmonic
      generator and modulator 30. Other techniques can be used to extract and
      apply these voltages.
PAR  Receiving station 46 may derive its local oscillator signal from oscillator
      14 and may be a superhetrodyne, homodyne, or any other conventional form
      of receiving station such as shown, for example, in the aforementioned
      U.S. Pat. No. 3,518,546.
PAR  The system shown in FIG. 1 may be utilized as a single remote station
      reading system and accordingly is referred to as a single station reading
      system. Totally passive stations may be attached to vehicles, articles, or
      personnel and later identified by use of techniques disclosed. Stations
      may be used to identify the street numbers of buildings or the identity of
      road intersections.
PAR  The "remote station" reading system of FIG. 1 may also be utilized to read
      meters from a distance. The meter is operated in conjunction with the
      response code control 42 such that the response code signal indicates the
      meter reading. As noted in detail below in conjunction with the operation
      of the system of FIG. 2, this meter reading system may be used to read
      water, electrical, fuel and similar meters.
PAR  While the system of FIG. 1 is ideally suited for an environment wherein an
      economical means of identification or information transmission is required
      from a signal station, the system presents a problem under conditions
      whereby a plurality of such stations are located in the path of the
      transmitted signal. More specifically, the stations may respond
      simultaneously so that response signals from one station will mask the
      response signals from other stations thereby preventing receipt of the
      desired information.
PAR  Accordingly, FIG. 2 illustrates a modified embodiment 110 of the system of
      the present invention which may be used similarly to the system of FIG. 1
      where interference between stations is not a problem or it may be used to
      eliminate the interference problem. For ease of reference, similar
      reference characters have been utilized to indicate identical elements
      with respect to the system of FIG. 1 and only the difference between the
      two information systems will be described.
PAR  Thus, a transmitter 52 includes series chain comprising a clock-sync drive
      unit 54, a power drive unit 56, and a modulator 58 that is connected
      between the oscillator 14 and antenna 16. The clock-sync drive unit 54
      produces an address code signal comprising a synchronizing pulse followed
      by clock pulses. A lead 200 connects the drive unit 54 to the receiver 50
      for the reasons noted below. This address code signal is employed to
      control the digital information circuit included in the target or station
      60. The power drive unit 56 produces a power signal, typically at a
      frequency of several hundred kilohertz such as 300 KHz and much higher in
      frequency than the frequency of the address code signal which may be
      several kilohertz, such as 2 KHz. This power signal is employed to reduce
      the rf voltage requirements at the target 60. The clock-sync drive unit 54
      operates to turn off the power drive unit 56 during the time of occurrence
      of the clock and sync or synchronizing pulses. Accordingly, an address
      coded power signal is applied to the modulator 58 which operates to
      modulate the rf signal of frequency F produced by the oscillator 14 with
      this address coded power signal. The envelope voltage of this modulated
      address signal or illuminating signal, is illustrated in FIG. 6A.
PAR  As shown in FIG. 6A the sync pulses are of longer duration than the clock
      pulses to enable detection of the sync pulses. It should be noted that
      alternatively, the sync and clock pulses can also be represented by the
      absence of a transmitted signal.
PAR  The station 60 develops an AC voltage across the bypass capacitor 28 at the
      frequency of the power signal. The low voltage or primary terminals of a
      transformer 62 are connected across the bypass capacitor 28. This
      transformer 62 is tuned to resonate at the frequency of the power signal
      and is also matched to the load and operates to produce a higher voltage
      signal of this frequency at its output terminals. In other words, the
      carrier or radio frequency signals are bypassed by capacitor 28 whereas
      the envelope of the pulses which occur at the modulation frequency, are
      applied to the tuned transformer. Effectively, therefore, the sidebands of
      the illuminating signal are used to obtain the power signal to energize
      information circuit 133 of FIG. 2. That is, the modulating frequency is
      extracted from the sidebands of the transmitted signal and applied to the
      transformer 62. This arrangement produces a voltage or potential at the
      secondary terminals of the transformer that is sufficient to energize the
      information circuits 133. This is to be distinguished from use of the
      carrier signal (or the signal produced by oscillator 14) since the carrier
      signal does not produce a potential sufficiently high to energize the
      information circuits even though the carrier signal may contain sufficient
      power. That is, in the preferred embodiment, the CMOS semiconductor
      elements of the information circuit require a signal above a threshold
      voltage to operate. Although the sideband signals at the modulation
      frequency produce such threshold signal the carrier signal does not.
PAR  A series chain comprising a power signal detector 64 and a filter capacitor
      66 is connected across the secondary terminals of the transformer 62. The
      capacitance of this filter capacitor 66 must be sufficiently high as to
      store voltage throughout the clock and sync pulses included in the address
      code signal and to power the digital information circuit. In the example
      under consideration, wherein 300 KHz is the modulating frequency,
      capacitor 66 may be 0.05uf. Accordingly, a DC voltage is developed across
      the filter capacitor 66, as illustrated in FIG. 6C.
PAR  A second series chain comprising an address code detector 68 and a bypass
      capacitor 70 is connected across the output terminals of the transformer
      62. The capacitance of this bypass capacitor 70 must be sufficiently low
      as to transmit without significant distortion the clock and sync pulses
      included in the address code signal and must be sufficiently high as to
      store voltage throughout the period of the power signal. At the 300 KHz
      frequency, the value of the capacitor would be approximately 5uuf.
      Accordingly, the address code signal produced by the clock-sync drive unit
      54 is developed across the bypass capacitor 70, as shown in FIG. 6B.
PAR  The digital information circuit 133 comprises a series chain comprising an
      address signal separator 72, the counter 38, and the response code storage
      and drive 40. Leads 34 are connected between the filter capacitor 66 and
      the power input terminals of the signal separator 72, counter 38, and
      response code storage and drive 40. A lead 74 is connected from the
      junction of the address code detector 68 and the bypass capacitor 70 to
      the address signal separator 72. This lead applies the address code signal
      comprising clock and sync pulses to the address signal separator 70. The
      power signal detector 64 and the address code detector 68 may comprise
      semiconductor diodes.
PAR  The address signal separator 72 is a pulse width discriminator that
      operates to separate the clock and sync pulses from the transmitted signal
      train. These separated signals are individually applied as pulses to the
      counter 38. The balance of the system is constructed and operates in the
      manner of the information circuit 33 of FIG. 1. FIG. 6D illustrates the
      amplitude of the envelope voltage of the response signal produced by the
      station 60.
PAR  The information circuit 133 of FIG. 2 is shown more particularly in FIG. 9.
      Thus, the information circuit shown therein may ideally be used when a
      plurality of remote stations are located in the path of the transmitted
      signal. Lead 74 applies the sync and clock pulses to address signal
      separator 72 which is a conventional pulse width detector that separates
      the clock and sync pulses in the conventional manner and applies the clock
      signals to the lead 76 and the sync signals to a lead 78. The counter 38
      may comprise unit decade counter 38A and tens decade counter 38B connected
      to counter 38A. Lead 78 is connected to reset terminals R of the counters
      38A and 38B and lead 76 is connected to the input terminals of the counter
      38A. As shown in FIG. 6A, the sync pulse precedes the clock pulses.
      Accordingly, upon receipt of a pulse train, the sync signal on lead 78
      will reset the counters 38A, 38B so that the counters begin counting clock
      pulses from a zero count.
PAR  The response code storage portion of the response code storage and drive
      unit 40 may comprise decade switches 80A, 80B and AND gate 84. Each one of
      the two input terminals 84A, 84B of the AND gate is individually connected
      to an output of the respective counters 38A and 38B through the associated
      decade switch. The terminals 0-9 of the switches are individually
      connected to the corresponding output terminals of the counters. As shown
      in FIG. 9, the arm of the switch 80A is connected to terminal 5 of counter
      38A, and the arm of the switch 80B is connected to terminal 3 of the
      counter 38B. Upon receipt of the thirty-fifth clock pulse, an output
      signal will appear on a lead 87, which is connected to the output terminal
      of the gate 84. This is the only time during the transmission of a single
      pulse train that this station would respond. Other stations in the path of
      the transmitted signal would respond at a different cumulative count of
      clock pulses as determined by the setting of its switches 80A and 80B.
      Thus, a plurality of stations in the path of the transmitted signal can be
      identified.
PAR  The drive portion of the response code storage and drive unit 40 is
      connected to the output terminals of the AND gate 84 by the lead 87 and
      may comprise a one-shot or monostable multi-vibrator 88. The one-shot 88
      produces a pulse of desired duration in response to an output signal from
      AND gate 84 and applies the same to an output terminal of AND gate 90. The
      other input terminals of the gate 90 may be connected via a lead 94
      through a high pass filter 92 to a center tap on the secondary winding of
      the transformer 62 so that the demodulated address signal is applied to
      this terminal. The output terminals of the gate 90 are connected to the
      input terminals of a flip-flop or bistable multivibrator FF96, the output
      terminals of which are connected to the harmonic modulator 30 through a
      diode 98. FF96 operates to divide in half the modulating frequency applied
      to the flip-flop when gate 90 is enabled. Thus, assuming a modulating
      frequency of 300 KHz, the output signal of FF96 will vary at a 150 KHz
      rate.
PAR  The use of the 150 KHz modulating signal for the harmonic signals rather
      than use of a 300 KHz signal substantially eliminates clutter-type
      interference at the receiver from nearby stations. Hence this arrangement
      provides accurate response at high stability.
PAR  As noted above, the response code control 42 provides means for varying the
      time of occurrence of the response pulse produced by the AND gate 84 so
      that the harmonic modulating signal will indicate a value determined by
      the response code control 42, such as the reading of an electric meter.
      Thus, the control 42 may comprise motors connected to the sliding arms of
      decade switches 80A, 80B which control operation of each arm to a selected
      terminal representative of the value to be indicated.
PAR  Summarizing the operation of FIG. 9, receipt of the sync pulse resets the
      counters 38A, 38B to zero and the clock pulses will thereafter be counted
      in sequence. When the number of clock pulses in the transmitted pulse
      train reaches the desired number as determined by the setting of switches
      80A, 80B, both input terminals of gate 84 will be enabled. Thus, a pulse
      will be produced by multivibrator 88. This will result in a burst of 150
      KHz signals being applied as a modulating signal to the harmonic of the
      illuminating carrier signal. The burst is demodulated at the receiving
      unit 46 to indicate the desired information Additionally, the information
      circuit of FIG. 9 may be made responsive to a plurality of coded numbers
      rather than the single number "35" shown by adding additional AND gates
      which produce output signals in response to the desired counts in the
      counters. Thus, the 150 KHz bursts will occur at the desired times with
      reference to the sync pulse.
PAR  It will now be apparent that a feature of the present invention is the use
      of an illuminating signal that:
PAR  a. powers or energizes the circuits at the remote station
PAR  b. generates the return harmonic carrier signal; and
PAR  c. is also used to provide a sync signal.
PAR  It is obvious that the circuit of FIG. 9 can be used as a single "remote
      station" reading system when used in conjunction with the circuit of FIG.
      1. In the case of FIG. 1, the clock pulses are derived from clock 36
      rather than from signal separator 72. Additionally, the response code
      storage and drive 40 may contain a local modulating signal oscillator
      which is applied to AND gate 90 in place of the demodulated address signal
      to produce the modulating signal for the harmonic carrier.
PAR  In an actual construction of the circuit of FIG. 9, the following elements
      may be used. The decade counters 38A, 38B may comprise CMOS decade
      counters model No. CD 4017 manufactured by RCA. The gates 84 and 90 may
      comprise CMOS gates model No. CD 4011 manufactured by RCA. The flip-flop
      96 may comprise a CMOS "D" type flip-flop model No. CD 4013 manufactured
      by RCA and the one-shot 88 may comprise a CMOS model No. CD 4001 element
      manufactured by RCA.
PAR  The sync pulses contained in the address signal of the system of FIG. 2
      permits two or more targets or stations 60 to be positioned in the path of
      the address signal radiated from antenna 16. Different stations 60 are
      constructed so as to respond at different times with respect to the sync
      pulse in any one pulse train. The receiving unit 46 separately identifies
      the response signals from two or more stations by noting the time at which
      each response signal is received with respect to the time of transmission
      of the sync pulse. Accordingly, the receiving unit separately identifies
      two or more stations 60 positioned in the path of the address signal or
      counts the number of different stations so positioned. Thus, the circuit
      of FIG. 2 is referred to as a multiple station identification system when
      employed to read simultaneously two or more stations. This multiple
      station identification system may be utilized to simultaneously identify
      two or more articles, persons, or the like, or to count the number of such
      articles, persons, or the like that are present.
PAR  FIG. 3 illustrates further a modified embodiment of a harmonic
      communication system 210 constructed in accordance with the present
      invention wherein similar numerals in the FIGS. indicate identical
      elements. The transmitter 100 includes a clock-sync drive unit 54
      connected to the modulator 58 and operable to turn off the rf signal of
      frequency F produced by the oscillator 14 during the time of the clock and
      sync pulses. An address data drive unit 102 is connected to the clock-sync
      drive unit and to the receiver 50 by a lead 200 for synchronization and
      operates to alter one or more of the clock pulses produced by the drive
      unit 54 by, for example, increasing the pulse width or the duration of the
      clock pulse. Accordingly, the address code signal applied to the modulator
      58 contains clock, sync, and data pulses. FIG. 7A illustrates the envelope
      voltage of the address signal produced by the transmitter 100.
PAR  The station 104 may, if desired, include a battery 106 to operate the
      digital information circuit 233 included in the station although the
      circuit can also be powered in the manner indicated with respect to
      systems 10 and 110. Leads are connected between the positive and negative
      terminals of the battery 72 and the power input terminals of each of the
      components of the digital information circuit 233, which comprises a
      counter 38, a response code storage and drive 50, an address signal
      separator 72, an amplifier 112, an address code storage 114, a data
      comparator 116, and a transfer switch 118.
PAR  The address code signal produced by the clock-sync drive unit 54 is
      developed across the rf bypass capacitor 28 in the manner indicated above.
      This signal is amplified by the amplifier 112 and is applied to the
      address signal separator 72, which separates the clock, sync, and address
      data pulses contained in the address code signal by conventional pulse
      width detection. The clock and sync pulses appearing on the respective
      leads 76 and 78 are applied to operate the counter 38. The address data
      pulses are applied to the data comparator 116 via the lead 120.
PAR  It is to be noted that the response code storage and drive unit 40 of the
      preceding systems has been separated into a response code storage unit 40A
      and a response code drive unit 40B in the system of FIG. 3. However, the
      circuits comprising the respective units may be fabricated as shown in
      FIG. 9. The counter 38 is connected to the response code storage 40A. The
      response code storage 40A produces the response code signal as noted
      above, and applies this signal via the lead 87 to the transfer switch 118.
      The counter 38 is also connected to the address code storage 114. The
      address code storage 114 is similar to the storage portion of the circuit
      of FIG. 9 and produces a reference signal which is applied to the data
      comparator 116. The data comparator 116 is conventional and compares the
      reference signal from 114 with the address data pulses from the address
      signal separator 72 via the lead 120. When the data comparator 116 notes
      agreement between the address data pulses and the reference signal, the
      comparator operates to produce a signal on lead 122 to cause the transfer
      switch 118 to close for a predetermined time period sufficient to permit
      the response code signal (i.e., the signal from gate 84) to be applied to
      the response code drive through the switch 118. FIG. 7B illustrates the
      envelope voltage of the response signal produced by the station 104.
PAR  In particular, the comparator may contain at least an AND gate having one
      terminal gated to predetermined output terminals of the counter 38 through
      the address code storage 114. Another terminal of the AND gate is
      connected to the lead 120. The address code is such that after a number of
      clock pulses have been transmitted which are sufficient to enable the
      terminal of the AND gate connected to the address code storage, an address
      data pulse is transmitted thereby enabling the other terminal of the AND
      gate. For example, in a simple single bit code arrangement, if the gate is
      connected to the "5" terminal of the counter 38, one input terminal of the
      gate will be enabled after five clock pulses have been received. It it is
      desired to address the particular station having the "5" address, an
      address data pulse is transmitted in the fifth clock pulse slot, thereby
      enabling the other terminal of the AND gate. Hence, the AND gate will
      produce an output pulse that is applied to the transfer switch 118 to open
      the switch. Thereafter, the system operates in the same manner as
      described above.
PAR  In other words, the response code storage 40A and the response code drive
      40B may comprise the circuit shown in FIG. 9 with the difference that the
      transfer switch 118 is connected between the one-shot 88 and the input
      terminal of the gate 90. Also, if desired, an oscillator of the desired
      frequency (300 KHz in the example under consideration) may be connected to
      the other input terminal of the gate 90 rather than using the demodulated
      300 KHz signal.
PAR  If a more complex address is required, such as use of a five bit code or
      the like, additional conventional logic circuitry may be employed to
      accomplish the result.
PAR  The apparatus of FIG. 3 may be utilized to retrieve a particular station
      104 from a plurality of such stations or targets. In this instance, the
      address data drive unit 102 in the transmitter 100 is programmed to
      correspond to the reference signal produced by the address code storage
      114 of the desired station 104. In this instance, only the data comparator
      116 of the desired target will note agreement between the address data
      pulses and the reference signal and thereby cause the response code signal
      from the desired target to be modulated on the harmonic signal transmitted
      from the station. The receiver 50 responds only to this modulation and
      thereby enables the retrieval of the desired target, even when this
      desired target is in close proximity to other targets with different
      address code storage 114. Accordingly, this usage of the circuit of FIG. 3
      is referred to as a dial-type system.
PAR  This dial-type system is employed to locate and retrieve desired objects,
      vehicles, personnel, etc. For example, all of the cartons in a warehouse
      are tagged with stations or targets 104 and each target 104 contains a
      differently programmed address code storage 114. When a particular carton
      is desired, the address data drive unit 102 is programmed to correspond to
      the address code storage 116 in the target or station 104 on the desired
      carton. Only the desired target 104 will respond, enabling the location
      and retrieval of the desired carton.
PAR  The apparatus of FIG. 3 may also be utilized to separately identify two or
      more single remote stations or meter reading remote stations positioned in
      the path of the address signal radiated from antenna 16. In this instance,
      the system operates in the manner of the dial-type system described above
      except that the response code signal produced by the response code storage
      and drive 40 consists of a number of pulses corresponding to the identity
      or the condition of station 104. This type of system is employed to read
      two or more remote stations located in close proximity to each other. For
      example, an apartment house contains a number of electrical meters, each
      corresponding to a different apartment. Each meter is associated with a
      different station 104 and each meter controls the operation of the
      associated code control 42. The meter reader programs the address data
      drive unit 102 to correspond to the address code storage 114 of the
      station 104 that is associated with a particular apartment. The response
      signal in this instance is coded with the meter reading of that particular
      apartment. The meter reader records this meter reading and similarly
      proceeds to read all of the meters in the apartment house by properly
      programming the unit 102.
PAR  The apparatus of FIG. 3 may also be utilized to count all of the items in a
      selected category positioned in the path of the address signal. All items
      to be counted are tagged with a target or station 104. The items are
      separated into categories and all tags corresponding to a particular
      category are provided with the identically coded address code storage
      units 114 but with different response code storage units 40A so as to
      respond at different times with respect to the sync pulse. This usage of
      the circuit of FIG. 3 is referred to as a multiple timed system.
PAR  This multiple timed system may be used to take inventory of a number of
      different items. For example, the system is operable to first count all
      items of a particular category and then proceed to count all items in each
      such category.
PAR  FIG. 4 illustrates a further harmonic communication system 310 constructed
      in accordance with the present invention. The transmitter 124 includes a
      series chain comprising a pulse drive unit 126, a pulsed oscillator 128,
      and a combiner 130. The combiner 130 is connected between the oscillator
      14 and the transmit antenna 16.
PAR  The pulse drive unit 126 operates to cause the pulsed oscillator 128 to
      produce short bursts of an electromagnetic signal of frequency
      approximately equal to F, the carrier signal frequency or the frequency of
      the signal from oscillator 14. The pulsed signal produced by the pulsed
      oscillator 128 is combined with the lower amplitude cw signal of frequency
      F produced by the oscillator 14 to produce a pulsed cw address signal.
      FIG. 8A illustrates the amplitude of the envelope voltage of this address
      signal.
PAR  The pulsed address signal causes increased operating efficiency of the rf
      detector 26 for a given level of average power received by a station 132.
      The address signal is converted to a continuous DC power signal by the
      detector 26, 28 as shown in the voltage waveform-time graph of FIG. 8B.
      This DC power signal powers a sensor amplifier and drive 134. A sensor 136
      is connected to the sensor amplifier and drive 134. This sensor 136
      converts external signal such as seismic signals to electrical signals.
      These electrical signals are amplified by sensor amplifier and drive 134
      and modulated onto the harmonic response signal. FIG. 8C illustrates the
      amplitude of the envelope voltage of this response signal.
PAR  In other words, assuming, for example, that sensor 136 is a seismic
      detector for producing seismic signals, the output signal of the amplifier
      134 will be an amplifier seismic signal. The capacitor 32 is relatively
      small, as noted above, so that the DC signals caused by the transmitted
      pulses leak off rapidly. As a result, the pulses at a harmonic frequency
      of the transmitted signal will be modulated by the amplified seismic
      signals. Thus, the variations of the envelope of the signals shown in FIG.
      8C represent the seismic information.
PAR  Receiver 50 may be provided with a filter to remove frequencies associated
      with the pulse drive unit 126.
PAR  The sensor amplifier and drive 134 also serves to produce a modulation bias
      voltage. This voltage is employed to back bias the harmonic generator and
      modulator 30 to minimize modulation current requirements. In other words,
      the diode 30 does not enter the conducting region so that power losses are
      minimized.
PAR  One form of the sensor amplifier and drive is shown in FIG. 10 and
      comprises cascaded operational amplifiers 210-214. The output signal from
      sensor 136 is applied to the input terminal of the amplifier 210 through a
      resistor 216. The output signal from the amplifier 210 is applied to the
      input terminals of the amplifier 212 through a coupling network comprising
      a serially connected capacitor 218 and a resistor 220. Similarly, the
      output terminals of the amplifier 212 are connected to the input terminals
      of the amplifier 214 through a coupling network comprising a serially
      connected capacitor 222 and a resistor 224. Connected between the input
      and output terminals of each one of the amplifiers 210-212, is a
      respective resistor 226-230. The output signal from the amplifier 214 is
      connected to modulator 30 via a lead 236 through the parallel combination
      of a resistor 232 and a capacitor 234.
PAR  The amplifier and drive unit may also comprise a voltage regulator 238,
      which, in turn, comprises a Darlington connected pair of transistors 240
      and 242. The collector electrodes of the transistors are connected to one
      end of a parallel network comprising a resistor 244 and a zener diode 246;
      the other end of the network is connected to ground. The base electrode of
      the transistor 242 is connected to one power input terminal of the
      amplifiers 210-214 via a lead 248. The other power terminal of the
      amplifier is connected to ground by the respective leads 258, 262. The
      base electrode of the transistor 242 is also connected to the emitter
      electrode of the transistor 240 through a resistor 252 via a lead 250,
      which receives the DC signal from the detector 26, 28. The collector
      electrodes of the transistors are also connected to the lead 236 through a
      resistor 254. A bypass capacitor 256 connects the lead 248 to ground.
PAR  In operation, the DC signal from the detector is applied to the voltage
      regulator 238 so that the voltage applied to the amplifiers is essentially
      independent of the received signal level. This arrangement provides a
      constant gain for the cascaded amplifiers. Accordingly, the input signal
      from the sensor 136 is amplified by the respective amplifiers and provides
      a signal on the lead 236 which is at least several tenths of a volt in
      amplitude. Moreover, the output voltage level from the voltage regulator
      238 is sufficient to back bias the diode 330, as noted above.
PAR  In an actual embodiment, the amplifiers 210-214 may comprise a CMOS
      transistor array, model No. 3600E manufactured by RCA.
PAR  While the preferred embodiments of the invention have been shown and
      described herein, it will become obvious that numerous omissions, changes
      and additions may be made in such embodiments without departing from the
      spirit and scope of the present invention. For example, the more efficient
      pulsed cw address signal produced by the transmitter 124 of FIG. 4 can be
      used to power the station 18 of FIG. 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A communication system comprising transmitting means for transmitting a
      signal having a preselected frequency; a remote station comprising:
PA1  station receiving means for detecting said transmitted signal,
PA1  information means for generating an information signal,
PA1  power means connected to said station receiving means for producing a power
      signal from said detected signal to energize said information means, said
      power means comprising only a first two-terminal diode network comprising
      only semi-conductor diode means polarized in a single direction for
      conducting current in only one direction from one to the other of said two
      terminals of said first network.
PA1  response signal generating means connected to said station receiving means
      for producing a harmonic signal of said transmitted signal and for
      modulating said harmonic signal with said information signal to produce a
      response signal, said response signal generating means comprising only a
      second two-terminal diode network comprising only semiconductor diode
      means polarized in a single direction for conducting current in only one
      direction from one to the other of said two terminals of said second
      network.
PA1  and radiating means for radiating said response signal;
PA1  and a receiving station comprising means for demodulating said response
      signal to obtain said information signal.
NUM  2.
PAR  2. A communication system as in claim 1, in which said information means
      comprises a plurality of stages of CMOS semiconductor elements.
NUM  3.
PAR  3. A communication system as in claim 1, in which said information means
      comprises pulse generating means for producing a preselected sequence of
      pulses, and a station modulation signal generator responsive to said
      pulses for applying a modulation signal corresponding to said information
      signal to said response signal generating means.
NUM  4.
PAR  4. A communication system as in claim 3, in which said pulse generating
      means comprises a clock for producing a train of pulses, a counter for
      counting individual pulses in said train of pulses, and code means
      responsive to predetermined counts of said counter for producing said
      preselected sequence of pulses.
NUM  5.
PAR  5. A communication system as in claim 4, in which said code means comprises
      code varying means for varying the response of said code means to
      different predetermined counts of said counter.
NUM  6.
PAR  6. A communication system as in claim 4, in which said transmitting means
      comprises means for transmitting a continuous wave signal.
NUM  7.
PAR  7. A communication system as in claim 3, in which said transmitting means
      comprises a transmitter modulator for modulating said preselected
      frequency signal with an address code signal, and said remote station
      further comprises demodulating means for demodulating said preselected
      frequency signal to produce said address code signal, said pulse
      generating means being responsive to said address code signal to produce
      said preselected sequence of pulses.
NUM  8.
PAR  8. A communication system as in claim 7, in which said address code signal
      comprises at least a sync pulse and clock pulses, said pulse generating
      means comprising detecting means for detecting said sync and clock pulses,
      a counter responsive to said sync pulse for producing a reference count
      and for incrementing said reference count in response to each clock pulse,
      and code means responsive to predetermined counts of said counter for
      producing said preselected sequence of pulses.
NUM  9.
PAR  9. A communication system as in claim 8, in which said station modulation
      signal generator comprises gating means connected to said demodulating
      means and said code means for applying said demodulated address code
      signal to said response signal generating means during the reception of
      pulses from said code means.
NUM  10.
PAR  10. A communication system as in claim 9, and a frequency divider between
      said gating means and said response signal generating means for dividing
      the frequency of said address code signal.
NUM  11.
PAR  11. A communication system as in claim 1, in which said transmitting means
      comprises a transmitter modulator for modulating said preselected
      frequency signal with an address code signal, demodulating means at said
      remote station for demodulating said preselected frequency signal to
      obtain said address code signal, and switch means at said remote station
      for connecting said information means with said remote station response
      signal generating means in response to a predetermined address code.
NUM  12.
PAR  12. A communication system as in claim 8, in which said address code signal
      further comprises a data signal, and switch means in said remote station
      responsive to a predetermined address code signal for connecting said code
      means to said station modulation signal generator.
NUM  13.
PAR  13. A communication system as in claim 12, in which said detecting means
      further detects said data signal, and said switch means comprises an
      address storage means connected to said counter for producing an enabling
      pulse in response to a predetermined count, and comparing means responsive
      to the sequential reception of said enabling pulse and said data signal
      for producing a switch signal, and said switch means comprises a switch
      responsive to said switch signal for operating said station modulation
      signal generator to apply said modulation signal to said remote station
      response signal generating means.
NUM  14.
PAR  14. A communication system as in claim 1, in which said transmitting means
      comprises a pulse modulator for superimposing at least a pulse on said
      preselected frequency signal, said information means comprising sensor
      means for producing a sensor signal proportional to a sensed quantity, and
      amplifying means for amplfying said sensor signal, means connecting said
      amplifying means to said response signal generating means, whereby said
      amplifying means signal corresponds to said information signal.
NUM  15.
PAR  15. A communication system as in claim 14, in which said amplifier means
      comprises biasing means for producing a modulation bias voltage to
      maintain said second diode network in the non-conducting region.
NUM  16.
PAR  16. A communication system as in claim 7, in which said preselected
      frequency signal is amplitude modulated by said transmitter modulator; and
      said power means further comprises means for producing a voltage
      substantially related to the frequency of the signal produced by said
      transmitter modulator, and said first diode network is operable to rectify
      said voltage.
NUM  17.
PAR  17. A communication system as in claim 7, in which said preselected
      frequency signal is amplitude modulated by said transmitter modulator; and
      said power means further comprises a transformer connected to said
      demodulating means, said transformer having a primary winding tuned to the
      frequency of the signal produced by said transmitter modulator and a
      secondary winding connected to said information means, a rectifier
      connected between said secondary winding and said information means to
      produce a DC potential, and filter means connected to said rectifier to
      apply a substantially continuous level DC potential to energize said
      information means.
NUM  18.
PAR  18. A method for transmitting information to a remote station having no
      source of energy therein comprising transmitting a signal having a
      preselected frequency to the remote station, detecting said preselected
      frequency signal at said remote station and producing a power signal from
      the detected signal by applying the preselected frequency signal to only a
      first two-terminal diode network comprising only semiconductor diode means
      polarized in only one direction, energizing an information signal
      generator with said power signal to generate an information signal,
      producing a harmonic signal from said transmitted signal by applying said
      transmitted signal to only a second two-terminal diode network comprising
      only semiconductor diode means polarized in only one direction, and
      modulating said harmonic signal with said information signal by applying
      said information signal to said second diode network.
NUM  19.
PAR  19. The method of claim 18, in which the power signal produced at said
      remote station is a DC signal.
NUM  20.
PAR  20. The method of claim 18, comprising the further steps of transmitting
      said modulated harmonic signal to a receiving station, and demodulating
      said modulated harmonic signal at said receiving station to obtain said
      information signal.
NUM  21.
PAR  21. The method of claim 18, in which said step of generating said
      information signal comprises generating a preselected sequence of pulses,
      and producing a modulating signal during the generation of each one of the
      pulses in said preselected sequence.
NUM  22.
PAR  22. The method of claim 18, in which said step of transmitting said signal
      of preselected frequency comprises generating a carrier signal, and
      modulating carrier signal with said signal of preselected frequency to
      obtain a pulse train; detecting said pulse train at said remote station;
      and generating said information signal in response to said pulse train.
NUM  23.
PAR  23. The method of claim 22, comprising the further step of applying said
      modulating signal to said harmonic signal only in response to the
      reception of a preselected arrangement of pulses in said pulse train.
NUM  24.
PAR  24. The method of claim 23, in which said preselected arrangement of pulses
      in said pulse train comprises an address code, and said method comprises
      the further steps of storing a desired address code at said remote
      station, comparing said stored address code with said transmitted signal
      address code, and applying said information signal to said harmonic signal
      only in response to an equality between said compared codes.
NUM  25.
PAR  25. The method of claim 22, in which said power signal is derived from the
      sideband signals of said modulated carrier signal.
NUM  26.
PAR  26. A communication system comprising a transmitter having carrier signal
      generating means for generating a carrier signal having a preselected
      frequency, transmitter modulating means for modulating said carrier signal
      with a modulation signal, said modulation signal comprising reference and
      clock signal portions, and radiating means for radiating said modulated
      carrier signal; at least one remote station for receiving said modulated
      carrier signal, said remote station comprising demodulating means for
      demodulating said carrier signal to obtain said modulation signal,
      counting means responsive to said reference signal for producing a
      reference count and for incrementing said reference count in response to
      each of said clock signals, code means responsive to a predetermined count
      for producing an enabling signal, a modulation signal generator for
      generating a station modulation signal in response to said enabling
      signal, and station modulating means for modulating a harmonic signal of
      said carrier signal with said station modulation signal; and a receiving
      station for receiving said modulated harmonic signal, said receiving
      station comprising receiving means for demodulating said modulated
      harmonic signal to obtain said station modulation signal.
NUM  27.
PAR  27. A communication system as in claim 26, and means for applying the
      reference signal portion of said transmitter modulation signal to said
      receiving means.
NUM  28.
PAR  28. A communication system as in claim 26, in which said counting means,
      code means and said modulation signal generator comprise CMOS
      semiconductor elements.
NUM  29.
PAR  29. A communication system as in claim 26, in which said station modulating
      means comprises a semiconductor diode.
NUM  30.
PAR  30. A communication system as in claim 26, in which said counting means
      comprises a counter having a reset terminal adapted to receive said
      reference signal to reset said counter, and an input terminal adapted to
      receive said clock signals to increment said counter, said reference
      signal comprising a pulse of preselected duration, said clock signal
      comprising pulses having a duration other than said preselected duration,
      said counting means further comprising pulse discriminating means for
      applying said reference pulse to said counter reset terminal and said
      clock pulses to said input terminals.
NUM  31.
PAR  31. A communication system as in claim 26, and a plurality of remote
      stations, said code means of each of said plurality of remote stations
      being responsive to a different count whereby said enabling signal at each
      remote station is generated at different times during a cycle of
      transmission of said carrier signal.
NUM  32.
PAR  32. A communication system as in claim 26, wherein said transmitter
      modulation signal further comprises a data signal portion, comparing means
      in said remote station for generating a switch signal in response to a
      preselected data signal, and switch means responsive to said switch signal
      for applying said enabling signal to said modulation signal generator.
NUM  33.
PAR  33. A communication system as in claim 32, in which said data signal
      comprises a plurality of pulses, and a plurality of remote stations each
      having said comparing means therein, said comparing means of preselected
      stations having signal generating means to generate said switch signal in
      response to different cumulative numbers of said data pulses in a cycle of
      transmission of said carrier signal.
NUM  34.
PAR  34. A communication system as in claim 33, in which said plurality of
      remote stations are divided into different groups, said comparing means in
      the same group of stations being responsive to the same number of data
      pulses to produce said switch signal at the same time, said comparing
      means in different groups of stations being responsive to different
      numbers of said data pulses to produce said switch signal at different
      times.
NUM  35.
PAR  35. A communication system as in claim 34, wherein said code means within
      said same group of remote stations is responsive to a different count
      whereby said enabling signal at each remote station within said same group
      of remote stations is generated by different times during a cycle of
      transmission of said modulated carrier signal.
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ABST
PAL  A monitor for a receiver specifies a predetermined region within each of a
      plurality of continuous discrimination domains of a signal space, with
      each domain including a true signal point representative of an original
      signal which the receiver may allowably receive. The monitor compares each
      of the regions to the actual signal points represented in the receiver
      input signal and produces a monitor output signal representative of the
      frequency at which the actual signal points of the received signal are
      outside of the predetermined regions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a monitor for a receiver. The receiver may be
      that used in a repeater.
PAR  Monitors are highly important for receivers. For example, it is necessary
      in a high-reliability communication system comprising a pair of terminal
      equipments at each point of the system to switch a working equipment over
      to a stand-by equipment as soon as a trouble is detected in the former. On
      detecting such a trouble, a monitor plays an important role. In a
      nonstationary communication system, a monitor is resorted to on judging
      whether or not a communication channel is duly established. In a
      communication system having rather unstable transmission paths, it is the
      practice for a receiver to send a request for retransmission back to a
      transmitter when an objectionable state of reception is found at the
      receiver. A monitor is used to monitor the state of reception. In a burst
      communication system where pieces of information for synchronization, such
      as those for the carrier signal and clock pulses, are collected at a
      receiver from the signal supplied thereto, it is necessary to derive the
      information pieces as rapidly and precisely as possible. Inasmuch as the
      rapidity and precision are inconsistent requisites in this case, the
      practice is to switchover the modes of operation of the synchronization
      information extracting circuit from that for initial operation to that for
      stationary operation. A monitor is used to judge the instant for the
      switchover.
PAR  In all examples mentioned above, a monitor detects the state of reception
      at a receiver. It may be said that the state of reception finally means
      the signal-to-noise ratio of the receiver output signal in analog
      communication and the rate of occurrence of errors in the receiver output
      codes in digital communication. In order to monitor, for example, the rate
      of errors, it is mandatory for the monitor to know original codes sent to
      the receiver through transmission facilities. This, in turn, requires
      specific codes or words for the check purpose to be transmitted in a time
      division fashion and accordingly reduces the efficiency of communication.
      In addition, some appropriate length of time is necessary to detect a
      slight change in the rate of errors, which is very small under practical
      circumstances. It is therefore for the monitor not to directly monitor the
      rate of errors but indirectly with reference to a change in a certain
      quantity that has a relation with the signal-to-noise ratio or the rate of
      errors. In carrier transmission, the quantity may be a phase shift or a
      phase jitter of the local carrier signal produced in the receiver, a phase
      shift or a phase jitter of the likewise produced clock signal, the
      signal-to-noise ratio of the receiver input signal, the intersymbol
      interference appearing in the receiver input signal, a shift in the gain
      control circuit of the receiver, a shift in threshold levels used in the
      receiver, a shift in the signals appearing in certain units of the
      receiver, or the like. It is desirable for the monitor to monitor these
      quantities as much as possible to derive a monitor output signal that has
      direct connection with the signal-to-noise ratio of the receiver output
      signal or the rate of errors in the receiver output codes.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a monitor for
      a receiver, capable of avoiding a reduction in the communication
      efficiency.
PAR  It is another object of this invention to provide a monitor of the type
      described, capable of producing a monitor output signal in a short period
      of time.
PAR  Before setting forth the gist of this invention, it should be pointed out
      that transmission of signals is carried out by bringing the original
      signal to be transmitted into one-to-one correspondence with pertinent
      ones of points (called signal points) in a multidimensional vector space
      whose unit vectors are given by units for independent variables, which in
      base band communication may be time and either voltage or current and
      which in carrier communication may be time, carrier frequency, and either
      amplitudes of the inphase and quadrature phase components (namely,
      amplitude of the envelope and phase thereof) or components of two
      orthogonal polarized signals, the vector space being called a signal
      space. Reception of the signal supplied to a receiver is carried out by
      detecting the values of the independent variables and by presuming the
      original signal with reference to successive combinations of the detected
      values. The manners of combining the detected values and of presuming the
      original signal differ according to the types of modulation and encoding.
      A demodulator or receiver invented from such a point of view is disclosed
      in my copending patent application Ser. No. 487,003 filed July 10, 1974,
      for amplitude-and-phase modulated signals. It should also be pointed out
      that, although a digital original signal is brought into one-to-one
      correspondence with discrete signal points, an analog original signal
      should be brought into correspondence with lines. By understanding each
      line to be an infinite number of points arranged with an infinite density,
      it is possible to deal with digital and analog communications by a unified
      theory.
PAR  From the next preceding paragraph, it is understood that a receiver for
      reproducing from an input signal an original signal sent to the receiver
      through transmission facilities includes a detector responsive to the
      input signal for producing a detector output signal and means for
      specifying contiguous discrimination domains in a signal space, which
      discrimination domains includes true signal points representative of the
      original signal, respectively. The receiver further includes means for
      discriminating in which of the discrimination domains actual signal points
      representative of the detector output signal are present. A monitor
      according to this invention is for use together with a receiver of the
      type described and comprises first means for specifying predetermined
      regions within the respective discrimination domains including the
      respective true signal points and second means for producing a monitor
      output signal indicative of the frequency of occurrence of the actual
      signal points within or outside of the predetermined regions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates in blocks a monitor according to the instant invention
      together with a receiver for carrier transmission;
PAR  FIG. 2 shows a signal space or plane for quadrature amplitude modulation
      communication;
PAR  FIG. 3 shows frequencies of signals actually falling at a receiver on the
      signal plane along a line;
PAR  FIG. 4 shows rates of occurrence of errors in receiver output codes and the
      frequencies, such as mentioned in conjunction with FIG. 3, versus D/U
      ratios;
PAR  FIG. 5 illustrates a monitor according to a first embodiment of this
      invention together with a receiver for quadrature amplitude modulation
      communication;
PAR  FIG. 6 shows a comparator used in the monitor according to the first
      embodiment and shows a detailed example of the comparators used in FIG. 5;
PAR  FIG. 7 illustrates in blocks a monitor according to a second embodiment of
      this invention together with a receiver for quadrature amplitude
      modulation communication;
PAR  FIG. 8 shows a signal space for simultaneous or composite modulation
      communication;
PAR  FIG. 9 shows a signal space for pulse amplitude and phase modulation
      communication;
PAR  FIG. 10 is a block diagram of an arrangement for use in a monitor according
      to the second embodiment in place of a portion thereof;
PAR  FIG. 11 illustrates mainly in blocks a monitor according to a third
      embodiment of this invention together with a receiver for binary pulse
      base band communication;
PAR  FIG. 12 shows a wave form of the binary pulses as received; and
PAR  FIG. 13 shows characteristics of several circuit elements of the monitor
      according to the third embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a receiver for carrier transmission comprises an input
      terminal 21 for the signal supplied from a transmitter (not shown) through
      a transmission path, a detector 22 for the input signal, and a
      discriminator 23 for specifying contiguous discrimination domains in a
      signal space so as to include respective true signal points representative
      of the original signal sent to the receiver through the transmission
      facilities and for discriminating in which of the discrimination domains
      actual signal points representative of the detector output signal are
      present. The receiver further comprises an output terminal 24 for the
      discriminator output signal. Although the detector 22 and discriminator 23
      are separately depicted in FIG. 1, the discriminator 23 may be deemed as a
      portion of the detector 22 in case use is made of the result of
      discrimination in extracting the local carrier and clock signals used in
      the receiver. A monitor for use together with the receiver according to
      this invention comprises first means 26 for specifying predetermined
      regions within the respective discrimination domains including the
      respective true signal points. The monitor further comprises second means
      27 for detecting in the manner also later described the frequency of the
      actual signal points representative of the decoder output appearing within
      or outside of the predetermined regions to produce a monitor output signal
      indicative of the frequency. A utilization device 28 is connected to the
      second means 27 to utilize the monitor output signal. The utilization
      device 28 may be, as described in the preamble of the instant
      specification, a circuit for switching the working transmitter and/or
      receiver over to the stand-by one or ones, a device for requesting the
      retransmission, or a circuit for switching over the modes of operation of
      the synchronization signal extracting circuit.
PAR  Referring to FIG. 2, a signal for quadrature amplitude modulation
      communication, which is a sort of carrier digital transmission, is
      two-dimensional and becomes a signal plane when the product of duration T
      of a symbol and width W of the transmission band is equal to unity. Either
      in case the product is equal to two or more or in case use is made of two
      orthogonal polarized signals, the dimensions become three or more so that
      illustration is difficult although this invention is equally well
      applicable to these cases. In FIG. 2, an X and Y axis represent the
      inphase and quadrature phase components of a synchronous detector output
      signal. It is now presumed that the information to be transmitted is sent
      out at a transmitter as selected ones of sixteen signal points, such as a
      point referred to by a reference numeral 30. With this sixteen signal
      points, it is possible to transmit four-bit digital information pieces per
      symbol or per duration T. During transmission through a transmission path,
      the signal is subjected to noises and interference so that the signal
      supplied to the receiver can no more be represented by corresponding
      signal points on a like reference plane. The latter signal plane will
      herein be called also a signal plane. The corresponding signal points,
      such as 30, are called true signal points. Signal points, namely, actual
      signal points representative of the signal actually supplied to the
      receiver therefore appear at certain points adjacent to the respective
      true signal points. One of the methods for estimating most probable true
      signal points from the actual signal points is to divide, at first, the
      signal plane into a plurality of contiguous decision or discrimination
      domains by equally spaced orthogonal lines, such as 31 and 32, parallel to
      and including the X and Y axes, so that the discrimination domains may
      include the respective true signal points. Secondly, it is detected in
      which of the discrimination domains the actual signal points fall. The
      signal supplied to the receiver is looked upon as being representative of
      the true signal points existent in the discrimination domains successively
      determined as a result of the detection.
PAR  In FIG. 2, a plurality of regions are shown within the respective
      discrimination domains by hatched squares enclosed by short line segments,
      such as 33. V.sub.1, V.sub.2, V.sub.3, and V.sub.4 represent the X or Y
      coordinates of the short line segments. Each of the regions is narrower
      than the relevant one of the discrimination domains and includes the true
      signal point of the relevant discrimination domain. Although square
      regions are shown for convenience of practical design of the first means
      26, the regions may be rectangular. Circular regions are preferred from
      the theoretical point of view.
PAR  Referring to FIG. 3 curves 36, 37, 38, and 39 show probability distribution
      of the actual signal points on a line, such as 40' depicted in FIG. 2,
      when the information actually transmitted is equally probably represented
      by the sixteen signal points on the transmitter side and when the noises
      and interference are given by a Gaussian distribution for each of the true
      signal points. When the probability distribution is given by the curves 36
      through 39, the frequency of the actual signal points falling within the
      sixteen regions exemplified in FIG. 3 by a letter "d" and by the abscissae
      V.sub.3 .about.V.sub.4, V.sub.1 .about.V.sub.2, -V.sub.2 .about.-V.sub.1,
      and -V.sub.4 .about.-V.sub.3 is approximately equal to unity in terms of
      probability. With larger noises and interference, the probability
      distribution becomes broader as exemplified by curves 36', 37', 38', and
      39'. In the latter case, the frequency is given by a summation of sixteen
      hatched areas, only four of which are illustrated in FIG. 3. The frequency
      shows a rapid decrease with an increase in the noises and interference.
      This applies not only to a two-dimensional signal space but also to signal
      spaces of three or more dimensions.
PAR  Referring to FIG. 4, the abscissa shows those so-called D/U ratios, namely
      the ratios of desired signals to undesired signals, which decrease with an
      increase in the noises and interference. The ordinate shows common
      logarithms of the rates of occurrence of errors in terms of the
      probability Pe and the above-mentioned frequency f. A curve 40 is known as
      a rate-of-error curve indicative of log Pe versus D/U. Being given in
      logarithms, the rate of errors show a steep decrease with an increase in
      the D/U ratios. A range between 10.sup..sup.-4 and 10.sup..sup.-7 of the
      rates of errors (between -4 and -7 if expressed in logarithm) is available
      for practical communication. Curves 41, 42, and 43 show the frequencies
      for wide, medium, and narrow regions. An initial decrease in the
      frequencies that occurs with a decrease in the D/U ratios becomes steeper
      when the regions are made narrower as mentioned with reference to FIG. 3.
      If the regions were as wide as the discrimination domains, the frequency
      would be always equal to unity irrespective of the D/U ratios.
PAR  The curves 40 through 43 depicted in FIG. 4 are not only indicative of the
      fact that a monitor according to this invention monitors a variation in
      the noises and interference but are also useful in designing such a
      monitor. By way of example, it is presumed that a monitor should indicate
      if the frequency is above or below a threshold level of 0.7 shown in FIG.
      4 by a horizontal dashed line 45. With the use of wide regions which
      result in the curve 41, the monitor output signal indicates whether the
      D/U ratio is greater or smaller than a value corresponding to an
      intersection 46 of the curve 41 and the dashed line 45, namely, whether
      the rate of errors is smaller or greater than a value given by a point 46'
      on the curve 40. With the use of medium-area regions, the monitor output
      signal indicates whether the D/U ratio is greater or smaller than a value
      corresponding to another intersection 47 and whether the rate of errors is
      smaller or greater than a value represented by another point 47' on the
      curve 40. When it is desired to monitor the rates of errors by the use of
      a very small threshold value or criterion, the first means 26 should
      specify narrow regions that may result in the curve 43. Although not shown
      in FIG. 4, the threshold rate of errors corresponding to still another
      intersection 48 of the curve 43 and the dashed line 45 is below
      10.sup..sup.-7.
PAR  Monitoring with this small threshold value by a conventional monitor
      requires a considerable length of time which may amount to 10.sup.8
      symbols or more. In contrast, a monitor according to this invention is
      capable of monitoring the signal supplied to the receiver in question with
      this small threshold value within a short period of time. In addition, it
      should be noted with reference to FIG. 2 that the regions are specified
      including all true signal points, respectively. This means that a monitor
      according to this invention is capable of monitoring whatever pattern the
      signal may have. In other words, the monitor is operable without the use
      of specific words for the check purposes. This applies not only to
      quadrature amplitude modulation but also to other modes of transmission as
      will be understood from the following.
PAR  The above description is applicable also to other causes which reduce the
      rate of errors. For example, it may be surmised in conjunction with FIG. 2
      that a phase shift occurred in the local carrier signal used in the
      receiver. The actual signal points now appear on the signal plane at
      points which the true signal points will assume when the signal plane is
      rotated around the origin 0 of the coordinates by an angle indicative of
      the phase shift. The frequency of the actual signal points appearing
      within the predetermined regions decreases accordingly. If a shift occurs
      in the timing of the clock pulses, the intersymbol interference grows
      larger. This is equivalent to an increase in the noises. If a drift
      appears in the detector output signal, the actual signal points appear at
      points which the true signal points will assume when subjected to
      translation. When the level of the signal supplied to the receiver lowers,
      a similar decrease occurs in the frequency.
PAR  Referring now to FIG. 5, a receiver for quadrature amplitude modulation
      communication comprises an input terminal 21, a pair of detectors 22a and
      22b for the inphase and quadrature phase components of the signal supplied
      to the input terminal 21, and a local oscillator 22c for supplying a local
      carrier signal to the inphase detector 22a directly and to the quadrature
      phase detector 22b through a 90.degree. phase shifter 22d. The output
      signals of the detectors 22a and 22b are what may be given by abscissae
      and ordinates in FIG. 2. These output signals are discriminated by a
      discriminator 23 of the type described and thereafter supplied to an
      output terminal 24. A clock generator 50 produces clock pulses for
      specifying the time of discrimination. A monitor for use with the receiver
      according to a first emhodiment of this invention comprises a pair of
      comparator circuits 51 and 52 for comparing the respective detector output
      signals with levels provided thereby and a two-input AND gate 53 for the
      output signals of the comparator circuits 51 and 52. The comparison is
      preferably carried out at the same time points specified by the clock
      pulses as those used in discrimination.
PAR  Referring to FIG. 6 for a short while, each of the comparator circuits 51
      and 52 comprises an absolute value circuit 55 responsive to the clock
      pulses for sampling the output signals of the pertinent one of the
      detectors 22a and 22b and producing an output signal representative of the
      absolute values of the successive samples; four unit comparators 56, 57,
      58, and 59 for simultaneosuly comparing the absolute value signal with
      threshold values V.sub.1, V.sub.2, V.sub.3, and V.sub.4 provided thereby;
      a pair of inhibit gates 61 and 62 connected to the unit comparators 56
      through 59 as shown, and an OR gate 63 responsive to the output signals of
      the inhibit gates 61 and 62. It will be understood that the inhibit gate
      61 connected to the unit comparators 56 and 57 produces a logic "1" pulse
      when the detector output signal assumes at a sampling point a value
      between -V.sub.2 .about.-V.sub.1 or between V.sub.1 .about.V.sub.2 and
      otherwise produces a logic "0" pulse. The inhibit gate 62 connected to the
      unit comparators 58 and 59 produces a logic "1" pulse when the detector
      output signal assumes at the sampling point a value between -V.sub.4
      .about.-V.sub.3 or between V.sub.3 .about.V.sub.4  and otherwise produces
      a logic "0" pulse. As a result, the OR gate 63 produces a logic "1" pulse
      only when the value of the detector output signal at a sampling point is
      between -V.sub.4 and -V.sub.3, -V.sub.2 and -V.sub.1, V.sub.1 and V.sub.2,
      or V.sub.3 and V.sub.4.
PAR  Returning to FIG. 5, it will now be understood that the AND gate 53
      produces a logic "1" output pulse when the detector output signals are
      within the regions depicted with reference to FIG. 2 and that the
      comparator circuit 51 and 52 or the unit comparators 56 through 59 of the
      comparator circuits 51 and 52 comprise the first means 26 described with
      reference to FIG. 1. The monitor further comprises a low-pass filter 65
      for the AND gate output signal. Inasmuch as the logic "1" and "0" pulses
      assume a high and a low level, the low-pass filter 65 produces due to its
      averaging function a monitor output signal indicative of the frequency of
      the actual signal points representative of the decoder output signals
      appearing within the predetermined regions. If the AND gate output signal
      comprises pulses of a duty factor of 100% and if 1 volt and 0 volt
      correspond to the logic "1" and "0" pulses, respectively, the low-pass
      filter output signal becomes 1 volt when the frequency is equal to unity
      in terms of the probability. Although the low-pass filter 65 may be of an
      analog type, the same may be a digital type because the input signal is
      digital. An additional comparator 66 connected to the low-pass filter 65
      is not an indispensable element of a monitor according to this invention
      but is a portion of the utilization device 28 described in conjunction
      with FIG. 1. With the threshold level for the additional comparator 66 set
      at a certain level, it is possible to obtain a comparator output signal
      indicative of whether the rate of errors is above or below a certain
      criterion given by the level set for the comparator 66.
PAR  Referring to FIG. 7, a monitor according to a second embodiment of this
      invention and accompanied by a low-pass filter 65 and an additional
      comparator 66 is for a receiver for quadrature amplitude modulation
      communication comprising similar elements designated by like reference
      numerals as in FIG. 5. The discriminator 23 comprises a pair of
      analog-to-digital converters 67 and 68 responsive to the clock pulses for
      converting the detector output signals into digital signals representative
      of the inphase and quadrature phase components. The discriminator 23
      further comprises either a logic circuit or a read-only memory 69
      responsive to the digital signals for reproducing the original signal. As
      described in the above-referenced patent application, the
      analog-to-digital conversion defines the discrimination domains in the
      signal space. In addition, it is possible to select the quantization steps
      so that the digital codes of each digital signal may vary as an actual
      signal point traverses, when moving along a line parallel to the x or y
      axis, the boundary lines between the discrimination domains and the line
      segments for the predetermined regions. The monitor comprises a read-only
      memory 70 responsive to the digital signals for producing a logic " 1" and
      a logic "0" pulse when a digital signal pair specifies a predetermined
      region and the remainder of the regions, respectively.
PAR  Referring to FIG. 8, seven true signal points, such as 30, and boundary
      lines, such as 31, for the discrimination domains are depicted on a signal
      plane for two-amplitude-level and six-phase composite modulation
      communication. Circular predetermined regions are preferred for the
      respective signal points because they give best results for those noises
      and interference whose x and y components are independent of each other
      and have an equal dispersion. As an approximation, each of the regions is
      bounded by a region boundary line 33 shown in FIG. 8. It is difficult to
      define the predetermined regions by the use of a combination of
      comparators illustrated with reference to FIGS. 5 and 6. A read-only
      memory 70 therefore must be resorted to, with the quantization steps
      selected in accordance with the staircase lines 33 defining the regions.
      It will now be understood that the second embodiment is preferred in case
      complicated shapes are required of the predetermined regions and that a
      signal space is readily mapped on a read-only memory irrespective of the
      shape of the predetermined regions.
PAR  Referring to FIG. 9, pulse amplitude modulation is a sort of analog
      modulation, wherein analog information pieces are given by digital
      quantities representative approximately of the information pieces and
      analog quantites representative of the quantization errors of the
      respective digital quantites. The digital and analog quantites are
      transmitted as the inphase and quadrature phase components given by the
      abscissae and ordinates on a signal plane. Thick lines, such as 30,
      correspond to the true signal points. The discrimination domains for the
      digital quantites are bounded by dashed lines, such as 31. It is therefore
      possible to select predetermined regions bounded by region boundary lines,
      such as 33, and depicted with hatches. Both the theory for predetermining
      the regions in this manner and operation of a monitor for pulse amplitude
      phase modulation communication will be understood when the signal line
      segments, such as 30, are deemed as a limit of infinite signal points as a
      mentioned in the preamble of the instant specification.
PAR  Referring now to FIG. 10, a monitor according to the second embodiment may
      comprise, in place of a single memory 70 illustrated with reference to
      FIG. 7, a frequency divider 71 for dividing the frequency of the clock
      pulses, a pulser 72 for sharpening the frequency-divided clock pulses, a
      gate 73 responsive to the frequency-divided and sharpened pulses for
      sampling the digital signals, a buffer memory 74 for temporarily storing
      the sampled signals, and a constituent read-only memory 75 which is
      similar to the read-only memory 70. The modification is preferred when the
      rate of transmission of the symbols is considerably higher than the speed
      of read-out of the memory 70. In other words, the monitor according to
      this modification monitors only some of the received symbols rather than
      all received symbols. It should be understood in connection with this
      modification that the analog-to-digital conversion reaches a limit of
      speed faster than the readout of a read-only memory and may likewise be
      carried out only for same of the symbols.
PAR  It is to be noted that a signal space for base band transmission becomes
      one-dimensional when WT = 1/2 as shown in FIG. 12. Referring now to FIG.
      11, a receiver for binary pulse communication comprises an input terminal
      21, a discriminator 23, an output terminal 24, a clock generator 50, and a
      sampler 76 responsive to the clock pulses for sampling the input signal to
      supply the sampler output signal to the discriminator 23. The
      discriminator 23 may discriminate by discrimination characteristics shown
      in FIG. 13 at 77 whether the sampler output signal is above or below the
      time axis depicted in FIG. 12. The discrimination domains are indicated in
      FIG. 12 by arrows 78 and 79. In FIG. 12, the actual signal supplied to the
      input terminal is shown by a curve 80. Actual samples are indicated by
      small circles, such as 81. If the actual samples as above the time axis,
      the discriminator 23 determines the same to be representative of a logic
      "1"  value given by a true signal point 82. Otherwise, the discriminator
      23 locates the actual signal samples to be representative of a logic "0"
      value shown at 83 (x = - 1). A monitor according to a third embodiment of
      this invention comprises a comparator 90 whose comparison characteristics
      are exemplified in FIG. 13 at 91. The characteristics do specify
      predetermined regions 92 and 93 by the ranges at which the comparator
      output signal assumes a logic "1" value. Whenever the comparator output
      signal becomes logic "1," the actual signal points fall within the
      predetermined regions 92 or 93. If the comparator output signal becomes
      logic "0," the actual signal points, such as a point designated by 81' in
      FIG. 12, fall outside of the predetermined regions 92 and 93. Therefore
      the comparator output signal indicates the frequency of the actual signal
      points falling within and outside of the predetermined regions 92 and 93,
      namely, the extent to which the input signal is subjected to noises and
      interference and to which the clock pulses are out of phase. The
      comparator 90 is accompanied by a low-pass filter 65 and an additional
      comparator 66. Here, the low-pass filter comprises a resistor 96
      interposed between the monitor comparator 90 and the additional comparator
      66 and a capacitor 97 connected between ground and a point of connection
      of the resistor 96 and the additional comparator 66.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A monitor for a receiver reproducing an original signal from an input
      signal sent to said receiver through transmission facilities, said
      original signal being represented by a sequence of true signal points each
      contained in one of a plurality of contiguous discrimination domains
      specified in a signal space, said receiver including a detector responsive
      to said input signal for producing a detector output signal having
      electrical characteristics successively representing each actual signal
      point of said input signal in said signal space, said monitor comprising:
PA1  first means for providing electrical characteristics specifying a
      predetermined region within each of the respective discrimination domains,
      each said region including the respective true signal point contained
      within the associated discrimination domain; and
PA1  second means operatively coupled to said first means and to said detector
      output for measuring the frequency at which the electrical characteristics
      of each said actual signal point coincides with the electrical
      characteristics of any of said predetermined regions to produce a monitor
      output signal indicative of the frequency at which the actual signal
      points occur within said predetermined regions.
NUM  2.
PAR  2. A monitor as claimed in claim 1, wherein said second means comprises:
PA1  third means operatively coupled to said first means and to said detector
      output for comparing the electrical characteristics of each actual signal
      point with the electrical characteristics of all of said predetermined
      regions to produce a first signal and a second signal when the electrical
      characteristics of each of said actual signal points are within and
      outside, respectively, of said preselected electrical characteristics of
      said predetermined regions; and
PA1  fourth means connected to said third means for averaging said first and
      second signals with respect to time to produce said monitor output signal.
NUM  3.
PAR  3. A monitor as claimed in claim 2, wherein the threshold values for said
      third means are established by the preselected electrical characteristics
      provided by said first means.
NUM  4.
PAR  4. A monitor as claimed in claim 2, wherein:
PA1  said first means comprises memory means for storing each of said
      preselected electrical characteristics as a set of a first and a second
      value at one of a plurality of addresses specified in accordance with said
      predetermined regions and the remainder of said signal space and
PA1  said second means further comprises
PA1  means connected to said detector and operatively coupled to said memory
      means for addressing said memory means
PA1  to recall said first and second values to establish a set of threshold
      values for said comparing means.
NUM  5.
PAR  5. A monitor as claimed in claim 4, wherein said address means comprises:
PA1  means for sampling said detector output signal and
PA1  means responsive to the sampled detector output signal for addressing said
      memory means.
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ABST
PAL  Circuits for use with a receiver which notify the operator of a receiving
      station by means of an audio tone when an opposite station is calling or
      has ceased transmission. The transition of an opposite station from its
      transmitting to receiving state or vice versa is detected and a specific
      change-over sound based upon the detector output is introduced into the
      principal station's receiver audio amplifier circuits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a receiver, and particularly to
      a receiver provided with a circuit in which the change-over between
      transmitting and receiving states of an opposite station can be easily
      recognized.
PAR  2. Description of the Prior Art
PAR  In the case of performing intercommunication by a transmitter and receiver
      combination, when the transmitting state is changed-over to the receiving
      state, it is necessary to say, for example, "Go-ahead, please" for
      maintenance of good timing in the transition of the transmitting and
      receiving states between a principal station and its opposite station.
      However, it is troublesome to say Go-ahead, please every time the
      transmitting state is changed-over to the receiving state. Likewise, when
      an opposite station is calling a principal station, it is inconvenient to
      say, for example, "We are on the air, do you hear us?"
PAR  Accordingly, it would be desirable when the transmitting state is switched
      to the receiving state, that a specific change-over sound would be
      automatically transmitted thereby to inform the principal station that the
      opposite station has been changed-over from the transmitting state to the
      receiving state. However, the transmission of such a specific oscillating
      sound may be legally prohibited in a field of simple radio service, so
      that any means for instructing the change-over has not been provided in
      the prior art transmitter and receiver. Hence, an arrangement which
      produces a change-over sound dependent upon the presence of a signal
      carrier without the transmission of a change-over signal at the beginning
      or end of transmission would be highly useful.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an improved transceiver.
PAR  More specifically, an object of this invention is to provide a receiver
      which is capable of recognizing the termination or initiation of
      transmission without any change-over sound signal being transmitted from
      the opposite station or appropriate notification such as Go ahead, please
      or We are on the air, do you hear us.
PAR  A further object of this invention is to provide a receiver in which a
      change-over sound signal is produced in the receiving station every time
      when the opposite station begins or ends a transmission so that the
      change-over between transmitting and receiving states can be smoothly
      performed.
PAR  Another object of this invention is to provide a receiver with a simple,
      low-cost circuit construction for detecting the presence of an opposite
      station signal in accordance with the automatic gain control level and to
      introduce an appropriate change-over signal from the output of an
      oscillator into the receiving system of the principal station.
PAR  According to one embodiment of the invention, a received signal creates a
      receiver reverse AGC voltage which sets the operating level of an IF
      amplifier. The change from a high to a low IF amplifier operating level
      corresponding to the termination of a received signal is differentiated to
      create a peaked waveform of negative direction which decreases the current
      flow in a normally "ON" transistor commonemitter amplifier. The resulting
      rise in collector voltage permits an interconnected RC oscillator which is
      normally biased "OFF" to begin oscillating. The oscillator signal is
      introduced into the receiver audio chain and a brief tone is produced
      corresponding to the termination of the received signal from the opposite
      station. An additional advantage associated with the above embodiment is a
      relationship between the duration of the change-over sound tone and the
      strength of the received signal, the shorter sound durations corresponding
      to weaker signals and smaller AGC level shifts.
PAR  Other embodiments of the invention with a similar operating principal
      include a system for use with a positive AGC, a system for creation of a
      change-over signal at the initiation of a received signal for calling
      purposes, and an arrangement for simple incorporation into a transceiver
      of a system with a change-over signal for termination of a received
      signal.
PAR  The other objects, features and advantages of the present invention will be
      apparent from the following description taken in conjunction with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram showing a receiver according to a first
      embodiment of this invention;
PAR  FIGS. 2A to 2E are views of waveforms appearing at the respective parts of
      the circuit shown in FIG. 1;
PAR  FIG. 3 is a circuit diagram showing a receiver according to a second
      embodiment of this invention;
PAR  FIGS. 4A to 4D are views of waveforms appearing at the respective parts of
      the circuit shown in FIG. 3;
PAR  FIG. 5 is a circuit diagram showing a receiver according to a third
      embodiment of this invention;
PAR  FIGS. 6A to 6D are views of waveforms appearing at the respective parts of
      the circuit shown in FIG. 5; and
PAR  FIG. 7 is a circuit diagram showing a receiver according to a fourth
      embodiment of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the following embodiments presented, only the receiving portion of a
      transmitter-receiver combination is described. The transmitter portion of
      the principal station and the transmitter portion at the opposite station
      can be constructed in the same manner as the prior art. It should be
      further obvious to one skilled in the art that the transmitters and
      receivers described herein could each be replaced with a transceiver.
PAR  A first embodiment of the invention is shown in FIG. 1. Reference numeral 1
      designates a radio frequency or RF amplifier, 2 a frequency converter, 3
      an intermediate frequency or IF amplifier, 4 a detecting diode, 5 a volume
      adjusting variable resistor, 6 an audio frequency or AF amplifier, and 7 a
      speaker. In this example, a signal for reverse automatic gain control
      (AGC) is applied to the IF amplifier 3. That is, a collector of an IF
      amplifying transistor 31 in the IF amplifier 3 is connected through a
      primary winding of an IF transformer 32 and a resistor 33 to a voltage
      source terminal 34 to which a positive voltage +Vcc is applied, and the
      junction between the primary winding of the transformer 32 and the
      resistor 33 is grounded through a bypass capacitor 35. With the above
      arrangement, the diode 4 has derived therefrom a detected output which is
      applied through a low-pass filter 36 to the base of the transistor 31 as a
      DC voltage for reverse AGC.
PAR  In a detector circuit 80 for detecting an opposite station change-over from
      its transmitting state to its receiving state, there is provided a
      grounded-emitter transistor 81, the base of which is connected through a
      parallel connection of a differentiating capacitor 83 and a resistor 84
      and further through a function switch 82 to the connection point between
      the primary winding of the transformer 32 and the resistor 33, and the
      collector of which is grounded through an integrating capacitor 85. In
      addition, an RC oscillator circuit 90 is formed by a transistor 91 as an
      oscillator for producing a brief changeover sound signal when the
      transmitting state is switched to the receiving state in the opposite
      station. The collector of the transistor 81 is connected through a
      resistor 92 to the base of the transistor 91 and the collector of the
      transistor 91 is connected through a resistor 93 to a movable contact of
      the variable resistor 5. In this case, when no signal is present, the
      transistor 81 is biased in conduction while the transistor 91 is cut off.
PAR  With the above circuit arrangement, let it be assumed that the function
      switch 82 is closed and an RF carrier signal such as shown in FIG. 2A is
      transmitted from the opposite station. In this case, since the IF
      amplifier 3 is fed with the voltage for reverse AGC, an AGC level shift
      signal Sb of rectangular-shape as shown in FIG. 2B, which has high levels
      corresponding to the presence of a signal from the opposite station, is
      obtained at the connection point between the primary winding of the
      transformer 32 and the resistor 33. The signal Sb is differentiated by the
      capacitor 83, the resistor 84, and the input impedance of the transistor
      81 to form a differentiated signal Sc as shown in FIG. 2C which is applied
      to the base of the transistor 81 to make it nonconductive during the fall
      period of the signal Sc. Then, since the collector of the transistor 81 is
      connected to the capacitor 85, a audio oscillator control signal Sd as
      shown in FIG. 2D is derived from this collector every time the opposite
      station terminates its transmission. Thus, the transistor 91 is applied
      with a biasing voltage during a time period where the signal Sd is high,
      the oscillator circuit 90 begins to oscillate during the above time
      period, and the oscillator signal is supplied through a resistor 93 to the
      AF amplifier 6 and speaker 7. Hence, when the opposite station changes its
      transmitting state to the receiving state, an oscillating sound is
      produced from the speaker 7 for a certain period.
PAR  It is obvious to those skilled in the art that the oscillator signal
      injection point shown in this and the other invention embodiments is not
      exclusive; the signal injection may be accomplished at other points in the
      receiver audio chain as may be convenient.
PAR  As described above, according to the present invention, when the opposite
      station changes its transmitting state to the receiving state, a
      change-over sound is produced from the speaker to inform the principal
      station of the above transition, and hence the change-over from the
      transmitting state to the receiving state can be smoothly performed. In
      addition, it is not necessary to say Go-ahead, please every time the above
      change-over operation is performed.
PAR  In the case when a received signal from the opposite station is high in
      level and hence the signal Sb is high in level, the signal Sd is also
      high. In this case, a collector-emitter voltage of the transistor 91
      changes in level from the cut-off region CO through the active region AC
      to the saturation region SA and finally returns back through the active
      region AC to the cut-off region CO as shown in FIG. 2E. The oscillator
      circuit 90 oscillates only when the transistor 91 has its
      collector-emitter voltage kept in the active region AC, so that when the
      level of the received signal is high, the change-over sound is reproduced
      twice in succession. Meanwhile, when the level of the received signal is
      lower than the former, the level of the signal Sd is also low.
      Accordingly, the collector-emitter voltage level of the transistor 91
      remains longer in the active region AC without reaching the saturation
      region SA as shown in FIG. 2E by a dotted line, and hence a long
      change-over sound is produced. When the level of the received signal is
      even lower, the collector-emitter voltage of the transistor 91 keeps its
      level in the active region AC for a shorter period as shown in FIG. 2E by
      a chain line and hence a short pause sound is produced. Hence, when the
      received signal is high in level, the change-over sound is produced twice
      in succession, but as the received signal becomes lower, the change-over
      sound becomes continuous and shorter. As a result, the variation of the
      change-over sound indicates the approximate distance between the principal
      station and the opposite station.
PAR  The duration of the change-over sound can be changed by varying the value
      of the resistors 84, 92 and capacitors 83, 85. For example, in the case
      when the capacitor 85 is not used, since the transistor 81 is rendered
      conductive or nonconductive according to the signal Sc, the signal Sd
      becomes rectangular in waveform and hence during a period where the signal
      Sd is high, the transistor 91 is fed with a constant biasing voltage to
      make the oscillations of the oscillator circuit 90 constant. As a result,
      the change-over sound becomes constant during the presence of the received
      signal.
PAR  FIG. 3 shows a second embodiment of the transceiver according to this
      invention in which the IF amplifier 3 is applied with a voltage for
      forward AGC. In FIG. 3, elements corresponding to those of FIG. 1 are
      indicated by the same reference numerals with their repeated description
      being omitted. Additional components in this example are a resistor 94
      which is connected between the resistor 93 and the variable resistor 5,
      and a diode 86 which is connected between the junction of the resistors 93
      and 94 and the collector of the transistor 81. In addition, the transistor
      81 is biased to cut off, while the transistor 91 is biased in conduction
      thereby causing the oscillator circuit 90 to be always oscillating.
PAR  With the above circuit arrangement, when an RF carrier signal as shown in
      FIG. 4A is transmitted from an opposite station, since the IF amplifier 3
      is supplied with the voltage for forward AGC, a signal Sb' shown in FIG.
      4B, which is low during a period when the signal is being transmitted, is
      obtained at the junction between the primary winding of the transformer 32
      and the resistor 33. The signal Sb'  is differentiated by the capacitor 83
      and the input impedance of the transistor 81 to yield a differentiated
      signal Sc' as shown in FIG. 4C which is applied to the base of the
      transistor 81. Accordingly, the transistor 81 becomes conductive during a
      period where the signal Sc' is high, and, since the collector electrode of
      the transistor 81 is connected to the capacitor 85, an audio oscillator
      control signal Sd' as shown in FIG. 4D is obtained at the collector
      thereof every time the opposite station terminates its transmission.
      During a period when the signal Sd' is high, the diode 86 is forwardly
      biased in conduction so that the constant oscillating signal from the
      oscillator circuit 90 is by-passed through the diode 86 to ground, thus
      nullifying the signal. Meanwhile, during the period when the signal Sd' is
      low, the diode 86 is reverse biased in cut off. As a result, the
      oscillating signal from the oscillator circuit 90 is supplied through the
      resistors 93 and 94 and further through the amplifier 6 to the speaker 7
      without being by-passed through the diode 86. Therefore, when the opposite
      station terminates its transmission, a change-over sound for instructing
      the transition is produced from the speaker 7.
PAR  FIG. 5 shows a third embodiment of the transceiver according to this
      invention where the IF amplifier 3 is fed with a voltage for reverse AGC,
      the collector of the IF amplifying transistor 31 is connected through the
      primary winding of the IF transformer 32 and the resistor 33 to the
      voltage source terminal 34, and the connection point between the primary
      winding of the transformer 32 and the resistor 33 is grounded through the
      by-pass capacitor 35 and also the detected output of the diode 4 is
      applied to the low pass filter 36 to derive therefrom the control voltage
      for reverse AGC which is applied to the base of the transistor 31. The
      other elements corresponding to those of FIG. 1 are attached with the same
      reference numerals and their description will be omitted for the sake of
      brevity.
PAR  In this embodiment, when an opposite station is transmitting, the receiving
      station detects the transmission starting time point and produces a
      change-over sound for instructing that the opposite station has started
      its transmission.
PAR  The circuitry for performing the above function consists of a detector
      circuit 170 to detect the transmission starting time of the opposite
      station, an oscillator circuit 180, and a switching circuit 190 for
      controlling an oscillating signal from circuit 180 by a detected signal of
      detector circuit 170. A grounded-emitter transistor 171 has its base
      connected through a contact a or b of function switch 172 and then through
      a capacitor 173 or a resistor 174 to the junction between the primary
      winding of the transformer 32 and the resistor 33. The collector of
      transistor 171 is grounded through a capacitor 175 and is also connected
      to the collector electrode of the transistor 181 through the diode 191 and
      further through a resistor 192. The diode 191 is fed with a biasing
      voltage by resistors 193 and 194. The connection point between the diode
      191 and the resistor 192 is connected through a resistor 195 to the
      movable contact of the variable resistor 5. In addition, the transistor
      171 is always kept nonconductive during a time period when any signal is
      not present.
PAR  With such an arrangement, since the transistor 171 is cut off, the diode
      191 is forwardly biased in the ON state. Accordingly, the oscillating
      signal of the oscillator circuit 180 is by-passed through the diode 191
      and the capacitor 175 to ground, nullifying the oscillator signal feed to
      the amplifier 6.
PAR  In this embodiment, it is assumed that the function switch 172 is connected
      to the contact a and an RF carrier signal as shown in FIG. 6A is
      transmitted from the opposite station. Then, since the IF amplifier 3 is
      fed with the voltage for reverse AGC, a rectangular signal Sb", which is
      high during the transmitting period of the opposite station as shown in
      FIG. 6B, is obtained at the connection point between the primary winding
      of the transformer 32 and the resistor 33. The signal Sb" is
      differentiated by the capacitor 173 and the input impedance of the
      transistor 171, so that the base of the transistor 171 has a
      differentiated pulse Sc" as shown in FIG. 6C applied to it. Accordingly,
      during a period where the upward pulse Sc" corresponding to signal
      initiation is present, the transistor 171 becomes conductive to produce an
      audio oscillator control pulse Sd" as shown in FIG. 6D at the collector
      thereof every time the opposite station starts its transmission.
PAR  Since the diode 191 is reverse biased OFF during a period when the pulse
      Sd" is low, the oscillating signal from the oscillator circuit 180 is
      applied through the resistors 192 and 195 and further through the
      amplifier 6 to the speaker 7 without being by-passed to ground.
      Accordingly, when the opposite station is changed-over from its receiving
      condition to its transmitting condition, a change-over sound is reproduced
      from the speaker 7 to instruct that the above transition has been carried
      out.
PAR  If the function switch 172 is connected to the contact b, during the period
      when the opposite station is being transmitted, the transistor 171 is kept
      conductive and the diode 191 remains OFF, so that the oscillating signal
      of the oscillator circuit 180 is continuously applied to the speaker 7
      creating a continuous sound for the purpose of calling the receiving
      station.
PAR  According to the above embodiment of this invention, every start of
      transmission at the opposite station is instructed by a changeover sound
      at the receiving station, so that the receiving station is appropriately
      notified and no simultaneous transmission will occur. As described above,
      this embodiment is of the type where the voltage for reverse AGC is
      applied to the IF amplifier 3. However, in the case where the voltage for
      forward AGC is applied thereto, it may be sufficient to connect the
      emitter electrode of the transistor 31 to the connection point between the
      capacitor 173 and the resistor 174.
PAR  In all the embodiments described above, the transition between transmitting
      and receiving conditions at the opposite station is detected by utilizing
      the fact that the collector operating level of the transistor 31 is
      changed according to the AGC operation during both the periods when a
      signal is being received and not being received. With this invention,
      however, the transmitting and receiving transition at the opposite station
      is noted by the use of a change-over sound.
PAR  FIG. 7 shows an embodiment of a circuit used in a typical receiver with AGC
      information as described above. In this embodiment, an IF signal from the
      IF amplifier 3, which is constructed in the same manner as described
      above, is supplied through a function switch 282 to a full-wave rectifier
      circuit 289 and a rectified output therefrom is supplied through a
      capacitor 283 to a base of a transistor 281. In this case, the transistor
      281 is always kept conductive while a transistor 291 of an oscillator
      circuit 290 is kept in cut-off. The rectifier circuit 289 has derived
      therefrom a signal Sb as shown in FIG. 2B in accordance with the signal of
      the opposite station and a differentiated signal from the signal Sb is
      applied to the base electrode of the transistor 281 to make it
      nonconductive only when the signal Sb is decreasing, so that the
      transistor 290 becomes conductive only during this period to start its
      oscillation. Accordingly, when the opposite station is varied from its
      transmitting state to its receiving state, a brief change-over sound is
      produced from the speaker 7 to instruct that the above transition
      operation has been carried out. There is no need to say Go-ahead, please
      at every change-over time.
PAR  It will be apparent that many modifications and variations may be effected
      without departing from the scope of the novel concepts of this invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A change-over notification system adapted for emitting a tone from a
      receiver in response to the change-over of an RF carrier signal induced in
      the receiver from an opposite station, comprising:
PA1  a. a receiver IF amplifier;
PA1  b. a receiver detector connected to an output of said IF amplifier;
PA1  c. an AGC path from said receiver detector to said IF amplifier for causing
      an AGC level shift signal in said IF amplifier in response to a presence
      of the RF carrier signal;
PA1  d. a receiver AF amplifier connected to an output of said detector;
PA1  e. a change-over detector circuit means connected to said IF amplifier for
      detecting the change-over of the RF carrier by sensing the IF amplifier
      AGC level shift signal and for providing an audio oscillator control
      signal; and
PA1  f. an audio oscillator means connected to said change-over detector circuit
      means and said receiver AF amplifier, said audio oscillator means
      oscillating in response to said audio oscillator control signal.
NUM  2.
PAR  2. A change-over notification system according to claim 1 in which said
      change-over detector circuit means comprises differentiation and
      integration means for providing an audio oscillator control signal
      initiated by a termination change-over of the RF carrier signal.
NUM  3.
PAR  3. A change-over notification system according to claim 1 in which said
      change-over detector circuit means comprises differentiation, integration,
      and diode means for providing an audio oscillator control signal initiated
      by an initiation change-over of the RF carrier signal, said control signal
      having a time duration less than the time of presence of the RF carrier
      signal.
NUM  4.
PAR  4. A change-over notification system according to claim 1 in which said
      change-over detector circuit means comprises a resistor means and diode
      means for providing an audio oscillator control signal initiated by an
      initiation change-over of the RF carrier signal, said control signal
      having a time duration at least equal to the time of presence of the RF
      carrier signal.
NUM  5.
PAR  5. A change-over notification system comprising:
PA1  a. a receiver IF amplifier having an AGC level output;
PA1  b. a receiver detector connected to an output of said IF amplifier;
PA1  c. a reverse AGC path from said receiver detector to said IF amplifier;
PA1  d. a receiver AF amplifier connected to an output of said detector;
PA1  e. a differentiation means connected to said AGC level output;
PA1  f. switching means having an input connected to said differentiation means;
PA1  g. integration means connected to an output of said switching means;
PA1  h. an audio oscillator having an output connected to said AF amplifier; and
PA1  i. coupling means between said oscillator and said integration means.
NUM  6.
PAR  6. The change-over notification system of claim 5 in which said coupling
      means comprises a resistor.
NUM  7.
PAR  7. The change-over notification system of claim 5 in which said coupling
      means comprises a diode.
NUM  8.
PAR  8. A method of creating an audio tone in a receiver in response to a
      change-over of an RF carrier signal induced in the receiver by an opposite
      station, comprising the steps of:
PA1  a. detecting the RF carrier signal in a detector of the receiver;
PA1  b. creating a reverse AGC signal by filtering the detected RF carrier
      signal;
PA1  c. applying said reverse AGC signal to the input of an IF amplifier of the
      receiver;
PA1  d. applying an AGC level shift signal at an output of said IF amplifier to
      a change-over detector circuit;
PA1  e. detecting a change-over of said RF carrier signal by detecting a change
      in said AGC level shift signal and creating an audio oscillator control
      signal in response to said detecting;
PA1  f. controlling an audio oscillator to produce an audio tone signal in
      response to said audio oscillator control signal; and
PA1  g. applying said audio tone signal to an audio amplifier and speaker of the
      receiver.
NUM  9.
PAR  9. The method of claim 8 in which the step of detecting a change-over
      further comprises the substeps of:
PA1  a. differentiating the AGC level shift signal to create a differentiated
      signal;
PA1  b. applying the differentiated signal to a switching device; and
PA1  c. integrating an output of the switching device to create an integrated
      signal.
NUM  10.
PAR  10. The method of claim 9 comprising the further sub-step of applying the
      integrated signal to a diode having a predetermined bias.
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ABST
PAL  A device for frequency-converting multi-channel broadcast signals consists
      of a local oscillator for generating at a time a single oscillation
      frequency, a mixer and a frequency discriminator for automatically
      controlling the oscillation frequency of the local oscillator. The
      frequency discriminator delivers a dc zero voltage when the frequencies of
      plural signals applied to the discriminator coincide with those of the
      carrier waves of the frequency-converted multi-channel broadcast signals.
      If the frequencies of the plural signals applied to the discriminator
      differ from those of the carrier waves, the discriminator delivers a dc
      output voltage whose amplitude depends upon the difference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a receiver for receiving multi-channel
      broadcast and more particularly to a frequency converter which enables a
      VHF or UHF television receiver set to receive television broadcast waves
      using as their carriers superhigh frequency signals.
PAR  2. Description of the Prior Art
PAR  Today, the television broadcast uses electromagnetic waves belonging to VHF
      or UHF band, but the future trend in this field is toward the use of much
      higher frequencies, e.g. signal waves of SHF band.
PAR  In the practice of such a broadcasting service as using SHF band, it is of
      great economy if the currently used receiver set can be utilized in the
      reception of the broadcast. For this purpose, there is a need for a
      frequency converter which, if it is only attached to a conventional
      television receiver, makes the receiver adaptable for the new broadcast
      band. Above all, it is necessary to employ in the SHF broadcast the same
      television signals as the conventional ones and the same modulation
      system, i.e. vestigial-sideband amplitude modulation, as the one now in
      practice.
PAR  The frequency converter to enable the conventional TV receiver to receive
      the SHF broadcast, comprises, for example, an antenna for catching the
      broadcast waves in the air, a local oscillator for generating at a time a
      single oscillation frequency, a mixer for mixing the signals induced in
      the antenna and the output of the local oscillator, and an amplifier for
      amplifying the output, that is, frequency-converted signal, from the
      mixer. If the antenna catches three kinds of broadcast waves having their
      respective carrier frequencies f.sub.1, f.sub.2 and f.sub.3, the amplifier
      mentioned above will deliver the corresponding three kinds of signals
      having frequencies f'.sub.1, f'.sub.2 and f'.sub.3. Therefore, if the
      oscillation frequency of the local oscillator is so determined as to make
      the frequencies f'.sub.1, f'.sub.2 and f'.sub.3 belong to the conventional
      VHF or UHF band for TV broadcast, the SHF signal can be effectively
      received by simply connecting the converter with the conventional
      television receiver set. According to the convention of broadcast, the
      frequencies f'.sub.1, f'.sub.2 and f'.sub.3 are so determined as to
      correspond to the channels to which no broadcast waves are alloted in the
      district in consideration. The most important thing with such a frequency
      converter is the stability of the oscillation frequency of the local
      oscillator. The problem concerning the stability of the oscillation
      frequency will be described by the use of concrete numerical example.
PAR  Let a case be considered in which an SHF broadcast channel having a video
      carrier frequency f.sub.1 of 12,000 MHz is received by converting the SHF
      channel to the fiftieth channel (video carrier frequency 693.25 MHz) of
      the present Japanese Standard TV Broadcast System. In this case, the local
      oscillation frequency f.sub.l, assumed to be set lower than the carrier
      frequency of the SHF channel, is such that
EQU  f.sub.l = 12,000 - 693.25 = 11,306.75 (MHz).
PAL  The video carrier frequency f.sub.1 of the broadcast wave can be considered
      almost fixed since the broadcast station is always monitoring and
      correcting the fluctuation in the frequency, so that the fluctuation in
      the frequency f'.sub.1 of the output of the converter depends mainly on
      the deviation of the local oscillation frequency f.sub.l, the variation
      +.DELTA.f of the frequency f.sub.l causing the variation -.DELTA.f of the
      frequency of the output of the converter.
PAR  In order to effectively receive television broadcast with conventional
      receiver sets, the video carrier frequency of the broadcast signal induced
      in the antenna must be confined within a range of at least the
      predetermined value .+-.0.1 MHz. Accordingly, the local oscillator of the
      frequency converter must have a frequency stability as high as
      0.1/11,306.75, i.e. about 1 .times. 10.sup.-.sup.5. Such a high frequency
      stability can be attained by (1) using an oscillator having a high
      frequency stability, such as quartz or crystal controlled oscillator and
      (2) automatically controlling the local oscillation frequency in such a
      manner that the detected deviation of the output frequency is always
      rendered to zero.
PAR  The first method cannot be employed in the television sets for domestic use
      since the associated device is very complicated and expensive. Moreover,
      in the present level of technique, even a quartz controlled oscillator
      having the highest frequency stability attainable will not be able to
      maintain the above said stability in the circumstances varying in ambient
      temperature, power source voltage etc.
PAR  The second artifice, which has been employed in the domestic TV sets for
      the reception of VHF and UHF bands, cannot be applied, as it is, to the
      reception of the SHF television broadcast without encountering technical
      difficulties and above all without causing too much expense. This is
      described below.
PAR  In order to automatically control the local oscillation frequency, it is
      necessary to design the local oscillator of the frequency converter so
      that it may generate in a change-over fashion different frequencies in
      accordance with the number of the broadcast waves, and to incorporate in
      the frequency converter mentioned above a frequency discriminator which
      detects the frequency of the output of the mixer or the output of the
      amplifier and whose output is fed to the local oscillator to automatically
      control the oscillation frequency. In such a case, the carrier frequency
      in the output of the mixer remains to be a fixed value f.sub.o for any
      channel received since the local oscillation frequency is changed over in
      accordance with the frequencies of the received signals. Accordingly, the
      channels to be received are selected by changing over the oscillation
      frequencies of the local oscillator and the channel selecting device or
      channel selector of the conventional TV receiver set to which the
      frequency-converted signals are applied, is adjusted to the frequency
      f.sub.o.
PAR  The frequency converter described above has the following drawbacks.
PAR  1. Since each of the plural TV broadcast channels will be separated from
      one another by about 12 MHz, as in the UHF band, the different frequencies
      generated by the local oscillator must differ from one another by about 12
      MHz. As described before, however, the local frequency is to be around 11
      GHz and it is technically very difficult to make a difference of 12 MHz
      with respect to such a high frequency.
PAR  2. The condition necessary for the frequency stability proper to the local
      oscillator can be relaxed due to the use of the automatic frequency
      control, but the frequency excursion of the oscillator must be limited
      within a certain range so as to prevent the erroneous operations of the
      control system. Of all the erroneous operations, the one due to the
      influence of sound carrier takes place most usually. Namely, the frequency
      discriminator in its normal operation compares the video carrier frequency
      with the associated fixed value f.sub.o, but when the excursion of the
      local oscillation frequency exceeds a certain limit, the frequency
      discriminator will compare the value f.sub.o with the sound carrier
      frequency so that the control system operates erroneously. It is known
      from this that the allowable breadth of the excursion of the local
      oscillation frequency is about half (i.e. 2.3 MHz) the difference (4.5
      MHz) between the video and the sound carrier frequencies. The breadth of
      2.3 MHz is about 20 times the value 0.1 MHz obtained above in the absence
      of frequency control. The frequency stability in this case is 2 .times.
      10.sup.-.sup.4 and this is a much relaxed condition in comparison with the
      previously obtained value of 1 .times. 10.sup.-.sup.5. In order to
      maintain the improved value under various conditions, however, the local
      oscillator must be provided with some auxiliary stabilizing means. Thus,
      under these circumstances, the local oscillator for generating not a
      single frequency but plural ones in change-over manner will add
      considerably to technical difficulties.
PAR  3. As described above, the conventional TV receiver sets are utilized in
      the reception system using such a frequency converter as enlarged upon
      above. Since the receiver set has a channel selector, the separate
      provision of a channel selecting function in the converter will cause an
      operative complexity and above all be uneconomical.
PAC  SUMMARY OF THE INVENTION
PAR  A first object of the present invention is to provide a frequency converter
      well adapted for the reception of the television broadcast in superhigh
      frequency band.
PAR  A second object of the present invention is to provide a frequency
      converter well adapted for the reception of the multi-channel television
      broadcast in superhigh frequency band.
PAR  A third object of the present invention is to provide a frequency converter
      which can be easily manipulated and is suitable for domestic use and well
      adapted for the reception of the superhigh frequency band television
      broadcast.
PAR  A fourth object of the present invention is to provide a frequency
      converter in which the frequency of the local oscillator can be securely
      and automatically controlled even in case where the converted signal
      contains a plurality of carrier signals having different frequencies.
PAR  According to the present invention, in order to attain the above said
      objects, the local oscillator generates at a time a single frequency and a
      specifically designed frequency discriminator is used as a circuit to
      detect frequencies for automatic frequency control, which discriminator
      delivers a zero output voltage for a plurality of predetermined
      frequencies and provides repeatedly frequency discriminating
      characteristics for the variation in the frequency.
PAR  The frequency discriminator is constituted by a means for delaying an input
      signal by a time .tau. and shifting the phase of the input signal by .phi.
      radians; a means for delaying an input signal by a time .tau./2 and
      shifting the phase of the signal by .phi./2 radians; a first adding means
      for adding an input signal to the signal having a delay time of .tau. and
      a phase shift of .phi. radians; a second adding means for adding the
      output of the first adding means to the signal having a delay time of
      .tau./2 and a phase shift of .phi./2 radians; a first subtracting means
      for making a difference between the output of the first adding means and a
      signal having a delay time of .tau./2 and a phase shift of .phi./2
      radians; a means for rectifying the output of the second adding means; a
      means for rectifying the output of the first subtracting means; and a
      second subtracting means for making a difference between the outputs of
      the first and second rectifying means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a system block diagram showing schematically one embodiment of
      the present invention.
PAR  FIGS. 2a to 2c are frequency spectra for the explanation of frequency
      converting operation.
PAR  FIG. 3 graphically shows the frequency characteristic of a frequency
      discriminator used in the present invention.
PAR  FIG. 4 is a block diagram of a first embodiment of a frequency
      discriminator utilized in the system block diagram of the present
      invention of FIG. 1.
PAR  FIGS. 5 to 7 show curves representing frequency vs. voltage characteristics
      for the explanation of the operation of the circuit shown in FIG. 4.
PAR  FIG. 8 is a block diagram of a second embodiment of a frequency
      discriminator utilized in the system block diagram of the present
      invention of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 show respectively the schematic block diagram of the present
      invention and the sketches of frequency spectra useful for the explanation
      of frequency converting operation. The SHF television broadcast signal
      caught by an antenna 1 is fed to a mixer 2. The TV signal has, for
      example, a frequency spectrum as shown in FIG. 2a. Trapezoids 31, 32 and
      33 indicate three broadcast channels used in a certain district, vertical
      line segments 34, 35 and 36 the associated video carriers, and vertical
      line segments 37, 38 and 39 the associated sound carriers. The frequencies
      of the video carriers 34, 35 and 36 are designated respectively by
      f.sub.1, f.sub.2 and f.sub.3. These frequencies are chosen to be within a
      band of, for example, 11.7 to 12.2 GHz. The frequency band width f.sub.B
      occupied by each of the channels is determined to be, for example, 6 MHz
      while the channel interval f.sub.c of the respective channels is chosen to
      be 12 MHz. The frequencies of the sound carriers 37, 38 and 39 are higher
      by 4.5 MHz than those of the video carriers f.sub.1, f.sub.2 and f.sub.3,
      respectively. Namely, the system now in consideration is the same as the
      television broadcast system except that the video carriers are in
      superhigh frequency band. In the above description, it is assumed that the
      number of the broadcast channels is three, but it should be noted that the
      greater is the number, the more effective is the present invention.
      Moreover, each channel is independent of the others and all the channels
      may not be occupied, that is, some channels may be vacant of transmitted
      signal. The channel 32 represented by dotted line in FIG. 2a means such a
      vacant channels.
PAR  The mixer 2 receives besides the SHF broadcast signals caught by the
      antenna a local oscillation signal (having a frequency f.sub.l ) generated
      by a local oscillator 3 and indicated by a vertical line segment 40 in
      FIG. 2b, and delivers an output having a frequency component that is the
      difference between the SHF broadcast signal frequency and the local
      oscillation frequency. FIG. 2c shows the frequency spectrum of the output
      of the mixer 3. In FIG. 2c, trapezoids 41, 42 and 43 indicate the
      frequency-converted versions of the broadcast channels 31, 32 and 33,
      vertical line segments 44, 45, 46 the frequency-converted versions of the
      video carriers 34, 35 and 36, and vertical line segments 47, 48 and 49 the
      frequency-converted versions of the sound carriers 37, 38 and 39. The
      frequency-converted video carriers 44, 45 and 46 respectively have
      frequencies f'.sub.1, f'.sub.2 and f'.sub.3, which equal f.sub.1, f.sub.2
      and f.sub.3, minus the local oscillation frequency f.sub.l. The channel
      breadth and the channel interval are maintained unaltered even after
      frequency conversion and respectively equal f.sub.B and f.sub.c. The local
      oscillation frequency f.sub.l is so selected that f'.sub.1, f'.sub.2 and
      f'.sub.3 may coincide with the frequencies of the currently used video
      carriers in the UHF broadcast band.
PAR  The output of the mixer 2 is amplified by a wide-band amplifier 4 and the
      output of the amplifier 4 is fed to a conventional television receiver 6,
      which in turn selects a channel for reception of broadcast. A part of the
      output of the amplifier 4 is applied also to the input terminal 101 of a
      frequency discriminator 10. The frequency discriminator 10 delivers a zero
      output voltage at its output terminal 102 when the frequency of the signal
      applied to the input terminal 101 coincides with one of predetermined
      frequencies, but otherwise a positive or negative voltage at the output
      terminal 102 whose amplitude depends on the difference between the
      frequency of the signal applied to the terminal 101 and the predetermined
      frequency. The frequencies predetermined in the frequency discriminator 10
      have the same channel interval f.sub.c as shown in FIG. 2c and coincide
      with the video carrier frequencies of the conventional VHF or UHF band
      broadcast waves. Namely, the relationship between the input frequency and
      the output voltage, of the frequency discriminator 10 is represented by
      such a characteristic as shown in FIG. 3. The predetermined frequencies
      for the frequency-converted video carriers are designated by f.sub.11,
      f.sub.12 and f.sub.13, which are adjusted to coincide with the video
      carrier frequencies of the reception channels of the television receiver
      6. The frequency interval of these frequencies f.sub.11, f.sub.12 and
      f.sub.13 is set equal to the channel interval f.sub.c of the SHF broadcast
      signals.
PAR  Now, a concrete structure of the frequency discriminator 10 will be
      described with reference to FIG. 4 showing in block diagram a frequency
      discriminator as a first embodiment of the present invention. To the input
      terminal 101 is applied the output of the wide-band amplifier 4 shown in
      FIG. 1. The output branches off to an adder 12 and to a phase shifter 13.
      The output of the phase shifter 13 is passed through a delay circuit 14
      and then branches off to an amplifier 17 and to a delay circuit 15. The
      output of the delay circuit 15 is fed via a phase shifter 16 to an
      amplifier 18. The phase shifters 13 and 16 provide the same phase shift
      within the range of the frequencies of the signals processed. The delay
      circuits 14 and 15 also have the same delay time. The signal passed
      through the delay circuits 14 and 15 and the phase shifters 13 and 16 and
      amplified by the amplifier 18, is applied to the adder 12 and added there
      to the input signal applied directly to the adder 12.
PAR  Here, it is assumed to facilitate the understanding of the operation, that
      the input signal at the terminal 101 is a simple sinusoidal wave
      represented by the formula:
EQU  e.sub.o = E.sub.o sin .omega.t                             (1)
PAL  Provided that the delay circuits 14 and 15 have a delay time of .tau./2
      irrespective of the frequency of the signal applied thereto and that the
      phase shifters 13 and 16 cause a phase shift of .phi./2 independent of the
      frequency of the signal passing through them, the amplifier 18 delivers at
      its output terminal an output signal e.sub.1 such that
EQU  e.sub.1 = E.sub.1 sin [.omega.(t - .tau.) - .phi.]         (2)
PAL  On the other hand, the voltage applied to the first input terminal of the
      adder 12 is e.sub.o represented by the formula (1) so that the sum of
      e.sub.1 and e.sub.o appears at the output of the adder 12. Let the
      synthesized voltage be represented by e.sub.2, and e.sub.2 is such that
EQU  e.sub.2 = e.sub.o + e.sub.1                                (3)
PAL  If the gain of the amplifier 18 is so set as to make the amplitude E.sub.1
      of the signal e.sub.1 equal to the amplitude E.sub.o of the signal
      e.sub.o, the signal e.sub.2 is given by the formula:
EQU  e.sub.2 = 2E.sub.o sin[.omega.t - 1/2(.omega..tau. + .phi.)]x cos
      1/2(.omega.t + .phi.)                                     (4)
PAL  As apparent from the above formula, the amplitude of e.sub.2 varies with
      the phase angle (.omega..tau. + .phi.) including an angular frequency
      .omega., as shown in FIG. 5.
PAR  The output of the adder 12 is applied to both one of the input terminals of
      an adder 19 and one of the input terminals of a subtracter 20. To the
      other input terminal of the adder 19 and the other input terminal of the
      subtracter 20 is applied the input signal which has been passed through
      the phase shifter 13 and the delay circuit 14 and amplified by an
      amplifier 17. Let the signal delivered by the amplifier 17 be represented
      by e.sub.3, and the signal e.sub.3 is given by the following formula:
EQU  e.sub.3 = E.sub.3 sin [.omega.(t - .tau./2) - .phi./2]     (5)
PAL  Accordingly, the outputs e.sub.4 and e.sub.5 of the adder 19 and the
      subtractor 20 are given as follows.
EQU  e.sub.4 = e.sub.2 + e.sub.3                                (6)
EQU  e.sub.5 = e.sub.2 - e.sub.3                                (7)
PAL  If the gain of the amplifier 17 is adjusted such that
EQU  E.sub.3 = 2E.sub.o                                         (8),
PAL  the outputs e.sub.4 and e.sub.5 are given by the following formulas:
EQU  e.sub.4 =  E.sub.o [cos 1/2(.omega..tau. + .phi.) + 1]x sin[ .omega.t -
      1/2(.omega..tau. + .phi.)]                                (9)
EQU  e.sub.5 =  2E.sub.o [cos 1/2(.omega..tau. + .phi.) - 1]x sin [.omega.t -
      1/2(.omega..tau. + .phi.)]                                (10)
PAL  The variations of the amplitudes of the signals e.sub.4 and e.sub.5 with
      respect to the phase angle (.omega..tau. + .phi.) are as shown in FIG. 6.
PAR  The voltages e.sub.4 and e.sub.5 are respectively applied via transformers
      21 and 22 to rectifiers 23 and 24 so that dc voltages E.sub.4 and E.sub.5
      corresponding to the e.sub.4 and e.sub.5 are developed across resistors 25
      and 26. The dc voltages E.sub.4 and E.sub.5 are given by the following
      formulas:
EQU  E.sub.4 = k[1 + cos 1/2(.omega..tau. + .phi.)]             (11)
EQU  E.sub.5 = k[1 - cos 1/2(.omega..tau. + .phi.)]             (12),
PAL  where k is a constant.
PAR  Since the output voltage .DELTA.E developed between the output terminal 102
      of the frequency discriminator and the earth is the difference between
      E.sub.4 and E.sub.5, as apparent from FIG. 4, then it follows that
EQU  .DELTA.E .apprxeq. 2k cos 1/2(.omega..tau. + .phi.)        (13 )
PAL  The variation of .DELTA.E with respect to the phase angle (.omega..tau. +
      .phi.) is as shown in FIG. 7. As seen from FIG. 7, the voltage .DELTA.E
      varies sinusoidally with a period of 4.pi.. In the present invention, the
      delay time .tau./2 of the delay circuit 14 or 15 is determined such that
      ##EQU1##
      where f.sub.c is the channel interval as described with FIG. 2. Since the
      channel interval f.sub.c is 12 MHz, the delay .tau./2 is about 83 nsec.
      The formula (13) is therefore transformed into
EQU  .DELTA.E = 2k cos (2.pi.f/f.sub.c + .phi./2)               (15),
PAL  where .omega. = 2.pi. f.
PAL  As seen from the formula (15), the voltage .DELTA.E varies sinusoidally
      with f, at a period equal to f.sub.c.
PAR  Now, the frequency f.sub.11 predetermined for the channel 41 in FIG. 2 in
      the frequency converter in FIG. 1 can be expressed by the use of f.sub.c,
      as follows.
EQU  f.sub.11 = nf.sub.c + f.sub.a                              (16),
PAL  where n is a positive integer and f.sub.a &lt; f.sub. c. Accordingly, the
      predetermined frequencies f.sub.12 and f.sub.13 for the other channels 42
      and 43 can also be expressed as follows.
EQU  f.sub.12 = (n + 1)f.sub.c + f.sub.a f.sub.13 = (n + 2)f.sub.c + f.sub.a.
PAL  The value of .DELTA.E for the input frequency f.sub.11 can be obtained by
      substituting f.sub.11 in the formula (16) for f in the formula (15), the
      result being such that
EQU  .DELTA.E = 2k cos(2.pi..n + 2.pi.f.sub.a /f.sub.c + .phi./2)(17)
PAL  Therefore, if the phase shift .phi./2 of the phase shifters 13 and 16 is so
      determined as to satisfy the condition:
      ##EQU2##
      where m is zero or unity, then there is obtained a frequency
      discriminating characteristic in which .DELTA.E vanishes for the input of
      f.sub.11 and decreases with the increase in frequency in the neighborhood
      of f.sub.11. In this way, it is apparent that .DELTA.E provides a desired
      characteristic of frequency discrimination even for the frequencies
      f.sub.12 and f.sub.13. Thus, the characteristic of frequency
      discrimination as shown in FIG. 3 can be realized by the circuit as shown
      in FIG. 4.
PAR  The phase shifters 13 and 16 described above have only to provide
      approximately equal phase shifts within the range of frequencies to be
      processed, i.e. a band of 36 MHz in case where the number of the broadcast
      channels is three and the frequency interval is 12 MHz, so that
      conventional phase shifters can be used to play the roles of the phase
      shifters 13 and 16. It is known from this that in case of a multiplicity
      of broadcast channels being used, the frequencies of the
      frequency-converted signals preferably belong to the UHF band.
PAR  In the above description, the input signals to the frequency discriminator
      10 is assumed to be a single sinusoidal wave, but in the actual reception
      of broadcast the signals of plural channels having different frequencies
      are applied to the discriminator 10, as shown in FIG. 2. In the circuit
      shown in FIG. 4, the part from the input terminal 101 to the transformer
      22 is a so-called linear circuit, which responds independently to the
      signals having different frequencies. Since, on the other hand, the
      rectifiers 23 and 24 are nonlinear elements, the modulating actions among
      the plural signals take place in these elements. However, an appropriate
      design of the constants in the rectifier circuit can sufficiently reduce
      the mutual modulating actions so that each signal may be regarded as
      rectified independently. Accordingly, the oscillation frequency of the
      local oscillator 3 can be automatically controlled to be a predetermined
      value, by feeding the output voltage of the frequency discriminator 10
      back to the local oscillator 3.
PAR  For the delay circuits 14 and 15 which are the important constituents of
      the frequency discriminator 10 can be used usually either ultrasonic delay
      elements using the time of the propagation of ultrasonic vibrations
      through medium such as glass or coaxial cables using the times of the
      propagation of electromagnetic waves therethrough. In such cases, the
      circuit structures can be simplified if an artifice to propagate the waves
      in both ways (i.e. in a reflective manner) through the medium, is
      employed.
PAR  FIG. 8 shows a control structure of a frequency discriminator as a second
      embodiment of the present invention. In this embodiment, only one delay
      circuit 27 is used in place of two. Namely, the signal applied to the
      input terminal of the delay circuit is reflected from the output end of
      the delay circuit to travel backward. The delay circuit 27 is equivalent
      to the combined role of the delay circuits 14 and 15. The terminal 27a is
      for the input signal to excite the delay circuit 27. The input signal,
      after it has traveled a forward path in the delay circuit 27, is partially
      taken out through the output terminal 27b. The terminal 27b plays the same
      role as the output terminal of the delay circuit 14 in the previous
      embodiment shown in FIG. 4 and it is from this terminal 27b that the
      output voltage corresponding to e.sub.3 is derived. Most part of the
      signal having traveled its forward path is reflected at the end of the
      delay medium and returns backward to appear at the output terminal 27c.
      The output voltage appearing at the terminal 27c is applied via a phase
      shifter 16 to an amplifier 18. It will be needless to say that the output
      of the amplifier 18 is coindicent with the previously mentioned voltage
      e.sub.1. It is a matter of course that the delay time for a single way of
      the delay circuit 27 is adjusted to be .tau./2 while that for double ways
      is made equal to .tau.. The remaining parts of FIG. 8 are the same as
      those of FIG. 4 so that the detailed description of operation is omitted.
      For the details, just refer to the description regarding the circuit shown
      in FIG. 4.
CLMS
STM  We claim:
NUM  1.
PAR  1. A frequency converter for receiving multi-channel broadcast waves and
      for converting the frequencies of the carriers of said multi-channel
      broadcast waves, comprising:
PA1  a local oscillator whose oscillation frequency is changed through the
      application of a control voltage thereto;
PA1  a mixer for mixing said received waves with the output of said local
      oscillator for the frequency convertion of said broadcast waves;
PA1  a frequency discriminating circuit having alternately repeated frequency
      discriminating characteristics, to which the output of said mixer is
      applied, which delivers zero dc voltages whenever the carrier frequencies
      in said output of said mixer coincide with predetermined reference
      frequencies separated from one another by a constant interval in terms of
      frequency, and which delivers a dc voltage whose amplitude changes
      depending upon the difference between one of said carrier frequencies and
      the corresponding one of said reference frequencies when said one of said
      carrier frequencies does not coincide with said corresponding one of said
      reference frequencies, said frequency discriminating circuit including
PA2  a first means for shifting the phase of an input signal by .phi./2 radians
      and for delaying said input signal by a time of .tau./2;
PA2  a second means for shifting the phase of the output of said first means by
      .phi. radians and for delaying said output signal by .tau.;
PA2  a first adding means for adding said input signal to the output of said
      second means;
PA2  a second adding means for adding the output of said first means to the
      output of said first adding means;
PA2  a subtracting means for making a difference between said output of said
      first means and said output of said first adding means;
PA2  a first rectifying means for rectifying the output of said second adding
      means;
PA2  a second rectifying means for rectifying the output of said subtracting
      means; and
PA2  a means for delivering a voltage corresponding to the difference between
      the outputs of said first and second rectifying means; and
PA1  a means for automatically controlling said local oscillation frequency by
      applying the dc output voltage of said frequency discriminator to said
      local oscillator so as to control said local oscillator.
NUM  2.
PAR  2. A frequency converter for receiving multi-channel broadcast waves and
      for converting the frequencies of the carriers of said multi-channel
      broadcast waves, comprising:
PA1  a local oscillator whose oscillation frequency is changed through the
      application of a control voltage thereto;
PA1  a mixer for mixing said received waves with the output of said local
      oscillator for the frequency convertion of said broadcast waves;
PA1  a frequency discriminating circuit having alternately repeated frequency
      discriminating characteristics, to which the output of said mixer is
      applied, which delivers zero dc voltages whenever the carrier frequencies
      in said output of said mixer coincide with predetermined reference
      frequencies separated from one another by a constant interval in terms of
      frequency, and which delivers a dc voltage whose amplitude changes
      depending upon the difference between one of said carrier frequencies and
      the corresponding one of said reference frequencies when said one of said
      carrier frequencies does not coincide with said corresponding one of said
      reference frequencies, said frequency discriminating circuit including
PA2  a means for dividing an input signal into two portions;
PA2  a first adder which receives one of said two portions at one of its input
      terminals;
PA2  a first phase shifter which receives the other of said two portions and
      shifts the phase thereof by .phi./2 radians;
PA2  a delay circuit having a delay element with a delay time of .tau./2, an
      input terminal and first and second output terminals, an input signal
      being applied through said input terminal to said delay element, a first
      signal delayed through said delay element by a time .tau./2 with respect
      to said input signal being delivered at said first output terminal, and a
      second signal which is reflected at the output end of said delay element,
      travels double ways through said element, and has a delay time of .tau.
      with respect to said input signal, being delivered at said second output
      terminal;
PA2  a means for applying the output of said first phase shifter to said input
      terminal of said delay circuit;
PA2  a second phase shifter for receiving said second signal delivered at said
      second terminal of said delay circuit and for shifting the phase of said
      second signal by .phi./2 radians;
PA2  a first amplifier for amplifying the output of said second phase shifter;
PA2  a means for applying the output of said first amplifier to the other input
      terminal of said first adder;
PA2  a second amplifier for receiving said first signal delivered at said first
      output terminal of said delay circuit;
PA2  a second adder for adding the output of said first adder to the output of
      said second amplifier;
PA2  a subtracter for making a difference between said output of said first
      adder and said output of said second amplifier;
PA2  a first rectifying circuit for rectifying the output of said second adder;
PA2  a second rectifying circuit for rectifying the output of said subtracter;
      and
PA2  a subtracting means for obtaining a voltage corresponding to the difference
      between the outputs of said first and second rectifying circuits; and
PA1  a means for automatically controlling said local oscillation frequency by
      applying the dc output voltage of said frequency discriminator to said
      local oscillator so as to control said local oscillator.
NUM  3.
PAR  3. A frequency converter for receiving multichannel broadcast waves and for
      converting the frequencies of the carriers of said multi-channel broadcast
      waves, comprising:
PA1  means for generating a single local oscillation signal, the frequency of
      said local oscillation signal being variable by a control voltage fed to
      said local oscillation signal generating means;
PA1  means for mixing said received waves with said local oscillation signal to
      deliver the corresponding broadcast waves at converted frequencies;
PA1  means for simultaneously discriminating a plurality of frequencies, said
      discriminating means including delay means for delaying an input signal
      thereto to deliver a first delayed signal, and a second delayed signal,
      means for adding said input signal to said delay means and said second
      delayed signal, and means for generating signals representative of a sum
      of the output of said adding means and said first delayed signal and a
      difference between the output of said adding means and said first delayed
      signal, respectively, and means for rectifying said sum and difference to
      deliver the corresponding sum and difference signals; and
PA1  means for supplying said frequency discriminating means with all of said
      waves frequency-converted by said mixing means and for supplying said
      local oscillation signal generating means with the output of said
      frequency discriminating means as a control signal to automatically
      control the frequency of the output of said local oscillation signal
      generating means.
NUM  4.
PAR  4. A frequency converter according to claim 3, wherein said delay means of
      said frequency discriminating means includes a first delay means for
      delaying the input signal thereto to deliver the first delayed signal and
      a second delay means for further delaying said first delayed signal to
      deliver a second delayed signal.
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ABST
PAL  A continuous wave (c.w.) receiver is described comprising an amplitude
      limiting section, a commutating filter section, peak detecting means, and
      a threshold device. The receiver detects the presence or absence of an
      incoming signal over a very narrow, adjustable bandwidth. The limiting
      section clips the signal and noise at a predetermined amplitude and, in
      combination with the commutating filter, reduces the effect of noise,
      particularly impulse noise. The peak detector selects the highest output
      from the commutating filter and, in combination with the commutating
      filter, performs a pseudo-synchronization function when the received
      signal and an internal signal are not synchronized exactly.
BSUM
PAR  This invention relates to continuous wave (c.w.) or tone receivers and, in
      particular, to a receiver for detecting the presence or absence of a
      signal in the presence of impulse noise, where the amplitude of the
      impulse noise exceeds both the amplitude of the signal and wide-band
      random noise.
PAR  This invention finds a particular application in the two-way communication
      system utilizing an electric power distribution network as the
      transmission medium, as disclosed in application Ser. Nos. 529,998;
      529,599; 530,000; and 530,129, filed concurrently herewith and assigned to
      the same assignee of the present invention.
PAR  As described therein, a power-line network is an exceedingly noisy
      environment in which to communicate reliably. A major portion of the noise
      energy is harmonically related to the 60-Hertz power frequency in the form
      of many short pulses (much shorter than a millisecond) spaced randomly in
      every cycle but which repeat with the same spacing in subsequent cycles.
      Two major sources of these noise impulses are believed to be the corona
      dishcarge over bushings in power distribution lines and the switching
      transients produced in the SCR devices connected on the power lines. The
      peak power of individual impulses may be a thousand times more than the
      received signal power in the communication system of this invention.
      Wide-band random noises also on the same power line are not only
      harmonically unrelated to the power frequency, but also are significantly
      smaller than (e.g., no more than a few percent of) the impulse noises
      described above.
PAR  While some prior art receivers have utilized sampling circuits as narrow
      band filters, these receivers are not intended for or usable in an
      extremely noisy environment, e.g., as presented by a power distribution
      network. Further, these prior art receivers do not utilize the amplitude
      filtration, before and after frequency filtration, as utilized in the
      present invention, nor is the sampling circuit combined with a peak
      detector to provide a pseudo-synchronization function when the received
      signal and the sampling signal are not synchronized exactly.
PAR  In view of the foregoing, it is an object of the present invention to
      provide a c.w. receiver for receiving signals in an environment where the
      amplitude of the noise exceeds the amplitude of the signal.
PAR  Another object of the present invention is to provide a noise tolerant
      receiver in which amplitude filtering is combined with frequency filtering
      to minimize the effect of a specific type of noise.
PAR  A further object of the present invention is to provide a tone receiver
      tolerant of both systematic and random noise.
PAR  Another object of the present invention is to provide a tone receiver
      tolerant of phase shifts between the received signal and a local signal.
PAR  The foregoing objects are achieved in the present invention wherein an
      amplitude limiter is followed by a commutating filter. The output of the
      commutating filter is coupled to a peak detector for selecting the largest
      output of the integrating capacitors of the commutating filter. The output
      of the peak detector is coupled to a voltage comparator for providing an
      output signal indicative of a signal being received within the
      predetermined passband having an amplitude exceeding a predetermined
      threshold.
PAR  A more complete understanding of the present invention can be obtained by
      considering the following detailed description in conjunction with the
      accompanying drawings, in which:
DRWD
PAR  FIG. 1 illustrates the basic receiver in accordance with the present
      invention.
PAR  FIG. 2 illustrates the operation of the receiver of the present invention.
PAR  FIG. 3 illustrates in detailed form another embodiment of the present
      invention.
DETD
PAR  In FIG. 1, tone receiver 20 comprises an automatic gain control (A.G.C.)
      amplidier and limiter 21; a commutating filter comprising resistor 22,
      single pole-multiposition switch 23 and capacitors 24-27; peak detector
      29; and threshold comparator 28.
PAR  A.G.C. amplifier and limiter 21 serve to amplify the incoming signal and
      noise to an approximately uniform level and also to clip any incoming
      signals and noise exceeding a predetermined level. As previously
      indicated, a power line is an exceedingly noisy environment in which to
      communicate. A.G.C. amplifier and limiter 21 serve to exclude a certain
      amount of that noise from the receiver.
PAR  The commutating filter may best be understood in conjunction with FIG. 2,
      wherein a sinusoidal waveform is illustrated as having samples 30 taken at
      particular points in the waveform. The commutating filter operates on the
      basis that the theoretical average for noise (i.e., unwanted signals) is
      zero; that is, noise contains approximately equal positive and negative
      components. The commutating filter comprises an R.C. network wherein a
      resistor and a plurality of capacitors are connected by multiposition
      switch 23. The common terminal of switch 23 is connected by peak detector
      29 to threshold comparator 28. If the number of the position of switch 23
      is m, the switch changes position at a switching or commutation frequency
      equal to m times the frequency of the desired incoming signal, where m is
      an integer equal to the number of capacitors in the filter, so that the
      switch completed one rotation per cycle of incoming signal.
PAR  As switch 23 rotates, connecting resistor 22 to different ones of the
      capacitors, a series of samples is taken of the incoming signal. As can be
      readily appreciated, if the incoming signal has the same frequency as the
      rotation of switch 23, then samples 30 are taken at the same points in the
      waveform for many cycles of the incoming signal. Because there are even
      spaced samples in a cycle of sine waves, if the frequency of the switch
      and signal are in synchronization, one of the switch points must always be
      sampled near the peak value of the incoming signal. Then, as the output of
      the sampled signal is rectified in the peak detector, a certain charge in
      every cycle of the highest sampled value charges an integrating capacitor.
      The voltage thereon builds up according to the time constant of R-C
      combination and eventually will reach approximately the peak value of the
      signal. As this d.c. voltage is measured by threshold comparator 28, a
      value exceeding a preset threshold will indicate the presence of the
      desired signal. Threshold comparator 28 thereupon produces a logic output
      pulse indicative of the fact that a suitable incoming signal has been
      received.
PAR  As can be appreciated by inspection of FIG. 1, the commutating filter is
      essentially an R.C. network which integrates the samples of the incoming
      signal. This integration of the incoming signal serves to reduce the
      effect of spurious signals that might individually charge one of the
      capacitors 24-27 sufficiently to actuate threshold device 28. The effect
      of the peak detector used in the commutating filter is to select the
      capacitor with the highest sampled voltage of a certain polarity. It
      performs a function somewhat similar to the operation of synchronization
      in a phase coherent product detector. However, the commutating filter and
      peak detector combination performs without the complication of a
      synchronization device even if the signal frequency and sampling frequency
      are different, e.g., phase differences of .+-. 10 radians.
PAR  The bandwidth of the commutating filter is inversely proportional to the
      R.C. time constant, equal to the product of the resistance of resistor 22
      and the sum of the capacitances of capacitors 24-27.
PAR  The number of positions of switch 23 is not critical, although at least
      three positions are necessary. A practical range for the number of
      positions is from three to twelve.
PAR  The center frequency of the commutating filter is determined by the
      commutation frequency applied to switch 23. Only a signal received
      approximately in synchronism with switch 23 will produce a signal on
      capacitors 24-27 that does not average zero over a predetermined number of
      cycles of the incoming signal. Thus, receiver 20 may be utilized to
      receive an incoming signal of any frequency within the switching
      capability of switch 23. The only change needed to receive different
      frequencies is that the commutation frequency be changed to m times the
      frequency of the desired signal. The commutation signal may be readily
      derived from a local clock signal by suitable division.
PAR  Receiver 20 as illustrated in FIG. 1 includes a mechanical form of
      commutating filter. In actual practice, the commutating filter may be
      implemented by discrete semiconductor devices or integrated circuit
      devices performing the same function as rotating switch 23. For example, a
      plurality of sampling circuits can be sequentially activated by a ring
      counter. This type of operation is well known per se in the art. Also,
      while illustrated by capacitors 24-27, the filtering or averaging portion
      of receiver 20 may comprise .pi.-network low-pass filters or other
      suitable filters. Further information on the operation of the commutating
      filter can be obtained from LePage, Cahn, Brown, "Analysis of a Comb
      Filter Using Synchronously Commutated Capacitors", A.I.E.E. transactions,
      Part I, pages 63-68, 1953.
PAR  FIG. 3 illustrates an alternative embodiment of the present invention
      combining modifications to each of the major sections of the receiver
      illustrated in FIG. 1. Specifically, receiver 40 comprises pre-amplifier
      and limiter 41, filter 51, peak detector 61, and threshold voltage
      comparator 71.
PAR  Considering each section in detail, pre-amplifier and limiter comprise an
      input wide-band filter formed by inductor 42 and capacitor 43,
      pre-amplifier and follower stage 44, and limiters 45 and 46. Filter 51
      comprises narrow-band commutating filter 52, narrower band commutating
      filter 53, both of which receive a commutating signal from oscillator 53
      by way of divider 54, which divides the output of oscillator 53 to the
      proper commutating frequency. Connected across the output of commutating
      filter 52 and the input of peak detector 61 is load resistor 55.
PAR  Peak detector 61 is actually a voltage doubling peak detector with
      capacitor 62, diode 63, and resistor 64 comprising the first stage and
      resistor 65, diode 66, and capacitor 67 comprising the second stage.
      Resistor 65 of the second stage is connected to the first at the junction
      of capacitor 62 and diode 63. A simple peak detector that does not act as
      a voltage doubler would merely comprise the second stage. The output of
      the peak detector is coupled to one input of threshold voltage comparator
      71, well known per se in the art. The other input to comparator 71 is
      connected to a source of reference potential, represented by battery 72.
PAR  The operation of receiver 40 is similar to that of receiver 20, although
      somewhat more refined. It will be recalled that there are two types of
      noise, impulse and random. When impulse noise passes through wide-band
      filter 42-43, it is converted to a damped oscillation at the center
      frequency of the filter. The duration of the damped oscillation is
      approximately equal to the reciprocal of the bandwidth of the filter. When
      this burst of oscillation associated with an impulse is combined with the
      signal in a limiter, it will produce a square wave essentially controlled
      by the noise alone, as long as the power of the damped oscillation is
      significantly larger than the signal power. That is, the duration of the
      square wave is limited to the duration of the burst of oscillations caused
      by the impulse noise. If this burst frequency (defined by filter) is
      sufficiently displaced from the signal frequency, such that the noise
      phase slips by more than 4.pi. radians in comparison with the signal phase
      during the integration times, the bursts will not contribute to the
      integrated output in commutating filter 51. Therefore, during the
      integration period T (signal duration), if n impulses occur and the
      commutating filter bandwidth is b, then the fractional reduction of the
      integrated output is approximately n/bT if n&lt;bT, because n/b is the time
      period where the signal has been swamped by impulse noise through the
      limiting action of limiters 45 and 46.
PAR  On the other hand, the random wide-band noise, after passing through the
      wide-band filter, can be represented by a phase modulated wave at a
      frequency defined by the filter. The effect of this noise when combined
      with the signal in a limiter is to produce phase jitter (or jitter in zero
      crossing) of the square wave at the signal frequency. The jitter reduces
      the amplitude of the output from the commutating filter. The fractional
      reduction for small phase jitter is approximately proportional to the
      amplitude of phase jitter, but the amplitude of phase jitter for small
      phase jitter is proportional to the amplitude ratio of noise to signal.
      Since the amplitude of wide-band random noise from a white noise source is
      approximately proportional to the square root of the bandwidth defined by
      the wide-band filter, this can be expressed as k.sqroot.b, where k is a
      proportionality factor. Thus, if the wide-band filter bandwidth is
      increased to decrease the duration of the burst of oscillations caused by
      impulse noise, there is a fractional reduction of the integrated output
      from the narrow-band filter caused by the impulse noises, while increasing
      the output due to wide-band random noises. Thus, an optimum wide-band
      filter bandwidth for the particular application must be provided. This is
      easily done empirically. In the particular application of using receiver
      40 in a communication system using power lines as the transmission medium,
      this optimum bandwidth has been experimentally established at a few
      kilohertz for a signal duration on the order of a tenth of a second. Under
      the conditions described above, n/bT is significantly smaller than
      one-half. Thus, good noise immunity is achieved by the receiver of the
      present invention.
PAR  The foregoing also applies to receiver 20 where the bandwidth of the input
      circuit, e.g., a coupler to the power lines (not shown), is considered the
      bandwidth of a wide-band filter.
PAR  The commutating filter and threshold comparator combination used in the
      receiver work best on a fixed signal level. However, the actual input
      signal levels at the receiver may vary substantially. As previously
      described, the A.G.C. pre-amplifier and limiter combination serve to
      maintain a constant output level. In the noise environment of power
      distribution lines, and under the restrictions imposed upon the receiver
      to achieve best immunity to impulse noises, the signal is always
      overwhelmed by the noise. Thus, the A.G.C. voltage is essentially
      determined by the noise alone, i.e., noise fluctuations cause signal
      fluctuations. Also, the time constant associated with the A.G.C. circuit
      makes it difficult to follow noise fluctuations instantly. It has been
      found that receiver reliability degrades during noise level fluctuations.
      In receiver 40, cascaded multistage limiters 45 and 46 are substituted for
      the A.G.C. limiter combination of receiver 20, resulting in substantially
      improved receiver performance under dynamic conditions. Because such
      limiters need to be driven by a low impedance source, while a high
      impedance input is necessary to preserve the bandwidth of the input tuning
      circuit, a pre-amplifier with follower output stage precedes the cascaded
      limiters.
PAR  Bandpass selectivity of the commutating filter is derived from the low pass
      cut-off characteristics of an R.C. filter. Two commutating filters
      connected in cascade eliminate noise more effectively, with no significant
      change in their pass-band characteristics. The bandwidth of the two
      commutating filters is not the same. Specifically, the bandwidth of the
      first is greater than that of the second, preferably in the ratio of
      approximately three to one. For example, in a receiver actually
      constructed, the time constants are 0.05 and 0.15 seconds, corresponding
      to bandwidths of 20.00 and 6.67 Hz, respectively. This combination of
      filters produces a receiver having a nominal bandwidth of 7 Hz.
      Commutating filters with multiple stages of R.C. filters connected in
      cascade have been described by L. E. Franks and J. W. Sandberg in "An
      Alternative Approach to the Realization of Network Transfer Functions: The
      N-Path Filter", pages 1321-1350, Bell System Technical Journal, Vol. 39,
      Sept., 1960.
PAR  The peak rectifier inserted between the commutating filter and the
      threshold voltage comparator not only rectifies the a.c. output of the
      filter into d.c., but also serves a self-synchronization function that
      picks only the capacitor in the filter that is charged by the voltage near
      peak value. With a simple peak detector, one half of the input signal is
      not used. A voltage doubling peak rectifier improves the performance of
      the receiver by appropriately combining the contribution from the negative
      half-cycle of the incoming signal with the contribution from the positive
      half-cycle to the output. In particular, this improvement of 3 db in
      signal-to-noise ratio is the result of coherently combining (doubling) the
      fixed peak d.c. voltage of the two half-cycles. While the unavoidable
      noise perturbations on these two d.c. voltages are never the same, they
      are only combining incoherently (adding randomly).
PAR  In an m-section commutating filter that switches between m capacitors, each
      capacitor only charges 1/mth of a cycle, and the peak detector only
      selects the capacitor in the filter which is charged to approximately peak
      voltage. The time constant of a peak detector is defined by the product
      RCm, where R is the resistance of resistor 64 and C is the capacitance of
      capacitor 62. This time constant should be chosen to eliminate the high
      frequency ripple caused by the capacitor switching process. For example,
      in a four-section filter at a center frequency of 40 kHz, a suitable time
      constant is 180,000 .times. 0.02 .times. 10.sup.-.sup.6 .times. 4 = 0.014
      second.
PAR  In practice, the synchronization between the incoming signal frequency and
      the locally generated switching control signal will never be exact because
      each was derived from its own oscillator. This relative frequency shift
      manifests itself as a gradual phase shift between the incoming signal and
      the local switch control voltage.
PAR  Clipping of the incoming signal by the limiter also reduces the variation
      in sampled voltage in a commutating filter caused by this gradual phase
      shift. Only the two samples that contain the zero crossing point are
      sensitive to zero crossing location within the sampling interval. The
      sampled voltage varies between zero and a maximum voltage when the zero
      crossing is located at the center and edge of the sampling interval
      respectively. The gradual phase shift causes the impedance at the junction
      of the commutating filter and the peak detector to fluctuate considerably.
      These impedance variations produce corresponding variations in the
      integrated output of the peak detector.
PAR  To counteract this effect, load resistor 55 is connected at the output of
      commutating filter 52 at the input of voltage doubling peak rectifier 61.
      This resistor should be slightly smaller than series charging resistor 64
      used in the voltage doubling rectifier, but substantially larger than the
      resistor in the commutating filters. This resistor helps to maintain the
      impedance of the peak rectifier and filter combination nearly constant,
      which makes the performance of the filter relatively insensitive to the
      phase changes between the incoming signal and the local switching control
      signal.
PAR  There is thus provided by the present invention a tone receiver that is
      particularly adapted to receive signals in an exceedingly noisy
      environment. Specifically, the receiver comprises four stages. The first
      stage controls the duration of the burst of oscillations caused by impulse
      noise and the amplitude of random noise admitted to the rest of the
      receiver. The second stage clips signal and noise exceeding a
      predetermined amplitude; the third stage is noise tolerant and frequency
      dependent in sampling the incoming signal at regular intervals and
      averaging the samples located at a particular phase of the signal
      frequency over a number of cycles; and the fourth stage is an amplitude
      selective device, selecting only the samples with the largest amplitude
      and is tolerant of phase variations due to the load resistor. Thus, the
      combination of seemingly simple and inexpensive elements produces an
      economical, narrow band, noise tolerant receiver. It will be apparent to
      those of skill in the art that various modifications can be made within
      the spirit and scope of the present invention. For example, any suitable
      limiter circuit may be used in limiters 21 and 41.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A receiver for receiving and detecting tone signals in a noisy
      environment, where the amplitude of impulse noise exceeds the amplitude of
      the received signal, comprising:
PA1  an amplitude limiting section for excluding noise above a predetermined
      amplitude;
PA1  a commutating filter section coupled to said amplitude limiting section,
      for generating a plurality of voltages indicative of a received signal
      within the passband of the filter section;
PA1  peak detection means, coupled to said commutating filter, for selecting the
      one of said voltages having the largest amplitude; and
PA1  threshold detecting means, coupled to said peak detecting means, for
      producing an output signal when said selected voltage exceeds a
      predetermined threshold to indicate the presence of a received tone.
NUM  2.
PAR  2. The receiver as set forth in claim 1 wherein said commutating filter
      section comprises at least two commutating filters connected in cascade.
NUM  3.
PAR  3. The receiver as set forth in claim 2 wherein said commutating filters
      have the same center frequencies and different bandwidths.
NUM  4.
PAR  4. The receiver as set forth in claim 3 wherein the bandwidth of the
      commutating filter coupled to said amplitude limiting section is wider
      than the bandwidth of the commutating filter coupled to said peak
      detecting means.
NUM  5.
PAR  5. The receiver as set forth in claim 4 wherein said bandwidths are in the
      ratio of approximately three to one.
NUM  6.
PAR  6. The receiver as set forth in claim 1 wherein said peak detecting means
      comprises a voltage doubling peak detector.
NUM  7.
PAR  7. The receiver as set forth in claim 1 wherein said amplitude limiting
      section comprises an automatic gain controlled amplifier and an amplitude
      limiter coupled thereto.
NUM  8.
PAR  8. The receiver as set forth in claim 1 wherein said amplitude limiting
      section comprises:
PA1  a wide-band filter having a different center frequency that said
      commutating filter section;
PA1  a pre-amplifier and follower stage coupled to said wide-band filter; and
PA1  at least two cascaded limiting amplifiers coupled to said follower stage.
NUM  9.
PAR  9. The receiver as set forth in claim 1 wherein said amplitude limiting
      section comprises:
PA1  a wide-band filter having a different center frequency than said
      commutating filter section;
PA1  a pre-amplifier and follower stage coupled to said wide-band filter;
PA1  at least two cascaded limiting amplifiers coupled to said follower stage;
      and
PA1  wherein said commutating filter means comprises at least two commutating
      filters connected in cascade.
NUM  10.
PAR  10. The receiver as set forth in claim 9 wherein said commutating filters
      have the same center frequencies and different bandwidths.
NUM  11.
PAR  11. The receiver as set forth in claim 10 wherein the bandwidth of the
      commutating filter coupled to said amplitude limiting section is wider
      than the bandwidth of the commutating filter coupled to said peak
      detecting means.
NUM  12.
PAR  12. The receiver as set forth in claim 11 wherein said bandwidths are in
      the ratio of approximately three to one.
NUM  13.
PAR  13. The receiver as set forth in claim 12 wherein said peak detecting means
      comprises a voltage doubling peak detector.
NUM  14.
PAR  14. The receiver as set forth in claim 9 wherein the frequency displacement
      between the center frequencies of said wide-band filter and said
      commutating filter causes a phase shift of at least 4.pi. radians over the
      duration of the received signal.
NUM  15.
PAR  15. The receiver as set forth in claim 1 and further comprising means
      interconnecting the output of said commutating filter means and the input
      of said peak detecting means for reducing amplitude variations in the
      output of said peak detector due to phase variations of the received
      signal.
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ABST
PAL  A system for detecting a jam condition in a series of sequentially moving
      members which are passing a plurality of stations. The system finds
      particular application in the production of corrugated board or the like
      in which at the first station there may be slitting or slotting or
      printing drums or the like, which are performing an operation on a series
      of moving corrugated board members. There are detection means at each
      station and two successive signals from one station, indicating the
      presence of a member at that station without a similar signal from the
      next sequential station, will cause a jam signal to be provided by the
      circuit.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a jam control system for use in detecting
      jam-ups in a machine processing a series of sequentially moving members.
PAR  Another purpose is a jam control circuit of the type described utilizing a
      plurality of simple and inexpensive bistable circuits.
PAR  Another purpose is a jam control system for use in a machine which is
      slotting, cutting or printing corrugated board or the like.
PAR  Other purposes will appear in the ensuing specification, drawings and
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated diagrammatically in the following drawings
      wherein:
PAR  FIG. 1 is a diagrammatic illustration of a machine of the type described,
      and
PAR  FIG. 2 is a block diagram of the control circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the control circuit is indicated diagrammatically at 10 and is
      connected to a first detector 12 positioned adjacent a pair of slotting
      drums 14 and 16 which rotate in the conventional manner to slot a blank
      18. The blank may be corrugated board or the like, although the invention
      should not be limited to this application. In like manner, the drums 14
      and 16 may be printing drums rather than slotting drums. In any event, the
      detector 12 which, as shown herein, is a magnetic pickup, but could be a
      proximity device, photo-electric device or the like, provides a signal
      each time a blank is processed by the drums 14 and 16. The detector 12 is
      connected by line 20 to the control circuit 10.
PAR  The drums described above are the first station in the particular series of
      stations controlled by the circuit 10, with the second station having a
      photo-electric cell 22 on one side of a blank 24 and a light source 26 on
      the opposite side. Thus, whenever the light beam between source 26 and
      cell 22 is broken, indicating the presence of a blank, a signal will be
      sent via line 28 to the control 10.
PAR  In like manner, there may be a third station utilizing a photo-electric
      cell 30 and a light source 32 on opposite sides of a moving blank 34 so as
      to provide a control signal via line 36 to the circuit 10.
PAR  The blanks are shown in a diagrammatic manner and it should be understood
      that conventionally there will be a conveyor or some other belt-type means
      which will move the blanks from station to station. There may be
      operations performed at each station, or at only the first station. In
      like manner, the invention should not be limited to any particular type of
      detection means at any particular station, although a magnetic pickup at
      the first station and photo-electric pickups at succeeding stations have
      been found to provide a satisfactory method of operation.
PAR  In FIG. 2, a first bistable circuit, which may be a J/K flip-flop is
      indicated at 40 and has its C input connected through an amplifier 42 to
      line 20 and detector 12. The J input of bistable 40 has a positive voltage
      applied to it and the K input is connected to ground. The reset input of
      bistable 40 is connected through an OR gate 44 and a capacitor 46 to an
      amplifier 48 which in turn receives an input from photo-electric cell 22
      by line 28.
PAR  The Q input from bistable 40 is connected to a second bistable 50, again a
      J/K flip-flop as are all of the bistables shown herein. The C input for
      bistable 50 is also connected to amplifier 42 and thus detector 12. Again,
      the K input is connected to ground. The reset input for bistable 50 is
      connected to a gate 52 which will be explained hereinafter. The Q output
      of bistable 50 is connected to a gate 54 which will provide an output
      signal indicative of a jam condition as described hereinafter.
PAR  A second pair of bistable circuits indicated at 56 and 58 are connected in
      the same manner described above. The C inputs for bistables 56 and 58 are
      connected to gate 44 and thus to photoelectric cell 22. The K inputs are
      each connected to ground, with the J input of bistable 56 having a
      positive voltage and the J input of bistable 58 being connected to the Q
      output of bistable 56. The Q output of bistable 58 is connected to OR gate
      54, again to provide a jam signal indication.
PAR  Photo-electric cell 30 is connected through an amplifier 60, a capacitor 62
      and a gate 64 to the reset input of bistable 56. The reset input of
      bistable 58 is connected to gate 52.
PAR  A clearing signal is provided by the operation of switch 66, with one
      terminal of the switch being connected to ground and the other terminal
      being connected to a resistor 68, the bottom side of which is connected to
      a source of positive voltage. Thus, upon operation of switch 66, a signal
      at ground potential will be applied through gate 52 to the reset inputs of
      bistables 50 and 58.
PAR  In operation, a signal from detector 12 indicating that a blank is present
      at the first station causes bistable 40 to be set in a certain condition
      to provide an output at its Q terminal. Assuming there is no jam
      condition, as the blank from the first station moves to the second
      station, its presence will be detected by cell 22 which will then provide
      a signal to the reset input of bistable 40, thus causing the bistable to
      return to its original condition. The next signal from detector 12 will
      again provide an output at the Q terminal of bistable 40 and, assuming
      there is sequentially an output from cell 22, the bistable will be
      returned to its original condition and there will be no output at the Q
      terminal of bistable 50.
PAR  The same series of events will take place at bistables 56 and 58. Bistable
      56 will be set to provide an output at its Q terminal when a blank is
      detected by cell 22 and the subsequent detection of that blank by cell 30
      will cause bistable 56 to be returned to its original condition.
PAR  In the event that detector 12 provides a signal indicating that a blank has
      been processed at the first station, and there is no signal from cell 22
      to clear bistable 40, when the next blank is processed at the first
      station and a signal is provided by detector 12, there will be inputs at
      the J and C terminals of bistable 50 which will provide an output at its Q
      terminal, indicating a jam condition. In like manner, bistables 56 and 58
      will provide an output at the Q terminal of bistable 58 in the event
      bistable 56 has not been cleared by a signal from detector 30 after
      indication of a blank at the second station by detector 22.
PAR  Thus, the basic detector circuit includes a pair of bistables which are so
      arranged that the first blank places the first bistable into predetermined
      condition and that bistable must be returned to its original condition by
      the first blank passing the second station. If this does not take place,
      then the detection of a second blank at the first station will cause the
      second bistable to provide an output signal indicative of a jam condition.
PAR  Although the invention has been described in connection with a certain type
      of bistable circuit, obviously the invention should not be so limited. In
      like manner, the invention should not be limited to any particular
      application, i.e. corrugated boards or the like, nor to any particular
      type of detection means.
PAR  Whereas the preferred form of the invention has been shown and described
      herein, it should be realized that there may be many modifications,
      substitutions and alterations thereto.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are as follows:
NUM  1.
PAR  1. A system for use in detecting jams in a series of members which are
      sequentially moving through predetermined spaced fixed stations, there
      being an operation performed on said members in at least one of said
      stations, said system including detection means at each station providing
      an output signal indicating the presence or absence of a member at the
      station,
PA1  a first bistable circuit having an input connected to the detection means
      at a first one of said stations and a reset input connected to the
      detection means at a second one of said stations, a second bistable
      circuit having an input connected to the detection means at said first one
      of said stations and an output providing a signal indicating a jam
      condition,
PA1  said first bistable circuit having an output connected to an input of said
      second bistable circuit, with simultaneous inputs at said second bistable
      circuit causing an output indicative of a jam condition.
NUM  2.
PAR  2. The system of claim 1 further characterized by and including reset means
      for the second bistable.
NUM  3.
PAR  3. The system of claim 1 further characterized by and including a second
      pair of bistable circuits, the first bistable of said second pair having
      an input connected to detection means at said second station and an output
      connected to the input of the second bistable of said second pair, a reset
      input for the first bistable of said second pair connected to the
      detection means at a third station, the second bistable of said second
      pair having a second input connected to the detection means at said second
      station, and an output for the second bistable of said second pair, said
      output providing a signal indicative of a jam condition.
NUM  4.
PAR  4. The system of claim 3 further characterized by and including reset means
      connected to the second bistables of said first and second pairs of
      bistables.
NUM  5.
PAR  5. A system for use in detecting jams in a series of members which are
      sequentially moving through predetermined fixed stations, there being an
      operation performed on said members in at least one of said stations, said
      system including detection means at each station providing an output
      signal indicating the presence or absence of a member at the station,
PA1  first circuit means having one input connected to the detection means at a
      first one of said station, and a reset input connected to the detection
      means at a second one of said stations, an output for said first circuit
      means providing a signal when said first circuit means receives a signal
      from the detection means at said first station indicating the presence of
      a member,
PA1  a second circuit means, substantially identical with said first circuit
      means, and including a first input connected to the detection means at
      said first one of said stations, and a second input connected to the
      output of said first circuit means, said second circuit means having an
      output, providing a signal indicative of a jam condition, when there is a
      signal at each of its inputs.
PATN
WKU  039449343
SRC  5
APN  5260590
APT  1
ART  256
APD  19741121
TTL  False triggering prevention circuit
ISD  19760316
NCL  11
ECL  1
EXP  Dixon; Harold A.
NDR  1
NFG  1
INVT
NAM  Francis, Jr.; Ralph M.
CTY  Racine
STA  WI
ASSG
NAM  Milwaukee Resistor Corporation
CTY  Milwaukee
STA  WI
COD  02
CLAS
OCL  328119
XCL  307232
EDF  2
ICL  H04B  103
FSC  307
FSS  232;247;269;215
FSC  328
FSS  119;48
UREF
PNO  2894127
ISD  19590700
NAM  Stilwell
OCL  328119
UREF
PNO  3518555
ISD  19700600
NAM  Konotchick
OCL  307232
UREF
PNO  3575215
ISD  19710400
NAM  Boddy
OCL  328119
UREF
PNO  3611158
ISD  19711000
NAM  Strathman
OCL  328119
UREF
PNO  3754222
ISD  19730800
NAM  Eisenberg
OCL  340258A
LREP
FRM  Mason, Kolehmainen, Rathburn & Wyss
ABST
PAL  A falsing protection circuit for preventing the false triggering of an
      alarm system or the like by extraneous randomly occurring pulses includes
      a pulse extractor circuit that is nonresponsive to a predetermined number
      of initial pulses in a pulse train but responds to subsequent pulses in
      the train, thereby making the alarm system responsive only to pulse trains
      containing numerous pulses of the type encountered during actual alarm
      conditions. Pulse shaping circuitry is included in the pulse extractor
      circuit for extending all short pulses to a minimum length and for passing
      all pulses longer than the minimum length at their true length. This
      effectively prevents a burst of short pulses occurring during the minimum
      length interval from falsely triggering the system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to pulse circuits and more particularly to
      systems for preventing the false triggering of alarm systems or the like
      by extraneous signals.
PAR  Alarm systems provide alarm signals that have a characteristic frequency
      within a predetermined range. For example, sonic intrusion devices such as
      the type described in U.S. Pat. No. 3,754,222 provide periodic signals
      having a frequency in the range of 3-12 Hertz to indicate human intrusion.
      Combined with the intrusion signal is extraneous information consisting of
      low frequency signals caused by environmental changes, and infrequently
      occurring high frequency bursts of short duration pulses originating from
      a variety of sources such as atmospheric disturbances, including
      lightening, and radio interference. Such extraneous signals can cause
      false triggering of the alarm system; and it is desirable to provide a
      system that is responsive to the alarm signal, but does not respond to the
      extraneous signals.
PAR  Systems for reducing the probability of falsing (i.e., false triggering) of
      alarm systems are well known. Various approaches may be taken to reduce
      the probability of falsing. One such approach is a variable threshold
      approach wherein the sensitivity of the alarm system is adjusted to a
      predetermined level in order to make the system responsive only to signals
      exceeding that predetermined level. The predetermined level may be either
      manually adjusted or automatically adjusted by means of a feedback loop
      similar to an automatic gain control circuit. Another approach is to
      provide timing circuitry that renders the circuit nonresponsive to signals
      shorter than a predetermined time duration, and a third approach utilizes
      multiple sensors and differential circuitry for rejecting common mode
      signals impinging on all the sensors while remaining responsive to
      localized signals impinging on less than all the sensors.
PAR  Whereas these approaches reduce the falsing of alarm systems, the threshold
      systems necessitate a compromise between sensitivity and falsing
      performance because if the threshold is set high enough to eliminate most
      of the falsing, a signal indicating a genuine alarm condition may not be
      detected. Even automatically adjusted threshold systems have serious
      drawbacks because the sensitivity is substantially reduced by the feedback
      loop in noisy environments, and the system remains subject to falsing in a
      quiet environment where a single high amplitude extraneous pulse may be
      sufficient to falsely trigger the system.
PAR  The time delay systems provide some improvement in performance over the
      threshold systems, however, they suffer from the disadvantage that a
      relatively short alarm indicating signal may be missed if its duration is
      shorter than the time delay of the falsing protection circuit. Common mode
      rejection is multiple sensor type systems provides no falsing protection
      to locally confined extraneous signals. Furthermore, a genuine alarm
      condition applied to all sensors would not trigger the alarm because of
      the common mode rejection characteristics of the circuit.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide
      improvements in pulse circuits.
PAR  Another object is to provide an improved falsing protection circuit that
      overcomes disadvantages of prior art systems.
PAR  Another object of the present invention is to provide a falsing protection
      system that significantly reduces the probability of falsing without
      substantially reducing the system sensitivity.
PAR  Another object of the present invention is to provide a relatively simple
      low cost falsing protection circuit for an alarm system that does not
      impair the performance of the alarm system.
PAR  Yet another object of the present invention is to provide a falsing
      protection system that is nonresponsive to low frequency signals and
      infrequently occurring pulse bursts consisting of several rapidly
      occurring short duration pulses.
PAR  In accordance with a preferred embodiment of the invention, the falsing
      protection circuit comprises a pulse extraction circuit that ignores the
      first pulse (or any desired number of initial pulses) of each pulse train.
      In accordance with the invention, the system is nonresponsive to pulses
      occurring at a slow rate due to the provision of a timing system employed
      to reset the pulse extractor circuit after a predetermined elapsed time,
      for example, every 5 seconds. Resetting the system causes the system not
      to respond to the initial pulse (or pulses) following the reset signal. As
      a result, the system is nonresponsive to pulses occurring at a rate of
      less than the desired number of pulses during the timing interval, but
      remains responsive to signals occurring at a higher rate. As a result, the
      system is particularly useful when used in conjunction with intrusion
      detection devices where an intrusion indicative signal comprising periodic
      signals within a predetermined frequency range, and where extraneous
      signals caused by environmental changes or other conditions generally
      comprise slowly varying analog signals or infrequently occurring pulses or
      pulse bursts.
PAR  In addition, a pulse shaping circuit is provided to extend the length of
      all received pulses that are shorter than a predetermined minimum length
      to the minimum length. Pulses that have a length longer than the minimum
      length are passed at their true length. The pulse stretching of short
      received pulses causes only a single pulse to be provided even if more
      than one short duration pulse is received during the minimum length
      interval, for example, every 100 milliseconds. The integration of a short
      burst of rapidly occurring pulses into a single pulse prevents a multiple
      pulse burst from falsely triggering the system. Without the pulse shaping
      circuit, such a false triggering could occur even though the first pulse
      (or pulses) of the burst is extracted by the pulse extraction system
      because subsequent pulses of the burst would not be extracted.
      Furthermore, the pulse shaping circuit provides a reliable triggering
      signal to the pulse extraction circuit to assure proper triggering of the
      alarm when the signals received during the minimum length interval are
      true alarm indicative signals.
DRWD
PAR  The above and other objects and advantages of the present invention will be
      readily apparent from the following detailed description, taken in
      conjunction with the accompanying drawing, wherein:
PAR  The single FIGURE is a combined block and schematic diagram of a preferred
      embodiment of the pulse extractor falsing protection system according to
      the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A. General System Description
PAR  Referring now to the drawing, the pulse extractor circuit, designated as a
      whole by the reference numeral 10, comprises an input circuit 12, a pulse
      shaping circuit 14, an extraction circuit 16, a reset timing circuit 18
      and an output circuit 20. The pulse extractor circuit 10 is readily usable
      with a variety of alarm systems, and may conveniently be inserted, for
      example, anywhere between the discriminator 28 and the gate circuit 36 of
      the system described in U.S. Pat. No. 3,754,222 assigned to the same
      assignee as the assignee of the present invention and incorporated herein
      by reference.
PAR  The input circuit 12 comprises a plurality of transistors 22, 24, 26, 28
      and associated circuitry and an inverting amplifier 30. Operating power
      for the input circuit 12 and the remainder of the extractor circuit 10 is
      applied to a plurality of power supply terminals designated as 33 and 35
      from a conventional dual-voltage power supply (not shown). Input signals
      are applied to the input circuit 12 at one or both of a pair of input
      points 32 and 34. The input points 32 and 34 are complementary inputs, the
      input point 32 being responsive to positive going signals and the input
      point 34 being responsive to negative going signals.
PAR  More specifically, the transistor 22 serves as a conventional common
      emitter inverting amplifier, and provides an output signal across its
      collector resistor 22c in response to positive going signals applied to
      its base via the input point 32, a resistor 22a and a diode 22b. A biasing
      resistor 22d maintains the transistor 22 in a cut off state when no signal
      is applied to the input point 32, while the diode 22b protects the
      transistor from reverse polarity voltages. A diode 22e clamps the input
      point 32 to a substantially ground potential. When the signals are applied
      to the input point 32, the diodes 22b and 22e serve as a voltage doubler
      to increase the amplitude of the signal applied to the base of the
      transistor 22.
PAR  The transistor 24 is connected as a common emitter inverting amplifier
      responsive to negative going signals applied to the base of the transistor
      24 from either the input point 34 via the resistor 24a and the diode 24b
      or from the collector of the transistor 22 via the resistor 24c. As in the
      case of the transistor 22, a biasing resistor 24d is utilized to maintain
      the transistor 24 in a cut off state in the absence of an input pulse. A
      diode 24e is employed to clamp the input point 34 to positive potential.
      The function of the diodes 24b and 24e is similar to that of the diodes
      22b and 22e.
PAR  The transistors 26 and 28 form a conventional direct coupled amplifier
      responsive to pulses applied to the transistor 26 via a coupling resistor
      26a, with the resistor 26b serving as a bias resistor and the resistors
      26c and 29 serving as collector resistors. Amplifier 30 comprises a NOR
      gate with its inputs connected together and thus functions as an inverting
      amplifier.
PAR  Signals applied to the input points 32 and 34 (for example, from the
      discriminator 28 of the patent referred to above) are amplified and
      limited by the transistors 22, 24, 26, 28 and the amplifier 30 and applied
      to the pulse shaping circuit 14 and the extraction circuit 16. The shaping
      circuit 14 serves to extend the length of short pulses to a predetermined
      minimum length, for example, 100 milliseconds, to the predetermined length
      and passes longer pulses at their true length. This causes bursts of short
      rapidly occurring pulses to be integrated into a single pulse and prevents
      the burst from falsely triggering the system even though the first pulse
      (or pulses) of the burst have been extracted. Furthermore, the extended
      pulse provides a more reliable triggering pulse to the extraction circuit
      16 to assure proper triggering when the signal received is a true alarm
      indicative signal.
PAR  The shaping circuit 14 includes a pulse extending monostable multivibrator
      circuit 36 that has an input connected to the output of the amplifier by
      means of a coupling capacitor 38 and an output connected to one input of a
      NOR gate 40 within the extraction circuit 16. The output of the transistor
      28 is applied to the other input of the NOR gate 40. The output of the
      inverting amplifier 30 is also applied to a monostable multivibrator 42 in
      the timing circuit 18 by means of a capacitor 44 and serves to start the
      timing cycle.
PAR  Although various timing circuits may be employed in the pulse shaping
      circuit 14 and the reset timing circuit 18, it has been found advantageous
      to use standard integrated circuit multivibrators as the multivibrators 36
      and 42. When this is done, the resistor 36a and the capacitor 36b
      determine the output pulse width of the multivibrator 36, and the resistor
      42a and capacitor 42b determine the output pulse width of the
      multivibrator 42. The resistors 36c and 42c serve as bias resistors for
      the multivibrators 36 and 42, respectively; while the capacitors 36d and
      42d  serve as transient suppressing capacitors.
PAR  The pulse extraction circuit 16 contains a dual flip-flop 46 containing a
      pair of flip-flops 48 and 50. Any conventional dual flip-flop may be used
      for the flip-flop 48, and in a preferred embodiment, a 74L73 flip-flop,
      available from several manufacturers, is used because of its relatively
      low power drain. The use of a dual flip-flop such as the flip-flop 46 is
      advantageous because it permits the flip-flops 48 and 50 to be hooked up
      as a one count counter or a two count counter to permit either one or two
      pulses to be extracted. In the embodiment shown, one of a pair of jumpers
      52 (shown dotted) and 54 (shown solid) may be connected to determine
      whether one or two pulses, respectively, are extracted.
PAR  Both of the flip-flops 48 and 50 are of the type that are triggered on the
      trailing edge of the clock pulse and provide an output indicative of the
      data applied to the J and K inputs immediately prior to the triggering. As
      a result, each of the flip-flops 48 and 50 serves to delay the signal
      applied to its inputs by one pulse width. If the two flip-flops 48 and 50
      are connected in tandem, the input signal is delayed by the width of two
      clock pulses.
PAR  The above-mentioned delay mechanism is utilized to provide the pulse
      extraction feature. The output of the NOR gate 40 is inverted by a NOR
      gate 57 connected as an inverter and is applied to the clock inputs of the
      flip-flops 48 and 50. The delayed output from the flip-flops 48 and 50,
      determined by the signal applied to the J and K inputs of the flip-flop
      48, is applied to a NOR gate 56 together with the signal from the NOR gate
      40. The NOR gate 56 operates functionally as a NAND gate and provides an
      output signal only upon receipt of signals from both the NOR gate 40 and
      the delayed signal from the flip-flop 46. Consequently, no output is
      provided by the NOR gate 56 until one (or two pulses depending on the
      configuration of the jumpers 52 and 54) has been received.
PAR  The multivibrator 42 serves to clear the flip-flop 46 to provide a one (or
      two) pulse extraction after each timing cycle of the monostable
      multivibrator 42. The output circuit 20 comprises a pair of amplifier
      transistors 58 and 60. The transistors 58 and 60 receive the signals from
      the NOR gate 56 and amplify them to a level compatible with the circuitry
      utilizing the pulse extractor circuit 10 and apply them to an output point
      62.
PAR  B. System Operation
PAR  In order to explain the operation of the pulse extractor 10, a description
      of the application of a representative pulse train applied to one of the
      inputs 32 and 34 is set forth below. For purposes of the following
      discussion, a positive going or high signal shall be considered a 1, and a
      negative going or low signal shall be considered a 0. However, it should
      be understood that the above definition is intended only for purposes of
      illustration, and that the circuit 10 can readily be made to operate with
      different polarity logic.
PAR  If a positive going signal is applied to the input 32 or a negative going
      signal applied to the input 34, the input signal will be amplified,
      limited and inverted by the transistors 22, 24, 26 and 28 and result in a
      1 appearing at the collector of the transistor 28. The 1 appearing at the
      collector of the transistor 28 is simultaneously applied to one input of
      the NOR gate 40 and both inputs of the NOR gate 30. The application of the
      1 to both inputs of the NOR gate 30 causes a resetting pulse to be
      generated and applied to both of the monostable multivibrators 36 and 42.
      The monostable multivibrator 36 has a relatively short timing cycle (for
      example, 100 milliseconds) whereas the monostable multivibrator 42 has a
      relatively long timing cycle (for example 5 seconds nominally).
      Accordingly, upon receipt of a 0 from the NOR gate 30, the multivibrator
      36 provides a 100 millisecond positive pulse to the NOR gate 40 and the
      multivibrator 42 provides a 5 second duration positive pulse to the
      flip-flops 48 and 50 to enable the flip-flops 48 and 50 during the 5
      second interval.
PAR  The NOR gate 40 provides a 0 output to the NOR gates 56 and 57 when a 1 is
      applied to either one of its inputs. Consequently, the output of the gate
      40 is a 0 having a duration equal to the wider of the two 1's applied to
      its input. As a result, if the duration of the pulse applied to the input
      circuit 12 is shorter than 100  milliseconds, the output of the gate 40
      will be equal to 100 milliseconds, but if the input pulse is longer than
      100 milliseconds, the output of the gate 40 will have a duration equal to
      the width of the input pulse.
PAR  The output pulse from the NOR gate 40 is inverted by the NOR gate 57 and
      applied to the clock inputs of the flip-flops 48 and 50. Upon receipt of
      the leading edge of the clock pulse, the input signals applied to the J
      and K inputs of the flip-flops 48 and 50 are clocked into the respective
      flip-flops, but no change of state takes place at the output. The J input
      of the flip-flop 48 is connected to a positive potential and the K input
      is connected to ground potential, thereby resulting in a 1 being clocked
      into the J input and a 0 being clocked into the K input whenever a clock
      pulse is received. If the jumper 52 is connected to provide a one pulse
      delay, then the Q output of the flip-flop 48 is applied to the NOR gate
      56. This output is normally high, thereby maintaining the output of the
      NOR gate 56 low and effectively preventing the passage of the first pulse
      from the gate 40 to the output circuit 20.
PAR  After the output signal from the NOR gate 57 goes low, the J and K
      information previously clocked into the flip-flop 48 is transferred to the
      Q and Q outputs of the flip-flop 48. This causes the Q output of the
      flip-flop 48 to go low and enable the subsequent passage of pulses through
      the gate 56. Because the J and K inputs of the flip-flop 48 remain
      unchanged, the subsequent clocking in of J and K information following
      each pulse from the NOR gate 57 will maintain the Q output of the
      flip-flop 48 at zero. Hence, the NOR gate 56, which provides a 1 output
      only if both of its inputs are 0, will provide a 1 output for each
      subsequent pulse applied to one of the inputs 32 and 34 as long as the
      flip-flop 48 is not cleared.
PAR  The clearing of the flip-flops 48 and 50 is accomplished by the timing
      multivibrator 42. The timing multivibrator 42 provides a 1 to each of the
      flip-flops 48 and 50 for a 5 second interval following the receipt of an
      input pulse. The positive signal maintains the flip-flops 48 and 50
      operative to load the J and K information into the NOR gate 56 upon
      receipt of clock pulses from the NOR gate 57. However, at the expiration
      of the 5 second timing interval, the output of the multivibrator goes low
      to thereby clear the flip-flops 48 and 50 and to cause the Q outputs of
      each of the flip-flops 48 and 50 to go high. This inhibits the passage of
      pulses through the NOR gate 56 until another pulse is applied to the input
      of the multivibrator 42 to initiate a new timing cycle. The initiation of
      the new timing cycle reenables the flip-flops 48 and 50 and allows the
      loading of new J and K information into the flip-flops 48 and 50. This
      permits the Q output of the flip-flops 48 and 50 to again go low following
      the trailing edge of the first pulse received after the reinitiation of
      the timing interval. As a result, one of the pulses from the input pulse
      train is extracted every 5 seconds. If more than one pulse is present
      during a 5 second interval, all of the subsequent pulses other than the
      first pulse are passed to the output circuit 20. If one or fewer pulses
      are present, no pulses are passed because the flip-flop 48 is cleared once
      every 5 seconds and each pulse received is extracted.
PAR  If it is desired that two pulses be extracted, the jumper 52 is removed and
      replaced with the jumper 54. This connects the Q and Q outputs of the
      flip-flop 48 to the J and K inputs, respectively, of the flip-flop 50, and
      connects the Q output of the flip-flop 50 to the input of the NOR gate 56.
      As a result, th gate enabling signal from the flip-flop 48 is further
      delayed by a second time interval equivalent to the time interval of the
      second received pulse prior to being applied to the input of the NOR gate
      56. This inhibits the passage of signals by the NOR gate 56 to the output
      20 until after two pulses have been extracted.
PAR  The operation of the second delay is as follows. Following each resetting
      pulse from the timing circuit 42, the Q outputs of both of the flip-flops
      48 and 50 are high. This inhibits the operation of the NOR gate 56. The
      first pulse in the received pulse train, applied to the clock inputs of
      the flip-flops 48 and 50 via gate 57, causes the J and K information to be
      loaded into the flip-flop 48. Following the trailing edge of the first
      pulse, a 0 appears at the Q output of the flip-flop 48 and a 1 appears at
      the Q output. This results in a 1 being applied to the J input of the
      flip-flop 50 and a 0 being applied to the K input following the receipt of
      the first input pulse. This information is loaded into the flip-flop 50
      after the second input pulse, which serves as a clock pulse for the
      flip-flop 50, is received. As in the case of the flip-flop 48, the
      trailing edge of the second received pulse causes a transition in the Q
      output of the flip-flop 50 to drive the input of the NOR gate 56 low and
      to permit the passage of subsequent pulses received therethrough. Because
      the Q and Q outputs of the flip-flops 48 do not change state between reset
      pulses from the monostable multivibrator 42, the J and K inputs to the
      flip-flop 50 remain constant during the portion of the 5 second timing
      interval of the multivibrator 42 following the first two received pulses.
      As a result, the Q output of the flip-flop 50 will remain low during this
      interval. This permits the passage of all pulses following the receipt of
      the first two input pulses during each 5 second timing interval provided
      by the monostable multivibrator 42.
PAR  The pulses from the NOR gate 56 are amplified in a conventional manner by
      the transistors 58 and 60 which are connected as a conventional direct
      coupled complementary pair with the resistors 58a and 60a serving as
      coupling resistors and the resistors 58b and 60b serving as collector
      resistors. The amplified signals are applied to the output point 62 for
      application to the alarm circuit employed in conjunction with the pulse
      extractor circuit 10.
PAR  While certain preferred embodiments of the invention have been described by
      way of illustration, many modifications will occur to those skilled in the
      art; it will be understood, of course, that it is not desired that the
      invention be limited thereto, since modifications may be made, and it is,
      therefore, contemplated by the appended claims to cover any such
      modifications as fall within the true scope and spirit of the invention.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A pulse circuit comprising:
PA1  input circuit means for receiving input pulses;
PA1  output circuit means for providing output pulses;
PA1  pulse extractor means for extracting a predetermined number of initial ones
      of said input pulses interconnecting said input circuit means and said
      output circuit means, said pulse extractor means being nonresponsive to
      said predetermined number of initial ones of said input pulses applied
      thereto and responsive to input pulses subsequent to said predetermined
      number of initial ones of said input pulses for rendering said output
      means operative to provide output pulses in response to input pulses
      following said initial ones of said input pulses; and
PA1  timing means coupled to said pulse extractor means and to said input
      circuit means, said timing means being responsive to one of said input
      pulses for rendering said pulse extractor means operative to extract a
      number of subsequent input pulses equal in number to said predetermined
      number upon the elapse of a predetermined time interval following the
      receipt of said one of said input pulses.
NUM  2.
PAR  2. A pulse circuit as recited in claim 1 further including pulse shaping
      means electrically coupled to said input circuit means, said pulse shaping
      means including means for providing pulses having a fixed duration in
      response to input pulses having a duration less than said fixed duration,
      and for providing pulses having a duration equal to the duration of said
      input pulses in response to input pulses having a duration greater than
      said fixed duration.
NUM  3.
PAR  3. A pulse circuit as recited in claim 1 wherein said pulse extractor means
      includes means responsive to pulses applied to said input means for
      providing an enabling signal following the receipt of said predetermined
      number of initial input pulses.
NUM  4.
PAR  4. A pulse circuit as recited in claim 3 further including gating means
      responsive to said enabling signal providing means for providing pulses to
      said output circuit means in response to said input pulses only upon
      receipt of said enabling signal.
NUM  5.
PAR  5. A pulse circuit as recited in claim 4 wherein said enabling signal
      providing means includes a single flip-flop.
NUM  6.
PAR  6. A pulse circuit as recited in claim 5 wherein said enabling signal
      providing means includes a second flip-flop connected to said flip-flop.
NUM  7.
PAR  7. A pulse circuit as recited in claim 3 wherein said timing means includes
      a timing monostable multivibrator connected to said pulse extractor means
      for resetting said pulse extractor means to terminate said enabling signal
      following the elapse of said predetermined time interval.
NUM  8.
PAR  8. A pulse circuit as recited in claim 7 further including pulse shaping
      means comprising a pulse shaping monostable multivibrator means for
      providing fixed duration pulses in response to input pulses, and gating
      means, said gating means being responsive to said input means for
      providing an output pulse having a duration equal to the longer of said
      input pulse and said fixed duration pulse.
NUM  9.
PAR  9. In an alarm system responsive to a predetermined first condition for
      providing a first condition indicative signal having a predetermined
      minimum number of pulses within a predetermined time interval, and to a
      second condition for providing a second condition indicative signal having
      fewer than said predetermined number of pulses within said predetermined
      time interval, said alarm system being responsive to said first and second
      condition indicative signal for providing an alarm signal, a circuit for
      rendering said alarm system nonresponsive to said second condition
      indicative signal, comprising:
PA1  means for receiving said first and second condition indicative signals;
PA1  means for providing a timing signal representative of said predetermined
      time interval;
PA1  means connected to said receiving means and to said timing signal providing
      means and responsive thereto for providing a first output signal in
      response to the receipt of said timing signal and said first condition
      indicative signal and for providing a second output signal in response to
      the receipt of said timing signal and said second condition indicative
      signal, said output signal providing means including counting means
      responsive to the receipt of said predetermined minimum number of pulses
      for providing said first output signal; and
PA1  gating means coupled to said output signal providing means and said
      receiving means, said gating means being responsive to said output signal
      providing means for passing therethrough those pulses of said first
      condition indicative signal exceeding said predetermined minimum number of
      pulses
PA1  wherein said timing signal providing means is coupled to said counting
      means for resetting said counting means said predetermined time interval
      following the receipt of one of the pulses of one of said first and second
      condition indicative signals.
NUM  10.
PAR  10. A circuit as recited in claim 9 further including pulse shaping means
      coupled to said receiving means for extending to said predetermined length
      the length of pulses that are shorter than said predetermined length.
NUM  11.
PAR  11. A pulse circuit comprising:
PA1  input circuit means for receiving input pulses;
PA1  output circuit means for providing output pulses;
PA1  pulse extractor means interconnecting said input circuit means and said
      output circuit means, said pulse extractor means being nonresponsive to a
      number of initial pulses applied thereto and responsive to input pulses
      subsequent to said predetermined number of initial input pulses for
      rendering said output means operative to provide output pulses in response
      to input pulses following said initial input pulses; and
PA1  pulse shaping means interposed between said input circuit means and said
      output circuit means, said pulse shaping means including means for
      providing pulses having a fixed duration in response to input pulses
      having a duration less than said fixed duration, and for providing pulses
      having a duration equal to the duration of said input pulses in response
      to input pulses having a duration greater than said fixed duration.
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PAL  An apparatus for generating a d.c. output signal which is proportional to
      the frequency of an alternating input signal, includes a pulse generator
      and a counter arranged to count pulses from the generator for a time which
      is dependent on the input signal frequency. A digital to analog converter
      is responsive to the count in the counter and also to the d.c. output
      signal to provide an intermediate d.c. signal which is compared with a
      d.c. reference signal. The difference between the intermediate and
      reference signals is integrated to provide the output signal. The
      arrangement is such that the d.c. output signal is directly proportional
      to the input signal frequency.
BSUM
PAR  This invention relates to an apparatus for generation of a d.c. output
      signal having a magnitude which is proportional to the frequency of an
      electrical input signal.
PAR  According to the invention an apparatus for generating a d.c. output signal
      whose magnitude is proportional to the frequency of an electrical input
      signal comprises means for generating a train of substantially equispaced
      electrical pulses, a pulse counter, means, responsive to said input
      signal, for gating said pulses to said counter for a time interval which
      is dependent on the frequency of said input signal, a digital to analog
      converter for providing a first d.c. signal dependent on the count in said
      counter at the end of one of said time intervals, a summing junction
      responsive to said first d.c. signal and to an electrical reference signal
      to generate a control signal proportional to the difference between said
      first d.c. signal and said reference signal, and an integrating circuit
      responsive to said control signal to generate said output signal, said
      digital to analog converter also being responsive to said output signal so
      that said first d.c. signal is proportional to the product of said count
      and said output signal, and the arrangement being such that variations in
      said first d.c. signal are opposed by corresponding changes in said output
      signal.
PAR  Examples of the invention will now be described with reference to the
      accompanying drawings, in which:
DRWD
PAR  FIG. 1 shows an apparatus for generating a single d.c. output signal, and
PAR  FIG. 2 shows an apparatus for selectively generating a plurality of d.c.
      output signals.
DETD
PAR  The apparatus shown in FIG. 1 has a pulse shaper 10 which is responsive to
      an input signal of frequency f to provide, on a line 11, a train of shaped
      pulses having input frequency f, the duration of these pulses being one
      half-cycle of the input signal. A pulse generator 12 is operable to
      provide an output of equispaced pulses. A gate circuit 13 is responsive to
      a pulse on line 11 to provide, on a line 14, a train of pulses from
      circuit 12 for a duration equal to one half-cycle of the frequency f. The
      frequency fp of the pulses from circuit 12 is 500 times greater than the
      highest anticipated value of frequency f.
PAR  A logic circuit 15 is responsive to the pulses from generator circuit 12
      and to the pulses from shaper 10 to provide, on a line 16, a control
      signal which coincides with the second of the pulses from circuit 12 to
      occur after the end of a pulse from shaper 10. The signal on line 16
      resets the value in a counter 18 to zero so that the next pulse train on
      line 14 is counted by counter 18.
PAR  A further logic circuit 17 is also responsive to the pulses from circuit 12
      and from shaper circuit 10 to provide, on a line 27 to a register 19, a
      control signal which coincides with the second of the pulses from circuit
      12 to occur after the end of a pulse from shaper 10. The signal on line 27
      thus precedes that on line 16 and causes the value in counter 18 to be
      loaded into register 19, before counter 18 is cleared.
PAR  A digital-to-analog converter 20 is responsive to the value N in register
      19, to provide a d.c. output voltage Va on a line 21, this voltage Va
      being proportional to frequency f. A summing circuit 22 is responsive to
      the voltage Va and also to a reference voltage Vr of opposite sign to
      voltage Va.  Circuit 22 provides, on a line 24, a voltage signal dependent
      on the difference between voltages Va and Vr. An integrater circuit 25 is
      responsive to the output of summing circuit 22 to provide, on a line 26, a
      voltage output signal Vo for the apparatus as a whole. The converter 20 is
      also responsive to the output signal Vo so that the analog voltage Va on
      line 21 is, in fact, proportional to the product of the count in register
      19 and the output signal Vo, any variation in Va being opposed by a
      corresponding variation in the signal Vo.
PAR  The voltage on line 21 may thus be expressed as:
EQU  Va = K.sub.1 NVo                                           (1)
PAR  The operation of the integrater circuit 25 and summing circuit 22 has the
      effect that, in a steady state condition, Va = Vr, in which condition the
      signal on line 24 is zero. Equation (1) above may thus be written:
EQU  Vo = Vr/K.sub.1 N                                          (2)
EQU  = vr/K.sub.1.sup.. K.sub.2 t                               (3)
PAL  where t is the periodic time of the frequency f, and, since f .about. 1/t
EQU  Vo = Vr.sup.. f/K.sub.1.sup.. K.sub.2                      (4)
PAR  the output voltage Vo may thus be proportional to frequency f only, when Vr
      is maintained constant, or proportional to the product of frequency f and
      a coefficient, voltage Vr being set equal to the desired coefficient.
PAR  FIG. 2 shows an apparatus generally similar to that previously described,
      similar items being assigned identical reference numbers. The apparatus of
      FIG. 2 is adapted to provide a plurality of output signals. Some of these
      output signals are proportional only to corresponding input signals, and
      others of the output signals are also proportional to coefficients as
      indicated with reference to FIG. 1.
PAR  Pulse shapers 10 are respectively responsive to input frequencies f.sub.2
      and f.sub.3. A logic arrangement 30 includes a gate 13 and a clock circuit
      15 as indicated in FIG. 1. Logic arrangement 30 is, however, responsive to
      pulses from the generator 12 to load counter 18 alternatively with pulse
      trains from input frequencies f.sub.2, f.sub.3, and also to load register
      19 as described.
PAR  The voltage applied to line 23 is derived, via a gate circuit 31, from
      either one of two different input voltages Vx, Vy. The one of voltages Vx,
      Vy which is applied to line 23 is selected by a signal on a line 32 from
      logic circuit 30. It is arranged that voltage Vx is constant and has the
      effect, in conjunction with the aforementioned constants K.sub.1, K.sub.2,
      that voltage Vo is proportional only to the selected one of frequencies
      f.sub.2, f.sub.3. The application of voltage Vy has the effect that Vo is
      proportional to the product of the selected frequency and a coefficient y
      dependent on voltage Vy.
PAR  The output voltages Vo are stored in selected ones of four sample and hold
      devices 34, 35, 36, 37, under control of signals on a group of lines 32
      from logic circuit 30. It is arranged that the values in devices 34, 35,
      36, 37 are respectively proportional to f.sub.2 ; yf.sub.2 ; f.sub.3 and
      y.f.sub.3.
PAR  The use of the analog-to-digital converter 20, as indicated by equation (2)
      to provide a signal which forms the denominator of the output voltage
      expression, enables the output voltage to be readily made directly
      proportional to the input frequency.
PAR  It will be understood that, since the value of the output signal Vo, in
      both the foregoing embodiments, is proportional to the frequency fp of the
      pulses from generator 12, Vo may further be varied by variation of
      frequency fp. Generator 12 may thus include means for varying frequency fp
      to provide a further coefficient, in addition to the aforementioned
      coefficient y.
PAR  It will also be understood that, with reference to the apparatus shown in
      FIG. 1, the reference voltage Vr may be generated by selection from a
      number of preset voltages, in a like manner to that shown and described
      with reference to FIG. 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for generating a d.c. output signal whose magnitude is
      proportional to the frequency of an electrical input signal, comprising
      means for generating a train of substantially equispaced electrical
      pulses, a pulse counter, gating means responsive to said input signal for
      gating said pulses to said counter for a time interval which is dependent
      on the frequency of said input signal, a digital to analog converter for
      providing a d.c. signal dependent on the count in said counter at the end
      of said time interval, a summing junction responsive to said d.c. signal
      and to an electrical reference signal to generate a control signal
      proportional to the difference between said d.c. signal and said reference
      signal, and an integrating circuit responsive to said control signal to
      generate said output signal, said digital to analog converter also being
      responsive to said output signal so that said d.c. signal is proportional
      to the product of said count and said output signal, and a feedback
      arrangement provided such that variations in said d.c. signal are opposed
      by corresponding changes in said output signal.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 in which said means responsive to the
      input signal comprises means for generating a sequence of shaped pulses
      having a frequency dependent to the input frequency, and a gate circuit,
      responsive to said shaped pulses, for applying said train of pulses to
      said counter, said time interval being equal to the duration of one of
      said shaped pulses.
NUM  3.
PAR  3. An apparatus as claimed in claim 2 in which each said shaped pulse has a
      duration substantially equal to one half cycle of said input signal.
NUM  4.
PAR  4. An apparatus as claimed in claim 2 which includes a register adapted to
      receive the count in said counter, and means, responsive to said shaped
      pulses, for loadin said count into said register at the end of one of said
      time intervals, and for subsequently setting said count to a predetermined
      value.
NUM  5.
PAR  5. An apparatus as claimed in claim 2 which includes a plurality of means
      for generating sequences of shaped pulses having frequencies dependent on
      respective ones of a plurality of input signals, in which said gate
      circuit comprises means, sequentially responsive to shaped pulses from
      respective ones of said plurality of pulse-generating means, for applying
      said train of pulses to said counter, and which includes a plurality of
      sample and hold devices, and means for sequentially operating said sample
      and hold devices to store respective output signals corresponding to
      respective one of said input signals.
NUM  6.
PAR  6. An apparatus as claimed in claim 5 which includes means for selecting
      said reference voltage from a plurality of input voltages.
NUM  7.
PAR  7. An apparatus as claimed in claim 1 which includes means for selecting
      said reference voltage from a plurality of input voltages.
NUM  8.
PAR  8. An apparatus as claimed in claim 1 in which said pulse-train generating
      means includes means for varying the frequency of said pulse train.
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ABST
PAL  The bipolar signals produced, for example, by a magnetic transducer which
      senses the positions of slots in a ferromagnetic damper wheel, are
      integrated. The resulting integrated signal has peaks at times
      corresponding to the zero crossings of the bipolar signals and is of
      lower, relatively constant, amplitude at other times. The peaks may be
      used to prime an otherwise disabled circuit in the path through which
      signals indicative of zero crossings are transmitted to thereby
      discriminate between zero crossings of interest (those of the bipolar
      signals) and those due to noise.
BSUM
PAR  The present invention relates to signal detectors, such as those suitable
      for detecting a signal indicative of the position of a moving part, for
      example, the damper wheel of an engine. Such signals can be employed as
      timing pulses for control purposes.
PAR  Certain proposed antipollution control systems for automotive engines
      include computerized electronic ignitions, to provide control of a
      plurality of engine functions. Such computerized systems require very
      accurate timing data relating to the occurrence of the top dead center or
      other reference position of one or more pistons within their respective
      cylinders of the engine.
PAR  A transducer, such as a magnetic transducer, may be used to provide
      unprocessed signals indicative of the position of the damper wheel of the
      engine and this positional information can be translated to cylinder
      position information. The transducer is placed in close proximity to the
      damper wheel, and magnetic anomalies, such as slots, ferromagnetic slugs,
      magnets or the like are placed on this wheel. The signal produced by the
      magnetic transducer when it detects a magnetic assembly is a bipolar
      signal. Its amplitude is directly proportional to the angular speed of the
      damper wheel and its width is inversely proportional to the angular speed
      of the damper wheel. At the lowest engine speeds, the bipolar sense signal
      may have a 100 MV peak-to-peak amplitude, and a peak-to-peak time duration
      or width of 4 milliseconds. At the highest engine speeds, the bipolar
      sense signal may have an amplitude of 30 volts peak-to-peak, and a
      peak-to-peak time duration of 20 microseconds.
PAR  The transducer also picks up noise from the portions of the damper wheel
      between the slots, due to surface irregularities on the ferromagnetic
      damper wheel (generally most automotive engines use damper wheels made
      from ferromagnetic material). The noise is coherent with the bipolar
      signal, and therefore has the same amplitude and time duration
      proportionality to the angular speed of the damper wheel, as the signal,
      at low engine speeds, the noise is less than 10 millivolts, whereas at
      high engine speeds the noise may reach 2.1 volts peak-to-peak in
      amplitude, which is more than 20 times the 100 millivolt peak-to-peak
      amplitude of the bipolar sense signal at the low engine speed.
PAR  The zero crossing of the bipolar sense signal, which is midway between the
      times of occurrence of the positive and negative peaks of the sense
      signal, is indicative of the center of a slot whose position is being
      sensed. Thus, this zero crossing can be employed as a true timing mark.
      However, it is a requirement of at least one computerized ignition system
      that the timing pulses supplied to the computer be of constant width and
      amplitude, regardless of engine speed. One problem dealt with in the
      present application is that of processing the position signals which are
      sensed, in the presence of noise, to obtain such constant amplitude and
      constant width timing pulses which still accurately represent position.
PAR  The present invention resides in part, in the discovery that if a signal of
      the type discussed above is integrated, the integrated signal will have
      peaks at points corresponding to zero crossings of interest and be of
      relatively low, relatively constant amplitude at other time. The peaks are
      employed to discriminate between zero crossing signals of interest and
      those due, for example, to noise.
DRWD
PAR  The invention is illustrated in the drawing of which:
PAR  FIG. 1 is a schematic diagram of an embodiment of the invention; and
PAR  FIG. 2 is a drawing of waveforms present in the circuit of FIG. 1.
DETD
PAR  The noise insensitive positional signal detector shown in FIG. 1 includes a
      voltage comparator network 1; an integrating channel 3; a flip-flop 5 and
      a one-shot or monostable multivibrator 7. A magnetic transducer 9 fixed to
      the chassis is used to sense predetermined positions around the
      circumference of a rotatable element, such as the ferromagnetic damper
      wheel 11 or the flywheel, or some other rotatable element driven by a
      combustion engine, the predetermined positions being in the form of slots
      13 machined into the circumference of the wheel 11. The detector can be
      built in integrated circuit form.
PAR  The voltage comparator network 1 includes an RC differentiator network 21
      and a voltage comparator 15 comprising an operational amplifier. The
      inverting input terminal 17 of this amplifier is resistively coupled to
      the output terminal A of the transducer 9 and its non-inverting input
      terminal 19 is connected to a point of reference potential-ground. The RC
      differentiator network 21 is connected between the output terminal C of
      the voltage comparator 15 and the set input terminal 23 of the flip-flop
      5.
PAR  The integration channel 3 includes a passive RC integrating network 25, a
      non-inverting operational amplifier 27, and an inverting threshold
      detector 29. The RC-passive integrator is connected between the output
      terminal A of the transducer 9 and the non-inverting input terminal 31 of
      amplifier 27. The gain of the non-inverting amplifier 27 is determined by
      a feedback resistor 33 connected between the output terminal 35 and
      inverting input terminal 37 of the amplifier 27, and a resistor 39
      connected between the inverting input terminal 37 of the amplifier 27 and
      a reference voltage point. The inverting threshold detector 29 has an
      input terminal B connected to the output terminal 35 of the amplifier 27,
      and an output terminal D connected to the reset terminal 41 of flip-flop
      5. The threshold setting (a bias control) is internal to detector 29. An
      RC-differentiator network 45 is connected between the Q output terminal 43
      of the flip-flop 5 and the input terminal 47 of the monostable
      multivibrator 7. The one-shot or monostable multivibrator 7 has an output
      terminal F.
PAR  In the discussion which follows of the operation of the noise insensitive
      positional signal detector, both FIGS. 1 and 2 should be referred to. As
      shown, waveform A is the output signal of the transducer 9, and contains
      bipolar positional signals 49 indicative of the positions of slot 13 of
      the fly wheel 11. Noise voltages are also contained in the output waveform
      A of the transducer 9, between the occurrences of the bipolar positional
      signals 49.
PAR  The output signals of the transducer 9 are processed by the voltage
      comparator 15 to produce the pulsed waveform C at output terminal C of
      comparator 15. This comparator is a high gain operational amplifier and it
      compares the signal it receives at its inverting terminal 17 with the
      voltage (ground level) at its non-inverting terminal 19. Whenever the
      signal A is more positive than ground, then the output signal at C is
      clamped to the voltage at terminal 19 -- ground level. Whenever the signal
      at A is more negative than ground level, the signal at C goes positive to
      a second level shown as V.sub.x in FIG. 2. The transitions between these
      two levels is very abrupt.
PAR  The signal C is shown at C in FIG. 2. Note that both noise and signal at A,
      when negative, cause C to go positive to the level V.sub.x. The cross
      hatched pulses 52 of waveform C are indicative of the negative peaks of
      the bipolar signals 49 and the leading edges of pulses 52 occur at the
      zero crossovers.
PAR  The output waveform C of voltage comparator 15 is differentiated by
      differentiator network 21 to provide set signals for flip-flop 5. In more
      detail, each time a positive-going-edge occurs in the wave C, the
      differentiator produces a positive pulse and this positive pulse tends to
      set the flip-flop 5. However, as will be explained shortly, a reset level
      is applied to the reset terminal of flip-flop 5 for all periods except the
      relatively small intervals during which the bipolar signal 49 is present.
      The flipflop has the characteristic that a reset level overrides a
      concurrent set input level so that this reset level prevents the flip-flop
      from being set, except by the positive going edges of wave C which occurs
      during these relatively small intervals.
PAR  The waveform A also is applied to the passive integrator 25 of channel 3
      and the integrated wave thereby obtained is amplified by amplifier 27 to
      provide waveform B. This wave B is applied to the threshold detector and
      inverter 29. As may be observed at 51, it has been found that there is a
      positive monopolar pulse in wave B whose amplitude is constant over the
      entire speed range of the engine and the center region of the peak of this
      pulse always occurs at, that is, is concurrent with, the zero crossover of
      the bipolar signal 49. Moreover, it has also been found that the
      integrated noise level is relatively constant and lower than a given
      amplitude level. The threshold level of the threshold detector 29 is set
      above the integrated noise level but below the peak amplitude level of the
      integrated and amplified output signal B, as shown by dashed line legended
      "threshold" in FIG. 2.
PAR  The threshold detector and inverter 29 provides an output signal or
      waveform D. Waveform D is positive going during all non-occurrences of a
      bipolar positional signal 49 in waveform B, and is a ground level signal
      or negative-going pulse during the time occurrence of a bipolar positional
      signal 49 in the integrated waveform B.
PAR  The operation of flip-flop 5 is such that whenever a positive signal is
      present at the reset input terminal 41 of the flip-flop 5, the flip-flop 5
      will remain in the reset condition or switch to the reset condition
      regardless of the nature of the signals connected to the set terminal 23
      of the flip-flop 5. Accordingly, flip-flop 5 can only be placed in the set
      condition during the coincidence of a positive going pulse produced by
      differentiator 21, and a ground level or negative-going pulse in the
      output waveform D of threshold detector-inverter 29. When this condition
      occurs, the flip-flop 5 will provide an output pulse 50 as shown by
      waveform E, the leading edge of the output pulse 50 being indicative of a
      zero crossover occurrence of a bipolar positional signal 49 in the output
      waveform A of transducer 9.
PAR  The output pulses 50 of the output waveform E of flip-flop 5 are constant
      in amplitude, but will vary in width or time duration in accordance with
      the speed of rotation of the flywheel 11, or time duration of the bipolar
      positional signals 49 from transducer 9. This is indicated by arrow 54. In
      order to provide an output signal representative of the zero crossover
      occurrences of the bipolar positional signals 49, that is both constant in
      amplitude and width or time duration, output waveform E of flip-flop 5 is
      differentiated by differentiator 45 to provide input trigger pulses to the
      one-shot 7. The output waveform F of the one-shot 7 includes
      positive-going pulses having leading edges corresponding to the zero
      crossover occurrences of the bipolar sense signals 49. The pulses 53 of
      waveform F are constant in amplitude and width or time duration,
      regardless of the time duration or amplitude of the bipolar sense signals
      49 of waveform A.
PAR  Differentiator 21 is included in the comparator network 1 to reduce the
      possibility of placing flip-flop 5 in a race of non-latched condition, by
      providing a short duration set signal to the flip-flop 5. (The flip-flop
      is not latched when the set and reset levels are both high.) This signal
      terminates prior to time the reset signal is applied to flip-flop 5, that
      is, prior to the time waveform D returns from its ground level to it high
      level (positive level 48).
PAR  Channel 3 tends to saturate in integrating the bipolar position signals 49
      of waveform A. It remains saturated both prior to and after the zero
      crossover of the bipolar positional 49 and therefore is not an accurate
      signal indication of the zero crossover occurrence or center slot
      position.
PAR  The threshold level detector-inverter 29 of integrating channel 3 provides
      the position signal detector with noise immunity by ensuring that the
      reset signal to flip-flop 5 cannot go low in response to zero crossing
      noise signals.
PAR  As mentioned in the introductory portion of this application, in the use to
      which the present circuit may be put the bipolar signal amplitude at low
      engine speed may be from 100 - 150 millivolts and at high engine speed may
      be from 20 - 30 volts. The noise is always lower than the signal amplitude
      and at low engine speeds is less than 10 millivolts and at high engine
      speeds can be as high as 2.1 volts. The circuit of the present application
      easily is able to distinguish signal from noise in this kind of
      environment. The values of the integrating network 25 are so chosen that
      throughout the range just specified, the integrated bipolar signal will
      cause the operational amplifier 27 to saturate and the noise signals, when
      integrated, will be at a relatively low, relatively constant level. It
      should be kept in mind here that the 100 millivolts signal obtained at low
      engine speed is of relatively long duration (4 milliseconds) so that when
      integrated, it results in substantial signal at input terminal 31. The
      noise lies in a frequency spectrum near that of the signal and when the
      many noise zero crossing signals are integrated, they have been found,
      when passed through amplifier 27, to produce an output of relatively
      constant level as shown in waveform B of FIG. 2.
PAR  In a practical circuit such as shown in FIG. 1 employed for the purpose
      discussed, some of the circuit elements chosen were:
PA0  Integration Network 25:
PA1  Resistor = 470 kilohms
PA1  Capacitor = 0.01 microfarads (.mu. fd.)
PA0  Differentiator 21:
PA1  Capacitor = 390 microfarads
PA1  Resistor = 47 kilohms
PA0  Differentiator 45:
PA1  Capacitor = 100 microfarads
PA1  Resistor = 20 kilohms
PAR  Monostable multivibrator 7 produced a 50 microsecond output pulse.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for distinguishing between zero crossings of interest, which
      recur over a relatively wide frequency range, of an input signal whose
      amplitude is inversely related to its width, and which may vary in
      amplitude and width, which crossings occur when the signal level changes
      from a relatively high amplitude peak of one sense to a relatively high
      amplitude peak of opposite sense, and zero crossings not of interest which
      occur when the signal level changes from a relatively substantially lower
      amplitude peak of one sense to a relatively lower amplitude peak of the
      opposite sense, comprising, in combination:
PA1  means for directly integrating said input signal for producing an
      integrated wave having peaks of relatively high and constant amplitude at
      times corresponding to that at which the zero crossings of interest occur
      over substantially the entire frequency range within which said zero
      crossings of interest recur and which is of substantially lower amplitude
      at other times;
PA1  a threshold circuit receptive of said integrated wave for producing an
      output pulse in response only to each of said peaks of relatively high
      amplitude;
PA1  means responsive to said input signal for producing a signal indication
      each time a zero crossing of said first signal occurs; and
PA1  means responsive to said signal indications and to said output pulses for
      producing an output signal only when a signal indication occurs
      concurrently with an output pulse.
NUM  2.
PAR  2. A circuit as set forth in claim 1 wherein said means responsive to said
      input signal comprises a differentiator.
NUM  3.
PAR  3. A circuit as set forth in claim 2, wherein said means responsive to said
      signal indications and said output pulses comprises a circuit responsive
      to said pulses which is maintained inactive except during the presence of
      a pulse and responsive to said signal indication during the presence of
      one of said pulses for producing an output signal.
NUM  4.
PAR  4. A circuit as set forth in claim 3 wherein said circuit comprises a
      flip-flop connected to receive said pulses at its reset terminal and said
      signal indications at its set terminal.
NUM  5.
PAR  5. In a system which includes a rotating element whose speed may vary over
      a given range and a fixed element, a magnetic transducer fixed to one of
      said elements and magnetic means on the other element in a position such
      that it passes immediately adjacent to and causes a bipolar signal having
      an amplitude inversely related to its width and which may vary in
      amplitude and width, to be produced by said transducer once each period of
      said rotating element, a circuit for sensing the zero crossing of said
      bipolar signal comprising, in combination:
PA1  integrating means receptive of said signal for directly integrating the
      same for producing an integrated signal comprising pulses of relatively
      constant amplitude concurrent with the zero crossings of said bipolar
      signal, over substantially the entire speed range of said rotating
      element;
PA1  a threshold circuit receptive of the integrated signal produced by said
      integrating means for passing only the peaks of the integrated signal,
      said peaks occurring at the zero crossings of said bipolar signals;
PA1  a pulse producing circuit receptive of the signal produced by said
      transducer for producing an output pulse in response to each zero crossing
      of said signal; and
PA1  coincidence circuit means receptive of said output pulses and the output
      wave produced by said threshold circuit for producing an output signal
      only when a pulse occurs concurrently with a peak in said output wave.
NUM  6.
PAR  6. In a system as set forth in claim 5, said pulse producing circuit
      comprising a wave shaping circuit for translating each zero crossover of
      said signal to a steep leading edge, and a differentiator for translating
      each such edge to a pulse.
NUM  7.
PAR  7. In a system as set forth in claim 5, said coincidence circuit means
      comprising a circuit having an inhibit terminal to which said output wave
      is applied in a sense to inhibit said circuit except during said peaks,
      and a signal input terminal to which said pulses are applied.
NUM  8.
PAR  8. In a system as set forth in claim 7, said coincidence circuit means
      comprising a flip-flop, said inhibit terminal comprising the reset
      terminal of said flip-flop, said inhibit terminal comprising the reset
      terminal of said flip-flop and said signal terminal comprising the set
      terminal of said flip-flop.
NUM  9.
PAR  9. In a system as set forth in claim 7, further including means coupled to
      said coincidence circuit means for translating its output signal to a
      pulse of fixed width and amplitude.
NUM  10.
PAR  10. In combination:
PA1  a source producing both information zero crossing signals whose amplitude
      is inversely related to their width, and both of which parameters vary in
      such manner that the product of these parameters remains relatively
      constant, and noise signals having zero crossings;
PA1  means for producing a reference signal in response to each zero crossing
      signal produced by said source;
PA1  means for directly integrating the signals produced by said source to
      provide pulse signals of relatively constant amplitude concurrent with the
      zero crossings of said information signals;
PA1  a threshold circuit receptive of said pulse signals for producing an output
      pulse in response to each pulse signal of greater than a given threshold
      level;
PA1  and means responsive to said output pulses and said reference signals for
      producing a pulse for each reference signal due to an information zero
      crossing signal and for discriminating against the reference signals
      derived from zero crossings due to noise.
NUM  11.
PAR  11. The system of claim 10 wherein as said means for producing reference
      signals comprises:
PA1  a voltage comparator having a first input terminal coupled to said source
      and a second input terminal connected to ground, whereby the output signal
      of said comparator changes from one voltage level to another for every
      zero crossover of the output signal of said source.
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ABST
PAL  A broad-band signal transmitting device including a signal transmitting
      transformer of the primary to secondary turn ratio 1 : N, comprising a
      first circuit for expanding the transmission band to low frequencies by
      decreasing the impedance as well as by decreasing the gain for the signal
      component in the primary circuit of the transmission transformer, a second
      circuit connected with the output side of the transmission transformer
      having an impedance larger than N.sup.2 times of the impedance of the
      primary side and smaller than the impedance exhibited by the stray
      capacitance of the secondary side at the upper limit of the transmission
      band, an amplifier for recovering the gain drop in the first circuit, and
      a low frequency compensating circuit for compensating the lack of low
      frequency transmission characteristic due to the transmission transformer.
BSUM
PAR  This invention relates to a broad-band video signal transmitting device
      using a transformer.
PAR  Generally, in transmitting signals with a transformer, higher harmonic
      distortions may occur due to the non-linearity of the B-H characteristic
      curve of the magnetic core. Further, hysteresis loss occurs corresponding
      to the area of the B-H loop. These factors give remarkable influences to
      the transmission characteristic in low frequency range and the magnitudes
      of these quantities are both proportional to the applied electric current.
      Broad-band signal transmittion from several hertz to several megahertz is
      possible by a transformer itself when the magnetic core material and/or
      the way of winding are selected. For making such a transformer, however, a
      large magnetic core having a good frequency characteristic and high
      magnetic permeability is required. This is not preferable since there are
      limits, especially in the low frequency range, and the cost becomes high.
      Generally, when the number of turns is increased in a transformer, the
      lower frequency characteristics are improved, but the high frequency
      characteristics become worse due to the effects of stray capacitance in
      the windings.
PAR  It can be considered for decreasing distortions in the lower frequency
      range and thereby improving the low frequency transmission characteristic
      of a transformer that the input impedance is made small and also the input
      signal level is decreased to use the transmission transformer in a range
      where no magnetic saturation occurs in the magnetic core. On the other
      hand, for expanding the transmission frequency range to higher
      frequencies, the output impedance of the transmission transformer may be
      increased sufficiently high, in which case a peak may appear in the
      transmission frequency characteristic. Further, if the primary and the
      secondary windings have no common ground potential, another problem arises
      that noise components due to the stray capacitance between the primary and
      the secondary windings may be mixed into the output to decrease the S/N
      ratio.
PAR  An object of this invention is, therefore, to provide a signal transmitting
      device of broad transmission band adapted for transmitting video signals.
PAR  Another object of this invention is to provide a signal transmitting device
      of broad transmission band, having no common ground potential for the
      input side and the output side, but having excellent S/N ratio without the
      use of an expensive and heavy transmission transformer having a large
      magnetic core of high magnetic permeability.
PAR  A furthe object of this invention is to provide a signal transmiting
      transformer structure adapted for such broad band transmission.
PAR  According to this invention, there is provided a broad-band signal
      transmitting device at least comprising a transmission transformer, a
      circuit provided on the input side of the transmission transformer for
      expanding the transmission band to lower frequencies, a high impedance
      circuit provided on the output side of the transmission transformer for
      extending the transmission band to higher frequencies, a lower frequency
      compensating circuit for compensating the frequency characteristic which
      would be insufficient with only the transmission transformer, and an
      amplifier for recovering the gain decreased in the circuit for extending
      the transmission band to lower frequencies.
PAR  According to an embodiment of this invention, the amplifier is formed of a
      differential amplifier for removing the noise components mixed in the
      transmitted signal due to the stray capacitance between the output and the
      input sides of the transmission transformer and for amplifying the signal
      components. In this case, it is arranged that the high impedance circuit
      provided on the output side is adjustable so as to derive noise components
      of substantially equal amplitude and the same polarity and to derive the
      transmission signals of substantially equal amplitude and opposite
      polarity as the output of the transmission transformer.
PAR  For example, in a transformer provided with primary and secondary winding
      insulated from each other, signal appearing at one end of the secondary
      winding and including noise components and a signal appearing at the other
      end of the secondary winding and including noise components are amplified
      differentially by the differential amplifier so as to remove the noise
      components. Therefore, signal transmission can be done without the need
      for providing a common ground for the primary and the secondary windings
      of the transformer.
PAR  According to this invention, the input signal level is reduced for
      improving the transmission characteristic of a transmission transformer in
      low frequency range and for removing the low frequency distortion, and
      also a low frequency compensating circuit is added to the output side of
      the transformer for further lowering the minimum frequency of the
      transmission band.
PAR  In broad-band signal transmission with a transmission transformer, by the
      provision of a low frequency compensating circuit on the input side of the
      transformer, the low frequency characteristic and the variation of the
      input impedance can be improved with a simple impedance element.
PAR  Further according to the broad-band transmission transformer of this
      invention, insulation is inserted betwen layers of the primary and the
      secondary windings which are wound on a magnetic core in layers and these
      windings are wound respectively symmetrically with respect to the
      symmetrical axis which bisects the magnetic path. Thus, the insulation
      between the primary and the secondary windings is sufficiently ensured and
      no unbalanced component appears in the output.
DRWD
PAR  Other objects, features and advantages of this invention will become
      apparent from the following description on the preferred embodiments made
      in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of an embodiment of the signal transmitting
      device according to this invention;
PAR  FIG. 2 is a graph showing the improved transmission characteristic of the
      device shown in FIG. 1;
PAR  FIG. 3A is an equivalent circuit for the device of FIG. 1;
PAR  FIG. 3B is another equivalent circuit of the same but in the low frequency
      range;
PAR  FIG. 4 is a block diagram of a concrete embodiment of the amplifier and low
      frequency compensating circiut shown in FIG. 1;
PAR  FIG. 5 is an equivalent circuit for the circuit of FIG. 4;
PAR  FIGS. 6A and 6B are plan views of a transmission transformer adapted for
      use in the present signal transmitting device;
PAR  FIG. 7A is a graph showing the transmission characteristic of a
      transmission transformer having the structure shown in FIGS. 6A and 6B in
      comparison with that of a conventional transformer;
PAR  FIG. 7B is a diagram showing a circuit for measuring the transmission
      characteristic;
PAR  FIGS. 8A and 8B, 9, 10A and 10B are plan views of structures of the
      transmission transformer adapted for use in the present signal
      transmitting device;
PAR  FIG. 11 is a circuit diagram showing the main portion of another
      embodiment; and
PAR  FIG. 12 is an equivalent circuit of the device of FIG. 11 in the low
      frequency range.
DETD
PAR  FIG. 1 is a block diagram of an embodiment of this invention. Namely, in
      the case where a signal source 1 having an internal resistance R.sub.s
      matched with the line is connnected between transmitting terminals 11 and
      12 of a transmission line 2 of a characteristic impedance Z.sub.o and a
      load resistance R.sub.L also matched with the line is connected between
      receiving terminals 31 and 32, as signal transmitting circuit indicated by
      3 is inserted in the line. The signal transmitting circuit 3 comprises a
      video transformer 35 of series resistance Z and turn ratio 1 : 1, a
      resistance Z.sub.in connected between the input side terminals 33 and 34
      of the transformer 35, and a low frequency compensating and signal
      amplifying circuit 38 connected between the output side terminals 36 and
      37 of the transformer 35. When the condition Z.sub.in .ltoreq. Z.sub.o is
      satisfied, the input signal level for the transformer 35 can be reduced
      and the minimum frequency of the frequency of the transmission can be
      lowered. This is illustrated by curves a and b in FIG. 2, in which the
      curve a represents the transmission characteristic when Z.sub.in &gt; Z.sub.o
      and the curve b when Z.sub.in = Z.sub.o.
PAR  Setting the input impedance of the amplifiying and low frequency
      compensating circuit 38 seen from the output terminals 36 and 37 of the
      transmission transformer 35 be Z.sub.out, the high frequency range is
      extended when Z.sub.out &gt;&gt; N.sup.2 Z.sub.in. This will be described using
      the equivalent circuit of the transmitting transformer shown in FIGS. 3A
      and 3B.
PAR  FIG. 3A shows an equivalent circuit of the input part and the transformer
      part of the device of FIG. 1, and FIG. 3B shows an equivalent circuit of
      the circuit of FIG. 3A only for low frequencies. In the figures, letters
      R.sub.1 and R.sub.2 indicate winding resistances of the primary and
      secondary windings of the transmission transformer 35, L.sub.1 and L.sub.2
      leakage inductances, L.sub.3 a parallel inductance, C.sub.1 and C.sub.2
      stray capacitances in the primary and the secondary windings, and C.sub.3
      a stray capacitance between the primary and secondary windings. In the low
      frequency range, since the quantities L.sub.1, L.sub.2, C.sub.1, C.sub.2
      and C.sub.3 can be neglected, the minimum frequency of transmission is
      determined by the ratio of the parallel impedance of the impedance
      exhibited   by L.sub.3 and Z.sub.in, from the condition Z.sub.in &lt;&lt;
      Z.sub.out described above and neglecting R.sub.1 as can be seen from the
      equivalent circuit of FIG. 3B. As the frequency decreases, decreases the
      impedance exhibited by L.sub.3. As the result, the frequency
      characteristic becomes worse at low frequencies. When the impedance
      Z.sub.in is set small, however, the influence of L.sub.3 becomes small and
      the low frequency characteristic is extended. Further, when the impedance
      Z.sub.in is set small, the current flowing through the transformer becomes
      small and the low frequency distortion due to magnetic saturation of the
      core is also improved.
PAR  With respect to high frequencies, on the other hand, the impedance
      exhibited by L.sub.3 becomes large compared with Z.sub.in and can be
      neglected. Hence, in the equivalent circuit of FIG. 3A, resonance circuit
      is formed of L.sub.1, L.sub.2, C.sub.2 and C.sub.3. Thus, when the
      impedance Z.sub.out is set larger than Z.sub.in and smaller than the
      impedance exhibited by the stray capacitance C.sub.2 at the maximum
      frequency of the used frequency band, the high frequency characteristic is
      extended.
PAR  Description has been made on the extension of the transmission
      characteristic by the impedances of the input and the output side of the
      transformer. The gain drop due to the impedances Z and Z.sub.in in the
      circuit of FIGS. 3A and 3B and the insufficient transmission
      characteristic in the transformer can be recovered in the amplifying and
      low frequency compensating circuit 38.
PAR  FIG. 4 shows a concrete embodiment of the amplifying and low frequency
      compensating circuit 38. When the impedance Z.sub.out is increased, the
      S/N ratio in the high frequency range will become worse. Hence, a resistor
      41 having such a resistance R that satisfies the relation R &gt; N.sup.2
      R.sub.in is connected between the output terminals 36 and 37 of the
      transmitting transformer 35 and the middle point thereof is grounded
      through a capacitor 42. Here, N represents the turns ratio of the
      transformer 35. Then, the signal components derived from both ends of the
      resistor 41 are of opposite phase. Here, however, with respect to the
      power source hum existing between the primary side ground and the
      secondary side ground of the transmission transformer and to various other
      noise components induced in the power source line, signals of the same
      polarity are generated at the two ends of the resistor 41. Therefore, when
      the signals at the two ends of the resistor 41 are applied to a
      differential amplifier 43, only the true signal components are amplified.
      Numeral 44 indicates a low frequency compensating circuit comprising a
      fixed resistor 45, a capacitor 46 for by-passing low frequency components,
      and a variable resistor 47. Letter +B indicates a dc voltage source and
      numerals 39 and 40 are singnal output terminals corresponding to the
      output terminals 39 and 40 of FIG. 1. The operation of the circuit of FIG.
      4 will be described referring to the equivalent circuit shown in FIG. 5.
PAR  In the equivalent circuit of FIG. 5, the signal component is represented by
      e.sub.s and the noise components including the power source hum generated
      between the primary side ground and the secondary side ground of the
      transmission transformer 35 and various noise induced in the power source
      line are represented by e.sub.N, referring to the secondary side ground as
      the standard. For simplifying the description, it is assumed that the turn
      ratio of the transmission transformer is 1 : 1 and that symmetrical way of
      winding is adapted in which the capacitance between layers of the windings
      and the distributed capacitance are distributed homogeneously. Letters
      L.sub.a and L.sub.b indicate leakage inductances and mutual inductances,
      respectively, from the respective terminals to the middle point of each
      winding of the transformer. Letter C.sub.c and C.sub.s indicate the
      capacitances between layers and the stray capacitance between the primary
      and the secondary windings respectively, and R.sub.N the impedance the
      respective grounds. (Here, however, the signal source impedance R.sub.s is
      neglected since R.sub.s &lt;&lt; R.sub.N.)
PAR  As is apparent from this equivalent circuit, quantities L.sub.a, L.sub.b,
      C.sub.c, C.sub.s, etc. become symmetrical with respect to the secondary
      side ground, and thus the signals appearing at the two terminals of the
      resistor 41 include noise components e.sub.N of same phase, and signal
      components e.sub.s of opposite phase. These components are applied to the
      differential amplifier 43 to derive amplified and low frequency
      compensated signal component from the output terminals 39 and 40. In the
      circuit of FIG. 4, the secondary side ground is set at the middle point of
      the resistor 41. Similar effects, however, can be expected when the ground
      is set at the middle point of the secondary winding of the transformer 35.
PAR  For the validity of the equivalent circuit of FIG. 5, it is required of the
      transmission transformer 35 that the leakage inductances, the mutual
      inductances and the capacitances between the layers from the two ends to
      the middle points of the windings are equal both for the primary and the
      secondary side and the stray capacitances between the primary and the
      secondary windings from the respective two ends to the middle point of the
      windings are equal. FIGS. 6A, 6B and 8A and 10B show structures of the
      transmission transformer adapted to this invention.
PAR  FIGS. 6A and 6B show an embodiment using a toroidal core. In FIG. 6A, a
      primary winding P.sub.1-P.sub.2 and a secondary winding S.sub.1-S.sub.2
      are wound on a toroidal core TC in such a manner that the number of turns
      and the distributed capacitance become symmetrical with respect to an axis
      of symmetry l. Then, coupling becomes also symmetrical with respect to the
      symmetry axis. In this embodiment, the primary winding P.sub.1-P.sub.2 is
      first wound on a magnetic core and then the secondary winding is wound
      thereon as is illustrated clearly in FIG. 6B. According to such a
      symmetrical method of winding, is provided a broad-band transformer having
      no problems in high frequency characteristic and the removal of the noise
      (in-phase) components.
PAR  Comparison of the transmission frequency characteristic between the
      conventional split windings and the symmetrical windings of this invention
      is made in FIG. 7A, in which curve c represents the characteristic of the
      conventional split windings and curve d the characteristic of the present
      symmetrical windings. FIG. 7B shows the detection circuit used for
      measuring the characteristic of FIG. 7A. The signal source generates the
      voltage signals 1 V.sub.p-P.
PAR  The magnetic core used in this measurement was made of super-permalloy of 5
      % Mo and 79% Ni having dimensions of 0.1mm thickness, 10mm width,
      25mm.phi. inner diameter and 35mm.phi. outer diameter. The diameter of the
      used wire was 0.1mm.phi. and the number of windings was 100. The
      insulating layer used in this embodiment was a Mylar tape of 180 microns
      thick.
PAR  As is also apparent from the above experimental result, the high frequency
      characteristic of a transformer largely depends on the coupling between
      the primary and the secondary windings. In the case where the split
      winding is adopted, a magnetic core of large magnetic permeability and
      excellent frequency characteristic for the magnetic permeability is
      required for keeping flat the high frequency transmission characteristic
      from the audio frequency range to the mega-hertz range. Then, the
      transformer becomes expensive. In contrast to the above, according to this
      invention an excellent transmission characteristic extending to the
      mega-hertz range can be obtained with an ordinary magnetic core.
PAR  Although description has been made only on such transformers of the turn
      ratio 1 : 1, hereinabove, it is apparent that similar characteristic can
      be obtained in transformers of turn ratio 1 : N provided that windings are
      formed symmetrically with respect to the symmetry axis l. Further,
      although the magnetic core in the above embodiment was of ring-shape,
      completely similar effects can be expeceted only if the magnetic core is
      symmetrical with respect to the symmetry axis l and the primary and the
      secondary windings are wound thereon respectively in one layer. Such
      embodiments are shown in FIGS. 8A, 8B, and 9.
PAR  FIGS. 8A and 8B show embodiments of using a square ring core as shown in
      the figures. In this case, there are two kinds of symmetry axes l and thus
      two kinds of embodiments can be considered. In either case, the manner of
      winding is not restricted to that shown in the figure and other ways of
      winding are possible. Generally, in the case of using polygonal cores, it
      is only required to wind the primary and the secondary windings
      symmetrically with respect to the symmetry axis l and respectively in one
      layer, similar to the case of square-shaped core. Similarly in the case of
      using a magnetic core having at least one symmetry axis l as shown in FIG.
      9, windings can be formed in the same condition with respect to the
      symmetry axis l and such embodiments as shown in the figure can be thought
      of. Further, such windings that satisfy the above condition are possible
      for most magnetic cores of U-shape, pot-shape, etc.
PAR  Further, indulating tapes on this molded insulators which give no effects
      to the coupling between the primary and the secondary windings can be used
      as the insulating member provided between the primary and the secondary
      windings. Namely, after a first winding, e.g. the primary winding, is
      formed on a magnetic core, such an insulating member is disposed thereon
      to cover the first winding and then a secondary winding is formed thereon.
      FIGS. 10A and 10B show an embodiment of the insulating member adapted to
      an annular core. After a first winding is formed on a magnetic core,
      insulating members divided into two sections 101 and 102 are fitted in
      face-to-face fashion to contain the magnetic core provided with the first
      winding therein, and a second winding is formed thereon.
PAR  In the embodiment of FIG. 1, the lack of transmission characteristic in the
      transmission transformer is compensated by a low frequency compensating
      circuit provided on the secondary side. In contrast to this, an embodiment
      will be described in which the input impedance seen from the input
      terminals 33 and 34 of the transformer 35 are made constant with respect
      to frequency and at the same time compensation in the low frequency region
      is done. This is done by giving a frequency characteristic to the
      impedance element Z.sub.in connected between the input side terminals of
      the transformer.
PAR  FIG. 11 shows such an embodiment in which the impedance Z.sub.in is formed
      of a series connection of a resistor R.sub.i and a capacitor C.sub.i to
      afford the function of low frequency compensation. An equivalent circuit
      of the circuit of FIG. 11 including a transmission transformer in the low
      frequency range is shown in FIG. 12. The turn ratio of the transformer 35
      is assumed to be 1 : 1. The input impedance of the amplifying and low
      frequency compensating circuit 38 (in this embodiment, the low frequency
      compensating circuit may be dispensed with) determines the load impedance
      Z.sub.out which is larger than the impedance R.sub.i and smaller than the
      impedance exhibited by the stray capacitance existing between the output
      side terminals of the transformer 35 at the maximum frequency of the used
      frequency range. Thus, in the low frequency range, the low frequency
      compensating circuit Z.sub.in works to enhance the impedance connected
      with the input side of the transformer to improve the transmission
      characteristic and also works to compensate the change in the impedance
      exhibited by L.sub.3 so as to keep the input impedance seen from the
      terminals 33 and 34 constant. What is claimed is:
CLMS
NUM  1.
PAR  1.  A broad-band signal transmitting device including a signal transmitting
      transformer of a primary-to-secondary turn ratio 1 : N, comprising:
PA1  First circuit means for decreasing the gain of signal components applied to
      the input side of said transmission transformer and for expanding the
      transmission band of said transmission transformer to a lower frequency;
PA1  second circuit means connected with the output side of said transmission
      transformer and having an impedance sufficiently larger than N.sup.2 times
      of the characteristic impedance of the input side transmission line of
      said transmission transformer and smaller than the impedance exhibited by
      the stray capacitance existing between the output terminals of said
      transmission transformer at the higher limit of the transmission
      frequencies;
PA1  amplifying circuit means for receiving the signal gain which has been
      decreased by said first circuit means; and
PA1  low frequency compensating circuit means for compensating the lack of low
      frequency transmission characteristic in said first circuit means and said
      signal transmitting transformer.
NUM  2.
PAR  2. A broad-band signal transmitting device according to claim 1, in which
      said low frequency compensating circuit means comprises a circuit
      connected between the input terminals of said transmission transformer and
      having an impedance which increases at low frequencies.
NUM  3.
PAR  3. A broad-band signal transmitting device according to claim 1, in which
      said low frequency compensating circuit is connected in parallel with a
      load resistance of an amplifier constituting said amplifying circuit
      means.
NUM  4.
PAR  4. A broad-band signal transmitting device according to claim 1, in which
      said low frequency compensating circuit is formed of said first circuit
      means afforded with such a frequency characteristic that the impedance
      thereof increases at low frequencies and a low frequency compensating
      circuit connected in parallel with a load resistance of an amplifier
      constituting said amplifier circuit means provided on the output side of
      the transmission transformer.
NUM  5.
PAR  5. A broad-band signal transmitting device including a signal transmitting
      transformer having a primary-to-secondary turn ratio of 1 : N an no common
      ground for the primary and the secondary windings, comprising:
PA1  First circuit means for reducing the gain for signal components applied to
      the primary side of said tranmission transformer and thereby expanding the
      transmission band of said transmission transformer to a lower frequency;
PA1  second circuit means connected between the secondary side terminals of said
      transmission transformer, having the middle point grounded, and having an
      impedance sufficiently larger than N.sup.2 times of the characteristic
      impedance of the primary side of said transmission transformer and smaller
      than the impedance exhibited by the stray capacitance existing between the
      secondary side terminals of said transmission transformer at the upper end
      of the transmission frequencies;
PA1  differential amplifier circuit means for differentially amplifying the
      signals from the both ends of said second circuit means; and
PA1  low frequency compensating circuit means for compensating the lack in low
      frequency transmission characteristic of said first circuit means and said
      signal transmission transformer.
NUM  6.
PAR  6. A broad-band signal transmitting device according to claim 5, in which
      said low frequency compensating circuit means is formed of a circuit
      connected between the primary side terminals of said transmission
      transformer and having an impedance which increases at low frequencies.
NUM  7.
PAR  7. A broad-band signal transmitting device according to claim 5, in which
      said low frequency compensating circuit means is formed of a low frequency
      compensating circuit connected in parallel with the load resistance for an
      amplifier constituting said differential amplifier circuit means.
NUM  8.
PAR  8. A broad-band signal transmitting device according to claim 5, in which
      said low frequency compensating circuit is formed of said first circuit
      means provided with such a frequency characteristic that the impedance
      thereof increases at low frequencies and a low frequency compensating
      circuit connected in parallel with the load resistance for an amplifier
      constituting said differential amplifier circuit means.
NUM  9.
PAR  9. A broad-band signal transmitting device according to claim 5, in which
      said transmission transformer comprises a magnetic core having a symmetry
      axis which bisects the magnetic path, a primary and a secondary windings
      wound on said magnetic core in layer and symmetrically with respect to
      said symmetry axis and an insulating member disposed between the layers of
      said primary and secondary windings.
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PAL  Phase correlator between a wave having a frequency of F sent out by an
      oscillator and a useful signal having the same frequency F and having a
      relative phase .phi..sub.0, comprising a first and a second modulator
      effecting the modulation of the useful signal having a high noise level by
      the wave out by the oscillator on the one hand through an adjustable
      phase-shifter of .phi. and on the other hand through the phase-shifter of
      .phi. followed by a fixed phase-shifter of .phi..sub.1, an adjusting
      circuit of .phi. by the error signal between the two preceding modulation
      signals coming respectively from two integrators and a third modulator
      effecting the modulation of the signal having a high noise level by the
      wave sent out by the oscillator through another phase-shifter of .phi.1/2
      connected with the phase-shifter.
BSUM
PAR  The present invention relates to synchronous detectors. It has as its
      object the placing into phase of a carrier signal with a signal to be
      detected.
PAR  The conventional phase-detectors used for reproducing the frequency F and
      the phase .phi. of a sinusoidal signal are phase-locked loop systems in
      which a free oscillator with frequency close to F is controlled by an
      error signal which represents the phase difference between said sinusoidal
      signal and the oscillator output signal.
PAR  It is a known method, in the case where the sinusoidal signal is
      accompanied by an interference signal or background noise, to effect a
      filtering operation in a band having a slight width to reduce the
      interference signal with a view to limiting its influence in the loop for
      measuring the phase difference, it being necessary for the interference
      signal to be at a very low level in relation to that of the sinusoidal
      signal.
PAR  When there is a high-level noise, that solution leads to the use of a
      band-pass filter having a narrow band, that band being all the more narrow
      as the noise level is higher.
PAR  That solution therefore has limited uses. This is more particularly the
      case with telephonic transmissions by submarine cables when it is required
      to check the non-linearity of the repeaters equipping the line. It is
      known that this checking is effected by synchronous detection and
      measuring of the intermodulation signal generated from a measuring wave
      sent out by the emitting terminal station and from a wave injected in one
      of the repeaters by a local source. That intermodulation signal received
      from the repeater considered in the receiving terminal station is applied,
      after filtering, in a band having a width of 200 c/s, with a signal to
      noise ratio (useful signal/noise due to the line) in the order of -20 to
      -30 dB.
PAR  Thus, to reduce practically the influence of the noise signal on the useful
      signal, it is required, in the conventional synchronous detection
      solution, to effect a filtering of the intermodulation signal in a very
      narrow band, it then becoming impossible to produce the suitable filter.
PAR  The aim of the present invention is, more particularly, to overcome the
      disadvantages and the limits of that known solution.
PAR  It has for its object a phase correlator between a wave having a frequency
      of F sent out by an oscillator and a useful signal, having the same
      frequency F and a relative phase .phi. .sub.0, and having a high noise
      level, called the input signal, characterized in that it comprises a
      modulator ensuring the modulation of the input signal by the wave sent out
      by the oscillator through an adjustable phase-shifter of .phi. and a fixed
      phase-shifter of .phi..sub.1 /2, and a control circuit for controlling the
      adjustable phase-shifter of .phi. generating a control signal which is a
      function of the difference between two signals generated by modulation of
      the said input signal respectively by two waves with a phase difference of
      .phi..sub.1 coming from the oscillator followed by the adjustable phase
      shift.
PAR  Other characteristics and the advantages of the present invention will
      become apparent from the description of a preferred embodiment shown in
      the single figure of the accompanying drawing.
PAR  The phase correlator for a sinusoidal signal, having a frequency F and a
      phase .phi..sub.0, which may be accompanied by a noise B, called the input
      signal e, comprises a first modulator 1 receiving that signal e and
      ensuring its modulation by a carrier, having the same frequency F and an
      adjustable phase .phi., sent out by an oscillator 2 through an adjustable
      phase-shifter 3 of .phi., of a type known per se, and a second modulator 4
      receiving the signal e and ensuring its modulation by the aforementioned
      carrier whose frequency is F and whose phase is .phi., having undergone a
      further fixed phase shift of .phi..sub.1 in a phase shifter 5.
PAR  The output signal of the modulator 1 is applied to a first integrator
      circuit having an operational amplifier 6 and an integration capacitor 7,
      whereas the output signal of the modulator 4 is applied to a second
      integrator circuit having an operational amplifier 8 and an integration
      capacitor 9.
PAR  The two integration signals, at the output of the integrators 6 - 7 and 8 -
      9 are applied respectively to the two inputs of an operational amplifier
      10 connected up as a differential unit and with negative feedback
      resistance 11. The difference between these two integration signals,
      obtained after a time determined by the time constant of the integrator
      circuits, ensures the control of the adjusting of the phase .phi. brought
      in by the adjustable phase-shifter 3, making these two integration signals
      equal. A third modulator 12 receiving the input signal ensures its
      modulation by the carrier having a frequency of F and a phase of .phi.
      previously adjusted, through another shifter 13 having a fixed phase shift
      of .phi..sub.1 /2.
PAR  The signals coming from the modulator 12 correspond to the input signal
      detected by a carrier having the same phase.
PAR  In this device, the input signal e, such as e = B + vo cos (wt +
      .phi..sub.0) where B is an interference signal or noise and vo cos (wt +
      .phi..sub.0) is a useful signal having an amplitude of vo with a frequency
      of F = .omega./2.pi. and with a phase of .phi..sub.0 in relation to the
      wave having the same frequency sent out by the oscillator, becomes:
EQU  v1 = k vo cos (.phi..sub.0 - .phi.) + kB',
PAL  at the output of the modulator 1 after modulation by the carrier whose
      frequency is F and whose phase is .phi., and
EQU  v2 = .phi. -vo cos (.phi..sub.0 - .phi. - .phi..sub.1) + kB", at the output
      of the modulator 4 after modulation by the carrier having a frequency of F
      and a phase of .phi. + .phi. 1, k being the coefficient of amplification
      due to the modulations, kB' and kB" being the components of the noise
      after modulation.
PAR  The measuring of the deviation between the signals v1 and v2 measured by
      the differential amplifier 10, connected to the outputs of the integrators
      6 - 7 and 8 - 9, receiving respectively the signals v1 and v2, ensures the
      adjusting of the phase .phi. by servo-control means to make these signals
      just about equal.
PAR  At the output of the differential amplifier 10, having a gain of G, a
      control signal for the phase-shifter 3 having a value C is generated:
EQU  C = G [k'vo cos (.phi..sub.0 - .phi. - .phi..sub.1) + b" - k' vo cos
      (.phi..sub.0 - .phi.) - b'],
PAR  b' and b" being the residues of noise at the output of the integrators 6, 7
      and 8, 9, k' being the coefficient affecting the signals at the output of
      the amplifier 10.
PAR  That signal controls the phase shifter 3 according to a relation: .phi. =
      C/a,
PAL  a being a parameter of connection between C and .phi..
PAR  Applying the trigonometric formula giving the difference of the cosines of
      two angles, the relation deduced is:
      ##EQU1##
      if .phi..sub.1 No. 0, if b' and b" are sufficiently small and G is
      sufficiently great, the result obtained is:
EQU  Sin (.phi..sub.0 - .phi. - .phi..sub.1 /2) approaches 0
PAL  this leading to:
EQU  .phi. = .phi..sub.0 - .phi..sub.1 /2                       (1)
PAR  In practice, the value .pi./2 will preferably be chosen for .phi..sub.1.
PAR  The signal e modulated by the carrier having a frequency of F and a phase
      of (.phi. + .phi..sub.1 /2 ) becomes, at the output of the modulator 12:
PAR  s = kB1 + k vo cos (.phi..sub.0 - .phi. - .phi..sub.1 /2),
PAR  kB1 being the component of the noise after modulation, that is:
PAR  s = kB1 + k vo, taking into account the equation (1).
PAR  Due to the differential structure of the circuitry according to the
      invention, the adjusting of the phase shift .phi. to the required
      synchronism is very rapidly obtained, despite the relatively high values
      of the time constants of the integrators 6 - 7 and 8 - 9.
PAR  The present invention has been described with reference to a preferred
      embodiment shown in the drawing; it is evident that details may be
      modified and/or that certain means may be replaced therein by other
      equivalent means.
CLMS
STM  I claim:
NUM  1.
PAR  1. A phase correlator for correlating the phase between a predetermined
      signal and a useful signal of an input signal, said predetermined signal
      and said useful signal having a same frequency F and a relative phase
      .phi..sub.0, said phase correlator comprising:
PA1  signal generating means for generating said predetermined signal, an
      adjustable phase-shifter for applying an adjustable phase shift .phi. to
      said predetermined signal, and a fixed phase-shifter for applying a fixed
      phase .phi..sub.1 /2 different from zero to said predetermined signal,
PA1  control circuit means for controlling the value of .phi. including first
      and second modulators, said input signal being applied to the input of
      each of first and second modulators, said first modulator modulating said
      input signal by said predetermined signal sent out through said adjustable
      phase-shifter of .phi., and said second modulator modulating said input
      signal by said predetermined signal sent out through both said adjustable
      phase-shifter of .phi. and a second fixed phase-shifter of .phi..sub.1,
      and comparator circuit means between the output signals from said first
      and second modulators for controlling the value of .phi., and
PA1  modulation means for modulating said input signal by said predetermined
      signal sent out through said adjustable phase-shifter of .phi. and said
      fixed phase-shifter of .phi..sub.1 /2.
NUM  2.
PAR  2. A phase correlator according to claim 1, wherein said control circuit
      means further includes first and second integrator circuits, said first
      and second integrator circuits receiving respectively the output signals
      from said first and second modulators, and wherein said comparator circuit
      means includes a differential amplifier means for providing a control
      signal for controlling said adjustable phase-shifter of .phi., said
      differential amplifier means receiving the respective output signals of
      said first and second integrator circuits.
NUM  3.
PAR  3. A phase correlator according to claim 2, wherein adjustable phase .phi.
      is controlled so that .phi..sub.0 - .phi. = .phi..sub.1 /2.
NUM  4.
PAR  4. A phase correlator according to claim 2, wherein the second phase shift
      .phi..sub.1 is .pi./2.
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PAL  Demodulator assembly for m data trains, with differential phase modulation,
      comprising, for each train, an elementary demodulator dimensioned over a
      space of one bit, whereas the coding is effected over a space of n
      intermediate bits, comprising, for each train, a shift register having n+1
      flip-flops in a functional connection with an adder.
BSUM
PAR  The invention comes within the branch of demodulators for transmissions by
      differential phase or phase jump, in which a logic value is transmitted in
      the form of a phase shift of the carrier between one telegraphic moment
      and an anterior telegraphic moment; at the receiving, the logic value is
      reconstituted according to the dephasing of the carrier between a moment
      received and a moment received previously. The invention concerns more
      particularly a demodulator assembly for a transmission system comprising m
      logic trains with a modulation having 2.sup.m phase jumps: it provides, in
      that case, a solution which is more reliable than known solutions,
      comprising the combining of a simple logic circuit with a simplified
      unitary demodulator.
PAR  Systems for transmission by differential phase of the current type use a
      coding by dephasing between adjacent bits.
PAR  For very high transmission speeds, for example, greater than 200Mb/s, it is
      a known method to use modulation systems having a differential phase with
      coding, no longer between adjacent bits, but between bits separated by n
      clock periods.
PAR  According to a conventional diagram, each of the m trains received is
      applied to a first input of a unitary demodulator, which receives, on a
      second input, the same train delayed by a delay line. The delay, which is
      in the order of a clock period for a demodulation by dephasing between
      adjacent bits, has a value in the order of (n+ 1) clock periods for a
      coding between bits separated by n intermediate clock periods.
PAR  Now, a delay line is a physical element sensitive to thermal effects: the
      effective dephasing which it provides varies, therefore, as a function of
      the temperature and on the other hand, also as a function of the value of
      the frequency received, which may vary about a rated value. Such a
      variation in the dephasing, which is all the more marked as the line gives
      a greater delay, will cause an increase in the rate of errors for a given
      signal-to-noise ratio.
PAR  The invention overcomes that defect by effecting demodulations of the
      trains received by unitary demodulators equipped in a uniform way with a
      delay line having a value equal to about only one clock period, the
      unitary demodulators being combined with a simple logic circuit, which,
      starting from the valves demodulated between adjacent bits by unitary
      demodulators, supplies, at the output, the original logic values coded by
      dephasing between bits separated by n intermediate clock periods.
PAR  Such a demodulator assembly, in which all the delay lines have the shortest
      value possible, will be much less sensitive to the detrimental effects
      mentioned above.
PAR  The combined logic circuit being, as will be shown herebelow, relatively
      simple and not very expensive, a demodulator assembly which is more
      reliable than known systems will be obtained for a negligible extra cost.
PAR  On the other hand, if the data transmitted comprises m bits in parallel,
      the transmission will require a modulation having 2.sup.m phases, as is
      known. m may assume any whole value. In practice, m is limited to 4.
PAR  It should be noted that the parameters m and n are totally independent: for
      example, it is possible to effect a data transmission by bits having the
      same parity (n = 1) for a two-phase system (m = 2), for a four-phase
      system or (m = 3) for an eight-phase system: the choice of the number n of
      intermediate bits is imposed only by technological considerations relating
      to the speed of the circuits.
DRWD
PAR  The demodulator assembly for differential phase modulation according to the
      invention will be described in detail with reference to the accompanying
      figures, among which:
PAR  FIG. 1 shows a succession of dephasings as a function of time;
PAR  FIG. 2 is a diagram of an embodiment of the invention;
PAR  FIG. 3 is a table of equivalences between dephasing values and logic values
     ;
DETD
PAR  FIG. 1 - n + 1 moments, comprising n moments having respective phases
      .phi.. .phi.1..., .phi.n, between a reference moment whose phase is .phi.0
      and a moment in phase correspondence whose phase is .phi.n+1 are shown in
      the instants axis.
PAR  Between unitary moments, the following phase shifts are obtained:
EQU  .phi.1 - .phi.0 = .DELTA. .phi.1, 0
EQU  .phi.2 - .phi.1 = .DELTA. .phi.2, 1
EQU  .phi.n+1 - .phi.n = .DELTA. .phi.n+1, n
PAR  If the sum of the equations is worked out expression by expression, the
      result obtained is:
      ##EQU1##
PAR  It will therefore be seen that, knowing the unitary .DELTA. .phi.s,
      reaching unitary demodulators operating on a delay of a single bit,
      comprising therefore a delay line whose delay is in the order of one clock
      instant, the phase jump having n intermediate bits which was used as a
      basis for the modulation at the emission is deduced therefrom. Applying a
      predetermined linear relation between the detected phase jump and the
      logic values, the demodulated value of the m bits is deduced therefrom.
PAR  FIG. 2 - FIG. 2 shows a diagram of an example of embodiment in the case n =
      1 (bits having the same parity) m = 2 (two trains, four phases).
PAR  The data is transmitted generally in Gray code or reflected code to reduce
      the proportion of errors when there is noise. Now, the operation
      symbolized by the equation (1) hereinabove can be effected only in natural
      binary code. The complete process should comprise a Gray code-natural
      binary code transcoding before the addition, as well as a reverse
      transcoding after the addition.
PAR  The device comprises the following elements:
PAR  The incident signal A containing the data is subdivided by an element a
      into two signals A1, A2. The signal A1 undergoes an individual phase
      demodulation, as is known, in a phase demodulator D1, which comprises: an
      element a1 subdividing the signal A1 into two identical signals; a phase
      comparator c1 which receives, at one input, a first half of the subdivided
      signal A1 and, on another input, the other half of the subdivided signal
      A1, which has passed through a delay line b1, having a delay lasting
      .tau.1, in the order of a clock instant, giving, for example, a dephasing
      of the carrier equal to .pi./4 + (2k + 1). .pi./2, where k is an integer.
PAR  The signal A2 is demodulated by a phase demodulator D2 constituted by
      elements a2, c2, identical to the elements a1, c1, respectively and by a
      delay line b2 having a delay lasting .tau.2 giving a dephasing of the
      carrier equal for example to -.pi./4 + (2k + 1)..pi./2.
PAR  A logic train B1 is provided at the output of D1 and a logic train B2 is
      provided at the output of D2.
PAR  In general, the pulses thus obtained pass into regenerators, which have not
      been shown.
PAR  These latter two trains are applied to a first transcoder T which effects
      the reflected code-natural binary code conversion. Two trains E1, E2 leave
      the transcoder T.
PAR  The trains E1, E2 are applied to the inputs of two shift registers having
      two flip-flops, R1 and R2. The advance lines of these shift registers
      receive a signal whose rhythm is H, transmitted, moreover.
PAR  The outputs of the two flip-flops of R1 are applied to the inputs of an
      adder S1; the outputs of the two flip-flops of R2 are applied to the
      inputs of an adder S2. The adders S1 and S2 are interconnected by a
      carry-over transfer line r.
PAR  A train F1 leaves S1 and a train F2 leaves S2. These two trains are applied
      to a transcoder T', which effects a reverse transcoding to that of the
      transcoder T, that is, natural binary code-reflected code and the
      demodulated trains G1, G2 are obtained at the outputs.
PAR  FIG. 3 - FIG. 3 contains a table of equivalences between the phase shifts
      between bits having the same parity (n = 1) and the reflected binary code
      (G) on the one hand and the natural binary code (N) on the other hand.
PAR  Let it be assumed that, in a particular case, the successive phases are: 0,
      .pi., .pi./2
PAR  The phase jump on two bits having the same parity (.phi.2) is equal to
      +.pi./2. The signal to be obtained is therefore 1 0 in reflected code,
      according to FIG. 3.
PAR  The unitary demodulators used (having adjacent bits) will receive the
      elementary phase jumps .pi. (between 0 and .pi.) and -.pi./2 (or 3 .pi./2)
      between .pi. and .pi./2. They will therefore supply the couples 1 1 and 0
      1 (reflected code), if the unitary demodulators have a truth table
      identical to that in FIG. 3. The reflected code-natural binary code
      transcoder T will give 1 0 and 11. The adder will supply 1 0 + 1 1, that
      is, 0 1.
PAR  The transcoder T' supplies, in reflected code, 1 0, according to the figure
      hereabove, this corresponding to the expression found hereabove.
PAR  It must be understood that this solution given for the values of the
      parameters n = 1, m = 2, has been supplied only by way of an example; the
      invention has a general scope. For example, where m = 3, there would be
      three shift registers and three elementary adders, etc.
PAR  If the coding at the emission has been effected in natural binary code, the
      transcoders T and T' are useless.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A demodulator assembly for m differential phase shift modulation trains,
      in which the phase shift information concerns bits spaced by n
      intermediate bits, said assembly comprising: for each train elementary
      demodulator means for providing bit signals relating to phase differences
      of adjacent bits, shift register means for receiving respective outputs of
      said demodulator means, said shift register means being provided with n+1
      flip-flops, and adder means connected to said shift register means to
      receive at n+1 bit informations contained in said n+1 flip-flops for
      producing a respective one of m demodulated output trains being dephased
      between bits spaced by n intermediate bits.
NUM  2.
PAR  2. A demodulator assembly as defined in claim 1 wherein a reflected
      code-natural binary code transcoder means is connected between all of said
      elementary demodulator means and all of said shift register means.
NUM  3.
PAR  3. A demodulator assembly as defined in claim 2 wherein a natural binary
      code-reflected code transcoder means is connected to the outputs of all of
      said adder means.
NUM  4.
PAR  4. A demodulator assembly as defined in claim 3 wherein each elementary
      demodulator means includes means for subdividing the modulation train into
      a plurality of identical signals, a delay line connected to receive at
      least one of said signals, and comparator means for comparing the phases
      of said signals including the delayed signal.
NUM  5.
PAR  5. A demodulator assembly as defined in claim 4 wherein said adder means
      are interconnected by a carry-over transfer line.
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PAL  A clock pulse generating system is disclosed for recovery of read data from
      magnetic record media comprised of a phase-locked loop for tracking data
      pulses. The loop employs simple digital logic gates for phase error
      detection, third-order filtering for the transient phase and frequency
      error reduction and a voltage controlled oscillator (VCO) comprised of a
      capacitor charged by current from a voltage controlled current source,
      voltage threshold detection means, and means responsive to the threshold
      detection means to quickly discharge the capacitor. The VCO includes a
      flip-flop at its output to produce a square-wave feedback signal to the
      phase detection gates and to a data recovery circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the recovery of magnetic recorded binary data,
      and more particularly to a phase-locked loop for tracking recorded binary
      data as it is read to provide clock pulses for use in data recovery.
PAR  Phase-locked loops (PLL's) have been employed in the past to track and
      phase lock onto data from magnetically recorded medium. The output of the
      PLL is then used as a clock for data recovery. However, in each case the
      PLL has evidently been designed for the particular application, i.e., for
      the data rate of the magnetic recording system. For example, in a cassette
      magnetic tape system capable of recording with a bit density of 800 bits
      per inch, some systems will operate at 3 IPS while others will operate at
      6 IPS. A PLL designed to operate optimally at 2400 bits per second will
      not track well at 4800 bits per second. What is required is a low cost PLL
      with versatility for adaptability to different uses over a wide range of
      operating frequencies, such as 1KHz to 10 or 20 MHz.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a versatile and inexpensive PLL
      is provided in which coincidence gating means are employed for phase error
      detection between a pulse train of the VCO feedback signal and a train of
      read pulses shaped to have a pulse width approximately one half of the
      data pulse period, as recorded pulses are read from a magnetic record
      medium. The phase error detected is filtered by second and third order
      filters to provide a corrective voltage (error) signal applied as a
      control to a voltage controlled oscillator comprised of: a capacitor
      charged by current from a voltage controlled current source, a threshold
      detection means, and means responsive to the threshold detection means to
      discharge the capacitor at a rate greater than the charge rate by a factor
      of at least ten. The cyclic output of the voltage controlled oscillator is
      divided by two in a flip-flop to produce a train of pulses in the VCO
      feedback signal at a frequency equal to the read pulse rate and with a
      pulse width approximately equal to the pulse width of shaped read pulses.
PAR  The novel features that are considered characteristic of this invention are
      set forth with particularity in the appended claims. The invention will
      best be understood from the following description when read in connection
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of an exemplary data recovery system
      embodying the principles of the present invention.
PAR  FIG. 2 is a timing diagram useful in understanding the double frequency
      recording method assumed for the exemplary embodiment of the present
      invention of the data recovery system.
PAR  FIG. 3 is a timing diagram useful in understanding the manner in which data
      is decoded from the read pulse train shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred embodiment of the present invention is shown in FIG. 1. The
      novel PLL is comprised of a simple and inexpensive phase error detector
      10, a versatile VCO 11, and second and third order filtering of the phase
      error signal coupled from the phase detector to the VCO. The output of the
      VCO is taken from a flip-flop 12 which provides a square-wave output for
      phase comparison with a delayed read pulse train appearing at an input
      terminal 13. The reason for the delay purposely introduced by an element
      47 will be explained hereinafter. It has no bearing on the operation of
      the PLL. Consequently, for the present it will be assumed the delay period
      is zero and that the read pulse train is being applied directly to the
      phase error detector 10.
PAR  Before proceeding with a more detailed description of novel features in the
      PLL, the recording method employed in a data storage system for which an
      exemplary data recovery system is provided with the present invention will
      first be described with reference to FIG. 2. The data storage system
      employes a single head for both read and write operations. The method of
      recording used is referred to as "double frequency" recording. In that
      recording method, data pulses are superimposed between clock pulses as
      shown in waveform A of FIG. 2. The clock pulses are indicated by the
      letter "C" and the data pulses by numerals "1" or "0". The numeral "0"
      indicates the position of a data pulse that is suppressed to designate a
      binary digit (bit) 0, while the numeral "1" indicates the position of a
      data pulse that represents a bit 1. The trailing edge of each clock pulse
      marks the beginning of a bit cell. Data pulses are spaced between the
      clock pulses so that the trailing edge of a bit 1 pulse marks one half of
      a bit cell. A flip-flop or its equivalence is triggered by the trailing
      edges of the clock and data pulses to produce a write driver control
      signal as shown in waveform B of FIG. 2. The resulting write current is as
      shown in the waveform C, and the flux pattern formed in the record medium
      is as shown in waveform D.
PAR  During a read operation the signal induced across the read head is as shown
      in waveform E of FIG. 2. Upon amplifying and differentiating the read head
      signal, a signal is developed as shown in waveform F. The signal of
      waveform F is amplified in a high gain read amplifier which is driven
      between saturation and cut off to obtain a raw data signal of the form
      shown in waveform G. The raw data signal is further processed to form an
      output train of read pulses, one pulse for each transition in the signal
      level of the raw data signal. The width of each read pulse is
      approximately equal to one quarter of a bit cell, as shown in waveform H.
PAR  The read pulse train applied to terminal 13 necessarily consists of equally
      spaced clock pulses "interleaved" with data pulses. Consequently, the data
      pulses must ultimately be recovered from the read pulse train. The first
      step in the data recovery (decoding) process is to phase lock the VCO with
      the read pulse train. The center frequency of the VCO pulses at the output
      of the flip-flop 12 is selected to be the same as the nominal frequency of
      the read pulse train, i.e., at the same frequency of the read pulse train
      while reading a sequence of bit cells into each of which a bit one has
      been stored.
PAR  To enable the PLL to lock on the phase of the read pulse train, the
      beginning of each block of data written within a sector on the disc
      contains a preamble of a continuous sequence of bit cells into which a bit
      "zeroes" are written. The PLL will lock itself onto the read pulse train
      by comparing the phase of the VCO output pulses with that of the read
      pulses. That is done very simply in the phase detector 10 using two NAND
      gates G.sub.1 and G.sub.2.
PAR  Both the true (Q) and the false (Q) outputs of the flip-flop 12 (referred
      to hereinafter as "VCO" and "NVCO" pulses, respectively) are compared in
      the respective gates G.sub.1 and G.sub.2 with the incoming read pulse
      train. While reading the preamble, every other pulse in the read pulse
      train is missing so the gates are effective only half the time.
      Nevertheless, the gates will produce phase error signals which are
      balanced (equal) if the VCO feedback pulses are 90.degree. out of phase
      and lagging in phase with respect to the read pulses. If the lead should
      increase, less of the read pulses will overlap with the VCO feedback
      pulses to produce narrower pulses (i.e., narrower low true logic
      transition) out of the gate G.sub.1, and at the same time wider pulses
      will be gated out of the gate G.sub.2. That is according to the logical
      NAND function performed by the gates G.sub.1 and G.sub.2 between the
      feedback VCO and NVCO output pulses and the read pulses. It should be
      noted that simple AND or NOR gates could be used as well to perform the
      phase comparison.
PAR  If the lead of the read pulses should decrease, more of the read pulses
      will overlap with the VCO feedback pulses at the gate G.sub.1 to produce
      wider pulses (i.e., wider low true logical transitions). At the same time,
      the output of the gate G.sub.2 will become narrower. The outputs of the
      phase error detection gates are thus pulses whose widths are a function of
      the phase relationship between the read pulses and the VCO and NVCO
      feedback pulses.
PAR  It is evident that if the pulse-width modulated signals from the gates
      G.sub.1 and G.sub.2 are filtered, and that if the difference between the
      two signals is amplified, a null in the difference may occur when the
      phase difference is +90.degree. or -90.degree., i.e., when the read pulses
      lead or lag by 90.degree.. However, the condition of the read pulses
      lagging the VCO feedback pulses by 90.degree. is unstable as it asserts
      positive feedback and as a result the VCO feedback pulses will never lock
      onto the read pulse train. This establishes that the VCO achieves the
      stable lock condition only if read pulses lead the VCO feedback pulses by
      90.degree..
PAR  The pulses at the outputs of the gates G.sub.1 and G.sub.2 are standardized
      in amplitude by diode limiters 15 and 16, and fed to balanced low pass
      filters 17 which provide second order filtering. The outputs of the
      filters are fed to the inputs of a differential amplifier 20 connected to
      provide an output to the VCO that is proportional to the difference
      between the two input signals. A feedback capacitor 21 connected to the
      inverting (-) input terminal of the amplifier provides third order
      filtering in conjunction with a filter capacitor 22 connected to the
      noninverting (+) terminal. This second and third order filtering provides
      for proportional plus integral phase error correction. The transient
      response characteristics of the PLL has been designed such that its
      corrective (feedback) signal follows the low frequency variations with
      virtually no delay. Pulse to pulse (instantaneous) phase error variation
      caused by a phenomenon commonly termed "peak shift" is purposely ignored.
      The third order filter enhances the ability of the PLL to ignore
      peak-shift. This type of filtering will therefore improve the reliability
      of data recovery significantly.
PAR  An additional d-c signal is applied to the noninverting input of the
      amplifier 20 as a reference. That reference voltage is derived from a
      stable voltage source comprised of a Zener diode D.sub.1, capacitor 23,
      and a voltage divider comprised of resistors R.sub.1 and R.sub.2. The
      reference voltage provides a d-c offset to set the nominal frequency of
      the VCO when no read pulses are present.
PAR  The VCO is comprised of a voltage controlled current source for an
      oscillator of the charging capacitor type. The voltage controlled current
      source includes transistor Q.sub.1, resistors R.sub.3 and R.sub.4, diode
      D.sub.2 and resistor R.sub.5. The phase error signal is applied to the
      base of the transistor to control the current which charges a selected one
      or more of a bank of capacitors 25. The VCO also includes a comparator 30
      and inverters 32, 33 and 34. The capacitor selection is shown to be made
      by closing switches S.sub.1 -S.sub.n, but in practice the selection is
      made by soldering one or more capacitors of the proper size in the circuit
      once the application of the data recovery system is known. If the
      application is expected to vary from time to time at frequent intervals,
      the switches shown may well be provided to easily change the selection of
      capacitors for the different applications.
PAR  When the voltage on the selected capacitor exceeds a threshold voltage
      level set by resistors R.sub.6 and R.sub.7, the output of the comparator
      30 is set to a high logic level. Inverters 32, 33 and 34 in turn set their
      outputs to a low logic level. This causes the capacitor to discharge
      quickly through a resistor R.sub.8. The discharge rate is greater than the
      charge rate by a factor of 10 or more.
PAR  The capacitor discharges to a voltage level set by resistor R.sub.9 in
      cooperation with resistors R.sub.6 and R.sub.7. When the voltage across
      the capacitor falls below this voltage level, the output of the comparator
      30 goes to a low logic level. That then drives the outputs of the
      inverters 32, 33 and 34 to a high logic level to permit the capacitor to
      again charge up. A pulse train is thus produced at the output of the
      comparator 30 whose frequency is a function of the voltage signal applied
      to the voltage controlled current source. As that signal increases,
      current decreases and the frequency at the output of the comparator 30
      decreases.
PAR  Resistor R.sub.3 provides for the fine adjustment of center (nominal)
      frequency of the VCO when the read pulse line is grounded. The center
      frequency of the VCO is the measured frequency of the output of the
      flip-flop 12 and is equal to the frequency of the input read pulses while
      reading a sequence of bit cells into which there has been recorded all
      ones.
PAR  The manner in which the square-wave output of the VCO is employed to decode
      the data contained in the pulse train of waveform H in FIG. 2 will now be
      described with reference to FIGS. 1 and 3. Also involved in the data
      decoding is the separation of clock pulses from the read pulse train.
PAR  The data decoding process to be described is included for reference and
      understanding only. It involves generating from the VCO output both a data
      "window" and a clock "window" shown in waveforms B and C of FIG. 3 using a
      J-K flip-flop 40 connected as shown in FIG. 1 to reverse state at each
      cycle of the output VCO. The true (Q) output of the flip-flop 40 is used
      as the data "window" shown in waveform B of FIG. 3. The false (Q) output
      of the flip-flop 40 is used as the clock "window." The latter is properly
      the compliment of the data "window."
PAR  The leading edges of the pulses in the read pulse train at the input
      terminal 13 are detected by a pulse shaper 41 to form narrow read pulses
      shown in waveform E of FIG. 3. Assuming the flip-flop 40 is correctly
      initialized, its true output waveform provides a window for the actual
      data pulses to be strobed into a J-K flip-flop 42 by the narrow read
      pulses from the pulse shaper 41. Both the true and false outputs of the
      flip-flop 40 are connected to the respective J and K terminals of the
      flip-flop 42 so that the true (Q) output of flip-flop 42 will be set to
      Logic "1" State (One-Set) at the trailing edge of the narrow read pulse
      when the Q output of flip-flop 40 is in the High (Logic "1") State.
PAR  A flip-flop 43 having its J and K input terminals connected oppositely
      (i.e., having its K and J input terminals connected to the true and false
      output terminals of the flip-flop 40) such that when the true (Q) output
      of flip-flop 40 is LOW (Logic "0" State), the true (Q) output of flip-flop
      43 will be one-set (i.e., to Logic "1" State) by the trailing edge of
      narrow read pulse. The false (Q) output of the flip-flop 43 clears the
      flip-flop 42 to the Logic Low (bit 0) level. The result is a data waveform
      F shown in FIG. 3 at the true (Q) output of flip-flop 42. The flip-flop 43
      is cleared (i.e., the Q output of flip-flop is set to Logical "0"), in
      turn, by the output of NAND gate G.sub.3.
PAR  The clock (c) pulses in the read pulse train (waveform D of FIG. 3) are
      decoded by a flip-flop 44 having its J input connected to the clock
      "window" (Q output of flip-flop 40) and its K input connected to the data
      "window" (Q output of flip-flop 40). The true (Q) output of flip-flop 44
      will be ONE-set (i.e., to a Logical "1") at the trailing edge of the
      narrow read pulse, when the Q output of flip-flop 40 (the clock window) is
      in the HIGH (logical "1") state. Also, a delay network 45 delays in time
      the Q output of flip-flop 44. The output of the delay network 45 is
      logically inverted by inverter 46 and applied to the "clear" input of
      flip-flop 44 so that when the true (Q) output of flip-flop 44 is ONE-set,
      after a pre-determined (fixed) time delay, the flip-flop 44 gets cleared
      and the true (Q) output of flip-flop 44 is again Zero-set (i.e., to a
      Logical "0" state). The result is a clock waveform G, shown in FIG. 3, at
      the true (Q) output of flip-flop 44.
PAR  The pulse shaper 41 introduces some delay in the generation of the narrow
      read pulses of waveform E. To maintain proper phase relationship with the
      train of narrow read pulses and the VCO output, a delay means 47 is
      introduced between the input terminal 13 and the PLL.
PAR  The condition assumed, namely that the flip-flop 40 is correctly
      initialized to produce a data window during the presence of a data pulse
      and not during the presence of a clock pulse, is checked while reading the
      preamble of a block of data. That may be done by detecting the presence of
      "clock" pulses at the output of flip-flop 44. If none occur during a set
      period of the preamble, notwithstanding the presence of pulses at the
      output of the narrow pulse shaper 41, the phase of the flip-flop 40 is
      then reversed. Clock pulses will then appear at the output of the
      flip-flop 44. That assures the data "window" is in phase with data pulses
      and the clock "window" is in phase with clock pulses.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently it is intended
      that the claims be interpreted to cover such modifications and
      equivalents.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a binary magnetic record recovery system, a phase-locked loop
      responsive to a train of read pulses for generating reference pulses for
      use in data recovery comprising:
PA1  voltage controlled means responsive to a corrective phase error signal for
      producing two square wave feedback signals at the frequency of said train
      of read pulses when a known cyclic pattern of recorded pulses are being
      read back, one feedback signal being 180.degree. out of phase with the
      other,
PA1  first coincidence gating means for comparing said train of read pulses with
      the phase of said one feedback signal by transmitting an output signal of
      a predetermined binary level only during the period of each feedback
      signal cycle that both are at a selected binary signal level,
PA1  second coincidence gating means for comparing said train of data pulses
      with the phase of said other feedback signal by transmitting an output
      signal of said predetermined binary level only during the period of each
      feedback signal cycle that both are at said selected binary signal level,
PA1  first and second low pass filter means for separately filtering said output
      signals of said first and second coincidence gating means, and
PA1  differential amplifying means for producing said corrective phase error
      signal proportional to the difference between output signals of said first
      and second low pass filtering means connected to a pair of differential
      input terminals of said amplifier.
NUM  2.
PAR  2. The combination of claim 1 including third-order filtering means for
      filtering signals at said differential input terminals of said amplifying
      means, thereby making said phase-locked loop non-responsive to
      pulse-to-pulse phase shift variations of said input data pulse train.
NUM  3.
PAR  3. The combination of claim 1 wherein pulses of said input read pulse train
      are shaped to have a pulse width approximately one half of the read pulse
      period, and including means for limiting the signal outputs of said first
      and second coincidence gating means, whereby output signals from said
      first and second low-pass filtering means are strictly proportional to
      phase differences between input read pulses and feedback signal pulses
      with a null in said corrective phase error signal when said phase
      differences are 90.degree. with a predetermined one of the pulse trains
      compared leading the other.
NUM  4.
PAR  4. The combination of claim 3 including third-order filtering means for
      filtering signals at said differential input terminals of said amplifying
      means, thereby making said phase-locked loop non-responsive to
      pulse-to-pulse phase shift variations of said input data pulse train.
NUM  5.
PAR  5. The combination of claim 1 wherein said voltage controlled means for
      producing said two feedback signals 180.degree. out of phase with each
      other is comprised of:
PA1  an integrating capacitor and a voltage controlled current source for
      charging said capacitor, said current source being connected to receive
      said corrective phase error signal as its control signal,
PA1  means for detecting when said capacitor has been charged to a predetermined
      threshold voltage, and for producing an output transient signal each time,
PA1  means responsive to said output transient signal for quickly discharging
      said capacitor when said threshold voltage is detected, and
PA1  means responsive to said output transient signal for producing said
      feedback signal pulses with a period for each cycle equal to twice the
      period between transients of said output transient signal.
NUM  6.
PAR  6. The combination of claim 1 wherein said read pulses consist of
      interlaced clock pulses recorded between binary data pulses such that each
      clock pulse read has a pulse width equal approximately one quarter a data
      pulse period, and each data pulse read has a pulse width equal to
      approximately one quarter a data pulse period, and said data pulses are
      equally spaced between read clock pulses, with the presence of a read data
      pulse representing one binary value and the absence of a read data pulse
      representing another binary value.
NUM  7.
PAR  7. In a system for reading magnetically recorded binary data, a
      phase-locked loop for generating local reference pulses for use in data
      recovery comprising:
PA1  a voltage controlled means responsive to a corrective voltage signal for
      producing two square wave feedback signals 180.degree. out of phase,
PA1  first gating means having two input terminals and one output terminal for
      translating pulses from one input terminal thereof to said output terminal
      while one of said two feedback signals present at the other input terminal
      is of the same predetermined binary voltage level as pulses at said one
      input terminal, whereby pulse-width modulation of pulses translated is
      achieved as a function of phase difference between pulses at said two
      input terminals,
PA1  second gating means having two input terminals and one output terminal for
      translating from one input terminal thereof to said output terminal while
      the other one of said two feedback signals present at the other input
      terminal is of the same predetermined binary voltage level as pulses at
      said one input terminal, whereby pulse-width modulation of pulses
      translated is achieved as a function of phase difference between pulses at
      said two input terminals,
PA1  means for coupling read pulses to said one input terminal of each of said
      first and second gating means,
PAR  first means for second order low-pass filtering pulses at said output
      terminal of said first gating means,
PA1  second means for second order low-pass filtering pulses at said output
      terminal of said first gating means,
PA1  differential means for forming a difference signal between the outputs of
      said first and second filtering means, and
PA1  means for coupling said difference signal as said corrective voltage signal
      to said voltage control means.
NUM  8.
PAR  8. The combination as defined in claim 7 including means for third-order
      low-pass filtering of said difference signal as it is formed to eliminate
      from said corrective voltage signal pulse-to-pulse phase shift variations
      between said read pulses and said feedback signals.
NUM  9.
PAR  9. The combination as defined in claim 8 wherein said voltage controlled
      means is comprised of:
PA1  an integrating capacitor and a voltage controlled current source for
      charging said capacitor, said current source being connected to receive
      said corrective voltage signal as its control signal,
PA1  means for detecting when said capacitor has been charged to a predetermined
      threshold voltage, and for producing an output transient signal each time,
PA1  means responsive to said output transient signal for quickly discharging
      said capacitor when said threshold voltage is detected, and
PA1  means responsive to said output transient signal for producing said
      feedback signal pulses with a period for each cycle equal to half the
      period between transients of said output transient signal.
NUM  10.
PAR  10. The combination as defined in claim 9 wherein said read pulses consist
      of interlaced clock pulses recorded between binary data pulses such that
      each clock pulse read has a pulse width equal approximately one quarter a
      data pulse period, and each data pulse read has a pulse width equal to
      approximately one quarter a data pulse period, and said data pulses are
      equally spaced between read clock pulses, with the presence of a read data
      pulse representing one binary value and the absence of a read data pulse
      representing another binary value.
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ABST
PAL  An output circuit for balanced amplifiers connected to one terminal of each
      of two loudspeakers with the other terminal of each loudspeaker connected
      together to the arm of a double-throw switch to make contact either with a
      terminal connected to the first terminal of one load to short circuit that
      load while applying signals from the amplifiers differentially to the
      other load, or to connect the second terminals of each of the loudspeakers
      to a common signal output terminal of the amplifiers so that each load is
      connected across a respective amplifier output circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a circuit for connecting a pair of balanced
      signals selectively to separate loads or differentially to one of the
      loads while short circuiting the other load. In particular, it relates to
      a circuit for connecting balanced transformerless amplifiers selectively
      to corresponding loudspeakers or differentially to a single loadspeaker
      while short circuiting the unused loudspeaker.
PAR  2. The Prior Art
PAR  In 4-channel stereophonic sound reproduction four loudspeakers, each of
      which may include one or more drivers, if desired, are placed at the
      corners of a quadrilateral area. It is anticipated that the audience will
      face in the general direction of two of the speakers, which are referred
      to as the left-front and right-front speakers, and that the other two
      speakers will be behind the audience and are referred to as the left-back
      and right-back speakers. Four corresponding amplifiers are provided a
      left-front, a right-front, a leftback, and a right-back amplifier. If
      suitable audio signals from these amplifiers are presented to the four
      speakers, a high degree of realism may be obtained in the reproduced
      sound.
PAR  However, much information is recorded or transmitted only in the form of
      2-channel stereophonic signals that do not include the proper information
      to reproduce 4-channel sound, and in that case it may be preferable to
      utilize only the two front speakers. It is still desirable to use all four
      amplifiers.
PAR  Heretofore, switching systems have been provided between the four
      amplifiers of a 4-channel playback system and the respective loudspeakers
      to disconnect the back speakers and to apply the output signals from the
      corresponding amplifiers to the front speakers. Thus, the amplifier that
      would normally feed the right-back speaker is connected to the right-front
      speaker and the output signal from the amplifier that would normally feed
      the left-back speaker is connected to the left-front speaker. The two back
      speakers have simply been left in an open-circuit condition. Moreover, the
      amplifiers, being of balanced transformerless type, have been connected so
      that, in the 2-channel mode, the outputs of the left-back amplifier and
      the left-front amplifier connected to the left-front speaker are connected
      differentially to that speaker and the right-back and right-front
      amplifiers connected to the right-front speaker are also differentially
      connected to that speaker.
PAR  Each speaker has two input terminals and each amplifier has two output
      terminals, one of which is a common terminal such as ground. In the
      differential connection, the ungrounded, or "hot" signal output terminal
      of the front and back balanced transformerless amplifiers are connected to
      the two terminals of the corresponding front speaker. As a result, this
      speaker is energized with signals of doubled magnitudes so that the
      reproduction of sound from that speaker will be at a higher level than in
      the operating mode in which each speaker receives its energizing signal
      from only one amplifier.
PAR  The switching system used heretofore have had the disadvantage of
      complexity of two double-throw switches connected together and the circuit
      connections, leaving the supposedly unenergized back speakers in an open
      circuit condition, have made it possible for those speakers to pick up
      signals by stray capacitance and thus produce an undesired sound.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the present invention to provide a simple circuit to
      connect, selectively, a pair of speakers to a pair of amplifiers to be
      separately energized thereby or to short-circuit one of the speakers while
      connecting the two amplifiers differentially to the other speaker. Further
      objects will be apparent from the following specification together with
      the drawings.
PAR  In accordance with the main object of the invention, a circuit is provided
      in which terminals that receive signals from two amplifiers are each
      connected to one terminal of a two-terminal load, such as a loudspeaker.
      The other terminals of the two loads are connected together to switching
      means that includes, basically, a single-pole, double-throw switch. Thearm
      of the switch is connected to the two interconnected load terminals, one
      of the fixed contacts of the switch is connected to the common connection
      of one of the signal-receiving terminals and the load terminal connected
      thereto, and the second fixed contact is connected to a common signal
      circuit point, usually ground. When the arm of the switch is connected to
      the second fixed contact, each of the amplifiers is simply connected to
      its respective load. When the arm of the switch is connected to the first
      fixed contact, the second load is short-circuited so that it cannot
      respond to stray signals and the first load is connected differentially
      across the two amplifiers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG  1 is a circuit diagram of two amplifiers and speakers connected
      according to the prior art.
PAR  FIG  2 is a circuit diagram of two amplifiers and speakers connected
      according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The two amplifiers 1 and 2 shown in Fig. 1 are, typically, the right-front
      and right-back amplifiers of a 4-channel reproducing system. In a complete
      4-channel system there would be two additional amplifiers connected in
      exactly the same way as the amplifiers 1 and 2, but there is not need to
      show or describe the other, identical half of the complete system. In
      addition to the two amplifiers, 1 and 2, there are two loudspeakers 3 and
      4. Although these speakers are indicated as each comprising one driver and
      one cone, it is to be understood that, in accordance with well-known
      practice in high fidelity systems, the term "speaker" may include a
      complete system with several drivers and several cones. Each of the
      speakers 3 and 4 has two terminals to which audio power signals may be
      applied, and in each speaker the terminals are labeled plus (+) and minus
      (-) simply to indicate their relative polariy for connection in
      multi-channel systems.
PAR  Except for the plus terminal of the speaker 3, which is directly connected
      to the ungrounded output terminal of the amplifier 1, the speakers 3 and 4
      are connected to the amplifiers 1 and 2 by two single-pole, double-throw
      switches 5 and 6. Although these appear to be separate switches, their
      arms 5a and 6a are connected together mechanically so that the two
      switches form, in effect, a double-pole, double-throw switch. The switch 5
      has a fixed contact 5b that is connected directly to ground and to one
      terminal, the minus terminal, of the speaker 4. The switch 6 has a
      corresponding fixed terminal 6b connected to the plus terminal of the
      speaker 4. Each of the switches 5 and 6 has another fixed contact 5c and
      6c, respectively, which are directly connected together.
PAR  The circuit in FIG. 1 has two modes of operation. In the first mode of
      operation in which the switch arms 5a and 6a  would be resting against the
      contacts 5b and 6b, respectively, the corresponding minus terminals of
      both the speaker 3 and the speaker 4 are directly connected to ground. The
      output signal of the amplifier 1, which may be considered to be the
      right-front amplifier, would then be directly connected across the speaker
      3, and the output signal of the amplifier 2 would be directly connected
      across the terminals of the speaker 4. In this first mode, each of the
      amplifiers 1 and 2 supplies audio power to energize its respective speaker
      3 and 4.
PAR  In the other mode of operation, the arms 5a and 6a of the switches 5 and 6
      are in the position shown, which places them against the contacts 5c and
      6c, respectively. The ungrounded output terminals of both of the balanced
      transformerless amplifiers 1 and 2 are then connected to the speaker 3.
      Since the amplifiers 1 and 2 are connected differentially to the speaker 3
      in this later mode, the speaker is energized by audio signals having the
      combined amplitudes of the amplifiers 1 and 2.
PAR  It will be noted that with the arms 5a and 6a in the positions shown, there
      is no apparent connection to the contact 6b and therefore, no apparent
      connection to the speaker 4. However, it is easily possible for stray
      capacitance in the cicuit to form a coupling between the arm 6a and the
      contact 6b, or in some way to couple at least some signal power to the
      speaker 4. This power may be enough to cause the speaker 4, which should
      be silent, to produce an undesired sound. Not only is the sound in itself
      undesired, but because of the reactance of the coupling circuit by which
      power reaches the speaker 4, the frequency characteristics of the sound
      may be particularly objectionable.
PAR  In the circuit of the present invention shown in FIG  2, there are two
      input terminals 11a and 12a by which signals are connected to amplifiers
      11 and 12. As in the circuit in FIG  1, the amplifier 11 may be the
      right-front (or left-front) amplifier of a 4-channel system and the
      amplifier 12 would then be the right-back (or left-back) amplifier for the
      system. Although each of the amplifiers 11 and 12 appears to have only a
      single input terminal, it is to be understood that, in accordance with
      standard practice, there is actually a second input terminal which is
      common to both amplifiers and is usually referred to as the ground
      terminal.
PAR  The two amplifiers 11 and 12 have output terminals 11b and 12b, each of
      which is connected to corresponding terminals 13a and 14a of a pair of
      speakers 13 and 14. As in the case of the input terminals 11a and 12a, the
      terminals 11b and 12b are each only one of the two input terminals for the
      respective amplifiers 11 and 12. The terminals 11b and 12b may be referred
      to as the "hot", or ungrounded, terminals of the respective amplifiers.
PAR  The other terminals 13b and 14b of the speakers 13 and 14 are connected
      directly together by a wire 15 and have a common circuit point 15a
      connected to one terminal 17a of a single-pole, double-throw switch 17.
      This switch has two other terminals 17b and 17c and is shown with its arm
      18 making a direct connection between the terminals 17a and 17b.  The
      terminal 17b is connected directly to the wire that joins the ungrounded
      output terminal 12b of the amplifier 12 to the terminal 14a of the speaker
      14. The switch terminal 17c is connected directly to ground.
PAR  It will be seen that with the arm 18 of the switch 17 connected to the
      terminal 17c, the corresponding terminals 13b and 14b of the speakers 13
      and 14 would both be connected directly to ground. Thus, the amplifier 11
      would supply power directly to the speaker 13 and the amplifier 12 would
      independently supply power directly to the speaker 14. On the other hand,
      if the arm 18 of the switch 17 is in the position shown, the terminals 14a
      and 14b of the speaker 14 are short-circuited by a circuit that includes
      the section of wire 15 from the terminal 14b to the common circuit point
      15a, the connection from this common circuit point to the switch terminal
      17a, the arm 18 of the switch 17, and the connection between the contact
      17b and the terminal 14a of the speaker 14. Part of this same circuit
      connects the output terminal 12b of the amplifier 12 to the terminal 13b
      of the speaker 13 so that the two amplifiers 11 and 12 are differentially
      connected to the speaker 13. Thus the speaker 13 receives power from both
      of the amplifiers 11 and 12 just as the speaker 3 received power from both
      of the amplifiers 1 and 2 of the circuit in FIG. 1, but the speaker 14
      cannot be energized because its terminals 14a and 14b are short-circuited.
      This is advantageous in preventing unwanted sound from the speaker 14, but
      of even greater importance is the simplification of the switching section
      of the circuit to require only a single switch 17 in place of the two
      switches 5 and 6 in FIG. 1.
PAR  In the circuit in FIG. 2 the fact that only a single switch 17 is required
      permits a saving in cost and a saving in space relative to the circuit in
      FIG. 1. It is especially suited for cascade-connection of amplifiers of
      stereophonic systems.
PAR  Although the invention has been described in specific terms in connection
      with only two amplifiers and speakers, it should be understood that it is
      adapted for use with a 4-channel stereophonic system and that other
      modifications can be made within the true scope of the invention as
      defined by the following claims.
CLMS
STM  What is claimed is
NUM  1.
PAR  1. An amplifier output circuit comprising
PA1  A. first and second balanced signal terminals and a common signal terminal;
PA1  B. first and second loads;
PA1  C. switching means connected to said second balaced signal terminal and to
      said first and second loads to switch said output circuit selectively to a
      first or a second operating mode, said first load being connected between
      said first balanced terminal and said common signal terminal and said
      second load being connected between said second balanced terminal and said
      common signal terminal in said first mode, and said first load being
      connected across said first and second balanced signal terminals and said
      second load being short circuited in said second mode.
NUM  2.
PAR  2. The circuit of claim 1 in which each of said loads has a first terminal
      and a second terminal, said first terminal of said first load being
      connected to said first balanced terminal, said first terminal of said
      second load being connected to said second balanced terminal, and said
      second terminal of each of said loads being connected together.
NUM  3.
PAR  3. The circuit of claim 2 in which said switching means comprises
PA1  A. a first switch terminal connected to said second terminals of said
      loads;
PA1  B. a second switch terminal connected to said first terminal of said second
      load;
PA1  C. a third switch terminal connected to said common signal terminal; and
PA1  D. means to connect said first switch terminal to said second switch
      terminal to establish said second mode or to said third switch terminal to
      establish said first mode.
NUM  4.
PAR  4. The circuit of claim 1 in which said first and second loads are first
      and second loudspeakers, respectively.
NUM  5.
PAR  5. The amplifier circuit of claim 1 comprising first and second balanced
      transformerless amplifiers, said first balanced signal terminal and said
      common signal terminal comprising output terminals of said first balanced
      transformerless amplifier, and said second balanced signal terminal and
      said common signal terminal comprising output terminals of said second
      balanced transformerless amplifier.
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ABST
PAL  An automatic gain control circuit including a wide band digitally
      controlled amplifier particularly adapted for use with recurring signals.
      Each of the recurring signals is divided into a large number of discrete
      time intervals and the gain of the amplifier may be adjusted for each time
      interval independently of the signal in any other of the time intervals.
      Transients due to gain modification may be superimposed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to an automatic gain control circuit and
      more specifically, to a wide band automatic gain control amplifier for use
      with recurring signals. In accordance with the invention, each of the
      recurring signals is divided into a large number of time intervals and the
      gain of a plural stage amplifier is adjusted for each time interval
      independently of each of the other time intervals on the basis of the
      amplitude of previously received signals in the corresponding time
      interval.
PAR  Digitally controlled automatic gain control circuits are well known in the
      art. These circuits generally comprise a plurality of cascaded
      amplification stages interposed with attenuation circuits selectively
      switched into and out of the amplifier circuit. The values of the
      attenuation circuits are generally weighted in binary fashion to
      facilitate the control of the gain of the amplifier of a binary gain
      control word.
PAR  These amplifiers find particular utility as seismic amplifiers in which the
      amplitude of the input signal can be anticipated to grow successively
      weaker or successively stronger thereby facilitating the use of a clock
      controlled binary counter to successively increase or decrease the gain of
      the amplifier. Examples of this type of circuit are the McCarter U.S. Pat.
      No. 3,308,392 issued March 7, 1967, and the Godinez U.S. Pat. No.
      3,376,557 issued Apr. 2, 1968.
PAR  Other patents such as the Sherer et al U.S. Pat. No. 3,525,948 issued Aug.
      25, 1970, and the Lockheed, Jr. et al U.S. Pat. No. 3,464,022 issued Aug.
      26, 1969, disclose the use of such amplifiers as automatic gain control
      circuits wherein the output signal is compared with predetermined limits
      and a gain control counter is pulsed up or down responsively thereto to
      adjust the gain of the amplifier in accordance with the amplitude of the
      output signal.
PAR  Still other patents such as the Neitzel U.S. Pat. No. 3,392,370 issued July
      9, 1968, and the Nickels U.S. Pat. No. 3,510,682 issued May 5, 1970, have
      suggested the use of a digital computer or other circuit to generate a
      predetermined gain profile of digital signals to control the insertion of
      the attenuated elements into the various stages of the amplifier.
PAR  There are, however, certain situations when the circuits of the above
      identified patents do not provide the degree of amplification control
      desired. In the seismic art, for example, there may be large variations in
      the amplitude of the signals received by the amplifier due, not to the
      distance from the source, but to discontinuities, etc. In such
      circumstances, the gain adjustment suitable for one portion of the
      received signal may be entirely satisfactory for an immediately adjacent
      portion of the signal received. Where, for example, compressive waves
      initiated by detonation are successively generated, the method and circuit
      of the present invention permits adjustment of each of a plurality of
      small time intervals during which the signal is received to be amplified
      as a function of the amplitude of the signal from an earlier detonation in
      only the corresponding time interval rather than on the strength of the
      entire signal or on the strength of an earlier portion of the same signal.
PAR  A second problem associated with the known circuits is that of the
      transients continually generated as the gain of the various stages of the
      amplifier are adjusted as the signal is passed through the amplifier.
      These transient problems are solved in the present invention through the
      amplifier. These transient problems are solved in the present invention
      through the superimposition of the transients from each of the cascaded
      amplifier stages on the same minute portion of the received signal as it
      passes through the amplifier. By ignoring this small portion of the
      received signal during each of the time intervals, the amplified signal
      may be evaluated without distortion due to transients.
PAR  The present invention also has particular utility in radar systems in which
      a return signal from each radar transmitter pulse may be divided into a
      plurality of time intervals and the gain of the amplifier independently
      adjusted for each of the time intervals. Sensitivity may thereby be
      greatly enhanced.
PAR  It is accordingly an object of the present invention to provide a novel
      method and automatic gain control circuit wherein the gain of the circuit
      is independently adjusted during each of the large number of discrete time
      intervals independently of the gain of the amplifier during any of the
      other time intervals in which the signal is received.
PAR  Another object of the present invention is to provide a novel method and
      automatic gain control circuit which has particular utility with recurring
      signals whereby the gain of the amplifier for different portions of the
      received signal may be adjusted on the basis of the amplitude in
      previously received signals during the corresponding time interval.
PAR  Another object of the present invention is to provide a novel method and
      wide band automatic gain control amplifier in which the transients
      introduced through the switching of attenuation elements into and out of
      the circuit are superimposed.
PAR  A further object of the present invention is to provide a novel method and
      automatic gain control circuit in which the digital gain control signals
      are recirculated through a memory circuit to automatically interpose and
      intersignal delay.
PAR  These and other objects and advantages of the present invention will be
      apparent to one skilled in the art to which the invention pertains from
      the claims and from a perusual of the following detailed description when
      read in conjunction with the appended drawings.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of the operation of the automatic
      gain control circuit (AGC) of the present invention;
PAR  FIG. 2 is a block diagram of the AGC circuit of the present invention;
PAR  FIG. 3 is a schematic diagram of one amplifying stage of the wide band
      automatic gain control amplifier of FIG. 2;
PAR  FIG. 4 is a schematic circuit diagram of switch B of FIG. 3;
PAR  FIG. 5 is a schematic circuit diagram of switch A of the circuit of FIG. 3;
      and,
PAR  FIG. 6 is a schematic drawing of the delay equalizer buffer of the circuit
      of FIG. 2.
DETD
PAC  THE DETAILED DESCRIPTION
PAR  The present invention may be understood by reference to the drawings as
      above identified and further discussed in the order set out in the
      following Table of Contents:
PAC  TABLE OF CONTENTS
PA0  I. theory of Operation (FIG. 1)
PA0  Ii. agc system Description (FIG. 2)
PA1  1. the Integrator (FIG. 2)
PA1  2. synchronism
PA1  3. WBAGC Amplifier (FIGS. 3-5)
PA1  4. transient Superimposition (FIG. 6)
PA0  Iii. advantages and Scope of Invention
PAC  I. Theory of Operation
PAR  With reference to FIG. 1 where recurring signals Nos. 1 and 2 are
      illustrated, the time interval between the commencement of signal No. 1
      and signal No. 2 may be referred to as the intersignal period and may, for
      example, correspond to the time interval during which a radar return
      signal is received from a target at the outer range limit of the radar,
      for example, 250 miles. After a brief quiescent period following the
      transmitter pulse, the return signal from each pulse is divided into a
      plurality of range bins corresponding to the conventional range
      discrimination networks of the radar by dividing the intersignal period
      into a plurality of discrete time increments.
PAR  In the environment of seismic exploration overland or undersea, the signals
      may be the detected sound waves received from successive detonations.
PAR  As shown in the upper portion of FIG. 1, the discrete time intervals may be
      defined by the vertical dashed lines with brackets identified as the 300th
      time interval, 302nd time interval and 304th time interval. The entire
      signal may contain a large number of time intervals starting with No. 1
      continuing to several dozen or to a hundred or more. The time interval is
      preferably less than 1 microsecond and in the illustrated embodiment is
      0.4 microseconds.
PAR  In accordance with one aspect of the present invention, the amplification
      of the signal is adjusted in accordance with the amplitude of the signal
      to be amplified. Thus, the gain of the amplifier may be desirably lower
      for signals at close range than for the signals at a greater range since
      the strength of the signals at close range is normally greater in, for
      example, seismic exploration. Also, where the ambient or noise level is
      low, the gain of the amplifier may be increased.
PAR  In the illustrated embodiment, arrangements are provided to generate a
      unique digital gain control word for each time interval. The gain control
      word is stored for the intersignal period and used for adjusting the gain
      of the amplifier as subsequent signals are received. The gain control word
      for a particular time interval, e.g., the 302nd time interval, may be
      determined by detecting the signals amplitude in the 302nd time interval
      of a preceding signal to provide an update word, then combining the update
      word with the then existing gain control word to update that word, and
      storing for the intersignal period for use during the 302nd time interval
      of a subsequent signal. A separate gain control word is thus available for
      each time interval.
PAR  With continued reference to FIG. 1 and to signal No. 1, the gain control
      word controlling the gain of the amplifier during the time interval in
      which the signal in the 302nd time interval is received is applied to the
      gain adjusting circuit of the present invention at the beginning of the
      corresponding time interval, and the amplifier gain is not adjusted again
      during the duration of that time interval. The gain may, however, be
      adjusted again at the beginning of the 303rd time interval, and in the
      illustrated embodiment a separate gain control word is provided for each
      time interval.
PAR  The amplitude of the signal at the output terminal of the amplifier may be
      sampled during the latter part of each time interval after the gain
      adjusting transients have subsided. This sample may be utilized as the
      update signal to adjust the value of the digital gain control word for
      that same time interval during the reception of the next signal. The
      corrected or updated gain control word may then be stored for a time
      period equal to the intersignal period, and then may be again utilized to
      adjust the gain of the amplifier at a time coinciding with the beginning
      of the time interval, here assumed to be the 302nd time interval, of the
      second signal. The second signal in the 302nd time interval may be again
      sampled after the gain adjustment transients have subsided and an updating
      signal combined with the gain control word for the 302nd time interval
      then in storage to produce a new updated digital gain control word for the
      amplifier in amplifying the 302nd time interval of the third signal (not
      shown).
PAR  The same procedure may be followed for each of the time intervals. This
      time interval-by-time interval adjustment of amplifier gain is
      accomplished for each time interval of the signal independently of the
      value of the gain word or of the adjustment in gain of the amplifier in
      any of the other time intervals.
PAC  II. AGC System Description
PAR  The AGC system described above in connection with FIG. 1 may take the form
      illustrated in FIGS. 2-6.
PAR  With reference to FIG. 2, the AGC circuit 25 includes a wide band automatic
      gain control amplifier (WBAGC amp) 58 having an input terminal 16 and an
      output terminal 20. The gain of the WBAGC amp 58 is determined by a binary
      control signal which is applied by way of the control terminals 60 to the
      various stages of the WBAGC amp 58.
PAR  As earlier stated, the basic function of the AGC circuit 25 may be to
      adjust the amplitude of the signal relative to the dynamic range of a
      signal processor (not shown) so that maximum sensitivity of the processor
      can be utilized and saturation avoided. Wide variations in signal
      amplitude in the same time interval for successive signals can be
      accommodated by controlling the gain of the WBAGC amp 58 on a
      time-interval-by-time interval basis. Broadly, this may be accomplished by
      adjusting the level of amplitude of the presently received signal in the
      WBAGC amp 58 in accordance with information which has been accumulated in
      an integrator 70 for previous signals earlier received in the same time
      interval.
PAR  More specifically, te amplitude of the input signal may be adjusted by the
      WBAGC amp 58 which, as will hereinafter be described in greater detail,
      comprises eight cascaded stages. The gain of each stage is individually
      controlled by the eight bin digital gain control signal applied to the
      terminals 60 from the integrator 70.
PAR  Information as to the amplitude of the signal at the output terminal of the
      WBAGC amp 58 may be applied to the integrator 70 by a circuit which
      includes a conventional wide band envelope detector 62. The detector 62
      detects the envelope of the output signal from the WBAGC amp 58 and is in
      turn connected to a conventional sample-and-hold circuit 64. The sampled
      amplitude of the amplified signal, i.e., the analog output signal from the
      sample-and-hold circuit 64, may be converted into a digital signal in a
      conventional logarithmic analog-to-digital converter 66 and the digital
      signal related to the sampled amplitude is fed through a selector switch
      68 to the integrator 70.
PAR  A feedback signal from the signal processor (not shown) from a terminal 30
      may be also applied to the selector switch 68 for overriding the digital
      input signal when desired to prevent exceeding the minimum and maximum
      levels of the signal processor. However, a feedback signal from the signal
      processor from the terminal 30 may not be necessary in a properly
      operating system.
PAR  In the preferred embodiment of the present invention, the amplitude of an
      incoming signal is not used to prospectively adjust the gain of WBAGC amp
      58. The sampling of the amplitude of the signal prior to the amplification
      thereof and the adjustment of each gain control word before the signal is
      applied to the WBAGC amp 58 is also possible to accord with the present
      invention. However, such an arrangement would require a delay of the
      signal to be interposed between the sampling point and the WBAGC amp 58.
      In the illustrated embodiment, the gain control word that is used for a
      particular time interval of an incoming signal is that which is based on
      the sampled amplitudes in the same time interval of earlier signals and
      which has been stored in the integrator 70 for an intersignal period or
      multiples thereof. To update the information stored in the integrator 70
      to determine the gain control signal for adjustment of the amplitude of
      the signal in the same time interval from the next signal, the envelope of
      the output signal of the WBAGC amp 58 is detected for each time interval
      by the wide band envelope detector 62 and sampled by the sample-and-hold
      circuit 64.
PAR  The sample-and-hold circuit 64 may be selectively gated, as is well known
      in the art, to avoid the transients added to the signal by the discrete
      gain adjustment of the WBAGC amp 58 so that the output signal of the
      sample-and-hold circuit 64 is representative of the amplitude of the
      output signal in a particular time interval. This amplitude signal is
      converted to a digital signal in the logarithmic analog-to-digital
      converter 66 and supplied to the selector switch 68. The analog-to-digital
      converter 66 is operative to convert the analog input signal to a four bit
      binary digital logarithmic representation (db) once every 0.4
      microseconds, and to thereafter hold the digital signal for a period of
      0.25 microseconds duration. The four bit binary digital output signal may
      be weighted on a bit-by-bit basis, in increments of 3/16 db, for example.
PAR  With continued reference to FIG. 2, the four bit digital signal from the
      logarithmic analog-to-digital converter 66 is fed to the selector switch
      68 which optionally may also receive the limit control signal from
      terminal 30 as described above. In the absence of a signal from the
      terminal 30, the digital signal from the logarithmic analog-to-digital
      converter 66 is fed to the integrator 70 through the selector switch 68
      and provides a digital gain control word on terminals 80 which control the
      WBAGC amp 58. In the illustrated system. WBAGC amp 58 may be a 30 MHz. I.
      F. amplifier, with a gain that is controlled digitally over a 48 db range
      in 3/16 db steps. A new gain control word is applied once each 0.4
      microseconds at a point in time which corresponds to each time interval.
      This range of gain control is provided by an 8-bit binary signal which
      circulates in the integrator 70.
PAC  1. The Integrator.
PAR  With continued reference to FIG. 2 and as discussed above, the integrator
      70 stores, on a time interval-by-time interval basis, the updated
      information relating to the amplitude of previous signals for controlling
      the gain adjustment of the WBAGC amp 58. The integrator 70 comprises a
      loop adder 74, a delay circuit 78 and a delay shift register 76. The 4-bit
      digital signal from the logarithmic analog-to-digital converter 66 is
      normally fed through the selector switch 68 to the loop adder 74 where it
      is added with the 8-bit digital gain control signal that was present in
      the delay shift register 76 controlling the gain of the WBAGC amp 58 at
      the time the sampled signal was passing through.
PAR  Thus, if the amplitude of the signal detected and sampled by the
      sample-and-hold circuit 64 is less than a predetermined level, the 4-bit
      correction signal applied to the loop adder 74 will be such as to modify
      the 8-bit gain control word to increase the gain of the WBAGC amp 58 for
      the next signal during that particular time interval. Where the sampled
      amplitude of the signal is above this predetermined level, the 4-bit
      correction signal will serve to modify the 8-bit gain control word
      circulating in the integrator 70 to reduce the gain of the WBAGC amp 58
      for that time interval in amplifying the next signal. If the sampled
      amplitude is at the predetermined level, the 4-bit correction signal will
      not change the gain control signal.
PAR  Integrator 70, as illustrated, includes a loop adder 74 which receives the
      4-bit digital output signal from the selector switch 68. The adder 74 is
      connected to receive also the 8-bit digital signal from the delay shift
      register 76. This 8-bit digital signal constituting the gain control word
      for each range bin established for the system is shifted through the
      register 76 at 0.4 microsecond intervals to correspond with the time
      interval. After updating in loop adder 74, the gain control word is
      applied to the delay circuit 78 where it is delayed for the intersignal
      period.
PAR  In practice, the integrator circuit 70 may constitute a number of identical
      8-bit shift registers equal to the number of 0.4 microsecond periods in an
      intersignal period. The delay shift register 76 and the loop adder 74 may
      be in essence two of these registers. The 8-bit gain control words may be
      circulated with the 8 bits either in series or in parallel. The gain
      control word may be modified only during the period when it is present in
      the loop adder 74.
PAR  The integrator 70 thus functions as a recirculating memory containing one
      gain control word for each time interval of the system. The 8 bits of the
      gain control word at the output terminals 80 of the delay shift register
      76 are fed in parallel through the delay equalizer buffer 72 (see FIG. 6)
      to the eight-stage WBAGC amp 58 and together represent the gain adjustment
      desired for that particular time interval. The digital value of any
      particular gain control word is based on data accumulated from the
      amplitude of previous signals for the same time interval.
PAR  The digital word from the A/D converter 66 is representative of the sampled
      signal and is added to the 8-bit gain control word circulating in the
      integrator 70. This correction signal contains only the 4 least
      significant bits. Gross changes in the gain control word which may occur
      in response to voise and or other spurious signals may thus be prevented.
PAR  Upon start up, a short period of operation is required before the gain
      control words circulating an integrator 70 become appropriately adjusted.
      In the circuit described below, where the input signal to one time
      interval was attenuated by 12 db, approximately five signals were required
      before the gain of the WBAGC amp 58 for that time interval was increased
      sufficiently to produce an output signal at the same level as before the
      attenuation was inserted. Similarly, when the attenuation was removed,
      above five signals were required before the output signal was reduced to
      the desired level.
PAR  The integrator 70 is thus a discrete word output device having a digital
      output signal. The integrator thus performs the time based integration or
      signal averaging on a time interval-by-time interval basis for individual
      time interval control of the gain of the WBAGC amp 58.
PAC  2. Synchronism.
PAR  Synchronism may be accomplished in any suitable manner. In the illustrated
      embodiment where the delay circuit 78 constitutes a plurality of registers
      equal to the number of 0.4 microsecond periods in the intersignal period,
      the gain control word is advanced one register each time the
      sample-and-hold circuit 64 operates in a manner well known to those
      skilled in this art. The sample-and-hold circuit may be operated by a high
      frequency clock synchronized in any conventional manner to the receipt of
      a signal on the input terminal 16. The receipt of an input signal need not
      be periodic. In the interest of clarity and because of the conventionality
      of such timing circuits, the illustration thereof in the drawings has been
      omitted and no further description is believed necessary.
PAC  3. WBAGC Amplifier.
PAR  As previously mentioned, the preferred embodiment of the WBAGC amplifier 58
      comprises eight cascaded stages. The attenuation from maximum
      amplification of the signal that is available by individual binary
      adjustment of each of the eight stages is set out in the following table:
TBL         Stage       Attenuation                                            
     ______________________________________                                    
            1           24.0 db                                                
            2           12.0 db                                                
            3            6.0 db                                                
            4            3.0 db                                                
            5            1.5 db                                                
            6            0.75 db                                               
            7            0.375 db                                              
            8            0.1875 db                                             
     ______________________________________                                    
PAR  The WBAGC amplifier 58 thus provides 48 db amplitude control in 3/16th db
      increments. The attenuation in each stage of the WBAGC amplifier 58 is
      achieved by the selective enabling of a capacitive attenuator. A more
      detailed understanding of the operation of the WBAGC amplifier 58 may be
      obtained through reference to FIG. 3 wherein the schematic diagram of a
      circuit adaptable for each of the eight stages is illustrated. With
      reference now to FIG. 3, the signal applied to the WBAGC amplifier 58 is
      applied to the base electrode of an NPN transistor Q1 whose emitter
      electrode is grounded through a resistor 84. The resistor 84 is shunted by
      a capacitor 86 in series with a switch A, the operation of which will
      hereinafter be described in more detail in connection with FIG. 5.
PAR  The collector and base electrodes of the transistor Q1 are connected
      respectively to an appropriate source of bias potential through resistors
      88 and 90. The output signal of the transistor Q1 is taken from the
      collector electrode and is passed through a pair of capacitors 92 and 94
      to the base electrode of a second NPN transistor Q2. The collector and
      base electrodes of the transistor Q1 are appropriately biased through
      resistors 96 and 98, and the emitter electrode thereof grounded through a
      resistor 100. The output signal of the stage is taken across the resistor
      100 from the terminal 102 at the emitter electrode. The interconnection
      104 of the two capacitors 92 and 94 is grounded through a capacitor 106 in
      series with a switch B, the operation of which will hereinafter be more
      fully described in connection with FIG. 3.
PAR  Both switch A and switch B are controlled by the selective application of
      one or more bits of the 8-bit gain control word to the appropriate control
      terminal 60 from the delay equalizer buffer 72, as will be more fully
      desscribed in connection with FIG. 5.
PAR  Switch B of the circuit of FIG. 3 is utilized for the switching of the
      major attenuation element, i.e., capacitor 106, into and out of the
      various stages of the WBAGC amp 58. The optical inclusion of switch A
      allows the exercise of a finer control by the selective introduction of a
      smaller attenuator, i.e., capacitor 86, to the collector-emitter circuit
      of the transistor Q1.
PAR  It has been found that the utilization of a conventional transistor or
      diode switching circuit for switch B is unsatisfactory by reason of
      excessive recovery time. The preferred embodiment thus utilizes a switch
      of the type illustrated in FIG. 4 wherein the appropriate bit of the
      digital gain control word is applied through a pair of inverters 110 and
      112 and thereafter through a resistor 114 and a capacitor 116 connected in
      parallel to the base electrode of an NPN transistor Q3. The collector
      electrode of the transistor Q3 is coupled to the base electrode thereof by
      way of resistors 118 and 120, and is coupled to the terminal 104 in the
      circuit of FIG. 3 by way of the capacitor 106. The emitter electrode of
      the transistor Q3 is grounded and the collector-to-emitter path thereof is
      paralleled by a diode 124. Biasing resistors 126 and 128 and an isolating
      capacitor 132 are provided. While the theory of operation of the circuit
      of FIG. 4 is not completely understood, the recovery time of the switching
      circuit with the addition of the diode 124 has been found far superior to
      other switching circuits considered.
PAR  Typical values for the various circuit components of FIG. 4 are as follows:
TBL  inverters 110 and 112  SN 7401 N                                          
     diode 124              HP 2301                                            
     transistor Q3          3646                                               
     resistors 120 and 126  1.2 K ohms                                         
     resistors 114          5.6 K ohms                                         
     resistors 118          2.2 K ohms                                         
     capacitor 132          2 picofarads                                       
     capacitor 106          3 picofarads                                       
PAR  The switch A shown in FIG. 3 is illustrated in greater detail in FIG. 5.
      Referring now to FIG. 5, an appropriate bit of the digital gain control
      word is applied through an inverter 134 and a resistor 136 to the base
      electrode of a NPN transistor Q4. The emitter electrode of the transistor
      Q4 is grounded and the collector electrode thereof is coupled to the
      terminal 122 in FIG. 3 at the emitter electrode of the transistor Q1 by
      way of the capacitor 86. The base electrode of the transistor Q4 is
      connected to an appropriate source of bias potential through a resistor
      128.
PAR  Typical values for the various circuit components of the circuit of FIG. 5
      are as follows:
TBL  inverter 134         SN 7401 N                                            
     transistor Q4        3646                                                 
     resistor 136         6.6 K ohms                                           
     resistor 138         1.2 K ohms                                           
PAR  With reference again to FIG. 2, the signals applied to the input terminals
      60 of the WBAGC amp 58 are derived in parallel from the conventional delay
      shift register 76 of the integrator 70, but are delayed in the delay
      equalizer buffer 72 so that the transients associated with the switching
      of the attenuation into and out of the various stages of the amplifier 58
      will be superimposed on the transients associated with the switching in
      the preceding stages of the amplifier 58 as the signal passes through the
      eight stages thereof.
PAC  4. Transient Superimposition.
PAR  With reference to FIG. 6, the switching of the attenuation into and out of
      the amplifier stage results in the unavoidable generation of transients.
      The frequency response of the WBAGC amp 58 is necessarily wide band and
      hence the switching transients are passed. By providing the delay
      equalizer buffer 72 with separate signal channels having different delays,
      all of the switching transients may be confied to the same approximately
      0.1 microseconds portion of a 0.4 microsecond range bin. The delay
      equalizer buffer 72 introduces successive delays in terms of nanoseconds
      into the application of successive bits of the 8-bit digital gain control
      word to the cascaded stages of the WBAGC amp 58 so that the transient
      generated in each stage will be superimposed on the transients generated
      in the preceding stages as the signal passes through the WBAGC amp 58.
PAC  V. ADVANTAGES AND SCOPE OF INVENTION
PAR  The automatic gain control method and apparatus of the present invention as
      above described dynamically adjusts the amplification of recurring signals
      on a time interval-by-time interval basis. By dividing each of the signals
      into a very large number of small time intervals, and by control of the
      amplification of the signal in each of the time intervals only on the
      basis of the sampled amplitude of earlier signals in the same time
      interval, a degree of amplitude control heretofore unknown has been
      achieved permitting far greater sensitivity of downstream signal
      processing circuits. The effects of spurious signals, e.g., noise, are
      limited, but the system rapidly responds to a large change in the signal
      in a particular time interval.
PAR  By use of a digital gain control signal, the storage of the gain control
      word provides information readily usable for cancelling spurious signals.
      Also, this provides an almost instantaneous dynamic range control in
      addition to the dynamic range of the amplifier. With 1280 time intervals,
      the digital integrator loop operates with 1280 8-bit numbers to provide
      the desired independent AGC action on each separate time interval.
PAR  The digital control of the amplifier by the application of various bits of
      the gain control signal to various stages of the amplifier permits a very
      fine control of amplifier gain as well as superimposition of the gain
      modification transients on a small portion of each time interval that
      processing of the signal may be restricted to the larger portion thereof
      and thus enhanced.
PAR  The same concepts may be used for extending and controlling a communication
      receiver dynamic range while matching "dynamic range" interfaces with the
      signal processor downstream.
PAR  The present invention may thus be embodied in other specific forms without
      departing from the spirit or essential characteristics thereof. The
      presently disclosed embodiments are, therefore, to be considered in all
      respects as illustrative and not restrictive, the scope of the invention
      being indicated by the appended claims rather than by the foregoing
      description, and all changes which come within the meaning and range of
      equivalency of the claims are, therefore, intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An amplifier comprising:
PA1  a plurality of amplification stages connected in cascade, each of said
      amplification stages having a predetermined gain and means for reducing
      said predetermined gain by a predetermined amount in response to the
      application of at least one bit of a plural bit digital gain control
      signal;
PA1  means for generating a plural bit binary gain control signal representative
      of a selected degree of amplification; and,
PA1  means for applying different ones of the bits of said plural bit binary
      gain control signal to said gain reducing means to independently control
      in discrete levels the gain of each of said amplification stages, said bit
      applying means including means for delaying the bits of said gain control
      signal by increments of time corresponding to the increments of time
      required for an analog signal to pass through the cascaded amplification
      stages preceding the stage to which each of the bits of the gain control
      signal is applied, whereby transients generated by the discrete
      adjustments in the gain of each of said amplification stages are
      superimposed on the same portion of the analog signal.
NUM  2.
PAR  2. The amplifier of claim 1 wherein said gain reducing means comprises a
      capacitor and switch means responsive to at least one bit of said digital
      gain control signal, said switch means including a transistor and a diode
      connected in parallel.
NUM  3.
PAR  3. A method of selectively varying the amplification of an analog signal
      comprising the steps of:
PA1  a. providing an amplifier having plural cascaded stages, each of said
      cascaded stages being variable in gain by a discrete amount;
PA1  b. generating a plural bit; binary gain control signal representative of a
      selected amplification;
PA1  c. delaying different bits of the binary gain control signal by different
      amounts;
PA1  d. applying different ones of the delayed bits of the binary gain control
      signal to different ones of the cascaded stages to vary the gain thereof
      in discrete amounts; and,
PA1  e. passing the analog signal through the cascaded stages of the amplifier.
NUM  4.
PAR  4. The method of claim 3 wherein all of the bits applied to each stage of
      the amplifier are delayed for a time interval substantially equal to the
      delay of the analog signal resulting from the passage of the analog signal
      through the preceding stages of the amplifier, whereby transients
      generated by the discrete variation in the gain of each of the stages is
      superimposed on the same portion of the analog signal.
NUM  5.
PAR  5. A method of adjusting the gain of a plural stage amplifier comprising
      the steps of:
PA1  a. providing a plural stage amplifier;
PA1  b. generating a plural bit digital signal representative of the desired
      gain of the amplifier;
PA1  c. selectively delaying the bits of the digital signal for a time
      sufficient to superimpose gain adjustment transients on the same portion
      of the signal being amplified as the signal being amplified passes through
      the stages of the amplifier; and,
PA1  d. selectively varying the gain of different stages of the amplifier in
      response to different bits of the digital signal.
NUM  6.
PAR  6. An automatic gain control circuit comprising:
PA1  means including means for generating a plural bit binary gain control
      signal including an amplifier for receiving a variable amplitude signal of
      recurring nature;
PA1  means for sampling the amplitude of the signal in one occurrence thereof at
      a pluarlity of temporally spaced time intervals; and,
PA1  means for varying the gain of said amplifier for a subsequent occurrence of
      the signal in each of said plurality of temporally spaced time intervals
      in response to the sampled amplitude in the corresponding time intervals
      of the sampled occurrence of said signal, said amplifier including a
      plurality of amplification stages connected in cascade, each of said
      amplification stages having a predetermined gain and means for reducing
      said predetermined gain by a predetermined amount in response to the
      application of at least one bit of a plural bit digital gain control
      signal.
NUM  7.
PAR  7. The automatic gain control circuit of claim 6 wherein the gain of the
      amplifier in each of said plurality of time intervals in said subsequent
      occurrence of the signal is varied in accordance with the sampled
      amplitude in the corresponding one of said plurality of time intervals of
      a plurality of the immediately preceding signals.
NUM  8.
PAR  8. An amplification system comprising:
PA1  a plural stage variable gain amplifier having an input terminal and an
      output terminal;
PA1  means for periodically sampling the signal at said output terminal;
PA1  means for converting said amplitude samples to digital update signals;
PA1  circulating memory means for circulating a plurality of digital gain
      control signals;
PA1  means for modifying said circulating control signals responsively to said
      update signals; and,
PA1  means for modifying the gain of said amplifier responsively to said
      modified circulating control signals.
NUM  9.
PAR  9. The amplification system of claim 8 wherein said digital control signals
      are plural bit signals, and wherein each stage of said amplifier is
      responsive to different ones of said bits.
NUM  10.
PAR  10. The amplification system of claim 9 wherein said gain modifying means
      includes means for delaying all of the bits applied to each stage of the
      amplifier for a time interval substantially equal to the delay of a signal
      resulting from the passage of an analog signal through the preceding
      stages of the amplifier, whereby transients generated by the discrete
      variation in the gain of each of the stages is superimposed on the same
      portion of the analog signal.
NUM  11.
PAR  11. An automatic gain control circuit comprising:
PA1  means including an amplifier for receiving a variable amplitude signal of
      recurring nature;
PA1  means for sampling the amplitude of the signal in one occurrence thereof at
      a plurality of temporally spaced time intervals; and,
PA1  means for varying the gain of said amplifier for a subsequent occurrence of
      the signal in each of said plurality of temporally spaced time intervals
      in response to the sampled amplitude in the corresponding time intervals
      of the sampled occurrence of said signal,
PA1  said amplifier comprising a plurality of stages, each stage including a
      pair of transistors and an attenuating element,
PA1  said attenuating element including a capacitor and switch means for
      operably inserting said capacitor into the circuit of the stage;
PA1  said switch means including a third transistor and a diode connected across
      the emitter-collector path of said third transistor.
NUM  12.
PAR  12. The amplifier of claim 11 including a second attenuating element in the
      emitter-collector circuit of one of said pair of transistors and means for
      selectively connecting said second attenuating element into the circuit of
      said stage.
NUM  13.
PAR  13. An amplifier comprising:
PA1  a plurality of amplification stages connected in cascade, each of said
      amplification stages having a predetermined gain and means for reducing
      said predetermined gain by a predetermined amount in response to the
      application of at least one bit of a plural bit digital gain control
      signals;
PA1  means for generating a plural bit binary gain control signal representative
      of a selected degree of amplification; and,
PA1  means for applying different ones of the bits of said plural bit binary
      gain control signal to said gain reducing means to independently control
      in discrete levels the gain of each of said amplification stages, said bit
      applying means including means for delaying the bits of said gain control
      signal and means for applying different ones of the delayed bits of the
      binary gain control signal to different ones of the cascaded stages to
      vary the gain thereof in discrete amounts.
NUM  14.
PAR  14. The amplifier of claim 13 wherein said amplifier is an analog
      amplifier.
NUM  15.
PAR  15. The amplifier of claim 1 wherein said amplifier is an analog amplifier.
NUM  16.
PAR  16. The automatic gain control circuit of claim 6 wherein said variable
      amplitude signal is an analog signal.
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ABST
PAL  A broadband amplifier with a negative feedback circuit having a variable
      resistance means and first and second parallel resistor-inductor
      combinations for slope control is shown. The variable resistance means
      establishes the overall frequency response and can be electronically
      varied to provide automatic gain control. The first and second parallel
      resistor-inductor combinations provide compensation for deviations from
      the desired frequency response over respective first and second frequency
      ranges.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to broadband amplifiers and more particularly to
      broadband amplifiers with slope control capable of providing a flat
      overall frequency response when cascaded with transmission mediums of
      various lengths or attenuation values.
PAC  BACKGROUND OF THE INVENTION
PAR  In signal transmission systems for transmitting or distributing signals
      within a broad range of frequencies, broadband amplifiers are commonly
      used to compensate for attenuation of the signals in the transmission
      medium. For example, in systems wherein the transmission medium is coaxial
      cable, the transmitted or distributed signals are attenuated by the cable
      with the amount of attenuation generally dependent upon the length of the
      cable. The attenuation of coaxial cable is also frequency dependent so
      that different frequencies are attenuated by different amounts. Signal
      attenuation as a function of frequency for coaxial cables is typically of
      the form A=K .sqroot.f, where f is the frequency and K is a constant
      depending upon the cable type and overall length.
PAR  Typical broadband amplifiers for amplifying the signals transmitted via a
      coaxial cable accordingly provide an overall gain to compensate for the
      attenuation. The gain of the amplifier is typically divided into two parts
      called level compensation and slope compensation. For level compensation
      the signals are amplified by an amount equal to the attenuation without
      compensating for the frequency dependency of the attenuation. For slope
      compensation the frequency characteristic of the amplifier is tilted so
      that the gain is proportional to the square root of frequency to amplify
      higher frequencies more than lower frequencies.
PAR  In prior art broadband amplifiers using transistors, negative feedback from
      the collector to the base of the transistor provides an amplifier with a
      gain that tracks the square root of frequency response over a substantial
      frequency range to a reasonable approximation. Since a given amplifier may
      be required to compensate for attenuation by any one of a variety of
      different coaxial cables and cables of varying lengths, a common prior art
      practice is to provide a manually adjustable feedback for set-up.
PAR  While manual set-up provides a certain measure of flexibility, the
      attenuation of coaxial cable is also dependent upon changing environmental
      and atmospheric conditions. For example, higher temperatures typically
      cause increased attenuation. Accordingly, a common prior art practice is
      to provide automatic gain control to compensate for these varying
      conditions. U.S. Pat. No. 3,717,813 to D. Lieberman and R. E. Neuber
      discloses a modular amplifier station with a provision for automatic gain
      control to control both level and slope. U.S. Pat. No. 3,800,240 to M.
      Zelenz discloses circuitry for filtering and amplifying pilot signals used
      for automatic gain control in a broadband amplifier system. In addition,
      U.S. Pat. No. 3,755,737 to T. S. Eller discloses an automatic gain control
      system wherein a plurality of pilot signals of off-set frequencies are
      used for automatic gain control of return amplifiers. In general, level
      and slope control signals can be developed from either one or two pilot
      signals included in the transmitted signals. Other forms of automatic gain
      control are also known in the prior art.
PAR  A particularly troublesome and long-standing problem in the prior art has
      been providing broadband amplifiers of sufficient bandwidth to cover the
      frequency range desired. In community antenna television (CATV) systems,
      the frequency response error generally must be limited to .+-.0.1 dB over
      the frequency range of interest. With typical prior art broadband
      amplifiers using the above-mentioned negative feedback, several
      significant limitations are encountered. For example, in a CATV system
      with sub-VHF signal channels for the reverse or return direction, the
      range of cable attenuation values for which the prior art amplifiers
      provide a flat frequency response, using the .+-.0.1 dB limiting
      criterion, is generally restricted to cable lengths providing up to 5 dB
      attenuation at 30 mHz thereby necessitating additional amplifiers to
      maintain signal levels. Also, the frequency range over which the amplifier
      will track the cable within the .+-.0.1 dB limits is typically 10 mHz to
      35 mHz. Attempts to extend the frequency range in the sub-VHF band to
      encompass lower frequencies have generally resulted in unsatisfactory
      performance because prior art broadband amplifiers of the type described
      do not provide a sufficiently flat response at the lower frequencies.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is a primary object of this invention to provide a
      broadband amplifier which obviates the above-noted and other disadvantages
      of the prior art.
PAR  It is a further object of this invention to provide a broadband amplifier
      which possesses an extended frequency capability.
PAR  It is a further object of this invention to provide a broadband amplifier
      which provides a flat frequency response when cascaded with a transmission
      medium.
PAR  It is a still further object of this invention to provide a broadband
      amplifier which possesses an extended gain range capability.
PAR  It is a yet further object of this invention to provide a broadband
      amplifier which possesses an extended low frequency capability.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other objects and advantages are achieved in one aspect of
      this invention in a broadband amplifier having a negative feedback path
      from the collector to the base of a transistor.
PAR  The negative feedback path includes a series connection of a resistive
      means and a first parallel combination of a first resistor and a first
      inductor which provides the amplifier with a gain approximately
      proportional to the square root of frequency. The improvement comprises a
      second parallel combination of a second resistor and a second inductor
      connected in series with the first parallel combination in the negative
      feedback path. The second parallel combination has a
      resistance-to-inductance ratio lower than the ratio of the first parallel
      combination.
PAR  The above and other advantages are achieved in another aspect of this
      invention in a broadband amplifier for amplifying signals in a
      predetermined range of frequencies coupled thereto via a segment of
      coaxial cable. The broadband amplifier includes an amplifier which has a
      gain for substantially compensating for the attenuation of the signals by
      the coaxial cable as a function of frequency. The amplifier includes a
      transistor and a negative feedback path defined by a resistive means and a
      parallel combination of a first inductance means and first resistor
      connected in series with the resistive means. The improvement comprises a
      parallel combination of a second inductance means and a second resistor
      connected in series with the resistive means for compensating for
      deviations from the desired frequency response in a range of frequencies
      less than a predetermined frequency.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a broadband amplifier in which the invention
      finds utility;
PAR  FIG. 2 is a graph of the response amplitude versus frequency of a typical
      prior art broadband amplifier;
PAR  FIG. 3 is a schematic diagram of one embodiment of the invention; and
PAR  FIG. 4 is a graph of gain versus frequency to aid in the explanation of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure in conjunction with the accompanying
      drawings.
PAR  In FIG. 1 a broadband amplifier 10 receives signals in a predetermined
      range of frequencies via a transmission medium illustrated as a segment of
      coaxial cable 12 to compensate for the attenuation of the signals by
      coaxial cable 12. Input signals are coupled to coaxial cable 12 by an
      input means 14 which can be connected to, for example, another broadband
      amplifier similar to that illustrated herein. Output signals from
      amplifier 10 are connected to a directional coupler 16 which provides
      output signals to output terminals 18 which can be coupled to another
      segment of coaxial cable similar to segment 12. Directional coupler 16
      also couples at least a portion of the signal energy of one or more
      signals from amplifier 10 to an automatic gain control (AGC) circuit 20
      which develops one or more gain control signals to control the level and
      slope of the frequency response of amplifier 10. In those applications
      where AGC is not desired, directional coupler 16 and AGC circuit 20 can be
      deleted. In such applications, the output of amplifier 10 is directly
      coupled to output terminals 18.
PAR  In operation, amplifier 10 has a frequency response complimentary to the
      attenuation of cable segment 12 cascaded therewith so that an overall flat
      frequency response is obtained. In typical CATV systems the overall
      frequency response is required to be within .+-.0.1 dB of the desired
      response at all frequencies within the frequency range of interest. In
      FIG. 2 a graph of response amplitude in dB versus frequency in mHz for a
      typical coaxial cable and broadband amplifier in cascade is illustrated.
      The desired response is represented by dashed line 22 while the actual
      response is represented by solid line 24. Lines 22 and 24 generally
      coincide over the frequency range 10 mHz to 35 mHz. Outside of those
      limits the actual response deviates from the desired response so that,
      considering normal tolerances, unacceptable performance is obtained.
PAR  It should be noted that the frequencies used in the example illustrated in
      FIG. 2 are in a sub-VHF band commonly used for return signals in
      bi-directional CATV systems. Those skilled in the art will realize,
      however, that the invention described herein is applicable to other
      frequency ranges. Accordingly, while a particular embodiment for a
      particular frequency range is described, the invention is not so limited.
PAR  In FIG. 3 the preferred embodiment of the invention is illustrated
      schematically. Typically, the circuit of FIG. 3 will be included as one
      amplifier stage of a broadband amplifier such as amplifier 10 of FIG. 1.
      In FIG. 3 an input terminal 26 is connected by a coupling capacitor 28 to
      a base of a transistor 30. Transistor 30 has a collector connected by an
      autotransformer 32 to one terminal of a source of energizing potential
      illustrated as circuit ground. A tap on transformer 32 is connected to an
      output terminal 34. An emitter of transistor 30 is connected by a resistor
      36 to the other terminal of a source of energizing potential 38 which is
      further connected by a decoupling capacitor 40 to circuit ground. The base
      of transistor 30 is connected by an RF choke 42 to a terminal of a source
      of energizing potential 44 which is further connected by a decoupling
      capacitor 46 to circuit ground.
PAR  In operation, signals applied to input terminal 26 are coupled via
      capacitor 28 to the base of transistor 30 which amplifies the signals and
      couples the amplified signals to output terminal 34. Input terminal 26 can
      be coupled to the output terminal of a preceeding amplifier stage while
      output terminal 34 can be coupled to the input terminal of a succeeding
      amplifier stage. Transformer 32 and resistor 36 determine the gain, input
      impedance, and output impedance of the amplifier stage. The gain, however,
      is modified by negative feedback provided through a negative feedback path
      48 from the collector to the base of transistor 30 which primarily
      determines the frequency response of the amplifier stage.
PAR  Negative feedback path 48 includes series connected resistors 50, 52, and
      54 connected between the tap on transformer 32 and the junction of input
      terminal 26 and capacitor 28. An inductance means illustrated as an
      inductor or coil 56 is connected in parallel with resistor 50 while an
      inductance means illustrated as an inductor or coil 58 is connected in
      parallel with resistor 52. A variable resistance means illustrated as a
      diode 60 has an anode connected to one end of resistor 54 and a cathode
      connected by a coupling capacitor 62 to the other end of resistor 54
      thereby effectively connecting diode 60 in parallel with resistor 54. A
      capacitor 64 is connected in parallel with diode 60.
PAR  A means for biasing diode 60 at an operating point, illustrated as a part
      of an AGC circuit 66, is connected to the junction between diode 60 and
      capacitor 62. A terminal 68 is connected to one input of a DC amplifier 70
      which has an output connected by an RF choke 72 to the junction of diode
      60 and capacitor 62. The other input of amplifier 70 is connected to the
      tap on a potentiometer 74 which has a resistance element connected between
      a source of energizing potential illustrated as a terminal 75 and circuit
      ground.
PAR  A negative feedback path from the collector to the base of a transistor
      including a parallel combination of a resistor and an inductor connected
      in series with a resistive means tracks the square root of frequency
      response over a substantial frequency range to a reasonable approximation.
      Accordingly, the parallel combination of resistor 52 and inductor 58
      connected in series with a resistive means including resistor 54 are
      connected to provide a negative feedback path. The resistive means
      including resistor 54 also includes diode 60 which in the preferred
      embodiment is a PIN diode. At radio frequencies a PIN diode is essentially
      a current-controlled resistor and can be viewed as such when considering
      the circuit operation. Accordingly, diode 60 is resistive at radio
      frequencies. Capacitor 62 is a coupling capacitor at radio frequencies and
      blocks DC bias currents. When the current through diode 60 is zero, its RF
      resistance is high and can be, for example, on the order of 10,000 ohms.
      Preferably, the resistance of resistor 54 is substantially less than the
      zero current resistance of diode 60 so that the effect of diode 60 in
      parallel with resistor 54 is negligible at zero current and resistor 54
      predominates in feedback path 48 to establish the limiting frequency
      response or gain of the amplifier. This operating condition is illustrated
      in FIG. 4 by line or curve 76 which represents the gain of the amplifier
      stage as a function of the square root of frequency at zero current
      through diode 60.
PAR  As the current through diode 60 increases, its resistance decreases to
      decrease the total resistance in negative feedback path 48 to thereby
      increase the feedback and decrease the gain of the amplifier. The gain of
      the amplifier is modified as a function of frequency, however, by the
      parallel combination of resistor 52 and inductor 58. At lower frequencies
      the impedance of inductor 58 is lower relative to the resistance of
      resistor 52 so that a greater negative feedback and hence lower gain is
      provided at those frequencies. At higher frequencies the impedance of
      inductor 58 increases to increase the effect of resistor 52 in parallel
      therewith and decrease the negative feedback. As the current therethrough
      increases, the impedance or RF resistance of diode 60 decreases so that
      the total resistance of the resistive means including diode 60 and
      resistor 54 decreases. At a particular forward current through diode 60,
      curve 78 in FIG. 4 is obtained. At an even higher forward current through
      diode 60, curve 80 is obtained. Accordingly, FIG. 4 is a graph of a family
      of curves which is obtained by varying the current through diode 60.
      Capacitor 64 in parallel with diode 60 is a small compensation capacitor
      with a high impedance at the frequencies of interest. Capacitor 64 has a
      substantial effect when the current through diode 60 is low and the
      impedance thereof is high. At low currents through diode 60, capacitor 64
      tends to flatten the frequency response and compensates for the slight
      effects of inductors 56 and 58. As the current through diode 60 increases,
      its RF resistance decreases and the effect of capacitor 64 correspondingly
      decreases.
PAR  It should be noted that the curves of FIG. 4 tend to pivot about a
      frequency f.sub.1 which can be called a pivot point. The magnitude of the
      gain of the amplifier of FIG. 3 remains substantially constant at
      frequency f.sub.1 when the feedback in feedback path 48 is varied.
      Referring to FIG. 1, broadband amplifier 10 is preferably a multi-stage
      amplifier wherein the slope controlled amplifier of FIG. 3 comprises one
      stage and a level controlled stage comprises another stage. In other
      words, the level controlled stage shifts the family of curves of FIG. 4
      upward or downward when considered in combination with the slope
      controlled stage of FIG. 3.
PAR  The particular one of the family of curves of FIG. 4 selected for operation
      is determined primarily by the characteristics of coaxial cable segment
      12. The current through diode 60 is determined during set-up which can be
      accomplished by adjusting potentiometer 74 so that amplifier 70 provides
      the desired bias current through diode 60. During operation of the
      amplifier in the AGC mode, a slope control voltage is applied to terminal
      68 to cause amplifier 70 to vary the current through diode 60 thereby
      altering the slope of the frequency response of the amplifier.
PAR  In typical CATV systems some amplifiers will include AGC while others will
      have a fixed gain. In those versions where a fixed gain is used, amplifier
      70 can be eliminated and the bias current through diode 60 can be
      determined by a variable set-up bias. Also, in those versions which do not
      include AGC, diode 60 can be replaced by a manually variable resistance.
PAR  While the above-described compensation has been used in the prior art, it
      has been found that the frequency response deviates from the desired
      response particularly at lower frequencies and particularly for higher
      values of cable attenuation. This deviation is illustrated in FIG. 2 by
      the deviation of the actual response 24 from the desired response 22 and
      in FIG. 4 by dashed lines 82 and 84 which deviate from the desired
      response at frequencies less than about 10 mHz.
PAR  The parallel combination of resistor 50 and inductor 56 in feedback path 48
      compensate for the deviation illustrated by dashed lines 82 and 84 of FIG.
      4. Preferably, resistor 50 has a resistance much lower than the resistance
      of resistor 52 and resistor 50 and inductor 56 have a low
      resistance-to-inductance ratio as compared to the parallel combination of
      resistor 52 and inductor 58 in order to limit the effects of the parallel
      combination of resistor 50 and inductor 56 to the low frequencies of the
      frequency range of interest. In operation, at low frequencies the
      impedance of inductor 56 increases the negative feedback, while at higher
      frequencies, the parallel combination of resistor 50 and inductor 56
      "looks" resistive.
PAR  Accordingly, there has been illustrated and described a broadband amplifier
      with an extended frequency range and gain capability. The frequency range
      is extended particularly to lower frequencies thereby permitting a broader
      range of frequencies to be amplified satisfactorily. In one particular
      embodiment the operating frequency range was extended to include the range
      from 10 mHz to 6 mHz while the cable attenuation for which the amplifier
      satisfactorily compensated was increased to 9 dB at 30 mHz.
PAR  While there has been shown and described what is at present considered the
      preferred embodiment of the invention it will be obvious to those skilled
      in the art that various changes and modifications may be made therein
      without departing from the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A broadband amplifier having a negative feedback path from the collector
      to the base of a transistor including a series connection of a resistive
      means and a first parallel combination of a first resistor and first
      inductor for providing the amplifier with a gain approximately
      proportional to the square root of frequency, the improvement comprising a
      second parallel combination of a second resistor and a second inductor
      connected in series with said first parallel combination in said negative
      feedback path, said second parallel combination having a
      resistance-to-inductance ratio lower than the ratio of said first parallel
      combination.
NUM  2.
PAR  2. A broadband amplifier as defined in claim 1 wherein said second resistor
      has a resistance substantially less than the resistance of said first
      resistor.
NUM  3.
PAR  3. A broadband amplifier as defined in claim 2 wherein the operating
      bandwidth of the amplifier is at least 6 mega-Hertz to 30 mega-Hertz and
      said second parallel combination compensates for deviations of the gain
      from the square root of frequency in the operating frequency range less
      than approximately 10 mega-Hertz.
NUM  4.
PAR  4. A broadband amplifier as defined in claim 1 wherein said resistive means
      includes a resistor and a variable resistance means connected in parallel.
NUM  5.
PAR  5. A broadband amplifier as defined in claim 4 wherein said variable
      resistance means includes a diode and means for biasing said diode at an
      operating point.
NUM  6.
PAR  6. In a broadband amplifier for amplifying signals in a predetermined range
      of frequencies coupled thereto via a segment of coaxial cable, an
      amplifier with a gain for substantially compensating for the attenuation
      of said signals by said coaxial cable as a function of frequency, said
      amplifier including a transistor and a negative feedback path defined by a
      resistive means and a parallel combination of a first inductance means and
      first resistor connected in series with said resistive means, the
      improvement comprising a parallel combination of a second inductance means
      and second resistor connected in series with said resistive means for
      compensating for deviations from the desired frequency response in a range
      of frequencies less than a predetermined frequency.
NUM  7.
PAR  7. An amplifier as defined in claim 6 wherein said first and second
      inductance means comprise first and second inductors, respectively, and
      the resistance-to-inductance ratio of said second resistor and second
      inductor is lower than the ratio of said first resistor and first
      inductor.
NUM  8.
PAR  8. An amplifier as defined in claim 7 wherein said second resistor has a
      resistance substantially less than the resistance of said first resistor.
NUM  9.
PAR  9. An amplifier as defined in claim 7 wherein the range of frequencies of
      said signals is at least 6 mega-Hertz to 30 mega-Hertz and said second
      resistor and second inductor compensate for deviations from the desired
      frequency response in the range of frequencies less than 10 mega-Hertz.
NUM  10.
PAR  10. An amplifier as defined in claim 6 wherein said resistive means
      includes a third resistor connected in series with said first and second
      resistors and a variable resistance means connected in parallel with said
      third resistor.
NUM  11.
PAR  11. An amplifier as defined in claim 10 wherein said variable resistance
      means includes a diode and means for biasing said diode at an operating
      point.
NUM  12.
PAR  12. An amplifier as defined in claim 11 wherein said means for biasing
      includes means for developing an automatic gain control voltage dependent
      on the amplitude of a signal coupled via said segment of coaxial cable.
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ABST
PAL  An electrical audio power amplifier is connected to receive an input
      informational signal from a pre-amplifying stage functioning with a
      transducer or pick-up device such as a magnetic phono cartridge or tape
      head and connected to supply a transformerless output to drive a speaker
      to create audio sound waves substantially free of distortion. An input
      differential amplifier includes a first input supplying the input
      informational signal and a second input supplying the output informational
      signal and providing a differential output signal to an output amplifying
      stage including a pair of intermediate amplifiers and a power amplifier to
      directly provide the output informational signal to the speaker. A second
      compensating differential amplifier includes a first input supplying the
      input informational signal and a second input having a variable tapped
      impedance such as a resistor supplying the output informational signal and
      providing a compensating output signal in response to sensed distortion
      which is summed with the differential output signal provided by the input
      differential amplifier to substantially eliminate distortion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a power amplifier for receiving an input
      informational signal and providing an amplified output informational
      signal which is substantially free of distortion.
PAR  Hi-fidelity circuits which respond to electrical audio signals such as
      commonly found in hi-fi and stereo phonograph systems, tape playing
      systems and possibly in radio systems or the like commonly utilize
      transistorized circuit configurations for efficient power transfer and
      signal amplification between a pre-amplifier operating in conjunction with
      a magnetic phono cartridge, tape head or other pick-up device and one or
      more loud speakers. It is essential for hi-fidelity reproduction of
      electrical audio signals to provide a wide frequency response which is
      particularly critical at the lower end of the audio frequency range and at
      the same time provide little or no distortion between the input and output
      signals.
PAR  Non-linear distortion has frequently existed in prior audio power
      amplifiers as evidenced by new frequencies appearing in the output which
      were not present in the input. Inter-modulation distortion also creates
      problems such as when the input signal contains more than one frequency
      and the output contains frequencies equal to the sums and differences of
      the input frequencies and of their harmonics. It is desirable to eliminate
      or substantially reduce such non-linear and inter-modulation distortion in
      order to provide desirable hi-fidelity signal reproduction which is
      particularly important for pleasant music listening in commercial sound
      systems.
PAR  Many electrical audio power amplifiers have utilized transistor circuits
      employing negative feedback to provide a wide frequency response and some
      distortion elimination. Some systems have employed voltage feedback over
      one or several transistor stages as supplied from a collector circuit of
      an output power transistor while other systems have employed a current
      feedback as supplied from an emitter circuit of an output power
      transistor, with either of such signals being fedback to a base circuit of
      an input transistor also coupled to receive the input informational signal
      from the pre-amplifier stage. Such systems had to be carefully designed to
      prevent high frequency instability such as might be caused when the phase
      shift through the transistor amplifier was sufficient to change the
      feedback from negative to positive magnitudes. Frequently, the frequency
      response of the feedback loop was limited to stabilize the circuit. In
      addition, the amount of feedback that could be applied to some audio power
      transistors was limited because of the poor frequency response in many of
      the common emitter and common collector connections.
PAR  Some audio power amplifiers have employed a pair of output power
      transistors which are directly coupled to drive one or more speakers
      thereby eliminating transformer coupling circuits. Such direct coupled
      audio power amplifying output transistors have frequently been connected
      in single ended class B push-pull arrangements for providing an excellent
      low frequency response.
PAR  Some audio power amplifiers have employed an input differential amplifier
      which provided a pair of amplifying transistors having emitter circuits
      connected in common configuration to a constant current source with the
      base circuit of a first transistor connected to receive the input
      informational signal from the pre-amplifier stage while the collector
      circuit provided an intermediate amplified signal responsive to the input
      informational signal. The second transistor stage of the input
      differential amplifier provided a base circuit which was connected to a
      current feedback circuit which supplied a compensating control signal in
      response to the amplified output informational signal for controlling the
      current flow from the constant current source through the second
      transistor amplifying stage of the input differential amplifier. The
      variance of current flow through the second transistor also
      correspondingly compensated the current conduction through the first
      transistor and provided partial distortion elimination in the intermediate
      amplified signal. While satisfactorily eliminating some distortion in the
      audio power amplifier, such a fedback compensating control signal had to
      be scaled to a substantially low magnitude with respect to the input
      informational signal in order to provide a differential output at the
      collector circuit of the first transistor stage. Simply increasing the
      magnitude of the feedback compensating control signal tended to null the
      differential intermediate output signal rendering the power amplifier
      inoperable or at least tended to reduce the amplification efficiency to a
      point where the power amplifier would be commercially undesirable. Thus,
      such compensating feedback to an input differential amplifier stage could
      only provide partial compensation while objectionable non-linear and
      inter-modulation distortion remained.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a power amplifier for receiving an input
      informational signal and providing an amplified output informational
      signal which is substantially free of distortion.
PAR  The power amplifier of the invention includes a first amplifying means
      which responds to the input informational signal to provide an amplified
      intermediate signal which, in turn, is amplified by a second means to
      provide the amplified output informational signal. Compensating means is
      connected to selectively modify the intermediate signal in response to the
      sensed distortion existing between the input informational signal and the
      output informational signal for eliminating distortion within the power
      amplifier.
PAR  In one form of the invention, the first amplifying means provides a first
      current signal in response to the input informational signal while the
      compensating means responds to both the input and output informational
      signals to selectively provide a second compensating current signal.
      Summing means is provided to sum the first and second current signals to
      provide a compensated output which is amplified by the second amplifying
      means to provide the output informational signal substantially free of
      distortion.
PAR  In a desirable construction of the invention, the compensating means
      includes a differential amplifier having a first current input operatively
      connected to receive the input informational signal while a second current
      input is operatively connected to receive the output informational signal.
      The compensating differential amplifier thus responds to the input and
      output informational signals to provide a compensating current output in
      response to sensed distortion to modify the intermediate signal output
      provided by the first amplifying means. In a highly desirable
      construction, the second current input to the compensating differential
      amplifier includes a variable impedance which is selectively adjusted to
      provide a null compensating current output in response to the lack of
      distortion. The compensating differential amplifier is preferrably
      connected to a constant current source so that the control supplied by the
      first and second current inputs regulates the supply of compensating
      output current to the summing means where it is summed with the output
      current signal supplied by the first amplifying means.
PAR  A desirable construction utilizes an input differential amplifier in
      combination with the compensating differential amplifier to, in effect,
      provide double compensation for sensed distortion existing between the
      output and input informational signals. The input differential amplifier
      is preferrably connected to a constant current source and provides a first
      current input operatively connected to receive the input informational
      signal and a second current input operatively connected to receive the
      output informational signal to thereby provide the differential output
      current signal. A predetermined impedance is employed in the current
      feedback circuit to the second current input of the input differential
      amplifier to ensure that the differential output current is not nulled to
      zero although a reduced current feedback will have the effect of providing
      certain desirable distortion compensation such as found in some prior art
      audio power amplifiers. The invention thus provides a highly desirable and
      novel double distortion compensating scheme wherein distortion is roughly
      compensated within the input differential amplifying stage while the
      compensating differential amplifier is adjusted and designed to provide a
      highly exacting form of compensation to eliminate or substantially
      eliminate all distortion within the operating circuit.
PAR  In the preferred construction, the input differential amplifier includes a
      first transistor having an emitter circuit connected to a first constant
      current source and a base circuit connected to operatively receive the
      output informational signal through a first predetermined impedance. A
      second transistor circuit within the input differential amplifier also has
      an emitter circuit connected to the first constant current source and a
      base circuit connected to operatively receive the input informational
      signal while the collector circuit supplies an intermediate amplified
      signal to a summing circuit. The compensating differential amplifier
      includes a third transistor having an emitter circuit connected to a
      second constant current source and a base circuit connected to operatively
      receive the output informational signal through a second predetermined
      impedance including a selectively variable resistor. A fourth transistor
      within the compensating differential amplifier provides an emitter circuit
      also connected to the second constant current source and a base circuit
      connected to operatively receive the input informational signal and a
      collector circuit providing a compensating output in response to sensed
      distortion to the summing circuit. The amplified intermediate signal
      provided by the input differential amplifier and the compensating signal
      provided by the compensating differential amplifier are thus summed at the
      summing circuit to provide an amplified compensated signal to the output
      amplifying stages which may be connected to drive one or more speakers if
      desired for audio reproduction substantially free of distortion.
PAR  The output amplifyiing circuitry desirably provides a pair of output
      transistors connected in push-pull arrangement and each having a collector
      circuit directly connected to a speaker for providing audio sound waves
      which are substantially free of distortion. While the invention embodies a
      transformerless connection between the audio power amplifier and the
      speaker, it is understood that a coupling transformer could be employed
      with certain aspects of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawing furnished herewith illustrates the best mode presently
      contemplated by the inventor and clearly discloses the above advantages
      and features as well as others which will be readily understood from the
      detailed description thereof.
PAR  In the drawing:
PAR  the single FIGURE is an electrical circuit schematic and block
      diagrammatical illustration showing an electrical audio power amplifier
      connected to receive an informational input signal supplied from a
      pre-amplifying stage operating with a pick-up device and functioning to
      supply an informational output signal to drive a speaker system.
DETD
PAC  DESCRIPTION OF THE PREFERRED ILLLUSTRATED EMBODIMENT
PAR  Referring to the drawing, a power amplifier 1 is connected to an input lead
      2 to receive an input informational signal from a pre-amplifier stage 3
      which, in turn, operates in response to a signal input supplied through a
      lead 4 from a signal input device 5. The power amplifier 1, in turn,
      provides an output informational signal through a single ended output lead
      6 to a speaker 7. The signal input device 5 can constitute any one of a
      number of pick-up devices such as a magnetic phono cartridge, a tape head
      or other translating device well known in the art for converting
      mechanical oscillations, magnetic flux or other electro-magnetic signals,
      for example, to a corresponding electrical signal for conduction through
      the lead 4 to pre-amplifier 3. The pre-amplifier 3 can constitute a
      conventional circuit configuration which preferrably operates to increase
      the signal level appearing at lead 4 and provide compensation if required
      to equalize the input informational signal at lead 2 to provide a constant
      output for a given frequency. Many desirable pre-amplifiers could be
      employed with the invention such as selected from those set forth in the
      G.E. Transistor Manual, Sixth Edition, and published by the General
      Electric Company.
PAR  The audio power amplifier 1 includes an input differential amplifier 8
      which includes a PNP type transistor 9 having a base input circuit 10
      connected to the input lead 3 through a D.C. blocking capacitor 11 and a
      collector circuit 12 connected to a constant D.C. negative potential
      source lead 13 through a resistor 14. An emitter circuit 15 of the
      transistor 9 is connected to a collector circuit 16 of a PNP type
      transistor 17 operating as a constant current source. An emitter circuit
      18 of the transistor 17 is connected to a constant D.C. positive potential
      source lead 19 through a resistor 20 while a base circuit 21 is connected
      to a junction circuit 22 providing a constant input control signal as
      described more fully hereinafter. A PNP type transistor 23 is part of the
      differential amplifier 8 and includes an emitter circuit 24 connected to
      the collector circuit 16 of transistor 17 providing the constant current
      source. A collector circuit 25 is connected to the negative voltage source
      lead 13 through a resistor 26. A base circuit 27 is electrically connected
      to the output lead 6 through a resistor 28 and is also connected to the
      system reference potential or ground through a resistor 29 in conventional
      voltage divider configuration. The base circuit 10 of transistor 9 is also
      connected to the system reference potential or ground through a resistor
      30.
PAR  The collector circuit 12 of the input transistor 9 is coupled to a first
      output amplifying stage 31 operating as a class A amplifier and
      specifically is connected to a base circuit 32 of a NPN type transistor
      33. An emitter circuit 34 of the transistor 33 is connected to the
      negative voltage lead 13 through a resistor 35 while a collector circuit
      36 is connected to the cathode 37 of a temperature responsive diode 38.
PAR  A PNP type transistor 39 also forms a part of the amplifying stage 31 and
      includes a base circuit 40 connected to the constant signal input 22 and
      an emitter circuit 41 connected to the positive voltage lead 19 through a
      resistor 42. A collector circuit 43 of the transistor 39 is connected to
      an anode circuit 44 of a temperature responsive diode 45 which, in turn,
      provides a cathode circuit 46 connected to an anode circuit 47 of the
      diode 38 through a variable resistor 48.
PAR  The constant control signal junction 22 is connected to the positive
      voltage lead 19 through a Zener diode 49 and to the negative voltage lead
      13 through a resistor 50 for providing a clamped and highly regulated
      constant voltage signal.
PAR  The first output amplifying stage 31 including the transistors 33 and 39
      together with the temperature responsive diodes 38 and 45 are coupled to a
      second output amplifying stage 51 including aa PNP type transistor 52 and
      a NPN type transistor 53. Specifically, the transistor 52 provides a base
      circuit 54 connected to the collector circuit 36 of transistor 33 and a
      collector circuit 55 connected to the negative voltage lead 13 through a
      resistor 56. An emitter circuit 57 of the transistor 52 is connected to
      the output lead 6 and also connected to the base circuit 27 of the input
      differential amplifier 8 through the resistor 28. The transistor 53
      provides a base circuit 58 connected to the collector circuit 43 of the
      transistor 39 and a collector circuit 59 connected to the positive voltage
      lead 19 through a resistor 60. An emitter circuit 61 of the transistor 53
      is connected to the output lead 6 and to the base circuit 27 of the input
      differential amplifier 8 through the resistor 28.
PAR  A power amplifying stage 62 includes a NPN type power transistor 63 and a
      PNP type power transistor 64 coupled to provide an output to the speaker
      7. Specifically, the transistor 63 provides a base circuit 65 connected to
      the collector 55 of transistor 52 and an emitter circuit 66 connected to
      the negative voltage lead 13 through a resistor 67. A collector circuit 68
      is connected to the output lead 6 and to the resistor 28. A base circuit
      69 of the transistor 64 is connected to the collector circuit 59 of
      transistor 53 while an emitter circuit 70 is connected to the positive
      voltage lead 19 through a resistor 71. The transistor 64 also provides a
      collector circuit 72 connected to the output lead 6. The amplifying stage
      62 including transistors 63 and 64 thus operates in a single-ended class B
      push-pull arrangement while the transistors 52 and 53 of amplifying stage
      51 operate in a class B arrangement in the Darlington connection to
      increase the current gain.
PAR  A compensating differential amplifier 73 includes a PNP type amplifying
      transistor 74 and a PNP type amplifying transistor 75 which operates in
      differential fashion in combination with a constant current source 76
      including a PNP type transistor circuit 77. A base circuit 78 of the
      transistor 74 is connected to the base circuit 10 of transistor 9 and thus
      is connected to the input lead 2 through the D.C. blocking capacitor 11. A
      collector circuit 79 of transistor 74 is connected to a summing circuit 80
      which, in turn, is also connected to the collector circuit of transistor 9
      of the input differential amplifier 8. An emitter circuit 81 of the
      transistor 74 and an emitter circuit 82 of the transistor 75 are connected
      in common to a collector circuit 83 of the transistor 77 providing the
      constant current source 76. A collector circuit 84 of the transistor 75 is
      connected to the negative voltage lead 13 through a resistor 85 while a
      base circuit 86 is connected to an adjustable tap 87 of a variable
      potentiometer 88. The potentiometer 88 includes a first output lead 89
      connected to the system reference potential or ground through a resistor
      90 and a second output 91 is connected to the output lead 6 through a
      fixed resistor 92. An emitter circuit 93 of the transistor 77 is connected
      to the positive voltage lead 19 through a resistor 94 while a base circuit
      95 of the transistor 77 is connected to the constant signal junction 22.
PAR  In operation, an input informational signal generally in the audio range is
      supplied to the audio power amplifier 1 through the input lead 2 with
      accompanying D.C. components being blocked or filtered by the capacitor
      11. The constant current transistor 17 operating in response to the fixed
      input control from 22 supplies an operating current to transistor 9 which,
      in turn, provides an amplified output to the summing circuit 80 through
      the collector circuit 12 in response to the input informational signal
      appearing at base circuit 10. Such an intermediate amplified output at 80
      is amplified by the stages 31, 51 and 62 to provide an output
      informational signal which is supplied to the speaker 7 through the output
      lead 6. The output informational signal is feedback through a first
      feedback circuit 96 to control the conduction of the transistor 23.
PAR  In actual design construction, the fedback signal is scaled by the voltage
      divider including the resistors 28 and 29 to provide a base input at 27
      providing a magnitude which is sufficiently less than the magnitude of the
      input informational signal appearing at the base circuit 10 in order to
      provide a differential output at the collector circuit 12. Equal magnitude
      signals appearing at base circuits 10 and 27 would result in a null output
      to the summing circuit 80 thus rendering the power amplifier 1
      undesirable.
PAR  Such first level distortion compensation is provided in the differential
      amplifier 8 by varying the current conduction through the transistor 23 in
      response to the output informational signal to reduce in magnitude similar
      frequency components existing in the differential output at 12 and also
      partially provide compensation for sensed distortion components. The
      feedback circuit 96 thus provides certain compensation to partially
      eliminate non-linear and inter-modulation distortion although complete
      distortion elimination is impossible because of the requirement of the
      differential output to the summing circuit 80.
PAR  The differential amplifier within the compensating circuit 73 receives the
      output informational signal through a feedback circuit 97 and specifically
      through a voltage dividing network including fixed resistors 90 and 92 and
      the variable potentiometer 88. The constant current source 76 supplies a
      first current signal in response to the input informational signal through
      the transistor 74 to the summing circuit 80 and a second current signal
      through the transistor 75 in response to the output informational signal.
      In operation, the tap 87 is adjusted and set so that an input
      informational signal appearing at the base circuit 78 in phase with the
      output informational signal appearing at the base circuit 86 will supply a
      null output to the summing circuit 80. The compensating circuit 73 senses
      when distortion is not present and will not effect the differential output
      provided by the differential amplifier 8.
PAR  Non-linear or inter-modulation distortion occurring in the output
      informational signal as supplied through the feedback circuit 97 to the
      base circuit 86 effectively unbalances the compensating circuit 73 so that
      a compensating current signal is supplied to the summing circuit 80
      through the collector circuit 79. In such manner, the differential output
      supplied from the transistor 9 to the summing circuit 80 is compensated
      according to the sensed distortion in the output informational signal to
      thereby provide an output informational signal substantially free of
      distortion. It should be understood that one or more amplifying stages,
      impedance matching circuits or both could be connected between the
      collector circuit 79 and the summing circuit 80 for proper operation.
PAR  The invention provides a highly desirable circuit for correcting non-linear
      and inter-modulation distortion within an audio power amplifier which is
      highly desirable for use in sound amplifying systems where hi-fidelity is
      of utmost importance.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A power amplifier for receiving an input informational signal and
      providing an amplified output informational signal, comprising first
      amplifying means including a first amplifier having an input receiving
      said input informational signal and an output providing an amplified
      intermediate output signal in response to said input informational signal,
      second amplifying means including a second amplifying stage having an
      input connected to said amplifier output and a third amplifying stage
      connected in series electrical circuit with said second stage and
      providing said amplified output informational signal in response to said
      intermediate signal, and compensating means sensing distortion between
      said input and output informational signals and connected to said first
      amplifier output and selectively modifying said intermediate signal for
      eliminating said distortion.
NUM  2.
PAR  2. The power amplifier of claim 1, wherein said compensating means includes
      a differential amplifier having a first current input operatively
      receiving said input informational signal and a second current input
      operatively receiving said output informational signal and providing a
      compensating current output modifying said intermediate signal.
NUM  3.
PAR  3. The power amplifier of claim 2, wherein said second current input is
      operatively connected to an output of said second amplifying means through
      a variable impedance selectively adjusted to provide a null compensating
      current output in response to the lack of distortion.
NUM  4.
PAR  4. A power amplifier for receiving an input informational signal and
      providing an amplified output informational signal, comprising an input
      amplifier connected to receive said input informational signal and
      providing a first current signal at an output of said amplifier, means
      providing a second current signal varying in response to said input and
      output informational signals, summing means connected to said amplifier
      output and directly summing said first and second current signals and
      providing a compensated output signal, and means amplifying said
      compensated output signal and including a plurality of amplifying stages
      for providing said output informational signal substantially free of
      distortion.
NUM  5.
PAR  5. The power amplifier of claim 4, wherein said second current signal means
      includes a differential amplifier connected to a constant current source
      and including a first current input operatively connected to receive said
      input informational signal and a second current input operatively
      connected to receive said output informational signal and an output
      supplying said second current signal to said summing means.
NUM  6.
PAR  6. A power amplifier for receiving an input informational signal and
      providing an amplified output informational signal, comprising first
      amplifying means having a first input operatively connected to receive
      said input informational signal and a second input operatively connected
      to receive said output informational input signal and providing a
      differential output, second amplifying means operatively connected to
      receive said differential output and providing said output informational
      signal, and compensating means having a first input operatively connected
      to receive said informational input signal and a second input operatively
      connected to receive said output informational signal and providing a
      compensating output operatively connected to said differential output and
      compensating said informational output signal for eliminating distortion.
NUM  7.
PAR  7. The power amplifier of claim 6, wherein said differential output and
      said compensating output are summed to provide an input to said second
      amplifying means.
NUM  8.
PAR  8. An electrical power audio amplifier for receiving an input informational
      signal and providing an amplified output informational signal, comprising
      a first differential amplifier having first and second current amplifying
      means each having an input connected to a common output of a first
      constant current source with said first amplifying means conducting a
      first current signal in response to said output informational signal and
      said second amplifying means conducting a second current signal in
      response to said input informational signal and said first current signal,
      a second differential amplifier having third and fourth amplifying means
      each having an input connected to a common output of a second constant
      current source with said third amplifying means conducting a third current
      signal in response to said output informational signal and said fourth
      amplifying means conducting a fourth current signal in response to said
      input informational signal and said third current signal, summing means
      providing an intermediate output signal in response to said second and
      fourth current signals, and output amplifying means providing said
      amplified output informational signal in response to said intermediate
      output signal and substantially free of distortion.
NUM  9.
PAR  9. The power amplifier of claim 8, wherein said first current amplifying
      means including a first transistor circuit having a first emitter circuit
      connected to said first constant current and a first base circuit
      connected to operatively receive said output informational signal through
      a first predetermined impedance, said second current amplifying means
      including a second transistor circuit having a second emitter circuit
      connected to said first constant current source and a second base circuit
      connected to operatively receive said input informational signal and a
      second collector circuit connected to said summing means, said third
      current amplifying means including a third transistor circuit having a
      third emitter circuit connected to said second constant current source and
      a third base circuit connected to operatively receive said output
      informational signal through a second predetermined impedance including a
      selectively variable resistor, and said fourth current amplifying means
      including a fourth transistor circuit having a fourth emitter circuit
      connected to said second constant current source and a fourth base circuit
      connected to operatively receive said input informational signal and a
      fourth collector circuit connected to said summing means.
NUM  10.
PAR  10. The power amplifier of claim 8, wherein said second amplifying means is
      operatively connected to a preamplifier for receiving said input
      informational signal and said output amplifying means is operatively
      connected to supply said output informational signal to a speaker for
      converting said input informational signal to audio sound waves
      substantially free of distortion.
NUM  11.
PAR  11. The power amplifier of claim 8, wherein said output amplifying means
      includes a pair of output transistors connected in a push-pull arrangement
      and each having a collector circuit directly connected to a speaker for
      converting said input informational signal to audio sound waves
      substantially free of distortion.
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PAL  A noise generator system is described in which the amplitude of a noise
      source is stabilized by a feedback loop to an automatic gain control
      circuit, and wherein the output of the system is time controlled by means
      of a differential pair amplifier.
BSUM
PAR  This invention relates to noise generator systems and, more particularly,
      to a noise generator system wherein accurate stabilization and time
      controlled output may be provided.
PAR  Noise generator systems utilizing, as input, a random noise source are
      employed in a wide variety of circumstances. Random noise sources are
      utilized as test equipment and as operational system components for
      various applications, such as statistical testing, frequency response
      testing of circuits and systems, interference testing, electroacoustics
      measurements, and calibration tests. For example, in the testing and
      calibration of statistical type channels for neutron flux measurement, it
      is necessary to simulate the random noise produced by a radiation detector
      and to stabilize and control this random noise over a wide range.
PAR  In many prior art noise generator systems, instability is an inherent
      problem due to a wide variety of reasons including temperature dependence.
      For many applications, such as instrumentation, this inherent instability
      is unsatisfactory. This is especially true where some form of control of
      the noise signal is desired over a wide dynamic range.
PAR  It is an object of the present invention to provide an improved noise
      generator system.
PAR  Another object of the invention is to provide a noise generator system
      which is inherently stable.
PAR  It is another object of the invention to provide a noise generator system
      wherein the output may be controlled over a wide dynamic range.
PAR  It is a further object of the invention to provide an improved noise
      generator system in which provision is made for amplitude stabilization
      and time control of the amplitude.
DRWD
PAR  Other objects of the invention will become apparent to those skilled in the
      art from the following description, taken in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a partially schematic, partially block diagram of a noise
      generator system constructed in accordance with the invention; and
PAR  FIG. 2 is a schematic diagram of one type of time control circuit which may
      be used in connection with the system of FIG. 1.
DETD
PAR  Very generally, the noise generator system of the invention comprises a
      noise source 11 and amplifier means 12 connected to the noise source and
      including automatic gain control means responsive to an applied voltage. A
      feedback loop 13 is coupled between the output of the amplifier means and
      the input of the automatic gain control means. The feedback loop includes
      means 14 and 15 for producing a voltage representative of the difference
      between the output of the amplifier means and a reference voltage. A time
      controlled output may be provided by the utilization of a differential
      amplifier 16 which is fed by the stabilized noise signal. A time varying
      signal is applied to one input 17 of the differential amplifier to provide
      a time controlled noise output at the output thereof.
PAR  Referring now more particularly to FIG. 1, the noise source 11 may be any
      of a variety of things. For example, the noise source 11 may comprise a
      resistor made of a semi-conducting material and carrying a current. In any
      case, the production of random noise signals either from a given set of
      naturally occurring phenomena or as a generator process is well known.
PAR  The output of the noise source 11 is coupled to an a-c amplifier 12. The
      a-c amplifier has a built-in automatic gain control circuit, as is known
      in the art, and provides an amplified output of the noise signal from the
      noise source 11 at the junction 21.
PAR  The feedback loop 13 is used to amplitude stabilize the noise source by
      controlling the gain of the amplifier 12. The feedback loop 13 includes a
      squarer and filter circuit 14, which may be of any suitable type known in
      the art. The squarer and filter circuit 14 squares and filters the output
      from the a-c amplifier 12, providing a d-c output voltage which is
      proportional to the mean square output of the a-c amplifier 12.
PAR  The output of the squarer and filter circuit 14 is applied to the d-c error
      amplifier 15. The d-c error amplifier may be of any suitable construction
      known in the art and operates to compare the output of the squarer and
      filter 14 with a reference d-c voltage v.sub.R provided by the reference
      voltage source 23. The difference between the output voltage of the
      squarer and filter 14 and the reference voltage at the source 23 is then
      amplified by the d-c error amplifier 15 and applied to the automatic gain
      control circuit of the a-c amplifier 12. The automatic gain control
      circuit of the a-c amplifier 12 is responsive to a d-c control voltage to
      regulate the gain of the amplifier. Thus, the output of the amplifier 12
      is stabilized to provide a stable amplitude noise signal at the junction
      21.
PAR  The output voltage of the amplifier 12, which is kept at a constant mean
      square voltage as a result of the feed back loop 13, is applied to an
      output a-c amplifier 25. The amplifier 25 may be of any suitable
      construction to provide drive capability. The amplifier 25 may also
      provide for amplitude adjustment to produce an output signal whose level
      can be continuously adjusted.
PAR  For certain applications, it is desirable that the noise generator system
      output be variable in accordance with a specific function or on a time
      related base. To this end, the differential pair amplifier 16 is used. The
      amplifier 16 includes a pair of NPN transistors 27 and 29 having their
      emitters connected to a common junction 31. The collector of the
      transistor 27 is connected directly to a source 33 of positive voltage,
      and the collector of the transistor 29 is connected through a resistor 35
      to the same source. The junction 37 between the resistor 35 and the
      collector of the transistor 29 provides the output of the differential
      pair amplifier 16. The base of the transistor 29 is grounded and the base
      of the transistor 27 is connected to the input terminal 17 of the
      differential pair amplifier.
PAR  The bias or current source for the differential pair is provided by a
      transistor 39 which is an NPN transistor having its collector connected to
      the junction 31 and having its emitter connected through a resistor 41 to
      a reference negative voltage source 42.
PAR  For the differential pair shown in FIG. 1, the output voltage at the
      junction 37 is equal to the expression:
      ##EQU1##
      Where: R.sub.c = the resistance of the resistor 35
PA1  R.sub.e = the resistance of the resistor 41
PA1  V.sub.2 = the input voltage to the terminal 17
PA1  V.sub.t = kt/q, and
PA1  V.sub.1 = the input voltage to the base of the transistor 39.
PAR  If e.sup.V.sbsp.2/V.sbsp.t &gt;&gt;1,
PAL  then the voltage out is:
      ##EQU2##
PAR  Thus, the output of the differential pair amplifier 16 is a function of the
      input voltage V.sub.1 and a function of the voltage V.sub.2 at the
      terminal 17. If the input voltage V.sub.1 is the stabilized noise source
      output and if the voltage V.sub.2 applied to the terminal 17 is some time
      varying signal, the output of the circuit will be a time controlled noise
      output.
PAR  An example of a circuit for applying a signal to the terminal 17 of FIG. 1
      which will cause an exponential variation of the output of the amplifier
      25 is shown in FIG. 2. Such an exponential variation is useful, for
      example, in testing and calibrating log mean square nuclear channels for a
      nuclear reactor. The circuit of FIG. 2 includes a fixed resistor 43 and a
      variable resistor 44 connected in series between a source 46 of positive
      voltage and ground. The tap of the resistor 44 is connected through a
      fixed resistor 48 to the input of a suitable conventional amplifier 49.
      The output of the amplifier 49 is connected through a fixed resistor 51 to
      the junction between two fixed resistors 53 and 55. The fixed resistors 53
      and 55 are series connected between the positive voltage 46 and ground.
      The output terminal of the circuit is indicated at 57. A capacitor 59 is
      connected across the amplifier 49 and is shunted by a switch 61.
PAR  The circuit of FIG. 2 produces a negative ramp voltage at the terminal 57
      as a result of the capacitor 59 and the resistors 43, 44 and 48. The
      switch 61 is temporarily closed to start the circuit in production of the
      negative ramp. The negative ramp produced by the amplifier 49 is summed
      with a positive d-c off-set by the resistors 51, 53 and 55, indicated as
      V.sub.3. The terminal 57 is connected to the terminal 17 so that V.sub.3 =
      V.sub.2.
PAR  The voltage applied by the circuit of FIG. 2 at the terminal 17, V.sub.2,
      is of the form V.sub.k -.alpha.t. If this expression is substituted into
      the previous equation set out for V.sub.o, the equation becomes:
      ##EQU3##
PAR  The above expression indicated that exponential time control over the fixed
      noise input V.sub.1 is produced as a result of connecting the output of
      the circuit of FIG. 2 to the terminal 17. With voltages other than a d-c
      shifted ramp such as produced by FIG. 2 applied as the time function
      control voltage to the terminal 17, a multitude of different time
      controlled noise outputs is obtainable. In addition, the terminal 23
      voltage may be used to provide linear control.
PAR  It may, therefore, be seen that the invention provides an improved noise
      generator system in which amplitude stabilization is achieved by coupling
      the noise source output to an amplifier, the gain of which is stabilized
      by a feedback loop that includes a squaring and filtering circuit coupled
      to the output of the amplifier. After filtering, the feedback signal is
      coupled to a d-c amplifier which compares the feed back signal with a
      reference potential. The error voltage thus generated at the output of the
      d-c amplifier is applied to the noise amplifier to control the gain
      thereof. Exponential time control of the noise source is achieved by
      coupling the noise signal into the current source of a differential
      amplifier and also coupling a ramp voltage to one input of the
      differential amplifier to produce a noise signal output that grows
      exponentially with time. Other time related functions are also obtainable
      with suitable time varying signal inputs.
PAR  Various modifications of the invention in addition to those shown and
      described herein will become apparent to those skilled in the art from the
      foregoing description and accompanying drawings. Such modifications are
      intended to fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A noise generator system comprising, a noise source, amplifier means
      including automatic gain control means responsive to an applied voltage,
      means for applying the output of said noise source to the input of said
      amplifier means, and a feed back loop coupled between the output of said
      amplifier means and the input of said automatic gain control means, said
      feed back loop including means for producing a voltage representative of
      the difference between the output of said amplifier means and a reference
      voltage.
NUM  2.
PAR  2. A noise generator system according to Claim 1 wherein said feed back
      loop includes squaring means for squaring the output of said amplifier
      means, filter means for producing a d-c voltage from such squared output,
      and a d-c error amplifier for producing a voltage representative of the
      difference between the d-c voltage output of said filter means and a
      reference voltage.
NUM  3.
PAR  3. A noise generator system according to Claim 1 including a differential
      pair amplifier, means coupling said amplifier means to bias said
      differential pair amplifier, and means coupled to one input of said
      differential pair amplifier for applying a time varying signal thereto to
      produce a time controlled noise output for said differential pair
      amplifier.
NUM  4.
PAR  4. A noise generator system according to Claim 3 including a further a-c
      amplifier coupled to the output of said differential pair amplifier.
NUM  5.
PAR  5. A noise generator system according to Claim 3 wherein said time varying
      signal applying means comprise means for applying a negative ramp voltage
      to cause the output of said differential pair amplifier to be exponential.
NUM  6.
PAR  6. A noise generator system comprising, a noise source, amplifier means
      including automatic gain control means responsive to an applied voltage,
      means for applying the output of said noise source to the input of said
      amplifier means, a feed back loop coupled between the output of said
      amplifier means and the input of said automatic gain control means, said
      feed back loop including means for producing a voltage representative of
      the difference between the output of said amplifier means and a reference
      voltage, a differential pair amplifier, means coupling said amplifier
      means to bias said differential pair amplifier, and means coupled to one
      input of said differential pair amplifier for applying a time varying
      signal thereto to provide a time controlled noise output at the output of
      said differential pair amplifier.
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ABST
PAL  The generation of controlled, electromagnetic, coherent, microwave
      radiation from a warm, uniform plasma at approximately twice the plasma
      frequency by means of a source of high energy electrons being directed
      into a plasma and coupling the resultant energy from a cavity resonator to
      external circuitry.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalty
      thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to microwave, electromagnetic radiation
      and more particularly to a method and apparatus for producing controlled,
      coherent microwave radiation from a warm, uniform plasma at approximately
      twice the plasma frequency.
PAR  Previously, experimental evidence and research had indicated that warm,
      uniform plasma was capable of incoherent radiated power caused by
      scattering of plasma waves by density fluctuations. Further, when
      longitudinal electrostatic waves are excited in the plasma, the attendant
      scattering, known as Rayleigh scattering, consists of two components (a) a
      strong longitudinal electrostatic component which remains in the plasma
      volume and (b) a comparatively weak, transverse, electromagnetic
      component, a part or all of which radiates out of the plasma. Also noted
      has been the phenomenon known as Raman scattered waves, which are
      transverse, electromagnetic; however, they are much weaker than the
      transverse Rayleigh scattered component. We have discovered the means for
      controlling Raman scattered components by intensifying the energy density
      of the Rayleigh scattered longitudinal wave above a certain threshold
      value. The Raman scattering under these conditions becomes stimulated
      rather than spontaneous and is amplified coherently to yield intense
      radiation from the plasma. This process although vaguely similar, is not
      an exact analogy to the quantum stimulated Raman emission process.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a technique and apparatus for producing controlled,
      coherent, microwave, electromagnetic radiation from a warm, uniform plasma
      at approximately twice the frequency of the plasma by directing high
      energy electrons into a plasma and providing means for coupling the energy
      to appropriate circuitry.
PAR  Accordingly, it is a primary object of this invention to provide a method
      and apparatus for producing electromagnetic energy of a controlled nature
      to radiate from a plasma.
PAR  It is another object of this invention to provide a technique and apparatus
      for producing electromagnetic radiation at approximately twice the plasma
      frequency.
PAR  It is still another object of this invention to provide an apparatus which
      directs high energy electrons into a plasma and couples the resultant
      radiated energy at approximately twice the plasma frequency to external
      circuitry.
PAR  It is a further object of this invention to provide electromagnetic
      radiation by causing the energy density of Rayleigh scattered longitudinal
      waves to exceed a certain threshold to stimulate Raman scattering.
PAR  It is a still further object of this invention to provide for the
      generation of electrostatic waves within a plasma whereby the amount of
      electromagnetic power stimulated by Raman scattering increases with the
      product of the electron beam power and electron beam current.
PAR  These and other advantages, features and objects of the invention will
      become more apparent from the following description taken in connection
      with the illustrative embodiment in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram schematically depicting the conceptualization of
      this invention; and
PAR  FIG. 2 is a schematic representation of a preferred embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 there is shown at 10 a source of directed high energy
      electrons which may be produced either by a low pressure electrical
      discharge (to produce a double hump velocity distribution) or by means of
      an electron beam. This source of directed high energy electrons is applied
      to a plasma indicated at 12 which may be either discharge generated or
      electron beam generated. A cavity resonator and coupling to external
      circuitry is indicated at 14 for obtaining the energy from the system to
      put it to practical usage. Low frequencies would require conventional
      electromagnetic cavities, waveguides or coaxial cables while high
      frequencies could use quasi-optical cavities and either conventional
      and/or dielectric waveguides.
PAR  It is known that the plasma frequency is proportional to the square root of
      the electron density. Thus, tunable output frequencies may be obtained by
      varying a strong electron beam or by varying the discharge current
      density, or both. The preferred embodiment of the conceptualization of
      FIG. 1 is illustrated in FIG. 2 whereby the source of directed high energy
      electrons 10 (at the right of the Figure), the plasma 12 and the coupling
      arrangement at 14 are applied to blocks correlating these components with
      those of FIG. 1.
PAR  The electron beam is utilized to provide the source of directed, high
      energy electrons and comprises an electron beam generating chamber 16
      having therein an electron beam apparatus with a conventional electron
      beam cathode assembly 18 and a grounded stainless steel electron beam high
      voltage anode at 20. Forming the chamber are a set of opposed nonmagnetic
      flanges 22 and 24 which comprise the mounts for the cathode 18 and anode
      20, respectively. Between the flange assemblies 22 and 24 are glass walls
      25 sealed with epoxy or to Kovar in a conventional manner. An exhaust port
      26 is attached by means of nonmagnetic flanges 28 for connection with a
      vacuum pump. The generated electron beam is focused by means of
      conventional electrostatic focusing (not shown) or by means of a magnetic
      beam focusing coil 30 which surrounds a stainless steel or other
      nonmagnetic cylindrical chamber 32, which is secured between the flange
      assembly 24 and a flange assembly 34, and also by a focusing coil (not
      shown) within the anode 20. Power is supplied in any conventional manner
      to the cathode assembly 18 at 18a for operation of the electron beam
      generating system. The device, thus far described, is conventional and may
      be purchased off the shelf from a number of companies, (e.g., the electron
      beam device may be a Pierce gun). It is desirable to have a good, broad,
      thick beam which is more dense on the outer portions of the beam to
      improve plasma uniformity, since the edges of the plasma diffuse to the
      walls. It should also have sufficient penetrating power to go through the
      tube or cylinder 32 and through the plasma chamber 47. The electron beam
      density must be of the order of only a few percent (less than 5%) of the
      total plasma electron density in order to produce mass and charge
      inhomogeneities in the plasma to scatter the electrostatic waves to
      produce electromagnetic radiation. It is also desirable to keep the
      collision frequency of the electrons from the source and plasma with the
      plasma constituents low and to pulse the beam generating source to obtain
      high energy and high densities. The pressure of the gas forming the plasma
      must produce a collision frequency which is significantly lower than the
      plasma frequency. Large differences are desirable. The collision frequency
      must be small in order to avoid damping of the electrostatic (Langmuir)
      waves.
PAR  The electron beam source 10 directs its energy to the plasma at 12 which
      has a conventional cathode at 40 which may be pulsed or may provide a
      continuous discharge. Pulsed or continuous power is supplied by means of
      the wire shown at 42. Nonmagnetic flanges, here shown at 44, provide the
      mounting for the cathode 40 and the connection with the low loss glass or
      quartz walls 46 forming the plasma chamber 47. A gas filling valve at 48
      connects the chamber with a gas source which may contain any ionizable gas
      such as argon, neon, etc. The gas should be inert to avoid energy loss and
      chemical reactions. The plasma utilized must be warm and relatively
      uniform, i.e., a partially ionized gas consisting of electrons, ions and
      neutral molecules. In this type of plasma mass and charge density
      fluctuations give rise to a number of small, locally inhomogenous regions
      throughout the plasma volume. Each of these regions scatters acoustical,
      electrostatic and electromagnetic waves spontaneously. The dimensions of
      the region are of the order of the volume swept out by the characteristic
      plasma (known as Debye) length. The regions contain large numbers of
      electrons and ions and are constantly expanding, contracting and rotating
      to produce a slow vibrational motion of the center of the mass of each
      region accompanied by faster rotational motion about the center of mass.
      These two types of periodic motions are at the characteristic ion and
      electron plasma frequencies, respectively, and are statistically
      independent in a plasma in dynamic equalibrium. The walls 46 of the
      chamber may be externally silvered or plated, as shown at 46a, for high
      frequency applications to form a metallic cavity which acts as a waveguide
      for the generated microwaves. This may be considered a part of the
      coupling 14 of FIG. 1 which surrounds the plasma 12. The end of the
      chamber adjacent the flange assembly 34 of the electron beam source 10 may
      have a foil mount 49 with a thin, nonmagnetic foil material window 50
      therein. The window material may, for example, be of titanium or aluminum
      foil and would be used to seal the chamber. The window material 50 may be
      eliminated by utilizing a continuous plasma gas flow with high capacity
      vacuum pumping at port 26 (e.g., differential pumping which insures a low
      press in chamber 16 so that an electron beam can be generated). The size
      of the window opening is small (below "cut-off" for microwave propagation)
      so that all of the microwave energy is reflected into the chamber. A
      flange shaped stainless steel element, shown secured to flanges 34, is
      illustrated at 52 and with the connected elements forms the anode of the
      plasma chamber. The opposite end of the plasma chamber 47 has a dielectric
      microwave window at 54 which is supported by a flange assembly 56 to
      enclose the plasma chamber. The dielectric 54 is chosen to extract the
      maximum of the microwave energy generated by the plasma even though part
      of the energy impinging thereon is reflected into the plasma chamber 47.
PAR  The cavity resonator formed by the silvering of walls 46 and the coupling
      to external circuitry is shown at 14 and includes a tapered waveguide
      transition 60 which is connected with a conventional output waveguide 62.
      An end flange 64 is secured to flange assembly 56 for joinder of this
      section with the plasma section 12.
PAR  The stimulated electromagnetic output from the system is inversely
      proportional to plasma electron temperature to the fourth power and is
      directly proportional to the fourth power of the energy of the nonthermal
      electron beam component of the electron energy distribution. The output is
      also proportional to the product of the beam current and the beam power.
      Since the beam electron density cannot exceed a few percent of the plasma
      electron density and since the output frequency is proportional to the
      square root of this latter density, the maximum attainable power output
      increases as the fourth power of the output frequency.
PAR  The ratio of generated power at about twice the plasma frequency to beam
      power is
      ##EQU1##
      where K = a constant = 3.68.10.sup.-.sup.20
PA1  j.sub.b = beam current density (amps/cm.sup.2)
PA1  L.sub.b = beam length in plasma (cms)
PA1  .alpha. = ratio of electrostatic wave phase velocity to the mean thermal
      velocity of the plasma electrons
PAR  From the foregoing it can be seen that the discharge plasma controls the
      plasma electron density and hence, the output frequency. The electron beam
      current density and the plasma electron density controls power output.
PAR  The threshold above which the energy density of Rayleigh scattered
      longitudinal waves is intensified is related to the input density field of
      plasma waves. The large amplitude of the Langmuir waves is caused by the
      high pump field (electron beam velocity dispersion). The energy level for
      plasma oscillation to produce the coherent radiation desired is dependent
      upon the plasma utilized. This threshold energy level is proportional to
      the plasma electron temperatures to the third power and is inversely
      proportional to the plasma electron density. It is also weakly
      proportional to the ratio of the mean plasma ion thermal velocity to the
      electron collision frequency in the plasma.
PAR  Thus .sup.W threshold .gtoreq.
      ##EQU2##
      where W = energy density of electrostatic waves in the plasma
PA1  A = constant = 756
PA1  m = means of the electron
PA1  N.sub.e = plasma electron density
PA1  v.sub.ti = thermal velocity of plasma ions
PA1  .nu.eff = effective collision frequency of plasma electrons
PAL  For a representative argon plasma where the temperature is of the order of
      45,000.degree.K and an electron density is the order of 1.6(10).sup.9
      (electrons/c.c.) and .nu.eff is 1.2(10).sup.6 /sec., the threshold energy
      density level is about 6.5(10).sup.-.sup.5 ergs/cms.sup.3.
PAR  Thus, there has been described a method and apparatus for producing
      coherent microwave radiation from a warm, uniform plasma at approximately
      twice the plasma frequency.
PAR  Although the invention has been described with reference to particular
      embodiments, it will be understood to those skilled in the art that the
      invention is capable of a variety of alternative embodiments within the
      spirit and scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of generating controlled, coherent microwave radiation from a
      warm, uniform plasma at approximately twice the plasma frequency
      comprising the steps of
PA1  directing high energy electrons into a plasma to excite longitudinal
      electrostatic waves in the plasma such that the energy density level of
      the said waves is sufficient to stimulate transverse electromagnetic wave
      radiation at approximately twice the plasma frequency and
PA1  coupling said electromagnetic energy for use in appropriate circuitry.
NUM  2.
PAR  2. A means for producing controlled, electromagnetic, coherent, microwave
      radiation from a warm, uniform plasma at approximately twice the plasma
      frequency comprising
PA1  a source of high energy electrons,
PA1  a plasma having its electron density at least twenty times the electron
      density from said source and coupled to said source for receiving high
      energy electrons therefrom to produce an electromagnetic wave output, the
      collision frequency of electrons from said source and said plasma being
      considerably lower than the plasma frequency to inhibit damping of the
      electromagnetic wave output and
PA1  means for coupling the stimulated energy from said plasma for its
      utilization.
NUM  3.
PAR  3. A device as defined in claim 2 wherein the energy level of plasma
      oscillation is sufficiently high to cause intensification of microwave
      radiation from said plasma at approximately twice its plasma frequency.
NUM  4.
PAR  4.  An apparatus for generating controlled coherent microwave radiation
      from a plasma at twice the plasma frequency comprising
PA1  a source of high energy electrons,
PA1  a plasma,
PA1  means forming a part of said source for directing said electrons into said
      plasma to excite longitudinal electrostatic waves in said plasma such that
      the energy density level of said waves is sufficient to stimulate
      transverse electromagnetic wave radiation at approximately twice the
      plasma frequency, and
PA1  means for coupling said energy from said plasma.
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ABST
PAL  A laser amplifier system having plural parallel paths for amplification of
      laser radiation from a single, stable laser oscillator. The plural paths
      of laser amplification are excited to produce sequential pulses of
      amplified output radiation that are interleaved by an optical combining
      system to produce a single path of amplified, pulsed radiation of
      increased repetition rate.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to laser amplifier systems and in particular to a
      system having plural, parallel paths of laser amplification of radiation
      from a single laser oscillator.
PAC  BACKGROUND OF THE INVENTION
PAR  In the technique of laser enrichment as shown, for example, in U.S. Pat.
      No. 3,772,519, or patent applications, Ser. No. 328,954, filed Feb. 2,
      1973 and Ser. No. 469,407, filed May 13, 1974, all assigned to the same
      assignee as the present application and all incorporated herein by
      reference, pulsed laser radiation is employed for isotopically selective
      excitation of a uranium vapor flow. In order to provide an increased pulse
      rate in the applied laser radiation for greater system efficiency, it has
      been suggested, as for example shown in copending U.S. Pat. application
      Ser. No. 438,029, filed Jan. 30, 1974, assigned to the same assignee as
      the present application and incorporated herein by reference, to employ a
      system of rotating optics to combine a time sequence of radiation pulses
      from a plurality of radiation paths onto a single combined path of
      radiation of increased pulse repetition rate. For use in this system,
      apparatus is desired for generating plural channels of pulsed laser
      radiation with the pulses for each channel related in a predetermined time
      pattern, and with well maintained stability and spectral consistency in
      the laser radiation of each channel so that the combined beam is suitable
      for efficient, isotopically selective photoexcitation.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with a preferred embodiment for the present invention a
      system is disclosed for generating a plurality of separate paths of pulsed
      laser radiation of suitable high intensity and spectral purity for
      efficient laser enrichment. In the disclosure of the preferred embodiment,
      a single, low power, pulsed or continuous dye laser is employed having an
      output beam of stabilized laser radiation which encompasses an absorption
      line for one isotope in the irradiated environment without correspondingly
      encompassing an absorption line for any other isotope type. The stabilized
      laser oscillator output is injected in parallel into a plurality of
      transverse pumped dye cell amplifiers which amplify at the frequency of
      the laser oscillator. The amplifiers include an elongated region of
      transversely pumped dye solution of small cross-sectional area for
      increased amplification. The transverse pumped dye cell is kept free of
      frequency determining elements, as well as feedback reflections so as not
      to impart any frequency change or instability in the amplification length
      of the dye cell that would otherwise destroy the spectral homogeneity
      imparted by the use of the single laser oscillator.
PAR  The plural dye cells in the parallel laser amplication paths are pulse
      excited by plural pump lasers in such a sequence as to provide an equal
      spacing between pulses from each dye cell, but with the pulses from all
      other dye cells staggered so as to permit subsequent optical combining of
      the pulses from the plural dye cells into a beam of combined laser pulses
      of equal pulse  pg,4 spacing and augmented pulse repetition rate.
PAR  In advance of the application of the pulses of amplified laser radiation
      from each dye cell to the beam combining optics, each amplified pulse may
      be elongated in duration for maximum efficiency of the enrichment system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other features of the present invention are more fully set forth
      below in a preferred embodiment of the present invention, presented for
      purposes of illustration and not by way of limitation, and in the
      accompanying drawing of which:
PAR  FIG. 1 is a waveform timing diagram useful in understanding the invention;
PAR  FIG. 2 is a system diagram of the laser amplification system according to
      the present invention;
PAR  FIGS. 3 and 4 are diagrams of a stabilized laser oscillator for use in the
      invention;
PAR  FIGS. 5 and 6 are orthogonal views of one of the plurality of dye cell
      amplifiers for use in the present invention;
PAR  FIG. 7 is a diagram of a laser pulse elongation system which may be used in
      the present invention; and
PAR  FIG. 8 is a diagram of an optical laser beam combining system for use in
      the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention contemplates a system for providing a plurality of
      laser beams of pulsed laser radiation with an intensity, stability and
      consistent spectral content for isotopically selective excitation of
      particles in a flowing environment. The plural beams of pulsed laser
      radiation are combined to permit the realization of a higher pulse rate
      for more complete excitation of the particles in the flowing environment.
PAR  The time pattern of pulses in the plural separate and single combined paths
      may best be understood with reference to FIG. 1, showing a laser pulse
      timing diagram. Plural beams of laser pulses of up to a significant
      fraction of a microsecond duration are illustrated in waveforms 12, 14, 16
      and 18, as are produced by each of the plurality of laser amplifiers in
      the present invention. The pulses from each amplifier as shown in
      waveforms 12-18 are combined to provide a composite output beam as
      illustrated by waveform 20 which consists of a series of equally spaced
      laser pulses at a repetition rate greater than the rate for any of the
      individual amplifiers 12-18 by a factor equal to the number of separate
      amplifier paths. Using the optical combining technique illustrated in the
      above-referenced U.S. Pat. application Ser. No. 438,029, it is possible to
      achieve repetition rates in the composite output beam as illustrated in
      waveform 20 in several tens of KH.sub.z which is desired for efficient
      isotope separation in uranium enrichment.
PAR  The combined beam illustrated by waveform 20 will require that each of the
      pulses have essentially the same spectral characteristics, i.e.,
      stability, center frequency and frequency spread, to insure a highly
      effective isotopically selective excitation is achieved with the laser
      radiation from the combined beam. Accordingly, it is necessary that small
      frequency shifts or other perturbations not occur in the plural amplifier
      channels required for producing the series of separate amplified pulses
      illustrated by waveform diagrams 12, 14, 16 and 18.
PAR  Apparatus for insuring this spectral homogeneity is illustrated with
      respect to FIG. 2 which is a system diagram of a laser oscillator and
      plural parallel amplifier systems for developing a set of amplified laser
      radiation beams of the type illustrated in waveform diagrams 12-18 and of
      further apparatus for lengthening pulse duration and for combining pulse
      paths to achieve the composite beam of pulses illustrated by waveform 20.
PAR  As shown in FIG. 2, a CW dye laser oscillator 22 is excited by an argon
      laser 24, typically for continuous laser beam generation at a precisely
      defined frequency and bandwidth for isotopically selective excitation of
      the uranium U-235 isotope. A frequency in the red-orange portion of the
      visible spectrum is typically selected for the output frequency of this
      oscillator in the case where three energy steps of isotopically selective
      photoexcitation is desired. The FIG. 2 type system may be used for any one
      or more of the energy steps. The argon excitation oscillator 24 may be a
      Spectra-Physics Model 165 or Model 170 depending upon power requirements.
PAR  The CW dye laser oscillator 22 will typically have an output power of
      approximately 10-100 mw. per channel of laser amplification to which it is
      applied. While it is preferable to employ a CW dye laser for the master
      oscillator 22, other lasers may be employed including pulsed lasers which
      have an output pulse rate at least corresponding to that illustrated in
      waveform 20.
PAR  From the CW dye laser 22 an output beam 26 is provided which has a highly
      stabilized accurate spectral characteristic. A specific, stabilized dye
      laser for the oscillator 22 may be as shown in copending U.S. Pat.
      application Ser. No. 434,078, filed Jan. 17, 1974 ; assigned to the same
      assignee as the present application and incorporated herein by reference.
      The details of such a system are illustrated with respect to FIGS. 3 and
      4, and include, typically, a tunable dye laser and cavity along with a
      feedback stabilization system for the laser radiation. In particular, a
      dye cell 30 contains a dye solution which forms the lasing medium and is
      associated wtih a cavity and tuning means to control the lasing frequency.
      The dye cell 30 is illustrated in greater detail in FIG. 4 and is shown to
      comprise first and second cell windows 32 and 34 having anti-reflective
      coatings thereon at the frequency of the desired laser radiation and held
      together through compression plates 36 and 38 and 0 ring seals 40. The dye
      solution used in the dye cell 30 as the lasing medium enters and exits the
      region between plates 32 and 34 in a continuous flow from a pump to a
      reservoir, not shown, through respective conduits 42 and 44.
PAR  Referring to FIG. 3, the lasing cavity in addition to dye cell 30 includes
      an output mirror 46 having a partially reflective concave surface 48 and a
      convex exterior lens 50 for divergence control on the laser beam. On the
      other side of cell 30, a lens 51 is also provided in the laser beam path
      to recollimate the radiation from cell 30 onto path 52 for reflection
      through the cavity. A dichroic mirror 54 is placed in the cavity and
      reflects the recollimated radiation through a controlled Fabry Perot
      etalon filter 56 which may typically be pivoted about a central axis 58
      and rotationally controlled by a piezoelectric element 60 in response to a
      signal on a line 62. The Fabry Perot filter typically comprises a set of
      fused silica windows placed parallel to define a cavity, with
      transmissivity increasing at cavity resonance points. the radiation
      passing through the Fabry Perot filter 56 will be fine tuned in frequency
      in correspondence with the angle of the etalon filter 56 as explained
      below. The cavity further includes a prism 64 on the far side of filter 56
      and a fully reflecting mirror 66 which together provide a coarse frequency
      definition of the laser radiation from the dye cell 30.
PAR  Excitation radiation to invert the energy state populations in the dye in
      cell 12 to a lasing condition is provided from the argon laser 24 through
      dichoric mirror 54 onto path 52. The superimposed argon laser radiation
      excites the dye medium in cell 30 to an excited energy condition. The
      particular transition to a narrow range of one or more lower level states
      is defined by the frequency to which the cavity is tuned, typically chosen
      to correspond to U-235 isotope absorption line for uranium enrichment. In
      accordance with this system, the lasing frequency will be narrowly defined
      and correspond to a particular absorption line for the desired isotope
      without correspondingly encompassing a neighboring absorption line for
      other isotope types. Appropriate uranium absorption lines for this purpose
      may be selected from published tabulations or basic spectroscopy in the
      red to orange portion of the visible sepctrum. Typically, the difference
      between absorption lines fot the U-235 and U-238 isotopes in this portion
      of the visible spectrum may be as little as a fraction of a wave number
      (cm.sup.-.sup.1).
PAR  A beam splitter 68 samples a portion, typically a small percentage, of the
      radiation in the output beam 26 and directs it through a stable Fabry
      Perot etalon filter 70. Filter 70 has a temperature control jacket 72 fed
      through tubing 74 from a temperature control bath 76. The bath is
      regulated to control the etalon filter temperature to within preferably a
      0.1.degree. centigrade. temperature variation.
PAR  The etalon filter 70 will typically include a spacer between filter mirrors
      or, generally, windows. The spacer is preferably formed of an ultra low
      expansion titanium silicate which may be commercially obtained with an
      expansion coefficient of approximately 3 .times. 10.sup.-.sup.8 /.degree.
      C at room temperature. Where temperature control of 0.1.degree. C is
      achieved, stability is better than one part in 10.sup.8 or 6 .times.
      10.sup.-.sup.5 angstroms in the approximate range of 6,000 angstroms.
PAR  The sampled radiation after passing through the etalon produces an
      interference pattern when imaged by a telescope 78 to a focus between a
      pair of photodetectors 80 and 82.
PAR  The Fabry Perot etalon filter 70 provides maximum transmissivity at the
      frequency and transmission angle for which an integral number of half
      wavelengths fit between the filter windows. Accordingly, several discrete
      angles will provide maximum transmissivity at any given frequency leading
      to a pattern of rings. As the frequency of incident radiation is varied,
      the position of rings will change radially due to different discrete
      angles at which maximum transmissivity occurs. The field of view of the
      lens 78 selects a short line section, a spot, of one ring to focus to a
      point between photodetectors 80 and 82. Typically, the photodetectors are
      separated along a radial line of the pattern of rings.
PAR  The output of the detectors 80 and 82 is applied through respective input
      resistors 84 and 86 to inverting and noninverting inputs of a differential
      amplifier 88 which may include one or more stages of amplification. The
      noninverting input is biased to ground through a resistor 90 while the
      inverting input receives a further signal from a feedback path consisting
      of a gain determining resistor 92 in parallel with a frequency stabilizing
      capacitor 94.
PAR  The output of the amplifier 88 is applied to the piezoelectric drive
      mechanism 60 on line 62. A pivot arm 96 on the etalon filter 58 is
      directed against a mechanical output shaft 98 from the piezoelectric drive
      60 and may be resiliently urged against it by a spring 100. This feedback
      control over the angle of filter 58 provides the desired frequency
      stabilization for the output beam 26 applied throughout the system shown
      in FIG. 2.
PAR  Returning now to FIG. 2, the output beam 26 from the CW dye laser 22 is
      reflected by a mirror 102 to a first beam splitter 104 which directs a
      portion of the radiation in beam 26 through a lens 106 to a dye cell 108
      acting as a nonresonant laser amplifier. The dye cell 108 is pulse excited
      by radiation pulses from a nitrogen laser 110 through a cylindrical
      focusing lens 112 which provides transverse pulse excitation of an
      elongated region of dye medium in the cell 108. The pulse amplified beam
      of laser radiation from the dye cell 108 is applied through a lens 114, an
      optional filter 116, for limiting the super-radiance in the output beam
      118 from the dye cell 108, to a beam splitter 120 which forms a part of a
      pulse stretcher 122 as illustrated in U.S. Pat. application Ser. No.
      360,176, filed May 14, 1973, and U.S. Pat. application Ser. No. 360,178,
      filed May 14, 1973, both assigned to the same assignee as the present
      application and both incorporated herein by reference. The elongated pulse
      of radiation in the beam 18 is reflected from beam splitter 120 and
      applied to a combining optics system 124 as illustrated in
      above-referenced United States patent application Ser. No. 438,029.
PAR  Additional laser amplification channels receive further radiation from the
      beam 26 as illustrated with beam splitter 104', lens 106' and other
      components generally identical to those described below and identified
      with primes in the drawing of FIG. 2. As many separate, parallel channels
      of laser amplification may be employed as it is desired or necessary to
      combine by the combining optics 124 in order to achieve the desired pulse
      repetition rate and as is permitted by the available power in the output
      beam 26 from the CW dye laser 22.
PAR  The lenses 106 or 106' focus the radiation in the beam 26 to a narrow
      cross-section in the elongated region of the dye cell 108. To show this
      more clearly, dye cell 108 is illustrated in detail in FIGS. 5 and 6. With
      respect to FIG. 5, the dye cell is shown having a laser beam path 126
      between glass side windows 128 and 130. The laser path 126 is angled to
      the windows 128 and 130 to prevent radiation reflections that could affect
      the frequency stability of the amplified radiation. As shown in
      cross-section in FIG. 6, the laser parth 126 is a small area corresponding
      to approximately 1 mm.sup.2. The lens 106 focuses the radiation derived
      from beam 26 to this small cross-sectional area to enhance the
      amplification effect with a smaller excited area of radiation. Similarly,
      the cylindrical lens 112 focuses the pulsed excitation from the nitrogen
      laser 110 to a correspondingly small cross-sectional area of excited
      radiation approximately 0.1 mm by 1.0 mm. The length of the laser path 126
      is typically 5 centimeters, different lengths being usable depending upon
      the desired amplification. Typically, the 5 centimeter length will produce
      an output pulse of several nanoseconds duration and 5 kw. peak power for
      use in laser enrichment. Since there are no reflective elements to define
      a cavity for the dye cell 108, there will be no effect upon the highly
      stable radiation from the CW dye cell 22 in passing through the dye cell
      108 other than amplification.
PAR  The physical construction of the dye cell 108 is illustrated in FIGS. 5 and
      6 wherein the path for the flowing dye is shown to traverse the cell from
      an inlet 132 through a turbulence and bubble impeding screen 134 into a
      constricted passage 136 wherein the laser path 126 lies. A rear member 138
      forming the rear wall of the constricted area 136 is preferably optically
      reflective, while the opposing wall 140 is a quartz window for admitting
      the radiation excitation pulses from the nitrogen laser 110.
PAR  Returning to FIG. 2, a sequencer 142 is illustrated which provides trigger
      pulses for the pulse stretchers 122...122' which in turn activates lasers
      110...110'  to produce pulsed excitation of the dye cells 108...108'  in
      the sequence illustrated in waveform diagrams 12-18 in FIG. 1.
PAR  The pulse stretcher 122 is more particularly described in the
      above-referenced United States patent application Ser. No. 360,178, while
      the combining optics 124 are more fully described with respect to the
      United States patent application Ser. No. 438,029,  assigned to the same
      assignee as the present application.
PAR  In the pulse stretchers as shown in FIG. 7, the output pulse 144 from the
      dye laser 108 shown representatively in graph 142 as a short duration,
      five nanosecond pulse, preferably has a narrow spectral range. The output
      beam 144 is suitably oriented by placement of the laser 108 to be
      horizontally polarized and applied to a beam splitter 146. The majority of
      the radiation in the beam 144 passes through the beam splitter to a
      Glan-Thompson polarizing crystal 148 which is oriented to pass the
      radiation in beam 144 to a dye cell 150. The cell 150 provides laser
      amplification. The beam 144 after passing through the dye cell 150 is
      applied through a quarter wavelength retardation plate 152 which typically
      converts the horizontal polarization to circular. The beam is subsequently
      reflected by a 100 percent reflecting mirror 154 and returned through the
      quarter wavelength retardation plate 152 to the dye cell 150 for a second
      amplification. At this point, the radiation will have been shifted in
      polarization by 90.degree. and upon leaving the dye cell 150 after the
      second amplification will be reflected by the Glan-Thompson polarizing
      crystal 148. This reflected wave is applied to a half wavelength
      retardation plate 156 to restore the horizontal polarization. The
      horizontally polarized beam may then be applied to a Brewster angle prism
      158 to provide additional frequency selectivity. The beam leaving the
      prism 158 is applied to a 100 percent reflecting mirror 160 which directs
      it back toward the beam splitter 146. The beam splitter 146 is typically
      chosen to have a reflectivity for the radiation from mirror 160 so as to
      return a predetermined portion of that radiation to the dye cell 150
      through the crystal 148 in a regenerative loop. The predetermined portion
      is preferably chosen to be equal to the reciprocal of the amplification of
      the beam in its multiple passes through the dye cell 150. Additionally,
      the optical path for the beam 144 in making the round trip from the beam
      splitter 146 through the dye cell 150 back to the beam splitter 146 from
      the mirror 160 is preferably selected to be at least equal to the width of
      the pulse such that the predetermined portion reflected by the mirror 146
      is reapplied to the dye cell 150 directly after the previous pulse to
      produce a continuous sequence of equal amplitude pulses as shown in graph
      162. The configuration shown permits extraction of the amplified pulses
      from the laser amplifier in isolation from the input radiation such that
      no output radiation is reapplied to the laser 108 to disturb its
      operation. The duration of the sequence of pulses will be determined by
      the period during which the dye cell 150 is maintained in a lasing
      condition.
PAR  For this purpose, the dye cell 150 is excited to a lasing condition by
      creating a population inversion in the dye molecules through the
      application of excitation energy from a flashlamp 164. The flashlamp 164
      is activated by a power supply 166. To provide proper synchronization
      between the activation of the power supply 166 and resulting excitation
      radiation from flashlamp 164 and the triggering of the nitrogen laser 110
      for dye cell 108, a photo diode 168 is provided to detect excitation
      illumination from the flashlamp 164 and apply it to a threshold detector
      170. Optionally, a signal representing the current applied to the
      flashlamp 164 may be selected by a switch 172 for application to the
      threshold detector 170 instead of the signal from the photodetector 168.
      The threshold detector 170 is adjustable by a control 174 to provide an
      output signal through a gate 176 at a predetermined amplitude in the
      sensed photodetector signal or flashlamp current. The gate 176 is, in the
      preferred embodiment of the invention, opened to conduct the signal from
      the threshold detector 170 to activate a power supply 178 for laser 110,
      only for a short interval defined by a monostable circuit 180. The
      monostable circuit 180 is triggered by a delay circuit 182 whose delay is
      varied by a control 184. The delay circuit 182 responds to a flashlamp
      activation signal from the supply power 166, and accordingly the gate 176
      is opened only for a short period directly subsequent to the energizing of
      the flashlamp 40. A pulse generator 186, triggered by sequencer 142, may
      be used to provide the periodic activation of power supply 166 to generate
      pulses at a predetermined repetition rate and timing as shown in FIG. 1.
PAR  The adjustment of the threshold detector 170 is preferably such that the
      pulse of radiation in the beam 144 is applied to the dye cell 150 at a
      point when sufficient energy has been applied to the dye cell to provide
      laser amplification but before a self oscillating condition for the dye
      cell 150 has been created. This maintains the spectral purity for the
      exemplary application of selective isotope absorption. Additional tuning
      elements may be inserted in the laser beam path as found desirable.
PAR  A typical combining system is illustrated in FIG. 8, wherein a radial array
      of laser beams 188 from pulse stretchers 122...122'  are directed towards
      a central point. Surrounding that central point is an array 190 of
      stationary mirrors 192 which are angled at 45.degree. to reflect each
      sequential pulse of radiation from the laser beams 188 onto plural paths
      194 coaxial to a central axis 196 for the mirror array 190. Each path is
      equidistant from the axis 196 and equally spaced around an imaginary
      cylinder about that axis. The array 190 is a convenience for laser
      placement. It is to be understood that any other system or arrangement
      which provides cylindrical or conical symmetry in the laser beam path is
      equivalently usable.
PAR  The radiation in the paths 194 is applied to a rotating solid rhombic prism
      198 which has first and second parallel reflecting surfaces 200 and 202 on
      opposite edges. The first reflecting surface 200 is oriented to intercept
      each pulse of radiation from reflecting surfaces 192. The axis of rotation
      for the rhombus 198 is coincident with the axis 196 and passes through the
      second reflecting surface 202. A common axis output beam path 204 is
      provided after reflection of the input beam from surfaces 200 and 202. A
      drive system 206 for the rhombic prism 198 is controlled by sequencer 142
      to insure each pulse of radiation from each reflecting surface 192 is
      appropriately timed to be centered upon the first reflecting surface 200
      in the rhombic prism 198. The resulting pulsed beam on axis 204 as shown
      in waveform 20 in FIG. 1 has an increased repetition rate while
      maintaining spectral purity and stability in the radiation of each pulse.
PAR  Having described above the preferred embodiment of the present invention,
      it will occur to those skilled in the art that other apparatus may be
      employed in practicing the present invention without departing from its
      spirit and scope. It is accordingly intended to limit the scope of the
      invention only as indicated in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laser amplifier system comprising:
PA1  a laser oscillator stabilized in frequency of radiation output;
PA1  a plurality of laser amplifier channels;
PA1  means for distributing laser radiation from said laser oscillator to each
      of said plurality of laser amplifier channels in parallel; and
PA1  means for sequential pulse activation of each of the laser amplifier
      channels, said sequential pulse activation means including means for
      providing repeated sequential activation, thereby resulting in a series of
      laser output pulses, which series includes a plurality of pulses from each
      laser amplifier channel.
NUM  2.
PAR  2. The laser amplifier system of claim 1 wherein
PA1  said means for sequential pulse activation of each of the plural channels
      of laser amplification produces an equal interval between pulses produced
      by each individual channel and within such interval produces pulses from
      each of the channels of laser amplification evenly distributed throughout
      the interval.
NUM  3.
PAR  3. The laser amplifier system of claim 2 further including means for
      combining the pulses of laser radiation from each of the channels of laser
      amplification into a composite beam of augmented pulse repetition rate.
NUM  4.
PAR  4. An Apparatus for separating a uranium isotope from a vapor containing a
      plurality of uranium isotopes, including the laser amplifier system of
      claim 3 and further including means responsive to the composite beam for
      producing isotopically selective photoexcitation of one of the uranium
      isotopes present in the vapor.
NUM  5.
PAR  5. The laser amplifier system of claim 4 further including means for
      lengthening the duration of each pulse of radiation in the pulses provided
      by the channels of laser amplification.
NUM  6.
PAR  6. The laser amplifier system of claim 5 in which the laser oscillator is
      stabilized by a feedback control loop comprising:
PA1  means for sampling the laser oscillator radiation;
PA1  means for producing a control signal dependent upon the frequency of the
      sampled laser oscillator radiation; and
PA1  means responsive to the control signal for adjusting the frequency of the
      laser oscillator to a desired frequency.
NUM  7.
PAR  7. The laser amplifier system of claim wherein each of said plurality of
      laser amplifier channels includes a transverse pumped laser amplifier.
NUM  8.
PAR  8. The laser amplifier system of claim 7 wherein said transverse pumped
      laser amplifiers include reflecting interfaces which are at other than
      right angles to the path through the transverse pumped laser amplifier of
      the laser oscillator radiation to prevent alteration of lasing radiation
      frequency caused by reflections from the reflective interfaces.
NUM  9.
PAR  9. The laser amplifier system of claim 7 wherein said plurality of laser
      amplifier channels further include:
PA1  an excitation laser;
PA1  a dye cell including an elongate dye channel having a small,
      cross-sectional area;
PA1  means for focusing radiation from said excitation laser onto the elongate,
      small cross-sectional area of said dye cell.
NUM  10.
PAR  10. The laser amplifier system of claim 1 wherein said laser oscillator
      includes a continuous wave laser oscillator.
NUM  11.
PAR  11. The laser amplifier system of claim 1 wherein:
PA1  said laser amplifier channels include means for providing pulses of
      amplified laser oscillator radiation; and
PA1  said laser oscillator includes a pulsed laser oscillator having means for
      providing a pulse rate thereto substantially higher than that of pulses
      provided in each channel of laser amplification.
NUM  12.
PAR  12. The laser amplifier system of claim 1 wherein said laser oscillator is
      a low power, high stability laser oscillator tuned for isotopically
      selective excitation of a uranium isotope.
NUM  13.
PAR  13. The laser amplification system of claim 1 wherein the radiation output
      of said laser oscillator is approximately 0.01 to 0.1 watts per
      amplification channel.
NUM  14.
PAR  14. The laser amplification system of claim 13 wherein said plurality of
      laser amplification channels include means for providing pulsed laser
      output radiation of at least approximately 5 kw. peak power.
NUM  15.
PAR  15. The laser amplification system of claim 1 further including means
      responsive to laser radiation from said plurality of laser amplification
      channels for combining the radiation thereof onto a single path.
NUM  16.
PAR  16. The laser amplification system of claim 1 wherein said plurality of
      laser amplifier channels include:
PA1  an elongate, transverse pumped, active lasing region having an area of
      narrow cross-section to which said laser oscillator radiation is applied;
PA1  means for condensing the laser radiation from said laser oscillator to the
      narrow cross-section of said transverse pumped, active lasing region; and
PA1  means for collimating amplified laser radiation from said transverse pumped
      active lasing region.
NUM  17.
PAR  17. A laser amplification system comprising:
PA1  a CW dye laser oscillator providing output laser radiation tuned for
      isotopically selective excitation of a uranium isotope;
PA1  a plurality of laser amplifiers having an elongate, small cross-sectional
      area transversely pumped region of laser amplification;
PA1  means for directing laser radiation from said CW dye laser oscillator in
      parallel through each of said elongate laser amplification regions;
PA1  a source of pulse excitation for transverse application thereof to the
      elongate region of laser amplification whereby a plurality of pulses of
      amplified laser radiation from said CW dye laser oscillator are provided
      by each of said plurality of elongate laser amplification regions;
PA1  the pulses from said regions being in a staggered time sequence;
PA1  means responsive to the amplified pulses of laser radiation from each of
      said elongate laser amplification regions to provide an increase in the
      duration of the laser radiation pulses; and
PA1  means responsive to the elongated pulses of laser radiation from each of
      said elongate laser amplification regions to combine the pulses thereof
      onto a single path for laser radiation of augmented pulse rate.
NUM  18.
PAR  18. A laser system for generating a high pulse repetition rate beam of
      pulsed laser radiation of high spectral purity and limited spectral width
      comprising:
PA1  a CW dye laser providing output laser radiation tuned for isotopically
      selective excitation of a uranium isotope;
PA1  a feedback system for said CW dye laser to adjust the tuning thereof to
      provide a stable frequency of output laser radiation at an absorption
      frequency for said uranium isotope without correspondingly encompassing an
      absorption line for another isotope of uranium;
PA1  a plurality of laser amplifiers;
PA1  means for directing laser radiation from said CW dye laser oscillator in
      parallel through each of said plurality of laser amplifiers;
PA1  a source of pulse excitation for each of said plurality of laser amplifiers
      to provide at the output of each of said plurality of laser amplifiers a
      beam of amplified pulsed laser radiation;
PA1  means for sequencing the pulse timing of the pulses in the beams from said
      plurality of laser amplifiers to provide an equal interval between pulses
      from each individual laser amplifier and within the interval between each
      pulse thereof providing a pulse from each of the other of said plurality
      of laser amplifiers evenly distributed throughout said interval;
PA1  means responsive to the amplified pulses of laser radiation from each of
      said plurality of laser amplifiers for adding to each pulse of said beam a
      plurality of additional, like pulses to provide a sequence of adjacent
      pulses with the effect of elongating each of the pulses from said
      plurality of laser amplifiers; and
PA1  a rotating optical system sequenced to receive each of the elongated pulses
      from each of said plurality of laser amplifiers on separate input paths
      and to redirect said pulses only a single output path to provide a
      composite beam of augmented pulse rate.
NUM  19.
PAR  19. A laser amplifying method comprising the steps of:
PA1  generating laser oscillation stabilized in frequency of radiation output;
PA1  distributing the laser oscillation to each of a plurality of laser
      amplifier channels arranged in parallel;
PA1  sequentially activating each of the laser amplifier channels to produce an
      output pulse of laser amplified radiation; and
PA1  repeating the above steps to provide a continuous series of laser output
      pulses, which series include a plurality of pulses from each of the laser
      amplifier channels.
NUM  20.
PAR  20. A laser amplifier system comprising:
PA1  a laser oscillator stabilized in frequency of radiation output;
PA1  a plurality of laser amplifier channels, including means for providing
      pulses of amplified oscillator laser radiation and means for elongating
      the duration of the pulses of amplified laser radiation; and
PA1  means for distributing laser radiation from said laser oscillator to each
      of said plurality of laser amplifier channels in parallel.
NUM  21.
PAR  21. A laser amplifier system comprising:
PA1  a laser oscillator stabilized in frequency of radiation output and
      including an argon laser excitation source and a continuous wave dye
      laser;
PA1  a plurality of laser amplifier channels; and
PA1  means for distributing laser radiation from said laser oscillator to each
      of said plurality of laser amplifier channels in parallel.
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ABST
PAL  A cascaded data modulation system for the transmission of amplitude and
      frequency modulation data with a bandwidth up to and greater than 500MHz.
      The system involves the multiple heterodyning of microwave signals with
      infrared or optical signals. The data modulation system utilizes the
      passing of an infrared or optical signal through several successive
      acousto-optic crystals. Curved and straight prisms are placed alternately
      between the crystals to guide the infrared or optical signal. The crystals
      carry acoustic signals which modulate the infrared or optical signal in
      amplitude and frequency. The output of the crystal system comprises an
      infrared or optical signal modulated with the desired data, which can be
      transmitted optically to a transponder, which can in turn convert the
      last-named infrared or optical signal into a transmitted correspondingly
      modulated RF signal.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the United States Government for governmental purposes without the
      payment to us of any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to modulation systems, and more particularly to
      broadband data modulation systems employing acousto-optical modulation
      elements.
PAR  The broadband data modulation system of the present invention is intended
      for the transmission of amplitude and frequency modulation (AM and FM)
      data with a bandwidth up to and greater than 500MHz. This system, as an
      example, may be employed to relay radar-type data with pulse bandwidths of
      up to and greater than 30MHz and pulse-to-pulse frequency diversity of up
      to and greater than 500MHz. The system of the present invention involves
      the multiple heterodyning of microwave signals with infrared or optical
      signals, hereinafter referred to as IR signals.
PAR  The system of the present invention is further related to the simulation of
      radar-type signals reflected from aircraft, missiles, chaff, rain, and any
      other general clutter which may be capable of causing signal reflections.
      Radar basic frequencies lie normally in a range between 1 and 18GHz, and
      the system of the present invention contemplates a combination of
      heterodyne-conversion and frequency division to frequencies and bandwidths
      which can be processed so as to simulate radar-to-target ranges, target
      signature, radial doppler, and the effects of space environment on radar
      signals. The system of the present invention is further intended to be
      employed under conditions wherein the complexity of the radar
      transmissions is too great to allow complete reforming of the radar signal
      based only on radar synchronizing pulses.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  Therefore, a main object of the present invention is to provide a novel and
      improved broadband modulation system for efficiently performing the
      functions above described.
PAR  This object is achieved by passing of an IR signal beam through a plurality
      of successive acousto-optic crystals upon which are also impressed
      acoustic signals forming acousto-optic gratings and wherein curved and
      straight prisms are utilized between the crystals to properly guide the IR
      signal beam.
PAR  Further objects and advantages of the invention will become apparent from
      the following description and claims, and from the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram of a system and circuit for simulating
      radar data for transmission as IR signals to RF transmitters, said circuit
      employing broadband modulation devices according to the present invention.
PAR  FIG. 2 is a schematic diagram of a system and circuit defining an
      IR/microwave transponder for receiving the broadband IR signals from the
      system of FIG. 1 and retransmitting corresponding microwave signals.
PAR  FIG. 3 is a schematic diagram of a 6-stage acousto-optical modulator
      according to the present invention which may be employed in a system such
      as that shown in FIG. 1, this modulator employing Tellurium crystals.
PAR  FIG. 4 is a schematic diagram of another 6-stage acousto-optic modulator
      according to the present invention employing gallium arsenide crystals,
      wherein a relatively high acoustic frequency is employed as a center
      driving frequency.
PAR  FIG. 5 is a schematic diagram of a 6-stage acousto-optic modulator similar
      to that of FIG. 4 but employing an acoustic driving frequency
      approximately the same as in the modulator of FIG. 3.
PAR  FIG. 6 is a schematic diagram of a 4-stage acousto-optic modulator
      according to the present invention employing gallium arsenide crystals.
PAR  FIG. 7 is a diagram illustrating the manner in which the curvature of the
      curved prisms of the modulators is determined.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In testing and evaluating radar systems, it is necessary to simulate very
      realistically to the radar the flights of aircraft and missiles that the
      radar is to sense and keep track of. To realistically simulate aircraft
      and missile azimuth and elevation angles in space, a very large array of
      RF transmitters is necessary, to transmit toward the radar the simulations
      of the aircraft and the missile radar reflections. Communicating these
      simulations to the large array of RF transmitters is difficult and
      requires special circuits and subsystems.
PAR  FIG. 1 shows in simplified block form a typical system to process the
      actual radar transmissions to provide the desired simulation data for
      transmission to the array of RF transmitters. Radar pulses typically 5250
      plus or minus 250MHz are heterodyned in a mixture 11 with the continuous
      wave 3750MHz output from a local oscillator 12 to derive difference pulses
      at 1500 plus or minus 250MHz which are divided by a square root circuit 13
      and are delivered as 375 plus or minus 62.5MHz pulses to a range-delay,
      doppler, attenuation processing circuit 14, which is computer-controlled
      to modify the 375 plus or minus 62.5MHz input pulses to delay them in time
      according to the desired simulated radar-to-aircraft range, set the signal
      level to correspond to the desired simulated range and aircraft size, and
      add a doppler signal input portion to the desired simulated radial
      velocity on the aircraft. The signals at 15 comprising the modified pulses
      from the device 14 cover a wide bandwidth and with standard prior
      techniques it is difficult to satisfactorily transmit the signals to the
      large array of RF transmitters. There are too many transmitters in the
      array to allow transmitting the signals by cables. RF carriers are not
      feasible as the antenna patterns cannot be suitably focused onto the
      array. It is, therefore, necessary to perform the communication with an IR
      (or optical) carrier.
PAR  Designated at 16 is an optical carrier source, such as CO.sub.2 laser,
      which is one of the best such currently available sources from the
      standpoints of efficiency, cost, power capacity and quality of continuous
      wave signals. This laser provides 10.6 micron radiation. Modulation of the
      10.6 micron laser radiation with radar signals in the upper microwave
      frequency and with very broad bandwidth is difficult, and it is necessary
      to employ acousto-optic modulators for this purpose. Prior art designs of
      such modulators fail to satisfactorily carry the necessary center
      frequency or a bandwidth. However, acousto-optic modulators according to
      the present invention, to be subsequently described herein, provide the
      desired performance.
PAR  In a typical system shown in FIG. 1, IR laser beam 17 is passed through a
      typical multiple-pass acousto-optic crystal modulator system 18 of the
      present invention, to which is applied the output pulses 15 from the
      device 14, thereby modulating the IR beam so that the output laser beam at
      19 has the frequency of the IR beam at 17 plus 1500 plus or minus 250MHz
      plus the doppler-range-delay pulse modifications introduced by device 14.
      Beam 19 is reflected by a first plane mirror 20 to a semi-transparent
      inclined mirror 21, from which it is again reflected to form part of an IR
      transmission beam 22.
PAR  Another beam 30 from laser 16 passes through a second multiple-pass
      acousto-optic crystal modulator 23 constructed in accordance with the
      present invention, arranged for heterodyne subtraction, to which is
      applied at 24 a continuous wave reference signal from the local oscillator
      12 which has a frequency of one-fourth the 3750MHz fundamental frequency
      of said oscillator (provided by an internal divider, or the like). The
      output beam 25 of modulator 23 thus has the frequency of the IR beam at 30
      (the same as that at 17) minus 3750MHz. Reference beam 25 is directed by
      plane mirrors 26 and 27 to pass through semi-transparent mirror 21 and
      thus combine with beam 19 to form the signal-transmission IR beam 22.
PAR  Referring to FIG. 2, a typical transponder 28 is disclosed which receives
      the combined broadband and reference IR signals and retransmits a
      microwave signal. The transponder 28 may be one of many similar units in a
      large microwave array used in the testing of complex radars or missile
      systems. The transponder is intended to provide a microwave output signal
      simulating the reflection signal obtained from an object located in the
      radar space field. The parameters of the intended signal are determined by
      the simulating system comprising device 14 and its computer control.
PAR  The basic function of an angle simulating test array, including the many
      transponders 28, is to receive radar-type signals in the form of frequency
      and amplitude differentials as between two IR signals (laser beams 19 and
      25) and retransmit microwave signals which are identical to or very
      similar to radar signals as reflected from aircraft, missiles, chaff
      cloud, ground terrain, and other objects that may be located in the radar
      space. The two IR beams (forming beam 22) are coaxial and may be pointed
      at the test array by means of computer-control with galvanometer mirrors.
      A typical angle simulating test array would cover an angular space with
      respect to the radar of 120.degree. in azimuth and 90.degree. in elevation
      and be located on a section of a hemisphere with a radius of about 100
      feet, with the radar at the center.
PAR  The coaxial IR signal beams carry radar signals which have been processed
      in a radar target simulator, similar to the system of FIG. 1, where
      radar-to-target range delay, range attenuation, amplitude type of target
      signature, radial velocity doppler, and similar information has been
      added. The galvanometer-directed IR beams in conjunction with the angle
      simulating test array add angular position and angular target signature to
      the signals and convert them to the radar frequency.
PAR  In the typical transponder 28 of FIG. 2, a designates the RF radiation from
      the radar, b designates the two incoming coaxial IR signal beams (forming
      composite beam 22, respectively comprising the IR simulator beam 19 of
      frequency about 28,300 plus 1.75GHz and the IR reference beam 25 of
      frequency about 28,300 minus 3.7GHz), c designates the microwave output
      response transmitted to the radar, of frequency about 5.45 plus or minus
      0.25GHz (the heterodyne difference between beams 19 and 25), and d
      designates a reset flash, presently to be described.
PAR  The two coaxial IR signals (forming beam 22) are focused by an IR/microwave
      lens 29 so as to illuminate the photodiode D.sub.1. Diode D.sub.1 is
      normally a PIN type; however, other types of diodes or similar devices may
      be employed. The function of diode D.sub.1 is to heterodyne the two IR
      signals and develop the corresponding differential microwave signal. In
      the above typical case, the reference IR signal is 28,300 minus 3.7GHz and
      the data IR signal is 28,300 plus 1.75 plus or minus 0.25GHz. The
      difference frequency is therefore 5450 plus or minus GHz. Other IR and
      microwave frequencies can be utilized, depending upon what microwave
      frequencies the radar under test utilizes and what IR signal source
      (laser) and modulator are used.
PAR  In the circuit system of FIG. 2, capacitors C.sub.1 and C.sub.2 isolate
      diode D.sub.2 from diode D.sub.1 so that currents can be passed through
      diode D.sub.2 without affecting other elements in the microwave circuits.
      D.sub.2 may also be a PIN diode, and is used to attenuate the microwave
      signal at said difference frequency proportionally to the current through
      it. The microwave signal detected in diode D.sub.1 and attenuated in diode
      D.sub.2 is furnished through capacitor C.sub.2 to antenna A.sub.1 and
      radiated (as microwave output signal c) back through the IR/microwave lens
      29. Antenna A.sub.1 is preferably a broadband spiral antenna to allow
      using the transponder 28 with a variety of radars. Diode D.sub.1 is
      normally mounted at the center of antenna A.sub.1. The lens 29 would not
      normally be expected to have the same index of refraction for both IR and
      microwave frequencies. The lens 29 and diode D.sub.1 must be mounted so as
      to focus the IR signal beam to a point on diode D.sub.1. The lens 29 and
      antenna A.sub.1 must be so located that the microwave signal is in an
      essentially flat wave front at the radar antenna approximately 100 feet
      distance. Fringing of the microwave signal at the edge of the lens may be
      reduced by the use of an absorber cone around the transponder 28 to absorb
      the portion of the microwave signal not passing through the center portion
      of the lens. The lens 29 may be made of inexpensive material such as
      molded plastic.
PAR  There are two control circuits required with a transponder 28 when used as
      an element of an angle simulation test array as above described: 1) an
      antenna A.sub.2, receiving radiation from the radar (signal a), is
      connected across a bridge rectifier 31 and develops a voltage across a
      capacitor C.sub.3 proportional to the magnitude of the radar signal a
      striking antenna A.sub.2. This signal voltage, buffered through
      transistors Q.sub.2 and Q.sub.3, controls the current through diode
      D.sub.2 so as to attenuate the microwave signals detected by diode D.sub.1
      inversely in proportion to the level of the radar transmission a. This
      control, therefore, senses the magnitude of the radar transmission,
      memorizes it, and inversely controls the attenuator D.sub.2. This causes
      the angle simulation test array to memorize the radar antenna pattern on a
      transmission-by-transmission basis. 2) this memory must be erased just
      prior to each radar transmission, and this is accomplished by a control
      circuit including a phototransistor Q.sub.1 connected across capacitor
      C.sub.3 which receives an optical or IR flash (d) just prior to the timing
      of the radar transmission, causing said phototransistor Q.sub.1 to
      decrease its impedance to a very low value.
PAR  Thus, the focused multiple coaxial IR beams b carrying information and data
      as difference frequency and amplitude are received by the heterodyning
      diode D.sub.1 in a circuit where the differences are detected,
      amplitude-controlled or attenuated, and retransmitted back through the
      focusing system.
PAR  Acousto-optic modulators must operate close to the relationship of
      ##EQU1##
      .theta. is the angle the IR signal enters the transparent material used
      for the modulator, .lambda. is the IR wavelength in air, and .LAMBDA. is
      the wavelength of the acoustic signal in the crystal. It can be seen that
      as .lambda. becomes shorter, .LAMBDA. can also become shorter, but the
      shorter wavelength lasers lack the necessary power and are very
      inefficient. The data modulation devices of the present invention are
      multiple-pass devices to allow the use of the more efficient long
      wavelength lasers.
PAR  Multiple-pass acousto-optic modulators require RF inputs which have
      frequencies and amplitudes which are inversely proportional to the number
      of IR passes through the modulators. A square root circuit such as is
      shown at 13 in FIG. 1 provides this function.
PAR  The system illustrated in FIG. 1 employs 4-pass modulators 18, 23. The
      modulators presently to be described in detail are multiple-pass
      modulators operating on the same general principles as the 4-pass
      modulators 18, 23.
PAR  The cascaded data modulation systems of the present invention are
      multiple-pass modulators which utilize passes of an IR signal through
      several successive acousto-optic crystals. Curved and straight transparent
      prisms are placed alternately between the crystals to guide the IR signal.
PAR  FIG. 3 shows an example of a 6-stage cascaded data modulation system based
      on the use of six Tellurium (Te) crystals. The Te crystals shown at 32,
      carry identical acoustic signals, applied at 15', which modulate the input
      IR signal (shown at 17') in amplitude and frequency. In this typical
      example the frequency range of the acoustic signals applied respectively
      at 15' is 293 .+-. 41MHz; the IR laser used at 17' is the CO.sub.2 laser
      radiating at a wavelength of 10.6 microns. In the pass through the first
      Te crystal 32, a portion of the IR signal is deflected upwardly and
      experiences a gain in frequency precisely equal to the acoustic frequency.
      The angle of deflection is dependent upon the acoustic wavelength.
PAR  The angle of exit from the first crystal 32 is given by the formula
      ##EQU2##
      .theta.' is the desired exit angle, .theta. is the entrance angle into the
      crystal (45.0.degree. in this case), .lambda. is the IR wavelength (10.6
      microns in this case), and .LAMBDA. is the acoustic wavelength. (All
      angles are measured with respect to the normal to the Te crystal surface).
      FIG. 3 illustrates the various exit angles .theta.' for the acoustic
      frequencies of 252MHz, 293MHz, and 334MHz. (The highest frequency causes
      greatest diffraction.) Other acoustic frequencies lying between the
      extremes will produce corresponding deflections, according to the above
      equation. The modulator is designed so that an acoustic wave of the center
      frequency, namely, 293MHz, causes the IR beam to exit from the crystal at
      precisely the entrance angle (45.0.degree.). This criterion maximizes the
      efficiency of the acousto-optic interaction, because 45.0.degree. is the
      (external) Bragg angle for the acoustic center frequency. The Bragg angle
      is given by the equation
      ##EQU3##
PAR  After exiting from the first crystal 32, the IR signal passes through a
      curved prism 33 which is used to redirect it for the second stage. The
      curvature of prism 33 is necessary to produce a point-to-point focusing
      effect. That is, for any acoustic frequency between 252 and 354MHz, the IR
      beam will intersect the acoustic wave in the second crystal at a common
      point. The basic symmetry of this arrangement should be noted. For
      example, the IR beam deflected by a 334MHz acoustic wave in stage 1 exits
      from the first crystal 32 at an angle of 64.8.degree. the curved prism 33
      redirects it so that it enters the second crystal 32 at 64.8.degree.. By
      the principle of optical reversability, stage 2 is the "reverse" of stage
      1. That is, regardless of the acoustic frequency, the IR beam exits from
      the second Te crystal 32 at the angle at which it entered the first
      crystal 32 (45.0.degree. in this case). This assumes that the acoustic
      signals in both crystals are identical at the time the IR signal passes
      through them. Thus, it may be necessary to allow for adjustment in timing
      of the acoustic signal through the various crystals.
PAR  An ordinary straight transparent prism 34 redirects the IR beam from Stage
      2 for entrance into the third Te crystal 32 at 45.0.degree.. No curvature
      is necessary since all IR signals enter the prism 34 at the same point. A
      mirror could alternatively be employed for this purpose. Stages 3 and 4
      (not shown) are identical to stages 1 and 2, respectively. A curved prism
      follows stage 3, and a straight-prism follows stage 4. Likewise, stages 5
      and 6 are identical to stages 1 and 2, respectively, with a curved prism
      33 following stage 5. The IR signal exits at 19' from the sixth and final
      Te crystal 32, at 45.0.degree., as shown.
PAR  Since the IR signal increases in frequency by an amount in the range 293
      .+-. 41MHz in each stage, after six stages the increase in frequency lies
      in the range 1758 .+-. 246MHz. For the particular modulator shown in FIG.
      3, this modulation in frequency can be used to produce a radar frequency
      as follows:
PAR  In a system similar to that shown in FIG. 1, another modulator
      (corresponding to modulator 23 in FIG. 1) is provided with the acoustic
      waves therein directed in the opposite direction from those in the
      above-described 6-stage modulation system (employing a constant acoustic
      driving frequency of 293MHz, so that no curved prisms are necessary). This
      causes a decrease in IR frequency of 1758 MHz. Thus, when the output of
      the two 6-stage modulation systems are heterodyned, a difference frequency
      of 3516 .+-. 246MHz is obtained. To produce a radar frequency in the 5274
      .+-. 246MHz band, the output of the second modulation system could be sent
      through a third 6-stage modulator to produce a total IR frequency decrease
      of 3516MHz. Heterodyning the outputs of the first and third modulators
      could then produce a difference frequency of 5274 .+-. 246MHz.
PAR  FIGS. 4, 5 and 6 show examples of cascaded data modulation systems
      employing gallium arsenide (GaAs) crystals 35 instead of Tellurium.
      Although Tellurium is a much more efficient modulator of IR than GaAs,
      these modulators have other advantages (and disadvantages). As can be seen
      by direct comparison of the diagrams, the .+-. 41MHz acoustic bandwidth
      causes considerable angular dispersion of the IR beam in the Te modulator.
      This means that optical alignment of the system is quite critical. The
      .+-. 41MHz bandwidth in FIGS. 4 and 5 causes only very slight angular
      dispersion, and even the .+-. 62MHz bandwidth in FIG. 6 does not cause too
      much dispersion.
PAR  The basic operation of the systems of FIGS. 4 and 6 is the same as that for
      the Te modulator and will not be described in detail. However, some
      comments concerning the specific IR wavelengths and acoustic frequency
      bands are appropriate for the sake of comparison.
PAR  FIG. 4 shows an example of a cascaded data modulation system centered at an
      acoustic frequency of 900MHz. A high frequency laser radiating at 3.0
      microns is used. After 6-stages through the cascaded data modulation
      system the IR frequency is increased by an amount in the range 5400 .+-.
      246MHz. Thus, by heterodyning the output of the modulator of FIG. 4 with a
      reference IR beam there is directly produced a radar frequency of 5400
      .+-. 246MHz. Thus, only one modulator instead of two or three is necessary
      in order to produce the radar frequency. The high acoustic frequency
      range, however, requires a larger amount of acoustic power, since
      transducer losses are greater at high frequencies.
PAR  FIG. 5 shows a cascaded data modulation system very similar to that of FIG.
      4. The high frequency laser with .lambda. = 3.0 microns is also used here.
      However, an acoustic band of 300 .+-. 41MHz (very nearly the same as in
      FIG. 3) is used. While this modulator has the advantage of operating at
      lower acoustic frequencies, three modulators of this type would be
      necessary to produce a radar frequency; the same scheme as described above
      in connection with the Tellurium modulator of FIG. 3 could be used to
      produce a radar frequency of 5400 .+-. 246MHz.
PAR  FIG. 6 illustrates a cascaded data modulation system with only four stages
      instead of six. This particular system used a CO laser radiating at a
      wavelength of 5.2 microns, and an acoustic frequency band of 600 .+-.
      62MHz. Since 4 stages are used, the modulation in IR frequency is 2400
      .+-. 248MHz. By heterodyning the modulator output with a reference IR
      beam, a radar frequency in this band is obtained. A second 4-stage
      modulator could be driven in reverse acoustically to provide a reference
      IR at 3050MHz. Heterodyning 3050MHz and 2400 248MHz would give 5450 .+-.
      248MHz. the major limitation of this system lies in the use of the CO
      laser, which is not nearly as efficient as the powerful CO.sub.2 laser and
      which requires a sophisticated cooling system. The system of FIG. 6,
      however, has the important advantage of requiring only four crystals 35
      instead of six.
PAR  The examples shown in FIGS. 3 to 6 indicate that there is a wide variety in
      choice of acousto-optic crystals, IR wavelength, acoustic frequency band,
      and number of stages to be used, in a cascaded data modulation system in
      accordance with the present invention.
PAR  In the positive-driven arrangement, each stage of the modulator system adds
      the acoustic signal in frequency to the IR frequency. The system also
      multiplies the waveforms of the IR input and the acoustic signals. Prior
      signal conditioning must take this into consideration.
PAR  Referring to FIG. 7, the curvature of the curved prisms 33 can be
      determined as follows: let n be the index of refraction of the prism
      material. Suppose an IR beam exists from the first crystal 32, for
      example, at an angle .theta.'. This beam must strike the prism 33 in such
      a way that the tangent to the prism at the point of contact is tilted at
      an angle .alpha. with the vertical, where .alpha. is given by
      ##EQU4##
PAR  This produces the necessary point-to-point focusing effect.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact details of construction shown and described, for obvious
      modifications can be made by a person skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for transmitting data over a wide bandwidth comprising an array
      of a plurality of successive acousto-optic transparent crystals, a high
      frequency signal source with side bands adapted to contain such data,
      means to apply the output of said signal source to said crystals in a
      manner to form acoustic gratings in the crystals, a source of optical
      radiation providng a coherent optical beam, means to direct said optical
      beam successively through said array of crystals in a manner to traverse
      said acoustic gratings, whereby the beam emerges from said array modulated
      with a bandwidth in accordance with the number of passes of the beam
      through the acoustic gratings, and means to demodulate the emerging
      modulated optical beam, wherein said directing means includes a
      transparent prism in the path of said optical beam, wherein said
      transparent prism is located between two adjacent crystals of said array
      in the path of the optical beam, and wherein said prism has at least one
      curved surface arranged to provide a focusing action on said optical beam.
NUM  2.
PAR  2. A system for transmitting data over a wide bandwidth comprising an array
      of a plurality of successive acousto-optic transparent crystals, a high
      frequency signal source with side bands adapted to contain such data,
      means to apply the output of said signal source to said crystals in a
      manner to form acoustic gratings in the crystals, a source of optical
      radiation providing a coherent optical beam, means to direct said optical
      beam successively through said array in a manner to traverse said acoustic
      gratings, whereby the beam emerges from said array modulated with a
      bandwidth in accordance with the number of passes of the beam through the
      acoustic gratings, and means to modulate the emerging modulated optical
      beam, and wherein said directing means includes transparent prisms between
      the successive crystals in the path of said optical beam, at least one of
      said prisms having curved surface means arranged to provide a focusing
      action on said optical beam.
NUM  3.
PAR  3. The system of claim 2, and wherein said crystals are arranged in
      successive pairs and wherein said directing means comprises curved-sided
      transparent prisms between the two crystals of each pair and
      straight-sided transparent prisms between the respective pairs of
      crystals, the curved-sided prisms being arranged to provide sustantially
      angular symmetry of the entry and exit optical modulation beam elements
      passing therethrough.
NUM  4.
PAR  4. A modulation system comprising an array of a plurality of successive
      acousto-optic transparent crystals arranged to define an optical path and
      being adapted for form acoustic gratings therein responsive to the
      application thereto of a high frequency electrical signal, means to apply
      a common high frequency electrical signal to the crystals, and means to
      guide an optical beam through the successive crystals, whereby to modulate
      the optical beam with data from said electrical signal with a bandwidth in
      accordance with the number of passes of the optical beam through the
      acoustic gratings of the crystals, and wherein said guide means includes
      optical focusing lens means in the optical path between the crystals.
NUM  5.
PAR  5. A modulator comprising an array of a plurality of successive
      acousto-optic transparent crystals arranged to define an optical path and
      being adapted to form acoustic gratings therein responsive to the
      application thereto of a high frequency electrical signal, and means to
      guide an optical beam through the successive crystals, whereby to modulate
      the optical beam through the acoustic gratings of the crystals, and
      wherein said guide means includes transparent prisms between the
      successive crystals in the optical path, at least one of the prisms having
      a curved surface intersecting said optical path and arranged to provide a
      focusing action on an optical beam traveling along said path.
NUM  6.
PAR  6. A modulator comprising an array of a plurality of successive
      acousto-optic transparent crystals arranged to define an optical path and
      being adapted to form acoustic gratings therein responsive to the
      application thereto of a high frequency electrical signal, and means to
      guide an optical beam through the successive crystals, whereby to modulate
      the optical beam with data from said electrical signal with a bandwidth in
      accordance with the number of passes of the optical beam through the
      acoustic gratings of the crystal, and wherein said crystals are arranged
      in successive pairs and wherein said guide means comprises a curved-sided
      transparent prism between the two crystals of each pair and straight-sided
      transport prisms between the respective pairs of crystals, the
      curved-sided prisms being arranged to provide substantially angular
      symmetry of the entry and exit optical modulation beam elements passing
      therethrough.
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ABST
PAL  A frequency modulator includes a capacitor, a controlled current source,
      and a bistable circuit. The current source and bistable circuit operate to
      alternately vary the charge in opposite directions on the capacitor. The
      frequency of opposite charge variation is controlled by the amplitude of
      the input signal applied to the current source. A control circuit coupled
      to the capacitor and the bistable circuit varies the frequency of opposite
      charge variation to provide a linear frequency versus input signal
      amplitude.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In magnetic recording of television signals, present technological
      limitations on the recording process limit the frequency range of the
      recorded signal to 10 octaves. However, the video signal spectrum
      encompasses 17-18  octaves. Consequently, compression of the video signal
      bandwidth is necessary in order to record all the information contained
      within the signal. Frequency modulation is one method of compressing the
      bandwidth of a signal and pulse frequency modulation has been put to
      significant use in the professional video recording industry.
PAR  High quality is required in all television signal recording applications.
      Moreover, the broadcasting industry has developed rigid standards with
      respect to signal quality. Accordingly, the fm modulators utilized in
      video tape recorders must provide a minimum of signal distortion and a
      maximum of fidelity. Such modulators are complex in design and expensive
      to construct.
PAR  One such modulator iss utilized in the model AVR-1 video tape recorder
      manufactured by the Ampex Corporation. That modulator is a pulse modulator
      which utilizes a form of relaxation oscillator that incorporates a tunnel
      diode. The tunnel diode operates as a bistable device that is switched
      between its stable states to control capacitor charge and discharge
      cycles. The capacitor is charged and discharged by way of two separate
      current sources. A differential amplifier is also employed to control the
      exact points at which the oscillator changes states. The modulator is
      constructed of discrete elements utilizing specially ordered transistors
      and other high quality circuit elements. The tunnel diode itself is an
      expensive item. The circuit is complex and relatively expensive to
      construct.
PAR  The AVR-1 is a high quality pulse frequency modulator. However, even in the
      highest quality modulators a finite switching time is required for the
      oscillator and other circuit elements to change states. This switching
      time is a constant independent of operating frequency. At the high
      frequencies utilized in video tape recording, switching time constitutes a
      substantial part of the pulse width. Consequently, a nonlinear
      relationship between changes in the video signal and changes in modulated
      frequency can result. The signal will be distorted unless some
      compensation is provided to maintain a linear functional relationship.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention constitutes a frequency modulator for
      use in a recorder that provides high quality, linear, distortion free
      modulation in a simple circuit design utilizing inexpensive, readily
      available electronic components. The modulator includes a capacitor
      connected to both a controlled current source and a bistable device. The
      bistable device switches between two stable states in response to the
      instantaneous charge on the capacitor. While the bistable device is in one
      of its stable states, the current source is connected to vary the charge
      on the capacitor in one direction in response to an incoming control
      signal. The bistable device varies the charge on the capacitor in the
      other direction while it is in the other of its stable states.
      Accordingly, the charge on the capacitor is varied alternately in either
      direction by the cooperative actions of the current source and the
      bistable device to create a free running signal modulated by the incoming
      control signal applied to the current source.
PAR  For applications requiring a linear frequency-to-control-signal
      relationship, the bistable device can advantageously be provided with a
      control terminal for varying one of the points at which it switches
      between its stable states. A control circuit is connected between the
      capacitor and the control terminal to apply a signal to the control
      terminal which varies with the frequency of the signal across the
      capacitor. Because the bistable device has finite switching times which
      constitute a significant portion of the time of one complete cycle, a
      linear relationship between the incoming signal level applied to the
      controlled current source and the switching frequency of the circuit would
      not attain unless the frequency changes were varied by the control
      circuit. In this fashion, a linear frequency to control signal
      relationship is obtained directly from the fm modulator.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a schematic representation of the preferred embodiment of the
      instant frequency modulator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the figure, the preferred embodiment of the present invention
      is shown as arranged for use in television signal systems. The frequency
      modulator includes a controlled current source 1 connected to vary the
      charge on a capacitor 2 in a first direction. In the illustrated
      embodiment, source 1 is arranged to discharge capacitor 2. The video
      signal, which is to be frequency modulated onto a carrier, is coupled so
      that its amplitude controls the current level generated by the source 1. A
      bistable circuit 3 cooperates with the current source 1 and capacitor 2 to
      generate the desired frequency modulated signal. Preferably, the bistable
      circuit 3 comprises differential comparators 4, 5 and flipflop 6. A first
      input 7, 9 of each differential comparator is coupled to capacitor 2. The
      outputs of the differential comparators 4, 5 are coupled respectively to
      the reset and set triggers of flip-flop 6. The Q output of flip-flop 6,
      which is utilized in the circuit, is coupled to capacitor 2. When the Q
      output of flip-flop 6 is in the "high" state, having been triggered at the
      set terminal, capacitor 2 is rapidly charged to a high voltage level. A
      short, but significant period of time is required to charge the capacitor
      to this voltage level due to the finite switching time of flip-flop 6. For
      example, the charging time of capacitor 2 is 5 ns. which is a significant
      portion of the 30 ns. cycle time necessary for present broadcast recording
      standards.
PAR  The second inputs 8, 10 of comparators 4 and 5 respectively are coupled to
      reference voltages E.sub.1 and E.sub.2. E.sub.1 and E.sub.2 determine the
      points at which comparators 4 and 5 respectively will send reset and set
      impulses to flip-flop 6, thereby determining the trigger points of the two
      stable states of the bistable circuit 3. In the preferred embodiment input
      10 of comparator 5 constitutes a control terminal for the bistable circuit
      as will hereinafter be described.
PAR  A control circuit 11 which preferably comprises differential comparator 12,
      adjustable resistor 13 and inductor 14 is coupled in series between
      capacitor 2 and control terminal 10. Input 15 of comparator 12 is coupled
      to the capacitor 2. Input 16 is coupled to a voltage source E.sub.3 having
      a value midway between E.sub.1 and E.sub.2 for a purpose to be explained
      hereafter, E.sub.1 being larger than E.sub.2 in the illustrated
      embodiment. A resistor 18 is coupled between source E.sub.2 and terminal
      10 to provide some isolation between source E.sub.2 and the control
      circuit. The control circuit in the illustrated embodiment provides a
      means of compensating for non-linear variations in modulated frequency due
      to the finite switching time of the bistable circuit.
PAR  The output of comparator 4 is also connected to trigger flip-flop 19 which
      provides the final output of the circuit. In one construction of the
      embodiment shown, the comparators 4, 5 and 12 are all part of one
      integrated circuit chip and flip-flops 6 and 19 are part of another chip
      of the MECL 10,000 series manufactured by Motorola Semiconductor Products
      Inc. Pull down resistors 20 to 24 are connected to the terminals of the
      chips as shown to assure that the circuits remain forward biased. No pull
      down resistor has been used with flip-flop 6 since it must change states
      completely to avoid applying a charge to capacitor 2 during the discharge
      portion of the cycle which would result in nonlinear discharging of the
      capacitor.
PAR  In operation, the circuit of the preferred embodiment first provides a
      charge on capacitor 2, the Q output of the flip-flop 6 being in the "high"
      state, until the value of E.sub.1 is reached, at which time the comparator
      4 sends a reset signal to flip-flop 6, turning the Q output "low."
      Capacitor 2 then discharges at a rate determined by the flow in current
      source 1 as determined by the amplitude of the video signal input until
      the voltage value at control terminal 10 is reached. This causes
      comparator 5 to send a set signal to flip-flop 6, turning its Q output
      "high" so that the cycle repeats itself. Terminal 8 of comparator 4 is a
      reversing terminal as is terminal 9 of comparator 5. Consequently a "high"
      output is provided by comparator 4 when the voltage at terminal 7 is
      higher than the voltage at terminal 8 and a "high" is provided by
      comparator 5 when the voltage at terminal 9 is lower than that at terminal
      10.
PAR  The time necessary for capacitor 2 to charge up, which is dependent on the
      switching time of the bistable circuit, is fixed. The time for capacitor 2
      to discharge depends on the current generated by current source 1, which
      is determined by the magnitude of the video signal input. It is readily
      apparent, then, that as the video signal varies, the discharge time of
      capacitor 2 varies to change the frequency of the modulator and generate
      an fm signal.
PAR  Since, however, only the discharge portion of the cycle is varied, the
      frequency response of the modulator to video signal input will be
      non-linear. Control circuit 11 provides a linear response by changing
      state at a voltage point midway between the voltage levels at which the
      comparators 4 and 5 change state as determined by source E.sub.3. The
      square wave output from comparator 12 is filtered by RL filter 13, 14,
      applied to control terminal 10 and added to voltage E.sub.2. As the
      frequency of the oscillator increases, the total voltage at control
      terminal 10 increases to cause comparator 5 to switch in a shorter time
      during the discharge portion of the cycle. The discharge time is shortened
      to compensate for the finite fixed charging time of capacitor 2 and
      provide a compensated linear frequency to input voltage output. The
      precise switching point is adjusted by varying resistor 13 to provide
      optimum compensation.
PAR  The signal at the output of comparator 4 is halved by flip-flop 19 to
      provide the final pulse fm signal.
PAR  The frequency modulator of the preferred embodiment provides a linear, high
      quality output without the use of expensive components such as tunnel
      diodes. Rather, readily available, off-the-shelf components are used with
      no loss of quality over the prior art circuits.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A frequency modulator comprising;
PA1  a capacitor;
PA1  a controlled current source coupled to said capacitor and responsive to an
      applied modulating signal for varying the charge on it in a first
      direction at a rate dependent upon said applied modulating signal;
PA1  a bistable circuit coupled to said capacitor and responsive to the charge
      thereon to be switched to each of its two stable states, said current
      source being coupled to vary the charge on said capacitor in a first
      direction when said bistable circuit is in a first of its two stable
      states, said bistable circuit coupled to vary the charge on said capacitor
      in a second direction opposite said direction when in a second of its two
      stable states, said bistable circuit having a control terminal for
      controlling the frequency of switching between its stable states; and,
PA1  a control means coupled between said capacitor and said control terminal
      for controlling the stable state switching frequency dependent on the rate
      of charge variation provided by said current source.
NUM  2.
PAR  2. The frequency modulator of claim 1 wherein:
PA1  said bistable circuit comprises first and second differential comparators
      and a flip-flop having a reset terminal coupled to an output of said first
      comparator and a set terminal coupled to an output of said second
      comparator, an input of each said comparator and one output of said
      flip-flop being coupled to said capacitor, said first comparator
      responsive to the charge on said capacitor attaining a first level to
      reset said flip-flop to the first state of the bistable circuit, said
      second comparator responsive to the charge on said capacitor attaining a
      second level to set said flip-flop to the second state of the bistable
      circuit, and said second comparator having an additional input comprising
      said control terminal.
NUM  3.
PAR  3. The frequency modulator of claim 2 wherein:
PA1  said control means comprises a third differential comparator having an
      input coupled to said capacitor and an output coupled to said control
      terminal, said third comparator responsive to the charge on said capacitor
      attaining a third level between said first and second levels to adjust a
      control signal coupled to said control terminal.
NUM  4.
PAR  4. The frequency modulator of claim 3 wherein:
PA1  a filter circuit is coupled between the output of said third differential
      comparator and said control terminal.
NUM  5.
PAR  5. The frequency modulator of claim 4 wherein:
PA1  said filter circuit comprises a series RL circuit including an adjustable
      resistor.
NUM  6.
PAR  6. The frequency modulator of claim 1 wherein:
PA1  said bistable circuit is coupled to vary the charge on said capacitor at a
      constant rate independent of changes in the applied modulating signal;
      and,
PA1  said control means includes means for compensatingly changing the duration
      of the first stable state of the bistable circuit to provide linear
      changes in modulated frequency corresponding to changes in the applied
      modulating signal.
NUM  7.
PAR  7. The frequency modulator of claim 6 wherein:
PA1  said compensating means comprises a differential comparator having an input
      coupled to said capacitor and an adjustable filter circuit coupled between
      the output of said differential comparator and said control terminal, said
      comparator being responsive to the charge on said capacitor attaining a
      level to adjust a control signal coupled to said control terminal.
NUM  8.
PAR  8. The frequency modulator of claim 1 wherein:
PA1  said bistable circuit comprises first and second differential comparators
      and a flip-flop having a reset terminal coupled to an output of said first
      comparator and a set terminal coupled to an output of said second
      comparator, each of said comparators having first and second inputs, the
      first input of each said comparator and one output of said flip-flop
      coupled to said capacitor, the second input of said first comparator
      coupled to a first reference voltage, the second input of said second
      comparator coupled to a second different reference voltage, said first
      comparator responsive to the charge on said capacitor attaining a first
      level corresponding to said first reference voltage to reset said
      flip-flop to the first state of the bistable circuit, said second
      comparator responsive to the charge on said capacitor attaining a second
      level corresponding to said second reference voltage to set said flip-flop
      to the second state of the bistable circuit, said second input of said
      second comparator comprising said control terminal.
NUM  9.
PAR  9. The frequency modulator of claim 8 wherein:
PA1  said control means comprises a third differential comparator and a filter
      circuit for varying the amplitude of the output provided by said third
      comparator with frequency, said third comparator having first and second
      inputs and an output, the first input of said third comparator coupled to
      said capacitor, the second input of said third comparator coupled to a
      third reference voltage between said first and second reference voltages,
      said filter circuit coupled between the output of said third comparator
      and the second input of the second comparator, said third comparator
      responsive to the charge on said capacitor attaining a level corresponding
      to said third reference voltage to change states at its output.
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ABST
PAL  A quasi-optical integrated circuit which makes use of a high resistivity
       k single crystal intrinsic semiconductor as a low loss quasi-optical wave
      transmission medium for millimeter and submillimeter waves having one or
      more circuit elements or devices disposed either at or near the surface of
      a portion of the semiconductor, or formed within a portion of either the
      semiconductor transmission medium or a portion of a high resistivity
      single crystal intrinsic semiconductor appendage to said semiconductor
      transmission medium. By varying the potential applied to said elements or
      devices, one can control either the phase or the amplitude of
      quasi-optical wave propagation along the semiconductor waveguide;
      moreover, solid state devices such as quasi-optical generators, mixers and
      detectors can be formed within the semiconductor wave transmission medium
      itself. Quasi-optical generators also can be obtained by inserting a
      negative resistance device in an aperture disposed within a cavity
      resonator which is made of a material of high dielectric constant and high
      resistivity.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a division of application Ser. No. 397,184, filed Sept. 13, 1973,
      now U.S. Pat. No. 3,866,143 and a continuation-in-part of our copending
      patent application, Ser. No. 218,964, filed Jan. 19, 1972 and now
      abandoned.
BSUM
PAR  At the present time, most microwave integrated circuits are based
      fundamentally on a microstrip concept which works well in the frequency
      region from L-band up to X-band, and possible K-band. Above these
      frequencies, however, the losses become increasingly apparent and the
      costs rise excessively.
PAR  Conventional waveguides propagate energy according to the inside dimensions
      of the guide. This becomes difficult at the higher microwave frequencies
      and prohibitively difficult and expensive at millimeter and submillimeter
      band, that is, at frequencies from about 10GHz to 500GHz, where the
      dimensions (at least about one half wavelength in the material) must be
      extremely small. Because of these very small dimensions and the poor
      tolerances obtainable at the quasi-optical frequencies, energy
      transmission losses and mode changes can become serious. If, on the other
      hand, one attempts to use a glass dielectric rod immersed in air or in
      another dielectric medium, such as has been suggested for the optical band
      for transmission of millimeter and submillimeter waves, the losses would
      be very large. Moreover, there is no way in which effectively to control
      the carrier concentration within a rod made of glass or other amorphous
      material, and thus, no way to form wave energy transmission control
      devices right in the waveguiding medium.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a bulk semiconductor strip of material
      having a high resistivity -- of the order of at least 4000 ohm-cm -- is
      used as a wave propagating medium. A typical example of such an intrinsic
      material is silicon, which can have a resistivity as high as 25,000
      ohm-centimeters; gallium arsenide also is feasible. For such a high
      resistivity medium which, of course, connotes a high purity or intrinsic
      semiconductor of low conductivity, the power attenuation, which is an
      inverse exponential function of conductivity, is substantially negligible
      in the millimeter and submillimeter frequency range of interest.
      Experiments have shown that very little loss of quasi-optical wave energy
      occurs outside the waveguide, provided the usual care is taken to tailor
      the dimension of the waveguide to the desired frequency range of
      operation, which, of course, requires that the transverse dimension of the
      semiconductor strip be greater than approximately one half wavelength in
      the semiconductor material.
PAR  For controlling the propagation of millimeter or submillimeter energy along
      the intrinsic semiconductor waveguide, the latter can be an intrinsic
      semiconductor provided on opposite surfaces with grown doped regions of
      opposite conductivity type, or an undoped intrinsic semiconductor with
      opposite polarity electrodes on opposite surfaces, so that regions of
      carrier concentration are formed in the vicinity thereof. By changing the
      unidirectional biasing potential applied across these oppositely doped
      regions, or opposite polarity electrodes, as the case may be, the injected
      carrier concentration in the portion of the intrinsic semiconductor
      waveguide lying therebetween can be changed, thereby varying the
      conductivity of the semiconductor and permitting control of either the
      amount of energy transmitted through, or else the phase shift within, that
      portion of the semiconductor waveguide, depending upon design
      considerations, to be mentioned subsequently. This concept therefore,
      lends itself to amplitude modulators, controlled attenuators, switches,
      and power dividers or controllable directional couplers, as well as to
      phase shifters and phase modulators.
PAR  If the carriers are injected into a portion of the semiconductor waveguide
      close to its surface, the phase shift of millimeter or submillimeter wave
      energy propagating within that portion is influenced. If, on the other
      hand, the carriers are injected deeper into the aforesaid portion of the
      semiconductor waveguide structure, the amplitude of the energy passing
      through that portion is affected. Although there may be some second order
      phase shifting in the case of the amplitude controlling devices, or some
      second order amplitude control in phase shifting devices, this can be
      rendered substantially negligible by proper design. In designing phase
      shifting devices, it is necessary to consider that the amount of phase
      shift obtained, at a given frequency, is a function of the length of the
      electrodes, or of the doped regions, as the case may be.
PAR  The phase constant of propagation of millimeter and submillimeter wave
      energy along the intrinsic semiconductor waveguide can be controlled also
      by mounting an intrinsic single crystal semiconductor control member to
      one major surface of the semiconductor waveguide. This control member can
      have a PN or PIN structure built therein to which can be applied a
      unidirectional biasing voltage of variable magnitude.
PAR  Because the waveguide medium is an intrinsic semiconductor crystal, one can
      introduce circuit components and devices, such as mixers and detectors,
      right into the medium, as opposed to strip-line structures and other
      integrated circuits used at lower frequencies, wherein the circuit
      currents flow through the external elements of the strip line or circuitry
      and the ground plane or other return path deposited on the substrate.
PAR  A millimeter or submillimeter wave generator can be constructed by growing
      a negative resistance device, such as an avalanche diode or Gunn diode,
      right into a semiconductor waveguide of proper geometry to constitute a
      cavity resonator. The diode, for example, can consist of two highly doped
      regions of opposite conductivity type disposed within a portion of the
      waveguide. A biasing or control potential can be connected directly to
      electroded doped regions of this cavity resonator. Alternatively, a
      negative resistance electron device can be inserted in an aperture in a
      cavity resonator structure of a material having high resistivity and
      dielectric constant and supported therefrom by appropriate mounting means
      at a distance equal to an integral number of half wavelengths from the
      resonator boundary.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view showing a portion of an amplitude controlling device
      incorporating an intrinsic semiconductor wave guiding medium having point
      contact electrodes as a control element disposed on opposite surfaces;
PAR  FIG. 2 illustrates a typical field configuration for the fundamental mode
      of the wave guiding medium of FIG. 1;
PAR  FIG. 3 is a view of an amplitude controlling device wherein the control
      element is formed within the semiconductor wave guiding medium;
PAR  FIG. 4a is a view showing a device similar to FIG. 3 mounted within a metal
      waveguide;
PAR  FIG. 4b is a view showing the transition piece for a typical semiconductor
      waveguide for mounting within the metal waveguide of FIG. 4a;
PAR  FIG. 5 is a view of a phase shifter having a plurality of forward-biased p
      and n doped regions formed near one major surface of the semiconductor
      wave guiding medium;
PAR  FIGS. 6a and 6b are views illustrating an embodiment of phase shifter
      having an intrinsic semiconductor appendage of rectangular cross section
      mounted on the semiconductor waveguiding medium and having formed therein
      doped regions which partially comprise one or more control diodes.
PAR  FIGS. 7a and 7b are views illustrating a phase shifter wherein the doped
      regions of the semiconductor appendage of rectangular cross section are
      elongated regions extending along the direction of propagation of energy;
PAR  FIGS. 8a and 8b are views illustrating a phase shifter wherein the doped
      regions of the semiconductor appendage of rectangular cross section are
      arranged along the sides of the appendage;
PAR  FIGS 9a and 9b are views illustrating a phase shifter wherein the
      semiconductor appendage is of triangular cross section, with FIG. 9b also
      illustrating a typical distribution of the component of the electric field
      in the direction of the height of the semiconductor waveguide for
      different conditions of control bias;
PAR  FIG. 10 is a view showing a generator comprising a negative resistance
      device formed within a portion of a semiconductor waveguiding medium which
      is of such geometry as to constitute a cavity resonator;
PAR  FIG. 11 illustrates a generator similar to that of FIG. 10 except that
      cavity resonator is spaced from, and in line with, the waveguiding medium
      to which energy is coupled by way of an air gap;
PAR  FIG. 12 illustrates a generator coupled to a semiconductor wavegude as in
      FIG. 11 wherein the negative resistance device is a Gunn diode;
PAR  FIG. 13 illustrates a generator similar to that of FIGS. 10 and 11 but
      using a PN diode and having the semiconductor waveguide mounted on the
      cavity resonator for coupling purposes;
PAR  FIG. 14 illustrates a generator similar to that of FIG. 13 but with the
      negative resistance device mounted in an aperture within the cavity
      resonator;
PAR  FIG. 15 illustrates a generator having the negative device mounted in an
      aperture at the center of a cylindrical cavity resonator coupled to the
      semiconductor waveguide;
PAR  FIG. 16 illustrates a generator having a negative resistance device mounted
      within an aperture in a toroidal cavity resonator coupled to the
      semiconductor waveguide;
PAR  FIG. 17 is a view of a device using the semiconductor waveguiding medium of
      FIG. 1 which can be used as a power divider or controllable directional
      coupler;
PAR  FIG. 18 is a view of a directional coupler or power divider using the PIN
      construction shown in FIG. 3;
PAR  FIG. 19 is a view showing a PN detector mounted in a section of an
      intrinsic semiconductor waveguiding medium;
PAR  FIGS. 20 and 21 are views showing a mixer arrangement having a mixer diode
      mounted at the junction of two intersection semiconductor waveguiding
      media; and
PAR  FIG. 22 is a pictorial view showing a receiver front end using certain of
      the devices already described.
DETD
PAR  The device of FIG. 1 is particularly adapted for amplitude control and
      incorporates an intrinsic single crystal semiconductor waveguide 20 shown
      with arrows and legends indicating the direction of propagation of the
      energy. In devices, such as that of FIG. 1, wherein the semiconductor
      waveguide 20 is of rectangular cross section of width a and height b (see
      FIG. 2), the mode exhibiting the lowest loss is the E.sub.11.sup.y mode.
      The distribution of the E and H fields in both the x and y directions
      (directions mutually transverse to the z direction along which the
      millimeter or submillimeter wave energy propagages) is shown in FIG. 2 and
      falls off exponentially at a rate dependent upon the wavelength and the
      dielectric constant of the waveguide. It will be noted that an evanescent
      E and H field exists beyond the physical boundaries of the waveguide
      structure. Point contact electrodes 22 and 23 contact opposite major faces
      of waveguide 20 substantially midway along the transverse (a) dimension
      thereof, assming operation in the fundamental E.sub.11.sup.y mode. When
      the arm of switch 25 is in the left hand position, a suitable biasing or
      control potential from variable unidirectional voltage source 26 is
      applied across electrodes 22 and 23, and a high level electric field is
      concentrated in a narrow region of the semiconductor waveguide 20 disposed
      immediately between the two point contact electrodes. This electric field
      causes a concentration of carriers in this very narrow region between
      point contacts, with a resulting change in conductivity of the waveguide
      20 in this region. By adjusting the magnitude of the control voltage, as
      by potentiometer 27, the carrier concentration can be changed in
      proportion. As the biasing voltage is increased, the carrier concentration
      increases, and the conductivity of the narrow region of the semiconductor
      waveguide increases; consequently, attenuation of the wave energy
      propagating in the waveguide 20 increases. If the voltage is made
      sufficiently large, the carrier concentration can be made so high as to
      block completely transmissions of the input wave energy past the region
      lying between the electrodes 22 and 23; in other words, the device acts as
      a switch. When the arm of switch 25 in FIG. 1 is moved to the right hand
      position, the energy can be amplitude modulated by the amplitude
      modulation signal from amplitude modulator 30. The percentage of amplitude
      modulation will depend, of course, upon the level of the modulating
      signal, and also, of course, upon the biasing level.
PAR  In contrast with the device of FIG. 1, wherein a conrol or biasing
      potential is applied to electrodes on opposite surfaces of the
      substantially intrinsic semiconductor waveguide, the device of FIG. 3,
      which also can be of rectangular cross section, as indicated in FIG. 2,
      has doped regions 32 and 33 of opposite conductivity type formed, as by
      diffusion or implantation, into the opposite surfaces of the waveguide.
      The p region 32 and n region 33, together with the portion of the
      intrinsic semiconductor waveguide 20 lying therebetween, constitutes a PIN
      diode structure 35. When a forward biasing potential from source 26 is
      applied to the diode, electrodes 36 and 37, the degree of carrier
      concentration in the portion of the waveguide 20 disposed between the
      juxtaposed doped regions 32 and 33 is increased. The doped regions provide
      a built-in source of free carriers and thus regions of greater
      conductivity than the remainder of the semiconductor waveguide 20. On the
      other hand, the device of FIG. 1 has no free carriers, in the absence of a
      control potential.
PAR  The ends of the semiconductor waveguide 20 are shown tapered in the event
      that it is to be connected to other waveguide sections 20' and 20". The
      latter sections may be of the same material as waveguide 20 or may, for
      example, be waveguides with different dielectric constant.
PAR  The configuration of the taper of the waveguide 20 shown in FIG. 3 is a
      reasonably close approximation to an exponential taper which allows for
      most efficient impedance transformation between waveguide sections 20' and
      20" and waveguide 20. In practice, the length of the tapered portion is
      about 5 half wavelengths. The sections 20' and 20" can be joined to
      waveguide 20 by a low-loss adhesive, or simply by frictional contact. The
      sections 20' and 20" may even by separated very slightly, provided the
      separation is very small compared to one wavelength. It should be
      understood that the sections 20' and 20" need not be used, and that the
      entire quasi-optical wave propagating medium need consist only of one
      waveguide 20.
PAR  The device of FIG. 3 can be operated as an attenuator when the switch arm
      25 is in the left hand position. The positive terminal of the voltage
      source 26 is connected to the electrode 36 contacting the p type region
      32, while the negative terminal is connected to the electrode 37
      contacting the n type region 33. A potentiometer 27 connected across the
      voltage source 26 allows for variation of the control or biasing voltage,
      as in the device of FIG. 1. Because of the forward bias on the PIN
      structure 35, carriers are injected into the portion of the semiconductor
      waveguide 20 disposed between doped regions 32 and 33, thereby increasing
      the conductivity of that portion of the semiconductor waveguide and
      attenuating the energy propagating along the waveguide, in accordance with
      principles already discussed.
PAR  The device of FIG. 3 can be used as a switch by leaving the switch setting
      as just described and increasing by potentiometer 27 the forward bias
      level across the PIN junction diode 35 until all the incoming energy is
      reflected at the PIN junction and none reaches the output (load) end of
      the waveguide. The switching (binary or on-off operation) could be
      achieved by replacing the potentiometer sliding tap with two selectable
      fixed taps positioned so as to pick off control voltages which are either
      above or below that required for total reflection of energy at the PIN
      junction.
PAR  Amplitude modulation of the millimeter or submillimeter wave energy
      propagating along the semiconductor waveguide 20 can be achieved by moving
      the switch 25 of FIG. 3 to the right hand side and thereby introducing the
      amplitude modulating signal from amplitude modulator 30.
PAR  In the device of FIG. 3, the doped regions 32 and 33 provide regions of
      carrier concentration, even in the absence of a bias potential, and,
      hence, these regions are of higher conductivity than that of the undoped
      remaining portion of the semiconductor waveguide. Application of a forward
      bias to these doped regions results in a relatively large supply of
      carriers in the portion of the intrinsic semiconductor waveguide lying
      between the doped regions, which, at sufficiently high levels of control
      voltage, is sufficient to flood the entire region of the semiconductor
      waveguide lying between these doped regions.
PAR  In some applications it is advantageous to use the semiconductor waveguide
      20 in conjunction with metal waveguides. FIG. 4 illustrates the manner in
      which the intrinsic semiconductor waveguide 20 can be mounted within metal
      waveguides 41 and 42. The semiconductor waveguide 20 can be inserted
      within the larger metal waveguide since the dielectric constant of the
      semiconductor waveguide is much higher (for example, .epsilon. = 12 for
      silicon). The semiconductor waveguide 20, into which a diode 35 can be
      formed, is tapered at both ends. One end of the semiconductor waveguide 20
      is inserted between opposed tapered portions 43a and 43b of the metal
      waveguide 41 and the opposite end of semiconductor slab 20 is mounted
      within the metal waveguide 42 between the juxtaposed tapered portions 44a
      and 44b thereof. Each of the tapered end portions of the semiconductor
      waveguide 20 are of the order of 5 half wavelengths long. By means of the
      launching means shown in FIG. 4a, the impedance of the metal waveguide can
      be matched effectively to the impedance of the semiconductor waveguide.
      The device 35 of FIG. 4 has spaced p and n regions 32 and 33 formed within
      the semiconductor waveguide 20. When metal waveguide sections are used,
      one terminal of the biasing source can be connected directly to some point
      on the metal waveguide. In one embodimment the semiconductor waveguide 20
      was 6 millimeters wide, 3 millimeters high and about 10 centimeters long.
      In the submillimeter wave region, where semiconductor waveguide dimensions
      become relatively small, the semiconductor waveguide 20 can be fabricated
      by photoetching or ion implantation into the semiconductor substrate of
      high resistivity. With these techniques, which can include masking for
      achieving appropriate dimensions of the semiconductor waveguide, the
      waveguide 20 so formed within the substrate would have a higher dielectric
      constant than that of the substrate, so as to properly confine the energy
      along the waveguide 20.
PAR  A phase shifter is shown in FIG. 5 and includes an intrinsic semiconductor
      20 which has a plurality of p type doped regions 51a, 51b, etc. and a like
      plurality of n type doped regions 52a, 52b, etc. formed near one major
      surface of the semiconductor waveguide 20. The alternate regions 51 and 52
      of opposite conductivity type are maintained at opposite polarity by being
      connected to oppositely polarized power supplies 55 and 56, as shown in
      FIG. 5. The necessary electrical connections are made to electrodes 53
      which may be thin metallic layers formed on the surfaces of the doped
      regions by any of the usual integrated circuit techniques. A given p type
      doped region, such as region 51, the adjacent n type doped region 52, and
      the portion of the intrinsic semiconductor waveguide 20 lying therebetween
      combine to form a forward-biased PIN diode. Carriers thus are injected
      into the semiconductor with the hole and electron migration being shown by
      the arrows. Thus, a region of changing conductivity is produced at or near
      the surface of the waveguide between the various doped regions, whereby
      the millimeter or submillimeter wave energy propagating along the
      semiconductor waveguide can be made to undergo a phase shift in the region
      occupied by the various PIN diode. If the carrier lifetime is sufficiently
      short and if the doped regions are sufficiently closely spaced, a
      substantial portion of the carriers will remain along paths near the
      surface, as shown by the arrows in FIG. 5. The number of carriers
      traveling into the semiconductor perpendicular to the major surfaces will
      be relatively few and there will be little carrier absorption or
      attenuation. This device provides phase shift with little or no
      attenuation.
PAR  Modifications of the phase shifter device of FIG. 5 are shown in FIGS. 6 to
      9, wherein a thin intrinsic single crystal semiconductor member or
      appendage 200 which includes control means, such as a biased diode, is
      mounted on one of the major surfaces of the semiconductor waveguide 20.
      Some of the energy propagating along the waveguide 20 is coupled into the
      semiconductor appendage. The appendage 200 can be provided with slant end
      faces in order to improve matching between the semiconductor waveguide 20
      and the appendage 200.
PAR  In the device of FIGS. 6a and 6b, a plurality of spaced transverse
      alternating p type regions 51 and n type regions 52 are formed within the
      appendage 200. The transverse regions 51 and 52 are shown to be shorter
      than the transverse dimension of appendage 200; these regions, however,
      can extend the entire width of the appendage. Since the electric field is
      a maximum at or near the center of the waveguide appendage 200, the
      largest control occurs at the center of the lateral dimension of the
      waveguide appendage. The phase shift will be a function of the number of
      such doped regions and of the magnitude of the bias voltage applied
      thereto. As in the device of FIG. 5, the p and n type regions 51 and 52
      are in contact with electrodes 54 which are connected to positive and
      negative terminals 58 and 59, respectively of a unidirectional power
      supply; in other words, the PIN diodes formed by adjacent p and n regions
      and that portion of the intrinsic semiconductor of the appendage lying
      therebetween, are forward biased. The carriers are injected along paths
      within the appendage similar to those shown in FIG. 5. Because of the
      crystal interface or boundary between the appendage 200 and the waveguide
      20, none of the carriers can pass down into the depths of the waveguide
      and cause undesirable attenuation to occur in the phase shifter.
PAR  Another type of phase shifter is shown in FIGS. 7a and 7b in which the
      appendage 200 attached to the waveguide 20 includes a pair of longitudinal
      p and n type regions 61 and 62 formed in the upper surface of the
      appendage 200 along opposite sides thereof; these doped regions 61 and 62
      are spaced apart by an intrinsic region which merges into a wider region
      (see FIG. 7b) which can extend across the appendage. When the PIN diode
      formed by the p and n strips or regions 61 and 62 and the inverted
      T-shaped intrinsic region is forward biased by connecting the electrodes
      63 contacting regions 61 and 62 to the positive and negative terminals 64
      and 65, respectively, carriers are injected into the intrinsic region
      along paths generally transverse to the direction of propagation of wave
      energy, thereby changing the conductivity of the latter region. If the
      forward bias voltage is increased, the effective height of the
      semiconductor waveguide 20 over the portion thereof juxtaposed to the
      appendage 200 is increased. This results in a decrease in effective guide
      wavelength in said portion and an increase in phase shift of energy
      propagating along the waveguide 20.
PAR  Still another version of a phase shifter is shown in FIGS. 8a and 8b, in
      which the p and n doped regions 66 and 67 are formed along the sides of
      the appendage 200. These doped regions are connected by the electrodes 68
      to positive and negative terminals 69 and 70, respectively. The general
      direction of movement of the injected carriers into the intrinsic region
      is transverse to the direction of propagation of wave energy, as in the
      device of FIGS. 7a and 7b The doped regions need not extend to the surface
      of the waveguide; however, as the doped regions of the appendage become
      closer to the waveguide 20, the phase shift is somewhat enhanced, other
      parameters remaining constant.
PAR  In the electronic phase shifter of FIGS. 9a and 9b, the semiconductor diode
      appendage 200 is of triangular cross section with the p and n doped
      regions 72 and 73 formed in the slanting sides of the appendage. As in the
      devices previously described, forward forwardd bias is applied to the PIN
      diode formed within the appendage 200 by connecting the electrodes 74
      contacting p and n doped regions 72 and 73 to the positive and negative
      terminals 75 and 76, respectively, of the unidirectional bias voltage
      source. When the bias voltage is small, the carriers are concentrated in
      the limited region near the apex of the triangular region. Because of the
      increased conductivity of the appendage in this limited region, the effect
      is that of a small electrode positioned near the apex of the triangular
      appendage. As the dc bias potential is increased, the proportion of the
      triangular intrinsic semiconductor occupied by free carriers increases,
      until finally, the whole volume of the appendage lying between the doped
      regions 72 and 73 becomes substantially filled with free carriers. As the
      region of higher conductivity in the triangular appendage progressively
      approaches the upper surface of semiconductor waveguide 20, the field
      distribution along the waveguide changes. The distribution of E.sub.y, the
      component of the electric field in the y direction, in the absence of
      bias, is shown by the curve 81 in FIG. 9b. It will be noted that, as in
      FIG. 2, there is an evanescent field extending exponentially beyond the
      confines of the waveguide and the maximum exists at a plane forming midway
      between the top or bottom surfaces of the waveguide 20. As the control
      voltage increases, the volume of carrier concentration increases and the
      plane of high conductivity approaches the surface of the dielectric
      waveguide. This, in effect, causes a spread in the distribution of the
      component E.sub.y of the electric field shown in FIG. 9b, thereby
      decreasing k.sub.y, the phase constant in the y direction; this condition
      is shown by the curve 82 in FIG. 9b. The result of such a change is that
      the phase constant in the z direction which is given by
EQU  k.sub.z = [k.sub.1.sup.2 - k.sub.x.sup.2 - k.sub.y.sup.2 ] .sup.1/2
PAL  where
      ##EQU1##
      is increased. The wavelength .lambda..sub.z in the direction of
      propagation, which is equal to 2 .pi./k.sub.z, thus decreases. At a still
      higher value of bias, the conductive plane (the lower limit of the
      conducting volume) approaches the top surface of the semiconductor
      waveguide 20, as indicated by the curve 83, forming an image plane at said
      surface. At this point, k.sub.y is a minimum and k.sub.z is a maximum and
      .lambda..sub.z approaches a minimal value. In summary, the effective guide
      wavelength decreases as a function of the magnitude of the forward direct
      current bias potential applied to the PIN diode.
PAR  An example of an integrated circuit millimeter or submillimeter wave
      generator is shown in FIG. 10 in which a negative resistance device 85 is
      made up of contacting p.sup.+ and n doped regions 91 and 92 and formed
      right into an intrinsic single crystal semiconductor medium which
      constitutes both a cavity resonator 300 and a semiconductor waveguide 20
      which is of reduced cross section and thus of thickness consistent with
      fabrication requirements for such PN diodes. Impedance matching between
      the PN diode 85 and the portions of the semiconductor medium on either
      side thereof can be achieved by tapering the cross section, as shown in
      FIG. 10. The PN diode 85, which can be an avalanche or Impatt diode, in
      which the region 91 is more heavily doped than region 92, is disposed an
      integral number of half wavelengths, at the operating frequency, from one
      end of a semiconductor resonator 200. The negative resistance diode 85 and
      the portion of the semiconductor medium lying between the diode 85 and the
      free end of the semiconductor medium constitutes the cavity resonator 300.
      The p and n conductivity type regions 91 and 92 are provided with
      respective ohmic contacts 94 and 95 to which are attached negative and
      positive terminals 96 and 97, respectively, of a unidirectional bias
      supply for establishing the proper operating mode for the diode 85. In the
      oscillator device of FIG. 10, as well as in the oscillator devices of
      FIGS. 11, 13 and 14, a reverse bias is applied to the diodes. In the case
      of the Gunn diode oscillator in a GaAs guide of FIG. 12, the bias polarity
      can be as indicated in FIG. 12.
PAR  An alternative arrangement is shown in FIG. 11 wherein the diode 85 is
      disposed at a point midway-between the ends of semiconductor resonator
      300A an integral number of half wavelengths (that is n.lambda./2), where n
      is any integer and .lambda. is the wavelength, from each end thereof. It
      should be noted that the integer n need not be the same for both sides of
      the resonator; that is, the diode 85 need not be at the midpoint of the
      resonator structure 300A, so long as the distance n.lambda./2 is
      maintained. The arrangement of FIG. 11 is such that coupling of generated
      energy from the cavity resonator 300A to the waveguide 20 is achieved
      through a small space therebetween.
PAR  In the device of FIG. 12, a Gunn diode 100 is mounted a distance
      n.lambda./2 from each end of the cavity resonator 300B. The Gunn diode 100
      consists of two heavily doped n conductivity type regions 101 and 102
      formed within the resonator 300A which contact a less heavily doped n
      conductivity type central region 103. The electrodes 104 and 105
      contacting the respective n.sup.+ regions 101 and 102 are connected to
      negative and positive terminals 106 and 107 respectively of a
      unidirectional control voltage supply. The energy generated in resonator
      300B can be coupled to the semiconductor waveguide 20 as in the device
      shown in FIG. 11.
PAR  The device of FIG. 13 differs from those shown in FIGS. 10 and 11 in the
      method of coupling of energy into the semiconductor waveguide 20. The
      semiconductor waveguide 20 of FIG. 13 is mounted directly on top of the
      cavity resonator 300A, instead of being arranged in line therewith (FIG.
      11) or integral therewith (FIG. 10). The PN diode 110 of FIG. 13 includes
      p and n doped regions 111 and 112 connected by electrodes 113 and 114 to
      negative and positive bias voltage terminals 115 and 116, all
      respectively. The device of FIG. 13 is an avalanche negative resistance
      device.
PAR  It should be understood that the methods of coupling shown in FIGS. 10, 11,
      and 13, the types of cavity resonators shown in FIGS. 10 and 11 and the
      types of diodes shown in FIGS. 10, 12 and 13 can be used interchangeably
      with one another.
PAR  In FIG. 14, a negative resistance device 120, such as an avalanche or
      Impatt diode, a Gunn diode, or TRAPATT device, is inserted within an
      aperture 122 in the cavity resonator 300A. The cavity resonator of FIG. 14
      is a bar of rectangular cross section which can be made for example, of
      high resistivity silicon.
PAR  Gallium arsenide and aluminum oxide, or any other material having low
      conductivity and a high dielectric constant can be used. In other words,
      if the negative resistance device is inserted within an aperture in the
      cavity resonator, instead of being grown therein, the resonator material
      need not be a single crystal intrinsic semiconductor. The negative
      resistive oscillator diode 120, of FIG. 14, can be mounted to the
      resonator 300A by a mounting assembly 125 including upper and lower metal
      posts 126 snd 127, respectively, each including split finger contacts for
      gripping the diode 120. The lower metal mounting post 127 can be integral
      with, or attached to the lower plate 129 which can be connected to a
      positive terminal 130 of a unidirectional control voltage source. The
      mounting assembly 125 includes an upper plate 131, and an insulating
      bushing 132 to provide electrical insulation from the positive voltage
      supply, since the upper metal post 126 is connected to a terminal 134 of
      negative potential. An r.f. choke 125 for isolating high frequency energy
      from the dc power supply which is connected to the upper metal mounting
      post 126 includes cylindrical member 137, cup-shaped member 138 and
      insulating member 139. The lower and upper plates 129 and 131 are
      interconnected by long screws 141 which can be tightened sufficiently to
      hold the negative resistance diode 120 in place within the aperture 122 in
      the resonator 300A. No metal exists around the outside portion of the
      structure so that radiation can occur directly from the body of the diode
      120 out to the dielectric waveguide cavity resonator 300A. The diode 120
      is mounted in the cavity resonator 300A to be any integral number of half
      wavelengths, at the oscillation frequency, from the ends of the cavity
      resonator. To couple the power out from the resonator, the dielectric
      waveguide 20, whose cross sectional dimensions can be similar to those of
      the cavity resonator 300A, is positioned on top of one end of the cavity
      resonator. The coupling length is adjusted for maximum power transfer from
      the resonator into the dielectric waveguide 20. The methods of coupling
      shown in FIG. 11 also can be used with the device of FIG. 14; furthermore,
      the diode 120 can be mounted in a manner indicated in FIG. 10. By way of
      example, a Gunn diode inserted in a cylinder cut in the silicon guide was
      mounted in a silicon semiconductor waveguide 3 millimeters by 6
      millimeters and 10 centimeters long was found to oscillate at 15GHz with
      more than 20 milliwatts output.
PAR  FIG. 15 illustrates an oscillator wherein the negative resistance diode,
      not visible in FIG. 15, is positioned within a central aperture 122 of a
      radial cavity resonator 300B. The radial cavity resonator, like the
      parallelopiped cavity resonator 300 of FIG. 10 and 300A of FIGS. 11-13, is
      made of a semiconductor of high resistivity, such as silicon. The diode is
      mounted between upper and lower mounting posts 126 and 127, as in the
      device of FIG. 14. The radius of the radial cavity resonator 300B of FIG.
      11B is substantially any number of half wavelengths at the oscillator
      operating frequency. The radial current flow is a maximum, and the
      impedance a minimum, at the center and at the edge of the resonator. In
      one illustrative embodiment of the device of FIG. 15, a silicon disc was
      3mm in height and radius of roughly 1cm was used to provide oscillations
      at 15GHz. Energy in the radial cavity resonator 300B is coupled into the
      semiconductor waveguide 20 through a small air gap. In FIG. 15, a flat
      metal plate 145 is shown placed on the bottom of the cavity resonator 300B
      for heat dissipation; this metal plate 145 also has the effect of causing
      a slight change in wavelength in the radial cavity resonator owing to an
      action similar to that described in FIG. 9. It should be noted, however,
      that the oscillator system of FIG. 15 will operate satisfactorily with or
      without the bottom plate and will depend primarily on the dimensions of
      the cavity resonator.
PAR  Another version of the oscillator system is shown in FIG. 16 which uses a
      toroidal cavity resonator 300C which can be suitably machined from a block
      of silicon, or other high resistivity semiconductor material. An aperture
      122 is cut in the toroidal cavity resonator 300C for receiving the
      negative resistance diode, as in previous cases. The diode can be mounted
      by mounting posts 126 and 127 in a manner to that described in connection
      with the device of FIGS. 14 and 15. Because of the low loss (little or no
      metal being present) high Qs are possible in both the millimeter region
      and submillimeter regions of the spectrum. This means circumference of the
      toroidal cavity resonator 300C is substantially any integral number of
      half wavelengths at the operating frequency of the resonator. Coupling of
      energy from the toroidal cavity resonator 300C to the waveguide 20 can be
      obtained by positioning the waveguide adjacent to the ring resonator. In
      all cases, the systems shown in FIGS. 14 to 16, tuning can be accomplished
      by electronically varying the wavelength in the material by means of an
      electronic phase shifter, such as previously described.
PAR  The principles already discussed in connection with FIGS. 1 and 2 can be
      used to construct a controllable directional coupler or power divider, as
      indicated in FIG. 17. The directional coupler or power divider may
      comprise a bifurcated semiconductor slab 20' having a first arm 20A and a
      variable attenuator built into arm 20B. The input wave energy will divide
      in proportion to the relative areas of the coupled portions of the
      semiconductor waveguide and the entire waveguide 20' in the absence of any
      direct current bias on electrodes 22 and 23. As the bias from the direct
      current source 26 is increased, the losses in the coupler arm 20B
      increase, for reasons already explained in connection with FIG. 1, and the
      ratio of output energy in arm 20B to that in arm 20A decreases.
PAR  The use of a PIN diode in a directional coupler or power divider 20' is
      illustrated in FIG. 18. The PIN diode 35, like that shown in FIG. 3, is
      made up of a p type region 32 and an n type region 33 and the portion of
      intrinsic semiconductor arm 20B lying therebetween. The portion of the
      wave energy entering the output arm 20B depends upon bias from source 26
      applied to the PIN diode 35 formed in the control arm 20B. This bias can
      be varied by adjustment of potentiometer 27 to adjust the ratio of the
      magnitude energy emanating from arm 20B to that entering a coupler. The
      operation of such a directional coupler device is basically identical to
      that with the PIN diode of FIG. 3.
PAR  The semiconductor waveguide 20 of FIG. 19 has a PN diode detector 155
      mounted therein which can comprise juxtaposed p and n conductivity regions
      151 and 152 formed by doping into the intrinsic semiconductor 20. Ohmic
      contacts 153 and 154 which are evaporated or otherwise attached to the
      respective p and n regions 151 and 152 serve as positive and negative
      terminal connections to 156 and 157 of a unidirectional control (bias)
      voltage source. The detector 155 should be positioned an odd number of
      quarter wavelengths from the end of the semiconductor waveguide 20. The
      ends of the semiconductor waveguide 20 of FIG. 19 is shown tapered in
      order to allow easier fabrication of the diodes (see comments made in
      regard to the device of FIG. 10).
PAR  A mixer arrangement is illustrated in FIGS. 20 and 21, with the energy from
      two separate energy sources, such as the signal and local oscillator
      supplying millimeter or submillimeter wave energy to the mixer diode 160
      along two separate semiconductor waveguides 20C and 20D, respectively, as
      illustrated by arrows in FIG. 21. The diode 160 can be formed in a region,
      preferably of reduced thickness, at the intersection of the two waveguides
      20C and 20D, as indicated in FIGS. 20 and 21 and may consist of conjoined
      p and n conductivity type regions 161 and 162 connected by ohmic contacts
      163 and 164 to the positive and negative terminals 165 and 166 of a
      unidirectional bias voltage supply 26 in series with load 170. It should
      be noted that the mixer diode of FIGS. 21 and 22 can also be a PIN device
      such as shown in the detector of FIG. 19.
PAR  FIG. 22 discloses a typical combination of several features of the
      invention which can be used as a quasi-optical energy receiver. The local
      oscillator 180 consists of a negative resistance device, formed within the
      semiconductor cavity resonator 300C, such as PN diode 110 in resonator
      300A of FIG. 13, which can be coupled, as in the case of FIG. 13, to the
      semiconductor waveguide 20. A phase shifting device 185, which can be
      similar to that shown in FIGS. 9a and 9b, can be placed as an appendage to
      the waveguide 20 for controlling the wavelength, and, therefore, the phase
      shift in the cavity resonator 300A. The use of this phase shifter, of
      course, is optional, depending on system requirements. Energy from the
      receiver antenna can be supplied, along with local energy, to a mixer 160
      by way of the directional coupler 190, which is made of a bent section of
      intrinsic single crystal semiconductor material. The mixer 195 can be a
      diode 160 such as that shown in FIG. 20 and preferably spaced an odd
      number of quarter wavelengths from the end of waveguide 20. The output of
      the mixer 195 can be coupled to the i.f. amplifier of the receiver, which
      itself could be formed within the semiconductor waveguide 20.
PAR  Obviously, many modifications and variations of the present invention are
      possible. The scope of the invention is limited only in the manner defined
      by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a quasi-optical energy waveguide consisting entirely of
      a bulk single crystal intrinsic semiconductor waveguiding medium of high
      resistivity for propagating millimeter and submillimeter wave energy in
      the fundamental mode, at least one electrical circuit element disposed at
      a portion of said medium, and wave energy propagation control means
      including means for supplying a unidirectional forward biasing voltage to
      said element for controlling the propagation through said medium of said
      wave energy in response to conductivity variations produced within said
      portion of said medium.
NUM  2.
PAR  2. The combination of claim 1 wherein said circuit element includes a pair
      of juxtaposed electrically conductive point contact electrodes mounted on
      opposite surfaces of said portion of said medium and wherein said
      electrodes are connected across said voltage supply.
NUM  3.
PAR  3. The combination of claim 2 wherein said unidirectional voltage is a
      forward biasing voltage.
NUM  4.
PAR  4. The combination of claim 1 wherein said circuit element includes
      juxtaposed doped regions of opposite conductivity type formed within
      opposite major surfaces of said portion of said medium and wherein said
      doped regions are connected across said supply voltage.
NUM  5.
PAR  5. The combination of claim 4 further including means for supplying an
      amplitude modulating signal in series with said supply voltage to
      amplitude modulate the energy propagating along said medium.
NUM  6.
PAR  6. The combination of claim 4 wherein said unidirected voltage is a forward
      biasing voltage.
NUM  7.
PAR  7. The combination of claim 1 wherein said circuit element includes an
      electrically conductive member positioned adjacent said portion of said
      medium and connected to said supply voltage means, said semiconductive
      member being spaced from said medium by an electrically insulating means.
NUM  8.
PAR  8. The combination of claim 1 wherein said element includes a plurality of
      spaced doped regions of alternating opposite conductivity type formed
      within said medium near one surface thereof and wherein said doped regions
      of opposite conductivity type are connected to portions of said supply
      voltage means of opposite polarity.
NUM  9.
PAR  9. The combination of claim 1 wherein said waveguiding medium contains a
      plurality of branches only one of which is subject to said wave energy
      propagation control means.
NUM  10.
PAR  10. The combination of claim 4 wherein said electric circuit element is a
      detector of quasi-optical wave energy.
NUM  11.
PAR  11. The combination of claim 1 further including a detector of
      quasi-optical wave energy formed within said medium.
NUM  12.
PAR  12. The combination of claim 1 wherein said waveguiding medium contains a
      plurality of intercoupled branches each receptive of quasi-optical wave
      energy from separate sources and wherein said electrical circuit element
      is a mixer formed within said media at the region of intercoupling.
NUM  13.
PAR  13. In combination, a waveguiding medium for propagating quasi-optical wave
      energy, an appendage mounted on a portion of said medium, said waveguiding
      medium and said appendage each consisting entirely of a bulk single
      crystal intrinsic semiconductor of high resistivity and high dielectric
      constant, at least one electric circuit element formed within said
      appendage and wave energy propagation control means including means for
      supplying a unidirectional voltage to said element for controlling the
      propagation through said medium of said wave energy in response to
      conductivity variations produced within said appendage.
NUM  14.
PAR  14. The combination of claim 13 wherein said waveguiding medium and said
      appendage is substantially of rectangular cross section.
NUM  15.
PAR  15. The combination of claim 14 wherein said circuit element includes
      spaced elongated doped regions of opposite conductivity type formed within
      said appendage along opposed edges of the exposed major surface of said
      appendage and wherein said doped regions are connected across said supply
      voltage.
NUM  16.
PAR  16. The combination according to claim 14 wherein said circuit element
      includes spaced doped regions of opposite conductivity type formed within
      said appendage along opposite sides of said appendage and wherein said
      doped regions are connected across said supply voltage.
NUM  17.
PAR  17. The combination of claim 13 wherein said waveguiding medium is
      substantially rectangular cross section and said appendage is of
      substantially triangular cross section, and wherein spaced doped regions
      of opposite conductivity type are formed in the slanting exposed surfaces
      of said appendage and wherein said doped regions are connected across said
      supply voltage.
NUM  18.
PAR  18. The combination of claim 14 wherein said circuit element includes a
      plurality of transversely disposed spaced doped regions of alternating
      opposite conductivity type formed within said appendage near one surface
      thereof and wherein said doped regions of opposite conductivity type are
      connected to portions of said supply voltage means of opposite polarity.
NUM  19.
PAR  19. The combination of claim 13 further including at least one active
      circuit device formed within said medium.
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ABST
PAL  An improved monolithic crystal filter is disclosed. The filter has input
      and output ports formed from particular combinations of first, second and
      third terminals, the latter terminals having been adapted to be connected
      to certain preselected electrodes of the two adjacent resonators
      comprising the filter. More specifically, the first terminal is adapted to
      be connected to one of the electrodes of a first one of the aforesaid two
      resonators, the second terminal to the other electrode of the first
      resonator and to one of the electrodes of the second of the two
      resonators, and the third terminal to the remaining electrode of the
      second resonator. With the first, second and third terminals so adapted,
      the employment of the first and third terminals as one of the input and
      output ports of the filter and the employment of any other combination of
      two of the terminals as the other one of the input and output ports
      thereof results in a filter which is found to exhibit two finite frequency
      attenuation poles whose locations can be varied by varying the filter
      parameters. As a result, by proper selection of such filter parameters,
      the attenuation poles of the filter can be made to bracket the filter
      passband, thereby causing the filter attenuation characteristic to steeply
      rise near the edges of such band.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to monolithic crystal filter structures and more
      particularly to monolithic crystal filter structures exhibiting
      attenuation peaks at the edges of the filter passband.
PAR  The term "monolithic crystal filter" is used herein to define the basic
      filter structure disclosed in U.S. Pat. No. 3,564,463, issued on Feb. 16,
      1971 to W. B. Beaver and R. A. Sykes. As disclosed in the aforesaid
      patent, such a monolithic crystal filter comprises a plurality of
      resonators which share a common piezoelectric wafer. More particularly, a
      monolithic crystal filter is characterized by two distinguishing features,
      namely, mass loading and acoustic coupling. The term mass loading refers
      to a particular electrode mass which is determined by the nature of the
      piezoelectric body and its thickness, and by the size and density of the
      electrodes which make up each of the resonators. Acoustic coupling, on the
      other hand, refers to the existence of an energy channel in the
      piezoelectric body which effects the transmission of acoustic energy
      between the input and output electrodes. By virtue of a specific
      combination of mass loading and acoustic coupling, the image impedance of
      the monolithic crystal filter structure as a whole conforms to a
      specifically defined pattern. Additionally, the structure, as a whole, has
      an equivalent circuit in the form of a lattice network with resonant and
      antiresonant frequencies characterized by a specifically defined relation.
PAR  In order to ensure the sharpest possible cutoff action and corresponding
      high degree of selectivity, the attenuation characteristic of any
      effective band filter, including a monolithic crystal filter, should be
      marked by steep skirts of attenuation near the filter passband. In the
      case of a monolithic crystal filter, one particular technique for
      achieving such steep attenuation skirts has been to modify the
      conventional monolithic filter structure such that the structure is made
      to exhibit attenuation poles close to the filter passband. Unfortunately,
      however, the modifications used to date in realizing such attenuation
      poles have involved the adding of other signal paths and/or resonators to
      the basic filter structure, thereby tending to increase its complexity.
PAR  It is therefore a broad object of the present invention to improve the
      attenuation characteristics of a conventional monolithic crystal filter by
      establishing controllable attenuation poles relatively close to the filter
      passband in a manner which does not overly increase the complexity of the
      filter structure.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of the present invention, the above and
      other objectives are realized by modifying an otherwise conventional
      monolithic crystal filter so as to employ as the input and output ports
      thereof particular combinations of first, second and third terminals, the
      latter terminals having been adapted to be connected to certain
      preselected electrodes of the two adjacent resonators comprising the
      filter. More specifically, the first terminal is adapted to be connected
      to one of the electrodes of a first one of the aforesaid two resonators,
      the second terminal to the other electrode of the first resonator and to
      one of the electrodes of the second of the two resonators, and the third
      terminal to the remaining electrode of the second resonator. With the
      first, second and third terminals so adapted, the employment of the first
      and third terminals as one of the input and output ports of the filter and
      the employment of any other combination of two of the terminals as the
      other one of the input and output ports thereof results in a filter which
      is found to exhibit two finite frequency attenuation poles whose locations
      can be varied by varying the filter parameters. As a result, by proper
      selection of such filter parameters, the attenuation poles of the filter
      can be made to bracket the filter passband, thereby providing the required
      steep rise in the filter characteristic near the band.
PAR  While it can be appreciated that the present invention can take on a number
      of embodiments, in one particular embodiment to be described herein, the
      input port of the filter comprises the first and third filter terminals
      and the output port comprises the third and second filter terminals. In
      another embodiment, the output port of the filter comprises the first and
      third terminals and the input port the third and second filter terminals.
PAR  In a further embodiment of the invention, a plurality of filters modified
      in accordance with the principles of the present invention are cascaded to
      result in a composite bandpass filter.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A clearer understanding of the above-mentioned features of the present
      invention can be obtained by reference to the following detailed
      description taken in conjunction with the following drawings, in which:
PAR  FIG. 1 illustrates a monolithic crystal filter in accordance with the
      principles of the present invention;
PAR  FIGS. 2 and 3 show two other input and output port combinations for the
      filter of FIG. 1;
PAR  FIG. 4 illustrates a typical attenuation characteristic to be expected from
      the filter of FIG. 1;
PAR  FIG. 5 illustrates the equivalent circuit of the filter of FIG. 1;
PAR  FIG. 6 shows a plurality of filters of the type illustrated in FIG. 1
      connected in cascade;
PAR  FIG. 7 depicts a typical attenuation characteristic for the arrangement of
      FIG. 6;
PAR  FIG. 8 shows a modification of the arrangement of FIG. 6 in which tuning
      capacitors are employed; and
PAR  FIG. 9 shows a ladder-type equivalent circuit of the filter of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, a monolithic crystal filter (MCF) 11 in accordance with the
      principles of the present invention is shown. With the exception of
      certain modifications to be explained hereinbelow regarding the input and
      output ports of filter 11, the filter is formed in accordance with the
      monolithic crystal fibers taught in the above-mentioned Beaver-Sykes
      patent.
PAR  More specifically, as shown, MCF 11 comprises first and second acoustically
      coupled resonators 12 and 13 which are formed by sandwiching portions of a
      piezoelectric wafer or body 14 between electrode pairs 15-1, 15-2 and
      16-1, 16-2, respectively. Additionally, filter 11 is provided with three
      terminals 1, 2 and 3 which provide means for applying a signal V.sub.in to
      the filter and extracting a signal V.sub.out from the filter. The latter
      terminals, in turn, are adapted to be connected to particular ones of the
      elctrodes of electrode pairs 15 and 16. As shown in FIG. 1, terminals 1
      and 3 are adapted, via respective circuits 17 and 18, to be connected to
      electrodes 15-1 and 16-1, respectively, and terminal 2 is adapted, via
      circuits 19-1 and 19-2, to be connected to electrodes 15-2 and 16-2. It
      should be noted, however, that the principles of the invention apply as
      well when terminals 1 and 3 are adapted to be connected to electrodes 15-1
      and 16-2, respectively, and terminal 2 is adapted to be connected to
      electrodes 15-2 and 16-1. It should be also noted, moreover, that while
      each of the circuits 17, 18, 19-1 and 19-2 is shown in FIG. 1 as being
      comprised of a conductive element, each of the circuits might also be
      comprised of a reactive element or of a combination of reactive and
      conductive elements.
PAR  As can be appreciated, if filter 11 was entirely conventional and not
      modified in the manner to be discussed hereinbelow, the input port of the
      filter would typically comprise the terminals 1 and 2 and the output port
      the terminals 2 and 3. As is known, however, with the aforesaid terminals
      defining the input and output ports of the filter, the filter exhibits
      poles of attenuation only at zero or infinite frequency. This, in turn,
      results in the attenuation characteristic of the filter having attenuation
      skirts which rise monotonically and, hence, attenuation skirts which do
      not provide a precise enough demarcation of the filter passband for some
      filter applications.
PAR  In accordance with the principles of the present invention, the input and
      output ports of MCF 11 are formed so that the filter exhibits skirts of
      attenuation which rise at a significantly faster rate than in the
      above-mentioned conventional situation. In particular, in accordance with
      the invention, one of the aforesaid input and output ports of MCF 11 is
      formed from the terminals 1 and 3, while the other of the aforesaid input
      and output ports is formed from any other combination of two of the
      terminals. With the input and output ports of the filter so formed, the
      filter is found to exhibit two poles of attenuation which are at finite
      frequencies and which are controllable by variation of the filter
      parameters. As a result, by proper selection of the aforesaid parameters,
      one attenuation pole can be situated on one side of the filter passband
      and the other on the other side of the passband. With the poles so
      situated, the filter attenuation characteristic exhibits peaks of
      attenuation on both sides of the band, thereby resulting the
      above-mentioned steep rise in the attenuation skirts.
PAR  In the illustrative embodiment of FIG. 1, the input port of MCF 11 is
      formed by terminals 1 and 3, the latter terminal being shown for
      illustrative purposes as being grounded. Thus, the input signal V.sub.in
      is applied to the filter across the aforesaid two terminals. The output
      port of the filter, on the other hand, is formed from terminals 2 and 3
      and, as a result, the output signal V.sub.out is extracted from across the
      latter two terminals.
PAR  It should be noted that other combinations of the terminals 1, 2 and 3
      could also be used to form the input and output ports of the filter. Two
      such other combinations of the terminals are pictured in FIGS. 2 and 3. In
      particular, in FIG. 2, the output ports of the filter is formed from
      terminals 1 and 3 and the input port from terminals 2 and 3. In FIG. 3, on
      the other hand, the input port is formed from terminals 1 and 3, the
      output port from terminals 1 and 2.
PAR  In FIG. 4, a typical attenuation characteristic 21 realizable with the MCF
      11 of FIG. 1 is illustrated. As can be seen, the characteristic exhibits
      peaks of attenuation at the frequencies P.sub.1 and P.sub.2 which, as a
      result of appropriate selection of the filter parameters, have been made
      to bracket the filter passband. These peaks of attenuation, as can also be
      observed, result in steeply rising attenuation skirts 22 and 23 which
      provide a clear demarcation of the filter passband.
PAR  In order to illustrate more clearly that the MCF filter 11 does, in fact,
      have attenuation poles which result in the attenuation peaks shown in FIG.
      4, the filter will now be analyzed employing the equivalent circuit of the
      filter shown in FIG. 5. More particularly, in FIG. 5, the inductive and
      capacitive components L.sub.1 and C.sub.1 and L.sub.2 and C.sub.2
      correspond, respectively, to the electrical equivalents of the motional
      parameters of the resonators 12 and 13 of filter 11. The three capacitive
      elements C.sub.m, C.sub.m and C.sub.mo, on the other hand, correspond to
      the electrical equivalent of the acoustic coupling between such
      resonators. Additionally, the respective capacitances C.sub.3 and C.sub.4
      represent the electrical equivalents of the interelectrode capacitances
      between the pairs of resonator electrodes 15 and 16. As indicated in the
      figure, the series capacitances C.sub.1 and C.sub.m have been combined to
      form a single equivalent capacitance C'.sub.1 and the series capacitances
      C.sub.2 and C.sub.m have been combined to form a single equivalent
      capacitance C'.sub.2.
PAR  With node 3 taken as reference, the matrix description for the four node
      equivalent circuit of FIG. 5 is given by:
      ##EQU1##
      where, using S as a complex frequency, the admittances of the matrix are
      as follows:
      ##EQU2##
      and
      ##EQU3##
      Using Equations 1-7 and standard network analysis techniques (see, for
      example, W. Cauver, Synthesis of Linear Communication Networks, Vol. I.
      McGraw-Hill Book Company Inc., N.Y., 1958), the ratio of V.sub.in to
      V.sub.out can be shown to be of the form
      ##EQU4##
PAR  Equation 8 hereinabove is the general expression for the attenuation
      function V.sub.in /V.sub.out of the equivalent circuit of FIG. 5. As is
      apparent for such equation, the attenuation function of the circuit is
      infinite at finite values of S, and not only at values of S equal to 0 or
      infinity as is the case in a conventional MCF. This means that the filter
      11 has attenuation poles at such finite frequencies, i.e., at the finite
      frequencies P.sub.1 and P.sub.2.
PAR  In the particular situation in which the parameters L.sub.1 and L.sub.2 of
      the equivalent circuit of FIG. 5 are equal and, in addition, the
      parameters C.sub.1 ' and C.sub.2 ' of the circuit are also equal, the
      expressions for the frequencies P.sub.1 and P.sub.2 can be shown to be as
      follows
      ##EQU5##
      It can be appreciated from equations 9 and 10 that for the above-mentioned
      situation (i.e., L.sub.1 = L.sub.2 and C.sub.1 ' = C.sub.2 '), proper
      selection of the parameters L.sub.1, C.sub.mo, C.sub.1 ', and C.sub.3 of
      filter 11 will locate the frequency P.sub.1 below and the frequency
      P.sub.2 above the filter passband, thereby resulting in an attenuation
      characteristic for the filter as shown in FIG. 4.
PAR  As was indicated hereinabove, the principles of the present invention apply
      as well to the situation in which the terminals 1 and 3 are adapted to be
      connected to electrodes 15-1 and 16-2, respectively, and the terminal 2 is
      adapted to be connected to electrodes to 15-2 and 16-1. It should be noted
      that under such circumstances the equivalent circuit for the filter would
      be the same as shown in FIG. 5, and the attentuation function and finite
      attenuation poles of the filter would be the same as given in equations
      8-10, with the exception that the capacitance C.sub.mo in such circuit and
      in such equations would be replaced by a capacitance -C.sub.mo.
PAR  In the discussion hereinabove of FIGS. 2 and 3, it was indicated that the
      present invention is capable of taking on a number of embodiments which
      can be realized by employing various combinations of the terminals 1, 2
      and 3 for the input and output ports of the filter 11. This fact is
      substantiated by the symmetrical nature of the circuit of FIG. 5. Thus,
      for example, from the symmetry of the circuit, it is apparent that similar
      attenuation functions would be realized with terminals 1 and 3 as the
      input port of the circuit and either terminals 2 and 3 or terminals 2 and
      1 as the output port thereof.
PAR  As can be readily appreciated, the MCF 11 of FIG. 1 can be used to form
      more complex bandpass filters having two or more finite attenuation poles
      bracketing their respective passbands. In FIG. 6 a complex bandpass filter
      41 is illustrated in which the filter is formed by cascading a plurality
      of MCF's which are similar to MCF 11 of FIG. 1.
PAR  More particularly, filter 41 comprises 3 MCF's 41A, 41B and 41C, each of
      which is, as above-indicated, similar to MCF 11. As can be seen, the
      elements comprising the aforesaid filters 41A, 41B and 41C have been
      labelled in a like manner as those comprising MCF 11. Thus, as shown, each
      filter comprises two resonators 12 and 13, the former of which being
      formed by sandwiching a portion of a piezoelectric wafer 14 between
      electrodes 15-1 and 15-2 and latter of which being formed by sandwiching a
      portion of wafer 14 between electrodes 16-1 and 16-2.
PAR  Additionally, each of the filters 41A, 41B, and 41C, also comprises three
      terminals 1, 2, 3. The three terminals comprising each filter, in turn,
      are selectively employed as the input and output ports of their respective
      filter. Thus, as shown, the terminals 1 and 3 of a particular filter form
      the input port thereof, while the terminals 2 and 3 of a particular filter
      form the output port thereof. Moreover, the three terminals comprising
      each of the filters 41A, 41B, and 41C are adapted to be connected to
      certain ones of the electrodes included in their respective filter. In
      particular, terminal 1 of a particular filter is adapted to be connected,
      via its respective conductive path 17, to electrode 15-1 of the filter,
      terminal 2 of a particular filter is adapted to be connected, via its
      respective paths 19-1 and 19-2, to electrodes 15-2 and 16-2 of the filter
      and terminal 3 of a particular filter is adapted to be connected, via its
      respective path 18, to electrode 16-1 of the filter.
PAR  As can be seen, interconnection of the filters 41A, 41B and 41C to form the
      composite filter 41 is accomplished by connecting the output port of the
      first filter 41A to the input port of the intermediate filter 41B and by
      further connecting the output of the latter filter to the input port of
      the last filter 41C. More particularly, as shown, terminals 2 and 3 of
      filter 41A are connected to terminals 1 and 3, respectively, of filter 41B
      and terminals 2 and 3 of filter 41B are connected to terminals 1 and 3,
      respectively of filter 41C.
PAR  In FIG. 7, a typical attenuation characteristic realizeable for the filter
      of FIG. 6 is illustrated. As can be observed therefrom, the filter 41
      exhibits three attenuation peaks at one end of the band and three at the
      other end of the band. These peaks of attenuation cause the characteristic
      to rise sharply at the band edges, thereby providing increased demarcation
      of the filter passband over that realizable employing the single MCF 11 of
      FIG. 1.
PAR  FIG. 8 shows a further modification of the filter of FIG. 6 in which tuning
      of the filter is provided by tuning capacitors C.sub.1A, C.sub.1B, and
      C.sub.1C which are connected across the terminals 1 and 3 of filters 41A,
      41B and 41C, respectively, and by tuning capacitors C.sub.2A, C.sub.2B,
      and C.sub.2C which are connected in series with the terminals 2,
      respectively, of such filters.
PAR  It should be pointed out that the design of filter 11 of FIG. 1 to meet
      specific requirements can be carried out in a conventional manner using
      the equivalent circuit of the filter shown in FIG. 5. Likewise, the more
      complex filter 41, which employs a number of filters similar to filter 11,
      can also be designed in a conventional manner by using the equivalent
      circuit of FIG. 5 to represent each of the individual filters being
      employed. It should be further pointed out, moreover, that the design of
      such filters could also be realized by employing a more conventional
      ladder-type equivalent circuit of MCF 11 illustrated in FIG. 9. More
      specifically, the design of a particular filter might be carried out by
      first determining the parameter values of the conventional ladder circuit
      of FIG. 9 which results in the desired response. Thereafter, standard
      network transformation techniques can be used to transform the ladder
      circuit into its equivalent shown in FIG. 5 so as to determine the
      parameter values of such equivalent. The latter parameter values can then
      be used to determine the physical parameters of the filter.
PAR  in all cases, it is understood that the above-described arrangements are
      merely illustrative of the many possible specific embodiments which
      represent applications of the present invention. Numerous and varied other
      arrangements can be readily devised in accordance with the principles of
      the present invention without departing from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A monolithic crystal filter apparatus including a piezoelectric wafer
      and a plurality of coupled crystal resonator elements including electrode
      pairs partially enclosing portions of the piezoelectric wafer, the
      electrodes on one side of said wafer being conventionally designated as
      the common terminal for connection of input and output ports to said
      resonator elements, characterized in that one of the ports is connected
      only between electrodes on the other side of said wafer.
NUM  2.
PAR  2. A monolithic crystal filter apparatus according to claim 1 including a
      second piezoelectric wafer and a second plurality of coupled crystal
      resonator elements including electrode pairs partially enclosing portions
      of the second wafer and having a second input port and a second output
      port, the output port of the first plurality of resonator elements being
      connected to the input port of the second plurality of resonator elements,
      said apparatus being further characterized in that one of the second input
      and output ports is connected only between electrodes on a particular side
      of the second wafer.
NUM  3.
PAR  3. A monolithic crystal filter apparatus according to claim 2
      characterized, in addition, by a first plurality of capacitances connected
      across respective ports connected only between electrodes on a particular
      side of a wafer, and a second plurality of capacitances respectively
      connected in series with the signal paths for the other ports of the
      plurality of resonator elements.
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PAL  A limited tuning range tuning unit useable with a television tuner of the
      turret type includes a user tunable coil having a tuning slug extending
      from an end of the tuning unit. A pinion gear engageable by a drive train
      coupled to a user operated fine tuning shaft is attached to the end of the
      tuning slug. The pinion gear is provided with a stop tooth for limiting
      the adjustment range of the slug to approximately one revolution. In one
      embodiment, the slug is also longitudinally movable with respect to a coil
      in the coil unit to provide a factory adjustment for centering the tuning
      range available to the user. Alternatively, the factory adjustment may be
      provided by making the slug rotatable with respect to the pinion gear.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to television tuners and, more
      particularly, to tuners of the so-called memory fine tuning type wherein
      the fine tuning range is limited.
PAR  Present day television tuners of the rotary type include an incrementally
      rotatable channel selector for selectively connecting certain ones of a
      plurality of tuned circuit elements into operative relationship with other
      tuner elements for each of a plurality of channel selector positions.
      Because of the difficulty in accurately setting the values of tuned
      circuit elements, and because of the desirability of accurately tuning the
      local oscillator for clear reception in each of the channel positions of
      the station selector shaft, it is customary to include an adjustable
      impedance device in the oscillator circuit. This impedance device is
      conventionally adjusted by means of a vernier or fine tuning mechanism
      selectively connectable to the impedance device by the viewer.
PAR  When a memory type fine turning system is employed, a separate impedance
      device is provided for each of the channel selector positions. The
      separate impedance devices may be switched into operative relationship
      with the tuner by means of a wafer switch; or a turret employing a
      plurality of tuning sticks, each having a separate impedance device, may
      be used. When such a turret is employed, each of the tuning sticks is
      sequentially rotated into position for engagement by the tuner to
      determine the receiving frequency of the tuner.
PAR  The tuning range of the impedance device is determined by a number of
      factors including the expected oscillator drift and, to a large extent,
      the expected variation in the values of the production components used to
      manufacture the tuner. As a result, only a fraction of the total tuning
      range is used to compensate for the oscillator drift, and most of the
      available tuning range is not used after the set has been shipped from the
      manufacturer. The unused tuning range can cause problems because it
      permits excessive detuning of the receiver by the user. Such excessive
      detuning has been found to be one of the major causes of calls for repair
      service, particularly when a memory type fine tuning is employed.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a new and
      improved television tuner with an improved fine tuning arrangement having
      a limited user adjustable tuning range.
PAR  Another object of the present invention is to provide a new and improved
      memory fine tuning arrangement for a television tuner having a relatively
      broad factory adjustable tuning range to compensate for production
      tolerances and a relatively narrow user adjustable tuning range.
PAR  A further object of the present invention is to provide an improved limited
      range tuning unit for use with a turret tuner of the memory type.
PAR  In accordance with a preferred embodiment of the invention, a turret type
      tuner is provided with a plurality of tuning units mounted around the
      periphery of a turret. Each of the tuning units includes a variable
      impedance element selectively connectable in operative relationship to a
      local oscillator. Each variable impedance element contains a rotatable
      impedance adjusting device engageable by a user operated fine tuning
      mechanism for rotation thereby. A gear, engageable by the fine tuning
      mechanism is attached to each impedance adjusting device. The gear is
      provided with a stop tooth for limiting the range of rotation of the
      impedance adjusting device to approximately one revolution when the gear
      is engaged by the fine tuning mechanism. This effectively limits the user
      adjustable fine tuning range to the range of drift encountered as a result
      of normal component aging, oscillator drift and other changes occurring as
      a result of normal operation of the tuner.
PAR  In order to compensate for manufacturing variations, the impedance
      adjusting device is made axially movable with respect to the impedance
      device, the axial movement being effective to change the impedance of the
      impedance device. The tuning unit is adjusted in the factory by axially
      moving the impedance adjusting device with respect to the impedance unit,
      or by manually rotating the impedance adjusting device with the fingers or
      a special tuning tool. The factory adjustment compensates for the
      component and other variations and permits the user available tuning range
      to be restricted to a reduced range to compensate only for oscillator
      drift, component aging and other normally occurring changes. In an
      alternative embodiment, the impedance adjusting device is threaded into a
      threaded aperture in the gear and factory adjustment is provided by
      rotating the impedance adjusting device within the gear.
DRWD
PAR  The invention, and its method of operation, together with further objects
      and advantages thereof, will best be understood by reference to the
      following sepcification taken in connection with the accompanying drawing
      in which:
PAR  FIG. 1 is a partial side view of a turret type VHF tuner utilizing the
      tuning units according to the invention;
PAR  FIG. 2 is a perspective view of one of the tuning units according to the
      invention employed in the tuner of FIG. 1;
PAR  FIG. 3 is a partial sectional side view of the tuning unit of FIG. 2
      showing one method of securing an impedance adjusting tuning slug within
      the tuning unit;
PAR  FIG. 4 is a partial side view of the tuning unit of FIG. 2 showing the
      impedance adjusting slug slidingly mounted to the tuning unit;
PAR  FIG. 5 is a partial side view showing an alternative method of mounting the
      impedance adjusting tuning slug within the coil unit;
PAR  FIG. 6 is an exploded view of a tuning unit according to the invention
      showing another method of mounting the impedance adjusting tuning slug
      within the coil unit;
PAR  FIG. 7 is a side view, partially in cross section, of the embodiment shown
      in FIG. 6;
PAR  FIG. 8 is a cross-sectional view of the tuning slug mounting structure
      taken along line 8--8 of FIG. 7;
PAR  FIG. 9 is an exploded perspective view of one of the tuning units according
      to the invention showing an alternative method for providing factory
      adjustment of the unit; and
PAR  FIG. 10 is a cross-sectional side view of the tuning unit shown in FIG. 9.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, and particularly to FIG. 1, there is shown a
      VHF tuner 10 having a turret 12 containing a plurality of tuning units 14.
      The turret 12 is rotatable by means of a selector shaft 16 for selectively
      operatively connecting a predetermined one of the tuning units 14 to other
      components such as an oscillator and a mixer (not shown) of the tuner 10.
      Each of the tuning units 14 corresponds to one of the twelve VHF
      television channels, and channel selection is effectuated by rotating the
      turret until the tuning unit corresponding to a desired channel is brought
      into operative contact with the rest of the tuner circuitry. Electrical
      contact between the tuner 10 and the tuning units 14 is made by a set of
      contact members 17 extending from the tuning units 14. The contact members
      17 selectively engage similar contact members 17a within the tuner 10.
      Fine tuning of each tuning unit is accomplished by a fine tuning mechanism
      18 which selectively engages the coil unit operatively connected to the
      tuner, and fine tunes the tuning unit 14 in response to a rotation of a
      fine tuning shaft 20.
PAR  The operation of such a turret type tuner described up to this point is
      conventional. Examples of such tuners are illustrated in U.S. Pat. Nos.
      3,183,726 and 3,316,770, assigned to the same assignee as the assignee of
      the present invention, and incorporated herein by reference.
PAR  In accordance with a preferred embodiment of the invention, each of the
      improved tuning units 14 (FIGS. 1 and 2) contains a plurality of impedance
      elements, one of the impedance elements being tunable by the user over a
      limited range. In the embodiment shown in the drawing, the impedance
      elements include a tunable oscillator coil 22, and RF and mixer coils 24,
      26 and 28. The coils 24, 26 and 28 each form a part of a relatively broad
      band network, and are fixed tuned. The oscillator coil 22 controls the
      frequency of the local oscillator and contains an adjustable tuning slug
      30 for adjusting the local oscillator frequency. Alternatively, the coils
      22, 24, 26 and 28 may be replaced by other impedance devices such as
      capacitors, and the tuning slug 30 may be replaced by other impedance
      adjusting means such as a tuning piston if a variable capacitor is used in
      place of the oscillator coil 22.
PAR  The tuning slug 30 is secured to the tuning unit 14 by a retaining clip 32.
      A gear 34 having a stop tooth 36 is attached to the end of the slug 30
      extending from the tuning unit 14. The stop tooth 36 is larger than the
      other teeth of the gear 34 and limits the range of rotation of the gear 34
      to less than one complete revolution when the gear 34 is engaged by the
      fine tuning mechanism 18. Although the stop tooth 36 is longer and wider
      than the other teeth, any variation in configuration, such as an increase
      in only the length or width, that prevents the gear 34 from being rotated
      more than one revolution may be used.
PAR  In operation, each of the gears 34 is selectively engaged by a driving
      pinion 38 forming part of the fine tuning mechanism 18. The driving pinion
      38 selectively engages one of the gears 34 for rotation in response to the
      rotation of the fine tuning shaft 20. Only one of the gears 34
      corresponding to the one of the tuning units 14 that is operatively
      connected to the tuner 10 may be engaged at any one time. The range over
      which the oscillator coil 22 may be tuned in this manner is limited by the
      stop tooth 36. The stop tooth 36 is wider than the space between the teeth
      in the driving pinion 38 and does not mesh with the pinion 38. Hence, the
      range of rotation of the gear 34 is limited to less than one revolution by
      the stop tooth 36. This limits the range over which the oscillator coil 22
      may be tuned by the user to only the range necessary to compensate for
      oscillator drift and component aging.
PAR  A similar result may be obtained by providing the pinion 38 with a stop
      tooth, but placing the stop tooth on the pinion 38 does not provide an
      absolute limit on the range of rotation of the gears 34. When a stop tooth
      is placed on the pinion 38, the gear 34 may be rotated beyond the desired
      limit by repeatedly disengaging and reengaging the fine tuning mechanism
      18 each time the limit is reached. In addition, a larger tooth or the
      pinion 38 could cause mistuning of the tuning units 14 during the channel
      changing operation by scuffing the gears 36 as the turret 12 is rotated.
PAR  In order to compensate for component variations during production, the
      oscillator coil 22 may be tuned by rotating the gear 34 manually or with
      an appropriate tuning tool. Alternatively, the coil 22 may be tuned during
      production by moving the tuning slug 30 axially within the tuning unit 14.
      The axial movement of the tuning slug 30 may be accomplished in a variety
      of ways. In one embodiment, the mounting structure 32 may be provided with
      a resilient tab 38 (FIG. 3) engaging the threads of the slug 30. When such
      a mounting arrangement is employed, axial movement of the slug 30 may be
      achieved by applying axial pressure to the slug 30 to thereby cause the
      tab 38 to be radially deflected away from the threads. The radial
      deflection allows the tab 38 to jump threads, thereby permitting the
      tuning slug 30 to be incrementally shifted along its axis in response to
      axial pressure.
PAR  In an alternative embodiment, the mounting clip 32 may be slideably mounted
      to an extension 40 of the tuning unit 14 (FIG. 5). When such an
      arrangement is used, the factory tuning is accomplished by sliding the
      clip 32 over the extension 40 until the coil 22 is tuned to a desired
      range of frequencies.
PAR  Because the reactance, and hence, the operating frequency of the oscillator
      coil 22 is determined by the relative position of the coil 22 and the
      tuning slug 30, factory adjustment of the operating frequency of the coil
      22 may also be accomplished by sliding the windings of the coil 22 along
      the body of the tuning unit 14 as shown in FIG. 4. When this technique is
      employed, the coil 22 is wound around the body of the tuning unit 14 with
      sufficient slack to permit the coil 22 to be moved axially along the unit
      14. The tuning unit 14 is then tuned by moving the coil 22 along the body
      of the tuning unit 14 until the desired inductance is achieved. Subsequent
      to tuning, the coil 22 is secured in place with an adhesive such as dope
      or cement to prevent subsequent mistuning. As a result, the factory tuning
      of the tuning unit 14 may be conveniently accomplished by moving either
      the coil 22 or the tuning slug 30, the choice of the tuning method being
      readily adaptable to changes in production techniques.
PAR  In the alternative embodiment of the invention shown in FIGS. 6, 7 and 8,
      an elongated hollow sleeve is used to slideably retain the tuning slug
      within the tuning stick. In the embodiment shown in FIGS. 6, 7 and 8,
      reference numerals from the hundreds series are utilized to designate the
      components, and components analagous to components in FIGS. 1-5 are
      designated with similar tens and units digits. In the embodiment shown in
      FIGS. 6, 7 and 8, a tuning slug 130 having a gear 134 and a stop tooth 136
      is secured to one end of a tuning stick 114 by means of a retaining sleeve
      132. The retaining sleeve 132 is fabricated from a flexible plastic or
      similar material and has an inside diameter smaller than the outside
      diameter of the tuning slug 130. An elongated chamber 137 having an eight
      sided cross section is provided in the end of the tuning stick 114 for
      receiving the retaining sleeve 132. The distance between opposing surfaces
      of the elongated chamber 137 is less than the outside diameter of the
      retaining sleeve 132. This causes the walls of the sleeve 132 to be
      compressed when the sleeve 132 is inserted into the chamber 137 and causes
      the sleeve to assume a generally retangular cross section as shown in FIG.
      8. The tuning slug 130 is threaded into the sleeve 132, and the walls of
      the tuning slick 114 serve to maintain the walls of the sleeve 132 in
      engagement with the threads of the slug 130 as shown in FIG. 8.
PAR  The opposing walls of the chamber 137 are generally parallel to each other
      and slidingly engage the walls of the sleeve 132 in a friction fit.
      Factory adjustment is provided by applying axial pressure to the end of
      the tuning slug 130 to slide the sleeve 132 within the tuning stick 114
      User adjustment is provided by rotating the slug 130 within the sleeve 132
      in a fashion similar to that employed in the previously described
      embodiments. As in the previous embodiments, the threads formed in the
      interior wall of the sleeve 132 by the slug 130 cause the slug 130 to move
      axially with respect to an osciallator coil 122 upon rotation of the gear
      134 by the fine tuning mechanism.
PAR  In the embodiment shown in FIGS. 9 and 10, both factory adjustment and user
      adjustment of the oscillator coil are provided by a rotation of the tuning
      slug. A threaded tuning slug 150 having a relatively larger diameter
      threaded portion 152 and a relatively smaller diameter threaded portion
      154 is employed. A screwdriver slot 156 is formed in the protruding end of
      the smaller diameter threaded portion 154. Although a screwdriver slot 156
      is shown, other engagement methods utilizing, for example, Phillips or
      hexagonal ends may be employed. A gear 158 having a stop tooth 160 and a
      threaded central aperture 162 is screwed onto the smaller diameter end 154
      of the tuning slug 150. A slot 164 is provided in the central aperture 162
      for receiving a friction member 166. The friction member 166 extends into
      the central aperture 162 and engages the threaded portion 154 of the slug
      150. The friction member 166 frictionally engages the threads of the end
      154 to permit the slug 150 to be turned in response to a rotation of the
      gear 158. The slug 150 is retained in a tuning stick 168 similar to the
      tuning sticks described in the previously described embodiments by means
      of a retaining clip 170. A tongue member 172 formed integrally with the
      clip 170 engages the larger diameter threaded portion 152 of the tuning
      slug 150.
PAR  In operation, user fine tuning is accomplished in the normal fashion by
      engaging the gear 158 with the fine tuning mechanism of the tuner. For
      example, the gear 158 may be engaged by the driving pinion 38 of the fine
      tuning mechanism 18 of the tuner 10 shown in FIG. 1. The size and
      coeffecient of the friction of the friction member 166 is chosen such that
      the friction between the member 166 and the smaller diameter threaded
      portion 154 is greater than the friction between the tongue member 172 and
      the larger diameter threaded portion 152 of the slug 150. As a result,
      rotation of the gear 160 causes the tuning slug 150 to rotate. As in the
      previous embodiments, the engagement of the threaded portion 152 by the
      tongue member 172 causes the slug 150 to move axially with respect to the
      tuning stick 168 upon rotation of the gear 158.
PAR  Factory adjustment is provided by engaging the gear 158 with, for example,
      the driving pinion 38 of the fine tuning mechanism 18 and adjusting the
      fine tuning shaft 20 to the center of its range. The tuning shaft 20 is
      then held stationary to prevent the rotation of the gear 158. The factory
      adjustment may then be accomplished by inserting a screwdriver or the like
      into the slot 156 and rotating the slug 150 with respect to the gear 158
      until the desired operating frequency has been achieved. Any drift from
      the desired operating frequency may then be compensated by the user
      utilizing the fine tuning mechannism 18. Should the operating frequency of
      the tuner drive beyond the range of the fine tuning mechanism 18, the slug
      150 may be readily readjusted by a serviceman using the above described
      procedure.
PAR  While certain preferred embodiments of the invention have been described by
      way of illustration, many modifications will occur to those skilled in the
      art; it will be understood, of course, that it is not desired that the
      invention by limited thereto, since modifications may be made, and it is,
      therefore, contemplated by the appended claims to cover any such
      modifications as fall within the true scope and spirit of the invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A tuning unit for a turret type tuner comprising: an elongated body
      portion;
PA1  a coil wound around said body portion;
PA1  a threaded tuning slug having an end extending from one end of said body
      portion, said tuning slug being rotatable with respect to said body
      portion for adjusting the impedance of said coil; and
PA1  a circular gear having a plurality of teeth including a stop tooth affixed
      to the end of said tuning slug extending from said body portion, wherein
      said tuning slug is affixed to said gear for rotation therewith upon
      rotation of said gear, and wherein said tuning slug is rotatable with
      respect to said gear when said gear is constrained.
NUM  2.
PAR  2. A tuning unit as recited in claim 1 wherein said gear is threadingly
      affixed to said tuning slug.
NUM  3.
PAR  3. A tuning unit as recited in claim 2 wherein said gear member includes a
      friction member for engaging said threaded tuning slug.
NUM  4.
PAR  4. A tuning unit as recited in claim 3 wherein said tuning slug includes
      means extending therefrom to permit said slug to be engaged and rotated
      with respect to said gear member.
NUM  5.
PAR  5. A tuning unit as recited in claim 4 wherein one end of said tuning slug
      has a slot defined therein.
NUM  6.
PAR  6. A tuning unit for a turret type tuner comprising:
PA1  an elongated body portion having interior walls defining an elongated
      chamber within said body portion;
PA1  a coil wound around said body portion;
PA1  a threaded tuning slug having an end extending from one end of said body
      portion, said tuning slug being axially movable with respect to said coil
      and rotatable with respect to said body portion for adjusting the
      impedance of said coil;
PA1  a circular gear having a plurality of teeth including a stop tooth affixed
      to the end of said tuning slug extending from said body portion; and
PA1  a resilient elongated sleeve having an interior surface for engaging said
      threads and an exterior surface for slidingly engaging said interior walls
      to permit axial movement of said tuning slug with respect to said coil.
NUM  7.
PAR  7. A tuning unit as recited in claim 6 wherein said stop tooth is wider
      than the other ones of said plurality of teeth.
NUM  8.
PAR  8. A tuning unit as recited in claim 6 wherein said stop tooth is longer
      than the other ones of said plurality of teeth.
NUM  9.
PAR  9. A tuning unit as recited in claim 6 further including means engaging
      said body portion for resiliently engaging one of said threads, said
      resilient engaging the means being deflectable by said threads upon the
      application of axial force to said slug to permit axial movement of the
      tuning slug.
NUM  10.
PAR  10. A tuning unit as recited in claim 9 wherein said resilient engaging
      means includes a clip attached to said body portion, said clip having a
      resilient tab member extending therefrom and engaging said tuning slug.
NUM  11.
PAR  11. A tuning unit as recited in claim 6 wherein said coil is mounted for
      longitudinal movement along said elongated body member.
NUM  12.
PAR  12. In a VHF tuner of the type having a plurality of tuning elements, each
      operative to tune said tuner to receive signals on one of a plurality of
      discrete frequency receiving channels, each tuning element being tunable
      over a predetermined range for adjusting the frequency of one of said
      receiving channels, and means for selectively electrically coupling one of
      said tuning elements in operating relationship with said tuner, a limited
      range fine tuning system comprising:
PA1  a plurality of rotatable frequency adjusting members, each extending from
      one of said tuning elements, the rotation of each of said adjusting
      members being effective to tune one of said tuning elements over a
      predetermined range for varying the frequency of one of said receiving
      channels;
PA1  a plurality of gears, one of said gears being attached to each of said
      frequency adjusting members for rotation therewith, each of said gears
      having a plurality of teeth including a stop tooth for limiting the range
      of rotation thereof, each of said gears being further mounted for rotation
      with respect to the one of said frequency adjusting members to which it is
      attached;
PA1  a fine tuning shaft; and
PA1  means for selectively mechanically coupling one of said gears to said fine
      tuning shaft, said selective mechanical coupling means including a drive
      gear for selectively engaging one of said gears for rotation in response
      to the rotation of said fine tuning shaft, said drive gear being
      engageable by the stop tooth of the gear engaged thereby for limiting the
      range over which said engaged gear may be rotated by said fine tuning
      shaft.
NUM  13.
PAR  13. A fine tuning system as recited in claim 12 wherein each of said gears
      is threadingly attached to a respective one of said frequency adjusting
      members to permit independent rotation of each of said gears and each
      respective one of said frequency adjusting members.
NUM  14.
PAR  14. A limited fine tuning range turret type VHF television tuner
      comprising:
PA1  a plurality of electrical contacts;
PA1  a rotatable turret rotation of which is effective to tune said tuner to a
      plurality of predetermined discrete frequencies, each discrete frequency
      being associated with one of the television channels in the VHF band;
PA1  a plurality of tuning units, each associated with one of the television
      channels in the VHF television band, affixed to said turret for rotation
      therewith, said turret being operative selectively to bring one of said
      tuning units into electrical contact with said electrical contacts thereby
      to select one of said discrete frequencies, each of said tuning units
      having a body portion and a variable impedance unit supported by said body
      portion, each of said variable impedance units having a rotatable shaft
      extending therefrom for adjusting the impedance of that variable impedance
      unit to thereby alter one of said discrete frequencies over a
      predetermined range;
PA1  a plurality of driven gear members each affixed to one of said rotatable
      impedance adjusting shafts for rotation therewith, each of said driven
      gear members having a plurality of teeth including a stop tooth; and
PA1  fine tuning apparatus including a fine tuning shaft and a drive gear
      responsive to said fine tuning shaft for selectively engaging for rotation
      the driven gear member affixed to the impedance adjusting shaft of the
      tuning unit that is in electrical contact with said electrical contacts,
      said drive gear having a plurality of teeth for meshing with the teeth of
      said driven gear, the teeth of said drive gear member being engagable by
      the stop tooth of the driven gear member engaged by said drive gear for
      limiting the range over which each impedance adjusting shaft may be
      rotated by said fine tuning apparatus to a limited range within said
      predetermined range, said limited range being less than said predetermined
      range.
NUM  15.
PAR  15. A tuner as recited in claim 14 wherein each rotatable impedance
      adjusting shaft is axially movable with respect to a respective one of
      said tuning units, the axial movement of each rotatable impedance
      adjusting means being effective to adjust the impedance of each respective
      tuning unit independently of the rotation of said impedance adjusting
      means.
NUM  16.
PAR  16. A tuner as recited in claim 14 wherein each of said gear members is
      threadingly affixed to a respective one of said rotatable means to permit
      independent rotation of each of said gear members and each of said
      rotatable means.
NUM  17.
PAR  17. A tuner as recited in claim 14 wherein each of said tuning units
      includes a coil, and each of said rotatable impedance adjusting shaft
      includes a tuning slug.
NUM  18.
PAR  18. A tuner as recited in claim 17 wherein each of said coils includes an
      oscillator coil.
NUM  19.
PAR  19. A tuner as recited in claim 17 wherein each of said tuning slugs is
      axially movable with respect to a respective one of said coils.
NUM  20.
PAR  20. A tuner as recited in claim 17 wherein each of said coils is axially
      movable with respect to the body portion of a respective one of said
      tuning units.
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ABST
PAL  A current limiting circuit breaker having for each pole, a pair of main
      contacts separable upon operation of a thermally and electromagnetically
      operable tripping device and a pair of auxiliary contacts for current
      limiting in series with the main contacts and in parallel with a
      transformable resistor having a positive temperature coefficient of
      resistance. The auxiliary contacts are separable when an electromagnet is
      energized by a fault current which simultaneously energizes a field magnet
      to produce a transverse magnetic field across the auxiliary contacts and
      the arc formed between them when separating. This simultaneous action of
      electromagnet and field magnet coacting for rapid contact separation and
      lengthening of the arc upon flow of a fault current serves to increase arc
      voltage almost instantaneously to that of the source, about which time the
      fault current is totally shunted into the resistor. The tripping device
      for the main contacts includes a main trip lever for latching engagement
      with an armature, releasable upon energization of a magnetic core due to a
      fault current. It also includes a second trip lever normally latched by a
      rotatable trip bar, which is rotated to unlatching position by a bimetal
      when deflected due to prolonged overload conditions. When the second trip
      lever is unlatched, it strikes the armature thereby releasing it from
      latching engagement with the main trip lever allowing the tripping device
      to open the main contacts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Before the present invention, a commercially practical current limiting
      circuit breaker suitable for use in low voltage power distribution systems
      of about 600 volts or less had been sought by the power distribution and
      control industry for over thirty years. Various, sometimes conflicting
      requirements have to be met. For example, a commercially practical current
      limiting circuit breaker (a) must be repetitively operable at its maximum
      short circuit interrupting rating without repair or replacement of parts
      (This requirement precludes the use of fuses, fused switches, or fused
      circuit breakers for achieving current limiting.); (b) must not have a
      temperature rise at the terminals of more than 50.degree. Centigrade at
      rated steady state current to meet appropriate standards of safety and
      performance established for circuit breakers used in power distribution
      systems of 600 volts or less (This requirement precludes the use of a
      large built-in resistance to limit current.); (c) must have a design
      applicable to a wide range of steady state current ratings, from a few
      amperes to hundreds of amperes; (d) must have current limiting
      capabilities competitive with those of the best available other current
      limiting devices including fuses (This requires that the device will
      operate in a fraction of a millisecond when the available short circuit
      current is 100,000 amperes or more.); (e) must be compact enough to fit
      into existing circuit breaker panelboards (This requires that the ratio of
      interrupting rating to volume be equal to or greater than that for any
      prior circuit breaker.); (f) must use non-toxic, non-hazardous materials;
      (g) must have a response time which decreases proportionately as much as
      or faster than available short circuit current is increased; (h) must be
      economically competitive with present circuit protective devices; and (i)
      must function without inducing severe transient voltages. None of the
      prior current limiting circuit breakers meets all the above requirements.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a current limiting circuit breaker
      which meets all the above requirements.
PAR  Another object is to provide a current limiting circuit breaker including a
      pair of main contacts, electromagnetically and thermally operable tripping
      means for opening the pair of main contacts, a pair of auxiliary contacts
      for current limiting in series with the pair of main contacts,
      electromagnetically operable means for opening the pair of auxiliary
      contacts, a field magnet associated with the pair of auxiliary contacts,
      and a resistor connected in parallel with the pair of auxiliary contacts,
      the resistor having a positive temperature coefficient of resistance and
      the parallel circuit through the resistor including a pair of conductor
      turns associated with the field magnet.
PAR  A further object is to provide an improved, fast acting mechanism for
      opening the pair of auxiliary contacts of such a current limiting circuit
      breaker.
PAR  Still another object is to provide an improved conductor-turn arrangement
      for the electromagnetically operable means for opening the pair of
      auxiliary contacts of such a current limiting circuit breaker.
PAR  Yet another object is to provide an improved field magnet structure for the
      pair of auxiliary contacts of such a circuit limiting circuit breaker.
PAR  A still further object is to provide an improved electromagnetically and
      thermally operable tripping means for the pair of main contacts of such a
      current limiting circuit breaker.
PAR  Another object is to provide an improved movable contact blade mounting
      arrangement for the pair of main contacts of such a current limiting
      circuit breaker.
PAR  An additional object is to provide a current limiting circuit breaker
      having means to rapidly increase the voltage drop across the arc formed
      between the auxiliary contacts in the current limiting section to a value
      which equals the supply voltage of the source in substantially less than a
      quarter cycle and in about one millisecond of time, thus checking any
      further rise in current and almost simultaneously shunting the current
      through a current limiting resistor connected in parallel with the current
      limiting contacts. This action increases the power factor to near unity
      thereby enabling interruption of a potentially high fault current in less
      than one-quarter cycle of current.
PAR  An additional object is to provide a current limiting circuit breaker
      wherein means to rapidly increase arc voltage between auxiliary contacts
      to equal the voltage of the source includes electromagnetic means to
      rapidly separate and lengthen the gap between said contacts, first magnet
      means to simultaneously produce magnetic lines of force to rapidly move
      said contacts apart in divergent directions and to blow the arc between
      said contacts in a third direction away therefrom, causing an additional
      lengthening of the arc and cooling thereof, thus rapidly increasing arc
      resistance to raise the arc voltage to that of the source, until
      saturation said electromagnetic means being operative to increase speed of
      action proportional to the increase in value of the square of the through
      fault current, and likewise until saturation said field magnet means being
      operative to increase the speed of action also with the square of the
      increase in value of the through fault current.
PAR  An additional object is to provide a current limiting circuit breaker
      including means to prevent opening of the auxiliary contacts below a
      threshold fault current of a selected magnitude.
PAR  Other objects and advantages will become apparent when the following
      specification is considered along with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a three-pole current limiting
      circuit breaker constructed in accordance with the invention, taken
      generally along the line 1--1 of FIG. 2 and showing a center pole thereof
      with parts in an ON position;
PAR  FIG. 2 is a cross sectional view of the current limiting circuit breaker of
      FIG. 1, taken generally along the line 2--2 of FIG. 1;
PAR  FIGS. 3, 4, 5, and 6 are enlarged perspective, top, side, and outer end
      views, respectively, of a line terminal and stationary contact support
      assembly of any one of the poles of the current limiting circuit breaker
      of FIG. 1;
PAR  FIG. 7 is an enlarged end view of an operating mechanism in the center pole
      of the current limiting circuit breaker of FIG. 1, with portions broken
      away and the parts being shown in TRIPPED position;
PAR  FIG. 8 is a side view of the operating mechanism of FIG. 7, with portions
      broken away;
PAR  FIG. 9 is an enlarged cross sectional view through a blade cross bar of the
      current limiting circuit breaker of FIG. 1, taken between two blades;
PAR  FIG. 10 is an enlarged cross sectional view similar to FIG. 9, but taken at
      a blade of the center pole;
PAR  FIG. 11 is an enlarged fragmentary longitudinal view of a thermally
      actuated common trip bar and a fragmentary edge view of an associated
      thermal trip lever of the current limiting circuit breaker of FIG. 1;
PAR  FIG. 12 is an actual size cross sectional view of the thermally actuated
      common trip bar taken substantially along the line 12--12 of FIG. 11 and a
      side view of the associated thermal trip lever;
PAR  FIGS. 13, 14, 15, and 16 are perspective, left end, side, and right end
      views, respectively, of an assembly of electrical conductors associated
      with an electromagnet in a current limiting portion of any one of the
      poles of the current limiting circuit breaker of FIG. 1, portions being
      broken away or omitted in FIGS. 14, 15, and 16.
PAR  FIGS. 17, 18, and 19 are perspective, side, and end views, respectively, of
      an electromagnet and contact blade assembly of any one of the poles of the
      current limiting circuit breaker of FIG. 1, the electromagnet being
      associated with the conductor assembly of FIGS. 14-16 and having portions
      broken away in FIGS. 18 and 19;
PAR  FIG. 20 is a plan view of an unfinished current limiting resistor for any
      one of the poles of the current limiting circuit breaker of FIG. 1, the
      unfinished resistor including end portions to be cut off after
      electroplating;
PAR  FIG. 21 is a plan view of the end portion of the resistor within the dotted
      enclosure 21 of FIG. 20, the broken line portion in FIG. 21 indicating a
      portion which is cut away after electroplating;
PAR  FIG. 22 is an edge view of the resistor end portion;
PAR  FIGS. 23, 24, and 25 are perspective, end, and side views, respectively, of
      a field magnet assembly of any one of the poles of the current limiting
      circuit breaker of FIG. 1;
PAR  FIGS. 26, 27, 28, and 29 are perspective, top, inner end, and side views,
      respectively, of an electrical conductor and load terminal assembly of any
      one of the poles of the current limiting circuit breaker of FIG. 1;
PAR  FIGS. 30 and 31 are perspective and front views, respectively, of an arc
      chute adjacent the load terminal assembly of any one of the poles of the
      current limiting circuit breaker of FIG. 1;
PAR  FIG. 32 is a sectional view taken generally along the line 32--32 of FIG.
      31;
PAR  FIG. 33 is a perspective view of one of the arc plates in the arc chute of
      FIGS. 30-32; and
PAR  FIG. 34 is a longitudinal sectional view of the current limiting circuit
      breaker of FIG. 1, taken generally along the line 34--34 of FIG. 2 and
      showing an outer pole thereof with parts in an ON position.
PAR  FIG. 35 is a schematic drawing illustrating the current path from line to
      load through the circuit breaker.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With reference to the drawings, a three-pole current limiting circuit
      breaker 40 constructed in accordance with the invention is shown in FIGS.
      1, 2, and 34. The circuit breaker 40 includes a molded case comprising a
      molded base 41 and a complementary molded cover 42 each having a pair of
      outer side walls and a pair of spaced intermediate walls to provide three
      compartments 44, 45, and 46 (FIG. 2). The structure of a center pole of
      the circuit breaker 40 disposed in the center compartment 45 is shown in
      FIG. 1.
PAR  A line terminal and stationary contact assembly 48 is shown adjacent the
      left end of FIG. 1. The assembly 48 is better shown in FIGS. 3-6 and
      includes a terminal member 49 and a stationary contact mounting member 50
      pivotally connected by a pin 51 and electrically interconnected by a
      braided wire cable 52. The terminal member 49 has a bight portion 49a and
      a pair of spaced leg portions 49b and 49c as a first U-shaped portion, the
      leg portions 49b and 49c merging respectively with a pair of spaced
      extending leg portions 49d and 49e of a second U-shaped portion having a
      split bight portion formed by two tabs 49f and 49g extending respectively
      from the leg portions 49d and 49e. A mounting tab 49h having an aperture
      49i extending therethrough projects at right angles from the bight portion
      49a oppositely from the leg portions 49b and 49c.
PAR  The member 50 has a bight portion 50a and a pair of spaced leg portions 50b
      and 50c as a first U-shaped portion, the leg portions 50b and 50c
      respectively having laterally extending ears 50d and 50e, a leg portion
      50f of a second U-shaped portion extending from the bight portion 50a to a
      bight portion 50g, and a leg portion 50h opposite the leg portion 50f. The
      leg portions 49d and 49e and the ears 50d and 50e are apertured to receive
      the pin 51. The cable 52 has one end welded to the tab 49f, one end welded
      to the tab 49g, and a central portion welded to the bight portion 50a. A
      stationary main contact 53 and an arcing contact 54 are secured to the leg
      portion 50h in abutting relationship to each other. The leg portion 50f is
      provided with a threaded aperture 50i for receiving a retaining screw 56
      (FIG. 1) for a contact pressure spring 57.
PAR  An internally threaded sleeve 58 is staked to the mounting tab 49h at the
      aperture 49i and disposed in an apertured mounting pad portion 41a of the
      base 41. A screw 59 threaded into the sleeve 48 secures an apertured
      connector body 60 to the tab 49h. The connector body 60 has suitable wire
      or cable receiving holes and is provided with an internally threaded hole
      for receiving a clamping screw 61.
PAR  Similar terminal and stationary contact assemblies 48 are provided in the
      outer poles of the compartments 44 and 46.
PAR  A blade crossbar 63 extends transversely through the center compartment 45
      into the outer comparments 44 and 46. The intermediate walls of the base
      41 are slotted to receive the crossbar 63, but a bracket 64 (FIGS. 2 and
      34) secured to the base 41 in the compartment 44 and an oppositely formed
      bracket 55 (FIG. 2) secured to the base 41 in the compartment 46 are
      provided to support the crossbar 64 for pivotal movement. Three movable
      contact blades 67, one in each pole, are mounted directly in the crossbar
      63, which is made of molded plastic material and provided with a metallic
      reinforcing insert 68 (FIGS. 9 and 10). Tooling recesses such as recess
      63a and recess 63b (FIG. 9) are provided at appropriate places in the
      crossbar 63 to hold it while the blades 67 are being assembled therein.
      Each blade 67 is provided with a pair of shouldered portions 67a and 67b
      (FIG. 10) which abut the crossbar 63 and from which a tapered mounting
      tongue portion 67c extends through the crossbar 63 and through a retaining
      plate 69 staked thereto. A movable contact 70 is provided on each blade 67
      for engagement principally with an associated one of the main stationary
      contacts 53.
PAR  Operating mechanism for the crossbar 63 and blades 67 is disposed in the
      center compartment 45 (FIG. 1). Portions of the operating mechanism are
      best shown in FIGS. 7 and 8, and are there shown in TRIPPED position. Two
      oppositely formed frame members 72 and 73 (FIGS. 2, 7 and 8) are secured
      to the base 41 and contoured as at 73a (FIG. 8) which together with
      brackets 64 and 66 support the crossbar 63 for pivotal movement. The frame
      member 73 is provided with an arm portion 73b (FIG. 7) extending toward
      the frame member 72 and having a bent mounting ear 73c at its free end. A
      pin 74 is mounted adjacent one end in the ear 73c and adjacent the other
      end in a corresponding mounting ear (not shown) of the frame member 72. A
      releasably latchable cradle member or trip lever 76 is pivotally mounted
      adjacent one end on the pin 74. Two inner toggle links 78 and 79 are
      pivotally mounted adjacent their inner ends respectively on opposite end
      portions of a pin 80 mounted in the blade 67 of the center pole. Two outer
      toggle links 82 and 83 are pivotally mounted adjacent their outer ends
      respectively on opposite end portions of a pin 84 mounted in the trip
      lever 76. The outer end portions of the links 78 and 79 and the inner end
      portions of the links 82 and 83 are pivotally interconnected by an
      elongated toggle pin 85, the inner end portions of the links 82 and 83
      being offset to straddle the outer end portions of the links 78 and 79.
PAR  A handle extension is formed by two handle plate members 86 and 87
      pivotally mounted respectively on a pair of pins 88 and 89 disposed
      respectively in the frame members 72 and 73. The handle plate members are
      joined by a pair of spring anchoring pins 91 and 92 and a reset pin 93.
      The toggle pin 85 has a pair of spring hook members 95 and 96 pivotally
      mounted thereon respectively adjacent opposite ends thereof. A tension
      spring 97 (FIG. 2) is secured at an outer end to the pin 91 and at an
      inner end (not shown) to the member 95 on one side of the toggle pin 85,
      and a tension spring 98 (FIG. 7) is secured at an outer end to the pin 92
      and at an inner end to the member 95 on the other side of the toggle pin
      85. Similarly, a tension spring 99 (FIGS. 2 and 8) is secured at an outer
      end to the pin 91 and at an inner end to the member 96 on one side of the
      toggle pin 85, and a tension spring 100 (FIGS. 7 and 8) is secured at an
      outer end to the pin 92 and at an inner end (not shown) to the member 96
      on the other side of the toggle pin 85. The springs 97, 98, 99 and 100
      maintain the toggle pin 85 in open-slotted inner ends of the outer toggle
      links 82 and 83.
PAR  A retaining clip 102 is secured to the arm portion 73b of the frame member
      73 and to the corresponding arm portion (not shown) of the frame member 72
      for holding shock absorbing material 103 (FIG. 8) for the blade 67 of the
      center pole at the end of the opening movement.
PAR  The frame member 73 includes an arm portion 73d (FIG. 8) having a
      semicircular recess 73e therein. The frame member 72 is similarly formed.
      A thermally actuated common trip bar 105 (FIGS. 1, 2, 11, 12, and 34) is
      pivotally mounted in the frame member 73 at the recess 73e and in the
      frame member 72 at a similar recess in an arm portion 72d (FIG. 2) of the
      frame member 72. A generally L-shaped thermal trip lever 106 best shown in
      FIG. 12 is provided with an aperture 106a by which it is pivotally mounted
      on a pin 107 (FIGS. 1, 2, 7 and 8) having opposite end portions disposed
      respectively in the frame members 72 and 73. A pin 108 (FIG. 8) having an
      enlarged head portion 108a (FIG. 7) is received in an aperture 106b (FIG.
      12) of the thermal trip lever 106 and mounted in the frame member 72 to
      limit pivotal movement of the trip lever 106 and prevent movement thereof
      axially along the pin 107.
PAR  A molded plastic operating handle 110 (FIGS. 1 and 2) extends through an
      aperture in the cover 42 and is recessed in an enlarged inner end portion
      to receive the pins 91 and 92 and the outer end portions of the handle
      plate members 86 and 87.
PAR  Each of the outer two poles is provided with a pin 107 (FIGS. 2 and 34)
      identical to the pin 107 of the center pole but having one end portion
      mounted in an appropriate groove in an outer wall portion of the base 41
      and an opposite end portion mounted in a respective one of the brackets 64
      and 66. Each of the three pins 107 has a magnetic core holder 111 and an
      armature plate 112 pivotally mounted thereon. Each holder 111 carries a
      generally U-shaped magnetic core 113 having opposite leg portions secured
      respectively to spaced opposite side portions of the holder. As viewed in
      FIGS. 1 and 34, each side portion (only one being visible) of the holder
      111 is generally in the shape of an inverted Y having one leg pivotally
      mounted on the pin 107 and the other leg connected to a corresponding leg
      of the other side portion by a rear plate portion having an air gap
      adjusting screw 115 threaded therein. Each screw 115 extends through a
      rear wall portion of the base 41 and has a compression spring 116 mounted
      thereon. Turning of a screw 115 adjusts the air gap between the free ends
      of the leg portions of the respective magnetic core 113 and armature plate
      112.
PAR  Each of the armature plates 112 is provided with a pair of opposite
      bent-over ears 112a, each ear 112a being spaced inwardly of a side portion
      of the respective magnetic core holder 111 and having an opening aligned
      with that of the opposite ear for receiving the respective pin 107. As
      shown in FIG. 2, a right-hand side portion of each holder 111 is outwardly
      offset at the portion mounted on the respective pin 107, and a right-hand
      ear of each of the armature plates 112 is similarly offset so as to be
      hidden by the holder 111. Thus, only the left-hand ear 112a of each
      armature plate 112 is visible in FIG. 2. A free end portion of each
      armature plate 112 is secured by a pair of rivets 117 (FIG. 2) to a common
      trip bar 118 of molded plastic extending through the center compartment 45
      into the outer compartments 44 and 46. The armature plate 112 of the
      center pole is apertured to receive a free end portion of the trip lever
      76 and thereby releasably latch the trip lever, as shown in FIG. 1. The
      three armature plates 112 and the common trip bar 118 are biased toward
      latching position for the trip lever 76 by a pair of tension springs 120
      (FIGS. 2 and 34) disposed respectively in the two outer compartments 44
      and 46 and each secured at one end to a respective armature plate 112 and
      at the other end to a respective one of the brackets 64 and 66.
PAR  Each of the compartments 44, 45, and 46 has a barrier plate 122 (FIGS. 1
      and 34) mounted in appropriate grooves in the walls of the base 41 and
      extending into the cover 42 adjacent the common trip bar 105 on the
      opposite side thereof from the respective armature plate 112. As best
      shown in FIGS. 11 and 12, a latch plate 123 is secured to the common trip
      bar 105 by a rivet 124. The thermal trip lever 106 is provided with a hole
      106c and a lanced portion 106d, the hole being partly in the lanced
      portion. A tension spring 125 (FIGS. 1 and 2) is anchored at one end on
      the lanced portion 106d at the hole 106c and at the other end on the
      barrier plate 122 in the center compartment 45 to bias the thermal trip
      lever 106 clockwise about the pin 107, the barrier plates 122 being
      omitted in FIG. 2. Each barrier plate 122 is provided with a hook portion
      122a (FIGS. 1 and 34), and in each of the two outer compartments 44 and 46
      a compression spring 126 (FIG. 34) is seated at one end on the respective
      hook portion 122a and at the other end on an appropriate portion of the
      common trip bar 105 to bias the trip bar 105 and the latch plate 123
      mounted thereon toward latching position with respect to the thermal trip
      lever 106.
PAR  A push-to-trip button 128 (FIG. 34), more completely shown and described in
      copending application, Ser. No. 471,399, filed May 20, 1974, and assigned
      to the assignee of this application, has a compression spring 129 mounted
      thereon to normally maintain the button flush with the surface of the
      cover 42 and is engageable with the common trip bar 118 upon being pushed
      inwardly to move the armature plate 112 of the center compartment 45
      clockwise in FIG. 1 toward unlatching position with respect to the trip
      lever 76.
PAR  Each of the compartments 44, 45, and 46 is provided with a laminated field
      magnet assembly comprising a plurality of generally O-shaped plates 130
      and a plurality of generally U-shaped plates 131 disposed around the
      respective stationary contacts 53-54 and movable contacts 70 of each pole.
      The field magnet assemblies are coated with an arc extinguishing material
      such as one of those disclosed in copending application, Ser. No. 364,596,
      filed May 29, 1973, and assigned to the assignee of this application.
      Further, each compartment is provided with an arc chute 133 including a
      plurality of metal arc plates 134 best shown in FIG. 33 and a pair of
      venting plates 135 and 136 formed of insulating material.
PAR  The arc extinguishing material referred to above is used to coat other
      elements of this invention hereinafter described. Its function is to help
      create a medium in the arc chamber which brings about a rapid rate of
      dielectric strength recovery of the gap. A suitable material by way of
      example is a filler of between 40% to 56% by weight of hydrated zinc
      borate in a dimethyl silicone resin. A more complete description of such
      arc extinguishing material, and additional examles, are set forth in
      copending application referred to above and hereinafter by its Ser. No.
      364,596.
PAR  In each compartment, the movable contact blade 67 is connected by a
      flexible braided cable 138 (FIGS. 1 and 34) to one leg of a generally
      U-shaped conductor 139 secured at a bight portion to the base 41 by a pair
      of screws 140 and 141. The other leg of conductor 139 is secured to a
      conductor 142 secured to the base 41 by a screw 143 and extending between
      the leg portions of the U-shaped magnetic core 113 and along the barrier
      plate 122. A generally L-shaped bimetallic strip 145 is secured at one end
      to the bight portion of the U-shaped conductor 139. The common trip bar
      105 is provided with three actuating legs 105a, one in each of the
      compartments 44, 45, and 46, only the center actuating leg 105a disposed
      in the compartment 45 being shown in FIGS. 11 and 12. The free end portion
      of the bimetallic strip 145 in each compartment is engageable with the
      respective actuating leg 105a, and upon sustained moderate overload
      current flow in the conductor 139, the bimetallic strip 145 is heated
      sufficiently to pivot the actuating leg 105a counterclockwise as viewd in
      FIGS. 1 and 34, the high expansion side of the bimetallic strip being on
      the inside of the L-shape. The thermal trip lever 106 in the center
      compartment 45 is thereby released from the latch plate 123 on the
      thermally actuated common trip bar 105 and strikes the common trip bar 118
      under the influence of the tension spring 125 to pivot the armature plates
      112 about their respective pins 107 clockwise as viewed in FIGS. 1 and 34.
      The trip lever 76 in the center compartment 45 is thereby released to
      effect opening movement of the three movable contact blades 67. If a fault
      current higher than the moderate overload current flows through any of the
      conductors 142, the respective magnet 113 attracts its associated armature
      plate 112 and all three of the armature plates 112 are pivoted clockwise
      to release the trip lever 76 and open the contact blades 67. Pushing the
      button 128 also pivots the common trip bar 118 and the three armature
      plates 112 clockwise to release the trip lever 76 and open the contact
      blades 67.
PAR  The end of each conductor 142 opposite the end secured by the screw 143 is
      connected by a screw 146 (FIGS. 1, 2, and 34) to a flatwise L-shaped strap
      portion 148a of a box-like conductor 148 best shown in FIGS. 13-16. The
      conductor 148 includes the strap portion 148a, an end portion 148b, a pair
      of spaced side portions 148c and 148d, and a split end portion including a
      tab portion 148e extending from the side portion 148c and a tab portion
      148f extending from the side portion 148d. The side portions are generally
      square, except that the side portion 148c includes a mounting tab 148g
      extending toward the base 41 when assembled.
PAR  In each of the compartments 44, 45, and 46, a conductor 150 includes an
      edgewise L-shaped portion 150a secured at an end of a longer leg thereof
      to a tab extending from a shorter leg of the strap portion 148a and joined
      at an end of a shorter leg thereof to an end of a strap portion 150b
      having an opposite end secured to the tab portions 148e and 148f. A
      flexible braided cable 151 is secured at one end to the conductor 150 and
      at the other end to auxiliary contact means for current limiting,
      including a movable contact blade 152 (FIGS. 1 and 34) having a contact
      153 mounted thereon. The blade 152 cooperates with another movable contact
      blade 154 having a contact 155 mounted thereon.
PAR  In each of the compartments 44, 45, and 46, the mechanism by which the
      blades 152 and 154 are operated is best shown in FIGS. 17-19. A generally
      U-shaped laminated magnetic core 156 is disposed in an outer portion of
      the box-like conductor 148 (FIGS. 1 and 34) with a pair of spaced leg
      portions 156 a and 156b thereof (FIG. 17) stradling the strap portion 148a
      and a pair of oppositely extending shoulder portions 156c and 156d thereof
      (FIG. 17) respectively engaging the side portions 148c and 148d (FIG. 13).
      A generally U-shaped laminated armature 158 (FIGS. 17-19) is disposed in
      an inner portion of the box-like conductor 148 (FIGS. 1 and 34) with a
      pair of spaced relatively short leg portions 158a and 158b thereof (FIGS.
      17 and 19) disposed respectively opposite and in spaced relationship to
      the leg portions 156a and 156b. An armature pin support plate 160 is
      disposed between the leg portions 158a and 158b. The armature 158 is
      provided with a hole disposed centrally of a bight portion thereof and
      aligned with a hole in the support plate 160 for receiving an outer
      threaded stud portion of an armature pin 161 having a nut 162 threaded
      thereon to secure an inner, enlarged shouldered portion of the pin 161
      against an inner side of the armature 158. The armature pin 160 is
      provided with a pair of opposed flats at its inner end and two spaced
      links 163 and 164 are pivotally mounted thereon by a pin 165. The links
      163 and 164 carry a pin 166 engaged in a notch in an edge of the blade 152
      facing the blade 154 and a pin 167 normally engaged with an edge of the
      blade 154 facing the blade 152. The blade 152 is pivotally mounted on a
      pin 168 received in a hole 169 (FIG. 17) and the blade 154 is pivotally
      mounted on a pin 170 received in a hole 171. The pivot pins 168 and 170
      are disposed on opposite sides of the armature pin 161 and opposite end
      portions thereof are received respectively in a pair of molded inner
      casing portions 173 and 174 (FIG. 19) secured together by a plurality of
      rivets 175. A compression spring 176 disposed in the casing portions 173
      and 174 encircles the armature pin 161 and bears on the blade 152 to urge
      it clockwise in FIG. 18 toward closed position. The blade 152 bears on the
      pin 166 and causes the pin 167 to bear on the blade 154 to urge it
      counter-clockwise in FIG. 18 toward closed position. The spring 176 is
      also a return spring for the armature 158 and armature pin 161. A shield
      177 (FIGS. 18 and 19) having a forked end portion straddling the links 163
      and 164 is disposed between the blades 152 and 154 and mainly within the
      casing portions 173 and 174. Appropriate openings are provided in the
      casing formed by the casing portions 173 and 174 for the armature pin 161,
      the cable 151, the contact blades 152 and 154, and a flexible braided
      cable 178 secured to the blade 154. The sides 148c and 148d of the
      box-like conductor 148 respectively engage the casing portions 173 and
      174, and the mounting tab 148g (FIGS. 15 and 16) is disposed between a
      pair of bosses on the casing portion 173, one such boss 173a being shown
      in FIG. 19. The contact end portions of the blades 152 and 154 are
      disposed outwardly of the casing 173-174 and a piece of shock absorbing
      material 180 (FIG. 18) is mounted in the casing adjacent the blade 152 to
      cushion opening movement thereof.
PAR  A magnetic core structure 181 generally in the form of a rectangular tube
      surrounds the contact end portions of the blades 152 and 154 extending
      outwardly of the casing 173-174. The magnetic core structure 181 is best
      shown in FIGS. 23-25 and comprises two identical, generally L-shaped,
      laminated magnetic cores 182 and 183 arranged as shown with an end of a
      long leg portion 182a of the core 182 abutting an inner side of a short
      leg portion 183b of the core 183 and an end of a long leg portion 183a of
      the core 183 abutting an inner side of a short leg portion 182a of the
      core 182. Each of the cores 182 and 183 is coated with an arc
      extinguishing material such as disclosed in the aforesaid copending
      application, Ser. No. 364,596, and additional pieces of such material are
      adhesively secured respectively to inner sides of the L-shaped assemblies
      as shown in FIGS. 23 and 24. Alternatively, the cores 182 and 183 could be
      generally U-shaped, C-shaped or J-shaped.
PAR  In each of the compartments 44, 45, and 46, the cable 178 connected to the
      blade 154 is electrically connected at an opposite end to one end of a
      terminal strap 184 best shown in FIGS. 26-29 and having a terminal member
      186 secured to an opposite end. The terminal member 186 is similar to the
      terminal member 49 and has a bight portion 186a and a pair of spaced leg
      portions 186b and 186c as a first U-shaped portion, the leg portions 186b
      and 186c merging at right angles respectively with a pair of spaced leg
      portions 186d and 186e of a second U-shaped portion having a split bight
      portion formed by two tabs 186f and 186g extending respectively from the
      leg portions 186d and 186e. The tabs 186f and 186g are secured to the
      terminal strap 184. A mounting tab 186h having an aperture 186i extending
      therethrough projects at right angles from the bight portion 186a
      oppositely from the leg portions 186b and 186 c.
PAR  An internally threaded sleeve 58 (FIGS. 1 and 34) identical to those staked
      to the tabs 49h is staked to the mounting tab 186h  of each of the
      terminal members 186 at the aperture 186i therein and disposed in an
      apertured mounting pad portion 41b of the base 41. A screw 59 threaded
      into the sleeve 58 secures an apertured connector body 60 to the tab 186h.
      The connector body 60 is identical to those secured to the tabs 49h and is
      provided with an internally threaded hole for receiving a clamping screw
      61.
PAR  In each of the compartments 44, 45, and 46, a conductor 188 (FIGS. 13-16)
      has a tab 188a secured to the end of the strap portion 150b adjacent the
      tabs 148e and 148f, a strap portion 188b (FIGS. 1 and 34) extending
      between the leg portions 156a and 156b of the magnetic core 156, and
      offsetting portion 188c extending generally parallel to the tab 188a, and
      a strap portion 188d extending through the magnetic core assembly 181
      formed by the two L-shaped magnetic cores 182 and 183 along the inner side
      of the short leg portion 182b. A strip 189 of arc extinguishing material
      such as disclosed in the aforementioned copending application, Ser. No.
      364,596, is adhesively secured to the side of the strap portion 188d
      facing the contact blade 152. A conductor 190 includes a tab portion 190a
      secured to an end of the strap portion 188d and extending and bent from a
      strap portion 190b. The strap portion 190b extends parallel to an end face
      of the magnetic core 182 and is joined at right angles to a strap portion
      190c extending somewhat diagonally across the outer side of the long leg
      portion 182a. The strap portion 190c is joined at right angles to a strap
      portion 190d extending along a rear wall of the base 41 and having an
      apertured offset connecting tab portion 190e disposed in a hole extending
      through the rear wall of the base 41. An internally threaded fastener 191
      is secured to the connecting tab portion 190e.
PAR  Opposite the compartments 44, 45, and 46, the rear wall of the base 41 is
      provided on the rear side with three shallow recesses 41a, 45a, and 46a
      (FIG. 2) each having a resistor 192 potted therein with potting material
      193, preferably a ceramic compound having properties of good thermal
      conductivity, such as alumina or silica based ceramics. A thin plastic
      cover 194 is recessed in the base 41 and adhesively secured in place to
      cover the potting material in all three of the recesses 44a, 45a, and 46a.
      The resistor 192 in each recess is made of material having a positive
      temperature coefficient of resistance, is preferably chromium-plated
      substantially pure iron wire, and is best shown in FIGS. 20-22. An
      important feature of the resistor 192 is that its resistance is
      transformable from a relatively low value to a relatively much higher
      value. Other materials which have a positive temperature coefficient of
      resistance and can be used for the resistor 192 in place of substantially
      pure iron include tungsten, nickel, cobalt, and alloys or metallic
      compounds of these and other elements such as cobalt-iron and zirconium
      diboride. In these materials, the resistance is a direct function of
      temperature.
PAR  As shown in FIG. 20, the resistor 192 terminates at each end in a
      flattened, generally P-shaped portion which includes a straight portion of
      length X to which an electrode is attached for electroplating in a
      solution containing chromium. After electroplating, the electrode terminal
      portions, as shown in broken lines for one of the end portions in FIG. 21,
      are cut off, and the remainder of the flattened end is aligned with the
      plane containing the axis of the circular wire, as shown in FIG. 22.
PAR  In each of the recesses 44a, 45a, and 46a, a screw 195 (FIGS. 1 and 34)
      secures an end portion 192a of the respective resistor 192 (FIG. 20),
      modified as described above, to the tab portion 192e (FIG. 13) of the
      conductor 190. A screw 196 secures an opposite end portion 192b, modified
      as described, to an apertured connecting tab portion 197a of a conductor
      197 (FIGS. 26-29). An internally threaded fastener 198 is secured to the
      connecting tab portion 197a. The conductor 197 includes a strap portion
      197b extending at right angles to the connecting tab portion 197a along an
      end of the short leg portion 183b of the magnetic core 183 and joined at
      right angles to a strap portion 197c extending along an end face of the
      core 183. A bent tab 197d extending from the strap portion 197c is secured
      to a conductor 199 having a strap portion 199a extending through the
      magnetic core structure 181 along the inner side of the short leg portion
      183b of the magnetic core 183. An offsetting portion 199b joins the strap
      portion 199a to a tab portion 199c secured to the terminal strap 184 and
      having the cable 178 secured thereto. A strip 200 of arc extinguishing
      material such as disclosed in the aforesaid copending application, Ser.
      No. 365,596, is adhesively secured to the side of the strap portion 199a
      facing the contact blade 154.
PAR  In each of the compartments 44, 45, and 46, an arc chute 202 (FIGS. 1 and
      34) for the contacts 153 and 155 is disposed adjacent the magnetic core
      structure 181. The arc chute 202 is best shown in FIGS. 30-32 and includes
      a pair of molded casing portions 203 and 204 secured together by a
      plurality of rivets 205. Each of the casing portions 203 and 204 is
      provided with a pair of recesses on a side thereof facing the other casing
      portion, such as an inner recess 203a and an outer recess 203b (FIG. 32)
      in the casing portion 203, to provide a pair of passageways through the
      arc chute 202. Each of the casing portions is grooved on a wall of each
      recess facing the other casing portion and each groove has one of the
      arcing plates 134, best shown in FIG. 33, adhesively secured therein. A
      venting plate 206 is adhesively secured to the casing portions 203 and 204
      and is disposed in the base 41 rearwardly of the respective connector body
      60. A venting plate 207 is adhesively secured to the casing portions 203
      and 204 and is disposed in the cover 42 of the assembled circuit breaker
      40 forwardly of the respective connector body 60. From the contact side of
      the arc chute, the arc plates 134 in the inner recess 203a slant toward
      the rear wall of the base 41, and those in the outer recess 203b slant
      toward the front wall of the cover 42. The arc plates 134 in the casing
      portion 204 slant in a similar fashion, but as best shown in FIG. 31, they
      are staggered with respect to those in the casing portion 203.
PAR  In each of the compartments 44, 45, and 46, when the contacts 153 and 155
      are closed, part of the current from the conductor 142 flows through the
      L-shaped portion 150a of the conductor 150 to the cable 151 and the
      remainder flows by way of the strap portion 148a through the box-like
      conductor 148 and the strap portion 150b of the conductor 150 to the cable
      151. From the cable 151 the total or recombined current flows through the
      contact blade 152, contacts 153 and 155, contact blade 154, cable 178, and
      the terminal strap 184 to the terminal member 186.
PAR  The strap portion 148a and the magnetic core 156 in each compartment form
      an electromagnet. Upon flow of a fault current through the strap portion
      148a greater than that at which the magnetic core 113 attracts the
      armature plate 112, the magnetic core 156 attracts the armature 158 along
      with the plate 160, armature pin 161, nut 162, links 163 and 164, and pins
      165, 166, and 167. The pin 166 pivots the blade 152 about the pin 168
      toward an open position, and the pin 170 releases the blade 154 so that it
      is free to pivot about the pin 170 toward an open position under the
      influence of a repulsion force between the two blades due to the current
      path through the blades. The blades 152 and 154 are also moved apart by
      magnetic forces induced by the current flow therethrough, it being noted
      that they constitute partial conductor turns for the magnetic core
      structure 181. The contacts 153 and 155 are thus separated to switch the
      current path through the resistor 192.
PAR  The parallel circuits between conductor 142 and cable 151, comprising a
      circuit through conductor 150a in parallel with the circuit through
      conductors 148a, 148, and 150b, provides by-pass means for sufficient
      current to prevent opening the current limiting contacts 153 and 155 until
      a threshold fault current above a selected magnitude is present for
      magnetic core 156 to attract armature 158 which opens contacts 153 and
      155. By way of example, this circuit arrangement and electromagnet
      characteristics may be adapted to prevent separation of the limiting
      contacts 153 and 155 below a threshold of 1,000 amps.
PAR  When the contacts 153 and 155 are separated, part of the current from the
      conductor 142 flows through the L-shaped portion 150a and also through the
      strap portion 150b of the conductor 150 to the conductor 188, and the
      remainder flows by way of the strap portion 148a through the box-like
      conductor 148 to the conductor 188. The recombined current then flows
      through the conductors 188 and 190, through the resistor 192, through the
      conductors 197 and 199, and through the terminal strap 184 to the terminal
      member 186.
PAR  The current limiter contacts preferably do not operate in the thermal
      overload range but only at relatively higher ranges of fault current or
      short circuit conditions. Within the thermal overload range, one or more
      of the bi-metallic strips 145 are operable to trip the circuit breaker and
      open the sets of main contacts 53 and 54 as previously described.
      Immediately above the thermal overload range, fault currents are still
      relatively low but are of sufficient magnitude to cause attraction of one
      or more of the armature plates 112 and open the sets of main contacts 53
      and 54 as previously described. Immediately above the thermal overload
      range, fault currents are still relatively low but are of sufficient
      magnitude to cause attraction of one or more of the armature plates 112
      and open the sets of main contacts 53 and 54 as previously described. Such
      fault currents are below the interrupting ability of the sets of main
      contacts 53 and 54. Fault currents immediately above this range are just
      sufficient to cause magnetic core 156 to attract armature 158 and pin 161
      which cause limiter contacts 153 and 155 to open. As the current decays,
      the magnetic forces also decay. The compression spring 176 in urging
      contacts 153 and 155 to a closed position tends to dominate over the
      decaying current causing those contacts to reclose while a short arc still
      exists in a small air gap between them. This action often leads to contact
      welding. To solve this problem, an additional or supplemental magnetizing
      turn 188b is provided in series with current limiting resistor 192. Thus,
      while fault current still flows in resistor 192, magnetic core 156 will be
      sufficiently energized to attract armature 158 to hold contacts 153 and
      155 apart.
PAR  In each compartment, the strap portion 148a is the only effective conductor
      turn for the magnetic core 156 when the contacts 153 and 155 are closed,
      and only part of the current flows therethrough, the remainder flowing
      through the by-pass conductor provided by the L-shaped portion 150a. When
      the contacts 153 and 155 are open, the strap portion 188b provides an
      additional conductor turn, and it carries the total current while the
      strap portion 148a is effective as a conductor turn carrying part of the
      current. The additional conductor turn 188b enables the blades 152 and 154
      to be maintained in an open position with less current than is required to
      move them to an open position originally. By the time the blades 152 and
      154 move back to closed position under the influence of the spring 176,
      the fault current will have been dissipated in the resistor 192 and the
      blades 67 will have been opened.
PAR  In each of the compartments 44, 45, and 46, the strap portions 188d and
      199a are conductor turns for the magnetic core structure 181. Further,
      portions of the contact blades 152 and 154 are partial conductor turns for
      the magnetic core structure 181. When the contact blades 152 and 154 are
      moved to open position and an arc 208 forms between the open contacts 153
      and 155, the magnetic field set up as a result of current flow through the
      partial conductor turn portions of the contact blades 152 and 154 acts on
      the arc 208 to force it toward the arc chute 202 with its staggered,
      slanting arc plates 134. Once the arc is interrupted, the current flow
      shifts to the previously described path through the resistor 192, and the
      flow through the conductor turns 188d and 199a maintains the magnetic
      field, aids the dielectric strength recovery of the gap, and thereby
      guards against re-ignition. Any re-ignition of the arc would also take
      place in a magnetic field, which would force the arc out again.
PAR  The device of this invention is compact enough to fit into existing circuit
      breaker panelboards and yet it is capable of repeatedly interrupting
      currents in excess of 100,000 amperes root-mean-square (RMS) symmetrical.
      With such currents available, the arc which forms between the contacts 153
      and 155 upon their opening must be extinguished in about a millisecond or
      less. This is accomplished by the generation of a sustained arc voltage
      which reaches the magnitude of the impressed supply voltage in about a
      millisecond or less. The structure used to accomplish this result includes
      the fast operating mechanism for opening the blades 152 and 154 with their
      contacts 153 and 155, the magnetic core structure 181, the coating of the
      arc chamber with arc extinguishing material, and the resistor 192
      connected in parallel with the contacts 153 and 155.
PAR  The magnetic core structure 181 encloses the contacts 153 and 155 and a
      substantial portion of the blades 152 and 154 and provides a magnetic
      field with the maximum practical value of magnetic flux density normal to
      the blades 152 and 154 and also normal to the arc. The magnetic field
      exerts a force on each blade tending to "blow" them apart, and also exerts
      a force on the arec 208 tending to blow the arc out toward the arc chute
      202. The force is proportional to the product of the current and the
      magnetic flux density. Since the magnetic flux density is derived from the
      current, the force is proportional to the square of the current, and the
      higher the available current is, the faster the blades open and the faster
      the arc is blown out. :The response of the current limiting device is thus
      proportional to the severity of the short circuit. The magnetic core
      structure 181 and the blades 152 and 154 are so arranged that the lines of
      force in the magnetic field intersect blades 152 and 153, through which
      current flows in opposite directions, from the direction which will force
      said blades apart. As viewed in FIG. 1, when current flows in the
      direction from cable 151, forward through contacts 153 and 155, then from
      the contact end of blade 154 back through blade 154 and out through cable
      178, then during such current flow the magnetic flux and lines of force in
      the transverse magnetic field extend from leg 183a (FIG. 23) of magnetic
      core 183 to leg 182a (FIG. 23) of magnetic core 182 (FIGS. 1 and 23). This
      arrangement of current flow through blades 152 and 154, and magnetic flux
      across said blades tends to force blades 152 and 154 apart.
PAR  Furthermore, when blades 152 and 154 separate and an arc 208 forms between
      contacts 153 and 155, current flows through said arc from contact 153 to
      contact 155. The transverse magnetic field, with lines of force from leg
      183a to leg 182a, acting on such arc with current flow as described, will
      therefore blow the arc forward toward arc plates 134. This blowing action
      effectively increases the arc length and resistance and therefore arc
      voltage, consequently limiting the current as well as extinguishing the
      arc. The magnetic field also aids the rate of dielectric strength recovery
      of the gap across contacts 153 and 155 following arc extinction and the
      subsequent continued rise of the impressed voltage across the gap after
      current transfer. It should also be noted that by increasing arc voltage
      the transverse magnetic field has the effect of increasing the power
      factor of the circuit by inserting resistance into the essentially
      inductive short circuit thereby reducing the lag of current behind
      voltage. The power factor is increased almost to unity.
PAR  Blades 152 and 154 are elongated and pivotally mounted at respective points
      151 and 170, which provides leverage effect to increase speed and
      resistance at the contact ends thereof when actuated by magnetic core 156.
      Thus, when core 156 is energized to raise armature pin 161 a given
      distance within a given time, the contact ends of blades 152 and 154 and
      respective contacts 153 and 155, will move apart a greater distance within
      a shorter time than the corresponding displacement and rate of speed of
      armature pin 161.
PAR  The contact blades 152 and 154, and contacts 153 and 155, are shaped and
      dimensioned to provide structures of relatively low mass and minimum
      inertia to respond quickly and open rapidly when the electromagnet is
      energized.
PAR  The contact blades 152 and 154 are constructed, dimensioned and mounted
      with respect to the actuating electromagnet (magnetic core 156, armature
      158) to provide a gap on the order of one-quarter inch within one
      sixteenth cycle of current flow or about 0.001 seconds (within one
      millisecond).
PAR  The electromagnetic means (magnetic core 156, armature 158, pin 161, and
      connecting links), the field magnet structure 181, blades 152 and 154, and
      the particular way in which they are positioned and associated as
      described, serve to open the current limiting contacts 153 and 155 in
      about 0.0002 seconds (0.2 of a millisecond) from initiation of a fault
      current in the circuit above the threshold selected for operation of the
      current limiting section, or within one-eightieth cycle of current flow.
PAR  Under conditions of high available short circuit currents, the limiter
      contacts 153 and 155 are open in as little a time as 0.2 milliseconds
      (one-eightieth of a cycle) from current initiation. As the contacts open
      an arc is formed between them. The arc between the limiting contacts is
      ordinarily extinguished within one millisecond by the structure and
      mechanism of this invention. It should be borne in mind that the mechanism
      described responds with the square of the magnitude of fault current so
      the larger the fault current, the faster the current limiting response.
      This accelerating responsiveness includes not only the speed of contact
      separation, but the effective responsiveness of the transverse magnetic
      field generated by field magnet structure 181 on the arc formed between
      contacts 153 and 155 which raises the arc voltage almost instananeously to
      equal the voltage of the source by the means described (essentially by
      lengthening the arc through faster and greater contact separation plus
      bowing forwardly, plus cooling, all of which increase resistance of the
      arc and arc voltage). When the arc voltage equals the supply voltage,
      current can no longer continue to rise and is forced to transfer
      completely into the current limiting resistor 192 where its energy is
      dissipated.
PAR  The main breaker contacts 53 and 70 open within 0.004 seconds of fault
      current initiation, or within 1/4 cycle of current flow at 60 cycles per
      second by which time the fault current has been fully shunted into current
      limiting resistor 192 and its energy dissipated. The main contacts 53 and
      70 being opened, current has ceased to flow in the protected circuit in
      less than 1/4 cycle or less than 4 milliseconds after appearance of the
      fault current above the threshold selected for the limiting section of the
      circuit breaker to become operable.
PAR  The effective current limiting responsiveness of the following combination,
      (1) speed of contact separation plus (2) increasing arc voltage to equal
      source voltage, occurs within about a millisecond or less by means of the
      invention described herein. This is important because symmetrical short
      circuit currents have their maximum growth rate during the first
      millisecond immediately following current zero. The current limiting means
      in accordance with this invention intercepts the short circuit current
      before it achieves a significant growth following current zero and shunts
      it into limiting resistance 192 having a positive temperature coeffecient
      of resistance.
PAR  The mechanism as described can be mounted in compact cases to fit in
      standard panelboards. The compactness may be measured in terms of the
      ratio of short circuit amperes of interrupting rating to circuit breaker
      volume. The table below provides a reasonable illustration of the
      volumetric efficiency of short circuit interruption of the subject
      breaker. The volume of five representative circuit breakers is given in
      the second column and the interrupting rating shown in column 3. The first
      circuit breaker in the following table is the subject matter of this
      application.
TBL  __________________________________________________________________________
             (1)  (2)       (3)      (4)                                       
                  Breaker   Maximum                                            
             Breaker                                                           
                  Volume    Interrupting                                       
                                     Volumetric                                
             Ampere                                                            
                  Cubic Inches                                                 
                            Rating, 480V,                                      
                                     Efficiency                                
             Rating*                                                           
                  (Typical Brkr.)                                              
                            3.phi., K-Amps rms                                 
                                     KVA/in..sup.3                             
     __________________________________________________________________________
     Instant Inven.                                                            
             100  138       100-200**                                          
                                     347-694                                   
     Representative                                                            
             100   85       25       142                                       
     Circuit 225  131       35       128                                       
     Breakers                                                                  
             400  273       35       61.5                                      
     for     1000 569       35       29.5                                      
     comparison                                                                
             2500 1994      85       20                                        
     __________________________________________________________________________
       *This is the steady state current rating, all breakers listed are molded
      case circuit breakers.                                                   
      **The 100 KA rating is an established but not a maximum figure.          
PAR  An additional feature of this invention which aids in fitting a mechanism
      of high interrupting capacity within a circuit breaker of minimum volume,
      are plates 134 positioned forward of limiting contacts 153, 155 and blades
      152, 154. One of the current limiting features of this invention is the
      rapid increase of arc voltage to equal source voltage. However, when high
      arc energy is applied to the air slab in the arc chamber, the air
      temperature rises very rapidly which creates shock waves and large
      pressure gradients which must be dissipated. The devices which have
      attempted to limit current by generating high arc voltage have accordingly
      been bulky. They have had to include a large volume chamber in which to
      dissipate the shock waves and pressure gradients created by this means of
      current limiting. The invention herein combines arc voltage increase with
      other current limiting means, so the degrees of shock waves and pressure
      gradients are substantially less than in those devices which rely on the
      arc voltage means alone. Furthermore, plates 134 are particularly shaped,
      dimensioned and mounted as described above with respect to the arc, its
      path of movement, plus the direction of shock waves and air pressure
      gradients created, to intercept and effectively dissipate such forces
      without requiring a relatively large volume chamber.
PAR  The arc extinguishing material which coats the magnetic core structure 181
      and lines the inside of the rectangular tube formed thereby and the inner
      sides of the conductor turns 188d and 199a to a large extent determines
      the rate of dielectric strength recovery across the contacts during and
      immediately following arc extinction. The dielectric strength recovery is
      essential to the current limiting process and is further aided by the
      magnetic field. The arc extinguishing material is selected in accordance
      with the disclosure of the above mentioned copending application, Ser. No.
      364,596.
PAR  The resistor 192 should have a positively transformable resistance, capable
      of changing from an extremely low value to a much higher value after the
      arc across the contacts 153 and 155 is extinguished and the total current
      is forced to flow through the resistor and bypass the contacts. The
      transformation of the resistance increases the circuit power factor, aids
      interruption, and limits the "through" i.sup.2 t (product of the square of
      the current and the time) factor of the short circuit.
PAR  Various modifications may be made in the structure shown and described
      without departing from the spirit of the invention and scope of the
      attached claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric circuit breaker comprising a molded case, a pair of
      separable contacts in the case, a first releasably latchable trip lever
      pivotally mounted in the case and releasable from a latched position to
      effect separation of the contacts, first biasing means to bias said first
      trip lever toward a tripped unlatching position, a magnetic core in the
      case, an armature pivotally mounted in the case, having a latching
      position in which it latches the first trip lever in the latched position
      and is spaced from the magnetic core, second biasing means to bias said
      armature toward said latched position, said armature being attractable
      toward the magnetic core upon flow of excess current through the contacts
      to release the first trip lever and effect separation of the contacts, a
      second releasably latchable trip lever pivotally mounted in the case and
      releasable from a latched position to effect movement of the armature
      toward the core and release of the first trip lever, third biasing means
      to bias said second trip lever when unlatched against said armature for
      movement in a direction to disengage said armature from said first trip
      lever, latching means pivotally mounted in the case and having a latching
      position in which it latches the second trip lever, and a bimetallic
      member mounted in the case and effective upon flow of sustained moderate
      overload current through the contacts to pivot the latching means and
      release the second trip lever.
NUM  2.
PAR  2. An electric circuit breaker as claimed in claim 1 wherein the circuit
      breaker is a three-pole circuit breaker, the molded case has three
      side-by-side compartments each having a pair of separable contacts, a
      magnetic core, a pivotally mounted armature, and a bimetallic member
      therein, and the latching means is a first common trip bar having a latch
      plate mounted thereon for latching the second trip lever and being
      pivotable by any one one of the bimetallic members, and including a second
      common trip bar secured to all three of the armatures, the second common
      trip bar being movable by the second trip lever.
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PAL  An excess current switching device having particular but not exclusive
      application in switching direct current power.
PAL  The switching device comprises first and second excess current switches.
      The first switch comprises a break point and a thermal and/or
      electromagnetic tripping device(s) linked to a latching mechanism and the
      second switch comprises a break point and an electromagnetic tripping
      device having a high resistance coil linked to a latching mechanism. The
      break point of the first switch is connected in parallel with the tripping
      device of the second switch. When an excess current occurs, the break
      point of the first switch opens, leaving the tripping device of the second
      switch in curcuit and this opens the break point of the second switch.
BSUM
PAR  The invention relates to an excess current switching device having two
      interruption or break points which succeed one another and are
      sequentially opened upon the occurrence of an excess current.
PAR  An excess current switchingg device of this kind is known (German Pat. No.
      1,058,616) which has an electromagnetic tripping device to release the
      armature which is of rod-shaped design. Both break points have contact
      bridges which co-operate with corresponding counter contact pieces. The
      counter contact pieces of one of the contact bridges are bridged by a
      resistor. This contact bridge is rigidly secured to one end of the
      rod-shaped armature. In the connected position of the two contact bridges
      the other end of the rod-shaped armature is situated at a specific spacing
      from the corresponding contact bridge so that upon electromagnetic
      tripping or release the contact bridge which is rigidly connected to the
      rod-shaped armature is first lifted off the counter contact pieces and
      thereby the resistor which is situated parallel to these contact pieces is
      connected into the circuit. This resistor reduces the excess current. Upon
      continued movement of the armature its other end encounters the second
      contact bridge so that the latter is lifted off its counter contact pieces
      and the circuit of the switching device is thereby interrupted. In the
      connected position of both contact bridges the contact pressure is
      produced by suitable springs. Since one of the contact bridges is rigidly
      connected to one of the ends of the rod-shaped armature the contact
      pressure of the contact bridge is reduced by the attraction of the
      armature as a result of the normal operating current. This reduction of
      the contact pressure is relatively great because the rodshaped armature
      has to move both contact bridges into the disconnected position and
      therefore the electromagnet must be of large proportions. For this reason
      this known excess current switching device is not suitable for
      interrupting high power circuits.
PAR  The object of the present invention is to be able to interrupt high voltage
      circuits, particularly high direct voltages, e.g. 110, 144, 220, 360, 550
      V, and to avoid the production of strong electric arcs.
PAR  According to the present invention there is provided an excess current
      switching device comprising a first excess current switch having a first
      break point and at least one tripping device effective to trip the first
      break point on the occurrence of an excess current and a second excess
      current switch having a second break point and an electromagnetic tripping
      device to trip the second break point on the occurrence of an excess
      current, the electromagnetic tripping device including a coil of high
      ohmic design, the electromagnetic tripping device being coupled in
      parallel with the first break point, whereby when the first break point is
      tripped, excess current flows through the electromagnetic tripping device
      to trip sequentially the second break point.
PAR  The tripping device of the first excess current switch may comprise a
      thermal tripping device, an electromagnetic tripping device or a
      combination of both.
PAR  In an embodiment of the present invention, when an excess current occurs,
      the first excess current switch first releases or trips thermally and/or
      electromagnetically so that the break point of the first excess current
      switch is opened. The excess current is very much reduced by the
      high-ohmic magnet coil of the second excess current switch. There is no
      interruption of the excess current since the high-ohmic field coil of the
      second excess current switch is situated parallel to the opened break
      point of the first excess current switch. The current flowing through this
      magnet coil now causes tripping of the second excess current switch so
      that its break point is opened and thus the current circuit of the excess
      current switching device is interrupted. By having this two stage
      arrangement, the contact pieces of the break points of the two excess
      current switches are conserved so that the excess current switching device
      made in accordance with the present invention has a long useful life. The
      excess current switching device according to the invention enables high
      currents to be switched off at high direct voltages, e.g. 110, 144, 220,
      360, 500 V. Apart from the switching-off efficiency at high direct
      voltages, the excess current switching device in accordance with the
      present invention has the additional advantage of the voltage peaks, which
      form when inductive loads are switched off, being suppressed thereby
      reducing or eliminating arcing.
PAR  An optimum adaptation of the magnet coil of the second excess current
      switch to that of the first excess current switch is obtained when outputs
      in a ratio of 3:1 are switched off by both excess current switches at
      their break points. This means that the first excess current switch is
      capable of disconnecting three times the power output of the second excess
      current switch.
PAR  Preferably, the two excess current switches, which have flat elongated
      shapes, are arranged adjacent each other with their broad sides contacting
      and a rocker is pivotably mounted between adjacent ON keys and adjacent
      OFF keys of the switches whereby the two ON keys or the two OFF keys are
      selectively actuatable together. Thus both excess current switches can be
      switched on or off by means of the rocker.
DRWD
PAR  An embodiment of the present invention will now be described, by way of
      example, with reference to the accompanying drawings, wherein:
PAR  FIG. 1 shows a circuit of an excess current switching device made in
      accordance with the invention;
PAR  FIG. 2 shows a frontal view of the excess current switching device of FIG.
      1; and
PAR  FIG. 3 shows a plan view to FIG. 2.
DETD
PAR  The excess current switching device comprises first and second excess
      current switches 1, 2, as schematically illustrated in FIG. 1. Both excess
      current switches 1, 2 have a break point 3, a latching cam 4 and an
      electro-magnetic tripping devide 5 linked to the latching cam 4. The
      tripping device of the switch 2 has a high resistance magnet coil. A
      thermal tripping device 8 is provided in the excess current switch and is
      linked to the latching cam 4. If desired, one or other of the tripping
      devices 5, 8, may be omitted. The excess current switch 2 may additionally
      be provided with signal contacts 6, 7 of which the signal contact 6 is a
      circuit opener and the signal contact 7 is a circuit closer. The signal
      contacts serve to indicate the switching positions of the excess current
      switch 2 and thus to indicate the switching positions of the entire excess
      current switching device.
PAR  As shown in the drawing the excess current switching device is connected in
      series into a circuit to be monitored by means of terminals connected to
      the electromagnetic tripping device 5 of the excess current switch 1 and
      to the break point 3 of the excess current switch 2. The excess current
      switches 1, 2 are connected so that the electromagnetic tripping device 5
      of the excess current switch 2 is in parallel with the break point 3 of
      the excess current switch 1. In the condition shown, the primary current
      flow is through the series connected tripping devices 5 and 8 and the
      break point 3 of the excess current switch 1 and through the break point 3
      of the excess current switch 2. If the excess current switch 1 is tripped,
      the current flow is via the high resistance magnet coil of the tripping
      device 5 of the excess current switch 2. When the excess current switch 2
      is tripped, the circuit through the device is completely interrupted.
PAR  The excess current switch 1 is designed to be able to disconnect three
      times the rated power output of the excess current switch 2.
PAR  The excess current switching device of FIG. 1 works in the following
      manner:
PAR  When an excess current occurs, then the excess current switch 1 first trips
      either thermally or electromagnetically so that the break point 3 is
      opened via the latching cam 4. The electromagnetic tripping device 5 of
      the excess current switch 2 is thereby in series with the electromagnetic
      tripping device 5 and the thermal tripping device 8 of the excess current
      switch 1. The field coil of the electromagnetic tripping device 5 of the
      excess current switch 2 is of high-ohmic design and thereby reduces the
      excess current such that the electromagnetic tripping device 5 of the
      excess current switch 2 is triggered by this reduced excess current and
      the break point 3 of the excess current switch 2 is opened via the
      latching cam 4. The entire circuit of the excess current switching device
      of FIG. 1 is thereby interrupted. The opening travel of the movable
      switching element of the break point 3 of the excess current switch 2 is
      sufficiently large to extinguish an appearing electric arc. Although the
      current in the excess current switching device is not interrupted when the
      break point 3 of the excess current switch 1 is opened, an electric arc,
      which however is not harmful, appears at the opened break point 3 of the
      excess current switch 1 as a result of the large voltage drop at the
      highly resistive magnet coil of the electromagnetic tripping device 5 of
      the excess current switch 2. By virtue of the two break points 3 of the
      two excess current switches 1 and 2 the total potential is divided into
      two partial potentials. The electromagnetic tripping device 5 of the
      excess current switch 2 responds directly after opening of the break point
      3 of the excess current switch 1.
PAR  As is particularly apparent from FIG. 3 both excess current switches 1 and
      2 are of narrow elongate form and contact one another with their broad
      sides. Both excess current switches 1 and 2 are provided with an ON push
      button 9 and an OFF push button 10. FIGS. 2 and 3 show that the ON push
      buttons 9 and the OFF push buttons 10 are located side by side. Between
      the ON push buttons 9 and the OFF push buttons 10 a bearing block 11 is
      secured to the upper side of the two excess current switches 1 and 2 on
      which bearing block a rocker 12 is pivotably mounted by means of a pin 13.
      When the rocker 12 is pivoted in anti-clockwise direction the two ON keys
      9 are urged, by means of a projection 14 of the rocker 12, into the
      housing and the two excess current switches 1 and 2 are thereby switched
      on. This switched-on position is shown in FIG. 2 by full lines. The
      actuation of the OFF keys 10 and thus switching-off of the excess current
      switches 1 and 2 results from pivoting the rocker 12 in clockwise
      direction. The corresponding position of the rocker 12 is illustrated in
      FIG. 2 by dot-dash lines.
PAR  The excess current switch 2 has terminals 15 to 21 of which the terminals
      15, 18 are associated with the break point 3, the terminals 18, 21 with
      the electromagnetic tripping device 5, the terminals 16, 20 with one of
      the two signal contacts 6, 7 and the terminals 17, 19 with the other
      signal contact. The excess current switch 1 on the other hand has only
      terminals 15, 18, 21. In the series connection of the electromagnetic
      tripping device 5 and the thermal tripping device 8 shown in FIG. 1 all
      the terminals 15, 18, 21 are used.
PAR  When two excess current switches 1 and 2 are combined without a common
      rocker 12, then after tripping of the excess current switching device, the
      excess current switch 1 must be first switched on and only then should the
      excess current switch 2 be actuated, as otherwise, when there is an excess
      current which does not yet result in magnetic tripping, there will be a
      risk of the magnet coil of the tripping device 5 of the excess current
      switch 2 being destroyed.
CLMS
STM  We claim:
NUM  1.
PAR  1. An excess current switching device comprising, in combination:
PA1  a. a first excess current switch having
PA2  i. a first break point, and
PA2  ii. at least one tripping device effective to trip said first break point
      on the occurrence of an excess current,
PA1  b. a second excess current switch having
PA2  i. a second break point, and
PA2  ii. an electromagnetic tripping device effective to trip said second break
      point on the occurrence of an excess current, said electromagnetic
      tripping device having a coil of high ohmic design, said electromagnetic
      tripping device being coupled in parallel with said first break point,
      whereby when said first break point is tripped, excess current flows
      through said electromagnetic tripping device to trip sequentially said
      second break point.
NUM  2.
PAR  2. An excess current switching device, as claimed in claim 1, wherein said
      at least one tripping device comprises a thermal tripping device.
NUM  3.
PAR  3. An excess current switching device, as claimed in claim 2, further
      comprising an electromagnetic tripping device coupled in series with said
      thermal tripping device.
NUM  4.
PAR  4. An excess current switching device, as claimed in claim 1, wherein said
      at least one tripping device comprises another electromagnetic tripping
      device.
NUM  5.
PAR  5. An excess current switching device as claimed in claim 1, wherein said
      first and second excess current switches are arranged to switch outputs in
      the ratio 3:1 at their respective break points.
NUM  6.
PAR  6. An excess current switching device as claimed in claim 1, wherein each
      said first and second excess current switch further comprises an ON push
      button and an OFF push button spaced therefrom.
NUM  7.
PAR  7. An excess current switching device as claimed in claim 6, wherein said
      first and second excess current switches are of elongate cross section and
      are arranged side by side and with their ON push buttons adjacent each
      other and their OFF push buttons adjacent each other, and further
      comprising a rocker pivotally mounted between the adjacent ON and OFF push
      buttons for selectively actuating one of the two ON push buttons and the
      two OFF push buttons.
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PAL  A solenoid switch, particularly but not exclusively for use in a starter
      motor supply circuit includes a solenoid coil and at least one fixed
      contact. An armature is movable relative to the coil in response to
      energisation of the coil and carries a movable contact. The movable
      contact is urged by resilient means to a rest position relative to the
      armature and a member is coupled to the armature through said resilient
      means for movement with the armature in a direction to engage the movable
      contact with the fixed contact. The switch further includes a delay unit
      for slowing movement of the member in the contact engaging direction, the
      arrangement being such that in use when the movable contact engages the
      fixed contact the armature moves relative to the member and the movable
      contact compressing said resilient means and thereby increasing the
      pressure between the contacts.
BSUM
PAR  This invention relates to solenoid switches, particularly but not
      exclusively for use in starter motor supply circuits in motor vehicles.
PAR  An object of the present invention is to provide a solenoid switch having a
      built-in time delay.
PAR  According to the present invention there is provided a solenoid switch
      comprising a coil, at least one fixed electrical contact, an armature
      movable relative to the coil, a movable electrical contact movable with
      the armature in a direction to engage the fixed contact, resilient means
      biasing the movable contact to a rest position relative to the armature, a
      member coupled to the armature through said resilient means for movement
      with the armature in the contact engagement direction, and a delay unit
      for slowing movement of the member in the contact engaging direction, the
      arrangement being such that in use, when the movable contact engages said
      fixed contact the armature moves relative to the member and the movable
      contact against the action of said resilient means thereby increasing
      contact pressure between the movable and fixed contacts.
PAR  Preferably the member takes the form of a sleeve within which the armature
      is slidable, said sleeve being provided at one end with a shoulder which
      engages the delay unit.
PAR  The delay unit may be a pneumatic delay unit comprising a chamber within
      which a plunger engaged by the member is slidable, the chamber having a
      wall defined by a diaphragm.
PAR  Conveniently the diaphragm of the delay unit can include a flap valve.
DRWD
PAR  One example of the invention is illustrated in the accompanying drawings
      wherein:
PAR  FIG. 1 is a longitudinal sectional view of a solenoid switch for use in a
      starter motor circuit in a motor vehicle, and
PAR  FIG. 2 is a view similar to FIG. 1 of a modification.
DETD
PAR  Referring to FIG. 1 of the drawings, the solenoid switch comprises a
      composite body 1 mounting a pair of terminals 2 each connected with a
      fixed contact 3. Within the body 1 is carried an annular coil 4 within
      which is mounted a sleeve 5 which is movable relative thereto. An armature
      6 is mounted within the sleeve 5 to be movable relative thereto. A
      projection 7 on the armature 6 carries a coil spring 8 which is disposed
      between a shoulder 9 on the projection 7 and a collar 10 which traps an
      annular movable contact 11 and a washer 12 against a shoulder 17 on the
      armature.
PAR  The end of the sleeve 5 remote from the movable contact 11 is closed to
      provide a shoulder 13 against which a plunger 14 is urged by a return
      spring 15. The sleeve abuts the washer 12 and so the return spring 15 acts
      in a direction to urge the movable contact 11 out of engagement with the
      fixed contacts 3 and into abutment with a shoulder 16 on the body 1. In
      this position, the end of the armature 6 remote from the projection 7 is
      spaced from the end wall of the member 5 defining the shoulder 13.
PAR  The plunger 14 extends into a chamber 18 within which spring 15 is located.
      One wall of the chamber 18 is constituted by a flexible diaphragm 19
      incorporating a flap valve 20.
PAR  In use, with the sleeve 5 and armature 6 in the position shown in the
      drawing, when the coil 4 is energised, the armature 6 is drawn further
      into the coil 4, i.e. downwardly in the drawing, and the spring 8 being
      stronger than the spring 15, causes the sleeve 5 and the movable contact
      11 to be moved therewith so that the movable contact 11 is moved towards
      the fixed contacts 3. Movement of the sleeve 5 causes movement of the
      plunger 14 against the action of the spring 15. Movement of the plunger 14
      effects movement of the diaphragm 19 in a direction to increase the
      pressure in the chamber 18, flap valve 20 being closed during such
      movement. An increase in the pressure chamber 18 slows down movement of
      the sleeve 5 and armature 6 so that the assembly of chamber 18, diaphragm
      19 and plunger 14 acts as a pneumatic delay unit. During the application
      of pressure to the chamber 18, an air bleed via a passage 14a in the
      plunger 14 allows air to leak from chamber 18 whereby a constant
      resistance to movement of the sleeve 5 is presented by the pneumatic delay
      unit. When the movable contact 11 engages the fixed contacts 3 so as to
      bridge them, the drive coupling by way of the spring 8 between the
      armature and the sleeve is effectively broken and so movement of the
      sleeve stops. However, the armature 6 continues to move relative to the
      sleeve 5, compressing the spring 8, until the armature abuts the internal
      surface of the end wall defining the shoulder 13 on the member 5. Thus
      further movement of the armature 6 causing compression of the spring 8
      thus increases the contact pressure between the movable contact 11 and the
      fixed contacts 3 so that the electrical connection therebetween is
      improved, the increase in contact pressure being applied rapidly since the
      armature is not impeded by the delay unit. When the coil 4 is
      de-energised, the increased contact pressure between the movable contact
      11 and the fixed contacts 3 is removed due to movement of the armature 6
      relative to the sleeve 5 and the movable contact under the action of
      spring 8. The armature gains inertia during this movement and engagement
      of the shoulder 17 with the washer 12 cause a rapid opening of the
      contacts minimising the possibility of arcing. Following this, the return
      spring 15 causes the assembly of member 5 and armature 6 to be moved back
      into the position shown in the drawing so that the movable contact 11 is
      brought into engagement with the shoulder 16. During the return movement
      of plunger 14, flap valve 20 opens to permit ready passage of air into
      chamber 18 so that the return movement of the sleeve is not delayed.
PAR  In the modification shown in FIG. 2 components common to the components of
      FIG. 1 are indicated by the same reference numerals. The principal
      distinctions are as follows. The flap valve 20 of the FIG. 1 example is
      omitted. The result of this is that the plunger 14 of the delay unit
      returns more slowly to its rest position after de-energisation of the coil
      4. The diaphragm 19 seals the chamber 18 from atmosphere, by being
      adhesively bonded to both the body of the solenoid, and also the body of
      the delay unit. A clearance 21 is provided between the outer surface of
      the armature 6 and the inner surface of the sleeve 5 to allow free flow of
      air within the sleeve 5 as the plunger 6 moves relative to the sleeve 5.
      Thus the plunger 6 can move freely within the sleeve 5 during the
      conditions where relative movement takes place. By comparison with the
      arrangement shown in FIG. 1, the armature 6 is shortened, and a mild steel
      block 22 is trapped at the closed end of the sleeve 5. The shortening of
      the armature 6 and the provision of the block 22 modifies the magnetic
      circuit of the solenoid so that the air gap in the magnetic circuit occurs
      nearer to the central plane of the coil 4. It is of course this air gap
      which is taken up during relative movement between the sleeve 5 and the
      armature 6 in compressing the spring 8 after closure of the contacts 11,
      3. The operation of the modified solenoid switch shown in FIG. 2 is
      identical to that described with reference to FIG. 1.
PAR  In the above described embodiment, the sleeve 5 is, for convenience, formed
      of mild steel. However, it is within the scope of the present invention to
      provide a sleeve 5 which is formed froma non-magnetic material, e.g.,
      aluminium, brass or plastics.
PAR  It will be appreciated from the above that the solenoid switch provides a
      definite time delay between energisation of the coil 4 and closing of the
      contacts 11 and 3 and that an effective contact pressure is provided
      between the movable contact 11 and the fixed contacts 3.
CLMS
STM  I claim:
NUM  1.
PAR  1. A solenoid switch comprising a body, a solenoid coil carried by the
      body, a fixed electrical contact carried by the body, a solenoid armature
      movable relative to the coil, a movable electrical contact carried by said
      armature, and movable therewith in response to energisation of said coil,
      in a direction to engage said fixed contact, resilient means carried by
      said armature, and acting on said movable contact to urge said movable
      contact to a rest position relative to said armature, a sleeve slidably
      receiving said armature, said sleeve being movable relative to said coil
      with said armature, said sleeve being coupled to said armature by way of
      said resilient means for movement with the armature in the contact
      engagement direction, and, a delay unit operatively associated with said
      sleeve, said delay unit slowing movement of said sleeve in the contact
      engaging direction, whereby, when said coil is energised, said sleeve and
      said armature move against the action of the delay unit in the contact
      engaging direction, and are slowed in their movement by the delay unit,
      whereas when said movable contact engages said fixed contact said armature
      moves relative to said sleeve and said movable contact against the action
      of said resilient means thereby rapidly increasing the contact pressure
      between said movable contact and said fixed contact.
NUM  2.
PAR  2. A solenoid switch as claimed in claim 1 wherein said sleeve is provided
      at one end with a shoulder which engages the delay unit.
NUM  3.
PAR  3. A solenoid switch as claimed in 1 wherein the delay unit is a pneumatic
      delay unit comprising a chamber within which a plunger engaged by said
      member is slidable, said chamber having a wall defined by a diaphragm
      coupled to said plunger.
NUM  4.
PAR  4. A solenoid switch as claimed in claim 3 wherein said diaphragm includes
      a flap valve which opens during return movement of the plunger.
NUM  5.
PAR  5. A solenoid switch as claimed in claim 1 wherein there are two fixed
      contacts which in use are bridged by the movable contact to complete an
      electrical circuit through the switch.
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PAL  A magnetically controlled switching matrix is composed of magnetic members
      each having two coils placed thereon and connected into respective row and
      column energizing circuits, and comprises a generator of decaying
      alternating current pulses electrically coupled with the row coils, and a
      direct current generator electrically coupled with columns coils.
BSUM
PAR  The invention relates to switching devices and more particularly to a
      magnetically controlled switching matrix which can be employed for
      switching voice channel circuits and discrete information transmission
      channels in automatic exchanges.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Known in the prior art are magnetically controlled switching matrices which
      have magnetic members at the junctions of the matrix coordinates and which
      are operated by driving signals applied to these coordinates. Such known
      switching matrices make it possible to select among mn magnetic members by
      applying short signals to only m+n control conductors.
PAR  The known magnetically controlled switching matrices comprise magnetic
      members arranged to form matrix rows and columns which are made from a
      magnetic material with at least two stable magnetization states, each of
      these magnetic members having two coils thereon, one of which is connected
      into the electric circuit of the matrix row corresponding to the magnetic
      member and the second of which is connected into the electric circuit of
      the column corresponding to the magnetic member, each magnetic member
      being magnetically coupled with at least one respective magnetically
      responsive switch, all coils of each row being electrically connected to
      an output of a first current source through a row selection circuit, while
      all coils of each column are electrically connected to an output of a
      second current source through a column selection circuit.
PAR  One of the known switching matrices consists of four coils wound on two
      separate magnetic members of a particular magnetically responsive switch
      with two coils on each member. One coil of each member has a number of
      turns sufficient to drive its associated magnetic member to saturation
      when driving current signals are applied, while the other coil has twice
      the number of turns of the former coil. One coil of a second member
      consists of a number of turns sufficient to drive its associated magnetic
      member to saturation, and the other coil has twice the number of turns of
      the former coil. The coils of the two members are interconnected so that
      energization of each separate coil establishes conditions for
      magnetization of the two magnetic members with opposite polarities and
      causes the associated switch to open if it has previously been closed. If
      concurrent signals are applied to both windings, the magnetic flux in the
      magnetic member adds and the respective magnetically responsive switches
      close (cf. U.S. Pat. No. 3,037,085; Cl. 335-159).
PAR  A disadvantage of this known magnetically controlled switching matrix lies
      in that such an arrangement of coils on the magnetic members makes it
      imperative to have these members exactly identical which places high
      requirements on the manufacturing technology and renders the latter
      expensive and inefficient. Besides, the technology of matrix manufacturing
      is complicated due to the necessity of winding composite coils
      individually for each magnetic member which is also expensive and
      uneconomical.
PAR  Another disadvantage of this known magnetically controlled switching matrix
      is that a driving pulse applied to the winding causes a brief closure of
      the magnetically responsive switches in all the magnetic members of
      selected rows and columns in which the magnetomotive force of the
      magnetically responsive switches is less than the differential
      magnetomotive force during a driving pulse. This impedes the utilization
      of the matrix for switching discrete information channels and, further,
      reduces the life of the magnetically responsive switch.
PAR  Yet another disadvantage of the known magnetically controlled matrix is its
      large size which cannot be reduced.
PAR  Still another disadvantage of the known switching matrix is that the
      selection of a particular magnetic member releases all magnetically
      responsive switches both in the selected row and in the selected column
      which cannot be considered optimun because to simplify the control system
      of the matrix it is required that all the previously closed magnetically
      responsive switches be opened along a selected row or column coordinate
      only.
PAR  Another switching matrix known in the art is a magnetically controlled
      switching matrix which comprises generators of decaying alternating
      current pulses as current sources, a signal from one of the current
      sources being initiated one-half cycle after the other (cf. U.S. Pat. No.
      3,488,435; Cl. 340-166).
PAR  Though somewhat simplifying the design of the matrix, such a solution,
      however, has not eliminated the disadvantages of the matrix known in the
      prior art. On the contrary, in such a matrix there is a higher probability
      of a brief closure of the magnetically responsive switches and control
      power requirements are increased.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a magnetically controlled
      switching matrix of simple design and small dimensions.
PAR  Another object of this invention is to provide a switching matrix in which
      there are no brief closures of the magnetically responsive switches.
PAR  A further object of this invention is to provide a switching matrix of a
      design that minimizes matrix control complexity and reduces control power
      requirements.
PAR  The foregoing and other objects of the invention are realized in a specific
      embodiment thereof which comprises magnetic elements arranged in rows
      where are columns and made from a magnetic material with at least two
      stable magnetization states each of which has two coils thereon, one coil
      connected into its row energizing circuit, and the other connected into
      its column energizing circuit, each magnetic member being magnetically
      coupled with at least one respective magnetically responsive switch, all
      coils of the row being electrically connected to an output of a first
      current source through a row selection circuit, and all coils of the
      columns being electrically connected to an output of a second current
      source through a column selection circuit, and in which, according to the
      invention, the first current source is a generator of decaying alternating
      current pulses, and the second current source is a direct current
      generator, the selected row and column coils acting upon a respective
      magnetic member by decaying alternating and permanent magnetic fields
      concurrently thereby magnetizing this magnetic member in a pattern
      described by a hysteresis-free magnetization curve.
PAR  It is advantageous that the coils are wound on the magnetic member such
      that the magnetic fluxes induced thereby are coaxial.
PAR  It is also sometimes advantageous that the coils are wound on the magnetic
      element such that the induced magnetic fluxes are orthogonal.
PAR  It is preferable that the switching matrix comprises closed loops wound
      around the magnetically responsive switches and made from a non-magnetic
      possessing an electric conductance sufficient to protect the magnetically
      responsive switches from the effect of a decaying alternating magnetic
      field.
PAR  If each magnetic member is magnetically coupled with one magnetically
      responsive switch, it is further preferable that a closed turn be placed
      on this switch.
PAR  If each magnetic member is magnetically coupled with at least two
      magnetically responsive switches, it is advisable that a closed loop be
      placed upon these switches.
PAR  It is also advisable that the magnetic axes of all the magnetically
      responsive switches run coaxially with the matrix columns.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and features of this invention will be
      better understood from a consideration of the detailed description of
      specific embodiments thereof when read with the accompanying drawings in
      which:
PAR  FIG. 1 shows a magnetically responsive switch of a switching matrix with
      its associated magnetic member and coils adapted for the practice of this
      invention;
PAR  FIG. 2 is a schematic representation of a magnetically responsive switch of
      a switching matrix with its associated magnetic member and coils adapted
      for the practice of this invention;
PAR  FIG. 3 is a schematic diagram of a magnetically controlled switching matrix
      according to the principles of this invention;
PAR  FIG. 4 is a structural diagram of one embodiment of a magnetically
      controlled switching matrix of this invention;
PAR  FIG. 5 shows a magnetically responsive switch of a switching matrix with a
      closed loop placed thereon and an associated magnetic member with coils
      according to the principles of this invention;
PAR  FIG. 6 is a structural diagram of another embodiment of a magnetically
      controlled switching matrix of this invention;
PAR  FIG. 7 represents current pulses produced by generators of D.C. and
      decaying alternating currents, in accordance with this invention;
PAR  FIG. 8 is a graph showing magnetic induction versus current for different
      types of magnetization conditions;
PAR  FIG. 9 shows the direction of magnetic induction vectors in a magnetic
      member of the first structural embodiment of this invention; and
PAR  FIG. 10 shows the direction of magnetic induction vectors in a magnetic
      member of the second structural embodiment of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Consider a preferred embodiment magnetically controlled switching matrix.
PAR  Each magnetic member 1 (FIG. I) of the switching matrix has two coils 2 and
      3 wound thereon and is magnetically coupled with a magnetically responsive
      switch 4. The magnetic member 1 is made of a magnetic material exhibiting
      at least two stable states of magnetic remanence with rectangular
      hysteresis characteristics. The magnetically responsive switch 4 may be
      either hermetically sealed or unsealed.
PAR  FIG. 2 is a schematic representation of magnetically responsive switch 4
      and its associated magnetic member 1 with the coils 2 and 3.
PAR  All magnetic members 1 (FIG. 3) are arranged in rows x.sub.1, x.sub.2, x .
      . . x.sub.n and columns y.sub.1, y.sub.2, . . . y.sub.m of a switching
      matrix.
PAR  The coils 2 of the magnetic members 1 are connected in an x row energizing
      conductor and the coils 3 are connected in a y column energizing conductor
      of a control array.
PAR  Buses 5 of rows x and buses 6 of columns y connect the magnetically
      responsive switches 4 to form a switching matrix.
PAR  The electric circuit of each row x formed by the coils 2 is closed through
      a conventional row selection circuit 7 and through a generator 8 of
      decaying alternating current. This generator 8 is a conventional
      multivibrator circuit having an individual limited-power source. The
      generator 8 may also be a known current generator with a shock excitation
      oscillating circuit.
PAR  The electric circuit of each column y formed by the coils 3 is closed
      through a conventional column selection circuit 9 and a D.C. generator 10.
PAR  FIG. 4 shows one structural embodiment of a magnetically controlled
      switching matrix.
PAR  All magnetically responsive switches 4 are disposed with respect to the
      magnetic member 1 such that their magnetic axes A are parallel to matrix
      columns y.
PAR  The magnetic member 1, pole tips 11 and the associated magnetically
      responsive switches 4 form a closed magnetic circuit, two magnetically
      responsive switches 4 having a closed loop 12 thereon which is made of a
      non-magnetic material exhibiting electric conductance sufficient to
      protect these switches 4 from the effect of a decaying alternating
      magnetic field. The closed loop 12 can be made, for example from copper or
      aluminium.
PAR  When the magnetic member 1 is coupled with only one magnetically responsive
      switch 4 (FIG. 5), it has an individual turn 12 placed thereon.
PAR  In the structural diagram shown in FIG. 4, the coils 2 and 3 are disposed
      relative to their associated magnetic member 1 such that the magnetic
      fluxes they induce are coaxial.
PAR  In the structural diagram of a switching matrix represented in FIG. 6, the
      coils 2 and 13 are wound on each magnetic member 1 such that they induce
      orthogonal magnetic fluxes. In this case, there is no need for placing the
      closed loops 12 (FIG. 4) on the magnetically responsive switches 4 (FIG.
      6), and the shape of each magnetic member 14 is such as to provide a
      closure path for the magnetic flux induced by the coil 2.
PAR  FIG. 7 shows the waveforms of decaying alternating current pulses 15 and a
      direct current pulse 16 generated, respectively, by the generators 8 and
      10. Here, the ordinate represents current I, and the abscissa represents
      time t.
PAR  FIG. 8 shows a graph of magnetic induction B (ordinate) versus current I
      (abscissa) for hysteresis magnetization of the magnetic member 1 (curve
      17), and the same relationship for hysteresis-free magnetization of the
      magnetic member 1 (curve 18).
PAR  FIG. 9 is a schematic representation of the direction of magnetic induction
      vectors B= and B.about. in the magnetic member 1 in the structural
      embodiment of the matrix of FIG. 4.
PAR  FIG. 10 is a schematic representation of the direction of magnetic
      induction vectors B= and B.about. in the magnetic member 1 in the
      structural embodiment of the matrix shown in FIG. 6.
PAR  The magnetically controlled switching matrix of the present invention
      operates as follows.
PAR  On a command from an external current steering circuit, the row selection
      circuit 7 (FIG. 3) and the column selection circuit 9 connect the outputs
      of the current generators 8 and 10 to a selected row and column,
      respectively.
PAR  In response to the next command from the external current steering circuit,
      the generator 8 produces a control signal in the form of the decaying
      alternating current pulses 15 shown in FIG. 7, while the generator 10
      (FIG. 3) produces the direct current pulse also shown in FIG. 7. The
      pulses 15 and 16 are mutually timed such that they act either concurrently
      (see FIG. 7), or the D.C. pulse 16 starts before and is terminated after
      the decaying alternating current pulses 15.
PAR  The pulses 16 applied to the coils 3 (FIG. 3) of the selected column
      magnetize all magnetic members 1 except the one magnetic member 1 at the
      junction of the selected row, the magnetization curve being as shown in
      FIG. 8 (curve 17). The amplitude of the pulse 16 (FIG. 7) is selected so
      as not to appreciably disturb the remanence of the magnetic member 1 (FIG.
      3).
PAR  The decaying alternating current pulses 15 (FIG. 7) applied to the coils 2
      (FIG. 3) of the selected row demagnetize all the magnetic members 1 (if
      they have been magnetized), except the magnetic member 1 at the junction
      of the selected column.
PAR  The amplitude of a first current pulse 15 (FIG. 7) from a train of the
      decaying alternating pulses 15 is selected so as to be able to drive the
      magnetic member 1 (FIG. I) to saturation.
PAR  The magnetic member 1 located at the junction of the selected row and
      column is acted upon by two magnetic fields - a small permanent magnetic
      field which alone cannot change the magnetization state of the magnetic
      member 1, and a decaying alternating magnetic field the first pulses of
      which reverse the polarity of this selected magnetic member 1. It is known
      that the action of the two magnetic fields mentioned above causes
      magnetization of the magnetic member 1 described by the hysteresis-free
      magnetization curve 18 (FIG. 8), and that remanence B in the magnetic
      member 1 (FIG. 3) reaches the level indicated by a point 19 (FIG. 8).
PAR  After the terminal of the current pulses 15 and 16 (FIG. 7) all the
      magnetic members 1 (FIG. 3) of the selected row, except the member 1 lying
      at the junction of the selected row and column, are demagnetized, and all
      the associated magnetically responsive switches 4 are released.
PAR  All the magnetic members 1 of the selected column, except the above element
      1 lying at the junction of the selected column and row, do not change
      their previous state of magnetization; in other words, the magnetized
      magnetic members 1 remain magnetized, and their associated magnetically
      responsive switches 4 that have been closed, remain in this state, whereas
      the demagnetized magnetic members 1 remain demagnetized, and their
      associated magnetically responsive switches 4 that have been released
      remain in the released state.
PAR  Only the selected magnetic member 1 lying at the junction of the selected
      row and column will be magnetized regardless of its previous magnetization
      state, and its associated magnetically responsive switches 4 will be
      closed.
PAR  When the coils 2 and 3 are wound on the magnetic member in the way shown in
      FIG. 4, the magnetic induction vectors B= and B.about. are parallel and
      all the magnetic members 1 of the selected row induce alternating magnetic
      fields which may be sufficient to cause short-time closure of the
      magnetically responsive switches 4 associated with these magnetic members
      1.
PAR  However, the opposing magnetic flux set up in the magnetically responsive
      switches 4 (FIG. 4) by means of the closed loop 12 cancels the above
      mentioned alternating magnetic fluxes.
PAR  When the coils 2 and 3 are wound on the magnetic member in the way shown in
      FIG. 6, the magnetic induction vectors B= and B.about. shown in FIG. 10
      are orthogonal, and the alternating magnetic fluxes therefore do not
      affect the magnetically responsive switches 4 (FIG. 6).
PAR  The magnetic axes A (FIG. 4) of all the magnetically responsive switches 4
      and, consequently, the longitudinal magnetic axes of all the magnetic
      members are parallel to the matrix columns, and, therefore, the adjacent
      magnetic members 1 of the same row share the windings of this row.
PAR  In the course of operation, the maximum magnetic interaction arises between
      the row-adjacent magnetic members 1 the magnetic axes of which are
      parallel;
PAR  As one of the magnetic members 1 is being magnetized, its adjacent magnetic
      members 1 in a given row develop a small magnetic flux of an opposite
      polarity described by a hysteresis-free magnetization curve. The magnitude
      of this opposite-polarity magnetization depends on the distance between
      the adjacent magnetic members 1 in this row. The magnitude of the direct
      magnetic effect of the adjacent members 1 on the magnetically responsive
      switches 4 also depends on the distance between these row-adjacent
      magnetic members 1.
PAR  Thus, with a decrease of the distance between the row-adjacent magnetic
      members 1, the magnetically responsive switches 4 connected with these
      adjacent magnetic members 1 are affected by two opposing magnetic fluxes.
      The shorter the distance between the row-adjacent magnetic members 1, the
      larger the magnitude of these fluxes, but their difference acting upon the
      magnetically responsive switches 4 remains at a low level. Therefore, in
      the switching matrix of this structure the distance between the magnetic
      members of one row does not depend on the critical interaction, but is
      determined only by technological limitations.
PAR  The proposed magnetically controlled switching matrix can be used for
      example for switching two- and four-wire voice routes in the switching
      fields of telephone exchanges, for connecting exchange interaction signals
      in signal switching equipment, and also as cut-off relays in subscriber's
      line equipment.
PAR  Further, since such a structure of the matrix guarantees the absence of
      even brief closure of the magnetically resposive switches 4 in the
      selected row and column (except the selected magnetically responsive
      switch 4), it is possible to use this matrix for switching discrete
      information.
PAR  The proposed switching matrix embodiment in which each magnetic member 1 is
      magnetically connected with only one magnetically responsive switch 4 can
      be employed for switching signals from the transmitters of checking or
      diagnostic devices.
PAR  Due to the fact that magnetization of the magnetic members 1 follows a
      hysteresis-free magnetization curve, the permissible scatter of the
      magnetomotive operation forces and the restoration factor of the
      magnetically responsive switches 4 can be selected sufficiently large
      because the magnetomotive force of the demagnetized magnetic member 1 can
      reach a requisite low value by selecting the waveform and symmetry of the
      decaying alternating pulses 15 (FIG. 7), and the magnetomotive force of
      the magnetized magnetic member 1 (FIG. 4) can attain a requisite high
      value through selecting the coercive force of the material and the
      cross-section of the magnetic member 1 within permissible control power
      limits.
PAR  Another advantage of the proposed switching matrix is that the permissible
      scatter of the amplitudes of the decaying alternating current pulses 15
      (FIG. 7) and the direct current pulses 16 can also be selected within
      sufficiently wide limits.
PAR  It will also be appreciated that the proposed switching matrix has a
      considerably smaller size which has become possible through shortening the
      distance between the magnetic members 1 (FIG. 4) due to compensation of
      the effect of the adjacent magnetic members 1 in one row on the
      magnetically responsive switches 4.
PAR  It should also be noted that since the proposed switching matrix has the
      ability to leave the magnetization state of the magnetic members 1 along
      the column undistrubed when driving signals are applied, it is possible to
      form switching macroarrays composed of column-connected switching matrices
      which permits reduction in the number of the switches and facilitation of
      control.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact details of construction shown and described, for obvious
      modifications will occur to a person of ordinary skill in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetically controlled switching matrix, comprising: a plurality of
      magnetic members arranged in rows and columns of said switching matrix,
      each member made from a magnetic material having at least two stable
      states of magnetization; a first coil of each of said magnetic members
      placed thereon which induces a magnetic flux in said member and is
      connected into the electric circuit of said matrix row associated with
      said magnetic member; a second coil of each of said magnetic members
      placed thereon which induces a magnetic flux in said member and is
      connected into the electric circuit of said matrix column associated with
      said magnetic member; each said magnetic member magnetically coupled with
      at least one respective magnetically responsive switch; a row selection
      circuit having an input and an output electrically connected with all of
      said first coils of said magnetic members; a column selection circuit
      having an input and output electrically connected with all of said second
      coils of said magnetic members; a generator of decaying alternating
      current pulses with its output connected with the input of said row
      selection circuit; and a direct current generator with the output thereof
      connected with the input of said column selection circuit.
NUM  2.
PAR  2. A switching matrix as defined in claim 1, in which said first and said
      second coils are wound on said magnetic  member so that the magnetic
      fluxes induced thereby are coaxial.
NUM  3.
PAR  3. A switching matrix as defined in claim 1, in which said first and said
      second coils are wound on said magnetic member so that the magnetic fluxes
      induced thereby are orthogonal.
NUM  4.
PAR  4. A switching matrix as defined in claim 2, which further contains closed
      loops placed on said magnetically responsive switches and made from a
      non-magnetic material exhibiting electric conductance sufficient to
      protect said magnetically responsive switches from the effect of a
      decaying alternating magnetic field.
NUM  5.
PAR  5. A switching matrix as defined in claim 4, which, in the event each
      magnetic member is magnetically coupled with one magnetically responsive
      switch, includes a closed loop placed on this switch.
NUM  6.
PAR  6. A switching matrix as defined in claim 4, which, in the event each
      magnetic member is magnetically coupled with at least two magnetically
      responsive switches, includes a closed loop placed on these switches.
NUM  7.
PAR  7. A switching matrix as defined in claim 1, in which the magnetically
      responsive switches are disposed so that the magnetic axes of all the
      magnetically responsive switches run parallel with the matrix columns.
PATN
WKU  039449572
SRC  5
APN  5356407
APT  1
ART  212
APD  19741223
TTL  Flux-transfer trip device for a circuit breaker
ISD  19760316
NCL  5
ECL  1
EXP  Broome; Harold
NDR  1
NFG  4
INVT
NAM  Kotos; Peter
CTY  Havertown
STA  PA
INVT
NAM  Yen; Patrick P.
CTY  Philadelphia
STA  PA
ASSG
NAM  General Electric Company
CTY  Plainville
STA  CT
COD  02
CLAS
OCL  335174
XCL  335229
XCL  335254
EDF  2
ICL  H01H  920
FSC  335
FSS  174;179;170;229;230;234;235;236;253;254;255
UREF
PNO  3693122
ISD  19720900
NAM  Willard
OCL  335174
UREF
PNO  3755766
ISD  19730800
NAM  Read, Jr.
OCL  335229
LREP
FR2  Cahill; R. A.
FR2  Bernkopf; W. C.
FR2  Neuhauser; F. L.
ABST
PAL  This trip device comprises a permanent magnet of cobalt-rare earth material
      and a plunger which is normally held in a withdrawn position by the
      permanent magnet. A tripping coil surrounds the plunger and, upon
      energization, develops tripping flux that opposes the holding flux from
      the permanent magnet, thereby to effect release of the plunger. In a
      position between the tripping coil and the permanent magnet,
      flux-diverting structure of highly permeable magnetic material is provided
      for shunting a portion of the tripping flux through a shunt path bypassing
      the permanent magnet. This shunt path contains a relatively large
      non-magnetic gap for limiting the tripping flux through the shunt path
      sufficiently to cause 30 percent or more of the tripping flux to pass
      through the permanent magnet in a direction opposite to the direction of
      the holding flux. When the tripping coil is deenergized, this non-magnetic
      gap limits the holding flux through the shunt path to 10 percent or less
      of the total holding flux of the permanent magnet.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a trip device for an electric circuit breaker
      and, more particularly, to a trip device that relies upon a permanent
      magnet for holding a trip-controlling plunger in a withdrawn position and
      a tripping coil that, upon energization, develops flux that opposes flux
      from the permanent magnet, thereby effecting release of the plunger.
PAR  References of interest with respect to this invention are the following:
      U.S. Pat. Nos. 3,671,893--Edgar et al.; 3,675,167--Ellenberger;
      3,693,122--Willard; and 3,783,423--Mater et al.
PAR  In a typical construction of such a trip device there is a flux diverter
      located between the permanent magnet and the plunger. The diverter is
      designed so that most of the flux developed by the tripping coil when
      energized is forced to follow a path through the diverter so as to protect
      the permanent magnet from demagnetization by such flux. If the diverter in
      the typical trip device is to have the desired effectiveness in protecting
      the permanent magnet, it must present a relatively low reluctance path to
      flux from the tripping coil. But if such a low reluctance path is present,
      it is difficult to efficiently utilize the flux developed by the permanent
      magnet for holding the tripping plunger since a large portion of such flux
      from the permanent magnet will be shunted through the diverter without
      contributing to the plunger holding action.
PAC  SUMMARY
PAR  An object of the invention is to construct the trip device in such a manner
      that an exceptionally large percentage of the total flux developed by the
      permanent magnet can be utilized for holding the plunger in its withdrawn
      position despite the presence of a flux diverter between the permanent
      magnet and the plunger.
PAR  Another object is to effect release of the plunger with an exceptionally
      small amount of energy.
PAR  Another object is to prevent demagnetization of the permanent magnet
      despite the passage therethrough of a relative large percentage of the
      flux developed by the tripping coil.
PAR  To enable release of the plunger to be effected by a small amount of
      energy, it is necessary that the holding force from the permanent magnet
      be relatively low. If the plunger is to be retained in its withdrawn
      position against the face of a pole piece by this low holding force from
      the permanent magnet, it is important that no foreign matter be allowed
      between the plunger and said pole piece face.
PAR  Accordingly another object of the invention is to construct the trip device
      in such a way that foreign matter from outside the trip device cannot find
      its way into the region between the plunger and the pole piece face.
PAR  Another object is to construct the trip device in such a manner that the
      plunger will have a high resistance to unintentional displacement by
      vibrations and shocks.
PAR  In carrying out the invention in one form, we provide a frame of highly
      permeable magnetic material comprising a back wall, a front wall, and a
      pair of spaced side walls extending between said front and back walls. A
      plunger of highly permeable magnetic material is supported for
      straight-line movement through a close-fitting hole in the front wall.
      Within the frame, a permanent magnet of cobalt-rare earth material is
      provided having a pair of opposed poles, one of which is located adjacent
      the back wall. A pole piece of highly permeable magnetic material is
      located between the other pole of the permanent magnet and the plunger and
      provides a surface against which the plunger is held in a withdrawn
      position by holding flux from the permanent magnet passing through the
      interface between the pole piece and the plunger. Also within the frame we
      provide a tripping coil surrounding a portion of the plunger for
      developing, upon energization, tripping flux passing through said
      interface that opposes the holding flux from the permanent magnet passing
      through the interface, thereby effecting release of the plunger from its
      withdrawn position upon energization of the tripping coil. Flux-diverting
      structure of highly permeable magnetic material is located between the
      tripping coil and the permanent magnet for shunting a portion of said
      tripping flux through a shunt path that bypasses the permanent magnet and
      the back wall. This shunt path contains a relatively large non-magnetic
      gap for limiting the tripping flux through the shunt path sufficiently to
      cause about 30 percent or more of the tripping flux to pass through the
      permanent magnet in a direction opposite to the direction of the holding
      flux. The non-magnetic gap acts when said coil is deenergized to limit the
      holding flux passing through said shunt path sufficiently to cause about
      90 percent or more of the total holding flux developed by the permanent
      magnet to pass through the aforesaid interface.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a side elevational view, partly in section, showing an
      electromagnetic trip device embodying one form of the invention.
PAR  FIG. 2 is a sectional view along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a plan view of the trip device taken along the line 3--3 of FIG.
      1.
PAR  FIG. 4 is an end view of the trip device taken along the line 4--4 of FIG.
      1.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the illustrated trip device comprises a trip arm 3
      that is mounted on and keyed to a rotatable operating shaft 4. Also
      mounted on and keyed to shaft 4 is an operating lever 5 that is biased in
      a counterclockwise direction about the axis of shaft 4 by a tensiontype
      tripping spring 6 located at the left-hand end of the lever. Located at
      the right-hand end of operating lever 5 is latching means 9 comprising a
      trip-controlling plunger 20 pivotally coupled to the operating lever and a
      permanent magnet 22 that normally holds the plunger in the withdrawn
      position of FIG. 1. When the plunger 20 is released, as will soon be
      described, the tripping spring 6 is free to drive the operating lever 5
      and trip arm 3 through a counterclockwise circuit-breaker tripping stroke.
      This tripping stroke is terminated when lever 5 encounters a stationary
      stop 7. A more detailed description of parts 3-6 appears hereinafter.
PAR  The latching means 9 comprises a frame 10 of high permeability magnetic
      material, e.g., iron or steel, comprising a back, or lower, wall 12, a
      front, or upper, wall 14, and a pair of spaced-apart side walls 16 and 18
      extending between said back and front walls. Suitable screws (not shown)
      of magnetic material are used for clamping the side walls 16 and 18 to
      opposite sides of front wall 14 and back wall 12.
PAR  The previously-mentioned plunger 20 of the latching means is a generally
      cylindrical member of high permeability magnetic material that is
      supported for straight-line reciprocal movement through a close-fitting
      circular hole 21 in the front wall 14 of the frame. Flux from the
      permanent magnet 22 normally holds plunger 20 in a withdrawn position
      against the upper face of a stationary pole piece 24 of high permeability
      magnetic material.
PAR  The holding magnet 22 is of a cobalt-rare earth material, preferably
      cobalt-samarium. Cobalt-rare earth magnets have high coercive force and
      are very resistant to demagnetization. The particular properties of
      magnets of this type are more fully described in U.S. Pat. No.
      3,671,893--Edgar et al., which is assigned to the assignee of the present
      invention.
PAR  One pole N of the permanent magnet is in close contact with back wall 12 of
      the frame, and the other pole S is in close contact with the lower surface
      of pole piece 24. A screw 23 of non-magnetic material extends through
      aligned holes in the back wall and the permanent magnet and is threaded
      into a hole in pole piece 24, thereby clamping the permanent magnet
      against the back wall and the pole piece against the permanent magnet.
PAR  The pole piece 24 is of a T-shape cross-section as viewed in FIGS. 1 and 2.
      It comprises a central cylindrical body 26 and flux-diverting structure in
      the form of a flange 28 extending radially outward from the central body
      portion 26. The flange 28 has a rectangular outer periphery which is
      spaced from the side walls 16 and 18 by a relatively great distance, thus
      providing a relatively large non-magnetic gap 32 between the flange and
      the side walls. The function of this large non-magnetic gap, or air gap,
      will soon appear more clearly.
PAR  Plunger 20 is held against the upper surface of pole piece 24 by holding
      flux from the permanent magnet passing through the interface 29 between
      plunger 20 and the cylindrical body 26 of the pole piece. This holding
      flux follows a path indicated by arrows 30 that includes, in series, the
      interface 29, the plunger 20, front wall 14, side walls 16 and 18, and
      back wall 12.
PAR  For releasing plunger 20 when desired, a cylindrical tripping coil 25 is
      provided. This tripping coil is mounted on a stationary cylindrical bobbin
      36 of a suitable non-magnetic material, such as brass or a plastic
      material. The plunger 20, when released, is free to slide within the bore
      of the bobbin. When the tripping coil is energized, it develops tripping
      flux that passes through the interface 29 in a direction opposite to that
      of the holding flux, thereby reducing the net flux through the interface
      to a low value that permits spring 6 to release the plunger.
PAR  Part of the tripping flux follows the same path as indicated by arrows 30
      except in an opposite direction to the arrows. In following this path,
      this portion of the tripping flux passes through the permanent magnet 22
      in a direction opposite to that followed by the holding flux.
PAR  Some of the tripping flux, however, instead of passing through the
      permanent magnet 22 and back wall 12, follows a shunt path through the
      flux-diverting structure 28 and air gap 32, as indicated by the arrows 40.
      The presence of the shunt path serves to reduce the reluctance of the
      overall magnetic circuit for the tripping flux, thus making it possible to
      develop adequate tripping flux through the interface 29 with reduced input
      energy into the tripping coil.
PAR  The relatively large air gap 32 in the shunt path through flux-diverting
      structure 28 limits the tripping flux that passes through the shunt path
      to about 70 percent or less of the total tripping flux, forcing 30 percent
      or more of such flux through the permanent magnet 22 in a demagnetizing
      direction. In most trip devices, this relatively large amount of flux
      through a permanent magnet in a demagnetizing direction would be
      unacceptable because of its demagnetizing effect on the permanent magnet,
      but we are able to tolerate such reverse flux without difficulty because
      of the high resistance of the cobalt-rare earth material to
      demagnetization. More specifically, our permanent magnet 22 retains
      substantially all of its original coercive force properties despite the
      passage therethrough of this large amount of reverse flux.
PAR  In some tripping devices, after a permanent magnet has been subjected to
      such reverse flux, it is necessary to "soak" it with flux in the normal
      direction from another source in order to restore its original coercive
      force properties. But this complication is not required in our device
      because of the above-described high resistance of the cobalt-rare earth
      material to demagnetization.
PAR  Some tripping devices also rely upon saturation of the pole piece to
      protect the permanent magnet from demagnetization by tripping flux, but
      this is not required in our device; and, as a matter of fact, our pole
      piece 24 is designed to operate at flux densities well below the
      saturation level thereof.
PAR  An advantage of having a large air gap 32 in the shunt path through the
      flux-diverting structure 28 is that during the normal latching period
      depicted in FIGS. 1 and 2, almost all of the flux from the permanent
      magnet is available to hold the plunger in its withdrawn position against
      the pole piece 24. In the illustrated device, only about 5 percent of the
      holding flux from the permanent magnet passes through the shunt path 28,
      32, whereas the remaining 95 percent is available to hold the plunger in
      its withdrawn position. In accordance with our invention, the air gap 32
      is sufficiently large to limit the normal holding flux through the shunt
      path to less than about 10 percent of the total holding flux, thereby
      forcing about 90 percent or more of the total holding flux through the
      interface 29.
PAR  Another feature that enables us to efficiently utilize the holding flux
      developed by the permanent magnet 22 is that the pole piece 24 is shaped
      to act as a flux concentrator. In this regard, the area of the pole piece
      at its interface with magnet 22 is approximately 2.1 times its area at the
      interface 29 with plunger 20. This area relationship enables plunger 20 to
      be significantly reduced in cross-sectional area, thus significantly
      reducing its mass and also the frictional opposition that it encounters
      when sliding in hole 21 during tripping movement. This reduced mass and
      reduced frictional opposition allow a smaller spring (6) to be used for
      actuating the plunger during tripping, thus lowering the holding force
      requirements of the permanent magnet and, hence, the energy required by
      the tripping coil to effect tripping.
PAR  The decreased mass of plunger 20 also results in increased natural
      frequency of the plunger and, more specifically, a natural frequency above
      the seismic range of one to 40 cycles per second. This high natural
      frequency above the seismic range renders the device highly resistant to
      unintended displacement of the plunger by earthquake-produced vibrations.
PAR  It is important that no foreign matter be allowed to find its way into the
      interface 29 between the plunger 20 and the pole piece 24 because a
      clearance here, when the plunger is in its withdrawn position, reduces the
      holding force available from the permanent magnet 22. The illustrated trip
      device contains a number of features which significantly reduce the
      chances for entry of such foreign matter. One such feature is a U-shaped
      cover 41 of non-magnetic material which comprises two imperforate
      spaced-apart legs 42 and 44 fitting snugly between the side walls 16 and
      18 and an imperforate top or bight portion 45 extending between the side
      walls. Suitable gaskets (not shown) are preferably provided adjacent the
      interface between the cover and the side walls. The trip arm 3 is mounted
      on operating shaft 4 in a position outside the space between side walls 16
      and 18. Thus, only the rotatable operating shaft extends between the
      interior and exterior of the trip device. This shaft 4 is supported in
      suitable bearings 50 that are located in the side walls and are provided
      with conventional seals 52 that block foreign matter from entering along
      the shaft. If tripping arm 3 was located between the side walls 16 and 18,
      it would have to project through the cover 40, and it would be necessary
      to provide a slot in the cover to accommodate it. It would be much more
      difficult to seal such a slot than the space around the rotatable shaft
      50.
PAR  Another feature that contributes to improved sealing of the interior of the
      trip device is the adjusting means provided for adjusting the tension of
      spring 6. As seen in FIG. 4, spring 6 comprises two separate tension
      spring elements extending in parallel between lever 5 and a nut 60 near
      the lower wall 12. These spring elements are coupled to laterally-spaced
      portions of these parts 5 and 60. Nut 60 is threaded onto a screw 62 that
      extends vertically through a sealed opening in the lower wall 12. The nut
      60 is restrained against rotation on the screw 62 by the two spring
      elements 60 but is free to shift axially of the screw. Thus, when the
      screw is rotated, the nut shifts axially thereof to adjust the spring
      tension. The screw can, of course, be rotated from outside the trip device
      by use of a suitable screwdriver. The fact that adjustments in spring
      tension can thus be made from outside the trip device makes it unnecessary
      to remove the cover 50 to make such adjustments, thus reducing the chances
      for foreign matter entering the trip device and finding its way into the
      interface 29.
PAR  We utilize the adjusting screws 62 to precisely set the net force on the
      plunger at a predetermined value when the tripping coil is deenergized.
      This net force is equal to the magnetic holding force less the spring
      force. Even though the magnetic holding force may vary slightly due to
      minor variations in dimensions or materials, it is possible by using the
      spring adjusting means to develop a precise and predetermined net holding
      force on the plunger despite such variations. With this net holding force
      precisely predetermined, the design of the tripping coil 25 can be
      optimized to provide the required amount of tripping flux.
PAR  A feature contributing to reduced friction during tripping is the special
      pivotal joint 70 between operating lever 5 and plunger 20. This is a
      self-aligning joint that comprises a transverse pivot 72 fixed to the
      upper end of the plunger. As shown in FIGS. 2 and 3, operating lever 5
      comprises two spaced-apart segments and a transverse member 74 extending
      between the segments and containing an open-ended slot 75 through which
      the upper end of the plunger 20 freely extends. The transverse pivot 72
      rests on the upper surface of the transverse member 74. Because of the
      slot in the transverse member 74, the operating lever 5 is free to pivot
      about the axis of shaft 4 without imposing any substantial transverse
      force on the plunger.
PAR  While we have shown and described a particular embodiment of our invention,
      it will be obvious to those skilled in the art that various changes and
      modifications may be made without departing from our invention in its
      broader aspects; and we, therefore, intend in the appended claims to cover
      all such changes and modifications as fall within the true spirit and
      scope of our invention.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In an electromagnetic trip device,
PA1  A. a frame of highly permeable magnetic material comprising a back wall, a
      front wall, and a pair of spaced side walls extending between said front
      and back walls;
PA1  B. a plunger of highly permeable magnetic material supported for straight
      line reciprocal movement through a close-fitting hole in said front wall;
PA1  C. a permanent magnet of cobalt-rare earth material having a pair of
      opposed poles one of which is located adjacent said back wall;
PA1  D. a pole piece of highly permeable magnetic material located between the
      other pole of said permanent magnet and said plunger and providing a
      surface against which said plunger is held in a withdrawn position by
      holding flux from said permanent magnet passing through the interface
      between said pole piece and said plunger;
PA1  E. a tripping coil supported within said frame and surrounding a portion of
      said plunger for developing, upon energization, tripping flux passing
      through said interface that opposes the holding flux from said permanent
      magnet passing through said interface, thereby effecting release of said
      plunger from its withdrawn position upon energization of said tripping
      coil;
PA1  F. spring means for moving said plunger out of said withdrawn position upon
      release of said plunger;
PA1  G. flux-diverting structure of highly permeable magnetic material located
      between said tripping coil and said permanent magnet for shunting a
      portion of said tripping flux through a shunt path that bypasses said
      permanent magnet and said back wall;
PAR  1. said shunt path containing a relatively large non-magnetic gap for
      limiting the tripping flux through said shunt path sufficiently to cause
      about 30 percent or more of said tripping flux to pass through said
      permanent magnet in a direction opposite to the direction of said holding
      flux, and
PA2  2. said non-magnetic gap acting when said coil is de-energized to limit the
      holding flux passing through said shunt path sufficiently to cause about
      90 percent or more of the total holding flux developed by said permanent
      magnet to pass through said interface,
PA1  H. a shaft;
PA1  I. a tripping member mounted on said shaft;
PA1  J. a lever also mounted on said shaft and having two spaced-apart ends, one
      of which is pivotally connected to said plunger and the other of which is
      connected to said apring means, and
PA1  K. means for adjusting the force developed by said spring means while said
      plunger is held in said withdrawn position.
NUM  2.
PAR  2. The structure of claim 1 in combination with cover means cooperating
      with said frame to form a closed housing within which are located said
      plunger, said permanent magnet, said pole piece, said spring means, said
      flux-diverting structure, said non-magnetic gap, said rotatable shaft, and
      said lever; said rotatable shaft projecting outside said housing, and said
      tripping member being mounted on said shaft in a location outside said
      housing.
NUM  3.
PAR  3. The structure of claim 2 in combination with seal means around said
      shaft where it projects through said housing blocking foreign matter from
      entering said housing along said shaft.
NUM  4.
PAR  4. The structure of claim 2 in which said cover means comprises a removable
      U-shaped cover member having arms that extend between said side walls and
      a bightportion interconnecting said arms and also extending between said
      side walls.
NUM  5.
PAR  5. The structure of claim 2 in which said adjusting means comprises a
      member extending through a wall of said housing, said member being
      rotatable by adjusting force applied outside said housing to adjust said
      spring means force.
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ABST
PAL  An adjusting pin for a ferromagnetic core comprising a cylindrical opening.
      The adjusting pin has a rigid head with longitudinal ridges which thicken
      in the direction of the end and which are cut off when the adjusting pin
      is inserted into the cylindrical opening, with the result that the head
      fits exactly in the opening.
BSUM
PAR  The invention relates to an ajusting pin which is adapted to be connected
      so as to be axially displaceable in a cylindrical opening which is
      recessed in a ferromagnetic core. The adjusting pin comprises a
      ferromagnetic body and a body of synthetic material, the body of synthetic
      material having a rigid head on one end of the adjusting pin. The largest
      transverse dimension of the said head is smaller than the diameter of the
      cylindrical opening. A number of rigid longitudinal ridges is formed on
      said head. A first end portion of the head faces the said end of the
      adjusting pin, while a second end portion of the head faces the
      ferromagnetic body.
PAR  In a known adjusting pin of this kind (see British Patent Specification No.
      1,136,536), the longitudinal ridges are shaped as projections of uniform
      thickness which extend parallel to the axis of the adjusting pin, the
      thickness of the projections being so large that the head fits in the
      cylindrical opening of the core with some friction. This friction
      counteracts unintended displacement of the adjusting pin so that once the
      inductance of a coil wound onto the core has been adjusted, it will not be
      changed by shocks or vibrations. However, it was found in practice that
      the unavoidable production tolerances in the manufacture of the cores and
      the adjusting pins cause variations in the friction, with the result that
      in some cases the displacement of the adjusting pin is too difficult
      during adjustment, whereas in other cases the friction is insufficient to
      counteract undesired displacement of the adjusting pin.
PAR  The elimination of this drawback by the manufacture of cores and adjusting
      pins having narrower tolerances is not economically very feasible for
      these mass produced products.
PAR  An object of the invention is to provide an adjusting pin in which the
      drawbacks of the known adjusting pins are avoided without additional cost.
      To this end, the adjusting pin according to the invention is characterized
      in that the thickness of the longitudinal ridges uniformly varies (tapers)
      over at least a part of their length, the thickest part being situated
      near the first end portion of the head, the arrangement being such that
      the diameter of the circumscribed circle of the head with longitudinal
      ridges is larger near the first end portion and is smaller near the second
      end portion than the diameter of the cylindrical opening.
PAR  The cylindrical opening of the core has a sharp edge on one end. When an
      adjusting pin according to the invention is inserted into a core for the
      first time, it is at the same time automatically fitted to the cylindrical
      core opening. To this end, the adjusting pin is inserted into the
      cylindrical opening from the end having the sharp edge far enough so that
      the longitudinal ridges bear against the sharp edge, after which the
      adjusting pin is further displaced in the axial direction so that the
      parts of the longitudinal ridges which project beyond the circumference of
      the cylindrical opening are cut off by the sharp edge.
PAR  The adjusting pin then very accurately fits in the cylindrical opening. In
      order to prevent this accuracy from being partly lost at a later stage due
      to variations of, for example, the ambient temperature or the air
      humidity, it is important that the material of the head be insusceptible
      to such influences. It was found that this requirement can be met by using
      polypropylene for the body of synthetic material or by using a
      modification of polytetrafluoroethylene, suitable for injection moulding,
      as a base material with a granular filling substance whose part by volume
      amounts to 25-75 percent. The filling substance preferably contains
      materials having a high melting point such as tungsten oxide, titanium,
      titanium oxide, aluminium oxide, and calcium carbonate. A material having
      a low coefficient of expansion is thus obtained.
DRWD
PAR  The invention will be described in detail hereinafter with reference to the
      accompanying drawing in which
PAR  FIG. 1 is a side elevation of an adjusting pin according to the invention,
PAR  FIG. 2 is a plan view of the adjusting pin shown in FIG. 1,
PAR  FIG. 3 is a sectional view to a reduced scale of a ferromagnetic core which
      can co-operate with the adjusting pin shown in FIG. 1,
PAR  FIG. 4 is a side elevation of the head of the adjusting pin shown in FIG. 1
      after the pin has been made to fit the core shown in FIG. 3,
PAR  FIG. 5 is a side elevation of another embodiment of an adjusting pin
      according to the invention,
PAR  FIG. 6 is a plan view of the adjusting pin shown in FIG. 5, and
PAR  FIG. 7 is a bottom view of the same adjusting pin.
DETD
PAR  The adjusting pin shown in FIG. 1 consists of a cylindrical ferromagnetic
      body 1 which is arranged on a body of synthetic material which comprises a
      head 3 on one end and a threaded portion 5 on the other end. The head 3
      (see also FIG. 2) is provided with a groove 7 which can co-operate with a
      screwdriver. A number of longitudinal ridges 9 (four in this case) are
      formed on the head 3.
PAR  The adjusting pin can co-operate with a ferromagnetic core 11 which is
      shown to a reduced scale in FIG. 3. The core 11 consists of an upper half
      13 and a lower half 15 which are arranged such that an annular winding
      space 17 exists in which there is room for a coil winding (not shown).
      Except for an air gap 19 which extends towards the centre of the core 11,
      the winding space 17 is completely enveloped by the ferromagnetic material
      of the core. In the centre of the core 11 a cylindrical opening 21 is
      recessed and is provided with a sharp edge 23 on one end, the other end
      thereof being closed by a nut 25 which can co-operate with the thread 5 on
      the lower part of the adjusting pin when the latter is inserted into the
      cylindrical opening. When the adjusting pin is turned, the ferromagnetic
      body 1 is axially displaced with respect to the air gap 19 so that the
      inductance of a winding present in the winding space 17 can be accurately
      adjusted. In order to make the head 3 fit exactly in the cylindrical
      opening 21, the thickness of the longitudinal ridges 9 formed on the head
      uniformly decreases over their length, the thickest part being situated
      near the upper end portion of the head and the thinnest part being
      situated near the lower end portion which faces the ferromagnetic body 1.
PAR  The head 3 with the tapered longitudinal ridges 9 has a circumscribed
      circle having a diameter D1 near its upper end portion, and a
      circumscribed circle having a smaller diameter D2 near its lower end
      portion. The internal diameter d of the cylindrical opening 21 is between
      D1 and D2.
PAR  When the adjusting pin is inserted into the cylindrical opening for the
      first time, the head 3 partly disappears in the opening until the
      longitudinal ridges 9 bear on the sharp edge 23. The head 3 and the
      longitudinal ridges 9 are rigid, so that elastic deformation thereof is
      substantially impossible. If the adjusting pin is subsequently turned
      further inwards, the parts of the longitudinal ridges 9 which project
      beyond the circumference of the cylindrical opening 21 are cut off by the
      sharp edge 23, with the result that the upper portion of the head 3 with
      the longitudinal ridges 9 fits exactly in the cylindrical opening having a
      diameter d. A side elevation of the head is then as shown in FIG. 4. The
      longitudinal ridges 9 have cylindrical cutting faces 27.
PAR  It was found that the high accuracy of the adjusting pin thus achieved is
      liable to be partly lost again at a later stage under the influence of
      variations of the ambient temperature or due to the air humidity if the
      body of synthetic material (and in particular the head 3) is made of a
      commonly used synthetic material as the basic material with the addition
      of a fibrous filling material such as glass fibres or asbestos fibres.
      This is because the dimensions of the head 3 change due to thermal
      expansion and/or absorption of moisture by the material. The high initial
      accuracy, however, appears to be maintained very well if the head 3 (and
      preferably the entire body of synthetic material) is made of polypropylene
      or a modification of polytetrafluorethylene, suitable for injection
      moulding, as a basic material along with a granular filling substance
      which, moreover, has a high melting point. Suitable materials in this
      respect are, for example, tungsten, tungsten oxide, titanium, titanium
      oxide, aluminium oxide, calcium carbonate.
PAR  Favourable results were obtained with a part by volume of the filling
      substance of between 25 and 75 percent, optimum results being obtained at
      approximately 50 percent. In order to prevent dimensional changes of the
      nut 25 from causing a displacement of the adjusting pin, the nut is
      preferably made of the same material as the body of synthetic material.
      The nut 25 can be embedded in the material of the core 11, the shape of
      the nut being chosen such that rotation and axial displacement thereof are
      prevented (not shown).
PAR  FIGS. 5 to 7 show another embodiment of the adjusting pin according to the
      invention in which the nut 25 can be dispensed with. As is shown in the
      side elevation of FIG. 5 and the plan view of FIG. 6, this adjusting pin
      also comprises a ferrite body 1 and a body of synthetic material with a
      head 3 on which longitudinal ridges 9 which thicken or taper in the
      upwards direction have been formed. However, the lower portion of the body
      of synthetic material comprises, instead of the thread 5, a smooth annular
      portion 29 which has a thickened portion 31, the diameter of which is so
      large that it fits in the cylindrical opening 21 of the core 11 with some
      friction. So as to achieve better compensation for dimensional
      inaccuracies, the annular portion 29 is rendered slightly compressable by
      way of two longitudinal grooves 33 (see also the bottom view of FIG. 7).
      The vertical displacement of this threadless adjusting pin is effected by
      means of, for example, a screwdriver. The head 3 therefore comprises,
      instead of a straight groove 7, a butterfly-shaped recess 35.
PAR  It will be obvious that within the scope of the invention deviations from
      the described embodiments are feasible. For example, instead of four
      longitudinal ribs 9 a different number, larger than two, can be chosen.
      Alternatively, the thickness of the longitudinal ridges 9 can be made to
      vary over only a part of their length, or their length can be made smaller
      than the height of the head 3. If desired, provisions other than the
      groove 7 or the recess 35 and adapted to special tools can be made on the
      head. The part of the adjusting pin which projects below the ferrite body
      1 can alternatively be made of a material other than that of the head 3,
      for example, of a different synthetic material or of metal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adjusting pin adapted to be axially displaceable in a cylindrical
      opening recessed in a ferromagnetic core, said adjusting pin comprising a
      ferromagnetic body secured to a body of synthetic material, the body of
      synthetic material having a rigid head on one end of the adjusting pin
      with the largest transverse dimension of the head being smaller than the
      diameter of the cylindrical opening of the core, a first end portion of
      the head facing the end of the adjusting pin while the second end portion
      of the head faces the ferromagnetic body, a plurality of rigid
      non-deformable longitudinal ridges being formed on said head which taper
      uniformly over at least a part of their length, the thickest part being
      situated near the first end portion of the head, the diameter of a
      circumscribed circle of the head with longitudinal ridges being larger
      near the first end portion and being smaller near the second end portion
      than the diameter of the cylindrical opening of the core.
NUM  2.
PAR  2. An adjusting pin as claimed in claim 1, wherein the body of synthetic
      material is made of polytetrafluoroethylene containing 25-75 percent by
      volume of a granular filling substance.
NUM  3.
PAR  3. An adjusting pin as claimed in claim 2 wherein the granular filling
      substance is a material selected from the group consisting of tungsten,
      tungsten oxide, titanium, titanium oxide, aluminium oxide and calcium
      carbonate.
NUM  4.
PAR  4. An adjusting pin as claimed in claim 1 wherein the body of synthetic
      material comprises polypropylene.
NUM  5.
PAR  5. An adjusting pin as claimed in claim 1 wherein said ferromagnetic body
      comprises a cylindrical slug having an outside diameter which is less than
      the diameter of the core cylindrical opening and further comprising a
      tapered annular member of deformable synthetic material secured to the
      opposite end of the ferromagnetic slug and having a maximum outside
      diameter slightly larger than the diameter of the core cylindrical opening
      thereby providing a friction fit between said annular member and the wall
      of the cylindrical opening.
NUM  6.
PAR  6. An adjusting pin as claimed in claim 5 further comprising at least one
      longitudinal groove formed in the outer surface of the tapered annular
      member.
NUM  7.
PAR  7. A magnetic core assembly comprising, a ferromagnetic core with a
      cylindrical bore formed therein and having a sharp edge at one face of the
      core, an adjusting pin in said cylindrical bore and being axially
      displaceable therein and comprising a cylindrical ferromagnetic body
      secured to a rigid head made of synthetic material with the largest
      transverse dimension of the head being smaller than the bore diameter, a
      plurality of rigid longitudinal ridges being formed on said head which
      have a uniform taper over a part of their length with the widest part
      being situated near the free end of the head and being wider than the bore
      diameter, the narrowest part of the tapered ridges being less than the
      bore diameter.
NUM  8.
PAR  8. A core assembly as claimed in claim 7 further comprising a threaded body
      of synthetic material secured to the adjusting pin and a nut mounted in
      said bore at the end which is remote from the sharp edge and made of the
      same synthetic material as the head of the adjusting pin, the nut being
      threaded to cooperate with a complementary thread on said body of
      synthetic material.
PATN
WKU  039449599
SRC  5
APN  5052254
APT  1
ART  212
APD  19740912
TTL  Electrical circuit breaker
ISD  19760316
NCL  7
ECL  1
EXP  Broome; Harold
NDR  2
NFG  3
INVT
NAM  Kidd; Alan Lister
CTY  Southport
CNT  EN
ASSG
NAM  Dorman Smith Switchgear Limited
CTY  Preston
CNT  EN
COD  03
PRIR
CNT  UK
APD  19731004
APN  46290/73
CLAS
OCL  337 82
XCL  335 45
XCL  337 94
EDF  2
ICL  H01H 7116
FSC  337
FSS  6;7;45;57;82;93;94;99
FSC  335
FSS  42;45;176
UREF
PNO  2897319
ISD  19590700
NAM  Wolff
OCL  337 82
UREF
PNO  2981811
ISD  19610400
NAM  Steven et al.
OCL  335 45
UREF
PNO  3211861
ISD  19651000
NAM  Freese
OCL  337 82
UREF
PNO  3226510
ISD  19651200
NAM  Thomas et al.
OCL  337 57
UREF
PNO  3708771
ISD  19730100
NAM  Schreckenberg
OCL  337 82
LREP
FRM  Ross, Ross & Flavin
ABST
PAL  In an electrical circuit breaker having a bimetal element which deflects,
      upon passage of excess currents, to displace a movable member to trip the
      circuit breaker, an adjustable element, in the form of a wedge, is
      provided between the bimetal element and the movable member, so that
      variation of the position of the wedge and the effective thickness thereof
      between the bimetal element and the movable member varies the amount of
      deflection of the bimetal element required to trip the circuit breaker.
BSUM
PAR  This invention concerns electrical circuit breakers of the kind which
      include a bi-metal element which becomes heated, and therefore deflects,
      upon passage of current through the circuit breaker, the deflection which
      occurs under fault conditions, e.g. upon sustained overload (i.e.
      sustained passage of current in excess of the rated capacity of the
      breaker, for example a current of the order of 125 percent of the rated
      current for a period of two hours), resulting in the the bimetal element
      displacing a movable member movement of which serves to initiate tripping
      operation of the circuit breaker.
PAR  The use of electrical circuit breakers for the protection of electrical
      circuits, instead of fuses, is becoming more and more widespread, and as a
      consequence there is a continuously-expanding demand for circuit breakers
      for handling respective currents over a very wide current range. It would
      not be practicable, for economic reasons, to design and manufacture a
      corresponding range of circuit breakers, since the number of circuit
      breakers in the range to deal, for example, with a rating range of 700 to
      2000 amperes, with a 50 ampere rating difference between the successive
      breakers in the range, would be of the order of twenty seven.
PAR  An object of this invention is to provide a construction of circuit breaker
      which is of advantage in relation to the problem of providing a range of
      breakers to deal with a wide range of current ratings, in that it is
      adapted to be adjusted insofar as its current rating is concerned, so that
      a single circuit breaker construction can be employed for a number of
      alternative breaker current ratings in a range.
PAR  With this object in view, the present invention provides an electrical
      circuit breaker of the kind referred to characterised by the provision of
      an adjustable element for transmitting deflection of the bimetal element
      to the movable member, said adjustable element comprising a wedge
      adjustable to vary the position and effective thickness thereof by which
      the deflection is transmitted and thereby vary the amount of deflection
      necessary to initiate tripping operation of the circuit breaker.
PAR  The wedge is preferably pivotally mounted to enable it to follow the
      deflections of the bimetal element, and is conveniently disposed to be
      engaged directly at one side of its taper by the bimetal element or a
      protuberance or nose thereon and to engage by the other side of its taper
      with a point (conveniently provided by a calibration screw) connected with
      the movable member.
PAR  The wedge is conveniently adjustable by being mounted upon a slide which is
      adjustably displaceable in a plane substantially parallel to the plane of
      the bimetal element.
PAR  Means enabling the slide to be displaced manually conveniently comprises a
      boss eccentrically mounted upon a rotatable knob and located between two
      confronting thrust surfaces provided at opposite sides of a recess in the
      slide.
PAR  To ensure that the wedge is not susceptible to or sensitive to vibration or
      shock, such wedge is preferably formed with a counterbalance.
DRWD
PAR  The invention will be described further, by way of example, with reference
      to the accompanying drawings, in which:
PAR  FIG. 1 is an elevation, with certain parts omitted or broken away for
      clarity, of the tripping mechanism of a three-pole circuit breaker
      constructed in accordance with the present invention;
PAR  FIG. 2 is a view taken as indicated by arrow II of FIG. 1, illustrating
      manually-operable adjustment means forming part of the mechanism of FIG.
      1; and
PAR  FIG. 3 is a section through the tripping mechanism in correspondence with
      any one of the poles of the circuit breaker, as indicated by the three
      section lines III--III of FIG. 1.
DETD
PAR  As shown in the drawings, a tripping mechanism of a three-pole electric
      circuit breaker conforming to the invention comprises, for each pole,
      (which poles have been indicated generally by the letters A, B and C), a
      respective bimetal element in the form of a bimetal strip 10 one end of
      which is secured to a respective electrical conductor 11 so as to receive
      heat from such conductor 11 in the event of the latter becoming heated and
      the other free end of which is formed with a protuberance or nose 12.
PAR  Common to the three poles A. B and C is a movable member in the form of a
      trip bar 13 mounted so as to be pivotable, about an axis extending
      longitudinally thereof, from the position shown in FIG. 3, through a
      relatively small angle, in a clockwise direction, to cause tripping of the
      circuit breaker. This trip bar 13 has been omitted in correspondence with
      pole A in FIG. 1 to facilitate appreciation of the components of the
      illustrated embodiment. The trip bar 13 has a respective abutment point,
      provided by a respective calibration screw 14, projecting towards the
      protuberance or nose 12 of each of the bimetal strips 10.
PAR  In conventional circuit breakers as hitherto proposed, each bimetal strip
      10, upon being heated up, engages either directly, or by way of its
      respective protuberance or nose 12, with the respective abutment point to
      cause tripping movement of the trip bar 13.
PAR  In the illustrated embodiment, and in accordance with the invention, in
      each pole a respective adjustable element, in the form of a wedge 15, is
      provided between the respective protuberance or nose 12 and its
      corresponding calibration screw 14 for transmitting deflection of the
      bimetal strip 10 to the trip bar 13. This wedge 15, which is adjustably
      displaceable in a plane substantially parallel to the plane of the
      respective bimetal strip 10 (as indicated by the double arrow 16 in Fig.
      1) to vary the effective thickness thereof by which the bimetal strip's
      defelction is transmitted and thereby vary the amount of deflection
      necessary to initiate tripping operation of the circuit breaker, is
      pivotally mounted, by way of a pivot pin 17, upon a slide 18.
      Substantially parallel thrust ribs 19, 20 (see FIG. 3), extending
      transversely of the slide 18 locate one to each side of a cam or eccentric
      21 connected to or formed integrally with a respective adjusting knob 22
      which is accessible from outside the circuit breaker so as to be manually
      rotatable about an axis provided by a respective securing bolt 23.
PAR  Accordingly, it will be understood that in the assembled condition of the
      circuit breaker adjustment of the wedge 15, and therefore of the amount of
      bimetal deflection necessary to trip the breaker (and thus the effective
      current rating of the breaker), can be effected manually and in a very
      simple and convenient manner by rotating the knob 22. The extent of edge
      taper of wedge 15 is conveniently such as to provide for a 20 percent
      adjustment to each side of a mean or basic design rating for the circuit
      breaker, so that, for example, a 700 ampere circuit breaker can be
      adjusted to operate at any selected current in the range from 560 to 840
      amperes. From this, it will readily be appreciated that with the use of
      the invention only a very small number of individually-designed breakers
      is necessary to provide a series covering a very wide range of current
      ratings.
PAR  The invention is not confined to the precise details of the foregoing
      example and variations may be made thereto. Thus, it will naturally be
      understood that the invention is not solely applicable to multi-pole
      breakers, but can be applied also to single-pole breakers.
PAR  Furthermore, in the illustrated case each pole of the breaker includes
      means for causing tripping upon the occurrence of a short-circuit, which
      is illustrated fully only in relation to pole B and comprises a respective
      armature 24 pivoted at 25 and associated with pole pieces 26. The latter
      become strongly megnetised upon passage of a short circuit current through
      the respective conductor 11 and/or adjacent conductor 27 thereby to
      attract the armature 24 and displace it against the bias of a respective
      spring 28, the armature's movement serving to cause tripping movement of
      the trip bar 13 by way of a respective draw rod 29. The invention is,
      however, not restricted to breakers having such an arrangement which may
      be omitted if desired.
PAR  In the illustrated case, each wedge 15 is formed integrally with a
      counterweight 30 (see FIG. 1) the function of which is to ensure that the
      wedge 15 remains substantially unaffected by mechanical shocks or
      vibrations. This counterweight, too, is not essential to the invention and
      it would be possible to provide a simple wedge arrangement between the
      bimetal strip 10 and the contact point of the trip bar 13.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electrical circuit breaker including a heat responsive bimetal
      element with a capacity for deflecting upon passage of current through the
      circuit breaker with the deflection occuring under fault conditions
      resulting in a displacement by the bimetal element of a movable member
      having a movement serving to initiate a tripping operation of the circuit
      breaker, the improvement comprising: an adjustable element for
      transmitting deflection of the bimetal element to the movable member, the
      adjustable element including a wedge adjustable for varying the thickness
      thereof and increasing or decreasing the amount of deflection of the
      bimetal element for moving the movable element to cause the tripping, a
      slide for mounting the wedge and being adjustably displaceable in a plane
      substantially parallel to the plane of the bimetal element, and means for
      enabling the slide to be displaced manually including a boss eccentrically
      mounted upon a rotatable knob and located between two confronting thrust
      surfaces provided at opposite sides of a recess in the slide, the
      positioning of the wedge increasing or decreasing the amount of deflection
      of the bimetal elements for moving the movable member to cause tripping of
      the circuit breaker.
NUM  2.
PAR  2. In an electrical circuit breaker including a heat responsive bimetal
      element with a capacity for deflecting upon passage of current through the
      circuit breaker with the deflection occuring under fault conditions
      resulting in a displacement by the bimetal element of a movable member
      having a movement serving to initiate a tripping operation of the circuit
      breaker, the improvement comprising: an adjustable element for
      transmitting deflection of the bimetal element to the movable member, the
      adjustable element including a wedge adjustable for varying the thickness
      thereof by which the deflection is transmitted and thereby varying the
      amount of deflection necessary to initiate tripping operation of the
      circuit breaker.
NUM  3.
PAR  3. An electrical circuit breaker as claimed in claim 2 wherein the wedge is
      pivotally mounted to enable it to follow the deflections of the bimetal
      element.
NUM  4.
PAR  4. An electrical circuit breaker as claimed in claim 2 wherein the wedge is
      disposed to be engaged directly at one side of its taper by the bimetal
      element or a protuberance or nose thereon, and to engage by the other side
      of its taper with a point connected with the movable member.
NUM  5.
PAR  5. An electrical circuit breaker as claimed in claim 4 wherein the point is
      provided by a calibration screw.
NUM  6.
PAR  6. An electrical circuit breaker as claimed in claim 2 wherein the wedge is
      adjustable by being mounted upon a slide which is adjustably displaceable
      in a plane substantially parallel to the plane of the bimetal element.
NUM  7.
PAR  7. An electrical circuit breaker as claimed in claim 6 wherein means
      enabling the slide to be displaced manually comprises a boss eccentrically
      mounted upon a rotatable knob and located between two confronting thrust
      surfaces provided at opposite sides of a recess in the slide.
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ABST
PAL  A nonresettable thermally actuated switch comprising a case of electrically
      conductive material, a first power lead connected to the case, a second
      power lead electrically insulated from the case, a deformable connector of
      conductive material in electrical contact with an inside surface of the
      case and with the second lead thereby to complete a circuit. The switch
      further includes an insulator biased toward the connector by a spring but
      separated therefrom by a body of fusible material. When heated above a
      predetermined temperature the fusible material melts and the insulating
      member moves against the connector mechanically deforming the connector
      away from the inside surface of the case and electrically insulating the
      connector from the case thereby to break the circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a thermally actuated switch, and more
      particularly to a one-time or nonresettable thermally actuated switch.
PAR  Generally, such one-time switches are used to protect a motor, transformer,
      or other electrical apparatus from operating in ambient temperatures which
      exceed a predetermined maximum safe level. Such one-shot switches are
      typically used as back-up devices for protecting electrical apparatus
      which may also have current sensing devices or other thermostatic switches
      or the like adapted to provide normal overload protection for the
      apparatus, the switch of this invention functioning where the normally
      relied upon devices might fail. For example, such a switch may be serially
      connected to the windings of a motor so as to protect the motor by
      interrupting the power supplied thereto in the event that, because of
      overheating of the motor winding or for any other reason, the ambient
      temperature to which the switch is exposed exceeds a level which could
      cause damage to the motor. These switches are often relatively small
      (e.g., 0.50 inches or 1.27 cm. long and 0.135 inches or 0.34 cm. in
      diameter) so they may be readily incorporated in the apparatus they are to
      protect so as to be responsive to the ambient temperatures to which the
      apparatus is exposed and to be responsive to any abnormal rise in
      temperature the apparatus might undergo due to overload or short circuit
      conditions in the apparatus.
PAR  More particularly, such switches utilize a fusible material which rapidly
      undergoes a change of state when heated to a predetermined temperature
      (i.e., the fusible material melts) to effect breaking of the circuit.
      Reference may be made to such U.S. Pat. Nos. as 3,180,958, 3,291,945,
      3,309,481, 3,505,630 and 3,519,972 for such one time thermally actuated
      switches.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of this invention may be noted the provision of a
      one-time thermally actuatable switch which effects a more positive
      interruption of an electrical circuit upon the switch being heated above a
      predetermined temperature; the provision of such a switch which has a
      minimum number of parts, which is convenient and inexpensive to
      manufacture, and which is reliable in operation. Other objects and
      features of this invention will be in part apparent and in part pointed
      out hereinafter.
PAR  Briefly, a nonresettable thermally actuated switch of this invention
      comprises a case of electrically conductive material, a first power lead
      electrically connected to the case, a second power lead electrically
      insulated from the case, and a deformable connector of conductive material
      in electrical contact with an inside surface of the case and with the
      second lead thereby to complete a circuit. Means is provided actuable in
      response to being heated above a predetermined temperature for deforming
      the connector means away from the inside surface of the case and for
      electrically insulating the connector from the case thereby to break the
      circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged longitudinal section of the switch of this invention
      showing it in its operating position in which the current is carried from
      one power lead through the case to a connector and to another power lead;
PAR  FIG. 2 is a view similar to FIG. 1 showing the connector deformed away from
      the case thereby breaking the circuit; and
PAR  FIG. 3 is an enlarged end elevational view illustrating the deformable
      connector.
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAC  BRIEF DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings and more particularly to FIG. 1, a
      nonresettable (or one-time) thermally actuated switch of this invention,
      generally indicated at 1, is shown to comprise a cylindric case or housing
      3 of electrically conductive material, such as formed from silver-plated
      red brass or the like. One end of the case is closed, as indicated at 5,
      and a first power lead or terminal 7 is secured in electrical contact with
      the closed end 5 of the case. A second power lead 9 is electrically
      insulated from the case and secured thereto by insulator and securement
      means 11. This second lead extends into an open end of the housing
      opposite closed end 5. A deformable connector 13 of electrically
      conductive material, such as silver sheet material or the like, is
      normally in electrical contact with an inside surface 15 of case 3 and in
      electrical contact with the inner end of lead 9. As generally indicated at
      17, means are provided which are actuable in response to being heated
      above a predetermined ambient temperature for deforming (i.e., bending)
      connector 13 away from inside surface 15 of case 3 and for electrically
      insulating the connector from the case thereby to break the circuit.
PAR  More particularly, lead 7 is shown to have a flange 19 adjacent its end and
      a short portion 21 extending beyond the flange insertable through an
      opening 23 in end 5 of case 3. Once inserted through opening 23, portion
      21 is upset, as indicated at 25, with flange 19 abutting end 5 of the case
      so as to positively secure the lead to the case in electrical contact
      therewith.
PAR  Connector 13, as best shown in FIG. 3, is a star-shaped contact member
      having 8 bendable legs or contact portions 27 and a center portion 29. The
      legs are each bent, as indicated at 31, from the plane of the center
      portion so that only the outer peripheral edges 33 of the legs contact the
      inner surface 15 of case 3 thereby to provide electrical contact between
      the case and connector 13. The center portion 29 of connector 13 is
      adapted to bear against the inner end of power lead 9 thereby to complete
      the circuit between case 5 and lead 9. As the span of connector 13 between
      opposed outer edges 33 is somewhat greater than the inside dimensions of
      case 3 and as its legs 27 are resilient, its legs bend inwardly upon being
      inserted in the case and thus are resiliently biased into contact with
      inside wall 15 of case 3 to provide good electrical contact between the
      case and the connector. While connector 13 is shown as star-shaped to
      provide readily deformable legs, it will be understood that connectors of
      other configurations, such as a cup-shaped, radially slotted connector may
      be used.
PAR  Means 17 for deforming connector 13 is shown to comprise a solid body 35 of
      fusible material engageable with the center portion 29 of the connector,
      an insulator 37, and a spring 39. The fusible material is preferably an
      organic compound such as a petroleum wax compound or the like which upon
      being heated to a predetermined temperature rapidly changes state from a
      solid to a liquid. Insulator 37 is spaced from connetor 13 by the fusible
      member while the fusible member is in its solid preformed shape (i.e.,
      before it melts). Insulator 37 has an edge 41 engageable with connector 13
      for deforming the connector (i.e., for bending legs 27 of the connector)
      so as to break electrical contact between the legs and the inside surface
      of the case. Spring 39 is a compression coil spring interposed between end
      5 of case 3 and the inner end of insulator 37 to bias the insulator, the
      fusible member, and connector 13 into positive current-carrying engagement
      with the inner end of lead 9, this inner end of lead constituting an
      abutment for connector 13. Insulator 37 is a generally cylindric
      cup-shaped member having outer dimensions somewhat less than those of the
      inside of case 3 so that it is freely movable longitudinally within the
      case from a retracted position (see FIG. 1) in which the fusible material
      maintains it spaced from connector 13 and an advanced circuit-breaking
      position (see FIG. 2) in which its edge 41 engages connecctor 13 and
      deforms the latter to break the circuit. Insulator 37 is movable from its
      retracted position (see FIG. 1) to its circuit-breaking position by spring
      39 upon fusible member 35 melting. It will be understood that with the
      insulator in its retracted position, coil spring 39 is compressed in a
      preloaded position and contains sufficient stored energy to move the
      insulator forward and to deform legs 27 of connector 13 and to break the
      circuit.
PAR  Insulator 37 has a central bore or recess 43 having a base wall 45 at its
      inner end facing fusible member 35, cylindric side walls 46, and a rounded
      transition surface 47 between edge 41 and the side walls. The insulator
      also has a shoulder 49 against which one end of spring 39 bears and a
      central hub portion 51 extending into the coil spring.
PAR  Fusible wax body 35, like insulator 37 is cylindric and has a generally
      flat face 53 engageable with portion 29 of connector 13 and a central hub
      portion 55 extending into recess 43 of the insulator and bearing against
      base wall 45 thereof.
PAR  Insulator and securement means 11 comprises an integral collar 57 formed on
      lead 9 and spaced from the inner end of the lead. Collar 57 is of
      substantially larger diameter than lead 9 but is somewhat smaller than the
      inner diameter of the open end of case 3 and has a circumferential groove
      59 therearound. Means 11 further comprises a sleeve 61 of a flexible
      electrical insulator material, such as may be formed from a polyimide
      resin available commercially from E. I. DuPont de Nemours and Company
      under the trademark KAPTON. The outer diameter of sleeve 61 is only
      slightly less than the inner diameter of the open end of case 3 so as to
      be conveniently insertable into the open end of case 3 and be disposed
      between the case and the outer surface of the collar. An inwardly
      projecting shoulder 63 within case 3 is engageable with the inner end of
      the sleeve upon inserting the sleeve in the case and thus serves as a
      locating stop for the sleeve. Lead 9 with collar 57 thereon is inserted
      axially endwise into sleeve 61 until the inner end of terminal 9 is
      positioned within the case, such as is shown in FIG. 1. The outer end of
      the case and sleeve 61 are crimped, as indiated at 65, into groove 59 of
      collar 57 thereby to positively secure and to electrically insulate lead 9
      relative to the case. It will be understood that with terminal 9 secured
      within case 3 as above described, the inner end of lead 9 serves as an
      abutment for connector 13 and the preload compression force of spring 39
      is reacted against the case via insulator 37, wax member 35, connector 13,
      lead 9 and collar 57.
PAR  Upon switch 1 being heated above a predetermined ambient temperature level,
      thermal sensing member 35 melts and thus permits spring 39 to rapidly move
      insulator member 37 from its retracted to its circuit-breaking position.
      As insulator 37 moves forward, its leading edge 41 engages legs 27 of
      connector 13 and forces the connector to bend at a point 67, as indicated
      in FIG. 2, thereby to move the outer edges 33 of the connector away from
      the inner face 15 of case 3. Upon continued further movement of insulator
      member 37 by spring 39, the transition portion 47 of the insulator member
      cammingly engages the connector and causes edges 33 to further move away
      from the inner surface 15 of the case (i.e., to move radially inwardly
      toward lead 9). Base wall 45 of the insulator is engageable with portion
      29 of the connector and thus provides a hard stop for the insulator. With
      the insulator in its circuit-breaking position, a portion of the insulator
      is interposed between the connector and the inside surface 15 of the case
      thereby to positively insulate the connector and lead 9 from the case. It
      will be understood that when the thermal sensing member 35 melts, the
      melted wax will merely pool (not shown in FIG. 2) in the lower portion of
      case 3 and does not prohibit insulator 37 from moving from its retracted
      to its circuit-breaking position. It will further be understood that the
      fusible material is not electrically conductive.
PAR  In assembling a nonresettable thermally actuated switch 1 of this
      invention, spring 39, insulator 37, wax body 35 and connector 13 are
      inserted in the above specified order into the open end of case 3, such as
      shown in FIG. 1. Sleeve 61 is inserted into the open end of the case until
      its forward end engages shoulder 63. Lead 9 with collar 57 thereon is
      inserted into the open end of the case through sleeve 61 until the forward
      end of the lead engages the back face of connector 13. Lead 9 is then
      further pushed into the case thereby to compress spring 39 to its
      preloaded condition (as shown in FIG. 1) so as to positively maintain
      connector 13 in current-carrying relation with the inner end of lead 9.
      Case 3 is then crimped at 65 thereby to positively lock lead 9 in position
      within the open end of the case may be sealed with a conventional molded
      in place potting compound, as indicated at 69.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nonresettable thermally actuated switch comprising a case of
      electrically conductive material, a power lead means electrically
      insulated from the case, deformable connector means of electrically
      conductive material in electrical contact with an inside surface of said
      case and with said lead means thereby to complete a circuit, an
      electrically insulating member movable for deforming said connector means
      away from said inside surface of said case and for electrically insulating
      said connector means from said case thereby to break said circuit, means
      resiliently biasing said insulating member for movement to deform said
      connector means away from said inside case surface, and a normally solid
      body of material fusible at a selected temperature disposed within said
      case to prevent said insulating member movement while said body is solid
      and to permit said insulating member movement when said body is heated to
      said selected temperature.
NUM  2.
PAR  2. A nonresettable thermally actuated switch comprising a case of
      electrically conductive material, a power lead means electrically
      insulated from the case, deformable connector means of conductive material
      in electrical contact with an inside surface of said case and with said
      lead means thereby to complete a circuit, said deformable connector means
      having an outer surface engageable with said inside surface of said case
      and a center portion engageable with said lead means, an insulating member
      of rigid insulating material having a portion adapted to engage said
      connector means for deforming said connector means away from said inside
      surface of said case and for electrically insulating said connector means
      from said case thereby to break said circuit, means resiliently biasing
      said insulating member toward said connector means for deforming said
      connector means away from said inside case surface, and a solid body of
      material fusible at a selected temperature disposed between said
      insulating member and said connector means normally spacing said deforming
      portion of said insulating means relative to said connector means, said
      body being fusible at a selected temperature for permitting said resilient
      biasing means to move said deforming portion of said insulating member
      into engagement with said connector means to deform said connector means
      away from said inside surface of said case and to electrically insulate
      said connector means from said case.
NUM  3.
PAR  3. A nonresettable thermally actuated switch comprising a case of
      electrically conductive material, a first power lead electrically
      connected to the case, a second power lead electrically insulated from the
      case, deformable connector means of conductive material in electrical
      contact with an inside surface of said case and with said second lead
      thereby to complete a circuit, and means actuable in response to being
      heated above a predetermined temperature for deforming said connector
      means away from said inside surface of said case and for electrically
      insulating said connector means from said case thereby to break said
      circuit, said deformable connector means having an outer surface
      engageable with said inside surface of said case and a center portion
      engageable with said second lead, said deforming and insulating means
      comprising a body of fusible material engaging the center portion of said
      connector means, an insulating member of rigid insulating material having
      an edge adapted to engage said connector means, and means resiliently
      biasing said body of fusible material via said insulating member into
      engagement with said connector means to hold the latter in positive
      current-carrying engagement with said second lead, said body of fusible
      material being adapted to melt upon being heated above the predetermined
      temperature thereby to permit movement of said insulating member under the
      bias of said biasing means from a retracted position in which it is clear
      of said connector means to a circuit-breaking position in which it deforms
      said connector means away from said inside surface of the housing thereby
      to break said circuit.
NUM  4.
PAR  4. A switch as set forth in claim 3 wherein said connector means comprises
      a contact member of bendable, conductive material, having a plurality of
      deformable contact portions extending outwardly from said center portion
      with an edge of each said contact portion constituting said surface
      engageable with said inside surface of said case, said contact portions
      being resiliently biased generally outwardly toward said inside surface of
      said case whereby said edges are in current-carrying engagement with said
      inside surface of the case.
NUM  5.
PAR  5. A switch as set forth in claim 3 wherein said case is circular in cross
      secion and one end thereof is closed, said first lead being secured to
      said closed end of said case in electrical contact therewith.
NUM  6.
PAR  6. A switch as set forth in claim 5 wherein said biasing means is a
      compression coil spring interposed between said closed end of said case
      and said insulating member, said spring having sufficient stored energy to
      move said insulating member from its retracted to its circuit-breaking
      position upon said fusible member melting.
NUM  7.
PAR  7. A switch as set forth in claim 6 wherein said second lead extends
      axially into the other end of said case, the inner end of said second lead
      constituting an abutment engageable by the center portion of said
      connector means, and wherein said second lead includes means for
      insulating it from said case and for securing it in position relative to
      said case so as to react the force of said spring against said case.
NUM  8.
PAR  8. A switch as set forth in claim 7 wherein said insulating and securing
      means comprises a member of increased diameter on said second lead spaced
      from the inner end thereof, said member being substantially the same
      diameter as the inside dimensions of said case, said case being deformed
      to engage said member thereby to prevent movement of said member and said
      second lead out of said case.
NUM  9.
PAR  9. A switch as set forth in claim 8 wherein said insulating and securing
      means further comprises flexible insulating means disposed between the
      outer periphery of the member of increased diameter and said case thereby
      to electrically insulate said member from said case.
NUM  10.
PAR  10. A switch as set forth in claim 9 wherein said insulating means
      comprises a sleeve of flexible insulating material, said sleeve being
      deformed along with said case for engagement with said member thereby to
      secure said member and said second lead relative to the case.
NUM  11.
PAR  11. A switch as set forth in claim 10 wherein said case has an inwardly
      projecting shoulder constituting a stop for said sleeve, said stop being
      engageable by said sleeve thereby to prevent movement thereof into said
      case beyond a predetermined position within said case.
NUM  12.
PAR  12. A switch as set forth in claim 11 wherein said increased diameter
      member has an annular groove on its outer peripheral surface, said sleeve
      and said case being deformed into said groove thereby to positively hold
      said second lead in position within said case.
NUM  13.
PAR  13. A switch as set forth in claim 4 wherein said insulating member has a
      bore in its face toward said connector and a rounded transition surface
      between said edge and said bore engageable with said connector means, said
      rounded transition surface being cammingly engageable with said connector
      as said insulating member moves from its retracted position toward its
      circuit breaking position so as to bend said contact portions of said
      connector inwardly toward said second lead clear of the wall of said case.
NUM  14.
PAR  14. A switch as set forth in claim 13 wherein said insulating member has a
      cylindric wall with its inner surface constituting said bore and with its
      edge toward said connector means constituting said edge engageable with
      said connector means, said cylindric wall being positioned between said
      connector means and said case when said insulating member is in its
      circuit breaking position thereby to positively insulate said connector
      means from said case.
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PAL  The reliability of radiation switches is improved in accordance with this
      invention by mechanically modifying the contact members of the switch
      structure to reduce the heat sinking effectiveness of the switch contact
      members.
BSUM
PAR  This invention relates to radiation switches. More particularly, this
      invention relates to improved contact members for radiation switches which
      provide for increased reliability of the radiation switch by decreasing
      the effectiveness of the contact members as heat sinks.
PAR  Radiation switches are employed to detect radiation and to initiate a
      radiation responsive electrical event. Radiation switches typically
      comprise a pair of conductors having a gap therebetween and a quantity of
      metal precursor material overlying a portion of the conductors and the gap
      therebetween. The conductors in typical prior art radiation switches
      simultaneously serve as leads and contacts for the switches. One example
      of prior art radiation switches is shown in U.S. Pat. No. 3,458,270,
      issued to H.G. Ganser et al on July 29, 1969. The Ganser et al switches
      are used for photoflash lamp sequencing and comprise a pair of parallel
      conductors having a metal oxide, metal conductor precursor material
      therebetween. Other conductor configurations and other conductor precursor
      materials may be employed, as is known in the art. For example, the Ganser
      et al patent shows silver oxide as a conductor precursor material; silver
      oxalate, silver lactate, silver citrate, silver nitrate, silver carbonate,
      and silver chlorate are also known conductor precursor materials for
      radiation switch use. The Ganser et al reference shows parallel conductors
      with the conductor precursor material disposed between the conductors
      along the longitudinal runs of the conductors; it is also known to use
      collinear conductors having a gap between the ends thereof, which gap is
      covered by conductor precursor material to make a radiation switch. This
      invention is to be understood to be generally applicable to radiation
      switches formed of a conductor precursor material bridging a gap between
      conductors and is not limited in its applicability to any particular
      conductor configuration, any particular conductor precursor composition,
      or any particular utilization environment for the radiation switch. Thus,
      it is to be understood that the Ganser et al reference, hereinbefore
      cited, is cited merely as an example of prior radiation switch
      construction.
PAR  In general, radiation switches operate by the utilization of a conductor
      precursor material which is electrically non-conductive and which, when
      exposed to radiation of sufficient intensity, undergoes an exothermic
      reaction which converts the conductor precursor material into an
      electrically conductive material.
PAR  The exothermic reaction which converts conductor precursor material to
      electrically conductive material requires the maintenance of a minimum
      temperature for the reaction to continue to run. In prior art radiation
      switches, it has been found that the conductor members which form a part
      of the radiation switch and between which the conductor precursor material
      is applied function as thermal heat sinks to the extent that, in some
      cases, the temperature of the conductor precursor material undergoing
      conversion is reduced, in the neighborhood of the conductors, to be a
      point at which the reaction is extinguished. In these cases, the
      conductors are in contact with a quantity of unconverted conductor
      precursor material, which has a high electrical resistance, and which
      therefore prevents reliable operation of the switch.
PAR  It is accordingly, an object of this invention to provide an improved
      radiation switch which is highly reliable in operation.
PAR  It is another object of this invention to provide such a radiation switch
      in which the reliability is improved by decreasing the effectiveness of
      the switch contacts as heat sinks to thereby maintain a temperature which
      will permit the conductor precursor conversion reaction to run to
      completion.
PAR  It is another object of this invention to provide a radiation switch having
      such improved contacts in an inexpensive and simple manner.
PAR  Briefly, and in accordance with one embodiment of this invention, a
      radiation switch comprises a pair of conductors disposed on a substrate
      and having a gap between the conductors. A portion of each of the
      conductors serves as a switch contact. The switch contacts are provided
      with means for reducing the effectiveness thereof as heat sinks. A
      quantity of conductor precursor material is applied over the contacts and
      the portion of the substrate therebetween.
DRWD
PAR  The novel features of this invention sought to be patented are set forth
      with particularity in the appended claims. The invention, together with
      further objects and advantages thereof may be understood from a reading of
      the following specification and appended claims in view of the
      accompanying drawings in which:
PAR  FIG. 1 is a sectional elevation view of a prior art radiation switch
      illustrating a failure mode associated with heat sinking by the conductor
      members.
PAR  FIG. 2 is a sectional elevation view of a radiation switch in accordance
      with this invention and illustrating the operation thereof to provide
      improved reliability of switch operation.
PAR  FIG. 3 is a plan view of the substrate, conductor, and contact members of a
      radiation switch in accordance with one embodiment of this invention.
PAR  FIG. 4 is a plan view of the substrate, conductor, and contact members of a
      radiation switch in accordance with another embodiment of this invention.
PAR  FIG. 5 is a plan view of the substrate, conductor, and contact members of a
      radiation switch in accordance with another embodiment of this invention.
PAR  FIG. 6 is a plan view of the substrate, conductor, and contact members of a
      radiation switch in accordance with another embodiment of this invention.
PAR  FIG. 7 is a sectional elevation view of a contact member for a radiation
      switch in accordance with this invention.
DETD
PAR  FIG. 1 shows a prior art radiation switch comprising an insulating
      substrate 10 to which has been applied a pair of conductor members 11 and
      12 having a gap therebetween. The fabrication of the radiation switch of
      FIG. 1 is completed by depositing a quantity of conductor precursor
      material over a portion of conductors 11 and 12, the gap therebetween, and
      the portion of substrate 10 underlying the gap between conductors 11 and
      12. The conductor precursor material may, for example, be a silver salt in
      an organic binder which is electrically non-conductive and which, when
      excited by radiation, exothermically reacts to yield a conductor, for
      example, silver. The switch shown in FIG. 1 has been reacted. Accordingly,
      a quantity of the conductor precursor material has been converted to
      conductive material 13, for example, metallic silver in the example given.
      Conductors 11 and 12 serve as both leads and contacts for the radiation
      switch of FIG. 1. The portion of conductors 11 and 12 underlying the
      conductor precursor material are for convenience referred to as the switch
      contacts. Because conductors 11 and 12 are thermally conductive as well as
      electrically conductive, they serve as heat sinks tending to cool the
      portion of conductor precursor material in contact therewith during the
      conversion reaction. Because the conversion reaction is an exothermic
      reaction requiring the maintenance of a minimum temperature for the
      reaction to continue, heat sinking by conductors 11 and 12 has been found
      to cause extinguishment of the conversion reaction in the vicinity of the
      contacts leaving quantities 14 and 15 of unconverted, non-conductive,
      conductor precursor material intervening between metallic material 13 and
      conductors 11 and 12 thereby preventing proper operation of the radiation
      switch. The tendency of non-conductive regions 14 and 15 to remain after
      the firing of prior art radiation switches adversely affects the
      reliability of such radiation switches.
PAR  FIG. 2 illustrates an improved radiation switch in accordance with this
      invention comprising a substrate 20 having conductors 21 and 22 applied
      thereto and having a gap therebetween. Conductors 21 and 22 have
      respectively grooves 26 and 27 in the contact regions thereof for
      decreasing the thermal conductivity of the conductor members at the groove
      locations to decrease the heat sinking effectiveness of the contact
      portions of the conductors. As heretofore described, the fabrication of
      the radiation switch of FIG. 2 is completed by depositing a quantity of
      conductor precursor material over the contact regions of conductors 21 and
      22, the gap therebetween, and the portion of substrate 20 underlying the
      gap. As in the case of FIG. 1, the switch of FIG. 2 is shown in a fired
      condition in which a quantity of conductor precursor material has been
      converted to conductive material 23. Because of the reduced heat sinking
      effectiveness of the contact members of the switch, the temperature
      necessary to maintain the conversion reaction is maintained in the
      vicinity of grooves 26 and 27 and conductive material 23 is in contact
      with the contact portions of conductors 21 and 22, as, for example, shown
      at 28 and 29. Some unconverted conductor precursor material may remain
      after the firing of the switch of FIG. 2 as shown at 24 and 25, but
      because of the contact exemplified at 28 and 29, the switch operates
      properly and reliably.
PAR  The grooves in the contact members of radiation switches in accordance with
      this invention may be formed by any mechanical or chemical means known in
      the art, but are preferably formed by scribing. In particular, a deep
      scribing to a depth between 50 percent and 90 percent of the thickness of
      the conductor members is preferred. It is further also preferred to
      utilize a vibrator scribing process for forming the grooves in the contact
      members of switches in accordance with this invention to provide a jagged
      surface contour in the grooves to further impede thermal conduction at the
      groove surfaces, as will be further discussed with reference to FIG. 7.
PAR  FIG. 3 illustrates a contact configuration for a radiation switch in
      accordance with this invention having parallel conductors. In FIG. 3,
      substrate 30 has a pair of parallel conductors 31 and 32 thereon.
      Conductors 31 and 32 have grooves 36 and 37 therein defining the contact
      area of the switch over which conductor precursor material is deposited.
PAR  FIG. 4 illustrates another contact configuration for radiation switches in
      accordance with this invention wherein substrate 40 has a pair of
      collinear conductor members 41 and 42 thereon and having a gap
      therebetween. At the facing ends of conductors 41 and 42, grooves 46 and
      47 are provided respectively. The scribing of grooves 46 and 47 extrudes
      quantities of conductor material 48 and 49 from, respectively, conductors
      41 and 42 onto substrate 40. Extruded conductor material 48 and 49 has
      very little mass and accordingly functions very poorly as a heat sink.
      Therefore, in accordance with another feature of this invention,
      conductive extrusions 48 and 49 are left overlying substrate 40 and are
      covered with conductor precursor material to further increase the area of
      reliable contact upon conversion of the conductor precursor material.
PAR  FIG. 5 illustrates another configuration of radiation switch contacts in
      accordance with this invention wherein substrate 50 has collinear
      conductor members 51 and 52 thereon in the facing ends of which are
      scribed grooves 56 and 57, respectively. Grooves 56 and 57 are parallel
      with conductors 51 and 52 as distinguished from transverse grooves 46 and
      47 as shown in FIG. 4. FIGS. 3, 4, and 5 illustrate that this invention is
      not limited to any particular groove orientation and other orientations
      are likewise within the scope of the appended claims. FIG. 5 further
      illustrates that in the case of chemically formed grooves, for example,
      conductor extrusions as illustrated in FIG. 4 are not present, or
      alternatively, in the case of scribed grooves, the extruded material may
      be removed if desired. The structure as shown in FIG. 5 provides a switch
      of reliable operation, however, in most cases, scribing is the preferred
      method for forming the grooves, and the utilization of extruded conductor
      material is advantageous.
PAR  FIG. 6 illustrates a contact configuration similar to that of FIG. 5 except
      that material 68, 69 extruded from conductor members 61 and 62 by the
      scribing of grooves 66 and 67 is left overlying substrate 60.
PAR  FIG. 7 is a magnified cross-sectional elevation view of a contact member
      for a radiation switch in accordance with this invention wherein conductor
      71 has grooves 76 formed therein by vibrator scribing action. The use of
      vibrator scribing for forming grooves 76 provides grooves having a jagged
      surface profile. The jagged surface profile provides a large plurality of
      points having low mass thereby increasing the impedance to thermal
      conduction at the groove surfaces further decreasing the effectiveness of
      the contact region of conductor 71 as a heat sink.
PAR  While this invention has been described with reference to particular
      embodiments and examples, other modifications and variations will occur to
      those skilled in the art, in view of the above teachings. Accordingly, it
      should be understood that within the scope of the appended claims the
      invention may be practiced otherwise than is specifically described.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A radiation switch comprising:
PA1  a substrate;
PA1  a pair of conductors on said substrate having a gap therebetween;
PA1  a quantity of conductor precursor material overlying and in contact with a
      portion of each of said conductors; and
PA1  means for decreasing the thermal conductivity of said conductors where said
      conductors are in contact with said conductor precursor material.
NUM  2.
PAR  2. The radiation switch of claim 1 wherein said means for decreasing
      thermal conductivity more particularly comprises at least one groove in
      each of said conductors.
NUM  3.
PAR  3. The radiation switch of claim 2 wherein there are a plurality of said
      grooves in each of said conductors.
NUM  4.
PAR  4. The radiation switch of claim 2 wherein said grooves have an irregular
      surface.
NUM  5.
PAR  5. The radiation switch of claim 2 wherein said grooves have a depth in
      said conductors exceeding one-half the thickness of said conductors.
NUM  6.
PAR  6. The radiation switch of claim 5 including additionally a plurality of
      conductive fingers extending outwardly from said conductors where said
      grooves intersect edges of said conductors; said conductive fingers
      overlying said substrate and underlying said conductor precursor material.
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PAL  A variable-resistance attenuator having first and second resistive layers
      deposited upon an insulating substrate. Input and output terminals are
      electrically connected at spaced intervals to one of the resistive layers
      and a common terminal is electrically connected to the remaining one of
      the resistive layers. A pair of contacts are adapted to make slidable
      electrical engagement, each with an associated one of the resistive
      layers. Conductive bridging means mechanically and electrically connect
      the sliding contacts. Mechanical means are provided for simultaneous
      movement of the sliding contacts to change the resistance in a smooth and
      continuous fashion.
BSUM
PAR  This invention relates to variable-resistance attenuators and, more
      particularly, to variable-resistance attenuators suited for use in
      high-frequency circuits.
PAR  Conventional variable-resistance attenuators can be classified into two
      types: Bridged T type variable-resistance attenuators comprising a
      plurality of variable resistors and step-type variable attenuators, the
      attenuation of which can be varied in steps by switching fixed resistors
      having different resistance values with input and output switches. In
      spite of an outstanding feature for enabling the attenuation to be varied
      continuously, the bridged T type variable-resistance attenuator has
      drawbacks such as poor frequency characteristics, operating frequencies
      that can barely extend to the VHF band, a complicated circuit arrangement,
      and expensive manufacturing cost. In contrast, the operating frequencies
      of the step-type variable-resistance attenuator can cover the UHF
      frequency band, but it is disadvantageous in that its size tends to become
      bulky due to the incorporation of switching means and that the attenuation
      can only be varied in steps.
PAR  It is a major object of this invention to provide an improved
      variable-resistance attenuator of extreme structural compactness and low
      manufacturing cost which can vary the attenuation continuously and find
      high-frequency application. The variable-resistance attenuator of the
      invention generally comprises a pair of mechanically and electrically
      connected slidable contacts so disposed on the surfaces of the resistive
      layers as to be slidable freely, a pair of input and output terminals
      provided at one end of one of the resistive layers along the sliding
      direction of these slidable contacts, and a common terminal provided at
      one end of the other of the resistive layers.
DRWD
PAR  Now, this invention will be described more in detail in conjunction with
      the accompanying drawings in which;
PAR  FIG. 1 is a schematic diagram of a conventional bridged T type
      variable-resistance attenuator;
PAR  FIG. 2 is a schematic diagram of a conventional step-type
      variable-resistance attenuator;
PAR  FIG. 3 is a sectional elevation of a variable-resistance attenuator
      according to an embodiment of this invention;
PAR  FIG. 4 is a partially cross-sectional view taken along the line 4-4 and
      looking in the direction of arrows of FIG. 3;
PAR  FIG. 5 shows characteristic curves for the resistance values of the
      resistive layers used in the embodiment of this invention;
PAR  FIG. 6 shows attenuation vs. frequency characteristic curves measured for
      the embodiment of this invention;
PAR  FIG. 7 shows curves illustrating the VSWR versus frequency relationship
      measured for the embodiment of this invention;
PAR  FIGS. 8 to 11 show the partial plan views of other embodiments of this
      invention; and
PAR  FIG. 12 shows a perspective view of still another embodiment of this
      invention.
DETD
PAR  Referring now to FIGS. 1 and 2, conventional variable-resistance
      attenuators will be explained. FIG. 1 shows a bridged T type
      variable-resistance attenuator which comprises a couple of variable
      resistors Rs and Rp and a couple of fixed resistors. Since four
      independent resistors and connecting wires to connect these four resistors
      as shown in FIG. 1 are thus included, a lot of parasitic inductances and
      capacitances are inevitably present in this prior art attenuator. This T
      type attenuator has the drawbacks, therefore, of poor frequency
      characteristics and low operating frequencies that can barely extend to
      the VHF band. Moreover, complicated circuit arrangement and expensive
      manufacturing cost are other disadvantages of this prior art attenuator.
      FIG. 2 shows a step-type variable-resistance attenuator which comprises
      fixed resistors Ra, Rb and Rc having different resistance values and input
      and output switches S.sub.1 and S.sub.2. The amount of attenuation of this
      attenuator can be varied in three steps by selecting one of the fixed
      resistors Ra, Rb and Rc with the switches S.sub.1 and S.sub.2. This
      step-type attenuator has drawbacks, as stated above, such that its size
      tends be become bulky due to the incorporation of switching means and that
      the continuous attenuation is impossible.
PAR  Referring to FIGS. 3 and 4, a first embodiment of this invention comprises
      two thin layers 1a and 1b of a resistive material on which slidable
      contacts 2a and 2b connected electrically and mechanically with each other
      by a shorting bar 3 are respectively mounted. In this embodiment, the thin
      layers 1a and 1b are formed of tantalum nitride which is deposited on a
      ceramic substrate 9 by sputtering, and arranged in a line in the sliding
      direction of the slidable contacts 2a and 2b. Each of these resistive
      layers is of a square shape having the length of each side of 5mm. The
      slidable contacts may be of a point-shape, but if it is desired that
      amounts of variable attenuation include zero, the contact 2a that is
      provided on the resistive layer having input and output terminals 6a and
      6b, to be mentioned below, should have a width sufficient to be capable to
      contacting with both the input and output terminals 6a and 6b. In this
      embodiment, both the contacts 2a and 2b have a width of 4mm, the contact
      2a being adapted to contact with the input and output terminals 6a and 6b.
      The contacts 6a and 6b and shorting bar 3 are formed of brass in this
      embodiment. The shorting bar 3 is attached to an internally threaded
      movable member 5 made of nylon resin carried on a feed screw 4 made of
      brass so that it may be displaced in the left or right direction and,
      hence, the slidable contacts 2a and 2b may slide along the surfaces of the
      resistive layers 1a and 1b respectively by rotary motion of the feed screw
      4. The feed screw 4 is carried by a covering 10 made of nylon resin which
      covers the resistive layers 1a and 1b and is in turn rigidly fixed to the
      substrate 9. The input and output terminals 6a and 6b are formed by
      evaporation of nichrome and gold in 1mm squares at one end of one
      resistive layer such as 1a in the sliding direction along which the
      slidable contacts move. A grounding terminal 7 is formed by evaporation of
      nichrome and gold at the opposite end of the other resistive layer 1b in
      the sliding direction, as illustrated in FIG. 4. An ohmic contact for the
      grounding terminal 7 should preferably be formed over the entire length of
      such side of the resistive layer 1b that is perpendicular to the sliding
      direction of the slidable contacts. A stopper (not shown) is provided to
      abut against the movable element 5 to prevent the engagement of the
      slidable contact 2b with the grounding terminal 7. An input signal is
      applied across the input terminal 6a and the common or grounding terminal
      7 and an output signal is taken out across the output terminal 6b and the
      grounding terminal 7 between which a load element (not shown) is
      connected.
PAR  Where the movable contacts 2a and 2b are moved toward the input and output
      terminals 6a and 6b, the amount of attenuation introduced between the
      input and output signals, or between the input terminal 6a and the output
      terminal 6b, decreases. On the contrary, where the slidable contacts 2a
      and 2b are moved toward the grounding terminal 7, the amount of
      attenuation increases. In other words, the amount of attenuation of this
      variable attenuator can be continuously varied from zero to a maximum
      value which is determined by resistance values of the resistive layers
      between the slidable contacts and terminals where the slidable contact 2a
      is at the farthest location from the input and output terminals, by moving
      the slidable contacts 2a and 2b from the position where the contact 2a is
      in contact with both the input and output terminals 6a and 6b to the
      position where the contact 2a is at the mentioned farthest location.
PAR  The variable-resistance attenuator according to this invention thus has a
      very simple and compact structure and hence its manufacturing cost can be
      very low. In particular, parasitic inductances and capacitances are
      lowered quite substantially by this invention, because the attenuator of
      this invention is comprised of only two sheets of resistive layers and, as
      internal wiring connection, only a single member (the shorting bar 3) is
      needed. This means that the attenuator of this invention has good
      frequency characteristics and high operating frequencies.
PAR  According to another aspect of this invention, the manner of variation of
      attenuation with the displacement of the slidable contacts can be
      controlled by varying the resistivity of the resistive layers along the
      sliding direction of the slidable contacts. Of course, the resistivity of
      the resistive layers 1a and 1b may be not varied, that is, it remains
      constant along the sliding direction of the slidable contacts 2a and 2b.
      In such case, the amount of attenuation first increases with displacement
      of the slidable contact 2a from the input and output terminals 6a and 6b,
      but finally becomes saturated. Where it is desired for the amount of
      attenuation to be varied linearly with the displacement of the slidable
      contacts 2a and 2b, the resistivities of the resistive layers 1a and 1b
      should be varied along the sliding direction of the slidable contacts 2a
      and 2b in such a manner that the resistance R.sub.1 between the slidable
      contact 2a and the input or output terminal 6a or 6b and the resistance
      R.sub.2 between the slidable contact 2b and the common terminal 7 is
      changed respectively as shown by curves 11 and 12 of FIG. 5 which have
      been determined experimentally. In FIG. 5, the ordinate Y logarithmically
      denotes a value of the resistance R.sub.1 or R.sub.2 divided by the
      characteristic impedance (50 ohms in case of this embodiment) of the
      attenuator. The abscissa X represents the location of the slidable
      contacts 2a and 2b on the resistive layers 1a and 1b from the position 0
      where the contact 2a is in contact with the input and output terminals 6a
      and 6b and where R.sub.1 is zero (not shown by the curve 11) and R.sub.2
      is very large to the position 10 where the contact 2b is as near the
      common terminal 7 as possible and where R.sub.2 has a value indicated by
      the end 13 of the curve 12. The scale on the abscissa denotes the distance
      from the position 0 and to 10 divided in ten equal parts. In this
      embodiment, the thickness of each of the tantalum nitride resistive layers
      1a and 1b is varied along the sliding direction in order to realize such
      changes in R.sub.1 and R.sub.2 as shown respectively in the curves 11 and
      12. Alternatively, the widths of each of the resistive layers 1a and 1b
      may be varied along the sliding direction with their thickness being
      constant, for the same purpose.
PAR  It has been found that in the attenuator of this embodiment, its
      characteristic impedance is constant irrepective of the amount of
      attenuation and the amount of attenuation is not changed over a wide
      frequency range at any value of the amount of attenuation.
PAR  FIG. 6 depicts the measured values for the attenuator of the embodiment,
      wherein the abscissa and the ordinate denote respectively the frequency
      (Hz) and the amount of attenuation (dB). The curve Q.sub.1 is an
      attenuation vs. frequency characteristic in the case where the amount of
      attenuation for the direct current is 0.2dB. The curves Q.sub.2 and
      Q.sub.3 are attenuation vs. frequency characteristics in cases where the
      amounts of attenuation for the direct current are 5dB and 10dB
      respectively. Any one of these curves offers a substantially flat
      frequency response within a wide range of frequencies up to about 1 or
      2GHz and can be practiced up to sufficiently high frequencies.
PAR  FIG. 7 shows that the voltage-standing-wave ratios (VSWR) can be maintained
      below 1.2 for frequencies up to 1GHz when the characteristic impedance is
      50 ohms. It is to be noted here that the curves Q'.sub.1 , Q'.sub.2 , and
      Q'.sub.3 correspond respectively to the amounts of attenuation of the
      curves Q.sub.1, Q.sub.2 and Q.sub.3 shown in FIG. 6.
PAR  Some other embodiments of this invention are illustrated in FIGS. 8 to 12,
      in which the reference numerals 1a, 1b, 2a, 2b, 3, 6a, 6b and 7 denote the
      same or similar parts as those shown thereby in FIG. 4.
PAR  In the embodiment shown in FIG. 8, an electrode 8 for electrically coupling
      resistive layers 1a and 1b is disposed between these layers for
      convenience of measurment of the resistance of each of these layers.
PAR  In the embodiment shown in FIG. 9, the resistive layers 1a and 1b are
      unified into a single layer. Even in this case, the resistance values
      distribute as shown by the curves 11 and 12 in FIG. 5 with an intermediary
      portion of the resistive layers 1a and 1b layer as its boundary.
PAR  In the embodiment shown in FIG. 10, resistive layers 1a and 1b are disposed
      in parallel and slidable contacts 2a and 2b move so as to maintain a
      spaced parallel relationship. By this contrivance, the overall length of
      the attenuator can be appreciably contracted. In this embodiment, the
      width of the resistive layer 1b is made less than that of the resistive
      layer 1a for making its resistance value R.sub.b less than the resistance
      value Ra of 1a. Moreover, additional terminals 8 and 8' are attached to
      the free ends of the resistive layers 1a and 1b, respectively. These
      terminals 8 and 8' may be used for measurement of the resistance values of
      the resistive layers 1a and 1b.
PAR  In the still other embodiment shown in FIG. 11, resistive layers 1a and 1b
      are formed in a fan-shape and 2a and contacts 2b are installed on a
      rotating shaft so that the attenuation may be varied by rotary motion of
      the shaft.
PAR  It is possible as shown in FIG. 12 to dispose resistive layers 1a and 1b on
      the inner surface of a cylindrical body and to make slidable contacts 2a
      and 2b slide along the cylindrical surface.
PAR  While the present invention has been described with reference to several
      preferred embodiments thereof, many variations and modifications will now
      become apparent to those skilled in the art. I do not wish, therefore, to
      be limited by the specifice disclosure herein, but only by the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A variable-resistance attenuator comprising a first resistive layer, a
      second resistive layer, first and second slidable contacts mechanically
      and electrically connected to one another and respectively disposed on the
      sufaces of said first and second resistive layers, input and output
      terminals provided at one end of said first resistive layer in the sliding
      direction of said first slidable contact, a common terminal provided at
      one end of said second resistive layer in the sliding direction of said
      second slidable contact, and means attached to said first and second
      slidable contacts for moving said first slidable contact in a first
      direction relative to said one end of said first resistive layer to vary
      the amount of electrical attenuation between said input and output
      terminals and for simultaneously moving said second slidable contact in an
      opposite direction relative to said one end of said second resistive layer
      to maintain the impedance between each of said input and output terminals
      and said common terminal at a constant value.
NUM  2.
PAR  2. The variable-resistance attenuator according to claim 1, in which the
      resistance value of said first resistive layer between said input terminal
      and said first slidable contact is substantially equal to the resistance
      value between said output terminal and said first slidable contact.
NUM  3.
PAR  3. The variable-resistance attenuator according to claim 1 wherein said
      common terminal is formed over the entire length of said one end of said
      second resistive layer in the direction substantially perpendicular to
      said sliding direction of said second slidable contact.
NUM  4.
PAR  4. The variable-resistance attenuator according to cliam 1 wherein said
      first and second resistive layers are arranged in a line.
NUM  5.
PAR  5. The variable-resistance attenuator according to claim 4, wherein said
      first and second resistive layers are unified into a single layer, said
      input and output terminals being provided at one end of said single layer
      and said common terminal being provided at the opposite end of said single
      layer.
NUM  6.
PAR  6. The variable-resistance attenuator according to claim 4, further
      comprising a first electrode formed at the end of said first resistive
      layer opposite to said input and output terminals, a second electrode
      formed at the end of said second resistive layer opposite to said common
      terminal, and means electrically connecting said first and second
      electrodes to one another.
NUM  7.
PAR  7. The variable-resistance attenuator according to claim 1, wherein said
      first and second resistive layers are arranged in parallel.
NUM  8.
PAR  8. The variable-resistance attenuator according to claim 7, further
      comprising a first electrode provided at the other end of said first
      resistive layer in said sliding direction of said first slidable contact
      and a second electrode provided at the other end of said second resistive
      layer in said sliding direction of said second slidable contact.
NUM  9.
PAR  9. The variable-resistance attenuator according to claim 1 wherein said
      first and second resistive layers are each formed in a fan-shape and
      arranged on a circle.
NUM  10.
PAR  10. The variable-resistance attenuator according to claim 1 wherein said
      first and second resistive layers are formed on an inner surface of a
      cylindrical body.
NUM  11.
PAR  11. The variable-resistance attenuator according to claim 1, wherein
      resistivities of said first and second resistive layers are so varied in
      said sliding direction of said first slidable contact and in said sliding
      direction of said second slidable contact, respectively, that the amount
      of attenuation of the attenuator is linearly varied with displacement of
      said slidable contacts.
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ABST
PAL  Apparatus for measuring deviation from straightness, or wall curvature or
      axial curvature, of an elongated member by ultrasonic pulse-echo
      techniques comprises at least three ultrasonic transducer means and an
      associated processing system.
PAL  In operation, each of the transducer means transmits ultrasonic search
      signals towards the elongated member and detects signals reflected from
      diametrically opposed points on a reference surface of the member. From
      the transmitted search and the received echo signals, a signal is
      generated in the associated processing system indicating the distance
      between the face of each transducer means and the associated reference
      points on the wall surface of the elongated member. The generated distance
      signals can then be processed to generate signals indicating wall
      curvature and axial curvature in the plane formed by the diametrically
      opposed points.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for measuring deviation
      from straightness, or wall curvature or axial curvature, of an elongated
      member, such as, for example, a tube, using ultrasonic pulse-echo
      techniques.
PAR  2. Description of the Prior Art
PAR  A wide variety of ultrasonic testing and measuring systems exist which are
      capable of either inspecting materials or workpieces for hidden flaws, or
      gauging the thickness or diameter of a workpiece. Typically, in ultrasonic
      pulse-echo apparatus, an electronic pulse generator provides pulses to an
      ultrasonic transducer acoustically coupled to the surface of the material
      or workpiece. In response to the electrical signal from the pulse
      generator, the transducer transmits a search signal which propagates
      through the coupling medium and into the workpiece. When an acoustic
      discontinuity, as for example, a flaw, lamination, or wall surface, is
      encountered in the workpiece by the search signal, a reflection or echo
      signal is produced which is detected by the transducer and converted into
      an electrical echo signal. The electrical search and echo signals from the
      transducer are generally used either to respectively trigger and stop a
      clock circuit or to provide a coordinate display on a cathode ray tube.
      From the time elapsed between the transmission of a search signal and the
      receipt of an echo signal by the transducer, it is possible to determine
      the distance between the face of the transducer and the acoustic
      discontinuity represented by the flaw, lamination or wall surface of the
      workpiece. A typical prior art system for measuring the thickness and
      location of a flaw in a workpiece, as described above, is found in U.S.
      Pat. No. 3,570,279, issued to D. H. Davies on Mar. 16, 1971.
PAR  U.S. Pat. No. 3,780,442, issued to W. M. Gresho on Dec. 25, 1973 discloses
      measuring the axial curvature of an elongated member, such as, for
      example, a tube. A plurality of wall curvature gauges are both mounted
      independent of each other on a rigid carrier and arrayed equiangularly
      about the axis of the carrier to form a compound gauge. Each curvature
      gauge comprises a subcarrier having a radially movable probe mounted on
      the subcarrier between two radially extending, spaced apart, fixed feet,
      and a linear variable differential transformer (LVDT) coupled to the
      probe. When the gauge is positioned in the tube, the tips of the fixed
      feet contact the referenced surface of the tube to form a longitudinal
      reference line therebetween. Any deviation from the reference line by the
      tip of the probe, which is in contact with the referenced surface of the
      tube, will cause the associated LVDT to generate a corresponding
      electrical signal thereby to indicate wall curvature along a particular
      wall area. Each of the LVDT generated electrical signals are
      proportionately weighted and concurrently processed to provide a single
      continuous output voltage signal indicating the axial curvature of the
      tube. The Gresho patent, however, does not disclose nor teach non-contact
      method of apparatus, or the use of ultrasonic pulse-echo techniques for
      effecting an axial curvature measurement of an elongated member.
PAR  The problem, therefore, is to provide method and apparatus which will
      measure the axial curvature of an elongated member while avoiding contact
      of the measuring apparatus with a surface of the member.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide new and improved method
      and apparatus for measuring the wall curvature and the axial curvature of
      an elongated member such as, for example, a tube by the use of ultrasonic
      pulse-echo techniques.
PAR  Other and further objects of the present invention will become apparent
      during the course of the following description and by reference to the
      accompanying drawings and the appended claims.
PAR  In accordance with the present invention, the method for measuring the
      deviation from straightness between two points along one surface of a
      member comprises the steps of reflecting ultrasonic signals off said
      surface along paths approximately normal thereto from sites respectively
      opposite said two points and one point intermediate said two points, said
      sites being nominally equidistant from said surface and at predetermined
      distances from one another; generating first electrical signals
      representing the transit times of said reflected ultrasonic signals; and
      generating a second electrical signal in response to the generation of
      said first signals indicative of the deviation from straightness of said
      surface between said two points.
PAR  In an alternative embodiment, axial curvature of the elongated member is
      measured in the plane of said paths by similarly measuring the deviation
      from straightness along a second surface of said member, or a second
      portion of said one surface symmetric about the longitudinal axis of said
      member, and on the opposite side of the longitudinal axis of said member
      from said one surface; and then generating a third electrical signal in
      response to the second electrical signals associated with both said one
      surface and said second surface or second portion of said one surface
      indicative of said axial curvature.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings, in which like numerals represent like parts
      in the several views:
PAR  FIG. 1 is a block diagram of a nondestructive ultrasonic axial curvature
      measuring system embodying one form of the present invention;
PAR  FIG. 2 is a diagram showing the principle of the reflection-type ultrasonic
      measuring apparatus forming part of the measuring system of FIG. 1 when
      measuring a solid elongated member;
PAR  FIG. 3 is a schematic representation of an ultrasonic pulse train including
      reflections from wall surfaces of a solid elongated member as shown in
      FIG. 2;
PAR  FIG. 4 is a diagram showing the principle of a reflection-type ultrasonic
      measuring apparatus forming part of the measuring system of FIG. 1 when
      measuring a hollow member filled with an acoustic transmitting medium;
PAR  FIG. 5 is a schematic representation of an ultrasonic pulse train including
      reflections from wall surfaces of a hollow member filled with an acoustic
      medium as shown in FIG. 4;
PAR  FIG. 6 is a block diagram of a nondestructive ultrasonic axial curvature
      measuring system embodying a second form of the present invention; and
PAR  FIG. 7 is a view in side elevation of a portion of the measuring apparatus
      showing one transducer from each of a plurality of sets of transducers
      arranged about an elongated member to obtain an axial curvature
      measurement while eliminating the effects of up to quadrafoil distortions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, a block diagram of a system, designated generally as 10, capable
      of measuring both the wall curvature and axial curvature of a solid
      cylindrical elongated member 12 by ultrasonic pulse-echo techniques is
      illustrated. Member 12, while typically a right circular cylinder, may
      have any shape, e.g., elliptical, square, triangular, etc., and may be
      hollow, as will be discussed hereinafter with reference to FIGS. 4 to 7.
      It will, of course, be understood that the elongated member 12 to be
      tested is formed from an acoustical transmitting material such as, for
      example, steel.
PAR  As shown in FIG. 1, system 10 comprises three, spaced-apart, ultrasonic
      transducers 14-16 in a non-contacting arrangement with the wall surface of
      elongated member 12, and a processing system 11 capable of exciting
      transducers 14-16 to emit ultrasonic waves and processing information
      relative to reflected waves received by transducers 14-16 thereby to
      determine wall curvature and axial curvature at a portion of member 12. As
      will be explained hereinafter with reference to FIGS. 5-7, the present
      invention may also be practiced using more than three transducers.
PAR  Transducers 14-16 are shown mounted in, and extending through, apertures
      18-20, respectively, in the bottom of a tank 22, such that the
      longitudinal axes 24-26 of transducers 14-16, respectively, are arranged
      approximately normal to the longitudinal axis 28 of member 12 to define a
      plane which includes approximately the longitudinal axis 28 of member 12
      when said member 12 is positioned in cut-outs 30, 31 formed in the ends of
      tank 22. Furthermore, the faces 32-34 of transducers 14-16, respectively,
      are preferably aligned to define a plane which is approximately parallel
      with the longitudinal axis 28 of member 12 when said member 12 is
      positioned in cut-outs 30,31.
PAR  Since transducers 14-16 are not in contact with the wall surface of member
      12, a suitable acoustic coupling medium 36, e.g., oil, water, etc., is
      placed in tank 22 between elongated member 12 and the faces 32-34 of
      transducers 14-16, respectively, to permit acoustic energy pulses to
      propagate therebetween as is well known to those familiar with the art.
PAR  Cut-outs 30,31, in tank 22, correspond in shape to the outer wall surface
      of member 12 but are slightly larger and comprise a rubber glanding system
      29, known in the art, around the entire lip of said cut-outs 30 and 31
      thereby to contact said outer wall surface of member 12 and form a bearing
      with said outer wall surface which substantially prevents leakage of the
      coupling medium 36 from tank 22 during the measuring process. Cut-outs
      30,31 also provide support for member 12 at two relatively closely spaced
      locations thereby to substantially eliminate sag, and a possible error in
      wall curvature or axial curvature measurements when member 12 is
      undergoing measurement. It is preferable to support member 12 at a
      plurality of points on either side of tank 22 by any suitable conveying
      means (not shown but known to those familiar with the art), such as, for
      example, supporting rollers. The conveying means would reduce any tendency
      for member 12 to bend under its own weight and thereby affect a curvature
      measurement.
PAR  In processing system 11, a pulse generator 40, capable of producing a
      series of intermittently occurring high frequency pulses, is connected via
      cables 41a-41c to transmitters 42-44, respectively, each transmitter being
      associated with a separate one of the transducers 14-16, respectively.
      Transmitters 42-44 may be of an essentially conventional type capable of
      producing driving signals suitable for exciting transducers 14-16,
      respectively, into radiating ultrasonic energy search pulses in response
      to individual electrical pulses over cables 41a-41c from pulse generator
      40. As is known in the art, a pulse, from pulse generator 40, capable of
      exciting an individual transducer into radiating energy, can be
      characterized by a relatively high voltage, e.g., 200-250 volts, and a
      very fast rise time. Therefore, it is preferable to provide pulses in a
      cyclical manner to each of transmitters 42-44 with gating circuits (not
      shown) that can be provided as part of pulse generator 40 or separately
      within the areas of cables 41a-41c. Alternatively, a separate pulse
      generator (not shown) can be connected to each of transmitters 42-44.
      Furthermore, by properly timing the cyclical pulses to transmitters 42-44
      and the respective transducers 14-16, it is possible to prevent pulse
      energy reflected from the wall surfaces 38 and 39 of member 12, from
      affecting measurements at each of the other transducers. The individual
      high frequency pulses from pulse generator 40 are transmitted from
      transmitters 42-44 to transducers 14-16, respectively, over respective
      cables 46-48. Transducers 14-16, excited by the high frequency pulses,
      emit corresponding search pulses of ultrasonic energy toward elongated
      member 12 through coupling medium 36.
PAR  As shown in FIG. 2 for typical transducer 14, each search pulse of
      ultrasonic energy from the face 32 of transducer 14 propagates through
      coupling medium 36 normal to the surface of member 12 along a path 50. On
      reaching the external wall surface 38 of member 12 nearest transducer 14,
      a portion of the transmitted ultrasonic pulse energy is reflected from
      said nearest surface 38 of member 12 perpendicularly back towards the face
      32 of transducer 14 along a path 51, the remainder of the pulse energy
      continuing through member 12 along path 50. On reaching the external wall
      surface 39 of member 12 furthest from transducer 14 and diametrically
      opposed to said nearest wall surface 38, the remaining ultrasonic pulse
      energy is reflected from said furthest wall surface 39 perpendicularly
      back towards the face 32 of transducer 14 along a path 52. Paths 50, 51
      and 52 are substantially aligned with one another, but are shown separated
      in FIG. 2 for purposes of explanation. It is known to those skilled in the
      art that successive reflections occur between the wall surfaces 38 and 39
      of member 12 and shown as dotted lines in FIG. 2. These successive
      reflections, however, are not pertinent for practicing the present
      invention and will not be included in the discussions of FIGS. 2 and 3.
PAR  The reflected energy, in the form of echoes, from the diametrically opposed
      wall surfaces 38 and 39 of member 12, resulting from each of the
      simultaneously transmitted ultrasonic search pulses from transducers
      14-16, is received by the associated transducer and converted to a
      corresponding electrical output signal. The individual electrical output
      signals from transducers 14-16 are transmitted over cables 46-48,
      respectively, to respective receivers 54-56. Receivers 54-56 are shown in
      block form in FIG. 1 and can be of any conventional type known in the art,
      the receivers 54-56 generally having an amplifier for amplifying the
      electrical output signal from transducers 14-16, respectively. Receivers
      54-56 each supply an output signal over cables 62-64, respectively, to
      respective timing circuits 58-60.
PAR  Timing circuits 58-60 are also connected via cables 41a'-41c',
      respectively, to pulse generator 40 and gating circuits (not shown) in
      said pulse generator 40 or in cables 41a'-41c', to receive the pulses from
      generator 40 as said pulses are supplied to the associated transmitters
      42-44 and in turn to transducers 14-16, respectively. The search pulses
      generated by each of transducers 14-16 in response to both a pulse from
      the associated transmitter 42-44, respectively, and the pulse energy
      reflected from the diametrically opposed wall surfaces 38 and 39 of member
      12, if displayed on a cathode ray tube, instead of being received by
      timing circuits 58-60, would appear as shown in FIG. 3. In FIG. 3, pulse
      66 represents the pulse from pulse generator 40 as said pulse arrives at
      each of the transducers, e.g., transducer 14. The energy radiating from
      each transducer 14-16 in response to pulse 66 is that energy which
      propagates along path 50 in FIG. 2. Pulses 67 and 68 of FIG. 3 represent
      the pulses generated by each of the transducers 14-16 in response to the
      detected pulse energy reflected from the nearest and furthest wall
      surfaces 38 and 39, respectively, of member 12 and propagating along
      respective paths 51 and 52 as shown in FIG. 2.
PAR  Timing circuits 58-60 are shown in block form in FIG. 1 and can be of any
      conventional type known in the art. Timing circuits 58-60 produce an
      output signal indicating the time elapsed between the initiation of a
      transmitted search pulse 66 (FIG. 3) from the associated transducer 14-16,
      respectively, and the receipt of any reflected wave, e.g., pulses 67 and
      68 of FIG. 3, by the associated transducer 14-16. For example, each timing
      circuit 58-60 of FIG. 1 provides an output signal indicating the time
      elapsed between pulses 66 and 67 of FIG. 3, designated as elapsed time T1,
      and pulses 66 and 68 of FIG. 3, designated as elapsed time T2. Timing
      circuits 58-60 can attain such time measurements either by producing
      separate signals indicating the time elapsed between search pulse 66 and
      each of pulses 67 and 68 of FIG. 3 (designated as T1 and T2,
      respectively), or by producing a first signal indicating the time elapsed
      between pulses 66 and 67 (T1) and then producing a second signal
      indicating the time elapsed between pulses 67 and 68, which can be added
      to said first signal (T1) to arrive at the elapsed time between pulses 66
      and 68 (T2).
PAR  The individual output signals from timing circuits 58-60 are received by a
      processor 70 over cables 72-74, respectively. Processor 70, in turn, is
      adapted to generate a signal indicating the distance between each of the
      faces 32-34 of transducers 14-16, respectively, and each of the
      diametrically opposed wall surfaces 38 and 39 of member 12 using the known
      sonic propagation velocities of the coupling medium 36 and the material of
      member 12.
PAR  Processor 70 is also adapted to generate a signal indicating the deviation
      from straightness, corresponding to longitudinal wall curvature, of a
      particular one or both of the diametrically opposed wall surfaces 38 and
      39 of member 12, in accordance with any well-known trigonometric
      technique. For example, having determined the distance actually measured
      between the face 32 of transducer 14 and the point on the nearest wall
      surface 38 of member 12 intersecting longitudinal axis 24 of transducer 14
      (designated hereinafter as distance y.sub.14) and the distance actually
      measured between the face 34 of transducer 16 and the point on the nearest
      wall surface 38 of member 12 intersecting longitudinal axis 26 of
      transducer 16 (designated hereinafter as distance y.sub.16), it is
      possible to compute the theoretical distance (y'.sub.15) between the face
      33 of transducer 15 and the point on longitudinal axis 25 of transducer 15
      where the nearest wall surface 38 of member 12 would intersect
      longitudinal axis 25 if said wall surface 38 were perfectly straight using
      the equation
      ##EQU1##
      where E = the distance between longitudinal axes 24 and 25 of transducers
      14 and 15, respectively, (see FIG. 1), and
PA1  F = the distance between longitudinal axes 25 and 26 of transducers 15 and
      16, respectively, (see FIG. 1).
PAL  The difference between the predicted distance y'.sub.15 and the distance
      y.sub.15 actually measured between the face 33 of transducer 15 and the
      point where the nearest surface 38 of member 12 intersects longitudinal
      axis 25 of transducer 15 can then be determined to arrive at the magnitude
      of the deviation from straightness (h.sub.1), where h.sub.1 = y'.sub.15 -
      y.sub.15, of said nearest wall surface 38. The radius of curvature
      (R.sub.1) of the wall surface 38 nearest transducers 14-16 can then be
      determined from the equation
EQU  R.sub.1 = (E)(F)/2h.sub.1                                  (2)
PAR  The magnitude of the deviation from straightness (h.sub.2) and the radius
      of curvature (R.sub.2) for the wall surface 39 of member 12 diametrically
      opposed to said wall surface 38 nearest transducers 14-16 can also be
      determined in a similar manner. The axial curvature of said elongated
      member 12 in the plane defined by the two diametrically opposed wall
      surfaces can then be found using the equation
EQU  R.sub.C1 = (E)(F)/(h.sub.1 + h.sub.2)                      (3)
PAR  To completely define the radius of curvature in elongated member 12 in
      accordance with the above procedure, the axial curvature (R.sub.C2) in a
      second plane approximately normal to the first plane just measured should
      be measured in a manner similar to that described hereinabove for said
      first plane. The net radius of curvature (R) for elongated member 12 along
      longitudinal axis 28 can be determined by the equation
EQU  R = .sqroot.R.sub.c1.sup.2 + R.sub.C2.sup.2                (4)
PAR  the output signal from processor 70 is transmitted over cable 76 to an
      indicator 78 which can be any of the conventional visual or recording
      indicators known in the art.
PAR  Where system 10 of FIG. 1 is to be used to measure the wall and axial
      curvature of an elongated member 12 which is hollow, member 12 should be
      completely filled with a coupling medium 36 to permit the pulse energy
      generated by each of transducers 14-16 to propagate to the furthest
      external wall surface 39 of member 12 and be reflected back therefrom to
      the faces 32-34 of the associated transducers 14-16, respectively. As
      shown in FIG. 4 for a hollow member 12, corresponding to that shown in
      FIG. 2 for a solid member 12, and typically for transducer 14, but also
      representative of transducers 15 and 16, each pulse of ultrasonic energy
      from transducer 14 propagates through coupling medium 36 from the face 32
      of transducer 14 towards elongated member 12 along a path 50.
PAR  When the transmitted ultrasoninc pulse energy encounters the external wall
      surface 38 of member 12 nearest transducer 14, a first portion of the
      transmitted ultrasonic pulse energy is reflected back from said nearest
      external surface 38 of member 12 towards the face 32 of transducer 14
      along a path 51, the remainder of the transmitted pulse energy continuing
      through member 12 along path 50. When the remaining transmitted pulse
      energy encounters the internal wall surface 80 of member 12 nearest
      transducer 14, a second portion of the remaining pulse energy is reflected
      back towards the face 32 of transducer 14 along a path 82, the remainder
      of the pulse energy continuing through the coupling medium 36 within the
      bore of member 12, along path 50. When the remaining transmitted pulse
      energy encounters the internal wall surface 83 of member 12 diametrically
      opposed to the internal wall surface 80 nearest transducer 14, a third
      portion of the remaining transmitted pulse energy is reflected back
      towards face 32 of transducer 14 along a path 84. The remaining ultrasonic
      pulse energy continues along path 50 and is reflected from the external
      wall surface 39 of member 12 furthest from transducer 14 back towards the
      face 32 of transducer 14 along path 52. Similar to that shown in FIG. 2,
      successive reflections occur whenever a transmitted or reflected energy
      pulse meets any one of wall surfaces 38, 39, 80, and 83. However, only
      those energy pulses pertinent for practicing the present invention are
      shown in FIGS. 4 and 5 and discussed herein.
PAR  The pulses generated by transducer 14 in FIG. 4, in response to both a
      pulse from transmitter 42 and the detection of pulse energy being
      reflected back towards transducer 14 from the wall surfaces 38, 39, 80,
      and 83 of member 12, if displayed on a cathode ray tube would appear as
      shown in FIG. 5. There, pulse 66 corresponds to the search pulse generated
      by transducer 14 in response to a pulse from the associated transmitter 42
      over cable 46. Pulses 67 and 68, as in FIG. 3, correspond to the pulses
      generated by transducer 14 in response to the detection of pulse energy
      being reflected from the nearest and furthest diametrically opposed
      external wall surfaces 38 and 39, respectively, of member 12 propagating
      along respective paths 51 and 52. As shown in FIG. 5, the time elapsed
      between the generation, by transducer 14, of pulses 66 and 67, the pulses
      66 and 68 are designated as time periods T1 and T2, respectively. Pulses
      86 and 88 represent the pulses generated by transducer 14 in response to
      the detection by said transducer 14 of pulse energy being reflected from
      the nearest and furthest diametrically opposed internal wall surfaces 80
      and 83, respectively, of member 12 propagating along respective paths 82
      and 84. As shown in FIG. 5, the time elapsed between the generation, by
      transducer 14, of pulses 66 and 86, and pulses 66 and 88 are designated as
      time periods T3 and T4, respectively.
PAR  For a hollow member 12, wall and axial curvature measurements are generally
      performed with reference to the bore of member 12 since the internal wall
      surface is generally the surface of most interest. The description which
      follows for a hollow member 12 is mainly directed to the measurement of
      wall and axial curvature with reference to the internal wall surface of
      member 12, although it should be understood that the external wall surface
      could alternatively be referenced. Where curvature measurements are made
      with reference to the internal wall surface of member 12, each of timing
      circuits 58-60 need only be adapted to respond to pulses 66, 86 and 88
      (FIG. 5) from each of transducers 14-16, respectively, thereby to generate
      an output signal representative of the time elapsed during each of periods
      T3 and T4. From the output signals of each of timing circuits 58-60,
      processor 70 can sequentially determine (a) the distance between each of
      the faces 32-34 of transducers 14-16, respectively, and each of the
      diametrically opposed internal wall surfaces 80 and 83 of member 12, (b)
      the deviation from straightness (h) and the radius of curvature (R.sub.c)
      for each of said diametrically opposed internal wall surfaces 80 and 83,
      and (c) the axial curvature (R) of member 12 as described hereinabove.
PAR  Where the bore of a hollow member 12 is not filled with, or does not
      contain, a suitable acoustic coupling medium 36 and it is desired to
      measure the axial curvature of member 12, an alternative embodiment of the
      present invention as shown in FIG. 6 could be used. There, pulse generator
      40, and transducers 14-16 in cooperation with the respective associated
      transmitters 42-44, receivers 54-56, and timing circuits 58-60 operate as
      described for the like-numbered components in FIG. 1. Without a coupling
      medium in the bore of hollow member 12, an ultrasonic energy pulse
      radiating from each of transducers 14-16 will only propagate along path 50
      in FIG. 4 as far as internal wall surface 80 of member 12 with the
      reflected energy pulses returning from external wall surface 38 and
      internal wall surface 80 along paths 51 and 82, respectively, to the
      associated transducers 14-16. Timing circuits 58-60 of FIG. 6, therefore,
      need only be adapted to respond to the equivalent of pulses 66 and 86 of
      FIG. 5.
PAR  In FIG. 6, transducers 14-16 and the associated circuitry only permit a
      first measurement of wall curvature along the internal wall surface 80 at
      a first side of member 12. As described previously, a second measurement
      of wall curvature along the internal wall surface 83 at a second side of
      member 12 is necessary to determine axial curvature, where said first and
      second wall curvature measurements are preferably taken along
      diametrically opposed portions of the internal wall surface of member 12.
      The axial curvature of member 12 could, of course, be obtained by first
      measuring the internal wall curvature at said first side of member 12
      using transducers 14-16 and then rotating member 12 by 180.degree. to
      measure the internal wall curvature at said second side of member 12 again
      using transducers 14-16.
PAR  A more efficient arrangement, however, is shown in FIG. 6. There, a second
      set of transducers 90-92 are shown mounted in apertures 94-96,
      respectively, in tank 22 such that transducers 90-92 lie in the same plane
      defined by transducers 14-16 and the axes of transducers 90-92 lie
      colinear with the axes 24-26 of transducers 14-16, respectively, member 12
      being positioned therebetween and surrounded by coupling medium 36.
      Transducers 90-92 have associated therewith respective transmitters
      98-100, respective receivers 102-104, and respective timing circuits
      106-108 which function as described for the corresponding components
      associated with transducers 14-16. Pulse generator 40 transmits pulses
      cyclically to both transmitters 42-46 and 98-100 over cables 41a-41c and
      41d-41f, respectively, and timing circuits 58-60 and 106-108 over cables
      41a'-41c' and 41d'-41f', respectively, in a manner described hereinabove
      for FIG. 1 thereby to permit timing circuits 58-60 and 106-108 to measure
      the elapsed time between the generation of a search pulse from each of
      respective transducers 14-16 and 94-96 and the receipt of reflected pulse
      energy from only the nearest one of the diametrically opposed internal
      wall surfaces 80 and 83.
PAR  The output signals from timing circuits 58-60 are transmitted over cables
      72-74, respectively, to a first section 114 of processor 70 therein to
      determine the deviation from straightness and radius of curvature of
      internal wall surface 80. The output signals from timing circuits 106-108
      are transmitted over cables 110-112, respectively, to a second section 116
      of processor 70 therein to determine the deviation from straightness and
      radius of curvature of internal wall surface 83. The axial curvature of
      member 12 can then be determined in a third section 118 of processor 70
      using the results obtained in the first section 114 and second section 116
      of processor 70 and displayed, or recorded, on indicator 78 for the real
      time evaluation of the straightness of member 12.
PAR  A simplified, direct real time plot of axial curvature along member 12 can
      be obtained by axially moving member 12 past transducers 14-16 (FIGS. 1
      and 6) and 90-92 (FIG. 6) while pulse generator 40 transmits pulses to
      said transducers. As a result, electrical signals representing deviation
      from straightness and wall curvature for each of the diametrically opposed
      wall surfaces 80 and 83 are generated in processor 70 which electrical
      signals are properly combined so as to generate a continuous output signal
      from processor 70 indicating the magnitude of the axial curvature
      component in the plane defined by the transducers. Thus, the rapidity of
      data taking and analysis is enhanced both by the concurrent determination
      of two wall curvature values and by the instantaneous and automatic
      processing of said two curvature values into meaningful information
      concerning axial curvature along member 12.
PAR  The discussion thus far assumes an absence of any effects from higher
      order, odd- or even-foil distortions. An odd-foil distortion is a
      symmetrical distortion characterized by an odd number of lobes in a tube
      cross section, e.g., a trifoil distortion characterized by three lobes
      arrayed equiangularly about the axis of the tube. An even-foil distortion
      is a symmetrical distortion characterized by an even number of lobes in a
      tube cross section.
PAR  It should be noted that even-foil distortions of any order will not
      substantially affect the operation of the system of FIGS. 1 and 6, since
      even-foil distortions will be balanced out by the averaging of values of h
      taken along opposed wall surfaces of member 12.
PAR  Periodic odd-foil distortions, when viewed radially from the longitudinal
      axis 28 of member 12, may appear initially to constitute deviations in
      axial curvature. Upon further observation, however, the deviation will be
      found to be periodic about the periphery of the tube. In some instances,
      these higher order odd-foil distortions may be ignored, inasmuch as they
      are generally much less pronounced than those caused by variations in
      axial curvature. Such higher order odd-foil distortions may, however, be
      significant in such fields as millimeter waveguide transmission, or where
      cylinders of a desired odd-foil geometry, e.g., triangular or pentagonal,
      are involved. Techniques for measuring axial curvature in a tube, with
      higher order odd- and even-foil effects substantially eliminated, are
      available through the use of a system of the type shown typically in FIG.
      7 of the present invention.
PAR  An arbitrary cross section of the interior surface of hollow member 12 can
      be described in polar coordinates as an infinite Fourier series using the
      equation:
      ##EQU2##
      where r(.theta.) is the radial distance to the waveguide surface as a
      function of polar angle at a given longitudinal position on elongated
      member 12;
PA1  r.sub.o is the nominal radius of the cross section;
PA1  r.sub.l is the magnitude of the l.sup.th foil distortion in the cross
      section; and
PA1  .phi..sub.l is the angular orientation of the l.sup.th foil distortion.
PAL  Equation (5) can be rewritten as:
      ##EQU3##
      where .phi..sub.o = .pi./2. A finite-Fourier approximation, designated as
      r(.theta.), to equation (6) can be derived from the equation:
      ##EQU4##
      where 2M is the number of sample points about the periphery of the cross
      section; and
PA1  a.sub.m, b.sub.m are the magnitudes of the m.sup.th foil distortion in the
      (.theta. = 0) and (.theta. =.pi./2) directions, respectively, and can be
      calculated from the equations:
      ##EQU5##
PAR  Turning to FIG. 7, there is shown one transducer from each of eight sets of
      three or more transducers and designated as transducers 120-127, each set
      of transducers being arranged in a similar manner to a set of transducers
      (14-16 or 90-92) shown in FIGS. 1 and 6. Transducers 120-127 are
      equiangularly arrayed around the outer periphery of member 12 at a
      predetermined distance from said member to define a plane which is
      approximately normal to the longitudinal axis 28 of member 12. Other
      methods of determining axial curvature are also available where
      transducers 120-127 need not be equiangularly arrayed about member 12.
      However, where the transducers are not equiangularly arrayed, equations
      (5)-(9) above should be modified to account for transducer positions as is
      well known in the art. Each of transducers 120-117 associated therewith a
      transmitter, receiver, and timing circuit similar to that shown for each
      transducer in FIGS. 1 and 6 which are connected to a processor 70.
      Processor 70, in accordance with the principles of equations (5)-(9)
      instead of equations (2)-(4), can derive the arbitrary cross section of
      the interior surface of member 12 in the plane of transducers 120-127 and
      also determine the location of the longitudinal axis 28 of member 12 in
      said cross section. Processor 70 would also determine the cross-sectional
      configuration and location of the longitudinal axis 28 within said
      configuration in the plane of the other corresponding transducers in each
      of the sets of transducers. From the determined polar coordinates of the
      longitudinal axis 28 of member 12 in each of the said planes, processor 70
      could, by well-known mathematical techniques, determine the magnitude and
      direction of the axial curvature of member 12.
PAR  By using eight transducers in each plane, it is only possible to obtain
      Fourier components up to quadrafoil distortions as indicated by the
      elements of equation (7). Therefore, FIG. 7 merely illustrates a typical
      arrangement for measuring axial curvature of a member 12 where the effects
      of higher odd- and even-foil distortions are to be compensated for. For
      foil distortions above quadrafoil, the amount of transducers arrayed about
      member 12 would have to be increased appropriately.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for measuring the axial curvature of an elongated member by
      ultrasonic pulse-echo techniques, the method comprising the steps of:
PA1  a. transmitting an ultrasonic search signal towards and approximately
      normal to the longitudinal axis of said elongated member from each of a
      plurality of transducer sites, said sites being arrayed about and
      nominally equidistant from said longitudinal axis in at least three
      parallel planes spaced therealong;
PA1  b. receiving at each of said sites a portion of the transmitted search
      signal reflected back thereto from at least one of a first associated
      point and a second associated point diametrically opposed to said first
      point on a wall surface of said elongated member;
PA1  c. generating first electrical signals in response to receipt of the
      reflected portions of the search signals which are representative of the
      respective distances between each site and at least one of said first and
      second diametrically opposed points on said wall surface of said elongated
      member; and
PA1  d. sequentially generating a second electrical signal in response to said
      first electrical signals describing in polar coordinates the location of
      the longitudinal axis of said elongated member in each of said three
      parallel planes, and generating a third electrical signal in response to
      said second electrical signal which defines the magnitude and direction of
      the axial curvature of said member.
NUM  2.
PAR  2. Apparatus for measuring the deviation from straightness between two
      points along a surface of a member by ultrasonic pulse-echo techniques,
      the apparatus comprising:
PA1  at least three transducer means arranged normal to said surface and
      respectively opposite said two points and at least one point intermediate
      said two points, said transducer means being further arranged nominally
      equidistant from said surface and at predetermined distances from one
      another to define a plane which approximately includes the longitudinal
      axis of said member;
PA1  first means adapted to hold an acoustic coupling medium between and in
      contact with each transducer means and the wall surface of said member
      nearest each transducer means;
PA1  second means for generating first electrical signals capable of being
      converted into ultrasonic search signals by said transducer means and
      transmitted via said first means to said member;
PA1  third means connected to each of said transducer means for generating
      second electrical signals indicating the time elapsed between the
      transmission of said ultrasonic search signals and the detection by each
      of said transducer means of a portion of the search signal reflected from
      the point on said surface opposite thereto; and
PA1  processor means for generating a third electrical signal in response to
      said second electrical signals indicative of the deviation from
      straightness of said surface between said two points.
NUM  3.
PAR  3. Apparatus for measuring the axial curvature of an elongated member
      having a longitudinal axis by ultrasonic pulse-echo techniques, the
      apparatus comprising:
PA1  a plurality of ultrasonic transducer means arranged in at least three sets,
      each set having at least three transducer means, each of said transducer
      means being arranged nominally equidistant from and normal to said
      longitudinal axis, the corresponding transducer means from each set of
      transducer means being arrayed about said longitudinal axis to define a
      separate plane which is normal to said longitudinal axis;
PA1  first means for generating first electrical signals capable of being
      converted into ultrasonic search signals by said transducer means and
      transmitted to said elongated member;
PA1  second means connected to each of said transducer means for generating
      second electrical signals indicating the time elapsed between the
      transmission of said ultrasonic search signals and the detection by each
      of said transducer means of a portion of the search signal reflected back
      towards each of said transducer means from a point opposite thereto and on
      at least one of an external and internal wall surface of said elongated
      member; and
PA1  processor means connected to said second means for sequentially generating
      in response to said second electrical signals, third electrical signals
      describing in polar coordinates the location of the longitudinal axis of
      said member in each of the separate planes defined by the corresponding
      transducer means in said sets of transducer means, and generating a fourth
      electrical signal in response to said third electrical signals indicative
      of the magnitude and direction of the axial curvature of said member.
NUM  4.
PAR  4. A method of measuring the axial curvature of a nominally straight
      elongated member having a first surface and a second surface, the first
      and second surfaces being substantially symmetrical about a longitudinal
      axis; which comprises:
PA1  a. positioning the member with respect to three sites spaced at
      predetermined distances along a line substantially parallel to the
      longitudinal axis, each site being capable of transmitting and receiving
      ultrasonic signals along a path substantially normal to the first and
      second surfaces, the paths and the longitudinal axis lying substantially
      in a first plane;
PA1  b. at each site, transmitting ultrasonic signals to the first and second
      surfaces and receiving portions of the ultrasonic signals reflected from
      the first and second surfaces;
PA1  c. generating first electrical signals representing the transit times of
      the portions of the ultrasonic signals reflected from the first surface;
PA1  d. generating a second electrical signal from the first electrical signals,
      the second electrical signal indicating the curvature of the first surface
      in the first plane;
PA1  e. generating third electrical signals representing the transit times of
      the portions of the ultrasonic signals reflected from the second surface;
PA1  f. generating a fourth electrical signal from the third electrical signal,
      the fourth electrical signal indicating the curvature of the second
      surface in the first plane; and
PA1  g. generating a fifth electrical signal from the second and fourth
      electrical signals, the fifth electrical signal indicating the axial
      curvature of the member in the first plane.
NUM  5.
PAR  5. The method of claim 4, which further comprises:
PA1  h. performing steps (a)-(g) for an additional three sites, the paths from
      the additional three sites and the longitudinal axis lying substantially
      in a second plane perpendicular to the first plane; and
PA1  i. generating a sixth electrical signal from the fifth electrical signal
      generated in step (g) for the three sites and the fifth electrical signal
      generated in step (g) for the additional three sites; the sixth electrical
      signal indicating the net axial curvature of the member.
NUM  6.
PAR  6. The method of claim 4 wherein the member is hollow and the first and
      second surfaces are interior surfaces.
NUM  7.
PAR  7. Apparatus for measuring the axial curvature of a nominally straight
      elongated member having a first surface and a second surface, the first
      and second surfaces being substantially symmetrical about a longitudinal
      axis, which comprises:
PA1  a. three transducers spaced at predetermined distances along a line
      substantially parallel to the longitudinal axis, each transducer being
      capable of transmitting ultrasonic signals along a path substantially
      normal to the first and second surfaces and receiving portions of the
      ultrasonic signals reflected along the paths by the first and second
      surfaces, the paths and the longitudinal axis lying substantially in a
      plane;
PA1  b. means connected to each transducer for generating first electrical
      signals capable of being converted into ultrasonic signals by the
      transducers;
PA1  c. means connected to each transducer for generating second electrical
      signals representing the transit times of the portions of the ultrasonic
      signals reflected from the first surface and third electrical signals
      representing the transit times of the portions of the ultrasonic signals
      reflected from the second surface; and
PA1  d. means for generating fourth, fifth, and sixth electrical signals, the
      fourth electrical signal being generated from the second electrical
      signals and indicating the curvature of the first surface in the plane,
      the fifth electrical signal being generated from the third electrical
      signals and indicating the curvature of the second surface in the plane,
      and the sixth electrical signal being generated from the fourth and fifth
      electrical signals and indicating the axial curvature of the member in the
      plane.
NUM  8.
PAR  8. The apparatus of claim 7 wherein the elongated member is hollow and is
      filled with an acoustic coupling medium, and the first and second surfaces
      are interior surfaces.
NUM  9.
PAR  9. The apparatus of claim 7 wherein the elongated member is hollow and the
      first and second surfaces are interior surfaces.
NUM  10.
PAR  10. Apparatus for measuring the axial curvature of a nominally straight,
      elongated member having a first surface and a second surface, the first
      and second surfaces being symmetrical about a longitudinal axis, which
      comprises:
PA1  a. three first transducers spaced at predetermined distances along a first
      line substantially parallel to the longitudinal axis, the first
      transducers being capable of transmitting ultrasonic signals along first
      paths substantially normal to the first surface and receiving portions of
      the ultrasonic signals reflected from the first surface, the first paths
      and the longitudinal axis lying substantially in a plane;
PA1  b. three second transducers spaced at predetermined distances along a
      second line substantially parallel to the longitudinal axis and
      diametrically opposite the first line, the second transducers being
      capable of transmitting ultrasonic signals along second paths
      substantially normal to the second surface and receiving portions of the
      ultrasonic signals reflected from the second surface, the second paths
      lying substantially in the same plane as the longitudinal axis;
PA1  c. means connected to each transducer for generating first electrical
      signals capable of being converted into ultrasonic signals by the
      transducers;
PA1  d. means connected to each first transducer for generating second
      electrical signals representing the transit times of the portions of the
      ultrasonic signals reflected from the first surface;
PA1  e. means connected to each second transducer for generating third
      electrical signals representing the transit times of the portions of the
      ultrasonic signals reflected from the second surface; and
PA1  f. means for generating fourth, fifth and sixth electrical signals, the
      fourth electrical signal being generated from the second electrical
      signals and indicating the curvature of the first surface in the plane,
      the fifth electrical signal being generated from the third electrical
      signals and indicating the curvature of the second surface in the plane,
      and the sixth electrical signal being generated from the fourth and fifth
      electrical signals and indicating the axial curvature of the member in the
      plane.
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ABST
PAL  A self-deploying and a self-aligning linear acoustic detector which can be
     ir dropped. The detector includes a parachute for deployment and has a
      mast, set of sails and booms for deploying and aligning an array of the
      detector. A neutrally buoyant array cable includes a plurality of
      neutrally buoyant hydrophones attached along its length which can be
      deployed horizontally at a predetermined depth in water. The array is also
      provided with a drogue at one end thereof to facilitate deployment of the
      array and to prevent it from moving after its deployment. The array is
      also provided with an auxiliary buoy for establishing the operating depth
      of the drogue and of the array. Ballast weights are provided to keep the
      mast vertical and to carry the array cable to a predetermined depth and
      keep it in a horizontal position after its deployment.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to linear arrays and more specifically to an air
      droppable, self-deploying and self-aligning linear acoustic detector for
      providing advanced listening capability based on the ability of the
      detector to listen in selected acoustic beams.
PAR  There exist several types of air dropped acoustic listening devices,
      commonly known as sonobuoys. They may be deployed in groups for
      localization of targets. Besides, line arrays have been towed from vessels
      and implanted in the ocean. The air dropped devices have many advantages
      such as quick reaction to a threat, rapid deployment over large distances
      and elimination of a waterborne platform. The line arrays have advantages
      because of their ability to listen in certain selected narrow beams, thus
      greatly improving the signal to noise ratio and achieving long ranges and
      improved discrimination. It is thus desirable to combine the advantages of
      air dropped acoustic listening devices such as sonobuoys and those of line
      arrays.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and advantages of the present invention are accomplished by
      utilizing a linear acoustic detector which can be air dropped and which
      self-deploys and self-aligns. The detector comprises a parachute or
      rotochute system. A mast, a set of booms and sails, and a ballast weight,
      are all stowed together in a buoyant main body of the linear acoustic
      detector. The main body or electronic buoy is attached to the parachute by
      means of a line. The main body of the detector also houses a transmitter,
      a power source and allied electronics. The main body is attached to a
      cable pod which stows a plurality of hydrophones, a weighted section or
      array ballast, a compass and an array cable. The cable pod is also
      attached to a buoyant auxiliary buoy by means of a light line or cable.
      Various components of the detector such as the parachute, the main body,
      the cable pod, and the auxiliary buoy, are tied together by means of lines
      and cables. In operation, when the detector is air dropped, the parachute
      section opens up and slows the downward motion of the detector. The main
      body plunges into the water together with the auxiliary buoy and the cable
      pod and the parachute portion of the detector is disengaged. The buoyant
      main body then comes to the water surface and the mast, the booms and the
      sails open up from the stowed position in the main body. However, the
      cable pod and the auxiliary buoy continue their journey in water and sink
      to a predetermined depth controlled by the length of the line between the
      main body and the array ballast, after which the buoyant auxiliary buoy
      rises to the water surface. The drogue portion of the cable pod then opens
      up and serves to hold one end of the array cable in position. In the
      meantime, the sails propel the main body down wind under the influence of
      wind and/or surface current and the contents of the cable pod including
      the array cable, the set of hydrophones and signal conditioners, and the
      array ballast are hauled out. The array ballast attached to the other end
      of the array cable positions the hydrophones of the array at a
      predetermined depth in a horizontal plane.
PAR  An object of this invention is to provide a self-deployable and
      self-aligning linear acoustic detector.
PAR  Another object of this invention is to provide an air dropped linear
      acoustic detector which provides a long range and an improved
      discrimination against noise.
PAR  Still another object of this invention is to provide an air dropped linear
      acoustic detector which combines the advantages of sonobuoys and line
      arrays.
PAR  Still another object of this invention is to provide a system which has a
      quick response for deployment.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation of an air dropped linear acoustic
      detector;
PAR  FIG. 2 shows a position of the linear acoustic detector after it has been
      dropped;
PAR  FIG. 3 shows a position of the linear acoustic detector subsequent to the
      position shown in FIG. 2; and
PAR  FIG. 4 shows the configuration of the linear acoustic detector after it has
      been deployed.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawings wherein like reference characters designate like
      parts throughout and more particularly to FIG. 1 thereof, a perspective
      view of the linear acoustic detector is shown. Numeral 10 shows the
      detector comprising four sections: a parachute or rotochute 12; main body
      or electronics buoy 14; cable pod/drogue 16; and an auxiliary buoy 18, all
      tied together to form a single unit.
PAR  Cable pod 16 comprises a cable tub 20 and a drogue 24. It contains the
      array 26 which includes a weighted section or array ballast 28, and a
      neutrally buoyant array cable 30, neutrally buoyant set 32 of hydrophones
      and signal conditioners, and a compass 34. The main body or electronics
      buoy comprises a ballast weight or a weighted section 36, and a hollow
      cylindrical section 37 for stowing the mast 40, a set 42 of booms, and a
      set 44 of sails and a buoyant section 38. Within the main body there is
      located a battery 46 and a transmitter 48. An antenna 50 is also shown in
      FIGS. 2 and 3 for transmitting signals from the hydrophone set 32 via
      transmitter 48. Compass 34 is used for sensing the direction of the array.
      Various sections of the detector, i.e., parachute 12, main body 14, cable
      pod 16, and auxiliary buoy 18, are held together as a single unit by
      various lines or cables. In a closed position of the detector, the set of
      booms and the set of sails are stowed in the hollow cylindrical section 37
      of the main body 14. Parachute 12 and main body 14 are connected to each
      other by means of a line which is also used for deployment purposes. A
      line 54 connecting the auxiliary buoy 18 to cable pod 20 is also shown in
      FIG. 1. In the closed position of the array, the array cable 30, the
      drogue 24, the set 32 of hydrophones including signal conditioners, the
      compass 34, and the array ballast weight 28 are stowed in cable pod 16. It
      is to be noted that the shapes of the various sections of this line array
      can vary without deviating from the teachings of this invention.
      Furthermore, the materials of which these sections are made may also vary.
PAR  The deployment of the array is accomplished by dropping it from an airplane
      or other vehicle which may carry the unit within a cargo space, a bomb bay
      on a wing rack, or a stowage container. When the unit is released, the
      parachute or decelerator deploys to slow down the unit to an acceptable
      drop speed. When the unit enters the water, several actions are initiated.
      The mast-booms-sails combination is extended and the auxiliary buoy 18 and
      the cable pod 16 are released from the main body 14. The weight of the
      array ballast 28 in the cable pod causes both the auxiliary buoy 18 and
      the cable pod 16 to descend as shown in FIGS. 2 and 3.
PAR  FIG. 2 represents the position where the sails and the booms are partially
      extended and the cable pod and the auxiliary buoy are in the initial
      stages of their journey downward into the water. It is to be noted that as
      soon as the sails and booms open up, the parachute portion of the linear
      acoustic detector is disengaged from the remaining sections of the linear
      acoustic detector.
PAR  FIG. 3 represents the position of the cable pod 16, auxiliary buoy 18 and
      the main body 14 after elapsing of some time from the situation shown in
      FIG. 2.
PAR  The buoyancy of the auxiliary buoy 18 causes it to return to the surface
      while the cable pod continues downward until it is stopped by the
      disengagement of the array ballast weight 28 which are now supported by
      the main body or electronics buoy 14. The array cable 30 and set 32 of
      hydrophones and signal conditioners are neutrally buoyant. Therefore, the
      auxiliary buoy 18 need only support the in-water weight of the cable pod
      16 which is small. At this time, a release is triggered which extends the
      drogue 24. It should be noted that the deployment of the array depends on
      the existence of either a wind which will blow the main body 14 down wind
      from the cable tub/drogue 20 or a surface current which will accomplish
      the same effect. It is possible that the array might move under the
      influence of both a wind and a surface current. The movement of the main
      body 14 away from the cable tub/drogue 20 hauls the array from the tub 20
      and causes it to form a linear configuration when it has all been hauled
      out. The force of the wind and/or current on the main body will keep the
      array 30 taut as it slowly moves down wind and/or down current. The array
      ballast 28 keeps the array at a depth determined by the riser line of the
      array, i.e., the length of line 52. The contents of the cable pod 16
      including the array ballast 28, the compass 34, the array cable 30 and the
      hydrophones set 32, start coming out of the cable pod 16 until the array
      cable 30 takes on the position of a line. The ballast weight 36 keeps the
      mast in vertical position, the array cable stays in a horizontal plane,
      the position of which is determined by the length of the riser line 52
      between the main body and the array ballast 28 which is the same as the
      length of the line 54 between the cable pod and the auxiliary buoy.
PAR  Briefly stated, the linear acoustic detector of this invention comprises a
      parachute, main body, cable pod, an array in the cable pod, and an
      auxiliary buoy, all connected together to form a single unit. The cable
      array, including a plurality of hydrophones, signal conditioners and a
      compass, are stowed in the cable pod. A mast-booms-sails arrangement is
      stowed in the main body before the detector is activated by dropping it
      near the area of interest. when the detector is dropped, the parachute
      slows down the speed of the unit to an acceptable drop speed. When the
      unit reaches the water, the parachute is disengaged from the remaining
      sections of the detector and the mast-booms-sails combination is extended
      with the release of the auxiliary buoy and the cable pod. The cable pod
      and auxiliary buoy travel through the water due to the weight of the array
      ballast in the cable pod up to a depth determined by the length of the
      line between main body and the array ballast. At that position the buoyant
      auxiliary buoy starts going up until it reaches the surface. In the
      meantime, the mast-booms-sails combination moves down wind under the
      influence of a wind or current which causes the contents of the cable pod,
      i.e., the array cable including the hydrophones, compass and the signal
      conditioners, and the array ballast, to be hauled out and the drogue to
      open up. The ballast weight attached to the main body keeps the mast in
      the upright position. It is to be noted that existing types of hydrophones
      and signal conditioners, power sources such as batteries, transmitters and
      allied electronics may be used to practice the teachings of this
      invention.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. As an example, the shape of
      the array unit may vary from a streamlined configuration to any other
      suitable configuration. Furthermore, different types of mast-sail
      arrangements may be used including the use of gas filled shapes either
      affixed to the buoy or airborne and different methods of stowing them.
      Furthermore, shape and design of the drogue used may also vary. Besides,
      methods of stowing the array in the cable tub may also vary. Furthermore,
      the antenna for the transmitter may be installed in the mast-booms-sails
      arrangement. It is therefore understood that within the scope of the
      appended claims the invention may be practiced otherwise than as
      specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A linear acoustic detector comprising:
PA1  a parachute section;
PA1  a main body detachatably connected to said parachute section;
PA1  a mast-booms-sails arrangement removably stowed in said main body;
PA1  a cable pod connected to said main body;
PA1  an array cable removably stowed away in said cable pod;
PA1  a plurality of hydrophones connected along the length of said array cable;
      and
PA1  an auxiliary buoy detachably connected to said cable pod.
NUM  2.
PAR  2. The linear acoustic detector of claim 1 wherein said main body further
      includes a ballast weight adapted to keep the mast of said
      mast-booms-sails combination generally vertical when in the open position
      thereof.
NUM  3.
PAR  3. The linear acoustic detector of claim 2 wherein said main body includes
      a transmitter and a source of power housed therein.
NUM  4.
PAR  4. The linear acoustic detector of claim 3 wherein said cable pod further
      includes a compass fixed therein for sensing said array cable direction in
      the deployed position thereof.
NUM  5.
PAR  5. The linear acoustic detector of claim 4 wherein said plurality of
      hydrophones and said array cable are neutrally buoyant.
NUM  6.
PAR  6. The linear acoustic detector of claim 5 wherein said cable pod further
      includes an array ballast weight detachably housed therein for maintaining
      said array cable in generally horizonal plane in the deployed position
      thereof.
NUM  7.
PAR  7. The linear acoustic detector of claim 6 wherein said cable pod further
      includes a drogue secured at one end thereof for reducing the movement of
      said cable array in the deployed position thereof.
NUM  8.
PAR  8. The linear acoustic detector of claim 7 wherein said main body is
      buoyant.
NUM  9.
PAR  9. The linear acoustic detector of claim 8 wherein said auxiliary buoy is
      buoyant.
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ABST
PAL  1. In combination in a sonar system for displaying a succession of echo
       sals received from a target illuminated respectively by a succession of
      transmitted pulses,
PA1  Means for generating a base threshold quantity related to background noise,
PA1  A comparator for comparing the amplitude of each echo signal with the base
      threshold,
PA1  First means responsive to received signals which pass said comparator for
      changing said base threshold in predetermined relatively small increments,
PA1  Second means responsive to received signals which pass said comparator for
      changing said base threshold in predetermined relatively large increments.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAR  This invention relates to sonar receivers and is particularly directed to
      threshold control circuits.
PAR  Sonar systems currently developed and in use comprise an array of
      underwater transducers disposed in a planar or cylindrical array. Each
      transducer element is connected through separate circuits to the receiving
      equipment aboard ship. There the signals of the transducers are
      appropriately delayed by phase shifting or time delay networks, before
      combining, to increase the gain of the array in any one direction. In a
      typical circular array where there are provided 48 groups of transducers,
      or staves, the voltages may be so combined as to provide 48 simultaneous
      beams, 71/2.degree. wide at the half-power points. The array is thus
      effectively omnidirectional. For displaying target signals received from
      all points of the compass it is a simple matter to successively sample the
      returning beam voltages. Each beam voltage is separately amplified,
      sampled and displayed. In the process, many of the background noise
      voltages must be excluded from the signals so displayed, else the display
      screen would show many signals of no importance and the desired target
      signal would be obscured. It has been found necessary, then, to compare
      each incoming signal or sonar event with a locally generated threshold
      voltage which must be exceeded for the event to pass into the display
      circuits of the equipment. The threshold is generally established at a
      high enough level to exclude the more constant noise signals. If the
      background noises in the various beams are equally distributed, that is if
      their statistical characteristics do not vary appreciably with time, and
      if the background noises in the various beams all have the same statistics
      then a single constant threshold is sufficient and no overload threshold
      control is required. Unfortunately, experience shows that the background
      noises in the various beams are not equally distributed but statistically
      differ from beam to beam, and they contain upredictable high level
      localized noise signals. Under these conditions loss of desired target
      signals can only be avoided through the use of a separate automatically
      controlled threshold for each beam. The rise and decay time constants of
      the control circuits for these thresholds must be matched to the rate at
      which the background noise statistics are observed to vary. If the rise
      time constant is too short the onset of a desired signal could, if the
      signal is a long pulse, cause the threshold to increase too rapidly
      resulting in the loss of the latter portion of the signal. If, however,
      the decay time constant is too long a high level noise signal in a given
      beam will cause the sonar to become "blind" in that beam for a
      considerable period of time.
PAR  The object of this invention is to provide an improved threshold control
      system for sonar receivers.
PAR  The object of this invention is attained in a sonar system in which the
      events which exceed threshold are fed into the sonar data processing and
      display equipment. The data processor contains a digital computer which
      computes, from all beams, the necessary base threshold for application to
      the signal-to-threshold comparator. The basic threshold information
      provided by the computer is supplemented and kept up to date on a per beam
      basis by separate long time and short time integration circuits.
PAR  Qualitatively, the overflow threshold number is obtained in such a way as
      to alter the computer-set threshold for either sparse or dense clutter
      centers. In the presence of sparse clutter, the computer set threshold is
      increased for each beam on a per ping basis, by means of the long decay
      time threshold correction. This correction reduces to zero in the absence
      of sparse clutter. In the presence of dense clutter, extending beyond an
      expected target dimension such as an underwater reef, the computer-set
      threshold is increased by means of a short decay time circuit. In the
      absence of dense clutter, this correction also reduces to zero. Overload
      or signal saturation on any one beam will not affect the sensitivity of
      the system to target signals received in any of the other beams.
DRWD
PAR  Other objects and features of this invention will become apparent to those
      skilled in the art by referring to the specific embodiment described in
      the following specification and shown in the accompanying drawing in which
      the preferred embodiment is shown in block diagram.
DETD
PAR  The transducer array 10 of the drawing contemplates a cylindrical
      arrangement of transducer elements, each of which is connected to the
      sonar receiver 11. Phase shifting networks, not shown, are provided for so
      combining the signals from the elements of the array as to produce
      simultaneously in n circuits signals received on n beams. In the specific
      array considered here n is 48, the 48 transducer staves looking in
      diverging directions 71/2.degree. apart. The n beam signals appear,
      respectively, on n output leads from the sonar receiver. At 13 is shown
      the scanning switch equipment for successively sampling the beam signals
      on the n signal lines. The single output lead of the scanning switch is
      applied to one of the two input terminals 14A of the analog comparator 14.
      The other input 14B of the comparator supplies the threshold voltage
      required for the particular beam being sampled. Those sonar signals
      appearing on terminal 14A wich exceed the threshold quantity applied to
      terminal 14B result in an enabling pulse on output terminal 14C. The
      enabling pulses at 14C are processed in the logic circuitry now to be
      described and find their way into the buffer memory 15 which then feeds
      the information into the permanent storage of computer 16 and finally to
      the display 17. For the purposes of this disclosure the comparator will be
      considered as of the analog type so that the two inputs thereto must be of
      analog voltages. If then the threshold-exceeded events are to be processed
      in digital circuitry the input and output of the comparator must contain
      the digital-to-analog converter 19 and the analog-to-digital converter 20.
PAR  In operation, the basic computer-set threshold derived from the 48 beams is
      presented in the computer set threshold register 18. The computer-set
      threshold number can be increased in adder 22 and in adder 23 during the
      sampling of each beam so that the corrected threshold register 21 may
      contain a new threshold number for each beam. The additions at adder 22
      and 23 are, respectively, obtained from short decay time threshold
      correction register 32 and long decay time threshold correction register
      33.
PAR  The implementation of the overflow thresholding hence consists of updating
      on a per ping basis a short decay time correction and a long decay time
      correction, the logic circuitry for updating being time shared for each of
      the 48 beams via the storage in the buffer memory 15. This means that the
      buffer memory must contain at least 48 addresses in which to store and
      retain information relative to each of the 48 sampled beams. Not shown is
      conventional interlocking circuitry for synchronizing the scanning switch
      13 with the buffer memory address switching implementation.
PAR  The short decay time threshold correction is implemented with the short
      decay time (SDT) integrator 34. In one successful implementation, the
      integrator comprised a shift register with 11 significant stages. This
      digital register is increased a predetermined number of counts (X) for
      each event which exceeds the threshold, the multiplication factor, X,
      being a function of the length of the signal pulse. Multiplier 35 is
      connected between the add terminal 34A of register 34 and the output of
      the converter 20. In the absence of a threshold exceeded signal however,
      the count in integrator 34 is decreased a number which is a function of
      the number in the integrator. That is, the decrease is proportional to
      (r/x)y, where x/y is the ratio of count up to count down, and is equal to
      the short decay time in sampling periods, and r is the numerical contents
      of the SDT integrator. The integrator number r is compared to the bias,
      r.sub.th, the bias number corresponding to a sampling of events for a
      target of maximum aspect. The bias r.sub.th is selected to represent the
      target at maximum aspect and is applied to the subtractor 38. The content
      of the SDT threshold correction register 32 is increased or decreased as a
      function of whether this bias, r.sub.th, is exceeded or not exceeded.
PAR  The long decay time correction number of register 33 is increased or
      decreased in response to the long decay time (LDT) counter 40. Counter 40
      may comprise a conventional shift register and, according to this
      invention, reset logic circuits 42, 43 and 44. Logic circuits 43 and 44
      may comprise AND-OR logic for reading out signals when the decimal number
      content of counter 40 exceeds or does not exceed, respectively, the
      predetermined quantity q.sub.th. Also, circuit 42 reads out a reset pulse
      when the predetermined maximum number q.sub.max is equalled. Counter 40 is
      advanced one count for each event which reaches the counter from the
      comparator through the gate 41. Two inhibiting input terminals of the AND
      gate 41 are connected, respectively, to the redundancy flip flop 50 and to
      the minimum check 51. The redundancy check and it's inhibition is employed
      here where the ping pulses may be so long as to permit two or more returns
      from the same target during one beam sampling period. Where, for example,
      the ping pulse is 30 milliseconds or 120 milliseconds as in one operating
      system, it is necessary to disable the gate 41 after one
      threshold-exceeded signal is received. If counter 40 reaches its maximum
      (q.sub.max), at any time during the receive mode, the threshold correction
      is advanced and the counter returned to 0. If the counter does not reach
      its maximum, the number (q) is retained until the first range bin of the
      next ping. At this time the threshold correction is increased or decreased
      according to the comparison with the bias, q.sub.th, whereupon the counter
      is reset.
PAR  If the integrator 34 comprises the 11 stages as stated it is contemplated
      that the register 32 should comprise three stages, counter 40 should
      comprise three stages, and register 33 should comprise five stages. As is
      well known, a register with n stages is capable of two to the nth decimal
      numbers. Logic circuitry 51 may comprise, for example, AND and OR gates
      for reading out a pulse when the appropriate decimal number is attained in
      register r.
PAC  OPERATION
PAR  In describing the operation of the system shown in the drawing it will be
      assumed that for technical resons the transmitter, not shown, is capable
      of transmitting pulses of 2, 30 or 120 milliseconds in length. The longer
      pulses are capable of doppler detection whereas the shorter pings are
      capable of greater range resolution or definition of targets. After the
      transmission of a pulse, the receive mode is started and each of the 48
      received beam signals are successively sampled. As stated, the distance
      the transmitted pulse travels during successive samplings of one beam is
      called a bin.
PAR  Referring to the block diagram of the drawing, the sequence of information
      flow during one beam sampling period is as follows. First, during the
      first range bin and before the first possible received signal after
      transmission, the LDT count and the correction number are accessed from
      the appropriate address of the buffer memory. It will be assumed that the
      system has been operating for some time and that each of the 48 addresses
      in the buffer memory and the computer memory contains information
      concerning previous transmissions. The LDT correction number in register
      33 is increased or decreased according to whether the LDT counter content,
      q, is greater than or less than the number q.sub.th. Then the LDT counter
      is reset. During the next and succeeding range bins the redundancy check
      bit, the short decay time integrator word, and the short decay time
      threshold correction number are accessed from the buffer memory in
      addition to the LDT words.
PAR  Next, the SDT and the LDT corrections are added to the computer set
      threshold in adders 22 and 23 and are inserted into the corrected
      threshold word register 21. Next, the corrected threshold word is compared
      with the incoming signal to determine if the threshold is exceeded. As
      stated, the comparison may be made in digital form if desired, in which
      case the converters 19 and 20 would be eliminated. If the incoming sonar
      signal exceeds the threshold, the output of the comparator, through
      converter 20, enables redundancy check logic 50, the multiplier 35 and the
      gate 41. Information concerning the duration of the received pulse be it
      2, 30, or 120 milliseconds, is of course readily obtainable from the
      transmitter.
PAR  The SDT integrator 34 is decreased, by logic circuit 36, a number of counts
      which is a function of the number standing in the integrator.
PAR  If the threshold is exceeded and the pulse is long, such as 30 or 120
      milliseconds, the state of the redundancy flip-flop 50 is reversed, the
      redundancy check not being employed in the 2 millisecond mode. In case the
      signal does not exceed the threshold the redundancy flip-flop is reset to
      0.
PAR  Next, if the threshold is exceeded, but was not exceeded during the
      previous range bin in the 120 and 30 millisecond modes, the SDT integrator
      is advanced a number of counts, X. In the 2 millisecond mode the SDT
      counter is always advanced whenever the threshold is exceeded.
PAR  If now the threshold is exceeded, but was not exceeded during the previous
      range bin in the 120 ms and the 30 ms modes, and the SDT integrator does
      not exceed the minimum (r.sub.min), the two inhibitions are removed from
      AND gate 41 and the LDT counter 40 is advanced one count.
PAR  If the LDT counter is at the maximum (q.sub.max), the LDT threshold
      correction count in register 33 is advanced and the LDT counter 40 reset
      to 0.
PAR  Next, the contents of 34 SDT integrator 34 are compared to the bias
      (r.sub.th) by subtraction and if the bias is exceeded the SDT correction
      number is increased. If, however, the bias is not exceeded the SDT
      threshold correction number is decreased.
PAR  Finally, the SDT integrator number, the SDT correction number, the LDT
      counter number, the LDT correction number, and the redundancy flip-flop
      number are all transferred to and stored in the appropriate address of the
      buffer memory, preparatory for the next beam sampling cycle.
PAR  In designing a threshold control system according to this invention, the
      SDT integrator should have capacity to receive the maximum number which
      would be required if a threshold exceeded event occured for every sample
      during the short decay time interval. Preferably the short decay time is
      chosen to be about twice the length of a target at maximum aspect,
      r.sub.max. The count-up number x, is chosen to be equal to the decay time
      in samples.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination in a sonar system for displaying a succession of echo
      signals received from a target illuminated respectively by a succession of
      transmitted pulses,
PA1  means for generating a base threshold quantity related to background noise,
PA1  a comparator for comparing the amplitude of each echo signal with the base
      threshold,
PA1  first means responsive to received signals which pass said comparator for
      changing said base threshold in predetermined relatively small increments,
PA1  second means responsive to received signals which pass said comparator for
      changing said base threshold in predetermined relatively large increments.
NUM  2.
PAR  2. In the combination defined in claim 1,
PA1  said first means comprising a long decay time counter coupled to the output
      of said comparator, and a long decay time register coupled to the output
      of said counter, and
PA1  logic circuit means coupled between said counter and register for
      increasing and decreasing, respectively, the content of said register in
      response to relatively high and relatively low quantities in said counter.
NUM  3.
PAR  3. A system for displaying repetitive sonar signals received from a target
      comprising,
PA1  means for generating a base threshold voltage commensurate with average
      noise voltage amplitude,
PA1  means for comparing each received sonar signal with said threshold voltage,
PA1  a short decay time register with logic circuitry coupled to said comparing
      means for accumulating digital counts at a relatively fast rate in
      response to each threshold-exceeded signal and dissipating said counts at
      a relatively fast rate in the absence of signals,
PA1  a long decay time register with logic circuitry coupled to said comparing
      means for accumulating digital counts at a relatively slow rate in
      response to each threshold-exceeded signal and dissipating said counts at
      a relatively slow rate in the absence of signals, and
PA1  means coupling said registers and said base threshold generating means for
      modifying the amplitude of said threshold voltage in response to frequency
      of occurrence of sonar signals.
NUM  4.
PAR  4. The system defined in claim 3 further comprising,
PA1  a transducer array with means for simultaneously generating in separate
      circuits a plurality of beam signals arriving at said array from different
      discrete directions,
PA1  scanning switch means for successively connecting said separate circuits to
      said comparing means for successively sampling said beam signals,
PA1  a buffer memory with a plurality of different storage addresses, and
PA1  means for storing the contents of said registers in said memory at an
      assigned address after one beam sampling period and for returning the
      stored information to said registers at the beginning of the succeeding
      sampling period.
NUM  5.
PAR  5. In the system defined in claim 3, said short decay time logic circuitry
      comprising,
PA1  an integrator
PA1  a multiplier coupled between the output of said comparing means and the
      input of said integrator for increasing the digital count in said
      integrator an amount greater than one each sampling period yielding a
      threshold-exceeded signal, and
PA1  logic circuitry in said integrator for decreasing said digital count an
      amount greater than one each sampling period not yielding a
      threshold-exceeding signal.
NUM  6.
PAR  6. In the system defined in claim 3, said long decay time logic circuitry
      comprising,
PA1  a long decay time counter coupled to said comparing means for increasing by
      one the digital count in said counter in response to each
      threshold-exceeded signal, and
PA1  a first read-out circuit for said counter for adding one count to said long
      decay time register when the contents of said counter exceeds a
      predetermined number, and
PA1  a second read-out circuit for said counter for subtracting one count from
      said long decay time register when the contents of said counter is less
      than said predetermined number.
NUM  7.
PAR  7. In the system defined in claim 6 said long decay time logic circuitry
      comprising,
PA1  a third read-out circuit for said counter for reseting to zero the contents
      of said counter when said contents reaches a predetermined maximum number.
NUM  8.
PAR  8. In combination in a sonar system for successively sampling sonar beam
      signals received at a transducer array from a plurality of directions in
      response to each transmitted pulse, and buffer storage means for storing
      each threshold-exceeded signal at a different address in said buffer
      memory, said combination comprising,
PA1  a comparator with two input circuits and one output circuit,
PA1  a source of base threshold signal coupled to one of said inputs,
PA1  a scanning switch means for successively applying said beam signals to the
      other of said input circuits,
PA1  a short decay time integrator and a short decay time threshold correction
      register coupled to the output of said comparator,
PA1  a long decay time counter and a long decay time threshold correction
      register coupled to the output of said comparator, and
PA1  means for adding the short decay time correction and the long decay time
      correction to said base threshold signal.
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ABST
PAL  A versatile at-sea test array for performing test functions such as
       measug the acoustic performance of large aperture sonar systems. The
      array system comprises a linear horizontal array including at least two
      measurement transducer elements, a pair of transponders and a drogue for
      its deployment. The horizontal linear array is used to accumulate and
      analyze acoustic data of a ship, both surface and submarine, in the
      vicinity of the array and the two transponders are used to get the
      geometric data for the system and the two measurements combined together
      enables one to determine the amplitude of the signals as well as the slope
      or rate of amplitude variation of the signal as a function of the azimuth
      angle, thus helping accurate determination of the angular distribution of
      the acoustic energy being measured.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefore.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to systems for performing test functions such as
      measuring the acoustic performance of large apparture sonar systems,
      target strength measurements and bearing accuracy measurement. The
      embodiment discloses a versatile at-sea test array for performing such
      test functions.
PAR  Acoustic performance data of sonar systems has been obtained by poorly
      controlled tests involving a single point acoustic source. The desired
      data is extremely difficult to obtain and analyze and the results can not
      be interpreted with a high degree of accuracy. The fundamental problem is
      control of the experiment in an open sea environment. Efforts have been
      made to develop a fixed sonar range to provide the accurate tracking
      information necessary to obtain the control of the experiment necessary to
      analyze that data with confidence. However, it is not always possible to
      bring the fixed range to the fleet. Thus there is a need for having a
      practical device which is versatile and can be made compatible with
      existing operational winches and towed array cables as auxiliary equipment
      to perform several important test functions such as measuring the acoustic
      performance of large apparture sonar systems, serving as an acoustic
      target to ship's sonar for obtaining fire control solution and serving as
      a distributed acoustic target for homing torpedoes.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and advantages of the present invention are accomplished by
      utilizing a mobile and versatile at-sea test array system which comprises
      a linear horizontal array including at least two measurement transducer
      elements; two transponders, one of the transponders located at one end of
      the array and the other one located at the other end thereof; and a drogue
      for deployment and to maintain appropriate tension on the array. The
      transponders act as tracking transducer elements for the system. A third
      tracking transducer element is located at the mid point of the line
      joining the various measurement transducer elements of the array. The two
      tracking transducer elements or transponders located at the extreme ends
      of the line array are part of a transponder system which are both
      transmitters and receivers, while the third tracking transducer element
      located at mid point in the line array need be a receiver only. The
      response frequency of the transponders is controlled by the static
      pressure at the depth of the measurement line. The line array comprising
      both the measurement transducer elements and the tracking transducer
      elements is configurated to be capable of being coupled directly to the
      tow cable of the existing towed sonar. The horizontal linear array
      comprising the measurement transducer elements the tracking transducer
      elements or transponders is used to accumulate for analysis, acoustic data
      of a ship in the vicinity of the array. The transponders are used to get
      the geometric data for the system and the measurement transducer elements
      are used to accumulate acoustic data of system. The geometric data and the
      acoustic data so obtained are used to determine the amplitude of the
      acoustic signals of an acoustic beam and the slope or rate of amplitude
      variation of the acoustic signals of the beam as a function of the azimuth
      angle, which is utilized to determine the shape of the beam profile more
      accurately.
PAR  An object of this invention is to provide a mobile, practical device
      compatible with operational towing cables and storage equipment which
      allows the careful measurement of sonar characteristics which heretofore
      could be measured only with great difficulty under very special tests.
PAR  Another object of this invention is to devise a system which can be used as
      a target for closely observable weapon tests in the open sea.
PAR  Still another object of this invention is to devise a system wherein the
      analysis data is obtained in such a manner that not only can it be
      analyzed by relating the amplitude observed with the measured angle of its
      arrival but also by the amplitude-slope technique which reduces the
      necessary precision of the angle of arrival measurement.
PAR  A further object is to allow the measurement of submarine target strengths.
PAR  An additional object is to measure the radiated noise spectra of ships.
PAR  Still another object of this invention is to devise an array system which
      is self contained in that no auxiliary equipment, such as bottom mounted
      hydrophones or sonobuoys, is required.
PAR  Still another object of this invention is to devise an array system which
      eliminates the problems associated with transference of data from remote
      stations and surveying the position of the remote stations etc.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompaning drawing, the single FIGURE
      of which illustrates a versatile test array system constructed in
      accordance with the teachings of the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE shows a pictorial-schematic representation of the present
      invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A preferred embodiment of a versatile test array and analysis system is
      shown in the FIGURE, wherein numeral 10 represents a schematic
      representation of a test array which comprises a number of measurement
      transducers 12, 14, 16, 18, 20, and 22 arranged in a horizontal line
      configuration suitable for towing in a manner similar to the currently
      towed sonar lines. Transducers 12, 14, 16, 18, 20 and 22 are located at a
      predetermined separation distance apart and each of them is capable of
      being used either as a hydrophone (receiver) or projector (transmitter).
      It should be clearly understood that for purposes of illustration only 6
      such measurement transducer elements have been shown. However, any
      suitable number of measurement transducer elements arranged in a
      horizontal line configuration can be used. If one makes the distance
      between two consecutive measurement transducer elements equidistant and
      equal to d, the length line of measurement elements is given by (9-1) d
      where n represents the number of measurement transducer elements arranged
      in a line configuration 24. Measurement line 24 is preferrably located
      midway between two tracking transducer elements or transponders 26 and 28
      which are separated by distance L designated by numeral 32. A third
      tracking transducer element 30 is located at the midpoint of the
      separation distance L between transponders 26 and 28. Transponders 26 and
      28, located at the extreme ends of line 24, are part of a transponder
      system while the tracking transducer element 30 located midway between the
      measurement transducer elements need to be a receiver transducer only and
      can in fact be one of the measurement transducer. The response frequency
      of transponders 26 and 28 is controlled by the static pressure at the
      depth of measurement line 24. Line array 10 comprising both measurement
      transducer element and tracking transducer elements is configured to be
      capable of being coupled directly to the tow cable of existing towed
      sonar.
PAR  The transducer elements including measurement and tracking transducer
      elements, are cabled directly back to the towed vessel 34 by an existing
      operational tow cable 36 by the use of appropriate conventional
      interfacing electronic switching and/or multiplexing equipment. The
      interfacing equipment is designed to allow signals from the measurement
      and tracking transducer elements to be transmitted separately to vessel 34
      for recording and subsequent analysis. Tow cable 36 also allows
      transmission of power to the transducer elements for the transmission of
      acoustic signals into the water. As an illustation, a target such as a
      submarine 40 for test purposes is shown in the FIGURE. It should be
      pointed out that all transducer elements used in the embodiment described
      herein are conventional such as piezo-electric transducers. However, they
      can be substituted for equivent transducer elements without deviation from
      the teachings of this invention. The tension on the horizontal array 10
      for any given tow speed is controlled by using a conventional drogue 38.
PAR  For illustation purposes of how the test array can be used, the following
      four cases are described. There are other uses including target strength
      measurement and radiated noise measurements.
PAR  a. Measurement of the Transmitting Characteristics of a Ship's Active
      Sonar:
PAR  The ship under test transmits an interrogation ping and receives responses
      from tracking transponders 26 and 28 on the measurement line 24. The
      frequency of the transponder responses will indicate the depth of
      measurement array to the ship under test. The arrival times and the known
      separation, L, of transponders 26 and 28 will allow the determination of
      the range and bearing of the ship with the respect to the midpoint and
      orientation of measurement line array 10. With this tracking information,
      the ship under test can maneuver to a necessary and predetermined track
      for valid sonar data to be obtained. Simultaneously, the interrogation
      pings transmitted by the ship under test are received by the three
      tracking transducer elements 26, 28, and 30 and transmitted via the tow
      cable 36 to the tow vessel 34. This interrogation ping can also, if
      desired, be coded, i.e., for example frequency coded, to the depth of the
      ship under test. In this manner, the tow vessel 34 can simultaneously and
      independently obtain the range, bearing, and depth of the ship under test
      relative to the measurement array 10.
PAR  Once the necessary relative position of the ship under test and the
      measurement array 10 has been obtained, the ship under test transmits a
      ping through the sonar beam under test. This transmission is received by
      each of the measurement transducer elements of the measurement array 10,
      thus providing an acoustic `snapshot` of a portion of the sonar beam,
      subtending an angle dependent upon the length, (n-1)d, of the measurement
      array and the range. Within this subtended angle, n measurements will be
      made with a deviation angle dependent upon d, the separation distance
      between two consecutive measurement transducer elements, and the range.
      The availability of data in this form allows the use of an amplitude-slope
      technique and reduces the precision required in the measurement of the
      relative bearing of the ship under test with respect to the measurement
      line 10. The basic approach in amplitude-slope technique is to measure and
      utilize both the amplitude and rate of change of amplitude with deviation
      angle as function of the deviation angle from the main response axis of
      the acoustic beam. The advantages of utilizing the rate of change of
      amplitude as function of the deviation angle manifest themselves more
      strongly as one approaches the mulls of the beam pattern and become
      particular useful when one is dealing with a narrow beam where the rate of
      change of amplitude with deviation angle becomes quite large as in this
      region of the beam pattern, the amplitude is a strong function of the
      deviation angle. Thus when one attempts to sample the beam pattern by
      measuring the amplitude and angle, the strong coupling bewteen the two
      because of their functional relationship results in a very wildly varying
      data when one attempts to plot the amplitude against the deviation angle.
      This is also true when one attempts to plot the rate of change of
      amplitude with the deviation angle against the deviation angle.
      Consequently, one requires increasingly more stringent tolerence on the
      measurement of the deviation angles in both cases as the mulls are
      approached in order to plot the amplitude, or slope, data to properly
      depict the characteristic of the acoustic beam pattern. However, it should
      be noted that although amplitude versus deviation angle and rate of change
      of amplitude with deviation angle against deviation angle are varying
      wildly because of uncertainty of our knowledge of the deviation angle, a
      plot of amplitude versus rate of change of amplitude with the deviation
      angle is a very well behaved function. This is so because although these
      parameters are uncertain at the exact value of deviation angle at which
      they were measured, we can be certain that both variables, i.e., the
      amplitude and rate of change of amplitude with deviation angle were
      measured at the same deviation angle and thus the errors involved are only
      those of measurement and not of correlated functional behavior. Thus the
      amplitude-slope technique is quite useful to determine the transmitting
      characteristics of a ship's active sonar beam.
PAR  b. Measurement of the Receiving Characteristic of a Ship's Sonar System:
PAR  In this case the tracking and station keeping functions are identical to
      the case discussed above in (a). However, the measurement transducer
      elements are made to sequentially transmit a short ping. Thus, the sonar
      under test will receive a series of successive pings which will "walk
      across" an angular aperture dependent upon the number of measurement
      elements used, the separation distance, d, between any two consecutive
      measurement transducer elements and the range. The number of measurement
      transducer elements used will depend upon the specific geometric
      parameters of the test, the essential limiting factor being the time
      between the first direct arrival and the first surface reflected,
      interference arrival. The data to be analyzed with be recorded on the ship
      under test, through the sonar under test, and the slope-amplitude
      technique described above, as well as the standard amplitude direction
      technique can be used.
PAR  c. Target for Fire Control Purpose:
PAR  The radiating feature of the measurement array 10 allows the array to be
      utilize as a test target for both active and passive fire control systems.
      In both cases, the measurement array 10 supplies a radiated signal. In the
      active case, the measurement line is used in a "transponderlike" mode
      transmitting a series of shaped "echoes" in response to an interrogation.
      In the passive case, the measurement line transmit a simulated ship's
      signature.
PAR  d. Target for a Homing Weapon:
PAR  In this case, the measurement transducer elements provide radiated signals
      i.e. either in a continuous fashion for a passively homing torpedo or an
      intermittent fashion for an actively homing torpedo, at the torpedo design
      frequency. One of the important and easily obtainable features is that the
      target be spacialy distributed and not a point source as the weapon
      approach. Furthermore, the tracking feature of the measurement system
      allows real time tracking of the weapon on the target tow vessel so that
      its approach running characteristics can be observed during the test.
PAR  Briefly stated a versatile at-sea test array for performing test functions
      such as measuring the acoustic performance of large aperture sonar systems
      and the like comprises a linear horizontal array including a plurality of
      measurement transducer elements, a pair of transponders and a drogue for
      its deployment. The horizontal linear array is used to accumulate and
      analyze acoustic data of a ship under test and amplitude of the acoustic
      beam and the rate of change of amplitude of the acoustic beam with
      deviation angle as a function of deviation angle. Amplitude-slope
      technique is then applied to analyze the data to obtain the necessary beam
      characteristics. The test array can be used for (a) measuring transmitting
      characteristics of a ship's active sonar, (b) for measuring the receiving
      characteristics of a ship's sonar system, (c) as a target for fire control
      purposes, (d) as a target for a homing weapon, (e) for measuring target
      strength and (f) for measuring radiated noise.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. As an example, the number of
      measurement transducer elements used in the horizontal linear array can
      vary and the distance between any two consecutive measurement tranducer
      elements can also vary to suit the needs of a particular test.
      Furthermore, the transducer elements can be other than piezo-electric type
      transducer. Furthermore, the type of drogue used to control the position
      of the linear can be varied to fit the needs of test being conducted.
      Additionally, the system need not be towed but can be disposed in a fixed
      position. It is therefore to be understood that within the scope of the
      appended claims the invention may be practiced otherwise than as
      specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A test array system for testing sonar systems in a body of water which
      comprises:
PA1  a plurality of transducer elements being arranged in a linear array;
PA1  a pair of transponders, one of said pair of transponders being located
      adjacent one end of said linear array and the other transponder of said
      pair of transponders being located adjacent the other end of said linear
      array; and
PA1  sensing means for tracking, said sensing means being located adjacent the
      mid point of said linear array.
NUM  2.
PAR  2. The array system of claim 1 further comprising:
PA1  towing means for towing the test array in the body of water.
NUM  3.
PAR  3. The array system of claim 2 wherein each of said plurality of transducer
      elements includes a hydrophone and a projector.
NUM  4.
PAR  4. The array system of claim 3 wherein each of said pair of transponders
      includes a hydrophone and a projector.
NUM  5.
PAR  5. The array system of claim 4 wherein said sensing means includes a
      hydrophone.
NUM  6.
PAR  6. The array system of claim 5 wherein said pair of transponders are
      located at the ends of said linear array.
NUM  7.
PAR  7. The array system of claim 6 wherein said tracking means is located at
      the mid point of said linear array.
NUM  8.
PAR  8. The array system of claim 7 wherein said linear array is a horizontal
      linear array.
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PAL  In a diver's navigation system employing a receiver having three equal,
       alarly disposed hydrophone locations, a digital signal processing circuit
      is employed which receives frequency shift keyed digital data from remote
      beacons. Circuitry is provided to process this data to derive a bearing
      indication to the beacon.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured by or for the Government
      of the United States of America for navigational purposes without the
      payment of any royalties thereon or therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to the field of underwater navigation. More
      particularly, this invention pertains to the field of portable navigation
      instruments used by swimmer-divers. In still greater particularity, this
      invention pertains to a diver navigation system employing frequency shift
      keyed digital beacons. By way of further characterization this invention
      pertains to a three hydrophone bearing receiver employing frequency shift
      keyed navigational information. By way of further characterization, this
      invention pertains to an underwater navigational system employing a
      frequency shift keyed acoustic beacon, together with a swimmer-diver
      carried beacon receiver.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Present diver navigation system for use with small, underwater beacons
      employs a noise-modulated, FM, acoustic signal as the navigational signal.
      Each beacon transmitting the navigational signal has an assigned frequency
      band on which it continually transmits.
PAR  The cooperating receiver assembly consists of three acoustic receiver
      channels, each of which receives information from one of three
      triangularly disposed hydropphones mounted in a plane on the receiver
      housing. Because the receiving hydrophones are positioned at the vertices
      of an equilateral triangle and the wave fronts are essentially plane wave
      signals, the receiver may process the time of arrival of the wave front at
      each hydrophone to obtain sine and cosine values of the bearing to the
      transmitter by conventional techniques. Of course, these trigometric
      functions may be, in turn, solved to obtain the bearing angle.
PAR  The use of linear FM as a modulation system requires an analog noise source
      for the modulating signal in the beacon which is band limited by the
      output of the noise-diode used in the generation of the noise signal and
      the frequency characteristics of the associated amplifier circuitry. The
      power consumption, physical size, and electronic complexity of the beacon
      assembly used in this system have made the beacons expensive, troublesome
      to maintain, to have relatively high power consumption, and to be of short
      operational life. It is the solution of these unresolved shortcomings of
      the prior art to which this invention addresses itself.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a diver navigation system in which the marker beacon
      and receiver processing circuitry employs frequency shift keyed acoustic
      energy. The marker beacon circuit employs a timed power supply to each of
      the component circuits in order to prolong operational life. Further, the
      receiver circuitry employs a voltage and signal comparison system which
      materially reduces the erroneous bearing angle indications caused by
      bottom reverberation and other environmental phenomenea.
PAC  STATEMENT OF THE OBJECTS OF INVENTION
PAR  It is an object of this invention to provide an improved diver navigation
      system.
PAR  Another object of this invention is to provide an improved underwater
      navigational beacon.
PAR  Still another object of this invention is to provide an improved diver
      carried homing system.
PAR  Another object of this invention is the provision of frequency shift keyed
      navigational processing circuitry.
PAR  These and other objects of the invention will become more readily apparent
      from the ensuing specification when taken together with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the system of the invention in an
      operational environment;
PAR  FIG. 2 is a diagrammatic representation of the navigational beacon in the
      system of the invention;
PAR  FIG. 3 is a diagrammatic representation of the diver carried beacon
      receiver illustrated in FIG. 1;
PAR  FIG. 4 is a diagrammatic representation of the FSK signal processor circuit
      of FIG. 3; and
PAR  FIG. 5 is a diagrammatic representation of the digital error rejection
      circuitry shown in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an oceanographic research vessel 11 provides a working
      station for a swimmer-diver 12 who is shown approaching an underwater
      object 13. Swimmer-diver 12 is guided in his approach to object 13 by
      means of an underwater beacon 14 situated nearby. Beacon 14 may have been
      placed in a proximity of underwater object 13 by a variety of means such
      as, for example, ejection from oceanographic vessel 11 to mark a
      previously received sonar contact. Diver 12 navigates between
      oceanographic vessel 11 and underwater object 13 by means of a diver
      navigation instrument, indicated generally at 15, which responds to sonic
      pulsed energy emanating from oceanographic vessel 11 or beacon 14. These
      energy pulses, indicated at 16 and 60' respectively, are propagated
      through the water and impinge a triad of hydrophones indicated at 17, 18,
      and 19 respectively. The parameters of this system, thus far described,
      are conventional in the diver and oceanographic instrumentation arts.
PAR  In the past, navigational beacon systems for divers have employed noise
      modulated FM signal sources which transmit continuously over their
      assigned portion of the acoustic spectrum and are selected by frequency
      discriminating circuits within diver navigation receiver 15.
PAR  Such systems while being satisfactory for their intended purpose and range
      of utilization suffer from a low battery life, in case of remote beacons
      14, and ease of detection by unauthorized or undesirable monitoring
      stations. In these prior art systems the use of linear FM as a modulation
      scheme requires an analog noise source for modulating this signal to be
      transmitted by the beacon and requires detection and filtering circuitry
      in the receiver. The analog noise for the modulating signal is provided by
      band limiting the output of a noise diode and associated amplifier
      circuitry. The band limiting is conventionally accomplished by means of
      low pass filters. Additionally, circuitry is required for the frequency
      modulation of a carrier signal.
PAR  As may be readily seen the consumption and circuitry size and complexion of
      the beacon assembly as a result of the choice of FM is unnecessarily
      excessive for remote instrumentation. Likewise, the complexity of the
      detection and filtering circuitry in the receiver causes power consumption
      problems.
PAR  A fixed package size for the use of beacon 14 is determined by beacon
      handling equipment aboard vessel 11. Thus, an improvement in beacon life
      may be obtained if a portion of the beacon housing previously required for
      circuitry is given over to the storage of a battery power supply. It is in
      this fashion that the invention provides an improved navigation system for
      use of swimmer-divers without redesign of beacon handling and storage
      equipment or basic detection circuitry redesign of the swimmer-diver
      carried reception equipment.
PAR  Referring to FIG. 2, a diagrammatic representation of the beacon
      transmitter is illustrated. As shown, a timer 21 receives from the
      enlarged conventional battery package the electrical energy for operation
      of the transmitter and supplies all active elements in the transmitter
      beacon. In this fashion, no power is consumed during shut down periods,
      except for the operation of timer 21 itself. Of course, timer 21 may be,
      if desired, a mechanical or spring driven instrument.
PAR  However, in the preferred embodiment timer 21 is a conventional
      electrically operated timing circuit which keys the beacon 14 with a low
      duty cycle such that bursts of frequency shift keyed energy are
      transmitted at predetermined intervals rather than a continuous
      transmission as in the case with the aforedescribed prior art beacon
      systems.
PAR  A clock circuit 22 keys a digitally generated pseudo random noise generator
      23 to produce a pseudo random noise burst which is used as a modulating
      signal as will be presently described. Digitally generated pseudo random
      noise circuit 23 may be of any conventional type of digital signal
      generating circuit which produces a pseudo random digital output. Many
      such circuits have been designed for telementry purposes for use in
      conjunction with space exploration and may be incorporated with equal
      advantage in the system of the invention. That shown in U.S. Pat. No.
      3,305,636 granted to James E. Webb for "Phase Shift Data Transmission
      System Having a Pseudo-Noise Sync Code Modulated with the Data in a Single
      Channel" is illustrative of such a circuit.
PAR  As previously noted, the output of digitally generated pseudo random noise
      circuit 23 is used as a digital signal input to modulate or key a
      frequency shift key generator 24. Such frequency shift keyed oscillators
      are well known in the art and a representative sample of may be
      incorporated in a system of the invention if desired. For example, such
      circuits as used in FSK teletype equipment where two crystal-controlled
      oscillators are selectively gated may be employed here with good effect.
PAR  Tthe frequency shift keyed output from frequency shift key generator 24 is
      fed by suitable circuit connections to a power amplifier 25 which, in
      turn, is connected to an acoustic transducer 26. Power amplifier 25 and
      transducer 26 may be of a type which is conventional in oceanographic
      instrument constructions known in the art. In such devices a cylindrical
      electroacoustic transducer surrounds and provides an outer casing for
      internally-contained battery and electronic packages. Such a construction
      is shown, for example, by E. A. Granfors et al. in U.S. Pat. No. 3,444,508
      granted on May 13, 1969 for "Directional sonar System".
PAR  Thus, it may be seen that by employing conventional circuitry and packaging
      techniques, an improved underwater marker beacon is provided which
      transmits timed bursts of frequency shift keyed acoustic energy to be used
      as a digital signal source in the diver navigation system of the
      invention. Each burst, of course, contains sufficient redundancy to permit
      determining the bearing angle.
PAR  It is well understood in the electronic navigation arts, the triangular
      spacing configuration of the receiving hydrophones 17, 18, and 19 in
      conjunction with the essentially plain wave front signal beacons
      transmitted either from beacon 14 or surface vessel 11 may be conveniently
      processed to indicate a sine and cosine relation between the hydrophone
      array and the signal source. Such an arrangement and the trigonometric
      consideration thereof are discussed in U.S. Pat. No. 3,383,651 granted on
      May 14, 1968 to S. N. Koblick for "Plane Coordinate Computing System"  and
      are incorporated herein. Although the inventors make no claim of
      originality of this arrangement and since it is well understood in the
      art, a detailed explanation thereof is deemed unwarranted. However, it
      should be noted that each of the three hydrophones receives the idential
      plane wave signal and the electrical output therefrom differs only in time
      of arrivel of the beacon signal. By appropriate gating, a sine and cosine
      function may be obtained.
PAR  Referring to FIG. 3, a diagrammatic representation of the major circuit
      elements comprising the swimmer diver carried navigation receiver 15 are
      illustrated. As shown, hydrophone 17 is connected to a FSK signal
      processor 27 which, as the name would imply, receives and processes the
      electrical analog of the plane wave front navigational signal impinging
      the individual hydrophones. The nature of FSK signal processor 27 will be
      more completely explained herein. However, it should be noted that the
      output therefrom corresponds to the modulation envelope transmitted by the
      individual beacon sources. Similarly, hydrophone 18 is connected to FSK
      signal processor 28 and hydrophone 19 is connected to FSK signal processor
      29.
PAR  FSK signal processors 27, 28, and 29 are connected to a digital phase
      comparison circuit 31 which is a conventional coincidence gating circuit
      of the type previously referred to to determine signals proportional to
      the sine and cosine of the bearing angle between navigation receiver 15
      and the beacon source.
PAR  The output of digital phase comparator 31 is connected to a suitable
      digital error rejection circuitry 32. Digital error rejection circuitry 32
      samples the output from digital phase comparator 31 and determines by a
      sampling technique which of the various inputs thereto most likely
      corresponds to the true sine and cosine information and rejects spurious
      signals which may be due to bottom reverberation or multipath reflections.
PAR  The output of digital error rejection circuitry 32 is connected to a
      digital latch circuit 33 which may be considered a digital buffer storage
      register where the information is held until the next burst of energy is
      received. Such latch ciruits are conventional in the digital processing
      arts and need not be further described for a complete understanding of
      this invention.
PAR  The stored digital information in digital latch storage 33 is transferred
      to a digital Ksin .theta. , Kcos .theta.  to .theta. convertor where it is
      transformed to an electrical analog of the bearing angle .theta.. This
      information is in turn connected to a nulling electromechanical display 35
      which displays the bearing information such that diver 12 may correct his
      course and navigate between vessel 11 and underwater object 13. A further
      reduction in consumed power is effected by the use of a electromechanical
      meter movement for nulling electromechanical display 35 which mechanically
      secures the instrument pointer to its last position such that the
      instrument draws no power except when the position of the indicator is
      being changed.
PAR  If desired, digital converter 34 and nulling electromechanical display 35
      may be replaced with the instrumentation system disclosed in co-pending
      application filed by Alfred M. Medrano and identified as Ser. No. 510,347
      filed in the U.S. Patent Office on Sept. 30, 1974.
PAR  Referring to FIG. 4, the details of FSK signal processor circuits 27, 28,
      and 29 will be described. For purposes of levidity, only a single FSK
      signal processor 28 will be described. It should be understood that FSK
      signal processor 27 and 29 are identical. Signals from the associated
      hydrophone are amplified by a suitable solid state preamplifier 36. This
      amplifier is constructed such as to be a low noise voltage amplifier and
      serves to strengthen the hydrophone signal for subsequent signal
      processing. A bandpass filter 37 removes signals beyond the known
      frequency range of transmitting beacon and thus improves signal to noise
      ratio in the processed signal by illiminating or greatly reducing spurious
      signal sources as might be occasioned by biological noises or other water
      born acoustic energy. The filtered output from bandpass filter 37 is
      amplified by a medium gain amplifier 38 and thence connected to an FSK
      detector 39. The output of FSK detector 39 is connected to digital phase
      comparator 31 as previously described.
PAR  Referring to FIG. 5, the circuitry details of digital error rejection
      circuitry 32 will be described. As illustrated, the inputs are coupled
      through voltage responsive gates to separate positive and negative signals
      and are coupled to a plurality of sampling circuits indicated at 41 and 42
      so as to sample the sine inputs and at 43 and 44 to sample the cosine
      inputs.
PAR  A suitable number of clock signals corresponding to transmitted frequency
      shift signals are sampled until one of the sample circuits 41, 42, 43 or
      44 has obtained a predetermined value which indicates the likelihood that
      the information corresponding to the input of that sample circuit is the
      probable correct signal and that signals in the other sample circuits
      correspond to spurious noises. When this level has been reached a function
      selection latch circuit 45 locks out the undesired input and connects the
      input to the corresponding sample cell as an output to the digital latch
      storage circuit 33.
PAR  Similarly, the cosine signals are handled in an identical fashion. It
      should be noted that function selection latch circuits 45 and 46 may be
      synchronized or otherwise suitably interconnected such that the
      corresponding inverse function is selected at the time sample circuits
      41-44 indicates the probability of a true signal. That is, as will be well
      understood, except for bearing angles corresponding to 45.degree. the sine
      and cosine sampling circuits will fill at a different rate and a true
      indication requires that the associated cofunction be selected
      simultaneously. In this fashion, digital error rejection circuitry 32
      assures that the digital latch storage will include a digital count more
      representative of the transmitted beacon signal than would otherwise be
      possible and correspondingly, be more free from contamination by spurious
      signals such as caused by bottom reverberation and the like.
PAC  MODE OF OPERATION
PAR  The operation of the system of the invention is essentially the operation
      of the individual components previously described. That is, a marker
      beacon 14 is placed adjacent an underwater object 13 to which future
      access is desired. Diver 12 enters the water at a remote point, as for
      example, from oceanographic vessel 11. When in the water, he turns on
      navigation receiver 15 and selects a receiver frequency channel
      corresponding to the center channel allocation of beacon receiver 14. The
      bearing indication on receiver 15 will point to a bearing angle
      corresponding to the heading to underwater object 13. Keeping receiver 15
      before him, diver 12 swims toward underwater object 13 at the approximate
      bearing angle indicated by the receiver. At the next clocked transmission
      from beacon 14 occasioned by the energization of the timer 21, an
      additional burst of FSK navigation pulses is transmitted throughout the
      water. From impinging hydrophones 17, 18, and 19, the display on receiver
      15 is updated to correspond to the new bearing angle. If the diver 12 is
      swimming directly toward underwater object 13, this corrected bearing
      angle will indicate 0. If not, a small bearing angle .theta. will be
      indicated showing diver 12 he is headed either to the left or the right of
      underwater object 13. By making corrections, diver 12 approaches
      underwater object 13 until visual contact is obtained.
PAR  When diver 12 desires to return to his surface station or support vessel
      11, he selects a frequency allocation corresponding to the navigation
      beacon located thereon and repeats the swimming and successive angle
      approximation until he has approached and established visual contact with
      vessel 11. Of course, oceanographic vessel 11 may have moved fron its
      initial position when diver 12 entered the water and thus, the system of
      the invention may be employed in highly mobile operations.
PAR  The foregoing description taken together with the appended claims
      constitute a disclosure such as to enable a person skilled in the
      electronics and oceanographic arts and having the benefit of the teachings
      contained therein to make and use the invention. Further, the structure
      herein described meets the objects of invention, and generally constitutes
      a meritorious advantage in the art unobvious to such a person not having
      the benefit of these teachings.
PAR  Obviously many modifications and variations of the present invnetion are
      possible in the light of the above teachings, and, it is therefore
      understood that within the scope of the disclosed inventive concept, the
      invention may be practiced otherwise than specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An underwater navigation system comprising:
PA1  a beacon transmitter structured for transmitting a series of frequency
      shift, FSK, keyed transmissions and including;
PA2  a source of electrical power, and
PA2  timer means connected between said source of electrical power of said
      beacon transmitter and the individual circuits thereof for energizing said
      circuits at predetermined intervals to produce a low, power-conserving
      duty cycle; and
PA1  a beason receiver configured for location at a station remote from said
      beacon transmitter for receiving the signals from said beacon transmitter
      and display of a bearing angle therebetween and including,
PA2  three spaced hydrophones located at points spaced as the verticies of an
      equilateral triangle,
PA2  a plurality of FSK signal processing means each of which is operatively
      connected to one of said hydrophones to be associated therewith for
      processing the electrical outputs therefrom to obtain an amplified and
      detected output signal corresponding to the signal transmitted by the
      aforesaid beacon transmitter,
PA2  digital phase comparator means connected to said FSK signal processing
      means for timely comparison of the output signals therefrom to obtain a
      signal corresponding to the sine and cosine of the bearing angle to be
      displayed,
PA2  digital error rejection circuitry operatively connected to said digital
      phase comparator means so as to receive the sine and cosine signals
      therefrom and sample said signals to distinguish real from spurious
      signals,
PA2  digital latch circuit means operatively connected to said digital error
      rejection circuitry for storing the distinguished real signals until
      updated by a subsequent reception of transmitted beacon information, and
PA2  display means operatively connected to said digital latch circuit means for
      converting said real signals to a visual signal indicating the bearing
      angle between the beacon receiver and the beacon signal source.
NUM  2.
PAR  2. An underwater navigation system according to claim 1 in which each FSK
      signal processing means includes:
PA1  preamplifier means operatively connected to the associated hydrophone for
      voltage amplification of the output signals therefrom;
PA1  bandpass filter means operatively connected to said preamplifier means for
      limiting the frequencies of the voltage amplified output therefrom to a
      predetermined range of values;
PA1  amplifier means connected to said bandpass filter means for amplifying the
      output signals within said predetermined range of frequency values; and
PA1  Fsk detection means to detect the frequency shift keyed modulation envelope
      therefrom.
NUM  3.
PAR  3. An underwater navigation system according to claim 1 in which said
      digital error rejection circuitry includes:
PA1  a first pair of sample circuits each operatively connected to said digital
      phase comparator means to receive a single sign value of the sine function
      output thereof;
PA1  a first function selection latch circuit operatively connected to said
      first pair of sample circuits and to their inputs to select and hold the
      particular sign value of the sine output from said digital phase
      comparator corresponding to the sample circuit of said first pair which
      first reaches a predetermined sample level;
PA1  a second pair of sample circuits each operatively connected to said digital
      phase comparator means to receive a single sign value of the cosine
      function output thereof; and
PA1  a second function selection latch circuit operatively connected to said
      second pair of sample circuits and to their inputs to select and hold the
      particular sign value of the cosine output from said digital phase
      comparator corresponding to the sample circuit of said second pair which
      first reaches a predetermined sample level.
NUM  4.
PAR  4. An underwater navigation system according to claim 2 in which said
      digital error rejection circuitry includes:
PA1  a first pair of sample circuits each operatively connected to said digital
      phase comparator means to receive a single sign value of the sine function
      output thereof;
PA1  a first function selection latch circuit operatively connected to said
      first pair of sample circuits and to their inputs to select and hold the
      particular sign value of the sine output from digital phase comparator
      corresponding to the sample circuit of said first pair which first reaches
      a predetermined sample level;
PA1  a second pair of sample circuits each operatively connected to said digital
      phase comparator means to receive a single sign value of the cosine
      function output thereof; and
PA1  a second function selection latch circuit operatively connected to said
      second pair of sample circuits and to their inputs to select and hold the
      particular sign value of the cosine output from said digital phase
      comparator corresponding to the sample circuit of said second pair which
      first reaches a predetermined sample level.
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ABST
PAL  The warning system includes a function generator for generating a signal
      representative of a minimum altitude over terrain as a function of the
      aircraft's speed. This signal is combined with a signal representing the
      aircraft's actual altitude over the terrain and if the aircraft is below
      this minimum altitude a warning signal is generated. A circuit is included
      to inhibit the warning signal, and thereby nuisance warnings, when the
      aircraft overflys another aircraft. In addition, electronic circuitry is
      disclosed for implementing the invention that is compatible with at least
      two separate types of air data computers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to aircraft ground proximity warning systems and
      more particularly to ground proximity warning systems that utilize speed
      versus altitude relationships to generate warning signals indicating
      unsafe flight profiles.
PAR  In the prior art warning systems, as represented by Astengo U.S. Pat. No.
      3,715,718 and the applications of Bateman Ser. No. 480,727 and a
      subsequent application by Bateman entitled "Aircraft Landing Approach
      Ground Proximity Warning System," Ser. No. 511,757 filed on Oct. 3, 1974
      all assigned to the assignee of the present invention, there is no direct
      relationship between the speed of aircraft and the altitude at which a
      warning is generated. In the application of Bateman entitled "Aircraft
      Ground Proximity Warning System with Speed Compensation," Ser. No. 511,674
      filed on Oct. 3, 1974 also assigned to same assignee as this invention, an
      apparatus is disclosed for increasing the warning time as a function of
      the aircraft speed. However, this system utilizes the rate of change of
      the aircraft's altitude and does not make use of a measure of the
      aircraft's actual altitude above ground as a primary criteria for
      providing a warning.
PAR  Normally, an aircraft proceeding at a relatively high rate of speed is
      considered not to require a terrain warning system since it is assumed
      that the aircraft is at a normal operating altitude where the chances of
      impacting the terrain are fairly remote. However, there are a number of
      circumstances where this assumption may not hold true, such as an aircraft
      assuming an incorrect attitude through pilot error, e.g. flying toward the
      ground when it should be in level flight or climbing. Another example may
      occur where an aircraft is flying through mountainous territory or is
      beginning a landing approach to an airfield that is surrounded by high
      hills or mountains. While it is considered desirable to provide the crew
      of aircraft with warnings of the close proximity of the ground during
      relatively high speed operation, at the same time, it is important to keep
      the number of nuisance warnings at a minimum. A nuisance warning is
      defined as a warning that is generated when the crew of aircraft is aware
      of all relevant factors and is ordinarly not obligated to take special
      action to avoid impacting the terrain. It is therefore important that a
      warning system discriminate, insofar as possible, between conditions
      indicating unsafe flight and normal flight conditions.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the invention to provide an aircraft ground
      proximity warning system that generates warnings based on the relative
      speed of aircraft as considered in light of the aircraft's altitude above
      the terrain.
PAR  It is a further object of the invention to provide a warning system that
      will generate a signal representative of the minimum safe altitude above
      the terrain as a function of the speed of the aircraft.
PAR  It is an additional object of the invention to provide a terrain clearance
      warning system that minimizes nuisance warnings.
PAR  It is still another object of the invention to provide a terrain warning
      system having electronic circuitry that is plug-in compatible with a
      plurality of air data computers.
PAR  This system utilizes as one of its primary inputs a measure of the
      aircraft's forward speed. This measure can be air speed, ground speed or
      the Mach number of the aircraft. Using the Mach number as an example, a
      function generator generates a signal that is proportional to the Mach
      number of the aircraft and in turn represents the minimum terrain
      clearance or altitude for the aircraft for each particular speed or Mach
      number. This is essentially a linear relationship where the minimum
      terrain clearance increases with the speed of the aircraft. For instance,
      for speeds of 166 nautical miles per hour or below the generator will
      generate a signal indicating that 500 feet is the minimum safe altitude
      above ground and this signal will increase linearly until at a speed of,
      for example, 300 miles per hour the minimum computed safe altitude will be
      2400 feet.
PAR  This signal is combined with a signal generated by the aircraft's radar
      altimeter, which measures the aircraft's actual altitude above ground, and
      whenever the signal representing the minimum computed safe altitude over
      the terrain exceeds the actual altitude over the terrain, a crew alarm is
      activated.
PAR  In addition, the warning system is deactivated by a signal that indicates
      that the aircraft is in a landing configuration so that the alarm will not
      be triggered as the aircraft approaches the runway.
PAR  In order to reduce the number of nuisance warnings, circuitry is provided
      to inhibit the warning signal under certain specified conditions. Such a
      condition might result from one aircraft overflying another, which can
      easily occur in an airport holding pattern. This type of situation is
      characterized by an extremely rapid change in the radar altimeter reading
      since the aircraft will normally be flying at an altitude sufficiently
      high that the radar altimeter will not register at all until it overflys
      the other aircraft. Many radar type altimeters do not register altitudes
      of greater than 2500 feet so that when one aircraft overflys another by
      one or two thousand feet there will be an extremely rapid rate of change
      in altitude indicated by the altimeter. Special inhibitor circuitry is
      provided to recognize this rapid change in altimeter readings and to
      inhibit the warning signal. The circuitry is then reset, i.e. the
      inhibition removed from the warning signal, when the altitude registered
      by the radar altimeter is greater than 2500 feet corresponding, for
      instance, to the point where the first aircraft has completed overflying
      the second aircraft and the radar altimeter is again registering its
      maximum reading.
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PAC  BRIEF DESCRIPTIONS OF THE DRAWINGS
PAR  FIG. 1 is a graph illustrating the speed versus altitude characteristics of
      the warning system;
PAR  FIG. 2 is a schematic diagram of the circuitry to implement the warning
      system; and
PAR  FIG. 3 is a graph illustrating the operation of the warning inhibit
      circuitry.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 of the drawings illustrates, in graphical form, the nature of the
      terrain clearance warning signal generated by the system for a commercial
      jet aircraft. For purposes of illustration, the vertical axis 10 which
      represents the altitude above ground or the terrain is calibrated in feet
      and the horizontal axis 12 which represents the forward speed of the
      aircraft is calibrated in Mach numbers. It will be understood, of course,
      that the forward speed of the aircraft could be represented in air speed
      or ground speed but for purposes of the preferred embodiment, Mach number
      is a more convenient form of measurement for implementing the preferred
      embodiment of the invention. The lines 14 and 15 represent the generally
      linear relationships between the speed of the aircraft and the altitude
      above ground and, as such, denotes the conditions under which the terrain
      warning will be generated. For example, when the aircraft is traveling at
      0.38 Mach or less at an altitude of the 500 feet or below a warning signal
      will be generated as shown by line 15, and similarly at a speed of 0.38
      Mach or greater a warning signal will be generated depending upon its
      altitude as indicated by line 14. Line 14 illustrates the general altitude
      versus speed characteristics of the warning system for aircraft speeds
      above a predefined minimum. In other words, the faster the aircraft is
      traveling above 0.38 Mach the greater the altitude above ground it must
      maintain in order to avoid triggering a warning signal. On the other hand,
      when the aircraft is in a landing configuration it is assumed that
      altitudes of below 500 feet are allowable in the normal operation of the
      aircraft so the warning signal will be inhibited. However, in normal
      flight configuration the general rule followed by the warning system is
      that the greater the speed of the aircraft, the greater its altitude
      should be above the terrain for safe operation.
PAR  The preferred embodiment of the circuitry implementing the warning
      characteristics shown in FIG. 1 is illustrated in the schematic diagram
      presented in FIG. 2 of the drawings. Illustrated in FIG. 2 is circuitry
      that is specifically designed to interface with two different types of air
      data computers. The specifications for both types of computers are
      provided in publications of ARINC (Aeronautical Radio, Inc., 2551 Riva
      Road, Annapolis, Md., 21401). The specifications of the Mark II Sub-Sonic
      Air Data System are provided in the ARINC characteristic number 565 issued
      on Feb. 15, 1968, and the specifications of the Mark III Sub-Sonic Air
      Data System -- Digital are provided in the ARINC characteristic number
      575-3 issued on July 15, 1971. The primary function of the air data
      computer is to provide various inputs and signals representing aircraft
      performance parameters to the various avionics systems in an aircraft. The
      preferred embodiment of the invention, as illustrated in FIG. 2, has been
      specifically designed to interface in a simple "plug in" mode with both
      the Mark II and Mark III computers. Since the Arinc computer' s
      specifications provide essentially an industry standard for signal
      parameters and circuit pin configurations, a system that interfaces
      directly with these specifications will provide a warning system of very
      broad industry acceptability.
PAR  One of the outputs of both data computers is a signal that represents the
      Mach number of the aircraft. There are two different types of Mach number
      signals depending on the type of air data computer. The Mark II computer,
      indicated by the dashed lines 16 in FIG. 2, generates a 400 Hz alternating
      current signal, whereas in the Mark III computer, indicated by the dashed
      lines 18, the Mach number of the aircraft is represented by a DC voltage.
      As indicated before, one of the objects of the preferred embodiment of the
      invention is to provide a circuit for generating a signal with the
      characteristics shown in FIG. 1 that may be plugged directly into either
      of these two types of computers.
PAR  The circuitry in FIG. 2 will first be discussed with reference to the type
      of Mach signal received from the Mark II type computer shown at 16 of FIG.
      2. Here the Mach number of the aircraft is represented by a 400 Hz signal
      generated by the Mach synchro 20 which in turn is output through lines 22
      and 24 to the pins B and C of the circuit board 26. The general
      characteristics of this signal are as follows: at a very low Mach number,
      approaching zero, the signal will have an amplitude of approximately 10
      volts RMS wherein the signals on lines 22 and 24 will be 180 degrees out
      of phase; in relation to the 26 VAC excitation signal on lines 42 and 44,
      as the speed of the aircraft increases, the signal amplitude will decrease
      to approximately zero volts; and as the aircraft further increases speed,
      the signals on lines 22 and 24 will be in phase with the excitation
      voltage on lines 42 and 44 increasing to approximately 4 volts
PAR  The 400 Hz signal on lines 22 and 24 is utilized as input to the buffer
      amplifier 28 through the resistors 30 and 32. The buffer amplifier
      includes a feedback resistor 34 and an attenuation resistor 36 connected
      from the positive terminal of the amplifier to ground. The output of the
      buffer amplifier 28 is in turn utilized as an input to the switching FET
      transistor 38. The transistor 38 is controlled by a 26 volt alternating
      current signal generated in the computer 16 by the voltage source 40. This
      signal is transmitted over lines 42 and 44 to the pins D and E of the
      circuit board 26 to an isolation transformer 46. The resulting signal is
      transmitted through resistor 48 and limited to minus 15 volt DC voltage
      which is applied to the line 50 through the diode 52. The diode 54 in
      cooperation with the output signal from the buffer amplifier 28 through
      the resistor 56 operates to turn the transistor 38 on and off in
      synchronism with the input to the isolation transformer 46. This results
      in a DC signal, as modified by resistors 58 and 60, on line 62 which is
      proportional to the Mach number of the aircraft.
PAR  The DC signal representing the Mach number on line 62 is utilized as input
      to the negative terminal of the bias amplifier 64. The positive terminal
      of the bias amplifier 64 is connected to a ground resistor 66. The output
      of the bias amplifier 64 is then transmitted through the diode 68 on line
      70 to the summing junction 72. The output on line 70 from the bias
      amplifier 64 will be equivalent to the function shown by line 14 in FIG.
      1; that is, the voltage on line 70 will increase in a linear relationship
      with the increasing Mach number of the aircraft.
PAR  In addition, there is a feedback loop to the negative terminal of the bias
      amplifier 64, containing the resistor 74, that has as its primary function
      to provide the correct gain factor of a signal on line 70 when the
      aircraft has achieved a speed of 0.38 Mach or greater.
PAR  At the summing junction 72, the signal on line 70 is combined with a
      biasing signal on line 76 which represents an altitude of 500 feet above
      the terrain. The output of the summing junction 72, at a speed of below
      0.38 Mach, can be represented by the horizontal line 15 of FIG. 1. As the
      aircraft increases speed above 0.38 Mach the output of the biasing
      amplifier 64 will be added to the 500 foot signal on line 76 in the
      summing junction 72 thereby giving the response illustrated by line 14 of
      FIG. 1.
PAR  The output of the summing junction 72 is then applied to the positive
      terminal of the comparator 78. The negative terminal of the comparator 78
      receives a signal h from the radar altimeter that represents the
      aircraft's actual height above the terrain. The comparator serves to
      compare these two signals and when the computed minimum safe altitude
      above ground speed from the summing junction 78 exceeds the aircraft's
      actual altitude above ground, the comparator will generate a positive
      signal. This positive signal is then input to the AND gate 82.
PAR  The other input to the AND gate 82 is a signal on line 84 that represents
      the flight configuration of the aircraft. When the aircraft is in a
      landing configuration, which is denoted by the position of the aircraft's
      wheels and flaps, a low signal is placed on the line 84 thus shutting off
      the gate 82. This will have the effect of blocking the positive warning
      signal generated by the comparator 78 and thus preventing warnings when
      the aircraft descends below 500 feet to land. By the same token, when the
      aircraft returns to a normal flight configuration, i.e. wheels up and
      flaps up, which in a commercial jet is usually about 700 feet above the
      ground, a high signal will be generated on line 84 thereby having the
      effect of activating the warning system. If the aircraft should again
      descend below 500 feet in its flight configuration, the warning signal
      would be transmitted through gate 82 on line 86. To summarize, when the
      aircraft's actual altitude is below the computed minimum, the comparator
      82 will generate a warning signal which can be used to trigger a visual or
      audible alarm system as taught in Astengo U.S. Pat. No. 3,715,718.
PAR  The circuitry just described works in essentially the same manner in
      conjunction with the Mark III type computers 18 of FIG. 2. For purposes of
      clarity, those elements of the circuit shown in FIG. 2 that relate to the
      operation of the signal generator as it utilizes the input of the Mark III
      computer 18 will be indicated by reference numerals beginning with 100.
      The output of the Mark III type air data computers 18 is represented by a
      DC voltage that ranges from zero to 12 volts as a direct function of the
      Mach number of the aircraft. As with the Mark II computer 16, these
      signals are input to the circuitry of FIG. 2 over lines 22' and 24' that
      correspond to pins B and C of the circuit board 26. The signal (0-12 volts
      DC) representing the Mach number of the aircraft is transmitted on line
      22' to the negative terminal of the buffer amplifier 28. A floating ground
      voltage is similarly input to the positive terminal of the buffer
      amplifier 28 by means of line 24'. In order to modify the previously
      described circuitry to accept a DC input instead of the 400 Hz input of
      the Mark II computer, the 2 FET transistors 100 and 102 along with their
      associated circuitry are included in the circuit of FIG. 2. In the
      circuitry previously discussed that is associated with the Mark II
      computer 16, these two transistors, 100 and 102 are maintained in an "off"
      condition by a minus 15 biasing voltage generated by the logic buffer 104.
      The logic buffer 104 responds to a signal received through pin F of the
      circuit board 26 from the computer 16. However, when using the Mark III
      type computer 18, pin F is essentially connected to aircraft ground
      thereby eliminating the minus 15 biasing voltage from the gates of the
      transistors 100 and 102.
PAR  The function of the first transistor 100 is to modify the gain of the
      biasing amplifier 64 with respect to the Mach number signal received on
      line 22. The signal on line 22 is transmitted through resistors 30, 34 and
      106 to the gate of the transistor 100. The output of the transistor 100 is
      then transmitted through resistor 107 to the negative terminal of the
      biasing amplifier 64 thereby serving to modify the gain of the biasing
      amplifier 64 so as to produce an output on line 70 that will be scaled in
      voltage to correspond to the altitude signal h on line 76. The transistor
      102 has as its primary function the reduction of the bias voltage applied
      to the negative terminal of the biasing amplifier 64. When the circuitry
      in FIG. 2 is being used in conjunction with the Mark II computer 16, a
      negative 15 volts is applied to the negative terminal of the biasing
      amplifier 64 through the resistors 108 and 110. Since the performance
      characteristics of the biasing amplifier 64 must be different for the Mark
      III computer 18, the transistor 102 is turned on which, in turn, serves to
      bypass the resistor 112. This has the net effect of decreasing the minus
      voltage applied to the negative terminal of the biasing amplifier 64.
PAR  It will be appreciated, therefore, that by merely plugging the circuitry
      disclosed in FIG. 2 into either the Mark II computer 16 or the Mark III
      computer 18, the circuit of FIG. 2 will automatically compensate for the
      two different types of input signal thereby permitting the use of this
      circuit with either computer without the need for modification.
PAR  In order to reduce the instances of nuisance warnings, i.e. warnings
      generated by the system when there is no real danger to the aircraft, the
      inhibit circuit, shown within the dashed lines 200 of FIG. 2, has been
      included. An illustration of a set of circumstances where such an
      inhibiting function would be desirable is set forth in FIG. 3 of the
      drawings. As shown in FIG. 3, a false or nuisance warning can be generated
      by the circuitry of FIG. 2 when one aircraft overflys another in, for
      example, a holding pattern of an airport. Here the upper aircraft 202 is
      traveling at a relatively higher rate of speed and as it passes over the
      lower aircraft 204 the radar altimeter, because it is unable to
      distinguish between terrain and an aircraft, will give a reading of 2000
      feet. This would have a tendency to trigger the terrain warning alarm.
      Just before the overflight the upper aircraft 202 will be receiving an
      indicated radar altitude of greater than 2,500 feet at 206. However, as
      soon as the upper aircraft 202 begins to overfly the lower aircraft,
      indicated at point 206, the indicated radar altitude will change as
      rapidly as the instrument will permit to indicate an altitude of 2000
      feet. This reading continues at 2000 feet until the upper aircraft 202
      completes the overflying of the lower aircraft at point 210 whereupon the
      indicated altitude will again register over 2500 feet. In order to prevent
      a nuisance warning under this or similar circumstances, the inhibit
      circuitry 200 of FIG. 2 is provided.
PAR  The primary input to the inhibit circuitry is h which represents the rate
      of change in altitude with respect to time. This signal can be generated
      by differentiating the radar altimeter signal h over time as is taught in
      Astengo U.S. Pat. No. 3,715,718. The rate of change of altitude signal h
      is input to the comparator 212 through the resistor 214 and the capacitor
      216. The rate of change of altitude h is represented by a DC voltage
      wherein the greater the rate of change the greater the voltage. The
      comparator amplifier 212 is set to trigger, in the preferred embodiment of
      the invention, when the h signal indicates a rate of change greater than
      25,000 feet per minute. This rate of change is very near the maximum rate
      of change of most commercial radar altimeters. This very rapid rate of
      change in altitude readings also represents a very sudden decrease in
      altitude which would be representative of the type of circumstances
      illustrated in FIG. 3 and at the same time not likely to represent a case
      of an aircraft itself approaching the ground. When triggered the
      comparator amplifier 212 generates a signal on line 218 which in turn is
      transmitted through the diode 220 to the negative terminal of the bias
      amplifier 64. The signal on line 218 is of sufficient voltage to suppress
      any signal output from the biasing amplifier 64 thereby effectively
      inhibiting the warning system. The feedback loop of the comparator,
      containing resistor 222, serves to latch the comparator amplifier 212 in a
      triggered state thereby maintaining the warning system in an inhibited
      mode. The comparator amplifier 212 also contains two reset inputs, the
      first of which 224 resets the comparator amplifier 212 into a
      non-triggered state when the indicated radar altitude is greater than 2500
      feet. This corresponds to point 210 of FIG. 3 where the overflight has
      been completed. Similarly, the reset input 226 will reset the comparator
      amplifier 212 when the indicated radar altitude is less than 50 feet.
      Resetting the comparator amplifier 212 at less than 50 feet makes it
      possible to test the system on the ground and additionally provides for
      automatic reset when the aircraft is taking off. As indicated before, the
      system will be inhibited as a whole when the aircraft is in a landing
      configuration so nuisance warnings will not be generated by resetting at
      50 feet during takeoff or landing.
PAR  At this point it should also be mentioned that the comparator amplifier 212
      will not be triggered for a change of altitude of less than approximately
      500 feet. This is a function of the input capacitor 216 which tends to
      reduce the input voltage of the signal h for a short period. The reason
      for having an approximately 500 foot change in altitude before the warning
      system is inhibited, concerns the fact that many objects such as buildings
      or high cliffs would provide for rapid changes in the indicated altitude
      readings at lower altitudes where it would be considered undesirable to
      inhibit the warning system. Therefore, a certain minimum change in
      altitude is provided in order to compensate for these conditions.
PAR  The preferred embodiment of the invention has been described in terms of a
      circuit that interfaces directly with currently available air data
      computer specifications and other relevent parameters such as a precise
      relationship between aircraft speed and minimum safe altitude over
      terrain. With this in mind, the specification should not be interpreted to
      restrict the invention to either the environment or the parameters used
      for illustration but instead should be understood to encompass the broad
      concepts setforth in this disclosure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A ground proximity warning system for aircraft for generating a warning
      signal when the aircraft is below predetermined altitudes for various
      speeds of the aircraft comprising:
PA1  means for generating a signal representative of the minimum safe altitude
      above terrain of the aircraft as a function of the forward speed of the
      aircraft; and
PA1  means for comparing said minimum safe altitude above the terrain signal
      with a signal representing the actual altitude above the terrain of the
      aircraft for generating a warning signal when said actual altitude is
      above the minimum above the terrain altitude as represented by said
      minimum safe altitude signal.
NUM  2.
PAR  2. The warning system of claim 1 additionally including means for
      inhibiting said warning signal when the rate of altitude change exceeds a
      predetermined value.
NUM  3.
PAR  3. The warning system of claim 1 additionally including means for
      inhibiting said warning signal when the aircraft is in a landing
      configuration.
NUM  4.
PAR  4. The warning system of claim 1 wherein said signal generating means
      includes:
PA1  buffer means responsive to a signal representative of the speed of the
      aircraft for generating a signal proportional to the speed of the
      aircraft; and
PA1  bias means responsive to said speed proportional signal for generating a
      minimum altitude signal.
NUM  5.
PAR  5. The warning system of claim 4 wherein said bias means includes means for
      maintaining said minimum altitude signal at a predetermined value for
      predetermined speeds of the aircraft.
NUM  6.
PAR  6. The warning system of claim 5 including summing means for biasing said
      minimum altitude signal by an amount that represents a predetermined
      minimum warning altitude.
NUM  7.
PAR  7. The warning system of claim 6 wherein said comparing means is a
      comparator amplifier that compares said biased minimum altitude signal
      with said actual altitude signal and generates a warning signal when said
      biased minimum altitude signal exceeds said actual altitude signal.
NUM  8.
PAR  8. The warning system of claim 7 additionally including gate means
      responsive to a signal representing the flight configuration of the
      aircraft for inhibiting said warning signal when the aircraft is in a
      landing configuration.
NUM  9.
PAR  9. The warning system of claim 8 additionally including inhibiting means
      responsive to a rate of change in altitude signal for inhibiting said
      warning signal when the rate of change in altitude exceeds a predetermined
      rate.
NUM  10.
PAR  10. The warning system of claim 9 wherein said inhibiting means includes
      additional means to delay the operation of said inhibit means for a
      predetermined amount of change in said altitude signal.
NUM  11.
PAR  11. The warning system of claim 10 wherein said actual altitude signal
      represents the aircraft's altitude above the terrain.
NUM  12.
PAR  12. The warning system of claim 11 wherein said signal representative of
      the speed of the aircraft represents the speed of the aircraft in Mach
      numbers.
NUM  13.
PAR  13. The warning system of claim 12 including additional means for
      automatically accepting said signal representing the speed of the aircraft
      in both an alternating current mode and a direct current mode.
NUM  14.
PAR  14. The warning system of claim 13 including means for making said system
      pin-compatible with both the Mark II and the Mark III air data computer
      specifications.
NUM  15.
PAR  15. The warning system of claim 1 wherein said generating means increases
      said minimum safe altitude signal with increasing forward speed of the
      aircraft.
NUM  16.
PAR  16. The warning system of claim 15 wherein said generating means limits to
      a predetermined value said minimum safe altitude signal above a first
      predetermined forward speed.
NUM  17.
PAR  17. The warning system of claim 16 wherein said generating means generates
      a predetermined minimum safe altitude above the ground signal below a
      predetermined forward speed.
NUM  18.
PAR  18. The warning system of claim 17 additionally including means for
      inhibiting said warning signal when the rate of altitude change exceeds a
      predetermined value.
NUM  19.
PAR  19. The warning system of claim 18 additionally including means for
      inhibiting said warning signal when the aircraft is in a landing
      configuration.
NUM  20.
PAR  20. A ground proximity warning system mutually compatible with both the
      Mark II and Mark III air data computer specifications comprising:
PA1  a buffer circuit for receiving from either computer a signal representing
      the speed of the aircraft;
PA1  a bias circuit including a bias voltage source for receiving the output of
      said buffer circuit and generating a signal representative of a minimum
      altitude as a function of the aircraft speed;
PA1  a modification circuit responsive to both computers for automatically
      modifying the gain and said bias voltage applied to said bias circuit to
      compensate for the differing inputs of each computer; and
PA1  a comparator circuit responsive to said minimum altitude signal and a
      signal representing the altitude of the aircraft above the terrain for
      generating a warning signal when the altitude represented by said minimum
      altitude signal is greater than the aircraft's altitude above the terrain.
NUM  21.
PAR  21. The warning system of claim 20 wherein said modification circuit
      includes:
PA1  a type signal received from the computer indicating the type computer;
PA1  a first transistor, switched on by said type signal from the Mark III
      computer and responsive to said speed signal from the Mark III computer,
      for modifying the gain of said bias circuit; and
PA1  a second transistor, switched on by said type signal from the Mark III
      computer, for modifying said bias voltage supplied to said bias circuit.
NUM  22.
PAR  22. The warning system of claim 20 additionally including an inhibitor
      circuit comprising:
PA1  a second comparator circuit, responsive to a signal representing the rate
      of change in altitude of the aircraft, for generating a signal effective
      to inhibit the response of said bias circuit to said aircraft speed signal
      when said rate of change signal exceeds a predetermined level;
PA1  a feedback circuit effective to latch said second comparator circuit into
      continuously generating said inhibiting signal; and
PA1  a reset circuit for unlatching said second comparator circuit in response
      to the preferred criteria.
NUM  23.
PAR  23. The warning system of claim 20 additionally including a logic gate for
      deactivating said warning signal when the aircraft is in a landing
      configuration.
NUM  24.
PAR  24. The warning system of claim 20 wherein said system is pin-compatible
      with both the Mark II and Mark III type computers.
NUM  25.
PAR  25. A circuit for use with a ground proximity warning system comprising:
PA1  a buffer amplifier and associated circuitry, responsive to a signal
      representing the speed of the aircraft for generating a DC signal
      proportional to the aircraft's speed;
PA1  a bias amplifier and associated circuitry responsive to the output of said
      buffer amplifier for scaling said DC signal to represent a minimum safe
      altitude;
PA1  a comparator circuit for comparing said signal representing said minimum
      altitude with a signal representing the actual altitude and effective to
      generate a warning signal when said minimum altitude exceeds the actual
      altitude.
NUM  26.
PAR  26. The circuit of claim 25 additionally including:
PA1  a second comparator circuit, responsive to a rate signal representing the
      rate of change in aircraft altitude, for generating an inhibit signal to
      said bias amplifier in response to a predetermined magnitude of said rate
      signal;
PA1  a feed-back latch circuit operatively connected to said second comparator
      circuit for maintaining the output state of said comparator; and
PA1  a reset circuit operatively connected to said second comparator circuit for
      terminating said inhibit signal.
NUM  27.
PAR  27. The circuit of claim 25 including:
PA1  a bias signal source; and
PA1  a summing circuit operatively connected to said bias amplifier output and
      said bias signal source for adding said bias signal to said minimum
      altitude signal.
NUM  28.
PAR  28. A method of generating a warning signal when an aircraft approaches a
      predetermined altitude from the ground for a given aircraft speed wherein
      said method comprises the steps of:
PA1  generating, in response to the speed of the aircraft, a signal
      representation of a minimum safe altitude above the ground for the forward
      speed of the aircraft;
PA1  comparing said minimum altitude to the aircraft's actual altitude above the
      ground; and
PA1  generating a warning signal when said minimum altitude is greater than the
      actual altitude above the ground.
NUM  29.
PAR  29. The method of claim 28 including the steps of:
PA1  measuring the rate of change in altitude; and
PA1  inhibiting said warning signal when said rate exceeds a predetermined
      value.
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ABST
PAL  A central warning apparatus for vehicles which comprises a plurality of
      sensors mounted to the plurality of portions of vehicle to be inspected,
      discriminator circuits for discriminating an abnormal state of the
      sensors, display units connected to the discriminator circuits so as to be
      effected in response to the abnormal state, an OR-gate circuit connected
      to the output of respective discriminator circuits, and a main warning
      unit connected to the OR-gate circuit so as to be effected by an output
      therefrom for warning that there arises an abnormal state at at least one
      of portions to be inspected.
BSUM
PAR  This invention relates to a central warning apparatus for vehicles,
      particularly for automobiles in which prior to the running of vehicle or
      during the running thereof, parts and functions responsible for safety
      operation of vehicle are inspected of their normality and the result is
      centrally displayed with a single unit for giving warning.
PAR  Conventionally, for safety running of automobile, independent or separate
      display units are provided for a plurality of portions responsible for the
      safety running which indicate whether or not these portions act normally.
      However, in case that the number of portions to be inspected is
      considerably increased, even when an indication representative of the
      abnormal state is presented, a driver sometimes tends to overlook it.
PAR  To eliminate such drawbacks, this invention contemplates a central warning
      apparatus in which there are provided sensors mounted to a plurality of
      portions to be inspected, display units and main warning unit located
      respectively at places observable from a driver seat, wherein
      discriminator circuits which receive a sensed signal from corresponding
      sensors actuate corresponding display units and at the same time the main
      warning unit as well through an OR-gate circuit when the sensed signal is
      discriminated as an abnormal signal which exceeds a predetermined value.
PAR  Accordingly, the principal object of this invention is to provide a novel
      central warning apparatus for vehicles of a simple construction capable of
      instantly warning a driver of a portion or portions abnormally inspected.
PAR  Another object of this invention is to provide a fail-safe central warning
      apparatus for vehicles capable of readily checking for the operation by
      itself.
PAR  According to this invention, a central warning apparatus for vehicles
      comprises sensors mounted to portions of a vehicle to be inspected for
      converting a sensed physical quantity into an electric signal;
      discriminator circuits electrically connected to the sensors for producing
      an output signal when the sensor generates an electric signal responsive
      to discrimination of an abnormal state of the portion to be inspected;
      display units electrically connected to the discriminator circuits for
      indicating abnormality of the portion to be inspected by means of the
      output signal of the discriminator circuits; an OR-gate circuit whose
      input terminal is connected to an output terminal of respective
      discriminator circuits included in an abnormal state display circuit
      provided for the plurality of portions to be inspected corresponding
      thereto, the abnormal state display circuits each including an electrical
      connection of the sensor, the discriminator circuit and the display unit;
      a main warning unit electrically connected to the OR-gate circuit for
      warning in response to an output signal from the OR-gate circuit that
      there arises an abnormality at at least one of portions to be inspected;
      and a checking unit for checking the operational state of the abnormal
      state display circuits and a circuit of the main warning unit by
      selectively connecting a power source with them.
DRWD
PAR  Other objects, features and advantages of this invention will fully be
      understood from the following detailed description taken in conjunctions
      with the accompanying drawings in which:
PAR  FIG. 1 is a schematic block diagram of a central warning apparatus of the
      invention;
PAR  FIG. 2 is a partial circuit diagram of the central warning apparatus of the
      invention;
PAR  FIG. 3 is a circuit diagram of an alternation of the circuit shown in FIG.
      2;
PAR  FIG. 4 is a partial circuit diagram of the central warning apparatus of the
      invention;
PAR  FIG. 5 is a partial circuit diagram of the central warning apparatus of the
      invention;
PAR  FIG. 6 is a partial circuit diagram of the central warning apparatus of the
      invention;
PAR  FIG. 7A is a partial plan view of a display unit of the central warning
      apparatus of the invention;
PAR  FIG. 7B is a longitudinal sectional view of the display unit shown in FIG.
      7A; and
PAR  FIG. 8 is a circuit diagram of another embodiment of the invention.
DETD
PAR  Referring now to FIG. 1 in which solid lines interconnecting blocks are
      signed lines and power source lines are omitted, a general constitution
      and function of the central warning apparatus will be described. In the
      figure, numeral 1 designates sensors mounted to portions of vehicle to be
      inspected for detecting an abnormal or disordered state of the portions,
      for example liquid gauge sensors mounted to the oil reserver of brake
      master cylinder for checking the quantity of brake oil. Essentially, since
      one sensor is required for one portion to be inspected, the same number of
      sensors as the portions to be inspected are used. Numeral 2 designates
      discriminator circuits each receiving an output signal from the sensor 1
      for discriminating the state of portion to be inspected so as to effect a
      corresponding display unit 5. The display unit 5 may take the form of an
      optical mechanism structure, for example a lamp or luminous element, or an
      acoustic mechanism structure such as a buzzer but the former is
      preferable. The discriminator circuit 2 also serves to deliver a signal
      regarding abnormal state of the portion to be inspected to an OR-gate
      circuit 3 and it essentially constitutes a set of circuits together with
      the sensor 1 and display unit 5. Numeral 4 designates a driving circuit
      for effecting a main warning unit 6. The display units 5 such as lamps are
      checked by a driver only when the portions to be inspected turn abnormal.
      Accordingly, in view of the frequency of checking, it is not always
      necessary for the display units to be located at places observable from
      the driver. Further, it is difficult to make room for the display unit
      within a limited interior space of automobile as the number of the
      portions to be inspected gets greater. To solve such problems, the main
      warning unit 6 is employed. The main warning unit 6 is detached from the
      plurality of display units and located at a place readily observable from
      the driver. It operates in cooperation with the actuation of one or more
      than one of display units 5. In case that a lamp, for example, is used as
      the main warning unit 6, the lamp is preferably flashed at a predetermined
      interval. Numeral 7 designates a checking unit. A warning apparatus, of
      course, must always keep the normal state by itself. For example, when
      lamps are used as the display units 5 and the main warning unit 6,
      extinguishment due to the breakage of filaments of lamp, troubles of the
      sensors 1 and the breakage of wiring interconnecting respective or
      different components should be checked prior to the operation. The
      checking unit 7 is adapted to check the presence of abnormality in the
      whole central warning apparatus including electrical wirings, by
      delivering to the discriminating circuits 2 during a predetermined period,
      a checking pulse which is generated by a trigger signal caused by, for
      example, turning the engine key to ON.
PAR  The above components will be described with reference to FIG. 2 in which a
      serial relation between the sensor 1, discriminator circuit 2, display
      unit 5 and checking unit 7 is illustrated. The sensor 1 which is switched
      in response to a state of the portion to be inspected is brought into
      closure as shown in FIG. 2 when the state is normal, but open when the
      state is abnormal. One end of the sensor 1 is grounded and the other is
      applied with a voltage + B through a protecting resistor 12 by means of a
      positive polarity electrode of a battery (not shown but its negative
      polarity electrode is grounded). The protecting resistor 12 suppresses a
      current coming into the sensor 1 upon closure thereof in order to protect
      contacts of the sensor. A n-p-n transistor is connected through a
      protecting resistor 13 for the display unit 5 (lamp) to the power source +
      B at its collector and its emitter connected with the display unit 5 is
      grounded through a resistor 11 and a movable contact 15d of the relay 15
      closed to a stationary contact 15c as shown in FIG. 2. When the sensor 1
      is closed, that is when the portion to be inspected is under normal
      condition, the base of transistor 10 is maintained at ground potential and
      base-emitter voltage is below threshold so that the transistor 10 is
      disabled thereby preventing a lamp of display unit to light. When the
      contact of sensor 1 is opened by detecting an abnormal state of the
      portion to be inspected, a current from the protecting resistor 12
      prevented from flowing into the sensor 1 is blocked by a diode 16
      interposed backwardly between the base and emitter of the transistor 10.
      Thus, the current flows through the base and emitter of transistor 10,
      thereby bringing it to a conductive state. Then, a circuit through power
      source + B, lamp protecting resistor 13, collector-emitter of transistor
      10, lamp of display unit 5, contacts 15d and 15c of relay 15 and ground is
      established to light the lamp of display unit 5. The checking unit 7
      includes a timer 7a which receives a trigger signal caused by turning the
      engine key to ON and which supplies power source + B to an electromagnetic
      coil 15a of the relay 15 for its energization during a predetermined
      period, for example 5 to 10 seconds. The timer 7a may be realized as a
      simple time delay circuit utilizing a well-known thermal deformation
      characteristics of a bimetal or charge or discharge characteristics of CR
      circuit. Assume now that the electromagnetic coil 15 is energized by an
      output from the timer 7a to close contacts 15b and 15d in FIG. 2. When the
      sensor 1 is closed, a circuit through power source + B, contacts 15b and
      15d, lamp of display unit, diode 16, lamp protecting resistor 14, sensor 1
      and ground is established thereby to light the lamp of display unit 5. By
      choosing resistance of the lamp protecting resistor 14 substantially the
      same as that of resistor 13, the lamp of display unit 5 can be lit at the
      same brightness regardless of the operation of checking unit 7. Although
      the transistor 10 is non-conductive owing to closure of the sensor 1,
      there appears across the emitter resistor 11 a voltage equal to a sum of a
      forward voltage drop across the diode 15 and a voltage drop across the
      lamp protecting resistor 14. In some cases where the sensor 1 is opened
      owing to truely abnormal state of the portion to be inspected, of course,
      in the event that the sensor 1 is open owing to its trouble while the
      portion to be inspected is normal and in the event that the breakage or
      tendency to breakage of wirings between the lamp protecting resistor 14
      and one contact of the sensor 1 which is not grounded and between the
      other contact and ground is caused, a circuit through power source + B,
      contact 15b,  lamp of display unit 5, resistor 11 and ground is
      established. However, when the resistor 11 is designed to have for larger
      resistance than the lamp of display unit 5, the lamp of display unit 5 is
      prevented from lighting.
PAR  The operation of the circuit shown in FIG. 2 will be summarized as follows:
PAR  When the checking unit 7 is not actuated with closure of the contact 15c,
      the lamp of display unit 5 extinguishes with closure of the sensor 1 and
      it lights with open of the sensor 1 owing to the emitter current of
      transistor 10 which flows into the lamp; when the checking unit 7 is
      actuated with closure of the contact 15b, the lamp of display unit 5
      extinguishes with open of the sensor 1, breakage of filament of the
      display unit lamp or breakage of wiring to the sensor 1, and it lights
      with closure of the sensor 1 and under normal condition of the display
      unit lamp and the wiring, since a current flows into the lamp through the
      contact 15b. In short, by turning the engine switch to ON so as to actuate
      the checking unit 7 during a predetermined period as previously described,
      it is possible for a driver to completely check the warning apparatus
      itself before a vehicle starts to run. The driver judges the warning
      apparatus to be normal when the lamp of display unit 5 continues to light
      for such short period and abnormal when the lamp extinguishes. In
      addition, where the lamp of display unit 5 lights at the termination of
      the predetermined period, it is judged that the state of the portion
      inspected by the sensor 1 is abnormal, but where the lamp extinguishes,
      the state is judged to be normal.
PAR  FIG. 3 shows another serial circuit of sensor 1, discriminator circuit 2,
      display unit 5 and checking unit 7 shown in FIG. 2, which is exchangable
      therefor. With the circuit arrangement of FIG. 3 which is less complicated
      than the foregoing circuit, the checking unit designated at 7 can check
      normality of the display unit 5 but not abnormality of the sensor 1. An
      operational description of this circuit, which is almost similar to that
      of FIG. 2, will be described in brief. When the checking unit 7 is not
      actuated with grounding of the contact 15d, the transistor becomes
      non-conductive with closure of the sensor 1 and the lamp of display unit 5
      extinguishes whereas the transistor becomes conductive with open of the
      sensor 1 and the display unit lamp lights. When the checking unit is
      actuated with connection of the contact 15d to power source + B, the
      transistor 10 becomes conductive regardless of switching of the sensor 1
      and the lamp of display unit 5 lights on. While the checking unit 7 is
      manually operated in this embodiment, it will be easy for persons skilled
      in the art to alter the circuit such that the checking unit is
      incorporated with the timer 7a and electromagnetic coil 15a so as to be
      automatically operated by a signal of engine key.
PAR  Reference is now made to FIG. 4 wherein the sensor of a type which detects
      the state of the portion to be inspected as an analog quantity is used
      instead of the sensor 1 which detects it as a binary quantity, that is a
      normal state or abnormal one as in the foregoing embodiments. A thermistor
      is preferably used as the sensor because of its decreasing resistance
      characteristics with a temperature rise, its inexpensiveness and
      availability. As shown in FIG. 4, the sensor 1' is a thermistor. Numeral
      20 designates an n-p-n transistor with collector connected to the contact
      15d of relay 15 through the lamp protecting resistor 21 and diode 24, and
      with emitter connected to the lamp of display unit 5. Resistors 22 and 23
      in series to the sensor 1' are matching resistors for the sensor 1' and a
      junction of the resistors 22 and 23 is connected with the base of
      transistor 20. When the relay 15 is closed to the contact 15c as shown in
      the figure, the collector of transistor 20 is open-circuited and the
      transistor 20 serves as a diode between the base and the emitter, thus
      establishing a circuit through power source +B, sensor 1', resistor 22,
      base of transistor 20, emitter of transistor 20, lamp of display unit 5
      and ground. By setting the range of resistance of sensor 1' such that a
      sufficient amount of current for lighting the lamp is prevented to flow
      when the state of the portion to be inspected by the sensor 1' is normal,
      the lamp of display unit 5 remains extinguished. When the sensor 1'
      detects an abnormal state of the portion to be inspected and its
      resistance falls to a valve low enough to cause the lamp of display unit 5
      to light on, for example when an abnormally high temperature in the
      portion to be inspected is detected or when decrease in flow rate is
      detected through the heat run phenomenon of thermistor itself, the
      lighting of the lamp of display unit 5 is indicative of the abnormal state
      of the portion to be inspected. The matching resistors 22 and 23 for the
      sensor 1' are not always needed, but the resistor 23 is effective to
      assure heat run phenomenon when an intentional use of the heat run
      phenomenon of thermistor is requested. The operation will be described
      when the timer 7a of checking unit 7 is actuated to transfer the movable
      contact 15d of relay 15 to the stationary contact 15b. Regardless of the
      resistance of the sensor 1', the base bias current of transistor 20 is
      supplied through the sensor 1' and the resistor 22 so that the lamp of
      display unit 5 lights on with a circuit through power source + B, contact
      15b, diode 24, lamp protecting resistor 21, collector of transistor 20,
      emitter of transistor 20, lamp of display unit 5 and ground. By choosing
      resistance of the resistor 21 nearly equal to that of the sensor 1'
      determined by the aforementioned abnormal state of the portion to be
      inspected, the lamp lights in the same brightness. The breakage of circuit
      of the sensor 1', circuit of the display unit lamp and of the lamp itself
      prevent the lamp of display unit 5 to light. Consequtently, it is possible
      for the warming apparatus to be checked by itself as described in the
      embodiment of FIG. 2.
PAR  A circuit diagram of the OR-gate circuit 3 of FIG. 1 is shown in FIG. 5.
      Where a plurality of discriminator circuits 2 using the sensor 1, or 1'
      shown in FIGS. 2, 3 and 4 are combined and at least one of sensors 1 or 1'
      detects an abnormal state of the corresponding portion to be inspected so
      as to actuate the corresponding discriminator circuit 2 for lighting the
      lamp of display unit 5, through the use of this OR-gate circuit 3 abnormal
      signals from respective channels are simultaneously delivered out of a
      terminal X as output signals and whenever the timer 7a is operated, such
      abnormal output signals are delivered out of the terminal X regardless of
      the actuation of the discriminator circuit 2. As shown in FIG. 5, two of
      discriminator circuits 2 shown in FIGS. 2, 3 and 4 are arranged. If more
      than two of discriminator circuits 2 are used, a similar circuit
      arrangement will be realized. In order to combine the discriminator
      circuits each other, the grounding ends of two of resistors 11 as shown in
      FIG. 2 are disconnected from ground and connected to the anode of a diode
      33 in the form of a wired OR-gate. For combination of the discriminator
      circuits shown in FIG. 4, two resistors 30 are provided each having one
      end connected to the emitter or respective transistors 20 and the other
      end connected to the anode of a diode 34 in the form of a wired OR-gate.
      The anode of a diode 32 is connected to the movable contact 15a of relay
      15 through a resistor 31. The cathodes of three diodes 32, 33 and 34 are
      coupled each other to establish the terminal X. For an operational
      description of this circuit arrangement, assume that a resistor (not
      shown) is connected between the terminal X and ground. As understood from
      descriptions of FIGS. 2, 3 and 4, when one of sensors 1 detects an
      abnormal state under non-actuation of the checking unit 7, the diode 33 is
      biased forwardly; when one of sensors 1' detects an abnormal state, the
      diode 34 is forward-biased. Under actuation of the checking unit 7, the
      diode 32 is forward-biased. In this manner, the OR-gate circuit 3 delivers
      from its output terminal X an output for enabling the driving circuit 4
      which in turn drives the main warning unit 6 under actuation of the
      checking unit 7 and it delivers an output for driving the main warning
      unit 6 under non-actuation of the checking unit 7 when one of sensors 1 or
      sensors 1' detects an abnormal state of the portion to be detected.
      Resistance valves of the resistors 11, 30 and 31 determine the amount of
      base current where a transistor (not shown) with the base connected to the
      terminal X is provided.
PAR  FIG. 6 shows a circuit diagram of the driving circuit 4 for main warning
      unit 6. Symbol X represents a terminal to be coupled to the terminal X
      shown in FIG. 5. During the presence of a signal at the terminal X shown
      in FIG. 6, the lamp of main warning unit 6 will flash at a predetermined
      interval. An n-p-n transistor 40 is loaded with the lamp of main warning
      unit 6 through a lamp protecting resistor 43. An n-p-n transistor 42 is
      loaded with a resistor 44. The base of transistor 42 and the collector of
      transistor 40 are coupled each other through a resistor 48. The collectors
      of transistors 40 and 42 are coupled each other through a time delay
      element including a series circuit of resistors 45 and 47 and a capacitor
      46. An n-p-n transistor 41 has its collector connected to the base of
      transistor 40 and its base applied with a divided voltage of the
      collector-emitter voltage of transistor 42 by means of resistors 47 and
      49. In operation, when the diodes 32, 33 and 34 shown in FIG. 5 biased
      reversely, the transistor 40 is non-conductive and a base current flows
      into the base of transistor 42 through the lamp of main warning unit 6 and
      the resistors 43 and 48 thereby to bring the transistor 42 into conductive
      state. Then, the capacitor 46 is charged such that its electrode connected
      to the resistor 46 is positively charged as shown in FIG. 6. The resistors
      45, 47 and 48 which have for larger resistance values than an internal
      resistance of the lamp of main warning unit 6 prevent the main warning
      unit lamp to light. When either one or all of the diodes 32, 33 and 34 are
      forward-biased, the transistor 40 becomes conductive thereby to light on
      the lamp of main warning unit 6. At the same time, the transistor 42 is
      disabled so that a current flows into the capacitor 46 through the
      resistors 44 and 47 and thus the potential at the electrode of capacitor
      46 coupled to the resistor 45 gradually falls to the ground potential.
      During this process, the base potential of transistor 41 gradually
      increases and when it exceeds a threshold value, the transistor 41 becomes
      conductive. Accordingly, even when either one of the diodes 32, 33 and 34
      is forward-biased, the transistor 40 is disabled and the lamp of main
      warning unit 6 extinguishes. Sequentially, the above operation repeats.
      The ON-OFF period of the transistor 40 is determined by a time constant of
      a circuit including the resistors 45 and 47 and the capacitor 46.
PAR  Now, the present invention will be summarized as follows:
PAR  The sensors 1 or sensors 1' are mounted to a plurality of the portions
      where an abnormal state of parts or units of automobile is inspected for
      the purpose of delivering an electric output signal responsive to the
      abnormal state. The electric signal of sensor 1 or 1' is discriminated to
      judge whether the state of the portion to be inspected is normal or
      abnormal and when abnormal, the lamp of display unit 5 lights on together
      with flashing of the lamp of separate main warning unit 6 for a further
      attention to a driver. The lamp of main warming unit 6 which lights at an
      extreme brightness is availed effectively. The main warning unit lamp
      flashes whenever either one of the plurality of portions to be inspected
      is judged abnormal. Furthermore, the warning apparatus of this invention
      is of fail-safe. Abnormal state of the system itself, for example breakage
      of the lamp of display unit 5, trouble of sensor 1 or 1' and breakage of
      wirings, can be checked before operation of automobile. That is, during a
      predetermined interval from commencement of engine switch the warning
      apparatus is checked in such a manner that when all of the display unit
      lamps for indicating abnormal state of the portions to be inspected light
      on or when the main warning unit lamp flashes, the warning apparatus is in
      order.
PAR  Turning now to FIG. 7, the display unit 5 will be detailed. Preferably,
      lamps for indicating the abnormal state of portions to be inspected are
      located collectively at one place. In the figure, numeral 50 designates a
      lamp housing made of heat-resistant resin which supports a transparent
      plate 51 made of akryl resin with its front surface printed with names of
      the portions to be inspected or state thereof as shown in FIG. 7. A lamp
      5a is secured to a screw 54 through a bracket 53 within the housing 50 and
      applied with an electric current through a lead wire 55. The number of
      plates 51 responds to that of portions to be inspected and the lamp 5a is
      provided for each transparent plate 51. The housing is partitioned to a
      number of small space 56 in accordance with respective transparent plates
      51 for the purpose of prevention of an interaction between light beams
      from respective lamps. Since the display unit 5 is exclusively used for
      imminency, it is not necessary to locate the display unit in front of a
      driver. It is advisable to locate it, for example, on a console box
      between a driver and an assistant driver or on the front ceiling inside
      vehicle body.
PAR  Contrary thereto, since the lamp of main warning unit 6 is adapted to
      firstly warn a driver of occurrence of abnormal state at any of portions
      to be inspected, it is necessary to locate it at a place readily
      observable from the driver. It is advisable to locate on a meter panel the
      main warning unit lamp provided with a color lens in red or to illuminate
      in red by means of the main warning unit lamp on the entire glass surface
      which covers a speed meter.
PAR  While in the foregoing embodiments the lamp of main warning unit 6 is
      designed to light on in response to occurrence of abnormal state of any
      portions to be inspected, it is necessary for the main warning unit lamp
      to be lit in accoreance with a hierarchy of safety-running as the number
      of portions to be inspected becomes greater. For example, for portions
      whose abnormal state is so imminent that an accident will be caused, it is
      advisable to provide the portion with a main warning unit lamp which
      illuminates in red; for portions whose abnormal state is not so imminent,
      it is advisable to provide the portion with a main warning unit lamp which
      illuminates in orange. A circuit arrangement for this purpose including
      the OR-gate 3, the driving circuit for actuating the main warning unit 6
      will be shown in FIG. 8. In the figure, resistors 11, 30 and 31 are
      identical with those shown in FIG. 5, and diodes 60 to 67 constitute
      OR-gates. An abnormal signal from the portions of the high hierarchy is
      applied to a channel A so as to be gated by the diodes 60 and 61, whereas
      a relatively low hierarchy abnormal signal to a channel B so as to be
      gated by the diodes 62 and 63; in addition, signals under actuation of the
      checking unit 7 are cooperated with the diodes 64 and 66 diodes 65 and 67,
      respectively, and conducted to separate input terminals of independent
      driving circuits 4 for actuating main warning unit 6. In this manner, an
      abnormal signal from the portions of the high hierarchy and that from the
      portions of the low hierarchy are separately processed through the
      channels A and B to light two independent lamps of main warning unit 6.
PAR  As has been described, in the central warning apparatus of the present
      invention, there are provided a plurality sensors for the plurality
      portions to be inspected and when any one of sensors detects an abnormal
      state of the portion to be inspected, the main warning unit warns a driver
      of occurrence of the abnormal state and the abnormally stated portion is
      immediately informed of the occurrence of the abnormal state even when the
      number of the portions to be inspected increases. Further, a driver is
      freed from continuous terrible attention to the occurrence of abnormal
      state of the portions to be inspected and allowed to concentrate on the
      safety-operation. Moreover, since the whole of warning apparatus can be
      checked and confirmed by the checking unit in an extremely simple manner,
      reliability of the warning apparatus can be extremely improved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A central warning apparatus for vehicles comprising:
PA1  a plurality of sensors each mounted on a vehicle portion to be inspected
      and adapted to be shifted to a normal state when the portion is in a
      normal state and to an abnormal operation state when the portion is in an
      abnormal state,
PA1  display means provided in correspondence with each said sensor for
      providing an output signal indicating abnormality of the respective
      portions to be inspected,
PA1  checking means connected to said display means for selectively operating
      said display means so as to check the states of operation of said display
      means and said sensors,
PA1  a plurality of discriminator circuits each connected between one of said
      sensors and said display means and to said checking means for producing an
      output signal to operate said display means when one of said sensors is in
      an abnormal state and for operating said display means, in a checking mode
      of operation, only when a respective series circuit consisting of said
      display means, said discriminator circuit and said sensor is formed,
PA1  an OR-gate circuit connected to a plurality of said display means for
      generating an output signal in response to at least one output signal of
      one of said plurality of discriminator circuits, and
PA1  a main warning circuit means connected to said OR-gate circuit for
      indicating abnormality of at least one of the plurality of portions to be
      inspected in response to an output signal of said OR-gate circuit.
NUM  2.
PAR  2. A central warning apparatus for vehicles comprising:
PA1  a plurality of sensors each mounted on a vehicle portion to be inspected
      and adapted to change resistance values thereof in response to changes
      from normal to abnormal states of the portions,
PA1  display means provided in correspondence with said sensors for providing an
      output signal indicating abnormality of the respective portions to be
      inspected,
PA1  checking means for selectively operating said display means for checking
      the states of operation of said display means and said sensors,
PA1  a plurality of discriminator circuits each connected between one of said
      sensors and said display means and to said checking means for turning said
      display means into an ON or OFF state of operation in response to change
      of resistance values of said sensors and operating said display means, in
      a checking mode of operation, only when a respective series circuit
      consisting of said display means, said discriminator circuit and said
      sensor is formed,
PA1  an OR-gate circuit connected to a plurality of said display means for
      generating an output signal in response to at least one output signal of
      said plurality of discriminator circuits, and
PA1  a main warning circuit means connected to said OR-gate circuit for
      indicating abnormality of at least one of the plurality of portions to be
      inspected in response to an output signal of said OR-gate circuit.
NUM  3.
PAR  3. A central warning apparatus for vehicles according to claim 1 wherein
      said checking means comprises a timer for operating said checking means
      for a certain period of time.
NUM  4.
PAR  4. A central warning apparatus for vehicles according to claim 2, wherein
      said checking means comprises a timer for operating said checking means
      for a certain period of time.
NUM  5.
PAR  5. A central warning apparatus for vehicles according to claim 1, wherein
      said discriminator circuits are arranged such that load resistance values
      of said discriminator circuits when said display means are operated in the
      abnormal state of said sensors are selected substantially equal to load
      resistance values of said discriminator circuits when said display means
      are operated by said checking means.
NUM  6.
PAR  6. A central warning apparatus for vehicles according to claim 2, wherein
      resistance values of said sensors are decreased when said sensors detect
      abnormality of the portions to be inspected.
NUM  7.
PAR  7. A central warning apparatus for vehicles according to claim 6, wherein
      in said discriminator circuits, resistance values of said sensors when
      they are decreased to operate said display means are selected
      substantially equal to load resistance values of said discriminator
      circuits when said display means are operated by said checking means.
NUM  8.
PAR  8. A central warning apparatus for vehicles according to claim 1,
PA1  wherein each said discriminator circuit comprises an NPN transistor, the
      base of which is connected through a load resistor to a positive side of
      an electric source and connected to one of said sensors, the collector of
      which is connected through a load resistor to the positive side of the
      electric source, and the emitter of which is connected to said display
      means, said display means being connected through a load resistor to said
      one sensor, and said transistor being turned to an ON-state to operate
      said display means when said one sensor is in an OFF-state, and
PA1  wherein said checking means checks the operability of said display means
      and said sensors by selectively connecting said display means which are
      ordinarily connected to a negative side of said electric source to the
      positive side of said electric source.
NUM  9.
PAR  9. A central warning apparatus for vehicles according to claim 6,
PA1  wherein each said discriminator circuit comprises an NPN transistor the
      base of which is connected through one of said sensors to a positive side
      of an electric source, the emitter of which is connected to said display
      means and the collector of which is connected through a load resistor and
      a diode to a negative side of the electric source, said transistor being
      operable as a diode formed by the base and the emitter of said transistor
      to operate said display means when the resistance value of said one sensor
      decreases until an abnormality detecting level, and
PA1  wherein said checking means checks the operability of said display means
      and said sensors by selectively connecting the collectors of said
      transistors which are ordinarily connected to the negative side of said
      electric source to the positive side of said electric source so that an
      electric conductive path is formed between the base and the emitter of
      said transistor.
NUM  10.
PAR  10. A central warning apparatus for vehicles according to claim 3, further
      including a power switch connected to said timer for operating said timer.
NUM  11.
PAR  11. A central warning apparatus for vehicles comprising:
PA1  a plurality of condition sensors each mounted on a portion of the vehicle
      to be inspected and providing a first electrical output signal when a
      normal state is detected and a second electrical output signal when an
      abnormal state is detected,
PA1  display means associated with each of said sensors for indicating an
      abnormal condition in response to production of said second electrical
      signal by the associated sensor,
PA1  checking circuit means for operation to provide a check signal,
PA1  discriminator circuit means connecting each of said sensors and said
      checking circuit to said display means so that one of said display means
      indicates an abnormal condition when a second output signal is produced by
      the associated sensor and so that each sensor is serially connected with
      said checking circuit means to cause the associated display means to
      produce an abnormal condition indication when that sensor is producing
      said first signal and said checking circuit means is operated,
PA1  an OR-gate circuit connected to a plurality of said display means for
      producing an output signal when at least one of said display means is
      producing an abnormal indication, and
PA1  main warning circuit means for indicating an abnormality warning whenever
      said OR-gate circuit produces its output signal.
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ABST
PAL  A system for monitoring usage of seat belt means in a motor vehicle
      includes electrically operable visual signaling means and electrically
      operable audible signaling means. A first switch is operable in response
      to initiation of motor vehicle operation for connecting the signaling
      means to an electrical power supply in the vehicle. An additional switch
      is operable in response to fastening of the vehicle seat belt means for
      preventing operation of the audible signaling means when the seat belt
      means are properly fastened. A pair of first electrical resistors of
      positive temperature coefficient of resistivity which are adapted to
      display a sharp increase in resistivity when heated to predetermined
      operating temperatures are arranged in series between the vehicle power
      supply and the visual and audible signaling means respectively for
      terminating operation of said signaling means individually when said first
      resistors are heated to said operating temperatures. A third electrical
      resistor of positive temperature coefficient of resistivity which displays
      a sharp increase in resistivity when heated to a predetermined operating
      temperature is arranged to be connected to said vehicle power supply on
      initiation of vehicle operation and is disposed in selected heat-transfer
      relation to said first resistors for heating said first resistors to their
      operating temperatures with a selected time delay after initiation of
      motor vehicle operation, thereby to terminate operation of said signaling
      means after said time delay even if said vehicle seat belt means have not
      been properly fastened. A control device particularly adapted for use in
      such seat belt monitoring systems includes a casing having a cavity and
      having a plurality of slots extending into the casing cavity. Three
      terminals are disposed in respective casing slots to dispose one end of
      each terminal within said cavity. The pair of first resistor elements are
      disposed in the casing cavity to electrically engage respective terminals
      and the second resistor is disposed in the cavity in heat-transfer
      relation to the first resistors to electrically engage each of the first
      resistors and to electrically engage a third terminal. A fourth terminal
      disposed in a fourth casing slot also electrically engages the second
      resistor and a cover secured to the casing retains the resistors and
      terminals in assembled relation. This control device is therefore adapted
      to be conveniently combined with existing automotive switch means to
      economically provide seat belt monitoring systems as above-described.
BSUM
PAR  The use of seat belt means in motor vehicles has not been as widespread as
      might be desired and accordingly a number of seat belt monitoring systems
      have been used or proposed for use to remind vehicle occupants to use the
      vehicle seat belts. Such monitoring systems have included audible and
      visual signaling means which remind the vehicle occupants if motor vehicle
      operation is initiated when the seat belts have not been properly
      fastened. However, such known monitoring systems have been so annoying to
      vehicle occupants they are frequently then removed from the vehicle or
      otherwise circumvented to alleviate these annoyances. As a result the
      provision of such systems on motor vehicles have not been adequately
      effective in encouraging use of such seat belts. More recently a seat belt
      monitoring system has been proposed which would terminate operation of
      said signaling means automatically after a selected time delay even if the
      vehicle seat belts have not been properly fastened. However, the
      monitoring systems proposed have not been as conveniently adapted for use
      in monitoring seat belt use in various types of motor vehicles and it
      would be desirable if such recently proposed monitoring systems could be
      provided at a lower cost.
PAR  It is an object of this invention to provide a novel and improved seat belt
      monitoring system; to provide such a system which is effective to
      encourage more widespread use of seat belts in motor vehicles; to provide
      such a system which is particularly characterized by its versatility in
      application to various types of motor vehicles; to provide such a system
      which is of compact, rugged and economical construction; to provide a
      control device which is conveniently adapted to be combined with existing
      switch means in a motor vehicle to provide such improved seat belt
      monitoring systems; and to provide such a control device which is of very
      compact, versatile and economical construction.
DRWD
PAR  Other objects, advantages and details of the novel and improved seat belt
      monitoring system and control device of this invention appear in the
      following detailed description of preferred embodiments of the invention,
      the detail description referring to the drawings in which:
PAR  FIG. 1 is a schematic view of the preferred embodiment of the seat belt
      monitoring system of this invention;
PAR  FIG. 2 is a plan view of a control device useful in the monitoring system
      of FIG. 1;
PAR  FIG. 3 is a plan view of a casing component utilized in the control device
      of FIG. 2;
PAR  FIG. 4 is a plan view of portions of the control device of FIG. 2
      illustrating steps in the assembly of the control device of FIG. 2;
PAR  FIG. 5 is a plan view similar to FIG. 4 illustrating further steps in the
      assembly of the control device of FIG. 2;
PAR  FIG. 6 is a plan view similar to FIGS. 4 and 5 illustrating still further
      steps in the assembly of the control device of FIG. 2; and
PAR  FIG. 7 is a plan view similar to FIGS. 4-6 illustrating still further steps
      in the assembly of the control device of FIG. 2.
DETD
PAR  Referring to the drawings, 10 in FIG. 1 indicates a preferred embodiment of
      the novel and improved automotive seat belt monitoring system of this
      invention which is adapted for use in monitoring seat belt usage in an
      automobile or other motor vehicle (diagrammatically indicated as the
      electrical ground in FIG. 1) where the vehicle has an electrical power
      supply B+ as diagrammatically indicated in FIG. 1 by the terminal 14 and
      has seat belt means diagrammatically indicated at 16 in FIG. 1. As shown,
      the monitoring system 10 of this invention includes an electrically
      operable visual signal means 18 such as an electrical lamp. As will be
      understood, the lamp 18 is adapted to be mounted on the dashboard of the
      motor vehicle 12 or in any other location where the light will be readily
      seen by the vehicle driver and by the passenger occupants of the vehicle.
      The system 10 further includes an electrically operable audible signaling
      means 20 which preferably comprises any conventional electrical buzzer
      system. Typically, for example, the electrical signaling means 20
      comprises a coil 20.1 which provides a magnetic field when energized and a
      pair of normally closed electrical contacts 20.2, one of which is of
      spring leaf type adapted to be alternately attracted by the noted magnetic
      field to open the coil circuit and then to be resiliently biased back to a
      closed circuit position after the coil circuit has been opened, thereby to
      reclose the circuit, the opening and closing of the contacts providing a
      buzzing sound in well known manner. Such buzzer systems are well known,
      and as other conventional electrically operable audible means can be used
      for the monitoring system of this invention, the signaling means 20 is not
      further described herein. In accordance with this invention, the visual
      signaling means 18 is electrically connected in series with a first
      resistor means 22 of positive temperature coefficient of resistivity.
      Preferably, for example, the resistor means 22 comprises a ceramic-type
      resistor element which is adapted to display a relatively low resistance
      at a selected normal temperature such as room temperature but is adapted
      to be electrically self-heated by directing the electrical current through
      the resistor and to display a very sharp increase in resistivity when
      heated to a predetermined operating temperature for reducing current flow
      through the resistor element to a very low level. Typically, for example,
      the resistor element 22 incorporates a thin disc-like layer of
      lanthanum-doped barium titanate ceramic material having metallized contact
      surfaces on opposite side surfaces of the ceramic layer, such a resistor
      element typically displaying low resistance on the order of 4 ohms per
      resistor unit at room temperature and displaying a resistance of
      approximately 1000 ohms or more when heated to an operating temperature on
      the order of 90.degree.C., thereby to reduce current flow through the
      resistor element 22 to a level which is just sufficient to maintain the
      resistor element at said operating temperature. That is, the resistor
      element 22 is adapted to be self-regulating to prevent excessive
      overheating of the resistor element when energized. As such ceramic
      resistor elements are well known, the resistor element 22 is not further
      described herein and it will be understood that the resistor element 22 is
      selected so that, when at its normal temperature, the resistor permits
      sufficient current flow through the resistor to operate the signaling
      means 18 but so that, when at its heated operating temperature, the
      current permitted to flow through the resistor is insufficient to operate
      the visual signaling means 18.
PAR  In accordance with this invention the seat belt monitoring system 10
      further includes another first resistor means 22 of said positive
      temperature coefficient of resistivity characteristics which is connected
      in series with the audible signaling means 20 as illustrated in FIG. 1.
PAR  In accordance with this invention the seat belt monitoring system 10
      further includes a first switch means 24 which is adapted to be operable
      in any conventional manner in response to initiation of operation of the
      motor vehicle 12 to electrically connect the signaling means 18 and 20,
      and the resistor elements 22 in series with the respective signaling
      means, to the electrical power supply 14 of the motor vehicle as
      illustrated in FIG. 1. Typically, the switch means 24 comprises a normally
      open switch as illustrated in FIG. 1. For example, the switch 24
      preferably comprises the ignition switch of the noted motor vehicle but
      can also comprise a switch operable in well known manner by the shifting
      of a transmission control from a parked position to one of the vehicle
      transmission drive positions.
PAR  In accordance with this invention an additional switch means 26 is operable
      in response to fastening of the automotive seat belt means 16 in the noted
      motor vehicle to prevent operation of the audible signaling means 20 of
      the monitoring system. Typically, for example, the switch means 26
      comprises a normally open switch such as is conventionally provided in
      seat belt mechanisms in some motor vehicles and which is adapted to be
      closed when the seat belt is fastened around an occupant of the motor
      vehicle, the switch being electrically connected to shunt the audible
      signaling means 20 as illustrated in FIG. 2. That is, the switch is
      electrically connected at one side to the resistor element 22 in series
      with the audible signaling means 20 and at its opposite side to the
      electrical ground 12 of the motor vehicle as shown in FIG. 1. Preferably,
      the switch 26 is adapted to be operated upon fastening of the seat belt
      allotted to the driver of the motor vehicle.
PAR  In accordance with this invention, an additional resistor element 28 of
      positive temperature coefficient of resistivity is connected in parallel
      with a visual signaling means and the resistor 22 in series therewith and
      in parallel with the audible signaling means and the resistor 22 in series
      therewith as shown in FIG. 1. Preferably, for example, the resistor
      element 28 utilized in the system 40 comprises a ceramic resistor element
      of lanthanum-doped barium titanate material which has a resistance of
      approximately 1.9 ohms at normal or room temperature but which, when
      energized at a voltage on the order of 10 to 16 volts, is adapted to be
      heated to a temperature of approximately 135.degree.C. and to display a
      resistance of greater than 1000 ohms at said temperature.
PAR  In accordance with this invention, the resistor element 28 is disposed in a
      selected heat-transfer relation to each of the first resistor elements 22
      as indicated by the lines 29 in FIG. 3. In this arrangement, when the
      first switch means 24 are operated in response to initiation of operation
      of the motor vehicle 12 while the seat belt 16 is not properly fastened so
      that the switch means 26 are in their normally open condition, the visual
      and audible signaling means 18 and 20 are each energized through
      respective resistance elements 22 while the resistance element 28 draws a
      substantial current to be heated rapidly to its operating temperature. In
      this way, the resistance element 28 serves as an electrical heater for
      heating the resistance elements 22 to their predetermined operating
      temperatures within a more precisely predetermined time delay after
      initiation of operation of the motor vehicle 12. That is, in a monitoring
      arrangement illustrated in FIG. 1, the resistor element 28 is adapted to
      be promptly heated to its operating temperature very quickly after
      initiation of motor operation so that effects of voltage variations from
      the power supply and variations in the ambient temperatures to which the
      resistor elements are subjected provide only very small variations in the
      time required to heat the resistor element 28 to its operating
      temperature. Similarly, where the resistor elements 22 are heated towards
      their operating temperatures to only a limited extent by the flow of
      electrical current through the resistor elements, such voltage variations
      in ambient temperature variations also contribute to only a limited extent
      to the heating of the resistors 22.
PAR  In accordance with this invention, the major part of the time delay for
      heating the resistor elements 22 to their operating temperatures after
      initiation of operation of the motor vehicle 12 is primarily determined by
      the heat-transfer relationship established between the resistor element 28
      and the resistor elements 22. Preferably, the resistor element 28 is
      disposed in a selected heat-transfer relation to the resistors 22 to heat
      the resistor elements 22 to their operating temperatures within four to
      eight seconds after initiation of motor vehicle operation. If the vehicle
      driver properly fastens his seat belt 16 so that the normally open switch
      means 26 are closed in response to fastening of the seat belt, the audible
      signaling means 20 is shunted and operation of the audible signaling means
      is thereby prevented. When this occurs, the resistor element 22 in series
      with the audible signaling means then continues to be heated by the
      resistor element 28 and by the electrical current flowing through the
      resistor element 22 through the switch means 26 until the resistor element
      reaches its operating temperature at which the increase of resistivity of
      the resistor element 22 reduces current flow through the resistor to a
      very low level. The visual signaling means 18 remains energized after
      initiation of motor vehicle operation even though the seat belt 16 may be
      fastened for closing the switch means 26, the operation of the visual
      signaling means being terminated only after the desired time delay after
      initiation of motor operation when the resistor element 22 in series with
      the visual signaling means has been heated to its operating temperature as
      will be understood.
PAR  In accordance with this invention, the resistor elements 22 and 28 of the
      monitoring system 10 above-described are preferably incorporated in a
      control device 30. In this arrangement, as illustrated by the broken lines
      30 in FIG. 1, the resistor elements are adapted to be conveniently
      combined with switch means 24 and 26 and signaling means 18 and 20
      existing in present motor vehicles to provide the monitoring system 10 of
      this invention in a convenient and economical manner.
PAR  In a preferred embodiment of the control device 30 of this invention as
      illustrated in FIGS. 2-7, the control device includes a casing 31 of an
      electrically insulating material such as a phenolic resin or a glass
      filled nylon or the like. The casing has a top surface 32 which is
      preferably flat, and has a casing edge 34 adjacent the top surface of the
      casing as shown particularly in FIG. 3. The casing also has a cavity 36
      which is open at the top surface of the casing and which has a side wall
      38, a first cavity bottom portion 40 disposed at a level which is located
      at a selected spacing from the top surface of the casing, and has a second
      cavity bottom portion 42 disposed at a level located at a selected
      relatively lesser spacing from the top surface of the casing. Preferably,
      the casing also has a wall portion 44 upstanding from the first bottom
      portion of the casing cavity dividing said first bottom portion into two
      sections as shown in FIG. 3. In accordance with this invention, the casing
      31 also has a plurality of slots 46, 48, 50 and 52 each of which is open
      at the top surface of the casing and each of which communicates between
      the casing cavity 36 and the casing edge 34. Preferably, casing stud
      portions 54 are upstanding from the casing within each of the casing slots
      adjacent the casing edge 34.
PAR  In accordance with this invention, terminal means 56, 58 and 60 are
      disposed in respective slots 46, 48 and 50 of the casing. Preferably, the
      terminal means 56, 58 and 60 incorporate respective spring portions 62, 64
      and 66 each of which have one end thereof 62.1, 64.1 and 66.1 extending
      into the casing cavity 36. Preferably these terminal spring portions 62,
      64 and 66 are formed of an electrically conductive resilient spring
      material such as beryllium copper and are provided with a dimple at the
      end of said spring portions which extend into the casing cavity.
      Preferably also, the ends of the spring portions 62, 64 and 66 which
      extend into the cavity bear against the cavity bottom portions 40 and 42
      as illustrated particularly in FIG. 4. Preferably the opposite ends of the
      spring portions 62, 64 and 66 are each provided with a central aperture
      which is fitted over a respective casing stud portion 54 as illustrated in
      FIG. 4. Preferably also the terminal means 56, 58 and 60 also include
      terminal extension portions 68, 70 and 72 respectively each of which has
      an aperture at one end fitted over a respective casing stud portion 54 as
      illustrated in FIG. 4 and has an opposite end portion of the terminal
      extension means extending from the casing at said casing edge 34.
PAR  In accordance with this invention the resistor elements 22 and 28 described
      above with reference to FIG. 1 are preferably provided in the form of
      thin, disc-like layers of ceramic material having broad flat opposite side
      surfaces thereof provided with resistor contact material (not shown) as by
      metallizing the broad flat disc surfaces of the resistor elements. The
      resistor element 28 is preferably formed of a round configuration while
      the resistor elements 22 are preferably formed as one quarter quadrants of
      such a round configuration. Thus, as illustrated particularly in FIG. 5,
      the two resistor elements 22 are adapted to be disposed within the casing
      cavity 36 to electrically engage the ends 64.1 and 66.1 of the spring
      portions of the terminal means 58 and 60 as shown in FIG. 5. That is, the
      end 64.1 and 66.1 of the spring terminal portions are engaged with the
      flat disc surfaces of the resistor elements 22 opposite from those viewed
      in FIG. 5 as will be understood.
PAR  In accordance with this invention, the resistor element 28 of round
      configuration is then disposed within the casing cavity 36 as illustrated
      in FIG. 6 so that the flat contact surfaces of the resistor elements 22
      which are viewed in FIG. 5 are electrically engaged with limited parts of
      the broad flat contact surface of the element 28 which is opposite from
      the contact surface of the resistor 28 which is viewed in FIG. 6. Further,
      in this arrangement, the resistor element 28 is disposed in a precisely
      controlled heat-transfer relation to each of the resistor elements 22 as
      will be understood. Further, said opposite side of the resistor element 28
      is also disposed in electrical engagement with the end 62.1 of the spring
      portion of the terminal means 56.
PAR  In accordance with this invention, an additional terminal means 74 is then
      disposed within the casing slot 52 as is best illustrated in FIG. 7. As
      shown, the terminal means 74 preferably includes an electrically
      conductive resilient spring portion 76 having one end 76.1 extending over
      the casing cavity 36 to engage the broad flat contact surface of the
      resistor 28 which is viewed in FIG. 7. The opposite end of the spring
      portion 76 of the terminal means 74 has an aperture fitted over a stud
      portion of the casing upstanding within the casing slot 52. A terminal
      extension portion 78 of the terminal means 74 is also provided with an
      aperture fitted over the stud portion of the casing upstanding within the
      casing slot 52 and has an opposite end extending from the casing at the
      casing edge 34 as shown in FIG. 7.
PAR  Finally, in accordance with this invention, a flat, disc-like casing cover
      80 is disposed on top of the top surface 32 of the casing and is riveted
      or otherwise secured to the casing 31 as indicated at 82 in FIG. 1.
      Preferably the thickness of the resistor elements 22 and 28 are
      proportioned with respect to the thicknesses of the terminal means of the
      connector device 30 and with respect to the depth of the cavity 36 in the
      casing 31 of the device so that securing of the cover 80 to the casing 31
      resiliently presses the spring portion 76 of the terminal means 74 firmly
      into electrical engagement with the resistor 28 and resiliently presses
      the resistor element 28 into firm electrical engagement with the resistors
      22 and with the terminal means 56 while also firmly pressing the resistor
      elements 22 into electrical engagement with the terminal means 64 and 66
      as will be understood. Similarly, the thicknesses of the spring portions
      and terminal extension portions of the terminal means of the device 30 are
      proportioned relative to the depths of the casing slots 46, 48, 50 and 52
      so that the spring portion of each of said terminal means is pressed into
      firm electrical engagement with the extension portion of said terminal
      means within said casing slots by the casing cover 80. Preferably, the
      casing cover has an extending, integral tab portion 84 having a central
      aperture 86.
PAR  In this arrangement, the electrical control device 30 above-described is
      particularly adapted to be plugged into a suitable receptacle in a motor
      vehicle so that the extending portions of the device terminal means are
      electrically connected with great convenience to the other components of
      the seat belt monitoring system 10 illustrated in FIG. 1 as will be
      understood. The tab portion 84 of the device cover is adapted to fit over
      a detent on such a receptacle for firmly locking the control device to
      such a receptacle in a conventional manner. Further, the control device 30
      is characterized by being compact, rugged and of extremely inexpensive
      construction. On the other hand, the resistor elements within the control
      device are electrically interconnected with each other and with device
      terminal means in a secure and reliable manner.
PAR  It should be understood that although various embodiments of the seat belt
      monitoring system and control device of this invention has been described
      by way of illustrating the invention, this invention includes all
      modifications and equivalents thereof falling within the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A seat belt monitoring system for a motor vehicle having seat belt means
      and electrical power supply means comprising electrically operable audible
      signaling means, electrically operable visual signaling means, first
      switch means operable in response to initiation of motor vehicle operation
      for electrically connecting said audible and visual signaling means in
      parallel to said power supply to permit operation of said signaling means,
      additional switch means operable in response to fastening of said seat
      belt means to prevent operation of said audible signaling means when said
      seat belt means is fastened, a first resistor means of positive
      temperature coefficient of resistivity which displays a sharp increase in
      resistivity in response to heating of said first resistor means to a
      predetermined operating temperature, said first resistor means being
      disposed in series with said visual signaling means and said power supply
      to prevent operation of said visual signaling means when said first
      resistor means is heated to its predetermined operating temperature, a
      second resistor means of positive temperature coefficient of resistivity
      which displays a sharp increase in resistivity in response to heating of
      said second resistor means to a predetermined operating temperature, said
      second resistor means being disposed in series with said audible signaling
      means and said power supply to prevent operation of said audible signaling
      means when said second resistor means is heated to its predetermined
      operating temperature, and electrical heater means disposed in selected
      heat-transfer relation to said first and second resistor means operable in
      response to initiation of said motor vehicle operation to heat said first
      and second resistor means to said predetermined operating temperatures for
      said first and second resistor means with selected time delay after
      initiation of said motor vehicle operation.
NUM  2.
PAR  2. A seat belt monitoring system as set forth in claim 1 wherein said
      electrical heater means comprises a self-regulating resistance heater
      element of positive temperature coefficient of resistivity.
NUM  3.
PAR  3. A seat belt monitoring system as set forth in claim 2 wherein said
      self-regulating heater element is electrically connected in parallel with
      said first resistor means and with said second resistor means.
NUM  4.
PAR  4. A seat belt monitoring system for a motor vehicle having seat belt means
      and electrical power supply means comprising a first resistor of positive
      temperature coefficient of resistivity which displays a sharp increase in
      resistivity when heated to a predetermined operating temperature for
      reducing electrical current flow through said first resistor to a very low
      level, an electrically operable visual signaling means electrically
      connected in series with said first resistor, a second resistor of
      positive temperature coefficient of resistivity which displays a sharp
      increase in resistivity when heated to a predetermined operating
      temperature for reducing electrical current flow through said second
      resistor to a very low level, an electrically operable audible signaling
      means electrically connected in series with said second resistor, first
      switch means operable in response to initiation of said motor vehicle
      operation to electrically connect said first resistor and visual signaling
      means in parallel with said second resistor and audible signaling means to
      said power supply for permitting operation of said signaling means,
      additional switch means operable in response to fastening of said seat
      belt means to prevent operation of said audible signaling means when said
      seat belt means is fastened, and a third electrical resistor of positive
      temperature coefficient of resistivity adapted to be heated to a
      predetermined operating temperature by directing electrical current
      therethrough and to display a sharp increase in resistivity at said
      predetermined operating temperature for reducing current flow through said
      third resistor to a very low level, said third resistor being electrically
      connected in parallel with said first resistor and visual signaling means
      and with said second resistor and audible signaling means upon operation
      of said first switch means for heating said third resistor to said
      predetermined operating temperature for said third resistor, said third
      resistor being disposed in selected heat-transfer relation to said first
      and second resistors for heating said first and second resistors to said
      predetermined operating temperatures for said first and second resistors
      with selected time delay after initiation of said motor vehicle operation
      to prevent operation of said audible and visual signaling means after said
      selected time delay.
NUM  5.
PAR  5. A seat belt monitoring system as set forth in claim 4 wherein said
      additional switch means comprises normally open switch means operable in
      response to fastening of said seat belt means to shunt said audible
      signaling means for preventing operation of said audible signaling means.
NUM  6.
PAR  6. An electrical control device comprising a casing of electrically
      insulating material having a top surface, having a casing edge adjacent
      said top surface, and having a cavity in said top surface, said cavity
      having a side wall, a first cavity bottom portion having selected spacing
      from said top surface and having a second cavity bottom portion at a
      selected relatively lesser spacing from said top surface, said casing
      having at least three slots open at said top surface communicating between
      said cavity and said casing edge, first and second electrically conductive
      terminal means disposed in first and second of said casing slots
      respectively, each of said first and second terminal means having one end
      extending into said cavity and having an opposite end extending from said
      casing at said casing edge, a first ceramic resistor element of positive
      temperature coefficient of resistivity which displays a sharp increase in
      resistivity when heated to a predetermined operating temperature, said
      first resistor element being disposed in said casing cavity in electrical
      engagement with said one end of said first terminal means, a second
      ceramic resistor element of positive temperature coefficient of
      resistivity which displays a sharp increase in resistivity when heated to
      a predetermined operating temperature, said second resistor being disposed
      in said casing in selected heat-transfer relation to said first resistor
      element and in electrical engagement with said first resistor element and
      with said one end of said second terminal means, and a third terminal
      means disposed in the third of said casing slots having one end thereof
      extending over said cavity to electrically engage said second resistor
      element and having an opposite end extending from said casing at said
      casing edge, and cover means secured to said casing over said top surface
      retaining said terminal means and said resistor elements in said assembled
      relation.
NUM  7.
PAR  7. An electrical control device comprising a casing of electrically
      insulating material having a top surface, having a casing edge adjacent
      said top surface, and having a cavity in said top surface, said cavity
      having a side wall, a pair of first cavity bottom portions at a selected
      spacing from said top surface and having a second cavity bottom portion at
      a selected relatively lesser spacing from said top surface, said casing
      having a wall portion upstanding between said pair of said first cavity
      bottom portions for electrically isolating said cavity bottom portions
      from each other, said casing having at least four slots open at said top
      surface communicating between said cavity and said casing edge, first,
      second and third electrically conductive terminal means disposed in first,
      second and third of said casing slots respectively, said first, second and
      third terminal means each having one end extending into said cavity and
      having an opposite end extending from said casing at said casing edge, a
      pair of first ceramic resistor elements of positive temperature
      coefficient of resistivity which each display a sharp increase in
      resistivity when heated to a predetermined operating temperature, said
      first resistor elements being disposed in said casing cavity in electrical
      engagement with said one end of said first and second terminal means
      respectively, a second ceramic resistor element of positive temperature
      coefficient of resistivity which displays a sharp increase in resistivity
      when heated to a predetermined operating temperature, said second resistor
      element being disposed in said casing cavity in selected heat-transfer
      relation to each of said first resistor elements, in electrical engagement
      with each of said first resistor elements, and in electrical engagement
      with said third terminal means, and a fourth terminal means disposed in
      the fourth of said casing slots having one end thereof extending over said
      cavity to electrically engage said second resistor element and having an
      opposite end extending from said casing at said casing edge, and cover
      means secured to said casing over said top surface retaining said terminal
      means and said resistor elements in said assembled relation.
NUM  8.
PAR  8. An electrical control device as set forth in claim 7 having casing stud
      portions upstanding in respective casing slots adjacent said casing edge,
      having spring portions of each of said terminal means formed of
      electrically conductive resilient spring material, said spring portions of
      said terminal means each having one end extending into said casing cavity
      to electrically engage one of said resistor elements and each having an
      aperture adjacent the opposite end thereof fitted over respective casing
      stud portions in said casing slots, and having extension portions of said
      terminal means each having an aperture adjacent one end fitted over
      respective casing stud portions on said casing slots in electrical
      engagement with respective spring portions of said terminal means in said
      slots and each having an opposite end extending from said casing at said
      casing edge, said cover means retaining said spring and extention portion
      of each of said terminal means in said electrical engagement with each
      other.
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PAL  A tire pressure sensing and warning device will indicate automatically when
      the air pressure in any one of the vehicle tires drops below or exceeds a
      predetermined level. The device will not interfere with the changing of
      the tires and rims on any of the vehicle wheels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a high/low tire pressure signal device whereby a
      signal is produced in response to an abnormal pressure existing within a
      vehicle tire.
PAR  2. Description of the Prior Art
PAR  The prior art has disclosed a number of devices which have as their object
      the warning of vehicle low tire pressure. Such devices have utility as
      safety feature of automotive as well as aircraft landing wheels and in
      commercial as well as private vehicles. Such devices in the prior art have
      received poor commercial acceptance because of complexity, cost and lack
      of reliability.
PAR  Prior art devices include U.S. Pat. Nos. 3,523,450 and 3,710,314.
      Particular disadvantages of the first device are the unduly complicated
      resistor type switch that is used and the need of making a manual
      disconnect of system components before removing a wheel. The present
      invention overcomes both of these disadvantages as set forth below. The
      second device has discontinuous signal means such that tire pressure is
      indicated only when the car is in motion. The tire pressure signal is
      communicated through a striker device which is subjected to a blow with
      each wheel rotation. Severe and continuous shocks to the switch mechanism
      could be a source of diminished device life. The present invention has
      continuous signal means and is not subjected to continuous shocks.
PAC  SUMMARY OF THE INVENTION
PAR  The preferred embodiment of the present invention includes a pressure
      sensing device of compact, reliable assembly that can be mounted on the
      tire rim so that if the tire loses its pressure the device will not come
      into contact with the tire and damage the device.
PAR  The preferred pressure sensing device comprises a housing mounted on the
      rim. A diaphragm having its outer side exposed to the pressure within the
      tire closes the end of the housing. A spring biased piston mounted within
      the housing engages the inner side of the diaphragm so that as the
      diaphragm responds to the pressure changes within the tire, the piston is
      displaced from a normal to an abnormal position. When the piston is
      displaced to an axial position associated with an abnormal tire pressure,
      a normally open switch becomes closed and energizes an electrical signal
      circuit so that the vehicle operator is warned, through a warning light or
      audible alarm, that an abnormal tire pressure condition exists.
PAR  The pressure sensing device has a novel switch means for actuating the
      signal circuit upon a predetermined low pressure condition being reached.
      At normal tire pressure, a rod within the piston is displaced from the
      piston wall so that as the tire loses pressure the spring bias tends to
      close the switch formed by the rod and a contact extending outwardly from
      the piston wall. The distance between the rod and the contact is adjusted
      for closure at a predetermined low pressure condition.
PAR  A novel connector means communicates air pressure switch condition to an
      annular insulated ring mounted on the rotating part of the wheel and then
      to a spring loaded electrical brush connected to the warning lights or
      buzzer.
PAR  On object of the present invention is to provide an improved, compact,
      pressure-responsive signaling device for vehicle tires which can be
      mounted on a rim assembly.
PAR  Another object of the present invention is to provide an improved low
      pressure sensing device for a vehicle tire which takes the form of a
      balanced piston reciprocally mounted and selectively balanced in one
      direction by spring means and the opposite direction by tire pressure,
      with the spring means causing the piston to move into a circuit closing
      relationship with a rod upon the loss of a predetermined amount of tire
      pressure thereby actuating signal means.
PAR  Still another object of the present invention is to provide novel
      connecting means between the tire rim and drum by ball bearing means with
      the ball bearing received in a well mounted on the drum.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view through a tire wheel assembly with the tire
      pressure sensing device built in accordance with the present invention and
      showing the preferred electrical circuit;
PAR  FIG. 2 is a sectional view through the tire pressure sensing device;
PAR  FIG. 3 is a sectional view through the brush assembly with insulated
      annular ring shown mounted on drum;
PAR  FIG. 4 is a sectional view of ball bearing connecting means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiments are described with reference to a system for
      detecting an under inflated tire. A second embodiment of the invention
      illustrates how the air pressure switch can be modified to detect either
      an abnormal high or low pressure condition. It is to be understood that
      the preferred embodiments can be employed on tire rims of either
      automotive, aircraft, trucks or buses to warn the operator of the vehicle
      that an unsafe tire pressure condition exists.
PAR  Referring to FIG. 1, a vehicle tire 1 is shown mounted on a wheel 49 having
      a pair of spaced annular rims 2 connected by a center section 50 having a
      reduced diameter. The inner periphery of the tire 1 are mounted on the
      rims 2 in accordance with the usual practice.
PAR  The wheel 49 is secured to the drum assembly 3 by bolts 6 after alignment
      pin 7 has been properly seated in wheel 49 center section.
PAR  A pressure sensing device generally indicated at 14 is mounted on the
      center portion 50. The pressure sensing unit 14 is mounted within the
      interior side of the tire 1 thereby eliminating the necessity for a
      separate pneumatic connection with the tire 1.
PAR  As can be seen in FIG. 1 a ball bearing connector device is shown generally
      at 10 and in cross section in FIG. 4. A brush system is shown generally at
      9 and in cross section in FIG. 3. The brush system is connected to vehicle
      warning lights 38, 39, 40 and 41 at points 42, 43, 44 and 45.
PAR  FIG. 2 shows the preferred pressure sensing device 14 in cross section
      comprising a cylindrical housing 20 and composed of insulative material
      and having a bolt 47 threaded through the bottom side of said housing.
      Bolt 47 is secured to pressure sensing device with nut 25 and washer 27.
      Top side of sensing device 14 is terminated with diaphragm 29. Piston 24
      is mounted within interior bore of cylindrical housing 20 and rests on
      insulative washer 23. Bolt 47 is insulated from piston 24 by insulative
      washer neck 51. Piston top side bears against inside diaphragm 29 wall.
      Tire pressure on diaphragm forces piston 24 downwardly until spring 28
      force equals tire air pressure and piston is in equilibrium. A
      protuberance 30 extends at right angles from piston wall and serves as
      switch contact point. Nut 19 is adjusted on bolt 47 for predetermined
      spacing between nut and protuberance 30 so that when tire pressure is
      diminished to a dangerous level, piston will be forced upwardly by spring
      force and switch closure will be effected. Pressure sensing device is
      mounted on rim center section 50 with nut 26. Bolt 47 is at ground
      potential as is one terminal of vehicle battery 36. Piston 27 is
      electrically connected to terminal 21 by wire 22.
PAR  The ball bearing connector shown in cross section in FIG. 4 comprises a
      wheel 49 mounted section of insulative housing material 35 and a ball
      bearing 33 switch member retained in said housing with spring means 34.
      Electrical connection (not shown) is made between terminal 21 and ball
      bearing switch member by connecting said terminal to spring 34. Mating
      half section 31 of ball bearing 33 switch is mounted in drum assembly 3
      and comprises cylindrical conductor 31 with hemispherical seat dimensioned
      to receive ball bearing 33 when wheel 49 is connected to drum assembly 3.
      Pin 7 on wheel 49 provides proper alignment with drum assembly 3. Switch
      half section 31 is insulated from drum contact with insulator 32.
PAR  Electrical connection (not shown) is made between cylindrical conductor 31
      and annular ring 11 by connecting said cylindrical conductor to annular
      ring with a conventional electrical wire. A completed electrical circuit
      can thus be traced from device ground potential through battery 36, fuse
      37, switch 46, lamp 41, brush 16, annular ring 11, wire (not shown)
      connecting annular ring 11 to cylindrical conductor 31, ball bearing 33,
      spring 34, wire (not shown) connecting spring 34 to terminal 21, wire 22,
      piston 24, protuberance 30, nut 19, bolt 47 connected to device ground
      potential.
PAR  FIG. 1 illustrates a typical means for forming an electrical circuit from
      the terminal 21 to the vehicle display console. This consists of an
      annular ring 11 insulated from the rotating part of the wheel 13 by
      insulative material 12 and a spring loaded 18 electrical brush 16 mounted
      within brush holder 17 which is carried by housing 14 mounted on fixed
      part of brake housing 4 shown in FIG. 3. Brush 16 communicates with
      warning light 41 through wire 15 connection to light terminal 42.
PAR  FIG. 5 shows an alternate pressure sensing device which accommodates
      sensing of high or low pressure tire condition by means of two switch nuts
      19 and 48. As shown in FIG. 2, low pressure condition provides switch
      closure when nut 19 contacts protuberance 30. High pressure will force
      piston 24 downwardly and protuberance will contact second nut 48.
PAR  Although I have described but two preferred embodiments of our invention,
      it is to be understood that various changes and revisions can be made
      therein without departing from the spirit of the invention as expressed in
      the appendage claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tire pressure signal device for a vehicle having a pneumatic tire
      mounted on a wheel, comprising:
PA1  a housing having a bore formed therein, said wheel having a central portion
      merging outwardly into a pair of annular rims for engaging the inner
      periphery of said tire, and said housing mounted on said central portion
      of said wheel;
PA1  a diaphragm disposed within said bore and closing one end thereof;
PA1  means providing a pneumatic connection between the outer side of said
      diaphragm and the pressure within said tire so that diaphragm flexes in
      response to a pressure change in said tire;
PA1  a piston axially slidably disposed in said bore with a top engaged with
      inner side of said diaphragm and a protuberance on one side of piston
      wall;
PA1  a spring disposed in the bore of said piston between bottom of said piston
      and bottom of said bore;
PA1  a rod mounted in center of said bore extending through said piston and
      insulated therefrom, with nut adjustably mounted on top of said rod for
      selectively varying space between nut and piston protuberance;
PA1  signal means responsive to the engagement of the piston protuberance
      against said nut.
NUM  2.
PAR  2. The system as defined in claim 1, wherein said signal system means
      comprises:
PA1  a normally open electrical circuit;
PA1  a signal in the circuit responsive to closing of the circuit;
PA1  a ball bearing connector mounted on said wheel;
PA1  ball bearing receiving means mounted on said drum assembly;
PA1  an insulated annular ring mounted on said drum assembly; and
PA1  an electrical brush communicating with said annular ring and said signal
      circuit.
NUM  3.
PAR  3. The system as defined in claim 1, wherein said rod includes a second nut
      adjustably mounted on said rod.
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ABST
PAL  A communications device to foster the correct steering of a vehicle by a
      driver who cannot see where the vehicle is moving with respect to its
      surroundings, including a control box which is handled by a remote
      observer, and an indicator panel having at least three lights thereon,
      with the control box and the indicator panel being connected by
      appropriate electrical conductors. The control box has one or more
      switches which generate nine basic signals to indicate to the vehicle
      driver what he should do, including such signals as turn his steering
      wheel to the left or to the right, or that he should either move forward,
      backward or stop the vehicle. The preferred embodiment includes a single
      control knob on the control box which is moved by the observer in the
      direction that the vehicle should move. The signal knob is biased to be in
      a centered position, and movement of the knob either forward or rearward,
      or to one side or the other, will cause an appropriate signal to be
      generated which is displayed in front of the driver on his indicator
      panel. When the device is activated, it has an initial rest position in
      which the signal displayed in front of the driver is "stop"; all movement
      instructions from the observer must over-ride the stop signal. Hence, the
      unit is fail-safe in that any interruption of signals being generated by
      the observer's control box due to a malfunction will cause a stop signal
      to appear in front of the vehicle driver. The device can also be used to
      give instructions to a driver who is attempting to back a vehicle and
      trailer, by reversing the manner in which the indicator lights are
      activated.
BSUM
PAR  This invention relates to communication devices, and more particularly to
      an electrical device which will permit an observer who is some distance
      away from a vehicle (such as to the rear thereof) to send signals to the
      driver of the vehicle, so as to give said driver instruction concerning
      the way that the vehicle should be steered when the vehicle is being moved
      toward a desired target. Typically, the device may be used by an observer
      on foot to send instructions to the driver of a backing vehicle when the
      driver cannot see where his vehicle is going.
PAR  There has traditionally been great difficulty when a driver of a
      front-steered vehicle wished to back his vehicle into a particular area
      that he could not see when seated. Such a circumstance arises when the
      driver of a recreational vehicle (e.g., a motor home) or a truck wishes to
      back his vehicle into a parking place. Another common situation is where
      the driver of a car wishes to back his car into a position such that a
      ball on the rear of his car can be connected to the mating socket of a
      trailer hitch affixed to a trailer. Each of these (and many other)
      examples are characterized in that the driver cannot usually see where the
      rear of his vehicle is with respect to his target or any obstacles. When
      the driver is fortunate enough to have another person with him, the
      additional person can usually stand at the rear of the vehicle and give
      some sort of indication to the driver as to his proximity to the target,
      as well as some information on his orientation with respect to the target.
      While such an observer at the rear of the vehicle can usually see both the
      static target and the approaching vehicle, it seems to have been very
      difficult in the past for the observer to easily communicate what he sees
      to the driver, so that corrective action in steering (if necessary) can be
      taken. There is the added difficulty that the observer and driver
      frequently forget to initially establish firm ground rules on the language
      they will use, so that when the observer shouts "left", the driver will
      properly interpret such a shout to mean either "steer to the left," or
      "the car is headed too far to the left of the trailer," or "the trailer is
      going to be too far to the left of the car," etc. It would probably not be
      an exaggeration to suggest that hundreds or even thousand of arguments
      have been generated over the years as a result of poor communication
      between various husbands and wives when the husband was attempting to back
      his vehicle toward a parked trailer and his wife was standing at the rear
      of the vehicle attempting to give intelligent instructions to him. In
      fact, those who are experienced in the recreational vehicle industry are
      easily able to distinguish the novice camper from the veteran merely by
      listening to how the observer on foot tries to give commands that are
      useful to the backing driver.
PAR  Another difficulty has been that those persons who are adults and should
      know their right hand from their left have been known sometimes to
      mistakenly say "right" when they meant left. Also, there are many children
      who do not have the left-right relationship well settled in their minds,
      such that they do not know how to issue correct vocal instructions; but
      even young children are usually capable of seeing whether or not a car is
      correctly approaching a trailer, and they could give meaningful
      information to the driver based on spatial relationships--if they only had
      some way to convey what they see. Accordingly, it is an object of this
      invention to provide a communications device which does not use spoken
      language and which should be useful for most any observer to give
      instructions to the driver of a vehicle as he attempts to move it towards
      a desired target.
PAR  It is another object to provide a fail-safe way of communicating with the
      driver, so that the driver will not accidently back over his observer or
      crash into a trailer if something should go wrong with the
      signal-generating device.
PAR  Still another object is to provide a simple system which can convey nine
      graphic commands to the vehicle driver with only three display elements.
PAR  One more object is to provide a momentary-off capability for a basic single
      pole, double throw slide switch.
PAR  A further object is to provide a technique for ganging two single pole,
      double throw switches 90.degree. apart so that they will provide a
      centered rest position for an arm between four possible positions on two
      orthogonal axes.
PAR  These and other objects and advantages will be apparent from the
      specification and claims, and from the accompanying drawing illustrative
      of the invention.
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PAR  In the drawing:
PAR  FIG. 1 is a perspective view of a device according to the invention,
      showing a display panel which is seen by the driver and a control box used
      by a remote observer;
PAR  FIG. 2 is a schematic electrical diagram of the device shown in FIG. 1;
PAR  FIG. 3 is an outline of the various movement commands, actions at the
      control box, and the results which are displayed at the indicator panel;
PAR  FIG. 4 is an outline similar to FIG. 3 which is concerned with steering
      commands;
PAR  FIG. 5 is a sketch of the nine positions into which the control knob of
      FIG. 1 can be put;
PAR  FIG. 6 is a perspective view of a simplified arrangement by which two very
      basic SPDT switches can be made to give momentary-off service;
PAR  FIG. 7 is a fragmentary view in elevation of the coil spring shown in FIG.
      6 as it tends to return the pieces to a centered position;
PAR  FIG. 8 is a cross-sectional elevation view of a control box, taken in the
      plane indicated by lines VIII--VIII in FIG. 9;
PAR  FIG. 9 is a cross-sectional elevation view of a control box, taken in the
      plane indicated by lines IX--IX in FIG. 8; and
PAR  FIG. 10 is an illustration of how an extension cord for use with trailers
      is cross-wired to compensate for the pivotal connection between a vehicle
      and a trailer.
DETD
PAR  With initial reference to FIG. 1, the device 10 of the invention includes
      an indicator box 12 adapted to be positioned on the vehicle near (and
      typically in front of) the driver's station or seat. The front panel of
      the indicator box 12 has at least three display devices, which are
      preferably lenses L.sub.1, L.sub.2, L.sub.3 mounted in front of lightbulbs
      B.sub.1, B.sub.2, and B.sub.3. The lenses L.sub.1 and L.sub.2 are
      preferably arranged at opposite ends of a longitudinal (and horizontally
      mounted) indicator panel, such that the vehicle driver sees one light
      (L.sub.1) to his left and the other light (L.sub.2) to his right. To
      facilitate the transmittal of "turning" instructions to the driver, it is
      preferable that these two lenses be in the shape of arrows; and it is
      preferable that the arrows be pointed in the direction in which the
      vehicle driver should turn his steering wheel when a respective light is
      turned on. Thus, when a "turn" command is generated by the observer, an
      appropriate lightbulb will be illuminated; and the vehicle driver's senses
      will not only be stimulated by the light, but also he will be graphically
      reminded of what he is to do when the light comes on. While it is
      appropriate that at least one lens be placed on the left of the panel and
      the other lens be generally to the right, the positioning of the third
      lens is not so significant; however, a natural location for it is in the
      center of the indicator box. To clearly distinguish lens L.sub.3 from the
      other lenses, it is preferable that the third lens have its own unique
      shape, such as the octagon shape which is widely recognized as the shape
      of stop signs.
PAR  The control box 14 is adapted to be held by the observer at a position
      where he can observe both the vehicle and its surroundings that are of
      concern, e.g., trees, parked cars, trucks, ditches, stumps, trailers,
      water faucets, light poles, and other obstacles. The observer will
      typically be quite remote from the driver; otherwise, voice communications
      would probably suffice to inform the driver of his position with respect
      to his target and any adjacent obstacles. Most commonly the observer
      probably will be at the rear of a backing vehicle and facing the vehicle.
      The control box 14, which is the means by which signals are generated,
      will usually be held horizontally in one hand of the observer and oriented
      the same way the vehicle is oriented. In the preferred embodiment, a
      single knob 16 projects from the top of the control box 14 in such a way
      that it can be touched and moved by a finger or thumb of the observer. The
      knob 16 is biased by springs or the like to a central position on the
      control box 14. To the right of the control knob 16 is the letter R, or
      the word "Right,"  or simply an arrow pointing to the right of the control
      box; similiarly, the letter L, the word "Left," or an arrow pointing to
      the left is provided. Also, one end of the control box 14 is designated as
      the front, and on top of the control box near the front is the letter F,
      the word "Forward" or another arrow pointing to the front. Similiarly, to
      the rear of the control knob 16 is an appropriate indicator which will
      convey to the observer that moving the knob in that direction will
      generate a "drive backward" signal.
PAR  Referring next to FIG. 2, a schematic electrical circuit for the device 10
      is shown. Within the broken line 14 representing the control box are shown
      two switches, namely, a movement switch S.sub.1 and a steering switch
      S.sub.2. Both the movement switch S.sub.1 and the steering switch S.sub.2
      are preferably low voltage, single pole, double throw (SPDT) slide
      switches. Such switches are very economical to manufacture because of
      their simple design, and they are generally quite reliable. According to
      this invention, they can be installed in such a way as to additionally
      provide momentary-off action; the momentary-off feature, per se, is not
      new, of course, but it is a feature which normally is available only in
      switches costing at least three times as much as basic SPDT slide
      switches. One terminal of the switch S.sub.1 is connected through wire 20
      to bulb B.sub.3 through a transistor T.sub.1. The transistor T.sub.1 may
      be any PNP general purpose power transistor, such as Motorola S 006.
      Interjected in line 20 is a flasher 22, which can be the same as those
      installed as original equipment in conjunction with turn signals on modern
      automobiles. Alternatively, it may be a so-called "flasher bulb" (e.g., GE
      406 or 407); solid state flashers could also be used. The flasher 22 is
      included in the circuit which is to provide a forward signal to the
      vehicle driver, which will be explained in more detail hereinafter. The
      other extreme terminal of the movement switch S.sub.1 is connected through
      line 24 to the transistor T.sub. 1, such that the bulb B.sub.3 can be
      illuminated at an appropriate time.
PAR  That part of the circuit which includes the battery and bulb B.sub.3 will
      now be examined in greater detail. The bulb B.sub.3 is connected through
      conductor 26 to the emitter electrode of transistor T.sub.1 ; the
      collector electrode of the transistor is connected through conductor 28
      and on-off switch S.sub.3 to the negative terminal of the battery 30. The
      bulb B.sub.3 is connected at all times to the positive terminal of the
      battery through conductor 32. The base of the transistor T.sub.1 is
      connected through conductor 34 to the movement switch S.sub.1. When on-off
      switch S.sub.3 has been turned on to energize the systems, bulb B.sub.3
      will immediately be illuminated by virtue of current flowing through
      conductors 32, 26, and 28. This provides an immediate check on the
      operation of the most significant part of the system-the indicator box
      that the driver sees. If movement switch S.sub.1 should be moved to either
      of its two extreme terminals, the base of transistor T.sub.1 will be
      biased positively by virtue of current flowing through conductors 36, 34
      and either 24 or 20. When this happens, transistor T.sub.1 switches off
      and lightbulb B.sub.3 turns off. Thus, bulb B.sub.3 will be illuminated
      only when the actuator of switch S.sub.1 is centered between its two
      extreme positions, so that no current flows through conductors 20 or 24.
      This corresponds to knob 16 being in its centered position
      (longitudinally) in the control box 14. The steady burning of bulb B.sub.3
      is used as the signal to the driver that the vehicle should not be moved
      or, if moving, that it should be stopped. Naturally, then, when the driver
      activates his system by turning on-off switch S.sub.3 to its "on"
      position, the first signal he receives is to keep the vehicle motionless.
      Any affirmative signal from the observer telling the driver to move the
      vehicle (either forward or backward) must override this built-in bias of
      the device 10 instructing the driver to keep his vehicle in its safest
      mode, i.e., stopped.
PAR  The observer will normally be standing at the rear of the vehicle with the
      control box 14 held in the same general orientation that the vehicle has,
      i.e., the front of the control box will be pointed in the same direction
      as the front of the vehicle. If the observer wishes to tell the driver to
      place the vehicle in motion to the rear, he merely pushes the knob 16 to
      the rear. Moving the knob 16 to the rear also moves the slide of switch
      S.sub.1 to the rear until it makes contact with the rear terminal, thereby
      biasing transistor T.sub.1 positive through conductors 36, 24, and 34;
      light B.sub.3 will then go off. The absence of any illumination behind
      lens L.sub.3 is the prearranged signal to the driver that he should begin
      to back up. When the observer wishes to halt the rearward movement of the
      vehicle, he merely releases his force against the knob 16, and it returns
      to its centered position. With the knob 16 in its centered position, the
      circuit including conductors 32, 26 and 28 is again closed, and light
      B.sub.3 is again turned on; this indicates to the driver that he should
      stop. If the observer decides that the vehicle has been moved too far to
      the rear, he pushes the knob 16 in the direction the vehicle should be
      moved, i.e., forward, causing the slide of switch S.sub.1 to make contact
      with the forward terminal. This causes the circuit that includes flasher
      22 to be effective in intermittently biasing the base of transistor
      T.sub.1 positive. Since the base of transistor T.sub.1 is only
      intermittently positive, the lightbulb B.sub.3 correspondingly will be
      intermittently on; this is the prearranged signal to the driver that he
      should pull forward. These instructions of "stop," "move backward," and
      "move forward" are considered to be basic instructions which must be
      supplied in order to communicate with a driver as he operates his vehicle
      based only on instruction from a remote observer; they are also
      illustrated in FIG. 3.
PAR  With continued reference to FIGS. 1 and 2, control knob 16 is also
      connected to steering switch S.sub.2. The right terminal of switch S.sub.2
      is connected through conductor 37 to bulb B.sub.2. The left terminal of
      switch S.sub.2 is connected through conductor 38 to bulb B.sub.1. Both
      bulbs B.sub.1 and B.sub.2 are connected to the battery 30 through
      conductors 28 and 36. When the observer wishes the moving vehicle to
      incline to the right, he moves knob 16 to the right, energizing normally
      off bulb B.sub.2. The driver seeing that bulb B.sub.2 has been energized
      will know (because of prearranged instruction) to turn his steering wheel
      in the direction of the arrow L.sub.2 which lies over bulb B.sub.2. When
      sufficient corrective steering has been accomplished, the observer merely
      releases knob 16 and it returns to its centered position where neither
      B.sub.1 or B.sub.2 are illuminated. The driver will know to cease further
      turning of his steering wheel and to merely hold his present grip on the
      wheel--until he receives an additional signal from the observer to turn
      further or to turn back to a straight-ahead position. Similiarly, moving
      knob 16 to the left on the control box will cause the left terminal to be
      contacted and, through conductors 38, 28, and 36, the bulb B.sub.1 will be
      energized by the battery 30. The various turn signals that can be
      generated by the observer are shown in FIG. 4. It is also possible to
      combine the steering signals with the movement signal according to this
      invention, with the result that the following nine signals can be
      generated--all without the need for a spoken word: stop, turn steering
      wheel to right, turn steering wheel to left, move forward while steering
      right, move forward while steering left, move backward, move backward
      while steering left, and move backward while steering right. These
      commands or instructions are graphically displayed in front of the vehicle
      operator by moving the control arm 16 to an appropriate one of the nine
      positions shown in FIG. 5.
PAR  Referring now to FIG. 6, the construction that permits only two slide
      switches to provide the nine command positions of FIG. 5 will now be
      described. A base 50 has two widely spaced apertures in which are firmly
      mounted the two slide switches S.sub.1, S.sub.2. Such switches may be
      equivalent to Model GF 123 SPDT manufactured by CW Industries of
      Warminster, Pa. Slide switch S.sub.1 is mounted at one end of the base 50
      with an orientation such that it is adapted to provide movement
      instructions for the driver. By use of the word "movement," it is intended
      to convey the idea of merely placing the vehicle in motion, without regard
      to the direction it will move with respect to the ground. An arm 52
      extends upward from the housing of switch S.sub.1, and it is this arm that
      must be physically moved in order to make contact with either of the two
      spaced terminals of the SPDT switch.
PAR  Another aperture or recess 54 is provided in the base 50, for the purpose
      of accomodating approximately one-half of a coil spring 56. The other half
      of the coil spring 56 is accommodated in a recess or aperture 74 in the
      plate 70. When the plate 70 is juxtaposed over the base 50 in its normal
      relationship, the arm 52 will extend into recess 72. Movement of plate 70
      along an axis represented by arrow 76 will cause the arm 52 to be
      similiarly moved, and the switch S.sub.1 will be actuated.
PAR  Upon movement of plate 70 toward the front of the base 50 (as a result of
      some force being applied thereto), coil spring 56 will be compressed, as
      shown in FIG. 7. When the external force which caused plate 70 to slide
      forward has been removed, spring 56 will be effective to return the two
      pieces 50, 70 to their original position.
PAR  At the other end of base 50 is a second SPDT slide switch S.sub.2, which is
      rigidly mounted in a way to provide for its arm 58 a movement direction
      which is perpendicular to the first slide switch. A recess or aperture 60
      is provided in base 50 to accomodate one-half of coil spring 62. The
      spring 62 is provided in order to produce a restoring force when plate 70
      is physically moved in a direction represented by arrow 78. This restoring
      force is accomplished by providing a recess or aperture 80 in line with
      and above recess 60, into which spring 62 fits. If the observer exerts a
      force against plate 70 in a direction parallel to arrow 78, the plate 70
      will pivot about one of the two upright posts 51A, 51B, and spring 62 will
      be compressed in a manner similiar to that shown in FIG. 7. It will be
      noted that the recess 82 is narrow in the direction in which its
      associated arm 58 is activated, but wide in an orthogonal direction--so
      that a force which is applied for the purpose of activating switch S.sub.1
      will not be resisted by any interference with switch S.sub.2. Similiarly,
      slot 72 has extra clearance on its sides so that plate 70 may be rotated
      about a fixed post 51A or 51B without interfering with switch S.sub.1.
PAR  While FIG. 6 adequately shows how the principal parts of a control device
      are arranged, a commercial embodiment of the control box 14 will probably
      look more like that shown in FIGS. 8 and 9. A housing 90 (which is
      typically plastic) has an integrally molded ledge which provides a fixed
      base which is equivalent to the aforementioned base 50, and slide switches
      S.sub.1 and S.sub.2 can be seen mounted thereon. Rigidly attached to plate
      70 is knob 16, so that the observer who holds the device in his hand can
      move the plate by exerting a force with a finger against the knob.
      Movement of the plate 70 in a direction parallel to its longitudinal axis,
      i.e., a direction parallel to arrow 76, will activate slide switch S.sub.1
      ; and movement along an orthogonal axis will activate slide switch
      S.sub.2.
PAR  With particular reference to FIG. 9, it will be understood that coil spring
      56 is mounted in a direction which is parallel to slide switch S.sub.1.
      Coil spring 62 is mounted in a perpendicular direction, such that it is
      parallel to its associated slide switch S.sub.2. The opposite sides of
      both coil springs extend partially into both the base 50 and the movable
      plate 70. One benefit obtained from this construction is that relative
      movement between the base 50 and the plate 70 in any direction parallel to
      the plate is resisted by either spring 56 or spring 62 or both. If
      desired, the springs may be pre-loaded (in compression) so that there is
      not free travel of the plate 70 before a restoring force is imposed on the
      plate. When the springs are pre-loaded, i.e., compressed during assembly
      of the box 90, there will be no slack in the system and the arms 52, 58
      will always be initially centered along their excursion paths in the
      switches. Suitable electrical conductors (not shown in this figure)
      naturally connect the slide switches to respective ones of the display
      elements.
PAR  While the apparatus 14 shown in FIG. 9 is a preferred embodiment because of
      its simplicity, economy, and reliability, it should be understood that
      alternate means for transmitting signals to respective display elements
      are possible, including pneumatic means. Also, the signal-generating
      device could employ a series of push buttons above on/off switches,
      instead of a single knob 16 above two slide switches; and it could pass
      its signals to the indicator panel by use of a transmitter/receiver
      combination, in much the same way that a remote-control unit can convey
      signals to a television set or the like. Such portable transmitters are
      prone to be much more delicate than the device of FIG. 9, however, and
      thus they may have certain durability limitations. But they would
      eliminate the necessity for a plurality of wires extending between the
      unit 14 and the indicator panel 12. The existence of wire conductors
      between the signal-generating unit 14 and indicator panel 12 is not
      without its benefits, however, as will now be explained. When the driver
      of a vehicle cannot adequately determine the spatial relationship of his
      vehicle to its surroundings, instructions can be graphically displayed for
      the driver by an observer who need not be tied down to a specific position
      by the requirement to operate the vehicle. Thus, the observer can move to
      any advantageous spot where he feels he can see the vehicle and also see
      any possible obstacles. By moving the knob 16 on his control box, the
      observer may render an instruction to the driver concerning which way to
      steer the vehicle. If the vehicle is coupled to a trailer through a fifth
      wheel or a conventional trailer hitch, backing the vehicle in one
      direction will usually send the tail end of the trailer off in the
      opposite direction. To properly instruct the driver of a vehicle coupled
      to a trailer, it is necessary to reverse the scheme by which display
      elements concerned with steering are activated. This is conveniently
      accomplished with a set of auxilliary conductors 98 which are placed in
      series with the original conductors, as shown in FIG. 10. The connectors
      96, 97 are naturally keyed so that conductor 36A is kept in electrical
      contact with conductor 36B; but the auxilliary conductors in series with
      conductors 38A, 37A are cross-wired, so that conductor 38A is placed in
      series with conductor 37B. Therefore, the observer need not worry about
      the problems introduced by the pivotal connection between the vehicle and
      trailer; he still moves the knob 16 to the right when he wants the trailer
      to be backed to the right. The driver, however, should see his left
      display arrow illuminated, so he turns his steering wheel to the left as
      he backs. The result is the subsequent inclination of the trailer in the
      correct direction.
PAR  It is perhaps appropriate here to emphasize that with this invention
      signals are communicated to the driver without the need for a spoken word.
      All that is necessary is that an observer see the vehicle, decide when
      corrections or changes need to be made, and then move the knob 16 in the
      same direction that the vehicle or trailer should be moved; the result
      will be an appropriate instruction displayed for the benefit of the
      driver. The observer can be mute or have a speech impediment, and still
      issue satisfactory commands to the driver; and, the driver can be deaf and
      still receive the commands; or, two persons who do not speak the same
      language can use the system, as can children who do not yet know left from
      right.
PAR  It is also worthy of note that the invention disclosed herein is
      particularly useful because it is a private communication system. Using
      this system, a driver need not be mentally stressed by trying to identify
      shouted instructions from his observer when there is appreciable
      background noise or there are other observers trying to render
      instructions to other drivers. For example, at a construction site where
      two or more trucks are attempting to back into a position where they could
      unload pre-mixed concrete at the same time, the noise of air compressors
      or the like need not interfere with safe backing of any truck.
PAR  While the driver will likely be more relaxed in knowing that he is
      responding to his own private instructions as he moves his vehicle, he may
      also be more comfortable--since the windows of his vehicle can be securely
      closed. Thus, the driver of an air-conditioned motor home can keep it
      cool, while the driver of a snow plow can keep his vehicle dry and warm,
      because only the observer need be exposed to the environment.
PAR  Another distinct advantage of the invention is its built-in safety feature
      that requires an observer to continuously over-ride a "stop" signal when
      the vehicle is to be moved. If the observer should become ill or lose
      consciousness or fall down behind a backing vehicle, the box 14 will be
      left unattended, and the spring-biased knob will return to its "rest"
      position in the center of its excursion area. This centering of the knob
      16 will terminate either the pulses through line 20 or the steady signal
      line 24, causing the driver to again see a steady light behind lens
      L.sub.3 --which is his signal to stop. Too, if some malfunction should
      occur within control box 14 or the electrical conductors, the stop signal
      will again be manifested on the unit 12. This is because all of the
      biasing components that turn light B.sub.3 to its ON condition are
      contained completely within the vehicle. In other words, any lack of
      capacity in unit 14 to generate a signal, or any break in an electrical
      wire, cannot cause an erroneous "move" signal to be displayed by lens
      L.sub.3.
PAR  While only the preferred embodiments of the invention have been disclosed
      in great detail herein, it will be apparant to those skilled in the art
      that modifications thereof can be made without departing from the spirit
      of the invention. Thus, the specific structure shown herein is intended to
      be exemplary and is not meant to be limiting, except as described in the
      claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for conveying guidance and movement instructions to the driver
      of a vehicle when he cannot adequately determine the spatial relationship
      of his vehicle to its surroundings, when such instructions can be issued
      by an observer who is at an advantageous position remote from the vehicle
      driver, comprising:
PA1  a. an indicator panel adapted to be positioned on the vehicle adjacent the
      driver's station where it may be observed by the driver, said panel having
      at least three selectively operable display elements, with two of said
      display elements being adapted to provide right and left steering
      instructions, and a third display element being adapted to provide
      movement instructions including stop, move forward, and back up;
PA1  b. a signal-generating device adapted to be carried by the observer, said
      device including means for generating steering and movement signals, and
      said device including a single control handle which is movable by the
      observer from a centered position to any selected one of serveral
      signal-generating positions, with said device being self-canceling such
      that a display element will convey certain instructions to the driver for
      only as long as the control handle is manually held against a biasing
      element in a non-centered position; and
PA1  c. means for transmitting continuous signals from the signal-generating
      device to respective display elements, for as long as the control handle
      is in a signal-generating position.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 wherein the display elements include
      electric bulbs, and the means for transmitting signals comprises four
      electrical conductors extending between the signal-generating device and
      respective ones of the electric bulbs and a battery.
NUM  3.
PAR  3. The apparatus as claimed in claim 2 and further including an auxiliary
      set of electrical conductors for connection in series with the original
      conductors between the display elements and the signal-generating device,
      and those auxilliary conductors which are in series with the steering
      instruction bulbs being crossed with respect to the original conductors,
      whereby the signal-generating device illuminates different bulbs when the
      auxiliary conductors are used as compared with the bulbs which are
      illuminated with the original conductors.
NUM  4.
PAR  4. The apparatus as claimed in claim 1 wherein the signal-generating device
      has means for generating steer right, steer left, stop, move forward, and
      move backward signals, and also combinations of steer left and move
      forward signals, steer left and move backward signals, steer right and
      move forward signals, and steer right and move backward signals.
NUM  5.
PAR  5. The apparatus as claimed in claim 1 wherein the signal-generating device
      has a control handle with a centered rest position and eight alternate
      positions, with the alternate positions being located in radial directions
      from the rest position along axes separated by 45.degree..
NUM  6.
PAR  6. The apparatus as claimed in claim 5 wherein an affirmative signal is
      displayed for the driver on the indicator panel when the signal-generating
      device is energized and the control arm is in its rest position, which
      affirmative signal may be designated as a stop instruction or do not move
      instruction to the driver.
NUM  7.
PAR  7. The apparatus as claimed in claim 1 wherein said signal-generating
      device includes a control handle coupled to an electrical switch, and the
      handle being movable in a plane from a centered position to a right, left,
      front or rear position, or combinations thereof, and said switch being
      spring-biased to return to its centered position in the absence of an
      external force against same.
NUM  8.
PAR  8. The apparatus as claimed in claim 7 wherein the switch includes two
      switching elements, with each element constituting a SPDT slide-type
      switch, and further including spring means associated with each of said
      switching elements to bias them to a centered position.
NUM  9.
PAR  9. The apparatus as claimed in claim 8 wherein the spring means associated
      with each switching element constitutes a single spring positioned to
      oppose movement of its associated switching element from a centered
      position to either of its contact positions.
NUM  10.
PAR  10. The method of visually rendering movement instructions such as stop,
      move forward and move backward to the driver of a vehicle in a safe
      manner, said instructions being issued by an observer who is at a position
      remote from the driver, and said instructions being displayed with use of
      an electrically powered display element such as an electric bulb which is
      visible to the driver.
PA1  a. establishing a first signal in the display element to bias it to its ON
      condition for indicating to the driver that he should stop, and when
      stopped that he should not move, and said bias signal being established
      with electrically powered equipment contained completely within the
      vehicle;
PA1  b. rendering a first instruction to the driver when appropriate that he
      should move the vehicle in a particular direction, said instruction being
      rendered by sending a second and steady signal to temporarily override the
      bias signal and put the display element in its OFF condition; and
PA1  c. selectively rendering a different movement instruction to the driver
      when appropriate, said instruction being rendered by sending a third
      signal to the display element, and said third signal consisting of a
      series of pulses which are effective to intermittently turn the display
      element OFF, whereby a blinking effect is achieved with the display
      element.
NUM  11.
PAR  11. The method of rendering movement instructions as claimed in claim 10
      wherein the display element is biased to its ON condition by virtue of an
      electric circuit operated off the vehicle's battery, with said electric
      circuit including a transistor, and wherein movement instructions are
      rendered by selectively opening the electric circuit by switching the
      transistor OFF.
NUM  12.
PAR  12. Apparatus for conveying guidance and movement instructions to the
      driver of a vehicle from a remote observer, comprising:
PA1  a. an indicator panel adapted to be positioned on the vehicle adjacent the
      driver's station, said panel having at least three selectively operable
      display elements, with two of said display elements being adapted to
      provide right and left steering instructions, and the third display
      element being adapted to provide movement instructions, and the third
      display element being biased to be ON as its rest condition when it is
      installed in a vehicle;
PA1  b. a signal-generating device adapted to be carried by the observer, said
      device including means for generating steer right, steer left, move
      forward, and move backward signals, and also combinations, of steering and
      movement signals, with said means including a fixed base, and a first
      slide switch characterized as a SPDT switch which is mounted at one end of
      said base, and a second SPDT slide switch mounted at the other end of the
      base, and the second switch being mounted in a direction which is
      perpendicular to the first switch and both of slide switches having
      projecting arms by which the switches are activated, and said means
      further including a movable plate juxtaposed over said base, said plate
      having two spaced recesses into which are fitted the projecting arms of
      the two slide switches, whereby movement of the plate along one axis will
      activate one of the slide switches and movement along an orthogonal axis
      will activate the other slide switch, and further including spring means
      for biasing the movable plate to a rest position at which the activating
      arms are centered along their respective excursion paths, and knob means
      by which a force may be selectively applied to the movable plate to slide
      the same with respect to the base so as to activate either of the slide
      switches; and
PA1  c. means for transmitting signals from the signal-generating device to
      respective display elements, said means including an electrical conductor
      extending from each terminal of one slide switch to respective ones of the
      two display elements which are adapted to provide steering instructions,
      and further including an electrical conductor extending from each terminal
      of the other slide switch to the display element which provides movement
      instructions, with one of the last-named conductors having a blinker
      therein, whereby a steady and pulsed display may be achieved with said
      element.
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ABST
PAL  In information handling systems, syndrome and correction codes adapted for
      error signalling and correcting operations are obtained by processing
      words each made of a definite number of bytes, each byte having a same
      number of bits and one of the bytes being comprised of the parity incoming
      bits of the other bytes. An error syndrome and correction code forming
      device is described which comprises first and second stages of modulo-2
      adders (i.e. exclusive-OR circuits), the number of adders in the second
      stage being equal to the number of bits in the required code, wherein the
      adders of the first stage form the parity check bits of the bytes and
      further bits from selective combinations of bits in the word and wherein
      the bits outputting the adders of the first stage are distributed,
      together with further bits of the word, to the inputs of the adders of the
      second stage. Substantially all the adders of the first stage have at
      least as many inputs as there are information bytes in the word to be
      processed and substantially all the outputs of said first stage adders are
      applied to inputs of at least two adders of the second stage.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention concerns improvements in or relating to error
      syndrome and correction code forming devices for information handling
      systems wherein each word is made of a plurality of bytes, each byte
      comprises a same number of bits and byte parity bits are either comprised
      in or simultaneously available to the word.
PAR  Error syndrome and correction codes are mainly used for store record and
      fetch operations. They are used for signalling errors and for an automatic
      correction of at least single errors in the words.
PAR  In any location in an information handling system, the parities of the
      bytes and even the parities of the words must preferably be known and,
      from time to time or place to place, such information must be checked.
      This is the case at locations where error syndrome and correction codes
      are to be generated.
PAR  The generation of parity check bits and of error syndrome and correction
      code bits is obtained, as is commonly known, from execution of modulo-2
      additions, i.e. exclusive-OR operations, with the concerned bits, i.e. the
      bits of a byte for a byte parity check, the parity bits of the bytes for a
      word parity check, and, for the error code bits, bits which are selected
      in the word in accordance with the configuration of a matrix defining the
      error code. A well-known kind of such error syndrome and correction code
      is the HAMMING one.
PAR  An important problem in the error syndrome and correction code generation
      is to process the bits of the word with a minimal amount of hardware and
      it is an object of the invention so to provide such a code forming device
      as to reach an minimum hardware in terms of modulo-2 adders each having
      available inputs of a number at least equal to the number of bits in a
      byte.
PAR  According to a feature of the invention, an error syndrome and correction
      code forming device comprises two stages of modulo-2 adders each having
      available inputs of a number at least equal to the number of bits in a
      byte of the word to be processed, the second stage comprising as many
      modulo-2 adders as there are bits in the code to be formed. The first
      stage is comprised of adders generating the byte parity bits and of adders
      operating on selected bits from the word for generating bits
      representative of subcombinations of the final code. The bit outputs from
      the first stage are selectively distributed to inputs of the adders of the
      second stage together with further bits from the word to be processed as
      either implementing or correcting bits in the said second stage adders.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described in full detail with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 shows in block form a prior art equipment formerly adapted to parity
      check and error signalling and detecting codes in a read-out organization
      of a data store,
PAR  FIG. 2 shows, in contradistinction to FIG. 1, the equivalent equipment
      embodying an error syndrome code forming device according to the present
      invention,
PAR  FIG. 3 shows in block form a prior art equipment formerly adapted to parity
      check and error signalling and detecting codes in a write-in organization
      of a data store,
PAR  FIG. 4 shows, in contradistinction with FIG. 3, the equivalent equipment
      embodying an error syndrome and correcting code forming device according
      to the present invention,
PAR  FIGS. 5 and 6 illustratively show Hamming code matrices for the generation
      of syndrome and error correction codes, which are of particular advantage
      for putting the present invention into actual practice, and,
PAR  FIGS. 7 and 8 respectively show structures of devices according to the
      invention operating according to the matrices of FIGS. 5 and 6.
DETD
PAR  The examples of embodiment of FIGS. 7 and 8 are solely illustrative and any
      modification thereof will remain within the scope and field of the
      invention.
PAC  DETAILED DESCRIPTION
PAR  The invention will be described for the particular case where the word is
      made of eight octet bytes, i.e. bytes of eight bits, plus a parity byte
      for the word, made of eight byte parity bits. Of course the parity bits
      may be distributed throughout the word or come from circuits external to
      the source of the word but simultaneously available to said word.
PAR  FIGS. 1 and 2 concern equipment for reading words from a store MEM. Each
      data word issues from MEM as two codes, Moo-63, representing a sixty-three
      bit information, and M64-64-representing an octet made of the byte parity
      bits of the eight octets of the information. These two codes must be sent
      to a requester party from the output Em, after having been checked and,
      when possible, corrected. The shown example concerns a most common case
      wherein the requester only accepts four octet words, each with its parity
      bit quartet. Under this condition, a multiplexer circuit Mx is shown for
      reaching the output Em. "Half-words" alternately issue from said
      multiplexer circuit together with the parity bit quartets of their own,
      from an output of a parity bit forming circuit CP. The control of the
      multiplexer circuit Mx is provided by an input AD1 which switches the
      inputs of the multiplexer from its input 00-31 to its input 32-63 on the
      incoming LC link, from a buffer EBC wherein, at each operation, a complete
      word is stored.
PAR  In a conventional organization, FIG. 1, the code which is read-out from MEM
      is applied to an error syndrome code forming circuit CS. The issuing
      eight-bit code So-7 is applied to a circuit CBE which decodes it and
      defines, when there is an error, what is the rank, from 00 to 63, of the
      bit which is in error. From the said bit rank bc, the buffer EBC is
      controlled for correction if a single bit is in error. Such a correction
      may be made, as known, as follows: the erroneous bit is operated in an
      exclusive-OR circuit receiving 1 on its other input: when the bit value
      ought to be 0, the operation converts it into 1 and vice-versa.
PAR  The casually corrected code is applied through Mx half-word per half-word
      to the output Em but is also applied to a circuit CP which forms the
      parity bits of the bytes in said half-words and the output of which is
      also connected to Em.
PAR  This equipment does not check the inputting parity bits. As the computation
      of the error syndrome and correction code in CS takes into account such
      incoming parity bits, CS may, obviously, produce erroneous corrections
      when these parity incoming bits are in error.
PAR  On the other hand, FIG. 2, with an error syndrome and correction code
      forming circuit according to the invention, CS, the actual byte parity
      bits are generated at CPE within CS so that such true parity bits Po-7 are
      available for a parity code correcting and buffering circuit EPC
      paralleled with the correcting and buffering circuit EBC of the
      information part of the word. The syndrome bits So-7 are applied both to
      EPC and to the CBE circuit wherein the rank of any bit in error in the
      information part of the word, is detected. The circuit CP of FIG. 1 is of
      course omitted in FIG. 2.
PAR  FIG. 3 shows a prior art equipment for handling words to be recorded in a
      store connected to the Em output of the equipment. It comprises a circuit
      ECAC which generates an auto-correction code, i.e. an error syndrome code
      which is differently used here. The input of ECAC receives a sixty-four
      digit word obtained from the concatenation of a thirty-two digit word,
      00-31 read-out from a record requesting circuit DMA including buffer means
      for said thirty-two digit word, plus a parity bit quartet thereof, and the
      one or the other of two "half-words" IF 00-31 and IF 32-63. Said
      concatenation is made through two multiplexer circuits Mx alternatively
      controlled from a command AD31 reverting the conditions of the multiplexer
      circuits, which always are in reverse or opposite conditions of
      conduction. A logical-OR operation on the outputs of the two multiplexers
      Mx consequently gives the complete word code E 00-63, to ECAC, which
      delivers the correction code E64-71 to the output Em. Concomitantly, from
      the output IE of DMS, the parity bit quartet IE 32-35 issuing from DMS is
      applied to a circuit CEPD which checks the said parity bit quartet and
      issues casually amended parity bits EPO-3, independantly of the ECAC
      circuit. Said ECAC circuit may consequently operate with erroneous parity
      bits.
PAR  On the other hand, in an equipment according to the invention as shown in
      FIG. 4, the ECAC circuit internally comprises means CEP for generating
      checked parity bits EPO-7 from both quartets of parity digits from IE and
      from IF. Said eight bits are referred .phi.0-7. The checked parity bits
      may, when required, be separately fetched through a multiplexer Mx,
      quartet by quartet, as shown.
PAR  For a write-in operation, the syndrome bits are concatenated as bits 64 to
      71 to the outputting word information code. Such bits therefrom will be
      referred to as L0 to L7.
PAR  The present invention concerns the formation of error syndrome and
      correction codes which, as described with relation to FIGS. 2 and 4,
      involve an imperative recourse to parity check bit generation. FIG. 5
      shows a Hamming code matrix subtending the generation of a syndrome code
      for store read-out whereas FIG. 6, also shows a Hamming code matrix
      subtending the generation of a correcting code for store writein. Said
      figures show the combinations of bits of the input word to ensure
      generation of the error syndrome bits S0 to S7, FIG. 5 and of the error
      correcting bits L0 to L7, FIG. 6. FIG. 5 also shows the generation of the
      parity check bits, omitted in FIG. 6 as being identical to those of FIG.
      5.
PAR  Each combination of bits from the incoming word to process requests,
      resulting in a bit of the error code, involves a modulo-2 addition of a
      plurality of bits. Apart from the S0 and L0 bits, none of the other bits
      of the codes can be obtained from a single "tool" or circuit. If each one
      of the said combinations was separately made, a considerable amount of
      electronic hardware would be needed. It has already been proposed to
      proceed from selective subcombinations of the digits from the word in
      cascaded connected adder stages. In such devices however, the selective
      subcombinations were systematically chosen with the aim of imperatively
      utilizing all the bits of the word in the first stage of adders. Such
      inflexibility could not enable an actual optimalization of the
      subcombinations. Further, each adder had a number of inputs which was
      restricted with respect to the number of bits in a byte, so that at least
      two stages were necessary for obtaining, for instance, the parity check
      bits, so that three stages or more of adders were finally imperative.
PAR  In contradistinction, the invention provides use of adders having each an
      input capacity of at least the number of bits in a byte and provides use
      of selectively chosen digits, or bits, in the word to be selectively
      introduced in the second one of the two stages which comprised the device,
      either as complement bits or as bits correcting certain of the
      subcombinations generated by adders of the first stage.
PAR  The choice of the subcombinations which are operated in the first stage
      adders follows the rule that, as far as possible, the subcombinations may
      enter into several combinations in the adders of the second and final
      stage. For accentuating this feature, it is provided that in certain of
      the combinations of the first stage, bits are introduced which are
      expletive in some of the final combinations in which such first stage
      subcombinations will be parts and to provide introduction in the adders of
      the second stage receiving such expletive bit subcombinations of
      correcting bits, which are identical to the said expletive bits of the
      first stage subcombinations since, as known the result of an exclusive-OR
      operation between X and X (identical bit values) is zero. In FIGS. 5 and
      6, such bits which are introduced as expletive in first stage
      subcombinations and thereafter reintroduced as correcting bits in the
      final combinations are marked (x) in the matrices.
PAR  In order to further reinforce the above defined feature, and consequently
      aim a further restricted number of adders in the first stage, it is
      provided to introduce into certain first stage subcombinations, expletive
      bits which, in the final combinations in the second stage will
      automatically be corrected because the same "expletive" bit is a part of
      another subcombination which, in the final combination, is used
      simultaneously to the first expletive bit subcombinations. Such
      self-correcting expletive bits are marked (.) in the matrices of FIGS. 5
      and 6. In said matrices, as usual, all the other present bits are marked
      1.
PAR  FIGS. 7 and 8 illustratively show two examples of the possible circuitry
      for devices embodying the above defined features, plus an additional one,
      i.e. a few first stage subcombinations are made for a single final
      combination (the T and V adders in said FIGS. 7 and 8, each of a reduced
      number of input bits, i.e. two).
PAR  The device of FIG. 7 comprises eighteen first stage adders of the modulo-2
      kind and, of course, eight modulo-2 adders for the second stage as it is
      assumed that a word comprises eight bytes of eight bits and an error code
      also comprises eight bits.
PAR  In FIG. 7, the modulo-2 adders J, K, L, M, N, P, Q, R generate the parity
      check bits of the eight information bytes of the word. A further adder
      generates, at H, the parity check bit of the complete word, deduced from
      the parity bits of the word. The input bits for such adders are obvious
      per themselves.
PAR  Each adder in both FIGS. 7 and 8 are to be understood as uniformly being
      nine input modulo-2 adders, which is a current specification for such
      devices in the technical and commercial present art of informatics.
      Unshown inputs are unconnected.
PAR  A first subcombination A for the final combinations delivering the syndrome
      bits S6, S5, S4 and S3 results from the addition of word bits Nos. 1 -- 3
      -- 10 -- 17 -- 25 -- 32 -- 40 -- 48 -- 56.
PAR  A second sub-combination B for the final combinations delivering the
      syndrome bits S6 and S5, results from the modulo-2 addition of the word
      bits 6 -- 8 -- 13 -- 21 -- 28 -- 36 -- 44 -- 52 -- 59.
PAR  A third subcombination C for the final combinations delivering the syndrome
      bits S6 and S4 results from the modulo-2 addition of the word bits Nos. 0
      -- 15 -- 23 -- 30 -- 38 -- 46 -- 54 -- 61 -- 63.
PAR  A fourth subcombination D for the final combinations delivering the
      syndrome bits S5, S4 and S3, results from the modulo-2 addition of the
      word bits Nos. 0 -- 2 -- 8 -- 9 -- K6 -- 24 -- 31 -- 47 -- 62.
PAR  A fifth combination E for the final combination delivering the syndrome bit
      S6, results from the addition modulo-2 of the word bits, cb, Nos. 4 -- 11
      -- 19 -- 26 -- 34 -- 42 -- 50 -- 57.
PAR  A sixth subcombination F for the final combination delivering the syndrome
      bit S5 results from the addition modulo-2 of the word bits Nos. 1 -- 5 --
      12 -- 20 -- 27 -- 35 -- 39 -- 43 -- 51.
PAR  A seventh subcombination G for the final combination delivering the
      syndrome bit S4, results from the modulo-2 addition of the word bits Nos.
      7 -- 14 -- 22 -- 29 -- 37 -- 39 -- 45 -- 53 -- 55.
PAR  Finally, two further two bit modulo-2 additions are made in adders T and V.
      The T subcombination results from the bits Nos. 8 and 9 of the word. The V
      subcombination results from the the bits 10 and 24.
PAR  In the second stage of the device shown in FIG. 7, the bits S7 to S0 of the
      syndrome code are made as follows:
PAR  The S7 bit results from the modulo-2 addition of the subcombinations H, J,
      K, L, M, N, P, Q and R, i.e. of all the parity check bits of the incoming
      bytes, including the byte constituted of the incoming parity bits.
PAR  The syndrome bit S6 results from the modulo-2 addition of the
      subcombinations A, B, C and E.
PAR  The syndrome bit S5 results from the modulo-2 addition of the
      subcombinations A, B, D and F, and of the bits 53, 58 and 63 which do not
      exist in the said subcombinations.
PAR  The syndrome bit S4 results from the modulo-2 addition of the
      subcombinations A, C, D and G and of the bit No. 60 which does not exist
      in said subcombinations.
PAR  The syndrome bit S3 results from the modulo-2 addition of the
      subcombinations A, B and J, L, N, Q and the bit No. 31 for compensation of
      the bit 31 of the subcombination D, which is expletive for the S3 syndrome
      bit, and of the bits 47 and 62, for compensation of the corresponding
      "expletive" bits of the said subcombination D.
PAR  The syndrome bit S2 results from the modulo-2 addition of the
      subcombinations T, V, L, P, Q and of the bits Nos. 25, 40 and 56. The bit
      No. 25 is a "true" addition as it does not appear in the subcombinations.
      So is the bit No. 56. On the other hand, bit No.40 is compensating the bit
      No. 40 of the subcombination P, expletive for the retention of S2.
PAR  The syndrome bit S1 results from the modulo-2 addition of the
      subcombinations M, N, P, Q and of the bits Nos. 24, 25 and 56. Bits Nos.
      24 and 25 are compensating or corrective bits of the subcombination M and
      the bit No. 56 compensates or corrects an expletive bit of the
      subcombination Q.
PAR  The syndrome bit S0 results from the modulo-2 addition of the
      subcombination R and of the compensating bit No. 56.
PAR  It must be noted that, in the generation of the syndrome bit S3, the
      introduction of the subcombination J compensates the expletive bits Nos. 1
      and 3 of the subcombination A and the expletive bits Nos. 0 and 2 of the
      subcombination D. The subcombination L compensates the expletive bits Nos.
      17 and 16 of the A and D subcombinations. The subcombinations N and Q
      compensate the expletive bits 32 and 48 of the subcombination A. As said,
      an expletive bit is a bit which does not normally enter in the combination
      of a syndrome bit.
PAR  Similarly, in the syndrome bit S5, the bit No. 8 is expletive. As said bit
      appears in both the subcombinations B and D, the compensation is
      automatically effected.
PAR  In some adders of the second stage of the device, some inputs are shown
      connected to the ground, instead of being merely left unconnected. This is
      a purely technological fact, not within the principles of the
      subcombinations.
PAR  In the device shown in FIG. 8, some inputs are, for the same technological
      purpose, connected to the ground. Some other inputs are marked 1: this
      merely indicate that the output bit will be obtained in the form of a
      one's complement of its actual binary value. It seems superfluous to
      detail the device of FIG. 8 which is made similarly to the device of FIG.
      7 but with respect to the Hamming matrix of FIG. 6. It must however be
      noted that, in the modulo-2 adders forming the parity check bits, from J
      to R, one of the inputs receives the corresponding rank bit .phi., from
      .phi.0 to .phi.7, of the inputting parity bits appearing in the two
      concatenated half-words of FIG. 4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device generating the bits of an error syndrome and correction code
      according to a matrix which defines for each of such bits an appropriate
      exclusive-or combination of bits in an incoming multi-byte word to process
      including a parity bit for each byte further to the bits of said bytes,
      comprising the combination of:
PA1  first and second stages of modulo-2 adders, each of a number of available
      bit inputs at least equal to the number of bits in a byte of the word,
PA1  the number of the adders of the second stage being equal to the number of
      bits in the error syndrome and correction code, each adder of the first
      stage generating a bit representing an exclusive-or subcombination of bits
      of the word to be applied to an input of at least one of the adders of the
      second stage, adders of the first stage generating the parity check bits
      of the bytes of the word,
PA1  each adder of said second stage receiving a selection of subcombinations
      from the outputs of adders of said first stage,
PA1  at least some of the adders of said second stage additionally receiving
      selected bits of the word.
NUM  2.
PAR  2. Device according to claim 1, wherein adders of said first stage, the
      outputs of which are each connected to inputs of more than one adder of
      said second stage, receive word bits which in the subcombinations thus
      generated in said first stage adders, are expletive with respect to the
      combinations which some of said second stage adders must generate, and,
PA1  the said some adders of said second stage receive such expletive word bits
      on other inputs thereof.
NUM  3.
PAR  3. Device according to claim 1 wherein adders of said first stage, the
      outputs of which are each connected to inputs of more than one adder of
      said second stage, receive word bits which, in the subcombinations thus
      generated in said first stage adders, are expletive with respect to the
      combinations which some of such several adders must generate, and,
PA1  such word bits are received by two adders of said first stage, the output
      subcombinations of which are applied to the same second stage adder for
      which the generated combination of such bits are expletive.
NUM  4.
PAR  4. Device according to claim 1, wherein one of the adders of the first
      stage generates a word parity check bit from an exclusive-OR operation on
      the incoming byte parity bits and the output of said adder is connected to
      an input of at least one adder of the second state.
NUM  5.
PAR  5. Device according to claim 1, wherein each adder of the first stage which
      generates a parity check bit receives, further to the bits of the
      concerned byte of the word, the incoming parity bit of said byte.
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ABST
PAL  The device is arranged to receive a plurality of separate groups of
      signals, each group including a given number of redundant digital signals
      and is to select one of the digital signals from each group for subsequent
      processing. Memory sections are provided for storing at specific locations
      in each of the sections the digital signals of the various groups. A clock
      and counter are used to control an addressing circuit for cycling the
      addressing of the respective sections and locations such that the digital
      signals in each group may be successively stored in suitable buffer
      registers on a time share basis. The redundant signals in each group are
      then successively released for independent analysis, a preferred or
      favored digital signal among the redundant signals being selected and
      stored in a high speed memory section. These stored preferred signals from
      each of the groups are then available for subsequent processing.
BSUM
PAR  This invention relates generally to digital signal processing operations
      and more particularly to a special purpose digital signal selector device
      for use in systems wherein a plurality of groups, each made up of a number
      of redundant digital signals, are provided and it is desirable to utilize
      only preferred ones of the digital signals in each of the groups to
      perform desired operations.
PAC  BACKGROUND OF THE INVENTION
PAR  There are many systems in which redundant digital signals are provided,
      primarily for safety reasons. For example, in aircraft, the control
      surfaces are usually moved by servo motors in turn controlled by command
      signals generated in response to the pilot's movement of the pitch, roll
      and yaw controls in the cockpit. Thus, when the pilot pulls back on the
      pitch controller to operate the aircraft tail elevators, this movement
      might be sensed by four individual sensors to provide four redundant
      signals. This set of signals is then read into a processor which must,
      through software control, perform a signal selection logic to provide a
      preferred signal from the redundant signals as the actual command signal.
      Second and third groups each comprising a given number of redundant
      signals for different operations such as roll control, yaw control, etc.
      similarly require processing, the actual signal selection logic portion
      constituting a repetitive operation.
PAR  The basic disadvantage of the foregoing arrangement in the example of
      aircraft is the amount of processor time that is required to perform the
      signal selection. It would be far more advantageous to provide a special
      purpose device for use in such redundant systems for selecting one of the
      redundant signals prior to actual processing by the main digital processor
      equipment on the aircraft or even after processing of the signals. The
      primary advantage would be the reduction in the computation load of the
      main digital processore.
PAR  It should be understood that such a device would not be limited to use in
      aircraft control systems but would have application in any system wherein
      groups each made up of sets of redundant signals are provided and wherein
      it is necessary to select a preferred one of the redundant signals in each
      group for subsequent operations.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  In accord with the present invention, a special purpose digital signal
      selector device is connected to receive a plurality of separate groups of
      signals, each group including a given number of redundant digital signals,
      and to select one of the digital signals from each group for subsequent
      processing. Towards this end, the device includes a plurality of memory
      sections corresponding in number to the given number of digital signals,
      each section having a number of memory locations corresponding to the
      number of groups, connected respectively to receive and store the digital
      signals. A read only memory means unit connects to an address means
      responsive to the unit for successively addressing the memory locations.
      Buffer register means corresponding to the given number of digital signals
      in each group, in turn are connected to the output of the address means.
      The control of the address means and read only memory means is
      accomplidhed by a clock means which cycles the address means such that the
      digital signals in each group may be successively stored in the buffer
      register means on a time share basis.
PAR  The device is completed by the provision of a comparator and selection
      means connected to the buffer register means for comparing and selecting a
      preferred one of the digital signals from a group stored therein, the same
      comparator and selection means then selecting a preferred one of the
      digital signals in the next group stored in the buffer register means, and
      so forth, all under control of the clock means. The selected ones of the
      digital signals from each group may then be stored in a high speed memory
      section so that the selected signals are available for subsequent
      processing or, in the event that the special purpose device is used after
      a digital processing operation, the preferred or selected signals are
      available for immediate conversion to analog signals to thereby perform
      direct command functions.
PAR  By utilizing such a device in a manner to either preprocess or post-process
      data, the computation load of a main digital processor which uses the
      selected data is vastly reduced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of this invention will be had by now referring to
      the accompanying drawings in which:
PAR  FIG. 1 illustrates in simplified block form a basic system utilizing a
      digital processor wherein the special purpose digital signal selector
      device of this invention may be utilized either or both in a pre-selection
      or post-selection of preferred digital signals among redundant signals,
      and
PAR  FIGS. 2, 3 and 4 show more detailed block diagrams of three examples of the
      special purpose digital signal selector device itself.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1 there is shown a general purpose digital
      processor 10 which might, by way of example, be employed on an aircraft
      for processing digital signals generated in response to pilot commands for
      controlling the aircraft surfaces. As mentioned heretofore, part of the
      circuitry of the digital processor 10 would be required to perform a
      selection among groups of redundant digital signals received on input
      lines 11, the selected or preferred signal then passing from an output
      line 12.
PAR  In accord with the present invention, there is provided a special purpose
      digital signal selector device for performing this particular selection
      operation all to the end that the load on the main digital processor 10
      can be greatly reduced. Such device is indicated by the block 13 for
      receiving the groups of redundant signals at 11 and subsequently making
      available to the digital processor only the preferred selected digital
      signals from among the redundant signals in each group. A data line 14d
      provides the selected signals to the digital processor 10.
PAR  Also shown in FIG. 1 is a second special purpose digital signal selector
      device 15 which may be provided to perform a similar function in the event
      that redundant signals are also provided from the output of the digital
      processor 10. A control 16 and data line 17d selects the preferred signals
      made available by the digital signal selector device 15 for providing the
      finally selected output signals on line 12. Address lines 14a and 17a
      connect to the devices as shown.
PAR  The purpose of FIG. 1 is simply to illustrate the fact that the special
      purpose digital signal selector of the present invention can be used in
      either a pre-processing or post-processing position or in certain systems
      in both positions.
PAR  Referring now to FIG. 2, details of a first type of the special purpose
      device will be described. Since the devices 13 and 15 described in FIG. 1
      are essentially the same, it will be understood that the device shown in
      FIG. 2 will apply to either of the devices of FIG. 1.
PAR  Referring to the left portion of FIG. 2, the various groups of redundant
      signals on the line 11 are shown at 18, 19 and 20. Actually, the plurality
      of groups may be any number N, each group itself comprising a given number
      of redundant digital signals. In the particular example illustrated, the
      given number of signals in each group is four, the redundant signals in
      the first group being indicated at A1, A2, A3 and A4. Similarly, the four
      redundant signals in the second group 19 are indicated B1, B2, B3 and B4,
      and so forth to the N.sup.th group 20 wherein the redundant signals are
      indicated at N1, N2 N3 and N4. While the given number of redundant signals
      is four, it will be understood that such number could be 2, 3, or any
      greater number than four.
PAR  The device itself as shown in FIG. 2 includes a plurality of memory
      sections designated 21, 22, 23 and 24. Generally, the total number of
      memory sections required corresponds to the total number of redundant
      signals in any one group. Since in the example set forth, there are four
      redundant signals in each group, there are provided four basic memory
      sections. Each of these sections, as indicated in the drawing, have a
      number of memory locations which number corresponds to the total number of
      groups. These memory locations, as shown, are connected to receive the
      various signals from the groups. Thus considering the memory section 21,
      it will include memory locations MA1 MB1, and so forth to the MN1. The
      first redundant digital signal from the group 18 designated A1 will be
      stored in memory section 21 at location MA1. The first redundant digital
      signal B1 from the second group 19 is stored in the second location MB1 of
      the memory section 21. Similarly, all of the other signals are stored in
      the sections and memory locations as indicated by the arrows.
PAR  A read only memory means 25 connects to an address gate means 26 in turn
      arranged to address the various locations in the memory sections to inputs
      of a number of buffer register means indicated by the blocks 27, 28, 29
      and 30, again corresponding in number to the given number of redundant
      signals in any one group. The operation of the address gate means is
      sequential so that the digital code information is applied successively on
      the common output line 31 then into the appropriate buffer register so
      that the signals from 21, 22, 23, and 24 appear at buffers 27, 28, 29 and
      30 in this sequence.
PAR  The foregoing storage of the digital signals in any one group in the buffer
      register means is accomplished by a clock means including a clock 32 and
      counter and controller 33 connected to control the read only memory means
      25. The clock means causes a cycling of the address means such that the
      digital signals in each group may be successively stored in the buffer
      register means on a time share basis.
PAR  The foregoing operation is under control of control line 34 from the
      counter and controller 33 connecting to a common line 35. This common line
      has branch output lines 36, 37, 38 and 39 connecting to the buffer
      registers 27, 28, 29 and 30 respectively. Essentially, the counter and
      controller 33 control storage in and release from the buffer register
      means of the digital signals of a group for comparison and selection so
      that the buffer register means are available for storage of the digital
      signals from the next group in accord with the operation of the address
      means by the read only memory means and controlling clock means.
PAR  The above referred to comparator and selection means include a plurality of
      comparators designated by the blocks C1, C2, C3, C4, C5, and C6. Each of
      these comparators includes two inputs for receiving a pair of redundant
      signals from the particular group stored in the buffer register means for
      comparing the same. Thus, as shown in FIG. 2, the four outputs from the
      buffer registers on lines 40, 41, 42 and 43 are all applied to the
      comparator means. The connections are such, for example, that the
      redundant signals A1 and A2 from the buffer registers 27 and 28 appearing
      on output lines 40 and 41 are both passed to the two inputs of the
      comparator C1 for comparison with each other. In addition, the redundant
      signal A1 is also passed into comparator C2 for comparison with the
      redundant signal A3 appearing on output line 42. Comparator C3 in turn
      compares redundant signal A1 with redundant signal A4 on line 43. In a
      similar fashion and as is evident from the connections, comparator C4
      compares redundant signals A2 and A3, comparator C5 compares redundant
      signals A2 and A4, and comparator C6 compares redundant signals A3 and A4.
      Thus, all of the signals are compared with each other in the comparator
      means.
PAR  The comparator and selection means also includes a number of gates
      corresponding to the given number of digital signals in each group. These
      gates are designated G1, G2, G3 and G4. First inputs to these gates
      respectively receive the redundant signals A1, A2, A3 and A4 from the
      output lines from the buffer registers by way of leads 44, 45, 46 and 47
      respectively. A second read only memory means 48 containing the fault
      logic truth table is connected between the outputs of the various
      comparators and second inputs to the gates. Thus, there are shown second
      input connections 49, 50, 51 and 52 from the second ROM means 48.
      Essentially, the second ROM 48 will develop a signal on one only of the
      second input lines to the gates to thereby open one only of the gates and
      thus pass a preferred or selected digital signal applied to its other
      input. For example, assume that the signal A3 appearing at the first input
      of gate G3 is the favored or selected signal after analysis of the outputs
      from the variuos comparators C1 through C6 by the ROM means 48. If such is
      the case, a signal will be applied to the second input of gate G3 on lead
      51 to thereby open the gate and pass this preferred signal to a common
      output line 53 for the various gates. The remaining digital signals will
      be blocked by the other gates.
PAR  As shown at the lower portion of FIG. 2, the preferred selected digital
      signal appearing on line 53 will then be stored in a high speed memory
      section 54. This storage is indicated at a location MAs indicating the
      slected one of the A signals.
PAR  It will be understood that the same process is carried out for the group of
      B signals, these signals next being stored in the buffer registers 27
      through 30. The selected one of the B signals on the time sharing basis
      under control of the clock means is then stored in the high speed memory
      section 54 as indicated at MBs. The process continues as the clock means
      cycles through until the last preferred signals MNs is stored in the high
      speed memory 54.
PAR  The preferred selected signals from the various groups are thus available
      in the high speed memory 54 for subsequent processing such as by the
      digital processor 10 of FIG. 1. Towards this end, there is provided an
      address means 55 connected to the high speed memory section 54 for passing
      the selected signals along the data line 14d to the digital processor 10
      when requested by the processor 55 on address line 14a.
PAR  It will be appreciated from the foregoing description that the same buffer
      registers, comparators, computer, and gates can be utilized successively
      to process signals from the different groups through a total of N groups.
      This is accomplished by the time sharing technique described in
      conjunction with the clock means and the read only memory and address
      circuits in conjunction with the memory storage sections.
PAR  Referring now to FIG. 3, there is shown a refinement to the circuit of FIG.
      2 which in essence provides a signal to the fault read only memory means
      48 of FIG. 2 in the event that one or more of the redundant signals
      deviates from the others by more than a given percent. With such an
      arrangement, the fault read only memory 48 after being "advised" of such a
      signal, no longer need consider it in making the proper selection.
PAR  Referring to the upper portion of FIG. 3, the block I represents all of the
      circuitry enclosed within the dashed line I in FIG. 2, the leads 40, 41,
      42 and 43 extending from the block I of FIG. 3 corresponding to the same
      output lines from the buffer registers designated by the same numerals in
      FIG. 2.
PAR  Rather than pass these output redundant signals into the comparators C1
      through C6 as described in FIG. 2, they are instead passed through
      difference type comparators which in essence provide an output signal
      constituting a function of the exact difference between the two input
      signals. These difference circuits are indicated by the block D1, D2, D3,
      D4, D5 and D6, and their first and second inputs are respectively
      connected to the leads 40 through 43 in the same manner as the first and
      second inputs of the comparator circuits C1 through C6 of FIG. 2.
PAR  Thus, with the foregoing arrangement, the difference circuit D1 will
      provide an output signal constituting a function of the difference between
      the redundant signals A1 and A2 rather than a mere indication as to which
      one is larger than the other. Similarly, the difference circuits D2
      through D6 will provide on their outputs signals which are functions of
      the difference between the input redundant signals thereto.
PAR  Rather than passing these outputs directly to the fault read only memory 48
      as was done in FIG. 2, there are provided additional buffer register means
      which store bits of information. Thus, for the output of the difference
      circuit D1 there is shown connected thereto the buffer register designated
      BRB1. The remaining buffer registers BRB2, BRB3, BRB4, BRB5, and BRB6
      similarly connect respectively to the outputs of the different circuits D2
      through D6. Since the operation of these buffer register circuits is the
      same, a detailed description of the buffer register circuit BRB1 will
      suffice for all.
PAR  As shown in FIG. 3, the buffer register BRB1 stores essentially signal
      magnitudes from one through 1024 as powers of 2, so that essentially a
      comparision of from one to 1024 bits of information can be made with the
      incoming signal from the difference circuit D1.
PAR  An initial determination is made by the buffer register BRB1 when receiving
      the difference signal from the difference circuit D1 as to the sign of the
      signal; that is, plus or minus. This information is passed along an output
      line to the fault read only memory 48, the remaining buffer registers
      providing similar polarity signals to the fault read only memory 48, the
      various lines being collectively designated by the numeral 56. The fault
      read only memory 48 connects to second inputs of the gates G1 through G4
      which are identical to the gates described in FIG. 2 to open one of these
      gates and pass the selected digital signal from one of the lines 44, 45,
      46 or 47 passing into the first inputs of the gates. The selected signal
      is then passed on the lead 53 to the high speed memory 54 described in
      FIG. 2 and thus far the operation of FIG. 3 is the same as that of FIG. 2.
PAR  In addition to the foregoing, however, the difference signal is stored in
      the buffer register BRB1 and is inspected to determine the magnitude of
      the error. If a 1 rather than a 0 should appear, for example in the bit
      sections 6 through 11, it is known that the difference signal deviates
      from the selected value by more than a given per cent. Thus, if it is
      desired to eliminate a difference signal which deviates by more than 1
      percent, any numeral 1 state of the bit sections 6 through 11 would
      indicate a deviation greater than 1 percent. If bit sections 5 through 11
      were all analyzed and if any one of those contained a 1, the deviation
      would be greater than one-half per cent.
PAR  In the example illustrated, if the comparison results in less than 1
      percent deviation, there will not appear any 1's on the bit sections 6
      through 11. The outputs of these sections appear on leads 57 and pass to
      an OR circuit 58.
PAR  From the foregoing, it will be evident that should there be a 1 signal on
      any of the leads 57, indicating a deviation of greater than one per cent,
      a signal will appear at the output of the OR circuit 58 onto line 59
      whence it is stored in a storage 60.
PAR  On the next cycling of the A1 through A4 redundant signals, the stored
      fault signal in the storage 60 will be passed through line 61 to the fault
      read only memory 48 and the particular signal in question will be entirely
      eliminated from the analysis so that only one of the three remaining
      redundant signals will be passed on the output lead 53.
PAR  It will be understood that similar detection of greater than one per cent
      or any other selected per cent deviation is applied to corresponding OR
      circuits on the leads 62, 63, 64, 65 and 66, corresponding to the
      collective leads 57 from the remaining buffer register blocks BRB2 through
      BRB6.
PAR  By the foregoing modification of the circuit of FIG. 2 as described in FIG.
      3, it is possible to eliminate any one of the redundant signals which
      deviates beyond a selected per cent.
PAR  Referring now to FIG. 4, there is illustrated a still further modification
      of the basic circuits wherein it is possible to again eliminate any one
      signal from one of the groups of redundant signals if it deviates by a
      selected per cent but wherein different selected per cents of tolerable
      deviations of the respective groups of redundant signals cycled by the
      clock and counter control means described in FIG. 1 can be automatically
      incorporated.
PAR  For example, with the further modification of the circuit of FIG. 4, rather
      than simply eliminate any signal of the various groups of redundant
      signals which deviates by more than a given per cent, it is possible to
      eliminate any signal in a first group such as the redundant signals A1
      through A4 which deviates by one selected per cent and eliminate any
      signal in a second group such as the redundant signals B1 through B4 which
      deviates by another selected per cent, and so forth.
PAR  Referring to FIG. 4, the block I shown in the upper right hand corner
      corresponds again to the circuitry of FIG. 1 enclosed within the dashed
      line designated I, and the elongated block II corresponds to that portion
      of the circuitry of FIG. 3 enclosed within the dashed line II. Thus, the
      same circuitry of FIG. 3 is utilized except instead of passing the signals
      on lines 57 and the corresponding lines for the remaining buffer registers
      62 through 66 through OR circuits, these signals are passed to per cent
      error control circuits 67, 68, 69, 70, 71 and 72. All of these control
      circuits are the same and thus a detailed description of one will suffice
      for all. In this respect, the control circuit receiving the signals on the
      lines 57 and designated 67 is enclosed within the dashed line in FIG. 4.
PAR  As shown, the collective leads 57 pass into first inputs of a plurality of
      gates designated EG1, EG2, EG3, EG4, EG5, and EG6. It should be understood
      that if further bit sections are used from the BRB1 register of FIG. 3,
      there would be correspondingly provided additional gates. Thus if the per
      cent deviation at which a signal would be rejected among the redundant A1
      through A4 signals is to be one half per cent, then there would be
      provided an output from the bit section 5 of the BRB1 register in FIG. 3
      and correspondingly, there would be provided an additional gate in the
      circuit 67 of FIG. 4. Actually, there could be provided eleven such gates
      for the one to 11 sections illustrated in FIG. 3.
PAR  The second inputs to the gates EG1 through EG6 are received from an error
      read only memory means shown by the block 73. This error read only memory
      means is fed by the branch line 25' from the address ROM 25 of FIG. 1 and
      functions to enable the gates when the group A1 through A4 of redundant
      signals are being processed. Any signal of this group which deviates by
      more than the particular selected per cent for the group is passed by an
      OR circuit 74 receiving the outputs from the various gates to a line 75
      and thence to one of the inputs 76 to a storage 77. The information in the
      storage is then passed through lead 78 to the fault read only memory means
      48 of the circuit of FIG. 3 thereby eliminating that signal from
      subsequent analysis in the manner as described in FIG. 3.
PAR  The same error read only memory means 73 connects through branch leads 79
      to a lead 80 collectively representing the branch leads 79 to the various
      other control circuits 68 through 72 receiving signals on the collective
      lines 62 through 66 as described in conjunction with FIG. 3 so that the
      gates in these latter control circuits are simultaneously energized for
      the group of redundant signals A1 through A4.
PAR  The address input to the error read only memory means 73 under control of
      the clock and counter as described in FIG. 1 will then gate the various
      control citcuits 67 through 72 for the next group of redundant signals B1
      through B4 and thence the next group all the way through redundant signals
      N1 through N4. The output information is stored in the storage 77 as
      described in conjunction with the control circuit 67 and passed to the
      fault read only memory means 48 thus eliminating any signals in any one
      particular redundant group which deviates more than the particular
      percentage designated for that particular group.
PAR  It is thus possible, with the circuit of FIG. 4 to eliminate redundant
      signals in the group A1 through A4 which deviate by more than, for
      example, one per cent; eliminate redundant signals in the group B1 through
      B4 which deviate by more than, for example, ten per cent, and so forth for
      the remaining groups each being characterized by a selected per cent which
      may or may not be different from the percentage deviations permitted in
      the remaining gruops.
PAR  Since the components making up the digital signal selector such as
      designated by the block 13 in FIG. 1 are the same as those in the
      subsequently used digital signal selector shown by the block 15 in FIG. 1,
      it should be understood that a single digital signal selector could be
      utilized for both a preselecting and post-selecting of the desired signals
      by suitable switching means. Further, while the particular system
      described in FIG. 2 refers to a sequential addressing of the various
      memory sections 21 through 24, it should be understood that by providing
      three additional address units, information may be supplied
      simultaneously; that is, in parallel to the buffer registers 27 through
      30.
PAR  A further refinement in the circuitry of FIG. 3 is possible by utilizing
      the stored signal in the high speed memory section 54 of FIG. 2 for
      comparison with the signals received in the difference circuits D1 through
      D4. The arrangement is such that only four of the difference circuits may
      then be used.
PAR  From the foregoing description, it will thus be seen that a special purpose
      device as described in FIGS. 2, 3 and 4 provides the desired preferred
      signals of the redundant digital signals for further digital processing in
      the usual manner, all to the end that the main digital processor is not
      burdened with this function.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A special purpose digital signal selector device for receiving a
      plurality of separate groups of signals, each group including a given
      number of redundant digital signals, and selecting one of said digital
      signals from each group for subsequent processing, said device including,
      in combination:
PA1  a. a plurality of memory sections corresponding in number to said given
      number of said digital signals, each section having a number of memory
      locations corresponding to the number of groups, a first memory location
      in each section being connected to receive and store respectively the
      redundant digital signals in a first group, a second memory location in
      each section being connected to receive and store the redundant digital
      signals in a next group, and so forth so that all of the signals in the
      plurality of separate groups of signals are stored;
PA1  b. a read only memory means;
PA1  c. address means responsive to said read only memory means connected to
      said memory sections for successively addressing the memory locations
      therein;
PA1  d. a number of buffer register means corresponding to said given number of
      digital signals in each group respectively connected to the output of said
      address means;
PA1  e. clock means connected to said read only memory means for cycling said
      address means to transfer the digital signals in the first memory
      locations of said sections making up the first group of redundant digital
      signals for storage respectively in successive ones of said buffer
      register means so that a first buffer register means stores a first
      digital signal, a second buffer register means stores a second digital
      signal and so forth until all of the digital signals of said first group
      are stored;
PA1  f. comparator and selection means connected to said buffer register means
      for comparing and selecting a preferred one of the digital signals in the
      first group stored therein, said clock means and read only memory means
      cycling said address means to transfer the digital signals in the second
      memory locations of said sections making up the next group of redundant
      digital signals for storage in said buffer register means, said same
      comparator and selection means then selecting a preferred one of the
      digital signals in said next group stored in said buffer register means
      under control of said clock means; and
PA1  g. a high speed memory section connected to the output of said comparator
      and selection means for storing the selected ones of said digital signals
      from each group whereby said selected signals are available for subsequent
      processing.
NUM  2.
PAR  2. A device according to claim 1, including a controller means in said
      clock means connected to said buffer register means for controlling
      storage in and release from the buffer register means of the digital
      signals of a group for comparison and selection so that the buffer
      register means are available for storage of the digital signals from the
      next group in accord with the operation of said address means by said read
      only memory means and controlling clock means, said comparator and
      selection means including comparing means receiving and comparing the
      digital signals; a number of gates corresponding to said given number of
      digital signals in each group having first inputs connected to the outputs
      of said buffer register means respectively, and their outputs connected to
      a common line to said high speed memory section; and computer means
      connected to the second inputs of said gates and to the outputs of said
      comparator means and responsive to the comparator means to provide a
      signal to that gate associated with said preferred one of said signals as
      determined by said comparator means and computer means to pass the
      preferred signal to said high speed memory section, the other of the
      digital signals being blocked by the remaining gates.
NUM  3.
PAR  3. A device according to claim 2, in which said comparing means provides
      output signals that are equal to the difference of the digital signals
      compared therein, said computer means including additional buffer register
      means receiving the difference signals from the comparing means and
      storing bits of information corresponding to a given signal magnitude for
      comparison with said difference signals, fault read only memory means for
      providing said signal to that gate associated with said preferred one of
      said signals, and OR circuit means connecting said additional buffer
      register means to said fault read only memory means, any signal received
      from any additional buffer register means which deviates from said given
      signal magnitude by more than a given per cent, being eliminated in said
      fault read only memory means.
NUM  4.
PAR  4. A device according to claim 3, in which said OR circuit means includes
      additional circuit means connected between said additional buffer register
      means and said fault read only memory means wherein said given per cent of
      deviation from said given signal magnitude can be selected to have one
      value for one group of said digital signals and another value for a second
      group of said digital signals and so forth so that different tolerance
      levels can be established for the various groups of signals defining the
      deviation which must be exceeded to eliminate one or more redundant
      signals in each group.
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PAL  A signal checking system for use in a hardware system having a converter
      for converting coded input signals consisting of a plurality of bits into
      corresponding individual signals, wherein undesirable selection of an
      erroneous output and multiple outputs by the converter is detected by
      means adapted for checking the relation between the input to the converter
      and the output of a first coder connected to the converter and checking
      the complementary relation between the output of the first coder and the
      output of a second coder connected to the converter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a signal checking system for accurately and
      reliably detecting appearance of an erroneous output or multiple outputs
      due to erroneous selection or multiple selection by a converter which is
      adapted for converting a coded input signal consisting of a plurality of
      bits into one of a plurality of individual single output signals.
PAR  2. Description of the Prior Art
PAR  In a hardware system including a converter adapted for converting a coded
      input signal consisting of a plurality of bits into one of a plurality of
      individual single output signals, a plurality of terminal equipments
      (controlled systems) are frequently directly controlled by the individual
      single output signals appearing from the converter as a result of the
      conversion. Therefore, when the element or elements of the converter fail
      to properly operate, an output signal different from a specific output
      signal will appear from the converter due to erroneous selection or a
      plurality of output signals will appear from the converter due to multiple
      selection in response to the application of an input signal instructing
      one of the terminal equipments to be selected. Execution of control while
      ignoring this unusual selection will result in erroneous control of the
      specific terminal equipment, and undesirable system-down will be given
      rise to.
PAR  A so-called loop checking method, for example, has been generally employed
      to detect appearance of an undesirable output or outputs due to erroneous
      selection or multiple selection by a converter which is adapted for
      converting a coded input signal consisting of a plurality of bits into one
      of a plurality of individual single output signals. In such a prior art
      method, a signal sent back from a controlled station is compared in a
      control station with a signal sent out already and stored in a memory in
      the control station which has the function of detecting the presence of
      any error between these signals. Thus, this prior art method has been
      defective in that an unusual situation occurring in a converter in the
      control station cannot be quickly dealt with and remedied. Further, the
      entire loop checking system is included in the trouble detection range of
      the control station according to the prior art method. Thus, when, for
      example, the controlled station is quite remote from the control station
      or a switching system is present therebetween, all these circuits or the
      signal transmission paths and signal transmitting and receiving circuits
      on the receiving side are included in the trouble detection range of the
      control station. Therefore, the prior art loop checking method adapted for
      error detection on the basis of the loop checking in the control station
      has also been defective in that the trouble detection range is very wide
      resulting in difficulty of quick detection of a faulty element or part.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a novel and improved
      signal checking system which can reliably detect errors in individual
      single output signals of a converter in a controlled station controlled by
      a control system thereby improving the reliability and safety of the
      control system.
PAR  Another object of the present invention is to provide a signal checking
      system which is simple in circuitry and yet can easily and reliably detect
      a faulty element or part.
PAR  In accordance with the present invention, there is provided a signal
      checking system comprising a returning signal coder to which a plurality
      of individual single signals are applied in a first order to be converted
      into corresponding scale-of-N coded output signals (N .gtoreq. 2), a
      checking coder to which said same individual single signals are applied in
      a second or reverse order to be converted into corresponding scale-of-N
      coded output signals, and a complement checking circuit for checking the
      complementary relation between the output of said returning signal coder
      and the output of said checking coder.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of an embodiment of the signal checking system
      according to the present invention.
PAR  FIG. 2 is a block diagram showing a returning signal coder in FIG. 1.
PAR  FIG. 3 is a block diagram showing a decoder error checking circuit in FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a signal checking system embodying the present
      invention includes a receiving signal decoder 1 which is in the form of a
      diode matrix, integrated circuit or the like. An input signal designated
      generally by the reference numeral 5 is applied from a control station, a
      computer or the like (not shown) to the decoder 1 to specify one of a
      plurality of terminal equipments (not shown). For example, the input
      signal 5 is a 6-bit scale-of-N coded signal (N .gtoreq. 2), and the
      decoder 1 decodes this input signal 5 into one of sixty-four individual
      single signals appearing at respective output terminals 0 to 63.
PAR  An output signal designated by the reference numeral 8 appears from one of
      the 64 output terminals of the decoder 1 to be applied to a display and
      control output circuit 11 so that an output 13 corresponding to the
      specific input can be applied to the specific terminal equipment (not
      shown) when the output conditions of a pair of decoder error checking
      circuits 4 and 14 are satisfied as described later.
PAR  The output signals appearing at the output terminals 0 to 63 of the
      receiving signal decoder 1 are applied as an input signal 9 to respective
      input terminals 0 to 63 of a returning signal coder 20 in the above order.
      The coder 2 converts this input signal 9 into a coded output signal 6 of 6
      bits. This coded output signal 6 of the coder 2 is sent out to the control
      station or computer as a loop checking signal, and at the same time,
      applied as one of two inputs to the decoder error checking circuit 14
      described later.
PAR  The output signals appearing at the output terminals 0 to 63 of the
      receiving signal decoder 1 are also applied as an input signal 10 to
      respective input terminals 63 to 0 of a checking coder 3, that is, in an
      order reverse to the order in which these output signals are applied to
      the returning signal coder 2. Thus, the output signal 8 appearing at the
      output terminal 0 of the receiving signal decoder 1 is applied to the
      input terminal 63 of the checking coder 3, and the coder 3 converts this
      input signal 10 applied from the receiving signal decoder 1 into a coded
      output signal of 6 bits.
PAR  When a plurality of input signals are applied simultaneously to each of the
      coders 2 and 3, input signals corresponding to less significant digits may
      be masked by an input signal corresponding to a more significant signal
      and a coded output signal representative of the latter input signal may
      solely be delivered from the coders 2 and 3, or such input signals may be
      logically added together after being coded to provide an entirely
      different coded output signal. Suppose, for example, that trouble such as
      failure of the element or elements occurs in the receiving signal decoder
      1 and a plurality of individual single input signals are applied from the
      decoder 1 to the coder 2 due to erroneous multiple selection as shown in
      FIG. 2. In such a case, a coded output signal corresponding to an input
      signal applied to the input terminal 63 would only appear from the coder 2
      when two input signals are applied to the input terminals 61 and 63
      simultaneously, and a coded output signal corresponding to an input signal
      applied to the input terminal 3 would appear from the coder 2 when two
      input signals are applied to the input terminals 1 and 2 simultaneously.
PAR  The decoder error checking circuit 4 is provided to detect the so-called
      multiple selection by the receiving signal decoder 1. This decoder error
      checking circuit 4 is composed of EXCLUSIVE-OR gates 171, 172, . . . . .
      176 delivering an output only when the relation between the corresponding
      bits of the two coded output signals of the returning signal coder 2 and
      checking coder 3 is exclusive-or, an AND gate 18 connected to these
      EXCLUSIVE-OR gates 171 to 176, and another AND gate 19 connected to the
      AND gate 18. Thus, the decoder error checking circuit 4 checks as to
      whether the output of the coder 2 is complementary to the output of the
      coder 3.
PAR  The operation of the decoder error checking circuit 4 will be described in
      more detail. Suppose, for example, that a plurality of output signals
      appear at the output terminals 63 and 61 of the receiving signal decoder
      1. In such a case, an output signal represented by 1, 1, 1, 1, 1, 1
      appears at the output terminals 2.sup.5 to 2.sup.0 of the returning signal
      coder 2 as a result of logical addition of the coded output signals
      corresponding to the input signals applied to the input terminals 63 and
      61 of the coder 2.
PAR  On the other hand, the output signals of the receiving signal decoder 1 are
      applied to the checking coder 3 in the order reverse to the order of
      application of the signals to the returning signal coder 2. Thus, the
      output signals appearing at the output terminals 63 and 61 of the decoder
      1 are applied respectively to the input terminals 0 and 2 of the coder 3.
      Therefore, an output signal represented by 0, 0, 0, 0, 1, 0 appears at the
      output terminals 2.sup.5 to 2.sup.0 of the checking coder 3 as a result of
      logical addition of the coded output signals corresponding to the input
      signals applied to the input terminals 0 and 2 of the coder 3.
PAR  These coded output signals of 6 bits are applied from the coders 2 and 3 to
      the decoder error checking circuit 4 which checks for the complementary
      relation between the corresponding bits of these input signals. In the
      example presently discussed, there is no complementary relation between
      the bits at the 2.sup.1 bit position of these input signals. Thus, in this
      case, the AND condition for the AND gate 18 does not hold. The AND gate 19
      has inverters at the input terminals thereof connected to the output
      terminal of the AND gate 18 and to a source of a timing signal 20 although
      this timing signal 20 is not shown in FIG. 1. Therefore, an output signal
      7 indicative of erroneous operation of the decoder 1 appears from the AND
      gate 19 in response to the application of the timing signal 20 of O level
      from the timing signal source and a O from the AND gate 18 to the input
      terminals of the AND gate 19. The output signal 7 of the AND gate 19 is
      applied through an OR gate 15 shown in FIG. 1 to the display and control
      output circuit 11 shown in FIG. 1 to lock the output of the display and
      control output circuit 11. In this manner, the so-called multiple
      selection by the receiving signal decoder 1 can be reliably prevented.
PAR  In the form illustrated in the drawing, each of the returning signal coder
      2 and the checking coder 3 is a conventional coder commonly employed in
      the art. However, each of these coders 2 and 3 may preferably be a
      priority encoder. When the priority encoders are used as these coders 2
      and 3, a plurality of input signals applied simultaneously to a plurality
      of input terminals among the 64 input terminals of the coders 2 and 3 are
      coded in the preferential order of from the one applied to the input
      terminal nearest to the input terminal 63, and coded output signals
      corresponding to such input signals can be always delivered in that order
      from the coders 2 and 3. The use of the priority encoders is advantageous
      in that the faulty part can be more easily discovered after the detection
      of the trouble in the decoder due to the fact that the output signals of
      the coders 2 and 3 to which the input signals are applied in the normal
      order and reverse order respectively have individually an exact
      correspondence with the input signals.
PAR  The decoder error checking circuit 14 detects the so-called erroneous
      selection of a signal which is different from a specific signal. This
      decoder error checking circuit 14 compares the input signal 5 applied to
      the receiving signal decoder 1 with the output signal 6 of the returning
      signal coder 2 to check these signals for coincidence. When the signal 6
      is out of coincidence with the signal 5, a non-coincidence signal 16
      appears from the decoder error checking circuit 14 to be applied through
      the OR gate 15 to the display and control output circuit 11 so as to lock
      the output of the receiving signal decoder 1. Thus, appearance of an
      erroneous output signal different from a specific signal due to erroneous
      selection by the receiving signal decoder 1 can be reliably obviated by
      this decoder error checking circuit 14.
PAR  A so-called loop checking method is commonly known in the art as described
      previously. According to this loop checking method, the output signal of
      the returning signal coder 2 is returned to the control station to be
      compared in the control station with the corresponding signal sent out
      already and stored in the memory. In this loop checking method, the
      control station has the function of detecting any error between these
      signals, and the entire loop checking system is included in the trouble
      detection range of the control station. Thus, when, for example, the
      controlled station is quite remote from the control station or a switching
      system is present therebetween, all these circuits or the signal
      transmission paths and the receiving signal decoder and returning signal
      coder on the receiving side are included in the trouble detection range of
      the control station. Therefore, the trouble detection range of the control
      station is very wide resulting in difficulty of quick detection of a
      faulty element or part when the control station makes error detection on
      the basis of such a prior art manner of loop checking. In
      contradistinction, the signal checking system according to the present
      invention is advantageous in that the range of trouble detection is
      localized to facilitate trouble detection due to the fact that erroneous
      operation of the receiving signal decoder 1 and returning signal coder 2
      can be locally detected by the decoder error checking circuit 14 on the
      receiving side.
PAR  It will be apparent from the illustrated embodiment of the present
      invention that the checking coder 3 and decoder error checking circuits 4
      and 14 are merely required as additional means in the controlled station,
      and the signal checking system of such simple construction can be easily
      realized.
PAR  It will be understood from the foregoing detailed description of the
      present invention that erroneous selection and multiple selection
      objectionable for the proper control of terminal equipments can be
      reliably prevented. Therefore, possibility of erroneous control and
      erroneous display can be minimized in a control system for which a high
      degree of reliability and a high degree of safety are demanded.
CLMS
STM  We claim:
NUM  1.
PAR  1. A signal checking system comprising a returning signal coder to which a
      plurality of individual single signals are applied in a first order to be
      converted into corresponding scale-of-N coded output signals (N .gtoreq.
      2), a checking coder to which said same individual single signals are
      applied in a second or reverse order to be converted into corresponding
      scale-of-N coded output signals, and a complement checking circuit for
      checking the complementary relation between the output of said returning
      signal coder and the output of said checking coder.
NUM  2.
PAR  2. A signal checking system as claimed in claim 1, wherein said returning
      signal coder and said checking coder are each in the form of a priority
      encoder.
NUM  3.
PAR  3. A signal checking system as claimed in claim 1, wherein a decoder
      converts a scale-of-N coded input signal into a corresponding one of a
      plurality of individual single output signals and applies this output to
      said returning signal coder, and a comparing circuit is provided to
      compare the output of said returning signal coder with said scale-of-N
      coded input signal applied to said decoder.
NUM  4.
PAR  4. A signal checking system as claimed in claim 3, wherein an output
      circuit is provided to apply said individual single signals to
      corresponding controlled equipments, and the output of said output circuit
      is locked by the output of said comparing circuit.
NUM  5.
PAR  5. A signal checking system as claimed in claim 3, wherein an output
      circuit is provided to apply said individual single signals to
      corresponding controlled equipments, and the output of said output circuit
      is locked by both the output of said comparing circuit and the output of
      said complement checking circuit.
NUM  6.
PAR  6. A signal checking system as claimed in claim 1, wherein an output
      circuit is provided to apply said individual single signals to
      corresponding controlled equipments, and the output of said output circuit
      is locked by the output of said complement checking circuit.
PATN
WKU  039449769
SRC  5
APN  496005&
APT  1
ART  236
APD  19740809
TTL  Electronic security apparatus
ISD  19760316
NCL  11
ECL  1
EXP  Atkinson; Charles E.
NDR  4
NFG  8
INVT
NAM  France; Rode
STR  880 La Cuesta
CTY  Los Altos
STA  CA
ZIP  94022
CLAS
OCL  3401462
XCL  340149A
EDF  2
ICL  H04Q  300
FSC  235
FSS  177;153 R;61.7 B
FSC  340
FSS  146.2;146.1 AL;146.1 R;147 MD;147 LP;149 R;149 A;172.5
UREF
PNO  3119097
ISD  19640100
NAM  Tullos
OCL  340146.1A
UREF
PNO  3587051
ISD  19710600
NAM  Hovey
OCL  340149A
UREF
PNO  3609697
ISD  19710900
NAM  Blevins
OCL  340172.5
UREF
PNO  3624608
ISD  19711100
NAM  Altman et al.
OCL  340149A
UREF
PNO  3654604
ISD  19720400
NAM  Crafton
OCL  340149R
UREF
PNO  3688269
ISD  19720800
NAM  Miller
OCL  230149A
UREF
PNO  3704890
ISD  19721200
NAM  Zucker et al.
OCL  340149A
UREF
PNO  3732542
ISD  19730500
NAM  Hedin
OCL  340149A
UREF
PNO  3761892
ISD  19730900
NAM  Bosnyak et al.
OCL  340149A
UREF
PNO  3786471
ISD  19740100
NAM  Hockman et al.
OCL  340149A
UREF
PNO  3821704
ISD  19740600
NAM  Sabsay
OCL  340149A
UREF
PNO  3845361
ISD  19741000
NAM  Watase et al.
OCL  340149A
UREF
PNO  3846756
ISD  19741100
NAM  Schmitz
OCL  340149A
LREP
FR2  Smith; A. C.
ABST
PAL  An improved electronic lock includes a random bit-pattern generator which
      may be selectively cycled through a plurality of bit-pattern combinations
      to provide a code that can be stored in a mating electronic key. Several
      bit-patterns or codes may be stored in a single key for convenient use in
      operating a corresponding number of separate locks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Certain known electronic locks employ coding techniques such as number
      scramblers or encoders that manipulate a manually selected key combination
      to provide, on a magnetic card or punched card or the like, an encoded key
      combination in scrambled order. In locks of this type, a card-reading
      mechanism is usually required and the security against detection of the
      key combination is usually preserved only to the extent of the complexity
      of the scrambling technique. It would be desirable in electronic locks to
      obviate the dependence for security upon the complexity of the scrambling
      or encoding of key combinations and still retain the versatility and
      multiplicity of possible individual combinations which can be set
      conveniently in the field.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention provides an electronic lock and an
      electronic key, each of which include active shift registers and one of
      which may be operated to generate a random bit pattern that can be
      transferred to and stored in the other to serve as the key combination.
      Since the key combination thus generated is a random bit pattern,
      detection of the combination is made more difficult than in conventional
      locks wherein the scrambling or encoding technique need only be deciphered
      to determine the key combination. Also, the key combination may be changed
      after each use in accordance with the present invention where it is
      desirable to further enhance the lock security against detection of the
      key combination. Further, a probe-like electronic key is provided which
      makes contact with the lock and which may contain several individual key
      combinations for convenient key-ring storage in the single electronic key.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the electronic lock and key according to the
      preferred embodiment of the present invention;
PAR  FIG. 2 is a schematic diagram of the electronic lock for the embodiment of
      FIG. 1;
PAR  FIG. 3 is a schematic diagram of the electronic key for the embodiment of
      FIG. 1;
PAR  FIG. 4 is a pictorial diagram of an installation of the electronic lock;
PAR  FIG. 5 is a pictorial diagram of the key slot in the installation of FIG.
      4;
PAR  FIG. 6 is a pictorial diagram of the electronic key according to the
      preferred embodiment of the present invention;
PAR  FIG. 7 is a sectional view of the contact mechanism of the key of FIG. 6;
      and
PAR  FIG. 8 is a block diagram of one embodiment of the present invention which
      uses the key combination for identification and billing as in automobile
      rental applications.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the present lock system includes a lock 9 and a
      key 11 which are linked for cooperative operation either by conductive or
      radiative connections 13. The lock 9 includes a plurality N of logic
      elements 15 and modulo 2 adders 17, or the logical equivalent thereof,
      interconnected in conventional manner to form a random bit-pattern shift
      register 18 which is included within the circuitry of the lock logic 19.
      Shift registers of this type are referred to in the literature (see, for
      example, U.S. Pat. Nos. 3,439,279 and 3,596,245).
PAR  The lock logic 19 of the lock receives an input from oscillator 21 for
      clocking the operation of the shift register, as later described. A code
      change input line 25, transfer code input line 26, and a key change input
      line 27 facilitate the programming of the lock 9 and key 11, as later
      described.
PAR  The key 11 includes a shift register of N bit length in the memory 29. For
      memory means having more than one key code, as later described, the memory
      selector 31 is connected to determine which combination in the memories
      will be presented at the output lines for comparison with a lock
      combination. Both the lock shift register and the key shift register(s)
      receive power from sources 23 and 33, respectively. Upon "true" or correct
      parity between the lock bit-pattern and the key bit-pattern, as detected
      by the lock logic 19, the resulting output signal on line 35 actuates a
      utilization device such as a lock mechanism 37.
PAR  Referring now to FIG. 2, there is shown a simplified schematic diagram of
      the electronic lock according to one embodiment of the present invention.
      The shift register 41 includes a plurality N of bistate logic elements
      successively connected to be triggered to the logic state of a preceding
      logic element in response to an input signal 43 applied to the initial one
      of the logic elements during successive clock signals applied at input 45.
      A series of gates 79, 47, 49, 51 are connected to combine the outputs from
      selected ones of the logic elements with the output 75 from the last logic
      element in succession for applying the combined outputs to the input 43,
      thereby to form a conventional random bit-pattern shift register.
PAR  The shift register 41 is selectively controlled by the inputs on lines 53,
      55, 57 and 59. Thus, when it is desired to reset the bit pattern of the
      shift register, and therefore the lock combination, the line 53 is
      asserted to program the lock. The D flip-flops 70 and 76 in combination
      with the clock signal (from oscillator 21 of FIG. 1) on line 61 enables
      gates 51 and 82 for a period determined by signal on line 77 to
      successively clock the shift register through a number of shifts which can
      occur while line 53 is asserted. The shift register 41 thus attains a
      random bit pattern after flip-flop 70 receives a clock input 77 following
      the end of the assertion of line 53. The clock resetting of flip-flop 70
      deactivates gates 51, leaving the bit pattern stored in register 41.
      Alternatively, the lock shift register 41 may be manually set to a
      preselected bit pattern with the aid of an external shift register that
      has been set to the selected bit pattern. The lock shift register may then
      be clocked through the sequence of bits in the preselected pattern, in the
      manner later described in connection with the programming of a key, in
      order to establish the same preselected (rather than random) bit pattern.
      As a result, the terms "key" and "lock" as used herein are only relative,
      and the apparatus described in connection with the lock unit may be
      contained in the key unit, and vice versa. Also, as used herein, the "lock
      mechanism" is merely illustrative of an output utilization device which is
      to be activated upon parity check of lock and key bit patterns, and may
      include a turn-on device, an alarm, or the like.
PAR  When it is desirable to program the key to attain the same bit pattern as
      is retained in shift register 41, the key is coupled to the line 67 via
      conductive connection or radiative link, and the line 57 is asserted to
      program the key. The D flip-flops 72 and 76 in conjunction with the gates
      82 and 73 successively clock out onto the line 67 the logic levels of the
      bit patterns that are successively shifted out of the output 75 and
      recirculated in the shift register 41 per clock signal appearing on line
      61. The counter 71 counts up the same N number of logic events and
      produces a disabling signal on line 77 to disable the flip-flops 70, 72,
      74, 76 at the end of a complete shift register cycle. The shift register
      of the key, later described, thus attains the same bit pattern of N logic
      elements as is contained in the one of the K number of sets in shift
      register 41. The flip-flop 76 is connected to be activated upon assertion
      of any of lines 53, 55, 57 or 59 in order to enable gate 82 to pass the
      requisite clock pulses.
PAR  Similarly, when it is desired to program the lock shift register 41 with
      the bit pattern of logic states contained in a key, the line 59 may be
      asserted to activate the D flip-flop 74. The gates 79 connected thereto
      are enabled to introduce the logic levels of the bit patterns from the key
      shift register which appear on the input line 65 into the signal path of
      gates 79 and 51 to the input 43 of shift register 41. After the number N
      of logic bits are clocked into the shift register 41, as counted by
      counter 71, the resulting disabling signal 77 from counter 71 disables the
      flip-flop 74 after line 59 is no longer asserted, thereby completing the
      transfer of the bit pattern from the key to the shift register 41.
PAR  During the comparison of a bit pattern from a key with the bit pattern from
      the lock (i.e. from shift register 41), the line 55 is asserted to control
      the comparison operation. This enabled D flip-flop 76 which then enables
      gate 82 for applying clock signals to the clock input of J-K flip-flop 81.
      Logic levels from the key appearing on line 65 are compared per clock
      signal with the logic levels from shift register 41 via gates 73 and 83
      connected to the J input of flip-flop 81. Upon the appearance of N clock
      signals, the counter 71 produces the disabling signal 77 which is applied
      to the reset input of flip-flop 81 and to the flip-flop 85 to terminate
      the comparison cycle. If parity of bit patterns occurred, the output 86 of
      J-K flip-flop 81 will be high and, as applied to J-K flip-flop 85, will
      actuate the same to produce the desired output 89 for application to a
      lock mechanism or other utilization circuit. This output 86 may be applied
      directly to J-K flip-flop 85, or optionally through an M-bit counter 87,
      to provide the lock-enabling output signal 89. If applied through counter
      87, the number M of occurrences of parity comparison cycles will have been
      completed before the lock-enabling output signal 89 is produced. This
      avoids the possibility of actuating the lock by a fortuitous random bit
      pattern generated only once in a sweeping fashion, for example, during an
      attempt to activate the lock for unauthorized purposes. The lock reset
      input line 69 may then be asserted at a convenient time after appearance
      of the output on line 89, say after the locked portal is again closed, in
      order to reset flip-flop 85 and thereby terminate the output signal 89.
PAR  As an extension of the illustrated embodiment, a clock cycle counter 90 and
      a selector 94 may be coupled to the output of counter 71 in order to
      provide multiple different combinations within a single lock, each for
      comparison with a different key. The shift register 41 in this embodiment
      includes K number of complete registers of N length each, such that each
      of the N-length registers may contain a separate bit pattern and may be
      accessed at output 75 in serial fashion from the first such bit pattern to
      the Kth. The digits of the clock cycle counter 90 are compared in a
      selector 94 which may be manually or electronically set to a given one of
      the K number of different bit patterns contained in register 41. Upon
      parity of digits being detected in selector 94, the output produced on its
      output line activates the gate 96, 98, 100 corresponding to the line 53,
      57 or 59 which is asserted. This, in turn, activates the associated
      flip-flop 70, 72, 74 such that the selected Kth one of the N bit registers
      is accessed to perform the function required by the assertion of a line
      53, 57 or 59. When the comparison line 55 is aserted, all of the K number
      of N bit registers are accessed seriatum and this operation is not
      affected by selector 94.
PAR  Referring now to FIG. 3, there is shown a schematic diagram of one
      embodiment of an electronic key according to the present invention for
      actuating the lock embodiment of FIG. 2. The key includes a shift register
      92 comprising the same number N of bistate logic elements successively
      connected to sequentially shift in synchronism with applied clock pulses
      on line 45 a given logic state from the stage at the input 93 to the stage
      at the output 95. When the "program key" line 57 of FIG. 2 is asserted,
      the output bit pattern from the lock shift register 41 appearing on line
      67 is introduced into the shift register 92 and is clocked through
      successive shifts via the clock pulses on line 45 applied through gate 97
      in a conventional manner to establish the same bit pattern in register 92
      as is stored in register 41. Each key may contain a plurality of similar
      shift registers and gates 99, 101, etc., arranged for parallel access, as
      shown, or arranged for serial access and selection, for example, in a
      manner similar to that previously described with respect to register 41 in
      order to provide an entire "key ring" of keys in a single unit. The key
      combination or bit pattern to be provided by the unit is determined by
      selector switch 103 that is connected to enable the clock gate 97, etc.,
      of a selected shift register. Upon assertion of the start compare line 55
      of FIG. 2, the selected shift register 92, 99, 101, etc., produces the bit
      pattern stored therein at clocked intervals on the output line 65 for
      comparison, in the manner as previously described, with the bit pattern
      being clocked out of the shift register 41 of the lock. Upon parity of
      bits in synchronous clock intervals, the output line 89 is asserted to
      activate a lock mechanism, as previously described.
PAR  Referring now to FIGS. 4 and 5, there is shown a pictorial diagram of a
      lock mechanism using the lock and key apparatus of the present invention.
      The electronic circuitry forming the lock 105, for example as shown in
      FIG. 2, may be formed on an integrated circuit using conventional
      technology and may be coupled to an electric lock mechanism 37 in a
      security panel such as a door 108, or the like. The key port 109 may
      include a recessed contact panel 111 which is accessible at the base of
      the port. The contacts 113 may be arranged in a selected pattern for
      conductively connecting such lines as 45, 65, 67, etc., of FIGS. 2 and 3
      between lock and key units. As previously described, the connections
      between lock and key units may also be effectively completed via
      conventional radio link in order to provide remote key operation. Both the
      lock and the key units include power sources for maintaining the shift
      register bit-patterns in memory and for operating the circuitry as
      required by the shift register technology involved. Where magnetic core or
      magnetic domain (i.e., "bubble memories") technology is used in the key, a
      power source may be eliminated from the key.
PAR  Referring now to FIGS. 6 and 7, there are shown pictorial and sectional
      views, respectively, of a key mechanism according to the present
      invention. The probe-like shape of the key unit includes an indexing
      element such as a clip 115 to mate with the keyway 117 of the key port 109
      and thereby align the contacts at the end thereof with the pattern of
      contacts 113 in the key port. Also, the indexing element 115 may serve as
      the indexer for the selector switch 103 to identify which key bit pattern
      is selected. The contact end 119 of the unit may be covered with a layer
      of conductive rubber (for example, of the type described by Chomerics,
      Inc., Woburn, Mass.) which has high sheet resistance and which shows a
      substantial decrease in resistance down to a few ohms in regions thereof
      to which concentrated contact pressure is applied. The pattern of raised
      contacts may thereby be hidden and the key unit may be sealed against
      adverse conditions of use.
PAR  Referring now to FIG. 8, there is shown a block schematic diagram of one
      application of the present invention which provides encoding information
      in addition to lock-key service. The engine ignition 121 of an automobile,
      say available for rent, is controlled by an electronic lock 123 and key
      125 according to the present invention. In addition, the odometer 127 of
      the automobile is of the digital variety which provides an encoded output
      per digit in a conventional manner to provide an electronic indication of
      the displayed digits. This electronic odometer information and the bit
      pattern of the lock are applied to an encoder control unit 131.
PAR  In operation, the lock 123 may be newly set to a bit pattern upon rental of
      the automobile. The key 125 is set to the same combination or bit pattern,
      in the manner as previously described. Alternatively, the key pattern may
      be initially set and identified with the person who is newly renting the
      automobile and the lock pattern is then programmed to the same key
      pattern, as previously described. In addition, the initial odometer
      reading may be combined with the new key-lock pattern to identify (a) the
      individual who is renting the automobile with (b) the key-lock combination
      and with (c) the initial reading on the odometer.
PAR  Upon the conclusion of the rental, the electronic odometer output may be
      combined in the encoder control 131 with the key-lock combination which
      identifies the renter to produce an output which is applied to the logic
      recorder 129 to facilitate the direct printing out of the billing for the
      rental.
PAR  In other applications, for example, in coin-operated public lockers,
      insertion of a coin may activate the programming of the lock and the key
      to a new, randomly established bit pattern. Thereafter, the key may be
      used to actuate the lock mechanism, as previously described, and may again
      be re-programmed with the lock upon each subsequent use. The present
      invention is particularly well suited for applications of this type
      because of the convenient ability to re-program the lock and key to a new
      combination out in the field merely upon assertion of a single line.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Electronic security apparatus comprising:
PA1  a first set of a plural number N of logic elements capable of attaining
      distinct logic states interconnected to provide a plurality of logic
      states or bits;
PA1  first gate means having an input connected to the output of the Nth logic
      element of the first set and having an output connected to the first of
      the N number of logic elements of the first set for operation therewith as
      a shift register which produces a selectably changeable pattern of logic
      states in the first set;
PA1  a second set of a plural number of at least N logic elements capable of
      attaining distinct logic states and interconnected to provide a plurality
      of logic states or bits;
PA1  second gate means having an input connected to the output of the Nth logic
      element of the second set and having an output connected to the first of
      the N number of logic elements of the second set for operation therewith
      as a shift register which produces a selectably changeable pattern of
      logic states in the second set;
PA1  third gate means having an input port connected to the output of the Nth
      logic element of the first set and having another input port for receiving
      manifestations of logic states attained by the second set of logic
      elements for serial comparison with the logic states attained by said
      first set of logic elements to provide an output signal indicative of
      parity of compared logic states;
PA1  transfer means selectively enabled to couple the logic elements of the
      first set to the logic elements of the second set for selectively
      transferring the pattern of logic states from one set to the other set of
      logic elements;
PA1  means for selectively coupling an output of said second set of logic
      elements to said other input port of the third gate means for selectively
      comparing therein the logic states serially received from said first and
      second sets of logic elements; and
PA1  utilization means connected to said third gate means for responding to said
      output signal upon occurrence of parity of compared logic states.
NUM  2.
PAR  2. Electronic security apparatus as in claim 1 comprising:
PA1  source means of clock signals;
PA1  means coupling the source means to the first and second sets of logic
      elements for sequentially providing the logic states or bits therefrom for
      comparison;
PA1  counter means for counting a number proportional to N of applied clock
      signals to produce an output in response thereto; and
PA1  means coupled to said third gate means for applying thereto the output from
      said counter means to limit the number of comparisons of logic states to
      said number proportional to N.
NUM  3.
PAR  3. Electronic security apparatus as in claim 1 wherein said third gate
      means includes cycle registering means connected to produce said output
      signal from said third gate means only in response to a plural number M of
      complete parity comparisons of N number of logic states.
NUM  4.
PAR  4. Electronic security apparatus as in claim 1 wherein said means for
      selectively coupling an output of said second set of logic elements to
      said other input port of the third gate means includes contact means
      mounted with said second set of logic elements for mating with
      corresponding contact means mounted with said first set of logic elements
      for selectively making conductive connection between said output of the
      second set of logic elements and said other input of the third gate means.
NUM  5.
PAR  5. Electronic security apparatus as in claim 4 wherein said contact means
      mounted with said second set of logic elements includes at least one
      terminal and a layer of resilient material disposed thereon which shows
      relatively low electrical conductivity therethrough in the absence of
      applied pressure and which shows relatively higher conductivity
      therethrough in alignment with said terminal in response to pressure
      applied thereto.
NUM  6.
PAR  6. Electronic security apparatus as in claim 4 wherein the contact means
      mounted with said first set and the contact means mounted with the second
      set include mating connectors which are disposed to mate only in a
      selected orientation for completing conductive connections therebetween.
NUM  7.
PAR  7. Electronic security apparatus as in claim 1 wherein:
PA1  said first gate means includes at least one auxiliary gate coupled to apply
      to the first of the N number of logic elements of the first set the
      logical combination of the output from the Nth logic element of the first
      set and the output of a logic element of the first set which is connected
      intermediate the first and Nth logic elements in the first set; and
PA1  circuit means connected to actuate said auxiliary gate for selectively
      operating said first set of logic elements as a generator of random logic
      states.
NUM  8.
PAR  8. Electronic security apparatus as in claim 1 wherein said transfer means
      includes transfer gate means coupling an output of the first set of logic
      elements to an input of the second set of logic elements, and includes
      counter means connected to the transfer gate means for limiting said
      transfer of logic states to not more than a number N thereof.
NUM  9.
PAR  9. Electronic security apparatus as in claim 7 wherein said circuit means
      includes an input conductor connected to receive an applied logic signal
      having either one of two logic states for actuating said auxiliary gate in
      response to an applied logic signal having one of said two logic states to
      operate said first set of logic elements as a generator of random logic
      states.
NUM  10.
PAR  10. Electronic security apparatus as in claim 2 comprising:
PA1  a plural number k of sets of logic elements including said first set, each
      set of logic elements being capable of attaining distinct logic states and
      being interconnected to provide a plurality of logic states or bits in
      each of said K number of sets;
PA1  auxiliary counter means connected to accumulate the number of outputs
      produced by said counter means;
PA1  comparator means capable of being set to a selected number and being
      responsive to the manifestations of the number accumulated in said
      auxiliary counter means attaining a predetermined relationship to the
      selected number for producing a control signal; and
PA1  selector gate means coupled to receive said control signal for actuating
      said first gate means in response thereto for operating with said plural
      number K of sets of logic elements as a shift register.
NUM  11.
PAR  11. Electronic security apparatus for operation with a motorized vehicle,
      the apparatus comprising:
PA1  a first set of a plural number N of logic elements capable of attaining
      distinct logic states interconnected to provide a plurality of logic
      states or bits;
PA1  a second set of a plural number of at least N logic elements capable of
      attaining distinct logic states and interconnected to provide a plurality
      of logic states or bits;
PA1  comparator means selectively connectable to the logic elements of the first
      and second sets for selectively comparing therein the logic states
      received from the first and second sets of logic elements for producing an
      output signal indicative of parity of compared logic states;
PA1  utilization means coupled to said comparator means for rendering the
      motorized vehicle operable in response to said output signal;
PA1  an odometer of said vehicle which produces signal manifestations of
      displayed mileage digits;
PA1  an auxiliary set of logic elements carried with said second set for
      selectively retaining logic states; and
PA1  logic means connected to receive said signal manifestations and the logic
      states attained by said first set of logic elements for transferring to
      the auxiliary set of logic elements an output manifestation of the mileage
      change indicated on the odometer with respect to the logic states of the
      first set of logic elements during which the odometer indication of
      mileage changed.
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PAL  A threshold level is automatically varied to follow variations in an input
      signal reference level. In the disclosed embodiment the reference level is
      that produced by photodiode-amplifiers in an OCR machine when viewing
      white or non-character portions of a page, the reference level varying as
      a function of the change in the length of the optical path during a scan
      across the page. The threshold level is compared to the input signal level
      to determine whether a character segment is viewed by the photodiode.
      Variation of the threshold level is achieved by low pass filtering
      individual output signals from some of the photodiode-amplifiers and then
      averaging the filtered signals to provide the adjusted threshold.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an adaptive threshold circuit in which a
      threshold level automatically changes in accordance with varying reference
      conditions, and more particularly to an adaptive threshold circuit
      suitable for use in an optical character recognition (OCR) machine. As
      described herein, the present invention constitutes a modification
      utilized in the OCR machine described in each of the following U.S.
      Patents and Applications which are incorporated herein by reference: U.S.
      Pat. No. 3,812,459; U.S. Pat. No. 3,872,433, and application Ser. No.
      382,365, filed July 25, 1973, by Harrison B. Lidkea and Thomas G. Holmes,
      and entitled "Method and Apparatus for Recognizing Handwritten Characters
      In An Optical Character Recognition Machine".
PAR  The OCR machine described in the aforementioned Patent Applications employs
      a low power laser beam which scans across lines of a document to
      sequentially illuminate individual text character slices. Each illuminated
      slice is reflected by the scanning mirror back to a linearly extending
      array of photodiode elements. The scanning mirror is substantially
      centered relative to the document page so that the optical path subtends
      different angles relative to the document page and changes in length as a
      function of scan angle. More particularly, the mirror scans an angle of
      15.degree. on each side of the vertical center line of the document page.
      The reflected light from the document varies as a function of the fourth
      power of the cosine of the scan angle. Therefore the light gathered by the
      mirror at the end of a scan is reduced by approximately 13% in comparison
      with the light gathered by the mirror at the middle of the scan.
PAR  The photodiodes in the array drive individual amplifiers which provide
      output voltages for comparison with a threshold level to determine whether
      a character or non-character portion of the document is being viewed by
      each photodiode. The output voltage is at a relatively high reference
      level when a photodiode has a non-character or white portion of the
      document projected thereon. The voltage falls in response to projected
      character portions, the voltage level being lowest for the blackest or
      most non-reflective characters. Since the light gathered by the mirror
      changes during the scan, the photodiode amplifier output signal level is
      dependent upon scan position. In the system described in the
      aforementioned patent applications, the threshold level is maintained
      constant throughout a complete scan. Since the photodiode signal
      representing the projected image from the document varies as a function
      scan angle but the threshold level remains constant throughout the scan,
      the sensitivity of the detection circuitry is less at the ends of the
      scan. This characteristic may become particularly disadvantageous when
      sensing handwritten characters, especially those written with lead pencil,
      since such characters are more highly reflective than most standard
      machine print characters; that is, handwritten characters produce signal
      levels which are closer to the reference levels produced by the
      non-character portion of the document page. Under such circumstances the
      threshold level must be closer to the reference level. As mentioned
      previously, this reference level changes as a function of scan angle and
      consequently comes fairly close to the constant threshold level. It is
      therefore possible for signal noise to interfere with reliable threshold
      detection at the ends of the scan intervals.
PAR  The foregoing problem, of course, is not limited to optical character
      recognition machines but is present in any threshold detection arrangement
      wherein a reference condition is subject to change.
PAR  It is therefore an object of the present invention to automatically
      compensate a threshold detection circuit for changes occurring in a
      reference condition.
PAR  It is another object of the present invention to provide an adaptive
      threshold detection arrangement in which a threshold level is
      automatically varied in accordance with variations occurring in a
      reference level.
PAR  It is a more specific object of the present invention to provide a
      threshold detection arrangement in an optical character recognition
      machine wherein the threshold level is automatically compensated for
      changes occurring in the light-gathering capability of the optical system
      as a function of scan angle.
PAR  It is still another object of the present invention to provide an adaptive
      threshold detection system for use in an optical character recognition
      machine whereby the threshold level for character detection is
      automatically varied in accordance with the light-gathering capability of
      the machine at different scan positions.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention output signals from some of the
      photodiode amplifiers are fed through respective diodes to individual
      integrating circuits. The discharge time constants for the integrating
      circuits are chosen to enable these circuits to follow and maintain the
      relatively high level produced in response to viewing of the highly
      reflective non-character portions of the document page. The integrated
      levels are averaged and the resulting signal is utilized to control the
      threshold level in the detection circuits. Since the integrated signals
      substantially follow the reflective non-character portions of the document
      page, the integrated levels serve as a measure of the light-gathering
      capability of the optical system during the scan period. Consequently, the
      averaged signal for controlling the threshold level follows the
      light-gathering capability of the optical system and maintains a constant
      difference between the threshold level and the reference level produced by
      the non-character portions of the document.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of specific embodiments thereof, especially when
      taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic diagram of a photodiode and amplifier arrangement
      utilized in an optical character recognition machine of the type referred
      to herein;
PAR  FIG. 2 is a plot of the output voltage from the amplifier of FIG. 1 versus
      time during a complete scan by the optical character recognition machine
      of a line containing the characters:
PAR  FIG. 3 is a plot of voltage versus time similar to that illustrated in FIG.
      2 but further illustrating the relationship of the amplifier output signal
      to different threshold levels which are maintained constant throughout the
      scan interval;
PAR  FIG. 4 is a plot of voltage versus time similar to that of FIG. 3 but
      wherein the threshold levels are rendered variable to conform to the
      variations of the reference level produced by the reflective non-character
      portions of the document being scanned; and
PAR  FIG. 5 is a schematic diagram of a circuit employed according to the
      present invention for rendering the threshold level of the character
      detection circuitry variable as a function of the light-gathering
      capability of the optical system.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The embodiment of the invention described herein relates specifically to
      the optical character recognition machine to which reference has been made
      hereinabove; it is to be understood however that the inventive concept
      described herein has considerably broader application. Referring
      specifically to FIG. 1 of the accompanying drawings, there is illustrated
      a circuit which represents one of sixty identical circuits employed in the
      OCR machine. The circuit includes photodiode CR1 which is one of sixty
      photodiodes in an array utilized to simultaneously view vertical samples
      of a document line being horizontally scanned by the optical portion of
      the OCR machine. Each photodiode CR1 has its cathode referenced to a +6.2
      volt supply and its anode connected to the non-inverting input terminal of
      an operational amplifier A1. This non-inverting input terminal is also
      referenced to a 3.6 volt supply through resistor R1. The inverting input
      terminal of amplifier A1 is coupled to the +3.6 volt supply through the
      series combination of resistor R3 and capacitor C1. The amplifier output
      terminal provides the output signal from the circuit and is also coupled
      back to the inverting input terminal via negative feedback resistor R2. A
      series combination of resistor R4 and diode CR2 is connected between the
      amplifier output terminal and the junction between capacitor C1 and
      resistor R3, the cathode of diode CR2 being connected to the junction
      between R3 and C1.
PAR  As described in the aforementioned U.S. Pat. No. 3,812,459, the scanning
      mirror of the OCR machine reflects laser light onto a vertical line on the
      document and then reflects the image from the illuminated portion of the
      document onto the photodiode array. The mirror scans at an angle of
      15.degree. on each side of the vertical center line of the document. Since
      the reflected light from the document varies as the fourth power of the
      cosine of the scan angle, the light gathered by the scan mirror at the end
      of the scan is 13% lower than the light gathered by the scan mirror at the
      middle of the scan. Referring to the plot of FIG. 2 in conjunction with
      the circuit of FIG. 1, the output voltage provided by amplifier A1 is +3.6
      volts when the scan is at the left hand margin of the document. A
      reference level is established at the inverting input terminal of
      amplifier A1 by the charge across capacitor C1. The charge path for
      capacitor C1 is primarily resistor R4 and diode CR2. The charge time
      constant is determined by R4, C1 and the gain of amplifier A1, and is on
      the order of 2 milliseconds. The discharge path for capacitor C1 is
      primarily resistor R3 and the discharge time constant is on the order of
      91 milliseonds. Consequently, capacitor C1 is able to quickly charge in
      response to the viewing of non-character portions of a document by diode
      CR1, and maintain that charge, because of the relatively long discharge
      time constant, as relatively non-reflective character portions of the
      document are viewed. Assuming that the initial scan line in FIG. 2
      represents the output voltage from amplifier A1 as the scan mirror sweeps
      from left to right across an entire document page along a line which is
      devoid of character marks and therefore ultimately reflective, it is noted
      that the amount of light reflected onto the photodiode array increases as
      the scan progresses from the left hand margin to the center of the
      document. Theoretically the output level of amplifier A1 should not change
      during this portion of the scan because the output voltage should be
      clamped to 3.6 volts. However, there is a gradual increase to 3.75 volts
      at the output of amplifier A1 attributable to the forward impedance
      characteristic of photodiode CR1. After the mirror passes the center line
      of the document the amount of light received at the photodiode array
      decreases. This decrease is more pronounced than the increase occurring
      during the first half of the scan so that the amplifier output voltage is
      3.45 volts at the right hand margin of the document. The difference
      between the 3.6 volt level at the left hand margin of the document and the
      3.45 level at the right hand margin of the document may be explained as
      follows: The scan remains relatively stationary for a finite interval of
      time when viewing the left hand margin of the document prior to a scan and
      is therefore able to reach the clamp level of 3.6 volts at the output of
      amplifier A1. The scan is not stationary on the right hand side of the
      document however and the decreasing light intensity in that region has a
      greater effect on the amplifier output level. It is noted that the
      difference between the maximum and minimum voltages during the scan is 0.3
      volts; theoretically this should be 0.4 volts (i.e. 13% of 3.6 volts) but
      the variation results from a partial recovery permitted by the 91
      millisecond discharge time constants for capacitor C1.
PAR  An interesting phenomenon is observed when the scan reaches the left hand
      margin of the document during an immediate second scan of a totally blank
      (i.e. devoid of characters) line, or during the scan of an area having
      non-reflective marks close to the left margin. The effect renders the
      initial non-character reference level 0.1 volts higher than the 3.6 volt
      reference level, as illustrated by the 3.7 volt starting point for the
      second scan line in FIG. 2. This phenomenon is once again attributable to
      the forward impedance characteristic of photodiode CR1; specifically more
      current flows through the diode following a non-focus condition during a
      rescan, or after a non-reflective mark viewing condition.
PAR  It is important to note that FIG. 2 illustrates only the positive peak of
      the amplifier signal and not the variations which occur in the amplifier
      output signal due to paper noise. When not scanning the amplifier output
      signal typically carries a 50 to 70 millivolt peak-to-peak noise level,
      attributable primarily to the laser and inherent characteristics of the
      photodiode. This represents only 2 to 3% of the normal difference between
      reflective and non-reflective viewing conditions. During scan, a 220
      millivolt peak-to-peak noise level is typically present on the amplifier
      output voltage as illustrated in FIGS. 3 and 4 by the shaded portion of
      the scan lines. This noise is attributable primarily to variations in the
      reflectivity of the document paper and represents approximately 8 to 10%
      of the difference between reflective and non-reflective signal levels.
PAR  The output signals from all sixty photodiode amplifiers of the type
      illustrated in FIG. 1 are processed at the quantizer-multiplexer board as
      illustrated in FIG. 89 of the aforementioned patent No. 3,872,433. The
      amplifier output levels are adjusted by potentiometers to provide equal
      amplitude differences between the white-to-non-reflective mark signal
      levels at the quantizer circuits. Considering the white or non-character
      reference level as being approximately 3.6 volts, the black or character
      segment signal levels are negative-going relative to that reference. These
      signal levels may vary from 2.0 to 3.5 volts below the reference level,
      depending upon the laser light level. A threshold level circuit for
      determining the black versus white decision is illustrated in FIG. 91 of
      the aforementioned U.S. Pat. No. 3,872,433. For machine print reading,
      this threshold level is set to a d.c. voltage which is 3.6 volts minus
      one-half of the white-to-non-reflective mark signal level difference. For
      example, assume that the signal level difference is 2.5 volts; then the
      threshold level would be set to 2.35 volts which is 3.6-2.5/2. A different
      threshold level must be employed for recognizing handwritten characters,
      especially those written with lead pencil, because such characters have a
      greater reflectivity than machine print characters. Since the reflectivity
      is greater, the signal for a non-reflective mark will have a smaller
      amplitude (i.e. will be closer to the reference level of 3.6 volts).
      Typically therefore the threshold level for handwritten characters is set
      to approximately 34% of the signal level below the white signal reference
      level. Thus for a 2.5 volt white-to-dark signal level difference the
      handwritten threshold is set at 2.75 volts (i.e. 3.6 - 2.5 .times. 0.34).
      In this example therefore, an amplifier output signal at or above 2.35
      volts in the machine print mode is considered white or a non-character
      portion of the document whereas a signal below 2.35 volts is considered to
      be a character portion. Likewise in the handwritten mode a signal from a
      photodiode amplifier at or above 2.75 volts indicates that the photodiode
      associated with that amplifier is viewing a white or non-character portion
      of the document; a signal below the 2.75 volt threshold level from the
      amplifier indicates that the photodiode is viewing a character portion of
      the document.
PAR  As described in the aforementioned U.S. patent application Ser. No.
      382,365, failure of the machine to recognize a character during certain
      modes of operation results in a rescan of the line containing the
      unrecognized character. The first two rescans raise the threshold level 5%
      (i.e. 125 millivolts) and 10% (i.e. 250 millivolts), respectively, of the
      white-to-dark signal difference, which effectively make the characters
      appear blacker and less reflective. The last two rescans of the line,
      which occur if the character is not recognized during the first two
      rescans, lower the threshold level by 5 and 10% respectively to make the
      character appear lighter or more reflective. The different threshold
      levels are illustrated in FIG. 3.
PAR  It will be noted from FIG. 3 that the system as thus far described
      maintains the threshold level during any individual scan constant
      throughout the entire scan. Thus, the initial 2.75 volt threshold level
      appears as a straight line across the entire scan interval even though the
      white or nonreflective reference level changes with scan angle. During a
      handwritten recognition mode this may present a problem. Specifically, the
      variation in reflectivity of handwritten characters can be considerable.
      Thus the signal from the photodiode amplifier during a handwritten
      recognition mode may be as great as the signal from a machine print
      character but more typically may be only a 60 to 70% of the machine print
      character output signal. Therefore, the expected hand print signal may be
      on the order of 1.5 to 1.75 volts below the 3.6 volt reference level
      rather than 2.5 volts below that reference level as is the case for
      machine print. The dashed scan line beginning at the 2.1 volt reference
      level in FIG. 3 represents a typical 1.5 volt signal for hand print. It is
      noted that the hand print signal, proximate the mid-point of the scan,
      approaches within 0.25 volts of the lowest rescan threshold level (i.e. a
      2.5 volt threshold level). This 0.25 volt difference between actual signal
      level and threshold level can be considered marginal in terms of reliable
      recognition sensitivity. At the end of the scan the 220 millivolt
      peak-to-peak paper noise approaches within 0.25 volts of the highest
      rescan threshold level; this too is considered marginal. It is this
      problem, namely marginal recognition sensitivity at certain points of the
      scan, which results from the varying reference level at different points
      of the scan, to which the present invention offers a solution.
PAR  In accordance with the present invention, the threshold levels employed
      during various scans and rescans are varied during the scan to follow the
      variations in the reference level. This approach is illustrated
      graphically in FIG. 4 wherein the shape of the threshold level plots
      versus scan position conforms to the shape of the reflective or
      non-character reference level plot. This arrangement maintains a
      substantially constant difference between the reference and threshold
      levels throughout the entire scan. The embodiment of the concept is
      illustrated in FIG. 5. The output signals from the photodiode amplifiers
      (reference FIG. 1) in each of channels 7, 13, 17, 21, 26, 30, 34, 39, 43,
      47, and 53 of the photodiode array are utilized in an adaptive threshold
      detection level circuit. These eleven amplifier signals are evenly spaced
      over the center portion of the diode array. Each of the photodiode
      amplifier signals is passed through a respective diode CR3 through CR13
      and resistor R5 through R15 to a grounded capacitor C4 through C14. The
      junction between the resistor and capacitor is resistively coupled via
      resistor R16 through R26 to a differential operational amplifier A2.
PAR  Considering the signal from the channel 7 photodiode amplifier as typical,
      the signal charges capacitor C4 through diode CR3 and resistor R5. The
      charging time constant is approximately 1 millisecond which is relatively
      short so that the capacitor is permitted to charge relatively quickly to
      the white or non-character reference level. A signal due to a character or
      mark does not discharge the capacitor C4 as rapidly because the diode is
      back biased to such discharge. However, capacitor C4 does discharge
      through R16 and resistor R27 coupled to ground with a discharge time
      constant on the order of 10 milliseconds. The combination of resistors R5
      and R16 and capacitor C4 serve to filter out short highly positive voltage
      spikes which might occur due to specular reflection from the document
      page. The effectively integrated channel voltages are then averaged
      through the resistors R16 through R26 at the non-inverting input terminal
      of amplifier A2. A voltage divider including resistor R29 and
      potentiometer R30 applies an adjustable bias to the inverting input
      terminal of amplifier A2 to permit a normally zero output voltage from the
      differential amplifier to be obtained. The output signal, designated ATHD
      from amplifier A2 is low pass filtered by capacitor C17 and resistor R34
      and applies to amplifier 9101 illustrated in FIG. 91 of the aforementioned
      U.S. Pat. No. 3,872,433.
PAR  Referring again to FIG. 4, the adaptive threshold circuit always maintains
      a minimum difference of 0.60 volts throughout the entire scan between the
      highest threshold level and the white or non-character reference level.
      This compares with the 0.45 difference occurring between these levels at
      the end of the scan in FIG. 3. This 33% improvement is considerable and is
      significant in improving the sensitivity of character recognition for
      handwritten characters. Likewise, the minimum difference between the
      typical hand print signal and the lowest threshold level is maintained at
      0.40 volts whereas this minimum difference was 0.25 volts at the mid point
      of the scan in FIG. 3. This 40% improvement in detection sensitivity is
      also significant in improving the reliability of handwritten character
      recognition.
PAR  In a broad sense, diodes CR3 through CR13 may be looked upon as
      co-operating with capacitors C4 through C14 to provide reference level
      detectors. More particularly, the reference level, as produced by the
      white or non-character portions of the document, is higher than the signal
      level produced by the black or character portions of the document. When
      the signal sample is at the high reference level the capacitor is charged
      accordingly through the diode; however, the lower character level samples
      cannot affect the capacitor charge because the diode is back-biased.
      Increases in the reference level during a scan are reflected by increased
      charge on the capacitor. Decreased reference level during a scan results
      in discharge of the capacitor through resistor R16 (or R17 through R26) to
      permit the capacitor charge to follow the reference level with a lag of a
      few sample intervals. The detected reference level thus provides a dynamic
      control signal with which to adjust the threshold level to compensate for
      reference level changes. It will be appreciated, of course, that this
      technique can be made applicable to systems wherein the reference level is
      lower than the signal level by simply reversing the polarity of the
      diodes. The same technique is, of course, applicable to other than OCR
      systems to provide accurate threshold level adjustment in response to
      reference level changes due to drift, operating conditions, etc.
PAR  The essential characteristic of the present invention is an automatically
      adaptable threshold level which maintains a constant relationship to a
      varying reference condition. It is noted that the channel signals in FIG.
      5 provide an average output signal which follows the white or
      non-character reference levels throughout the scan, irrespective of how
      such white reference level varies. More particularly, it is not simply a
      question of gearing the threshold level to the scan position; rather it is
      gearing the threshold signal to the reference signal itself to permit a
      truly adaptive relationship. It will be appreciated by those skilled in
      the art that this characteristic has applicability outside the field of
      optical character recognition machines. More particularly, in any
      threshold detection system wherein a reference condition for the threshold
      varies in accordance with a predetermined pattern or in a random manner it
      is possible to sample and average the reference signal and adjust the
      threshold level accordingly. Naturally the time constants of the sampling
      circuits would have to be adjusted to accommodate the types of changes
      espected in the reference levels; nevertheless, the concept of
      automatically tracking the reference level with the threshold level is
      readily embodied.
PAR  It is also to be understood that the particular choice of channels utilized
      to derive the threshold signal in FIG. 5 is by no means a limiting
      characteristic of the present invention. Fewer or more channels could be
      utilized and their particular location in the photodiode array could be
      changed. It was decided that to utilize the particular eleven channels
      represented in FIG. 5 for two reasons. The first relates to the fact that
      their positions make it quite likely that at least one of the channels at
      any time would be viewing a white or non-character portion of the
      document. The second reason is that the eleven amplifiers can be averaged
      to minimize the variations in the reference level at the beginning of a
      scan. The five or six channels at either end of the array are not used
      because of the fact that the character normally appears centered in the
      array and the end channels, therefore, rarely contain character segments.
PAR  While we have described and illustrated specific embodiments of our
      invention, it will be clear that variations of the details of construction
      which are specifically illustrated and described may be resorted to
      without departing from the true spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an optical character recognition machine of the type in which a beam
      of light is caused to scan across successive lines of characters and
      reflect onto an array of sequentially adjacent photosensitive elements,
      each of which drives an amplifier to provide an electrical signal at a
      reference level when a non-character portion of the line is reflected
      thereon and at a character level when a character portion of the line is
      reflected thereon, a threshold control circuit for varying a threshold
      level to which said character level is compared in a character recognition
      process, said threshold control circuit serving to compensate for
      variations in said reference level, said threshold control circuit
      comprising:
PA1  a plurality of reference level storage circuits numbering less than half
      the number of said photosensitive elements, each reference level storage
      circuit comprising:
PA2  capacitive storage means;
PA2  a charge current path for said capacitive storage means having a relatively
      short time constant;
PA2  a discharge current path for said capacitive storage means having a
      relatively long time constant;
PA2  a diode in said charge current path connected and poled to conduct said
      electrical signal at said reference level from a respective one of said
      amplifiers as charging current to said capacitive storage means;
PA1  wherein the amplifiers providing electrical signals to said reference level
      storage circuits are driven by photosensitive elements which are all
      spaced from one another in said array to enhance the probability that at
      all times at least one of the spaced photosensitive elements has a
      noncharacter portion of a scanned line reflected thereon; and
PA1  averaging circuit means connected in the discharge current path of each of
      said reference level storage circuits for averaging the levels stored in
      all of said capacitive storage means and providing said threshold level as
      a function of that average.
NUM  2.
PAR  2. The combination according to claim 1:
PA1  wherein said charge current path includes a relatively small resistance
      connected in series with said diode and said capacitive storage means;
PA1  wherein said discharge current path includes a relatively large resistance
      connected in series with said diode and said capacitive storage means; and
PA1  wherein said averaging circuit means includes a differential amplifier
      circuit connected to provide said threshold level in proportion to the
      difference between the average charge across all of said capacitive
      storage means and an adjustable bias voltage.
NUM  3.
PAR  3. The combination according to claim 1 wherein said photosensitive
      elements number sixty and are arranged in a single line, and wherein the
      amplifiers providing said electrical signals to said reference level
      storage circuits are driven by the seventh, thirteenth, seventeenth,
      twentyfirst, twenty-sixth, thirtieth, thirty-fourth, thirty-ninth,
      forth-third, forty-seventh and fifty-third photosensitive elements in said
      single line.
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PAL  A reference diffraction pattern is generated by radiating an invariant
      physical characteristic such as a fingerprint with coherent light, this
      reference diffraction pattern being converted by a detector into a
      reference electrical function which is stored. A person to be identified
      then has a corresponding invariant physical characteristic such as his
      fingerprint radiated by coherent light to cause generation of a sample
      diffraction pattern. The frequency domain of the entire sample diffraction
      pattern is detected simultaneously to provide a sample electrical
      function. The reference electrical function in storage is then compared
      with the sample electrical function and if a correlation exists within a
      given tolerance, it is known that the person from which the sample
      electrical function is derived corresponds to the person from which the
      reference electrical function was derived. The invariant physical
      characteristics may be fingerprints as mentioned, or signatures, or
      combinations of both.
BSUM
PAR  This invention relates generally to electro-optical recognition techniques
      and more particularly to an improved method and apparatus for making
      identifications by the generation of diffraction patterns.
PAC  BACKGROUND OF THE INVENTION
PAR  Many systems have been proposed heretofore for verifying identifications by
      analyzing an invariant physical characteristic of a person such as his
      fingerprint. Some of these techniques involve an examination of the image
      of the fingerprint by irradiating the same with light. The image formation
      can be filtered in terms of frequencies and compared with similar stored
      information in a spatial domain.
PAR  In other systems, a light diffraction pattern is generated from a person's
      fingerprint and an electrical function of the detected diffraction pattern
      is derived. The technique for deriving the electrical function of the
      diffraction pattern involves a mechanical scanning of the diffraction
      pattern so that electrical information is derived in series; that is, the
      electrical function is continuously generated over a period of time
      corresponding to the time necessary to complete the scanning of the
      pattern. Again this electrical function can be compared with a stored
      electrical function to determine if a proper correlation exists and
      thereby verify the identity of a person.
PAR  The reliability and accuracy of any specific identification or verification
      carried out by the aforementioned prior art arrangements depends on the
      total amount of information that can be derived for comparison with the
      stored information. In other words, the derived electrical function from
      an image or a diffraction pattern of a person's fingerprint is more
      reliable the more data there is contained in the electrical function.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention has as its primary object the provision of an
      improved method and apparatus for making identifications or verifications
      utilizing many of the techniques discussed above in the prior art but
      wherein substantially better information and data is detected for
      comparison with a corresponding amount of data which is stored so that
      greatly increased reliability and accuracy in carrying out identifications
      are realized.
PAR  Briefly, the method and apparatus of the present invention contemplates
      storing a reference electrical function corresponding to a reference
      diffraction pattern formed by radiating with coherent light an invariant
      physical reference characteristic of a given person. A corresponding
      invariant physical characteristic of a person to be identified is then
      radiated by coherent light to cause generation of a sample diffraction
      pattern of this characteristic. The frequency domain of the entire sample
      diffraction pattern is then simultaneously detected to provide a sample
      electrical function thereof. The reference electrical function is then
      compared with the sample electrical function such that if a correlation
      exists within a given tolerance, it is known that the person from which
      the sample electrical function is derived corresponds to the given person
      from which the reference electrical function was generated.
PAR  The invariant physical characteristics involved may constitute
      fingerprints, signatures or other samples of handwriting, or in specific
      embodiments of the present invention combinations of such characteristics.
PAR  An essential feature of the present invention is the simultaneous detection
      of the entire diffraction patterns involved, the total information being
      taken out in parallel as opposed to a scanning technique which results in
      a series type generation of the electrical function. The results of the
      techniques of the present invention, as stated, provide for substantially
      better data which can be utilized in making comparisons so that increased
      reliability and accuracy in the verification process are realized.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention will be had by now
      referring to the accompanying drawings in which;
PAR  FIG. 1 is a schematic block diagram of the identification system of this
      invention;
PAR  FIG. 2 is a front view of the solid state detector portion of the circuit
      of FIG. 1 looking in the direction of the arrows 2--2; and,
PAR  FIG. 3 illustrates a modified arrangement in the optical portion of the
      system for enabling additional input information to be provided to the
      detector.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the electro-optical system for making identifications
      includes a light source 10 which preferably constitutes a coherent light
      generator such as a laser. As shown, coherent light from the source 10 may
      be passed through a variable light attenuator 11, spatial filter 12 to a
      mirror 13. From the mirror 13, the coherent light passes through a
      collimating lens 14 and to a prism 15 having its diagonal surface 16
      disposed at right angles to the beam as shown. With this arrangement, the
      coherent light will enter one side 17 of the prism and be internally
      reflected from the diagonal surface 16 and thence exit from the other side
      18.
PAR  An invariant physical characteristic such as a finger-print from a person's
      finger 19 is arranged to be irradiated by the coherent light. Towards this
      end and in the particular embodiment illustrated, there is provided a
      transparent film 20 positioned against the exterior diagonal surface of
      the prism shown at 16 in such a manner that a person may impress his
      finger-print against the film, the coherent light being internally
      reflected from the diagonal surface 16 defining a diffraction pattern of
      the fingerprint. In the embodiment shown, the film 20 may be moved as by
      rotating supply and take up spools 21 and 22 to position a fresh portion
      of film over the exterior diagonal surface of the prism preparatory to
      receiving another finger print for irradiation by the coherent light.
PAR  The light diffraction pattern developed by the swirls of the fingerprint
      exits from the other side of the prism 18 as described, the same passing
      through a transform lens 23 to a detecting means in the form of a solid
      state detector 24.
PAR  The solid state detector 24 constitutes an important component in the
      combination of the present invention. This detector is made up of a
      plurality of segments each of which simultaneously detects portions of the
      diffraction pattern falling thereon so that in essence the frequency
      domain of the entire diffraction pattern is detected simultaneously and
      passed to an analog to digital converter 25.
PAR  As will become clearer as the description proceeds, the plurality of
      segments include semi-circular ring segments circumferentially extending
      over half of the solid state detector surface and wedge segments radially
      extending on the other half of the surface. There are thus two sets of
      signals developed corresponding respectively to the ring segment detectors
      and the wedge segment detectors. These signals are referred to herein for
      convenience as ring signals and wedge signals and, as shown, are
      separately processed in blocks 26 and 27 of FIG. 1.
PAR  The ring and wedge signals make up a sample electrical function
      representative of the sample diffraction pattern provided by a person's
      finger 19. This sample electrical function is passed to a comparator 28
      for comparison with a reference electrical function stored in reference
      block 29.
PAR  In the preferred embodiment described, the stored reference electrical
      function is derived from a reference diffraction pattern of a given
      person's fingerprint. This reference diffraction pattern is detected in
      the same manner as described for the sample diffraction pattern in that
      ring and wedge signals are segregated as indicated by the blocks 30 and 31
      prior to being passed into the comparator 28.
PAR  The comparator 28 effects a correlation of the sample ring signals from
      block 26 and the reference ring signals from block 30. Also carried out is
      a cross-correlation between the sample wedge signals from block 27 and the
      reference wedge signals from block 31. The correlation and
      cross-correlation techniques provide an overall correlation of the sample
      electrical function and reference electrical function which is
      rotationally invariant. In other words, should the sample diffraction
      pattern be rotated as a consequence of a person not positioning his
      figerprint 19 in a given rotational orientation, the results of the
      ultimate correlation will not vary.
PAR  As shown in FIG. 1, there is provided a verification indicator shown by
      block 32 which will indicate a proper identification or verification if
      the correlation of the sample and reference electrical functions falls
      within a given tolerance. If the correlation result falls outside the
      given tolerance, the verification block 32 will indicate that the person's
      fingerprint is not the same fingerprint as stored in the reference 29.
PAR  When a person impresses his finger against the film 20 bearing against the
      exterior diagonal surface 16 of the prism 15, the slight pressure can
      cause optical mis-alignment such that the generated diffraction pattern
      will not always be properly centered with respect to the surface of the
      solid state detector 24. In order that a consistent centering will be
      assured, there is provided a servo mechanism for automatically positioning
      the detector to a centered position relative to the generated diffraction
      pattern.
PAR  Thus, as illustrated in FIG. 1 there are provided Y and X servo motors 33
      and 34 capable of physically translating the solid state detector 24 in a
      vertical or horizontal direction or a combinatiion of both directions. The
      surface of the detector 24 includes a centered ring with separate
      conductors attached to each of the four quadrants from which signals are
      derived which will indicate any error as a consequence of off-centering of
      the diffraction pattern relative to the detector. These signals are passed
      from the analog to digital converter 25 through suitable differential
      amplifiers 35 and 36 to control the Y and X servos 33 and 34 in a manner
      to recenter detector 24 relative to the diffraction pattern.
PAR  FIG. 2 illustrates the front face of the solid state detector 24 wherein
      some of the foregoing described features will become clearer. Thus, the
      various semi-circular circumferentially extending ring shaped segments are
      shown at 37 on the lower half of the detector surface while the radially
      extending wedge segments are shown at 38 on the upper half of the surface.
PAR  The centered ring for providing centering signals to the servo motors
      described in FIG. 1 is shown at 39 and as indicated, comprises four equal
      segments.
PAR  Electrical connections to the various semi-circular ring segments, radially
      extending wedge segments, and the equal segments making up the cenered
      ring 39 are indicated by the heavy lines terminating in small arcs. In an
      actual embodiment, these electrical connections would include equal
      potential conductors extending circumferentially over the ring segments
      and radially over the wedge segments so that maximum signal pick-up would
      be realized.
PAR  In FIG. 2, the various ring signals are indicated on conductors 40
      extending from the analog to digital converter 25 while the various wedge
      signals are indicated on conductors 41 similarly extending from the block
      25 as described in FIG. 1. The centering signals from the four segments of
      the ring 39 are detected by the conductors designated X', Y, X and Y'.
      These conductors similarly pass into the analog to digital converter block
      25 and are passed therefrom as the Y direction and X direction centering
      signals on lines designated 42 and 43 respectively.
PAR  Referring now to FIG. 3, there is shown a modified arrangement in the
      optical system for providing further information to be used in effecting
      an identification or verification. Thus, the coherent light may be passed
      through an additional prism 45 having a diagonal surface against the
      exterior of which may be provided an additional invariant physical
      characteristic such as a person's signature. The developed diffraction
      pattern of this characteristic passes to a mirror 46 and then continues
      through the prism 17 where the light is further disturbed by the person's
      finger-print prior to passing through the transform lens 23 to the solid
      state detector 24 as described in FIG. 1.
PAR  In utilizing a person's signature or handwriting, it is convenient to
      employ a film strip such as indicated at 47 in FIG. 3 provided with an
      adhesive surface to hold the film against the exterior of the diagonal
      surface of the prism 45. A person may then simply write his signature on
      the film and after the same has been irradiated by coherent light to form
      the diffraction pattern, the film strip 47 can simply be peeled from the
      surface. The adhesive material in turn will pull any particles or the like
      from the prism surface to maintain it in a clean condition.
PAR  The foregoing arrangement is similar to the use of the film described with
      respect to the prism 17 in maintaining the surface of the prism clean. It
      merely represents an alternative arrangement. In this respect, another
      means for positioning a physical characteristic such as a person's
      signature for proper irradiation would be to cover the exterior diagonal
      surface of the prism with a film and trace impression material similar to
      the well known "magic slate" used by children. Once the signature has been
      impressed and properly irradiated, the outer film surface could be lifted
      to completely erase the signature preparatory to receiving another
      signature for identification.
PAR  It should be understood with respect to the foregoing that in utilizing a
      single prism such as described in FIG. 1 either a fingerprint or signature
      could be used. In the system of FIG. 3 both a fingerprint and signature
      are indicated as being used to provide a detailed combination diffraction
      pattern which contains substantially more information than would result
      from either diffraction pattern considered separately. Comparison of this
      combination diffraction pattern with a similarly stored diffraction
      pattern would increase substantially the accuracy of a verification or
      identification.
PAR  Another advantage of the arrangement shown in FIG. 3 is the ability of the
      system to effect an identification or verification of two separate
      persons. For example, if access to a given secret area were only permitted
      to two individuals simulaneously proper identification of such individuals
      could be readily realized by having each place his fingerprint on one of
      the individual prisms shown in FIG. 3 so that the final diffraction
      pattern passed to the detector would constitute a combination of the
      diffraction pattern of one person's fingerprint with that of the other.
      Having a similar combination diffraction pattern stored in the system
      would enable a verification to be effected.
PAC  OPERATION
PAR  The operation of the identification system will be evident from the
      foregoing description. Thus, it will be understood with reference to FIG.
      1 that there is initially stored in the reference block 29 a reference
      electrical function derived from a reference diffraction pattern made of a
      person's fingerprint or other invariant physical characteristic. If a
      person claims to be the same as the given person whose characteristic is
      stored in the reference 29 a verification of such identy is accomplished
      by having him simply press his fingerprint on the exterior diagonal
      surface on the prism 15. This fingerprint is then irradiated with light
      from the light souce 10 as described to develop a diffraction pattern
      which is detected by the detector 24.
PAR  The various ring and wedge signals develop then pass to the comparator as
      described heretofore for comparison with the ring and wedge signals from
      the reference 29. A high degree of correlation falling within a given
      tolerance will then activate the verification block 32 to show that the
      person whose sample diffraction pattern has been detected corresponds to
      the given person whose diffraction pattern is in the reference storage 29.
      If the correlation falls outside the given tolerance, the verification
      block 32 will indicate that the person is not the same as the given person
      whose diffraction pattern has been stored.
PAR  As also described heretofore, by correlating the ring reference and sample
      signals and cross-correlating the wedge reference and sample signals, the
      overall correlation is rotationally invariant so the particular angular
      orientation that the person positions his finger relative to the prism
      surface will not change the result. Moreover, and as also described
      briefly heretofore, the pressure the person excerts which might cause
      optical mis-alignment of the developed diffraction pattern relative to the
      detector surface 24 will not affect the accuracy of the final verification
      because of the automatic centering means provided by the servo motors.
      Thus, if there is an off-centering of the detector relative to the
      diffraction pattern, there will be a difference in the Y and Y' signals
      which difference will operate the servo motor 33 to translate the detector
      in a Y direction towards a proper center position. Similar error signals
      will be developed in the X direction. When the detector has been properly
      centered, the signals from the various centered ring segments will all be
      equal and the servo motors will stop.
PAR  By the use of the particular solid state detector as described, all of the
      information in the diffraction pattern is taken out simultaneously, that
      is, in parallel. Thus, complicated mechanical scanning systems and the
      like are avoided.
PAR  It should be understood that while only a few semi-circular segments and
      radially extending wedges have been shown in FIG. 2, in an actual
      embodiment there would be a substantially greater number of these
      segments.
PAR  Also, while only one additional prism has been illustrated in FIG. 2 it
      should be understood that further prisms could be incorporated to provide
      a combination of several different diffraction patterns of various unique
      invariant physical characteristics to thereby further increase the
      reliability and accuracy in effecting proper identifications.
PAR  The invention, accordingly, is not to be thought of as limited to the
      specific embodiments set forth merely for illustrative purposes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of verifying a person's identity comprising the steps of:
PA1  a. storing a reference electrical function corresponding to a reference
      diffraction pattern formed by radiating with coherent light an invariant
      physical reference characteristic of a given person by detecting the
      referenced diffraction pattern by means of a solid state detector made up
      of semi-circular ring segments and radially extending wedge segments to
      provide ring reference signals and wedge reference signals simultaneously;
PA1  b. positioning an invariant physical sample characteristic of a person for
      radiation by coherent light to cause generation of a sample diffraction
      pattern of said characteristic;
PA1  c. detecting the frequency domain of the entire sample diffraction pattern
      simultaneously to provide a sample electrical function thereof by means of
      a solid state detector made up of semi-circular ring segments and radially
      extending wedge segments to provide ring sample signals and wedge sample
      signals simultaneously;
PA1  d. maintaining said solid state detector centered relative to said sample
      diffraction pattern by providing means on said solid state detector for
      generating error signals in response to an off-centering of the
      diffraction pattern and utilizing the error signals to center said solid
      state detector to assure that the same conditions exist as when said
      referenced diffraction pattern was detected; and
PA1  e. comparing said reference electrical function to said sample electrical
      function by correlating the reference and sample ring signals together and
      cross-correlating the reference and sample wedge signals together so that
      the resulting correlation is rotationally invariant whereby if a
      correlation exists within a given tolerance it is known that the person
      from which the sample electrical function is derived corresponds to said
      given person.
NUM  2.
PAR  2. The method of claim 1, in which said invariant physical characteristic
      constitutes a fingerprint.
NUM  3.
PAR  3. The method of claim 1, in wich said invariant physical characteristic
      constitutes handwriting.
NUM  4.
PAR  4. The method of claim 1, in which said invariant physical characteristic
      constitutes a combination of a finger-print and handwriting.
NUM  5.
PAR  5. An apparatus for verifying a person's identity comprising, in
      combination:
PA1  a. a coherent light source;
PA1  b. positioning means for positioning an invariant physical characteristic
      of a person to be identified for radiation by coherent light from said
      source to form a sample diffraction pattern of said physical
      characteristic;
PA1  c. detector means comprising a solid state detector made up of a plurality
      of segments arranged to define semi-circular ring shaped segments
      circumferentially extending over one half the surface of said solid state
      detector and wedge shaped segments radially extending over the other half
      of said surface upon which said entire diffraction pattern is projected to
      provide simultaneously ring sample signals and wedge sample signals
      constituting a sample electrical function of said sample diffraction
      pattern;
PA1  d. centering means including a central ring in said solid state detector
      with four conductors attached respectively to each of four quadrants of
      the ring; servo means for translating said solid state detector; and
      centering signal detecting means responsive to signals generated in said
      conductors connected to said servo means and responsive to error signals
      resulting from an off-centering of said solid state detector relative to
      said sample diffraction pattern for energizing said servo means to
      recenter said solid state detector; and
PA1  e. comparator means receiving said sample electrical function for
      comparison with a stored reference electrical function including ring
      reference signals and wedge reference signals derived in a similar manner
      from a given person, said comparator means correlating the sample and
      reference ring signals together and cross-correlating the sample and
      reference wedge signals together so that the resulting correlation is
      rotationally invariant, and providing a verification signal if a
      correlation of said sample electrical function with said reference
      electrical function exists within a given tolerance.
NUM  6.
PAR  6. An apparatus according to claim 5, in which said positioning means
      includes at least one right angle prism; and film means in surface contact
      with the exterior diagonal surface of said prism, said invariant physical
      characteristic being impressed against the exterior of said film means,
      coherent light from said source entering one side surface of the prism to
      internally reflect from said diagonal surface and pass out the other side
      surface of the prism for detection by said solid state detector, whereby
      after a diffraction pattern has been generated and detected, said film
      means may be moved to position a fresh film portion against the exterior
      diagonal surface of the prism preparatory to receiving a next invariant
      physical characteristic whereby said exterior diagonal surface of the
      prism is kept clean.
NUM  7.
PAR  7. An apparatus for verifying a person's identity comprising, in
      combination:
PA1  a. a coherent light source;
PA1  b. positioning means for positioning an invariant physical characteristic
      of a person to be identified for radiation by coherent light from said
      source to form a sample diffraction pattern of said physical
      characteristic;
PA1  c. detector means comprising a solid state detector made up of a plurality
      of segments upon which said entire diffraction pattern is projected to
      provide simultaneously a plurality of signals constituting a sample
      electrical function of said sample diffraction pattern; and
PA1  d. comparator means receiving said sample electrical function for
      comparison with a stored reference electrical function derived in a
      similar manner from a given person, said comparator means providing a
      verification signal if a correlation of said sample electrical function
      with said reference electrical function exists within a given tolerance
      said positioning means including at least one right angle prism with film
      means in surface contact with the exterior diagonal surface of the prism,
      said invariant physical characteristic being impressed against the
      exterior of said film means, coherent light from said source entering one
      side surface of the prism to internally reflect from the diagonal surface
      and pass out the other side surface of the prism for detection by said
      solid state detector, whereby after a diffraction pattern has been
      generated and detected, said film means may be moved to position a fresh
      film portion against the exterior diagonal surface of the prism
      preparatory to receiving a next invariant physical characterstic so that
      the external diagonal surface of the prism is kept clean, and an
      additional right angle prism with its exterior diagonal surface spaced
      from the exterior diagonal surface of the first mentioned prism, said
      coherent light passing through said additional right angle prism prior to
      entering said first mentioned prism whereby an additional invariant
      physical characteristic may be positioned for detection relative to said
      additional prism to provide a sample diffraction pattern combining both of
      said physical characteristics.
NUM  8.
PAR  8. An apparatus according to claim 7, including a transparent film with an
      adhesive surface positioned against the exterior diagonal surface of said
      additional prism for receiving said additional invariant physical
      characteristic, said film then being peeled from said exterior diagonal
      surface, the adhesive thereon pulling free any particles so that said
      additional diagonal surface is maintained clean.
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ABST
PAL  A light source in an optical character recognition system is automatically
      controlled to operate at a plurality of light intensities. A relatively
      high light intensity is used to illuminate an object bearing indicia to be
      read. A relatively low light intensity is used at all other times. A
      plurality of detectors sense reflected or ambient light and produce output
      signals indicative of the intensity of the reflected or ambient light.
      First and second signals are generated to indicate whether the detector
      output is greater than or less than a predetermined threshold. The number
      of first and second signals generated in response to the outputs of the
      detectors are summed separately. If the number of first signals equals or
      exceeds a first predetermined number, the object is illuminated at a high
      light intensity. If the number of first signals is less than the first
      predetermined number, or if the number of second signals generated equals
      or exceeds a second predetermined number, the light source is switched to
      a low level light intensity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an optical character recognition system
      having a controllable light source for illuminating an object such as a
      credit card, paper tag, container and the like bearing indicia to be read.
      In particular, the present invention is directed to a method and apparatus
      for controlling the light source to illuminate an object having indicia to
      be read at a relatively high light intensity and to maintain said high
      light intensity during the reading of the indicia on the object, and to
      reduce the light intensity to a low level after the indicia is read.
PAR  It is known in the prior art to automatically operate a light source at a
      plurality of light intensities in response to light reflected from an
      object. For example, U.S. Pat. No. 3,631,250, entitled Optical Positive
      Feedback Sensor Circuit, issued to Van Buskirk, describes an apparatus for
      this purpose. A single photodetector senses the light reflected by coded
      information on an object and controls a positive feedback loop which
      determines the intensity at which the object is illuminated. The positive
      feedback loop includes a series of cascaded transistors which are operated
      either in a quiescent state or in saturation. Any light reflected from the
      coded information on the object is sensed by the detector which causes the
      positive feedback loop to seek a non-linear condition, such as saturation.
      In the non-linear condition, the positive feedback loop causes the object
      to be illuminated at the maximum light intensity. If, however, no light is
      reflected from the object, the sensor drives the positive feedback loop in
      the quiescent condition. In the quiescent condition, the positive feedback
      loop causes the object to be illuminated at the minimum light intensity.
PAR  Such a device is suited for use with an object comprising shapeless coded
      indicia in the form of reflective and non-reflective surfaces. Where,
      however, the shape of the indicia must be identified, for example, where
      the indicia are alpha-numeric characters, such a device is inadequate. In
      that case, it is well known that a plurality of detectors is required to
      sense specific portions of each character to properly identify the
      character. Although a single detector may be used to indicate the presence
      of characters, it cannot be used to distinguish between characters.
      Furthermore, in reading a plurality of characters it is necessary to
      control the duration of the high light intensity and maintain this
      intensity during reading, which the device in U.S. Pat. No. 3,631,250
      cannot do.
PAR  In a character recognition system, the shape of the indicia is important
      and the absence of reflected light is an essential piece of information
      for identifying the indicia. In addition, the absence of reflective light
      may indicate that the object is not being illuminated at all and only
      ambient light is being detected. In that case, it is desirable to rapidly
      recognize this condition and then reduce the light intensity to a low
      level. A device such as the one described in U.S. Pat. No. 3,631,250 is
      entirely unsuitable for this purpose. In such a device, should a detector
      sense reflected or ambient light, the object will be illuminated at the
      maximum light intensity. Thus, such a device cannot distinguish between
      true reflections and spurious reflections on strong ambient light, and
      therefore, cannot adequately control the light intensity for character
      recognition.
PAR  In character recognition systems, the shape of each character must be
      sensed. For this purpose, character recognition systems employ a plurality
      of detectors for sensing the non-reflective portions of the character as
      well as the reflective portions of the object which bear the characters.
      At the time that characters are to be read, it is desirable to use a
      relatively high light intensity. However, during all other times, it is
      desirable to use a relatively low light intensity.
PAR  By illuminating the character at a relatively high light intensity only
      when characters are to be read, the lifetime of the source of illumination
      can be increased and the deleterious effects of heat dissipation on other
      components of the system placed in proximity to the source of illumination
      can be minimized. Furthermore, since the source of illumination may be
      located in a portable wand which is manually transported past the
      characters to be identified, continuously operating the source at a
      relatively high level of intensity may cause the wand to heat up, causing
      discomfort to the operator and, in the extreme, preventing further manual
      transportation of the wand. To prevent such discomfort, the source should
      be operated at the relatively high level of intensity only when characters
      are to be identified.
PAR  Although the source of illumination in a character recognition system may
      be manually controlled to ameliorate the effects described above, it is
      well known that manual operation can prove cumbersome and can frequently
      be attended by operator error. It is therefore desirable to control the
      light intensity at which characters are illuminated and the duration
      thereof automatically and without any intervention by an operator.
PAR  Moreover, character recognition systems often include rather elaborate and
      detailed components and, for the sake of economy, it is desirable that any
      auxiliary control equipment be relatively simple and flexible. In
      particular, it is desirable that an auxiliary system for automatically
      controlling the light intensity at which characters are illuminated and
      the duration of such intensity be simple and flexible, using as much of
      the subsisting character recognition system as possible.
PAR  A primary advantage of the present invention is that it automatically
      controls the intensity of a light source with which an object bearing
      indicia is to be illuminated and the duration of such intensity without
      operator intervention.
PAR  A further advantage of the present invention is that it controls the
      intensity of a light source with which an object is to be illuminated and
      the duration of such intensity using relatively simple and flexible
      components to allow for easy adjustment to a variety of operating
      conditions.
PAR  A still further advantage of the present invention is that it controls the
      intensity of a light source with which an object is to be illuminated
      without introducing redundant and unnecessary equipment, that is, by using
      subsisting portions of a character recognition system.
PAR  Another advantage of the present invention is that it increases the
      lifetime of the source of illumination and eliminates the deleterious
      effects of heat dissipation of components of the system located
      proximately thereto.
PAR  Other advantages of the present invention appear hereinafter.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly, in the present invention, the light source of an optical character
      recognition system is controlled to operate at a plurality of light
      intensities. The character recognition system includes a plurality of
      detectors which sense light reflected from an object or ambient light.
      Each detector produces an output signal indicative of the intensity of the
      reflected or ambient light. Generating means generate a first signal when
      the detector output exceeds a predetermined threshold and a second signal
      when the detector output is less than the predetermined threshold. A first
      summing means generates a first sum signal representing the number of
      first signals generated by the generating means. A second summing means
      generates a second sum signal representing the number of second signals
      generated by the generating means. The light source is controlled to be
      operated at a high light intensity when the first sum signal equals or
      exceeds a first predetermined number. The light source is controlled to be
      operated at a low light intensity at all other times.
PAR  A retriggerable one-shot and a switch and latch circuit or equivalent
      timing or other logic circuits, controls the duration of the high light
      intensity and maintains such high light intensity in response to the first
      sum signal being equal to or greater than the first predetermined number.
      When the first sum signal becomes less than the first predetermined number
      the retriggerable one-shot is allowed to time out. However, when the
      second sum signal becomes equal to or greater than the second
      predetermined number the retriggerable one-shot is immediately reset. When
      the one-shot either times out or is reset, the light source is immediately
      switched to the low light intensity.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a partial block diagram of apparatus constructed in
      accordance with the principles of the present invention.
PAR  For the purpose of illustrating the invention, there is shown in the
      drawing a form which is presently preferred; it being understood, however,
      that this invention is not limited to the precise arrangements and
      instrumentalities shown.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawing, wherein like numerals indicate like elements, an
      object 10 bearing indicia such as alpha-numeric characters is illuminated
      by a light source 12 and transmitting fiber optics 14. The light source 12
      is energized by a power source 16 which is operable at any one of a
      plurality of power levels. The object 10 may be a card, paper tag, label
      or container bearing indicia printed or embossed thereon. Although, in the
      drawing, the object 10 is illuminated by a lamp 12 and fiber optics 14,
      other types of light focusing systems may be used, such as a lens system
      or other source of collimated light, and the particular focusing system
      used is not per se part of the present invention.
PAR  In the preferred embodiment shown in the drawing, one end of each of the
      transmitting fiber optics 14 and one end of each of a plurality of
      receiving fiber optics 18 are located in a read head 15 which is or can be
      placed in proximity to the object 10 to read the indicia appearing on the
      object. A typical read head used for this purpose is described in pending
      application Ser. No. 321,174 entitled Hand Held Optical Reader, which is
      incorporated herein by reference.
PAR  One or more of the receiving fiber optics 18 is connected to one of a
      plurality of photodetectors, designated in the aggregate as 20. The array
      of detectors 20 is either located behind the receiving fiber optics 18 in
      a handle (not shown) containing the read head 15 or in a separate
      enclosure. The output signals generated by the detectors 20 are fed in
      parallel to a threshold and multiplex circuit 22 which electronically
      scans the detectors 20.
PAR  A scan clock circuit 28 generates a sequence of digital pulses on line 30.
      Scan clock circuit 28 may be any of a number of well known digital pulse
      generating circuits and does not, per se, form part of the present
      invention. Each pulse generated by scan clock circuit 28 corresponds to
      one of the detectors 20. The sequence of pulses generated by scan clock
      circuit 28 on line 30 provides the basic timing for the multiplex part of
      circuit 22.
PAR  Threshold and multiplex circuit 22 scans each of the detectors 20 serially
      in time in accordance with the sequence of pulses generated by scan clock
      circuit 28 on line 30. Threshold and multiplex circuit 22 converts
      parallel-input analog signals from the detectors to serial-output digital
      signals. It should be understood that scan clock circuit 28 and threshold
      and multiplex circuit 22 may be part of a character recognition circuit
      67, indicated by dashed lines in FIG. 1. A typical character recognition
      circuit including a scan clock circuit 28 and threshold and multiplex
      circuit 22 is described in application Ser. No. 321,174, and the
      description of each of these circuits in that application is incorporated
      herein by reference.
PAR  The threshold part of circuit 22 compares each detector output with a
      predetermined threshold. When the detector output is equal to or greater
      than the predetermined threshold a first signal is generated indicating a
      "light" condition. A light condition will exist when a detector detects
      sufficient reflectivity from a closely positioned object. When the
      detector output is less than the predetermined threshold a second signal
      is generated indicating a "dark" condition. A dark condition will exist
      when a detector detects insufficient reflectivity. The threshold is
      generally chosen for the purpose of optimizing character recognition. The
      threshold and multiplex circuit 22 generates sequences of digital pulses
      on lines 24 and 26 which indicate whether a light condition or a dark
      condition was detected by each detector.
PAR  In response to the sequence of pulses generated on line 30 by scan clock
      circuit 28 and the sequence of pulses generated by threshold and multiplex
      circuit 22 on lines 24 and 26, a gate circuit 27 produces separate
      sequences of pulses on lines 29 and 33. The sequence of pulses appearing
      on line 29 identifies those detectors which produced output signals which
      equal or exceed the predetermined threshold during one complete scan of
      detectors 20. The sequence of pulses appearing on line 33 identifies those
      detectors which produced output signals less than the predetermined
      threshold during the complete scan of detectors 20. When a detector output
      equals or exceeds the predetermined threshold, it indicates that the light
      reflected from the object 10 and received by the particular detector
      emanated from the light source 12 when the detector was sufficiently close
      to the object 10. On the other hand, when a detector output is less than
      the predetermined threshold it normally indicates that the detector either
      merely received direct or reflected ambient light, or that indicia was in
      juxtaposition with the detector.
PAR  As mentioned previously, the sequence of pulses generated by scan clock
      circuit 28 on line 30 provides the basic timing for the multiplex part of
      circuit 22 to serially scan detectors 20. In addition, scan clock circuit
      28 generates an end of scan signal on line 32 which indicates that the
      last pulse in the sequence on line 30 has been generated and, therefore,
      that a new scan of detectors 20 can be commenced. In other words, the end
      of scan signal denotes the end of one complete scan of all the detectors
      20. The function of the end of scan signal is described more fully
      hereinafter.
PAR  A read enable clock circuit 34 receives the scan clock circuit outputs on
      lines 30 and 32 and the threshold and multiplex circuit outputs on lines
      24 and 26. The read enable clock circuit 34 controls a read enable memory
      60 which operates the character recognition circuit 67. Read enable clock
      circuit 34 detects the absence of any second signals indicating a dark
      condition within one complete scan of the detectors 20 and may be part of
      the character recognition circuit 67. In particular, read enable clock
      circuit 34 generates a logical "high" signal on line 36 when threshold and
      multiplex circuit 22 does not produce a pulse on line 26 during a complete
      scan of detectors 20. The signal on line 36 enables a NAND gate 38. When
      NAND gate 38 is enabled, the end of scan signal appearing on line 32
      causes a logical "low" signal to appear on line 39. An inverter 41
      converts the logical "low" on line 39 to a logical "high" on line 43. Line
      43 is connected to the clock input of a read enable counter 58. Read
      enable counter 58 may be any suitable digital counting circuit known in
      the art which has separate clock and reset inputs. For example, read
      enable counter 58 may be a Fairchild 9316 four bit binary counter having
      separate clock and reset inputs.
PAR  The signal appearing on line 43 clocks the read enable counter 58 when both
      signals on lines 36 and 32 are "high", that is, when no pulses appear on
      line 26 during a complete scan of detectors 20. Read enable counter 58,
      therefore, counts the number of consecutive scans of detectors 20 for
      which no pulses appear on threshold and multiplex circuit output line 26.
      After a predetermined count has been reached, read enable counter 58
      generates a logical signal on line 64 which operates the read enable
      memory 60. Read enable memory 60 may be a conventional memory device such
      as a SN74107N J-K flip-flop having its clock input connected to line 64.
      The logical signal on line 64 causes read enable memory 60 to generate a
      logical signal on line 66 which activates character recognition circuit
      67. Thus, character recognition circuit 67 is turned on by read enable
      memory 60 only after every detector 20 has produced an output signal which
      equals or exceeds the predetermined threshold in threshold and multiplex
      circuit 22 for a predetermined number of scans of detectors 20. This
      permits the light source 12, which has previously been switched to the
      high intensity as described hereafter, to achieve a stable operating
      condition while the read head 15 is properly positioned relative to the
      object 10 before character recognition circuit 67 is turned on. As a
      result, false readings due to spurious reflections from the environment or
      delay as the light source goes from low to high intensity are avoided.
PAR  A light counter 40 having separate clock and reset inputs is connected to
      line 29 at its clock input and to line 32 at its reset input. Light
      counter 40 counts the number of pulses appearing on line 29 during one
      complete scan of the detectors 20 and compares that number to a first
      preselected number. At the end of each scan, the end of scan pulse
      appearing on line 32 resets counter 40. Light counter 40 may be a four bit
      binary counter such as a Fairchild 9316 high speed synchronous counter. If
      the number of pulses appearing on line 29 during a scan equals or exceeds
      the first preselected number, light counter 40 generates a digital signal
      on line 42 which operates switch and latch circuit 44. In the preferred
      embodiment shown, the first preselected number used by light counter 40 is
      less than one-half of the number of detectors in the array 20, although
      any preselected number can be used. In general, the preselected number may
      be varied, as desired, according to the particular requirements of the
      character recognition system, but must be less than the total number of
      detectors 20.
PAR  As mentioned previously, power source 16 operates at a plurality of power
      output levels. In the preferred embodiment shown in FIG. 1, power source
      16 operates at two power output levels and switch and latch circuit 44 is
      a SN7473N J-K flip-flop having separate clock and reset inputs. The J
      terminal of the flip-flop is permanently connected to a high digital
      signal while the K terminal is permanently connected to a low digital
      signal. In this configuration, once the flip-flop is set by a clock pulse,
      further clock pulses have no effect on the flip-flop output. That is, the
      flip-flop remains set until it is reset by a signal at its reset input.
      Line 42 is connected to the clock input of the flip-flop. Switch and latch
      circuit 44, then, is set by the digital signal generated by light counter
      40 on line 42. That is, the digital signal on line 42 causes switch and
      latch circuit 44 to generate a logical high output level on line 45. A
      high signal on line 45 causes power source 16 to operate at the higher of
      the two output levels. The reset input of switch and latch circuit 44 is
      connected to the output 50 of a retriggerable one-shot 48 by means of line
      51. The operation of the reset input of switch and latch circuit 44 by
      one-shot 48 is explained more fully below.
PAR  Retriggerable one-shot 48 may be a Fairchild 9602 resettable, retriggerable
      monostable multivibrator having separate trigger and reset inputs. The
      trigger input of one-shot 48 is connected by line 46 to the output line 42
      of counter 40. Thus, when counter 40 clocks switch and latch circuit 44,
      it also triggers one-shot 48. In response to the trigger input, one-shot
      48 generates a digital signal on lines 50 and 51. The time duration of the
      signal appearing on line 50 is predetermined by connecting selected
      external resistive and capacitive elements to the one-shot 48 according to
      principles well known in the art. These elements are understood to
      comprise a portion of one-shot 48. The signal generated by one-shot 48 on
      line 51 disables the reset terminal of switch and latch circuit 44. That
      is, the one-shot 48 ensures that switch and latch circuit 44 remains in
      the clocked state, causing power source 16 to operate at the higher power
      level, until one-shot 48 times out or is reset.
PAR  During a single scan of detectors 20, light counter 40 may count up to the
      first preselected number more than once. Each time light counter 40
      reaches the first preselected number it triggers one-shot 48 and clocks
      switch and latch circuit 44. As mentioned previously, once switch and
      latch circuit 44 is set, it is not affected by clock pulses on line 42,
      and it can only be reset by a signal at its reset input. If, however,
      one-shot 48 has been triggered and it has not timed out or has not been
      reset, one-shot 48 will disable the reset input of switch and latch
      circuit 44. During each scan, light counter 40 may repeatedly retrigger
      one-shot 48 to keep the reset input of switch and latch circuit 44
      disabled. Thus, during a scan, counter 40 may repeatedly retrigger
      one-shot 48, thereby causing switch and latch circuit 44 to operate power
      source 16 at the higher power level.
PAR  The signal generated by one-shot 48 on line 50 also appears on line 82.
      Line 82 is connected to the reset inputs of read enable memory 60 and read
      enable counter 58. As mentioned previously, read enable memory 60 may be a
      conventional J-K flip-flop having separate clock and reset inputs and read
      enable counter 58 may be a conventional four bit counter having separate
      clock and reset inputs. When one-shot 48 disables the reset input of
      switch and latch circuit 44, then, it also disables the reset inputs of
      read enable memory 60 and read enable counter 58. Consequently, read
      enable memory 60 is free to activate character recognition circuit 67 in
      response to read enable counter 58, as previously described. Thus, when
      light counter 40 generates a signal on lines 42 and 46 to cause switch and
      latch circuit 44 to maintain power source 16 at the higher power level,
      one-shot 48 ensures that read enable memory 60 is free to activate
      character recognition circuit 67 after a predetermined number of scans of
      detectors 20 during which no signals appear on line 26.
PAR  Once power source 16 operates at the higher power level and read enable
      memory 60 activates character recognition circuit 67, a counter enable
      circuit 100 enables a dark counter 54 to count the number of digital
      signals generated by threshold and multiplex circuit 22 on line 26 during
      the course of a scan of detectors 20. Specifically, counter enable circuit
      100 is connected to the output line 66 of read enable memory 60 by means
      of line 72. Line 72 is connected to an input of a NAND gate 71. Scan clock
      circuit output line 32 is also connected to counter enable circuit 100 at
      the input of an inverter 73. Counter enable circuit 100 logically combines
      the output signal generated by read enable memory 60 on line 66 with the
      end of scan signal on line 32. When the end of scan signal on line 32 is
      low, this indicates that a scan of detectors 20 is in progress and has not
      yet been completed. When the signal on line 72 is high, this indicates
      that the power source 16 is operating at the higher power level and that
      read enable memory 60 has activated character recognition circuit 67.
      Inverter 73 converts the low signal on line 32 to a high signal on line
      74. If both signals on lines 72 and 74 are high, NAND gate 71 generates a
      low signal on line 75. Line 75 is connected to the input of a NAND gate
      76. NAND gate 76 inverts the low signal appearing on line 75 to produce a
      high signal on line 77. Line 77 is connected to the reset input of dark
      counter 54 and a high signal on line 77 disables that reset input, thereby
      enabling counter 54 to count. Dark counter 54 may comprise one or more
      Fairchild 9310 high speed, synchronous BCD decade counters having separate
      clock and reset inputs, or any other counters known in the art and
      suitable for the purpose described herein.
PAR  If light counter 40 has not yet reached the first preselected number during
      the course of a scan, counter enable circuit 100 prevents dark counter 54
      from counting. More particularly, if light counter 40 has not yet reached
      the first preselected number, light counter 40 does not trigger one-shot
      48. As a result, the output of one-shot 48, on line 50, resets switch and
      latch circuit 44, read enable counter 58, and read enable memory 60. When
      switch and latch circuit 44 is kept reset by one-shot 48 it generates a
      low signal on output line 45, causing power source 16 to operate at the
      lower power level. At this time, one-shot 48 also keeps read enable memory
      60 reset so that the output of memory 60 on line 72 is low. Accordingly,
      the output of NAND gate 71 is high and the output of NAND gate 76 is low
      at the reset input of counter 54. Counter 54, then, cannot count until
      switch and latch circuit 44 operates power source 16 at the higher power
      level.
PAR  In addition, counter enable circuit 100 prevents counter 54 from counting
      until read enable counter 58 clocks read enable memory 60, causing read
      enable memory 60 to generate a high signal on line 60 which activates
      character recognition circuit 67.
PAR  Moreover, at the end of each complete scan of the detectors, the end of
      scan pulse appearing at the input of inverter 73 goes high, causing NAND
      gate 71 to generate a high output. NAND gate 76, then, generates a low
      output signal, causing dark counter 54 to reset, at the end of each scan
      of detectors 20.
PAR  Assuming that light counter 40 has reached the first preselected number and
      triggered one-shot 48, that read enable counter 54 has clocked read enable
      memory 60 causing read enable memory 60 to activate character recognition
      circuit 67, and that threshold and multiplex circuit 22 has not completed
      the latest scan of the detectors 20, counter enable circuit 100 enables
      dark counter 54. Dark counter 54, then, counts the number of pulses
      appearing on line 33 and generates a digital signal on line 55 when it
      reaches a second preselected number. The second preselected number is
      chosen to normally indicate that the detectors 20 have completely scanned
      the object 10. The second preselected number reached by dark counter 54
      may assume any of a number of values and, in general, it is a function of
      the maximum number of pulses which are expected to appear on line 26 for a
      preselected set of indicia on object 10. It is, therefore, entirely
      independent of the first preselected number reached by light counter 40.
PAR  Dark counter 54 is connected, by line 55, to a reset circuit 68. Reset
      circuit 68 receives the signal on line 55 and, in response, resets
      retriggerable one-shot 48. Specifically, the signal on line 55 triggers a
      second one-shot 57 in reset circuit 68. One-shot 57 may be any
      non-retriggerable monostable multivibrator suitable for the purpose
      described herein, or it may be a Fairchild 9602 retriggerable monostable
      multivibrator connected so that its reset input is permanently disabled.
      The output of one-shot 57, see line 59 of the drawing, is taken off the
      complementary output terminal so that, when triggered, one-shot 57
      generates a low signal of a predetermined time duration on output line 59.
      Since the reset input of one-shot 57 is permanently disabled, the signal
      on line 59 remains low and only goes high when one-shot 57 times out.
PAR  Line 59 is connected to an input of NAND gate 61. When the signal on line
      59 goes low, that is, when one-shot 57 is triggered, NAND gate 61
      generates a high signal on line 63, having the same time duration as the
      signal on line 59. NAND gate 62 inverts the signal appearing on line 63
      and generates a low signal on line 70 which is connected to the reset
      input of one-shot 48. The low signal on line 70, then, resets one-shot 48
      before it can time out by itself or be retriggered by light counter 40.
PAR  When one-shot 48 is reset by reset circuit 68, it generates low signals on
      lines 50, 51 and 82. The low signal on line 51 resets switch and latch
      circuit 44; and the low signal on line 82 resets read enable counter 58
      and read enable memory 60. When reset, switch and latch circuit 44 drives
      power source 16 at the lower power level. Thus, when dark counter 54
      reaches the second preselected number, power source 16 switches
      automatically to the lower power level. At the same time, read enable
      memory 60 is reset and generates a low signal on lines 66 and 72. The low
      signal on line 72 causes counter enable circuit 100 to reset dark counter
      54. Thus, if one-shot 57 is a retriggerable one-shot such as a Fairchild
      9602, counter enable circuit 100 will prevent the one-shot from being
      retriggered. That is, counter enable circuit 100 will prevent dark counter
      54 from counting and retriggering one-shot 57. One-shot 57, then, times
      out by itself without being retriggered or reset.
PAR  At the same time that dark counter 54 is reset, the low signal on line 66
      disables the character recognition circuit 67 to prevent false reading.
      When one-shot 57 times out, reset circuit 68 generates a high signal on
      line 70, thereby disabling the reset input of one-shot 48. One-shot 48,
      then, is free to be triggered by light counter 40.
PAR  By way of summary, then, when dark counter 54 triggers one-shot 57, power
      source 16 switches to the lower power output level, and each of the
      circuits 44, 54, 58, and 60 is reset prior to completion of the scan.
      After being reset, counters 40 and 54 begin new counting cycles and
      advance towards their respective preselected numbers, and the
      aforedescribed operation is repeated.
PAR  At the end of a scan of detectors 20, the end of scan signal on line 32
      resets threshold and multiplex circuit 22, read enable clock circuit 34,
      light counter 40 and, through counter enable circuit 100, dark counter 54.
      If not already reset by dark counter 54, one-shot 48 times out unless
      retriggered by light counter 40 during the next scan or succeeding scans
      of detectors 20. If one-shot 48 is retriggered by light counter 40 during
      the next scan or succeeding scan of detectors 20, before one-shot 48 times
      out, the reset input of switch and latch circuit 44 remains disabled and
      switch and latch circuit 44 continues to drive power source 16 at the
      higher power output level. If, however, light counter 40 does not
      retrigger one-shot 48 during the next scan or succeeding scans--the
      precise number of succeeding scans depending on the time duration of the
      one-shot 48 output pulse--one-shot 48 will time out and reset enable
      counter 58, read enable memory 60, and switch and latch circuit 44. Power
      source 16, therefore, will be driven at the lower power output level by
      switch and latch circuit 44. Thereafter, the power source 16 will not
      operate at the higher power output level until light counter 40 clocks
      switch and latch circuit 44 and triggers one-shot 48.
PAR  In initially applying power to each of the circuits described above,
      spurious signals may be generated which cause the circuits to operate
      improperly during a scan. For example, spurious signals may preset
      counters 40 and 54 improperly. To immunize the circuits from such signals,
      input line 80 to NAND gate 61 in reset circuit 68 is momentarily grounded
      by a Power On switch whenever power is initially applied to the circuits.
      The Power On switch may be any of a number of conventional momentary
      closure switches suitable for this purpose. When line 80 is momentarily
      grounded, NAND gate 61 generates a momentary high signal on line 63, and
      NAND gate 62 inverts the signal on line 63 to a momentary low signal on
      line 70. The momentary low signal on line 70 resets retriggerable one-shot
      48 which, in turn, resets each of the circuits, as previously described.
      Thus, the spurious signals are prevented from operating the circuits when
      power is initially turned on.
PAR  Although elements of a particular embodiment of the invention have been
      described herein, it should be understood that suitable variations and
      modifications may be made thereto without exceeding the spirit and scope
      of the invention. For example, although various digital signals have been
      described as being either high or low, it will be obvious to one of
      ordinary skill in the art that the inverse signals may be used by
      modifying certain of the logic elements. In addition, although certain of
      the elements have been described as J-K flip-flops, other type flip-flops,
      such as D flip-flops, if appropriately modified, may be used in the
      present invention. Similarly, it will be obvious to one of ordinary skill
      in the art to use digital counters having more or less bits than the
      counters described herein, depending on the number of detectors used and
      the particular requirements of associated character recognition circuitry.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  What I claim and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A method for controlling the intensity of illumination of a light source
      in a character recognition system, comprising the steps of:
PA1  sensing reflected light with a plurality of detectors;
PA1  producing an output signal at the output of each of said detectors in
      response to said reflected light, said output signal being indicative of
      the intensity of the reflected light;
PA1  generating a first signal when said detector output is equal to or greater
      than a predetermined threshold;
PA1  generating a second signal when said detector output is less than said
      predetermined threshold;
PA1  generating a first sum signal representing the number of said first signals
      generated;
PA1  generating a second sum signal representing the number of said second
      signals generated;
PA1  operating said light source at a first light intensity when said sum signal
      is equal to or greater than a first preselected sum; and
PA1  operating said light source at a second light intensity when said second
      sum signal is equal to or greater than a second preselected sum.
NUM  2.
PAR  2. A method according to claim 1 wherein said steps of operating said light
      source at said first and second light intensities include operating said
      light source at said first light intensity in response to said first sum
      signal until said second sum signal exceeds said second preselected sum.
NUM  3.
PAR  3. A method according to claim 1 including the steps of preventing said
      first and second sum signals from being generated and preventing said
      light source from operating at said first light intensity when said light
      source is initially energized.
NUM  4.
PAR  4. A method according to claim 2 wherein said step of operating said light
      source at said first light intensity in response to said first sum signal
      until said second sum signal exceeds said second preselected sum includes
      the steps of triggering a retriggerable one-shot in response to said first
      sum signal; and resetting said retriggerable one-shot when said second sum
      signal exceeds said second preselected sum.
NUM  5.
PAR  5. Apparatus for controlling the intensity of a light source in a character
      recognition system, comprising:
PA1  light source means for providing illumination at more than one light
      intensity;
PA1  a plurality of detectors for sensing reflected light, each of said
      detectors producing an output signal indicative of the intensity of said
      reflected light;
PA1  means for generating a first signal when the output of any of said
      setectors equals or exceeds a predetermined threshold;
PA1  first summing means for generating a first sum signal in response to said
      first signal generating means, said first sum signal representing the
      number of first signals generated by said first signal generating means;
      and
PA1  means for controlling said light source means to operate at a first light
      intensity in response to said first sum signal being equal to or greater
      than a first preselected number and at a second light intensity in
      response to said first sum signal being less than said first preselected
      number.
NUM  6.
PAR  6. Apparatus according to claim 5 including:
PA1  means for generating a second signal when the output of any of said
      detectors is less than said predetermined threshold;
PA1  second summing means for generating a second sum signal in response to said
      second signal generating means, said second sum signal representing the
      number of second signals generated by said second signal generating means;
      and
PA1  said controlling means being responsive to said second sum signal being
      equal to or greater than a second preselected number for operating said
      light source means at said second light intensity.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said first summing means includes
      a first digital counter and second summing means includes a second digital
      counter.
NUM  8.
PAR  8. Apparatus according to claim 6 wherein said controlling means includes a
      retriggerable one-shot for controlling said light source means in response
      to said first and second summing means.
NUM  9.
PAR  9. Apparatus according to claim 6 including a character recognition circuit
      and means for disabling said character recognition circuit until said
      first sum signal is equal to or greater than said first preselected number
      and said second signal generating means generates no second signals for a
      preselected interval of time.
NUM  10.
PAR  10. Apparatus according to claim 9 including means for disabling said first
      and second summing means, said controlling means, and said character
      recognition circuit disabling means when said light source means is
      initially energized.
NUM  11.
PAR  11. Apparatus for controlling the intensity of a light source in a
      character recognition system, comprising:
PA1  light source means for providing illumination at more than one light
      intensity;
PA1  a plurality of detectors for sensing reflected light, each of said
      detectors producing an output signal indicative of the intensity of said
      reflected light;
PA1  means for generating a first digital signal when the output of any of said
      detectors is equal to or greater than a predetermined threshold and for
      generating a second digital signal when the output of any of said
      detectors is less than said predetermined threshold;
PA1  first digital means for counting the number of said first digital signals
      generated by said generating means;
PA1  second digital means for counting the number of said second digital signals
      generated by said generating means;
PA1  first means for controlling said light source means to provide illumination
      at a first light intensity when said first digital counting means counts
      equal to or greater than a first preselected number; and
PA1  second means for controlling said illuminating means to provide
      illumination at a second light intensity when said second digital counting
      means counts equal to or greater than a second preselected number.
NUM  12.
PAR  12. Apparatus according to claim 11 wherein said first controlling means
      includes third means for controlling said light source means to provide
      illumination at said first light intensity in response to said first
      digital counting means until said second digital counting means counts up
      to said second preselected number.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein said third controlling means
      includes a retriggerable one-shot for controlling said light source means
      in response to said first digital counting means.
NUM  14.
PAR  14. Apparatus according to claim 13 wherein said first controlling means
      includes a flip-flop for controlling said light source means in response
      to said retriggerable one-shot.
NUM  15.
PAR  15. Apparatus according to claim 14 wherein said second controlling means
      includes means for disabling said retriggerable one-shot when said second
      digital counting means counts up to said second preselected number.
NUM  16.
PAR  16. Apparatus according to claim 11 including a character recognition
      circuit and means for disabling said character recognition circuit until
      said first digital counting means counts up to said first preselected
      number and said second digital counting means counts no second signals for
      a preselected number of equal, predetermined time intervals.
NUM  17.
PAR  17. Apparatus according to claim 16 wherein said disabling means includes
      third digital means for counting the number of said equal, predetermined
      time intervals during which said first digital counting means counts up to
      said first preselected number; and a flip-flop connected to said third
      digital counting means for disabling said character recognition circuit.
NUM  18.
PAR  18. Apparatus according to claim 17 including means for disabling said
      first and second digital counting means, said disabling means and said
      third controlling means when said illuminating means is initially
      energized.
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ABST
PAL  Electrical sequence control system. There is described an electrical
      sequence control system which is controlled according to a predetermined
      program by means of a switching circuit wherein the outputs of the binary
      counter are connected with n bits to the data inputs of the decoder and
      the address inputs of a multiplexer, the output of the latter being
      applied to one input of an AND-gate and the second input of said AND-gate
      being connected to a rectangular wave generator. The output of the
      AND-gate is connected to the input of the binary counter and the
      connection of the output of the multiplexer with the input of the binary
      counter acts as a return when one of the input signals at the multiplexer
      corresponds with the address input.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to an electronic sequence control system and
      particularly to such a system which is controlled by a switching circuit
      in accordance with a predetermined program.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to use a stepping mechanism for controlling sequences. However,
      such known devices have the disadvantage that the switching pulses are
      neutral, namely are not controlled by the sequence of operations itself.
      Furthermore in this connection, contactor and relay controls are known
      which are installed fixedly for a certain purpose. These controls are so
      to speak manufactured according to specifications and are accordingly
      inflexible.
PAR  The purpose of the electronic sequence control is to eliminate the neutral
      switching pulses. Instead the energizing of the circuit is accomplished in
      response to input signals which are determined by the sequence of
      operations.
PAR  The more narrow purpose of the invention is to produce as much as possible
      an uncomplicated and therefore inexpensive electronic sequence control
      which is highly flexible in use. It is to be sufficiently simple in
      structure that a man skilled in the art of electronics is not required to
      use the control but instead it can be satisfactorily handled by any
      reasonably competent workman. In particular for the tool machine
      construction it is important that the control also be understood by a
      machine mechanic.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is based on the general principle that a binary counter is
      used which is combined with a multiplexer so that the duration of counting
      by which the method steps are controlled depends on certain signals.
PAR  In detail the basic purpose of the invention is attained by a circuit of
      the general type aforesaid in which the outputs of a binary counter 110
      are connected with n bits to the data inputs A, B, C, D of a decoder 111
      and the address inputs A',B', C',D' of a multiplexer 112, whose output is
      applied to one input of an AND-gate 115, the second input of said AND-gate
      being connected to a pulse generator 114, while the output of the AND-gate
      is connected to the input of the binary counter 110, and that the
      connection of the output of the multiplexer with the input of the binary
      counter acts as a return when one of the input informations El to Ex at
      the multiplexer 112 corresponds with the address inputs.
PAR  A sequence control according to the invention has the following advantages
      compared with controls which use as their basic components
      transistor-relay combinations (German Auslegeschrift No. 1 218 507) and
      also as compared with a socalled control for shifting the program steps.
      There is for each step a circuit component required which is relatively
      complex and hence relatively expensive. The invention, however, operates
      with a binary counter which has the consequence that for example the
      increase of a binary counter from 4 bits to 5 bits results in an increase
      of the stepping switch from 15 to 31 steps. Thus the invention
      advantageously provides for simple and inexpensive increase in capacity as
      already exemplarily pointed out above.
PAR  In order to assure that the sequence control continues to count efficiently
      without interference from one control impulse to another, the invention is
      further developed by providing that the pulse generator be an astable
      multivibrator (rectangular wave generating device). This characteristic is
      a particularly important development of the invention.
PAR  A particular advantage of the invention is that the control device can be
      combined of commercial integrated components, in particular of components
      of medium integration (Medium Scale Integration, MSI). These components
      are already known.
PAR  With respect to this:
PAR  The binary counter is advantageously a synchronous counter, for example a
      counter which is two-flank controlled by a pulse generator. For reasons of
      reliability, it is advantageous that in an extensive control all control
      operations are derived from a single pulse signal. Also binary counters
      are used in commerce in which, differing from the illustration of the
      exemplary embodiments, the AND-gate is integrated, or in which the
      AND-function is contained. The multiplexer is a conventional component of
      a data selector.
PAR  An astable multivibrator (rectangular wave generator) converts in
      connection with the AND-gate the continuous signal which comes from the
      multiplexer into a single impulse which energizes the counter and permits
      it to continue to count for one single binary number (compare also what
      was said with respect to the binary counter). The decoder converts binary
      numbers into decimal numbers. (See for example TTL Integrated Circuits,
      Publisher: Texas Instruments Germany GmbH, 805 Freising. April 1971, in
      particular Pages 30, 31, 37, 39, 42.)
PAR  In order to eliminate interference impulses, the invention is
      advantageously further developed by providing that set inputs (E01 to E02)
      are connected to the binary counter (110). The intelligence signal must
      then continue for a predetermined time at the timing device which acts as
      a delay line, until it is recognized as such and reaches the input of the
      AND-gate. This development of the invention is for example of importance
      for tool machine controls.
PAR  In order to be able to adjust or "set" the binary counter at the start or
      during the sequence of operations to a selected number, the invention is
      further developed in that between the multiplexer 112 and the gate 115
      there is inserted a timing device 113 having two AND-inputs of which the
      one input is energized by multiplexer 112A1 and the other input is
      energized by the set input 140 of the binary counter and by a signal line
      E00 for setting of the binary counter while the output of the timing
      device is connected to the input of the AND-gate. In order that during the
      program sequence "loops" can be driven or steps can be jumped, the
      invention is further developed by providing that at least one output of
      the sequence control system is connected with at least one set input of
      the binary counter and/or by providing further that at a connection of
      several set inputs to one output of the decoder 111 the conductors to the
      set inputs are coupled, for example by diodes 128 and 129. Further, if
      desired, the outputs of the decoder 111 may lead to a diode matrix 125.
      The arrangement of said specific features is dependent on the program
      sequence.
PAR  In the last-named embodiment, the outputs of the diode matrix can be
      connected both to the amplifier inputs for the final control elements
      (electromagnetic valve and others) and also to the set inputs of the
      binary counter.
PAR  Further advantages and characteristics of the invention can be taken from
      the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described in connection with exemplary embodiments which
      are illustrated in FIGS. 1 to 4.
PAR  FIG. 1 is a block diagram of one exemplary embodiment of the invention.
PAR  FIG. 2 illustrates an exemplary embodiment of the invention having set
      inputs on the binary counter and having timing means.
PAR  FIG. 3 schematically illustrates an example for a sequence of operations
      with a loop and with a "split path."
PAR  FIG. 4 illustrates an exemplary embodiment of the invention with a diode
      matrix which is designed corresponding to FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates an exemplary embodiment of the invention of simple
      construction, which consists substantially of a binary counter 110, a
      decoder 111, a multiplexer 112, an astable multivibrator (rectangular wave
      generator) 114 and an AND-gate 115. The multiplexer 112 has inputs E1, E2
      . . . E.sub.x.sub.-1, E.sub.x, to which are connected, for example, limit
      switches of tool machines directly or for example through separating
      members, such as optoelectronic coupling elements. Such separating
      members, for example opto-electronic coupling elements (opto-isolators),
      are known from literature. (Brochure of Litronix Inc., 19000 Homestead
      Road, Cupertino, Cal. 95014, USA.)
PAR  The output 112A1 of the multiplexer is connected to an input of an AND-gate
      115, to the other input of which a conventional rectangular wave generator
      114 is connected.
PAR  The output of the AND-gate is connected to the input of the binary counter
      110. The outputs of the binary counter lead on one side to the address
      inputs A', B', C', D', E' of the multiplexer 112 and on the other side to
      the data inputs A, B, C, D, E of the decoder. The operation of a binary
      counter is known. In the decoder 111, the binary signals are converted
      into decimal output signals A0 to A.sub.x.sub.-1. At least one set input
      E00 is provided on the binary counter 110.
PAR  Upon the appearance of a supply voltage, the binary counter 110 is set on
      "0," namely adjusted automatically to "0" by a deionization impulse at the
      input E00. The binary "0" produces a signal at the output A0 while at the
      multiplexer 112 the input E1 is armed, namely is made ready for operation.
      If a signal is now applied at this input, a signal appears at the output
      112A1 of the multiplexer, which signal acts on an input of the AND-gate
      115. During the next impulse of the rectangular wave generator 114, the
      output signal of the multiplexer reaches the input of the binary counter
      110 which switches to the binary "1," whereby the output A1 now sends out
      a signal and through the corresponding address input the input E2 is
      armed. With a different binary number at the input of the multiplexer the
      output signal at 112A1 disappears and the stepping advances one step. If a
      signal already exists at the input of the multiplexer, then same is
      immediately processed by the control system and it is advanced one step.
      If the corresponding signal is missing at the input of the multiplexer,
      then the input which has been armed remains in waiting position.
PAR  FIG. 2 shows a further exemplary embodiment of the invention, in which the
      control system is supplemented by a timing device 113 which acts as a
      delay line. The output 112A1 of the multiplexer is connected to an input
      of this timing device, the other input of which is at the input for the
      0-setting. The output of the timing device is connected at an input of the
      AND-gate 115, the other input of which is, as before, connected to the
      pulse generator. The delay line (timing device 113) makes it also possible
      to use the control system where there is interference, as for example in
      tool machines. The intelligence signal must first appear for a
      predetermined time at the delay line until it is recognized as such and
      reaches the input of the AND-gate. The shorter interference pulses are in
      this way filtered out.
PAR  Furthermore, in this exemplary embodiment, set inputs E01 to E08 are
      provided with which any desired step can be activated. This renders it
      possible to jump steps in the program or to drive so-called loops, as will
      be explained more in detail hereinafter in connection with the example of
      FIGS. 3 and 4.
PAR  FIG. 3 schematically illustrates the sequence of a program in which at step
      4 the apparatus switches back to step 1 in order to repeat the steps 1, 2,
      3, 4. Thus, a so-called loop is driven. At step 5 the decision is made
      whether at a certain condition the program is continued either with the
      steps 6, 7, 8 or 9, 10. After the steps 8 or 10 the control system is set
      to "0" and the cycle can start over again.
PAR  FIG. 4 illustrates the example for a control system for the program
      according to FIG. 3. The row of dash-dotted boxes represents a sequence
      control system according to the invention for 15 steps. Various switching
      elements are connected to the inputs of the multiplexer, thus at E1, E2
      and E3 a limit switch 116, at E4 a pressure switch 117 and at E5 a limit
      switch 130. At E7, in addition to a limit switch, a timing device 118 is
      also provided. The connection at E8 has a branch 119 which leads to an
      AND-gate, the other input of which is energized through a further limit
      switch. The output of the AND-gate lies at E10. Various switching
      elements, for example an electromagnetic coupling 121, a d.c. current
      operated contactor 122, and each of electromagnetic valves 123, 124 are
      connected to the outputs A0 to A3 of the decoder through amplifiers 120.
      The outputs A4 to A10 lie on the vertical lines of a diode matrix 125.
      Output A4 is fed through a timing device 127 on a vertical line 126 which
      is connected through diodes 128, 129 to two horizontal lines, to each of
      which set inputs E00 and E01 are connected. As long as the limit switch
      130 is not closed at the input A5, the control mechanism switches back in
      step 4 to the step 1. If the limit switch 130 is closed, the signal at A5
      is faster than the time delayed signal at A4; the sequence thus continues.
PAR  In step 5 the decision is made which is dependent upon the condition of the
      switches b1 and b2, each lying at an input of an AND-gate 131, 132. The
      respective other inputs of these AND-gates are connected to the output A5.
      To the outputs of the AND-gates are connected the vertical lines 133, 134
      of the matrix.
PAR  If the switch b1 is closed, then the binary counter is placed on the step 6
      through the corresponding horizontal lines and the set inputs E02 plus
      E04. The signal which comes from A6 turns on an electromagnetic coupling
      136 through the corresponding diode and the corresponding vertical lines
      and through an amplifier 135. The sequence then continues in a suitable
      manner through step 7 to step 8, where through the setting input E00 the
      sequence control system is set to "0," namely is switched back to the
      initial condition.
PAR  If the switch b2 is closed, then through the corresponding diodes and
      vertical lines the set inputs E01 plus E08 are energized, the control
      system switches on electromagnetic valve 137 and a contactor 138, starting
      from the output A 9 through the corresponding diodes and vertical lines
      and through amplifiers. In step 10, the sequence control system is
      returned again into the initial condition, starting from A10 through the
      set input E00.
PAR  The sequence control systems and the diode matrix are individually or in
      combination advantageously arranged in boxes 139 (FIG. 1) or 139' (FIGS. 2
      and 4) or drawers or the like. The connection can then take place by
      simple multiple contact plugs. In this manner it is possible in a simple
      and clearly understandable manner to provide easily interchangeable and
      extensive sequence controls.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed above for illustrative purposes, it will be understood that
      variations or modifications thereof which lie within the scope of the
      appended claims are fully contemplated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An electronic sequence control system for controlling a given sequence
      of operation, comprising:
PA1  a binary counter having a plurality of output terminals, an input terminal
      and setting input terminal;
PA1  a decoder having a plurality of input terminals electrically connected to
      said output terminals of said binary counter and a plurality of output
      terminals, said plurality of output terminals being connected to selected
      components in said operation to effect the performance of a desired task
      in said sequence of operation;
PA1  a multiplexer having a plurality of first input terminals electrically
      connected to said output terminals of said binary counter, a plurality of
      second input terminals having electrical signals applied thereto in
      response to functions performed during said desired task, and a single
      output terminal, selected ones of said first input terminals controlling
      selected ones of said second input terminals to control which signal is to
      appear at said single output terminal; and
PA1  an AND-gate having two input terminals and a single output terminal, one of
      said input terminals to said AND-gate being electrically connected to said
      single output terminal of said multiplexer, the other input terminal being
      connected to a pulse generator so that said AND-gate will supply a signal
      to said output terminal thereof only when a signal is present on both of
      said input terminals thereof, said output terminal of said AND-gate being
      connected to said input terminal to said binary counter to effect an
      advancement of said binary counter to the next level.
NUM  2.
PAR  2. A control system according to claim 1, wherein said pulse generator is a
      rectangular wave generator.
NUM  3.
PAR  3. A control system according to claim 1, wherein between said multiplexer
      and said AND-gate there is a timing device having two AND-input terminals,
      one input being energized by signals appearing at said single output
      terminal of said multiplexer, the other input being connected to said
      setting input terminal and energized by a set input signal to said binary
      counter for setting of the binary counter to a desired level, the output
      of said timing device being connected to said one input of said AND-gate.
NUM  4.
PAR  4. A control system according to claim 1, wherein set input signals are
      selectively supplied to said setting input terminal of said binary
      counter.
NUM  5.
PAR  5. A control system according to claim 4, wherein at least one output
      signal indicative of the performance of said desired task is connected to
      said set input terminal of said binary counter.
NUM  6.
PAR  6. A control system according to claim 5, wherein a plurality of set input
      terminals are provided to said binary counter and are electrically
      connected to at least one output terminal of said decoder, said electrical
      connection including a diode between each of said plurality of set input
      terminals and said output terminal of said decoder.
NUM  7.
PAR  7. A control system according to claim 4, wherein said plurality of output
      terminals of said decoder are electrically connected to a diode matrix.
PATN
WKU  039449815
SRC  5
APN  5049830
APT  1
ART  234
APD  19740910
TTL  Electrical wiring system
ISD  19760316
NCL  6
ECL  1
EXP  Pitts; Harold I.
NDR  8
NFG  8
INVT
NAM  Akita; Shigeyuki
CTY  Okazaki
CNT  JA
INVT
NAM  Ito; Osamu
CTY  Toyota
CNT  JA
ASSG
NAM  Nippondenso Co., Ltd.
CTY  Kariya
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730914
APN  48-104430
CLAS
OCL  340147R
XCL  340310R
XCL  340310A
EDF  2
ICL  H04Q 1100
FSC  340
FSS  147 SY;310 R;310 A;147 CN;147 R
UREF
PNO  3541552
ISD  19701100
NAM  Carlson
OCL  340147SY
UREF
PNO  3828313
ISD  19740800
NAM  Schull
OCL  340147SY
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  An electrical wiring system in which a plurality of automobile electrical
      devices and instruction switches for oeprating the electrical devices are
      interconnected through a single signal line. The transmission of command
      signals from an instruction unit to the plurality of electrical devices is
      performed on a time-division multiplex signal transmission basis, and
      synchronizing high frequency pulse signals and command pulse signals are
      superposed to form a multiplexed signal so that the signal transmission is
      accomplished through the single signal line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to electrical wiring systems and more
      particularly to an electrical wiring system in which a plurality of
      automobile electrical devices and instruction switches for operating the
      electrical devices are interconnected through two power supply lines and a
      single signal line.
PAR  2. Description of the Prior Art
PAR  In conventional electrical wiring systems for automobiles, as many separate
      electrical wires as there are loads or electrical devices are required to
      transmit power between the electrical devices and the associated
      instruction switches. Consequently, a large number of heavy power
      transmission wires must be used thus not only increasing the cost of
      wiring an automobile, but also increasing the volume of the wires and
      making it difficult to wire up the various electrical devices in the
      limited space of the automobile. Another disadvantage is the increased
      probability of causing short circuits between the electrical devices and
      the vehicle body.
PAC  SUMMARY OF THE INVENTION
PAR  With a view to overcoming the foregoing difficulties, it is the object of
      the present invention to provide an electrical wiring system wherein the
      transmission of actuating command signals from an instruction unit to a
      plurality of loads associated with the instruction unit is performed on
      the basis of a time-sharing multiplex signal transmission method.
      Sychronizing high frequency pulse signals and command pulses for the above
      commands are superposed in a multiplexed signal, whereby the signal
      transmission is accomplished by means of a single signal line in addition
      to two power supply lines, and whereby all the signal processing can be
      accomplished by means of a single code. This prevents the loads from being
      operated erroneously by various noises and simplifies the wiring
      operation.
PAR  The system provided according to the present invention has among its great
      advantages the fact that since the transmission of signals can be
      accomplished with only a single signal line in addition to two power
      supply lines, and since a plurality of loads can be selectively operated
      as desired in accordance with the commands from an instruction unit, the
      required wiring design for transmitting the signals to the loads as well
      as the wiring operation, can be simplified. As a result, the system is
      very useful as a means of wiring automobiles where the complicated wiring
      operation must be effected in a limited space. Moreover, the fact that all
      the signal processing is effected with a single code enables the system to
      function with a high degree of stability against such disturbances as
      noise and variations of the power supply voltage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing the general construction of an electrical
      wiring system according to one embodiment of the invention.
PAR  FIG. 2 shows the voltage waveforms generated at various points in FIG. 1,
      which are useful for explaining the operation of the embodiment shown in
      FIG. 1.
PAR  FIG. 3 is a wiring diagram showing the detailed circuit constructions of
      the oscillator, frequency divider and reference signal generator used in
      the embodiment of FIG. 1.
PAR  FIG. 4 is a wiring diagram showing the detailed circuit constructions of
      the timing signal generator, synchronous signal generator and address
      signal generator used in the embodiment of FIG. 1.
PAR  FIG. 5 is a diagram showing the voltage waveforms which are useful for
      explaining the operation of the address signal generator shown in FIG. 4.
PAR  FIG. 6 is a wiring diagram showing the detailed circuit construction of the
      transmitter used in the embodiment of FIG. 1.
PAR  FIG. 7 is a wiring diagram showing the detailed circuit construction of the
      receiver used in the embodiment of FIG. 1.
PAR  FIG. 8 is a block diagram showing another embodiment of the present
      invention in which a plurality of blocks are interconnected.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will now be described with reference to the
      illustrated embodiment. Referring first to the block diagram of FIG. 1
      showing the general constructinn of the system of this invention, the
      computer of a block A (hereinafter referred to as a local A) and the
      computer of a block B (hereinafter referred to as a local B) are supplied
      with power from a battery C through power supply lines l.sub.1 and
      l.sub.2, and the transmission of signals is effected through a single
      signal line l.sub.3. Symbols S.sub.A and S.sub.B designate instruction
      units respectively comprising normally-closed switches S.sub.A1 through
      S.sub.A9 and S.sub.B1 through S.sub.B9 which are provided to associate
      with the corresponding electrical devices. Symbols L.sub.A and L.sub.B
      designate load groups respectively shown in the form of output terminals
      L.sub.A1 through L.sub.A9 and L.sub.B1 through L.sub.B9 which actuate the
      loads or electrical devices corresponding to the switches S.sub.A1 through
      S.sub.A9 and S.sub.B1 and S.sub.B9, respectively.
PAR  In the local A, numeral 1 designates an oscillator constituting a constant
      frequency source which may for example be oscillated at a constant
      frequency of 32 KHz to generate output pulse signals. Numeral 2 designates
      a frequency divider for dividing the frequency of the output pulse signal
      of the oscillator 1, 3 a reference signal generator for generating a
      reference signal whose period corresponds to a plurality of cycles of the
      frequency divided signal divided by the frequency divider 2 and which has
      the high frequency pulses from the oscillator 1 superposed in the initial
      first cycle, 4 a timing signal generator for generating, from the
      oscillator output pulse signal and the reference signal, a signal which is
      distributed to allot the respective electrical devices and the associated
      normally-closed switches to the time-shared addresses (hereinafter
      referred to as timing signals), 5 a synchronous signal generator for
      generating signals which synchronize the transmission of signals in the
      locals A and B (hereinafter referred to as synchronous signals), 6 an
      address signal generator for generating, from the timing signals, address
      signals which designate the addresses of the respective electrical devices
      and the normally-closed switches in the corresponding cycles of the
      frequency divided signal, 7 a transmitter for generating, from the address
      signals and signals generated by the opening of selected one of the
      normally-closed switches S.sub.A1 through S.sub.A9 in the instruction unit
      S.sub.A, a signal having command pulses superposed in the cycles
      corresponding to the designated addresses to actuate the electrical
      devices associated with the opened switches (hereinafter referred to as a
      multiplexed signal), 8 a receiver for actuating the electrical devices
      selectively designated by the address signals and the multiplexed signal.
PAR  The frequency divider 2 and the reference signal generator 3 constitute a
      reference signal generating circuit, and the timing signal generator 4,
      synchronous signal generator 5 and address signal generator 6 constitute
      an address designating circuit. In the local B which is identical in
      construction with the above-described local A except for the reference
      signal generator 3, numeral 1B designates an oscillator, 2B a frequency
      divider, 4B a timing signal generator, 5B a synchronous signal generator,
      6B an address signal generator, 7B a transmitter, 8B a receiver.
PAR  The detailed construction and operation of the above-described embodiment
      will now be described with reference to the voltage waveforms shown in
      FIG. 2. Referring first to FIG. 3, there is illustrated a wiring diagram
      of the circuit for generating a reference signal. In FIG. 3, the
      oscillator 1 comprises a resistor 1a, a crystal resonator 1b and inverting
      gates 1c and 1d, and it generates the output pulse signal shown at 201 in
      FIG. 2 at the output of the inverting gate 1d. The oscillator output pulse
      signal 201 is applied to the frequency divider 2 where the signal is
      subjected to the frequency divisions of 1/2, 1/4, 1/8, . . . , 1/512,
      1/1024 and 1/2048 by a cascade circuit of eleven flip-flops F/F-1, F/F-2,
      . . . , F/F-11. The output signals of the fifth stage, sixth stage,
      seventh stage, eighth stage, ninth stage, 10th stage and 11th stage
      flip-flops, i.e., F/F-5 through F/F-11 in the frequency divider 2 are
      applied to a NAND gate 3a in the reference signal generator 3, and the
      output of the NAND gate 3a is inverted by an inverting gate 3b to produce
      the signal shown at 202 in FIG. 2. The signals shown respectively at 201
      and 202 in FIG. 2 are then applied to the inputs of a NAND gate 3c which
      in turn produces the output signal shown at 203 in FIG. 2. The signal 203
      is then applied to one input of a NAND gate 3d whose other input receives
      the output of the 4th stage F/F-4 in the frequency divider 2 or the
      frequency divided signal shown at 204 in FIG. 2. Consequently, the NAND
      gate 3d produces at its output a signal representing the logical product
      of the signal 203 and the signal 204. The signal is inverted by an
      inverting gate 3e and it is then applied through a resistor 3f to the base
      of a transistor 3h thus producing at an output terminal l'.sub.3 the
      reference signal shown at 205 in FIG. 2, whose period corresponds to a
      plurality of cycles of the frequency divided signal and in which the
      oscillator output pulses or high frequency pulses are superposed in the
      initial first cycle. Therefore, by connecting the output terminal l'.sub.3
      to the signal line l.sub.3 shown in FIG. 1, the reference signal 205 may
      be transmitted to the other local.
PAR  Next, the address designating circuit shown in FIG. 4 will be described.
      The output pulse signal 201 of the oscillator 1 is delivered from a
      terminal Q.sub.o of FIG. 3 to a terminal Q.sub.o in FIG. 4. The output
      signal of the 1st stage F/F-1 in the frequency divider 2 of FIG. 3 is
      delivered from a terminal Q.sub.1 of FIG. 3 to a terminal Q.sub.1 of FIG.
      4. Similarly, the output signal of the 2nd stage F/F-2 in the frequency
      divider 2 is delivered from a terminal Q.sub.2 of FIG. 3 to a terminal
      Q.sub.2 in FIG. 4. Consequently, the signals applied to the terminals
      Q.sub.o, Q.sub.1 and Q.sub.2 are applied to the inputs of a NAND gate 5a
      in the synchronous signal generator 5 whose output signal is in turn
      inverted by an inverting gate 5b and the signal shown at 208 in FIG. 2 is
      thus applied to a reset terminal 5c.sub.2 in a decoding counter/driver
      circuit 5c (hereinafter referred to as a dividing circuit). The circuit
      performance characteristics of the dividing circuit 5c may be satisfied by
      the known C-MOS CD 4017 manufactured by Radio Corporation of America.
PAR  Since a terminal l'.sub.3 in FIG. 4 is connected to the signal line l.sub.3
      in FIG. 1, it receives the reference signal shown at 206 in FIG. 2. FIG.
      2-205 shows in an enlarged form the same reference signal as the one shown
      in FIG. 2-206. The reference signal 205 is included to illustrate by
      enlargement that the reference signal 206 contains in its interval a eight
      pulses of the oscillator output pulse signal 201, and the reference signal
      206 is applied to an input terminal 5c.sub.1. In this case, since the
      reset signal shown in FIG. 2-208 is applied to the reset terminal
      5c.sub.2, the dividing circuit 5c is permitted to count more than four
      pulses only during the interval a of the reference signal 206, and it
      generates at its output terminal 5c.sub.3 the synchronous signal shown at
      209 in FIG. 2 and representing the arrival of the four pulses. The
      synchronous signal is applied to the reset terminals of a counter 4a in
      the timing signal generator 4, dividing circuits 6a and 6b in the address
      signal generator 6 and a flip-flop 6c. The synchronous signal is also
      applied to a terminal R from which it is delivered to the receiver 8 that
      will be described later. In the timing signal generator 4, the oscillator
      output pulse signal is applied from the terminal Q.sub.O to the input of
      the counter 4a so that the logical operation is performed on the
      oscillator output pulse signal and the output signals of the respective
      flip-flops by a NAND gate 4b which in turn produces at its output the
      signal shown at 211 in FIG. 2. The signal 211 is applied to the reset
      input of an R-S flip-flop comprising NAND gates 4c and 4d and the other
      set input receives the reference signal 206 applied to the terminal
      l'.sub.3 and inverted by an inverting gate 4e, thus producing at the
      output of the NAND gate 4d the timing signal shown at 212 in FIG. 2.
PAR  Next, the address signal generator 6 which divides the timing signal 212 to
      generate address signals will be described with reference to the voltage
      waveforms shown in FIG. 5. The timing signal 212 is applied to the clock
      input of the first dividing circuit 6a so that the divided address signals
      shown at 0, 1 . . . , 9 in FIG. 5 are produced at the respective outputs
      6a-0, 6a-1, . . . , 6a-9 of the first dividing circuit 6a, and the pulse
      signal shown at 501 in FIG. 5 is generated at an output terminal 6a.sub.1
      at the rate of one pulse for every ten pulses of the timing signal 212 or
      the clock input. The pulse signal 501 is applied to the clock input of the
      second dividing circuit 6b. Consequently, in the same manner as in the
      case of the first dividing circuit 6a, the divided signals shown at 00,
      10, . . . , 90 in FIG. 5 are generated as the output signals of the second
      dividing circuit 6b. Also in a like manner as with the first dividing
      circuit 6a, one pulse is generated at an output terminal 6b.sub.1 of the
      second dividing circuit 6b for every 10 pulses of the applied clock input
      signal 501, and this output pulse signal 511 is then applied to the clock
      input of the flip-flop 6c to generate at its output terminals 6c-000 and
      6c-100 the signals shown at 000 and 100 in FIG. 5. By the operation
      described so far, the first place digit of the address signal is produced
      by the first dividing circuit 6a, the second place digit by the second
      dividing circuit 6b and the third place digit by the flip-flop 6c.
      Accordingly, the designation of addresses is accomplished in the following
      manner. For instance, when it is desired to produce the signal
      representing the address 2, it may be obtained by producing the logical
      product of the signals appearing at the terminals 6a-2, 6b-00 and 6c-000,
      whereas the signal representing the address 23 may be obtained by
      producing the logical product of the signals appearing at the terminals
      6a-3, 6b-20 and 6c-000. In a like manner, the signal representing the
      address 112 may be obtained by producing the logical product of the
      signals appearing at the terminals 6a-2, 6b-10 and 6c-100.
PAR  The transmitter 8 which transmits, in accordance with the above-described
      address designation, the command signals for actuating the respective
      electrical devices will now be described. Referring to FIG. 6, the
      normally-closed switches S.sub.A1 through S.sub.A9 are the same as the
      normally-closed switches S.sub.A1 through S.sub.A9 shown in FIG. 1, and
      these switches produce instructions for actuating the various electrical
      devices and are provided to associate with the corresponding electrical
      devices. Assuming now that the switch S.sub.A1 corresponds to the address
      2, the signal representing the address 2 is obtained by connecting the
      terminal 6a-2 of FIG. 4 to a terminal 611 in FIG. 6, the terminal 6b-00 of
      FIG. 4 to a terminal 612 in FIG. 6 and the terminal 6c-000 of FIG. 4 to a
      terminal 613 in FIG. 6. In other words, when the switch S.sub.A1 is open
      and the signals appearing at the terminals 611, 612 and 613 simultaneously
      go to a 1 level, the signal shown at 213 in FIG. 2 and having a 0 level in
      the address 2 is produced at the output of a NAND gate 7a.sub.1. The
      signal 213 is applied to one input of a NOR gate 7a.sub.2, while the
      output signal of the 2nd stage flip-flop F/F-2 in the frequency divider 2
      of FIG. 3 (FIG. 2-207) is applied to the other input of the NOR gate
      7a.sub.2 after it has been delivered to the terminal Q.sub.2 in FIG. 6 and
      inverted by an inverting gate 7m. Consequently, the signal shown at 215 in
      FIG. 2 appears at the output of the NOR gate 7a.sub.2 only in the address
      2.
PAR  On the other hand, if the switch S.sub.A2 corresponds to the address 83,
      then the signal representing the address 83 is obtained by connecting the
      terminal 6a-3 of FIG. 4 to a terminal 621 in FIG. 6, the terminal 6b-80 of
      FIG. 4 to a terminal 622 in FIG. 6 and the terminal 6c-000 of FIG. 4 to a
      terminal 623 shown in FIG. 6. In other words, when the switch S.sub.A2 is
      open and the signals appearing at the terminals 621, 622 and 623
      simultaneously go to the 1 level, the signal shown at 214 in FIG. 2 and
      having the 0 level in the address 83 appears at the output of a NAND gate
      7b.sub.1. The output signal of the NAND gate 7b.sub.1 is applied to one
      input of a NOR gate 7b.sub.2 and the inverted signal of the signal 207 of
      FIG. 2 is applied to the other input of the NOR gate 7b.sub.2.
      Consequently, the signal shown at 215 in FIG. 2 appears at the output of
      the NOR gate 7b.sub.2 only in the address 83. In this way, the addresses
      for other switches may be designated by suitably selecting and connecting
      the output terminals of the address signal generator 6 shown in FIG. 4.
      All of the signals thus produced are combined by a NOR gate 7k and
      inverted by an inverting gate 7l. The output signal of the inverting gate
      7l has the waveform shown at 215 in FIG. 2 and it drives a transistor 7n
      through a resistor R.sub.O. As a result, in accordance with the address
      designation, the corresponding command pulses are superposed at a terminal
      l'.sub.3 of FIG. 6 which is connected to the signal line l.sub.3 in FIG.
      1, and these command pulses appear in the addresses 2 and 83 as shown in
      FIG. 2-210. In FIG. 6, a block T designates a transmitting unit and a
      plurality of transmitting units of the same construction are connected in
      parallel. The function of signal transmission from the local A has been
      described so far.
PAR  The transmission of signals from the local B will now be described. In FIG.
      1, the construction of the local B is identical with the local A except
      that it does not include the reference signal generator 3. Numeral 1B
      designates an oscillator which oscillates at the same frequency as the
      oscillator 1 in the local A to produce an output pulse signal. Numeral 2B
      designates a frequency divider, 4B a timing signal generator, 5B a
      synchronous signal generator, 6B an address signal generator, 7B a
      transmitter, 8B a receiver. The oscillator 1B in the local B is rarely
      operated in synchronism with the oscillator 1 in the local A upon closing
      of the power supply circuit. Therefore, in the local B, as shown at 208'
      in FIG. 2, the phase of the output signal corresponding to the output
      signal of the inverting gate 5b of the synchronous signal generator 5 in
      FIG. 4 is shifted with respect to that of the corresponding signal
      generated in the local A and shown at 208 in FIG. 2. Consequently, as
      shown at 209' in FIG. 2, the synchronous signal also differs in phase with
      the corresponding signal generated in the local A. However, since at least
      one pulse of the synchronous signal appears only in the interval a of the
      reference signal 206 shown in FIG. 2, the locals A and B always operate in
      synchronism with each other. The output signal of the timing signal
      generator 4B in the local B which corresponds to the output signal of the
      NAND gate 4b has the waveform shown at 211' in FIG. 2, and the timing
      signal corresponding to the output signal of the NAND gate 4d has the
      waveform shown at 212' in FIG. 2. While the pulse width of the timing
      signal 212' differs from that of the timing signal 212 generated in the
      local A, the duration of the period is the same so that the address
      signals generated by the address signal generator 6B in the local B and
      those generated by the address signal generator 6 in the local A are in
      synchronism without any phase difference.
PAR  Assuming now that the address 4 is allotted to the switch S.sub.B1 of the
      switches S.sub.B1, S.sub.B2, . . . , S.sub.B9 which are provided in the
      local B to associate with the corresponding electrical devices, by making
      the necessary connections as required for the previously described address
      designation in the local A, the same operation as in the case of the local
      A takes place, with the result that the signal shown at 216 in FIG. 2
      appears at the output corresponding to the output of the NAND gate
      7a.sub.1 and the signal shown at 217 in FIG. 2 is generated at the output
      corresponding to the output of the inverting gate 7e. Consequently, as
      shown in FIG. 2-210, a signal appears in the reference signal which is
      indicative of the superposition of the command signal in the address 4.
      While the signal appearing in the address 4 has the waveform different
      from that of the signals superposed in the addresses 2 and 83 by the local
      A, no command signals other than those consisting of two or three pulses
      appear in any address, even there is any phase shift between the output
      pulse signals from the oscillators. The other switches in the local B can
      send their signals by suitably selecting and connecting the output
      terminals of the address signal generator 6B in a similar manner as in the
      case of the switch S.sub.B1. The function of signal transmission from the
      local B has been described so far.
PAR  Next, the construction and operation of the receiver 8 for receiving the
      multiplexed signal transmitted thereto in the manner described above will
      be set forth. FIG. 7 illustrates a wiring diagram of the receiver 8 in the
      local A. In FIG. 7, a terminal l'.sub.3 is connected to the signal line
      l.sub.3 in FIG. 1, and the multiplexed signal (FIG. 2-210) comprising the
      reference signal with the command pulses superposed thereon is delivered
      to the terminal l'.sub.3.
PAR  The multiplexed signal 210 delivered to the terminal l'.sub.3 is applied to
      the input of a flip-flop 8l which is reset by the timing signal 211
      generated at the output of the timing signal generator 4, i.e., the output
      of the NAND gate 4b in FIG. 4. Consequently, the signal generated at a Q
      output of the flip-flop 8l and the multiplexed signal 210 are applied to a
      NAND gate 8o to determine whether each of the addresses contains two or
      more pulses.
PAR  In other words, the number of pulses superposed in each of the addresses of
      the multiplexed signal shown at 210 in FIG. 2 is counted to determine
      which of the addresses contains the command pulses. If the multiplexed
      signal contains the command pulses in the addresses 2, 4 and 83 as shown
      in FIG. 2-210, the signal shown at 219 in FIG. 2 is generated at the
      output of an inverting gate 8p and this signal has the 1 level in the
      addresses containing the command pulses and in the interval a of FIG.
      2-210 containing more than two pulses. The signal 219 is applied to one
      inputs of NAND gates 8a.sub.1, 8b.sub.1, . . . , 8h.sub.1 and 8i.sub.1 in
      FIG. 7. In this case, by connecting the terminal 6a-4 of FIG. 4 to a
      terminal 711 in FIG. 7, the terminal 6b-00 of FIG. 4 to a terminal 712 in
      FIG. 7 and the terminal 6c-000 of FIG. 4 to a terminal 713 in FIG. 7, the
      NAND gate 8a.sub.1 receives the signal appearing in the address 4, and
      thus a signal having the 0 level only in the address 4 as shown at 221 in
      FIG. 2 is generated at the output of the NAND gate 8a.sub.1. The signal
      221 is applied to the set input of a first memory circuit comprising NAND
      gates 8a.sub.2 and 8a.sub.3. On the other hand, the signal shown at 209 in
      FIG. 2 has been applied to the reset input of the first memory circuit
      through a terminal R thus resetting it to the initial state. Consequently,
      the application of the output signal of the NAND gate 8a.sub.1 (FIG.
      2-221) causes the output of the NAND gate 8a.sub.2 to change from the 0
      level to the 1 level and the output of the NAND gate 8a.sub.3 to change
      from the 1 level to the 0 level. The output signals of the NAND gates
      8a.sub.2 and 8a.sub.3 are respectively applied to one inputs of NAND gates
      8a.sub.4 and 8a.sub.5, and the memory signal shown at 223 in FIG. 2 is
      applied to the other inputs of the NAND gates 8a.sub.4 and 8a.sub.5. This
      memory signal is produced by connecting the terminals 6a-7, 6b-20 and
      6c-100 of FIG. 4 respectively to terminals 7a-7, 7b-20 and 7c-100 of FIG.
      7 so that a signal having the 0 level in the address 127 is generated at
      the output of a NAND gate 8m and the signal is inverted by an inverting
      gate 8n to produce the signal shown at 223 in FIG. 2. The memory signal
      223 opens the NAND gates 8a.sub.4 and 8a.sub.5 so that the output of the
      NAND gate 8a.sub.4 goes to the 0 level and the output of the NAND gate
      8a.sub.5 goes to the 1 level. The signals are then applied to a second
      memory circuit comprising NAND gates 8a.sub.6 and 8a.sub.7, with the
      result that the output of the NAND gate 8a.sub.7 goes to the 0 level and
      it is then inverted by an inverting gate 8a.sub.9 to produce a 1 level
      signal at a terminal 701. The signal thus produced is used to actuate a
      transistor, relay or the like, and in this way the respective electrical
      devices are actuated in accordance with the instructions from the
      associated switches. In FIG. 7, a block U designates a receiving unit, and
      a plurality of receiving units of the same construction are connected in
      parallel. The other receiving units can receive the signals superposed on
      the corresponding addresses by suitably selecting and connecting the
      output terminals of the address signal generator 6 in the manner as
      described above. The reception of the signals in the local B is the same
      as the above-described reception of the signals in the local A, and
      therefore it will not be described.
PAR  While, the present invention has been described with reference to an
      illustrative embodiment thereof, it is not intended to be limited to the
      details shown, since numerous other modifications and embodiments may be
      made without departing in any way from the scope and spirit of the present
      invention. For example, the number of locals is not limited to two, and n
      locals each serving the same function as the local B may be interconnected
      by means of two power supply lines and a single signal line as shown in
      FIG. 8. Further, while, in the illustrated embodiment, the number of
      addresses is 126, i.e., the transmission and reception of 126 instructions
      is possible, it is possible to transmit and receive more than 126
      instructions by increasing the number of stages in the frequency divider
      2.
PAR  Furthermore, while, in the illustrated embodiment, only 9 kinds of signal
      transmission and reception is possible from each local, it is possible to
      accomplish n kinds of signal transmission and reception by increasing the
      number of the transmitting units and the receiving units respectively to
      n. Moreover, while, in the illustrated embodiment, the synchronous signal
      and the command signals on the reference signals are distinguished from
      each other, i.e., the former consists of eight pulses and the latter
      consists of two or three pulses, the numbers of pulses may be selected as
      desired provided that the signals are distinguishable from each other.
      Further, the switches in the instruction units S.sub.A and S.sub.B may be
      of the normally-open type, and also they may be of the manually operable
      type or of the type which is opened and closed by automatically sensing
      any given operating conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical wiring system comprising:
PA1  a first circuit including;
PA1  a first oscillator for generating an oscillation pulse signal having a
      fixed frequency,
PA1  a reference signal generating circuit responsive to said oscillator for
      dividing the frequency of an output signal of said oscillator and for
      generating a reference signal, said reference signal having a
      predetermined period equal to a plurality of cycles of said divided signal
      and having a group of high frequency pulses at a reference time interval
      in said predetermined period for effecting timing,
PA1  a first address designating circuit responsive to said reference signal
      generating circuit for generating a first set of address signals, said
      first address designating circuit being operable in synchronization with
      said high frequency pulses in said reference signal and generating said
      first set of address signals for designating a plurality of addresses by
      time division of said predetermined period of said reference signal
      subsequent to the time of synchronization into a plurality of addresses,
      and
PA1  a transmitter logic circuit connected to said first address designating
      circuit, said reference signal generator and an instruction unit for
      generating multiplex signal, said transmitter logic circuit being operable
      to perform a logic processing of said first set of address signals and a
      command signal from said instruction unit to produce a series signals
      containing a series of command pulses separated from each other in respect
      to time and being operable to produce said multiplex signal by combining
      said series signal and said reference signal;
PA1  a single signal line connected to said transmitter logic circuit of said
      first circuit for transmitting said multiplex signal from said transmitter
      logic circuit; and
PA1  a second circuit including;
PA1  a second address designating circuit connected to said single signal line
      for generating a second set of address signals, said second address
      designating circuit being operable in synchronization with said high
      frequency pulses of said reference signal contained in said multiplex
      signal and generating said second set of address signals for designating
      addresses respectively by time division of said predetermined period of
      said reference signal subsequent to the time of synchronization into the
      same number of addresses as in said first address designating circuit, and
PA1  a receiver logic circuit connected to said single signal line and said
      second address designating circuit for controlling the actuation of each
      load corresponding to said command signal through a logic processing of
      said second set of address signals and said multiplex signal.
NUM  2.
PAR  2. An electrical wiring system according to claim 1, wherein said reference
      signal generating circuit comprises a frequency divider circuit for
      dividing the frequency of said oscillation pulse signal of said first
      oscillator, and gate means for passing said oscillation pulse signal
      during said reference time interval in said predetermined period through a
      logic processing of an output of said frequency divider circuit and said
      oscillation pulse signal.
NUM  3.
PAR  3. An electrical wiring system according to claim 1, wherein said first
      address designating circuit comprises
PA1  a synchronous signal generator for producing a timing pulse, said
      synchronous signal generator being operable to repeat a count operation at
      predetermined intervals, each of said predetermined intervals being
      shorter than the period of said group of high frequency pulses in said
      reference signal, and being adapted to generate said timing pulse when a
      count value becomes to a predetermined value, and
PA1  means for generating said first set of address signals, said means being
      adapted to be reset by said timing pulse from said synchronous signal
      generator and to perform time division subsequent to the time of reset
      thereby to produce said first set of address signals each representing a
      corresponding address.
NUM  4.
PAR  4. An electrical wiring system according to claim 1, wherein said
      transmitter logic circuit comprises a plurality of logic gates for
      superposing on each of said series of command pulses a low frequency pulse
      having a lower frequency than said high frequency pulses.
NUM  5.
PAR  5. An electrical wiring system according to claim 1, wherein said first
      circuit further includes a second receiver logic circuit of the same
      structure as said receiver logic circuit in said second circuit, and said
      second circuit further includes a second transmitter logic circuit of the
      same structure as said transmitter logic circuit in said first circuit and
      a second oscillator of the same structure as said first oscillator, and
PA1  wherein said transmitter logic circuit in said first circuit and said
      receiver logic circuit of said second circuit constitute a first system
      for controlling the actuation of a first group of loads, and a plurality
      of addresses of a first region are assigned to said first system, and
PA1  said second transmitter logic circuit in said second circuit and said
      second receiver logic circuit constitute a second system for controlling
      the actuation of a second group of loads, and a plurality of addresses of
      a second region are assigned to said second system,
PA1  whereby two-way transmission between said first circuit and said second
      circuit is performed through said single signal line.
NUM  6.
PAR  6. An electrical wiring system comprising:
PA1  a first circuit including;
PA1  a first oscillator for generating an oscillation pulse signal having a
      fixed frequency,
PA1  a reference signal generating circuit responsive to said oscillator for
      dividing the frequency of an output signal of said oscillator and for
      generating a reference signal, said reference signal having a
      predetermined period equal to a plurality of cycles of said divided signal
      and having a group of high frequency pulses at a reference time interval
      in said predetermined period for effecting timing,
PA1  a first address designating circuit responsive to said reference signal
      generating circuit for generating a first set of address signals, said
      first address designating circuit being operable in synchronization with
      said high frequency pulses in said reference signal and generating said
      first set of address signals for designating a plurality of addresses by
      time division of said predetermined period of said reference signal
      subsequent to the time of synchronization into a plurality of addresses,
      and
PA1  a transmitter logic circuit connected to said first address designating
      circuit, said reference signal generator and an instruction unit for
      generating multiplex signal, said transmitter logic circuit being operable
      to perform a logic processing of said first set of address signals and a
      command signal from said instruction unit to produce a series signals
      containing a series of command pulses separated from each other in respect
      to time and being operable to produce said multiplex signal by combining
      said series signal and said reference signal;
PA1  a single signal line connected to said transmitter logic circuit of said
      first circuit for transmitting said multiplex signal from said transmitter
      logic circuit; and
PA1  a second circuit including;
PA1  a second oscillator for generating an oscillation pulse signal having the
      same fixed frequency as said first oscillator,
PA1  a second address designating circuit connected to said second oscillator
      and said single signal line for generating a second set of address
      signals, said second address designating circuit being operable in
      synchronication with said high frequency pulses of said reference signal
      contained in said multiplex signal and generating said second set of
      address signals for designating addresses respectively by time division of
      said predetermined period of said reference signal subsequent to the time
      of synchronization into the same number of addresses as in said first
      address designating circuit,
PA1  a first receiver logic circuit connected to said single signal line and
      said second address designating circuit for controlling the actuation of
      each load corresponding to said command signal through a logic processing
      of said second set of address signals of a first region and said multiplex
      signal; and
PA1  a third circuit including;
PA1  a third oscillator for generating an oscillation pulse signal having the
      same fixed frequency as said first oscillator,
PA1  a third address designating circuit connected to said third oscillator and
      said single signal line for generating a third set of address signals,
      said third address designating circuit being operable in synchronization
      with said high frequency pulses of said reference signal contained in said
      multiplex signal and generating said third set of address signals for
      designating addresses by time division subsequent to the time of
      synchronization into the same number of addresses as in said first address
      designating circuit, and
PA1  a second receiver logic circuit connected to said single signal line and
      said third address designating circuit for controlling the actuation of
      each load corresponding to said command signal through a logic processing
      of said third set of address signals of a second region and said multiplex
      signal.
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ABST
PAL  A remote control system for selectively controlling plural functions of
      electric apparatus comprising a combination of an improved transmitter for
      generating a command signal of a single frequency which is transmitted
      intermittently for a plurality of intervals of time, the length of each of
      which is determined in response to selection of one of the plural
      functions, and a receiver for receiving the command signal and producing a
      control signal for controlling the selected function in response to the
      length of each of the intervals and to the number of the intervals of the
      received command signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention relates generally to a system for remotely controlling, for
      example, a television receiver, and more particularly to a combination of
      an improved transmitter for transmitting a remote control signal and an
      improved receiver for receiving the remote control signal adapted to
      control, for example, a television receiver.
PAR  2. Description of the Prior Art
PAR  In the art, when a plurality of functions such as ON and OFF operation of
      an electric power source for a television receiver, its volume adjustment,
      channel selection and so on are remotely controlled, a plurality of
      supersonic remote control signals with different frequencies are generally
      used, in which the frequencies of the remote control signals are made to
      correspond with control commands. In such a prior art remote contol
      system, due to the limit or restriction of frequency characteristics of a
      converting system which converts a supersonic wave transmitted as a
      control signal into an electric signal, various kinds of control commands
      can not be transmitted and received. Further, if a number of frequencies
      are used in a limited frequency range so as to transmit and receive a
      number of control commands, distances between the frequencies are narrowed
      and hence there may be a fear that an error operation or misoperation is
      caused.
PAR  To avoid such an error operation, it is desired that, in the remote control
      system, a transmitted control signal is made to have a single frequency
      and to be an intermittent signal as a pulse to discriminate the control
      command by the pulse width or the number of the pulses. Such a type of a
      remote control system is already proposed now. However, when a pulse
      signal with a predetermined number or pulse width is transmitted for an
      instrument such as a television receiver, which is to be controlled, to
      achieve a predetermined operation, if the number of pulses or the pulse
      width deviate from the predetermined conditions by, for example, a loose
      contact of a switch, the misoperation of a transmitter, the affect of a
      reflected wave and so on, there may be a fear that a misoperation is
      caused.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved remote
      control system in which the above mentioned disadvantages inherent in the
      prior art systems are avoided.
PAR  Another object of the present invention is to provide an improved remote
      control system using a control signal of a single frequency for
      transmitting a plurality of control commands without causing any
      misoperation.
PAR  In this invention, a signal of a predetermined frequency is transmitted
      intermittently, from a remote control transmitter, with a unit period
      representing the type of control commands desired and, in a remote control
      receiver, the control operation is performed only when a predetermined
      number of the unit periods of the transmitted signal are received, thereby
      to avoid the misoperation.
PAR  Other objects, features and advantages of the present invention will be
      apparent from the following description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram showing a fundamental structure of the
      remote control system according to the present invention.
PAR  FIGS. 2A- 2E are schematic waveform diagrams used for the explanation of a
      fundamental operation of the remote control system according to the
      present invention.
PAR  FIG. 3 is a schematic circuit connection showing one embodiment of the
      remote control transmitter according to the present invention.
PAR  FIG. 4 is a schematic block diagram showing one embodiment of the remote
      control receiver according to the present invention.
PAR  FIGS. 5A- 5K are schematic timecharts used for the explanation of the
      operation of the remote control system comprising the transmitter and the
      receiver shown in FIGS. 3 and 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Firstly, the theory of the present invention will be now described which is
      used to remotely control a television receiver, as an example, with
      reference to FIGS. 1 and 2A to 2E.
PAR  In FIG. 1, reference numeral 1 indicates a microphone for receiving a
      supersonic wave which converts the received supersonic wave into an
      electric signal or remote control signal and then applies the electric
      signal to a band pass amplifier 2 which amplifies the received remote
      control signal and has a frequency characteristic to pass therethrough a
      remote control signal component with a frequency of, for example,
      40KH.sub.Z only. The signal from the bandpass amplifier 2 is fed to a
      detector circuit 3 to be detected. As a remote control signal, there are,
      for example, four kinds each of which is a signal with a frequency of
      40KH.sub.Z and transmitted intermittently. A remote control signal for
      decreasing the sound volume is a 40KH.sub.Z signal with a pulse width of
      15ms (milli-second) that is repeated at a interval of 5ms in its detected
      form, as shown in FIG. 2A; a remote control signal for increasing the
      sound volume is a signal with a 40KH.sub.Z pulse width of 25ms that is
      repeated at a interval of 5ms in its detected form, as showm in FIG. 2B; a
      remote control signal for channel selection is a 40KH.sub.Z signal with a
      pulse width of 35ms that is repeated at a interval of 5ms in its detected
      form, as shown in FIG. 2C; and a remote control signal for switching the
      voltage source ON and OFF is a 40KH.sub.Z signal with a pulse width of
      45ms that is repeated at a interval of 5ms in its detected form, as shown
      in FIG. 2D.
PAR  The above detected output signals from the detector circuit 3 are applied
      to a polarity inverter 29 to be polarity - inverted and then to an AND
      -circuit 4 and also to a first counter or septenary ring counter 5 as a
      clear input signal. The AND-circuit 4 is further supplied from a clock
      pulse generator 6 with a clock pulse with a repeating period of, for
      example, 10ms, as shown in FIG. 2E and the clock pulse applied to the
      AND-circuit 4 is fed to the ring counter 5. Output terminals t.sub.0 to
      t.sub.6 are led out from bits Q.sub.0 to Q.sub.6 of the ring counter 5,
      respectively. Second counters, for example, septenary counters 7 and 8 are
      connected to the output terminals t.sub.2 and t.sub.3, respectively, and
      quinary counters 9 and 10 are connected to the output terminals t.sub.4
      and t.sub.5, respectively. The output signals from the septenary counters
      7 and 8 are fed to flip-flop circuits 11 and 12 as a reset signal, while
      the output signals from the quinary counters 9 and 10 are fed to flip-flop
      circuits 13 and 14 as a set signal, respectively. Thus, the control signal
      for decreasing the sound volume is obtained at an output terminal 15
      connected to the flip-flop circuit 11; the control signal for increasing
      the sound volume is obtained at an output terminal 16 connected to the
      flip-flop circuit 12; the control signal for channel selection is obtained
      at an output terminal 17 connected to the flip-flop circuit 13; and the
      control signal for switching the power source ON and OFF is obtained at an
      output terminal 18 connected to the flip-flop circuit 14. The output
      signal obtained at the output terminal t.sub.3 of the ring counter 5 is
      applied to the septenary counter 7 as a clear signal; the output signal
      obtained at the output terminal t.sub.4 of the ring counter 5 is applied
      to the septenary counter 8 as a clear signal; and the output signal
      obtained at the output terminal t.sub.5 of the ring counter 5 is applied
      to the quinary counter 9 as a clear signal.
PAR  With the above system, when the sound volume is desired to be increased,
      the signal shown in FIG. 2B is obtained from the detector circuit 3
      through the polarity inverter 29. When the signal is low in level ("0"),
      the ring counter 5 is cleared up to make the output terminal t.sub.0 low
      in level (0) but to make the output terminals t.sub.1 -t.sub.6 high in
      level ("1"). During the time interval when the signal is 1, the clock
      pulse from the clock pulse generator 6 is applied to the ring counter 5
      through the AND-circuit 4. In this case, the ring counter 5 is triggered
      at the trailing edge of the clock pulse, so that 0 is shifted from the
      output terminal t.sub.0 to the terminals t.sub.1, t.sub.2 -  t.sub.6
      sequentially at every supply of the clock pulse. When the remote control
      signal for increasing the sound volume is received, the output signal from
      the detector circuit 3 becomes 0 at every time interval of 25ms as shown
      in FIG. 2B. Hence, the duration of the 25ms pulse interval is measured by
      effectively counting the number of clock pulses which are supplied during
      the pulse interval. Accordingly, the ring counter 5 is triggered by the
      trailing edges of three clock pulses during the time interval of 25ms with
      the result that the output terminal t.sub.3 of the ring counter 5 becomes
      0, which is counted by the septenary counter 8. Then the counted content
      of the septenary counter 8 becomes 1. In this case, the output terminal
      t.sub.2 of the ring counter 5 is made 0 at every supply of two clock
      pulses and at this time the counted content of the septenary counter 7
      becomes 1. However, when the next clock pulse is applied to the ring
      counter 5, its output terminal t.sub.3 becomes 0 and hence the septenary
      counter 7 is cleared up to produce no output signal. Similarly, at every
      time when the detected output signal with the pulse width of 25ms is
      produced, the output terminal t.sub.3 of the ring counter 5 becomes 0 and,
      in accordance therewith, the counted content of the septenary counter 8
      changes to 2, 3, 4 - 7. When the counted content of the septenary counter
      8 arrives at 7, its output signal becomes 0, by which the flip-flop
      circuit 12 is set. Thus, the output terminal 16 becomes 1 and the control
      signal for increasing the sound volume is produced at the output terminal
      16.
PAR  With the present invention described above, since a signal with a single
      frequency, for example, 40KH.sub.z is used as a transmitted remote control
      signal, various kinds of control commands can be transmitted and received
      free from the limitation or restriction caused by the frequency
      characteristic of the signal converting system and also any misoperation
      can be avoided. The effects of the present invention will be obvious from
      the following description on an embodiment of the present invention.
PAR  Firstly, a remote control signal transmitter, which produces remote control
      signals shown in FIGS. 2A, 2B, 2C and 2D, will be now described with
      reference to FIG. 3.
PAR  In FIG. 3, reference numeral 19 designates a supersonic speaker which is
      supplied with an oscillation output signal with a frequency of 40KH.sub.Z
      through a capacitor 20 and a bias voltage produced by a diode 21 and a
      capacitor 22. A transistor 23 forms an oscillator with an oscillation
      frequency of 40KH.sub.Z. A series connection of an oscillation coil 24 and
      a tuning capacitor 25 is connected between the collector and base of the
      transistor 23. The base of the transistor 23 is connected through a base
      resistor 26 to the positive electrode of a DC voltage source 27 whose
      negative electrode is grounded through switches S.sub.11 to S.sub.14 which
      are connected in parallel with one another. An astable multivibrator is
      formed of transistors 28A and 28B. The collector of the transistor 28B is
      connected to the base of the transistor 23 in the oscillator circuit
      through a diode 28D which is inserted therebetween with the polarity shown
      in FIG. 3. The astable multivibrator formed of the transistors 28A and 28B
      is a well known one in which the collectors and bases there-of are
      connected through capacitors C.sub.1  and C.sub.2, respectively. Between
      the base of the transistor 28B and the positive electrode of the DC
      voltage source 27, a parallel circuit, which consists of four series
      circuits of switches S.sub.21 to S.sub.24 and resistors R.sub.1 to R.sub.4
      connected in parallel with one another, is inserted. The switches S.sub.21
      to S.sub.24 are ganged with the switches S.sub.11 to S.sub.14,
      respectively so that, for example, the switches S.sub.11 and S.sub.21 are
      made ON together.
PAR  In order to transmit a supersonic wave from the speaker 19, the oscillator
      circuit consisting of the transistor 23 must perform its oscillation. For
      the oscillator circuit to operate, it is required that one of the switches
      S.sub.11 to S.sub.14 is made ON, a voltage is applied to the
      base-collector of the transistor 23, and the transistor 28B of the astable
      multivibrator is OFF. The time interval within which the transistor 28B is
      OFF is determined by a time constant which is determined by the capacitor
      C.sub.1 and one of the resistors R.sub.1, R.sub.2, R.sub.3 and R.sub.4.
      Accordingly, if the capacity of the capacitor C.sub.1 and the resistance
      value of the resistors R.sub.1 to R.sub.4 are selected suitably in value,
      the pulse signal shown in FIG. 2A can be produced at the collector of the
      transistor 28B when the switches S.sub.11 and S.sub.21 are made ON.
      Similarly, when the switches S.sub.12 and S.sub.22 are made ON, the pulse
      signal shown in FIG. 2B can be produced; when the switches S.sub.13 and
      S.sub.23 are made ON, the pulse signal shown in FIG. 2C can be produced;
      and when the switches S.sub.14 and S.sub.24 are made ON, the pulse signal
      shown in FIG. 2D can be produced. As a result, during the time interval
      within which the switches are made ON, an intermittent supersonic wave can
      be transmitted from the speaker 19 in response to the ON and OFF of the
      transistor 28B.
PAR  FIG. 4 shows a remote control receiver in which the present invention is
      adapted and in which the same reference numerals as those used in FIG. 1
      designate the same elements.
PAR  The remote control signal transmitted from the above mentioned transmitter
      is received by the receiving michrophone 1 whose output signal is applied
      through the band pass amplifier 2 to the detector circuit 3. With the
      embodiment of FIG. 4, the detected output signal from the detector circuit
      3 is negative and it is inversed by the inverter 29. The output signal
      from the inverter 29 is applied to the septenary ring counter 5 as a clear
      input signal and also to one input terminal of the AND-circuit 4 and to
      the clock pulse generator 6 as a control signal. That is, when the output
      signal from the inverter 29 becomes 1, the clock pulse generator 6
      produces a clock pulse which is applied to the other input terminal of the
      AND-circuit 4. The clock pulse through the AND-circuit 4 is applied to the
      septenary ring counter 5 as a clock input signal. The output signal
      delivered to the output terminal t.sub.2 of the ring counter 5 is applied
      to a binary counter 31 with three bits as a clock input signal. The output
      signal at the output terminal t.sub.3  of the ring counter 5 is applied to
      a binary counter 32 with three bits as a clock input signal; the output
      signal at the output terminal t.sub.4 of the ring counter 5 is applied to
      a binary counter 33 with three bits as a clock input signal; and the
      output signal at the output terminal t.sub.5 of the ring counter 5 is
      applied to a binary counter 34 with three bits as a clock input signal.
PAR  The binary counters 31 to 34 are constructed similarly so that when one
      clock signal is applied thereto, only their first bits Q.sub.11, Q.sub.21,
      Q.sub.31 and Q.sub.41 become 1, respectively; when two clock signals are
      applied thereto, only their second bits Q.sub.12, Q.sub.22, Q.sub.32 and
      Q.sub.42 become 1; and when three clock signals are applied thereto, their
      first and second bits become 1, or three bit output signals of 1, 2, 4 are
      produced. The binary counter 31 is cleared by the output signal from a
      NOR-circuit 41 (that is, Q.sub.11 = Q.sub.12 = Q.sub.13 = 0), and the
      binary counters 32 and 33 are cleared by the output signals from
      NOR-circuits 42 and 43, respectively. The other binary counter 34 is
      cleared by the output signal from an inverter 44 which is supplied with
      the output signal from a NAND-circuit 35. The output signal from the
      NAND-circuit 35 is also applied to the NOR-circuits 41, 42 and 43 as one
      of the input signals, and the output signals Q.sub.3, Q.sub.4 and Q.sub.5
      at the output terminals t.sub.3, t.sub.4 and t.sub.5 of the ring counter
      5, which are inverted, are applied to the NOR-circuits 41, 42 and 43 as
      other input signals, respectively. The output signal Q.sub.6 of the ring
      counter 5 is applied to the NAND-circuit 35 as one input signal and the
      output signal from a NAND-circuit 36 is applied to the NAND-circuit 35 as
      the other input signal. The NAND-circuit 36 is supplied with the output
      signal from a NAND-circuit 37 and the output signal, which has a period of
      15ms, from a astable multivibrator 38. The NAND-circuit 37 is supplied
      with the detected output signal from the detector circuit 3, which is
      inverted by the inverter 29, and with the output signal from a NOR-circuit
      39. The astable multivibrator 38 carries out its oscillation operation
      only when the output from the NAND-circuit 37 is 1.
PAR  The above description relates to the construction and operation for
      supplying the clock pulse to the ring counter 5, for clearing the ring
      counter 5, for the operation of the binary counters 31 to 34 responsive to
      the output signals from the ring counter 5, and for clearing the binary
      counters 31 to 34. In other words, the ring counter 5 is cleared when the
      output signal from the inverter 29 is 0 and triggered by the trailing edge
      of the clock pulse with a period of 10ms from the clock pulse generator 6
      through the AND-circuit 4 when the output signal from the inverter 29 is
      1. Then, the output signals Q.sub.0 to Q.sub.6 become 0 sequentially. At
      every time when the output signal, for example, Q.sub.2 of the ring
      counter 5 is 0, the output signals Q.sub.11, Q.sub.12, Q.sub.13 of the
      binary counter 31 are changed from [000] to [100] -- [111], but when the
      output signal Q.sub.3 of the ring counter 5 becomes 0, the binary counter
      31 is cleared. The other binary counters 32, 33 and 34 operate similarly.
      When the output signal from the NAND-circuit 35 becomes 1, all the binary
      counters 31, 32, 33 and 34 are cleared at the leading edge of the output
      signal of the NAND-circuit 35. The output signal from the NAND-circuit 35
      is made 1 when the output signal Q.sub.6 of the ring counter 5 becomes 0
      or that from the NAND-circuit 36 becomes 0. The output signal from the
      NAND-circuit 36 is made 0  when both the output signals from the
      NAND-circuit 37 and the astable multivibrator 38 are 1. The astable
      multivibrator 38 is controlled by the output signal from the NAND-circuit
      37 and starts its oscillation when the output signal from the NAND-circuit
      37 becomes 1. When the output signal from the NAND-circuit 37 is 0, the
      astable multivibrator 38 does not oscillate and hence supplies the output
      signal 1 to the NAND-circuit 36. The output signal from the NAND-circuit
      37 is made 1 when the detected output signal, which is inverted by the
      inverter 29, is 0 because the output signal from the NOR-circuit 39 is 1
      normally, which will be described later.
PAR  The output signals Q.sub.11, Q.sub.12 and Q.sub.13 from the binary counter
      31 are applied to a NAND-circuit 51 whose output signal is applied to the
      flip-flop circuit 11 to set the same at the trailing edge of the output
      signal from the NAND-circuit 51. Similarly, a NAND-circuit 52, which is
      supplied with the output signals Q.sub.21, Q.sub.22 and Q.sub.23 from the
      binary counter 32, applies its output signal to the flip-flop circuit 12
      to set the same at the trailing edge thereof. The output signals Q.sub.31
      and Q.sub.33 from the binary counter 33 and the inverted version Q.sub.32
      of the output signal Q.sub.32 are applied to a NAND-circuit 53 whose
      output signal is applied to the flip-flop circuit 13 to set the same at
      the trailing edge thereof. Similarly, the flip-flop circuit 14 is set at
      the trailing edge of the output signal from a NAND-circuit 54 which is
      supplied with the output signals Q.sub.41, Q.sub.42 and Q.sub.43 of the
      binary counter 34. The flip-flop circuits 11 to 14 are reset by the output
      signal from the NAND-circuit 44 at its trailing edge. Thus, the time when
      all the flip-flop circuits 11 to 14 are reset coincides with the time when
      all the binary counters 31 to 34 are cleared. When a set output terminal
      15 of the flip-flop circuit 11 is 1, such a control to decrease the sound
      volume of a television receiver is performed; when a set output terminal
      16 of the flip-flop circuit 12 is 1, such a control to increase the sound
      volume of the television receiver is performed; when a set output terminal
      17 of the flip-flop circuit 13 is 1, such a control to select the channel
      of the television receiver is carried out; and when a set output terminal
      18 of the flip-flop circuit 14 is 1, such a control to switch the power
      source ON and OFF is carried out.
PAR  In order to avoid an error operation which may occur by a certain specific
      cause now described, there are provided in the embodiment shown in FIG. 4
      a NAND-circuit 61 which is supplied with the inverted outputs from the
      binary counter 31; a NAND-circuit 62 which is supplied with the inverted
      outputs from the binary counter 32; a NAND-circuit 63 which is supplied
      with the inverted outputs from the binary counter 33; a NAND-circuit 64
      which is supplied with the inverted outputs from the binary counter 34;
      and AND-circuits 45, 46, 47, 48, 49 and 50 which are supplied with two of
      the outputs from the NAND-circuits 61 to 64 in combination. The outputs
      from the AND-circuits 45 to 50 are applied to the NOR-circuit 39. When the
      circuit is in a normal operation, all the AND-circuits 45 to 50 produce
      outputs of 0. Accordingly, the NOR-circuit 39 produces an output of 1.
PAR  The operation of the embodiment of the present invention constructed as
      above will be now described. By way of example, an operation, in which a
      normal remote control signal is transmitted from the transmitter for
      increasing the sound volume and a detected output shown in FIG. 5A is
      produced from the inverter 29 in the receiver, will be now described.
PAR  When the inverter 29 produces an output signal with a pulse width of 25ms
      and at a pause interval of 5ms, as shown in FIG. 5A, the clock pulse
      generator 6 produces a clock pulse with a period of 10ms as shown in FIG.
      5B. The clock pulse is applied through the AND-circuit 4 to the ring
      counter 5, so that the output Q.sub.0 of the ring counter 5 is made 1 as
      shown in FIG. 5C at the first trailing edge of the clock pulse, but its
      output Q.sub.1 is made 0 as shown in FIG. 5D. The output Q.sub.1 becomes 1
      at the second trailing edge of the clock pulse but the output Q.sub.2 of
      the ring counter 5 is made 0 as shown in FIG. 5E. As a result, the output
      Q.sub.11 Q.sub.12 Q.sub.13 of the binary counter 31 is made [100] as shown
      in FIG. 5G. At the third trailing edge of the clock pulse, the output
      Q.sub.2 of the ring counter 5 is made 1 and the output Q.sub.3  of the
      ring counter 5 is made 0 as shown in FIG. 5F. Since 00 the output of the
      inverter 29 becomes 0 after the output Q.sub.3 is made 0, the ring counter
      5 is cleared thereby and returns to its initial state at which only its
      output Q.sub.0 is 0. When the output Q.sub.3 is changed from 1 to 0 as
      shown in FIG. 5F the binary counter 31 is cleared through the NOR-circuit
      41 and the output Q.sub.21 Q.sub.22 Q.sub.23 of the binary counter 32
      becomes [100] as shown in FIG. 5J. At this time, the outputs of the
      NAND-circuit 51 and also the NAND-circuit 52 remain 1, the flip-flop
      circuits 11 and 12 are in the reset state, and the output terminals 15 and
      16 are both 0 as shown in FIG. 5K.
PAR  Within the next time interval of 5ms in which the output from the inverter
      29 is 0, the clock pulse generator 6 produces no clock pulse and the
      output therefrom remains at 1. Since the output from the NOR-circuit 39 is
      1 when the circuit operates normally, the output from the NAND-circuit 37
      is seen to be opposite in polarity to the pulse signal shown in FIG. 5A
      i.e., the output from the detector circuit 3 passed through the inverter
      29. During the time interval in which the output of NAND-circuit 37 is 1,
      the astable multivibrator 38 initiates an oscillation operation to produce
      an output as shown in FIG. 5H similar to that shown in FIG. 5A. (If the
      NAND circuit 37 output is changed to 0 before completion of the
      oscillation period, the astable multivibrator 38 remains at its quiescent
      0 condition.) Since the NAND-circuit 36 is supplied with the outputs of
      the astable multivibrator 38 and the NAND-circuit 37, the output of the
      NAND-circuit 36 remains at 1 as shown in FIG. 5I. Further, since the
      output Q.sub.6 of the ring counter 5 is 1, the output of the NAND-circuit
      35 is 0, and hence the binary counters 31 to 34 and accordingly the
      flip-flop circuits 11 to 14 are not reset.
PAR  When the remote control signal with the width of 25ms is again received
      after the time interval of 5ms, the operation described as above will be
      repeated. At every time when the remote control signal is received, the
      above operation will be repeated and the output of the binary counter 32
      is changed to [010] [110] -- sequentially, as shown in FIG. 5J. In order
      to make the change of the output of the binary counter 32 understood
      easily, in FIG. 5J the level is changed in a step manner corresponding to
      the increment in the count accumulated by the counter 32. When seven
      remote control signals with the width of 25ms are received, the output of
      the binary counter 32 becomes [111] as shown in FIG. 5J. Thereby, the
      output of the NAND-circuit 52 is changed from 1 to 0 and the flip-flop
      circuit 12 is set. As a result, the output of the flip-flop circuit 12 is
      changed from 0 to 1 as shown in FIG. 5K. At this time, the control for
      increasing the sound volume commences so that the sound volume is
      increased in, for example, a step manner. This control for increasing the
      sound volume is maintained until the switches S.sub.12 and S.sub.22 of the
      transmitter shown in FIG. 3 are made OFF.
PAR  If the remote control signal with the width of 25ms shown in FIG. 5A is
      continued, for example, until a total of nine pulses are received and
      thereafter this remote control signal terminates, the output of the
      NAND-circuit 37 becomes 1 and consequently the astable multivibrator 38
      initiates its oscillation operation. The oscillation output of the astable
      multivibrator 38 is made to have a period of 15ms in which 10ms is for the
      oscillation output of 0 and 5ms is for that of 1. Accordingly, at the time
      of 10ms after the remote control signal is extinguished, both the outputs
      of the NAND-circuit 37 and the astable multivibrator 38 are 1 and,
      consequently the output of the NAND-circuit 36 is falls to 0 from 1, as
      shown in FIG. 5I. Thus, the output of the NAND-circuit 35 changes 1 from 0
      with the result that the binary counters 31 to 34 and the flip-flop
      circuits 11 to 14 are all reset to be made in such a condition as to be
      prepared to receive a new remote control signal and to carry out another
      control function.
PAR  The above operation is carried out for the case wherein the remote control
      signal for increasing the sound volume which having the duration time of
      25ms and the pause period of 5ms is received. However, when another remote
      control signal, such as for decreasing the sound volume, for channel
      selection or for switching the power source ON and OFF is received, a
      similar operation is performed. For the case when the remote control
      signals for channel selection and for switching the power source ON and
      OFF are received, only five pulses need be successively received to then
      set the output terminals 17 and 18 of the flip-flop circuits 13 and 14 to
      1, respectively. In other words, when five pulses representing the remote
      control signal for channel section or switching the power source ON and
      OFF are received successively, the output of the binary counter 33 or 34
      becomes [101], the output of the NAND-circuit 53 or 54 is changed from 1
      to 0, and then the flip-flop circuit 13 or 14 is set accordingly.
PAR  As may be obvious from the above description, with the present invention,
      many kinds of control commands can be transmitted and received by using a
      signal of a single frequency as a transmitted remote control signal.
      Further, the possibility that a misoperation or error operation is reduced
      will occur significantly. That is, even if a supersonic wave with a
      frequency component other than the predetermined frequency (for example,
      40KH.sub.Z) is received, such a supersonic wave is eliminated by the band
      pass amplifier 2. In addition, even if a supersonic noise wave with the
      same frequency as that of the transmitted remote control signal is
      received, the time interval within which the above supersonic noise wave
      is produced is rather short in general, so that no clock pulse is applied
      to the ring counter 5 in this case. If the time interval within which the
      above supersonic noise wave is produced is relatively long and one clock
      pulse is applied to the ring counter 5, the ring counter 5 produces an
      output only at the predetermined output terminal t.sub.o, so that no
      misoperation occurs. Although highly unlikely, if a supersonic noise wave
      with the same frequency as that of the transmitted remote control signal
      and with a duration equal to the predetermined duration time (for example,
      25ms) is received, an output will appear at the output terminal t.sub.3 of
      the ring counter 5 and the counted content of the binary counter 32
      becomes [100]. However, since the flip-flop circuit 12 is not set until a
      predetermined number of the 25ms pulse signal is received, for example,
      seven successive pulses each with a pause interval smaller than 10ms, a
      misoperation will be not caused by even this supersonic noise wave. The
      predetermined number of control pulses is selected to be fewer in
      proportion as the pulse duration time of the remote control signal is
      longer in the above embodiment. This is aimed to avoid the requirement
      that time interval during which the switch in the transmitter must be
      closed excessively long.
PAR  Further, when the circuit operates normally, two or more outputs of the
      NAND-circuits 61 to 64, which are connected to the output sides of the
      binary counters 31 to 34, cannot become 1 together and one of the outputs
      of the AND-circuits 45 to 50 becomes 1, so that the output of the
      NOR-circuit 39 does not become 0. Even if the output of the NOR-circuit 39
      becomes 0, it terminates within 5ms. However, when the output of the
      NOR-circuit 39 is held to be 0 for more than 10ms by some abnormal
      accidents, the output of the astable multivibrator 38 resets the binary
      counters 31 to 34 and hence the flip-flop circuits 11 to 14 to avoid the
      occurrence of an error operation.
PAR  It will be apparent that many modifications and variations could be
      effected by one skilled in the art without departing from the spirits and
      scope of the novel concepts of the present invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A remote control system wherein plural functions of electric apparatus
      are selectively controlled in accordance with a received command signal
      having a single frequency and repetitive transmission periods, the
      duration of a transmission period being determinative of a particular
      function, comprising:
PA1  receiving means for receiving said command signal;
PA1  detecting means coupled to said receiving means for producing pulses having
      durations corresponding to the durations of the received transmission
      periods of said received command signal;
PA1  measuring means coupled to said detecting means for measuring the duration
      of each produced pulse and for selectively producing one of a plurality of
      output pulses in accordance with the measured duration of said produced
      pulse;
PA1  counter means coupled to said measuring means for counting the consecutive
      number of each of said output pulses produced by said measuring means to
      thereby provide a count of the number of consecutive repetitions of
      transmission periods having the same duration which are received by said
      receiving means; and
PA1  control signal generating means coupled to said counter means for
      generating one of a plurality of control signals depending upon the output
      pulses produced by said measuring means and only if said counter means
      counts at least a predetermined number of said output pulse representing
      that at least said predetermined number of consecutive repetitions of a
      command signal having a selected transmission period has been received,
      said generated control signal being adpated to control a selected
      function.
NUM  2.
PAR  2. A remote control system according to claim 1, wherein said command
      signal receiving means comprises a microphone and band pass filter means
      for passing said command signal from said microphone to said detecting
      means.
NUM  3.
PAR  3. A remote control system according to claim 1 wherein said measuring
      means comprises timing means for generating timing pulses of a
      predetermined timing period, said timing period being less than the
      smallest transmission period; and timing pulse counting means coupled to
      said timing means and to said detecting means for counting the number of
      timing pulses generated during a produced pulse duration and to thereby
      produce an output pulse corresponding thereto.
NUM  4.
PAR  4. A remote control system according to claim 3 wherein said timing pulse
      counting means is comprised of a plurality of output terminals
      corresponding in number to the number of controllable functions, each of
      said output pulses being produced at an associated one of said output
      terminals, whereby the number of timing pulses generated during a produced
      pulse duration is represented by an output pulse at a selected one of said
      output terminals.
NUM  5.
PAR  5. A remote control system according to claim 4 wherein said counter means
      comprises plural counting circuits each coupled to a corresponding one of
      said output terminals for counting the number of consecutive output pulses
      produced at said corresponding output terminal and for generating an
      output signal when a predetermined count is attained, the count of a
      counting circuit being reset to an initial count when an output pulse is
      supplied to another one of said counting circuits.
NUM  6.
PAR  6. A remote control system according to claim 5 wherein said control signal
      generating means comprises plural flip-flop circuits each coupled to a
      selected one of said counting circuits to produce a control signal only
      when said counting circuit coupled thereto attains said predetermined
      count.
NUM  7.
PAR  7. A remote control system according to claim 5 wherein said timing means
      comprises a clock pulse generator and an AND-circuit having a first input
      terminal coupled to said clock pulse generator and a second input terminal
      coupled to said detecting means for generating output clock pulses during
      the duration of each pulse produced by said detecting means; and said
      timing pulse counting means comprises a ring counter having a reset input
      terminal coupled to said detecting means for being reset to an initial
      state immediately before a pulse is produced by said detecting means and a
      clock pulse terminal coupled to said AND-circuit for receiving said output
      clock pulses, said ring counter being successively advanced in response to
      each output clock pulse to correspondingly advance said output pulse
      successively from one to another of said output terminals.
NUM  8.
PAR  8. A remote control system according to claim 6 wherein said control signal
      generating means further comprises reset means for producing a reset
      signal to reset all of said plural counting circuits to said initial count
      and to reset all of said flip-flop circuits to a quiescent state when said
      command signal terminates.
NUM  9.
PAR  9. A remote control system according to claim 8 wherein said command signal
      is constituted by said repetitive transmission periods of variable
      duration being separated by intervals of constant duration; and wherein
      said reset means comprise reset pulse producing means coupled to said
      detecting means for producing said reset signal when an interval following
      a transmission period exceeds said constant duration.
NUM  10.
PAR  10. A remote control system according to claim 9 wherein said control
      signal generating means further comprises error sensing means coupled to
      all of said counting circuits for sensing when more than one of said
      counting circuits exhibits more than said initial count; and trigger means
      responsive to said error sensing means for triggering said reset pulse
      producing means to produce said reset signal.
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ABST
PAL  Disclosed is an expandable calculator system of the type implemented on
      semiconductor chips providing additional data storage registers for
      increasing data storage capacity of the basic system. A basic calculator
      system comprising two semiconductor chips is provided with additional
      semiconductor chips each providing a plurality of separately addressable
      registers for storing data, to thereby increase the data storage capacity
      of the two-chip system. First and second control signals synchronize the
      internal timing of the external register chips and also enable
      communication to the external chips. The data system has 10 registers
      which are addressed by means responsive to instructions communicated via
      the data transmission path. A first set of data word digits is read into
      the appropriate memory, then right shifted, and then another set of data
      word digits are read in. Means are provided for clearing all registers on
      one chip of the internal register chip set.
BSUM
PAR  This invention relates to expandable calculator systems in general allowing
      additional data storage registers to be implemented into the system, and
      more specifically to calculator systems implemented on semiconductor chips
      utilizing a plurality of other register semiconductor chips for increasing
      data storage capacity.
PAR  Electronic desk-top calculators have been changed in design due to the
      availabilty of MOS/LSI chips allowing the entire system to be embodied in
      only one or small number of semiconductor devices. This technology permits
      large savings in manufacturing, labor and material costs and allows
      calculators to have operating functions not possible at reasonable cost in
      machines built from discrete devices, or from numbers of integrated
      circuits. Calculator systems have heretofore been implenented using only
      one MOS/LSI chip, as set forth in detail in copending U.S. patent
      application Ser. No. 163,565 now abandoned and replaced by continuation
      application Ser. No. 420,999, assigned to the assignee of this invention,
      which utilizes the sequential addressing of a particular random access
      memory array to provide a plurality of shift registers. This sequentially
      addressed memory implements the main data registers in a space on the chip
      much less than needed for shift registers of conventional design.
PAR  More complex calculators require a plurality of semiconductor chips, one of
      which is disclosed in Ser. No. 255,856, "Electronic Calculator," assigned
      to the assignee of this invention. In that calculator system, a "data"
      chip and a ROM chip provide the basic calculator system, which was further
      described in a continuation filed thereon, "Expandable Function Electronic
      Calculator," Ser. No. 360,984, filed May 16, 1973. In that system, the
      basic two-chip calculator system employs various flag and external
      input/output controls in combination with specific timing and addressing
      means so that additional external functions are provided to allow an
      expandable system.
PAR  It is therefore an object of this invention to provide the external
      register chips adapted for communication with the two-chip system above
      described featuring a plurality of separate registers with the option of
      each chip and registers separately addressable, or all chips and registers
      simultaneously addressable. Only a minimum number of interconnecting
      terminals may be utilized and a minimum system delay in overall operation
      with basic two-chip system is essential.
PAR  Briefly, and in accordance with the present invention, at least one 10
      register chip is provided in combination with a basic two-chip calculator
      system for increasing the data storage register capacity of the two-chip
      system. As many as 16 register chips may be provided with each chip
      providing up to 10 individually addressable registers. Each chip is
      characterized as including flag input means for determining when the 10
      register chips of this invention are being addressed by the basic two-chip
      system, input means for selectively storing a multibit, multidigit address
      word representing not only the function to be performed, but which chip is
      being addressed and which register therein is being addressed. Further,
      chip select means is provided for decoding a particular digit of the
      address word for determining which 10 register chip is being addressed.
      Means are provided for decoding another digit of the address word for
      determining which register in the particular chip is being addressed, and
      means are provided for decoding another digit of the address word for
      determining whether the function commanded is an input or an output
      function. Further means are provided for decoding the address word and
      implementing a clear all register chips, a clear one register chip, or a
      clear one particular register chip instruction. The registers are
      implemented using a sequentially addressed memory driven by a state time
      counter which also provides for internal timing signals.
DRWD
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as other
      objects and advantages thereof, may best be understood by reference to the
      following detailed description when read in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a simplified block diagram of the expandable calculator system
      featuring the external 10 register chips of this invention;
PAR  FIG. 2 is a simplified block diagram of one embodiment of a ten register
      chip of this invention;
PAR  FIG. 3 depicts the four bit/16 digit instruction word utilized for
      addressing the 10 register chips of this invention; and
PAR  FIGS. 4a- 4f is a sectional detailed schematic of a preferred embodiment of
      the 10 register chip.
DETD
PAR  Referring now to FIG. 1, there is shown a functional block diagram of the
      expanded calculator system described in the above mentioned copending
      patent application Ser. No. 420,999 which is incorporated herein by
      reference, showing the data chip and ROM chip, interconnected with the
      peripheral register chips of this invention providing expanded calculator
      register capacity. The data chip 5 generates a plurality of control
      signals to the ROM chip 6, to an external set of ROM register chips 7,
      providing for both increased data word storage and increased instruction
      word storage capacity, to the external ten register chip set 8, providing
      external data word storage capacity, to the external programmer chip 10,
      providing a means for programming specific subroutines into the calculator
      externally, and to external printer chips 9 for controlling output
      printers 11. The output printers 11 may be a conventional dessign with
      adaptions to the printer chip 9, but preferably are of the thermal printer
      type or the drum printer type.
PAR  The control signals generated by the data chip 5 include the control
      signals:
PAR  Condition A (CONA) or inhibit increment for indicating that an interrupt is
      desired in the normal sequencing of the ROM to allow additional executions
      by the system before the next instruction word is to be executed;
PAR  Condition B (CONB) is indicative of the idle condition of the data chip,
      i.e., whether the data chip is actually in the calculating mode (non-idle)
      or in the display mode (idle);
PAR  Condition (COND) indicates that a condition flag has been set indicating a
      comparision of the particular flags or desired digits of an instruction
      word;
PAR  Flag A (FLGA) is the serial output of the flag register in the SAM at an
      output rate determined by COND;
PAR  State Times (S times) indicate the state timing (timing controlling data
      manipulation) of the data chip, 16 of which state times generate a D time;
PAR  Display Times (D times) indicate which set state times of the program the
      calculator is currently executing, wherein sixteen S times constitute an
      instruction cycle, and the D times are generated in cycles of 15 so that D
      times precess from the particular D time of the preceding cycle;
PAR  Keyboard Inputs (K lines) are signals from the keyboard for entering
      externally commands to the data chip;
PAR  P Register (PREG) indicates that the data chip is addressing ROM storage
      and indicates which ROM storage area is being addressed;
PAR  Instruction Words (I.sub.0 -I.sub.12) indicate the particular instruction
      word stored in a particular ROM instruction storage unit;
PAR  External (EXT) indicates that the external terminal on the data chip is
      either sending or receiving data;
PAR  Strobe (STBE) is a programmable signal determining the period of D times,
      herein preferably chosen as 15;
PAR  Busy (BUSY) represents the condition of the printer as determined by the
      printer chip 9 that the printer is/is not busy and cannot/can receive
      another command for printing.
PAR  Referring again to FIG. 1, the data chip 5 provides output information from
      Register A and Flag Register A to the segment decoder 14. Such information
      is communicated as: position of the comma, position of the decimal point,
      actual data to be displayed from the "A" register, and data to be
      displayed from the Flag A Register. The segment decoder 14 is a
      conventional decode circuit for decoding the binary coded decimal output
      information for actuating the segment drivers 13. The segment drivers 13
      comprise conventional driver circuits for actuating the above-mentioned
      displays 3, here shown to have a seven segment display per digit.
PAR  The data chip also provides D times to the digit drivers 12 for selectively
      scannig the digits of the display 3. Scanning of the display matrix is
      explained in detail in the above-mentioned application Ser. No. 420,999.
      The preferred embodiment herein disclosed provides a first set of D times
      from the data chip and a second set of D times from the ROM chip, which
      combination of sets comprise a 15 D time cycle.
PAR  The data chip is responsive to the K information which is generated from
      the D time strobing of the keyboard input. This scanning of keyboard is
      set forth subsequently in detail.
PAR  The ROM chip 6 is responsive to COND, CONA, PREG, STBE, and the S times
      signals from the data chip 5 and generates in response thereto the
      instruction word I.sub.0 -I.sub.12, the D times, and IRGA and IRGB to the
      data chip.
PAR  The 10 register chip 8 is another set of peripheral chips providing
      expanded data storage capacity to the calculator system of this invention.
      The 10 register chip is responsive to Flag A, CONB, and I/O information
      from the data chip for providing recall data through the I/O lines in
      return to the data chip.
PAR  The printer chip 9 is responsive to the I/O information from the data chip,
      the external, CONB, Flag A, and STBE commands from the data chip for
      printing in accordance with data on the I/O lines.
PAR  Referring to FIG. 2, the external data register system of the invention is
      shown in block diagram form. Generally, the system is an MOS/LSI chip
      designed for use with other chips, e.g., the data chip and ROM chip system
      as discussed in the system of FIG. 1, to provide a calculator system. The
      chip of this invention contains 10 register implemented in a SAM 700. A
      SAM is a sequentially addressed memory as described in copending
      application Ser. No. 163,682, Random Access Memory Shift Register System,
      by Antony G. Bell, filed July 19, 1971, and assigned to the assignee of
      this application now abandoned and replaced by contination application
      Ser. No. 460,259; the particular type of SAM used in a preferred
      embodiment of this invention is described in copending application Ser.
      No. 334,493, by Richard Chang, "Memory Cell For Sequentially Addressed
      Memory Array," filed Feb. 21, 1973 now U.S. Pat. No. 3,851,313 and
      assigned to the assignee of this application. The memory 700 contains 10
      registers of 16 digits each, arranged in BCD so each register is actually
      four parallel registers. Thus, 10 .times. 16 .times. 4 or 640 bits are
      contained in the memory 700. A state counter 701 generates state times
      S.sub.0 to S.sub.15 which correspond to the state times in the data chip.
      This state counter is a ring counter of contemporary type. A timing matrix
      702 is connected to the SAM 700 to be actuated by the same timing signals
      which sequentially address the memory; the matrix 702 generates a number
      of timing signals for use in the chip at various points. Data in the
      memory 700 may be operated on in several ways, under control of selector
      gates 703 and 704 on the left and right sides of the SAM. For example,
      data may be input, output, recirculated, right shifted, and cleared in the
      SAM 700. The data input, recirculate and clear functions are implemented
      by selector gates 703 on the left side, and data output and right shift
      are implemented by selector gates 704 on the right side. Data input is
      from input/output pins I/O 1 to I/08 which are connected to the data chip,
      via connection 705; data output is to the same I/O pins via connection 706
      and I/O buffers 707. Selection of a particular register among the 10 in
      memory 700 to input data into or to be written into (or cleared) is
      accomplished by input register select decoder 708 and selection of a
      particular register to be read out of is accomplished by an output select
      decoder 709. The outputs 710 and 711 of the decoders 708 and 709 function
      to open and close specific gates within the groups of select gates 703 and
      704 to perform the desired function. The input and output selection
      decoders 708 and 709 receive outputs from an address logic arrangement 712
      which is an important feature of the invention.
PAC  ADDRESSING THE 10 REGISTER CHIP
PAR  The 10 -register chip is addressed by a selectively chosen portion of a
      data word appearing on the I/O pins, which portion is determined in
      accordance with a particular gate program masking step during manufacture.
      Referring to FIG. 3, a format for a data word is seen to include 16
      four-bit digits; only the first four are used in this particular
      embodiment. The least significant digit, occurring during time S.sub.O, is
      ordinarily used in the usual processing of data in the data chip to
      indicate the position of the decimal point; in the 10 register chip,
      S.sub.O is used to define the operation to be performed. Within the least
      significant digit 713 or S.sub.0, the least significant bit indicates
      either an input or an output function; i.e., the S.sub.O "1" bit signifies
      input function by a 1 and an output function by a "0". The other three
      bits are used to signify either input of data or input of zeros which
      clears the registers. Clear is a special case of input because zeros are
      inputed; several possibilities of clear operations exist, these being (1)
      clear a specific register in a specific chip, (2) clear all registers in a
      specific ten register chip, or (3) clear all 10 register chips. The "2"
      and "4" bits in S.sub.0 time 713 define which of these clear functions
      shall occur; the specific bits and their code are gate programmable in the
      address logic 712. The digit of S.sub.1 time in FIG. 3 is not used, while
      the next two digits 714 and 715 are used for register select and chip
      select, respectively. One of the 10 registers is defined by a four bit
      code sent during S.sub.2 time 714; this appears on the I/O pins in
      parallel, and is stored in the proper place in address logic 712 via input
      716 of FIG. 2, and decoded in register select decoders 708 and 709. For
      example, if an output operation from register seven was desired, the first
      digit 713 would be 0000 and the S.sub.2 digit 714 would be binary seven or
      0111. The third item in the address word of FIG. 3 is chip select digit
      715 occurring at S.sub.3. One of the 16 possible 10 register chips may be
      selected by the four bit binary code occurring at S.sub.3. The S.sub.3
      digit 715 is received by the address logic 712, stored, and applied to
      chip select logic 717. Four pins 718 are available external to the
      package, and are connected when the package containing the ten register
      chip is affixed to a printed circuit board upon manufacture, to be
      connected to either 1 V.sub.SS or 0 V.sub. DD to define a four bit code.
      When the four bit chip select digit 715 applied to chip select logic 717
      via connectionn 719 from address logic 712 matches the code wired into the
      pins 718, then a select signal is applied back to the address logic via
      connection 720 to render the chip able to execute the designated
      operation. Another input CS to the chip select logic 717 provides higher
      order chip selection, i.e., if more than 16 10 register chips are needed,
      as will be described later.
PAR  In order to cause the 10 register chip to accept a data word as an address
      and perform the desired function, a flag is generated in the data chip and
      outputed via FLGA pin, from whence it is received at FLGA pin on the 10
      register chip and applied to control logic 721. If this special enabling
      function were not provided, the 10 register chip would confuse data
      ordinarily appearing on I/O pins with an address word as in FIG. 3. A
      dedicated flag, used for no other purpose, is used in the program of the
      data chip to mean that the 10 register chips are to be addressed. This may
      be a flag in Flag A register at time S.sub.14, for example. Also, since
      flags are used to send annotations to the display, e.g., minus sign,
      error, overflow, etc., the CONB designation, as described in the above
      referenced application Ser. No. 360,984, "Expandable Function Electronic
      Calculator" filed May 16, 1973, is used to distinguish between the data
      chip being in the idle or not idle operating condition. CONB is also
      applied to control logic 721 as seen in FIG. 2. When CONB is zero, the
      data chip is in idle or display mode and the flags are in time with D's or
      D-times; at such time, the 10 register chip is never addressed, so flags
      are ignored at logic 721. When CONB is one, the data chip is in not idle,
      and flags are in time with S-times; at such time, a flag at 10 register
      chip time S.sub.14 will cause the 10 register chip to accept an address.
      The control logic 721 also generates several control signals used
      throughout the chip as will be described, and for this purpose receives
      timing signals from the timing matrix 702 via connections 722, as well as
      signals to and from the address logic 712 via connections 723.
PAR  An input instruction sequence for operating the 10 register chip occupies
      four instruction cycles in the data chip (actually five in the 10 register
      chip). The first instruction is "Set Flag"; during this instruction cycle
      a logical 1 is set in Flag A register at a particiular S time for example,
      S.sub.14. This causes the control logic 721 to condition the 10 register
      chip, particularly the address logic 712, to receive an address. The next
      instruction is "Reg to I/O"; during this instruction cycle a register in
      the data chip is read out on the I/O lines, this register being B or C,
      for example. Whichever register is used, contains the address as seen in
      FIG. 3. The address is read into the address logic 712 and stored. The
      third instruction is "zero flag" meaning that the Flag A register S.sub.14
      position in the data chip is reset to zero by an appropriate instruction
      word; this is to prevent the S.sub.14 flag from inadvertently activating
      the 10 register chip again. The fourth instruction is "A Reg to I/O",
      whereupon the contents of the A register in the data chip are presented to
      the I/O pins from which the 16 digits of information in the A register may
      be written into the selected register in the 10 register chip. A delay of
      one state time in the ALU of the data chip in the path between the A
      register and the I/O pins causes the information in the selected register
      of the memory 700 of the 10 register chip to be displaced one state time.
      For this reason, the data entered in the 10 register chip must be
      right-shifted by one state time so that when it is brought back into the
      data chip to be used in a subsequent operation it will be in the proper
      time position. So, immediately following the A Reg to I/O instruction,
      during the next instruction cycle, the 10 register chip automatically
      right-shifts any data word just entered. This is done by generating a
      one-instruction-cycle delay in a delay circuit 724, and applying the
      delayed signal to the input register select logic 708. The right shift
      function is produced without an instruction word from the data chip; the
      program of the data chip can go on to other operations while the
      10-Register chip is executing this automatic right shift function. The
      delay of one state time between the A register in the data chip and the
      selected register in the 10-Register chip results in another problem in
      addition to requiring right shift. That is, the sixteenth digit, at
      S.sub.15, does not arrive until S.sub.O of the next cycle during which
      automatic right shift is occurring. So, to avoid overlap, the sixteenth
      digit is held in a sample-and-hold circuit 725 until S.sub.15 of the next
      or automatic right shift cycle, then it is inserted in the S.sub.15 slot.
      Thus, only 15 digits go through right shift, the sixteenth is held and
      then inserted at S.sub.15 of the following instruction cycle.
PAR  An output operation using four instruction cycles is simpler in that right
      shift is not required on the 10-Register chip. Again, the first
      instruction on the data chip is "Set Flag A at S.sub.14 ". The second
      instruction word produces an address word serially on the I/O pins; the
      first digit of the address word is "0000" meaning output operation, the
      second digit is not used, and the third and fourth define register select
      and chip select. The third instruction word is "Zero Flag A at S.sub.14 ".
      The fourth instruction word is I/O to A Reg, during which the selected
      register in the memory 700 is outputed through connection 706 and I/O
      buffers 707 to the I/O pins and thence to the A register in the data chip
      via the ALU. The delay in the ALU must be again accounted for, so the
      first digit is communicated from the 10-Register chip one state time
      early; output occurs starting at S.sub.15 of the third cycle and ending at
      S.sub.14 of the fourth cycle.
PAR  Referring now to FIG. 4, the circuitry of the 10-Register chip will be
      described in detail. The memory 700 is made up of 40 rows of 16 cells per
      row, with each cell being a three transistor cell of the type described in
      detail in copending application Ser. No. 334,493  now U.S. Pat. No.
      3,851,313, which is incorporated herein by reference. The input and output
      transistors are both connected to a common input/output line 726.
PAC  data input and output circuitry
PAR  Data is received from the data chip and transmitted to the data chip via
      four I/O pins I/O1, I/O2, I/O4 and I/O8, seen in FIG. 2. The data is in
      the format of four BCD bits in parallel, 16 digits serially, one digit
      each state time. the input data is inverted and appears on lines 740 going
      into a gating arrangement 725 which either transmits the data directly
      through to input data lines 705 with no delay, or in the alternative
      delays one digit of the data at S.sub.15 for an instruction cycle when B
      occurs for reasons to be explained later. In the selector gates 703,
      incoming data is applied to four gates 742 for each of the 10 registers in
      the memory 700. Each of these gates has a .phi..sub.2 input from line 743
      and another input from a set of forty gates 744 which function to disable
      the new data input path during a right shift operation. For this reason,
      an RSD signal is applied at an input 745 to all of these gates, this RSD
      signal being derived in the right shift delay circuit 724. One and only
      one of the 10 registers in the memory 700 is selected for write in by one
      of ten lines 710, which appear as inputs to gates 744 and to gates 746.
      The gates 746 also receive .phi..sub.2 inputs from line 747 and
      recirculate inputs from delay circuits 748. Bits are read out of memory
      700 on .phi..sub.1 ; and delayed in the circuits 748 from this
      .phi..sub.1, through .phi..sub.2 (provided by line 749a) until .phi..sub.1
      of the next state time, at which time the bits are available at inputs to
      gates 746. Recirculate will always occur except when data is being written
      in to a specific register via lines 705 ang gates 742 (this includes
      clear) or data is being right shifted; for data in, recirculate for data
      in is killed in gates 746, as well as for right shift. Data is entered
      into the cells in memory 700 only on .phi..sub.2, hence the .phi..sub.2
      inputs 743 and 747. Data entry from lines 705 is via gates 742 and gates
      749, then via lines 750 to the input/output lines 726 in the memory.
      Recirculate is via delay circuits 748, gates 749 and lines 750.
PAR  On the output side, selector gates 704 include output gates 751 which are
      activated by output register select signals in lines 711 from decoder 709;
      the gates 751 receive inverted (false) data from memory input/output lines
      726 via lines 752, clocked out on .phi..sub.1 at line 753. The outputs of
      gates 751 are applied to output lines 706. Right shift is implemented by
      gates 753, which also receive inverted (false) data from lines 726 on
      .phi..sub.1 along with register select signals from lines 711, and a right
      shift command from line 754. Since bits can be entered into the memory
      only at .phi..sub.2, a gate 755 is responsive to a right shift command on
      line 756 and .phi..sub.2. Data to be reentered in right shifted position
      is fed back via lines 757; at this point the data has been delayed
      one-half state time, i.e., from .phi..sub.1 to .phi..sub.2, and inverted.
      True data is written into the memory and stored in true logic but is
      inverted on right shift to render true data available. Further detailed
      operation of the SAM cell is found in the above referenced applicaton Ser.
      No. 334,493.
PAC  THE ADDRESS CIRCUITRY
PAR  The address logic circuit 712 receives address data from I/O pins via lines
      705, and these digits of data are clocked in when an REG to I/O
      instruction has been given, under control of pulses on line 758. Address
      data is clocked into address logic 712 only on S.sub.0 .phi..sub.2,
      S.sub.2 .phi..sub.2 and S.sub.3 .phi..sub.2 as seen. These three digits
      are stored in three stages of the address logic; in effect three shift
      register stages are provided.
PAR  The first shift register stage comprises four clocked inverter gates 759 in
      combination with the series gate and inverter 760 connection. At S.sub.0
      .phi..sub.2 data from lines 705 is communicated to inverters 759 and upon
      the subsequent .phi..sub.1 clock, it is shifted to the output of inverters
      760. Upon the next gating pulse from line 758 at time S.sub.2 .phi..sub.2,
      the third data digit is entered into the first stage and the first data
      digit previously in the first stage is communicated to the second shift
      register stage comprising gated inverters 761 in combination with the
      serial .phi..sub.1 gate and inverter 762 combination. Upon the succeeding
      .phi..sub.1 clock, the first digit is stored at the output of inverters
      762 and the third data digit is stored at the output of inverters 760. At
      time S.sub.2 .phi..sub.2, the fourth data digit is impressed upon the
      input of the first shift register and shifted therein at the subsequent
      .phi..sub.1, with the second digit shifted to the output of inverters 762
      in the second stage and the first digit is shifted into the third stage
      impressed upon the inputs of gate 763 and gates 764.
PAR  Accordingly, at data chip internal state time S.sub.4 .phi..sub.1 (the
      .phi..sub.1 clock after S.sub.2 .phi..sub.2) the address logic 712 is
      storing the first, third and fouth digits of the data word, S.sub.0,
      S.sub.2 and S.sub.3, respectively. The first bit of the first digit is
      communicated through inverter 763 and line 723 as an input to the control
      logic 721. As earlier explained, a one in the first bit of the first digit
      is an "input" command and a zero in the first bit is an "output" to
      command. Input and output signals are generated in response thereto for
      subsequent use as will be later explained.
PAR  The remaining three bits of the first digit at S.sub.0 are communicated to
      the logic arrangement 764 wherein only the second and third bits, the 2
      and 4 bits, are controlling. This is seen looking at the PLA 765 having
      circles interconnecting V.sub.DD and line 765 respectively to the leftmost
      two OR gates. These two bits in the S.sub.0 digit define whether a
      specific chip is to be cleared, the 4 bit, or whether all chips in the
      expanded data system are to be cleared, the 2 bit. If zeros are present in
      either the two and four bits of the addressed chip, an output is generated
      on line 766 to the control circuitry of the input register select 708.
      Commands will there be communicated to all registers in the particular
      10-Register chip for inputing zeros or clearing the registers via lines
      705, which includes actuating the output PLA 708 during right shift via
      lines 776 and 773.
PAR  The fourth digit at S.sub.3 at the output of inverters 760 is communicated
      via lines 767 to the chip select logic 717. There, as earlier described,
      the encoded BCD digit is compared with the code externally impressed upon
      terminals AD1-AD8. Upon a match an output appears from logic arrangement
      768 which is recommunicated to the address logic 712 via line 765 after
      being inverted so as to gate the S.sub.0 digit, 2 and 4 bits, for clearing
      the match. Line 769 communicates the match to control logic 721 so as to
      generate the input and output signals in gates 770 and 771 in further
      response to the first bit of the first data digit.
PAR  The third digit of the data word at time S.sub.2 being held in the address
      logic 712 at the output of inverters 762 is communicated to the input
      register select 708 via line 772 and to the output register select 709 via
      lines 773. Lines 773 are actuated on both input and output, but only upon
      an output or right shift signal are they entered into output select
      control circuitry 782a. Gate 775 is a "clear all" decode indicating a
      binary "15" or illegal condition (as only 10 registers are in the chip) to
      the output PLA 709 indicating a clear all instruction.
PAR  When an input function has been commanded, the second digit is communicated
      via line 772 to the input register select 708 for indicating which
      register is to have the following data entered. Matrix 774 is a
      programmable logic array which decodes the particular BCD format of the
      second digit to uniquely enable the particular register via lines 710.
PAR  Line 774 is responsive to the clear all output command on line 766 from the
      logic arrangement 764 in the address logic 712 to provide a BCD 15 or 1111
      code to the gates 774. Upon the 15 code, gate 775 via line 776 supplies a
      command to the output register select 709 for enabling right shifting of
      all ten registers on the chip, as required during implementation of the
      clear all routine. The "clear" operation is actually accomplished by
      writing 0's into the SAM 700 cell and then right shifting the registers
      one bit. As described in the above referenced copending application Ser.
      No. 334,493, now U.S. Pat. No. 3,851,313 data is written into the SAM cell
      in false logic (or rather read out in false logic) and then is inverted
      upon right shift so that it is subsequently reread out in true logic.
      Accordingly, when all ones are written in for clear function, and
      subsequently right shifted, zeros are provided in each SAM cell and the
      clear function has accomplished. accomoplished. The "clear all right shift
      enable" on line 776 is allowed into the output register select 709 only
      upon actuation of gate 774 from a command RSD from the right shift delay
      circuit 724. As mentioned above, data inputed into the 10-Register chip is
      automatically right shifted so as to avoid timing complications with bit
      S.sub.15.
PAR  The control logic 721 is also actuated immediately after the Reg to I/O
      instruction from the data chip. If at time S.sub.14 there has been a Flag
      A command, coincident with a one on the CONB input signfiying that the
      data chip is in a "not idle" mode so that the flags appearing at the Flag
      A input are in time coincidence with the S times, the 10-Register chip
      then knows that it is being addressed. Gate 775 in the control logic 721
      is responsive to a "programmable flag" generated in the timing matrix 702
      at time S.sub.14. Timing matrix 702 is a push-pull matrix similar to
      matrices 280 and 310 in the data chip described in detail in Ser. No.
      360,984, for "Electronic Function Exandable Calculator". The programmable
      flag generated by timing matrix 702 is generated at S.sub.14 .phi..sub.1
      by a temporary ground until S.sub.15 .phi..sub.1 when it is coupled to
      V.sub.DD until the next subsequent S.sub.14 time.
PAR  An edge detector circuit 776 is responsive to the Flag A, CONB, and
      programmable flag condition and gate 777 therein generates a reset signal
      reset in response to CONB, exclusive of Flag A and "programmable flag".
      Reset is coupled to the state counter 701 which drives the registers 700
      coincident with S times. Reset synchronizes the state counter during power
      up so that the S times generated by the state counter 701 will be
      synchronized with the S times on the data chip.
PAR  The edge detector 776 is responsive to the output of gate 778 at time
      S.sub.14 indicating coincidence of the flags and CONB and causes a latch
      circuit 779 to be set, the output of which is coupled to gate 780 for
      generating the gating signal on line 758 for allowing the address word to
      be entered into the address logic 712.
PAR  The output of the latch 779 is further coupled to a delay arrangement 781A
      for providing the output and input signals earlier discussed. At S.sub.0
      .phi..sub.1 the output of latch 779 actuates gate 782B and at S.sub.14
      .phi..sub.1, 14 S times later, the inverted output of gate 782B is coupled
      to gate 770 for providing the input signal, in combination with the output
      of inverter 763, indicative of the first bit of the first digit of the
      address word. At S.sub.14 .phi..sub.2 the output of gate 782 actuates gate
      771 in cooperation with line 723 to provide the output signal. The output
      signal is coupled into control circuitry 782 for the output register
      select 709. The output signal also is coupled to delay arrangement 783
      gating the output buffers 707 which selectively communicate the contents
      of the particular register back to the data chip through I/O terminals
      1-8.
PAR  As indicated above, the input signal generated at gate 770 is generated at
      time S.sub.14 .phi..sub.1 during the third instruction set earlier
      described, at which time the data chip zeros the Flag A bit entering logic
      gate 778. The input signal generated at S.sub.0 .phi..sub.1 at the
      inverted output of gate 781 is therefore coincident with the commencement
      of transmission of data from the data chip to be entered into the
      registers during the fourth instruction set. Input is coupled to gate 782
      at S.sub.0 .phi..sub.2 for enabling gates 783 to enter the second digit of
      the data word or the particular register select into the input register
      select 708. Input also actuates the right shift delay circuit 724 at time
      S.sub.15 .phi..sub.1 when input is inverted and coupled to gate 783 for
      producing RS (right shift). Gate 783 is also responsive to the timing
      matrix 702 providing a one at time S.sub.13 .phi..sub.2 for one S time
      which is inverted and gated into gate 783 via 784 at time S.sub.14
      .phi..sub.1. Therefore, right shift is generated at S.sub.15 .phi..sub.1
      when input is at V.sub.DD or at logic 0, indicating an input function has
      been commanded. Right shift delay on line 745 is generated one S time
      later at S.sub.0 . Right shift delay is coupled to gate 782 of the input
      register select 708 and is coupled to timing circuitry 785 for producing B
      and circuitry 786 for producing A, respectively. Right shift delay is also
      coupled to the selector gate 703 as earlier described for killing the
      recirculate during right shift.
PAR  Also shown in the right shift delay circuit 724 is delay arrangement 787
      responsive to time S.sub.14 from the timing matrix 702 for providing time
      S.sub.15 .phi..sub.1 at the output of gate 788.
PAR  Thus, right shift delay is essentially delayed one instruction cycle from
      input at S.sub.0 so as to actuate the input register select which is
      controlled by the address logic 712 so as to actuate only the particular
      selected register. After all the data bits 0-14 have been read into the
      particular register via lines 705, during the next instruction cycle bits
      0-14 are right shifted leaving bit S.sub.15 to be read into the now vacant
      cell from which S.sub.14 was right shifted. The automatic right shift is
      provided in accordance with the right shift signal generated in the right
      shift delay circuit 724 for rather the right shift signal is inverted and
      applied to control circuitry 782). That is, right shift is coupled at
      S.sub.0 .phi..sub.1 to line 756 providing for automatic right shift.
PAR  Meanwhile, during the fourth instruction set wherein data bits 0-14 are
      entered into the particular register, signal A generated by circuit 786
      from right shift delay allows entry of the data from the I/O pins 1-8 via
      lines 740 with zero delay. Logic arrangement 725 passes the S.sub.0
      -S.sub.14 digits so as to enter true data into the particular memory cells
      in the SAM registers in the 10-Register chip. Then upon right shift, the
      data is read out and inverted, and stored as "false" data. Right shift
      delay actuates gate 789 so as to provide signal A which gates logic
      arrangement 725 allowing entry of the first 15 bits of data via lines 740
      so that the first 15 bits are not delayed and are entered via lines 705
      into the particular SAM cell. However, signal A changes to a logic 0 for
      the sixteenth or S.sub.15 bit and signal B changes to a logic 1. When
      signal A changes to a logic 0, the logic arrangement 725 will only accept
      data via the OR gate input, and the S.sub.15.sup.th bit is entered
      therethrough upon the next instruction cycle when A changes to a logic 1.
      This provides execution time for the automatic right shift, i.e.,
      providing a cell for the S.sub.15.sup.th data bit. At time S.sub.15 of the
      subsequent instruction cycle, the sixteenth bit is entered, after being
      inverted into the last cell in the SAM register 700.
PAC  THE OUTPUT CIRCUITRY
PAR  When the first bit of the first digit of the control word is a zero
      indcating an output function, output signal is generated at gate 771 and
      is applied to the control circuitry 782A. The second digit of the data
      word is applied through gate 774 via lines 773 also to the control
      circuitry 782A for indicating to the output register select 709 which
      register is to be outputed. Right shift delay is applied to gate 774 so
      that the second data digit is gated into the output select PLA at time
      S.sub.0. The right shift delay and output signal also is coupled to power
      saver circuit 790 which selectively provides output loads to the PLA 709
      only when needed. These loads are actuated only during the output
      operation at .phi..sub.1 or during the right shift function at
      .phi..sub.1, as earlier described. Since data in the 10-Register cells are
      being recirculated and not right shifted or outputed during most of the
      operation cycle, the output decoder need not continuously be activated or
      energized by V.sub.DD to thereby reduce power drain. The RS and output
      signals selectively couple the loads to the PLA by properly biasing the
      gate of the respective devices. RS and output further actuate gate 793 so
      as to insure that the selected line in the PLA 709 returns to a logic 1,
      i.e., recharged after being cycled. This feature is an important power
      saver and is readily applied to any decoder or PLA, as well as in the
      calculator system herein described. Basic operation and structure of PLA
      arrays is described in detail in U.S. Pat. No.  3,702,985, "MOS Transistor
      Integrated Matrix", patented Nov. 14, 1972.
PAR  Output register select 709 decodes the word on lines 773 and selectively
      addresses the appropriate register on line 711. After the contents of the
      register have been outputed as above described via line 706, the output
      data is gated into the output buffers 707. Gating arrangements 791 is a
      precahrge device allowing the output lines 706 to be precharged during the
      P.sub.1 phase of the timing cycle.
PAR  Output buffers 707 are actuated via the output signal applied to delay
      arrangement 783 which allows the output data to enter the tri-state output
      buffers. That is, the output buffers exhibit three states: a 1 state, a 0
      state, and an unactuated or "dont't care" state. The output word is
      communicated to the I/O 1 8 terminals via the buffers 792. As signals A
      and B are not actuated during the output instruction so that the output
      word is not allowed to be transmitted as an input through lines 740, only
      allowed to be recommunicated to the data chip.
PAR  It is thus apparent that this invention provides increased data register
      capacity to expandable calculator systems heretofore having limited data
      storage capacity. The particular 10-Register chip of this invention
      provides such features as power savings by actuating the output PLA only
      during the appropriate output or RS cycle, addressing means timed so as to
      allow access and recall of the registers with no apparent time delay to
      the data chip, automatic right shifting of the data in the memory cells
      with a subsequent insertion of the last bit of the data word into the last
      memory cell so as to insure reliable operation free of timing problems.
      Furthermore, the 10-Register chip is addressed through only a minimum
      number of pins, requiring only four terminals for inputing and outputing
      data and the address word, with only two additional terminals required to
      receive flag data from the data chip.
PAR  Another feature provided by the invention allows hard wiring a coded number
      for representing each individual chip, allowing up to 16 chips to be
      utilized in one register system, with the option of utilizing a fifth hard
      wired digit for doubling the chip recalling capacity of the system.
PAR  Another feature provided by the 10-Register chip of this invention is the
      utilization of a sequentially addressed memory instead of conventional
      shift registers, economizing both on power consumption and chip size
      ulitized for implementing the chip register/storage function.
PAR  Another feature provided by the 10-Register chip allows the selective
      clearing of (1) all similar 10-Register chips in the system, (2) selective
      10-Register chips of the system, or (3) only selected registers in the
      selected chip.
PAR  Although a specific embodiment of this invention has been described herein,
      in conjunction with a spedific 10-Register chip in combination with an
      expandable two-chip calculator system, various modifications to the
      particular implementation depicted will be apparent to those skilled in
      the art without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a calculator system of the type implemented on first and second sets
      of semiconductor chips with the first set of semiconductor chips having
      keyboard input means for entering data and functions, a plurality of
      separate data memory locations for storing in bit-parallel format a
      plurality of multi-digit words of coded information, wherein the data
      memory locations comprise addressable memory means, addressable storage
      means for storing a plurality of program instructions for controlling the
      operation of the calculator system, control means for receiving the
      program instructions and generating control connections according thereto,
      parallel arithmetic logic means connected to the control means and to the
      data memory locations for performing parallel arithmetic and logic
      operations on the multi-digit coded words from the data memory locations
      one digit at a time, multi-digit display means connected to the data
      memory locations for displaying the numerical results of calculations made
      by the calculator system, timing means for producing timing signals for
      strobing the keyborad input means and the display means during a scan
      cycle, status output means for sending status information indicative of
      operating condition of the calculator system and data output means for
      outputting first and second data words from said data memory locations, a
      data register chip of the second set of chips operatively responsive to
      said first set for providing auxiliary data storage capacity comprising in
      combination:
PA1  a. input means on the data register chip responsive to said status
      information for generating first and second operations signals and a
      synchronization signal;
PA1  b. storage means on the data register chip coupled to said data output
      means for storing a first multi-digit data word transmitted from said
      first set indicative of an input/output operation command and further
      indicative of the particular register to be addressed among a set of
      registers in the data register chip;
PA1  c. register storage means on the data register chip addressable for
      inputting or outputting data in accordance with said first and second
      operations signals, including a set of individually addressable registers;
PA1  d. register timing means on the data register chip for driving said set of
      registers in timed relationship with said timing signals in said first set
      of chips in response to said synchronization signal;
PA1  e. first decode means on the data register chip responsive to said first
      data word for selectively addressing at least one of the set of registers
      of said register storage means; and
PA1  f. input delay means coupling said storage means to said data output means
      for communicating a first set of digits of a second data word to the
      selected one of the set of registers sequentially without delay and for
      communicating at least one other digit of said second data word to said
      selected one of the registers after a preselected delay.
NUM  2.
PAR  2. The calculator system of claim 1 wherein said register storage means and
      said data memory locations comprise sequentially addressed memories.
NUM  3.
PAR  3. The calculator system of claim 2 further including means for
      automatically right shifting data in said selected one of the registers
      during said preselected delay, and wherein said at least one other digit
      of said second data word is thereafter entered into said selected one of
      the registers.
NUM  4.
PAR  4. The calculator system according to claim 1 and further including clear
      means for addressing all registers in said register chip in response to
      said first data word, wherein said clear means includes right shifting
      means for right shifting data in all the registers in said chip, the clear
      means functioning to clear all registers.
NUM  5.
PAR  5. A calculator system of the type implemented in a plurality of integrated
      semiconductor units comprising means in a first of such units for storing
      data and means for generating timing signals having timing cycles of word
      length duration and subcycles of digit length duration, means in a second
      of such units for auxiliary data storage and means for selecting a
      particular location for storage of data of word length transmitted from
      the first unit and for selecting a particular location from which data of
      word length is to be transmitted to said first unit, the means for
      selecting including a storage register for receiving from the first unit
      and temporarily storing a plurality of digits of a first data word which
      is less than word length, the auxiliary data storage means being
      operatively connected to the storage register and responsive to the first
      data word for selection of a particular location within the auxiliary data
      storage means, and including means responsive to control signals received
      from the first unit for preconditioning the storage register for receiving
      the plurality of digits, means in the second unit responsive to completion
      of a timing cycle of word length duration, occurring after the storing of
      the first data word, during which a second data word is received from the
      first unit for initiating shift of a subset of digits of the data word in
      the particular location by one subcycle of digit length duration, and
      means in the second unit for storing the data occurring druing the last
      subcycle within the second data word received by the second unit and means
      for inserting such data in the particular location after right shift of
      said subset.
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PAL  A miniaturized computer controller system utilizes reprogrammable "read
      only" ultraviolet memory chips instead of conventional core memories to
      store a control program comprising variable information regarding all
      electrical elements in all electrical circuit lines of the controller. The
      memory chips are reprogrammable within the controller and thus delicate
      removal of the chips for reprogramming is eliminated. The controller
      utilizes a central processor removably interfitting with a reprogramming
      module that also communicates with a programming panel.
PAL  When in a "monitor" mode, the programming panel, in conjunction with the
      reprogramming module, allows the operator to view any particular
      electrical circuit line while the controller is operating. A scroll switch
      on the programming panel further allows the operator to view sequentially
      higher or lower numbered electrical circuit lines while a trace switch
      provides for examining any electrical circuit line to which a currently
      viewed element is referenced.
PAL  When in a " program" mode, the programming panel, in combination with the
      reprogramming module, replaces the variable memory "read only" chips and
      allows the controller to continue operation while the operator is
      programming, adjusting, or de-bugging the electrical circuit lines.
      Following the programming of the electrical circuit lines with the desired
      electrical elements, the information regarding these lines is transferred
      to the reprogrammable "read only" memory chips when the programming panel
      is in a "write" mode. In this mode all the information previously stored
      in the memory chips is first erased by ultraviolet light, followed by the
      insertion of the new information regarding the electrical circuit lines.
PAL  Following the transferral of information to the memory chips, the
      reprogramming module is disconnected from the central processor and
      replaced by a removably interfitting power supply module, whereby the
      system operates with electrical circuit line information stored in the
      reprogrammable memory chips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Computer controller systems such as those disclosed in U.S. Pat. No.
      3,686,639 entitled "Digital Computer-Industrial Controller System and
      Apparatus", have been utilized in recent years to control many industrial
      operations such as automatic assembly equipment, textile machinery,
      materials handling equipment, and chemical processes. Computer controller
      systems have generally utilized core memories in order to store variable
      information relating to electrical circuit lines found in standard
      electrical circuit ladder diagrams commonly used in industrial control
      systems. These core memories require a significant amount of peripheral
      electronic circuitry in order to properly write-in and read-out
      information. Because of these inherent problems encountered with core
      memories and also because of their relatively high price, computer
      controller systems have not been readily adaptable to small industrial
      control systems utilizing from 10 to 30 simulated outputs and from 20 to
      60 input signals.
PAR  During the last several years, new methods of storing variable data have
      been developed in the electronic industry. Thus the use of integrated
      circuit random access memories has allowed the electronic designer to
      store and retrieve variable information without the need for core
      memories. However, such electronic memory devices are unable to retain
      stored information upon de-energization of the integrated circuits.
      Therefore, such integrated circuits are unable to be utilized in storing
      electrical circuit line information if the system is periodically
      de-energized either for work shutdowns or during power failures.
PAR  Recently however, the Intel Corporation of Santa Clara, California has
      invented memory chips which are able to retain stored information
      regardless of the energized state of the memory chip. Information is
      electrically written into the chip but only ultraviolet light is able to
      erase the memory chip. Since the ultraviolet light erases the entire
      memory of the chip, selective erasure of information within the memory
      chip is unobtainable.
PAR  Some manufacturers of electronic equipment have utilized Intel
      Corporation's ultraviolet "read only" memory chips in various electronic
      devices including industrial computer controllers. However, these
      manufacturers require that the delicate memory chip be physically removed
      from the electronic structure when reprogramming of the memory chip is
      desired. Such a technique is highly undesirable in industrial computer
      controllers since these controllers are commonly used in very harsh
      industrial environment where soot, oil and grime are frequently found. In
      addition, the removal of the memory chip in an industrial controller
      system requires that the equipment being controlled be shutdown during the
      removal and reprogramming of the memory chip. Such shutting down of highly
      expensive equipment is of course undesirable; and also, since a desired
      change may require more than one adjustment to the industrial controller,
      repeated removals of the memory chip from the controller may be necessary.
PAR  The present invention eliminates these problems by reprogramming the memory
      chips without physically removing them from the central processor in which
      they are located. In addition, the present invention allows the operator
      to vary the electrical circuit line network or control program without
      shutting down the controller. Therefore, "on-line" de-bugging of the
      control program is possible with the present invention.
PAR  The present invention thus allows the operator to observe the present
      electrical circuit line network, to reprogram this network, and to store
      this reprogrammed network into the memory chips while the industrial
      computer controller system is operating. In addition, the present
      invention provides a "trace" feature which greatly facilitates de-bugging
      the control program by allowing the operator to view the entire electrical
      circuit line to which an electrical element in a presently viewed
      electrical circuit line has its state referenced. Furthermore, the present
      invention provides a "scroll" feature that allows the operator to
      sequentially view higher or lower numbered electrical circuit lines of the
      electrical circuit diagram. The present invention also allows the operator
      to disable any electrical circuit line without the need for erasing the
      entire memory chips and reprogramming the chips with the previous control
      program minus the disabled circuit line. In addition, the present
      invention allows a new electrical circuit line to be programmed into the
      memory chips without first erasing the entire memory chips.
PAR  Thus the present invention is a miniaturized computer controller system
      providing relay type logic as well as timers and counters for controlling
      industrial control systems having relatively few inputs and outputs. The
      present invention is compact, rugged, and inexpensive and so is readily
      suited for small industrial systems including designers and manufacturers
      of automatic machine tools.
PAC  SUMMARY OF THE INVENTION
PAR  The use of computer controller systems to monitor and control industrial
      process systems has become highly prevalent since U.S. Pat. No. 3,686,639,
      entitled "Digital Computer-Industrial Controller System and Apparatus" was
      issued in 1972. Industrial controllers, such as the Model 084 and the
      Model 184 of Modicon Corporation, Andover, Massachusetts utilize a
      schematic electrical circuit diagram to control industrial control
      systems. These diagrams consist of two spaced apart vertical bus lines,
      each theoretically connected to one terminal of a power supply. Connected
      between the parallel vertical lines are horizontal circuit lines which
      form the schematic electrical circuit diagram resembling a ladder.
PAR  Each electrical circuit line terminates in a relay and preceding the relay
      are a plurality of electrical elements such as normally open or normally
      closed switches which control the operation of the relay to provide an
      output signal when the circuit line conducts. The electrical elements
      commonly utilized are the normally open and the normally closed switch as
      well as the parallel normally open and the parallel normally closed
      switches so as to provide both AND functions and OR functions. In
      addition, timers and counters may be entered into these electrical circuit
      lines so as to energize the simulated relay coil when the time or the
      number of counts received is equal to a preselectable time or count
      respectively.
PAR  It has been found that in order to store variable information regarding
      electrical circuit lines as well as the particular electrical elements
      within these circuit lines, it is necessary to have a random access memory
      that is capable of retaining its stored information when the industrial
      computer controller is de-energized during normal shutdowns or during
      possible power failures. In the recent past, the only feasible, economic
      way of providing such a random access memory was through the use of core
      memories. These memories however, have inherent limitations due to the
      electronic circuitry needed to write-in information and read-out
      information from the core memories as well as the expense of the core
      memory itself.
PAR  Recently the Intel Corporation of Santa Clara, California has devised a
      "read only" memory chip that is capable of storing information while the
      memory chip is de-energized. In addition these "read only" memories may be
      completely erased by the use of ultraviolet light and then reprogrammed by
      electrically energizing the desired bits within the memory chip. These
      memory chips thus provide an alternative to the use of core memories in
      industrial computer controllers with the major disadvantage being that
      selective bits of the memory chip may not be erased. In order to erase any
      particular bit in the memory chip all the bits of the chip must be erased.
PAR  The present invention, however, is able to overcome this particular
      disadvantage of reprogrammable "read only" memories (RROM) by providing an
      industrial computer controller that is able to reprogram the information
      in the memory chips without the need for de-energizing the particular
      industrial process being controlled by the invention.
PAR  More particularly, the present invention incorporates a central processor
      that is able to solve the relay logic of the electrical circuit lines
      including timers and counters entered within these electrical circuit
      lines. This central processor consists entirely of solid state circuitry
      that processes and controls the electrical circuit lines and the
      electrical elements within the circuit lines that are stored in the RROM
      within the central processor. The central processor also incorporates a
      counting memory for solving counters placed within the electrical circuit
      lines as well as a clock for solving timing functions placed within the
      electrical circuit lines. Furthermore, the central processor includes a
      sequence processor for allowing a particular electrical circuit line to
      energize up to 100 other electrical circuit lines, as well as other
      modules for storing information relating to the relay coils of the
      electrical circuit lines and additional modules for properly receiving and
      transmitting information to an input/output assembly.
PAR  Other manufacturers have devised reprogrammable "read only" memories that
      are erasable. However, most of these memories require that they be removed
      from the control circuit during reprogramming since electrical signals of
      a non-compatible nature to the control circuitry must be applied to them
      during reprogramming. In all these cases the data from the reprogrammable
      chips is not available for a significant time interval during programming
      of the chips.
PAR  The input/output assembly consists of input/output modules for receiving
      and transmitting either alternating current or direct current signals to
      and from industrial equipment that is to be controlled by the computer
      controller system. The operation and mechanical design of these
      input/output modules and the accompanying input/output housing in which
      they are placed is similar to the modules currently utilized on the
      Modicon Model 184, manufactured by the Modicon Corporation, Andover,
      Massachusetts. Some of the output lines to the input/output assembly have
      retentive memories that energize certain inputs when power is restored
      after a power shutdown if corresponding outputs were energized before the
      shutdown.
PAR  Mechanically and electrically removably interfitting with the central
      processor is a reprogramming assembly consisting of a reprogramming module
      and a programming panel. The reprogramming module incorporates a
      controller interface for communicating to the central processor as well as
      from a random access memory (RAM), a RROM interface, and a microprocessor.
PAR  The microprocessor communicates with the programming panel which allows the
      operator to observe the present electrical circuit lines within the
      central processor's RROM as well as providing means for changing the
      electrical circuit lines within this RROM. In addition, the reprogramming
      module incorporates a power supply for energizing the reprogramming module
      itself as well as the programming panel and the central processor which in
      turn provides power to the input/output assembly.
PAR  When the programming panel is in a "monitor" mode, the reprogramming module
      retrieves the electrical circuit line information stored in the RROM of
      the central processor and transfers this information back to the central
      processor for solving the electrical circuit lines. The reprogramming
      panel also transfers information regarding any operator selected circuit
      line to the programming panel where the entire status of the line is
      displayed. In addition the programming panel provides a "scroll" switch
      that allows the operator to sequentially view higher or lower numbered
      electrical circuit lines without the need for entering each circuit line
      on a numeric key pad of the programming panel.
PAR  When the programming panel is in a "program" mode, the reprogramming module
      retrieves all the information in the RROM of the central processor and
      stores this information in its random access memory. The information is
      then transferred to the central processor so that the electrical circuit
      lines may be solved. In addition, the operator may view any electrical
      circuit line as well as add additional circuit lines to the random access
      memory. These new electrical circuit lines will automatically be
      transferred to the central processor to be solved. Furthermore, the
      operator may vary any of the previously programmed electrical circuit
      lines that were initially stored in the central processor's RROM.
PAR  When the operator has obtained the desired electrical circuit lines and
      elements therein so as to properly control the industrial process, the
      information may then be transferred to the central processor's RROM. In
      order to do this, the programming panel is placed in the "write" mode. In
      this mode the reprogramming module first erases all the information in the
      central processor's RROM. Specifically, when the Intel type RROM is used,
      this is achieved by activating an ultraviolet light source within the
      reprogramming module that visually communicates through a quartz window to
      the RROM memory chips within the central processor. Generally, the
      appropriate erasing means is employed for whatever RROM type is used. When
      the information in the RROM has been completely erased, the reprogramming
      module then transfers the electrical circuit line information in its
      random access memory to the RROM. During this time, the computer
      controller system is capable of controlling the desired industrial process
      so that de-energization of the controlled process is unnecessary at any
      time.
PAR  Following the reprogramming of the RROM, the reprogramming module may be
      disconnected from the central processor, with the insertion of a power
      supply in its place. This power supply provides the electrical energy to
      the central processor as well as interconnecting the RROM to the other
      modules of the central processor for the continued control of the desired
      industrial process. If at a later time the electrical circuit line
      configurations stored in the RROM are to be monitored or changed, the
      reprogramming module may again be interconnected to the central processor.
PAR  The reprogramming assembly is also used to initially store the information
      regarding the electrical circuit lines into the RROM. The reprogramming
      module includes a teletype interface for allowing a pre-stored control
      program to be transferred from the reprogramming module to the RROM
      without the need for the operator to manually enter each electrical
      circuit line via the switches on the programming panel. In addition, the
      reprogramming module allows the operator to enter additional electrical
      circuit lines to a previously stored circuit line program without the need
      for erasing the entire RROM memory and re-entering the updated program.
      When new lines are to be entered into the RROM of the central processor,
      the reprogramming module merely transfers this updated information from
      its random access memory through the RROM interface to the central
      processor's RROM.
PAR  Furthermore, in the troubleshooting of a control program, the operator may
      utilize a "trace" switch on the programming panel that allows the operator
      to observe an electrical circuit line to which an electrical element in a
      presently observed electrical circuit line is referenced. The operator may
      then look at an electrical circuit line to which a particular element in
      this latter circuit line is referenced for ascertaining if an error in the
      control program lies in this particular circuit line. After observing
      these referenced electrical circuit lines, the operator may, by changing
      the position of the "trace" switch, return to the initial electrical
      circuit line that he was observing. The above trace operation may be
      performed any number of times in either direction, thus allowing the
      operator to sequentially view lines that reference the condition of any
      element in any other circuit line.
PAR  This feature, in combination with the "scroll" feature, greatly facilitates
      the de-bugging of the control programs.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an industrial
      computer controller that utilizes reprogrammable "read only" memory chips
      for the storage of variable information related to a desired control
      program consisting of electrical circuit lines incorporating electrical
      elements.
PAR  A further object of the invention is to provide a computer controller of
      the above character whereby the reprogrammable "read only" memory chips
      may be reprogrammed without their removal from the controller.
PAR  Another object of the present invention is to provide a computer controller
      of the above character that allows an operator to observe the condition of
      the electrical circuit lines of the control program while the controller
      is operating.
PAR  An additional object of the present invention is to provide a computer
      controller of the above character that allows the operator to vary or add
      to the control program without deenergizing the controller.
PAR  Another object of the present invention is to provide a computer controller
      of the above character that allows the operator to reprogram the
      reprogrammable "read only" memory chips while the controller is operating.
PAR  Another object of the present invention is to provide a means for allowing
      an operator to sequentially view electrical circuit lines of the control
      program without the need for numerically entering each of these electrical
      circuit lines on a programming panel of the controller.
PAR  Another object of the present invention is to provide a computer controller
      of the above character having a programming panel that provides means for
      observing an electrical circuit line that references an electrical element
      in a presently viewed electrical circuit line without the need for
      numerically entering this referencing circuit line.
PAR  A further object of the present invention is to provide a computer
      controller of the above character that utilizes a reprogramming assembly
      that removably interconnects with a central processor.
PAR  Another object of the present invention is to provide a computer controller
      of the above character that monitors, varies, and rewrites the
      reprogrammable "read only" memory chips of the controller.
PAR  A further object of the present invention is to provide a computer
      controller of the above character that is compact, rugged, and easy to
      operate.
PAR  A still further object of the present invention is to provide a computer
      controller of the above character that is inexpensive and easy to service.
PAR  An additional object of the present invention is to provide a computer
      controller of the above character having a programming panel that is
      capable of displaying an entire electrical circuit line of the control
      program including the electrical elements in the electrical circuit line
      as well as the other electrical circuit lines or inputs that may reference
      the condition of these electrical elements.
PAR  A further object of the present invention is to provide a computer
      controller of the above character that generates self-diagnostic signals
      regarding the condition of the controller.
PAR  Other objects of the invention will, in part, be obvious and will in part
      appear hereinafter.
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PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective diagrammatic view of a computer controller system
      according to the present invention;
PAR  FIG. 2 is a diagrammatic side view of a central processor and a
      reprogramming module of the computer controller system of FIG. 1
      communicating with a programming panel of this system;
PAR  FIG. 3 is a schematic diagram showing the ladder diagram form of the
      electrical circuit lines that are simulated by the computer controller
      system of FIG. 1;
PAR  FIG. 4 is a schematic diagram showing a counter or timer type of electrical
      circuit line that is simulated by the computer controller system of FIG.
      1;
PAR  FIG. 5 is a front view of the central processor of the computer controller
      system of FIG. 1;
PAR  FIG. 6 is a diagrammatic front view of the programming panel of the
      computer controller system of FIG. 1 displaying a typical relay type
      electrical circuit line;
PAR  FIG. 7A is a diagram showing six, eight bit "read only" memory words used
      to store one electrical circuit line of the computer controller system of
      FIG. 1;
PAR  FIG. 7B is a diagram showing how the six "read only" memory words are used
      to define four, 12 bit words used to define each of the four nodes of one
      electrical circuit line of the computer controller system of FIG. 1;
PAR  FIG. 7C is a diagram showing the various bit locations of the twelve bit
      words used to define one electrical circuit line of the computer
      controller system of FIG. 1;
PAR  FIG. 7D is a diagram showing the type of electrical element generated by
      various states of designated bits of the four, twelve bit words used to
      define one electrical circuit line of the computer controller system of
      FIG. 1;
PAR  FIG. 7E is a diagram showing the various states of an electrical circuit
      line of the computer controller system of FIG. 1 depending on the states
      of two bits of the four, twelve bit words of FIG. 7C;
PAR  FIG. 8 is a functional block diagram of the computer controller system of
      FIGS. 1 and 2;
PAR  FIG. 9 is a diagrammatic representation of a sequencer function of the
      computer controller system of FIG. 1;
PAR  FIG. 10 is a diagrammatic representation of a "trace" feature of the
      computer controller system of FIGS. 1 and 2;
PAR  FIG. 11 is a diagrammatic representation of a "scroll" feature of the
      computer controller system of FIGS. 1 and 2;
PAR  FIG. 12 comprising FIGS. 12A, 12B, 12C, 12D, 12E, and 12F is a schematic
      diagram of a first portion of the central processor of the computer
      controller system of FIGS. 1 and 2;
PAR  FIG. 12G is a diagram showing how FIGS. 12A, 12B, 12C, 12D, 12E, and 12F
      are put together to form FIG. 12;
PAR  FIG. 13 comprising FIGS. 13A, 13B, 13C, 13D, 13E, 13F, 13G, and 13H is a
      schematic diagram of a second portion of the central processor of the
      computer controller system of FIGS. 1 and 2;
PAR  FIG. 13I is a diagram showing how FIGS. 13A, 13B, 13C, 13D, 13E, 13F, 13G,
      and 13H are put together to form FIG. 13;
PAR  FIG. 14 comprising FIGS. 14A, 14B, 14C, 14D, 14E, 14F, 14G, 14H, 14I, and
      14J is a schematic diagram of a third portion of the central processor of
      the computer controller system of FIGS. 1 and 2;
PAR  FIG. 14K is a diagram showing how FIGS. 14A, 14B, 14C, 14D, 14E, 14F, 14G,
      14H, 14I, and 14J are put together to form FIG. 14;
PAR  FIG. 15 comprising FIGS. 15A, 15B, 15C, 15E, 15F, and 15G is a schematic
      diagram of the random access memory of the programming panel of the
      computer controller system of FIG. 1;
PAR  FIG. 15H is a diagram showing how FIGS. 15A, 15B, 15C, 15E, 15F, and 15G
      are put together to form FIG. 15;
PAR  FIG. 16 comprising FIGS. 16A, 16B, 16C, 16D, 16E, 16F, 16G, 16H, 16I, 16J,
      16K, 16L and 16N is a schematic diagram of a processor portion of the
      programming panel of the computer controller system of FIG. 1;
PAR  FIG. 16M is a diagram showing how FIGS. 16A, 16B, 16C, 16D, 16E, 16F, 16G,
      16H, 16I, 16J, 16K, 16L, and 16N are put together to form FIG. 16;
PAR  FIG. 17 comprising FIGS. 17A, 17B, 17C, 17D, and 17E is a schematic diagram
      of a first portion of the central processor interface of the computer
      controller system of FIGS. 1 and 2;
PAR  FIG. 17F is a diagram showing how FIGS. 17A, 17B, 17C, 17D, and 17E are put
      together to form FIG. 17;
PAR  FIG. 18 comprising FIGS. 18A, 18B, 18C, and 18D is a schematic diagram of a
      second portion of the central processor interface of the computer
      controller system of FIGS. 1 and 2;
PAR  FIG. 18E is a diagram showing how FIGS. 18A, 18B, 18C, and 18D are put
      together to form FIG. 18;
PAR  FIG. 19 comprising FIGS. 19A, 19B, 19C, and 19D is a schematic diagram of
      the reprogrammable "read only" memory of the computer controller system of
      FIGS. 1 and 2;
PAR  FIG. 19E is a diagram showing how FIGS. 19A, 19B, 19C and 19D are put
      together to form FIG. 19;
PAR  FIG. 20 comprising FIGS. 20A, 20B and 20C is a schematic diagram of the
      control protion of the programming panel of the computer controller system
      of FIGS. 1 and 2;
PAR  FIG. 20D is a diagram showing how FIGS. 20A, 20B, and 20C are put together
      to form FIG. 20;
PAR  FIG. 21 comprising FIGS. 21A, 21B, and 21C is a schematic diagram of the
      programming panel interface of the computer controller system of FIGS. 1
      and 2;
PAR  FIG. 21D is a diagram showing how FIGS. 21A, 21B and 21C are put together
      to form FIG. 21;
PAR  FIG. 22 comprising FIGS. 22A, 22B, 22C, 22D, 22E, 22F, and 22G is a flow
      chart of a portion of the computer program of the microprocessor of the
      computer controller system of FIGS. 1 and 2;
PAR  FIG. 22H is a diagram showing how FIGS. 22A, 22B, 22C, 22D, 22E, 22F, and
      22G are put together to form FIG. 22;
PAR  FIG. 23 is a flow chart of the binary to binary coded decimal subroutine
      used by the microprocessor of the computer controller system of FIGS. 1
      and 2;
PAR  FIG. 24 is a flow chart of an "exclusive or" subroutine used by the
      microprocessor of the computer controller system of FIGS. 1 and 2; and
PAR  FIG. 25 is a flow chart of a "power-up" subroutine used by the
      microprocessor of the computer controller system of FIGS. 1 and 2;
PAR  FIG. 26 comprising FIGS. 26A, 26B, 26C, 26D, 26E, 26F, and 26G, is a
      schematic diagram of a typical input/output module used in the computer
      controller system of FIGS. 1 and 2.
PAR  FIG. 26H is a diagram showing how FIGS. 26A, 26B, 26C, 26D, 26E, and 26F
      are put together to form FIG. 26.
DETD
PAC  DETAILED DESCRIPTION
PAR  As can best be seen in FIGS. 1 and 2, a computer controller system of the
      present invention incorporates a central processor 30 that mechanically
      and electrically interconnects with a power supply module 32 or a
      reprogramming module 34. In addition, the central processor mechanically
      and electrically removably interconnects with an input/output housing 36
      that in turn mechanically and electrically removably interfits with
      input/output modules 38 and 40.
PAR  As can best be seen in FIG. 1 in phantom, additional input/output housings
      42 may interconnect with input/output housing 36 to provide expandable
      input/output capabilities to the computer controller system. The
      additional input/output housing further incorporates additional
      input/output modules 44 and 46 to properly receive and transfer electrical
      signals from external devices 41.
PAR  As best seen in FIG. 2 the reprogramming module 34 removably interconnects
      with central processor 30 via interconnector knob 48 communicating with
      controller 30 via interconnecting rod 50. The reprogramming panel
      incorporates a keel 52 of approximately 2 inches in width that is spaced
      in a longitudinal configuration on the rearward portion of the programming
      panel. The keel incorporates an L-shaped portion 54 on its upper portion
      that mechanically communicates with a finger portion 56 of the central
      processor 30. When the reprogramming module is disconnected from the
      central processor via interconnecting knob 48 and interconnecting rod 50,
      the module may be pivoted and removed from the central processor via a
      handle portion 58 of the reprogramming module as shown in phantom in FIG.
      2.
PAR  The power supply 32 as shown in FIG. 1, similarly incorporates an
      interconnector knob 60 and an interconnecting rod (not shown). The power
      supply also includes a keel 62 and a handle 64 so as to allow easy removal
      of the power supply from the central processor 30.
PAR  It is thus apparent that both the power supply module 32 and the
      reprogramming module 34 incorporate similar features that allow their easy
      interconnecting to the same central processor 30. As will be discussed
      more fully later in this description, the power supply module is utilized
      once the proper control program has been obtained while the reprogramming
      module 34 is utilized to enter or monitor the desired control program into
      the central processor.
PAR  As also seen in FIG. 2, when the reprogramming module is connected to the
      central processor 30, a programming panel 66 is electrically connected to
      the reprogramming module via cable 68.
PAR  As is disclosed in U.S. Pat. No. 3,686,639, entitled "Digital
      Computer-Industrial Controller System and Apparatus", present-day computer
      controller systems are capable of controlling external devices by entering
      into the central processor various electrical circuit lines that represent
      the manner in which external devices are controlled by switches, timers,
      and counters. As described in the U.S. Pat. No. 3,686,639 and as shown in
      FIG. 3, these electrical circuit lines cause simulated relay coils 70, 71,
      72, 73, and 74 to be energized when there is simulated electrical
      continuity between both ends of the electrical circuit lines. The
      energization of the electrical circuit line relay coil may then be used to
      drive external devices or as a reference for simulated electrical elements
      in any electrical circuit line of the computer controller system. Thus, as
      shown in FIG. 3, the relay coil of electrical circuit line No. 3 is a
      reference to the normally open switch in line No. 2. When relay coil 72 is
      energized the normally open switch in line 2 will be closed.
PAR  The electrical circuit lines disclosed in the U.S. Pat. No. 3,686,639 as
      well as the electrical circuit lines utilized in the present invention in
      its preferred embodiment consist of four nodes, 76, 77, 78, and 79 with a
      relay coil following the lattermost node. Thus when the simulated
      electrical elements close, continuity is obtained throughout the line and
      the central processor interprets this continuity by energizing the
      simulated relay coil of that particular line.
PAR  Similarly, as best seen in FIG. 4 the four nodes of the U.S. Pat. No.
      3,686,639 as well as the preferred embodiment of the present invention may
      represent a timer or counter. In this configuration, the A-node generates
      a count or sweep if it is in the closed position whereas the electrical
      element in the B-node resets the count or time if it is in the open
      position. The preset count or time is entered into the C-node and the
      D-node stores the accumulated count or time of this particular counter or
      timer. When the number stored in the D-node is equal to the present count
      or time, the relay coil 82 is energized.
PAR  Thus, it can be readily seen that present-day computer controller systems
      as well as the preferred embodiment of the present invention are able to
      control external devices such as machine tools, chemical batch processing,
      and conveyor systems, by use of logic lines that represent electrical
      devices such as normally open switches, normally closed switches, parallel
      open switches, parallel closed switches, timers, and counters.
PAR  However, most present-day controller systems utilize core memories in order
      to store the variable information regarding the electrical elements in the
      various electrical circuit lines desired. Core memories are inherently
      expensive and the peripheral electronic circuitry needed to write-in
      information and read-out information to and from the core memories is also
      complicated and expensive.
PAR  Thus, computer controller systems have generally been used in applications
      requiring a relatively great number of input and output signals to
      external devices in order to justify the relatively large expense involved
      in using a core memory system to store variable information. However,
      since 1972, the Intel Corporation, of Santa Clara, California, has
      perfected a "read only" memory that is capable of being reprogrammed. Such
      a memory can be used to store the variable information regarding the
      electrical elements in the electrical circuit lines. Indeed, at least one
      manufacturer of computer controller systems has utilized the Intel
      Corporation reprogrammable memory chip (Part No. 1702A) to store this
      variable information. However, an inherent difficulty using these memory
      chips is that ultraviolet light must be used in order to erase these
      memory chips and that selective erasure of information within a particular
      chip is unobtainable. Thus in order to change a control program
      representing an electrical circuit line network, it has been necessary to
      remove the memory chip from the controller system, to reprogram it with a
      potentially desirable new control program, and to re-insert the memory
      chip into the controller. All these operations are not only time consuming
      to operators of industrial equipment but also, due to the inherently dirty
      industrial environments, a rather hazardous procedure to undertake on the
      factory floor. In addition, it requires the operator of the controller
      system to be well versed in the removal of these memory chips as well as
      the reprogramming of these chips on special devices. If the operator has
      dirty or greasy hands, the removal of the memory chips may prevent the
      chip from being properly erased or possibly from the chip making proper
      electrical continuity in the reprogramming device.
PAR  All these inherent difficulties in using reprogrammable "read only" memory
      chips have been eliminated in the present invention. As best seen in FIG.
      5, the memory chips 80 communicate to the outside world via a quartz glass
      window 84 mounted on the central processor 30. The quartz glass window,
      unlike ordinary glass, is transparent to ultraviolet light and thus allows
      the RROM chips 80 to be erased from an external source of ultraviolet
      light. The reprogramming module 34 contains a source of ultraviolet light
      83 (see FIG. 8) which when activated causes the data stored within the
      RROM to be completely erased. The power supply module 32 does not contain
      such a light source, and therefore it is apparent that in order to erase
      the memory of the RROM, it is necessary that the reprogramming module 34
      be connected to central processor 30.
PAR  Thus, in order to change the variable data within the RROM of the central
      processor, it is necessary that the reprogramming module be connected to
      the central processor and that the programming panel in turn be connected
      to the reprogramming module. As best seen in FIG. 2, to initially generate
      the electrical circuit line ladder network or control program into the
      RROM chips 80, it is first necessary to generate this information in the
      programming panel 66. The information may be entered line by line by the
      operator via the push buttons on the programming panel. As can best be
      seen in FIG. 6, a key lock switch 86 is then placed in a PROGRAM mode.
      When in this mode, the reprogramming module 34 provides the variable
      information to the central processor 30. Also the programming panel 66 can
      enter new electrical circuit lines in the reprogramming module. To enter a
      logic line consisting of normally open, normally closed, parallel normally
      open, and parallel normally closed switches the operator must perform the
      following operations:
PA1  A. set a line number (see FIG. 3) on key pad switches 88. The numbers
      selected are then displayed in a composition display 89. This display
      shows any number selected on key pad switches 88 before any other switch
      is depressed;
PA1  B. depress a LINE push button 90. At this time, the type of line will be
      shown in a display window 92. As shown in FIG. 6, line No. 15 is shown to
      be a relay type line. Designated lines of the controller system are relay
      lines while others are counter or timer lines;
PA1  C. put the key lock switch 86 into the PROGRAM position:
PA1  D. if the DISABLE lamp 94 is lit, and not specifically desired, press a
      DISABLE OFF switch 96 in order to turn off the DISABLE light;
PA1  E. press the A node push button 98;
PA1  F. set the desired line number or input number that is to set the initial
      condition of the electrical element in the A-node on the key pad switches
      88;
PA1  G. press the desired electrical element to be entered in the A node via
      electrical element switches 100; and
PA1  H. repeat steps D, E, and F for the B, C, and D, nodes of the chosen
      circuit line. When this operation has been completed, a circuit line such
      as line No. 15 shown in FIG. 6 will be entered into the reprogramming
      module 34 and simultaneously displayed in display window 92 of the
      programming panel.
PAR  To enter a counter or timer line as shown in FIG. 4, a similar procedure is
      utilized except that the line number must be one that is designated to be
      a counter line. Such a line number is entered on key pad switches 88 and
      when LINE push button 90 is depressed, the display window will indicate
      that a counter line has been selected. The same steps as discussed in the
      relay type line are utilized to enter the electrical elements into the A
      and B nodes of the counter line. To finish the counter line, the following
      steps are undertaken:
PA1  A. press the C button;
PA1  B. set the preset count on the key pad switches 88.
PAR  The D node does not need to be set since this node merely accumulates the
      count or time for this particular electrical circuit line and is thus
      initially set to zero.
PAR  Once the desired electrical circuit lines are programmed into the
      reprogrammable module, the information may then be transferred to the RROM
      by turning the key lock switch 86 to the WRITE position. At this point an
      ultraviolet lamp within the reprogramming module activates causing the
      information in the RROM to be erased. When the reprogramming module
      ascertains via ultraviolet sensor 93 (see FIG. 8) and via the RROM
      interface 128 that all the information in the RROM has been erased, the
      control program in the reprogramming module RAM 130 is transferred to the
      RROM. Once this transferral of information has been completed, the
      reprogramming module 34 may be removed from the central processor 30 and
      the power supply module 32 re-connected to the central processor. As best
      seen in FIG. 2 a paper tape module 102 may be connected to the programming
      panel 66 via cable 104 wherein the paper tape contains a desired control
      program. To enter the information on the paper tape into the programming
      panel and thus into the reprogramming module, the paper tape READ push
      button 106 on the programming panel (see FIG. 6) must first be depressed.
      A CHECK push button 108 is utilized to verify that the information has
      been properly received by the reprogramming module. This feature is
      generally used to verify a tape which has been recently punched, and to
      check a RROM memory image against source data. Once the desired
      information from the paper tape has been received by the reprogramming
      module, the transferral of this information to the RROM chips 80 of the
      central processor is accomplished by the identical method described above.
      It should also be noted that a paper tape record of a control program
      within the reprogramming module may be obtained by depressing a PUNCH push
      button 109 located on the programming panel.
PAC  THE FUNCTIONAL BLOCKS
PAR  As can best be seen in FIG. 8, the functional block diagram of the computer
      controller system of the present invention consists of two sections that
      communicate with one another via the connector 49 and quartz window 84. A
      first area is the central processor and a second area is the reprogramming
      module and programming panel. The central processor comprises functional
      blocks which perform all the logic solving, counting and timing that is
      needed to update each electrical circuit line of the controller system as
      well as generating output information that is to be relayed to the
      input/output assembly comprising the input/output housing 36 as well as
      input/output modules 38 and 40 (see FIG. 1). The detailed electrical
      schematics for the central processor are shown in FIGS. 12A through 12F,
      13A through 13H, and 14A through 14J.
PAR  The reprogrammable "read only" memory consists of ultraviolet "read only"
      memory chips (INTEL CORPORATION, PART Number 1702A). These memory chips
      contain 256 eight-bit electrically programmable words that are capable of
      being erased via ultraviolet light. As seen in FIG. 8 an ultraviolet light
      source 83, contained in the reprogramming module 34, is able to impinge on
      these memory chips via quartz window 84. The RROMs store all the variable
      information regarding all the electrical circuit lines and the electrical
      elements within those electrical circuit lines. To store an electrical
      circuit line as shown in FIG. 3, six RROM words are utilized. These six
      words, as shown in FIG. 7A present four, 12-bit words which make up one
      electrical circuit line of information. These 12-bit words are broken into
      three, four-bit sub-words denoted by A1, A2, A3, B1, B2, B3, C1, C2, C3,
      D1, D2, and D3 (see FIG. 7B). As shown in FIG. 7C these four, 12-bit words
      represent one of the four nodes of the electrical circuit line selected.
      Thus with respect to the A-node, the first three bits of the A3 sub-word
      are utilized to define the state of the line as well as the electrical
      element chosen for that line. The last line bits of the A word comprising
      one bit of the A1 sub-word as well as the A2 and A1 sub-words refer to the
      address of the electrical circuit line relay coil to which this particular
      electrical element in this node is referenced to or to an input address
      that references this particular electrical element. The same configuration
      is also used for the B, C, and D nodes of the electrical circuit line
      stored in the six, eight-bit words of the RROM memory area.
PAR  It should be noted that each electrical circuit line of the computer
      controller system refers to a designated area in the RROM comprising six,
      eight-bit words in the RROM. Thus the entire memory area of the RROM
      memory chips utilized by the central processor is designated to particular
      electrical circuit lines of the computer controller system. Thus if line
      No. 3 is selected on the programming panel, a particular area in the RROM,
      comprising six, eight-bit words, is selected to store this information. As
      will be discussed further in this description, the selection of the
      particular address of the RROM that will contain the information regarding
      a particular electrical circuit line is performed by modules stored in the
      reprogramming module.
PAR  As best seen in FIG. 7D, the first column (a column) of each of the 12 bit
      words as well as the third column (b column) represent the particular
      electrical element chosen for the particular node of this particular
      twelve-bit word. Thus, if for the A word a .phi. is put into the a and b
      bit columns, the electrical element is a normally open switch. Similarly
      if the .phi. is placed in the a column and a 1 is placed in the b column,
      a normally closed switch is to be entered in the A-node. A similar
      procedure is utilized for the B, C, and D nodes to enter the particular
      electrical element desired for each of these nodes. As also seen in FIG.
      7C under the a column with respect to the A 12-bit word, an X1 is shown,
      while for the c column in the D 12-bit word an X2 is shown. As seen in
      FIG. 7E, the states of the X1 and X2 bits refer to the particular state of
      the entire electrical circuit line. Thus if a .phi. is in the X1 and the
      X2 bits, this particular electrical circuit line will be disabled in an
      OFF state. What this state means is that when the central processor comes
      to solve this particular circuit line once every sweep through all the
      electrical circuit lines, it will sense this .phi..phi. state in the X1
      and X2 bits and will completely disregard any other information stored in
      the remaining 46 bits dedicated to this particular electrical circuit
      line. The purpose for this type of disable state is that if the operator
      is programming electrical circuit lines in his ladder diagram (see FIG. 3)
      and a particular line has not been utilized (for instance lines 5 through
      17) the operator need not input any information with regard to these
      circuit lines. When the RROM is then supplied the information regarding
      all the electrical circuit lines and no information is received regarding
      lines 5 through 17, states .phi. and .phi. will be placed in the X1 and X2
      bits, and the central processor will then interpret these lines as being
      disabled. It should be noted that the X1 position is the a column bit of
      the A 12-bit word instead of the B, C or D words since parallel normally
      open and closed switches in the A-node are redundant with respect to
      normally open and closed switches.
PAR  As also seen in FIG. 7E, it is possible to disable a particular electrical
      circuit line in the ON state. When this occurs the relay coil of the
      particular electrical line is energized regardless of the conditions of
      the A, B, C, and D-nodes of that circuit line. The operator obtains this
      state by depressing DISABLE ON switch 99 on programming panel 66.
PAR  When the circuit line is to be used in normal operation as either a relay
      line or as a timer or counter, a 1 is placed in the X1 bit and a .phi. is
      placed in the X2 bit. The central processor will then interpret this
      circuit line as a normally programmed circuit line and will proceed to
      solve the electrical elements in the four nodes of this circuit line.
PAR  In addition it may be desired to disable a circuit line that has previously
      been programmed into the RROM without the necessity of erasing the entire
      memory of the RROM. Thus if the line was previously a normal circuit line,
      the X1 bit would be a 1 and the X2 bit would be a .phi.. If it is desired
      to make this line a disabled OFF, the operator would depress the DISABLE
      OFF switch 96 which would then cause a 1 to be placed within the X2 bit
      when key lock switch 86 is placed in the WRITE mode and LINE WRITE switch
      110 is depressed (see FIG. 6). It is therefore always possible to disable
      in an OFF state any previously programmed electrical circuit line.
PAR  As best seen in FIG. 8, a logic and counter processor 112 of the central
      processor performs the actual solving of the electrical circuit lines
      stored within the RROM 80. The logic and counter processor sequentially
      solves each of the electrical circuit lines once ever 5 milliseconds. The
      processor as well as the other function blocks of the central processor is
      composed of solid state devices as shown in FIGS. 12, 13 and 14.
PAR  More particularly the processor retrieves data concerning the electrical
      circuit lines by addressing the RROM along address lines 114. When the
      power supply module 32 is interconnected with the central processor 30,
      the address lines 114 communicate with address lines 116 of the RROM via
      cable 118 located within the power supply (shown in phantom in FIG. 8).
      The addressing of the RROM causes data within the RROM to be transferred
      to the logic and counter processor 112 via data lines 120, 122, and 124 if
      the power supply module is placed.
PAR  If the reprogramming module 34 is connected to the central processor the
      logic and counter processor 112 retrieves data on its data lines 124 from
      a controller interface 126 located within the reprogramming module. In
      this particular case the logic and counter processor 112 addresses a RROM
      interface 128 which in turn receives electrical circuit line information
      from a random access memory 130.
PAR  Once the logic and counter processor receives the data for a particular
      electrical circuit line it proceeds to solve each electrical element in
      that electrical circuit line with respect to the particular referenced
      relay or input to which that electrical element is referenced. If the
      particular electrical circuit line is a dedicated counter line, the
      processor proceeds to ascertain if the A-node of this line is closed
      during this particular sweep. If the A-node is closed and the B-node is
      not open, a count is added to the previous count of this line and stored
      in the D-node. This counting information is stored in a portion of the
      central processor's electronic circuitry shown in the block diagram as a
      counting memory 132. The counting memory stores counting information
      regarding every counter or timer line utilized in the control program of
      the computer controller system.
PAR  If a particular line is chosen to be a timer, it is solved in the same
      manner as a counter line except that an internal clocking signal is
      utilized to trigger a count in counting memory 132.
PAR  If the logic and counter processor 112 ascertains that the electrical
      elements in a relay type line are all closed or that the count in a
      counter line or the time in a timer line is equal to the preset count or
      time respectively, the processor indicates to a coil data random access
      memory (RAM)134 that the simulated relay coil of this particular
      electrical circuit line is to be energized. The coil data RAM maintains
      information on each simulated relay coil of each electrical circuit line
      of the computer controller system. If a particular relay coil is to be
      energized, the coil data RAM stores information indicating the energized
      state of this coil.
PAR  This information is then transferred to an input/output refresher 136,
      which in turn sequentially transfers information regarding each electrical
      circuit line's relay coil to an input/output multiplexer 138. The
      refresher incorporates shift registers that perform this sequential
      transfer of data from the coil data RAM to the input/output multiplexer.
      The input/output multiplexer communicates with the input/output housing 36
      and modules 38 and 40 (see FIG. 1) so as to energize the proper areas of
      an interconnected external device 40. The input/output multiplexer
      incorporates de-multiplexing circuitry which transforms the sequential
      information from the input/output refresher to a parallel form of output
      signal to the input/output assembly.
PAR  The input/output multiplexer also includes a latch circuit 139 that
      communicates with the remainder of the multiplexer via circuit lines 141
      and 143. This latch circuit allows designated outputs to have retentive
      memories in case of a power failure. Thus if a latch output is energized
      before the power shutdown, a corresponding latch input will be initially
      energized when the computer controller system is re-energized, but will
      follow the corresponding latch output after an initial time delay.
PAR  As shown in FIG. 8, the input/output multiplexer also receives inputs from
      the input/output assembly. These signals are digitized equivalents of
      signals (including possible sensor signals) generated by the external
      device being controlled by the computer controller system. The input
      multiplexer section of the input/output refresher 136 sequentially looks
      at all the inputs from the input/output assembly. If an energized or high
      signal is found to exist on any particular input line during any one of
      five sequential scans of that input line, the refresher will interpret
      this high signal as indicating that the input from the external device is
      in the energized state. The reason that the refresher looks at each input
      five times is to eliminate the need for capacitive energy storage and
      rectification circuitry for each input line.
PAR  The output multiplexer section of the input/output refresher employs a
      shift register which stores a group of simulated relay coils. The contents
      of this register is sequentially distributed to triac gates (via suitable
      isolating circuitry) to drive external AC loads. This technique also
      eliminates energy storage and triggering circuitry for each output line.
PAR  The transferral of information between the refresher and the logic and
      counter processor is sequentially performed by the shift registers within
      the refresher. The input/output refresher transfers all the information
      regarding each of the inputs and outputs between the input/output
      multiplexer and the logic and counter processor 112 which in turn utilizes
      this information to determine the particular state of the electrical
      elements in the electrical circuit lines.
PAR  The central processor 30 also includes a sequence processor module 140 that
      is used to generate a sequence function on a particular dedicated counter
      line of the computer controller system. As best seen in FIG. 9, a
      sequencer allows a counter line to program up to 100 steps of sequence
      control. If the B node is closed, each time the A-node of this particular
      electrical circuit line is closed the sequencer sequentially energizes the
      next higher reference memory location in the sequence processor 140 and
      simultaneously de-energizes the current location. This particular memory
      location acts like an internal input and may be referenced to any
      electrical element in any particular electrical circuit line. In the
      preferred embodiment, any node may directly reference any of the 100
      reference memory locations of the sequencer. When a sequencer coil is
      referenced the sequence processor 140 communicates with the logic
      processor to determine the state of the sequencer memory reference
      location. When the B node is open, reference memory location .phi. is
      energized and all other locations are de-energized.
PAR  The central processor receives the proper electrical energy to drive the
      central processor as well as the input/output assembly from the power
      supply module 32 if it is connected to the central processor or via a
      programmable power supply 142 of reprogramming module 34 if the
      reprogramming module is connected to the central processor. In either
      case, the electrical energy is received by the central processor through
      pin connections in the peripheral interface connector 49.
PAR  Furthermore, the central processor 30 communicates through peripheral
      interface connector 49 to the power supply 32 with respect to the internal
      running condition of the central processor via internal signal lines 144
      and 146. If the central processor is operating properly in solving the
      electrical circuit lines a RUN light 48 on the power supply module 32 is
      energized (see FIG. 1). When the reprogramming module is connected to the
      central processor, a programming panel POWER switch 149 must be in the ON
      state before the RUN light will be energized (see FIG. 6). It should
      further be noted that the power supply module 32 as well as the
      reprogramming module 34 have a POWER light 150 that is energized when each
      module respectively is energized. A POWER switch 151 on the power supply
      module or reprogramming module is respectively used.
PAR  The central processor utilizes the same internal signal lines when the
      reprogramming module 34 is interconnected to the central processor. In
      this case, a similar RUN light 148 is energized if the controller is
      properly solving the electrical circuit lines and similarly the POWER
      light 150 is energized when the reprogramming module's programmable power
      supply 142 is supplying electrical energy to the central processor (see
      FIG. 2).
PAR  As can best be seen in FIG. 8, the reprogramming module 34 and programming
      panel 66 incorporate a number of functional blocks which are utilized by
      the computer controller system to monitor, program and write in the
      electrical circuit lines to the RROM 80 of the central processor 30.
PAR  As best seen in FIG. 6, when the programming panel is in the MONITOR mode,
      the information regarding the electrical circuit lines is stored in the
      RROM 80 and is viewable in display window 92 of the programming panel.
      Thus, in order to view line number 15, the operator would depress the 1
      and 5 push buttons of key pad switches 88, and then depress LINE push
      button 90. At this point the programming panel would display the
      information shown in the display window 92. As seen in FIG. 6, this
      particular circuit line has a normally open switch in the A-node and a
      normally closed switch in the B-node, a normally open parallel switch in
      the C-node and a normally closed switch in the D-node. The reference relay
      coils for these nodes respectively are lines 096, 120, 207, and 240. As
      seen in FIG. 6, these reference coils are in the state to cause their
      respective electrical element to have continuity as shown by the arrows in
      each node location. The arrows shown in the display window indicate that
      electrical continuity and thus power is passing through each particular
      node and therefore relay coil number 015 is energized.
PAR  If electrical circuit line 016 is to be observed, the SCROLL UP push button
      152 is depressed. On the next sweep through the electrical circuit lines,
      the information in the electrical circuit line 016 is displayed in display
      window 92. Similarly, if line 14 is to be observed, the SCROLL DOWN push
      button 154 is depressed until line number 014 is displayed in display
      window 92. As best seen in FIG. 11, the scroll function allows
      sequentially higher or lower circuit lines to be observed in display
      window 92. Thus the scroll function provides an easy technique to observe
      electrical circuit lines in sequential order from any particular circuit
      line previously observed by the operator.
PAR  If the operator desires to observe an electrical circuit line that is
      referencing a condition of a particular electrical element of a particular
      node in a presently observed electrical circuit line, the trace function
      of the present invention is utilized. Thus, in the present example, where
      line 015 is being observed, if the operator desires to observe the
      condition of electrical circuit line 207 which is referencing the
      condition of the normally open parallel switch in the C-node, the operator
      depresses a C-node push button 156 and then depresses the TRACE UP push
      button 158. At this time, electrical circuit line 207 is displayed in the
      display window 92. If the operator then wants to observe a circuit line
      whose output coil is referencing a particular node in line 207, a similar
      procedure is again performed. When the operator wants to return to line
      015, he simply depresses the TRACE DOWN push button 160 until line 015 is
      redisplayed in display window 92. The operation of the trace function is
      best seen in FIG. 10.
PAR  As best seen in FIG. 8, when the programming panel is in the MONITOR mode,
      information in the RROM 80 is transferred to the RROM interface 128 via
      address information from controller interface 126 on address lines 162 of
      the reprogramming module and address lines 116 of the central processor.
      The data in the RROM is then transferred via data lines 120 and data lines
      164 to the RROM interface 128. From the RROM interface 128, the electrical
      circuit line information is transferred to the random access memory 130
      where it is in turn transferred to the controller interface 126 and a
      microprocessor 166. The information transferred to the controller
      interface is in turn transferred to the logic and counter processor 112
      where the electrical circuit lines are solved in conjunction with the
      other blocks of the central processor. The electrical circuit line
      information transferred to the microprocessor 166 is transformed and acted
      upon by the microprocessor and in turn transferred to a panel interface
      168 via data lines 170. The panel interface serially transmits this data
      in standard UART form to panel lights and switches 172 of the programming
      panel 66 via data lines 174. The information regarding the particular
      electrical circuit line desired as selected by the operator is first
      transferred to the panel interface 68 via data lines 176 when this
      information programming transferred in a proper form to microprocessor 166
      via DATA FROM lines 178.
PAR  When the programming panel's key lock switch 86 is placed in the PROGRAM
      mode, the computer controller system is no longer operating from
      information within the RROM 80 but is being controlled by information from
      the reprogramming module 34 and proramming panel 66. When the computer
      controller system is placed in the PROGRAM mode, all the electrical
      circuit line information in the RROM is transferred to RROM interface 128
      and in turn to the random access memory 130 where it is stored. In this
      manner, all the previous information in the RROM is retained by the
      reprogramming module so as to allow the central processor to initially
      control the external devices in the same manner as when the power supply
      32 is interconnected with the central processor 30. If the operator
      desires to observe any particular electrical circuit line, he merely dials
      on key pad switches 88 the desired number of that particular line and the
      information regarding that line will be shown in display window 92 (see
      FIG. 6). If the operator desires to add an electrical circuit line to the
      current control program, he merely dials this particular electrical
      circuit line on the key pad switches 88, depresses the LINE push button 90
      and then selects the element types and reference relays or input address
      that is to govern the initial condition of each element type chosen. At
      this point, the information in the panel lights and switches 172 is
      transferred to the panel interface 168 and in turn transferred to the
      microprocessor 166. It should be noted that the information transferred to
      the microprocessor also includes control information from the panel
      interface via control lines 180. The microprocessor 166 proceeds to act
      upon this information and transfers it to the random access memory 130 in
      such a manner that it may be accepted by the logic and counter processor
      112 and acted upon by the processor so as to solve this new electrical
      circuit line along with the previous electrical circuit lines stored in
      the random access memory.
PAR  The microprocessor 166 comprises an Intel Corporation Model MCS4
      microprocessor, and this microprocessor is programmed to perform all the
      interfacing and transferral of control and data to the various functional
      blocks in the reprogramming module so as to provide the central processor
      with information regarding all the electrical circuit lines as well as
      providing the desired receipt and transferral of information to the
      programming panel and a teletype interface 182. The various programs
      stored in the microprocessor 166 are shown in Tables 1 and 2 and the flow
      charts of these programs is shown in FIGS. 22, 23, 24 and 25.
      ##SPC1##
      ##SPC2##
      ##SPC3##
      ##SPC4##
      ##SPC5##
      ##SPC6##
      ##SPC7##
      ##SPC8##
      ##SPC9##
      ##SPC10##
      ##SPC11##
      ##SPC12##
      ##SPC13##
      ##SPC14##
      ##SPC15##
      ##SPC16##
      ##SPC17##
      ##SPC18##
      ##SPC19##
      ##SPC20##
      ##SPC21##
PAR  If RROM 80 of the central processor is initially empty and a complete
      control program is desired to be placed within the central processor, it
      is possible to transfer this information to the random access memory 130
      via the teletype interface 182. The teletype interface is a functional
      block consisting of electronic circuitry. The schematic diagram for this
      functional block as well as the remaining functional blocks of the
      reprogramming module and the programming panel are inclusively shown in
      FIGS. 15, 16, 17, 18, 19, 20, and 21. The teletype interface accepts paper
      tape information from a paper tape reader (see FIG. 2) and transfers this
      information to microprocessor 166 where it is interpreted and transferred
      to the random access memory and there stored representing the particular
      electrical lines of the control program.
PAR  It is thus apparent that when the programming panel is in the PROGRAM mode,
      information regarding electrical circuit lines may be readily entered into
      any existing program and also that entirely new programs may be
      transferred to the random access memory 130 by use of the teletype
      interface 182. It should be noted that when information from the teletype
      interface is to be read into the reprogramming module 34, it is necessary
      that the operator depress the READ push button 106 of the programming
      panel 66 (see FIG. 6).
PAR  While in the PROGRAM mode not only is the random access memory 130 capable
      of receiving additional information regarding new electrical circuit lines
      but it is also transferring this information via the control interface 126
      to the central processor 30 where each electrical circuit line is
      repeatedly being solved every 5 milliseconds. Thus the present invention
      allows an operator to de-bug an existing control program or insert an
      entirely new control program and then de-bug it while the computer
      controller system is on-line and controlling external devices. This
      feature is of extreme importance in industrial control situations since it
      may be necessary in many circumstances to see what affect a new or an
      altered electrical circuit line will have on the total control of the
      industrial process.
PAR  It should also be noted that not only will new electrical circuit lines be
      added to a current program but that the same electrical circuit lines of
      the original control program, which may have been initially stored in the
      RROM, may also be altered by the operator.
PAR  Following the obtainment of the desired control program, the information
      within the reprogramming module concerning the electrical circuit lines
      may be transferred to the RROM 80 of the central processor 30. In order to
      perform this function, the programming panel key lock switch 86 must be
      placed in the WRITE mode. If all the information in the random access
      memory concerning the electrical circuit lines is to be entered in the
      RROM, then ALL push button 186 is then depressed. When this switch is
      depressed, the reprogramming module initiates the erasing of all the
      information in the RROM. This is performed by the microprocessor 166
      sending control information to a RROM erase module 188 via control lines
      190. The RROM erase module 188 then activates ultraviolet light source 83
      which communicates through quartz window 84 to the RROM memory chips 80.
      The light is detected by an ultraviolet sensor 93 which indicates to the
      RROM erase module 188 that the light source is functioning properly.
PAR  While the RROM erase module 188 is causing the ultraviolet light source 83
      to erase the information in the RROM memory chips, the microprocessor 166
      is sensing the current state of all the memory bits in the RROM memory
      chips. The reason for this operation is that it takes approximately 21/2
      minutes to erase all the information in the RROM memory chips and thus the
      microprocessor ensures that all the information in these chips is erased
      before the RROM erase module is deactivated causing the ultraviolet light
      source 83 to be deactivated.
PAR  Once the microprocessor determines that all the information in the RROM
      memory chips is erased, the microprocessor initiates the reprogramming of
      these chips by causing the information stored in the random access memory
      130 to be sequentially transferred to designated words of the memory chips
      as discussed above and as shown in FIG. 7A. In order to program these
      memory chips, it is necessary that approximately 50 volts be placed on
      each memory bit that is to be placed in the ON state. Since under normal
      operations approximately 12 volts DC is used, it is necessary that the
      power supply 142 in the reprogramming module be capable of supplying the
      50 volts DC when the RROM memory chips are to be reprogrammed. In such a
      case, the microprocessor sends a signal to a timing and reset control
      module 194 which in turn transfers a signal to the programmable power
      supply 142 via circuit line 196. The power supply then transmits to the
      RROM the necessary 50 volt DC current via power lines 198.
PAR  After all the information in the random access memory has been transferred
      in the proper form to the designated areas in the RROM memory chips, the
      microprocessor 166 terminates the WRITE operation and causes this
      completion of the WRITE operation to be displayed in one of a number of
      special display areas 167, 169, 171, 173, and 175 of the display window 92
      of the programming panel. The other display areas are used to show error
      signals generated by the microprocessor in response to a fault in the
      computer controller system or an impermissible entry on the programming
      panel.
PAR  If only an additional line or lines is desired to be added to the control
      program originally stored in the RROM 80, it is possible to program in
      this information without first erasing all the information in the RROM. To
      do this operation, the key lock switch 86 is first placed in the WRITE
      mode and then the WRITE LINE push button 110 is depressed. At this time,
      the microprocessor 166 causes the particular line chosen on key pad
      switches 88 to be entered into its designated area of the RROM memory
      chips 80. If the line number chosen on the key pad 173, switches is the
      same as a previously stored line in the RROM memory chips, the new
      information desired for this particular line may be entered into the RROM
      if this new information comprises the changing of certain bits from a
      .phi. state to a 1 state. If this new information requires a previously
      programmed 1 bit to be placed in the 0 state, the desired change may not
      be performed since it is impossible to selectively erase bit locations in
      the ultraviolet memory chips. In this case, the microprocessor, through
      the panel interface 168 causes an error signal to be shown in one of the
      error display areas 169, 171, 173 or 175 of display window 92.
PAR  It should be noted, as discussed above, that it is always possible to cause
      a previously entered electrical circuit line to be disabled in the OFF
      state without erasing the entire memory of the RROM memory chips. This is
      because a 1 may always be entered into the X1 and X2 positions of two of
      the twelve-bit data words comprising one electrical circuit line (see
      FIGS. 7C and 7E). Once all the information with respect to a particular
      control program has been properly transferred to the RROM memory chips, it
      is possible to remove the reprogramming module 34 from the central
      processor 30 and replace the reprogramming module with the power supply
      module 32. The power supply module then supplies the necessary electrical
      power to the central processor and also prevents the RROM memory chips
      from being erased by stray ultraviolet light. If at a later time, it is
      desired to observe the electrical conditions of these electrical circuit
      lines or to change or even to write in a new control program, the
      reprogramming module 134 is again connected to the central processor 30
      and the operations described above are repeated with respect to the
      desired change.
PAR  Thus a computer controller system has been described that utilizes
      reprogrammable "read only" memory chips to store the control program
      selected by the operator to control and monitor an industrial process. The
      computer controller system allows the control program to be varied by an
      operator while the system is on-line.
PAR  It should be noted that although hardwire electronics were disclosed with
      respect to the central processor, that the solving of the electrical
      circuit lines could also be performed by a digital computer. In addition
      it is apparent to one skilled in the art that the reprogrammable "read
      only" memory chips may be used with central processors that perform
      functions other than the solving of electrical circuit lines. It is
      therefore also apparent that the reprogramming assembly that enters,
      varies, and monitors these memory chips may do so when these chips are
      providing the variable memory for such non-electrical circuit line solving
      central processors.
CLMS
STM  Having described the invention what is claimed is:
NUM  1.
PAR  1. An industrial computer controller for monitoring and controlling
      external devices by solving an electrical ladder-type control circuit
      having a plurality of circuit lines, a plurality of spaces in each line,
      each space providing for the inclusion of one type of a plurality of types
      of electrical elements comprising elements the condition of which is a
      function of a referenced condition, said industrial computer controller
      comprising in combination:
PA1  A. a central processor for solving the electrical circuit lines including
      the generation of circuit line condition specifying information;
PA1  B. an input/output assembly communicating with the central processor for
      receiving, transforming, and transferring at least a portion of said
      circuit line condition specifying information to intercommunicating
      external devices and for receiving, transforming, and transferring at
      least a portion of the information generated by said external devices to
      said central processor;
PA1  C. a variable memory for the storing of said electrical ladder-type control
      circuit;
PA1  D. a housing incorporating said central processor and said variable memory;
      and
PA1  E. a reprogramming assembly removably interconnected with said housing and
      communicating with said central processor and said variable memory for
      generating, monitoring and varying said electrical ladder-type control
      circuit and for storing said varied control circuit into said variable
      memory.
NUM  2.
PAR  2. An industrial computer controller as defined in claim 1 wherein said
      variable memory is an ultraviolet light erasable "read only" addressable
      memory.
NUM  3.
PAR  3. An industrial computer controller as defined in claim 2 wherein said
      housing provides means for an external ultraviolet light source to impinge
      on said variable memory.
NUM  4.
PAR  4. An industrial computer controller as defined in claim 3 wherein said
      reprogramming assembly further incorporates an ultraviolet light source
      communicating with said variable memory when said reprogramming assembly
      is interconnected with said housing.
NUM  5.
PAR  5. An industrial computer controller as defined in claim 1, wherein said
      input/output assembly further comprises an input multiplexer portion for
      scanning input information and said central processor further comprises
      first means for sequentially receiving and accumulating information from
      the input multiplexer portion of said input/output assembly and second
      means for transferring to other areas of said central processor
      information generated by the input multiplexer portion of the input/output
      assembly if said information is received by said accululator within a
      predetermined amount of time.
NUM  6.
PAR  6. An industrial computer controller as defined in claim 5, wherein said
      means for sequentially receiving and accumulating information from said
      input/output assembly comprises shift registers.
NUM  7.
PAR  7. An industrial computer controller as defined in claim 1, wherein said
      input/output assembly further comprises an input multiplexer portion for
      scanning input information and said central processor further comprises
      first means for sequentially receiving and accumulating information from
      the input multiplexer portion of said input/output assembly and second
      means for transferring to other areas of said central processor
      information generated by said input multiplexer portion of the
      input/output assembly when the consecutively sampled values of said
      information obtains at least one non-zero sample following a predetermined
      number of sampling periods.
NUM  8.
PAR  8. An industrial computer controller as defined in claim 1 wherein said
      reprogramming assembly incorporates a programming panel comprising in
      combination:
PA1  A. manually operable means for specifying to the reprogramming assembly one
      of a plurality of circuit lines of said electrical ladder-type control
      circuit;
PA1  B. manually operable means for specifying to the reprogramming assembly one
      type of the plurality of types of electrical elements;
PA1  C. manually operable means for specifying to the reprogramming assembly a
      reference to the circuit line condition specifying means in the electrical
      ladder-type control circuit which is to control the condition of said
      specified type of electrical element; and
PA1  D. manually operable means for specifying to the reprogramming assembly one
      of the spaces in the specified circuit line of the electrical ladder-type
      control circuit into which the specified type of electrical element is to
      be entered.
NUM  9.
PAR  9. An industrial computer controller as defined in claim 8 wherein said
      plurality of types of electrical elements specifiable by said manually
      operable means of said programming panel comprises normally open switches,
      normally closed switches, normally open parallel switches, and normally
      closed parallel switches, and wherein said manually operable means for
      specifying to the reprogramming assembly one type of the plurality of
      types of electrical elements comprises:
PA1  A. a first switch mounted on the programming panel for specifying a
      normally open switch;
PA1  B. a second switch mounted on the programming panel for specifying a
      normally closed switch;
PA1  C. a third switch mounted on the programming panel for specifying a
      normally open parallel switch; and
PA1  D. a fourth switch mounted on the programming panel for specifying a
      normally closed parallel switch.
NUM  10.
PAR  10. An industrial computer controller as defined in claim 8 wherein said
      programming panel incorporates means for viewing an entire electrical
      circuit line at one particular time.
NUM  11.
PAR  11. An industrial computer controller as defined in claim 8 wherein said
      programming panel incorporates means for sequentially viewing numerically
      higher or lower electrical circuit lines than a presently viewed
      electrical circuit line.
NUM  12.
PAR  12. An industrial computer controller as defined in claim 8 wherein said
      programming panel provides means for viewing an electrical circuit line to
      which a currently viewed electrical circuit line is referenced.
NUM  13.
PAR  13. An industrial computer controller as defined in claim 12 wherein said
      means for viewing an electrical circuit line to which a currently viewed
      electrical circuit line is referenced further provides means for
      re-viewing the formerly viewed electrical circuit line.
NUM  14.
PAR  14. An industrial computer controller of clam 8 wherein said programming
      panel further comprises means for viewing diagnostic signals generated by
      said reprogramming assembly.
NUM  15.
PAR  15. An industrial computer controller as defined in claim 8 wherein said
      programming panel removably interconnects with the remainder of said
      reprogramming assembly.
NUM  16.
PAR  16. An industrial computer controller as defined in claim 8 wherein said
      programming panel further comprises means for causing the remainder of the
      reprogramming assembly to generate, monitor or vary the electrical
      ladder-type control circuit.
NUM  17.
PAR  17. An industrial computer controller as defined in claim 1 wherein the
      generating, monitoring, and varying said electrical ladder-type control
      circuit and storing said varied control circuit into said variable memory
      by said reprogramming assembly is performed while said computer controller
      is monitoring and controlling external devices.
NUM  18.
PAR  18. A reprogramming apparatus removably interconnected to an electronic
      device utilizing ultraviolet erasable "read only" memory chips comprising
      in combination:
PA1  A. an ultraviolet light source positioned in in juxtaposed spaced
      relationship to said memory chips when said reprogramming assembly is
      interconnected with said electronic structure;
PA1  B. reprogramming means communicating with said electronic structure and
      said memory chips; and
PA1  C. monitoring means communicating with said electronic structure and said
      memory chips; whereby information in said memory chips is alterable while
      said chips are mounted in said elctronic device.
NUM  19.
PAR  19. An industrial computer controller as defined in claim 1, further
      comprising:
PA1  F. a power supply removably interconnected with said housing and
      communicating with said central processor and said variable memory for the
      generation and transferral of electromotive energy.
NUM  20.
PAR  20. An improved programming panel for programming a computer controller to
      perform control functions, the computer controller having stored therein a
      central processor for communicating with the programming panel and for
      simulating an electrical ladder-type control circuit having a plurality of
      circuit lines, a plurality of spaces in each circuit line, each space
      providing for the inclusion of one type of a plurality of types of
      electrical elements comprising elements the condition of which is a
      function of a referenced condition, and each of said circuit lines further
      providing circuit line condition specifying means controlled in accordance
      with the electrical condition of its respective circuit line or an
      external input controlling a line, at least some of said condition
      specifying means controlling outputs, the executive program stimulating
      specified ones of the plurality of electrical elements in specified spaces
      to complete a simulated control circuit, the programming panel having:
PA1  A. manually operable means for specifying to the computer controller one of
      a plurality of circuit lines of said electrical ladder-type control
      circuit;
PA1  B. manually operable means for specifying to the computer controller one
      type of the plurality of types of electrical elements;
PA1  C. manually operable means for specifying to the computer controller a
      reference to the circuit line condition specifying means in the electrical
      ladder-type control circuit which is to control the condition of said
      specified type of electrical elements;
PA1  D. manually operable means for specifying to the computer controller one of
      the spaces in the specified circuit line of the electrical ladder-type
      control circuit to which the specified type of electrical element is to be
      entered; wherein the improvement comprises:
PA1  E. means for sequentially viewing numerically higher or lower electrical
      circuit lines than a presently viewed electrical circuit line.
NUM  21.
PAR  21. An improved programming panel for programming a computer controller to
      perform control functions, the computer controller having stored therein a
      central processor for communicating with the programming panel and for
      simulating an electrical ladder-type control circuit having a plurality of
      circuit lines, a plurality of spaces in each circuit line, each space
      providing for the inclusion of one type of a plurality of types of
      electrical elements comprising elements the condition of which is a
      function of a referenced condition, and each of said circuit lines further
      providing circuit line condition specifying means controlled in accordance
      with the electrical condition of its respective circuit line or an
      external input controlling a line, at least some of said condition
      specifying means controlling outputs, the executive program simulating
      specified ones of the plurality of electrical elements in specified spaces
      to complete a simulated control circuit, the programming panel having:
PA1  A. manually operable means for specifying to the computer controller one of
      a plurality of circuit lines of said electrical ladder-type control
      circuit;
PA1  B. manually operable means for specifying to the computer controller one
      type of the plurality of types of electrical elements;
PA1  C. manually operable means for specifying to the computer controller a
      reference to the circuit line condition specifying means in the electrical
      ladder-type control circuit which is to control the condition of said
      specified type of electrical elements;
PA1  D. manually operable means for specifying to the computer controller one of
      the spaces in the specified circuit line of the electrical ladder-type
      control circuit to which the specified type of electrical element is to be
      entered; wherein the improvement comprises:
PA1  E. means for viewing an electrical circuit line to which a currently viewed
      electrical circuit line is referenced.
NUM  22.
PAR  22. A programming panel as defined in claim 21, wherein said means for
      viewing an electrical circuit line to which a currently viewed electrical
      circuit line is referenced further provides means for re-viewing the
      formerly viewed electrical circuit line.
NUM  23.
PAR  23. A programming panel as defined in claim 21, wherein said programming
      panel further comprises:
PA1  F. means for viewing diagnostic signals generated by said computer
      controller.
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ABST
PAL  The invention relates to a computer in which control means provide for high
      speed context switching. In a more specific aspect, the invention involves
      an arithmetic unit in which a workspace pointer register and control means
      operable on an interrupt store the contents of the workspace pointer in an
      element of a workspace in memory designated by the interrupt program and
      store in the workspace pointer register the address of the first element
      of the interrupt program workspace.
PAL  A first register stores the address of a first element of a set of
      dedicated workspace elements in main memory.
PAL  A second register stores the memory address of a current instruction of a
      problem program.
PAL  A third register maintains current the status of execution of the problem
      program of which said instruction forms a part; and
PAL  Workspace for the problem program is the set of workspace elements
      referenced by the contents of the first register, and upon occurrence of
      an interrupt, a new workspace is utilized to store the contents of the
      registers for the problem program permitting return to the problem program
      by shifting to the registers the contents stored in memory.
BSUM
PAR  This invention relates to a general purpose digital computer and more
      particularly to structure providing flexibility in designating and
      utilizing workspaces in the main memory in the computer.
PAR  In prior computer systems, a main memory generally is employed for storage
      of instructions and data. In connection therewith, a register file
      normally has been provided for use as workspace and in general involved a
      transfer between the register file and memory of data and instructions.
PAR  In more recent systems such as represented by the computer manufactured and
      sold by Texas Instruments Incorporated of Dallas, Texas, and identified as
      Model 960-A Computer, provision has been made for addressing workspace as
      memory or as a register file. In that system, a counterpart of the
      register file is dedicated and fixed in memory. This imposes a measure of
      constraints on operation of the systems because all of the programs that
      use such workspace normally have to share the register file.
PAR  The present invention facilitates elimination of the constraints that are
      inherent in the systems of the above type in that contents of a workspace
      register designate the address of workspace in memory. Means are provided
      wherein the location of workspace is selectable by a programmer. Several
      such selected workspaces can be specified by the programmer and linked
      together for inter-program communication. Means are provided to shift the
      computer operation from one program to another at high speed with means to
      store the necessary information to shift back or return to an interrupted
      program at the point at which an interrupt occurred.
PAR  In Volume 2 of the Maintenance Manual for Texas Instruments 960-A Computer,
      FIGS. 3--4 illustrate an arithmetic structure wherein the location of a
      workspace in main memory is generated in a multiplexer by a 16 bit preset
      input and a register address. This register address has four bits that are
      available to be used to select one of 16 elements comprising the
      workspace. The bit number 8 in the preset input and the four bits in the R
      register address are employed so that the address generated selects an
      appropriate register in a fixed register file as the desired workspace
      element.
PAR  In accordance with the present invention, a workspace pointer register is
      provided in which the address of the first element of any selected set of
      memory locations can be loaded thereby to designate a workspace location
      in memory. In such operation, the set of elements thus designated is
      utilized in the execution of a problem program.
PAR  In accordance with the present invention, means are provided for high speed
      context switching, i.e., switching from one program or routine to another
      in the middle of the execution of a problem program. Means responsive to
      an interrupt stores the current contents of the workspace pointer register
      in a new workspace for return to the problem program when the program
      causing the interrupt is completed and provides sequencing means to load
      the address of the first element of the new workspace into the workspace
      pointer register. Upon return, the sequencer reloads the workspace
      register with the pointer address stored in memory.
PAR  More particularly, in accordance with the invention, a high speed context
      switching computer is provided in which a multi function arithmetic unit
      has two input buses with a first and second multiplexer connected to the
      input buses of the arithmetic unit. A workspace pointer register is
      connected to one input of one of the multiplexers and the computer is
      provided with means to utilize a set of memory elements as first workspace
      for a current problem program with the address of the first of the
      elements corresponding to the contents of the workspace register. Control
      means is operable upon occurrence of an interrupt to load the workspace
      register with an address of the first element of a second workspace in
      memory for use by the interrupt program and for storing in a predetermined
      element of the second workspace the address of the first element of the
      first workspace. The program counter register is connected to one of the
      multiplexers to maintain the address of the current instruction in the
      problem program. The control means stores the contents of the program
      counter in a predetermined element of the second workspace upon occurrence
      of an interrupt.
DRWD
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will be best understood by reference to
      the following detailed description of an illustrative embodiment, when
      read in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram providing an overview of a computer employing the
      present invention;
PAR  FIG. 2 is a more detailed block diagram of the computer of FIG. 1;
PAR  FIG. 3 illustrates operation of special registers in initial operations
      employing main memory as workspace;
PAR  FIG. 4 illustrates the effects of an interrupt subroutine on the operation
      of the special registers;
PAR  FIG. 5 illustrates portions of the central processing unit;
PAR  FIG. 6 is a more detailed illustration of the operations of FIG. 5; and
PAR  FIGS. 7, 8 and 9 are flow diagrams illustrating operations involving
      workspace and memory.
DETD
PAC  FIGURE 1
PAR  The computer described herein represents a combination of elements well
      suited for environments that require a large number of program context
      changes at high speed. Very rapid context switching results directly from
      use of a special register for holding the current workspace address. An
      efficient memory to memory architectural structure employing two address
      instructions, standard multiply and divide hardware plus standard priority
      vectored interrupts is provided. Further, it provides standard features
      which allow user substitution of hardware modules for certain software
      routines. Bit, byte and word addressing may be utilized. Single, double
      and triple word instructions are included.
PAR  The basic structure of the system is illustrated in FIG. 1 wherein a
      central processing unit (CPU) 10 includes an arithmetic unit (AU) 12 and a
      control ROM 14 which in one embodiment comprises 256 words of 64 bits
      each. An automatic load ROM 16 is also connected to the arithmetic unit. A
      communication bus controller master 18 provides for interchange of data
      and instruction with outside memory by way of a bus 29. An interrupt
      priority encoder 20, a console interface 22 and a communication register
      unit (CRU) interface 24 are provided for communicating with units outside
      CPU 10.
PAR  The bus controller master 18 communicates with a memory 26 as well as to
      other peripherals 28 over bus 29. The encoder 20 receives signals from
      outside equipment designated by the reference character 30. In addition,
      the encoder 20 responds to signals from the AU 12 for generating
      interrupts dependent upon internal operations in the AU 12.
PAR  Interface 22 is connected for communicating with a console 32. Interface 24
      is provided for communicating with external units such as unit 34.
      Communication by way of the master 18 is high speed communication. The
      communication through interface 24 is low speed communication.
PAR  The embodiment of the invention here described employs 16 bit data words
      and 20 bit addresses. AU 12 preferably comprises all electronics necessary
      to acquire and execute instructions from memory and to perform
      input/output operations. Special registers are provided which have
      specific and defined uses. Workspace elements are all located in memory
      and are employed in connection with use of the special registers. The
      special registers are three in number. They are 16 bit registers. The
      first is a workspace pointer hereinafter referred to as WP. The second is
      a program counter hereinafter referred to as PC. The third is a status
      register hereinafter referred to as ST. The PC and WP always contain an
      even address. Workspace pointer, WP, contains the address of the first of
      16 consecutive memory locations that are actively used as workspace
      elements.
PAR  The program counter, PC, contains the address of the current instruction
      being executed at any given time. The status register, ST, contains the
      information shown in Table I as to the state of CPU 10.
TBL                TABLE I                                                     
     ______________________________________                                    
     0    1      2     3   4   5   6   7      11   12    15                    
     ______________________________________                                    
     L    A      E     C   O   O   X    Reserved Interrupt                     
     LT   LT     Q     A   V   D   O    for MEM  Mask                          
     GT   GT           R   F   D        MAP FILE                               
                       R           P    and inter-                             
                       Y       P        rupt mask                              
                                        expansion                              
     ______________________________________                                    
PAC  CONDITION CODE BITS
PAR  Bit 0. Bit 0 is set to a logic 1 as an indication of a Logical Greater Than
      condition. This comparison test is enabled during certain compare
      instructions. The test is also enabled to compare the result of a double
      or single operand instruction with zero. When any test fails, but 0 is
      reset.
PAR  Bit 1. Bit 1 is set to a logic 1 as an indication of an Arithmetic Greater
      Than condition. This comparison test is enabled during the same compare
      instructions as for bit 0. The test is also enabled to compare the result
      of a double or single operand instruction with zero. When any test fails,
      bit 1 is reset.
PAR  Bit 2. Bit 2 is set to a logic 1 as an indication of an Equal condition.
      The comparison test is enabled during the same compare and during
      corresponding bit instructions. The test is also enabled to compare the
      result of a double or single operand instruction with zero. When any test
      fails, bit 2 is reset.
PAR  Status bit 2 is also set when a CRU bit it tested with a test bit (TB)
      instruction and the CRU bit equal to a logic 1. Bit 2 is reset if the CRU
      bit is a logic 0.
PAR  Bit 3. Bit 3 indicates a carry out from the most significant bit position
      of an arithmetic operation result. Bit 3 may be loaded during add,
      subtract, increment, or decrement instructions. The carry indicator is
      also loaded with the carry out from the most significant or least
      significant bit position of shift operands. The carry will indicate the
      last incremental shift performed.
PAR  Bit 4. Bit 4 indicates Arithmetic Overflow and is reset when no overflow
      occurs. Bit 4 is affected during add, subtract, increment and decrement
      instructions. Overflow occurs when the result of an arithmetic operation
      cannot be correctly represented with a 16 bit signed two's complement
      value.
PAR  Bit 5. Bit 5 is set to indicate the parity of the last byte operand or
      resulting byte of a byte instruction. It is set to a logic 1 when the last
      byte operand contained an odd number of bits, otherwise it is reset.
PAR  Bit 6. Bit 6 is set to a logic 1 by the execution of an extended operation
      (XOP) instruction. It indicates that an extended operation is in progress.
      This bit can be reset by program control.
PAR  Bits 7 through 9. Bits 7 through 9 are made available for use in memory
      mapping. For the purpose of this description these bits will always
      contain zeros.
PAR  Bits 10 and 11. Bits 10 and 11 are available for interrupt mask expansion.
PAR  In this embodiment, bits 7-11 are all zeros.
PAR  Bits 12 through 15. Bits 12 through 15 are used to indicate the interrupt
      mask level. The four bit value in this field specifies that level and
      those of higher priority which are enabled as indicated in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     ST12 ST13 ST14 ST15                                                       
     __________________________________________________________________________
     0    0    0    0    Interrupt level zero only                             
                         enabled                                               
     0    0    0    1    Interrupt level one and                               
                         above enabled                                         
     0    0    1    0    Interrupt level two and                               
                         above enabled                                         
     .    .    .    .    .                                                     
     .    .    .    .    .                                                     
     .    .    .    .    .                                                     
     1    1    1    0    Interrupt level fourteen                              
                         and above enabled                                     
     1    1    1    1    All interrupt levels enabled                          
     __________________________________________________________________________
PAR  An important and significant difference in the computer of the present
      invention and prior systems lies in the provision of the workspace pointer
      WP. The program counter PC and the status register ST are used in a
      conventional sense. Together the WP, PC, ST registers are so employed to
      lend versatility in context changing operations when processing control is
      shifted from one program to another as may be requested or directed in
      response to interrupt signals, to commanded subroutine linkages or in
      carrying out of extended operations (XOP).
PAR  The AU 12 responds to instructions to process data in accordance with a
      method of utilizing a workspace at a selectable location in memory.
      Workspace heretofore has been provided in a single fixed register file or
      multiple fixed register files with system design such that context
      switching requires that some portion of the register file be stored and
      reloaded in order to achieve a context change. A corresponding length of
      time is required to return to a prior program context because the register
      file must generally be restored to prior values. Both the initial context
      change and the time to return to a prior program has been long compared to
      that involved in the present invention. The reason for improvement
      achieved by the present invention is that all that is necessary for a
      context change is to store and load the contents of three registers.
      Return to a prior program requires only that three registers be loaded
      with prior contents.
PAR  In the embodiment of the present invention, memory 26 consists of a printed
      circuit card which in total may store 4,096 16-bit words plus parity.
      Metal oxide semiconductor (MOS) integrated circuit networks preferably are
      employed as storage elements to provide for high speed memory operations.
      Such memory card additionally contains all address and data logic, control
      and timing logic and level converters to interface to a communication bus
      leading to AU 12.
PAR  The wordspace in memory 26 is configured as shown in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
                  0                                                            
                  1                                                            
                  2                                                            
                  3                                                            
     Data         4   Workspace elements -                                     
     or               may contain Data or                                      
     Addresses    5   Addresses                                                
                  6                                                            
                  7                                                            
                  8                                                            
                  9                                                            
                  10                                                           
                  11                                                           
           CRU Base                                                            
                  12 CRU Base                                                  
           Stored WP                                                           
                  13 Address of Prior Program Workspace                        
           Stored PC                                                           
                  14 Address of next instruction word                          
                     in prior program                                          
           Stored ST                                                           
                  15 Status at the time WP and PC                              
                     Linkage Data was Stored                                   
     __________________________________________________________________________
PAR  The workspace pointer WP defines the first element in the active set of
      workspace elements shown in Table III. Workspace elements are numbered E0
      through E15 and can exist anywhere in memory 26 as a group of 16
      consecutive memory work locations. The special addresses for storing
      linkage data in workspace shown in Table III are generated by
      arithmetically addressing the contents of the WP register to a partial
      address. The prior contents of the WP reigster are then stored at the
      address in memory corresponding to the resultant sum, i.e., element 13 of
      the workspace shown in Table III.
PAR  As seen from Table III each workspace set comprises 16 words or elements,
      0-15. The first element is specified by the address in the WP. The element
      actually selected is specified by the sum of the address in WP and an
      additional component obtained from an address field in a computer
      instruction. This component is added to the contents of WP. Thus the 16
      locations of the workspace are all directly addressable by certain
      computer instructions and the workspace can be moved to any location in
      memory by changing the value in WP. Location 11 is employed in some
      instructions as an address storage location. Element 12 is employed as CRU
      base storage for instructions that apply to the use of CRU. In context
      changing operation Element 13 in the new program workspace always is
      employed to store the address of the prior program workspace. Element 14
      in the new program workspace always stores the address of the next
      instruction in the prior program. Element 15 in the new program workspace
      always stores the status of the program being executed at the time the WP
      and PC linkage data was stored.
PAC  FIG. 2
PAR  AU 12 FIG. 1 has been shown in greater detail in FIG. 2 in conjunction with
      the autoload ROM 16 and the interrupt priority encoder 20. The system
      includes a workspace pointer (WP) register 40, a status register (ST) 41
      and a program counter (PC) 42 which operates in conjunction with an
      arithmetic logic unit (ALU) 43 under suitable control as to permit
      designation of workspace in memory 26, FIG. 1. Memory 26, FIG. 1, is
      connected to the AU 12 by way of a high speed bus 29 which operates to
      permit various master devices to exchange information with slave devices
      such as memory 26.
PAR  AU 12 utilizes 16 elements of memory as workspace. The starting address of
      such workspace in memory is contained in the register 40. As will be
      shown, a plurality of such workspaces can be designated in order to permit
      the execution of a plurality of different programs while retaining all
      information necessary to return to interrupted or prior programs and
      continue execution thereof.
PAR  Returning again to FIG. 2, data from memory is applied by way of a 16 bit
      bus 44 and by way of a gating unit 45 to an A-bus multiplexer 46. The
      output of multiplexer 46 is applied by way of an A input circuit 47 to the
      ALU 43. The data bus 48 also leads to a shift register 49, to workspace
      pointer 40, to a memory data (MD) source buffer register 50, to a
      destination address buffer 51 and to an instruction decoder 52.
PAR  WP register 40, PC register 42, shift register 49 and MD source buffer
      register 50 are each connected to a B-bus multiplexer 53 and thence,
      through an input circuit 54, to the B input of ALU 43. The output of ALU
      43 is connected to PC register 42, shift and destination register 55, to a
      bus address counter 56 and to a bus write data register 57.
PAR  The autoload ROM 16 is connected to register 57. The output of write data
      register 57 is connected by way of a 16 bit bus 58 to the bus 29 and by
      way of a bus 59 to a communication register unit control 60, the output of
      which is applied to a communication register unit interface unit 24. An
      instruction decoder 52 is connected at its output to the control unit 14
      which in turn is connected to the CRU control unit 60. Instruction decoder
      52 is also connected to the interrupt priority encoder 20. Control unit 14
      is also connected to one input of the A input circuit 47 and to the B
      input circuit 54. Shift and destination register 55 is connected to one
      input of multiplexer 46. The destination address buffer 51 is connected to
      two inputs to multiplexer 46. One of the inputs has two 8 bit bytes
      presented in normal order and the other has two 8 bit bytes in reverse
      order.
PAR  Interrupt priority encoder 20 is connected to the status register 41 whose
      output is then connected to multiplexer 46. Interrupt priority encoder 20
      also is connected directly by one output to multiplexer 46. A line 61 from
      TILINE bus applies a time out state to the encoder 20. A line 62 applies a
      memory parity bit to encoder 20. Equipment interrupts are applied by way
      of a 10-line bus 63 to the interrupt priority encoder 20. The output of
      TILINE bus address counter 56 is connected to the input of autoload ROM 16
      whose output is connected to one input to write data register 57. Address
      counter 56 is provided with an automatic increment facility as indicated
      by the line 64. Similarly, program counter 42 is provided with automatic
      increment capability as indicated by the line 65.
PAC  FIG. 3
PAR  The foregoing description provides an overview of the computer system
      embodying the present invention. In providing flexibility in designating
      and using workspace, the WP register 40, ST register 41 and PC register 42
      play significant roles as illustrated in FIG. 3.
PAR  In initialization of the system, the autoload ROM 16 has stored in the
      first element thereof the address of the first element of the workspace to
      be employed in memory. The second element of ROM 16 has the address of the
      first instruction in the program to be first executed by the computer upon
      startup. The rest of the elements of ROM 16 are available for the
      programmer to utilize as necessary for initialization purposes. It will
      contain the initialization program and in the present embodiment may
      comprise as many as 256 16 bit words.
PAR  Upon startup, the entire contents of the ROM 16 are transferred to occupy
      the first 256 elements of memory 26. Thus, the WP and PC addresses are
      stored in the first two elements of memory 26.
PAR  After transfer of the contents of ROM 16 to memory 26 the WP address is
      transferred from the first element of memory 26 to WP register 40 and the
      contents of the second element of memory 26 to PC register 42 and
      execution of initialization program begins as a result of the
      initialization process. One or more programs to be executed by the
      computer may then be loaded into memory 26. Thereafter, the initialization
      program in memory 26 may replace the WP address in register 40 with a new
      WP address and will replace the PC address in register 42 with the address
      of the first instruction of a problem program.
PAR  In FIG. 3 the initialization program workspace is indicated as memory space
      70. The problem program workspace is indicated as the memory space 71 with
      the problem program occupying memory space 72. The WP register 40 contains
      the address of the problem program workspace and the PC register 42
      contains the address of the next problem program instruction. In this
      condition, the computer will then proceed to execute the problem program
      with the program counter being incremented or changed as directed for each
      instruction in memory and the address in the WP register 40 remaining
      constant or undergoing change in response to instructions contained in the
      program as may be directed at the initiative of the programmer preparing
      the problem program. ST register 41 will change contents as to maintain a
      current indication of the status of the execution of the problem program.
      The latter function of status register is well-known. ST register 41
      operates in a manner corresponding in all essential respects with the
      operation of the status register in the Computer 960-A above identified.
PAC  FIG. 4
PAR  In FIG. 4 the operation of the registers 40-42 of FIG. 3 is illustrated
      when an interrupt occurs during the execution of a given problem program.
      In the illustration of FIG. 4, memory 26 has stored therein a first
      program in memory space 73 and operates in conjunction with a problem
      program workspace 74.
PAR  For each interrupt that may be required in operation of the computer, the
      WP address of the first element of the workspace for that interrupt is
      stored at a programmed location in the first set of 64 locations in memory
      26 by writing over any initialization program at the desired memory
      locations for the interrupt data, since once the initialization program
      has been employed in startup, the space is then available for use in other
      operations.
PAR  Similarly, for each interrupt, the PC address of the first instruction in
      the interrupt subroutine is stored in one of the elements of the first 64
      elements of memory storage. In FIG. 4, element 4 is illustrated as the
      site for storage of the workspace pointer WP for a subroutine and element
      6 is indicated as the site for storage of the program counter PC address,
      namely the address of the first instruction in the interrupt subroutine.
PAR  Upon occurrence of an interrupt, the computer automatically transfers from
      the problem program in memory space 73 operating in conjunction with
      workspace 74 to the interrupt subroutine 78 operating in conjunction with
      workspace 77. This is accomplished as follows: The contents of WP register
      40 are transferred into the interrupt subroutine workspace 77 along with
      the contents PC of program counter 42 and the contents ST of status
      register 41. The contents of elements 4 and 6 are then transferred to
      registers 40 and 42, respectively. Concurrently, the computer changes the
      interrupt mask in the status register 41 to mask any lower priority
      interrupts so that the subroutine will run to completion unless a higher
      priority interrupt occurs. Thus the next instruction processed is in the
      interrupt subroutine 78.
PAR  Upon completion of the interrupt subroutine which is stored in memory at
      location space 78, the subroutine executes a return command in which event
      the WP address, the PC address and the contents ST of status register 41
      that were stored in the interrupt subroutine workspace 77 are replaced
      into registers 40, 42, and 41, respectively, and the computer then return
      to operating on the problem program at the same point it was at upon the
      occurrence of the interrupt.
PAC  FIGS. 5 and 6
PAR  Referring now to FIGS. 5 and 6, the ALU 43 is shown in its operative
      relation with respect to the A-bus multiplexer 46 and the B-bus
      multiplexer 53. The A-bus multiplexer 46 has eight inputs. The B-bus
      multiplexer 53 has four inputs. ALU 43 may comprise four LSI chips of the
      type described in TTL Data Book For Design Engineers by Texas Instruments
      Incorporated, Dallas, Texas 1973, page 381, and identified as TI
      Arithmetic Logic Unit/Function Generator SN74181, to form a 16 function
      arithmetic logic unit. Unit 43 is the same type as employed in the
      Computer 960-A above identified and thus will not be detailed here.
PAR  The arithmetic unit 43 has an output bus 43a which leads to an address
      register (ADC) 56. Line 43a also leads to the input of a multiplexer C
      whose output leads by way of a transmitter bank 96 to the data bus 29b
      leading to memory. Bus 29b is a two-way bus. Bus branch 29c leads back to
      a receiver band 97 to supply data to the CPU. In addition, register 56 has
      an output line 29a which feeds the output data to the bus 29 leading to
      memory.
PAR  In FIG. 5, a first input on line 80 is applied to multiplexer 46 by way of
      a subsidiary multiplexer 46a. The trap address input appears on bus 80 and
      is the address in memory at which is stored the workspace pointer value of
      the workspace pointer for the interrupt of highest priority, and is
      derived from interrupt priority encoder 20, FIG. 2.
PAR  A second input is from a memory bus at the output of receiver 97 and
      appears on line 81 which leads to a buffer register 82. The TD field in
      register 82 is the tag field for the destination address which is
      contained in the D field. The D field as it appears on bus 83 is shifted
      left two spaces and has added thereto a constant, the hexadecimal 40, in
      order that the address applied through the multiplexer 46a will properly
      identify the location in memory of the workspace pointer for the extended
      operation identified in the D field of register 82.
PAR  A third input on line 83a is applied from the D field shifted left by one
      space thereby multiplying the same by 2, to provide the word address of
      the destination element in workspace. This is applied by way of auxiliary
      multiplexer 46b.
PAR  The next input is derived by way of a memory bus 84. This input is the
      source address shifted one space left to provide a word address of the
      source element. It is applied to ALU 43 by way of the auxiliary
      multiplexer 46b and multiplexer 46.
PAR  The next input is the output of the status register 41 appearing on bus 85
      and is applied directly to the multiplexer 46.
PAR  The next input is on bus 86 and is employed for purposes not significant to
      the present description.
PAR  The next input is on bus 87 which is data read from memory. Data on bus 88
      is read from memory with the byte order reversed.
PAR  The next input appears on the ALU output bus 43a and is applied to a
      utility register 90 (URA) which serves to buffer output data from the ALU
      43.
PAR  The last input to the multiplexer 46 is by way of bus 81 through utility
      shift register 91 (URB) which is connected to output bus 92. The latter
      output is applied as the first input to multiplexer 53.
PAR  The workspace pointer register 40 is connected at its input to the memory
      bus 81 and at its output to the multiplexer 53.
PAR  Memory bus 81 is also connected through memory data buffer register 94 to
      multiplexer 53. Finally the output of the ALU 43 is connected by way of
      bus 43ato the PC register 42 the output of which is connected to the
      multiplexer 53.
PAR  In the present invention, arithmetic logic unit 43 provides an output which
      is buffered in the memory address register 56. At any given time in the
      course of operation of the computer where memory is to be accessed, the
      memory location will be specified by a code stored in register 56.
PAR  In accordance with the present invention the workspace is specified by
      utilizing the programmable contents of WP register 40 which is connected
      to multiplexer 53 and applied to ALU 43. A particular element in the
      workspace is addressed by the contents of register 56, which is determined
      by the value of the address from WP register 40, and an address either
      from the bus 84 or buffer 82 which is transmitted by way of multiplexer
      46b and multiplexer 46 to ALU 43. In ALU 43 the contents of register 40
      and the address on bus 84 are summed so that the address of the desired
      element of the workspace is then specified by the contents of register 56.
      Likewise the address from buffer 82 can be summed with WP register 40 to
      obtain a workspace element address.
PAC  FIGS. 7-9
PAR  FIGS. 7, 8, and 9 comprise a flow diagram which illustrates operation such
      as represented by the initialization functions of FIG. 3 and the interrupt
      functions of FIG. 4 with the return to the problem program after an
      interrupt. The flow diagram of FIGS. 7, 8 and 9 should be considered in
      connection with the system diagrams of FIGS. 5 and 6.
PAR  In the flow diagram of FIGS. 7-9 the computer states involved are indicated
      by a block, such as block 99, FIG. 7. The particular state is identified
      by the signature in the upper right hand corner of such block. Block 99
      for example represents state FF As coded in hexadecimal notation. The
      computer has 256 states, as will be shown, of which only 18 states are
      directly involved in FIGS. 7-9. In each state several steps or conditions
      are effective. The conditions are simultaneous and occur in response to a
      high speed clock in Control ROM 14.
PAR  Beginning in FIG. 7 at MRESET 101, master system reset, memory data line 81
      of FIG. 5 is cleared to zero input. Proceeding into state FF, the ALU 43
      is cleared for a zero output. The memory address register 56 and program
      counter register 42 are then loaded from the ALU for a zero input. The
      status register 41 and workspace pointer register 40 are loaded from
      memory data line 81 for a zero input. After checking to see if the reset
      operation is complete, the computer operation then shifts to state FO
      where data in memory is fetched from the address reflected by the contents
      of memory address register 56. As the register contains zeros, the
      contents of the first memory location will appear at the memory bus 81.
      The address of the first element of the initial workspace is contained in
      the first word in memory.
PAR  The computer operation then proceeds to state 20 of FIG. 8. The memory data
      register 56 is incremented to reflect the address of the second word in
      memory, which contains the address of the first program instruction to be
      executed. The contents of the workspace pointer register 40 are then
      placed at the output of the ALU. At this point in time the ALU output is
      zero. The workspace pointer register is then loaded from memory bus 81 of
      FIG. 5 to contain the address of the first element of the initial
      workspace. Utility register A is loaded from ALU 43 to contain zeros. Data
      is then fetched from the address reflected in the memory address register
      56 which is the address of the second word in memory. The data, the
      address of the first program instruction to be executed, appears on the
      memory bus 81.
PAR  The computer checks to see if the fetch cycle is complete, and if so it
      proceeds to state 50. The address of the first element in the initial
      workspace is summed with the value 13 in the ALU. The address of the
      thirteenth element in the workspace is thus made to appear at the output
      of the ALU. The memory address register 56 is then loaded with the output
      of the ALU, and utility register B is loaded from memory to contain the
      address of the first instruction to be executed. The computer checks to
      see if the function of state 50 has been completed, and if so proceeds to
      state 52 if Restart is not required.
PAR  In state 52, the contents of the utility register A are made to appear at
      the output of the ALU. The output of ALU 43 in this case is zero, the
      address in memory which contains the address of the first element in the
      initial workspace. The ALU output, the initial contents of the workspace
      pointer register, is then stored in the address in memory reflected by the
      current contents of memory address register 56. The output is thus stored
      in the thirteenth workspace element of the initial workspace. The memory
      address register is then incremented to reflect the address of the
      fourteenth workspace element in the initial workspace. After checking to
      see if the store cycle is complete, the computer operation shifts to state
      90.
PAR  In state 90, the contents of the program counter register 42 is placed at
      the output of the ALU 43. The ALU output, the initial content of the
      program counter register 42, is then stored in the fourteenth workspace
      element of the initial workspace. The address of the fourteenth element is
      contained in the memory address register 56. The memory address register
      is then incremented to reflect the address of the fifteenth workspace
      element in the initial workspace. After checking to see whether the store
      cycle is complete, the computer operation proceeds to state 91.
PAR  In state 91, the contents of status register 41, are made to appear at the
      output of ALU 43. The ALU output, the initial contents of the status
      register, are then stored in the address reflected by the contents of the
      memory address register 56. The output is thus stored in the fifteenth
      workspace element of the initial workspace. The computer checks to see if
      the store operation is complete and then proceeds to state 92.
PAR  In state 92, the contents of URB 91, the address of the first instruction
      to be executed, are placed at the output of the ALU. The memory address
      register 56 and the program counter register 42 are then loaded with the
      ALU output. The first instruction to be executed is then fetched from the
      memory address contained in the memory address register and appears at
      memory data bus 81. An end of instruction completes the state 92
      operation. The computer proceeds with the the instruction acquisition
      state 22, checks to see if the fetch cycle is complete, and then continues
      into state 1E, FIG. 9.
PAR  At this point it will be assumed that the operation is to load the autoload
      ROM contents into the first 256 memory elements. In state 22, the system
      acquires the necessary instruction. Following completion of a fetch step,
      the operation shifts to state 53.
PAR  In step 1, zeros are applied to the input of the ALU. In step 2, the
      address register is loaded with zeros. The operation then shifts to state
      BB. In step 1, a loader between ROM 16 and memory 26 is enabled. The 256
      words from ROM 16 are then sequentially stored in the first 256 elements
      of memory. This is done, as in step 4 of state BB, wherein the address
      register is sequentially incremented.
PAR  A store step is looped back to state BB. An inquiry as to whether or not
      the autoload ROM address is at a maximum (256) is also involved in a
      succeeding step which is looped back to state BB. When all the
      instructions in the autoload ROM 16 have been loaded into memory, then the
      operation shifts to state BA. In this state, zeros appear at the output of
      the ALU. Following this, the operation then shifts to state 20 wherein the
      operations above-described follow.
PAR  Assume now that a problem program is to be interrupted. The vectored
      priority interrupt system is enabled or disabled by computer instruction.
      Typically one instruction is to enable an interrupt of given level and
      those of higher priority. With the system in the operating mode and the
      CPU operating on a problem program, an interrupt controller is actuated
      and the CPU is forced to state 00, FIG. 7. In the step 1 of state 00, the
      trap, the address to which the program is directed in the interrupt, is
      applied to the input of an E multiplexer 46a FIG. 5.
PAR  In step 2, the output of the E multiplexer is applied to the A input of the
      ALU. In step 3, the A input appears at the output of the ALU. in step 4,
      the address register load is enabled and in step 5, the fetch command is
      issued. This serves to put the address of the new WP into the memory
      address register.
PAR  The operation then shifts to state 28 where in step 1 the address register
      is incremented. In step 2 the WP is applied to the B input terminal of the
      ALU, and in step 3 appears at the output of the ALU. In step 4, the WP
      register load is enabled to load the new WP address into register 40. In
      step 5 the utility register A load is enabled to save the old WP in the
      utility register A. In step 6 a fetch command is issued.
PAR  After the fetch is completed, the operation shifts to state 50, FIG. 8, and
      from there the operation proceeds to state 92 to the end of instruction as
      previously described.
PAR  The system then operates through the interrupt subroutine and when it comes
      to the end of the subroutine of the interrupt, a return signal is produced
      instructing the system to return to the point in the problem program at
      which the interrupt occurred. In state IE, step 1, the address 13 in the
      workspace applied to the A input terminal of the ALU appears at the output
      of the ALU. In step 2, the WP address is applied to the B input of the
      ALU. In step 3, the two inputs are then added and appear at the output of
      the ALU. In step 4, the address register load is enabled and a fetch is
      called for in step 5.
PAR  The operation then shifts to state CC which loads the WP register 40 with
      the old WP previously stored in memory. In step 1, WP register 40 load is
      enabled. In step 2, the address register is incremented to generate the
      address of the old PC, and in step 3 fetch is called for.
PAR  When the fetch is completed, the program shifts to state 56. In step 1, the
      PC address that was stored in memory is applied to the A input of the ALU
      in route to the PC register 42. In step 2, the A input appears at the
      output of the ALU. In step 3, the PC register load is enabled. In step 4,
      the address register is incremented to form the address of the status ST
      previously stored in memory. In the final step, the fetch is requested.
PAR  When the fetch is completed, the program shifts to state 58 which signals
      an end of instruction. In step 2, the old ST is loaded into the status
      register. In the next three steps, there is an update in memory of the
      address of the PC. More particularly, the PC appears at the B terminal of
      the ALU and in the next step appears at the output thereof and then is
      stored in the address register. A fetch is then called for. The program
      then proceeds to state 22 where the computer will now take up operation in
      the old program where the interrupt occurred.
PAR  As shown in FIG. 6, the output bus from multiplexer 46 is a 16 line bus.
      The output from multiplexer 53 similarly is a 16 line bus. The output from
      the ALU 43 similarly is a 16 line bus 43a. The control ROM 14 supplies
      four lines 14a to multiplexer 46 and three lines 14b to multiplexer 53.
      The four lines 14c lead to the ALU 43. A decoder 43b is connected to lines
      14a and has outputs connected to NAND gates 46c, 46d, 46e and 46f. NAND
      gate 46c is connected to the next to the least significant bit line
      leading from multiplexer 46. NAND gates 46d, e and f are located in
      successively more significant bit lines leading to the A input of the ALU
      43. In a similar manner, the decode unit 53b is connected at its output
      through a NAND gate 53c which is in the next to the least significant bit
      line in the bus leading from multiplexer 53.
PAR  The control unit 14 is a read only memory comprising eight LSI chips on
      which the word pattern is formed as set out in the following Table IV. It
      will be recalled that the memory comprises 256 words of 64 bits each.
PAR  The state column in Table IV tabulates numerical designation of the states
      in which the computer operates. For example, line 1 designates states 0-3.
      Line 2 designates states 4-7. The last line designates states 252-255.
      Column 1 of the word patterns indicates the states of the first eight bits
      of the output word of ROM 14 when the computer is in state 0. Column 2 of
      the word patterns indicates the states of the first eight bits of the
      output of ROM 14 when the computer is in state 1. Column 3 indicates the
      states of the first eight bits from ROM 14 when in state 2. Column 4
      indicates the states of the first eight bits from ROM 14 in state 3.
PAR  In Table IV (2) the same information is set out for the second eight bits
      of the memory words. In Table IV (3) the states of the third set of eight
      bits are set out. There are five additional Tables IV (4)-IV (8). Thus,
      the state of every one of the 64 .times. 256 bits in the ROM 14 are
      signified in Table IV to provide control for each of the 256 states.
PAR  ROM 16 configured as indicated in Table IV (1-8) is employed to provide
      output control for the various elements of the AU 12 shown in FIGS. 5 and
      6 as well as elements not shown as not pertinent to context switching
      operations.
PAR  As indicated in FIG. 1, the control ROM 14 is addressed by an eight bit bus
      with a 64 bit word being produced by the control ROM 14 for each of 256
      states. The present description directs attention to the use of the
      control ROM 14 to implement the selective location in memory of worksapce.
      ##SPC1##
      ##SPC2##
PAR  While all of the states in the control ROM 14 have been depicted in Table
      IV above, only a relatively small number are involved in carrying out the
      operations illustrated by the flow diagrams of FIGS. 7-9.
PAR  More particularly, as shown in FIG. 6, four bit lines 14a lead from ROM 14
      to A multiplexer 46. Lines 14a thus apply the first four bits in each of
      the 256 control words in ROM 14 to A multiplexer 46. Three of the lines
      14a are decoded in A multiplexer 46 to address a selected one of the eight
      inputs to the multiplexer. Multiplexer 46, in the embodiment here
      described, comprises a set of 16 eight input multiplexer units of the type
      manufactured and sold by Texas Instruments Incorporated, Dallas, Texas and
      identified as Data Selectors/Multiplexers SN74151A. Each such unit is
      provided with decoding logic to select one of eight inputs. The fourth of
      the lines 14a is an inhibit line. When the fourth line is in state to
      inhibit multiplexer 46, all of the 16 output lines are low or zero.
PAR  In a similar manner, three lines 14b extend to B multiplexer 53. Two of
      lines 14b are used to address the four inputs to B multiplexer 53. The
      third line is an inhibit line. B multiplexer 53 comprises a set of 16 four
      input multiplexer units manufactured and sold by Texas Instruments
      Incorporated and identified as Data Selectors/Multiplexers SN74153N.
PAR  From Table V the use of the control states stored in ROM 14 is specified.
      In Table V all ROM 14 data is shown true. However, in Table IV bits 1-4,
      11, 18, 21, 22, 25, 27-29, 35, 36, 40, 42, 48, 49, 50 and 61-64 are noted
      in complemented states. Thus, references between Tables IV and V must take
      into account this difference in rotation.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     BITS                                                                      
         1 2 3 4       MULTIPLEXER A                                           
         0 0 0 0 (MEM) A Multiplexer                                           
                                Memory Input Enabled                           
         0 0 1 0 (REU) "        Memory Input Enabled                           
                                (Reverse)                                      
         0 1 0 0 (ST)  "        Status Input Enabled                           
         0 1 1 0 (EMUX)                                                        
                       "        E Multiplexer Input                            
                                Enabled                                        
         1 0 0 0 (WA)  "        WA Input Enabled                               
         1 0 1 0 (DMUX)                                                        
                       "        D Multiplexer Input                            
                                Enabled                                        
         1 1 0 0 (URA) "        Utility Register A                             
                                Input Enabled                                  
         1 1 1 0 (SDX2)                                                        
                       "        SDX2 Input Enabled                             
         0 0 0 1 (ZERO)                                                        
                       "        Outputs All Zero                               
         X X X 0 (INHLSA)                                                      
                       "        Inhibited                                      
         0 1 0 1 (X'02')                                                       
                       "        X'02' Output Generated                         
         1 0 0 1 (X'18')                                                       
                       "        X'18' Output Generated                         
         1 1 0 1 (X'1A' )                                                      
                       "        X'1A' Output Generated                         
         0 0 1 1 (X'16')                                                       
                       "        X'16' Output Generated                         
     BITS                                                                      
         5 6 7       MULTIPLEXER B                                             
         0 0 0 (WP)  B Multiplexer                                             
                              Workspace Pointer Input                          
                              Enabled                                          
         0 1 0 (URB) "        Utility Register B Input                         
                              Enabled                                          
         1 0 0 (MD)  "        Memory Data Input Enabled                        
         1 1 0 (PC)  "        Program Counter Input                            
                              Enabled                                          
         0 X 1 (ZERO)                                                          
                     "        Force All Outputs to Zero                        
         X X 0 (INHMSB)                                                        
                     "        Inhibit Most Significant                         
                              Bit                                              
         1 X 1 (X'02')                                                         
                     "        Enable Generation of X'02'                       
     BIT 8                                                                     
         0 (DX2)   Multiplexer                                                 
                          D - DX2 Input Enabled                                
     SX2 Input Enabled    "                                                    
         0 (DX4)+X'40'                                                         
                   "      E - (DX4)+X'40' Input Enabled                        
     TRAP Input Enabled   "                                                    
     BIT  9 (ENCMDREV)                                                         
                Enable Memory Data Reverse                                     
     BIT 10 (ENAREV)                                                           
                Enable Reverse                                                 
     BIT 11 (INHMSBLSA)                                                        
                Inhibit Most Significant Bit of LSA                            
     BIT 12 (ENALUBYTE)                                                        
                Enable ALU Byte                                                
     BIT 13 ALU to M Input Line                                                
     BIT 14 ALU to S3 Input Line                                               
     BIT 15 ALU to S2 Input Line                                               
     BIT 16 ALU to S1 Input Line                                               
     BIT 17 ALU to S0 Input Line                                               
     BIT 18 ALU Carry In Enabled                                               
     BIT 19 (ENWPLD) WP Register 40 Load Enabled                               
     BIT 20 (ENMDLD) Memory Data Register Load Enabled                         
     BITS                                                                      
         21 22 UTILITY REGISTER A                                              
         0  0                                                                  
         0  1  Utility Register A Left Shift Enabled                           
         1  0  Utility Register A Right Shift Enabled                          
         1  1  Utility Register A Load Enabled                                 
     BITS                                                                      
         23 24 UTILITY REGISTER B                                              
         0  0                                                                  
         0  1  Utility Register B Left Shift Enabled                           
         1  0  Utility Register B Right Shift Enabled                          
         1  1  Utility Register B Load Enabled                                 
     BIT 25 (ENCRUFF)                                                          
                 CRU 24 Flip-Flop Enabled                                      
     BIT 26 (ENSCINC)                                                          
                 Enable Shift Counter Increment                                
     BIT 27 (ENPCLD)                                                           
                 Program Counter 42 Load Enabled                               
     BIT 28 (ENPCINC)                                                          
                 Program Counter 42 Increment Enabled                          
     BIT 29 (ENADCLD)                                                          
                 Memory Register 56 Load Enabled                               
     BIT 30 (ENADCINC)                                                         
                 Memory Register 56 Increment Enabled                          
     BITS                                                                      
         31 32 33 34 STATUS REGISTER                                           
         0  0  0  0                                                            
         0  0  0  1  Status Register Load Enabled                              
         0  0  1  0  Enable Map File Register Store                            
         0  0  1  1  Enable Automatic Masking                                  
         0  1  0  0  Enable Mask Field Clear                                   
         0  1  0  1  Enable Status Test No. 1                                  
         0  1  1  0  Enable Status Test No. 2                                  
         0  1  1  1  Enable Odd Parity if IR03 = 1                             
         1  0  0  0  Enable Arithmetic and Logical Compare Test                
         1  0  0  1  Enable Status Test No. 3                                  
         1  0  1  0  Enable Corresponding Zeros and Ones Test                  
         1  0  1  1  Enable Zero Compare                                       
         1  1  0  0  Enable 120 Hz. Clock Flip-flop                            
         1  1  0  1  Enable Status Test No. 4                                  
         1  1  1  0  Enable Shift Carry Test                                   
         1  1  1  1  Enable XOP Indicator Set                                  
       Enable CRU                                                              
       (Unused)                                                                
     BITS                                                                      
         37 38 39 UTILITY REGISTER 13 SHIFT INPUT SELECT                       
         0  0  0  URB 15 .fwdarw. URBO                                         
         0  0  1  CR BIT IN                                                    
         0  1  0  URA 15                                                       
         0  1  1  URB 00                                                       
         1  0  0  0                                                            
         1  0  1  1                                                            
         1  1  0  CRUOUT                                                       
         1  1  1  IRO7                                                         
       (Unused)                                                                
     BIT 41  Enable Fetch                                                      
     BIT 42  Enable Store                                                      
     BIT 43  Enable Delay                                                      
     BITS                                                                      
         44 45 46 47 48 49 50 DECISION & SPECIAL CONTROL                       
         1  0  0  1  0  1  0  Enable End of Instruction                        
                              (EOI)                                            
         0  0  0  0  1  0  0  RESTART                                          
     BITS 51 - 58   J0                                                         
     BITS 59 - 60   J1                                                         
     BITS 61 - 63   NRA                                                        
     64 - (Unused)                                                             
     __________________________________________________________________________
PAR  From Table V it will be seen that ROM 14 bits 1-3 are decoded in A
      multiplexer 46 to address its eight inputs. The ROM bits 1-4 are employed
      in combination to provide 14 functions, including controls for generating
      the indexing conditions employed for locating the workspace pointer, the
      program counter and the status register at the desired last three elements
      of the workspace.
PAR  Bits 5, 6 and 7 are employed by B multiplexer 53 to address the four inputs
      thereto, the first two control inputs of B multiplexer 46 being decoded
      and the third an inhibit line.
PAR  By way of relating the contents thus far described of Table V to the
      contents of Table IV and to the flow diagram of FIGS. 7-9, note the
      following: In FIG. 7, state 00 requires A multiplexer 46 to address E
      multiplexer 46a. In Table V it will be noted that A multiplexer 46 enables
      the E multiplexer input when the first four bits have the states 0110. In
      Table IV, the ROM bits 1-4 are the first four bits found at the top of
      column 1. Their states are designated by the legend HLLH, i.e., high, low,
      low, high. Since as above indicated, the first four ROM bits in Table IV
      are shown completed, the legend HLLH thus corresponds with the complement
      of 0110. Thus, for every function indicated in the flow diagrams of FIGS.
      7-9, Table V gives the state and the element affected. From Table V the
      key to the precise bits in ROM 14 which are utilized for carrying out the
      function designated in the flow diagrams are specified. Since there are 64
      bits to each word in ROM 14, many of which are utilized for various
      computer functions not mentioned in the flow chart of FIGS. 7-9, their
      function has been emitted from Table V.
PAR  The TILINE bus above described is preferably of the type described and
      claimed in U.S. Pat. No. 3,886,524 by Daren R. Appelt and entitled
      Asynchronous Communication Bus, (Attorney Docket No. TI-5289).
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital computer system providing flexibility in the high-speed
      selection and utilization of a plurality of multielement workspaces in
      main memory, comprising:
PA1  a. a workspace pointer register to store the address of the first of a set
      of consecutive memory locations forming workspace in main memory;
PA1  b. a program counter register to store the address of the current program
      instruction being executed;
PA1  c. a status register to store a current indication of the status of the
      program being executed;
PA1  d. control memory means to supply a distination code to be added to the
      contents of the workspace pointer register to form the distination
      address;
PA1  e. an arithmetic logic unit which sums the destination code with the
      contents of the workspace pointer register;
PA1  f. an address register to store the output of the arithmetic logic unit;
      and
PA1  g. means to store the address of the first element of a prior workspace at
      the destination address in response to an interrupt condition.
NUM  2.
PAR  2. The computer system of claim 1 wherein the storing means further include
      means for storing the address of the next program instruction of a prior
      program and the address of an indication of the status of the prior
      program in a second and third destination address, respectively, in
      response to an interrupt condition.
NUM  3.
PAR  3. The computer system of claim 2 further including:
PA1  h. return command means, activated upon the conclusion of the interrupt
      condition, for returning the address of the first element of a prior
      workspace, the address of the next instruction of the prior program, and
      the address of an indication of the status of the prior program to the
      workspace pointer register, the program counter register and the status
      register, respectively.
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ABST
PAL  Data and voice communication links are provided between a movement
      direction center, a data processing center, and all mobile work units of a
      railroad terminal control system. A work assignment input from the
      movement direction center, e.g., an order to assemble a train, activates
      the data processing center to prepare and transmit to the selected
      switching locomotive an itemized work list, which is recorded in printed
      form at the locomotive to serve as specific instructions for accomplishing
      the assignment. The work unit crew reports readiness to begin and
      subsequent completion of each work list item. The data processing center
      responds to these and other information inputs, e.g., vehicle movement
      indications, to check the work done and to remotely establish the field
      conditions, e.g. track routes, necessary to accomplish the successive work
      items until the entire assignment is completed. The data processing center
      sets up the next route and authorizes the locomotive crew to perform the
      next work step only when the checking process indicates that the prior
      work step was correctly completed.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of my pending application Ser.
      No. 124,270, now abandoned, filed Mar. 15, 1971, and a
      continuation-in-part also of my prior application Ser. No. 830,767, filed
      June 5, 1969, now abandoned, application Ser. No. 124,270 in turn being a
      continuation-in-part of the original application, Ser. No. 830,767.
BSUM
PAR  This invention relates to a vehicle movement control system for use in
      railroad terminals. More particularly, my invention relates to a remote
      control arrangement by which movement of all vehicles and operations of
      remote mobile work units, for example, switching locomotives, are directed
      and controlled from a central control headquarters in a railroad terminal
      area.
PAR  Railroad terminals designed particularly for freight train operations
      normally consist of receiving and departure yards, one or more
      classification yards, various servicing facilities for locomotives,
      cabooses, and freight cars, and industrial yards and tracks for serving
      local customers. Also included are various control headquarters and
      offices, mobile work units or crews, and communication facilities
      connecting all such locations and units in order to provide management
      control or supervision of the operations. Control systems for
      classification yards are already known in the railroad art and include
      such features as automatic switching systems for routing the cuts of cars
      to preselected storage tracks and automatic speed control apparatus for
      obtaining the proper coupling speeds between cars as they arrive at their
      selected storage location. Further, interlocking control systems for the
      entrance and exit switching matrices to a terminal area and for individual
      yard entrances are also known, including the remote control of such
      interlocking systems. However, many manual operations are still involved
      in the usual railroad terminal area. These include the delivery of written
      operational and work orders to switching crews and manually recording the
      operations performed and the movement of cars between yard locations to
      maintain a car location inventory. Further, each switching crew foreman
      controlling a switching locomotive in the various yards or serving nearby
      industries decides what procedure to follow, that is, the order of
      specific operations in moving cars. Also such crews must frequently return
      with their locomotives to a central location to receive subsequent orders
      for moving vehicles throughout the area. Obviously, this form of
      operations control does not result in the most efficient or economical
      order for the work items performed or the most efficient use of the
      facilities available. The manual procedures frequently require additional
      manpower and extra movements of the various locomotives and other type
      work units. This reduced efficiency and economy in the operations also
      adds to the total amount of apparatus actually needed, particularly
      locomotives for switching purposes. Improvement in efficiency and economy
      of terminal operations may be obtained if all vehicle movements are
      controlled and directed from one central location and specific work
      assignments are transmitted directly to the various mobile work units
      scattered throughout the area.
PAR  Accordingly, an object of my invention is a centralized vehicle movement
      control system for railroad terminal installations.
PAR  Another object of my invention is to provide within a railroad terminal
      control system a centralized vehicle movement control arrangement.
PAR  Also an object of this invention is a vehicle movement control system for
      railroad terminals in which a central data processing means selects and
      transmits specific work commands to remote mobile work units within the
      terminal area.
PAR  A further object of this invention is a method of controlling the
      operations of mobile work units in a railroad terminal area by selecting
      and transmitting itemized work command formats from a central data
      processing means at the control location to selected mobile units which
      perform the desired operations and by checking the correct performance of
      the assigned work by the vehicle movement information periodically
      reported to the central data processing means from the remote locations.
PAR  Still another object of the invention is a vehicle movement control system
      for railroad terminals in which a work assignment selected by a movement
      controller is translated into an itemized work format by a data processing
      means and transmitted to a selected remote mobile work unit where it is
      recorded in printed form as instructions to the work unit crew.
PAR  It is also an object of my invention to provide a method and apparatus for
      controlling the movement of cars in a railroad terminal area by which an
      itemized work list for efficiently accomplishing a series of desired car
      movements is determined by a central process control means and transmitted
      to a selected switching locomotive, which completes each work item in
      order as the necessary track routes are successively established by remote
      control by the central process control means in response to information
      transmitted from the switching locomotive as each item is completed and
      checked for correctness by the central process control means.
PAR  Another object of my invention is an arrangement for controlling the
      movement of cars in a railroad terminal area including a central data
      processing control means, switching locomotives with data recording and
      transmission devices, a terminal communication system, and track route
      control apparatus wherein the central processing means translates desired
      car movements into a series of work items which are transmitted as a
      printed itemized format to the selected switching locomotive whose crew
      performs each work item in listed order, reporting completion of each item
      to the central processing means, which checks the correctness of the
      completed work and responds by transmitting a route control to position
      wayside apparatus to establish the track route required for the next work
      movement if the previous work has been correctly performed.
PAR  Other objects, features, and advantages of my invention will become
      apparent from the following description when taken in connection with the
      accompanying drawings and appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  In practicing my invention, I add the novel vehicle movement control
      arrangement to the automatic control system provided for classification
      yards in a railroad terminal area. Such class yard control systems
      normally include a central data processing means, automatic speed control
      apparatus for obtaining proper car coupling speeds, and an automatic
      switching system for routing cars to the desired storage tracks. The
      automatic speed control and switching apparatus is controlled by the
      central processing means which includes a computer portion programmed for
      determining the leaving speed for the various cars from the car retarders
      in accordance with the car parameters previously measured and recorded. As
      part of the yard control operations arrangement, an inventory by serial
      number of the cars occupying the storage tracks of the yard is also
      maintained by the data processing means with the car numbers recorded by
      any known kind of manual or automatic car identification system. Various
      parameters of the classified cars, such as length, number of wheels, and
      weight, are also stored in the data processing arrangement. This type of
      yard control system is already known in the art in several different
      specific forms.
PAR  To all of this, I add a movement control center with input/output means
      associated with the central data processing means in order to read out car
      and locomotive location information and for input of designated work
      assignments, such as vehicle movements, to be accomplished in the terminal
      area. I also add to the existing communication system a digital
      arrangement having a data transmission capability. This involves, of
      course, adding such a capability over whatever radio communication
      channels are already in use to contact the various types of remote mobile
      work units and personnel scattered throughout the terminal area. Further,
      each such mobile work unit, for example, a switching locomotive and crew,
      is provided with digital and voice communication apparatus to receive and
      transmit data and voice messages. The incoming data is recorded by a
      printer device aboard the work unit or locomotive as an itemized work
      command to the work unit foreman. The transmitter for returning
      information to the central location is part of a portable communication
      device provided for the foreman, conductor, or chief of the work crew.
      This individual carries the portable unit providing two-way voice and data
      transmission communications with the movement control headquarters and
      with the central processing unit.
PAR  The input of the work assignment or vehicle movement command into the
      central processing unit activates the preparation of a work list format
      which is transmitted to the selected mobile work unit which may best
      accomplish the work assignment. The work command format is an item-by-item
      list in the sequential order that is to be followed in performing the
      assigned task. If vehicle movements are involved, for example, the
      switching of railroad cars, the format lists in order the movements that
      are to be made by the switching locomotive to complete the assignment in
      the most efficient and economical manner. The foreman of the mobile work
      unit transmits a signal to the central processing unit as each item of the
      work list is completed. If a vehicle movement is involved in one of the
      yards of the terminal, the processing unit transmits control functions to
      establish the required track route, each new set of control functions
      being transmitted as the previous item on the work list is completed and
      so reported. When movement of cars is involved, such movement is
      automatically detected and reported from the various field locations by
      apparatus supplied throughout the yard and is recorded in the processing
      unit as information functions are received. The reception of such
      information enables the central processing unit, using previously stored
      car parameter data, the car inventory, and the received work completed
      reports, to check that each work list item has been done correctly. If
      there is any inconsistency between the assigned vehicle movements and
      those reported and correlated with the stored inventory, a new route can
      not be established until the inconsistency or error is corrected. The
      necessary corrective action is determined and instructions transmitted to
      the locomotive and crew involved. The work unit foreman also has voice
      communication with the movement direction center to enable exceptions to
      routine operations to be quickly handled. The information reported into
      the central processing means is also available for readout to movement
      direction headquarters to follow and check progress throughout the
      terminal area when exceptions occur and upon completion of assigned tasks.
DRWD
PAC  RESUME OF THE DRAWINGS
PAR  I shall now describe in more specific detail a railroad terminal vehicle
      movement control system embodying one form of my invention, referring from
      time to time to the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic illustration, in conventional block form, of a
      type of railroad terminal control system which may embody this invention.
PAR  FIG. 2 is a partially diagrammatic, partially schematic illustration of a
      vehicle movement control arrangement embodying my invention as applied to
      a specific yard portion of the terminal control system illustrated in FIG.
      1.
PAR  FIGS. 3A to 3C, when placed adjacent vertically in order, are a macro flow
      chart for the vehicle movement control process provided by my invention.
PAR  In each figure of the drawings, as appropriate, similar reference
      characters designate similar parts or portions of the apparatus and/or
      systems.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  I shall refer first to FIG. 1, which shows the overall system for
      controlling the operations of a large railroad terminal area. A
      conventional block at the top of this drawing figure represents, as is
      marked, the terminal headquarters. This is one of five major personnel
      groups or control locations within the terminal control system. The other
      four major locations, each outlined by a conventional block, comprise the
      Movement Control Center (MCC) shown below the terminal headquarters, the
      Facilities Service Center (FSC) and the Industrial Service Center (ISC)
      shown to the left and right, respectively, of the MCC location, and the
      Communication Service Center (CSC) shown below the Movement Control
      Center.
PAR  Another important element of the terminal control system is the data
      processing means, elements of which are grouped to the right of the
      Communication Service Center within a conventional dot-dash block
      designated as the Data Processing Center. These elements comprise a
      central data processing unit, labeled and hereafter referred to as the
      CPU, together with an associated program input/output (I/O) device and a
      data file or storage unit, all shown by conventional blocks. The central
      data processing unit CPU consists of the digital computer element which
      was previously mentioned as controlling the automatic switching and the
      speed control systems used in the classification yard to control the
      proper routing and correct coupling speed for classifying cars. During
      classification operations, data concerning car locations, i.e., inventory
      and car identification, both as to serial numbers and car parameters, is
      produced, correlated, and entered by the CPU into the Data File element,
      which represents the data storage capability of the data processing
      center. Such stored data may be recalled as needed in other operational
      procedures of the CPU. It is also to be noted that a single data
      processing center normally services the entire terminal system for
      management and supervisory control procedures. This includes, as already
      indicated, such data processing and computer procedures as needed for
      classification yard operations, for which priority interrupt type of
      input/output for data and controls is used. The CPU is further defined as
      any known type of on-line, real-time process control, stored program
      digital computer. One specific digital computer apparatus which has been
      used in such classification yard control systems, and which can also be
      used in the system here described, is the Honeywell Type DDP 516 which is
      manufactured by Honeywell Information Systems, Inc., Framingham, Mass.
      Normally, a basic machine language such as DAP-16 is used for programming.
PAR  Within the terminal headquarters block, the smaller blocks shown along the
      bottom represent the control console positions of the principal
      supervisory personnel located in that office. The center position is that
      of the terminal superintendent, designated SUPT, while to the left is the
      control position occupied by the main line train dispatcher (DISP) and to
      the right is the position occupied by the chief clerk and his assistants
      and designated as the CLERK position. Each control console position shown
      within the terminal headquarters is provided with access to the voice
      channels of the terminal communication system in order that such
      communication may be available with all parts of the terminal system and
      to various remotely located offices and other headquarters. This voice
      channel access is indicated at the left of each control console block by
      an appropriate symbol which is associated with the single line
      representation of the voice communications arrangement. This single line
      representation of the voice channels is designated throughout the drawings
      by an associated small circle with a letter V insert. Each control console
      position is also supplied with an input/output (I/O) or output only visual
      device which is used for a readout display of information essential to the
      operations controlled or supervised by that set of management personnel or
      for the input of control functions or command directives relative to that
      level of supervision. While any type of input/output display means
      appropriate to the operation may be used, a well-known type is the cathode
      ray tube (CRT) display device, with associated input keyboards, which can
      be used for the display of requested data or operational information and
      for the input of commands and other data. A specific CRT system which may
      be used, and which is compatible with the previously cited Honeywell
      computer, is manufactured by Computer Communications, Inc. All such data
      for display or for input is transmitted to and from the CPU in the Data
      Processing Center over digital communication links which are shown in the
      drawing by a single line representation further designated by a small
      square with the letter D insert. These input/output display devices are
      capable of providing a readout of the existing conditions throughout the
      terminal or of stored information and directions being given by other
      personnel, while the input may consist of desired actions, orders, or
      information for data storage. In some cases a hard copy record is
      essential for long reports and messages. For this purpose, a line printer
      may be required at the terminal headquarters in addition to input/output
      typewriters at some other locations. The terminal headquarters device for
      this purpose is designated by the smaller conventional block in the upper
      right of the terminal headquarters block. Such devices are also under the
      direct control of the CPU by direct digital link channels over which is
      transmitted the necessary information to provide such hard copy.
PAR  The Communication Service Center functions to provide communication
      channels between all elements of the terminal system and to various other
      headquarters and external locations. Switching is provided, normally
      automatically, for common user circuits for the transmission of digital
      data and voice communications. As required, this center also supplies
      recording, editing, and retransmission of messages and other types of
      recorded data. The communication service, as indicated, is not limited to
      the terminal area but will include channels or message service to
      customers, to interchange railroads, to satellite locations, and to the
      central operations headquarters of the entire railroad, designated by the
      block in the lower right. This external service in particular may be
      provided by various types of channels, such as wire telephone or teletype
      and both voice and high speed digital data transmission radio, including
      microwave channels. Of particular interest in the present discussion are
      the voice channels and digital data links established between the MCC and
      the CPU, respectively, and the mobile work forces employed throughout the
      terminal area, such as switching locomotives, repair crews, and other
      field service elements, all designated by the conventional block in the
      lower left of the drawing.
PAR  The Facilities Service Center is responsible for car and motive power
      servicing and repairs, for maintenance and servicing of all terminal
      facilities, and for similar functions. Communications, both digital and
      voice, are required for this center to various repair and maintenance
      crews, service shops, and similar locations. This FSC is provided with a
      control console which includes voice communication means and an
      input/output display device with digital link to the CPU. The Industrial
      Service Center is responsible for customer contacts and facilities and for
      initiating the pickup from, and delivery of cars to, industry tracks. The
      ISC also maintains an inventory of cars in industrial sidings within the
      terminal area jurisdiction. Obviously, this center also needs voice and
      digital communication to many places and is provided with a control
      console having a voice communication means and an input/output display
      device. Both of these service centers have representatives at the movement
      control center who also are provided with control consoles designated here
      by the left and right console symbols within the movement control center
      block, designated FSR and ISR, respectively. These representatives provide
      coordination between the service centers and immediate contact with the
      movement director for exceptional operations.
PAR  The movement control center also includes the movement director and such
      assistants as are necessary. A single control position is shown in this
      figure with the console symbol designated by the reference MD. Each
      element in the movement control center, including the FSR and ISR, is
      provided with communication means with access to the entire communication
      system, designated by the symbols showing the voice channel communication
      means and by the input/output display devices with digital links to the
      CPU. All of the input/output display devices will be of the same type
      throughout a particular system such as the cathode ray tube type
      previously mentioned. In the facilities and industrial service centers,
      the MCC, and the terminal headquarters, the digital communication links
      terminating in the input/output display devices provide direct access only
      into the CPU for input and readout of data. Data transmission to external
      locations and to terminal mobile work units is direct from the CPU over
      common user digital links switched by the CSC. Direct voice communication
      between the centralized locations such as the FSC, ISC, MCC, and the
      terminal headquarters is normally by intercommunication channels providing
      a direct link between such elements not requiring switching at the
      communication service center. However, the voice communication means on
      each control console also provide common user access through the
      communication center to locations external to the yard and to the mobile
      work units.
PAR  The final conventional block representing one of the centralized terminal
      control locations, that is, those blocks shown above the communication
      service center is that designated as FACILITY. This block represents all
      service and maintenance locations or shops handling such things as motive
      power, cars, cabooses, and track and wayside apparatus maintenance. It is
      to be noted that it is tied into the direct voice channels including the
      intercommunication arrangement for the centralized elements and is also
      tied into the digital link channels for direct access to the CPU from its
      input/output display device.
PAR  Since my invention is directed to the control of vehicle movements within
      the terminal area, a specific example of this type of control has been
      extracted from the overall system shown in FIG. 1 and is illustrated in
      FIG. 2, to which I now refer. At the top in this figure is shown
      diagrammatically an expanded movement control center MCC with two directly
      related operating facilities. An operating position or control console is
      illustrated for the movement director (MD), the facilities service
      representative (FSR), the industrial service representative (ISR), and one
      assistant movement director (AMD). The MD console is a master unit and is
      here shown with three input/output display devices. Typical information
      displays which may be entered into some of the devices are shown by the
      conventional blocks connected by dotted lines and consist of such items as
      the terminal schedule and individual train details. This console may have
      other devices for access to information readout in other forms. Smaller
      control consoles are indicated for the FSR, AMD, and ISR, each with a
      single input/output display device. Typical information which may be
      displayed on the FSR device is that pertaining to motive power
      availability, as conventionally indicated, while the ISR display device
      will normally show information concerning the industrial service center
      activity such as industry requests or car locations. The display device
      for the assistant movement director AMD will display items similar to
      those on the master MD console but at any one time will display that data
      associated with the specific duty to which the assistant is assigned. Each
      of these control console positions is, of course, provided with voice
      communication means, with access both to the intercommunication
      arrangement and to external communication facilities.
PAR  A large display model of the entire terminal area is illustrated as being
      located within the movement control center for display of general
      information and indications for an overall picture of the terminal
      operations. This model receives information only for display purposes,
      that is, readout only, as there is no associated input device. The
      specific details, of course, of the overall display illustration are
      extracted to the individual console display devices as the personnel
      handle particular problems occurring during terminal operations. As
      examples, two of the facilities associated with the operations of, but not
      in the same office location as, the MCC are shown, the mainline dispatcher
      (DISP) and the crew calling center (CC). Each has an operating console and
      the necessary communication facilities, both digital and voice. Typical
      information displays received from the CPU are indicated, i.e., the
      mainline dispatcher device displaying necessary mainline scheduling and
      that of the crew caller, the available crew information. The mainline
      dispatcher also has other control means and communications, for
      controlling the movement of trains on the mainline, which are not shown as
      they do not enter into the terminal operations here considered.
PAR  Also shown by conventional blocks are the central processing unit CPU and
      the communication service center CSC. Each serves the same purpose as that
      described for FIG. 1 but the communication links here shown are limited to
      those associated with the vehicle movement control arrangement. At the
      right, the CPU is shown with direct digital input and output links with
      the consoles of the various elements of the movement control center and
      directly related locations. The communication service center CSC provides
      common user type voice and digital data communication facilities between
      the movement control center and the CPU, respectively, and mobile work
      units involved in the yard or terminal operations. However, a separate
      direct digital transmission system is provided to the field logic units
      for remote control of track apparatus, such as track switches, and for the
      reception of indications from such wayside apparatus as car or wheel
      counters, train detectors, switch position indicators, and similar
      elements. Such remote control systems are well known and specific details
      are not necessary. Depending upon the desired transmission rate, the
      remote control system may be either a Time Code Control System (e.g., Type
      L, Form 514) or a Solid State Code Control System (e.g., Type 560)
      manufactured by the Union Switch & Signal Division, Westinghouse Air Brake
      Company, Swissvale, Pa., applicant's assignee. It may be noted that a
      local control panel is also provided with direct connections to the field
      logic units so that individual wayside control of such items as track
      switches may be exercised when necessary for purposes of exceptional type
      operations.
PAR  The lower part of FIG. 2 schematically illustrates portions of two yards of
      the terminal system and two switching locomotives working in various parts
      of the terminal. At the lower right are shown the remote ends, that is,
      distant from the hump, of a few of the bowl or storage tracks of the
      classification yard, each designated for reference purposes by a track
      number prefixed by the symbol B. The blocks shown on three of these tracks
      represent stored cars, the number of cars being that indicated by the
      number within the block. At the lower left are shown three tracks of the
      departure yard, designated in a conventional manner by the letter D
      preceding a two-digit number, such as track DO1 on which the switching
      locomotive is shown. Various lead tracks used for switching purposes are
      shown, designated by the letter L and a two-digit number, and a single
      caboose storage track CO1. Various switches and crossovers for
      establishing routes throughout the track network are illustrated, the
      crossovers being designated by an X and by a two-digit number reference.
      As previously mentioned, these switches and crossovers are controlled by
      the CPU through a direct digital communication system which provides for a
      remote control arrangement of all switches and interlocking arrangements
      within the yard. Also previously mentioned was the fact that indications
      of the switch positions and train occupancy of various detector track
      sections are returned by the same communication system to the CPU.
PAR  The switching locomotive SWl is illustrated sybolically as occupying or
      located on track DO1. Its crew is shown also by conventional symbols, the
      switching foreman SWF and the other crew members by the single symbol SWC.
      A second switching locomotive SW2 is illustrated as being elsewhere in the
      terminal area. For example, it may be working in the humping area, serving
      various industry tracks, or in the receiving yard. It may, of course, be
      also working in the departure yard area assembling outgoing trains. Each
      such locomotive within the terminal area is equipped with a data receiver
      and printout device, shown by the conventional block P within each SW
      symbol, connected by a digital communication link with the CPU. Such
      communication, of course, requires a radio channel since these are mobile
      units and obviously can not be connected by a fixed arrangement. Any one
      of several commercially available receiver-printer devices which is
      compatible with the specific digital communication channel provided may be
      used. One such device usable for this purpose is the radioteleprinter
      manufactured by Kleinschmidt Division of SCM Corporation, Deerfield,
      Illinois. The digital receiver and recording device provides printed work
      assignments and other instructions for the switching locomotive crew,
      illustrated by the WORK LIST block associated with each printer P.
PAR  The crew for each locomotive is interconnected by a voice communication
      channel, obviously short range radio. The switching foreman SWF is also
      linked by a voice channel with the movement control center and by a
      digital two-way communication link with the CPU. Each of these is part of
      the common user network switched through the CSC. A typical control
      console available to, or preferably carried by the foreman SWF is shown at
      the left for illustration purposes. This console contains a green and a
      yellow indication light, indicated as G and Y, respectively, an
      acknowledging pushbutton designated T, and three function transmission
      buttons 1, 2, and 3 for signaling the CPU that various elements of a work
      list, to be discussed shortly, have been completed. The operation of any
      one of these function pushbuttons on the foreman's console initiates the
      transmission over the digital communication link of the corresponding
      message to the CPU. The message is also identified as to its origin or
      transmitter location, for example, as coming from the crew of switching
      locomotive SW1. Also shown is a digital link between switching foreman SWF
      anad switching locomotive SW1. This is a remote locomotive control system
      by which the locomotive movements may be controlled by the foreman from
      any position off the locomotive or even when on the locomotive, if so
      desired. Such a system functions without any manual control operations on
      the locomotive and may be any typical system of this type. One example is
      shown in U.S. Pat. No. 3,096,056, issued July 2, 1963 to L. R. Allison for
      a Locomotive Remote Control System. It should be noted that this remote
      control of the locomotive is not effected through the SWF console shown.
      Rather, other control apparatus, not shown, is provided for this separate
      and distinct control system.
PAR  Before describing the operation of the vehicle movement control system, I
      shall briefly discuss the chart shown in FIGS. 3A to 3C. When FIGS. 3A,
      3B, and 3C, in order, are placed adjacent in vertical column, with FIG. 3A
      at the top, a macro flow chart of the vehicle movement control process is
      formed, the links between the adjacent figures being designated by the
      circled letters X and Y. Conventional symbols are used and the other
      circled letters A and B designate points of entry or departure for repeat
      actions. This macro flow chart is illustrated in very general terms since,
      as mentioned, various models of digital computers are usable in the
      terminal control system. The illustrated chart does not provide the
      instructions from which more detailed flow charts may be developed in
      accordance with the specific computer being used in any one installation.
PAR  A typical movement control action using the apparatus illustrated in FIG. 2
      will now be described, with reference also to the macro flow chart of
      FIGS. 3A to 3C. The assumption is that a new shift has come on duty in the
      movement control center to continue the usual 24 hour operation. In
      addition to the briefing given to each individual reporting for duty by
      the outgoing corresponding individual, observation of the terminal model
      will show the movement director the general status of the terminal area,
      location of the switching locomotives and approaching trains, and any
      potential trouble spots. A visual display readout of the current terminal
      schedule will enable him to plan overall movements for his shift and even
      for part of the next shift and to determine which must be done
      immediately. A visual display of train details is also available to enable
      him to initiate action, as will be discussed. If necessary, he may obtain
      additional visual information or talk with other personnel or facilities.
      Whenever the movement director MD initiates any action, the CPU will
      inform the mainline dispatcher (DISP) of any effect on the mainline
      scheduling, the crew clerk (CC) when and what crews are to be called, the
      facilities service representative (FSR) of motive power needs and other
      items, the industrial service representative (ISR) of effects on
      industrial requirements or plans, and finally the selected switching
      locomotive of the work assignment by a work list printout in a manner to
      be described. Conversely, each of these individuals or units is
      responsible for inputting information pertaining to their assignments to
      keep the CPU data file current and for informing the movement director of
      exceptional conditions.
PAR  It is assumed that the oncoming movement director now requests a terminal
      schedule display. At his input request, this display appears on one of his
      display devices, as conventionally illustrated, by digital transmission
      from the CPU, and will take the form shown by the partial example of such
      a schedule in the following chart.
TBL  ______________________________________                                    
     TERMINAL SCHEDULE                                                         
     TRAIN ARR    DEP    MU    MIX   TRK  EXCEPTIONS                           
     ______________________________________                                    
     NCP   0715   --     --    P     Al3  READY TO HUMP                        
     MT           0810   REDY  ME    LO3                                       
     DT           0905   DEP   ME    LO5                                       
     1NP          1100   0800  ALL                                             
     UPD          NS     0800  PME        82 IN 75 ADV                         
     ID           1100   0900  ME                                              
     377   1300   1320   1000  TFC                                             
     378   1455   1510   1000  TFC        CUT OUT 32 HEAD                      
     ______________________________________                                    
PAR  The terminal schedule when visibly displaced shows the movement director
      the scheduled arrival, departure, and makeup times for trains, and the
      type loads (MIX), track assignment, and exceptions, in order of the
      earliest time involved. It may be noted that, for convenience, the 24-hour
      clock method of showing time is employed. The make-up time is determined
      by the CPU program in accordance with cut-off time for cars and estimated
      switching times. For non-scheduled (NS) trains, the make-up time may be
      established when the associated bowl tracks of the class yard become full
      or enough cars to make up the train are otherwise available, as in the
      illustrated example for train UPD. The movement director, of course, can
      change the make-up time as necessary to suit his overall plans. In the
      illustrated example, train MT is ready for departure and train DT is in
      departure status. These trains thus require no action by the oncoming
      movement director. However, from the terminal schedule and other available
      information, this movement director can plan ahead to determine whether or
      not additional switch locomotive crews, inspectors, and other personnel
      may be needed. He can see that trains 1NP and UPD will require immediate
      action in view of their programmed make-up times. He will thus visually
      display on one of his devices their train details.
PAR  Upon the request of the movement director, initiated on the input panel on
      one of his display devices, the CPU will furnish over the digital link the
      details for outgoing train 1NP as shown in the following chart.
TBL  __________________________________________________________________________
     TRAIN DETAILS                                                             
     TRAIN                                                                     
         DEP                                                                   
            MIX TAG                                                            
                   TRK                                                         
                      Q  L   W   MU                                            
     __________________________________________________________________________
     1NP 1100                                                                  
            ALL 300                                                            
                   B3O                                                         
                      32 1612                                                  
                             1823                                              
                                 P32                                           
                   A13                                                         
                      12 722 480                                               
                   RIP                                                         
                      2  105 74                                                
                   378                                                         
                      12                                                       
                   DT 5                                                        
                270                                                            
                   B27                                                         
                      48 2416                                                  
                             3018                                              
                                 P48                                           
                   A13                                                         
                      16 810 640                                               
                   378                                                         
                      14                                                       
                   DT 4                                                        
                090                                                            
                   B09                                                         
                      35 1750                                                  
                             1763                                              
                                 P35                                           
                   B09                                                         
                      10 510 612                                               
                   A13                                                         
                      12 620 630                                               
                   378                                                         
                      6                                                        
     TOTAL MAKEUP 4-UNIT 5778                                                  
                             6604                                              
                                 115                                           
                                    (DO2)                                      
     __________________________________________________________________________
PAR  The train detail display for departing trains will show the departure time,
      the MIX, and the block code or TAG for cars to be included in that
      particular train. The number (Q) and total length and weight of cars of
      the various selected block tags in each track or inbound train within the
      terminal area is also indicated. Make-up information for the train is
      developed by the CPU as shown in the final column of the train detail
      display. Train 1NP scheduled to depart at 1100 hours carries all types of
      traffic, blocked in the order of tags 300 and 270, with the train to be
      filled to 115 cars with cars of tag 090 on the rear. As previously
      indicated in the terminal schedule, there is a cut-off time for this train
      of 0800 hours. Since there are already enough cars as shown in the train
      detail display in the bowl tracks of the classification yard to assemble
      this train, the CPU program supplies the make-up plan to pull in
      succession 32 cars from bowl track B30, 48 cars from bowl track B27, and
      35 cars from track B09, which will empty tracks B30 and B27 but leave 10
      cars of tag 090 in track B09. The CPU program also totals the number,
      length, and weight of the cars to be used and specifies the number of
      locomotive units which will be required. This programming takes into
      account any restrictions on length or weight of cars or other factors
      which enter into the composition of the train. If the movement director
      agrees with the recommended make-up plan, he simply adds a departure track
      assignment D02, shown in parentheses in the last line of the chart, and
      presses the transmit button on his display device input panel which
      initiates the make-up actions. Alternate actions are available to the
      movement director in this case. For example, he might decide to increase
      the number of TAG 300 and TAG 270 cars by humping the cars already in
      receiving track A13 and eliminating or taking fewer cars of TAG 90 on the
      rear of the train. However, in the assumed example, the movement director
      has agreed with the proposed make-up plan and initiates the action by
      selecting a departure track as indicated in the last line of the train
      detail chart.
PAR  Although not specifically shown in the above illustrated details chart for
      train 1NP, the movement director or an assistant, knowing from the
      terminal model display the location of the various switching locomotives,
      will normally also designate the specific locomotive to perform the
      make-up of the train. Such selection of the switching locomotive as part
      of designating a work assignment is assumed in the initial input of the
      macro flow chart of FIG. 3A. It is specifically assumed that locomotive
      SW1 is selected to make up train 1NP.
PAR  Once the final decision on the make-up of the train is reached, in the
      specific example herein the selection of the departure yard track on which
      the train will be assembled and the locomotive to do the work, the CPU
      initiates the transmission of work commands, i.e., a work list format, to
      the selected switching locomotive to accomplish the train make-up
      assignment. This work list is transmitted over the digital communication
      link and is so addressed as to be received only by the selected
      locomotive, here switching locomotive SW1. Each locomotive has a data
      printout device P to receive and record in printed form the work list
      format, which is an item-by-item list of the sequential switching
      movements to accomplish the job assignment in the most economical and
      efficient manner. This work command sequence and the specific items
      thereon are developed by the CPU from the make-up program recommended and
      the other input programs and data storage available, including the known
      position of the switching locomotive selected. For the herein discussed
      assignment, i.e., the make-up of train 1NP, an example of the itemized
      work list as printed on locomotive SW1 follows.
TBL  ______________________________________                                    
             56032-R22-J234                                                    
             ADAMS-JELLICO                                                     
             07/28 0800                                                        
             MU-1NP                                                            
             DO1                                                               
             1 B30 X01                                                         
             P32 SP562631                                                      
             2 DO2                                                             
             3 B27                                                             
             P48 SP286035                                                      
             1 B09 X03                                                         
             P35 SP276025                                                      
             2 DO2                                                             
             S-ALL SP603125                                                    
             TIE UP AT AIR                                                     
             3 LO1                                                             
             1 D01                                                             
             2 L12                                                             
             3 CO1                                                             
             P1C-SP852                                                         
             1 L11                                                             
             2 D02                                                             
             TIE ON C                                                          
             3 L11                                                             
             1 D01 X01                                                         
             2 AWAIT ORDERS                                                    
     ______________________________________                                    
PAR  Before considering the specific work list, it is to be noted that, within
      the terminal limits, the switching locomotive foreman is responsible for
      movement of the switching locomotive and any coupled cars. This foreman
      has a digital communication link with the CPU, as previously described,
      and voice communication specifically with the assistant movement director
      (AMD), with other movement control center personnel, and with other
      members of his switching crew. In general, the foreman takes the printed
      work list and when ready to make a specific movement, presses the
      corresponding numbered button on his console. The CPU checks that the
      previous moves were correctly made and then lines up the required route,
      if possible, and transmits a proceed command or authorizing signal which
      lights the green light G on the foreman's console, which he turns off by
      pushing the button T. The foreman then controls the switching locomotive
      to make the movement, preferably using the remote locomotive control
      system so that he may position himself to best observe the operation from
      a position off the locomotive. If an error had been made in executing the
      previous work item or the next route is tied up by other apparatus, the
      CPU transmits a hold or wait command which lights the yellow light Y in
      response to the foreman's indication of the completion of the preceding
      move, i.e., readiness for the next item. Under these conditions, if the
      error and correction instructions are not transmitted by the CPU or the
      route obstacle is not obvious, it may be necessary for SWF to talk to the
      AMD to correct the situation.
PAR  The illustrated work list for the switching operations to assemble train
      1NP is a typical example of such work lists as printed on the switching
      locomotive for instruction to the crew. The work list shows, in the
      heading, the locomotive number, the radio number, and the job number, the
      crew, date and starting time, task description (fourth line, make-up train
      1NP), and the present location of the locomotive. The rest of the work
      list format shows the movements to be made, in numbered sequences 1, 2,
      and 3, each including the next track destination, the specific route if
      there are alternates available, the number of cars to be pulled or set
      off, and the initials and serial number of the car where a cut is to be
      made. It is to be noted that the numbered sequence 1, 2, and 3 of the
      itemized movements or work operations repeats in cycles in order that a
      limited number of function transmission buttons may be used on the
      foreman's control console for transmitting the periodic reports to the
      CPU.
PAR  I shall now describe in somewhat more detail the centralized control of the
      operations of locomotive SW1 to complete the assumed job assignment of
      making up train 1NP on track DO2. The process may also be followed on the
      macro flow chart of FIGS. 3A, B, C. The immediately following action is
      shown at the fourth block level (from top) in FIG. 3A. The preceding
      description covers the portion of the chart above the present position.
      Foreman SWF, finding his crew ready, pushes function button No. 1 on his
      control console. This initiates the transmission of a ready-to-work (ready
      for item No. 1) signal to the CPU. The received signal is identified as
      coming from locomotive SW1 and the CPU, relating it to the previously
      assigned work list, checks the existing conditions in the work area as to
      occupancy by other locomotives or other possible obstacles. If all is
      clear, controls are transmitted over the separate digital channel to the
      field logic apparatus to establish a route from track DO1, where the
      locomotive is, to bowl track B30, taking into account the prescribed
      condition that the movement must utilize crossover X01 of the alternate
      routes available. When the route is established and the corresponding
      indications are received from the field logic, the CPU selectively
      transmits a signal to the SWF console to light the green light G. Foreman
      SWF, observing the green signal which he extinguishes by operating
      pushbutton T, controls the locomotive SW1 by his remote control system to
      move from its position on track D01 through crossover X01 and into track
      B30. The foreman also directs his crewman SWC to prepare for the pulling
      of 32 cars from bowl track B30 with the car bearing the serial number
      shown on the second line of item 1 on his work list as the most distant
      car. The crewman SWC checks the coupling of the various cars and possibly
      the air hose connections and if necessary uncouples any other cars in this
      bowl track beyond the 32 which are to be pulled at this time.
PAR  The foreman, with the locomotive in the bowl track prepared to pull the 32
      cars, then presses the function button number 2 to transmit an indication
      of the completion of step No. 1 and readiness to follow with step No. 2 of
      the work list. The CPU makes the necessary check and transmits control
      functions to the field logic apparatus to line the route from track B30 to
      departure track D02 as directed by the work list. As locomotive SW1 backs
      out into track D02 pulling the cars from track B30, field detector devices
      will report to the CPU, by wheel count and/or other car detection
      information, the passage of the 32 cars along with the occupancy of the
      various switch detector sections. All this information is transmitted by
      the field logic apparatus over the direct remote control digital channel.
      The CPU checks the car movement indications against the inventory list
      previously prepared and other parameters stored as the cars were
      classified into that track to assure that all the cars intended are being
      removed from track B30. When the locomotive has completed the movement of
      pulling the cars, at least to clear the switch to track B27, foreman SWF
      presses his function button No. 3 to indicate readiness for the third item
      of the work list, that is, to enter bowl track B27.
PAR  The CPU checks the correct completion of item 2 prior to issuing the
      control functions to line the route into track B27. If too few cars or too
      many cars have been pulled from track B30, the detection of this error
      causes the CPU to transmit a signal to light the yellow lamp on the
      foreman's control console. This action is shown in the flow chart at the
      top of FIG. 3C. The normal process flow is further diverted (as shown in
      the chart), the errors and necessary corrections are tabulated, and a
      corrected work list format including these required corrections is
      transmitted to the locomotive, where it is received and recorded by the
      printer device P. Foreman SWF then controlss the locomotive and crew to
      make the movements directed by the corrected work list, which replaces or
      at least supplements the original list. Wait signals may also be caused if
      the next route is unavailable or is slow in being established, as shown in
      the flow chart in FIGS. 3A and 3B, respectively. If the reason for the
      yellow signal is not obvious, such as the next route occupied by another
      work unit, and a corrected work list is not shortly received, foreman SWF
      can communicate with the assistant movement director to determine what the
      exception is that causes a refusal of the next step. Of course, it may
      only be that the switch into track B27 is not cleared by the first block
      of cars, as the detector track means reports are received by the CPU from
      the field logic.
PAR  Assuming, however, that all is correct, the switch foreman's console green
      light G is illuminated, as soon as the track route is lined and locked,
      and the crew of locomotive SW1 continues with item 3. On the second line
      of item 3, the serial number of the most distant car of the 48 to be
      pulled is indicated so that the point at which the cut is made from any
      other cars in track B27 is known. When the 48 cars have been pulled from
      track B27, the existing string of 80 cars pulled into track D02, and the
      proper indications have been received by the CPU, transmission of the
      "ready for next work step" signal by operating button No. 1 of the
      foreman's console will actuate the CPU to issue directions to the field
      logic to line the route into track B09 over crossover X03, as is directed
      by the printed item 1 of the second cycle of the work list. The second
      line of work list item 1, second cycle, indicates the point at which the
      cut is to be made between the cars in track B09 since not all of the cars
      of tag 090 identity in this track are to be pulled during the make-up of
      this particular train.
PAR  When all the cars are pulled from the bowl tracks as directed by the work
      list, locomotive SW1 pulls into track D02 and all the cars are set out.
      The car number in the second line, item 2, second cycle of the work list
      designates the point at which the crew cuts off from the string of cars at
      the locomotive end, leaving that numbered car in track D02. In this
      example, all cars are left out and the car number is a check for the crew
      as to the lead car identity. The crew completes the preparation of the
      train unit to the extent required by their assigned duties. Having
      completed this item 2 of the second cycle of the work list, foreman SWF
      reports readiness to undertake the next work list item. The next three
      items require that locomotive SW1 will be operated out onto lead L01, back
      into departure track D01, and then onto lead L12. Each of these moves is
      made as the CPU causes the necessary route to be lined and transmits a
      green signal indication to the SWF control console to proceed with the
      next step. The last two moves, that is, items 1 and 2, third cycle, are
      separated so that other switching locomotives possibly working in the
      departure yard may also move along interfering routes, while switcher SW1
      is traversing the necessary distances, in order that the work time in the
      yard of all switching locomotives may be used more efficiently. When work
      item 3, third cycle is authorized, locomotive SW1 moves into track C01 to
      pick up caboose No. SP852 as directed. This serial number of the caboose
      comes from the car inventory maintained by the CPU, which has thus
      determined that this is the first available caboose on this storage track.
      Locomotive SW1 is then operated through the fourth, three-item cycle of
      the work list to move onto track L11 annd back into track D02 to couple
      the caboose to the train and then to return into track L11.
PAR  Locomotive SW1 is then returned by the crew finally into track D01, its
      original position, to await further orders. Actually the next work
      assignment by this time may already have been transmitted from the CPU and
      printed out by the receiving device P on the locomotive. For example,
      while train 1NP was being made up, the movement director may have come to
      a decision as to the make-up of the next train in the terminal schedule,
      train UPD, and the necessary make-up program already decided and recorded
      in the CPU. This transmission of the next work assignment over the digital
      transmission channel direct to the printout device on the locomotive
      conserves time, allowing locomotive SW1 and its crew to remain on location
      and not have to return to a central point to receive the next order, nor
      long await the transmission of such work assignments.
PAR  During the assembly of a train, the work commands list of the necessary
      switching operations, such as illustrated previously, will include as
      necessary the setting out of any misrouted cars from the classification or
      bowl tracks as the blocks of cars are pulled to make up the train. This
      misrouting information is obtained by the CPU from the car tracking
      functions during humping operations and results in the recovery of such
      cars prior to the time that they might be inadvertently made up into a
      train for departure. The CPU, during the train make-up switching
      operations, also updates the car inventory storages for the various bowl
      tracks as the blocks of cars are pulled. Any up-to-date inventory is thus
      maintained as to cars in the classification yard which still are available
      to be made up into outgoing trains.
PAR  Other types of jobs, meanwhile, may be assigned to other mobile work units
      in the terminal area, for example, switching locomotive SW2. For such a
      work unit, the specific job may be the taking of cars from the industrial
      yard to set out on various industrial tracks serviced within the terminal
      area. The job list format under these conditions will include the car
      numbers and the industry track spotting positions at which they are to be
      located. It will also include the cars, by serial number, to be picked up
      and brought back to the yard for movement elsewhere and cars which are to
      be respotted along industry tracks in new positions. Locomotive SW2 may
      alternately be assigned to pushing a train over the hump into the
      classification yard. The work list will then designate the specific track
      number in the receiving yard from which the train is to be moved and will
      also designate the end cars of the block to be humped by their serial
      numbers. This humping movement will be controlled, similar to that
      described for locomotive SW1, by the CPU up to the time that the actual
      humping of the cars into the classification yard begins, that is, when the
      train is on the immediate approach to the hump location. From this point,
      the humping action is controlled directly and automatically over other
      control channels so as to obtain the optimum humping speed in accordance
      with the size of the cuts being released. This particular portion of the
      terminal area control system is not part of the present invention.
PAR  Following a humping operation, the humping locomotive crew may be directed
      to perform a trimming operation to correct any misroutes or to couple-up
      cars within a storage track which have stopped short of other cars.
      Misrouting occasionally occurs during classification because of the
      necessity of locking a particular track switch to prevent cornering of a
      car due to catch up by a following car. Also, due to unmeasurable
      variables, the speed control system does not always achieve coupling by
      every car classified. The operational method provided by this disclosure
      may also be used to direct and control this trimming operation. The track
      network is similar to that shown at the bottom of FIG. 2 and in fact is at
      the other end of the storage tracks such as B30, B28, etc. The control
      process for the trimming operation may be as complete as that previously
      described for the train make up. However, since the operation of the
      trimming locomotive is principally confined to move in and out of the
      storage tracks from a single lead track similar to track L11, certain
      modifications in the control process are possible without reducing the
      effectiveness of the operation.
PAR  The following description of a specific example of a modified control
      arrangement for a trimming operation is taken from the yard control system
      in use at the Alyth Yard of the Canadian Pacific Railroad, located at
      Calgary, Alberta, Canada. Upon completion of the humping of a particular
      train, the process control computer outputs a tabulation of misroutes
      which have occurred and the location of the misrouted cars. The terminal
      and yard controller (TYC), i.e., the operator, is informed also or has
      visual observation of those tracks in which cars have stopped short of
      preceding cars. In this specific installation, the TYC determines the
      necessary trimming actions and enters these into the computers as an
      itemized work list, using a CRT keyboard or a typewriter as an input
      device. In other words, he spells out the moves necessary for the trimming
      locomotive, i.e., the hump locomotive, to correct the misroutes and
      consolidate the cars in each track. This work list is printed out on
      selected other typewriters or output devices, and particularly at the hump
      crest to provide a copy to the trim locomotive crew. Further, the print
      out at other locations informs all concerned that the TYC has established
      or set up a trimming operation.
PAR  The trim locomotive crew proceeds to perform the work assignment, item by
      item. The computer outputs the necessary control functions, as and when
      required, to align switches to establish the trimming routes through the
      track network at the hump end of the storage tracks. The computer receives
      indications as to the moves made by the train locomotive, counts the cars
      moved, and compares the results of each move with the requirements of the
      corresponding item of the work assignment. The computer outputs the
      control functions to align the route for the next trimming step only if
      the movement just completed agrees with the required work. In this
      specific operation, there is no direct communication between the crew and
      the computer. The crew has a printed copy of the work list and, after
      performing a particular item, waits for the route required by the next
      step to be established. The computer also corrects the stored car
      inventory for each track from which misrouted cars aree removed or to
      which they are correctly added.
PAR  Computer program listings, in the DAP-16 language for the previously
      referenced Honeywell Type DPP 516 computer, to accomplish this trimming
      operation portion of the control process at Alyth Yard follow.
      ##SPC1##
      ##SPC2##
      ##SPC3##
      ##SPC4##
      ##SPC5##
      ##SPC6##
PAR  Job assignments selected by the movement control center may be transmitted
      by the CPU to other type mobile work units in the terminal area. For
      example, mobile car inspector teams or car repair teams provided with
      truck transportation may be used and directed throughout the terminal area
      to perform the necessary work. The work list format under such conditions
      indicates the locations of the cars to be inspected or repaired and if
      possible the nature of the work to be done. Such work units report
      completion of each job item prior to moving to the next item on their work
      list. Obviously, however, no route controls are needed for this type of
      mobile work units and also no actual check by the CPU is possible as to
      the full and correct completion of the work list items. However, when such
      a team is working on cars anywhere in the yard, the CPU provides the
      necessary route blocking for safety purposes. That is, no switching
      locomotive will be routed into any track where the cars are being worked
      upon by inspectors or repair teams. This safety function will be performed
      automatically in accordance with the data already stored in the CPU as the
      work assignments are made and transmitted.
PAR  The system of my invention thus provides an efficient control of the
      movement of vehicles in a railroad terminal area. All movement of mobile
      work units is directed from a central location where all the operating
      data and information pertaining to the terminal is readily available. Not
      only movement of the mobile units is directed but the movement of cars
      through the terminal including the various yards is centrally controlled.
      The work units, particularly the switching locomotives, do not need to
      return for specific work assignments to a central location but may remain
      in position for subsequent operations. In addition, the work list formats
      transmitted to such locomotives and other work units, and recorded
      thereon, direct the best sequence of the operations for the utmost
      economy. Since central direction of operation is thus provided, fewer
      personnel and less items of equipment are needed to perform the work. The
      economy and efficiency thus obtained result in a better and cheaper
      operation of the railroad terminal using the arrangement disclosed.
PAR  Although I have herein shown and described only a single specific
      embodiment of the vehicle movement control system for railroad terminals
      of my invention, it is to be understood that various changes and
      modifications may be made therein within the scope of the appended claims
      without departing from the spirit and scope of my invention.
CLMS
STM  Having now described the invention what I claim as new and desire to secure
      by Letters Patent, is:
NUM  1.
PAR  1. In a railroad terminal control system having a central control location,
      a digital computer central data processing means programmed to respond to
      the recording of a selected work assignment for developing from stored
      vehicle inventory data an itemized list of successive work steps necessary
      to complete that work assignment and further programmed to respond to the
      reception of a work list item completion report from a selected work unit
      for checking the correctness of the work item completed, and a plurality
      of mobile work units; the combination comprising,
PA1  a. communication apparatus coupled for providing a data transmission
      channel between said control location, said central data processing means,
      and said mobile work units,
PA1  b. movement control means at said control location operable for selecting a
      work assignment and connected for recording that assignment in said
      central data processing means,
PA1  c. said central data processing means connected to said communication
      apparatus for transmitting the corresponding itemized work list to a
      selected mobile work unit,
PA1  d. recording means at each mobile work unit connected to said communication
      apparatus for receiving and recording an itemized work list transmitted to
      that work unit, and
PA1  e. information transmitting means at each work unit connected to said
      communication apparatus for successively reporting completion of each item
      of a recorded work list to said central data processing means,
PA1  f. said central data processing means also connected for transmitting
      control signals to authorize said selected work unit to undertake the
      successive item on the recorded work list only when the reported work item
      was correctly completed.
NUM  2.
PAR  2. A railroad terminal control system as defined in claim 1 in which said
      combination further comprises,
PA1  a. control and information function transmitting apparatus connected for
      providing communication between said central data processing means
      remotely located field devices of said terminal control system,
PA2  1. said function transmitting apparatus controlled by said central data
      processing means for periodically transmitting control functions to
      selected ones of said field devices for establishing conditions necessary
      for said work units to complete work assignments,
PA2  2. said function transmitting apparatus further controlled by others of
      said field devices for reporting to said central data processing means
      information of the movements of work units in completing each item of work
      assignments,
PA1  b. said central data processing means being responsive to information
      received from said other field devices for checking the correct completion
      of an item of a particular work list when the corresponding item-complete
      report is received from the corresponding work unit,
PA1  c. said central data processing means being further responsive to each
      item-complete report from said corresponding work unit for actuating the
      transmission of control functions for establishing the necessary field
      conditions to perform the next item of said particular work list and an
      authorizing signal to said corresponding work unit to perform that next
      work list item only when the checks of the preceding item indicate correct
      completion.
NUM  3.
PAR  3. A railroad terminal control system as defined in claim 2 in which,
PA1  a. said function transmitting apparatus is further controlled by said
      selected ones of said field devices for reporting to said central
      processing means the establishment of the field conditions directed by
      each periodic transmission of control functions, and
PA1  b. said central data processing means is also responsive to the field
      condition reports from said selected field devices for transmitting to
      said corresponding work unit said authorizing signal to perform the next
      work list item only when the necessary field conditions for that next item
      have also been established by said field devices.
NUM  4.
PAR  4. In a railroad terminal control system including a central control
      location with a programmable data processing unit, a plurality of remote
      vehicle work units each capable of performing a selected type of work
      assignment, and a communication system connecting said control location,
      said vehicle units, and said data processing unit, a method for
      controlling the work movements of said vehicle work units comprising the
      steps of,
PA1  a. entering a selected work assignment into said data processing unit,
PA1  b. selected by said data processing unit in accordance with preregistered
      programmed instructions a particular remote vehicle unit and a work format
      to be performed thereby, to accomplish said selected work assignment,
PA1  c. transmitting said work format to said particular vehicle unit over said
      communication system as an itemized work list,
PA1  d. recording said transmitted work list on said particular vehicle unit,
PA1  e. periodically transmitting from said data processing unit the necessary
      terminal condition controls and authority signals for successively
      performing items of said work list,
PA1  f. authorizing said particular vehicle unit to perform in order the
      successive items of said work list when each corresponding authority
      signal is successively received,
PA1  g. transmitting from said particular vehicle unit, alternately with each
      authority signal received, a signal to said data processing unit when each
      work list item is completed, and
PA1  h. checking by said data processing unit in accordance with the
      preregistered programmed instructions and said selected work format, the
      correct completion of the preceding work list item prior to transmitting
      to said particular vehicle unit an authority signal for performing the
      next successive work list item.
NUM  5.
PAR  5. The method of controlling the movement of vehicles in a railroad
      terminal control system as defined in claim 4, further comprising the
      additional steps of,
PA1  a. transmitting an initial ready-to-work signal from said particular
      vehicle unit to said data processing unit after the recording of said
      itemized work list and prior to the transmission of an initial authority
      signal,
PA1  b. transmitting in response to the reception of an initial ready-to-work
      signal and each work item completed signal from said particular vehicle,
      terminal condition control functions to prepare for performing the next
      item of the work list recorded on said particular vehicle only when the
      completion of that preceding item checks correct, and
PA1  c. checking also the existence of proper terminal conditions for performing
      the next work list item recorded on said particular vehicle prior to
      transmitting a corresponding authority signal.
NUM  6.
PAR  6. In a railroad terminal which includes a storage area for cars and a
      train assembly area, mobile work units for moving cars between the areas,
      a car movement control location with a car information data processing
      means programmed to respond to the input of a train assembly work
      assignment to develop an itemized work list, to respond to a work list
      item completion report received from a work unit for checking correctness
      of the work item as completed in accordance with the work assignment input
      and the stored car location data, and to respond to a work list to
      successively select command functions to establish track routes for the
      train assembly assignment; and a communication network connecting said
      control location and all said work units, a train assembly control system
      comprising, in combination,
PA1  a. a readout means at said control location connected to said data
      processing means and operable for activating and displaying the readout of
      train details and existing car locations for a particular train to be
      assembled,
PA1  b. decision input means associated with said readout means and connected
      also to said data processing means for activating the preparation and
      transmission of an itemized work list over said communication network to a
      selected work unit for accomplishing the assembly of that particular train
      when a corresponding work assignment decision is input.
PA1  c. printout means at each work unit connected to said data processing means
      by said communication network for selectively receiving and recording an
      itemized work list transmitted from said data processing means,
PA1  d. transmission means at each work unit connected to said communication
      network for selectively reporting the completion of each item of a
      recorded work list to said data processing means,
PA1  e. said data processing means coupled for transmitting signals to authorize
      that work unit to perform the next work item only when the reported
      previous item has been correctly completed.
NUM  7.
PAR  7. A train assembly control system for railroad terminals as defined in
      claim 6, further comprising,
PA1  a. wayside apparatus coupled for establishing track routes and detecting
      car movements,
PA1  b. a control and indication function transmitting system connected to said
      wayside apparatus and controlled by said data processing means for
      transmitting control function commands to selected elements of said
      wayside apparatus to establish track routes for said work units to
      accomplish selected train assembly operations,
PA1  c. said function transmitting system being further controlled by said
      wayside apparatus for reporting to said data processing means the
      establishment of the commanded routes and the movements of a work unit and
      cars during the performance of each item of a train assembly work list,
PA1  d. said data processing means being jointly responsive to the reception of
      both the movement reports for said selected work unit and cars and an item
      completed report from that work unit for checking in accordance with the
      recorded work list and stored car location data the correctness of the
      completion of the preceding item on said recorded work list and for
      activating the transmission of route control functions to establish the
      required route for the next item on said recorded work list only when the
      preceding item has been correctly completed.
NUM  8.
PAR  8. In a railroad terminal control system for an area including at least a
      classification and a train make-up yard, said system having a central
      control location with a computer type central data processing means,
      switching locomotives operable to perform selected work assignments, and a
      common communication channel between said control location and each of
      said locomotives, the method of remotely controlling switching locomotive
      operations, to move railroad cars from existing locations to desired
      locations in the yards, comprising the steps of,
PA1  a. recording a work assignment for a switching locomotive in said data
      processing means,
PA1  b. transmitting a step-by-step format of the work assignment prepared in
      accordance with preregistered program instructions by said data processing
      means over said communication channel to only a single selected locomotive
      for recording as an itemized work list,
PA1  c. transmitting a ready-to-work signal over said communication channel from
      said selected locomotive to said data processing means,
PA1  d. authorizing the performance of each successive step of said recorded
      work list with said selected locomotive as the proper yard apparatus
      conditions are successively established,
PA1  e. transmitting a step-completed signal from said selected locomotive to
      said data processing means as each step on said recorded work list is
      accomplished,
PA1  f. periodically transmitting control functions to selected yard apparatus
      from said data processing means in response to the periodic reception of
      said ready-to-work and step-completed signals, in accordance with the
      programmed instructions and said recorded work assignment, for
      successively establishing the yard conditions required to perform the
      steps of said recorded work list,
PA1  g. recording in said data processing means indications, of the operations
      of said selected locomotive as it performs the successive steps of said
      recorded work list, received from other selected yard apparatus,
PA1  h. checking by said data processing means, in response to the reception of
      each step-completed signal from said selected locomotive and the recorded
      operations indications, the correct completion of the preceding step of
      said recorded work list prior to the transmission of the control functions
      for establishing yard apparatus conditions required for the next step of
      said recorded work list, and
PA1  i. transmitting from said data processing means a signal authorizing said
      selected locomotive to perform the next step of said recorded work list,
      only when the completion of the preceding work step checks correct and the
      yard apparatus conditions required by the next step are established.
NUM  9.
PAR  9. In a railroad terminal which includes a storage area for cars and a
      train assembly area, a car movement control location with a programmed
      computer type data processing means which stores and processes car
      information, mobile work units for moving cars between the areas, and a
      communication network connecting said control location and all said work
      units, the method of assembling a train comprising the steps of,
PA1  a. establishing by said data processing means, a work assignment to
      assemble a selected train comprising selected car blocks, in accordance
      with the recorded information of car storage locations and programmed
      instructions preregistered in said data processing means,
PA1  b. preparing and transmitting an itemized work list, to accomplish said
      selected train assembly work assignment, from said data processing means
      to a selected mobile work unit,
PA1  c. authorizing the performance step-by-step of said itemized work list by
      said selected work unit,
PA1  d. transmitting a ready-to-work signal from said selected work unit to said
      data processing means in response to the reception of said itemized work
      list,
PA1  e. transmitting, from said data processing means in response only to the
      reception of said ready-to-work signal and in accordance with programmed
      instructions, the control function commands for establishing the track
      route required to perform the first item of said work list,
PA1  f. periodically transmitting reports of the completion of each work list
      item from said selected work unit to said data processing means,
PA1  g. checking the correct completion of each work list item by said data
      processing means jointly in accordance with the corresponding periodic
      completion report and received indications of the selected work unit
      operations occurring during its performance of the preceding work list
      item,
PA1  h. transmitting control function commands from said data processing means
      to establish the track route required for performing the next work list
      item when a periodic item complete report checks correct, and
PA1  i. transmitting a signal from said data processing means authorizing said
      selected work unit to perform said next step of the recorded work list
      when said processing means receives other indications that said required
      track route is established.
NUM  10.
PAR  10. In a railroad terminal system with mobile work units for moving other
      vehicles and further including vehicle movement detectors at selected
      locations within the terminal area, route control apparatus operable for
      establishing selected routes through a particular switching track layout
      for vehicle movement, and a digital computer data processor programmed to
      respond to the registration of a work assignment for selecting in order
      routes through said particular track layout to enable the successive
      performance of the steps of that designated work assignment and also
      programmed for comparing received vehicle movement indications against the
      corresponding requirements of the registered work assignment to determine
      completion of each work step, a vehicle movement control arrangement
      comprising in combination,
PA1  a. communication apparatus connected for transmitting data and control
      functions between said computer data processor and said vehicle detectors
      and route control apparatus,
PA1  b. control means operable for designating a work assignment, including a
      series of at least two successive work steps, of moving other vehicles to
      new locations through said particular track layout,
PAR  1. said control means connected for registering each designated work
      assignment in work step format in said computer data processor,
PA1  c. said computer data processor connected to said communication apparatus
      for normally transmitting each successive route selection to said route
      control apparatus as the prior work step is completed,
PA1  d. said vehicle movement detectors coupled to said communication apparatus
      for transmitting indications of vehicle movements to said computer data
      processor as each work step is performed,
PA1  e. said computer data processor responsive to vehicle movement indications
      received during the performance of a particular work step for transmitting
      the route selection for the succeeding work step only when the
      requirements of said particular work step have been completed.
NUM  11.
PAR  11. In a railroad terminal control system, including a programmable digital
      computer data processor, a plurality of railroad car storage tracks
      interconnected by a switch network, switching locomotives for moving cars,
      vehicle detectors at selected locations along said storage tracks and
      switch network, and route control apparatus for establishing selected
      routes through said switch network, a method of controlling the movement
      of cars between storage tracks comprising the steps of,
PA1  a. entering a selected car movement work assignment for a selected
      locomotive into said data processor,
PA1  b. transmitting from said data processor a developed work list format of
      selected steps to accomplish said selected work assignment for use by the
      selected locomotive crew,
PA1  c. controlling from said data processor the switch network to successively
      establish predetermined routes for said selected locomotive to perform
      each work step on the transmitted work list in sequence,
PA1  d. recording within said data processor the movement of said selected
      locomotive and cars through each established route as detected by said
      vehicle detectors during the performance of each successive work step,
PA1  e. checking by said data processor each recorded movement data against the
      corresponding recorded work step requirement and recording the new
      location of each moved car, and
PA1  f. transmitting from said data processor the route controls for a next work
      step only when the preceding work step is correctly completed.
NUM  12.
PAR  12. In a railroad yard control system including a programmable data
      processor which also maintains a data and location inventory of cars
      stored in the yard, vehicle movement detectors at selected locations
      within the yard, route control apparatus operable for establishing
      selected routes for car movements through a track switching network,
      switching locomotives for moving cars, and communication apparatus
      connecting said data processor, said vehicle detectors, and said route
      control apparatus to transmit vehicle movement data and route controls,
      the method of controlling trimming movements of cars through said
      switching network comprising the steps of,
PA1  a. entering into said data processor a sequence of car trimming movements
      to be performed by a selected switching locomotive within said switching
      network area,
PA1  b. registering said entered movement sequence by said data processor as an
      itemized work list assignment for said selected locomotive,
PA1  c. selecting in work list order, by said data processor, track routes
      through said switching network to permit said selected locomotive to
      successively accomplish said assignment,
PA1  d. normally transmitting over said communication apparatus each successive
      route control function from said data processor to said route control
      apparatus as the prior work list item is completed,
PA1  e. successively performing each item of said work list by said selected
      locomotive as each required track route is established,
PA1  f. transmitting vehicle movement indications from said vehicle detectors
      over said communication apparatus to said data processor as each work item
      is performed,
PA1  g. comparing in said data processor the vehicle movement indications
      received during a particular work list item with the requirements of that
      particular item in said registered work assignment in accordance with the
      stored car inventory to determine correct completion of that particular
      item,
PA1  h. enabling the transmission of the route control for the succeeding work
      list item only when the requirements of said particular work list item
      have been completed, and
PA1  i. adjusting the car inventory stored in said data processor in accordance
      with the received car movement indications.
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ABST
PAL  A sequence controller of the digital logical circuit type, comprising a
      sequence program part and a processing circuit, wherein the desired
      sequence instruction is read from the sequence program part, and the
      sequence is processed and controlled by the processing circuit. A certain
      definite level is set at a branch point in an equivalent sequential
      circuit according to the path along which a signal of the sequential
      circuit is transmitted. This level and the on-off state of the branch
      point are stored in a memory. The given data are processed and controlled
      through the sequence program part and the memory.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to sequence controllers of the digital
      logical circuit type, in which the desired sequence instruction is read
      from its sequence program part, and the sequence is processed and
      controlled in its processing circuit.
PAR  2. Description of the Prior Art
PAR  Being indispensable in the present-day industrialized society, the sequence
      control technique is widely used in the field of industrial process
      control, such as power plant and substation control, conveyor system
      control, machine tool control, assembly line control in the automotive
      plant, and rolling line control. For these controls, the contact relay
      sequence control has long been used. This type of sequence control,
      however, is inconvenient for applications where design modifications are
      often made on a control system, resulting in degradation of reliability.
      Recently, the controlled objectives have become much more sophisticated
      which has necessitated the use of an increasing number of relays, with the
      result that the logical design has become intricate and the approach to
      higher speed control has become more difficult.
PAR  One solution to this problem in the prior art is the sequence controller
      with computer-like control functions adapted to sequence controls, in
      which a program (i.e., a pattern of sequence control operation) is stored
      in a core memory by way of the keyboard according to a predetermined
      specific format, the process state is sampled at certain time intervals
      and compared with the stored data, and an output is generated according to
      the result.
PAR  This sequence controller operates in general on flow-chart system or
      Boolean algebraic system (conversion system) through programming. When a
      relay sequence is programmed for a computer, the necessary logical
      operation is expressed in terms of Boolean algebra, which is programmed
      and stored in a core memory of the sequence controller. This Boolean
      algebraic system offers high processing efficiency.
PAR  This programming control will be described by way of example with reference
      to FIGS. 1 through 3. A sequence diagram as shown in FIG. 1 may be
      expressed by Boolean algebraic equations as follows.
EQU  Y.sub.1 = (X.sub.1 +  X.sub.3).sup.. X.sub.2 =  X.sub.1 .sup.. X.sub.2 +
      X.sub.3 .sup.. X.sub.2                                    ( 1)
EQU  y.sub.2 =  x.sub.4 .sup.. x.sub.5 + x.sub.6                ( 2)
PAL  where X.sub.1 to X.sub.6 stand for input contacts, among which X.sub.,
      X.sub.3, X.sub.4 and X.sub.5 are make-contacts which close the individual
      circuits when the coil is excited, and X.sub.2 and X.sub.6 are
      break-contacts which open the individual circuits when the coil is
      excited; and Y.sub.1 and Y.sub.2 denote output relays.
PAR  FIG. 2 is a block diagram showing a conventional digital logical circuit
      type sequence controller with functions equivalent to those of the
      above-mentioned relay sequence circuit. In FIG. 2, X.sub.1, X.sub.2,
      X.sub.3, . . . denote contacts of external inputs, and the numeral 1
      represents an input selection circuit which selects the necessary input
      contact and supplies datum of the state of the selected input contact to a
      logical processing circuit 2 which is capable of performing a given
      sequence processing. The numeral 3 denotes an output control circuit which
      holds the specific output relays Y.sub.1 and Y.sub.2 in on or off state
      according to the processed result reached by the processing circuit 2. The
      numeral 4 represents a sequence program storage circuit which stores
      sequence programs and reads them in sequence and supplies the read program
      to the processing circuit 2. An example of this processing circuit is
      illustrated in block form in FIG. 3, in which FF.sub.1, FF.sub.2 and
      FF.sub.3 denote flip-flop circuits, AND a logical AND circuit, OR a
      logical OR circuit, and G.sub.1 to G.sub.5 gates. This circuit performs
      processing as summarized below in reference to Y.sub.1 as in Eq. (1).
TBL  Memory Address                                                            
                Sequence Instruction                                           
                              Processing                                       
     ______________________________________                                    
     1          LOAD X.sub.1  1 X.sub.1 .fwdarw.FF.sub.1                       
                              2 FF.sub.1 .fwdarw.FF.sub.2                      
                              3 O.fwdarw.FF.sub.3                              
     2          AND X.sub.2   1 X.sub.2 .fwdarw.FF.sub.1                       
                              2 FF.sub.1. FF.sub.2 .fwdarw.FF.sub.2            
     3          OR X.sub.3    1 X.sub.3 .fwdarw.FF.sub.1                       
                              2 FF.sub.2 + FF.sub.3 .fwdarw.FF.sub.3           
                              3 FF.sub.1 .fwdarw.FF.sub.2                      
     4          AND X.sub.2   1 X.sub.2 .fwdarw.FF.sub.1                       
                              2 FF.sub.1. FF.sub.2 .fwdarw.FF.sub.2            
     5          SET Y.sub.1   2 FF.sub.2 + FF.sub.3 .fwdarw.FF.sub.3           
                              3 FF.sub.3 .fwdarw.OUT Y.sub.1                   
     ______________________________________                                    
      (Note: The numerals  1 , 2 , and  3 indicate the timing sequence for the 
      processing.)                                                             
PAR  When a sequence instruction LOAD X.sub.1 at memory address 1 is read from a
      memory in the sequence program storage circuit 4, this instruction is
      decoded and the state of input contact X.sub.1 is stored in the flip-flop
      FF.sub.1. Then the gates G.sub.1 and G.sub.3 are opened whereby the data
      in the flip-flop FF.sub.1 is transferred to the flip-flop FF.sub.2, and
      the binary code "0" is stored as an initial set signal in the flip-flop
      FF.sub.3. Then, when another sequence instruction AND X.sub.2 at address 2
      is read from a memory in the sequence program storage circuit 4, the state
      of complement X.sub.2 of input contact X.sub.2 is stored in the flip-flop
      FF.sub.1, and the gate G.sub.2 is opened whereby the flip-flops FF.sub.1
      and FF.sub.2 undergo AND logic and the result is stored in the flip-flop
      FF.sub.2. The state of input contact X.sub.3 is stored in the flip-flop
      FF.sub.1 by another sequence instruction OR X.sub.3. Then the gate G.sub.4
      is opened whereby the flip-flops FF.sub.2 and FF.sub.3 undergo OR logic,
      and the result is transferred to the flip-flop FF.sub.3. After this step,
      the gate G.sub.1  is opened whereby the datum stored in the flip-flop
      FF.sub.1 is transferred to the flip-flop FF.sub.2. When an instruction AND
      X.sub.2 at address 4 is read, the same processing as performed by the
      instruction at address 2 is carried out. Then, when an instruction SET
      Y.sub.1 at address 5 comes in, the gate G.sub.4 is opened whereby the
      flip-flops FF.sub.2 and FF.sub.3 undergo OR logic, and the result is
      transferred to the flip-flop FF.sub.3. After this step, the gate G.sub.5
      is opened to allow the datum in the flip-flop FF.sub.3 to be delivered to
      the output relay Y.sub.1 through the output control circuit 3.
PAR  Thus, the Boolean algebraic equation, X.sub.1 .sup.. X.sub.2 + X.sub.3
      .sup.. X.sub.2 = Y.sub.1, is executed by the sequence instructions at
      addresses 1 to 5. In the same manner, Boolean algebraic equations
      expressed by polynomials of AND and OR can be converted into sequence
      instructions one after another. The sequence instructions are read one
      after another from the memory of the sequence program storage circuit 4
      and executed repeatedly at high speed. Hence the sequence controller shown
      in FIG. 2 performs functions equivalent to those of the relay sequence
      shown in FIG. 1. When the relay sequence forms a loop as shown in FIG. 4,
      this sequence may be expressed in Boolean algebra as follows.
EQU  Y.sub.1 = X.sub.1 .sup.. X.sub.2 + X.sub.4 .sup.. X.sub.3 .sup.. X.sub.2 +
      X.sub.4 .sup.. X.sub.5 X.sub.6 + X.sub.1 .sup.. X.sub.3 .sup.. X.sub.5
      .sup.. X.sub.6                                            ( 3)
EQU  y.sub.2 = x.sub.4 .sup.. x.sub.5 + x.sub.1 .sup.. x.sub.3 .sup.. x.sub.5 +
      x.sub.1 .sup.. x.sub.2 .sup.. x.sub.6 + x.sub.4 .sup.. x.sub.3 .sup..
      x.sub.2 .sup.. x.sub.6                                    ( 4)
PAL  because all the loops are to be considered, these Boolean equations are
      inevitably complicated. If the relay sequence comprises intricate loops,
      it will become extremely difficult to convert all the logical paths into
      Boolean equations, and a considerable amount of effort must be made to
      build a complete sequence program.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide an improved sequence controller
      free of the prior art drawbacks.
PAR  Another object of the invention is to provide a sequence controller with
      which a sequence program can readily be constructed.
PAR  Still another object of the present invention is to provide a sequence
      controller which is readily adaptable to a variety of sequence control
      applications.
PAR  A further object of the invention is to provide a sequence controller which
      meets the above objects yet is low in cost.
PAR  Other objects will appear hereinafter.
PAR  These and other objects are achieved in accordance with the present
      invention which utilizes a sequence controller of the digital logical
      circuit type capable of operation in which a necessary sequence
      instruction is read from the sequence program storage and the sequence is
      processed by the processing circuit; and which includes a certain definite
      level set at a branch point in an equivalent sequence circuit according to
      the path along which the signal of the sequence circuit is transmitted.
      This level and the on-off state of the branch point are stored in a
      memory, and given data are processed through the sequence program storage
      and the memory.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram showing an example of a relay sequence,
PAR  FIG. 2 is a block diagram showing an example of a conventional sequence
      controller,
PAR  FIG. 3 is a block diagram of a processing circuit used with the sequence
      controller shown in FIG. 2,
PAR  FIG. 4 is a diagram showing an example of a relay sequence comprising
      complicated loops,
PAR  FIG. 5 is a block diagram showing a sequence controller according to the
      invention, and
PAR  FIG. 6 is a block diagram showing a processing circuit used with the
      sequence controller shown in FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  One embodiment of the invention will be described by referring to FIG. 5.
      Like constituent elements are indicated by the indentical symbols in FIGS.
      2 and 5. In FIG. 5, the numeral 5 denotes a memory which stores the on-off
      state of a branch relay point i.e., a branch point where an input contact
      is connected to another input contact or to an output relay contact on a
      sequence diagram, and which also stores a level corresponding to the
      number of relay points through which a signal passes so as to turn on one
      relay point. FIG. 6 shows in block form a processing circuit 2 as in FIG.
      5. Like constituent elements are indicated by the identical references in
      FIGS. 3 and 6. In FIG. 6, LR.sub.1, LR.sub.2 and LR.sub.3 denote level
      registers indicating levels at the relay points, COMP.sub.1 denotes a
      comparator which compares two levels with each other and generates an
      output of the larger level, COMP.sub.2 denotes a comparator which compares
      two levels with each other and generates an output of the smaller level,
      COMP.sub.3 denotes a comparator and adder which compares two levels with
      each other and generates an output of the smaller level plus 1, and Ga to
      Ge denote gates of level data. The symbol MAX represents the maximum
      number of levels which can be stored in the level register LR.sub.3.
PAR  The operation of this sequence controller will be described below by
      referring to the sequence diagram shown in FIG. 4. The relay sequence may
      be expressed in terms of Boolean algebra as follows.
EQU  P.sub.1 = X.sub.1 + X.sub.3 .sup.. P.sub.3 + X.sub.2 .sup.. P.sub.2 (5)
EQU  p.sub.2 = x.sub.2 .sup.. p.sub.1 + x.sub.6 .sup.. p.sub.4  (6)
EQU  p.sub.3 = x.sub.4 + x.sub.3 .sup.. p.sub.1 + x.sub.5 .sup.. p.sub.4 (7)
EQU  p.sub.4 = x.sub.5 .sup.. p.sub.3 + x.sub.6 .sup.. p.sub.2  (8)
EQU  y.sub.1 = p.sub.2                                          (9)
EQU  y.sub.2 = p.sub.4                                          (10)
PAL  where P.sub.1, P.sub.2, P.sub.3 and P.sub.4 represent relay points (branch
      points) at which input contacts X.sub.1 to X.sub.6 and/or relay contacts
      Y.sub.1 and Y.sub.2 are connected to each other.
PAR  The on-off states of the relay points P.sub.1 to P.sub.4 are stored in a
      memory 5 whereby these relay points may be regarded to be equivalent to
      the input contacts. Then, assume that the input contact X.sub.1 turns on
      whereby the relay point P.sub.1 turns on, and the input contact X.sub.3
      turns on whereby the relay point P.sub.3 turns on, and then X.sub.1 turns
      off. Theoretically, under this condition, the relay point P.sub.1 assumes
      on-state depending on the condition of X.sub.3 P.sub.3, and the relay
      point P.sub.3 remains in on-state depending on the condition of X.sub.3
      P.sub.1, as opposed to the practically desired condition where both
      P.sub.1 and P.sub.3 are in off-state. This makes it impossible to indicate
      any off-state on a practical relay sequence diagram. To solve this
      problem, levels are set at the individual relay points P.sub.1 through
      P.sub.4, so that one level is higher by 1 than another as a signal
      proceeds from one relay point to another. By so setting the levels, a
      relay point where the level is low cannot be turned on from a relay point
      where the level is high. By this arrangement, the input contact X.sub.1
      turns on whereby the relay point P.sub.1 turns on (level 1), and the input
      contact X.sub.3 turns on whereby the relay point P.sub.3 turns on (level
      2). After this step, when the input contact X.sub.1 turns off, the relay
      point P.sub.1 (level 1) turns off since the condition of X.sub.3 P.sub.3
      is level 2. Accordingly, the relay point P.sub.3 turns off. Thus the on
      and off states correspond to the actual sequence diagram. (Note: The input
      contacts X.sub.1, X.sub.2, . . . always stand at level 0.)
PAR  To illustrate the invention, the operations of this relay sequence are
      summarized below in terms of Boolean algebra, Eq. (5), P.sub.1 = X.sub.1 +
      X.sub.3 .sup.. P.sub.3 + X.sub.2 .sup.. P.sub.2.
TBL  __________________________________________________________________________
     Memory                                                                    
          Sequence                                                             
     Address                                                                   
          Instruction           Processing                                     
     __________________________________________________________________________
     1    LOAD X.sub.1                                                         
                 1 X.sub.1 .fwdarw.FF.sub.1                                    
                             1  L(X.sub.1) .fwdarw.LR.sub.1                    
                 2 FF.sub.1 .fwdarw.FF.sub.2                                   
                             2  LR.sub.1 .fwdarw.LR.sub.2                      
                 3 0.fwdarw.FF.sub.3                                           
                             3  MAX.fwdarw.LR.sub.3                            
     2    OR X.sub.3                                                           
                 1 X.sub.3 .fwdarw.FF.sub.1                                    
                             1  L(X.sub.3).fwdarw.LR.sub.1                     
                 2 FF.sub.2 +FF.sub.3 .fwdarw.FF.sub.3                         
                             2  LR.sub.2 .fwdarw.LR.sub.3 only when            
                                FF.sub.2 = 1 and LR.sub.2 &lt; LR.sub.3           
                 3 FF.sub.1 .fwdarw.FF.sub.2                                   
                             3  LR.sub.1 .fwdarw.LR.sub.2                      
     3    AND P.sub.3                                                          
                 1 P.sub.3 .fwdarw.FF.sub.1                                    
                             1  L(P.sub.3).fwdarw.LR.sub.1                     
                 2 FF.sub.1.FF.sub.2 .fwdarw.FF.sub.2                          
                             2  LR.sub.1 .fwdarw.LR.sub.2 when                 
                                LR.sub.1 &gt; LR.sub.2                            
     4    OR X.sub.2                                                           
                 1 X.sub.2 .fwdarw.FF.sub.1                                    
                             1  L(X.sub.2).fwdarw.LR.sub.1                     
                 2 FF.sub.2 + FF.sub.3 .fwdarw.FF.sub.3                        
                             2  LR.sub.2 .fwdarw.LR.sub.3 only when            
                                FF.sub.2 = 1 and LR.sub.2 &lt; LR.sub.3           
                 3 FF.sub.1 .fwdarw.FF.sub.2                                   
                             3  LR.sub.1 .fwdarw.LR.sub.2                      
     5    AND P.sub.2                                                          
                 1 P.sub.2 .fwdarw.FF.sub.1                                    
                             1  L(P.sub.2).fwdarw.LR.sub.1                     
                 2 FF.sub.1 .FF.sub.2 .fwdarw.FF.sub.2                         
                             2  LR.sub.1 .fwdarw.LR.sub.2 when                 
                                LR.sub.1 &gt; LR.sub.2                            
     6    SET P.sub.1                                                          
                 1 FF.sub.2 + FF.sub.3 .fwdarw.FF.sub.3                        
                             1  LR.sub.2 .fwdarw.LR.sub.3 only when            
                                FF.sub.2 = 1 and LR.sub.2 &lt; LR.sub.3           
     2 FF.sub.3 .fwdarw.OUT P.sub.1                                            
                             2  LR.sub.3 + 1.fwdarw.L(P.sub.1) when            
     when L(P.sub.1) .gtoreq. LR.sub.3                                         
                                L(P.sub.1) .gtoreq. LR.sub.3                   
     0.fwdarw.OUT P.sub.1       MAX.fwdarw.L(P.sub.1) when                     
     when L(P.sub.1) &lt; LR.sub.3 L(P.sub.1) &lt; LR.sub.3                          
     __________________________________________________________________________
      (Note: The numerals  1 , 2 , and  3 indicate the timing sequence for the 
      processing, and X.sub.1, X.sub.2, .....always stand at level 0.)         
PAR  When a sequence instruction LOAD X.sub.1 at address 1 is read from a memory
      in the sequence program part 4, this instruction is decoded, and the state
      of input contact X.sub.1 is stored in the flip-flop FF.sub.1. Then the
      gate G.sub.1 is opened whereby the data in the flip-flop FF.sub.1 is
      transferred to the flip-flop FF.sub.2, and the binary code 0 is stored as
      an initial set in the flip-flop FF.sub.3. On the other hand, the level 0
      of the contact X.sub.1 is registered in the level register LR.sub.1, and
      the gate Ga is opened whereby the data in the level register LR.sub.1 is
      transferred to the level register LR.sub.2. The level register LR.sub.3 is
      initially set to a maximum value MAX. Then, when another sequence
      instruction OR X.sub.3 at address 2 is read from the memory in the
      sequence program part 4, the state of input contact X.sub.3 is stored in
      the flip-flop FF.sub.1, the gate G.sub.4 is opened, and a logic OR
      combination of flip-flops FF.sub.2 and FF.sub.3 by OR circuit OR is stored
      in the flip-flop FF.sub.3. Then the gate G.sub.1 is opened whereby the
      data in the flip-flop FF.sub.1 is transferred to the flip-flop FF.sub.2.
      The level 0 of input contact X.sub.3 is stored in the level register
      LR.sub.1. The gate Gd opens only when the flip-flop FF.sub.2 is on (i.e.,
      X.sub.1 is on). If the level of the level register LR.sub.2 is smaller
      than that of the level register LR.sub.3, the comparator COMP.sub.2
      generates an output of data in the level register LR.sub.2, which is
      stored in the level register LR.sub.3. Then the gate Ga is opened whereby
      the data in the level register LR.sub.1 is transferred to the level
      register LR.sub.2. After this step, another sequence instruction AND
      P.sub.3 at address 3 is given whereby the state of relay point P.sub.3 is
      read from the memory 5. This data is stored in the flip-flop FF.sub.1.
      Then the gate G.sub.2 is opened whereby a logic AND combination of
      flip-flops FF.sub.1 and FF.sub.2 by AND circuit is stored in the flip-flop
      FF.sub.2. The level of relay point P.sub.3 which is stored in the memory 5
      is registered in the level register LR.sub.1. When the level of the level
      register LR.sub.1 is larger than that of the level register LR.sub.2, the
      comparator COMP.sub.1 generates an output of data in the level register
      LR.sub.1, which is stored in the level register LR.sub.2 through the gate
      Gb. Then, by another sequence instruction OR X.sub.2 at address 4, the
      state of input contact X.sub.2 is stored in the flip-flop FF.sub.1. The
      gate G.sub.4 is opened and an OR logic combination of flip-flops FF.sub.1
      and FF.sub.3 by OR circuit is stored in the flip-flop FF.sub.3. After this
      step, the gate G.sub.1 is opened whereby the data in the flip-flop
      FF.sub.1 is transferred to the flip-flop FF.sub.2. On the other hand, the
      level 0 of input contact X.sub.2 is registered in the level register
      LR.sub.1. When the flip-flop FF.sub.2 is on (i.e., both P.sub.3 and
      X.sub.3 are on), the gate Gd opens. Thus, if the level of the level
      register LR.sub.2 is smaller than that of the level register LR.sub.3, the
      comparator COMP.sub.2 generates an output of data in the level register
      LR.sub.2, which is stored in the level register LR.sub.3. Then the gate Ga
      is opened whereby the data in the level register LR.sub.1 is transferred
      to the level register LR.sub.2. Next, by another sequence instruction AND
      P.sub.2 at address 5, the state of the relay point P.sub.2 is read from
      the memory 5, which is stored in the flip-flop FF.sub.1. The gate G.sub.2
      is opened and a logical AND combination of flip-flops FF.sub.1 and
      FF.sub.2 by AND circuit is stored in the flip-flop FF.sub.2. While the
      level of the relay point P.sub.2 which is stored in the memory 5 is read
      and registered in the level register LR.sub.1, the gate Gb is opened and
      if the level of the level register LR.sub.1 is larger than that of the
      level register LR.sub.2, the data in the level register LR.sub.1  is
      transferred to the level register LR.sub.2. Then by another sequence
      instruction SET P.sub.1 at address 6, the gate G.sub.4 opens and a logical
      OR combination of flip-flops FF.sub.2 and FF.sub.3 by OR circuit is
      transferred to the flip-flops FF.sub.3. On the other hand, the gate Gd is
      opened only when the flip-flop FF.sub.2 is on (i.e., both P.sub.2 and
      X.sub.2 are on). If the level of the level register LR.sub.2 is smaller
      than that of the level register LR.sub.3, the comparator COMP.sub.2
      generates an output of data in the level register LR.sub.2, which is
      stored in the level register LR.sub.3. Then the level of the relay point
      P.sub.1 is read from the memory 5. This level is compared with the level
      of the level register LR.sub.3 by the comparator COMP.sub.3. When the
      level of the relay point P.sub.1 is larger than or equal to that of the
      level register LR.sub.3, the gate G.sub.5 is opened whereby the data in
      the flip-flop FF.sub.3 is stored in the memory 5. When the level of the
      relay point P.sub.1 is smaller than that of the level register LR.sub.3,
      the binary code 0 is stored in the P.sub.1 memory part. Then the level of
      the relay point P.sub.1 is read from the memory 5. This level is compared
      with the level of the level register LR.sub.3 by the comparator
      COMP.sub.3. When the level of the relay point P.sub.1 is larger than or
      equal to that of the level register LR.sub.3, the gate Ge is opened, and 1
      is added to the data in the level register LR.sub.3. The result of data is
      stored in the P.sub.1 memory part of the memory 5. When the level of the
      relay point P.sub.1 is smaller than that of the level register LR.sub.3,
      the P.sub.1 memory part of the memory 5 is set to a maximum level value
      MAX. In the above manner, the Boolean algebraic equation, P.sub.1 =
      X.sub.1 + X.sub.3 .sup.. P.sub.3 + X.sub.2 .sup.. P.sub.2, is executed by
      the sequence instructions at addresses 1 to 6.
PAR  The operation of the relay sequence will further be described in terms of
      Boolean Eq. (6), P.sub.2 = X.sub.2 .sup.. P.sub.1 + X.sub.6 .sup.. P.sub.4
      as summarized below.
TBL  __________________________________________________________________________
     Memory                                                                    
          Sequence                                                             
     Address                                                                   
          Instruction        Processing                                        
     __________________________________________________________________________
     7    LOAD X.sub.2                                                         
                 1  X.sub.2 .fwdarw.FF.sub.1                                   
                             1 L(X.sub.2).fwdarw.LR.sub.1                      
                 2  FF.sub.1 .fwdarw.FF.sub.2                                  
                             2 LR.sub.1 .fwdarw.LR.sub.2                       
                 3  0.fwdarw.FF.sub.3                                          
                             3 MAX.fwdarw.LR.sub.3                             
     8    AND P.sub.1                                                          
                 1  P.sub.1 .fwdarw.FF.sub.1                                   
                             1 L(P.sub.1).fwdarw.LR.sub.1                      
                 2  FF.sub.1.FF.sub.2 .fwdarw.FF.sub.2                         
                             2 LR.sub.1 .fwdarw.LR.sub.2 when                  
                               LR.sub.1 &gt; LR.sub.2                             
     9    OR X.sub.6                                                           
                 1  X.sub.6 .fwdarw.FF.sub.1                                   
                             1 L(X.sub.6).fwdarw.LR.sub.1                      
                 2  FF.sub.2 + FF.sub.3 .fwdarw.FF.sub.3                       
                             2 LR.sub.2 .fwdarw.LR.sub.3 only when             
                               FF.sub.2 = 1, and LR.sub.2 &lt; LR.sub.3           
                 3  FF.sub.1 .fwdarw.FF.sub.2                                  
                             3 LR.sub.1 .fwdarw.LR.sub.2                       
     10   AND P.sub.4                                                          
                 1  P.sub.4 .fwdarw.FF.sub.1                                   
                             1 L(P.sub.4).fwdarw.LR.sub.1                      
                 2  FF.sub.1 .FF.sub.2 .fwdarw.FF.sub.2                        
                             2 LR.sub.1 .fwdarw.LR.sub. 2 when                 
                               LR.sub.1 &gt; LR.sub.2                             
     11   SET P.sub.2                                                          
                 1  FF.sub.2 + FF.sub.3 .fwdarw.FF.sub.3                       
                             1 LR.sub.2 .fwdarw.LR.sub.3 only when             
                               FF.sub.2 = 1 and LR.sub.2 &lt; LR.sub.3            
                 2  FF.sub.3 .fwdarw.OUT P.sub.2                               
                             2 LR.sub.3 + 1.fwdarw.L(P.sub.2) when             
                 when L(P.sub.2) .gtoreq. LR.sub.3                             
                                L(P.sub.2) .gtoreq. LR.sub.3                   
                 0.fwdarw.OUT P.sub.2                                          
                                MAX.fwdarw.L(P.sub.2) when                     
                 when L(P.sub.2) &lt; LR.sub.3                                    
                                L(P.sub.2) &lt; LR.sub.3                          
     __________________________________________________________________________
PAR  More specifically, when a sequence instruction LOAD X.sub.2 at address 7 is
      read from a memory in the sequence program part 4, this instruction is
      decoded and the state of input contact X.sub.2 is stored in the flip-flop
      FF.sub.1. Then the gate G.sub.1 is opened whereby the data in the
      flip-flop FF.sub.1 is stored in the flip-flop FF.sub.2, and the binary
      code 0 is stored in the flip-flop FF.sub.3. On the other hand, the level 0
      of the contact X.sub.2 is registered in the level register LR.sub.1. When
      the gate Ga opens, the data in the level register LR.sub.1 is transferred
      to the level register LR.sub.2. The level register LR.sub.3 is set to a
      maximum level value. Then, by another sequence instruction AND P.sub.1 at
      address 8, the state of the relay point P.sub.1 is read from the memory 5
      and stored in the flip-flop FF.sub.1. The gate G.sub.2 opens and a logical
      AND combination of flip-flops FF.sub.1 and FF.sub.2 by AND circuit is
      stored in the flip-flop FF.sub.2. The level of the relay point P.sub.1
      which is stored in the memory 5 is registered in the level register
      LR.sub.1. When the level of the level register LR.sub.1 is larger than
      that of the level register LR.sub.2, the comparator COMP.sub.1 generates
      an output of data in the level register LR.sub.1. Then the gate Gb is
      opened and this data is stored in the level register LR.sub.2. After this
      set, the state of input contact X.sub.6 is stored in the flip-flop
      FF.sub.1 by another sequence instruction OR X.sub.6 at address 9. Then the
      gate G.sub.4 is opened and a logical OR combination of flip-flops FF.sub.2
      and FF.sub.3 by OR circuit is stored in the flip-flop FF.sub.3. The gate
      G.sub.1 is opened whereby the data in the flip-flop FF.sub.1 is
      transferred to the flip-flop FF.sub.2. The level 0 of the input contact
      X.sub.6 is stored in the level register LR.sub.1. The gate Ga opens only
      when the flip-flop FF.sub.2 is on. If the level of the level register
      LR.sub.2 is smaller than that of the level register LR.sub.3, the
      comparator COMP.sub.2 generates an output of data in the level register
      LR.sub.2, which is transferred to the level register LR.sub.3. Then the
      gate Ga is opened and the data in the level register LR.sub.1 is
      transferred to the level register LR.sub.2.
PAR  After this step, the state of the relay point P.sub.4 is read from the
      memory 5 by another sequence instruction AND P.sub.4 at address 10. This
      data is stored in the flip-flop FF.sub.1. Then the gate G.sub.2 is opened
      and a logical AND combination of flip-flops FF.sub.1 and FF.sub.2 by AND
      circuit is stored in the flip-flop FF.sub.2. The level of the relay point
      P.sub.4 which is stored in the memory 5 is read and stored in the level
      register LR.sub.1. The gate Gb is thereby opened, and when the level of
      the level register LR.sub.1 is larger than that of the level register
      LR.sub.2, the data in the level register LR.sub.1 is transferred to the
      level register LR.sub.2.
PAR  The gate G.sub.4 is opened by another sequence instruction SET P.sub.2 at
      address 11, and a logical OR combination of flip-flops FF.sub.2 and
      FF.sub.3 by OR circuit is transferred to the flip-flop FF.sub.3. The gate
      Gd is opened only when the flip-flop FF.sub.2 is on. When the level of the
      level register LR.sub.2 is smaller than that of the level register
      LR.sub.3, the comparator COMP.sub.2 generates an output of data in the
      level register LR.sub.2, which is stored in the level register LR.sub.3.
      Then, this level is compared with the level of the relay point P.sub.2 by
      the comparator COMP.sub.3. When the level of the relay point P.sub.2 is
      larger than or equal to that of the level register LR.sub.3, the gate
      G.sub.5 opens whereby the data in the flip-flop FF.sub.3 is stored in the
      P.sub.2 memory part of the memory 5. When the level of the relay point
      P.sub.2 is smaller than that of the level register LR.sub.3, the binary
      code 0 is stored in the P.sub.2 memory part. When the level of the relay
      point P.sub.2 is larger than or equal to that of the level register
      LR.sub.3, the gate Ge opens and 1 is added to the data in the level
      register LR.sub.3. The resultant data is stored in the P.sub.2 memory part
      of the memory 5. When the level of the relay point P.sub.2 is smaller than
      that of the level register LR.sub.3, the P.sub.2 memory part of the memory
      5 is set to a maximum level value MAX. In the above manner, the Boolean
      equation, P.sub.2 = X.sub.2 .sup.. P.sub.1 + X.sub.6 .sup.. P.sub.4, is
      executed on the sequence instructions at addresses 7 to 11.
PAR  In the same manner as above, Boolean Eqs. (7) to (10) can be converted
      respectively into sequence programs.
PAR  Because this sequence program is executed repeatedly at high speed, the
      sequence controller shown in FIG. 5 performs functions equivalent to those
      of the relay sequence shown in FIG. 4.
PAR  According to the invention, as has been described above, the branch points
      where input contacts and/or relay contacts on a sequence diagram are
      connected to each other are used as relay points. The on and off states of
      these relay points and the levels corresponding to the number of relay
      points by way of which one relay point is turned on are stored in a memory
      and a given data is processed according to the level. Accordingly, the
      sequence program can be set up exactly according to Boolean algebraic
      equations using relay points. Because these Boolean equations can be
      easily derived, this sequence controller can provide a sequence program
      quickly and accurately. In other words, the sequence controller of this
      invention can readily be adapted to a wide variety of sequence control
      applications.
PAR  While one preferred embodiment of the invention has been described and
      illustrated in detail, it is to be clearly understood that this should not
      be construed as necessarily limiting the scope of the invention, since it
      is apparent that many changes can be made to the disclosed principles by
      those skilled in the art in order to suit particular applications.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A sequence controller comprising:
PA1  an input selection circuit;
PA1  a logical processing circuit;
PA1  an output control circuit;
PA1  a sequence program storage circuit;
PA1  a memory circuit;
PA1  means connecting a plurality of input contacts to the input selection
      circuit;
PA1  means connecting the input selection circuit to the logical processing
      circuit;
PA1  means connecting the logical processing circuit and the memory circuit;
PA1  means connecting the memory circuit and the logical processing circuit to
      the output control circuit;
PA1  means connecting the sequence program storage circuit to the logical
      processing circuit;
PA1  means connecting a plurality of output relays to the output control circuit
      to be controlled thereby;
PA1  the sequence program storage circuit storing a relay sequence having branch
      points;
PA1  the level of each branch point and its on-off state being stored in the
      memory circuit;
PA1  whereby data from the plurality of input contacts is processed in
      accordance with the relay sequence stored in the sequence program storage
      circuit to control the output relays.
NUM  2.
PAR  2. A sequence controller as claimed in claim 2 wherein the logical
      processing circuit comprises:
PA1  a logical processing part for performing logical operations in accordance
      with a Boolean algebraic equation and
PA1  a level processing part for processing the levels of the branch points.
NUM  3.
PAR  3. A sequence controller as claimed in claim 2 wherein the logical
      processing part comprises:
PA1  a first memory circuit for temporarily storing input data,
PA1  a second memory circuit for temporarily storing data stored in the first
      memory circuit,
PA1  an AND circuit for performing AND logic on the data stored in the first and
      second memory circuits and supplying the resultant data to the second
      memory circuit,
PA1  a third memory circuit for receiving and storing an initial set signal and
PA1  an OR circuit for performing OR logic on the data stored in the second and
      third memory circuits and supplying the resultant data to the third memory
      circuit to be derived as an output.
NUM  4.
PAR  4. A sequence controller as claimed in claim 2 wherein the level processing
      part comprises:
PA1  a first level register for temporarily storing an input level,
PA1  a second level register for receiving and temporarily storing the level
      stored in the first level register,
PA1  a first comparator for comparing the level of the first level register with
      the level of the second level register and supplying the larger level to
      the second level register,
PA1  a third level register for receiving and storing an initial set signal,
PA1  a second comparator for comparing the level stored in the second level
      register with the level stored in the third level register and supplying
      the smaller level to the third level register, and
PA1  a third comparator for comparing the level stored in the third level
      register with the level of a branch point stored in the memory means and
      generating an output signal representing the smaller level plus one.
NUM  5.
PAR  5. A sequence controller as claimed in claim 2 wherein the logical
      processing part comprises:
PA1  first, second, third and fourth gates,
PA1  a first flip-flop for temporarily storing input data,
PA1  a second flip-flop for receiving the output of the first flip-flop through
      the first gate,
PA1  an AND element for performing AND logic on the output of the first
      flip-flop and the output of the second flip-flop and supplying the
      resultant data to the second flip-flop through the second gate,
PA1  a third flip-flop for receiving an initial set signal through the third
      gate,
PA1  an OR element for performing OR logic on the output of the second flip-flop
      and the output of the third flip-flop and supplying the resultant data to
      the third flip-flop through the fourth gate,
PAL  and wherein the level processing part comprises:
PA1  fifth, sixth, seventh and eighth gates,
PA1  a first level register for temporarily storing an input level,
PA1  a second level register for receiving the output of the first level
      register through the fifth gate,
PA1  a first comparator for comparing the output of the first level register
      with the level of the second level register and supplying the larger level
      to the second level register through the sixth gate,
PA1  a third level register for receiving an initial set signal through the
      seventh gate,
PA1  a second comparator for comparing the output of the second level register
      with the output of the third level register and supplying the smaller
      level to the third level register through the eighth gate,
PA1  a third comparator for comparing the output of the third level register
      with the output of a branch point level stored in the memory circuit and
      generating an output signal representing the smaller level plus one
PA1  whereby the output of the third flip-flop of the logical processing part
      and the output of the third comparator of the level processing part are
      stored in the memory circuit.
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PAL  Alphanumerical characters and other figures traced on an oscilloscope
      screen consist of elemental image components defined by code words which
      are called forth from a computer memory to actuate a function generator
      whose analog output is inscribed in a mosaic of a storage tube for
      orthogonal readout in the form of video pulses controlling the
      oscilloscope beam. A light pen placed against an illuminated spot of the
      oscilloscope screen picks up a light pulse which causes the inscription,
      on the same mosaic, of the code word giving rise to the image component
      whose trace is touched by the light pen. Different voltage levels of the
      code bits and of video pulses registered in superposed relationship on the
      storage mosaic enable their separation in a decoder upstream of the
      oscilloscope; the code word retrieved from the decoder is used to
      extinguish, intensify or otherwise mark the selected component within the
      displayed image.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 428,360, filed Dec. 26, 1973 as a continuation of my earlier
      application Ser. No. 89,799, filed Nov. 16, 1970 and now both abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to an image-display system wherein
      alphanumerical characters and other figures are traced on an oscilloscope
      screen, each of these figures consisting of a plurality of elemental
      components which are defined by respective code words stored in a computer
      memory from which they can be selectively called forth to actuate a
      function generator forming part of an analog processor.
PAC  BACKGROUND OF THE INVENTION
PAR  In U.S. Pat. No. 3,696,391, issued in the name of Georges Peronneau, there
      has been disclosed a system of this type including a marker which can be
      pointed at a selected part of a display of an oscilloscope screen which an
      operator wishes to alter or replace. The marker may be a light pen
      designed to pick up a luminous spot on the screen and to signal its
      co-ordinates to the computer which determines therefrom the identity of
      the component to be modified, allowing the operator to change the
      parameters or to choose a different component with the aid of a keyboard.
PAR  The aforedescribed technique is particularly applicable to a system in
      which the individual image components are traced by random scanning, under
      the control of analog voltages emitted by the aforementioned function
      generator, since in that case the code words relating to the several image
      components are sequentially read out from memory into a register of a
      control unit in which they are stored for the duration of the tracing
      operation so as to be instantly available whenever the marker touches a
      point on the oscilloscope screen illuminated exclusively the the
      corresponding trace. However, random-scanning systems have the drawback
      that the time required for tracing a particular character varies with the
      information content thereof, i.e. with the number and complexity of the
      constituent image elements. Thus, the renewal rate of such a character
      depends on this information content and varies therefore from one
      character to another, with a consequent fluctuation of luminous intensity.
      Moreover, it is difficult if not impossible in such a system to
      superimpose images from different sources on one and the same screen by
      electronic means.
PAR  With an orthogonal or raster-type scan as used in television reception, on
      the other hand, figures of any configuration can be reproduced at a
      uniform recurrence rate of, say, 50 frames per second. During each frame
      period, a pulse pattern encompassing all the image components of the
      display is present in a refreshing memory such as a storage tube. Thus, a
      code word identifying an individual component of that display is not
      necessarily present in a register of the processor at the instant when a
      light pen is pointed at a corresponding part of the oscilloscope screen.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of my invention is to provide an improved system of the
      type referred to, including sweep means for the periodic deflection of a
      beam across a screen, in which the operator can converse with an
      associated computer through the intermediary of a light pen in essentially
      the manner that has been disclosed in the above-identified Peronneau
      patent with reference to a random-scanning system.
PAR  A more particular object is to provide means in such a system for
      separating two kinds of signals, namely video pulses and accompanying code
      words, in the output of a single storage tube in which they are inscribed
      in superposed relationship.
PAC  SUMMARY OF THE INVENTION
PAR  My improved system for displaying composite images comprises, essentially,
      an oscilloscope provided with an intensity-control input for its electron
      beam and with sweep means for the periodic deflection of that beam across
      a screen to produce a luminous trace thereon in response to analog signals
      produced by a function generator controlled, in the manner described in
      the aforementioned Peronneau patent, by code words read out from memory.
      The analog signals from the function generator are temporarily loaded into
      a storage device, such as a conventional scan-converter tube, in which
      they give rise to a pattern of video pulses of a first voltage level. A
      light pen, juxtaposable with a selected location on the screen for picking
      up light pulses from a displayed trace, controls a gating circuit for
      inscribing a selected code word -- associated with an image component by
      the light pen -- in the same storage device in the form of a pattern of
      code pulses of a second voltage level superimposed upon the pattern of
      video pulses. The pulses of the superposed patterns are sequentially
      extracted from this storage device, under the control of scanning means
      synchronized with the sweep means of the oscilloscope, in the form of a
      multilevel pulse train fed to a decoder which derives therefrom a
      video-pulse train delivered to the intensity-control input of the
      oscilloscope tube and a code-pulse train corresponding to the selected
      code word; a display-modifying circut, connected to the decoder, alters
      the appearance on the screen of the image component corresponding to this
      selected code word, as by intermittently suppressing its trace to produce
      a blinking outline within the otherwise unaltered overall display.
      Alternatively, the code-pulse train isolated by the decoder could be used
      to intensify the corresponding trace.
PAR  According to a more specific feature of my invention, the decoder
      separating the video pulses of the incoming composite pulse train from the
      accompanying code pulses comprises a plurality of comparators connected in
      parallel to the output of the storage device, each comparator being
      further connected to one of several sources of reference voltages (such as
      taps on a voltage divider) whose magnitudes are selected in conformity
      with the amplitudes of the constituent pulse trains. In a preferred
      embodiment, these two pulse trains have an amplitude ratio of 2:1.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a block diagram of an image-display system embodying my
      invention;
PAR  FIG. 2 is a fragmentary block diagram illustrating a partial modification
      of the system of FIG. 1;
PAR  FIG. 3 shows details of a mixer circuit included in the system of FIG. 2;
PAR  FIG. 4 is a set of graphs serving to explain the operation of the mixer of
      FIG. 3; and
PAR  FIG. 5 shows details of a decoder illustrated in block form in FIG. 1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 I have shown an oscilloscope 1 comprising a conventional
      cathode-ray tube, the beam of that tube being orthogonally deflected by a
      scanning circuit 2 including the usual line- and frame-sweep generators. A
      light pen 9, e.g. of the type disclosed in Floret et al. U.S. Pat. No.
      3,559,182, can be placed at a seleted location against the screen to pick
      up luminous pulses. This light pen works into a clamping circuit 30 also
      receiving, via a line 31, the instantaneous output of scanning circuit 2;
      energization of light pen 9 by a luminous spot causes the circuit 30 to
      preserve a pair of voltages, representing the corresponding x and y
      co-ordinates, until the pen is removed from the screen.
PAR  A computer 32 coacts with a service memory 33, as described in the
      aforementioned Peronneau U.S. Pat. No. 3,696,391, to read out respective
      code words identifying the components of an mage to be displayed on
      oscilloscope 1, in response to commands from a keyboard 34 transmitted to
      a control unit 35, for the actuation of a function generator 36 producing
      a variety of analog voltages E.sub.v on an output line 37. These analog
      voltages are delivered to a write/erase controller 38 and, in parallel
      therewith, to a comparator 39 also receiving the output of clamping
      circuit 30. Comparator 39 controls a gate 8 in series with a multiple 40
      over which code words E.sub.c from memory 33 are transmitted to a writing
      circuit 41 working into an input of a scan-conversion and storage tube 3,
      another input of this tube receiving the analog voltages E.sub.v from
      controller 38. A branch 40' of multiple 40 extends to a comparator 42
      whose output determines the operation of unit 38 as more fully described
      hereinafter. The reading of storage tube 3 is synchronizeed with the sweep
      of oscilloscope 1 by the output of a pulse generator 10 connected to
      respective inputs of tube 3 and scanning circuit 2. A decoder 12, more
      fully described below with reference to FIG. 5, receives the output of
      tube 3 over a lead 17 and derives therefrom a train of video pulses
      P.sub.v, FIG. 4(a), and a train of code pulses P.sub.c, FIG. 4(b),
      respectively, delivered to the control grid of oscilloscope 1 via a lead
      27 and to a buffer register 7 via a lead 28. Buffer register 7 works into
      another input of comparator 42 via a multiple 43. Video pulses P.sub.v are
      also fed back over a branch 17' of lead 27 to a refresher input of tube 3.
PAR  When an operator wishes to display certain characters on the screen of
      oscilloscope 1, he actuates his keyboard to call forth the corresponding
      code words from service memory 33. These code words are transmitted to
      function generator 36 in their proper time positions within a program
      cycle, by way of control unit 35 as described in the aforementioned
      Peronneau patent, whereupon the corresponding analog voltages E.sub.v are
      inscribed through the intermediary of controller 38 in the scan-conversion
      and storage tube 3 whose storage elements form an orthogonal mosaic to be
      periodically sampled by a scanning unit (not illustrated) in step with
      circuit 2. With gate 8 normally closed, writing circuit 41 is inoperative
      so that decoder 12 receives only the video pulses P.sub.v on lead 17 and
      retransmits them to the intensity-control grid of tube 1 via lead 27.
      These pulses also serve to refresh the video pattern in the mosaic of
      storage tube 3 to which they are returned via branch lead 17'; their
      reinscription can be blocked by the operator via a nonillustrated
      connection from keyboard 34.
PAR  Let us now assume that the operator wishes to check on a particular image
      component of a character or other figure displayed on oscilloscope 1.
      Light pen 9, on being touched to a corresponding part of the screen,
      activates the clamping circuit 30 upon its first energization as the beam
      sweeps past its photosensitive top. This energization causes the instant
      sweep voltages of scanner 2, appearing on line 31, to be preserved within
      the circuit 30 and to be read out from that circuit to comparator 39. As
      soon as a corresponding voltage pair appears on the output line 37 of
      function generator 36, comparator 39 responds and unblocks the gate 8 to
      let the code word then present on multiple 40 pass to the writing circuit
      41. This writing circuit, receiving the bits of that code word in parallel
      from multiple 40, delivers them in series as a code word E.sub.c to
      storage tube 3. Advantageously, writing circuit 41 is so synchronized with
      the reading sweep of tube 3 as to enter that code word in the same
      scanning line of the storage mosaic which contains the video pulse picked
      up by the light pen, or in the next-following line of that video pulse
      lies too close to the end of its scanning line to enable entry of the
      entire code word in the remaining line portion. A timer within circuit 41
      allows only one inscription of a code word per frame.
PAR  It may be mentioned, by way of example, that a code word may consist of two
      10-bit groups, the second group being an inverted replica of the first and
      serving the purpose of verification. With a bit spread over five storage
      elements of the tube mosaic, such a code word will occupy one-fifth of a
      line composed of 500 storage elements.
PAR  If the pen 9 is applied to a point of the screen representing the
      intersection of two or more image components such as lines or arcs, the
      code word first extracted from memory 33 will have precedence over the
      others and, as long as it occupies the writing circuit 41, will prevent
      the entry of another code word into that circuit. The timer of circuit 41
      may establish a minimum period during which such lockout is effective upon
      the energization of one or more leads of incoming multiple 40.
PAR  The code word fed into the storage tube 3, represented by voltage E.sub.c ,
      is superimposed in the storage mosaic upon the video pulses registered
      therein. Thus, a composite pulse train is read out on lead 27 to the
      decoder 12 which separates the video pulses P.sub.v, on lead 27, from the
      code pulses P.sub.c, on lead 28. The latter pulses, therefore, are
      serially transmitted to buffer register 7 whence, at a certain point in a
      program cycle determined by a nonillustrated master clock, they are
      delivered in parallel over multiple 43 to comparator 42 receiving over
      multiple 40' the code words successively extracted from memory 33. In the
      next program cycle, upon the recurrence of the same code word on multiple
      40, comparator 42 switches the controller 38 from its normal writing
      position to its erase position in which that particular code word causes
      the cancellation of the corresponding video pulses from the stored pattern
      in tube 3. This action blanks out, on the screen of oscilloscope 1, the
      trace marked by the light pen 9 whereupon the clamping circuit 30 is
      released and gate 8 stays closed for at least the remainder of the cycle.
PAR  In the following program cycle, the same code word is read out from memory
      33 in the normal manner (unless the operator, or the programmer within
      computer 32, has given different instructions to control unit 35 in the
      interim) and restores the previously blanked-out trace to the screen. If
      the light pen is still held in the same position, the aforedescribed
      sequence is repeated as the pen is re-energized by a luminous spot forming
      part of the restored trace. Thus, the operator will observe a blinking
      trace at the location marked by the pen. The operator could now actuate a
      special key on keyboard 34 to prevent reinscription of the previously
      suppressed analog signal from function generator 38 until modified
      instructions have been given to control unit 35 via keyboard 34. During
      this changeover period the pulse pattern of the storage mosaic is
      maintained only by the feedback via lead 17'.
PAR  As shown in FIG. 2, the system of FIG. 1 may be modified by replacing the
      combined scan-conversion and storage tube 3 of FIG. 1 (e.g. a tube of the
      type manufactured in the United States by Hughes Aircraft Company) with a
      scan converter 3a and a storage tube 3b separated by a mixer 4. Scan
      converter 3a delivers video pulses E'.sub.v to mixer 4 which also receives
      the code pulses E.sub.c from writing circuit 41 whenever the gate 8 (FIG.
      1) is opened, the pulse train E'.sub.v being read out with an orthogonal
      scan from converter 3a. Thus, storage tube 3b receives from mixer 4 a
      composite pulse train for storage in its mosaic and subsequent
      transmission to decoder 12 in the same scanning rhythm.
PAR  FIG. 3 shows details of mixer 4 which comprises a summing amplifier 13
      having an input 13' for the video pulses E'.sub.v and another input 13"
      for the code pulses E.sub.c, the latter input being tied to a tap on a
      voltage divider 14, 15 connected across the output of writing circuit 41
      (FIG. 2). Voltage divider 14, 15 is so dimensioned that pulses E.sub.c
      have half the amplitude of pulses E'.sub.v as illustrated in graphs (a)
      and (b) of FIG. 4 where their respective pulse levels have been indicated
      at 5V and 2.5V. The resulting composite unipolar pulse train, shown in
      graph (c) of FIG. 4, thus has four distinct voltage levels of 0, 2.5V, 5V
      and 7.5V.
PAR  Storage tube 3b preserves these voltage levels so that the pulse train read
      out via lead 17 to decoder 12 is substantially identical with the one fed
      into that tube over an output lead 16 of summing amplifier 13. Decoder 12
      discriminates among the four voltage levels of that pulse train to
      separate the video pulses P.sub.v from the code pulses P.sub.c.
PAR  As particularly illustrated in FIG. 5, the decoder 12 comprises a set of
      three comparators 19, 20 and 21 each having one input (+) connected to
      lead 17 and another input (-) tied to a respective voltage source
      represented by a battery 22 and a voltage divider 23, 24, 25 connected
      thereacross. In order to afford the necessary tolerance for minor voltage
      fluctuations, the reference inputs of comparators 19- 21 are biased at
      approximately 1.25V, 3.75V and 6.25V, respectively. These comparators work
      into a logic network 26 comprising an AND gate 26', with an inverting
      input connected to the output of comparator 20 and a noninverting input
      connected to the output of comparator 19, and an OR gate 26" having inputs
      connected to the outputs of AND gate 26' and comparator 21, respectively.
      The output of comparator 20 directly energizes the lead 27 with video
      pulses P.sub.v whereas the output of OR gate 26" generates the code pulses
      P.sub.c on the lead 28.
PAR  Since the compound tube 3 of FIG. 1 essentially operates in the same way as
      the assembly 3a, 4, 3b of FIG. 2, the decoder 12 shown in FIG. 5 can be
      used in either system upstream of the oscilloscope 1. The function
      generator 36 and its associated circuits could be duplicated to permit the
      simultaneous or alternate loading of tube 3 or scan converter 3a with
      input signals from a plurality of sources.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for displaying composite images, comprising:
PA1  an oscilloscope provided with an intensity-control input for an electron
      beam thereof and with sweep means for the periodic deflection of said beam
      across a screen to produce thereon a luminous trace;
PA1  a light pen juxtaposable with a selected location on said screen for
      picking up light pulses from a displayed trace;
PA1  a computer provided with memory means for the storage of a multiplicity of
      code words identifying different components of an image to be traced on
      said screen;
PA1  function-generating means coupled to said memory means and responsive to a
      code word read out therefrom for producing an analog signal representing a
      corresponding image component;
PA1  storage means connected to said function-generating means for temporary
      loading by an analog signal generated in response to the readout of a code
      word from said memory means, said analog signal giving rise to a pattern
      of unipolar video pulses of a first amplitude in said storage means;
PA1  gating means controlled by said light pen for inscribing a selected code
      word, associatd with an image component touched by the light pen, in said
      storage means in the form of a pattern of code pulses having the same
      polarity as said video pulses, of a second amplitude different from said
      first amplitude, superimposed upon said pattern of video pulses;
PA1  scanning means synchronized with said sweep means for sequentially
      extracting the pulses of the superposed patterns from said storage means
      in the form of a unipolar pulse train with three distinct voltage levels
      besides zero;
PA1  decoder means connected to said storage means for receiving said unipolar
      pulse train therefrom and deriving from said three voltage levels thereof
      a video-pulse train delivered to said intensity-control input and a
      code-pulse train corresponding to the selected code word; and
PA1  display-modification means connected to said decoder means for altering the
      appearance on said screen of the image component corresponding to said
      selected code word.
NUM  2.
PAR  2. A system as defined in claim 1 wherein said storage means comprises a
      scan-converter tube.
NUM  3.
PAR  3. A system as defined in claim 1 wherein said display-modification means
      comprises a blanking circuit for temporarily suppressing said
      corresponding image component.
NUM  4.
PAR  4. A system as defined in claim 1, further comprising scan-conversion means
      connected to said function-generating means for deriving a binary pulse
      sequence from said analog signal, and mixer means inserted between said
      scan-conversion means and said storage means, said mixer means being
      connected to said gating means for sequentially receiving the bits of the
      selected code word therefrom and combining same with said binary pulse
      sequence into a composite pulse train delivered to said storage means.
NUM  5.
PAR  5. A system as defined in claim 4 wherein said mixer means comprises a
      summing amplifier with a first input circuit connected to said
      scan-conversion means and a second input circuit connected to said gating
      means, one of said input circuits including impedance means for making the
      amplitude of said binary pulse sequence different from the amplitude of
      the bits of said selected code word.
NUM  6.
PAR  6. A system as defined in claim 5 wherein said impedance means is
      dimensioned to make one of said amplitudes a multiple of the other
      amplitude.
NUM  7.
PAR  7. A system as defined in claim 6 wherein the amplitude ratio is 2:1.
NUM  8.
PAR  8. A system as defined in claim 1 wherein said decoder means comprises
      three comparators connected in parallel to said storage means, said
      comparators being further connected to respective sources of reference
      voltages of the same polarity as said unipolar pulse train including a
      first reference voltage less than the lowest of said three voltage levels,
      a second reference voltage between the lowest and the second-lowest of
      said three voltage levels, and a third reference voltage between the
      second-lowest and the highest of said three voltage levels.
NUM  9.
PAR  9. A system as defined in claim 1 wherein said scanning means and said
      sweeping means generate a scanning frame consisting of a multiplicity of
      parallel lines, the pattern of code pulses derived from a code word
      extending over a fraction of a line.
NUM  10.
PAR  10. A system as defined in claim 9 wherein said gating means is operable to
      inscribe said pattern of code pulses in a line of said storage means
      immediately adjacent a video pulse giving rise to a light pulse picked up
      by said light pen.
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ABST
PAL  A pattern information memory, provided with a font memory having a total
      bit capacity of n.A and comprising a number A of circulating memories each
      having a rewritable n-bit capacity, each bit being capable of storing one
      dot obtained by dot decomposition from each unit pattern. A minimum unit
      of designated addresses in the font memory is switched in accordance with
      a value of a number m (m = 1, 2, 3, . . . less than the number A) to
      provide a memory capacity of (n.sup.. A)/(n.sup.. m) patterns in
      combination of a number m of said circulating memories per each pattern of
      n.sup.. m dots. Writing and reading-out are performed by making once
      access to a number m of said circulating memories within a unit access
      time for one bit in a case : m=1. Accordingly, the writing and the
      reading-out for each pattern information are performed in a constant
      period of time irrespective of the value of the number m.
PARN
     This application is a continuation-in-part of Ser. No. 416,654, filed Nov.
      16, 1973.
BSUM
PAR  This invention relates to a pattern information memory employed for
      character display or the like.
PAR  In conventional pattern display, such as character display, if the number
      of dots per each character pattern is increased for enchancement of the
      quality of the character pattern by a serial increase of circulating
      memories, the following defects have been caused.
PAR  1. If the transmission speed is constant, the transmission time is extended
      by a time corresponding to the number of increased bits.
PAR  2. In order to complete the transmission of one character within a certain
      predetermined period of time, it is necessary to raise the transmission
      speed.
PAR  The above defect (1) implies that the deflection control of the display
      must be changed in accordance with the number of dots per one character
      pattern. The defect (2) implies that a change of the shift clock timing of
      the circulating memory is required and that the performance of the
      retained transmission speed cannot be exhibited to a maximum at all times.
PAR  Further, in a conventional read-only memory, it is remarkedly difficult to
      change the stored character pattern. For example, in a case where the
      required character quality is low, it is impossible to achieve on
      operation of storing a new character pattern in the empty bit capacity
      left over by the low quality. Because of such limitations as mentioned
      above, a character pattern information memory capable of easy selection of
      the character quality, which is answerable to the requirement of selecting
      the high character quality or the large number of characters in a
      character display unit, has not yet been realized.
PAR  An object of this invention is to provide a pattern information memory
      capable of having, without changing the shift clock timing of individual
      circulating memories and regardless of the number of dots per one unit
      pattern information, a constant display time of one unit pattern at all
      times and capable of adopting the address control for utilizing a maximum
      bit capacity of the memory.
DRWD
PAR  This invention will hereinafter be described in detail below with reference
      to the accompanying drawings: in which:
PAR  FIGS. 1A and 1B are block diagrams illustrating, in combination, an
      embodiment of this invention;
PAR  FIG. 2 is a circuit diagram illustrating an example of a circulating memory
      employed in the embodiment shown in FIG. 1B;
PAR  FIG. 3 shows diagrams illustrating examples of the signal configuration of
      information stored in an information source employed in FIG. 1A;
PAR  FIG. 4 shows time charts illustrating timing pulse trains generated from a
      timing pulse generator employed in FIG. 1B;
PAR  FIG. 5 is a diagram explanatory of the operation of a CRT display in which
      this invention is applied.
DETD
PAR  With reference to FIGS. 1A, 1B and FIG. 2, an example of a font memory
      employed in this invention will first be described. In this example, a
      number of bits per one character can be set to one of four steps of n, 2n,
      3n and 4n. A font memory 17 comprises N number of circulating memories,
      which are divided into four memory blocks Ba, Bb, Bc and Bd. Each
      rectangle section included in each memory block Ba, Bb, Bc or Bd
      represents a circulating memory, so that each memory block Ba, Bb, Bc or
      Bd includes N/4 number of circulating memories.
PAR  Each of the circulating memories comprises, for example, a shift register
      44 of four bits, AND gates 45, 46 and 49, an OR gate 47, an inverter 48,
      and five terminals D, W.sub.1, W.sub.2, C and R. The elements 45, 46, 47,
      48 and 49 are employed for switching the write mode and the read mode to
      each other. This circulating memory shown in FIG. 2 can be formed into a
      chip of LSI. The terminal D receives character information data. The
      terminal W.sub.1 receives a mode selecting signal for selecting the write
      mode or the read mode. The terminal W.sub.2 receives a chip selecting
      signal for selecting the instant circulating memory at the write mode. The
      terminal C receives shift clock pulses. The terminal R provides character
      pattern information at the read mode. In case of writing character pattern
      information of n-bits into the circulating memory, the character
      information of n-bits is applied to the terminal D while the AND gate 45
      is opened in response to true states of the terminals W.sub.1 and W.sub.2
      during periods of n shift clock pulses. In this case, the output of the
      AND gate 45 passes through the OR gate 47 and are then applied to the
      shift register 44, so that the character pattern information applied to
      the terminal D is stored per one bit in the shift register 44 through the
      AND gate 45 and the OR gate 47 in synchronism with the shift clock pulses
      applied from the terminal C. The output of the inverter 48 assumes the
      false state so as to close the AND gate 46 and 49 in this case, so that
      the output of the shift register 44 is not applied to the terminal R. When
      n-bits of information are just stored in the shift register 44, the
      terminal W.sub.1 assumes the false state to switch the circulating memory
      into the read mode so that the AND gates 45 and 46 are turned to the close
      state and the opened state respectively. Since the output of the register
      44 is applied to the AND gate 46, the output of the AND gate 46 is again
      applied to the register 44 through the OR gate 47. Accordingly, a closed
      loop is formed by the elements 44, 46 and 47. In this case, the AND gate
      49 is opened so that the character information stored in the register 44
      is sent out to the terminal R for one bit in synchronism with the shift
      clock pulses. As mentioned above, this circulating memory assumes
      essentially the write mode or the read mode. Since the shift clock pulses
      of constant period are always applied to the terminal C to shift the shift
      register 44, each of the stored bits in the shift register 44 is read out
      for n clock pulses at the read mode.
PAR  If the same clock pulses are simultaneously applied to all the terminals C
      of N number of the circulating memories, n information blocks each
      including n-bits of information circulate in parallel in the font memory
      17. The terminals W.sub.1, W.sub.2 and C receive the same signals as those
      of other circulating memories respectively.
PAR  The font memory 17 is so designed that character pattern information of 2n
      bit, 3n bits or 4n bits can be written in or read out in one circulating
      period of the circulating memory. In other words, each character pattern
      information is distributed into two, three or four circulating memories
      for n-bits under the predetermined principle, so that each 2n, 3n or 4n
      bit character pattern information of high bit density can be generated in
      the read mode by scanning the two, three or four circulating memories in
      synchronism with the one-half, one-third or one-fourth periods of the
      shift clock pulses in accordance with the same predetermined principle as
      mentioned above. In this case, if conditions where each character pattern
      information is indicated by n-bits, 2n-bits, 3n-bits, or 4n-bits are
      assumed as m=1, m=2, m=3 and m=4 respectively, one, two, three, or four
      circulating memory or memories is/are simultaneously scanned. In FIG. 1B,
      the terminals W.sub.2 for all the circulating memories are indicated by
      references W.sub.2-11, W.sub.2-12, . . . W.sub.2-1N, W.sub.2-21,
      W.sub.2-22, . . . W.sub.2-2N, W.sub.2-31, W.sub.2-3N, W.sub.2-41,
      W.sub.2-42, . . . W.sub.2-4N. In each block Ba, Bb, Bc or Bd of the
      circulating memories, one of N terminals W.sub.2 assumes the "true" state
      for a designated address in case of m=1. In case of m=2, one of terminals
      W.sub.2 in the memory blocks Ba and Bc assumes the true state in addition
      to one of terminals W.sub.2 in the memory blocks Bb and Bd. In case of
      m=3, one of terminals W.sub.2 in each memory blocks Ba, Bb and Bc assumes
      the true state. In case of m=4, one of terminals W.sub.2 in each memory
      blocks Ba, Bb, Bc and Bd assumes the true state. In FIG. 1A, circuit
      elements provided in relation to the write mode operation are illustrated.
      In FIG. 1A, an information source 1 stores therein pattern information of
      a number of desired characters, which have signal configurations as shown
      in FIG. 3. Each pattern information is divided into a plurality of
      information blocks, each of which is formed by w-bits. A first block of
      w-bits in each pattern information is an address code word, which
      designates the address of the font memory 17 to store the instant pattern
      information therein. In this case, an area m is provided for indicating a
      value of m, while an area A is provided for the address. The value of m
      predetermined by an operator in accordance with the desired character
      quality is stored in the area m. The pattern information to be stored in
      the successive information blocks is provided in accordance with the
      desired character quality. As shown in FIG. 3, n/w blocks, 2n/w blocks,
      3n/w blocks and 4n/w blocks are provided for the cases m=1, m=2, m=3 and
      m=4 respectively in addition to one address code word mentioned-above. The
      w-bits of information in each information blocks are sent out in the
      parallel configuration.
PAR  An address register 10 temporarily stores the address code word during
      periods of n clock pulses of the font memory 17. The address parts X and Y
      of the stored address code word are respectively applied to a decoder 11
      and decoders 12, 13, 14 and 15. Each of the address decoders 12, 13, 14
      and 15 provides N/4 output terminals, which are respectively connected to
      the terminals W.sub.2 of the circulating memories of the memory blocks Ba,
      Bb, Bc and Bd. The address part X of the address code word is commonly
      applied to the decoders 12, 13, 14 and 15. The address part Y is decoded
      by the decoder 11 into four digits, which are individually selected by
      four selectors in a gate 16 to apply them to the other inputs of the
      decoders 12, 13, 14 and 15 respectively. Accordingly, when an address code
      word is stored in the address register 10, the address part Y thereof
      selects one of the decoders 12, 13, 14 and 15, while outputs of one of the
      address decoders 12, 13, 14 and 15 selected by the address part X assume
      the true states. The selectors in the gate 16 are formed as shown in FIG.
      1A, so that only one of the decoders 12, 13, 14 and 15 is selected in case
      of m=1 in accordance with the address part Y; two (12, 13; or 14, 15) of
      the decoders 12, 13, 14 and 15 being simultaneously selected in case of
      m=2; three of the decoders 12, 13, 14 and 15 being simultaneously selected
      in case of m=3; all of the decoders 12, 13, 14 and 15 being simultaneously
      selected in case of m=4.
PAR  The information blocks of the character pattern information succeeding to
      the address code word are, directly or through one of data distrubuters 2,
      3 and 4, sent to one of buffer registers 5, 6, 7 and 8 in the parallel
      signal configuration. The buffer register 5 comprises a serial-in
      parallel-out register of w-bits. The buffer register 6 comprises two
      serial-in parallel out register a and b of w/2 bits. The buffer register 7
      comprises three serial-in parallel-out registers a, b and c of w/3 bits.
      The buffer register 8 comprises four serial-in parallel-out register of
      w/4 bits. The data distributer 2 is employed for successively distributing
      the information blocks from the information source to the registers a and
      b of the buffer register 6. The data distributer 3 is employed for
      successively distributing the information blocks from the information
      source 1 to the registers a, b and c of the register 7. The distributer 4
      is employed for successively distributing the information blocks from the
      information source 1 to the registers a, b, c and d of the register 8.
      Output terminals of the serial-in parallel-out register 5, 6, 7 and 8 are
      connected to input terminals of four selectors in a gate 9, which is
      controlled by the above mentioned value of m in the address register 10,
      so that four parallel outputs D.sub.1, D.sub.2, D.sub.3 and D.sub.4 are
      obtained from the gate 9 to be respectively applied to the memory blocks
      Ba, Bb, Bc  and Bd of the font memory 17. In case of m=1, all the outputs
      D.sub.1, D.sub.2, D.sub.3 and D.sub.4 are supplied from the buffer
      register 5. In case of m=2, the output of the register a of the buffer
      register 6 is supplied to the outputs D.sub.1 and D.sub.3, while the
      outputs D.sub.2 and D.sub.4 are supplied from the register b of the buffer
      register 6. In case of m=3, the outputs D.sub.1, D.sub.2 and D.sub.3 are
      respectively supplied from the registers a, b and c of the buffer register
      7. In case of m=4, the outputs D.sub.1, D.sub.2, D.sub.3 and D.sub.4 are
      respectively supplied from the registers a, b, c and d of the buffer
      register 8.
PAR  A gate 39 switches the access time to the information source 1. The gates
      6, 9 and 39 are simultaneously controlled by signal obtained by detecting
      the value of m in the address register 10. If the value of m is constant
      for each application during a relatively long time, the gates 6, 9 and 39
      may be manually controlled. A pre-address register 37 temporarily stores
      the output of the information source 1 to synchronize with the write
      timing of the first bit of the character pattern information with the
      write enable timing of the circulating memories in the font memory 17. AND
      gates 36 and 38 are employed for setting the address code word in the
      pre-address register 37 and the address register 10 respectively. The
      setting to the pre-address register 37 can be performed in case where the
      address code word is stored in the information source 1. The setting to
      the address register 10 can be performed in case where the address code
      word is stored in the pre-address register 37. An OR gate 40 provides a
      signal for actuating the access operation to both the address code word
      and the character pattern information. A terminal S receives a mode signal
      for designating the write mode or the read mode. A bistable circuit 32 is
      set in response to the true state of the mode signal when an AND gate 33
      is satisfied, so that the output W of the bistable circuit 32 is applied
      to the terminal W.sub.1 of the circulating memory in the font memory 17.
      The mode signal is inverted by an inverter 35, so that the bistable
      circuit 32 is reset in response to the "false " state of the mode signal
      when an AND gate 34 is satisfied.
PAR  In FIG. 1B, the font memory 17, a clock generator 30, a timing pulse
      generator 31 and circuits relating to the read mode are shown. The clock
      generator 30 generates four clock pulse trains C.sub.1, C.sub.2, C.sub.3
      and C.sub.4, which has the following relation in period:
EQU  C.sub.1 = 2C.sub.2 = 3C.sub.3 = 4C.sub.4
PAL  the clock pulse train C.sub.1 is employed as the shift clock pulses of the
      circulating memories in the font memory 17. The timing pulse generator 31
      comprises a binary counter and a plurality of gates and generates seven
      timing pulse trains t.sub.1, t.sub.2, t.sub.3, t.sub.4, t.sub.5, t.sub.6
      and t.sub.7. One counting cycle of the binary counter corresponds to n
      periods of the clock pulses C.sub.1. Each of the timing pulse trains
      t.sub.5, t.sub.6 and t.sub.7 is once generated in one counting cycle of
      the binary counter. Each of other timing pulses are plural times generated
      in one counting cycle of the binary counter. The timing pulses t.sub.1,
      t.sub.2, t.sub.3 and t.sub.4 are generated for w/4 pulses, w/3 pulses, w/2
      pulses and w pulses of the clock pulse train C.sub.1 respectively, so that
      any of the timing pulses t.sub.1, t.sub.2, t.sub.3 and t.sub.4 causes the
      access to the information source 1 to parallelly set the selected
      character pattern information in the buffer registers 5, 6, 7 and 8. The
      timing pulses t.sub.1 to t.sub.7 are shown in FIG. 4 by way of example,
      which corresponds to one cyclic period of the timing pulse generator 31
      and to one circulating period of each circulating memory in the font
      memory 17.
PAR  The character pattern information derived from the information source 1 for
      bits is is written in the font memory 17 as follows. The operation will be
      described in case of m=2.
PAR  At the onset w-bits of 2n-bits character pattern information are derived
      from the information source 1 in response to a first timing pulse t.sub.3
      in a character scale corresponding to n pulses of the clock pulse train
      C.sub.1 and then parallelly set in the registers a and b of the buffer
      register 6 for w/2 bits through the date distributer 2. Since this first
      pulse of the timing pulses t.sub.3 is synchronized with a first pulse of
      the timing pulses t.sub.7, an address code word previously set in the
      pre-address register 37 in response to the timing pulse t.sub.5 is also
      set in the address register 10 in the same first pulse of the timing
      pulses t.sub.3. Accordingly, a write enabling timing of one circulating
      memory of the memory blocks Ba or Bc and of one circulating memory of the
      memory blocks Bb or Bd corresponds to the set timing of the outset w-bits
      of the character pattern information in the buffer register 6. The
      registers a and b of the buffer register 6 send out its contents of w/2
      bits for one bit in synchronism with pulses of the clock pulse train
      C.sub.1 to write them for one bit in the write-enabled two circulating
      memories.
PAR  When contents of the registers a and b of the buffer register 6 are
      completely read out in response to w/2 pulses of the clock pulse train
      C.sub.1, second w-bits of the selected character pattern information are
      derived from the information source 1 in response to a second pulse of the
      timing pulse train t.sub.3 and then set in the buffer register 6. The
      character pattern information of 2n/w units configuration of w-bits is
      transfered to the font memory in the above successive manner in response
      to 2n/wpulses of the timing pulse train t.sub.3.
PAR  The timing pulse t.sub.5 is employed for setting the address code word to
      the pre-address register 37 before the timing pulse t.sub.7 employed for
      setting the address code word in the address register 10. The timing pulse
      t.sub.6 is employed for resetting the address register just before the
      setting the address code word in the same address register 10. The timing
      pulse t.sub.7 is a start timing pulse of one circulating period of each
      circulating memory in the font memory 17 and also employed for a switching
      timing of the write mode and the read mode. Moreover, the timing pulse
      t.sub.7 resets the pre-address register 37 simultaneously with the set
      timing of the address register 10.
PAR  The read mode operation is performed as follows. An address code word is
      provided in the information source 18 for a character pattern to be read
      out from the font memory 17. The format of this address code word is the
      same as the first information block of one character pattern information
      and is of w-bits formed by the address part and a part indicative of a
      value of m. If the address parts are equal to each other, the value of m
      is also equal to that of the information source 1. Inputs of data
      selectors 21, 22, 23 and 24 are respectively connected to outputs of
      circulating memories of the font memory 17. When an address code word is
      now derived from the information source 18 to the address register 19 in
      response to the timing pulse t.sub.7, the character pattern information
      stored in the circulating memories is provided at the outputs of the data
      selectors 21, 22, 23 and 24 in accordance with a combination of the
      decoder 20 and a gate 25 for each information block of the designated
      address. The gate 25 is switched together with a gate 29 in accordance
      with the value of m of the address code word stored in the address
      register 19. If m=1, the information block of the designated address is
      one, the output of only one circulating memory in the font memory is
      selected and bit-serially sent out through the gate 29. In case of m=2, a
      circulating memory connected to either the data selector 21 or 23 and a
      circulating memory connected to either the date selector 22 or 24 send out
      their outputs to the two inputs of a scanner 26 respectively. The scanner
      26 performs the scanning of the two inputs to provide bit-serial character
      pattern information of 2n bits. In case of m=3 or m=4, three of four
      circulating memories are scanned by a scanner 27 or a scanner 28 to
      provide bit-serial character pattern information of 3n bits or 4n-bits.
      The clock pulse trains C.sub.2, C.sub.3 and C.sub.4 determine the
      respective scanning speeds of the scanners 26, 27 and 28 respectively,
      which are twice, three-times and four times that of m=1. Accordingly,
      character pattern information of 2n-bits, 3n-bits and 4n-bits can be
      completely sent out during one circulating period of each circulating
      memory corresponding to n-pulse periods of the clock pulse train C.sub.1.
      OR gate 41, 42 and 43 provide logical OR outputs of data selectors in one
      designated address unit.
PAR  As mentioned above, when pattern information of one character is sent out,
      the address register 19 is at once reset by the timing pulse t.sub.6, and
      a next address code word is derived from the information source 18 in
      response to the timing pulse t.sub.7 to set it in the address register 19.
      The above operations are repeated until read data are completely read out
      from the information source 18.
PAR  It may be adoptable that data are not provided simultaneously in the
      information sources 1 and 18. If desirable, access operations to the
      information sources 1 and 18 may be alternately inhibited. If a special
      code word is provided in an information source and a signal to be employed
      for decoding the special code is applied to the terminals S, the
      information sources 1 and 18 can be replaced by only one information
      source which is automatically switched to the write mode or the read mode.
PAR  Connections in the gates 9, 16, 39, 25 and 29 are shown in case of m=1. In
      cases of m=2, n=3 or m=4, these gates are successively switched from the
      upper most terminal to one of successive lower terminals. The data
      distribution principle in the data distributers 2, 3 and 4 determines the
      scanning order in the scanners 26, 27 and 28. In case of m=2 by way of
      example, a first bit of the character pattern information of 2n bits is
      distributed to the memory block Ba or Bc of the font memory 17, and a
      second bit thereof is distributed to the memory block Bb or Bd of the font
      memory 17. Moreover, a third bit of the character pattern information of
      2n bits is again distributed to the memory block Ba or Bc. In other words,
      successive bits of the character pattern information of 2n display bits
      are alternately distributed to the memory blocks Ba, Bc or the memory
      blocks Bb, Bd. Accordingly, the scanner 26 scans, in the same order,
      outputs of the two designated address blocks. Each of the scanners 26, 27
      and 28 comrises a m-bit counter, and m gates controlled in accordance with
      the couting state of the m-bit counter. The scanning order in each of the
      scanners 26, 27 and 28 is determined by the preset of the counter in
      response to the timing pulse t.sub.7 and by the connection to the gates in
      accordance with the counting state of the counter.
PAR  As an actual example of this invention, a character generator for CRT
      display was produced by the use of 4,096 dynamic recirculating shift
      registers of 512 bits. The scanning control on the CRT is performed as
      shown in FIG. 5. Character pattern information of 512 bits and character
      pattern information of 1024 bits were displayed on the CRT. In these
      tests, the latter provides displayed character patterns of extremely high
      quality. In accordance with the latter condition, 2,048 character patterns
      can be stored in the test device, while 4,096 character patterns can be
      stored in the former case of m=1. The bit density of 0.4 micro-second and
      the bit density of 0.2 micro-seconds are obtained in cases of m=1 and m=2
      respectively, so that 16 bits and 32 bits are included in one scanning
      period in the same cases respectively. In each case, a character pattern
      is displayed in 2048 micro-seconds. In FIG. 5, a rectangular frame
      indicates an area of one character pattern on the CRT, so that this
      rectangular frame is not actually provided.
PAR  In Chinese character display, many types of character patterns are
      required. In this case, a small number of special character patterns
      essentially require the above mentioned extremely precise display of high
      bit density. It is uneconomical that a huge capacity of memory is provided
      for all the character patterns in addition to the above small number of
      special character patterns. This invention has merits, such as economy of
      memory capacity and a constant generation time of one character pattern
      for different numbers of bits.
PAR  Although this invention has been mainly described in connection with the
      character pattern generation and display, the present invention is
      similarly applicable to other figure patterns.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A pattern information memory for storing a plurality of unit patterns,
      comprising:
PA1  font memory means having a total bit capacity of n.sup.. A and comprising a
      number A of circulating memories each having a rewritable n-bit capacity,
      each bit being capable of storing one dot obtained by dot decomposition
      from each unit pattern each unit pattern information including an address
      code;
PA1  switching means operatively connected to said font memory means for
      switching designated addresses in said font memory means in accordance
      with a value of a number m (m=1, 2, 3, . . .less than the number A) to
      provide a memory capacity of (n.A)/(n.m) patterns in combination of a
      number m of said circulating memories per each pattern of n.sup.. m dots;
PA1  first control means controlled by said address code and operatively
      connected to said font memory means and said switching means for
      controlling said switching means to store each pattern information by
      making one access to a number m of said circulating memories within a unit
      access time for one bit in a case: m=1; means providing a reading-out
      signal, said signal including a reading address code
PA1  second control means controlled by said reading address code and
      operatively connected to said font memory means and said switching means
      for controlling said switching means to read out each stored pattern
      information by making one access to a number m of said circulating
      memories within said unit access time for one bit in a case: m=1,
PA1  whereby, the writing operation and the subsequently reading-out operation
      for each pattern information is each performed in a constant period of
      time irrespective of the value of the number m.
NUM  2.
PAR  2. A pattern information memory according to claim 1, in which said
      switching means comprises a plurality of gates which are controlled by
      said address codes included by corresponding pattern information and in
      said reading address codes.
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ABST
PAL  A serial memory employing a plurality of charge-coupled shift registers
      fabricated with MOS technology and using double layer polycrystalline
      silicon gates. Each shift register includes two pairs of parallel
      channels; charge flows in opposite directions in each pair of channels.
      Multiplexing is utilized to refresh charge between each pair of channels
      through two refreshing amplifiers, one disposed at each end of the
      channels. The topographical efficiency of the design permits fabrication
      of a dense memory.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the field of charge-coupled devices (CCD)
      particularly charge-coupled memories.
PAR  2. Prior Art
PAR  Charge-coupled devices for a number of years have been investigated and
      used, particularly experimentally, for memories, video displays and other
      applications. For a discussion of CCD technology and its applications, see
      "Charge-Coupled Devices -- A New Approach to MIS Device Structures," IEEE
      Spectrum, July 1971, by Boyle and Smith, beginning at page 18.
PAR  One application for charge-coupled devices has been semiconductor memories,
      particularly those employing metal-oxide-silicon (MOS) technology. For
      example, a plurality of charge-coupled recirculating shift registers have
      been employed for fabricating serial memories. While these memories have
      considerably slower access times than most random-access-memories
      employing MOS technology, they nonetheless fill the gap, in terms of cost
      per bit of storage, between the fast access time RAMs and memory systems
      employing magnetic disks and tapes. For an analysis of the costs versus
      access times for various memories, see "Charge-Coupled Devices Move in on
      Memories and Analog Signal Processing," Electronics, Aug. 8, 1974 by
      Laurence Altman, beginning on page 91.
PAR  CCD memories are capable of being fabricated at lower cost (in terms of
      cost per bit of storage) when compared to other semiconductor memories
      because higher CCD densities are possible. Typically in the fabrication of
      semiconductor memories yields are not directly affected by density, and
      hence higher densities generally result in less costly memories.
PAR  In order to achieve these higher densities for CCD memories circuit
      topology or layout becomes an important consideration in the design of a
      memory. The present invention discloses a unique arrangement for
      recirculating shift registers employed in a CCD memory which provides a
      highly efficient layout. In the presently preferred embodiment the design
      is utilized to fabricate a 16K memory.
PAC  SUMMARY OF THE INVENTION
PAR  A semiconductor serial memory employing a plurality of charge-coupled
      recirculating shift registers is disclosed. In the presently preferred
      embodiment the memory stores 16,384 bits on a single silicon substrate and
      is fabricated with MOS technology, using n-channel devices and double
      polycrystalline silicon layers. Each of the recirculating charge-coupled
      shift registers includes a first, second, third and fourth parallel
      channels. Stored data in the form of charge is shifted by a four-phase
      clock input in one direction in the first and second channels and in the
      opposite direction in the third and fourth channels. A first refresh
      amplifier receives charge from one end of the first and second channels,
      and after refreshing the charge furnishes an output charge to one end of
      the third and fourth channels. A second refreshing amplifier receives
      charge from the other end of the third and fourth channels and provides a
      refreshed charge to the other end of the first and second channels.
      Multiplexing is utilized permitting a single refresh amplifier to refresh
      charge from two channels. The gates disposed above the channels are
      utilized for shifting charge and for the multiplexing of charge from two
      channels to a single refresh amplifier. These gates are disposed on two
      different levels above the channels, each level comprising polycrystalline
      silicon.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general block diagram of the presently preferred embodiment of
      a memory employing the recirculating shift registers of the present
      invention.
PAR  FIG. 2 is a circuit diagram illustrating a single recirculating shift
      register and refresh amplifiers fabricated in accordance with the present
      invention.
PAR  FIG. 3 is a plan view of a portion of the recirculating shift register used
      to illustrate the manner in which the gates of the register are
      interconnected.
PAR  FIG. 4 is a timing diagram illustrating the various timing signals utilized
      in the shift register and memory.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention discloses a recirculating shift register particularly
      adaptable for use in a serial memory. In the presently preferred
      embodiment 64 recirculating shift registers, each storing 256 bits of
      data, are used to form a 16,384 bit CCD serial memory. The entire memory
      is fabricated on a single silicon substrate employing MOS technology and
      utilizing n-channel charge-coupled shift registers. A plurality of
      transistors are also utilized in the memory, all of which comprise
      n-channel, enhancement mode, field effect transistors, employing
      polycrystalline silicon gates. The memory may be fabricated utilizing
      known techniques including ion implantation. In the presently preferred
      embodiment two layers of polycrystalline silicon separated from one
      another and from the substrate by oxide layers, are used to define lines
      in the array, which lines define the gates employed for shifting charge in
      the shift registers. As will be appreciated, the specific details
      disclosed herein, such as the specific number of bits in the registers or
      memory, the number of phases in the timing signals, the specific
      fabrication technique and numerous other details, are not intended to
      limit the scope or application of the present invention but rather to
      provide a fuller understanding of the invention.
PAR  Referring first to FIG. 1, the primary sections of the memory, include a
      plurality of recirculating registers 10 are shown. Each of these
      registers, such as register 20, is a 256 bit recirculating charge-coupled
      register and includes a pair of refresh amplifiers. The memory stores data
      or information in the array in the form of charge as is customary for such
      memories. The memory includes decoders 12 which receive the address inputs
      from the address input buffers 15. As with other memories, the address
      input such as A, through A.sub.5 are utilized for selecting one of the 64
      recirculating registers contained within the memory.
PAR  Information to be stored within the memory is applied to the data input
      line which is coupled to the data input buffer 14. This buffer
      communicates through the decoders with the storage registers 10. Stored
      data which is to be read from the memory is communicated from the
      registers 10 through the decoders 12 to the data output line, and then to
      the data output buffer 13. In the presently preferred embodiment four
      phase clock inputs are utilized and identified as .phi..sub.1,
      .phi..sub.2, .phi..sub.3 and .phi..sub.4. The waveforms associated with
      these four timing signals are illustrated in FIG. 4. From these four
      timing signals other timing signals are generated within the timing
      generator 17. Specifically, the signals .phi..sub.I, .phi..sub.2I,
      .phi..sub.4I, .phi..sub.P and .phi..sub.R all of which are also shown in
      FIG. 4. Other inputs to the memory include the chip enable signal shown as
      CE input and the chip select signal shown as the CS input. The decoders
      12, buffers 13, 14 and 12, and generators 17 may be fabricated utilizing
      known technology.
PAR  Referring to FIG. 4 and the timing signals shown therein, during each
      complete timing cycle there are two access periods, as shown, during which
      one or more of the registers may be accessed. Note that the lines
      representing the timing signals are shown broken during each of the access
      periods to indicate that the access periods are much greater in duration
      than indicated in FIG. 4.
PAR  Referring now to FIGS. 2 and 3, the construction of a single recirculating
      charge-coupled register, such as register 20 of FIG. 1, will be discussed.
      Each register includes four parallel channels in juxtaposition with each
      channel being defined by a pair of regions. In FIG. 2 channel 36 is shown
      in the p-type substrate 25 between the n+ regions 27 and 28. Channel 37 is
      illustrated disposed between the n+ regions 29 and 30, again in the p-type
      substrate 25. Similarly, channel 38 is defined by the n+ regions 31 and
      32, and channel 39 is defined by the n+ regions 33 and 34. Note that the
      regions 29, 30, 31 and 32 are larger in area than the regions 27, 28, 33
      and 34. Only a short length of each of the channels is illustrated in FIG.
      2 as indicated by the break 42 in the substrate 25. In the presently
      preferred embodiment p+ channel stops 41 (FIG. 3) are disposed between
      each of the parallel channels 36, 37, 38 and 39. These p+ type channel
      stops are formed in the p-type host substrate by ion implantation. The
      interconnections between regions 27 and 29, 31 and 33, 28 and 30, and 32
      and 34 are formed by diffused n-type regions as seen in FIG. 3.
PAR  One refresh amplifier is utilized at each end of the channels in order to
      permit the recirculation and detection of charge. One amplifier 22
      comprises field effect transistors 46, 47 and 48, while the other
      amplifier 23 comprises transistors 57, 58 and 59. These amplifiers are
      substantially identical and operate in an identical fashion. The control
      circuitry for read/write function has not been shown, in order not to
      over-complicate the drawings. This circuitry may be fabricated using known
      designs and technology. The input or sensing node for the refresh
      amplifier 22 is node 50 which is common with the output regions 28 and 30.
      The input node 50 is coupled to the gate of the sensing transistor 47 to
      the source of transistor 46. As will be discussed, transistor 46 is used
      to precharge node 50 during the period of time that .phi..sub.P is
      positive. The sensing transistor 47 has its source coupled to ground (the
      V.sub.SS potential) while its output line 51 is coupled to the V.sub.DD
      potential through transistor 48. Transistor 48 is used for charging the
      output line 51 of amplifier 22 during the period of time that .phi..sub.R
      is positive. The output line 51 is coupled to the input regions 32 and 34
      of channels 38 and 39, respectively. This line is also utilized for
      reading information from the register on line 53 and for writing
      information into the register on line 54. The buffer amplifiers and timing
      circuitry utilized for performing the read and write functions are not
      illustrated in order not to overcomplicate the present disclosure. These
      buffers may be fabricated utilizing known circuitry and employing field
      effect transistors.
PAR  The other refreshing amplifier, amplifier 23, includes an input or sensing
      node 61 which is common with output regions 31 and 33, and which is
      coupled to the gate of the sensing transistor 58. Transistor 59 is
      utilized to precharge node 61 in the same manner as transistor 46 is used
      to precharge node 50 of amplifier 22. The output line 62 of amplifier 23
      which is coupled to the common junction between transistors 57 and 58
      provides a refreshed or output charge to the input regions 27 and 29.
      Transistor 57 is utilized in the same manner as transistor 48, that is, to
      charge the output line 62 during the period of time that .phi..sub.R is
      positive.
PAR  As is the case with other charge-coupled devices, particularly shift
      registers, a plurality of gates are disposed above each of the channels
      36, 37, 38 and 39 and are used to shift charge along the channels. The
      gates disposed above channels 36 and 37 shift charge in these channels in
      the direction indicated by arrows 44, while the gates disposed above
      channels 38 and 39 shift charge in the opposite direction as indicated by
      arrows 45. The gates are defined by lines of polycrystalline silicon which
      run generally transversely to the channels. In the presently preferred
      embodiment the gates are either on a first level above the channel or on a
      second level as indicated in FIG. 2. Those gates which are closer to the
      channels are coupled to the source of timing signals which contain even
      numbers such as .phi..sub.2, .phi..sub.4, .phi..sub.2I and .phi..sub.4I,
      while those gates which are on the upper or second level, that is further
      from the channel, are coupled to the source of timing signals which
      include odd substrips such as .phi..sub.1, .phi..sub.3 ; .phi..sub.I is
      included in this latter group.
PAR  Referring primarily to FIGS. 2 and 4, the timing signals .phi..sub.2 and
      .phi..sub.4 and the gates to which they are coupled are primarily used to
      store charge, and hence either .phi..sub.2 or .phi..sub.4 are positive
      during each of the access periods. The timing signals .phi..sub.1 and
      .phi..sub.3 and the gates to which they are coupled are used to transfer
      charge between the wells defined beneath other gates, and hence the
      .phi..sub.1 and .phi..sub.3 signals are at zero potential during the
      access periods. Thus the output region of each channel, that is regions 28
      and 30 for channels 36 and 37, respectively, are adjacent to gates coupled
      to the source of the .phi..sub.1 and .phi..sub.3 signals, respectively.
      Similarly, the output region 31 and 33 for channels 38 and 39,
      respectively, are adjacent to gates which are coupled to the source of the
      .phi..sub.3 and the .phi..sub.1 signal.
PAR  The input regions for channels 36 and 37, regions 27 and 29, respectively,
      are each immediately adjacent to a gate coupled to the .phi..sub.I
      potential. In a similar manner the input regions 32 and 34 for channels 38
      and 39, respectively, are each adjacent to a gate coupled to the source of
      the .phi..sub.I potential. Adjacent to each of the gates coupled to the
      .phi..sub.I potential is a gate coupled to either the .phi..sub.2I
      potential or the .phi..sub.4I potential (such as gate 90). The .phi..sub.I
      signal and the .phi..sub.2I or .phi..sub.4I signal are utilized, as will
      be discussed in more detail, to transfer charge into the channel from the
      adjacent input region.
PAR  While those timing signals designated with an "I" subscript are generally
      used to assure proper operation at the input regions to each of the
      channels, nonetheless gates coupled to these signals are shown at the
      output regions. For example, gates 65 and 66 are shown near the output
      region 28. Likewise, gate 67, which is coupled to the source of the
      .phi..sub.2I signal, is near the output region 30. Similarly, gate 79 is
      near the output region 31, and gates 80 and 81 are close to the output
      region 33. The use of the timing signals with an "I" subscript for gates
      65, 66, 67 and gates 79, 80 and 81 is to obtain greater layout efficiency
      as will be explained in more detail in conjunction with FIG. 3. Each of
      these gates could have been coupled to a source of a timing signal not
      having an "I" subscript, for example gates 65 and 80 could have been
      coupled to the source of the .phi..sub.4 signal, while gates 66 and 81
      could have been coupled to the source of the .phi..sub.2 signal.
PAR  Note that the gates disposed above channels 36 and 37 for any particular
      stage of the register, for example, for stage 1, have their gates coupled
      to timing signals in the following sequence: .phi..sub.3, .phi..sub.4,
      .phi..sub.1 and .phi..sub.2 (reading from left to right). On the other
      hand, the gates disposed above channels 38 and 39 for any stage of the
      register again reading from right to left, are coupled to timing signals
      in the following sequence: .phi..sub.2, .phi..sub.1, .phi..sub.4 and
      .phi..sub.3. This reversal of order in the timing signals applied to the
      gates determines the direction in which charge will move; that is, in
      channels 36 and 37, the charge moves in the direction indicated by arrows
      44, whereas for channels 38 and 39 it moves in the direction indicated by
      arrows 45.
PAR  Referring now to FIG. 3, the partial plan view of the channels 36, 37, 38
      and 39 is illustrated separated by the channel stops 41. The regions 27,
      29, 31 and 33 are illustrated at one end (the non-decoder end) of each of
      the channels. The lines 72, 73, 74, 75, 76 and 77 extend, in the presently
      preferred embodiment, generally transversely over each channel of each
      shift register in the memory. While these lines have been shown as thin
      lines in FIG. 3, in the presently preferred embodiment these lines are
      strip-like lines defining gates over the channels. Moreover, each gate on
      the upper level of polycrystalline silicon when viewed from the channel,
      is overlapped by the adjacent gates on the lower level of polycrystalline
      silicon. This overlapping of gates is more readily seen from FIG. 2.
PAR  As mentioned, for the most part the lines defining the gates extend
      transversely above the channels, this is true for all the lines except
      those lines coupled to the source of the .phi..sub.I and .phi..sub.4I
      signals. Thus, line 71 which carries the .phi..sub.I signal is disposed to
      the left of the regions 27, 29, 31 and 33 in FIG. 3. Similarly, line 70
      which is coupled to the source of the .phi..sub.4I signal, is disposed
      parallel to line 71, and again to the left of the regions 27, 29, 31 and
      33. On the opposite side of the channel (not illustrated in FIG. 3) lines
      symetrical to lines 70 and 71 are utilized. Line 71 through a generally
      lateral extension, defines a gate adjacent to the input regions 27 and 29
      of channels 36 and 37, respectively. Line 70 in a similar fashion defines
      gate 90 above channel 36 and gate 80 above channel 39. There are also
      generally lateral extensions of line 75 to define gate 91 above channel 36
      and gate 92 above channel 39.
PAR  Lines 74 and 77 which carry the .phi..sub.2 and the .phi..sub.4 signals and
      which are disposed on the lower level of polycrystalline silicon extend in
      a straight line fashion above each channel of each shift register. Other
      lines carrying the .phi..sub.2 and .phi..sub.4 signal associated with the
      other stages of the shift register, not illustrated in FIG. 3, would
      extend above the channels in the same manner.
PAR  Line 72 which carries the .phi..sub.3 signal is disposed between lines 73
      and 74 over channels 36 and 37, but then crosses over line 73 to define
      gates over channels 38 and 39. Similarly, line 75 which defines gates
      between line 77 and 74 over channels 36 and 37, crosses over line 74 and
      defines gates between lines 73 and 74 over channels 38 and 39. Line 76 in
      a similar manner to line 72 crosses over line 77. The crossovers shown
      between channels 37 and 38 in line 72, 75 and 76 continue in a similar
      manner along the shift register for those lines carrying the .phi..sub.1
      and the .phi..sub.3 signals for each stage of the register. Since the
      lines carrying the .phi..sub.1 and .phi..sub.3 signals are on the upper
      level of polycrystalline silicon, they may readily be fabricated to cross
      over the lower level lines associated with the .phi..sub.2 and .phi..sub.4
      signals. It is this crossing over of these lines which provides a flow of
      charge in one direction in channels 36 and 37 and a flow of charge in the
      opposite direction in channels 38 and 39.
PAR  Referring to FIG. 3, assume that other shift registers are to be disposed
      parallel to the partial register shown in FIG. 3 such as is illustrated in
      the array of registers 10 in FIG. 1. Assume further as the case in the
      presently preferred embodiment, that these other registers include two
      pairs of channels. If a register were to be disposed in juxtaposition to
      the register shown in FIG. 3, the pair of channels adjacent to channels 38
      and 39 would again include gates defined by lines 72, 73, 74, 75, 76 and
      77. These lines in the presently preferred embodiment do not have any
      cross overs between shift registers, but rather only between the pairs of
      channels of each shift register. Thus, charge in the adjacent channels of
      adjacent shift registers is shifted in the same direction as charge in the
      shift register shown in FIG. 3.
PAR  As previously mentioned, gates 79 and 81 could have been coupled to the
      source of the .phi..sub.2 signal but instead are coupled to the source of
      the .phi..sub.2I signal (line 73 of FIG. 3). As may be seen in FIG. 3,
      this connection for gates 79 and 81 provides a more efficient design.
PAR  Referring to FIGS. 2, 3 and 4, the operation of the recirculating shift
      register will be explained. Assume for a starting point of the
      explanation, that charge representative of a binary "1" is transferred
      into region 28 during the period of time that .phi..sub.1 is positive.
      Note that prior to the time that .phi..sub.1 becomes positive (see FIG.
      4), .phi..sub.P is positive, hence transistor 46 conducts and node 50 is
      precharged positively from V.sub.P. (See copending application Ser. No.
      536,797, filed Dec. 27, 1974, assigned to the assignee of the present
      application, for a system for generating the potential V.sub.P.) Thus,
      prior to the time that the negative charge is moved into region 28 from
      channel 36, since node 50 is precharged positively, transistor 47 is
      conducting. This provides a path from the ground potential V.sub.SS
      through transistor 47 to the input regions 32 and 34. Thus, these input
      regions are at ground potential when .phi..sub.1 becomes positive.
PAR  When .phi..sub.1 becomes positive and negative charge is transferred from
      the well beneath gate 65 into region 28, since a binary "1" was
      transferred into region 28, the positive "charge" placed on node 50 is
      removed so that the potential on node 50 falls below the threshold of
      transistor 47, thus transistor 47 ceases to conduct. Also, .phi..sub.I
      becomes positive, and since .phi..sub.2I is already positive, a deep
      potential well is formed adjacent to the input region 32 of channel 38.
      This well is filled with electrons from region 32. When .phi..sub.R
      becomes positive and transistor 48 conducts, line 51 is pulled towards
      V.sub.DD and a substantial portion of the electrons stored below the gates
      adjacent to region 32 are drawn-off. The charge remaining below these
      gates, and particularly gate .phi..sub.2I, is representative of a binary
      "0." Thus, when charge representative of a binary "1" is sensed on node
      50, charge representative of a binary "0" is returned to either channel 38
      or 39. The charge representative of a binary "0" which is transferred from
      beneath the gates adjacent to the region 32 is moved along channel 38 by
      the signals .phi..sub.1, .phi..sub.2, .phi..sub.3, .phi..sub.4 in an
      ordinary manner for a four phase system.
PAR  Following the detection of a binary "1" on node 50, assume that when next
      .phi..sub.3 becomes positive, charge representative of a binary "0" is
      transferred from channel 32 into region 30. When this occurs node 50,
      which again was previously precharged positively when .phi..sub.P was
      positive, remains more positive than the threshold of transistor 47.
      Therefore, line 51 remains coupled to ground potential through transistor
      47. When .phi..sub.I becomes positive electrons are drawn from region 34
      into channel 45 in the potential well defined beneath the two gates
      adjacent to region 34 since both .phi..sub.4I and .phi..sub.I are
      positive. Thus, a binary "0" read from region 30 on node 50 is returned to
      channel 39 in the form of a binary "1". It is apparent that with the
      timing signal shown in FIG. 4 that the outputs from channels 36 and 37 are
      multiplexed through the single amplifier 22, refreshed in the inverse
      sense, and returned alternately to channels 38 and 39.
PAR  In an identical manner charge sensed first from region 31 is refreshed in
      the inverse sense and transferred along channel 36 by amplifier 23.
      Likewise, charge sensed in region 33 is refreshed, again in the inverse
      sense, and transferred along channel 37.
PAR  In the presently preferred embodiment the binary "0" state in the registers
      is represented by a charge which is approximately 1/10 the magnitude of
      the charge representative of the binary "1" state. The binary "0" state
      does include some charge and is referred to as a "fat 0." As is known in
      the prior art, higher transfer efficiencies are obtained where fat zeroes
      are utilized as opposed to representing the binary "0" state with
      substantially no charge.
PAR  As is apparent, data stored within the register may be sensed on line 53,
      and furthermore, information may be written into the register via lines 54
      and 51. Note that if a binary "1" is written into the register on line 51,
      after the register has been sequenced so that this bit is read from the
      register on line 53, a binary "1" will be read from the register since two
      inversions have occurred, one in amplifier 23 and the other in amplifier
      22.
PAR  By using the presently disclosed register in an array of registers a high
      density memory is achieved. Specifically referring to FIG. 2, the use of a
      single amplifier at each end of the two pairs of channels, made possible
      by the multiplexing, provides a topographically efficient system. Also the
      use of the crossovers illustrated in FIG. 3 along with the gate
      arrangement discussed in conjunction with FIGS. 2 and 3 adds to the layout
      efficiency.
PAR  Thus, a high density charge-coupled memory has been disclosed which may be
      fabricated with MOS technology.
CLMS
STM  I claim:
NUM  1.
PAR  1. A charge-coupled memory comprising:
PA1  a plurality of charge-coupled shift registers, each of said shift registers
      including a first pair of channels and a second pair of channels, each of
      said channels being defined by a first region and a second region;
PA1  a plurality of refresh means each for receiving an output charge from said
      second regions of said first pair of channels and for providing a
      refreshed charge to said second regions of said second pair of channels,
      and for receiving an output charge from said first regions of said second
      pair of channels and for providing a refreshed charge to said first
      regions of said first pair of channels;
PA1  multiplexing means for multiplexing charge between said refresh means and
      said second regions of said first pair of channels and said second pair of
      channels, and for multiplexing charge between said refresh means and said
      first regions of said second pair of channels and said first pair of
      channels; and
PA1  phased signal means for shifting charge in said shift registers coupled to
      said shift registers;
PA1  whereby information may be stored and refreshed in said shift registers.
NUM  2.
PAR  2. The memory defined in claim 1 wherein said phased signal means provides
      phased signals for shifting charge in each of said registers from said
      first regions of said first pair of channels, to said second regions of
      said first pair of channels, and from said second regions of said second
      pair of channels to said first regions of said second pair of channels.
NUM  3.
PAR  3. The memory defined in claim 2 wherein said channels are in
      juxtaposition.
NUM  4.
PAR  4. The memory defined by claim 3 wherein each of said registers include a
      plurality of gates for receiving said phased signals from said phased
      signal means, certain ones of said gates being operable both for shifting
      said charge and for multiplexing said charge.
NUM  5.
PAR  5. The memory defined in claim 4 wherein said gates of each of said
      registers are disposed either on a first level above said channels, or on
      a second level above said channels.
NUM  6.
PAR  6. The memory defined in claim 5 wherein said channels are n-channels.
NUM  7.
PAR  7. In a charge-coupled memory, the combination of:
PA1  a charge-coupled shift register having a first, second, third and fourth
      parallel channel, each channel having a first and a second end;
PA1  a first and a second refresh amplifier, said first refresh amplifier being
      disposed adjacent to said first end of said parallel channels, and said
      second refresh amplifier being disposed adjacent to said second end of
      said parallel channels;
PA1  multiplexing means for multiplexing charge between said first refresh
      amplifier and said first end of said first, second, third and fourth
      parallel channels, and for multiplexing charge between said second refresh
      amplifier and said second end of said first, second, third and fourth
      parallel channels;
PA1  phased signal means for shifting charge in said first and second channels
      in one direction, and for shifting charge in said third and fourth
      channels in an opposite direction;
PA1  whereby said parallel channels operate as a recirculating shift register in
      a memory.
NUM  8.
PAR  8. The memory defined by claim 7 wherein said second refresh amplifier
      receives charge from said second end of said first and second channels and
      provides a refreshed charge to said second ends of said third and fourth
      channels, and wherein said first refresh amplifier receives charge from
      said first end of said third and fourth channels and provides a refreshed
      charge to said first ends of said first and second channels.
NUM  9.
PAR  9. The memory defined by claim 8 wherein said refreshed charge provided by
      said first and said second amplifier represents the opposite binary state
      from the charge received by said first and said second amplifier.
NUM  10.
PAR  10. A recirculating charge-coupled shift register comprising:
PA1  a first and a second adjacent regions;
PA1  a third and a fourth adjacent regions, said first and third regions
      defining a first channel and said second and fourth regions defining a
      second channel parallel to said first channel;
PA1  a fifth and a sixth adjacent region;
PA1  a seventh and an eighth adjacent region, said fifth and seventh regions
      defining a third channel and said sixth and eighth regions defining a
      fourth channel parallel to said first, second, third and fourth channels;
PA1  a first refresh circuit for refreshing charge having an input coupled to
      said first and second regions and an output coupled to said seventh and
      eighth regions;
PA1  a second refresh circuit for refreshing charge having an input coupled to
      said fifth and sixth regions and an output coupled to said third and
      fourth regions;
PA1  multiplexing means for multiplexing charge between said first refresh
      circuit and the output of said first and second region and the input of
      said seventh and eighth regions and for multiplexing charge between said
      second refresh circuit and the output of said fifth and sixth regions and
      the input of said third and fourth regions;
PA1  phased signal means for shifting charge in said first and second channels
      in one direction, and for shifting charge in said third and fourth
      channels in an opposite direction;
PA1  whereby charge may be circulated in said first, second, third and fourth
      regions.
NUM  11.
PAR  11. The recirculating charge-coupled shift register defined in claim 10
      wherein said first, second, third, fourth, fifth, sixth, seventh and
      eighth regions and said first and second refresh circuits are disposed on
      a common silicon substrate.
NUM  12.
PAR  12. The recirculating shift register defined in claim 11 including a
      plurality of first level gates disposed at a first level above said first,
      second, third and fourth channels and a plurality of second level gates
      disposed at a second level above said first, second, third and fourth
      channels.
NUM  13.
PAR  13. The recirculating shift register defined by claim 12 wherein said first
      level gates and said second level gates are defined by generally parallel
      lines disposed transversely to said parallel channels.
NUM  14.
PAR  14. The recirculating shift register defined in claim 13 wherein said
      first, second, third, fourth, fifth, sixth, seventh and eighth regions are
      n-type regions.
NUM  15.
PAR  15. The recirculating shift register defined in claim 14 wherein said first
      and third regions are larger than said second and fourth regions.
NUM  16.
PAR  16. The recirculating shift register defined in claim 15 including signal
      means for shifting charge along said first and second channels in one
      direction and along said third and fourth channels in the opposite
      direction.
NUM  17.
PAR  17. The recirculating shift register defined in claim 16 wherein said
      generally parallel lines defining gates at one of said first or second
      levels crossover said generally parallel lines defining gates at the other
      of said first or second levels between said second and third channels.
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ABST
PAL  The insertion of new data into a major-minor loop memory is effected by
      selectively controlling the passage of bubbles through at least two gates
      provided between a bubble generator and the major loop. In a
      two-dimensional array of such memories, the write process is initiated by
      first applying a transfer signal to a selected row of the memories to
      transfer the data in the row into their respective major loops for
      subsequent erasure. Then, a gate signal is applied to a first gate of each
      memory in the selected row to condition it for write. Another gate signal
      is applied to a second gate of each memory in a selected column in
      accordance with the data to be inserted. This arrangement permits new data
      to be inserted into only the memory of the array that is located at the
      intersection of the selected row and column.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a magnetic domain memory system and more
      particularly, to a novel magnetic domain memory unit and a memory system
      of the kind employing a plurality of such units.
PAR  A major-minor memory loop chip composed of magnetic domain memory elements
      is shown in FIG. 1 of U.S. Pat. No. 3,618,054 (Reference 1). This chip
      construction was proposed to achieve a high access speed without
      sacrificing a memory density. Throughout the following description, in
      order to avoid ambiguity in terminology, the term "a magnetic momory unit"
      or simply "a unit" will be used to represent an arrangement comprising a
      sheet of magnetic material on which is formed a combination of one major
      loop having input and output sections and a plurality of minor loops for
      holding and moving magnetic domains. In order to realize a magnetic domain
      memory system with a required memory capacity, a large number of such
      units must be used.
PAR  A memory system construction in which such units are arranged in rows and
      columns, is disclosed in an article by Hsu Chang Bubble Domain Memory
      Chips IEEE TRANSACTIONS ON MAGNETICS, VOL. MAG-8, No. 3 Pages 564 to 569,
      especially Pages 564 to 565 (FIG. 2), September issue, 1972 (Reference 2).
      In this memory system construction, when a gate current is fed to a
      WRITE-gate conductor in response to a write-in command, magnetic domains
      enter into the major loop of the unit located in the selected column as
      well as those of the units in the unselected columns. Therefore, after the
      write-in operation for the selected unit has been completed, the unwanted
      magnetic domains thus present in the major loops of the unselected units
      must be erased by feeding a gate current to an ERASE-gate conductor. As a
      result, the write-in period is fairly long. If a request for read-out
      should occur while the unwanted domains are being erased, the immediate
      read-out operation is impossible. Since the memory system construction
      employing the conventional memory units has the above-mentioned
      disadvantage, has been desired such that a novel chip construction has
      been desired such that which prevents the entering of domains into the
      major loops of unselected units during the write-in operation
PAR  If it is assumed that the memory capacity of a unit, that is, the product
      of the number of bits in each minor loop and the number of minor loops is
      equal to B bits, the average access time required for reading out
      arbitrary information in a minor loop of the magnetic domain memory unit
      is approximately proportional to .sqroot.B. For this reason, in order to
      reduce the average access time, the value of B must be made small.
      However, this results in an increased number of the units in the magnetic
      memory system. With regard to the magnetic domain memory system of such
      construction the units that are arranged in rows and columns as disclosed
      in Reference 2, if the number of rows and that of columns in the
      row-column arrangement are chosen so as not to extremely differ from each
      other, the numbers of TRANSFER-gate driver circuits, ERASE-gate driver
      circuits, WRITE-gate driver circuits and READ-amplifiers as required are
      approximately proportional to the square root of the total number of the
      units. In this case, the number of simultaneously operating units is equal
      to that of the rows in the row-column arrangement.
PAR  If the memory system having the above-described construction is so designed
      as to operate intentionally and simultaneously the units equal in number
      to the number of rows in the row-column arrangement to meet the required
      data transfer rate, there exists no problem with respect to the system
      construction. However, in an extreme case, if only the data rate satisfied
      by the operation of only one unit is required, it is not economical to
      practically provide the READ-amplifiers equal in number to the rows in the
      row-column arrangement. On the other hand, if the number of the rows in
      the arrangement is determined so as to match the required data transfer
      rate, the number of the TRANSFER-gate driver circuits is increased,
      although the number of the READ- amplifiers can be minimized. Therefore,
      the development and the realization of a magnetic domain memory unit as
      well as a magnetic domain memory system employing such units and having
      the system construction free from the above-mentioned disadvantages have
      been desired.
PAC  SUMMARY OF THE INVENTION
PAR  It is,therefore, one object of the present invention to provide a novel
      magnetic domain memory unit and a magnetic domain memory system using the
      same which is free from the above-mentioned disadvantages inherent to the
      conventional magnetic domain memory unit and the memory system employing
      the same.
PAR  The present magnetic domain memory unit has a chip construction of a
      major-minor loop system including an input section having a plurality of
      signal lines.
PAR  Also, according to another feature of the present invention, the
      above-mentioned magnetic domain memory unit comprises: in addition to the
      input section, an output section consisting of a plurality of domain
      propagation paths provided in the major loop and arranged in parallel to
      each other, domain detector means and domain eraser means coupled to one
      of the propagation paths, and control means for allowing domains to be
      transferred to one of the plurality of propagation paths arranged in
      parallel.
PAR  Also, the present magnetic domain memory system comprises a memory array in
      which the above-mentioned magnetic domain memory units are arranged in
      rows and columns.
PAR  As a result, according to this invention, unnecessary transfer of domains
      in the major loops of unselected magnetic domain memory units during the
      write-in operation can be prevented and simultaneously, the reduction of
      the write-in period in the memory system can be attained. In addition, the
      access time of the memory system can be reduced without increasing the
      number of peripheral circuits and connections between the memory units and
      the peripheral circuits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a schematic diagram of a first embodiment of the present
      invention;
PAR  FIG. 2 shows a wiring diagram of a memory plane on which the units shown in
      FIG. 1 are arranged in rows and columns;
PAR  FIG. 3 shows a block diagram of a magnetic domain memory system comprising
      the memory array shown in FIG. 2; FIG. 4 shows a schematic diagram of a
      second embodiment of the present invention;
PAR  FIG. 5 shows a wiring diagram of a memory array in which the units shown in
      FIG. 4 are arranged in rows and columns;
PAR  FIG. 6 shows a block diagram of a magnetic domain memory system comprising
      the memory array shown in FIG. 5; and
PAR  FIG. 7 shows a schematic diagram of a third embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1, there is illustrated a first embodiment of a magnetic domain
      memory unit adapted for use in a large-scale magnetic domain memory
      system. In this drawing, basic elements of the memory unit are represented
      in a symbolized form. A circle encircling a symbol Ge represents a domain
      generator; a circle for a symbol G, a gate; a circle for a symbol S, a
      domain detector; and a circle for a symbol X, a domain eraser
      respectively. For basic elements existing in multiple, each element is
      distinguished from each other by adding a specific suffix to each symbol.
      In addition, a thick solid line represents a propagation path for magnetic
      domains.
PAR  The magnetic domain memory unit of FIG. 1 has minor loopa 111 to 116, a
      major loop 117, and memory gates 141 to 146 for controlling the transfer
      of domains between the major loop 117 and the minor loops 111 to 116,
      these loops being provided on a sheet (not shown) of magnetic material
      capable of holding and moving magnetic domains. An input section coupled
      to the major loop 117 consists of a domain generator 131, domain eraser
      132' and 132", gates 147' and 147" and propagation paths connecting these
      basic elements. A conductor 152' for the gate 147' is a first signal line
      of the input section, while a conductor 152"  for the gate 147" is a
      second signal line of the input section. An output section has the same
      construction as that of the conventional magnetic domain unit, and
      includes a domain detector 134, an eraser gate 148 and a domain eraser
      133. The eraser gate 148 and eraser 133 are coupled to the major loop 117.
      A conductor 155 for the domain detector 134 is herein called a first
      signal line of the output section, while a conductor 153 for the gate 148
      is named a second signal line of the output section. Also, a conductor 151
      is provided for the memory gates 141 to 146. Although these conductors are
      denoted by a single line for simplicity, actually they may be either a
      single conductor or both-way conductors.
PAR  In the output section, domains propagated along the major loop 117 are
      detected by the domain detector 134 when the read-out operation is
      performed, while they are erased during the write-in operation by the
      domain eraser 133 after having been passed through the gate 148 which is
      then opened. In the input section, only when two signals are applied
      simultaneously to the first signal line 152' and the second signal line
      152", respectively, to open the gates 147' and 147", respectively,
      magnetic domains fed from the domain generator 131 can enter into the
      major loop 117. If the condition of the two signals is such that only one
      of the gates 147' and 147" is opened or neither of the gates is opened,
      the domains sent from the domain generator 131 do not enter into the major
      loop 117 but they are erased by the domain eraser 132' or 132". Under the
      state in which one of the two signals is given to open the gate 147', if
      the other signal is applied so as to open or close the gate 147" in
      accordance with write-in information, there occurs a series of domains
      corresponding to the write-in information, which enter into the major loop
      117 through the gate 147".
PAR  In FIG. 2 which shows a memory array of the magnetic domain memory units of
      FIG. 1 arranged in rows and columns, the conductors 151 (X-line) for the
      memory gates 141 to 146 of the units in the same row are connected to each
      other, and similarly, the first signal lines 152' (X'-line) of the input
      sections, which are the conductors for the gates 147', are connected to
      each other. The second signal lines 152" (Y'-line) of the input sections,
      which are the conductors for the gates 147" of the units, are grouped in
      the same column and are connected to each other, and similarly, the first
      signal lines 155 (S-line) of the output sections in the same column are
      connected to each other. The second signal lines 153 (RW-line) of the
      output sections, which are the conductors for the gates 148, are grouped
      in all the units of the row-column arrangement and are connected to each
      other. As the connection terminals for external circuits (not shown),
      X-line terminals 211 to 214, X'-line terminals 231 to 234, Y'-line
      terminals 221 to 224, S-line terminals 241 to 244 and a RW-line terminal
      250 are provided as shown in FIG. 2.
PAR  In FIG. 3, the magnetic domain memory system shown comprises a memory array
      plane 301 of the type as shown in FIG. 2, means for applying signals to
      each signal line of the memory array, means for detecting signals derived
      from the signal lines, and control means. The respective X-lines and
      X'-lines of the memory array 301 are connected to an X-line selector
      circuit 311 and an X'-line selector circuit 312, respectively, each of
      which supplies a gate current to the X-line and X'-line in a selected row
      in accordance with each address information. The respective Y'-lines of
      the memory array 301 are connected to a Y'-line driver circuit 313 for
      feeding signals represented by the presence and absence of gate currents
      to the respective Y'-lines in all columns depending on write-in
      information, while the RW-line is connected to a RW-line driver circuit
      314. The RW-line driver circuit 314 supplies a gate current to the RW-line
      during the write-in operation in accordance with write-read control
      information. Each S-line of the memory array 301 is connected to an
      amplifier-shaper circuit 315 for amplifying and shaping detected signals
      appearing on the S-lines. In contrast to the fact that the X-line selector
      circuit 311 and the X'-line selector circuit 312 give gate currents to the
      X-line and X'-line of the units in a particular row selected in accordance
      with the address information, the Y'-line driver circuit 313 feeds the
      respective gate currents to the Y'-lines in all the columns of units of
      the memory array 301 according to the write-in information. The
      amplifier-shaper circuit 315 serves to amplify and shape the detected
      signals appearing on all the S-lines equal in number to the Y-lines.
PAR  Address information given from external circuits (not shown) is set in an
      address register 331 via a terminal 321, write-in information is set in an
      information register 332 via a terminal 322, read-out information is fed
      from the information register 332 via the terminal 322 to the external
      circuits, and write-read control information and a master timing signal
      are applied to a control circuit 333 via a terminal 323. The addrress
      information is given from the address register 331 to the X-line selector
      circuit 311 and the X'-line selector circuit 312. The write-in information
      is supplied from the information register 332 to the Y'-line driver
      circuit 313. The write-read control information is fed from the control
      circuit 333 to the RW-line driver circuit 314. Also, though various timing
      signals are produced in response to the write-read control information and
      the master timing signal fed through the terminal 323 and are sent from
      the control circuit 333 to the respective circuits, these timing signals
      are omitted for simplicity of the drawing.
PAR  Next, the operation of the magnetic domain memory system shown in FIG. 3
      will be described with reference to FIGS. 1 and 2. Let it be assumed that
      the memory units in the second row of the memory array 301 are selected.
      In the write-in operation, a gate current is given from the X-line
      selector circuit 311 to the terminal 212 for the conductors 151 X.sub.2
      -line) of the units 201 to 204 in the selected second row, and thereby,
      the memory gates 141 to 146 in the units 201 and 204 are opened to
      transfer to the major loops 117 the information currently stored in minor
      loops 111 to 116. Then, by supplying a gate current from the RW-line
      driver circuit 314 to the terminal 250 for the conductors 153 (RW-line) of
      all the units to open the gates 148, the magnetic domains entering into
      the respective major loops 117 are erased by the domain erasers 133 in the
      respective units. In this way, the minor loops of the selected units 201
      to 204 are prepared for subsequent storage at particular memory domain
      positions.
PAR  In coincidence with the operation of erasing the magnetic domains in the
      major loops of the selected units 201 to 204, a gate current is sent from
      the X'-line selector circuit 312 to the terminal 232 for the conductors
      152' (X.sub.2 '-line) of the second row units to open the gates 147' in
      the units 201 to 204. Simultaneously, by supplying signals represented by
      the presence and absence of gate currents which correspond to "1" and "0",
      respectively of the write-in information, to the terminals 221 to 224 for
      the conductors 152" (Y.sub.1 '-line to Y.sub.4 '-line) of the units in the
      first to fourth columns, the gates 147" are opened and closed. Then
      domains corresponding to the write-in information enter successively into
      the major loops 117 of only the selected units 201 to 204, and a series of
      magnetic domains are aligned in each of the major loops 117. On the other
      hand, in the units other than the units 201 to 204, the input of domains
      into the major loops does not occur, because the gates 147' are kept
      closed although the gates 147" are opened and closed. In the major loops
      of the second row units 201 to 204, when the series of magnetic domains
      corresponding to the newly written information have moved up to the
      positions on the respective major loops adjacent to the minor loops in
      which the respective domains are to be stored, a gate current is fed from
      the X-line selector circuit 311 to the terminal 212 to open the memory
      gates 141 to 146. The series of domains written in through the input
      section thereby occupy the memory domain positions in the minor loops 111
      to 116 which have been previously made vacant.
PAR  Now, the operation of reading out information from the units 201 to 204 in
      the selected second row will be described. A gate current is sent from the
      X-line selector circuit 311 to the terminal 212 for the conductors 151
      (X.sub.2 -line) of the second row units 201 and 204 to open the memory
      gates 141 to 146 in the units 201 to 204, and as a result, the information
      stored in particular memory domain positions in the minor loops 111 to 116
      is transferred to the major loops 117 for readout. These domains are
      detected by the domain detectors 134 and converted into electric signals
      as they move along the respective major loops. Thereafter, the series of
      domains move round the respective major loops almost by one revolution and
      are propagated up to the positions on the major loops opposed to the
      respective minor loops in which the respective domains are to be stored
      again. At this moment, if a gate current is fed from the X-line selector
      circui 311 to the terminal 212 to open the memory gates 141 to 146 in the
      units 201 to 204, then the domains on the respective major loops 117 are
      stored in the corresponding minor loops 111 to 116. Thus, the read-out
      operation has been completed.
PAR  As will be obvious from the above-mentioned read-out operation, only in the
      units in the selected row among the units in each column, the domains
      corresponding to the information to be read out are propagated along each
      major loop, passing through the domain detectors 134. Therefore, in spite
      of the fact that the conductors 155 for the domain detectors in the units
      in each column are connected in common to form S.sub.1 -line to S.sub.4
      -line, it is possible to obtain detected signals corresponding to the
      domains present in the major loops of the units in the selected row from
      the respective S-line terminals 241 to 244.
PAR  In the memory system of FIG. 3 which employs the units shown in FIG. 1, as
      will be evident from the write-in operation, the input of unnecessary
      domains into the major loops of unselected units can be eliminated, and
      consequently, the write-in period has been shortened.
PAR  In FIG. 4 there is shown a second embodiment of a magnetic domain unit,
      which is exactly the same as that shown in FIG. 1 except for an output
      section. The output section of this unit consists of domain propagation
      paths 460 and 461 provided in a major loop 417 in parallel to each other,
      a domain detector 434 serving as domain detector, an eraser gate 448 and a
      domain eraser 433 in combination serving as domain eraser means, and a
      gate 449 serving as control means for controlling the domains in the major
      loop 417 to be transferred either to the domain propogation path 460 or to
      the domain propagation path 461. Accordingly, a conductor 454 for the gate
      449 is a signal line for the control means in the output section.
      Throughout this example, the conductor 454 for the gate 449 is called a
      first signal line of the output section; a conductor 455 for the domain
      detector 434, a second signal of the output section; and a conductor 453
      for the gate 448, a third signal line of the output section.
PAR  Since the operation of the unit is the same as that of the unit shown in
      FIG. 1 except for the output section, only the operation of the output
      section of the unit will be described.
PAR  If the gate 449 is not opened, magnetic domains propagated along the major
      loop 417 move to the propagation path 460. Then they continue to move in
      the major loop 417 passing the proximity of the gate 447". On the other
      hand, if the gate 449 is opened by feeding a gate current to the conductor
      454 for the gate 449, the domains propagated along the major loop 417 are
      transferred to the path 461. In response to the read-out operation, the
      domains on the path 461 are detected by the domain detector 434, while in
      the write-out operation, the domains on the propagation path 461 are
      transferred to the domain eraser 433 via the gate 448 to be erased
      therein. Thus, by controlling the gate 449, the domains transferred from
      the minor loops 411 to 416 via gates 441 to 446 to the major loop 417 can
      be alternatively transferred either through the path 461 in the output
      section in which the domain detector means and the domain eraser means
      exist or through the simpler path 460 in which the domain detector means
      and the domain eraser means do not exist.
PAR  In FIG. 5 which shows a memory array with a plurality of magnetic domain
      memory units of FIG. 4 arranged in rows and columns, the conductors 451
      (X-line) for the memory gates 441 to 446 of the units in the same row are
      connected to each other, and similarly, the first signal lines 452'
      (X'-line) of the input sections, which are the conductors for gates 447',
      are connected to each other. The first signal lines 454 (Y-line) of the
      output sections which are the conductors for the gates 449, of the units
      in the same column are connected to each other. Also, similarly, the
      second signal lines 452" (Y'-line) of the input sections, which are the
      conductors for the gates 44", are connected to each other. The second
      signal lines 455 (S-line) of the output sections which are the conductors
      for the domain detectors 434, of all the units arranged in an array are
      connected to each other, and similarly the third signal lines 453
      (RW-line) of the output sections, which are the conductors for the gates
      448, are connected to each other. As connection terminals for external
      circuits (not shown), X-line terminals 511 to 514, X'-line terminals 531
      to 534, Y-line terminals 521 to 524, Y'-line terminals 541 to 544, a
      RW-line terminal 550 and an S-line terminal 551 are provided as shown in
      FIG. 5.
PAR  FIG. 6, the magnetic domain memory system shown comprises a plurality of
      memory array as shown in FIG. 5, means for feeding signals to each signal
      line of each memory array, means for detecting signals derived from the
      signal lines, and control means. Corresponding X-lines, X'-lines, Y-lines
      and RW lines of memory arrays 601 and 602, respectively, are connected to
      each other. For example, an X.sub.1 -line, an X.sub.1 '-line, a Y.sub.1
      -line and a RW-line of the memory array 601 are respectively connected to
      an X.sub.1 -line, an X.sub.1 '-line, a Y.sub.1 -line and a RW-line of the
      memory array 602. The respective X-lines, X'-lines and Y-lines are
      connected to an X-line selector circuit 611, an X'-line selector circuit
      612 and a Y-line selector circuit 613, respectively, each of which
      generates a gate current in accordance with each address information. The
      respective Y'-lines of the respective memory arrays 601 and 602 are
      connected to Y'-line selector circuits 614-1 and 614-2, respectively, each
      of which generates a signal represented as presence and absence of a gate
      current depending on address information and write-in information. The
      RW-line is connected to an RW-line driver circuit 615 for producing a gate
      current during the write-in operation in accordance with write-read
      control information. The S-lines of the respective memory arrays are
      connected to amplifier-shaper circuits 616-1 and 616-2, respectively, each
      of which amplifies and shapes a detected signal appearing on each S-line.
      The X-line selector circuit 611 and the X'-line selector circuit 612 feed
      gate currents to the X-line and X'-line of the units in a particular
      selected row, while the Y-line selector circuit 613 and the Y'-line
      selector circuits 614-1 and 614-2 send gate currents to the Y-line and
      Y'-line of the units in a particular selected column.
PAR  Address information fed from external circuits (not shown) is set in an
      address register 631 via a terminal 621, write-in information similarly
      fed externally is set in an information register 632 via a terminal 622,
      read-out information is given from the information register 632 via the
      terminal 622 to the external circuits, and write-read control information
      and a master timing signal are applied to a control circuit 633 via a
      terminal 623. The address information is fed from the address register 631
      to the X-line selector circuit 611, X'-line circuit 612, Y-line selector
      circuit 613, and Y'-line selector circuits 614-1 and 614-2. The write-in
      information is supplied from the information register 632 to the Y'-line
      selector circuits 614-1 and 614-2. The write-read control information is
      given from the control circuit 633 to the RW-line driver circuit 615. In
      addition, though various timing signals are fed to the respective circuits
      from the control circuit 633 to which the write-read control information
      and the master timing signal from the terminal 628 are supplied, these
      timing signal lines are omitted for simplicity of the drawing.
PAR  Then, the operation of the memory system illustrated in FIG. 6 will be
      described. More particularly, the operation of the system in case that a
      magnetic domain memory unit located in the second row and in the third
      column of each memory array is selected, will be described in connection
      with one memory array 601 with reference to FIGS. 4 and 5.
PAR  At first, the operation of writing information in a unit 503 in the second
      row and in the third column of the memory array 601 will be explained
      hereinunder. A gate current is fed from the X-line selector circuit 611 to
      the terminal 512 for the conductors 451 (X.sub.2 -line) of the units in
      the same row as the selected unit 503 to open the memory gates 441 to 446,
      and thereby, the information to be erased which is stored in memory domain
      postions in the minor loops 411 to 416 of the unit 503 where new
      information is to be written, is transferred to the major loop 417 of the
      unit 503. At the same time, the information stored in the memory domain
      positions in units 501, 502 and 504 (half-selected units) in the same row
      as the selected unit 503 corresponding to the write-in memory domain
      positions in the unit 503, are also transferred to the respective major
      loops. Thereafter, a gate current is supplied from the Y-line selector
      circuit 613 to the terminal 523 for the conductors 454 (Y.sub.3 -line) of
      the units in the same column as the selected unit 503 to open the gates
      449, and simultaneously, a gate current is fed from the RW-line driver
      circuit 615 to the terminal 550 for the conductors 453 (RW-line) of the
      gates 448 in the domain eraser means of all the units in the array to open
      the gate 448. Then, the magnetic domains present in the major loop 417 of
      the selected unit 503 are erased by the domain eraser 433 after they have
      been propagated along the propagation path 461. Although the gates 449 of
      half-selected units 505, 506 and 507 in the same column as the unit 503
      are opened, the opening of these gates 449 results in no effect since
      originally no magnetic domain exists in the major loops of these
      half-selected units 505, 506 and 507 because of the presence of the gate
      current on the X.sub.2 -line only. On the other hand, in the half-selected
      units 501, 502 and 504, the domains in each major loop continue to move
      round the major loop through the propagation path 460 since the gate 449
      remains closed. In this way, the minor loops 411 to 416 of the selected
      unit 503 are prepared for subsequent storage at particular memory domain
      positions and also in the major loop 417 of the unit 503, magnetic domains
      disappear.
PAR  While magnetic domains continue to move round the major loops in the
      half-selected units 501, 502 and 504, a gate current is fed from the
      X'-line selector circuit 612 to the terminal 432 for the conductors 452'
      (X'.sub.2 -line) of the units in the same row as the selected unit 503 to
      open the gates 447' of the units 501, 502, 503 and 504. Simultaneously, a
      signal represented by the presence and absence of a gate current in
      response to 1 and 0 of the write-in information is fed from the Y'-line
      selector circuit 614-1 to the terminal 543 for the conductors 452"
      (Y'.sub.3 -line) of the units in the same column as the selected unit 503
      to open and close the gates 447" of the units 505, 503, 506 and 507 in
      accordance with the write-in information. Throughout the above-described
      process, a series of magnetic domains corresponding to the write-in
      information enter successively into the major loop 417 of only the
      selected unit 503, and thereby, the series of magnetic domains are aligned
      along the major loop. In the half-selected units 501, 502 and 504,
      however, the input of domains into the major loops would not occur,
      because the gates 447" are kept closed although the gates 447' are opened.
      Also, in the half-selected units 505, 506 and 507 in the same column as
      the selected unit 503, the input of domains into the major loops would not
      occur, because the gates 447' are kept closed although the gates 447" are
      opened are closed in response to the write-in information. In this way, in
      the write-in operation, the Y'-line selector circuit 614-1 operates in
      response to the address information as well as the write-in information.
      When the series of domains corresponding to the newly written information
      on the major loop 417 of the selected unit 503 have been propagated up to
      the positions on the major loop opposed to the minor loops in which the
      respective magnetic domains are to be stored, a gate current is fed from
      the X-line selector circuit 611 to the terminal 512 to open the memory
      gates 441 to 446. As a result, in the selected unit 503, the series of
      magnetic domains written in the major loop 417 by the input section are
      inserted into the domain memory positions in the minor loops 411 to 416
      which have been previously made vacant. In the half-selected unit 501, 502
      and 504, the series of domains propagated round the respective major loops
      almost by one revolution are stored again in the memory domain positions
      of the respective minor loops where they were originally stored. Thus, the
      write-in operation has been completed.
PAR  Furthermore, in the operation of reading out information from the selected
      unit 503, a gate current is supplied from the X-line selector circuit 611
      to the terminal 512 for the conductors 451 (X.sub.2 -line) of the units in
      the same row as the selected unit 503 to open the memory gates 441 to 446,
      and as a result, the information stored in the memory domain positions of
      the minor loops 411 to 416 in the unit 503 is transferred to the major
      loop 417 for readout. At this time point, the information existing at the
      memory domain positions in the minor loops 411 to 416 of the units 501,
      502 and 504 (half-selected units) in the same row as the selected unit 503
      corresponding to those of the minor loops to be read out in the unit 503
      are also transferred to the respective major loops 417. Thereafter, when a
      gate current is sent from the Y-line selector circuit 613 to the terminal
      523 for the conductors 454 (Y.sub.3 -line) of the units in the same column
      as the unit 503 to open the gates 449, the domains present in the major
      loop 417 of the selected unit 503 are transferred to the path 461, and
      after they have been detected by the detector 434 to be converted into
      electrical signals, they continue to move round the major loop 417. In
      contrast, in the half-selected units 501, 502 and 504, since the gates 449
      are kept closed, the domains existing in the respective major loops merely
      continue to move around the major loop after they have been transferred to
      the path 460. Since the propagation period of a magnetic domain along the
      path 460 is equal to that along the path 461, the respective series of
      domains propagated along the major loops of the units 501, 502, 503 and
      504 almost by one revolution simultaneously come up to the positions on
      the respective major loops opposed to the corresponding minor loops in
      which the domains were originally stored. At this moment, if a gate
      current is fed from the X-line selector circuit 611 to the terminal 512 to
      open the memory gates 441 to 446 of the respective units 501 to 504, the
      domains on the respective major loops are stored in the corresponding
      minor loops 411 to 416. Thus, the read-out operation has been
      accomplished.
PAR  As is apparent from the above-mentioned read-out operation, since only the
      magnetic domains present in the selected unit 503, which corresponds to
      the information to be read out are transferred to the domain detector 434,
      the detection can be achieved even though the conductors 455 for the
      detectors 434 of all the units in the memory array 601 are connected
      together. The detected signal voltage is obtained from the terminal 551
      for the conductors 455.
PAR  In the memory system of FIG. 6 using the memory units shown in FIG. 4, as
      will be readily appreciated from the write-in operation, the input of
      unnecessary domains into the major loops of unselected units can be
      prevented and as a result, the write-in period is reduced. In addition, it
      will be appreciated from a comparison of the present memory system with
      the conventional system that in an organization using, for example, 64
      units and wherein the number of simultaneously operating units is only
      one, the conventional memory system as disclosed in Ref. 2 mentioned above
      requires 66 gate driver circuits 66 gate driver circuits, while the
      present memory system needs only 33 driver circuits in total, that is, 8
      circuits for each of the X-lined selector circuit, X'-line selector
      circuit, Y-line selector circuit and Y'-line selector circuit, and one
      RW-line driver circuit. If the conductors for the gate 447" and the gate
      449 in each unit are connected in common to be used on a time division
      basis, the number of the driver circuits can be further reduced to 25.
      Thus, in the present magnetic domain memory system, a smaller number of
      gate driver circuits are needed than in the conventional system, and
      accordingly, the number of connections between the magnetic domain memory
      units and the peripheral circuits can be also reduced. In the conventional
      memory system as disclosed in Reference 1, even in case that the number of
      simultaneously operating units is only one, if the units are arranged in
      rows and columns substantially to form a square, the number of the
      read-out amplifiers is increased although the number of the gate driver
      circuits is decreased.
PAR  In FIG. 7 which shows a third example of the magnetic domain memory unit,
      the input section of this modified unit has three signal lines. This is in
      clear contrast to the unit shown in FIG. 4, in which the input section is
      provided with two signal lines. A memory array can be also constructed by
      arranging a plurality of these modified units in the row-column
      arrangement. A detailed description of the magnetic domain memory system
      employing the memory arrays will be omitted and only the distinction
      thereof from the above-described embodiments of the present invention will
      be clarified herinunder. One difference in the manner of wiring between
      the units in one of these memory arrays and those shown in FIG. 5 lies in
      that the third signal lines in the input sections of all the units of FIG.
      7 are electrically connected together. Moreover, another difference
      between the magnetic domain memory system employing the units of FIG. 7
      and that shown in FIG. 6 exists in that signals based on address
      information are applied to a first signal line 752-1 and a second signal
      line 752-2 in the input section, while a signal based on write-in
      information is applied to a third signal line 752-3 in the input section.
      Whether the second magnetic domain memory unit shown in FIG. 4 is employed
      or the third magnetic domain memory unit shown in FIG. 7 is employed, is
      determined on the basis of the complexity of the unit and the number of
      peripheral circuits.
PAR  While the number of the minor loops is selected to be six in the units
      illustrated in FIGS. 1, 4 and 7, the number of the minor loops is never
      limited to this particular number. Moreover, even if the relative
      positioning of the component elements of a unit should be somewhat
      modified from the chip construction of the unit illustrated in these
      figures, the input and output sections included in the present unit could
      be integrally assembled in the same chip. Furthermore, although the number
      of units is chosen to be 16 in the memory arrays illustrated in FIGS. 2
      and 5, the number of the units should not be limited to this specific
      number.
PAR  Generally, almost all of the signal lines of the input and output sections
      of the memory unit according to the present invention are for the gate
      conductors except the conductor for the domain detector. However, it is to
      be noted that the signal lines are not necessarily the gate conductors.
      For instance, in the input section of the unit shown in FIG. 1, the
      generation of a magnetic domain can be controlled by electric currents
      flowing through two conductors 152' and 152". In this case, if a domain
      generator adapted to generate the magnetic domain when electric currents
      are fed to both of two external conductors is employed, then the two
      external conductors serve as the first and second signal lines in the
      input section. In such a case, the domain erasers 132' and 132" and the
      gates 147' and 147" become unnecessary. Still further, in the output
      section, the domain eraser means consisting of the gate 148 and the domain
      eraser 133 can be substituted by a pair of conductors to directly erase a
      magnetic domain with electric currents flowing through these conductors.
PAR  Although the respective gate conductors are provided individually for each
      gate in the magnetic domain memory units illustrated in FIGS. 1, 4 and 7,
      it is also possible to actuate a plurality of gates with a single
      conductor on a time division basis. For example, in the unit shown in FIG.
      7, the conductor 752-2 for a gate 747-2 and a conductor 754 for a gate 749
      are electrically connected together so as to be fed with a current from a
      single driver circuit, and which one of the gates is to be switched ON,
      can be determined by the timing for feeding the current.
PAR  Moreover, though the units comprising the memory arrays illustrated in
      FIGS. 2 and 5 are arranged in a plane in order to clearly represent the
      wiring of the signal lines between the units, they may be piled up in a
      physical configuration. Also, the signal lines within a memory array may
      be sometimes divided in view of a restriction imposed by the peripheral
      circuits. For instance, in the memory array illustrated in FIG. 5, the
      RW-line and/or the S-line may be possibly divided into two lines,
      respectively.
PAR  The details of the construction and component circuits of each magnetic
      domain memory system shown in FIGS. 3 and 6 are omitted from the
      specification and drawings, because such construction and circuits are not
      different from those of the conventional memory system. Various
      modifications could be made with reference to the construction of the
      illustrated present magnetic domain memory system.
PAR  It should be noted that means for applying a biasing magnetic field
      substantially normal to the plane of the sheet in order to keep the
      domains at a predetermined size and means for generating a magnetic field
      rotating in the plane of the sheet so as to propagate the domains and the
      overlay (for instance, TI patterns) of magnetic material for defining the
      propagation paths for the major loop (117 of FIG. 1) and the minor loops
      (111 to 116 of FIG. 1) an other paths represented by thick solid lines are
      omitted from the drawings because the operations of these means have no
      direct bearing on the subject matter of this invention. However, these
      well-known means are disclosed in a paper titled MAGNETIC BUBBLES
      published in SCIENTIFIC AMERICAN, Vol. 224, No. 6, Pages 78 to 90, June
      issue 1971.
PAR  While the present invention has been described above in connection with the
      magnetic domain memory unit represented by the cylindrical magnetic domain
      memory element and the magnetic domain memory system employing the same
      units, it will be understood that the present invention can be practiced
      by employing memory elements other than the cylindrical domain memory
      elements such as, for example, magnetic domain elements having
      magnetization in the plane of the sheet of magnetic material.
CLMS
STM  I claim:
NUM  1.
PAR  1. A magnetic memory unit of a major-minor loop construction comprising: a
      sheet of magnetic material capable of retaining and moving magnetic
      domains; a magnetically soft overlay for defining a major loop and a
      plurality of minor loops; means for selectively transferring the domains
      between the major loop and the minor loops; an input section having a
      plurality of signal lines and memory gates connected thereto for
      selectively feeding the domains to the major loop; an output section
      including means for selectively erasing the domains in the major loop and
      for detecting the presence and absence of the domains in the major loop;
      and means for providing a rotating magnetic field to the sheet to
      propagate the domains on the sheet.
NUM  2.
PAR  2. The magnetic memory unit as claimed in Claim 1 in which said output
      section further includes a plurality of parallel domain propagation paths
      provided in the major loop, domain detector means and domain eraser means
      coupled to one of the propagation paths, and control means for allowing
      domains to be transferred to one of the plurality of parallel propagation
      paths.
NUM  3.
PAR  3. A magnetic domain memory system comprising:
PA1  a. a memory array formed of a plurality of magnetic domain memory units of
      a major-minor loop construction, each of said memory units including an
      input section having a plurality of signal lines and memory gates
      connected thereto for selectively feeding magnetic domains into the major
      loop and an output section including means for selectively erasing the
      magnetic domains in the major loop and for detecting the presence and
      absence of the domains in the major loop;
PA1  b. first means for feeding signals to the plurality of signal lines of the
      input sections in selected magnetic domain memory units in accordance with
      address information and write-in information so that magnetic domains may
      enter from the input sections into the major loops of the selected memory
      units;
PA1  c. second means for supplying signals to the memory gates in the selected
      memory units in accordance with the address information;
PA1  d. third means for detecting signals fed from the commonly connected domain
      detector means of the selected magnetic domain memory units and unselected
      magnetic domain memory units;
PA1  e. fourth means for feeding signals to the domain eraser means in
      accordance with information for controlling write-in and read-out
      operations, the domains eraser means of the plurality of magnetic domain
      memory units being connected in common; and
PA1  f. control means for controlling the first to fourth means.
NUM  4.
PAR  4. A magnetic domain memory system comprising:
PA1  a. at least one memory array formed of a plurality of magnetic domain
      memory units of a major-minor loop construction, each of said memory units
      including an input section having a plurality of signal lines and memory
      gates connected thereto for selectively feeding magnetic domains into the
      major loop and an output section including a plurality of parallel domain
      propagation paths provided in the major loop, domain detector means and
      domain eraser means coupled to one of the propagation paths, and control
      means for allowing domains to be transferred to one of the plurality of
      parallel propagation paths;
PA1  b. first means for feeding signals to the plurality of signal lines of the
      input sections in the magnetic domain memory units, one of which has been
      selected for each said memory in accordance with address information and
      write-in information so the magnetic domains may enter from the input
      sections into the major loops in the selected magnetic domain memory
      units;
PA1  c. second means for giving signals to the memory gates and the control
      means in the output sections of the magnetic domain memory units in
      accordance with the address information so that magnetic domains may be
      transferred to each domain propagation path including the domain detector
      means and the domain eraser means in the output sections of the selected
      magnetic domain memory units;
PA1  d. third means for detecting signals fed from the domain detector means in
      the output sections which are connected in common among the plurality of
      magnetic domain memory units for each said memory array;
PA1  e. fourth means for feeding signals to the domain eraser means in
      accordance with information for controlling write-in and readout
      operations the domain eraser means of the plurality of magnetic domain
      memory units being connected in common; and
PA1  f. control means for controlling the first to fourth means.
NUM  5.
PAR  5. An information storage system comprising:
PA1  a two-dimensional memory array composed of a plurality of memory units
      arranged electrically in rows and columns, each of said memory units
      comprising, a sheet of magnetic material in which magnetic domains are
      moved in response to propagation fields, means for defining a major loop
      in said sheet, means for defining a plurality of minor loops in said
      sheet, means for selectively transfering magnetic domains between said
      major loop and said plurality of minor loops, input means having at least
      two signal lines and arranged to allow magnetic domains to be fed to said
      major loop only when said at least two signal lines are simultaneously
      enabled, and output means for detecting the presence and absence of
      magnetic domains in said major loop and for annihilating magnetic domains
      in said major loop;
PA1  a plurality of memory select lines, one for each row of said memory units;
      each said memory select line consisting of the series connection of the
      first one of said signal lines for each memory unit in the corresponding
      row;
PA1  a plurality of bit select lines, one for each column of said memory units;
      each said bit select line consisting of the series connection of the
      second one of said signal lines for each memory unit in the corresponding
      column; and
PA1  means for selectively activating any one or more of said memory select and
      bit select lines to write desired bits in selected memory units without
      effecting the other unselected memory units.
NUM  6.
PAR  6. The arrangement of claim 5, wherein said input means includes at least
      two gates each connected to the respective one of said at least two signal
      lines for selectively controlling the flow of magnetic domains into said
      major loop.
NUM  7.
PAR  7. The arrangement of claim 6, wherein said at least two gates are
      connected in series between a magnetic domain generator and said major
      loop.
NUM  8.
PAR  8. The arrangement of claim 7 wherein each of said at least two gates has
      an eraser connected to its input for annihilating magnetic domains when
      the gate is not enabled.
NUM  9.
PAR  9. An information storage system comprising:
PA1  a two-dimensional memory array composed of a plurality of memory units,
      said memory units each being of a major-minor loop construction and
      including input means having at least two signal lines, said input means
      being arranged to allow magnetic domains to be supplied to the major loop
      only when said at least two signal lines are simultaenously enabled, said
      memory units further comprising means for defining at least two parallel
      propagation paths in said major loop and gate means for selectively
      directing magnetic domains to one of said at least two parallel
      propagation paths;
PA1  means for enabling a first one of said at least two signal lines of each
      memory unit located in a selected row of said two-dimensional memory
      array;
PA1  means for enabling a second one of said at least two signal lines of each
      memory unit located in a selected column of said two-dimensional memory
      array; and
PA1  means for enabling said gate means of each memory unit located in the
      selected column of said two-dimensional memory array.
NUM  10.
PAR  10. An information storage arrangement comprising: a sheet of magnetic
      material in which magnetic domains are moved in response to propagation
      fields, means for defining a major loop in said sheet, means for defining
      a plurality of minor loops in said sheet, means for selectively
      transferring magnetic domains between said major loop and said plurality
      of minor loops, input means having at least two signal lines and arranged
      to allow magnetic domains to be fed to said major loop only when said at
      least two signal lines are simultaneously enabled, means for defining at
      least two parallel propagation paths in said major loop, gate means for
      selectively directing magnetic domains to one of said at least two
      propagation paths, means for detecting the presence and absence of
      magnetic domains in one of said at least two propagation paths, and means
      for annihilating magnetic domains in one of said at least two propagation
      paths.
NUM  11.
PAR  11. The arrangement of claim 10 wherein said at least two parallel
      propagation paths have the same length.
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ABST
PAL  The invention relates to a device for magneto-optic memories controlled by
      light and/or heat in an external magnetic field, in which the
      magneto-optic material of the memory has a photoconductive layer which can
      be activated by the control beam and which can be controlled by means of
      electrodes provided thereon via a current or voltage source.
BSUM
PAR  The invention relates to an information storage device having a storage
      plate of a magneto-optic material which can be controlled by means of a
      light beam.
PAR  The use of magneto-optic memory materials, for example, manganese-bismuth
      or iron garnet, in the form of thin films for the erasable storage of
      optically presented information in optic memory systems is known (I.E.E.E.
      Trans. Mag-9,66 (1973): MnBi films for magneto-optic recording: Appl.
      Phys. Lett. 20, 451 (1972): Thermomagnetic recording in thin garnet
      layers). The storage material is magnetized at right angles to the storage
      plane in a positive or in a negative direction. A given information state
      corresponds to a given distribution of the magnetization in the layer; for
      example, a region magnetized in a positive direction represents a binary
      information unit "1", whereas a region magnetized in the reverse direction
      represents a binary "0", or conversely.
PAR  The storage material is divided into a large number of magnetic domains,
      the storage sites, the magnetization state of which represents the
      information state. In practice the cross-section of a storage site is
      between 1 and 10 .mu.m. So storage densities of 10.sup.6 bits/cm.sup.2 or
      more are reached.
PAR  The recording of information occurs by directing a focused laser beam on a
      storage site. The storage material is heated by the absorbed light energy
      in the region of the exposed zone. The heating produces a considerable
      reduction of the anisotropy field in the exposed region. The stability of
      the direction of the magnetization present thereby becomes smaller. This
      enables the reversal of the direction of magnetization in the exposed
      regions by the short-lasting switching-on of an external magnetic field.
      In practice there will be operated mainly in the proximity of the Curie
      temperature (for example, in manganese-bismuth). The local thermomagnetic
      switching may also take place advantageously in the proximity of the
      compensation temperature (for example, in garnet materials). After
      switching-off the laser beam, a new magnetization direction with great
      stability adjusts upon cooling. Due to the small size of a storage site,
      said process of heating and cooling must take place very rapidly in order
      that a reversal of the magnetization in a storage site be reached before
      the supplied thermal energy has flowed away to adjacent regions. In
      materials which are useful in practice, for example, in iron garnet
      materials, said time for the envisaged size of a storage site lies below
      10 .mu.sec. A characteristic value of the energy to be supplied is 0.1 to
      1 Erg per storage site to obtain the desired temperature increase. This
      involves that for recording information in a storage site, for example,
      within 1 .mu.sec a laser power of at least 10-100mW is required. It is
      endeavoured in practical memory systems to record large quantities of
      information in a short period of time. This is achieved, for example, by
      arranging a larger number of storage sites in parallel. It is obvious that
      in that case, however, due to the required switching power, very large
      laser powers are necessary which can be supplied only by expensive lasers
      having a high output power.
PAR  It is the object of the present invention to reduce the light energy
      required for switching known magneto-optic materials. According to the
      invention this is achieved in that a photoconductive layer is provided on
      the magneto-optic material of the storage plate, which layer can be
      activated by the light beam and which can be controlled by means of
      electrodes provided thereon via a current or voltage source.
PAR  By means of a photoconductor as a light-sensitive switching element, the
      actual energy for switching a storage site is no longer derived from the
      light energy but from an electric source.
PAR  In addition to the increase of the photosensitivity which is possible by
      using a photoconductor, the particular advantage of the device according
      to the invention resides in the fact that as a result of the electronic
      heating the power required for switching need no longer be obtained by
      absorption of light in the magneto-optic material and hence the
      composition of the magnetic material can be optimized with a view to a
      maximum read-out signal, so, for example, in the direction of a light
      absorption .alpha. which is as small as possible with a Faraday effect
      which is as large as possible (that is to say with a maximum "figure of
      merit" F/.alpha.).
PAR  Notably this is of particular advantage in Bi-substituted ferrimagnetic
      garnet fims which for thermomagnetic switching were so far grown in
      Pb-containing melts, in order to obtain a light absorption which is
      sufficient for the heating by incorporating Pb. Said layers can now be
      manufactured without Pb so that the figure of merit is considerably
      increased.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawing, in which:
PAR  FIG. 1 illustrates a known magneto-optic information storage device, and
PAR  FIGS. 2 and 3 show storage devices with photoconductors according to the
      invention.
DETD
PAR  In the storage device shown in FIG. 1 the magneto-optic storage plate SP is
      surrounded by a coil SM for generating an external magnetic field. The
      storage plate SP can be magnetized in the positive or the negative
      direction dependent on the current direction of the current source SQ.
PAR  The laser beam LS directed on a storage site, for example a domain SD,
      serves to record information. The switching of the direction of
      magnetization in the exposed regions takes place by means of the magnetic
      field applied for a short time by the coil SM.
PAR  FIG. 2 shows a first embodiment of a storage plate to be used in the device
      according to the invention. The magneto-optic material 2, for example the
      said iron garnet, provided on a substrate 1 has a light-permeable
      electrode 3. On the electrode 3 is present a photoconductor 4, for example
      of cadmium sulfide, which on its surface is covered with a transparent
      electrode 5. For switching the magneto-optic material 2 the surface to be
      switched of the device consisting of several layers is illuminated by a
      laser beam 6 which can be deflected. As a result of this the
      photoconductor 4 becomes conductive in the illuminated place. When a
      voltage is applied to the transparent electrodes 3, 5, a current flows in
      the photoconductor 4, the strength of which depends upon the irradiated
      light power. It is assumed that the resistance of the photoconductor 4 in
      the unexposed condition has such a high value that unexposed zones remain
      non-conductive. In accordance with the product current times voltage, a
      power is converted in the photoconductor 4 which results in the rise of
      the temperature in the photoconductor in the exposed place. Besides by
      switching with a direct voltage source 7, an effective generation of heat
      due to energy losses in photoconductors is also possible with an
      alternating voltage and high frequency voltage, respectively, in
      particular when, as a result of this, resonance movements of the charge
      carriers are excited. As a result of this the ratio between electric power
      and light power can even be increased. The produced thermal energy flows
      to the adjacent region of the magneto-optic storage material by thermal
      conductivity so that this is also heated. By means of the applied voltage
      the generated thermal energy can be adjusted so that a sufficient
      temperature increase in the storage material 2 is obtained. A
      short-lasting temperature increase is achieved in that the voltage across
      the photoconductor 4 is switched on only for a short period of time. The
      energy for switching the storage material 2 is thus derived from the
      electric source, the irradiated light being used only as a control
      parameter. The described device thus combines the storage power of the
      magneto-optic material with the known photosensitivity of a photoconductor
      so that information can be recorded with a very low light power.
PAR  A second embodiment of the storage plate to be used in the device according
      to the invention is shown in FIG. 3. In this case the magneto-optic
      material has an interdigitated structure of electrodes 8, 9 which serve to
      supply the electric energy. The distance between adjacent interdigitated
      elements 8', 9' should be smaller than the focus diameter of the control
      beam. The photoconductor 4 is provided on said structure. When the
      photoconductor 4 is exposed to light, a current flows through the
      photoconductor 4 in the region of the exposed zone 10 between each time
      two electrodes of the interdigitated structure which are connected to the
      two terminals of the voltage and current source 7', respectively. In the
      same manner as already described above, a local heating of the
      magneto-optic material 2 is thus obtained. Other electrode forms are of
      course feasible within the scope of the described embodiments.
PAR  In order to enable a reading out of the stored information by means of the
      Faraday effect in transmission, the photoconductor 4 must pass the
      irradiated light at least partly. When using non-transparent
      photoconductors, the magnetization condition can be established optically
      in reflection by means of the Kerr effect. Both partly transparent and
      non-transparent photoconductors are therefore useful in principle.
PAR  As explained above, within the scope of the invention there is thus
      available, besides light and magnetic field, a third control parameter as
      a result of which another degree of freedom, in particular with respect to
      a block-wise optical addressing, is obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An information storage device comprising a storage plate of a
      magnetizable material, means including a light beam for recording and
      retrieving information in said storage plate, a photoconductive layer on
      the magneto-optic material of the storage plate, and electrode means on
      said photoconductive layer, said electrode means being connected to an
      electrical power source to heat said layer.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein the electrodes are transparent
      and the photoconductive layer is disposed between the transparent
      electrodes.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein the electrodes are positioned
      only on one surface of the photoconductive layer.
NUM  4.
PAR  4. A device as claimed in claim 1 wherein the magneto-optic material is
      iron garnet having a domain formation.
NUM  5.
PAR  5. A device as claimed in claim 1 wherein the photoconductive layer is
      transparent.
NUM  6.
PAR  6. A device as claimed in claim 1 wherein the photoconductive layer is not
      transparent and the surface of the magneto-optic material remote from the
      photoconductive layer is reflecting.
NUM  7.
PAR  7. A device as claimed in claim 3 wherein the electrodes are positioned on
      a surface of the photoconductive layer facing the magneto-optic material.
NUM  8.
PAR  8. A device as claimed in claim 1 wherein the photoconductive layer is
      cadmium sulfide.
NUM  9.
PAR  9. A device as claimed in claim 4 wherein said magneto-optic material is a
      bismuth substituted ferrimagnetic garnet.
NUM  10.
PAR  10. A device as claimed in claim 1 wherein said light beam is a laser beam.
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ABST
PAL  A character generator system suitable for creating a character display on
      the screen of a standard TV receiver is disclosed. The character generator
      system includes a sync generator which generates timing and synchronizing
      signals that create a 263 line, non-interlaced, roster. The character
      generator system also includes a character generator adapted to receive
      binary signals that define the character display. The character generator
      is timed and synchronized by the sync generator so as to create a charater
      video signal suitable for creating the character display as the screen of
      the TV receiver is scanned. Color is added to the character video signal
      by a chroma generator in a manner such that the background is in one color
      and characters are in another color. The 263 line raster (non-interlaced)
      results in a color display without color fringing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to character generation systems and more
      particularly to character generation systems for creating a character
      display on a TV receiver.
PAR  One of the problems with some prior art character generator systems is that
      they will not create characters on the screen of a standard residential TV
      receiver without substantial modifications being made to the receiver.
      Thus, they use expensive special receivers for character display. Another
      problem with prior art color character generator systems, is the
      undesirable color fringing effect which occurs when a standard interlaced
      262 1/2 dual field technique is used. This invention is directed to
      overcoming these and other problems related to prior art character
      generator systems, particularly those which display characters in color.
PAR  More specifically, in setting standards for broadcast color television,
      special consideration was given to the method of coding the color values
      and combining it with the monochrome information in a compatible and
      bandwidth conserving manner. The standards for accomplishing this have
      been set forth by the NTSC and approved by the FCC.
PAR  The general principle utilizes a low visibility subcarrier for transmission
      of the chrominance information. In effect a system was developed which
      would introduce a subcarrier, the frequency of which would be an odd
      harmonic of over half the line scanning frequency. The result is to
      distribute the energy in the frequency spectrum in areas where
      substantially no energy normally exists, halfway between the line
      frequency harmonics.
PAR  By using the odd harmonics of 1/2 the line frequency, the subcarrier on
      line 526 (line 1 of the successive frame) will be 180 degrees out of
      phase, relative to the previous frame of line 1. This reversal results in
      low visibility because of the physiological integration of the eyes of the
      viewer.
PAR  One problem that results from the use of this subcarrier relationship is an
      apparent upward crawl of the odd harmonic, one half the line, frequency
      pattern. This dot crawl is particularly visible in synthetically generated
      color pictures such as computer generated graphics and alphanumeric
      character generators.
PAR  A solution to the upward edge crawl can be obtained by changing the number
      of lines per frame from the standard 525 lines to 526. This results in a
      very small change in the vertical rate, but not enough to affect most
      standard color receivers.
PAR  This also results in a non-interlaced picture because each successive field
      now becomes overlayed, line-for-line with the preceding one. Now only half
      the number of lines appear on the raster as normal. In the case of
      computer generated graphics, however, often the second field is redundant
      with the first, and as a result, no loss of resolution occurs. In fact,
      with computer generated graphics, the appearance is subjectively improved
      by the use of non-interlaced sync. One of the requirements for these
      results is that the horizontal frequency be an odd harmonic of the
      vertical frequency. This results in a 180.degree. phase reversal of the
      subcarrier, not only from line to line, but now from field to field,
      resulting in complete invisibility of the subcarrier components in a
      stationary picture.
PAR  Since the number of lines per field must be an odd number, and to maintain
      compatibility with NTSC standards, 263 lines per field is chosen by this
      invention as the closest odd number to the standard 262-1/2 lines.
PAR  It is an object of this invention to provide a character generator system.
PAR  It is also an object of this invention to provide a character generation
      system for creating the character display on a TV receiver.
PAR  It is a further object of this invention to provide a character generation
      system suitable for creating a non-interlaced character display on a
      standard residential TV receiver.
PAR  It is a still further object of this invention to provide a character
      generation system for creating a non-interlaced character display in color
      on a residential TV receiver.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and many of the attendant advantages of this
      invention will become more readily understood by reference to the
      following detailed description when taken in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a block diagram of a preferred embodiment of the invention;
PAR  FIG. 2 is a block diagram of a sync generator suitable for use in the
      embodiment of the invention illustrated in FIG. 1;
PAR  FIG. 3 is a block diagram of a timing chain suitable for use in the sync
      generator illustrated in FIG. 2;
PAR  FIG. 4 is a block diagram of a TV sync generator for use in the sync
      generator illustrated in FIG. 2;
PAR  FIG. 5 is a block diagram of a clock for character generator suitable for
      use in the sync generator illustrated in FIG. 2;
PAR  FIG. 6 is a block diagram of a character generator suitable for use in the
      embodiment of the invention illustrated in FIG. 1;
PAR  FIG. 7 is a block diagram of an input data register suitable for use in the
      character generator illustrated in FIG. 6;
PAR  FIG. 8 is a block diagram of character generator circuitry suitable for use
      in the character generator illustrated in FIG. 6;
PAR  FIG. 9 is a block diagram of a write address register control suitable for
      use in the character generator illustrated in FIG. 6;
PAR  FIG. 10 is a block diagram of a write address register suitable for use in
      the character generator illustrated in FIG. 6;
PAR  FIG. 11 is a block diagram of a write timing circuit suitable for use in
      the character generator illustrated in FIG. 6;
PAR  FIG. 12 is a block diagram of a cursor video generator suitable for use in
      the character generator illustrated in FIG. 6;
PAR  FIG. 13 is a block diagram of a chroma generator suitable for use in the
      embodiment of the invention illustrated in FIG. 1;
PAR  FIG. 14 is a block diagram of a color code selection network suitable for
      use in the chroma generator illustrated in FIG. 13; and,
PAR  FIG. 15 is a block diagram of a character/chroma gate generator suitable
      for use in the chroma generator illustrated in FIG. 13.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Prior to describing a preferred embodiment of the invention, reference is
      hereby made to U.S. Pat. application Ser. No. 397,288 filed concurrently
      herewith (Sept. 14, 1973) and entitled MULTIPLE CHANNEL TELEVISION DISPLAY
      SYSTEM. That application descirbes a character display system wherein the
      invention described herein is useful and the information contained in that
      application is hereby incorporated herein by reference.
PAR  Turning now to a preferred embodiment of the invention, FIG. 1 illustrates
      a preferred embodiment of the invention and comprises: a sync generator
      101; a character generator 103; and, a chroma generator 105. The sync
      generator generates synchronizing or timing signals which define in binary
      terms the dots located on the screen of a TV picture tube along a 263 TV
      line display. These and other timing signals generated by the sync
      generator control the creation of the character display. The character
      generator receives binary signals designated A8-A14, which may be
      generated in the manner described in the patent application referenced
      above. These binary signals define the nature of characters to be
      displayed. The character generator creates a character video signal (CHV)
      which includes information necessary to form the characters as a TV
      picture tube is scanned. The chroma generator receives the CHV signal and
      adds color information to it.
PAC  SYNC GENERATOR
PAR  In general, the sync generator is adapted to generate synchronizing signals
      for use by the character generator and the chroma generator.
PAR  FIG. 2 is a block diagram illustrating a sync generator suitable for use by
      the preferred embodiment of the invention illustrated in FIG. 1 and
      comprises a frequency generator 300; a timing chain 302; a TV sync
      generator 304; and a clock for character generator 306.
PAR  The frequency generator is powered from a suitable source and generates a
      3.5MHz subcarrier signal designated F which is applied to the chroma
      generator. In addition, the frequency generator generates an (8/5) F
      (5.8MHz) signal which is applied to the character generator and to the
      timing chain 302 of the sync generator. The frequency generator may be a
      phase locked loop or any other suitable type of frequency source adapted
      to generate the desired signals.
PAR  The timing chain generates a plurality of signals which are applied to the
      character generator and the chroma generator. In addition, the timing
      chain applies timing signals to the TV sync generator 304 and to the clock
      for character generator 306. The TV sync generator generates chroma
      control signals (CSY, CBL and SCG) which are applied to the chroma
      generator and an ECP enabling signal which is applied to the character
      generator. The clock for character generator generates clock pulses which
      are applied to the character generator.
PAR  In accordance with the preferred embodiment of the invention, the maximum
      possible number of rows of characters that can be displayed on a TV screen
      are sixteen. Each of the sixteen possible rows includes twelve TV lines.
      Of the twelve lines, seven are utilized for character display and the
      remaining five are utilized to provide space between the rows of
      characters. In each row, there is a potential 52 character positions from
      one side of the screen to the other side. However, in accordance with the
      preferred embodiment of the invention only 32 of the 52 possible positions
      are used in an actual display. In each character position, there are seven
      horizontal dot positions in each of the 12 lines (seven being used for
      character display). Of these seven positions, only five are used to
      provide a character display. The other two dot positions provide spaces
      between characters. In addition, the invention utilizes a unique single
      263-line TV raster, rather than two interlaced fields of 262-1/2 lines
      each, as is common in standard commercial television broadcast systems.
      However, this scanning technique will operate a conventional TV receiver
      without modification because suitable synchronizing information is
      included with the display information ultimately transmitted on the
      various channels of an overall multiple channel television display system
      formed in accordance with the invention. The 263 line TV raster, when the
      receiver display is in color has been found to eliminate color fringing
      problems associated with conventional 262 1/2 interlaced field systems.
PAR  A timing chain suitable for use in the sync generator illustrated in FIG. 2
      is illustrated in FIG. 3. The timing chain illustrated in FIG. 3 comprises
      a dot code generator 308; a character position code generator 310; a line
      position code generator 312; a row position code generator 314; and end
      flip-flop 316; and a vertical dead time flip-flop 318.
PAR  Basically, the dot code generator, the character position code generator,
      the line position code generator and the row position code generator form
      a dividing chain adapted to divide the (8/5) F signal generated by the
      frequency generator into timing signals suitable for creating the display
      previously described. The dot code generator 308 is a divide-by-seven
      counter adapted to generate signals designated D0, D1 and D2. The coding
      of these signals designates such position of the seven positions of a
      particular dot portion of a line of a row of characters. That is, as
      previously described, each character position along a TV line is defined
      by seven dot positions. The DO, D1 and D2 outputs in a binary manner
      define each of the seven positions.
PAR  Each time the dot code generator cycles it sends a pulse to the character
      position code generator 310. The character position code generator is a
      divide-by-fifty-two counter which divides each TV line (including retrace)
      into 52 character positions. As previously indicated, only 32 of these
      positions are actually used for a character display, the other positions
      being located on either side of the actual characters being displayed or
      in retrace. The outputs of the character position code generator are
      designated C0-C5. The binary code on these outputs uniquely identifies
      each of the 52 character positions.
PAR  The character position code generator generates a pulse once each TV line
      and applies the pulse to the line position code generator 312. The line
      position code generator is a divide-by-twelve counter whose outputs define
      in a binary manner the twelve lines making up each row of characters. The
      outputs from the line position code generator are designated L0, L1, L2
      and L3.
PAR  Once each cycle the line position code generator applies a pulse to the row
      position code generator 314. The row position code generator is a
      divide-by-sixteen counter whose binary outputs define the sixteen lines of
      the character display. These outputs are designated V4, V5, V6 and V7. The
      output of the last stage of the row position code generator is connected
      to the D input of the end flip-flop 316 and to the D input of the vertical
      dead time flip-flop 318. C5 is applied to the C inputs of both of these
      flip-flops. Thus, once each "frame" the end and vertical dead time
      flip-flops are triggered with a one on their inputs. The output from the
      end flip-flop 316 is designated V8 and the output from the vertical dead
      time flip-flop 318 is designated VDT. V8 lasts from the first TV line of
      row 17 to the eleventh line of the twenty-second row (line 263 of the
      scan) and is used to reset the timing chain for the next frame which is
      the same as the first frame (i.e., no "interlacing" occurs --). V8 is also
      used to perform other functions as hereinafter described.
PAR  FIG. 4 is a block diagram of a TV sync generator suitable for use by the
      sync generator illustrated in FIG. 2. The TV sync generator illustrated in
      FIG. 4 comprises: a decoder 320; three RS latches 322, 324 and 326; five
      two-input NOR gates designated G124-G128; six two-input NAND gates
      designated G129-G134; two three-input NAND gates designated G135 and G136;
      and, two inverters designated I44 and I45.
PAR  C4 is applied to one input of G129. C1, C2 and C3 are applied to the signal
      inputs A, B and C of the decoder 320. C5 is applied to the second input of
      G129 and to one input of G130. The output of G129 is connected to the R
      input of the first RS latch 322. The output of G129 is also connected to
      the second input of G130. The output of G130 is connected to the enable
      input of the decoder 320. Thus, when C4 and C5 are in appropriate states
      (C4-zero, C5-one or vice versa) the decoder 320 is enabled to "read" the
      C1, C2 and C3 signals. These signals are decoded and create binary signals
      on four outputs (1, 2, 3 and 4). The first output (1) of the decoder is
      connected to the S input of the first RS latch 322. The second output (2)
      of the decoder 320 is connected to one input of G127. The other two
      outputs (3 and 4) of the decoder are connected to the two inputs of G134,
      respectively. The output of G134 is connected to one input of G128. The Q
      output of the first RS latch 322 is connected to one input of G126.
PAR  L0 and L1 are applied to the two inputs of G124 and two of the inputs of
      G136. L2 is applied to one input of G135. The output of G124 is connected
      to a second input of G135. V4 is applied to one input of G125. V5 is
      applied to one input of G131, and through I45 to one input of G133. V6 is
      applied to one input of G132. V8 is applied to one input of G131, the
      second input of G132 and through I44 to the second input of G133.
PAR  The output of G131 is connected to the second input of G125. The output of
      G125 is connected to the third inputs of G135 and G136, respectively. The
      output of G135 is connected to the S input of the second RS latch 324 and
      to the S input of the third RS latch 326. The output of G136 is connected
      to the R input of the second RS latch 324. The output of G132 is connected
      to the R input of the third RS latch 326. The Q output of the second RS
      latch is connected to the second inputs of G127 and G128, respectively.
      The Q output of the third RS latch 326 is connected to the second input of
      G126.
PAR  The output of G126 is a signal designated CBL which stands for composite
      blanking. The signal occurs at predetermined intervals, determined by the
      nature of its input signals, to cause blanking of the screen of the TV
      display. Without going into the matter in detail, because the logic is
      apparent from the FIG. 4, CBL achieves a one state when characters are not
      to be displayed, i.e., around the edges of the sixteen line display,
      between the characters, and between the rows.
PAR  The output from G127 is a signal designated SCG and is utilized by the
      character generator hereinafter described. This signal is a subcarrier
      burst gate signal. The output of G128 is a signal designated CSY and
      provides composite sync. CSY is inserted into the resultant video signal
      in the manner hereinafter described. The output of G133 is a signal
      designated ECP.
PAR  ECP is applied to the character generator to enable a comparator in the
      manner hereinafter described.
PAR  FIG. 5 is a block diagram of a clock for character generator suitable for
      use in a sync generator illustrated in FIG. 43. In essence, the clock for
      character generator in reality is a decoder which decodes the pulses
      generated by the timing chain in a manner such that clock and other
      instruction pulses are generated for use by the character generator at
      appropriate times and in appropriate sequences.
PAR  The clock for character generator illustrated in FIG. 5 comprises: a D
      flip-flp designated FF32; four three-input NOR gates designated G137 -
      G140; two two-input NOR gates designated G141 and G142; four two-input
      NAND gates designated G143 - G146; and, three inverters designated I46,
      I47 and I48. C5, L3 and V8 are applied to the three inputs of G137. The
      output of G137 is connected to the D input of FF32. D2 is applied to the C
      input of FF32. The Q output of FF32 is designated STS (strobe) and is
      connected to the hereinafter described character generator. The Q output
      of FF32 is connected to the reset input of FF32, but is delayed from
      applying a reset pulse to FF32 by virtue of a capacitor C6 connected
      between Q and ground.
PAR  D1 is applied to one input of G138 aand through I46 to one input of G139.
      D0 is applied to the second input of G139 and through I47 to the second
      input of G138. C5, D2 and VDT are applied to the three inputs of G140. The
      output of G140 is connected to one input of G143 and to one input of G144.
      D1 is applied to the second input of G144. L0 and L1 are applied to the
      two inputs of G141. The output of G141 is connected to the second input of
      G143 and to one input of G145.
PAR  L2 and L3 are applied to the two inputs of G142. The output of G142 is
      connected to the second input of G145. The output of G145 is designated
      CHL0 (Character line zero) and is connected to one input of G146. C5 is
      applied to the second input of G146, through I48. The output of G146 is
      designated LSW. The output of G138 is designated CP1, the output of G139
      is designated CP2 and the output of G144 is designated CP3.
PAR  As previously indicated, all of the outputs of the clock for the character
      generator illustrated in FIG. 5 are applied to the character generator as
      hereinafter described. In general, these signals provide timing for the
      character generator so that it will operate in the hereinafter described
      manner.
PAC  CHARACTER GENERATOR
PAR  FIG. 6 is a block diagram of a character generator suitable for use in the
      preferred embodiment of the invention illustrated in FIG. 1. In general,
      the character generator receives timing and display instruction from the
      indicated sources and, in accordance with those instructions, controls the
      generation of characters to be displayed by a TV receiver. In other words,
      the character generator, in essence, generates signals which, when
      received by a standard TV receiver, create a character display. These
      signals, like any other standard TV signals include information regarding
      the positioning of characters and the color of the characters (and
      background) as the TV screen is scanned in a standard manner. That is, as
      scanning occurs, the guns of the picture tube emit electron beams whose
      intensity is controlled so that the end result is that a colored character
      display is provided, without color
PAR  The character generator illustrated in FIG. 6 comprises: an input data
      register 330; character generator circuitry 332; a function decoder 334; a
      comparator 336; a write address register 340; a write timing circuit 342;
      and a cursor video generator 344. The input data register 330 receives
      instructions A8-A14 and food, as described in the patent application
      referenced above and incorporated herein by reference, which identify the
      particular characters to be displayed. This character identification
      information is sequentially applied to the character generator circuitry
      332 wherein it is stored and utilized to create television signals
      designated CHV (character video) which control the intensity of the
      electron beam(s) at each point on the face of the TV picture as the
      beam(s) scan the picture tube face.
PAR  In addition, the instructions related to the nature of the characters to be
      displayed are decoded by a function decoder whose output is utilized to
      control the write address register control 338. In addition, the function
      decoder generates two signals, O and P, that indicate whether or not the
      input data register is receiving new instructions. These signals are used
      by logic described in the referenced patent application to control the
      writing of new instructions into the character generator circuitry via
      control signals W0-W7 and R0-R7.
PAR  The write address register control controls the write address register
      whose output is compared in the comparator with certain outputs from the
      sync generator related to the "position" of the electron beam. Assuming
      suitable comparisons are found, the output from the comparator controls
      the write timing circuit 342 which generates a WRT signal used by logic
      described in the referenced patent application to enable "writing" into
      the character generator circuitry.
PAR  In this manner synchronization between beam position and character position
      is achieved. The cursor video generator, in accordance with the output
      from the comparator, provides a cursor to indicate character position.
PAR  FIG. 7 is a block diagram illustrating an input data register suitable for
      use in the character generator illustrated in FIG. 6. The input data
      register illustrated in FIG. 7 comprises a storage register 346; and a D
      flip-flop designated FF32. Signals A8 - A14 are applied to the seven
      inputs of the storage register 346. A conductor designated 399 from the
      write timing circuit 342 is connected to the enable input of the storage
      register. LOAD is applied to the C input of FF32. LOAD is a signal used to
      inform the input data register that it is enabled to receive the A8 - A14
      signals and is generated in any suitable manner such as described in the
      referenced application. When FF32 is clocked by a LOAD one pulse, it is
      set. FF32 is reset by CL1. The Q output of FF32 is designated STB and is
      connected to the clock (C) input of the storage register 346.
PAR  The seven outputs of the storage register are designated DR0 - DR6. DR0 -
      DR5 are applied to the character generator circuitry 332. DR0 - DR4 are
      applied to the function code generator 334 and DR6 and DR5 are applied to
      the write timing circuit 342. In operation, the storage register 346
      merely stores the character information on conductors A8 - A14 which
      information, in addition to character information per se also includes
      control function information such as spacing (forward and back), line
      spacing (up and down), etc., in a form suitable for decoding by the
      function code generator. In addition, DR5 and DR6 include timing
      information suitable for use by the write timing circuit.
PAR  Character generator circuitry suitable for use by the character generator
      illustrated in FIG. 6 is illustrated in FIG. 8 and comprises page storage
      registers 348; row storage registers 350; a read-only memory 352; and a
      parallel-to-serial converter 354. In addition, an inverter designated I49
      is included in the character generator circuitry.
PAR  The page storage register is, preferably, made up of eight sets of six, 512
      bit recirculating shift registers. These registers, each of which
      represent a page, i.e., a complete display of information, are under the
      control of W0 - W7 and R0 - R7 instructions generated by the suitable
      logic circuits such as those described in the referenced patent
      application. On the other hand if only a single page of information is to
      be illustrated then only one set of six, 512 bit recirculating shift
      registers may be included, as desired. In any event, the capacity of one
      set of registers is adequate to store all the information necessary to
      display a complete page of information. The six outputs of each of the
      six, 512 bit recirculating shift registers are connected to the inputs of
      the row storage registers 350 on a one-by-one basis. That is, one output
      of each of the 512 bit storage registers is connected to one input of the
      row storage registers. The R0-R7 signals determine at any particular
      period of time which of the sets of six, 512 bit recirculating shift
      registers is applying signals to the row storage registers.
PAR  The row storage registers is made up of six, 32 bit shift registers. Thus,
      the row storage registers have the capacity to store instructions adequate
      to define a row of characters.
PAR  The six outputs of the row storage registers 350 are connected to the six
      inputs of the read-only memory 352. In accordance with the binary code on
      the outputs of the row storage registers at any particular period of time,
      the read-only memory generates five binary output signals which are
      applied to the parallel-to-series converter 354. These signals define, in
      parallel form, the nature of the characters. That is, these signals
      control the emissions from the electron guns of the receiving television
      sets, as their--screens are swept. Thus, these signals control the nature
      of the display.
PAR  The parallel-to-series converter converts its input signals into serial
      pulse signals to form a signal designated CHV. Thus, CHV signal contains
      all of the intensity information necessary to create a character display
      on the TV receivers.
PAR  The page storage registers 348 are clocked by the CP1 and CP2 pulses
      generated by the clock for character generator forming part of the sync
      generator illustrated in FIG. 43. The CP3 signal through I49 clocks the
      row storage registers 350. LSW controls loading of the row storage
      registers 350. The L0, L1 and L2 signals are applied to the read-only
      memory 352 to define each TV line so that the ROM generates signals
      related to the character for the particular line that will be swept by the
      TV scan. The parallel-to-serial converter is enabled by the STS signal
      generated by the clock for character generator forming a portion of the
      sync generator. And, the parallel-to-serial converter is clocked by the
      (8/5) F signal output from the frequency generator portion of the sync
      generator. (8/5) F is, of course, the dot frequency rate.
PAR  As previously indicated, the function decoder decodes the DR0-DR4 outputs
      from the input data register as they occur to determine certain
      information. More specifically, the function decoder decodes these outputs
      into seven signals designated FS (forward space), BS (back space), BLF
      (back line feed), CR (carriage return), CLS (clear screen), HME (home),
      and FLF (forward line feed). These signals, obviously, relate to certain
      functions generated by a keyboard or by a newsline teletype or the like.
      Thus, these signals in essence contain information about the nature of the
      character display. These signals are applied to the write address register
      control which, in accordance therewith, controls the write address
      register.
PAR  A write address register control suitable for use in the character
      generator illustrated in FIG. 6 is illustrated in FIG. 9 and comprises:
      two two-input AND gates designated G147 and G148; one three-input NAND
      gate designated G150; one two-input NAND gate designated G149; three
      inverters designated I50, I51 and I52; and, a JK flip-flop designated
      FF33. A conductor designated 407, from the write timing circuit
      hereinafter described, is connected to one input of G148 and one input of
      G150. FS is applied to the second input of G148 and the second input of
      G150. The output of G148 is applied to a conductor designated 409. BS is
      applied to the third input of G150 and to a conductor designated 413. The
      output of G150 is applied to a conductor designated 411. BLF is applied
      through I50 to a conductor designated 415. CR is applied to one input of
      G149.
PAR  CLS is applied to one input of G147 and to the S terminal of FF33. HME is
      applied to the second input of G147. The output of G147 is connected to a
      conductor designated 417 and to the second input of G149. The output of
      G149 is connected through I51 to a conductor designated 403. FLF is
      applied through I52 to a conductor designated 405. The J input of FF33 is
      connected to ground. STB, which is the inverted output of FF32 of the
      input data register, is applied to the C input of FF33. The Q output of
      FF33 is a signal designated WBL (write blank page). When this signal
      occurs, a blanking of the screen of the TV receiver occurs.
PAR  In general, the write address register control decodes the various outputs
      from the function decoder so that these outputs can be used to control
      counters making up the write address register hereinafter described. That
      is, the write address register is formed of two up-down counters and
      associated logic, as will be better understood from the following
      description. These counters and the logic are preset, and pulsed up and
      down by the signals on the conductors 403, 405, 409, 411, 413, 415 and 417
      to create character position signals that correspond to C0-C4 and V4-V7
      for comparison purposes.
PAR  FIG. 10 illustrates a preferred embodiment of a write address register
      suitable for use by the character generator. The write address register
      illustrated in FIG. 10 comprises: two up/down counters 360 and 362; a
      two-input NAND gate designated G151; four two-input NOR gates designated
      G152-G155; and, a JK flip-flop designated FF34. Conductor 409 is connected
      to the up input of the first up/down counter 360 and conductor 413 is
      connected to the down input of the first up/down counter 360. Conductor
      403 is connected to the load input of the first up/down counter 360 and to
      the R input of FF34.
PAR  The first up/down counter 360 is four outputs designated C0', C1', C2' and
      C3' which, as will be better understood from the following description are
      used for comparison with the C0, C1, C2 and C3 signals generated by the
      sync generator.
PAR  The up overflow output (CO) and the down overflow output (BO) of the first
      up/down counter are, respectively, connected to the two inputs of G151.
      The output of G151 is connected to both the J and the K inputs of FF34. C0
      is also connected to one input of G152 and B0 is also connected to one
      input of G154. Conductor 411 is connected to the C input of FF34. The Q
      output of FF34 is designated C4' and is applied to the second input of
      G154. C4', as with C0'-C3', is utilized for comparison with the C4 signal
      generated by the sync generator. The Q output of FF34 is connected to the
      second input of G152. The output of G152 is connected to one input of G153
      and the output of G154 is connected to one input of G155. Conductor 405 is
      connected to the second input of G153 and conductor 415 is connected to
      the second input of G155.
PAR  The output of G153 is connected to the up input of the second up/down
      counter 362 and the output of G155 is connected to the down input of the
      second up/down counter 362. Conductor 417 is connected to the load input
      of the second up/down counter 362. Four outputs of the second up/down
      counter are designated V4', V5', V6' and V7'. These signals are utilized
      for comparison with the V4-V7 signals, respectively, generated by the sync
      generator.
PAR  In general, the write address register is controlled such that its outputs
      vary in accordance with the various space, line, etc., outputs of the
      function decoder 334. For example, when a forward space (FS) zero pulse is
      generated by the function decoder, the zero on conductor 409 causes the
      first up/down counter to count up by one clock pulse. When a back space
      (BS) occurs, a zero on conductor 413 causes the first up/down counter to
      count down by one clock pulse. Thus, the binary C0'-C4' outputs which
      relate to character position move up or down by one count. When a carriage
      return signal occurs, a zero on conductor 403 resets both the up/down
      counter 360 and FF34. The up/down counter 360 is reset by loading it with
      a preset number. Thus, the entire line of characters as defined by C0'-C4'
      is reset to zero. When forward line feed (FLF) occurs, a zero on conductor
      405 causes the second up/down counter to count up by an entire row of
      characters. Similarly, when back line feed (BLF) occurs, a zero on
      conductor 415 causes the second up counter to count down by one row of
      characters. The other outputs of the function decoder cause their related
      actions in a similar manner.
PAR  Thus, in conclusion, the decoded outputs from the input register cause the
      generation of C0'-C4' and V4'-V7' signals, which should correspond to the
      timing signals from the sync generator at some particular time.
PAR  The signals C0'-C4' and V4'-V7' are then compared in the comparator 336
      with the C0 -C4 signals and the V4 -V7 signals from the sync generator. If
      a comparison occurs, CMP is applied to the write timing circuit 342 and
      the cursor video generator 344.
PAR  The comparison is enabled when ECP drops to a zero state.
PAR  FIG. 11 is a block diagram of a write timing circuit suitable for use in
      the character generator illustrated in FIG. 6. The write timing circuit
      illustrated in FIG. 11 comprises: two JK flip-flops designated FF35 and
      FF36; a two-input NOR gate designated G156; three three-input NAND gates
      designated G157, G158 and G159; three two-input NAND gates designated
      G160, G161 and G162; and, three inverters designated I53, I54 and I55.
PAR  DR5 and DR6 are applied to the two inputs of G156 and detect the status of
      the outputs of the input data register. C5 is applied through I53 to one
      input of G157 and to one input of G161. WBL, from the write address
      register control, is applied to the second input of G161. CMP, from the
      comparator; CHLO, from the sync generator; and, STB, from the input data
      register are applied to the three inputs of G158. D2 is applied to the C
      inputs of FF35 and FF36 and to one input of G159.
PAR  The output of G156 is connected to one input of G160 and through I54 to the
      second input of G157 and to the second input of G159. The output of G158
      is connected through I55 to the J input of FF35, the second input of G160
      and the third input of G157. The outputs of G157 and G161 are connected to
      the two inputs of G162. The Q output of FF35 is connected to the J input
      of FF36 and to the third input of G159.
PAR  The output of G160 is connected to a conductor designated 401 which is
      connected to the function decoder for enable timing purposes. The output
      of G162 is designated WRT and is applied as described above to suitable
      logic to control writing by the character generator. The Q output of FF36
      is connected to the conductor designated 399 and is applied to the input
      data register for clearing the storage register as heretofore described.
      The Q output of FF35 (CL1) is also applied to the input data register to
      reset FF32. Thus, FF32 is rest before the storage register is enabled. The
      output of G159 is applied to the conductor designated 407 and is, thus,
      applied to the write address register control for enabling purposes, i.e.,
      it enables the application of FS and BS to the up or down inputs of the
      first up/down counter of the write address register.
PAR  Turning now to a description of the operation of the write timing circuit
      illustrated in FIG. 11, assuming that a comparison exists between the
      outputs of the write address register (C '-C4', V4'-V7') and the other
      inputs to the comparator (C0-C4, V4-V7), CMP is in a one state. When a
      chosen character generator receives aa load signal, STB achieves a one
      state. Thereafter, CHL0 from the clock for the characcter generator
      illustrated in FIG. 2 reaches a one state when the first row of characters
      of the display is to occur. When all of these ones are applied to the
      input of G158, its output goes to a zero. Thus, the output of I55 places a
      one on the J input of FF35. Thereafter, the next D2 one pulse causes FF35
      to be set. A subsequent D2 one pulse sets FF36. The first D2 pulse reset
      FF32 of the input data register, and the second D2 pulse clears the
      storage register of the input data register.
PAR  Assuming the signals on lines DR5 and DR6 are in appropriate one states,
      the output of G160 gates the output of I55 to the function decoder on
      conductor 401. This signal enables the function decoder. Assuming that WBL
      is in a zero state, the inverted C5 pulse causes the generation of a WRT
      instruction. WRT is generated by C5.WBL or CMP.CHLO.STB.DATA CHARACTER
      (output of I54).
PAR  FIG. 12 is a block diagram of a cursor video generator suitable for use by
      the character generator and comprises: a D flip-flop designated FF36A;
      and, two two-input NAND gates designated G163 and G164. CMP is applied to
      one input of G164. L2 and C3, from the sync generator, are applied,
      respectively, to the two inputs of G163. The output of G163 is connected
      to the second input of G164. The output of G164 is connected to the D
      output of FF36A. D2, from the sync generator, is applied to the C input of
      the FF36A. The Q output of FF36A is a signal designated CVD to represent
      cursor video. Thus, the cursor video signal needed for a TV display is
      generated.
PAC  CHROMA GENERATOR
PAR  FIG. 13 is a block diagram illustrating a chroma generator suitable for use
      by the preferred embodiment of the invention illustrated in FIG. 1. The
      chroma generator illustrated in FIG. 13 comprises: a phase-locked loop
      366; a divide-by-six counter 368; a decoder 370; a chroma phase/color
      decoder 372; a bandpass filter 373; a color code selection network 374;
      controllable switches 376; a character/chroma gate generator 378; and a
      summation circuit 380. In addition, the chroma generator illustrated in
      FIG. 54 includes three inverters designated I56, I57 and I58.
PAR  In operation, the phase-locked loop 366 receives the F signal generated by
      the sync generator and is designed such that it generates a signal at
      three times the frequency of F, i.e., 3F. 3F is applied to the
      divide-by-six counter 368, which generates three digital output signals
      related to the frequency of the input signal (3F). In this manner, the
      decoder receives a plurality of digital input signals. It decodes these
      signals into three signals having different phases but all being at the
      input frequency (F). In other words, the outputs from the decoder are
      three digital signals at the frequency F having 0.degree., 60.degree. and
      120.degree. phase relationships. These signals are applied to the chroma
      phase/color decoder 372. In addition, one of these signals (0.degree.
      phase) is used as a feedback signal to the phase-locked loop 366. Further,
      the three outputs from the decoder are inverted and the inverted outputs
      are also applied to the chroma phase/color decoder. Thus, the decoder
      receives six input signals, each of which is related by phase to a
      particular display color. The chroma phase/color decoder, under the
      control of the color code selction network 374, selects one of these
      signals for application to its output conductor and, thus, to the
      summation circuit 380 via the bandpass filter which eliminates unwanted
      frequency components from the essentially digital output of the chroma
      phase/color decoder.
PAR  The color code selection network 374 is a presettable and controllable
      device which creates a binary code on conductors X, Y, and Z. This binary
      code controls color selection by means of the chroma phase/color decoder.
      The controllable switches 376 control a portion of the color code
      selection network via two conductors designated A and B. In addition, the
      character/chroma gate generator 378 also provides a control signal to the
      color code selection network via a conductor designated C. CBL (composite
      blanking), controls the gating of the output of the color code selection
      network, so that during the vertical blanking interval, the chroma
      phase/color decoder does not generate a color signal.
PAR  The input to the character/chroma gate generator is CHV (character video),
      and the output is essentially the same, i.e. also character video modified
      by a delay. This signal is also applied to the summation circuit 380. In
      addition, the summation circuit receives the composite sync signal (CSY)
      from the sync generator. Thus, the summation circuit receives all the
      information necessary to create a video signal. Hence, the output from the
      summation circuit is designated composite video. This signal is
      subsequently applied to a modulator which modulates the signal at the
      appropriate channel frequency. Thereafter, when the signal is received by
      the television viewer, his television set, which incorporates an
      appropriate demodulator, demodulates the signal to obtain the resultant
      video signal. The resultant video signal causes the appropriate
      alphanumeric character display to be created on the TV set tuned to the
      associated channel.
PAR  FIG. 14 is a block diagram of a color code selection network suitable for
      use by the chroma generator illustrated in FIG. 13 and comprises a
      programmable read-only memory 382; and, four two-input NAND gates
      designated G165, G166, G167 and G168. Conductors A and B are connected to
      two of the program inputs of the programmable read-only memory 382. C is
      connected to the third input of the programmable read-only memory 382. In
      accordance with the signals (zero or one) on conductors A, B and C, the
      programmable read-only memory generates three digital output signals.
      These signals are applied to one input of each of the three gates G166,
      G167 and G168. The other input of each of the three gates is CBL. Thus,
      the blanking pulse controls whether or not the output from the three gates
      is a fixed one or is a controlled signal. The output from G166 is
      connected to one input of G165. SCG is applied to the second input of
      G165. The output of G165 is applied to a conductor designated X; the
      output of G167 is applied to a conductor designated Y; and the output of
      G168 is applied to a conductor designated Z. X, Y and Z are connected to
      the chroma phase/color decoder 372. The binary code on these conductors
      controls decoding by the chroma phase/color decoder, causing it to apply
      the signal on one of its six input conductors to its output conductor.
PAR  FIG. 15 is a block diagram illustrating a character/chroma gate generator
      suitable for use in the chroma generator illustrated in FIG. 13 and
      comprises a five-stage shift register 384; a four-input NAND gate
      designated G169; and, an inverter designated I56. CHV, from the character
      generator, is applied to the serial input (SI) of the shift register 384.
      The (8/5)F signal from the sync generator is applied to the C input of the
      shift register. CHV and the outputs of the first three stages of the shift
      register (1, 2 and 3) are applied to the inputs of G169.
PAR  The output of G169 is applied to conductor C. Thus, CHV controls color
      selection. More specifically, in accordance with the A, B and C inputs to
      the color code selection network, the output of the chroma phase/color
      designates a color. A and B are fixed and C is variable. Normally, the
      output of G169 is a zero. A character, however, causes the output of G169
      to achieve a one state. This one, through the color code selection
      network, changes the output of the chroma phase/color decoder so that a
      different color is generated. Thus, the background is in one color and the
      characters are in a different color. The output of the highest stage (5)
      of the shift register is applied through I56 to the summation circuit 380.
      Thus, the output of I56 remains CHV, delayed by five dot times.
PAR  It will be appreciated by those skilled in the art and others that various
      changes can be made in the preferred embodiment herein described without
      departing from the spirit and scope of the invention. Hence, the invention
      can be practiced otherwise than is specifically described herein.
PAR  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
CLMS
STM  We claim:
NUM  1.
PAR  1. A character generation system suitable for creating a video signal
      adapted to create a color character display with a 263 TV line
      non-interlaced scan on the screen of a residential type TV receiver,
      comprising:
PA1  a sync generator suitable for generating a plurality of synchronizing
      signals adapted to create a 263 TV line non-interlaced scan, said
      synchronizing signals including a coded set of binary signals, said coded
      set of binary signals defining dots on a TV screen along a 263 TV line
      non-interlaced scan;
PA1  a character generator adapted to receive character nature signals from an
      external source and synchronizing signals from said sync generator, and
      generate a character video signal in accordance therewith suitable for
      application to a residential type TV receiver to create a character
      display along said 263 TV line non-interlaced scan; and,
PA1  a chroma generator connected to said character generator so as to add
      chroma information to said character video signal whereby said character
      video signal is suitable for creating a color character display on the
      screen of a residential type TV receiver along said 263 TV line
      non-interlaced scan.
NUM  2.
PAR  2. A character generation system as claimed in claim 1, wherein said sync
      generator comprises:
PA1  a frequency generator suitable for generating a dot frequency signal;
PA1  a timing chain connected to the output of said frequency generator suitable
      for dividing the dot frequency output of said frequency generator into a
      plurality of digital signals, said plurality of digital signals forming
      said coded set of binary signals;
PA1  a TV sync generator connected to said timing chain for generating
      predetermined synchronizing and timing signals including a composite sync
      signal; and,
PA1  a clock for character generator connected to said timing for generating
      synchronizing and timing signals suitable for use by said character
      generator.
NUM  3.
PAR  3. A character generation system as claimed in claim 2, wherein said
      character generator includes character generator circuitry suitable for
      receiving said character nature signals and storing all of said character
      nature signals related to at least one complete display page, said
      character generator circuitry also being suitable for converting said
      character nature signals into a character video signal synchronized by
      signals received from said sync generator.
NUM  4.
PAR  4. A character generation system as claimed in claim 3 wherein said chroma
      generator is connected to said character generator circuitry to receive
      said character video signal and add chroma information to said signal,
      said chroma generator also being connected to said sync generator to
      receive said composite sync signal and add it to said character video
      signal whereby a composite video signal suitable for creating a color
      character display on the screen of a residential type TV receiver is
      created.
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PAL  A liquid level sensor for determining the liquid level in a container
      includes an oscillator having a feedback path including first and second
      piezoelectric elements mounted in a turning fork arrangement to provide a
      first mechanical coupling path between said elements across one end of the
      turning fork. This first coupling path provides a first feedback signal of
      one given phase. A second mechanical coupling path between said elements
      is provided only via the liquid when the liquid is present to a level
      sufficient to immerse the piezoelectric elements. The second coupling
      path, when present, provides a second feedback signal of opposite phase to
      the first feedback signal. The presence or absence of the second feedback
      signal determines the oscillation or non-oscillation condition of the
      oscillator.
BSUM
PAR  The present invention relates to liquid level sensors and more particularly
      to liquid level sensors using piezoelectric material as the sensing
      element.
PAR  A known liquid level sensor uses a piezoelectric resonator in the feed back
      loop of an amplifier. When the piezoelectric resonator is immersed in a
      liquid, a load is imposed on the vibrations of the resonator, which load
      damps the oscillations of the piezoelectric. If the level of the liquid is
      then lowered so that the piezoelectric resonator is no longer immersed in
      the liquid this damping effect is removed, the signal around the feed back
      loop is increased and the amplifier, if suitably designed, will oscillate.
      These oscillations can be detected and used to indicate that the
      piezoelectric material is no longer immersed in the liquid. The system
      suffers from the disadvantage that in order to obtain a sufficient
      difference between the oscillations of the piezoelectric resonator when
      immersed in the liquid and when clear of the liquid, the piezoelectric
      resonator must be relatively large (typically 2.5 cm diameter).
PAR  It is an object of the present invention to provide a liquid level sensor
      using the properties of piezoelectric material and which is considerably
      smaller than the above described known level sensor.
PAR  According to the present invention there is provided a liquid level sensor
      including a piezoelectric sensing element, an oscillator including a
      feedback path in which the piezoelectric sensing element is connected, in
      which the piezoelectric sensing element is constructed to have a first and
      a second mechanical coupling path: the first coupling path being arranged
      to provide one phase of feedback signal for the oscillator, the second
      mechanical coupling path being arranged to provide a substantially
      opposite phase of feedback signal, in which the second feedback signal is
      only present when the piezoelectric sensing element is immersed in the
      liquid and in which the one phase of feedback signal causes the oscillator
      to assume either an oscillating or a non-oscillating condition and the
      addition of the substantially opposite phase of signal causes the
      oscillator to assume the opposite condition.
DRWD
PAR  Embodiments of the present invention will now be described, by way of
      example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 shows the present invention in block diagrammatic form,
PAR  FIG. 2 shows a perspective view of the level sensor according to the
      present invention,
PAR  FIG. 3 shows a side elevation of the mechanical arrangement of the
      piezoelectric parts of the present invention, and
PAR  FIG. 4 shows a circuit diagram for explaining the electrical operation of
      the present invention.
DETD
PAR  Referring now to FIG. 1, there is shown in block diagrammatic form the
      level sensor of the present invention which includes an oscillator OSC the
      output OP of which is fed as an output of the system, as indicated by the
      arrow, and is also connected to one plate of a piezoelectric multimorph
      P1. A piezoelectric multimorph is a monolithic strip of piezoelectric
      material fabricated in such a way that it has the electro-mechanical
      properties of a bilaminar strip. The other plate of the piezoelectric
      multimorph P1 is connected electrically to ground. A further piezoelectric
      multimorph, P2, has one plate connected to ground and its other plate
      connected to the input IP of the oscillator. The two pieces of
      piezoelectric material are positioned so that P1 acts as a driver and P2
      as a driven member and it is arranged that there are two separate
      mechanical coupling paths 1 and 2 between them, as indicated by the arrows
      in FIG. 1. One of the coupling paths, for example path 1, is arranged to
      be present due to the actual mechanical construction of the arrangement.
      Thus the mechanical coupling via path 1 can be considered to be of a
      constant value.
PAR  The other mechanical coupling path 2 is arranged to be present (to any
      meaningful degree) only when the mechanical arrangement is immersed in a
      liquid. The mechanical coupling path 1 may, for example, be arranged to
      interpose a 180.degree. phase shift in the feedback loop, this phase shift
      being such as to cause the oscillator OSC to oscillate. Thus when the
      mechanical arrangement is in a gaseous medium the coupling through path 1
      will be such as to cause the oscillation since there will be no
      significant degree of coupling via path 2.
PAR  The coupling through path 2 is arranged to oppose the coupling due to path
      1, i.e., to be in anti-phase to the coupling through path 1. When the
      mechanical arrangement of P1 and P2 is immersed in a liquid the coupling
      through path 2 is arranged to be greater than (or at least equal to), in
      magnitude, the coupling through path 1. Thus the oscillator OSC at its
      input IP will receive a signal of the wrong phase to maintain oscillations
      and the output oscillations will cease when the mechanical arrangement is
      lowered into a liquid.
PAR  A practical embodiment of the present invention is shown in FIG. 2. The two
      pieces of piezoelectric multimorph material P1 and P2 are fixed to a sheet
      of metal M by any suitable means, for example clamping, soldering or
      gluing. If a conductive glue is used then the inner faces of the
      piezoelectric material P1 and P2 will be conductively joined together.
      Therefore grounding the metallic plate M will serve to ground the inner
      face of the two piezoelectric multimorphs P1 and P2.
PAR  The pieces of piezoelectric multimorph material P1 and P2 are, as shown,
      shaped in the form of long strips, and positioning these long strips
      opposite one another on the end of the metallic sheet M produces a tuning
      fork arrangement.
PAR  A printed circuit board PCB is mounted on the metallic sheet M by any
      suitable means, e.g., gluing. The components for the amplifier (as shown
      in FIG. 4) may then be suitably mounted on the printed circuit board.
      Connections to the outside faces of the two pieces of piezoelectric
      bimorph material may be made via wires W1, W2 as shown. The sensing device
      is connected to an audible warning device AWD via leads W3, W4 (lead W3
      being unnecessary if a ground connection is made via the metallic sheet
      M). One terminal of the audible warning device is connected to a positive
      supply voltage via a resistor R2 (see FIG. 4).
PAR  The printed circuit board PCB in a preferred embodiment is a flexible
      printed wiring board constructed by etching copper tracks on to a sheet of
      polyester film material.
PAR  The audible warning device AWD in a preferred embodiment is a peizoelectric
      sound generator.
PAR  Referring now to FIG. 4, the oscillator OSC includes a transistor TR1 the
      emitter of which is connected to ground potential and the collector of
      which is connected via resistor R2 to the positive supply potential. A
      parallel combination of a resistor R1 and a capacitor C1 is connected
      across the base collector junction of transistor TR1. The collector of
      transistor TR1 is connected via wire W1 to the outside face of the
      piezoelectric multimorph P1 and the base of transistor TR1 is connected
      via wire W2 to the outside face of the piezoelectric multimorph P2. The
      two innermost plates of the piezoelectric multimorph P1 and P2 are common
      and are connected via wire W4 to the ground connection. The audible
      warning device AWD is shown as the preferred embodiment of a piezoelectric
      audible sound generator.
PAR  The coupling between the two pieces of piezoelectric multimorph material P1
      and P2 is therefore, as explained above, in the correct phase and of
      sufficient amplitude to cause the oscillator TR1, R1, C1 to oscillate when
      the pieces of piezoelectric multimorph material P1 and P2 are not immersed
      in a liquid. When the pieces of piezoelectric material P1 and P2 are
      immersed in a liquid the coupling between P1 and P2 is arranged to be of
      the wrong phase to cause oscillations.
PAR  The audible warning device AWD will emit a warning when the pieces of
      piezoelectric material P1 and P2 are not immersed in a fluid. By arranging
      the pieces of piezoelectric multimorph material P1 and P2 at a desired
      level in, for example, the oil reservoir (sump) of an engine a warning may
      be obtained when the oil level falls below that desired level.
PAR  By including a further phase change round the feedback loop it can be
      arranged that the oscillator formed by transistor TR1, resistor R1 and
      capacitor C1 normally oscillates when the pieces of piezoelectric
      multimorph strips T1 and T2 are immersed in a liquid and ceases to
      oscillate when the liquid level falls below a desired level. A convenient
      way to achieve this phase reversal is to reverse the electrical
      connections to one of the piezoelectric multimorphs. In this case the
      inner faces of the two PXE multimorphs must not be electrically connected
      and it would be convenient to use a strip of insulating material in place
      of the metal sheet M. This material could be a piece of printed circuit
      board, appropriately etched on either side, to which the multimorphs would
      be bonded as before. In this case a detection arrangement for the output
      of the oscillator would be used to trigger a relay and, for example, to
      light a warning lamp since a continuous audible warning signal would be
      intolerable.
PAR  Although, for economic reasons, multimorph elements were used in the
      preferred embodiment, the transducers P1 and P2 could alternatively use
      any equivalent flexure element which utilises the differential strain
      between two bonded layers of piezoelectric material (i.e., a "bimorph") or
      one layer of piezoelectric material bonded to a compliant layer of inert
      material such as sheet metal.
PAR  In a practical embodiment the piece of metal M was chosen to be 4 mm wide
      and approximately 3 cm long. The metallic sheet M was 1 mm thick, the
      pieces of piezoelectric multimorph material each being 15 mm long, 1.6 mm
      wide and 0.6 mm thick. The components used for TR1 R1 and C1 were
      miniature components and it may therefore be easily seen that the sensing
      element may be contained within a tube of approximately 4 mm diameter. A
      tube of such diameter is suitable for insertion through the "dip-stick"
      hole in a conventional automobile engine. If the metallic sheet M is
      grounded to the engine via a metallic dip-stick only a single wire
      connection need be supplied, thus making it easy to substitute a dip-stick
      with the sensing device attached to the end for the conventional dip-stick
      in an automobile engine.
PAR  For an audible warning frequency of 2 kilohertz the value of the components
      were as follows:
TBL  C1                 100 picofarads                                         
     R1                 820 K ohms                                             
     R2                 4.7 K ohms                                             
     TR1                BCW 72R                                                
PAL  The piezoelectric multimorph strip was made of Philips PXE 5 material.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A liquid level sensor comprising, piezoelectric sensing means, an
      oscillator capable of assuming an oscillation state and a non-oscilating
      state and including a feedback path in which the piezoelectric sensing
      means is connected, the piezoelectric sensing means comprising first and
      second piezoelectric elements mounted to provide a first and a second
      mechanical coupling path between said first and second piezoelectric
      elements, the first coupling path being arranged to provide one phase of
      feedback signal for the oscillator and the second mechanical coupling path
      being arranged to provide a second feedback signal of substantially
      opposite phase, the second feedback signal only being present when the
      piezoelectric sensing element is immersed in the liquid and in which the
      one phase of feedback signal causes the oscillator to assume one of its
      two states and the addition of the substantially opposite phase of signal
      causes the oscillator to assume the opposite state.
NUM  2.
PAR  2. A liquid level sensor as claimed in claim 1 in which the piezoelectric
      sensing means includes two piezoelectric flexure strips mounted opposite
      one another in a tuning fork arrangement.
NUM  3.
PAR  3. A liquid level sensor as claimed in claim 2 in which the tuning fork
      arrangement comprises two strips of piezoelectric multimorph material
      affixed to opposite sides of a printed circuit board.
NUM  4.
PAR  4. A liquid level sensor as claimed in claim 2 in which the tuning fork
      arrangement comprises two strips of piezoelectric multimorph material
      affixed to opposite sides of the end of a sheet of metal.
NUM  5.
PAR  5. A liquid level sensor as claimed in claim 4 in which the strips of
      piezoelectric multimorph material are fixed to the metal sheet in an
      electrically conductive manner so that the inner surfaces of the two
      pieces of piezoelectric material are electrically connected together
      through the metal sheet.
NUM  6.
PAR  6. A liquid level sensor as claimed in claim 4 in which the oscillator is
      mounted on the sheet of metal.
NUM  7.
PAR  7. A liquid level sensor as claimed in claim 5 in which the oscillator is
      mounted on the metal sheet and in which only a single wire is connected to
      the liquid level sensor, the metal sheet being grounded to provide a
      return voltage supply rail.
NUM  8.
PAR  8. A liquid level sensor as claimed in claim 1 in which the oscillator
      includes a transistor, a resistor and capacitor connected in parallel
      across the collector-base junction of the transistor, means connecting the
      piezoelectric sensing means in series between the collector and base of
      the transistor, and means connecting the emitter of the transistor to a
      first d.c. supply rail and the collector of the transistor to a second
      d.c. supply rail via a collector load resistor.
NUM  9.
PAR  9. A liquid level sensor as claimed in claim 8 in which the first supply
      rail is grounded.
NUM  10.
PAR  10. A liquid level sensor as claimed in claim 9 in which a piezoelectric
      sound generator is connected between the collector of the transistor and
      the first d.c. supply rail.
NUM  11.
PAR  11. A liquid level sensor for determining the level of a liquid in a
      container comprising, an oscillator capable of assuming an oscillating
      state and a non-oscillating state and including a feedback path comprising
      first and second piezoelectric elements mounted to provide a first fixed
      mechanical coupling path therebetween and a second mechanical coupling
      path therebetween via the liquid in the container and variable as a
      function of the container liquid level, said first coupling path being
      arranged to supply a first feedback signal of one phase whereby the
      oscillator assumes one of its two states, said second mechanical coupling
      path providing a second feedback signal of opposite phase to the first
      feedback signal only when the container liquid level is above a given
      level sufficient to immerse the piezoelectric elements thereby to oppose
      the first feedback signal and cause the oscillator to assume the second of
      its two states.
NUM  12.
PAR  12. A liquid level sensor as claimed in claim 11 wherein said first and
      second piezoelectric elements comprise first and second flexure strips
      mounted in parallel spaced apart relationships and each mounted at one
      common end to a support member so that the first piezoelectric flexure
      strip mechanically drives the second piezoelectric flexure strip via said
      support member thereby forming said first fixed mechanical coupling path.
NUM  13.
PAR  13. A liquid level sensor as claimed in claim 11 wherein said first and
      second piezoelectric elements comprise first and second strips of
      piezoelectric multimorph material mounted in parallel to a support member
      to form a tuning fork whereby the vibration of the second strip is
      determined by the vibration of the first strip and said first mechanical
      coupling path includes the support member.
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ABST
PAL  A device for detecting short-circuit between electrodes in electrolytic
      cells constituting an electrolytic plant in which a plurality of switch
      elements turned on and off under control of an external magnetic field are
      disposed to be vertically movable toward and away from the current
      collecting end portions of the individual anodes or cathodes in the
      electrolytic cells. These switch elements are moved downward to detect
      occurrence of short-circuit between the electrodes in one of the
      electrolytic cells, and when no short-circuit is detected in this
      electrolytic cells, the switch elements are automatically conveyed to the
      detecting position on the next electrolytic cell.
BSUM
PAR  This invention relates to a device for detecting short-circuit between
      electrodes in electrolytic cells used for the electrowinning or
      electrorefining of metals.
PAR  In the electrowinning or electrorefining of a metal, insoluble or soluble
      electrodes of suitable materials are used as cathodes and anodes to be
      placed in a cell holding an electrolyte which is an aqueous solution of a
      salt of the metal, and electrolysis is carried out in the cell so as to
      obtain a product in the form of the refined metal or an oxide of the
      metal. In such an electrowinning or electrorefining process, improvements
      in the current efficiency are urgently required since a great amount of
      electric power is consumed in the electrolysis. In the electrowinning or
      electrorefining process, however, undesirable short-circuit between the
      electrodes tends to occur when a bend, deformation or modules exists on
      the electrodes or when the electrodes are displaced from the adjusted
      position in the cell. Even when the causes giving rise to the trouble
      above described are eliminated, short-circuit between the electrodes would
      still occur when the metal or metal oxide is deposited on the cathodes or
      anodes to such an extent that it makes shorting contact with the opposite
      electrodes. Such a short-circuit phenomenon is objectionable in that not
      only the current efficiency is extremely reduced but also various troubles
      such as burning or dissolving of the electrodes and degradation of the
      properties of the deposited product are inevitable. It is therefore a
      matter of great importance to detect this objectionable short-circuit
      between the electrodes in the electrolytic cell.
PAR  In a prior art method commonly employed for detecting short-circuit of the
      kind above described, an operator carrying an ammeter in his hand checks
      mannually these electrodes one by one for detecting the state of current
      distribution. However, such manner of manual detection is defective in
      that it requires a great length of time for attaining the required
      measurement on all the electrodes, and the operator may fail to make the
      required check on some of the electrodes. Another method is also commonly
      employed in which an ammeter is provided for each of the anodes or
      cathodes in the electrolytic cell, and the current value indicated on each
      of these ammeters is checked to detect the state of current distribution.
      However, such detecting method is also defective in that, when applied to
      a large-scale metal electrowinning or electrorefining plant, measurement
      of current is quite troublesome and requires many operators.
PAR  It is therefore a primary object of the present invention to provide a
      novel and improved device for detecting short-circuit between electrodes
      in an electrolytic cell, which is simple in construction and can easily
      visually indicate the position of shorted electrodes. The present
      invention utilizes a commonly known fact that, when short-circuit occurs
      between adjacent electrodes in an electrolytic cell due to deformation of
      one of the electrodes in the electrolytic cell, nodule of a metal
      deposited product from the surface of one of the electrodes, or any other
      causes, the current value at the shorted electrodes becomes extremely
      large compared with that at the electrodes in normal state.
PAR  In accordance with the present invention, there is provided a device for
      detecting short-circuit occurring between anodes and cathodes in
      electrolytic cells constituting electrolytic plant, comprising a plurality
      of switch elements turned on and off under control of an external magnetic
      field, display means responsive to the operation of said switch elements,
      means for supporting said switch elements at a position above the current
      collecting end portions of the individual anodes or cathodes in one of
      said electrolytic cells, and means for carrying said switch element
      supporting means for vertical movement and capable of making travelling
      movement over said electrolytic cells from the position associated with
      one of said electrolytic cells to the position associated with the
      adjacent one, the travelling movement of said carrying means being
      controlled so that said switch elements can be accurately brought to the
      position adjacent to the current collecting end portions of the associated
      anodes or cathodes in each said electrolytic cell.
PAR  In a preferred form of the present invention, vertical movement control
      means is provided for controlling the upward movement of said switch
      element supporting means during the travelling movement of said carrying
      means and for controlling the downward movement of said switch element
      supporting means when said carrying means ceases the travelling movement,
      thereof and is held stationary.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from the following detailed description of a preferred embodiment
      thereof taken in conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a schematic perspective view of an embodiment of the
      short-circuit detecting device according to the present invention;
PAR  FIG. 2 is a longitudinal sectional view showing the detailed structure of a
      short-circuit detector employed in the present invention; and
PAR  FIGS. 3 and 4 show one form of a control circuit employed in the present
      invention.
DETD
PAR  A preferred embodiment of the device according to the present invention
      will now be described with reference to the accompanying drawing.
      Referring to FIG. 1 showing the general arrangement of parts of the device
      of the present invention, a plurality of electrolytic cells 1, 2 and 3 of
      Walker connection are partitioned from each other by partitions 4 and 5.
      It will be seen in FIG. 1 that a plurality of anodes 6 and cathodes 7 are
      alternately arranged in the electrolytic cells 1, 2 and 3 with the upper
      portions thereof locked in position by the partitions 4 and 5. The
      partition 4 partitioning the electrolytic cell 1 from the electrolytic
      cell 2 supports thereon a bus bar 8 which connects electrically one end of
      the anodes 6 in the electrolytic cell 1 to one end of the cathodes 7 in
      the electrolytic cell 2. The partition 5 partitioning the electrolytic
      cell 2 from the electrolytic cell 3 supports thereon another bus bar 9
      which connects electrically one end of the anodes 6 in the electrolytic
      cell 2 to one end of the cathodes 7 in the electrolytic cell 3.
PAR  A plurality of short-circuit detectors 10 are supported by a horizontally
      extending supporter 11 so as to be come in contact with the respective
      anodes 6 or cathodes 7 in anyone of the electrolytic cells 1, 2 and 3.
      These short-circuit detectors 10 have a structure as shown in detail in
      FIG. 2. Referring to FIG. 2, each short-circuit detector 10 comprises a
      holding member or casing 12 consisting of an upper plate 13, a middle
      plate 15 and a lower plate 21 connected by side plates, a display lamp 14
      mounted on the upper plate 13 of the casing 12, a reed switch 16 supported
      on a plate 18, and a permanent magnet 17 supported on the middle plate 15
      of the casing 12. An adjusting rod 19 extends through the plate 15,
      permanent magnet 17 and plate 18 so as to adjust the position of the reed
      switch 16 relative to the position of the permanent magnet 17. The display
      lamp 14 and reed switch 16 are connected to a power source (not shown) by
      leads 20. The lower plate 21 of the casing 12 is adapted to come in
      contact with the top surface of the associated anode 6 or cathode 7.
PAR  It is commonly known that, when short-circuit occurs between one of the
      anodes 6 and the opposite cathode 7 due to the presence of a bend,
      deformation or metal module deposit on the anode 6 or cathode 7, the
      current value at this shorting portion becomes extremely large compared
      with that at the other normal anodes 6 and cathodes 7. Therefore, the reed
      switch 16 is previously designed in such a manner that the reed switch 16
      is kept in the open position by the magnetomotive force generated by the
      current of normal value flowing in the normal state of the anode 6 and
      cathode 7, while the reed switch 16 is urged to the closed position by the
      magnetomotive force generated by the current of unusually large value
      appearing due to short-circuit. The normal current value or current
      setting is determined depending on various factors including the shape of
      the anode 6 or cathode 7, the distance between the reed switch 16 and the
      anode 6 or cathode 7, the degree of electromagnetic shielding between the
      reed switch 16 and the anode 6 or cathode 7, and the angular position of
      the reed switch 16 relative to that of the anode 6 or cathode 7. In the
      embodiment presently described, the reed switch energizing current value
      is adjusted by suitably turning the adjusting rod 19 for varying the
      angular relation between the reed switch 16 and the anode 6 or cathode 7
      and varying the angular position of the reed switch 16 relative to that of
      the permanent magnet 17 which imparts to the reed switch 16 the
      magnetomotive force in a direction opposite to the direction of the
      magnetomotive force generated by the current.
PAR  Referring FIG. 1 again, means for causing horizontal travelling movement
      and vertical or lifting and lowering movement of these short-circuit
      detectors 10 will be described. A pair of guide rails 23 are disposed on
      opposite sides of the row of the electrolytic cells 1, 2 and 3 so as to
      extend in parallel with the extending direction of the anodes 6 and
      cathodes 7 in the electrolytic cells 1, 2 and 3. The means for causing the
      horizontal travelling movement and lifting and lowering movement of the
      short-circuit detectors 10 are mounted on a carriage 25 which bridges
      across the row of the electrolytic cells 1 to 3 and is provided with
      wheels 24 in rolling engagement with the guide rails 23. The carriage 25
      has a top wall 25a, a front wall 25b and a pair of side walls 29. The
      means for causing the horizontal travelling movement of the short-circuit
      detectors 10 comprises a drive motor 26 mounted on the top wall 25a of the
      carriage 25, a driving wheel 28 mounted on one end of the motor shaft 27,
      an intermediate wheel 30 and a driven wheel 31 disposed on one of the side
      walls 29 of the carriage 25, and power transmission chains 32 trained
      around the wheels 28, 30 and 30, 31. The intermediate wheel 30 is mounted
      on one end of a shaft 33 extending horizontally through the side walls 29
      of the carriage 25, and the driven wheel 31 is connected to one of the
      rail-engaging wheels 24 to drive the same. The shaft 33 mounting the
      intermediate wheel 30 on one end thereof and extending through the other
      side wall 29 of the carriage 25 mounts another intermediate wheel 34 on
      the other end thereof, and one of the rail-engaging wheels 24 on that side
      is driven by a chain 35 trained around the intermediate wheel 34 and
      another driven wheel (not shown).
PAR  The means for causing the lifting and lowering movement of the detectors 10
      comprises a pair of internally threaded cylindrical members 36 mounted on
      the opposite ends of the supporter 11, a pair of threaded rods 37 in
      threaded engagement with the respective internally threaded cylindrical
      members 36, a pair of worm gears 38 in meshing engagement with gears
      mounted at the upper end of the respective threaded rods 37, a drive shaft
      39 driving these two worm gears 38, a driven wheel 40 mounted on this
      drive shaft 39, a lifting and lowering motor 41 mounted beneath the top
      wall 25a of the carriage 25, a driving wheel 43 mounted on the motor shaft
      42, and a power transmission chain 44 trained around the wheels 40 and 43.
PAR  A position detector 45 such as a proximity switch is fixed to the front
      wall 25b of the carriage 25 to control the travelling movement of the
      carriage 25 over the electrolytic cells 1 to 3. A plurality of detected
      elements 46 are disposed beneath the moving path of the position detector
      45 so that the carriage 25 can be stopped at a suitable position at which
      the short-circuit detectors 10 can come in contact with the cathodes 7 in
      the vicinity of the bus bar 8 or 9 in one of the electrolytic cells. Thus,
      when the position detector 45 moving with the carriage 25 is brought to
      the position opposite to one of the detected elements 46, the position
      detector 45 acts to stop the travelling movement of the carriage 25 by
      stopping the rotation of the carriage drive motor 26.
PAR  A pair of position detectors 47 and 48 such as a proximity switch are
      mounted on the front wall 25b of the carriage 25 so as to control the
      upward movement and downward movement respectively of the short circuit
      detectors 10. A detected element 49 is fixed to one of the internally
      threaded cylindrical members 36 so that the upward movement and downward
      movement thereof can be detected by the respective position detectors 47
      and 48 and the rotation of the lifting and lowering motor 41 can be
      stopped at the upper limit and lower limit of the vertical movement of the
      short-circuit detectors 10.
PAR  The operation of the device of the present invention will be described in
      detail with reference to a control circuit shown in FIGS. 3 and 4.
PAR  The control circuit portion shown in FIG. 3 includes a carriage travelling
      movement restriction relay 52, a short-circuit detector downward movement
      restriction relay 53, a short-circuit detector upward movement restriction
      relay 54, an automatic control relay 57, a drive motor stopping relay 61
      energized for stopping the operation of the drive motor 26 during the
      upward movement of the short-circuit detectors 10, an auxiliary relay 63
      energized when the travelling movement of the carriage 25 in one direction
      is started with the drive motor 26 rotating in the normal direction, an
      electromagnetic switch 64 turned on when the drive motor 26 is rotated in
      the reverse direction, another electromagnetic switch 65 turned on when
      the drive motor 26 is rotated in the normal direction, another auxiliary
      relay 70 energized during the downward movement of the short-circuit
      detectors 10, another electromagnetic switch 71 turned on when the lifting
      and lowering motor 41 is rotated in the lifting direction, another
      electromagnetic switch 72 turned on when the lifting and lowering motor 41
      is rotated in the lowering direction, another auxiliary relay 81 energized
      during the upward movement of the short-circuit detectors 10, and another
      auxiliary relay 82 energized when the travelling movement of the carriage
      25 in the other direction is started with the drive motor 26 rotating in
      the reverse direction. The control circuit portion shown in FIG. 3 further
      includes a starting push button switch 55 and a stopping push button
      switch 56 which are turned off and on respectively in response to the
      depression.
PAR  The control circuit portion shown in FIG. 4 includes a carriage travelling
      movement restriction release relay 58, a stepping relay 59, a carriage
      travelling movement instruction relay 60, a step feed instruction relay 66
      for the stepping relay 59, a step feed time setting relay 67, a
      short-circuit detector downward movement instruction relay 68, a timer 69
      for setting the length of time required for the step feed, another step
      feed instruction relay 73 for the stepping relay 59, a current measurement
      instruction relay 74, another timer 75 for setting the length of time
      required for current measurement, a short-circuit detection relay 76, an
      alarm relay 77, a confirmation push button switch 78, an alarm lamp 79, a
      short-circuit detector upward movement instruction relay 80, another step
      feed instruction relay 83 for the stepping relay 59, another carriage
      travelling movement instruction relay 84, and another timer 85 for setting
      the length of time required for moving the position detector 45 away from
      the position opposed by one of the detected elements 46.
PAR  Further, in FIG. 3, push button switches 86 and 87 are provided to manually
      start the travelling movement of the carriage 25 in the respective moving
      directions, and push button switches 88 and 89 are provided to manually
      cause the upward movement and downward movement respectively of the
      short-circuit detectors 10.
PAR  Suppose that the carriage 25 is situated above the electrolytic cell 1 with
      the short-circuit detectors 10 held in the upper or retracted position,
      and the carriage travelling position detector 45 is not opposed by anyone
      of the detected elements 46. In such a state, the carriage travelling
      position detector 45 is in the deenergized state with its contact turned
      on, and the short-circuit detector upper position detector 47 is in the
      energized state with its contact turned off, while the short-circuit
      detector lower position detector 48 is in the deenergized state with its
      contact turned on in FIG. 3. In this state, the carriage travelling
      movement restriction relay 52 and short-circuit detector downward movement
      restriction relay 54 are in the energized state, and the short-circuit
      circuit detector upward movement restriction relay 53 is in the
      deenergized state in FIG. 3. The stopping push button switch 56 is in the
      on position in FIG. 3. In response to the depression of the starting push
      button switch 55 to turn on the same, the automatic control relay 57 is
      energized in FIG. 3 via these switches 56 and 55, and a make contact 57s
      of this relay 57 is turned on so that the relay 57 holds itself over this
      make contact 57s. Since the relay 57 holds itself, another make contact
      57s thereof is turned on in FIG. 4. A make contact 52s of the carriage
      travelling movement restriction relay 52 is turned on in FIG. 4 since the
      relay 52 is in the energized state. Therefore, the carriage travelling
      movement instruction relay 60 is energized in FIG. 4 via a break contact
      58s' of the carriage travelling movement restriction release relay 58, a
      first stationary contact 59a of the stepping relay 59 and the make contact
      52s of the relay 52. In response to the energization of the relay 60, the
      auxiliary relay 63 is energized in FIG. 3 via a break contact 61s' of the
      drive motor stopping relay 61 and a make contact 60s of the relay 60. In
      response to the energization of the relay 63, a make contact 63s thereof
      is turned on in FIG. 3 to turn on the electromagnetic switch 65 via a
      break contact 64s' of the electromagnetic switch 64. The drive motor 26
      starts to rotate in the normal direction, and the carriage 25 starts to
      travel toward the end of the electrolytic cell 2.
PAR  When the carriage travelling position detector 45 is brought to the
      position directly above the detected element 46 disposed at this end of
      the electrolytic cell 2, the position detector 45 is deenergized to
      deenergize the carriage travelling movement restriction relay 52 in FIG.
      3, and the carriage travelling movement instruction relay 60 is also
      deenergized in FIG. 4. The drive motor 26 ceases to rotate to stop the
      travelling movement of the carriage 25. In response to the deenergization
      of the relay 52, the step feed instruction relay 66 for the stepping relay
      59 is energized in FIG. 4 via a break contact 52s' of the relay 52. A make
      contact 66s of the relay 66 is turned on to energize the step feed time
      setting relay 67 and stepping relay 59 in FIG. 4. The relay 67 holds
      itself over a make contact 67s thereof to maintain the relay 59 in the
      energized state for a sufficient length of time. In response to the
      energization of the stepping relay 59, the movable contact thereof engages
      now with a second stationary contact 59b. Therefore, the short-circuit
      detector downward movement instruction relay 68 is energized via a make
      contact 54s which is turned on due to the energization of the relay 54. In
      the meantime, the timer 69 for setting the length of time required for the
      step feed is energized in FIG. 4 via a make contact 67s of the relay 67
      which is in the energized state, and a break contact 69s' of the timer 69
      is turned off to deenergize the relays 59 and 67 upon lapse of the time
      setting.
PAR  In response to the energization of the short-circuit detector downward
      movement instruction relay 68, the auxiliary relay 70 is energized in FIG.
      3 via a make contact 68s of the relay 68 and a make contact 54s of the
      short-circuit detector downward movement restriction relay 54. In response
      to the energization of the relay 70, the electromagnetic switch 72 is
      turned on in FIG. 3 via a break contact 71s' of the electromagnetic switch
      71. The short-circuit detector lifting and lowering motor 41 starts to
      rotate in the lowering direction to cause downward movement of the
      short-circuit detectors 10 carried by the supporter 11. When the
      short-circuit detectors 10 are urged downward to the position at which
      they can be come in contact with the cathodes 7 in the electrolytic cell
      2, the short-circuit detector lower position detector 48 is energized to
      turn off the contact thereof thereby deenergizing the short-circuit
      detector downward movement restriction relay 54 in FIG. 3. As a result,
      the short-circuit detector downward movement instruction relay 68 is also
      deenergized in FIG. 4 to cease the downward movement of the short-circuit
      detectors 10. The step feed instruction relay 73 is energized in FIG. 4
      via a break contact 54s' of the relay 54 in response to the deenergization
      of the relay 68, and the stepping relay 59 is energized again. The movable
      contact of the stepping relay 59 engages now with a third stationary
      contact 59c with the result that the current measurement instruction relay
      74 and the timer 75 for setting the length of time of current measurement
      start to operate in FIG. 4.
PAR  In response to the energization of the relay 74, the power supply voltage
      is applied to the reed switch 16 in each short-circuit detector 10 via a
      make contact 74s of the relay 74 in FIG. 4. When anyone of these reed
      switches 16 is turned on due to the occurrence of short-circuit between
      the associated anode and cathode, the corresponding display lamp 14 is
      energized and the short-circuit detection relay 76 is energized in FIG. 4.
      The alarm relay 77 is energized in FIG. 4 via a make contact 76s of the
      relay 76, and a make contact 77s of the relay 77 is turned on. The relay
      77 holds itself over the make contact 77s thereof and the normally-closed
      contact of the confirmation push button switch 78, and the alarm lamp 79
      is energized in FIG. 4. A break contact 77s' of the relay 77 is turned off
      in response to the energization of the relay 77. As a result, the stepping
      relay 59 and step feed time setting relay 67 are deenergized in FIG. 4,
      and the contact change-over in the stepping relay 59 is stopped.
PAR  When the operator confirms the position of the short-circuit and then
      depresses the confirmation push button switch 78 to turn off the contact
      thereof, the alarm relay 77 is deenergized and the alarm lamp 79 is also
      deenergized in FIG. 4. In response to the deenergization of this relay 77,
      the stepping relay 59 is energized again in FIG. 4 via the break contact
      77s' of the relay 77, a make contact 75s of the measuring time setting
      timer 75 turned on due to the lapse of the time setting, and a break
      contact 69s' of the step feed time setting relay 69. The movable contact
      of the stepping relay 59 engages now with a fourth stationary contact 59d.
      The contact of the short-circuit detector upper position detector 47 is
      turned on in FIG. 3 since the short-circuit detectors 10 are in their
      lower position. The short-circuit detector upward movement restricton
      relay 53 and drive motor stopping relay 61 are energized in FIG. 3, and
      their make contacts and break contacts are turned on and off respectively.
      Therefore, the short-circuit detector upward movement instruction relay 80
      is energized in FIG. 4 via the stationary contact 59d of the relay 59 and
      a make contact 53s of the relay 53, and the auxiliary relay 81 is
      energized in FIG. 3 via a make contact 80s of the relay 80 and a make
      contact 53s of the relay 53. In response to the energization of this relay
      81, the electromagnetic switch 71 is turned on in FIG. 3 via a make
      contact 81s of the relay 81 and a break contact 72s' of the
      electromagnetic switch 72. The lifting and lowering motor 41 is rotated in
      the lifting direction to cause upward movement of the supporter 11, hence
      the short-circuit detectors 10, in response to the turn-on of the
      electromagnetic switch 71.
PAR  At the upper limit of the upward movement of the short-circuit detectors
      10, the short-circuit detector upper position detector 47 is energized by
      detecting the detected element 49, and the contact of the detector 47 is
      turned off. As a result, the short-circuit detector upward movement
      restriction relay 53 and drive motor stopping relay 61 are deenergized in
      FIG. 3 to cease the upward movement of the short-circuit detectors 10.
      Until the short-circuit detectors 10 reach the upper limit thereof, the
      drive motor stopping relay 61 is kept in the energized state with its
      break contact 61s' turned off. Thus, the auxiliary relays 63 and 82
      associated with the travelling movement of the carriage 25 in the normal
      and reverse directions respectively are kept in the deenergized state in
      FIG. 3 to prevent the drive motor 26 from rotating in either direction. In
      response to the operation of the short-circuit detector upper position
      detector 47, the short-circuit detector upward movement restriction relay
      53 and drive motor stopping relay 61 are deenergized in FIG. 3 to cease
      the upward movement of the short-circuit detectors 10. At the same time,
      the step feed instruction relay 83 is energized in FIG. 4 via the
      stationary contact 59d of the stepping relay 59 and a break contact 53s'
      of the relay 53 to turn on a make contact 83s thereof. As a result, the
      stepping relay 59 is energized, and the movable contact thereof energizes
      now with a fifth stationary contact 59e. Therefore, the carriage
      travelling movement restriction release relay 58 and carriage travelling
      movement instruction relay 84 are energized in FIG. 4. A make contact 58s
      of the relay 58 is turned on, and these relays 58 and 84 hold themselves
      over this make contact 58s and a break contact 58s' of the moving time
      setting timer 85. The stepping relay 59 is reset in FIG. 4 in response to
      the energization of the relay 58, and the movable contact thereof is moved
      to engage now with the first stationary contact 59a. Further, the
      energization of the relay 58 energizes the moving time setting timer 85 in
      FIG. 4 which sets the length of time required for moving the carriage
      travelling position detector 45 away from the detected element 46. Thus,
      the drive motor 26 is rotated again and continues to rotate until the
      break contact 85s' of the relay 85 is turned off upon lapse of the time
      setting. The carriage 25 starts to travel and continues to travel by being
      driven by the drive motor 26 due to the fact that the carriage travelling
      movement instruction relay 60 is energized again upon lapse of the time
      setting above described. The carriage 25 ceases its travelling movement
      when the carriage travelling position detector 45 is brought to the
      position directly above the detected element 46 at one end of the
      electrolytic cell 3, and operation as described above is then repeated.
PAR  It will be understood from the foregoing detailed description that the
      electrode short-circuit detecting device according to the present
      invention comprises a carriage capable of making travelling movement over
      a plurality of electrolytic cells, a plurality of short-circuit detectors
      each including a display lamp therein and carried vertically movably by
      the carriage at a position corresponding to the current collecting end
      portions of the cathodes in the electrolytic cells. Thus, when
      short-circuit occurs between anyone of the cathodes and the associated
      anode, the display lamp in the corresponding short-circuit detector is lit
      to give visual indication of the shorting electrodes. Further, failure to
      detect the shorting electrodes can be avoided due to the fact that the
      display lamp corresponding to the detected shorting position is kept in
      the lit state. The carriage is automatically moved to the next
      electrolytic cell when no short-circuit is detected in one of the
      electrolytic cells. Thus, the time requied for short-circuit detection can
      be reduced. A recorder having recording pens corresponding to the
      individual switch elements may be provided so that occurrence of
      short-circuit on the electrodes can be automatically recorded and the
      record can be subsequently reviewed to assist in the management of the
      electrolysis operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for detecting short-circuit occurring between anodes and
      cathodes in electrolytic cells constituting an electrolytic plant,
      comprising a plurality of switch elements turned on and off under control
      of an external magnetic field, display means responsive to the operation
      of said switch elements, means for supporting said switch elements at a
      position above the current collecting end portions of the individual
      anodes or cathodes in one of said electrolytic cells, and means for
      carrying said switch element supporting means for vertical movement and
      capable of making travelling movement over said electrolytic cells from
      the position associated with one of said electrolytic cells to the
      position associated with the adjacent one, the travelling movement of said
      carrying means controlled so that said switch elements can be accurately
      brought to the position adjacent to the current collecting end portions of
      the associated anodes or cathodes in each said electrolytic cell.
NUM  2.
PAR  2. A short-circuit detecting device as claimed in claim 1, further
      comprising vertical movement control means for controlling the upward
      movement of said switch element supporting means during the travelling
      movement of said carrying means and for controlling the downward movement
      of said switch element supporting means when said carrying means ceases
      the travelling movement thereof and is held stationary.
NUM  3.
PAR  3. A short-circuit detecting device as claimed in claim 2, wherein said
      vertical movement control means controls the vertical movement of said
      switch element supporting means so that said switch element supporting
      means can be moved upward automatically from the lower position upon lapse
      of a predetermined period of time when no short-circuit is detected on
      said electrodes, and said switch element supporting means can be
      maintained in the lower position when short-circuit is detected on anyone
      of said electrodes.
NUM  4.
PAR  4. A short-circuit detecting device as claimed in claim 1, further
      comprising travelling movement control means which controls said carrying
      means so that said carrying means can be moved automatically from the
      position associated with one of said electrolytic cells to the position
      associated with the next one of said electrolytic cells when no
      short-circuit is detected on said electrodes in the former electrolytic
      cell.
NUM  5.
PAR  5. A short-circuit detecting device as claimed in claim 2, further
      comprising travelling movement control means which controls said carrying
      means so that said carrying means can be moved automatically from the
      position associated with one of said electrolytic cells to the position
      associated with the next one of said electrolytic cells when no
      short-circuit is detected on said electrodes in the former electrolytic
      cell.
NUM  6.
PAR  6. A short-circuit detecting device as claimed in claim 5, wherein said
      vertical movement control means comprises upper position detecting means
      for detecting the upward movement of said switch element supporting means
      so that, in response to the operation of said upper position detecting
      means, said travelling movement control means can be actuated to start the
      automatic travelling movement of said carrying means toward said next
      electrolytic cell.
NUM  7.
PAR  7. A short-circuit detecting device as claimed in claim 1, wherein each of
      said switch elements comprises a reed switch turned on by said external
      magnetic field, a permanent magnet for applying a magnetic field in a
      direction opposite to the direction of application of said external
      magnetic field, and means for adjusting the position of said reed switch
      relative to that of said permanent magnet for setting the operation range
      of said reed switch.
NUM  8.
PAR  8. A short-circuit detecting device as claimed in claim 1, wherein said
      carrying means comprises a carriage bridging across the row of said
      electrolytic cells and movable over said electrolytic cell row along a
      pair of guide members extending in the longitudinal direction of said
      electrolytic cell row on opposite sides thereof, and said carriage is
      provided with a drive source for causing the travelling movement of said
      carriage by driving a plurality of wheels engaging with said guide
      members, and a travelling position detector for deenergizing said drive
      source in response to the detection of anyone of a plurality of detected
      elements disposed in spaced apart relation in the extending direction of
      said guide members.
NUM  9.
PAR  9. A short-circuit detecting device as claimed in claim 2, wherein said
      vertical movement control means comprises a drive source mounted on said
      carrying means, a power transmission mechanism operatively connecting said
      drive source to said switch element supporting means for causing the
      vertical movement of said switch element supporting means, an upper
      position detector mounted on said carrying means, and a detected element
      mounted on said switch element supporting means for actuating said upper
      position detector, said upper position detector being operative to control
      the travelling movement of said carrying means and to control said drive
      source when the travelling movement of said carrying means is ceased.
NUM  10.
PAR  10. A short-circuit detecting device as claimed in claim 3, wherein said
      vertical movement control means comprises a drive source mounted on said
      carrying means, a lower position detector mounted on said carrying means,
      a detected element mounted on said switch element supporting means to be
      detected by said lower position detector when said switch elements are
      lowered to the position adjacent to the current collecting end portions of
      said electrodes, a first circuit energized in response to the detection of
      said detected element by said lower position detector for causing the
      upward movement of said switch element supporting means upon lapse of a
      predetermined period of time after the detection, and a second circuit for
      deenergizing said first circuit in response to the operation of said
      display means.
NUM  11.
PAR  11. A short-circuit detecting device as claimed in claim 10, further
      comprising switch means for manually turning off said second circuit.
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ABST
PAL  A telemetry system adapted to monitor earth slope stability comprises a
      minimum of one earth slope stability sensor connected with timing means,
      which, upon the sensing of slope instability, initiates transmission of a
      timed signal of a predetermined carrier frequency, and a superimposed tone
      frequency, by an associated transmitter. A receiver picks up the
      transmitted signal along with stray signals and feeds all such received
      signals to a decoder which produces corresponding pulses. The pulses from
      the decoder enter a time gate circuit, which determines if the time
      durations of the respective pulses fall within predetermined maximum and
      minimum limits and which also produces an output signal if a pulse is
      within such limits. The output signal is used for alarm purposes.
PAL  It is ordinarily desired to simultaneously monitor several sites of
      possible earth slope instability. For this purpose, several sets of
      stability monitors, timers, and transmitters are provided. Each
      transmitter is adapted to superimpose an additional tone frequency signal
      upon the transmitted signal, none of which additional tone signals are
      alike. The received signals are also sent to a series of identifiers, each
      of which has an alarm associated therewith and is adapted to produce an
      output if a predetermined additional tone frequency signal is present. If
      an output is generated by both the identifier and the time gate circuit,
      alarm activating means is energized to give an alarm that indicates in
      which area the slope instability has occurred.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field:
PAR  This invention is in the field of telemetry alarm systems in which a sensor
      is located at a site remote from the alarm center and in which the signal
      from the sensor is supplied to the alarm center via telemetry
      transmissions. In particular, the alarm system of the invention is adapted
      for use by the mining and related industries to continuously monitor slope
      stability, especially in open-cut operations such as in the surface mining
      of copper, so that instances of slope instability will be indicated at an
      alarm center.
PAR  2. State of the Art:
PAR  Many different types of telemetry alarm systems are presently known, but
      none are adapted to monitor slope stability. Some of the known systems are
      provided with means to discriminate between valid and invalid information
      at the receiver by imposing a minimum time limitation that must be met
      before a received transmission is deemed valid. In some, one or more tone
      signals are superimposed upon the transmitted signal to indicate a valid
      signal.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention was developed as an alarm system for an open-pit mine
      to provide warning at a central location if ground instability occurs
      within a monitored area of the mine.
PAR  A problem was encountered in attempting to use conventional telemetry
      systems for the purpose, in that there are many stray signals within a
      mine area that set off the alarm. Even with conventional tone coding and
      the imposition of a minimum time restriction, the problem of false alarms
      was shown to be serious.
PAR  According to the invention, at least one slope stability sensor is
      connected to a timer which, in turn, energizes a transmitter for a
      predetermined length of time. Thus, a timed transmission of a
      predetermined carrier, and a superimposed, tone frequency is carried out
      upon the sensing of an alarm condition. If more than one set of sensor,
      timer, and transmitter are used, an additional or second tone frequency is
      preferably superimposed upon the carrier and first tone frequency for
      transmitter-location purposes.
PAR  A receiver at a central location receives all signals of transmitter
      carrier frequency. The received signal enters a decoder, which produces an
      output pulse proportional in duration to the duration of the first tone
      frequency of the received transmission. This pulse is then evaluated in a
      time gate circuit that determines whether or not the pulse falls within
      certain preset maximum and minimum time limitations. If the pulse falls
      within the limitations, an output signal from the time gate is produced.
      This output signal may operate alarm means, but where a second tone
      frequency has been superimposed on the first, the signal from the receiver
      enters an identifying means as well as the decoder. The identifying means
      produces an output if a second predetermined tone frequency is present.
      Alarm activation means are provided to activate the alarm if both a signal
      from the time gate and a signal from the identifying means occur
      simultaneously.
PAR  Usually, a multiplicity of sensor, timer, and transmitter sets will be
      provided, each transmitter superimposing a different second-tone frequency
      upon the transmitted signal. An equal multiplicity of identifying means
      will then be provided at the receiver, each identifying means operating a
      different alarm activating means which will, in turn, operate a different
      alarm if both the signal from the time gate and the signal from the
      identifying means are present simultaneously. In this way, the particular
      transmitter sending the signal can be identified and the particular area
      of slope instability is known.
DRWD
PAC  THE DRAWINGS
PAR  An embodiment presently contemplated as the best mode of carrying out the
      invention is illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of an entire multi-set system, but limited to
      three sensor, timer, transmitter sets for convenience of illustration;
PAR  FIG. 2, a side elevation of a slope stability sensor as used with the
      system;
PAR  FIG. 3, a perspective view of the stability sensor of FIG. 2 with cover
      removed;
PAR  FIG. 4, a schematic of the timer circuitry;
PAR  FIG. 5, a combination block diagram and schematic of the receiver-output
      portion of the system;
PAR  FIG. 6, a combination block diagram and schematic similar to FIG. 5, but
      showing in schematic form some of the blocks indicated in FIG. 5;
PAR  FIG. 7, a block diagram of the time gate;
PAR  FIG. 8, a schematic of the time gate circuitry;
PAR  FIG. 9, a timing diagram showing real time relationships between signals
      produced by various components of the time gate circuitry.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  As illustrated, the system of the invention embodies three sensor, timer,
      transmitter sets for monitoring slope stability. Although only three sets
      are shown, it should be realized that as many sets as required to monitor
      a given slope area can be used and in some instances only a single set may
      be used.
PAR  The overall arrangement of the system is indicated by FIG. 1, and an
      effective stability sensor is shown in FIGS. 2 and 3.
PAR  The illustrated sensor is a device known as a "Steven's Recorder" generally
      used for measuring water levels in wells. It is modified for the present
      purpose and is set up on stable ground with its sensing probe applied to
      the slope area to be monitored. It comprises a pulley 10 mounted by axle
      11 on a base support 12. A cable 13 is wrapped around the pulley 10, one
      end being attached to a weight 14 and the other end to a sensing probe in
      the form of a stake 15 driven into the unstable ground to be monitored. If
      and when the unstable ground slides, the stake slides with it and pulls
      the cable, which rotates the pulley.
PAR  The outer rim of the pulley has grooves 16 at circumferentially equal
      spacings. The presently preferred spacing is one groove per inch. A
      micro-switch 17 is attached to a cover 18 so that its roller 17a rides
      along the outer rim of the pulley 10. While the roller is positioned
      against the rim, micro-switch 17 is held in its closed position. When the
      pulley rotates so that a groove reaches the roller and the latter goes
      down into the groove, the micro-switch is placed in its open positon. As
      the pulley continues to turn, the roller rides out of the groove and
      returns the micro-switch to its closed position.
PAR  The sensor shown is also a recorder, which keeps a graphical record of
      slope movement. Such a continuous record of slope movement is valuable in
      mine stability and safety studies and important for future mine planning
      and operation.
PAR  The standard Steven's Recorder, FIG. 3, comprises pulley 10 attached
      through gearing 19 to recording drum 20. Thus, as pulley 10 turns, drum 20
      also rotates. A pen 21 rests in writing position against the recording
      drum and is slidably mounted on slideway 22. A mechanical clock 23 causes
      pen 21 to traverse the slideway at a constant rate. Recording paper is
      generally placed on the recording drum and changed periodically so that a
      permanent record of ground movement versus time is kept.
PAR  Since the unstable ground to be monitored is usually constantly moving at a
      very slow rate, present practice is to set the sensor so that the roller
      of the micro-switch is a distance away from a groove equal to the normal
      distance that the ground would move in about a two-day period. The sensor
      is then reset every other day. If the ground movement is faster than
      expected, the pulley will move so that the micro-switch roller will
      encounter a groove and cause an alarm to be set off in the manner
      described below. If the rate of travel of the unstable ground is fast
      enough, several grooves may be encountered by the micro-switch roller.
      There are, of course, other types of sensors that may be used to measure
      the stability of the monitored slope.
PAR  Referring to FIG. 4, the micro-switch of the detector is shown as SW1. This
      switch is, under normal conditions, closed so that current will flow from
      battery B1 through relay coil L1 and micro-switch SW1 to ground. A
      normally closed relay contact L1a and a normally open relay contact L1b
      are held in open and closed position, respectively, while coil L1 is
      energized.
PAR  When switch SW1 is opened (micro-switch roller goes into a groove), relay
      coil L1 is deenergized, relay contact L1a is closed, and contact L1b is
      opened. The closing of contact L1a connects 7.5 volt battery B2 to
      terminal X1. The opening of contact L1b initiates the timing of integrated
      circuit timer IC1 in the following manner. With L1b closed, there is no
      charge on capacitor C1 and a potential of 12 volts exists at the terminal
      X2 of IC1. When contact L1b opens, resistors R1 and R2 act as a voltage
      divider while capacitor C1 charges. The voltage present on terminal X2 of
      IC1 will drop from 12 volts when L1b is closed to a much lower value when
      L1b is opened, and will then, again, increase to 12 volts as capacitor C1
      charges. The resistance value of R2 is generally made large compared to
      that of R1 so that the voltage on terminal X2 of IC1 drops below one volt
      upon the opening of contacts L1b. A negative-going pulse (one that drops
      from 12 volts to less than 1  volt) thus occurs at terminal X2 upon
      opening of contacts L1b, and the timing cycle of IC1 is begun.
PAR  Normally, a path to ground exists internally, through IC1, grounding
      resistor R3 and holding both ends of capacitor C2 at ground. When a
      negative-going pulse (such as the one described above) is applied at the
      trigger input X2 of IC1, the internal grounding circuit is opened and
      capacitor C2 begins to charge. The rate of charge is determined by the
      time constant of R3 and C2. When the charge on C2 reaches a value equal to
      two-thirds the supply voltage, the internal ground circuit closes and the
      timing cycle of IC1 is over. The supply voltage here is 12 VDC from
      battery B1. The output of IC1 is a positive pulse lasting for the period
      of the timing cycle. The output is connected to relay coil L2 through
      current limiting resistor R4 and causes normally open relay points L2a to
      close for the duration of the timing cycle. Relay points L2a are connected
      to the remote start-stop terminals of a standard transmitter and causes
      the transmission of a signal during the time the relay contact L2a is
      closed. Power for the transmitter is provided by battery B2 through relay
      points L1a. The transmitter is connected to terminal X1. Capacitor C3 and
      C4 are filter capacitors for IC1. The transmitter is a standard General
      Electric Type PE56RAU, transmitting a tone signal of 2100 Hz superimposed
      on a carrier frequency of 154.6 MHz. It is presently preferred, because
      several of these transmitters and associated timers and instability
      sensors will usually be used at various places within the mine, that the
      transmitter also provide a second frequency tone signal superimposed upon
      the transmitter frequency. The second tone frequency should be different
      for each transmitter, as for example, for the three transmitters shown in
      FIG. 1, the superimposed second tone frequency might be 100 Hz, 200 Hz,
      and 300 Hz, respectively. The second tone frequency is used to identify
      the particular transmitter sending the signal, thus locating the site of
      unstable ground.
PAR  Referring to the block diagram of FIG. 1, and the partial schematic of FIG.
      5, a standard receiver such as a General Electric Model 4ER41C11
      (including an associated power supply such as a General Electric Model
      43P39A11, both being referred to as the receiver herein and in the
      drawings) pick up all signals of the desired transmitter frequency (154.6
      MHz in this particular example). The signals picked up include many stray
      and unwanted signals along with the signals that may be transmitted by one
      of the system's transmitters.
PAR  The received signals are fed to a standard decoder such as a General
      Electric Type 90 which produces a 13.5 VDC pulse of duration proportional
      to the duration of the 2100 Hz tone signal superimposed on the received
      signal. This pulse from the decoder enters a time gate circuit which
      determines whether or not the pulse is within preset maximum and minimum
      time duration limitations. If the pulse is within the limitations, an
      output from the time gate is produced.
PAR  The maximum and minimum time limitations of the time gate are set so that a
      received signal from one of the system transmitters, which, as described
      above, is a timed transmission, falls within the maximum and minimum
      values. The limits are set on either side of the duration of the
      transmitted pulse so that small variations that may occur will still
      produce an output at the time gate. It is very unlikely that a random or
      stray signal received by the receiver will have a tone signal of the
      correct frequency and that such tone frequency will be of duration within
      the limitations set by the time gate. For random or stray signals,
      therefore, output from the time gate is rare. In this way, the system will
      respond to signals from its transmitters; but the possibility of
      responding to a stray or random signal is slight. The incidence of false
      alarms is thus reduced to almost zero.
PAR  The operation of the time gate circuitry may be understood by reference to
      FIGS. 7, 8, and 9.
PAR  The illustrated circuitry is powered by a power supply, shown in FIG. 8, at
      24, but not indicated in FIG. 7. A transformer T1 reduces the usual line
      voltage from 110 VAC to 12.6 VAC, which is then rectified by full wave
      rectifier Q1 producing a voltage across capacitor C5 of 15 VDC. 1C2, an
      integrated circuit voltage regulator, reduces the 15 VDC across C5 to a
      regulated 5 VDC. The regulated 5 VDC powers most of the integrated
      circuits in the circuit. Capacitor C6 acts as a filter. The three voltages
      available, i.e., 12.6 VAC, 15 VDC, and regulated 5 VDc, are all used for
      different portions of the circuitry as will be indicated.
PAR  In the illustrated circuitry, the input signal is represented by the 13.5
      VDC output pulse generated by the General Electric Type 90 decoder
      mentioned above.
PAR  The input signal enters the circuitry through the coupling means 25, FIGS.
      7 and 8. The signal is applied to an incandescent lamp 26 and resistor R5
      in series. R5 is chosen so that the correct voltage appears across the
      lamp. Lamp 26 is positioned in front of a photoelectric cell Q2. The
      photo-electric cell is connected, in series, with resistors R6 and R7,
      across the 15 VDC produced by the power supply. When an input pulse enters
      the circuit from the decoder, lamp 26 is lighted. The light falls upon
      photo-electric cell Q2 and substantially reduces its normally very high
      resistance, which allows increased current to flow, producing increased
      voltage across the resistors R6 and R7. While light coupling is presently
      preferred because it electrically isolates the circuitry from the input
      source and, most importantly, it eliminates the electrical noise present
      in the input pulse, it is apparent that the input signal could be
      introduced directly to the remaining circuitry, bypassing the coupling
      means altogether, especially when the input signals contain little noise.
PAR  The voltage pulse produced at the point between R6 and R7 is applied to the
      means for generating a first pulse upon initiation of the input pulse and
      a second pulse upon expiration of the input pulse, indicated generally as
      the pulse generating means in FIG. 7 and shown as 27 in FIGS. 7 and 8.
PAR  This pulse generating means conveniently comprises an integrated circuit,
      IC3, containing two retriggerable monostable multivibrators. Resistors R8
      and R9, capacitors C7 and C8, and diodes D1 and D2 control the duration of
      the generated pulses. The first generated pulse, preferably a negative
      pulse, is generated upon the voltage increase across resistor R7,
      corresponding to the initiation of the input pulse; and the second
      generated pulse, preferably a positive pulse, is generated upon the
      voltage decrease across resistor R7, corresponding to the expiration of
      the input pulse. The first pulse is fed to the timing initiation means 28,
      FIGS. 7 and 8, and the second pulse is fed to the checking means 29, FIGS.
      7 and 8. The timing of the first and second pulses with relation to the
      input pulse, may be seen by referring to FIG. 9, to the designations
      input, first pulse, and second pulse.
PAR  The regulated 5 VDC produced by IC2 supplies power to IC3, IC4 and IC5.
PAR  The timing initiating and reinitiating means 28 consists of a transistor Q3
      arranged to ensure that the timer is reset in its timing cycle each time a
      first pulse is generated. In the present embodiment, where the first pulse
      is negative, the transistor is of the PNP type. The negative first pulse
      is directed to both the base of the transistor Q3 and the trigger terminal
      X3 of IC4. Capacitor C9 is normally held in grounded condition through
      IC4, however, upon applying a negative pulse to the trigger terminal X3 of
      IC4, the ground to capacitor C9 is opened. As long as the negative pulse
      is present on the gate of transistor Q3, the transistor will conduct and
      essentially ground capacitor C9 to prevent it from charging. The timing is
      then begun when Q3 is returned to its non-conducting state at the end of
      the pulse and capacitor C9 is allowed to charge.
PAR  The purpose of the timing initiating and reinitiating means is to reset
      IC4, ensuring a full timing cycle, each time a first pulse is generated.
      This is done by discharging capacitor C9 through transistor Q3 each time a
      first pulse is generated. Thus, if two short pulses are spaced closely in
      time, the first has initiated timing, the second will cause capacitor C9
      to be discharged, thus resetting the timing interval, even though this
      would not be done by IC4 itself with timing already in progress.
PAR  The first timing means 30 comprises an integrated circuit timer IC4,
      resistor R10, variable resistor R11, and capacitor C9, determining the
      timing interval (leakage through transistor Q3 will also affect the timing
      interval) output resistor R12, and capacitor C10.
PAR  The negative first pulse is applied through the initiating means to the
      trigger terminal X3 of IC4 which causes the output of IC4 to rise to its
      high level. The output of IC4 will remain at its high level, after being
      triggered, until capacitor C9 is charged to a voltage equal to two-thirds
      the supply voltage, the supply voltage here being the regulated 5 VDC
      produced by IC2. At the end of the first pulse, transistor Q3 is no longer
      "on" and capacitor C9 begins to charge through resistors R10 and R11. R11
      can be varied to vary the time constant. When the voltage on C9 reaches
      two-thirds the supply voltage, the output IC4 decreases to its low level.
      The total time delay from the initiation of the first pulse is the length
      of the first pulse plus the time required for capacitor C9 to charge to
      two-thirds of the supply voltage.
PAR  Capacitor C10 is a filter capacitor for IC4.
PAR  The second timing means 31, comprises a second integrated circuit timer
      IC5, similar to IC4, resistors R13, variable resistor R14 and capacitor
      C11 determining the time delay, input capacitor C12 and resistor R15, and
      capacitor C13. The output of the first timer is coupled to the second
      timer through capacitor C12 and resistors R12 and R15. When the output of
      the first timer goes from its high level to its low level, a negative
      pulse is produced at the trigger terminal X4 of IC5 by reason of the
      arrangement of R12, R15, and C12.
PAR  The negative pulse applied to the trigger of IC5 initiates timing and
      causes the output of IC5 to go to its high state. This high state is used
      as the output signal for the second timer. The duration of this positive
      pulse is determined by resistor R13, variable resistor R14 and capacitor
      C11. When capacitor C11 is charged to two-thirds the supply voltage, the
      output of IC5 goes to its low level, and C11 is discharged and held
      discharged until IC5 is again triggered by a negative pulse. The positive
      pulse output of the second timer determines the maximum and minimum time
      duration limitations of the circuit. The start of the positive pulse
      determines the minimum value and the end of the pulse determines the
      maximum value.
PAR  The output of the second timer is connected to the checking means, which in
      the presently preferred embodiment is an SCR, Q4. The timed pulse from the
      second timer is applied to the anode of the SCR while the second pulse
      from the pulse generating means is applied to the gate. Thus, when the two
      signals (timed pulse and second pulse) are simultaneously present at the
      checking means, it will conduct. Thus, if both signals are present at the
      SCR, the SCR will be turned on and current will flow through it. If only
      the timed pulse is present at the anode, the SCR will not conduct because
      gate current is needed to place it in its conducting state. If only the
      second signal is present on the gate, although it will be in its
      conducting state, no current will flow from the anode because, without the
      timed pulse present, there is no potential on the anode. Although an SCR
      is used in the illustrated circuitry, many other arrangements could be
      used such as a conventional AND gate, so that an output signal is produced
      by the circuitry only when both the timed pulse and the second pulse are
      at some point simultaneously present at the checking means.
PAR  It is presently preferred and illustrated that the output of the circuit be
      light coupled to any circuitry to be operated by the output. Thus, output
      means 32 in FIG. 8, includes light coupling means, shown as IC6, which is
      an encapsulated light emitting diode and phototransistor, available
      commercially as such an encapsulated package. IC6 is shown connected in
      series with the output of the second timer and input of the checking
      means. Thus, when the SCR of the checking means allows current to flow
      from the second timing means, current also flows through the light
      emitting diode of IC6, causing such diode to emit light, the current is
      limited by resistor R16. The emitted light is picked up by the
      phototransistor of IC6, which then conducts, producing an output signal
      for the circuit.
PAR  The illustrated output means, in addition to IC6, includes resistors R17,
      R18, R19, and R20, capacitors C14 and C15, diode D3 and SCR Q5. Power for
      the output means is provided directly from transformer T1 and is 12.5 VAC.
      Diode D3 provides half-wave rectification to the phototransistor of IC6,
      and acts to separate the ground of the output circuitry from that of the
      timing circuitry. Capacitor C14 serves to smooth the half-wave ripple and
      supply 15 VDC. R17 bleeds capacitor C14. When the phototransistor in IC6
      begins to conduct, a voltage appears across R18, and is applied to the
      gate of SCR Q5. R19 limits the current flow through the SCR gate. When the
      current flows to the gate of Q5, Q5 is placed in "on" condition and will
      conduct half-waves from the power supply. This produces a voltage across
      R20, which provides a half-wave rectified output which may be used to
      activate a relay or other output device. Capacitor C15 acts as a filter
      for the output and tends to smooth the half-wave rectified output voltage.
PAR  Referring to FIG. 9, the sequence of operation of the circuit may be
      followed. Line 1 shows the input pulse to the system. Line 2 the first
      pulse and line 3 the delaying pulse. The first pulse is generated upon
      initiation of the input pulse. The delaying pulse begins with a first
      pulse and ends a predetermined delay time later. The timed pulse begins at
      the end of the delaying pulse and marks the minimum limit the input must
      meet. The end of the timed pulse marks the maximum limit. The first input
      pulse is shown as short, clearly not meeting the minimum time duration
      requirements for a desired pulse. The second pulse occurs at the end of
      the input pulse. Since the timed pulse and the second pulse must appear
      simultaneously to produce an output, no output is produced by either the
      timed or second pulse generated by the first input pulse.
PAR  The second input pulse shown is also shorter than the minimum. Here,
      however, another input pulse is shown before completion of the delaying
      pulse. Although the delaying pulse has been generated, it is reset and
      will last the preset time from the end of the first pulse generated by the
      third input pulse. The third input pulse is a correct input and falls
      within the maximum and minimum limitations. Thus, the timed pulse
      generated at the end of the delaying pulse appears simultaneously with the
      second pulse produced by the third input pulse and an output pulse is
      generated.
PAR  The situation where an input pulse is longer than the maximum time
      limitation is not shown but follows obviously from what is. The timed
      pulse is generated and ends, and later the second pulse is generated at
      the end of the long input. Since the two do not coincide, no output is
      generated.
PAR  As here described and illustrated, the circuit is preferably adjusted to
      respond to pulses fed to it that are between 9.2 and 11.1 seconds in
      duration. Because of various delays present in the receiver between
      detection of a transmission and presentation of a corresponding pulse to
      the circuitry herein described and lesser delays upon ending the
      transmission, the actual 2100 Hz tone signal on the transmission must be
      between 10.2 and 12.2 seconds for the circuit to respond. To achieve the
      9.2 to 11.1 second timing in the circuitry, the delaying pulse must last
      for 9.2 seconds at which time the timed pulse is generated which lasts 1.9
      seconds. Also, as presently arranged, the first and second pulses last a
      period of 0.9 seconds, Shorter pulses could obviously be used, but these
      lengths appear to ensure satisfactory operability of the output when a
      relay is used, and provide overall timing stability of the circuit.
PAR  It will be obvious to one skilled in the art that a wide range of timing
      intervals can be used and that the various pulse lengths described can be
      changed considerably.
PAR  If only one transmitter is used and no second tone frequency is
      superimposed upon the transmitted signal by the transmitter, the output of
      the time gate may be connected directly to the alarm means so as to
      activate an alarm if an output from the time gate is present.
PAR  Usually, however, where several transmitters are used and the transmitters
      superimpose a second tone frequency upon the transmitted signal, the
      output from the time gate will be sent to an alarm activation means.
      Presently, it is preferred that this means take the form of a
      multi-contact relay 33 as shown in FIGS. 5 and 6. The number of relay
      contacts will be at least equal to the number of different second tone
      frequencies used in the system, and is shown here as three sets of
      contacts, L3a, L3b, and L3c, corresponding to the number of transmitters
      shown in FIG. 1. The time gate output is connected to the relay coil L3 so
      that upon an output signal from the time gate, the normally open-relay
      contacts, L3a, L3b and L3c, are closed.
PAR  Each set of relay contacts is connected through a transistor Q6 to an
      individual standard tone identifier such as a General Electric Model 7646.
      Again, there are provided as many individual tone identifiers as are
      provided transmitters superimposing different second tone frequencies, the
      number three being shown. The group of individual identifiers together
      with their respective transistors Q6 and resistors R21 are referred to
      collectively as tone identifier in FIG. 1. EAch individual identifier is
      set to produce an output signal if a particular second tone frequency
      signal is present on the transmitted signal. If the second tone
      frequencies superimposed by the transmitters shown In FIG. 1 are 100 Hz,
      200 Hz and 300 Hz, respectively, then the three identifiers shown in FIG.
      5 would be set to respond to frequencies of 100 Hz, 200 Hz and 300 Hz,
      respectively. Thus, if one of these frequencies is present on a received
      transmission, the appropriate identifier will produce an output.
PAR  The output of the identifier is connected to the base of a corresponding
      transistor Q6. When an output signal appears, the corresponding transistor
      is thereby placed in its conducting condition, allowing current to flow
      from a positive power source, not shown, connected to its collector
      terminal X5, causing a voltage across corresponding resistor R21. This
      voltage appears on one contact of one set of contacts of relay 33. For
      example, if a 100 Hz signal is present, an output would be given by the
      first identifier. The closing of the relay points completes a circuit
      between the voltage caused by the output of the identifier and an
      appropriate standard latching relay that once energized, remains so, until
      reset manually by the appropriate reset switch. The latching relay
      energizes an alarm which usually will be a series of lights, one light
      corresponding to a particular identifier, and an audible alarm such as a
      buzzer or bell. The audible alarm draws the attention of the personnel in
      the alarm center, while the particular light energized will tell such
      personnel exactly which transmitter has transmitted the alarm signal, and
      thus, which area of the mine has become unstable.
PAR  A recorder may also be connected to the alarm means to provide a permanent
      record of the alarms received.
PAR  A schematic of a portion of one row of the blocks of FIG. 5 is shown in
      FIG. 6. When an output signal is present from the time gate, energizing
      relay coil L3 closing relay contacts L3a, and an output is present from
      the identifier, the output of the identifier (the voltage across R21, FIG.
      5) is connected through closed relay contacts L3a and through diode D4 and
      current limiting resistor R22 to the base of transistor Q7. This places Q7
      in its conducting state and causes a current to flow from the base of
      transistor Q8 through current limiting resistor R23 placing Q8 in its
      conducting condition. With Q8 conducting, current flows from a 12 VDC
      supply connected to terminal X6 through Q8 and through relay coil L4,
      closing normally open relay contacts L4a and L4b. The closing of relay
      contact L4a connects a 110 VAC supply to channel recording pen in a
      standard event recorder such as a Simpson Model 2755. A separate pen will
      be provided for each identifier, or each row of FIG. 5. The closing of
      relay contact L4b connects a 12 VAC supply through reset switch SW2 to
      relay coil L5, causing energization of same. The energization of relay
      coil L5 causes normally open relay contacts L5a, L5b, L5c and L5d to
      close. Relay contact L5a connects a 12 VAC supply through reset switch SW2
      and relay coil L5, setting up a latching loop which keeps relay coil L5
      energized until switch SW2 is opened to reset the relay. Relay coil L4 is
      energized only during the period of time when both an output from the time
      gate and from the identifier are present simultaneously, but once relay
      coil L5 is energized, it remains so because of its latching loop, until
      reset manually by opening reset switch SW2.
PAR  The closing of relay contact L5b connects the 12 VAC supply to light 34,
      causing it to light. A separate light is provided for each row in FIG. 5,
      each light being labeled so that identification of the identifier
      producing the output is known, and thus, the particular transmitter
      sending the signal indicating instability is known.
PAR  The closing of relay contact L5c connects a 110 VAC supply to the motor
      portion of the recorder causing the chart to move (the indication of an
      alarm on the chart is provided by the energization of the recording
      channel by relay contact L4a as described above, such recording channel
      thereby being energized only momentarily).
PAR  The closing of relay contact L5d connects a buzzer to the 110 VAC supply
      causing an audible alarm to be given. Both the buzzer and the recorder
      motor are common to all rows of FIG. 5. Thus, the relay contacts L5c and
      L5d of all corresponding relays in the system (the number of such relays
      is the same as the number of individual identifiers, for example, three
      such relays would be used for the system shown in FIG. 5) are connected,
      respectively, in parallel so that energization of any one of the relays
      will energize the buzzer and recorder motor. It is remembered, however,
      that each corresponding relay contact L4a and L5b operate separate
      recorder channels and separate lights 34 respectively. In this way, the
      same audible alarm is given, and the same recorder motor is energized, for
      any alarm signal received by the system, but only a particular light and
      recorder channel are energized, indicating from which area of the mine the
      alarm signal is being received. The recorder will produce a permanent
      record of all alarms received and from which area of the mine received.
PAR  While the invention has been illustrated and described herein with respect
      to the best mode presently contemplated for use in open-pit mining
      operations, it will be realized that variations may be made without
      departing from the inventive concepts herein disclosed and that there are
      many uses for the system apart from those of the mining industry and that
      the signal-identifying system can be used in telemetry systems in general.
CLMS
STM  We claim:
NUM  1.
PAR  1. A telemetry alarm system adapted to monitor earth slope stability and to
      provide an alarm upon the occurrence of earth slope instability,
      comprising earth slope stability sensing means; means for transmitting
      electrical signals; timing means connected to said sensing means and said
      transmitting means and adapted to cause the transmitting means to transmit
      a signal of predetermined time duration and predetermined carrier and tone
      frequencies upon the sensing of an unstable condition; receiver means
      adapted to receive signals transmitted by the transmitting means; decoding
      means into which received signals are passed to produce corresponding
      pulses of durations of respective predetermined tone frequency signals
      received; time gate means into which said pulses are passed for
      determining if the respective pulses are within preset maximum and minimum
      duration limits and for providing an output when a pulse is within said
      limits; alarm means; alarm activating means responsive to output from said
      time gate means; and means for providing power to the system.
NUM  2.
PAR  2. A telemetry alarm system according to claim 1, wherein the transmitting
      means is adapted to superimpose a second signal of predetermined tone
      frequency upon the signal transmitted; and wherein the system additionally
      includes indentification means electrically connected to the receiver
      means and responsive to the second superimposed frequency to produce an
      output; and wherein the alarm activating means is electrically connected
      to both the time gate means and the indentification means and adapted to
      activate the alarm means only if an output signal from both the
      identification means and the time gate means are present.
NUM  3.
PAR  3. A telemetry alarm system according to claim 2, wherein there are
      provided a multiplicity of associated slope stability sensors, timing
      means, and transmitter means, each transmitter means being adapted to
      superimpose a second tone signal of different predetermined frequency upon
      the signal transmitted; an equal multiplicity of identification means,
      each being adapted to identify one of the different second tone frequency
      signals from one of the multiplicity of transmitter means; an equal
      multiplicity of alarm means; and an equal multiplicity of alarm activating
      means electrically connected to both one of the identification means and
      the time gate means and adapted to operate one of the alarm means, the
      particular alarm means thus indicating which stability sensor has
      triggered the alarm.
NUM  4.
PAR  4. A telemetry alarm system according to claim 2, wherein the time gate
      means comprises the following: a source of power; means for generating a
      first pulse upon the initiation of a pulse from the decoding means and for
      generating a second pulse upon expiration of a pulse from the decoding
      means; means for coupling the pulse from the decoding means to said means
      for generating said first pulse and said second pulse; a first timing
      means adapted to produce a delaying pulse lasting a predetermined time
      after timing is initiated or reinitiated; means responsive to said first
      pulse for initiating or reinitiating said first timing means; second
      timing means responsive to the ending of said delaying pulse and adapted
      to produce a timed pulse; checking means responsive only to the
      simultaneous presence of said second pulse and said timed pulse; and
      output means responsive to said checking means.
NUM  5.
PAR  5. A telemetry alarm system according to claim 4, wherein the output means
      of the time gate is light-coupled to the alarm-activating means.
NUM  6.
PAR  6. A telemetry alarm system according to claim 4, wherein the coupling
      means utilizes light coupling.
NUM  7.
PAR  7. A telemetry alarm system according to claim 6, wherein the coupling
      means comprises a light source and a photo-resistive element in light
      communication.
NUM  8.
PAR  8. A telemetry alarm system according to claim 4, wherein the means
      responsive to the first pulse for initiating or reinitiating the first
      timing means is a transistor.
NUM  9.
PAR  9. A telemetry alarm system according to claim 1, wherein the earth slope
      stability sensing means comprises a support adapted to be placed on stable
      ground; a base secured to the upper end of the support; a shaft mounted on
      the base; a pulley secured to the shaft and having transversely extending
      grooves about its outer circumference; a stake located in unstable ground;
      a weight; a length of flexible cord, one end of which is secured to the
      stake and the other end to the weight, the cord being arranged so that an
      intermediate portion is wound partially around the pulley so that any
      movement of the stake longitudinally of the cord moves the cord
      longitudinally and rotates the pulley correspondingly; and a stationary,
      two-position, microswitch having a roller portion and arranged so that
      said roller portion rides against a portion of the outer circumference of
      the pulley, so that the switch is held in one position until a groove is
      encountered, and so that movement of the roller into the groove places the
      switch in the other of its positions.
NUM  10.
PAR  10. A method of monitoring earth slope stability in electrically noisy
      areas utilizing a stake driven into an earth slope to be monitored and a
      cable attached to the stake and running to a movable device mounted on
      stable ground, which movable device is connected with a telemetry system,
      said method comprising transmitting electrical signals, including a timed
      tone pulse and a second tone pulse, on a carrier frequency incrementally
      in accordance with movement of said device whenever the ground in which
      said stake is driven slides a given distance that constitutes an increment
      on which operation of said device is based; and actuating an alarm in
      accordance with received signals which have the proper timed and second
      tone pulses.
NUM  11.
PAR  11. A method of monitoring earth slope stability according to claim 10,
      wherein a plurality of earth slope stability monitors are utilized, second
      tone pulse being different for each stability monitor, wherein the alarm
      is activated in accordance with received signals which have the proper
      timed and second tone pulses, and wherein the second tone pulse provides
      an indication of which sensor transmitted the signal.
NUM  12.
PAR  12. An earth slope stability sensor, comprising a support adapted to be
      placed on stable ground; a base secured to the upper end of the support; a
      shaft mounted on the base; a pulley secured to the shaft and having
      transversely extending grooves about its outer circumference; a stake
      located in unstable ground; a weight; a length of flexible cord, one end
      of which is secured to the stake and the other end to the weight, the cord
      being arranged so that an intermediate portion is wound partially around
      the pulley so that any movement of the stake longitudinally of the cord
      moves the cord longitudinally and rotates the pulley correspondingly; and
      a stationary, two-position, micro-switch having a roller portion and
      arranged so that said roller portion rides against a portion of the outer
      circumference of the pulley and so that the switch is held in one position
      until a groove is encountered and movement of the roller into the groove
      places the switch in the other of its positions.
PATN
WKU  039449971
SRC  5
APN  4721764
APT  1
ART  234
APD  19740522
TTL  Image generator for a multiterminal graphic display system
ISD  19760316
NCL  8
ECL  1
EXP  Curtis; Marshall M.
NDR  14
NFG  32
INVT
NAM  Swallow; Ronald J.
CTY  Upper Marlboro
STA  MD
ASSG
NAM  Research Corporation
CTY  New York
STA  NY
COD  02
RLAP
COD  72
APN  462171
APD  19740418
PSC  04
CLAS
OCL  340324AD
XCL  178DIG6
EDF  2
ICL  G06F  314
FSC  340
FSS  324 A;324 AD
FSC  178
FSS  DIG. 6
UREF
PNO  3778811
ISD  19731200
NAM  Gicca et al.
OCL  340324AD
LREP
FRM  Cooper, Dunham, Clark, Griffin & Moran
ABST
PAL  An image generator including a visible edge encoder which receives
      information defining the visible surfaces of a two-dimensional projection
      of a three-dimensional world and provides encoded two-dimensional visible
      edges which are x-ordered and are ready for transmission to a plurality of
      display terminals. The information received by the visible edge encoder
      defines the x and y intercepts, in successive planes which include the
      observer's eye and successive scanlines, of all three-dimensional edges
      which would be visible to the observer. The information provided by the
      visible edge encoder is edges which represent a two-dimensional projection
      of three-dimensional objects, each edge defined by its intended position
      on a two-dimensional screen and by attributes for a portion of the screen
      adjacent the edge, such as color, brightness, shading and the like. The
      edges which are provided by the visible edge encoder and are transmitted
      to the display terminals, where they are decoded into video raster points,
      are a highly compressed representation of a video raster; hence, the
      communication link between the image generator and the terminals can have
      a relatively low capacity, and the same image generator can service a
      substantial number of display terminals.
PARN
PAR  This is a continuation-in-part of U.S. patent application Ser. No. 462,171
      filed on Apr. 18, 1974, which is hereby incorporated by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of computer graphics and relates specifically
      to an image generator servicing a plurality of display terminals.
PAR  In computer graphics, a representation of a generally three-dimensional
      world is stored in a memory, and selected two-dimensional projections of
      selected portions of it are displayed on a two-dimensional display surface
      such as a television screen. The stored information and the display
      surface may take a variety of forms. A simple example of a system of this
      type is a video tape serving as a memory and storing a selected set of
      two-dimensional views of a three-dimensional world, combined with a
      television set. A more complex example is a specifically programmed
      digital computer system which stores a three-dimensional object such as a
      cube by identifying the coordinates of its edges, generates selected
      two-dimensional projections of the three-dimensional object and the
      coordinates of the lines making up this projection, and either transmits
      the coordinates of the lines making up the projection to a stroke type
      display device or converts the line coordinates to a set of raster points
      and transmits that set to a raster display device such as a television
      receiver.
PAR  A survey of computer graphic techniques may be found in Sutherland, I. E.,
      A Characterization of Ten Hidden Surface Algorithms, ACM Computing
      Surveys, Vol. 6, No. 1, March 1974, pages 1-55; and in the references
      listed at page 45 of the article, and particularly in Newman, W. M. et
      al., Principles of Interactive Computer Graphics, McGraw-Hill, 1973. The
      references discussed in this paragraph are hereby incorporated by
      reference in this disclosure.
PAR  A major factor which has prevented widespread use of computer graphics has
      been the cost of storing great amounts of information and of transmitting
      information to the display devices at a high rate. For example, if the
      purposee of a system is to show on a display surface any selected view of
      a three-dimensional object such as a cube, it is theoretically possible to
      store a nearly infinite number of views on a video tape and to find and
      display a selected one on a television screen, but this would be
      prohibitively expensive. A great reduction in the amount of stored
      information results when a three-dimensional object is stored in computer
      memory not as it looks in a specific two-dimensional view but as it
      actually is in three dimensions, e.g., by storing the three-dimensional
      coordinates of the apices or the edges of a cube. This three-dimensional
      information can be computer processed to generate almost any perspective
      view of the three-dimensional object, to thus reduce storage cost as
      compared to a video tape storage. The remaining question is then how to
      transmit a representation of the two-dimensional view of the object to a
      display device and how to display it. The answer to this question must
      take into account and reconcile a number of conflicting factors, such as:
      the desirability of a low transmission rate so as to avoid expensive
      communication links between the central computer and the display device,
      the desirability of fast operation of the display device so as to be able
      to show a complex image without flicker and the desirability of having
      minimal storage at the display device so as to minimize cost.
PAR  In various approaches to reconciling these conflicting factors, some prior
      art systems use stroke-type display devices (IBM 2250 and Tectronics)
      which form lines by random positioning and stroking of the CRT beam,
      others use video gating over a TV raster (Anagraph) and still others use
      random point plotting (Plasma). All these types of display devices refresh
      the display either by repeated image generation from encoded form such as
      lines (IBM 2250), be reading a video storage device such as a video disc
      (Anagraph) or shift register memory (TICCIT), by reading a storage tube
      (Tectronics) or by use of a special memory display panel (Plasma).
PAR  While the stroke type display devices afford relatively low transmission
      rate between the image generator and the display device, since line
      identification data is transmitted and not video raster, these devices can
      not display complex images because of limited stroking rates. While the
      other types of display devices discussed immediately above can
      theoretically display complex images, they are severely limited in
      resolution because of the high cost of locally storing each point of an
      image and because of the required high transmission rate.
PAR  There are only two systems known to applicant which use point display
      devices and are capable of displaying area graphics where arbitrary shapes
      or surfaces can be simulated: the system developed by the Evans and
      Sutherland Computer Corporation and the system developed By G.E. for pilot
      simulator-like application. Both are systems in which the terminal display
      device includes a special purpose image generator computer. Both systems
      generate colored perspective views from three-dimensional descriptions of
      objects, but both are limited to one display device since the output of
      the image generator is a color video raster to a color monitor.
      Modification of these two systems by the use of a blackboard memory in the
      display monitor, in order to share the image generator for several users,
      is uneconomical because of the high cost of buffering colored video raster
      data. Additionally, both of these two systems are limited in speed, only
      one picture per 1/30 th second being possible.
PAR  A need remained therefore for a graphics display system using a relatively
      low transmission rate between the image generator and the display
      terminals, capable of supporting a number of display terminals by the same
      image generator, needing minimal storage of data at the display terminal
      and capable of producing flickerless display of complex images, all this
      at a relatively low price per terminal. This need is met by the display
      terminal system disclosed in the patent application of which this is a
      CIP. The remaining need, prior to this invention, was to have an image
      generator which can start with a representation of a three-dimensional
      world, and provide x-ordered two-dimensional edges which are relatively
      inexpensive to transmit and which are of the type usable by said display
      terminal system, and to provide such edges at a sufficiently high rate for
      flickerless display of different, complex images at a high number of
      display terminals.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is in the field of sophisticated graphic display systems, and
      is particularly directed to a visible edge encoder and to its combination
      with display terminals. The main object of the invention is to process
      visible edge information such that a single image generator can service,
      at a relatively low cost, a great number of display terminals each
      displaying relatively complex images without flicker.
PAR  In a specific embodiment of the invention, the visible edge encoder
      receives a succession of intercepts of visible edges with successive
      planes each including a selected position for an observer and for a
      scanline. The edge intercept definitions include information such as the
      position of the intercept, an identification of the three-dimensional
      surface or surfaces whose intersection formed the edge that intersects the
      plane of the scanline, the brightness of that edge at the scanline, color
      of a portion of the scanline associated with that edge, whether the
      surfaces on the two sides of the edge are curved or flat, the slope of the
      edge, whether the edge projection represents the joining of two contiguous
      surfaces or not and whether the intercept is at the beginning or at the
      end of the three-dimensional edge producing it. In accordance with the
      invention, the visible edge encoder processes this information to form
      two-dimensional visible edges which are x-ordered in a single strand chain
      and which are ready for transmission to a communications controller
      distributing the transmitted edges to a number of display terminals. Each
      two-dimensional edge is defined by information such as the position of its
      top on a two-dimensional display screen, its two-dimensional slope, the
      brightness at its top, a gradient of brightness, the color of a portion of
      the display screen associated with it, and the like. The x order in which
      the two-dimensional edges are provided by the visible edge encoder is that
      required by the display terminals described in detail in the referenced
      parent disclosure, and ensures relatively low transmission cost and the
      ability to drive a number of display terminals with the output of the same
      visible edge encoder, and hence the same image generator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a generalized block diagram of a graphic display system
      incorporating an improved visible edge encoder and display terminal in
      accordance with the invention.
PAR  FIG. 2 illustrates the manner of deriving some of the information defining
      edge intercepts of visible edges.
PAR  FIG. 3 shows an edge intercept definition.
PAR  FIG. 4 illustrates a sequence of visible edges in the x order in which they
      are kept in the visible edge encoder.
PAR  FIGS. 5 and 6 illustrate edge definitions of the type provided by the
      visible edge encoder.
PAR  FIGS. 7a through 7e illustrate edges and edge intercepts in various stages
      of their processing by the visible edge encoder.
PAR  FIG. 8 is a generalized block diagram of the invented edge encoder.
PAR  FIG. 9 shows a visible edge definition as it appears in the course of its
      being processed by the visible edge encoder.
PAR  FIGS. 10a and 10b, which fit together as shown in FIG. 10, and FIGS. 10c
      and 10d are detailed block diagrams of the visible edge encoder.
PAR  FIGS. 11a through 11g illustrate various combinations of edges and edge
      intercepts.
PAR  FIGS. 12a-12f, which fit together as shown in FIG. 12, and FIG. 12g are a
      logic diagram illustrating the logic conditions generating control signals
      for the network shown in FIGS. 10a-10d.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, which shows a graphics display system of the type to
      which this invention is directed, a storage 10 stores 3-D definitions of
      objects, such as the coordinates of the apices or edges of 3-D objects,
      and provides these three-dimensional definitions to a projection processor
      12 which combines these definitions with the definition of a selected
      projection to provide 2-D projection definitions to a visible surface
      processor 14 whose job is to find which surfaces would be visible to an
      observer located at a selected point within the three-dimensional world.
      The visible surface processor 14 looks at each of a number of planes, each
      plane including the observer's eye and a scanline, and finds which of the
      visible edges of the 2-D projection intersect that plane and where. For
      each intersection of a plane, the visible surface processor 14 provides
      the x intercept and an identification of the visible edge causing the x
      intercept. The output of the visible surface processor 14 is applied to a
      visible edge encoder 16, which processes this information in accordance
      with the invention to provide a set of x-ordered 2-D edges for
      transmission to a communications controller 18 and display terminals 18a
      through 18n of the type described in full detail in the above-identified
      parent specification.
PAR  The invention is directed to the visible edge encoder 16 and the
      combination thereof with the communication controller 18 and the display
      terminals 18a through 18n. The information received by the visible edge
      encoder 16 may be provided by suitably modified specially programmed
      digital computers of the type used in the Evans and Sutherland system or
      the G.E. system discussed above, but since the generation of this
      information is not a part of this invention, for the purposes of this
      invention it will be assumed that the information required by the visible
      edge encoder 16 is stored in a suitable storage device, such as a
      burst-readable RAM (random access memory) 15.
PAR  FIG. 2 illustrates the information provided to the visible edge encoder 16.
      FIG. 2 is in a plane which includes a scanline extending along x, the eye
      of the observer, and the polygons 20, 22 and 24 over the scanline. The
      lines labelled S1, S2, S3, ... are the intersections of the
      correspondingly labelled surfaces of three-dimensional objects with the
      plane of the figure, and the end points of these lines are projected onto
      the scanline as indicated by the dashed lines which are surface-switch
      projections toward the eye of the observer onto the window of a desired
      display surface. When object surfaces are defined in three dimensions
      (e.g. in the storage 10) each surface is tagged either as smooth or as
      flat. Smooth implies that the brightness over the surface is to be a
      linear interpolated brightness obtained from that at the corners of the
      surface (by linear interpolation in the perspective domain along the
      perimeter of the surface and in the x direction of the perspective). Each
      surface switching along a scanline is tagged by its surface on the left
      (sl), its surface on the right (sr), and the surface visible on its right
      (slast). Note that sl and sr need not face the observer, e.g., for edge 3
      in FIG. 2: sl = S2, sr = S3 and slast = S7. Whenever the left surface is
      curved (a flag F for that surface is set to O) but slast is not on the
      same curved surface (i.e., when there is no 3-D edge defined by the
      intersection of these two surfaces), the surface switching is broken into
      two-edge intercepts, so that two visible edges are generated, and the
      surface between is given by the surface label of the left surface (sl).
      For example, referring to FIG. 2, because there is a discontinuity in
      brightness between the surfaces S8 and S9, another edge is generated to
      redefine the brightness further to the right of S8. Thus, the left of the
      pair of edge intercepts at the switching S8 to S9 is used to smooth-shade
      toward the right, and the right one of that pair is used to reset the
      brightness (possibly followed by a smooth shading to the right). Thus, for
      a discontinuous surface transition, as for S8 to S9, when a surface
      switching is either smooth-to-flat or smooth-to-smooth, two surface
      switchings are generated, separated by two units of resolution in the x
      direction, and the two unit separation surface is labelled as "flat". Each
      edge intercept is given a two-bit flag T, equal to Fl/Fr for its
      left/right surface type (flat-smooth, flat-flat, smooth-to-flat, and
      smooth-to-smooth). Thus, T for a smooth-to-smooth switching is 0,
      smooth-to-flat is 1,  flat-to-smooth is 2, flat-to-flat is 3. Note that
      the switching represented by the two edges for surfaces S8 and S9 differ
      only in their two-bit flags T.
PAR  Still referring to FIG. 2, the polygons 20, 22 and 24 represent the
      intersection by the plane of the figure of three-dimensional objects
      extending transversely to the plane of the figure: S1, S2, S3 ... are the
      object surfaces which intersected with the plane of the drawing, and the
      circled numbers 1, 2, 3, ... are the edges formed where surfaces join in
      the perspective. Thus, object edge 2 is the joining of surfaces S1 and S2,
      object edge 3 is the joining of the surfaces S2 and S3, object edge 9 is
      the joining of surfaces S10 and S11, etc. The projection on the shown
      scanline of the intersection between the plane of the drawing and edge 4
      is the edge intercept at point 26, the projection on the scanline of the
      intersection between edge 2 and the plane of the drawing is at point 28,
      etc. As discussed above, in certain cases a surface switching is broken
      into two edge intercepts: for example, the edge intercepts 30 and 32. Each
      of the edge intercepts is defined by a word comprising a plurality of
      parameters including the parameters listed in FIG. 2 for the respective
      edge intercepts.
PAR  FIG. 3 illustrates the parameters defining edge intercepts of the type
      shown in FIG. 2. For example, edge 4 in FIG. 2 would be defined by the
      x-coordinate of its intercept at 26, by its perspective 2D slope, by the
      brightness at its top, by the color on its right, by the T-flag 2 meaning
      flat-to-smooth, by slast equal to a label identifying surface S5, by Sr
      equal to a label identifying surface S5 and by sl equal to a label
      identifying surface S4. Some of the pertinent parameters for the other
      intercepts of visible edges shown in FIG. 2 are indicated below the
      scanline in FIG. 2.
PAR  Referring to FIG. 4, a two-dimensional projection of a three-dimensional
      world onto the plane of a selected viewing screen may appear as the 2-D
      edges 1 through 13 (different from the edge intercepts 1, 2, 3, ... in
      FIG. 2). Each of the horizontal scanlines 1, 2, 3, ... corresponds to the
      single scanline in FIG. 2. Thus, for scanline 1 in FIG. 4, the point where
      edge 1 intersects scanline 1 is defined by a word of the type shown in
      FIG. 3, and the same for the points where edges 2 and 3 intersect scanline
      1.
PAR  As stated earlier, since the manner in which edge intercept definitions are
      extracted does not form a part of this invention, it is assumed for the
      purposes of this disclosure that a suitable number of the above-described
      edge definitions (e.g. 256) are formed according to the rules defined
      above and are stored in a burst-readable RAM 15. The edge intercept
      definitions are stored in the RAM 15 one scanline at a time going from
      right to left in FIG. 4 and from the first toward the last (in number)
      scanline. In the example of FIG. 4: for scanline 1, the order of edge
      intercept definitions is 1, 2, and 3; for scanline 2, the edge intercept
      definition order is 1, 4, 5, 6, 2, 3, and 7, etc. The visible edge encoder
      16 creates, in accordance with the invention 2-D visible edges in the
      order in which their first scanline intercepts appear. Thus, for the edges
      in FIG. 4, the edges are created in the visible edge encoder 16 in the
      order of their numbers, i.e., in the order 1, 2, 3, 4, etc. In contrast,
      the x-order for the edges transmitted to the terminals is shown by the
      solid arrows in FIG. 4, i.e., edges are ordered in a single strand and, as
      between edges which intersect the same scanline, the next right edge in
      the chain is that whose top x-coordinate is leftmost. In FIG. 4, edge 13
      has the leftmost top x-coordinate, then when edge 9 is considered there
      are other edges to the left of it which intersect scanline 4 and 5, of
      which edge 7 has the leftmost x-coordinate, etc. The job of the visible
      edge encoder 16, in accordance with the invention, is to take in
      information of the type shown in FIG. 3, i.e., information defining the
      edge intercepts of scanlines going from right to left, and to construct
      from this information definitions of two-dimensional edges which are of
      the type used by the display terminals 18a through 18n and which are
      x-ordered as required by the display terminals.
PAR  Referring to FIGS. 5 and 6, each of the edges output from the visible edge
      encoder 16 to the display terminals has the form shown in FIG. 5 and the
      meaning illustrated in FIG. 6, as discussed in detail in the
      above-identified parent patent disclosure. Specifically, edge 1 in FIG. 6,
      which is similar to one of the edges shown in FIG. 4, is defined by a word
      of the type shown in FIG. 5, which defines its position on the display
      screen and attributes of the screen to the right of the edge by defining:
      the x and y coordinates to the top of the edge, the slope of the edge, the
      brightness at the top of the edge, the color to the right of the edge, the
      gradient of brightness downward along the edge, whether the brightness
      varies linearly or not, and whether it is the first edge of a set of edges
      transmitted from the visible edge encoder 16 to the display terminals 18a
      through 18n.
PAR  FIGS. 7a through 7e illustrate an example of a pointer system which is kept
      in the visible edge encoder 16 in accordance with the invention as edges
      are created and maintained in the required x order. Referring back to FIG.
      4, the order in which edges are created from the edge intercept
      definitions is illustrated by the circled numerals, while the x-order in
      which the edges must be maintained is illustrated by the solid line
      arrows. Since the x-order information can be derived only by comparing the
      x intercepts of edges crossing the same scanlines, the x-order pointer
      system is generated and updated in accordance with the invention as the
      visible edges are generated, updated or terminated from the edge intercept
      information rather than at the end of the generation of the 2-D visible
      edges. At the beginning of a scanline, the visible edge encoder 16
      contains in a suitable buffer two-dimensional edge definitions for those
      edges above that scanline (the buffer is empty at the first scanline).
      Using the scanline data for the current scanline, the visible edge encoder
      16 does one of the following: extends if possible a previously created
      edge, or begins a new visible edge, or terminates an edge extended or
      unextended. Referring now to FIGS. 7a through 7e, FIG. 7a illustrates the
      beginning of scanline 6 and shows edges 34, 36, 38, 40, 42 and 44 defining
      a two-dimensional image for scanlines 1 through 5, and edge intercepts 46,
      48, 50 and 52 of scanline 6. Note that this is the upper part of the edges
      in FIG. 2. The visible edge encoder 16 is not at the beginning of scanline
      6. Referring to FIG. 7b, which shows the identical edge structure above
      scanline 6, a current edge pointer illustrated by the dash arrow points to
      edge intercept 46 is being prepared for use on the next scanline 7, and
      FIG. 7b shows that the edge intercept 46 has "matched" edge 34, and edge
      34 has therefore been extended to scanline 6. Referring to FIG. 7 c, edge
      intercept 48 does not match one of the existing edges, i.e., no existing
      edge can be extended to edge intercept 48. Edge intercept 48 is therefore
      the beginning of a new visible edge, and a pointer PNDLFT is set to point
      to the location of that new visible edge started at intercept 48. Since
      this new edge, starting at intercept 48, does not immediately follow
      another newly started edge, but rather follows the previously existing and
      extended edge 34, as in FIG. 7c, another pointer PNDRT is also set to
      point to that new edge starting at intercept 48. Referring to FIG. 7d, as
      scanline 6 proceeds to the left and edge intercept 50 is encountered, this
      new edge intercept 50 does not match an edge existing at scanline 5,
      hence, a new edge is started at intercept 50. Since this new edge,
      starting at intercept 50, immediately follows a newly started edge at
      intercept 48, the edge started at 50 is made to point back to the edge
      started at 48, as a part of a pending x-order pointer system, as indicated
      by the solid arrow in FIG. 7d, and a pointer PNDLFT is made to point at
      the edge starting at 50. Thus, the pointer PNDRT always points to the
      right edge of a consecutive chain of pending new edges started at the
      current scanline (for scanline 6, to the edge started at 48), while the
      pointer PNDLFT points to the left edge of this chain (the edge started at
      50 in scanline 6). When, as in FIG. 7e, a new edge intercept (at 52)
      matches a visible edge (edge 42) the x-order pointer of that edge 42
      (indicated by the solid line in FIG. 7d) is given to the edge pointed to
      by PNDRT (the edge starting at 48 in FIG. 7e), while the x-order pointer
      of that edge 42, indicated by the solid arrow in FIG. 7e, is made to point
      to the newly started edge at 50, which is pointed to at that time by
      PNDLFT, resulting in the x-order pointer structure shown in solid arrows
      in FIG. 7e, showing completed processing of scanline 6 and the x-order
      structure required by the terminals 18a-18n.
PAR  Note that a "match" is defined as a visible edge and a new edge intercept
      with the same bounding surfaces, for example, referring to FIG. 7a, edge
      34 and edge intercept 46 match at scanline 6 because, referring to FIG. 3,
      the parameters slast, sl, and sr for edge intercept 46 are the same as the
      corresponding parameters for the edge intercepts resulting in edge 34 in
      FIG. 7a.
PAR  In summary, the invented visible edge encoder 16 receives from the RAM 15,
      for each scanline intercepted by edge projections, edge intercept
      definitions ordered as the scanline proceeds from right to left,
      constructs 2-D visible edge definitions from these edge intercept
      definitions, concurrently keeps an x-order pointer structure, as shown by
      solid arrows in FIGS. 4 and 7a-7e, and transmits to the terminals 18a
      through 18n sets of edge definitions words of the type shown in FIGS. 5
      and 6.
PAR  A current edge pointer system is used, as shown by the dash arrows in FIGS.
      4 and 7a-7e, and is updated as shown in FIGS. 7a-7e. Thus current edge
      pointer system is used to keep track, from right to left, or those visible
      edges which have crossed the immediately previous scanline and have not
      been terminated. In FIG. 4, the current edge pointer for scanline 5 points
      to edge one, then to edge four, which has not been terminated 1, scanline
      5, then 4, 9, then to 8, then skips edge 2 because it has been terminated,
      and points to edge 7. For scanline 6 in FIGS. 7b-7e, the current edge
      pointers are also shown by the dash arrows.
PAR  FIG. 8 shows a generalized block diagram of the major section of the
      invented visible edge encoder 16. These major sections are: a scanline
      buffer 100, a free pointer stack 102, a current edge pointer stack 104
      comprising ping-pong stacks 104a and 104b, a visible edge buffer 106 and
      an assembler 108 including a visible edge input register 110, an edge
      intercept input register 112, and an output register 114. The scanline
      buffer 100 can hold 256 edge intercept definitions of the format shown in
      FIG. 3, and is a RAM loaded in burst mode either from the RAM 15 which
      contains a previously stored set of edge intercept definitions of the type
      shown in FIG. 3 or from the visible surface processor 14. The visible edge
      buffer 106 is a RAM that can store 1,024 edge definition words of the
      format shown in FIG. 5. The free pointer stack 102 can contain 1,024
      pointers, each ten bits long. The current edge pointer stack 104 contains
      two units, each 256 words long, each word being 10 bits. The assember 108
      contains the necessary control circuitry and input and output registers.
      RAM stands for random access memory.
PAR  In operation, one of the current edge pointer stacks 104a and 104b contains
      pointers to those visible edges in the buffer 106 which have crossed the
      previous scanline and have not been terminated, for example, the stack
      104a may contain the dash arrow pointers shown at scanline 5 of FIG. 4, As
      scanline 6 of FIG. 4 is being processed, the pointers of stack 104a are
      read out to identify the next visible edge from the buffer 106 which is to
      be compared with a new edge intercept of the intercepts 46, 48, 50 and 52
      in scanline 6 of FIGS. 7a-7e. This limits the search of the matchings to
      only those visible edges which have not yet been terminated. In the
      example of FIG. 4, the processing of scanline 6 will not involve
      comparison of new edge intercepts with edges 5, 6, 2, and 3. As scanline 6
      is being processed, the current edge pointer structure shown in FIGS.
      7b-7e by dash arrows is written into the stack 104b, to be ready for the
      processing of scanline 7, etc. Note that during the processing of scanline
      6 of FIG. 4, edge 2 has been terminated on scanline 5 (it has been given a
      flag lf of 1), this flag having been derived for the RAM 15 from knowing
      that this edge 2 is a projection of an original 3-D edge which has ended.
      However, when an edge is not known to have ended, as for example, if edge
      4 in FIG. 4 becomes invisible to the observer at scanline 6, but was not
      invisible at scanline 5, that edge 4 is given lf = 0 in the RAM 15. A flag
      lf of 0, and a current edge pointer for it is maintained for scanline 5 in
      the visible edge encloder 16, as shown in the dash arrows in FIG. 4.
PAR  The current edge pointers in the stack 104 are terminated if the pointed to
      edges are not matched on the following scanline. They are terminated
      either just after a match has occurred or at the end of the scanline
      processing period. That is, each new edge intercept is compared from right
      to left with the current edges to the left of the last matched visible
      edge. If no match is found, a new visible edge is created for the edge
      intercept which is being compared, and is terminated if its flat lf is 1,
      and then a new edge intercept is compared, etc. However, if a match is
      found, the matched current visible edge is extended, and then all current
      visible edges that were skipped by, back to the last one matched, are
      terminated. Thus, in FIG. 4, on scanline 6, edge 4 is terminated after
      edge 9 is updated. The pointer to each edge which has been updated or
      created is added to the current edge pointer stack 104a or 104b for use on
      the next scanline.
PAR  When a new edge is created, such as the edge starting at edge intercept 48
      in FIGS. 7a-7e, a definition for this edge is placed in a free location of
      the visible edge buffer 106, and the x-order pointer to this edge is made
      to point to this location in the visible edge buffer 106. The free pointer
      stack 102 keeps track of the available locations in the buffer 106, and
      supplies those when needed to store a new edge definition in the buffer
      106.
PAR  In order to minimize the search time for a match between each new edge
      intercept with the visible edges pointed to by the current edge pointers,
      a second 1-bit flag, nf accompanies each edge intercept definition; when
      nf = 1, the edge intercept is the top of a new visible edge and thus can
      not match any previously found visible edge. This is derived from
      information stored in the RAM 15 when the edge intercept results from the
      top of a 3-D edge. Thus, only new edge intercepts whose flags nf are 0
      need be compared with the edges pointed to by the current edge pointers in
      the stack 104a or 104b.
PAR  The visible edge buffer 106 stores, for each visible edge, a definition of
      the format shown in FIG. 9. Each visible edge is defined by: the
      x-coordinate of its top, its slope, the y-coordinate of its top, the
      brightness at its top, the brightness at its current bottom, the color
      associated with that visible edge, a two-bit flag T indicating the
      transition between smooth and flat, the parameters slast, sl, and sr
      discussed above, a parameter DN which is set to 0 when an edge is created
      and remains 0 until the edge is terminated, at which time it is set to 1,
      and a parameter PX which is set equal to the pointer PDNLFT at the time
      the edge is created and may be changed later to point to the location in
      buffer 106 of the edge pointed to by the solid line arrow x-order pointer.
      When a new edge of the format shown in FIG. 9 is placed in the visible
      edge buffer 106, the pointers PNDLFT and/or PNDRT in the pointer stack 102
      are set to point to the location of that new edge definition in the
      visible edge buffer 106.
PAR  When a visible edge of the format shown in FIG. 9 is first created, for
      example, the visible edge starting at edge intercept 48 in FIG. 7c, the
      correspoinding values of the edge intercept definition (FIG. 3) are loaded
      into the corresponding value locations of the visible edge definition
      (FIG. 9), DN in FIG. 9 is set to 0 and PX in FIG. 9 is set equal to
      PNDLFT. As an edge is updated, the value of B.sup.C (current bottom
      brightness of its definition (FIG. 9) is replaced by the brightness value
      for the new scanline intercept. When the x-order pointers must be updated,
      as in FIG. 7e for example, the value of PX of a visible edge definition
      may be replaced with the contents of PNDLFT, the old contents of PX going
      to the PX of the visible edge pointed to by PNDRT, as indicated in FIG.
      2e. When a visible edge is terminated on scanline Y.sub.bm, its slast is
      replaced with an 11-bit interger H whose value is the difference of
      Y.sub.bm and y.sup.t, and the value of B.sup.c (the brightness at the
      bottom of this visible edge) is replaced by G defined as
      ##EQU1##
PAR  The RAM 15 may store switchings closer than two units out of 1600 in x, and
      the visible edge updating in the encoder 16 may not follow exactly that of
      the original edges from which the edge intercept definitions are derived;
      hence, visible edges may come closer than two units out of 1600 units in
      x. Thus, the scanline processing which creates, updates, or terminates
      visible edges is extended to compare the x-intercepts of each new or
      extended visible edge, with the result that at times an edge may be
      terminated or even deleted because it has approached another edge too
      closely. Thus, the spacing in x criteria may result in the deletion of an
      edge intercept definition because it has come too close to a previously
      extended visible edge, or the termination of a visible edge which has been
      tentatively updated but forced to terminate on the previous scanline.
PAR  When the visible edge buffer 106 is full, or contains a completed block of
      edges (1024 edges), the assembler 108 freezes most of the circuitry of
      FIG. 8, enabling only a section which begins with the contents of a
      register pointing to the beginning of the x-order pointer structure (i.e.,
      a register reflecting the arrow labelled LEFT in FIG. 4) to begin reading
      through the x-order pointer structure, e.g., as shown in solid arrows in
      FIG. 4. As each edge definition of the format shown in FIG. 9 is outputed
      from the visible edge encoder 16, all edge locations in the buffer 106
      storing edge definitions with DN of 1 (for terminated edges) are returned
      back to the free list of the free pointer stack 102. Edge locations in the
      buffer 106 storing edge definitions with DN of 0 (for unterminated edges)
      are not placed in the free pointer stack 102. Rather, only the x-order
      pointers of such unterminated edges are appropriately updated to leave
      behind an appropriately x-ordered set of unterminated visible edges.
PAR  Referring to FIGS. 10a-10d which show a detailed diagram of the invented
      visible edge encoder 16, at the beginning of a write-read cycle (a cycle
      is the attempted matching between an edge and an intercept) the edge
      intercept input register 112 contains an edge intercept definition of the
      format shown in FIG. 3 and the visible edge input register 110 contains a
      visible edge definition of the type shown in FIG. 9. In addition, the edge
      intercept input register 112 contains a flag V which flags the data in the
      register 112 as valid if set to 1, or invalid if set to 0 (indicating that
      there are no more edge intercept definitions). The visible edge input
      register 110 contains, in addition to the visible edge definition of the
      FIG. 9 format, flags CVE and LA, where CVE = 1 means that the data in the
      register 110 are valid and LA = 1 means that this is the definition of the
      last visible edge pointed to by the current edge pointer stack 104 (i.e.,
      it is the leftmost visible edge on a scanline). Additionally, register 110
      contains the address RDA in the visible edge buffer 106 of the edge which
      is currently in the register 110. A multiplier-adder 116 performs the
      operation indicated in its block to find the x-intercept of the visible
      edge in register 110 with the current scanline identified in a current
      scanline register 118, which is updated with each scanline. The unit 116
      provides the x-intercept x.sub.i.
PAR  A comparator 120 generates an output MO which is 1 if the surface
      parameters T, sl, sr, slast of the visible edge and of the edge intercepts
      in the registers 110 and 112 respectively are equal. If either the inputs
      of the comparator 120 are not the same and LA = 1, or the visible edge in
      the register 110 is flagged as invalid by CVE = 0, or the edge intercept
      in the register 112 is for a new edge (its nf is 1), the contents of the
      register 112, rather than the contents of the register 110, are fed to the
      output register 114 via select networks 122a and 122b, which additionally
      selects the x intercept of the data in the register 112. Referring to FIG.
      7c for an example, this can be the case where the edge intercept at 48 is
      in register 112 and is compared with the edge 36 in register 110, and a
      new visible edge, started at 48 is to be placed in buffer 106. Since the
      definition of the newly started visible edge, which is now in the output
      register 114, is not to be written back at the address in the buffer 106
      of the visible edge that is presently in the register 110, but rather in a
      free location of the buffer 106, a new, free address is provided by the
      stack 124 which is a part of the free pointer stack 102 in FIG. 8. That
      is, the new visible edge definition currently in the output register 114
      is directed to the buffer 106 address identified by the output P1 from
      network 122a, which output P1 is made equal to the output FA from the free
      address stack 124, rather than to the value of RDA in the register 110.
      The input G7 of the free address stack 124 is raised to increment the free
      address stack 124 to the next free address of the visible edge buffer 106,
      unless the input IFU of the stack 124 is at this time raised, in which
      case no incrementing of the stack 124 takes place. A select network 126
      selects for its output the input from the register 112 rather than the
      input from the unit 116, upon the occurrence of a signal E1. The same
      signal E1 selects for the updated PX in register 114 (x-order pointer) the
      pointer PNDLFT in register 130, where PNDLFT in register 130 may contain
      the location of a newly created visible edge (which, if it does exist, has
      forced a flag PND in an FF register 128 to be set and the PNDLFT register
      130 to be loaded with the location of that newly created visible edge in
      buffer 106). At the end of the read-write cycle for the current contents
      of registers 110 and 112, if PND in FF register 128 is 0, it is set to 1
      and the contents of PNDLFT register 130 are replaced by P1, the location
      in buffer 106 where the new edge from register 114 is to be written.
      Additionally, PNDRT register 132 is at this time loaded with P1 if the
      newly created visible edge was not preceded by another, previously
      generated edge (flagged by PND = 0). Thus, PNDLFT register 130 at the end
      of the write-read cycle for a scanline is loaded with the location of the
      leftmost pending edge to be written back in the visible edge buffer 106
      during the following write cycle.
PAR  If PND in register 128 is 0 during a cycle where a new visible edge is
      created, PNDLFT register 130 at this moment contains no useful information
      since the x-order structure is to be put into a pending state by this
      first newly created visible edge. In this case, select network 122c passes
      to the output register 114 the PX value of a pointer saved in a register
      134 so that a different PX can be stored at the buffer 106 address pointed
      to by the contents of PNDLFT register 130. That is, when the first edge of
      a chain of new edges is written into the visible edge buffer, the PX
      portion of the edge definition is a "don't care", therefore, any pending
      required storing of a pointer PX at another location of buffer 106 is
      permitted at the same time. L register 134 is, when required, loaded with
      the PX of the rightmost edge of a sequence of pending edges. When a
      matched edge is encountered, its PX is saved in L-register 134 and
      replaced by the contents PNDLFT register 130 before it is written back, so
      that it points to the edge of a chain of pending edges as in FIG. 2e.
      Since the pointer for the right edge of the pending chain can not be
      updated or corrected at this time, a K flip-flop in register 128 is set
      indicating that L-register 134 contains a pointer to replace the PX value
      of the edge pointed to by the contents of PNDRT register 134. Thus, when a
      new visible edge is created following a matched edge which has set K in
      register 128, the contents of PNDRT register 132 point to the edge which
      should point to the edge that had previously been pointed to by the
      matched edge. Referring to FIGS. 7d and 7e, while the edge definition of
      the edge starting at point 48 is being stored from the output register 114
      into the visible edge buffer 106, since no x-order pointer PX is available
      for it at this time, it is stored in buffer 106 without a PX value, and
      the same cycle is used to store in buffer 106 the PX value for another
      edge which was stored in buffer 106 without a PX value, but whose PX value
      was left in L-register 134.
PAR  Since the contents of PNDRT register 132 are not altered until a new edge
      is created with PND = 0, the updating of the PX value for an edge stored
      in buffer 106 at the address pointed to by the contents of L register 134
      can be done during that cycle where E1 = 1 and PND = 0. Thus, since on
      those occasions when PX for an edge passing toward the output register 114
      is a don't care PX, the address for that PX can be set to that currently
      in PNDRT register 132. Thus, two addresses of buffer 106 are always
      defined during a write cycle, one for PX (in PXWA register 136) and one
      for the remaining portion of the edge word (in EWA register 138).
PAR  If E1 = 0, the old visible edge definition in register 110 for a matched
      edged intercept pass toward the output register 114, together with its old
      address RDA in buffer 106, while its x intercept xi, as computed by
      network 116, passes through select network 126. If this edge follows a
      pending edge or edges in an x-order chain, its PX is replaced by the
      contents of PNDLFT register 130 via select network 122c.
PAR  For either of the E1 = 1 and E1 = 0 cases, if the previous pending edge is
      in a pending x-order pointer structure is to be terminated because of the
      spacing in x criteria discussed below, and if there are two or more
      pending edges in the pending chain (EQ = 0, in a comparator network 140),
      the edge gated toward output register 114 is given a PX equal to the
      location of the pending edge to the right of the pending edge to be
      deleted. The buffer 106 location of this previous pending edge is saved in
      PNDLFTS-register 142 where PX is set via select network 122c. Using the
      pointer in PNDLFTS-register 142 rather than that of PNDLFT register 130
      has the effect of deleting the edge pointed to by PNDLFT register 130.
      When the write/read clock occurs, the contents PNDLFT register 130 move
      into PNDLFTS-register 142, and P1 enters PNDLFT register 130. Referring to
      FIG. 7e, this would be the case if the newly created edge starting at 50
      is too close to extended edge 42 to satisfy the spacing in x criteria, and
      this newly started edge at 50 is therefore deleted.
PAR  Edge data approaching output register 114 are put in a terminated form by
      network 144, 146, 148 and 150 enabled by signal TE which is true if (1)
      the edge going to the output register 114 is a matched edge with lf = 1,
      (2) this edge was a visible edge skipped by between successful matchings,
      as for example, edge 36 in FIG. 7e would be skipped by between the
      successful matchings at scanline 6 of points 46 and 52, or (3) this edge
      must be terminated at the scanline immediately above the current scanline
      as indicated by register 118 because this edge and/or the following edge
      are too close to each other or to neighboring edges. Edges forced to
      terminate after the following edge is read are terminated two cycles
      later, that is two cycles after they are updated.
PAR  The spacing in x criteria referred to above required that when an j is
      updated at a distance greater than three units in x from the last edge
      encoded (j-1), this edge j is latched onto and its xi value, provided from
      networks 116 and 126 is latched onto (placed in XLATCH register 152), that
      is this edge j may never be deleted by a following edge which is too close
      to it. Each edge being encoded has its xi value placed in XLAST register
      154, whether or not it is latched onto. If a following edge, j + l
      approaches less than three units in x from the last edge (provided this
      last edge j was not forced to be terminated), edge j + 1 becomes a new
      last edge but not the latched edge. At this point register 152 contains a
      value for edge j and register 154 contains a value for edge j + 1.
      Following edges j + 2, etc., if they are separated from the edge whose xi
      value is a register 152 by more than four units in x, do not cause the
      termination of the last edge j + 1.
PAR  Thus, each time an edge becomes a latched edge j, its xi is placed in
      register 152. Each time an edge j becomes a last edge, its xi is placed in
      register 154. When the xi value of an edge j is placed in register 154,
      the location of that edge j in the visible edge buffer 106 is always
      placed in ILAST register 156, and the old brightness (unupdated
      brightness) of this edge j is placed in BLAST register 158. Thus, an edge
      which is last but not latched onto, is tentatively terminable and thus may
      need to be terminated on the previous scanline without its brightness
      updated. Since all edges which are unterminated are updated, each edge
      must have its brightness and location remembered, and this is the purpose
      of registers 152, 154, 156, and 158.
PAR  When the contents of registers 152 and 154 are not the same, and their
      contents are less than four units in x apart, the edge whose xi is stored
      in register 154 is terminated (or deleted if it is a newly created edge),
      and the next xi which comes through network 126 is loaded into register
      154 without changing the contents of register 152. If, when the contents
      of registers 152 and 154 are not the same, the xi coming from network 126
      is four or more units in x from the value stored in register 152 but less
      than three units in x from the value stored in register 154, the contents
      of register 152 are replaced by those in register 154 and that new xi is
      stored in register 154. That is, the process moves forward, latching onto
      the next edge. When a following edge intercept is greater than or equal to
      three units from the contents of register 154, both register 152 and 154
      take on the x intercept of that new following edge.
PAR  Thus, returning to the termination rule, an edge is terminated at the
      scanline just prior to the current scanline (1) when for a pair of
      consecutive edges neither is latched onto where the leftmost of a pair of
      consecutive edges follows less than four units in x from the edge latched
      onto, or (2) when one edge follows a second edge which has been latched
      onto but is less than 1 unit away. Terminations because of case 2
      discussed immediately above are made at the time an edge to be terminated
      is being encoded, since its x intercept information is present at that
      time. In such cases, the B.sup.C passing toward the output register 114
      must be the old value, not the updated value selected by select network
      160. If an edge is terminated because the following edge's x intercept is
      less than 4 from the latched onto edge which preceded it, the edge to be
      terminated must be read back from the visible edge buffer 106 two cycles
      later and terminated. Thus, when the spacing in x  is less than 4
      criterian terminates an edge, this sets a flag PT in a register 162 and
      transfers the brightness and location of the last edge (i.e., the
      brightness and location information in registers 156 and 158) into
      registers 164 and 168 (at the end of the write/read cycle).
PAR  FIGS. 11a through 11b illustrate the termination or deletion of edges. FIG.
      11a illustrates the case of an edge placed in the terminated form (i.e.,
      stored back in the buffer 106 with a flag DN set to 1) because it is a
      matched edge with lf = 1. Referring to FIG. 11a assume that edge 8 has
      been matched with a point 8a on scanline 5 and now the edge definition for
      edge intercept 7a whose flag lf is 1 is being compared with edge 2. When
      the updated edge definition for edge 2 gets from register 110 in FIG. 10a
      to output register 114, its DN flag is set to 1 for storage back into
      visible edge buffer 106, because this point 7a is the last point of edge
      2. Referring to FIG. 11b, assume that edge 7 was extended to point 7a on
      scanline 6, edge intercept 9a was compared with edge 4 but no match
      occurred and now edge intercept 9a is being compared with edge 9 and a
      match is found between edge 9 and edge intercept 9a. This means that edge
      4 should have been terminated at scanline 5, i.e., it is a visible edge
      skipped by between successive matching at points 7a and 9a, and it is
      terminated at scanline 5 as discussed above in connection with registers
      152-168. Referring to FIG. 11c, suppose for scanline 21 edge intercept 7a
      is compared with edge 7 and as a result edge 7 is extended as shown in
      FIG. 11d, and the updated edge definition for edge 7 is sent from output
      register 114 back into visible edge buffer 106. Now, referring to FIG.
      11d, edge intercept 9a is compared with edge 15, but the spacing in x
      between edge intercept 9a and the edge intecept of edge 7 with scanline 21
      is less than one unit. Edge intercept 9a would therefore be deleted as a
      result of a comparison performed in network 153. Referring to FIG. 11e,
      now the next edge intercept 11a is compared with the x intercept of the
      bottom of edge 7, which is two units away. Edge intercept 11a would not be
      deleted through the comparisons in network 153. In FIG. 11f, edge
      intercept 13a is less than 4 units away from edge 7; hence network 153
      determines that intercept 11a is to be deleted. In FIG. 11g edge intercept
      15a has a successful match with edge 15 and would extend edge 15, with
      edge intercept 13a remaining undeleted. Note that in FIGS. 11d, 11e and
      11f, if edge intercepts 9a and 11a were matched with edges existing at
      scanline 20, these edges would be terminated for scanline 21.
PAR  Referring back to FIGS. 10a and 10b, when the spacing in x criteria is met
      (the spacing in x is less that 4 units) the next write/read cycle is not
      "stolen" for the termination of the previous edge, but the cycle following
      that is stolen to give PT register 162 time to apply its address. This is
      because the source of the enable input to PT register 162 is derived from
      a spacing in x calculation in unit 153 and is not available during a
      write/read cycle in time to select an address in buffer 106. Thus, in the
      middle of the next write/read cycle following the cycle where this type of
      termination has been detected as necessary, i.e., when PT register 162 is
      at 0, the contents of register 168 are used as a read address for buffer
      106 so that at the beginning of the next write/read cycle, the edge to be
      terminated is in the visible edge input register 110. The contents of
      register 168 are moved into register 170 and register 172 is set (enabled
      by PT register 162). Thus, for this next cycle, when the edge to be
      terminated resides in the visible edge input register 110, register 172
      has been set, flagging to the pertinent circuits in FIGS. 10a and 10b that
      this is a write/read cycle being stolen and that data contained in other
      registers should be frozen, i.e., edges are not to be compared with edge
      intercepts during this particular write/read cycle.
PAR  When register 172 is set to 1, the contents of register 170 are selected as
      input to the output register 114 through select network 174. The read
      address RDA is fed on by gate network 122a as a write address P1 to the
      output register 114, and TE is raised forcing the edge currently being
      applied to the output register 114 to be put in the terminated state when
      clocked into this output register at the end of the write/read cycle.
PAR  When PTD = 1, the contents of register 170 are selected as input to the
      output register 114 through select network 174. The read address RDA from
      register 110 is fed on by network 122a as a write address P1 to the output
      register 114, and TE is raised forcing the edge that is being forwarded to
      the output register 114 to be put in a terminated form when clocked into
      the register 114 at the end of the write/read cycle. During cycles when
      the contents of register 152 and 154 are not the same, a flag ILF in
      register 128 is set.
PAR  During the write/read cycles when the visible edges skipped by between two
      matched edges are being terminated, PAR in register 128 has been set equal
      to 1, and E1 has been set equal to 0. These two conditions force the
      visible edge definition to pass unupdated from register 110 to register
      114. Since a termination is required, TE is true on these occasions,
      causing the edge residing the output register 114 to be terminated
      appropriately.
PAR  When an edge is terminated to a previous scanline, the parameter H for it
      that goes to ouput register 114 is set to the difference between the
      current scanline in register 118 minus the top scanline of this edge minus
      1, by network 176, where the input I to this network 176 is 1. For edges
      terminated on the current scanline, the input I to network 176 is 0, so
      that the parameter H going to output register 114 for these edges is
      simply the difference between the contents of register 118 and the
      y-coordinate of the top of these edges.
PAR  When PAR = 1, an edge which was previously skipped by is residing in the
      input register 110 and is being terminated. When visible edges were
      skipped by, each mismatch between a new edge with nf = 0 and a visible
      edge increments PAC counter 178 (FIG. 10c) from a value of -1 through 0
      and up. When PAR is being enabled (setting PAR in register 128 on the
      write clock), or when PAR = 1 (and PAC counter 178 is not at -1) the PAC
      counter 178 counts down as each of the visible edges is terminated until
      counter 178 has returned to -1. However, one cycle earlier, at count 0, an
      input IB2 to current edge stack 104 is raised, forcing the address
      circuits of the stack 104 to skip by the address of the matched visible
      edge which triggered the return to the first of a group of unmatched
      visible edges, so that group of edges can be terminated. When counter 178
      has reached 0, PAR in register 128 is reset on the read clock (clock 2)
      when counter 178 and the address circuits inside stack 104 are clocked
      during a write/read cycle.
PAR  Each time an edge is to be written back unterminated from output register
      114 into buffer 106, ST input to stack 104 is raised so that P1 (the
      edge's location in the buffer 106) is added to the other pointer stack in
      the stack 104 on clock 1. If this edge has, because of a spacing in x
      criteria, forced the previous edge to be terminated, it is added to the
      pointer stack 104 to replace the last pointer stored there by raising the
      input line STA to stack 104. At the end of a scanline encoding period,
      when CVE and V are zeros, a PP flip-flop 180 is toggled so that the two
      stacks 104a and 104b swap their function for the next scanline and code
      period.
PAR  When the next visible edge address is required from the stack 104a or 104b,
      input NA to stack 104 is raised, ahead of the read clock 2 during the
      write/read cycle. The address A' that appears after clock 2 is that "next
      address" required to read the next visible edge from buffer 106. If input
      RTA to stack 104 is held high when NA is high, this address A' is saved in
      order that is may be returned to at a later time. This return to a
      previous address is caused whenever the PA input to stack 104 is high,
      rather than NA, at clock 2 time. If on clock 2 input IB2 to stack 104 is
      1, the address of A' will not differ were IB2 = to 0; however, the next
      address in stack 104 will be skipped by when NA is raised again. When NA =
      1 and no more edges are available in edge buffer 106, CVE' from stack 104
      is lowered on clock 2. If NA = 1 and the next edge from the buffer 106 is
      the last edge there, LA' from stack 104 is raised on clock 2.
PAR  Scanline buffer 100 is addressed by network 182 which increments upon each
      new address request at its input NB. If no more data are present in
      scanline buffer 100, the V' output of network 182 is lowered on clock 2,
      otherwise it is raised on clock 2. This network 182, like the address
      network of stack 104, is advanced on the read clock 2. When scanline
      buffer 100 is loaded, the BG input to flip-flop 180 and the BG + 1 input
      to network 182 are raised during consecutive write/read cycles T and T + 1
      respectively. When BG is raised, the network shown in FIGS. 10-10c is
      cleared and stack 104 is advanced internally to prepare for the first
      request of an address. During BG + 1 on clock 2, the first address appears
      from stack 104 and from network 182 so that after the following write
      clock 1 at the end of the write/read clock period, input registers 110 and
      112 contains the first edge and the first edge intercept which are to be
      compared. On this clock, DE in register 128 is set, to represent that the
      circuits of FIGS. 10a-10c are in a busy condition and to permit writing
      into buffer 106 from output register 114. When the end of visible edge
      buffer 106 and scanline buffer 100 are encountered, and there are no more
      edges pending to be terminated, or addresses to be updated, DE is cleared,
      permitting reloading the scanline buffer with a new batch of scanline
      intercepts from RAM 15.
PAR  During a read cycle, which is the second half of the write/read cycle,
      select networks 184 and 186 select addresses from pointer stacks 104a and
      104b, or from a block unload unit 188, which unloads the visible edge
      definitions in buffer 106 for transmission to display terminals. During
      the write cycle, select networks 184 and 186 select addresses from write
      address registers PXWA 136 and EWA 138 respectively. Network 184 supplies
      addresses to a portion of the visible edge buffer containing the PX
      portions of the edges stored there, while select network 186 supplies
      addresses to the remaining portion of the visible edge buffer 106. RAS
      flip-flop 190 is set to 1 during the read cycle when the ILASTS input to
      select network 192 (from register 164) is to be used as a read address
      (when PT register 162 is at 1); otherwise, RAS flip-flop 190 is cleared.
PAR  During block unloading (after the number of visible edges in buffer 106 has
      reached the limit permitted for a block of edges, BULD in register 128 is
      set. BULD = 1 disables all visible edge encoding, freezing all but the
      visible edge input and output registers 110 and 114 and LEFT register 194
      containing the X pointer to the leftmost edge in the x-order string of
      edges. The contents of register 194 are used to enter the x-order sequence
      of edges in buffer 106 and the PX of each edge, read in turn from buffer
      106, is used as the next read address for the buffer 106. Each edge read
      with DN = 0 (unterminated) is returned to its old address in buffer 106
      but with its PX changed, if needed, so that it does not point to the edges
      which are flagged with DN = 1, but points to the next edge in the x-order
      sequence whose DN is 0. The edges which are being read out and whose DN =
      1 are deleted during the unload process and their addresses are put back
      into the free pointer stack 124.
PAR  In summary, the network shown in FIGS. 10a-10c receives from the RAM 15
      successive sets of up to 256 scanline edge intercept definitions and
      stores these sets, one set at a time, in scanline buffer 100. The edge
      intercept definitions from scanline buffer 100 are placed one at a time in
      edge intercept input register 112 and are compared, one at a time, with
      those visible edge definitions from visible edge buffer 106 which
      intersected the preceding scanline and were not terminated, i.e., the
      visible edges pointed to by the current edge pointers in one of the stacks
      104a and 104b. The comparison is between one edge intercept and one
      visible edge at a time. Depending on the comparison, and depending on the
      spacing in x criteria determined with the help of network 153, a new edge
      is started and a new edge definition is put in visible edge buffer 106, or
      an existing edge definition is modified to extend the edge to the current
      scanline, or a visible edge definition is marked as terminated (ending on
      this or the previous scanline). When, after scanline buffer 100 has been
      successively loaded with a succession of edge intercepts for different
      scanlines, visible edge buffer 106 contains a complete block of visible
      edge definitions, this block is read out and sent to the communications
      controller of a set of display terminals, together with suitable control
      information which indicates which display terminal should receive that
      block and how that block should be loaded into the display terminal. When
      the block of visible edges in visible edge buffer 106 is being read out
      for transmission to the display terminals, the edge definitions for
      visible edges which have ended within the block (terminated edges) are
      read destructively and their addresses in visible edge buffer 106 are
      returned to free address stack 124. Those visible edges which have not
      terminated are read out nondestructively, and their x-order pointers are
      modified if necessary such that the remaining visible edges in buffer 106
      are linked in a single strand x-order chain of the type shown in solid
      arrows in FIG. 4. Then, scanline buffer 100 is loaded again with a
      successive scanline edge intercept information, and a new block of visible
      edges starts being built in visible edge buffer 106. This process is
      repeated for as many blocks of visible edges as required to drive a set of
      display terminals.
PAR  The system in FIGS. 10a-10c is driven by only two clocks. A read/write
      clock (also called clock 1) and a read clock (also called clock 2). The
      first part of a pulse of the write/read clock is for writing into
      registers or memories and the second part of the write/read clock is for
      reading from registers and memories. The read clock 2 occurs inbetween the
      two parts of the write/read clock pulse. The control signals discussed in
      connection with FIGS. 10a-10c are derived by a control network shown in
      FIG. 10d and comprising a plurality of gates receiving the shown input
      control signals and providing the shown output control signals. Rather
      than show the specific gate structure, with a great multiplicity of
      connections betwen gates, the control gate network of FIG. 10d can be
      described with greater clarity by showing the Boolean logic structure for
      providing the necessary control signals, and this is done in connection
      with FIGS. 12a-12f, which fit together as shown in FIG. 12. Referring to
      FIGS. 12a-12f, the rectangular boxes represent gates which receive signals
      from elements of FIGS. 10a-10d and direct those signals, upon the
      occurrence of certain conditions, to other elements of FIGS. 10a-10c. The
      other boxes in FIGS. 12a-12f represent gates which test signals either
      against each other or against 1 or 0, and the circled elements in FIG. 12f
      represent either clocks or pointers to other parts of FIGS. 12a-12f. For
      example, referring to FIG. 12a, box 201 represents a gate network which
      receives as inputs signals C4 and C3, and tests the OR function of these
      signals against 1 to determine if the OR function of signals C4 and C3 is
      true (equal to 1) in which case the yes output of box 201 is activated,
      otherwise the no output of box 201 is activated. In implementation, box
      201 may be an OR-gate which receives as inputs signals C4 and C3, with the
      output of the OR-gate going to an AND-gate whose other input is logical 1.
      If the AND-gate output is logical 1, this is the yes output of box 201. If
      it is 0, this is the no output of box 201. Box 203 in FIG. 12a represents
      a gate structure which receives as input a clocking pulse and outputs that
      clocking pulse to XLAST register 152 in FIG. 10b upon the occurrence of a
      yes output from box 205. In actual implementation, box 203 may be an
      AND-gate which receives a clock pulse as one input and receives the output
      of box 205 as another input. Note that FIGS. 12a-12g represent logical
      circuits, implemented by gates, and do not represent a flowchart for a
      process.
PAR  Starting at clock 1 in FIG. 12c, circuit 200 tests the contents of PTD
      register 172 (FIG. 10b) and if the test is true, i.e. register 172
      contains a logical 1, the yes output of circuit 200 is activated,
      otherwise, if false, i.e., if PTD register 172 contains a logical 0, the
      output no of circuit 200 is activated. Assuming the test at circuit 200
      yields a no, circuit 202 tests the contents of PAR in register 128 (FIG.
      10a); on a true answer from circuit 202, circuit 204 tests the contents of
      V in register 112 (FIG. 10b); on a true answer from circuit 204, circuit
      206 tests the contents of the CVE portion of register 110; on a true
      answer from circuit 206, circuit 208 tests the contents of the nf section
      of register 112; on a no answer from circuit 208, circuit 210 (which is
      comparator 120 in FIG. 10b) tests each of the surface labels in register
      112 against the corresponding surface label in register 110 and the T flag
      of register 112 against the T flag in register 110; if the comparison in
      circuit 210 is true, the yes output of circuit 210 leads to point A, which
      represents the network shown in FIG. 12g. Referring to FIG. 12g, where the
      yes output of circuit 210 is given the label E2, circuit 212 tests the E1
      signal (which is either the no output of circuit 206 or the yes output of
      circuit 208, and if E1 is true, circuit 214 in FIG. 12g operates select
      networks 122 in FIG. 10b to apply to output register 114 the contents of
      the X.sub.p section of edge intercept input register 112, etc. In circuit
      214 the subscript d indicates a value which is being applied to output
      register 114 in FIG. 10b, and the other subscripts and superscripts are as
      shown in FIG. 10b. Additionally, circuit 214 replaces each of the values
      on the left of each of the quality signs with the value on the right of
      that equality sign. If the answer at circuit 212 is no, circuit 216
      performs the replacements that are indicated in the box for circuit 216.
      The notation used throughout the rest of FIGS. 12a-12g has the same
      meaning, and all signals identified by name in FIGS. 12a-12g refer either
      to contents of registers, flip-flops and memories in FIGS. 10a-10d or to
      the signals carried by lines in FIGS. 10a-10d. The names given to signals
      or storage locations in FIGS. 10a-10d and FIGS. 12a-12g correspond to each
      other. In FIGS. 12a-12g the subscript d identifies a signal which is being
      applied to the corresponding storage location. Subscripts j and k indicate
      that the signal is being applied to the j or k input of the identified
      flip-flop, and the Boolean logic expressions are written in the standard
      notation used in the art. In addition to the control signals generated and
      combined as indicated in FIGS. 12a-12g, the control gate network 189 in
      FIG. 10d generates the indicated output signal by combining the indicated
      input signals in accordance with the following logic expressions:
PAL  Te = g5 + t2 + g6 + g30; st = g8 + g9 + t1; l1 = g15 + g13; px1 = g16 +
      g12; pl = (g14) + g11; na = g10 + g17 + g5 + + g20 + g21 + bg.sub.+.sub.1
      ; pa = g18 + g19; rta = g20 + g5 + g17 + bg.sub.+.sub.1 ; st = g9 + t1 +
      g8; rc = g19; dc = g21 + g18; ic = g10; i = g5 + g6 + g30; k.sub.k = G13 +
      G15; K.sub.j = G11 + G12; PND.sub.k = G12 + G11; PND.sub.j = G21;
      PAR.sub.k = G20; PAR.sub.j = G18; ILF.sub.j = G25; ILF.sub.k = C3;
      PXWE.sub.j = (G3 + A).DE; EWE.sub.j  = (A + G3.G4) DE.
PAR  Prior to this invention, graphics display systems of the type to which the
      invention pertains either generated a video raster for transmission to
      raster display terminals or generated stroke commands for transmission to
      stroke type terminals. As a result of this invention, a graphics display
      system can use fast, raster display terminals, as opposed to the slower
      stroke type terminal, and yet can transmit to the terminal not video
      raster, which requires expensive communication links, but edge definitions
      which require a relatively low transmission rate. As a result of this
      invention, a graphics display system is possible in which a single image
      generator drives a multiplicity of display terminals, each terminal being
      capable of displaying a complex color image without flicker. The
      particular novelty of a graphics display system in accordance with this
      invention resides in the visible edge encoder and in the combination of
      the visible edge encoder with display terminals of the invented type.
CLMS
STM  I claim:
NUM  1.
PAR  1. A graphics display system for a display terminal having a display screen
      for visibly displaying selected points of a raster of display points
      arranged along regular scanlines, said system including a visible edge
      encoder comprising:
PA1  means for storing a set of edge intercept signals, each edge intercept
      signal comprising signals positioning a visible intercept point at a
      selected position along a selected scanline of the display screen and
      signals defining a plurality of selected visible characteristics of a
      portion of the same scanline which is adjacent the intercept point;
PA1  means responsive to said edge intercept signals in the storing means for
      generating a plurality of corresponding subsequent signals defining a
      block of visible edge signals, each visible edge signal comprising signals
      defining the position of a continuous visible edge along a line on the
      display screen which need not coincide with a scanline and signals
      defining selected visible characteristics of a selected two-dimensional
      portion of the display screen which is adjacent the continuous visible
      edge; and
PA1  means for transmitting said block of generated visible edge signals to the
      display terminal, said terminal including means responsive to said
      generated visible edge signals for displaying the corresponding continuous
      visible edges and characteristics of the adjacent two-dimensional screen
      portions by a raster of visible display points along the scanlines of the
      display screen.
NUM  2.
PAR  2. A graphics display system as in claim 1 wherein the generating means
      comprise:
PA1  means for testing the edge intercept signals according to the scanline
      order of the display screen and responsive to the testing of the first
      scanline which has edge intercept signals for generating visible edge
      signals of corresponding visible edges traversing the last recited
      scanline;
PA1  means responsive to the generation of visible edge signals of visible edges
      traversing said last recited scanline for comparing, according to the
      order of the subsequent scanlines the edge intercept signals of the
      current scanline with the visible edge signals of any visible edges
      traversing the previous scanline;
PA1  means responsive to a comparison by said comparing means indicating a
      selected spatial correspondence on said display screen between an edge
      intercept signal of the current scanline and a visible edge signal of the
      previous scanline for modifying the visible edge signal of the previous
      scanline by extending the corresponding visible edge through the current
      scanline; and
PA1  means responsive to a comparison by said comparing means indicating the
      lack of a selected spatial correspondence between an edge intercept signal
      of the current scanline and any visible edge signals of visible edges
      traversing the previous scanline for generating a new visible edge signal
      corresponding to the last recited edge intercept signal.
NUM  3.
PAR  3. A graphics display system as in claim 2 including means for storing the
      generated visible edge signals and for maintaining, during the comparison
      of the edge intercept signals from each current scanline, order signals
      indicating the order along the previous scanline of all visible edge
      signals of visible edges traversing said previous scanline.
NUM  4.
PAR  4. A graphics display system as in claim 3 wherein the comparing means
      comprise:
PA1  a first register for storing an edge intercept signal and a second register
      for storing a visible edge signal;
PA1  means for storing in the first register an edge intercept signal of a
      current scanline;
PA1  means responsive to the order signals for storing in the second register
      the first visible edge signal of the visible edges traversing the previous
      scanline;
PA1  means responsive to the position signals of the visible edge signal stored
      in the second register to find the position along the current scanline at
      which an extension of the visible edge of the stored visible edge signal
      intersects the current scanline;
PA1  means for comparing the positions along the current scanline of the
      position signals stored in the first register and of said extension
      intersection; and
PA1  means responsive to the lack of a selected spatial correspondence between
      the compared positions to store the next visible edge signal in the second
      register and means responsive to the presence of a selected spatial
      correspondence between the two compared positions to cause said modifying
      of the visible edge signal stored in the second register.
NUM  5.
PAR  5. A graphics display system as in claim 4 including means responsive to
      the comparing of the edge intercept signals of a selected scanline for
      transmitting to the display terminal the block of generated visible edges
      and for retaining in the storing means for visible edge signals only the
      visible edges signals corresponding to visible edges traversing the
      scanline previous to the last-recited selected scanline.
NUM  6.
PAR  6. A graphics display system as in claim 1 including means for storing the
      generated visible edge signals and means responsive to the transmitting of
      the block of generated visible edge signals to the display terminal for
      retaining in the storing means for generated visible edge signals those
      visible edge signals which correspond to visible edges traversing the last
      of a selected sequence of scanlines on the display screen.
NUM  7.
PAR  7. A method of operating a graphics display system for a display terminal
      having a display screen for visibly displaying selected points of a raster
      of display points arranged along regular scanlines comprising the steps
      of:
PA1  storing a set of edge intercept signals in a first storing means, each edge
      intercept signal comprising signals positioning a visible intercept point
      at a selected position along a selected scanline of the display screen and
      signals defining a plurality of selected visible characteristics of a
      portion of the same scanline which is adjacent the visible intercept
      point;
PA1  generating from said edge intercept signals in the storing means a block of
      visible edge signals, each visible edge signal comprising signals defining
      the position of corresponding subsequent signals defining a continuous
      visible edge along a line on the display screen which need not coincide
      with a scanline and signals defining a plurality of selected visible
      characteristics of a selected two-dimensional portion of the display
      screen which is adjacent the continuous visible edge; and
PA1  transmitting said block of generated visible edge signals to the display
      terminal, said terminal responding to said generated visible edge signals
      to display the corresponding visible edges and characteristics of the
      adjacent two-dimensional screen portions by a raster of visible display
      points along the scanlines of the display screen.
NUM  8.
PAR  8. A method of operating a graphics display system as in claim 7 wherein
      the generating step comprises:
PA1  testing the edge intercept signals according to the scanline order of the
      display screen, and generating in response to the testing of the first
      scanline which has edge intercept signals visible edge signals of
      corresponding visible edges traversing the last recited scanline;
PA1  in response to the generation of visible edge signals of visible edges
      traversing said last recited scanline, comparing by scanline, for each
      subsequent scanline, the edge intercept signals of the current scanline
      with the visible edge signals of any visible edges traversing the previous
      scanline;
PA1  in response to a comparison indicating a selected spatial correspondence on
      said display screen between an edge intercept signal of the current
      scanline and a visible edge signal of the previous scanline, modifying the
      visible edge signal of the previous scanline by extending the
      corresponding visible edge through the current scanline; and
PA1  in response to a comparison indicating the lack of a selected spatial
      correspondence between an edge intercept signal of the current scanline
      and any visible edge signals of visible edges traversing the previous
      scanline, generating a new visible edge signal corresponding to the last
      recited edge intercept signal.
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ABST
PAL  A cathode-ray tube display system such as aircraft radar system in which
      alternative input information such as aircraft approach charts are
      suitably stored and may alternatively be displayed on the cathode-ray
      tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to alternative video type display systems
      particularly for use in airborne environments, particularly for use in
      displaying airport approach information.
PAR  At the present time, it is believed that there are an excess of 5,000
      approach charts for United States airports. These approach charts
      incorporate a variety of information, including information required for
      instrument approaches to each airport.
PAR  These approach charts are currently printed and distributed at least by the
      U.S. Government and are updated periodically. Approach charts are bound in
      looseleaf notebooks which must be retained by the pilots so that they have
      the necessary charts available for landing at any airport. It is necessary
      periodically when the revisions to any of the individual charts are
      received for someone, typically the pilot, to replace the outdated pages
      with the revised ones.
PAR  In use, it is necessary to determine where an appropriate chart is located
      in the notebooks, and then to open the notebook and have the chart exposed
      for use by the pilots when making their approach to any particular
      airport.
PAR  It would be advantageous, to incorporate this information in a form which
      might be more compatible with the equipment in airplane cockpits and more
      easily and effectively displayed for the use of the pilots.
PAC  SUMMARY OF INVENTION
PAR  In accordance with the present invention, there is provided an apparatus
      for displaying airport instrument approach information for use by pilots
      using types of display equipment existing in aircraft. Typically, many of
      the more sophisticated aircraft, and in all commercial aircraft, include
      some type of radar system such as a weather radar which incorporate a CRT
      display.
PAR  The present invention contemplates utilizing existing CRT displays
      alternatively to display the instrument approach information.
PAR  According to the present information, the instrument approach information
      for each airport would be recorded on a suitable medium such as magnetic
      tape or magnetic cards in a format compatible with the display system in
      use. When a pilot would desire to utilize a display of the particular
      airport instrument approach information, the storage medium would be
      inserted and connected to the CRT display so the desired information would
      be displayed for use by the pilot.
PAR  In one embodiment of the present invention, this stored video information
      could be alternatively connected as an input to the video circuits of the
      display system utilizing all of the display tube control circuits forming
      a part of the display system. Alternatively, the video storage system
      could incorporate a scanning circuit for a particular display so that a
      universal display format for any tube could be employed whereby the
      scanning configuration of an existing display system could be modified to
      accommodate the stored approach information.
PAR  Numerous other advantages and features of the present invention will become
      readily apparent from the following detailed description of the invention
      and of the disclosed embodiments thereof, from the claims and from the
      accompanying drawing where each and every detail shown is fully and
      completely disclosed as a part of this specification, and in which like
      numerals refer to like parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of a system showing one embodiment of the present
      invention; and
PAR  FIG. 2 is an alternative block diagram showing an alternative embodiment of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will be herein described in detail an
      exemplary embodiment of the invention and modifications thereof, with the
      understanding that the present disclosure is to be considered as an
      exemplification of the principles of the invention and is not intended to
      limit the invention to the embodiments illustrated. The scope of the
      invention will be pointed out in the appended claims.
PAR  FIG. 1 shows a block diagram of a video display system that may be used in
      connection with the present invention. The basic display system disclosed
      in FIG. 1 is an RCA DST indicator system typically used with an RCA AVQ-55
      weather radar system.
PAR  This system incorporates a display and storage type cathode-ray tube 10
      designed for direct viewing under conditions of high ambient light. The
      display storage tube 10 utilizes two independent electron gun structures
      identified for convenience as the write gun 12 and the view gun 14.
PAR  The write gun 12 generates a high velocity electronic beam which is and can
      be intensity-modulated with information and deflected to effect the
      desired display, normally reflecting parameters such as range and azimuth.
PAR  The high velocity write beam is used to energize or "write" on a film of
      dielectric material, the storage surface 16, which is deposited on a fine
      mesh screen, the storage mesh 18 which is normally located near the
      viewing face 20 of the tube 10. In the writing or generating a display, an
      electrostatic charge proportional to the write beam intensity is stored on
      the storage surface 16. The view gun 14 thereafter provides a low velocity
      flooding beam which passes through the charged portion of the storage mesh
      16 and excites the phosphers on the viewing face 20.
PAR  The receiver/transmitter of the radar system generates a trigger pulse on
      line 22 which is utilized to sequence in time the entire system. In normal
      operation, the trigger pulse on line 22 energizes an erase generator 24 to
      cause application of a positive pulse to the storage mesh 18. As a result,
      electrons from the view beam are caused to land on the storage surface 16
      without secondary emission to charge the storage surface 16 negatively and
      restore its surface to its original condition of retarding the view beam.
PAR  The trigger pulse on line 22 also initiates an output on lines 26 and 27 of
      the range gate and mark generators 28 which synchronize the operation of
      the video drive circuits 30 and the sweep circuits 32 so that the
      intensity modulated writing signal is synchronized with the signals
      applied by the sweep circuits to the deflection coil 34 to produce an
      appropriate display.
PAR  The video signal is coupled to the video drive circuits 30 through an I-F
      amplifier circuit 36. The output of the video drive circuits intensity
      modulates the write gun 12 through an impedance network 38.
PAR  The desired approach charts are recorded on suitable magnetic media such as
      video tape or cards capable of having video information magnetically
      stored thereon. When a particular display of approach information is
      desired, the appropriate display is selected. In the case of video
      magnetic cards, an appropriate card is inserted into the video storage and
      playback 40 and in the case of video tape, the frame containing the
      desired information is selected. Techniques for selecting desired frames
      of magnetic tape and other recording media are disclosed in U.S. Pat. Nos.
      3,514,537, 3,564,161, 3,594,729 and 3,647,951.
PAR  Once the desired frame has been selected or the discrete medium has been
      inserted, the system is placed in the recording display mode by operation
      of the control switches 42, 44. The first control switch 42 disconnects
      the output of the IF amplifiers from the video drive circuits 30 and
      connects the output of the video storage and display to the input of video
      drive circuits 30. The second control switch 44 is closed to connect the
      trigger pulse on line 22 to the video storage and playback 40 to
      synchronize its operation with the balance of the system.
PAR  In the embodiment of FIG. 1, the video information is recorded on the
      storage medium in conformity with the display system utilized. The
      recorded video information is displayed using the existing components of
      the display system, the range gate and mark generators 28, the video drive
      circuits 30 and the existing sweep circuits 32 under control of the
      trigger pulse on line 22.
PAR  Alternatively, in FIG. 2, the video storage playback 40 may incorporate its
      own timing and sync circuits. In this embodiment, the output of the IF
      amplifier 36 and the range gate and mark generator 28 are both
      disconnected from the video drive circuits 30 when switches 42, and 43 are
      actuated. In this embodiment, the sync output 46 of video storage and
      playback 40 is connected to the video drive circuits 30 and to
      supplemental sweep circuits 48. Sweep circuits 48 generate sweep signals
      corresponding to the format of the recorded video information, which are
      connected to coil 34 when switches 50, 52 are actuated to disconnect the
      output of sweep circuits 32. Thus, in this embodiment, the video
      information can be recorded in any suitable and desired format compatible
      with the capabilities of the DST tube 10.
PAR  It should be clear while the present invention has been described and shown
      for use with a specific CRT display system, other display systems and
      configurations can be utilized. For example, the present invention could
      be adapted for use in the system disclosed in U.S. Pat. No. 3,605,083 in
      which the display tube information is presented by use of a spiral raster.
PAR  Any type of suitable display system can be utilized since the information
      to be displayed is static and is to be displayed only in a static
      condition only so long as the pilot desires. One of the advantages of the
      present system is that the pilot can conveniently switch back and forth
      between the primary display such as the radar weather display, or the type
      of display disclosed in U.S. Pat. No. 3,605,083, and switch to the landing
      field approach chart for such duration as is convenient.
PAR  From the foregoing, it will be observed that numerous variations and
      modifications may be effected without departing from the true spirit and
      scope of the novel concept of the invention. It is, of course, intended to
      cover by the appended claims all such modifications as fall within the
      scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a radar display system of the type having means for transmitting and
      receiving radar signals via an antenna:
PA1  cathode-ray tube means responsive to received radar signals for displaying
      information representative of an input applied thereto;
PA1  means responsive to the received radar signals for applying an input
      representative thereof to said tube means;
PA1  video storage and playback means for storing recorded video signals to be
      displayed by said tube means, said recorded video signals representing
      information different than the information represented by the received
      radar signals;
PA1  said circuit means being further responsive to said recorded video signals
      for applying an input representative thereof to said tube means;
PA1  means for selectively and alternatively connecting said received radar
      signal or said recorded video signal to said circuit means; and
PA1  means connected to the radar antenna and to said tube means for generating
      raster signals in synchronism with operation of the antenna, to effect
      display of information represented by said selected input;
PA1  whereby said cathode-ray tube means displays information representative of
      either said received radar signals or said recorded signals in response to
      said raster signals and said selected input.
NUM  2.
PAR  2. In a system as claimed in claim 1,
PA1  means for providing a trigger pulse,
PA1  means responsive to said trigger pulse for applying primary synchronizing
      signals to said circuit means and to said raster generating means, and
PA1  means for selectively applying said trigger pulse to said video storage and
      playback means when said alternative information is being displayed.
NUM  3.
PAR  3. In a system as claimed in claim 2,
PA1  said video storage and playback means providing alternative synchronizing
      signals, and
PA1  means effectively disabling said primary synchronizing signals and applying
      said alternative synchronizing signals to at least said circuit means.
NUM  4.
PAR  4. In a system as claimed in claim 3,
PA1  alternative radar generating means for generating alternative radar signals
      to accommodate the format of the video signals stored in said video
      storage and playback means, and
PA1  means for selectively disconnecting said radar generating means from said
      tube and for connecting said alternative radar generating means to said
      tube when said video storage and playback means is connected to said
      circuit means.
NUM  5.
PAR  5. In a system as claimed in claim 4,
PA1  means for applying said alternative synchronizing signal to said
      alternative raster generating means.
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ABST
PAL  A Colour Display Apparatus comprises a three-gun cathode ray tube modulated
      by an input video signal from a digital computer. The video signal
      contains digital colour codes in the portions of the signal which
      correspond to blank spaces in the display (e.g. spaces between rows of
      characters). These codes are stored in a circulating shift and are used to
      gate the video input to the appropriate combination of guns to produce the
      required colour for each symbol.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to colour display apparatus and is particularly,
      although not exclusively, concerned with display apparatus for displaying
      data generated by a digital computer.
PAR  One known device for producing a colour display is a colour cathode ray
      tube, e.g. a shadow-mask tube having three electron guns, one for each of
      the three colours red, green and blue. Conventionally, separate luminance
      and chrominance signals are used to carry brightness and colour
      information for the display device these signals being transmitted
      simultaneously in the form of phase-modulated carrier signals. However,
      this involves the use of complicated and expensive decoding circuits for
      converting the signals into suitable form for feeding to the electron
      guns. For displaying data from a computer, a simpler method has been
      proposed, in which the computer is arranged to generate three separate
      colour signals, representing the red, green and blue components of the
      display, these signals being fed directly to the three electron guns of
      the tube without decoding. However, this method has the disadvantage that
      it requires three separate wires for connecting the computer to the
      display device.
PAC  SUMMARY OF THE INVENTION
PAR  According to a first aspect of the present invention, there is provided a
      colour display apparatus wherein, in operation, an input video  signal is
      modulated on to a raster pattern to produce a colour display containing a
      plurality of areas of information separated by spaces, the colour of said
      areas being determined by colour information contained in portions of the
      video signal corresponding to said spaces.
PAR  In a preferred form of the invention, each said area of information
      consists of a row of symbols, and said spaces are the spaces between
      adjacent rows of symbols. Preferably, the colour information comprises a
      plurality of digital codes, each code specifying the colour of a
      corresponding symbol in the immediately following row of symbols.
PAR  In a preferred embodiment of the invention, the display apparatus includes:
      sampling means for deriving said digital codes from each portion of the
      video signal corresponding to a space, a register for storing said codes,
      and means for reading the codes out of the register, one at a time, in
      synchronism with the receipt of the portion of the video signal
      corresponding to the following row of symbols.
PAR  The apparatus preferably includes a cathode ray tube having a plurality of
      electron guns each arranged to produce a different colour on the screen of
      the tube, and in this case, each digital code read out of the register is
      preferably used to gate the video signal to one or more of said guns so as
      to produce the colour represented by that code. The register is
      conveniently a cyclic shift register, arranged to circulate once during
      each line period of the raster pattern.
PAR  The invention also includes within its scope the combination of a computer
      and a display apparatus according to the first aspect of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  One display system in accordance with the invention will now be described,
      by way of example, with reference to the accompanying drawings of which
PAR  FIG. 1 is a schematic block diagram showing a computer system including a
      display apparatus; and
PAR  FIG. 2 is a more detailed block circuit diagram of a part of the display
      apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the computer system comprises a computer 10, which is
      arranged to produce an output video signal on a wire 11, this signal being
      applied as input to a colour decoder circuit 12. The decoder circuit 12
      converts this signal into three separate output signals on three wires 13,
      which are respectively connected to the modulation inputs of the three
      electron guns of a shadow-mask cathode ray tube 14 so as to modulate the
      intensities of the colours red, green and blue respectively. The three
      electron beams produced in the tube 14 are scanned across the screen 15 of
      the tube in a conventional television-type raster pattern comprising a
      large number of horizontal lines (e.g. 625) under control of scanning
      circuits 16.
PAR  Since the computer 10, cathode ray tube 14 and scanning circuits 16 are all
      well-known items they will not be described in detail herein. However, the
      decoder circuit 12 will be described in detail below.
PAR  In operation of the system, the tube 14 is caused to display symbols (e.g.
      alphanumeric characters) under control of the computer 10. The characters
      are arranged in horizontal rows on the screen 15, each row containing, in
      the present example, 64 characters. Each of these rows is formed from a
      plurality of raster lines (typically seven lines) and is separated from
      the adjacent row of characters by a space, consisting of at least one
      blank raster line. As will be described, these blank raster lines are
      utilized for the transmission of digital codes specifying the colours of
      the characters in the display. Each of these digital codes consists of
      three serially transmitted binary digits (bits), one for each of the
      colours red, green and blue, a binary "1" signifying the presence and a
      binary "0" signifying the absence of the corresponding colour.
PAR  Thus, it can be seen that seven different colours can be specified by the
      seven possible three-bit codes (not counting the code 000 which signifies
      black) as shown in the following table.
TBL  Code      Guns energised Resulting Colour                                 
     ______________________________________                                    
     001        Red only         Red                                           
     010        Green only       Green                                         
     011        Red and Green    Yellow                                        
     100        Blue only        Blue                                          
     101        Red and Blue     Purple                                        
     110        Green and Blue   Cyan                                          
     111        All three        White                                         
     ______________________________________                                    
PAR  In the particular enbodiment described herein, the green/blue mixture is
      not, in fact, used since it is considered to be insufficiently distinct
      from green or blue and could cause confusion.
PAR  Referring now to FIG. 2, this shows the colour decoder circuit 12 in
      greater detail. In this circuit the video signal on wire 11 is fed to a
      conventional sync separating circuit 20, which produces a line sync pulse
      on a wire 21 to mark the beginning of each raster line, and a frame sync
      pulse on a wire 22 to mark the beginning of each frame of the raster.
PAR  The line sync pulses on wire 21 are applied to a binary counter 23, and
      cause the counter to be incremented by one at the beginning of each raster
      line, the counter being re-set to zero by the frame sync pulses on wire
      22. Thus, at any given instant, the counter 23 contains a number which
      denotes which line of the raster is currently being scanned.
PAR  The line sync pulses on wire 21 are also applied to a bistable circuit 24,
      having SET and RESET, states so as to cause the bistable to be SET at the
      beginning of each raster line. When it is SET, the bistable produces an
      output signal which enables an AND gate 25, so as to permit clock pulses
      from a crystal oscillator 26 to pass to the input of a 4-bit binary
      counter 27, which acts to divide the frequency of the clock pulses by
      sixteen. The frequency of the oscillator is chosen to be 16 times the
      character rate of the system (the character rate being defined as the
      inverse of the time taken to scan the distance between the centres of
      adjacent characters along a raster line). Thus, it will be seen that the
      output of the counter 27, when bistable 24 is SET, consists of a series of
      pulses at the character rate of the system.
PAR  The output of the counter 27 is applied to a further binary counter 28, so
      as to increment the counter 28 by one in the space between each adjacent
      pair of characters. Thus, at any instant, the counter 28 contains a record
      of the number of characters which have been scanned at that instant in the
      current raster line. The output of the counter 28 is applied to a decoder
      circuit 29, which is arranged to detect those states of the counter 28
      which correspond to the first and last characters in the raster line, and
      to the end of the raster line. Upon detection of these states, output
      signals are produced on wires 30, 31 and 32 respectively.
PAR  The "end of line" signal on 32 is used to RESET the bistable 24 so as to
      prevent any further clock pulses from being gated to the counter 27
      through the AND gate 25, until the bistable 24 is SET again at the
      beginning of the next raster line.
PAR  The "first character" and "last character" signals on wires 30 and 31 are
      respectively used to SET and RESET a further bistable circuit 33. When
      SET, this bistable 33 enables an AND gate 34, so as to allow this gate to
      pass clock pulses from the counter 27. Thus it will be seen that, in each
      raster line, a sequence of 64 clock pulses is produced at the output of
      gate 34, each pulse occurring at a time position corresponding to the
      space between two adjacent characters. The purpose of these pulses will be
      described below.
PAR  The outputs of the stages of the raster line counter 23 are applied to a
      decoder circuit 35, which is arranged to detect those states of the
      counter 23 which correspond to the blank raster lines containing the
      digital codes. When such a blank raster line is detected, the decoder 35
      produces two output signals on wires 36 and 37.
PAR  As mentioned above, the digital colour codes appear on the wire 11 in
      serial form. Each set of three bits, constituting a colour code, is
      sampled by means of a sampling circuit 38, upon receipt of sampling pulses
      from the counter 27, so as to produce a three-bit colour code in parallel
      on three output wires 39.
PAR  These three bits are fed, by way of three AND gates 40, which are enabled
      during the blank raster line 5 by means of the signal on wire 36 from the
      decoder 35, to a three-bit wide shift register 41, comprising three
      one-bit wide, 64-stage cyclic shift register components. The shift
      register 41 driven by means of the clock pulses from the AND gate 34, so
      that its contents are shifted forward, by one stage at each point of time
      corresponding to a space between adjacent characters. Thus, it will be
      seen that, during the blank raster line, 64 3-bit colour codes are
      successively written into respective stages of the register 41, so that,
      at the end of the blank line, the register 41 contains complete colour
      information regarding the following row of characters.
PAR  The video signal on wire 11 is also applied to three AND gates 42, the
      outputs of which are respectively fed by way of wires 13, to the three
      electron guns (red, green and blue) of the cathode ray tube 14. During the
      blank lines, these three gates 42 are all inhibited by means of the signal
      on wire 37 from the decoder 35, thus preventing the colour codes contained
      in that line from being visible on the screen. During scanning of the
      raster lines corresponding to a row of characters, this inhibiting signal
      is removed, and the gates 42 are then controlled by the outputs from the
      shift register 41, i.e. by the colour codes which were stored in the shift
      register during the preceding blank line. It will be seen that, as each
      character is scanned, the corresponding colour code is read out of the
      shift register in synchronism, thus controlling the colour of the
      displayed character in accordance with the stored colour code.
PAR  An important feature of the colour display apparatus described above by way
      of example is that it is compatible with monochrome display apparatus in
      the sense that the video signal on wire 11 may also be fed to a
      conventional monochrome tube to produce the same display (although, of
      course, in black and white only), without the need for any special
      equipment. Preferably, it is arranged that the colour information
      transmitted during the blank lines is of smaller amplitude than the
      intensity information, (e.g. half the amplitude of the intensity
      information) so that the colour information can be rendered invisible on
      the monochrome by turning up the contrast (video gain) and turning down
      the brightness so as to bring the colour information below black level.
CLMS
STM  I claim:
NUM  1.
PAR  1. Colour display apparatus for displaying a plurality of rows of
      information separated by spaces which apparatus comprises: a display
      device scanned in a raster pattern, the said rows of information
      comprising a plurality of raster lines and the said spaces each comprising
      at least one raster line; means for modulating an input signal onto at
      least the portions of the raster pattern corresponding to the said rows of
      information; sampling means for deriving a sequence of digital colour
      codes from the input signal during each period the raster pattern scans
      one of the said spaces between the rows of information; register means for
      storing each of the said sequences of colour codes as it is derived; means
      for reading out the colour codes from the register means, one at a time,
      in synchronism with the receipt of the portion of the input signal
      corresponding to the following row of information; and means for
      controlling the colour of the display in response to the colour code
      currently being read out from the register means.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said display device is a cathode
      ray tube having a plurality of electron guns, each producing a different
      colour, the apparatus including gating means for gating the video signal
      to a selection of the electron guns as determined by the digital code
      currently read out of the register means.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said register means are cyclic
      shift register means arranged to circulate once during each line period of
      the raster.
NUM  4.
PAR  4. Apparatus according to claim 1 including means for inhibiting the
      display during portions of the raster corresponding to said spaces,
      thereby preventing said colour codes being visible in those spaces.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said sampling means are
      responsive to signals of a substantially smaller amplitude than the
      portions of the video signal corresponding to said rows.
NUM  6.
PAR  6. The combination of a colour display apparatus in accordance with claim 1
      and a digital computer for supplying said video signal to the display
      apparatus.
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PAL  A series logic circuit arrangement using a plurality of complementary
      IGFET's and comprising a plurality of series connected logic circuits,
      each of the logic circuits being designed to effect a predetermined logic
      function with respect to input binary coded signals by using at least one
      P channel IGFET and one N channel IFGET. In the negative logic system, the
      P channel IGFET's are arranged on a semiconductor substrate according to a
      logic equation of minterm-type expression, and the N channel IGFET's are
      arranged on the substrate according to a logic equation of maxterm-type
      expression, and, in the positive logic system, the N channel IGFET's are
      provided on the substrate according to the logic equation of minterm-type
      expression, and the P channel IGFET's are disposed on the substrate
      according to the logic equation of maxterm-type expression, thereby
      admitting of integrating the P and N channel IGFET's on the substrate
      within a smallest possible area.
BSUM
PAR  This invention relates to a series logic circuit arrangement using a
      plurality of complementary metal oxide semiconductor or insulated gate
      field effect transistors (hereinafter abbreviated as "IGFET's") and more
      particularly to a series logic circuit arrangement so improved as to admit
      of large scale integration.
PAR  The above-mentioned type of series logic circuit arrangement practically
      used to date is exemplified, for example, by a three series or cascaded
      NAND (positive logic)NOR (negative logic) circuit arrangent in which three
      NOR circuits (or NAND circuits in the negative logic) are series connected
      in the form of NAND circuits (or NOR circuits in the negative logic) and
      are arranged to give forth an output satisfying a logic equation 0 =
      (A+C). (B+D).E in the positive logic with respect to five input binary
      coded signals A to E.
PAR  These types of prior art three series NANS/NOR circuit arrangement will now
      be described. The first type only comprises a plurality of (six in the
      case) IGFET's of the same channel (P channel in this case) which
      collectively constitute the first, second and third NOR circuits arranged
      parallel, as shown in FIG. 1A, between the output terminal O connected to
      the drain of a P channel load IGFET 11P whose gate and source are
      connected to a nongrounded negative D.C. source terminal -V.sub.DD and a
      grounded positive D.C. source terminal V.sub.SS, such that said three NOR
      circuits respectively constitute NAND circuits with respect to the
      direction in which the input binary coded signals A to E are transmitted.
      The first NOR circuit comprises two P channel IGFET's 21P and 22P having
      drain-source paths connected in series to each other and gates impressed
      with the predetermined binary coded signals A and C respectively. The
      second NOR circuit comprises two P channel IGFET's 31P and 32P having
      drain-source paths connected in series and gates impressed with the
      predetermined binary coded signals B and D respectively. The third NOR
      circuit commprises one P channel IGFET 41P whose gate is impressed with
      the binary coded signal E and whose drain-source path is connected between
      the above-mentioned output terminal O and the grounded positive D.C.
      source terminal V.sub.SS.
PAR  According to the second or so-called dynamic type of prior art three series
      NAND/NOR circuit arrangement shown in FIG. 1B, the positive side D.C.
      source terminal V.sub.SS which is not grounded is impressed with clock
      pulses .phi., and the P channel load IGFET of FIG. 1A is replaced by an N
      channel clock pulse controlled IGFET 11N which has a gate impressed with
      clock pulses .phi. having a phase inverted from the above-mentioned clock
      pulses .phi. and a drain-source path connected between the output terminal
      O and the negative D.C. source terminal -V.sub.DD.
PAR  According to the third or so-called static type of prior art three series
      NAND/NOR circuit arrangement shown in FIG. 1C, the P channel load IGFET
      11P of FIG. 1A is replaced by N channel IGFET's 21N, 22N, 31N, 32N and 41N
      provided in the same number as the aforesaid P channel IGFET's 21P, 22P,
      31P, 32P and 41P and constituting the so-called complementary symmetric
      pairs therewith. The gates of these N channel IGFET's are impressed with
      the corresponding binary coded signals A to E. The N channel IGFET's
      21N-22N and 31N-32N respectively have their drain-source paths connected
      in parallel, in contrast to the series-connected drain-source paths of the
      corresponding P channel IGFET's 21P-22P and 31P-32P. The parallel
      connected drain-source paths of the N channel IGFET's 21N-22N, the
      parallel connected drain-source paths of the N channel IGFET's 31N-32N and
      the drain-source path of the N channel IGFET 41N are connected in series
      between the output terminal O and the negative D.C. source terminal
      -V.sub.DD.
PAR  The same parts of FIGS. 1B and 1C as those of FIG. 1A are denoted by the
      same numerals and description thereof is omitted.
PAR  However, the first type of prior art series logic circuit arrangement of
      FIG. 1A comprising a plurality of IGFET's of the same channel which
      includes the load IGFET 11P has the drawback that it consumes a great deal
      of power, as is well known and in consequence is unadapted to be
      integrated particularly for a large capacity, though said arrangement
      requires only half the number of IGFET's used in the third type series
      logic circuit arrangement of FIG. 1C comprising a plurality of
      complementary symmetric pairs of IGFET's.
PAR  The dynamic type series logic circuit arrangement of FIG. 1B using the
      clock pulse controlled IGFET 11N has the advantage of well serving the
      purpose simply by using the same number of IGFET's as the type of FIG. 1A
      and moreover with far less power consumption. However, where it is
      difficult from the standpoint of circuit design to provide a timing pulse
      source for generation of clock pulses .phi. and .phi., and/or where it is
      impossible to apply a dynamic type only effective for quicker operation
      than a certain level, then the dynamic type series logic circuit
      arrangement of FIG. 1B has the drawback of being unavailable for practical
      application.
PAR  The prior art static type series logic circuit arrangement of FIG. 1C using
      a plurality of complementary symmetric pairs of IGFET's indeed has the
      advantage of consuming far less power than the type of FIG. 1A using the
      load IGFET 11P, eliminating the necessity of providing a timing pulse
      source as in the dynamic type series logic circuit arrangement of FIG. 1B
      comprising a clocked IGFET 11N, and being adaptable for any operating
      speed. But the prior art circuit arrangement of FIG. 1C has the drawbacks
      that it requires about twice as many IGFET's as those used in FIGS. 1A and
      1B, and that as apparent from FIG. 2, IGFET's belonging to either of the P
      and N channel types (N channel IGFET's in this case) have to be arranged
      on a semiconductor substrate at a considerable space, though the IGFET's
      of the other channel type (P channel type in this case) may be provided on
      said substrate as densely as possible, thus necessitating the provision of
      an appreciably large semiconductor substrate, where numerous IGFET's have
      to be integrated and in consequence rendering bulky the apparatus using
      such a substrate bearing integrated numerous semiconductor elements.
PAR  FIG. 2 schematically shows the pattern of the circuit arrangement of FIG.
      1C integrated on a semiconductor substrate 51. As seen from FIG. 2, the P
      channel IGFET's 21P, 22P, 31P, 32P and 41P whose drain-source paths are
      disposed in a direction perpendicular to that in which the input binary
      coded signals A to E are transmitted, namely, in a direction connecting
      the negative and positive D.C. source terminals -V.sub.DD and V.sub.SS can
      be provided right below the passageways A' to E' of said binary coded
      signals A to E, easily admitting of as dense as integration as possible on
      the semiconductor substrate or ship 51 with said passageways A' to E'
      spaced from each other only at as small an interval 52 as possible,
      insofaras short-circuiting does not take place across the adjacent ones of
      said passageways A' to E'.
PAR  In contrast, the N channel IGFET's 21N, 22N, 31N, 32N and 41N of FIG. 1C
      have the drain-source paths disposed in the direction in which the input
      binary coded signals A to E are trensmitted, namely, in a direction
      perpendicular to that which connects the negative and positive D.C. source
      terminals -V.sub.DD and V.sub.SS and should be provided, as shown in FIG.
      2, between the respective passageways A' to E', making it necessary to
      allow an appreciably wide space 53 therebetween. Therefore, the aforesaid
      N channel IGFET's 21N, 22N, 31N, 32N and 41N fail to be integrated on the
      semiconductor substrate 51 so densely as the P channel IGFET's 21P, 22P,
      31P, 32P and 41P, thus requiring the provision of a considerably large
      semiconductor substrate.
PAR  It is accordingly the object of this invention to provide a series logic
      circuit arrangement using a plurality of complementary IGFET's, all of
      which can be easily integrated on a semiconductor substrate or ship as
      densely as possible.
PAR  A series logic circuit arrangement according to this invention comprising a
      plurality of complementary or P and N channel IGFET's is characterized by
      easily eliminating the above-mentioned technical difficulties of
      integration accompanying the prior art series logic circuit arrangement
      using a plurality of complementary symmetric pairs of IGFET's due to
      circuit arrangements based on different logic equations being provided for
      the P and N channel IGFET sections.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIGS. 1A to 1C show the practical prior art three series NAND/NOR circuit
      arrangements each using a plurality of IGFET's;
PAR  FIG. 2 schematically shows the pattern of the prior art circuit arrangement
      of FIG. 1C integrated on a semiconductor substrate;
PAR  FIG. 3 illustrates the arrangement of the display segments of a digit
      display device capable of freely indicating digits of 0 to 9;
PAR  FIG. 4 indicates the practical prior art series logic circuit arrangement
      comprising a plurality of complementary symmetric pairs of IGFET's
      designed to select the display segment a of FIG. 3;
PAR  FIG. 5 schematically shows the pattern of the circuit arrangement of FIG. 4
      integrated on a semiconductor substrate;
PAR  FIG. 6 shows the practical series logic circuit arrangement of this
      invention comprising a plurality of complementary IGFET's designed to
      select the display segment a of FIG. 3;
PAR  FIG. 7 schematically shows the pattern of the circuit arrangement of FIG. 6
      integrated on a semiconductor substrate; and
PAR  FIGS. 8A and 8B jointly show the practical circuit diagram of the series
      logic circuit arrangement of this invention designed to select any of all
      the display segments a to g to FIG. 3.
DETD
PAR  The series logic circuit arrangement of this invention will now be
      described with reference, for convenience of description, to a concrete
      example of a decoder, though this invention is not limited thereto. This
      decoder is designed to select any of the seven display segments a to g of
      a digit display device of FIG. 3 capable of freely indicating any of the
      digits 0 to 9 by a predetermined logical combination of input signals
      representing binary coded decimals (hereinafter abbreviated as "BCD").
PAR  A logic equation for selecting any of the seven display segments a to g
      formed in a substantially "8" shape as shown in FIG. 3, for example, the
      segment a by an appropriate logical combination of input BCD signals is
      generally indicated by the following logic equation of minterm-type
      expression:
EQU  a = (1.4) + (2.8)+ (2.4.8)+(1.4)                           (1)
PAR  FIG. 4 shows the practical circuit arrangement of the prior art decoder
      apparatus comprising nine complementary symmetric pairs of IGFET's
      61P--61N, 62P--62N, 63P--63N, 64P--64N, 65P--65N , 66P--66N, 67P --67N,
      68P--68N and 69P--69N. In FIG. 4 reference numeral 70 denotes as inverter,
      through which a logic output a satisfying the above equation (1) is drawn
      out at the output terminal O. FIG. 5 schematically illustrates the pattern
      of the circuit arrangement of FIG. 4 integrated on a semiconductor
      substrate or chip 71. As seen from FIG. 5, the P channel IGFET's 61P to
      69P can be disposed, as clear from the above description, right below the
      corresponding ones of the passageways 1', 1', 2', 2', 4', 4', 8', 8' of
      input BCD signals, admitting of as dense an integration as possible on the
      substrate 71. In constrast, the N channel IGFET's 61N to 69N which have to
      be provided, as above-mentioned, between the respective passageways of the
      input BCD signals should be integrated on the substrate 71 at an
      appreciably larger space than the P channel IGFET's 61P to 69P,
      undesirably requiring the semiconductor substarte 71 to be considerably
      enlarged in size.
PAR  According to this invention, therefore, the prior art series logic circuit
      arrangement is modified such that the drain-source paths of all the P and
      N channel IGFET's are positioned in a direction perpendicular to
      respective passageways 1', 1', 2', 2', 4', 4', 8', 8' of the input BCD
      signals being disposed on a semiconductor substrate, namely, in a
      direction connecting the negative and positive D.C. source terminals
      -V.sub.DD and V.sub.SS so as to be integrated on the substrate as densely
      as possible.
PAR  Namely, the P channel IGFET section comprises nine P channel IFGET's 81P to
      89P arranged, as shown in FIG. 6, according to the logic equation (1) of
      minterm-type expression, and the N channel IGFET section comprises
      fourteen N channel IGFET's 81N to 94N arranged according to a logic
      equation of maxterm-type expression equivalent to the above-mentioned
      logic equation of minterm-type expression. In other words, said logic
      equation (1) of minterm-type expression can be converted into the
      following equivalent logic equation of maxterm-type expression:
EQU  a = (1+2+4).(1+4+8).(1+2+4+8).(1+2+4+8)                    (2)
PAL  Reference numeral 95 of FIG. 6 denotes an inverter, through which a logic
      output a satisfying the above equations (1) and (2) is drawn out at the
      output terminal O.
PAR  FIG. 7 schematically shows the pattern of the circuit arrangement of FIG. 6
      integrated on a semiconductor substrate 101. As apparent from FIG. 7, not
      only all the P channel IGFET's 81P to 89P but also all the N channel
      IGFET's 81N to 89N can be disposed right below the corresponding ones of
      the passageways 1', 1', 2', 2', 4', 4', 8', 8' of the input BCD signals,
      easily admitting of as dense an integration as possible on the
      semiconductor substrate 101. As apparent from FIGS. 5 and 7, therefore,
      the decoder apparatus of this invention arranged as shown in FIG. 6
      enables all the P and N channel IGFET's to be integrated on a much smaller
      semiconductor substrate then in the prior art decoder apparatus,
      advantageously minimizing the size of various electrical apparatuses using
      the present decoder apparatus.
PAR  FIGS. 8A and 8B jointly show the practical circuit arrangement of the BCD
      to 7-segment decoder apparatus of this invention in which, as in FIG. 6,
      all of the P channel IGFET's are arranged according to the logic equation
      of mintermtype expression and all the N channel IGFET's are provided
      according to the logic equation of maxterm-type expression so as to select
      any of the seven display segments a to g of a digit display device of FIG.
      3 capable of freely indicating any of the digits 0 to 9 by a prescribed
      logic combination of the input BCD signals 1, 1, 2, 2, 4, 4, 8, 8. Namely,
      the section 111 of the circuit arrangement of FIGS. 8A and 8B for
      selecting the display segment a of the seven display segments a to g of
      FIG. 3 comprises nine P channel IGFET's and 14 N channel IGFET's (see FIG.
      6). The section 112 for selecting the display segment b comprises 12 P
      channel IGFET's and also 12 N channel IGFET's. The section 113 for
      selecting the display segment c is formed of nine P channel IGFET's and
      eight N channel IGFET's. The section 114 for selecting the display segment
      d comprises 17 P channel IGFET's and 19 N channel IGFET's. The section 115
      for selecting the display segment e is formed of eight P channel IGFET's
      and seven N channel IGFET's. The section 116 for selecting the display
      segment f comprises 18 P channel IGFET's and 15 N channel IGFET's. The
      section 117 for selecting the display segment g comprises 11 P channel
      IGFET's and 10 N channel IGFET's.
PAR  The reference symbols P, N and I of FIGS. 8A and 8B denote P channel
      IGFET's, N channel IGFET's and inverters respectively. As seen from FIGS.
      8A and 8B, a considerably large number of P and N channel IGFET's are
      required to provide a decoder apparatus capable of freely selecting any of
      the seven display segments a to g of the digit display device of FIG. 3
      indicating digits of 0 to 9 by a prescribed logic combination of the input
      BCD signals. Therefore, in the case of an apparatus using a device
      designed to display a numerical value comprising a plurality of digits
      such as a desk electronic computer or digital clock, the most vital
      technical problem in miniaturizing such apparatus rests with a method of
      reducing the size of a semiconductor substrate on which all the P and N
      channel IGFET's are to be integrated. From this point of view, a prominent
      technical effect can be attained by the series logic circuit arrangement
      of this invention enabling all the P and N channel IGFET's constituting
      any desired logic circuits to be integrated on a semiconductor substrate
      as densely as possible.
PAR  This invention is not limited to the above-mentioned series logic circuit
      arrangement, but is obviously applicable to all other apparatuses that are
      derived from substantially the same technical concept as underlies the
      invention. Namely, though the series logic circuit arrangements of this
      invention shown in FIG. 6 and 8 were based on the negative logic system in
      which the P channel IGFET's were arranged according to a logic equation of
      minterm-type expression and the N channel IGFET's according to a logic
      equation of maxterm-type expression, yet the same effect can be attained,
      as easily understood by those skilled in the art, by applying the positive
      logic system in which, conversely from the above-mentioned case, the N
      channel IGFET's are provided according to the logic equation of
      minterm-type expression and the P channel IGFET's according to the logic
      equation of maxterm-type expression.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a series logic circuit arrangement using a plurality of P and N
      channel IGFET's and comprising a plurality of series logic circuits to
      which a plurality of input binary coded signals are applied, each of said
      logic circuits being designed to effect a predetermined logic function
      with respect to any ones of the plurality of input binary coded signals by
      using at least one P channel IGFET and one N channel IGFET, the
      improvement in that said P channel IGFET's and N channel IGFET's are
      arranged according to positive and negative logic systems with respect to
      the plurality of input binary coded signals, in the negative logic system,
      said P channel IGFET's being arranged according to a logic equation of
      minterm-type expression and said N channel IGFET's according to a logic
      equation of maxterm-type expression, and, in the positive logic system,
      said P channel IGFET's being provided according to a logic equation of
      maxterm-type expression and said N channel IGFET's according to a logic
      equation of minterm-type expression.
NUM  2.
PAR  2. In a series logic circuit arrangement claimed in claim 1, the further
      improvement in that said P channel IGFET's and N channel IGFET's are all
      integrated on a semiconductor substrate right below the corresponding
      passageways of the plurality of input binary coded signals disposed on
      said substrate.
NUM  3.
PAR  3. In a series logic circuit arrangement claimed in claim 1, which
      constitutes a decoder apparatus designed to give forth a decoded logic
      output bearing a predetermined relationship with a plurality of input
      binary coded signals.
NUM  4.
PAR  4. In a series logic circuit arrangement claimed in claim 3, the further
      improvement in that said decoder apparatus comprises a binary coded
      decimals to 7-segment decoder apparatus designed to select any segment of
      a digit display device which is constituted by 7-segments formed in a
      substantially 8-shape capable of indicating any of the digits of 0 through
      9 in accordance with a predetermined logic combination of a plurality of
      input binary coded decimal signals.
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PAL  An improved numeric display is based on the usual seven-segment display,
      but the segments are both curved and straight in the interest of making
      the display more legible than the usual segmented display. A particular
      feature is the division of the usual lower left-hand segment into three
      portions, all of which are activated simultaneously, as a result of which
      those numerals involving the lower left-hand segment and the bottom
      segment are enhanced in appearance. Moreover, the corners of the display
      are rounded, a feature which improves both the legibility and the
      appearance of the display.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present Application is a Continuation-In-Part of my co-pending
      application Ser. No. 302,335, filed Oct. 30, 1972, for IMPROVED NUMERIC
      DISPLAY CONFIGURATION, now abandoned
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The segmented numeric display where the segments are individually activated
      by means of a switching and logic system is somewhat difficult to read,
      particularly for those who are not accustomed to this type of display.
      Moreover, such displays are angular and, viewed typographically, are
      unattractive in appearance. The difficulty with respect to legibility
      stems from the fact that the curves present in the printed numerals 2, 3,
      5, 6, 8, 9 and 0 are absent. As for the appearance of segmented digits,
      the complete absence of curves in conventional numeric displays results in
      a monotonous appearance and a lack of the beauty associated with sweeping
      curves. This particular aspect is especially important in such
      applications as wrist-watch dials featuring digital displays.
PAC  SUMMARY OF THE INVENTION
PAR  A digital display in accordance with the present invention features curves
      at the outer edges of the left and right hand upper and lower portions of
      the numeric display. Furthermore, gaps between the top and bottom vertical
      segments are filled in.
PAR  To enhance the appearance of the numerals displayed by the present
      arrangement, the bottom segment is given a curved shape rather than the
      usual hexagonal shape, and the bottom left hand segment has been divided
      into three portions partly surrounding the curved bottom segment.
PAR  The display is particularly suitable for use in liquid crystal and
      light-emitting diode display devices.
PAR  Accordingly, an object of the present invention is to provide an improved
      segmented digital display of increased legibility.
PAR  Another object of the present invention is to provide an improved segmented
      digital display of enhanced appearance.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises an article of manufacture possessing
      the features, properties, and the relation of elements which will be
      exemplified in the article hereinafter described, and the scope of the
      invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 shows a conventional numeric display consisting of 7 hexagonal
      segments;
PAR  FIG. 3 shows an embodiment of a numeric display in accordance with the
      present invention;
PAR  FIG. 2a shows another embodiment of the present invention;
PAR  FIG. 3 is a cross-sectional view of the embodiment of FIG. 2 taken along
      the line 3 -- 3; and
PAR  FIG. 4 shows schematically driving circuitry appropriate for use with the
      displays of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a conventional numeric display such as is shown in FIG. 1, and indicated
      generally by the reference numeral 13, seven segments, usually hexagonal
      in form, are used for displaying the digits from 0 to 9. Considering, for
      the moment, only the digit 1, it can be seen that the segments labelled b
      and c are used, and that the appearance of the digit will suffer from the
      presence of two gaps on either side of the mid-point of the digit. As
      another example, the digit 7 will suffer from the same two gaps and where
      there should be a single corner joining the top and side portions of the
      digit, there will instead be two corners connected by a diagonal line.
PAR  The segments are selectively activatable by exterior driving circuitry
      (FIG. 4) to which the segments are connectable by leads 12. Where the
      segments are part of a liquid crystal display device they are in the form
      of conductive films on a plate 11.
PAR  An arrangement of segments for displaying the digits from 0 to 9 in
      accordance with the present invention is shown in FIG. 2. As can be seen,
      the outer gaps between segments e and f on the one hand, and between c and
      b have been removed. Also, the junction between the inner and outer edges
      of segments a and b has been rounded, and the same thing has been done for
      the junctions between a and f, and c and d. Further, the vertical
      dimension of g has been decreased with the result that the gaps between e
      and f on the one hand and between b and c have been decreased in size. The
      result is that the appearance of digits using these pairs of segments has
      been improved.
PAR  The most important change is that made with respect to segments e and d of
      the prior art. In the arrangement according to the present invention
      segment e of FIG. 1 has been divided into three portions, all labelled e,
      and hexagonal segment d has been altered into the curved segment labeled
      d.
PAR  In FIG. 2 the segments are shown as an assembly indicated generally by the
      reference numeral 23 on a plate 21. Leads 22 can connect one of the
      portions of segment e and all of the remaining segments selectively to
      external driving circuitry. The other two portions of segment e are
      preferably connected to said one portion by leads 24 and 25.
PAR  Alternatively, one or both of the remaining portions of segment e can be
      connected directly to the driving circuitry. Another means of connecting
      the separate portions of e is shown in FIG. 2a. Here narrow strips of
      conductive film 24a and 25a act as leads for connecting the lower portions
      of e to the portion above the left-hand end of segment d.
PAR  Where the assembly 23 is part of a liquid crystal display device, the
      opposed plate has a conductive segment 28 (FIG. 3) on the interior surface
      thereof also connectable to said external driving circuitry. Conductive
      segment 28 is so shaped that only the segments on the plate 21 (FIG. 2)
      and on plate 21a (FIG. 3) become visible; in other words, leads 22, 24 and
      25 (FIG. 2) and 22a, 24a and 25a (FIG. 2a) will not become visible. Gaps
      26 and 27 in FIG. 3 represent schematically open areas in conductive
      segment 28, said open areas being in registry with leads 22, 24 and 25 of
      FIG. 2 and 22a, 24a and 25a of FIG. 2a.
PAR  The following Table shows the segments to be activated for each of the
      digits:
TBL                TABLE                                                       
     ______________________________________                                    
     DIGIT        SEGMENTED COMBINATIONS                                       
     ______________________________________                                    
     1            b      c                                                     
     2            a      b      g    e    d                                    
     3            a      b      g    c    d                                    
     4            b      c      f    g                                         
     5            a      f      g    c    d                                    
     6            f      e      d    c    g                                    
     7            a      b      c                                              
     8            a      b      g    f    e    d    c                          
     9            a      b      g    f    c                                    
     0            a      b      c    d    e    f                               
     ______________________________________                                    
PAR  Although the display shown in FIG. 2 appears to have nine segments,
      actually all three positions constituting segment e are activated at the
      same time. Consequently, the number of leads from the control system (not
      shown) is the same as for the segmented numeric display system of the
      prior art. The logic of the display is exactly the same as for
      conventional sevenbar displays.
PAR  Driving circuitry is indicated schematically in FIG. 3 and in box-diagram
      form in FIG. 4. As shown in FIG. 4, driving circuitry consists of an
      oscillator which puts out a standard time frequency, a divider and a
      decoder-driver which drives the display. This type of circuitry is shown
      in considerable detail in many sources. Specific examples are Bergey et
      al. U.S. Pat. No. 3,672,155, patented June 27, 1972, Bruno M. Dargent,
      U.S. Pat. No. 3,721,084, patented Mar. 20, 1973, and J. M. Bergey, U.S.
      Pat. No. 3,722,206, patented Mar. 27, 1973. It should be noted that, with
      appropriate modification, such modification being well-known, the
      circuitry is also appropriate for use with light-emitting diodes as well
      as liquid crystal displays.
PAR  The segmented display of the present invention produces digits which are
      more legible than those of the prior art, which are pleasantly curved and
      which are more in accord with the representation of digits as produced
      either by conventional printing or writing. Furthermore, most of the sharp
      angles of the conventional segmental display are eliminated and the number
      of leads required for activating the segmental display of the present
      invention is no greater than is required for the conventional system.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above article without departing
      from the spirit and scope of the invention, it is intended that all matter
      contained in the above description and shown in the accompanying drawing
      shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved numeric seven-segment display device for showing any single
      digit from 0 to 9, comprising a top, a right-upper, a right-lower, a
      left-upper, a left-lower, a middle and bottom segments, the totality of
      said segments forming a figure-8 with essentially vertical sides and
      horizontal top, middle and bottom, said bottom segment being thinner at
      its mid-portion than said top segment and being concave on its upper edge
      and convex on its lower edge, and extending at its left end into the
      bottom of the space normally occupied by the left-lower segment of a
      conventional seven-segment numeric display, said left-lower and bottom
      segments being mutually interposed and said bottom segment dividing said
      left-lower segment, said left-lower segment being in three portions, the
      first of said three portions extending from proximate the bottom of said
      left-upper segment to the left end of said bottom segment, the second of
      said portions having an essentially horizontal upper edge and a lower edge
      conforming to the upper concave edge of said bottom segment and the third
      of said portions lying beneath the left-hand end of said bottom segment,
      said second and said third portions having size, shape and position such
      that in combination with said bottom segment a strip is formed which has
      essentially the same transverse dimension as said top segment; and
      electric circuitry connected with said segments for selective actuation of
      same, said electric circuitry including electrical connections between
      said three portions of said left-lower segment so that said three portions
      are always actuated together.
NUM  2.
PAR  2. The improved numeric seven-segment display device as defined in claim 1,
      wherein said electrical connections between said portions of said
      left-lower segment consist of narrow strips of transparent conductive film
      proximate but separate from said extending left end of said bottom
      segment.
NUM  3.
PAR  3. The improved numeric seven-segment display device of claim 1, wherein
      said left-upper and said left-lower segments have an apparent common
      boundary and said right-upper and said right-lower segments have an
      apparent common boundary.
NUM  4.
PAR  4. The improved numeric seven-segment display device of claim 1, wherein
      said top segment overlaps said left upper segment and tapers to a
      downwardly extending point.
NUM  5.
PAR  5. The improved numeric seven-segment display device of claim 1, wherein
      said middle segment is narrower in its transverse dimension than said top
      and side segments.
NUM  6.
PAR  6. The improved numeric seven-segment display device of claim 1, wherein
      the right side of said left-upper segment curves to the right and the top
      portion thereof merges with the bottom edge of said top segment.
NUM  7.
PAR  7. The improved numeric seven-segment display device of claim 1, wherein
      said top, right-upper, right-lower, bottom and third portion of left-lower
      segments are curved at suitable portions so that said FIG. 8 has rounded
      corners.
NUM  8.
PAR  8. The improved numeric seven-segment display device of claim 1, further
      comprising opposed first and second plates, at least one of said plates
      being transparent, one of said plates having thereon said segments, leads
      for connecting said segments to exterior driving circuitry on the inner
      surface of said one plate, the other of said plates having on the interior
      surface thereof a conductive film and a lead for connecting said
      conductive film to said exterior driving circuitry, said conductive film
      being shaped so that only said segments can be made visible by said
      driving circuitry when said seven-segment display and said film on said
      other plate are connected to said circuitry.
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PAL  A digital processor apparatus is described which operates upon nonuniformly
      encoded digital words each one of which has .mu.-law encoded format of a
      sign bit to indicate polarity, segment bits to indicate range, and
      interval bits to indicate the location of the sample within the segment. A
      predetermined number of the digital words is stored in shift registers
      while the apparatus determines the maximum segment value represented in
      that block of predetermined number of words. The interval bits for one of
      the stored digital words are stored in a shift register along with a bit
      whose value is determined from the segment bits for that word. This shift
      register is then shifted by an amount which is dependent on the difference
      between the segment value for the digital word under consideration and the
      maximum segment value for that block of digital words. Before the next
      digital word is processed, the processed digital word in the shift
      register which has fewer bits than the original digital word is coupled
      into a digital multiplexer for transmission to a receiving location. The
      processed digital words are preceded in the transmission by the maximum
      segment value for the block of digital words. At the receiver, the maximum
      segment value is utilized by a receiving processor to reconstruct each of
      the processed digital words into a digital word compatible with the
      nonuniform encoding law from which the input samples were drawn.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to bit rate reduction and expansion and, more
      particularly, to methods and apparatus for processing nonuniformly encoded
      digital words.
PAR  Many digital compressors have been developed in the prior art for use with
      uniformly encoded analog signals. The digital compressor disclosed in U.S.
      Pat. No. 3,789,392 to G. Candiani, dated Jan. 29, 1974, is representative
      of these digital compressors of the prior art. In these compressors a
      uniformly encoded digital word is reduced in size prior to tranmission by
      translating the number of digital zeros which follow the initial sign bit
      into a 3-bit code word. The 3-bit code word is then followed with a
      predetermined number of bits which follow the initial digital zeros. In
      the case of large magnitude digital words many of the less significant
      digital bits are simply discarded.
PAR  The digital format developed in the Candiani patent is similar to the
      format developed by encoders in the D2 and D3 channel banks of the Bell
      System, utilized to convert analog signals into a nonuniformly encoded
      digital bit stream. These channel banks in their process of encoding
      analog signals nonuniformly quantize these signals in order to improve the
      signal-to-noise ratio of the low level signals at the expense of a coarse
      quantization of the high amplitude analog signals. The nonuniform encoding
      utilized by the channel banks in the Bell System is known to those skilled
      in the art as .mu.-law encoding. In the .mu. = 255 nonuniform law utilized
      in the D2 and D3 channel banks of the Bell System, each analog sample is
      converted into an 8-bit binary code. The initial bit of the digital word
      represents the sign or polarity of the analog sample while the coarse
      amplitude of the analog sample is represented by the three bits following
      the sign bit, each value of this 3-bit word representing one of eight
      amplitude ranges known as segments or chords. The length of these segments
      double in magnitude as the signal becomes larger in magnitude. Finally,
      the remaining four digital bits represent one of 16 equal-length intervals
      present in each one of the segments or chords.
PAR  Still another form of digital bit rate reduction for use with uniformly
      encoded analog samples is known to those skilled in the art as nearly
      instantaneous digital companding or as block companding. This technique of
      nearly instantaneous companding is described in the article by M. G.
      Croll, M. E. B. Moffat and D. W. Osborne entitled "`Nearly Instantaneous`
      Digital Compandor for Transmitting Six Sound-Programme Signals in a 2.048
      Mbit/s Multiplex," Electronics Letters, July 12, 1973, Vol. 9, No. 14,
      pages 298-300, and in the article entitled "Progress in PCM and Delta
      Modulation: Block-Companded Coding of Speech Signals," by A. Croisier, IBM
      France Center d'Etudes et Recherches, 06610 - La Gaude, France, from a
      presentation at the 1974 International Zurich Seminar on Digital
      Communications, March 12-15, 1974.
PAR  In the technique of nearly instantaneous companding the uniformly encoded
      samples are processed in blocks of a predetermined number of samples. The
      predetermined number of encoded samples in each block is stored in a
      digital delay while the largest sample for the block is determined. The
      value of this largest sample is then utilized to process the digital words
      stored in the delay. The position of the most significant "1" in the
      largest sample is represented by a scale factor word and this word is then
      multiplexed along with the processed digital words in transmitting
      information to a receiving location.
PAR  In the nearly instantaneous compandor described in the article by M. G.
      Croll et al., the peak value in a block of digital words is determined by
      searching for the most significant digital 1 in the block of digital
      words. The position for this most significant digital 1 is then utilized
      by the processor in determining the most significant bit of a fixed length
      word to be transmitted for each of the digital words in the block. The
      block processing described in the A. Croisier article carries out a
      similar technique of bit rate reduction with an additional feature for
      determining the maximum of the differences between successive samples if
      differential pulse code modulation coding is considered. In both forms of
      prior art block processors, uniformly encoded analog samples are present
      at the input of the apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to reduce the number of
      digital bits which must be transmitted to represent nonuniformly encoded
      digital words of the type present at the output of the D2 and D3 channel
      banks in the Bell System.
PAR  A further object of the present invention is to process these digital words
      with a technique similar to that utilized in the above-mentioned prior art
      nearly instantaneous or block compandors.
PAR  These objects and others are achieved in accordance with the present
      invention wherein a block of a predetermined number of nonuniformly
      encoded words is stored in a digital delay while a maximum segment or
      chord value present in that block is determined and stored for use in
      processing each of the digital words in the block. The least significant
      or interval bits for each stored digital word are placed in a shift
      register along with a bit whose value is determined by the corresponding
      segment bits for that digital word. The register is then shifted by an
      amount which is dependent on the difference between the stored maximum
      segment value and the segment value represented by the segment bits to
      develop a processed digital word. The maximum segment value is then
      multiplexed with the processed digital words of the block for transmission
      to another processor in a receiving location. At the receiving location,
      the maximum segment value developed after demultiplexing is then utilized
      in reconstructing digital words having the same number of digital bits and
      the same encoding format as those which were presented at the input of the
      transmitter digital processor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more thoroughly understood after reading the
      following detailed description in conjunction with the drawings wherein:
PAR  FIG. 1 is a schematic block diagram of a transmitter digital processor
      constructed in accordance with the present invention;
PAR  FIG. 2 is a schematic block diagram of a receiver digital processor
      constructed in accordance with the present invention;
PAR  FIG. 3 provides voltage waveforms developed by clock timing circuits in the
      transmitting and receiving processors of FIGS. 1 and 2, respectively; and
PAR  FIG. 4 is a table of digital values useful in explaining the operation of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The technique utilized in the present invention for reducing the bit rate
      required for the transmission of nonuniformly encoded digital words is
      illustrated in FIG. 4 of the drawings. FIG. 4 shows a table of digital
      values useful in explaining the operation of the present embodiment
      wherein an 8-bit digital word previously encoded in accordance with a
      .mu.-law encoding is translated into a 6-bit digital word for transmission
      to a receiving location. In the embodiment to be described, eight digital
      words are present in each block of digital words processed by the
      processor. As indicated in the second column of FIG. 4, each digital word
      at the input of the transmitting processor includes a signal bit as the
      initial bit followed by three bits which designate the segment or chord of
      the encoding to which the sample belongs, followed by four digital bits to
      represent one of the 16 intervals into which each segment or chord is
      divided. With three bits available to represent the segment, eight segment
      values are possible.
PAR  In FIG. 4 only the segment or chord values are represented by their proper
      digital values. The sign bit is represented by the letter S and the four
      bits corresponding to the interval within the segment or chord are
      represented by the letters WXYZ. It is to be understood that these letters
      may assume a binary representation of any one of 16 digital values
      corresponding to the sixteen intervals present in a segment or chord. The
      encoding for any particular 8-bit digital word is dependent on the value
      of the maximum segment within the block of digital words. To determine the
      processed digital code for any 8-bit digital word presented at the input
      of the processor, one must first know the maximum segment within the block
      of digital words and then locate the row in FIG. 4 for that maximum
      segment value which also includes the segment value indicated by the three
      bits of the 8-bit digital word following the sign bit. The third column of
      FIG. 4 illustrates the 6-bit digital code produced in response to the
      digital word set forth in the second column. Finally, the fourth column of
      FIG. 4 illustrates the 8-bit digital word which is reconstructed at a
      receiving location after the 6-bit digital word of column three has been
      transmitted over a transmission channel together with the maximum segment
      bits.
PAR  If the digital word being processed has a segment value equal to the
      maximum segment value within a block of digital words, the three bits
      representing the segment value are simply replaced by a digital 1 (except
      when the segment of the input digital word is 000) and the WXYZ bits
      representing the interval are transmitted without alteration. For any
      digital word having a segment value less than the maximum segment value
      within the block of digital words, the digital 1 is shifted to the right
      by a number of digit spaces determined by the difference between the two
      segment values. (If the segment of the input digital word is 000, a
      digital 0 takes the place of the digital 1.) The digit spaces between the
      sign bit and the digital 1 are filled with digital 0s, and the WXYZ bits
      are dropped from consideration, starting with the least significant
      digital bit, by a number equal to the number of inserted digital 0s. In
      the highly unlikely situation where there is both a maximum segment value
      equal to one of the higher levels and samples corresponding to the lower
      segment values within the same block of digital words, the lower segment
      words all bear the same digital representations. In effect, the present
      technique of processing previously nonuniformly encoded words causes the
      digital words within each block of digital words to be quantized into a
      format wherein the quantization steps are uniformly spaced and are
      determined by, and equal to, the intervals in the maximum segment. An
      exception is on segment 000 where the step size is one-half as large.
PAR  Apparatus constructed in accordance with the present invention to practice
      the novel method of bit rate reduction illustrated in FIG. 4 is set forth
      in schematic block diagram form in FIG. 1 of the drawings. In FIG. 1, each
      input 8-bit digital word is presented in parallel form on the input lines
      101 through 108. The sign bit represented by the letter S is presented on
      line 101; the three digital bits corresponding to the segment value are
      represented in FIG. 1 by the letters A, B and C and are presented on input
      lines 102, 103 and 104, respectively. The letter A represents the most
      significant digital bit and C represents the least significant bit of the
      segment value. Finally, the four digital bits representing one of 16
      intervals within the corresponding segment are represented by the letters
      W, X, Y and Z, and presented in parallel form on input lines 105, 106, 107
      and 108, respectively.
PAR  All of the apparatus shown in FIG. 1 is driven by a clock circuit 180 which
      provides at its various outputs rectangular voltage waveforms of the type
      illustrated in FIG. 3. An essentially square waveform is provided on line
      181 at the output of clock circuit 180 and is designated in both FIGS. 1
      and 3 as C1. Within clock circuit 180, waveform C1 is counted down by six
      to provide the rectangular waveform on line 182 of the type illustrated in
      FIG. 3 as waveform C2. The positive-going excursions of waveform C2 are
      caused to occur at a rate equal to the rate at which 8-bit digital words
      are presented in parallel form on the input lines 101 through 108. In
      addition, clock circuit 180 further counts down the waveform C2 by eight
      in order to provide a rectangular waveform on line 183 of the type
      illustrated as waveform C3 in FIG. 3. Positive-going excursions in
      waveform C3 occur at the block rate with each block containing eight
      digital words.
PAR  The digital bits present on input lines 101 through 108 are each connected
      to an input terminal of one of a group of shift registers 111 through 118,
      respectively. Line 182 provides the C2 clock pulse waveform to the shift
      inputs of the registers 111 through 118. As a result, each positive-going
      transition in waveform C2 causes the digital bits present on input lines
      101 through 108 to be coupled into the cells of shift register 111 through
      118, respectively. Shift registers 112 through 118 are constructed to have
      nine cells each, thereby permitting the storage within the register of an
      entire block of eight input words plus one word in the output cells which
      is acted on by the circuits to be described hereinafter. Shift register
      111, which stores the sign bits, has an additional cell (i.e., a total of
      10 cells) to account for a delay introduced into the other bits by the
      remainder of the processing circuits.
PAR  The digital bits A, B and C representing the segment value of a digital
      word are also coupled by way of lines 102, 103 and 104 to the inputs of a
      3-bit latch circuit 121 and a comparison circuit 122. The 3-bit latch
      circuit 121 is caused to load the three bits present on lines 102, 103 and
      104 only if an energizing pulse is present at its control input 123.
      Control input 123 is energized only when either one of the inputs of an OR
      gate 124 is energized. One of the inputs of OR gate 124 is connected to
      the C3 waveform on line 183 from clock circuit 180. As a result, the A, B,
      C bits for the first digital word in a block of digital words is caused to
      be loaded into the 3-bit latch circuit 121. A second input of OR gate 124
      is energized by the output of an AND gate 125 which in turn can be
      energized by the presence of a pulse in the C2 waveform, but only if the
      A, B, C bits present on input lines 102, 103 and 104 represent a magnitude
      greater than the digital bits presently being stored within the 3-bit
      latch circuit 121. Hence, if the A, B, C bits of the second digital word
      in a block of eight digital words represents a segment value larger than
      the segment value of the first digital word, comparison circuit 122
      energizes one input of AND gate 125 and the presence of a pulse in the C2
      waveform causes this larger segment value to be loaded into the 3-bit
      latch circuit 121. If, on the other hand, the segment value for a digital
      word on lines 102, 103 and 104 is less than the three bits stored within
      the 3-bit latch circuit 121, comparison circuit 122 does not produce an
      energizing signal at one input of AND gate 125 and the positive-going
      pulse in the C2 waveform will be ineffective in its efforts to load the
      input of the 3-bit latch circuit 121.
PAR  In this way comparison circuit 122, AND gate 125 and OR gate 124 operate in
      response to the C2 and C3 waveforms in a manner so as to cause the maximum
      segment value within a block of digital words to be selected and stored in
      the 3-bit latch circuit 121. At the beginning of a new block of digital
      words marked by the presence of a positive-going pulse in the C3 waveform,
      this positive-going pulse on line 183 energizes the load input of a second
      3-bit latch circuit 126 whose inputs are connected to the outputs of 3-bit
      latch circuit circuit 121. As a result, the maximum segment value stored
      in 3-bit latch circuit 121 is transferred into storage within the 3-bit
      latch circuit 126 at the same instant when the first digital word of the
      block corresponding to that maximum segment value is present at the
      outputs of shift registers 111 through 118.
PAR  The three bits stored within 3-bit latch circuit 126 representing the
      maximum segment value for the block of digital words appearing at the
      outputs of shift registers 111 through 118 are designated as the M2, M1
      and M0 bits on lines 130, 131 and 132 of FIG. 1, with M2 representing the
      most significant bit. These bits are coupled by way of lines 130, 131 and
      132 both to the inputs of a 3-bit down counter 133 and to the inputs of a
      digital multiplexer circuit 190.
PAR  The C2 waveform present on line 182 is coupled to the load input of 3-bit
      down counter 133. When a positive pulse of the C2 waveform is present at
      the load input, a positive-going transition in waveform C1 on line 181 at
      the clock input of 3-bit down counter 133 causes the digital bits present
      on lines 130, 131 and 132 to be loaded into the 3-bit down counter 133. As
      pointed out hereinabove, waveform C2 is derived within the clock circuit
      180 by counting down waveform C1. Due to the small amount of delay present
      in these divider circuits, transitions in the C2 waveform will always
      follow in time the positive-going transition in the C1 waveform. As a
      result, the positive-going transition in the C1 waveform which terminates
      the positive pulse of the C2 waveform will actually occur during an
      instant when the C2 waveform is providing a positive level to the load
      input of 3-bit down counter 133. Hence, five of the six positive-going
      transitions in waveform C1 are present during the interval between
      positive pulses in the C2 waveform.
PAR  With the appearance of each positive transition in the C2 waveform, a new
      digital word appears at the outputs of shift registers 112 through 118 on
      lines 141 through 148, respectively. The sign bit at the output of shift
      register 111 is coupled by way of line 141 to an input of the digital
      multiplexer 190 to be processed in a manner described hereinafter. The
      segment bits present on lines 142, 143 and 144 are each coupled both to an
      input of an OR gate 149 and to an inhibit input of one of the AND gates
      152, 153 and 154. The digital bits present at the outputs of shift
      registers 115 through 118 representing the interval are coupled by way of
      lines 145 through 148, respectively, to the last four cells in a 5-bit
      shift register 160 with the Z bit on line 148 being positioned in the last
      cell.
PAR  The first or leading cell of the 5-bit shift register 160 is connected by
      way of line 159 to receive the logical state developed at the output of OR
      gate 149. If a digital 1 is present in any one or more of the outputs of
      shift registers 112, 113 and 114, OR gate 149 will present a logical 1 to
      the input of the first cell in the 5-bit shift register 160. If, on the
      other hand, the three bits present on lines 142, 143 and 144 are all
      logical 0s, then OR gate 149 presents a logical 0 to the input of the
      first cell of shift register 160. With a positive pulse of the C2 waveform
      present at the load input of shift register 160, a positive-going
      transition in waveform C1 at the clock input of this shift register causes
      the digital values present on lines 159, 145, 146, 147 and 148 to be
      loaded into the cells of the 5-bit shift register 160.
PAR  An AND gate 157 has its output connected by way of line 134 both to the
      enable input of 3-bit down counter 133 and also to the enable input of
      5-bit shift register 160. As indicated hereinabove, the clock pulses of
      waveform C1 are connected to the clock inputs of the down counter and the
      shift register. If AND gate 157 is energized at its two inputs, thereby
      energizing both enable inputs, each positive-going transition in waveform
      C1 causes 3-bit down counter 133 to reduce its digital value by one and
      also causes each digital bit present in shift register 160 to be shifted
      by one cell to the right. The load input of both the down counter and the
      shift register overrides the corresponding enable input, and therefore the
      down counting and shifting only take place when the load inputs are not
      energized by the positive pulses of the C2 waveform. As the digital word
      in shift register 160 is shifted by one cell to the right, a logical 0
      present on line 158 at an input of shift register 160 is coupled into the
      first cell of the register. Briefly, the positive-going transitions in
      waveform C1 are caused to shift the digital bits present in shift register
      160 by an amount which is dependent on the difference between the maximum
      segment value initially stored in 3-bit down counter 133 and the segment
      value presented by the digital word to be processed on lines 142, 143 and
      144.
PAR  One input of AND gate 157 is coupled to the output of an OR gate 155 which
      in turn has inputs coupled to the two most significant bits present in
      down counter 133. The second input of AND gate 157 is connected to the
      output of an OR gate 156 which in turn has its inputs connected to the
      outputs of gates 152, 153 and 154. As pointed out hereinabove, the inhibit
      inputs of each of the AND gates 152, 153 and 154 are connected to receive
      the segment bits on lines 142, 143 and 144, respectively. The second
      inputs of these AND gates 152, 153 and 154 are connected to the output
      bits of down counter 133, each gate being connected to an output of
      counter 133 which corresponds to the same bit position presented to the
      gate at its inhibit input by one of the lines 142, 143 and 144. With this
      connection of AND gates 152, 153 and 154 an energizing signal is provided
      to one of the inputs of OR gate 156 as long as the digital word present in
      down counter 133 is greater than the digital word presented at the outputs
      of shift registers 112, 113 and 114. When these two words are identical no
      energizing signal is presented to OR gate 156 and, therefore, AND gate 157
      is inhibited from energizing the enable input of shift register 160. OR
      gate 155, on the other hand, terminates its energizing signal to AND gate
      157 when either a 001 or a 000 is present in down counter 133. In summary,
      the positive-going transitions in the C1 waveform are caused to shift the
      digital word loaded into shift register 150 until either the segment value
      present on lines 142, 143 and 144 equals the digital value developed by
      down counter 133 or until a digital 1 is no longer present in the two most
      significant bit positions present at the output of 3-bit down counter 133.
      In this way, the three bits representing the segment value in an 8-bit
      digital word are replaced by the logical 1 and logical 0 formats
      illustrated in column three of FIG. 4 and the WXYZ digital bits
      representing the interval are dropped in sufficient number to accommodate
      the additional zeros which must be added.
PAR  The digital word present in the cells of shift register 160 is presented to
      the digital multiplexer 190 by way of lines 161 through 165. Each of these
      digital words is, of course, accompanied by a sign bit on line 141 which
      is unaltered by the transmitter processing. The sign bit present on line
      141 corresponds to the digital bits present on lines 161-165 even though
      the processing by the down counter and the register has consumed a C2
      period since the sign bit is delayed by an additional cell in shift
      register 111.
PAR  Digital multiplexer 190 also receives a square-wave clock pulse waveform
      from clock circuit 180 by way of line 184. Digital multiplexer 190
      utilizes the clock pulses on line 184 to derive the digital bit rate
      utilized in transmitting over the transmission channel 200. In addition,
      waveforms equivalent to the C2 and C3 waveforms are derived within digital
      multiplexer 190, in a manner well known to those skilled in the
      multiplexing art, in order to determine when the maximum segment bits
      present on lines 130, 131 and 132 and the digital bits present on lines
      141 and 161 through 165 must be sampled. The maximum segment bits are
      coupled by digital multiplexer 190 to transmission channel 200 after a
      framing or synchronization code word is transmitted to indicate that a new
      block of samples has begun. These maximum segment bits are then followed
      by the processed digital words in the digital block of samples represented
      by the digital values present on lines 141 and 161 through 165.
PAR  After the processed digital words are transmitted over transmission channel
      200, they are demultiplexed at a receiving location by the digital
      demultiplexer 290 in FIG. 2. The maximum segment digital bits M2, M1 and
      M0 corresponding to those digital bits which were stored in the 3-bit
      latch circuit 126 are provided at the beginning of each block on lines
      232, 231 and 230, respectively, in FIG. 2 by the digital demultiplexer
      290. The digital words which were generated by the transmitter processor
      during each block of digital words are provided seriatim in parallel bit
      form on lines 261 through 265 by demultiplexer 290. In addition,
      demultiplexer 290 drives a clock circuit 280 in response to the bit rate
      on transmission channel 200 so as to produce clock waveforms on lines 281,
      282 and 283 which are equivalent to the C1, C2 and C3 waveforms,
      respectively, previously generated in the transmitter processor of FIG. 1.
      These waveforms developed by clock circuit 280 in FIG. 2 are also
      illustrated by the voltage waveforms in FIG. 3.
PAR  At the beginning of each block of processed digital words, the
      positive-going transition in waveform C3 energizes the loading input of a
      3-bit latch circuit 226 thereby causing the maximum segment word on lines
      230, 231 and 232 to be loaded into this latch circuit. The bits of the
      processed digital word are coupled by way of lines 261 through 265 to the
      first five cells of a 6-bit shift register 260. The sixth cell of shift
      register 260 is provided with a voltage equivalent to a logical 1 by way
      of line 273. When the positive pulse of waveform C2 is present at the
      enable input of shift register 260, a positive-going transition in
      waveform C1 connected to the clock input of shift register 260 causes the
      processed digital word on lines 261-265 and the logical 1 on line 273 to
      be stored in the shift register. Similarly, the positive pulse in waveform
      C2 activates the load input of a 3-bit down counter 233 and a
      positive-going transition in waveform C1 connected to the clock input of
      this down counter causes the maximum segment word from  3-bit latch
      circuit 226 to be entered into the down counter 233.
PAR  An AND gate 271 has its output connected both to an enable input of 3-bit
      down counter 233 and to an enable input or 6-bit shift register 260. When
      AND gate 271 is energized and thereby providing an energizing signal to
      both enable inputs, each positive-going transition in the C1 waveform at
      the clock input of down counter 233 causes the digital word stored in this
      counter to be reduced in value by one, and each positive-point transition
      of the C1 waveform at the clock input of shift register 260 causes the
      digital bits stored in that shift register to be shifted to the left by
      one cell position. As the digital bits are shifted to the left, the last
      cell on the right is provided with a digital 0 by way of line 258. As in
      the case of the transmitting processor of FIG. 1, the load inputs of
      counter 233 and shift register 260 override the corresponding enable
      inputs and therefore the down-counting and shifting action only take place
      when the load inputs are not energized.
PAR  One input of AND gate 271 is connected to the output of an OR gate 255
      whose two inputs are connected to the two most significant bit positions
      of the 3-bit down counter 233. In addition, an inhibit input of AND gate
      271 is connected to the first or leftmost cell of 6-bit shift register
      260. There are five positive-going transitions in waveform C1 of line 281
      that occur between the positive pulses of waveform C2 on line 282. As
      indicated hereinabove, these five positive-going transitions of waveform
      C1 are only effective in operating down counter 233 and shift register 260
      if AND gate 271 is energized. AND gate 271 in turn is energized only if a
      logical 1 is present in either one or both of the two most significant bit
      positions of counter 233 and if a logical 0 is present in the first or
      leftmost cell of register 260 and will remain energized until a digital 0
      is present in both of the two most significant digital bits of down
      counter 233 or until a digital 1 is present in the first or leftmost cell
      of shift register 260. In cases where the maximum segment value of the
      block is large and the segment value of the word being processed is small,
      all five positive-going transitions in the C1 waveform may be coupled
      through to the shift input of register 260.
PAR  As indicated in the table of digital values in FIG. 4, the first cell of
      shift register 260 may contain either a digital 1 or a digital 0 when the
      shifting has been terminated by the development of 001 in down counter 233
      or after a total of five shifts has been produced by the five
      positive-going transitions in waveform C1. The output of this first cell
      in shift register 260 is connected to one input of an AND gate 272, a
      second input of which is connected to receive the least significant bit
      present in down counter 233. At the moment when the positive pulse of
      waveform C2 is present, these two inputs of AND gate 272 combine to
      provide on line 204 the least significant bit of the reconstructed segment
      word illustrated in column four of FIG. 4. The most significant bit and
      the next most significant bit of the reconstructed segment word are
      provided at this instant on lines 202 and 203 from the two most
      significant bit positions of 3-bit down counter 233. At the same instant,
      that is, during the positive pulses of waveform C2, the second through
      fifth cells of 6-bit shift register 260 provide a reconstructed digital
      word to represent the interval as indicated in column four of FIG. 4.
PAR  The sign bit presented on line 241 by demultiplexer 290 is coupled into a
      one-bit shift register 242 by the positive-going transition in the C2
      waveform. The delay of one C2 period introduced by this shift register
      balances the equivalent one period delay imparted to the other bits of a
      processed word by the operation of counter 233 and shift register 260. The
      sign bit on line 201 from register 242, the reconstructed segment word,
      and the reconstructed interval word are presented to utilization apparatus
      299 which responds to the positive pulses in waveform C2 to sample these
      digital words and store them for further utilization or transmission.
PAR  What has been described hereinbefore is an illustrative embodiment of the
      present invention. It is to be understood that numerous departures
      therefrom may be made by those skilled in the art without departing from
      the spirit and scope of the present invention. For example, input digital
      words that have been developed by other nonuniform encodings such as A-law
      encoding are equally well suited for processing by the present invention.
      In addition, the processed words developed by the transmitting processor
      do not have to be multiplexed in a serial form but may also be transmitted
      in parallel bit form to the receiving processor.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for processing previously encoded digital words each one of
      which includes segment bits to indicate a location in an encoding range
      and interval bits to indicate a location within a segment, said apparatus
      comprising means for storing said segment bits and said interval bits for
      a predetermined number of input digital words, said predetermined number
      being greater than one, means responsive to said segment bits for
      determining a maximum segment value present in said predetermined number
      of input digital words, means for processing the stored segment bits and
      interval bits for each of said input digital words to develop a processed
      digital word with fewer digital bits in response to a difference between
      the value of said stored segment bits and said maximum segment value
      determined for said predetermined number of input digital words, and means
      for transmitting a predetermined number of processed digital words with
      said maximum segment value corresponding to said predetermined number of
      processed digital words.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said means for processing the
      stored segment bits and interval bits includes a shift register means
      having cells equal in number to at least one more than the number of
      interval bits in each of said input digital words, means responsive to the
      stored segment bits for entering a digital value into at least one cell of
      said shift register means, and means for coupling the stored interval bits
      into other cells of said shift register means.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein said means for entering a
      digital value into at least one cell of said shift register means includes
      an OR gate having a plurality of inputs each one of which is connected to
      receive a different one of said stored segment bits.
NUM  4.
PAR  4. Apparatus as defined in claim 2 wherein said means for processing the
      stored segment bits and interval bits includes means for selectively
      enabling said shift register means.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein said means for processing the
      stored segment bits and interval bits further includes a down counter
      means responsive to said maximum segment value for an initial setting of
      said down counter means, said down counter means having an enable input
      which is responsive to means for selectively enabling said shift register
      means.
NUM  6.
PAR  6. Apparatus as defined in claim 5 wherein said means for selectively
      enabling said shift register means includes a plurality of AND gates each
      one of which has one input terminal connected to receive a different
      output from said down counter means and a second input terminal connected
      to receive a corresponding bit of said stored segment bits, an OR gate for
      combining the outputs of said plurality of AND gates, a second OR gate for
      combining selected outputs of said down counter means, and a single AND
      gate for combining the outputs of said first and second OR gates.
NUM  7.
PAR  7. A machine method of further encoding previously encoded digital words
      derived from a segmented nonuniform encoding to reduce the number of bits
      which must be transmitted, each word having a sign bit, segment bits to
      identify an amplitude range in said encoding, and interval bits to
      identify an amplitude position in said range, comprising the steps of
      delaying a predetermined number of said digital words, said predetermined
      number being greater than one, determining the segment bits corresponding
      to the maximum range represented by said segment bits in said
      predetermined number of digital words, storing the segment bits determined
      to correspond to the maximum range, processing each one of the delayed
      digital words in response to a difference between its segment bits and
      said stored segment bits corresponding to the maximum range to develop a
      reduced digital word for each delayed digital word, and transmitting said
      stored segment bits corresponding to the maximum range with the reduced
      digital words developed from the digital words in said predetermined
      number.
NUM  8.
PAR  8. A machine method of further encoding previously encoded digital words as
      defined in claim 7 wherein the step of processing each one of the delayed
      digital words includes replacing the segment bits in said each one of the
      delayed digital words by a single bit of a type selected from the segment
      bits, and inserting a selected number of bits of a predetermined type in
      digit spaces preceding said single bit, the number being dependent on said
      difference between its segment bits and said stored segment bits
      corresponding to the maximum range.
NUM  9.
PAR  9. Apparatus for reconstructing a block of previously encoded digital words
      each one of which is associated with a sign bit and a maximum segment
      corresponding to the block of digital words, said apparatus comprising a
      shift register means having a plurality of cells for storing one digital
      word from said block of previously encoded digital words, down counter
      means having a plurality of bit positions representing a count, means for
      initially setting said down counter means in response to said maximum
      segment prior to processing said one digital word, means for decreasing
      the count in said down counter means and for shifting said one digital
      word stored in said shift register means toward an end cell of said shift
      register means providing a predetermined logical state is present in
      either one of at least two cells of said down counter means and providing
      a second predetermined logical state is present in the end cell of said
      shift register means, means responsive to the digital values present in
      said down counter means and to those present in the cells of said shift
      register means for developing a reconstructed digital word, and means for
      coupling said reconstructed digital word and the sign bit associated with
      said one digital word to an output terminal.
NUM  10.
PAR  10. Apparatus for reconstructing a block of previously encoded digital
      words as defined in claim 9 wherein said means for decreasing the count in
      said down counter means and for shifting said one digital word in said
      shift register means includes an AND gate having at least two input
      terminals, an OR gate having at least two inputs each one of which is
      connected to a different one of the bit positions in said down counter
      means, means for connecting the output of said OR gate to one of said at
      least two input terminals of said AND gate, and means for connecting a
      second one of said at least two input terminals of said AND gate to the
      end cell of said shift register means.
NUM  11.
PAR  11. Apparatus for reconstructing a block of previously encoded digital
      words as defined in claim 10 wherein said means responsive to the digital
      values present in said down counter means and to those present in the
      cells of said shift register means includes a second AND gate, one input
      of which is connected to the least significant bit position of said down
      counter means and a second input of which is connected to the end cell of
      said shift register means.
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ABST
PAL  A channel number display device for a television receiver for displaying
      the numerals of the channel to which the receiver is tuned with the
      display being initially bright immediately after a channel change, and
      then after a predetermined time of several seconds, being reduced in
      brightness so as not to distract from the program material. Through the
      use of a thyristor, regardless of the number of individual elements in the
      numerical display, the brightness levels may be held to predetermined
      quantities.
PAC  BACKGROUND OF THE INVENTION
PAR  Over the years, it has been a desire of television manufacturers to provide
      a display of the channel numbers on the television receiver so that they
      can be easily read, especially immediately after tuning to a new station
      so that the viewer can determine if he is at the desired station. This is
      especially true for television receivers having remote control, wherein
      the viewer is spaced at the viewing distance from the receiver while
      tuning to a new station. Various efforts to accomplish this display in the
      past have been largely unsuccessful due to cost or inefficient displays.
      While it has been a goal to initially illuminate the channel number
      display at a relatively bright level, and later diminish the brightness in
      order to cause a minimum distraction from the receiver picture, previous
      methods have not been in common use due to expense and complexity or to
      devices which were ineffective.
PAC  SUMMARY OF THE INVENTION
PAR  This invention overcomes the above problems by providing a seven-segment
      units digital display member and a seven-segment tens digit display
      member, each of which have seven individual illuminating elements arranged
      to display all 10 numerals upon selective illumination of the segments.
      The segments are arranged so that when they are all illuminated and by
      selective illumination of the segments, all ten numerals can be depicted.
      Having a tens digit and a units display permits display of all VHF and UHF
      channel numbers. The segment-illuminating bulbs are connected in parallel,
      and the more segments that are illuminated, the more current is drawn.
PAR  An alternating current supply is connected to the segment bulbs, and during
      normal operation, is half-wave rectified so that only one-half of the AC
      voltage is used to illuminate the bulbs, resulting in a low-level
      illumination. However, everytime the television tuner is changed from one
      channel to another, the illumination of the bulbs is increased, regardless
      of which channel number is selected and the number of bulbs energized, for
      a predetermined time period, so that immediately after a channel change,
      the viewer is presented with a bright representation of the new channel
      number. After several seconds, the light level diminishes to a low level
      of illumination so that while the channel numerals are illuminated, they
      are done so at a lower level which will not distract from viewing of the
      receiver screen.
PAR  In order to accomplish the above, a thyristor is connected in parallel to
      the above-mentioned half-wave rectifying diode and poled in the opposite
      direction so that when it conducts, full-wave voltage will be delivered to
      the segment bulbs for increased illumination. Also, due to the low
      resistance characteristic of the thyristor, adequate current is available
      regardless of the number of bulbs illuminated so that the same level of
      illumination is achieved regardless of the numeral displayed. The trigger
      circuit for the thyristor is a resistance capacitance combination having a
      time constant of several seconds which operates through a transistor to
      turn on the thyristor. Initially, the capacitance is fully charged; and
      everytime a channel change is effected, a switch momentarily discharges
      the capacitor, saturating the transistor, and triggering the thyristor.
      Since the condenser discharge is momentary, it immediately starts to
      recharge; and when it reaches its charged state, the transistor is biased
      off, and the thyristor is turned off, thereby reestablishing the normal
      half-wave power to the illuminating segments. These and other objects and
      advantages will become more apparent when a preferred embodiment is
      discussed in connection with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a schematic partially-block diagram of a preferred embodiment of
      this invention showing the electrical circuitry to achieve the multi-level
      illumination of the display lamps;
PAR  FIG. 2 is a partial perspective view of the mechanical switch actuating
      member shown in FIG. 1; and
PAR  FIG. 3 is a schematic showing of the display lamps.
DETD
PAR  An AC supply 21 is connected to the primary 22 of transformer T-1. The
      secondary 23 of transformer T-1 is connected through channel display lamps
      24, 25, through lamp energizing circuit 27 shown in block-diagram form and
      through diode D-1 to ground. Lamps 24 and 25 are 7-segment lamps, well
      known in the art, and may take the form of those lamps shown in Pat. No.
      3,758,973 to Gary L. Miller entitled, "One-Piece Character Display Device"
      issued Sept. 18, 1973. Briefly, each of these lamps consists of seven
      separate segments connected in parallel: the segments are arranged in the
      form of a figure 8, and when they are all illuminated, the figure 8 is
      displayed. Each numeral from 0 through 9 may be displayed by selective
      illumination of the segments. The circuitry of block 27 is utilized for
      such selective illumination and may take the form of that shown in the
      application Ser. No. 461,665, filed Apr. 23, 1974, and now Pat. No.
      3,937,877, entitled, "Position Indicating Device", inventor: Hein Vodinh,
      co-pending herewith, and having a common assignee, which is incorporated
      by reference herein. For example, conductive strips 50 of circuit boards
      48, 48a of Vodinh circuit may be connected, respectively, to the segments
      of lamps 24, 25 while ground strips 51 of boards 48, 48a may be connected
      to the cathode of diode D-1.
PAR  Secondard 23 also operates through diode D-2 and resistance R-3 to charge
      capacitor C-1 with half-wave power. Switch S-1 is in parallel with
      capacitor C-1 and is normally open but is closed momentarily, to discharge
      capacitor C-1 each time a channel selection is made in a TV receiver.
PAR  The discharge path of capacitor C-1 is through resistor R-4 to ground and
      resistor R-6 which is connected to the base of PNP transistor Q-1. The
      emitter of transistor Q-1 is connected to voltage divider resistor R-1 and
      R-2 while the collector of Q-1 is connected to ground through resistance
      R-5. A thyristor 26, its control electrode connected to the collector of
      Q-1, is connected in parallel with diode D-1 but poled in the opposite
      direction so that when thyristor 26 is saturated, full-wave power will be
      applied to channel display lamps 24 and 25. Due to the very low internal
      resistance of thyristor 26, and the parallel connection of the segments in
      both lamp 24 and lamp 25, regardless of how many of the segments of lamps
      24 and 25 are illuminated, each segment will get substantially the same
      amount of current so that the brightness will be substantially the same
      whether all the segments are illuminated or just two.
PAR  FIG. 3 is a schematic illustrating the parallel connection of display lamps
      24, 25. Terminal 48 is connected to secondary winding 23 and terminal 49
      is connected to the cathode of diode D-1. Lamp 24 has individual lamps
      50-56 which are located behind slots 50a-56a respectively. One terminal of
      each of bulbs 50-56 is connected to terminal 48, and the other is
      connected respectively to switches 50b-56b, which in turn are connected to
      terminal 49. When the switches are closed, a completed connection is made
      to illuminate the bulbs. As mentioned, the switches are selectively closed
      to illuminate numerals 0-9.
PAR  In the same manner, the bulbs 60-66 in display 25 are connected through
      switches 60b-66b to terminal 49 for selective illumination depending on
      switch position.
PAR  The mechanism for closing switch 1 is shown in FIG. 2. In FIG. 2 is shown a
      partial view of tuner assembly 30 having tuning shaft 31 rotated by a
      manually or motor operable knob, not shown, which may be actuated by the
      viewer to the desired channel. Shaft 31 is also connected to tuner
      mechanism, not shown, which tunes the receiver to the selected channel.
      Connected to and rotatable with shaft 31 is tuning screw housing 32 which
      carries tuning screws 33 which axially protude from the housing 32, and
      each tuning screw corresponds to a predetermined channel and is adapted to
      fine tune that channel by mechanism which is well known in the art and is
      not shown. Also connected to and rotatable with shaft 31, is switch cam
      disc 34 which has a plurality of notches 34a in the peripheral ridge 35
      thereof, with a notch corresponding to a channel which can be tuned by the
      TV receiver.
PAR  A mounting plate 36, in fixed relationship to the TV chassis, rotatably
      supports pivot pin 37 which is also rotatably engaged with link arm 38 so
      that arm 38 can pivot about pivot pin 37. Arm 38 has slot-tab 39 formed at
      the end thereon which registers with the slots 34 and has a switch contact
      40 which registers with switch pad 41 on spring arm 42 which is
      cantilevered in housing 43, also fixed to mounting plate 36. Spring arm 42
      is sprung to urge tab 39 into slot 34 and is also urged away from switch
      arm 44 which is also cantilevered from block 43. Switch arms 42 and 44
      from switch S-1, shown in FIG. 1, which is normally electrically open.
      Link arm 38 has an insulative pad 45 which is in registration with the
      ends of tuning screws 33 and comes into contact with screws 33 as shaft 31
      is rotated. Upon contact between pad 45 and a tuner screw 33, arm 38 is
      raised, unseating tab 39 from slots 34, and at the same time, momentarily
      closing switch S-1 by urging switch arm 42 into contact with switch arm
      44. When a channel is selected, pad 45 is between screws 33 so that tab 39
      is in a slot 34 and switch S-1 is open. However, when tuner shaft 31 is
      rotated and channel selection is in process, pad 45 comes into sequential
      contact with each of tuning screws 33 until a channel has been selected,
      causing contact 40 to move against switch pad 41 and close S-1 against the
      spring force of arm 42.
PAR  Resistors R-1 and R-2 set up a voltage divider network for the Q-1 emitter.
      Resistor R-1 also acts as the thyristor gate current limiting resistor
      while R-5 is the thyristor 26 gate cathode resistor. Resistor R-6 limits
      the base current of Q-1 and provides for capacitor C-1 discharge.
PAC  OPERATION
PAR  In operation under normal circumstances when tuner shaft is located in a
      channel selected position to receive a program on a television channel,
      the channel display lamps 24 and 25 are in the dim mode due to the fact
      that they are receiving half-wave rectification of the power from
      secondard 23 by virtue of diode D-1 conducting but thyristor 26 being
      non-conductive. Also, at this time, capacitor C-1 is being charged through
      diode D-2 and resistor R-3. During a channel change, which is accomplished
      by rotation of tuner shaft 31, link arm assembly 38 is raised due to
      contact between insulative pad 45 and the ends of tuning screws 33,
      closing switch S-1 by moving switch arms 42 and 44 into contact every time
      a tuning screw 33 is contacted by pad 45. Every time switch S-1 is closed,
      capacitor C-1 discharges causing the base voltage of PNP transistor Q-1 to
      be lowered until Q-1 saturates raising the voltage at resistor R-5
      triggering thyristor 26 into conduction. At this time, channel display
      lamps 24, 25 receive full-wave AC voltage developed in secondary 23
      causing the lamps to considerably brighten making channel display lamps
      24, 25 move visible. Due to the low internal resistance of thyristor 26,
      regardless of the number of segments 50-56 and 60-66 in the channel
      display lamps that are illuminated, the current in the segments is
      approximately the same, and therefore, the brightness is approximately the
      same. The full-wave continues until capacitor C-1 becomes recharged
      raising the potential at the base of Q-1 to take transistor Q-1 out of
      saturation lowering the voltage at resistor R-5, whereby thyristor 26
      loses its gate trigger current. The channel display lamps now receive
      half-wave rectified power from secondary 23. The time constant which
      determines the length of time the channel display lamps receive the
      brighter illumination is provided by time delay circuit of R-3, R-4, R-6,
      and C-1. This time is normally several seconds but may be adjusted to any
      predetermined time duration. This process is repeated by grounding the
      timing control line by way of closing switch S-1.
PAR  Component values in a circuit which has been found to provide satisfactory
      results are as follows:
     R-1                12 kilohms                                             
     R-2                6800 ohms                                              
     R-3                82 kilohms                                             
     R-4                220 kilohms                                            
     R-5                1200 ohms                                              
     R-6                47 kilohms                                             
     D-1                silicon diode                                          
     C-1                microfarads                                            
     Q-1                134P1 Transistor                                       
     thyristor 26       GE C106                                                
PAR  The above embodiment of this invention is used in The Magnavox Company
      chassis No. T-989.
PAR  While the above shows a preferred embodiment of this invention, many
      modifications, which follow the teachings of this invention, will occur to
      one skilled in the art. The scope of this invention is, therefore, defined
      by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Television channel display apparatus comprising:
PA1  a seven-segment units digit display member and a seven-segment tens digit
      display member, each member having seven individual illuminating segments
      arranged to display all ten numerals upon selective segment energization;
PA1  said selectively energized illuminating segments being connected in
      parallel;
PA1  an alternating current supply circuit being connected across each of said
      display members to energize said segments;
PA1  rectifying means being in said supply circuit to half-wave rectify the
      power supplied to said display members;
PA1  thyristor means connected across said rectifying means to supply full-wave
      power to said display means when triggered into conduction;
PA1  a triggering circuit for said thyristor means having a transistor, and an
      RC circuit, said transistor being biased to saturation upon discharge of
      the capacitor of said RC circuit to trigger said thyristor means on;
PA1  switch means to discharge said capacitor upon each channel change and;
PA1  said capacitor being connected to said power supply through the resistor of
      said RC circuit to become sufficiently charged after a predetermined time
      to bias said transistor out of saturation and turn off said thyristor
      means.
NUM  2.
PAR  2. Television channel display apparatus comprising:
PA1  a character display device having a plurality of illuminable segments, each
      segment being selectively illuminable by electrical energization thereof
      and illuminable at different levels of illumination corresponding to
      different levels of energization;
PA1  means for selectively energizing said segments in combinations to display
      characters;
PA1  switch means;
PA1  time control means responsive to said switch means for providing a control
      signal for a predetermined time; and
PA1  level control means responsive to said control signal for energizing said
      selectively energized segments at a higher level for said predetermined
      time and at a lower level at other times.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said character display device comprises
      two seven-segment character displays, one for displaying a units digit and
      one for displaying a tens digit to display the number of selected
      television channels.
NUM  4.
PAR  4. The apparatus of claim 2 further comprising channel tuning apparatus and
      wherein said switch means comprises a momentary contact switch coupled to
      the tuning apparatus and operable whenever the tuning is changed from a
      previously selected channel.
NUM  5.
PAR  5. The invention of claim 2 wherein said level control comprises a
      rectifier and a thyristor connected in parallel and oppositely poled to
      pass half-wave power to said display device when said thyristor is not
      triggered and to pass full-wave power to said display device when said
      thyristor is triggered.
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ABST
PAL  An electronic buzzer has a tuned oscillating striker and an electronic
      oscillator circuit matched to the striker tuned frequency and driving the
      striker by close coupling of a driving coil to a core member which forms
      part of an electromagnetic circuit with the striker. The oscillator
      circuit also includes a control coil in the transistor base circuit and
      mounted within the driving coil for close coupling to the driving coil and
      the electromagnetic circuit. The control coil is optimized to have the
      maximum number of turns while still matching the effective input impedance
      of the transistor. A diode may be connected in shunt with the driving coil
      for improved feedback coupling and frequency tuning.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various forms of miniature electronic buzzers have been proposed for use in
      small alarm clocks, timers, automotive and aircraft warning devices, and
      similar installations. There is always a variety of parameters to be
      considered in the design and large scale manufacture of such buzzers. The
      power and frequency requirements, audible output, sensitivity to changes
      in existing voltage, and ease and cost of manufacture, are all criteria
      that must be considered and balanced against each other. Considerable work
      has been devoted to achieving the best combination of these parameters.
PAR  In the prior art, typical miniature buzzers are disclosed in U.S. Pat. Nos.
      2,977,418; 3,341,842; 3,530,463; and 3,564,542; and small buzzers
      employing piezo-electric devices are disclosed in U.S. Pat. Nos.
      3,277,465; 3,331,970; 3,341,841; 3,569,963; and 3,697,983.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a high efficiency buzzer using a
      transistor oscillator circuit which is designed in conjunction with the
      vibrating mechanical buzzer parts to produce maximum sound output from a
      device which is relatively simple and inexpensive to manufacture. The
      driving coil, for inducing a regularly fluctuating electromagnetic field
      in a core member, is connected in series circuit with a power supply and
      the emitter-collector circuit of the transistor. A shunt circuit
      comprising a resistor and a diode (series connected) is also connected to
      the power supply in parallel with the transistor. A control coil is
      located within the driving coil, closely inductively coupled to the core
      member and the driving coil. The control coil is connected between the
      juncture of the resistor and diode and the base of the transistor.
PAR  The turns ratio of the driving coil to the control coil varies with the
      design exciting voltage. The control coil is an optimized coil which has
      the maximum number of turns which can still match the input impedance of
      the transistor. By design the control coil has approximately 3000 turns of
      No. 48 AWG copper wire, with approximately 1000 ohms impedance, to match
      the type 2N2222 transistor used in a typical 12 volt design. Preferably a
      diode is also connected in shunt across the driving coil, as a so-called
      free-wheeling diode, to decrease the frequency of the electronic
      oscillator circuit close to the mechanical frequency of the vibrating
      mechanical parts, e.g., the striker arm which repeatedly strikes a
      sounding diaphragm. This diode also increases the feedback or coupling
      factor between the vibrating striker arm and the control coil. Also, the
      diode in the shunt circuit is type matched to the transistor, i.e., both
      are silicon, or both germanium, etc., components.
PAR  The object of the invention, therefore, is to provide such a high output,
      efficient and relatively voltage insensitive buzzer.
PAR  Other objects and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a typical buzzer embodying the
      invention;
PAR  FIG. 2 is a sectional view taken along lines 2--2 of FIG. 1; and
PAR  FIG. 3 is a diagram showing the novel circuit which is a principal part of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The buzzer, as shown in FIGS. 1 and 2 consists of a base assembly 12 onto
      which a housing 10 has been secured by a suitable cement, or by electronic
      welding, or some other suitable means. The top wall of the housing 10
      consists of a metal diaphragm 11 which is preferably molded into the
      plastic side walls 14 of the housing. Other suitable materials can be used
      for the diaphragm. This general design of buzzer and housing is the
      subject of application Ser. No. 479,270 filed June 14, 1974, which is
      assigned to the assignee of this application.
PAR  The base assembly consists of a plastic base 13 with a recess 15, such that
      a U-shaped core 21 of iron or other material of high magnetic permeability
      fits into the base. A circuit board 25, with a slot 26 on one end and a
      hole 27 near the other end, is fitted over the core 21 and onto the base,
      such that the long core leg 22 fits through the slot 26 and the short core
      leg 23 fits through the hole 27.
PAR  A set of two windings (L1 and L2) is placed around the short core leg and
      is incorporated in the circuit which operates the buzzer. The individual
      windings are represented in FIG. 3. Circuit connection pins 31, which fit
      through holes in the circuit board 25 and plastic base 13, project from
      the plastic base and connect the circuit to an external power source, for
      example through some form of condition responsive switching mechanism S
      (FIG. 3) which will apply power to the circuit in response to the
      existence of some condition as to which a warning is desired.
PAR  One end of a striker arm 35 is formed over the end of the longer core leg
      22 as shown at 36, and welded to it, and a magnet 38 is secured to the
      other or free end of the striker arm, positioned such that directly above
      the striker arm and magnet is the apex of a circular recess or dimple 40
      in the diaphragm 11, and directly below is the shorter core leg 23. Thus
      the core and magnet form the magnetic circuit, and with an oscillating
      magnetic field induced in the core 21, the magnet secured to the striker
      arm is alternatively attracted and released, or repelled and released,
      from the core leg 23, and will strike diaphragm 11 in such a manner to
      produce an audible sound. By locating the weld at the turned end 36, heat
      from the welding operation does not affect the temper of the heat treated
      steel spring striker arm 35 from its pivot point outward to the free end.
      Also the arm 35 may be suitably tapered in a lengthwise direction to give
      a more uniform spring action and, along with other factors, to achieve the
      highest Q for the oscillating arm-magnet system.
PAR  Referring to FIG. 3, the power supply is indicated by positive and negative
      symbols and the switch S represents a suitable switching device
      controlling power to the circuit. The switching device may be closed in
      response to any condition, or combination or conditions, as to which an
      audible indication is desired.
PAR  The transistor T is shown as of the n-p-n type, and the driving coil L1 is
      connected in series circuit with the transistor's collector-emitter
      connections. In parallel with that circuit path, across the supply, is a
      series circuit comprising resistor R and diode D1. The control or feedback
      coil L2 is connected between the base of the transistor T and the junction
      of R and D1. A diode D2 is connected in shunt across coil L1, as shown.
PAR  Coil L2 is mounted directly around the short leg 23 of the core piece, and
      coil L1 is mounted directly around coil L2. This arrangement provides a
      most efficient electromagnetic coupling between the core piece, L1 and L2.
      In order to achieve the desired efficiency and control, it has been found
      that the impedance of L2 should be matched to the impedance of the
      transistor T, while still having the maximum possible number of turns.
      Thus, L2 does not vary for different design voltages, whereas for L1 the
      turns vary directly as the design voltage and its impedance varies as the
      square of the voltage. Diode D1 is selected of the same material type as
      transistor T, that is, if a silicon transistor is used, diode D1 is a
      silicon diode. The values of the components are chosen to produce an
      oscillator frequency which is approximately one and one-half times the
      mechanical natural frequency of the oscillating arm-magnet system. This
      allows the oscillating mechanical parts to synchronize readily with the
      electronic oscillator for maximum efficiency. Diode D2 is utilized as a
      free-wheeling diode to decrease the oscillator frequency easily to the
      desired value, usually in the range of 500-700 Hz, and to increase the
      mechanical-electrical coupling factor between the vibrating arm-magnet
      assembly and the electronic circuit.
PAR  In a typical small buzzer constructed according to the invention, the
      physical size may be as small as one-fourth the size shown in the
      drawings. Components actually used in a successful embodiment of a 12 volt
      design are as follows:
PA1  T -- type 2N2222
PA1  R -- 6800 ohms
PA1  D1 -- type 1N914/1N4148
PA1  D2 -- type 1N914/1N4148
PA1  L1 -- 1500 turns of No. 44 wire
PA1  L2 -- 3000 turns of No. 48 wire
PAR  Power supply for this configuration is an unregulated 12 volts, which may
      vary .+-. several volts without affecting the reliable operation of the
      buzzer.
PAR  Various configurations obviously are possible within the scope of the
      invention. Also, instead of discrete components, all electronic components
      can be provided on an integrated circuit chip.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of this invention, it is to be understood that the invention is
      not limited to this precise form of apparatus, and that changes may be
      made therein without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A driving arrangement for an electromagnetic oscillating member
      including a core member of high magnetic permeability and an armature
      movably mounted proximate to said core member,
PA1  a driving coil mounted to induce a magnetic flux in said core member, and
      an electronic oscillator circuit connected to said driving coil,
PA1  comprising a power supply,
PA1  a transistor,
PA1  said driving coil being connected in series with said power supply and the
      emitter-collector circuit of said transistor,
PA1  a resistor and a diode series connected to each other and to said power
      supply,
PA1  a control coil connected between the junction of said resistor and diode
      and the base of said transistor and having an impedance matched to the
      input impedance of said transistor,
PA1  said control coil being surrounded by said driving coil and inductively
      coupled to said core member,
PA1  and said oscillator circuit having a free running frequency greater than
      and matched to the natural mechanical vibration frequency of the armature.
NUM  2.
PAR  2. A device as defined in claim 1, including a diode connected in shunt
      across said driving coil.
NUM  3.
PAR  3. A device as defined in claim 1 wherein said diode and said transistor
      are the same type of semi-conductor.
NUM  4.
PAR  4. An electronic buzzer having a core member of generally U-shape and an
      armature including an arm fastened to one leg of said core member and
      extending in cantilever fashion across the open end of said core member
      terminating in a free end adjacent to the other leg of said core member,
      said arm having a predetermined natural mechanical vibration frequency, an
      acoustical member, and means driven by said arm and arranged to strike
      said acoustical member;
PA1  the improvement comprising
PA1  an electronic oscillator circuit coupled to said core member and
      incorporating power supply connections,
PA1  a transistor,
PA1  a driving coil connected in a series circuit with said power supply
      connections and the emitter-collector circuit of said transistor,
PA1  a shunt circuit comprising a resistor and a diode connected in series with
      said power supply connections,
PA1  a control coil connected between the base of said transistor and the
      junction between said diode and said resistor and having an optimum number
      of turns of fine wire such that the impedance of said control coil matches
      the input impedance of said transistor,
PA1  said control coil being inductively coupled to said core member and being
      surrounded by said driving coil,
PA1  and the values of the components of the oscillator circuit being so related
      that the free running frequency of said electronic oscillator is greater
      than the tuned frequency of said vibrating arm by a constant multiplier
      whereby said arm will synchronize with the oscillator to produce maximum
      sound output.
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PAL  1. In a radar apparatus having a pulsed transmitter source of linearly
       poized radio-frequency energy, a duplexer, a receiver, and a directional
      antenna system including a rotatable dipole antenna for radiating linearly
      polarized radio-frequency energy, means interconnecting said duplexer and
      said dipole antenna for rotating said linearly polarized energy at a
      prescribed rate, means for rotating said dipole antenna in a vertical
      plane at said prescribed rate, a cathode ray tube indicator, means
      independent of said pulsed transmitter source and in circuit with said
      cathode ray tube indicator for generating a circular trace on the face of
      said cathode ray tube indicator, and means in circuit with said cathode
      ray tube indicator and responsive to the video output of said receiver for
      distorting the clutter pattern from natural targets along the perimeter of
      said circular trace when linear polarization energy is reflected from a
      man-made target having a defined plane of polarization.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalty
      thereon.
BSUM
PAR  The invention relates to radar systems and more particularly to a radar
      system in which linearly polarized signals are radiated and detected.
PAR  While circular-polarized techniques have been heretofore used to
      distinguish aircraft or ships from natural phenomena, such as rainstorms,
      such techniques have not proven satisfactory in distinguishing between
      manmade targets, such as trucks or tanks for example, from the surrounding
      ground clutter. It is known that polarization sensitivity of man-made
      targets may result from several factors. Among these factors is the effect
      of di-planes, that is, two planes of surfaces having a common line of
      intersection. Signals reflected from such angular surfaces give rise to a
      double reflection of radar energy in which the E component of the
      electromagnetic wave is reversed on round trip when it is perpendicular to
      the line of intersection. Another factor to be considered is that of
      resonance. An enhanced return from the polarization energy will occur when
      the metallic parts of man-made targets are a finite number of wavelengths
      of energy and are in the plane of the transmitted polarization vector.
PAR  It is an object of the present invention to provide a radar system wherein
      stationary man-made targets may be readily distinguishable from ground
      clutter by utilizing linearly polarized radio-frequency energy.
PAR  In accordance with the present invention the radar system includes a
      periodically pulsed transmitter adapted to generate linearly polarized
      energy, a deplexer and a receiver connected to function conventionally. In
      addition, there is included a directional antenna system provided with a
      rotatable dipole antenna and a linear polarization rotator interconnecting
      the duplexer and the dipole antenna. Also included are means for
      simultaneously rotating in the linear polarization of the received and
      transmitted radio-frequency energy and the dipole antenna at the same
      prescribed rate. In addition there is included a cathode ray tube
      indicator and means independent of the pulsed transmitter source and in
      circuit with the cathode ray tube indicator for generating a circular
      trace on the face thereof. Also included are means in circuit with the
      cathode ray tube indicator and responsive to the video output of the
      receiver such that when no man-made target is detected there is an
      indication of natural clutter on the cathode ray tube indicator, and when
      a man-made target is detected, at least two diametrically opposing
      outwardly extending blips are presented.
DRWD
PAR  For a better understanding of the invention, together with other and
      further objects thereof, reference is had to the following description
      taken in connection with the accompanying drawing in which:
PAR  FIG. 1 is a block circuit diagram embodying the invention;
PAR  FIG. 2 illustrates the rotation of the polarization vector for one complete
      cycle of rotation;
PAR  FIG. 3 illustrates the pattern on the cathode ray tube indicator for
      natural clutter with no man-made target detected therein; and
PAR  FIG. 4 illustrates the pattern on the cathode ray tube indicator when a
      man-made target is detected within the natural clutter.
DETD
PAR  Referring now to FIG. 1 of the drawing, there is shown a radar pulse
      transmitter 10 for producing short duration pulses of microwave energy.
      The microwave pulsed output of transmitter 10 is assumed to be transverse
      electric signals linearly polarized and applied through duplexer 12 into a
      polarization rotatable section 14. Rotatable section 14 consists
      essentially of a dielectric plate mounted in an axially rotatable section
      of a cylindrical waveguide and is fully described in Purcell et al. U.S.
      Pat. No. 2,607,849 issued Aug. 19, 1952. With such a device, the
      polarization vector may be rotated at twice the speed of rotation of the
      guide. Section 14 may be rotatably driven by means of a drive motor 16
      adapted to rotate section 14 at a suitable speed, 30 r.p.s. for example.
      With the choice of 30 r.p.s., then the polarization vector will be rotated
      at 60 spins per second as shown in FIG. 2. The output of polarization
      rotator 14 is fed into a rotatable dipole 18 which is driven by means of
      motor 20 to rotate at the same speed as that of the polarization vector
      derived from polarization rotator 14. Directivity of the energy radiated
      from dipole 18 is provided by a stationary conventional parabolic
      reflector 22. It is to be understood, of course, that the motors 16 and 20
      are driven in synchronism such that the position of rotatable dipole 18
      about its axis at any instant coincides with direction of polarization of
      the microwave energy derived from polarization rotator 14.
PAR  Pulse echoes are picked up by antenna 18 and fed back through polarization
      rotator 14 to duplexer 12 and thence passed to a receiver 24 in the
      conventional manner. The detected video output of receiver 24 is applied
      to a conventional B scope 26 to indicate range and azimuth of a selected
      target and also to the deflection post of an "O" scope 28. "O" scope 28 is
      similar in construction to the well known "J" scope but differs therefrom
      in that the circular trace on "O" scope 28 is independent of the
      transmitter pulse. The circular trace on "O" scope 28 is produced in the
      usual manner by simultaneously applying two quadrature related sine-wave
      signals to respective deflection plates. As shown, the quadrature related
      sine-wave signals are derived from a sinusoidal oscillator 30 whose output
      is applied to a phase splitter 32. As is well known, the inputs to motor
      20 and oscillator 30 may be derived from the same power source 27 so that
      the frequencies of the motor and oscillator will be properly synchronized.
      The output of phase splitter 32 consists of the two quadrature related
      sine-wave signals which are applied to the deflection plates of "O" scope
      28 to produce a circular trace thereon. In order to select a prescribed
      target, there is provided a conventional range gate circuit 34 which is
      synchronized with the output of pulses derived from transmitter 10. The
      output of the range gate 34 is applied to the B scope 26 in the
      conventional manner to select a given target at a prescribed range, and
      also to the gun of the "O" scope 28 as a brightening gate.
PAR  For a better understanding of the operation of the invention reference is
      made to the "O" scope indications shown in FIGS. 3 and 4. In FIGS. 3 and
      4, the solid line joining the radial spokes is merely a diagramatic
      representation of the outline of the pattern as it appears on the face of
      the cathode ray tube indicator. The circular trace, of course, is not
      affected by the received signal. FIG. 3 illustrates the "O" scope
      indication for only ground clutter in the form of natural obstacles with
      no man-made target within the clutter. As shown, this indication consists
      of uniform radial spokes emanating from the perimeter of the circular
      trace. FIG. 4 illustrates the "O" scope indication when a man-made target
      is detected within the clutter due to natural obstacles. The operation of
      the radar set determines the position of the range gate in order to
      bracket the desired target in range. This gate, which may cover
      approximately 125 yards, is applied to the electron gun of "O" scope 28 as
      a brightening pulse. With such an arrangement only the video within the
      tracking gate is presented for viewing on the "O" scope 28. As the video
      amplitude of the target return is applied to the deflection post of the
      "O" scope 28, a portion of the radial spokes becomes enlarged or distorted
      as shown in FIG. 4 to provide a deflection in the natural target clutter
      pattern. The amplitude of the target return causes a deflection farther
      from the center of the tube as at A. Such a distortion or deflection will
      hereinafter be referred to as a "blip". A greater deflection or "blip" is
      obtained when the transmitted polarization coincides with a plane of
      polarization sensitivity of the man-made target. It is to be noted that a
      second distortion or deflection is shown at B diametrically opposite A.
      This represents the same direction of polarization as at A, but
      180.degree. displaced therefrom. While only two "blips" as shown in FIG.
      4, it is to be understood that four such blips may also be present if the
      man-made target is sensitive to two planes of polarization which intersect
      at an angle. By noting the differences hereinabove described in the "O"
      scope 28, an operator may readily determine when a man-made target is
      present within clutter due to natural obstacles.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention, and it is, therefore, aimed
      in the appended claims to cover all such changes and modifications as fall
      within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a radar apparatus having a pulsed transmitter source of linearly
      polarized radio-frequency energy, a duplexer, a receiver, and a
      directional antenna system including a rotatable dipole antenna for
      radiating linearly polarized radio-frequency energy, means interconnecting
      said duplexer and said dipole antenna for rotating said linearly polarized
      energy at a prescribed rate, means for rotating said dipole antenna in a
      vertical plane at said prescribed rate, a cathode ray tube indicator,
      means independent of said pulsed transmitter source and in circuit with
      said cathode ray tube indicator for generating a circular trace on the
      face of said cathode ray tube indicator, and means in circuit with said
      cathode ray tube indicator and responsive to the video output of said
      receiver for distorting the clutter pattern from natural targets along the
      perimeter of said circular trace when linear polarization energy is
      reflected from a man-made target having a defined plane of polarization.
NUM  2.
PAR  2. The system in accordance with claim 1 and further including means
      responsive to the pulsed output of said transmitter and in circuit with
      said cathode ray tube indicator for selectively gating said cathode ray
      tube indicator to indicate a selected man-made target.
NUM  3.
PAR  3. The system in accordance with claim 1 wherein said last mentioned means
      comprises a deflection post centrally positioned on the face of said
      cathode ray tube indicator, and wherein at least two diametrically opposed
      deflections in the natural clutter pattern are indicated when linear
      polarized energy is reflected from a man-made target and detected by said
      receiver.
NUM  4.
PAR  4. A radar system for detecting man-made targets within ground clutter due
      to natural obstacles comprising, a source of periodically pulsed linearly
      polarized radio-frequency energy, a directional antenna system including a
      rotatable dipole antenna, a duplexer responsive to the output of said
      radar transmitter, a radar receiver responsive to the output of said
      duplexer when a target echo is received, a linear polarization rotator
      interconnecting said duplexer and said rotatable dipole antenna, means for
      simultaneously rotating the linear polarization of the received and
      transmitted radio-frequency energy and said dipole antenna at the same
      rate, a cathode ray tube indicator, means independent of said pulsed
      transmitter source and in circuit with said cathode ray tube indicator for
      generating a circular trace on the face of said cathode ray tube
      indicator, and means in circuit with said cathode ray tube indicator and
      responsive to the video output of said receiver such that when no man-made
      target having a defined plane of polarization is detected there is a
      natural clutter pattern indicated along the periphery of saiid circular
      trace, and when a man-made target is detected at least two diametrically
      opposing outwardly extending blips are presented in said natural clutter
      patern.
NUM  5.
PAR  5. The system in accordance with claim 4 and further including means
      responsive to the output of said pulsed radio-frequency energy source and
      in circuit with said cathode ray tube indicator for selectively gating
      said cathode ray tube indicator to indicate a selected man-made target.
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PAL  2. In combination, a radar locator system, a pulse generator operable to
       duce pulse transmissions comprising one or more time spaced pulses
      occurring in any of a plurality of fixed time positions to form a
      plurality of different pulse code patterns which vary from pulse
      transmission to pulse transmission, a receiving means for receiving each
      of said pulse transmissions, a coder circuit in said receiving means
      responsive to the number and time position of said pulses to generate a
      reply signal having a characteristic dependent upon the pattern of said
      pulse transmissions, means for synchronizing the operation of said radar
      locator system and said pulse generator, and means for correlating the
      reply signals generated in said coder circuit and the echo pulses received
      by said radar locator system.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAR  This invention relates to a pulse beacon system or the like wherein
      transmission of a predetermined code pattern produces a return signal the
      characteristics of which are at a given instant dependent on the structure
      of the original signal. The invention also contemplates the provision of
      means for randomly varying the reply signal characteristics whereby
      greater security may be obtained. The invention described hereinbelow is
      specifically adapted for use as an automatic coding system for use in
      interrogator-transponder systems and in a specific embodiment to the
      identification of friendly units from enemy units. This invention is also
      capable of use as an aircraft control system, a voice or code
      communication system, in short range navigation control and for distress
      signalling.
PAR  It is an exceedingly difficult problem during the course of combat to
      identify friendly forces from enemy forces. This problem can be resolved
      by the provision of a pulse-type interrogator-transponder radio-frequency
      system in which enemy objects are determined by eliminating friendly
      objects by the establishment of a one to one correspondance, by one or
      more space coordinates, between each radar detected object and properly
      coded recognition signal.
PAR  It is, accordingly, an object of this invention to provide an electronic
      recognition system that provides coverage at least equal to that obtained
      by associated radio detection devices.
PAR  It is another object to provide an electronic recognition system that
      supplies data at a rate equivalent to the radar detection rate.
PAR  It is a further object of the present invention to provide an electronic
      recognition system that provides unmistakable correlation with
      object-position information.
PAR  Another object of this invention is to provide an electronic recognition
      system that is free from being comprised.
PAR  It is another object to provide an electronic recognition system that is
      substantially automatic in operation.
PAR  A further object of this invention is to provide a pulse code communication
      system useable for identification purposes and also adaptable to perform
      other functions, such as emergency (distress) signalling, short range
      navigation, aircraft control, and communication (voice and/or code).
PAR  Other objects and features of the present invention will become apparent
      upon consideration of the following detailed description in connection
      with the accompanying drawings which illustrates certain specific
      embodiments of the invention. It is to be expressly understood, however,
      that the drawings are designed for purposes of illustration only and not
      as a definition of the limits of the invention, reference for the latter
      purpose is to be had to the appended claims.
DRWD
PAR  FIG. 1 is a schematic diagram showing a generalized embodiment of an
      interrogator-transponder system of a type envisioned in the invention used
      in conjunction with a radar locator system;
PAR  FIG. 2 is a more detailed diagram of the system shown in FIG. 1;
PAR  FIG. 3 graphically illustrates the seven possible codes that can be
      transmitted by the interrogator of the present invention;
PAR  FIG. 4 shows a simplified circuit diagram, partially in block showing an
      embodiment of the coder circuit used at both the interrogator and the
      transponder of the present invention;
PAR  FIG. 5 shows a typical three circuit maze to be used in conjunction with
      the apparatus of FIG. 4;
PAR  FIG. 6 shows in more detail one suitable form of the switching maze of FIG.
      5;
PAR  FIG. 7 is a schematic diagram showing a typical embodiment of a frequency
      control means used in conjunction with the apparatus of FIG. 4;
PAR  FIG. 8 shows a typical embodiment of another frequency control means used
      in conjunction with the apparatus of FIG. 4;
PAR  FIG. 9 is a schematic of an alternate embodiment of my invention;
PAR  FIG. 10 is a circuit diagram of an element used in the embodiment of FIG.
      9; and
PAR  FIG. 11 is a circuit diagram of another element used in the embodiment of
      FIG. 9.
DETD
PAR  Very briefly the present invention provides in one form a pulse type
      interrogator transponder radio system in which friendly objects are
      identified on a radar screen by the use of a properly coded reply signal
      transmitted from friendly objects in response to the receipt of a coded
      interrogator signal transmitted from the radar site. In the preferred
      embodiment, the interrogator code is in the form of a pulse pattern which
      consists of a first, or reference pulse, in a first time position followed
      by one to three auxiliary pulses in second, third and fourth time
      positions. Such a pulse pattern can produce any of seven distinct plural
      pulse codes, as shown in FIG. 3.
PAR  When any one of the coded pulse patterns of FIG. 3 are received at the
      transponder, the transponder automatically replies by reradiating a return
      signal such as a pulse which has a coded characteristic dependent, as
      hereinafter described, upon the received code. In one embodiment of the
      present invention frequency coding is employed at the transponder wherein
      the transponder reply pulse may have any one of seven distinct carrier
      frequencies as determined by the transmitted interrogator code. Then at
      the interrogator, the interrogator receiver is automatically tuned in
      response to the transmitted interrogator code to the carrier frequency of
      the transponder reply code.
PAR  In addition to the above, the frequency of the interrogator transmitter may
      be distinct from the transponder in order to prevent radar type of
      operation of the identification system, and as hereinafter described the
      transponder codes and interrogator receiver tuning may be synchronously
      but randomly varied by a timing mechanism to provide for added security in
      the system.
PAR  With reference to FIG. 1, an interrogator 10 which may be located at a
      reference station, mobile or immoble, and a number of transponders 12,
      which are located on friendly craft such as planes, ships, tanks, etc.,
      comprise the system contained in the present invention. Interrogator 10 is
      provided with a radar locator system 14, which may be the type described
      in U.S. Pat. No. 2,537,102. A radar synchronizer 16 is provided to enable
      an interrogation system (to be described more fully below) to operate in
      synchronism with the radar system. A typical synchronizing system is
      included in FIG. 2 and described further below. Coupled to the
      synchronizer 16 is a code generator 18 designed to trigger an
      interrogation transmitter 20 with any of the desired codes of FIG. 3. If
      desired, the code generated at the generator 18 may vary from cycle to
      cycle in a random manner. Examples of a typical code generator that may be
      used in conjunction with the present invention is found in U.S. Pat. No.
      2,567,944 to Ernst Krause and Applicant. The interrogation pulses are
      preferably directionally transmitted via the transmitter 20 through a
      complete circle in synchronism with the transmitted radar pulses. A pulse
      transmission line 22 couples a portion of the signal forming the
      interrogator code to a coder circuit 24, a typical embodiment of which is
      shown in detail in FIG. 4. This coder circuit is designed to generate a
      voltage signal that is dependent upon the code transmitted. The signal
      developed by coder circuit 24 is coupled via line 25 to a frequency
      control circuit 26. The latter controls the tuning of receiver 28 to tune
      the same to the proper frequency for receipt of a coded reply generated at
      the transponder 12. A comparator 30, such as the range indicator of the
      radar, is coupled to the receiver 28 and the receiver of radar system 14
      in order to correlate and received coded transponder signals with the
      echoed pulses detected by the radar.
PAR  A transponder 12 is located on all friendly craft. Each transponder
      comprises a receiver 32 tuned to the interrogation transmitter 20. The
      pulses transmitted by interrogation transmitter 20 are detected by the
      receiver 32 and applied via transmission line 34 to a coder circuit 36.
      This latter coder circuit is identical to the coder circuit 24 contained
      in the interrogator 10. Lines 38 and 40 couple the coder circuit 36 to a
      modulation generator 42 and a frequency control circuit 44, respectively.
      These latter two elements determine the time and operating frequency of
      transmitter 46. Thus, pulses transmitted by the latter are dependent upon
      the nature of the interrogation code transmitted for their operating
      frequency. Since the tuning of receiver 28 at the interrogator is
      simultaneously dependent upon the same interrogation code, receiver 28 is
      tuned to the frequency of transmitter 46 no matter how many times the
      frequency is varied in response to the changes in the interrogation code
      used. Since only friendly craft are provided with coder circuit 36, only
      friendly craft are able to initiate response at the proper frequencies
      with any degree of consistency. In practice the number of interrogator
      codes is preferably made high enough to avoid compromise by an enemy by
      simple monitoring and yet low enough to enable the size of the transponder
      unit 12 to be small enough to be carried on all friendly craft including
      small planes.
PAR  In addition, provision may be made for randomly changing the operation of
      the coder circuits 24 and 36 so that different transponder code
      frequencies are transmitted in response to identical interrogation codes
      transmitted at different times.
PAR  Now with special reference to FIG. 2, more of the details of the system of
      FIG. 1 will be further explained. In the radar detector system, a keyer
      circuit 50, which may be any suitable free running signal source,
      simultaneously energizes the transmitter 15 of the radar locator system
      14, and a sweep generator 52. The latter energizes the deflection coils
      within a yoke 54 surrounding the neck of a cathode ray tube 56. The radar
      locator system also comprises radar receiver 17, a T-R switch 19 and a
      rotating antenna 21 which is driven by servo motor 58. A line 60 couples
      the radar pulses received by radar receiver 17 to the control grid 62 of
      cathode ray tube 56. A selsyn generator 64 coupled to motor 58 and driven
      thereby provides the energy to rotate selsyn motor 66 which is
      mechanically coupled to yoke 54 via suitable gearing, thereby causing the
      yoke to rotate at the same speed as antenna 21 and in phase therewith.
PAR  Exploratory pulses of radio frequency energy are directionally transmitted
      into space via antenna 21 and the region about the detecting station is
      scanned in azimuth by slowly rotating the antenna. Portions of this energy
      are reflected by any targets within the range of the system, and as a
      result, echo pulses are received back at the site of the original
      transmission. The azimuthal bearing and range of each target causing these
      echoes are determined by utilizing said echoes to intensity modulate the
      electron beam of the oscilloscope 56, which is provided with a radial
      sweep generated by sweep generator 52 synchronized with the transmission
      of the exploratory pulses by the keyer circuit 50. The sweep is rotated
      about the center of the screen in synchronism with the scanning of antenna
      21 by means of the selsyn generator 64, selsyn motor 66, and the servo
      motor 58, respectively.
PAR  The instant a radar pulse is transmitted, the oscilloscope sweep begins to
      move outwardly from the center of the screen of oscilloscope 56,
      corresponding to the location of the interrogator, along a radius
      corresponding to the instantaneous azimuthal bearing of antenna 21. Upon
      encountering a reflecting object in space, the pulse is reflected back
      toward the antenna. Thus the pulse echo picked up by antenna 21 is
      detected in receiver 17 and applied to the control grid 62, thereby
      causing an intensified spot to appear on the oscilloscope screen. The
      antenna, for all practical purposes, is still pointing in the same
      direction when the echo is received, because of the high velocity of radio
      waves compared to the speed of rotation of the antenna.
PAR  The cycle of operations described above is repeated as long as the
      particular reflecting object remains within a sufficiently intense portion
      of the rotating antenna pattern to result in echoes capable of detection
      without altering the receiver sensitivity. Since this portion of the
      antenna pattern is generally several degrees wide, the echo indication
      seen on the oscilloscope screen is generally a small arc rather than a
      spot. As the antenna rotates, additional targets are detected until
      eventually the oscilloscope displays echoes from all targets within the
      range of the system. Arcs 68, 70 and 72 indicate the location of such
      targets on the oscilloscope screen.
PAR  As previously mentioned, one of the primary objectives of the present
      invention is to provide a novel and reliable electronic recognition
      system. As is conventional in most recognition systems the system of the
      present invention comprises two major units, (1) an interrogator unit
      located at the radar site, and (2) a transponder unit located on board all
      friendly craft. The interrogator unit includes a transmitter 20 which
      preferably operates at a frequency distinct from that of the radar system.
      The output of the interrogator transmitter is fed to an antenna 76 through
      a T-R switch 27. The antenna 76 is preferably directional and is rotated
      in synchronism with the radar antenna 21 by means of a selsyn motor 74
      connected to the main servo loop which drives the antenna and deflection
      coils of the radar system. These connections correlate in azimuth the
      position of friendly and unfriendly objects. To correlate the radar echoes
      in range with friendly response pulses, the interrogator transmitter 20 is
      keyed in synchronism with the radar transmitter 15 by connecting the
      former to the radar keyer 50 through the code generator 18.
PAR  The code generator 18 as previously mentioned may be typically a pulse
      generator of the type disclosed in the Cleeton and Krause patent supra, or
      alternatively it may take other forms such as that illustrated in FIG. 1
      of the U.S. Pat. No. to Smith 2,403,561 issued July 9, 1946. In any event
      the code generator 18 is arranged so that each time the radar transmitter
      is pulsed, code generator 18 causes the interrogator transmitter to
      simultaneously emit one of the pulse patterns depicted in FIG. 3. As
      specifically disclosed by this figure the coded pulse pattern comprises a
      start pulse which is always transmitted followed by one to three other
      time spaced pulses occurring in any of three other fixed time positions.
      Of course the number of possible codes depend upon the number of pulses
      and time positions employed. In the case of a four pulse, four time
      position pattern as herein illustrated 8 possible codes may be had. A
      single pulse however is seldom used because of its similarity to noise.
      Thus with the pattern illustrated seven plural pulse codes may be
      obtained. It is obvious that if more codes are desired more code pulses
      and time positions may be employed. From the standpoint of transmitter
      power consideration, however, it is usually desirable to employ a code
      which comprises a low number of pulses of say 1/4 to 1/2 microsecond
      duration all occurring in a small time interval, say 5 microseconds.
PAR  To tune the interrogator receiver 29 to the proper reply frequency, a coder
      circuit 24, later described in detail, is added to the system. Coder 24,
      as will later be made apparent, is a circuit which derives from the
      transmitted code a direct current control voltage, the amplitude of which
      varies with the number of time positions of the pulses of the transmitted
      pulse pattern. This control voltage is used to actuate a receiver
      frequency control circuit 26, such as the local oscillator thereof to tune
      the receiver to the proper reply channel frequency.
PAR  At the transponder unit the transmitted pulse pattern is picked up on an
      antenna 78, which is preferably omnidirectional, and then passed through a
      T-R switch 80 to a suitable receiver 32. In the receiver the received
      pulses are amplified and detected and passed on to a coder circuit 36.
      Coder circuit 36 is essentially identical to coder 24 at the interrogator.
      The control voltage developed here is then transmitted via line 40 to a
      frequency control means 44 to govern the frequency associated with the
      transponder transmitter 46 thereby establishing the correct reply
      frequency for the transponder. Coder 36 also provides a delayed pulse on
      lead 38 which keys transmitter 46 through a suitable modulator 42 after
      transmitter 46 has had time to respond to the action of the frequency
      control circuit 44.
PAR  A magnetron oscillator, as latter described, containing a grid the bias of
      which is determined by the voltage generated by coder circuit 36 and which
      in turn determines the resonant frequency of the cavity, is suitable for
      use as the transponder transmitter.
PAR  During operations then the response pulses detected by the interrogator
      receiver 28 are applied together with the radar echoes to the intensity
      grid 62 of the indicator 56. Since some delay is experienced by the
      interrogator pulses in being handled by the transponder, the reply signals
      appear on the radar scope slightly delayed in time with respect to the
      echoes which emanate from the friendly craft which carries the transponder
      equipment of FIG. 2. A typical presentation appearing on the viewing
      screen is shown in FIG. 2. Here arcs 68 and 70 illustrate typical echoes
      from friendly objects with the associated transponder reply signals
      delayed slightly in range while arc 72 indicates an unfriendly object not
      equipped with a transponder.
PAR  A further feature of the present invention rests in the possiblity of
      utilizing a "lock out" pulse transmitted as indicated in FIG. 3 in a fifth
      time position of the pulse pattern on a null antenna pattern aligned with
      the main lobe of the interrogator antenna 76. To this end a "lock out"
      pulse is obtained from a separate (fifth time position) channel in the
      code generator and applied to a separate "lock out" transmitter 21, the
      output of which is fed to a suitable antenna 77. The latter is rotated in
      synchronism with antenna 76 and has a pair of divergent lobes with the
      null therebetween being aligned with the main lobe of antenna 76.
PAR  The additional pulse transmitted as a lockout pulse prevents responses by
      transponders located on the edges of the main interrogator antenna
      pattern. Transmission of the interrogation code on a normal single lobe
      antenna pattern causes, as later described, triggering of the transponder
      only if a pulse is not received in the "lock out" position. If this pulse
      is transmitted on a null pattern aligned with the central lobe, triggering
      occurs only over a narrow arc determined by the null pattern. Transponders
      will reply to normal interrogation using a conventional antenna where
      broader response arcs are suitable. This technique enables a small arc to
      be obtained on a radar display of the plan position indicator type with a
      small antenna but without going to extremely high frequencies and also
      decreases the possibility of secondary lobe triggering and makes possible
      an increase in traffic capacity due to less triggering of transponders.
      This beam-sharpening system as developed at the Naval Research Laboratory
      by C. V. Parker and L. L. Cazenavette.
PAR  FIG. 4 illustrates a typical embodiment of a circuit useful as either of
      the coders 24 or 36. It is noted that the circuits drawn serve merely to
      illustrate the general principles involved and are not necessarily the
      best choice as to economy of tubes, power drain, wide range operation and
      performance of functions.
PAR  The circuit essentially comprises three gas coincidence tubes 100, 101 and
      102, which fire upon reception of pulses in the second, third and fourth
      time positions, respectively. This is accomplished by the generation of
      positive gates of one microsecond width by each pulse received by the
      driver and pulses gate generator 104. These positive gates are applied to
      the shield grids 90, 91 and 92 of tubes 100, 101 and 102 in parallel,
      respectively, overcoming a fixed bias.
PAR  The reference pulse or first pulse of the generated code is used to drive a
      one-shot multivibrator 106, which supplies a pulse in sequence to control
      grids 94, 95 and 96. This pulse is passed through suitable delay lines
      110, 112 and 114 before being applied to the respective control grids. The
      time interval between the arrival of the pulse from the multivibrator 106
      to each successive control grid equals the time interval between the
      individual pulse positions. Thus, the multivibrator pulse arrives at
      control grid 94 at a time corresponding to the middle of the gate
      generated by the pulse in the first code position following the reference
      pulse; at control grid 95 at a time corresponding to the middle of the
      gate generated by the pulse in the second code position and at control
      grid 96 at a time corresponding to the middle of the gate generated by the
      pulse in the third code position. The period of the multivibrator 106 is
      so adjusted that it has an inactive period exceeding the time necessary
      for the code to be received. The length of time needed to reset
      multivibrator 106 is determined by a time delay control or pulse
      repetition frequency limiter circuit 118. At the transponder coincidence
      tubes 100, 101 and 102 are kept in their conduction states by delay 118
      until some time after the reply has had time to be transmitted, while at
      the interrogator these tubes are held conducting until the reply signal
      has been received. Then they may be reset by either driving the cathodes
      positive or the plates to zero potential. The cathodes may be driven
      positive by coupling the reset lead of multivibrator 106 thereto.
PAR  The firing of the transponder occurs at a time corresponding to the arrival
      of the multivibrator 106 pulse via delay lines 110, 112, 114 and 116 to
      the control grid 128 of tube 120, unless tube 120 is blocked. This
      blocking occurs under one of two conditions. First, if none of the
      coincident tubes 100, 101 or 102 fires, corresponding to the reception of
      a single pulse in the first, second or third code positions following the
      reference pulse, tube 122 remains conductive by virture of the connection
      of its grid to the plates of the gas tubes with its plate potential low as
      a result of the drop through plate resistor 124 which supplies the screen
      grid 126 of tube 120. The potentials are so adjusted that there is no
      output from tube 120. If one or more coincidence tubes conduct, tube 122
      is blocked by the reduced grid voltage and tube 120 will pass pulses
      applied to its control grid 128 on to a modulator assembly 42 via line 38
      thereby resulting in transponder signals being transmitted. Secondly, a
      negative anti-coincidence gate is generated by gate generator 104 in
      response to each received pulse and applied via conductor 132 to the
      screen grid 126 so that no output occurs from the tube 120 when this gate
      is present. It is seen then that if a lockout pulse is transmitted, and
      anti-coincidence gate can be made to arrive at grid 126 coincidental with
      the time of arrival of the delayed multivibrator 106 pulse to control grid
      128 of tube 120 preventing transponder transmission.
PAR  The delay frequency is established in the following manner. The respective
      plate resistors of tubes 100, 101 and 102, when these tubes are
      conducting, permit the passage of currents of 1, 2 and 4 units via lead
      135 through common cathode resistor 134, the impedence of which is small
      compared to that of the plate resistors. The potential drop across
      resistor 134 takes on values dependent on what combination of tubes are
      fired, the latter being in turn dependent on the interrogation pulses
      received. The number of potential units corresponding to each
      interrogation code is shown in the left hand column on the left of FIG. 3.
PAR  The potential across resistor 134 is applied to a frequency control circuit
      26 or 44 which contains an electronically controlled oscillator the
      frequency of which is a linear function of the voltage applied, and which
      is to be described more fully below.
PAR  For added security, the coder output at the interrogator and transponder
      for a given code can be varied at random. To do so, a 3 circuit maze 138
      is utilized. This circuit switches the plate resistors of tubes 100, 101
      and 102 so that currents of 1, 2 and 4 units are distributed at random
      among the tubes. A typical embodiment of a 3 circuit maze is shown in FIG.
      5.
PAR  In this figure, plates 140, 141 and 142, associated with tubes 100, 101 ans
      102, respectively, each have a bank of three parallel resistors 150a,
      150b, 150c, 151a, 151b, 151c, and 152a, 152b and 152c, respectively,
      connected to the corresponding plates. These resistors have resistances
      such as to pass currents of 1, 3 and 1 units, respectively. The 1 current
      unit resistors 150c, 151c and 152c are connected directly to the anode of
      a B battery normally coupled to the plates. The other two resistors from
      each resistor bank are coupled to two switches which make or break
      parallel circuits leading to the anode of the B battery. Altogether, there
      are switches 150' and 150" associated with resistors 150a and 150b of tube
      100, switches 151' and 151" associated with resistors 151a and 151b of
      tube 101 and switches 152' and 152" associated with resistors 152a and
      152b of tube 102, respectively.
PAR  The maze is so connected that only one of the "single prime" switches is
      closed as is one "double prime" coupled to a tube different from that
      coupled to the closed "single prime" switch.
PAR  In the circuit depicted in FIG. 5, tube 100, when fired, provides 2 units
      of current across the common cathode resistor 134, one from the plate
      resistor 150c connected directly with the anode of the B voltage supply
      and the other unit from the plate resistor 150a which forms a parallel
      plate circuit due to the fact that switch 150' is closed. Tube 101, when
      fired, provides 4 units of current across common cathode resistor 134, one
      unit due to the output through plate resistor 151c and three units via
      plate resistor 151b and closed switch 151". Tube 102, when fired, provides
      only one unit of current through resistor 152c because both switches 152'
      and 152" are open. Provision can be made to change the settings of the
      switches in maze 138 either manually or automatically.
PAR  A typical embodiment of a device which automatically changes the settings
      of the switches in the maze 138 is shown in FIG. 6. In this embodiment,
      the switches 150' etc. are opened and closed by a perforated tape 160
      containing perforations 162 arranged in random manner so that upon any
      setting of the tape, an a resistor is coupled to one tube, a b resistor to
      a second tube and no resistor coupled to the third tube. By changing the
      position of the tape, a different permutation of tube outputs can be
      obtained. The tape position can be changed automatically at desired
      intervals by some mechanism the timing of which may be controlled by a
      chronometer. Naturally, the greater the number of interrogation codes
      used, the less frequently are the codes required to be changed to avoid
      decipherment. In any event the tapes at both the interrogator and
      transponder must be very carefully synchronized. Such synchronization can
      be obtained by the use of carefully matched clock driven mechanisms used
      to move the tapes at both locations.
PAR  While the embodiment of the coder circuits illustrated shows three tubes
      and a three circuit maze, it is understood that the addition of more tubes
      and more resistors in parallel in the respective plate circuits multiply
      the number of permutations possible.
PAR  In FIG. 7, a block diagram of a typical embodiment of a frequency control
      citcuit 44 used to control the transmission frequency of transponder
      transmitter 46 (FIGS. 1 and 2) is shown. This embodiment utilizes a
      gridded magnetron 200 for electron-beam tuning in accordance with the
      principles disclosed on page 592 of the First Edition of "Microwave
      Magnetrons" by Collins, which is Volume 6 of the Radiation Laboratory
      Series published in 1948 by the McGraw-Hill Book Co., Inc. In accordance
      with this teaching, the voltage pulse obtained from coder circuit 36 is
      suppled to the modulator 42 and used to drive cathode 202 of magnetron 200
      with large negative pulses, thereby rendering the magnetron operative. The
      freqency control voltage produced across resistor 134 by coder circuit 36
      is applied via line 40 to a grid 204 of the magnetron thereby controlling
      the intensity of the electron beam. When the voltage across resistor 134
      is changed, the grid bias is changed and therefore, so is the intensity of
      the electron beam. This change is intensity of the electron beam results
      in a change of the resonant frequency of the resonant cavity of magnetron
      200. A screen grid 208 is provided at anode potential to accelerate the
      flow of the electron beam. A magnetic field H is provided parallel to the
      axis of the beam by a permanent magnet (not shown) in order to focus the
      beam on the collector loop 210. A line 212 carries the pulses to antenna
      78.
PAR  To tune receiver 28 contained at the interrogater 10 of FIGS. 1 and 2, a
      reflex klystron 220 is employed embodying the principle described on page
      27 of the First Edition of "Klystrons and Microwave Triodes" by Hamilton
      et al, which is Volume 7 of the Radiation Laboratory Series published by
      the McGraw-Hill Publishing Co., Inc. In this embodiment as shown in FIG.
      8, the klystron is used as a local oscillator in the receiver system. The
      voltage generated across common cathode resistor 134 by coder circuit 24
      is used to modify the negative potential or repeller plate 222 of reflex
      klystron 220 by means of line 25 which couples resistor 134 to repeller
      222. Since the transit time of electrons from grids 224 to repeller 222
      and back to the grids is a function of the repeller potential, the
      frequency of resonator cavity 226 is modified by a change in potential of
      the repeller. A pick-up loop 228 and a coaxial line 230 couple the
      klystron to a mixer 232 where the local oscillator output from the
      klystron is mixed with the output of r.f. amplifier 231 coupled to antenna
      76.
PAR  The intermediate frequency output of the mixer 232 is amplified in the i.f.
      amplifier stages 233, passed through a detector 234 and video amplifier
      235 in a conventional manner and then fed to the control grid 62 of the
      cathode ray indicator 56. Thus, if antenna 76 and r.f. amplifier 231 are
      tuned broadly to receive a frequency band ranging from say 3000 to 3070
      megacycles per second and the i.f. strips are tuned to 30 megacycles, a
      reflex klystron tunable between 2970 and 3040 megacycles in say, seven
      distinct steps corresponding to the seven possible codes will be adjusted
      to the proper local oscillator frequency to mix with the proper r.f.
      signal received to provide a heterodyne beat of 30 megacycles per second,
      the only frequency accepted by the i.f. strips. Other frequencies received
      by the antenna are mixed with the klystron local oscillator output to
      produce different heterodyne outputs that the i.f. strip rejects.
      Therefore, the indicator 56 indicates only those response signals that are
      transmitted on the proper frequencies selected by coder circuits 24 and
      36.
PAR  As shown in FIG. 9, an alternate embodiment of my identification system
      envisions the use of time delay coding at the transponder as an alternate
      to frequency coding. In this embodiment a variable time delay circuit 26'
      is employed at the interrogator 10' and another variable time delay
      circuit 44' is employed at each transponder 12'. The time delays generated
      in these circuits are dependent in their action on the voltage developed
      across cathode resistor 134 of coder circuits 24 or 36 (shown in detail in
      FIG. 4). In this embodiment, the interrogator code received by the
      transponder operates through the coder circuit 36 to insert a variable
      time delay of the reply pulse, the time delay varying in dependency upon
      the structure of the transmitted code. At the interrogator the reply pulse
      is subjected to a further delay, said further delay also being a function
      of the transmitted interrogator pulse pattern. The two delays are such
      that the signal eventually applied to the radar scope (comparator 30) is
      always delayed by constant amount with respect to the echo signal produced
      by the craft on which the equipment is located. In other words the local
      delay generated at the interrogator 10' is a complementary delay.
PAR  As before, interrogator 10' is provided with a radar locator system 14,
      radar synchronizer 16, code generator 18, interrogation transmitter 20,
      coder circuit 24, receiver 28, and comparator 30, similar to those
      provided in the embodiment of FIGS. 1 and 2. A complementary time delay
      control circuit 26' is controlled by the coder circuit 24 and inserts a
      complement to the delay insert caused by the action of coder circuit 36 on
      the time delay control circuit 44' at the transponder 12'.
PAR  In the embodiment of FIG. 9, each friendly target is equipped with a
      transponder 12' that varies slightly from the transponders present in the
      embodiment of FIGS. 1 and 2 in that the voltage generated across the
      common cathode resistor 134 (FIG. 4) of coder circuit 36 is coupled to a
      time delay control circuit 44' in lieu of frequency control 44. The amount
      of delay caused in circuit 44' is a function of the voltage generated
      across cathode resistor 134. Time delay control circuit 44' is coupled
      between the modulation generator 42 and the transponder transmitter 46 in
      order to control the time of operation of the transmitter 46.
PAR  The code to be transmitted by the interrogation transmitter 20 is also fed
      directly via line 22 to a coder circuit 24 which is identical in its
      operation to that of its counterpart in the first embodiment. The coded
      output from coder circuit 24 is used to control the delay added by circuit
      26'.
PAR  The voltage generated across the common cathode resistor of coder circuit
      24 is equal to that generated in coder circuit 36 and controls the amount
      of delay caused by the complementary delay control circuit 26' in such a
      manner that the total delay inserted in the reply signal by units 44' and
      26' is constant. Thus an arc corresponding to a radar echo appearing on a
      comparator 30 will be accompanied by a fixed delayed identification signal
      due to the delayed receipt of the transponder pulse from a friendly target
      equipped with a transponder 12', and an arc from a hostile target will not
      be accompanied by a transponder signal in the manner displayed by the
      first embodiment.
PAR  Attention is invited to FIG. 10 for an embodiment of a time delay circuit
      typical of that indicated by reference number 44' in the transponder 12'
      shown in FIG. 9. The time delay circuits comprise a pair of multivibrators
      MV1 and MV2 coupled in cascade by a differentiating circuit D. The first
      multivibrator MV1 (which is the controllable delay unit) comprises vacuum
      tubes T1 and T2, a capacitor C1 to provide coupling between the plate of
      T1 and the grid of T2, a grid leak resistor R1 coupled to C1 to provide a
      leak path for capacitor C1, plate resistors P1 and P2 across which plate
      voltages are supplied to T1 and T2 respectively and a common cathode
      resistor R.sub.k coupled between the cathodes of tubes T1 and T2 and
      ground, thereby providing a ground leak path from the cathodes. The tubes
      are so biased that T2 is conductive in its normal state, thereby providing
      a positive cathode bias across R.sub.k which renders tube T1
      non-conducting. The grid of T1 is coupled to the modulation generator 42.
      Upon receipt at the grid of tube T1 of a pulse from modulation generator
      42 coincident with the firing of the transponder 12', current is caused to
      flow in the plate circuit of T1, thereby reducing the plate voltage of T1.
      Simultaneously, C1 begins to discharge through T1 and R1 cutting off tube
      T2, for a period of time which is both a function of the time constant of
      the R1-C1 coupling and of the average plate potential of T1. Since the
      time constant is fixed, the other parameter, that is the average plate
      voltage of T1, can be employed to regulate the non-conducting interval of
      T2.
PAR  To accomplish this, a bleeder tube BT comprising a cathode, grid and plate
      is coupled to the plate of tube T1 through an integrator network
      comprising a resistance R and capacitance C in order to control the time
      necessary for multivibrator MV1 to return from its excited state to its
      normal state. This bleeder tube is biased negative so that it is normally
      non-conducting. Common cathode resistor 134 of a coder circuit 36 is
      connected to the grid of BT whereby the bias and thus the current drawn by
      BT is a function of the voltage developed by the coder circuit. Since the
      coder circuit is capable of generating anywhere from 0 to 7 units of
      voltage across the cathode resistor 134, the bias applied to tube BT can
      have any of 0 to 7 units value of bias. With no signal developed across
      resistor 134, tube BT draws a minimum amount of current through the
      integrator R-C in the plate circuit of T1 and therefore the average plate
      current of T1 is at its highest value. This means that in the unstable
      state of the multivibrator, tube T2 will be held non-conducting for its
      greatest period of time. Expressed otherwise, tube T2 will be held
      nonconducting for 7 units of time. As the voltage developed across
      resistor 134 increases positively unit by unit, tube BT draws more current
      through the integrator R-C, thereby decreasing the plate voltage of tube
      T1 and shortening the non-conducting period of tube T2 in unit intervals.
PAR  The leading and trailing edges of the output pulses are differentiated in a
      capacitance-resistance differentiator D. The differentiated pulses are
      then applied to the grid of vacuum tube T4 of a second one-shot
      multivibrator MV2, which comprises normally conducting vacuum tube T4,
      normally cut off vacuum tube T3, capacitor C2 coupling the plate of T3 and
      the grid of T4, grid leak resistor R2 providing a discharge path for C2,
      and plate resistor P3 and P4 to provide plate voltages to T3 and T4
      respectively. The positive pulses produced by differentiator D due to the
      leading edge of the pulse output of MV1 has no effect on the output of MV2
      when it is applied at the grid of T4 because T4 conduits in the normal
      state. However, when the negative pulse produced by the differentiator D
      and corresponding to the trailing edge of the output pulse of MV1 is
      applied to the grid of T4, T4 is biased below cut off and T3 rendered
      conductive. A voltage pulse is produced at the plates of both T3 and T4,
      the duration of which is determined by the time constant of the
      resistance-capacitance coupling R2-C2.
PAR  The output from MV2 is a square shaped pulse initiated at a time interval
      following receipt of the pulse generated by the modulation generator 42
      that is a function of the voltage generated across the common cathode
      resistor 134 of the coder circuit. This pulse output is applied to carrier
      line 45 which leads to the transponder transmitter 46 at the transponder
      12'.
PAR  A typical complementary time delay circuit such as depicted by reference
      number 26' is shown in FIG. 11. This circuit is substantially identical to
      that of FIG. 10 except that the common cathode resistor of the coder is
      located in the cathode circuit of the bleeder tube BT1. With no coder
      voltage developed across cathode resistor 134, tube BT1 draws maximum
      current thereby reducing the average plate voltage of tube T11 of
      multivibrator MV11 to a minimum. This means that the delay generated at
      MV11 is also a minimum. Conversely as the voltage across resistor 134
      increases from 0 to 1 unit, for example, then the delay generated at
      multivibrator MV11 increases 1 unit and so on.
PAR  Thus in operation, as the code generator 18 of the FIG. 9 embodiment sets
      up a code at the interrogator, code circuit 24 develops a voltage which
      controls the delay generated at delay circuit 26' in direct proportion to
      the unit value of the coder output. At the receiver, delay circuit 44'
      generates in response to the coder circuit 36 a delay which is inversely
      proportional to the unit value of the coder output voltage. The result is
      that the sum of the two delays is constant and the proper response for any
      coded interrogator signal appears at a fixed delay following the echo.
PAR  While I have shown and described only certain specific embodiments of the
      present invention it must be understood that I am fully aware that many
      modifications may be made therein without departing from the spirit of the
      invention. For example, the transponder and interrogator frequency tuning
      methods shown in connection with FIGS. 1 and 2 are intended to be
      exemplary only and that other systems may be used in keeping with the
      broader aspects of this invention. Therefore this invention is not to be
      restricted except insofar as the spirit of the instant disclosure
      indicates.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a pulse generator operable to produce pulses
      transmissions comprising one or more time spaced pulses occurring in any
      of a plurality of fixed time positions to form a plurality of different
      pulse code patterns which vary from pulse transmission to pulse
      transmission, a receiving means for receiving each of said pulse
      transmissions, and a coder circuit in said receiving means responsive to
      the number and time position of said pulses to generate a reply signal
      having a characteristic dependent upon the pattern of said pulse
      transmissions.
NUM  2.
PAR  2. In combination, a radar locator system, a pulse generator operable to
      produce pulse transmissions comprising one or more time spaced pulses
      occurring in any of a plurality of fixed time positions to form a
      plurality of different pulse code patterns which vary from pulse
      transmission to pulse transmission, a receiving means for receiving each
      of said pulse transmissions, a coder circuit in said receiving means
      responsive to the number and time position of said pulses to generate a
      reply signal having a characteristic dependent upon the pattern of said
      pulse transmissions, means for synchronizing the operation of said radar
      locator system and said pulse generator, and means for correlating the
      reply signals generated in said coder circuit and the echo pulses received
      by said radar locator system.
NUM  3.
PAR  3. In combination, a first pulse transmission means for producing a
      plurality of different code patterns which patterns vary transmission to
      transmission, a first coder circuit coupled to said transmission means and
      adapted to generate a coded signal dependent upon pulse signals
      transmitted by said transmission means, a receiving means tuned to said
      first transmission means to receive each of the transmitted code patterns,
      a second coder circuit coupled to said receiving means and adapted to
      generate in response to the energy received from the first transmission
      means a coded signal identical to that generated by said first coder
      circuit, a second transmission means coupled to said second coder circuit
      and adapted to transmit the specific coded signal generated by said second
      coder circuit.
NUM  4.
PAR  4. In combination, a first pulse transmission means, a first coder circuit
      coupled to said transmission means and adapted to generate a coded signal
      dependent upon pulse signals transmitted by said transmission means, a
      first receiving means tuned to said first transmission means, a second
      coder circuit coupled to said first receiving means and adapted to
      generate in response to the energy received from the first transmission
      means a coded signal identical to that generated by said first coder
      circuit, a second transmission means coupled to said second coder circuit
      and adapted to transmit the specific coded signal generated by said second
      coder circuit, a second receiving means tuned to said second transmission
      means, and a comparing means coupled to the second receiving means and the
      first coder circuit for comparing the coded signals received by said
      second receiving means and those generated by said first coder circuit.
NUM  5.
PAR  5. In combination, a pulse generator operable to produce pulse
      transmissions comprising one or more time spaced pulses occurring in any
      of a plurality of fixed time positions to form a plurality of differenti
      pulse code patterns, receiving means for receiving said pulse
      transmissions, and a coder circuit in said receiving means responsive to
      the number and time position of said pulses to generate a reply signal
      having a frequency dependent upon the pattern of said pulse transmissions.
NUM  6.
PAR  6. In combination, a pulse generator operable to produce pulse
      transmissions comprising one or more time spaced pulses occurring in any
      of a plurality of fixed time positions to form a plurality of different
      pulse code patterns, receiving means for receiving said pulse
      transmissions, and a coder circuit in said receiving means responsive to
      the number and time position of said pulses to generate a reply signal
      having a time delay dependent upon the pattern of said pulse
      transmissions.
NUM  7.
PAR  7. In combination, a radar locator system, a pulse generator operable to
      produce pulse transmisions comprising one or more time spaced pulses
      occurring in any of a plurality of fixed time positions to form a
      plurality of different pulse code patterns, receiving means for receiving
      said pulse transmissions, a coder circuit in said receiving means
      responsive to the number and time position of said pulses to generate a
      reply signal having a frequency dependent upon the pattern of said pulse
      transmissions, means for synchronizing the operation of said radar locator
      system and said pulse generator, and means for correlating the reply
      signals generated in said coder circuit and the echo pulses received by
      said radar locator system.
NUM  8.
PAR  8. In combination, a radar locator system, a pulse generator operable to
      produce pulse transmissions comprising one or more time spaced pulses
      occurring in any of a plurality of fixed time positions to form a
      plurality of different pulse code patterns, receiving means for receiving
      said pulse transmissions, a coder circuit in said receiving means
      responsive to the number and time position of said pulses to generate a
      reply signal having a time delay dependent upon the pattern of said pulse
      transmissions, means for synchronizing the operation of said radar locator
      system and said pulse generator, means for correlating the reply signals
      generated in said coder circuit and the echo pulses received by radar
      locator system.
NUM  9.
PAR  9. In combination, a pulse generator operable to produce pulse
      transmissions comprising one or more time spaced pulses occurring in any
      of a plurality of fixed time positions to form a plurality of different
      pulse code patterns which vary from pulse transmission to pulse
      transmission, a receiving means for receiving each of said pulse
      transmissions, a coder circuit in said receiving means responsive to the
      number and time position of said pulses to generate a reply signal having
      a characteristic dependent upon the pattern of the received pulse
      transmissions, a second receiving means for receiving said reply signal,
      and utilization means coupled to said second receiver for utilizing the
      output derived therefrom.
NUM  10.
PAR  10. In combination, a pulse generator located at a first point and operable
      to produce pulse transmissions comprising one or more time spaced pulses
      occurring in any of a plurality of fixed time positions to form a
      plurality of different code patterns, a receiving system located at a
      second point for receiving said pulse transmissions, a coder circuit in
      said receiving system operative responsive to the number and time position
      of said pulses to generate a coded reply signal having signal
      characteristics depending upon the pattern of said pulse transmissions, a
      reply signal receiver at first point, a second coder circuit at said first
      point coupled to said reply signal receiver and responsive to the code
      pattern transmitted by said pulse generator to render said reply signal
      receiver sensitive to receive the reply signal.
NUM  11.
PAR  11. In combination, a pulse generator located at a first point and operable
      to produce pulse transmissions comprising one or more time spaced pulses
      occurring in any of a plurality of fixed time positions to form a
      plurality of different code patterns, a receiving system located at a
      second point for receiving said pulse transmissions, a coder circuit in
      said receiving system operative responsive to the number and time position
      of the received pulses to generate a coded reply signal having signal
      characteristics depending upon the pattern of said pulse transmissions, a
      reply signal receiver at said first point, a second coder circuit at said
      first point coupled to said reply signal receiver and responsive to the
      code pattern transmitted by said pulse generator to render said reply
      signal receiver sensitive to receive the reply signal, and utilization
      means coupled to the output of said reply signal receiver for utilizing
      the output derived therefrom.
NUM  12.
PAR  12. In combination, a radio echo detection system comprising a transmitter
      for transmitting periodic energy pulses, a receiver for receiving said
      periodic energy pulses after reflection from remote objects and a cathode
      ray indicator for indicating in two space coordinates the position of the
      various objects detected by the system, a recognition system synchronized
      with said radar system and comprising an interrogator pulse transmitter at
      the radar site for periodically transmitting into space one or more time
      spaced pulses occurring in any of a plurality of fixed time positions to
      form a plurality of different code patterns, a recognition receiver system
      adapted for installation aboard friendly objects for receiving said pulse
      patterns, a coder circuit in said recognition receiver system for
      generating a reply signal having signal characteristics in dependency upon
      the pulse pattern received, a reply receiver at the radar site, a second
      coder circuit at the radar site coupled to said reply receiver and
      responsive to the code pattern transmitted by said pulse generator to
      render said reply receiver sensitive to receive the reply signal, and
      means for applying the output of the reply receiver to said cathode ray
      indicator.
NUM  13.
PAR  13. In combination, a radio echo detection system comprising a transmitter
      for transmitting periodic energy pulses, a receiver for receiving said
      periodic energy pulses after reflections from remote objects and a cathode
      ray indicator for indicating in two space coordinates the position of the
      various objects detected by the system, a recognition system synchronized
      with said radar system and comprising an interrogator pulse transmitter at
      the radar site for periodically transmitting into space one or more time
      spaced pulses occurring in any of a plurality of fixed time positions to
      form a plurality of different code patterns, a recognition receiver system
      adapted for installation aboard friendly objects for receiving said pulse
      patterns, a coder circuit in said recognition receiver system for
      generating a reply signal having a carrier frequency in dependency upon
      the pulse pattern received, a reply receiver at the radar site, a second
      coder circuit at the radar site coupled to said reply receiver and
      responsive to the code pattern transmitted by said pulse generator to tune
      said reply receiver to receive the reply signal.
NUM  14.
PAR  14. In combination, a radio echo detection system comprising a transmitter
      for transmitting periodic energy pulses, a receiver for receiving said
      periodic energy pulses after reflections from remote objects and a cathode
      ray indicator for indicating in two space coordinates the position of the
      various objects detected by the system, a recognition system synchronized
      with said radar system and comprising an interrogator pulse transmitter at
      the radar site for periodically transmitting into space one or more time
      spaced pulses occurring in any of a plurality of fixed time positions to
      form a plurality of different code patterns, a recognition receiver system
      adapted for installation aboard friendly objects for receiving said pulse
      patterns, a coder circuit in said recognition receiver system for
      generating a reply signal having a carrier frequency in dependency upon
      the pulse pattern received, a reply receiver at the radar site, a second
      coder circuit at the radar site coupled to said reply receiver and
      responsive to the code pattern transmitted by said pulse generator to tune
      said reply receiver to receive the reply signal, and means for applying
      the output of the reply receiver to said cathode ray indicator.
NUM  15.
PAR  15. In combination, a pulse generator at a first point operable to produce
      pulse transmissions comprising one or more time spaced pulses occurring in
      any of a plurality of fixed time positions to form a plurality of
      different pulse code patterns, receiving means at a second point for
      receiving said pulse transmissions, and a coder circuit in said receiving
      means responsive to the number and time position of said pulses to
      generate a reply signal having a frequency dependent upon the pattern of
      said pulse transmissions, a reply signal receiver at said first point, a
      second coder circuit at said first point coupled to said reply signal
      receiver and responsive to the code pattern transmitted by said pulse
      generator to render said reply signal receiver sensitive to receive the
      reply signal.
NUM  16.
PAR  16. In combination, a pulse generator at a first point operable to produce
      pulse transmissions comprising one or more time spaced pulses occurring in
      any of a plurality of fixed time positions to form a plurality of
      different pulse code patterns, receiving means at a second point for
      receiving said pulse transmissions, and a coder circuit in said receiving
      means responsive to the number and time position of said pulses to
      generate a reply signal having a frequency dependent upon the pattern of
      said pulse transmissions, a reply signal receiver at said first point, a
      second coder circuit at said first point coupled to said reply signal
      receiver and responsive to the code pattern transmitted by said pulse
      generator to render said reply signal receiver sensitive to receive the
      reply signal, and utilization means coupled to the output of said reply
      signal receiver for utilizing the output derived therefrom.
NUM  17.
PAR  17. In combination, a pulse generator located at a first point and operable
      to produce pulse transmissions comprising one or more time spaced pulses
      occurring in any of a plurality of fixed time positions to form a
      plurality of different code patterns, a receiving system located at a
      second point for receiving said pulse transmissions, a coder circuit in
      said receiving system operative responsive to the number and time position
      of said pulses to generate a coded reply signal having signal
      characteristics depending upon the pattern of said pulse transmissions, a
      reply signal receiver at said first point, a second coder circuit at said
      first point coupled to said reply signal receiver and responsive to the
      code pattern transmitted by said pulse generator to render said reply
      signal receiver sensitive to receive the reply signal, and means for
      randomly varying the reply code for any given received transmitted code
      pattern and for synchronously varying the reply receiver signal
      sensitivity characteristics.
NUM  18.
PAR  18. In combination, a pulse radar locator system having a pulse
      transmitter, a rotatable directional antenna, echo pulse receiving means,
      and a viewing apparatus, an interrogation pulse generator synchronized
      with said pulse transmitter and operable to produce pulse transmissions
      comprising one or more time spaced pulses occurring in any of a plurality
      of fixed time positions to form a plurality of different interrogation
      pulse patterns, a rotatable directional interrogation transmission
      antenna, means for synchronizing the rotation of said antennas, a first
      coder circuit coupled to said interrogation generator for generating a
      voltage dependent upon the interrogation pattern transmitted, a remote
      transponder, a receiver for receiving pulses generated by said
      transponder, a first time delay circuit having a time delay dependent upon
      the voltage generated in said first coder circuit and coupled to said
      receiver and said coder circuit, means coupled to said first time delay
      circuit for introducing the output from said first time delay circuit into
      the viewing apparatus of said radar locator system, said transponder
      comprising a receiver tuned to the interrogation transmitter, a second
      coder circuit identical to the first coder circuit and coupled to said
      last receiver for generating a voltage dependent upon the interrogation
      code received, a second time delay circuit having a time delay
      complementary to that of said first time delay circuit and coupled to said
      second coder circuit, a generator coupled to said second coder circuit and
      triggered thereby, and a transponder transmitter coupled to said last
      named generator for transmitting the pulses generated therein.
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ABST
PAL  A within-pulse radar having an array of aerial elements each of which feeds
      signals to a storage filter via a frequency changing stage, in which the
      outputs from alternate filters are combined in one channel and the outputs
      from the remaining filters are combined in another channel which includes
      a switchable phase shifter which introduces a phase shift of 0.degree. or
      180.degree. and which is switched during each pulse length, results in
      improved separation of scanning and grating lobes. The outputs from the
      two channels are combined for utilization.
BSUM
PAR  This invention relates to radar systems and more specifically to those
      employing what is now known as "within-pulse" scanning. For brevity of
      reference such Radar systems will hereinafter be referred to as
      "within-pulse radars."
PAR  In a within-pulse radar, a pulse of pre-determined length (t) is
      periodically transmitted with a pulse repetition period (T) which is long
      in relation to the pulse length and is preferably and in the simplest
      case, a large multiple of the pulse length, e.g., t might be 2.5 .mu. sec.
      and T might be 2.5 m sec. The transmitted pulse illuminates the volume to
      be surveyed. The receiving equipment operates to quantise both target
      range and target direction information, the small zone of range -- i.e.,
      the "range zone" -- in which a reflecting target is present being
      determined by determining the time after the commencement of a pulse
      period T at which the receiver responds to an echo from the target, this
      time being measured in terms of the number of pulse lengths t equal to the
      elapsed time between the commencement of a pulse period and the instant of
      receiver response. Target direction information (also quantized) is given
      in terms of the time within the pulse length t corresponding to the target
      range zone in which maximum receiver response occurs. Thus, in the case of
      a radar designed to survey a sector extending from 0.degree. to 90.degree.
      and made up of 90 distinguishable values each of an angle of 1.degree., a
      target present in (say) the 40th range zone and in a direction of
      30.degree. would produce a receiver response during the 40th pulse length
      time t from the beginning of a pulse period and one third of the way along
      that pulse length time.
DRWD
PAR  The nature of the invention will be more clearly understood by reference to
      the accompanying drawings, of which
PAR  FIG. 1 shows diagrammatically and sufficiently for the present purpose of
      explanation, part of the receiving portion of a typical known within-pulse
      Radar.
PAR  FIGS.. 2 and 3 represent schematically the grating lobes resulting from two
      different orientations of the scanning lobe;
PAR  FIGS. 4 and 5 show part of the receiver portion of two embodiments of the
      invention; and
PAR  FIG. 6 represents diagrammatically a radar installation incorporating a
      height or elevation-finding radar in accordance with the invention.
DETD
PAR  Referring to FIG. 1 the receiving aerial array consists of a large number
      of aerial elements A.sub.1 to A.sub.n which may be of any suitable known
      type, e.g., as shown, radio horns, arranged side by side and each having
      an angle of view at least equal to the surveillance angle (e.g.,
      90.degree.). Each aerial element feeds into one of the similar units
      F.sub.1 to F.sub.n each of which includes a frequency changing stage and
      such amplification means as may be required. The local oscillations fed to
      the different frequency changers are, however, not the same but differ
      from one another by the reciprocal 1/t of the pulse length t. The local
      oscillations are produced by means (not shown) and are applied at
      terminals LO.sub.1 to LO.sub.n. Thus, if the local oscillation applied to
      the frequency changer at F.sub.1 is f.sub.o those applied to the frequency
      changers at F.sub.2 F.sub.3 . . . F.sub.n could be f.sub.o - 1/t; f.sub.o
      - 2/t; . . . f.sub.o - n/t respectively. Each unit F.sub.1 to F.sub.n
      feeds into a filter S.sub.1 to S.sub.n having a bandwidth of 1/t and the
      outputs of all these filters are combined and taken off for utilization
      and information extraction in any known desired manner. As the present
      invention is not concerned with such utilization and information
      extraction, no description thereof is deemed necessary herein.
PAR  With an arrangement as shown in FIG. 1 the array will produce a sharply
      directional scanning lobe which swings over an angle .theta., this angle,
      which is herein termed "the scanning angle," depending on the wavelength
      .lambda. and the separation d between the centers of adjacent aerial
      elements as given by the equation:
EQU  Sin .theta./2 = .lambda./2d
PAL  the bisector of the angle .theta. being perpendicular to the plane of the
      array. However if, as is normally the case in practice, .theta. is less
      than 180.degree., the array will produce, in addition to the lobe already
      mentioned and herein referred to as the scanning lobe, at least one
      additional lobe which sweeps in the same direction as the scanning lobe.
      These additional lobes are known as and will herein be termed "grating"
      lobes. The number of grating lobes depends upon the aerial element
      spacing, increasing therewith, and because of the desirability of reducing
      the number of aerial elements and signal channels fed individually thereby
      as much as possible, there are usually, in a practical case, several
      grating lobes. Thus, to take a random practical example, a known radar as
      illustrated by FIG. 1, wherein the aerial element spacing is 2.2.lambda.
      and .theta. is 26.degree., there will be, when the scanning lobe direction
      is perpendicular to the plane of the array, four grating lobes, two on one
      side of the scanning lobe at angles of (approximately) 27.degree. and
      66.degree. thereto and two on the other side of the scanning lobe also at
      angles of (approximately) 27.degree. and 66.degree. thereto. This is
      illustrated diagrammatically in FIG. 2 of the accompanying drawings in
      which AA represents the plane of the aerial array, SL represents the
      scanning lobe and G1 to G4 the grating lobes. When, in scanning, the
      scanning lobe SL has reached the end of the angle of scan, i.e., is at
      13.degree. to the perpendicular to the array, then, as shown in FIG. 3 of
      the accompanying drawings, there will be three grating lobes of which G1
      is just entering the scan angle .theta. -- i.e., is at 13.degree. to the
      perpendicular (P in FIG. 3) to the array -- and the other two, G2 and G3
      are on opposite sides of the perpendicular, at (approximately) 43.degree.
      thereto. Thus, in this particular example (which is, of course, only one
      of many) a grating lobe will begin to scan across the scanning angle
      .theta. just when the scanning lobe is leaving it.
PAR  As will now be apparent, unwanted scanning lobes are a source of ambiguity
      and difficulty. Especially is this so if an attempt is made to use a
      within-pulse radar to scan in the vertical plane for ascertaining the
      elevation or height of a target instead of in the horizontal plane to
      determine its azimuth or bearing. Indeed the difficulties are such that,
      so far as the present applicants are aware, within-pulse radars have not,
      in practice, yet been able to be applied satisfactorily for target
      elevation and height determination for the difficulties in such an
      application are even greater than they they are in the case of scanning in
      the horizontal plane, for the required angle (.theta.) of surveillance is
      usually small and extends from the horizontal, or near horizontal,
      upwards. Suppose it were required, for target elevation determination, to
      sweep over an angle of 26.degree. extending upwards from the horizontal.
      For such a purpose the aerial array would be erected with its plane at
      13.degree. to the vertical so that the perpendicular to the array would be
      inclined upwards at 13.degree. to the horizontal. Because of ground
      reflection and similar effects any grating lobe anywhere near the
      horizontal, even though its theoretical direction was inclined downwards
      below the horizontal to a quite substantial extent, would be liable to
      result in reflected interfering and ambiguity causing signals coming back
      into the receiving array. In addition -- and this difficulty applies to
      scanning in the horizontal plane and in the vertical plane alike -- it is
      in practice difficult to the point of impossibility to limit the
      transmitter illumination of targets really sharply to a desired angle of
      surveillance. If the illuminated angle is to cover the whole desired angle
      of scan it will inevitably cover, to some extent, more than that angle if
      only by a few degrees on each side of the limiting radii. Accordingly a
      grating lobe directed outside the angle of scan, but near the limits
      thereof, will be liable to produce returned received target signals with
      consequent interference and ambiguity.
PAR  The present invention seeks to overcome the foregoing difficulties and to
      provide improved within-pulse radars, and especially improved within-pulse
      radars which can be employed satisfactorily for target height or elevation
      determination, which shall be such that undesired grating lobes shall be
      spaced angularly so far from a desired scanning lobe that, when the latter
      is scanning across a desired angle of scan, there is no grating lobe in
      that angle or sufficiently near the limits of that angle to cause
      ambiguity or interference.
PAR  According to this invention a within-pulse radar includes an aerial array
      consisting of aerial elements so spaced from one another as substantially
      to satisfy the equation Sin .theta./2 = .lambda./2Kd; means for deriving,
      from the signals received upon the different elements, signals which
      differ from one another in frequency by 1/Kt; K signal channels fed with
      the derived signals, each of said channels being fed with signals derived
      from 1/K of said elements, the signals derived from adjacent elements
      being fed cyclically to different channels; phase switching means actuated
      at least once during each pulse length for simultaneously switching the
      phases of the signals in the channels in such manner that, at each
      switching operation, the phase in the channel switched thereby shifts by
      2.pi./K or a multiple thereof, the shifts simultaneously produced in the
      different channels being different; and means for combining the signals
      obtained from the channels after phase switching to provide signals for
      utilization and target information determination: where .theta. is a
      pre-determined angle of scan, .lambda. is the wave length, d is the
      element spacing, t is the pulse length, and K is an integer.
PAR  Preferably and in the simplest case K is 2. It may, however, be a higher
      integer, for example 3.
PAR  According to a feature of this invention a within-pulse radar comprises an
      aerial array consisting of aerial elements spaced so as substantially to
      satisfy the equation Sin .theta./2 = .lambda./4d; as many frequency
      changers as there are elements each fed from a different element; means
      for applying to the frequency changers fed from adjacent elements local
      oscillation frequencies differing by one-half the reciprocal of the pulse
      length, all the local oscillation frequencies being different; as many
      filters as there are frequency changers each fed from a different
      frequency changer; two signal channels, one fed from the filters following
      the frequency changers fed from alternate elements and the other fed from
      the remaining filters; a phase shifter providing a phase shift of .pi.;
      means for switching said phase shifter into or out of one of the channels
      at least once in each pulse length; and means for combining the signals
      from the two channels to provide signals for utilisation and target
      information determination. AS will be seen, in a radar in accordance with
      this feature of the invention the above mentioned integer K is 2.
PAR  As already stated the invention is particularly applicable to and intended
      for providing target elevation or height information and lends itself
      admirably to the provision of an elevation or height finding within-pulse
      radar in an otherwise ordinary known radar installation in which target
      azimuth and range determination is obtained in accordance with ordinary
      known practice, e.g., in which azimuth scanning is effected by an aerial
      system which is rotated in azimuth. In a preferred form of radar
      installation which includes both a known radar for finding and displaying
      target range and azimuth, and includes an azimuth rotating aerial system
      and a height or elevation finding within-pulse radar in accordance with
      this invention, means, known per se, are preferably provided for selecting
      individual displayed targets and gating means actuated by said selecting
      means are provided in a channel to which the utilisation signals from said
      within-pulse radar are fed so that said channel is opened only when
      signals from a selected target are received by the aerial array of the
      within-pulse radar which is rotated in azimuth synchronously with the
      aforesaid azimuth rotating aerial system.
PAR  The invention is illustrated in FIGS. 4, 5 and 6 of the accompanying
      drawings in which FIG. 4 is a view, similar in nature to that of FIG. 1,
      showing part of the receiver portion of a preferred embodiment of the
      invention; FIG. 5 similarly shows a modification; and FIG. 6 is a much
      simplified diagram of a radar installation which incorporates a height or
      elevation finding radar in accordance with the invention.
PAR  Referring to FIG. 4 the aerial array comprising the aerial elements A.sub.1
      to A.sub.n, the frequency changing units F.sub.1 to F.sub.n and the
      filters S.sub.1 to S.sub.n are all as in FIG. 1 except that the element
      spacing is now chosen to satisfy the equation Sin .theta./2 = .lambda./4 d
      and the frequencies fed to the local oscillation terminals LO.sub.1 ;
      LO.sub.2 ; LO.sub.3 ; LO.sub.4 . . . LO.sub.n.sub.-1 ; LO.sub.n are
      respectively f.sub.o ; f.sub.o -1/2 t; f.sub.o - 1/t; f.sub.o - 3/2; . . .
      f.sub.o - n-1/2t;
PAL  and f.sub.o - n/2t. The outputs from filters S.sub.1, S.sub.3, S.sub.5 . .
      . S.sub.n.sub.-1 are combined in one channel and those from the remaining
      alternate filters are combined in a second channel. In one of the two
      channels is inserted switchable phase shifting means capable, in one
      switching state, of introducing a phase shift of 180.degree.. The
      switchable phase shifting means are represented diagrammatically in FIG. 4
      by a phase shifter PS having two output terminals in the path to one of
      which there is zero phase shift and in the path to the other of which
      there is 180.degree. phase shift, a change over switch SW and a drive
      member DM for changing over the switch once during each pulse length t. In
      practice, of course, the switch means would be electronic, e.g.,
      constituted by high speed switching transistor circuits. The outputs from
      the two channels are combined and taken off for utilisation at U. As in
      FIG. 1 the bandwidth of each of the filters S.sub.1 to S.sub.n is 1/t. The
      phase shifting and switching means must be wide band enough to cover the
      whole band in which the narrow bands from S.sub.1 to S.sub.n lie. As will
      now be seen FIG. 4 shows an embodiment in which the integer K, already
      mentioned, is 2.
PAR  FIG. 5 shows an embodiment in which the integer K is 3. It is thought it
      will be found almost self-explanatory from the figure in view of the
      description of FIG. 4 already given. The differences from FIG. 4 are (1)
      the element spacing is now chosen to satisfy the equation Sin .theta./2 =
      .lambda./6d; the local oscillation frequencies fed in at LO.sub.1,
      LO.sub.2, LO.sub.3, LO.sub.4 . . . and so on are now respectively f.sub.o,
      f.sub.o - 1/3t, f.sub.o - 2/3t, f.sub.o - 1/t . . . and so on; and there
      are now three channels, one fed from filters S.sub.1, S.sub.4, S.sub.7 . .
      . and so one, another fed from filters S.sub.2, S.sub.5, S.sub.8 . . . and
      so on and the third fed from filters S.sub.3, S.sub.6, S.sub.9 . . . and
      so on. Also there are two switchable phase shifters PS1 and PS2 one in
      each of two of the channels and each having three output terminals which
      give, in one case phase shifts of 0.degree., 120.degree. and 240.degree.
      (counting the terminals from left to right) and in the other case phase
      shifts of 0.degree., 240.degree. and 120.degree.. There are two ganged
      switches SW1 and SW2 gang-driven by the drive means DM. With the switches
      in the position shown the phase shifts given by PS1 and PS2 are,
      respectively, 120.degree. and 240.degree.. The outputs from the three
      channels are combined for utilization. It should be emphasized that
      although the aerial elements' spacings in FIGS. 1, 4 and 5 are shown as
      alike, this is only to simplify drawing and in fact the spacings are
      different in the three cases being differently chosen to comply with the
      different equations given for Sin .theta./2.
PAR  The radar installation represented in FIG. 6 comprises a pulse transmitter
      1 which supplies pulses for transmission to a wave-guide and reflector
      aerial system 2 or other suitable well known directional aerial system
      which is rotated in azimuth and serves both for transmission and
      reception. Received echo pulses on this aerial system are fed to any
      suitable well known radar receiving equipment 3 and displayed on a display
      unit 4 -- ordinarily a P.P.I. display unit. Associated with the display
      unit 4 is a marker equipment 5 controlled by a joy-stick control 6 whereby
      any desired target in the display can, by suitably positioning the
      joy-stick control, be marked, e.g., by an electronically produced ring
      encircling the selected desired target representation in the display. As
      so far described the installation is all well known and may take any
      suitable form well known per se.
PAR  For height finding or elevation determination the receiving part of a
      within-pulse radar in accordance with this invention is added. This
      comprises an aerial array, for example like that represented
      diagrammatically in FIG. 4 as comprising elements A.sub.1 to A.sub.n
      spaced as described in connection with FIG. 4. This array is represented
      as a rotatable unit structure to which the reference A is applied in FIG.
      6. This array is tilted back at an approximate angle -- for example
      13.degree. to the vertical -- and is rotated about a vertical axis in
      synchronism with the rotating aerial system 2. Any known suitable means
      represented merely by a synchronizing lead 7 may be used to ensure
      synchronized rotation of the two aerial systems 2 and A. Received signals
      on the array A are changed in frequency and filtered as already described
      in connection with FIG. 4 by apparatus represented by the block FS in FIG.
      6. The phase shifting and switching apparatus PS and SW of FIG. 4 are
      represented by the block PSW of FIG. 6 and drive circuitry for actuating
      the switch is represented by the block DM of FIG. 4. This circuitry is
      synchronised with the pulse transmission in any suitable known way
      represented in FIG. 6 by the lead 8 between the blocks 1 and DM. The
      combined signal output obtained from the output lead U in FIG. 4 is fed to
      a gating circuit 9 which is controlled by any convenient known gate
      circuitry in block 10, this circuitry being in turn controlled by the
      joy-stick control 6 in such manner, and also as known per se, that the
      gate 9 is closed except when signals received from a marked target on the
      display unit 4 are being received. The gated output from 9 is integrated
      by an integrator 11, and passed to an elevation circuit 12 where the
      height information (if needed) and the elevation information it contains
      are extracted by the circuit at 12 and displayed by a display unit 13 all
      as known per se.
PAR  The following data is given as a non-limiting practical example of a height
      or elevation finding within-pulse radar as illustrated by FIG. 4 and which
      could be included in an installation as represented in FIG. 6:
PA1  Scanning angle (.theta.)  26.degree.
PA1  Tilt of aerial array 13.degree. to the vertical
PA2  .lambda. = 10 cms (3,000 Mc/s)
PA2  t = 5 .mu. secs
PA1  Aerial array: 50 horns spaced at 1.1.lambda. between centers
PA2  f.sub.o = 2,900 Mc/s
PA1  Local oscillator frequency spacing 100 Kc/s
PA1  Full band width (to be accommodated by PS and SW) 5 Mc/s
PA1  Scanning lobe width 1.3.degree.
CLMS
STM  I claim:
NUM  1.
PAR  1. A within-pulse radar including an aerial array consisting of aerial
      elements so spaced from one another as substantially to satisfy the
      equation Sin .theta./2 = .lambda./2 Kd; means for deriving, from the
      signals received upon the different elements, signals which differ from
      one another in frequency by 1/Kt; K signal channels fed with the derived
      signals, each of said channels being fed with signals derived from 1/K of
      said elements, the signals derived from adjacent elements being fed
      cyclically to different channels; phase switching means actuated at least
      once during each pulse length for simultaneously switching the phases of
      the signals in the channels in such manner that, at each switching
      operation, the phase in the channel switched thereby shifts by 2.pi./K or
      a multiple thereof, the shifts simultaneously produced in the different
      channels being different; and means for combining the signals obtained
      from the channels after phase switching to provide signals for utilization
      and target information determination: where .theta. is a pre-determined
      angle of scan, .lambda. is the wave length, d is the element spacing, t is
      the pulse length, and K is an integer greater than 1.
NUM  2.
PAR  2. A within-pulse radar including an aerial array consisting of aerial
      elements spaced so as substantially to satisfy the equation Sin .theta./2
      = .lambda./4d; as many frequency changers as there are elements each fed
      from a different element; means for applying to the frequency changers fed
      from adjacent elements local oscillation frequencies differing by one half
      the reciprocal of the pulse length, all the local oscillation frequencies
      being different; as many storage filters as there are frequency changers
      each fed from a different frequency changer; two signal channels, one fed
      from the filters following the frequency changers fed from alternate
      elements and the other fed from the remaining filters; a phase shifter
      providing a phase shift of .pi.; means for switching said phase shifter
      into or out of one of the channels at least once in each pulse length; and
      means for combining the signals from the two channels to provide signals
      for utilization and target information determination.
NUM  3.
PAR  3. A radar installation comprising a height or elevation finding
      within-pulse radar in accordance with claim 2, and further including both
      a known radar for finding and displaying target range and azimuth, and an
      azimuth rotating aerial system and wherein means, known per se, are
      provided for selecting individual displayed targets and gating means
      actuated by said selecting means are provided in a channel to which the
      utilization signals from said within-pulse Radar are fed so that said
      channel is opened only when signals from a selected target are received by
      the aerial array of the within-pulse radar which is rotated in azimuth
      synchronously with the aforesaid azimuth rotating aerial system.
NUM  4.
PAR  4. A pulse radar in which an angular sector is scanned electronically over
      a time period equal to the duration t of an interrogating pulse,
      comprising a serial array of spaced aerial elements, means for deriving,
      from the signals received from the different elements, signals which
      differ from one another in frequency, and means for combining the signals
      obtained from the elements to provide signals for utilization and target
      information determination, characterized in that the elements are grouped
      into K channels (K being an integer greater than 1), the first channel
      including the first, (1+K).sup.th, (1+2K).sup.th . . . aerial elements,
      the second channel including the second, the (2+K).sup.th, the
      (2+2K).sup.th aerial elements and so on, in that the frequencies derived
      from adjacent aerial elements differ from one another by an amount equal
      to 1/Kt and in that phase switching means are provided for simultaneously
      changing the phases of the signals in the channels during each of said
      time periods of duration t, the phase change in any switched channel being
      2.pi.n/K, where n is an integer from 1 to K-1, the shift simultaneously
      produced in the different channels being different.
NUM  5.
PAR  5. A pulse radar system in which an angular sector is scanned
      electronically over a time period equal to the duration t of an
      interrogating pulse, comprising in combination:
PA1  a serial array of spaced aerial elements adapted to receive target
      reflection signals;
PA1  means for deriving output signals from the target reflection signals
      received by the different elements, said output signals differing from one
      another in frequency and being divided into K channels, where K is an
      integer equal to or greater than 2, such that the output signals from
      those elements which are separated by K-1 intervening elements of said
      serial array belong to a common channel;
PA1  phase shifting means connected to each of said channels other than a first
      one thereof for shifting the corresponding output signals by 2.pi./K or a
      multiple thereof at least once during said time period of duration t and
      such that the phase shift for any two phase-shifted channels is not the
      same; and
PA1  means for combining the outputs of said first channel and of said phase
      shifting means to provide signals for utilization and target information
      determination.
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ABST
PAL  1. A Doppler frequency responsive electronic proximity fuse comprising, in
      combination:
PAL  A. means for transmitting signals at at least two different frequencies and
      for receiving Doppler frequency signals which are reflected by a target;
PAL  B. means forming a first amplifier channel for amplifying only those
      Doppler frequency signals which are received when said
      transmitting-receiving means transmit at one of said two different
      frequencies;
PAL  C. means forming a second amplifier channel for amplifying only those
      Doppler frequency signals which are received when said
      transmitting-receiving means transmit at the other of said two different
      frequencies;
PAL  D. each of said amplifier channel means including an integrating stage and
      a threshold stage connected to the output of said integrating stage, so
      that each amplifier channel means produces an output signal only when the
      integrated Doppler frequency signal being amplified by the respective
      channel means exceeds a predetermined minimum amplitude, the integrating
      stage of at least one of said amplifier channel means being constituted by
      a filter circuit;
PAL  E. switch-over means connected to said transmitting-receiving means and to
      said first and second amplifier channel means for alternately causing (1)
      said transmitting-receiving means to transmit said one frequency and
      connecting said first amplifier channel means to the output of said
      transmitting-receiving means, and (2) said transmitting-receiving means to
      transmit said other frequency and connecting said second amplifier channel
      means to the output of said transmitting-receiving means; and
PAL  F. coincidence circuit means connected to the outputs of said two amplifier
      channel means for producing a triggering signal only when both of said
      amplifier channel means apply an amplified signal to said coincidence
      circuit means.
BSUM
PAR  The present invention relates to electronic proximity fuses.
PAR  More particularly, the present invention relates to an electronic proximity
      fuse of the type carried by an uncontrolled or remotely controlled
      projectile such as a shell or guided missile, which fuse operates on the
      Doppler principle and, upon reaching a certain point from the target,
      triggers an explosive charge. The projectile or missile itself may, for
      example, be shot from an artillery piece such as a gun or a mortar, or
      other high-angle firing device, or the projectile may be a missile
      launched under its own power.
PAR  There exist electronic proximity fuses which operate as follows:
PAR  A self-oscillating mixer stage emits a high frequency (HF) output of about
      10 to 100 milliwatts via a small dipole antenna located at the front end
      of the projectile. When the projectile approaches a target, a receiver
      carried by the projectile will pick up a portion of the energy reflected
      by the target. This reflected signal, whose frequency will differ from
      that of the transmitted signal by the Doppler frequency, is mixed with the
      transmitted signal frequency, so as to produce a so-called beat frequency.
      This beat frequency will depend on the speed of the projectile carrying
      the detonator with respect to the target reflecting the energy picked up
      by the projectile. This beat frequency is amplified by a low frequency
      (LF) amplifier. The fuse can be set to respond, i.e., trigger the charge
      detonator, either at a particular beat frequency, or the trigger point can
      be fixed by a differentiating circuit. At present, the preferred
      arrangement is this: the point at which the Doppler frequency passes
      through zero is used as the determining beat frequency at which the fuse
      actuates the detonator. This is done because, as the projectile approaches
      the target, the Doppler frequency at first increases, or even first comes
      discernible from noise, after which the beat frequency will rapidly fall
      to zero, after which the frequency will very rapidly increase, after which
      the frequency will continue to decrease, or be lost in noise. This, then,
      means that the beat frequency will be most easily identifiable at the
      point at which the projectile is closest to the target.
PAR  One serious drawback of the above-described arrangement is that the enemy
      against whom the projectile is directed can, by means of electronic
      counter-measures involving the use of sensitive receivers, detect the
      transmitter frequency and activate a wobble transmitter which may be
      located ahead of the target and which, by transmitting a noise frequency
      near the frequency transmitted by the projectile, simulates the Doppler
      frequency, thereby prematurely triggering the detonator at a time when the
      projectile is not yet within effective striking distance. Such enemy
      action intended prematurely to activate the proximity fuse will
      hereinafter be referred to as "jamming."
PAR  According to one arrangement for reducing the vulnerability of the fuse to
      electronic counter-measures, the oscillator which generates the
      electromagnetic waves is equipped with means for continuously changing the
      frequency, wherein the average of the cyclically repeated transmitted
      frequencies is located outside of the range of the expected beat or
      Doppler frequency. The frequency variation can be linear, sinusoidal,
      triangular, or may follow any suitable function, as, for example, a
      non-periodic program obtained by means of sweep circuits producing the
      frequency control, which, in a statistically random manner, will be small
      deviations from the individual wobble periods, the term "wobble period"
      being the reciprocal repetition frequency of the transmitter frequency
      variation.
PAR  Existing proximity fuses respond as soon as the amplified voltage of the
      beat frequency reaches a given amplitude at the output of the LF
      amplifier. This has the great disadvantage that a noise frequency which
      gradually approaches the transmitter frequency likewise causes a beat
      frequency, thereby triggering the detonator before the projectile has even
      begun to approach a target.
PAR  The transmitter power of conventional electronic fuses is generally less
      than the power of enemy jamming transmitters. Also to be considered are
      the relative magnitudes of the field strengths of the useful and noise
      signals. On the one hand, the energy of the echo signal, i.e., the signal
      which is sent out by the fuse circuit and reflected by the target, shifted
      in frequency by an amount equal to the Doppler frequency, will be very low
      due to the fact that the usual target has a relatively small coefficient
      of reflection. On the other hand, the energy put out by an active target
      transmitter will be high. For example, the power output of an
      anti-aircraft shell is generally of the order of 10 milliwatt, while the
      power output of the usual jamming transmitter carried aboard an aircraft
      is of the order of 100 watts or higher. For this reason alone,
      conventional anti-jamming measures have been found to be unsatisfactory. A
      jamming frequency of relatively high power which approaches the average
      transmitter frequency of the proximity fuse will, despite the
      above-mentioned anti-jamming means, produce a sufficiently great Doppler
      frequency amplitude, i.e., an amplitude which will be sufficient to
      trigger the fuse. Nor has it been found particularly effective to prevent
      this by using integrator circuits which delay triggering of the fuse until
      a plurality of beat frequency oscillations have occurred, inasmuch as
      jamming transmitters often have follow-up devices, and operate with
      broad-band signals and frequency wobbling.
PAR  Another type of proximity fuse incorporates two parallely connected input
      filters, one a low-pass filter and the other one a high-pass filter, to
      which the beat frequency is applied. The output of both filters are
      connected to rectifiers whose outputs, in turn, are connected to
      respective coils of a polarized relay. The fixed contacts of the relay are
      connected to a voltage source and to the trigger coil, respectively, while
      the movable contact is connected to a capacitor. When the fuse approaches
      a target, as, for example, an aircraft, the beat frequency falls off
      rapidly while the amplitude will rapidly increase until the minimum beat
      frequency is reached at the point at which the fuse is closest to the
      target. The fuse is thus made ready for triggering by the beat frequency
      whose amplitude increases rapidly as the fuse approaches the target, while
      the actual trigger signal does not occur until the beat frequency has
      fallen below a certain value. As the projectile approaches the aircraft,
      the relay is first energized via the high-pass filter, and then via the
      low-pass filter when the projectile is nearest to the craft. The armature
      contact moves out of its middle rest position first to the voltage
      contact, thereby causing the capacitor to be charged up, and then to the
      contact connected to the fuse triggering coil. In this way, the charge on
      the capacitor is applied to the trigger coil, thereby causing the
      triggering action. Experience has shown, however, that this type of
      arrangement, too, is not sufficiently jam-proof when the fuse is exposed
      to wobbletype jamming transmission.
PAR  It is, therefore, a basic object of the present invention to provide an
      electronic proximity fuse which is free of the jamming sensitivity of the
      above-described fuse arrangements, which fuse itself is light in weight
      and of simple construction, and usable in projectiles fired by such
      artillery pieces as guns, mortars or howitzers, in launched projectiles
      such as guided missiles and rockets, in land and sea mines, in
      aircraft-borne projectiles, such as bombs, and in marine projectiles, such
      as torpedoes.
PAR  With the above object in view, the present invention resides basically in
      an electronic proximity fuse which operates on the Doppler principle and
      which, for purposes of rendering the fuse less vulnerable to jamming, uses
      at least two transmitting frequencies which are switched on alternatively
      in accordance with any desired program, there being incorporated in the
      amplifier for the Doppler frequency signal means for automatically
      triggering the fuse when, as the projectile carrying the fuse approaches
      the target, the amplitude of a Doppler frequency signal of predetermined
      maximum frequency reaches a predetermined minimum value. According to the
      present invention, the input of the fuse has a plurality of amplifier
      channels equal in number to the number of transmitter frequencies, which
      amplifiers amplify the Doppler frequency signals pertaining to each
      respective transmitter frequency. Furthermore, there are means
      synchronized with the switching of the transmitter frequency which switch
      the individual amplifier channels in such a manner that each amplifier
      channel will amplify only those Doppler frequency signals which are
      attributable to the particular transmitter frequency to which the channel
      pertains. Moreover, the fuse includes a logic circuit which is connected
      to the outputs of all of the amplifier channels, via integrating and
      threshold stages, which logic circuit puts out a signal that causes
      automatic triggering of the fuse when the Doppler frequency signals in
      each amplifier channel, integrated over several switched-on periods of the
      individual amplifier channels, reach predetermined minimum amplitudes.
PAR  According to another embodiment of the present invention, the fuse circuit
      is so arranged that the triggering signal is produced when the algebraic
      sign, or phase, of the Doppler frequency changes, which occurs when the
      Doppler frequency goes through zero at the instant that the projectile
      carrying the fuse is closest to the target. Since even a wobble generator
      cannot simulate such a change of algebraic sign, the fuse is even more
      jam-proof than the first-described embodiment, so much so that it is even
      possible to do without the change-over from one frequency to another,
      i.e., the fuse circuit can be designed in such a manner that the
      transmitter will operate at but a single frequency. A circuit relying on
      the phase change of the Doppler frequency will, in practice, incorporate a
      delay member in one of the amplifier channels so that the Doppler
      frequency signal in that one channel will still be of the same phase it
      was when the projectile approached the target, at a time when the Doppler
      frequency signal in the other channel will already be of the opposite
      phase. This phase difference is detected by a suitable phase discriminator
      which thereupon puts out the triggering signal.
DRWD
PAR  Additional objects and advantages of the present invention will become
      apparent upon consideration of the following description when taken in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of one embodiment of an electronic proximity fuse
      according to the present invention.
PAR  FIG. 2 is a block diagram similar to the circuit of FIG. 1 but shows
      additional components.
PAR  FIG. 3 is a circuit diagram showing a detail.
PAR  FIG. 4 is a block diagram of another embodiment of an electronic proximity
      fuse according to the present invention.
DETD
PAR  Referring now to the drawings and FIG. 1 thereof in particular, the same
      shows an electronic proximity fuse particularly suited for use against
      flying targets and incorporating a transmitter-receiver having an antenna
      circuit 1, constituted, for example, by a magnetic ferrite dipole antenna
      1a built into the head of the projectile. The antenna circuit transmits a
      signal having a frequency generated by a self-oscillating mixer stage 2,
      the power output of the antenna being approximately 10 to 100 milliwatt.
      Interposed between the antenna circuit 1 and the mixer stage 2 is a
      variable switching capacitor 3 constituted, for example, by a capacitance
      diode. This capacitor 3 is connected to the output of an astable
      multivibrator 4 so that the transmitted frequency is varied, in relatively
      rapid sequence, in accordance with the output signal of this multivibrator
      4. The energy reflected by the target is received and is mixed with a
      portion of the transmitted energy and amplified by an LF pre-amplifier 5.
PAR  Assuming there to be two transmitted frequencies, the output of the
      amplifier 5 is fed to two parallely connected Doppler frequency amplifier
      channels A and B. These channels can, of course, be separate channels
      insofar as high frequencies are concerned as well, for instance, the
      channels can have their own respective mixer stages. The number of
      channels corresponds to the number of transmitter frequencies which are
      used, which frequencies are changed over in a preferably periodic manner.
      In order to make certain that each channel will receive only those Doppler
      frequencies which pertain to the particular transmitter frequency of the
      channel, the input of each channel includes a switching stage A6, B6,
      which stages are themselves switched by the multivibrator 4 at the same
      rate at which the transmitter frequencies are switched, so that the
      channel A will always be utilized when the apparatus operates at
      transmitter frequency A and channel B will be utilized when the
      transmitter operates at frequency B. The outputs of the switching stages
      A6, B6, are connected to integrating circuits A7, B7, respectively,
      consisting, for example, of low-pass or band-pass filters whose cut-off
      frequencies can be adjusted. The individual signal blocks caused by the
      switching stages A6, B6, are thus integrated. The upper cut-off frequency
      of these filter circuits will be above the maximum Doppler frequency to be
      utilized, but below the switching frequency of the multivibrator 4.
      Inasmuch as relatively low frequencies are to be integrated by small and
      lightweight components, the integrating circuits can be constituted by
      known means, namely, integrating stages incorporating electronic tubes
      connected to operate as reactance tubes, or semiconductor circuits
      operating as capacitances or inductances.
PAR  The outputs of the integrating circuits A7, B7, are connected to respective
      threshold stages A8, B8, which are preferably of the adjustable type. For
      example, the stages A8, B8, comprise variable capacitances 50, 51, which
      are connected to a common bias means constituted by an adjustable voltage
      source 52. When the integrated signal reaches a predetermined amplitude,
      the stages A8, B8, will pass a suitable signal on to the respective
      switching circuits 9 and 10. Here it will be noted that the distance from
      the target at which the fuse circuit is caused to trigger the detonator
      can be set by adjusting the integrating circuits and the thresholds of the
      threshold elements A8, B8. The switching circuit 9 is a so-called
      make-ready circuit while circuit 10 is a triggering circuit in the form of
      an AND-circuit one of whose inputs is, as mentioned above, connected to
      the output of threshold stage B8, while the other input is connected to
      the output of circuit 9. The latter will, of course, deliver a signal as
      soon as it receives a signal from the threshold stage A8, while the
      firstmentioned input of AND-circuit 10 will not be energized until the
      threshold to which stage B8 is set is reached. The output of AND-circuit
      10 is connected, via a line 11, to the trigger relay (not shown).
PAR  It will be appreciated that the detonator will be triggered only when
PAR  1.  the beat frequency pertaining to transmitter frequency A appears in
      channel A over a sufficiently long period of time, corresponding to a
      certain number of individual switching phases, to cause the voltage in
      integrator circuit A7 to exceed the threshold value to which element A8 is
      set, thereby actuating the switching circuit 9 which, in turn, applies a
      signal to one of the two inputs of AND-circuit 10, thereby "opening," in a
      manner of speaking, channel B,
PAL  and
PAR  2.  the beat frequency pertaining to transmitter frequency B appears in
      channel B over a sufficiently long period of time, corresponding to a
      certain number of individual switching phases, to cause the voltage in
      integrator circuit B7 to exceed the threshold value to which element B8 is
      set, thereby making it possible for a trigger signal to be applied to one
      of the two inputs of AND-circuit 10 while the latter has the other input
      activated by switching circuit 9.
PAR  It can be expected, with a high degree of probability, that an enemy wobble
      transmitter will be able to simulate but one of the two frequencies A and
      B, particularly if these two frequencies differ substantially from each
      other, this being made possible by the fact that conventional fuse
      antennas are able to operate over a wide band width. If, nevertheless, the
      wobble transmitter were to scan a frequency spectrum sufficiently large to
      encompass both frequencies A and B, it can still be expected, again with a
      high degree of probability, that the transit time of the jamming spectrum,
      at any one frequency, will not be sufficiently great to allow the
      integrating stages of the various channels to form output voltages equal
      to the threshold voltage of the corresponding threshold elements.
      Moreover, if the jamming is to be effective, not only would the jamming
      transmitter have to produce the correct frequencies, but also, the jamming
      transmitter would have to switch between the frequencies at the same rate
      at which the multivibrator 4 operates.
PAR  The operational security of the proximity fuse can readily be increased by
      increasing the number of transmitting frequencies and, of course, the
      number of Doppler frequency amplifier channels. In that case, the
      AND-circuit serving as the triggering circuit will be modified to include
      more than two inputs so that it will produce no output signal for
      triggering the firing relay unless and until all of the inputs are
      energized by command signals coming from each of the respective channels.
PAR  Yet another way in which the proximity fuse can be rendered even more
      jam-proof is to provide means for switching the capacitor 3, and, of
      course, the respective channels, in a non-periodic manner. This can be
      done by providing a random function, or quasi-random function generator,
      as, for example, a noise generator which controls the switching of the
      capacitor 3 and the channels.
PAR  In practice, the integrator and threshold stages will be set so that the
      fuse detonates the charge shortly before the projectile is at its closest
      point to the target.
PAR  The electronic proximity fuse shown in FIG. 2 is particularly suited for
      use in air-to-ground projectiles, such as bombs. The fuse incorporates the
      same components as described in FIG. 1; in addition, each channel includes
      one or more differentiating stages A12, A13, B12, B13, interposed between
      the integrating and threshold stages. By differentiating the output of the
      integrating stage, the rate at which the Doppler frequency increases as
      the projectile approaches the target is increased.
PAR  In many cases it is expedient to limit the amplitude at a point ahead of
      the differentiating stages, which amplitude limiting is controlled by the
      same setting voltage that sets the threshold stage 8. Such an arrangement
      is illustrated in FIG. 3 which shows the details of certain ones of the
      components incorporated in channel A of the circuit of FIG. 2, namely, the
      differentiating stages A12, A13, and the adjustable threshold stage A8
      interposed between the integrating stage A7 and the make-ready switch A9.
      The output signal of integrating stage A7 is applied to a second threshold
      or amplitude limiting circuit A12' incorporating a rectifier 16 and
      resistor 17 and the actual limiting element composed of a resistor 18 and
      a diode 19, the output of this threshold circuit being applied to the
      first differentiating stage A12 constituted by a capacitor 20 and a
      grounded resistor 21. As stated above, the slope of the Doppler frequency
      curve can be increased by means of the second differentiating stage A13
      which, as shown in FIG. 3, incorporates an RC circuit made up of a
      capacitor 22 and a resistor 23. The thus differentiated signal is applied,
      via a resistor 24 forming part of the threshold stage A8, to the limiting
      circuit composed of a resistor 25 and a diode 26, the thus limited signal
      being applied to switching circuit A9. The bias of the limiting diodes 19,
      26, is applied, via decoupling resistors 28, 29, from a common adjustable
      voltage source 27.
PAR  The corresponding elements of channel B will be similarly constituted.
PAR  The circuit shown in FIG. 4 is basically similar to that of FIG. 1 and is
      likewise suited for use against flying targets. Similar reference numerals
      are used to identify the same components as are used in the circuit of
      FIG. 1. However, the circuit of FIG. 4 differs from that of FIG. 1 in
      that, in order to render the proximity fuse even more jam-proof against
      electronic counter-measures, the fuse is not triggered when the Doppler
      frequency reaches given threshold values in stages A8 and B8, instead, the
      fuse is triggered when the algebraic sign of the blocks of Doppler
      frequency signals changes, which occurs when the Doppler frequency goes
      through zero at the instant that the fuse is closest to the target. A
      wobble transmitter can not simulate such a change of algebraic sign, so
      that the proximity fuse according to FIG. 4 is the most jam-proof of all
      of the heretofore described embodiments.
PAR  In the circuit according to FIG. 4, the output voltage of the integrating
      stage A7 is applied, via the limiting circuit A14 if desired, to one input
      of a phase discriminator 30, the other input of which is connected to
      channel B, which may likewise incorporate a limiting circuit B14,
      connected to the output of the integrating stage B7. Additionally, channel
      B incorporates a delay member 31 which delays the signal in channel B by a
      timer interval which is of the order of several milliseconds. As soon as
      the fuse is at its closest point near the target, the Doppler frequency
      becomes zero and immediately thereafter commences to increase in the
      opposite direction, i.e., the Doppler frequency will, after the closest
      point has been reached, be related to the transmitted signal in an
      algebraic direction which is opposite to the direction or phase in which
      the Doppler frequency was related to the transmitted frequency while the
      projectile carrying the fuse approached the target. Therefore, the output
      of channel A will deliver a signal indicative of the opposite phase
      position of the Doppler frequency while the output of channel B will, due
      to the delay member 31, still produce an output signal indicative of the
      original phase. The phase discriminator 30 will respond to this phase
      difference being fed to it by the two channels A and B and deliver a
      command signal to the triggering circuit 10a which, in the instant
      embodiment, will, of course, have but one input.
PAR  In view of the fact that the circuit of FIG. 4 is particularly jam-proof,
      it is possible to do without the changeover from one frequency to another,
      in which case components 3, 4 A6 and B6, A7 and B7 can be dispensed with
      and the entire system be operated at but a single transmitter frequency.
      This, of course, substantially simplifies the circuit.
PAR  The various active elements, i.e., switching elements and/or reactance
      elements in all of the components, may be constituted by transistors,
      semiconductor elements, or tunnel diodes.
PAR  Heretofore, it was customary to connect the proximity fuse circuits to
      dipole-type antennas, the latter being dimensioned according to the size
      of the projectile. According to a further feature of the present
      invention, the antennas may be constituted by magnetic antennas, for
      example, suitably shaped ferrite rod antennas, as a result of which the
      antenna design can be independent of the projectile; at the same time, it
      is simple to obtain the desired directivity pattern.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes, and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A Doppler frequency responsive electronic proximity fuse comprising, in
      combination:
PA1  a means for transmitting signals at at least two different frequencies and
      for receiving Doppler frequency signals which are reflected by a target;
PA1  b means forming a first amplifier channel for amplifying only those Doppler
      frequency signals which are received when said transmitting-receiving
      means transmit at one of said two different frequencies;
PA1  c means forming a second amplifier channel for amplifying only those
      Doppler frequency signals which are received when said
      transmitting-receiving means transmit at the other of said two different
      frequencies;
PA1  d each of said amplifier channel means including an integrating stage and a
      threshold stage connected to the output of said integrating stage, so that
      each amplifier channel means produces an output signal only when the
      integrated Doppler frequency signal being amplified by the respective
      channel means exceeds a predetermined minimum amplitude, the integrating
      stage of at least one of said amplifier channel means being constituted by
      a filter circuit;
PAR  e switch-over means connected to said transmitting-receiving means and to
      said first and second amplifier channel means for alternately causing (1)
      said transmitting-receiving means to transmit said one frequency and
      connecting said first amplifier channel means to the output of said
      transmittingreceiving means, and (2) said transmitting-receiving means to
      transmit said other frequency and connecting said second amplifier channel
      means to the output of said transmitting-receiving means; and
PA1  f coincidence circuit means connected to the outputs of said two amplifier
      channel means for producing a triggering signal only when both of said
      amplifier channel means apply an amplified signal to said coincidence
      circuit means.
NUM  2.
PAR  2. A proximity fuse as defined in claim 1 wherein said filter circuit is an
      adjustable band-pass filter.
NUM  3.
PAR  3. A proximity fuse as defined in claim 1 wherein said filter circuit is an
      adjustable low-pass filter.
NUM  4.
PAR  4. A Doppler frequency responsive electronic proximity fuse comprising, in
      combination:
PA1  a means for transmitting signals at at least two different frequencies and
      for receiving Doppler frequency signals which are reflected by a target;
PA1  b means forming a first amplifier channel for amplifying only those Doppler
      frequency signals which are received when said transmitting-receiving
      means transmit at one of said two different frequencies;
PA1  c means forming a second amplifier channel for amplifying only those
      Doppler frequency signals which are received when said
      transmitting-receiving means transmit at the other of said two different
      frequencies;
PA1  d each of said amplifier channel means including an integrating stage and a
      threshold stage connected to the output of said integrating stage, so that
      each amplifier channel means produces an output signal only when the
      integrated Doppler frequency signal being amplified by the respective
      channel means exceeds a predetermined minimum amplitude, the threshold
      stage of at least one of said amplifier channel means being adjustable;
PA1  e switch-over means connected to said transmittingreceiving means and to
      said first and second amplifier channel means for alternately causing (1)
      said transmitting-receiving means to transmit said one frequency and
      connecting said first amplifier channel means to the output of said
      transmittingreceiving means and (2) said transmitting-receiving means to
      transmit said other frequency and connecting said second amplifier channel
      means to the output of said transmitting-receiving means; and
PA1  f coincidence circuit means connected to the outputs of said two amplifier
      channel means for producing a triggering signal only when both of said
      amplifier channel means apply an amplified signal to said coincidence
      circuit means.
NUM  5.
PAR  5. A Doppler frequency responsive electronic proximity fuse comprising, in
      combination:
PA1  a. means for transmitting signals at at least two different frequencies and
      for receiving Doppler frequency signals which are reflected by a target;
PA1  b. means forming a first amplifier channel for amplifying only those
      Doppler frequency signals which are received when said
      transmitting-receiving means transmit at one of said two different
      frequencies;
PA1  c. means forming a second amplifier channel for amplifying only those
      Doppler frequency signals which are received when said
      transmitting-receiving means transmit at the other of said two different
      frequencies;
PA1  d. each of said amplifier channel means including an integrating stage and
      a threshold stage connected to the output of said integrating stage, so
      that each amplifier channel means produces an output signal only when the
      integrated Doppler frequency signal being amplified by the respective
      channel means exceeds a predetermined minimum amplitude, at least one of
      said amplifier channel means further including at least one
      differentiating stage interposed between its integrating and threshold
      stages;
PA1  e. switch-over means connected to said transmitting-receiving means and to
      said first and second amplifier channel means for alternately causing (1)
      said transmitting-receiving means to transmit said one frequency and
      connecting said first amplifier channel means to the output of said
      transmittingreceiving means and (2) said transmitting-receiving means to
      transmit said other frequency and connecting said second amplifier channel
      means to the output of said transmitting-receiving means; and
PA1  f. coincidence circuit means connected to the outputs of said two amplifier
      channel means for producing a triggering signal only when both of said
      amplifier channel means apply an amplified signal to said coincidence
      circuit means.
NUM  6.
PAR  6. A proximity fuse as defined in claim 5 wherein said one amplifier
      channel includes a further threshold stage interposed between said
      integrating and differentiating stages.
NUM  7.
PAR  7. A proximity fuse as defined in claim 6 wherein said threshold stages are
      adjustable and are connected to a common adjustable voltage source.
NUM  8.
PAR  8. A Doppler frequency responsive electronic proximity fuse comprising, in
      combination:
PA1  a means for transmitting signals at a plurality of frequencies and for
      receiving Doppler frequency signals which are reflected by a target, said
      transmitting-receiving means comprising an antenna circuit, a variable
      capacitance connected to said antenna circuit, a mixer stage connected to
      said variable capacitance, and a low-frequency amplifier connected to the
      output of said mixer stage;
PA1  b means forming a plurality of amplifier channels corresponding in number
      to the number of frequencies at which said transmitting-receiving means
      operate, each amplifier channel pertaining to a respective one of said
      plurality of frequencies and amplifying only those Doppler frequency
      signals which are received when said transmitting-receiving means transmit
      at the particular frequency to which the respective amplifier channel
      pertains, each amplifier channel including an integrating stage and a
      threshold stage connected to the output of said integrating stage so that
      each respective amplifier channel produces an output signal only when the
      integrated Doppler frequency signal being amplified exceeds a
      predetermined minimum amplitude, each of said amplifier channels further
      including an input switching stage connected to the output of said
      low-frequency amplifier, said integrating stage being connected to the
      output of said switching stage;
PA1  c switch-over means connected to said transmittingreceiving means and to
      said plurality of amplifier channels for causing said
      transmitting-receiving means sequentially to transmit different ones of
      said plurality of said frequencies and simultaneously connecting to said
      transmitting-receiving means the particular one of said plurality of
      amplifier channels which pertains to the respective frequency being
      transmitted at any given instant, said switch-over means comprising a
      circuit element connected to said variable capacitance and to said input
      switching stages for tuning said capacitance to a value which will cause
      said transmitting-receiving means to transmit at the one of said
      frequencies and simultaneously activating the input switching stage of the
      particular amplifier channel which pertains to the frequency at which said
      transmitting-receiving means is tuned to operate; and
PA1  d coincidence circuit means connected to the outputs of said amplifier
      channels for producing a trigger signal only when all of said amplifier
      channels apply an amplified signal to said coincidence circuit means, said
      coincidence circuit means comprising an AND-circuit whose inputs are
      connected to the outputs of said amplifier channels.
NUM  9.
PAR  9. A proximity fuse as defined in claim 8 wherein at least one of said
      amplifier channels further comprises at least one differentiating stage
      interposed between said integrating and threshold stages.
NUM  10.
PAR  10. A proximity fuse as defined in claim 9 wherein said one amplifier
      channel further comprises a second threshold stage interposed between said
      integrating and differentiating stages.
NUM  11.
PAR  11. A proximity fuse as defined in claim 10 wherein said two threshold
      stages comprise variable capacitances, and wherein common bias means are
      connected to both of said last-mentioned capacitances.
NUM  12.
PAR  12. A proximity fuse as defined in claim 8 wherein said switch-over means
      comprise an astable multivibrator.
NUM  13.
PAR  13. A proximity fuse as defined in claim 8 wherein said switch-over means
      comprise a non-periodic function generator.
NUM  14.
PAR  14. A proximity fuse as defined in claim 8 wherein said switch-over means
      comprise a noise generator.
NUM  15.
PAR  15. A proximity fuse as defined in claim 8 wherein said antenna circuit
      comprises a magnetic ferrite rod antenna.
NUM  16.
PAR  16. A Doppler frequency responsive electronic proximity fuse comprising, in
      combination:
PA1  a means for transmitting signals at at least two different frequencies and
      for receiving Doppler frequency signals which are reflected by a target;
PA1  b. means forming a first amplifier channel for amplifying only those
      Doppler frequency signals which are received when said
      transmitting-receiving means transmit at one of said two frequencies;
PA1  c. means forming a second amplifier channel for amplifying only those
      Doppler frequency signals which are received when said
      transmitting-receiving means transmit at the other of said two different
      frequencies, said second amplifier channel including a time delay stage;
PA1  d. switch-over means connected to said transmitting-receiving means and to
      said first and second amplifier channel means for alternately causing (1)
      said transmitting-receiving means to transmit said one frequency and
      connecting said first amplifier channel means to the output of said
      transmittingreceiving means and (2) said transmitting-receiving means to
      transmit said other frequency and connecting said second amplifier channel
      means to the output of said transmittingreceiving means; and
PA1  e. a phase discriminator stage connected to the outputs of said two
      amplifier channel means for producing a triggering signal only when the
      Doppler frequency signal outputs produced by said two amplifier channel
      means are of opposite phase.
NUM  17.
PAR  17. A Doppler frequency responsive electronic proximity fuse comprising, in
      combination:
PA1  a means for transmitting a high frequency signal and for receiving Doppler
      frequency signals which are reflected by a target;
PA1  b means forming at least two amplifier channels, one of which incorporates
      a time delay member;
PA1  c switch-over means connected to said amplifier channels for alternately
      connecting the same to said transmittingreceiving means; and
PA1  d output circuit means connected to the outputs of said amplifier channels
      for producing a triggering signal only when the output signals produced by
      said two amplifier channels fulfill a predetermined condition, said output
      circuit means comprising a phase discriminator stage which produces said
      triggering signal only when the Doppler frequency signals amplified in
      said channels are of the opposite phase.
NUM  18.
PAR  18. A proximity fuse as defined in claim 17 wherein said
      transmitting-receiving means transmits at but one frequency and said
      amplifier channels are able to amplify Doppler frequency signals received
      when said transmitter-receiver operates at said one frequency.
NUM  19.
PAR  19. A proximity fuse as defined in claim 17 wherein said
      transmitting-receiving means are adjustable to allow the same to transmit
      at at least two frequencies, wherein said amplifier channels are
      correlated to said frequencies, respectively, so that each amplifier
      channel will amplify only those Doppler frequency signals which are
      received when said transmitting-receiving means transmit at a particular
      one of said frequencies, and wherein said switchover means are
      additionally connected to said transmittingreceiving means and alternately
      cause (1) said transmittingreceiving means to transmit at one of the two
      frequencies and connect the corresponding amplifier channel to the output
      of said transmitting-receiving means and (2) said transmittingreceiving
      means to transmit at the other of the two frequencies and connect the
      other corresponding amplifier channel to the output of said
      transmitting-receiving means.
NUM  20.
PAR  20. A Doppler frequency responsive electronic proximity fuse comprising, in
      combination:
PA1  a means for transmitting a high frequency signal and for receiving Doppler
      frequency signals which are reflected by a target, said
      transmitting-receiving means being adjustable to allow the same to
      transmit at at least two frequencies;
PA1  b means forming at least two amplifier channels which are correlated to
      said frequencies, respectively, so that each amplifier channel will
      amplify only those Doppler frequency signals which are received when said
      transmitting-receiving means transmit at a particular one of said
      frequencies;
PA1  c switch-over means connected to said amplifier channels for alternately
      connecting the same to said transmittingreceiving means, said switch-over
      means being additionally connected to said transmitting-receiving means
      and alternately cause (1) said transmitting-receiving means to transmit at
      one of the two frequencies and connect the corresponding amplifier channel
      to the output of said transmitting-receiving means, and (2) said
      transmitting-receiving means to transmit at the other of the two
      frequencies and connect the other corresponding amplifier channel to the
      output of said transmitting-receiving means; and
PA1  d output circuit means connected to the outputs of said amplifier channels
      for producing a triggering signal only when the output signals produced by
      said two amplifier channels fulfill predetermined conditions.
NUM  21.
PAR  21. A proximity fuse as defined in claim 20 wherein one of said amplifier
      channels incorporates a time delay member and wherein said output circuit
      means comprises a phase discriminator stage which produces said triggering
      signal only when the Doppler frequency signals amplified in said channels
      are of the opposite phase.
NUM  22.
PAR  22. A proximity fuse as defined in claim 20 wherein said output circuit is
      a coincidence circuit and wherein each of said amplifier channels includes
      an integrating stage and a threshold stage connected to the output of said
      integrating stage, so that each amplifier channel applies a signal to said
      coincidence circuit only when the integrated Doppler frequency signal
      being amplified by the respective channel means exceeds a predetermined
      minimum amplitude.
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PAL  In order to compensate for the displacement of a coherent pulse airborne
      radar, the latter is provided with means for alternately linearly moving
      forward and backward the phase centre of its antenna system, at the
      reception, from one cycle radar to the next.
PAL  The displacement of the phase centre is carried out by introducing a
      controllable dissymmetry in the illumination of the linear radiating
      aperture of the antenna system.
BSUM
PAR  The present invention relates to antennae with linear aperture.
PAR  It is often useful, for example in the case of airborne radars that the
      equivalent point source, or phase centre, of such an antenna should be
      movable, for example, in order to eliminate fixed echoes.
PAR  It is on object of this invention to provide such an antenna in which the
      phase centre can be moved along a straight line.
PAR  According to the invention there is provided a method for linearly
      displacing the phase centre of an antenna having a linear radiating
      aperture, with respect to an original phase centre corresponding to a
      symmetrical illumination of said aperture, said method consisting in
      illuminating said aperture with a linear and variable dissymmetry with
      respect to said original phase centre.
DRWD
PAR  For a better understanding of the invention and to show how the same may be
      carried into effect reference will be made to the drawings accompanying
      the following description in which:
PAR  FIG. 1 shows diagrammatically the linear aperture of an antenna in two
      positions;
PAR  FIG. 2 shows an antenna embodying the improvement according to the
      invention;
PAR  FIG. 3 shows an embodiment of the improvement according to the invention
      used in an antenna according to FIG. 2;
PAR  FIG. 4 is a diagram explaining the interest of the invention in the case of
      an airborne radar; and
PAR  FIG. 5 shows an example of the application of the improved antenna
      according to the invention.
PAR  The radiation diagram of an antenna is given by the Fourier transform of
      the illumination on the radiating aperture of the antenna. For a linear
      aperture, such as AB in FIG. 1, and the centre point O of AB being
      selected as origin, a symmetrical illumination results in a radiation
      diagram which is equiphasal and symmetrical in modulus relative to the
      median plane of the aperture AB. The trace of this plane on that of the
      drawing is the straight line ON.
PAR  The phase centre of the antenna is at O.
PAR  If the aperture of the antenna is displayed by an amount d to A' B', the
      phase difference between the waves received at O and O' is:
      ##EQU1##
      WHERE .theta. IS THE ANGLE FORMED BY THE DIRECTION D of origin of the
      waves received, with ON, and .lambda. is the wave length.
PAR  If the illumination of the aperture is rendered non-symmetrical, the
      aperture being in the position AB, the radiation diagram of the antenna
      remains symmetrical in modulus, but becomes uneven in phase, that is to
      say, with O as origin, the function representing the phase as a function
      of the angle .theta. is odd.
PAR  For relatively small angles, it is possible without displacing the aperture
      AB to obtain, by a dissymmetry of illumination, a radiation having the
      same phase law at O', at a distance d from O as if the aperture AB had
      been moved by d. A wave coming from the direction .theta. and received by
      the antenna with unsymmetrical illumination of the radiating aperture is
      therefore equivalent, from the point of view of phase, to a wave received
      from the same direction by the antenna with symmetrical illumination
      displaced by d. Thus, by introducing a dissymmetry into the illumination
      of the aperture of the antenna according to the invention, the centre of
      the phase of the antenna is shifted along its aperture.
PAR  FIG. 2 shows an antenna of the pill box type, using the invention. It is,
      in fact, easy to change the illumination of a focusing system
      (paraboloidal cylinder, lens, etc.) by using, for example, a primary
      source consisting of several horns which may be phase shifted in a
      variable manner, one relative to the other.
PAR  FIG. 2 shows an antenna 1 of the pill box type, folded in order to
      eliminate the shadow of the primary source.
PAR  This antenna 1 comprises a double primary source 2 supplied by a wave guide
      3. This source radiates in the direction of a reflector 4 in the form of a
      parabolic cylinder which transmits the energy supplied by the source
      towards the radiating aperture 5.
PAR  FIG. 3 shows diagrammatically an embodiment of the primary source 2.
PAR  The energy received from the guide 3 is divided amongst two channels 21 and
      22 by means of a folded magic Tee 20, the fourth channel of which
      terminates in a matched load. The channels 21 and 22 comprise,
      respectively, phase shifters 23 and 24, for example, varactors. The
      phase-shift between the two channels is therefore variable by electric
      means. The energy passing through each of the two channels 21 and 22 is
      radiated respectively by the mouths 25 and 26. The phase-shift between the
      two channels shifts the illumination maximum of the reflector 4, and
      creates thereby the dissymmetry in the illumination of the radiating
      aperture AB. The phase centre of the antenna 1 is therefore mobile along
      AB as a function of the phase-shift between the two channels.
PAR  Such an antenna may, more particularly, be used in airborne radars for
      compensating at the reception the phase variation between two successive
      pulses, when the transmission of these impulses is coherent.
PAR  In FIG. 4, the axis O.sub.1 O.sub.2 x represents the flight line of the
      aircraft carrying the radar. Between two pulses, the aircraft has
      travelled a distance d, which represents the distance between the two
      positions O.sub.1 and O.sub.2 of the centre of the aperture of the
      antenna. If the transmission is effected with the same phase in the
      direction D of a fixed target, the direction D is determined by the angle
      .theta., and the echoes received for two successive pulses present a
      phase-shift 4 .pi. d/.lambda. sin .theta.. If, with the antenna according
      to the invention, the centre of the phase is shifted forwards at the first
      reception by an amount d (so that the phase centre coincides with
      O.sub.2), and backwards at the second reception (so that it coincides with
      O.sub.1), the dephasing between the echos received for the two successive
      impulses is compensated. To a coherent transmission corresponds a coherent
      reception.
PAR  It is also possible to utilize the shift of the phase centre both for the
      transmission and for the reception. In this case it is sufficient to
      displace the phase centre of the antenna by the amount d/2, in the forward
      direction during the transmission and the reception of the first pulse,
      and in the backward direction during the transmission and reception of the
      second pulse.
PAR  In this case, the phase centre of the antenna remains fixed and is located
      in the centre of O.sub.1 O.sub.2.
PAR  FIG. 5 shows an example of an application to an airborne radar in the case,
      where the phase centre is shifted only during the reception.
PAR  During the transmission, coherent pulses supplied by the transmitter 30 are
      transmitted without phase-shift to two apertures 25 and 26 by means of
      circulators 28 and 29.
PAR  During the reception, the echoes received from a target through the
      apertures 25 and 26 are passed to the receiver 31 via phase shifters 23
      and 24.
PAR  These phase-shifters receive respectively the outputs 320 and 321 of a
      control voltage generator 32 which can have one or the other of two values
      in response to signals coming from the generator 33, generating the radar
      sync. signals. The operation of the system is a follows:
PAR  The signal relating to a target is produced by means of two successive
      pulses, that is to say, for example, by means of a so-called odd rank
      impulse followed by a so-called even rank impulse.
PAR  During the transmission of an odd impulse, the synchronizing signal
      generator 33 sends an impulse to the generator 32 which supplies at its
      outputs 320 and 321, respectively, the voltages V.sub.o + v and V.sub.o -
      v, wherein v is controlled in such a manner that the phase centre of the
      antenna is displaced by d in advance for the reception of the echo caused
      by this impulse. At the following even impulse, the voltages at the
      outputs 320 and 321 are reversed and the phase centre shifts therefore by
      the amount d in the backward direction for the reception of the echo
      (coming from the same target), caused by this even impulse. The voltage v
      is controlled according to the distance d desired, and especially as a
      function of the speed of the aircraft.
PAR  It may also be more practical in certain cases to keep constant the
      amplitude d of displacement of the phase centre. In this case, the
      absolute value of the relative phase-shift is maintained constant, and it
      is the pulse repetition frequency of the radar transmitter that is varied
      as a function of the speed of the aircraft.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reflector type antenna comprising a relfector having a linear
      radiating aperture and means for linearly displacing the antenna radiation
      phase center along said aperture, said means comprising at least two
      primary radiating sources illuminating said reflector, first means for
      feeding respective electromagnetic energy to said sources, and second
      means for controlling the phase-shift between the energy fed to one of
      said sources and that fed to the other.
NUM  2.
PAR  2. An antenna according to claim 1, wherein said reflector is a folded
      pill-box.
NUM  3.
PAR  3. An antenna according to claim 1, wherein said first means comprise a
      magic Tee having a first and a second arm respectively coupled to said
      primary sources, a third arm fed with the total energy of the antenna, and
      a fourth arm terminating in a matched load.
NUM  4.
PAR  4. An improvement of a coherent pulse radar system comprising transmitting
      means, receiving means and synchronizing means, said improvement
      comprising: aerial means comprising two identical primary groups of n
      sources, where n is an integer, and controlling means, synchronized by
      said synchronizing means and coupled between said aerial means and said
      receiving means for applying a controlled relative phase-shift between the
      signals collected by said groups as an echo of a pulse radiated by said
      system, and inverting said relative phase-shift from a radar cycle to the
      next one.
NUM  5.
PAR  5. An improvement according to claim 4, said controlling means comprising a
      first and a second voltage controlled phase-shifter inserted between said
      receiving means and respectively said groups, having respective control
      inputs, and a double voltage generator having a sync. input coupled to
      said synchronizing means and two outputs respectively coupled to said
      control inputs and supplying thereto a first and a second voltage
      alternately.
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PAL  The invention is concerned with a bi-phase decoder in which compensation is
      provided for Doppler shift.
PAL  In the phase decoder of the invention, the signs and magnitudes of the
      components of the received signals in the in-phase and quadrature axes are
      determined and errors caused by Doppler shift are detected by detecting
      changes in the product of the signs of the two components at times when
      the magnitude of a predetermined one of the components exceeds that of the
      other.
BSUM
PAR  This invention relates generally to pulse compression and is particularly
      concerned with avoiding problems caused by Doppler shift in surveillance
      radar using bi-phase codes as a means of pulse compression.
PAR  Two priorities of importance in any surveillance radar are target
      detectability and resolution. The capability of a radar to detect a small
      or remote target is limited mainly by the mean transmitted power. The
      resolution of a radar is determined by the bandwidth of the transmitted
      waveform assuming that a suitable receiver is used.
DRWD
PAR  The nature of the invention will be more clearly understood by reference to
      the accompanying drawings, of which
PAR  FIGS. 1a-1c depict the pattern of phase reversal within a transmitted pulse
      and the autocorrelation function of the pulse;
PAR  FIG. 2 shows diagrammatically a simple form of Barker decoder connected to
      an autocorrelator;
PAR  FIG. 3 shows diagrammatically a quadrature system for use in a bi-phase
      decoder;
PAR  FIG. 4 shows a vector diagram demonstrating a doppler shift;
PAR  FIG. 5 is a flow chart of the logical steps according to the invention; and
PAR  FIG. 6 is a block circuit diagram of an arrangement for implementing the
      logic described in FIG. 5.
DETD
PAR  In a conventional radar, the transmitted waveform is a train of pulses as
      shown in FIG. 1 a of the accompanying drawings. The mean power is
      determined by the peak power and the duty ratio, that is to say the ratio
      of the width .tau. of the pulses to the overall repetition period T. T is
      fixed by the maximum unambiguous range, and .tau. by the resolution
      required. Thus, to improve the detectability of the radar only the peak
      power can be increased and this is limited by the components used. There
      is therefore a conflict of interests if both improved detectability and
      resolution are required.
PAR  It is now recognised that the resolution is not governed by the pulse
      length but, as previously stated, by the overall transmitted bandwidth.
      Thus, by modulating the carrier within the transmitted pulse length the
      bandwidth is increased and the resolution improved with no reduction in
      mean transmitted power.
PAR  One known form of modulation to effect pulse compression is phase
      modulation in which within the width of the transmitted pulse the phase is
      reversed at specified intervals or sub-pulses. Whilst these phase
      reversals can follow a random sequence, by using certain well-defined
      sequences known as "Barker codes" it is possible to reduce the level of
      the sidelobes after processing of the received pulse.
PAR  In FIG. 1 b of the accompanying drawings there is shown the pattern of
      phase reversal within a pulse subdivided into thirteen sub-pulses, so
      forming a Barker code. The auto-correlation function of this pulse is
      shown in FIG. 1 c. This graph shows the level of correlation of a pulse as
      in FIG. 1 b with a similar pulse when plotted against the relative time of
      the pulses being completed. It will be seen that except at coincidence in
      time the correlation function takes on values between 0 and 1 and that
      when the two signals are coincident the correlation function has a value
      of 13. This means that though the transmitted pulse has an overall
      duration of 13 .tau. the resolution of the radar is 1 .tau. and there is a
      difference of 22.3 dB between the level of the sidelobes and the
      correlation peak, although with digital filtering this may be improved to
      34 dB.
PAR  A simple form of Barker decoder is shown diagrammatically in FIG. 2 of the
      accompanying drawings. Here the input signal is fed into a phase shift
      detector 1 which compares the phase of the input signal 2 with that from a
      local oscillator 3. A sample-and-hold circuit 4 periodically samples the
      output of the mixer at periods equal to one sub-pulse and digital code
      representative of the sampled voltage is fed by an analogue-to-digital
      converter 5 into a thirteen-element shift register 6. Each stage in the
      shift register is separately sampled and fed into an adder 7, correlation
      being effected by first multiplying the signal derived from each stage of
      the shift register by a preselected multiplying factor of +1 or -1
      (symbolized by block 8), the sequence of multiplying factors corresponding
      to the sequence of phase reversal in the transmitted pulse. The sum signal
      10 at the output of the adder 7 corresponds to the autocorrelation
      function of the received signal and if an ideal signal is received
      (corresponding to the signal in FIG. 1 b the output will correspond to
      FIG. 1 c, the correlation peak being obtained when the digital codes
      derived from all thirteen sub-pulses fully occupy the shift register 6.
PAR  The embodiment of FIG. 2 only produces the autocorrelation function of FIG.
      1 c when the phase of the local oscillator 3 is correctly matched to the
      input signal 2, that is to say when the phase shift detector 1 only
      receives signals which are either completely in-phase or completely
      out-of-phase. In practice, the phase of the received signal will vary and
      on average the system will suffer a 3dB loss. In order to overcome this
      problem it is known to use a quadrature system as shown in FIG. 3 of the
      accompanying drawings. In this system two channels 11 and 12 are used for
      processing an input signal 13 which channels are in-phase and quadrature
      channels. The system relies on the fact that when the in-phase signal is
      90.degree. out-of-phase with the local oscillator 14 the quadrature
      channel 11, represented by a phase-shift detector 15 connected to a
      sample-and-hold circuit 16 which is, in turn, connected to an
      analog-to-digital converter 17, will produce its maximum output. Thus, by
      suitable combination of the output signals to the two channels that is to
      say, the output of quadrature channel 11 with the output of the in-phase
      channel 12, represented by a phase-shift detector 18 connected to a
      sample-and-hold circuit 20 which is, in turn, connected to an
      analog-to-digital converter 21, the signal level at the output may be made
      substantially independent of the phase of the input signal 13.
PAR  A combiner 22 combines the outputs of the in-phase channel 12 and the
      quadrature channel 11 and produces a signal 23 whose magnitude is the
      greater of .vertline.I.vertline. +1/2.vertline.Q.vertline.  and
      .vertline.Q.vertline. +1/2.vertline.I.vertline. . A signal of this
      magnitude and of sign determined in the in-phase channel 12 is fed into a
      13-element shift register 6 as shown in FIG. 2 and the parallel outputs of
      the shift register, after being suitably multiplied and added, produce a
      correlation function more closely resembling that of FIG. 1 c.
PAR  A problem which is still encountered with the system in FIG. 3 is brought
      about by any Doppler shift in frequency of the input signal 13 causing its
      frequency to depart from that of the local oscillator 14. As analysis of
      the decoder performance with Doppler shift is tedious to compute, a system
      as shown in FIG. 3 was simulated on a digital computer. For a sub-pulse
      duration of 3.6.mu.S and a first pulse phase of 0.degree. Table 1 shows
      the results which were obtained for the system with a 13-element code.
TBL  ______________________________________                                    
     Doppler      Main Lobe    Maximum sidelobe                                
     Frequency    Amplitude    Level                                           
     (Hz)         (dB)         (dB)                                            
     ______________________________________                                    
     0            0            -33                                             
      900         +0.12        -33                                             
     1800         +0.36        -32                                             
     2700         +0.44        -32                                             
     3600         +0.48        -31                                             
     7200         -4.4          -6                                             
     ______________________________________                                    
PAR  It can be seen that up to a Doppler frequency of 3600 Hz there is 31.48 dB
      difference between the main lobe amplitude and the level of the maximum
      sidelobe but that at a Doppler frequency of 7200 Hz there is a very severe
      degradation in the sidelobe ratio. The reason for this is that at a
      frequency of 7200 though the first sub-pulse has zero phase with reference
      to the local oscillator because of the gradual change in phase due to the
      frequency difference along the length of the whole pulse the quadrature
      axis will be crossed and as a result the last few sub-pulses will be
      allocated the wrong sign.
PAR  For a Doppler frequency f.sub.d and a sub-pulse length of t.sub.p the
      number of radians moved during the thirteen samples is 12 .times. 2
      f.sub.d t.sub.p. To a first approximation, one can say that the sidelobe
      performance degrades sharply once the quadrature axis is passed and this
      leads to two zones of unacceptably high sidelobes which straddle,
      respectively, the positive and the negative quadrature axes. The zones in
      which the sidelobe levels are acceptable are 2 .pi.-(4 .times. 12 .times.
      2.pi.f.sub.d t.sub.p) radians and the percentage of time when the good
      sidelobe level is obtained is 100 (1 - 48f.sub.d t.sub.p)%. As an example,
      if no sidelobe degradation is required for 80% of the time and t.sub.p =
      3.6.mu.S then the maximum allowable Doppler is only 1.1 kHz or 370 m.p.h.
      at L-Band. The present invention seeks to provide an improved system
      capable of compensating for incorrect allocation of sign to the elements
      of the bi-phase codes due to Doppler frequency shift in a signal reflected
      by a single target.
PAR  In accordance with the present invention, a bi-phase decoder includes two
      phase-shift detectors each operative to measure the phase difference
      between each sub-pulse in a received bi-phase code relative to a
      respective one of two signals in phase quadrature with one another; two
      sampling circuits each operative to sample periodically the output of a
      respective one of the phase-shift detectors and to produce a first signal
      representative of the magnitude of the sampled output and a further signal
      representative of the sign of the sampled output; a combiner for combining
      the magnitude signals generated by the sampling circuit in such a manner
      as to render the sensitivity of the decoder substantially independent of
      the phase of the received code and an autocorrelator connected to receive
      the output signal of the combiner and the sign signal from one of the
      sampling circuits and to autocorrelate the signal from successive
      sub-pulses to effect pulse compression; the decoder further includes
      corrector means for correcting errors in the sign signal derived from one
      of the sampling circuits resulting from Doppler shifting of the carrier
      frequency of the received bi-phase code, the corrector means being
      operative to detect such errors by detecting changes in the product of the
      sign signals derived from the separate sampling circuits at times when the
      value of the magnitude signal derived from a predetermined one of the
      sampling circuits is greater than the value of the magnitude signal
      derived from the other.
PAR  The invention will now be described fruther, by way of example, with
      reference to FIGS. 4, 5 and 6 of the accompanying drawings.
PAR  In FIG. 4, the angles which each line subtends with the in-phase axis I and
      the quadrature axis Q represents the phase of the received signal at any
      instant in time relative to the local oscillators in the in-phase and
      quadrature channels, respectively. If there is no Doppler shift, then the
      vector will always point in the same direction but will take on either
      positive or negative values depending on whether the sub-pulse is in-phase
      or out of phase with the appropriate local oscillator. If, however, there
      is a change in frequency owing to the Doppler effect, then the received
      signal will have a different frequency from the local oscillator and this
      results in the phase of the received signal continuously changing. Thus,
      instead of the vector remaining stationary it rotates counter clockwise
      with an angular velocity dependent upon the Doppler shift and the various
      vectors shown in FIG. 4 represent the instantaneous values in consecutive
      sub-pulses. The vector with a minus sign in FIG. 4 is one which is phase
      inverted relative to the other four vectors shown in the drawing.
PAR  In the arrangement of FIG. 3, the magnitude of the signals sent to the
      bi-phase decoder is derived both from the in-phase channel 12 and the
      quadrature channel 11 and is substantially constant and independent of
      phase. However, the sign of the signal sent to the bi-phase decoder is
      derived solely from the in-phase channel 12. This means, in the case of
      the phase vectors following the course shown in FIG. 4, the first four
      samples will be allocated a positive sign which coincides with the phase
      of received signal so that until then there is no error. However, in the
      fifth sub-pulse, again a positive sign will be allocated to the sub-pulse
      despite the fact that a negative sign should have been allocated. The
      reason for this may clearly be seen from the vector diagram namely the
      vectors have crossed the quadrature axis in the course of their rotation
      caused by Doppler shift.
PAR  A crossing of the quadrature axis may be detected by the fact that the
      product sign Q .times. sign I changes sign. This will occur both when the
      quadrature axis and when the in-phase axis is crossed. Of all the
      crossings of the axes, only crossings of the quadrature axis are of
      importance since crossings of the in-phase axis do not effect the sign of
      the signal derived from the in-phase channel. It is therefore necessary to
      test, having determined a change in the product sign Q .times. sign I
      whether this is caused by a crossing of the quadrature axis or a crossing
      of the in-phase axis.
PAR  In a radar operating at the frequency of 3 GHz a target radial velocity of
      3000 m.p.h. results in a Doppler shift of 27 kHz. If the sub-pulse
      interval is 3.6.mu.S the angle of rotation between the sub-pulse is only
      35.degree.. Thus, after crossing of the quadrature axis the vector will be
      no more than 35.degree. away from the quadrature axis and as a result the
      value of .vertline.Q.vertline.  must be greater than the value of
      .vertline.I.vertline. . This can thus be used as a test to determine which
      axis has been crossed.
PAR  Referring now to the flow chart on FIG. 5, this starts by defining a
      quantity PF which is the product of sign I and sign Q. This product is
      positive in the first quadrant, negative in the second quadrant, positive
      in the third quadrant and negative in the fourth quadrant. It is
      arbitrarily set to positive at the start. There is also defined a
      multiplying factor MF and this can take on values either of +1 or -1.
      During all the times that the vectors of FIG. 4 are to the right of the
      quadrature axis the multiplying factor is positive and during all the time
      that it is to the left of the quadrature axis the multiplying factor is
      negative.
PAR  Having allocated arbitrary magnitude to the quantities PF and MF, the
      values of .vertline.I.vertline. , .vertline.Q.vertline. , sign I and sign
      Q are read from the in-phase and the quadrature channels of the
      arrangement of FIG. 3. It is now necessary to determine whether there has
      been a change in quadrant that is to say whether sign I .times. sign Q
      differs from the existing value of PF. If it is the same then the quadrant
      has not changed and the next three steps in flow chart are by-passed and
      the value of sign I is multiplied by the existing value of MF and fed to
      the bi-phase decoder.
PAR  If there has been a change then the stored value of PF is changed to the
      new value and one determines whether the in-phase axis or the quadrature
      axis has been crossed by comparing the magnitudes of .vertline.I.vertline.
       and .vertline.Q.vertline. . If .vertline.I.vertline.  is greater than
      .vertline.Q.vertline.  then it is the in-phase axis which has been crossed
      and this does not necessitate a change in the magnitude of the multiplying
      factor and the next step in the flow chart is by-passed in the same manner
      as previously. If, however, .vertline.Q.vertline.  is greater than
      .vertline.I.vertline.  this indicates that the quadrature axis has been
      crossed and before multiplying sign I by MF the latter is itself changed
      in sign.
PAR  The circuit arrangement in FIG. 6 implements the flow chart of FIG. 5 and
      includes two registers 71 and 65 which store the values of MF and PF
      respectively. An exclusive-OR gate which includes an inverter is
      designated 61 in the drawing and receives signals representative of sign I
      and sign Q. The output of the exclusive-OR gate 61 is high when sign I is
      the same as sign Q and low when sign I is different from sign Q. If one
      takes positive as being high and negative as being low then the output of
      the exclusive-OR gate 61 is representative of sign I .times. sign Q. This
      value is compared in a second exclusive-OR gate 62 with the value of PF
      stored in the register 65 so that his output would be high whenever there
      is a change in PF. The next step in the flow chart is to set PF to the new
      value and this is done by feeding the output of the register 65 and of the
      exclusive-OR gate 62 and the third exclusive-OR gate 63 whose output is
      fed by way of an OR gate 64 into the clocked register 65. The OR gate 64
      is provided to enable resetting of the register 65 and commencement of
      operation and likewise an OR gate 70 is provided for enabling resetting of
      the register 71 which stores the value of MF.
PAR  Before the value of MF is changed not only must there be a high level
      produced at the output of the exclusive-OR gate 62 but
      .vertline.Q.vertline.  must be greater than .vertline.I.vertline. . Thus,
      .vertline.Q.vertline.  and .vertline.I.vertline.  are compared in a
      comparator 66 whose output is fed by way of an inverter 67 into an AND
      gate 68 the other input of which is also connected to the output of the
      exclusive-OR gate 62. Whenever a high level appears at the output of AND
      gate 68 it indicates that a crossing of the quadrature axis has occurred
      so that the value of MF must be changed. This is effected by feeding the
      value of MF derived from the register 71 and the output of the AND gate 68
      into an exclusive-OR gate 69 whose output is fed by way of the OR gate 70
      into the register 71. The multiplying factor derived from the register 71
      is fed to a final exclusive-OR gate 72 which is also connected to the
      signal sign I and which serves to invert the signal whenever the phase
      sector lies to the left of the quadrature in FIG. 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bi-phase decoder comprising two phase-shift detectors each operative
      to measure the phase difference between each sub-pulse in a received
      bi-phase code relative to a respective one of two signals in phase
      quadrature with one another; two sampling circuits each operative to
      sample periodically the output of a respective one of the phase-shift
      detectors and to produce a first signal representative of the magnitude of
      the sampled output and a further signal representative of the sign of the
      sampled output; a combiner for combining the magnitude signals generated
      by the sampling circuit in such a manner as to render the sensitivity of
      the decoder substantially independent of the phase of the received code
      and an autocorrelator connected to receive the output signal of the
      combiner and the sign signal from one of the sampling circuits and to
      autocorrelate the signal from successive sub-pulses to effect pulse
      compression; the decoder further including signal modifying means for
      correcting errors in the sign signal derived from one of the sampling
      circuits resulting from Doppler shifting of the carrier frequency of the
      received bi-phase code, the signal modifying means being operative to
      detect such errors by detecting changes in the product of the sign signals
      derived from the separate sampling circuits at times when the value of the
      magnitude signal derived from a predetermined one of the sampling circuits
      is greater than the value of the magnitude signal derived from the other.
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ABST
PAL  A radar system is described in which a transmitter transmits two
      consecutive pulses only one of which is frequency swept and in which a
      receiver has two channels, one for non-swept pulses reflected from short
      range targets and the other for swept pulses from long range targets.
BSUM
PAR  This invention relates to radar systems, and in particular to the type of
      system which utilizes pulse compression. It is known that in order to
      obtain, after compression, a signal in which the range sidelobes are 30 dB
      or more below the level of the main pulse, it is essential that the gain
      of all stages prior to the compression network be substantially linear. In
      other words all stages prior to the compression network must operate at
      lower levels than that at which limiting or non-linearity occurs.
PAR  If limiting does occur to any extent, then the effect on the pulse
      compressed output of a small signal only slightly displaced in range from
      a clutter signal is to produce two signals equispaced in time about the
      clutter signal, one of the two signals being at the correct range relative
      to the clutter the other signal being a ghost image and each
      representative of half the signal energy.
PAR  Now the received power P.sub.R at the receiving aerial  is given by the
      equation
      ##EQU1##
      Where P.sub.t =  transmitted power
PA1  G = antenna gain
PA1  .lambda. = operating wavelength
PA1  o- = radar cross-section of target or clutter
PA1  h = overall efficiency
PA1  R = target or clutter range
PAL  By rearranging this equation the ratio of transmitted to received power and
      hence the path attenuation may be found. This is given by:
      ##EQU2##
      Considering a typical radar having A. A MINIMUM WORKING RANGE OF 1 Km
PA1  B. an aerial gain of 30 dB
PA1  c. an overall efficiency of 10%
PA1  D. working at L band where the largest clutter scatterer may have an
      effective radar cross section of 1000M.sup.2 then the attenuation from
      transmitter to the clutter scatterer and back to the receiver will be
      approximately 86 dB.
PAR  Limiting at the receiver usually commences at an input level of about -70
      dBW which level is substantially independent of the radar operating band,
      being characteristic of the mixer diode and local oscillator power, which
      is usually set for low noise performance. Thus limiting will commence at
      transmitted power levels of 16 dBW or more which is about 40 watts peak
      power. Such a power level is extremely low since for longer ranges
      transmitted powers of up to 5MW may be required.
PAR  One known way of overcoming the limiting problem is to sweep the gain of
      the amplifiers in which limiting occurs so as to amplify signals returned
      from close range targets considerably less than those signals returned
      from targets at longer range. Since limiting may occur at the first mixer,
      the swept gain must be applied to the microwave parts of the receiver.
PAR  The required law of gain versus range is known to be 40 log R. However due
      to the length .tau. of the swept pulse used in pulse compression, the term
      R must be replaced at any instant, t by the expression 1/2c (t-.tau.)
      where c is the velocity of electromagnetic waves. At short ranges where t
      is only slightly greater than .tau., the required rate of change of gain
      is very rapid. This rapid change would cause a weighting of the clutter
      and signal spectrum in favour of frequencies associated with the tail of
      the swept pulse. This weighting change would effect the spectral weighting
      later employed to reduce range sidelobes. A filter can be used to removed
      this unrequired weighting but the filter frequency response would require
      sweeping in synchronism with the swept gain. In addition the phase
      response of the filter would be required to be fixed and invariant during
      the sweep. The problems involved in such an arrangement of swept gain are
      so great as to render the realisation impracticable.
PAR  An alternative method of preventing limiting is to increase the power fed
      from the local oscillator to the mixer when handling signal reflections
      from close range targets. Although by this procedure the noise figure of
      the receiver is deteriorated, this can be tolerated at short ranges since
      clutter reflections predominate over front end thermal noise. This
      arrangement does have the disadvantages that a local oscillator having a
      higher power output than is easily obtained is required in order to
      achieve the necessary range of adjustment and also the attenuator required
      to obtain the variation is subject to the same stringent phase requirement
      as an attenuator positioned in the signal channel. This invention seeks to
      provide a radar system in which the above mentioned disadvantages are
      mitigated.
PAR  According to this invention a radar system comprises a transmitter for
      transmitting two consecutive radar pulses, which are separated by a
      predetermined interval only one of said pulses being frequency swept and a
      receiver having a first channel for processing non-swept pulses and
      providing signals indicative of targets in a first range zone and a second
      channel for processing the swept pulses and providng a pulse compressed
      signal indicative of targets in a second range zone.
PAR  Advantageously the first range zone includes all ranges from zero up to a
      predetermined range, and the second range zone includes all ranges greater
      than said predetermined range up to a predetermined maximum range of
      observation.
PAR  According to a feature of this invention a receiver, for use in a radar
      system in which a transmitter transmits two consecutive radar pulses which
      are separated by a predetermined interval only one of said pulses being
      frequency swept, comprises a first channel for processing non-swept pulses
      and providing signals indicative of targets in a first range zone and a
      second channel for processing the swept pulses and providing a pulse
      compressed signal indicative of targets in a second range zone.
PAR  Preferably each channel is provided with switching means in the signal path
      so as to ensure that each channel only processes signals received from
      targets in the appropriate range zone.
PAR  Conveniently all R.F. stages in the receiver are common to said first and
      second channels.
PAR  Advantageously the signals provided by the first and second channels are
      combined to provide a single output signal which may be fed to any
      suitable display or further signal processing arrangement known per se.
PAR  Preferably signal delays in the first and second channels are arranged so
      that the single combined output signal provides a continuous range
      indication.
DRWD
PAR  This invention will now be described in more detail with reference to the
      accompanying drawings in which:
PAR  FIG. 1 shows a schematic block diagram of the receiving stages of a radar
      system embodying this invention, and
PAR  FIG. 2 is an explanatory diagram of the operation of the system.
DETD
PAR  Referring to FIG. 1 the receiver comprises two receiving channels, the
      first channel for processing target reflections from transmitted non-swept
      radar pulses and including R.F. amplifying and mixer stages 1 followed by
      I.F. amplifier 2, the output of which is connected via a gate circuit 3 to
      a detector 4. The output of the detector 4 is connected to the input of a
      delay line 5, the output of the delay line providing the output of the
      first receiving channel.
PAR  The second channel is a pulse compression receiving channel and includes
      R.F. and I.F. stages 1 and 2 which are common to the two channels, a gate
      circuit 6, weighting amplifier 7, disperser 8 and detector 9.
PAR  The output of the two channels provided respectively by delay line 5 and
      detector 9 are connected each to a respective input of a summation circuit
      10 the output of which is provided at terminal 11, which may be connected
      to any suitable display apparatus (not shown) and which for the purposes
      of this description will be assumed to be a P.P.I. radar display.
PAR  The construction and mode of operation of the signal processing stages of
      each of the two channels taken separately are well known to those skilled
      in the art and require no further explanation here.
PAR  The operation of the system will now be described with the aid of FIG. 1
      and explanatory FIG. 2.
PAR  A transmitter 16 is arranged to transmit two consecutive radar pulses 12
      and 13 shown at line `a`  of FIG. 2, separated by an interval of time
      t.sub.1, the first pulse 12 being a short non-swept pulse of width
      typically 50.sup.ns and the second pulse 13 a frequency swept pulse of
      width t.sub.2, chosen in dependence upon the maximum required range of
      observation of the radar system and the operating parameters of the
      dispersive receiving channel. Many known transmitter designs with a driven
      output tube are suitable for the transmission of the above mentioned pulse
      train and therefore no detailed discussion of the construction and
      operation of such a transmitter will be given here.
PAR  The short non-swept pulse 12 is transmitted for the purposes of detecting
      targets from zero range up to a predetermined maximum range, which for the
      purposes of explanation will be assumed to be 10 Km. Reflections from
      targets in this range zone will be received over a period of time which
      commences immediately after transmission of the pulse 12 and therefore the
      first receiving channel must be operative to receive signals over this
      period of time. To achieve this a signal is supplied to terminal 14 of
      gate 3 from a synchronizing unit 17, to open the gate 3 to the passage of
      received signals.
PAR  The interval t.sub.1, between the transmission of the short pulse 12 and
      the commencement of transmission of the longer frequency swept pulse 13 is
      chosen to allow sufficient time for reflections to be received from
      targets at all ranges from zero up to the maximum range for which
      detection by the short non-swept pulse is adequate, i.e., in this example
      up to 10 Km and during this period t.sub.3 .ltoreq.t.sub.1, the gate 3 is
      maintained open and the gate 6 closed. This is shown at lines b and c of
      FIG. 2.
PAR  After reflections have been received from all targets at distances up to 10
      Km, the gate 3 is closed and the frequency swept pulse 13 is transmitted
      for a period of time t.sub.2. The frequency swept pulse is intended for
      detection of targets at ranges greater than the maximum range for which
      the short non-swept pulse is intended, i.e., in this example, greater than
      10 Km. Reflections will be received from nearby targets almost immediately
      after the commencement of transmission of the pulse 13 but since such
      targets are not of interest to the swept pulse receiver, having already
      been detected by the pulse 12, the gate 6 is maintained closed until such
      times as reflections are received from targets at ranges greater than 10
      Km.
PAR  At a time t, after the commencement of transmission of the pulse 13, a
      synchronizing signal is applied to the terminal 15 of the gate 6 to open
      said gate for the passage of received swept pulses. As is well known, each
      received swept pulse is time compressed in the disperser to produce a
      narrow compressed pulse at a time slightly later than the time of arrival
      of the trailing edge of the received swept pulse.
PAR  It can be seen by applying equation (2) for the increased range of say 10
      Km that with this arrangement the previously discussed difficulties which
      arise when using a single pulse compression radar are substantially
      overcome.
PAR  At short ranges, i.e., up to 10 Km, where limiting in the R.F. stages of a
      pulse compression receiver is a severe problem, the pulse compression
      channel is inoperative, target detection being obtained by means of a
      pulse radar using comparatively short non-swept pulses and in which front
      end limiting is of negligible consequence. At long ranges for which
      limiting does not occur, the pulse compression channel is effective and
      the advantages of pulse compression for high resolution at long ranges are
      achieved, the non-swept pulse channel being inoperative.
PAR  As so far described, each signal channel provides a separate output signal.
      It is advantageous if a single signal is provided for the P.P.I. display
      so that a continuous range indication can be given, an operator being
      substantially unaware when a change over from one receiving channel to the
      next occurs. To achieve this a delay line 5 is inserted in the signal path
      of the first channel and the outputs of the delay 5 and the detector 9
      corresponding to the outputs of the two channels are fed to respective
      terminals of a summing circuit 10 which provides a single combined output
      at terminal 11. Assuming no signal delays other than caused by the
      disperser 8, the delay 5 must be of interval t.sub.1 +  t.sub.2 to provide
      a continuous range indication from the summing circuit 10. The effect of
      the delay is to offset the zero of the P.P.I. display to correspond to the
      tail of the transmitted frequency swept pulse 13.
PAR  By way of example, the operation of the invention will be briefly
      considered for several ranges by reference to lines d to j of FIG. 2. Line
      d shows a received reflection of pulse 12 corresponding to a target at
      approximately 4 Km. An output from terminal 11 is obtained after a delay
      due to the delay line 5 and is shown at line e. For the range of 4 Km,
      only the first channel is operative and only a single output signal is
      obtained. The position is a little different for targets at 8 Km range. A
      reflection of pulse 12 is shown at line f and this pulse will pass through
      the first receiving channel which is operative for ranges of 8 Km. A
      delayed output will therefore be received at terminal 11 and this is shown
      at line g.  Although the pulse compression receiving channel is intended
      to be inoperative for targets at 8 Km range, the length of the swept pulse
      13 is, in the present example sufficiently great that the tail end of a
      reflected pulse from a target at 8 Km is still being received when the
      front end of a reflected pulse would arrive from a target at 10 Km range,
      at which time the second receiving channel switches on. The tail end of
      the 8 Km pulse therefore passes through the pulse compression receiver,
      portion t.sub.4 of the front end being effectively gated out. This is
      shown at line h. The portion of the 8 Km pulse which passes the disperser
      8 is partially compressed to provide an output pulse, shown at line j
      which is coincident on the P.P.I. with the output pulse, shown at line g,
      from the first channel.
PAR  At ranges greater than 10 Km, the first receiving channel is closed by the
      gate 3 and only compressed signals are received by the P.P.I. display.
PAR  Although for the purposes of explanation, it has been assumed that the
      change over from the non-swept pulse radar to the pulse compression radar
      occurs for targets at a range of 10 Km, it is to be understood that this
      choice is purely arbitrary and in no way limiting on the scope of the
      invention claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A radar system comprising a transmitter means for transmitting two
      consecutive radar pulses, which are separated by a predetermined interval
      only one of said pulses being frequency swept and a receiver having a
      first channel means for processing non-swept pulses and providing signals
      indicative of targets in a first range zone and a second channel means for
      processing the swept pulses and providing a pulse compressed signal
      indicative of targets in a second range zone.
NUM  2.
PAR  2. A radar system as claimed in claim 1 wherein said first channel means
      includes means to establish said first range zone to include all ranges
      from zero up to a predetermined range, and said second channel means
      includes means to establish said second range zone to include all ranges
      greater than said predetermined range up to a predetermined maximum range
      of observation.
NUM  3.
PAR  3. A receiver for use in a radar system in which two radar pulses are
      transmitted in consecutive fashion separated by a predetermined interval
      only one of said pulses being frequency swept, said receiver comprising a
      first channel means for processing non-swept pulses and providing signals
      indicative of targets in a first range zone, and a second channel means
      for processing swept pulses and providing a pulse compressed signal
      indicative of targets in a second range zone.
NUM  4.
PAR  4. A receiver as claimed in claim 3 in which each channel means is provided
      with switching means in the signal path so as to ensure that each channel
      means only processes signals received from targets in the appropriate
      range zone.
NUM  5.
PAR  5. A receiver as claimed in claim 3 including R.F. stages which are common
      to said first and second channel means.
NUM  6.
PAR  6. A receiver as claimed in claim 3 including means for combining the
      signals provided by the first and second channel means to provide a single
      output signal.
NUM  7.
PAR  7. A receiver as claimed in claim 6 including means for delaying the signal
      in the first channel means so that the single combined output signal
      provides a continuous range indication.
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ABST
PAL  A wideband pulsed energy system having improved signal-to-clutter response,
      and utilizing a chirped or frequency-modulated carrier pulse having a
      preselectively amplitude modulated envelope. A non-linear receiver-mixer
      cooperates with a successive intermediate frequency stage (the bandwidth
      of which correponds to the amplitude modulation bandwidth) for providing
      an output corresponding to the modulation envelope.
BSUM
PAR  The subject invention relates to a pulsed energy system having improved
      response to discrete targets relative to that for a clutter source, and
      more particularly to a wide-band pulsed-energy system having an improved
      signal-to-noise ratio in addition to an improved signal-to-clutter
      response.
PAR  Frequently, it is desired to detect the presence of, and determine the
      range and direction of, a discrete target located amid (i.e., at
      approximately the same distance and direction as) a clutter patch, such as
      terrain obstacle, which target may be temporarily almost stationary
      relative to such clutter. Under such circumstances, doppler processing
      techniques may not be useful to distinguish such discrete target from the
      clutter background in which it occurs. The problem of detecting a discrete
      target located amid the spectrum of a clutter background is discussed in
      co-pending U.S. Pat. application Ser. Nos. 430,141 filed Feb. 3, 1965, now
      U.S. Pat. No. 3,500,404, and 476,630 filed Aug. 2, 1965, now U.S. Pat. No.
      3,745,578, both of which are assigned to North American Aviation, Inc.,
      assignee of the subject invention. The first mentioned one of such
      co-pending patent applications also discusses the limitations of prior art
      "chirp" pulse compression techniques for reducing the clutter content in
      the receiver output of a pulsed energy system and describes a
      mutually-coherent, multiple frequency pulsed energy system having enhanced
      response to discrete targets.
PAR  The mutually-coherent, multiple-frequency scheme of the above noted
      application Ser. No. 476,630 employs a common preselected spacing
      frequency between adjacent ones of the discrete frequencies employed, as a
      coding frequency, the center frequency of the receiver IF stages
      corresponding to such coding frequency. This spacing, or coding,
      frequency, being selected to be greater than the bandwidth corresponding
      to the reciprocal of the transmitted pulsewidth, requires in an unduly
      large system bandwidth where, for example, as many as 100 discrete
      frequencies are sought to be employed. Such large bandwidth, in turn,
      results in a large noise content or adverse signal-to-noise ratio. In
      other words, the enhanced signal-to-clutter performance obtained tends to
      be offset somewhat by the deterioration in the receiver signal-to-noise
      ratio. Also, the coherent simultaneous multiple frequency transmission
      technique of application Ser. No. 476,630 is subject to adverse peak power
      to average power ratios, which tend to limit the maximum system range
      performance due to transmitter saturation.
PAR  By means of the concept of the subject invention, a chirped or
      frequency-modulated (F-M) pulse is also amplitude modulated (A-M), whereby
      the advantages of a chirped signal system and the above-described
      frequency coding are combined, without suffering the associated
      disadvantages of each.
PAR  In a preferred embodiment of the invention, there is provided a pulsed
      energy range detection system comprising a non-linear receiver
      mixer-detector and a successive intermediate frequency receiver stage, and
      pulsed transmitter means for generating a frequency-modulated carrier
      having a fixed frequency amplitude-modulation corresponding to the
      intermediate frequency of the receiver-intermediate frequency stage.
PAR  In normal operation of the above-described arrangement, the amplitude
      modulation envelope of the F-M, A-M carrier is received as an echo from a
      discrete target and processed by the receiver IF stage. The combined
      clutter return or echoes of the leading edge of the transmitted pulse from
      a trailing edge of the clutter patch and the trailing edge of the
      transmitted pulse from the leading edge of the clutter patch will
      represent a low average power level, due to the generally non-cophasal
      relationship (1) between the component carrier frequencies in such
      combined clutter return at any moment and also (2) between the amplitude
      modulation of coding frequency imposed upon such carriers. Hence, an
      improved signal-to-clutter response occurs.
PAR  Also, because a linearly frequency-modulated, or chirped carrier is
      employed, a smaller system bandwidth is required, relative to that
      employed in the above noted application Ser. No. 476,630, resulting in an
      improved system signal-to-noise ratio. Further, because a "chirped"
      carrier is employed, rather than simultaneous mutually coherent
      frequencies, transmitter saturation due to adverse peak-to-average pulse
      power ratios is reduced. Moreover, because the system employs an amplitude
      modulating frequency code, a conventional "dechirp" collapse network is
      not employed and therefore the problems inherent in matching a "dechirp"
      collapse network and transmit "chirp" modulation (i.e., conventional chirp
      pulse compression techniques) are avoided. Accordingly, it is a broad
      object of the subject invention to provide means for improving the
      signal-to-clutter response of a pulsed energy system.
PAR  It is also an object of the invention to provide means for improving the
      signal-to-noise ratio of a signal-to-clutter enhanced, pulsed energy
      system.
PAR  It is another object of the invention to provide a pulsed energy system
      having both improved signal-to-clutter performance and improved
      signal-to-noise performance.
PAR  It is a still another object of the invention to provide a
      signal-to-clutter performance pulsed energy system having improved peak
      power performance.
DRWD
PAR  These and other objects of the invention will become apparent from the
      following description taken together with the accompanying drawings in
      which:
PAR  FIG. 1 is a block diagram of a system embodying the concept of the
      invention;
PAR  FIGS. 2a, 2b and 2c are a family of time-histories illustrating exemplary
      waveform responses of several elements of FIG. 1;
PAR  FIG. 3 is a block diagram of an exemplary embodiment of swept radio
      frequency source for employment in the transmitter of FIG. 1.
PAR  FIGS. 4a, 4b and 4c are a family of spectral diagrams of the responses of
      several elements of the arrangement of FIG. 3.
DETD
PAR  Referring now to FIG. 1, there is illustrated a block diagram of a system
      embodying the inventive concept. There is provided a pulsed radar system
      comprising pulsed transmitter means including an antenna 10 coupled to the
      output of a pulse modulator 11 by means of a T-R switch or the like 12. A
      first input 13 pulse of modulator 11 is operatively coupled by means of a
      second modulator 14 to a source of a linearly frequency modulated carrier
      wave. The construction and arrangement of such source are well known in
      the design of pulse-compression, radar system of the "chirp" type, and an
      exemplary arrangement is shown in block form only as comprising a backward
      wave oscillator 15, the frequency of which is scanned in response to a
      sweep generator 16 which, in turn, is driven periodically in response to a
      system trigger and in synchronism with pulse modulator 11. A
      representative time-history of the output of BWO 15 is shown as curve 21
      in FIG. 2a.
PAR  Amplitude modulator 14, interposed between the output of BWO 15 and the
      input 13 to pulse modulator 11, has a second or modulation input 17
      coupled to a source 18 of a fixed intermediate frequency, corresponding to
      the waveform illustrated as curve 22 in FIG. 2b. The resultant output of
      second modulator 14, applied as an input to pulse modulator 11, is a
      linearly frequency modulated waveform having a fixed frequency modulated
      envelope, as illustrated by curve 23 in FIG. 2b.
PAR  There is further provided in the arrangement of FIG. 1, receiving means
      adapted to be responsive to received echoes of pulsed energy transmitted
      by the transmitting arrangement of FIG. 1. Such receiving means comprises
      a non-linear receiver mixer-detector 24 coupled to a receiving port of T-R
      switch 12 by means of an R-F amplifier 25. The response bandwidths of
      mixer-detector 24 and receiver amplifier 25 are preselected to be commonly
      responsive to the spectrum of the transmitted energy or output of
      modulator 11. The output of mixer-detector 24 is bandpass limited by a
      narrow-bandpass intermediate frequency stage 26, the center bandpass
      frequency of which corresponds to the fixed frequency of IF source 18. The
      construction and arrangement of amplifier 25, mixer-detector 24 and IF
      stage 26 are well understood in the art, as indicated in the above noted
      copending application Ser. No. 476,630. Accordingly, these elements are
      shown in block form only for convenience in exposition.
PAR  In normal operation of the arrangement of FIG. 1, in response to a discrete
      target (i.e., one having a radial extent significantly less than that
      represented by the transmitted pulsewidth), the output of first detector
      24 will include the intermediate frequency signal, corresponding to the
      fixed frequency modulation envelope of curve 23 in FIG. 2c, which signal
      is translated through IF receiver stage 26, and may be video-detected for
      utilization by a display indicator or other signal utilization means.
      Where, however, the received echoes are returned by, or received from a
      clutter patch having a significant radial extent, relative to that
      represented by the transmitted pulsewidth, then the response of the
      mixer-detector to the concomitant receipt of an echo corresponding to the
      return of the later or terminal end of a transmitted pulse from a near, or
      front, end of a clutter patch and the return echo of the front end of such
      transmitted pulse received from a further, or more distant, portion of
      such clutter patch provides a combined clutter signal. Because of the
      carrier frequency difference between the front and back, or different,
      portions of the transmitted pulse, the combining of the echoes thereof,
      received from a clutter patch, will result in a so-called decorrelated
      signal, or signal of reduced amplitude, at the output of mixer 24. The
      beating of such received carrier frequencies will result in a
      random-appearing spectral distribution with little energy within the
      bandpass of IF receiver stage 26. Moreover, the demodulation or recovery
      of the IF amplitude modulation envelope imposed upon such concomitantly
      received carrier frequencies results in a series of component signals
      having a common IF frequency but a random phase relation. In other words,
      because such IF modulation components are not necessarily received in a
      mutually co-phasal relation, they tend to be mutually cancelling at the
      output of receiver mixer 24. Hence, it is to be appreciated that not only
      does the arrangement of FIG. 1 demonstrate improved response to a discrete
      target of interest and a reduced sensitivety to clutter, but that the
      response of the system to a discrete target detected amid a clutter
      background is significantly enhanced.
PAR  Another way of viewing the phenomena of the receiver response to echoes of
      the FM-AM pulses received from a discrete target amid a clutter
      background, is that the response of non-linear (so-called square law)
      detector 24 to the clutter return is mainly a large d-c or zero frequency
      signal, while the response to a discrete target will be a spectral line
      displaced from the large d-c clutter line by the amount of the AM coding,
      or IF, frequency; and this is so, even though the target is not moving
      relative to the clutter patch in which it occurs. Further, the
      manifestation of such noncoherently detected phenomenon is unchanged even
      though the radarplatform is moving relative to the clutter patch (i.e., is
      airborne).
PAR  Although the source of a linearly frequency-modulated microwave carrier in
      FIG. 1 has been illustrated in FIG. 1 as comprising BWO element 15
      responsively coupled to sweep generator 16, it is understood that such
      arrangement is exemplary only. An alternative arrangement for effecting a
      linearly frequency-modulated carrier is shown in FIG. 3.
PAR  Referring to FIG. 3 there is shown in block form an alternate arrangement
      for generating a linearly frequency modulated carrier. There is provided a
      phase-dispersive delay line element 28 having an associated bandwidth and
      being responsively coupled to a source 29 of a continuous wave having a
      stable intermediate frequency lying within the bandwidth of delay line
      element 28. Such coupling is effected by means of a pulsed gate 30 and
      bandwidth limiting means 31. Pulsed gate 30 periodically pulse modulates
      the output of CW source 29 with a pulsewidth substantially less than that
      of the pulsed energy system in which it is utilized. In other words, the
      pulsewidth modulation provided by gate 30 in FIG. 9 represents a
      pulsewidth interval substantially shorter than that provided by pulse
      modulator 11 of FIG. 1.
PAR  The effect of such short pulsewidth modulation of the output of CW source
      29 (which output is shown as curve 33 in FIG. 4a) is the generation of a
      plurality of intermediate frequencies in addition to the fixed frequency
      provided by CW source 29, as shown by curve 34 in FIG. 4b. The bandwidth
      represented by such plurality of frequencies and illustrated by curve 34,
      is determined by the modulating pulsewidth provided by gate 30 (in
      cooperation with a source 39 of a pulsewidth modulation signal), the
      bandwidth increasing as the pulsewidth is narrowed; while the interval
      (.DELTA.F) in the frequency domain between adjacent frequencies
      corresponds to the pulse repetition interval.
PAR  The effect of bandpass filter 31 is to limit the spectral input to delay
      element 28 to a frequency interval or bandwidth illustrated as curve 35 in
      FIG. 4c and corresponding to a preselected quasi-linear interval of the
      bandwidth of delay line 28, which quasi-linear interval is illustrated as
      a portion of response curve 36 in FIG. 5. Hence, the response of delay
      element 28 will be a linear time progression of discrete frequencies,
      corresponding to a linearly frequency-modulated wave form similar to curve
      21 of FIG. 2a. The intermediate-frequency, frequency-modulated waveform
      output of delay line 28 may then be multiplied up (or down) to a desired
      carrier frequency region by a frequency multiplier 32 or like means known
      in the art. Such multiplied frequency may then be applied to modulator 14
      as a carrier-to-be-amplitude modulated, in lieu of the input from BWO 15.
PAR  In the design of a device contructed and arranged in accordance with the
      embodiment of FIG. 1 and successfully operated, the following combinations
      of quantitative design parameters were employed:
TBL  System PRF        As high as 2 kilocycles per                             
                       second                                                  
     System pulsewidth 0, 5, 2 and 5 microseconds                              
     Carrier frequency (nominal)                                               
                       9 kilomegacycles per second                             
     Carrier swept frequency range                                             
                       300 megacycles per second                               
     Amplitude modulation frequency                                            
                       60 megacycles                                           
     Percent amplitude modulation                                              
                       100%                                                    
PAR  Although the concept of the invention has been described as a pulsed energy
      system employing a linearly frequency-modulated carrier which is
      frequency-coded by means of an amplitude modulation at a fixed
      intermediate frequency, the concept of the invention is not so limited. If
      desired the frequency-coding may include amplitude modulation at a chirped
      IF frequency, in lieu of a fixed IF frequency, as shown in FIG. 6.
PAR  Referring to FIG. 6, there is illustrated an alternate embodiment of the
      inventive concept and utilizing a chirped IF amplitude modulation. There
      is provided a source 19 of a linearly frequency modulated carrier,
      corresponding to the function provided by the arrangement of FIG. 3 or the
      cooperation of elements 15 and 16 of FIG. 1. There is also provided
      elements 10, 11, 12, 14, 18, 24 and 26, all constructed and arranged to
      cooperate substantially the same as the like-referenced elements of FIG.
      1. There is further provided a source 20 of a linearly frequency-modulated
      intermediate frequency coding signal, operatively coupled as a modulating
      input to amplitude modulator 14. Source 20 may be comprised of a
      fixed-frequency IF source 18 coupled to modulator 14 by means of a pulsed
      gate 130, bandpass filter 131 and dispersive delay line 128, which latter
      elements are arranged to cooperate substantially in the manner of the
      linearly frequency-modulating combination of FIG. 3. A corresponding
      collapse network 40 is employed at the output of receiver IF stage 26 and
      having a phase-versus-frequency dispersion characteristic complementary to
      that associated with the utilized quasi-linear region of dispersive delay
      element 128. The utilization of such devices in conventional chirp-type
      pulse-compression systems (to achieve improved range resolution) is well
      understood in the art (as indicated, for example, at pages 493-497 of
      "Introduction to Radar Systems" by Skolnik, published by McGraw-Hill
      (1962)), and therefore element 40 is illustrated in block form only.
PAR  Because the collapse network need be matched only to the FM-IF modulation
      of the transmitted carrier and not to the FM carrier itself, problems of
      stability in maintaining a match in the arrangement of FIG. 6 are thought
      to be less stringent than in the case of conventional chirp type pulse
      compression systems. It is understood that the bandpass of IF receiver
      stage 26 in FIG. 6 is selected to accomodate the bandwidth of the IF
      modulation envelope. Such bandwidth requirement, as well as the IF
      bandwidth requirement of the arrangement of FIG. 1, imposes no unusual
      additional wide band requirements upon the RF, or microwave, receiver
      stages.
PAR  As noted above, the disclosed FM-AM pulsed energy system, relative to the
      simultaneous multiple frequency system of copending application Ser. No.
      476,630, utilizes a smaller bandwidth to achieve the same discrete
      target-versus-clutter enhancement while suffering less noise-to-signal
      ratio. Such smaller bandwidth also serves to reduce mutual interference
      among a number of systems operating in consort. Interference effects can
      be further reduced by the use of different IF amplitude coding
      frequencies. Also, the mechanization of the subject device is simpler, the
      complex closed-loop arrangement of single side band modulators being
      avoided. Further, because co-phasal simultaneous multiple frequency
      transmission is not employed, high peak-to-average power ratios and
      transmitter saturation problems are avoided.
PAR  In addition to the above-described advantages, the subject invention lends
      itself to efficient integration with other equipment in a multi-mode
      system, in that the frequency coding equipment thereof may also be
      employed in an associated C-W doppler mode equipment.
PAR  Accordingly, it is to be appreciated that an improved wide-band pulsed
      energy system has been described.
PAR  Although the system has been described in terms of a pulse-type radar
      system, the concept of the invention is not so limited and comprehends
      application and utilization in other types of pulsed energy systems such
      as, for example, sonar systems and pulsed laser systems.
PAR  Although the invention has been illustrated and described in detail, it is
      to be clearly understood that the same is by way of illustration and
      example only and is not to be taken by way of limitation, the spirit and
      scope of this invention being limited only by the terms of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a pulse-type energy system,
PA1  Means for transmitting a linearly frequency-modulated carrier wave pulse
      having a preselected one of a fixed frequency and chirped amplitude
      modulation envelope; and
PA1  Receiving means responsive to received echoes of said transmitted pulse for
      providing an output corresponding to said modulation envelope.
NUM  2.
PAR  2. The device of claim 1 in which said means for transmitting comprises
      means for generating a linearly frequency modulated carrier having a fixed
      frequency amplitude modulation.
NUM  3.
PAR  3. The device of claim 2 in which said receiving means comprises
PA1  A non-linear receiver mixer-detector stage; and
PA1  An intermediate frequency, narrow-bandpass receiver stage responsively
      coupled to an output of said mixer-detector stage, a bandpass center
      frequency of said intermediate frequency stage corresponding to the fixed
      frequency of said amplitude modulation.
NUM  4.
PAR  4. The device of claim 1 in which said means for transmitting comprises
PA1  Means for generating a linearly frequency-modulated carrier wave;
PA1  A fixed frequency intermediate-frequency source; and
PA1  An amplitude modulator having a first input responsively coupled to said
      generating means and further having a modulating input responsively
      coupled to said intermediate frequency source for providing a modulated
      output.
NUM  5.
PAR  5. The device of claim 4 in which there is further provided a
      pulse-modulator responsive to said modulated output for pulse-modulation
      thereof, said pulse modulator and said generating means being coupled to
      operate synchronously.
NUM  6.
PAR  6. The device of claim 4 in which said means for generating a linearly
      frequency modulated carrier wave comprises
PA1  A phase-dispersive delay line element having an associated bandwidth;
PA1  A source of a continuous wave having a stable intermediate frequency lying
      within the bandwidth of said delay line element;
PA1  Pulse modulation means for pulsewidth modulating said CW source, the
      pulsewidth of said modulation means being substantially less then the
      pulsewidth of said pulsed system and preselected to produce sideband
      frequencies outside a preselected bandwidth;
PA1  Bandwidth-limiting means coupled to the output of said modulator for
      bandwidth-limiting the same to an interval corresponding to a quasi-linear
      phase dispersive interval of the bandwidth of said delay line, the input
      of said phase dispersive delay line being coupled to the output of said
      bandwidth limiting means to impose a linear frequency-modulation envelope
      upon said bandwidth-limited output; and
PA1  Frequency multiplier means for multiplying said frequency-modulated output
      up to a desired transmitting frequency range.
NUM  7.
PAR  7. The device of claim 1 in which transmitter comprises means for
      generating a linearly frequency-modulated carrier having a chirped
      intermediate frequency amplitude modulation.
NUM  8.
PAR  8. The device of claim 7 in which said receiving means comprises
PA1  A non-linear receiver mixer-detector stage;
PA1  An intermediate frequency receiver stage having a bandpass corresponding to
      the bandwidth of said chirped intermediate frequency modulation; and
PA1  A pulse compression network having a phase versus frequency dispersive
      property complimentary to the chirped property of said modulation
      envelope.
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ABST
PAL  A double omni-directional antenna for use with a transponder is disclosed
      allowing simultaneous operation within two different frequency bands. A
      double coaxial line is provided having outer, central, and inner
      concentric conductors. The outer and central conductors form a coaxial
      feed for a lower frequency antenna and the central and inner connectors
      form a coaxial feed for a high frequency antenna. The higher frequency
      antenna is located directly above the lower frequency antenna and each is
      either a unipole for vertically polarized radiation or a slot radiator for
      horizontally polarized radiation.
BSUM
PAR  BACKGROUND OF THE INVENTION ; 1. Field of the Invention
PAR  The present invention relates generally to antennas and more particularly
      to a double omni-directional antenna for simultaneous operation from a
      single structure at two different frequencies.
PAR  2. Description of the Prior Art
PAR  For the purpose of simultaneous reception and radiation of electro-magnetic
      waves in two different frequency bands with two specific, linear, mutually
      perpendicular polarization planes, the horizontal plane containing an
      omni-directional pattern and the vertical plane a wide radiation pattern,
      it is well-known to employ two individual radiators chosen in accordance
      with the particular desired polarization which are set up one beside the
      other. A unipole may be chosen to produce vertically polarized radiation
      and a slot radiator to provide horizontal radiation. However, with this
      kind of arrangement, mutual influencing of the two antennas takes place
      and therefore, interference results of a kind which in most applications
      cannot be accepted, particularly when these antennas are used in secondary
      radar transponder equipment which has to simultaneously effect
      identification at two frequencies.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an integrated, double
      omni-directional antenna so that each of the two antennas can be employed
      either for vertically or horizontally polarized waves without incurring
      the indicated drawbacks of systems in which two separate antennas are
      arranged side by side.
PAR  A further object is to provide a single antenna structure requiring only
      one mounting hole for fitting the antenna.
PAR  In accordance with this invention, a double coaxial line comprising an
      inner, a central, and an outer conductor arranged in a vertical
      configuration is provided. For a lower frequency band, a lower coaxial
      line section formed by the central and outer conductors, serves as a
      radiator. The central conductor forms the inner coaxial conductor and the
      outer conductor forms the outer coaxial conductor thereof. For the higher
      frequency band, an upper coaxial line section effective as a radiator is
      formed by the inner and central conductors so that the inner conductor
      forms the inner coaxial conductor, and the central conductor forms the
      outer coaxial conductor thereof. Each coaxial line section is designed
      either as a known kind of unipole for operation in respect of vertically
      polarized electro-magnetic waves or, for horizontally polarized
      electro-magnetic waves, as a known type of slot radiator. In a unipole,
      the outer conductor of the particular coaxial line section is flared into
      a circular ground plate while the associated inner coaxial conductor is
      formed as a quarterwave rod radiator. In a known kind of slot radiator,
      the outer conductor of the particular coaxial line section is provided
      with an axial slot having a length corresponding to about half the
      wavelength of the electro-magnetic waves with which the particular coaxial
      line section is intended to operate. At the edge of said slot,
      substantially at the center of its length, a short-circuiting pin is
      provided between the outer coaxial conductor and the inner coaxial
      conductor of the particular coaxial line section.
PAR  Depending upon the polarization required for a given frequency band, either
      a known kind of unipole radiator or a known kind of slotted coaxial line
      radiator (technical report of the FTZ Research Institute; "Small-sized
      Microwave Antennas With An Omni-directional Pattern," by H. Hollman,
      Deutsche Bundespost, FTZ 454/T Br 6, February 1969) is used for the
      associated coaxial line section.
PAR  The objects of the invention are achieved by this structure since the
      omni-directional characteristics of the two integrated radiators on a
      common axis are not disturbed as in the case of two individual radiators
      set up side by side. Also, the double coaxial line to the two antennas
      restricts drilling to a single hole in the wall of the vehicle or airborne
      vehicle to which the antenna is fitted.
PAR  The other objects, features and advantages of the present invention will be
      apparent from the following description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in vertical cross-section illustrating a transponder
      double omni-directional antenna for operation with electro-magnetic waves
      of a lower frequency band using vertical polarization and with those of a
      higher frequency band using horizontal polarization;
PAR  FIG. 2 is a perspective view of the antenna shown in FIG. 1;
PAR  FIG. 3 is a perspective view of a double antenna which functionally
      corresponds with that of FIG. 1 but which, because of its intended
      application in aircraft, has a more suitable aerodynamic design;
PAR  FIGS. 4 to 6 illustrate other transponder double omni-directional antennas
      of different design, in perspective views; and
PAR  FIG. 7 is a partial view of a vertical cross-section illustrating the
      design of a folded top system when using a unipole radiator for the higher
      frequency.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, a double antenna fed through a double coaxial line is shown
      consisting of two omni-directional antennas built one on top of the other,
      for use in a transponder with an identification system (civil or
      friend-or-foe identification) operating at two frequencies. It should be
      clearly understood that other systems requiring transmissions at different
      frequencies could likewise use this invention.
PAR  As used in the drawings and as hereinafter used, the term .lambda. 1/4
      means a quarter wave length in the lower frequency band (band 1) while
      .lambda. 2/2 means a half wave length in the higher frequency band (band
      2).
PAR  The design illustrated in FIG. 1 includes an omni-directional antenna for a
      lower frequency band, and is constituted by a unipole radiator forming the
      lower antenna. This unipole radiator is fed by an external, radially
      introduced coaxial feeder comprising an outer conductor 1 and an inner
      conductor 2. The inner conductor 2 forms a T-branch with the inner coaxial
      conductor 5 of an external coaxial line 13 which merges into a rod-type
      radiator 3. The outer conductor 1, after the branch, merges through the
      outer conductor 6 of the external coaxial line 13 into a circular ground
      plate 4. The length of the rod radiator 3 projecting out of the ground
      plate 4 is about a quarter of the wave length of the electro-magnetic
      waves of the lower frequency and longer wavelength .lambda.1.
PAR  Inside the bored-out central conductor 5 of the double coaxial line, which
      conductor forms the inner coaxial conductor of the external coaxial line
      13, there runs a thin, inner conductor 9 of the double coaxial lines such
      that electro-magnetic waves of a higher frequency and shorter wavelength
      .lambda.2 can be transmitted along the inner coaxial line 10 formed by the
      inner conductor 9 and the central conductor 5 to feed the upper antenna.
      The inner coaxial line 10 has an effective diameter of about one sixth of
      the wave length .lambda.2 corresponding to the higher frequency band. This
      inner coaxial line 10 projects beyond the rod-type radiator 3 and exhibits
      an axial slot 11 in the central conductor extension 8. At the lengthwise
      center of the slot 11 and at the edge thereof, a short-circuiting pin 12
      effecting a short-circuit to the inner conductor 9 is arranged. The slot
      11 has a length corresponding to about half the wave length .lambda.2 of
      the electro-magnetic waves of the higher frequency band. By the
      introduction of the short-circuiting pin 12, the slot 11 of the inner
      coaxial line 10 is excited in a way well known in the art to provide an
      omni-directional radiation pattern.
PAR  A ripple in the omni-directional pattern of the upper antenna can be
      reduced by the provision of a second slot of the same size, offset through
      180.degree. at the circumference. No short-circuiting pin is required in
      the second slot. This slot has not been shown in FIG. 1.
PAR  If the inner coaxial line 10 is arranged vertically, then electro-magnetic
      waves of the higher frequency band will be radiated with horizontal
      polarization. In contrast, the lower unipole antenna, formed by the ground
      plate 4 and the rod-type radiator 3, radiates electro-magnetic waves of
      the lower frequency band with vertical polarization in an omni-directional
      pattern because the rod radiator 3 is vertically positioned.
PAR  To prevent the outer conductor 8 of the inner coaxial line 10 from being
      excited by electro-magnetic waves of the lower frequency band, the rod
      radiator 3 has a folded top arrangement 7 with a depth corresponding to
      about a quarter of a wavelength of the electro-magnetic waves .lambda.1 of
      the lower frequency band to provide a current barrier.
PAR  The separation of the feeder points for the two frequency bands is achieved
      by use of a double coaxial line with the inner coaxial line 10 assigned to
      the higher frequency band and by assigning the outer coaxial line 13
      formed by the conductors 5 and 6 to the lower frequency band. The outer
      coaxial line 13 is fed by the radial branching of outer conductor 1 and
      inner conductor 2 at a point of about a quarter of the wavelength of the
      electro-magnetic wave .lambda.1 above a short-circuit between the central
      conductor 5 and the outer conductor 6 at the bottom of the coaxial line
      13. This short-circuit arrangement forms a folded section 14 which
      transforms the short-circuit a quarter of a wavelength .lambda.1 distant
      into an open-circuit at the branch point so that the energy carried by the
      lower frequency band feeder constituted by inner conductor 1 and outer
      conductor 2 flows in the desired branch direction, i.e., upwards. The
      inner coaxial line is fed at the bottom of the structure to inner
      conductor 9 and the short circuit between outer conductor 6 and central
      conductor 5.
PAR  The attenuation along the inner coaxial line 10 is in the order of
      magnitude of a few tenths of a decibel. To transfer the electromagnetic
      energy onwards, in particular the higher frequency energy, it is equally
      possible to use a waveguide.
PAR  A perspective view of the integrated double antenna for transponder
      applications, shown in FIG. 1, is illustrated in FIG. 2. This antenna,
      with the exception of the radial branchingg of the low frequency coaxial
      feeder line, is constructed to exhibit rotational symmetry with respect to
      inner conductor 9 and is, therefore, suitable in particular for
      terrestrial vehicles and ships.
PAR  If application to faster vehicles is envisaged, e.g., aircraft, then a
      streamlined design of the thin antenna shown in perspective view in FIG. 3
      will be employed. This antenna has the same function as that shown in
      FIGS. 1 and 2. The rod-radiator 3, instead of exhibiting rotational
      symmetry, is of an elongated, flat form. The ground plate 4 likewise has
      an elongated profile in adaptation to the direction of the rod-radiator 3.
      It is enlarged by the surface of the aircraft. The inner coaxial line 10
      projects out from elongated rod-radiator 3 in an upward direction serving
      as a slotted coaxial radiator. The structure is enclosed in a plastic fin
      15 whose form is matched to that of the radiator 3.
PAR  In the arrangements of FIGS. 2 and 3, the supply to the inner coaxial line
      10 is effected through an on-going waveguide 16 to minimize attenuation.
PAR  FIGS. 4 to 6 illustrate other double omni-directional antennas in
      perspective views, which illustrate some of the other possible
      combinations of radiated polarization planes between the lower antenna,
      assigned to the lower frequency band, and the upper antenna, assigned to
      the higher frequency band.
PAR  In FIG. 4, two unipoles have been built one on top of the other. Here, with
      vertical assembly, both radiators produce vertical polarization. The lower
      unipole, assigned to the lower frequency band, consists of the ground
      plate 17 and the rod-type radiator 18 which are electrically connected to
      the external and central conductors respectively, of a double coaxial line
      21. The unipole assigned to the higher frequency band is comprised of the
      ground plate 19 and the rod-type radiator 20. The ground plate 19 is
      formed by the top surface of the central conductor (of double coaxial line
      21) forming the rod-type radiator 18, and the rod-type radiator 20 is
      formed by upwardly extending the inner conductor of the double coaxial
      line 21.
PAR  In FIG. 5, two slotted coaxial line radiators have been assembled one above
      the other. Here, with vertical direction, both radiators produce
      horizontal polarization. The lower radiator, assigned to the lower
      frequency band, is comprised of a ground plate 22 which is electrically
      connected to the external conductor 23 and also of the central conductor
      25 of the double coaxial line 24 which passes through the interior of the
      outer conductor 23. The outer conductor 23 is provided with an axial slot
      26, the center of which is connected by a short-circuiting pin 27 to the
      central conductor 25. The upper radiator, assigned to the higher frequency
      band, is comprised of a ground plate 28 arranged on the outer conductor 23
      and connected electrically to the central conductor 25 and also of the
      inner conductor 29 shown by dotted lines positioned interiorly of central
      conductor 25. The central conductor 25 is provided with an axial slot 30,
      the center of which is connected by short-circuiting pin 31 to the inner
      conductor 29. The slot length in each case amounts to half the wavelength
      radiated by the particular coaxial line radiator.
PAR  In FIG. 6, a unipole radiator is assembled above a slotted coaxial
      radiator. Here, with vertical erection, the lower radiator produces
      horizontal polarization and the upper radiator vertical polarization. The
      lower radiator, assigned to the lower frequency band, is comprised of a
      ground plate 32 which is electrically connected to the outer conductor 33
      of a double coaxial line 34 and also of a central conductor 35, shown by
      dotted lines, positioned interiorly of outer conductor 33. The outer
      conductor 33 is provided with an axial slot 36, the center of which is
      connected by a short-circuiting pin 37 to the central conductor 35. The
      slot length is about half the wavelength of radiation of this radiaor. The
      unipole assigned to the higher frequency band positioned on top of the
      slotted coaxial line radiator is comprised of a ground plate 38 which is
      electrically connected to central conductor 35 shown by dotted lines, and
      also of a rod-type radiator 39 which is an upward continuation of  inner
      conductor 40 of the double coaxial line 34.
PAR  As FIG. 7 shows in cross-section, the ground plate 38 of FIG. 6 can be so
      designed that beneath it a rotationally symmetrical folded top system 41,
      having a height corresponding approximately to a quarter of the wavelength
      of the electro-magnetic waves .lambda.2 of the higher frequency band, is
      created. Such a construction reduces excitation of the outer conductor 33
      by the high frequency unipole with the rod-radiator 39. A corresponding
      folded top design can also be used in the case of the ground plate 19 of
      the antenna system shown in FIG. 4.
PAR  The unipole radiation pattern for the low or high frequency configurations
      can be individually designed by variation of the shapes of the ground
      plates.
PAR  Although the invention is pictured in a vertical configuration, it should
      be understood that the device may be tilted in any direction.
PAR  It will be apparent that many modifications and variations may be effected
      without departing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands comprising a double coaxial line
      including an inner, a central and an outer conductor which in a vertical
      position comprise with respect to the lower of said frequency bands a
      lower coaxial line section as a low frequency omni-directional radiator
      formed by said central and said outer conductors, said central conductor
      being the inner conductor of said lower coaxial line section and said
      outer conductor being the outer conductor of said lower coaxial line
      section, and which for the higher of said frequency bands comprise an
      upper coaxial line section above said lower coaxial line section as a high
      frequency omni-directional radiator formed by said inner and said central
      conductors, said inner conductor being the inner conductor of said upper
      coaxial line section and said central conductor being the outer conductor
      of said upper coaxial line section.
NUM  2.
PAR  2. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands as claimed in claim 1, in which each
      of said coaxial line sections is constructed as a unipole for operation
      with respect to vertically polarized waves and in which the outer
      conductor of each of said coaxial line sections is bent over to act as a
      ground plate while the associated inner conductor is formed as a low
      frequency quarter wave rod radiator for the lower coaxial line section and
      as a high frequency quarter wave rod radiator for the upper coaxial line
      section.
NUM  3.
PAR  3. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands as claimed in claim 1, in which the
      outer conductor of said upper coaxial line section is provided with an
      axial slot having a length corresponding to approximately half of the wave
      length of the electromagnetic waves with which said upper coaxial line
      section is intended to operate and in which a short circuiting pin is
      provided between the outer conductor and the inner conductor of said upper
      coaxial line section, said pin being located substantially at the center
      of said slot and at he edge of said slot.
NUM  4.
PAR  4. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands as claimed in claim 1, in which the
      outer conductor of said upper coaxial line section is provided with an
      axial slot having a length corresponding to approximately half of the wave
      length of the electromagnetic waves with which said upper coaxial line
      section is intended to operate and in which said outer conductor of said
      upper coaxial line section has a second slot circumferentially offset
      through approximately 180.degree. with respect to said first slot.
NUM  5.
PAR  5. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands as claimed in claim 1, in which said
      lower coaxial line section is a unipole and said upper coaxial line
      section is a radiator having a slot and a short circuiting pin and in
      which said central conductor of said double coaxial line acts as a folded
      top rod-type radiator of the unipole and is arranged above the outer
      conductor bent over as a ground plate of the unipole.
NUM  6.
PAR  6. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands as claimed in claim 1, which is
      characterized by a rotationally symmetrical design.
NUM  7.
PAR  7. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands as claimed in claim 1, which includes
      a base plate below said upper radiator forming a unipole assigned to the
      higher frequencies, and below said base plate there being a rotationally
      symmetrical quarter wave folded top system.
NUM  8.
PAR  8. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands as claimed in claim 1, in which the
      lead-in to said upper coaxial line section comes in from below by means of
      the connection of the inner and central conductors of the double coaxial
      line to a coaxial feeder and the lead-in to the lower coaxial line section
      is brought in radially from the side by connection of said central and
      outer conductors of said double coaxial line to another feeder.
NUM  9.
PAR  9. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands as claimed in claim 8, in which
      downwardly from the radial lead-in there extends a quarter-wave folded top
      system for the electromagnetic waves of the lower frequency band, and a
      short circuit connection between the outer and central conductors of said
      lower coaxial line section located at a quarter of a wavelength.
NUM  10.
PAR  10. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands as claimed in claim 8, in which said
      coaxial feeder for electromagnetic waves of the higher frequency band is
      arranged to merge into a waveguide.
NUM  11.
PAR  11. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands as claimed in claim 1, which includes
      a ground plane transverse to and below said radiators, said lower rod-type
      radiator being a unipole having a flat design and a matching elongated
      form on the part of said ground plane.
NUM  12.
PAR  12. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands as claimed in claim 11, in which said
      elongated flat rod-type radiator as well as said upper coaxial line
      section arranged thereon is embedded in a fin of matching shape.
NUM  13.
PAR  13. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands comprising:
PA1  a. a double coaxial line having an inner, a central and an outer conductor
      forming inner and external coaxial lines;
PA1  b. a coaxial line section effective as a lower frequency band
      omni-directional radiator and formed by a continuation of said central and
      said outer conductors, said central conductor forming an inner conductor
      of said radiator and said outer conductor forming an outer conductor of
      said radiator; and
PA1  c. a coaxial line section effective as a higher frequency band
      omni-directional radiator located above the center portion of said lower
      frequency band radiator and formed by a continuation of said inner and
      said central conductors, said inner conductor forming an inner conductor
      of said radiator and said central conductor forming an outer conductor of
      said radiator.
NUM  14.
PAR  14. A double omni-directional antenna as claimed in claim 13, wherein said
      lower frequency band radiator is a unipole and said upper frequency band
      radiator is a slot radiator.
NUM  15.
PAR  15. A double omni-directional antenna as claimed in claim 13, wherein at
      least one of said radiators is a unipole.
NUM  16.
PAR  16. A double omni-directional antenna as claimed in claim 13, wherein at
      least one of said radiators is a slot radiator.
NUM  17.
PAR  17. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands comprising a double coaxial line
      including an inner, a central and an outer conductor which in a vertical
      position exhibit with respect to the lower of said frequency bands a lower
      coaxial line section effective as a radiator formed by said central and
      said outer conductors, said central conductor being the inner conductor of
      said lower coaxial line section and said outer conductor being the outer
      conductor of said lower coaxial line section, and which for the higher of
      said frequency bands exhibits an upper coaxial line section effective as a
      radiator formed by said inner and said central conductors, said inner
      conductor being the inner conductor of said upper coaxial line section,
      said central conductor being the outer conductor of said upper coaxial
      line section, the outer conductor of said upper coaxial line section being
      provided with an axial slot having a length corresponding to approximately
      half of the wave length of the electromagnetic waves with which said upper
      coaxial line section is intended to operate and in which a short
      circuiting pin is provided between the outer conductor and the inner
      conductor of said upper coaxial line section, said pin being located
      substantially at the center of said slot and at the edge of said slot.
NUM  18.
PAR  18. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands comprising a double coaxial line
      including an inner, a central and an outer conductor which in a vertical
      position exhibit with respect to the lower of said frequency bands a lower
      coaxial line section effective as a radiator formed by said central and
      said outer conductors, said central conductor being the inner conductor of
      said lower coaxial line section and said outer conductor being the outer
      conductor of said lower coaxial line section, and which for the higher of
      said frequency band exhibits an upper coaxial line section effective as a
      radiator formed by said inner and said central conductors, said inner
      conductor being the inner conductor of said upper coaxial line section,
      said central conductor being the outer conductor of said upper coaxial
      line section, the outer conductor of said upper coaxial line section being
      provided with an axial slot having a length corresponding to approximately
      half of the wave length of the electromagnetic waves with which said upper
      coaxial line section is intended to operate and in which said outer
      conductor of said upper coaxial line section has a second slot
      circumferentially offset through approximately 180.degree. with respect to
      said first slot.
NUM  19.
PAR  19. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands comprising:
PA1  a. a double coaxial line having an inner, a central and an outer conductor
      forming inner and external coaxial lines;
PA1  b. a coaxial line section effective as a lower frequency band unipole and
      formed by a continuation of said central and said outer conductors, said
      central conductor forming an inner conductor of said unipole and said
      outer conductor forming an outer conductor of said unipole; and
PA1  c. a coaxial line section effective as a higher frequency band slot
      radiator located above the center portion of said lower frequency band
      unipole and formed by a continuation of said inner and said central
      conductors, said inner conductor forming an inner conductor of said slot
      radiator and said central conductor forming an outer conductor of said
      slot radiator.
NUM  20.
PAR  20. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands comprising:
PA1  a. a double coaxial line having an inner, a central and an outer conductor
      forming inner and external coaxial lines;
PA1  b. a coaxial line section effective as a lower frequency band radiator and
      formed by a continuation of said central and said outer conductors, said
      central conductor forming an inner conductor of said radiator and said
      outer conductor forming an outer conductor of said radiator; and
PA1  c. a coaxial line section effective as a higher frequency band radiator
      located above the center portion of said lower frequency band radiator and
      formed by a continuation of said inner and said central conductors, said
      inner conductor forming an inner conductor of said radiator and said
      central conductor forming an outer conductor of said radiator; wherein at
      least one of said radiators is a slot radiator.
NUM  21.
PAR  21. The double omni-directional antenna of claim 20 in which both of said
      lower and higher frequency band radiators are slot radiators.
NUM  22.
PAR  22. The double omni-directional antenna of claim 20 in which said lower
      frequency band radiator is a slot radiator and said higher frequency band
      radiator is a rod radiator.
NUM  23.
PAR  23. A double omni-directional antenna for electromagnetic waves falling
      within two different frequency bands comprising:
PA1  a. a double coaxial line having an inner, a central and an outer conductor
      forming inner and external coaxial lines;
PA1  b. a coaxial line section effective as a lower frequency band rod radiator
      and formed by a continuation of said central and said outer conductors,
      said central conductor forming an inner conductor of said rod radiator and
      said outer conductor forming an outer conductor of said rod radiator; and
PA1  c. a coaxial line section effective as a higher frequency band rod radiator
      located above the center portion of said lower frequency band rod radiator
      and formed by a continuation of said inner and said central conductors,
      said inner conductor forming an inner conductor of said rod radiator and
      said central conductor forming an outer conductor of said rod radiator.
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ABST
PAL  Antennas are applied to broad surfaces of electrically non-conductive
      material, and electronic adapters such as self-inductors, transformers,
      and capacitors are constructed in the same way and attached to the antenna
      on the surface of the material, affording improved output of the antenna
      and better reception in the receiver. Such apparatus is useful on
      vehicular windshields such as those of aircraft and automobiles, and on
      the windows of buildings such as of apartment houses.
PARN
PAR  This is a continuation of application Ser. No. 126,627 filed Mar. 22, 1971,
      now abandoned.
BSUM
PAR  This invention relates to windows with antenna incorporated. As such are of
      value in automobiles, the invention will be described in its application
      to an automobile windshield without limiting the generality of its
      application, which is equally useful in aircraft and buildings, such as
      apartment houses.
PAR  A number of forms of such windshields are known, for instance one in which
      the antenna is incorporated in the plastic interliner of sandwich type
      safety glass and another in which it is applied to the inner or outer
      surface of a single sheet of tempered glass. Such antenna have been made
      from conductive lines, printed on the surface of the pane, composed of
      silver paste and baked on.
PAR  Although the antenna can be placed on any pane of the car it is usually
      applied to the windshield because of proximity to the receiver, which
      provides a minimum length of lead, whereas to apply it to the back window
      leaves the windshield unobstructed but demands a long lead, which requires
      some sort of booster to overcome the drop in voltage.
PAR  It is an object of this invention to overcome the insufficiencies of
      antennas mounted on window panes by incorporating therein a booster in the
      nature of transformer, inductance, or capacity.
PAR  The objects are accomplished, generally speaking, by incorporating in the
      antenna an electronic adapter component such as a self-inductance, a
      capacity, and a shrouded conductor or transformer, which are placed
      directly on the pane with the antenna, type and form being chosen to suit
      the particular circumstances. In a preferred form of the invention the
      electronic adapter is formed out of the same conductive paste as the
      antenna, applied in one operation, and baked on at the same time, the
      whole constituting a single operation.
PAR  The invention is applicable to all sorts of panes, glass, glass and
      plastic, and plastic alone, for example, and to non-conductive but opaque
      surfaces, for that matter. In the windshield form the same silver
      composition is often used, applied, and baked for antenna and adapter,
      although different compositions can be used.
PAR  It is noted that some automobile windshields are wholly or partly made of
      plastic which will not withstand the same temperatures as glass. When the
      application is to plastic surfaces the conductive composition employed to
      form the antenna and the adapter should be one which does not require high
      temperature bake. Such compositions are known and need not be detailed
      here.
DRWD
PAR  The following drawings illustrate the invention as applied to an automobile
      windshield without detracting from the generality of its application:
PAR  FIG. 1 represents an elevational view of a windshield with an antenna
      applied and connected at its ends to an electronic adapter which is
      illustrated schematically;
PAR  FIGS. 2 through 5 represent several forms of electronic adapters as applied
      to the windshield and connected in the receiving line;
PAR  FIG. 6 is a vertical sectional view through the apparatus shown in
      elevation in FIG. 7.
DETD
PAR  The pane 1 of FIG. 1 represents the back window of an automobile which may
      be presumed to be a single sheet of tempered glass or of any other type
      such as sandwich safety glass. On the inside surface of the pane, that
      which faces the interior of the vehicle, is applied two horizontal lines
      of conductors 2 which serve as the antenna proper. These lines are
      continued vertically at 3 and 4 and connected to the electronic adapter 5.
      This is a dipole antenna and its parts are advantageously constituted by
      straight lines of a width of a few tenths of a millimeter made of
      conductive compositions of silver paste baked onto the surface of the
      glass. In place of the dipolar antenna one can use an antenna of one pole
      and of any shape. Furthermore, one may use a single antenna or several
      connected in series or parallel.
PAR  At the end of the two conductors 3 and 4 is connected the electronic
      adapter 5, various forms of which are illustrated in FIGS. 2-7. There is
      also indicated on these figures the contact by which the antenna may be
      connected to the receiver.
PAR  In FIG. 2 the electronic adapter is a symmetrical transformer 6 which is
      connected at its ends to antenna conductors 3, 4 and at its middle turn by
      conductor 7 to contact 8. This contact may be invisioned as a stud baked
      onto an enlargement forming the end of the line 7, the enlargement being
      itself baked onto the surface of the glass. The number and size of the
      turns of the transformer are chosen according to the characteristics of
      the conductors which serve as the antenna and of the connecting cable. For
      a given type of automobile they will be chosen once for all just as all
      other types of apparatus are.
PAR  In FIG. 3 it is assumed that the antenna is composed of a single line 2 and
      a single connection 4' which is connected to a pure capacity. The pure
      capacity is formed of two systems of conductors in the shape of opposed
      combs 10, 11 with overlapping teeth. The armature 10 is connected to the
      antenna 4' and the armature 11 is connected to contact stud 8. The
      antenna, the conductors 4', 7, and the condensers 10, 11 are formed of the
      same silver composition, are applied by printing, for example the silk
      screen, and are baked when the nature of the pane admits of it.
PAR  FIG. 4 represents a blindage for the antenna conductor 12, which is similar
      to 4'. Two lateral lines 13 are applied to the pane in the same plane as
      the conductor 12 and parallel to it and on opposite sides of it. These
      conductors 13 are prolonged until they make a common connection 14 with
      the envelope of a coaxial cable, the core of which is connected to the
      contact 8.
PAR  FIG. 5 represents the alignment in series of the electronic adapters of
      FIGS. 2 and 3 thus including a symmetrical transformer 6 and a capacity
      10-11. Parallel connection is also possible.
PAR  The forms of the invention described hereinabove can be applied to the pane
      as electronic adapters having only two dimensions. But, when the
      automobile windshield is composed of sandwich glass, these adapters may
      also be placed on the surface of one of the two sheets of glass which are
      in contact with the interlayer of plastic, such as polyvinyl butyral.
PAR  It is thus possible to shape the electronic adapter in three dimensions
      disposing parts on opposite sides of the pane in the same location, the
      pane being unitary or layered. FIG. 6 is a vertical sectional view through
      the apparatus shown in elevation in FIG. 7. The pane 1 is apertured at 31,
      the connection 30 brings in the output of the antenna and is disposed in
      the form of a spiral 15 on one of the faces of the pane. The inner end of
      the spiral passes through the opening 31 and is formed onto a spiral 16 on
      the face of the glass opposite spiral 15. The outer end of the spiral is
      connected by a conductor 40 to the contact stud not shown. Plates of
      ferrite 32, 32' cover the spiral coils to increase the value of the
      induction.
PAR  It is equally possible to use capacities in three dimensional form by
      constructing conductive layers on opposite sides of the same sheet of
      glass, without any interconnection, or in the case of layered safety glass
      such conductive plates can be formed on opposite sides of the plastic
      interlayer. Similarly the conductors of blindage may be disposed in this
      way in one or several planes other than that which contains the blinded
      conductors themselves, so that the blindage is improved.
PAR  All of the electronic adapters which have been described may be applied to
      the surface of the glass with a thickness of 5-20 microns for example,
      using the impressions of a silk screen, being thereafter baked on the
      surface of the glass at adequately high temperature, this method of
      manufacture being easier and more satisfactory than certain others. If
      necessary these electronic adapters may be modified by a galvanoplastic
      reinforcement.
PAR  This invention provides antennas of materially improved efficiency by
      interposing electronic adapters between the antennas and the receiver, the
      adapters being formed of the same material as the antenna, connected
      thereto, and affixed to the supporting body in the same way. Different
      types of adapter may be employed, for instance self-inductances,
      condensers, and transformers and these may be used singly or in various
      combinations. When used in automobiles, they may be applied to any window
      but preferably to the windshield or the back light. The lines are
      extremely fine and thin and offer practically no obstruction to vision.
      When baked on they are relatively permanent. Their effect may be changed
      by making them of different sizes and combinations to perfectly adapt them
      to a particular situation such as the use of a particular type of receiver
      and a particular location. The invention does not require a new technique
      of application, that commonly used in applying antennas to windshields
      being adequate, for example the silk screen technique.
PAR  As many apparently widely different embodiments of the present invention
      may be made without departing from the spirit and scope thereof, it is to
      be understood that the invention is not limited to the specific
      embodiments.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A window comprising a sheet of glass, an elongated antenna having a pair
      of conductors affixed to one surface of said sheet, an output terminal
      fixedly mounted on said surface of said sheet, first conductive means
      constituting a discrete lumped electrical reactance affixed to said
      surface of said sheet, said first conductive means including in series an
      inductive reactance and a capacitive reactance, second conductive means
      affixed to said surface of said sheet and conductively connecting said
      conductors to the ends of said inductive reactance, and third conductive
      means affixed to said surface of said sheet and conductively connecting
      said capacitive reactance to said output terminal, said conductors and
      each of said conductive means consisting essentially of a conductive
      composition of silver paste baked onto said surface of said sheet.
NUM  2.
PAR  2. The window of claim 1 wherein said capacitive reactance is connected at
      a middle turn of said inductive reactance.
NUM  3.
PAR  3. The window of claim 2 wherein said capacitive reactance includes
      oppositely disposed combs with intercalated teeth.
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ABST
PAL  This invention relates to the steering of telecommunication antennae, and
      particularly to the mountings therefor. These mountings are used for
      supporting an antenna to allow communications to be established with a
      geostationary satellite i.e., one which is stationary in relation to the
      earth. The invention provides that the structure associated with the
      antenna be mounted at three points on the steering mounting, and the
      latter rests on the ground. That one of these points which is situated at
      the apex of said structure is provided with a bi-directional joint which
      allows the antenna to pivot about an axis XX in azimuth and an axis YY in
      elevation: these axes lying orthogonally to one another in a plane
      perpendicular to the axis ZZ of the antenna. The bi-directional joint
      aforementioned is mounted to pivot on the base mounting about the axis ZZ
      of the antenna itself.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to mountings for steering telecommunication
      antennae.
PAR  Such mountings are used for supporting a telecommunications antenna which
      allows communications to be established with a satellite which is
      stationary in relation to the earth, and it is an object of the invention
      to provide such mounting which will enable the antenna to be aimed and to
      be held steady in a predetermined position.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, the structure associated with the antenna
      is mounted at three points on the steering mounting, which latter rests on
      the ground, with that one of the points which is situated at the apex of
      the structure being provided with a bi-directional joint which allows the
      antenna to pivot about an axis XX in azimuth and an axis YY in elevation,
      which axes lie orthogonally to one another in a plane perpendicular to the
      axis ZZ of the antenna, the said bi-directional joint being mounted to
      pivot on the base mounting about the axis ZZ of the antenna itself.
PAR  In accordance with a feature of the invention, the steering mounting is
      formed by a triangular-based pyramid which rests on the ground at three
      points and the apex of which supports, via the bi-directional joint, the
      apex of the antenna structure, the said mounting having at its front face
      two jacks which are hinged at the bottom to two of the points at which the
      mounting is supported and which are connected at the top to the antenna
      structure, the top of one of the said jacks being connected by a hinged
      link-rod to the bottom of the other strut.
PAR  The mounting may be adapted to the latitude of the place at which the
      station is situated by adjusting the length of only one of the members
      making up the base. The range of adaption extends from latitude 0.degree.
      to latitude 90.degree.. Within each setting there is a fine adjustment of
      .+-. 3.degree..
PAR  In accordance with a first possible manner of use, the mounting is set up
      so that its axis of symmetry lies north/south.
PAR  When this is the case, the antenna may be aimed at a satellite which is
      situated .+-. 15.degree. away from the station in longitude by adjusting
      fixed tubular arms which form extensions of the jacks, the travel of the
      jacks continuing to provide .+-. 5.degree. of steering capability relative
      to the selected centre-line position.
PAR  When the difference in longitude between the station and the satellite is
      more than 15.degree., the mounting is sited differently, its axis of
      symmetry no longer being orientated north/south but rather its
      position-sensing system being orientated north/south so as to provide a
      check on position with reference to an equatorial system.
PAR  This being so, the antenna may be trained at satellites situated down as
      far round as the limit set by the horizon. If it is necessary to transfer
      to a satellite which is more than 15.degree. away from the original
      position, it will be necessary to alter the way in which the mounting is
      sited on the ground. This operation is very easy to perform by shifting
      the mounting round, which takes very little time.
PAR  Producing the mounting from tubular members makes it possible to obtain a
      piece of equipment which is not very bulky and which is easy to move and
      assemble.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will become apparent from
      reading the following description and from the accompanying drawings,
      which show one embodiment thereof by way of example only and in which:
PAR  FIG. 1 is a schematic, perspective view of an antenna and of the mounting
      for it according to the invention,
PAR  FIG. 2 is a view of the antenna and its mounting in side elevation,
PAR  FIG. 3 is a view of the mounting in front elevation,
PAR  FIG. 4 is a schematic view of the mounting from the rear,
PAR  FIG. 5 is a diagram showing rotation about the azimuth axis XX,
PAR  FIG. 6 is a diagram showing rotation about the elevation axis YY,
PAR  FIG. 7 is a cross-sectional view of the way in which the foot of a jack is
      mounted on a swivel joint,
PAR  FIG. 8 is a view of the head of a jack,
PAR  FIG. 9 is an elevation view of a device for controlling the jacks.
DETD
PAC  SPECIFIC DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, in FIGS. 1 and 2 is shown a
      telecommunications antenna which includes a reflector assembly 1 which is
      mounted on a reticulate structure 2 which is made up of tubular members.
      The apex 3 of the structure rests on a steering mounting 4 and two sets of
      tripod arms such as 5, 5a, 5b rest on two jacks 6 and 7 which are hinged
      to the base (FIGS. 2 and 3).
PAR  The mounting 4 is in the form of a pyramid and its triangular base rests on
      three concrete blocks 8, 8a and 8b. The blocks carry brackets such as 9,
      9a, 9b to which are attached tubular members 10 forming the base and a
      triangular member 11, 11a, 11b is hinged to the brackets by shafts A and
      B.
PAR  At the rear the triangular member is supported, via a pillar 12 of
      adjustable length, on a bracket 9 which carries a shaft M to which the
      bottom of the said pillar 12 is hinged. The triangular member 11, 11a, 11b
      bears a plate 13, on which a bi-directional joint 14 is so mounted as to
      be capable of rotating about the axis ZZ of the antenna. Joint 14 may in
      particular be formed by a universal joint and on it rests the apex 3 of
      the structure 2 associated with the antenna. The bi-directional mounting
      enables the antenna to pivot about an axis XX in azimuth and an axis YY in
      elevation, the said axes being orthogonal one to another and lying in a
      plane perpendicular to the axis ZZ of the antenna.
PAR  What is more, since the bi-directional joint 14 is mounted on the apex of
      the mounting 4 so as to be able to rotate, the antenna is also capable of
      turning on its own axis ZZ. To brackets 9a and 9b are hinged, by means of
      shafts A and B, jacks 6 and 7, each of which is provided at the bottom
      with a bush 15 (FIG. 7) which is held in place by a circlip 16 and which
      contains a part-spherical area which co-operates with a corresponding
      part-spherical area provided on shafts A and B in such a way as to form a
      swivel joint which allows the jack to move in a number of planes.
PAR  The antenna is held steady by the two jacks 6 and 7, which, via swivel
      joints, connect the two points C and D (which are secured to the structure
      by sets of tripod arms such as 5, 5a, 5b) to the two points A and B in the
      mounting.
PAR  In addition to connecting the antenna to its support in this way, end D of
      jack 6 is connected to the base B of jack 7 by a link-rod 18 which is
      swivel mounted at either end.
PAR  Each jack 6 and 7 contains a rod 19 which has a threaded part 20 at its end
      (FIG. 8) onto which is screwed a nut 21 which is captive in an end-piece
      22 which is able to slide on rod 19, the said nut being actuated by a worm
      23 which is operated by drive means of any kind which are not shown in the
      drawing.
PAR  To the end-piece 22 are attached the members 5, 5a, 5b forming the set of
      tripod arms and in the case of strut 6 the end-piece has hinged to it at
      24 the link-rod 18.
PAR  It will be apparent to those skilled in the art that the jacks could be of
      any other type and in particular could be of the hydraulic type.
PAR  The device according to the invention operates as follows:
PAR  The orientation of the antenna is controlled by the jacks 6 and 7 which act
      on two points C and D (FIG. 4) external to the symmetrical structure
      associated with the antenna. These points are connected to the antenna by
      tripods whose three legs are shown at 5, 5a, 5b which legs are joined to
      main intersections in the structure.
PAR  In a first case, where the station is less than 15.degree. away from the
      satellite in longitude, jacks 6, 7 are operated simultaneously in the same
      direction to rotate the antenna about its axis of elevation YY. If the
      struts are operated simultaneously in opposite directions, the antenna is
      made to rotate about its axis in azimuth XX.
PAR  Within this angle of 15.degree. changes in centre-line orientation are made
      by adjusting the fixed parts of the jacks. Any adjustment which may be
      needed to the inclination of the polar axis ZZ is made by adjusting the
      length of pillar 12.
PAR  In a second case, where the station is more than 15.degree. away from the
      satellite in longitude, jacks 6 and 7 are used independantly of one
      another. The plate 13 which carries the fixed part of the bi-directional
      joint 14 is inclined in such a way that the axis in azimuth XX is tilted
      relative to the plane which bisects the angle formed with the front
      triangular member 11, 11a, 11b of the mounting, although the axis in
      azimuth XX is still contained within plane O B D.
PAR  This being so, the movement of either jack 6, 7 causes rotations about both
      the axes, but the evidence of these rotations refers to an equatorial
      co-ordinate system. Thus, to make good a difference in longitude only, it
      is necessary to act on both jacks 6, 7 at once. When this is done one of
      the two jacks makes the change in longitude, but it also makes an
      alteration in latitude, which is an error and is made good by the other
      jack.
PAR  In the special case where axis XX coincides with one of the members 11, 11a
      which are part of the front triangle of the mounting, the movement of one
      or other jack causes rotation about either XX or YY alone.
PAR  If in the course of operations it becomes necessary to communicate with
      another satellite which is more than 15.degree. away from the first in
      longitude, it is necessary to alter the way in which the mounting is
      sited. In this event, it is merely necessary to shift the jacks 6 and 7 to
      move them to a new position and to swing the mounting around the rear
      pillar 12. All that is needed is to provide two new blocks 8a, 8b which
      are differently orientated and to move the bottom of the jacks to these
      new blocks with block 8 serving as a pivot.
PAR  To rotate the antenna about equatorial axes a device for operating the
      jacks sequentially may be used.
PAR  If the action of either jack is considered independantly of the other FIG.
      4) it can be seen that:
PAR  Jack 6 causes rotation about O B.
PAR  Jack 7 causes rotation about axis O D.
PAR  In plane O B D, these rotations may be represented by vectors W1 and W2 the
      resultant of which is contained in plane O D B and is a rotation Wy (FIG.
      5). To cause this vector to coincide with the axis in azimuth about which
      it is desired that the antenna should turn, it is necessary to set
      conditions for the relationship W1/W2 as regards sign (direction of
      rotation) and absolute value.
PAR  Within very small operating tolerances, this ratio should be constant W1/W2
      = K
PAR  If the greater of the two values W1 and W2 is equivalent to the appropriate
      jack operating normally, the other jack needs to cause a smaller rotation,
      for example: W2 = W1/K.
PAR  To achieve this result in an economical manner, a sequential control device
      situated in the control box for the jacks allows time/space ratios to be
      adjusted at will.
PAR  It consists of a small auxiliary motor 27 which through a reduction unit
      turns a cam 24 (FIG. 9). The cam operates a micro-switch 25 which is
      opened and closed for periods which vary as a function of its position in
      relation to the cam's centre of rotation. The position of the micro-switch
      can be adjusted by means of a micrometer screw 26. This produces a "step
      by step" operating sequence in which the steps are successive and equal
      and their average value corresponds to the desired operating speed.
PAR  The size of the maximum errors in terms of space traversed is determined by
      the permitted aiming error for the reflector. To cause the antenna to turn
      about the axis YY which is perpendicular to axis XX, it is necessary this
      time to set conditions for the ratio K' = W'1/W'2. Beginning with the
      greater of the values W'1 and W'2, which corresponds to one of the jacks
      operating continuously, the value and sign of the lesser movement of
      rotation are adjusted by adjusting the times for which a micro-switch 25a
      is open and closed. Since these values are not the same for rotations
      about XX and YY it is necessary to have two microswitches 26, 25a, but
      only one cam 24 is needed. The microswitches of course control the motors
      for operating the jacks 6, 7.
CLMS
STM  I claim:
NUM  1.
PAR  1. A steering mounting for a telecommunication antenna used to track a
      geostationary satellite, said mounting comprising a recticulate
      rigidifying structure including a generally symmetrical frame having an
      apex support point, a reflector assembly secured to said rigidifying
      structure, and means for supporting said reticulate structure on the
      ground, said supporting means including means for supportingly engaging
      said reticulate structure at three points, one of said points being
      situated at the apex of said reticulate structure, said means for
      supportingly engaging said reticulate structure including bi-directional
      joint means at said apex for allowing the reticulate structure to pivot at
      the apex about an axis XX in azimuth and an axis YY in elevation, said
      axes lying orthogonally to one another in a plane perpendicular to the
      axis ZZ of symmetry of the reticulate structure, and means mounting said
      bi-directional joint means on said supporting means for pivotal movement
      thereon about the axis ZZ.
NUM  2.
PAR  2. A steering mounting according to claim 1, wherein said supporting means
      comprises a triangular-based pyramid frame resting on the ground at three
      points and having an apex at which said means for mounting said
      bi-directional joint means is located adjacent the apex of the reticulate
      structure of the antenna, said supporting means including two extensible
      jacks respectively pivotally mounted at one end at two corners of said
      pyramid frame and at their opposite ends to said reticulate structure at
      the other of said three points, and an elongated link pivotally connected
      at one end to one of said jacks adjacent the said other end thereof and to
      the other of said jacks adjacent its said one end.
NUM  3.
PAR  3. A steering mounting according to claim 2 wherein said reticulate
      structure includes a pair of tripod frame elements respectively connected
      to said jacks at said opposite ends thereof.
NUM  4.
PAR  4. A steering mounting according to claim 2 wherein said pyramid frame is
      formed by three tubular elements, one of which, located at the other of
      the corners of said pyramid frame from said jacks, is adjustable in
      length.
NUM  5.
PAR  5. A steering mounting according to claim 2, wherein said bi-directional
      joint means by which the apex of said reticulate structure is supported
      comprises a universal joint.
NUM  6.
PAR  6. A steering mounting according to claim 2 including means for controlling
      said jacks comprising motors and sequential control means including two
      microswitches and rotationally driven cam means, the position of said
      micro-switches being adjustable relative to said cam means.
NUM  7.
PAR  7. A steering mounting according to claim 2, wherein the sequential
      operation of the jacks by said motor and switches causes rotational
      movement which, in combination, allows the antenna to be rotated about
      said XX, YY and ZZ axes, whereby said antenna is positionable anywhere in
      space from the apex of the reticulate structure.
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ABST
PAL  The invention relates to wide-band, plane, spiral antennas. A conductive
      arm is arranged spirally in a plane close to a reflector. A resonator
      member positioned at the centre and in front of the spiral assists the
      area opposite which it is situated to radiate at high frequencies, to the
      detriment of the peripheral areas. An absorbent member whose thickness
      increases from the centre to the periphery increases this effect even
      further.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to wide-band antennas of the plane spiral
      type which have one or two conductive arms arranged spirally in a plane
      close to a reflector. Such antennas are widely known for their ability to
      operate with a wide band width. In a given frequency band, they possess a
      polar diagram having a constant 3dB aperture, a constant gain and a low
      level of ellipticality. These characteristics are achieved without any
      great difficulty in a frequency band in which the ratio between the upper
      frequency and the lower frequency is 3:1. When the ratio greatly exceeds
      3:1 two main defects become apparent:
PAR  The first defect is due to the presence of the reflector, which in the case
      of the upper frequencies, needs to be situated at a distance from the
      spiral which is less than a quarter of the wave-length (.lambda./4). This
      means that for the lower frequencies the distance in question is no more
      than .lambda./12 when the frequency ratio is 3:1 and .lambda./24 when it
      is 6:1. This being so, at low frequencies the radiation resistance is low
      and efficiency falls, resulting in a loss of gain.
PAR  The second defect is due to the fact that only a relatively restricted area
      of the antenna contributes to its radiation at any given frequency. At low
      frequencies this area is situated towards the periphery of the antenna. As
      the frequency increases this radiation area moves nearer the centre of the
      spiral. In what follows this area will be known as the main radiation area
      since at high frequencies one or other interference areas appear, first
      near the periphery of the antenna and then increasingly near the centre as
      the frequency continues to rise. The relative phases of the currents in
      the main and interference areas alter rapidly as a function of frequency.
      The polar diagram is then no longer in the form of a body of revolution
      about the axis of the antenna but takes on an elliptical cross-section.
      This results in sudden alterations in the width of the 3dB polar diagram
      and the axis along which radiation is at a maximum may, in the case of
      polar diagrams plotted in planes which do not pass through the axis
      perpendicular to the plane of the antenna, diverge by up to 10 to
      15.degree. from its normal position.
PAR  Known solutions which enable the effect of radiation from the interference
      areas to be reduced consist in attenuating the currents along the spiral
      by the effect of series or parallel losses.
PAR  Series losses may be brought about by reducing the width of the conductors
      towards the end of the spiral, which results in increased losses per unit
      length in the conductor, or by reducing the pitch of the spiral which
      results in an increase in the length of the conductors.
PAR  Parallel losses are brought about by using a lossloaded dielectric support
      for the conductors.
PAR  These solutions are not satisfactory in that they involve a loss of gain in
      the antenna over the whole of the operating band and in particular at the
      low frequencies where the nearness of the reflector is already having an
      unfavourable effect.
PAR  The solutions proposed in the present application are not subject to these
      drawbacks.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a feature of the invention, a resonator member is
      positioned at the centre and in front of the antenna in order to increase,
      at high frequencies, the radiation from the area opposite which it is
      situated. This resonator member thus increases radiation from the main
      area without increasing that from the interference areas, which reduces
      the relative contribution of these latter to the radiation from the
      antenna.
PAR  Other features will become apparent from the following description which is
      illustrated by FIGS. 1 to 5 which show embodiments of antennas according
      to the invention.
PAR  In these figures the same numbers have been used to indicate members which
      are the same.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a first embodiment of an antenna
      according to the present invention.
PAR  FIG. 2 is a cross-sectional view of a second embodiment of an antenna
      according to the present invention.
PAR  FIG. 3 is a cross-sectional view of a third embodiment of an antenna
      according to the present invention, incorporating features of the
      embodiments of FIG. 1 and FIG. 2.
PAR  FIG. 4 is a cross-sectional view of a fourth embodiment of an antenna
      according to the present invention, incorporating an absorber.
PAR  FIG. 5 is a cross-sectional view of a fifth embodiment of an antenna
      according to the present invention, incorporating a particularly shaped
      absorber, and having a conical reflector.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The antenna of FIG. 1 is formed from a double, flat, conductive spiral 1,
      which is produced for example by photo-etching a flat dielectric
      substrate; a transmission line 2 which connects the spiral to a
      transmitter/receiver (not shown); and a reflector 3.
PAR  A director member (resonator member) 4 is placed centrally and in front of
      the spiral 1.
PAR  The effect of this director member 4 is confined to the high frequencies.
      The main area of radiation is, in effect, situated at the centre of the
      spiral. The director member 4 is situated opposite this area and does not
      alter the way in which the antenna operates at low frequencies.
PAR  The director member 4 may be formed either by a thin metal disc or by a
      metal ring. Its diameter is of the order of .lambda./4 at the centre
      frequency of the range over which it is to exert a compensating effect,
      and it is situated at a distance of the order of .lambda./10 in front of
      the spiral.
PAR  By way of illustration, a spiral antenna which operates properly in a
      frequency band extending from 2.4 to 7 GHz may be used up to 11 GHz by
      setting up a director member 4 which is calculated for a frequency of 9
      GHz (diameter 8mm, situated at 3mm from the spiral 1).
PAR  Another technique of enabling the directivity and gain of the antenna to be
      increased in the main radiation area is illustrated in FIG. 2.
PAR  A dielectric resonator 5 is placed centrally and in front of the spiral 1.
      Its diameter is D = 0.5 .lambda./.sqroot..epsilon.-1, where .lambda. is
      the wavelength of the centre frequency range in which the compensating
      function is to be exerted and .epsilon. is the dielectric constant of the
      material employed. The length of the resonator 5 is calculated as a
      function of the width of the polar diagram at 3dB. For the width in
      question to be approximately 60.degree. the length needs to be of the
      order of 0.7.lambda..lambda.. The front face of the resonator 5 is
      situated at approximately .lambda./10 from the spiral 1.
PAR  It is possible for the metal disc 4 to be associated with the dielectric
      resonator. FIG. 3 shows an antenna in which both types of resonator are
      used. In this case the disc 4 is applied to the front face of the
      dielectric resonator 5 and its diameter is of the order of
      .lambda./4.sqroot..epsilon.. By adjusting the relative effect of the two
      members 4, 5, it is possible to obtain constant widths of polar diagrams
      as a function of frequency. As an example the width in question may be
      fixed at between 50.degree. and 70.degree..
PAR  Using these two types of resonator in combination it is possible to obtain
      a frequency ratio better than 5:1. Operation is unaltered at the lower
      frequencies in the band and the gain of the antenna is slightly improved
      at the upper frequencies.
PAR  The effect of the areas of interference radiation may be even further
      reduced by using, as is shown in FIG. 4, an absorber 6 the thickness of
      which changes progressively from the centre outwards.
PAR  Where the radiation areas in question are situated, the depth of the
      absorber 6 is so calculated as to cause the greatest possible reduction in
      the energy reflected by the reflector 3.
PAR  Part of the energy is reflected by the front face of the absorber 6.
      Another part of the energy passes through the absorber 6, is reflected by
      the reflector 3 and passes through the absorber 3 for a second time. The
      thickness of the absorber 6 is equivalent to a quarter of the wavelength.
      Thus, the energies which are reflected on the one hand from the front face
      of the absorber 6 and on the other from the reflector 3 are in phase
      opposition and canel each other out. In the case of the lowest frequencies
      which give rise to an area of interference radiation, the area in question
      is situated at the periphery of the spiral. Here the thickness of the
      absorber 6 is at its maximum. In the case of the higher frequencies the
      area of interference radiation moves nearer the centre and at the same
      time the thickness of the absorber must be reduced so that it remains
      equal to .lambda./4.
PAR  The thickness of the absorber 6 thus varies linearly as a function of
      distance from the centre.
PAR  The absorber 6 may be defined by a body of revolution and is made from a
      material based on iron dust which attenuates to a degree proportional to
      frequency and whose impedance and propagation constant are not dependent
      on frequency. This being so, the effect of the reflector 3 is reduced in
      the areas of interference radiation. In contrast, there is no alteration
      in the main radiation area.
PAR  Since the absorber affects only the energy reflected by the reflector 3,
      its effect is limited but extends over a wide band. It may be associated
      with any of the embodiments above described.
PAR  This being so, by associating the two resonators 4, 5 previously described
      with the absorber 6, as is shown in FIG. 4, a spiral antenna can be made
      to operate in a frequency band of from one to three octaves.
PAR  FIG. 5 shows a modification of the antenna of FIG. 4 in which the reflector
      3 is not plane but conical. In this case the front face of the absorber 6
      is plane.
PAR  The invention is applicable in particular to wide-band goniometric antennas
     .
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A wide-band spiral antenna comprising a reflector, at least one
      conductive, spiral arm arranged in a plane near said reflector, and a
      resonator member positioned centrally and in front of said spiral arm for
      increasing radiation at high frequencies from an area in front of which
      said member is situated.
NUM  2.
PAR  2. A wide-band spiral antenna comprising a reflector, at least one
      conductive, spiral arm arranged in a plane near said reflector, a
      resonator member positioned centrally and in front of said spiral arm for
      increasing radiation at high frequencies from an area in front of which
      said member is situated, and an absorbent member positioned against and in
      front of said reflector, the thickness of said absorbent member increasing
      from the centre of the antenna to its periphery.
NUM  3.
PAR  3. An antenna according to claim 2, wherein a front face of said absorbent
      member defines a plane surface and said reflector is formed by a truncated
      cone the apex angle of which is of predetermined size.
NUM  4.
PAR  4. An antenna according to claim 2, wherein the said resonator member is a
      metal disc.
NUM  5.
PAR  5. An antenna according to claim 2, wherein the said resonator member is a
      metal ring.
NUM  6.
PAR  6. An antenna according to claim 2, wherein the said resonator member is a
      dielectric cylinder.
NUM  7.
PAR  7. An antenna according to claim 2, wherein the said resonator member is
      composed of a dielectric cylinder and a metal disc, which is applied to a
      face of said cylinder which is situated on the same side of said reflector
      as said spiral arm.
NUM  8.
PAR  8. An antenna according to claim 2, wherein the said resonator member is
      composed of a dielectric cylinder and a metal ring which is applied to a
      face of said cylinder which is situated on the same side of said reflector
      as said spiral arm.
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PAL  An automatic thermograph comprising a means for sensing a variation of
      temperature by use of a gas and a gas absorbing substance container
      therein; a recording section including a means for coverting said
      variation of temperature into a variation of pressure, a means for
      counteracting said converting means for actuating a lever according to the
      variation of pressure to turn a nib fixed on an extension of said lever
      and record the variation of temperature; and a cartridge containing
      therein a chart paper and removably attached to the recording section.
      With this invention, collecting data for controlling temperature in a
      cooled show-case or in a reservoir of perishable foods, blood or vaccines
      can be done with a thermograph which is low-priced, small-sized and easy
      to handle.
BSUM
PAR  The present invention relates to an automatic thermograph for providing
      data for controlling temperature in a cooled show-case or a reservoir of
      perishable food, blood, vaccines, etc.
PAR  There are widely used devices for indicating a temperature in such places.
      However, the devices of this kind are not suited for collecting data
      required for temperature control. For this purpose, an electronic
      thermograph has been proposed but since it is high-priced, large-sized and
      not easy to handle, it is rarely employed. Therefore, there have
      heretofore been employed conventional thermometers, leading to a poor
      control of temperature.
PAR  The present invention is intended to overcome the above difficulties and it
      is therefore an object of the present invention to provide an automatic
      thermograph which is low-priced, small-sized and easy to handle.
PAR  It is another object of the present invention to provide an automatic
      thermograph which provides accurate data for temperature control over a
      wide range by charging, in a sensing means; a gas and a gas absorbing
      substance which has a specific gas absorption capacity varying in
      accordance with a variation of temperature.
PAR  It is a further object of the present invention to provide an automatic
      thermograph wherein the range of temperature to be controlled can be
      easily changed by a simple mechanical regulation.
PAR  Essentially, according to the present invention, there is provided an
      automatic thermograph comprising a means for sensing a variation of
      temperature which contains a gas and a gas absorbing substance; a
      recording section including a converting means for converting said
      variation of temperature into a variation of pressure, a means for
      counteracting, with a predetermined pressure, said converting means and an
      actuating means for actuating a lever according to the variation of
      pressure to turn a nib attached to an extension of said lever and to
      record, on a sheet of chart paper continuously fed, the variation of
      temperature, said actuating means comprising a first means displaceable
      according to the variation of pressure and a second means for converting
      the displacement of said first means to a pivotal movement of said lever
      and regulating a magnitude of the pivotal movements of said lever; and a
      cartridge having said sheet of chart paper contained therein and being
      removably attached to the recording section.
DRWD
PAR  The present invention will now be described in more detail with reference
      to the accompanying drawings which show a preferred embodiment of the
      present invention, in which:
PAR  FIG. 1 is a partly sectional front view of an automatic thermograph
      embodying the present invention;
PAR  FIG. 2 is a diagrammatic side view of the automatic thermograph shown in
      FIG. 1;
PAR  FIG. 3 is a diagrammatic view illustrating how the magnitude of the
      movement of a nib is adjusted.
DETD
PAR  Referring now to FIG. 1, there is shown one preferred embodiment of the
      present invention wherein numeral 1 designates a means for sensing a
      variation of temperature in a cooled show-case or a reservoir of
      perishable foods, blood, vaccines, etc. Said sensing means is charged with
      a gas such as monochlorodifluoromethane and a gas absorbing substance such
      as activated charcoal which shows a large and proportionate variation in
      the gas absorbing capacity. Said sensing means communicates to a means for
      converting a variation of temperature into a variation of pressure.
      Illustratively stated, the gas is led from said sensing means through a
      pipe 2 and a bore penetrating a diaphragm seat 6 fixed to an inner wall of
      a casing 8 to the inside of a hermetical chamber 5a of a bellows type
      diaphragm 5. The lip of said bellows type diaphragm 5 is hermetically
      fitted to the diaphragm seat 6. On the forward end of the diaphragm 5
      there is fixed a disc of rigid material which is allowed to move to and
      fro in accordance with a variation of a gas pressure inside hermetical
      chamber 5a of the diaphragm 5. In an opposing relation to said bellows
      type diaphragm 5, there is provided a compression spring 9 which is
      engaged at its first end with an adjusting screw 10 screwed into the
      casing 8. Between the diaphragm 5 and the compression spring 9 there is
      movably disposed a channel-shaped drive plate 7. Said channel-shaped drive
      plate 7 has a first wing portion, a second wing portion and a central
      portion. Said first wing portion and said second wing portion are formed
      in a confronting relation and integrally through said central portion.
      Said first wing portion is flat while said second wing portion is convex
      for engaging a second end of the compression spring 9. Said first wing
      portion abuts against said bellows type diaphragm 5 and said second wing
      portion is engaged with the second end of said compression spring. With
      this structure, the channel-shaped drive plate 7 is supported by the force
      of the compression spring 9 and the pressure from the bellows type
      diaphragm 5.
PAR  Said adjusting screw 10 is screwed also into a disc 10'. An end of an
      extension from said disc is engaged with a slit formed, in parallel with
      said adjusting screw 10, on the ceiling of the casing 8. The adjusting
      screw 10 cooperates with the disc 10' to constitute an adjusting means for
      adjusting the force caused by the compression spring 9.
PAR  Between the first and second wings of the channel-shaped drive plate 7,
      there is provided an adjusting pole 17 having at its intermediate portion
      a die 17a fixedly attached thereto. A tip portion of said die 17a
      contacts, at a point A, the inner wall of the first wing portion
      contacting the rigid disc of the bellow-type diaphragm 5. On the back side
      of the central portion of the channel-shaped drive plate 7, there is
      provided a lever 16. From an intermediate portion of said lever 16, there
      is extending a first bracket 16a into which a top end portion of the pole
      17 is screwed. From the bottom end portion of said lever 16, there is
      extending a second bracket 16a into which the bottom end portion of the
      pole 17 is screwed. Said lever 16 is pivotally supported, being spaced
      from the drive plate 7, on a fulcrum 8a by the free end of a fulcrum plate
      8b which is fixedly connected at its other end to the casing 8. Said
      fulcrum 8a lies on an extension of a line connecting the point A at which
      the die 17a contacts the inner wall of the first wing portion and a nib 19
      which will be explained later. There is also provided a tension spring 11
      which is fixedly attached at its one end to the casing 8 and at its other
      end to the bottom end portion of said adjusting pole 17. To the other end
      of the leaf spring 21 is fixed the nib 19 and a force which the nib 19
      exerts on a sheet of chart paper is adjusted by a screw attached to the
      lever 16. On the right of the lever 16 and the leaf spring 21 fixed
      thereon, there is provided an alarm plate 14 for checking the highest
      limit in the allowable temperature range. On the left of the lever 16 and
      the leaf spring 21 fixed thereon, there is provided an alarm plate 15 for
      checking the lowest limit in the allowable temperature range. On each of
      the alarm plates 14 and 15, there is provided a contact 24, which is
      adapted to contact a contact 23 attached to the lever 16.
PAR  As easily understood from the foregoing, the bellows-type diaphragm 5, the
      diaphragm seat 6, the channel-shaped drive plate 7, the casing 8, the
      fulcrum plate 8b, the compression spring 9, the adjusting screw 10, the
      disc 10', the tension spring 11, the alarm plates 14 and 15, the lever 16,
      the adjusting pole 17, the nib 19, the screw 20, the leaf spring 21 and
      the contacts 23 and 24 constitute a recording section.
PAR  Among the above members, the bellows-type diaphragm 5 and the diaphragm
      seat 6 constitute a means for converting the variation of temperature
      sensed by the sensing means 1 into a variation of pressure; the
      compression spring 9 and the tension spring 11 constitute a means for
      counteracting, with predetermined pressure, said converting means, the
      channel-shaped drive plate 7 and the adjusting pole 17 cooperates to
      function as an actuating means for actuating the lever 16.
PAR  Referring to FIG. 2, there is attached a pointer 19a to the top portion of
      the leaf spring 21. The pointer 19a is engaged with a scale plate 13 as
      depicted. There is provided a shaft 12 behind a protrusion jutting from a
      top portion of the scale plate 13 at its middle portion. On the
      intermediate portion of the shaft 12, there is a projection extending
      therefrom and adapted to press the scale plate 13 from behind. On the
      front side of the scale plate 13, there are provided knobs 18 fixedly
      attached to both end portions of the shaft 12. A cartridge 26 is removably
      attached to the recording section by a locking means 30. In the cartridge
      26, a chart paper 27 is fed from a box 28 to a box 29 by a sprocket 22
      driven by a motor 3 shown in FIG. 1 through a clutch 4 shown in FIG. 1.
PAR  Referring to FIG. 3, .alpha. represents the distance by which the point A
      displaces and .beta. represents the distance by which the nib 19 travels.
      Character a represents the distance from the fulcrum 8a to the point A.
      Character b represents the distance from the fulcrum 8a to the nib 19. It
      is clearly seen that the distance .beta. by which the nib 19 travels is
      adjusted by changing the position of A.
PAR  In operation, a gas absorbing capacity of the gas absorbing substance such
      as activated charcoal charged together with a gas such as
      monochlorodifluoromethane in the sensing means 1 varies in accordance with
      a variation of temperature. If the temperature around the sensing means 1
      rises, the gas pressure inside the hermetical chamber 5a of the bellows
      type diaphragm 5 increases. When the total of the force of the compression
      spring 9 and the force of the tension spring 11 is in equilibrium with the
      force of the bellows type diaphragm 5 exerted by the gas pressure inside,
      the pointer 19a is positioned in the middle of the scale. However if it
      surpasses the total of the forces of the spring 9 and 11, the
      channel-shaped drive plate 7 is pressed by the action of the bellows type
      diaphragm 5 so that the point A at which the die 17a contacts the first
      wing portion of the drive plate 7 displaces by a distance of .alpha. in
      the direction toward the compression spring 9. Therefore, the lever 16
      pivots in the clockwise direction about the fulcrum 8a while the adjusting
      pole 17 pivots in the same direction about the point A, thus displacing
      the nib 19 from the center of the scale plate 13 by a distance of .beta.
      as shown in FIG. 3. Meanwhile, when the total of the force of the
      compression spring 9 and the force of the tension spring 11 is larger than
      the force of the bellows type diaphragm 5 exerted by the gas pressure, the
      drive plate 7 is pressed toward the diaphragm 5 by the force of the spring
      9, while the pole 17 which pivots, under the influence of the force of the
      spring 11, about the contact point A in the counterclockwise direction
      presses the drive plate 7 toward the diaphragm. At the same time, the
      lever 16 pivots in the counterclockwise direction about the fulcrum 8a.
      Since the total of the forces of the compression spring 9 and the tension
      spring 11 is constant, the extent of displacement of the nib 19 is decided
      by the extent of variation of the gas pressure inside the hermetical
      chamber 5a.
PAR  Since into the two brackets 16a extending from the intermediate portion of
      the lever 16 and the end portion of the lever 16 are respectively screwed
      the top and bottom end portions of the pole 17, it is possible to move the
      pole 17 up and down by giving it axial rotations. As a result, the die 17a
      fixedly attached to the pole 17 correspondingly moves up and down, thus
      changing the distance a from the fulcrum 8a to the point A at which the
      die 17a contacts the inner wall of the first wing portion of the
      channel-shaped drive plate 7. In this way, it is possible to change the
      distance .alpha.. More specifically, since the distance b from the fulcrum
      8 a to the nib 19 is constant, the extent of displacement of the nib 19 is
      decided by the distance a from the fulcrum 8a to the point A as shown in
      FIG. 3. Expressed as a formula this relation is (.beta./.alpha.) = b/a.
PAR  When any one of the knobs 18 fixedly attached to both end portions of the
      shaft 12 is manually pulled, the projection extending from the
      intermediate portion of the shaft 12 behind the scale plate 13 pivots to
      press the scale plate from behind. As the scale plate 13 engaged, as
      depicted in FIG. 2, with the pointer 19a is fixedly connected to the top
      portion of the leaf spring 21, the nib 19 is caused to be out of contact
      with the chart paper 27.
PAR  The chart paper is set in the cartridge so as to be fed out of the box 28
      and fed into the box 29 by means of a sprocket 22, during shich it comes
      into contact with the nib 19. After the use, the cartridge 26 is detached
      from the recording section, and replaced by a new one.
PAR  As described, according to the present invention, there is provided an
      automatic thermograph capable of accurately, continuously recording the
      variation of temperature which is compact and low-priced as compared with
      an electronic type thermograph. In addition, since the chart paper is set
      in the cartridge removably attached to the recording section, work of
      replacing the chart paper is easy. Therefore, the thermograph according to
      the present invention is suited for use in such places as a show-case or a
      reaservoir for perishable foods, blood and vaccines.
PAR  Moreover, since the sensing means is charged with a gas e.g.
      monochlorodifluorodifluoromethane and a gas absorbing substance e.g.
      activated charcoal, the gas absorbing substance shows a great and
      proportionate variation in the gas absorbing capacity. If the amounts of
      the gas and the gas absorbing substance charged therein are selectively
      changed, it is possible to work out any desired function between a
      variation of temperature and a variation of pressure. In addition, the
      recording section can be placed apart from the sensing means and hence, it
      is not subject to an unfavorable influence of the ambient temperature.
      Consequently, it is possible to correctly record a correct variation of
      temperature over a wide range.
PAR  Furthermore, the thermograph according to the present invention can be used
      for an alarm since if the contact 23 fixed to the lever 16 comes into
      contact with the contacts 24 on the alarm plates 14 and 15. The
      thermograph gives an alarm. It is also possible to modify the thermograph
      into a switching means for energizing or deenergizing another apparatus.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic thermograph comprising a means for sensing a variation of
      temperature which contains a gas and a gas absorbing substance; a
      recording section including a converting means for converting said
      variation of temperature into a variation of pressure, a means for
      counteracting, with a predetermined pressure, said converting means and an
      actuating means for actuating a lever according to the variation of
      pressure to turn a nib attached to an extension of said lever and to
      record, on a sheet of chart paper continuously fed, the variation of
      temperature, said actuating means comprising a first means displaceable
      according to the variation of pressure and a second means for converting
      the displacement of said first means to a pivotal movement of said lever
      and regulating a magnitude of the pivotal movement of said lever; and a
      cartridge having said sheet chart paper contained therein and being
      removably attached to the recording section.
NUM  2.
PAR  2. An automatic thermograph as claimed in claim 1 wherein said means for
      converting the variation of temperature into a variation of pressure
      comprises a bellows type diaphragm and acts on said first means
      displaceable according to the variation of pressure, said first means
      comprising a channel-shaped drive plate composed of a first wing portion
      and a second wing portion which are formed integrally through a central
      portion; said second means comprises an adjusting pole having at its
      intermediate portion a die fixedly attached thereto and displaceably
      attached at its both ends respectively to brackets extending from said
      lever, said lever being pivotally supported at its portion between said
      brackets, said die pivotably contacting said first wing portion of the
      channel-shaped drive plate on its inner wall; and said means for
      counteracting said converting means comprises a compression spring having
      a spring force-adjusting means attached thereto, fixedly attached at its
      one end and abutting at its other end against said second wing portion of
      the channel-shaped drive plate and a tension spring fixedly attached at
      its one end and secured at its other end to the lower end portion of said
      lever or adjusting pole.
PATN
WKU  039450180
SRC  5
APN  4747631
APT  1
ART  214
APD  19740530
TTL  Optical information recording device
ISD  19760316
NCL  11
ECL  1
EXP  Hartary; Joseph W.
NDR  5
NFG  8
INVT
NAM  Suwama; Toshitaka
CTY  Asaka
CNT  JA
INVT
NAM  Murakoshi; Makoto
CTY  Asaka
CNT  JA
ASSG
NAM  Fuji Photo Film Co., Ltd.
CTY  Minami-ashigara
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730604
APN  48-62777
CLAS
OCL  346 44
XCL  340173LM
XCL  340347P
XCL  346 33A
XCL  346107R
XCL  354  6
EDF  2
ICL  G01D  536
FSC  346
FSS  107;108;137;33 A;33 MC;44
FSC  178
FSS  6.6 DD;6.7 R;15
FSC  235
FSS  151.22
FSC  340
FSS  173 LM;347 P
FSC  354
FSS  6
UREF
PNO  2590110
ISD  19520300
NAM  Lippel
XCL  340347P
UREF
PNO  2760404
ISD  19560800
NAM  King
OCL  355 27
UREF
PNO  3008372
ISD  19611100
NAM  Willey et al.
XCL  346107R
UREF
PNO  3029717
ISD  19620400
NAM  Hildebrandt
XCL  346107R
UREF
PNO  3040322
ISD  19620600
NAM  Mahaney et al.
OCL  346 33A
UREF
PNO  3509543
ISD  19700400
NAM  Lee et al.
XCL  346107R
LREP
FRM  Fleit & Jacobson
ABST
PAL  Original information is converted to digital signals and recorded on a
      digital signal recording medium such as a paper tape. The digital signal
      recorded on the tape or the like is converted to binary signals. A
      photosensitive material is fed in synchronization with the conversion of
      the digital signal to binary signals. The photosensitive material is
      exposed to light from a light source controlled in accordance with the
      binary signals. In a preferred embodiment of the invention, a print out
      typewriter is connected with the circuit which converts the digital
      signals to the binary signals to print out the information being recorded
      on the photosensitive material on an output sheet in the form of the
      original information.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a device for recording information of a
      photosensitive material, and more specifically to a device for optically
      recording on a photosensitive material information to be read with an
      optical reading means. This invention is particularly directed to a device
      for preparing a kind of optical memory in which information is stored in
      an optically recognizable form on a disc of photosensitive material.
PAR  Magnetic memories such as the magnetic core, the magnetic drum, the
      magnetic disc and the magnetic tape memories have heretofore been used as
      computer information storage elements. These magnetic memories are not
      always advantageous in the field of information processing, particularly
      in the field of compact information retrieval devices. In this field, the
      conventional magnetic memories are disadvantageous in that they are of
      high price and small storage capacity and that the retrieval device which
      uses such a magnetic memory has large dimensions and is difficult to
      operate and maintain. Further, there is often desired a memory which
      retains information permanently so that information once recorded in the
      memory can be read out but new information cannot be put therein.
PAR  One of the information recording media which are used for the above
      described purpose is an optical memory which carries optical information
      on a rotatable disc and from which the optically recognizable information
      is read without bringing a reading element into contact with the surface
      thereof. Such an optical memory is advantageous in that the information
      recorded therein is not easily extinguished or damaged, and that
      duplication of the information can be simply performed through a
      photographic reproduction method. Owing to the simplicity of duplicating
      the information, the optical memory can be produced at a fairly low cost
      in comparison with the above mentioned magnetic memories.
PAR  The optical memory prepared by the device in accordance with this invention
      is, for instance, a photosensitive material in the shape of a disc which
      can be rotated in a turntable and the information recorded thereon is read
      by use of light rays passing through the disc and a photoelectric element
      which receives the light rays passing through the disc. The optical memory
      which is prepared by the device of the present invention is small in size
      and can be manufactured at a low cost, and accordingly, is suitable as a
      storage means for an automatic retrieval device used in connection with a
      microfilm reader.
PAR  The optical memory as described above to be prepared by the device in
      accordance with this invention should, of course, be capable of carrying
      as much information as possible. Therefore, it is necessary to record on
      the disc a number of binary black and white signal patterns which are as
      finely and accurately arranged as possible. The present invention is
      therefore directed to a device for recording optical information on a
      photosensitive material in a predetermined format very finely and
      accurately.
PAR  2. Description of the Prior Art
PAR  In order to record optically recognizable binary patterns on a
      photosensitive material, it has heretofore been known in the art to first
      convert the information to be recorded into binary signals and convert the
      binary signals to black and white patterns and then draft the patterns in
      an enlarged scale on paper. Then, the drafted patterns made on the paper
      in an enlarged scale are photographically recorded on a photosensitive
      material such as a photographic plate or film in a reduced scale.
PAR  The above described method of preparing the optical memory is
      disadvantageous in that the time of preparation increases as the amount of
      information to be recorded increases and the rate of occurrence of
      deviation in the position of the patterns also increases. Further, the
      above described method is complex in its check process and is limited in
      its recording density. For instance, preparation of an optical memory
      having a capacity of about 50 Kbits requires two persons working for about
      200 hours. Besides, checking the prepared optical memory for errors by
      comparison with the drafted original patterns is very troublesome work.
PAR  It has also been known in the art to record black and white patterns on a
      disc in the field of the binary coded encoder which is used to detect an
      angle of rotation. However, the binary coded encoder is only required to
      carry periodically repeated patterns to provide a signal corresponding to
      the angle of rotation of the disc. Therefore, it is impossible to record
      at will various kinds of letters, numerals and figures in the coded
      patterns in accordance with this art.
PAR  Thus, there is a demand for an optical information recording device which
      makes possible automatic recording of the optical information in a short
      time and with high accuracy. Further, there is a demand for a device for
      recording optical information on a photosensitive material in which the
      error check of the recording can easily be conducted.
PAC  SUMMARY OF THE INVENTION
PAR  In light of the foregoing observations and description of the conventional
      methods and devices for recording optical information on a photosensitive
      material, it is the principal object of the present invention to provide a
      device for recording a large amount of optical information on a
      photosensitive material in which device the recording can be performed at
      a great speed and with high accuracy.
PAR  Another object of the present invention is to provide a device for
      recording a large amount of optical information on a photosensitive
      material with high density to obtain a large recording capacity.
PAR  Still another object of the present invention is to provide a device for
      recording optical information on a photosensitive material in which the
      errors can be checked in a short time and in a simple manner.
PAR  The device for recording optical information on a photosensitive material
      in accordance with the present invention comprises means for scanning a
      recording medium on which the information to be recorded is recorded in
      the coded form and for converting the coded information into binary
      signals, means for feeding a photosensitive material in synchronization
      with the scanning of the recording medium, and means controlled by said
      binary signals for exposing said photosensitive material to light in
      accordance with the signals. The original information to be recorded is in
      the form of letters or figures. Further, the device for recording optical
      information on a photosensitive material of this invention is provided
      with means for converting said binary signals into the original
      information in the form of letters or figures so that the operator can
      check the contents of the information actually recorded on the
      photosensitive material during the operation of recording. The coded
      letters, numerals and figures are recorded on a digital information
      recording medium, such as a paper tape, together with signal information
      for controlling an output device for indicating the actually recorded
      information. Therefore, the information actually recorded can be indicated
      in the original form when desired by use of the digital information
      recording medium. By use of an information recording medium such as a
      paper tape, the two kinds of information (the main information and the
      control information) can be optically recorded on a photosensitive
      material in black and white patterns according to a predetermined format.
      Simultaneously with the recording of the information on the photosensitive
      material by use of the digital information recording medium, the
      information actually being recorded can be indicated in the form of the
      original letters or figures as desired.
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent by reference to the following detailed
      description of the preferred embodiments thereof when read in connection
      with the accompanying drawings in which like reference numerals indicate
      corresponding parts throughout the several views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1A is a plan view of a photosensitive material in the form of a disc
      on which optical information is recorded in binary coded black and white
      patterns,
PAR  FIG. 1B is an enlarged fragmentary view of a part of the photosensitive
      material in the form of a disc as shown in FIG. 1A which shows the binary
      coded black and white patterns in detail,
PAR  FIG. 2 is a partly broken away perspective view of a device for reading
      information recorded on the optical memory as shown in FIG. 1A,
PAR  FIG. 3 is a perspective view showing a device for converting the
      information to be recorded into digital signals,
PAR  FIG. 4 is a perspective view showing the entire construction of the optical
      image recording device in accordance with the present invention,
PAR  FIG. 5 is a side view showing partly in section the device used in the
      present invention for optically recording information on a photosensitive
      material,
PAR  FIG. 6 is a block diagram representing the entire construction of the
      optical information recording device in accordance with an embodiment of
      the present invention, and FIG. 7 shows a plan view of photographic film
      which can be used with the device embodying the present invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  An example of the optical memory prepared by the device in accordance with
      the present invention is shown in FIGS. 1A and 1B. The black patterns
      shown in FIGS. 1A and 1B are transparent and the white part is opaque in
      the actual disc. Several information tracks 1a to 1g are concentrically
      provided on a photosensitive memory disc 1. The disc 1 is provided at the
      center thereof with an engaging recess 10 for engagement with an engaging
      portion of a rotatable shaft driven by a motor. As shown in FIG. 1B, the
      innermost track 1a carries clock pulse signal patterns arranged at equal
      intervals, i.e. with a fixed spatial frequency. The outermost track 1g
      also carries periodically arranged patterns at equal intervals. The pitch
      or period of the arrangement of the outermost patterns in the track 1g is
      a third of that of the innermost patterns in the track 1a in this example
      as shown in FIG. 1B. The patterns in the innermost track 1a are
      practically unnecessary if the outermost track 1g is provided. Each
      pattern in the track 1a can be used to indicate the end of a group of
      information if the information is recorded on the disc in a number of
      groups each consisting of a fixed number of lines of binary signals.
      Between the said two tracks 1a and 1g, are concentrically arranged five
      tracks 1b to 1f in which binary signals are recorded in black and white
      patterns. Five bits of information are recorded as binary signals in
      correspondence to each signal in the outermost track 1g.
PAR  The information recorded on the memory disc as shown in FIG. 1 is read by
      use of an optical information reading device as shown in FIG. 2. The
      information bearing disc 1 is rotatably loaded in a disc magazine 20 which
      is provided with a slit (not shown) for transmission of light. The disc
      magazine 20 is provided with a hole 21 at the center thereof to receive a
      rotatable shaft 22 to be engaged with said engaging recess 10 of the disc.
      The shaft 22 is rotated by a motor 23 by way of a belt 24 and pulleys 25a
      and 25b. An optical reading system is provided across the disc magazine 20
      with the optical axis of the system extending through said slit (not
      shown) in the magazine 20. The optical reading system comprises a light
      source 26, a first converging lens 27 located in front of the slit of the
      magazine 20, a second converging lens 28 located behind the slit of the
      magazine 20, and a photodetector 29 with an optical slit 29a located at
      the focal point of the lens system composed of the first and second lenses
      27 and 28. The light from the light source 26 passes through the slit (not
      shown) in the disc magazine 20 and through the optical memory or
      information carrying disc 1 and focuses on the slit 29a of the
      photodetector 29. Thus, the information recorded on the optical memory is
      detected by the photodetector 29. When the information is recorded in six
      tracks, for instance, six photodetector elements are provided in the
      detector 29 to receive light passing through the six tracks, respectively.
PAR  In recording information on the photosensitive disc by the recording device
      in accordance with the present invention, the information to be recorded
      is first converted into binary signals which can be recorded on a paper
      tape by a tape punch. The device for converting the information to be
      recorded into binary signal information is shown in FIG. 3. The
      information to be recorded is usually a natural word composed of letters
      of the alphabet or numerals or figures. The information to be recorded
      which is usually a natural word is converted into binary signal
      information by means of a keyboard 31 and recorded on a digital
      information recording medium such as a paper tape 32 by means of a tape
      punch 33. The information to be recorded is thus converted into digital
      signals and recorded on the tape 32 together with signal information for
      controlling an output device. A typewriter 34 is connected with the tape
      punch 33 and prints out the information actually converted on an output
      sheet 35 in the form of the original information, for example, as a
      natural word. Thus, the information which is actually recorded as binary
      signals on the tape 32 can be printed out for checking. For instance, when
      the information to be recorded is a natural word composed of several
      letters of the alphabet, the letters are put in by the keyboard 31 and
      converted into digital signals to make a paper tape 32 carrying the
      digital information. Each letter is converted into a digital signal. For
      example, "A" is converted to 00001, "B" to 00010, "C" to 00011 and so
      forth. The format of the information recorded on the paper tape 32 depends
      upon the format desired for the information to be printed out on an output
      sheet 35 by the typewriter 34. The format of the information printed out
      on the output sheet is so selected that the error check may be easily
      conducted. For instance, when the information to be recorded is in the
      form of words having a maximum of six letters, the error check of the
      recorded information can easily be conducted if eight words are printed
      out in each line on the output sheet 35. In this case, typewriter
      controlling signals such as a signal for start, stop, space, line feed,
      return etc. are recorded on the tape 32 together with the information
      signal for printing out the words according to the format. When an error
      check of the recorded information is not to be conducted, the print out of
      the information on the output sheet is, of course, not necessary.
PAR  The digital information recording medium such as a punched paper tape 32
      prepared as described above is used for recording the information
      optically on a photosensitive material to make an optical memory by means
      of the recording device in accordance with the present invention. One
      embodiment of the device for recording the information stored in the tape
      32 on the photosensitive material is shown in FIG. 4.
PAR  Referring to FIG. 4, the tape 32 prepared by the method as described above
      is loaded on a feed-out reel 41 and taken up by a take-up reel 42 which is
      rotated by a driving motor 43 associated therewith. A signal detector 44
      which is responsive to light coming from a light source 45 and passing
      through the tape 32 is located close to the tape 32. A control circuit 36
      is connected with the detector 44 to control a code converter 47 and a
      typewriter 48 connected therewith in accordance with the signals
      transmitted thereto. The control circuit 46 receives the main information
      signal to be recorded on the photosensitive material from the detector 44
      and transmits it to the code converter 47 and also transmits said
      information signal to the typewriter 48 together with the control signals
      for controlling the typewriter 48 when so desired. The typewriter 48
      connected with the control circuit 46 prints out the information
      transmitted through the control circuit 46 when so desired. The
      information printed out on an output sheet 49 by the typewriter 48 is in
      the form of the original information such as letters, numerals and
      figures. Therefore, an error check of the information actually recorded
      can easily be performed by simply viewing the output sheet 49 on which the
      contents of the information actually recorded are printed out.
PAR  A light source driving circuit 50 is connected with the code converter 47
      to be controlled thereby. A lamp housing 51 containing a group of strobo
      lamps 52 is connected with the light source driving circuit 50 and the
      lamps 52 are selectively energized thereby. The lamp housing 51 is
      provided with a plurality of slits 53 arranged in the bottom wall 51a
      thereof as shown in FIG. 5. Each slit 53 is provided with a converging
      lens 54 to converge the light from the associated lamp 52 toward a
      focusing lens 55 located under the lamp housing 51. The image of the slits
      53 is focused on a photosensitive disc 56 by the focusing lens 55. The
      photosensitive disc 56 is placed on a rotatable table 57, which is rotated
      by said motor 43 through a gear train comprising a worm wheel 58 fixed to
      the table 57, a worm gear 59 meshed with the worm wheel 58, a pinion 60
      fixed to a shaft to which the worm 59 is fixed, and a gear 61 meshed with
      the pinion 60 and fixed to the shaft of the motor 43 by way of the take-up
      reel 42.
PAR  Referring further to FIG. 5 showing the construction of the lamp housing 51
      and the optical system for focusing the image of slits 53 on the
      photosensitive disc 56, the lamps 52 are multi-channel strobo lamps
      arranged in a line and a diffusion plate 52a is provided under the lamps
      52. The light emitted by the strobo lamps 52 is, therefore, diffused by
      the diffusion plate 52a and directed to the focusing lens 55 by the
      converging lenses 54 so that the image of the slits 53 may be focused on
      the photosensitive disc 56. A half transparent mirror 55a is provided
      between the converging lenses 54 and the focusing lens 55 to reflect the
      light reflected from the surface of the photosensitive disc 56 toward an
      eyepiece 55b located outside the optical image recording device so that
      the image focused on the photosensitive disc 56 may be viewed through the
      eyepiece 55b. The focusing operation of the image recording device can
      easily be conducted by use of the eyepiece 55b.
PAR  Now the operation of the above described device for recording the optical
      information on the photosensitive material will be described referring to
      FIGS. 4 and 5. The digital information recording medium such as a tape 32
      is fed out from the feed-out reel 41 to the take-up reel 42 by the driving
      power of the motor 43. The digital information carried by the tape 32 is
      detected by the detector 44 located close to the tape 32 and transmitted
      to the control circuit 46. The digital information is transmitted to the
      code converter 47 and further transmitted to the light source driving
      circuit 50 to selectively energize the lamps 52 in the lamp housing 51 in
      accordance with the digital information representing the original
      information to be recorded given by the tape 32. The code converter 47
      serves as a means for converting from one system of digital code to
      another, for instance from USASCII code to EBCDIC code. Therefore, it is
      possible to use a digital information recording tape 32 carrying digital
      information in the USASCII code system and finally obtain an optical
      memory in which the information is recorded in the EBCDIC code system. If
      the code system used in the tape 32 is the same as that to be used in the
      optical memory, the code converter 47 is, of course, unnecessary. Both the
      digital information transmitted through the control circuit 46 and the
      typewriter control signals are transmitted to the typewriter 48 which
      prints out the information transmitted through the control circuit 46 in
      the form of the original information such as letters, numerals and
      figures. Thus, the information recorded in the tape 32 and that actually
      recorded on the photosensitive disc 56 can be checked on the output sheet
      49 on which the original information is reproduced in the original form.
      In accordance with the digital information given to the light source
      driving circuit 50, the lamps 52 are selectively energized to record
      binary black and white signals on the photosensitive disc 56.
PAR  The bits of each digital signal on the tape 32 are recorded in a lateral
      line on the tape 32 so that the signal may be detected by the detector 44
      which has several detector elements arranged in a line lateral to the
      direction of feed of the tape 32. When a line of bits constituting a
      digital signal is transmitted to the light source driving circuit 50, the
      strobo lamps 52 are selectively energized to record the line of bits
      constituting the digital signal as binary black and white information on
      the photosensitive disc 56. Then, the photosensitive disc 56 is rotated
      and the tape 32 is fed by the motor 43 to record the next line of binary
      information. As shown in FIG. 4, the tape 32 and the photosensitive disc
      56 are driven in synchronization with each other by means of a mechanical
      driving means comprising a worm gear mechanism, and a gear mechanism
      associated therewith and with the take-up reel 42 driven by the motor 43.
      Then, the next line of digital information in the tape 32 is transmitted
      to the optical image recording device comprising the light source driving
      circuit 50, the strobo lamps 52 connected therewith and the optical system
      54 and 55 to record the next information on the photosensitive disc 56.
PAR  The electric connection between said control circuit and said typewriter
      and other elements will now be described in detail together with the
      entire construction of the optical information recording device in
      accordance with the present invention with reference to FIG. 6 which shows
      an embodiment of the optical information recording device of this
      invention with a block diagram.
PAR  Referring to FIG. 6, the information to be recorded 62 in the form of a
      natural word composed of characters, for example, letters of the alphabet,
      numerals and/or figures is put onto the paper tape 32. Simultaneously with
      the input of the information, the information is printed out on the output
      sheet 35 by the typewriter 34. Actually, as viewed in FIG. 3, the
      typewriter 34 is provided with the keyboard 31 and functions as an input
      device as well as an output device. That is, it is an I/O reader
      typewriter. On the paper tape 32 are recorded digital signals representing
      the information to be recorded together with the control signals for
      controlling the typewriter 34 to print out the information to be recorded
      on the output sheet 35 in the form of the original information in a
      predetermined format which can easily be used for check the contents of
      the recorded information. The control signals for controlling the
      typewriter 34 are, for instance, signals for starting, stopping, spacing,
      line feeding, returning etc. The digital information carrying tape 32 is
      used to record the information on the photosensitive disc 56 by the
      optical information recording device of this invention. Further, in an
      embodiment of this invention, said digital signals representing the
      information to be recorded include signals for clock pulses to be recorded
      in the tracks 1a and 1g. The clock pulse signals are recorded on the paper
      tape 32 every other letter and every other word so that the clock pulse
      signals may be recorded on the disc in a pattern as illustrated in FIG.
      1B. In another embodiment of this invention, the paper tape 32 is not
      provided with the clock pulse signals and the strobo lamps 52 are
      energized to periodically illuminate the disc 56 in synchronization with
      the rotation of the motor 43.
PAR  The digital information recorded on the tape 32 is read by the detector 44
      and the digital signals read thereby are transmitted to the control
      circuit 46. The digital signals transmitted from the detector 44 to the
      control circuit 46 include digital signals representing the information to
      be recorded 62 indicated with 101 in FIG. 6 and typewriter controlling
      signals 102. Both the signals 101 and 102 are transmitted to the
      typewriter 48, and the typewriter 48 prints out the information in its
      original form according to the format designed by the typewriter
      controlling signals 102 on the output sheet 49. The control circuit 46
      converts the parallel signal given by the detector 44 to a serial signal
      so that the digital signal in the parallel form may be printed out by the
      typewriter 48. The signal which represents the information to be recorded
      101 is transmitted to a code converter 47 which converts the signal 101 to
      a desired type of digital signal 103 used to selectively energize the
      multi-strobo lamps 52 through the driving circuit 50. The control circuit
      46 is further connected with a pulse motor driving circuit 63 and
      transmits a pulse motor driving signal 104 thereto for driving the
      turntable 57 on which the photosensitive disc 56 is mounted in
      synchronization with the operation of the typewriter 48 and the code
      converter 47. The separation of the information signal 101 and the
      typewriter controlling signal 102 conducted by the control circuit 46 is
      performed with the aid of an oscillator 64 which gives a clock signal 105
      to the control circuit 46. Thus, the print out of the information on the
      output sheet 49 by the typewriter 48, the energization of the strobo lamps
      52, and the rotation of the photosensitive disc 56 by the pulse motor 43
      are performed in synchronization with one another, and the binary black
      and white signals are recorded on the photosensitive disc 56 in accordance
      with the digital signal information carried by the paper tape 32 which
      represents the original information in the form of the natural word or the
      like.
PAR  In accordance with the present invention as constructed above, it was
      experimentally provided that about 130 Kbits of black and white signals
      could be recorded in 90 minutes on a photosensitive disc 200mm in diameter
      with 9 concentric tracks divided into 14,400 angular sections.
      Simultaneously with the recording operation, it was possible to print out
      all the information being recorded in the disc on an output sheet in the
      form of the original information.
PAR  The optical information recording device as described above in accordance
      with the present invention can be modified in various modes. Several
      modifications and variations of the present invention will now be
      described in detail, which should be understood by those skilled in the
      art to be within the scope of this invention as defined in the appended
      claims.
PAR  The photosensitive material on which the information is finally recorded in
      the shape of the binary black and white optically recognizable signal may
      be of any shape and need not be limited to the disc employed in the above
      described embodiment. For instance, the photosensitive material may be in
      the form of a tape or roll film which can be wound on a reel and rolled up
      in a convolution. The tape 32 used for recording the code information can
      of course be any type of digital information recording medium such as a
      magnetic tape, a magnetic disc or the like. The photosensitive material
      such as the disc 56 mounted on the turntable 57 may be tightly mounted
      thereon by use of a suction means communicated with a vacuum pump. When
      using a tape or roll film as the final optical information recording
      medium, a film feed means such as feed rollers is used to feed the tape or
      film instead of the turntable 57.
PAR  The images to be finally recorded on the photosensitive material by the
      optical recording means including the lamps and the lens system need not
      be of the slits, but may be of any pattern which can be printed on a
      photographic film or may be of the light source itself. Further, the
      optical lens system used for focusing the images on the photosensitive
      material may be replaced by a light guide element made of optical fibers
      extending between the light source and the photosensitive material. It is
      also possible to use a contact print method in which no light guide means
      or optical focusing means is employed between the light source and the
      photosensitive material but the photosensitive material is put in direct
      contact with a photographic film having patterns to be recorded on the
      photosensitive material.
PAR  In the above described embodiment of the present invention, the recording
      of the optical information is made by selectively energizing the strobo
      flash lamps. However, it is possible to use a light source which is always
      energized if a shutter is employed in front of the light source to
      selectively intercept the light emitted thereby and directed to the
      photosensitive material. The shutter is provided between the light source
      and the photosensitive material and is controlled to cut the light in
      accordance with the digital source given by the control circuit.
PAR  Further, the recording of the optical information on the photosensitive
      material is performed in accordance with parallel signals by use of light
      sources arranged in parallel. However, it is possible to employ serial
      signals and record the patterns by use of a laser beam deviated by a laser
      deflector which is controlled by the control circuit. Further,
      photographic film carrying a plurality of transparent patterns can be used
      in conjunction with the embodiment illustrated in FIG. 5, as is shown in
      FIG. 7. The film F corresponds to the bottom wall 51a of the lamp housing
      51 and is provided with a plurality of slits 1a through 1g which
      correspond to the slits 53 shown in FIG. 5.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for recording optical information on a photosensitive material
      in binary black and white patterns in accordance with digital signals
      recorded in a digital signal recording medium, said digital signals
      representing original information in the form of letters and/or figures
      comprising in combination:
PA1  means for reading said digital signals recorded in the digital signal
      recording medium and generating binary signals in accordance with the
      digital signals,
PA1  means for feeding a photosensitive material in synchronization with the
      reading of said digital signals by said reading means,
PA1  means controlled by said binary signals generated by said reading means for
      exposing the photosensitive material to light to record black and white
      patterns in accordance with the binary signals, and
PA1  means for converting said binary signals into visual information in the
      form of the original information connected with said reading means so that
      an operator can check the contents of the information actually recorded on
      the photosensitive material during the operation of recording.
NUM  2.
PAR  2. A device for recording optical information on a photosensitive material
      as claimed in claim 1 wherein said converting means is a typewriter which
      prints out the information on an output sheet in accordance with signals
      given thereto.
NUM  3.
PAR  3. A device for recording optical information on a photosensitive material
      as claimed in claim 2 wherein said reading means generates typewriter
      controlling signals together with the digital signals representing the
      original information.
NUM  4.
PAR  4. A device for recording optical information on a photosensitive material
      as claimed in claim 1 wherein a code converting means is provided between
      said reading means and said exposing means for converting the code system
      of the binary signals generated by the reading means to the code system
      adopted by said exposing means.
NUM  5.
PAR  5. A device for recording optical information on a photosensitive material
      as claimed in claim 4 wherein said exposing means comprises a light source
      driving circuit which receives said binary signals generated by the code
      converting means and a plurality of light sources arranged in a line to be
      selectively energized by the driving circuit in accordance with the binary
      signals put thereinto.
NUM  6.
PAR  6. A device for recording optical information on a photosensitive material
      as claimed in claim 1 wherein said photosensitive material feeding means
      is associated with a driving means for feeding said digital signal
      recording medium so as to feed the photosensitive material in
      synchronization with the feed of the digital signal recording medium.
NUM  7.
PAR  7. A device for recording optical information on a photosensitive material
      as claimed in claim 6 wherein said photosensitive material is in the form
      of a disc and is mounted on a turntable which is rotated in
      synchronization with the feed of the digital signal recording medium.
NUM  8.
PAR  8. A device as claimed in claim 7 wherein said digital signal recording
      medium is a tape taken up on a take-up reel and said turntable is rotated
      in synchronization with the rotation of said take-up reel.
NUM  9.
PAR  9. A device for recording optical information on a photosensitive material
      as claimed in claim 1 wherein said exposing means comprises a plurality of
      light sources which are selectively energized by the binary signals from
      the reading means, and a focusing lens provided between the light sources
      and the photosensitive material.
NUM  10.
PAR  10. A device for recording optical information on a photosensitive material
      as claimed in claim 9 wherein a plurality of slits which are the same in
      number as the light sources are provided in front of the light sources
      respectively so that the image of the slits may be focused on the
      photosensitive material.
NUM  11.
PAR  11. A device for recording optical information on a photosensitive material
      as claimed in claim 9 wherein a photographic film carrying a plurality of
      transparent patterns which correspond in position to the light sources is
      provided in front of the light sources with each pattern located in front
      of each light source so that the image of the patterns may be focused on
      the photosensitive material.
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ABST
PAL  A data recording system wherein output data from an electronic computer or
      the like to a display are re-edited in conformity with a predetermined
      recording system, and information is recorded in patterns of discrete dots
      developed by dot-forming means and in the feed direction of a recording
      paper therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a data recording system in which
      information to be displayed on a CRT display or the like are re-edited,
      and information is recorded in the feed direction of recording paper by
      the use of the edited data.
PAR  As a system of this type, there has hitherto been the electrosensitive
      recording system as shown in FIG. 1. Depicted in the figure is an example
      in which each character is recorded in the form of a pattern of 5 .times.
      7 dots, and which has been constructed and operated such that a head H
      with seven pin electrodes Ha planted in opposition to recording paper P is
      moved in the transverse direction, while the pin electrodes are caused to
      effect discharge  selectively in correspondence with recording data,
      thereby to successively record the dot characters L. The system, however,
      has had the disadvantage that when the number of digits in the recording
      increase, a series of information recording is divided into a number of
      rows and is therefore difficult to read in case of narrow recording paper.
PAR  In case of reproducing the displaying contents of the CRT display, the
      prior art has recorded the picture of a display screen through the medium
      of an optical system, and hence, the mechanism has been extremely
      complicated. On account of the reproduction of the picture itself, the
      recording has been restricted in the size of copying paper.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly the first object of the present invention to provide a
      data recording system in which circuits for editing information in
      conformity with a predetermined recording system are simple in
      arrangement, and all the circuits can be put into an integrated circuit,
      so that the apparatus can be made small in size.
PAR  The second object of the present invention is to provide a data recording
      system in which as a recording head is scanning orthogonally to the feed
      direction of the recording paper, characters; numerals; symbols etc. are
      recorded in the feed direction of the recording paper, so that the
      recording can be done irrespective of the number of digits even with
      narrow recording paper.
PAR  The third object of the present invention is to provide a data recording
      system in which two or more words are recorded by a recording head at the
      same time, so that the recording speed is high.
PAR  According to one aspect of the invention, there is provided a data
      recording system which comprises displaying data output-generating means
      to generate data to be displayed on a display, displaying clock
      signal-generating means to read out the data from the displaying data
      output-generating means, recording clock signal-generating means to
      generate a clock signal in synchronism with the recording operation for
      recording paper, editing means to edit the data from the displaying data
      output-generating means so that the contents to be displayed on the
      display may be recorded in the feed direction of the recording paper by
      the actions of both the displaying clock signal and the recording clock
      signal, a register to store output data from the editing means, and
      converting means to convert output data of the register into data to be
      recorded by a recorder.
PAR  These and further objects and advantages of the invention will be more
      apparent upon reference to the following specification, claims and
      appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a drawing for explaining a prior-art recording system;
PAR  FIGS. 2A and 2B are an electric circuit diagrams of a part of a cathode-ray
      tube display;
PAR  FIGS. 3A, 3B and 4 are electric circuit diagrams of an embodiment of the
      present invention;
PAR  FIG. 5 is a time chart for illustrating the operation of the circuit in
      FIGS. 2A and 2B;
PAR  FIG. 6 is a schematic explanatory view showing the essential portions of a
      printer;
PAR  FIGS. 7 to 10 are enlarged views of parts in FIG. 6;
PAR  FIG. 11 is a drawing for explaining the recording system of the embodiment;
      and
PAR  FIGS. 12 to 20 are time charts for explaining the operation of the
      embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In explaining an embodiment of the present invention, it will now be
      outlined. The embodiment records the display contents of a cathode-ray
      tube display (hereinbelow termed the CRT display) which is used as the
      output device of an electronic computer or the like. It fetches data
      sequentially from the contents of the last column on a display screen, and
      records them orthogonally to the feed direction of a recording head. In
      order to especially raise the recording speed, two groups of pin
      electrodes are employed, and two characters are recorded at the same time.
      It is supposed that at the maximum, 20 words per column and 40 words per
      row, namely, 800 words can be displayed on the display screen of the CRT
      display.
PAR  The explanation will be made hereunder with reference to the drawings.
PAR  FIG. 2 is a circuit diagram of essential portions picked out from a known
      CRT display, and chiefly shows a section for generating signals for use in
      the embodiment. Referring to the figure, recording data corresponding to
      one row of the display screen of the CRT display are sequentially derived
      from the output portion 1 of a central processing unit constituting an
      electronic computer. The data include control data C.sub.1 S.sub.1 and
      C.sub.2 S.sub.2, and data DS of 40 words corresponding to one row as are
      to be displayed on the CRT display screen. A clock signal CL is generated
      from the electronic computer side in synchronism with the output data. A
      decoder 2 decodes the control data C.sub.1 S.sub.1, C.sub.2 S.sub.2 to
      generate predetermined outputs. Reference symbols 3G.sub.1, 3G.sub.2 . . .
      3G.sub.9 ; 4G; 5G; 6G.sub.1, 6G.sub.2 . . . 6G.sub.20 ; and 7G.sub.1,
      7G.sub.2 . . . 7G.sub.18 designate AND gates, reference symbols 8G.sub.1,
      8G.sub.2. . . 8G.sub.9 designate OR gates, and reference symbols 9G and
      10G designate AND gates. Symbols 11G and 12G designate OR gates, and a
      reference numeral 13 represents an inverter. A buffer register 14 which
      has a storage capacity of the number of words per row of the CRT display
      screen, namely, 40 words, generates an output of a 1-bit from each of
      registers 14R.sub.1, 14R.sub.2 . . . 14R.sub.9 being constituent units
      thereof, and constructs one word of the nine parallel bits. A refresh
      memory 15 which stores data corresponding to one picture of the CRT
      display screen is composed of registers 15R.sub.1, 15R.sub.2 . . .
      15R.sub.9, and has a storage capacity of 800 bits. A timing signal
      generating portion 16 generates synchronizing signals at the transfer from
      the buffer register 14 to the refresh memory 15 and at the recording on
      recording paper. A counter 18 counts reference pulses which are generated
      from a reference pulse generator 17. The output terminals a.sub.1, a.sub.2
      . . . a.sub.20 of a decoder 19 provide timing signals, which are utilized
      for transferring data, corresponding to one row of the CRT display screen,
      from the register 14 to the refresh memory 15.
PAR  The operation of the circuit in FIG. 2 will be briefly explained. When the
      data corresponding to one row of the CRT display screen, namely, the
      control data C.sub.1 S.sub.1, 40 words corresponding to one row and
      control data C.sub.2 S.sub.2 are derived from the output portion 1 of the
      central processing unit, then the control data C.sub.1 S.sub.1 is decoded
      by the decoder 2, and the AND gates 3G.sub.1, 3G.sub.2 . . . 3G.sub.9 and
      the AND gate 4G are opened. Accordingly, the clock signal CL passes
      through and AND gate 4B, and the data DS are stored into the registers
      14R.sub.1, 14R.sub.2 . . . 14R.sub.9 one by one. On the other hand, it is
      specified by the control data C.sub.1 S.sub.1 that the stored data are
      display contents of the first row of the CRT screen. The specifying
      contents are decoded by the decoder 2, and a gate opening instruction
      signal is provided at the terminal 2a. Thus, the AND gate 6G.sub.1 is
      opened. Through the AND gate 6G.sub.1 and the OR gate 12G, the output of
      the terminal a.sub.1 of the decoder 19 opens the AND gates 7G.sub.2,
      7G.sub.4 . . . 7G.sub.16, 7G.sub.18 and simultaneously closes the AND
      gates 7G.sub.1, 7G.sub.3 . . . 7G.sub.15, 7G.sub.17.
PAR  The signal passing through the AND gate 6G.sub.1 and the OR gate 12G, also
      opens the AND gate 5G and permits the timing signal of the counter 18 to
      pass therethrough. Through the OR gate 11G, this signal shifts the
      contents of the register 14 rightwards by one digit. The shifted outputs
      are stored through the AND gates 7G.sub.2, 7G.sub.4 . . . 7G.sub.16,
      7G.sub.18 into the register 15 by the timing signal of the counter 18.
PAR  Thereafter, the stored contents in the register 14 are sequentially stored
      into the refresh memory 15 by the timing outputs of the counter 18. When
      the 40 words corresponding to one row are stored, the output level of the
      terminal a.sub.1 of the decoder 19 is inverted to close the AND gate
      6G.sub.1. Consequently, the output level of the OR gate 12G is inverted,
      to close the AND gates 7G.sub.2, 7G.sub.4 . . . 7G.sub.16, 7G.sub.18 and
      simultaneously to open the AND gates 7G.sub.1, 7G.sub.3 . . . 7G.sub.15,
      7G.sub.17. The 40 words at the first row are accordingly circulated by the
      timing signal of the counter 18.
PAR  When recording data at the second row are subsequently supplied to the
      output portion 1 of the central processing unit, they are stored into the
      register 14 by the same operation as in the foregoing. Further, they are
      stored next to the data of the first row in synchronism with the timing
      signal from the terminal a.sub.2 of the decoder 19. In this way, the data
      of one picture frame of the CRT display as amount to 800 words are stored
      into the refresh memory 15. The data stored in the refresh memory 15 are
      displayed on the CRT display screen sequentially from the first row to the
      twentieth row through the medium of, for example, a character generator
      (which is not explained because it is well-known means and it is not
      directly relevant to the embodiment). The output PM of the decoder 2 is a
      print instruction signal which instructs the print of the display contents
      of the CRT display. The input HP of the AND gate 10G is an instruction
      signal which indicates if the recording operation on the printer side to
      be described later is possible or not. For example, it prevents the
      recording operation from being done when the paper feed is being manually
      made on the printer side. The output HS of the decoder 19 is a horizontal
      synchronizing signal which is generated in synchronism with the scanning
      of each row of the CRT display screen. The output PS is a clock signal
      synchronous with the recording data, and is generated at every
      predetermined period of the horizontal synchronizing signal HS. In
      addition, 40 pulses are generated in one period of the horizontal
      synchonizing signal HS. These respective pulses indicate the columns in
      each row of the CRT display screen, and are generated 20 times in one
      picture frame. The output PR is generated at a predetermined time after
      the rise of the output HP, and stops after 800 pulses of the output PS are
      delivered.
PAR  A time chart illustrating the foregoing various signals is FIG. 5. Part F
      in the figure illustratively shows the data which are generated from the
      refresh memory 15. The data are generated continually and circulatively.
PAR  The embodiment of the present invention which operates by the use of the
      signals stated above, will now be explained with reference to FIGS. 3 and
      4.
PAR  In FIG. 3, a reference numeral 20 designates the printer, which is a
      mechanism being conventional in the technical field concerned. A reference
      numeral 20a denotes the driving portion of the printer, while a reference
      numeral 20b a detecting portion for detecting the position of movement of
      a recording head. FIGS. 6 to 8 schematically show the essential portions
      of the printer with importance attached to an example of the detecting
      portion 20b.
PAR  A screw shaft 21 formed with a spiral groove 22 is rotated in interlocking
      with a motor (not shown), to move a feed lever 23 which is engaged with
      the spiral groove 22 and on which the recording head 26 is mounted. At
      this time, a recording head base 25 slides along a guide shaft 24. Pin
      electrodes planted in the recording head 26 are disposed in opposition to
      recording paper 27. The recording head 26 is shown in enlarged scale in
      FIGS. 9 and 10. In the figures, pin electrode groups 26a and 26b each
      consisting of five electrodes are secured by being held between ceramic
      plates 26c and 26d. The pin electrodes are connected at one end to a
      flexible cable 28. In FIG. 6, a reed piece 29 is secured to the recording
      head base 25. When the recording head 26 has come to the start position,
      the reed piece 29 enters between a reed switch 30 and a magnet 31 and thus
      opens the reed switch 30 by the magnetic shielding. Over a pulley 32, a
      coiled spring 33 is extended in engagement. A rotary disc 34 is coaxially
      coupled to the spiral shaft 21, and has magnets 35 and 36 symmetrically
      secured onto its surface. An enlarged view of the rotary disc 34 is shown
      in FIG. 7. On the surface of a fixed plate 37 in FIG. 6, detecting coils
      38 and 39 are bent and wired. This state is shown in an enlarged view in
      FIG. 8.
PAR  The operation will now be briefly stated. When the screw shaft 21 is
      rotated in interlocking with the revolution of the motor (not shown), the
      recording head base 25 moves rightwards as viewed in FIG. 6.
      Simultaneously therewith, the rotary disc 34 rotates, so that voltages are
      induced in the detecting coils 38, 39 by the magnets 35, 36. The
      positional relations between the magnets 35, 36 of the rotary disc 34 and
      the detecting coils 38, 39 are so set that the voltage induced across
      terminals 38a and 38b may be generated in synchronism with the arrival of
      the recording head 26 at a position for recording and that the voltage
      induced across terminals 39a and 39b may be generated on this side of the
      recording position.
PAR  Referring back to FIG. 3, wave-form shaping circuits 40, 41 perform the
      wave-form shaping of the voltages induced in the detecting coils 38, 39. A
      counter 42 counts the number of dot columns constituting a character, in
      case of recording one character. Since one character is recorded with 5
      .times. 7 dots in the example, the counter indicates the respective ones
      of the seven columns in sequence. A decoder 43 functions to decode the
      number of characters to-be-recorded, and is so set as to generate one
      pulse each time one character is recorded. A counter 44 counts the number
      of characters which are recorded in one row of the recording paper 27,
      while a decoder 45 decodes the completion of the print of the characters
      corresponding to one row. A counter 46 counts the number of rows of the
      character which are recorded on the recording paper 27, while a decoder 47
      indicates the recording rows on the recording paper 27. The outputs
      P.sub.1, P.sub.2 . . . P.sub.20 of the decoder 47 provide timing signals
      which are synchronous with the recording at the respective ones of the
      first to twentieth rows. A differentiator 48 differentiates the fall of
      the timing signal of the output P.sub.20, a differentiator 49
      differentiates the fall of the output of the counter 45, and a
      differentiator 50 differentiates the fall of an input signal. Further a
      differentiator 51 differentiates the fall of the output PR. A reference
      numeral 52 designates a flip-flop circuit, and a reference numeral 53 a
      counter of scale-of-40. The outputs D.sub.1, D.sub. 2 . . . D.sub.20 of a
      decoder 54 provide timing signals which indicate every two display columns
      on the CRT display screen. A reference numeral 55 designates a flip-flop
      circuit. A switch 56 corresponds to the reed switch 30 in FIG. 6.
      Reference symbols 57G, 58G and 59G denote OR gates, while reference
      symbols 60G, 61G . . . 65G and 66G.sub.1, 66G.sub.2 . . . 66G.sub.20
      denote AND gates. Shown at a reference numeral 67 is an inverter, and at a
      reference numeral 68 a delay element.
PAR  Referring to FIG. 4, a shift register 69 consists of registers 69R.sub.1,
      69R.sub.2 . . . 69R.sub.9, and stores the outputs d.sub.1, d.sub.2 . . .
      d.sub.9 of the refresh memory 15 in FIG. 2. Reference numerals 70 and 71
      designate latch circuits each having storage capacity of nine bits.
      Reference symbols 72G.sub.1, . . . 72G.sub.9 and 73G.sub.1 . . . 73G.sub.9
      denote AND gates, while reference symbols 74G.sub.1 . . . 74G.sub.9 denote
      OR gates. A character generator 75 is constructed of a memory 75a such as
      read only memory (ROM), a character address decoder 75b, a counter and
      decoder 75c, and a select switch 75d for indicating dot columns. A program
      of dot forming patterns of characters, numerals etc. corresponding to the
      output the bit patterns from the shift register 69 is previously stored in
      the memory 75a. Reference numerals 76 and 77 designate latch circuits each
      having storage capacity of five bits, while reference symbols 78G.sub.1 .
      . . 78G.sub.5 and 79G.sub.1 . . . 79G.sub.5 denote AND gates. Driving
      circuits 80 -- 80 and 81 -- 81 drive the groups of pin electrodes 26a and
      26b, respectively. In shift registers 82 and 83, the respective outputs of
      the constituent flip-flop circuits (not shown) are taken out to terminals
      A, B, C, D and A, B, C, D, E. A reference numeral 84 denotes a clock
      signal generator, and at a reference numeral 85 a one-shot multivibrator.
      A reference symbol 86G designates an OR gate, while reference symbols 87G,
      88G . . . 91G denote AND gates. Reference numerals 92 and 93 designate
      delay elements.
PAR  Description will now be made of the operation in which, among the data
      stored in the refresh memory 15, those to be displayed at the first row of
      the CRT display screen are transferred to the register 69 in FIG. 5. First
      of all, there will be explained a clock signal CLR for tranferring the
      data.
PAR  In FIG. 2, the data outputs of one picture frame of the CRT display screen
      are generated from the output portion 1 of the central processing unit,
      and thereafter the print instruction PM is generated. At part A in FIG. 5,
      this means that the output which is usually at the high level is inverted
      to the low level. Accordingly, one input of the AND gate 60G in FIG. 3 is
      held at the low level. In the AND gate 60G, the level of the input PA is
      low or high in dependence on whether the printer side is ready for
      recording or not. In such case where the paper feed is manually done on
      the printer side, the level outputs are generated in correspondence with
      the on-and-off operations of switch to permit the paper feed. At the feed
      operation, the input PA becomes the high level, and the gate is closed. It
      is now assumed that the printer side is in the state ready for recording,
      and that the output PA is at the low level. Since, under this condition,
      the fall of the output PM inverts the output of the AND gate 60G to the
      low level, it is differentiated by the differentiator 50 and sets the
      flip-flop circuit 52. Consequently, the output HP is inverted to the high
      level as at the part B in FIG. 5, and opens the AND gate 10G in FIG. 2.
      The output of the high level as shown at the part C in FIG. 5 is held at
      the terminal b.sub.0 of the decoder 19 during the period of scanning in
      the row direction for one picture frame of the CRT display screen, so that
      the output PR is generated at the output of the AND gate 10G. The AND gate
      9G is therefore opened. The group of 40 pulses are generated at the output
      b.sub.1 of the decoder 19 at every predetermined period of the horizontal
      synchronizing signal HS, so that the output PS shown at the part E in FIG.
      5 is generated at the output of the AND gate 9G. When an indicating pulse
      train PS.sub.1 for the respective columns of the first row of the CRT
      display screen is supplied to the counter 53, the decoder 54 generates the
      timing outputs D.sub.1, D.sub.2 . . . D.sub.20 at the parts A to G in FIG.
      12. The timing outputs D.sub.1, D.sub.2 . . . D.sub.20 perform the
      indication at every two columns of the CRT display screen. For example,
      during the period during which the pulse D.sub.1 is generated, the display
      contents at the first and second columns of the display screen are read
      out from the refresh memory 15 and are displayed. In consequence, when the
      pulses D.sub.1 are generated by 20,  all the display contents at the 39-th
      and 40-th columns are read out from the refresh memory 15. Only the output
      D.sub.20 keeps its level until, after the fall of the timing pulse of the
      output D.sub.19, a pulse train PS.sub.2 is subsequently fed.
PAR  Next, the descrption will be made of the timing signals P.sub.1, P.sub.2 .
      . . P.sub.20 which are supplied from the decoder 47 to the AND gates
      66G.sub.1, 66G.sub.2 . . . 66G.sub.20. It is now supposed that the
      recording head base 25 in FIG. 6 is set at the start position at the left
      end part. Since the reed piece 29 intervenes between the reed switch 30
      and the magnet 31, the switch 56 in FIG. 3 is open, and the AND gate 63G
      is open. When the foregoing outputs PM and HP at the parts A and B in FIG.
      5 are supplied, the flip-flop circuit 55 is set, and its output is
      inverted into the high level. The inverted level is produced in the AND
      gate 63G, and the driving portion 20a of the printer is actuated.
      Consequently, the screw shaft 21 is rotated, to move the recording head
      base 25 rightwards in FIG. 6. Upon the rotation of the screw shaft 21, the
      rotary disc 34 is rotated, and the induced voltages appear in the coils
      38, 39. The A.C. voltages are shaped by the wave-form shaping circuits 40,
      41 in FIG. 3, and become the pulse trains DT, CT at the parts A and B in
      FIG. 13, respectively. When the pulse CT is first generated, the counter
      42 is reset through the OR gates 57G. The pulses DT thereafter generated
      are counted by the counter 42. The count outputs l.sub.1, l.sub.2, l.sub.3
      are used as read-out order indicating signals of the program of the
      character generator 84 to be described in detail later. The outputs
      l.sub.1, l.sub.2, l.sub.3 are counted through the decoder 43 and by the
      counter 44 as at the part C in FIG. 13. When the words to be recorded on
      the recording paper and corresponding to one row, namely, 20 words are
      counted, the output level of the decoder 45 is inverted. The inverted
      levels are counted by the counter 46. Thus, the timing signals indicating
      the rows at which the recording is being done on the recording paper are
      generated at the outputs P.sub.1, P.sub.2 . . . P.sub.20 of the decoder 47
      as shown at the part B to the part E in FIG. 14. The pulse P.sub.1 at the
      part B in FIG. 14 is generated in synchronism with the period in which the
      recording head is scanning the first row on the recording paper, the pulse
      P.sub.2 at the part C in FIG. 14 is generated in synchronism with the
      period in which it is scanning the second row, and the pulse P.sub.20 at
      the part E in FIG. 14 is generated in synchronism with the period in which
      it is scanning the last row or 20-th row. Here, it is to be borne in mind
      that since two characters are simultaneously recorded by the two groups of
      pin electrodes in the embodiment, the characters are formed over two rows
      in each column. To the inputs of the AND gates 66G.sub.1, 66G.sub.2 . . .
      66G.sub.20, there are supplied the timing signals D.sub.1, D.sub.2 . . .
      D.sub.20  and the timing signals P.sub.1, P.sub.2 . . . P.sub.20 as stated
      previously. The timing relations between the timing signals D.sub.1,
      D.sub.2 . . . D.sub.20 and those P.sub.1, P.sub.2 . . . P.sub.20 are as
      follows.
PAR  Now, let's take the timing pulse P.sub.1 as an example. In the period of
      the generation of the pulse P.sub.1, the respective timing pulses D.sub.1,
      D.sub.2 . . . D.sub.20 are generated 20 times. As to the CRT display
      screen, it is indicated 20 times in every two columns. At each time, the
      display contents of each row are read out from the refresh memory and are
      displayed. Accordingly, the pulses D.sub.20 are generated from the AND
      gate 66G.sub.1 by 20 in the period. Therefore, while the timing pulse
      P.sub.1 is kept supplied to the AND gate 66G.sub.1, the pulses P.sub.1,
      D.sub.20 at the part B in FIG. 15 are generated by 20 at the output of the
      AND gate 66G.sub.1. When the AND gate 65G is opened by the first pulses
      P.sub.1, D.sub.20, pulses f.sub.1, f.sub.2 at the part F in FIG. 15 among
      the outputs PS slightly delayed by the delay element 68 pass therethrough.
      The pulses f.sub.1, f.sub.2 are respectively the 39-th, 40-th pulses, and
      constitute the clock signal CLR for writing the output of the refresh
      memory 15 into the register 69. The pulses f.sub.1, f.sub.2 are
      synchronous with the read-out of the 39-th word and the 40-th word among
      40 words of the stored data from the refresh memory 15, so that the 39-th
      word is written into the register 69 by the pulse f.sub.1 and that the
      40-th word is written into the register 69 by the pulse f.sub.2.
PAR  The reason why the data are written into the register 69 by the clock
      signal CLR as stated above, is that the sequence of the display on the CRT
      display screen and the printing sequence in the present invention differ.
      FIG. 16 illustrates the positions of words to be displayed on the CRT
      display screen. As is well known, the outputs of the refresh memory 15 are
      sequentially displayed on the CRT display screen under the scanning of the
      positions 1-1, 1-2 . . . 1-39, 1-40 in the order mentioned. Upon
      completion of one row, each of the contents of the positions 2-1, 2-2 . .
      . 2-40 is displayed in the order mentioned. In the embodiment, however,
      every two contents of positions
      ##EQU1##
      are recorded on the recording paper concurrently and in the order
      mentioned by means of the two groups of pin electrodes 26a and 26b as is
      illustrated in FIG. 17.
PAR  In the course in which the recording contents of the positions 1-1, 1-2 . .
      . are provided from the refresh memory 15 in FIG. 2, when the contents of
      the position 1-39 are derived it is written into the register 69 by the
      pulse f.sub.1 of the output CLR at the part F in FIG. 15, and when the
      contents of the position 1-40 are generated they are written into the
      register 69 by the pulse f.sub.2. Thereafter, the contents of the position
      2-39, 2-40 are sequentially written into the register 69 by pulses
      f.sub.3, f.sub.4. When the data corresponding to one row of the CRT
      display screen are written into the register 69 in this way, the stored
      positions of the respective contents are as shown in FIG. 18. When the
      data corresponding to one row are thus written into the register 69, the
      output PR halts as shown at the part C in FIG. 5.
PAR  The above-stated transfer of one row of data is executed before the reed
      piece 29 in FIG. 6 comes out from between the reed switch 30 and the
      magnet 31. When the reed piece 29 comes away from the reed switch 30 and
      the switch 56 (FIG. 3) is closed, the output level of the AND gate 63G is
      inverted and the instruction signal to the driving portion 20a is halted.
      However, the spiral shaft 21 sustains the rotation, and the recording head
      base 25 continues the movement.
PAR  Description will now be made of the operation of recording the data of the
      register 69. In the register 69, the data are stored as shown in FIG. 18.
      Let it now be supposed that the contents of the position 1-39 are the bit
      pattern corresponding to the dot character to be formed by the group of
      pin electrodes 26b in FIG. 11, while the contents of the position 1-40 are
      the bit pattern corresponding to the dot character to be formed by the
      group of pin electrodes 26a. It is also supposed that the bit pattern of
      the position 1-40 indicates the contents of character "Z" at a position S
      in FIG. 11, and that the bit pattern of the position 1-39 indicates the
      contents of character "Y" at a position R.
PAR  When, after the data in the refresh memory 15 as correspond to one row have
      been transferred to the register 69, the pulse CT shown at the part B in
      FIG. 19 (in which the time scale in FIG. 13 is expanded) is derived, a
      pulse C at the part C in FIG. 19 is arised at the putput of the AND gate
      87G through the shift register 82 on the bases of clock pulses f.sub.0 at
      the part A in FIG. 19 as supplied from the pulse generator 84. The latch
      circuit 71 is opened by the fall of the pulse c, so that the bit pattern
      of the position 1-39 of the register 69 is transferred.
PAR  The pulse C is slightly delayed by the delay element 92 as shown by a pulse
      d at the part D in FIG. 19, and the delayed pulse shifts the storing
      contents of the register 69 rightwards by one digit through the OR gate
      86G. Accordingly, the bit pattern of the position 1-40 is stored at the
      storage position at the right extreme end of the register 69.
      Subsequently, the latch circuit 70 is opened by the fall of a pulse e at
      the part E in FIG. 19 as is the output of the AND gate 88G. The bit
      pattern of the position 1-40 is accordingly transferred. The pulse e is
      slightly delayed by the delay element 93, and becomes a pulse f at the
      part F in FIG. 19. Through the OR gate 86G the pulse f shifts the storing
      contents of the register 69 rightwards by one digit, so that the bit
      pattern of the position 2-39 is stored at the storage position at the
      right extreme end.
PAR  Here, a pulse d at the part D in FIG. 20 is applied from the AND gate 90G
      to the inhibit input of each of the AND gates 73G.sub.1, 73G.sub.2 . . .
      73G.sub.9. Without the pulse d at the part D in FIG. 20, the AND gates
      73G.sub.1, 73G.sub.2 . . . 73G.sub.9 are kept open, and the stored data in
      the latch circuit 71, namely, the bit pattern of the position 1-39 is
      supplied to the input of the character generator 75. As previously stated,
      the memory 75a in the character generator 75 is programmed so that the
      character patterns may be recorded at the positions as shown in FIG. 11.
      To the counter and decoder 75c, there are supplied the outputs l.sub.1,
      l.sub.2, l.sub.3 of the counter 42 in FIG. 3. When the first recording
      instruction pulse DT at the part B in FIG. 20 is derived, "1" is counted
      by the counter 42. Consequently, the counter and decoder 75c indicates the
      first dot output of the input pattern, that is, the dot output of the
      first column S.sub.2 in FIG. 11.
PAR  When a pulse at the part C in FIG. 20 is derived from the AND gate 91G, the
      latch circuit 77 is opened by the fall thereof, and the above-mentioned
      dot output is stored.
PAR  When the pulse d at the part D in FIG. 20 is derived from the AND gate 90G,
      the AND gates 73G.sub.1, 73G.sub.2 . . . 73G.sub.9 fall into the inhibited
      state and are disenabled. In contrast, the AND gates 72G.sub.1, 72G.sub.2
      . . . 72G.sub.9 are opened and the stored data in the latch circuit 70,
      namely, the bit pattern of the position 1-40 is supplied to the input of
      the character generator 75. Consequently, quite similarly to the foregoing
      case of the bit pattern of the position 1-39, the dot pattern S.sub.1 of
      the first column is selected to produce the output. By the fall of a pulse
      at the part E in FIG. 20 as is derived from the AND gate 89G, the latch
      circuit 76 is opened, so that the dot pattern of the first column is
      stored. Subsequently, the one-shot multivibrator 85 is triggered by the
      fall of the pulse d at the part D in FIG. 20, and it arises a pulse at the
      part F in FIG. 20. The AND gates 78G.sub.1, 78G.sub.2 . . . 78G.sub.5 and
      the AND gates 79G.sub.1, 79G.sub.2 . . . 79G.sub.5 are opened by this
      pulse. Then, the dot output of the first column of the bit pattern of the
      position 1-40 in the latch circuit 76 drives the pin electrodes 26a
      selectively through the driving circuits 80, . . . 80. Simultaneously
      therewith, the dot output of the first column of the bit pattern of the
      position 1-39 in the latch circuit 77 drives the pin electrodes 26b
      selectively through the driving circuits 81, . . . 81. As a result, the
      dots S.sub.1 of the first column of the character Z in FIG. 11 are
      electrosensitively recorded by the group of pin electrodes 26a, while the
      dots S.sub.2 of the first column of the character Y are electrosensitively
      recorded by the group of pin electrodes 26b. When the recording head 26 is
      further moved and the next recording instruction pulse DT is arised, those
      of the second column among the respective inputs of the character
      generator 75 corresponding to the positions 1-39, 1-40 are indicated by
      the counter and decoder 75c in FIG. 3. Quite likewise to the foregoing
      case, the dots of the second column of the respective characters Z, Y in
      FIG. 11 are recorded. When the recording is thus made and the recording
      instruction pulses DT are generated by seven in all, the recording of the
      characters Z, Y in FIG. 11 is completed.
PAR  Thereafter, upon generation of the recording preparation-instruction pulse
      CT, the operation proceeds as above stated in such manner that the next
      recording data of the register 69, namely, the bit patterns of the
      positions 2-39 and 2-40 are transferred to the latch circuits 70 and 71,
      respectively, and that character patterns which are "9" and "0" in case of
      FIG. 11 are recorded by the next seven recording instruction pulses DT.
PAR  When the recording of the 20 words corresponding to one row is completed in
      this way, the fall of the pulse derived from the decoder 45 sets the
      flip-flop circuit 52 through the differentiator 49 and inverts the output
      HP. On the other hand, the recording head 26 is returned to the start
      position, and simultaneously the recording paper is fed for a new row. A
      feed mechanism etc. in the feeding operation are means being conventional
      in I/O devices, and any feature of the present invention does not lie in
      such mechanism. Therefore, no detailed explanation is made here. When the
      recording head 26 returns to the start position, the switch 56 in FIG. 3
      turns "on." Data of the second row are transfered from the refresh memory
      15 into the register 69, and the recording is carried out quite likewise
      to the previous case. When all the contents of the CRT display screen are
      recorded, the fall of the output P.sub.20 of the decoder in FIG. 3 resets
      the flip-flop circuit 55 through the differentiator 48.
PAR  Although, in the embodiment, the recording is made with the two groups of
      pin electrodes, it is needless to say that only one group or at least
      three groups may also be employed. In this case, however, it is necessary
      to adjust the number of pulses of the timing pulses P.sub.1, P.sub.2 . . .
      ; D.sub.1, D.sub.2 . . . . For example, in the case of employing one group
      of pin electrodes, the timing signals from the decoders 47, 54 need be
      generated by 40.
PAR  The printing system is not restricted to the electrosensitive recording,
      but is may also be the electrostatic recording, the thermoelectric
      recording, the dot recording with a wire printer, and so forth.
PAR  While the embodiment records the display contents of the CRT display, the
      invention is not restricted thereto but it is applicable to any case where
      data outputs for recording are generated.
PAR  As thus far described, the present invention records characters, numerals,
      symbols etc. in the feed direction of recording paper under the condition
      that the sequence of data outputs to be generated in a predetermined
      sequence is changed. For this reason, even when the recording paper has a
      small width, the recording can be performed irrespective of the magnitude
      of the number of digits.
PAR  In case of recording, for example, the display contents of the CRT display,
      it has hitherto been necessary to employ an optical system. In contrast,
      according to the present invention, circuits for arranging data in the
      recording sequence are comparatively simple, and all of them can be formed
      into integrated circuits, so that a very small apparatus suffices. The
      order of recording data outputs can be arbitrarily set by merely modifying
      some of the circuits, so that any recording system is possible.
PAR  Where two or more words are recorded by a recording head at the same time,
      the recording speed can be raised.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Apparatus for recording characters so as to enable reading thereof in a
      feed direction of a recording sheet comprising: refresh memory means for
      storing data on one picture frame to be displayed on a display screen;
      first storage means for storing the data derived from said refresh memory;
      dot-forming means for forming patterns of discrete dots on a recording
      sheet orthogonally to a feed direction of the recording sheet;
      character-generating means for converting input data thereof into
      dot-forming data for selectively driving said dot-forming means such that
      characters developed by said dot-forming means according to the
      dot-forming data are recorded so as to enable reading thereof in a feed
      direction of said recording sheet; second storage means for storing the
      above-mentioned converted dot-forming data derived from said
      character-generating means, selecting means for selecting patterns of
      discrete dots formed by said dot-forming means according to the
      dot-forming data derived from said second storage means and according to
      characters to be displayed on the picture frame and recorded on said
      recording sheet so as to enable reading thereof in a feed direction of
      said recording sheet, said first storage means comprising two kinds of
      storage means comprising one storage means for data derived from said
      refresh memory and corresponding to each row from among data to be
      displayed on one picture frame and another storage means for storing data
      derived from the stored data in said one storage means and corresponding
      to each column from among data to be displayed on the one picture frame.
NUM  2.
PAR  2. Apparatus for recording characters so as to enable reading thereof in a
      feed direction of a recording sheet according to claim 1, further
      including a plurality of register means for storing each of data bits
      corresponding to different characters derived from said another storage
      means and for providing the data bits derived therefrom to said
      character-generating means; said dot-forming means comprising means for
      forming simultaneously each of dot-forming data of different kinds of
      characters; and said second storage means comprises a plurality of
      register means for storing the above-mentioned different dot-forming data,
      thereby a plurality of characters developed by said dot-forming means
      according to each of dot-forming data derived from said storage means and
      selectable simultaneously by said selecting means and recorded
      simultaneously on said recording sheet.
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PAL  A liquid jet recorder with at least one nozzle which is connected to a
      pressure medium conduit for ejection of an electrically-conductive
      recording liquid onto a recording carrier, with at least one control
      electrode of porous material encompassing the liquid jet disintegrating
      into drops which leads to a suction conduit for the recording liquid, and
      a signal source for charging of the liquid connectable between the control
      electrode and the liquid jet for charging the drops so that they repel
      each other and disintegrate into a vapor cloud adapted to be aspirated
      through the control electrode. For effecting cleaning of the electrode and
      its support, the suction pad which is connected to an actuating
      arrangement, by means of which the suction pad may be moved from an
      inactive position in which it is located in a spaced relationship to the
      jet outlet side of the control electrode, so as to be pressed against the
      jet outlet side and the electrode support.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a fluid or liquid jet recorder.
PAC  DISCUSSION OF THE PRIOR ART
PAR  A liquid jet recorder with at least one nozzle which is connected to a
      pressure medium conduit for ejection of an electrically-conductive
      recording liquid onto a recording carrier, with at least one control
      electrode of porous material encompassing the liquid jet disintegrating
      into drops which leads to a suction conduit for the recording liquid, and
      a signal source for charging of the liquid connectable between the control
      electrode and the liquid jet for charging the drops so that they repel
      each other and disintegrate into a vapor cloud adapted to be aspirated
      through the control electrode, is described in U.S. Pat. No. 3,416,153.
      This liquid jet recorder allows the jet of the recording liquid between
      the jet nozzle and the recording carrier to be uninterrupted by a suitable
      high-voltage which is applied between the recording liquid and the control
      electrode, whereby practically all drops are received by the control
      electrode and aspirated therefrom. This, however, creates the problem that
      during the writing or recording sequence, due to the high outlet velocity
      of the recording liquid, upon impinging of the liquid on the recording
      carrier or paper, there is formed a liquid fog. This fog deposits itself
      on all components located in proximity to the paper and facing towards the
      paper, namely on the electrode, and also on the support therefore.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention has as an object to provide a liquid jet
      recorder which is constructed so that dirtying of the recording carrier
      through residues of recording liquid on the control electrode and its
      support due to the forming fog is precluded, and in which residual liquid
      is fully removed from the control electrode and its support.
PAR  The foregoing object is inventively achieved through the use of a suction
      pad which is connected to an actuating arrangement, by means of which the
      suction pad may be moved from an inactive position in which it is located
      in a spaced relationship to the jet outlet side of the control electrode,
      so as to be pressed against the jet outlet side and the electrode support.
      In the inventive liquid jet recorder it is possible, at the commencement
      of each recording sequence, meaning, commencing the recording on a
      recording carrier, to cleanse the control electrode and its support of
      residual liquid by means of the suction pad. This cleansing can be fully
      automatically effected, in a manner, in which the pad is pressed against
      the control electrode and its support when the carriage supporting the
      control electrode is returned to its inactive position after completing a
      recording. The control of the suction pad may also be carried out in a
      manner, in that prior to commencement of a recording, during the mounting
      of a recording carrier through a movement of the support means for the
      recording carrier there is concurrently effected a movement of the suction
      pad towards the control electrode and its support. Within the scope of the
      invention, the suction pad may also be associated with a plurality of
      recording systems which are each constituted of a jet nozzle and control
      electrode. A plurality of such recording systems are, for example,
      utilized for color recorders, in which a recording system is employed for
      each color.
DRWD
PAC    BRIEF DESCRIPTION OF THE DRAWING
PAR  Further advantages and details of the invention may now be ascertained from
      the following description of an exemplary embodiment thereof, taken in
      conjunction with the accompanying drawing; in which:
PAR  FIG. 1 is a perspective diagrammatic view of the inventive components of a
      liquid jet recorder according to the invention; and
PAR  FIG. 2 is an enlarged detail of the liquid jet recorder of FIG. 1.
DETD
PAC    DETAILED DESCRIPTION
PAR  The fluid or liquid jet recorder, as shown in FIG. 1, includes a drum 1 on
      which there is stretched or mounted a recording carrier 2 constituted of a
      sheet of paper. For recording there are employed three recording or
      scribing systems 3 through 5 which, respectively, consist of a control
      electrode 6 through 8, and a jet nozzle 9 through 11. The jet nozzles 9
      through 11 project the required recording liquid from supply receptacles
      12 through 14 through the use of pumps 15 through 17, through the control
      electrodes 6 through 8. Between the jet nozzles 9 through 11 and pumps 15
      and 17 there may also be, respectively, positioned pressure regulators 18
      through 20.
PAR  The three recording systems serve for the recording or inscribing of three
      varied colors, for example, the colors blue, red and yellow, so that a
      colored image is inscribed on the recording carrier 2. The control
      electrodes 6 through 8 are passed through by the liquid jet ejected from
      jet nozzles 9 through 11. These liquid jets disintegrate into drops within
      the tubularly-shaped control electrodes so that, upon application of a
      high voltage between the control electrodes and the recording liquid,
      there is produced a vapor cloud. This vapor cloud precipitates on the
      control electrodes, the latter of which are formed of a porous material,
      and are then aspirated by a suction conduit 21 through the intermediary of
      a suction pump 22. The control impulses for the control electrodes 6
      through 8 emanate from a control installation 23. If a control impulse is
      lacking, then a color point is generated on the recording carrier 2;
      however, if a control impulse is present, then the flow of liquid between
      the respective jet nozzles 9 through 11 and the recording carrier 2 is
      interrupted.
PAR  The recording systems 3 through 5 are fastened onto a plate 24 which is
      longitudinally displaceably supported on two rails 25. The recording
      systems 3 through 5 and the plate 24, in the position shown in FIG. 1, are
      illustrated in their inactive position away from the recording carrier 2.
      The recording is carried out in a manner wherein the plate 24 is uniformly
      moved along rails 25 in the direction of arrow 26 over the entire length
      of the drum, while the drum 1 is uniformly rotated in the direction of
      arrow 27, or reversely. The recording thus is effected in a helix-like
      path on the recording carrier 2. The signals of the control installation
      23 contain the image information.
PAR  After the completion of a recording or inscription, the plate 24 together
      with the recording systems 3 through 5, is again moved back into the
      illustrated inactive or initial position.
PAR  In order that residuals or excesses of the recording liquid may be removed
      from the recording systems 3 through 5, there is provided a suction pad 28
      which is supported in a pan 29, and which is commonly associated with the
      control electrodes 6 through 8. The pan 29 is movable in the direction of
      arrow 30 in such a manner, whereby the suction pad 28 may be pressed
      against the jet outlet sides of the electrodes 6 through 8. Due to the
      elasticity of the suction pad 28, there are also removed recording liquid
      residuals from the electrode support, in effect, from plate 24.
PAR  From FIG. 2 it may be ascertained that the pan 29 in the inactive position
      thereof is located on a plate 31, so that the suction pad 28 is located at
      a distance from the jet outlet side of the control electrode 6 through 8.
      For effecting displacement of the pan 29, there are provided two pins 32
      which, while imparting compression to springs 33, are movable in the
      direction of arrow 30. The movement of pins 32 is carried out through the
      contact with the conical projections of two pins 34 of an electromagnet
      35. When the pins 34 move in the direction of arrow 36, the pan 29
      concurrently moves in the direction of arrow 30.
PAR  The electromagnet 35 can be connected with mounting arrangement (not shown)
      for the recording carrier 2 on the drum so that, upon each removal or
      mounting of the recording carrier 2 onto the drum, through intermediary of
      the electromagnet 35, on the one hand, is actuated the mounting mechanism
      and, on the other hand, the pan 29 with the suction pad 28. Within the
      scope of the invention, the control of the electromagnet 35 may, however,
      also be carried out electrically by hand, or automatically at other time
      points of the operating cycle.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a liquid jet recorder having at least one jet nozzle; a pressure
      means conduit connected to said jet nozzle for causing the latter to
      propel a jet of an electrically-conductive recording liquid onto a
      recording carrier; at least one control electrode formed of a porous
      material communicating with a suction conduit for aspirating said
      recording liquid, said electrode encompassing the liquid jet during
      disintegrating thereof into drops; and a signal source connected to said
      control electrode and being actuatable between said control electrode and
      said recording liquid jet for charging said drops so as to be mutually
      repellent and disintegrate into a vapor cloud aspirated by said control
      electrode, the improvement comprising: a suction pad; actuating means
      operatively connected to said suction pad for conveying said suction pad
      from an inoperative position at a distance from the jet outlet side of
      said control electrode into compressive engagement with said electrode jet
      outlet side and with a support for said electrode.
NUM  2.
PAR  2. A recorder as claimed in claim 1, comprising a plurality of recorder
      systems each including at least one jet nozzle and control electrode, said
      suction pad being jointly associated with all of the control electrodes of
      said recorder systems.
NUM  3.
PAR  3. A recorder as claimed in claim 1, comprising a pan supporting said
      suction pad, said actuating means including an electromagnet adapted to
      move said pan between said suction pad operative and inoperative
      positions.
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PAL  A liquid jet recorder having at least one jet nozzle which is connected to
      a pressure means conduit for the ejection of an electrically-conductive
      recording liquid onto a recording carrier; having at least one control
      electrode encompassing the liquid jet which is disintegrating into drops,
      which is formed of porous material which communicates with a suction
      conduit for the recording liquid; and a signal source adapted to be
      switched between the control electrode and the liquid jet for charging of
      the drops so that the latter mutually repel each other and disintegrate
      into a vapor cloud adapted to be aspirated into the control electrode. The
      recorder includes a suction pump, including circuitry which will activate
      the suction pump prior to the commencement of a recording. In the liquid
      jet recorder, any possible residues of the recording liquid adhering to
      the control electrode are aspirated prior to commencement of a recording.
      Thus, any dirtying of the recording carrier by means of such residues is
      no longer possible. Delay means may be provided in the novel circuitry
      whereby, after completion of a recording sequence, the residues of the
      recording liquid on the control electrode are collected so as to prevent
      the dirtying of the recording carrier.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a fluid or liquid jet recorder.
PAC  DISCUSSION OF THE PRIOR ART
PAR  A liquid jet recorder having at least one jet nozzle which is connected to
      a pressure means conduit for the ejection of an electrically-conductive
      recording liquid onto a recording carrier; having at least one control
      electrode encompassing the liquid jet which is disintegrating into drops,
      which is formed of porous material which communicates with a suction
      conduit for the recording liquid; and a signal source adapted to be
      switched between the control electrode and the liquid jet for charging of
      the drops so that the latter mutually repel each other and disintegrate
      into a vapor cloud adapted to be aspirated into the control electrode, is
      described in U.S. Pat. No. 3,416,153. In this liquid jet recorder it is
      possible to form a linelike image recording, in which the recording jet is
      modulated in accordance with the image information. The liquid which is
      absorbed by the control electrode upon the application of a high-voltage
      between the recording liquid and the control electrode, is again removed
      by means of a suction pump. Since the control electrode consists of a
      porous material adapted to receive the recording liquid, the danger is
      present that, notwithstanding the aspiration of the recording liquid fluid
      from the end of the control electrode extending towards the recording
      carrier during the recording sequence, residues of the recording liquid
      fluid may collect and dirty the recording carrier.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a liquid
      jet recorder of the type described, which will assuredly preclude dirtying
      of the recording carrier by any liquid residues which may be present on
      the control electrode.
PAR  The foregoing object is inventively achieved in that, for the control of
      the suction pump, there is provided circuitry which will activate the
      suction pump prior to the commencement of a recording. In the inventive
      liquid jet recorder, any possible residues of the recording liquid
      adhering to the control electrode are aspirated prior to commencement of a
      recording. Thus, any dirtying of the recording carrier by means of such
      residues is no longer possible.
PAR  A particular advantageous embodiment of the invention may be ascertained
      when delay means are provided in the novel circuitry whereby, after
      completion of a recording sequence, the residues of the recording liquid
      on the control electrode are collected so as to prevent the dirtying of
      the recording carrier.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further advantages and details of the invention may be ascertained from the
      following description of an exemplary embodiment thereof, taken in
      conjunction with the accompanying drawing; in which:
PAR  FIG. 1 shows a schematic representation of the liquid jet recorder
      constructed pursuant to the invention; and
PAR  FIG. 2 graphically shows the voltage sequence at the location II of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 there is illustrated a jet nozzle 1 which has recording liquid
      conveyed thereto through a conduit 2. The recording liquid is aspirated
      from a supply receptacle 3 by means of a pump 4. A pressure regulator 5
      provides for a constant or uniform liquid pressure. The liquid jet ejected
      from the jet nozzle 1 penetrates a control electrode 6 and draws or
      records an image on a recording carrier which is mounted or stretched on a
      drum 7.
PAR  For this purpose, the drum 7 is rotated and the liquid jet is modulated by
      means of a control installation 8 in conformance with the image
      information. The picture is recorded in a linewise manner on the recording
      carrier which is mounted on the drum 7 when the jet nozzle 1, together
      with the control electrode is displaced in the longitudinal direction of
      the drum during the recording sequence, and the drum 7 is rotated in
      synchronism with the line impulses by the control installation 8. The
      modulation of the liquid jet is carried out by means of a high-voltage
      which is applied between the control electrode 6 and the liquid jet in a
      manner whereby the jet is scanned, in effect meaning, that when a
      high-voltage is applied the individual drops of the liquid beam mutually
      repel each other due to the electrical charge and the resultant vapor
      cloud impinges against the control electrode 6. The control electrode 6 is
      constituted of a porous material and adapted to aspirate or absorb the
      vapor cloud. The absorbed recording liquid is then aspirated by a suction
      pump 9.
PAR  The suction pump 9 is controlled by a Schmitt-trigger 10, to the input of
      which there is connected a condenser circuit incorporating a condenser 11,
      a discharge resistor 12, a charging resistance 13, and a switching
      transistor 14. A power supply switch 15 is closed prior to the recording
      of image for initiating operation of the recorder. The actual image
      recording only commences when a starter key 16 is actuated.
PAR  The Schmitt-trigger 10 actuates the suction pump 9 when the voltage at the
      location II lies, pursuant to FIG. 2, below a predetermined value U.sub.k.
PAR  Should an image recording be assumed, then at first the power supply switch
      15 is closed and the recorder connected to the supply voltage. The
      switching transistor 14 assumes its high-ohmic condition and the condenser
      11 is charged through intermediary of the charging resistance 13 in
      accordance with FIG. 2. At the time point t.sub. 1 there is reached the
      oscillating or reversing voltage U.sub.k of the Schmitt-trigger 10.
      Between the starting time point t.sub.o, at which the power supply switch
      15 is closed, and the time point t.sub. 1, the voltage at the input of the
      Schmitt-trigger 10 lies below the value U.sub.k, so that within this time
      period the suction pump 9 is actuated and the liquid residues present on
      the control electrode 6 are aspirated. At the time point t.sub. 1, the
      Schmitt-trigger reverses and deactivates the suction pump 9. At time point
      t.sub. 2, the starter key 16 is actuated, meaning it is closed, and the
      switching transistor is thereby switched-over into its low-ohmic
      condition. The condenser 11 now discharges during an image recording
      sequence through the switching transistor 14, and at time point t.sub. 3
      which, due to the rapidly decreasing condenser voltage, follows closely
      after the time point t.sub. 2, the Schmitt-trigger again reverses and
      again actuates the suction pump 9. The suction pump 9 now remains actuated
      while the starter key 16 is closed. At time point t.sub. 4, the image
      recording sequence is completed. At this time point, the starter key 16 is
      again opened and the voltage at condenser 11 rises again since the
      condenser 11 again charges itself through the closed power supply switch
      15 and the charging resistance 13. At time point t.sub. 5, the
      Schmitt-trigger reverses again and deactuates the suction pump 9. The
      suction pump is thereby still actuated through time point t.sub. 4  for a
      period of time and aspirates any possibly present liquid residues after
      completion of an image recording. It is thus ascertained that the suction
      pump 9 is actuated between t.sub. 0  and t.sub. 1, as well as t.sub. 3
      and t.sub. 5, while an image recording sequence is carried out only
      between t.sub. 2  and t.sub. 4.
PAR  The described arrangement provides assurance that, prior to a image
      recording, any possibly present liquid residues are aspirated from the
      control electrode 6, and after termination of an image recording sequence,
      there follows a delayed deactuation of suction pump 9, so that the control
      electrode is cleansed after completion of the image recording. It is
      essential for the invention that, in addition to the delayed deactuation
      of the suction pump after an image recording, the suction pump 9 prior to
      commencement of a recording is actuated upon closing of the power supply
      switch 15, namely, between t.sub. 0  and t.sub. 1.
PAR  Within the scope of the invention, prior to commencement of an image
      recording, the assumed the actuation of the suction pump may also
      immediately follow the aspirating sequence during an image recording,
      meaning that the suction pump 9 may be actuated shortly before the
      beginning of an image recording sequence, and may remain uniterruptedly
      actuated up to time point t.sub. 5.
PAR  After completion of image recording, or the recording of a plurality of
      images, the recorder is again deactivated by opening of the power supply
      switch 15. The condenser 11 then discharges through the discharging
      resistance 12 so as to be discharged prior to the commencement of a new
      recording sequence, and the voltage at location II at time point t.sub. 0
      again commences with 0.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a liquid jet recorder having at least one jet nozzle; a pressure
      means conduit connected to said jet nozzle for causing the latter to
      propel a jet of an electrically-conductive recording liquid onto a
      recording carrier; at least one control electrode formed of a porous
      material encompassing the liquid jet during disintegration thereof into
      drops and communicating with suction means for said recording liquid; and
      a signal source adapted to be applied between said control electrode and
      said liquid jet for charging said drops so as to mutually repel each other
      and disintegrate into a vapor cloud absorbed by said control electrode,
      the improvement comprising: said suction means including a suction pump
      connected to said control electrode; a control circuit connected to said
      suction pump for actuating said suction pump prior to commencement of an
      image recording sequence; and delay means in said control circuit for
      delaying deactuation of said suction pump subsequent to completion of an
      image recording sequence.
NUM  2.
PAR  2. A recorder as claimed in claim 1, wherein said control circuit comprises
      an oscillating element for actuation of said suction pump, said actuation
      being effected by said element at a voltage below a predetermined input
      voltage, a condenser forming a tap-off for the input voltage for said
      oscillating element, said condenser being chargeable upon closing of a
      power supply switch and dischargeable by a switch closed during said image
      recording sequence.
NUM  3.
PAR  3. A recorder as claimed in claim 1, wherein said control circuit comprises
      an oscillating element connected to said suction pump for actuation of the
      latter in response to operation of a power supply switch, said oscillating
      element transmitting an actuating impulse to said suction pump upon
      closing of said power supply switch.
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PAL  A liquid jet recorder with at least one nozzle, which is connected to a
      pressure medium conduit for ejection of an electrically-conductive
      recording liquid onto a recording carrier, with at least one control
      electrode encompassing the liquid jet for disintegrating the liquid jet
      into drops, and a signal source for charging the liquid drops which is
      connectable between the control electrode and the liquid jet, so that the
      drops repel each other and disintegrate into a vapor cloud, and including
      means for generating a relative motion between the jet nozzle and the
      recording carrier in two mutually perpendicular directions in the context
      of forming a linewise image recording, in which a recorder unit consisting
      of the nozzle and control electrode is a component of a recorder carriage
      movable along rails. For the displacement of the recorder carriage there
      is provided a motor-driven conveying belt extending in the longitudinal
      direction of the rails, and an electrical coupling magnet for connection
      of the recorder carriage thereto, and wherein the motor only provides a
      single conveying direction, while for the return of the recorder carriage
      from an end position attained by means of the motor achieved into an
      initial position at the recording carriage there is provided spring-loaded
      return member whose spring is adapted to be tensioned upon the motorized
      movement of the carriage.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a fluid or liquid jet recorder.
PAC  DISCUSSION OF THE PRIOR ART
PAR  A liquid jet recorder with at least one nozzle, which is connected to a
      pressure medium conduit for ejection of an electrically-conductive
      recording liquid onto a recording carrier, with at least one control
      electrode encompassing the liquid jet disintegrating into drops, and a
      signal source for charging the liquid drops which is connectable between
      the control electrode and the liquid jet, so that the drops repel each
      other and disintegrate into a vapor cloud, and including means for
      generating a relative motion between the jet nozzle and the recording
      carrier in two mutually perpendicular directions in the context of forming
      a linewise image recording, in which a recorder unit consisting of the
      nozzle and control electrode is a component of a recorder carriage movable
      along rails, which for the movement within a predetermined range thereof
      is coupled to an electromotor, and in which the recording carrier is
      movable only in a direction extending in perpendicular to the direction of
      movement of the recorder carriage is described in U.S. Pat. No. 3,416,153.
      In this known liquid jet recorder it becomes possible to effect a
      modulation of the liquid jet between the nozzle and the recording carrier
      through applying a suitable voltage between the recording liquid and the
      control electrode. The known liquid jet recorder thus facilitates the
      recording of an image constituted of collective lines on a recording
      carrier. In an embodiment of the known liquid jet carrier, the recording
      carrier is tensioned on the surface of a rotatably supported drum. The
      drum is rotated about its axis in synchronous motion with line impulses
      transmitted from an image transmitter. The unmodulated liquid jet impinges
      perpendicularly against the recording carrier. The image signal thereby is
      imparted to the control electrode for effecting a linewise image
      recording.
PAR  The relative motion between the jet nozzle and the recording carrier in two
      mutually perpendicular directions required for linewise image recording is
      accomplished in the present state of the art, in that the drum which
      supports the recording carrier is rotated and the recording arrangement is
      displaced in a longitudinal direction relative to the drum. With respect
      to the precise construction of the actuating mechanism for the recording
      arrangement, nothing may be ascertained from the above-mentioned U.S.
      patent.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a liquid
      jet recorder of the above-mentioned type, which facilitates, by means of a
      simple and compact construction, a linewise picture recording.
PAR  The object is inventively achieved in that for the displacement of the
      recorder carriage there is provided a motor-driven conveying belt
      extending in the longitudinal direction of the rails, and an electrical
      coupling magnet for connection of the recorder carriage thereto, and
      wherein the motor only provides a single conveying direction, while for
      the return of the recorder carriage from an end position attained by means
      of the motor achieved into an initial position at the recording carriage
      there is provided spring-loaded return member whose spring is adapted to
      be tensioned upon the motorized movement of the carriage.
PAR  The invention facilitates that a particularly simple return conveyance to
      the initial position of the recorder carriage may be achieved upon
      reaching the end position. This return conveyance is effected particularly
      rapidly when a disconnection of the recorder carriage from the conveying
      belt is effected upon reaching of the end position.
PAR  In another aspect of the invention, the recorder includes structure which,
      in a particularly simple manner, will prevent a hard impact of the
      recorder carriage against a stop determining the initial position upon the
      reconveyance thereof from the end position to the initial position. The
      coupling magent in this embodiment effects a short term braking of the
      recorder carriage prior to reaching the initial position. Within the scope
      of the invention, a plurality of switches may also be present for exciting
      the coupling magnet during the return conveyance of the recorder carriage
      from the end position to the initial position, which are actuated in
      sequence. A greater number of switches are employed when the image height
      if variable, meaning when in any desired position the recorder carriage
      may be disconnected, inasmuch as in each instance, a soft braking is
      afforded the recording carriage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further details and advantages of the invention may now be ascertained from
      the following description of an exemplary embodiment thereof, taken in
      conjunction with the accompanying drawings; in which:
PAR  FIg. 1 is a schematic illustration of a jet beam recorder pursuant to the
      present invention;
PAR  FIG. 2 is a guidance and actuating means for the recorder carriage of the
      liquid jet recorder of FIG. 1; and
PAR  FIG. 3 is a circuit diagram for effecting the operation of the guidance and
      actuating means of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  The fluid or liquid jet recorder, as shown in FIG. 1, includes a drum 1 on
      which there is stretched or mounted a recording carrier 2 constituted of a
      sheet of paper. For recording there are employed three recording or
      scribing systems 3 through 5 which, respectively, consist of a control
      electrode 6 through 8, and a jet nozzle 9 through 11. The jet nozzles 9
      through 11 project the required recording liquid from supply receptacles
      12 through 14 through the use of pumps 15 through 17, through the control
      electrodes 6 through 8. Between the jet nozzles 9 through 11 and pumps 15
      through 17 there may also be, respectively, positioned pressure regulators
      18 through 20.
PAR  The three recording systems serve for the recording or inscribing of three
      varied colors, for example, the colors blue, red and yellow, so that a
      colored image is inscribed on the recording carrier 2. The control
      electrodes 6 through 8 are passed through by the liquid jet ejected from
      jet nozzles 9 through 11. These liquid jets disintegrate into drops within
      the tubularly-shaped control electrodes so that, upon application of a
      high voltage between the control electrodes and the recording liquid,
      there is produced a vapor cloud. This vapor cloud precipitates on the
      control electrodes, the latter of which are formed of a porous material,
      and are then aspirated by a suction conduit 21 through the intermediary of
      a suction pump 22. The control impulses for the control electrodes 6
      through 8 emanate from a control installation 23. If a control impulse is
      lacking, then a color point is generated on the recording carrier 2;
      however, if a control impulse is present, then the flow of liquid between
      the respective jet nozzles 9 through 11 and the recording carrier 2 is
      interrupted.
PAR  The recording systems 3 through 5 are fastened onto a plate 24 which is
      longitudinally displaceably supported on two rails 25. The recording
      systems 3 through 5 and the plate 24, in the position shown in FIG. 1, are
      illustrated in their inactive position away from the recording carrier 2.
      The recording is carried out in a manner wherein the plate 24 is uniformly
      moved along rails 25 in the direction of arrow 26 over the entire length
      of the drum, while the drum 1 is uniformly rotated in the direction of
      arrow 27, or reversely. The recording thus is effected in a helix-like
      path on the recording carrier 2. The signals of the control installation
      23 contain the image information.
PAR  After the completion of a recording or inscription, the plate 24 together
      with the recording systems 3 through 5 is again moved back into the
      illustrated inactive or initial position.
PAR  In order that residuals or excesses of the recording liquid may be removed
      from the recording systems 3 through 5, there is provided a suction pad 28
      which is supported in a pan 29, and which is commonly associated with the
      control electrodes 6 through 8. The pan 29 is movable in the direction of
      arrow 30 in such a manner, whereby the suction pad 28 may be pressed
      against the jet output sides of the electrodes 6 through 8.
PAR  The actuating means for the recorder carriage, which consists of components
      3 through 5 and 24, are more precisely illustrated in FIG. 2. The plate
      24, which is not visible in FIG. 2, is fastened to a traveling carriage
      31, which is longitudinally movably supported in a rail 32 and in a rail
      33 by means of rollers. Of these rollers, in FIG. 2 only roller 34 is
      visible. Rails 32 and 33 are fastened to two support plates 35 and 36,
      which are connected to each other by means of an arm 37. The support plate
      36 carries a drive 38 adapted to be driven by an electromotor, by means of
      which a toothed belt 39 is movable in the direction of arrow 40. The
      electromotor, and consequently also the toothed belt 39, have only one
      directin of conveyance. The toothed belt 39 is guided around a reversing
      roller 41 which is connected with the support plate 35. The toothed belt
      39 extends in the direction of arrow 26 (FIG. 1), in effect, in parallel
      with the longitudinal axis of drum 1.
PAR  For movement of the traveling carriage 31 in the rails 32 and 33, the
      carriage is connected to the toothed belt 39. For this purpose, there
      serves an electrical coupling magnet 42 which is fastened to the traveling
      carriage 31, and which operates in conjunction with two coupling plates 43
      and 44. The plate 44 is rigidly connected with the traveling carriage 31,
      whereas plate 43, by means of a spring 45 is pressed against the toothed
      belt 39 when the coupling magnet 42 is not excited. The toothed belt 39,
      in effect, is positioned between the plates 43 and 44. If the coupling
      magnet 42 is excited, then it pulls the pin 46 in the direction of arrow
      47 and displaces the plate 43 from the toothed belt 39 so that an
      uncoupling is carried out between the traveling carriage 31 and the
      toothed belt 39.
PAR  The recorder carriage is located in its initial position when the traveling
      carriage 31 is in contact with a rubber bumper 48. For the recording of an
      image, the coupling magnet 42 is switched so as to be currentless, whereby
      the springs 45 clamp the toothed belt 39 between the plates 43 and 44. The
      toothed belt 39 then pulls along the recorder carriage until the latter
      reaches its end position, meaning that the carriage has been moved along
      the entire length of the drum. In this end position, in which the
      traveling carriage 31 lies in proximity to the support plate 36, the
      coupling magnet 42 is excited and uncouples the traveling carriage, and
      thereby the recorder carriage, from the toothed belt 39. If the image
      which is to be recorded does not require the entire length of the drum, it
      may also be previously uncoupled.
PAR  For effecting the return conveyance of the recorder carriage from the end
      position into the initial position there is provided a return member 49
      fastened to the traveling carriage 31, which is tensioned by means of a
      linear spiral spring 41 supported in a housing 50. The spring 51 is
      tensioned upon motion of the recorder carriage in the direction of arrow
      26 from the initial position to the end position. Upon uncoupling of the
      recorder carriage in the end position, the spring 51 pulls the recorder
      carriage by means of the return 49 back again into the initial position.
      Upon attaining the initial position, the traveling carriage 31 impacts
      against the rubber bumper 48.
PAR  In order to avoid shocks and consequent disturbances of the apparatus upon
      impact of the traveling carriage 31 with the rubber bumper 48 upon
      reconveyance, on the arm 34 are fastened two switches 52 and 53, which are
      stationary with respect to the recorder carriage, and which are actuatable
      by means of a switching lever 54 which is connected with the traveling
      carriage 31. Upon actuation of the switches 52 and 53, the coupling magnet
      42 becomes currentless, in effect, the traveling carriage 31 is coupled to
      the toothed belt 39. The switches 52 and 53 are so arranged that upon
      reconveyance of the recorder carriage from the end position to the initial
      position, shortly before reaching the initial position, two times after
      each other there is effected a short term coupling of the recorder
      carriage to the toothed belt 39 and braking is achieved thereby. Thereby
      shocks are prevented through a too strong impact with the rubber bumper
      48.
PAR  With respect to FIG. 3, there is described in more precise detail the
      braking of the recorder carriage during the reconveyance thereof. In FIG.
      3 the coupling magnet 42 is schematically illustrated. Furthermore, the
      electromotor 55 which drives the toothed belt 39 through the drive 38 is
      illustrated. The electromotor 55 and the coupling magnet 52 are switchable
      to a supply voltage source across two jointly actuatable switches 56 and
      57. In FIG. 3, further illustrated are also the switches 52 and 53, in a
      schematic manner.
PAR  For recording of an image, meaning for effecting movement of the recorder
      carriage from its initial position, in which the traveling carriage 31
      contacts the rubber bumper 48, into its end position in which the
      traveling carriage 31 lies proximate to the support plate 36, the switches
      56 and 57 are jointly actuated. The switch 56 herein applies a voltage to
      the motor 55 so that the toothed belt 39 commences running. The switch 57
      which is thereby opened, renders the coupling magnet 42 currentless, so
      that the toothed belt 39 is clamped between plates 43 and 44 and thereby
      the recorder carriage is coupled to the toothed belt 39. Upon reaching the
      end position, the switches 56 and 57 are again jointly moved into their
      illustrated position, meaning, that the motor 55 is switched off and
      coupling magnet 42 excited, so that the recorder carriage is uncoupled
      from the toothed belt 39. The spring 51, which has been tensioned during
      the image recording, now pulls, by means of the return member 49, the
      recorder carriage from the end position back into the initial position.
      Shortly before the initial position, the switch 52 is opened by means of
      the switching pin 54, and in a short period renders the coupling magnet 42
      currentless. Thereby, the recorder carriage is coupled to the toothed belt
      39 and braked, inasmuch as due to the switched-off motor 55, the toothed
      gear 39 is maintained stationary. The same sequence is repeated when the
      pin 54 reaches the switch 53. When the traveling carriage 31 impacts
      against the rubber bumper 48, it has been braked so far that undesirable
      shocks of the entire apparatus no longer occur.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a liquid jet recorder having at least one jet nozzle; a pressure
      means conduit connected to said jet nozzle for causing the latter to
      propel a jet of an electrically-conductive recording liquid onto a
      recording carrier; at least one control electrode encompassing said liquid
      jet disintegrating into drops; a signal source for imparting a charge to
      said drops for effecting mutual repelling and disintegration into a vapor
      cloud; means for producing relative movement between said jet nozzle and
      said recording carried in two mutually perpendicular directions for
      producing a linewise image recording; a pair of rails; a recorder carriage
      movable along said rails, said jet nozzle and control electrode
      constituting a recording unit forming a component of said recorder
      carriage; and an electromotor adapted to have said recorder carriage
      coupled thereto for conveyance thereof within a predetermined range; said
      recording carrier being limited to movement perpendicular to the direction
      of movement of said recorder carriage, the improvement comprising: a
      conveying belt adapted to be driven by said electromotor; an electrical
      coupling magnet for coupling said recorder carriage to said conveying
      belt, said motor driving said belt in one conveying direction into an end
      position of said recorder carriage; spring-loaded return means having a
      spring tensioned upon movement of said carriage toward the end position,
      said return means reconveying said recorder carriage into its initial
      position upon reaching the end position; means for controlling said
      coupling magnet so as to effect uncoupling of said recorder carriage from
      said conveying belt upon reaching said end position; and at least one
      switch for actuating said coupling magnet during reconveyance of said
      recorder carriage from the end position into the initial position shortly
      before reaching the initial position so as to effect coupling of said
      recorder carriage to said conveying belt for braking of the former.
NUM  2.
PAR  2. A recorder as claimed in claim 1, comprising means for deactivating said
      drive motor for said conveying belt upon reaching said end position.
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ABST
PAL  An auto-focus camera includes a range finder device having no moving parts.
      First and second stationary lens devices receive radiation from an object
      along two spatially separate paths. First and second sensing devices, each
      comprising a plurality of photo-responsive elements, are arranged to
      receive the radiation passing through the first and second lens devices,
      respectively. The first and second sensing devices provide electrical
      signals representative of the relative position of the intensity
      distribution of the radiation passing through the second lens device and
      falling on the second sensing device with respect to the position of the
      intensity distribution of the radiation passing through the first lens
      device and falling on the first sensing device. A detecting circuit
      connected to the first and second sensing devices provides an output
      signal indicative of that of a plurality of predetermined zones in which
      the object is located.
PAL  The camera further includes a control circuit responsive to the range
      finder output signal for moving the objective lens in the camera to a
      position at which an image of the object is properly focused on a light
      sensitive film within the camera.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The subject matter disclosed but not claimed herein is disclosed and
      claimed in application Ser. No. 529,573 of Norman L. Stauffer, filed on
      Dec. 4, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to auto-focus cameras, and more
      particularly to an automatic range finder device which may be included in
      an auto-focus camera such as may be found, in accordance with U.S. Patent
      Office classification, in Class 33, Sub-class 284, or Class 95, Sub-class
      44, or Class 250, Sub-class 204.
PAR  In the past, most automatic focusing systems have required two basic
      motions. One is a motion of a focusing lens with respect to a plane upon
      which a focused image of a scene is to be formed. The second motion is a
      scanning motion of a light detector with respect to the image at that or a
      related image plane. Some focus detecting systems have been developed
      which obviate the requirement of scanning the image plane in order to
      determine the best focus position of the objective lens. However, those
      systems have introduced other disadvantages such as being optically
      complex, costly, and relatively inaccurate.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, an object of the present invention to provide an
      improved focus detecting apparatus which obviates the disadvantages of
      prior art devices.
PAR  It is another object of the present invention to provide a focus detecting
      apparatus which requires no scanning movement.
PAR  It is yet another object of the present invention to provide a focus
      detecting apparatus as set forth, which is relatively simple in design.
PAR  It is a further object of the present invention to provide a focus
      detecting apparatus as set forth, which is more accurate and reliable than
      prior art devices.
PAR  In accomplishing these and other objects, there has been provided, in
      accordance with the present invention, an improved range finder which is
      adaptable for use with an automatic focusing camera. The range finder
      includes first and second stationary sensing devices arranged to receive
      light from an object by separate light paths through first and second
      stationary lens devices, respectively. The first and second sensing
      devices provide electrical signals which are representative of the
      relative position of the light distribution pattern formed on the first
      sensing device with respect to the light distribution pattern formed on
      the second sensing device. A circuit means receives the electrical signals
      from the first and second sensing devices and provides one of a plurality
      of predetermined output signals which is representative of the distance
      that the object is displaced from the range finder. Further circuit means
      are provided in the auto-focus camera to be responsive to the output
      signal of the range finder to move an objective lens of the camera to a
      position whereat an image of the object formed on a light sensitive film
      plane is in proper focus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention may be had from the
      following detailed description when read in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a schematic diagram of one embodiment of the present invention;
PAR  FIG. 2 is a schematic diagram of an exemplary construction of the logic
      circuit of FIG. 1; and
PAR  FIG. 3 is a schematic diagram illustrating the principle of operation of
      the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 in detail, there are shown first and second stationary
      lens devices 1 and 3, respectively. Situated behind the first lens device
      1 is a first stationary sensing means 5. The first sensing means 5 is
      arranged to receive radiation from a relatively distant object through the
      first lens device 1. A second stationary sensing means 7 is similarly
      placed behind the second lens device 3 to receive radiation from the
      object through the second lens device 3. The first sensing means 5
      includes, in the present example, three photo-responsive elements 9, 11,
      and 13. The second stationary sensing means 7, in the present example,
      includes five photo-responsive elements 15, 17, 19, 21 and 23,
      respectively. Output terminals from the photo-responsive elements 9, 11,
      and 13 of the first sensing means 5 are connected to corresponding
      isolating or buffer amplifiers 25, 27 and 29, respectively. Similarly, the
      output terminals from the five photo-responsive elements 15, 17, 19, 21
      and 23 of the second stationary sensing means 7 are connected to
      corresponding isolating or buffer amplifiers 31, 33, 35, 37 and 39,
      respectively. Each photo-responsive element therefore is connected to an
      associated buffer amplifier.
PAR  A differential amplifier 41 receives input signals through resistors 43 and
      45, respectively, from the buffer amplifiers 25 and 31. Similarly, a
      differential amplifier 47 receives input signals through individual
      resistors 49 and 51, respectively, from the second buffer amplifier 33 of
      the second sensing means 7 and the second buffer amplifier 27 of the first
      sensing means 5. A further differential amplifier 53 receives input
      signals through resistors 55 and 57, respectively, from the buffer
      amplifier 35 and the buffer amplifier 29. A differential amplifier 59 also
      receives input signals through separate resistors 61 and 63 from the
      buffer amplifier 33 and the buffer amplifier 25. Similarly, the buffer
      amplifier 35 and the buffer amplifier 27 provide input signals through
      corresponding resistors 65 and 67 to another differential amplifier 69. A
      differential amplifier 71 receives input signals through individual
      resistors 73 and 75 from the buffer amplifier 37 and the buffer amplifier
      29. The third group of the three differential amplifiers 77, 79 and 81
      compare, respectively, the output signals of the buffer amplifiers 25, 27
      and 29 with the output signals of the three buffer amplifiers 35, 37 and
      39. The differential amplifier 77 receives input signals through
      individual resistors 83 and 85 from the buffer amplifier 35 and the buffer
      amplifier 25. The buffer amplifier 37 and the buffer amplifier 27 provide
      input signals through individual resistors 87 and 89 to the differential
      amplifier 79. The differential amplifier 81 receives input signals through
      individual resistors 91 and 93 from the buffer amplifier 39 and the buffer
      amplifier 29, respectively.
PAR  The first three differential amplifiers 41, 47 and 53 provide output
      signals A1, A2, and A3, respectively, which are applied to corresponding
      absolute value determining circuits 95, 97 and 99, respectively. The
      output signals from the absolute value circuits 95, 97 and 99 are applied,
      respectively, through resistors 101, 103 and 105 to the input terminal of
      another amplifier 107. The amplifier 107 provides an output signal A which
      is applied as an input signal to a logic circuit 109.
PAR  The second three differential amplifiers 59, 69 and 71 provide output
      signals B1, B2 and B3 which are applied to individual absolute value
      determining circuits 111, 113 and 115, respectively. The outputs of the
      absolute value circuits 111, 113 and 115 are applied through individual
      resistors 117, 119 and 121, respectively, to an amplifier 123. The
      amplifier 123 provides an output signal B which is also applied to the
      logic circuit 109. The last three differential amplifiers 77, 79 and 81
      provide output signals C1, C2 and C3 which are applied to associated
      absolute value determining circuits 125, 127 and 129, respectively. The
      output signals of the absolute value circuits 125, 127 and 129 are applied
      through associated resistors 131, 133 and 135, respectively, to another
      amplifier 137. The amplifier 137 provides an output signal C which is also
      applied to the logic circuit 109.
PAR  The logic circuit 109 receives the input signals A, B and C and provides
      output signals Z1, Z2 and Z3 which are, in turn, applied to a control
      circuit 139. Each output signal Z1, Z2 and Z3 of the logic circuit 109 is
      also applied to an indicator or annunicator 141, 143 and 145,
      respectively. The indicators or annunicators 141, 143 and 145 may either
      give audible, visual, or other perceptible indication when a predetermined
      potential appears on the line to which they are connected. The control
      circuit 139 operates a motor 142 which, in turn, moves an objective lens
      means 144 in either forward (F) or reverse (R) directions. Radiation from
      the object will pass through the objective lens means 144 and fall on a
      light sensitive film 146 which is positioned against support means 148 for
      defining an image plane. In the present example, the objective lens device
      144 is operable to move to one of three predetermined zone positions Z1,
      Z2 or Z3.
PAR  The logic circuit 109 is shown in detail in FIG. 2. The signal A provides
      one input to an amplifier 149 while the signal C provides one input to
      another amplifier 151. The signal B provides the second input signal to
      both amplifiers 149 and 151. The amplifier 149 compares the signals A and
      B to provide an output signal which is of a predetermined value when the
      signal B is greater than the signal A. Similarly, the amplifier 151
      compares the signal B with the signal C and provides a predetermined
      output signal when the signal B is greater than the signal C. The output
      signal from the amplifier 149 is applied through an inverter 153 to
      provide an input signal to each of two AND gates 155 and 157. The output
      signal from the amplifier 149 also provides an input signal to a third AND
      gate 159. The output signal from the amplifier 151 is applied through an
      inverter 161 to provide a second input signal to each of the AND gates 155
      and 159. The output signal of the amplifier 151 also provides a second
      input signal to the AND gate 157. The gates 159, 155 and 157 provide the
      output signals Z1, Z2 and Z3, respectively, of the logic circuit 109.
PAR  It should be noted that although the photo-responsive elements 9 through 23
      are shown in FIG. 1 facing the reader, it is understood that, in an actual
      construction, the faces of the photo-responsive elements are arranged to
      receive the light passing through the lens devices 1 and 3. It should
      further be noted that it is not necessary for the proper operation of the
      present invention that the image formed on the first and second stationary
      sensing means 5 and 7 be in proper focus so long as identifiable light
      intensity distributions are formed thereon.
PAR  In explaining the operation of the present invention, it will be helpful to
      refer to FIG. 3. In FIG. 3, three distinct positions P1, P2 and P3 are
      indicated along a first light path 161. Radiation from an object which may
      be located in any position along the first light path 161, will pass
      through the first stationary lens means 1 and fall on the photo-responsive
      elements 9, 11 and 13 of the first sensing means 5. Depending upon the
      position of the object, radiation from that object will also pass along a
      second light path defined by the radiation passing through the second lens
      device 3, and fall on the photo-responsive elements 15, 17, 19, 21 and 23
      of the second sensing means 7. Three axes of radiation 163, 165 and 167
      are shown in FIG. 3 as emanating from the three different positions and
      passing through the second lens device 3 to the second sensing means 7.
PAR  If an object is located at the position P3 in FIG. 3, for example,
      radiation therefrom will pass through the first lens device 1 and fall on
      the first sensing means 5. That radiation may not form a focused image of
      the object at the position P3 upon the first sensing means 5 but it is not
      essential that a focused image be so formed. It is sufficient if an
      identifiable light intensity distribution relative to the photo-responsive
      elements is formed at the sensing means. When an object is at the position
      P3 an intensity distribution will be formed at the first sensing means 5
      and that distribution will be centered upon the photo-responsive element
      11 thereof. Radiation from an object at position P3 will also pass
      generally along the line 163 through the lens device 3 and fall on the
      remote portion of the second sensing means 7. More specifically, the
      intensity distribution formed on the second sensing means 7 from the
      object at the position P3 will be centered upon the photo-responsive
      element 21 of the second sensing means 7. Therefore, with an object at the
      position P3, the intensity of the radiation falling on the
      photo-responsive element 9 in the first sensing means 5 will be
      substantially equal to the intensity of the radiation falling on the third
      photo-responsive element 19 of the second sensing means 7 since both
      intensity distribution patterns are substantially the same. Similarly, the
      intensity of the radiation falling on the photo-responsive element 11 of
      the first sensing means 5 will be substantially equal to the intensity of
      the radiation falling on the photo-responsive element 21 of the second
      sensing means 7, and the intensity of the radiation falling on the
      photo-responsive elements 13 and 23 will also be substantially equal.
      Therefore, when circuit means are provided, as shown in FIG. 1, which
      determines that the intensity distribution falling on the photo-responsive
      elements 9, 11 and 13 substantially matches the intensity distribution
      falling on the elements 19, 21 and 23, it can be said that the object the
      distance to which from the range finder device is to be determined, is
      generally located at the position P3. Similarly, if the circuit means
      connected to the first and second sensing means 5 and 7 determines that
      the intensity distribution falling on the photo-responsive elements 9, 11
      and 13 of the first sensing means 5 is substantially identical to the
      intensity distribution falling on the second, third and fourth
      photo-responsive elements 17, 19 and 21 of the second sensing means 7, the
      object whose displacement from the range finding device is to be sought is
      generally located at the position P2. In like manner if the intensity
      distribution falling on the photo-responsive elements 9, 11 and 13 of the
      first sensing means 5 substantially matches the intensity distribution
      falling on the first three photo-responsive elements 15, 17 and 19 of the
      sensing means 7, it can be said that the object from which the radiation
      forming the intensity distributions emanates, is generally located at the
      position P1.
PAR  The positions P1, P2 and P3 generally define zones Z1, Z2 and Z3 of
      displacement from the range finding device. An objective lens means such
      as the lens 144 will, for any given position, provide at the image plane a
      focused image of any object within a corresponding zone displaced from
      that objective lens means, depending upon the particular focal
      characteristics of that particular lens device. Therefore the zone
      approach to automatic focusing disclosed herein is practical and
      effective. That is, it is not essential that the range finding device
      determine the exact displacement from the device itself but only that it
      determine a general displacement from which it can be determined in which
      of a predetermined number of zones the object may be found. Once the zone
      in which the object is located is determined, the objective lens means 144
      may be moved to one of a predetermined number of distinct positions
      corresponding to the number of zones used in any particular application.
      Thereafter, any object within that zone will be properly focused upon the
      light sensitive film 146 of a camera for example.
PAR  It should here be noted, that the present invention is not limited to a
      three zone system as shown in the exemplary embodiment. Any number of
      zones may be used. For example if a four zone system were desired, the
      first sensing means 5 could still comprise three photo-responsive elements
      but the second sensing means 7 would then comprise six photo-responsive
      elements, i.e. the number of zones to be used plus two. The number of
      photo-responsive elements in the first sensing means may also be changed
      if desired without departing from the spirit of the present invention. For
      example, again if a four zone system were desired, the first sensing means
      5 may include 4 or 5 or more photo-responsive elements and the second
      sensing means 7 would then include seven or eight or more photo-responsive
      elements, respectively. The number of photo-responsive elements in the
      second sensing means will equal the number of photo-responsive elements in
      the first sensing means plus one less than the number of zones used. Any
      number of photo-responsive elements may be used in the first sensing
      means, and any number of zones may be used to practice the present
      invention.
PAR  The width of each detector element must be equal to the relative image
      motion or phase which would occur if the subject distance moved from the
      center of one zone to the center of the next. The total distance moved for
      all zones from infinity to a near distance is:
      ##EQU1##
      wherein e is the total distance moved, f is the distance between the plane
      containing the first and second lens means and the plane of the
      photo-responsive elements of the first and second sensing means, d is the
      distance between centers of the first and second lens devices 1 and 3, and
      S is the near distance of the closest zone. Thus if n zones are
      considered, each detector width w must be:
      ##EQU2##
PAR  The circuit used to determine which group of three photo-responsive
      elements in the second sensing means 7 provides output signals which are
      most similar to the output signals provided by the photo-responsive
      elements of the first sensing means 5, is that shown in FIG. 1. For
      purposes of explaining the operation of the exemplary embodiment, it will
      be assumed that the object which is to be focused on the light sensitive
      film 146 is at a position P2 in the central zone of FIG. 3. Therefore, the
      intensity distribution of the radiation passing through the first lens
      device 1 will fall on the photo-responsive elements 9, 11 and 13, and a
      substantially similar intensity distribution will fall on the middle group
      of three photo-responsive elements 17, 19 and 21 from radiation passing
      through the second lens device 3. That is, when the object, the distance
      to which is to be determined, is located at the position P2 the intensity
      distribution therefrom will be centered on the photo-responsive element 11
      of the first sensing means 5 and substantially the same intensity
      distribution will be centered on the photo-responsive element 19 of the
      second sensing means 7. Therefore, the output signal from the
      photo-responsive element 9 will be substantially the same as the output
      signal from the photo-responsive element 17, the output from the
      photo-responsive element 11 will be substantially the same as the output
      from the photo-responsive element 19, and the outputs from the
      photo-responsive elements 13 and 21 will also be substantially identical.
      The differential amplifier 59 compares output signals provided by the
      first photo-responsive element 9 of the first sensing means 5, and the
      second photo-responsive element 17 of the second sensing means 7. Since
      those two photo-responsive elements receive substantially the same
      illumination when the object is in the second zone Z2 at the position P2,
      the output signal from the differential amplifier 59 will be substantially
      zero. Similarly, when the object is in the position P2, the outputs from
      each of the differential amplifiers 69 and 71 will also be substantially
      zero. Those output signals B1, B2 and B3 are added together and applied to
      the amplifier 123 to provide the signal B which is, in turn, applied to
      the logic circuit 109.
PAR  Since the intensity distribution falling on the photo-responsive elements
      9, 11 and 13 does not match up with the intensity distribution falling on
      either the light responsive elements 15, 17 and 19 or the intensity
      distribution falling on the photo-responsive elements 19, 21 and 23, the
      outputs of corresponding photo-responsive elements will necessarily not be
      the same, i.e., the output signal from the photo-responsive element 9 will
      not be the same as either the output signal from the photo-responsive
      element 15 or the output signal from the photo-responsive element 19.
      Therefore, the differential amplifier 41 will provide an output signal A1
      which is not substantially zero. Likewise, the differential amplifier 77
      will provide an output signal C1 which is not substantially zero.
      Similarly, signals A2 and A3 as well as the signals C2 and C3 will have a
      magnitude greater than zero in the present example.
PAR  The circuits 95, 97 and 99 derive the absolute value from the signals A1,
      A2 and A3. Those absolute values are added together and applied to the
      amplifier 107 to provide the signal A which is, in turn, applied to the
      logic circuit 109. The circuits 125, 127 and 129 derive the absolute value
      from the signals C1, C2 and C3. Those absolute value signals are added
      together and applied through the amplifier 137 to provide the input signal
      C to the logic circuit 109. Therefore, the signal B is substantially zero
      while the signals A and C have a positive value greater than zero when the
      object is in the zone of position P2.
PAR  Referring to FIG. 2, the amplifier 149 provides a logic "1" output signal
      when the signal B is greater than the signal A. The amplifier 151 provides
      a logic "1" output signal when the signal B is greater than the signal C.
      In the present example the signal B is less than both signals A and C and
      therefore the logic level on both logic lines B&gt;A and B&gt;C is at a "0"
      level. That "0" level logic is inverted to a logic "1" level by the
      inverter 153 and therefore a logic "1" is presented to one input terminal
      of each of the AND gates 155 and 157. The logic "0" on the B&gt;A logic line
      is applied directly to the AND gate 159 thereby necessitating a logic "0"
      level at its output Z1. The logic "0" on the B&gt;C logic line is applied
      directly to one input terminal of the AND gate 157, thereby necessitating
      a logic "0"  level on its output line Z3. The logic "0" on the B&gt;C logic
      line is inverted to a logic "1" level through the inverter 161 and applied
      to the other input terminal of the AND gate 155. Since both inputs to the
      AND gate 155 are at a logic "1" level, the output Z2 is also at a logic
      "1" level. Therefore, in the present example, with the object at the
      position P2, the output signal Z2 from the logic circuit 109 is at a logic
      "1" level while the output signals Z1 and Z3 from the logic circuit 109
      are at a logic "0" level. The indicators or annunicators 141, 143 and 145
      are such that a logic "1" level will actuate them to provide a perceptive
      indication to an operator as to the zone in which the object is located.
      Therefore the indicator or annunicator 143 will, in the present example,
      provide such an indication. The control circuit 139 (FIG. 1) is arranged
      to detect which of the input signals thereto Z1, Z2 or Z3 is at a logic
      "1" level and, in accordance therewith, move the objective lens means 144
      through the motor 142 to the associated stop Z1, Z2 or Z3 of the objective
      lens means 144. A limit switch 171 may be coupled to the motor 142 to
      insure the proper positioning of the objective lens means 144. Upon the
      receipt of a Z2 signal at a logic "1" level, the objective lens means 144
      will move to its Z2 stop, at which point an image of the object will be
      properly focused on the light sensitive film 146 of a camera, for example.
PAR  Thus there has been provided, in accordance with the present invention, an
      improved range finder which may be used in combination with a camera,
      which range finder is simple in design and construction, having no moving
      parts, and provides a more accurate and reliable indication of the
      distance from the range finder to an object of interest.
CLMS
STM  The embodiments of the present invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A range finding device comprising:
PA1  first and second stationary receiving means for receiving radiation from an
      object along first and second spatially separated light paths,
      respectively;
PA1  stationary sensing means arranged to provide electrical signals
      representative of the relative position of the intensity distribution of
      said radiation passing through said first stationary receiving means with
      respect to the position of the intensity distribution of said radiation
      passing through said second stationary receiving means; and
PA1  circuit means responsive to said electrical signals to provide an output
      signal representative of the distance between said object and the range
      finding device.
NUM  2.
PAR  2. The range finding device as set forth in claim 1 wherein said stationary
      sensing means includes first and second sensing devices, said first
      sensing device including a first plurality n of sensing elements, said
      second sensing device including a second plurality of sensing elements,
      said second plurality being greater than n, said circuit means including a
      comparison means for sequential but overlapping groups of n elements in
      said second sensing device, said comparison means being operable to
      compare sensed signals from said first sensing device with sensed signals
      from each of said sequential groups of n elements in said second sensing
      device and to provide said output signal determined by which group of n
      elements in said second sensing device provides signals most similar to
      the signals from said first sensing device.
NUM  3.
PAR  3. The range finding device as set forth in claim 2 and further including
      annunciator means arranged to receive said output signal and provide a
      perceptible indication thereof.
NUM  4.
PAR  4. The range finding device as set forth in claim 1 and further including:
PA1  objective lens means arranged to receive radiation from said objects;
PA1  means defining an image plane said objective lens means being operable to
      form an image of said object at said image plane; and
PA1  control means responsive to said output signal for moving said objective
      lens means to a position whereat said image is in focus at said image
      plane.
NUM  5.
PAR  5. The range finding device as set forth in claim 4 wherein said control
      means includes means for moving said objective lens means to one of a
      predetermined number of distinct positions, each of said distinct
      positions corresponding to a zone of displacement from the range finder
      such that when said objective lens means is at one of said predetermined
      positions, all of the objects in a corresponding zone will be
      substantially focused at said image plane.
NUM  6.
PAR  6. The range finding device as set forth in claim 5 wherein the number of
      sensing elements of said second sensing device is equal to the number of
      sensing elements in said first sensing device plus less lss than said
      predetermined number of zones of displacement.
NUM  7.
PAR  7. The range finding device as set forth in claim 6 wherein said sensing
      elements are photo-voltaic elements.
NUM  8.
PAR  8. A zonal range finding device comprising;
PA1  first and second stationary lens means for receiving radiation from an
      object along first and second spatially separated light paths,
      respectively;
PA1  first stationary sensing means positioned to be responsive to said
      radiation in said light path defined by said first lens means to produce
      an electrical signal representative of the light intensity distribution
      relative to said first sensing means;
PA1  second stationary sensing means positioned to be responsive to said
      radiation in said light path defined by said second lens means to produce
      electrical signals representative of the light intensity distribution
      relative to said second sensing means; said light intensity distribution
      relative to said second sensing means being a function of the zonal
      distance between said object and said range finding device.
PA1  and circuit means, including signal comparing means, responsive to said
      electrical signal from said first and second comparing means to provide an
      output signal representative of the zone of distance between said object
      and said range finding device.
NUM  9.
PAR  9. A zonal range finding device as set forth in claim 8 wherein said first
      and second sensing means each include a plurality of linearly displaced
      light sensitive elements, the number of light sensitive elements in said
      second sensing means being greater than the number of such elements in
      said first sensing means whereby to define said distance zones.
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ABST
PAL  A camera in which the iris is set prior to the exposure time, particularly
      a camera which can be converted into a camera in which the exposure time
      is set prior to the iris adjustment by mounting an additional iris control
      device on the view finder.
BSUM
PAR  A camera in which the iris is set prior to the exposure time in such a
      manner that the iris is set in advance while the exposure time is
      automatically controlled to obtain a proper exposure has already been
      known.
PAR  Because in the case of the camera in which the iris is set in advance, the
      photographer has the liberty to choose the value of iris at his option,
      and it is possible for him to choose the depth of the object freely.
      Consequently when he takes a photograph of an object standing still for
      which the depth of the object plays an important part of the picture, a
      desirable picture can be obtained. However, the exposure time in this case
      is automatically decided so that there exists a possibility that a longer
      exposure time should be given for an object in quick motion, whereby it is
      possible to obtain a good picture. Namely, it can be said that this kind
      of camera is not suitable for an object in quick motion. On the other
      hand, a camera in which the exposure time is set in advance avoiding the
      above-mentioned weak point of the camera in which the iris is set in
      advance has already been known. Quite contrary to the camera in which the
      iris is set in advance, in the case of the above-mentioned camera the
      exposure time is set in advance and the iris is controlled in accordance
      with the exposure time to obtain a proper exposure, whereby there exists a
      weak point even in such a camera. Namely, while the exposure time can be
      chosen freely in accordance with the speed of an object in motion so that
      a good picture without shearing can be obtained, avoiding a weak point of
      a camera in which the iris is set in advance, the merit of the camera in
      which the iris is set in advance, i.e. the possibility to choose the depth
      of an object freely, cannot be brought out because the iris is
      automatically set, leaving no space for the photographer his option for
      selection. Such being the situation, the apparition of such a camera as
      covers the weak points of both kinds of cameras has long been waited for,
      whereby the iris can be set in advance while in case of necessity the
      exposure time can be set in advance.
PAR  One of the objects of the present invention is to offer a camera in which
      the iris can be set in advance while in case of necessity the exposure
      time can be set in advance.
PAR  Another object of the present invention is to offer a camera in which the
      iris can be set in advance while in case of necessity the exposure time
      can be set in advance by mounting additionally an iris control device on
      the view finder of the camera.
PAR  Other objects of the present invention will become clear from the below
      descriptions concerning the embodiments of the present invention.
DRWD
PAC  BRIEF EXPLANATIONS OF THE DRAWINGS
PAR  FIG. 1 shows the important part of a conventional camera in which the iris
      is set in advance.
PAR  FIG. 2 shows an important part of the camera according to the present
      invention in which the iris is set in advance, whereby the iris control
      device has been mounted.
PAR  FIG. 3 shows a perspective view of an embodiment of the camera in which the
      iris is set in advance, whereby the iris control device has been mounted.
PAR  FIG. 4 shows as a whole the iris control device mounted on the camera
      according to the present invention.
PAR  FIG. 5 shows a circuit diagram of the iris control device shown in FIG. 4.
PAR  FIG. 6 shows a circuit diagram of the electric shutter of the camera shown
      in FIG. 3 according to the present invention in which the iris is set in
      advance.
DETD
PAR  Below the camera according to te present invention in which the iris is set
      in advance is explained in detail.
PAR  FIG. 1 shows an important part of the conventional camera in which the iris
      is set in advance. In the drawing A1 is the photographing optics, A3 the
      reflex-mirror, A4 a film, A5 the condenser lens, A6 the beam splitter, A7
      the pentaprism, A8 the light beam coming from the object, A11 the light
      beam entering the distance measuring view finder, AP2 the light beam
      receiving element in the circuit of the electric shutter (not shown).
      Below the function of the camera will be explained. By rotating the iris
      ring (not shown in the drawing) provided on the photographing optics A1,
      the information of the iris value is given to the circuit of the electric
      shutter in advance. Then the shutter release button (not shown in the
      drawing) being pushed down, the reflex mirror 43 springs up around the
      axis Ao as support point, while the shutter is opened in such a manner
      that the light beam A8 coming from the object reaches the film A4. On the
      other hand, before the shutter release button being pushed down, the light
      beam A8 coming from the object enters the light beam receiving element AP2
      through the reflex mirror A3 and the beam splitter A6, whereby the light
      quantity of the beam coming from the object is received by the light beam
      receiving element AP2 and memorized in the circuit of the electric
      shutter. After a certain time determined by the memorized quantity and and
      iris value the magnet in the circuit of the electric shutter operates, the
      shutter is operated and the exposure is finished. This is what is called
      the camera in which the iris is set in advance. With this camera in which
      the iris is set in advance, the photographer can select the iris value at
      his option, while it is impossible to choose the exposure time freely. It
      is the principal object of the present invention to solve the
      disadvantage. This object can be achieved by interchanging the view finder
      of the camera as shown in FIG. 2. FIG. 2 shows the construction with which
      it is possible to convert the camera according to the present invention in
      which the iris is set in advance into the one in which the exposure time
      can be set in advance. The explanation for the parts bearing the same
      figures as in FIG. 1 is hereby omitted. In the drawing A2 show the iris
      blade controlled by the iris control device OP1, the detail of which will
      be explained later, A9 the light beam coming from the object and reaching
      the film, A10 the light beam coming from the object, deflected by the
      reflex mirror A3 and reaching the iris control device OP1, and AP1 the
      iris control device to be mounted on the upper part of the camera body,
      comprising a shutter dial (not shown in the drawing) and the element AP1
      receiving the light beam, whereby the output terminals of AP1 are
      connected to the iris control circuit (not shown in the drawing). Further,
      in the above-mentioned iris control circuit a variable resistance
      mechanically connected with shutter dial and giving the information of the
      exposure time to the iris control circuit is inserted. Hereby the iris
      control device is so constructed as to let the iris blade A2 work properly
      in accordance with the exposure time set by the shutter dial and the light
      quantity received by the light receiving element AP1.
PAR  In order to convert the camera in which the iris is set in advance into the
      camera in which the exposure time is set in advance, at first the iris
      control device OP1 is mounted on the camera as shown in FIG. 2, whereby
      the iris blade A2 and the output terminals of the iris control device are
      mechanically connected. Then by means of the shutter dial (not shown in
      the drawing) of the iris control device OP1, the exposure time is set at
      an optional value. When the shutter release button (not shown in the
      drawing) is pushed down, the iris blade closes to the proper iris value by
      means of the iris control device OP1 in accordance with the exposure time
      set in advance and the light quantity of the light receiving element AP1.
      To the light receiving element in the circuit of the electric shutter (not
      shown in the drawing), the light beam coming from the object A10 through
      the iris blade is given. This light quantity is memorized in a memory
      means such as condenser in the circuit of the electric shutter (not shown
      in the drawing). When the shutter release button (not shown in the
      drawing) is further pushed down, the reflex mirror springs up while the
      shutter is at the same time opened. After a certain time determined by the
      light quantity memorized in the circuit of the electric circuit, the
      magnet in the circuit of the electric shutter is operated, the shutter is
      closed and the exposure is finished. Thus, according to the present
      invention, the camera body is the one in which the iris is set in advance,
      while by mounting the iris control device on the upper part of the camera
      it can be converted into the one in which the exposure time is set in
      advance.
PAR  Below the present invention will be explained referring to the FIG. 3 to 6.
      FIG. 3 shows a perspective view of an embodiment of the camera in which
      iris is set in advance, whereby the iris control device has been mounted.
      In FIG. 3, A is the iris control device, O the optics, whereby by means of
      the connecting means B the iris control device and the camera body C are
      connected with each other. Hereby F is the view finder, whereby, according
      to the invention, the camera, being equipped with the view finder is the
      one in which iris is set in advance, while the camera being equipped with
      the iris control device is the one in which the exposure time is set in
      advance.
PAR  FIG. 4 shows as a whole the iris control device shown in FIG. 3 and mounted
      on the camera according to the present invention. In FIG. 4, 11 is the
      shutter dial for the attachment for setting the exposure time and the
      sensitivity of the film, whereby through the engagement of a pin with the
      shutter dial and the notched plate, the rotation of the shutter dial 11 is
      transferred to the gear 14 integrated with the notched plate. 15 is a
      shaft integrated with the shutter dial 11, whereby it is so designed that
      the joint 17 whose rotation is restricted by the pin making a body with
      the shaft 15, and the shutter dial 69 of the camera body engages with each
      other.
PAR  18 is the set dial for the lens fully opened to determine the iris value of
      the optics mounted on the camera, whereby by turning the dial 18 the
      holder 22 of the iris scale 21 is moved by means of the lever 20 in
      engagement with the cam 19 making a body with the dial 18 in such a manner
      that the calibration due to the interchange of the lens is given to the
      iris control device A. 23 is a spring serving to press the lever 20 and
      the holder 22 always against the cam 19. The example shown in the drawing
      is the case in which the iris value is set on 1.4.
PAR  25 is a nob serving to close and open the main switch 26 of the iris
      control device A, whereby at the other end of the shaft 27 making a body
      with the nob 25 a disc 28 is mounted, on which the switch-over pin 29 and
      30 are fixed. For manual operation, the setting is made on M, whereby the
      switch 31 for the manual operation remains closed, while the switch 26 is
      opened so that the manual operation can be carried out due to the reason
      mentioned below. Further, when the nob 25 is placed on the position "on",
      the pin 30 opens the switch 31 while the pin 29 closes the switch 26, so
      that the function of electric eye can be carried out so far as the switch
      32 remains opened.
PAR  49 is a means mechanically connected with the preset ring of the automatic
      iris mechanism of the optics O, whereby in the drawing it is drawn in a
      direction toward the optics by a spring 34. It is natural that the optics
      makes a body with the camera body so far as it is not interchangeable.
      Even if it is interchangeable, it is possible to provide a member
      corresponding to the pin 36 on the camera in such a manner that the member
      is mechanically connected with the interchangeable lenses.
PAR  37 is a driving motor for servo-controlling of the iris control device A,
      whereby the rotation of the motor 37 is conveyed to the gear 44 for
      controlling the preset position of the iris by means of a series of gears
      39, 40, 41, 42, 43 mechanically connected to the gear 38 mounted on the
      same shaft of the motor 37 and at the same time to the gear 46 for
      adjusting the resistance 45 serving to adjust the variable resistance 45
      for the light measuring with opened iris blade corresponding to the preset
      iris value of the optics.
PAR  It is sufficient that the preset pin is mechanically connected with the
      motor 37 in the same way, in the example shown in the drawing the pin
      provided in the mirror box 47 of the camera body touches the upper end of
      the bowed part making a body with the middle plate 48 restricted in motion
      while the lower end 50 of the abutment making a body with the middle plate
      48 is mechanically connected with the motor in order that the camera can
      be operated as the one in which the iris is set in advance even when the
      view finder is put aside. The middle plate 48 is intended to make the
      finger 51 corresponding to the preset iris value visible in the field of
      the view finder even when the camera body 35 and the view finder F are
      connected with each other, whereby 52, 53 and 54 are the connecting means.
PAR  Therefore, the spring 34 serves to give a stronger force than the spring
      55, whose one end is fixed on the camera body.
PAR  Below the engagement between the motor 37 and the lower end of the abutment
      50 on the middle plate 48 is explained.
PAR  The upper end of the abutment 57 making one body with the preset position
      control plate moved in engagement with the gear 44 and the lower end of
      the abutment 50 of the middle plate 48 on the camera side are connected
      with the arm 58 moved to and fro. The arm 58 is pulled downward by a very
      weak spring 59.
PAR  The example shown in the drawing is the device constructed as the iris
      control device A whereby the number of switches are kept as small as
      possible, so that the abutment 50 on the camera side when not restricted
      is always pulled downward by a strong spring in order to avoid any
      misengagement of the abutment of the arm 58 with the abutment 57 of the
      iris control device A and the abutment 50 on the camera side when the iris
      control device A is mounted on the camera body C in such a manner that the
      iris control device A and the camera body C are connected with each other
      by means of the arm 58 so that it is necessary to move the abutment 57 on
      the iris control device A by setting the nob 25 on the position M, even in
      which case it is possible to make it unnecessary to set the nob 25 on the
      position M by increasing the number of switches in such a manner that the
      mounting and dismounting of the arm 58 of the device A is engaged with
      switches.
PAR  The pins 60 and 61 fixed on the control plate serves to operate 62 and 63
      at the upper and lower extremity respectively. The pin on the control
      plate 56 is always in touch with the cam plate 65 having a finger 64
      indicating the iris scale by means of the spring 66, whereby the iris
      value is indicated by means of the upward and downward motion of the
      control plate 66 due to the motion of the servo motor 37.
PAR  It is so designed that when the shutter dial 11 is set on (B), in the notch
      68 of the joint 17 the one end of the lever falls down in such a manner
      that the switch for (B) is closed. Hereby 35 is the penta prism, 70 the
      shutter release button, 71 the lever to wind up the film. 122 is a
      resistance provided on the camera body and being connected to the circuit
      of the electric shutter, to which resistance the rotation of the motor,
      namely the information of the iris value is conveyed by means of the arm
      58. 122' is the slider of the resistance 122, while T, T' are the
      terminals of the resistance.
PAR  FIG. 5 shows a circuit diagram of the iris control device shown in FIG. 4.
      In the drawing P is a CdS element as a photoelectric transducing element
      and can be substituted with the network consisting of a photoelectric
      element P' and a transistor Tp as shown in the dotted line. R.sub.1,
      R.sub.2, R.sub.3 and R.sub.4 are the fixed resistances, whose values are
      adjusted and maintained by a motor 37 driven according to the output of a
      resistance bridge network. VR.sub.2 is a circuit adjusting resistance. 32
      and 31 are the switches to be closed respectively for (B) photographing
      and for manual adjustment. T.sub.1 and T.sub.2 are respectively the
      transistors connected to the output terminals of the resistance bridge
      circuit, to the emitters of which transistors the output resistance
      R.sub.5, R.sub.6 are connected. R.sub.7 and R.sub.8 are respectively the
      middle resistances. The output of the resistance bridge circuit is led
      into the input of the differential amplifier having transistors T.sub.3
      and T.sub.4 through transistors T.sub.1, T.sub.2 and resistances R.sub.5,
      R.sub.6, R.sub.7 and R.sub.8. To the output network of the differential
      amplifier the resistances R.sub.9, R.sub.10, R.sub.11, R.sub.12 and
      R.sub.13 and the circuit adjusting resistance VR.sub.3 are connected,
      while the adjusting resistance VR.sub.4 to compensate the characteristics
      of the transistors, the resistance R.sub.14 for the current source and the
      so-called capacitor C.sub.1 to check the parasitic oscillation are
      connected as shown in the drawing. The output of the differential
      amplifier is led into the input of the inversed differential amplifier
      having transistors T.sub.5, T.sub.6. To the output network of the inversed
      differential amplifier, beside the output resistance R.sub.17, R.sub.18
      the diodes D.sub.1, D.sub.2, the resistances R.sub.20, R.sub.21, R.sub.22
      and R.sub.23 together with the resistance R.sub.19 for the current source
      are connected as shown in the drawing. The diodes D.sub.1 and D.sub.2
      serve to compensate the operating voltage between the base and the emitter
      of the transistor to be explained below and being connected in bridge
      connection in the output circuit of the differential amplifier.
PAR  Then to the input circuit of the transistors T.sub.11, T.sub.12, T.sub.13
      and T.sub.14 in bridge connection the output circuit of the transistors
      T.sub.7, T.sub.8, T.sub.9 and T.sub.10 controlled by means of the
      resistances R.sub.20, R.sub.21, R.sub.22 and R.sub.23 connected to the
      output circuit of the differential amplifier is connected in such a manner
      that the motor 37 connected to the transistors T.sub.11, T.sub.12,
      T.sub.13 and T.sub.14 in accordance with the fluctuation of the input.
      Hereby R.sub.24 is a resistance giving a braking effect and is connected
      as shown in the drawing. Further, the capacitor C.sub.4, C.sub.5 having
      polarity are connected so as to compose a capacitor having no polarity and
      serve to electric noises. The switches 62, 63 inserted in the output
      circuit of the transistors T.sub.11, T.sub.12, T.sub.13 and T.sub.14 in
      bridge connection serve to control the current supply to the motor in
      accordance with the over- and under-exposure, whereby it is so designed
      that they opens when the device cannot be controlled within the range
      possible for the light measurement. Therefore, it is possible to carry out
      a proper photographing in resetting the exposure time so as to bring the
      device within the range possible for the light measurement, by making use
      of the alarming means provided in the view finder.
PAR  Further, as the alarming means, the lamp alarming as well as a sound
      alarming can be applied. Hereby the switches 62 and 63 as shown in the
      drawing are in general quite effective in case the driving of the load of
      the output circuit of the transistors in bridge connection is controlled
      by the control input such as the output of the comparison circuit. For
      example, it is possible to compose a very simple driving control of the
      motor including the switch of lens zooming button as the control input in
      case the motor is utilized as zooming motor whereby 62 and 63 are used as
      the limit switches at the wide lens end and the telescopic lens end,
      whereby further by means of the motors driven by the input means such as
      the zooming switch 62 and 63 which are opened can be closed. Thus, it is
      considerably profitable in case of the servo control.
PAR  Below the circuit of the embodiment will be explained. Because the motor 37
      is apt to cause the so-called hunting phenomenon in case the intensity of
      the light as input changes abruptly, it is necessary to give a proper
      braking effect taking the response characteristic in full consideration,
      to which purpose the resistances and the capacitors R.sub.15, C.sub.2 and
      R.sub.16, C.sub.3 connected to the terminals of the motor serve, whereby
      they are connected to the input circuits of the differential circuit
      having transistors T.sub.3, T.sub.4. Hereby the capacitors C.sub.2,
      C.sub.3 serve to cut the D.C. component allowing the high frequency
      component only to pass as filter so as to suppress the fluctuation of the
      speed of motor. Namely, C.sub.2, R.sub.13 : C.sub.3, R.sub.15 give out a
      braking effect by tripple negative feed back.
PAR  Below the current source is explained. T.sub.15 and T.sub.16 are the
      transistor in Darlington connection, whereby the output circuit of the
      network is connected in series with the current source as well as the
      above-mentioned load circuit group, while it is so connected as to be
      controlled by the constant voltage set by the bleeder resistance connected
      in parallel with the battery. The bleeder resistance consists of the
      resistance R.sub.23, diode D.sub.3 and the Zener diode D.sub.Z. Hereby the
      diode D.sub.3 is connected in forward direction, with which connection the
      misconnection with the battery with inversed polarity is prevented. In
      case the Zener voltage is 6V, the D.sub.3 whose saturation voltage in
      forward direction is about 0.5V is used.
PAR  Both 26 and S.sub.1 ' are the switch of the current source, whereby 26 is
      the main switch while S.sub.1 ' is the one which is opened when the mirror
      is turned up (or the iris blade is closed by the iris lever). (As to this
      switch the synchronization switch in the camera body can be utilized,
      being inversed.) Especially the switch S.sub.1 ' is important for
      memorizing the iris value in order to avoid the change of the iris value
      servo-controlled by the automatic control circuit by the input fluctuation
      due to the turning up of the mirror.
PAR  Because in practice the device as a whole operates in undesirable way in
      case the photoelectric element such as CdS element whose transient
      response characteristics from the darkness to the brightness is inferior
      is used when the current source is connected with the load circuit
      immediately after the turning down of the mirror although the switch
      S.sub.1 ' is opened and the servo-device keeps the memory, as the counter
      measure it is desirable to design in such a manner that the source voltage
      is put on the load circuit only after lapse of the time corresponding to
      or longer than the transient response characteristics of the photoelectric
      transducing element. It has been proved that the misoperation due to the
      transient response characteristic of CdS element can be avoided, by
      connecting the resistance R.sub.25, the transistor T.sub.20, the capacitor
      C.sub.6 and the resistance R.sub.6 as delay circuit as shown in the
      drawing. Further, as the photoelectric transducing element, the network as
      shown in the dotted line can be used, whereby the delay circuit can be
      omitted.
PAR  Below the checker circuit for the current source is explained. E is a
      battery, whereby in the present embodiment the above-mentioned stabilizing
      circuit of the current source is so designed that the device operates
      stabilized with 7- 12V so that in such case the current in the checker
      circuit changes. Therefore, it can be allowed that the influence of such
      changes is indicated in the scale of an ampere meter or in the brightness
      of a lamp, whereby the range of utilization cannot be indicated well.
PAR  In the present embodiment it is so designed as to indicate the range of the
      utilization by the lamp in this case so that the life of the lamp can be
      prolonged while the brightness of the lamp can be kept almost constant.
PAR  In the drawing R.sub.27, R.sub.28, R.sub.29, R.sub.30, R.sub.31, R.sub.32
      and R.sub.33 are the resistances, VR.sub.5 the adjusting resistance,
      T.sub.17 and T.sub.18 the transistors composing a Schmidt-circuit, whereby
      T.sub.18 is the transistor connected with the output circuit of the
      Schmidt circuit, D.sub.4 the Zener diode as voltage stabilizing element,
      D.sub.5 the Zener diode as voltage stabilizing element serving to absorb
      the current fluctuation due to the voltage fluctuation of the battery and
      L the lamp which lights up with almost a constant brightness in case the
      voltage of the battery as current source lies almost above the range of
      the utilization range. Sc is the check switch to close and open the
      checker circuit.
PAR  Below the explanation is made according to FIG. 6. FIG. 6 shows a circuit
      diagram of the electric shutter of the camera shown in FIG. 3 as C
      according to the present invention. It is an electric shutter having
      transistors, comprising the memory circuit with condensers and the
      indicating circuit of shutter speed, whereby the circuit is so designed as
      to be easily integrated. In FIG. 6, AP2 is the photoconductive element
      according to FIG. 1 and receives the light beam coming from the object
      through the optics. 101 is the variable resistance mechanically connected
      with the exposure adjusting dial 69 or the manual adjusting. 102 is the
      switch to convert the camera in which the iris is set in advance into the
      one in which the exposure time is set manually in advance, whereby when
      the index A on the dial 69 is set on the fixed index on the camera body
      the connection is made with A side, while otherwise the connection is made
      with M contact. 103 to 106 are transistors composing the amplifier circuit
      in direct connection, 107 and 108 the transistors composing the
      differential amplifier circuit, 109 and 110 the transistors composing the
      current stabilizing circuit for the differential amplifier and 111 and 112
      the load resistances. Further, the transistors 113, 114, 115, and 116
      compose the indication circuit of the shutter speed, whereby the output of
      the circuit drives the ampere meter 117. Further, in the amplifier circuit
      consisting of the transistor 118 to 121, the variable resistances 122 and
      123 are inserted, whereby the photographing information such as the iris
      value, the sensitivity of the film and so on are set with them. Further,
      in the collector circuits of the output transistors 106 and 121 of the
      photoelectric member circuit and the information setting circuit
      transistors 126 and 127 are connected in series with the load resistances
      124 and 125, whereby the bases of the transistors 124 and 125 are
      connected to the diode connected transistor 128. Further to the load
      resistances 111 and 112 of the memory circuit the variable resistances 129
      and 130 are respectively connected in parallel, whereby it is so designed
      as to compensate the characteristics of the circuits and the gamma of the
      variable resistances for the photoconductive element and for the
      information setting. Further, by applying this kind of the circuit the
      output change of the directly connected circuit having a feed back route
      can be reduced down to 18mV a 1EV.
PAR  131 is the memory condenser, whereby connected with the shutter operation
      by means of the switching-over switch 132 the memory condenser is switched
      from the memory circuit a.sub.1, a.sub.2 over to the reproduction circuit
      b.sub.1, b.sub.2. 133 to 136 are the transistors composing the bias
      control circuit of the reproduction circuit, 137 the adjusting resistance,
      138, 139 and 140 the voltage stabilizing transistors for the control
      circuit, 141 to 144 the amplifier circuit in direct connection composing a
      reproduction circuit and 145 and 146 the transistors for the voltage
      stabilizing circuit. The output of this circuit is connected to the
      condenser 148 for example, through the resistance 147. 149 is the switch
      which is opened with the function of the shutter, 150 the switch with
      which the automatic adjustment is switched over to the manual operation,
      151 the variable resistance mechanically connected with the shutter dial
      for manual setting of the shutter speed and 152 the condensers. 153 to 158
      are the transistors of the differential amplifier composing the first step
      of the control circuit of the shutter speed and the 159 and 160 are the
      transistors of the voltage stabilizing circuit. 161 is the switcing over
      switch mechanically connected with the switch 150. 162 is the variable
      resistance of the voltage dividing circuit and serves to adjust the
      standard voltage in case of the manual operation, 163 and 164 the
      transistors of the switching circuit composing the latter step of the
      control circuit of the shutter speed and 165 the magnet to operate the
      shutter closing member. 166, 167 and 168 are the switches, 169 the
      adjusting variable resistance of the voltage checking circuit, 170 the
      switching-over switch and 171 the current source.
PAR  Below the operation of the above-mentioned device is explained.
PAR  The view finder F connected with the camera body is dismounted and the iris
      control device according to the present invention is mounted in its stead.
      Hereby the pin of the shutter dial 69 of the camera body engages in the
      groove of the joint. Consequently, when the dial 11 is rotated the dial 69
      is rotated by means of the shaft 15, pin 16 and joint 17 in such a manner
      that the shutter speed can be freely set.
PAR  Further, the abutment 57 on the control plate 56 of the iris control device
      A and the abutment 50 on the middle plate 48 of the camera body are
      connected by the arm with each other. Thus the movement of the servo-motor
      37 is conveyed to the control plate 56 and to the preset signal pin 36
      through the arm 58, the abutment 50 and the middle plate 48 and its bowed
      upper end 33.
PAR  When the shutter dial 11 is set and the switch 25 is closed, the switch 26
      is closed and the switch 31 opened by means of the shaft 27, the disc 28
      and the switching pins 29 and 30 in such a manner that the electric eye
      mechanism is ready to operate. When the camera is directed to the object
      in this state, the light beam through the lens O reaches the photoelectric
      transducing elements P arranged on both sides of the eye piece of the view
      finder through the reflexing mirror 72, the condenser 73 and the
      pentagonal roof prism 35. If now the resistance value of the photoelectric
      transducing element P and the resistance value of the variable resistance
      set in advance, namely, the resistance value at the contact position of
      the brush 74 with the variable resistance 75, are different from each
      other, a current flows in the bridge circuit and amplified by the
      differential amplifier in such a manner that the servo-motor is rotated,
      which movement is conveyed to the brush 74 through the gears 38, 39, 40,
      41, 42, 43, 46, 76, 77, 78 and 79 until the resistance value of the bridge
      circuit becomes equal to the resistance value of the photoelectric
      transducing element P, whereby the motor 37 stops. At the same time the
      movement of the servomotor is conveyed to the iris preset signal pin 36
      through the gears 43, 44, the control plate 56, the abutment 57, the arm
      58, the abutment 50, the middle plate 48 and its bowed upper end 33 in
      such a manner the iris value is set in advance. Further, due to the
      movement of the bowed part 33 the iris value is set on the variable
      resistance 122 of the electric shutter circuit. Further, the movement of
      the control plate 56 is conveyed to the finger 64 through the pin 57 and
      the cam plate 65 in such a manner that the set iris value is indicated on
      the scale 21.
PAR  Further when the shutter dial 11 is rotated, the gear 82 is also rotated
      through the pin 12, the notch plate 13 and the gear 14, 80 and 81, whereby
      the contact position of the variable resistance 75 provided inside the
      gear 82 with the brush 74, i.e. the resistance value changes in such a
      manner the servomotor 37 moves until a balance is obtained.
PAR  In the drawing the control plate 56 moves upwards when the object is dark
      in such a manner that the iris of the lens is opened, while it moves
      downward when the object is bright in such a manner that the iris of the
      lens is closed. Hereby the control plate 56 stops at the upper and the
      lower limit position until the switches 62 and 63 are opened and the
      signal in reversed direction comes in.
PAR  In this way the iris value is given to the electric shutter circuit through
      the variable resistance 122. Then the switches 167 and 168 in the electric
      circuit are opened while the switching-over switch of the battery checking
      circuit is kept in contact with C side. Hereby in order to keep the
      consumption of the battery by the magnet 165 as small as possible, it is
      so designed that the switch 166 is closed immediately before the operation
      of the shutter and opened with the closing operation of the shutter. When
      in connection with the setting of a certain determined exposure time the
      dial 69 on the camera, whose switching-over switch 102 is mechanically
      connected with the dial 11 is set on "M" (manual), the variable resistance
      101 is connected with the circuit and the resistance set by the variable
      resistance 101 resumes a certain determined value whereby in the output
      circuit of the transistor 106 of the amplifier circuit in direct
      connection an output corresponding to the set resistance value is
      produced. There is provided a feed back route between the collector of the
      transistor 106 and the base of the transistor 103 in the above-mentioned
      amplifier circuit, the variation of the resistance value corresponding to
      the resistance value set on the variable resistance appears at the output
      in the reduced form. Further, there are provided the variable resistances
      122 and 123 in the circuit of the transistors 118 to 121 composing an
      amplifier circuit similar to the above-mentioned circuit, in which
      resistances the film sensibility decided by the iris control device is
      set. Hereby the film sensibility is set manually. Further, there is also a
      feed back route provided between the collector of the transistor 121 and
      the base of the transistor 118 in the above-mentioned amplifier circuit,
      the variation of the film sensibility the iris value set by the variable
      resistances are to appear at the output of the amplifier circuit in a
      reduced form. The outputs out of these two circuits produce voltages on
      the negative resistances 111, 112, 129 and 130 being consisting of the
      transistors composing the differential amplifier circuit and being
      connected to their collectors and are memorized in the memory condenser
      131 when the switching-over switch 132 is connected to the a.sub.1,
      a.sub.2 side (memory side).
PAR  Further, to compensate the characteristics of the above-mentioned two
      circuits and the gamma of the photoconductive elements and the variable
      resistances for setting informations the variable resistances 129 and 130
      are connected in parallel to the negative resistances 111 and 112 in such
      a manner that by adjusting the variable resistances the characteristics of
      both circuits are made to match with each other. Further, in the above two
      circuits the indicating circuit for the shutter speed consisting of the
      transistor 113, 114 and 115, 116 in such a manner that the shutter speed
      can be known in advance by means of the indication of the ampere meter
      117.
PAR  Then the dial 11 is changed over to the auto side, and in association with
      the push-down of the release button the switching-over switch 132 is
      switched from a.sub.1, a.sub.2 over to b.sub.1, b.sub.2. By doing this,
      the voltage of the capacitor 131 memorized before the operation of the
      shutter is given to the reproduction circuit. Further, the one terminal of
      this condenser is connected to the amplifier circuit in direct connection
      having a feed back route consisting of the transistors 133 to 136 so that
      on the output of this circuit a voltage with reducing characteristics
      appears. By means of this control voltage the gain of the reproduction
      circuit is so controlled as to give out an enlarging effect. Hereby these
      circuits are provided with voltage stabilizing circuit. Thus, the memory
      voltage given to the base of the transistor 141 of the reproduction
      circuit is enlarged and given to the power transistor 144 whereby its
      output resistance value is changed. The variation of this output
      resistance value comes to correspond to the variation of the resistance
      value set by the variable resistance 101, the reducing effect of the
      memory circuit been killed by the enlarging effect of the reproduction
      circuit. The control circuit of the shutter speed is operated with the
      time constant decided by the above-mentioned output resistance value and
      the condenser in the time constant circuit deciding the shutter speed,
      whereby a proper exposure is obtained. When the switch 147 is opened in
      connection with the operation of the shutter the condenser 148 is charged
      according to the output resistance value of the above-mentioned
      reproduction circuit, whereby the terminal voltage is given to the base of
      the one transistor 153 of the differential amplifier circuit. On the other
      hand, to the base of the transistor 158 the stabilized voltage is given
      from the transistor 136 of the amplifier circuit in direct connection,
      whereby the difference voltage is taken out as the output from the
      transistor. Hereby it is possible to nulify the influence coming from the
      deviation of the capacity 148 by means of the adjusting resistance 137.
      With above-mentioned difference voltage the switching circuit consisting
      of the transistors 163 and 164 is operated whereby after the delay time
      decided by the time constant of the time constant circuit the transistor
      164 becomes inconductive in such a manner that the shutter closing member
      held by the magnet 165 is resolved and the shutter is closed.
      Consequently, the iris value of the lens is automatically set with the
      exposure time set in advance with the dial 11 on the camera body C, so
      that the camera in which the exposure time is set in advance.
PAR  Further, when the switching-over switch 102 is connected to A auto, the
      photoconductive element AP2 is connected to the circuit and the exposure
      time assumes the value corresponding to the resistance value due to the
      light coming from the object. Namely the diaphragm and the shutter time
      are automatically determined by the light of the object. Meanwhile, if the
      dial 11 is not changed over to auto, but retained as manual at the time of
      releasing, photographing can be made by the shutter time preset by the
      time constant circuit composed of the condenser 152 and the resistor 151
      after the diaphragm is automatically adjusted.
PAR  In case it is desired that the camera C should be used as the one which the
      iris value is set in advance, the view finder attachment F is to be
      mounted on the camera body C. In the camera body C photoelectric elements
      as shown in FIG. 1 are provided and by means of the built-in electric
      shutter circuit as shown in FIG. 6 the photographing is carried out with a
      camera in which the iris value is set in advance as follows. The exposure
      adjusting dial 69 on the camera body C is set on "A" (automatic) and the
      preset iris ring 122 on the lens O on the desired iris value. By switching
      over of the dial 69 the switch 102 is switched over to the A contact
      whereby the photoconductive element AP2 is selected. The light beam coming
      in through the lens O reaches the photoconductive element AP2 whereby the
      resistance value corresponding to the brightness of the object is
      produced. Thus, in the output circuit of the transistor 106 of the
      amplifier circuit in direct connection an output corresponding to the
      light quantity reaching the photoconductive element AP2 is produced.
      Between the collector of the transistor 106 and the base of the transistor
      103 of the amplifier circuit there is provided a feed back route so that
      the variation of the resistance value corresponding to the light quantity
      reaching the photoconductive element appears at the output in the reduced
      form. Further, in the circuit of transistors 118 to 121 composing the
      amplifier circuit in the direct connection similar to the above variable
      resistances 122 and 123 are provided, to which the film sensitivity and
      the iris value are set. Also between the collector of the transistor 121
      and the base of the transistor 118 of this amplifier circuit there is
      provided a feed back route the film sensitivity and the iris value set by
      the variable resistance appear at the output of the amplifier circuit in a
      reduced form. The outputs of these two circuits are combined with the
      transistors 107 and 108 composing the differential amplifier circuit in
      such a manner that a voltage is produced in the load resistances 111, 112,
      129 and 130 connected to their collector and memorized in the memory
      condensor 131 when the switching-over switch 132 is connected to a.sub.1,
      a.sub.2 (memory side).
PAR  Further, in order to compensate the characteristics of the above two
      circuits and the gamma of the photoconductive element as well as the
      variable resistances for setting information the variable resistances 129
      and 130 are connected in parallel with the load resistances 111 and 112,
      by adjusting of which resistances the characteristics of both circuits are
      matched with each other. Further, to the above two circuits the indication
      circuit of shutter speed consisting of the transistors 113, 114 and 115,
      116 is connected in such a manner that the shutter speed can be shown in
      advance from the scale of the ampere meter 117.
PAR  In connection with the pushing down of the release by means of the button
      the switching-over switch 132 is switched from a.sub.1, a.sub.2 over to
      b.sub.1, b.sub.2. By doing this, the voltage memorized in the condenser
      before the operation of the shutter is given to the amplifier circuit in
      direct connection having a reproduction circuit, in the output of which
      circuit a voltage having a reducing characteristics appears. By means of
      this control voltage the gain of the reproduction circuit is controlled
      whereby the enlargement effect can be obtained. Hereby in these circuits
      voltage stabilizing circuits are provided. In this way the memory voltage
      given to the base of the transistor 141 of the reproduction is enlarged
      and given to the output transistor in such a manner that the output
      resistance value is changed. The change of this output resistance value
      becomes equivalent to the change of the resistance change due to the light
      reaching the photoconductive element, the reducing effect of the memory
      circuit being compensated by the enlarging effect of the reproduction
      circuit. With the time constant decided by this output resistance value
      and the capacity of the time constant circuit deciding the shutter speed
      the control circuit of the shutter speed is operated and the proper
      exposure value is obtained. Namely, when in connection with the operation
      of the shutter the switch 149 is opened the condenser 148 is charged in
      accordance with the output resistance value of the above-mentioned
      reproduction circuit, whereby its terminal voltage is given to the base of
      the one transistor 146 of the differential amplifier circuit. On the other
      hand, to the base of the transistor 158 a stabilized voltage is given from
      the transistor 136 of the amplifier circuit in direct connection, whereby
      the difference voltage is taken out as output from the transistor 154.
      Hereby the influence due to the deviation of the capacity of the condenser
      148 can be compensated by means of the adjusting resistance. With this
      voltage the switching circuit consisting of the transistor 163, 164 is
      operated and after the delay time determined by the time constant of the
      time constant circuit the transistor becomes inconductive in such a manner
      that the holding of the shutter closing members held by the magnet is
      solved and the shutter is closed.
PAR  In the present device a switching-over means to switch over the electric
      eye operation to the manual operation to choose the desired shutter speed
      is provided, whereby in order to select the shutter speed manually the
      switches 150 and 161 are switched from A' over to M' respectively. By
      doing this the time constant circuit is composed of the condenser 152 and
      the variable resistance 151 for shutter speed setting. Further, the
      standard voltage of the differential amplifier is compensated by the
      variable amplifier of the voltage dividing resistance. It is also possible
      to operate the photoconductive elements AP2 as the shutter circuit for the
      constant shutter speed when the fixed resistance 15 is connected to the
      circuit by switching the switching-over switch from the terminal A to the
      terminal M. Thus, the electric shutter circuit in the camera body C is set
      to the exposure time in accordance with the brightness of the object, the
      iris value set in advance of the lens O being taken into consideration. As
      mentioned above with the camera according to the present invention in
      which the iris value is set in advance, by attaching the view finder
      mechanism F on the camera body C the camera works as the one in which the
      iris value is set in advance while by dismounting the view finder
      mechanism F from the camera body C and mounting the iris control device A
      on the camera body C the camera works as the one in which the exposure
      time is set in advance so that with this camera a good picture of any
      object can always be obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A camera system comprising:
PA1  a camera body having a connecting portion;
PA1  an interchangeable photographing lens mounted on the camera body;
PA1  a first finder optical system provided in the camera body and having a
      connecting portion on which at least part of the finder optical system is
      mounted on and dismounted from the connecting portion on the camera body;
PA1  first light receiving means incorporated in the camera body to receive
      light which has passed through a part of the first finder optical system;
PA1  a diaphragm value setting means for setting the diaphragm value;
PA1  a shutter time control means connected to the diaphragm value setting means
      and selectively connected to the first light receiving means to control
      the shutter time; and
PA1  a diaphragm control device attachable to the connecting portion of said
      camera body, said diaphragm control device comprising:
PA1  a second finder optical system connectable to the first finder optical
      system,
PA1  a second light receiving means provided in the light path of the second
      finder optical system, and
PA1  a shutter time setting means for setting a shutter time value,
PA1  said diaphragm control device controlling the diaphragm value according to
      the outputs of the shutter time setting means and the second light
      receiving means;
PAL  whereby when the diaphragm value is set by the diaphragm value setting
      means, the shutter time is automatically controlled, and when the shutter
      time value is set by the shutter time setting means the diaphragm value is
      automatically controlled.
NUM  2.
PAR  2. A camera system comprising:
PA1  a camera body having a connecting portion;
PA1  an interchangeable photographing lens mounted on the camera body;
PA1  a first finder optical system provided in the camera body and having a
      connecting portion on which at least part of the finder optical system is
      mounted on and dismounted from the camera body connecting portion;
PA1  a first light receiving means incorporated in the camera body to receive
      light which has passed through a part of the first finder optical system;
PA1  a diaphragm value setting means for setting the diaphragm value;
PA1  a shutter time control means having an automatic control mechanism which
      controls the shutter time on the basis of outputs from the first light
      receiving means and the diaphragm value setting means, and a manual
      control mechanism which controls the shutter time according to a preset
      shutter time;
PA1  selecting means connected to the shutter time control means to select the
      automatic control mechanism or the manual control mechanism, and having a
      shutter time setting portion to set a shutter time on the shutter time
      control means when the manual control mechanism is selected;
PA1  a diaphragm control device mountable on the connecting portion of the
      camera body, said device comprising;
PA2  a second finder optical system optically connectable to the first finder
      optical system,
PA2  a second light receiving means arranged in a light path of the second
      finder optical system,
PA2  a shutter time setting means which sets a shutter time value and selects
      the control mechanism of the shutter time control means in association
      with the selecting means,
PA2  a diaphragm control means which controls the diaphragm value responsive to
      the outputs of the shutter time setting means and the second light
      receiving means, and
PA2  a connecting means for setting the diaphragm setting means on the basis of
      output of the diaphragm control means.
NUM  3.
PAR  3. A camera system according to claim 1 in which the selecting means has a
      shutter adjusting dial and a switch to be mounted outside the camera body,
      said dial having a manual time adjusting zone and an automatic time
      adjusting zone, wherein, in the manual zone, the manual control mechanism
      is selected and in the automatic zone, the automatic control mechanism is
      selected through the switch.
NUM  4.
PAR  4. A camera system according to claim 2 in which said selecting means has
      an automatic adjusting zone and a manual time adjusting zone, the shutter
      time setting means having a shutter adjusting dial to be mounted outside
      the camera body, said dial having an automatic time adjusting zone
      corresponding to the automatic adjusting zone and the manual time
      adjusting zone of the selecting means, said adjusting zone of the shutter
      time setting means operating in association with the adjusting zone of the
      selecting means.
NUM  5.
PAR  5. A camera system comprising:
PA1  a camera body having:
PA2  an optical system having a first light receiving means for receiving light
      from an object to be photographed,
PA2  a diaphragm information setting means which sets a diaphragm aperture
      value,
PA2  a shutter time regulating means which regulates a shutter time responsive
      to the outputs of the first light receiving means and the diaphragm
      information setting means, and wherein
PA2  said camera body having a connecting portion to be connected at least to
      part of the optical system;
PA1  a diaphragm control device comprising:
PA2  a first finder optical system having a connecting portion connectable to
      the connecting portion of the camera body,
PA2  second light receiving means provided in the first finder optical system,
PA2  a shutter time value information setting means which sets a shutter time
      value,
PA2  a regulating means which regulates a diaphragm value on the basis of the
      outputs of the second light receiving means and the shutter time value
      information setting means, and
PA2  a connecting member which transfers a diaphragm value to the diaphragm
      value information setting means in response to the output of the
      regulating means; and
PA1  a finder device having a second finder optical system removably attachable
      to the connecting portion of the camera body;
PAL  whereby when the diaphragm control device is mounted on the connecting
      portion of the camera body, a diaphragm value is automatically determined,
      and when the finder device is mounted, a shutter time is automatically
      determined.
NUM  6.
PAR  6. A camera system comprising:
PA1  a camera body having a shutter time control circuit having an automatic
      shutter time control mechanism to be actuated by a shutter time
      corresponding to brightness of an object to be photographed and a manual
      shutter time control mechanism actuated, by a preset shutter time, and a
      selecting means which selects the shutter time control mechanisms, and
PA1  a diaphragm control device attachable to the camera body, comprising a
      shutter time setting means which presets a shutter time and is associated
      with the selecting means, a diaphragm value regulating means which
      regulates a diaphragm control corresponding to a shutter time set by the
      shutter time setting means and the brightness of the object, and a
      connecting means which couples the output of the thus regulated diaphragm
      value regulating means to the automatic shutter time control mechanism for
      controlling the automatic shutter time control.
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ABST
PAL  An exposure control system for photographic apparatus of a variety
      utilizing a pulse driven stepper motor to drive the light regulating
      elements of an exposure mechanism. The control system utilizes an exposure
      evaluating network, the output signal from which is converted to binary
      form and compared against the count output of counter means driven at a
      predetermined frequency. The system operates to count at one pulse
      frequency while simultaneously driving the stepper motor at a submultiple
      frequency until equality is reached with the binary representation.
      Supplementary counting continues at the one frequency in response to any
      deviation between the value of exposure derived by the exposure mechanism
      elements and the value of exposure represented by the binary
      representation. The deviation is accommodated for by a digitally derived
      delay corresponding therewith. In effect, a vernier form of binary
      regulation of exposure is provided.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      414,886, filed Nov. 12, 1973, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  Conventional shutter mechanisms are designed to utilize the advantageous
      characteristics of springs to provide drive for both the opening and
      closing movements of light regulating blades. These spring both provide a
      desirable consistency of dynamic performance as well as retain an
      advantageous capability for storing relatively high available energy. To
      store this energy, the springs are loaded as by winding and the requisite
      power for such winding is derived manually. In more common applications,
      manually derived power is delivered to the springs by a cocking hand crank
      or lever or through a relatively strong mechanical linkage connecting a
      film wind lever with the shutter mechanism.
PAR  As fully automated but highly compact cameras have been developed, the
      noted high energy storage capacity obtainable from manually loaded springs
      no longer remains available to shutter designers. For instance, the power
      for shutter mechanism drive necessarily must be derived from a relatively
      small battery located within the camera. The design of a resultant
      efficient low power drive shutter becomes even more involved where the
      device is called upon not only to automatically regulate an interval of
      exposure, but to provide a programmed automatic dual parameter (exposure
      interval and aperture) control. Further, the shutter mechanism may be
      called upon to function within the complex photographic cycle required of
      a fully automated single lens reflex camera by carrying out operations not
      associated with the image forming exposure of film.
PAR  A photographic cycle involving such automated reflex operation is described
      in U.S. Pat. No. 3,714,879 by E. H. Land, I. Blinow and V. K. Eloranta.
      The automated reflex operation therein requires that the camera shutter
      remain normally open, defining full aperture width for purposes of viewing
      and focusing. With the commencement of a photographic cycle, the shutter
      is required to fully close and remain closed while the optical path of the
      camera converts to an exposure mode orientation. Following such
      conversion, the shutter is required to carry out two parameter exposure
      regulation, following which the blades thereof remain closed as the
      components of the camera are automatically driven to alter the optical
      path to its initial viewing-focusing mode orientation. When the latter
      conversion is completed, the shutter mechanism is called upon again to
      reassume its open condition exhibiting maximum aperture width. To conserve
      energy from the limited battery power supply, current drain throughout a
      photographic cycle imposed from the shutter must be held to the lowest
      levels available. In effect, the automatic cameras must be fabricated to
      operate within a limited power supply profile during the course of each
      successive photographic cycle.
PAR  One approach to providing such shutter performance is described in a
      copending application for U.S. patent by I. Erlichman, entitled
      "Non-Cocking Springless Shutter Developing Two Parameter Exposure
      Regulation," Ser. No. 362,926, filed May 22, 1973, and assigned in common
      herewith, as well as in an application for U.S. patent by R. Kee, Ser. No.
      362,664, entitled "Exposure Control System For Photographic Apparatus,"
      filed May 22, 1973 and also assigned in common herewith. These
      applications describe an exposure control mechanism and related drive
      system in which a stepper motor is utilized to drive two coacting exposure
      mechanism blades about a camera optical path. The mechanism blades are
      configured to be directly driven from the output of the stepper motor and
      move when so driven in synchronism and correspondence to define a
      predetermined variation of aperture values over the cammera optical path.
      The shutter utilizes no springs and requires no cocking to impart the
      noted movement to the exposure mechanism blades. Further, it readily is
      adapted to use within involved photographic cycles requiring select
      optical path blockage during mode conversion procedures. Exposure
      regulation is provided by a control circuit utilizing a photosensitive
      element operating in conjunction with a secondary aperture opening formed
      within the exposure mechanism blades. With this arrangement, as the blades
      are moved to define varying apertures, corresponding aperture information
      is provided to the control circuit by synchronous variation of light input
      to a photosensitive element.
PAR  The stepper motor is driven from a closed or blocking position at the
      commencement of an exposure interval while scene lighting is being sensed
      at the photosensitive element. As the blades reach an appropriate
      apertural value, the control circuit commands the stepper motor to rotate
      in an opposite direction to terminate the exposure interval. With such an
      arrangement, scene light evaluation is carried out coincidently with
      stepper motor activation. Inasmuch as stepper motors are typically
      constructed having multiple stator phases in conjunction with a multiple
      pole rotor construction, they may be halted at predetermined magnetic
      detent orientations, each such orientation serving to position the
      exposure mechanism blades at a particular location defining a
      predetermined aperture value. In effect, the exposure mechanism blades may
      be driven through a series of steps or potential halting positions. The
      presence of such detent positions as well as the simplicity and
      substantial low mass of the system, allows for very high accuracy in blade
      positioning.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is addressed to an exposure control system and
      apparatus which enjoys a capability for enhanced operational versatility
      in conjunction with high exposure regulating accuracy. Utilizing a pulse
      energized drive for moving and positioning light controlling exposure
      mechanism blades or elements, the control system is ideally suited for use
      within photographic devices, as the thin, compact and fully automated
      single lens camera referred to above. In a preferred arrangement, this
      drive is present as a pulse driven stepper motor, the drive output of
      which is connected through a simple rack and pinion coupling to the light
      controlling blades of an exposure mechanism. These blades are so
      configured as to cooperate to define a progressive variation of aperture
      values over an optical path in the course of their movement from a
      terminal or first position.
PAR  Control over the stepper motor drive is carried out utilizing a circuit
      including a converter arrangement which responds to an exposure evaluating
      signal, before the commencement of an exposure interval, to derive a
      digital representation of that signal. The control system then drives the
      stepper motor in correspondence with the digital representation. As a
      consequence of this digital conversion feature, a considerable versatility
      for control technique is availed. For instance, the evaluating signal may
      be generated as a voltage value from a light sensing network to provide
      automated exposure control, or from an override arrangement wherein an
      exposure value signal is derived manually by establishing a select voltage
      value corresponding with an exposure value determined by the camera
      operator. By suppressing the output of the light sensitive network, the
      otherwise fully automatic exposure control system may optionally be
      operated in semi-automatic fashion.
PAR  As another feature and object, the invention provides an exposure control
      sytem incorporating a stepper motor drive for an exposure mechanism.
      Through the use of a converter, for instance of the analog-to-digital
      variety an exposure evaluating signal may be converted to a digital
      representation. A control arrangement of the system operates to count at a
      first pulse frequency until equality is reached with the digital
      representation. While this counting is carried out, the control
      simultaneously and synchronously derives drive energizing input pulses at
      a submultiple frequency which are introduced to the stepper motor.
      Accordingly, the stepper motor is driven at the submultiple frequency
      until such time as the noted equality is reached. Another network within
      the control arrangement is operative at the noted equality to respond to
      any deviation between the value of exposure derived by the exposure
      mechanism and the value of exposure represented by the noted digital
      representation. This network then delays exposure mechanism means
      actuation to terminate the interval of exposure for an interval of time
      which corresponds to that deviation. Accordingly, a counter arrangement is
      provided which asserts a vernier form of regulation over the development
      of a photographic exposure.
PAR  Another object of the invention is to provide an exposure control system
      which incorporates an exposure mechanism, the blades of which are movable
      from a first position to define a progressive variation or exposure
      apertures over the optical path. The system incorporates a drive
      arrangement in the form of a stepper motor which is energized by a pulse
      train of predetermined frequency. The system includes an exposure
      evaluating arrangement for providing an output signal corresponding with
      the exposure evaluation of a scene to be photographed. Additionally, the
      sytem includes a converter, preferably of the analog-to-digital variety,
      which provides a digital representation of the exposure evaluation. A
      control arrangement derives the noted energizing pulse drive in
      correspondence with the digital representation to define an interval of
      exposure. As a consequence of the preliminary derivation of a digital
      representation of the exposure evaluation of a scene, the structure of the
      exposure mechanism is simplified. For instance, information as to blade
      position otherwise derived through the movement of secondary aperture
      openings over a light sensing network may be eliminated. The system also
      enjoys a versatility in being receptive to optional manual insertion of an
      exposure evaluation.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the system and apparatus possessing the
      construction, combination of elements and arrangement of parts which are
      exemplified by the following detailed disclosure.
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective representation of a fully automated photographic
      camera within which the exposure control system of the instant invention
      may be incorporated the figure having portions cut-away or revealed in
      phantom to show internal structure;
PAR  FIG. 2 is a front sectional view of an exposure control mechanism for the
      camera of FIG. 1 which may utilize the system and apparatus of the instant
      invention;
PAR  FIG. 3 is another view of the exposure control mechanism of FIG. 1 showing
      the components thereof as they may be oriented during an interval of
      exposure;
PAR  FIG. 4 is a partial side sectional view of the mechanism of FIGS. 1 and 2;
PAR  FIG. 5 is a schematic diagram of a control logic circuit incorporating the
      features of the instant invention;
PAR  FIGS. 6 and 6A combine to form a chart showing the sequence of operational
      events carried out by the circuit of FIG. 5 in conjunction with the camera
      and exposure mechanism of FIGS. 1-4, the top of FIG. 6A being intended to
      continue from the bottom of FIG. 6;
PAR  FIG. 7 is a schematic representation of a sub-circuit for manually
      inserting an exposure evaluation of a scene into the control arrangment
      shown in FIG. 5;
PAR  FIG. 8 is a block diagram of portions of the circuit diagram shown in FIG.
      5;
PAR  FIG. 9 is a graph depicting typical opening and closing cycles of the
      shutter system; and
PAR  FIG. 10 is a greatly enlarged portion of the graph of FIG. 9 showing the
      relationship between the closing cycles of the shutter system and the
      pulse logic.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the illustrated embodiment, the exposure control system of the invention
      is utilized within a single lens reflex camera 10, shown in FIG. 1, which
      includes a rear wall 12, a forward wall 14 and an exposure control housing
      16, all pivotally associated with a base 18. The hinge connections (not
      shown) being positioned at axes 20, 22, 24 and the lower rear portion of
      housing 16. Walls 12 and 14 and housing 16 in conjunction with an opaque
      flexible bellows, a fragment of which is illustrated at 26, define an
      exposure chamber generally depicted at 28.
PAR  Base 18 includes an inner frame assembly, a portion of which is shown at
      30. Inner frame assembly 30, as well as the outward portions of base 18,
      cooperate to provide structural support for numerous instrumentalities of
      the camera. For instance, frame 30 is configured to define a receiving
      chamber for retaining and securing a film laden cassette 32 at the bottom
      of exposure chamber 28. Cassette 32 is of generally flat configuration and
      contains a stacked assemblage of photographic film units, the uppermost
      one of which is positioned at an exposure plane immediately beneath inner
      frame 30. This exposure plane is located at the underside of a ridge 34 of
      cassette 32. The forward wall of cassette 32 is formed having an elongate
      slot 36 disposed thereacross. Slot 36 serves as an egress means providing
      for the sequential removal of each film unit following its exposure.
PAR  Camera 10 operates in modified reflex fashion, being convertible between
      viewing-focusing and exposure operational modes or orientations by a
      reflex assembly including a somewhat planar reflex reflecting component
      40. Shown in an orientation for viewing and focusing, component 40 is
      configured having a mirror surface 42 mounted upon its underside and a
      viewing surface 44 positioned on or forming its upward surface. Connection
      of assembly 40 to inner frame 30 is provided by rearwardly disposed hinges
      as at 46 and 48.
PAR  In the viewing-focusing orientation shown, component 40 is positioned over
      ridge 34 of cassette 32 to secure the exposure plane of the camera and to
      provide for the establisment of a viewing optical path. This path extends
      from a taking lens at 50, thence to the reflecting surface of a mirror
      (not shown) affixed to the underside of rear wall 12, thence to viewing
      surface 44 from which it ultimately extends to a collapsible optical
      viewing assembly depicted generally at 52. A configuration suited for
      viewing surface 44 is described in U.S. Pat. NO. 3,690,240, while the
      assembly 52 and its related internal components are described in a
      copending application for U.S. patent by James G. Baker, filed Dec. 15,
      1970, entitled "Reflex Camera and Viewing Device," Ser. No. 98,356, and
      assigned in common, now replaced by continuation application Ser. No.
      264,933 issued Jan. 8, 1974 as U.S. Pat. No. 3,783,764.
PAR  In the course of a photographic cycle, following focusing and viewing, the
      above-described optical path orientation is altered by a procedure wherein
      exposure chamber 28 is initially secured by blocking the optical path at
      an exposure control mechanism within housing 16, then by spring driving
      assembly 40 such that it pivots about hinges 46 and 48 into a position
      substantially abutting against the inner surface of rear wall 12. In this
      exposure mode orientation, the optical path then extends from taking lens
      50 and the noted exposure mechanism to mirror 42 positioned on the
      underside of reflex component 40, thence to the uppermost one of the film
      units positioned beneath ridge 34 of cassette 32. Following a controlled
      exposure of this uppermost film unit, exposure chamber 28 again is secured
      by an exposure mechanism within housing 16, following which reflex
      assembly 40 is drivably returned to its viewing-focusing position wherein
      the exposure plane of camera 10 again is secured. Once so secured, the
      exposure mechanism within housing 16 assumes an open orientation
      permitting viewing and focusing for a next ensuing photographic cycle.
PAR  As described in detail in U.S. Pat. No. 3,714,879, movement of reflex
      assembly 40 is carried out by select actuation of various
      instrumentalities including an electric drive motor as at 54 operating in
      conjunction with a mechanical actuating sytem including spring drives and
      an elongate gear train shown generally at 56 extending along one side of
      base 18. During operational mode conversion following an interval of
      exposure, as reflex assembly 40 is returned to its viewing-focusing
      orientation, gear train 56 serves to power the mechanical components
      required to remove an exposed film unit and process it through the rolls
      of a processing station depicted generally at 58. Film units which may be
      utilized with camera 10 are described, for instance, in U.S. Pat. No.
      3,672,890.
PAR  Referring to FIGS. 2-4, the structure of a preferred exposure mechanism for
      use within exposure housing 16 of camera 10 is revealed in detail.
      Exposure housing 16 is formed having a rear casting 70 serving as a
      principal support for the components therewithin. More particularly, the
      center and one side portion of rear casting 70 serve to support a compound
      mounting fixture including an exposure mechanism mounting plate 72 which,
      in turn, supports a lens mounting bracket 74 at the center of housing 16.
      Bracket 74 serves to support an externally geared bezel 76 which is
      rotatable to carry out the focusing of taking lens 50. Focusing movement
      of lens bezel 76 is derived from a hand-manipulated externally geared,
      focusing wheel shown in outline form in FIGS. 2 and 3 at 78. Focusing
      wheel 78 is interconnected with the geared periphery of bezel 76 through
      an idler gear 80.
PAR  The rearward portion of lens mounting bracket 76 also serves to support two
      coacting exposure mechanism blades or elements 82 and 84. Blades 82 and
      84, respectively, are formed having tapered aperture defining openings 86
      and 88 which symmetrically overlap about the optical path of camera 10 or
      about the center of taking lens 50 to define an aperture opening. The
      requisite mutually reversed, synchronous and corresponding movements of
      blades 82 and 84 is realized by virtue of their common geared
      interconnection with a drive pinion 90. Note in this regard that blade 82
      is formed having a rack extension 92, the geared teeth within which are
      meshed with those of pinion 90. Corresponding, blade 84 is configured
      having a rack extension 94, the gear teeth within which are meshed with
      pinion 90 on an opposite side thereof from extension 92.
PAR  Rotational drive is imparted to pinion 90 from a stepper motor 100, the
      output shaft 102 of which is fixedly journaled within pinion 90. As is
      revealed in FIG. 4, motor 100 is of relatively thin dimension and is
      supported upon mounting plate 72 of the compound mounting fixture. To
      assure proper enmeshment between pinion 90 and rack extensions 92 and 94,
      guide pins 104 and 106 are provided and are shown extending from a
      rearward portion of plate 72. As is apparent from the structure described,
      when motor 100 is selectively energized from an energizing pulse train in
      the presence of an appropriate directional signal, it is capable of
      driving blades 82 and 84 from an orientation fully blocking the optical
      path of camera 10 (FIG. 2) toward open orientations (such as seen in FIG.
      3) wherein openings 86 and 88 may serve to define a progressive variation
      of aperture values until full aperture opening is reached.
PAR  From the foregoing, it may be observed that a dual parameter exposure
      regulation can be provided by the mechanism of the invention. However, the
      aperture determining exposure parameter is a predetermined variable until
      such time as full aperture opening is achieved. An exposure interval is
      terminated by reversing the directional signal input to motor 100 and
      again energizing it with a drive pulse train to cause blades 82 and 84 to
      reassume the blocking orientation shown in FIG. 2. The value of exposure
      defined by the movement of blades 82 and 84 is regulated by an exposure
      evaluation arrangement which, for automated performance, includes a light
      evaluating network having light sensing elements positioned behind
      entrance optics including lens elements as at 108 supported from a bracket
      110. As shown in FIG. 1, a form of trim may be utilized in connection with
      the light sensing station which is manually adjustable by a trim wheel as
      at 112. The control system of the invention also will be seen to retain a
      capability for manually inserting data to cause the exposure mechanism to
      define a given value of exposure.
PAR  Stepper motors as at 100 generally are motive devices which respond
      directly to a pulse of specified length and amplitude to provide a drive
      output. The position of the motor shaft 102 is directly proportionate to
      the number of these excitation or drive pulses applied. Rotational
      direction for the output of shaft 102 is controlled by electrical shading.
      Depending upon the use contemplated, the motors generally are designed
      utilizing multiple coils forming multiple stators, each of which is
      bifilar wound to allow four to eight stator phases. The rotors usually are
      formed in permanent magnet fashion having a plurality of pole points. A
      more comprehensive description of stepper motors as they are used in
      conjunction with exposure mechanisms is provided in the earlier noted
      copending application for U.S. patent, Ser. No. 362,926. In that
      application for patent, a stepper motor having a step angle of about
      71/2.degree. operating to drive exposure mechanism blades between their
      terminal positions under about a twenty pulse energization in each
      direction is described as being adequate for the purpose at hand. A
      digital technique advantageously is utilized in controlling the operation
      of motor 100 to cause the exposure mechanism both to operate within the
      automatic reflex cycle described above as well as to regulate exposure.
PAR  Prior to describing the camera circuit in detail with regard to FIG. 5,
      shutter-diaphragm control during the exposure interval (with which this
      application is particularly directed) will be discussed with regard to
      FIG. 8. As can be seen from the latter figure, a pulse generator 140, upon
      being actuated by a trigger signal on line 402, delivers pulses 404 at a
      first frequency f.sub.1 by means of a main counter gate 156 to a
      counter-divider network 400. The latter includes a pair of counters 172
      and 176 which as later explained in detail in regard to FIG. 5 records the
      number of generator pulses and also provides drive pulses 406 at a
      submultiple frequency f.sub.2 (preferably one/fourth of the generator
      frequency) to the stepper motor 100 by way of a motor sequencing network
      408.
PAR  The sequencing network 408 is a conventional switching network, described
      in detail in the above-noted application Ser. No. 362,926, which is
      controllable to deliver the pulses 406 to the motor 100 in either of two
      sequences to impart forward or reverse directional control to the latter.
      The various networks including sequencing network 408 are cleared, or
      automatically reset to a proper starting condition just prior to or at
      reception of the exposure trigger signal such that the sequencing network
      is ready to provide a forward sequencing of the motor 100 in response to
      the pulses 406. This sequencing provides a rapid stepping action of the
      motor which, in turn, drives the shutter-diaphragm blades 80 and 82 to
      rapidly define progressively enlarging aperture values following an
      aperture opening curve 412, shown in FIG. 9.
PAR  In this embodiment, a light sensing network 236 provides an exposure value
      representative of scene brightness. This exposure value is converted by
      means of an A/D converter 252 to a digital value which is continuously
      compared with the pulse count of the counter-divider network 400 by means
      of a comparator network or main equality network designated herein at 254.
PAR  When equality is achieved between the coverter 252 and the counter-divider
      400, a first equality or stop drive signal is provided on line 416 from
      the main equality network 254 to the main counter gate 156 so as to open
      the latter or, that is, render it non-conductive thereby cutting off the
      flow of pulses to the counter-divider 400. This, in effect, halts the
      stepper motor at the last step achieved and hence defines the maximum
      aperture achieved in accordance with the exposure value determined by the
      light sensing network 236. At this time, a branch line 418 of the line 416
      conducts the first equality signal to a vernier counter gate 312 to render
      the latter conductive while the equality network 254 also signals the
      motor sequencing network 408 through line 420 to set the latter for
      subsequent reverse sequencing.
PAR  At this stage in the operation of the exposure system, the overall circuit
      in effect determines whether to immediately initiate a termination, or
      closing phase, of the exposure interval or to provide a continuation phase
      to be then followed by the closing phase. This continuation phase is
      employed to vary the exposure interval in compensation for the lack of
      precise dynamic progressive increase in aperture size. Stated otherwise,
      since the system cannot actually stop at or reverse at shutter openings
      intermediate the step positions, as later explained with regard to FIGS. 9
      and 10, the exposure interval is extended at any given step in proportion
      to the time that the shutter system has been at that step prior to
      coincidence between the converter 252 and the counter-divider 254. This
      variation in exposure interval, which provides a time variation to
      compensate for the lack of smooth aperture progression, is provided by a
      vernier network shown at 158 in FIG. 8.
PAR  The vernier network 158 includes the vernier counter gate 312, a vernier
      counter 324 and a vernier equality network 330. As previously indicated,
      when the main equality network 254 reaches equality, it not only stops
      pulses to the counter-divider 400 but also renders the vernier counter
      gate 312 conductive which, in turn, passes generator pulses 404 to the
      vernier counter 324. Hence, the first equality signal in effect activates
      the vernier network 158. The vernier equality network 330 then compares
      the count of the vernier counter 324 with the time-on-step count
      (explained in detail below) of the counter-divider 400 and upon reaching
      equality provides a second equality signal, or, that is, a termination
      signal which resets the counter-divider 400 and re-opens the main counter
      gate 156 to permit step pulses 406 to again pass from the counter-divider
      to the stepper motor 100. At this time, however, the pulses 406 are
      delivered in a reversing sequence to drive the shutter-diaphragm blades 80
      and 82 back to a blocking condition so as to terminate the exposure
      interval.
PAR  As later explained in more detail with regard to FIG. 5, the
      counter-divider 400 comprises a pair of counters 172 and 176 which
      provides a continuing count of the total number of generator pulses 404
      throughout the opening phase of the exposure interval. Further, the least
      significant and next more significant output bit terminals designated A
      and B respectively of counter 172 in FIG. 5 are tapped to provide step
      pulses 406 to the drive motor. Hence, these output bits in effect provide
      a time-on-step count which indicates the time on that shutter step at
      which the counter-divider was stopped. That is, the indicated bits A and B
      trip four times for each motor pulse 406 such that the count of the bits A
      and B at the time of counter stoppage indicate within that shutter step
      how long after the step pulse the main equivalence has occurred or, stated
      otherwise, how long the system has been at that step. This time-on-step
      count is compared with the vernier counter 324, which comprises a two-bit
      counter. The latter is driven at the generator pulse rate 404 and in
      effect will reach equality and signal for the termination or closing phase
      after a time lapse which is directly proportional to the time on the step
      as explained below in regard to FIGS. 9 and 10.
PAR  Referring first to FIG. 9, it can be seen that the sutter opening traces
      out an exemplary curve as designated at 412, since the motor is normally
      driven at its slewing rate. In actuality, the motor is stepped in a manner
      shown by the dotted curve 424 but so rapidly that it carves out f stop
      values versus time closely following a continuous curve like that shown at
      412. For clarity only a few steps are shown while in the preferred
      embodiment 20 steps are actually employed to drive from closed to a full
      open position. In any case, since the motor is magnetically detented, f
      stop values occurring intermediate the detents or steps (intermediate the
      intersections of both curves 412 and 424) can only occur during dynamic
      movement of the shutter blades. Hence, the system cannot stop and reverse
      at these dynamically achieved f stop values. Consequently, during the
      opening phase, when the stepper motor is stopped (due to an equivalence
      between the converter 252 and the counter-divider 400) the shutter system
      must be on a step as, for example, is designated at 426. Further, since
      there are four generator pulses or counting pulses 404 at frequency
      f.sub.1, four different closing curves, a, b, c, d may be generated
      depending upon at which pulse count the coincidence was achieved.
PAR  The pulse arrangement displaced across the step 426 is shown in FIG. 10
      wherein pulse 1 represents a step pulse (at frequency f.sub.1) which
      brings the shutter to the step 426. In this example, it is assumed that a
      main or first equivalence with the recorded digital exposure value is
      reached prior to the next step pulse, the fifth pulse at frequency f.sub.1
      such that on further step has occurred. This pulse 1 also represents a
      first count pulse of the selected step while pulses 2, 3 and 4 represent
      the remaining count pulses of that step.
PAR  Assuming an exposure value equivalence (between the counter-divider 400 and
      the converter 252) at pulse 1 (the step pulse) then the vernier equality
      network also indicates equality with the divider portion (bits A and B of
      counter 172) of the counter-divider 400, and immediate reversal or closing
      of the shutter system is provided as indicated by closing curve a. Where
      the exposure value equivalence occurs at pulses 2, 3 or 4, the reversal is
      delayed by an amount equal to the elapsed time at which main equivalence
      was achieved following the step pulse or, that is, the delay following the
      main equivalence is equal to the time on the step at which equivalence was
      initially achieved. The actual delay is, of course, provided by the
      vernier counter 324 which will achieve equivalence with the time-on-step
      count (bits A and B) of the counter-divider 400 after one to four pulses
      depending upon at which pulse of the indicated pulses 1, 2, 3 or 4 the
      counter-divider 400 was stopped.
PAR  Consequently, for a pulse 2 exposure value equivalence, a reversal or
      termination signal from the vernier equality network 330 is not provided
      until one pulse count (at f.sub.1) later thereby providing a closing curve
      b which originates at a time substantially coincident with pulse 3 of the
      generator. Hence, the reverse signal follows the stop signal by one pulse.
      Moreover, for a pulse 3 equivalence, the reversal signal is two pulses
      later producing curve c and at a pulse 4 equivalence the reversal signal
      is three pulses later to produce curve d. Hence, in this embodiment, the
      delay in termination, or, that is the continuation phase of the exposure
      interval is equal to the elapsed time on the step when the stop signal was
      received. This provides an increased exposure interval when a step is
      reached to compensate for the fact that apertures intermediate the steps
      cannot be achieved.
PAR  In effect, the described delay provides an area under the curve 412 and the
      step 424 (representing film exposure) which is substantially equivalent to
      the area expected from the curve 412 alone if intermediate aperture sizes
      could be achieved. Hence, the variable delay corrects the program for the
      deviation from a smooth curve such as that shown at 412. Stated otherwise,
      the exposure value from the light sensing network is provided in
      accordance with an exposure program as represented by a curve as at 412.
      However, this exposure value is in fact only precise at the step pulses
      (the coincidence of curves 412 and 424) and must be corrected for aperture
      values which fall between such step pulses. The latter is provided for by
      the variable delay.
PAR  It should be understood that each step of the shutter system defines
      progressively larger predetermined aperture values, each occurring at
      progressively longer intervals of time following the initiation of the
      cycle, and with each step transition in effect substantially coincident
      with a step pulse. However, as is evident from FIGS. 9 and 10, the time
      interval at that selected aperture is then varied between a time less than
      to greater than the time at which the next step or next larger aperture
      would be achieved; and, in fact, provides a continuation phase so as to
      automatically increase the exposure interval in compensation for the
      deviation of the shutter system from the idealized shutter opening curve.
PAR  While the above-noted time variation could also be employed at the maximum
      aperture achievable by the blades 80 and 82, it would not be suitable for
      very low levels where an extended exposure interval is required. Hence, as
      explained below in regard to FIG. 5, an extended exposure network is
      employed for termination control in that event.
PAR  Looking to FIGS. 5 and 6, the digital circuitry for carrying out the
      selective actuation of motor 100 are illustrated respectively by schematic
      diagram and operational event chart. To facilitate the description of the
      circuit of FIG. 5, Boolean numeration is utilized in addition to
      corresponding voltage signal values. In the latter regard, a "low" signal
      is considered to be one having a potential essentially at ground and may
      be represented by a logical 0. Conversely, a "high" signal is considered
      positive and may be depicted by a logical 1.
PAR  The circuit also will be seen to utilize bistable multivibrators. One form
      of such multivibrator is conventionally referred to as a J-K flip-flop.
      Generally, a J-K flip-flop is a complementing flip-flop having two added
      control signals, arbitrarily designated J and K, that serve to limit the
      conditions under which the flip-flop will change to the 1 and 0 states,
      respectively. This flip-flop also is characterized in providing an output
      change in time on the negative transition of clock inputs. The P or preset
      input, representing a d.c. set input to a given flip-flop, will cause its
      corresponding Q output to be a logical 1 where such P input is ground. A
      d.c. reset or clear input to a given such flip-flop will cause its Q
      output to be a logical 0 when that input is at ground potential. Of
      course, this output is in complement with its corresponding "not Q" or Q
      output.
PAR  Concerning the particular output logic of each of the J-K flip-flops, the Q
      output of such flip-flop will switch from a 0 state to a 1 state when J is
      1 at the time of a clock or actuating pulse, although if the flip-flop is
      already in the 1 state, that is "reset," the binary value of J will not
      affect the flip-flop. Analogously, the flip-flop will switch from the 1
      state at its Q terminal to a 0 state, while its Q will transition to 1 at
      such time as the K input is 1. When both the J and K terminals are 0,
      clock or actuating pulses will have no effect on the flip-flop.
PAR  The circuit also utilizes a D form of flip-flop. This flip-flop has an
      actuating (clock) input signal terminal C as in J-K flip-flop, but instead
      of the J and K input terminals, a single input terminal D is provided. The
      flip-flop output signal F becomes 1 to 0 according to whether D is 1 or 0,
      respectively, at the time of a 0-to-1 change in C. In effect, when
      utilized in a circuit in conjunction with J-K flip-flops, a D flip-flop
      serves to provide a pulsewidth lag feature.
PAR  As illustrated in FIG. 6, at the commencement of a photographic cycle,
      camera 10 is retained in a standby status wherein its control system is
      de-energized, its optical path is in a viewing-focusing configuration,
      blades 82 and 84 of the exposure mechanism define an aperture of maximum
      width and its exposure plane is secured or covered by reflex reflecting
      assembly 40. Such component orientation is altered as the operator of the
      camera depresses a start button, for instance as depicted at 114 in FIG.
      1. This acutation serves to close a switch designated S.sub.1 in FIG. 5
      which is coupled within line 130 between ground, a current limiting
      resistor 132 and a voltage source +V. When closed, switch S.sub.1 serves
      to actuate a start network by introducing a high-to-low signal along line
      134 to the clock input terminal of a J-K flip-flop S. As a consequence,
      flip-flop S toggles to exhibit a high value at its Q output which is
      coupled, in turn, to line 136. This high at line 136 is introduced to one
      input terminal of an AND gate 138.
PAR  Simultaneously with the closure of switch S.sub.1, the pulse generator,
      designated generally at block 140, introduces a train of energizing pulses
      of predetermined frequency, f.sub.1, along line 142 to another input of
      AND gate 138. In practice, this frequency may be selected as about 2-3 Kh.
PAR  Another logic input to the circuit also is generated with the closure of
      switch S.sub.1. More particularly, an optical path monitor network of the
      camera, as designated generally at block 144, generates a high output
      signal at line 146 representing that reflex reflecting assembly 40 is in a
      position securing the exposure plane of the camera. An optical path
      monitoring arrangement as at 144 is described in detail in a copending
      application for U.S. patent by J. P. Burgarella, P. P. Carcia and R. C.
      Kee, entitled "Photographic Control System and Apparatus Having
      Self-Monitoring Features"  filed Dec. 29, 1971, Ser. No. 213,303 and
      assigned in common herewith, now issued on Nov. 27, 1973 as U.S. Pat. No.
      3,774,516. The high signal at lien 146 is introduced to the input of AND
      gate 138 and also through line 148 to an enabling network (not shown)
      serving to provide power for motor 100. Accordingly, the motor is enabled
      to operate in the presence of an energizing pulse input and a directional
      logic input
PAR  Powering of the control circuit with the closure of switch S.sub.1 also
      activates a reset circuit designated functionally by block 126. This
      circuit generates an electrical transition which serves to align various
      elements of the circuit, thereby assuring their proper output state at
      appropriate time within a photographic cycle. The output of reset circuit
      126 is represented at line 128 by an arrow and the letter R. To simplify
      the drawing, the transition at line 128 is represented where it is
      introduced throughout the circuit by a similar R associated with an arrow.
PAR  The presence of high or 1 values at lines 146 and 136 serves to gate or
      pass energizing pulses at line 142 through gate 138 to line 150. Line 150
      leads, in turn, to an extended exposure control network depicted
      functionally at block 152. Described in detail in a copending application
      for U.S. patent by J. W. Stempeck, entitled "Exposure Control System" Ser.
      No. 414,887 filed of even date herewith and assigned in common herewith,
      network 152 serves to insert a particular form of exposure regulation
      under conditions wherein an exposure interval is continued beyond a point
      in time wherein blades 82 and 84 reach a maximum or terminal open aperture
      condition. For the present description, however, network 152 passes the
      pulse train from output line 154 to one input of an AND gate 156. The
      opposite input to AND gate 156 is high at this time and is introduced from
      a D flip-flop, V, present within the vernier network identified generally
      by arrow 158. Connection between flip-flop V and AND gate 156 is provided
      by a line 160 extending from the F terminal of the latter. The signal at
      line 160 is high at this time. This high signal at line 160 is established
      by virtue of the presence of the earlier noted transition from reset
      circuit 128 at input line 162 of AND gate 164. The transition is conveyed
      to the preset terminal P of flip-flop V to provide the high value at
      output terminal F and line 160.
PAR  The high input to gate 156 from line 160 serves to permit the gating or
      passage of a pulse train at frequency, f.sub.1, from line 154 through line
      168 to serially paired four-bit binary or "ripple through" counters 170
      and 172.
PAR  Forming part of an exposure evaluation network 174, counters 170 and 172
      respond to and, in binary manner, monitor and record the number of pulses
      (f.sub.1) being introduced from line 168. The resultant count of counters
      170 and 172 is represented as output bit information at their respective
      output terminals A-D. Note that counters 170 and 172 are serially coupled
      by interconnecting most significant output bit D of counter 170 through
      line 176 to the clock input terminal C.sub.P of counter 172.
PAR  The least significant and next more significant output bit terminals A and
      B of counter 170 are tapped, respectively, by leads 178 and 180 which,
      respectively, are coupled with lines 182 and 184. Lines 182 and 184 are
      connected to two of the inputs of a three-input AND gate 186. The third
      input to gate 186 also is a high at this point in a photographic cycle and
      is introduced from along lines 188 and 190 which, in turn, connect with
      extended exposure network 152. The particular derivation of this high
      value at line 190 as well as the input at line 154 from network 152 is
      described in detail in the noted copending application for U.S. patent,
      Ser. No. 414,887. Inasmuch as lines 178 and 180 are coupled with terminals
      A and B of counter 170, a pulse train is developed at lines 182 and 184
      having a frequency f.sub.2 representing a submultiple of the frequency at
      pulse generator 140. For instance, in the arrangement shown, this
      frequency, f.sub.2, is one-fourth of the frequency f.sub.1. With the
      presence of a high signal at line 188, the pulse train at frequency
      f.sub.2 is passed through AND gate 186 to line 192.
PAR  The pulse train at frequency f.sub.2 at line 192 is used ultimately to
      drive stepper motor 100; however, prior to its introduction to the motor,
      a high directional logic signal is introduced to the directional control
      network thereof from line 194. Line 194 is coupled to the F output
      terminal of a D flip-flop designated L. The D input terminal of flip-flop
      L, in turn, is coupled through line 196 to the Q output terminal of J-K
      flip-flop P. Note that the J input terminal of flip-flop P is connected to
      +V and its preset terminal P is coupled for response to the output of
      reset circuit 126. Accordingly, at the commencement of a photographic
      cycle, a 1-to-0 transition is witnessed at preset terminal P which causes
      output Q to assume a 1 state. Line 192 from gate 186 is coupled to the
      clock input C of flip-flop L. Accordingly, with the presence of the
      initial pulse of this train, the high value at line 196 is "clocked" or
      passed through flip-flop L to provide the necessary high output at line
      194. Motor 100 has now received a directional logic signal for causing
      blades 82 and 84 to be driven to a fully closed orientation. As the high
      value is derived at the F output terminal of flip-flop L, its
      corresponding terminal F converts to a low or 0 value, which signal is
      witnessed through lines 214 and 200 at preset terminal P. Inasmuch as the
      preset input terminal P of flip-flop L is held at a 0 or low value, the
      high output at line 194 is "clamped" at that value.
PAR  The pulse train to drive motor 100, ultimately, is gated through AND gate
      202, thence to the motor from along line 204. However, gate 202 is
      connected so as to block such passage until assurance is had that the
      reversing or high signal has been developed at line 194. One input to gate
      202 is present at line 206, which, in turn, is coupled to the output
      terminal F of D flip-flop E. The D input terminal of flip-flop E is
      coupled through line 208 to +V, while its clock input C is connected with
      pulse train line 192. Accordingly, upon receipt of one of the pulses at
      line 192, flip-flop E passes the high value at line 208 to be present at
      line 206. The opposite input to gate 202 at line 210 is low at this time,
      in consequence of its connection through line 212 to the Q output of J-K
      flip-flop P. This output at line 212 alters to a high value at such time
      as reset circuit 126 receives a selective actuation from the F terminal of
      flip-flop L through lines 214, 216 and 217. This selective resetting is
      represented as R' at line 219 extending from circuit 126. Accordingly,
      flip-flop P toggles to produce a high at lines 212 and 210, thereby
      causing gate 202 to pass the energizing pulse train along line 204. As is
      noted in FIG. 6, the above-described development of directional and drive
      signals at lines 194 and 204 serve to provide a form of delay intermediate
      to the closing directional logic supplied to the motor and its activation
      from the pulse train.
PAR  Blades 82 and 84 are driven toward their fully closed position shown in
      FIG. 2 and, as the blades approach thier fully closed position, extension
      92 of blade 82 contacts resilient leaf 218 of a normally closed switch
      S.sub.2. Leaf 218 is mounted in cantilever fashion from an insulative base
      220, fixed, in turn, to rear casting 70. With such contact, leaf 218 is
      moved from electrical contact with resilient leaf 222 also extending
      downwardly from base 220.
PAR  Returning to FIG. 5, switch S.sub.2 will be seen to be reproduced as
      coupled within a line 224 between +V, a resistor 226 and ground. The
      resultant low transition at line 228 is witnessed by reset circuit 126 to,
      in turn, produce a pulse or transition at its output 128. In consequence,
      the appropriate components of the circuit are reset as discussed earlier,
      including, a cycle phase network depicted generally at block 230. Network
      230 serves the function of monitoring the exposure mechanism operation of
      the circuit and provides an output representing the commencement and
      termination of an interval of exposure. The network is described in detail
      in the aforementioned U.S. patent application Ser. No. 414,887.
PAR  Network 230 generates a low signal value at its output line 232 which is
      introduced to the clear terminal, C.sub.L, of flip-flop L. As a
      consequence, output terminals F and F of flip-flop L assume high values.
      As the F output of the flip-flop at line 214 transitions to a high, the
      resultant high is witnessed from along line 200 at preset terminal P
      thereof. The earlier established clamp is removed and the 0 value at the
      clear terminal causes flip-flop L's F terminal to reassume a low signal
      value for developing directional logic to cause blades 82 and 84 to be
      driven toward open aperture orientations.
PAR  The switch S.sub.2 development of a reset signal at line 128 from network
      126 also causes optical path monitor circuit 144 to convert its output
      signal at line 146 from a high to a low value. As a consequence, the input
      pulses introduced from line 142 to AND gate 138 are blocked. Energizing
      drive pulses to motor 100 at line 204 are, in turn, blocked. As may be
      noted in FIG. 6, motor directional logic has now been re-established for
      opening the exposure mechanism blades and motor 100 has been deactivated.
      Additionally, motor enabler line 148 assumes a low value to de-energize
      the stepper motor network.
PAR  The exposure control system now operates to provide optical path conversion
      wherein reflex reflecting component 40 is spring driven to an exposure
      orientation against rear wall 12 of camera 10. As noted in FIG. 6, as
      reflex component 40 elevates, scene lighting is evaluated and an equality
      network is enabled.
PAR  Returning to FIG. 5, as camera 10 converts between a viewing-focusing mode
      and an exposure mode, the light sensing network depicted generally at 236
      and forming part of exposure evaluating function 174 commences to evaluate
      scene lighting and produce a steady state voltage level signal
      representative thereof. This voltage level signal also can be evolved
      manually as discussed hereinafter from a manually set control network as
      depicted generally by block 238. Network 236 includes a photosensing
      element in the form of a silicon photodiode 240 which is coupled within
      line 242 between the input terminals of a logarithmic amplifier 244.
      Amplifier 244 is connected to +V through line 246 and to ground through
      line 248. The photodiode 240 is positioned behind the entrance optics of
      camera 10 as shown at 108 in FIG. 1. The output of amplifier 244 is
      present in line 250 and is introduced to the analog-to-digital converter
      252 from switch S.sub.3 and line 251. Converter 252 responds to steady
      state voltage levels produced at line 250 to convert them to a
      proportionate binary representation. This generally is carried out through
      comparison networks or the like and the binary representation is presented
      at output terminals A-H. Converter 252 is enabled from reset circuit 126.
      Through the use of a logarithmic amplifier at 244, lower binary numbers
      will be produced at converter 252 in response to higher scene brightness
      levels.
PAR  The output terminals A-H of converter 252 are coupled as shown through the
      equality network depicted generally at 254 as well as with counters 170
      and 172. Network 254 is formed as an array of exclusive OR gates 256-270,
      one input terminal of each being coupled to a respective output terminal
      A-H of converter 252. The opposite input terminals of gates 256-270,
      respectively, are connected with output terminals A-D of paired counters
      170 and 172. With the arrangement, when the outputs of counters 170 and
      172 reach a binary equality with the exposure evaluation binary value at
      counter 252, a high signal value will be witnessed at output line 272 of
      equality network 254. Line 272 is coupled to a NAND gate 274, the opposite
      input to which extends from line 276 and line 278 to the output of cycle
      phase network 230. Network 230 serves to enable equality network 254 by
      introducing a high value at lines 276 and 278 at this point in a
      photographic cycle. Accordingly, any high output at line 272 representing
      an equality signal will be passed through gate 274. The high value at line
      278 also serves to enable extended exposure network 152 so as to render it
      operative in the event of an exposure requiring full aperture opening.
PAR  As shown in FIG. 6, upon the completion of optical path conversion camera
      10 enters an exposure opening phase in which blades 82 and 84 are driven
      by motor 100 toward open aperture orientations. This phase is commenced
      with the development of an exposure mode signal at line 146 from optical
      path monitor 144. The resultant high at line 146 is introduced along line
      148 to enable the stepper motor network and to the input of gate 138 to
      again permit passage of pulses from line 142 and pulse generator 140. The
      pulse train is witnessed at line 150 which, as before, extends through
      network 152 and along line 154 to AND gate 156. The high value at line 160
      remaining high, the pulse train at line 154 passes gate 156 and is
      introduced through line 168 to paired counters 170 and 172. Counters 170
      and 172 commence to count and continue to do so until the binary value of
      their output terminals A-D reaches equality with the binary valuation at
      converter 252. Simultaneously and in synchronism with this counting, the
      least significant and next least significant output of counter 170 is
      tapped, as before, by lines 178 and 180. The resultant submultiple pulse
      train, f.sub.2, is introduced through lines 178 and 182 to the input of
      AND gate 186. The third input to gate 186 is derived, as before, from
      network 152 through lines 190 and 188. Gate 186 passes the energizing
      pulse train along line 192 to the clock input of flip-flop L. Recall that
      the motor directional logic signal at line 194 is low, having been
      converted thereto at the opening of switch S.sub.2. The pulse train at
      line 192 also is introduced from line 198 to the clock input of D
      flip-flop E. As a consequence, the high value signal at line 208 is passed
      through to the F terminal thereof and presented from line 206 to AND gate
      202. The opposite input at line 210 of gate 202 remains high. Accordingly,
      energizing drive pulses are introduced to motor 100 from along line 204.
PAR  The output terminals A-H of A/D converter 252, as well as the corresponding
      respective output terminals A-D of counters 170 and 172, are coupled to
      the input of a terminal position monitor network shown generally at 280.
      Network 280 is formed of a multiple input NAND gate 282, the inputs of
      which are coupled with appropriate output terminals of paired counters 170
      and 172. Through the use of an array of inverters as shown generally at
      284, gate 282 will respond to a binary valuation or representation at
      counters 170 and 172 which corresponds with a position of blades 82 and 84
      representing their maximum open aperture condition.
PAR  In the discussion to follow, the control circuit is described as it
      operates under conditions wherein an equality condition is reached at
      network 254 before blades 82 and 84 reach their terminal position.
      Accordingly, as depicted also in FIG. 6, the high equality signal at line
      272 is introduced through line 286 to extended exposure network 152 to
      suppress its output and is further introduced from line 272 to one side of
      NAND gate 274. Inasmuch as the signal from cycle phase network 230 at line
      276 also is at a high value, a resultant low signal appears at line 288,
      the output of gate 274. Note that the signal at line 288 is present under
      the conditions wherein cycle phase network 230 establishes that an
      exposure cycle opening phase is underway and wherein an equality signal
      has been reached. The low signal at line 288 also is witnessed at line
      290, is inverted to a high at 292 and is introduced to the clock input of
      a D flip-flop V of vernier network 158. As a consequence, vernier network
      158 is activated.
PAR  The low signal at line 288 also is introduced to one input of AND gate 294.
      A second input to gate 294 is derived from gate 282 of terminal position
      monitor 280. Under conditions wherein a terminal position is not reached
      by blades 82 and 84, the output of gate 282 at line 296 is high and is
      introduced through line 298 to gate 294. Simultaneously, this high value
      is introduced through line 300 to extended exposure network 152. However,
      network 152 will have been suppressed, as described above, upon generation
      of the equality signal at line 272. The third input to gate 294 is derived
      from lines 302 and 304 which carry a high signal at this time by virtue of
      their connection with the F output terminal of flip-flop L through line
      214.
PAR  With the noted inputs to gate 294, the output thereof at line 306
      transitions from a high to a low and is witnessed at clock input terminal
      C of flip-flop P. In consequence, flip-flop P passes a high signal to its
      output terminal Q at line 196. The corresponding output Q thereof at line
      212 assumes a low value which, in turn, is witnessed through line 210 at
      gate 202. Pulse transfer from gate 202 is halted to stop motor 100.
PAR  The final drive pulse at line 192 also clocks flip-flop L such that the
      output thereof transitions to a "high" to provide for appropriate
      directional drive of motor 100 at such time as it is again energized to
      move blades 82 and 84 into their light blocking orientation.
PAR  As depicted in FIG. 6, the exposure cycle now enters an exposure vernier
      interval phase. Looking to flip-flop V, with the presence of a transition
      from low to high at line 290 leading to the clock input C, the output
      terminals thereof convert such that terminal F toggles to a low or 0 value
      which is witnessed at line 160, and corresponding terminal F converts to a
      high or 1 value. This alteration takes place inasmuch as input terminal D
      of the flip-flop is low at this time by virtue of its connection to output
      line 190 of network 152. Output terminal F of flip-flop V, now at a low
      value, is connected through line 160 to gate 156. Accordingly, with the
      presence of the noted low signal thereat, gate 156 halts the transfer of
      pulses at frequency f.sub.1, to counters 170 and 172. However, line 154,
      carrying such pulse train also is coupled through line 310 to one input of
      AND gate 312 of vernier network 158.
PAR  The corresponding or F terminal of flip-flop V is coupled through lines 314
      and 316 to the opposite input of gate 312. The high signal value thereat
      permits the passage of pulse train f.sub.1 through line 318 to the clock
      input C of J-K flip-flop K.sub.1. The J input terminal of flip-flop
      K.sub.1 is coupled with +V, while its K terminal is coupled to ground.
PAR  The Q output terminal of flip-flop K.sub.1 is, in turn, coupled through
      lines 320 and 322 to the clock input C of a second J-K flip-flop K.sub.2.
      The J input terminal thereof is coupled with +V, while the K input
      terminal is coupled to ground. Thusly interconnected, it will be seen that
      flip-flops K.sub.1 and K.sub.2 function as a two-bit counter responsive to
      the pulse train input at line 318 at frequency f.sub.1. Accordingly, the
      pair of flip-flops are identified generally at 324 as a "vernier counter."
PAR  The Q output terminal of flip-flop K.sub.2 is coupled through line 326 to
      one input of an exclusive OR gate 328 within a vernier equality network
      shown generally at 330. Additionally, output Q of flip-flop K.sub.1 is
      coupled by line 320 to one input of another exclusive OR gate 332 within
      network 330. The opposite input to gate 332 is coupled through line 182 to
      the least significant bit output A of counter 170, while the second input
      to gate 328 is coupled through line 184 to the second more significant
      output bit B of counter 170.
PAR  Thus interconnected, the respective outputs at lines 334 and 336 of gates
      328 and 332 will assume a high state at such time as the values at lines
      320 and 326 of vernier counter 324 are in equality with the outputs of
      terminals A and B of counter 170. Accordingly, network 158 is capable of
      asserting a delay ranging from 0 to the time interval represented by the
      acceptance of four pulses at frequency f.sub.1 by vernier counter 324. As
      previously indicated, this form of vernier alteration of the exposure
      value defined by blades 82 and 84 permit greater accuracy of the control
      system. For instance, blades 82 and 84 will be stopped at a detent
      position representing a step orientation of the rotor of motor 100. In
      effect, any deviation between the value of exposure derived at exposure
      evaluating network 174 along with A-to-D converter 252 and the exposure
      defined by blades 82 and 84 is accommodated for through the addition of a
      time interval exposure parameter.
PAR  A vernier equality signal, representing a high value at lines 334 and 336,
      is passed through NOR gate 338 in consequence of the existing high signal
      value inserted thereto from line 316. The resultant low value at line 340
      is presented to one input of AND gate 164. The opposite input thereto at
      line 162 will have remained high, and the resultant low signal is gated
      along line 166 to preset terminal P of flop-flop V. Flip-flop V is preset
      to its initial state wherein output terminal F is high and terminal F is
      low.
PAR  The low value at line 166 is directed through line 342 to cycle phase
      network 230 and also through line 344 to the reset inputs R of counters
      170 and 172 to return their output terminals A-D to a 0 state.
      Additionally, the vernier pulse train input at frequency, f.sub.1, as
      directed through gate 312 is blocked by virtue of the presetting of
      flip-flop V. In this regard, with the reverting of output F to a low
      value, the resultant low signal at lines 314 and 316 blocks pulse train
      passage at gate 312.
PAR  As shown in FIG. 6A, the photographic cycle now commences an exposure
      termination phase. With the development of a high value at the F output
      terminal of flip-flop V, line 160, in turn, assumes a high state to
      unblock the passage at gate 156 of pulses from along line 154.
      Accordingly, the pulse train at frequency f.sub.1 passes from line 168 to
      paired counters 170 and 172. As before, counting ensues. Drive pulses at
      frequency f.sub.2 are derived by tapping terminals A and B of counter 170
      from lines 178 and 180. Inasmuch as line 188 extending from extended
      exposure network 152 output line 190 remains high, the pulse train is
      transferred along lines 192 and 198 to the clock input C of flip-flop E.
      Line 210, now carrying a high signal, the pulse train is passed from
      output terminal F of flip-flop E through gate 202 and to motor 100 from
      along line 204. Motor 100 commences to drive blades 82 and 84 toward their
      fully closed blocking orientation shown in FIG. 2. The low vernier
      equality signal at line 166 also is witnessed along line 342 and is
      directed to cycle phase network 230. Network 230 responds to assume a
      signal condition representing the commencement of the exposure termination
      phase. Additionally, operating from lines 278 and 346, network 230 serves
      to actuate reset circuit 126 to reset select components of the circuit as
      identified by the letter R. Inasmuch as output terminal F of flip-flop L
      is already at a 1 state, the resetting thereof does not alter the high
      directional logic signal at line 194.
PAR  As blades 82 and 84 reach their terminal position, switch S.sub.2 again is
      opened and the entire circuit is reset. With this resetting upon the
      opening of switch S.sub.2, directional flip-flop L is reset to cause the
      output at line 194 to go low. This is carried out because with the
      resetting, a low input is asserted from line 200 to the preset terminal
      causing both terminals F and F to go to 1 thereby removing the earlier
      asserted clamp. This, in turn, causes terminal F to assume a 0 signal.
PAR  Optical path monitor 144 is designed to respond to an actuation of reset
      circuit 126 as it is derived only from the opening of switch S.sub.2.
      Accordingly, with the closure of blades 82 and 84 at this point within a
      photographic cycle, optical path monitor function 144 causes motor 54 to
      be energized to drive reflex reflecting assembly 40 into an orientation
      wherein the exposure plane of the camera is blocked. This orientation also
      re-establishes the viewing-focusing optical path of the camera.
      Concurrently with the noted optical path conversion, an exposed film unit
      is processed through processing station 58. During this phase of the
      photographic cycle, the output of function 144 at line 146 is low to, in
      turn, block pulse transistor through gate 138.
PAR  When optical path conversion and processing is completed, the signal at
      line 146 converts to a high value to permit the control system to unblock
      the optical path. Pulse transfer to counters 170 and 172 to activate motor
      100 is permitted since input line 160 to gate 156 is at a high value.
PAR  Inasmuch as the exposure evaluating binary output condition still remains
      at A/D converter 252, the generation of an equality signal from network
      254 must be suppressed. This suppression is carried out by virtue of the
      now low signal value at line 278 as generated at cycle phase network 230.
      The low signal is introduced through line 276 to gate 274 to block the
      equality signal at line 272.
PAR  As shown in FIG. 6, control over the extent of activation of motor 100 now
      is provided from terminal position monitor 280. When counters 170 and 172
      reach a binary output at their respective terminals A-D representing full
      opening of blades 82 and 84, the output at line 296 of gate 282 reverts to
      a low which, in turn, is introduced through line 298 to gate 294 as well
      as to cycle phase network 230 and to reset circuit 126 from along line
      350.
PAR  The passage of a high signal from gate 294 to flip-flop P causes it to pass
      a high signal from its Q output at line 196 to flip-flop L. Flip-flop L
      responds to convert its F terminal output to a high value, thereby
      aligning it for a next succeeding photographic cycle.
PAR  Reset circuit 126 responds both to a low value at line 350 as well as to
      the cycle phase monitor signal at lines 278 and 346 to insert a resetting
      signal at AND gate 352. The opposite input to gate 352 derives from cycle
      phase network 230 and line 278 through line 354. Accordingly, a resetting
      signal is asserted through line 356 to flip-flop S to alter the Q output
      terminal thereof to a low value and, in turn, block a pulse train passage
      at gate 138. This action terminates the photographic cycle.
PAR  Referring additionally to FIGS. 7 and 1, an arrangement for manually
      inserting an exposure value signal into the control system of camera 10 is
      revealed. As shown in FIGS. 5 and 7, light evaluating network 236 is
      coupled with converter 252 input line 251 through a single pull double
      throw switch designated S.sub.3. This switch is represented in FIG. 1 as
      manually actuable switch 360 extending through the front cover of exposure
      housing 16. By moving the contact of switch S.sub.3 from connection with
      line 250 to connection with the wiper 362 of potentiometer 364, an
      equivalent exposure value signal may be derived. The winding 366 of
      potentiometer 364 is coupled within line 368 between a voltage reference
      network 370 and ground. Network 370, in turn, is connected through line
      372 to +V. The manual adjustment of wiper 362 may be provided as shown in
      FIG. 1 utilizing a slideable index element as shown at 374 positioned
      below a line of exposure value indicia. Accordingly, should the camera
      operator wish to manually override the automatic exposure control system
      of the camera, switch S.sub.3 is actuated, and element 374 is set to a
      predetermined exposure value. The exposure control system then responds to
      depression of button 114 to carry out an exposure cycle in accordance with
      that evaluation.
PAR  Since certain changes may be made in the above apparatus and system without
      departing from the scope of the invention herein involved, it is intended
      that all matter contained in the above description or shown in the
      accompanying drawings shall be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photographic exposure control system for a camera, the camera having
      means for mounting photographic material at a given focal plane, means for
      directing image-carrying rays from a scene along a given optical path to
      the camera focal plane, and selectively operable means for initiating an
      exposure cycle, said system comprising:
PA1  means for selecting an exposure value;
PA1  blade means;
PA1  means for mounting said blade means for displacement between a position
      blocking the optical path and other positions unblocking the optical path,
      said blade means providing progressively larger aperture values through
      which scene light is transmitted to the focal plane as said blade means
      are displaced from said blocking position;
PA1  control means responsive to the exposure initiating means for initially
      displacing said blade means from said blocking position in a series of
      timed steps to initiate an exposure interval during which scene light is
      directed to the focal plane and, in accordance with said exposure value,
      for subsequently displacing said blade means to again block the optical
      path thereby terminating the exposure interval, each successive step in
      conjunction with the time of occurrence thereof providing progressively
      larger step exposure values to which the film is subjected during the
      initial step displacement of said blade means, said control means
      including means responsive to said selected exposure value for halting
      further initial displacement of said blade means from a given step just
      preceding a next step having a step exposure value greater than the
      selected exposure value, for maintaining said blade means at said given
      step for an additional time after said halting which is proportional to
      the difference between said step exposure value of said given step and
      said selected value, and for subsequently displacing said blade means to
      block the optical path.
NUM  2.
PAR  2. The system of claim 1 wherein said control means includes means
      responsive to a first signal for halting further initial displacement and,
      responsive to a second signal, for subsequently displacing said blade
      means to block the optical path, and signal means responsive to said
      exposure value for providing said first signal and second signal, said
      signal means including means for varying the elapsed time between said
      first and second signal in accordance with the difference between the step
      exposure value of said given step and said selected exposure value.
NUM  3.
PAR  3. The system of claim 1 wherein said exposure value selecting means
      includes means for determining an exposure value inversely related to an
      evaluation of scene brightness, and said control means includes means
      responsive to a first signal for halting further initial displacement and,
      responsive to a second signal, for subsequently displacing said blade
      means to again block the optical path, means for determining a time
      dependent value corresponding to said initial displacement of said blade
      means, means for comparing said time dependent value with said exposure
      value and for providing said first signal in accordance with equality
      therebetween, and means for providing said second signal following said
      equality by an elapsed time interval proportional to the difference in
      time between the time of occurrence of said given step and said equality.
NUM  4.
PAR  4. The system of claim 1 wherein said control means includes means for
      generating a train of pulses at a given rate and for at least initially
      displacing said blade means to said unblocking positions in a plurality of
      steps each defining progressively larger aperture values, with each
      successive step synchronized with each successive pulse of said train of
      pulses, means responsive to said exposure value for halting further
      displacement of said blade means from said blocking position, and means
      for maintaining said blade means at said given step for time after said
      halting which is proportional to the elapsed time between the time of the
      pulse synchronized with said given step and the time of halting of said
      blade means.
NUM  5.
PAR  5. The system of claim 4 wherein said exposure value selecting means
      includes means for providing an exposure value representative of scene
      brightness.
NUM  6.
PAR  6. The system of claim 4 wherein said displacing means includes drive means
      configured for step displacement of said blade means responsive to said
      train of pulses, said generating means includes means for applying said
      train of pulses to said drive means, and said halting means includes means
      for at least temporarily precluding further application of said pulses to
      said drive means.
NUM  7.
PAR  7. The system of claim 1 wherein said additional time after said halting is
      substantially equal to the time elapsed between the time of occurrence of
      said given step and the time of halting.
NUM  8.
PAR  8. An exposure control system for photographic apparatus, the apparatus
      having means for mounting photographic film material at a given focal
      plane, means for directing image-carrying light rays from a photographic
      scene to the focal plane, and selectively operable means for initiating an
      exposure cycle, said system comprising:
PA1  means for selecting an exposure value;
PA1  blade means;
PA1  means for mounting said blade means for displacement between a position
      blocking the optical path and other positions unblocking the optical path,
      said blade means defining progressively increasing aperture values through
      which scene light is transmitted along he optical path as said blade means
      are displaced from said blocking position;
PA1  drive means actuatable for displacing said blade means between said
      positions; and
PA1  control means responsive to the cycle initiating means for initially
      actuating said drive means to displace said blade means from its said
      blocking position to initiate an exposure interval during which scene
      light is directed to the focal plane and for subsequently actuating said
      drive means to displace said blade means back to said blocking position to
      terminate said exposure interval, said control means including means for
      at least initially actuating said drive means to displace said blade means
      through a plurality of steps defining successively larger predetermined
      aperture values, each of said successive predetermined aperture values
      being achieved at progressively longer intervals of time following
      initiation of said exposure interval so as to define a minimum exposure
      initiation interval corresponding to each successive predetermined
      aperture value and means, responsive to said selected exposure value, for
      selecting the maximum predetermined aperture value achieved and for
      varying the exposure initiation interval between a time value ranging from
      less than to greater than the minimum exposure initiation interval
      corresponding to the next successive predetermined aperture value so as to
      provide optimum film exposure in accordance with said exposure value.
NUM  9.
PAR  9. The system of claim 8 wherein said control means includes means
      correlated to said displacement of said blade means for deriving a time
      dependent value corresponding to elapsed time of said initiation interval,
      means for comparing said time dependent value with said exposure value and
      in response to substantial equivalence therebetween for halting further
      displacement of said drive means to the next predetermined aperture value
      and for maintaining said blade means at the last predetermined aperture
      value for a time after said eqivalence which is proportional to the
      difference between the time said last predetermined aperture value was
      initiated and the time said equivalence was achieved.
NUM  10.
PAR  10. The system of claim 9 wherein said time after said equivalence is
      substantially equal to the time interval between initiation of said last
      aperture value and the time of achieving said equivalence.
NUM  11.
PAR  11. The system of claim 8 wherein said drive means is energizable by a
      train of input pulses in a given sequence to displace said blade means in
      a given direction to positions providing increasing aperture values with
      each pulse determining initiation of displacement of said blade means to
      the next successive predetermined aperture value, and said control means
      includes means for generating said train of input pulses and for
      conducting said pulses to said drive means in said given sequence to
      displace said blade means in said given direction from said blocking
      position, means responsive to said exposure value for terminating the
      conducting of further pulses in said given sequence to said drive means to
      halt further displacement of said blade means in said given direction so
      as to define a selected predetermined aperture value, and means for
      varying the time at said predetermined aperture value proportional to the
      elapsed time between said termination of conduction and the time of the
      last pulse in said given sequence.
NUM  12.
PAR  12. An exposure control system for photographic apparatus comprising:
PA1  exposure mechanism means movable from one position to define a progressive
      variation of aperture values over an exposure opening and being operative
      to block said exposure opening to terminate the passage of light
      therethrough;
PA1  drive means, pulse energizable to move said exposure mechanism means;
PA1  light sensing means for deriving an exposure value inversely responsive to
      the brightness level of the scene to be photographed;
PA1  converter means for deriving a digital representation of said exposure
      value;
PA1  control means for actuating said drive means to displace said blade means
      from said one position to initiate an exposure interval and for
      subsequently actuating said drive means to displace said blade means to a
      position blocking the optical path so as to terminate said exposure
      interval, said control means including:
PA2  first network means for counting at a given frequency while synchronously
      transmitting drive pulses at a submultiple of said one frequency to said
      drive means so as to displace said blade means from said one position;
PA2  evaluating means for providing a given output signal responsive to equality
      between the count of said counting means and said digital representation;
PA1  second network means including:
PA2  means responsive to said given output signal for temporarily precluding
      further transmission of said drive pulses so as to halt said drive means
      in a predetermined step position;
PA2  means for subsequently initiating further transmission of drive pulses to
      said drive means to displace said blade means to a blocking position to
      terminate said exposure interval; and
PA2  means for varying the time interval between halting of said drive means and
      said subsequent transmission proportional to the number of count pulses
      following the last drive pulse before said equivalence.
NUM  13.
PAR  13. The exposure control system of claim 12 in which:
PA1  said converter means digital representation is derived as a binary output,
      the bits thereof being arrayed from least significant to most significant;
PA1  said first network means includes first counter means, when activated, for
      deriving said count as a binary output, with the bits thereof being
      arrayed from least significant to most significant;
PA1  said second network means includes:
PA2  second counter means operative to count a said given frequency and deriving
      a count as a binary output,
PA2  second equality network means responsive to equality between the binary of
      said least significant and the next least significant bit outputs of said
      first counter means with said second counter means binary output for
      deriving a termination signal; and
PA2  means responsive to said termination signal for initiating the said
      termination of said exposure interval.
NUM  14.
PAR  14. The exposure control system of claim 13 in which said drive means
      includes:
PA1  a stepper motor coupled in drive relationship with said exposure mechanism
      means, and
PA1  means energizing said motor from said least significant and the next least
      significant bit outputs of said first counter means;
PA1  said blade means are coupled in driven relationship with said stepper motor
      and movable from said one position to progressively unblock said optical
      path and reversibly movable into said first position to terminate said
      interval of exposure; and
PA1  said second network means is operative to block transmission of said
      energizing drive pulses at said submultiple frequency while said second
      counter means operates to count at said given frequency.
NUM  15.
PAR  15. The exposure control system of claim 14 in which:
PA1  said blade means are coupled in driven relationship with said stepper motor
      and movable from said one position to progressively unblock said optical
      path and reversibly movable back into said one position to terminate said
      interval of exposure, and
PA1  said second network means is operative to de-activate said first counter
      means while said second counter means operates to count at said given
      frequency and to reset and activate said first counter means in response
      to said second equality network means termination signal.
NUM  16.
PAR  16. The exposure control system of claim 15 in which:
PA1  said drive means includes directional logic means operative to cause said
      stepper motor to move said blade means from said first position and
      responsive to the presence of said first network means count equality to
      cause said stepper motor to move said blade means toward said first
      position in the presence of said second network means termination signal.
NUM  17.
PAR  17. An exposure control system for photographic apparatus comprising:
PA1  exposure mechanism means movable from a first position to define a
      progressive variation of aperture values over an optical path and being
      operative to block said optical path to terminate an interval of exposure;
PA1  exposure evaluating means having an output signal corresponding with an
      exposure evaluation of a scene;
PA1  converter means responsive to said exposure evaluating means output and
      operative to derive a digital representation thereof;
PA1  means for generating energizing pulses at a given frequency;
PA1  first counter means for counting pulses transferred thereto at said given
      frequency to derive a time dependent output digital representation of the
      number transferred;
PA1  first equality network means responsive both to said converter means and
      said counter means digital representations for generating a unique signal
      condition when the values of said representations coincide;
PA1  drive means including a pulse energizable motor for moving said exposure
      mechanism means from said first position to initiate an exposure interval
      and subsequently operative to cause said exposure mechanism means to block
      said optical path;
PA1  pulse transfer means for pulse energizing said motor at a submultiple of
      said given frequency simultaneously and in correspondence with said pulse
      counting and operative to block the transfer of pulses to said first
      counter means and said motor to halt said blade means in a given position
      in response to said first equality network means unique signal condition;
      and
PA1  vernier control means for selectively delaying said optical path blockage
      for a time interval substantially equal to the number of pulses at said
      given frequency received at said first counter means following the receipt
      at said motor of that pulse energizing said motor to move said exposure
      mechanism means into said given position.
NUM  18.
PAR  18. The exposure control system of claim 17 in which:
PA1  said motor is connected in driving relationship with said exposure
      mechanism means, said motor being pulse energizable in the presence of a
      first directional logic signal to move said exposure mechanism means away
      from said first position to a final position and pulse energizable in the
      presence of a second directional logic signal to move said exposure
      mechanism means from said final position into said first position;
PA1  said first counter means output in a binary output, the bits thereof being
      arrayed from least significant to most significant;
PA1  said system further including:
PA2  second counter means responsive to said first equality network means unique
      signal condition to count pulses at said given frequency and deriving said
      count as a binary output;
PA2  second equality network means responsive to said least significant and next
      least significant bit outputs of said first counter means and to said
      second counter means output and deriving a unique signal condition when
      said binary outputs are equal;
PA2  means resetting said first counter means in response to said second
      equality network means; and
PA2  said pulse transfer means being responsive to said first equality network
      means for transferring pulses at said given frequency to said second
      counter means.
NUM  19.
PAR  19. The exposure control system of claim 18 in which said exposure
      evaluating means includes:
PA1  light sensing means having a signal value responsive to the brightness
      level of a scene; and
PA1  amplifier means responsive to said signal value for deriving said exposure
      evaluating means output as a signal level inversely proportional to said
      brightness level.
NUM  20.
PAR  20. The exposure control system of claim 19 in which said exposure
      evaluating means includes:
PA1  manually adjustable means for introducing to said amplifier means a signal
      having a value predetermined in accordance with a photographic evaluation
      of a scene; and
PA1  switch means manually actuable to selectively derive said exposure
      evaluating means output from said manually adjustable means or from said
      light sensing means.
NUM  21.
PAR  21. A photographic exposure control system for a camera, the camera having
      means for mounting photographic material at a given focal plane, means for
      directing imagecarrying rays from a scene along a given optical path to
      the camera focal plane, and selectively operable means for initiating an
      exposure cycle, said system comprising:
PA1  means for selecting an exposure value, said exposure value selecting means
      including means for determining an exposure value inversely proportional
      to scene brightness;
PA1  blade means;
PA1  means for mounting said blade means for displacement between a position
      blocking the optical path and another position unblocking the optical
      path, said blade means providing changing aperture values through which
      scene light may pass to the focal plane as said blade means are displaced
      from said blocking position;
PA1  drive means for displacing said blade means through a plurality of steps
      responsive to a train of step pulses;
PA1  control means responsive to the exposure initiating means for counting at a
      first pulse rate and for applying step pulses to said drive means at a
      second pulse rate which is a submultiple of said first to initially
      displace said blade means from said blocking position to said other
      position to initiate an exposure interval during which scene light is
      directed to the focal plane and, in accordance with said exposure value,
      for subsequently displacing said blade means to again block the optical
      path thereby terminating the exposure interval, said control means
      including means responsive to said selected exposure value for halting
      said initial displacement of said blade means at a location defining a
      predetermined aperture value, for maintaining said blade means at said
      location for a time determined in accordance with said exposure value and
      said predetermined aperture and for subsequently displacing said blade
      means to block the optical path, said means for halting said initial
      displacement including means for comparing the count of said counting
      means with said exposure value and, responsive to equivalence
      therebetween, for precluding further application of said step pulses to
      said drive means to halt said displacement of said blade means, and said
      means for maintaining said blade means at said location including means
      for then actuating said drive means to displace said blade means back to
      its said blocking position following the occurrence after said equivalence
      of a number of pulses at said first pulse rate proportional to the number
      of pulses at said first rate following the last step pulse applied prior
      to said equivalence.
NUM  22.
PAR  22. The system of claim 21 wherein said number of pulses after said
      equivalence is equal to said number of pulses following said last step
      pulse so that said drive and blade means is maintained at said
      predetermined aperture value for a time equal to twice said number of
      pulses before equivalence but following said last step pulse.
NUM  23.
PAR  23. A photographic exposure control system for a camera, the camera having
      means for mounting photographic material at a given focal plane, means for
      directing image-carrying rays from a scene along a given optical path to
      the camera focal plane, and selectively operable means for initiating an
      exposure cycle, said system comprising:
PA1  means for selecting an exposure value;
PA1  blade means;
PA1  means for mounting said blade means for displacement between blocking and
      unblocking relation to the optical path and for defining at least one of a
      plurality of incrementally different aperture values in operative relation
      to the optical path;
PA1  control means responsive to the exposure initiating means for displacing
      said blade means from said blocking relation into said unblocking relation
      and for defining at least one aperture value in operative relation to the
      optical path so as to initiate an exposure interval during which scene
      light is transmitted along the optical path and for then displacing said
      blade means back into blocking relation to the optical path to terminate
      the exposure interval, said control means including;
PA1  means for determining one exposure time programmed in accordance with a
      predetermined aperture value and, the selected exposure value;
PA1  means for selecting from said plurality of aperture values a final aperture
      value not greater than said predetermined aperture value and for
      determining another exposure time programmed in accordance with the final
      aperture value; and
PA1  means for maintaining said blade means at said final aperture value,
      following said one exposure time, for an additional time proportional to
      the difference in time between said one and said other exposure times.
NUM  24.
PAR  24. The system of claim 23 wherein said control means includes means for
      providing a first timing signal responsive to said other exposure time
      means, means for providing a second timing signal responsive to said one
      exposure time means, for providing a third timing signal following said
      second timing signal by an interval proportional to the time between said
      first and second signals, and means responsive to said third signal for
      displacing said blade means back into a blocking relation to the optical
      path.
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ABST
PAL  A flash synchronizing device suitable for focal plane shutters arranged to
      accurately synchronize lighting of the flash bulb and opening of the
      shutter and comprising an M-movable contact to be moved for closing the
      flash circuit at the same time as shutter releasing, a release lock lever
      to be moved at the same time as shutter releasing in order to open the
      shutter, and a gear governor which operates to delay the shutter opening
      time as the shutter speed becomes higher by retarding the motion of said
      release lock lever.
PARN
PAR  This is a division of application Ser. No. 294,547 filed Oct. 3, 1972, now
      U.S. Pat. No. 3,825,940 issued July 23, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the invention
PAR  The present invention relates to a focal plane shutter and, more
      particularly, to a flash synchronizing device pertaining to said type of
      shutter for accurately synchronizing lighting of the flash bulb and
      opening of the shutter.
PAR  B. Description of the prior art
PAR  For focal plane shutters, it is generally required, in order to synchronize
      lighting of the flash bulb and opening of the shutter, to change the time
      lag between the instant of closing of the flash circuit and instant of
      starting of the shutter opening motion in proportion to the shutter speed
      by taking the lighting characteristic of the flash bulb to be used into
      consideration. To satisfy the above requirement, the known focal plane
      shutters are arranged as follows. That is, a pair of switch levers which
      are actuated by a cam or pin is provided for closing the flash circuit and
      the mutual distance of said pair of switch levers is changed according to
      the shutter speed to be set. Alternately, a C-R delay circuit is provided
      for closing the flash circuit and the time constant of said delay circuit
      is changed according to the shutter speed. Said known types of focal plane
      shutters, however, have disadvantages as described below. That is, it is
      impossible to obtain the accurate time lag suitable for the set shutter
      speed, operation is unstable, or the device itself becomes comparatively
      complicated.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, the principal object of the present invention to provide
      a flash synchronizing device for focal plane shutters comprising a switch
      device for closing the flash circuit at the same time as the shutter is
      released and a mechanical delaying device for delaying the time from the
      instant of shutter releasing to the instant of starting of the shutter
      opening motion and arranged to change the operating time of said
      mechanical delaying device according to the shutter speed in order to
      eliminate said disadvantages.
PAR  Another object of the present invention is to provide a flash synchronizing
      device for focal plane shutters especially suitable for using flash bulbs
      of the M-class.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary front elevational view showing the shutter blade
      actuating mechanism of an embodiment of the focal plane shutter according
      to the present invention;
PAR  FIG. 2 is a fragmentary elevational view showing shutter charge and release
      mechanisms of the same embodiment including the flash synchronizing device
      according to the present invention;
PAR  FIG. 3 is a fragmentary elevational view showing a release timing control
      mechanism for the closing shutter blades used for the control of the
      high-speed exposure time;
PAR  FIG. 4 is a fragmentary elevational view showing the whole shutter control
      mechanism including the synchro-contact means according to the present
      invention; and
PAR  FIG. 5 is an elevational view showing only the closing shutter blades.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, reference numeral 1 designates a base plate having
      an exposure aperture 1a and arcuate slots 1b and 1c. Numeral 2 designates
      an opening release lever pivoted by a shaft 3 to the base plate 1 and
      biased by a spring 4 to the clockwise direction. The opening release lever
      2 has a bent portion 2a and an arm portion 2b. Numeral 5 designates an
      opening actuating member pivoted by a shaft 6 to the base plate 1 and
      biased by a spring 7 to the clockwise direction. The opening actuating
      member 5 has pins 5a and 5b, a pin 5c penetrating the base plate 1 through
      the slot 1b therein to the back thereof, and a hook portion 5d adapted to
      engage with the bent portion 2a. Numeral 8 designates an X-contact lever
      pivoted by a shaft 9 to the base plate 1 and biased by a spring 10 to the
      counter-clockwise direction. The X-contact lever 8 has a contact 8a, a cam
      portion 8b co-operating the pin 5b and an arm portion 8c co-operating a
      pin 12d to be described later. The contact 8a can be brought into electric
      contact with a fixed contact 11. Numeral 12 designates a closing actuating
      member pivoted by a shaft 13 to the base plate 1 and biased by a spring 14
      to the clockwise direction. The closing actuating member 12 has a hook
      portion 12a, a pin 12b, a pin 12c penetrating the base plate 1 through the
      slot 1c therein to the back thereof and the abovementioned pin 12d.
      Numeral 15 is a closing release lever pivoted by a shaft 16 to the base
      plate 1 and biased by a spring 17 to the counter-clockwise direction. The
      closing release lever 15 has a pin 15a and a hook portion 15b adapted to
      engage with the hook portion 12a.
PAR  Referring to FIG. 2, reference numeral 18 designates a plate secured to the
      base plate 1 and held at a suitable distance therefrom. The plate 18 is
      formed with a recess 18a and slots 18b, 18c and 18d. The parts shown in
      FIG. 2 are all provided on the back side of the plate 18. Numeral 19
      designates a main release lever pivoted by a shaft 20 to the plate 18 and
      biased by a spring 21 to the clockwise direction. The main release lever
      19 has an arm 19a. Numeral 22 designates a hook lever pivoted to the main
      release lever 19 a shaft 23 penetrating the plate 18 through the slot 18d
      therein to the front side thereof. The hook lever 22 is biased by a spring
      24 to the clockwise direction, and it has a hook portion 22a and a bent
      portion 22b engaged with the lever 19. Numeral 25 designates an M-contact
      release lever pivoted by a shaft 26 to the plate 18 and biased by a spring
      27 to the clockwise direction. The M-contact release lever 25 has a hook
      portion 25a and a bent portion 25b engaged with the arm 19a. Numeral 28
      designates an M-contact actuating lever pivoted by a pin 29 to the plate
      18 and biased by spring 30 in the counter-clockwise direction. The
      M-contact actuating lever 28 has an arm 28a, a pin 28b penetrating the
      plate 18 through the slot 18b therein to the front side thereof and a bent
      portion 28c adapted to engage with the hook portion 25a. Numeral 31
      designates a release actuating lever pivoted by a shaft 32 to the plate 18
      and has a stepped portion 31a adapted to engage with the hook portion 22a.
      Numeral 33 designates a release lock lever pivoted by a shaft 34 to the
      plate 18 and having a bent portion 33b adapted to engage with the arm 2b
      of the opening release lever 2 as shown in FIG. 1. Numeral 35 designates a
      release interlocking plate pivotally linked to the levers 31 and 33 for
      pantagraph movement and biased by a spring 36 in the upper direction. The
      release interlocking plate 35 has a bent portion 35a formed with notches
      35b and 35c. Numeral 37 designates a gear mounted on a shaft 38 and having
      pins 37a and 37b and a gear portion 37c meshing with a winding mechanism
      not shown of the camera. The gear 37 can be rotated for one half rotation
      to the clockwise direction by operating the winding mechanism. Numeral 39
      designates a charge lever pivoted by a shaft 32 to the plate 18 and having
      a pin 39a adapted to engage with the lever 31 and an arm 39b adapted to
      engage with the pins 37a and 37b. Numeral 40 designates an additional
      charge lever pivoted by a shaft 34 to the plate 18. Numeral 41 designates
      a charge link member pivotally linked to the levers 39 and 40 for
      pantagraph movement and having bent portions 41a and 41b adapted to engage
      with and push the pins 12b and 5a of the respective closing and opening
      actuating member 12 and 5. Numeral 42 designates a synchro-lever pivoted
      by a shaft 43 to the plate 18 and biased by a spring 44 to the
      counter-clockwise direction. The synchro-lever 42 has an arm 42a and a pin
      42b penetrating the plate 18 through the slot 18c therein to the front
      side thereof. Numeral 45 designates an M-synchro-sector gear pivoted by a
      shaft 46 to the plate 18 and biased by a spring 47 to the clockwise
      direction. It has a projection 45a and a pin 45b, and the extent of its
      clockwise movement is controlled by the arm 42a engaging with the
      projection 45a. Gears 48 and 49 and an anchor 50 co-operate with the
      M-synchro-sector gear 45 and constitute therewith an M-synchro-governor.
PAR  Referring to FIG. 3, reference numeral 51 designates a plate secured to the
      plate 18 on the upper side thereof in the drawing and at a suitable
      distance therefrom. Numeral 52 designates a closing control lever pivoted
      by a shaft 53 to the plate 51 on the back side thereof and biased by a
      spring 54 to the counter-clockwise direction. Numeral 55 designates a
      closing release actuating lever pivoted to the lever 52 by a shaft 56
      extending across the recess 18a of the plate 18 such that is located on
      the back side of the plate 18. The closing release actuating lever 55 has
      a cam portion 55a engaging with the pin 15a of the closing release lever
      15 shown in FIG. 1 and an arm portion 55b adapted to engage with the top
      of the bent portion 35a of the release interlocking plate 35 shown in FIG.
      2. Numeral 58 designates a high-speed control cam pivoted by a shaft 59 to
      the plate 51 on the back side thereof and having a pin 58a and a cam
      portion 58b receiving the pin 52 a.
PAR  Referring to FIG. 4, reference numeral 60 designates a low-speed control
      lever rotatably mounted on a shaft 34. The low-speed control lever 60 is
      integral with the release lock lever 33 shown in FIG. 2 and biased by a
      spring 36 to the clockwise direction, and it has an arm 60a. Numeral 61
      designates an interlocking lever co-operating with a sector gear of the
      well-known gear governer interposed between upper and lower plates 62 and
      63 both secured on the plate 18. The interlocking lever 61 is pivoted by a
      shaft 64 to the upper plate 62 and biased by a spring 65 to the clockwise
      direction, and it has a pin 61a and an arm 61b adapted to engage with the
      arm 60a. Numeral 66 designates a low-speed control cam rotatably mounted
      on the shaft 59 to control the extent of the clockwise movement of the
      interlocking lever 61 by receiving the pin 61a. The low-speed control cam
      66 is integral with the high-speed control cam 58 shown in FIG. 3. Numeral
      68 designates a movable M-contact lever pivoted by a shaft 69 to the plate
      67 secured to the plate 18 and held at a suitable distance therefrom. The
      movable M-contact lever is biased by a spring 70 to the clockwise
      direction. The movable M-contact lever 68 has an arm 68a adapted to engage
      with the pin 28b of the M-contact operating lever 28 to thereby restrict
      its clockwise rotation and an arm 68b adapted to engage with the bent
      portion 35a of the release interlocking plate 35 shown in FIG. 2 and
      penetrate the notch 35b. The movable M-contact lever 68 is constructed
      integrally with an M-movable contact 71 having a bent portion 71a. Numeral
      72 designates an M-stationary contact secured to the plate 67 and
      electrically insulated therefrom through an insulating sheet 73. The
      M-stationary contact 72 has a bent portion 72a adapted to engage with the
      bent portion 71a.
PAR  The operation of the embodiment described above according to the present
      invention will now be described. The parts shown in FIGS. 1 to 5 are all
      in their stationary states. The cocking of the shutter from this state
      will first be described.
PAR  The cocking operation of the shutter is effected by turning the gear 37,
      shown in FIGS. 2 or 4, 180.degree. to the clockwise direction. Referring
      to FIG. 2, with the clockwise rotation of the gear 37 the pin 37a thereof
      strikes and pushes the arm 39b of the charge lever 39 to cause
      counter-clockwise rotation thereof, and then it detaches from the arm 39b
      and reaches the position of the pin 37b to end the shutter cocking
      operation. As the charge lever 39 is rotated counter-clockwise, its pin
      39a pushes the release actuating lever 31 to cause counter-clockwise
      rotation thereof. As a result, the lever 31 lowers the release
      interlocking plate 35 to cause counter-clockwise rotation of the release
      lock lever 33. At the end of the counter-clockwise rotation of the lever
      31, the stepped portion 31a thereof engages with the hook portion 22a of
      the hook lever 22, whereby the lever 31 is locked against its clockwise
      rotation by the force of the spring 36. Meanwhile, as the release lock
      lever 33 is rotated counter-clockwise, its bent portion 33b swings to the
      right, causing the clockwise rotation of the arm 2b of the opening release
      lever 2 shown in FIG. 1. Further, as the release interlocking plate 35 is
      lowered, the movement of its bent portion 35a is followed by the arm 55b
      of the closing release actuating lever 55 biased to the counter-clockwise
      direction in FIG. 3, thus causing the clockwise rotation of the lever 55,
      whose movement is in turn followed by the pin 15a of the closing release
      lever 15 shown in FIG. 1 to cause counter-clockwise rotation thereof. By
      such rotation of the levers 2 and 15 the charge lock preparation for the
      opening and closing actuating members 5 and 12 to be described next is
      ended.
PAR  As the charge lever 39 shown in FIG. 2 is rotated counter-clockwise, it
      lowers the change link member 41, whereby the bent portion 41a and 41b
      thereof push pins 12b and 5b, respectively, causing counter-clockwise
      rotation of the opening and closing actuating members 5 and 12 shown in
      FIG. 1 so as to bring the hook portions 5d and 12a of the respective
      members 5 and 12 into engagement respectively with the bent portion 2a of
      the release lever 2 and the hook portion 15b of the release lever 15. As
      the member 5 is rotated counter-clockwise, its pin 5b pushes the cam 8b to
      prevent the counter-clockwise rotation of the X-contact lever 8 due to the
      escapement of the pin 12d accompanying the following counter-clockwise
      rotation of the closing actuating member 12, thereby preventing the
      contact 8a from being brought into contact with the stationary contact 11.
      During its downward movement, the charge link member 41 shown in FIG. 2
      first pushes the pin 5a and then pushes the pin 12b, whereby the opening
      shutter blades can overlap the closing shutter blades sufficiently deeply
      in the course of the cocking, thus preventing leakage of light during the
      movement of the blades. With the rotation of the pin 12c about the pin 13,
      the closing shutter blades 89 to 93 shown in FIG. 5 are caused to overlap
      one another above the upper edge of the exposure aperture 1a.  At this
      time, the exposure aperture 1a is already closed by previously actuated
      opening shutter blades not shown. As the release lock lever 33 shown in
      FIG. 2 is rotated counter-clockwise, the low-speed control lever 60 is
      also rotated counter-clockwise to cause clockwise rotation of the
      interlocking lever 61 by the force of the spring 65 until the pin 61a
      engages the cam 66a. While the cocking operation of the shutter is
      completed in the above manner, as the pin 37a of the gear 37 rotated to
      the clockwise direction is subsequently detached from the arm 39b as
      mentioned earlier, the charge link lever 39, additional charge lever 40,
      and charge link member 41 all are returned to their initial positions
      shown in FIG. 2 by a spring 41c.
PAR  The shutter release operation will now be described. It is effected by
      rotating the main release lever 19 shown in FIG. 2 to the
      counter-clockwise direction. As the lever 19 is rotated counter-clockwise,
      it causes the hook lever 22 to release the lock of the release actuating
      lever 31, thus causing the rising of the release interlocking plate 35 and
      also clockwise rotation of the release lock lever 33. As the lever 33 is
      rotated clockwise, its bent portion 33b pushes the arm 2b of the opening
      release lever 2 to cause counter-clockwise rotation thereof, thus
      releasing the lock of the opening actuating member 5 to cause clockwise
      rotation thereof. In this way, the opening shutter blades not shown having
      the same shape as the closing shutter blades 75 to 79 but vertically
      opposite thereto are opened by the pin 5c to open the exposure aperture
      1a. As the release lock lever 33 shown in FIG. 2 is rotated clockwise, its
      projection 33a is brought into engagement with the projection 45a of the
      M-synchro-sector gear 45, so that the gear governer in co-operation with
      the gear 45 provides a delay time from the instant of release of the lever
      31 till the instant of release of the lever 33. That is, a delay time is
      provided from the instant of shutter releasing till the instant of
      starting of the opening motion of the shutter. Also, as the lever 5 is
      rotated clockwise, its pin 5b is detaches from the cam 8b to release the
      X-contact lever 8 for the rotation thereof by the force of the spring 10,
      so that the contact 8a of the lever 8 is brought into contact with the
      stationary contact 11. Therefore, when a flash bulb of X-class and a power
      source are connected between the contact 8a and stationary contact 11, the
      flash bulb is energized and flashes at the same time as the shutter is
      released.
PAR  Further, with the counter-clockwise rotation of the main release lever 19
      the M-contact release lever 25 is also rotated counter-clockwise to
      release the lock of the M-contact actuating lever 28, whereupon the pin
      28b of the lever 28 is followed by the arm 68a of the movable M-contact
      lever 68 to cause clockwise rotation thereof, thus bringing the bent
      portion 71a of the M-movable contact 71 into contact with the bent portion
      72a of the M-stationary contact 72. Therefore, when a flash bulb of
      M-class and a power source are connected between the M-movable contact 71
      and M-stationary contact 72, said bulb is energized at the same time as
      the shutter is released and its light intensity reaches the maximum value
      after a predetermined time passes. The M and X contacts are closed every
      time when the shutter is released. However, by switching over the
      connection of the energizing circuit for the flash bulb according to the
      flash bulb to be used, it is possible to light only the flash bulb used at
      that time. The timing of the engagement of the lever 33 shown in FIG. 2
      with the gear 45 is determined by the position of the projection 45a of
      the gear 45, which position is in turn determined as the position of the
      pin 42b of the synchro-lever 42 is controlled by a cam 74 integral with
      the high-speed control cam 58 shown in FIG. 3. Thus, the timing is set
      according to the exposure time. As it is evident from the above
      explanation, it is possible, when using a flash bulb of M-class, to always
      coincide the instant when its light intensity becomes the maximum value to
      the instant when the shutter is opened.
PAR  The exposure is ended in the following way.
PAR  In case of the low-speed exposure, that is, in case when the closing
      shutter blades begin to cover the exposure aperture 1a after the aperture
      has been completely opened by the opening shutter blades, the exposure
      time is controlled by reducing the speed of the rising of the release
      interlocking plate 35. In more detail, after the opening release lever 2
      shown in FIG. 2 is actuated by the clockwise rotation of the release lock
      lever 33, the arm 60a of the low-speed control lever 60 shown in FIG. 4
      and integral with the lever 33 is brought into engagemnt with the arm 61b
      of the interlocking lever 61, whose position is controlled by the
      previously set low-speed control cam 66. In this way, the speed of the
      clockwise rotation of the lever 60 is regulated by the gear governor
      coupled to the interlocking plate 61. By delaying the action of the leve
      33 in the above manner, the rising of the interlocking plate 35 pivotally
      coupled to it is delayed to delay the timing of pushing the arm 55b of the
      closing release lever 55 shown in FIG. 3 with the top end of the bent
      portion 35a of the interlocking plate 35. With the clockwise rotation of
      the lever 55 caused in the above way the cam 55a thereof pushes the pin
      15a of the closing release lever 15, causing clockwise rotation thereof to
      release the lock of the closing actuating member 12, whereby the closing
      shutter blades 75 to 79 held above the upper edge of the exposure aperture
      1a in the overlapping form as mentioned earlier is rotated clockwise by
      the pin 12c back to their initial positions as shown in FIG. 5, thus
      ending the exposure. When said member 12 rotates clockwise, said member 12
      pushes the arm 28a of the M-contact actuating lever 28, which is shown in
      FIG. 2, by the pin 12d thereof to rotate said lever 28 clockwise and makes
      the bent portion 28c of said lever 28 engage with the hook portion 25a of
      the M-contact release lever 25. By the above, the movable M-contact lever
      68 shown in FIG. 4 is turned counterclockwise as the arm 68a thereof is
      pushed by the pin 28b of said lever 28 and removes the bent portion 71a of
      the M-movable contact 71 from the M-stationary contact 72. At the same
      time, referring to FIG. 1, said pin 12d pushes the arm 8c of the X-contact
      lever 8 in the final stage of the clockwise rotation of said member 12 and
      removes the contact 8a from the fixed contact 11.
PAR  In case of the high-speed exposure, that is, in case when the exposure
      aperture 1a is always partly shut by the shutter blades from the start
      till the end of the exposure, even in such case as the closing shutter
      blades 75 to 79 shown in FIG. 5 appear within the exposure aperture 1a
      immediately when the opening shutter blades gets out of the exposure
      aperture, the speed of action of the interlocking plate 35 shown in FIG. 2
      is restricted in no way is always constant. Here the exposure time is
      controlled by controlling the timing of the actuation of the closing
      release lever 15 shown in FIG. 1, that is, the position of the lever 33
      under the stroke, at which the lever 15 is actuated. In more detail, the
      arm 61b of the interlocking lever 61 is shifted out of the operation range
      of the arm 60a of the low-speed control lever 60 by operating the
      low-speed control cam 66. Also, the position of the pin 52a is shifted by
      operating the high-speed control cam 58 constructed to operate integrally
      with the cam 66 and shown in FIG. 3, thereby controlling the position of
      the control lever 52. By so doing, the position of the cam 55a of the
      closing release actuating lever 55 shown in FIG. 3 relative to the pin 15a
      of the closing release lever 15 shown in FIG. 1 (and also shown in FIG. 3)
      may be changed. Considering that the lever 52 is at a position obtained by
      rotating it counter-clockwise from its position shown in FIG. 3, the
      position of the pin 15a at the instant when the closing release lever 15
      shown in FIG. 1 gets out of engagement with the hook portion 12a of the
      closing actuating member 12 is always constant, while the position of the
      cam 55a is changed from its position shown in FIG. 3. Thus, the position
      of the arm 55b is also changed, and the position of the lever 55, at which
      the arm 55b is brought into engagement with the bent portion 35a, is
      lowered compared to the illustrated position. In other words, the bent
      portion 35a engages with the arm 55b and brings the pin 15a to the release
      position at an advanced instant.
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STM  I claim:
NUM  1.
PAR  1. A focal plane shutter comprising a base plate member having an exposure
      aperture; an opening actuating member pivoted on said base plate member;
      opening shutter blades connected to said opening actuating member; an
      opening release lever pivoted on said base plate member and arranged so as
      to lock said opening actuating member in its cocked position; a release
      lock lever pivoted on said base plate member and engaged with said opening
      release lever, said release lock lever being rotated at the same time as
      the instant of shutter releasing and being capable of releasing said
      opening actuating member by moving said opening release lever in the final
      stage of rotation of said release lock lever; a gear governor engageable
      with said release lock lever and capable of delaying the motion of said
      release lock lever to delay the opening time of said opening shutter
      blades; an M-contact actuating lever pivoted on said base plate member; an
      M-movable contact pivoted on said base plate member and engaged with said
      M-contact actuating lever, said M-movable contact being moved after a
      constant time from shutter releasing, by the motion of said M-contact
      actuating lever which is released at the same time as the instant of
      shutter releasing; an M-stationary contact fixed to said base plate member
      and arranged to contact said M-movable contact when said M-movable contact
      is moved; a cam moved by the setting operation of the exposure time; and a
      synchro-lever pivoted on the base plate member and engageable with said
      cam and gear governor, whereby the moving range of said gear governor is
      adjusted by said cam.
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PAL  A rotary shutter mechanism for use in a camera having a winding mechanism
      and a release mechanism includes a sector change-over mechanism which
      comprises a pair of substantially semicircular sectors mounted on
      respective drive shafts. One of these sectors which covers a
      picture-taking opening serves as a leading curtain and the other sector
      disposed 180.degree. out of phase with respect to the first sector serves
      as a trailing curtain. These sectors are individually rotatable through
      180.degree. in one direction to effect a shutter operation. Thus, the
      sectors need not be returned to their original positions during each
      winding operation.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to photographic equipment, and more particularly to
      a rotary shutter mechanism for use in still cameras.
PAR  2. Description of the Prior Art
PAR  The recent development of motor drive means has enabled continuous shooting
      to take place at a rate of three to five frames per second; however, it is
      now desired further to increase the rate of continuous shooting.
PAR  Conventional still cameras adapted for use with motor drive means have
      employed a shutter known as a focalplane shutter which comprises two
      shutter curtains reciprocally movable during exposure and during winding.
      The shutter curtains and the actuating system therefor contribute
      substantial inertial mass which in turn has led to a reduction in the
      ability of the mechanism to accelerate rapidly, thus providing a barrier
      to efforts to increase the speed of continuous shooting. To avoid these
      problems, the present invention incorporates the rotary shutter which has
      usually been used in cinecameras.
PAR  Generally, the following three types of rotary shutter systems have
      heretofore been proposed for use in still cameras.
PAR  A first type is the system disclosed in Japanese Patent Publication No.
      22077/1964, of which the embodiment of FIG. 2 employs a single sector
      provided with an opening larger than the picture plane and rotatable to
      vary the time required for the opening to traverse the picture plane,
      thereby determining the shutter speed. According to such system, the
      sector opening must necessarily be larger than the picture plane in order
      to provide a bulb (B) shutter or a low-speed shutter.
PAR  Therefore, the rotational speed of the sector must be increased to provide
      a high-speed shutter, but the range of 1/125 to 1/250 sec. would be the
      maximum shutter speed of such shutter when considered for use in 35 mm
      still cameras.
PAR  A second type is the system disclosed in Japanese Utility Model Publication
      No. 29806/1969 which, in an effort to eliminate the drawbacks peculiar to
      the first type, uses a pair of sectors to form an opening which is
      variable in accordance with the shutter speed setting, the sectors being
      rotatable while maintaining a predetermined opening during shutter
      operation.
PAR  According to this system, the two sectors must partly overlap each other
      even for a minimum opening and thus, the composite inertial mass of the
      two sectors is equal to the inertial mass of a perfect disc having no
      opening, which is greater than the inertial mass of the single sector of
      the above-described first type shutter. Accordingly, a greater quantity of
      energy is required to effect 360.degree. rotation of such two-sector
      shutter.
PAR  A third type is disclosed in British Pat. No. 1,061,605 or Japanese Patent
      Publication No. 22077/1964, of which the embodiment of FIG. 3 uses two
      sectors which are individually movable to form a slit with the aid of the
      time interval between the start of the leading curtain and that of the
      trailing curtain, as in the usual focal plane shutters. With such system,
      each sector must be returned to its original position during each shutter
      charge. More specifically, assuming that the two sectors each make a
      complete rotation, and if the trailing curtain starts at a point of time
      very much later than that of the leading curtain as in the slow-shutter or
      the bulb shutter, the leading curtain which has started earlier opens the
      shutter and further rotation of this curtain covers the picture plane
      independently of the trailing curtain. To avoid this, the leading curtain
      must be stopped at a predetermined angle of rotation, which presupposes
      the necessity of returning the sectors to their original positions as by
      winding operation after the completion of the shutter movement, thus
      sacrificing the ability of the mechanism to accelerate rapidly for
      continuous shooting as well as complicating the shutter construction.
PAC  SUMMARY OF THE INVENTION
PAR  We contribute, by our present invention, means whereby we are able to
      eliminate the above-noted disadvantages and to provide a one-way rotary
      shutter having a wide range of usefulness ranging from a high-speed
      shutter to a bulb shutter, and which can reduce the kinetic energy of the
      shutter and is suited for high-speed continuous shooting by eliminating
      the sector winding operation.
PAR  An important feature of the present invention involves a sector change-over
      mechanism which comprises a pair of semicircular or substantially
      semicircular sectors (hereinafter referred to as "semicircular sectors")
      mounted on drive shafts perpendicular thereto, one of which sectors
      covering the picture plane serves as a leading curtain while the other
      sector 180.degree. out of phase with respect to the first sector serves as
      a trailing curtain, each of said sectors being rotatable through
      180.degree. in one direction to effect a shutter movement, thereby
      eliminating the necessity of returning the sectors to their original
      positions during each winding operation.
PAR  According to an embodiment of the present invention, we provide a rotary
      shutter mechanism of the mechanical control type which may comrpise a
      picture-taking opening, a substantially semicircular first sector and a
      substantially semicircular second sector for alternately covering the
      opening, first and second drive means charged by winding the camera's
      winding mechanism thereby to rotate the first and second sectors in one
      direction, first restraining means for restraining the first sector in its
      first position for covering the opening and in its second position, which
      is 180.degree. out of phase with respect to the first position, second
      restraining means for restraining the second sector in its first position
      for covering the opening and in its second position, which is 180.degree.
      out of phase with respect to its first position, first stop means for
      stopping the first sector in its first and second positions during each
      complete rotation thereof, second stop means for stopping the second
      sector in its first and second positions during each complete rotation
      thereof, and control means operatively associated with the camera's
      release mechanism to control the first and second restraining means so
      that upon release of the release mechanism one of the two restraining
      means which restrains one of the two sectors when in its first position is
      released to permit rotation of said one sector, and with a predetermined
      time delay thereafter, the other restraining means which restrains the
      other sector when in its second position is released to permit rotation of
      said other sector.
PAR  According to another embodiment of the present invention, we provide a
      rotary shutter mechanism of the electronic control type which may comprise
      a picture-taking opening, a substantially semicircular first sector and a
      substantially semicircular second sector for alternately covering the
      opening, first and second drive means charged by winding the camera's
      winding mechanism to rotate the first and second sectors in one direction,
      restraining means for restraining one of the sectors when in its first
      position for covering the opening while restraining the other sector when
      in its second position, which is 180.degree. out of phase with respect to
      the first position, the restraining means being adapted to release its
      restraint upon release of the camera's release mechanism, first holding
      means for holding the first sector when in its second position, second
      holding means for holding the second sector when in its second position,
      means for controlling the first and second holding means so that upon
      release of the release mechanism, the restraint of the restraining means
      on the first and second sectors is released to rotate one of the sectors
      which is in its first position, and with a predetermined time delay
      thereafter, the holding means which is holding the other sector in its
      second position is released, and means operatively associated with the
      winding mechanism to change over the control means during each winding
      operation so that the control means controls one of the holding means
      which is associated with one of the sectors which is in its second
      position during the winding of the charge mechanism.
PAR  In any of these embodiments, each of the sectors may comprise a
      light-intercepting curtain member and a plurality of reinforcing frames
      extending radially of the curtain member and joined thereto.
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood, and in order that the present contribution to
      the art may be better appreciated. There are, of course, additional
      features of the invention that will be described hereinafter and which
      will form the subject of the claims appended hereto. Those skilled in the
      art will appreciate that the conception upon which this disclosure is
      based may readily be utilized as a basis for the designing of other
      structures for carrying out the several purposes of the invention. It is
      important, therefore, that the claims be regarded as including such
      equivalent constructions as do not depart from the spirit and scope of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Specific embodiments of the invention have been chosen for purposes of
      illustration and description, and are shown in the accompanying drawings,
      forming a part of the specification wherein:
PAR  FIG. 1 is a perspective view of the mechanical control type rotary shutter
      mechanism according to a first embodiment of the present invention;
PAR  FIG. 2 is a vertical cross-section of the first sector drive shaft in the
      first embodiment;
PAR  FIG. 3 diagrammatically illustrates the relationship between the leading
      and trailing curtains in the first embodiment;
PAR  FIG. 4 schematically illustrates the relative position of the two sectors
      in the first embodiment;
PAR  FIG. 5 illustrates the electronic control type rotary shutter mechanism
      according to a second embodiment of the present invention;
PAR  FIG. 6 is a front view showing a form of sector suitable for use in the
      embodiments of the present invention; and
PAR  FIG. 7 is a sectional view taken along line VII-VII' of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 to 4, there is shown a first embodiment of the present
      invention which is of the mechanical control type.
PAR  A camera body 1 (FIG. 2) has a picture-taking opening 2 formed therein, and
      a shutter case plate 3 having a picture-taking window and secured to the
      camera body 1. A substantially semi-circular first sector is designated by
      reference numeral 4 and is rotatable with a first sector drive shaft 5
      having a first cam 6 securely mounted thereon. The first cam 6 has at one
      end a disc 6a formed with diametrically opposite notches, and at the other
      end a projected portion 6b.
PAR  A first sector spring charge gear 7 having a projected portion 7a engaged
      with the projected portion 6b is securely mounted on a first shaft 8
      coaxial with the first sector drive shaft 5, and serves to charge a first
      sector drive spring 9 and also to control the angular rotation of the
      first sector 4 to 180.degree. with the aid of the projected portions 6b
      and 7a. The first sector drive spring 9 has one end connected to the
      projected portion 6b of the first cam 6 and the other end connected to the
      first sector charge gear 7.
PAR  A second sector 10 is identical in configuration to the first sector. Gears
      11 and 12 are provided to transmit movement to the second sector 10. As
      shown in FIG. 1, the gear 11 is integral with the second sector 10 and
      loosely mounted on the first sector shaft 5 while the gear 12 is securely
      mounted on a second sector drive shaft 13.
PAR  On the second sector drive shaft 13 and a second shaft 16, there is mounted
      a second cam 14, a second sector spring charge gear 15 and a second sector
      drive spring 17, which are all disposed symmetrically with those members
      mounted on the first sector drive shaft 5 and the first shaft 8. The
      second sector spring charge gear 15 meshes with the first sector spring
      charge gear 7 and is operatively associated with a winding system (not
      shown) provided in the camera body.
PAR  The first sector drive spring 9 and the sector drive spring 17 having
      capacities and spring constants selected such that their respective
      sectors effect a completely equal amount of movement in accordance with
      the inertial masses of the respective sector moving systems.
PAR  The first and second sector drive shafts 5 and 13 and the first and second
      shafts 8 and 16 are rotatably journalled to the shutter base plate 3 by
      means of unshown support plates, struts, etc.
PAR  As best shown in FIG. 1, a first sector restraining lever 18 has one end
      engageable with one of the notches in the disc 6a of the first cam and the
      other end having a pin 19 studded therein, and is biased by a spring (not
      shown) for counter-clockwise rotation about a pivot pin 20 fixed to the
      shutter case plate 3.
PAR  A first kick lever 21 has one end engageable with the underside of the pin
      19 and the other end carrying a roller 22, and is biased by a spring (not
      shown) for clockwise rotation about a pivot pin 23 fixed to the shutter
      base plate 3. A second sector restraining lever 24 has one end engageable
      with one of the notches in the disc 14a of the second cam and the other
      end engageable with a pin 27 studded in a second kick lever 26 at one end
      thereof, and is biased by a spring (not shown) for counterclockwise
      rotation about a pivot pin 25 fixed to the shutter base plate 3. The
      second kick lever 26 has a roller 28 at its end opposite the pin 27, and
      is biased by a spring (not shown) for clockwise rotation about a pivot pin
      29 fixed to the shuter base plate 3.
PAR  The first sector restraining lever 18 and the first kick lever 21 together
      constitute a member for releasing the first sector 4, and the second
      sector restraining lever 24 and the second kink lever 26 together
      constitute a member for releasing the second sector 10. A shutter dial is
      designated by 30, a governor cam by 31, and a bulb cam by 32. These cams
      are rotatable with the shutter dial 30, by reason of a common shaft 30a. A
      rotary plate 33 has a pin 34 engageable with the cam surface of the
      governor cam 31 and is biased by a spring 36 for counterclockwise rotation
      about a pivot pin 35 disposed coaxially with a controller shaft 41 which
      will later be described. The spring 36 has the opposite ends thereof
      secured to pins 37 and 38, one of which is studded in rotary plate 33. A
      planetary gear shaft 39 is mounted in the rotary plate 33 and loosely
      mounts thereon planetary gears 40a and 40b.
PAR  The controller shaft 41 supports a pinion 42, and a leading curtain kick
      member 53, later to be described, is secured to the lower portion of the
      shaft 41. A sun gear 43 is loosely mounted on the controller shaft 41 and
      serves to transmit rotational movement of a controller drive shaft 44 to
      the pinion 42 via the planetary gears 40a and 40b. A pinion 45 is securely
      mounted on the controller drive shaft 44. A charge gear 46 for charging a
      controller driving gear 49 has an upwardly projected portion 46a on its
      top surface, as viewed, and is loosely mounted on the controller drive
      shaft 44 and operatively associated with a winding system (not shown)
      provided in the camera body. A rotation limit ring 48 is securely mounted
      on the controller drive shaft 44 and engageable with the projected portion
      46a of the charge gear 46 to limit the rotation of the controller shaft 41
      to 180.degree.. The controller drive spring 47 has one end secured to the
      charge gear 46 and the other end secured to the controller drive shaft 44.
      The gear 49 is securely mounted on the controller drive shaft 44 and
      meshes with a pinion 50 loosely mounted on the controller shaft 41. A
      restraining disc 51 is formed integrally with the pinion 50 and has two
      diametrically opposite notches engageable by one end of a release lever
      54. A trailing curtain kick member 52, which is known as the member for
      controlling the release of a trailing curtain, is formed integrally with
      the pinion 50 and restraining disc 51 and has a downwardly projected
      portion 52a engageable with the rollers 28 and 22 on the second and first
      kick levers 26 and 21, respectively.
PAR  A leading curtain kick member 53, which is known as the member for
      controlling the release of a leading curtain, is securely mounted on the
      controller shaft 41 at the lower portion thereof and has an engaging
      portion 53a engageable with the rollers 22 and 28 on the first and second
      kick levers 21 and 26. The planetary gear 40a and the pinions 42, 50 and
      45 all have the same number of teeth and the planetary gear 40b, the sun
      gear 43 and the gear 49 all have the same number of teeth, and these
      together constitute a differential gearing arrangement.
PAR  A release lever 54 is connected to a release system (not shown) and one end
      54a of this lever is engageable with one of the notches in the restraining
      disc 51. The lever 54 is biased by a spring 56 for counter-clockwise
      rotation about a pivot pin 55 fixed to the shutter base plate 3, the
      spring having opposite ends thereof secured to pins 57 and 58, one of
      which is studded in release lever 54.
PAR  A bulb lever 59 is biased by a spring 61 for counter-clockwise rotation
      about a pivot pin 60 fixed to the shutter base plate 3, the spring having
      one end secured to a pin 62 and the other end to the lever 59. This bulb
      lever 59 has one end engageable with one end 54b of the release lever 54
      and the other end engageable with one end 63b of a bulb cam lever which
      will later be described.
PAR  A bulb cam lever 63 is biased by a spring 65 for clockwise rotation about a
      pivot pin 64 fixed to the shutter base plate 3, one end of the spring 65
      engaging a pin 66 and the other end engaging the lever 63, as shown. The
      bulb cam lever has one end 63a engageable with the bulb cam 32.
PAR  Actual shutter movement will now be described.
PAR  It is assumed that each of the sector drive springs 9, 17 and controller
      drive springs 47 has been charged by a winding system (not shown).
PAR  A camera's release button (not shown) is depressed to rotate the release
      lever 54 in the direction of its arrow (FIG. 1), thereby disengaging one
      end 54a thereof from the restraining disc 51, whereupon the spring force
      of the controller drive spring 47 is transmitted through the gear 49 to
      the pinion 50 to rotate the trailing curtain kick member 52 in the
      direction of its arrow and at the same time, spring force is likewise
      transmitted through the controller drive shaft 44, the pinion 45, the sun
      gear 43 and the planetary gears 40a, 40b to the pinion 42 to rotate the
      leading curtain kick member 53 in the same manner.
PAR  Since, as already described, the planetary gears 40a and the pinions 42,
      45, 50 have the same number of teeth and the planetary gear 40b, the sun
      gear 43 and the gear 49 have the same number of teeth, the leading curtain
      kick member 53 and the trailing curtain kick member 52 are rotated
      similarly and in unison.
PAR  In FIG. 3, as the controller shaft 41 is rotated from its position A
      through an angle of .phi..sub.1, the engaging portion 53a of the leading
      curtain kick member strikes against the roller 22 of the first kick lever
      21 to rotate the lever 21 in the direction of its arrow (FIG. 1).
PAR  This in turn shifts the first sector restraining lever 18 out of engagement
      with the disc 6a of the first cam 6, thereby permitting the first sector
      shaft 5 to be rotated clockwise by the first sector drive spring 9. As a
      result, the first sector 4 is rotated clockwise to open the shutter.
PAR  Likewise, as shown in FIG. 3, the controller shaft 41 is further rotated
      from its position B through an angle of .phi..sub.2, whereby the projected
      portion 52a of the trailing curtain kick member depresses the roller 28 of
      the second kick lever 26 to bring the second sector restraining lever 24
      out of engagement with the disc 14a of the second cam 14 to permit the
      second sector shaft 13 to be rotated counterclockwise by the second sector
      drive spring 17, so that the second sector 10 is rotated clockwise through
      the agency of the gears 12, 11 to close the shutter.
PAR  When the sector drive shafts 5 and 13 have each been rotated through
      180.degree., the projections 6b and 14b of their respective cams strike
      against the projected portions 7a and 15a of the respective sector spring
      charge gears, thereby stopping the respective sector drive shafts.
PAR  Thus, as seen in FIG. 4, the first sector 4 has been displaced from its
      position A to its position B while the second sector 10 has been displaced
      from its position B to its position A.
PAR  On the other hand, the controller shaft 41 is also stopped at a position
      where the rotation limit ring 48 integral with the pinion 45 has rotated
      through 180.degree. to strike against the projected portion 46a of the
      charge gear.
PAR  In FIG. 3, this condition means that the engaging portion 53a of the
      leading curtain kick member has shifted through 180.degree. from the
      position A to the position A' while the projected portion 52a of the
      trailing curtain kick member has shifted through 180.degree. from the
      position B to the position B'.
PAR  When the winding is then effected, the charge gear 46 charges the
      controller drive spring 47 to a predetermined amount while the sector
      spring charge gears 7 and 15 charge the respective sector drive springs 9
      and 17 to a predetermined amount.
PAR  During that time, the sectors 4, 10 and the controlling shaft 41 are
      restrained from rotating by the sector restraining levers 18, 24 and the
      release lever 54, respectively.
PAR  When release is again effected, the engaging portion 53a of the leading
      curtain kick member 53 on the controller shaft 41 starts from the position
      A' in FIG. 3 to release the second sector drive shaft 13 while the
      projected portion 52a of the trailing curtain kick member 52 starts from
      the position B' to release the first sector drive shaft 5, thus permitting
      the sectors 4 and 10 to start in the order opposite to the previous one.
      In other words, the second sector 10 now starts as the leading curtain,
      and then the first sector 4 starts as the trailing curtain.
PAR  In this way, the two sectors alternatelky change their relationship as
      leading and trailing curtains in accordance with the phase of the
      controller shaft, thereby achieving shutter operation.
PAR  The governor mechanism for the shutter will now be described. In FIG. 3,
      the time interval between the angles of rotation .phi..sub.1 and
      .phi..sub.2 of the controller shaft 41 corresponds to the shutter speed.
PAR  The governor system adopted in the present embodiment is of the type in
      which the angle of rotation 100 .sub.2 for the point of time at which the
      trailing curtain is released is fixed; and the point of time at which the
      leading curtain is released is governed by the planetary gearing
      arrangement.
PAR  Rotation of the shutter dial 39 causes the governor cam 31 to rotate the
      rotary plate 33 about the shaft 35 or about the controller shaft 41. This
      rotation in turn causes the planetary gears 40a and 40b to rotate about
      their own axes while revolving around the sun gear 43 and the pinion 42,
      respectively. Since the sun gear 43 is restrained from rotating by the
      rotational force of the controller drive spring 47 and by the release
      lever 54, the controller shaft 41 is rotated through the agency of the
      pinion 42. Thus, the angle of rotation .phi. is varied to change the
      shutter speed.
PAR  Although not shown in the present embodiment, it is possible to bring a
      conventional governor into and out of engagement with the controller shaft
      to change the rotational speed and thus the time interval between the
      angles of rotation .phi..sub.1 and .phi..sub.2, thereby providing a
      low-speed shutter, especially.
PAR  Further, the present embodiment has been described as employing a planetary
      gearing arrangement, whereas other suitable governor mechanism for varying
      the angle of rotation .phi..sub.1 or .phi..sub.2 may equally be employed.
PAR  When the shutter dial is set to the bulb, one end 63a of the bulb cam lever
      63 is received in the recessed portion of the bulb cam 32 while the other
      end 63b of the bulb cam lever 63 liberates the bulb cam lever 59 to permit
      it to rotate clockwise. However, the tendency of the lever 59 toward
      rotation is blocked by one end 54b of the release lever 54. When the
      shutter button is then depressed to rotate the release lever 54 in the
      direction of its arrow, another end 54a of this lever is disengaged from a
      notch in the restraining disc 51 to permit rotation of the controller
      shaft 41. In the manner described, the engaging portion 53a of the leading
      curtain kick member 53 now starts one of the sectors to open the shutter.
      The trailing curtain kick member 52 is also rotated, but before the
      projected portion 52a thereof kicks the roller of one of the kick levers,
      the bulb lever 59 is rotated counter-clockwise to bring one end thereof
      into engagement with a notch of the restraining disc 51 to prevent
      rotation of the controller shaft 41 and accordingly rotation of that
      sector which provides the trailing curtain. As a result, the shutter
      remains open. In this case, the design is made to satisfy the relation
      that .phi..sub.2 &gt;.phi..sub.3 &gt;.phi..sub.1, where .phi..sub.3 is the angle
      of rotation provided until the rotation of the controller shaft 41, i.e.,
      the restraining disc 51 is blocked by the bulb lever 59. Now, when the
      release is terminated, the release lever 54 is returned to its original
      position by the action of the spring 56 and at the same time, the
      engagement between the lever 59 and the restraining disc 51 is broken to
      permit the controller shaft 41 to resume its rotation so that the trailing
      curtain is released by the projected portion 52a of the trailing curtain
      kick member, thus closing the shutter.
PAR  FIG. 5 shows a second embodiment of the present invention which employs an
      electronic control system.
PAR  Those members given the reference numerals 1 to 17 in the first embodiment
      apply to like parts in the second embodiment.
PAR  Referring to FIG. 5, the first and second sector drive shafts 5 and 13
      respectively have insluating cams 5c and 13c securely mounted thereon. An
      insulating pin 102 is fixed to release button 101. A second release lever
      103 is biased by one end of a spring 105 for clockwise rotation about a
      pivot pin 104 fixed to the shutter base plate 3. A connecting lever 106 is
      biased by one end of a spring 108 for counter-clockwise rotation about a
      pivot pin 107 also fixed to the shutter base plate 3; and a first release
      lever 109 is pivotally mounted on a pivot pin 110 also fixed to the
      shutter base plate 3. The two springs 105 and 108 have their respective
      other ends secured to a pin 111.
PAR  The pin 102 is engageable with one contact of a start switch SW1 and with
      the second relase lever 103, which has one end engageable with a pin 106a
      studded in the connecting lever 106, and has two other ends engageable
      with the pin 102 and the disc portion 14a of the second cam, respectively.
      The first release lever 109 has one end engageable with another pin 106b
      studded in the connected lever 106 and the other end engageable with a
      notch in the disc portion 6a of the first cam to restrain the same. The
      first and second release levers 109, 103 and the connecting lever 106
      together constitute a restraining member which may restrain the two
      sectors and be released by a release system. A second iron lever 112 is
      biased by a spring 115 for counterclockwise rotation about a pivot pin 114
      fixed to the shutter base plate 3, and has one end 112a engageable with a
      notch in the disc portion 14a of the second cam and the other end 112b
      engageable with the cam 5c on the first sector drive shaft 5. A first iron
      lever 113 is provided and constructed symmetrically with the second iron
      lever 112. The pin 114 and the spring 115 also serve the first iron lever
      113. A limit pin 116 is provided for the two iron levers. Second and first
      electromagnets 117 and 118 are disposed in opposed relationship with the
      second and first iron levers 112 and 113, respectively. The second
      electromagnet 117 serves to attract one end 112c of the second iron lever
      112.
PAR  A charge gear 119 meshes with the second sector spring charge gear 15 and
      is rotatable through 180.degree. about a shaft 120 by a single winding
      operation. A cam 121 is formed integrally with the charge gear 119 and is
      engaged with two sets of change-over switches SW4 and SW5. There is
      further seen a conventional power source circuit 112, a time constant
      circuit 123, to be described, and a conventional switching circuit 124.
      The start switch SW1 may be closed by the pin 102 upon depression of the
      release button 101 to pass a current for energizing the electromagnets 117
      and 118 prior to the occurrence of release. Switches SW2 and SW3 are time
      constant circuit start switches opened and closed by the cams 5c and 13c
      securely mounted on the sector drive shafts 5 and 13, respectively, and
      the opening of these switches SW2 and SW3 serves to start the time
      constant circuit 123. The change-over switch SW4 acts alternately to
      connect the time constant circuit start switches SW2 and SW3 to the time
      constant circuit 123 with the aid of the cam 121 on the charge gear 119.
      Like the change-over switch SW4, the change-over switch SW5 acts
      alternately to connect the two electromagnets 117 and 118 to the switching
      circuit 124. These switches and electromagnets are connected to the
      respective circuits 123 and 124, in the manner as shown in FIG. 5.
PAR  Actual shutter movement will now be described. In the position of FIG. 5,
      it is assumed that the first and second sector drive springs have been
      charged.
PAR  Depression of the release button 101 closes the start switch SW1. The
      closing signal passes to the switching circuit 124, thus permitting flow
      of a current to the electromagnets. At this time, the change-over switch
      SW5 is closed at one of its contacts SW5a, so that the second
      electromagnet 117 alone is energized. Also, the second iron lever 112 is
      urged into engagement with the second electromagnet 117 by the cam 5c on
      the first sector drive shaft 5, against the force of the spring 115, prior
      to release operation.
PAR  Continued depression of the release button 101 causes the pin 102 to rotate
      the second and first release levers 103 and 109 in counter-clockwise
      direction, as a result of which these release levers are disengaged from
      the notches of the respective disc portions 6a and 14a. By that time, the
      first iron lever 113 will already have been disengaged from the disc
      portion 6a of the first cam and the second iron lever 112 will already
      have been engaged with the disc portion 14a of the second cam to restrain
      the same, so that the first sector drive shaft 5 alone is rotated
      clockwise to open the shutter.
PAR  With the rotation of the first sector drive shaft 5 in the direction of its
      arrow, the cam 5c escapes from one end 112b of the second iron lever 112,
      which is thus ready for counter-clockwise rotation but is not yet
      rotatable because the second electromagnet 117 is still energized. At the
      same time, the cam 5c opens the time constant circuit start switch SW2.
      This opening of the switch SW2 permits a signal to pass to the time
      constant circuit 123 to operate the same. On the other hand, the time
      constant circuit start switch SW3 has nothing to do since the change-over
      switch SW4 remains open at one of its contacts SW4b. The time constant
      circuit 123 applies a signal to the switching circuit 124 for deenergizing
      the electromagnet when a proper shutter speed has been attained in
      accordance with such factors as brightness of the object to be
      photographed, film sensitivity, lens aperture value, etc. or when a
      manually set shutter speed has been electromagnet 117, the second iron
      lever 112 is rotated counter-clockwise by the spring 115 to disengage one
      end 112a thereof from a notch in the disc portion 14a of the second cam,
      thereby permitting counter-clockwise rotation of the second sector drive
      shaft 13 and closing of the shutter. As in the first embodiment, the first
      and second sectors are thus rotated through 180.degree. to come to a halt.
PAR  At this moment, the cam 13c on the second sector drive shaft 13 assumes a
      position 180.degree. out of phase with respect to its position shown in
      FIG. 5, to close the time constant circuit start switch SW3 and also to
      rotate the first iron lever 113 in counter-clockwise direction, thus
      urging this lever 113 into engagement with the first electromagnet 118.
PAR  When winding is then effected, the charge gear 119 is rotated in the
      direction of its arrow to rotate the first and second sector spring charge
      gears 7 and 15, which charge the first and second sector drive springs,
      respectively. Rotation of the charge gear 119 through 180.degree. causes
      the cam 121 to assume a position 180.degree. out of phase with respect to
      its position shown in FIG. 5, thereby shifting the changeover switches SW4
      and SW5 to their contacts SW4b and SW5b, respectively.
PAR  When the shutter button 101 is again depressed to take a picture, the first
      electromagnet 118 is now energized instead of the second one, so that the
      first sector 4 is held to permit the second sector 10 to start as the
      leading curtain, thereby opening the time constant circuit start switch
      SW3. This opening of the switch SW3 causes energization of the time
      constant circuit 123, which is thus operative to close the shutter after a
      certain time interval with the first sector 4 as the trailing curtain.
PAR  Thus, in accordance with the phase of the cam 121 operatively associated
      with the charge gear 119, the circuit is alternatively changed over
      between the time constant circuit start switches SW2, SW3 and the
      electromagnets 117, 118 alternately to change the relationship of the two
      sectors as the leading and trailing curtains, thus achieving shutter
      operation.
PAR  The above-described first and second embodiments have both used depression
      of the release button to release the sectors from restraint, but some
      design modifications may readily be made so as to permit the sectors to be
      released from restraint by the upward movement of the mirror in a
      single-lens reflex camera.
PAR  Further, in the second embodiment, the iron levers have been described as
      being mechanially urged into and out of engagement with the respective
      electromagnets by the cams mounted on the respective sector drive shafts,
      whereas design modifications can be made such that, as in the ordinary
      electronic shutter type cameras, the iron levers are urged into engagement
      with the respective electromagnets by the winding mechanism and released
      from mechanical restraint by a member operable prior to the movement of
      the leading shutter curtain (for example, the controller shaft shown in
      FIG. 1).
PAR  The present invention uses two semicircular rotary sectors to reduce the
      inertial mass and accordingly the acceleration energy and rotational
      torque of the sectors. A smaller thickness of the sector results in a
      lower inertial mass, but too small a thickness would offer a problem in
      respect of sector strength.
PAR  FIGS. 6 and 7 show a form of the sector which can reduce its inertial mass
      without sacrificing its strength In these Figs. reference numeral 201
      designates a sector drive shaft, 202 a boss for uniting a thin curtain
      member 204 integrally with the shaft 201, and 203 a plurality of
      reinforcing frames.
PAR  The present invention which, as has been described hitherto, rotates two
      substantially seemicircular sectors through 180.degree. independently of
      each other to change over their relationship as leading and trailing
      curtains, can positively provide a shutter which is operable over a wider
      range than the existing rotary shutter, i.e., from high speed to low speed
      and bulb, simply by moving the two sectors as a certain time interval.
PAR  It will also be understood that, since the kinetic energy required of the
      shutter is equivalent to that required to rotate a single semicircular
      sector, it is smaller than the kinetic energy required of the existing
      rotary shutter, and this means a smaller force required for winding.
      Moreover, during winding, the necessity for each sector to return to its
      original position is eliminated and it is only the sector drive springs
      which must be charged; therefore the winding mechanism can be simplified
      and in addition, the frame movement can be accelerated during continuous
      shooting operations using a motor drive or the like.
PAR  Additionally, in the first embodiment, these effects may be achieved by a
      very much simplified mechanism inasmuch as the members for releasing the
      respective sectors are disposed out of phase with each other an amount
      equal to the angle of rotation (180.degree.) of the controller shaft so
      that the leading and trailing curtain kick members mounted on the
      controller shaft alternately change the relationship of the two sectors as
      the leading and trailing curtains and the change of the relative position
      of the two kick members and the control of the movement of the controller
      shaft alternately change the relationship of the two sectors as the
      leading and trailing curtains and the change of the relative position of
      the two kick members and the control of the movement of the controller
      shaft is effected through the agency of the shutter dial.
PAR  Also, the embodiment illustrated in FIG. 5 enables the existing electronic
      control circuit in the electronic control circuit in the electronic
      shutter type camera to be utilized without any other complicated mechanism
      being added thereto, thus providing a shutter of the electronic control
      type.
PAR  We believe that the construction and operation of our novel rotary shutter
      mechanism will now be understood, and that the advantages thereof will be
      fully appreciated by those persons skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A rotary shutter mechanism for a camera having a winding mechanism and a
      release mechanism, said rotary shutter mechanism comprising:
PAR  a. a picture-taking opening (2);
PA1  b. a substantially semicircular first sector (4) and a substantially
      semicircular second sector (10) for alternately covering said opening;
PA1  c. first (5-9) and second (13-17) drive means charged by winding said
      winding mechanism to rotate said first and second sectors 180.degree. only
      in one direction;
PA1  d. first restraining means (18, 21, 6a) normally restraining said first
      sector in its first position for covering said opening and in its second
      position which is 180.degree. out of phase with respect to the first
      position;
PA1  e. second restraining means (24, 26, 14a) normally restraining said second
      sector in its first position for covering said opening and in its second
      position which is 180.degree. out of phase with respect to the first
      position;
PA1  f. first stop means (6b, 7a) for stopping said first sector in its first
      and second positions during each complete rotation thereof;
PA1  g. second stop means (14b, 15a) for stopping said second sector in its
      first and second positions during each complete rotation thereof; and
PA1  h. control means operatively associated with said release mechanism to
      control said first and second restraining means so that upon release
      mechanism one of said two restraining means is released from its normal
      position restraining one of said sectors in its first position to permit
      rotation of said one sector until its stoppage in second position by one
      of said two stop means, and after predetermined time delay, the other
      restraining means is released from its normal position restraining the
      other sector in its second position to permit rotation of said other
      sector until its stoppage in its first position by the other stop means.
NUM  2.
PAR  2. A rotary shutter mechanism according to claim 1, wherein said control
      means comprises:
PA1  a leading sector release member (53a) for releasing one of said two
      restraining means from a position restraining one of said first and second
      sectors when in its first position;
PA1  a trailing sector release member (52a) for releasing the other restraining
      means from a position restraining the other sector when in its second
      position; and
PA1  control means for rotating said leading and trailing sector release members
      as a unit and changing their relative positions.
NUM  3.
PAR  3. A rotary shutter mechanism according to claim 2, wherein said leading
      and trailing sector release members are rotatable in a common circular
      path, said first restraining means has a portion (22) engagable with said
      two release members, said second restraining means has a portion (28)
      engagable with said two release members and said two portions are disposed
      180.degree. out of phase with respect to each other in said circular path.
NUM  4.
PAR  4. A rotary shutter mechanism according to claim 1, wherein said first and
      second sectors each comprise a light-intercepting curtain member (2, 4)
      and a plurality of reinforcing means (203) extending radially of said
      curtain member and joined thereto.
NUM  5.
PAR  5. A rotary shutter mechanism for a camera having a winding mechanism and a
      release mechanism, said rotary shutter mechanism comprising:
PA1  a. a picture-taking opening (2);
PA1  b. a substantially semicircular first section (4) and a substantially
      semicircular second sector (10) for alternately covering said opening;
PA1  c. first (5-9) and second (13-17) drive means charged by winding said
      winding mechanism to rotate said first and second sectors only in one
      direction;
PA1  d. restraining means (103-111) for restraining one of said sectors when in
      its first position covering said opening while restraining the other
      sector when in its second position restraining means being adapted to
      release its restraint upon 180.degree. out of phase with respect to said
      first position;
PA1  e. first holding means (113, 118) normally holding said first sector when
      in its second position;
PA1  f. second holding means (112, 117) normally holding said second sector when
      in its second position;
PA1  g. means (122, 123, 124, SW2, SW3, SW4, SW4a, SW4b, SW5, SW5a, SW5b, 5c,
      13c) for controlling said first and second holding means so that upon
      release of said release mechanism, the restraint of said restraining means
      on said first and second sectors is released to rotate one of said sectors
      which is in its first position, and after a predetermined time delay
      releasing said holding means holding the other sector in its second
      position; and
PA1  h. means (120, 121, SW4, SW5) operatively associated with said winding
      mechanism to change over said control means during each winding operation
      so that said control means controls one of said holding means which is
      associated with one of said sectors in its second position during the
      winding of said winding mechanism.
NUM  6.
PAR  6. A rotary shutter mechanism according to claim 5, wherein said first and
      second sectors each comprise a light-intercepting curtain member (2, 4)
      and a plurality of reinforcing means (203) extending radially of said
      curtain menber and joined thereto.
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PAL  A plasma thyristor circuit is provided for generating high power,
      ultra-short duration electrical signals. A silicon semiconductor body has
      first, second and third impurity regions therein with a PN junction formed
      at the transition between the first and second or the second and third
      impurity regions. The second impurity region has an impurity concentration
      of less than about 5 .times. 10.sup.14 atoms/cm.sup.3, and a width of
      greater than about 80 microns. The ratio of the punch-through voltage of
      the second impurity region to the reverse breakdown voltage of the PN
      junction is between 0.3 and 0.7. Power sources apply both a reverse bias
      voltage across the body greater than said punch-through voltage and less
      than said reverse breakdown voltage, and a current to the body having a
      density greater than the saturation current density of the second impurity
      region.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Nonlinear, solid state devices that are bistable, that is, they have a high
      and low impedance state, are commonly referred to as thyristors.
      Thyristors may be switched from one impedance state to the other by means
      of a control signal. Unijunction transistors and PNPN diodes are common
      thyristors. Thyristors are not generally useful, however, where fast
      switching and high power pulses are required. They are known for their
      relatively long turn-on times (time required to reach peak voltage) and
      their even longer turn-off time (time required for the base region to be
      depleted of stored charge).
PAR  Unijunction silicon transistors (i.e., P+NN+ and P+PN+ diodes) have been
      made to operate in an avalanche, "trapped plasma" mode, see "A Theory For
      The High Efficiency Mode of Oscillation In Avalanche Diode," by Clorfiene
      et al., RCA Review (September, 1969), p. 397; and U.S. Pat. No. 3,612,914.
      The "trapped plasma" has been obtained by providing a relatively highly
      doped (about 1 .times. 10.sup.15 to 1 .times. 10.sup.16 atoms/cm.sup.3)
      and a narrow width (about 10 micron) base region. These devices provide
      highly efficient, high "Q" microwave oscillators (e.g., 700-800 M Hz),
      high speed switches and short duration pulse generators. However, such
      diodes do not have utility as high power devices.
PAR  A reverse switching rectifier has been developed for fast switching of high
      power, see U.S. Pat. No. 3,584,270. This device provides both short
      turn-on (di/dt) and short turn-off times. But even this specific thyristor
      is not sufficiently fast for uncompromising use in applications such as
      power sources for radar modulations, power sources for injection laser
      diodes, power sources for electro-optical switching and applications for
      laser triggering, where rapid, high power turn-on and turn-off times are
      required. For such applications, no solid state control device was
      heretofore available with fully satisfactory electrical characteristics.
      Instead, gas switch tubes such as thyratron tubes are generally used in
      such applications.
PAR  The present invention overcomes the difficulties and disadvantages of prior
      devices and provides a solid state device capable of ultrafast, high power
      switching and pulse generation.
PAC  SUMMARY OF THE INVENTION
PAR  A plasma thyristor is provided which can very rapidly switch high power.
      Very high rates of change of voltage (dv/dt) and current (di/dt) can be
      provided which are many orders of magnitude greater than prior solid state
      devices. High power, short duration electrical pulses are thereby
      provided.
PAR  Generally, a silicon semiconductor body is provided having a pair of
      opposed major surfaces and first, second and third impurity regions
      therein. The first and third impurity regions are of opposite
      conductivity-type and each adjoins one of the opposed major surfaces. Both
      of said regions have high impurity concentrations to provide good ohmic
      contact to electrical contacts at the surfaces (preferably between 1
      .times. 10.sup.18 to 1 .times. 10.sup.21 atoms/cm.sup.3). The second
      region is of the same conductivity-type as either the first or third
      regions and has an impurity concentration therethrough less than about 5
      .times. 10.sup.14 atoms/cm.sup.3 and preferably between 1 .times.
      10.sup.13 and 1 .times. 10.sup.14 atoms/cm.sup.3.
PAR  Thus, either a P+N- or an N+P-, preferably abrupt junction is formed within
      the semiconductor body at the transition between either the first and
      second regions or the second and third regions. The width of the second
      region is greater than about 80 microns to provide high power operation.
      The width and impurity concentration of the second region are also
      adjusted so that the ratio of its punch-through voltage to the reverse
      breakdown voltage of the P+N- junction or N+P- junction (as the case may
      be) is between 0.3 and 0.7. It should be noted that the reverse breakdown
      voltage is determined by the bias voltage at which the junction would
      avalanche when the width of the second region is extended with the same
      impurity concentration therein.
PAR  Bias-power source is electrically connected to the electrical contacts at
      the major surfaces. A reverse bias at the P+N- or N+P- junction is thus
      provided above the punch-through voltage and below the reverse breakdown
      (or avalanche) voltage. Preferably, the bias-power source provides a
      reverse bias voltage as close to avalanche as possible without causing
      premature avalanche by spurious noise signals present in the external
      electrical circuit.
PAR  A control-power source is also electrically connected to the electrical
      contacts at the major surface to supply electrical input to the
      semiconductor body. Where the thyristor is used as a high power generator,
      the input is, preferably, of short duration, substantially square wave
      pulses and step signals. The voltage of the input from the control-power
      source need only be sufficiently large to produce a current density large
      enough to cause avalanche and ionization of electrons within the second
      impurity region. That is, the voltage input is sufficient to produce a
      current density (J) above the saturation current density (Jc). Jc is, in
      turn, a function of the impurity concentration in the second region: Jc =
      q n.sub.d v.sub.s where q is electron charge constant, n.sub.d is the
      impurity concentration of the second region, and v.sub.s is the saturation
      velocity of either n or p-type carriers.
PAR  Preferably, the input provided by the control source if greater than 1.5
      times the saturation current density for best performance. Current
      densities between 1.0 and 1.5 times the saturation current density have
      been found not to provide sufficiently high plasma densities for good
      performance characteristics.
PAR  Other details, objects and advantages of the invention will become apparent
      as the following description of the present preferred embodiments and the
      present preferred methods of practicing the same proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings is shown present preferred embodiments of the
      invention and is illustrated present preferred methods of practicing the
      same in which:
PAR  FIG. 1 is an elevational view in cross section of a silicon semiconductor
      body suitable for a high speed, high power silicon thyristor;
PAR  FIG. 2 is a schematic drawing showing a high speed, high power thyristor
      adapted in a circuit network; and
PAR  FIG. 3 is a graphic illustration of the voltage as a function of time of a
      thyristor in the circuit network of FIG. 2.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, a thyristor is provided in a silicon
      semiconductor wafer or body 10 having opposed major surfaces 11 and 12 and
      having first, second, and third impurity regions 13, 14 and 15,
      respectively. The first and third regions 13 and 15 have high impurity
      concentrations (i.e., 1 .times. 10.sup.17 to 1 .times. 10.sup.21
      atoms/cm.sup.3) and are of opposite conductivity-type. SAid first and
      third regions 13 and 15 adjoin the surfaces 11 and 12, respectively, and
      correspond to anode-emitter and cathode-emitter regions, respectively.
PAR  Second region 14 positioned within body 10 between regions 13 and 15 has a
      relatively low impurity concentration, i.e., less than 5 .times. 10.sup.14
      atoms/cm.sup.3, and corresponds to a base region. The conductivity-type of
      region 14 is the same impurity type as either region 13 or 15 and has a
      width of at least 80 and preferably greater than about 150 microns. Thus,
      the regions form at their transition either a P+N- junction at 16 or an
      N+P- junction at 17. The widths of first and third regions 13 and 15 are
      preferably small (e.g., less than about 50 microns) so that an abrupt
      (i.e., steep gradient) PN junction is formed at either 16 or 17,
      preferably by diffusion techniques, and the high impurity concentrations
      throughout regions 13 and 15 are maintained for low parasitic resistance
      and low stored charge. Also, the width and impurity concentration of
      region 14 is adjusted so that the ratio of reverse breakdown voltage of
      the PN junction to the punch-through voltage of the second impurity region
      14 is between 1.4 and 3.3.
PAR  Affixed to surfaces 11 and 12 are electrical contacts 18 and 19,
      respectively, to make ohmic contact with first and third regions 13 and
      15, respectively. Suitable metals for this purpose are molybdenum,
      aluminum, gold, silver, tantalum, and base alloys. Preferably, the
      contacts are affixed by vapor deposition of the metal.
PAR  Electrical leads 20 and 21 are then attached to contacts 18 and 19,
      respectively, and connected to a d.c. bias-power source 22 so that a
      reverse bias is established across body 10 greater than the punch-through
      voltage of region 14 but less than the reverse breakdown voltage of the PN
      junction at either 16 or 17.
PAR  Control-power source 23 is also connected through a transformer 24 to the
      body 10 via leads 20 and 21. Control-power source 23 is preferably in
      series with bias-power source 22. A high current, short duration square
      wave electrical signal in the form 25 can thereby be inputted to the body
      10.
PAR  Load 26, e.g., a radar antenna, is also connected to the thyristor through
      leads 20 and 21. The load is connected in series (as shown) with the body
      10 and power source 23 where a high voltage-high power output to the load
      is desired. On the other hand, the load may be connected in parallel with
      the body 10 and the power source 23 (not shown) where high current-high
      power output to the load is desired.
PAR  Also connected into the circuit between the body 10 and the load is DC
      blocking network 27, low pass filter 28, and band pass filter 29. DC
      blocking network 27 stops the passage of the dc bias from bias-power
      source 22 to the load 26. Low pass filter 28 blocks from the load 26 all
      ac signals with a frequency greater than the fundamental frequency
      (f.sub.1) of the output from body 10; f.sub.1 = v.sub.s /4.pi. W.sub.B,
      where v.sub.s is the saturation velocity of carriers and W.sub.B is the
      width of second impurity region 14. Low pass filter 28 thus blocks the
      passage of the input to body 10 from the load 26. And band pass filter 29
      eliminates the low frequency noise from reaching the load 26.
PAR  Also in the circuit between the body 10 and the load 26 is matching network
      30 to provide for maximum power flow or transfer from the thyristor 10 to
      the load 26. Matching network 30 comprises components of inductance and
      capacitance to match the impedances of the thyristor and load at the
      frequency of interest which is usually the fundamental or lower harmonic
      frequencies of the thyristor. Preferably the matching network 30 is a high
      "Q" circuit tuned to the frequency of interest for optimum efficiency.
PAR  In operation, body 10 is biased by dc power source 22 to a voltage above
      the punch-through voltage of second impurity region 14, but below the
      reverse breakdown voltage of the PN junction. A low voltage, high power
      pulse is then applied from control-power source 23 causing a current
      having a density above the saturation current density to be inputted to
      body 10. The electric field thus produced propagates through second
      impurity region 14 at a much higher velocity than the velocity of the
      carriers (i.e., electrons and holes). A high density of ionized
      electron-holes pairs is hence left in the wake of the electric field as a
      "trapped plasma." In the presence of this plasma, the applied bias field
      collapses to a low value and the body 10 is in a low impedance, highly
      conductive mode generating a high current, short duration pulse which is
      transmitted to load 26 as either as high voltage or a high current-high
      power signal.
PAR  Subsequently, the electrons and holes will drift apart to their respective
      polarities under the influence of the applied bias from dc power source
      22. As the plasma density diminishes, the electric field rises again to
      the external bias voltage so that the field at the PN junction resumes the
      high impedance blocking state.
PAR  To illustrate the operational cycle reference is made to FIG. 3 showing the
      voltage output from body 10. At point A, the body responds as an
      equivalent capacitor and the response is equal to the dc bias voltage.
      When the square-wave input is provided from the control-power source 23,
      the voltage rises until it reaches the peak voltage at point B. The time
      required to reach point B is called the "turn-on time" and occurs in the
      present device in picoseconds. The plasma state is then reached and the
      electric field collapses; the voltage falls to point C which is about one
      four-hundredth of the value of point B. At this point, the body 10 outputs
      a high power pulse which is transmitted to the load as a high current
      pulse if the load is in series, or (as shown) as a high voltage pulse if
      the load is in parallel.
PAR  Thereafter, the plasma and residual excess carriers are extracted from the
      second impurity region, the carrier depletion region at the PN junction
      reestablished, and the thyristor recharged by the external bias. By these
      mechanisms, the voltage rebuilds to point A again. The time required to
      perform this part of the cycle is called the "turn-off time" and greatly
      exceeds the turn-on and plasma state times. This is of no consequence
      except in recycling because the power generation and/or switching occurs
      while the device is in the turn-on and plasma modes. In this connection it
      should be noted that the plasma formation and extraction occurs in a much
      shorter time than the recombination time of the electronhole pairs.
PAR  Thus the device is capable of very fast "turn-on times" for both voltage
      and current corresponding to the time to form the plasma. The rise time
      for voltage, given by dv/dt = I/C, is very fast because the capacitance of
      the reverse bias PN junction is very low. The rise time for current is
      very fast because the applied electric field by ac power source 23 far
      exceeds that required for avalanche breakdown.
PAR  It should be noted that the efficiency of the system is very high. Also, as
      a reverse biased PN junction in avalanche, it is capable of operating at
      junction temperatures greater than 200.degree.C. and, for example, at
      junction operating temperatures of 300.degree.C.
PAR  To further illustrate the invention, consider a silicon semiconductor body
      10 of 250 microns in thickness having an impurity concentration
      epitaxially grown therein of between 1 .times. 10.sup.13 and 1 .times.
      10.sup.14 atoms/cm.sup.3. Diffused into the opposed major surfaces 11 and
      12 are P+ impurity concentrations (e.g., 1 .times. 10.sup.19
      atoms/cm.sup.3) and N+ impurity concentrations (e.g., 1 .times. 10.sup.20
      atoms/cm.sup.3), respectively. Diffusions are to a depth of about 50
      microns so that first impurity region 13 of 50 microns, second impurity
      region 14 of 150 microns, and third impurity region of 50 microns are
      formed in the silicon wafer 10.
PAR  The reverse breakdown voltage of the PN junction at 16 or 17 is 1500 volts,
      and the saturation current density of region 14 is 160 amps/cm.sup.2. A dc
      bias power source 22 of 60 amps is applied across the body 10, and a
      square wave input from control power source 23 is 90 KVA. From these
      parameters, the rise time for voltage, given by dt/dV 032  C/I is
      calculated to be 12 .times. 10.sup.4 V/.mu. sec; and the current rise
      time, given by
      ##EQU1##
      is calculated to be 12 .times. 10.sup.6 A/.mu. sec. The voltage in the
      conducting state is found to be equal to or less than 15 volts.
PAR  While the presently preferred embodiments of the invention have been
      specifically described, it is distinctly understood that the invention may
      be otherwise variously embodied and used within the scope of the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high speed, high power plasma thyristor circuit comprising:
PA1  a. a silicon semiconductor body having opposed major surfaces and having
      first, second and third impurity regions therein; said first and third
      impurity regions each adjoining a major surface and having opposite
      conductivity-type; said second impurity region being within the body
      between said first and third impurity regions and having a width of at
      least 80 microns and an impurity concentration therethrough of less than
      about 5 .times. 10.sup.14 atoms/cm.sup.3 ; and a PN junction being in the
      body at a transition between said regions, and having a reverse breakdown
      voltage between about 1.4 and 3.3 times greater than the punch-through
      voltage of the second impurity region;
PA1  b. electrical contacts affixed to the major surfaces to make ohmic contact
      with said first and third impurity regions;
PA1  c. a bias power source electrically connected to the electrical contacts
      and capable of applying a reverse bias voltage across the body greater
      than the punch-through voltage of said second impurity region but less
      than the reverse breakdown voltage of the PN junction; and
PA1  d. a control power source electrically connected to the electrical contacts
      and capable of causing a current pulse through the body having a density
      greater than the saturation current density of the second impurity region.
NUM  2.
PAR  2. A high speed, high power plasma thyristor circuit as set forth in claim
      1 wherein: the impurity concentration gradients at the transition from the
      first and third impurity regions to the second impurity region are steep.
NUM  3.
PAR  3. A high speed, high power plasma thyristor circuit as set forth in claim
      1 comprising in addition:
PA1  e. a matching circuit for processing output signals from the body
      electrically connected to the electrical contacts and having high "Q"
      impedance for balancing impedances of the output signal from the body.
NUM  4.
PAR  4. A high speed, high power plasma thyristor circuit as set forth in claim
      1 wherein:
PA1  said second impurity region has a width of at least 150 microns.
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ABST
PAL  The semiconductor junction of a diode is made up of p- and n-type layers,
      said layers having substantially different resistivities. The thickness of
      the layer with a greater resistivity does not exceed that of the space
      charge when a reverse bias voltage, which is less than the puncture
      voltage of the semiconductor junction, is applied to the structure. The
      minimum distance between the edge of the ohmic contact adjoining the layer
      with a greater resistivity and the place of emergence of the semiconductor
      junction to the surface of the structure is no less than the double
      thickness of the layer with a greater resistivity.
BSUM
PAR  The present invention relates to semiconductor instruments and, more
      particularly, to semiconductor diodes.
PAR  At present, extensive use is made of semiconductor diodes having a
      two-layer structure. This structure is formed by two layers of oppostie
      types of conductivity, normally p- and n-type layers, which make up a p-n
      semiconductor junction. The resistivity of one of said layers is 100 and
      even more times greater than that of the other layer, the layer with a
      greater resistivity having a relatively small thickness, the area of the
      ohmic contact adjacent the layer with a greater resistivity being roughly
      equal to that of the p-n junction.
PAR  As a result, at the place of its emergence to the surface of the structure,
      the semiconductor junction finds itself in immediate proximity to the
      ohmic contact adjoining the layer with a greater specific resistance. This
      accounts for great leakage currents and may also be the cause of a
      puncture of the semiconductor junction over the surface of the
      semiconductor. The ratio minimal to maximal capacitance in such diodes is
      extremely low and only approximates 4 to 5 units.
PAR  It is an object of the present invention to raise the operational
      reliability of semiconductor diodes by reducing leakage currents and
      minimizing the chances of puncture.
PAR  It is another object of the present invention to improve the minimal to
      maximal capacitance ratio of such diodes.
PAR  With the above and other objects in view, the present invention
      contemplates a semiconductor diode comprising a semiconductor structure
      having layers of opposite types of conductivity provided with ohmic
      contacts, said layers making up a semiconductor junction therebetween and
      having substantially different resistivity. In accordance with the
      invention, the thickness of the layer with a greater resistivity does not
      exceed, over the portion adjoining the ohmic contact, the thickness of the
      space charge when there is applied to the ohmic contacts a reverse bias
      voltage which is less than the puncture voltage of said semiconductor
      junction, the minimum distance between the edge of the ohmic contact
      adjoining the layer with a greater resistivity and the area of emergence
      of the semiconductor junction to the surface of the structure being no
      less than the double thickness of the layer having a greater resistivity.
PAR  The proposed semiconductor-diode structure provides for reliable operation,
      which is due to the above-indicated thickness of the semiconductor layer
      with greater resistivity and an increased distance between the ohmic
      contact thereof and the area of emergence of the semiconductor junction at
      the surface of the structure, as this substantially reduces the intensity
      of the electric field at the surface of the structure compared to that
      inside the structure.
PAR  It is preferred that the area of the ohmic contact adjoining the layer with
      a greater resistivity should not exceed half the area of the semiconductor
      junction.
PAR  The above ratio between the areas of the ohmic contact and the
      semiconductor junction accounts for a high minimal to maximal capacitance
      ratio.
PAR  The layer with a lesser resistivity may envelop that with a greater
      resistivity, forming a semiconductor junction that emerges to the surface
      of the structure on the side of the ohmic contact adjoining the layer with
      a greater resistivity, which ensures protection of said junction from the
      effects of the surrounding medium.
DRWD
PAR  The invention will hereinafter be explained in greater detail with
      reference to specific embodiments thereof taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a view in section of a semiconductor diode, wherein the p-n
      junction emerges to the lateral surface;
PAR  FIG. 2 shows a semiconductor diode, wherein the p-n junction emerges to the
      end face surface thereof, on the side of the ohmic contact; and
PAR  FIG. 3 is a top view of FIG. 2.
DETD
PAR  The semiconductor structure of the proposed diode is formed by two layers 1
      and 2 of the n- and p-types, respectively. The resistivity of the layer 1
      has to be at least 100 times greater than that of the layer 2. The layers
      1 and 2 make up a p-n junction 3 emerging to the lateral surface of the
      structure.
PAR  The choice of the ratio between the values of the resistivity of the layers
      1 and 2 is determined by the purpose of the semiconductor diode.
PAR  For high-voltage diodes, for example, this ratio is selected to be equal to
      or in excess of 1,000; accordingly, this presupposes a greater thickness
      of the layer 1, which provides for an increased puncture voltage of the
      semiconductor junction both inside the structure and over the area of its
      emergence to the surface. On the side of the layer 1, the surface of the
      semiconductor structure is protected by a dielectric layer 4 having a
      window 5 housing an ohmic contact 6.
PAR  The thickness (H) of the semiconductor layer 1 with a greater resistivity
      over the portion under the ohmic contact is selected to be equal to the
      thickness of the space charge area at a voltage less than the puncture
      voltage of the structure.
PAR  The width of the space charge area and the puncture voltage are selected
      depending upon the concentration and distribution of the impurity over the
      p-n junction, with the aid of the commonly known formulas.
PAR  The minimum distance (L) between the edge of the ohmic contact 6 adjacent
      the layer with a greater resistivity and the place of the emergence of the
      semicondictor junction 3 to the surface of the structure is to be no less
      than two times the thickness of the layer with a greater resistivity below
      said ohmic contact.
PAR  The area of the ohmic contact 6 amounts to one half of that of the
      semiconductor junction 3. Further increase in the area of the ohmic
      contact 6 is impractical, as it sharply raises the minimal to maximal
      capacitance ratio. The semiconductor layer 2 is provided with an ohmic
      contact 7. The proposed diode may be produced as follows. First, an
      epitaxial silicon p-type layer with a thickness of 5 m.mu. and a specific
      resistance of 20 to 50 o/cm is grown on the semiconductor surface of an
      silicon n-type plate with a specific resistance of less than 0.01 o/cm.
      Then, with the aid of photolithography and chemical etching, projections
      with a diameter of 400 m.mu. and a height of 6 m.mu. are produced on the
      plate on the side of the epitaxial layer. This is followed by growing a
      silicon dioxide film at a temperature of 1,000.degree. to 1,150.degree.C
      and making windows with a diameter of 200 m.mu.. In order to obtain an
      ohmic contact, a single diffusion of boron is effected to a depth of  0.5
      m.mu. and a vacuum deposition of aluminum with subsequent annealing at a
      temperature of 550.degree.C. The plate is then divided into separate
      crystals, each to be installed in a metal housing.
PAR  With a reverse bias voltage applied to such a diode, the area of the space
      charge tends to expand primarily towards the layer 1 having a greater
      specific resistance.
PAR  As this takes place, the width of the space charge area on the surface of
      the structure is found to be equal to a minimum distance between the edge
      of the ohmic contact 6 and the place of the emergence to the surface of
      the semiconductor junction 3, which reduces at least two-fold the
      intensity of the electric field at the surface of the structure in
      relation to that inside the semiconductor. This also reduces the leakage
      current and rules out the chance of a puncture on the surface of the
      structure.
PAR  FIG. 2 illustrates another embodiment of the invention. The semiconductor
      structure comprises two layers 8 and 9 of the n and p types, respectively.
      The specific resistance of the layer 8 is at least 100 times greater than
      that of the layer 9. The layer 9, which has a lesser resistivity, envelops
      the layer 8 with a greater resistivity, and a p-n junction 10 formed by
      these two layers emerges to the surface of the structure on the side of an
      ohmic contact 11 which adjoins the layer having a greater resistivity.
      Said contact 10 is disposed in a window 12 of a protective dielectric
      layer 13. The ohmic contact 11 is arranged concentrically (FIG. 3) with
      respect to the configuration of the semiconductor junction 10 at the place
      where it emerges at the surface of the structure, the area of said ohmic
      contact being at least four times less than that of the p-n junction.
PAR  The layer 9 (FIG. 2) is provided with an ohmic contact 14. The values of H
      and L are selected as described hereinabove.
PAR  The above diode operates in a manner similar to that of the diode of FIG.
      1. The advantage of this diode resides in a better protection of the p-n
      junction.
PAR  The proposed diodes provide for higher puncture voltages and a higher
      minimal to maximal capacitance ratio.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor diode comprising two layers of opposite types of
      conductivity constituting a semiconductor structure, said layers forming a
      semiconductor junction therebetween and having substantially different
      resistivity, the layer with greater resistivity having a thickness no
      greater than that of the space charge produced as a result of application
      to said structure of a reverse bias voltage which is less than the
      puncture voltage of said semiconductor junction, ohmic contacts
      respectively adjoining said layers and adapted to apply supply voltage to
      said structure, said ohmic contacts having respective edges, said
      semiconductor junction emerging at the surface of said structure, the
      ohmic contact adjacent the layer with greater resistivity being arranged
      so that the distance between its edge and the place of emergence of the
      semiconductor junction at the surface of the structure is no less than two
      times the thickness of the layer with a greater resistivity.
NUM  2.
PAR  2. A semiconductor diode as claimed in claim 1, wherein the area of the
      ohmic contact adjacent the layer with greater resistivity does not exceed
      one half of the area of the semiconductor junction.
NUM  3.
PAR  3. A semiconductor diode as claimed in claim 1, wherein the layer with
      lesser resistivity at least partly envelops that with greater resistivity,
      forming a semiconductor junction which emerges at the surface of the
      structure on the side of the ohmic contact adjacent the layer with greater
      resistivity.
NUM  4.
PAR  4. A semiconductor diode as claimed in claim 3, wherein the ohmic contact
      adjacent the layer with greater resistivity is arranged concentrically
      with respect to the semiconductor junction at the place where it emerges
      at the surface of the structure, the area of said ohmic contact being at
      least two times less than that of the semiconductor junction.
NUM  5.
PAR  5. A semiconductor P-N type junction construction comprising: two
      semiconductor layers of opposite types of conductivity, ohmic contacts on
      said layers, said layers forming a P-N junction and having different
      resistivity values, the thickness of the layer with a greater resistivity
      not exceeding that of the region of the space charge produced as a result
      of application to said construction of a reverse bias voltage which is
      lower than the puncture voltage of said P-N junction; the ohmic contact
      attached to the layer having a greater resistivity and having an area
      smaller than that of the P-N junction; the latter said ohmic contact being
      so disposed that the distance from its edges to the place where the P-N
      junction emerges on the surface of the semiconductor construction is at
      least twice as large as the thickness of the layer with a greater
      resistivity.
NUM  6.
PAR  6. A semiconductor P-N type junction construction as claimed in claim 5,
      wherein the resistivity of the semiconductor layer having a smaller
      resistivity is within the range of from 0.001 to 0.01 ohm.cm., while that
      of the layer having a greater resistivity is from 1 to 50 ohm.cm.
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PAL  Semiconductor structure having a semiconductor body with a planar surface.
      At least one region having an impurity therein is formed in the body and
      extends to the surface. A layer of insulating material is provided on the
      surface. Openings are formed in the layer of insulating material and
      expose said surface. The openings are defined by inclined side walls which
      extend at an angle with respect to said surface of less than 70.degree..
      Contact means is carried by the surface and extends through the opening to
      form contact with the region. At least portions of the contact means have
      a slope which conforms generally to the slope of the side walls.
PAL  In the method, two materials are utilized in which one material has an
      appreciably higher etch rate than the other material so that a slope is
      provided on the material having the lower etch rate.
PARN
PAR  This is a division of application Ser. No. 323,904, filed Jan. 15, 1973,
      now U.S. Pat. No. 3,842,490, which is a continuation of Ser. No. 135,893,
      filed Apr. 21, 1971, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a semiconductor structure which is provided with
      sloped side walls to facilitate the making of good metal contacts and a
      method for fabricating the same. In the past in the fabrication of a
      semiconductor structure, it has been the practice to etch openings in the
      silicon dioxide layers covering the planar surface of a silicon
      semiconductor body to provide openings to make contact with impurity
      regions in the semiconductor body. Because these openings have been etched
      into the oxide, these openings have been defined by relatively steep or
      generally vertical side walls, as for example, side walls having an angle
      greater than 70.degree. with respect to the surface. It has been the
      practice to evaporate a metal such as aluminum onto the surface of the
      silicon dioxide insulating layer and into the openings to provide the
      necessary contacts for the semiconductor structure. It has been found that
      these generally vertical side walls of the insulating layer and any other
      layers provided on the semiconductor structure are provided with nearly
      vertical side walls or vertical steps which have made it very difficult to
      obtain good reliable contacts in the openings. The principal cause for the
      relatively poor contacts which have been obtained has been that the steep
      side walls serve to shadow certain surfaces from the evaporation source so
      that only a very thin metal film is provided on the shadowed surfaces.
      This has been true even though very thick layers of metal have been
      deposited on the structure. It has been found that even though the metal
      becomes very thick, microcracks may be formed around the contact holes and
      other steps generally starting at the base of the step and extending up
      through the aluminum. Such a condition provides very thin metal through
      which the current must pass giving rise to a high current density and
      enhanced electro-migration leading to failure of the semiconductor
      structure by an open circuit in a manner well known to those skilled in
      the art. There is, therefore, a need for a new and improved semiconductor
      structure and method for making the same.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  The semiconductor structure consists of a semiconductor body having a
      planar surface. At least one region having an impurity therein is provided
      in the body and extends to the surface. A layer of insulating material is
      formed on the surface and an opening is formed in said layer of insulating
      material and exposes said surface. The opening is defined by inclined side
      walls extending at an angle of less than 70.degree. with respect to the
      surface. Contact metallization is carried on the layer of insulating
      material and extends through the opening to make contact with said region.
      At least a portion of the contact metallization has a slope which conforms
      to the slope of the side walls defining the opening.
PAR  In the method for fabricating a semiconductor structure having sloping side
      walls, two layers of materials which have a different etch rate are
      superimposed with one of the layers having an etch rate which is
      significantly different from the etch rate of the other layer. A mask for
      the etch is provided over the twolayers and has an opening therein so that
      an etchant can selectively attack both of the materials so that the
      material which has the higher etch rate is cut back beneath the mask and
      the other material which has a lower etch rate is also cut back beneath
      the mask but has an inclined side wall which joins a generally vertical
      side wall of the material which etches at the faster rate. The mask and
      the material which etches at the faster rate can then be selectively
      removed so that there is provided an opening in the first material which
      is defined by inclined side walls. Other materials such as contact
      metallization can then be applied by evaporation to the surface of the
      first material and into the opening formed by the first material so that
      there is good covering of the side wall defining the opening. This method
      is particularly useful in the formation of contact metallization in
      semiconductor structures.
PAR  In general, it is an object of the present invention to provide a
      semiconductor structure with sloped side walls and method for fabricating
      the same which makes it possible to obtain excellent contact
      metallization.
PAR  Another object of the invention is to provide a structure of the above
      character in which at least two different materials having different etch
      rates are utilized.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which the two materials are arranged in layers with the
      material having the higher etch rate being the surface layer.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which the angle of the slope may be varied by varying
      the etch rate of the surface layer.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which the etch rate of the surface layer can be varied
      by changing the composition of the surface layer or by annealling the
      surface layer under certain conditions.
PAR  Another object of the invention is to provide a structure and method of the
      above character which can be provided to form slopes on metal edges.
PAR  Another object of the invention is to provide a structure and method of the
      above character which can be utilized in conjunction with a multi-layer
      metallization process.
PAR  Another object of the invention is to provide a semiconductor structure of
      the above character in which the reliability of the structure is
      substantially increased.
PAR  Another object of the invention is to provide a method or process of the
      above character which is applicable to the fabrication of structures other
      than semiconductor structures.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which steps formed by masking operations are sloped so
      that they can be readily covered with metal.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which the sloping steps ensure that the metal film will
      deposit without voids and microcracks.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which vapor deposited dielectric layers can be
      deposited smoothly without beading.
PAR  Another object of the invention is to provide a structure and method of the
      above character particularly useful with multi-layer metallization in
      which the edges of the metal leads in the lower layers can be sloped in
      order to ensure smooth application of insulating layers over the leads and
      thus ensure good metal coverage in the succeeding conducting layers.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiments are set forth in
      conjunction with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 - 13 are partial cross-sectional views showing the steps for
      fabricating a semiconductor structure having sloped side walls that
      incorporate the present invention.
PAR  FIGS. 14a, 14b and 14c are enlarged cross-sectional views of portions of
      the structure shown in FIG. 13.
PAR  FIG. 15 is a partial plan view of a semiconductor structure incorporating
      the present invention.
PAR  FIG. 16 is a diagram used for mathematical purposes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In fabricating the semiconductor structure incorporating the present
      invention, a semiconductor body 16 formed of a suitable material such as
      silicon is provided. This body can be without impurities or can be
      provided with a desired impurity as, for example, a P-type impurity. If
      the body is provided without impurities, the desired impurity can be
      diffused into the same. The body 16 is provided with a planar upper
      surface 17 which is covered with a masking layer 18 formed of a suitable
      material such as thermally grown silicon dioxide. This layer 18 is grown
      in a manner well known to those skilled in the art by placing the
      semiconductor body 16 which is in the form of a wafer in an oxidizing
      atmosphere at an elevated temperature.
PAR  Openings 19 are formed in the layer 18 by conventional photolithographic
      techniques to expose the surface 17. Thereafter, an N-type impurity is
      diffused through the openings 19 to provide N+ regions 21 defined by
      dish-shaped PN junctions which extend to the surface 17. This diffusion
      typically is a high concentration arsenic diffusion which is utilized to
      provide a buried layer of a type well known to those skilled in the art
      for the reduction of saturation resistance. A thin layer 23 of silicon
      dioxide grows within the opening 19 during the diffusion operation. After
      the diffusion of the N+ region 21 has been carried out, the silicon
      dioxide layers 18 and 23 are stripped off of the surface 17 in a
      conventional manner such as by the use of hydrofluoric acid.
PAR  An epitaxial layer 24 is then grown on the surface 17 with an impurity of
      the desired type as, for example, N-type. The method of growing such an
      epitaxial layer is well known to those skilled in the art. Typically, the
      epitaxial layer would be grown to a thickness of approximately 17 microns.
      During the epitaxial growth, the N+ region 21 would diffuse upwardly into
      the epitaxial layer 24 as well as downwardly into the semiconductor body
      16. The epitaxial layer is provided with a planar upper surface 26 which
      is subsequently covered with a masking layer 27 formed of a suitable
      material such as thermally grown silicon dioxide. Openings 28 are formed
      in the layer 27 by conventional photolithographic techniques and
      thereafter a high concentration P-type diffusion is carried out to form
      P-type regions 29 defined by PN junctions 31 which extend all the way down
      to the P-type semiconductor body 16 so that the regions 29 provide
      junction isolation for the islands 32 which are surrounded by the same. It
      should be appreciated that, if desired, in conjunction with the present
      structure and method, other types of isolation can be utilized if desired.
      Thus, the structure and method are particularly adapted for use with
      dielectric isolation of the type described in copending application Ser.
      No. 391,704, filed Aug. 24, 1964. After the diffusion isolation has been
      carried out, the oxide layer 27 may be stripped by the use of a suitable
      etch such as hydrofluoric acid.
PAR  A layer 33 of a suitable insulating material such as thermally grown
      silicon dioxide is provided on the surface 26. This layer can be grown to
      a suitable thickness as, for example, 9200 Angstroms. The layer 33 is
      formed of a material which has a predetermined etch rate. Another layer 34
      is formed above the layer 33 and is formed of a material which has a
      different etch rate from the etch rate for the material in layer 33. In
      the present embodiment, it is desirable that the etch rate be faster than
      for the material of layer 33. The layer 33 wil serve as the base mask for
      the fabrication of a transistor as hereinbefore described. One material
      found to be very satisfactory for the second or surface layer 34 is vapor
      deposited silicon dioxide. This layer 34 is generally a relatively thin
      layer in comparison to the thickness of the layer 33. Silicon dioxide is
      deposited from the surface by the oxidation of silane with oxygen until
      the vapor deposited silicon dioxide has a thickness ranging from 200 to
      2000 Angstroms. Particularly satisfactory results can be obtained with a
      thickness of 300 Angstroms. However, it has been found that this thickness
      can be varied within the range specified with very little difference in
      the final result. Thus, for example, the ratios of the thick layer 33 to
      the thin layer 34 can exceed a 100:1 ratio and certainly can be as little
      as a 1:1 ratio. The principal purpose of providing the layer 34 is to
      provide a layer on the surface of the bulk oxide 33 which will have a
      higher etch rate than the bulk oxide. A photoresist layer 36 is formed on
      the layer 34 in a manner well known to those skilled in the art. The
      photoresist is then exposed through a pattern and a suitable etch is
      utilized to form openings 37 in the photoresist to expose the layer 33.
      These openings will be utilized for hereinafter formed openings for a base
      diffusion step. At this time, additional openings (not shown) can be
      provided for diffused resistors and the like.
PAR  The semiconductor structure which is shown in FIG. 5 is then subjected to a
      suitable etch which, by way of example, can be a commercial buffered oxide
      etch. Normally, this is an HF/ammonium fluoride mixture. The etch is
      maintained at a suitable temperature as, for example, 18.degree.C. so that
      the etching operation will be accomplished in a relatively short time as,
      for example, approximately 15 minutes. The results of the etching
      operation are shown in FIG. 6. Initially, the etch attacks the vapor
      deposited layer 34 and removes the same down to the thermal oxide layer
      33. Thereafter, the thermal oxide layer 33 is etched away at its normal
      etch rate which is approximately 640 Angstroms per minute. At the same
      time, the vapor deposited glass or silicon dioxide layer 34 is being
      etched away laterally at its normal etch rate which is approximately 2500
      Angstroms per minute. The ratio of these two etch rates is approximately
      4:1 which is the same gradient of the slope of the side walls 39 which
      define an opening 41 through which the surface 26 is exposed. This sloping
      side wall occurs because as the third layer 34 is etched away, progressive
      portions of the surface of the thermally grown oxide layer 33 are exposed.
      Since this is a relatively straight line function, the side walls 39 have
      a planar slope. The side walls 42 of the layer 34 are generally vertical
      as shown in FIG. 6. In other words, the profile of the cut in
      cross-section is a straight line. However, it should be pointed out that
      it has been found that at the bottom of the cut or opening 41, the profile
      of the cut or slope 39 differs slightly from the straight line in that the
      slope becomes less and less as the bottom of the recess or opening 41. The
      distance which the layer 34 is etched under the photoresist layer 36 can
      be seen by the portions of the photoresist which overhang the opening 41.
PAR  The angle theta shown in FIG. 6 is the angle between the profile or slope
      of the side walls 39 in cross-section and the surface 26. Mathematical
      analysis and measurement show the tangent of this angle to be equal to the
      etch rates of the two materials, i.e., the ratio of the etch rate of the
      thermally grown oxide to the etch rate of the deposited oxide. This can be
      expressed as follows:
      ##EQU1##
PAR  The mathematical analysis establishing this equation is set forth below in
      reference to FIG. 16. The diagram in FIG. 16 shows the etch front after a
      time, T. In the equation set forth below, the surface material, i.e., the
      material in layer 34, has a thickness d and an etch rate of E.sub.1. The
      bulk material which is the material in layer 33 has a thickness of D and
      an etch rate of E.sub.2. For the purpose of this analysis, the following
      assumptions have been made:
PA1  1. Adhesion of the photoresist to the surface material is perfect.
PA1  2. The surface material etches away isotropically.
PA1  3. The bulk material etches in y direction only.
PAR  At any value of x, depth y to which the bulk material is etched is given by
EQU  y = E.sub.2 t
PAL  where t is the length of time that the bulk material at x has been exposed
      to the etch.
PAL  Now,
      ##EQU2##
      But
EQU  R.sub.(x) = (x.sup.2 + d.sup.2) .sup.1/2 (Pythagoras)
PAL  And
      ##EQU3##
      So
      ##EQU4##
      and
      ##EQU5##
PAR  This gives the etch profile after any time, T.
PAR  For thin surface layers, X &gt;&gt; d and so when x &gt;&gt; d,
      ##EQU6##
      which is an equation of a straight line of slope
      ##EQU7##
      i.e.,
      ##EQU8##
      When etching is just complete, y(0) = D
PAR  So
      ##EQU9##
      and
      ##EQU10##
PAR  From the foregoing mathematical treatment, it can be seen that the desired
      slope can be obtained by varying the etch rate for the surface layer by
      increasing the etch rate of the surface layer which can be accomplished by
      doping it with additional impurities such as phosphorus. Alternatively, if
      it is desired to decrease the slope, the surface glass layer can be doped
      with a suitable impurity such as boron, or it can be annealed to thereby
      reduce the etch rate and steepen the slope.
PAR  If no impurities are utilized in the deposited silicon dioxide, it has been
      found that a slope of approximately 14.degree. is provided, i.e., one unit
      vertically for four units horizontally. In order to achieve the desired
      results of the present invention, however, it is preferable that the angle
      .theta. be no greater than 65.degree..
PAR  After the etching operation has been completed as shown in FIG. 6, the
      photoresist layer 36 is removed and thereafter the deposited SiO.sub.2
      layer 34 is removed by a suitable etch such as dilute HF. This etching
      step is controlled until all the vapor deposited layer 34 is removed. Very
      little of the thermally grown oxide layer 33 is removed.
PAR  As soon as the layers 36 and 34 has been removed, there remains the
      thermally grown oxide layer 33 with the sloping side walls 39 defining an
      opening 41. A base diffusion is carried out by diffusing P-type impurities
      through the openings 41 to form a P-type region 44 which is defined by a
      dish-shaped PN junction 46 that extends to the surface 26. During
      diffusion of the region 44, a thin oxide layer 47 grows in the opening 41.
      In addition, there is a slight additional growth of the thick oxide layer
      33 which serves as a mask which is very small because of the thickness of
      the oxide layer. This is true because of the distance that the oxidizing
      species must travel to reach the silicon to oxidize it. In the region
      where the oxide layer 33 is very thin because of the slope of the side
      walls 39, the additional growth of the oxide is greater because the
      oxidizing species does not have to travel as far through the silicon
      dioxide to reach the silicon. It is for this reason that the slope of the
      side walls 39 is changed very slightly during the diffusion of the base
      region 44. The thickness of the regrown layer 47 approximates 4200
      Angstroms.
PAR  After the base diffusion has been completed as shown in FIG. 7, a layer 51
      of silicon dioxide is deposited over the silicon dioxide layer 33 and the
      regrown oxide layer 47 in the opening 41 to a suitable thickness as, for
      example, 300 Angstroms. The same considerations apply to this layer 51 as
      with the deposited SiO.sub.2 layer 34. Thus, the thickness of the layer 51
      can be selected in the same manner as layer 34. The same considerations
      also apply to the type of material constituting the layer 34. After the
      layer 51 has been applied, a layer of photoresist 52 is applied and
      thereafter the photoresist is exposed through a mask and certain portions
      of the same are removed to provide openings 53 for the emitter contacts
      and openings 54 for the collector contacts to thereby expose the layer 51
      below as shown in FIG. 8.
PAR  An etch of the type utilized in conjunction with the etching operation
      shown in FIG. 6 is utilized to provide windows or openings 56 and 57 for
      the emitter and collector contacts, respectively, to expose the surface
      26. These openings 56 are formed by sloped side walls 58 which have the
      same slope as the side walls 39 for the same reasons as the side walls 39.
      For example, they can have a slope having a 1:4 ratio with one vertical
      unit for each four longitudinal units. As explained previously, this is
      determined by the ratio of the etch rates of the two materials forming the
      layers 33 and 51. The openings 59 are also defined by the vertical side
      walls 59 formed in the layer 51. The photoresist layer 52 overhangs the
      openings 56 as shown in FIG. 9. Similarly, the openings 57 are defined by
      sloped side walls 61 provided in the layer 33 and the generally vertical
      side walls formed in the layer 51. Similarly, the photoresist layer 52
      overhangs the openings 57.
PAR  After the etching operation shown in FIG. 9 has been completed, the
      photoresist layer 52 is removed and the deposited silicon dioxide layer 51
      is removed in the manner hereinbefore described for the layers 36 and 34
      so that there remains the openings 56 and 57 which are defined by the
      sloped side walls 59 and 61 respectively. A suitable N-type impurity such
      as phosphorus is diffused through the openings 56 and 57. Thus, there are
      formed N+ regions 63 defined by diffused PN junctions 64 extending to the
      surface and being disposed within the regions 44 defined by the PN
      junctions 46. With respect to the openings 57, there are formed N+
      collector contact regions 66 which are disposed within the N-type
      collector region 32. There is a slight regrowth of oxide in the openings
      56 and 57 in the form of heavily doped silicon dioxide layers 69 and 71.
      These layers are doped with phosphorus and have a thickness of
      approximately 1500 Angstroms. These relatively thin layers 69 and 71 are
      removed by a suitable etch such as HF so that the surface 26 is exposed
      through the openings 56 and 57. A layer 72 of phosphorus doped glass is
      then deposited on the silicon dioxide layer 33 in the openings 56 and 57.
      The use of this layer is not essential to the devices. However, it has
      been found that such a layer is useful for raising the inversion voltage
      of the devices. This P-type glass is deposited in a manner well known to
      those skilled in the art.
PAR  A layer 73 of deposited silicon dioxide is then formed on the layer 72. The
      same considerations apply to the formation of this layer 73 as with the
      layers 34 and 51. A layer 74 of photoresist is then formed over the layer
      73. The photoresist is exposed through a suitable mask and portions of the
      photoresist are removed to provide base contact openings 76, emitter
      contact openings 77 and collector contact openings 78.
PAR  The glass contains phosphorus doping to provide a well known function in
      which the phosphorus serves as a getter for impurities such as sodium.
      After the formation of the P-type glass layer, certain annealing
      operations of a type well known to those skilled in the art can be
      performed to enhance the characteristic of the semiconductor devices which
      are to be formed.
PAR  Although there are only shown openings for making contacts to transistors,
      it should be appreciated that at the same time openings can be formed in
      the photoresist for making contact with other parts of an integrated
      circuit which are being formed on the semiconductor body as, for example,
      resistors, capacitors, diodes, etc.
PAR  An etch of the type hereinbefore described is then utilized to form
      openings 81, 82 and 83 which expose certain areas of the surface 26. The
      openings 81 are defined by sloping side walls 84 formed in the layers 47
      and have the 4:1 slope previously described. The openings 81 are also
      formed by sloping side walls 84 formed in the P glass layer 72 and have a
      slope of approximately 21/2 to 1 because the phosphorus doped glass has a
      faster etch rate than thermal oxide. It is for this reason that the slope
      or angle of the side walls 86 is greater than that of the side walls 84.
      The openings 81 are also defined by the vertical side walls 87 provided in
      the deposited silicon dioxide layer 73. Thus, it can be seen that the base
      contact openings 81 are defined by two different slopes in which the
      phosphorus doped glass etches with a slope of 21/2 to 1 and the thermally
      grown silicon dioxide layer 47 etches with a 4:1 slope. This is a
      consequence of the fact that the etch rate of the phosphorus doped glass
      is intermediate between the etch rates of the undoped silicon dioxide and
      the thermally grown silicon dioxide.
PAR  The emitter contact openings 82 are defined by sloping side walls 88 and
      the phosphorus doped glass which, for reasons explained previously, have a
      slope of approximately 21/2 to 1 and the vertical side walls 89 in the
      deposited silicon dioxide layer 73. Similarly, the collector contact
      openings 83 are defined by sloping side walls 92 provided in the
      phosphorus doped glass having a slope of 21/2 to 1 and vertical side walls
      91 provided in the deposited silicon dioxide layer.
PAR  The photoresist layer 74 and the deposited silicon dioxide layer 73 are
      then removed in the manner hereinbefore described so that there remains
      the openings 81, 82 and 83 in the layers 72 and 33. A layer of a suitable
      metal such as aluminum is then evaporated onto the surface of the layer 72
      and into the openings 81, 82 and 83. The metal layer is then covered with
      a photoresist and the photoresist is exposed through a mask and thereafter
      certain portions of the photoresist are removed and then an etch is
      utilized which selectively attacks the metal layer to provide the contact
      elements 96, 97 and 98 which make contact with the base, emitter and
      collector regions of the transistor, respectively. It should be
      appreciated at the same time that other contacts for the other
      semiconductor devices including capacitors, resistors, diodes and the like
      forming a part of the integrated circuit are formed at the same time. Also
      the interconnections which form a circuit from these components are
      defined at this time.
PAR  From the contact elements shown in FIG. 13 and the enlargements thereof
      shown in FIGS. 14a, 14b and 14c, it can be seen that there is no thinning
      out of the metal over the edges of the side walls which define the
      openings 81, 82 and 83. This is because during evaporation of the metal,
      there is no significant shadowing of any of the areas which are to be
      covered by the metal by steep, i.e., approaching the vertical, side walls
      or steps. The extent to which shadowing can occur from evaporation of the
      metal from a point source is dictated by the cosine of the angle of the
      slope which is to be coated with the metal. When the slope is less than
      70.degree., there will be no shadowing of any of the areas from the vapor
      stream emanating from the metal source being evaporated. The slopes of the
      side walls defining the openings 81, 82 and 83 are in fact very gentle as
      can be seen from FIGS. 14a, 14b and 14c which are drawn to scale. The
      slopes in the preceding figures are distorted by a 2:1 ratio in the
      horizontal direction in order to conserve space in the drawing. FIG. 14a
      shows the base contact 96 which has two slopes, one slope 102 which is
      formed by the slope of the side wall of the deposited silicon dioxide or
      glass which is quite steep by comparison with the other slope 101 provided
      by the slope of the side wall in the thermally grown silicon dioxide. In
      FIG. 14b, it can be seen that the contact 97 is provided with a single
      slope 103 which is determined by the slope of the side wall formed in the
      phosphorus doped glass. The same is true with respect to the collector
      contact which is shown in FIG. 14c which is provided with a slope 104.
      However, it is also provided with a slope 106. The base contact is
      different from the emitter and collector contacts because it is the only
      one which is formed in the original thermally grown silicon dioxide.
PAR  In FIG. 15 there is shown a plan view of the base contact of an integrated
      circuit incorporating the present invention. In addition, other
      metallization (not shown) is provided which is connected to the contacts
      96, 97 and 98 to form the same into a part of the integrated circuit. The
      circuit forms a part of an operational amplifier which is a linear
      integrated circuit. It has been found that integrated circuits constructed
      as herein described have excellent contact metallization. There is no
      significant thinning of the metallization which, in turn, eliminates high
      current densities in certain areas in the metallization which in the past
      has caused enhanced aluminum migration and finally interruption of the
      aluminum film.
PAR  Although the foregoing description of the invention has been in conjunction
      with the fabrication of a particular integrated circuit, namely, an
      operational amplifier, it can be readily appreciated that the structure
      and method can be utilized with all types of semiconductor structures such
      as bipolar and MOS since all need contact metallization. Also, it should
      be appreciated that the invention can be utilized in other fields. All
      that is required is that there be at least two materials which have
      different etch rates. More than two materials can be utilized having more
      than two different etch rates if such is described. The same approach can
      be used for forming dual level metallization in integrated circuits. In
      FIG. 13 it can be seen that there is in fact provided a three-layer
      structure consisting of deposited silicon dioxide, deposited phosphorus
      doped glass and thermally grown silicon dioxide in the vicinity of the
      base contact region. The top layer has the highest etch rate, the bottom
      layer the lowest etch rate, and the middle layer has an etch rate which is
      between the etch rates of the top and bottom layers. It can be seen that
      this will provide a gradation in the slopes from the top to the bottom as
      represented by the base contact opening 81. It can be seen that it would
      be possible to provide a structure in which the etch rates were reversed
      and in which there would be undercutting of one layer below the other
      which would be particularly undesirable in conjunction with contact
      metallization because shadowing would occur. However, in certain other
      applications of the invention, it might be desirable to provide a profile
      of this nature.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a semiconductor structure, a semiconductor body having a planar
      surface, at least one region having an impurity therein formed in said
      body and defined by a PN junction extending to said surface, a layer of
      insulating material formed on said surface and covering said junction,
      said layer of insulating material having an opening therein and exposing
      said surface in an area overlying said region, said opening being defined
      exclusively by planar inclined side walls in said layer of insulating
      material having a positive slope extending at an angle of less than
      70.degree. with respect to said surface, and contact means carried by said
      semiconductor body and extending through said opening to contact said
      region and completely covering said surface and said inclined side walls
      and, having a slope in the opening which does not differ significantly
      from the slope of the inclined side walls to provide a contact which is
      substantially free of cracks.
NUM  2.
PAR  2. A semiconductor structure as in claim 1 wherein said side walls are
      inclined inwardly and downwardly toward said surface at an angle to the
      surface of approximately 14.degree..
NUM  3.
PAR  3. A semiconductor structure as in claim 1 wherein said semiconductor body
      is formed of silicon and wherein said layer of insulating material is
      formed of silicon dioxide.
NUM  4.
PAR  4. A semiconductor structure as in claim 1 wherein said semiconductor body
      has an impurity of one conductivity type therein and wherein said one
      region has an impurity of opposite conductivity type therein together with
      an additional region having an impurity of said one conductivity type
      formed in said one region and being defined by an additional PN junction
      which extends to the surface, wherein a plurality of openings are formed
      in said layer of insulating material making contact to said semiconductor
      body and said one region and said additional region to form a transistor
      and wherein said contact means includes contacts making contact to said
      semiconductor body and said one region and said additional region through
      said openings.
NUM  5.
PAR  5. A semiconductor structure as in claim 1 wherein said contact means is in
      the form of thin films of metal and wherein said thin films of metal are
      of relatively uniform thickness and cover said inclined side walls and
      have the general conformation of the inclined side walls.
NUM  6.
PAR  6. A semiconductor structure as in claim 1 wherein said inclined side walls
      are substantially planar.
NUM  7.
PAR  7. A semiconductor structure as in claim 1 wherein said layer of insulating
      material is formed of thermally grown silicon dioxide.
NUM  8.
PAR  8. In a semiconductor structure, a semiconductor body of one conductivity
      type and having a planar surface, at least one region of opposite
      conductivity type formed in said body and being defined by a PN junction
      extending to said surface, a first layer of a first material having a
      first etch rate formed on said surface and a second layer of a second
      material having a second etch rate formed on said surface, said second
      etch rate beng substantially greater than said first etch rate, said first
      and second layers having openings in general registration with each other,
      said openings in said first layer being defined by planar inclined side
      walls forming an angle of less than 70.degree. with respect to said
      surface, said openings in said second layer being defined by planar side
      walls which extend at an angle substantially greater than the angle at
      which the inclined side walls of the first layer extend.
NUM  9.
PAR  9. A structure as in claim 8 wherein said openings extending through said
      surface are also defined by side walls in said second layer extending
      generally in a vertical direction.
NUM  10.
PAR  10. A semiconductor structure as in claim 9 wherein said first and second
      materials have relative etch rates of approximately 4 to 1.
NUM  11.
PAR  11. A semiconductor structure as in claim 8 wherein said semiconductor body
      is formed of silicon, wherein said first material is thermally grown
      silicon dioxide and wherein said second material is deposited silicon
      dioxide.
NUM  12.
PAR  12. A semiconductor structure as in claim 11 together with a mask formed on
      the second layer and having openings therein in alignment with the
      openings in the first and second layers, said mask having portions
      overlying said openings in the first and second layers.
NUM  13.
PAR  13. A semiconductor structure as in claim 8 together with an additional
      layer disposed between said first and second layers and being formed of a
      material which has an etch rate which is between the etch rates of the
      first and second materials.
NUM  14.
PAR  14. A semiconductor structure as in claim 13 wherein said additional layer
      is formed of doped glass.
NUM  15.
PAR  15. In a semiconductor structure: a semiconductor body having a planar
      surface, at least one region having an impurity therein formed in said
      body and defined by a PN junction extending to said surface, a first layer
      of insulating material formed on said surface and covering said junction,
      said layer of insulating material having an opening therein exposing said
      surface in an area overlying said region, said opening being defined
      exclusively by planar inclined side walls having a positive slope
      extending at an angle of less than 70.degree. with respect to the surface,
      a second layer of insulating material disposed on the first layer of
      insulating material, openings extending through the second layer in
      registration with the openings in the first layer and having planar
      inclined side walls which have a different positive slope than the side
      walls of the first layer, and contact means carried by the semiconductor
      body and extending through the opening in the first and second layers to
      contact the region and completely covering the surface and the inclined
      side walls of the first and second layers.
NUM  16.
PAR  16. A semiconductor structure as in claim 15 wherein said inclined side
      walls of the second layer have an angle with respect to said surface which
      is greater than the angle at which the inclined side walls of the first
      layer of insulating material extend with respect to said surface.
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ABST
PAL  Charge conditions are modified in a wafer including a silicon dioxide layer
      on a silicon substrate by introducing a distribution of tantalum into the
      silicon dioxide layer. The distribution of tantalum can be adapted to
      store negative charge, to getter sodium or to produce nonannealable fast
      surface states. A distribution of tantalum at the silicon-silicon dioxide
      interface produces nonannealable fast surface states. A distribution of
      tantalum in the silicon dioxide subjected to electrical and temperature
      stress can store negative charge and getter sodium. An n-channel insulated
      gate field effect transistor utilizes a silicon dioxide gate insulator
      which includes centrally located therein a region which is rich in treated
      tantalum.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our copending application,
      Ser. No. 423,289, filed Dec. 10, 1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to semiconductor apparatus, and more particularly to
      means for modifying the charge conditions in a semiconductor wafer
      including a silicon dioxide layer.
PAC  BACKGROUND OF THE INVENTION
PAR  An undesirable electrical instability due to positive sodium ions often
      results in silicon semiconductor devices subjected to an oxidizing
      process. It would be desirable to remove, or getter, such ions in a simple
      processing step without adversely affecting any characteristics of the
      device.
PAR  The prior art teachings of sodium gettering include U.S. Pat. No. 3,529,347
      issued to R. Ingless et al. on Sept. 22, 1970. The patent discloses
      applying a thin layer of phosphorous glass over an oxide, removing the
      layer after a short period of high temperature sodium gettering, and then
      keeping the temperature of the oxide low enough to avoid recontamination
      with sodium during subsequent processing. It would be desirable to
      eliminate the step of removing the gettering agent, and it would also be
      desirable to getter after subsequent processing steps without again
      introducing a gettering agent. Accordingly, it would be desirable to use a
      gettering agent at a concentration sufficiently low so as not to affect
      the chemical and mechanical properties of silicon dioxide, in order that
      the gettering agent should not require removal. Moreover the technique of
      gas-gettering with hydrochloric acid (HC1) vapor suffers from HC1
      corrosion of the equipment.
PAR  Fabricating semiconductor devices includes such techniques as creating
      regions of stored charge. For example, stored positive charge has been
      used in the fabrication of a variety of metal-oxide-semiconductor (MOS)
      devices. In particular, a stable negative charge distribution would be
      desirable in certain n-channel MOS devices, such as n-channel transistors;
      but the production of such a charge distribution has presented
      difficulties.
PAR  The prior art teachings of storing charge in an oxide layer include U.S.
      Pat. No. 3,796,932, issued to G. F. Amelio et al. on Mar. 12, 1974, and
      U.S. Pat. No. 3,877,054, issued to D. M. Boulin et al. on Apr. 8, 1975.
      Both of these patents teach charge distributed within an insulator
      disposed on a silicon substrate.
PAR  The aforementioned G. F. Amelio patent suggests storing negative charge in
      an oxide layer by using p-type dopants such as boron. However, such
      dopants appear not to store a negative charge of sufficient stability for
      as long as is desired for certain devices. The aforementioned Boulin et
      al. patent teaches forming an electrically alterable memory by introducing
      charge trapping materials such as tantalum and restricting them to an
      interface between two different insulation layers disposed on a
      semiconductor substrate. The layer of material creates sites which can be
      filled with electronic charge carriers and subsequently emptied under the
      influence of an electric field applied across the structure. In contrast,
      there are devices in which it is desired to have negative charge storage
      which is not electrically alterable and which forms a permanent part of
      the device.
PAR  Fast surface states are known in the prior art and have been considered
      undesirable in many semiconductor devices. We believe that currently there
      are no commercial devices dependent on fast surface states because of the
      difficulty to produce and control them at will. It would be desirable to
      simplify control and production of fast surface states so that they may
      then be advantageously employed in semiconductor devices.
PAR  It is well known that the orientation of silicon and the mode of oxidation
      affects the number of fast surface states. However, such fast surface
      states are temperature sensitive and are affected by annealing. An article
      entitled "Determination of Deep Energy Levels in Si by MOS Techniques" by
      W. Fahrner and A. Goetzberger appearing in Applied Physics Letters, Vol.
      21, No. 7, Oct. 1, 1972, page 329, teaches implanting tantalum into a
      silicon-silicon dioxide interface and producing fast surface states.
      However, the article does not teach forming nonannealable fast surface
      states at full thermal equilibrium. It would be desirable to controllably
      increase the number of nonannealable fast surface states.
PAR  In addition to improving sodium gattering, storing stable negative charge
      and creating nonannealable fast surface states, it would be desirable to
      attain these improvements with few and simple processing steps. Further,
      it would be desirable to develop devices which can advantageously use
      these improvements.
PAC  SUMMARY OF THE INVENTION
PAR  To these and other ends, the invention is a semiconductor device and a
      method for making it. In particular, the method of the invention involves
      the modification of charge conditions in a wafer comprising a silicon
      substrate and an overlying silicon dioxide layer by introducing a
      distribution of suitable material, such as tantalum, into the wafer.
      Moreover, a distribution of tantalum in the silicon dioxide will store
      stable negative charge and getter sodium when subjected to electrical and
      temperature stress. Additionally, a distribution of tantalum at an
      interface between the silicon dioxide layer and a silicon substrate
      creates nonannealable fast surface states. Therefore the relative
      dominance of the three processes for modifying charge conditions depends
      upon the location of the tantalum distribution.
PAR  The tantalum may be distributed either by implanting the tantalum into the
      silicon dioxide or by implanting the tantalum into a silicon substrate
      prior to an oxidation step, and in both cases subsequently heating in an
      oxidizing atmosphere. Both alternatives produce a silicon dioxide layer
      having a distribution of tantalum. However, implanting into silicon
      dioxide is advantageous for producing a centrally located distribution of
      tantalum and implanting into silicon is advantageous for producing
      distributions of tantalum at both interfaces of the silicon dioxide layer.
      Alternatively, suitable distributions of tantalum, at both interfaces, can
      also be achieved by thermal diffusion of tantalum from a tantalum source
      located at the exposed silicon dioxide surface.
PAR  In addition to tantalum, it is believed that niobium and uranium may be
      used to getter sodium in accordance with an embodiment of this invention.
      It is also believed that gettering occurs after tantalum, niobium and
      uranium are incorporated into oxides having cations with the valences
      Ta.sup.5.sup.+ Nb.sup.5.sup.+  and U.sup.6.sup.+, respectively.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a graphical representation of three useful distributions of
      treated tantalum in a silicon dioxide layer;
PAR  FIG. 2 shows a cross-section of an insulated gate n-channel field effect
      transistor (IGFET) in accordance with an embodiment of this invention; and
PAR  FIG. 3 shows a graphical representation of the threshold voltage shift in
      an IGFET due to negative charge storage in accordance with an embodiment
      of this invention.
DETD
PAC  Detailed Description
PAR  With reference to the drawing, FIG. 1 shows a graphical representation of
      the profile of three distributions, A, B and C, of tantalum in a wafer
      comprising a silicon substrate with an overlying genetic silicon dioxide
      layer and a metal electrode overlying the layer.
PAR  While a uniform concentration of tantalum throughout the silicon dioxide
      layer can produce modifications of charge conditions by all three of the
      previously described mechanisms, it is often desirable to favor one
      particular mechanism in a given device application. Accordingly, the three
      distributions which are illustrated are more suited for emphasizing
      different ones of the mechanisms than all three of them simultaneously.
PAR  When the peak concentration of tantalum is located near the silicon
      dioxide-silicon substrate interface, as in curve A, the tantalum doped
      region can be best used to create stable fast surface states at the
      interface. The accumulation of tantalum at the interface of the silicon
      dioxide layer and the silicon substrate is not unique, many other
      impurities also accumulate at that interface transition region (of pure
      silicon dioxide to pure silicon), which is shaded in FIG. 1. The width of
      this interface transition region has not yet been measured definitively,
      but its limits are believed to be between about 10 to 50 A., with the
      possible extreme limits of between about 3 to 300 A. For example, see the
      paper by T. W. Sigmon et al. in Applied Physics Letters, Vol. 24, No. 3
      (Feb. 1, 1974), pp. 105-107, entitled: "Stoichiometry of Thin Silicon
      Oxide Layers on Silicon." However, in order to simplify the further
      description of the invention, the term "interface" of the silicon dioxide
      layer with the silicon substrate will be used to locate a position as
      determined by optical thickness measurements techniques, such as
      ellipsometry, wherein the silicon dioxide layer interfaces the silicon
      substrate on the assumption of an abrupt transition rather than a more
      continuous transition of pure silicon dioxide to pure silicon substrate as
      indicated by the shaded area in FIG. 1. When the peak concentration of
      tantalum in the silicon dioxide is located in the bulk of the silicon
      dioxide, as in curve B, the tantalum doped region can be best used to
      store negative charge after electrical and temperature stressing. Finally,
      when the peak concentration of tantalum in the silicon dioxide is located
      near the electrode-silicon dioxide interface, as in curve c, the tantalum
      doped region can be best used as a sodium getter during electrical and
      temperature stressing.
PAR  Although it should be understood that an exact scientific theory of this
      invention is not essential to the successful operation thereof, it is
      believed that after tantalum ions are implanted and exposed to an
      oxidizing atmosphere, a region of "oxidized" tantalum is formed in the
      silicon oxide layer. It is believed that the fast surface states are
      related to oxidized tantalum in the silicon dioxide-silicon interface.
      After applying electrical and temperature stressing to the silicon dioxide
      layer, some of the oxidized tantalum located in the bulk can store
      negative charge. When the tantalum doped region acquires a negative
      charge, electrostatic trapping of mobile positively charged sodium ions
      takes place in the presence of electrical and temperature stressing.
PAR  Because of some uncertainty as to the exact nature of the tantalum after
      the various treatments it experiences after introduction, it will be
      helpful to describe the resultant as tantalum in one or more of its
      oxidation states indicating that the tantalum is sharing bonds with one or
      more oxygen atoms. The oxidized tantalum is believed to be incorporated
      into the silicon dioxide molecular structure in the form of multiple
      tantalum-oxygen-silicon bonds. Such bonds are very stable, and therefore
      the oxidized tantalum is essentially immobile, even at temperatures as
      high as 1,100.degree. C. There may also remain some tantalum in its metal
      state.
PAR  Depending upon the particular distribution of the tantalum desired in the
      silicon dioxide layer, it is advantageous either to implant the tantalum
      into the silicon dioxide layer or to implant the tantalum into the silicon
      and then oxidize the silicon. If the tantalum is implanted into the
      silicon dioxide a subsequent reaction in oxidizing condition, such as with
      dry oxygen at about 1,100.degree. C, is useful to incorporate
      substitutionally the tantalum into the silicon dioxide lattice, which
      appears to be desirable.
PAR  An illustrative example of the formation of a distribution of tantalum in
      the silicon dioxide layer particularly suitable for negative charge
      storage will now be discussed. Such a distribution of tantalum is
      illustrated in FIG. 1, curve B. The silicon dioxide layer is formed by
      oxidizing a p-type silicon substrate at about 1,100.degree. C in dry
      oxygen to grow about 900 A. of silicon dioxide film. Tantalum ions are
      implanted, at concentrations of between 10.sup.13 and 1.5 .times.
      10.sup.15 per square centimeter, and preferably over 5 .times. 10.sup.14
      per square centimeter, into the silicon dioxide layer. The implantation
      energy is 50 keV. The resulting distribution (before a subsequent
      oxidation) is Gaussian. The peak in tantalum concentration in this
      distribution is located at about 440 A. from the then exposed silicon
      dioxide surface, and the half-width of the distribution (that is, at
      one-half the peak concentration) is about .+-.50 A. (total of 100 A.
      width). After implantation, the resultant wafer is further oxidized in dry
      oxygen at about 1,100.degree.  C, which grows an additional 100 A. of
      silicon dioxide film (to a total of 1,000 A.) and treats the tantalum. The
      location of the peak of the tantalum distribution is unaffected by this
      further oxidation, but the profile of the tantalum distribution is
      broadened to a half-width of about .+-.140 A. (total width of about 300
      A.). About 75 percent of the total implantation dose of tantalum atoms is
      contained within a region in the silicon dioxide whose two boundaries are
      located (after oxidation) at about 300 and 580 Angstroms, respectively,
      from the then exposed silicon dioxide surface. Hence, for a 1,000 A.
      silicon dioxide layer, this region containing about 75 percent of the
      total implantation dose has its two boundaries located at about 700 and
      420 A., respectively, from the silicon dioxide-silicon substrate
      interface. The peak concentration of tantalum in this distribution is
      about 3 .times.  10.sup.19 per cubic centimeter for a dose of tantalum of
      about 10.sup.14 per square centimeter, and is about 5 .times. 10.sup.20
      per cubic centimeter for a tantalum dose of about 1.5 .times. 10.sup.15
      per square centimeter. The resulting wafer can then be annealed in a
      non-oxidizing atmosphere such as helium, or nitrogen at 1,100.degree. C.
PAR  After such processing, the tantalum resides almost entirely in the bulk of
      the silicon dioxide layer with little at either interface, that is, less
      than about 0.1 percent of the total tantalum implant dose. It is possible
      to accumulate negative charge in the tantalum doped region by subjecting
      the wafer to electrical and temperature stress. An example of such a
      stress is to apply about 10 volts with either polarity at about
      300.degree. C for about 1 hour. After the wafer is stressed, the region
      continues to store a negative charge. The resulting stored electrical
      charge density is about 0.25 percent of the total implanted tantalum dose.
      This charge density produces a flat-band voltage shift of about 0.1 volts
      for a tantalum implant dose of about 10.sup.13 per square centimeter and
      up to about 7 volts for a dose of 1.5 .times.  10.sup.15 per square
      centimeter, for the case where the peak concentration of the tantalum is
      located in the center of the silicon dioxide layer. However, the resulting
      amounts of stored charge, and hence the flat-band voltage shifts, depend
      upon how long and how strong the electrical stressing is applied; and thus
      the flat-band voltage shifts would exceed the above values in cases of
      stronger electrical stressing. Since a shift of 0.1 volt in the flat-band
      voltage is at the threshold of significant flat-band voltage shifts, the
      advantageous tantalum implant dose should be at least about 5 .times.
      10.sup.13 , and preferably of the order of at least 5 .times. 10.sup.14
      per square centimeter.
PAR  Choice of the location of the negative charge in the silicon dioxide layer
      is affected by both tunneling considerations and the desired magnitude of
      the electric field at the silicon-silicon dioxide interface. The magnitude
      at the interface of the electric field produced by the charge distribution
      increases as the distance between the interface and the tantalum rich
      region decreases. Such an electric field is often desirable to modify the
      threshold voltage in an MOS transistor. However, the tantalum rich region
      cannot be moved arbitrarily close to the silicon interface because at very
      small distances the stored electrons have a tendency to tunnel through the
      intervening silicon dioxide to the silicon-silicon dioxide interface and
      thereby deplete the amount of negative charge stored. The tantalum-rich
      region in the oxide, including 140 A. of oxide on either side of the peak
      of the tantalum profile, contains about 75 percent of the total tantalum
      in the oxide after the oxidation process described above. The location of
      this peak in the tantalum concentration profile should advantageously be
      kept more than about 300 A. from the interface of the silicon dioxide
      layer with the silicon substrate if such tunneling of electrodes is to be
      kept insignificant.
PAR  If electrical and temperature stressing is continued after negative charge
      is stored as described above, sodium gettering can occur. Positively
      charged mobile sodium ions to the extent present in the wafer are
      attracted to the negative charge distribution. Since it is difficult to
      exactly match the number of negative charges stored with the number of
      mobile positive sodium ions, an excess of tantalum is usually implanted
      when substantially complete sodium gettering is desired. However, if it is
      desired to keep low the electric field at the interface due to the excess
      negative stored charge, the location of the peak in the tantalum
      concentration profile in the tantalumrich region should be located from
      bout 3 A. to less than about 100 A. from the silicon dioxide-metal
      interface, and should thus be kept at the largest feasible distance from
      the interface of the silicon dioxide layer with the silicon substrate.
PAR  A tantalum distribution such as curve C in FIG. 1 is particularly
      advantageous when sodium gettering is desired. A distribution such as
      curve C can be formed by electron beam evaporation or chemical vapor
      deposition of tantalum on the surface of a silicon dioxide film, followed
      by a thermal diffusion of tantalum into the silicon dioxide layer.
      Electron beam evaporation deposits tantalum on the silicon dioxide
      surface. A typical concentration of tnatalum atoms is about 10.sup.14 to 2
      .times. 10.sup.15 per square centimeter, preferably about 10.sup.15 to 1.5
      .times. 10.sup.15 per square centimeter, in a 1,000 A.-thick silicon
      dioxide layer. Typically, the heating is performed at about 1,100.degree.
      C for about 10 minutes in dry oxygen. This heat treatment causes the
      tantalum to diffuse into the surface of the silicon dioxide layer and
      oxidizes the tantalum. As a result of this treatment, 75 percent of the
      tantalum atoms will reside in the region of oxide penetrating about 100 A.
      from the exposed silicon dioxide surface, at an average tantalum
      concentration of about 10.sup.21 atoms per cubic centimeter. The
      concentration profile of the resulting distribution of tantalum is
      approximately in the form of a one-half Gaussian distribution, as shown in
      curve C of FIG. 1. Chemical vapor deposition typically involves heating
      materials such as oxygen, tantalum chloride and silicon chloride to form
      on a body of silicon a film comprising a tantalum oxide and silicon
      dioxide. After the formation of the film, it is exposed to a helium anneal
      at about 1,100.degree. C for one-half hour.
PAR  A distribution such as curve C can also be formed by a shallow ion
      implantation. For example, tantalum ions can be implanted using an
      implantation energy of between 1 and 15 keV, resulting in the confinement
      of more than 75 percent of the total tantalum implant dose to a region
      which penetrates from the exposed silicon dioxide surface into the silicon
      dioxide layer for a distance of about 3 to somewhat less than about 100
      A., respectively. The implanted material is then subjected to a reaction
      with dry oxygen at about 1,100.degree. C for about 10 minutes and a helium
      anneal at about 1,100.degree. C for about one-half hour.
PAR  It is believed that niobium and uranium can alternatively be used to getter
      sodium when this is the principal concern. This is based on the following
      reasoning. It is convenient for understanding chemical gettering to regard
      sodium oxide as a base and silicon dioxide as an acid which react together
      to form sodium silicate (e.g., Na.sub.2 SiO.sub.3) which is to be thought
      of as analogous to a sodium center in silicon dioxide. A gettering agent
      is a substance more acidic than silicon dioxide which will react with
      sodium silicate to form silicon dioxide and a sodium salt more stable than
      sodium silicate. The magnitude of the free energy released is a measure of
      the efficiency of the gettering action. The general chemical gettering
      equation is Na.sub.2 SiO.sub.3 + getter = sodium salt of the getter +
      silicon dioxide + free energy. The equation can be simplified by removing
      silicon dioxide from both sides. More specifically, the chemical equation
      using acid oxide getters is Na.sub.2 O + acid oxide getter = sodium salt
      of oxide getter + energy. In the following table the acid oxide is listed
      in column (1) and the sodium salt formed in column (2). Column (3) is the
      heat (enthalpy) of reaction at 25.degree. C, and columns (4) and (5) are
      the free energies of the reactions at 25.degree. C and 1,127.degree. C,
      respectively.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Energies of reaction between sodium oxide and acid oxide in               
     kcal/mole Na.sub.2 O.                                                     
     Na.sub.2 O(s) + Acid oxide(s) = Salt(s) + Energy                          
     Acid Salt  -.DELTA.H(298.degree.K)                                        
                       -.DELTA.F(298.degree.K)                                 
                               -.DELTA.F(1400.degree.K)                        
     Oxide                                                                     
          Formed                                                               
                per Na.sub.2 O                                                 
                       per Na.sub.2 O                                          
                               per Na.sub.2 O                                  
     (1)  (2)   (3)    (4)     (5)                                             
     __________________________________________________________________________
     Ta.sub.2 O.sub.5                                                          
          Na.sub.3 TaO.sub.4                                                   
                120.6* not available                                           
                               not available                                   
     Nb.sub.2 O.sub.5                                                          
          Na.sub.3 NbO.sub.4                                                   
                113*   not available                                           
                               not available                                   
     UO.sub.3                                                                  
          Na.sub.2 UO.sub.4                                                    
                110.6  112.6   127.2                                           
     MoO.sub.3                                                                 
          Na.sub.2 MoO.sub.4                                                   
                71.1   71.7    75.6                                            
     As.sub.2 O.sub.5                                                          
          Na.sub.3 AsO.sub.4                                                   
                71.1   not available                                           
                               not available                                   
     SiO.sub.2                                                                 
          Na.sub.2 SiO.sub.3                                                   
                70.2   69.8    67.8                                            
     WO.sub.3                                                                  
          Na.sub.2 WO.sub.4                                                    
                68.9   69.4    76.2                                            
     __________________________________________________________________________
      *estimated                                                               
PAL  The materials below the dotted line are less acidic than is silicon dioxide
      to sodium oxide and are not predicted to be effective sodium getters.
PAR  Another embodiment of this invention involves forming tantalum
      distributions at the two interfaces of the silicon dioxide layer. Tantalum
      ions are implanted at dose levels in the range of about 10.sup.14 to
      10.sup.15 per square centimeter, typically about 5 .times. 10.sup.14 per
      square centimer, into a bare silicon substrate. A typical implantation
      energy is 50 keV. After implantation, the surface of the silicon substrate
      is cleaned and then oxidized to grow about 1,000 A. of silicon dioxide,
      whereby all of the originally tantalum-implanted region in the silicon
      substrate, as well as more of the silicon substrate, will be converted to
      the oxide. The initial distribution of tantalum in the silicon, which is
      approximately Gaussian, with its peak at 200 A. from the original silicon
      surface is profoundly affected by the thermal oxidation of silicon. After
      oxidation of the tantalum, about 98 percent of the total tantalum is
      located in the silicon dioxide layer in an interface region extending for
      about 200 A. into the oxide from the exposed silicon dioxide surface. The
      peak in tantalum concentration is then located at about 100 A. from the
      exposed surface. A typical tantalum implant dose of about 5 .times.
      10.sup.14 per square centimeter results in a peak value in the tantalum
      concentration of about 2.5 .times. 10.sup.20 tantalum atoms per cubic
      centimeter. The values of the peak tantalum concentration range from about
      5 .times. 10.sup.19 to 5 .times. 10.sup.20 tantalum atoms per cubic
      centimeter for tantalum implant doses in the range of 10.sup.14 to
      10.sup.15 per square centimeter. The approximately 2 percent remaining
      amount of tantalum accumulates in the interface transition region (shaded
      in FIG. 1) of the silicon dioxide layer and the silicon substrate; whereas
      trace amounts of the tantalum, believed to be probably less than 0.1
      percent of the total tantalum implant dose, are distributed in the bulk of
      the silicon dioxide layer between these two interface regions containing
      the above described accumulations of tantalum. As the implant dose of
      tantalum increases from 10.sup.14 to 10.sup.15 per square centimeter, the
      concentration of (oxidized) tantalum at the interface of the silicon
      substrate with the silicon dioxide layer correspondingly also increases.
      Thus, an implant dose of tantalum atoms in the range of 10.sup.14 to
      10.sup.15 atoms per square centimeter results in an interfacial
      concentration of tantalum in the silicon-silicon dioxide transition
      interface region in the range of 2 .times. 10.sup.12 to 2.4 .times.
      10.sup.14 tantalum atoms per square centimeter and an average
      concentration in this interface transition region in the range of about 2
      .times. 10.sup.18 to 2.4 .times.  10.sup.20 tantalum atoms per cubic
      centimeter.
PAR  Accordingly, by implanting into silicon and then oxidizing it is possible
      to form distributions which approximate curves A and C of FIG. 1. If only
      curve A is desired, the silicon dioxide containing curve C can be removed
      by either chemical or mechanical means. A distribution of tantalum in
      accordance with this embodiment of the invention at the interface of the
      silicon and silicon dioxide produces nonannealable fast surface states.
PAR  A preferred embodiment of the invention utilizes a tantalum distribution to
      store negative charge in an n-channel MOS device. In particular, FIG. 2
      shows an IGFET 20 in accordance with an embodiment of this invention. The
      transistor comprises a silicon substrate 21 whose bulk is p-type and which
      includes n-type source and drain regions 22 and 23, respectively. A
      genetic silicon dioxide layer 24 about 1,000 A. thick modified to include
      a tantalum-rich region 28 in any of the ways previously discussed overlies
      the gate region between the source and drain regions. Region 28 overlies
      and is coextensive with the gate region. Electrodes 25, 26 and 27 serve as
      the gate, source and drain electrodes, respectively. The tantalum-rich
      region 28 is characterized by a peak in tantalum concentration which is
      located in the silicon dioxide layer at about 300 to 500 or 600 A. from
      the interface of the silicon dioxide layer and the silicon substrate.
      Region 28 contains an approximately Gaussian distribution of tantalum in
      the silicon dioxide after oxidation and annealing. The boundaries of the
      region 28 can be defined as determined by a pair of outermost limits,
      symmetrically located with respect to the peak in the tantalum
      distribution, such that just 75 percent of the total tantalum dose is
      included in this tantalum-rich region 28, while the remaining 25 percent
      of the total tantalum dose is located in the oxide outside of this
      tantalum-rich region. As thus defined, the thickness of the tantalum-rich
      region 28 is at least about 100 A., typically about 280 A., advantageously
      at least 200 A., and preferably at least about 250 A. but less than about
      500 A.
PAR  In other respects, the transistor resembles the usual form and any of the
      known techniques suitable may be used for its fabrication.
PAR  Such a structure can be distinguished from those described in the
      aforementioned Boulin et al. patent in a number of respects. First, in the
      instant structure the tantalum-rich region 28 normally would be
      considerably thicker in the direction normal to the channel region.
      Additionally, in our structure, the insulating layer 24 will comprise a
      single layer of silicon dioxide rather than two layers of different
      materials.
PAR  It is common knowledge that the threshold voltage of such an IGFET 20
      device would have tendencies to be undesirably negative if a conventional
      silicon dioxide layer were used. This is due from characteristic positive
      charges at the silicon-silicon dioxide interface, from positive charges
      associated with unavoidable sodium contamination and from a tendency of
      the p-type conductivity impurities used in the substrate to migrate during
      oxidation towards and get lost in the silicon dioxide. Forming negative
      charge in the silicon dioxide permits raising the threshold voltage.
      Having a higher threshold voltage better controls channel formation.
PAR  In particular, from the previous discussion, it can be appreciated that in
      such a device it is advantageous that the tantalum-rich region be
      localized in the bulk of the silicon dioxide layer. Further, it is
      especially desirable to keep insignificant the amount of tantalum
      introduced into the silicon substrate to avoid the introduction therein of
      undesirable fast surface states. For this reason, it is advantageous to
      have the closest boundary of tantalum-rich region be at least about 100 A.
      from the silicon interface.
PAR  FIG. 3 shows a graphical representation of the relationship of the drain
      current (I.sub.D) and the gate voltage (V.sub.G) of an IGFET. Curve D
      shows a typical relationship without negative charge storage. Negative
      charge storage causes a shift to the right and a more positive gate
      voltage as shown by curve E.
PAR  Another application of this invention involves the prevention (channel
      stopping) of undesirable n-channel formation in the field oxide regions of
      silicon integrated circuits in the case of n-channel circuits. As
      previously discussed, the centrally distributed (curve B) type of tantalum
      distribution, when negatively charged, raises the threshold voltages for
      channel formation; and thus such a tantalum distribution, localized in the
      field oxide, can be used for the purpose of channel stopping in integrated
      circuits.
PAR  Another possible application of this invention uses a tantalum distribution
      at the interface between a silicon dioxide layer and silicon substrate.
      The distribution creates nonannealable fast surface states which can be
      used to create a charge sink without an external connection. Such a sink
      can be useful at the terminus of a charge carrier path in a charge
      transfer device.
PAR  It should also be appreciated that the invention can be used with various
      other devices when it is advantageous to getter sodium which may
      undesirably be present in the device. In such an application, tantalum may
      be used in the gate insulation of a p-channel MOS transistor simply to
      getter sodium.
PAR  Various other modifications and variations will no doubt occur to those
      skilled in the various arts to which this invention pertains. For example,
      the introduction of the tantalum, niobium or uranium can be accomplished
      by various combinations of implantation, diffusion, chemical vapor
      deposition and other such fabrication techniques. The structures using a
      tantalum, niobium or uranium distribution may also have a wide variety of
      geometries. The semiconductor material in the MOS structure may be one
      other than silicon. Of course, the invention is applicable to large scale
      integration (LSI) and medium scale integration (MSI) arrays.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor device comprising a silicon semiconductor substrate of a
      first conductivity type, a pair of spaced impurity zones of a second
      conductivity type formed into the substrate, a layer of silicon dioxide
      contacting the substrate and overlying the space between the impurity
      zones, a layer of metal contacting the silicon dioxide layer, and having a
      distribution of tantalum in one of its oxidation states in the silicon
      dioxide layer, said distribution characterized by a peak in the silicon
      dioxide layer and by a concentration of tantalum in the silicon dioxide
      layer in the range between about 10.sup.13 and 1.5 .times. 10.sup.15 per
      square centimeter.
NUM  2.
PAR  2. The device of claim 1 in which the concentration of tantalum is in the
      range of about 10.sup.14 to 1.5 .times. 10.sup.15 per square centimeter.
NUM  3.
PAR  3. A device as recited in claim 1 wherein the distribution of tantalum is
      confined in the bulk of the silicon dioxide layer such that the peak is
      located at a distance greater than about 100 A. from the
      semiconductor-silicon dioxide interface.
NUM  4.
PAR  4. A device as recited in claim 1 wherein more than 75 percent of the
      tantalum is confined in the silicon dioxide within less than about 100 A.
      of the interface between the metal and the layer of silicon dioxide.
NUM  5.
PAR  5. An insulated gate field effect transistor device comprising a silicon
      wafer which includes n-type source and drain zones separated by a p-type
      gate region
PA1  characterized in that the gate insulator overlying the gate region consists
      of a silicon dioxide layer having within its bulk a sub-region which is
      rich in tantalum, said tantalum being in a distribution, substantially
      confined to the sub-region, which has a peak in said silicon dioxide
      layer, said distribution characterized by a concentration of tantalum in
      the range of about 10.sup.13 to 1.5 .times. 10.sup.15 per square
      centimeter.
NUM  6.
PAR  6. The device of claim 5 in which the concentration of tantalum is in the
      range of 10.sup.14 to 1.5 .times. 10.sup.15 per square centimeter.
NUM  7.
PAR  7. An n-channel insulated gate field effect transistor device comprising a
      silicon wafer which includes source and drain zones separated by a gate
      region
PA1  characterized by the improvement that the gate insulator overlying the gate
      region comprises a layer of genetic silicon dioxide which includes
      confined within its bulk a distribution of tantalum in a concentration of
      between about 10.sup.13 and about 10.sup.15 atoms per square centimeter
      forming a tantalum-rich region in the layer of silicon dioxide.
NUM  8.
PAR  8. The device of claim 7 in which the concentration of tantalum is in the
      range between 5 .times. 10.sup.13 and 1.5 .times. 10.sup.15 per square
      centimeter.
NUM  9.
PAR  9. The device of claim 8 which is further characterized in that the peak of
      the tantalum concentration in said tantalum-rich region is located at
      least about 300 A. from the silicon-silicon dioxide interface.
NUM  10.
PAR  10. The device of claim 8 in which more than 75 percent of the tantalum is
      confined within a sub-region of width in the silicon dioxide layer in the
      range between about 200 and 500 A.
NUM  11.
PAR  11. The device of claim 7 further characterized in that said tantalum-rich
      region has a peak magnitude of tantalum concentration of the order of
      about 5 .times. 10.sup.20 tantalum atoms per cubic centimeter and a total
      width at one-half the magnitude of the peak of about 300 A.
NUM  12.
PAR  12. An insulated gate field effect transistor device comprising:
PA1  a p-type silicon substrate,
PA1  n-type source and drain zones formed into the silicon substrate and
      separated by a p-type gate region,
PA1  a layer of genetic silicon dioxide about 1,000 A. thick overlying the
      p-type gate region,
PA1  a layer of metal on the silicon dioxide layer, and
PA1  a tantalum-rich region within the bulk of the silicon dioxide layer which
      includes tantalum in one of its oxidation states, said tantalum-rich
      region having a thickness, defined by inclusion of 75 percent of the
      tantalum in the oxide layer, of at least 100 A. in the direction normal to
      the interface of the layer of silicon dioxide and the silicon substrate,
      said tantalum-rich region being coextnsive with the gate region and having
      a peaked tantalum distribution, essentially Gaussian in shape, with a peak
      concentration in the range of about 5 .times. 10.sup.20 to about 3 .times.
      10.sup.19 tantalum in one of its oxidation states per cubic centimeter,
      said peak being located at least 300 A. from the silicon-silicon dioxide
      interface.
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ABST
PAL  A semiconductor device having a plurality of constituent components within
      a semiconductor body such that the device in combination with one of a
      plurality of different possible metallisation patterns of conductors forms
      a desired circuit arrangement, is provided in a semiconductor body having
      a epitaxial layer of one conductivity type on a substrate of the same
      conductivity type and suitable to be employed as a conductive plane, and
      is manufactured by a method which includes the diffusion step of providing
      simultaneously within the epitaxial layer regions of opposite conductivity
      type of the constituent components of the device and a network of
      conductive tracks, it being possible, for example, for the device to
      include bipolar transistors of the so-called collector-diffusion-isolation
      construction or isoplanar construction.
PARN
PAR  This is a continuation of application Ser. No. 359,597, filed May 11, 1973
      and now abandoned.
BSUM
PAR  This invention relates to semiconductor devices, each of which devices has
      a plurality of constituent components within a semiconductor body, such
      that the device in combination with one of a plurality of different
      possible metallisation patterns of conductors forms a desired circuit
      arrangement, whereby either faulty or redundant components of the device
      are omitted in forming the desired circuit arrangement and/or the desired
      circuit arrangement is the selected one of a corresponding plurality of
      different circuit arrangements which are capable of being provided by the
      combination of the semiconductor device and a possible metallisation
      pattern of conductors. The constituent components of the semiconductor
      device may comprise different, individual circuit elements, such as
      transistors and resistors, and/or aggregations of such different circuit
      elements. Components comprising aggregations of circuit elements possibly
      form functional units such as logic gates and flip-flops. Aggregations of
      circuit elements may require, at least partially, to be interconnected by
      a metallisation pattern to form the components, and thus an aggregation of
      circuit elements may be interconnected in one of a plurality of different
      possible ways in order to form one of a plurality of different possible
      components. Alternatively, or in addition, a component may comprise an
      aggregation of circuit elements, at least partially interconnected within
      the semiconductor body. Further, it is possible that one or more circuit
      elements of an aggregation of circuit elements may be selected and
      employed as a component in the circuit arrangement. Each such
      semiconductor device has a contact-bearing face covered with a layer of
      passivating material, contacts extending to the semiconductor body through
      apertures in the passivating layer.
PAR  Subsequently, there is provided to extend between the contacts of the
      device a selected one of the different possible conductor patterns on the
      semiconductor device to form the desired circuit arrangement, the selected
      conductor pattern comprising a layer or layers of metallisation formed,
      respectively, on a layer or layers of passivating material on the
      contact-bearing face of the device. The metallisation pattern co-operates
      with, and interconnects in the desired manner, the device contacts. The
      metallisation pattern may be required to interconnect aggregations of
      circuit elements to complete components of the device, however, such
      aggregations of circuit elements will be referred to as components.
PAR  The components of the device are required to be connected to means to
      energise them and, where required, to means to supply signals to, and to
      receive signals from the components.
PAR  In particular the present invention relates to such a semiconductor device
      manufactured in a semiconductor body having an epitaxial layer of one
      conductivity type on a substrate of the same conductivity type.
PAR  It is an object of the present invention to provide a novel and
      advantageous method of manufacturing such a semiconductor device.
PAR  According to the present invention a method of manfacturing a semiconductor
      device having a plurality of constituent components such that the device
      in combination with one of a plurality of different possible metallisation
      patterns of conductors forms a desired circuit arrangement, includes
      providing a semiconductor body with an epitaxial layer of one conductivity
      type on a substrate of the same conductivity type to be employed as a
      conductive plane, and diffusing impurity characteristic of the opposite
      conductivity type into the epitaxial layer to form simultaneously regions
      of the constituent components of the device and a network of conductive
      tracks.
PAR  The substrate of the semiconductor body may be employed as a conductive
      plane if it is sufficiently heavily doped, i.e., having a resistivity
      value of less than 0.5 ohm-cm, and preferably being of 0.1 ohm-cm.,
      material.
PAR  The device may be provided with bipolar transistor circuit elements of the
      so-called collector-diffusion-isolation construction.
PAR  Alternatively, the device may be provided with bipolar transistor circuit
      elements of the so-called iso-planar construction.
PAR  Other circuit elements of the device may be provided with constructions,
      for example, closely resembling that of a collector-diffusion-isolation
      bipolar transistor, or an iso-planar bipolar transistor. The other circuit
      elements are provided simultaneously with the formation of the
      collector-diffusion-isolation or iso-planar bipolar transistors of the
      device, and, respectively, the device may be referred to as a
      collector-diffusion-isolation type device or an iso-planar type device.
PAR  Normally, the device components are provided, at least substantially,
      within the epitaxial layer of the semiconductor body, and device contacts
      are provided on the face of the epitaxial layer remote from the substrate.
PAR  According to another aspect the present invention comprises a semiconductor
      device having a plurality of constituent components such that the device
      in combination with one of a plurality of different possible metallisation
      patterns of conductors forms a desired circuit arrangement, comprises a
      semiconductor body with an epitaxial layer of one conductivity type on a
      substrate of the same conductivity type to be employed as a conductive
      plane, and includes a plurality of diffused regions of opposite
      conductivity type providing regions of the constituent components of the
      device and a diffused network of conductive tracks.
DRWD
PAR  The present invention will now be described by way of example with
      reference to the accompanying drawings, in which,
PAR  FIGS. 1 and 2 show part of a component of a semiconductor
      collector-diffusion-isolation type device according to one embodiment of
      the present invention, FIG. 1 comprising a section on the line I--I of
      FIG. 2, which is a fragmentary plan view of the component,
PAR  FIG. 3 is a circuit diagram of a NOR gate in positive logic circuitry
      comprising the device component of FIGS. 1 and 2,
PAR  FIG. 4 indicates diagrammatically part of the device having a regular
      rectangular array of identical components each component comprising the
      NOR gate of FIG. 3, and
PAR  FIG. 5 is a section of an iso-planar bipolar transistor comprising part of
      another embodiment of a device according to the present invention.
DETD
PAR  FIGS. 1 and 2 show part of a component 10 of a semiconductor device having
      a plurality of constituent components within a semiconductor body, such
      that the device in combination with one of a plurality of different
      possible metallisation patterns of conductors forms a desired circuit
      arrangement, the component 10 comprising a functional unit in the form of
      a logic gating circuit. The circuit diagram of the gating circuit, which
      is a NOR gate in positive logic circuitry, is shown in FIG. 3. The
      semiconductor device comprises, partially, a regular rectangular array of
      the components 10, as shown in FIG. 4.
PAR  Each component 10 of the semiconductor device includes two bipolar
      transistor circuit elements, 11 and 12, the transistors having the
      so-called collector diffusion-isolation construction. Thus, the silicon
      semiconductor body in which the device is formed comprises a P type
      substrate 13 and a P type epitaxial layer 14. Buried heavily doped N+ type
      layers 15 are provided within the semiconductor body at the interface 16
      between the substrate 13 and the epitaxial layer 14, the buried layers 15
      being arranged to comprise part of the collectors of the transistors 11
      and 12. In order to complete the collectors, isolation barriers 17 are
      diffused through the epitaxial layer 14 to contact the buried layers 15,
      each combination of a buried layer 15 and an isolation barrier 17 defining
      a P type base 18 in the epitaxial layer. N+ emitters 19 are then diffused
      into the bases 18. The surface portion of the epitaxial layer remote from
      the substrate is of P+ type being formed by a non-selective diffusion step
      before the provision of the emitters, for convenience, the P+ type surface
      portion not being shown.
PAR  In FIG. 2, for the sake of clarity, the buried layers are not indicated and
      P-N junctions are shown as chain-dotted lines.
PAR  Other circuit elements of the device, for example, comprising resistors or
      P-N junction field-effect transistors, are formed simultaneously with the
      transistors 11 and 12, and have a construction closely resembling that of
      the transistors. One such resistor 20 is shown in FIG. 2, and comprises an
      N+ type isolation barrier 21 and a co-operating N+ buried layer not shown,
      defining a P type resistor region 22 of the epitaxial layer. The resistor
      region 22 has enlarged end portions 23 to facilitate the provision of
      contacts to the resistor. Hence, all the components of the devices are
      formed simultaneously with each other, and the device may be considered to
      be of the collector-diffusion-isolation type.
PAR  Simultaneously with the formation of the isolation barriers 17 and 21, and
      according to the present invention, there is diffused into the P-type
      epitaxial layer 14 of the semiconductor body an N+ type network of
      conductive tracks 24.
PAR  As is shown in FIG. 4, the network 24 comprises a matrix of intersecting,
      orthogonally-arranged conductive tracks, and each component 10 of the
      device is formed in a region of the epitaxial layer 14 defined by the
      matrix. Thus, the conductive tracks 24 have the form of an apertured sheet
      at the surface of the epitaxial layer, the components 10 being formed in a
      regular, rectangular array of apertures 25 in the sheet.
PAR  During the formation of the diffused regions of the device, or subsequently
      thereto, a passivating layer 26 of silicon oxide is provided on the
      otherwise exposed face 27 of the epitaxial layer 14, as shown in FIG. 1.
      Contacts 28 to the semiconductor body are provided with apertures 29
      extending through the passivating layer 26. In FIG. 2, the passivating
      layer 26 is not shown, although the apertures 29 through this layer are
      indicated by broken lines.
PAR  The P type substrate 13 of the semiconductor body comprises a conductive
      plane, and a connection is made to this plane, from the contact-bearing
      face 27 merely by providing a contact 28 to a P type region 14 of the
      epitaxial layer contiguous with the substrate. Thus, a conductive plane is
      provided in the device without modification of the semiconductor body
      being required;
PAR  The provision of the non-selective P+ type portion (not shown) of the
      epitaxial layer may be omitted, but this portion helps to stabilise any
      resistor of the semiconductor device, helps to prevent surface inversion
      and causes the gain bandwidth product of the bipolar transistor to be
      increased.
PAR  The fabrication of the semiconductor device in the semiconductor body is
      facilitated by the collector-diffusion-isolation bipolar transistor and
      the other circuit elements have substantially the same construction as
      each other. However, each other circuit element to be included in the
      semiconductor body, conveniently, may have any suitable construction.
PAR  The provision of the semiconductor device is facilitated by employing a
      bipolar transistor of the collector-diffusion-isolation construction,
      because such a transistor may occupy a smaller part of the contact-bearing
      surface of the semiconductor body in which the semiconductor device is
      formed, and requires fewer processing steps in its fabrication than most
      other known forms of bipolar transistor, so that manufacturing yields are
      greater.
PAR  The component 10, as shown in the circuit diagram of FIG. 3, comprises a
      NOR gate requiring a minimum number of electrical connections. The gating
      circuit comprises an input transistor 11, the collector of which is
      connected via the resistor 20 to a supply rail comprising the diffused
      network of conductive tracks 24. The emitter is connected directly to an
      earth return rail comprising the substrate conductive plane 13. The
      collector of the input transistor 11 is also connected to the base of an
      output transistor 12, and the collector of the output transistor is
      connected directly to the supply rail 24, The NOR gate has a plurality of
      input terminals 30 each connected individually via a resistor 31 (shown
      only in FIG. 3), to the base of the input transistor 11. Output terminals
      32 and 33, respectively, are connected to the base and the emitter of the
      output transistor 12, and a diode 34 is connected between the output
      terminal 33 and the collector of the input transistor 11.
PAR  The NOR gate 10 also has a predetermined diffused conductive track 36
      between the collector of the output transistor 12 and the network of
      diffused conductive tracks 24.
PAR  Each NOR gate 10, and any other type of component provided in the
      semiconductor device, are required to be interconnected to form a desired
      circuit arrangement. The required electrical interconnections to and
      between the components, the electrical interconnections required to
      complete each NOR gate 10, are required to be metal conductors, and
      contacts 28 throughout the device are all formed from an
      initially-continuous aluminium metallisation layer deposited on the
      passivating layer 26. From the metallisation layer is formed a selected
      conductor pattern co-operating with the contacts 28, the metallisation
      layer and the device forming the desired circuit arrangement. Only one
      metallisation layer is required.
PAR  The provision of the diffused network of conductive tracks ensures that the
      metallisation pattern of conductors is simpler than would otherwise be
      required to provide the desired circuit arrangement. The use of the
      substrate of the semiconductor body as a conductive plane also ensures
      that the metallisation pattern is simpler.
PAR  In addition, the network of conductive tracks is formed without any
      modification of the semiconductor body merely in order to provide the
      network. Further, it is formed simultaneously with all the components of
      the device, so as to have a required low sheet resistivity value suitable
      for conductive tracks. Hence, the network is of an advantageous form and
      is wholly compatible with a collector-diffusion-isolation type of device.
PAR  There are a plurality of different possible metallisation patterns of
      conductors, and one is selected so that either faulty or redundant
      components of the device are omitted in forming the desired circuit
      arrangement and/or the desired circuit arrangement is the selected one of
      a corresponding plurality of different circuit arrangements which are
      capable of being provided by the combination of the semiconductor device
      and a possible metallisation pattern of conductors.
PAR  In relation to the part of the component 10 shown in FIG. 2, the
      illustrated part of the aluminium conductor pattern, and the contacts 28,
      are indicated in continuous line form. The NOR gate is completed by the
      appropriate part of the metallisation layer comprising a conductor 40
      between the emitter of the output transistor 12 and the output terminal
      33, a conductor 41 between the base of the output transistor and the
      output terminal 32, a conductor 42 between this base and one end 23 of the
      resistor 20, a conductor 43 between this base and the collector of the
      input transistor, a conductor 44 between the base of the input transistor
      and the resistor 31, a conductor 45 between the emitter of the input
      transistor and a contact to the earthed substrate plane 13, and a
      conductor 46 between the other end 23 of the resistor 20 and the diffused
      network of conductive tracks 24.
PAR  Thus, each component 10 of the device is energised by connecting a source
      of electrical energy to the network of conductive tracks 24. The substrate
      of the semiconductor body is earthed, and so comprises the return rail for
      the means to energise the components. The diffused network of conductive
      tracks adjacent to the contact bearing face of the device has a low sheet
      resistivity value suitable for supplying electrical energy directly to the
      components. The substrate conveniently may be employed as a conductive
      plane because the substrate and the epitaxial layer are of the same
      conductivity type as each other. Thus, an electrical connection to the
      substrate requires only a contact on the contact bearing face of the
      device to a region of said one conductivity of the epitaxial layer and
      contiguous with the substrate, and no modification is required to the
      semiconductor body merely in order to provide the conductive plane.
PAR  The electrical interconnections to and between the components of the device
      comprise the remaining conductors (not shown) of the selected conductor
      pattern of the metallisation layer. By some of these remaining conductors
      means to supply signals to, and to receive signals from, the components,
      where required, are connected to the components, such means being
      connected to the input and output terminals of the components. Usually,
      all the remaining conductors of the selected pattern extend on the
      passivating layer over the diffused network of conductive tracks. Where
      the remaining conductors extend on the passivating layer on a component,
      they are arranged to extend over the central portions of the resistors and
      not over the P-N junctions of the transistors. In FIG. 4, showing the
      arrangement of the components and the network of conductive tracks, the
      passivating layer and the metallisation pattern of conductors are omitted.
PAR  The device may have more than one type of component. These components may
      be as the NOR gate described above, and comprise an aggregation of circuit
      elements and possibly be connected together to form functional units such
      as logic gates or flip-flops. An aggregation of circuit elements may be
      wholly interconnected together, and to the diffused network of conductive
      tracks, by the metallisation pattern of conductors, or wholly by
      predetermined diffused conductive tracks within the semiconductor body.
      Alternatively, as described above, and shown in FIGS. 1 and 2, the
      components may be formed by interconnecting an aggregation of circuit
      elements partially by the metallisation pattern of conductors and
      partially by predetermined diffused conductive tracks. In the embodiment
      described above a predetermined diffused conductive track connects a
      transistor to the network of diffused conductive tracks. An aggregation of
      circuit elements may be interconnected in one of a plurality of different
      possible ways to form one of a plurality of different possible components.
PAR  A component may comprise one or more circuit elements. Further, a circuit
      element or elements of an aggregation of circuit elements may be selected
      and employed as a component of the device. A particular circuit element,
      such as a resistor, may be employed more than once in the desired circuit
      arrangement.
PAR  Resistor circuit elements may have the form of thin resistive films on the
      passivating layer.
PAR  One particular embodiment of a device according to the present invention is
      0.14 inch square and has approximately 200 NOR gates and eight flip-flops.
      The resistivity of the substrate of the semiconductor body is 0.1 ohm-cm.,
      and the sheet resistivity of the diffused network of conductive tracks is
      5.0 ohms per square. An electrical energy source having a potential of +5
      volts is to be connected to the network of conductive tracks. An earth
      connection, to the substrate, has a resistance of approximately 30 ohms,
      which is acceptable when the electrical supply voltage is approximately 5
      volts. Hence, the device may be employed, without interfacing, with
      conventional T.T.L. devices. The resistivity value of the substrate is
      smaller than is usual for collector-diffusion-isolation type devices, but
      the speed-power product associated with the device is satisfactory.
      Further, the consequent larger collector-substrate capacitance within the
      device, because of the lower resistivity substrate, is not such that the
      performance of the device is significantly adversely affected.
PAR  Although in the arrangement described above there is provided only one
      layer of metallisation, which is advantageous, more than one metallisation
      layer each on a different passivation layer may be provided if required.
      Such a plurality of different layers of metallisation comprises the
      desired metallisation pattern of conductors.
PAR  Another embodiment of a semiconductor device according to the present
      invention is an iso-planar type device, including bipolar transistors of
      the so-called iso-planar construction, and other circuit elements of
      constructions closely resembling that of an iso-planar bipolar transistor.
      An iso-planar bipolar transistor 50 is shown in FIG. 5, and is
      manufactured in a semiconductor body comprising a substrate 51 of
      P-conductivity type and an initially-continuous P-type epitaxial layer 52.
      A buried N+ type region 53 is provided at the part of the interface
      between the epitaxial layer 52 and substrate 51 where the transistor 50 is
      to be provided. The part of the epitaxial layer around where the
      transistor 50 is to be provided is etched to form a shallow depression,
      and this part of the epitaxial layer is then oxidised to form an
      insulating barrier 54 with a surface co-planar with the remainder of the
      epitaxial layer. The surface portion 55 of the epitaxial layer within the
      insulating barrier 54 is heavily doped with boron to become P+ type. An N+
      type collector contact region 56 is then formed by diffusion of phosphorus
      through the epitaxial layer, so that it contacts the buried N+ type region
      53 comprising the collector. Subsequently an N+ type emitter 57 is formed
      in the P+ type surface portion 55, by diffusing phosphorus into the
      semiconductor body. Phosphorus is also diffused into the surface portion
      of the collector contact region 56. The remainder of the P type epitaxial
      layer within the insulating barrier comprises the base 58 of the
      transistor.
PAR  Simultaneously with the formation of the N+ type regions 56 and 57, and
      according to the present invention, there is diffused into the P type
      epitaxial layer of the semiconductor body an N+ type network of conductive
      tracks, indicated partially at 59.
PAR  A diffusion-resistant layer 60 of silicon oxide is provided on the surface
      of the semiconductor body for use in the selective diffusion steps
      referred to above. The silicon oxide layer 60 becomes doped with
      phosphorus and is left on the semiconductor body for passivation purposes.
PAR  The transistor 50 is completed by providing contacts 61, 62 and 63,
      respectively, to the collector-contact region 56, the emitter 57 and the
      base 58. The contacts 61, 62 and 63 extend through apertures,
      respectively, 64, 65 and 66 in the silicon oxide layer 60. The contacts
      are etched from an initially continuous metal layer on the silicon oxide
      layer and within the apertures 64, 65 and 66.
PAR  The P type substrate 51 of the semiconductor body comprises a conductive
      plane, and a connection is made to this plane merely by providing a
      contact (not shown) to a P type region of the epitaxial layer contiguous
      with the substrate.
PAR  The provision of the diffused network of conductive tracks is formed
      without any modification of the semiconductor body merely in order to
      provide the network. The use of the substrate of the semiconductor body as
      a conductive plane is possible because the substrate is sufficiently
      heavily doped, i.e., having a resistivity value of less than 0.5 ohm-cm.,
      and preferably being of 0.1 ohm-cm. material.
PAR  A semiconductor device according to the present invention may be provided
      in any semiconductor body having an epitaxial layer of one conductivity
      type on a substrate of the same conductivity type and suitable to be
      employed as a conductive plane. Further, the diffused network of
      conductive tracks of the opposite conductivity type are provided
      simultaneously with diffused regions of the constituent components of the
      device of the opposite conductivity type and of a resistivity value
      suitable for conductive tracks.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A semiconductor device having a plurality of constituent components, a
      plurality of different possible metallisation patterns of conductors for
      interconnecting said components in a desired functional circuit
      arrangement, a semiconductor body having a substrate of one conductivity
      type forming a conductive plane in the device, an epitaxial layer on the
      substrate of the same conductivity type including a plurality of diffused
      regions of opposite type including a plurality of diffused regions of
      opposite conductivity type and a plurality of unmodified regions forming
      the constituent components of the device, a diffused network of conductive
      tracks of said opposite conductivity type, said diffused network of
      conductive tracks being remote from the conductive plane and said
      metallisation patterns of conductors being disposed on said epitaxial
      layer and being connected to the conductive plane via at least one
      unmodified region and to the components and the conductive tracks to form
      the desired functional circuit arrangement.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein said constituent components
      include bipolar transistor circuit elements of
      collector-diffusion-isolation construction.
NUM  3.
PAR  3. A device as claimed in claim 1 wherein said constituent components
      include bipolar transistor circuit elements of iso-planar construction.
NUM  4.
PAR  4. A device as claimed in claim 1 in which the network of conductive tracks
      comprises a matrix of intersecting conductive tracks, the components of
      the device being provided within the regions of the epitaxial layer of the
      semiconductor body between the intersecting conductive tracks.
NUM  5.
PAR  5. A semiconductor device comprising a semiconductor body having a
      substrate of one conductivity type adapted to form a conductive plane, an
      epitaxial layer of the same conductivity type on said substrate, said
      layer including a first plurality of unmodified regions and a second
      plurality of unmodified regions of said one conductivity type extending
      through the epitaxial layer and being contiguous with the substrate,
      spaced heavily doped regions of opposite conductivity type at the
      interface between the substrate and the epitaxial layer, a plurality of
      diffused regions of opposite conductivity type within said semiconductor
      body, a diffused network of conductive tracks adjacent to the surface of
      the epitaxial layer remote from the conductive plane, said doped layers,
      said first plurality of unmodified regions and said plurality of diffused
      regions forming a plurality of isolated components and a metallisation
      pattern of conductors on said epitaxial layer connecting said components,
      conductive tracks and, via said second plurality of unmodified regions,
      the conductive plane in a functional circuit arrangement.
NUM  6.
PAR  6. A semiconductor device comprising a semiconductor body having a
      substrate of one conductivity type adapted to form a conductive plane, an
      epitaxial layer on said substrate of the same conductivity type, a
      plurality of spaced heavily doped layers of opposite conductivity type
      each provided at a portion of the interface between the substrate and the
      epitaxial layer, said epitaxial layer including a first plurality of
      unmodified regions, and of said one conductivity type, contiguous with the
      conductive plane and extending through the epitaxial layer, at least one
      second unmodified region also of said one conductivity type, a plurality
      of diffused regions of said opposite conductivity type, and adjacent to
      the surface of the epitaxial layer remote from the conductive plane a
      diffused network of conductive tracks of said opposite conductivity type,
      said plurality of heavily doped layers, said first plurality of unmodified
      regions and said plurality of diffused regions forming at least partially
      a plurality of components isolated from each other within the
      semiconductor body, and a metallisation pattern of conductors on said
      epitaxial layer connecting in a functional circuit arrangement said
      components, conductive tracks and, via said unmodified region, the
      conductive plane.
NUM  7.
PAR  7. A semiconductor device as claimed in claim 6 wherein the resistivity of
      the substrate of the semiconductor body is approximately 0.1 ohm-cm.
NUM  8.
PAR  8. A semiconductor device as claimed in claim 6 in which the network of
      conductive tracks comprises a matrix of intersecting conductive tracks,
      the components of the device being provided within the regions of the
      epitaxial layer of the semiconductor body between the intersecting
      conductive tracks.
NUM  9.
PAR  9. A device as claimed in claim 6 wherein said constituent components
      include bipolar transistor circuit elements of
      collector-diffusion-isolation construction.
NUM  10.
PAR  10. A device as claimed in claim 6 wherein said constituent components
      include transistor circuit elements of isoplanar construction.
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ABST
PAL  A color eliminating circuit comprises a killer detection circuit, a band
      amplifier circuit and a control circuit. The killer detection circuit
      detects a color burst signal in a chromatic signal applied to an input
      thereof, and delivers a killer output voltage to the band amplifier
      circuit. When the killer output voltage is higher than a predetermined
      operating voltage of the band amplifier circuit, the band amplifier
      circuit amplifies the chromatic signal supplied thereto; when the killer
      voltage is lower than the operating voltage, the band amplifier circuit
      does not amplify the chromatic signal. The control circuit provides a gate
      pulse for the detection of the color burst signal, which pulse is applied
      to a further input of the killer detection circuit. When the killer
      voltage is below the operating voltage of the band amplifier circuit, the
      control circuit interrupts the provision of the gate pulse, to prevent the
      killer voltage from being supplied from the killer detection circuit.
      Thus, where the field strength of received signals is extremely low, an
      increase in the killer voltage due to noise, which might inadvertently
      operate the band amplifier circuit, is avoided.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a color eliminating circuit in a color
      television.
PAC  BACKGROUND OF THE INVENTION
PAR  The color eliminating circuit in a color television system is a circuit in
      which a color burst signal, in a chromatic signal (color signal) derived
      from a video signal, is detected by a killer detection circuit. Whether
      the broadcast is a color broadcast or a black-and-white broadcast is
      discriminated on the basis of the presence or absence of the burst signal,
      and the amplification function of a band amplifier circuit for amplifying
      the chromatic signal is interrupted for a black-and-white broadcast free
      of the burst signal, to prevent any unnatural color from being presented
      in a black-and-white picture.
PAR  In general, the receiving apparatus includes an automatic gain control
      circuit, and hence, where the field strength of received signals is low,
      the gain of an input signal is significantly increased, with the result
      that the amount of noise inevitably increases. Also, in a color television
      system, where the field strength of received signals has dropped to a low
      level, demodulation and reproduction of faithful colors are impossible
      because of the presence of noise, etc., and it becomes difficult to see
      the color picture. The color eliminating circuit is, therefore, operated
      so that the amplification function of the band amplifier circuit for
      amplifying the chromatic signal is interrupted for a color broadcast as in
      black-and-white broadcasts.
PAR  The killer detection output voltage (V.sub.K) - versus-field strength of a
      received electric wave (E.sub.i) characteristic of the killer detection
      circuit employed in present day color eliminating circuits is shown in
      broken lines l.sub.o ' in FIG. 1.
PAR  More specifically, the killer detection output V.sub.K is the sum of a
      component l.sub.1 (the one-dot chain line in FIG. 1) obtained by detecting
      the burst signal in the chromatic signal and a component l.sub.2 (the
      two-dot chain line in FIG. 1) obtained by detecting the noise signal in
      the chromatic signal. As the field strength E.sub.i of the received
      signals decreases, the burst component l.sub.1 decreases, whereas the
      noise component l.sub.2 increases. Consequently, the killer detection
      output V.sub.k decreases with the lowering of the field strength E.sub.i
      of received signals, but when the field strength E.sub.i of the received
      signals becomes extremely low, the noise component l.sub.2 becomes larger
      than the burst component l.sub.1 and the killer detection output V.sub.k
      increases again.
PAR  On the other hand, the band amplifier circuit for amplifying the chromatic
      signal has its gain controlled by the killer detection output V.sub.k,
      namely the killer voltage, and effects a color elimination operation. At
      this time, the band amplifier circuit has a predetermined operating
      voltage V.sub.ko relative to the killer voltage V.sub.k ; it has a high
      gain and effects chromatic signal amplification upon the application of a
      killer voltage higher than the operating voltage, and it has a low gain
      and interrupts the chromatic signal amplification upon the application of
      a killer voltage lower than the operating voltage, thus effecting a color
      eliminating operation.
PAR  The operating voltage V.sub.ko, at which the color eliminating operation is
      effected, is generally set at a low level (the solid line l.sub.3 in FIG.
      1) and, as previously explained, the amplification function of the band
      amplifier circuit is interrupted for a black-and-white broadcast; where
      the field strength of received signals has become low, it is similarly
      interrupted.
PAR  With such a color eliminating circuit, however, where the field strength
      E.sub.i of the received signals has become extremely low, there is a
      phenomenon in which the killer voltage exceeds the aforesaid operating
      voltage V.sub.ko due to an increase in the noise component in the
      chromatic signal, the gain of the band amplifier circuit becomes large,
      and color noise is present in a picture. Such a phenomenon also occurs
      where an idle channel, absent a broadcast signal, is selected.
PAC  OBJECT OF THE INVENTION
PAR  The present invention has been made in order to solve the foregoing
      problem, and has as an object the removal in a color television system of
      color noise in a picture where an idle channel or a channel whose field
      strength of received signals is very low is selected.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The fundamental construction of the present invention for accomplishing the
      above-mentioned object is characterized by a killer detection circuit
      which has a first control input terminal for applying a gate pulse
      thereto, an input terminal for applying a chromatic signal thereto and a
      detection output terminal for delivering a killer voltage. A burst signal
      in the chromatic signal applied to the chromatic input terminal on the
      basis of a gate pulse is detected, to provide a killer output signal at
      the detection output terminal. A band amplifier, which has a chromatic
      input terminal, a chromatic output terminal and a second control input
      terminal, is connected to the detection output terminal and when the
      control signal applied to the second control input terminal is above a
      predetermined operating voltage, amplifies the chromatic signal applied to
      said chromatic input terminal to transmit the chromatic signal to the
      chromatic output terminal. When the control signal is below the aforesaid
      operating voltage, amplification of the chromatic signal is terminated, to
      cut off the chromatic signal to be transmitted to the chromatic output
      terminal. Means is connected to the first control input terminal for
      cutting off the gate pulse to be applied to the first control input
      terminal, when the control input signal is below the operating voltage.
PAR  The present invention will be concretely described hereunder in connection
      with an embodiment with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram illustrating the detecting characteristics of a killer
      detection circuit;
PAR  FIG. 2 is a block and circuit diagram of means for demodulating a color
      signal constructed in accordance with the present invention;
PAR  FIGS. 3a-3h depict wave forms representative of signals at various indexed
      points of the block and circuit diagram of FIG. 2; and
PAR  FIG. 4 schematically illustrates an example of the killer detection circuit
      shown in block form in FIG. 2.
DETD
PAR  FIG. 2 shows an embodiment of the present invention applied to a system in
      which killer detection circuit 4 is operated upon the reception of weak
      signals by a synchronizing signal obtained from a synchronizing signal
      separator circuit, to cut-off the second band amplifier circuit 2 for
      amplifying a chromatic signal. An example of the ACC killer detection
      circuit 4 is shown schematically in FIG. 4. The circuit includes
      transistors Q.sub.8 -Q.sub.12 connected in the illustrated differential
      connections. To the emitter of each of transistors Q.sub.8, Q.sub.9,
      transistor Q.sub.10, which receives signal P.sub.GP to be described
      hereinafter, is connected. The output (g or h) is derived across the RC
      network connected to the collector of transistor Q.sub.13. Inputs e and b
      are applied as a pair of inputs to the bases of transistors Q.sub.4 and
      Q.sub.8. As the detection circuit 4, a circuit described in U.S. Pat. No.
      3,730,982 may also be used. Thus, color noises are automatically removed,
      so that they may be prevented from being applied to the input of a color
      demodulator circuit 3 upon the reception of weak signals. The waveforms
      indexed at points a to h, P.sub.GP, P.sub.S, P.sub.H, and P.sub.FBT are
      illustrated in FIGS. 3a to 3h.
PAR  With attention now directed to FIGS. 2 and 3a-3h, a first band amplifier
      circuit 1 subjects the chromatic signal a, shown in FIG. 3a, derived from
      an input video signal and including a color burst signal, to automatic
      color signal gain control (ACC) from the output of detection circuit 4
      with the burst signal detected, namely the ACC voltage g shown in FIG. 3g.
      The second band amplifier circuit 2 has its gain controlled and color
      elimination effected by a killer voltage h, shown in FIG. 3g, obtained
      from the killer detection 4 of an ouput b of the first band amplifier
      circuit 1. The color demodulator circuit 3 produces output signals
      E.sub.B, E.sub.G and E.sub.R of the three primary colors in accordance
      with the output c, shown in FIG. 3h, from the second band amplifier
      circuit 2 and a color signal subcarrier f, shown in FIG. 3f. A color
      signal subcarrier oscillator circuit 5 provides color signal subcarriers e
      and f, shown in FIG. 3f, necessary for synchronous detection of the color
      burst signal and for color demodulation. The second control circuit 6
      provides a gate pulse P.sub.GP, shown in FIG. 3e, for extracting a color
      burst signal from the chromatic signal and cuts off the gate pulse
      P.sub.GP when the killer voltage h is below a prescribed operating
      voltage. The first control circuit 4, namely ACC killer detection circuit
      as described previously, and exemplified in FIG. 4, extracts the color
      burst signal from the color signal subcarrier e,  gate pulse P.sub.GP and
      chromatic signal b and subjects it to synchronous detection and provides
      an automatic color signal gain control voltage g (ACC voltage) to the
      first band amplifier circuit 1. The killer voltage h determines whether
      the chromatic signal is transmitted or cut off for chromatic signal
      amplification of the second band amplifier circuit 2.
PAR  The second control circuit 6 provides a gate pulse P.sub.GP and receives,
      as an input, the logical product between or summing signal of a pulse
      P.sub.FBT, shown in FIG. 3d, of a fly-back transformer and a synchronous
      pulse signal P.sub.S, shown in FIG. 3c, obtained from a horizontal
      synchronizing signal P.sub.H, shown in FIG. 3b, by utilizing a delay
      circuit composed of an inductance L and a capacitor C.sub.2, or the like,
      and is synchronized with the color burst signal. A gate pulse P.sub.GP is
      delivered as an output. To the base of a transistor Q.sub.2 of a
      differential amplifier circuit including transistors Q.sub.1 and Q.sub.2
      there is applied an appropriate clamp voltage V.sub.CL which is higher
      than a voltage obtained by dividing the synchronous pulse signal P.sub.S
      by resistances R.sub.1 and R.sub.2 where the field strength of the
      received signals is extremely low and which is lower than the divided
      voltage for normal field strength of received signals.
PAR  As is set forth above, in connection with an embodiment of the present
      invention, its objects can be accomplished as follows.
PAR  The second control circuit 6, shown in FIG. 2, is a circuit which has a
      resistance R.sub.3, a coil L, a capacitor C.sub.2 and a diode D.sub.2 in
      its input circuit, to thereby receive, as an input, the logical product
      between or summing signal of the fly-back pulse P.sub.FBT and the
      synchronous signal P.sub.S obtained by delaying the horizontal
      synchronizing signal P.sub.H and synchronized with the burst signal. A
      voltage with a DC detection output which is divided by resistances R.sub.1
      and R.sub.2, the DC detection output being obtained by detecting the input
      signal by means of a transistor Q.sub.3 and by a filter circuit consisting
      of the resistances R.sub.1, R.sub.2 and a capacitor C.sub.1, is the base
      voltage of the differential amplifier transistor Q.sub.2. Thus, only when
      the logical product input exists at the transistor Q.sub.1 of the
      differential amplifier circuit, is the transistor Q.sub.2 turned "off," to
      produce the gate pulse P.sub.GP subjected to waveform-shaping.
PAR  Accordingly, when the field strength of the received signals has become
      extremely low, the horizontal synchronizing signal P.sub.H generally
      increases in pulsating noise, and has a low peak value. At this time,
      since the predetermined clamp voltage V.sub.CL is applied, the base
      voltage of the differential amplifier transistor Q.sub.2 does not decrease
      below the clamp voltage. Therefore, when the field strength of the
      received signals has become extremely low, the differential amplifier
      transistors Q.sub.1 and Q.sub.2 are respectively placed in "off" and "on"
      states, and the second control circuit 6 is prevented from providing a
      gate pulse P.sub.GP at its output.
PAR  Where the field strength of the received signal has become extremely low,
      the gate signal P.sub.GP is prevented from being impressed on the killer
      detection circuit and, hence, the killer detection circuit is incapable of
      effecting the detecting operation, with the result that the killer voltage
      is not generated. Consequently, when received signals are weak and the
      noise component in the chromatic signal increases, and the killer voltage
      increases to exceed the operating voltage for color elimination, the gate
      pulse is automatically prevented from being applied to the killer
      detection circuit and, hence, the killer voltage drops to the low values,
      as shown in FIG. 1, (solid line l.sub.o).
PAR  Thus, it is possible to prevent an increase in the killer voltage due to
      noise for an extremely low strength of received electric waves, so that
      where an idle channel or a channel whose field strength of received signal
      waves is very low is selected, color noise which might appear in a picture
      can be removed.
PAR  In addition to the foregoing embodiment, the present invention can have
      aspects of performance as stated below.
PAR  Although the embodiment relates to a control system in which the gate pulse
      is automatically prevented from being applied to the killer detection
      circuit upon the reception of weak signals, there may also be adopted a
      system in which the application of the gate pulse is cut-off by the
      manipulation of a televiewer. The gate pulse is not restricted to a signal
      which is acquired from the fly-back pulse and the synchronous pulse
      obtained by delaying the horizontal synchronizing signal, but it may be
      any pulse synchronized with the color burst signal.
PAR  Furthermore, although the killer detection and the ACC detection are
      generally effected by an identical circuit, the present invention can also
      be applied for independent circuits, respectively, and it can be applied
      irrespective of the detection system thereof (synchronous) detection, peak
      detection by a diode, a transistor or the like).
PAR  While we have shown and described one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to a
      person skilled in the art, and We therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  What we claim:
NUM  1.
PAR  1. A color eliminating circuit for use in a color television system
      comprising:
PA1  an amplifier circuit for gating a color signal and subjecting the color
      signal to controlled amplification;
PA1  a killer detection circuit, connected to said amplifier circuit, for
      controlling the action of gating and amplification of said amplifier
      circuit; and
PA1  means, connected to said killer detection circuit and responsive to the
      level of a received color signal, for causing said killer detection
      circuit to cut-off the operation of said amplifier circuit when either the
      level of a received color signal fails to exceed a prescribed level or in
      the absence of receiving a color signal and the killer detection output of
      said killer detection circuit exceeds a prescribed operating voltage of
      said amplifier circuit.
NUM  2.
PAR  2. A color eliminating circuit according to claim 1, wherein said means
      comprises a control circuit which generates a pulse for causing said
      killer detection circuit to extract a color burst signal from the color
      signal in response to the level of the color burst component of said color
      signal reaching a prescribed level.
NUM  3.
PAR  3. A color eliminating circuit according to claim 2, wherein said control
      circuit includes a differential amplifier circuit having first and second
      inputs and an output, said first input being connected to receive a
      selected DC voltage level, said second input being connected to receive a
      signal representative of the level of said color burst component, and said
      output being coupled to a control terminal of said killer detection
      circuit.
NUM  4.
PAR  4. A color eliminating circuit according to claim 3, wherein said control
      circuit further includes summing means, connected to the second input of
      said differential amplifier circuit, for obtaining the sum of a pulse
      signal synchronized with said color burst component and a signal
      representative of the level of said color burst component, and means for
      supplying said sum to the second input of said differential amplifier
      circuit.
NUM  5.
PAR  5. A color eliminating circuit according to claim 4, wherein said control
      circuit further includes a DC detection and wave-shaping circuit connected
      between the first and second inputs of said differential amplifier
      circuit.
NUM  6.
PAR  6. A color eliminating circuit according to claim 5, wherein said DC
      detection and wave-shaping circuit comprises a transistor having a load,
      said load comprising an RC network and being coupled with said transistor
      between the first input and the second input of said differential
      amplifier circuit.
NUM  7.
PAR  7. A color eliminating circuit according to claim 4, wherein said summing
      means comprises a delay circuit connected to receive the horizontal
      synchronizing signal of said television system, and a diode connected to
      the junction of said delay circuit and the second input of said
      differential amplifier circuit and receiving fly-back pulse of said
      television system.
NUM  8.
PAR  8. A color eliminating circuit for use in a color television system
      comprising:
PA1  detection circuit means for detecting a color burst signal in a chromatic
      signal and issuing a killer output voltage representative thereof in
      response to a gate pulse being applied thereto;
PA1  amplifier means, connected to said detection circuit means and having a
      predetermined operating voltage, for subjecting the chromatic signal to
      controlled amplification in response to said killer output voltage, said
      amplifier means amplifying the chromatic signal only when said killer
      output voltage is higher than said operating voltage; and
PA1  control means, connected to said detection circuit means and responsive to
      an input signal representative of the level of said color burst signal,
      for generating said gate pulse applied to said detection circuit means
      only when the level of said input signal exceeds a predetermined DC
      voltage level.
NUM  9.
PAR  9. A color eliminating circuit according to claim 8, wherein said control
      means includes a transistor, means for turning on said transistor to
      prevent the generation of said gate pulse when said predetermined DC
      voltage level exceeds the level of said input signal, and means for
      turning off said transistor to permit the generation of said gate pulse
      when the level of said input signal exceeds said predetermined DC voltage.
NUM  10.
PAR  10. A color eliminating circuit according to claim 8, wherein said control
      means includes a differential amplifier circuit having first and second
      inputs and an output, said first input being connected to receive a DC
      voltage level, said second input being connected to receive said input
      signal, and said output being coupled to said detection circuit means to
      supply said gate pulse thereto.
NUM  11.
PAR  11. A color eliminating circuit according to claim 10, further comprising
      summing means for obtaining the sum of a pulse signal synchronized with
      said color burst signal and a signal representative of the level of said
      color burst signal, and means for supplying said sum to said second input
      of said differential amplifier circuit.
NUM  12.
PAR  12. A color eliminating circuit according to claim 11, wherein said summing
      means comprises a delay circuit connected to receive the horizontal
      synchronizing signal of said television system, and a diode connected to
      the junction of said delay circuit and said second input of said
      differential amplifier circuit and receiving a fly-back pulse of said
      television system.
NUM  13.
PAR  13. A color eliminating circuit according to claim 11, wherein said control
      means further includes a DC detection circuit connected between said first
      and second inputs of said differential amplifier circuit, said DC
      detection circuit comprising a transistor and a filter, said filter
      comprising an RC network and being coupled with said transistor between
      said first and second inputs of said differential amplifier circuit; means
      for applying said input signal to said transistor and means for applying a
      clamp voltage to the common connection of said first input of said
      differential amplifier circuit and said DC detection circuit.
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ABST
PAL  An optical system for a color television camera device, wherein a first
      color-selecting filter is located in a substantially afocal light beam
      between the front group and the rear group of the relay portion; a first
      color component light separated by a first color-separating filter forms a
      first color component image on a first pickup tube with the aid of the
      first rear group of the relay portion; the light containing the remainder
      of the color components separated by the first color separating filter is
      directed to the second rear group of the relay portion; the light from the
      second rear group containing the abovementioned remainder of the color
      components is directed to a second color-separating filter; the lights
      containing second and third color components separated by the second
      color-separating filter are respectively directed to second and third
      pickup tubes; and these second and third lights form second and third
      color component images on second and third pickup tubes with aid of the
      second rear group of the relay portion.
PARN
PAC  REFERENCE TO A RELATED APPLICATION
PAR  This application is a continuation-in-part of my earlier filed application
      Ser. No. 463,244 filed Apr. 23, 1974, and now abandoned, for "COLOR
      TELEVISION CAMERA DEVICE".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an optical system for a color television camera
      device which has a first light-separating filter disposed in a
      substantially afocal light beam between the front group and the rear group
      of the relay portion.
PAR  2. Description of Prior Arts
PAR  According to the prior arts known to the applicant, the conventional color
      television camera device has a color-resolving filter disposed behind an
      objective lens.
PAR  For example, British Patent specification No. 1,207,282 published Sept. 30,
      1970 discloses a color television camera device, in which the image of an
      object to be photographed is formed on a field lens through an objective
      lens, a front group of a relay lens is disposed in the light beam from
      this field lens, a tricolor-resolving optical system is further disposed
      in the light beam from the front group of the relay lens, and the rear
      group of the relay lens disposed in the light beams from the
      color-resolving optical system, whereby color-resolved images are
      obtained.
PAR  Such device, however, has been disadvantageous in that it tends to elongate
      distance between the objective lens and the pickup tubes, because the
      object image is once formed on the field lens.
PAR  U.S. Pat. No. 2,971,051 issued Feb. 7, 1961 and U.S. Pat. No. 3,202,039
      issued Aug. 24, 1965 disclose color television cameras which use an
      objective zoom lens of long back-focus and a color-resolving optical
      system disposed in the back-focus portion of the zoom lens. In these
      devices, pickup tubes must be arranged radially with the consequent
      increase in height of the camera device.
PAR  On the other hand, the device shown in U.S. Pat. No. 2,971,051 has been
      successful in reducing its height by using a reflection mirror to arrange
      the pickup tubes in parallel each other, although such arrangement
      inevitably necessitates the back-focus of the zoom lens to be further
      lengthened, thus making it very difficult to design the lens.
PAR  Also, U.S. Pat. No. 3,547,521 issued Dec. 15, 1970 discloses an
      arrangement, wherein a color-resolving filter is interposed between the
      zooming section and the relaying section of a zoom lens. By adoption of
      such arrangement, the entire optical system becomes compact.
PAC  SUMMARY OF THE INVENTION
PAR  The optical system according to the present invention is similar to the
      optical system of this U.S. Pat. No. 3,547,521. However, in the optical
      system of the present invention, the color-resolving filter is interposed
      between the front and rear groups of the relaying section of the zoom
      lens. That is to say, in the optical system taught in U.S. Pat. No.
      3,547,521, as the color-resolving filter is interposed between the zooming
      section and the relaying section of the zoom lens, a space interval should
      inevitably be provided between the zooming section and the relaying
      section thereof. Contrary to this, the optical system of the present
      invention uses a zoom lens having a space interval between the group of
      front lenses and the group of the rear lenses of the relaying section
      essentially sufficient to permit the color-resolving filter to be inserted
      thereinto. Such type of the zoom lens takes a negative Petzval's sum,
      particularly, at the magnification changing portion thereof. In order
      therefore to bring this Petzval's sum to a positive value, the relaying
      section is divided into two of the front group and the rear group, both
      having positive refractive power.
PAR  It is therefore an object of the present invention to provide a compact
      optical system for a color television camera.
PAR  Such object may be achieved by disposing a color-resolving optical system
      within the objective zoom lens of the television camera.
PAR  The foregoing object and other objects as well as the actual construction,
      and function of the optical system according to the present invention will
      become more apparent from the following detailed description thereof taken
      in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a schematic arrangement of the optical system for color
      television camera device according to the present invention;
PAR  FIG. 2 shows another form of the color-resolving optical system useful for
      the device shown in FIG. 1; and
PAR  FIG. 3 is another schematic arrangement for explaining a second embodiment
      according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, which shows a first embodiment of the present
      invention, a zoom lens comprises a zooming section 1 having a negative
      Petzval's sum, a front group 2 of a relaying section of the zoom lens
      having a positive refractive power, and first and second rear groups
      3.sub.1 and 3.sub.2 of the relaying section having a positive refractive
      power. The zooming section includes at least a group of focussing lenses,
      a group of variator lenses, and a group of compensator lenses. Pickup
      tubes 4, 5, and 6 are provided to form thereon light component images of
      an object to be photographed. Designated by reference numeral 7 is a first
      color-resolving filter formed of a dichroic layer, etc. This filter may be
      held by and between prism blocks. One of color component lights separated
      by this first color-resolving filter 7 is directed to the first rear group
      3.sub.1 of the relay lens so as to form a color component image on the
      pickup tube 4. The light which contains remainder of the color components
      from the first color resolving filter 7 is directed to the second rear
      group 3.sub.2  of the relay lens. The light from the second group of the
      relay lens is further directed to a second color-resolving filter 8. Color
      component lights separated by the second color-resolving filter are
      directed to the pickup tubes 5 and 6, respectively. A prism 9 is provided
      to enable the pickup tube 4 to be arranged in parallel with the pickup
      tube 5. In the embodiment shown, the second color-resolving filter 8 is
      held by and between two prism blocks 10 and 11, but these prism blocks may
      be omitted. Further, the prism 10 may be such that the light is reflected
      by the front face thereof to be directed to the pickup tube 6, or that, as
      shown in FIG. 2, the light is directed to the pickup tube 6 without being
      reflected.
PAR  Another embodiment shown in FIG. 3 is in such a construction that the
      overall size of the device is made compact as well as the effect to be
      caused by color shading is reduced. In this embodiment, the first
      color-resolving filter 7 is held between the prism blocks 12 and 13. This
      filter 7 intersects with the optical axis at an angle of from 50.degree.
      to 60.degree.. In the drawing, it is shown to intersect with the optical
      axis at an angle of 52.degree.. Similarly, a second filter 8 intersects
      with the optical axis at an angle of from 50.degree. to 60.degree.. Same
      as in the filter 7, it is also shown in the drawing to intersect with the
      optical axis at 52.degree..
PAR  By thus taking a large intersecting angle of the filters 7 and 8 with
      respect to the optical axis, the effect of the color shading can be
      reduced.
PAR  The arrangement of the present invention, as will be understood from the
      foregoing description, contributes to reduction in size of the television
      camera device.
PAR  Although the present invention has been described with particular reference
      to preferred embodiments as shown in the accompanying drawing, it should
      be noted that these embodiments are merely illustrative and not
      restrictive, and that any change and modification may be made within the
      purview of the present invention as set forth in the appended claim.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optical system for color television camera which comprises in
      combination:
PA1  a. an objective zoom lens composed of a zooming section and a relaying
      section, wherein said zooming section has a negative Petzval's sum, and
      said relaying section has a positve Petzval's sum, and includes a front
      group of a positive refractive power and a first rear group of a positive
      refractive power, reflectively manner and the other light component light
      in a transmitting manner, said transmittingly separated light being
      directed to said first rear group;
PA1  b. a second rear group of a positive refractive power, to which said
      reflexively separated light component by said first color resolving filter
      is directed, a monochromatic image being formed on a pick-up tube by said
      second rear group; and
PA1  c. a second light resolving filter disposed after said first rear group of
      said relaying section, and which resolves further the light transmitted
      through said first light resolving filter into two light component lights,
      each of said further resolved light component lights forming a
      monochromatic image on each of second and third pick-up tubes.
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ABST
PAL  A method and means for filtering and intensifying signal components of a
      desired predetermined period of repetition wherein a plurality of
      recording heads in tandem arrangement are provided, adjacent recording
      heads being equally spaced from each other. A magnetic tape is drawn past
      the recording heads at a constant velocity. The recurring signal component
      of desired period of repetition is delivered to the recording heads
      simultaneously and in such a way that the portion of the magnetic tape
      upon which each individual recording of the desired signal component is
      made by each recording head reaches the next recording head simultaneously
      with the next such signal component. As a result the amplitude of the
      desired signal component is increased on the magnetic tape and the
      amplitude of all other periods of repetition is relatively reduced. The
      summated signal can be reproduced by means of a playback head and an
      appropriate readout means.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of the copending application Ser. No.
      291,979, filed Sept. 25, 1972, now abandoned, in the name of the same
      inventor and entitled METHOD AND MEANS FOR FILTERING AND INTENSIFYING
      SIGNAL COMPONENTS OF DESIRED FREQUENCY.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a method and means for filtering and intensifying
      electrical signals and more particularly to a method and means for
      filtering and intensifying weak signal components of predetermined desired
      period of repetition.
PAR  2. Description of the Prior Art
PAR  The method and means of the present invention have substantially unlimited
      application. For example, the present invention may be used to filter and
      amplify weak signals in association with radar, sonar, satellite tracking
      and the like.
PAR  The present invention is also well adapted to electrophysiologic research.
      In such an application the superimposing of effects of repetitive signals
      at fixed, relatively long periods of repetition, with concomitant relative
      cancellation of other periods of repetition, serves to record the
      responses at the desired period of repetition in magnified form with
      continuous response to changes in effect from cycle to cycle.
PAR  The method and means of the present invention may, for example, be used in
      brain studies to pick up and amplify signals from the brain normally
      masked by the total electric activity of the brain. Signals from the depth
      of the brain may be intensified and recorded from the surface of the head.
PAR  The present invention is also useful in chemical diagnosis and the like,
      wherein desired electrical signals generated by repetitive chemical
      actions in the body can be amplified and recorded.
PAR  Prior art workers have used a number of methods and a variety of apparatus
      to filter and amplify weak signals. For example, use has been made of
      computers such as a computer of average transients. A single recording
      head and a tape loop have been used to make multiple recordings of a
      signal initiated by a synchronizing signal. This is exemplified by U.S.
      Pat. No. 3,378,825. However, both of these methods and means are
      non-continuous, and neither is capable of continuously reproducing a weak
      signal in amplified form, showing changes in the signal from
      cycle-to-cycle.
PAR  U.S. Pat. No. 3,480,932 teaches an apparatus for increasing the
      signal-to-noise ratio of a recurring signal. The patent contemplates the
      use of a dual track closed loop magnetic tape or the like, an adder, a
      single recording head, a pickup head and an erasing head together with an
      auxiliary recording head, an auxiliary pickup head and an auxiliary
      erasing head. These auxiliary heads enable a synchronizing signal to be
      temporarily stored on the second track of the tape. This structure,
      however, does not make multiple recordings of a given signal which is
      intensified by summation as the signal is repeated and cannot continuously
      reproduce a weak signal in amplified form showing changes in the signal
      from cycle-to-cycle.
PAR  The present invention is directed to a method and means whereby the desired
      weak signal is simultaneously fed to a plurality of recording heads in
      such a way that the signals are superposed on a magnetic tape to
      continuously produce a recording of the desired signal with increased
      amplitude. Means may also be provided to reproduce the desired signal of
      increased amplitude through the use of a playback head and appropriate
      readout means.
PAC  SUMMARY OF THE INVENTION
PAR  The method and means of the present invention for filtering and amplifying
      weak signal components of a desired predetermined period of repetition
      makes use of a plurality of magnetic recording heads and an appropriate
      magnetic recording medium such as a magnetic tape. The recording heads are
      arranged in tandem and the distance between adjacent heads is equal. Means
      are provided to draw the magnetic tape past the recording heads at a
      constant velocity which may be varied according to the period of
      repetition which it is desired to record.
PAR  The signal containing the component to be filtered and amplified is fed
      simultaneously to all of the recording heads. By proper adjustment of the
      tape velocity, the equal distance between recording heads, or both,
      recordings of the individual recurring signals of the desired period of
      repetition will be superimposed on the magnetic tape to ultimately provide
      a recording of the desired signal component with increased (summated)
      amplitude, the amplitude of all other periods of repetition being reduced
      by cancellation.
PAR  The desired signals of increased amplitude may be reproduced by means of a
      playback head, amplifying means and appropriate readout means, as will be
      described herinafter.
PAR  When the desired signal has a frequency or period of repetition so low that
      the playback head will be insensitive to it, a chopper signal may be
      imposed upon the desired signal ahead of the playback head and an
      amplitude modulation detector may be provided ahead of the readout means
      to recover the desired signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation of the system of the present
      invention.
PAR  FIG. 2 is a diagrammatic representation of another embodiment of the system
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A simple embodiment of the present invention is diagrammatically
      illustrated in FIG. 1. In this figure a series of magnetic recording heads
      is shown at H.sub.0, H.sub.1, H.sub.2, H.sub.n-1 and H.sub.n. The three
      dots between recording heads H.sub.2 and H.sub.n-1 are intended to
      indicate that additional recording heads may be present. The number of
      heads used does not constitute a limitation on the present invention. The
      character and intensity of summating that can be achieved can be varied by
      changing the number of recording heads. This depends upon the nature of
      the results sought and the choice of the number of heads used is well
      within the skill of the worker in the art.
PAR  It is important to note, however, that the distance, D, between adjacent
      recording heads is equal. All of the recording heads are connected to an
      input signal source 1. The source 1 comprises the source of the signal
      containing the component sought to be filtered and amplified. The precise
      nature of the signal source 1 does not constitute a limitation on the
      present invention. For example, in the study of the brain, the signal
      source may be one or more scalp electrodes.
PAR  A magnetic recording medium is indicated at 2. The recording medium 2 may
      take any suitable form and generally will constitute a magnetic tape as
      shown. Means are provided to draw the magnetic tape 2 across the recording
      heads H.sub.0 through H.sub.n in the direction of arrow A. The means to
      draw the tape across the recording heads may be an appropriate and
      conventional tape deck as is diagrammatically represented in FIG. 1 by
      reels 2a and 2b. The tape 2 is caused to move at a desired constant
      velocity, v.
PAR  As will be discussed hereinafter, the system thus far described will
      provide on the tape 2 a recording of the desired signal component of
      increased amplitude, the amplitude of all other periods of repetition
      being relatively decreased. The system may also include means to reproduce
      the desired signal of increased amplitude. To this end, a playback head is
      shown at 3. In its simplest form, the reproduction portion of the system
      will generally include an amplifier 4. The output of the playback head 3
      is connected to the input of the amplifier 4. The output of the amplifier
      4, in turn, may be connected to the input of a suitable readout means 5.
PAR  The amplifier 4 may be of any suitable and well known type, depending upon
      the nature of the signal and the nature of the readout means 5. The
      readout means, itself, may take any suitable form including means for
      recording the signal component on paper, a thermograph, an oscilloscope,
      or the like.
PAR  The operation of the system of FIG. 1 may be described as follows. The
      recurring signal containing the signal component sought to be filtered and
      amplified is fed simultaneously to all of the recording heads H.sub.0
      through H.sub.n from the source 1. The tape 2 is caused to move past the
      heads at a constant velocity (v). The velocity is so chosen that D/v will
      equal the period of the signal component sought to be recorded.
PAR  At the first occurrence of the input signal, all of the recording heads
      will record it on the tape 2. At the second occurrence of the signal from
      source 1 all of the recording heads will again record the signal on tape
      2. However, it will be apparent that each of heads H.sub.1 through H.sub.n
      will superpose this last mentioned recording upon the recording of the
      first occurrence of the signal made by the preceding one of the heads.
      This process continues and, as a consequence, that portion of tape 2 which
      has passed the last recording head H.sub.n will have thereon a recording
      wherein that component in the signal from source 1 having a period of D/v
      will have retained its wave shape and have been increased in amplitude by
      a factor of (n + 1), the number of heads. By the same token, other
      components of the input signal, on average, will have been increased by a
      factor of only .sqroot.n + 1, and will have lost their wave shape. Thus,
      the undesired components of the signal from source 1 will have been
      decreased in amplitude by the phenomenon of cancellation.
PAR  By virtue of this method of recording, the system of FIG. 1 will have a
      factor of selectivity for the desired recurring signal component having a
      period of D/v. If S be designated as this selectivity factor, the
      selectivity factor may be stated as follows:
      ##EQU1##
PAR  For purposes of fidelity, proper reproduction of wave form and the
      prevention of distortion, the tape 2 should be operated in the linear
      range of its magnetization curve, as is well known in the art. If s(t) is
      used to represent the input signal, the magnetization of the tape m(t) may
      be stated as follows:
      ##EQU2##
PAR  In the above formula, A represents the amplification, D again represents
      the distance between the recording heads, and v represents the velocity of
      the tape 2.
PAR  When it is desired to record a wave component of a predetermined period,
      the system of FIG. 1 may most conveniently be adjusted for that period
      simply by changing the velocity, v, of the magnetic tape. Tape decks
      having means to vary the speed of the tape are well known in the art. Tape
      speed may be varied in a number of well known ways. For purposes of an
      exemplary showing, the tape deck 2a-2b of FIG. 1 is diagrammatically
      illustrated as having a variable speed motor 2c. The actual tape speed
      control means used does not constitute a limitation on the present
      invention. It would be within the scope of the invention, however, to
      select the period of repetition by changing the distance, D, between the
      recording heads or adjusting both D and v. The actual means used to change
      the distance, D, between the recording heads again does not constitute a
      limitation on the present invention. For purposes of an exemplary showing,
      each of the heads may be provided with a support means 6 slidable along a
      rod-like mounting 7 and lockable in position by set screw means 8. The
      sophistication of the head support means may be as great as is required
      for the application to which the present invention is directed.
      Micromotor-type support means may be used, for example, for precision
      location of the recording heads.
PAR  In some physiological applications, for example, the periods of repetition
      of the signal components of interest may have fundamental frequencies as
      low as a few cycles per second, or even lower. At such low frequencies,
      the reproducing portion of the system may be insensitive. To overcome this
      difficulty, the recorded signal, after the last recording head H.sub.n may
      be modified by introducing a chopper signal, as is well known in the art.
      To illustrate this, reference is made to FIG. 2. FIG. 2 is a diagrammatic
      representation of a modified form of the system of the present invention.
      In most respects, the system of FIG. 2 is similar to that of FIG. 1 and
      like parts have been given like index numerals.
PAR  In this embodiment a chopper signal source 9 may be provided connected to
      an additional head H.sub.C ahead of playback head 3. This chopper signal
      would block out alternate intervals of the magnetization at a relatively
      high frequency, for example a frequency of 1 Khz. An amplitude modulation
      detector 10, well known in the art, may be connected intermediate the
      amplifier 4 and readout means 5. After playback and amplification the
      envelope of the chopped signal from the amplifier may be recovered by the
      amplitude modulation detector and fed to readout means 5.
PAR  Modifications may be made in the invention without departing from the
      spirit of it. For example, referring again to FIG. 1, it would be possible
      to have each of the rectangles H.sub.0 through H.sub.n represent a light
      source rather than a recording head. Each of the light sources would be
      identical. In this instance index numeral 2 would represent a strip of
      photographic film, rather than a magnetic tape. Finally, the rectangular
      marked 3 would represent a means to measure density of film 2, rather than
      a playback head.
PAR  With this modified system, substantially the same result is achieved in
      much the same way. The film would be drawn past the light sources at a
      predetermined constant velocity and the light sources, being
      simultaneously energized by the input signal, would each superpose a
      signal on the film on the previous signal imposed by the preceding one of
      the light sources. The means to measure the density of the film would
      serve in much the same way as the playback head described above,
      converting the changes in density of the film to an electrical signal.
      This signal, in turn, would be acted upon by amplifying means 4, the
      output of which would be connected to an appropriate readout means 5.
PAR  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
CLMS
NUM  1.
PAR  1.  A system for intensifying a desired component of a recurring signal
      comprising a plurality of signal recording elements arranged in sequence,
      means to combine the recording of said elements, the recording of each
      element being simultaneous with respect to the recording of the other
      recording elements of said sequence and intensifying by summation only
      said desired component while continuously reflecting changes therein from
      cycle to cycle.
NUM  2.
PAR  2. The structure claimed in claim 1 including means to adjust the spacing
      of said recording elements in said sequence.
NUM  3.
PAR  3. A magnetic tape recording device for intensifying a desired component of
      a recurring signal comprising a plurality of magnetic signal recording
      heads and a magnetizable tape, means to move said tape past said heads,
      said heads being arranged to superimpose a sequence of recordings of said
      recurring signal upon said tape as said tape moves past said heads such
      that said recordings on said tape intensify by summation only said desired
      component and continuously reflect changes therein from cycle to cycle,
      there being a constant time delay between successive recordings in
      sequence.
NUM  4.
PAR  4. The structure claimed in claim 3 including means to adjust said constant
      time delay.
NUM  5.
PAR  5. The structure claimed in claim 3 including playback means to
      continuously reproduce said intensified signal.
NUM  6.
PAR  6. A system for amplifying a desired component of a recurring signal while
      continuously reflecting changes therein from cycle to cycle, said system
      comprising a plurality of magnetic recording heads arranged in tandem, a
      magnetizable recording medium, means to move said recording medium past
      said recording heads, means for feeding said recurring signal containing
      said desired component to all of said recording heads simultaneously and
      means whereby all of said recording heads record the first occurrence of
      said signal component and thereafter each of said heads except the first
      superposes a recording of each subsequent occurrence of said signal
      component upon the recording of said recording medium of the previous
      occurrence of said signal component made by the preceding one of said
      heads, thus continuously producing on said recording medium a recording of
      said signal component of increasing amplitude.
NUM  7.
PAR  7. The structure claimed in claim 6 wherein said recording medium comprises
      a magnetic tape.
NUM  8.
PAR  8. The structure claimed in claim 6 wherein the distance between adjacent
      ones of said heads is the same, said means to move said recording medium
      past said heads moving said recording medium at a predetermined constant
      velocity.
NUM  9.
PAR  9. The structure claimed in claim 6 including a playback head to
      continuously reproduce said desired component, said playback head
      following said recording heads, an amplifier, the output of said playback
      head being connected to the input of said amplifier, a readout means, the
      output of said amplifier being connected to the input of said readout
      means.
NUM  10.
PAR  10. The structure claimed in claim 6 including adjustment means for said
      system whereby said system may be made substantially selective to a
      recurring signal component of desired period of repetition.
NUM  11.
PAR  11. The structure claimed in claim 8 including adjustment means for said
      system whereby said system may be made substantially selective to a
      recurring signal component of desired period of repetition.
NUM  12.
PAR  12. The structure claimed in claim 9 including a chopper signal source,
      means for imposing said chopper signal on said recording medium ahead of
      said playback head to produce a chopped signal from said playback head, an
      amplitude modulation detector connected between said playback head and
      said readout means to recover the envelope of said chopped signal.
NUM  13.
PAR  13. The structure claimed in claim 11 wherein said adjustment means
      comprises means to adjust said velocity of said recording medium.
NUM  14.
PAR  14. The structure claimed in claim 11 wherein said adjustment means
      comprises means to adjust the distance between adjacent ones of said
      recording heads.
NUM  15.
PAR  15. A method of amplifying a desired component of a recurring signal while
      continuously reflecting changes therein from cycle to cycle, said method
      comprising the steps of providing a plurality of magnetic recording heads
      arranged in tandem, providing a magnetizable recording medium, moving said
      recording medium past said heads, feeding said recurring signal to all of
      said heads simultaneously, causing all of said heads to record the first
      occurrence of said signal component and thereafter causing each of said
      heads except the first to superpose a recording of each subsequent
      occurrence of said signal component upon the recording on said recording
      medium of the previous occurrence of said signal component made by the
      preceding one of said heads, whereby to continuously produce on said
      recording medium a recording of said signal component of increasing
      amplitude.
NUM  16.
PAR  16. The method claimed in claim 15 including the step of continuously
      reproducing said signal component of increased amplitude by means of a
      pickup head, an amplifier and readout means.
NUM  17.
PAR  17. The method claimed in claim 16 including the steps of imposing a
      chopper signal upon said intensified signal ahead of said pickup head and
      recovering said intensified signal by means of an amplitude modulation
      detector before said readout means.
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PAL  An information recording tape transport comprises equipment for selectively
      winding and unwinding information recording tape, two distinct and spaced
      tape drive capstans, separate transducing equipment associated with each
      tape drive capstan, and at least three distinct tension equalizing means
      located, respectively, between the two capstans, to one side of one of the
      capstans and to one side of the other of the capstans.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The subject invention relates to information recording equipment and, more
      particularly, to information recording tape transports, such as magnetic
      recording tape transports.
PAR  2. Description of the Prior Art
PAR  The phrase "information recording tape transport" broadly refers to
      equipment for transporting an information carrier having the form of a
      tape, such as, but not necessarily limited to, magnetic recording tape.
PAR  Existing information recording tape transports typically suffer from the
      drawback of having the same tape drive capstan serve both the record head
      and its corresponding reproduce head. This militates against the
      accomplishment of identical geometry between each record head and its
      corresponding reproduce head.
PAR  Prior proposals which employed more than one tape drive capstan were not
      adapted to the use of selective tape winding and unwinding equipment and
      lacked an adequate tape equalization between the tape drive capstans.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of this invention to overcome the above mentioned
      disadvantages.
PAR  It is a related object of this invention to provide improved information
      recording tape transports.
PAR  It is also an object of this invention to provide improved information
      recording tape transports having first winding means for selectively
      winding and unwinding information recording tape and second winding means
      spaced from the first winding means for selectively winding and unwinding
      information recording tape and having two tape drive capstans located
      between the first and second tape winding means.
PAR  It is a related object of this invention to provide information recording
      tape transports of the latter type having improved tension equalizing
      means for applying recording tape to separate transducer means at the tape
      drive capstans at controlled tension.
PAR  It is a further object of this invention to provide information recording
      tape transports of the type herein mentioned including improved equipment
      for controlling the lengths of recording tape ahead of, between and behind
      the tape drive capstans.
PAR  It is a related object of this invention to provide information recording
      tape transports of the type herein described employing at least three tape
      vacuum columns in a novel combination.
PAR  Other objects will become apparent in the further course of this
      disclosure.
PAR  From a first aspect thereof, the subject invention resides in an
      information recording tape transport comprising in combination first
      winding means for selectively winding and unwinding information recording
      tape, second winding means spaced from said first winding means for
      selectively winding and unwinding information recording tape, first
      driving means including a first tape drive capstan for driving information
      recording tape between said first and second winding means, second driving
      means distinct from said first driving means and including a second tape
      drive capstan for driving information recording tape between said first
      and second winding means, first transducer means located adjacent said
      first tape drive capstan for transducing information relative to
      information recording tape, second transducer means located adjacent said
      second tape drive capstan for transducing information relative to
      information recording tape, and means for applying recording tape to said
      first and second transducer means at controlled tension, comprising first
      tension equalizing means between said first winding means and said first
      tape drive capstan, second tension equalizing means between said second
      winding means and said second tape drive capstan, and third tension
      equalizing means between said first and second tape drive capstans.
PAR  From another aspect thereof, the invention resides in an information
      recording tape transport comprising in combination first winding means for
      selectively winding and unwinding information recording tape, second
      winding means for selectively winding and unwinding information recording
      tape, first driving means including a first tape drive capstan for driving
      information recording tape between said first and second winding means,
      second driving means including a second tape drive capstan for driving
      information recording tape between said first and second winding means,
      first transducer means located adjacent said first tape drive capstan for
      transducing information relative to information recording tape, second
      transducer means located adjacent said second tape drive capstan for
      transducing information relative to information recording tape, a first
      tape pressure differential column between said first winding means and
      said first tape drive capstan, a second tape pressure differential column
      between said second winding means and said second tape drive capstan, a
      third tape pressure differential column between said first and second tape
      drive capstans, and means for controlling the lengths of recording tape in
      said first, second and third tape pressure differential columns.
PAR  The expression "tape pressure differential column" as herein employed is
      intended to cover both vacuum columns in which tape loops are formed and
      pressurized columns wherein air or another gaseous fluid is applied to a
      tape to provide a tape loop.
PAR  From yet another aspect thereof, the invention resides in an information
      recording tape transport comprising, in combination, first winding means
      for selectively winding and unwinding information recording tape, second
      winding means spaced from said first winding means for selectively winding
      and unwinding information recording tape, first driving means including a
      first tape drive capstan for driving information recording tape between
      said first and second winding means, second driving means distinct from
      said first driving means and including a second tape drive capstan for
      driving information recording tape between said first and second winding
      means, first transducer means located adjacent said first tape drive
      capstan for transducing information relative to information recording
      tape, second transducer means located adjacent said second tape drive
      capstan for transducing information relative to information recording
      tape, and means for applying recording tape to said first and second
      transducer means at controlled tension, comprising first means for
      equalizing tension of information recording tape to one side of said first
      driving means, second means for equalizing tension of information
      recording tape to one side of said second driving means, third means for
      equalizing tension of information recording tape to the other sides of
      said first and second driving means, means operatively associated with
      said first, second and third tension equalizing means for jointly
      energizing said first, second and third tension equalizing means, first
      isolating means operatively associated with said first tension equalizing
      means and said joint energizing means for isolating the equalizing
      function of said first tension equalizing means from the equalizing
      function of said second and third tension equalizing means, second
      isolating means operatively associated with said second tension equalizing
      means and said joint energizing means for isolating the equalizing
      function of said second tension equalizing means from the equalizing
      function of said first and third tension equalizing means, and third
      isolating means operatively associated with said third tension equalizing
      means and said joint energizing means for isolating the equalizing
      function of said third tension equalizing means from the equalizing
      function of said first and second equalizing means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention and its various aspects and objects will become more readily
      apparent from the following detailed description of preferred embodiments
      thereof, illustrated by way of example in the accompanying drawings, in
      which like reference numerals designate like or functionally equivalent
      parts, and in which:
PAR  FIG. 1 is an elevation of a tape transport in accordance with a preferred
      embodiment of the subject invention;
PAR  FIG. 2 is a side view of the tape transport of FIG. 1;
PAR  FIG. 3 is a detail view, on an enlarged scale, taken on the line 3 -- 3 in
      FIG. 1;
PAR  FIG. 4 is a further detail view taken on the line 4 -- 4 in FIG. 3; and
PAR  FIG. 5 is a block diagram of equipment in accordance with a preferred
      embodiment of the subject invention for operating the tape transport shown
      in FIGS. 1 to 4.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The tape transport 10 shown in the drawings has a baseplate 10 mounting
      motors 12, 13, 14 and 15.
PAR  The motor 12 is part of first winding equipment 17 for selectively winding
      and unwinding information recording tape 18. The first winding equipment
      also includes a drive shaft 19 driven by the motor 12 and constructed in a
      conventional manner (not shown) for receiving a tape reel 20.
PAR  Similarly, the motor 13 is part of a second winding means 22 spaced from
      the first winding means for selectively winding and unwinding information
      recording tape on a tape reel 23 which is received on a shaft 24 driven by
      the motor 13.
PAR  The motor 14 is part of first driving equipment 26 including a first tape
      drive capstan 27 for driving information recording tape between the first
      and second winding equipment 17 and 22. Similarly, the motor 15 is part of
      second driving equipment 28 being distinct from the first driving
      equipment 26 and including a second tape drive capstan 29 for driving
      information recording tape between the first and second winding equipment
      17 and 22.
PAR  First transducing equipment 31 is located adjacent the first tape drive
      capstan 26 for transducing information relative to the information
      recording tape 18. By way of example, the transducing equipment 31 may
      include information recording devices, such as magnetic tape recording
      heads 32 and 33, when the tape 18 is a magnetic recording tape.
PAR  Second transducer equipment 35 is located adjacent the second tape drive
      capstan 29 for transducing information relative to the information
      recording tape 118. By way of example, the second transducer equipment 35
      may include information playback or reproducing devices, such as magnetic
      reproducing heads 36 and 37 when the tape 18 is a magnetic recording tape.
PAR  Circular tape guides 38 and 39 are located adjacent the capstans 27 and 28,
      respectively, in order to reduce the effects of an unsupported tape loop
      adjacent the tape drive capstans and in order to provide for desired tape
      guidance. The guides 38 and 39 typically have a low-friction surface and
      may be provided with a low-friction air film, if desired.
PAR  The heads 32, 33, 36 and 37 are mounted as closely as possible to their
      adjacent capstan, in order to achieve the well-known benefits of a "zero
      loop" at the record and reproduce heads as closely as possible.
PAR  Conventional electronic recording equipment 41 may be connected to the
      record heads 32 and 33. Conversely, conventional playback or reproduce
      equipment may be connected to the reproduce heads 35 and 36, as indicated
      at 42.
PAR  The illustrated apparatus further includes equipment 45 for applying
      recording tape to the transducers 32, 33, 36 and 37 at controlled tension.
PAR  In particular, the transport 10 includes a first tension equalizer 47
      between the first winding equipment 17 or tape reel 20 and the first tape
      drive capstan 27. Similarly, a second tension equalizer 48 is located
      between the second winding equipment 22 or tape reel 23 and the second
      tape drive capstan 29. Further in accordance with the subject invention, a
      third tension equalizer 49 is located between the first and second tape
      drive capstans 27 and 29.
PAR  In the illustrated preferred embodiment, the first tension equalizer 47
      comprises a tape vacuum column 51 located between the first tape winding
      equipment 17 and the first tape drive capstan 27. Similarly, the tape
      tension equalizer 48 comprises a tape vacuum column 55 located between the
      second tape winding means 22 and the second tape drive capstan 29. The
      third tape tension equalizer 49 comprises a tape vacuum column 56 located
      between the tape drive capstans 27 and 29. A circular tape guide 58
      cooperates with the previously mentioned tape guide 38 in aiding the
      formation of a tape loop 61 in the first vacuum column. Similarly, a
      circular tape guide 59 cooperates with the previously mentioned tape guide
      39 in aiding the formation of a tape loop 62 in the vacuum column 55. The
      tape guides 38 and 39, in turn, aid the formation of a tape loop 63 in the
      third vacuum column 56.
PAR  The vacuum columns 51, 55 and 56 have transparent covers 65, 66 and 67. A
      vacuum pump establishes the requisite vacuum for the columns 51, 55 and
      56. In particular, the vacuum pump 71 evacuates air out of the vacuum
      columns 51, 55 and 56 through ports 72 and 73, 74 and 75, and 76 and 77,
      respectively. The ports 72 and 73 are evacuated through a plenum chamber
      81 and a common port 82. The ports 74 and 75 are evacuated through a
      plenum chamber 83 and a common port 84. The ports 76 and 77 are evacuated
      through a plenum chamber 86 and a common port 87. The ports 82, 84 and 87,
      in turn, are evacuated through a main air duct 89 connected to the vacuum
      pump 71. Upon decrease of pressure in the vacuum columns 51 and 56
      (increase of the vacuum or pressure differential) air is individually
      admitted to the plenum chambers 81 and 86 from an air space 91 via valves
      92 and 93. Similarly, air is admitted to the plenum chamber 83 from an air
      space 95 via a valve 96 upon decrease of pressure in the vacuum column 55.
PAR  Each of the vacuum columns 51, 55 and 56 has its own sensing means for
      sensing a predetermined quality of the tape loop formed therein. In
      particular, the vacuum column 51 as seen in FIGS. 3 and 4 has an elongate
      light source 101 and a corresponding photosensor 102 for sensing the
      length or bight portion of the tape 61 within a range indicated by dotted
      lines 103 and 104.
PAR  Similarly, the vacuum column 55 is equipped with an elongate light source
      106 and a corresponding photosensor 107 for sensing the length of the tape
      loop 62 formed in the vacuum column 55. An elongate light source 108 and
      corresponding photosensor 109 are provided in the vacuum column 56 to
      sense the length of the tape loop 63 in that vacuum column.
PAR  In accordance with conventional practice, evacuation of air through the
      ports 72 and 73, 76 and 77, and 74 and 75 causes the formation of the tape
      loops 61, 62 and 63 in the vacuum columns 51, 55 and 56. In the
      illustrated preferred embodiment, the first winding equipment 17 is
      controlled in response to exposure variation of the photosensor 102.
      Similarly, the second tape winding equipment 22 is controlled in response
      to exposure variations of the photosensor 107. Conversely, either of the
      tape drive equipment 26 and 28 is controlled in response to exposure
      variations of the photosensor 109.
PAR  It may also be said that the first winding equipment 17 controls the length
      of the tape loop 61, while the second winding equipment 22 controls the
      length of the tape loop 62, and either of the tape driving equipment 26
      and 28 controls the length of the tape loop 63.
PAR  Equipment for controlling the speed of rotation of reel drive equipment of
      the type of the motors 12 and 13 in response to output signal of
      photosensors is well known in the magnetic tape transport art.
PAR  Accordingly, these controls, which may be of a phase locked loop servo
      control type are merely shown in FIG. 2 as blocks 112 and 113 for the reel
      drive motor 12 and 13, respectively. The motor control 112 has an input
      115 for receiving the output signal of the photosensor 102. The motor
      control 113 has an input 116 for receiving the output signal of the
      photosensor 107.
PAR  By varying the speed of rotation of the tape reel 20 in response to
      exposure variations of the photosensor 102, the motor control 112
      appropriately maintains the bight portion of the tape loop 61 within the
      limits 103 and 104 shown in FIG. 4. The motor control 113 operates in a
      conventional manner in response to exposure variations of the photosensor
      107 to maintain the tape loop 62 at a desired length.
PAR  A servo control of the tape loop 63 in accordance with a preferred
      embodiment of the subject invention will now be explained with the aid of
      FIG. 5.
PAR  As shown in FIG. 1, and as somewhat diagrammatically indicated in FIG. 5,
      the tape loop 63 is located in the third or center vacuum column 56. To
      conserve drawing space, the tape loop 63 has been shown in a somewhat
      flattened condition in FIG. 5.
PAR  Also shown symbolically in FIG. 5 is the photosensor 109 located in the
      third or center tape vacuum column 56 as shown in FIG. 3 in order to sense
      the length of the tape loop 63 and to provide the control 120 shown in
      FIG. 5 with a correspondingly varying electric signal.
PAR  The control 120 includes a reference frequency generator 121 which is
      typically crystal controlled to provide at output leads 122 and 123 a
      high-precision reference frequency signal. In the record mode, that
      reference signal is recorded with an auxiliary recording head 124 as a
      pilot signal on a pilot track of the recording tape 18.
PAR  The lead 123 applies the reference frequency signal produced by the
      generator 121 to a first switch 126 of a double-pole, double-throw switch
      combination 127 including also a second switch 128 ganged to the switch
      126 for simultaneous actuation in the manner of a polarity reversal
      switch. In practice, the illustrated switch combination 127 is preferably
      provided by one of its conventional electronic equivalents.
PAR  In its solidly illustrated position, the first switch 126 connects the
      reference frequency signal to an input of a phase detector 131 via the
      leads 123 and 132.
PAR  At the same time, a tachometer 135, coupled to the first capstan drive
      motor 14 rotates in synchronism with the first tape drive capstan 27. A
      pickup 136, which may be of a photoelectric or magnetic type, provides a
      playback amplifier 137 with a first tachometer signal varying in
      proportion to the velocity of the first tape drive capstan 27.
PAR  Suitable conventional equipment 138 converts the amplified tachometer
      signal into a signal which the phase comparator 131 is capable of
      comparing with the signal received via the lead 132. Various conventional
      apparatus are suitable for the part 138. By way of well-known example, the
      component 138 may include a zero crossing detector which detects the zero
      crossings in the amplified tachometer signals and a pulse generator which
      generates pulses the leading edge of which corresponds to the detected
      zero crossings. A lead 139 applies these generated pulses as a speed
      varying signal to a second input of the phase detector 131 for comparison
      with the fixed reference signal provided by the reference generator 121.
PAR  The resulting error signal is applied by a lead 141 to an input of a servo
      amplifier system 142 which varies the energization of the first capstan
      drive motor 14. By way of example, the capstan drive motor 14 may be of a
      direct-current type and the component 142 may include a conventional
      direct-current servo amplifier for controlling the speed of the motor 14.
      Loop filters and other conventional components customarily employed in
      servo systems of the illustrated type may also be included in the servo
      equipment 142. It will be recognized that the components 135, 136, 137,
      138, 131 and 142 form part of a phase lock servo loop 145 for controlling
      the speed of the tape drive capstan 27 on the basis of the reference
      frequency provided by the reference generator 121, as long as the control
      120 is in a record mode in which signals may be recorded by the previously
      disclosed recording head 32 and, if desired, also by the above mentioned
      recording head 33 on the recording tape 18 (see FIG. 1).
PAR  In the preferred embodiment illustrated in FIG. 5, the record mode exists
      when the ganged switches 126 and 128 are in their solidly illustrated
      position. In that solidly illustrated position, the switch 128 effects
      control of the length of the recording tape loop 63 in the third or center
      column 56 in response to the output signal of the photosensor 109.
PAR  To this effect, a lead 146 applies the output signal of the photosensor 109
      to a signal generator 47 which generates in an output lead 148 a signal
      which is similar to the signal generated by the reference generator 121
      but which has a frequency that varies as a function of the exposure of the
      photosensor 109. In other words, the signal generated at 147 and applied
      to the lead 148 varies as a function of the length of the tape loop 63 in
      the third or center vacuum column 56. Signal generators of the type of
      generator 147 are well known in the art and may, for example, include a
      voltage controlled oscillator that provides a frequency varying output
      signal in response to a voltage varying input signal generated by the
      photosensor 109.
PAR  The switch 128, in its solidly illustrated position, supplies the frequency
      varying signal provided by the signal generator 147 via a lead 152 to an
      input of a phase detector 151. This phase detector is part of a phase lock
      servo loop 155 which controls the velocity of the second tape drive
      capstan 29 by varying the energization of the second drive motor 15 which
      may also be a direct-current motor as the first tape drive motor 14.
PAR  To this effect, the servo loop 155 comprises the mentioned phase detector
      151, which corresponds to the phase detector 131 of the servo loop 145, a
      tachometer 135' which corresponds to tachometer 135 of the servo loop 145
      but which is coupled to the second drive motor 15 for providing a signal
      varying as a function of velocity variations of the second tape drive
      capstan 29, a tachometer pickup 136' which corresponds to the tachometer
      pickup 136 of the servo loop 145, a playback amplifier 137' which
      corresponds to the playback amplifier 137 of the servo loop 145, a pulse
      generator 158 which corresponds to the pulse generator 138 of the servo
      loop 145, and a servo amplifier system 162 which corresponds to the servo
      amplifier system 142 of the servo loop 145 and which controls the
      energization of the second tape drive motor 15 so as to phase lock the
      velocity of the capstan 29 and thereby the speed of the tape 18 in the
      region of the second tape drive capstan 29 to the signal generated by the
      photosensor 109.
PAR  It will be noted in this respect that the servo loop 155 includes a
      single-pole, double-throw switch 164 or a conventional electronic
      equivalent thereof, which is ganged with the switches 126 and 128 of the
      double-pole, double-throw switch combination 127. In the record mode of
      the control 120, the switch 164 is in its solidly illustrated position, as
      are the switches 126 and 128. Accordingly, the servo loop 155 phase locks
      the velocity of the second tape drive capstan 29 to the signal generated
      by the photosensor 108. In this manner, the second tape drive 17, acting
      through the second tape drive capstan 29, controls or adjusts the length
      of the tape loop 63 in the third or center vacuum column 56 in the second
      mode of the illustrated equipment.
PAR  In the reproduce mode of the illustrated control 120, the switches 126, 128
      and 164 are in their second positions, illustrated by dotted lines in FIG.
      5. In that position, the switch 128 applies the output signal of the
      signal generator 147 via the leads 148 and 132 to the lower input of the
      phase detector 131. In that manner, the servo loop 145 will cause the
      first tape drive motor 14 to control or adjust the length of the tape loop
      63 in the third or center vacuum column 56 by appropriate speed variation
      of the first tape drive capstan 27.
PAR  In the record mode, the switch 164, in its solidly illustrated position,
      tach locks the servo loop 155 by applying signals from the tach 135' to
      that loop. In the reproduce mode, the switch 164, in its second position
      indicated by a dotted line, tape locks the loop 155 by applying the pilot
      signal reproduced by the head 174 to the servo loop 155.
PAR  It will thus be recognized that the tape loop 63 in the third or center
      vacuum column 56 is servoed to the first tape drive 14 and first capstan
      27 in the reproduce mode of the equipment, and is conversely servoed to
      the second tape drive 15 and second capstan 29 in the record mode of the
      illustrated equipment. In this manner, the control or adjustment of the
      central tape loop 63 is properly and conveniently taken care of in either
      mode of operation.
PAR  In its second position, illustrated by dotted lines, the switch 126
      connects the reference frequency signal generated by the high-precision
      reference signal generator 121 via leads 123 and 152 to the lower input of
      the phase detector 151. In this manner, the second tape drive 15 is
      servoed to the high-precision reference frequency. Simultaneously, an
      auxiliary reproduce head 174 reproduces, from the pilot track on the tape
      18, the pilot signal which, as mentioned above, has been recorded on the
      tape by the above mentioned auxiliary recording head 124. The reproduced
      pilot signal is applied to the switch 164 via a lead 175 and a playback
      amplifier 176. In its second or reproduce position, illustrated in FIG. 5
      by dotted lines, the switch 164 applies the reproduced and amplified pilot
      signal to the pulse generator 158 which accordingly energizes the second
      input of the phase detector 151. In other words, the phase detector 151,
      in the reproduce mode of the equipment, compares the pilot signal
      reproduced from the tape 18 with the reference signal produced by the
      stable reference signal generator 121.
PAR  In this manner, the servo loop 155 varies the energization of the second
      tape drive motor 15 in the sense of rapid flutter and wow correction.
PAR  The subject invention lends itself ideally to an optimization of bandwidth
      considerations and flutter and wow correction. In particular, the
      separated record and reproduce capstan functions permit the record capstan
      to be associated with high inertia in the interest of minimum flutter and
      similar disturbances during the recording process.
PAR  On the other hand, the reproduce capstan 29 may be associated with a
      considerably lower inertia in the interest of a rapid correction of
      flutter and similar disturbances. This has been indicated in FIG. 2 by
      showing at 14 a relatively large block 181 symbolizing a relatively large
      flywheel coupled to the first tape drive capstan 27. On the other hand, a
      relatively small block 182 symbolizing a small inertia associated with the
      second tape drive capstan 29 has been shown in FIG. 2.
PAR  In addition, the illustrated vacuum columns 51, 55 and 56 or their
      equivalent parts ideally serve as means for maintaining tape tension at
      the first and second transducer equipment 31 and 35 at essentially
      constant levels.
PAR  Further due to the features of the subject invention, identical geometry
      between each record head and its corresponding reproduce head is
      realizable. Moreover, basically conventional interlace head techniques may
      advantageously be employed to realize a pseudo zero loop between
      corresponding record and reproduce heads.
PAR  In this manner, a reproduce head, such as the head 37 shown in FIG. 5, may
      be employed to reproduce, in the record mode of the equipment, signals
      which have been recorded on the tape 18 by a corresponding recording head
      at the capstan 27. Due to the provision of the third or center vacuum
      column 56, and the unique control of the tape loop 63 in accordance with
      the subject invention, the record and reproduce capstans 27 and 29 are
      isolated from each other during both record and reproduce modes. In
      addition, the capstan 27 is isolated from the tape winding equipment 17 by
      the vacuum column 51, while the capstan 29 is isolated from the second
      tape winding equipment 22 by the vacuum column 55. Equipment according to
      the subject invention is thus adapted to the performance of various
      functions in a highly reliable manner and at a high quality of
      performance.
PAR  Another important feature of an aspect of the subject invention concerns
      the manner of operation of the tension equalizers 47, 48 and 49. In
      particular, the vacuum pump 71, operating through the common or main air
      duct 89, jointly energizes the tension equalizers 47, 48 and 49 by jointly
      evacuating the tape vacuum columns 51, 55 and 56.
PAR  The ports 72, 73 and 82 constitute restricted cross-section duct means for
      isolating the function of the tape vacuum column 51 from the functions of
      the tape vacuum columns 55 and 56. Similarly, ports 76, 77 and 87
      constitute restricted cross-section duct means for isolating the function
      of the tape vacuum column 56 from the functions of the tape vacuum columns
      51 and 55. The ports 74, 75 and 84, in turn, constitute restricted
      cross-section duct means for isolating the function of the tape vacuum
      column 55 from the functions of tape vacuum columns 51 and 56.
PAR  The pressure regulating valves 92, 93 and 96 also have an isolating
      function. The particularly the valve 92 is biased to a normally closed
      position, indicated by a dotted line, by a spring 92'. This spring 92'
      maintains the valve 92 in its closed position so long as the pressure
      differential at the valve 92 is lower than a desired operating
      differential. As the pressure differential or, in other words, the vacuum
      in the column 51, achieves a desired value, the valve is opened by that
      pressure differential against the bias of the spring and air is admitted
      to the chamber 81 thereby establishing and maintaining the proper pressure
      within the vacuum column 51.
PAR  The region 91 is connected to atmosphere for this purpose, as is the region
      95. Alternatively, the regions 91 and 95 may be connected to a gas supply
      for the admission of a gas other than air.
PAR  A function similar to the valve 92 is individually performed by the valve
      93 with bias spring 93' for the vacuum column 56, while the valve 96 with
      bias spring 96' similarly serves the vacuum column 55.
PAR  In this manner, the product of tape area times pressure differential in
      each vacuum column is maintained constant independently of the functions
      of the other vacuum columns. In particular, the illustrated preferred
      embodiment shown in FIG. 3 isolates the individual vacuum column functions
      from each other.
PAR  It will be appreciated that the latter principles disclosed in FIG. 3 with
      reference to a three vacuum column system may also be employed in
      connection with two vacuum columns or other equalizing or tape loop
      systems.
PAR  In either case, the result is a largely independent equalizing function
      among two or more tape loop systems.
PAR  Also, while vacuum columns have been shown herein by way of preferred
      example, other pressure differential columns, such as pressurized columns
      (wherein air or another gaseous fluid is applied to the tape to form the
      requisite tape loops), may be employed instead.
PAR  The subject extensive disclosure will suggest or render apparent to those
      skilled in the art various modifications and variations within the spirit
      and scope of the subject invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An information recording tape transport comprising in combination:
PA1  first winding means for selectively winding and unwinding information
      recording tape;
PA1  second winding spaced from said first winding means for selectively winding
      and unwinding information recording tape;
PA1  first driving means including a first tape drive capstan for driving
      information recording tape between said first and second winding means;
PA1  second driving means distinct from said first driving means and including a
      second tape drive capstan for driving information recording tape between
      said first and second winding means;
PA1  first transducer means located adjacent said first tape drive capstan for
      transducing information relative to information recording tape;
PA1  second transducer means located adjacent said second tape drive capstan for
      transducing information relative to information recording tape; and
PA1  means for applying recording tape to said first and second transducer means
      at controlled tension, comprising:
PA1  first tension equalizing means between said first winding means and said
      first tape drive capstan;
PA1  second tension equalizing means between said second winding means and said
      second tape drive capstan; and
PA1  third tension equalizing means between said first and second tape drive
      capstans.
NUM  2.
PAR  2. An information recording tape transport as claimed in claim 1, wherein:
PA1  said first tension equalizing means include means for controlling said
      first winding means;
PA1  said second tension equalizing means include means for controlling said
      second winding means; and
PA1  said third tension equalizing means include means for controlling either of
      said first and second driving means.
NUM  3.
PAR  3. An information recording tape transport as claimed in claim 1, wherein:
PA1  said first tension equalizing means include means for forming a first tape
      loop and first sensing means for sensing a predetermined quality of said
      first tape loop;
PA1  said second tension equalizing means include means for forming a second
      tape loop and second sensing means for sensing a predetermined quality of
      said second tape loop;
PA1  said third tension equalizing means include means for forming a third tape
      loop and third sensing means for sensing a predetermined quality of said
      third tape loop;
PA1  said first winding means include means connected to said first sensing
      means for controlling said first tape loop;
PA1  said second winding means include means connected to said second sensing
      means for controlling said second tape loop; and
PA1  said first and second driving means include means connected to said third
      sensing means for controlling said third tape loop.
NUM  4.
PAR  4. An information recording tape transport as claimed in claim 2, wherein:
PA1  said first, second and third tension equalizing means include means for
      maintaining tape tension at said first and second transducer means
      essentially constant.
NUM  5.
PAR  5. An information recording tape transport as claimed in claim 1, wherein:
PA1  said first, second and third tension equalizing means include means for
      maintaining tape tension at said first and second transducer means
      essentially constant.
NUM  6.
PAR  6. An information recording tape transport as claimed in claim 1,
      including:
PA1  means operatively associated with said first, second and third tension
      equalizing means for jointly energizing said first, second and third
      tension equalizing means.
NUM  7.
PAR  7. An information recording tape transport as claimed in claim 6,
      including:
PA1  means operatively associated with said first tension equalizing means and
      said joint energizing means for isolating the equalizing function of said
      first tension equalizing means from the equalizing function of said second
      and third tension equalizing means;
PA1  means operatively associated with said second tension equalizing means and
      said joint energizing means for isolating the equalizing function of said
      second tension equalizing means from the equalizing function of said first
      and third tension equalizing means; and
PA1  means operatively associated with said third tension equalizing means and
      said joint energizing means for isolating the equalizing function of said
      third tension equalizing means from the equalizing function of said first
      and second tension equalizing means.
NUM  8.
PAR  8. An information recording tape transport comprising in combination:
PA1  first winding means for selectively winding and unwinding information
      recording tape;
PA1  second winding means for selectively winding and unwinding information
      recording tape;
PA1  first driving means including a first tape drive capstan for driving
      information recording tape between said first and second winding means;
PA1  second driving means including a second tape drive capstan for driving
      information recording tape between said first and second winding means;
PA1  first transducer means located adjacent said first tape drive capstan for
      transducing information relative to information recording tape;
PA1  second transducer means located adjacent said second tape drive capstan for
      transducing information relative to information recording tape;
PA1  a first tape pressure differential column between said first winding means
      and said first tape drive capstan;
PA1  a second tape pressure differential column between said second winding
      means and said second tape drive capstan;
PA1  a third tape pressure differential column between said first and second
      tape drive capstans; and
PA1  means for controlling the lengths or recording tape in said first, second
      and third tape differential columns.
NUM  9.
PAR  9. An information recording tape transport as claimed in claim 8, wherein:
PA1  said means for controlling said lengths of recording tape include:
PA1  first sensing means for sensing the length of recording tape in said first
      column;
PA1  second sensing means for sensing the length of recording tape in said
      second column;
PA1  third sensing means for sensing the length of recording tape in said third
      column;
PA1  said first winding means include means connected to said first sensing
      means for controlling the length of recording tape in said first column;
PA1  said second winding means include means connected to said second sensing
      means for controlling the length of recording tape in said second column;
      and
PA1  said first and second driving means include means connected to said third
      sensing means for controlling the length of recording tape in said third
      column.
NUM  10.
PAR  10. An information recording tape transport as claimed in claim 9, wherein:
PA1  said first transducer means include recording transducer means;
PA1  said second transducer means include reproduce transducer means;
PA1  said first driving means include means selectively connectible to said
      third sensing means for controlling the length of recording tape in said
      third column during a reproduce mode; and
PA1  said second driving means include means selectively connectible to said
      third sensing means for controlling the length of recording tape in said
      third column during a recording mode.
NUM  11.
PAR  11. An information recording tape transport as claimed in claim 8,
      including:
PA1  means connected to said first, second and third columns for jointly moving
      a gas relative to said first, second and third columns.
NUM  12.
PAR  12. An information recording tape transport as claimed in claim 11,
      including:
PA1  first equalizing means operatively associated with said first column and
      said joint gas moving means for equalizing the pressure differential in
      said first column essentially independently of the pressure differentials
      in said second and third columns;
PA1  second equalizing means operatively associated with said second column and
      said joint gas moving means for equalizing the pressure differential in
      said second column essentially independently of the pressure differentials
      in said first and third columns; and
PA1  third equalizing means operatively associated with said third column and
      said joint gas moving means for equalizing the pressure differential in
      said third column essentially independently of the pressure differentials
      in said first and second columns.
NUM  13.
PAR  13. An information recording tape transport as claimed in claim 12,
      wherein:
PA1  said first equalizing means include first restricted cross-section duct
      means connected between said first column and said joint gas moving means;
PA1  said second equalizing means include second restricted cross-section duct
      means connected between said second column and said joint gas moving
      means; and
PA1  said third equalizing means include third restricted cross-section duct
      means connected between said third column and said joint gas moving means.
NUM  14.
PAR  14. An information recording tape transport as claimed in claim 13,
      wherein:
PA1  said first equalizing means include first valve means for selectively
      admitting a gas toward said first column;
PA1  said second equalizing means include second valve means for selectively
      admitting a gas toward said second column; and
PA1  said third equalizing means include third valve means for selectively
      admitting a gas toward said third column.
NUM  15.
PAR  15. An information recording tape transport comprising in combination:
PA1  first winding means for selectively winding and unwinding information
      recording tape;
PA1  second winding means spaced from said first winding means for selectively
      winding and unwinding information recording tape;
PA1  first driving means including a first tape drive capstan for driving
      information recording tape between said first and second winding means;
PA1  second driving means distinct from said first driving means and including a
      second tape drive capstan for driving information recording tape between
      said first and second winding means;
PA1  first transducer means located adjacent said first tape drive capstan for
      transducing information relative to information recording tape;
PA1  second transducer means located adjacent said second tape drive capstan for
      transducing information relative to information recording tape; and
PA1  means for applying recording tape to said first and second transducer means
      at controlled tension, comprising:
PA1  first means for equalizing tension of information recording tape between
      said first winding means and said first driving means;
PA1  second means for equalizing tension of information recording tape between
      said second winding means and said second driving means;
PA1  third means for equalizing tension of information recording tape between
      said first and second driving means;
PA1  means operatively associated with said first, second and third tension
      equalizing means for jointly energizing said first, second and third
      tension equalizing means;
PA1  first isolating means operatively associated with said first tension
      equalizing means and said joint energizing means for isolating the
      equalizing function of said first tension equalizing means from the
      equalizing function of said second and third tension equalizing means;
PA1  second isolating means operatively associated with said second tension
      equalizing means and said joint energizing means for isolating the
      equalizing function of said second tension equalizing means from the
      equalizing function of said first and third tension equalizing means; and
PA1  third isolating means operatively associated with said third tension
      equalizing means and said joint energizing means for isolating the
      equalizing function of said third tension equalizing means from the
      equalizing function of said first and second equalizing means.
NUM  16.
PAR  16. An information recording tape transport as claimed in claim 15,
      wherein:
PA1  said first tension equalizing means include a first tape pressure
      differential column;
PA1  said second tension equalizing means include a second tape pressure
      differential column;
PA1  said third tension equalizing means include a third tape pressure
      differential column;
PA1  said joint energizing means include means for jointly moving a gas relative
      to said first, second and third tape pressure differential columns; and
PA1  said first isolating means include first restricted cross-section duct
      means connected between said first column and said joint gas moving means;
PA1  said second isolating means include second restricted cross-section duct
      means connected between said second column and said joint gas moving
      means; and
PA1  said third isolating means include third restricted cross-section duct
      means connected between said third column and said joint gas moving means.
NUM  17.
PAR  17. An information recording tape transport as claimed in claim 16,
      wherein:
PA1  said first equalizing means include first valve means for selectively
      admitting a gas toward said first column;
PA1  said second equalizing means include second valve means for selectively
      admitting a gas toward said second column; and
PA1  said third equalizing means include third valve means for selectively
      admitting a gas toward said third column.
NUM  18.
PAR  18. An information recording tape transport comprising in combination:
PA1  first winding means for receiving a tape reel for selectively winding and
      unwinding information recording tape onto and from said tape reel;
PA1  second winding means spaced from said first winding means for receiving a
      tape reel for selectively winding and unwinding information recording tape
      onto and from said tape reel;
PA1  first drive means including a first tape drive capstan for driving
      information recording tape between said first and second winding means;
PA1  second driving means distinct from said first driving means and including a
      second tape drive capstan for driving information recording tape between
      said first and second winding means;
PA1  first transducer means located adjacent said first tape drive capstan for
      transducing information relative to information recording tape;
PA1  second transducer means located adjacent said second tape drive capstan for
      transducing information relative to information recording tape; and
PA1  means for applying recording tape to said first and second transducer means
      at controlled tension, comprising:
PA1  first tension equalizing means between said first winding means and said
      first tape drive capstan;
PA1  second tension equalizing means between said second winding means and said
      second tape drive capstan; and
PA1  third tension equalizing means between said first and second tape drive
      capstans.
NUM  19.
PAR  19. An information recording tape transport as claimed in claim 18 wherein:
PA1  said first tension equalizing means include means for controlling said
      first winding means;
PA1  said second tension equalizing means include means for controlling said
      second winding means; and
PA1  said third tension equalizing means include means for controlling either of
      said first and second driving means.
NUM  20.
PAR  20. An information recording tape transport as claimed in claim 18,
      wherein:
PA1  said first tension equalizing means include means for forming a first tape
      loop and first sensing means for sensing a predetermined quality of said
      first tape loop;
PA1  said second tension equalizing means include means for forming a second
      tape loop and second sensing means for sensing a predetermined quality of
      said second tape loop;
PA1  said third tension equalizing means include means for forming a third tape
      loop and third sensing means for sensing a predetermined quality of said
      third tape loop;
PA1  said first winding means include means connected to said first sensing
      means for controlling said first tape loop;
PA1  said second winding means include means connected to said second sensing
      means for controlling said second tape loop; and
PA1  said first and second driving means include means connected to said third
      sensing means for controlling said third tape loop.
NUM  21.
PAR  21. An information recording tape transport as claimed in claim 19,
      wherein:
PA1  said first, second and third tension equalizing means include means for
      maintaining tape tension at said first and second transducer means
      essentially constant.
NUM  22.
PAR  22. An information recording tape transport as claimed in claim 18,
      wherein:
PA1  said first, second and third tension equalizing means include means for
      maintaining tape tension at said first and second transducer means
      essentially constant.
NUM  23.
PAR  23. An information recording tape transport as claimed in claim 18,
      including:
PA1  means operatively associated with said first, second and third tension
      equalizing means for jointly energizing said first, second and third
      tension equalizing means.
NUM  24.
PAR  24. An information recording tape transport as claimed in claim 23,
      including:
PA1  means operatively associated with said first tension equalizing means and
      said joint energizing means for isolating the equalizing function of said
      first tension equalizing means from the equalizing function of said second
      and third tension equalizing means;
PA1  means operatively associated with said second tension equalizing means and
      said joint energizing means for isolating the equalizing function of said
      second tension equalizing means from the equalizing function of said first
      and third tension equalizing means; and
PA1  means operatively associated with said third tension equalizing means and
      said joint energizing means for isolating the equalizing function of said
      third tension equalizing means from the equalizing function of said first
      and second tension equalizing means.
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PAL  An electronic feedback control system which compensates for errors in the
      position information signals output from a pair of photodetectors in a
      linear motion position transducer, such as used to locate a read-write
      head over an addressed track in a magnetic disc file system. The control
      circuitry sums the instantaneous values of the time varying photodetector
      outputs to produce a combined output signal. The peak positive value of
      the combined signal is determined and compared with a preselected
      reference value. An error signal proportional to the difference between
      the peak and reference values is generated and amplified to produce a
      correction signal. The correction signal is then applied to the variable
      energization input of the light source which illuminates the photodetector
      pair. The correction signal reduces the error signal toward zero by
      causing the light source to compensate for error in the photodetector
      output signal.
PARN
PAR  This is a continuation of application Ser. No. 258,779, filed June 1, 1972,
      now abandoned.
BSUM
PAR  The present invention relates to linear motion mechanisms and is more
      particularly directed to a feedback control system for correcting position
      information errors in a linear motion transducer such as that used to
      index a read-write head over an addressed track on the surface of a
      magnetic recording disc.
PAR  High performance direct access magnetic disc file systems employed as large
      auxiliary memories in data processing installations require accurate
      position transducers for indexing the read-write head at precise radial
      locations on the disc. These disc file units typically utilize an
      opto-electronic positioning system in which a light beam passing through a
      shuttering mechanism is detected by a pair of spaced photosensors. The
      light beam which can be visible or infrared is emitted from an
      incandescent or solid state light source and is modulated by the
      shuttering mechanism to include position information.
PAR  The shuttering mechanism generally comprises a stationary mask mounted to
      the disc drive housing and a shutter attached to the moving actuator which
      carries the read-write head. The modulated light is sensed by a
      photodetecting device such as a photodiode or a phototransistor. The
      electronic position signal generated by each of the photosensors and
      referred to herein as phase A and phase B is cyclic with position (one
      cycle per track) and the two signals are position offset with respect to
      each other by 1/4 of the width of an individual track to produce
      90.degree. phase-displaced output signals. One such positioning system to
      which the present invention is particularly well adapted is disclosed in
      my copending U.S. Patent Application titled OPTO-ELECTRONIC TRANSDUCER FOR
      POSITION INITIALIZATION OF A LINEAR MOTION MECHANISM, Ser. No. 203,724,
      filed Dec. 1, 1971, now U.S. Pat. No. 3,749,925 issued July 31, 1973.
PAR  Parameter variations associated with this type of position transducer are
      of prime importance. Typically, the waveform used for positioning the
      actuator is obtained by differencing the phase A and phase B photodetector
      signals since the effect of parameter variations common to both sensors
      are cancelled insofar as position error is concerned. The effect will be
      seen instead as a change in loop gain. The most significant parameter
      variations are: (1) the variation of light output from the source with
      temperature and over life (e.g., in the case of an incandescant light
      source due to filament burning off and plating the inside of the
      envelope); (2) variation in the conversion of light to current in the
      photosensors over temperature and life; and (3) optical path contamination
      which varies the amount of light received by the sensors.
PAR  Accordingly, it is an object of the present invention to provide a feedback
      control system which automatically compensates for these parameter
      variations and enables the transducer to output a position signal that is,
      with respect to these parameters, constant over life. By maintaining its
      output constant with life the usefulness of the position transducer can be
      expanded to areas such as generation of velocity information from the
      position signal as disclosed in my copending U.S. Patent Application
      titled ELECTRONIC VELOCITY TRANSDUCER FOR LINEAR MOTION MECHANISM, Serial
      No. 279,604, filed Aug. 10, 1972, now U.S. Pat. No. 3,819,268, issued June
      25, 1974.
DRWD
PAR  Other objects, features and advantages of the present invention will be
      more readily apparent after referring to the following detailed
      description with reference to the accompanying drawings wherein:
PAR  FIG. 1 is a block diagram representation of the feedback control system of
      the present invention according to a preferred embodiment;
PAR  FIG. 2a is a waveform diagram of the phase A photodetector output signal as
      a function of position;
PAR  FIG. 2b is a waveform diagram of the phase B photodetector output signal as
      a function of position;
PAR  FIG. 2c is a waveform diagram of the combined photodetector output signal
      as a function of position;
PAR  FIG. 2d is a waveform diagram of the differenced photodetector output
      signal as a function of position;
PAR  FIG. 2e is a waveform diagram of the combined output signal as a function
      of time at a constant velocity; and
PAR  FIG. 2f is a waveform diagram of the output from the peak sampling circuit
      which is compared with a preselected reference value.
DETD
PAR  Referring now to the drawings, a light source 12 is provided, the optical
      output of which can be selectively controlled by varying the driving
      voltage or current applied to input 12a. Light source 12a may be either of
      the incandescent or solid state type and may produce either visible or
      infrared light.
PAR  The light beam from source 12 passes through a shuttering mechanism 14
      generally comprising a linear shutter mounted to and movable with the disk
      drive actuator arm and a stationary mask mounted to the disk drive housing
      parallel to the shutter and interposed between the shutter and a spaced
      pair of light sensors 16 and 18. These photodetectors may be photodiodes,
      phototransistors or similar devices. The relative movement of the
      component shutter and mask of shuttering mechansim 14 in response to
      actuator motion modulates the light beam impinging on photodetectors 16
      and 18 in such a way as to include relative position and direction
      information.
PAR  The output from photodetectors 16 and 18 is electronically buffered by
      amplifiers 20 and 22, respectively, which output the two position signals
      designated in FIG. 1 as phase A and phase B and shown in FIG. 2 as
      waveforms 2a and 2b. Due to the construction of shuttering mechanism 14,
      the cyclic phase A and phase B photodetector output signals are position
      offset with respect to each other by one quarter the width of a disk track
      or 90.degree. as shown in FIGS. 2a and 2b. The phase A and phase B
      position signals are applied to the input of an electronic system for
      deriving position, direction and velocity information (not shown).
      Conventional signal processing circuits form the arithmetic difference
      wave for phase A minus phase B shown in FIG. 2d as a function of position.
PAR  In addition, the phase A and phase B output signals are applied to the
      inputs of a summing amplifier 24 which adds the two signals to produce the
      combined waveform shown in FIG. 2c as a function of actuator position and
      in 2e as a function of time at constant actuator velocity.
PAR  The combined signal output from summing amplifier 24 is passed through a
      peak sample and hold circuit 30 which charges a capacitor to the peak
      positive value of the input signal and outputs a signal which periodically
      decreases from this peak value as the capacitor discharges, producing the
      output waveform shown in FIG. 2f. The holding capacitor in circuit 30
      should be sized so that the decay of the output signal between sampling
      points (i.e., signal peaks) is at least as fast as the most rapid
      parameter change.
PAR  The substantially constant output from peak sample and hold circuit 30 is
      compared to a reference voltage V.sub.ref by comparator 34. The difference
      between the output of circuit 30 and V.sub.ref constitutes an error signal
      output from comparator 34 whose value indicates the magnitude of parameter
      errors and whose polarity indicates the direction in which these errors
      cause the photodetector output signals to vary from the ideal value. The
      error signal output from comparator 34 is amplified by amplifier 36 which
      applies a correction signal based thereon to the variable energization
      input of controllable light source 12. The value of the correction signal
      is appropriately adjusted to reduce the error signal to zero by varying
      the light source output to compensate for transducer parameter variations.
PAR  As stated, circuit 30 samples the positive peaks of the combined phase A
      plus phase B waveform and compares their value to the reference voltage
      V.sub.ref. It will be seen in FIG. 2 that these waveform peaks coincide
      with the zero crossings of the difference waveform shown in FIG. 2d. With
      these zero crossings chosen as null position, the sample and hold circuit
      30 will be continuously sampling at the same relative position over each
      track. This feature is necessary since elapsed time at the null position
      is indeterminate and depends on actuator velocity. With the correction
      system of the present invention, the only parameter variations which will
      not be compensated for are position offsets in parameter tracking between
      the two light sensors.
PAR  While one embodiment of the present invention has been shown and described
      herein, it will be apparent to those skilled in the art that many
      modifications can be made therefrom without departing from the scope of
      the present invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a linear motion position transducer of the type having a light source
      with a selectively variable energizing input, a spaced pair of
      photosensitive devices, and a shuttering mechanism interposed therebetween
      for modulating the light received by said photosensitive devices, said
      photosensitive devices generating position information output signals in
      response to the light modulation, the output signals from one of said
      photosensitive devices being phase displaced from the output signals from
      the other one of said photosensitive devices by a phase angle .phi. in the
      range 0&lt;.phi.&lt;180.degree., the improvement comprising a feedback control
      system for electronically correcting for variation in the light parameters
      of said position transducer, said feedback control system including:
PA1  summing circuit means coupled to said photosensitive devices and responsive
      to said position information output signals for continuously algebraically
      summing the instantaneous values thereof to produce a combined output
      signal having a variable amplitude;
PA1  comparator circuit means coupled to said summing circuit means and
      responsive to said combined output signal for sampling the peak positive
      value thereof and for generating an error signal representative of the
      difference between said peak positive value and a reference signal having
      a preselected value representative of a desired value of said light
      parameters; and
PA1  correction circuit means coupled to said comparator circuit means and
      responsive to said difference signal for applying a compensation signal to
      said light source input to reduce said error signal to zero.
NUM  2.
PAR  2. The combination of claim 1 wherein said summing circuit means comprises
      a pair of buffer amplifiers each having an input coupled to the output of
      a different one of said photosensitive devices, and a summing amplifier
      having an input connected to the output of said buffer amplifiers and an
      output connected to the input of said comparator circuit means.
NUM  3.
PAR  3. The combination of claim 1 wherein said comparator circuit means
      comprises a peak sample-and-hold circuit having an input connected to the
      output of said summing circuit means and a comparator circuit having one
      input connected to the output of said peak sample-and-hold circuit and
      another input connected to said reference signal and an output carrying
      said error signal connected to the input of said correction circuit means.
NUM  4.
PAR  4. The combination of claim 1 wherein said correction circuit means
      comprises an amplifier which increases said error signal to a value
      sufficient to modify said light source energizing input to compensate for
      said light parameter variations.
NUM  5.
PAR  5. The control system of claim 1 wherein said phase angle .phi. is
      substantially 90.degree..
NUM  6.
PAR  6. Apparatus for electronically correcting errors in the position
      information output signals from a pair of photodetectors used in a linear
      motion position transducer having light parameters subject to variation,
      the output signals from one of said photodetectors being phase displaced
      from the output signals from the other of said photodetectors by a phase
      angle .phi. in the range 0&lt;.phi.&lt;180.degree., said apparatus comprising:
PA1  a light source having a selectively variable energy source;
PA1  a light modulating shutter mechanism interposed between said light source
      and said photodetector pair;
PA1  a summing circuit coupled to said photodetectors for continuously
      algebraically summing the instantaneous values of said photodetector
      output signals to produce a combined variable amplitude signal therefrom,
      said summing circuit including a pair of buffer amplifiers each having an
      input coupled to the output of a different one of said photodetectors, and
      a summing amplifier having an input connected to said buffer amplifier
      outputs and an output carrying said combined signal;
PA1  an error signal generation circuit for sampling the peak positive value of
      said combined signal and for generating an error signal representative of
      the difference between said peak value and a reference signal having a
      preselected value representative of a desired value of said light
      parameters, said circuit having an input connected to said summing circuit
      output and an output carrying said error signal; and
PA1  a correction signal generation circuit for applying a correction signal to
      said light source input proportional to said error signal to reduce said
      error signal to zero, said circuit having an input connected to said error
      signal circuit output and an output connected to said light source input.
NUM  7.
PAR  7. The combination of claim 6 wherein said light source and said
      photodetector pair are mounted to the stationary housing of a magnetic
      disc file unit and said shutter mechanism includes a stationary mask
      attached to said housing and a movable shutter attached to the read-write
      head actuator arm of said disc file unit.
NUM  8.
PAR  8. The combination of claim 6 wherein said phase angle .phi. is
      substantially 90.degree..
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ABST
PAL  A read-write transducer for magnetic recording is made of two plural
      magnetoresistive layer flat structures contacting each other at first ends
      thereof and spaced apart at the opposite ends thereof and of a flat
      conductor coil winding having a front branch inserted between the said
      spaced apart ends of the structures. The magnetoresistive layers of the
      stacks are electrically interconnected in a read-out circuit and the
      winding may receive writing electrical currents. Each magnetoresistive
      layer in a stack is inserted between two thicker high permeability
      magnetic layers and all layers in a stack are relatively insulated.
PARN
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention is a continuation-in-part of co-pending application
      Ser. No. 315,476 filed Dec. 15, 1972 and now U.S. Pat. No. 3,848,217, by
      the same applicant, describing magnetoresistive devices comprising a layer
      of magnetoresistive anisotropic material, having an easy axis of
      magnetization at substantially 45.degree. to the direction of electrical
      flow therethrough, a pair of thicker layers of high permeability magnetic
      material sandwiched around said magnetoresistive layer and each
      magnetoresistive and magnetic layers respectively to effect magnetostatic
      coupling between said magnetoresistive and magnetic layers.
BSUM
PAR  Whereas such magnetoresistive devices may be used as readout transducers of
      magnetic records, as for instance disclosed in a paper of Robert P. HUNT
      in "IEEE Transactions on Magnetics" vol. MAG-7, No. 1, Mar., 1971,
      entitled "A Magnetoresistive Readout Transducer", they are improper to be
      directly used as writein transducers for magnetic recording purposes.
PAR  It is an object of the invention to provide a read-write transducer wherein
      such magnetoresistive devices are embodied as active members both for the
      reading and writing operations of the transducer.
PAR  The gist of the invention lies in the remark that, when no electrical
      read-out current is applied to a magnetoresistive device according to the
      parent specification, the structure may act plainly as a high permeability
      magnetic yoke plate.
PAR  A read-write transducer for magnetic recording according to the present
      invention comprises the combination, on an insulating surface of a
      substrate, a first stack of magnetoresistive layers each inserted in the
      stack between two thicker high permeability layers with interposition of
      insulating films between the facing surfaces of the layers, a flat
      conductor coil winding over a front portion of said first stack, one edge
      of which registers with one edge of said stack, and a second stack of
      magnetoresistive layers identical to the first over said flat conductor
      coil winding and the part of the first stack left exposed by the winding
      and also having an edge registering with the registering edges of the
      first stack and of the winding, all magnetoresistive layers of the stacks
      being electrically interconnected in a read-out circuit for the
      transducer, and said stacks acting as magnetic pole-pieces for the
      transducer when deprived of electrical current therethrough.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 3 illustrate the behaviour of a magnetoresistive layer when an
      external magnetic field is applied to the layer; FIG. 1 shows a side view
      of such a layer in the magnetic field, FIG. 2 defines the physical and
      geometrical parameters involved, and FIG. 3 shows the variation of the
      magnetoresistive factor of the layer with respect to the value of the
      external magnetic field;
PAR  FIGS. 4 to 6 show views respectively corresponding to the views of FIGS. 1
      to 3, applied to an improved magnetoresistive device according to the
      parent specification,
PAR  FIGS. 7 and 8 show, in respective orthogonal cross-section views, a first
      embodiment of such an improved magnetoresistive device,
PAR  FIGS. 9 and 10 similarly show a second embodiment of such an improved
      magnetoresistive device,
PAR  FIG. 11 shows an example of distribution of the directions of the easy axes
      of magnetization in the layers of an embodiment such as the one shown in
      FIGS. 9 and 10,
PAR  FIG. 12 shows the variation of the electrical resistance with the value of
      the external magnetic field in a magnetoresistive device according to the
      embodiments of FIGS. 7/8 and FIGS. 9:10,
PAR  FIG. 13 shows a partial laterla view of a read-write transducer for
      magnetic recording, according to the present invention,
PAR  FIG. 14 shows an exploded view of an example of embodiment of such a
      read-write transducer,
PAR  FIG. 15 shows a transverse cross-section view of said embodiment, and,
PAR  FIG. 16 shows a longitudinal cross-section view of this embodiment.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawings, 1 is a magnetoresistive layer 200 to 300 A thick, made of
      a Fe-Ni alloy such as the one commercially known as Permalloy, the easy
      magnetization of which is shown at A. Said magnetoresistive member 1 is
      fed with an electrical current I. When an external magnetic field M from a
      source of magnetic flux 4 is applied to the layer, this current will vary
      with the value of said field. The source of magnetic flux 4 is localized
      in that it has an elongated shape. Its breadth is substantially equal to
      the breadth of the edge of the layer 1 from which it is spaced at most a
      few microns. Its "thickness" may be assumed to be of the order of a few
      microns too. It must be understood that, in a recording equipment, the
      source 4 will travel parallel to its breadth and, as shown in the FIGS.
      the source 4 is at a position for which the response of the
      magnetoresistive layer is maximum.
PAR  At normal ambient temperatures, the material of the layer exhibits a
      negative magnetoresistive effect .DELTA.R/R of the order of 2%. In a
      conventional magnetoresistive device as shown in FIGS. 1 and 2, the easy
      axis A is substantially parallel to the direction of the flow of the
      electrical current I within the layer and the variation of the value of
      the magnetic field H is shown in FIG. 3. When the value of H reaches the
      value of the field of anisotropy of the material of the layer, H.sub.K,
      the layer is saturated in the direction of its hard magnetization axis. In
      order to determine the direction of the applied external magnetic field,
      it is necessary to provide a shift of the zero of the ordinate axis from 0
      to 0.sup.1 and the shift is conventionally ensured by applying an
      additional permanent magnetic field to the layer 1.
PAR  A magnetoresistive device does not require such an additional and
      troublesome magnetic field when, as shown in FIG. 5, the easy axis of
      magnetization of the magnetoresistive layer 1 is inclined at an angle
      .theta. with respect to the direction of the flow of electrical current
      through the layer. The angle .theta. may advantageously be about
      45.degree.. The curve of variation of the magnetoresistive effect is as
      shown in FIG. 6. When the value of the external field H equals the value
      H.sub.c.sup.. cos .theta., H.sub.c being the coercive field of the
      magnetic material of the layer 1, the magnetization in the layer is
      oriented perpendicular to the direction of the current I. When, on the
      other hand, H = H.sub.c.sup.. sin .theta., the magnetozation of the layer
      is parallel to the direction of the electrical current I. FIG. 12 shows
      the corresponding variation of resistance of the magnetoresistive device,
      R, plotted against the variation of the magnetic field H. When H equals 0,
      the value of the resistance of the layer 1 is, for instance, Ro. When H
      =-H.sub.c.sup. . sin .theta., the value of the resistance is +R.sub.s with
      respect to Ro. When H=+H.sub.c.sup.. cos .theta., the value of the
      resistance is -R.sub.s with respect to Ro. It then suffices to take the
      value Ro as a reference value in any load circuit for the "signal" from
      the magnetoresistive member for obtaining both the value and the direction
      of the external magnetic field H to which the magnetoresistive layer is
      subjected.
PAR  The accuracy of the response of the magnetoresistive layer not depends only
      upon the magnitude of the magnetoresistive effect in the layer 1 but also,
      and more importantly, upon the uniformity of the rotation of the vector of
      magnetization in the layer in the direction of the "height" h of the
      layer, FIG. 2. FIG. 1 shows in dotted lines the distribution of the lines
      of intensity of the magnetic field generated by the source 4 with respect
      to the layer 1 and it is apparent that the value of the field is not
      uniform along the height. Consequently, the rotation of the vector of
      magnetization will not be coherent throughout the layer and the response
      of the magnetoresistive device will be subject to substantial attenuation.
      As stated above, the value of the external field which produces a complete
      rotation of the magnetization in the layer is about equal to the value of
      the field of anisotropy of the material of the layer when the
      demagnetizing fields in the h direction are small. When a localized source
      of magnetic field generates a field of a few hundreds of oersteds, which
      is quite normal for digitally recorded members such as tapes, discs or
      drums, or even such as "magnetic rules", the magnetoresistive layer is
      activated by an isofield line of a value substantially equal to 3 oersteds
      for the Fe-Ni alloy of the layer. Such a line is relatively far from the
      source 4 and consequently the localization of the source is very
      indefinite. The device could only to be used in a readout transducer if
      the magnetic record to read is of a low density of digits or marks. On the
      other hand it is desired to use such a magnetoresistive device for a
      readout of high density records such as records where the bits do not
      exceed a maximum width of 5 microns with magnetic domain intervals not
      exceeding 15 microns.
PAR  In order to eliminate such a drawback and, on the other hand, to greatly
      improve the accuracy of response of a magnetoresistive member, it is
      provided, as shown in FIG. 2, to arrange the magnetoresistive layer 1
      between two high permeability layers 2 and 3 thicker than the layer 1.
      Preferably, though not imperatively, the layers 2 and 3 are made of
      anisotropic character. Each such layer may for instance have a thickness
      of at least 1000 A up to 5 microns or more, when the thickness of the
      layer 1 is between 200 and 300 A. Such layers as 2 and 3 are
      magnetostatically coupled to the magnetoresistive layer 1 and insulated
      therefrom by means of thin dielectric layers or films of a material such
      as SiO.sub.2. Each dielectric film only need be a few hundreds of
      Angstroms in thickness.
PAR  More than one such layer as 2 or 3 may be provided on one side or on both
      sides of the magnetoresistive layer 1. When needed, a stack may be
      provided by placing one more magnetoresistive layer on the sides of the
      layers 2 and 3. Layers such as 2 and 3 are established over such
      additional magnetoresistive layers and so forth. Such a stack may be
      formed on a mechanically resistant substrate. The material of such layers
      as 2 and 3 may be the same as the material of the layer 1 when needed.
PAR  The layers 2 and 3, which are of high permeability due to their increased
      thickness, act as guiding members for the lines of intensity of the
      magnetic field from the source 4 so that the magnetoresistive layer 1
      receives a substantially uniform magnetic field over its whole height, the
      magnetoresistive effect is optimized and the localizing of the source 4
      occurs with a fair accuracy in the device. As the rotation of the
      magnetization vector is coherent within the layers 2 and 3, the rotation
      of the magnetization vector is also coherent and actually constant over
      the whole height of the layer 1 when the driving field H is of the same
      order of magnitude as the coercive field of the material of the layer 1.
      It may be said that the high permeability structure of the device acts as
      a magnetic field "transformer". The overall breadth of the magnetic
      structure defines the width of a "window" for localization of the source 4
      with respect to the magnetoresistive device and the uniform magnetic flux
      applied to the layer 1 is maximum when the mid-plane of the source
      coincides with the vertical mid-plane of the device. Further, such a
      magnetoresistive device short-circuits any demagnetizing fields which may
      be generated by the magnetoresistive layer proper.
PAR  The presence of the high permeability layers further reinforces the action
      of the angular orientation of the axis of easy magnetization of the
      magnetoresistive layer with respect to the direction of the electrical
      current. As shown in FIG. 11, when no external magnetic field is applied
      to the device, the magnetization vectors of the layers 2 and 3 align on
      the easy magnetization axis of the magnetoresistive layer 1, one of them
      being however of opposite orientation from the two other ones, as shown
      for instance in the layer 3. When the external field is applied, the
      magnetization vectors of the layers 2 and 3 rotate by an angle depending
      on their thickness though this rotation is coherent throughout their
      heights. Because of the magnetostatic coupling existing between such
      layers 2 and 3 and the magnetoresistive layer 1, said rotation entails a
      rotation of the magnetization vector in the layer 1. From an adjustment of
      the thickness of the layers 2 and 3, the rotation may be made equal to the
      value of .theta..
PAR  The adjustment of the thickness of the layers 2 and 3 depends both of the
      physical parameters of the layers proper and of the corresponding
      parameters of the recording magnetic medium with which the device must be
      associated as a readout transducer of the record, E being the thickness of
      the layers and Br being the value of the remanent induction thereof, and e
      being the thickness of the recording medium and Br.sub.o being the value
      of the remanent induction thereof, the adjustment is so made as to satisfy
      the following relation:
EQU  (i) E .sup.. Br .ltoreq. K.sup.. e.sup.. Br.sub.o ,
PAL  with K being an efficiency coefficient which is depending upon the distance
      between the surface of the record and the facing surface of the
      magnetoresistive device when associated in a recording readout apparatus.
      When said distance is zero, K = 1.
PAR  The following table gives examples for which the rotation of the
      magnetization vector will be equal to 45.degree. in the layers 2 and 3:
TBL  Recording medium   Layers 2 and 3                                         
     e (.mu.) Br.sub.o (gauss)                                                 
                            E (.mu.)    Br (gauss)                             
     ______________________________________                                    
     13        1,000        1,2         10,000                                 
     8         1,000        0.7         10,000                                 
     0.2      10,000         0.18       10,000                                 
     0.1      10,000        0.1         10,000                                 
     ______________________________________                                    
PAR  In the embodiment of FIGS. 7 and 8, the magnetoresistive layer 1 is made as
      a zig-zag layer the segments of which are slanted by 45.degree. with
      respect to the lower edge of the layer 2 over which it is coated (with
      interposition of a dielectric film). The electrical input terminal is
      shown at 5 and the output terminal is shown at 6. The axis of easy
      magnetization of the material of the layer 1 is shown at A, parallel to
      the said edge and consequently at 45.degree. with respect to the flow of
      electrical current through the magnetoresistive layer 1. The dielectric
      film between layers 2 and 1 is shown at 7 in FIG. 7, and a similar film 8
      is present between the layers 1 and 3 in the same figure.
PAR  In the embodiment shown in FIGS. 9 and 10, the magnetoresistive layer 1 is
      shaped as a U-shaped layer the lower edge or branch of which is parallel
      to the edge of the layer 2. The axes of easy magnetization of the layers
      1, 2 and 3 are shown in FIG. 10 and they are slanted by 45.degree. with
      respect to said edge. Said axes are obviously at 45.degree. of the
      direction of the flow of the electrical current, from 5 to 6, in the layer
      1.
PAR  It must be understood that, in such embodiments, a mechanically resistant
      insulating substrate exists on one side of the structures. It must be
      noted that, in both embodiments, the magnetoresistive layer 1 is shown
      recessing from the edges of the layers 2 and 3 on the "airgap side" of the
      device. Such an arrangement provides a longer useful life for the
      transducer since, when the transducer operates in mechanical contact with
      the recording medium to read out information therefrom, the contacting
      edges of the layers 2 and 3 will first be the subject of the resulting
      mechanical erosion long before the corresponding edge edge of the
      magnetoresistive layer proper.
PAR  It is provided, according to the present invention, that such devices as
      described be embodied in read-write transducers because when no electrical
      current is applied to the magnetoresistive layers (which layers are
      electrically interconnected, e.g. in series relation when the device
      comprises a stack of such layers as hereinbefore explained), the device
      can plainly act as a high permeability flux concentrating magnetic yoke or
      flux return plate.
PAR  To this purpose, a read-write transducer broadly comprises, as shown in
      FIG. 13, in partial lateral cross-section thereof, two magnetoresistive
      devices, each comprising a stack of magnetoresistive layers with thicker
      high permeability layers interposed between them, as above described. Said
      devices or stacks, 10 and 11, are contacting each other at rear ends but
      the opposite ends of the stacks define an airgap within which is
      introduced a branch of a flat conductor winding coil. A more detailed
      embodiment of the structure of FIG. 13 is shown in FIGS. 14 to 16 incl.
PAR  The operation of the read-write transducer of FIG. 13 may be stated as
      follows:
PA1  during a read-out operation, the magnetoresistive layers of the stacks are
      fed with an electrical current and read the information on the recording
      medium with an airgap substantially equals to EL,
PA1  during a write-in operation, no current is applied to the magnetoresistive
      members of the stacks but the writing current is applied to the winding 12
      and the writing operation is ensured with a writing airgap ER. The stacks
      operate as pole-pieces for the writing "head".
PAR  The read-write transducer structure shown in FIGS. 14 and 16 illustrate a
      possible embodiment of the transducer of FIG. 13, with each stack
      restricted to two magnetoresistive layers for the sake of simplicity. The
      magnetoresistive layers, 51 and 52 for the lower stack (in FIG. 14) and 53
      and 54 for the upper stack, are shown serially interconnected. The thicker
      layers of the first stack are shown at 55, 56 and 57, and the insulating
      films are shown at 61, 62, 63, 64 and 65 in said first stack. The flat
      conductor coil winding is shown as a block 70. The second stack comprises
      the thicker layers 58, 59 and 60 and the insulating films 66-67-68 and 69.
      The front branch 71 of the winding 70 inserts between the fore parts of
      the stacks and the rear part or branch of the winding is applied over the
      substrate, the lateral branches being warped as indicated in dash lines in
      the view of FIG. 16. When formed by successive depositions of the various
      layers of the structure, the cross-section in the transverse direction is
      shown on FIG. 15.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A read-write transducer comprising, on a substrate, the combination of:
PA1  a first stack of magnetic layers including at least two magnetoresistive
      layers and at least three thicker high permeability layers, each
      magnetoresistive layer being disposed between two of said thicker layers;
PA1  a second stack having the same number. and relative arrangement of magnetic
      layers as said first stack;
PA1  both stacks having rear parts contacting one another and having front parts
      spaced apart, forming a magnetic airgap therebetween;
PA1  a flat conductor coil having a front branch within said magnetic airgap and
      other branches extending from opposite ends of said front branch along the
      sides of said stacks and joined by a rear branch on said rear part of said
      stacks;
PA1  said magnetoresistive layers in said stacks being electrically
      interconnected, each of said magnetoresistive layers being of anisotropic
      material having an easy axis of magnetization at substantially 45.degree.
      to the direction of electrical current flow therethrough.
NUM  2.
PAR  2. Read-write transducer according to claim 1, wherein the magnetoresistive
      layers of the stacks have an edge recessed with respect to the adjacent
      edges of the thicker high permeability layers thereof.
NUM  3.
PAR  3. Read-write transducer according to claim 1 wherein said rear branch of
      said coil is positioned on the substrate and said front branch is in a
      plane parallel to and spaced from said substrate.
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ABST
PAL  A magnetic recording and reproducing apparatus having a cassette tape
      comprises head base controlling mechanism, and holding case and provides
      the following three functions: keeping a tape in contact with a recording
      and reproducing head and an erasing head to such a degree as not to cause
      trouble for detecting or erasing the recorded content during fast
      forwarding or rewinding speed of a tape by the reproducing or erasing
      head, making it possible to record and reproduce at a constant forwarding
      speed by advancing the head within the cassette, and also making it
      possible to mount or demount the cassette by completely withdrawing the
      head advanced within the cassette therefrom.
PARN
PAR  This is a divisional of Ser. No. 337,008, filed Mar. 1, 1973, which in turn
      was a division of Ser. No. 802,455, filed Feb. 26, 1969, and now U.S. Pat.
      No. 3,759,529, issued Sept. 18, 1973.
BSUM
PAR  The present invention relates to a magnetic recording and reproducing
      apparatus, and more particularly to a magnetic recording and reproducing
      apparatus having a tape of the magazine type or cassette type comprising a
      controlling mechanism of a head base, and the case holding the cassette.
PAR  Few examples have been presented heretofore of a dictation machine for
      recording and reproducing in which a cassette is used. In conventional
      tape of the open reel type, the tape is placed close to the fixed head by
      tape shifters for recording, reproducing, and erasing, it is also quickly
      wound forward and rewound when it is drawn away from the head, or quickly
      wound forward or rewound as it contacts with the head and disengages from
      the pad. For the purpose of the cassette tape type, the head must be
      advanced into the cassette in order to run the tape within the cassette,
      thus resulting in a disadvantageously complicated structure.
PAR  The cassette of a conventional reproducing apparatus is manually mounted on
      and dismounted from a predetermined position for playing. In order to
      facilitate the mounting and dismounting of this cassette, means have been
      recently proposed and practised for first retaining the cassette in the
      cassette holding case and then rotating the cassette case into the playing
      position. However, these devices merely place the cassette in the holding
      case but fail to control the extent of insertion. Some of these can
      control the insertion but the controlling mechanism is too complicated.
      Others may fail to smoothly bring the cassette into a playing position
      because a friction is generated between the force urging the cassette
      forward and the guide pole against said force as the cassette is engaged
      or disengaged while the cassette is being brought to the playing position.
      There is another disadvantage in that the height of the heads does not
      coincide with that of the cassette.
PAR  Another object of the present invention is to provide a magnetic and
      reproducing device in which a tape is kept in contact with a recording
      head or an erasing head to such a degree as not to cause trouble in the
      high-speed forwarding of a tape in order to effect the detection and
      erasure of the recorded content with a recording and reproducing head or
      an erasing head in the fast forwarding or rewinding speed, the recording
      and reproducing is made possible at a constant forwarding speed by
      advancing the head within the cassette, and the head advanced within the
      cassette can be completely taken out of the cassette to mount and demount
      the cassette.
PAR  A further object of the present invention is to provide a controlling
      device of the head base for controlling the position of the head in
      connection with an action by which the cassette holding case is pressed
      into playing position in order to advance the head within the cassette
      solely by one operation to sert the cassette in the predetermined position
      for playing.
PAR  According to the present invention, the cassette holding case itself or the
      member connected operatingly thereto is engaged with the head base so that
      the said engagement is released by setting the cassette holding case in
      the playing position and, at the same time, the driving piece of the thus
      advanced head base locks and engages the operatingly connected member.
      Consequently, the cassette can be taken out only if the head is drawn back
      and completely removed from the cassette, thus providing the advantage
      that damages to the head because of wrong operation may be avoided. The
      handling and operation of the device is also simplified.
PAR  A still further object of the present invention is to provide a magnetic
      recording and reproducing device in which the cassette holding case is
      mounted on or demounted from the set easily in a simplified manner and
      accurately. In the mechanism for engaging the cassette with the cassette
      holding case and for disengaging thereof, an engaging mechanism for the
      cassette in the guiding portion of the cassette in the cassette holding
      case is particularly provided, whereby the cassette is engaged with the
      case and disengages when the cassette is brought into the playing
      position. When the cassette is taken out of the case, the cassette is
      automatically extracted from the case only if the locking engagement of
      the cassette holding case with the playing position is released.
DRWD
PAR  Other objects, features, and advantages of the present invention will be
      readily apparent from the following description of certain preferred
      embodiments taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of the driving and braking mechanism of an embodiment
      of the present invention, showing the unplayed condition;
PAR  FIG. 2 shows a fast forwarding condition of the device shown in FIG. 1;
PAR  FIG. 3 shows a rewinding motion of the said device;
PAR  FIG. 4 shows an unplayed condition (the second condition) that the cassette
      is brought into playing position;
PAR  FIG. 5 is a side view illustrating the relation of the cassette holding
      case as a side view of FIG. 4;
PAR  FIG. 6 is a plan view showing a popped-up condition (the first condition)
      of the cassette holding case;
PAR  FIG. 7 is a side view of the cassette holding case shown in FIG. 6;
PAR  FIG. 8 is a plan view illustrating the recording or reproducing condition
      (the third condition);
PAR  FIGS. 9 and 10 are side views illustrating another embodiment for
      controlling the head base by the cassette holding case;
PAR  FIG. 11 is a side view illustrating still another embodiment for
      controlling the head base by the cassette holding face;
PAR  FIGS. 12, 13 and 14 are side views showing the mutual relation between the
      cassette and the cassette holding case, in which FIG. 12 illustrates the
      cassette extracted from the holding case in the condition that the
      cassette holding case is popped-up or the cassette is about to be inserted
      into the cassette holding case, FIG. 13 shows the cassette held in
      engagement with the cassette holding case after it has been inserted, and
      FIG. 14 shows that the engagement of the cassette is released when the
      cassette is brought from the holding position in the playing position, and
      the head base advances so that heads, pinch roller, etc. enter into the
      cassette as well as the cassette holding case is locked and engaged in the
      operatingly connected members thereof;
PAR  FIGS. 15 and 16 show other embodiments of the present invention concerning
      the shifting motion of the head base to three positions;
PAR  FIG. 17 is a cross-sectional view illustrating in detail the engagement of
      the driving piece of the head base plate with the controlling plate of the
      head base;
PAR  FIG. 18 is a cross-sectional of side view of the said engagement shown in
      FIG. 17; and
PAR  FIG. 19 is a cross-sectional view taken along the line 19--19 of FIG. 14,
      and a plan view illustrating the mutual relation of the cassette holding
      case, cassette and guide pins.
DETD
PAR  Referring to FIG. 1, reference numeral 1 indicates a supply reel base, 2 is
      the shaft for the supply reel base, 3 is a rubber tire fitted onto the
      exterior periphery of the supply reel, and the driving force or the
      braking force is applied to the periphery thereof. Reference numeral 4
      indicates a takeup reel base, 5 is the shaft of the takeup reel base, and
      6 a rubber tire fitted onto the exterior periphery of the takeup reel and
      functions in the same manner as mentioned above. Reference numeral 7
      indicates a capstan, 8 is a flywheel for the capstan, 9 is a pulley
      connected directly to the shaft of a motor as a power source; 10 is a
      rubber belt. Reference numeral 11 is a pulley for transmitting the force
      to wind the tape on the takeup reel 4 when the tape is forwarded at a
      constant speed, receiving the driving force from the belt 10 to the pulley
      11 and transmitting the said driving force to a pulley 12 with the aid of
      friction between the pulley 11 and the pulley 12. Reference numeral 13
      indicates an intermediate idle pulley and fitted onto the periphery
      thereof a rubber tire 14, being borne swingably by a bearing 17 on an arm
      16 by means of a shaft provided on the base plate 114 (not shown in this
      Figure for the sake of clarity) an arm 15, and a shaft 54. Reference
      numeral 18 is a rewinding reel which is borne on an arm 19 rotating about
      a shaft 20 provided on the base plate and acts normally separated from the
      supply reel base 1. Reference numeral 22 indicates an electromagnet for
      fast forwarding of the tape, 23 is the plunger of the electromagnet 22, 24
      is a rubber washer for reducing noise, 25 is a metal fixture for
      connection to engage with a hole 27 provided in the fast forwarding lever
      26, rotating the fast forwarding lever about a shaft 28 by the operation
      of the electromagnet 22 so that the wire spring 29 provided on the other
      end acts on the bearing 17 of the intermediate idle pulley 13 to press the
      intermediate idle pulley 13 on the flywheel and the rubber tire 6 of the
      takeup reel base 4, thereby transmitting the torque carried by the
      flywheel 8 to the takeup reel base 4 as well as driving one end 48 of the
      brake arm 41 by one end of the fast forwarding lever 26 so as to release
      the contact of the brake arm 41 with reel bases 1 and 4 and permitting the
      fast forwarding motion.
PAR  Reference numeral 30 indicates an electromagnet for rewinding, 31 is a
      plunger of the electromagnet 30, and 32 is a rubber washer for reducing
      noise, 33 is a metal fixture for connection engaging with the hole 35 of
      the rewinding rod 34 and drives a rewinding lever 38 through a connecting
      pin 37 by the operation of the electromagnet 30 to rotate the rewinding
      lever 38 about a shaft 39 provided on the base plate so that a wire spring
      40 provided on the shaft 39 acts on the bearing 17 of the intermediate
      idle pulley so as to press the intermediate idle pulley 13 on the flywheel
      8 and rewinding pulley 18 and then to press the rewinding pulley 18
      against the supply reel base 1 by the said pressing force, thereby
      transmitting the torque carried by the flywheel 8 to the intermediate idle
      pulley 13, then to the rewinding pulley 18, and further to the supply reel
      base 1 as well as engaging a pin 36 provided on the rewinding rod 34 with
      the slot 49 of the brake arm 41 for driving to permit the rewinding motion
      for releasing the brake arm 41 from both reel bases 1 and 4 (FIG. 3).
      Reference numeral 42 indicates a projection provided on the brake arm 41
      to support the middle portion of a compressive spring 43 of the brake arm
      41 and supported at both ends thereof by winding around pins 44 and 45
      controlling the rear height of the cassette mounted on the base plate 114
      (shown in subsequent figures). Reference numeral 55 indicates a spring for
      restoring the intermediate idle pulley 13, which is guided by two wire
      springs 29 and 40 crossing each other, (to restore the intermediate idle
      pulley 13) toward the intersecting point of the two springs when not
      operated. Reference numerals 46 and 47 indicate brake shoes pressed
      against the periphery of the supply reel base 1 and the takeup reel base
      4, respectively. Reference numerals 50 and 51 indicate stopper pins which
      are spaced from the brake arm 41 when the shoes 46 and 47 rest against
      reel bases 1 and 4, respectively.  When the bending projection 48 at one
      end of the brake arm 41 is driven in the fast forward mode, the brake arm
      41 rotates about a fulcrum at which the periphery of the rubber tire 3 of
      the supply reel base 1 contacts with the brake shoe 46 until it contacts
      with the stopper pin 50, then the brake shoe 47 contacting the takeup reel
      base 4 separates first, and it further rotates to release until the
      left-hand end of the brake arm 41 contacts with the stopper pin 50, since
      the brake arm 41 then rotates about the fulcrum where the brake arm 41
      contacts with the stopper pin 50, the brake shoe 46 which has been in
      contact with the periphery of the supply reel base 1 starts to separate.
      There is thus produced a difference of timing in releasing the brake shoes
      46 and 47, whereby fast forward operation is started smoothly (FIG. 2).
      When the apparatus is stopped, the above-mentioned order of operation is
      reversed. The brake arm 41 draws near to the side of the reel base while
      rotating about the stopper pin 50 as fulcrum so that the periphery of the
      supply reel base 1 contacts with the brake shoe 46, and subsequently the
      brake arm 41 rotates about the contacting point of the supply reel base
      periphery with the brake shoe 46 so that it contact with the stopper pin
      50 is broken off and the takeup reel base 4 comes in contact with the
      brake shoe 47. In other words, when the fast forward motion is stopped,
      the supply reel base 1 is first braked and the takeup reel base 4 is next
      braked to provide a time interval between the two operations;
      consequently, the tape is stopped without any sag, whereby directional
      braking is possible. When the tape is rewound, the brake arm rotates about
      the right-hand stopper pin as a fulcrum so as to produce a time interval
      exactly the reverse of the fast forward operation, thus smoothly starting
      and stopping the tape when rewound (FIG. 3). Reference numerals 56 and 57
      are slots provided on each brake arm 41 through which the pins 44 and 45
      pass which control the rear height of the cassette and which serve as a
      guide when swinging the brake arm 41. In the drawings, the driving point
      and the stopper pin are provided separately; however, while one of two
      driving members drives, the other may be used as a stopper pin.
PAR  If the stopper pin of the brake arm is provided in the side of the reel
      base relative to the brake arm as shown in the drawing and if it is
      desired to first release the right-hand brake, or in the outside of the
      brake shoe and in the reverse side to the release driving point, then it
      is only necessary to provide the release driving point in the right side
      and the stopper pin in the outside of the left reel base. The stopper pin
      of the brake arm may be provided in the reverse side to the reel base
      relative to the brake arm. If the stopper pin is provided in the release
      driving side and in the outside of the driving point, a similar effect may
      be obtained.
PAR  In the above-stated manner, the driving mechanism as well as the braking
      device according to the present invention are small in size for a
      recording and reproducing device of the cassette type, and so it is not
      necessary any more to concentrate the driving parts in a small space of
      the device. The mechanism of the device is simplified accordingly.
      Consequently, the operational function is accurate and, in particular, the
      mechanism of the device is operated easily from the outside utilizing an
      electromagnet, etc., and very effective when it is applied to the
      reproducing device for dictation recording.
PAR  Reference numeral 58 indicates one end of the holding lever 124 of pulleys
      11 and 12. The lever 124 is supported by a shaft 125 provided on the base
      plate 114 (not shown in FIG. 4 for the sake of clarity and urged by a
      spring 59 in order to be driven to press on the side of the takeup reel
      base 4. The lever 124 is fitted into a hole (not shown in the drawing)
      provided on the bent projection 52 of the brake arm by means of one end of
      a reproduction controlling rod 60 so as not to make contact with the
      take-up reel base 4 except when forwarded at constant speed in recording
      and reproducing. When the tape is forwarded from the supply reel base to
      the take-up reel base 4 at a constant speed in recording and reproducing,
      the stepped portion 62 of the reproduction controlling rod 60 presses and
      shifts the bent projection of the brake arm 41, thus releasing the brake.
      Simultaneously, the pulley 12 is released from its idle position and makes
      contact with the takeup reel base 4 and, thus transmitting the tape
      winding force to the takeup reel base 4. Reference numeral 63 indicates
      the other end of the reproduction controlling rod 60 which contacts with
      the other end 78 of a head base 76 by means of a spring 75 except when
      forwarded at a constant speed for recording and reproduction. The head
      base 76 is positioned as determined by means of the reproduction
      controlling rod 60 regulated by a pin 65. Reference numerals 88 and 89 are
      springs which act on both ends 77 and 78 of the head base 76 to always
      pull the head base 76 toward the side of the cassette 103, but the spring
      force of the spring 75 is greater than those of springs 88 and 89 and acts
      against them, thus rotating about the supporting axle 79 of the head base
      plate to maintain the position as shown in FIG. 4. Reference numeral 70
      indicates an electromagnet for forwarding at a constant speed when the
      tape is recorded or reproduced. Reference numeral 71 is its plunger, 72 is
      a rubber washer for noise reduction, and 73 is a metal fixture for
      connection, the attracting force of the electromagnet 70 being transmitted
      to the controlling rod 60 through the rod 68 and the lever 74. Reference
      numerals 64, 67 and 69 indicate connecting pins, and 66 indicates a
      supporting shaft for rotating the lever 74 (FIG. 5). Reference numeral 120
      indicates a slot provided in the base plate 114 in which the supporting
      shaft 79 of the head bse plate can shift and rotate, at its first position
      the shaft 79 also recedes as shown in FIG. 6 because of the retreat of the
      head base 76. Reference numeral 81 is an erasing head, and 82 is a
      recording and reproducing head, both being fixed on the head base 76.
      Reference numeral 83 is a pinch roller, 84 is a lever holding the pinch
      roller, 85 is a supporting axle on which the pinch roller holding lever 84
      rotates, and 86 is a spring for providing a spring force to the pinch
      roller. One end of the spring 86 engages the bent projection of the pinch
      roller holding lever 84 and the other end thereof engages with an engaging
      hole 87 provided in the head base 76. Reference numeral 99 indicates a pin
      with which the pinch roller holding lever 84 contacts. The pin 99 contacts
      with the pinch roller holding lever 84 except when the tape 106 is
      forwarded at a constant speed. Reference numerals 90 and 92 are pieces
      driving the head base 76. As shown in detail in FIGS. 17 and 18, the cut
      hollow portions 102 hold both ends 77 and 78 of the head base 76, and
      engage grooved rollers 91 and 93 and the head base controlling plates 94
      and 95, respectively. Reference numeral 101 is a doubling plate of the
      head driving piece 92 and slides along the base plate 114 interposed
      therebetween. Reference numeral 167 is a screw for mounting the doubling
      plate 101 on the driving piece 92. The heat base controlling plates 94 and
      95 are connected at one end to a pin 97 provided on the side wall of the
      cassette holding case 109. A slot 96 is guided by guiding shafts 165 and
      166, rotating and connecting operatingly about the axis 110 of the
      cassette holding case 109. The slot 96 and its outer edge 100 are formed
      concentrically with an axis 110 as the center so that the position of the
      head base does not shift during the rotation. Reference numeral 98
      indicates a cut portion for engaging to advance the head 76 in the playing
      position, this notched portion 98 also serves to lock the cassette holding
      case 109 in the playing position thereof. Reference numeral 103 indicates
      a cassette, and 104 and 105 are tape guide rollers inside the cassette
      103. Reference numeral 107 indicates a pad for the recording and
      reproducing head, and is provided inside the cassette 103. Reference
      numeral 106 is a tape, and 108 is a spring plate for supporting the pad
      107. Reference numeral 111 indicates a support of a spring 113 which also
      acts as a contact for controlling the angle of rotation. When the head
      base 76 recedes thereby disengaging the cut hollow portion 98 of the head
      base controlling plates 94 and 95 from the rollers 91 and 93 provided in
      the head base plate driving pieces, the cassette holding case 109
      automatically rotates and the spring 113 helps to rotate the case 109 and
      makes it easy to take out the cassette. The portion 111 also controls the
      degree of rotation and contacts with the base plate 114 after rotating
      through a predetermined angle. Reference numeral 112 is a buffer which
      acts when contacted. Reference numeral 119 indicates an operating rod
      which draws the head base 76 back to pop up the cassette holding case 109
      when the cassette 103 is taken out. The pressing operation of the rod 119
      in the direction of the arrow rotates a lever 115 about a shaft 116
      provided on the base plate 114 (not shown in FIG. 4 for the sake of
      clarity), and the pin 117 provided on the end of the lever 115 engages the
      slot 80 in the head base 76, thereby retreating the head base 76.
      Consequently, the erasing head 81 and the recording and reproducing head
      82, pinch rollers 83, etc. are withdrawn from the cassette 103, and the
      rollers 91 and 93 also draw back so that the engagement of the head base
      controlling plates 94 and 95 is released and the cassette 103 pops up
      together with the cassette holding case 109 (FIGS. 6 and 7). Reference
      numeral 122 is a supporting column for the head. Reference numeral 118 is
      a contacting portion of the rod 119 for operating the lever 115, and 123
      is a hanger of a spring 113. In the second position in FIG. 4, the fast
      forwarding and rewinding operation is obtained by the action of
      electromagnets 22 and 30, and the cassette 103 pops up by the operation of
      the operating rod 119. Also in this position, the rod 60 releases the
      engagement of the brake arm 41 with both reel bases 1 and 4 and, at the
      same time, disengages one end of the head base 76 by the action of the
      electromagnet 70. The head base 76 then rotates about the shaft 79
      supporting the head base 76 with the aid of the spring 89. The recording
      and reproducing head 82 and the pinch roller 83 is further advanced inside
      the cassette 103 so that the pressure of the pad 107 is sufficiently
      applied to the recording and reproducing head 82 so as to permit accurate
      recording and reproducing. Simultaneously the winding force for winding
      the tape 106 forwarded by the capstan 7 and the pinch roller 83 is
      transmitted by pressing contact of the roller on the takeup reel base 4
      (FIG. 8).
PAR  As stated above, the head base 76 is rotated about the shaft 79 of the head
      base provided adjacent to the erasing head 81 in order to obtain the
      second and the third positions, because the position of the erasing head
      81 hardly needs to change. An erasing head base 151 is provided separately
      from the head base 76 as shown in FIG. 15, the slot 156 of the erasing
      head and the other slot 157 are arranged to engage with the pin 154
      provided on the head base 76 and with the pin 153 provided on the base
      plate 114 (not shown in the drawing), respectively. On the rear end
      portion of the erasing head base 151 is provided a spring hanging portion
      152. When a tension spring 165 is hung between this spring hanging portion
      152 and the pin 154, the head base 76 advances from the first position
      separated from the tape 106 to the position shown by a solid line in FIG.
      15 in parallel displacement so that the erasing head 81 contacts with the
      tape 106 to permit fast forwarding and unwinding of the tape and erasure
      while forwarding. Even when the head base 76 advances to the third
      position (shown by a two-dot chain line) for the recording and reproducing
      in further parallel displacement, the erasing head 81 can hold entirely
      the same position as the second position. That is to say, the erasing head
      base 151 is in contact with the pin 154 in the first position, and even
      when the force of the spring 155 acts, the erasing head base 151 maintains
      its position. However, if the head base 76 is advanced to the second
      position and takes the position shown by a solid line in FIG. 15, the
      erasing head base 151 also moves by that distance of the shift and stops
      after contacting with the pin 153. Since the pin 153 contacts with the
      slot 157 and the erasing head base 151 can not advance any more, the pin
      154 advances only in the slot 156 even if the head base 76 is advanced
      further from this situation to the third position (shown by a two-dot
      chain line). Consequently, both the erasing head base 151 and the erasing
      head 81 do not advance and remain in the second position.
PAR  FIGS. 9 and 10 show another embodiment of this invention. A head base
      driving piece 126 engages with the head base 76 by means of a cut hollow
      portion 129. An inclined portion 127 and a cut portion 128 are arranged so
      as to engage with the projected portion 131 provided in the side face of
      the cassette holding case 109. When the cassette holding case 109 is
      brought from the popped-up position thereof to the playing position
      against the force of the spring 113, the lower edge of the projected
      portion 131 presses said inclined surface 127 so as to draw back the head
      base driving piece 126, thereby retracting the head, pinch rollers, etc.
      When the cassette holding case 109 is brought to the playing position, the
      engagement thereof with the inclined portion 127 is released and the head
      base driving piece 126 is advanced into the cassette side with the aid of
      the spring 89 just as the projected portion 131 enters in the cut hollow
      portion 128. 158 is the bearing of a shaft 110 rotating the cassette
      holding case 109. When the cassette is taken out, the head base 76 is
      drawn back as in the former case and the locking engagement of the hollow
      portion 128 with the projected portion 131 is released, then, the cassette
      holding case 109 pops up by the action of a spring 113. Reference numeral
      130 is a doubling plate for the head base driving piece 126.
PAR  FIG. 11 shows still another embodiment of this invention. A lever 133 is
      provided for detecting that the cassette holding case 109 is brought into
      the playing position. One portion 136 of this lever 133 is pressed by the
      operation mounting the cassette holding case 109 to the playing position
      to shift downward the head base driving piece 92 and the projected portion
      137 in contact with the doubling plate 130 to the cassette side of the
      head base 76 to release the engagement, and the head base 76 is permitted
      to advance in the cassette side by the action of the spring 89. In order
      to remove the cassette, the head base 76 is first drawn back, i.e., to the
      left-hand as viewed in FIG. 11, as described previously, thereby releasing
      the lever from engagement with the head base 76 and permitting the lever
      133 to rotate clockwise by a biased force of the spring 138 and thereby
      causing the cassette holding case 109 to pop up forcibly by the rotation
      of the lever 133 and spring 113. Then the forward movement of the head
      base 76 is prevented by the lever 133. Reference numeral 134 is the
      bearing for the rotating shaft 135 of the lever 133.
PAR  If a switch is provided for making or breaking an electric circuit in
      connection with the withdrawing motion of the head base 76, the electric
      current is supplied only when the device is operated, thus preventing the
      consumption of the power source and wasteful wear of all rotating parts.
      Furthermore, if the head base immediately takes the above-mentioned third
      position at the same time when the cassette has been set to the playing
      position, playing can start in a single mounting operation. This will
      contribute to the realization of an easily operable magnetic recording and
      reproducing apparatus.
PAR  FIGS. 12, 13 and 14 show the cassette when it is held or released by the
      cassette holding case. Reference numeral 140 indicates an extruding rod
      freely slidable in the direction of inserting the cassette. The rod 140
      slides in the guides 139 provided in the cassette holding case 109 through
      rollers 141 and 142, and always pressed forward by a spring 145 hung
      between the part thereof and the forward end projection 143 of the holding
      case 109, 144 is a plate spring fixed at one end onto the said extruding
      rod 140, and it presses the cassette 103 downward when the cassette 103 is
      inserted. Reference numerals 146 and 164 are pawls for engaging the
      cassette and provided on the underside guide face of said holding case
      109, and integrated with the holding case 109. Reference numeral 147 is a
      hole provided in the underside of the cassette holding case 109, and the
      reel base shafts 2 and 5 pierce through it. Reference numeral 148 is a
      doubling base plate and guide pins 149 and 162 are provided thereon, and
      on the base portion thereof are located large diameter portions 150 and
      163. When the cassette 103 is inserted, it is pressed in against the force
      of the spring 145, accordingly, against the extruding force of the
      extruding rod 140 as shown in FIG. 12, thus the extruding rod also moves
      back. When the cassette is completely inserted, it falls down into the
      engaging portion of the pawl 146, 164 and engages therewith as shown in
      FIG. 13, since the cassette 103 is pressed downward by the plate spring
      144. In this case, the cassette 103 will not be expelled by the extruding
      rod 140 even if the cassette 103 is free from manual contact. In this
      manner, the cassette 103 is first held in the cassette holding case 109,
      and then the holding case 109 is rotated about the axis 110 to bring it
      into playing position. That is to say, when the holding case 109 is
      rotated downward, the forward undersurface of the cassette 103 contacts
      with the upper end faces of the large diameter portions 150 and 163 of the
      guide pins 149 and 162, thus controlling the forward height of the
      cassette 103. When the holding case 109 is further slightly pushed from
      this position, the cassette 103 still holds the predetermined position by
      the aid of the large diameter portions 150 and 163 of the guide pins 149
      and 162. However, the holdng case rotates relative to the cassette 103
      against the force of the plate spring 144; consequently, the pawl 146
      engaging with the cassette 103 disengages the cassette 103 and the
      cassette 103 is pushed forward by the aid of the extruding rod 140 under
      the spring force 145 and comes in contact with the guide pin 149, the
      cassette 103 thus being controlled with respect to the front and rear
      faces and the height thereof in the playing position as shown in FIGS. 14
      and 19. It is also to be added that the rear end of the cassette 103 is
      controlled by the height controlling pins 44 and 45, and for the holding
      case 109 the cut hollow portion 98 of the head base controlling plate 94
      is engaged by locking with the roller 91 as a result of the advance of the
      head base 76. In such manner as described, the cassette 103 is brought
      into playing condition, and recording and reproduction are carried out
      (FIG. 14). On the other hand, the cassette 103 is removed by releasing the
      lock engagement of the holding case 109 under the condition that the
      cassette 103 is brought into playing position. By unlocking the holding
      case 109, the holding case pops up and returns to the position shown in
      FIG. 12 and the engagement of the front face of the cassette 103 with the
      guide pins 149 and 162 is released, thereby the cassette 103 being moved
      forward by the extruding rod 140 with the aid of the spring 145 to return
      to the initial position prior to the insertion into the holding case (FIG.
      12). Reference numeral 132 is the bearing for the rotating shaft 110 of
      the cassette holding case 109 (FIGS. 12 and 14). When it is desired to
      take out the cassette 103 immediately after the cassette 103 was first
      engaged as shown in FIG. 13, it was necessary to bring down the cassette
      to the playing position as shown in FIG. 14, since there has been no way
      of releasing the engagement under the above condition in conventional
      devices. According to the present invention, however, pressing the
      underface of the cassette 103 with the finger tip is sufficient for
      releasing the engagement since the cassette 103 is engaged directly by the
      engaging pawls 146 and 164, thus providing much convenience.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic recording and reproducing apparatus comprising mounting means
      for mounting a tape cassette in a playing position wherein said mounting
      means is provided with a cassette holding case for holding a tape cassette
      therein, said cassette holding case comprising a space for holding the
      cassette, said space being defined by guides and engaging pawls provided
      on both sides of said guides, an opening for inserting the cassette into
      said holding space along said guides, first spring actuated means adapted
      to be engaged with one edge of the inserted cassette mounted in said
      holding space towards said opening, said engaging pawls being adapted to
      be engaged with an edge of the inserted cassette opposite to said one edge
      in order to hold the inserted cassette within said space against the
      urging of said first spring actuated means, further spring actuated means
      for urging said inserted cassette against said guides, thereby preventing
      said cassette from being disengaged from said engaging pawls, said
      cassette holding case being movably supported on said base plate for the
      mounting and demounting operation of said cassette.
NUM  2.
PAR  2. A magnetic recording and reproducing apparatus according to claim 1,
      further comprising means for releasing said cassette held in said space
      from engagement with said engaging pawls, said cassette being moved by the
      urging of said first spring actuated means at the end of the mounting
      operation of said cassette into said playing position and means for
      limiting the movement of said cassette thereby causing said cassette to be
      brought into said playing position.
NUM  3.
PAR  3. A magnetic recording and reproducing apparatus according to claim 1,
      further comprising at least one guide pin having a vertically elongated
      surface to define a front face of said playing position and a horizontal
      surface to define a horizontal level of the same, said horizontal surface
      being abutted with the under side of said tape cassette to thereby
      position said tape cassette at said horizontal level and to release said
      tape cassette from engagement with said pawls responsive to the mounting
      operation of said mounting means, and said vertically elongated surface
      being abutted with the front face of said tape cassette when said tape
      cassette is released from engagement with said pawls and pushed towards
      said opening by said first spring actuated means.
NUM  4.
PAR  4. A magnetic recording and reproducing apparatus, comprising a base plate
      on which a recording and reproducing head is mounted; and mounting means
      for mounting a tape cassette in a playing position wherein said mounting
      means is provided with a cassette holding case for holding a tape cassette
      therein, said cassette holding case comprising a space for holding the
      cassette, said space being defined by guides and engaging pawls provided
      on both sides of said guides, an opening for inserting the cassette into
      said holding space along said guides, a spring actuated rod adapted to be
      engaged with one edge of the inserted cassette mounted in said holding
      space towards said opening, said engaging pawls being adapted to be
      engaged with an edge of the inserted cassette opposite to said one edge in
      order to hold the inserted cassette within said space against the urging
      of said rod, a spring actuated means for urging said inserted cassette
      against said guides, thereby preventing said cassette from being
      disengaged from said engaging pawls, said cassette holding case being
      swingably supported on said base plate for the mounting and demounting
      operation of said cassette.
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ABST
PAL  A tape deck locking and release mechanism for tape cartridges which is
      operable by manual movement of the cartridge. In response to a manual
      insertion and first push, a locking assembly carried by the frame catches
      a locking member associated with the cartridge to lock the cartridge in
      the playback position. When the cartridge is pushed a second time beyond
      the playback position the locking assembly releases and the cartridge is
      returned by a return spring and ejected. Alternative constructions for the
      locking assembly are disclosed, and also illustrated is an automatic
      release and ejection responsive to the tape completing its movement from
      one spool to the other in a cassette type cartridge.
BSUM
PAR  The invention relates to devices for playing back data recorded on a
      magnetic tape in a cartridge or cassette, the devices being formed with a
      channel which receives the cartridge or cassette and in which the
      cartridge can be held during playback.
PAR  Some known cartridges or cassettes contain magnetic tape and their casing
      is provided with slanting portions and/or slots so that, when a cartridge
      or cassette is inserted into a recess provided in a playback device, the
      energy used for manual insertion is stored in a spring and maintains the
      cartridge in its operating position; furthermore, some of the energy is
      used to maintain the required pressure between the cartridge assembly and
      the capstan and to maintain the relative position between the elements so
      that the tape is suitably driven and the data are suitably reproduced.
PAR  The slanting portions on the cartridges are very small, so that a manual
      force has to be exerted over a relatively short distance when the
      cartridge is inserted or withdrawn from a playback device, so that the
      force required is relatively large and the operation is difficult.
PAR  One object of the invention is to reduce the force required and/or the
      difficulty of manual insertion and ejection from the playback device.
PAR  Another object is to provide a device wherein, when certain kinds of
      cartridges are used, they do not substantially project beyond the front
      surface of the device and are consequently less dangerous, e.g. during use
      in a motor vehicle.
PAR  Another aim of the invention is to provide a cartridge or cassette
      retaining device which, when in its operative position, enables use to be
      made, if required, of an automatic stop device requiring only a little
      mechanical energy, so that the elements can be separated by withdrawing a
      little energy from the energy already present in the device.
PAR  To this end, the device according to the invention is essentially
      characterized in that it comprises apparatus or means for pushing the
      cassette or cartridge beyond its operating playback position so that the
      device by a first push is placed in a first position in which it locks and
      retains the cartridge or cassette in a playback position, and by a second
      push is placed in a second position in which it unlocks and rejects the
      cartridge.
DRWD
PAR  Various embodiments of the invention are shown in the accompanying
      drawings, in which:
PAR  FIG. 1 is a general perspective view of a cartridge playback device;
PAR  FIG. 1A is an explanatory diagram;
PAR  FIG. 1B shows a detail of an embodiment;
PAR  FIGS. 2, 3 and 4 are plan views from below of the apparatus in three
      different positions, showing the operating mechanism thereof;
PAR  FIG. 5 is a section along line V--V in FIG. 3;
PAR  FIGS. 6, 7 and 8 refer to a embodiment relating to cassettes or cartridges
      wherein the magnetic tape unwinds from a spool and winds on to another
      spool, and vice versa;
PAR  FIGS. 8A to 8F are explanatory diagrams;
PAR  FIGS. 9 and 10 are sections along lines IX and X respectively in FIGS. 8E
      and 8F;
PAR  FIGS. 11 and 16 refer to a modified embodiment wherein automatic stopping
      is produced by moving the magnetic head or tape reader, and
PAR  FIGS. 17, 18 and 19 show details of variants.
DETD
PAR  In the drawings, FIG. 1 shows a casing or frame 1 of a known device for
      playing back an endless magnetic tape 2 in a cartridge 3, the tape
      unwinding off a spindle 4 and winding along its outer diameter 5 and
      guided by rollers 6, 7.
PAR  The casing or frame 1 has means for movably supporting the tape cartridge,
      herein shown as a recess 8 into which the cartridge is slid so that tape 2
      can be read out by magnetic head 9 making contact with the part 2.sup.1 of
      the tape 2 and so that tape 2 is driven by a capstan 10 which grips it in
      conjunction with a roller 7. Capstan 10 is rotated by a pulley or control
      wheel 11 and a belt 12 driven by a gearwheel 13 keyed to a shaft 14 of a
      motor 15.
PAR  In the example shown, cartridge 3 is held in the operative position by a
      locking assembly comprising a roller 16 (FIGS. 1 and 2) which can engage
      in a slot 17 formed in a side surface of the cartridge, roller 16 is at
      the end of a lever 18 pivotable around a spindle 19 carried by a plate 20
      secured by a screw 21 to casing 1 (FIG. 2).
PAR  A substantially triangular plate 23 is pivotally mounted on a spindle 22
      borne by frame 1, the apex of the triangle being on the side of lever 18
      and the triangle extending from one side of the casing to the other. On
      its side remote from the spindle 22, plate 23 bears a pin 24 extending
      towards the casing exterior and formed with a slot 24.sup.1 in which a
      spring 25 is secured, the other end of the spring being secured to a
      flange 26 forming part of casing 1 and disposed near the aperture for
      inserting cartridge 3 (arrow F in FIG. 2).
PAR  On the side remote from its apex, plate 23 is prolonged beyond the edge of
      the casing by a part having a cam-shaped thickened portion 27 (FIGS. 2 and
      5). Along its outer edge, the cam has a groove 28.
PAR  Near cam 27, plate 23 bears a spindle 29 on which is mounted a cranked
      lever having an arm 30 which overhangs cam 27 and an arm 31 to which is
      hooked a spring 32, the other end of which is secured to a pin 33 borne by
      a Z-shaped lever 34 which extends above plate 23 and can also pivot around
      spindle 22. An arm 35 of lever 34 can act via a flange 36 on a lug 37
      borne by lever 18. The other arm 38 of lever 34, the purpose of which will
      be explained hereinafter, extends to near cam 27.
PAR  A rod 40 can move in the groove 28 along the inner edge of the thickened
      portion 27. Rod 40 is secured to a substantially triangular plate 41 the
      apex of which faces the edge of the casing bearing the aperture for
      inserting the cartridge and the base of which has a projecton 42 formed
      with a slot 43 receiving a rod 44 secured to the casing. Slot 43 comprises
      two notches 45-46 such that rod 44 can occupy two different positions in
      slot 43.
PAR  Plate 23 has an abutment 47 which projects downwards so as to meet the
      front edge of cartridge 3 when the latter is inserted.
PAR  Operation is as follows:
PAR  When cartridge 3 is inserted, its front edge comes into contact with
      abutment 47 and causes plate 23 to pivot around spindle 22; since spindle
      29 is borne by plate 23, it causes together to pivot cranked lever 30-31
      the arm 30 of which comes at a given moment to touch the upper part of rod
      40 and pivots lever 30-31 around spindle 29, first into the position in
      FIG. 3 where it stretches spring 32, and subsequently into the position in
      FIG. 4.
PAR  When plate 23 pivots, the rod 40 secured to plate 41 is guided by its lower
      portion along edge 39 of thickened portion 27, during which movement rod
      40 is met by the end of arm 38 of lever 34 (FIG. 3) which thus abuts rod
      40.
PAR  When plate 23 continues to pivot from the position in FIG. 3, lever 34 is
      retained until (FIG. 4) rod 40 is pushed by the cranked lever 30-31 into a
      slot 48 (FIG. 4) in thickened portion 27. At this instant, lever 34 is no
      longer retained by rod 40 and pivots around spindle 22 under the action of
      spring 32; consequently the flange 36 of its arm 35 can act on lug 37 of
      lever 18 so as to engage roller 16 into slot 17 of cartridge 3.
PAR  At this instant, the front edge of the cartridge (FIG. 4) occupies a
      position 49.sup.1 slightly beyond the normal playback position 49.sup.2
      owing, in the example described, to an assembly allowing slight movement
      of capstan 10 and head 9.
PAR  This assembly will be described hereinafter.
PAR  Next, cartridge 3 automatically returns to the normal playback position
      under the action of a return spring 25 which pivots plate 23 which drives
      cartridge 3 along a short return track corresponding to the distance
      between positions 49.sup.1 and 49.sup.2.
PAR  During this short movement, component 41 is driven from the position in
      FIG. 3 to the position in FIG. 4 and rod 44 is simultaneously forced by
      spring strip 50 into notch 46 of slot 43, so that component 23 is held in
      position.
PAR  The cartridge is then in its active playback position and is locked by
      roller 16, but is no longer acted upon by spring 25.
PAR  After the playback or at any desired instant, the operator pushes the
      cartridge in the insertion sense so that the front edge 49 of the
      cartridge again occupies position 49.sup.1. By the striking contact of the
      cartridge with the abutment 47 the plate 23 is caused to pivot until slot
      48 releases rod 40, after which rod 40 moves in groove 28 under the action
      of lever 30-31, and is thus returned to the position in FIG. 2.
PAR  Since lever 30-31 is no longer held by rod 40, it returns to its
      inoperative position in FIG. 2, pivots and releases the tension on spring
      32; lever 34 is also released and no longer holds roller 16 in the locking
      position.
PAR  Under the action of spring 25, plate 23 rotates around spindle 22 in the
      clockwise direction, so that abutment 47 acts on the cartridge, which is
      ejected.
PAR  Meanwhile, spring 50 has stopped acting on projection 42 of component 41,
      so that rod 44 again engages in notch 45 and returns to its starting
      position.
PAR  FIG. 1A diagrammatically shows the sequence of different phases, as
      follows:
PAR  A - insertion of the cartridge or cassette by pushing it into a position
      slightly beyond the playback position O.
PAR  B - automatic return corresponding to an amount equal to the distance
      between the cartridge or cassette positions and the other elements.
PAR  C - playback.
PAR  D - unlocking, by pushing the cartridge on a distance corresponding about
      the same distance as in phase B, and
PAR  E - ejection.
PAR  FIGS. 6, 7 and 8 relate to an embodiment applicable to a device for
      automatically reproducing data from a cartridge 56 of a kind known as a
      cassette and containing a magnetic tape 55 unwinding from a spool 58 and
      winding on to a spool 57 or vice versa. A spool driving spindle 59 and a
      capstan 60 may enter alia penetrate into cassette 56. The term "cartridge"
      as used in the claims includes both such spool tape storage devices, such
      as shown in FIG. 1 and two spool devices of the type illustrated in FIGS.
      6-8.
PAR  Cassette 56 is inserted into a channel 61 in the device and abuts a rod 62
      which it drives at the same time as a movable plate 63 which, with respect
      to the casing of the device, can be moved by stationary pins 64 towards
      the plane in which the cassette moves, so that the movable frame moves on
      slides 66 with which the movable plate is provided.
PAR  Assembly 63-65 is acted upon by a return spring 67 secured to the casing
      68.
PAR  Capstan 60 is actuated by a pulley 69, a belt 70 and a pulley 71 keyed to
      the shaft 72 of a motor 73.
PAR  During its motion, cassette 56 drives a sliding bar 74 (FIG. 6) bearing a
      pin 75 which can act on the inclined surface 76 of a catch 77 which can
      pivot around a spindle 78 and is acted upon by a spring 79.
PAR  Catch 77 can act as a retaining catch when the sliding bar has been brought
      by the cassette into position 74.sup.1 -75.sup.1.
PAR  At the desired instant, catch 77 releases bar 74, either manually or via a
      solenoid 80.
PAR  It will now be given an example wherein the invention is applied to a
      device of this kind.
PAR  Catch 77 is constructed (FIGS. 8A-8F, 9, 10) for successive movement in
      horizontal and vertical planes so that when the cartridge is pushed
      slightly beyond the playback position, catch 77 can take up the required
      positions with respect to pin 75.
PAR  The catch 77 has a slot 81 comprising two notches 82-83; the bottom of
      notch 82 is prolonged towards the exterior of the catch and ends in an
      upwardly extending projection 85 which is continued downwardly by the
      inclined surface 76 of the catch.
PAC  FIGURE 8A
PAR  When the cassette is pushed, pin 75 acts on the inclined outer surface 76
      of catch 77 and causes the same to pivot horizontally around spindle 78;
      at the end of the pivoting, pin 75 occupies the position in FIG. 8B where
      it is in contact with the outer surface of projection 85.
PAR  This position corresponds substantially to the normal playback position.
PAC  FIGURES 8C and 8D
PAR  By the continuation of the sliding motion beyond the last-mentioned
      position, pin 75 first occupies the position in FIG. 8C (slightly beyond
      the normal operating position) and then occupies the position in FIG. 8D,
      where pin 75 engages notch 82 and catch 77 has rocked under the action of
      spring 79.
PAR  This position (FIG. 8D) corresponds to the playback position.
PAC  FIGURES 8E and 8F
PAR  At the end of playback, the cassette is pushed forward again and pin 75
      first occupies position 75.sup.1 and then, in a consequence of the
      pivoting of the catch 77 under the action of spring 79, occupies position
      75.sup.2 in notch 83.
PAR  In position 75.sup.2, pin 75 is opposite a slope 86 enabling pin 75 to move
      towards the tip of the catch, which is cammed upwards in a vertical plane
      so that pin 75 is released (FIGS. 9 and 10) and the cassette is ejected by
      the return spring 47.
PAR  The catch 77 can release the pin 75 moving with the cartridge by the action
      of a solenoid 80 as normally provided in this kind of apparatus.
PAR  If required, a switch 112 (FIG. 19, corresponding to FIG. 8E) cooperating
      with catch 77 and pin 75 is switched on only when the cassette is pushed
      the second time, so that the cassette may be released for instance by
      electrical means.
PAR  An object of the invention, in the embodiment in FIGS. 1 to 5, is to take
      advantage of the small amount of energy required for triggering the
      mechanism by an automatic stop device. Advantageously it can be made use
      as triggering energy of a small part of the mechanical energy of the
      solenoid provided in the apparatus for positioning the magnetic head on
      the different tracks of the magnetic tape.
PAR  In the apparatus of the kind which has been described by way of example,
      using stereo 8 cartridges, the magnetic head 9 (FIG. 11) is positioned in
      conventional manner by a multi-level cam 87 under the action of a solenoid
      88 actuated by a metal reference mark provided on the tape in order to
      bring the magnetic head successively on to tracks P1, P2, P3, P4.
PAR  FIG. 11 shows how the plunger 89 of solenoid 88 can attract an armature 90
      on which a catch 91 is mounted so as to cause a ratchet wheel 92 bodily
      connected with the cam 87 to rotate and to move the magnetic head assembly
      9 successively to levels P1, P2, P3, P4. The cycle loops in continuous
      manner, passing from position P4 to position P1 and so on.
PAR  According to the invention, position P4 is mechanically discriminated so
      that part of the mechanical energy of the solenoid is used at the end of
      playback of track P4 to trigger automatic stopping only during the
      changeover from position P4 to position P1.
PAR  To this end, for example, a component 95 slidable on armature 90 can be
      moved to different levels, by means of a lug 93 secured to rod 94 bearing
      head 9.
PAR  At each movement of plunger 89, the sliding component 95 accompanies
      armature 90 in the direction of arrow F.
PAR  As shown in FIG. 12, a lever 96 can be driven by the solenoid movement only
      when a lug 97 of component 95 is in a position of the level P4 to pass to
      position P1.
PAR  For the purpose of automatic stopping, the top part of plate 41 (FIGS.
      13-15) is prolonged by an arm 98 on which a catch 100 pivots at 99. Catch
      100 is adapted to maintain stud 41 in the position shown in FIG. 4 and
      prevent it from engaging in the prolongation of the window 101 provided
      for automatic stopping. Catch 100 has a slanting portion 102 with which
      lever 96 cooperates. At the instant when member 96 pivoting at 103 is
      driven by finger 97 of member 95 so as to bring about a automatic stoppage
      under the aforementioned conditions, a flange 104 secured to lever 96 acts
      on slanting portion 102, causes member 100 to pivot in the direction of
      arrow F.sub.1 and opens a passage-way 105 for stud 44 (FIG. 14). Component
      96 continues to move and now presses on the prolongation of plate 41 and
      pushes it in the direction of arrow F.sub.2 (FIG. 15). Stud 40 of
      component 41 (FIG. 15) is no longer secured by slot 48 and member 41 tilts
      and triggers the apparatus as described in connection with FIGS. 2 to 5.
PAR  FIG. 16 is a diagram of the different levels P1, P2, P3, P4 successively
      occupied by the magnetic head. At a place S on level P4, stud 97 can enter
      into action so as to produce automatic stopping. The next cycle, after
      which another automatic stop occurs, is shown at P'1, P'2, P'3, P'4.
PAR  In accordance with the explanations given with reference to FIGS. 1 to 5,
      an important feature of the invention, as shown by graph 1A, is that the
      cartridge moves beyond its operating playback position.
PAR  This slight extra movement is used to move the mechanism into the right
      position, in a sufficiently reliable manner, so that it is alternately
      locked and unlocked at each push.
PAR  The additional motion can be varied in extent and with respect to the
      different components and depends upon the cartridge and the type of
      playback device used.
PAR  In the example in FIG. 1, the apparatus is normally provided with a
      stationary abutment 106 against which the front edge 49 of the cartridge
      abuts in the playback position. Roller 7 then bears against the capstan
      spindle 10 and is kept under pressure by wheel 16 in slot 17.
PAR  In this case additional travel may be obtained if abutment 106 is made
      movable (FIG. 1B). Slots 107 are provided so that component 106 can be
      pushed back and is subsequently returned by a return spring 108 to its
      abutting position where it brings the cartridge into the playback
      position.
PAR  Since capstan 10 is stationary and wheel 7 of cartridge 3 is relatively
      rigid, the cartridge both supplies the required travel and moves in a more
      resilient manner when the user presses the left part of the cartridge
      (FIG. 17).
PAR  A more uniform distribution of force can be obtained by mounting at least
      the capstan 10 in a similarly flexible manner.
PAR  FIG. 13 shows how other elements, if required, can be temporarily pushed
      back by the pressure of wheel 7 of cartridges 3 into slots 109, a return
      spring 110 returning the capstan and consequently the cartridge into its
      playback position.
PAR  Some cartridges are provided with very flexible or spring-tensioned wheels
      7, in which case other movable elements are of course unnecessary (FIG.
      18).
PAR  If required, the locking assembly 16, 18, 19, 20, 21 can be mounted on a
      movable unit 111 (FIG. 13) and moves therewith, so that it does not have
      to overcome changes of pressure after wheel 16 has already been engaged in
      slot 17 (FIG. 4).
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A tape deck locking and release mechanism comprising, in combination, a
      frame carrying means for movably supporting a tape cartridge for movement
      into the frame toward and beyond a playback position in response to a
      manual insertion and push, a spring for imparting return movement to the
      cartridge, a locking member associated with the cartridge, a locking
      assembly carried by the frame for catching said locking member to lock
      said cartridge in the playback position when the cartridge is inserted and
      pushed beyond said playback position and returned by said return spring
      therefrom, means on said element cooperating with means on said member for
      releasing said locking member and unlocking the cartridge when the
      cartridge is manually pushed beyond said playback position from its locked
      playback position, and for enabling said return spring to eject said
      cartridge out of the frame.
NUM  2.
PAR  2. A tape deck locking and release mechanism according to claim 1 which
      includes a component which is driven by the cartridge along at least part
      of the distance through which the cartridge is inserted into the frame,
      said component operating said locking assembly, and wherein said return
      spring stores energy during manual insertion and push, and returns a part
      of the energy when the cartridge is returned to and locked in its playback
      position, the spring returning another part of the energy when the
      cartridge is unlocked, so as to eject the cartridge.
NUM  3.
PAR  3. A tape deck locking and release mechanism according to claim 2, in which
      said locking assembly comprises a lever and roller inserted into a slot in
      the cartridge, said assembly being carried by and movable with said
      movable component.
NUM  4.
PAR  4. A tape deck locking and release mechanism according to claim 2 in which
      said locking assembly includes a pivotable retaining member operated by
      said return spring for releasing part of the energy stored during
      insertion of the cartridge when said cartridge is returned from beyond its
      playback position and locked in the playback position, and for releasing
      the remainder of the accumulated energy when the cartridge is unlocked to
      eject the cartridge.
NUM  5.
PAR  5. A tape deck locking and release mechanism according to claim 1, in which
      said locking member comprises an abutment on the tape cartridge.
NUM  6.
PAR  6. A tape deck locking and release mechanism according to claim 1 including
      a resiliently mounted capstan drive for the tape and the cartridge,
      movable with and accommodating the movement of the cartridge beyond the
      playback position.
NUM  7.
PAR  7. A tape deck locking and release mechanism according to claim 1, in which
      the locking assembly includes a catch mounted for movement successively in
      two planes and having two main positions, a first position for retaining
      the cartridge, and a second position for releasing the cartridge.
NUM  8.
PAR  8. A tape deck locking and release mechanism according to claim 7 in which
      said catch is formed with a slot comprising two notches corresponding to
      said first and second positions, said second notch having an inclined
      surface extendng toward the exterior of the catch and serving as a camming
      surface for moving the catch in one of said two planes to release the
      cartridge.
NUM  9.
PAR  9. A tape deck locking and release mechanism according to claim 8 in which
      said locking member comprises a pin, and wherein said catch includes an
      outer inclined surface engageable by said pin for moving the catch in the
      other of said planes to position the catch for receiving the pin in the
      first of said notches, for locking said movable component and the
      cartridge in the playback position.
NUM  10.
PAR  10. A tape deck locking and release mechanism according to claim 9
      providing a push push locking and release mechanism in which upon
      insertion of the cartridge and a manual push beyond the playback position
      said pin engages the outer surface of the catch and rocks the catch in one
      plane and catches the pin in the first notch upon return movement of the
      pin and the cartridge and locks the cartridge in the playback position,
      and wherein upon a second push the pin is moved along said inclined
      surface extending towards the exterior of the catch to cam the catch in
      the other plane and release the pin to enable the return spring to eject
      the cartridge.
NUM  11.
PAR  11. A tape deck locking and release mechanism according to claim 10 further
      including a solenoid for moving the catch in one of said two planes and
      releasing the pin for unlocking the cartridge.
NUM  12.
PAR  12. A tape deck locking and release mechanism according to claim 8 further
      including a solenoid for moving the catch in one of said two planes of
      movement.
